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SFKHGXOH DW-D-JODQFH

Purple and green columns represent the opening hours of the Registration/Ζnfo Desk and E[hibition Hall, respectiYel\. For
e[ample, on Monda\ Jul\ 18th the Registration/Ζnfo Desk and E[hibition Hall are open betZeen 7:30 and 17:30.

Ζf there is a discrepanc\ betZeen this printed schedule and the online schedule, the online schedule should be 
taken as correct. 

p
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PURJUDP

SUNDA< JUL< 17WK
Registration/Ζnfo Desk Open

17:00 - 19:00 E[hibition Hall Open 

MONDA< JUL< 18WK
07:30 - 17:30 Registration/Ζnfo Desk Open

07:30 - 17:30 E[hibition Hall Open

POHQDU\ SHVVLRQ Ζ - QXDQWXP FOXLG D\QDPLFV08:40 - 10:30 

NHZ SDUDGLJPV ZLWK GLSRODU TXDQWXP JDVHV: VRUWLFHV, WZR-GLPHQVLRQDO 
VXSHUVROLGLW\, DQG DQJXODU UHVSRQVHV
FUDQFHVFD FHUODLQR, ΔQQVEUXFN (AXVWULD)

A TXDQWXP YRUWH[ FROOLGHU
GLDFRPR RRDWL, LENS (ΔWDO\)

GHQHUDOL]HG K\GURG\QDPLFV LQ 1D BRVH JDVHV
ΔVDEHOOH BRXFKRXOH, ΔQVWLWXW GȇOSWLTXH (FUDQFH)

10:30 - 11:00 Coffee Break

POHQDU\ SHVVLRQ ΖΖ - QXELWV11:05 - 12:20 
ΖQWHUDFWLRQV ZLWK SXOVHV RI TXDQWXP UDGLDWLRQ
KODXV MºOPHU, CRSHQKDJHQ (DHQPDUN)

SWDELOLVDWLRQ RI D ORJLFDO JULG-VWDWH TXELW E\ ODVHU FRROLQJ
JRQDWKDQ HRPH, ETH= (SZLW]HUODQG)

12:20 - 13:55 Lunch Break

POHQDU\ SHVVLRQ ΖΖΖ - CDYLW\ QED13:55 - 15:10 
AWRPV ΖQWHUOLQNHG E\ LLJKW: PURJUDPPLQJ ΖQWHUDFWLRQV DQG PURELQJ 
EQWDQJOHPHQW
MRQLND SFKOHLHU-SPLWK, SWDQIRUG (US)

EQWDQJOHPHQW-EQKDQFHG MDWWHU-WDYH ΖQWHUIHURPHWU\ LQ D HLJK-FLQHVVH 
CDYLW\
JDPHV TKRPSVRQ, JΔLA (US)

15:10 - 15:40 Break

CKDLU: LXGZLJ MDWKH\, U HDPEXUJ (GHUPDQ\)

CKDLU: RDLQHU BODWW, U ΔQQVEUXFN (AXVWULD)

CKDLU: DXQFDQ O'DHOO, MFMDVWHU U (CDQDGD)

14:30 - 16:30 LDE TRXUV DW WKH UQLYHUVLW\ RI TRURQWR

14:00 - 19:00 

DHSDUWPHQW RI PK\VLFV, 60 SW. GHRUJH SWUHHW

pB
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PURJUDP CRQ'W

POHQDU\ SHVVLRQ ΖV - PUHFLVLRQ MHDVXUHPHQW Ζ15:45 - 17:00 
AWRPLF DQG QXFOHDU FORFNV IRU WHVWLQJ IXQGDPHQWDO SK\VLFV
ENNHKDUG PHLN, PTB (GHUPDQ\)

AQ LPSURYHG PHDVXUHPHQW RI WKH HOHFWURQȇV HOHFWULF GLSROH PRPHQW
EULF CRUQHOO, JΔLA (US)

17:00 - 18:30 PRVWHU SHVVLRQ Ζ HDUW HRXVH, UQLYHUVLW\ RI TRURQWR

TUESDA< JUL< 19WK
08:00 - 17:30 Registration/Ζnfo Desk Open

08:00 - 17:30 E[hibition Hall Open

POHQDU\ SHVVLRQ V - QXDQWXP OSWLFV08:40 - 10:30 

ΖUPAP C15 (AMO) 2022 ECR PUL]H WDON: MDQ\-ERG\ TXDQWXP RSWLFV LQ 
DWRPLF DUUD\V
AQD AVHQMR-GDUF¯D, CROXPELD UQLYHUVLW\ (US)

SXSHUUDGLDQFH, SXSHUDEVRUSWLRQ DQG D PKRWRQLF QXDQWXP EQJLQH
K\XQJZRQ AQ, SHRXO NDWLRQDO U (KRUHD)

QXDQWXP RSWLFV ZLWK FROG DWRPV WUDSSHG DORQJ QDQRZDYHJXLGHV
JXOLHQ LDXUDW, LKB PDULV (FUDQFH)

10:30 - 11:00 Coffee Break

POHQDU\ SHVVLRQ VΖ -  FHUPL GDVVHV11:05 - 12:20 
CRPSUHVVLELOLW\ DQG WKH HTXDWLRQ RI VWDWH RI DQ RSWLFDO TXDQWXP 
JDV LQ D ER[
JXOLDQ SFKPLWW, BRQQ (GHUPDQ\)

HLJJV PRGH LQ D XQLWDU\ FHUPL JDV
CKULV VDOH, SZLQEXUQH (AXVWUDOLD)

12:20 - 13:55 Lunch Break

POHQDU\ SHVVLRQ VΖΖ -  NHZ DLUHFWLRQV13:55 - 15:10 
LDVHU-GULYHQ DQG MDJQHWL]HG UOWUDFROG NHXWUDO 
PODVPDV
TRP KLOOLDQ, RLFH (US)

HOT TOPΖC

HOT TOPΖC

CKDLU: PURWLN MDMXPGHU, WLOOLDPV CROOHJH (USA)

CKDLU: MLFKDO BDMFV\, ΔQC WDWHUORR (CDQDGD)

CKDLU: RDQG\ HXOHW, RLFH (USA)

CKDLU: WRQKR JKH, SHRXO (KRUHD)

PRΖZE TALK

pBB



06

PURJUaP CRQ'W

QXaQWXP OSWLcV baVHd RQ dLSROaU LQWHUacWLRQV bHWZHHQ KRW aWRPV
Tilman Pfau, Stuttgart (Germany)

15:10 - 15:40 BUeak

POHQaU\ SHVVLRQ VΖΖΖ - QXaQWXP SLPXOaWLRQ15:45 - 17:00 
A WXQabOH VSLQ HaPLOWRQLaQ RI dLSROaU PROHcXOHV
Jun Ye, JΔLA / NΔST Boulder (US)

SSLQ d\QaPLcV RI XOWUacROd aWRPV LQ RSWLcaO OaWWLcHV
Wolfgang Ketterle, MΔT (US)

17:00 - 18:30 PRVWHU SHVVLRQ ΖΖ Hart House, University of Toronto

WEDNESDAY JULY 20WK
08:00 - 17:30 RegiVWUaWiRQ/ΖQfR DeVk OSeQ

08:00 - 17:30 E[hibiWiRQ HaOO OSeQ

POHQaU\ SHVVLRQ ΖX - AONaOLQH EaUWK AWRPV08:40 - 10:30 
CRKHUHQW LLJKW SKLIW RQ AONaOLQH-EaUWK R\dbHUJ AWRPV
Patrick Cheinet, Aimee-Coton (France)

PURbLQJ QXaQWXP MaQ\-BRd\ D\QaPLcV ZLWK TZHH]HU AUUa\V
Manuel Endres, Caltech (US)

QXaQWXP VcLHQcH ZLWK PLcURVcRSLcaOO\-cRQWUROOHd aUUa\V RI 
WZR-HOHcWURQ aWRPV
Adam Kaufman, JΔLA (US)

10:30 - 11:00 CRffee BUeak

POHQaU\ SHVVLRQ X -  PUHcLVLRQ MHaVXUHPHQW ΖΖ11:05 - 12:20 
AccXUaWH dHWHUPLQaWLRQ RI WKH ILQH-VWUXcWXUH cRQVWaQW XVLQJ aWRP 
LQWHUIHURPHWU\
Saïda Guellati-Khelifa, LKB Paris (France)

A SUHcLVLRQ OabRUaWRU\ WHVW RI WKH JUaYLWaWLRQaO UHdVKLIW aW 
WKH VXb-cP VcaOH
Shimon Kolkowitz, U Wisconsin (US)

12:20 - 13:55 LXQch BUeak

HOT TOPΖC

HOT TOPΖC

HOT TOPΖC

HOT TOPΖC

HOT TOPΖC

Chair: Alan Jamison, ΔQC Waterloo (Canada)

Chair: Gabriele Ferrari, U Trento (Δtaly)

Chair: Gordon Drake, U Windsor (Canada)

pBBB
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PURJUaP CRQ'W

NRQ-HTXLOLbULXP d\QaPLcV aQd VHQVLQJ ZLWK OaUJH WUaSSHd-LRQ 
cU\VWaOV
John Bollinger, NΔST Boulder (US)

15:10 - 15:40 BUeak

POHQaU\ SHVVLRQ XΖΖ - OSWLcaO CORcNV15:45 - 17:00 
OSWLcaO aWRPLc cORcNV Ȃ ZKaW cKaOOHQJHV UHPaLQ RQ WKH URadPaS WRZaUdV a 
UHdHILQLWLRQ RI WKH SΖ VHcRQd?
Helen Margolis, NPL (UK)

MaNLQJ RSWLcaO OaWWLcH cORcNV cRPSacW aQd XVHIXO IRU UHaO-ZRUOd 
aSSOLcaWLRQV
Hidetoshi Katori, Tokyo (Japan)

17:00 - 18:30 PRVWHU SHVVLRQ ΖΖΖ Hart House, University of Toronto

THURSDAY JULY 21VW
08:00 - 17:30 RegiVWUaWiRQ/ΖQfR DeVk OSeQ

08:00 - 17:30 E[hibiWiRQ HaOO OSeQ

POHQaU\ SHVVLRQ XΖΖΖ - QXaQWXP SLPXOaWLRQ RI GaXJH TKHRULHV08:40 - 10:30 

TRZaUdV TXaQWXP VLPXOaWLRQ RI U(1) LGTV ZLWK aONaOLQH-HaUWK-OLNH 
aWRPV
Monika Aidelsburger, LMU Munich (Germany)

POHQaU\ SHVVLRQ XΖ -  NRQ-HTXLOLbULXP D\QaPLcV13:55 - 15:10 
UOWUaIaVW cKLUaOLW\: WZLVWLQJ OLJKW WR WZLVW HOHcWURQV
Olga Smirnova, MBΔ Berlin (Germany)

Chair: Maciej Lewenstein, ΔCFO (Spain)

Chair: Piet Schmidt, PTB (Germany)

Chair: Lindsay LeBlanc, U Alberta (Canada) 

12:45 - 13:45 ΖCAP X TRΖUMF CURVVRYHU SHVVLRQ Room 25 in Woodsworth College Residences, 321 Bloor St W 
Live streamed session showcasing achievements and opportunities for atomic and molecular physics 
pursued by the TRΔUMF community. The Woodsworth College Residence building is less than 5 minutes' 
walk from the main ΔCAP venue, Koerner Hall.

SSeakeUV:
Gerald Gwinner (UManitoba)
Takamasa Momose (UBC)
Ronald Garcia Rui] (MΔT)

Bt
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PURJUaP CRQ'W

POHQaU\ SHVVLRQ XΖV -  MROHcXOHV11:05 - 12:20 
THVWLQJ IXQdaPHQWaO SK\VLcV XVLQJ OaVHU cRROHd PROHcXOHV
Mike Tarbutt, Δmperial College (UK)

QXaQWXP JaV PLcURVcRS\ RI SROaU PROHcXOHV
Zoe Z. Yan, Princeton (US)

12:20 - 13:55 LXQch BUeak

TKH SURWRQ VL]H, WKH ILQH-VWUXcWXUH cRQVWaQW, aQd WKH HOHcWURQ
HOHcWULc dLSROH PRPHQW
Eric Hessels, York University (Canada)

15:10 - 15:40 BUeak

POHQaU\ SHVVLRQ XVΖ - MHWURORJ\15:45 - 17:00 
A LaQdaX TKHRU\ IRU SSLQ STXHH]LQJ
Norman Yao, Berkeley (US)

TLPH-RHYHUVaO-BaVHd QXaQWXP MHWURORJ\ bH\RQd WKH SWaQdaUd 
QXaQWXP LLPLW
Vladan Vuletic, MΔT (US)

17:00 - 18:30 PRVWHU SHVVLRQ ΖV Hart House, University of Toronto

POHQaU\ SHVVLRQ XV -  PUHcLVLRQ MHaVXUHPHQW ΖΖΖ13:55 - 15:10 
FRXU-VHcRQd RSWLcaO cRKHUHQcH bHWZHHQ dLIIHUHQW aWRPLc VSHcLHV, 
aQd WKH VHaUcK IRU QHZ SK\VLcV ZLWK aWRPLc cORcNV
David Leibrandt, NΔST Boulder (US)

HOT TOPΖC

Chair: Robin Coté, U Connecticut (USA)

Chair: Zong Chao Yan, UNB (Canada)

Chair: Aephraim Steinberg, U Toronto (Canada)

EQJLQHHULQJ a WRSRORJLcaO JaXJH WKHRU\ LQ aQ RSWLcaOO\ dUHVVHd BRVH- 
ELQVWHLQ cRQdHQVaWH
Leticia Tarruell, ΔCFO (Spain)

SLPXOaWLQJ a LaWWLcH GaXJH TKHRU\ ZLWK UOWUacROd AWRPV
Zhen-Sheng Yuan, USTC (China)

10:30 - 11:00 CRffee BUeak

FRIDAY JULY 22QG
08:00 - 14:00 RegiVWUaWiRQ/ΖQfR DeVk OSeQ

t
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PURJUaP CRQ'W

LaVHU CRROLQJ RI CRPSOH[ PRO\aWRPLc MROHcXOHV
Debayan Mitra, Columbia University (US)

10:30 - 11:00 CRffee BUeak

POHQaU\ SHVVLRQ XVΖΖΖ -  NHZ DLUHcWLRQV 11:05 - 12:20 

QXaQWXP VLPXOaWLRQ RI FHUPL-HXbbaUd d\QaPLcV 
aQd bRVRQLc LaXJKOLQ VWaWHV
Markus Greiner, Harvard (US)

CaYLW\ QED: IURP MaQ\-bRd\ PK\VLcV WR TUaQVdXcWLRQ
Jonathan Simon, Stanford (US)

12:30 - 14:00 CORViQg RePaUkV & FaUeZeOO ReceSWiRQ

HOT TOPΖC

Chair: Joseph Thywissen, U Toronto (Canada)

14:30 - 16:30 Lab TRXUV aW WKH UQLYHUVLW\ RI TRURQWR Department of Physics, 60 St. George Street

POHQaU\ SHVVLRQ XVΖΖ - CRROLQJ BH\RQd AWRPV08:40 - 10:30 
CRROLQJ QaQRSaUWLcOHV LQ LRQ WUaSV: a URXWH WR 
WKH TXaQWXP UHJLPH
Tracy Northup, Δnnsbruck (Austria)

LaVHU-cRROHd MROHcXOHV, IURP CRQWUROOHd CROOLVLRQV WR QbLWV

HOT TOPΖC

Chair: Amar Vutha, U Toronto (Canada) 

Loic Anderegg, Harvard (US)

HOT TOPΖC

tB
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SSRQVRUV & E[KLbLWRUV

EXHIBITORS
ALPhANOV aims to boost innovation through collaboration between research and industry. Δt offers 
multiple modes of action which enable it to act all along the value chain: collaborative projects, 
feasibility studies, access to shared technical facilities, dedicated resources for companies and 
laboratories, technical support of entrepreneurship.

Founded in 1899, the American Physical Society (APS) is a non-profit membership organi]ation 
working to advance and diffuse the knowledge of physics. APS publishes the Physical Review 
collection, the world's most widely read physics research and review journals.

A]urlight Systems develops, produces, and commerciali]es innovative fiber laser technologies. Δts 
patented design represents a real breakthrough on the laser market especially over other solid- 
state technologies. Our team strives to combine the most stringent fiber laser specifications: high 
power, single mode, single frequency, ultra-low noise, to enable the most demanding applications. 
The unique all-fibered architecture allows for reliability and robustness and enables efficient 
integration. Our products are intended for industrials and academics. A]urlight Systems is ΔSO 
9001:2015 certified and relies on a well-trained global network of partners. Nevertheless, we are 
very close to our customers and always appreciate to provide deep understanding of our products 
performances and potential customi]ation to the application.

ColdQuanta is a global quantum technology company solving the worldȇs most challenging 
problems. The company harnesses quantum mechanics to build and integrate quantum 
computers, sensors, and networks. From fundamental physics to leading edge commercial 
products, ColdQuanta enables Ȋquantum everywhereȋ through our ecosystem of devices and 
platforms. Founded in 2007, ColdQuanta grew from decades of research in atomic physics and 
work at JΔLA, with intellectual property licensed through the University of Colorado and University of 
Wisconsin. ColdQuantaȇs scalable and versatile cold atom technology is used by world-class 
organi]ations around the globe and deployed by NASA on the Δnternational Space Station. 
ColdQuanta is based in Boulder, CO, with offices in Chicago, ΔL; Madison, WΔ; and Oxford, UK. Find 
out how ColdQuanta is building the future at www.coldquanta.com.

ΔPG Photonics is the leading manufacturer of high-performance fiber lasers & systems that offer 
optimi]ed laser welding, cutting and drilling for industrial applications. Headquartered in Oxford, 
MA, ΔPG is the global leader of fiber laser technology, enabling greater precision, higher productivity 
and more flexible production for diverse markets.

MPB Communications Δnc. speciali]es in the development and manufacturing of innovative fiber 
laser and amplifier systems. At ΔCAP, we will be highlighting single frequency amplifiers Ȃ available 
with either a crystal base single pass SHG, or a Resonant SHG. Applications include atom cooling & 
trapping, atomic clock, and laser guide star. MPBC has received numerous awards including the 
Berthold Leibinger Δnnovationspreis Award. Δncorporated in 1976, R&D & manufacturing are 
conducted in Montreal.

MOGLabs designs and manufactures precision lasers and optical instruments for quantum 
science and technology.

tBB
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SponVoUV & E[hibiWoUV

Menlo Systems is a leading developer and global supplier of instrumentation for high-precision 
metrology. The company with headquarters in the west of Munich is known for its Nobel Prize 
winning optical frequency comb technology. With subsidiaries in the US, Japan, and China and a 
global distributor network, Menlo Systems is closely connected to its customers from science and 
industry. The main product lines are optical frequency combs, time and frequency distribution, 
terahertz systems, ultrafast and ultra-stable lasers, and corresponding control electronics. Besides 
standard products, Menlo Systems develops and manufactures custom made solutions for laser- 
based precision measurements. Complete systems for quantum technology applications combine 
Menlo Systems' core competencies and provide the enabling technology for the Quantum 
Revolution 2.0

NKT Photonics is the leading supplier of high-performance fiber lasers and photonic crystal fibers. 
We make ultrafast lasers, supercontinuum white light lasers, low noise fiber lasers, and a wide 
range of specialty fibers for imaging and material processing. We have lasers in space and deep 
under the oceans.

N¾v¾ CamÕras Δnc. is a high-tech company that manufactures, develops and markets ultra-sensitive 
low light imaging solutions for ground and space-based applications. Based on an innovation 
developed for space exploration, N¾v¾ CamÕrasȇ photon-counting imaging expertise now meets the 
demanding needs of many leading-edge applications such as medical and biomedical diagnostics, 
night vision, quantum communication and manufacturing quality control, to name a few. Since 
2010, the company has put its expertise forward with its highly referenced publications, renowned 
international clients and innovation alliances at the cutting edge of technology and science.

Oxford University Press is a publisher of some of the most respected and prestigious books and 
journals in the world. Visit our stand to browse books, or visit online at www.global.oup.com for 
more information.

Sch¦fter+Kirchhoff GmbH is based in Hamburg, ¬Germany. From here we manufacture high quality 
¬optical products that are delivered to customers all around the world. The company was founded 
over 60 years ago, beginning with classical lens design. Now we offer three product lines: 
polarization-maintaining fiber optics, laser lines and line scan cameras. This includes the 
polarization analyzer, fiber port cluster, PM fibers as well as fiber collimators and couplers. A special 
focus is set on the winning combination of high optical and mechanical precision, which is the basis 
for the high quality, stability and durability of our products.

Established in 2017, Precilasers is a high-tech enterprise in Shanghai. PreciLasers dedicates to the 
research and development of precision fiber lasers for scientific research and emerging new 
industries such as quantum information, LΔDAR, and precision processing etc. We provides high- 
end laser products with precise tailoring in wavelength, linewidth, or low noise etc.

Stable Laser Systems is the premier supplier of components and systems for frequency stabilized 
lasers at any wavelength. We design robust breadboard, fully integrated, and lightweight, 
transportable rackmount systems with low frequency drift at sub-Hz to Hz linewidths for research 
laboratories, industrial settings, and field applications. From fiber-coupled cavities, transportable 
vacuum systems, PDH detectors and noise-cancellation electronics to Hz-level Ti:Sapphire systems 
and rack-mounted, auto-locking diode laser systems, we have the expertise to engineer your ideal 
system in a fraction of the time. Contact us today to discuss your unique frequency stability needs.

tBBB
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SponVoUV & E[hibiWoUV

TOPTΔCA develops and manufactures high-end laser systems for scientific and industrial 
applications. The portfolio includes diode lasers, ultrafast fiber lasers, terahertz systems and 
frequency combs. OEM customers, scientists, and over a dozen Nobel laureates all acknowledge 
the world-class exceptional specifications of TOPTΔCAȇs lasers, as well as their reliability and 
longevity.

The Transformative Quantum Technologies (TQT) program at the University of Waterloo aims to 
advance the use of quantum mechanics from laboratory curiosity to an impactful device. TQT builds 
upon the world- renowned strengths of the Δnstitute for Quantum Computing and brings together 
quantum researchers across campus and beyond to accelerate quantum research excellence.

Vescent offers a diverse line of field-ready lasers and photonics tools for the optical physics 
research community and for partner companies building and fielding devices in the emerging 
Quantum 2.0 application space.  We offer field-deployable precision laser sources, laser control & 
drive electronics, and reduced-SWaP electro-optic solutions.  We also offer a growing line of 
frequency comb products which connect the rf and visible domains, facilitate a vast array of 
quantum sensors, computing, & security devices, and enable dual-comb spectroscopy techniques 
for field-deployed traditional sensing devices.

SPONSORS

tBp
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AM i?2 +m``2Mi 2/BiBQM Q7 i?2 A*�S r2 �`2 T`Qm/ iQ ?�p2 �M Qmibi�M/BM; b+B2MiB}+ T`Q;`�K-
`2TQ`iBM; i?2 K�BM /2p2HQTK2Mib BM i?2 }2H/ BM i?2 H�bi 7Qm` v2�`b BM i?2 7Q`K Q7 jj BMpBi2/
i�HFb- � b2H2+iBQM Q7 3 ?Qi iQTB+ T`2b2Mi�iBQMb rBi? `2+2Mi `2H2p�Mi �/p�M+2b �M/ i?2 T`2b2M@
i�iBQM Q7 i?2 AlS�S uQmM; a+B2MiBbi S`Bx2X AM �//BiBQM- i?2 +QM72`2M+2 rBHH ?Qbi 7Qm` TQbi2`
b2bbBQMb r?2`2 �HH i?2 �ii2M/22b rBHH #2 �#H2 iQ T`2b2Mi i?2B` `2+2Mi `2b2�`+?X 1t+2TiBQM�H
i?Bb v2�` �`2 Qp2` dy pB`im�H T�`iB+BT�Mib rBi? 93 QMHBM2@QMHv �#bi`�+ib Q7 `2+2Mi rQ`FX h?Bb-
iQ;2i?2` rBi? � HBKBi2/ bQ+B�H T`Q;`�K rBi? QT2MBM; �M/ +HQbBM; `2+2TiBQMb 2t+m`bBQMb �M/
i?2 r2HH@FMQrM �ii`�+iBQMb Q7 i?2 +Biv Q7 hQ`QMiQ- rBHH +2`i�BMHv K�F2 vQm` T�`iB+BT�iBQM �i
i?2 +QM72`2M+2 �M mM7Q`;2ii�#H2 QM2X �HH i?Bb ?�b #22M TQbbB#H2 i?�MFb iQ vQm` T�`iB+BT�iBQM-
iQ Qm` bTQMbQ`bǶ bmTTQ`i �M/ iQ Qm` ?2HT2`b ;2M2`Qmb b2`pB+2X q2 /Q ?QT2 i?�i vQm 2MDQv
vQm` �ii2M/�M+2 �i i?2 A*�S kykk5
JB+?�H "�D+bv Uq�i2`HQQV- A*�Skd *Q@+?�B`
:Q`/QM .`�F2 UqBM/bQ`V- A*�Skd *Q@+?�B`
CQb2T? h?vrBbb2M UhQ`QMiQV- A*�Skd *?�B`

oQHmMi22`b
q2 �`2 2bT2+B�HHv ;`�i27mH iQ i?2 7QHHQrBM; T2QTH2 7Q` i?2B` K�Mv ?Qm`b Q7 rQ`F BM 2/BiBM;
�M/ `2pBbBM; i?Bb #QQF Q7 �#bi`�+ib- �M/ +QMi`B#miBM; BM Qi?2` r�vb iQ i?2 bm++2bb Q7 i?2
+QM72`2M+2X qBi?Qmi i?2B` ?2HT- i?Bb #QQF- ;`�T?B+ /2bB;M- H�# iQm`b- �M/ K�Mv Qi?2` �bT2+ib
Q7 i?2 TH�MMBM; T`Q+2bb rQmH/ MQi ?�p2 #22M TQbbB#H2X

oB`im�H T`Q;`�K bmTTQ`i, 6`�MF *Q`�TB- 6Q`Qmx�M 6Q`Qm?�`K�M2b?- L�i�M :Q`/QM- sBMvm
U�M/vV CB�Q- >�Mx?2M GBM- SBmb a�MiB�;Q Ul hQ`QMiQ i2+?MB+�H bi�zV- a+Qii aK�H2- .�pB/
aTB2`BM;b- a�B a`22b? o2Mmim`mKBHHB- E2pBM :BM aBM; sB2
A*�S r2#bBi2b, a?B`� C�+FbQM- E`Bbi2M *Qi2- �M/ CmHB�M *QK�M2�M Ul hQ`QMiQ S*aV
*QKKmMB+�iBQMb, E`Bbi2M *Qi2 UhQ`QMiQV- a?B`� C�+FbQM UhQ`QMiQV- >�`Bb? _�K�+?�M@
/`�M UhQ`QMiQV- h�F�?`BQ hQr UhQ`QMiQV
�#bi`�+i T`Q+2bbBM;, ��`QM "QM/v UqBM/bQ`V- 6`�MF *Q`�TB UhQ`QMiQV- E2MM2i? C�+FbQM
UhQ`QMiQV- _Q#vM G2�`M UhQ`QMiQV- 1p�M S2i`BKQmHt UqBM/bQ`V- G�KB2b a�iB UqBM/bQ`V- hQK
EB`+?M2` UuQ`FV- wQM;@*?�Q u�M UlL"V
_2;Bbi`�iBQM, 6`�MF *Q`�TB- 6Q`Qmx�M 6Q`Qm?�`K�M2b?- LQ�? :H�/bi2BM- 1KBHv >�Qvm2 ZBm-
h�M�mbm >2`M�M/2x- �M/v CB�Q- _Q#vM G2�`M- �HH�M S2MMBM;b- EB`2`� SQM/ �m;mbiQ- "2M@
D�KBM aKBi?- q2MvBM; um
A*�S }M�M+B�H QT2`�iBQMb, S2i2` >m`H2v Ul hQ`QMiQ S?vbB+b *�PV- GBb� C2z2`bQM Ul
hQ`QMiQ ai�z K2K#2`V- JB+?�2H J�MH2v Ul hQ`QMiQ S?vbB+b *6PV
G�# iQm`b, �M/v CB�Q UhQ`QMiQV

6BM�HHv- r2 rBb? iQ i?�MF i?2 lMBp2`bBiv Q7 hQ`QMiQ 7Q` Bib +QKTH2i2 }M�M+B�H #�+FBM; Q7
i?2 +QM72`2M+2- �M/ 2bT2+B�HHv S?vbB+b *?�B`b EBK#2`Hv ai`QM; �M/ JB+?�2H GmF2 7Q` i?2B`
2M+Qm`�;2K2Mi �M/ KQ`�H bmTTQ`iX

tp



aTQMbQ`b �M/ 1t?B#BiQ`b
A*�S@kd Bb 2M/Q`b2/ #v i?2 AMi2`M�iBQM�H lMBQM Q7 Sm`2 �M/ �TTHB2/ S?vbB+b UAlS�SV �b �
:2M2`�H hvT2 � K22iBM; 7Q` *QKKBbbBQM *R8X h?2 K22iBM; Bb �HbQ bTQMbQ`2/ #v i?2 7QHHQrBM;
mMBp2`bBiB2b- Q`;�MBx�iBQMb- �M/ +QKT�MB2b- �b /2b+`B#2/ 2�`HB2` BM i?Bb #QQF,
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*QMi2Mib

ALoAh1. S_1a1Lh�hAPLa X X X X X X X X X X X X X X X X X X X X X X X R

AMpBi2/, [m�MimK ~mB/ /vM�KB+b X X X X X X X X X X X X X X X X X X X X X X X X X R

JQ@R L2r T�`�/B;Kb rBi? /BTQH�` [m�MimK ;�b2b, oQ`iB+2b- irQ@/BK2MbBQM�H bm@
T2`bQHB/Biv- �M/ �M;mH�` `2bTQMb2b X X X X X X X X X X X X X X X X X X X X X X X X X X R

JQ@k � [m�MimK pQ`i2t +QHHB/2` X X X X X X X X X X X X X X X X X X X X X X X X X X X k

JQ@j :2M2`�HBx2/ ?v/`Q/vM�KB+b BM R. "Qb2 ;�b2b X X X X X X X X X X X X X X X X j

AMpBi2/, Z#Bib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9

JQ@9 AMi2`�+iBQMb rBi? TmHb2b Q7 [m�MimK `�/B�iBQM X X X X X X X X X X X X X X X X 9

JQ@8 ai�#BHBb�iBQM Q7 � HQ;B+�H ;`B/@bi�i2 [m#Bi #v H�b2` +QQHBM; X X X X X X X X X X 8

AMpBi2/, *�pBiv Z1. X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X e

JQ@e �iQKb AMi2`HBMF2/ #v GB;?i, S`Q;`�KKBM; AMi2`�+iBQMb �M/ S`Q#BM; 1Mi�M@
;H2K2Mi X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X e

JQ@d 1Mi�M;H2K2Mi@1M?�M+2/ J�ii2`@q�p2 AMi2`72`QK2i`v BM � >B;?@6BM2bb2 *�p@
Biv X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X d

AMpBi2/, S`2+BbBQM K2�bm`2K2Mi A X X X X X X X X X X X X X X X X X X X X X X X X X 3

JQ@3 �iQKB+ �M/ Mm+H2�` +HQ+Fb 7Q` i2biBM; 7mM/�K2Mi�H T?vbB+b X X X X X X X X X 3

JQ@N �M BKT`Qp2/ K2�bm`2K2Mi Q7 i?2 2H2+i`QMǶb 2H2+i`B+ /BTQH2 KQK2Mi X X X X N

AMpBi2/, Zm�MimK QTiB+b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ry

hm@R J�Mv@#Q/v [m�MimK QTiB+b BM �iQKB+ �``�vb X X X X X X X X X X X X X X X X X Ry

hm@k amT2``�/B�M+2- amT2`�#bQ`TiBQM �M/ � S?QiQMB+ Zm�MimK 1M;BM2 X X X X X RR

hm@j Zm�MimK QTiB+b rBi? +QH/ �iQKb i`�TT2/ �HQM; M�MQr�p2;mB/2b X X X X X X Rk

AMpBi2/, 62`KB ;�b2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rj

hm@9 *QKT`2bbB#BHBiv �M/ i?2 2[m�iBQM Q7 bi�i2 Q7 �M QTiB+�H [m�MimK ;�b BM � #Qt Rj

hm@8 >B;;b KQ/2 BM � mMBi�`v 62`KB ;�b X X X X X X X X X X X X X X X X X X X X X X R9
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AMpBi2/, L2r /B`2+iBQMb A X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R8

hm@e G�b2`@/`Bp2M �M/ J�;M2iBx2/ lHi`�+QH/ L2mi`�H SH�bK�b X X X X X X X X X X R8

hm@d Zm�MimK PTiB+b #�b2/ QM /BTQH�` BMi2`�+iBQMb #2ir22M ?Qi �iQKb X X X X X Re

AMpBi2/, Zm�MimK bBKmH�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rd

hm@3 � imM�#H2 bTBM >�KBHiQMB�M Q7 /BTQH�` KQH2+mH2b X X X X X X X X X X X X X X Rd

hm@N aTBM /vM�KB+b Q7 mHi`�+QH/ �iQKb BM QTiB+�H H�iiB+2b X X X X X X X X X X X X X R3

AMpBi2/, �HF�HBM2 2�`i? �iQKb X X X X X X X X X X X X X X X X X X X X X X X X X X X RN

q2@R *Q?2`2Mi GB;?i a?B7i QM �HF�HBM2@1�`i? _v/#2`; �iQKb X X X X X X X X X X RN

q2@k S`Q#BM; Zm�MimK J�Mv@"Q/v .vM�KB+b rBi? hr22x2` �``�vb X X X X X X ky

q2@j Zm�MimK b+B2M+2 rBi? KB+`Qb+QTB+�HHv@+QMi`QHH2/ �``�vb Q7 irQ@2H2+i`QM �iQKb
kR

AMpBi2/, S`2+BbBQM K2�bm`2K2Mi AA X X X X X X X X X X X X X X X X X X X X X X X X kk

q2@9 �++m`�i2 /2i2`KBM�iBQM Q7 i?2 }M2@bi`m+im`2 +QMbi�Mi mbBM; �iQK BMi2`72`@
QK2i`v X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kk

q2@8 � T`2+BbBQM H�#Q`�iQ`v i2bi Q7 i?2 ;`�pBi�iBQM�H `2/b?B7i �i i?2 bm#@+K b+�H2 kj

AMpBi2/, LQM2[mBHB#`BmK /vM�KB+b A X X X X X X X X X X X X X X X X X X X X X X X k9

q2@e lHi`�7�bi +?B`�HBiv, irBbiBM; HB;?i iQ irBbi 2H2+i`QMb X X X X X X X X X X X X X k9

q2@d LQM2[mBHB#`BmK /vM�KB+b �M/ b2MbBM; rBi? H�`;2 i`�TT2/@BQM +`vbi�Hb X X X k8

AMpBi2/, PTiB+�H +HQ+Fb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ke

q2@3 PTiB+�H �iQKB+ +HQ+Fb Ĝ r?�i +?�HH2M;2b `2K�BM QM i?2 `Q�/K�T iQr�`/b �
`2/2}MBiBQM Q7 i?2 aA b2+QM/\ X X X X X X X X X X X X X X X X X X X X X X X X X X X X ke

q2@N J�FBM; QTiB+�H H�iiB+2 +HQ+Fb +QKT�+i �M/ mb27mH 7Q` `2�H@rQ`H/ �TTHB+�iBQMb kd

AMpBi2/, Zm�MimK bBKmH�iBQM Q7 ;�m;2 i?2Q`B2b X X X X X X X X X X X X X X X X k3

h?@R hQr�`/b [m�MimK bBKmH�iBQM Q7 lURV G:hb rBi? �HF�HBM2@2�`i?@HBF2 �iQKb k3

h?@k 1M;BM22`BM; � iQTQHQ;B+�H ;�m;2 i?2Q`v BM �M QTiB+�HHv /`2bb2/ "Qb2@1BMbi2BM
+QM/2Mb�i2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kN

h?@j aBKmH�iBM; � H�iiB+2 ;�m;2 i?2Q`v rBi? mHi`�+QH/ �iQKb X X X X X X X X X X X jy

AMpBi2/, JQH2+mH2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jR

h?@9 h2biBM; 7mM/�K2Mi�H T?vbB+b mbBM; H�b2` +QQH2/ KQH2+mH2b X X X X X X X X X X jR

h?@8 Zm�MimK ;�b KB+`Qb+QTv Q7 TQH�` KQH2+mH2b X X X X X X X X X X X X X X X X X jk

AMpBi2/, S`2+BbBQM K2�bm`2K2Mi AAA X X X X X X X X X X X X X X X X X X X X X X X X jj
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h?@e 6Qm`@b2+QM/ QTiB+�H +Q?2`2M+2 #2ir22M /Bz2`2Mi �iQKB+ bT2+B2b- �M/ i?2
b2�`+? 7Q` M2r T?vbB+b rBi? �iQKB+ +HQ+Fb X X X X X X X X X X X X X X X X X X X X X jj

h?@d h?2 T`QiQM bBx2- i?2 }M2@bi`m+im`2 +QMbi�Mi �M/ i?2 2H2+i`QM 2H2+i`B+ /BTQH2
KQK2Mi X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j9

AMpBi2/, J2i`QHQ;v X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j8

h?@3 � G�M/�m i?2Q`v 7Q` bTBM b[m22xBM; X X X X X X X X X X X X X X X X X X X X X X j8

h?@N hBK2@`2p2`b�H@#�b2/ [m�MimK K2i`QHQ;v #2vQM/ i?2 bi�M/�`/ [m�MimK HBKBi je

AMpBi2/, *QQHBM; #2vQM/ �iQKb X X X X X X X X X X X X X X X X X X X X X X X X X X jd

6`@R *QQHBM; M�MQT�`iB+H2b BM BQM i`�Tb, � `Qmi2 iQ i?2 [m�MimK `2;BK2 X X X X X jd

6`@k G�b2`@+QQH2/ KQH2+mH2b- 7`QK +QMi`QHH2/ +QHHBbBQMb iQ [#Bib X X X X X X X X X X j3

6`@j G�b2` +QQHBM; Q7 +QKTH2t TQHv�iQKB+ KQH2+mH2b X X X X X X X X X X X X X X X X jN

AMpBi2/, L2r /B`2+iBQMb AA X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9y

6`@9 Zm�MimK bBKmH�iBQM Q7 62`KB@>m##�`/ /vM�KB+b �M/ #QbQMB+ G�m;?HBM bi�i2b 9y

6`@8 *�pBiv Z1., 7`QK J�Mv@#Q/v S?vbB+b iQ h`�Mb/m+iBQM X X X X X X X X X X X 9R

*PLh_A"lh1. SPah1_ S�S1_a X X X X X X X X X X X X X X X X X X 9k

�iQKB+- KQH2+mH�`- �M/ +?�`;2/@T�`iB+H2 +QHHBbBQMb X X X X X X X X X X X X X X 9k

JQ@R *QH/ BQM@KQH2+mH2 `2�+iBQMb `2H2p�Mi iQ �bi`Q+?2KBbi`v X X X X X X X X X X X 9k

JQ@k 1tTHQ`BM; i?2 HBi?BmK 72r@#Q/v TmxxH2 rBi? i?2 .Ah_Aa BMi2`72`QK2i2` �M/
rBi? KBMBK�H KmHiB+?�MM2H KQ/2Hb X X X X X X X X X X X X X X X X X X X X X X X X X 9j

hm@R iQKQ;`�T?v Q7 62b?#�+? `2bQM�M+2 bi�i2b X X X X X X X X X X X X X X X X X X X 99

hm@k AMp2biB;�iBM; mHi`�+QH/ +QHHBbBQMb rBi? 23L�39E ;`QmM/@bi�i2 KQH2+mH2b X X 98

q2@R *QMi`QHHBM; `2�+iBp2 BMi2`�+iBQMb rBi? mHi`�+QH/ K�;M2iB+ KQH2+mH2b X X X X 9e

q2@k hQr�`/b K�;M2iQ�bbQ+B�iBQM Q7 i?2 mHi`�+QH/ QT2M@b?2HH _#a` KQH2+mH2 X X 9d

h?@R 1H2+i`B+@}2H/@+QMi`QHH2/ /BTQH�` +QHHBbBQMb #2ir22M i`�TT2/ TQHv�iQKB+ KQH2+mH2b
93

h?@k AMi2`�+iBQMb �M/ mHi`�+QH/ b+�ii2`BM; Q7 *` rBi? u# X X X X X X X X X X X X X 9N

oB`R MQM"Q`M@PTT2M?2BK2` +QM}M2/ p�`B�iBQM�H +�H+mH�iBQM Q7 HQr@2M2`;v Sb@>k
b+�ii2`BM; X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8y

oB`k hQr�`/ +Q?2`2Mi 7Q`K�iBQM Q7 mHi`�+QH/ bBM;H2 KQH2+mH2 �``�vb X X X X X X X 8R

oB`j *QM}M2/ p�`B�iBQM�H +�H+mH�iBQM Q7 HQr 2M2`;v Sb@GBY b+�ii2`BM; X X X X X X 8k

.2;2M2`�i2 ;�b2b- K�Mv@#Q/v T?vbB+b- �M/ [m�MimK bBKmH�iBQM X X X X X 8j
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JQ@j aBKmHi�M2Qmb i`�TTBM; �M/ +QQHBM; Q7 bQ/BmK �M/ TQi�bbBmK �iQKb iQr�`/b
[m�MimK /2;2M2`�+v X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8j

JQ@9 avMi?2iB+ /BK2MbBQMb Q7 i`�T bi�i2b BM +QH/ �iQKb X X X X X X X X X X X X X X 89

JQ@8 PM2@ �M/ irQ@�tBb b[m22xBM; pB� H�b2` +QmTHBM; BM �M �iQKB+ 62`KB@>m##�`/
KQ/2H X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 88

JQ@e 1K2`;2Mi �iQK TmKT BM � MQM?2`KBiB�M bvbi2K X X X X X X X X X X X X X X 8e

JQ@d 6`QK � TQH�`QM BMiQ � +Hmbi2`, i?2 7�i2 Q7 �M BKTm`Biv BM � "Qb2@1BMbi2BM
+QM/2Mb�i2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8d

JQ@3 6`QK bmT2``�/B�M+2 iQ bm#`�/B�M+2 , 2tTHQ`BM; i?2 K�Mv@#Q/v .B+F2 G�//2` 83

JQ@N 1K2`;2Mi bTBM /vM�KB+b BM � bmT2``�/B�Mi [m�MimK ;�b, 7`QK /vM�KB+�H
imMM2HHBM; iQ �iQKB+ KQ/2 T�`�K2i`B+ �KTHB}2`b X X X X X X X X X X X X X X X X X 8N

JQ@Ry aTBM@+?�`;2 b2T�`�iBQM BM � R. 62`KB ;�b rBi? imM�#H2 BMi2`�+iBQMb X X X ey

JQ@RR P`#Bi�H 62b?#�+? KQH2+mH2b X X X X X X X X X X X X X X X X X X X X X X X X X X eR
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oB`N � MQp2H T`Q#2 Q7 [m�MimKK�Mv@#Q/v +Q``2H�iBQMb #v T�i?@BM/2T2M/2Mi `�KT@
BM; /vM�KB+b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Re8

oB`Ry aBKmH�iBM; �M 2t�+i QM2@/BK2MbBQM�H i`�Mbp2`b2 AbBM; KQ/2H BM �M QTiB+�H
H�iiB+2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ree

oB`RR .BK2MbBQM�H +`QbbQp2` Q7 [m�MimK +`BiB+�H /vM�KB+b �i K�Mv@#Q/v T?�b2
i`�MbBiBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Red

oB`Rk 1M?�M+2/ �MiB72``QK�;M2iBbK /`Bp2M #v bmT2`2t+?�M;2 BMi2`�+iBQM BM � i?`22@
+QKTQM2Mi 62`KB@>m##�`/ KQ/2H X X X X X X X X X X X X X X X X X X X X X X X X X Re3

oB`Rj .2+�v Q7 +QHH2+iBp2 /BTQH2 bTBM r�p2 BM i?2 MQMHBM2�` QTiB+b `2;BK2 X X X X ReN

oB`R9 h?2 K�MBTmH�iBQM Q7 mHi`�+QH/ �iQKb Q7 ?B;? Q`#Bi�Hb BM QTiB+�H H�iiB+2b X Rdy

oB`R8 J�Mv@"Q/v /vM�KB+�H [m�MimK T?�b2 i`�MbBiBQMb BM +QH/ �iQKB+ QTiB+�H
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oB`R3 h?2`KQ/vM�KB+ +?�`�+i2`BbiB+b Q7 B/2�H [m�MimK ;�b2b BM ?�`KQMB+ TQi2M@
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hm@jR JB+`Q@BMi2;`�i2/ H�b2` �M/ 7`2[m2M+v `272`2M+2 KQ/mH2b 7Q` QT2`�iBQM BM
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q2@jy w22K�M@aBbvT?mb /2+2H2`�iBQM Q7 TQHv�iQKB+ KQH2+mH2b X X X X X X X X X X R3R

h?@jR ai�M/@�HQM2 p�+mmK +2HH 7Q` +QKT�+i mHi`�+QH/ [m�MimK i2+?MQHQ;B2b X X R3k
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JQ@9R 1tT2`BK2Mi �M/ i?2Q`v 7Q` � ?2HBmK imM2@Qmi 7`2[m2M+v, �M BM/2T2M/2Mi
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JQ@9k S`Q;`2bb iQr�`/b T`2+BbBQM K2�bm`2K2Mib BM i`�TT2/ TQHv�iQKB+ KQH2+mH2b RN3

JQ@9j 1.J3, hQr�`/b � K2�bm`2K2Mi Q7 i?2 2H2+i`QM 2H2+i`B+ /BTQH2 KQK2Mi
mbBM; "�6 KQH2+mH2b 2K#2//2/ BM � bQHB/ �` K�i`Bt X X X X X X X X X X X X X X X RNN

JQ@99 1tT2`BK2Mi�H mT;`�/2b 7Q` BKT`QpBM; bi�iBbiB+�H �M/ bvbi2K�iB+ mM+2`i�BM@
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q2@jj a+�H2 7�+iQ` +Q``2+iBQMb 7Q` TQBMi@bQm`+2 �iQK BMi2`72`QK2i2` ;v`Qb+QT2b X kR3
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q2@j9 Zm�bB@+QMiBMmQmb bmT2``�/B�M+2 QM i?2 F>x +HQ+F i`�MbBiBQM Q7 33a` X X X kRN

q2@j8 �M+BHH�`v i`�MbBiBQMb BM 171u#+ BQM +HQ+Fb 7Q` b?B7i 2p�Hm�iBQM �M/ i2bib Q7
7mM/�K2Mi�H T?vbB+b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kky

q2@je lHi`�@?B;? p�+mmK +?�K#2` /2p2HQTK2Mi 7Q` � a` QTiB+�H H�iiB+2 +HQ+F rBi?
� G�;m2``2@:�mbbB�M i`�TTBM; ;2QK2i`v X X X X X X X X X X X X X X X X X X X X X X kkk

q2@jd �iQKB+ K�bb `�iBQb Q7 i?2 T`QiQM- /2mi2`QM- i`BiQM �M/ ?2HBmK@j X X X X X kkj

q2@j3 lT;`�/BM; i?2 i`�MbTQ`i�#H2 QTiB+�H H�iiB+2 +HQ+F �i Sh" X X X X X X X X X kk9

q2@jN hQr�`/b BKTH�MiBM; `�/BQ�+iBp2 TQH�` KQH2+mH2b BM � MLQ#H2 ;�b K�i`Bt 7Q`
7mM/�K2Mi�H bvKK2i`v i2bib X X X X X X X X X X X X X X X X X X X X X X X X X X X X kk8

q2@9y Lm+H2�` h@pBQH�iBQM b2�`+? mbBM; Q+imTQH�` Mm+H2B BM � +`vbi�H X X X X X X kke

q2@9R �M 21.J b2MbBiBp2 2tT2`BK2Mi mbBM; "�6 KQH2+mH2b X X X X X X X X X X X kkd

q2@9k o2`v HQM; #�b2HBM2 �iQK BMi2`72`QK2i`v 7Q` i2bib Q7 7mM/�K2Mi�H T?vbB+b X kk3

q2@9j S�i?r�v iQ K�;M2iQ@QTiB+�H i`�TTBM; Q7 a`P> iQ T`Q#2 7Q` .�`F J�ii2`
�M/ 1.Jb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kkN

q2@99 S`QbT2+ib 7Q` +QMbi`�BMib QM M�MQK2i2`@`�M;2 MQML2riQMB�M ;`�pBiv rBi?
� bi�i2@Q7@i?2@�`i KQH2+mH�` +HQ+F X X X X X X X X X X X X X X X X X X X X X X X X X X kjy

q2@98 "�`BmK@KQMQ~mQ`B/2 rBi?BM �M �`;QM bQHB/, +�H+mH�iBQMb iQ bmTTQ`i i?2
1.J+m#2/ b+?2K2 7Q` K2�bm`BM; i?2 2H2+i`QM 2H2+i`B+ /BTQH2 KQK2Mi X X X X X kjR

q2@9e � i`�MbTQ`i�#H2 u# QTiB+�H H�iiB+2 +HQ+F X X X X X X X X X X X X X X X X X X X kjk

h?@jj hQr�`/b i?2 /2p2HQTK2Mi Q7 �M QTiB+�H H�iiB+2 +HQ+F mbBM; #QbQMB+ BbQiQT2b
Q7 K2`+m`v X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kjj

h?@j9 J2�bm`2K2Mib Q7 nT @ kb i`�MbBiBQMb BM i?2 ?v/`Q;2M �iQK X X X X X X X X kj9

h?@j8 JmHiBHQQT �iQKB+ a�;M�+ BMi2`72`QK2i`v X X X X X X X X X X X X X X X X X X X kj8

h?@je >B;?@T`2+BbBQM K2�bm`2K2Mib Q7 �iQKB+ bi`m+im`2 BM G2�/ �M/ Qi?2` KmHiB@
p�H2M+2 �iQKB+ bvbi2Kb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kje

h?@jd �M 2tT2`BK2Mi iQ K2�bm`2 i?2 2H2+i`QMǶb 2H2+i`B+ /BTQH2 KQK2Mi mbBM;
i`�TT2/ mHi`�+QH/ KQH2+mH2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kjd

h?@j3 hrQ@#2�K b2H7@Qb+BHH�iBM; PSJ 7Q` HQr@/`B7i ?B;?@T`2+BbBQM .* K�;M2iQK@
2i`v X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kj3

h?@jN lT/�i2 Q7 i?2 CAG� ;2MX AAA 21.J 2tT2`BK2Mi X X X X X X X X X X X X X X X kjN

h?@9y 21.J@b2MbBiBp2 KQH2+mH2b i`�TT2/ BM M2QM B+2 X X X X X X X X X X X X X X X k9y

h?@9R PTiB+�H +HQ+Fb rBi? i`�TT2/ 40*�+ �M/ 27�H+ BQMb X X X X X X X X X X X X X k9R

h?@9k hQr�`/b `2H�iBpBbiB+ ;2Q/2bv rBi? � i`�MbTQ`i�#H2 �HmKBMmK BQM [m�MimK
HQ;B+ QTiB+�H +HQ+F X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k9j
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h?@9j *QMiBMmQmb +QH/ bi`QMiBmK �iQKb i?`Qm;? � +�pBiv �b � 7`2[m2M+v bi�M/�`/ k99

h?@99 �APL, �M �iQK BMi2`72`QK2i2` Q#b2`p�iQ`v �M/ M2irQ`F X X X X X X X X X k98

h?@98 hQr�`/b � +r bmT2``�/B�Mi H�b2`, *QMiBMmQmb bi`QM; +QmTHBM; �M/ i`�MbTQ`i
Q7 33a` �iQKb BM � `BM; +�pBiv X X X X X X X X X X X X X X X X X X X X X X X X X X X k9e

h?@9e .2~2+iBQM Q7 #�`BmK@KQMQ~mQ`B/2 KQH2+mH2b X X X X X X X X X X X X X X X X k9d

h?@9d J2�bm`BM; i?2 n = 2 i`BTH2i S }M2 bi`m+im`2 Q7 �iQKB+ ?2HBmK mbBM; 7`2[m2M+v@
Qzb2i b2T�`�i2/ Qb+BHH�iQ`v }2H/b U6PaP6V X X X X X X X X X X X X X X X X X X X X k93

h?@93 .B`2+i 7`2[m2M+v +QK# bT2+i`Qb+QTv rBi? irQ �iQK bT2+B2b 7Q` +QK# H�b2`
7`2[m2M+v bi�#BHBx�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k9N

h?@9N S`2+BbBQM K2�bm`2K2Mi Q7 i?2 2H2+i`QM Q`#Bi�H ;@7�+iQ` �M/ i?2 b2�`+? 7Q`
M2r T?vbB+b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k8R

oB`kj � M2r K�bb@2M2`;v i2bi Q7 i?2 2[mBp�H2M+2 T`BM+BTH2 mbBM; �(38)_#@�(3d)_#
�iQK BMi2`72`QK2i2` X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k8k

oB`k9 Zm�MimK MQM/2KQHBiBQM K2�bm`2K2Mi QM bTBM T`2+2bbBQM Q7 H�b2`@i`�TT2/
171u# �iQKb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k89

oB`k8 am`T`BbBM; _2bmHib 6QmM/ BM h2biBM; 7Q` i?2 *QMiBMmQmb aT2+i`mK Q7 s@`�vb
S`2/B+i2/ iQ �++QKT�Mv i?2 S?QiQ2D2+iBQM Q7 �M �iQKB+ AMM2`@b?2HH 1H2+i`QM X k88

Zm�MimK BM7Q`K�iBQM, ;�i2b- b2MbBM;- +QKKmMB+�iBQM- �M/ i?2`KQ/v@
M�KB+b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k8e

JQ@98 _�#B p2+iQ` K�;M2iQK2i`v BKTH2K2Mi2/ rBi? ?Qi �HF�HB p�TQ` X X X X X X k8e

JQ@9e J2�bm`2K2Mi@QMHv T?�b2 i`�MbBiBQMb BM k. pB� MQM+QKKmiBM; irQ [m#Bi
K2�bm`2K2Mib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k8d

JQ@9d LQp2H [m�MimK +QMi`QH K2i?Q/b BM � `m#B/BmK@3d "Qb2@1BMbi2BM +QM/2Mb�i2 k83

JQ@93 J2�bm`2K2Mi@#�b2/ [m�MimK K�+?BM2 H2�`MBM; X X X X X X X X X X X X X X k8N

JQ@9N AMi2;`�#BHBiv- mHi`�+QH/ K�ii2` �M/ [m�MimK b2MbBM; X X X X X X X X X X X X key

JQ@8y .2i2+iBQM Q7 "2`2xBMbFBB@EQbi2`HBix@h?QmH2bb i`�MbBiBQM pB� :2M2`�iBp2 �/@
p2`b�`B�H L2irQ`Fb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X keR

JQ@8R L2r �TTHB+�iBQMb �M/ +m``2Mi HBKBi�iBQMb Q7 _v/#2`; b2MbQ`b X X X X X X X kek

JQ@8k aBKmH�iBM; ;�m;2 i?2Q`B2b BM 1 + 1 / rBi? #QbQMB+ [m�MimK +B`+mBib X X X kej

hm@9d 6�#`B+�iBQM Q7 �iQKB+ p�TQ` +2HH 7Q` �iQKB+ b2MbQ`b X X X X X X X X X X X X X ke9

hm@93 � T2`7Q`K�M+2 #QmM/ 7Q` [m�MimK i?2`K�H K�+?BM2b X X X X X X X X X X X ke8

hm@9N *QMM2+iBM; [m�MimK BM7Q`K�iBQM b+`�K#HBM; rBi? 2Mi�M;H2K2Mi@2M?�M+2/
K2i`QHQ;v X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kee

hm@8y 1tT2`BK2Mi�H [m�MimK +QMi`QH QM A"J [m�MimK bvbi2K X X X X X X X X X ked
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hm@8R JmHiBKQ/2 KB+`Qr�p2@iQ@QTiB+�H +QMp2`bBQM BM r�`K 3d@_# �iQKb X X X X ke3

hm@8k 1M`B+?BM; i?2 [m�MimK iQQH#Qt Q7 mHi`�+QH/ KQH2+mH2b rBi? _v/#2`; �iQKb kdy

hm@8j � bBKTHB}2/ +QH/ a` 2tT2`BK2Mi 7Q` +�pBiv@#�b2/ [m�MimK bBKmH�iBQM X X X kdR

hm@89 � i`�MbTQ`i�#H2 +QH/ �iQK �++2H2`QK2i2` 7Q` BM2`iB�H M�pB;�iBQM X X X X X X kdk

q2@9d �iQKB+ K�;M2iQK2i`v rBi? E�HK�M }Hi2`b X X X X X X X X X X X X X X X X X kdj

q2@93 "@}2H/ b2H7@+�M+2HHBM; /2pB+2b 7Q` �iQKB+ b2MbQ`b X X X X X X X X X X X X X X kd9

q2@9N "Hm2T`BMi 7Q` � b+�H�#H2- KQ/mH�`- 7�mHi@iQH2`�Mi [m�MimK +QKTmi2` #�b2/
QM bi�i2@Q7@i?2@�`i _v/#2`; �iQK �``�vb �M/ QTiB+�H +�pBiB2b X X X X X X X X X X kd8

q2@8y Zm�MimK QTiBKBx�iBQM Q7 K�tBKmK BM/2T2M/2Mi b2i mbBM; _v/#2`; �iQK
�``�vb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kde

q2@8R �``�vb Q7 +QH/ _v/#2`; �iQKb 7Q` 2H2+i`QK�;M2iB+ }2H/b b2MbBM; X X X X X kdd

q2@8k 1M;BM22`BM; KmHiBKQ/2 2Mi�M;H2K2Mi �KQM; �iQKB+ 2Mb2K#H2b X X X X X X kd3

q2@8j h`�BMBM; [m�MimK /2MQBb2`b X X X X X X X X X X X X X X X X X X X X X X X X X kdN

q2@89 a+�H�#H2 +`vQ;2MB+ 2tT2`BK2Mi 7Q` i`�TT2/@BQM [m�MimK +QKTmiBM; rBi?
HQM; BQM bi`BM;b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k3y

q2@88 � +QH/ �iQK ;v`Qb+QT2 7Q` BM2`iB�H M�pB;�iBQM X X X X X X X X X X X X X X X k3R

q2@8e S`Q;`�KK�#H2 BMi2`�+iBQMb �M/ 2K2`;2Mi ;2QK2i`v BM � R. �``�v Q7 �iQKB+
2Mb2K#H2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k3k

h?@8y LQBbv �iQKB+ K�;M2iQK2i`v BM `2�H iBK2 X X X X X X X X X X X X X X X X X X k3j

h?@8R *?�`�+i2`Bx�iBQM Q7 ?B;?@}/2HBiv _�K�M [m#Bib X X X X X X X X X X X X X X X k39

h?@8k a+�H�#H2 [m#Bi �``�vb 7Q` [m�MimK +QKTmi�iBQM �M/ bBKmH�iBQM X X X X X X k38

h?@8j aTBM@r�p2 [m�MimK +QKTmiBM; rBi? �iQKb BM � bBM;H2@KQ/2 +�pBiv X X X X k3e

h?@89 1Mi�M;HBM; ;�i2b #2ir22M #QbQMB+ [m#Bib BM i`�TT2/ BQMb X X X X X X X X X k3d

h?@88 hQr�`/b � bBM;H2@�iQK �``�v bi`QM;Hv +QmTH2/ iQ �M QTiB+�H KB+`Q+�pBiv 7Q`
KmHiBT�`iB+H2 2Mi�M;H2K2Mi X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k33

h?@8e 1tT2`BK2Mi�H `2�HBx�iBQM Q7 +H�bbB+ ;�i2b QM i`�TT2/@BQM [m#Bib X X X X X X k3N

oB`ke MQMQ`i?Q;QM�H 2M+Q/BM; �M/ /2+Q/BM; >�/�K�`/ +Q/2b BM +�b+�/2/ 2Mi�M@
;H2/ T?QiQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kNy

oB`kd �HKQbi BM/BbiBM;mBb?�#H2 bBM;H2 T?QiQMb pB� KmHiBTH2tBM; +�b+�/2/ #BT?QiQMb
rBi? +�pBiv KQ/mH�iBQM �M/ T?�b2 +QKT2Mb�iBQM X X X X X X X X X X X X X X X X X kNR

oB`k3 .272+i@7`22 �`#Bi`�`v@;2QK2i`v �bb2K#Hv Q7 KBt2/@bT2+B2b �iQK �``�vb X X kNk

oB`kN :2M2`�iBQM Q7 #QiiH2 #2�K �``�v #v bT�iB�H HB;?i KQ/mH�iQ` 7Q` �iQK@#�b2/
[m�MimK +QKTmiBM; X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kNj
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oB`jy :�mbbB�M@T�+F2i �bbBbi2/ ?QHQ;`�T?v 7Q` bBM;H2@b?Qi �iQKB+ bT2+i`Qb+QTB+
BK�;BM; X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kN9

oB`jR .2H�v@HBM2 #�b2/ �/B�#�iB+ bTBM@/2T2M/2Mi FB+Fb QM � ?vT2`}M2 K�MB7QH/ X kN8

oB`jk S`Q;`2bb QM � TQ`i�#H2- ?B;?@bi�#BHBiv �iQK@BMi2`72`QK2i2` ;v`Qb+QT2 7Q` /v@
M�KB+ `Qi�iBQM K2�bm`2K2Mib X X X X X X X X X X X X X X X X X X X X X X X X X X X X kNe

Zm�MimK QTiB+b �M/ ?v#`B/ [m�MimK bvbi2Kb X X X X X X X X X X X X X X X X kNd

JQ@8j :2M2`�iBQM Q7 T?QiQMb 7`QK p�+mmK BM +�pBiv pB� iBK2@KQ/mH�iBQM Q7 �
[m#Bi BMpBbB#H2 iQ i?2 }2H/ X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kNd

JQ@89 *QHH2+iBp2 _�/B�iBp2 .vM�KB+b Q7 �M 1Mb2K#H2 Q7 *QH/ �iQKb *QmTH2/ iQ
�M PTiB+�H q�p2;mB/2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kN3

JQ@88 AMi2`72`QK2i`v QM i?2 *HQ+F h`�MbBiBQM BM a`@3d rBi? 1Mi�M;H2/ �iQKb BM
JQK2MimK ai�i2 amT2`TQbBiBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X kNN

JQ@8e _�TB/ [m�MimK b[m22xBM; #v DmKTBM; i?2 ?�`KQMB+ Qb+BHH�iQ` 7`2[m2M+v jyy

JQ@8d .2p2HQTK2Mi iQr�`/b � ?v#`B/ [m�MimK `2T2�i2` X X X X X X X X X X X X X jyR

JQ@83 *�M � T?QiQM +�mb2 �iQKb iQ #2 2t+Bi2/ 7Q` � M2;�iBp2 �KQmMi Q7 iBK2\
U2tT2`BK2Mi�H T`Q;`2bbV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jyk

JQ@8N *QMi`QH �M/ 2Mi�M;H2K2Mi Q7 _v/#2`; �iQKb M2�` � M�MQT?QiQMB+ /2pB+2 jyj

JQ@eR hQr�`/b � +QMiBMmQmb r�p2 bmT2``�/B�Mi +�H+BmK H�b2` X X X X X X X X X X jy9

JQ@ek q?�i .Q2b 1Mi�M;H2K2Mi am//2M .2�i? _2[mB`2\ X X X X X X X X X X X X jy8

JQ@ej 1z2+ib Q7 TmKT TmHb2 H2M;i? QM T?QiQM MmK#2` BM [m�MimK /Qi 2KBbbBQM jye

hm@88 L�MQbi`m+im`2/ �HF�HB@K2i�H p�TQ` +2HHb X X X X X X X X X X X X X X X X X X X jy3

hm@8e � bBM;H2 +QH/ �iQK �b � bBM;H2@T?QiQM /2i2+iQ` X X X X X X X X X X X X X X X jyN

hm@8d �iQKB+ bTBM@+QMi`QHH2/ MQM`2+BT`Q+�H _�K�M �KTHB}+�iBQM Q7 }#`2@;mB/2/
HB;?i X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jRy

hm@83 1M?�M+BM; }#2` �iQK BMi2`72`QK2i2` #v BM@}#2` H�b2` +QQHBM; X X X X X X X jRR

hm@8N arBi+?BM; � KQMQH�v2` �iQKB+ KB``Q` mbBM; � bBM;H2 _v/#2`; �iQK X X X X jRk

hm@ey L�``Qr#�M/ #BT?QiQM bQm`+2 Q7 K�tBK�H bT2+i`�H #`B;?iM2bb �i mHi`�HQr
TmKT TQr2` X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jRj

hm@eR o2+iQ` K�;M2iQK2i`v rBi? KB+`Qr�p2@�bbBbi2/ QTiB+�H TmKTBM; BM r�`K _#
�iQKb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jR9

hm@ek _Qi�iBQM b2MbBM; mbBM; TQBMi bQm`+2 �iQK BMi2`72`QK2i`v X X X X X X X X X jR8

hm@ej hQr�`/b bi`QM; T?QiQM@T?QiQM BMi2`�+iBQMb pB� +QH/ �iQKb i`�TT2/ M2�` �
bHQr@KQ/2 T?QiQMB+ +`vbi�H r�p2;mB/2 X X X X X X X X X X X X X X X X X X X X X X X jRe

hm@e9 �iQKB+ �``�vb /`Bp2M #v #`Q�/#�M/ b[m22x2/ HB;?i X X X X X X X X X X X X X jRd
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q2@8d Zm�bB@"A* KQ/2 H�bBM; BM � [m�/`mK2` TH�bKQMB+ H�iiB+2 X X X X X X X X X jR3

q2@83 *QHH2+iBp2 2t+Bi�iBQM �M/ /2+�v Q7 r�p2;mB/2@+QmTH2/ �iQKb, 7`QK iBK2/
.B+F2 bi�i2b iQ BMp2`i2/ 2Mb2K#H2b X X X X X X X X X X X X X X X X X X X X X X X X X jRN

q2@8N PM@+?BT i`�TT2/ +QH/ �iQK BMi2`72`QK2i2` rBi? bT�iB�H bTHBiiBM; X X X X X jky

q2@ey Zm�MimK MQMHBM2�` QTiB+b BM �iQKB+ /m�H �``�vb X X X X X X X X X X X X X X jkR

q2@eR h`�+FBM; i?2 p2+iQ` �++2H2`�iBQM rBi? � ?v#`B/ [m�MimK �++2H2`QK2i2` i`B�/ jkk

q2@ek *QM/BiBQMb 7Q` bmT2`HmKBM�H HB;?i T`QT�;�iBQM BM � i?`22@H2p2H K2/BmK X jkj

q2@ej >Qr Km+? iBK2 /Q `2bQM�Mi T?QiQMb bT2M/ �b �iQKB+ 2t+Bi�iBQMb #27Q`2
#2BM; i`�MbKBii2/\ X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jk8

q2@e9 1``Q` #m/;2i BM +QH/ �iQK@#�b2/ BM2`iB�H b2MbQ`b X X X X X X X X X X X X X X jke

q2@ee .B+F2 bmT2``�/B�M+2 �M/ T?QiQM bi�iBbiB+b BM r�p2;mB/2 Z1. X X X X X X X jkd

h?@8d h?2`KQ/vM�KB+b BM MQM2[mBHB#`BmK �iQK@}2H/ BMi2`�+iBQMb X X X X X X X X jk3

h?@83 P#b2`p�iBQM Q7 � +QMiBMmQmb iBK2 +`vbi�H X X X X X X X X X X X X X X X X X X X jkN

h?@8N J�MBTmH�iBM; �M/ K2�bm`BM; bi�i2b Q7 �M QTiQK2+?�MB+�H `2bQM�iQ` BM i?2
[m�MimK `2;BK2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jjy

h?@ey .vM�KB+�H T?�b2b Q7 K�ii2` BM � T2`BQ/B+ /`Bp2M �iQK@+�pBiv bvbi2K X X X jjR

h?@eR .B+F2 bmT2``�/B�M+2 BM �``�vb Q7 KmHiBH2p2H �iQKb X X X X X X X X X X X X X jjk

h?@ek hBK2@/2H�v2/ QTiB+�H 722/#�+F iQ � +QH/ �iQK 2Mb2K#H2 X X X X X X X X X X jjj

h?@ej a�;M�+ �iQK BMi2`72`QK2i2` ;v`Qb+QT2 rBi? H�`;2 2M+HQb2/ �`2� �M/ KmHiBTH2
Q`#Bib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jj9

h?@e9 *`2�iBM; �M/ K2�bm`BM; bm#@r�p2H2M;i? pQHmK2b mbBM; [m�MiBi�iBp2 �#bQ`T@
iBQM BK�;BM; Q7 QTiB+�HHv /2Mb2 2Mb2K#H2b X X X X X X X X X X X X X X X X X X X X X jj8

h?@e8 �M �iQKB+ 6�#`v@S2`Qi 7Q` i?2 ;2M2`�iBQM �M/ K2�bm`2K2Mi Q7 mHi`�+QH/
r�p2T�+F2ib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jje

h?@ee PTiB+�H brBi+?BM; Q7 �M �iQKB+ "`�;; KB``Q` �`QmM/ � M�MQ}#2` X X X X X jjd

h?@ed Zm�MimK +Q``2H�i2/ HB;?i #2�Kb 7`QK +�b+�/2 7Qm`@r�p2 KBtBM; BM +QH/
�iQKb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jj3

oB`jj ai`QM; +?B`�H +QmTHBM; Q7 �M �iQKB+ �``�v BM M�MQT?QiQMB+ +�pBiv X X X X X jjN

oB`j9 aHQr �iQKb i`�p2`b2 �M QTiB+�H +�pBiv }2H/, /BzmbBp2 �iQKB+ KQiBQM X X X j9y

oB`j8 6�MQ@GQ`2Mix b?�T2 +QMi`QHH2/ #v i?2 +QHH2+iBp2 2z2+i Q7 i?2 Mm+H2�` 2Mb2K@
#H2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j9R

oB`je h?2 }`bi Q#b2`p�iBQM Q7 M2r ~�i HBM2 6�MQ T`Q}H2 pB� �M t@`�v TH�M�` +�pBiv j9j

oB`jd *QKTQbBi2 TB+Qb2+QM/ +QMi`QH Q7 �iQKB+ bi�i2 i?`Qm;? � M�MQ}#2` BMi2`7�+2 j9e
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oB`j3 *QKTQbBi2 �+QmbiQ@QTiB+�H KQ/mH�iBQM X X X X X X X X X X X X X X X X X X X X j9d

oB`jN >B;? 2{+B2M+v- +Q?2`2Mi +QMi`QH Q7 HB;?i rBi? KmHiBT�bb �+QmbiQ@QTiB+�H KQ/@
mH�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j93

oB`9y S?QiQM biQ`�;2 BM �M BMi2``mTi2/ r�p2;mB/2 X X X X X X X X X X X X X X X X X j9N

oB`9R � #B�b2/@`Qi�iBQM �TT`Q�+? iQ 2{+B2Mi T`2+Bb2 bTBMQ` K�ii2`r�p2 _�K�M
+QMi`QH X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j8y

oB`9k hQr�`/b 722/#�+F +QQHBM; Q7 � bBM;H2 i`�TT2/ BQM BM � /22T T�`�#QHB+ KB``Q` j8R

ai`m+im`2 �M/ T`QT2`iB2b Q7 �iQKb- BQMb- �M/ KQH2+mH2b X X X X X X X X X X X j8k

JQ@e9 PM i?2 T`QbT2+ib Q7 QTiB+�H +v+HBM; BM /B�iQKB+ +�iBQMb, 1z2+ib Q7 i`�MbBiBQM
K2i�Hb- bTBM@Q`#Bi +QmTHBM;b- �M/ KmHiBTH2 #QM/b X X X X X X X X X X X X X X X X X j8k

JQ@e8 aBx2@2M2`;v mMBp2`b�HBiv BM p�M /2` q��Hb b2H7@#QmM/ bvbi2Kb X X X X X X X j8j

JQ@ee JQHHQr i`BTH2i BM QTiB+�HHv i`�TT2/ bBM;H2 �iQK X X X X X X X X X X X X X X j89

JQ@ed 1M?�M+BM; T`Q/m+iBQM Q7 bHQr #2�Kb Q7 H�b2`@+QQH�#H2 KQH2+mH2b X X X X X j88

JQ@e3 G�b2` +QQHBM; �H*H KQH2+mH2b BM i?2 /22T@mHi`�pBQH2i X X X X X X X X X X X X j8e

JQ@eN GQr@T?�b2@MQBb2 /BQ/2 H�b2` bvbi2Kb 7Q` i?2 ahA_�S i`�Mb72` Q7 mHi`�+QH/
6GB40E KQH2+mH2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j8d

hm@e8 S`2+BbBQM +�H+mH�iBQM Q7 TQH�`Bx�#BHBiv Q7 ?2�pv BQMb �M/ �iQKb 7Q` T?vbBbQ`T@
iBQM rBi? k. K�i2`B�Hb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j83

hm@ee P#b2`p�iBQM Q7 irQ@T?QiQM BM/m+2/ ~mQ`2b+2M+2 Q7 M2mi`�H +�`#QM �iQK
;�b2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j8N

hm@ed �++m`�i2 �M/ +QKTH2i2 �iQKB+ /�i� b2i 7Q` */ sGoAA X X X X X X X X X X X jeR

hm@e3 6mM+iBQM�HBx2/ �`QK�iB+ KQH2+mH2b 7Q` H�b2` +QQHBM; �M/ i`�TTBM; X X X X X jek

hm@eN _2H�iBpBbiB+ +Q``2+iBQMb iQ irQ@T?QiQM /2+�v `�i2b BM ?2HBmKHBF2 BQMb X X X jej

hm@dy � +QH/ �M/ bHQr #2�K Q7 *> `�/B+�Hb 7Q` H�b2` +QQHBM; �M/ i`�TTBM; 2tT2`B@
K2Mib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X je9

q2@ed lHi`�+QH/ KBtim`2b Q7 *` �M/ GB �iQKb, i?2Q`2iB+�H T`QbT2+ib 7Q` +QMi`QHH2/
�iQKB+ +QHHBbBQMb- GB*` KQH2+mH2 7Q`K�iBQM- �M/ KQH2+mH�` T`2+BbBQM K2�bm`2@
K2Mib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X je8

q2@e3 S`Q;`2bb iQr�`/b � K�;M2iQ@QTiB+�H i`�T 7Q` J;6 KQH2+mH2b X X X X X X X jee

q2@eN �++m`�i2 �M/ +QKTH2i2 �iQKB+ /�i� b2i 7Q` ?2HBmK@HBF2 BQMb mbBM; _2H�iBpBbiB+
*QM};m`�iBQM AMi2`�+iBQM �TT`Q�+? 7Q` bBM;Hv �M/ /Qm#Hv 2t+Bi2/ bi�i2b rBi? w
4 8 @ N X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jed

q2@dy aim/v Q7 `�/B�iBp2 T`QT2`iB2b Q7 ?2HBmK BbQ2H2+i`QMB+ b2[m2M+2 X X X X X X je3

q2@dR S?QiQ�bbQ+B�iBQM bT2+`Qb+QTv Q7 _#u# M2�` i?2 u# BMi2`+QK#BM�iBQM HBM2 jeN

tttBB



q2@dk amTT`2bbBQM Q7 _�K�M BMi2`�+iBQM /m2 iQ /2bi`m+iBp2 BMi2`72`2M+2 BM �HF�HB
�iQKb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jdy

h?@e3 *QMi`QHH2/ BMi2`�+iBQMb #2ir22M mHi`�+QH/ E_# JQH2+mH2b BM irQ /BK2MbBQMb jdR

h?@eN �M�HvxBM; i?2 ?vT2`}M2 bi`m+im`2 mbBM; i?2 [m�MimK Q`#Bi 2++2Mi`B+Biv X jdk

h?@dy 0
�
g TQi2MiB�H BM *b2- `2pBbBi2/, Q#b2`p�iBQM Q7 KBbbBM; H2p2Hb X X X X X X X X jdj

h?@dR Zm�MimK bi�i2 +QMi`QH Q7 QTiB+�HHv i`�TT2/ TQHv�iQKB+ KQH2+mH2b X X X X jd9

h?@dk S`Q;`2bb iQr�`/b /B`2+i H�b2` +QQHBM; �M/ i`�TTBM; Q7 *�> KQH2+mH2b X X X jd8

oB`9j 1H2+i`Qbi�iB+ BMi2`�+iBQMb BMpQHpBM; 2tQiB+ HQM;@`�M;2 _v/#2`; KQH2+mH2b X jd8

oB`99 o�H2M+2@b?2HH 2H2+i`QMB+ 2t+Bi�iBQMb Q7 *>3A bim/B2/ #v 7�bi 2H2+i`QM b+�ii2`@
BM; X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jdd

oB`98 h?2Q`2iB+�H bim/v Q7 T`QT2`iB2b Q7 `�/BQ�+iBp2 KQH2+mH2b X X X X X X X X X X jdN

h`�TT2/ BQMb- _v/#2`; �iQKb- �M/ +QH/ TH�bK�b X X X X X X X X X X X X X X X j3y

JQ@dy a+�H�#H2 �``�vb Q7 KB+`Q@7�#`B+�i2/ S2MMBM; i`�Tb 7Q` [m�MimK +QKTmi�iBQM
�M/ bBKmH�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j3y

JQ@dR lHi`�7�bi _v/#2`; 2tT2`BK2Mib rBi? mHi`�+QH/ �iQKb BM QTiB+�H ir22x2`b X j3R

JQ@dk S`Q;`2bb BM 2tT2`BK2Mi�H +QMi`QH Q7 i`�TT2/ BQM KQiBQM�H bi�i2b rBi? �TTHB@
+�iBQMb 7Q` *oZ* �M/ [m�MimK b2MbBM; X X X X X X X X X X X X X X X X X X X X X j3k

JQ@dj 6�bi T`2T�`�iBQM �M/ /2i2+iBQM Q7 � _v/#2`; [m#Bi lbBM; �iQKB+ 2Mb2K#H2b j3j

JQ@d9 �[mBH�, � }2H/@T`Q;`�KK�#H2 �iQK �``�v QM i?2 +HQm/ X X X X X X X X X X j39

JQ@d8 Zm�MimK +QKTmiBM; rBi? K2i�bi�#H2 bi�i2b BM i`�TT2/ "�`BmK BQMb X X X j38

JQ@de hQr�`/b i?2 +`2�iBQM Q7 mHi`�+QH/- M2mi`�H TH�bK�b rBi? QTTQbBi2Hv +?�`;2/
T�`iB+H2b Q7 2[m�H K�bb pB� HQM;@`�M;2 _v/#2`; KQH2+mH2b X X X X X X X X X X X X j3e

hm@dR 1H2+i`B+@}2H/ K2�bm`2K2Mi BM +QH/ BQM +HQm/b X X X X X X X X X X X X X X X X j3d

hm@dk _v/#2`; 2M;BM22`BM;, `2+2Mi i2+?MB[m2b 7Q` b2MbBiBp2 }2H/ K2�bm`2K2Mib X j33

hm@dj >B;?2`@Q`/2` 2z2+ib Q7 2H2+i`B+ [m�/`mTQH2 }2H/b QM � bBM;H2 _v/#2`; BQM X j3N

hm@d9 � MQp2H i`�TT2/@BQM [m�MimK +QKTmi2` mbBM; QTiB+�H ir22x2`b �M/ 2H2+i`B+
}2H/b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jNy

hm@d8 *Q``2H�iBQM bT2+i`Qb+QTv Q7 � TH�M�` NR@BQM +`vbi�H BM � MQp2H KQMQHBi?B+
S�mH i`�T X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jNR

hm@de � T`Q;`�KK�#H2 [m�MimK bBKmH�iQ` rBi? irQ@2H2+i`QM _v/#2`; �iQKb BM
QTiB+�H ir22x2` �``�vb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jNk

hm@dd >B;? bT22/ h>x BK�;BM; rBi? _v/#2`; �iQKb X X X X X X X X X X X X X X X jNj

hm@d3 "2M+?K�`FBM; � H�`;2@b+�H2 [m�MimK bBKmH�iQ` rBi? mb27mH �TTHB+�iBQMb X jN9

tttBBB



q2@d9 � +`vQ;2MB+ M2mi`�H �iQK QTiB+�H ir22x2` �``�v X X X X X X X X X X X X X X jN8

q2@d8 _v/#2`; �iQK BMi2`�+iBQMb rBi? �M QTiB+�H M�MQ}#2` X X X X X X X X X X X jNe

q2@de SQHv�iQKB+ mHi`�HQM; `�M;2 _v/#2`; KQH2+mH2b X X X X X X X X X X X X X X X jNd

q2@dd amT2``�/B�M+2 /2+Q?2`2M+2 +�mb2/ #v HQM;@`�M;2 _v/#2`;@�iQK T�B` BMi2`@
�+iBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jN3

q2@d3 q�p2;mB/2 Z1. rBi? _v/#2`; bmT2`�iQKb X X X X X X X X X X X X X X X X X jNN

q2@dN hQr�`/b � /m�H@bT2+B2b ir22x2` �``�v Q7 L� �M/ *b �iQKb X X X X X X X X X 9yy

q2@3y 1p�Hm�iBM; bi�i2b BM i`�TT2/ BQMb rBi? HQ+�H +Q``2H�iBQM #2ir22M BMi2`M�H
�M/ KQiBQM�H /2;`22b Q7 7`22/QK X X X X X X X X X X X X X X X X X X X X X X X X X X 9yR

h?@dj hQr�`/b [m�MimK +QMi`QH �M/ bT2+i`Qb+QTv Q7 � bBM;H2 ?v/`Q;2M KQH2+mH�`
BQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9yk

h?@d9 Zm�MimK +QMi`QH Q7 KQiBQM�H bi�i2b BM KBt2/@bT2+B2b i`�TT2/@BQM +`vbi�Hb 9yj

h?@d8 *?�bBM; i?2 H�bi #Bi Q7 ahA_�S 2{+B2M+v #2ir22M K2i�bi�#H2 ?2HBmK �M/
_v/#2`; bi�i2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9y9

h?@de AMi`�@+�pBiv 7`2[m2M+v@/Qm#H2/ o1*a1G bvbi2K 7Q` M�``Qr HBM2rB/i? _v/@
#2`; 1Ah bT2+i`Qb+QTv X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9y8

h?@dd 1z2+i Q7 �M QTiB+�H /BTQH2 i`�T QM `2bQM�Mi �iQK@HB;?i BMi2`�+iBQMb X X X X 9ye

h?@d3 1tT2`BK2Mi�H b2imT 7Q` i`�TTBM; �M/ +QMi`QHHBM; H�`;2 `2;Bbi2`b Q7 #�`BmK@
BQM [m#Bib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9yd

h?@dN _v/#2`;@/`2bb2/ AbBM; BMi2`�+iBQMb 7Q` bTBM b[m22xBM; X X X X X X X X X X X 9y3

h?@3y hQr�`/b M�MQbi`m+im`2/ TQi2MiB�Hb, +QmTHBM; Q7 �M mHi`�+QH/ �iQKB+ ;�b
rBi? � bm`7�+2 �M/ bm#r�p2H2M;i? BK�;BM; X X X X X X X X X X X X X X X X X X X X 9yN

oB`9e 1M?�M+2/ bB/2#�M/ +QQHBM; Q7 i`�TT2/ BQMb pB� `2bQM�Mi /BTQH2@/BTQH2 BMi2`@
�+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9Ry

oB`9d � b2;K2Mi2/@#H�/2 BQM i`�T rBi? #B�bBM; `Q/b X X X X X X X X X X X X X X X X 9RR

oB`93 S`Q;`2bb QM i?2 /2p2HQTK2Mi Q7 *�Y QTiB+�H +HQ+Fb X X X X X X X X X X X X X 9Rk

lHi`�7�bi H�b2`b- bi`QM;@}2H/ T?vbB+b- �M/ TH�bK� T?vbB+b X X X X X X X X X X 9Rj

hm@dN *Q``2H�iBQMb BM i?2 T`Q+2bb Q7 bi`QM; }2H/ BQMBx�iBQM X X X X X X X X X X X X 9Rj

hm@3y AMp2biB;�iBQM Q7 H�b2` 7`2[m2M+v Qzb2i QM MQMHBM2�` +QMp2`bBQM BM GvK�M@
�HT?� H�b2` bvbi2K X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9R9
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h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF f JQ@R, Zm�MimK ~mB/ /vM�KB+b A.9yy

L2r T�`�/B;Kb rBi? /BTQH�` [m�MimK ;�b2b, oQ`iB+2b- irQ@
/BK2MbBQM�H bmT2`bQHB/Biv- �M/ �M;mH�` `2bTQMb2b
�mi?Q`, 6`�M+2b+� 62`H�BMQ

AMbiBimi2 7Q` 1tT2`BK2Mi�H S?vbB+b- lMBp2`bBi i AMMb#`m+F- �mbi`B� � AMbiBimi2 7Q` Zm�MimK PTiB+b �M/
Zm�MimK AM7Q`K�iBQM UAZPZAV- �mbi`B�M �+�/2Kv Q7 a+B2M+2

Zm�MimK T?vbB+b Q7i2M K�F2b TQbbB#H2 +QM+2Tim�H T�`�/Qt2b i?�i �TT2�` 2T?2K2`�H iQ Qm`
+H�bbB+�H BMimBiBQMX � `2+2Mi 2t�KTH2 Bb i?2 /Bb+Qp2`v Q7 bmT2`bQHB/ bi�i2b BM mHi`�+QH/ /BTQ@
H�` ;�b2bX h?2b2 bi�i2b +QK#BM2 i?2 T`QT2`iB2b Q7 bmT2`~mB/Biv rBi? i?Qb2 Q7 +`vbi�HHBM2 Q`@
/2`X

h?Bb i�HF i`�+2b i?2 7mM/�K2Mi�H bi2Tb 7Q` i?2 Q#b2`p�iBQM Q7 bmT2`bQHB/Biv BM irQ /BK2MbBQMb
7`QK i?2 T2`bT2+iBp2 Q7 i?2 AMMb#`m+F 2tT2`BK2MibX q2 rBHH /Bb+mbb ?Qr � [m�MimK ;�b Q7
2`#BmK �M/ /vbT`QbBmK �iQKb bTQMi�M2QmbHv #`2�Fb Bib i`�MbH�iBQM�H bvKK2i`v- +`2�iBM; �
T2`BQ/B+ KQ/mH�iBQM Q7 Bib /2MbBiv r?BH2 ;HQ#�HHv K�BMi�BMBM; [m�MimK T?�b2 +Q?2`2M+2X q2
rBHH b?Qr ?Qr BM Qm` 2tT2`BK2Mib Bi Bb TQbbB#H2 iQ �++2bb i?Bb 2tQiB+ bi�i2 Q7 K�ii2` 2Bi?2` #v
+QQHBM; � i?2`K�H ;�b Q` bm`T`BbBM;Hv #v ?2�iBM; � bmT2`~mB/X 6BM�HHv- r2 rBHH `2TQ`i QM i?2
`2+2Mi Q#b2`p�iBQM Q7 [m�MiBx2/ pQ`iB+2b BM /BTQH�` +QM/2Mb�i2bX

S�;2 R



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF f JQ@k, Zm�MimK ~mB/ /vM�KB+b A.9yR

� [m�MimK pQ`i2t +QHHB/2`
�mi?Q`, :B�+QKQ _Q�iB

*L_@ALP �M/ G1La- 6HQ`2M+2- Ai�Hv

Zm�MimK pQ`iB+2b Q++m` BM � rB/2 `�M;2 Q7 bvbi2Kb- 7`QK �iQKB+ "Qb2Ĝ1BMbi2BM +QM/2Mb�i2b
iQ bmT2`~mB/ ?2HBmK HB[mB/b �M/ bmT2`+QM/m+iQ`bX h?2B` /vM�KB+b Bb �bbQ+B�i2/ rBi? i?2 QMb2i
Q7 /BbbBT�iBQM- r?B+? K�F2b i?2 bmT2`~Qr MQ HQM;2` T2`bBbi2MiX AM i?Bb rQ`F- r2 bim/v i?2
7mM/�K2Mi�H K2+?�MBbKb Q7 pQ`i2t 2M2`;v /BbbBT�iBQM #v `2�HBbBM; � p2`b�iBH2 irQ@/BK2MbBQM�H
pQ`i2t +QHHB/2` BM ?QKQ;2M2Qmb �iQKB+ 62`KB bmT2`~mB/b �+`Qbb i?2 "1*@"*a +`QbbQp2`X q2
mMp2BH pQ`i2t@bQmM/ BMi2`�+iBQMb #v Q#b2`pBM; i?2 +QMp2`bBQM Q7 i?2 2M2`;v Q7 pQ`i2t brB`HBM;
~Qr BMiQ bQmM/ 2M2`;v /m`BM; pQ`i2t +QHHBbBQMbX q2 pBbm�HBb2 pQ`iB+2b �MMB?BH�iBM; BMiQ bQmM/
r�p2b- BX2X- i?2 mHiBK�i2 Qmi+QK2 Q7 bK�HH@b+�H2 pQ`i2t +QHHBbBQMb- �M/ r2 }M/ BM/B+�iBQMb Q7
i?2 2bb2MiB�H `QH2 TH�v2/ #v pQ`i2t@+Q`2@#QmM/ 72`KBQMB+ 2t+Bi�iBQMb BM bi`QM;Hv@+Q``2H�i2/
72`KBQM bmT2`~mB/bX Pm` T`Q;`�KK�#H2 TH�i7Q`K QT2Mb i?2 `Qmi2 iQ 2tTHQ`BM; M2r T�i?r�vb
7Q` [m�MimK im`#mH2M+2 /2+�v- pQ`i2t #v pQ`i2tX

S�;2 k



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF f JQ@j, Zm�MimK ~mB/ /vM�KB+b A.9yk

:2M2`�HBx2/ ?v/`Q/vM�KB+b BM R. "Qb2 ;�b2b
�mi?Q`, Ab�#2HH2 "Qm+?QmH2

*L_a- G�#Q`�iQB`2 *?�`H2b 6�#`v AMbiBimi /ǶPTiB[m2 k- �p2Mm2 �m;mbiBM 6`2bM2H NRRkd S�H�Bb2�m *2/2t
6_�L*1

>v/`Q/vM�KB+b /2b+`B#2b HQM; r�p2H2M;i? /vM�KB+b- r?B+? Q++m`b QM iBK2 b+�H2b HQM; 2MQm;?
bQ i?�i QM2 +�M �bbmK2 HQ+�H `2H�t�iBQM Q7 i?2 ;�bX AM � +?�QiB+ bvbi2K- i?2 ;�b Bb i?2M
HQ+�HHv /2b+`B#2/ �b � ;�b �i i?2`K�H 2[mBHB#`BmK- T�`�K2i`Bx2/ #v i?`22 [m�MiBiB2b- i?2 HQ+�H
i2KT2`�im`2- i?2 HQ+�H /2MbBiv �M/ i?2 HQ+�H p2HQ+BivX h?2 /vM�KB+b Bb i?2M +�Tim`2/ #v
i?`22 2[m�iBQMb /2b+`B#BM; i?2 iBK2 2pQHmiBQM Q7 i?2b2 bT�iB�HHv /2T2M/2Mi [m�MiBiB2bX AM
�M BMi2;`�#H2 bvbi2K- i?2 MQiBQM Q7 `2H�t�iBQM Bb biBHH K2�MBM;7mH- i?2 `2H�t2/ bi�i2 #2BM;
?Qr2p2` MQ HQM;2` /2b+`B#2/ #v QMHv i?`22 MmK#2`b #mi #v �M BM}MBi2 MmK#2` Q7 [m�MiBiB2b-
Q` 2[mBp�H2MiHv #v � 7mM+iBQMX h?2 QM2@/BK2MbBQM�H "Qb2 ;�b rBi? +QMi�+i BMi2`�+iBQMb Bb
�M BMi2;`�#H2 bvbi2K �M/ Bib `2H�t2/ bi�i2 Bb /2b+`B#2/ #v i?2 `�TB/BiB2b /Bbi`B#miBQMX PM2
i?2M /2`Bp2b ;2M2`�HBx2/ ?v/`Q/vM�KB+b 2[m�iBQMb r?B+? /2b+`B#2 i?2 iBK2 2pQHmiBQM Q7 i?2
bT�iB�HHv /2T2M/2Mi `�TB/Biv /Bbi`B#miBQMX AM i?Bb b2KBM�` r2 rBHH T`2b2Mi i?2 2tT2`BK2Mi�H
i2bib Q7 i?2 ;2M2`�HBx2/ ?v/`Q/vM�KB+ i?2Q`vX

S�;2 j



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF f JQ@9, Z#Bib A.9yj

AMi2`�+iBQMb rBi? TmHb2b Q7 [m�MimK `�/B�iBQM
�mi?Q`, EH�mb JQHK2`

LB2Hb "Q?` AMbiBimi2- lMBp2`bBiv Q7 *QT2M?�;2M- .2MK�`F

S?QiQMb �M/ T?QMQMb +QKKmMB+�i2 BMi2`�+iBQMb #2ir22M /Bbi�Mi K�i2`B�H [m�MimK bvbi2Kb-
�M/ r�p2 T�+F2ib Q7 `�/B�iBQM K�v �+i �b ǳ~vBM; [m#BibǴ �M/ i`�MbKBi [m�MimK bi�i2b �M/
[m�MimK ;�i2 QT2`�iBQMb BM [m�MimK QTiB+b �M/ [m�MimK BM7Q`K�iBQM i2+?MQHQ;B2bX � i?2Q@
`2iB+�H /2b+`BTiBQM Q7 ?Qr � r�p2 T�+F2i Q7 [m�MimK `�/B�iBQM BMi2`�+ib rBi? � HQ+�H K�i2`B�H
[m�MimK bvbi2K Bb- ?2M+2- +`m+B�H �M/ M2+2bb�`v- #mi MQ i2ti#QQF T`QpB/2b � ;2M2`�H /2b+`BT@
iBQM Q7 i?Bb 2H2K2Mi�`v T`Q+2bb5

AM i?2 i�HF- A rBHH b?Qr ?Qr iQ +�bi i?2 T`Q#H2K BM � 7Q`K i?�i T2`KBib � UbBKTH2V /2MbBiv
K�i`Bt i?2Q`v 7Q` i?2 2t+Bi�iBQM Q7 � ;2M2`�H [m�MimK bvbi2K #v �M BM+B/2Mi [m�MimK TmHb2
Q7 `�/B�iBQMX h?Bb i?2Q`v /Bz2`b bB;MB}+�MiHv 7`QK i?2 i`2�iK2Mi Q7 BMi2`�+iBQMb #2ir22M- 2X;X-
�M �iQK �M/ � bBM;H2 QTiB+�H KQ/2 BM +�pBiv Z1.X AM T�`iB+mH�`- Qm` i?2Q`v �+FMQrH2/;2b i?2
KmHiB@KQ/2 +?�`�+i2` Q7 i?2 }M�H bi�i2 Q7 i?2 }2H/ �M/ Bi T2`KBib 2p�Hm�iBQM Q7 i?2 [m�MimK
bi�i2 Q7 �Mv Qmi;QBM; r�p2 T�+F2i KQ/2X q2 T`2b2Mi �TTHB+�iBQMb Q7 i?2 i?2Q`v iQ `2+2Mi
2tT2`BK2Mib rBi? �iQKB+ �M/ bmT2`+QM/m+iBM; bvbi2Kb i?�i BMi2`�+i rBi? TmHb2b Q7 QTiB+�H-
KB+`Qr�p2 �M/ �+QmbiB+ `�/B�iBQMX
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h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF f JQ@8, Z#Bib A.9y9

ai�#BHBb�iBQM Q7 � HQ;B+�H ;`B/@bi�i2 [m#Bi #v H�b2` +QQHBM;

�mi?Q`, CQM�i?�M >QK2

h`�TT2/@AQM Zm�MimK AM7Q`K�iBQM AMbiBimi2 Q7 Zm�MimK 1H2+i`QMB+b Y Zm�MimK *2Mi2` 1h> wɃ`B+?

Zm�MimK +QKTmi2`b rBHH `2[mB`2 2``Q`@+Q``2+iBQM BM Q`/2` iQ T`Q/m+2 `2HB�#H2 `2bmHibX �i i?2
HQr2bi H2p2H- 2``Q`@+Q``2+iBM; +Q/2b `2[mB`2 i?2 2M+Q/BM; Q7 BM7Q`K�iBQM BM � H�`;2` >BH#2`i
bT�+2- bm+? i?�i K2�bm`2K2Mib mb2/ 7Q` +Q``2+iBQM +�M �pQB/ +Q``mTiBM; i?2 HQ;B+�H BM7Q`K�@
iBQMX �M 2tT2`BK2Mi�HHv bBKTH2 +?QB+2 7Q` i?Bb HQr@H2p2H 2M+Q/BM; Bb iQ mb2 ?�`KQMB+ Qb+BHH�iQ`b-
r?B+? ?�p2 �M BM}MBi2 >BH#2`i bT�+2 BM � bBM;H2 [m�MimK bvbi2KX A rBHH /2b+`B#2 `2+2Mi 2t@
T2`BK2Mib mbBM; � bBM;H2 i`�TT2/ BQM BM r?B+? r2 ?�p2 `2�HBb2/ [m�MimK 2``Q` +Q``2+iBQM QM
� ?�`KQMB+ Qb+BHH�iQ` +Q/2 +QMbBbiBM; Q7 bmT2`TQbBiBQMb Q7 /BbTH�+2/ b[m22x2/ bi�i2b r?B+?
T`Q/m+2 � ;`B/@HBF2 T2`BQ/B+ T?�b2 bT�+2 �``�vX 1``Q` BM7Q`K�iBQM Bb T2`BQ/B+�HHv i`�Mb72``2/
iQ i?2 BMi2`M�H 2H2+i`QMB+ bi�i2- r?B+? Bb i?2M `2TmKT2/- Qz2`BM; �M 2``Q` +Q``2+iBQM +v+H2
bBKBH�` iQ H�b2` +QQHBM;X q2 mb2 i?Bb iQ T2`7Q`K =Ryy `QmM/b Q7 2``Q` +Q``2+iBQM- 2ti2M/BM;
HQ;B+�H +Q?2`2M+2 Q7 i?2 2M+Q/2/ [m#Bi #v � 7�+iQ` Q7 KQ`2 i?�M jX
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h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF f JQ@e, *�pBiv Z1. A.9y8

�iQKb AMi2`HBMF2/ #v GB;?i, S`Q;`�KKBM; AMi2`�+iBQMb �M/
S`Q#BM; 1Mi�M;H2K2Mi
�mi?Q`, JQMBF� a+?H2B2`@aKBi?

.2T�`iK2Mi Q7 S?vbB+b- ai�M7Q`/ lMBp2`bBiv- ai�M7Q`/- *�HB7Q`MB� N9jy8- la�

h?2 ;`�T? Q7 BMi2`�+iBQMb BM � [m�MimK K�Mv@#Q/v bvbi2K Bb +`m+B�H 7Q` ;Qp2`MBM; i?2 ~Qr
Q7 BM7Q`K�iBQM �M/ i?2 bi`m+im`2 Q7 +Q``2H�iBQMbX q2 2M;BM22` T`Q;`�KK�#H2 MQMHQ+�H BMi2`@
�+iBQMb BM �M �``�v Q7 �iQKB+ 2Mb2K#H2b rBi?BM �M QTiB+�H `2bQM�iQ`- r?2`2 T?QiQMb +QMp2v
BM7Q`K�iBQM #2ir22M /Bbi�Mi �iQKB+ bTBMbX AM Qm` bvbi2K Q7 bTBM@R �iQKb- i?2 T?QiQM@K2/B�i2/
BMi2`�+iBQMb K�MB72bi BM i?2 7Q`K�iBQM Q7 +Q``2H�i2/ �iQK T�B`bX q2 p2`B7v i?2 `2bmHiBM; 2M@
i�M;H2K2Mi #v Q#b2`p�iBQMb Q7 bTBM@M2K�iB+ b[m22xBM;X q2 7m`i?2`KQ`2 /2KQMbi`�i2 p2`b�iBH2
iQQHb 7Q` +QMi`QHHBM; i?2 ;`�T? Q7 BMi2`�+iBQMb �M/ i?2 bi`m+im`2 Q7 KmHiBKQ/2 2Mi�M;H2K2Mi-
BM+Hm/BM; URV T`Q;`�KKBM; i?2 bT2+i`mK Q7 � /`Bp2 }2H/ �M/ UkV bmTTH2K2MiBM; ;HQ#�H +�pBiv@
K2/B�i2/ BMi2`�+iBQMb rBi? HQ+�H �//`2bbBM;X h?2b2 i2+?MB[m2b QT2M QTTQ`imMBiB2b BM bBKmH�i@
BM; [m�MimK ;`�pBiv- 2tTHQ`BM; [m�MimK QTiBKBx�iBQM T�`�/B;Kb- �M/ ;2M2`�iBM; 2Mi�M;H2/
`2bQm`+2 bi�i2b 7Q` b2MbBM; �M/ +QKTmi�iBQMX

S�;2 e



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF f JQ@d, *�pBiv Z1. A.9ye

1Mi�M;H2K2Mi@1M?�M+2/ J�ii2`@q�p2 AMi2`72`QK2i`v BM �
>B;?@6BM2bb2 *�pBiv
�mi?Q`, C�K2b h?QKTbQM

CAG�- lMBp2`bBiv Q7 *QHQ`�/Q- "QmH/2`- *P 3yjyN- la�

1Mi�M;H2K2Mi Bb � 7mM/�K2Mi�H `2bQm`+2 i?�i �HHQrb [m�MimK b2MbQ`b iQ bm`T�bb i?2 bi�M/�`/
[m�MimK HBKBi b2i #v i?2 [m�MimK +QHH�Tb2 Q7 BM/2T2M/2Mi �iQKbX *QHH2+iBp2 +�pBiv@Z1. bvb@
i2Kb ?�p2 bm++22/2/ BM ;2M2`�iBM; H�`;2 �KQmMib Q7 /B`2+iHv Q#b2`p2/ 2Mi�M;H2K2Mi BMpQHpBM;
i?2 BMi2`M�H /2;`22b Q7 7`22/QK Q7 H�b2`@+QQH2/ �iQKB+ 2Mb2K#H2bX >2`2 r2 /2KQMbi`�i2 +�pBiv@
Z1. 2Mi�M;H2K2Mi Q7 2ti2`M�H /2;`22b Q7 7`22/QK iQ `2�HBx2 � K�ii2`@r�p2 BMi2`72`QK2i2` Q7
dyy �iQKb BM r?B+? 2�+? BM/BpB/m�H �iQK 7�HHb 7`22Hv mM/2` ;`�pBiv �M/ bBKmHi�M2QmbHv i`�@
p2`b2b irQ T�i?b i?`Qm;? bT�+2 r?BH2 �HbQ 2Mi�M;H2/ rBi? i?2 Qi?2` �iQKb (R)X q2 /2KQMbi`�i2
#Qi? [m�MimK MQM/2KQHBiBQM K2�bm`2K2Mib �M/ +�pBiv@K2/B�i2/ bTBM BMi2`�+iBQMb 7Q` ;2M2`@
�iBM; b[m22x2/ KQK2MimK bi�i2b rBi? /B`2+iHv Q#b2`p2/ K2i`QHQ;B+�H ;�BM jX9 /" �M/ kX8 /"
#2HQr i?2 bi�M/�`/ [m�MimK HBKBi `2bT2+iBp2HvX �M 2Mi�M;H2/ bi�i2 Bb bm++2bb7mHHv BMD2+i2/
BMiQ � J�+?@w2?M/2` HB;?i@TmHb2 BMi2`72`QK2i2` rBi? RXd /" Q7 /B`2+iHv Q#b2`p2/ K2i`QHQ;B@
+�H 2M?�M+2K2MiX h?2b2 `2bmHib QT2M � M2r T�i? 7Q` +QK#BMBM; T�`iB+H2 /2HQ+�HBx�iBQM �M/
2Mi�M;H2K2Mi 7Q` BM2`iB�H b2MbQ`b- b2�`+?2b 7Q` M2r T?vbB+b- T�`iB+H2b- �M/ }2H/b- 7mim`2 �/@
p�M+2/ ;`�pBi�iBQM�H r�p2 /2i2+iQ`b- �M/ �++2bbBM; #2vQM/ K2�M@}2H/ [m�MimK K�Mv@#Q/v
T?vbB+bX

(R) :`�?�K SX :`2p2 - *?2M;vB GmQ - "�Q+?2M qm- C�K2b EX h?QKTbQM �`sBpkRRyXR9ykd-
iQ �TT2�` BM L�im`2
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h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF f JQ@3, S`2+BbBQM K2�bm`2K2Mi A A.9yd

�iQKB+ �M/ Mm+H2�` +HQ+Fb 7Q` i2biBM; 7mM/�K2Mi�H T?vbB+b

�mi?Q`, 1FF2?�`/ S2BF

6�+?#2`2B+? 9X9 w2Bi mM/ 6`2[m2Mx f .2T�`iK2Mi 9X9 hBK2 �M/ 6`2[m2M+v S?vbBF�HBb+?@h2+?MBb+?2
"mM/2b�Mbi�Hi "mM/2b�HH22 Ryy j3RRe "`�mMb+?r2B; :2`K�Mv

q2 mb2 7`2[m2M+v +QKT�`BbQMb #2ir22M ?B;?Hv �++m`�i2 QTiB+�H +HQ+Fb 7Q` i2bib Q7 7mM/�K2M@
i�H T`BM+BTH2bX AM T�`iB+mH�`- i?2 RdRu#Y QTiB+�H +HQ+F #�b2/ QM �M 2H2+i`B+ Q+imTQH2 U1jV
i`�MbBiBQM #2ir22M i?2 a@;`QmM/@bi�i2 �M/ i?2 HQr2bi 2t+Bi2/ 6@H2p2H rBi? � `�/B�iBp2 HB72iBK2
Q7 RX83 v2�`b T`QpB/2b � 7�pQ`�#H2 +QK#BM�iBQM Q7 HQr bvbi2K�iB+ mM+2`i�BMiv �M/ ?B;? b2M@
bBiBpBiv iQ TQi2MiB�HHv M2r T?vbB+bX lbBM; i?Bb bvbi2K r2 ?�p2 2bi�#HBb?2/ BKT`Qp2/ HBKBib
7Q` bQK2 pBQH�iBQMb Q7 i?2 1BMbi2BM 2[mBp�H2M+2 T`BM+BTH2- BM+Hm/BM; i?2 KQbi bi`BM;2Mi HBKBib
7Q` i2KTQ`�H p�`B�iBQMb Q7 i?2 }M2 bi`m+im`2 +QMbi�Mi �M/ i?2 2H2+i`QM@T`QiQM K�bb `�iBQX AM
Q`/2` iQ +QMi`QH Q` bmTT`2bb i?2 HB;?i b?B7i BM i?Bb QTiB+�H +HQ+F #�b2/ QM � bi`QM;Hv 7Q`#B//2M
i`�MbBiBQM r2 �TTHv ;2M2`�HBx2/ _�Kb2v b+?2K2b �M/ �HbQ i?2 2t+Bi�iBQM Q7 i?2 BQM BM i?2 /�`F
+2Mi2` Q7 � pQ`i2t #2�KX

A rBHH ;Bp2 �M QmiHQQF QM i?2 /2p2HQTK2Mi Q7 � kkNh? Mm+H2�` QTiB+�H +HQ+F i?�i rBHH QT2M
M2r T2`bT2+iBp2b 7Q` 7mM/�K2Mi�H i2bib BM �iQKB+ �M/ Mm+H2�` T?vbB+bX q2 ?�p2 bi�`i2/
2tT2`BK2Mib QM H�b2` bT2+i`Qb+QTv Q7 i`�TT2/ i?Q`BmK BQMb �i �#Qmi R8y MK r�p2H2M;i? rBi?
i?2 �BK iQ Q#b2`p2 `2bQM�Mi H�b2` 2t+Bi�iBQM Q7 i?2 3Xj 2o Mm+H2�` i`�MbBiBQMX
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h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF f JQ@N, S`2+BbBQM K2�bm`2K2Mi A A.9y3

�M BKT`Qp2/ K2�bm`2K2Mi Q7 i?2 2H2+i`QMǶb 2H2+i`B+ /BTQH2
KQK2Mi
�mi?Q`, 1`B+ *Q`M2HH

CAG�- LAah �M/ .2T�`iK2Mi Q7 S?vbB+b- lMBp2`bBiv Q7 *QHQ`�/Q- "QmH/2`- *QHQ`�/Q 3yjyN- la�

h?2 Q#b2`p2/ 7�+i i?�i i?2 ?�/`QMB+ K�ii2` BM i?2 mMBp2`b2 Bb Qp2`r?2HKBM;Hv +QKTQb2/ Q7
K�ii2` �M/ MQi �MiBK�ii2` i2HHb mb i?�i i?2`2 Bb �i H2�bi QM2 Q`B;BM Q7 *S pBQH�iBQM i?�i
Bb MQi �++QmMi2/ 7Q` #v i?2 bi�M/�`/ KQ/2H Q7 T�`iB+H2 T?vbB+bX Ai b22Kb HBF2Hv i?Bb �b@
v2i mM+?�`�+i2`Bx2/ *S@pBQH�iBM; T?vbB+b rBHH ;Bp2 `Bb2 iQ 2H2+i`B+ /BTQH2 KQK2Mib U1.JV BM
2H2K2Mi�`v T�`iB+H2bX �i CAG� r2 mb2 T`2+BbBQM bT2+i`Qb+QTv Q7 i`�TT2/ >76Y iQ b2�`+? 7Q`
i?2 2H2+i`QMǶb 1.JX q2 �MiB+BT�i2 i?�i #v i?2 2M/ Q7 i?2 bmKK2` r2 rBHH ?�p2 +QKTH2i2/ �
M2r K2�bm`2K2Mi rBi? mMT`2+2/2Mi2/ �++m`�+vX GQQFBM; }p2 v2�`b Qmi BMiQ i?2 7mim`2- r2
i?BMF r2 +�M /Q v2i �MQi?2` 7�+iQ` Q7 }p2 #2ii2` BM �M 2tT2`BK2Mi #�b2/ �`QmM/ h?6YX q2
rBHH /Bb+mbb #Qi? i?2 M2�`@i2`K �M/ i?2 HQM;2`@i2`K T`QD2+iX
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h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF f hm@R, Zm�MimK QTiB+b A.9yN

J�Mv@#Q/v [m�MimK QTiB+b BM �iQKB+ �``�vb
�mi?Q`, �M� �b2MDQ@:�`+ő�

.2T�`iK2Mi Q7 S?vbB+b- *QHmK#B� lMBp2`bBiv- L2r uQ`F- L2r uQ`F Ryykd- la�

�iQKB+ �``�vb �`2 � mMB[m2 TH�i7Q`K 7Q` K�Mv@#Q/v T?vbB+b- 2M�#HBM; 2{+B2Mi �M/ +QMi`QH@
H�#H2 �iQK@�iQK BMi2`�+iBQMb BM +`vbi�H@HBF2- Q`/2`2/ 2Mb2K#H2bX AM i?Bb i�HF- A rBHH ;Q #2vQM/
>�KBHiQMB�M /vM�KB+b- �M/ /Bb+mbb Qmi@Q7@2[mBH#`BmK T?vbB+b Q7 /BbbBT�iBp2 Q`B;BM- r?2`2 BM@
i2`�+iBQMb �`2 K2/B�i2/ #v 2H2+i`QK�;M2iB+ p�+mmK ~m+im�iBQMb �M/ T?QiQM 2t+?�M;2X AM
T�`iB+mH�`- A rBHH 7Q+mb QM i?2 KQbi T�`�/B;K�iB+ K�Mv@#Q/v T`Q#H2K BM [m�MimK QTiB+b-
.B+F2 bmT2``�/B�M+2- r?2`2 � +QHH2+iBQM Q7 BMBiB�HHv@BMp2`i2/ �iQKb bvM+?`QMBx2b �b i?2v /2+�v-
2KBiiBM; � b?Q`i �M/ BMi2Mb2 TmHb2 Q7 HB;?iX A rBHH b?Qr i?�i bmT2``�/B�M+2 Bb � mMBp2`b�H T?2@
MQK2MQM BM Q`/2`2/ �``�vb U2Bi?2` Q7 �iQKb BM 7`22 bT�+2 Q` +QmTH2/ iQ QM2@/BK2MbBQM�H T?Q@
iQMB+ +?�MM2HbV- �M/ Bb +QMi`QHH2/ #v i?2 H�iiB+2 +QMbi�Mi �M/ �``�v /BK2MbBQM�HBivX Pm` T`2@
/B+iBQMb +�M #2 i2bi2/ BM bi�i2 Q7 i?2 �`i 2tT2`BK2Mib rBi? �``�vb Q7 M2mi`�H �iQKb- KQH2+mH2b-
�M/ bQHB/@bi�i2 2KBii2`b �M/ T�p2 i?2 r�v iQr�`/b mM/2`bi�M/BM; i?2 `QH2 Q7 K�Mv@#Q/v /2+�v
BM [m�MimK bBKmH�iBQM- K2i`QHQ;v- �M/ H�bBM;X

(S`Q7X �b2MDQ :�`+B� Bb i?2 kykk H�m`2�i2 Q7 i?2 AlS�S 1�`Hv *�`22` a+B2MiBbi S`Bx2 AM
�iQKB+- JQH2+mH�` �M/ PTiB+�H S?vbB+bX) Ǵ
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h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF f hm@k, Zm�MimK QTiB+b A.9Ry

amT2``�/B�M+2- amT2`�#bQ`TiBQM �M/ � S?QiQMB+ Zm�MimK
1M;BM2
�mi?Q`, EvmM;rQM �M

.2T�`iK2Mi Q7 S?vbB+b �M/ �bi`QMQKv- a2QmH L�iBQM�H lMBp2`bBiv- a2QmH- y33ke- EQ`2�

� bmT2``�/B�Mi bi�i2 Bb � bT2+B�H bmT2`TQbBiBQM bi�i2 Q7 �iQKb +�T�#H2 Q7 mM/2`;QBM; bmT2`@
`�/B�M+2 BKK2/B�i2Hv rBi?Qmi i?2 mbm�H /2H�v BMpQHp2/ rBi? .B+F2 bi�i2bX q2 +�M T`2T�`2
� bmT2``�/B�Mi bi�i2 BM � +�pBiv #v T`2T�`BM; L �iQKb BM i?2 b�K2 bmT2`TQbBiBQM bi�i2 Q7
i?2 ;`QmM/ �M/ 2t+Bi2/ bi�i2bX "v b2M/BM; �iQKb i?`Qm;? � M�MQ?QH2 �``�v �T2`im`2 rBi?
� T2`BQ/ 2[m�H iQ i?2 �iQKB+ i`�MbBiBQM r�p2H2M;i?- r2 +�M BKTQb2 � +QKKQM T?�b2 iQ �HH
BM/BpB/m�H bmT2`TQbBiBQM bi�i2b �M/ HQ+�HBx2 i?2 �iQKb 2t�+iHv �i �MiBMQ/2b Q7 � +�pBiv r?BH2
i?2v i`�p2`b2 i?2 +�pBivX am`T`BbBM;Hv- i?2b2 +Q``2H�i2/ �iQKb ;2M2`�i2 bmT2``�/B�M+2 BM i?2
+�pBiv 2p2M r?2M i?2 K2�M MmK#2` Q7 BMi`�+�pBiv �iQKb Bb Km+? H2bb i?�M mMBivX Ai im`Mb Qmi
i?�i i?2b2 iBK2@b2T�`�i2/ �iQKb �`2 +Q``2H�i2/ pB� i?2 HQM;@HBp2/ +�pBiv }2H/ bQ i?�i � bBM;H2
BMi`�+�pBiv �iQK +�M mM/2`;Q bmT2``�/B�M+2 �b B7 i?2 T`2+2/BM; �iQKb QmibB/2 i?2 +�pBiv r2`2
�HbQ BM i?2 +�pBivX �MQi?2` BMi2`2biBM; 72�im`2 Q7 i?Bb bmT2``�/B�M+2 Bb i?�i i?2 2KBbbBQM Bb
�KTHB}2/ HBF2 � H�b2` #mi rBi?Qmi 2t?B#BiBM; � i?`2b?QH/X h?`Qm;? b2+QM/@Q`/2`@+Q``2H�iBQM
K2�bm`2K2Mib- r2 Q#b2`p2/ i?�i i?2 +�pBiv }2H/ Bb +Q?2`2Mi 2p2M r?2M i?2 K2�M MmK#2` Q7
T?QiQMb Bb H2bb i?�M mMBiv- BM +QMi`�bi iQ i?2 i?2`K�H HB;?i 2KBii2/ 7`QK i?2 mbm�H i?`2b?QH/H2bb
H�b2`b mM/2` i?2 b�K2 +QM/BiBQMX

h?2 bmT2``�/B�Mi bi�i2 +�M �HbQ #2 mb2/ iQ `2�HBx2 i?2 HQM;@bQm;?i bmT2`�#bQ`TiBQM- i?2 QTTQ@
bBi2 Q7 bmT2``�/B�M+2X Ai Bb r2HH FMQrM i?�i i?2 #`B;?i bi�i2 `2bTQMbB#H2 7Q` bmT2``�/B�M+2 �HbQ
?�b �M �#bQ`TiBQM `�i2 i?2 b�K2 �b i?2 bmT2``�/B�Mi 2KBbbBQM `�i2X h?Bb MQiBQM KQiBp�i2/
i?2Q`Bbib iQ bm;;2bi p�`BQmb B/2�b 7Q` `2�HBxBM; bmT2`�#bQ`TiBQM- #mi MQM2 ?�b rQ`F2/ bQ 7�`X
6`QK i?2Q`2iB+�H +QMbB/2`�iBQMb- r2 7QmM/ i?�i � bmT2``�/B�Mi bi�i2 +�M �#bQ`# HB;?i BMbi2�/
Q7 2KBiiBM; HB;?i B7 Bib T?�b2 Bb +?Qb2M T`QT2`Hv /2T2M/BM; QM i?2 T?�b2 Q7 i?2 BMTmi }2H/X
"�b2/ QM i?Bb B/2�- r2 ?�p2 `2+2MiHv `2�HBx2/ bmT2`�#bQ`TiBQM #v `2p2`bBM; i?2 bmT2``�/B�M+2
T`Q+2bb BM iBK2X h?2 K�tBKmK MmK#2` Q7 T?QiQMb �#bQ`#2/ r�b T`QTQ`iBQM�H iQ i?2 b[m�`2
Q7 i?2 MmK#2` Q7 �iQKb- T`QpBM; i?2 +QQT2`�iBp2 M�im`2 Q7 bmT2`�#bQ`TiBQMX AM �//BiBQM- i?2
bmT2``�/B�Mi bi�i2 +�M #2 mb2/ iQ `2�HBx2 � bmT2``�/B�Mi T?QiQMB+ [m�MimK 2M;BM2X >2`2-
i?2 �iQKb 2Mi2`BM; i?2 +�pBiv �`2 Qm` 7m2H �M/ i?2B` MQMx2`Q 2t+Bi2/ bi�i2 TQTmH�iBQM +�M #2
�bbQ+B�i2/ rBi? �M 2z2+iBp2 i2KT2`�im`2 #v i?2 "QHixK�MM 7�+iQ`X Pm` 2M;BM2 QT2`�i2b #2@
ir22M � i?2`K�H bi�i2 �M/ � bmT2``�/B�Mi bi�i2 Q7 `2b2`pQB` �i i?2 b�K2 `2b2`pQB` i2KT2`�im`2X
S?QiQMb 2KBii2/ #v bmT2``�/B�M+2 2t2`i `�/B�iBQM T`2bbm`2 iQ i?2 +�pBiv KB``Q`b iQ T2`7Q`K
� rQ`FX h?2 Q#b2`p2/ 2{+B2M+v Q7 i?2 2M;BM2 r�b N3WX Pm` [m�MimK 2M;BM2 +�M b2`p2 �b �
i2bi#2/ 7Q` [m�MimK i?2`KQ/vM�KB+b BM M�MQb+�H2 bvbi2KbX

S�;2 RR



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF f hm@j, Zm�MimK QTiB+b A.9RR

Zm�MimK QTiB+b rBi? +QH/ �iQKb i`�TT2/ �HQM; M�MQr�p2;@
mB/2b
�mi?Q`, CmHB2M G�m`�i

G�#Q`�iQB`2 E�biH2` "`Qbb2H- aQ`#QMM2 lMBp2`bBiû- S�`Bb- 6`�M+2

*QMbB/2`�#H2 2zQ`ib ?�p2 #22M `2+2MiHv /2pQi2/ iQ +QK#BMBM; mHi`�+QH/ �iQKb �M/ M�MQT?Q@
iQMB+ /2pB+2b iQ Q#i�BM MQi QMHv #2ii2` b+�H�#BHBiv �M/ };m`2b Q7 K2`Bi i?�M BM 7`22@bT�+2
BKTH2K2Mi�iBQMb- #mi �HbQ M2r T�`�/B;Kb 7Q` �iQK@T?QiQM BMi2`�+iBQMbX .B2H2+i`B+ r�p2;@
mB/2b Qz2` � T`QKBbBM; TH�i7Q`K 7Q` bm+? BMi2;`�iBQM #2+�mb2 i?2v 2M�#H2 iB;?i i`�Mbp2`b2
+QM}M2K2Mi Q7 i?2 T`QT�;�iBM; HB;?i- bi`QM; T?QiQM@�iQK +QmTHBM; BM bBM;H2@T�bb +QM};m`�@
iBQMb �M/ TQi2MiB�HHv HQM;@`�M;2 �iQK@�iQK BMi2`�+iBQMb K2/B�i2/ #v i?2 ;mB/2/ T?QiQMbX AM
i?2 i�HF- A rBHH T`2b2Mi Qm` 2zQ`ib BM i?Bb 2K2`;BM; M2mi`�H@�iQK r�p2;mB/2@Z1. }2H/ Q7 `2@
b2�`+?X lbBM; M�MQ}#2` i`�TT2/ �iQKb- r2 /2KQMbi`�i2/ i?2 +�T�#BHBiv iQ ?2`�H/- biQ`2 �M/
`2�/ Qmi � bBM;H2 +QHH2+iBp2 2t+Bi�iBQM i?�i Bb T`272`2MiB�HHv +QmTH2/ iQ i?2 ;mB/2/ KQ/2X AM
i?Bb M�MQ}#2` b2iiBM;- mbBM; � /vM�KB+�HHv@+QMi`QHH2/ "`�;; +QM};m`�iBQM- r2 �HbQ `2+2MiHv
Tmb?2/ i?2 MQMHBM2�`Biv /QrM iQ i?2 72r@T?QiQM H2p2HX A rBHH i?2M /2b+`B#2 Qm` rQ`Fb iQr�`/b
bi`QM;2` +QmTHBM; BM bBM;H2 T�bb #v mbBM; T?QiQMB+@+`vbi�H bHQr@KQ/2 r�p2;mB/2b rBi? 2M;B@
M22`2/ /BbT2`bBQMX GQ+�HBxBM; �M/ i`�TTBM; �iQKb BM i?2 T`QtBKBiv Bb � bi`QM; +?�HH2M;2 �M/
A rBHH /2b+`B#2 ?Qr MQp2H bi`m+im`2b �M/ QTiB+�H i2+?MB[m2b +�M #2 mb2/X

S�;2 Rk



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF f hm@9, 62`KB ;�b2b A.9Rk

*QKT`2bbB#BHBiv �M/ i?2 2[m�iBQM Q7 bi�i2 Q7 �M QTiB+�H [m�M@
imK ;�b BM � #Qt
�mi?Q`, CmHB�M a+?KBii

AMbiBimi2 Q7 �TTHB2/ S?vbB+b- lMBp2`bBiv Q7 "QMM q2;2H2`bi`�Ľ2 3- 8jRR8 "QMM- :2`K�Mv

Zm�MimK ;�b2b Q7 �iQKb- 2t+BiQM@TQH�`BiQMb- �M/ T?QiQMb T`QpB/2 � i2bi #2/ 7Q` K�Mv@#Q/v
T?vbB+b mM/2` #Qi? BM@ �M/ Qmi@Q7@2[mBHB#`BmK b2iiBM;bX 1tT2`BK2Mi�H +QMi`QH Qp2` i?2B` /B@
K2MbBQM�HBiv- TQi2MiB�H 2M2`;v H�M/b+�T2b- Q` i?2 +QmTHBM; iQ `2b2`pQB`b Qz2`b rB/2 TQbbB#BHBiB2b
iQ 2tTHQ`2 T?�b2b Q7 K�ii2`- 7Q` 2t�KTH2- #v T`Q#BM; bmb+2TiB#BHBiB2b- �b i?2 +QKT`2bbB#BHBivX
6Q` ;�b2b Q7 K�i2`B�H T�`iB+H2b- bm+? bim/B2b Q7 i?2 K2+?�MB+�H `2bTQMb2 �`2 r2HH 2bi�#HBb?2/-
BM }2H/b 7`QK +H�bbB+�H i?2`KQ/vM�KB+b iQ +QH/ �iQKB+ [m�MimK ;�b2bc 7Q` QTiB+�H [m�MimK
;�b2b- i?2v ?�p2 bQ 7�` `2K�BM2/ 2HmbBp2X

AM Kv i�HF- A rBHH /Bb+mbb 2tT2`BK2Mi�H rQ`F /2KQMbi`�iBM; � K2�bm`2K2Mi Q7 i?2 +QKT`2bb@
B#BHBiv Q7 � irQ@/BK2MbBQM�H [m�MimK ;�b Q7 T?QiQMb BM � #Qt TQi2MiB�H- 7`QK r?B+? r2 Q#i�BM
i?2 2[m�iBQM Q7 bi�i2 7Q` i?2 QTiB+�H K2/BmKX h?2 2tT2`BK2Mi Bb +�``B2/ Qmi BM � M�MQbi`m+@
im`2/ /v2@}HH2/ QTiB+�H KB+`Q+�pBivX q2 Q#b2`p2 bB;M�im`2b Q7 "Qb2@1BMbi2BM +QM/2Mb�iBQM �i
H�`;2 T?�b2@bT�+2 /2MbBiB2b BM i?2 }MBi2@bBx2 bvbi2KX lTQM 2Mi2`BM; i?2 [m�MimK /2;2M2`�i2
`2;BK2- i?2 /2MbBiv `2bTQMb2 iQ �M 2ti2`M�H 7Q`+2 b?�`THv BM+`2�b2b- ?BMiBM; �i i?2 T2+mHB�`
T`2/B+iBQM Q7 � ?B;?Hv +QKT`2bbB#H2 "Qb2 ;�bX AM Qi?2` `2+2Mi rQ`F- r2 ?�p2 /2KQMbi`�i2/ �
MQM@>2`KBiB�M T?�b2 i`�MbBiBQM Q7 �M QT2M T?QiQM "Qb2@1BMbi2BM +QM/2Mb�i2- r?B+? Bb `2p2�H2/
#v �M 2t+2TiBQM�H TQBMi BM i?2 ~m+im�iBQM /vM�KB+bX

S�;2 Rj



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF f hm@8, 62`KB ;�b2b A.9Rj

>B;;b KQ/2 BM � mMBi�`v 62`KB ;�b
�mi?Q`, *?`Bb o�H2

*2Mi`2 7Q` Zm�MimK �M/ PTiB+�H a+B2M+2b- �_* *2Mi`2 Q7 1t+2HH2M+2 BM 6mim`2 GQr@1M2`;v 1H2+i`QMB+b
h2+?MQHQ;B2b- arBM#m`M2 lMBp2`bBiv Q7 h2+?MQHQ;v- J2H#Qm`M2 jRkk- �mbi`�HB�

_�TB/ [m2M+?2b Q7 i?2 BMi2`�+iBQMb BM � bi`QM;Hv BMi2`�+iBM; 62`KB bmT2`~mB/ +�M BM/m+2
Qb+BHH�iBQMb Q7 i?2 Q`/2` T�`�K2i2`- +QKKQMHv FMQrM �b i?2 >B;;b �KTHBim/2 KQ/2X >2`2- r2
mb2 "`�;; bT2+i`Qb+QTv iQ HQ+�HHv K2�bm`2 i?2 iBK2@`2bQHp2/ `2bTQMb2 Q7 � 62`KB ;�b 7QHHQrBM;
� [m2M+? iQ mMBi�`Biv- /B`2+iHv `2p2�HBM; i?2 �KTHBim/2 Qb+BHH�iBQMbX h?2 MQ`K�HBb2/ Qb+BHH�iBQM
7`2[m2M+v- b2i #v irB+2 i?2 T�B`BM; ;�T- `2K�BMb `2H�iBp2Hv +QMbi�Mi 7Q` i2KT2`�im`2b #2HQr i?2
bmT2`~mB/ i`�MbBiBQM r?BH2 i?2 Qb+BHH�iBQM �KTHBim/2 /BbTH�vb � bi`QM; i2KT2`�im`2 /2T2M/2M+2
BM ;QQ/ �;`22K2Mi rBi? iBK2@/2T2M/2Mi "*a i?2Q`vX h?2 >B;;b 2t+Bi�iBQM /2+�vb �++Q`/BM;
iQ � TQr2` H�r �M/ r2 K2�bm`2 � /�KTBM; 2tTQM2Mi �i mMBi�`Biv �TT`QtBK�i2Hv KB/r�v
#2ir22M i?2 "*a �M/ "1* HBKBibX

S�;2 R9



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF f hm@e, L2r /B`2+iBQMb A A.9R9

G�b2`@/`Bp2M �M/ J�;M2iBx2/ lHi`�+QH/ L2mi`�H SH�bK�b

�mi?Q`, hQK EBHHB�M

.2T�`iK2Mi Q7 S?vbB+b �M/ �bi`QMQKv- _B+2 lMBp2`bBiv- >QmbiQM- h2t�b- la�

lHi`�+QH/ M2mi`�H TH�bK�b UlLSbV- +`2�i2/ #v T?QiQBQMBxBM; H�b2`@+QQH2/ �iQKb Dmbi �#Qp2
i?`2b?QH/- bi`2i+? i?2 #QmM/�`B2b Q7 M2mi`�H TH�bK� T?vbB+b iQr�`/b HQr 2M2`;B2b �M/ bi`QM;
*QmHQK# +QmTHBM; UK2�bm`2/ #v Ĳ- i?2 `�iBQ Q7 i?2 �p2`�;2 *QmHQK# BMi2`�+iBQM 2M2`;v iQ
FBM2iB+ 2M2`;vVX S`2+Bb2 /B�;MQbiB+b �M/ +QMi`QH Qp2` TH�bK� +QM/BiBQMb K�F2 lLSb mb27mH
7Q` p�HB/�iBM; TH�bK� i?2Q`v �M/ /Bb+Qp2`BM; M2r T?2MQK2M�X AM i?Bb i�HF- A rBHH /2b+`B#2
b2p2`�H 2tT2`BK2Mib rBi? lLSb 7Q`K2/ #v T?QiQBQMBxBM; �M mHi`�+QH/ ;�b Q7 M2mi`�H bi`QM@
iBmK �iQKbX G�b2` +QQHBM; Q7 BQMb BM i?2 lLS vB2H/b BQM i2KT2`�im`2b �b HQr �b 8y KE
�M/ *QmHQK# +QmTHBM; T�`�K2i2`b �b ?B;? �b Ĳ4RRX 1H2+i`QMb �M/ a`Y BQMb +�M #2 K�;M2@
iBx2/ rBi? 2tT2`BK2Mi�HHv �++2bbB#H2 }2H/b U⇠ 100 :VX A rBHH /2b+`B#2 i?2 mb2 Q7 H�b2`@BM/m+2/
~mQ`2b+2M+2 iQ bim/v i?2 2tT�MbBQM Q7 �M lLS +`2�i2/ BM � [m�/`mTQH2 K�;M2iB+ }2H/ �M/
i?2 }`bi 2pB/2M+2 Q7 K�;M2iB+ i`�TTBM; Q7 � lLSX h?Bb QT2Mb M2r TQbbB#BHBiB2b 7Q` bim/vBM;
i`�MbTQ`i T?2MQK2M� BM bi`QM;Hv +QmTH2/ �M/ bi`QM;Hv K�;M2iBx2/ bvbi2KbX

S�;2 R8



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF f hm@d, L2r /B`2+iBQMb A A.9R8

Zm�MimK PTiB+b #�b2/ QM /BTQH�` BMi2`�+iBQMb #2ir22M ?Qi
�iQKb
�mi?Q`, hBHK�M S7�m

8X S?vbBF�HBb+?2b AMbiBimi- lMBp2`bBiv Q7 aimii;�`i- :2`K�Mv

1H2+i`B+�H /BTQH�` BMi2`�+iBQMb #2ir22M _v/#2`; �iQKb �`2 bQ bi`QM; i?�i 2p2M 7Q` i?2`K�H
�iQKB+ p�TQ` i?2 _v/#2`; #HQ+F�/2 +�M #2 Q#b2`p2/ pB� i?2 bBM;H2 T?QiQM 2KBbbBQM Q7 � #HQ+F@
�/2/ 2Mb2K#H2X �//BiBQM�HHv- i?2 HB;?i BM/m+2/ /BTQH�` BMi2`�+iBQM #2ir22M irQ H2p2H �iQKb-
i?2 bQ@+�HH2/ GQ`2Mix@GQ`2Mx b?B7i- +�M #2 Q#b2`p2/ BM p2`v i?BM +2HHb �b � k. ;2QK2i`v Q7 BM@
i2`�+iBM; /BTQH2b �b r2HH �b BM R. ;2QK2i`B2b- r?B+? �`2 `2�HBx2/ BM BMi2;`�i2/ M�MQ@T?QiQMB+
bHQi r�p2;mB/2bX h?2 H�ii2` H2�/b iQ � bm#bi�MiB�H �M/ Q#b2`p�#H2 Sm`+2HH 2M?�M+2K2Mi Q7 i?2
#Hm2 b?B7i �i i2H2+QK r�p2H2M;i?b /m2 iQ i?2 /BTQH�` BMi2`�+iBQMX �b �M QmiHQQF r2 T`2b2Mi i?2
+QM+2Ti Q7 �M QTiB+�H bBM;H2 i?2`K�H �iQK /2i2+iQ` #�b2/ QM � 7`22bi�M/BM; T?QiQMB+ +`vbi�H
+�pBiv i?�i 2M?�M+2b i?2 �iQK HB;?i +QmTHBM; iQ i?2 bi`QM; +QmTHBM; `2;BK2X
h?2b2 2t�KTH2b Q7 i?2`K�H �iQKb �+iBM; �b � `2+QM};m`�#H2 bi`QM;Hv MQMHBM2�` K2/BmK BM
BMi2;`�i2/ M�MQ@T?QiQMB+ +B`+mBib b?Qr i?�i [m�MimK QTiB+�H �TTHB+�iBQMb QM i?2 bBM;H2 T?QiQM
H2p2H �`2 rBi?BM `2�+?X

S�;2 Re



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF f hm@3, Zm�MimK bBKmH�iBQM A.9Re

� imM�#H2 bTBM >�KBHiQMB�M Q7 /BTQH�` KQH2+mH2b
�mi?Q`, CmM u2

CAG�- LAah �M/ lMBp2`bBiv Q7 *QHQ`�/Q- "QmH/2`- *QHQ`�/Q- la�

� /2;2M2`�i2 62`KB ;�b Q7 TQH�` KQH2+mH2b (R) b2ib i?2 bi�;2 iQ 2tTHQ`2 MQp2H KQH2+mH�` /v@
M�KB+bX �M 2ti2`M�H 2H2+i`B+ }2H/ Bb mb2/ iQ imM2 i?2 2H�biB+ /BTQH�` BMi2`�+iBQM #v Q`/2`b Q7
K�;MBim/2 r?BH2 bmTT`2bbBM; `2�+iBp2 HQbbX 1{+B2Mi /BTQH�` 2p�TQ`�iBQM H2�/b iQ i?2 QMb2i Q7
[m�MimK /2;2M2`�+v BM irQ@/BK2MbBQM�H QTiB+�H i`�Tb (k)X h?2 2H2+i`B+ }2H/ imMBM; Q7 i?2 `Qi�@
iBQM�H 2M2`;v �HbQ T`Q/m+2b b?�`T +QHHBbBQM `2bQM�M+2b- ;BpBM; `Bb2 iQ i?`22 Q`/2`b@Q7@K�;MBim/2
KQ/mH�iBQM Q7 i?2 +?2KB+�H `2�+iBQM `�i2 (j)X

h?2 T`2+Bb2 +QMi`QH Q7 2H2+i`B+ }2H/ 7�+BHBi�i2b i?2 T`2T�`�iBQM �M/ �//`2bbBM; Q7 BbQH�i2/- BM@
/BpB/m�H irQ@/BK2MbBQM�H H�v2`b Q7 KQH2+mH2b rBi? � 7`22 +?QB+2 Q7 `Qi�iBQM�H bi�i2bX aTBM
2t+?�M;2 #2ir22M KQH2+mH2b Q7 M2B;?#Q`BM; H�v2`b Q++m`b i?`Qm;? i?2 HQM;@`�M;2 /BTQH�`
BMi2`�+iBQM- /2KQMbi`�iBM; [m�MimK@bi�i2 2M;BM22`2/ bi2`2Q +?2KB+�H `2�+iBQM (8)X J2�M@
r?BH2- i?2b2 BMi2`�+iBM; KQH2+mH2b BM k. �`2 mb2/ iQ `2�HBx2 � 7mHHv imM�#H2 bTBM >�KBHiQMB�M-
rBi? #Qi? i?2 AbBM; �M/ bTBM 2t+?�M;2 BMi2`�+iBQMb T`2+Bb2Hv +QMi`QHH2/ pB� i?2 2H2+i`B+ }2H/
bi`2M;i?- Q`B2Mi�iBQM- �M/ BMi2`M�H bTBM bi�i2X h?Bb rQ`F 2bi�#HBb?2b �M BiBM2`�Mi KQH2+mH�`
bTBM TH�i7Q`K iQ 2tTHQ`2 T?2MQK2M� bm+? �b bTBM 2Mi�M;H2K2Mi �M/ bTBM i`�MbTQ`i K2/B�i2/
#v i?2 bi`QM; �M/ imM�#H2 /BTQH�` BMi2`�+iBQMX

_272`2M+2b,
(R) GX .2 J�`+Q- :X o�HiQHBM�- EX J�ibm/�- qX :X hQ#B�b- CX SX *Qp2v- �M/ CX u2- ǳ�
/2;2M2`�i2 62`KB ;�b Q7 TQH�` KQH2+mH2b-Ǵ a+B2M+2 jej- 38j UkyRNVX (k) :X o�HiQHBM�- EX
J�ibm/�- qX :X hQ#B�b- CX@_X GB- GX .2 J�`+Q- �M/ CX u2- ǳ.BTQH�` 2p�TQ`�iBQM Q7 `2�+iBp2
KQH2+mH2b iQ #2HQr i?2 62`KB i2KT2`�im`2-Ǵ L�im`2 833- kjN UkykyVX (j) EX J�ibm/�- GX .2
J�`+Q- CX@_X GB- qX :X hQ#B�b- :X o�HiQHBM�- :X ZmûKûM2` �M/ CX u2- ǳ_2bQM�Mi +QHHBbBQM�H
b?B2H/BM; Q7 `2�+iBp2 KQH2+mH2b mbBM; 2H2+i`B+ }2H/b-Ǵ a+B2M+2 jdy- Rjk9 UkykyVX (9) CX@_X GB- qX
:X hQ#B�b- EX J�ibm/�- *X JBHH2`- :X o�HiQHBM�- GX .2 J�`+Q- _X _XqX q�M;- GX G�bb�#HBû`2-
:X ZmûKûM2`- CX GX "Q?M- �M/ CX u2- ǳhmMBM; Q7 /BTQH�` BMi2`�+iBQMb �M/ 2p�TQ`�iBp2 +QQHBM;
BM � i?`22@/BK2MbBQM�H KQH2+mH�` [m�MimK ;�b-Ǵ L�im`2 S?vbX Rd- RR99 UkykRVX (8) qX :X
hQ#B�b- EX J�ibm/�- CX@_X GB- *X JBHH2`- �X LX *�``QHH- hX "BHBi2rbFB- �X JX _2v- �M/ CX u2-
ǳ_2�+iBQM #2ir22M H�v2`@`2bQHp2/ KQH2+mH2b K2/B�i2/ #v /BTQH�` 2t+?�M;2-Ǵ a+B2M+2 jd8- RkNN
UkykkVX

S�;2 Rd



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF f hm@N, Zm�MimK bBKmH�iBQM A.9Rd

aTBM /vM�KB+b Q7 mHi`�+QH/ �iQKb BM QTiB+�H H�iiB+2b
�mi?Q`, qQH7;�M; E2ii2`H2

_2b2�`+? G�#Q`�iQ`v 7Q` 1H2+i`QMB+b- JAh@>�`p�`/ *2Mi2` 7Q` lHi`�+QH/ �iQKb- �M/ .2T�`iK2Mi Q7
S?vbB+b J�bb�+?mb2iib AMbiBimi2 Q7 h2+?MQHQ;v- _QQK ke@k9j dd J�bb�+?mb2iib �p2X- *�K#`B/;2-
J� ykRjN@9jyd- la�

lHi`�+QH/ �iQKb Qz2` � mMB[m2 TH�i7Q`K iQ T2`7Q`K [m�MimK bBKmH�iBQMb Q7 [m�MimK K�i2`B@
�Hb �M/ K�Mv@#Q/v bvbi2KbX q?2M �iQKb rBi? bTBM �`2 �``�M;2/ BM �M QTiB+�H H�iiB+2 BM 7Q`K
Q7 � JQii BMbmH�iQ`- i?2v `2�HBx2 T�`�/B;K�iB+ >2Bb2M#2`; bTBM KQ/2Hb- r?2`2 QMHv M2B;?#Q`@
BM; bTBMb BMi2`�+iX lMiBH p2`v `2+2MiHv- �HH 2tT2`BK2Mi�H bim/B2b rBi? +QH/ �iQKb �//`2bb2/
i?2 bT2+B�H +�b2 Q7 �M BbQi`QTB+ >2Bb2M#2`; KQ/2HX lbBM; HBi?BmK@d �iQKb �M/ 62b?#�+? `2b@
QM�M+2b iQ imM2 i?2 BMi2`�+iBQMb- r2 ?�p2 +`2�i2/ bTBM Ǘ >2Bb2M#2`; KQ/2Hb rBi? �/Dmbi�#H2
�MBbQi`QTv- BM+Hm/BM; i?2 bT2+B�H ss@KQ/2H r?B+? +�M #2 2t�+iHv bQHp2/ #v K�TTBM; Bi iQ
MQMBMi2`�+iBM; 72`KBQMbX aTBM i`�MbTQ`i +?�M;2b 7`QK #�HHBbiB+ iQ /BzmbBp2 /2T2M/BM; QM i?2
�MBbQi`QTvX aT2+B�H i`�Mbp2`b2 bTBM T�ii2`Mb BM i?2 7Q`K Q7 ?2HB+2b �`2 2t�+i 2B;2Mbi�i2b Q7
i?2 >2Bb2M#2`; KQ/2H �M/ �`2 +�HH2/ T?�MiQK bi�i2b bBM+2 i?2v +�``v KQK2MimK- #mi MQ 2M@
2`;vX q2 ?�p2 `2�HBx2/ i?2b2 T?�MiQK ?2HBt bi�i2b �M/ mb2/ i?2K iQ �++m`�i2Hv K2�bm`2 i?2
BMi2`�+iBQM �MBbQi`QTvX q2 }M/ K�DQ` +QMi`B#miBQMb 7`QK pB`im�H KQH2+mH2b �M/ b?Q`i@`�M;2
Qz@bBi2 BMi2`�+iBQMb r?B+? ?�/ MQi #22M Q#b2`p2/ #27Q`2X

S�;2 R3



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF f q2@R, �HF�HBM2 2�`i? �iQKb A.9R3

*Q?2`2Mi GB;?i a?B7i QM �HF�HBM2@1�`i? _v/#2`; �iQKb
�mi?Q`, S�i`B+F *?2BM2i

lMBp2`bBiû S�`Bb@a�+�Hv- *L_a- G�#Q`�iQB`2 �BKû *QiiQM- NR9y8 P`b�v- 6`�M+2

�iQKb T`2b2MiBM; irQ p�H2M+2 2H2+i`QMb ?�p2 �M QTTQ`imMBiv 7Q` QTiB+�H K�MBTmH�iBQM Q7 i?2B`
_v/#2`; bi�i2 i?�MFb iQ i?2 b2+QM/ U+Q`2@V2H2+i`QM i`�MbBiBQMbX lM7Q`imM�i2Hv- 2t+Bi�iBQM Q7
i?Bb 2H2+i`QM i?2M #`BM;b 2MQm;? 2M2`;v iQ BQMBx2 �M/ �miQ@BQMBx�iBQM mbm�HHv i�F2b TH�+2 BM
H2bb i?�M � M�MQb2+QM/- i?mb T`2p2MiBM; �Mv mb27mH �TTHB+�iBQMX AM Q`/2` iQ �HHQr bm+? �
K�MBTmH�iBQM- QM2 +QmH/ mb2 i?2 �miQ@BQMBx�iBQM x2`Qb Q#b2`p2/ HQM; �;Q BM i?2 +Q`2@2H2+i`QM
T?QiQ@2t+Bi�iBQM bT2+i`mKX h?2v �`Bb2 7`QK i?2 [m�MimK BMi2`72`2M+2 #2ir22M /Bz2`2Mi BQM@
Bx�iBQM T�i?b �M/ +�M #2 mM/2`biQQ/ rBi?BM JmHiB@+?�MM2H Zm�MimK .272+i h?2Q`vX

q2 rBHH T`2b2Mi Qm` [m�MiBi�iBp2 /2b+`BTiBQM Q7 #Qi? i?2 �miQ@BQMBx�iBQM bT2+i`mK �M/ Q7 i?2
BM/m+2/ HB;?i@b?B7i r?2M BHHmKBM�iBM; u# _v/#2`; �iQKb BM ebMb bBM;H2i bi�i2b rBi? HB;?i +HQb2
iQ i?2 u#Y eb@eT i`�MbBiBQMX q2 /2KQMbi`�i2 2tT2`BK2Mi�HHv 7Q` i?2 }`bi iBK2 i?2 �#BHBiv iQ
�TTHv � bB;MB}+�Mi HB;?i@b?B7i r?BH2 F22TBM; �miQ@BQMBx�iBQM M2;HB;B#H2X h?2b2 `2bmHib ;Bp2 ?B;?
T`QbT2+ib 7Q` +Q?2`2Mi bi�i2 K�MBTmH�iBQM BM [m�MimK +QKTmi�iBQM Q` [m�MimK bBKmH�iBQM
TH�i7Q`Kb #�b2/ QM /Bp�H2Mi _v/#2`; �iQKbX h?Bb 2z2+i rBHH +QMi`B#mi2 BM HQM; i2`K +Q?2`2M+2
Q7 i`�TT2/ �iQKb r?B+? +�M i?2M `2K�BM i`�TT2/ BM i?2B` _v/#2`; bi�i2bX Ai rBHH �HbQ �HHQr
bBi2 �//`2bbBM; rBi? 7Q+mbb2/ HB;?i �+iBM; bQH2Hv QM i?2 _v/#2`; bi�i2 r?BH2 H2�pBM; i?2 ;`QmM/
bi�i2 mMiQm+?2/X � T`QQ7 Q7 T`BM+BTH2 ?�b #22M `2+2MiHv /2KQMbi`�i2/ BM S`BM+2iQM ;`QmT BM
� T�`�HH2H bim/vX
(R) LX >X h`�M- _X E�+?`m- �M/ hX 6X :�HH�;?2`- S?vbX _2pX � ke- jyRe URN3kVX (k) qX 1X
*QQF2 �M/ *X GX *`QK2`- S?vbX _2pX � jk- kdk8 URN38VX (j) EX@GX S?�K- hX 6X :�HH�;?2`-
SX SBHH2i- aX G2TQmi`2- �M/ SX *?2BM2i S_s Zm�MimK j- ykyjkd UkykkV (9) �X SX "m`;2`b- aX
J�- aX a�bFBM- CX qBHbQM- JX �X �H�`+ƦM- *X >X :`22M2- �M/ CX .X h?QKTbQM S_s Zm�MimK
j- ykyjke UkykkV

S�;2 RN



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF f q2@k, �HF�HBM2 2�`i? �iQKb A.9RN

S`Q#BM; Zm�MimK J�Mv@"Q/v .vM�KB+b rBi? hr22x2` �`@
`�vb
�mi?Q`, J�Mm2H 1M/`2b

*�HB7Q`MB� AMbiBimi2 Q7 h2+?MQHQ;v- J* R9N@jj S�b�/2M�- *� NRRk8

�iQK@#v@�iQK �bb2K#Hv rBi? QTiB+�H ir22x2`b 2M�#H2b i?2 ;2M2`�iBQM Q7 /272+i@7`22 �iQKB+
�``�vb rBi? ~2tB#H2 ;2QK2i`B+ �``�M;2K2MibX *QK#BM2/ rBi? +QMi`QHH2/ 2t+Bi�iBQM iQ _v/#2`;
bi�i2b- i?Bb ?�b #2+QK2 � ?B;?Hv p2`b�iBH2 TH�i7Q`K 7Q` [m�MimK +QKTmiBM;- bBKmH�iBQM- �M/
K2i`QHQ;vX A rBHH `2pB2r i?2b2 /2p2HQTK2Mib rBi? � 7Q+mb QM irQ p�H2M+2 2H2+i`QM �iQKb, h?2
`B+? H2p2H bi`m+im`2 Q7 bm+? �iQKb 2M�#H2b MQp2H +QQHBM;- +QMi`QH- �M/ `2�/@Qmi b+?2K2b- r?B+?
r2 ?�p2 mb2/ BM /2KQMbi`�iBQMb Q7 `2+Q`/ BK�;BM; �M/ irQ@[m#Bi 2Mi�M;H2K2Mi }/2HBiB2b 7Q`
M2mi`�H �iQKbX
�TTHvBM; i?Bb ?B;?@}/2HBiv �TT`Q�+? iQ +?�QiB+ K�Mv@#Q/v /vM�KB+b- r2 `2+2MiHv mM+Qp2`2/
i?2 ;2M2`�iBQM Q7 `�M/QK /Bbi`B#miBQMb Q7 Tm`2 [m�MimK bi�i2b Qp2` � >BH#2`i bT�+2- 2K2`;BM;
7`QK 2Bi?2` i2KTQ`�H b�KTHBM; Q` T�`iB�H T`QD2+iBp2 K2�bm`2K2MibX am+? `�M/QK 2Mb2K#H2b
TH�v �M BKTQ`i�Mi `QH2 BM [m�MimK BM7Q`K�iBQM b+B2M+2 �bbQ+B�i2/ rBi? /2pB+2 p2`B}+�iBQM-
bmT`2K�+v i2bib- �M/ [m�MiB}+�iBQM Q7 +QKTH2tBiv ;`Qri?X Pm` rQ`F QT2Mb i?2 /QQ` iQ
�TTHB+�iBQMb Q7 bm+? +QM+2Tib BM �M �M�HQ; [m�MimK bBKmH�iBQM �M/ K�Mv@#Q/v /vM�KB+b
+QMi2tic �b � +QM+`2i2 2t�KTH2- A rBHH b?Qr ;HQ#�H }/2HBiv 2biBK�iBQM 7Q` ?B;?Hv 2Mi�M;H2/
bi�i2b BM Qm` _v/#2`; �iQK [m�MimK bBKmH�iQ`X

S�;2 ky



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF f q2@j, �HF�HBM2 2�`i? �iQKb A.9ky

Zm�MimK b+B2M+2 rBi? KB+`Qb+QTB+�HHv@+QMi`QHH2/ �``�vb Q7
irQ@2H2+i`QM �iQKb
�mi?Q`, �/�K E�m7K�M

CAG�- lMBp2`bBiv Q7 *QHQ`�/Q �M/ L�iBQM�H AMbiBimi2 Q7 ai�M/�`/b �M/ h2+?MQHQ;v- �M/ .2T�`iK2Mi Q7
S?vbB+b- lMBp2`bBiv Q7 *QHQ`�/Q- "QmH/2`- *QHQ`�/Q 3yjyN- la�

Zm�MimK b+B2M+2 rBi? M2mi`�H �iQKb ?�b b22M ;`2�i �/p�M+2b BM i?2 T�bi irQ /2+�/2bX J�Mv
Q7 i?2b2 �/p�M+2b 7QHHQr 7`QK i?2 /2p2HQTK2Mi Q7 M2r i2+?MB[m2b 7Q` +QQHBM;- i`�TTBM;- �M/
+QMi`QHHBM; �iQKB+ b�KTH2bX AM i?Bb i�HF- A rBHH /2b+`B#2 QM;QBM; rQ`F r?2`2 r2 ?�p2 2tTHQ`2/
� M2r ivT2 Q7 �iQK @ irQ@2H2+i`QM �iQKb @ 7Q` QTiB+�H ir22x2` i`�TTBM;X q?BH2 i?2B` BM+`2�b2/
+QKTH2tBiv H2�/b iQ +?�HH2M;2b- i?2b2 �iQKb �HbQ Qz2` M2r b+B2MiB}+ QTTQ`imMBiB2b #v pB`im2
Q7 i?2B` `B+? BMi2`M�H /2;`22b Q7 7`22/QKX �++Q`/BM;Hv- i?2v ?�p2 BKT�+i2/ KmHiBTH2 �`2�b
BM [m�MimK b+B2M+2- BM+Hm/BM; [m�MimK BM7Q`K�iBQM T`Q+2bbBM;- [m�MimK bBKmH�iBQM- �M/
[m�MimK K2i`QHQ;vX A rBHH `2TQ`i QM Kv ;`QmTǶb T`Q;`2bb BM i?2b2 �`2�bX

S�;2 kR



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF f q2@9, S`2+BbBQM K2�bm`2K2Mi AA A.9kR

�++m`�i2 /2i2`KBM�iBQM Q7 i?2 }M2@bi`m+im`2 +QMbi�Mi mbBM;
�iQK BMi2`72`QK2i`v
�mi?Q`, a�B/� :m2HH�iB@E?2HB7�

G�#Q`�iQB`2 E�biH2` "`Qbb2H- *L_a@aQ`#QMM2 lMBp2`bBiû@1La U6`�M+2V

h2biBM; i?2 bi�M/�`/ KQ/2H `2[mB`2b FMQrH2/;2 Q7 i?2 T�`�K2i2`b i?�i b+�H2 i?2 7mM/�K2Mi�H
BMi2` �+iBQMbX �KQM; i?2K Bb i?2 }M2@bi`m+im`2 +QMbi�Mi- ↵- r?B+? +?�`�+i2`Bb2b i?2 bi`2M;i?
Q7 i?2 2H2+i`QK�;M2iB+ BMi2`�+iBQM- �M/ i?mb TH�vb � +`m+B�H `QH2 BM [m�MimK 2H2+i`Q/vM�K@
B+b +�H+mH�iBQMbX lbBM; �iQK BMi2`72`QK2i`v iQ K2�bm`2 i?2 [mQiB2Mi h̄/mRb Q7 i?2 `2/m+2/
SH�M+FǶb +QMbi�Mi �M/ i?2 K�bb Q7 � `m#B/BmK@3d �iQK- r2 Q#i�BM2/ i?2 KQbi �++m`�i2 /2i2`@
KBM�iBQM Q7 i?2 }M2 bi`m+im`2 +QMbi�Mi ↵ = 1/137.035999206(11) rBi? � `2H�iBp2 �++m`�+v Q7
3R T�`ib T2` i`BHHBQM UTTiVX

Pm` mHi`�@bi�#H2 �M/ `Q#mbi 2tT2`BK2Mi�H b2imT +QK#BM2b � _�Kb2v@"Q`/û BMi2`72`QK2i2`
#�b2/ QM _�K�M /Bz`�+iBQM- rBi? "HQ+? Qb+BHH�iBQMb BM �M �++2H2`�i2/ QTiB+�H H�iiB+2X Ai
�HHQrb mb iQ �+?B2p2 � `2+Q`/ b2MbBiBpBiv iQ ↵ Q7 4 ⇥ 10

�11 BM 93 ? BMi2;`�iBQM iBK2X h?Bb
2M�#H2/ mb iQ BMp2biB;�i2 2tT2`BK2Mi�HHv b2p2`�H bvbi2K�iB+ 2z2+ib- MQi�#Hv i?Qb2 `2H�i2/ iQ
r�p2@7`QMi /BbiQ`iBQMbX

� i2bi +�M #2 T2`7Q`K2/ #v +QKT�`BM; i?2 S2MMBM; i`�T K2�bm`2K2Mi Q7 i?2 2H2+i`QM ;v`Q@
K�;M2iB+ �MQK�Hv ae iQ Bib ai�M/�`/ JQ/2H T`2/B+iBQMX lbBM; Qm` M2r p�Hm2 Q7 ↵- r2 Q#b2`p2
� 1.6� �;`22K2MiX h?Bb `2bmHi Bb i?2 KQbi bi`BM;2Mi i2bi Q7 i?2 bi�M/�`/ KQ/2H BM i?2 2H2+i`QM
b2+iQ`X >Qr2p2` � /Bb+`2T�M+v Q7 5.6� Bb Q#b2`p2/ #2ir22M Qm` p�Hm2 �M/ i?2 QM2 K2�bm`2/
rBi? +2bBmK �iQKb #v i?2 "2`F2H2v ;`QmTX h?Bb /Bb+`2T�M+v `2K�BMb mM2tTH�BM2/X 6mim`2
K2�bm`2K2Mib mbBM; � "Qb2@1BMbi2BM +QM/2Mb�i2 �M/ `m#B/BmK@38 �iQKb �`2 BM T`Q;`2bb iQ
BMp2biB;�i2 i?Bb Bbbm2X
h?Bb rQ`F Bb �HbQ T�`i Q7 �M 2t+BiBM; `2b2�`+? �`2� #2vQM/ �iQKB+ T?vbB+bX PM2 Q7 i?2 Q#D2+iBp2b
Bb iQ 2tTH�BM i?2 T2`bBbi2Mi /Bb+`2T�M+v Q7 4.2� #2ir22M i?2 2tT2`BK2Mi�H p�Hm2 �M/ i?2
T`2/B+iBQM Q7 i?2 bi�M/�`/ KQ/2H 7Q` i?2 K�;M2iB+ KQK2Mi Q7 i?2 KmQM- #v HQQFBM; iQ b22 B7
bm+? � /Bb+`2T�M+v K�v #2 Q#b2`p2/ 7Q` i?2 2H2+i`QMX

S�;2 kk



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF f q2@8, S`2+BbBQM K2�bm`2K2Mi AA A.9kk

� T`2+BbBQM H�#Q`�iQ`v i2bi Q7 i?2 ;`�pBi�iBQM�H `2/b?B7i �i
i?2 bm#@+K b+�H2
�mi?Q`, a?BKQM EQHFQrBix

.2T�`iK2Mi Q7 S?vbB+b- lMBp2`bBiv Q7 qBb+QMbBM- J�/BbQM- qBb+QMbBM 8jdye- la�

h?2 `2K�`F�#H2 T`2+BbBQM Q7 QTiB+�H �iQKB+ +HQ+Fb Qz2`b b2MbBiBpBiv iQ M2r �M/ 2tQiB+ T?vbB+b
i?`Qm;? i2bib Q7 `2H�iBpBiv- b2�`+?2b 7Q` /�`F K�ii2`- ;`�pBi�iBQM�H r�p2 /2i2+iBQM- �M/ T`Q#2b
7Q` #2vQM/ ai�M/�`/ JQ/2H T�`iB+H2bX q?BH2 Km+? Q7 QTiB+�H +HQ+F `2b2�`+? ?�b 7Q+mb2/ QM
BKT`QpBM; �#bQHmi2 �++m`�+v- K�Mv b2�`+?2b 7Q` M2r T?vbB+b +�M #2 T2`7Q`K2/ rBi? `2H�iBp2
+QKT�`BbQMb #2ir22M irQ +HQ+FbX hQ i?Bb 2M/- r2 ?�p2 `2+2MiHv `2�HBx2/ � ǳKmHiBTH2t2/Ǵ
bi`QMiBmK QTiB+�H H�iiB+2 +HQ+F +QMbBbiBM; Q7 irQ Q` KQ`2 +HQ+Fb BM QM2 p�+mmK +?�K#2`X AM
+QKT�`BbQMb #2ir22M irQ bT�iB�HHv b2T�`�i2/ �iQK 2Mb2K#H2b BM i?2 b�K2 H�iiB+2 r2 Q#b2`p2
�iQK@�iQK +Q?2`2M+2 iBK2b 2t+22/BM; ke b2+QM/b mbBM; +Q``2H�i2/ _�Kb2v bT2+i`Qb+QTv �M/
K2�bm`2 7`�+iBQM�H 7`2[m2M+v b?B7ib �i � T`2+BbBQM #2HQr QM2 T�`i BM 10

19X
AM i?Bb i�HF A rBHH 2tTH�BM i?2 +QM+2Ti �M/ QT2`�iBM; T`BM+BTH2b Q7 Qm` KmHiBTH2t2/ QTiB+�H H�iiB+2
+HQ+FX A rBHH i?2M T`2b2Mi `2+2Mi 2tT2`BK2Mi�H `2bmHib BM r?B+? r2 T2`7Q`K2/ � MQp2H- #HBM/2/-
T`2+BbBQM i2bi Q7 i?2 ;`�pBi�iBQM�H `2/b?B7i rBi? �M �``�v Q7 8 2p2MHv@bT�+2/ �iQKB+ 2Mb2K#H2b
bT�MMBM; � iQi�H ?2B;?i /Bz2`2M+2 Q7 R +KX A rBHH T`2b2Mi i?2 2``Q` #m/;2i T`Q/m+2/ 7`QK Qm`
bvbi2K�iB+ 2p�Hm�iBQM- �M/ i?2 `2+2MiHv mM#HBM/2/ `2bmHib Q7 i?2 i2biX A rBHH �HbQ /Bb+mbb ?Qr
i?2b2 `2bmHib +�M �HbQ #2 pB2r2/ �b � T`QQ7@Q7@T`BM+BTH2 /2KQMbi`�iBQM Q7 `2H�iBpBbiB+ ;2Q/2bv
�i i?2 bm#@+K b+�H2X 6BM�HHv- A rBHH /Bb+mbb i?2 QmiHQQF 7Q` 7mim`2 b2�`+?2b 7Q` M2r T?vbB+b
rBi? Qm` �TT�`�imbX

S�;2 kj



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF f q2@e, LQM2[mBHB#`BmK /vM�KB+b A A.9kj

lHi`�7�bi +?B`�HBiv, irBbiBM; HB;?i iQ irBbi 2H2+i`QMb
�mi?Q`, PH;� aKB`MQp�

J�t@"Q`M@AMbiBimi- Rk93N "2`HBM- :2`K�Mv

A rBHH /2b+`B#2 b2p2`�H M2r- 2ti`2K2Hv 2{+B2Mi �TT`Q�+?2b iQ +?B`�H /Bb+`BKBM�iBQM �M/ 2M�MiBQ@
b2MbBiBp2 KQH2+mH�` K�MBTmH�iBQM- r?B+? i�F2 �/p�Mi�;2 Q7 mHi`�7�bi 2H2+i`QMB+ `2bTQMb2 (R-k)X
PM2 Q7 i?2K Bb #�b2/ QM i?2 M2r +QM+2Ti Q7 bvMi?2iB+ +?B`�H HB;?i (j-9)- r?B+? +�M #2 mb2/
iQ i`B;;2` #`B;?i MQMHBM2�` QTiB+�H `2bTQMb2 BM i?2 KQH2+mH2 Q7 � /2bB`2/ ?�M/2/M2bb r?BH2
F22TBM; Bib KB``Q` irBM /�`F BM i?2 b�K2 7`2[m2M+v `�M;2X h?2 Qi?2` Bb #�b2/ QM i?2 M2r
+QM+2Ti Q7 ;2QK2i`B+ K�;M2iBbK BM T?QiQBQMBx�iBQM Q7 +?B`�H KQH2+mH2b �M/ H2�/b iQ � M2r
+H�bb Q7 2M�MiBQ@b2MbBiBp2 Q#b2`p�#H2b BM T?QiQBQMBx�iBQM (8)X *`m+B�HHv- i?2 2K2`;2M+2 Q7 i?2b2
M2r Q#b2`p�#H2b Bb �bbQ+B�i2/ rBi? mHi`�7�bi 2t+Bi�iBQM Q7 +?B`�H 2H2+i`QMB+ Q` pB#`QMB+ +m``2Mib
T`BQ` iQ BQMBx�iBQM �M/ +�M #2 pB2r2/ �b i?2B` mMB[m2 bB;M�im`2X

(R) lHi`�7�bi +?B`�HBiv, i?2 `Q�/ iQ 2{+B2Mi +?B`�H K2�bm`2K2Mib- . �vmbQ- �6 P`/QM2x- P
aKB`MQp�- �`sBp,kkyjXyy83y - kykk (k) �6 P`/QM2x- P aKB`MQp�- :2M2`�HBx2/ T2`bT2+iBp2 QM
+?B`�H K2�bm`2K2Mib rBi?Qmi K�;M2iB+ BMi2`�+iBQMb- S?vbB+�H _2pB2r � N3 UeV- yej9k3- kyR3
(j) . �vmbQ 2i �H- avMi?2iB+ +?B`�H HB;?i 7Q` 2{+B2Mi +QMi`QH Q7 +?B`�H HB;?iĜK�ii2` BMi2`�+iBQM-
L�im`2 S?QiQMB+b Rj URkV- 3ee@3dR- UkyRNV (9) .X �vmbQ 2i �H ǴǴ1M�MiBQ@b2MbBiBp2 mMB/B`2+iBQM�H
HB;?i #2M/BM;Ǵ- L�i *QKKmM Rk- jN8R UkykRV (8) �6 P`/QM2x- . �vmbQ- SX .2+H2p�- P
aKB`MQp� ǳ:2QK2i`B+ K�;M2iBbK �M/ M2r 2M�MiBQ@b2MbBiBp2 Q#b2`p�#H2b BM T?QiQBQMBx�iBQM Q7
+?B`�H KQH2+mH2bǴ ?iiT,ff�`tBpXQ`;f�#bfkRyeXR9ke9

S�;2 k9



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF f q2@d, LQM2[mBHB#`BmK /vM�KB+b A A.9k9

LQM2[mBHB#`BmK /vM�KB+b �M/ b2MbBM; rBi? H�`;2 i`�TT2/@
BQM +`vbi�Hb
�mi?Q`, CQ?M "QHHBM;2`

CAG�- lMBp2`bBiv Q7 *QHQ`�/Q �M/ L�iBQM�H AMbiBimi2 Q7 ai�M/�`/b �M/ h2+?MQHQ;v- �M/ .2T�`iK2Mi Q7
S?vbB+b- lMBp2`bBiv Q7 *QHQ`�/Q- "QmH/2`- *QHQ`�/Q 3yjyN- la�

A rBHH /2b+`B#2 2tT2`BK2Mi�H rQ`F K2�bm`BM; MQM2[mBHB#`BmK [m�MimK /vM�KB+b �M/ b2MbBM;
rBi? bBM;H2@TH�M2 +`vbi�Hb Q7 mT iQ kyy BQMb biQ`2/ BM � S2MMBM; i`�TX q2 2M;BM22` HQM; `�M;2
AbBM; BMi2`�+iBQMb rBi? � bTBM@/2T2M/2Mi QTiB+�H /BTQH2 7Q`+2 i?�i +QmTH2b i?2 +2Mi2`@Q7@K�bb
pB#`�iBQM�H KQ/2 Q7 i?2 +`vbi�H rBi? i?2 +QHH2+iBp2 2H2+i`QMB+ bTBM Q` [m#Bi /2;`22b Q7 7`22@
/QK Q7 i?2 BQMbX AM � [m2M+? 2tT2`BK2Mi i?2 2M;BM22`2/ BMi2`�+iBQMb ;2M2`�i2 MQM2[mBHB#`BmK
[m�MimK /vM�KB+b Q7 i?2 bTBM /2;`22b Q7 7`22/QK- r?B+? r2 #2M+?K�`F i?`Qm;? K2�bm`2@
K2Mib Q7 Qmi@Q7@iBK2@Q`/2`2/ +Q``2H�iBQM 7mM+iBQMb UPhP*bV K�/2 TQbbB#H2 #v iBK2 `2p2`bBM;
i?2 BMi2`�+iBQMX

AM � b2+QM/ 2tT2`BK2Mi A rBHH /2b+`B#2 ?Qr i?2 T`2pBQmbHv K2MiBQM2/ bTBM@KQiBQM +QmTHBM;
+�M #2 mb2/ iQ ;2M2`�i2 2Mi�M;H2/ bi�i2b Q7 i?2 BQMbǶ bTBM �M/ +2Mi2`@Q7@K�bb KQiBQM�H /2;`22b
Q7 7`22/QK i?�i �`2 b2MbBiBp2 iQ r2�F KQiBQM�H /BbTH�+2K2MibX "v 2Mi�M;HBM; i?2 +2Mi2`@Q7@
K�bb Qb+BHH�iQ` rBi? i?2 +QHH2+iBp2 bTBM #27Q`2 i?2 KQiBQM�H /BbTH�+2K2Mi Bb �TTHB2/ �M/ #v
+QMi`QHHBM; i?2 +Q?2`2Mi /vM�KB+b pB� iBK2@`2p2`b�H �M/ � K�Mv@#Q/v 2+?Q i?�i /Bb2Mi�M;H2b
i?2 bTBM �M/ KQiBQM- r2 K�T i?2 /BbTH�+2K2Mi BMiQ � bTBM `Qi�iBQM- �pQB/ [m�MimK #�+F@
�+iBQM- �M/ +�M+2H i?2`K�H MQBb2X q2 `2TQ`i [m�MimK 2M?�M+2/ b2MbBiBpBiv iQ /BbTH�+2K2Mib
Q7 3X3 /" #2HQr i?2 bi�M/�`/ [m�MimK HBKBi �M/ RN /" #2HQr i?2`K�H MQBb2X h?2 T`QbT2+ib Q7
mbBM; i?Bb b2MbBiBpBiv iQ /2i2+i r2�F 2H2+i`B+ }2H/b 7`QK /�`F K�ii2` rBHH #2 /Bb+mbb2/X

S�;2 k8



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF f q2@3, PTiB+�H +HQ+Fb A.9k8

PTiB+�H �iQKB+ +HQ+Fb Ĝ r?�i +?�HH2M;2b `2K�BM QM i?2 `Q�/K�T
iQr�`/b � `2/2}MBiBQM Q7 i?2 aA b2+QM/\
�mi?Q`, >2H2M J�`;QHBb

L�iBQM�H S?vbB+�H G�#Q`�iQ`v- >�KTiQM _Q�/- h2//BM;iQM- JB//H2b2t- hqRR yGq lMBi2/ EBM;/QK

Pp2` `2+2Mi v2�`b- i?2`2 ?�b #22M 2MQ`KQmb T`Q;`2bb BM i?2 /2p2HQTK2Mi Q7 QTiB+�H �iQKB+
+HQ+Fb #�b2/ QM 2Bi?2` �iQKb i`�TT2/ BM �M QTiB+�H H�iiB+2 Q` bBM;H2 i`�TT2/ BQMbX h?2b2 QT@
iB+�H +HQ+Fb ?�p2 /2KQMbi`�i2/ mMT`2+2/2Mi2/ 7`2[m2M+v bi�#BHBiv �M/ 2biBK�i2/ bvbi2K�iB+
7`2[m2M+v mM+2`i�BMiv- 7�` bm`T�bbBM; i?2 +m``2Mi ;2M2`�iBQM Q7 +�2bBmK KB+`Qr�p2 T`BK�`v
7`2[m2M+v bi�M/�`/b- rBi? i?2 `2bmHi i?�i � 7mim`2 QTiB+�H `2/2}MBiBQM Q7 i?2 aA b2+QM/ Bb �MiB+@
BT�i2/X >Qr2p2` #27Q`2 i?Bb +�M ?�TT2M b2p2`�H F2v +?�HH2M;2b `2K�BM iQ #2 �//`2bb2/X
6B`bi Q7 �HH- i?2 mM+2`i�BMiv #m/;2ib Q7 i?2 QTiB+�H +HQ+Fb M22/ iQ #2 p�HB/�i2/ i?`Qm;? � T`Q@
;`�KK2 Q7 BMi2`M�iBQM�H +QKT�`BbQMb #2ir22M bvbi2Kb /2p2HQT2/ BM/2T2M/2MiHv #v /Bz2`2Mi
`2b2�`+? ;`QmTb �`QmM/ i?2 rQ`H/X *QMiBMmBiv rBi? i?2 +m``2Mi +�2bBmK@#�b2/ /2}MBiBQM Kmbi
�HbQ #2 2Mbm`2/- #v T2`7Q`KBM; �#bQHmi2 7`2[m2M+v K2�bm`2K2Mib rBi? �b HQr �M mM+2`i�BMiv �b
TQbbB#H2X �M/ }M�HHv- r2 M22/ iQ BKT`Qp2 i?2 `Q#mbiM2bb Q7 QTiB+�H +HQ+Fb �M/ �miQK�i2 i?2B`
QT2`�iBQM- 2M�#HBM; i?2K iQ #2 QT2`�i2/ `QmiBM2Hv �b b2+QM/�`v `2T`2b2Mi�iBQMb Q7 i?2 b2+QM/-
`2;mH�`Hv +QMi`B#miBM; iQ AMi2`M�iBQM�H �iQKB+ hBK2 Uh�AV pB� `2TQ`iBM; iQ i?2 AMi2`M�iBQM�H
"m`2�m Q7 q2B;?ib �M/ J2�bm`2b- �M/ #2BM; mb2/ iQ bi22` i?2 HQ+�H lh*UFV iBK2 b+�H2b
K�BMi�BM2/ #v M�iBQM�H iBKBM; H�#Q`�iQ`B2bX A rBHH /Bb+mbb `2+2Mi T`Q;`2bb iQr�`/b �//`2bbBM;
i?2b2 +?�HH2M;2b- BM T�`iB+mH�` /`�rBM; QM 2t�KTH2b Q7 LSG rQ`F T2`7Q`K2/ BM i?2 1m`QT2�M
+QHH�#Q`�iBp2 T`QD2+i _Q#mbi PTiB+�H *HQ+Fb 7Q` AMi2`M�iBQM�H hBK2b+�H2b U_P*AhVX

S�;2 ke



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF f q2@N, PTiB+�H +HQ+Fb A.9ke

J�FBM; QTiB+�H H�iiB+2 +HQ+Fb +QKT�+i �M/ mb27mH 7Q` `2�H@
rQ`H/ �TTHB+�iBQMb
�mi?Q`, >B/2iQb?B E�iQ`B

h?2 lMBp2`bBiv Q7 hQFvQ �M/ _AE1L- C�T�M

�M ǳQTiB+�H H�iiB+2 +HQ+FǴ #2M2}ib 7`QK � HQr [m�MimK@T`QD2+iBQM MQBb2 #v bBKmHi�M2QmbHv
BMi2``Q;�iBM; K�Mv �iQKb i`�TT2/ BM �M QTiB+�H H�iiB+2X h?2 2bb2M+2 Q7 i?2 b+?2K2 Bb �M
2M;BM22`2/ T2`im`#�iBQM #�b2/ QM i?2 ǳK�;B+ r�p2H2M;i?Ǵ T`QiQ+QH- r?B+? ?�b #22M T`Qp2M
bm++2bb7mH mT iQ 10

�18 mM+2`i�BMivX �#Qmi � i?Qmb�M/ �iQKb 2M�#H2 bm+? +HQ+Fb iQ �+?B2p2
Ry@R3 bi�#BHBiv BM � 72r ?Qm`b Q7 QT2`�iBQMX h?Bb bmT2`# bi�#BHBiv Bb 2bT2+B�HHv #2M2}+B�H 7Q`
+?`QMQK2i`B+ H2p2HBM;- r?B+? /Bb+`BKBM�i2b � +2MiBK2i2` ?2B;?i /Bz2`2M+2 Q7 i?2 +HQ+Fb HQ+�i2/
�i /Bbi�Mi bBi2b #v i?2 ;`�pBi�iBQM�H `2/b?B7iX
q2 Qp2`pB2r i?2 T`Q;`2bb Q7 QTiB+�H H�iiB+2 +HQ+Fb �M/ �//`2bb `2+2Mi iQTB+b iQ 2tTHQ`2 `2�H@
rQ`H/ �TTHB+�iBQMb Q7 i?2 R3@/B;Bi@�++m`�i2 +HQ+Fb- BM+Hm/BM; RV +QKT�+i QTiB+�H H�iiB+2 +HQ+Fb
mM/2` /2p2HQTK2Mi BM +QHH�#Q`�iBQM rBi? BM/mbi`v T�`iM2`b- kV /2KQMbi`�iBQM Q7 �M QM@p2?B+H2
+HQ+F- �M/ jV Qm` +?�HH2M;2 iQ /QrMbBx2 Q7 i?2 +HQ+F �b r2HH �b iQ BKT`Qp2 i?2 +HQ+F bi�#BH@
Biv #v ǳHQM;Bim/BM�H _�Kb2v bT2+i`Qb+QTvǴ i?�i �HHQrb +QMiBMmQmb BMi2``Q;�iBQM Q7 i?2 +HQ+F
i`�MbBiBQMX

S�;2 kd



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF f h?@R, Zm�MimK bBKmH�iBQM Q7 ;�m;2 i?2Q`B2b A.9kd

hQr�`/b [m�MimK bBKmH�iBQM Q7 lURV G:hb rBi? �HF�HBM2@
2�`i?@HBF2 �iQKb
�mi?Q`, JQMBF� �B/2Hb#m`;2`

6�FmHi i 7Ƀ` S?vbBF- Gm/rB;@J�tBKBHB�Mb@lMBp2`bBi i JɃM+?2M �
JmMB+? *2Mi2` 7Q` Zm�MimK a+B2M+2 �M/ h2+?MQHQ;v UJ*ZahV- 3ydNN JmMB+?- :2`K�Mv

q2HH@+QMi`QHH2/ bvMi?2iB+ [m�MimK bvbi2Kb- bm+? �b mHi`�+QH/ �iQKb BM QTiB+�H H�iiB+2b- Qz2`
BMi`B;mBM; TQbbB#BHBiB2b iQ bim/v +QKTH2t K�Mv@#Q/v T`Q#H2Kb BM `2;BK2b i?�i �`2 #2vQM/
`2�+? mbBM; bi�i2@Q7@i?2@�`i +H�bbB+�H +QKTmi�iBQMbX h?2 #�bB+ B/2� Bb iQ +QMbi`m+i �M/ mb2 �
r2HH@+QMi`QHH2/ [m�MimK K�Mv@#Q/v bvbi2K BM Q`/2` iQ bim/v Bib BM@ �M/ Qmi@Q7@2[mBHB#`BmK
T`QT2`iB2bX �M BKTQ`i�Mi 7mim`2 [m2bi +QM+2`Mb i?2 /2p2HQTK2Mi Q7 MQp2H 2tT2`BK2Mi�H i2+?@
MB[m2b i?�i �HHQr mb iQ 2tT�M/ i?2 `�M;2 Q7 KQ/2Hb i?�i +�M #2 �++2bb2/X aBKmH�iBM; H�iiB+2
;�m;2 i?2Q`B2b Bb � T�`iB+mH�`Hv T`QKBbBM; /B`2+iBQM- r?B+? +QK#BM2b � #`Q�/ `�M;2 Q7 `2b2�`+?
�`2�b BM+Hm/BM; ?B;?@2M2`;v T?vbB+b �M/ iQTQHQ;B+�H [m�MimK +QKTmi�iBQMX PM2 Q7 i?2 K�BM
+?�HH2M;2b 7Q` [m�MimK bBKmH�iBQM Q7 H�iiB+2 ;�m;2 i?2Q`B2b Bb iQ }M/ `2bQm`+2@2{+B2Mi BK@
TH2K2Mi�iBQMb Q7 i?2 `2[mB`2/ HQ+�H bvKK2i`B2bX .2bTBi2 i?2 `2+2Mi 2tT2`BK2Mi�H T`Q;`2bb-
i?2`2 Bb MQ +H2�` T�i? iQr�`/b BKTH2K2Mi�iBQMb Q7 H�iiB+2 ;�m;2 i?2Q`B2b BM 2ti2M/2/ bvbi2Kb
#2vQM/ QM2 /BK2MbBQM Q` rBi? MQM@�#2HB�M bvKK2i`B2bX >2`2- A `2TQ`i QM i?2 /2p2HQTK2Mi Q7
� M2r ?v#`B/ QTiB+�H H�iiB+2@ir22x2` TH�i7Q`K i?�i +QK#BM2b HQ+�H bi�i2@/2T2M/2Mi +QMi`QH Q7
imMM2H +QmTHBM;b rBi? i?2 mMB[m2 T`QT2`iB2b Q7 72`KBQMB+ �HF�HBM2@2�`i?@HBF2 �iQKb iQ `2�HBx2
lURV H�iiB+2 ;�m;2 i?2Q`B2b +QmTH2/ iQ K�ii2`X JQ`2Qp2`- i?2 alULV bvKK2i`B+ BMi2`�+iBQMb Q7
72`KBQMB+ u# �iQKb T�p2 i?2 r�v iQr�`/b MQp2H b+?2K2b 7Q` i?2 `2�HBx�iBQM Q7 KQ`2 +QKTH2t
MQM@�#2HB�M bvKK2i`B2bX Pm` b+?2K2 `2HB2b QM +Q``2H�i2/ imMM2HBM; Q7 72`KBQMB+ �iQKb BM �
bi�i2@/2T2M/2Mi T`Q;`�KK�#H2 QTiB+�H H�iiB+2X q2 ?�p2 T2`7Q`K2/ �# BMBiBQ +�H+mH�iBQMb Q7
i?2 H�iiB+2 ;�m;2 i?2Q`v /vM�KB+b- B/2MiB7vBM; bmBi�#H2 T�`�K2i2` `2;BK2bX PM i?2 2tT2`B@
K2Mi�H bB/2 r2 ?�p2 T2`7Q`K2/ K2�bm`2K2Mib Q7 i?2 `2[mB`2/ H�b2` r�p2H2M;i?b- r?B+? Bb i?2
}`bi bi2T iQr�`/b #mBH/BM; i?2 }M�H H�iiB+2 b2imTX

S�;2 k3



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF f h?@k, Zm�MimK bBKmH�iBQM Q7 ;�m;2 i?2Q`B2b A.9k3

1M;BM22`BM; � iQTQHQ;B+�H ;�m;2 i?2Q`v BM �M QTiB+�HHv /`2bb2/
"Qb2@1BMbi2BM +QM/2Mb�i2
�mi?Q`, G2iB+B� h�``m2HH

h?2 AMbiBimi2 Q7 S?QiQMB+ a+B2M+2b J2/Bi2``�M2�M h2+?MQHQ;v S�`F �pX *�`H 6`B2/`B+? :�mbb- j- y33ey
*�bi2HH/272Hb U"�`+2HQM�V- aT�BM

hQTQHQ;B+�H ;�m;2 i?2Q`B2b /2b+`B#2 i?2 HQr@2M2`;v T`QT2`iB2b Q7 +2`i�BM bi`QM;Hv +Q``2H�i2/
[m�MimK bvbi2Kb i?`Qm;? 2z2+iBp2 r2�FHv BMi2`�+iBM; KQ/2HbX � T`BK2 2t�KTH2 Bb i?2 *?2`M@
aBKQMb i?2Q`v Q7 7`�+iBQM�H [m�MimK >�HH bi�i2b- r?2`2 �MvQMB+ 2t+Bi�iBQMb 2K2`;2 7`QK i?2
+QmTHBM; #2ir22M r2�FHv BMi2`�+iBM; K�ii2` T�`iB+H2b �M/ � /2MbBiv@/2T2M/2Mi ;�m;2 }2H/X
q?BH2 BM i`�/BiBQM�H bQHB/@bi�i2 TH�i7Q`Kb bm+? ;�m;2 i?2Q`B2b �`2 QMHv +QMp2MB2Mi i?2Q`2iB+�H
+QMbi`m+iBQMb- 2M;BM22`2/ [m�MimK bvbi2Kb 2M�#H2 i?2B` /B`2+i BKTH2K2Mi�iBQM �M/ T`QpB/2 �
72`iBH2 TH�v;`QmM/ iQ BMp2biB;�i2 i?2B` T?2MQK2MQHQ;v rBi?Qmi i?2 M22/ 7Q` bi`QM; BMi2`�+iBQMbX
AM Kv i�HF- A rBHH T`2b2Mi i?2 [m�MimK bBKmH�iBQM Q7 � QM2@/BK2MbBQM�H `2/m+iBQM Q7 i?2
*?2`M@aBKQMb i?2Q`v- i?2 +?B`�H "6 i?2Q`v- BM � "Qb2@1BMbi2BM +QM/2Mb�i2X lbBM; i?2 HQ+�H
+QMb2`p�iBQM H�rb Q7 i?2 i?2Q`v r2 2HBKBM�i2 i?2 ;�m;2 /2;`22b Q7 7`22/QK BM 7�pQm` Q7 +?B`�H
K�ii2` BMi2`�+iBQMb- r?B+? r2 2M;BM22` #v bvMi?2bBbBM; QTiB+�HHv /`2bb2/ �iQKB+ bi�i2b rBi?
KQK2MimK@/2T2M/2Mi b+�ii2`BM; T`QT2`iB2bX h?Bb �HHQrb mb iQ `2p2�H i?2 F2v T`QT2`iB2b Q7
i?2 +?B`�H "6 i?2Q`v, i?2 7Q`K�iBQM Q7 +?B`�H bQHBiQMb �M/ i?2 2K2`;2M+2 Q7 �M 2H2+i`B+ }2H/
;2M2`�i2/ #v i?2 bvbi2K Bib2H7X Pm` `2bmHib 2tT�M/ i?2 b+QT2 Q7 [m�MimK bBKmH�iBQM iQ
iQTQHQ;B+�H ;�m;2 i?2Q`B2b �M/ T�p2 i?2 r�v iQr�`/b BKTH2K2MiBM; �M�HQ;Qmb ;�m;2 i?2Q`B2b
BM ?B;?2` /BK2MbBQMbX

S�;2 kN



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF f h?@j, Zm�MimK bBKmH�iBQM Q7 ;�m;2 i?2Q`B2b A.9kN

aBKmH�iBM; � H�iiB+2 ;�m;2 i?2Q`v rBi? mHi`�+QH/ �iQKb
�mi?Q`, w?2M@a?2M; um�M

.2T�`iK2Mi Q7 JQ/2`M S?vbB+b �M/ >272B L�iBQM�H G�#Q`�iQ`v 7Q` S?vbB+�H a+B2M+2b �i JB+`Qb+�H2-
lMBp2`bBiv Q7 a+B2M+2 �M/ h2+?MQHQ;v Q7 *?BM�- >272B- �M?mB kjyyke- *?BM�

:�m;2 i?2Q`B2b BKTH2K2Mi 7mM/�K2Mi�H H�rb Q7 T?vbB+b #v HQ+�H bvKK2i`v +QMbi`�BMibX 6Q`
2t�KTH2- [m�MimK 2H2+i`Q/vM�KB+b �M/ [m�MimK +?`QKQ/vM�KB+b �`2 #Qi? #�b2/ QM ;�m;2
i?2Q`B2bX >Qr2p2`- i?2 2[m�iBQMb Q7 ;�m;2 i?2Q`B2b �`2 mbm�HHv ?�`/ iQ bQHp2- 7Q`KBM; 2t+2T@
iBQM�H +?�HH2M;2b iQ bmT2`+QKTmi2` #�b2/ MmK2`B+�H T`Q+2/m`2bX
q2 /2p2HQT2/ mMB[m2 i2+?MB[m2b Q7 bTBM@/2T2M/2Mi bmT2`H�iiB+2b- KB+`Qb+QTB+ �#bQ`TiBQM
BK�;BM;- �M/ MmK#2` `2bQHp2/ /2i2+iBQMX � M2r K2i?Q/ Q7 /22T +QQHBM; BM QTiB+�H H�iiB+2
Bb `2�HBx2/ �M/ � /272+i@7`22 bvbi2K Bb �+?B2p2/ 7Q` +`2�iBM; Rk8y T�B`b Q7 2Mi�M;H2/ �iQKbX
h?�MFb iQ i?2b2 �/p�M+2b- r2 BKTH2K2Mi2/ i?2 a+?rBM;2` KQ/2H rBi? � >m##�`/ KQ/2H BM
/22T@H�iiB+2 `2;BK2 Q7 � dR@bBi2 [m�MimK bBKmH�iQ`X q2 Q#b2`p2/ i?2 BMi2`�+iBQM �M/ +QMp2`@
bBQM #2ir22M K�ii2` }2H/b �M/ ;�m;2 }2H/b �M/ p2`B}2/ :�mbbǶb H�rX h?2 [m�MimK bBKmH�iQ`
K�v #2 �HbQ mb2/ iQ bim/v MQM2[mBHB#`BmK H�iiB+2 ;�m;2 bvbi2Kb- 7�Hb2 p�+mmK /2+�v- /vM�K@
B+�H i`�MbBiBQMb `2H�i2/ iQ i?2 iQTQHQ;B+�H ✓@�M;H2- �M/ i?2`K�H bB;M�im`2b Q7 ;�m;2 i?2Q`B2b
mM/2` 2ti`2K2 +QM/BiBQMbX

S�;2 jy



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF f h?@9, JQH2+mH2b A.9jy

h2biBM; 7mM/�K2Mi�H T?vbB+b mbBM; H�b2` +QQH2/ KQH2+mH2b

�mi?Q`, JBF2 h�`#mii

*2Mi`2 7Q` *QH/ J�ii2`- "H�+F2ii G�#Q`�iQ`v- AKT2`B�H *QHH2;2 GQM/QM- S`BM+2 *QMbQ`i _Q�/- GQM/QM
aqd k�w- lE

G�b2` +QQHBM; Q7 KQH2+mH2b Bb �/p�M+BM; `�TB/HvX J�;M2iQ@QTiB+�H i`�Tb ?�p2 #22M /2p2HQT2/
7Q` b2p2`�H bT2+B2b Q7 /B�iQKB+ �M/ i`B�iQKB+ KQH2+mH2bX h?2 KQH2+mH2b ?�p2 #22M +QQH2/
iQ i2KT2`�im`2b Q7 � 72r KB+`QF2HpBM �M/ +QM}M2/ BM K�;M2iB+ i`�Tb- QTiB+�H /BTQH2 i`�Tb-
ir22x2` i`�Tb �M/ H�iiB+2bX *QHHBbBQMb #2ir22M i?2 KQH2+mH2b- �M/ #2ir22M H�b2`@+QQH2/ �iQKb
�M/ KQH2+mH2b- ?�p2 #22M bim/B2/- rBi? `2bmHib bm;;2biBM; i?�i ?B;? T?�b2 bT�+2 /2MbBiB2b +�M
#2 `2�+?2/ i?`Qm;? bvKT�i?2iB+ Q` 2p�TQ`�iBp2 +QQHBM;X
h?2b2 mHi`�+QH/ KQH2+mH2b +�M #2 mb2/ iQ i2bi 7mM/�K2Mi�H T?vbB+bX A rBHH T`2b2Mi T`Q;`2bb QM
irQ 2tT2`BK2Mib BM i?Bb /B`2+iBQMX AM i?2 }`bi- r2 �`2 /2p2HQTBM; � +HQ+F #�b2/ QM pB#`�iBQM�H
i`�MbBiBQMb BM *�6 KQH2+mH2b +QM}M2/ BM � K�;B+ r�p2H2M;i? H�iiB+2X Sm`2 pB#`�iBQM�H i`�MbB@
iBQMb ?�p2 HBiiH2 b2MbBiBpBiv iQ 2ti2`M�H T2`im`#�iBQMb bQ +�M K�F2 ?B;?Hv �++m`�i2 +HQ+FbX "v
+QKT�`BM; iQ �M QTiB+�H �iQKB+ +HQ+F- r2 �BK iQ K2�bm`2 p�`B�iBQMb BM i?2 2H2+i`QM@iQ@T`QiQM
K�bb `�iBQX h?2 KQH2+mH�` H�iiB+2 +HQ+F +QmH/ �HbQ T`QpB/2 BKT`Qp2/ 7`2[m2M+v bi�M/�`/b BM
i?2 BM7`�@`2/X AM i?2 b2+QM/ 2tT2`BK2Mi- r2 �BK iQ K2�bm`2 i?2 2H2+i`QMǶb 2H2+i`B+ /BTQH2
KQK2Mi mbBM; mHi`�+QH/ u#6 KQH2+mH2bX A rBHH T`2b2Mi i?2 +QMbi`m+iBQM Q7 i?Bb 2tT2`BK2Mi
r?B+? 72�im`2b � bHQr@KQpBM; #2�K +QQH2/ #2HQr Ryy ƒE BM �M 2ti`2K2Hv HQr K�;M2iB+ MQBb2
2MpB`QMK2MiX

S�;2 jR



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF f h?@8, JQH2+mH2b A.9jR

Zm�MimK ;�b KB+`Qb+QTv Q7 TQH�` KQH2+mH2b
�mi?Q`, wQ2 wX u�M

.2T�`iK2Mi Q7 S?vbB+b- S`BM+2iQM lMBp2`bBiv- S`BM+2iQM- L2r C2`b2v y3899- la�

lHi`�+QH/ KQH2+mH2b �`2 � T`QKBbBM; TH�i7Q`K 7Q` [m�MimK bBKmH�iBQM Q7 bTBM T?vbB+b /m2
iQ i?2B` HQM;@`�M;2 BMi2`�+iBQMb �M/ H�`;2 b2i Q7 BMi2`M�H bi�i2bX hQ mM/2`bi�M/ i?2 +QKTH2t
K�Mv@#Q/v bi�i2b i?�i 2K2`;2 BM i?2b2 bvbi2Kb BM �M/ Qmi Q7 2[mBHB#`BmK- M2r 2tT2`BK2Mi�H
i2+?MB[m2b �`2 M22/2/ iQ T`Q#2 KQH2+mH2 +Q``2H�iBQMb BM i?2 bi`QM;Hv@BMi2`�+iBM; `2;BK2X >2`2
r2 bim/v i?2 bBi2@`2bQHp2/ /vM�KB+b Q7 bTBM +Q``2H�iBQMb BM � ;�b Q7 mHi`�+QH/ kjL� 3d_#
KQH2+mH2b BM � k. QTiB+�H H�iiB+2X

q2 }`bi 7Q`K 62b?#�+? KQH2+mH2b BM i?2 H�iiB+2 #27Q`2 i`�Mb72``BM; i?2K iQ i?2 ;`QmM/ bi�i2 pB�
ahA_�S rBi? 38W QM2@r�v 2{+B2M+vX q2 QT2`�i2 �i M2�`@K�;B+ i`�TTBM; +QM/BiBQMb r?2`2
r2 T`2T�`2 HQM;@HBp2/ bmT2`TQbBiBQMb Q7 i?2 ;`QmM/ �M/ }`bi 2t+Bi2/ `Qi�iBQM�H bi�i2bX h?2
KQH2+mH2b `2�HBx2 � k. [m�MimK su KQ/2H rBi? HQM;@`�M;2 BMi2`�+iBQMbX lbBM; � bBi2@`2bQHp2/
_�Kb2v BMi2`72`QK2i`B+ i2+?MB[m2- r2 /2i2+i Qb+BHH�iBQMb BM M2�`2bi@ �M/ M2ti@M2�`2bi@M2B;?#Q`
+Q``2H�iBQMb /m2 iQ bTBM BMi2`�+iBQMbX 6m`i?2`KQ`2- r2 �TTHv � T2`BQ/B+ 2ti2`M�H KB+`Qr�p2
}2H/ iQ 2M;BM22` ssw bTBM >�KBHiQMB�Mb rBi? imM�#H2 �MBbQi`QTB2bX h?2 +Q``2H�iBQMb �`2 K2�@
bm`2/ #v /BbbQ+B�iBM; i?2 KQH2+mH2b �M/ /2i2+iBM; i?2 +Q``2bTQM/BM; _# �iQKb rBi? bBM;H2@bBi2
`2bQHmiBQM mbBM; � [m�MimK ;�b KB+`Qb+QT2X h?2 i2+?MB[m2b T`2b2Mi2/ ?2`2 QT2M M2r /QQ`b 7Q`
T`Q#BM; [m�MimK +Q``2H�iBQMb BM +QKTH2t K�Mv@#Q/v bvbi2Kb Q7 mHi`�+QH/ KQH2+mH2bX

S�;2 jk



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF f h?@e, S`2+BbBQM K2�bm`2K2Mi AAA A.9jk

6Qm`@b2+QM/ QTiB+�H +Q?2`2M+2 #2ir22M /Bz2`2Mi �iQKB+ bT2+B2b-
�M/ i?2 b2�`+? 7Q` M2r T?vbB+b rBi? �iQKB+ +HQ+Fb
�mi?Q`, .�pB/ G2B#`�M/i

L�iBQM�H AMbiBimi2 Q7 ai�M/�`/b �M/ h2+?MQHQ;v- "QmH/2`- *QHQ`�/Q 3yjy8- la�

h?2 2ti`2K2 T`2+BbBQM �M/ �++m`�+v Q7 iQ/�vǶb QTiB+�H �iQKB+ +HQ+Fb +�M #2 mb2/ iQ HQQF
7Q` p2`v bK�HH /2pB�iBQMb 7`QK i?2 T`2/B+iBQMb Q7 i?2 ai�M/�`/ JQ/2H- Qz2`BM; � iQQH iQ
b2�`+? 7Q` #2vQM/ ai�M/�`/ JQ/2H U"aJV T?vbB+b +QKTH2K2Mi�`v iQ T�`iB+H2 �++2H2`�iQ`bX
h?2b2 b2�`+?2b �`2 #�b2/ QM K2�bm`BM; i?2 7`2[m2M+v `�iBQ Q7 irQ i`�MbBiBQMb i?�i /2T2M/
/Bz2`2MiHv QM BMi2`�+iBQMb rBi? "aJ T�`iB+H2b Q` }2H/bX AM i?Bb i�HF- A rBHH T`2b2Mi 7`2[m2M+v
`�iBQ K2�bm`2K2Mib #2ir22M �iQKB+ +HQ+Fb #�b2/ QM �HY- >;Y- a`- �M/ u# �iQKb- �M/ i?2 mb2
Q7 i?2b2 K2�bm`2K2Mib iQ +QMbi`�BM i?2 +QmTHBM; Q7 mHi`�HB;?i b+�H�` /�`F K�ii2` +�M/B/�i2b iQ
i?2 ai�M/�`/ JQ/2HX h?2 T`2+BbBQM Q7 i`�/BiBQM�H- BM+Q?2`2Mi 7`2[m2M+v `�iBQ K2�bm`2K2Mib
�M/ `2bmHiBM; +QMbi`�BMib QM "aJ T?vbB+b �`2 HBKBi2/ #v i?2 +Q?2`2M+2 iBK2 Q7 i?2 H�b2`b mb2/
iQ T`Q#2 i?2 �iQKB+ i`�MbBiBQMbX q2 ?�p2 `2+2MiHv /2KQMbi`�i2/ � M2r- +Q?2`2Mi 7`2[m2M+v
`�iBQ K2�bm`2K2Mi i2+?MB[m2 +�HH2/ /Bz2`2MiB�H bT2+i`Qb+QTv i?�i `2KQp2b i?Bb HBKBi�iBQM �M/
�+?B2p2/ � `2+Q`/ 7Q` i?2 T`2+BbBQM Q7 7`2[m2M+v `�iBQ K2�bm`2K2Mib #2ir22M /Bz2`2Mi �iQKB+
bT2+B2bX A rBHH +QM+Hm/2 rBi? � #`B27 /Bb+mbbBQM Q7 i?2 T`QbT2+ib 7Q` QTiB+�H +HQ+Fb #�b2/ QM
/Bz2`2Mi �iQKB+- KQH2+mH�`- �M/ Mm+H2�` i`�MbBiBQMb rBi? Km+? ?B;?2` b2MbBiBpBiv iQ "aJ
T?vbB+b BM � p�`B2iv Q7 b2+iQ`bX

S�;2 jj



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF fh?@d, S`2+BbBQM K2�bm`2K2Mi AAA A.9jj

h?2 T`QiQM bBx2- i?2 }M2@bi`m+im`2 +QMbi�Mi �M/ i?2 2H2+i`QM
2H2+i`B+ /BTQH2 KQK2Mi
�mi?Q`, 1`B+ >2bb2Hb

.2T�`iK2Mi Q7 S?vbB+b �M/ �bi`QMQKv- uQ`F lMBp2`bBiv- hQ`QMiQ- PMi�`BQ JjC RSj- *�M�/�

6mM/�K2Mi�H T?vbB+b UBM+Hm/BM; T?vbB+b #2vQM/ i?2 ai�M/�`/ JQ/2HV +�M #2 i2bi2/ mbBM;
i�#H2@iQT T`2+BbBQM K2�bm`2K2MibX h?2 i�HF rBHH /2b+`B#2 K2�bm`2K2Mib Q7 i?2 bBx2 Q7 i?2
T`QiQM- i?2 }M2@bi`m+im`2 +QMbi�Mi �M/ i?2 2H2+i`B+ /BTQH2 KQK2Mi Q7 i?2 2H2+i`QMX hrQ
`2+2MiHv +QKTH2i2/ K2�bm`2K2Mib rBHH #2 /2b+`B#2/X 6Q` i?2 }`bi K2�bm`2K2Mi- i?2 M4k
G�K# b?B7i Q7 �iQKB+ ?v/`Q;2M Bb K2�bm`2/- �HHQrBM; 7Q` � M2r /2i2`KBM�iBQM Q7 i?2 +?�`;2
`�/Bmb Q7 i?2 T`QiQMX h?Bb /2i2`KBM�iBQM Bb +`m+B�H iQ ?2HTBM; `2bQHp2 i?2 T`QiQM `�/Bmb TmxxH2-
BM r?B+? Bi �TT2�`2/ i?�i i?2 T`QiQM `�/Bmb iQQF QM � /Bz2`2Mi p�Hm2 r?2M K2�bm`2/ rBi?
KmQMb +QKT�`2/ iQ K2�bm`2K2Mib mbBM; 2H2+i`QMbX h?2 b2+QM/ K2�bm`2K2Mi Bb Q7 i?2 M4k
i`BTH2i S }M2 bi`m+im`2 Q7 �iQKB+ ?2HBmK- �M/ i?Bb rQ`F Bb T�`i Q7 � T`Q;`�K iQ Q#i�BM �
M2r /2i2`KBM�iBQM Q7 i?2 }M2@bi`m+im`2 +QMbi�MiX "Qi? Q7 i?2b2 K2�bm`2K2Mib mb2 � M2r
K2�bm`2K2Mib i2+?MB[m2, 6`2[m2M+v Qzb2i b2T�`�i2/ Qb+BHH�iQ`v }2H/bX 6BM�HHv- � M2r K�DQ`
2zQ`i U1.J3V Bb bi�`iBM; iQ K2�bm`2 i?2 2H2+i`QM 2H2+i`B+ /BTQH2 KQK2Mi mbBM; TQH�` KQH2+mH2b
2K#2//2/ BMiQ BM2`i@;�b bQHB/bX

S�;2 j9



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF fh?@3, J2i`QHQ;v A.9j9

� G�M/�m i?2Q`v 7Q` bTBM b[m22xBM;
�mi?Q`, LQ`K�M u�Q

.2T�`iK2Mi Q7 S?vbB+b- lMBp2`bBiv Q7 *�HB7Q`MB�- "2`F2H2v- *�HB7Q`MB� N9dky- la�

Zm�MimK K2i`QHQ;v K�F2b mb2 Q7 bi`m+im`2/ 2Mi�M;H2K2Mi iQ T2`7Q`K K2�bm`2K2Mib rBi? 7�`
;`2�i2` T`2+BbBQM i?�M rQmH/ #2 TQbbB#H2 rBi? QMHv +H�bbB+�HHv +Q``2H�i2/ T�`iB+H2bX � T�`�/B;@
K�iB+ 2t�KTH2 Q7 bm+? 2Mi�M;H2K2Mi Bb bTBM b[m22xBM;- r?B+? Bb FMQrM iQ #2 /vM�KB+�HHv
;2M2`�i2/ #v i?2 +2H2#`�i2/ QM2@�tBb@irBbiBM; KQ/2H- +Q``2bTQM/BM; iQ �M �HH@iQ@�HH +QmTH2/
AbBM; >�KBHiQMB�MX JQiBp�i2/ #v `2+2Mi �/p�M+2b BM � p�`B2iv Q7 [m�MimK bBKmH�iBQM TH�i@
7Q`Kb- i?2`2 ?�b #22M i`2K2M/Qmb BMi2`2bi BM i?2 TQbbB#BHBiv Q7 ;2M2`�iBM; bTBM b[m22xBM; pB�
>�KBHiQMB�Mb r?B+? /Q MQi `2[mB`2 �HH@iQ@�HH BMi2`�+iBQMbX h?Bb BMi2`2bi ?�b +2Mi2`2/ QM � +H�bb
Q7 TQr2`@H�r BMi2`�+iBQM KQ/2Hb- +Q``2bTQM/BM; iQ HQM;@`�M;2/ ;2M2`�HBx�iBQMb Q7 i?2 bQ@+�HH2/
ssw KQ/2HX q2 +QMD2+im`2 i?�i QTiBK�H bTBM b[m22xBM; BM bm+? KQ/2Hb Bb BMiBK�i2Hv +QM@
M2+i2/ iQ i?2 T`2b2M+2 Q7 }MBi2@i2KT2`�im`2- 2�bv@TH�M2 72``QK�;M2iBbK- r?B+? �`Bb2b 7`QK
i?2 bTQMi�M2Qmb #`2�FBM; Q7 � +QMiBMmQmb bvKK2i`vX AM T�`iB+mH�`- r2 /2KQMbi`�i2 i?�i B7
i?2 i2KT2`�im`2 Q7 i?2 BMBiB�H T`Q/m+i bi�i2 Bb #2HQr i?2 Q`/2`BM; i2KT2`�im`2 7Q` �M su 72`@
`QK�;M2i- i?2M i?2 bvbi2K rBHH 2t?B#Bi b+�H�#H2 bTBM b[m22xBM;X A rBHH 2M/ #v /Bb+mbbBM; bQK2
`2+2Mi 2tT2`BK2Mi�H 2zQ`ib iQr�`/ `2�HBxBM; bTBM b[m22xBM; BM irQ /BK2MbBQM�H 2Mb2K#H2b Q7
/BTQH�` BMi2`�+iBM; bTBMbX

S�;2 j8



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF f h?@N, J2i`QHQ;v A.9j8

hBK2@`2p2`b�H@#�b2/ [m�MimK K2i`QHQ;v #2vQM/ i?2 bi�M@
/�`/ [m�MimK HBKBi
�mi?Q`, oH�/�M omH2iB+

.2T�`iK2Mi Q7 S?vbB+b- JAh@>�`p�`/ *2Mi2` 7Q` lHi`�+QH/ �iQKb �M/ _2b2�`+? G�#Q`�iQ`v Q7 1H2+i`QM@
B+b- J�bb�+?mb2iib AMbiBimi2 Q7 h2+?MQHQ;v- *�K#`B/;2- J�bb�+?mb2iib ykRjN- la�

GBM2�` [m�MimK K2�bm`2K2Mib rBi? BM/2T2M/2Mi T�`iB+H2b �`2 #QmM/2/ #v i?2 ai�M/�`/
Zm�MimK GBKBi UaZGV i?�i +�M #2 Qp2`+QK2 #v BM/m+BM; 2Mi�M;H2K2Mi #2ir22M i?2 T�`@
iB+H2bX AM QTiB+�H@i`�MbBiBQM +HQ+Fb- 2Mi�M;H2K2Mi +�M #2 BM/m+2/ #v i?2 +QHH2+iBp2 BMi2`�+iBQM
Q7 i?2 �iQKb rBi? � +�pBiv KQ/2X q2 /2KQMbi`�i2 +�pBiv@BM/m+2/- M2�`Hv mMBi�`v bTBM b[m22x@
BM; #2ir22M i?2 Mm+H2�` bTBM bi�i2b Q7 i?2 2H2+i`QMB+ ;`QmM/ bi�i2 Q7 RdRu#X q2 i`�Mb72` i?Bb
2Mi�M;H2K2Mi QMiQ i?2 QTiB+�H@+HQ+F i`�MbBiBQM- �M/ /2KQMbi`�i2 9X9/" Q7 bTBM b[m22xBM; QM
i?2 +HQ+F i`�MbBiBQM- +Q``2bTQM/BM; iQ � `2/m+iBQM Q7 i?2 +HQ+F �p2`�;BM; iBK2 #v � 7�+iQ` Q7
kX3X
>Qr2p2`- i?2 K2i`QHQ;B+�H ;�BM 7`QK 2Mi�M;H2K2Mi Bb Q7i2M HBKBi2/ #v i?2 }M�H bi�i2 `2�/Qmi
`�i?2` i?�M i?2 bi�i2 T`2T�`�iBQM- 2bT2+B�HHv 7Q` KQ`2 +QKTH2t 2Mi�M;H2/ K�Mv@#Q/v bi�i2b
rBi? MQM@:�mbbB�M T`Q#�#BHBiv /Bbi`B#miBQMbX �M �Hi2`M�iBp2 Bb iQ mb2 � iBK2@`2p2`b�H T`QiQ+QH
iQ �KTHB7v bK�HH /BbTH�+2K2Mi Q7 i?2 2Mi�M;H2/ bi�i2X q2 BKTH2K2Mi bm+? � iBK2@`2p2`b�H
T`QiQ+QH i?`Qm;? � +QMi`QHH2/ bB;M +?�M;2 BM K�Mv@#Q/v >�KBHiQMB�M Q7 �iQKB+ bTBMb +QmTH2/
iQ �M QTiB+�H +�pBivX qBi? i?Bb �TT`Q�+?- r2 /2KQMbi`�i2 [m�MimK K2�bm`2K2Mi rBi? MQM@
:�mbbB�M bi�i2b rBi? � T`2+BbBQM BKT`QpBM; BM T`QTQ`iBQM iQ i?2 T�`iB+H2 MmK#2` U>2Bb2M#2`;
b+�HBM;V- �i }t2/ /Bbi�M+2 Q7 RkXe /" 7`QK i?2 mHiBK�i2 >2Bb2M#2`; GBKBiX lbBM; � bvbi2K Q7
j8y M2mi`�H RdRu# �iQKb- i?Bb bB;M�H �KTHB}+�iBQM i?`Qm;? iBK2@`2p2`b2/ BMi2`�+iBQM Ua�hALV
T`QiQ+QH �+?B2p2b �M BKT`Qp2K2Mi Q7 Rk /" #2vQM/ i?2 aZG BM � _�Kb2v b2[m2M+2X q2 �HbQ
mb2 i?2 iBK2@`2p2`b2/ >�KBHiQMB�M iQ 2tT2`BK2Mi�HHv BMp2biB;�i2 i?2 `2H�iBQM #2ir22M [m�MimK
BM7Q`K�iBQM b+`�K#HBM;- Qmi@Q7@iBK2@Q`/2` +Q``2H�iQ`b �M/ K2i`QHQ;B+�H ;�BMX

S�;2 je



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF f 6`@R, *QQHBM; #2vQM/ �iQKb A.9je

*QQHBM; M�MQT�`iB+H2b BM BQM i`�Tb, � `Qmi2 iQ i?2 [m�MimK
`2;BK2
�mi?Q`, h`�+v LQ`i?mT

_2b2�`+? *2Mi2` h2+?MBF2`bi`�Ľ2 k8fj UoB+iQ`@6`�Mx@>2bb@>�mbV eyky AMMb#`m+F- �mbi`B�

_2+2MiHv- M�MQT�`iB+H2b H2pBi�i2/ BM QTiB+�H i`�Tb ?�p2 #22M +QQH2/ iQ i?2 KQiBQM�H ;`QmM/
bi�i2X h?Bb �+?B2p2K2Mi +�M #2 b22M �b � bi�`iBM; TQBMi 7Q` T`2T�`BM; [m�MimK@K2+?�MB+�H
bi�i2b Q7 � M�MQT�`iB+H2Ƕb KQiBQM- bm+? �b K�+`Qb+QTB+ bmT2`TQbBiBQM bi�i2b- #mBH/BM; QM 2bi�#@
HBb?2/ i2+?MB[m2b 7Q` [m�MimK +QMi`QH Q7 �iQKb �M/ KQH2+mH2bX � K�DQ` ?m`/H2- ?Qr2p2`- Bb i?2
/2+Q?2`2M+2 BMi`Q/m+2/ BM QTiB+�H i`�Tb pB� #Qi? /B`2+i HB;?i b+�ii2`BM; �M/ T�`iB+H2 ?2�iBM;X
>2`2- A rBHH T`2b2Mi �M �Hi2`M�i2 �TT`Q�+? #�b2/ QM BQM i`�TbX q2 ?�p2 `2+2MiHv /2KQMbi`�i2/
� M2r K2i?Q/ 7Q` T`2+Bb2 TQbBiBQM K2�bm`2K2Mi �M/ +QQHBM; Q7 U+?�`;2/V M�MQT�`iB+H2b BM �M
BQM i`�T- �M/ A rBHH /2b+`B#2 T`QbT2+ib iQ 2ti2M/ i?Bb iQ �HH@2H2+i`B+�H +QQHBM;X 6m`i?2`KQ`2- r2
rBHH 2t�KBM2 ?Qr i2+?MB[m2b Q`B;BM�HHv /2p2HQT2/ 7Q` i`�TT2/ �iQKB+ BQMb- bm+? �b bvKT�i?2iB+
+QQHBM;- +�M #2 i`�Mb72``2/ iQ i?2 /QK�BM Q7 M�MQT�`iB+H2bX

S�;2 jd



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF f 6`@k, *QQHBM; #2vQM/ �iQKb A.9jd

G�b2`@+QQH2/ KQH2+mH2b- 7`QK +QMi`QHH2/ +QHHBbBQMb iQ [#Bib

�mi?Q`, GQB+ �M/2`2;;

.2T�`iK2Mi Q7 S?vbB+b- >�`p�`/ lMBp2`bBiv- *2Mi2` 7Q` lHi`�+QH/ �iQKb- Rd Pt7Q`/ aiX- *�K#`B/;2-
J� ykRj3- la�

lHi`�+QH/ KQH2+mH2b ?�p2 � rB/2 `�M;2 Q7 TQi2MiB�H �TTHB+�iBQMb bT�MMBM; 7`QK 7mM/�K2M@
i�H T?vbB+b iQ [m�MimK bBKmH�iBQM �M/ +QKTmi�iBQMX JQiBp�i2/ #v TQi2MiB�H /Bb+Qp2`B2b BM
i?2b2 �`2�b- bB;MB}+�Mi �/p�M+2b BM +QMi`QHHBM; KQH2+mH2b �i i?2 bBM;H2@[m�MimK@bi�i2 H2p2H
?�p2 Q++m``2/ Qp2` i?2 T�bi v2�`bX S`Q;`2bb BM /B`2+i H�b2`@+QQHBM; Q7 KQH2+mH2b ?�b H2/ iQ i?2
}`bi KQH2+mH�` K�;M2iQ@QTiB+�H i`�Tb- r?B+? ?�p2 �HHQr2/ 7Q` QTiB+�H i`�TTBM; Q7 mHi`�+QH/
KQH2+mH2bX PTiB+�H ir22x2` �``�vb ?�p2 T2`KBii2/ #Qi? ?B;?@}/2HBiv `2�/Qmi �b r2HH �b [m�M@
imK +QMi`QH Q7 BM/BpB/m�H KQH2+mH2bX AM i?Bb i�HF- r2 rBHH /Bb+mbb H�b2` +QQHBM; Q7 KQH2+mH2b BMiQ
i?2 mHi`�+QH/ `2;BK2 �M/ i?2 +`2�iBQM Q7 �M QTiB+�H ir22x2` �``�v Q7 *�6 KQH2+mH2b rBi? r?B+?
r2 bim/v mHi`�+QH/ +QHHBbBQMbX "v �TTHvBM; KB+`Qr�p2 `�/B�iBQM- r2 /B`2+iHv 2M;BM22` �M/ imM2
i?2 BMi2`�+iBQM TQi2MiB�Hb #2ir22M KQH2+mH2b- +`2�iBM; � `2TmHbBp2 b?B2H/ r?B+? bmTT`2bb2b BM@
2H�biB+ HQbbX h?Bb ;2M2`�HBx�#H2 �TT`Q�+? T`QpB/2b � `Qmi2 iQ +`2�iBM; /2Mb2- HQM;@HBp2/ b�KTH2b
Q7 mHi`�+QH/ KQH2+mH2b #v �TTHvBM; 2p�TQ`�iBp2 +QQHBM;X q2 rBHH �HbQ T`2b2Mi /�i� QM `Qi�@
iBQM�H +Q?2`2M+2 iBK2b BM QTiB+�H ir22x2` i`�Tb- r?B+? T�`�K2i`Bx2b i?2 TQi2MiB�H T2`7Q`K�M+2
Q7 TQH�`@KQH2+mH2@#�b2/ [m�MimK bBKmH�iQ`b Q` +QKTmi2`bX q2 rBHH /Bb+mbb T`Q;`2bb r2 �`2
K�FBM; iQr�`/ i?Bb ;Q�H rBi? M2r H�`;2` �``�vbX
h?2 `B+? bi`m+im`2 Q7 /B�iQKB+ KQH2+mH2b i?�i H2�/b iQ TQr2`7mH b+B2MiB}+ �p2Mm2b Bb [m�HB@
i�iBp2Hv BM+`2�b2/ rBi? TQHv�iQKB+ KQH2+mH2bX AM T�`iB+mH�`- i?2 T`2b2M+2 Q7 +HQb2Hv bT�+2/
QTTQbBi2 T�`Biv H2p2Hb Qz2`b � M2r 7`QMiB2` BM [m�MimK b+B2M+2X q2 rBHH T`2b2Mi `2bmHib QM
i?2 H�b2`@+QQHBM; �M/ QTiB+�H i`�TTBM; Q7 TQHv�iQKB+ *�P> KQH2+mH2bX _2+2Mi `2bmHib QM
K�MBTmH�iBQM Q7 bi�i2b rBi? i?2 �7Q`2K2MiBQM2/ T�`Biv /Qm#H2i bi`m+im`2 rBHH �HbQ #2 T`2@
b2Mi2/X

S�;2 j3



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF f 6`@j, *QQHBM; #2vQM/ �iQKb A.9j3

G�b2` +QQHBM; Q7 +QKTH2t TQHv�iQKB+ KQH2+mH2b
�mi?Q`, .2#�v�M JBi`�

.2T�`iK2Mi Q7 S?vbB+b- *QHmK#B� lMBp2`bBiv- SmTBM >�HH- 8j3 q2bi Rky aiX- L2r uQ`F- Ryykd Lu la�

*QKT�`2/ iQ �iQKb �M/ /B�iQKB+ KQH2+mH2b- TQHv�iQKB+ KQH2+mH2b Ui?Qb2 i?�i +QMi�BM i?`22 Q`
KQ`2 �iQKbV Qz2` [m�HBi�iBp2Hv /BbiBM+i pB#`�iBQM�H �M/ `Qi�iBQM�H KQiBQMb i?�i �`2 T`2/B+i2/
iQ 2M�#H2 M2r QTTQ`imMBiB2b BM T?vbB+b- +?2KBbi`v- �M/ [m�MimK i2+?MQHQ;vX 6Q` BMbi�M+2-
�HH TQHv�iQKB+ KQH2+mH2b ?�p2 HQM;@HBp2/ `Qi�iBQM�H �M/ pB#`�iBQM�H bi�i2b rBi? �M;mH�` KQ@
K2MimK �`BbBM; 7`QK Mm+H2�` KQiBQM U2X;X BM � bvKK2i`B+ iQT KQH2+mH2- i?2 2tBbi2M+2 Q7
M2�`Hv /2;2M2`�i2 E bi�i2bVX h?2b2 bi�i2b Qz2` /BbiBM+i H2p2H bi`m+im`2b- BM+Hm/BM; 7mHH KQH2+@
mH�` TQH�`Bx�iBQM �i HQr �TTHB2/ 2H2+i`B+ }2H/b- �HQM; rBi? }2H/ BMb2MbBiBp2 bi�i2b- i?�i 7Q`K
i?2 +Q`2 Q7 T`QTQb�Hb 7Q` BKT`Qp2/ [m�MimK +QKTmi�iBQM �M/ T`2+BbBQM K2�bm`2K2Mi 2tT2`@
BK2MibX hQ 7mHHv H2p2`�;2 i?2b2 72�im`2b Q7i2M `2[mB`2b mHi`�+QH/ i2KT2`�im`2bX >Qr2p2`- i?2
bi`m+im`�H �bvKK2i`B2b T`2b2Mi MQMi`BpB�H +QKTHB+�iBQMb iQ H�b2` +QQHBM;X Ai r�b T`2pBQmbHv
mM+H2�` r?2i?2` Q` MQi H�b2` +QQHBM; rQmH/ #2 HBKBi2/ iQ � b2H2+i ;`QmT Q7 bK�HH U/B�iQKB+V
bT2+B2bX
_2+2Mi i?2Q`2iB+�H �M/ 2tT2`BK2Mi�H rQ`F ?�b b?QrM i?�i- BM 7�+i- K�Mv +H�bb2b Q7 +QKTH2t
KQH2+mH2b +�M TQi2MiB�HHv #2 i�K2/ mbBM; `�TB/ T?QiQM +v+HBM; �M/ H�b2` +QQHBM;X AM i?Bb i�HF-
r2 rBHH `2pB2r rQ`F �BKBM; iQ 2ti2M/ /B`2+i H�b2` +QQHBM; iQ +QKTH2t TQHv�iQKB+ KQH2+mH2b-
BM+Hm/BM; #Qi? bvKK2i`B+ �M/ �bvKK2i`B+ iQT bT2+B2bX q2 rBHH /2b+`B#2 i?2 /B`2+i H�b2`
+QQHBM; Q7 i?2 bvKK2i`B+ iQT KQH2+mH2 *�P*>j mbBM; R. .QTTH2` �M/ aBbvT?mb K2i?Q/bX
q2 rBHH M2ti /Bb+mbb i?2Q`2iB+�H T`QTQb�Hb iQ 2ti2M/ H�b2` +QQHBM; iQ �bvKK2i`B+ iQT KQH2+mH2bX
�b � bT2+B}+ 2t�KTH2 Q7 BMi2`2biBM; �bvKK2i`B+ iQT KQH2+mH2b- r2 rBHH 7Q+mb QM �`QK�iB+ `BM;b
UT?2MQH �M/ M�T?i?QHV �/Q`M2/ rBi? QTiB+�H +v+HBM; +2Mi2`bX q2 rBHH /2b+`B#2 i?2 T`QKBb2
Q7 i?2b2 bT2+B2b 7Q` M2ti@;2M2`�iBQM 2tT2`BK2Mib �M/ i?2 TQbbB#H2 +?�HH2M;2b i?�i Kmbi #2
Qp2`+QK2 iQ #`BM; i?Bb +H�bb Q7 KQH2+mH2b BMiQ i?2 mHi`�+QH/ `2;BK2X h?Qm;? 2�`Hv BM i?2
2pQHmiBQM Q7 i?Bb }2H/- r2 �`2 rBiM2bbBM; i?2 `�TB/ /2p2HQTK2Mi Q7 #Qi? iQQHb �M/ B/2�b iQ
+QMi`QH +QKTH2t KQH2+mH2b i?�i �`2 mMB[m2Hv bmBi2/ 7Q` M2ti@;2M2`�iBQM 2tT2`BK2MibX

S�;2 jN



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF f 6`@9, L2r /B`2+iBQMb AA A.9jN

Zm�MimK bBKmH�iBQM Q7 62`KB@>m##�`/ /vM�KB+b �M/ #QbQMB+
G�m;?HBM bi�i2b
�mi?Q`, J�`Fmb :`2BM2`

S?vbB+b .2T�`iK2Mi- >�`p�`/ lMBp2`bBiv- Rd Pt7Q`/ ai`22i- *�K#`B/;2- J� ykRj3- la�

Zm�MimK bBKmH�iBQMb rBi? mHi`�+QH/ �iQKb BM QTiB+�H H�iiB+2b 2tT�M/ BMiQ M2r `2;BK2b rBi?
�KTH2 `QQK 7Q` /Bb+Qp2`vX A rBHH T`2b2Mi rQ`F i?�i BMp2biB;�i2b i?2 BMi`B+�i2 BMi2`TH�v #2@
ir22M bTBM �M/ +?�`;2 BM i?2 62`KB@>m##�`/ KQ/2H- �M/ i?�i ;Bp2b 2pB/2M+2 7Q` K�;M2iB+
TQH�`QMb- r?Qb2 /vM�KB+b K�v 2tTH�BM 2K2`;2Mi T`QT2`iB2b Q7 [m�MimK K�i2`B�Hb bm+? �b
?B;?@i2KT2`�im`2 bmT2`+QM/m+iBpBivX q2 /B`2+iHv Q#b2`p2 i?2 7Q`K�iBQM /vM�KB+b �M/ bm#@
b2[m2Mi bT`2�/BM; Q7 BM/BpB/m�H K�;M2iB+ TQH�`QMb- 2M�#HBM; i?2 bim/v Q7 Qmi@Q7@2[mBHB#`BmK
2K2`;2Mi T?2MQK2M� BM i?2 62`KB@>m##�`/ KQ/2H- QM2 /QT�Mi �i � iBK2X AM Qm` #QbQMB+ rQ`F
r2 `2�HBx2 bi`QM;Hv +Q``2H�i2/ iQTQHQ;B+�H bi�i2b Q7 K�ii2` �M/ }M/ 2pB/2M+2 7Q` � irQ@T�`iB+H2
7`�+iBQM�H [m�MimK >�HH bi�i2 7QHHQrBM; � #QiiQK@mT �TT`Q�+?X

S�;2 9y



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

AMpBi2/ i�HF f 6`@8, L2r /B`2+iBQMb AA A.99y

*�pBiv Z1., 7`QK J�Mv@#Q/v S?vbB+b iQ h`�Mb/m+iBQM
�mi?Q`, CQM�i?�M aBKQM

h?2 lMBp2`bBiv Q7 *?B+�;Q :Q`/QM *2Mi2` 7Q` AMi2;`�iBp2 a+B2M+2 NkN 1�bi 8di? ai`22i *?B+�;Q- AG
eyejd la�

AM i?Bb i�HF- A rBHH /2b+`B#2 `2+2Mi /2p2HQTK2Mib BM i?2 aBKQMfa+?mbi2` +QHH�#Q`�iBQM- r?2`2
r2 �`2 ?�`M2bbBM; +�pBiv [m�MimK 2H2+i`Q/vM�KB+b 7Q` #Qi? K�Mv#Q/v T?vbB+b �M/ [m�M@
imK BM7Q`K�iBQMX A rBHH #2;BM rBi? �M Qp2`pB2r Q7 Qm` T?QiQMB+ [m�MimK K�i2`B�Hb 2zQ`ib-
?B;?HB;?iBM; i?2 �M�HQ;v #2ir22M T?QiQMb BM � H�iiB+2 Q7 +�pBiB2b UQ` 7�KBHv Q7 +�pBiv KQ/2bV
�M/ 2H2+i`QMb BM � bQHB/bX �7i2` � #`B27 bmKK�`v Q7 i?2 #`Q�/ `�M;2 �TT`Q�+?2b r2 ?�p2
2tTHQ`2/ 7Q` ?�`M2bbBM; i?Bb �M�HQ;v- A rBHH bT2+B�HBx2 iQ Qm` 2tTHQ`�iBQMb Q7 >m##�`/ T?vbB+b
BM � [m�MimK +B`+mBi- r?2`2 r2 ?�p2 /2KQMbi`�i2/ `2b2`pQB` 2M;BM22`BM; �TT`Q�+?2b iQ bi�@
#BHBxBM; BM+QKT`2bbB#H2 bQHB/b- �M/- KQ`2 `2+2MiHv- /BbQ`/2`@�bbBbi2/ �/B�#�iB+ �TT`Q�+?2b iQ
T`2T�`�iBQM Q7 +QKT`2bbB#H2 ~mB/bX 6`QK ?2`2- A rBHH +?�M;2 ;2�`b- BMi`Q/m+BM; Qm` [m�M@
imK HBKBi2/ KKr�p2@iQ@QTiB+�H i`�Mb/m+2`- #�b2/ mTQM +`Qbb2/ QTiB+�H �M/ bmT2`+QM/m+iBM;
KKr�p2 `2bQM�iQ`bX AM i?Bb TH�i7Q`K r2 ?�p2 �+?B2p2/ =8yW i`�Mb/m+iBQM 2{+B2M+v rBi?
RyyǶb Q7 F>x Q7 #�M/rB/i?- �M/ H2bb i?�M QM2 MQBb2 T?QiQMX 6BM�HHv- A rBHH +QM+Hm/2 rBi?
Kv QmiHQQF QM TH�+2b r?2`2 `2bQM�iQ` i2+?MQHQ;v ?�b i?2 TQi2MiB�H iQ `2pQHmiBQMBx2 KQ/2`M
[m�MimK b+B2M+2X
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h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@R, �iX KQHX � +?�`;2/@T�`iX +QHHBbBQMb A.jj

+QH/ BQM@KQH2+mH2 `2�+iBQMb `2H2p�Mi iQ �bi`Q+?2KBbi`v
�mi?Q`b, PHBpB� E`Q?MRc E�i?2`BM2 *�i�MBkc a`Bp�i?b�M amM/�`jc C�K2b :`22M#2`;9c :�#`B2H /� aBHp�jc
>2�i?2` G2r�M/QrbFB9

R CAG�f*l "QmH/2`
k CAG�fG�#Q`�iQ`v 7Q` �iKQbT?2`B+ �M/ aT�+2 S?vbB+b
j .2T�`iK2Mi Q7 *?2KB+�H 1M;BM22`BM;- lMBp2`bBiv Q7 J2H#Qm`M2
9 CAG�f.2T�`iK2Mi Q7 S?vbB+b �i *l "QmH/2`

G�#Q`�iQ`v K2�bm`2K2Mib Q7 +QH/ BQM@KQH2+mH2 +QHHBbBQMb ?2HT iQ /2p2HQT mM/2`bi�M/BM; Q7 i?2
/vM�KB+b �M/ FBM2iB+b Q7 BMi2`bi2HH�` +?2KBbi`vX AM Qm` HBM2�` S�mH BQM i`�T- r2 i`�T BQMb �i
+QH/ i2KT2`�im`2b �M/ `2�+i i?2K rBi? M2mi`�H KQH2+mH2b BM �M BbQH�i2/ 2MpB`QMK2MiX h?2
T`Q/m+ib �M/ #`�M+?BM; `�iBQb Q7 i?2b2 `2�+iBQMb �`2 K2�bm`2/ rBi? ?B;? `2bQHmiBQM rBi? �
iBK2@Q7@~B;?i K�bb bT2+i`QK2i2`X _2+2MiHv- r2 bim/B2/ irQ `2�+iBQMb Q7 BMi2`bi2HH�` BKTQ`i�M+2
U*2>+

2
Y *>3*L- �+2iQMBi`BH2 �M/ **H+ Y *6>6- #2Mx2M2V BM i?Bb �TT�`�imbX AbQiQTQHQ;m2

bm#biBimiBQM �M/ [m�MimK +?2KB+�H +�H+mH�iBQMb �B/ BM B/2MiB7vBM; �M/ �M�HvxBM; i?2 `2bmHiBM;
T`Q/m+ib �M/ #`�M+?BM; `�iBQb Q7 i?2b2 `2�+iBQMbX "Qi? bvbi2Kb �`2 TQi2MiB�H T�i?r�vb 7Q`
i?2 #mBH/mT Q7 +v+HB+ +�`#Q+�iBQMb BM i?2 BMi2`bi2HH�` K2/BmKX h?2 **H+ Y #2Mx2M2 `2�+iBQM-
BM T�`iB+mH�`- /2KQMbi`�i2b TQi2MiB�H �b � T�`iB+BT�Mi BM i?2 ;`Qri? Q7 H�`;2` �`QK�iB+b i?�i
Q++m`b BM i?2 BMi2`bi2HH�` K2/BmKX

S`2b2Mi2` M�K2, PHBpB� E`Q?M
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h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@k, �iX KQHX � +?�`;2/@T�`iX +QHHBbBQMb A.kjk

1tTHQ`BM; i?2 HBi?BmK 72r@#Q/v TmxxH2 rBi? i?2 .Ah_Aa
BMi2`72`QK2i2` �M/ rBi? KBMBK�H KmHiB+?�MM2H KQ/2Hb
�mi?Q`b, u��FQp um/FBMRc _Qv 1H#�xRc CQb2 SX .ǶAM+�Qkc S�mH aX CmHB2MM2jc G2p E?�vFQpB+?R

R "�`@AH�M lMBp2`bBiv
k CAG�- lMBp2`bBiv Q7 *QHQ`�/Q- "QmH/2`
j CZA- lMBp2`bBiv Q7 J�`vH�M/

AM i?2 pB+BMBiv Q7 � 62b?#�+? `2bQM�M+2 QMHv � ?�M/7mH Q7 H2M;i? b+�H2b- bm+? �b i?2 b+�ii2`BM;
H2M;i? �M/ i?2 2z2+iBp2 `�M;2- /2i2`KBM2 i?2 Q#b2`p2/ T?vbB+bX 62r@#Q/v Q#b2`p�#H2b- bm+?
�b `2+QK#BM�iBQM HQbb K�tBK� �M/ KBMBK�- �`2 `2H�i2/ iQ i?2 mM/2`HvBM; H2M;i? b+�H2b pB�
mMBp2`b�H i?2Q`B2bX AM T�`iB+mH�`- i?2 1}KQp@p�M@/2`@q��Hb mMBp2`b�HBiv `2H�i2b i?2 TQbBiBQM
Q7 i?2 }`bi i?`22@#Q/v `2+QK#BM�iBQM `2bQM�M+2 QM i?2 M2;�iBp2 b+�ii2`BM; H2M;i? bB/2 iQ
i?2 p�M@/2`@q��Hb H2M;i? �++Q`/BM; iQ i?2 62b?#�+? `2bQM�M+2 bi`2M;i?X q?BH2 MmK2`Qmb
2tT2`BK2Mib BM b2p2`�H bT2+B2b b22K iQ p2`B7v i?Bb mMBp2`b�HBiv- GBi?BmK r�b 7QmM/ iQ /27v
BiX

>2`2 r2 mb2 +Q?2`2Mi 72r@#Q/v bT2+i`Qb+QTv Ui?2 .Ah_Aa BMi2`72`QK2i2`V iQ 2tTHQ`2 i?2 TQb@
BiBp2 b+�ii2`BM; H2M;i? bB/2 BM GBi?BmKX "v +`2�iBM; � bmT2`TQbBiBQM Q7 irQ /Bz2`2Mi HQQb2Hv
#QmM/ bi�i2b- 62b?#�+? /BK2`b �M/ 1}KQp i`BK2`b- r2 K2�bm`2 i?2 1}KQp #BM/BM; 2M2`;v
`2H�iBp2 iQ i?�i Q7 i?2 /BK2`X Ai Bb �TTHB2/ iQ i?2 i?2Q`2iB+�HHv +QMi`Qp2`bB�H �M/ 2tT2`BK2Mi�HHv
/2K�M/BM; `2;BK2- r?2`2 i?2 }`bi 2t+Bi2/ i`BK2` bmTTQb2/Hv K2`;2b rBi? i?2 /BK2`@�iQK +QM@
iBMmmKX *QMi`�`v iQ i?2 mMBp2`b�H 2tT2+i�iBQM r2 /Bb+Qp2` i?�i Bi +`Qbb2b BMiQ i?2 +QMiBMmmK
�M/ `2K�BMb � HQM;@HBp2/ #QmM/ bi�i2X
AM �M �ii2KTi iQ 2tTH�BM i?Bb Q#b2`p�iBQM- r2 #mBH/ KBMBK�H KQ/2Hb BM+Hm/BM; i?2 /QKBM�Mi
KmHiB+?�MM2H +QMi`B#miBQMb iQ i?2 HQM;@`�M;2 T?vbB+bX AM irQ b2T�`�i2 KQ/2Hb r2 �// 2Bi?2`
�M �//BiBQM�H +HQb2/ Q` QT2M +?�MM2H Ĝ #Qi? Q7 r?B+? �`2 T`2b2Mi BM GBi?BmKX h?2 7�BHm`2
Q7 i?2b2 KQ/2Hb iQ `2THB+�i2 i?2 2tT2`BK2Mi BM/B+�i2b i?�i- BM �//BiBQM iQ i?2 KmHiB+?�MM2H
+?�`�+i2` Q7 i?2 BMi2`�+iBQMb- i?2 b?Q`i@`�M;2 /2i�BHb Q7 i?2 BMi2`�+iBQM TQi2MiB�H �`2 M2+2bb�`vX
h?Bb Bb BM bi�`F +QMi`�bi iQ i?2 �bbmKTiBQM Q7 mMBp2`b�HBivX

S`2b2Mi2` M�K2, u��FQp um/FBM
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h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@R, �iX KQHX � +?�`;2/@T�`iX +QHHBbBQMb A.ey

hQKQ;`�T?v Q7 62b?#�+? `2bQM�M+2 bi�i2b
�mi?Q`b, "�`m+? J�`;mHBbRc E�`H >Q`Mkc .�MB2H _2B+?kc J�`Bmbx S�rH�Fjc SBQi` a wm+?QrbFBjc *?`Bb@
iB�M2 EQ+?kc 1/ L�`2pB+BmbR

R q2BxK�MM AMbiBimi2 Q7 a+B2M+2
k 6`2B2 lMBp2`bBi i "2`HBM
j LB+QH�mb *QT2`MB+mb lMBp2`bBiv

Zm�MimK T?2MQK2M� i?�i H2�/ iQ i?2 7Q`K�iBQM Q7 HQM;@HBp2/ +QHHBbBQM +QKTH2t2b- bm+? �b
b+�ii2`BM; `2bQM�M+2b TH�v � +2Mi`�H `QH2 BM +QH/ KQH2+mH�` +QHHBbBQMbX h?2b2 `2bQM�M+2b �`2
7mM/�K2Mi�H T`Q#2b Q7 i?2 }M2 /2i�BHb Q7 BMi2`Mm+H2�` BMi2`�+iBQMb �M/ b2`p2 �b � #2M+?K�`F
7Q` +m``2Mi +QKTmi�iBQM�H K2i?Q/bX

>2`2 r2 T`2b2Mi � DQBMi 2tT2`BK2Mi�H �M/ i?2Q`2iB+�H bim/v r?2`2 r2 �`2 �#H2 iQ ;2M2`�i2 �M/
BMp2biB;�i2 i?2 KmHiB@+?�MM2H /2+�v Q7 � 62b?#�+? `2bQM�M+2 bi�i2 rBi? [m�MimK bi�i2@iQ@
bi�i2 `2bQHmiBQMX Pm` K2i?Q/ Bb #�b2/ QM i?2 +QBM+B/2M+2 /2i2+iBQM Q7 2H2+i`QMfBQM KQK2Mi�
BM S2MMBM; BQMBx�iBQM +QHHBbBQMb #2ir22M K2i�bi�#H2 MQ#H2 ;�b �iQKb �M/ M2mi`�H KQH2+mH2bX
>2`2- BM � bBM;H2 K2�bm`2K2Mi- r2 Q#i�BM #Qi? i?2 2M2`;v �M/ i?2 +QKTQbBiBQM �i i?2 +QMiBM@
mmK Q7 2�+? `2bQM�M+2 bi�i2X am+? � iQKQ;`�T?v Q7 i?2 62b?#�+? `2bQM�M+2 bi�i2b T`QpB/2b
b2p2`�H i2Mb Q7 [m�MimK MmK#2`b T2` K2�bm`2K2MiX q2 b?Qr i?�i Qm` `2bmHib /2pB�i2 7`QK
� Tm`2Hv bi�iBbiB+�H �TT`Q�+? r?2`2 i?2 T`Q#�#BHBiv iQ /2+�v BMiQ 2�+? QT2M +?�MM2H b+�H2b �b
Bib /2;2M2`�+v H2p2HX
q2 �HbQ T`2b2Mi �M 2tT2`BK2Mi�H b+?2K2 7Q` +QMi`QH Q7 iQKQ;`�T?v Q7 i?2 62b?#�+? bi�i2b
r?B+? Bb #�b2/ QM i?2 BMBiB�H +QMbi`�BMi Q7 iQi�H �M;mH�` KQK2MimK �i i?2 BQMBx�iBQM bi2T Q7
i?2 /vM�KB+bX h?2 H�ii2` Bb KQiBp�i2/ #v Qm` `2+2Mi Q#b2`p�iBQM Q7 � T�`iB�H r�p2 `2bQM�M+2
�i i?2 HQr2bi bi�i2 Q7 `2H�iBp2 �M;mH�` KQK2MimKX

S`2b2Mi2` M�K2, "�`m+? J�`;mHBb
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h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@k, �iX KQHX � +?�`;2/@T�`iX +QHHBbBQMb A.kj8

AMp2biB;�iBM; mHi`�+QH/ +QHHBbBQMb rBi? 23L�39E ;`QmM/@bi�i2
KQH2+mH2b
�mi?Q`b, E�B oQ;2bRc C�FQ# ai�HK�MMRc S?BHBTT :2`b2K�Rc J�`� J2v2` xmK �Hi2M "Q`;HQ?Rc G2QM
E�`T�Rc aBHF2 PbT2HF�mbR

R G2B#MBx lMBp2`bBiv >�MMQp2`- AMbiBimi2 Q7 Zm�MimK PTiB+b- :2`K�Mv

lHi`�+QH/ ;`QmM/@bi�i2 KQH2+mH�` [m�MimK ;�b2b �M/ KBtim`2b vB2H/ ?B;?Hv +QKTH2t �M/
KQbiHv mMFMQrM b+�ii2`BM; #2?�pBQ`X AM KQH2+mH2@KQH2+mH2 +QHHBbBQMb Bi `�M;2b 7`QK i?2 7Q`K�@
iBQM Q7 HQM;@HBp2/ 7Qm`@#Q/v +QKTH2t2b iQ bm#b2[m2Mi +?2KB+�H `2�+iBQMb (R)- T?QiQ@2t+Bi�iBQM
(k) Q` bTQMi�M2Qmb bTBM `2H�t�iBQM (j)X �iQK@KQH2+mH2 +QHHBbBQMb +�M ;Bp2 `Bb2 iQ imM�#H2 BMi2`@
�+iBQMb bm+? �b 62b?#�+? `2bQM�M+2b (9) �M/ KB;?i #2 mb2/ 7Q` 2p�TQ`�iBp2 +QQHBM; Q7 KQH2+mH2b
Q` i`BK2` 7Q`K�iBQMX

>2`2- r2 T`2b2Mi Qm` BMp2biB;�iBQMb Q7 +QHHBbBQMb rBi? mHi`�+QH/ #QbQMB+ �M/ +?2KB+�H bi�#H2
23L�39E ;`QmM/@bi�i2 KQH2+mH2bX AM i?2 Tm`2 KQH2+mH�` ;�b r2 T`Q#2 T?QiQ@BM/m+2/ HQbb Q7
7Qm`@#Q/v +QKTH2t2b BM +?QTT2/ QTiB+�H /BTQH2 i`�TbX q2 }M/ i?2 HQr2` HBKBi Q7 i?2 +QKTH2t
HB72iBK2 iQ #2 Km+? H�`;2` i?�M i?2 HB72iBK2 /2`Bp2/ 7`QK __EJ i?2Q`vX AM KBtim`2b Q7
23L�39E ;`QmM/@bi�i2 KQH2+mH2b rBi? /2Mb2 39E �iQKb BM /Bz2`2Mi bTBM bi�i2b- r2 }M/ bTBM
/2T2M/2Mi HQbb `�i2bX 6Q` QM2 T�`iB+mH�` bi�i2 Q7 i?2 39E �iQKb- r2 Q#b2`p2 mM2tT2+i2/
bmTT`2bbBQM Q7 i?2 HQbb `�i2 Q7 b2p2`�H Q`/2`b Q7 K�;MBim/2 #2HQr i?2 mMBp2`b�H b+�ii2`BM;
HBKBiX
q2 �HbQ T`2b2Mi Qm` �TT`Q�+? 7Q` i?2 /2i2+iBQM Q7 bm+? +QHHBbBQM�H 2p2Mib �M/ T`Q/m+i T�`iB+H2b
#v bi�i2@b2H2+iBp2 BQMBx�iBQM �M/ oJA K�bb bT2+i`QK2i`v (8) 7Q` Qm` mHi`�+QH/ 23L�39E ;`QmM/@
bi�i2 KQH2+mH2bX
(R) a+B2M+2- kyRN- jee- e9eN- RRRR@RRR8
(k) S?vbX _2pX G2iiX- kyky- Rk9- Rej9yk
(j) �`sBp- kykR- kRRyXyd8yR
(9) a+B2M+2- kyRN- jej- e9k9- keR@ke9
(8) S?vbX *?2KX *?2KX S?vbX- kyky- kk- 93eR@93d9

S`2b2Mi2` M�K2, E�B oQ;2b

S�;2 98



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@R, �iX KQHX � +?�`;2/@T�`iX +QHHBbBQMb A.NN

*QMi`QHHBM; `2�+iBp2 BMi2`�+iBQMb rBi? mHi`�+QH/ K�;M2iB+
KQH2+mH2b
�mi?Q`b, :B�+QKQ o�HiQHBM�Rc CQ?�MM2b a2B72`iRc a�b+?� a+?�HH2`Rc LB+QH2 q�Hi2`Rc :2`�`/ J2BD2`R

R 6`Bix >�#2` AMbiBimi2

q2 �`2 `2�HBxBM; � M2r 2tT2`BK2Mi 7Q` BMp2biB;�iBM; �M/ +QMi`QHHBM; mHi`�+QH/ +?2KB+�H `2@
�+iBQMbX q2 TH�M iQ mb2 KBtim`2b Q7 K�;M2iB+ �iQKb �M/ +`2�i2 KQH2+mH�` ;�b2b �M/ �iQK@
KQH2+mH2 KBtim`2b rBi? rB/2Hv imM�#H2 BMi2`�+iBQMbX *QK#BMBM; i2+?MB[m2b 7`QK [m�MimK
QTiB+b �M/ T?vbB+�H +?2KBbi`v- r2 rBHH /2p2HQT M2r K2i?Q/b 7Q` b?B2H/BM; +?2KB+�H `2�+iBQMb
�M/ bi�#BHBxBM; #QbQMB+ KQH2+mH�` ;�b2bX

S`2b2Mi2` M�K2, :B�+QKQ o�HiQHBM�

S�;2 9e



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@k, �iX KQHX � +?�`;2/@T�`iX +QHHBbBQMb A.j8N

hQr�`/b K�;M2iQ�bbQ+B�iBQM Q7 i?2 mHi`�+QH/ QT2M@b?2HH _#a`
KQH2+mH2
�mi?Q`b, J�i2mbx "Q`FQrbFBRc S`2KDBi? h?2FF2TT�iikc GmF�b _2B+?bƺHHM2`jc "2MD�KBM S�b[mBQm9c
EH��bD�M o�M .`mi2Mkc 6HQ`B�M a+?`2+Fk

R *QHmK#B� lMBp2`bBiv-
k lMBp2`bBiv Q7 �Kbi2`/�K
j J�t SH�M+F AMbiBimi2 Q7 Zm�MimK PTiB+b
9 G�#Q`�iQB`2 /2 S?vbB[m2 /2b G�b2`b- *L_a

lHi`�+QH/ /BTQH�` KQH2+mH2b Qz2` �M B/2�H TH�i7Q`K 7Q` BMp2biB;�iBQMb BM i?2 }2H/b Q7 [m�M@
imK bBKmH�iBQM- T`2+BbBQM K2�bm`2K2Mi �M/ [m�MimK +?2KBbi`vX h?2 `�M;2 Q7 TQbbB#BHBiB2b
Qz2`2/ #v mHi`�+QH/ KQH2+mH2b +QmH/ #2 bm#bi�MiB�HHv 2ti2M/2/ #v 2KTHQvBM; i?2 T`2pBQmbHv
mM2tTHQ`2/ +H�bb Q7 QT2M@b?2HH KQH2+mH2b HBF2 _#a`X h?�MFb iQ Bib mMT�B`2/ p�H2M+2 2H2+i`QM
_#a` TQbb2bb2b #Qi? � K�;M2iB+ �M/ �M 2H2+i`B+ /BTQH2 KQK2Mi Qz2`BM; �M �//BiBQM�H H2p2H Q7
+QMi`QH rBi? M2r 2t+BiBM; TQbbB#BHBiB2b 7Q` [m�MimK bBKmH�iBQMbX

>2`2 r2 T`2b2Mi Qm` MQp2H [m�MimK@2M;BM22`BM; �TT`Q�+? iQr�`/b i?2 T`Q/m+iBQM Q7 mHi`�+QH/
QT2M@b?2HH _#a` KQH2+mH2b i?�i miBHBx2b �M mHi`�@M�``Qr K�;M2iB+ 62b?#�+? `2bQM�M+2 �i RjRR
:X .m2 iQ Bib 2ti`2K2Hv HQr `2H�iBp2 rB/i? QM i?2 Q`/2` Q7 10�6- i?Bb Bb � b2`BQmb 2tT2`BK2Mi�H
+?�HH2M;2X Pm` bi�i2@Q7@i?2@�`i /m�H bi�#BHBx�iBQM �TT`Q�+? iQ i?2 +QMi`QH Q7 K�;M2iB+ }2H/b
MQr 2M�#H2b mb iQ �+?B2p2 � `2H�iBp2 K�;M2iB+ }2H/ bi�#BHBiv �i i?2 TTK H2p2H �i }2H/b #2vQM/
Ryyy :X
�b � `2�H@HB72 #2M+?K�`F Q7 i?2 +�T�#BHBiB2b Q7 Qm` bvbi2K- r2 2{+B2MiHv T`Q/m+2 _# 62b?#�+?
KQH2+mH2b QM �M mHi`�M�``Qr RXj@K:@rB/2 `2bQM�M+2 �i NRRXd :X h?Bb Bb i?2 }`bi iBK2 i?�i
62b?#�+? KQH2+mH2 �bbQ+B�iBQM Bb bm++2bb7mH 7Q` bm+? � M�``Qr `2H�iBp2 rB/i? �M/ Bi Bb � +`m+B�H
bi2T iQr�`/b i?2 mHiBK�i2 ;Q�H Q7 K�;M2iQ�bbQ+B�iBM; _#a` KQH2+mH2bX

S`2b2Mi2` M�K2, J�i2mbx "Q`FQrbFB

S�;2 9d



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@R, �iX KQHX � +?�`;2/@T�`iX +QHHBbBQMb A.R8j

1H2+i`B+@}2H/@+QMi`QHH2/ /BTQH�` +QHHBbBQMb #2ir22M i`�TT2/
TQHv�iQKB+ KQH2+mH2b
�mi?Q`b, 6HQ`B�M CmM;Rc J�Mm2H EQHH2`Rc CBM/�`�ib�K22 S?`QKT�QRc J�`iBM w2TT2M72H/Rc Ab�#2H JX
_�#2vRc :2`?�`/ _2KT2R

R J�t@SH�M+F@AMbiBimi 7Ƀ` Zm�Mi2MQTiBF- >�Mb@EQT72`K�MM@ai`�bb2 R- 38d93 :�`+?BM;- :2`K�Mv

SQH�` bvKK2i`B+ iQT KQH2+mH2b Qz2` � KmHiBim/2 Q7 BMi2`2biBM; `2b2�`+? QTTQ`imMBiB2b �b i?2B`
T2`K�M2Mi 2H2+i`B+ /BTQH2 KQK2Mi K�F2b i?2K BMi2`�+i bi`QM;Hv �M/ �MBbQi`QTB+�HHv �M/ �H@
HQrb K�MBTmH�iBM; i?2K �H`2�/v rBi? KQ/2`�i2 bi�iB+ 2H2+i`B+ }2H/bX h?Bb- iQ;2i?2` rBi?
i?2B` r2�Hi? Q7 BMi2`M�H bi�i2b- T2`KBib bim/B2b �M/ �TTHB+�iBQMb `�M;BM; 7`QK +QH/ /BTQH�` +QH@
HBbBQMb iQ [m�MimK BM7Q`K�iBQM T`Q+2bbBM; �M/ [m�MimK bBKmH�iBQMX q?BH2 i?2B` +QKTH2tBiv
Bb � #H2bbBM; 7`QK �M �TTHB+�iBQM T2`bT2+iBp2- Bi �HbQ `2M/2`b i`�TTBM; TQHv�iQKB+ KQH2+mH2b-
�+?B2pBM; ?B;? /2MbBiB2b �M/ mM/2`bi�M/BM; �b r2HH �b +QMi`QHHBM; +QHHBbBQMb � +?�HH2M;BM;
i�bFX

"v +QK#BMBM; (R) � +`vQ;2MB+ #mz2`@;�b +2HH rBi? � +2Mi`B7m;2 /2+2H2`�iQ` �M/ �M 2H2+i`Qbi�iB+
i`�T (k)- r2 +�M MQr +QM}M2 mT iQ 2 ⇥ 10

7 *>36 KQH2+mH2b �i � i2KT2`�im`2 Q7 ⇠ 350

KE 7Q` b2p2`�H b2+QM/b- �+?B2pBM; /2MbBiB2b Q7 mT iQ 10
7/+K3X am+? ?B;? /2MbBiB2b �HHQr 7Q`

i?2 Q#b2`p�iBQM Q7 +QHHBbBQMb #2ir22M i?2 i`�TT2/ KQH2+mH2b (j)X �M �#@BMBiBQ i?2Q`v- i�FBM;
BMiQ �++QmMi #Qi? 2H�biB+ �M/ BM2H�biB+ +QHHBbBQM�H HQbb +?�MM2Hb- b?Qrb 2t+2HH2Mi �;`22K2Mi
rBi? Qm` 2tT2`BK2Mi �M/ �HHQrb 7Q` i?2 B/2MiB}+�iBQM Q7 /BTQH�` `2H�t�iBQM �b i?2 K�DQ` HQbb
K2+?�MBbK- �++QmMiBM; 7Q` ⇠ 95% Q7 i?2 Q#b2`p2/ HQbb2bX q2 Q#i�BM BM2H�biB+ `�i2 +QMbi�Mib
#2HQr 4 ⇥ 10

�8+K3fb �M/ +QMi`QH �M/ bmTT`2bb i?2 HQbb2b #v imMBM; � ?QKQ;2M2Qmb +QMi`QH
}2H/ +Qp2`BM; � H�`;2 7`�+iBQM Q7 i?2 pQHmK2 Q7 i?2 i`�TX �b mM/2`bi�M/BM; �M/ bmTT`2bbBQM
Q7 i?2b2 BM2H�biB+ HQbb2b Bb BKT2`�iBp2 iQ T`Q+22/ iQr�`/b ?B;?2` T?�b2@bT�+2 /2MbBiB2b- Qm`
}M/BM;b �`2 BKK2/B�i2Hv `2H2p�Mi 7Q` +QH/ KQH2+mH�` +QHHBbBQM bim/B2b �M/ �`2 �M BKTQ`i�Mi
bi2T iQr�`/b i?2 Q#b2`p�iBQM Q7 `2@i?2`K�HBb�iBQM #2ir22M TQHv�iQKB+ KQH2+mH2bX
(R) sX qm 2i �HX- a+B2M+2 j83- e98@e93 UkyRdVX
(k) "X :X lX 1M;H2`i 2i �HX- S?vbX _2pX G2iiX Ryd- kejyyj UkyRRVX
(j) JX EQHH2` 2i �HX- S?vbX _2pX G2iiX Rk3- kyj9yR UkykkVX

S`2b2Mi2` M�K2, 6HQ`B�M CmM;

S�;2 93



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@k, �iX KQHX � +?�`;2/@T�`iX +QHHBbBQMb A.j3j

AMi2`�+iBQMb �M/ mHi`�+QH/ b+�ii2`BM; Q7 *` rBi? u#
�mi?Q`b, J�ii?2r 6`v2Rc SBQi` ʉm+?QrbFBkc JB+?�ƈ hQKx�R

R lMBp2`bBiv Q7 q�`b�r- SQH�M/
k LB+QH�mb *QT2`MB+mb lMBp2`bBiv BM hQ`mƖ- SQH�M/

q2 BMp2biB;�i2 i?2 b+�ii2`BM; Q7 � ?B;?@bTBM bT?2`B+�H �iQK *` U7aV rBi? � +HQb2/ b?2HH �iQK
u# U1aVX q2 2p�Hm�i2 i?2 bTBM@bTBM BMi2`�+iBQM �`BbBM; 7`QK i?2 KmHiBTH2 mMT�B`2/ 2H2+i`QMb
7`QK i?2 *` �iQK T2`im`#2/ #v i?2 u# �iQK- �M/ b?Qr i?Bb T`QpB/2b � bm#bi�MiB�H +QmTHBM;X
q2 T2`7Q`K +�H+mH�iBQMb Q7 i?2 K�;M2iB+ 62b?#�+? `2bQM�M+2b i?Bb +�mb2b- �M/ b?Qr �`2
;m�`�Mi22/ iQ 2tBbi �i HQr K�;M2iB+ }2H/b U#2HQr ⇠ 250 :V rBi? 2tT2`BK2Mi�HHv mb27mH rB/i?b-
`2;�`/H2bb Q7 i?2 b+�ii2`BM; H2M;i?X h?Bb bvbi2K ?�b �/p�Mi�;2b Qp2` Qi?2` bBKBH�` bvbi2Kb
bm+? �b �HF�HB@K2i�HY�HF�HBM2@2�`i? bvbi2Kb Ĝ r?2`2 i?2 `2bQM�M+2b �`2 2ti`2K2Hv M�``Qr Ĝ
�M/ bvbi2Kb BMpQHpBM; MQMb@bi�i2 �iQKb bm+? �b 1` Q` .v Ĝ r?B+? �`2 2ti`2K2Hv ?�`/ iQ K�F2
�++m`�i2 KB+`Qb+QTB+ KQ/2Hb Q7X �TTHB+�iBQMb Q7 i?Bb bvbi2K +QmH/ BM+Hm/2 � bi�`iBM; TQBMi
iQ 7Q`K MQp2H ?B;?@bTBM KQH2+mH2b Q` +QMi`QHHBM; BMi2`�+iBQMb BM � KBt2/ ;�b Q7 /BTQH�` �M/
MQM/BTQH�` �iQKbX

S`2b2Mi2` M�K2, J�ii?2r 6`v2

S�;2 9N



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`R, �iX KQHX � +?�`;2/@T�`iX +QHHBbBQMb A.kjy

MQM"Q`M@PTT2M?2BK2` +QM}M2/ p�`B�iBQM�H +�H+mH�iBQM Q7
HQr@2M2`;v Sb@>k b+�ii2`BM;
�mi?Q`b, q�M; .m Rc J2M;@a?�M qmkc CmM@uB w?�M;Rc uBM; ZB�Mjc E�HK�M o�`;�9c wQM;@*?�Q
u�M8

R AMMQp�iBQM �+�/2Kv 7Q` S`2+BbBQM J2�bm`2K2Mi a+B2M+2 �M/ h2+?MQHQ;v�*?BM2b2 �+�/2Kv Q7 a+B2M+2b-
qm?�M- *?BM�

k a+?QQH Q7 a+B2M+2- >�BM�M lMBp2`bBiv- >�BFQm- *?BM�
j .2T�`iK2Mi Q7 *QKTmi2` a+B2M+2 �M/ h2+?MQHQ;v- 1�bi *?BM� LQ`K�H lMBp2`bBiv- a?�M;?�B- *?BM�
9 .2T�`iK2Mi Q7 S?vbB+b �M/ �bi`QMQKv- o�M/2`#BHi lMBp2`bBiv- L�b?pBHH2- h2MM2bb22- la�
8 .2T�`iK2Mi Q7 S?vbB+b- lMBp2`bBiv Q7 L2r "`mMbrB+F- 6`2/2`B+iQM- L2r "`mMbrB+F- *�M�/�

lbBM; i?2 +QM}M2/ p�`B�iBQM�H K2i?Q/- i?2 HQr@2M2`;v S@r�p2 2H�biB+ b+�ii2`BM; Q7 TQbBi`Q@
MBmK 7`QK KQH2+mH�` ?v/`Q;2M Bb bim/B2/ MQM�/B�#�iB+�HHv �i BM+B/2Mi 2M2`;v mT iQ 0.13 2o
(R)X �++m`�i2 S@r�p2 T?�b2 b?B7ib- b+�ii2`BM; H2M;i?b- �M/ +`Qbb b2+iBQMb �`2 +�H+mH�i2/ �M/
+QKT�`2/ rBi? Qi?2` i?2Q`2iB+�H �M/ 2tT2`BK2Mi�H p�Hm2bX lbBM; i?2 KQ/B}2/ 2z2+iBp2 `�M;2
7Q`KmH�- i?2 S@r�p2 b+�ii2`BM; H2M;i? Bb /2i2`KBM2/ iQ #2 1.97 "Q?` `�/BB i?�i Bb �#Qmi 2.5%
bK�HH2` i?�M i?�i Q7 i?2 +QM}M2/ p�`B�iBQM�H +�H+mH�iBQM mM/2` i?2 }t2/ Mm+H2�` �TT`QtBK�@
iBQMX h?2 +QMbBbi2M+v Q7 i?2 T`2b2Mi +`Qbb b2+iBQMb rBi? i?Qb2 7`QK i?2 �M;mH�` +Q``2H�iBQM
Q7 �MMB?BH�iBQM `�/B�iBQM 2tT2`BK2Mi BM/B+�i2b i?�i i?2 `2bmHib Q7 .QTTH2` #`Q�/2MBM; bT2+@
i`Qb+QTv KB;?i #2 T`Q#H2K�iB+X q2 �HbQ /Bb+mbb i?2 /BbiQ`iBQM 2z2+ib Q7 TQbBi`QMBmK �M/
KQH2+mH�` ?v/`Q;2MX
(R) qX .m- JX@aX qm- CX@uX w?�M; - uX ZB�M - EX o�`;�- �M/ wX@*X u�M- S?vbX _2pX � 105-
y8k3yN UkykkVX

S`2b2Mi2` M�K2, CmM@uB w?�M;

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2

QMHBM2 TQbi2` l_G,

S�;2 8y



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`k, �iX KQHX � +?�`;2/@T�`iX +QHHBbBQMb A.k93

hQr�`/ +Q?2`2Mi 7Q`K�iBQM Q7 mHi`�+QH/ bBM;H2 KQH2+mH2 �`@
`�vb
�mi?Q`b, sB�Q@.QM; >2Rc EmM@S2M; q�M;Rc *?2M; a?2M;Rc CmM w?m�M;Rc JBM;@_mB q2BRc S2M; smRc
JBM GBmRc CBM q�M;Rc JBM;@a?2M; w?�MR

R AMMQp�iBQM �+�/2Kv 7Q` S`2+BbBQM J2�bm`2K2Mi a+B2M+2 �M/ h2+?MQHQ;v- *?BM2b2 �+�/2Kv Q7 a+B2M+2b

*QKT�`2/ rBi? mHi`�+QH/ �iQKb- mHi`�+QH/ KQH2+mH2b TQbb2bb `B+?2` BMi2`M�H bi`m+im`2 i?�i
H2M/ i?2Kb2Hp2b mb27mH 7Q` � p�`B2iv Q7 �TTHB+�iBQMb- bm+? �b mHi`�+QH/ +?2KBbi`v- T`2+BbBQM
K2�bm`2K2Mib- [m�MimK bBKmH�iBQM- �M/ [m�MimK +QKTmi�iBQM �M/ bQ QMX � F2v BM;`2/B2Mi
BM K�Mv Q7 �#Qp2 T`QTQb2/ �TTHB+�iBQMb Bb i?2 `2�HBx�iBQM Q7 bm+? � bBM;H2 KQH2+mH2 �``�v- r?2`2
MQi QMHv i?2 [m�MimK BMi2`M�H �M/ 2ti2`M�H /2;`22b Q7 7`22/QK Q7 i?2 BM/BpB/m�H KQH2+mH2b- #mi
�HbQ i?2 KQH2+mH�` BMi2`�+iBQM- �M/ i?2 MmK#2`b �M/ bT2+B2b Q7 KQH2+mH2b +�M #2 �HH +QMi`QHH2/
Qp2`X h?2 `2H�iBp2 `2b2�`+? ?�b #22M #2+QKBM; �M BKTQ`i�Mi 7`QMiB2` �M/ ?Qi iQTB+ BM i?2
rQ`H/rB/2 (R)X hQ `2�HBx2 bBM;H2 KQH2+mH2 �``�vb- QM2 +�M �bb2K#H2 KQH2+mH2b QM2 #v QM2 7`QK
i?2B` +QMbiBim2Mi �iQKb BM/BpB/m�HHv i`�TT2/ BM i?2 QTiB+�H ir22x2`b (k)X AM i?Bb T`2b2Mi�iBQM-
r2 rBHH T`2b2Mi i?2 Qm` `2+2MiHv 2tT2`BK2Mi�H �/p�M+2b (j-9-8-e) iQr�`/b �bb2K#Hv Q7 bBM;H2
3d_#38_# KQH2+mH2b �``�vbX
_272`2M+2b
(R)�XJX E�m7K�M- EX@EX LB- L�iX S?vbX Rd- Rjk9ĜRjjj UkykRVX
(k)CX hX w?�M; 2i �HX- Zm�MimK a+BX h2+?MQHX d yj8yye UkykkVX
(j)EX SX q�M;- sX .X >2- _XCX :mQ- 2i �HX- S?vbX _2pX � Ryy- yej9kN UkyRNVX
(9)EX SX q�M;- CX w?m�M;- sX .X >2- 2i �HX- *?BM2b2 S?vbX G2iiXjd-y99kyN UkykyVX
(8)sX .X >2- EX SX q�M;- CX w?m�M;- 2i �HX- a+B2M+2 jdy- jjR@jj8 UkykyVX
(e)*X a?2M; 2i �HX- S?vbX _2pX G2iiX Rk3- y3jkyk UkykkVX

S`2b2Mi2` M�K2, sB�Q@.QM; >2

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2

QMHBM2 TQbi2` l_G,

S�;2 8R



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`j, �iX KQHX � +?�`;2/@T�`iX +QHHBbBQMb A.ke3

*QM}M2/ p�`B�iBQM�H +�H+mH�iBQM Q7 HQr 2M2`;v Sb@GB+ b+�i@
i2`BM;
�mi?Q`b, .2M;@tBM w?�QRc CmM@uB w?�M;k

R ai�i2 E2v G�#Q`�iQ`v Q7 J�;M2iB+ _2bQM�M+2 �M/ �iQKB+ �M/ JQH2+mH�` S?vbB+b- AMMQp�iBQM �+�/2Kv
7Q` S`2+BbBQM J2�bm`2K2Mi a+B2M+2 �M/ h2+?MQHQ;v- *?BM2b2 �+�/2Kv Q7 a+B2M+2b- qm?�M 9jyydR-
*?BM�

k AMMQp�iBQM �+�/2Kv 7Q` S`2+BbBQM J2�bm`2K2Mi a+B2M+2 �M/ h2+?MQHQ;v�*?BM2b2 �+�/2Kv Q7 a+B2M+2b-
qm?�M- *?BM�

AMi2`�+iBQMb Q7 TQbBi`QM �M/ TQbBi`QMBmK USbV rBi? �iQKb �M/ BQMb ?�p2 #22M 2ti2MbBp2Hv
bim/B2/ BM `2+2Mi v2�`b- rBi? ;`2�i �ii2MiBQM #2BM; T�B/ iQ i?2 7Q`K�iBQM Q7 r2�FHv #QmM/
bi�i2b Q7 TQbBi`QMB+ +QKTH2t2b (R-k)- i?2 +QHHBbBQM �M/ 2H2+i`QM@TQbBi`QM �MMB?BH�iBQM T`Q+2bb2b
(j)X >Qr2p2`- �++m`�i2 �# BMBiBQ /2b+`BTiBQM Q7 i?2b2 bvbi2Kb Bb +?�HH2M;BM; /m2 iQ i?2 +QK@
THB+�i2/ b?Q`i@`�M;2 +Q``2H�iBQMb �KQM; T�`iB+H2bX liBHBxBM; i?2 ;`�/B2Mi@#�b2/ QTiBKBx�iBQM
K2i?Q/ (9-8) �M/ i?2 biQ+?�biB+ p�`B�iBQM�H K2i?Q/ UaoJV (e-d) rBi? 4200 2tTHB+Bi +Q``2H�i2/
:�mbbB�M U1*:V #�bBb 7mM+iBQMb- r2 Q#i�BM2/ i?2 MQM`2H�iBpBbiB+ 2M2`;v �7.53241063 ?�`i`22
7Q` i?2 ;`QmM/ bi�i2 Q7 Sb@GB+U1SV- r?B+? ?�b BKT`Qp2/ i?2 T`2pBQmb p�Hm2 �7.53241048
?�`i`22 Q#i�BM2/ #v "m#BM 2i �HX (R) rBi? 3000 1*:bX h?Bb BKT`Qp2K2Mi /2KQMbi`�i2/ i?�i
Qm` T`Q;`�K Q7 i?2 ;`�/B2Mi@#�b2/ QTiBKBx�iBQM Q7 1*:bǶ MQMHBM2�` T�`�K2i2`b Bb +Q``2+i �M/
2{+B2MiX h?2`27Q`2- i?2 HQr 2M2`;v Sb@GB+ 2H�biB+ b+�ii2`BM; Bb bim/B2/ rBi? i?2 +QM}M2/ p�`B@
�iBQM�H K2i?Q/ U*oJV /2p2HQT2/ #v JBi`Qv 2i �HX (3-N) �M/ i?2 ;`�/B2Mi@#�b2/ QTiBKBx�iBQM
K2i?Q/X
(R)aX "m#BM �M/ PH2; oX S`2x?/Q- S?vbX _2pX G2iiX RRR- RNj9yR UkyRjVX
(k)EX o�`;�- S?vbX _2pX G2iiX 3j- 89dR URNNNVX
(j)�X aX E�/v`Qp �M/ AX "`�v- CX S?vbX ", �iX JQHX PTiX S?vbX 9N- kkkyyk UkyReVX
(9)aX "m#BM �M/ GX �/�KQrB+x- CX *?2KX S?vbX Rk9- kk9jRd UkyyeVX
(8)aX "m#BM- �M/ GX �/�KQrB+x- CX *?2KX S?vbX Rk3- RR9Ryd Ukyy3VX
(e)CX JBi`Qv- S?vbX _2pX � dy- yk98yk Ukyy9VX
(d)EX o�`;�- uX amxmFB - S?vbX _2pX * 8k- k338 URNN8VX
(3)CX JBi`Qv- CX uX w?�M;- �M/ EX o�`;�- S?vbX _2pX G2iiX RyR- RkjkyR Ukyy3VX
(N)CX uX w?�M;- CX JBi`Qv- �M/ EX o�`;�- S?vbX _2pX � d3- y9kdy8 Ukyy3VX

S`2b2Mi2` M�K2, .2M;@tBM w?�Q

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2

QMHBM2 TQbi2` l_G,

S�;2 8k



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@j, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.8

aBKmHi�M2Qmb i`�TTBM; �M/ +QQHBM; Q7 bQ/BmK �M/ TQi�bbBmK
�iQKb iQr�`/b [m�MimK /2;2M2`�+v
�mi?Q`, a�;�` ami`�/?�`R

*Q@�mi?Q`b, am#?�DBi "?�` kc a?`2v� "�;+?B kc "B/vmi "BF�b? "Q`m�? kc �MB`#�M JBb`� kc :Qm`�#
S�Hkc a�MDmFi� _Qv kc a�Ti�`Bb?B *?�m/?m`B k

R S?X.X aim/2Mi
k _�K�M _2b2�`+? AMbiBimi2

*Q``2bTQM/BM; �mi?Q`, b�;�`!``BX`2bXBM

q2 T`2b2Mi i?2 /2bB;M- BKTH2K2Mi�iBQM �M/ +?�`�+i2`Bx�iBQM Q7 � M2r /m�H@bT2+B2b +QH/ �iQKB+
KBtim`2 Q7 39E �M/ 23L� rBi? � H�`;2 MmK#2` Q7 �iQKbX h?2 /m�H bT2+B2b K�;M2iQ@QTiB+�H
i`�T UJPhV ?�b KQ`2 i?�M Ry10 39E �iQKb �M/ 8⇥Ry9 23L� �iQKb- r?B+? �`2 bBKmHi�M2QmbHv
HQ�/2/ mbBM; irQ BM/2T2M/2Mi k.+JPh rBi? ?B;? +QH/ �iQKB+ #2�K ~mtX h?2 /m�H +QH/
�iQKB+ +HQm/b r2`2 7m`i?2` +QQH2/ iQ i2Mb Q7 µE pB� bm#@.QTTH2` +QQHBM; �M/ :`�v KQH�bb2b
i2+?MB[m2X h?2 23L� �M/ 39E �iQKb �`2 i?2`2�7i2` i`�Mb72``2/ BMiQ � [m�/`mTQH2 K�;M2iB+
i`�T �M/ i`�MbTQ`i2/ iQr�`/b i?2 ǳa+B2M+2 +2HHǴ 7Q` 7m`i?2` 2tT2`BK2MibX h?Bb p2`b�iBH2 2t@
T2`BK2Mi�H bvbi2K T`QpB/2b � 7�pQm`�#H2 bi�`iBM; TQBMi 7Q` i?2 `2�HBx�iBQM Q7 i?2 [m�MimK
/2;2M2`�i2 "Qb2@"Qb2 KBtim`2 7Q` [m�MimK bBKmH�iBQM rBi? mHi`�+QH/ [m�MimK ;�b2b BM QTiB@
+�H TQi2MiB�HbX

S`2b2Mi2` M�K2, a�;�` ami`�/?�`

S�;2 8j



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@9, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.Rj

avMi?2iB+ /BK2MbBQMb Q7 i`�T bi�i2b BM +QH/ �iQKb
�mi?Q`b, ��`QM aKBi?Rc h?QK�b 1�biQMkc *?`BbiQT?2` PHBp2`kc L�i?�M :QH/K�Mjc :`�xB� a�H2`MQ9c
:BQp�MMB "�`QMiBMBkc >�MM�? S`B+2kc o2`� :m�``2`�k

R h?2 lMBp2`bBiv Q7 "B`KBM;?�K
k h?2 lMBp2`bBiv P7 "B`KBM;?�K
j lMBp2`bBiû GB#`2 /2 "`mt2HH2b
9 ��HiQ lMBp2`bBiv

*Q``2bTQM/BM; �mi?Q`, ��`QMbKBi?RyR!?QiK�BHX+QXmF

A rBHH `2TQ`i QM i?2 }`bi `2�HBb�iBQM Q7 � p2`v HQM; �M/ +QMi`QHH�#H2 bvMi?2iB+ /BK2MbBQM Q7
�iQKB+ ?�`KQMB+ i`�T bi�i2b (R)X hQ +`2�i2 i?Bb- r2 +QmTH2 i`�T bi�i2b #v /vM�KB+�HHv KQ/@
mH�iBM; i?2 i`�TTBM; TQi2MiB�H Q7 i?2 �iQKB+ +HQm/ rBi? T�ii2`M2/ HB;?iX "v +QMi`QHHBM; i?2
/2imMBM; #2ir22M i?2 7`2[m2M+v Q7 i?2 /`BpBM; TQi2MiB�H �M/ i?2 i`�TTBM; 7`2[m2M+v- r2 BK@
TH2K2Mi � +QMi`QHH�#H2 7Q`+2 BM i?2 bvMi?2iB+ /BK2MbBQMX h?Bb BM/m+2b "HQ+? Qb+BHH�iBQMb BM
r?B+? �iQKb KQp2 T2`BQ/B+�HHv mT �M/ /QrM i2Mb Q7 �iQKB+ i`�T bi�i2bX q2 2tT2`BK2Mi�HHv
Q#b2`p2 i?2 F2v +?�`�+i2`BbiB+b Q7 i?Bb #2?�pBQm` BM i?2 `2�H bT�+2 /vM�KB+b Q7 i?2 +HQm/- �M/
p2`B7v Qm` Q#b2`p�iBQMb rBi? MmK2`B+�H bBKmH�iBQMb �M/ b2KB+H�bbB+�H i?2Q`vX h?Bb 2tT2`BK2Mi
T`QpB/2b �M BMimBiBp2 �TT`Q�+? 7Q` i?2 K�MBTmH�iBQM �M/ +QMi`QH Q7 ?B;?Hv@2t+Bi2/ i`�T bi�i2b-
�M/ b2ib i?2 bi�;2 7Q` i?2 7mim`2 2tTHQ`�iBQM Q7 iQTQHQ;B+�H T?vbB+b BM ?B;?2` /BK2MbBQMbX A rBHH
�HbQ `2TQ`i QM i?2 `2�HBx�iBQM �M/ +?�`�+i2`Bb�iBQM Q7 QTiB+�H TQi2MiB�Hb 7Q` mHi`�+QH/ �iQKb mb@
BM; � bmT2`HmKBM2b+2Mi /BQ/2 (k)X h?2 HB;?i 2KBii2/ #v i?Bb +H�bb Q7 /BQ/2b Bb +?�`�+i2`Bb2/ #v
?B;? bT�iB�H +Q?2`2M+2 #mi HQr i2KTQ`�H +Q?2`2M+2X PM i?2 QM2 ?�M/- i?Bb BKTHB2b i?�i Bi 7QH@
HQrb :�mbbB�M T`QT�;�iBQM bBKBH�` iQ H�b2`b- �HHQrBM; 7Q` ?B;? BMi2MbBiB2b �M/ r2HH@+QHHBK�i2/
#2�KbX PM i?2 Qi?2`- Bi bB;MB}+�MiHv `2/m+2b i?Qb2 BMi2`72`2M+2 2z2+ib i?�i H2�/ iQ b2p2`2
/BbiQ`iBQMb BM BK�;BM;X
(R) �`sBp,kRRkXRye93
(k) �`sBp,kRyNXy8yNe

S`2b2Mi2` M�K2, ��`QM aKBi?

S�;2 89



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@8, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.kk

PM2@ �M/ irQ@�tBb b[m22xBM; pB� H�b2` +QmTHBM; BM �M �iQKB+
62`KB@>m##�`/ KQ/2H
�mi?Q`b, h�M�mbȹ >2`M�M/2x u�M2bRc J�`+BM SƈQ/xB2Ɩkc J�ʈ2M� J�+FQBi aBMF2pBÍB2Mđjc :B2/`Bmb
ʇH�#vbjc :2/BKBM�b Cmx2HBɟM�bjc 1KBHB� qBiFQrbF�R

R AMbiBimi2 Q7 S?vbB+b S�a- �H2D� GQiMBFQr jkf9e- yk@ee3 q�`bx�r�- SQH�M/
k A*6P @ AMbiBimi /2 *B2M+B2b 6QiQMB[m2b- h?2 "�`+2HQM� AMbiBimi2 Q7 a+B2M+2 �M/ h2+?MQHQ;v- �pX *�`H

6`B2/`B+? :�mbb j- y33ey *�bi2HH/272Hb U"�`+2HQM�V- aT�BM
j AMbiBimi2 Q7 h?2Q`2iB+�H S?vbB+b �M/ �bi`QMQKv- oBHMBmb lMBp2`bBiv- a�mHđi2FBQ j- Gh@Ryk8d- oBHMBmb-

GBi?m�MB�

*Q``2bTQM/BM; �mi?Q`, ?/2x!B7T�MX2/mXTH

q2 bim/v i?2 _�Kb2v@ivT2 bT2+i`Qb+QTv �M/ i?2 T`Q/m+iBQM Q7 bTBM@b[m22x2/ bi�i2b rBi?
mHi`�@+QH/ �iQKB+ 72`KBQMb /2b+`B#2/ #v i?2 62`KB@>m##�`/ KQ/2H BM i?2 JQii BMbmH�iBM;
`2;BK2X q2 b?Qr �+iBp�iBQM Q7 irQ irBbiBM; K2+?�MBbKb #v � TQbBiBQM@/2T2M/2Mi H�b2` +Qm@
THBM; #2ir22M BMi2`M�H /2;`22b Q7 7`22/QK Q7 �iQKbX � bBM;H2 H�b2` +QmTHBM; bBKmH�i2b i?2
QM2@�tBb irBbiBM; KQ/2H rBi? i?2 �tBb �M/ /B`2+iBQM Q7 b[m22xBM; /2i2`KBM2/ #v i?2 p�Hm2 Q7
T?�b2 /2}MBM; i?2 �iQK@H�b2` +QmTHBM;X �b bm+?- �//BM; � b2+QM/ H�b2` #2�K rBi? �M �/2@
[m�i2Hv +?Qb2M T?�b2 T�p2b i?2 r�v iQ bBKmH�i2 i?2 irQ@�tBb +QmMi2`@irBbiBM; KQ/2H- �HHQrBM;
`2�+?BM; i?2 >2Bb2M#2`;@HBKBi2/ H2p2H Q7 b[m22xBM;X h?2 b+?2K2 +�M #2 BKTH2K2Mi2/ `2�/BHv
BM bi�i2@Q7@i?2@�`i QTiB+�H H�iiB+2 +HQ+FbX

6B;m`2 R, 62`KB@>m##�`/ KQ/2H U6>JV 7Q` �iQKb BM QTiB+�H H�iiB+2b Q` ir22x2` �``�vb
rBi? M2�`2bi@M2B;?#Q` imMM2HBM; `�i2 J - QM@bBi2 BMi2`�+iBQM U �M/ �//BiBQM�H +QmTHBM;
#2ir22M �iQKB+ BMi2`M�H /2;`22b Q7 7`22/QK rBi? TQbBiBQM@/2T2M/2Mi bi`2M;i? ⌦ei�j X
h?2 +QmTHBM; +�M #2 `2�HBx2/ rBi? QM2 Q` irQ Qz@`2bQM�Mi H�b2` #2�KbX

S`2b2Mi2` M�K2, >2`M�M/2x u�M2b- h�M�mbȹ

S�;2 88



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@e, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.jN

1K2`;2Mi �iQK TmKT BM � MQM?2`KBiB�M bvbi2K
�mi?Q`b, aBKQM >2`iH2BMRc .�pB/2 .`2QMRc �H2t�M/2` "�mK; `iM2`Rc sB�M;HB�M; GBRc hBHK�M 1bbHBM;2`Rc
hQ#B�b .QMM2`R

R 1h> wm`B+?

h?2 iBK2 2pQHmiBQM Q7 � [m�MimK bvbi2K +�M #2 bi`QM;Hv �z2+i2/ #v /BbbBT�iBQMX �Hi?Qm;?
i?Bb K�BMHv BKTHB2b i?�i i?2 bvbi2K `2H�t2b iQ � bi2�/v bi�i2- BM bQK2 +�b2b Bi +�M K�F2 M2r
T?�b2b �TT2�` �M/ i`B;;2` 2K2`;2Mi /vM�KB+bX AM Qm` 2tT2`BK2Mi- r2 bim/v � "Qb2@1BMbi2BM
*QM/2Mb�i2 /BbT2`bBp2Hv +QmTH2/ iQ � ?B;? }M2bb2 `2bQM�iQ`X h?2 +�pBiv Bb TmKT2/ pB� i?2
�iQKb- bm+? i?�i i?2 bmK Q7 i?2 +QmTHBM; #2�KUbV �M/ i?2 BMi`�+�pBiv bi�M/BM; r�p2 ;Bp2b �M
QTiB+�H H�iiB+2 TQi2MiB�HX q?2M i?2 /BbbBT�iBQM �M/ i?2 +Q?2`2Mi iBK2b+�H2b �`2 +QKT�`�#H2-
r2 }M/ � `2;BK2 Q7 T2`bBbi2Mi Qb+BHH�iBQMb r?2`2 i?2 +�pBiv }2H/ /Q2b MQi `2�+? � bi2�/v bi�i2X
AM i?Bb `2;BK2 i?2 �iQKb 2tT2`B2M+2 �M QTiB+�H H�iiB+2 i?�i T2`BQ/B+�HHv /27Q`Kb Bib2H7- 2p2M
rBi?Qmi T`QpB/BM; �M 2ti2`M�H iBK2 /2T2M/2Mi /`Bp2X 1p2Mim�HHv- i?2 /vM�KB+ H�iiB+2 i`B;;2`b
� TmKTBM; K2+?�MBbKX q2 b?Qr +QKTH2K2Mi�`v K2�bm`2K2Mib Q7 i?2 HB;?i }2H/ /vM�KB+b
�M/ Q7 i?2 T�`iB+H2 i`�MbTQ`i- T`QpBM; i?2 +QMM2+iBQM #2ir22M i?2 2K2`;2Mi MQMbi�iBQM�`Biv
�M/ i?2 �iQKB+ TmKTX
?iiTb,ff�`tBpXQ`;f�#bfkRRkXRR8yk

S`2b2Mi2` M�K2, aBKQM >2`iH2BM

S�;2 8e



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@d, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.dj

6`QK � TQH�`QM BMiQ � +Hmbi2`, i?2 7�i2 Q7 �M BKTm`Biv BM �
"Qb2@1BMbi2BM +QM/2Mb�i2
�mi?Q`b, �`i?m` *?`BbiB�M2MRc CX A;M�+BQ *B`�+Rc _B+?�`/ a+?KB/ik

R J�t SH�M+F AMbiBimi2 Q7 Zm�MimK PTiB+b �M/ J*Zah
k J�t@SH�M+F@AMbiBimi2 Q7 Zm�MimK PTiB+b �M/ J*Zah- :�`+?BM;- :2`K�Mv

lHi`�+QH/ �iQKB+ ;�b2b +�M #2 mb2/ iQ bBKmH�i2 T?2MQK2M� 7`QK +QM/2Mb2/ K�ii2` T?vbB+b-
bm+? �b i?2 7Q`K�iBQM Q7 TQH�`QM [m�bBT�`iB+H2bX >Qr2p2`- �i bi`QM; +QmTHBM; � "Qb2 TQH�`QM
7Q`K2/ #v �M BKTm`Biv �iQK BM � "Qb2 1BMbi2BM +QM/2Mb�i2 U"1*V /BbTH�vb 7�b+BM�iBM; #2?�p@
BQ` [mBi2 /BbiBM+i 7`QK i?2 +QKKQM +QM/2Mb2/ K�ii2` b+2M�`BQX h?Bb Bb /m2 iQ i?2 TQbbB#BHBiv
Q7 #QmM/ bi�i2 7Q`K�iBQM �M/ i?2 1}KQp 2z2+i- r?B+? H2�/b iQ �ii`�+iBp2 BKTm`Biv@K2/B�i2/
BMi2`�+iBQMb #2ir22M i?2 #QbQMb 7`QK i?2 "1*X AM T�`iB+mH�`- i?2 BMi`B+�i2 +QKT2iBiBQM #2@
ir22M i?2b2 BKTm`Biv@K2/B�i2/ BMi2`�+iBQMb �M/ i?2 BMi`BMbB+ BMi2`#QbQM `2TmHbBQM TH�vb �M
BKTQ`i�Mi `QH2X AM Qm` rQ`F r2 7mHHv BM+Q`TQ`�i2 #Qi? Q7 i?2b2 T`Q+2bb2b �M/ +QKT�`2 /Bz2`@
2Mi p�`B�iBQM�H K2i?Q/b iQ 7Q`K � +QKTH2i2 i?2Q`2iB+�H TB+im`2 Q7 i?2 bi`QM; +QmTHBM; "Qb2
TQH�`QMX q2 }M/ irQ T�`�K2i2` `2;BK2b rBi? [m�HBi�iBp2Hv /Bz2`2Mi #2?�pBQ`X 6Q` HB;?i
BKTm`BiB2b �M/ r2�F `2TmHbBQM- i?2 BKTm`Biv@K2/B�i2/ BMi2`�+iBQMb /QKBM�i2 �M/ r2 }M/ �
TQH�`QMB+ BMbi�#BHBiv /m2 iQ i?2 7Q`K�iBQM Q7 H�`;2 1}KQp +Hmbi2`bX 6Q` bi`QM; `2TmHbBQM
Q` ?2�pB2` BKTm`BiB2b- r2 }M/ i?�i i?2 7Q`K�iBQM Q7 H�`;2 +Hmbi2`b �M/ i?2 TQH�`QMB+ BMbi�@
#BHBiv �`2 T`2p2Mi2/- �M/ i?�i i?2`2 Bb � bKQQi? +`QbbQp2` BMiQ � bK�HH +Hmbi2` Q` KQH2+mH2
BMbi2�/X

S`2b2Mi2` M�K2, �`i?m` *?`BbiB�M2M
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h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@3, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.3j

6`QK bmT2``�/B�M+2 iQ bm#`�/B�M+2 , 2tTHQ`BM; i?2 K�Mv@
#Q/v .B+F2 G�//2`
�mi?Q`b, �MiQBM2 :HB+2Mbi2BMRc :BQp�MMB 62`BQHBRc �MiQBM2 "`Qr�2vbRc A;Q` 62``B2`@"�`#miR

R AMbiBimi /ǶPTiB[m2

q2 �`2 BMi2`2bi2/ BM i?2 T`Q#H2K Q7 HB;?i b+�ii2`BM; #v � /2Mb2 2Mb2K#H2 Q7 irQ@H2p2H �iQKb
BM � `2;BK2 +HQb2 iQ i?2 .B+F2 `2;BK2- BM r?B+? K�Mv �iQKb �`2 i`�TT2/ BM � pQHmK2 r?Qb2
/BK2MbBQMb �`2 bK�HH2` i?�M i?2 r�p2H2M;i? Q7 i?2 �iQKB+ i`�MbBiBQMX q?2M i?2 K2/BmK Bb
/2Mb2 �M/ i?2 7`2[m2M+v Q7 i?2 HB;?i Bb +HQb2 iQ i?�i Q7 �M �iQKB+ i`�MbBiBQM- i?2 HB;?i@BM/m+2/
/BTQH2b BMi2`�+i rBi? 2�+? Qi?2`X h?2b2 `2bQM�Mi BMi2`�+iBQMb #2ir22M i?2 /BTQH2b KQ/B7v
i?2 +QHH2+iBp2 `2bTQMb2 Q7 i?2 2Mb2K#H2X >2`2 r2 `2TQ`i � iBK2@`2bQHp2/ bim/v Q7 +QHH2+iBp2
2KBbbBQM BM /2Mb2 2Mb2K#H2b Q7 irQ@H2p2H �iQKbX
q2 +QKT�`2- QM i?2 b�K2 b�KTH2- i?2 #mBH/@mT Q7 bmT2``�/B�M+2 �M/ bm#`�/B�M+2 7`QK i?2
2Mb2K#H2 r?2M /`Bp2M #v � bi`QM; H�b2`X h?Bb �HHQrb mb iQ K2�bm`2 i?2 /vM�KB+b Q7 i?2
TQTmH�iBQM Q7 bmT2``�/B�Mi �M/ bm#`�/B�Mi bi�i2b �b � 7mM+iBQM Q7 iBK2X q2 /2KQMbi`�i2
i?2 #mBH/mT BM iBK2 Q7 bm#`�/B�Mi bi�i2b i?`Qm;? i?2 bmT2``�/B�Mi /vM�KB+bX h?Bb BHHmbi`�i2b
i?2 /vM�KB+b Q7 i?2 K�Mv@#Q/v /2MbBiv K�i`Bt Q7 bmT2``�/B�Mi 2Mb2K#H2b Q7 irQ@H2p2H �iQKb
r?2M /2T�`iBM; 7`QK i?2 B/2�H +QM/BiBQMb Q7 .B+F2 bmT2``�/B�M+2 BM r?B+? bvKK2i`v 7Q`#B/b
i?2 TQTmH�iBQM Q7 bm#`�/B�Mi bi�i2bX

S`2b2Mi2` M�K2, �MiQBM2 :HB+2Mbi2BM
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h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@N, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.NR

1K2`;2Mi bTBM /vM�KB+b BM � bmT2``�/B�Mi [m�MimK ;�b,
7`QK /vM�KB+�H imMM2HHBM; iQ �iQKB+ KQ/2 T�`�K2i`B+ �K@
THB}2`b
�mi?Q`b, _Q/`B;Q _Qb�@J2/BM�Rc 6�#B�M 6BM;2` Rc LB+QH� _2Bi2`Rc 6`�M+2b+Q 62``BRc hQ#B�b .QMM2`Rc
hBHK�M 1bbHBM;2`R

R 1h> wm`B+?

.vM�KB+ i`�MbB2Mib �`2 � M�im`�H BM;`2/B2Mi Q7 Qmi@Q7@2[mBHB#`BmK [m�MimK bvbi2KbX PM2
T�`�/B;K�iB+ 2t�KTH2 Bb .B+F2 bmT2``�/B�M+2- /2b+`B#BM; i?2 +QHH2+iBp2Hv 2M?�M+2/ TQTmH�iBQM
BMp2`bBQM Q7 �M 2Mb2K#H2 Q7 irQ@H2p2H �iQKb +QmTH2/ iQ � bBM;H2 KQ/2 Q7 i?2 2H2+i`QK�;M2iB+
}2H/X

>2`2- r2 T`2b2Mi � M2r �TT`Q�+? 2tTHQBiBM; bmT2``�/B�M+2 iQ 2M;BM22` /vM�KB+�H imMM2HBM;
BM � bvMi?2iB+ H�iiB+2 ;2QK2i`vX Pm` 2tT2`BK2Mi�H BKTH2K2Mi�iBQM Bb #�b2/ QM � bTBMQ` "Qb2@
1BMbi2BM +QM/2Mb�i2 U"1*V- r?B+? Bb +QmTH2/ iQ � bBM;H2 KQ/2 Q7 �M mHi`�?B;?@}M2bb2 QTiB+�H
+�pBiv (R)X h`�Mbp2`b2 H�b2` }2H/b BM/m+2 +�pBiv@�bbBbi2/ _�K�M i`�MbBiBQMb #2ir22M /Bb+`2i2
KQK2MimK KQ/2b Q7 irQ bTBM H2p2Hb- r?B+? r2 BMi2`T`2i �b T?QiQM@�bbBbi2/ imMM2HHBM; BM
� KQK2MimK@bT�+2 H�iiB+2X AM T�`iB+mH�`- i?2 imMM2HHBM; `�i2 2pQHp2b /vM�KB+�HHv rBi? i?2
2K2`;2Mi +�pBiv }2H/X "v KQMBiQ`BM; i?2 +�pBiv H2�F�;2- r2 ;�BM `2�H@iBK2 �++2bb iQ i?2 H�iiB+2
+m``2Mib �M/ #2M+?K�`F i?2B` +QHH2+iBp2 #2?�pBQm` (k)X

AM � b2`B2b Q7 `2+2Mi 2tT2`BK2Mib- r2 2M;BM22` �M �iQKB+ KQ/2 T�`�K2i`B+ �KTHB}2` BM/m+2/
#v pB`im�H +�pBiv T?QiQMbX h?2 bTBMQ` "1* Bb BMBiB�HBx2/ BM i?2 |F = 1,mF = 0i w22K�M
bm#H2p2H UTmKT KQ/2V- �M/ +Q``2H�i2/ T�B`b Q7 �iQKb BM |mF = 1i UbB;M�H �M/ B/H2` KQ/2bV
�`2 +`2�i2/ #v 7Qm`@T?QiQM T`Q+2bb2b- r?B+? BMpQHp2 b+�ii2`BM; Q7 pB`im�H +�pBiv T?QiQMb BM �
7�`@/2imM2/ `2;BK2X h?2 T�B` T`Q/m+iBQM Bb ?B;?Hv MQMHBM2�`- �b 2pB/2M+2/ #v Bib b+�HBM; rBi?
�iQK MmK#2`X JQ`2Qp2`- i?2 bTBM T�B`b �`2 2D2+i2/ Qmi Q7 i?2 "1* rBi? QTTQbBi2 `2H�iBp2
KQK2Mi�- BM `2b2K#H�M+2 T�`�K2i`B+ 7Qm`@r�p2 KBtBM;X q?BH2 bBKBH�` iQ +QHHBbBQM�H bTBM@
KBtBM; /vM�KB+b (j)- i?2 iBK2b+�H2b Q7 i?Bb T`Q+2bb U�Ry �bV �`2 bB;MB}+�MiHv 7�bi2`- T`QpB/BM;
T`QbT2+ib `�TB/ 2Mi�M;H2K2Mi T`Q/m+iBQM BM +QH/ �iQK 2tT2`BK2MibX

_272`2M+2b
(R) 6X 62``B- _X _Qb�@J2/BM�- 6X 6BM;2`- LX .Q;`�- JX aQ`B2Mi2- PX wBH#2`#2`;- hX .QMM2`- hX
1bbHBM;2`-
UkykRVX 1K2`;BM; /BbbBT�iBp2 T?�b2b BM � bmT2``�/B�Mi [m�MimK ;�b rBi? imM�#H2 /2+�vX
S?vbB+�H _2pB2r s- RRU9V- y9Ry9eX

(k) _X _Qb�@J2/BM�- 6X 62``B- 6X 6BM;2`- LX .Q;`�- EX E`Q2;2`- _X GBM- _X *?Bi`�- hX .QMM2`-
hX 1bbHBM;2`- UkykkVX P#b2`pBM; /vM�KB+�H +m``2Mib BM � MQM>2`KBiB�M KQK2MimK H�iiB+2X
S?vbB+�H _2pB2r G2ii2`b- Rk3UR9V- R9jeykX
(j) GX S2xx2- �X aK2`xB- JXEX P#2`i?�H2`- _X a+?KB2/- SXh`2miH2BM- UkyR3VX Zm�MimK K2i`QH@
Q;v rBi? MQM+H�bbB+�H bi�i2b Q7 �iQKB+ 2Mb2K#H2bX _2pB2rb Q7 JQ/2`M S?vbB+b- NyUjV- yj8yy8X

S`2b2Mi2` M�K2, _Q/`B;Q _Qb�@J2/BM�
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h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@Ry, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.Ryj

aTBM@+?�`;2 b2T�`�iBQM BM � R. 62`KB ;�b rBi? imM�#H2 BM@
i2`�+iBQMb
�mi?Q`b, _mr�M a2M�`�iM2Rc .�Mv2H *�p�xQb@*�p�xQbRc a?2M; q�M;kc 62M; >2jc ��b?Bb? E�~2Rc
u�@hBM; *?�M;Rc >�M SmRc sB@q2M :m�Mkc _�M/�HH >mH2iR

R _B+2 lMBp2`bBiv
k qm?�M AMbiBimi2 Q7 S?vbB+b �M/ J�i?2K�iB+b- *?BM2b2 �+�/2Kv Q7 a+B2M+2b
j aAaa�- h`B2bi2

lHi`�+QH/ �iQKb +QM}M2/ BM QTiB+�H H�iiB+2b �`2 � TQr2`7mH TH�i7Q`K 7Q` [m�MimK bBKmH�iBQM
Q7 +QKTH2t K�Mv@#Q/v bvbi2KbX q2 +QM}M2 bTBM@Rfk �iQKB+ 72`KBQMb U6GBV iQ QM2 /BK2MbBQM
�M/ `2�HBx2 i?2 u�M;@:�m/BM KQ/2H- i?2 HQr@2M2`;v #2?�pBQ` Q7 r?B+? Bb 2tT2+i2/ iQ #2
i?�i Q7 � hQKQM�;�@GmiiBM;2` HB[mB/ (R)X am+? HB[mB/b 2t?B#Bi #QbQMB+ +QHH2+iBp2 HQr@2M2`;v
2t+Bi�iBQMb �M/ bTBM@+?�`;2 b2T�`�iBQMX lbBM; "`�;; bT2+i`Qb+QTv �M/ � 62b?#�+? `2bQM�M+2-
r2 /B`2+iHv 2t+Bi2 2Bi?2` i?2 bTBM Q` +?�`;2 r�p2 rBi? � imM�#H2 `2TmHbBp2 BMi2`�+iBQM bi`2M;i?X
q2 Q#b2`p2 i?2 QMb2i Q7 bTBM@+?�`;2 b2T�`�iBQM �b BMi2`�+iBQMb �`2 BM+`2�b2/ 7`QK x2`QX h?2
bTBM �M/ +?�`;2 2t+Bi�iBQM p2HQ+BiB2b �`2 2[m�H 7Q` i?2 MQMBMi2`�+iBM; +�b2- r?BH2 i?2 +?�`;2@
KQ/2 p2HQ+Biv BM+`2�b2b �M/ i?2 bTBM@KQ/2 p2HQ+Biv /2+`2�b2b rBi? BM+`2�bBM; BMi2`�+iBQM- �
?�HHK�`F Q7 bTBM@+?�`;2 b2T�`�iBQMX h?2 2t+Bi�iBQM bT2+i`� T`QpB/2 �++2bb iQ i?2 /vM�KB+
bi`m+im`2 7�+iQ`b Q7 2�+? KQ/2- r?B+? �`2 BM [m�MiBi�iBp2 �;`22K2Mi rBi? i?2 hQKQM�;�@
GmiiBM;2` HB[mB/ i?2Q`v- BM+Hm/BM; MQMHBM2�` +Q``2+iBQMb /m2 iQ #�M/@+m`p�im`2 �M/ #�+F@
b+�ii2`BM;X
(R) _mr�M a2M�`�iM2- .�Mv2H *�p�xQb@*�p�xQb- a?2M; q�M;- 62M; >2- ��b?Bb? E�~2- u�@hBM;
*?�M;- >�M Sm- sB@q2M :m�M �M/ _�M/�HH :X >mH2i- �`sBp,kRRRXRR898 (+QM/@K�iX[m�Mi@
;�b)

S`2b2Mi2` M�K2, _mr�M a2M�`�iM2
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h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@RR, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.Rkd

P`#Bi�H 62b?#�+? KQH2+mH2b
�mi?Q`b, u�MM EB272`Rc J�t >�+?K�MMRc �M/`2�b >2KK2`B+?R

R lMBp2`bBi i >�K#m`;

aTBM@TQH�`Bx2/ b�KTH2b- bTBM KBtim`2b �M/ 62b?#�+? KQH2+mH2b Q7 [m�MimK /2;2M2`�i2 72`KBQMB+
�iQKb �`2 T`2T�`2/ BM b2H2+i2/ 2t+Bi2/ "HQ+? #�M/b Q7 �M QTiB+�H +?2[m2`#Q�`/ b[m�`2 H�i@
iB+2X 6Q` i?2 bTBM@TQH�`Bx2/ +�b2- 2ti`2K2 #�M/ HB72iBK2b �#Qp2 Ry b �`2 Q#b2`p2/- `2~2+iBM;
i?2 bmTT`2bbBQM Q7 +QHHBbBQMb #v S�mHBǶb 2t+HmbBQM T`BM+BTH2X 6Q` bTBM KBtim`2b- HB72iBK2b �`2
`2/m+2/ #v �M Q`/2` Q7 K�;MBim/2 #v irQ@#Q/v +QHHBbBQMb #2ir22M /Bz2`2Mi bTBM +QKTQM2Mib-
#mi biBHH `2K�`F�#Hv H�`;2 p�Hm2b Q7 �#Qmi QM2 b2+QM/ �`2 7QmM/ (R)X

�++2bb iQ � #`Q�/ 62b?#�+? `2bQM�M+2 �HHQrb 7Q` T`2+Bb2 +QMi`QH Q7 i?2 BMi2`�+iBQMb #2ir22M
�iQKb �M/ KQH2+mH2bX *QHHBbBQM /vM�KB+b �M/ #BM/BM; 2M2`;B2b Q7 Q`#Bi�H 62`KB ;�b2b BM i?2
mMBi�`v `2;BK2 �M/ �`2 BMp2biB;�i2/ 7Q` i?2 }`bi iBK2X _2K�`F�#Hv HQM; HB72iBK2b Q7 /BK2`b
BM i?2 b2+QM/ "HQ+? #�M/ QM i?2 QMb2i Q7 i?2 mMBi�`Biv `2;BK2 �`2 Q#b2`p2/X "v �M�HvxBM;
KQK2MimK bT2+i`� �M/ #�M/ TQTmH�iBQMb- r2 +�M /B`2+iHv Q#b2`p2 i?2 Q`#Bi�H +?�`�+i2` Q7
i?2 QTiB+�H H�iiB+2X
(R) JX >�+?K�MM 2i �HX- S?vbX _2pX G2iiX Rkd yjjkyR- CmHv kykR

S`2b2Mi2` M�K2, u�MM EB272`
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h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@Rk, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.Rjk

*�i�Hvx�iBQM �M/ /QK�BM bmT2`bQHB/Biv BM #BM�`v /BTQH�`
+QM/2Mb�i2b
�mi?Q`, GmBb �`/BH�R

*Q@�mi?Q`b, h?QK�b "H�M/ kc .�MB2H a+?2B2`K�MM jc _mbb2HH "Bbb2i 9c GmBb a�MiQb j

R G2B#MBix >�MMQp2` lMBp2`bBiv
k AMMb#`m+F lMBp2`bBiv
j >�MMQp2` lMBp2`bBiv
9 lMBp2`bBiv Q7 AMMb#`m+F

GmBbX �X S2Ƣ� �`/BH�
AMbiBimi 7Ƀ` h?2Q`2iBb+?2 S?vbBF- G2B#MBx lMBp2`bBi i >�MMQp2`- �TT2Hbi`X k- jyRed >�MMQp2`-
:2`K�Mv

"`2�Fi?`Qm;? 2tT2`BK2Mib ?�p2 M2rHv 2tTHQ`2/ i?2 7�b+BM�iBM; T?vbB+b Q7 /BTQH�` [m�MimK
/`QTH2ib �M/ bmT2`bQHB/bX h?2 `2+2Mi `2�HBx�iBQM Q7 /BTQH�` KBtim`2b QT2Mb 7m`i?2` BMi`B;mBM;
TQbbB#BHBiB2bX q2 b?Qr i?�i mM/2` `�i?2` ;2M2`�H +QM/BiBQMb- i?2 T`2b2M+2 Q7 � b2+QM/ +QKTQ@
M2Mi +�i�Hvx2b /`QTH2i Mm+H2�iBQM �M/ bmT2`bQHB/Biv BM �M Qi?2`rBb2 mMKQ/mH�i2/ +QM/2Mb�i2X
6Q` KBb+B#H2 KBtim`2b- /`QTH2i +�i�Hvx�iBQM `2bmHib 7`QK i?2 2z2+iBp2 KQ/B}+�iBQM Q7 i?2 `2H�@
iBp2 /BTQH�` bi`2M;i?- �M/ K�v Q++m` 2p2M 7Q` � bm`T`BbBM;Hv bK�HH BKTm`Biv /QTBM;X q2 b?Qr
i?�i /Bz2`2Mi ;`QmM/ bi�i2b K�v Q++m`- BM+Hm/BM; i?2 TQbbB#BHBiv Q7 irQ +Q2tBbiBM; BMi2`�+iBM;
bmT2`bQHB/b (R-k)X

AM �//BiBQM- r2 T`2/B+i i?2 2tBbi2M+2 Q7 � #BM�`v bmT2`bQHB/ bi�i2 BM r?B+? i?2 irQ +QKTQM2Mib
7Q`K � b2`B2b Q7 �Hi2`M�iBM; /QK�BMb- T`Q/m+BM; �M BKKBb+B#H2 /Qm#H2 bmT2`bQHB/X _2K�`F�#Hv-
r2 }M/ i?�i � /BTQH�` +QKTQM2Mi +�M 2p2M BM/m+2 bmT2`bQHB/Biv BM � MQM/BTQH�` +QKTQM2MiX
AM bi�`F +QMi`�bi iQ bBM;H2@+QKTQM2Mi bmT2`bQHB/b- i?2 MmK#2` Q7 +`vbi�H bBi2b Bb MQi bi`B+iHv
HBKBi2/ #v i?2 +QM/2Mb�i2 TQTmH�iBQMb- �M/ i?2 /2MbBiv Bb ?2M+2 bm#bi�MiB�HHv HQr2`X Pm`
`2bmHib �`2 �TTHB+�#H2 iQ � rB/2 `�M;2 Q7 /BTQH2 KQK2Mi +QK#BM�iBQMb- K�`FBM; �M BKTQ`i�Mi
bi2T iQr�`/b HQM;@HBp2/ #mHF@bmT2`bQHB/Biv (j)X
(R) _X LX "Bbb2i- GX �X S2Ƣ� �`/BH�- GX a�MiQbX S?vbX _2pX G2iiXƘRke- yk8jyR UkykRV
(k) .X a+?2B2`K�MM- GX �X S2Ƣ� �`/BH�- hX "H�M/- _X LX "Bbb2i- GX a�MiQbX �`sBp,kkykXy3k8NƘUkykkV
(j) h?QK�b "H�M/- 1H2M� SQHB- GmBb �X S2Ƣ� �`/BH�- GmBb a�MiQb- 6`�M+2b+� 62`H�BMQ- _mbb2HH
LX "Bbb2iX �`sBp,kkyjXRRRRN UkykkV

S`2b2Mi2` M�K2, GmBb �X S2Ƣ� �`/BH�

S�;2 ek



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@Rj, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.R98

lMBp2`b�H T`QT2`iB2b Q7 �MBbQi`QTB+ /BTQH�` #QbQMb BM irQ
/BK2MbBQMb
�mi?Q`b, Cm�M a�M+?2x@"�2M�Rc :`B;Q`v �bi`�F?�`+?BFkc GmBb S2Ƣ� �`/BH�jc 62``�M J�xx�MiBk

R *2Mi2` 7Q` *QKTH2t Zm�MimK avbi2Kb- .2T�`iK2Mi Q7 S?vbB+b �M/ �bi`QMQKv- ��`?mb lMBp2`bBiv-
.E@3yyy ��`?mb *- .2MK�`F

k .2T�`i�K2Mi /2 6ø�bB+�- *�KTmb LQ`/ "9@"8- lMBp2`bBi�i SQHBiĕ+MB+� /2 *�i�HmMv�- 1@y3yj9 "�`+2HQM�-
aT�BM

j AMbiBimi 7Ƀ` h?2Q`2iBb+?2 S?vbBF- G2B#MBx lMBp2`bBi i >�MMQp2`- :2`K�Mv

h?2 2M2`;v Q7 mHi`�@/BHmi2 [m�MimK K�Mv@#Q/v bvbi2Kb Bb FMQrM iQ #2 � mMBp2`b�H 7mM+iBQM
Q7 i?2 ;�b T�`�K2i2` x = nad

0
- r?2`2 M Bb i?2 /2MbBiv- a0 i?2 b@r�p2 b+�ii2`BM; H2M;i?- �M/ /

i?2 /BK2MbBQM�HBiv Q7 i?2 bT�+2 U/ 4 R- k- jV (R)X h?2 mMBp2`b�H `2;BK2 ivTB+�HHv ?QH/b QMHv
�i bK�HH t �M/ 2ti2M/b mT iQ p�Hm2b MQ H�`;2` i?�M yXyyR (k-j)X "2vQM/ i?�i TQBMi- bT2+B}+
/2i�BHb Q7 i?2 BMi2`�+iBQM bi�`i iQ #2 `2H2p�Mi- �M/ /Bz2`2Mi BMi2`�+iBQMb rBi? i?2 b�K2 b@r�p2
b+�ii2`BM; H2M;i? H2�/ iQ /Bz2`2Mi T`2/B+iBQMbX .BTQH�` bvbi2Kb �`2 T2+mHB�` BM i?Bb `2;�`/
bBM+2 i?2 �MBbQi`QTv Q7 i?2 BMi2`�+iBQM K�F2b a0 /2T2M/ QM i?2 TQH�`Bx�iBQM �M;H2 ↵- BM bm+?
� r�v i?�i /Bz2`2Mi +QK#BM�iBQMb Q7 M �M/ ↵ p�Hm2 Q7 i?2 ;�b T�`�K2i2` t (9)X AM i?Bb rQ`F
r2 �M�Hvx2 i?2 b+�HBM; T`QT2`iB2b Q7 � bvbi2K Q7 TQH�`Bx2/ /BTQH�` #QbQMb BM irQ /BK2MbBQMb
�b � 7mM+iBQM Q7 i?2 /2MbBiv �M/ TQH�`Bx�iBQM /2T2M/2Mi b+�ii2`BM; H2M;i?- mT iQ p2`v H�`;2
p�Hm2b Q7 tX q2 bim/v i?2 2M2`;v T2` T�`iB+H2 �M/ K�BM bi`m+im`�H T`QT2`iB2b Q7 i?2 ;`QmM/
bi�i2 �b � 7mM+iBQM Q7 i?2 /2MbBiv �M/ b+�ii2`BM; H2M;i? �i }t2/ ;�b T�`�K2i2`X q2 }M/ i?�i
i?2 /BTQH�` BMi2`�+iBQM b?Qrb `2H2p�Mi b+�HBM; `2H�iBQMb mT iQ mMmbm�HHv H�`;2 p�Hm2b Q7 t i?�i
?QH/ �HKQbi iQ i?2 #QmM/�`B2b BM i?2 T?�b2 /B�;`�K r?2`2 � i`�MbBiBQM iQ � bi`BT2 T?�b2 i�F2b
TH�+2X h?2 BKT�+i Q7 i?2 �MBbQi`QTv Q7 i?2 BMi2`�+iBQM BM i?Bb +QMi2ti Bb �HbQ �M�Hvx2/X
(R) hX.X G22 �M/ *XLX u�M;- S?vbX _2pX Ry8- RRRN URN8dV
(k) 6X J�xx�MiB- �X SQHHb- �M/ �X 6�#`Q+BMB- S?vbX _2pX �ed- yejeR8- UkyyjVX
(j) aX :BQ`;BMB- CX "Q`QM�i- �M/ CX *�bmHH2`�b- S?vbX _2pX �ey- 8RkN URNNNVX
(9) �X J�+B�- 6X J�xx�MiB- CX "Q`QM�i- �M/ _X 1X wBHHB+?- S?vbX _2pX �39-
yjjek8 UkyRRVX

S`2b2Mi2` M�K2, 62``�M J�xx�MiB

S�;2 ej



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@R9, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.R83

Zm�MimK _�#B /vM�KB+b Q7 i`�TT2/ �iQKb 7�` BM i?2 /22T
bi`QM; +QmTHBM; `2;BK2
�mi?Q`b, :2`�K >mM�Mv�MRc CQ?�MM2b EQ+?Rc ai27�MB2 JQHHRc 1M`B[m2 _B+Qkc 1M`B[m2 aQH�MQjc J�`iBM
q2BixR

R lMBp2`bBiv Q7 "QMM
k .2T�`iK2Mi Q7 S?vbB+�H *?2KBbi`v- lMBp2`bBiv Q7 i?2 "�b[m2 *QmMi`v lSof1>l- AE1_"�aZl1-

"�b[m2 6QmM/�iBQM 7Q` a+B2M+2
j .2T�`iK2Mi Q7 S?vbB+�H *?2KBbi`v- lMBp2`bBiv Q7 i?2 "�b[m2 *QmMi`v- AE1_"�aZl1- "�b[m2 6QmM@

/�iBQM 7Q` a+B2M+2

h?2 +QmTHBM; Q7 � irQ@H2p2H bvbi2K rBi? � }2H/ KQ/2- r?Qb2 7mHHv [m�MiBx2/ }2H/ p2`bBQM Bb
FMQrM �b i?2 [m�MimK _�#B KQ/2H UZ_JV- Bb �KQM; i?2 +2Mi`�H iQTB+b Q7 [m�MimK T?vbB+b
�M/ `2+2Mi [m�MimK BM7Q`K�iBQM i2+?MQHQ;B2bX q?2M i?2 +QmTHBM; bi`2M;i? `2�+?2b i?2 }2H/
KQ/2 7`2[m2M+v- i?2 7mHH Z_J >�KBHiQMB�M +QK2b BMiQ TH�v- r?2`2 2t+Bi�iBQMb +�M #2 +`2�i2/
Qmi Q7 i?2 p�+mmKX
q2 /2KQMbi`�i2 � MQp2H �TT`Q�+? 7Q` i?2 `2�HBx�iBQM Q7 � T2`BQ/B+ p�`B�Mi Q7 i?2 [m�MimK
_�#B KQ/2H mbBM; irQ +QmTH2/ pB#`�iBQM�H KQ/2b Q7 +QH/ �iQKb BM QTiB+�H TQi2MiB�Hb- r?B+?
?�b �HHQr2/ mb iQ `2�+? � _�#B +QmTHBM; bi`2M;i? Q7 eX8 iBK2b i?2 #QbQMB+ }2H/ KQ/2 7`2[m2M+v-
BX2X- 7�` BM i?2 bQ +�HH2/ /22T bi`QM; +QmTHBM; `2;BK2X 6Q` i?2 }`bi iBK2- i?2 +QmTHBM; i2`K
/QKBM�i2b Qp2` �HH Qi?2` 2M2`;v b+�H2bX 6B2H/ KQ/2 +`2�iBQM �M/ �MMB?BH�iBQM mTQM 2X;X-
/2@2t+Bi�iBQM Q7 i?2 irQ@H2p2H bvbi2K ?2`2 �TT`Q�+? 2[m�H K�;MBim/2b- �M/ r2 Q#b2`p2 i?2
�iQKB+ /vM�KB+b BM i?Bb MQp2H 2tT2`BK2Mi�H `2;BK2- `2p2�HBM; � bm#+v+H2 iBK2b+�H2 `�Bb2 BM
}2H/ KQ/2 2t+Bi�iBQMb- BM ;QQ/ �;`22K2Mi rBi? i?2Q`2iB+�H T`2/B+iBQMbX q2 ?�p2 �HbQ bim/B2/
i?2 +QHH�Tb2 �M/ `2pBp�H Q7 i?2 BMBiB�H bi�i2 BM i?2 bvbi2KX h?2 +m``2Mi 2tT2`BK2Mi�H bi�imb
rBHH #2 T`2b2Mi2/X

S`2b2Mi2` M�K2, :2`�K >mM�Mv�M

S�;2 e9



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@R8, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.Rdj

S�`�K2i`B+ 2t+Bi�iBQMb BM � [m�MimK ;�b rBi? "Q;QHBm#Qp@
/2 :2MM2b K2i?Q/
�mi?Q`b, �H2D�M/`� /2H _BQ GBK�Rc CQ`;2 �KBM a2K�M >�`miBMB�Mkc _Q+őQ C�m`2;mB _2M�m/kc 6`2//v
C�+FbQM SQp2/� *m2p�bj

R A6@lL�J
k AMbiBimiQ /2 6őbB+�- lMBp2`bB/�/ L�+BQM�H �miƦMQK� /2 JûtB+Q
j *�i2/`�b *PL�*uhc AMbiBimiQ /2 6őbB+�- lMBp2`bB/�/ L�+BQM�H �miƦMQK� /2 JûtB+Q

Zm�MimK ;�b2b Q7 #QbQMb �M/ 72`KBQMb #2?�p2 �b bmT2`~mB/b- �M/ 7Q` T�`�K2i`B+ 2t+Bi�iBQMb-
i?2 b�KTH2 2t?B#Bi 6�`�/�v q�p2b- r?B+? Q#2v � J�i?B2m 2[m�iBQMX h?2`27Q`2- iQ ;2M2`�i2
i?2K- r2 M22/ iQ +QMbB/2` � T2`BQ/B+ KQ/mH�iBQM BM � T�`�K2i2` Q7 i?2 bvbi2K- 2X;X- i?2 i`�T
7`2[m2M+B2b Q` +QMi�+i BMi2`�+iBQMX 6`QK i?2 2tT2`BK2Mi�H TQBMi Q7 pB2r- i?2b2 2t+Bi�iBQMb �`2
K�MB72bi2/ BM i`�TT2/ ;�b r?2M i?2 /2MbBiv T�ii2`M �TT2�`bX h?2Q`2iB+�HHv- i?2b2 T?2MQK2M�
?�p2 #22M bim/B2/ BM � p�`B�iBQM�H �TT`QtBK�iBQM mbBM; K2�M@}2H/ 2[m�iBQMbX 6Q` i?2 +�b2 Q7 �
"Qb2@1BMbi2BM *QM/2Mb�i2- i?2 bvbi2K Bb /2b+`B#2/ #v i?2 :`Qbb@SBi�2pbFBB 2[m�iBQM- �M/ 7Q`
� 62`KB lMBi�`v :�b i?2 1ti2M/2/ h?QK�b@62`KB KQ/2H Bb mb2/X >Qr2p2`- r2 #2HB2p2 i?�i
i?2 M�im`�H r�v iQ bim/v i?2b2 2t+Bi�iBQMb Bb mbBM; "Q;QHBm#Qp@/2 :2MM2b U"/:V K2i?Q/-
r?2`2 i?2 /2MbBiv KQ/mH�iBQM ;2M2`�i2b i?2 2t+Bi�iBQMb UT?QMQMbVX h?2 mbm�H i`2�iK2Mi BM
i?Bb i?2Q`v Bb iQ +QMbB/2` � ?QKQ;2M2Qmb ;�bX AM i?Bb +QMi2ti- r2 T`2b2Mi i?2 /2b+`BTiBQM Q7
6�`�/�v r�p2b mbBM; "/: K2i?Q/X �b T`2HBKBM�`v `2bmHib- r2 +QMbB/2` � ?QKQ;2M2Qmb +�b2
rBi? � KQ/mH�iBQM Q7 i?2 +QMi�+i BMi2`�+iBQMX

S`2b2Mi2` M�K2, �H2D�M/`� /2H _őQ GBK�

S�;2 e8



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@Re, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.RNk

Zm�MimK bBKmH�iBQM rBi? _v/#2`; bi�i2b Q7 H�Mi?�MB/2 �iQKb

�mi?Q`b, a�Km2H CX JX q?Bi2Rc >�;�B 1/`BRc CmHB�M :X J�HQ#2`iBkc �MiQMBQ P`imjc J�M7`2/ CX J�`Fjc
6`�M+2b+� 62`H�BMQj

R AMbiBimi 7Ƀ` Zm�Mi2MQTiBF mM/ Zm�Mi2MBM7Q`K�iBQM /2` ƹbi2``2B+?Bb+?2M �F�/2KB2 /2` qBbb2Mb+?�7i2M-
AMMb#`m+F- �mbi`B�

k AMbiBimi 7Ƀ` Zm�Mi2MQTiBF mM/ Zm�Mi2MBM7Q`K�iBQM /2` ƹbi2``2B+?Bb+?2M �F�/2KB2 /2` qBbb2Mb+?�7i2M-
AMMb#`m+F- �mbi`B� �M/ AMbiBimi 7Ƀ` 1tT2`BK2Mi�HT?vbBF- lMBp2`bBi i AMMb#`m+F- �mbi`B�

j AMbiBimi 7Ƀ` 1tT2`BK2Mi�HT?vbBF- lMBp2`bBi i AMMb#`m+F- �mbi`B� �M/ AMbiBimi 7Ƀ` Zm�Mi2MQTiBF mM/
Zm�Mi2MBM7Q`K�iBQM /2` ƹbi2``2B+?Bb+?2M �F�/2KB2 /2` qBbb2Mb+?�7i2M- AMMb#`m+F- �mbi`B�

G�Mi?�MB/2 �iQKb T`QpB/2 � `B+? TH�i7Q`K 7Q` � MmK#2` Q7 mHi`�+QH/ �iQK 2tT2`BK2Mib /m2
iQ i?2B` p�`B2iv Q7 �p�BH�#H2 QTiB+�H i`�MbBiBQMb- bi`QM; �MBbQi`QTB+ BMi2`�+iBQMb �M/ i?2 H�`;2
bTBM bT�+2 Q7 i?2B` 72`KBQMB+ ;`QmM/ bi�i2b (R)X G2p2`�;BM; i?2b2 T`QT2`iB2b �HQM;bB/2 i?2
H�`;2- T`Q;`�KK�#H2 /272+i@7`22 �``�vb Q7 [m#Bib i?�i +�M #2 `2�HBb2/ mbBM; QTiB+�H ir22x2`
�``�vb Q7 _v/#2`; �iQKb T`QKBb2 iQ T`QpB/2 2t+BiBM; bvbi2Kb 7Q` [m�MimK bBKmH�iBQMX _2+2Mi
rQ`Fb mbBM; vii2`#BmK ?�p2 �H`2�/v /2KQMbi`�i2/ �M 2M?�M+2/ ir22x2` HQ�/BM; b+?2K2 (k)
�M/ BM/B+�i2/ i?�i i`�TTBM; _v/#2`; bi�i2b Bb TQbbB#H2 (j)X

q2 T`2b2Mi Qm` T`Q;`2bb BM BKTH2K2MiBM; � [m�MimK bBKmH�iQ` miBHBbBM; _v/#2`; bi�i2b Q7
2`#BmK i`�TT2/ BM �M QTiB+�H ir22x2` �``�vX q2 ?�p2 �H`2�/v B/2MiB}2/ �TT`QtBK�i2Hv 88y
bi�i2b BM i?2 2`#BmK _v/#2`; b2`B2b BM+Hm/BM; � TQbbB#H2 bi�i2 7`QK i?2 ng b2`B2b iQ r?B+?
2t+Bi�iBQM Bb QMHv TQbbB#H2 /m2 iQ i?2 BM+QKTH2i2Hv }HH2/ 2`#BmK f @b?2HH (9)X qBi?BM Qm`
bvbi2K i?2 H�`;2 dfk Mm+H2�` bTBM Q7 i?2 72`KBQMB+ 167 1` BbQiQT2 rBHH �HHQr mb iQ BKTH2K2Mi
+QKTmi�iBQM�H b+?2K2b BMpQHpBM; mT iQ 3@H2p2H [m/Bi bi�i2bX �//BiBQM�HHv- r2 2tT2+i iQ }M/ �
H�`;2 `�M;2 Q7 i`�TT�#H2 2`#BmK _v/#2`; bi�i2b BM Qm` QTiB+�H ir22x2`bX
(R) JX �X LQ`+B� �M/ 6X 62`H�BMQ- L�im`2 S?vbB+b Rd- Rj9N@Rj8d UkykRVX
(k) �X C2MFBMb 2i �HX- S?vbX _2pX s Rk- ykRyjd UkykkVX
(j) CX hX qBHbQM 2i �HX- S?vbX _2pX G2iiX Rk3- yjjkyR UkykkVX
(9) �X h`�miK�MM 2i �HX- S?vbX _2pX s j- yjjRe8 UkykRVX

S`2b2Mi2` M�K2, a�Km2H q?Bi2

S�;2 ee



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@Rd, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.ky3

.vM�KB+b 7QHHQrBM; �M BMi2`�+iBQM [m2M+? BM i?2 "1*@"*a
+`QbbQp2` �M/ K�+?BM2@H2�`MBM; i?2 T?�b2 /B�;`�K
�mi?Q`b, JQ`Bix "`2v2`Rc �M/`2�b E2HHRc .�MB2H 1#2`xRc J�`iBM GBMFRc JB+?�2H Eƺ?HR

R S?vbBF�HBb+?2b AMbiBimi- lMBp2`bBiv Q7 "QMM

qBi? � bT2+B�HHv /2bB;M2/ +QBH (_2pX a+BX AMbi`mKX Nk- yNjkyk UkykRV)- r2 [m2M+? i?2
BMi2`�+iBQM bi`2M;i? Q7 �M mHi`�+QH/ +HQm/ Q7 6GB �iQKb BMbi�Mi�M2QmbHv- BX2X 7�bi2` i?�M i?2
62`KB iBK2X AM i?2 b?Q`i iBK2 /vM�KB+b 7QHHQrBM; i?2 [m2M+? r2 Q#b2`p2 }`bi BM/B+�iBQMb Q7
�M Qb+BHH�iBQM BM i?2 +QM/2Mb�i2 7`�+iBQM `2KBMBb+2Mi Q7 i?2 >B;;b@KQ/2X

h?2 Q#b2`p�iBQM r�b 7�+BHBi�i2/ #v � /22T M2m`�H M2irQ`F i`�BM2/ iQ /2i2`KBM2 i?2 �KQmMi
Q7 bmT2`~mB/Biv BM i?2 +HQm/ 7`QK bBKTH2 iBK2@Q7@~B;?i BK�;2bX h?Bb [m�MiBiv Bb ?B//2M 7Q`
+QMp2MiBQM�H }iiBM; i2+?MB[m2b- 2bT2+B�HHv mM/2` `2�H 2tT2`BK2Mi�H +QM/BiBQMbX
q2 `2+Q`/ � ?B;?@`2bQHmiBQM T?�b2 /B�;`�K Q7 i?2 "1*@"*a +`QbbQp2` rBi? i?2 M2m`�H M2irQ`F
�M/ b?Qr i?�i bm+? M2irQ`Fb �`2 �HbQ �#H2 iQ /2i2+i i?2 2tBbi�M+2 Q7 � T?�b2 i`�MbBiBQM rBi?Qmi
�Mv �//BiBQM�H i`�BMBM; BMTmiX

S`2b2Mi2` M�K2, JQ`Bix "`2v2`

S�;2 ed



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@R3, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.kk9

*�pBiv@Z1. [m�MimK bBKmH�iQ` Q7 `�M/QK bTBM KQ/2Hb
�mi?Q`, LB+F a�m2`r2BMR

*Q@�mi?Q`b, 6`�M+2b+� P`bB Rc S?BHBTT l?`B+? kc aQmKBF "�M/vQT�/?v�v kc 6`�M+2b+Q J�iiBQiiB jc
hB;`�M2 *�Mi�i@JQHi`2+?i Rc S?BHBTT >�mF2 kc :mB/Q SmTBHHQ jc C2�M@S?BHBTT2 "`�Mimi R

R arBbb 62/2`�H AMbiBimi2 Q7 h2+?MQHQ;v G�mb�MM2 U1S6GV
k ALP@*L_ "1* *2Mi2` � .2T�`iK2Mi Q7 S?vbB+b- lMBp2`bBiv Q7 h`2MiQ- oB� aQKK�`Bp2 R9- A@j3Rkj

h`2MiQ- Ai�Hv
j AaAa UlJ_ dyyeV- lMBp2`bBiv Q7 ai`�b#Qm`; �M/ *L_a- �M/ B+6_*- edyyy ai`�b#Qm`;- 6`�M+2

Jv TQbi2` rBHH T`2b2Mi � +�pBiv Z1. 2tT2`BK2Mi r?2`2 r2 mb2 6GB �iQKb iQ T2`7Q`K [m�MimK
bBKmH�iBQMb Q7 `�M/QK bTBM KQ/2HbX

h?2 �iQK@+�pBiv bvbi2K `2�HBx2b � bTBM +?�BM rBi? `�M/QK i`�MbBiBQM 7`2[m2M+B2b +QmTH2/ iQ
�M 2ti2M/2/ T?QiQM KQ/2- rBi? +QMi`QHH2/ /BbQ`/2` `2�HBx2/ #v � HQ+�H HB;?i@b?B7i Q7 i?2 2t+Bi2/
bi�i2 Q7 i?2 �iQKbX q2 bim/v i?2 +QKT2iBiBQM #2ir22M i?2 +QHH2+iBp2 K�Mv@#Q/v T?vbB+b �M/
i?2 /BbQ`/2` BM irQ `2;BK2b, BM i?2 M2�`@`2bQM�Mi `2;BK2- L bTBMb rBi? `�M/QK 2M2`;B2b �`2
+QmTH2/ iQ � #QbQMB+ KQ/2 (R)X AM i?2 /BbT2`bBp2 `2;BK2- QM2 +�M �/B�#�iB+�HHv 2HBKBM�i2 i?2
+�pBiv iQ Q#i�BM HQM;@`�M;2 bTBM@2t+?�M;2 BMi2`�+iBQMb (k)X h?2 2z2+iBp2 >�KBHiQMB�M +�M
#2 `2r`Bii2M BM i2`Kb Q7 L bTBMb T`2+2bbBM; �`QmM/ �M 2ti2`M�H K�;M2iB+ }2H/ rBi? `�M/QK
BM?QKQ;2M2BiB2bX q2 K2�bm`2 i?2 K�;M2iB+ bmb+2TiB#BHBiv Q7 i?2 bvbi2K �b � 7mM+iBQM Q7
i?2 /BbQ`/2` bi`2M;i? �M/ Q#b2`p2 i?2 7`�;K2Mi�iBQM Q7 i?2 +QHH2+iBp2 .B+F2 2t+Bi�iBQMb BMiQ
b2KB@HQ+�HBx2/ ;`2v bi�i2bX

�b �M QmiHQQF- Kv TQbi2` rBHH /Bb+mbb TQbbB#H2 T2`bT2+iBp2b QM mbBM; +�pBiv@K2/B�i2/ BM@
i2`�+iBQM BM +QK#BM�iBQM rBi? Qm` HB;?i@b?B7iBM; i2+?MB[m2 7Q` i?2 [m�MimK bBKmH�iBQM Q7
?QHQ;`�T?B+ K�ii2` bm+? �b auE@ivT2 KQ/2Hb (j)X
(R) .m#�BH- Cû`ƬK2- 2i �HX ǳG�`;2 `�M/QK �``Qr?2�/ K�i`B+2b, JmHiB7`�+i�HBiv- b2KBHQ+�HBx�@
iBQM- �M/ T`Qi2+i2/ i`�MbTQ`i BM /BbQ`/2`2/ [m�MimK bTBMb +QmTH2/ iQ � +�pBivXǴ S?vbB+�H
_2pB2r � Ry8Xk UkykkV, ykjdR9X
(k) JmMBx- Cm�M �X- 2i �HX ǳ1tTHQ`BM; /vM�KB+�H T?�b2 i`�MbBiBQMb rBi? +QH/ �iQKb BM �M
QTiB+�H +�pBivXǴ L�im`2 83yXd3y8 UkykyV, eyk@eydX
(j) h`mMBM- .KBi`BB �H2Fb22pB+?X ǳS2/�;Q;B+�H BMi`Q/m+iBQM iQ i?2 a�+?/2p@u2@EBi�2p KQ/2H
�M/ irQ@/BK2MbBQM�H /BH�iQM ;`�pBivXǴ S?vbB+b@lbT2F?B e9Xj UkykRV, kRNX

S`2b2Mi2` M�K2, LB+F a�m2`r2BM

S�;2 e3



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@RN, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.k8j

G�b2` +QQHBM; */ �iQKb �M/ �H6 KQH2+mH2b BM i?2 /22T
lo
�mi?Q`b, aBKQM >Q7b bbRc J�tBKBHB�M .QTT2H#�m2`Rc 1/m�`/Q S�/BHH�Rc a2#�biB�M E`�vRc _mbb2HH
h?QK�bRc aB/M2v q`B;?iRc :2`�`/ J2BD2`Rc ai27�M h`mTT2k

R 6`Bix >�#2` AMbiBimi2 Q7 i?2 J�t SH�M+F aQ+B2iv
k 6`Bix >�#2` AMbiBimi2 Q7 i?2 J�t SH�M+F aQ+B2iv f AKT2`B�H *QHH2;2 GQM/QM

q2 T`2b2Mi Qm` `2+2Mi `2bmHib QM i?2 7�bi HQ�/BM; Q7 � /2Mb2 K�;M2iQ@QTiB+�H i`�T UJPhV
Q7 */ �iQKb 7`QK � TmHb2/ +`vQ;2MB+ ?2HBmK #mz2` ;�b #2�KX q2 +�M HQ�/ KQ`2 i?�M 10

7

�iQKb Q7 2�+? */ BbQiQT2 BM H2bb i?�M Ry Kb 7`QK � bBM;H2 �iQKB+ TmHb2 �M/ `2�+? /2MbBiB2b
r2HH �#Qp2 10

11 +K�3 #v mbBM; i?2 bi`QM; i`�MbBiBQM BM i?2 /22T mHi`�pBQH2i M2�` kkN MKX
h?2 */ JPh b2`p2b �b � bi�`iBM; TQBMi 7Q` T`2+Bb2 BbQiQT2 b?B7i K2�bm`2K2Mib iQ b2�`+? 7Q`
M2r T?vbB+b #2vQM/ i?2 ai�M/�`/ JQ/2H Q7 T�`iB+H2 T?vbB+bX AM �//BiBQM- */ Bb �M 2t+2HH2Mi
bT2+B2b iQ i2bi Qm` JPh �TT�`�imb iQ +QQH i?2 /B�iQKB+- TQH�` �M/ /22THv #QmM/ KQH2+mH2
�H6 mbBM; i?2 bi`QM; �1

⇧ $s1
⌃

+ i`�MbBiBQM M2�` kkdX8 MKX q2 /2KQMbi`�i2 i?2 2{+B2Mi
T`Q/m+iBQM Q7 �H6- �M/ i?2 BKTH2K2Mi�iBQM Q7 � bBKTH2 �M/ 7�bi QTiB+�H +v+HBM; b+?2K2X �b �
}`bi �TTHB+�iBQM- r2 `2/m+2 i?2 i`�Mbp2`b2 i2KT2`�im`2 Q7 � KQH2+mH�` #2�K Q7 �H6 #v mbBM;
� #Hm2@/2imM2/ QTiB+�H KQH�bb2bX 6BM�HHv- r2 /Bb+mbb i?2 BKTH2K2Mi�iBQM Q7 � w22K�M bHQr2`
�M/ � JPh 7Q` �H6X

S`2b2Mi2` M�K2, ai27�M h`mTT2

S�;2 eN



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@ky, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.kde

PM .2K�M/ 6Q`K�iBQM Q7 SQH�` *Q`2 oQ`iB+2b BM 62``QK�;@
M2iB+ aTBMQ` "Qb2 1BMbi2BM *QM/2Mb�i2b
�mi?Q`b, w�+?�`v E2``Rc :mBHH�mK2 :�mi?B2`kc >�HBM� _m#BMbxi2BM@.mMHQTkc hvH2` qX L22Hvkc J�ii?2r
CX .�pBbj

R lMBp2`bBiv Q7 Zm22MbH�M/
k �mbi`�HB�M _2b2�`+? *QmM+BH *2Mi`2 Q7 1t+2HH2M+2 7Q` 1M;BM22`2/ Zm�MimK avbi2Kb- a+?QQH Q7 J�i?@

2K�iB+b �M/ S?vbB+b- lMBp2`bBiv Q7 Zm22MbH�M/- aiX Gm+B�- ZG. 9ydk- �mbi`�HB�X
j �mbi`�HB�M _2b2�`+? *QmM+BH *2Mi`2 Q7 1t+2HH2M+2 7Q` 1M;BM22`2/ Zm�MimK avbi2Kb- a+?QQH Q7 J�i?@

2K�iB+b �M/ S?vbB+b- lMBp2`bBiv Q7 Zm22MbH�M/- aiX Gm+B�- ZG. 9ydk- �mbi`�HB�X �mbi`�HB�M
_2b2�`+? *QmM+BH *2Mi`2 Q7 1t+2HH2M+2 BM 6mim`2 GQr@1M2`;v 1H2+i`QMB+b h2+?MQHQ;B2b- a+?QQH Q7
J�i?2K�iB+b �M/ S?vbB+b- lMBp2`bBiv Q7 Zm22MbH�M/- ai Gm+B�- ZG. 9ydk- �mbi`�HB�X

aTBMQ` "1*b �`2 "Qb2@1BMbi2BM +QM/2Mb�i2b U"1*bV r?2`2 �HH i?2 bTBM bi�i2b &mF = +1, 0,�1'
Q7 i?2 �iQK �`2 �++2bbB#H2 (R)X h?2b2 MQp2H mHi`�+QH/ �iQKB+ bvbi2Kb +�M 2t?B#Bi #Qi? 72`@
`QK�;M2iB+ �M/ �MiB72``QK�;M2iB+ Q`/2` �M/ i?mb Qz2` 2M?�M+2/ QTTQ`imMBiB2b 7Q` 2tTHQ`BM;
T?2MQK2M� #2vQM/ i?Qb2 �++2bbB#H2 BM b+�H�` "1*b- bm+? �b M2r +H�bb2b Q7 iQTQHQ;B+�H /272+ib
(k)X h?2 TQH�` +Q`2 pQ`i2t US*oV Bb QM2 bm+? iQTQHQ;B+�H /272+i Q++m``BM; BM i?2 2�bv@TH�M2
T?�b2 Q7 72``QK�;M2iB+ bTBMQ` "1*bX � S*o 2t?B#Bib k� bTBM +B`+mH�iBQM- #mi rBi? x2`Q K�bb
+B`+mH�iBQM r?2`2 i?2 pQ`i2t +Q`2 Bb TQTmH�i2/ #v mMK�;M2iBx2/ �iQKb BM i?2 mF = 0 bi�i2X
h?2 }`bi 2tT2`BK2Mi�H Q#b2`p�iBQM Q7 � S*o r�b �+?B2p2/ #v a�/H2` 2i �H (k) BM kyye- r?2`2
i?2 pQ`i2t bTQMi�M2QmbHv 7Q`K2/ /m`BM; � K�;M2iB+ }2H/ [m2M+?X .m2 iQ i?2 MQM/2i2`KBMBb@
iB+ M�im`2 Q7 +`2�iBM; S*ob- 7m`i?2` 2tT2`BK2Mi�H bim/v Q7 i?2B` T`QT2`iB2b �M/ /vM�KB+b ?�b
#22M HBKBi2/X *QMi`QHH2/ +`2�iBQM Q7 S*ob +�M 2M�#H2 bm+? bim/B2b- BM+Hm/BM; 72r@#Q/v S*o
/vM�KB+b- S*o im`#mH2M+2- �M/ i?2 2[mBHB#`BmK /vM�KB+b Q7 S*o bvbi2KbX AM i?Bb rQ`F- r2
/2b+`B#2 Qm` 2zQ`ib iQ `2�HBx2 QM@/2K�M/ S*o +`2�iBQM BM [m�bB@k. Rb87 bTBMQ` "1*b rBi?
mMB7Q`K /2MbBiv 2M�#H2/ #v /B;Bi�H@KB+`QKB``Q` /2pB+2b U.J.V QTiB+�H i`�Tb (j)X
(R) .X JX ai�KT2`@Em`M- JX _X �M/`2rb- �X SX *?BFF�im`- aX AMQmv2- >X@CX JB2bM2`- CX
ai2M;2`- qX E2ii2`H2- PTiB+�H *QM}M2K2Mi Q7 � "Qb2@1BMbi2BM *QM/2Mb�i2- S?vbX _2pX G2iiX
3y URNN3V kykdĜkyjyX
(k) GX 1X a�/H2`- CX JX >B;#B2- aX _X G2bHB2- JX o2M;�H�iiQ`2- .X JX ai�KT2`@Em`M- aTQMi�M2Qmb
bvKK2i`v #`2�FBM; BM � [m2M+?2/ 72``QK�;M2iB+ bTBMQ` "Qb2@1BMbi2BM +QM/2Mb�i2- L�im`2 99j
UkyyeV jRkX
(j) :�mi?B2`- :Xc G2MiQM- AXc S�``v- LXJXc "�F2`- JXc .�pBb- JXCXc _m#BMbxi2BM@.mMHQT- >Xc
L22Hv- hXqX .B`2+i BK�;BM; Q7 � /B;Bi�H@KB+`QKB``Q` /2pB+2 7Q` +QM};m`�#H2 KB+`Qb+QTB+ QTiB+�H
TQi2MiB�HbX PTiB+� kyRe- j- RRjeĜRR9jX /QB,RyXRje9fPShA*�XjXyyRRjeX

S`2b2Mi2` M�K2, w�+?�`v E2``

S�;2 dy



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@kR, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.kNe

J�Mv@#Q/v [m�MimK M2+FH�+2 bi�i2b BM r�p2;mB/2 Z1.
�mi?Q`, .�MB2H :QM+�Hp2b@_QK2mR

*Q@�mi?Q`b, :B�M@J�`+2HHQ �M/QHBM� Rc .�``B+F 1X *?�M; R

R AMbiBimi2 Q7 S?QiQMB+ a+B2M+2b UA*6PV

h?2 }2H/ Q7 r�p2;mB/2 Z1.- r?2`2 �iQKb U`2�H Q` �`iB}+B�HV �`2 +QmTH2/ iQ QM2@/BK2MbBQM�H
r�p2;mB/2b- ?�b �ii`�+i2/ BKK2Mb2 i?2Q`2iB+�H �M/ 2tT2`BK2Mi�H BMi2`2bi `2+2MiHvX >Qr2p2`-
/2bTBi2 i?2 ?m;2 #Q/v Q7 `2b2�`+?- Qm` mM/2`bi�M/BM; Q7 i?2 K�Mv@#Q/v `2;BK2 +QMbBbiBM;
Q7 K�Mv �iQKb �M/ T?QiQMb `2K�BMb HBKBi2/X h?Bb bi2Kb T�`iHv 7`QK i?2 mbm�H +?�HH2M;2 Q7
K�Mv@#Q/v bvbi2Kb Ĝ i?2 2tTQM2MiB�HHv H�`;2 >BH#2`i bT�+2 bBx2 Ĝ �M/ �HbQ 7`QK i?2 BMi`BM@
bB+�HHv QT2M �M/ MQM2[mBHB#`BmK M�im`2 Q7 r�p2;mB/2 Z1. bvbi2KbX _2+2MiHv- Bi ?�b #22M
i?2Q`Bx2/ i?�i i?2 /vM�KB+b BM /BbQ`/2`2/ r�p2;mB/2 Z1. bvbi2Kb +�M 2t?B#Bi � K�Mv@#Q/v
HQ+�HBx2/ T?�b2- r?2`2 i?2 mM/2`HvBM; >�KBHiQMB�M #2+QK2b /B�;QM�HBx�#H2 BM i2`Kb Q7 HQ+�H
BMi2;`�Hb Q7 KQiBQM �M/ i?2 /vM�KB+b +�M #2 bQHp2/ BM � MQMT2`im`#�iBp2 7�b?BQMX JQ`2@
Qp2`- � /vM�KB+�H T?�b2 i`�MbBiBQM Bb T`2/B+i2/ #2ir22M /2HQ+�HBx2/- K�Mv@#Q/v HQ+�HBx2/-
�M/ �M/2`bQM HQ+�HBx2/ T?�b2b �b � 7mM+iBQM Q7 i?2 /2MbBiv Q7 2t+Bi�iBQMb BM i?2 bvbi2KX q2
?vTQi?2bBx2 i?�i i?2 KB+`Qb+QTB+ K2+?�MBbK `2bTQMbB#H2 7Q` b�B/ T?�b2 i`�MbBiBQM Bb i?2 7Q`@
K�iBQM Q7 2ti2M/2/ ǳM2+FH�+2Ǵ bi�i2b i?�i 7�+BHBi�i2 i`�MbTQ`i �+`Qbb i?2 bvbi2KX h?2b2 bi�i2b
�`2 7Q`K2/ #v i?2 ?v#`B/Bx�iBQM Q7 HQ+�HBx2/ KQ/2b Q7 /Bz2`2Mi `2bQM�M+2 7`2[m2M+B2b i?�i
bT�M i?2 bvbi2K H2M;i?- �M/ +�M 7�+BHBi�i2 imMM2HBM; Q7 T?QiQMb BM +QK#BM�iBQM rBi? BMi2`�+@
iBQMb BM i?2 7Q`K Q7 [m�MimK MQMHBM2�` 7`2[m2M+v KBtBM;X q2 /Bb+mbb Qm` QM;QBM; 2zQ`ib iQ
b?Qr i?�i i?2b2 [m�MimK M2+FH�+2 bi�i2b /QKBM�i2 [m�MimK i`�MbTQ`i Q7 T?QiQMb BM /BbQ`@
/2`2/ r�p2;mB/2 Z1.- �M/ ?Qr i?2v K�MB72bi i?2Kb2Hp2b BM �++2bbB#H2 Q#b2`p�#H2b HBF2 i?2
i`�MbKBbbBQM bT2+i`�- irQ@T?QiQM +Q``2H�iBQMb- �M/ i?2B` ~m+im�iBQMbX

S`2b2Mi2` M�K2, .�MB2H :QM+�Hp2b _QK2m

S�;2 dR



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@kk, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.jyd

.vM�KB+b BM � bTBM BK#�H�M+2/ ;�b Q7 GBe
�mi?Q`b, �HH�M S2MMBM;bRc S�mH .vF2Rc a�b+?� >QBMF�Rc Ap�M >2``2`�Rc *?`Bb o�H2R

R arBM#m`M2 lMBp2`bBiv Q7 h2+?MQHQ;v

hrQ@+QKTQM2Mi 62`KB ;�b2b rBi? BK#�H�M+2/ bTBM TQTmH�iBQMb 72�im`2 KBbK�i+?2/ 62`KB
bm`7�+2b r?B+? +�M H2�/ iQ � `�M;2 Q7 MQp2H #2?�pBQm`bX >2`2- r2 T`Q/m+2 �M/ bim/v bTBM@
BK#�H�M+2/ 62`KB ;�b2b 7QHHQrBM; � [m2M+? r?B+? `2KQp2b � 7`�+iBQM Q7 i?2 �iQKb BM QM2
bTBM bi�i2- 7`QK �M BMBiB�HHv #�H�M+2/ bTBM@KBtim`2X q2 �TTHv i?Bb �TT`Q�+? iQ ?�`KQMB+�HHv
i`�TT2/ HBi?BmK@e ;�b2b �M/ K2�bm`2 i?2 2MbmBM; /vM�KB+b �b i?2 �iQKb �TT`Q�+? 2[mBHB#@
`BmKX 6m`i?2`KQ`2- r2 T`2b2Mi Qm` T`Q;`2bb iQr�`/b bim/B2b Q7 i?2 +QMi�+i T�`�K2i2` BM
bTBM@BK#�H�M+2/ 62`KB ;�b2b mbBM; "`�;; bT2+i`Qb+QTvX

S`2b2Mi2` M�K2, �HH�M S2MMBM;b

S�;2 dk



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@kj, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.jRd

hQr�`/ i?2 `2�HBx�iBQM Q7 bBM;H2 [m�MimK BKTm`BiB2b BM �
M2r mHi`�+QH/ vii2`#BmK 2tT2`BK2Mi
�mi?Q`b, 6`�M+2b+Q a+�xx�Rc PK�` �#/2H E�`BKkc �H2bb�M/`Q JmxB 6�H+QMBjc ai27�MQ oB;M2`Bj

R lMBp2`bBiv Q7 h`B2bi2 �M/ *L_@ALP
k *L_@ALP �M/ lMBp2`bBiv Q7 L�TQHB
j lMBp2`bBiv Q7 h`B2bi2

lHi`�+QH/ �iQKb T`QpB/2 � mMB[m2 TH�v;`QmM/ 7Q` 2tTHQ`BM; K�Mv@#Q/v T?2MQK2M� 2K2`;BM;
BM bi`QM;Hv +Q``2H�i2/ bvbi2Kb- QrBM; iQ �M 2t+2TiBQM�H +QMi`QH Qp2` >�KBHiQMB�Mb- i?2B` HQM;
+Q?2`2M+2 iBK2b- �M/ `2+2MiHv 2bi�#HBb?2/ bBM;H2@�iQK KB+`Qb+QTv i2+?MB[m2bX >2`2- A rBHH
`2TQ`i QM i?2 QM;QBM; /2p2HQTK2Mi Q7 � M2r �iQK 2tT2`BK2Mi�H �TT�`�imb BM h`B2bi2- �BKBM;
iQ +QMi`QH �M/ /2i2+i vii2`#BmK �iQKb �i i?2 bBM;H2@T�`iB+H2 H2p2HX uii2`#BmK T`2b2Mib b2p2`�H
72�im`2b r?B+? K�F2 Bi B/2�H iQ BMp2biB;�i2 QT2M [m2biBQMb BM T`Q#H2Kb #�b2/ QM [m�MimK BK@
Tm`Biv bvbi2KbX J�MBTmH�iBM; i?2 2ti2`M�H �M/ BMi2`M�H /2;`22b Q7 7`22/QK Q7 BM/BpB/m�H �iQKb
#v QTiB+�H ir22x2` KB+`Qi`�Tb- �M/ 2tTHQBiBM; i?2 T`2+Bb2 iQQH#Qt Q7 irQ@2H2+i`QM@�iQK +HQ+F
bT2+i`Qb+QTv- r2 �BK �i +Q?2`2MiHv K�MBTmH�iBM; BM/BpB/m�H- HQ+�HBx2/ BKTm`BiB2b BMi2`�+iBM;
rBi? � K�Mv@T�`iB+H2 K2/BmK- i`B;;2`BM; �M/ Q#b2`pBM; i?2B` /vM�KB+b rBi? BMi2`72`QK2i`B+
i2+?MB[m2bX h?Bb rBHH �HHQr iQ b?2/ HB;?i QM BKTQ`i�Mi [m2biBQMb- bm+? �b i?2 mHi`�7�bi `2@
bTQMb2 �M/ i?2 7Q`K�iBQM Q7 EQM/Q `2bQM�M+2b BM 62`KB bvbi2Kb- �b r2HH �b i?2 +QKT2iBiBQM
#2ir22M [m�MimK /2T?�bBM; �M/ i?2`K�H /2+Q?2`2M+2 i?2`2BMX

S`2b2Mi2` M�K2, 6`�M+2b+Q a+�xx�

S�;2 dj



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@k9, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.jkd

.BHmi2 [m�MimK HB[mB/ BM � E@_# "Qb2 KBtim`2
�mi?Q`b, G2�M/`� o`�MD2b J�`FB+Rc oBFiQ` *BFQD2pBÉRc 1H2M� SQHBkc 6`�M+2b+Q �M+BHQiiQjc CQ`/B "Q`QM�i9

R lMBp2`bBiv Q7 aTHBi- 6�+mHiv Q7 a+B2M+2
k AMbiBimi 7Ƀ` 1tT2`BK2Mi�HT?vbBF- lMBp2`bBi i AMMb#`m+F-
j .BT�`iBK2MiQ /B 6őbB+� 2 �bi`QMQKB� Ǵ:�HBH2Q :�HBH2BǴ �M/ *LAaJ- lMBp2`bBi� /B S�/Qp�
9 k.2T�`i�K2Mi /2 6őbB+�- lMBp2`bBi�i SQHBiŢ+MB+� /2 *�i�HmMv�

_2+2MiHv- i?2 7Q`K�iBQM Q7 ?2i2`QMm+H2�` [m�MimK /`QTH2ib ?�b #22M Q#b2`p2/ BM �M �ii`�+iBp2
#QbQMB+ KBtim`2 Q7 41E �M/ 41_#X (R)- rBi? BM+`2�b2/ HB72iBK2b rBi? `2bT2+i iQ i?2 ?QKQMm+H2�`
KBtim`2 Q7 39EX AM Q`/2` iQ 2M�#H2 7`mBi7mH +QKT�`BbQM rBi? 2tT2`BK2Mib- r2 ?�p2 T2`7Q`K2/ �
bim/v Q7 i?2 41E �M/ 41_# KBtim`2 mbBM; i?2 /BzmbBQM JQMi2 *�`HQ K2i?Q/ �M/ i?2 .2MbBiv
6mM+iBQM�H h?2Q`v (k)X

q2 ?�p2 T`Qp2/ i?�i i?2 T2`im`#�iBp2 G22@>m�M;@u�M; i2`K 7Q` � ?2i2`Q;2M2Qmb KBtim`2 Bb
p�HB/ QMHv M2�` i?2 ;�b@HB[mB/ i`�MbBiBQMX "�b2/ QM i?2 2[m�iBQMb Q7 bi�i2 Q7 i?2 #mHF KBtim`2-
+�H+mH�i2/ rBi? /BzmbBQM JQMi2 *�`HQ- r2 T`2b2Mi 2ti2MbBQMb iQ G22@>m�M;@u�M; +Q``2+i2/
K2�M@}2H/ 2M2`;v 7mM+iBQM�HbX

lbBM; .2MbBiv 6mM+iBQM�H h?2Q`v- � bvbi2K�iB+ +QKT�`BbQM #2ir22M /Bz2`2Mi 7mM+iBQM�Hb Bb
T2`7Q`K2/- 7Q+mbBM; QM i?2 +`BiB+�H �iQK MmK#2`- bm`7�+2 i2MbBQM- bm`7�+2 rB/i?- hQHK�M
H2M;i?- �M/ +QKT`2bbB#BHBivX h?2b2 `2bmHib �`2 ;Bp2M �b � 7mM+iBQM Q7 i?2 BMi2`@bT2+B2b BMi2`@
�+iBQM bi`2M;i?- rBi?BM i?2 bi�#BHBiv /QK�BM Q7 i?2 HB[mB/ KBtim`2 �M/ 7Q` �M 2tT2`BK2Mi�HHv
`2H2p�Mi `�M;2 Q7 b+�ii2`BM; T�`�K2i2`bX

(R) *X .Ƕ1``B+Q- �X "m`+?B�MiB- JX S`2p2/2HHB- GX a�H�bMB+?-6X �M+BHQiiQ- JX JQ/m;MQ- 6X
JBM�`/B- �M/ *X 6Q`i- P#b2`p�iBQM Q7 [m�MimK /`QTH2ib BM � ?2i2`QMm+H2�` #QbQMB+ KBtim`2-
S?vbX _2pX _2b2�`+? R- yjjR88 UkyRNVX
(k) oX *BFQD2pBÉ- 1X SQHB- 6X �M+BHQiiQ- GX o`�MD2Ȓ J�`FBÉ- CX "Q`QM�i- .BHmi2 [m�MimK HB[mB/
BM � E@_# "Qb2 KBtim`2- S?vbX _2pX �- Ry9- yjjjRN UkykRVX

S`2b2Mi2` M�K2, G2�M/`� o`�MD2b J�`FB+

S�;2 d9



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@k8, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.jjN

h?2 BMi2;`�iBQM Q7 k. �iQKB+ �``�vb rBi? T?QiQMB+ +`vbi�H
r�p2;mB/2b
�mi?Q`, C�+Q# h?Q`M72H/i >�Mb2MR

*Q@�mi?Q`b, CQM�b "mM/;��`/ J�i?B�bb2M Rc �M/2`b aBKQMb2M Rc Cƺ`; >2H;2 JɃHH2` Rc C2�M@"�TiBbi2
"û;mBM Rc 1m;2M2 SQHxBF R

R LB2Hb "Q?` AMbiBimi2

�``�vb Q7 M2mi`�H �iQKb Qz2` � T`QKBbBM; TH�i7Q`K 7Q` #mBH/BM; +QMi`QHH�#H2 �M/ b+�H�#H2
[m�MimK K�Mv@#Q/v bvbi2KbX �iQKb Q7 i?2 b�K2 bT2+B2b ?�p2 B/2MiB+�H i`�MbBiBQMb �M/ �`2
T`�+iB+�HHv mMHBKBi2/ BM bmTTHvX :Bp2M i?2 K�im`Biv Q7 i?2 }2H/ Q7 �iQKB+ T?vbB+b- � H�`;2
iQQH#Qt Q7 �/p�M+2/ i2+?MB[m2b 7Q` +QQHBM; �M/ K�MBTmH�iBM; �iQKb Bb �p�BH�#H2X �iQKb
BM mHi`�@?B;? p�+mmK bvbi2Kb �`2 �HbQ /2+QmTH2/ 7`QK i?2B` 2MpB`QMK2Mi- �HHQrBM; 7Q` HQM;
+Q?2`2M+2@ �M/ HB72iBK2bX >Qr2p2`- i?Bb bi`QM; /2+QmTHBM; TQb2b � +?�HH2M;2 7Q` +QmTHBM; �iQKb
rBi? QM2 �MQi?2`X

q2 b22F iQ +QmTH2 �iQKb pB� i?2 2t+?�M;2 Q7 QTiB+�H T?QiQMbX >Qr2p2`- Bi Bb ;2M2`�HHv /B{+mHi
iQ �+?B2p2 bi`QM; +QmTHBM; #2ir22M �iQKb �M/ HB;?i- T`QT�;�iBM; BM 7`22 bT�+2- �i i?2 bBM;H2
T�`iB+H2 H2p2HX JQ`2Qp2`- i?2 bTQMi�M2Qmb 2KBbbBQM Q7 HB;?i 7`QK �M �iQK BMiQ 7`22 bT�+2
Bb BbQi`QTB+- 7m`i?2` HBKBiBM; i?2 BMi2`�+iBQM bi`2M;i?X "�b2/ QM TBQM22`BM; rQ`F(R-k)- Qm`
;Q�H Bb iQ 2M;BM22` bi`QM; �iQK@�iQK BMi2`�+iBQMb K2/B�i2/ #v HB;?i- BM � k. b2iiBM;X "v
i`�TTBM; �iQKb M2�` +�`27mHHv /2bB;M2/ T?QiQMB+ +`vbi�Hb- i?2 HB;?i 2KBii2/ #v i?2 �iQKb
+QmTH2b bi`QM;Hv iQ i?2 +`vbi�HX

h?2 HB;?i ;mB/2/ #v i?2 T?QiQMB+ +`vbi�Hb +�M #2 ?B;?Hv +QM}M2/- �HHQrBM; 7Q` Km+? bi`QM;2`
HB;?i@K�ii2` +QmTHBM; i?�M BM 7`22 bT�+2X :Bp2M i?2 /Bb+`2i2 bvKK2i`B2b Q7 i?2 T?QiQMB+
+`vbi�H- i?2 KQ/2 Q7 i?2 ;mB/2/ HB;?i rBHH #2 ?B;?Hv /B`2+iBQM�H- Qz2`BM; i?2 QTTQ`imMBiv
iQ 2M;BM22` bT2+B}+ BMi2`�+iBQMb /2T2M/BM; QM i?2 HQ+�iBQM Q7 i?2 �iQKb rBi? `2bT2+i iQ QM2
�MQi?2`X h?Bb �HHQrb QM2 iQ BKTH2K2Mi /Bz2`2Mi >�KBHiQMB�Mb 7Q` bBKmH�iBM; [m�MimK bvbi2Kb
bm+? �b k. AbBM;@HBF2 bvbi2Kb- �b b22M BM [m�MimK K�;M2iBbK(j)X

q2 `2TQ`i QM Qm` T`Q;`2bb iQr�`/b i`�TTBM; k. �``�vb Q7 BM/BpB/m�H *2bBmK �iQKb mbBM;
QTiB+�H ir22x2`b- M2�` � k. /B2H2+i`B+ bi`m+im`2X lbBM; � /m�H +QKT�`iK2Mi p�+mmK bvbi2K-
r2 i`�Mb72` +QH/ *2bBmK �iQKb 7`QK � bQm`+2 +?�K#2` iQ � b+B2M+2 +?�K#2`- +QMi�BMBM;
� T?QiQMB+ +`vbi�HX >2`2- i?2 �iQKb �`2 `2+�Tim`2/ �M/ bm#b2[m2MiHv i`�TT2/ BM QTiB+�H
ir22x2`bX
(R), �X :QMx�H2x@hm/2H�- *X GX >mM;- .X 1X *?�M;- CX AX *B`�+- >X CX EBK#H2- L�iX S?QiQMX
N- jky UkyR8V
(k), sBM;b?2M; Gm�M- C2�M@"�TiBbi2 "û;mBM- �H2t SX "m`;2`b- w?QM;x?QM; ZBM- am@S2M; um-
>�``v CX EBK#H2- �/pX Zm�MimK h2+?MQHX j- kyyyyy3 UkykyVX
(j), .X�1X *?�M;- CX�aX .Qm;H�b- �X :QMx�H2x@hm/2H�- *X@GX >mM;- >X�CX EBK#H2- _2pX JQ/X
S?vbX Ny- yjRyyk UkyR3V

S`2b2Mi2` M�K2, C�+Q# h?Q`M72H/i >�Mb2M

S�;2 d8



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@ke, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.je8

Zm�MimK +QMi`QH Q7 mHi`�+QH/ L�*b ;`QmM/ bi�i2 KQH2+mH2b

�mi?Q`b, A�M ai2p2MbQMRc LB++QHQ "B;�;HBRc �/2M G�KRc *H�B`2 q�`M2`Rc q2BDmM um�MRc aBr2B w?�M;Rc
a2#�biB�M qBHHR

R *QHmK#B� lMBp2`bBiv

q2 `2TQ`i QM i?2 +`2�iBQM Q7 bQ/BmK@+2bBmK UL�*bV KQH2+mH2b BM i?2B` `QpB#`�iBQM�H ;`QmM/
bi�i2 (R)- �bb2K#H2/ 7`QK mHi`�+QH/ +HQm/b Q7 L� �M/ *b �iQKb (k-j)X oB� QM2@ �M/ irQ@T?QiQM
bT2+i`Qb+QTv r2 ?�p2 B/2MiB}2/ � T�i?r�v i?�i �HHQrb mb iQ T`Q/m+2 i?2 }`bi mHi`�+QH/ 2Mb2K@
#H2b Q7 L�*b ;`QmM/ bi�i2 KQH2+mH2b pB� biBKmH�i2/ _�K�M �/B�#�iB+ T�bb�;2 UahA_�SVX AM
i?2 ;`QmM/ bi�i2 r2 2tTHQ`2 i?2 `Qi�iBQM�H bi`m+im`2X q2 /2KQMbi`�i2 bi`QM; _�#B +QmTHBM;
QM i?2 KB+`Qr�p2 i`�MbBiBQM #2ir22M i?2 ;`QmM/ �M/ }`bi 2t+Bi2/ `Qi�iBQM�H bi�i2- �HHQrBM;
mb iQ +Q?2`2MiHv +QMi`QH i?2 `Qi�iBQM�H bi�i2 QM 2ti`2K2Hv 7�bi iBK2 b+�H2b rBi? TB@TmHb2 iBK2b
QM i?2 b+�H2 Q7 Ry M�MQb2+QM/bX h?2 HQM;@HBp2/ `Qi�iBQM�H bi�i2b +�M #2 mb2/ �b [m#Bib Q` iQ
b?B2H/ i?2 KQH2+mH2b 7`QK irQ@#Q/v HQbbX q2 b?Qr T`2HBKBM�`v `2bmHib QM KB+`Qr�p2 b?B2H/BM;
Q7 i?2 KQH2+mH2b- �HQM; rBi? 2�`Hv rQ`F QM /B`2+i 2p�TQ`�iBQM Q7 L�*bX S`Q;`2bb BM i?Bb /B`2+@
iBQM K�v �HHQr +QQHBM; iQr�`/b [m�MimK /2;2M2`�+v- TQi2MiB�HHv QT2MBM; i?2 /QQ` iQr�`/b �
bi`QM;Hv /BTQH�` "Qb2@1BMbi2BM +QM/2Mb�i2 Q7 ;`QmM/ bi�i2 KQH2+mH2bX
(R) AX ai2p2MbQM 2i �HX- �`sBp,kkyeXyye8k UkykkV
(k) *X q�`M2` 2i �HX- S?vbX _2pX � Ry9- yjjjyk UkykRV
(j) �X wX G�K 2i �HX- S?vbX _2pX _2bX 9- GykkyRN UkykkV

S`2b2Mi2` M�K2, q2BDmM um�M

S�;2 de



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@kd, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.jd8

1{+B2Mi T`Q/m+iBQM Q7 �M �``�v Q7 7mHHv@[m�MimK@bi�i2@+QMi`QHH2/
TQH�` KQH2+mH2b
�mi?Q`b, :�#`B2H S�i2MQii2Xc G2rBb SB+�`/Rc C2bbB2 w?�M;Rc �MMB2 S�`FR

R >�`p�`/ lMBp2`bBiv

�``�vb Q7 mHi`�+QH/ TQH�` KQH2+mH2b 2t?B#Bi HQM;@`�M;2- HQM;@HBp2/ /BTQH2@/BTQH2 BMi2`�+iBQMb
i?�i +�M #2 ?�`M2bb2/ 7Q` i?2 [m�MimK bBKmH�iBQM Q7 K�ii2`- [m�MimK +QKTmi�iBQM- �M/ T`2@
+BbBQM K2�bm`2K2MibX *`m+B�H iQ K�Mv Q7 i?2b2 T`QTQb�Hb Bb i?2 �#BHBiv iQ T`Q/m+2 �/D�+2Mi
T�B`b Q7 KQH2+mH2b r?Qb2 [m�MimK bi�i2b r2 +�M BM/BpB/m�HHv +QMi`QHX hQ i?�i 2M/- r2 /2i2+i
p�+�M+B2b BM �``�vb Q7 BM/BpB/m�HHv i`�TT2/ L� �M/ *b �iQKb �M/ mb2 �+QmbiQ@QTiB+ /2~2+iQ`b
iQ `2�``�M;2 i?2 �iQKb BMiQ � p�+�Mi 7`22@`2;BQMX 1�+? T�B` Q7 L� �M/ *b Bb _�K�M bB/2@
#�M/ +QQH2/ �M/ K2`;2/ BMiQ i?2 b�K2 i`�T- r?B+? r2 i?2M K�;M2iQ�bbQ+B�i2 �i � 62b?#�+?
`2bQM�M+2 �M/ i`�Mb72` iQ i?2 L�*b `QpB#`QMB+ ;`QmM/ bi�i2 mbBM; � irQ@T?QiQM ahA_�S
b2[m2M+2X �//BiBQM�HHv- r2 T2`7Q`K2/ bT2+i`Qb+QTv Q7 i?2 L�*b c3⌃ TQi2MiB�HX q2 B/2MiB}2/
� R8 J>x rB/2 BMi2`K2/B�i2 bi�i2 7Q` Qm` ahA_�S i`�Mb72` i?�i Bb KQ`2 2{+B2Mi i?�M � Rky
J>x rB/2 bi�i2 mb2/ BM Qm` T`BQ` rQ`FX h?Bb 2{+B2Mi T`Q/m+iBQM Q7 7mHHv [m�MimK@bi�i2@
+QMi`QHH2/ TQH�` KQH2+mH2b BM QTiB+�H ir22x2`b rBHH T`QpB/2 M2r QTTQ`imMBiB2b 7Q` /BTQH2@/BTQH2
BMi2`�+iBQM K2/B�i2/ [m�MimK +QKTmi�iBQM �M/ [m�MimK bBKmH�iBQM �TTHB+�iBQMbX

S`2b2Mi2` M�K2, :�#`B2H S�i2MQii2

S�;2 dd



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@j, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.N

Zm�MimK b+B2M+2 rBi? T`Q;`�KK�#H2 ai`QMiBmK �``�vb BM �
>m##�`/ H�iiB+2
�mi?Q`b, ��`QM uQmM;Rc qBHHB�K 1+FM2`Rc L�i?�M a+?BM2Rc �/�K E�m7K�MR

R CAG�

*Q``2bTQM/BM; �mi?Q`, #QQiRNN9!;K�BHX+QK

�HF�HBM2 2�`i? �iQKb �M/ QTiB+�H ir22x2` �``�vb �`2 M�im`�HHv +QKTH2K2Mi�`v i2+?MQHQ;B2bX
h?2 �iQKb T`QpB/2 +QMp2MB2Mi i`�MbBiBQMb 7Q` ?B;? }/2HBiv QTiB+�H +QQHBM; �M/ BK�;BM;- r2HH@
+QMi`QHH2/ BMi2`M�H bi�i2b rBi? 2ti`2K2Hv ?B;? [m�HBiv 7�+iQ`b- �M/ brBi+?�#H2 BMi2`�+iBQMbX
h?2 ir22x2`b 7m`i?2` T`QpB/2 T`Q;`�KK�#H2 +QMi`QH Qp2` i?Qb2 �iQKbǶ KQiBQM�H bi�i2b �M/
TQbBiBQMbX h?2b2 +�T�#BHBiB2b K�F2 i?Bb �M �ii`�+iBp2 TH�i7Q`K 7Q` bim/vBM; [m�MimK QTiB+b-
rBi? i?2 �#BHBiv iQ T`Q;`�KK�#Hv T`2T�`2 �M/ /2i2+i 6Q+F bi�i2b Q7 K�Mv BM/BbiBM;mBb?�#H2-
MQMBMi2`�+iBM; #QbQMb- �M/ iQ bim/v ?Qr i?Qb2 #QbQM T`QT�;�i2 i?`Qm;? `2+QM};m`�#H2 HBM2�`
QTiB+�H M2irQ`Fb BKTH2K2Mi2/ rBi? QTiB+�H ir22x2`b �M/ �M QTiB+�H H�iiB+2X *QMp2`b2Hv- i?Bb
TH�i7Q`K +�M �HbQ #2 mb2/ iQ bim/v bi`QM;Hv BMi2`�+iBM; bvbi2Kb @ M�K2Hv +QHH2+iBQMb Q7 QTiB+�H
+HQ+F [m#Bib i?�i +�M #2 2Mi�M;H2/ pB� _v/#2`; BMi2`�+iBQMb iQ bim/v T`Q#H2Kb BM [m�MimK
b2MbBM;- �M/ bBKmH�iBQMb Q7 bTBM KQ/2HbX h?2 +QK#BM�iBQM Q7 mMBp2`b�H +QMi`QH Qp2` QTiB+�H
+HQ+F [m#Bib- +Q?2`2Mi BiBM2`�M+2- �M/ imM�#H2 BMi2`�+iBQMb +QmH/ mHiBK�i2Hv #2 +QK#BM2/ iQ
bim/v � H�`;2 +H�bb Q7 +QM/2Mb2/ K�ii2` >m##�`/ KQ/2HbX

S`2b2Mi2` M�K2, ��`QM qX uQmM;

S�;2 d3



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@9, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.R9

J�;M2iB+�HHv K2/B�i2/ ?QH2 T�B`BM; BM 72`KBQMB+ H�//2`b Q7
mHi`�+QH/ �iQKb
�mi?Q`b, h?QK�b *?�HQTBMRc a�`�? >B`i?2Rc .QKBMBF "Qm`;mM/Rc S2i�` "QDQpBÉRc �MM�#2HH2 "Q?`/ikc
1m;2M2 .2KH2`jc 6�#B�M :`mb/i9c AKK�Mm2H "HQ+?Rc hBKQM >BHF2`R

R J�t@SH�M+F@AMbiBimi2 7Q` Zm�MimK PTiB+b
k >�`p�`/ lMBp2`bBiv
j 1h> wm`B+?
9 GJl JmMB+?

*Q``2bTQM/BM; �mi?Q`, i?QK�bX+?�HQTBM!KT[XKT;X/2

h?2 62`KB@>m##�`/ KQ/2H Bb �M B+QMB+ KQ/2H Q7 bQHB/ bi�i2 T?vbB+b i?�i Bb #2HB2p2/ iQ +�Tim`2
i?2 BMi`B+�i2 T?vbB+b Q7 bi`QM;Hv +Q``2H�i2/ T?�b2b Q7 K�ii2` bm+? �b >B;?@h+ bmT2`+QM/m+iBpBivX
am+? � bi�i2 Q7 K�ii2` Bb bmTTQb2/Hv �+?B2p2/ mTQM /QTBM; � +QH/ �MiB72``QK�;M2iB+ JQii
BMbmH�iQ`X S�B`BM; Q7 /QT�Mib U?QH2bV- BM T�`iB+mH�`- Bb +QMbB/2`2/ iQ #2 � F2v K2+?�MBbK 7Q`
i?2 Q++m``2M+2 Q7 mM+QMp2MiBQM�H bmT2`+QM/m+iBpBivX
>2`2- A rBHH T`2b2Mi Qm` 2tT2`BK2Mi�H Q#b2`p�iBQM Q7 ?QH2 T�B`BM; /m2 iQ K�;M2iB+ +Q``2H�@
iBQMb BM � 62`KB@>m##�`/@ivT2 bvbi2K BM Qm` GBi?BmK [m�MimK@;�b KB+`Qb+QT2X q2 2M;BM22`
KBt2/@/BK2MbBQM�H 62`KB@>m##�`/ irQ@H2; H�//2`b BM r?B+? � TQi2MiB�H Qzb2i #2ir22M i?2
H2;b bmTT`2bb2b i?2 imMM2HBM; �HQM; i?2 `mM;b- r?BH2 2M?�M+BM; bTBM 2t+?�M;2 �M/ bBM;H2i
7Q`K�iBQM- i?mb /`�biB+�HHv BM+`2�bBM; i?2 ?QH2 #BM/BM; 2M2`;vX q2 Q#b2`p2 BM T�`iB+mH�` i?�i
?QH2b T`272`�#Hv bBi QM i?2 b�K2 `mM; BM Q`/2` iQ K�BMi�BM K�;M2iB+ Q`/2`BM;- �M/ r2 2ti`�+i
� #BM/BM; 2M2`;v QM i?2 Q`/2` Q7 i?2 bTBM 2t+?�M;2 2M2`;vX q2 7m`i?2`KQ`2 }M/ BM/B+�iBQMb
7Q` `2TmHbBQM #2ir22M T�B`b r?2M i?2`2 �`2 b2p2`�H ?QH2 T�B`b BM i?2 bvbi2KX

S`2b2Mi2` M�K2, h?QK�b *?�HQTBM

S�;2 dN



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@8, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.93

h`�MbTQ`i BM i?2 k. 62`KB@>m##�`/ KQ/2H, G2bbQMb 7`QK
r2�F +QmTHBM;
�mi?Q`b, h?QK�b EB2HvRc 1`B+? Jm2HH2`R

R *Q`M2HH lMBp2`bBiv

_2+2Mi +QH/ �iQK 2tT2`BK2Mib ?�p2 Q#b2`p2/ #�/ �M/ bi`�M;2 K2i�H #2?�pBQ`b BM bi`QM;Hv@
BMi2`�+iBM; 62`KB@>m##�`/ bvbi2KbX JQiBp�i2/ #v i?2b2 `2bmHib- r2 +�H+mH�i2 i?2 i?2`KQ@
2H2+i`B+ i`�MbTQ`i T`QT2`iB2b Q7 � k. 62`KB@>m##�`/ bvbi2K BM i?2 r2�F +QmTHBM; HBKBi mbBM;
[m�MimK FBM2iB+ i?2Q`vX q2 }M/ i?�i K�Mv 72�im`2b �ii`B#mi2/ iQ bi`QM; +Q``2H�iBQMb �`2
�HbQ 7QmM/ �i r2�F +QmTHBM;X AM T�`iB+mH�`- 7Q` i2KT2`�im`2b T > t i?2 2H2+i`B+�H `2bBbiBpBiv Bb
M2�`Hv HBM2�` BM i2KT2`�im`2 /2bTBi2 i?2 7�+i i?�i i?2 [m�bBT�`iB+H2 b+�ii2`BM; `�i2 Bb MQMHBM2�`
�M/ +?�M;2b #v M2�`Hv �M Q`/2` Q7 K�;MBim/2X q2 �`;m2 i?�i i?Bb �bvKTiQiB+ #2?�pBQ` Bb �
;2M2`�H 72�im`2 Q7 bvbi2Kb rBi? � }MBi2 bT2+i`�H rB/i?- r?B+? BKTHB2b i?�i i?2`2 Bb MQ JA_
#QmM/ QM i?2 `2bBbiBpBiv BM bBM;H2@#�M/ KQ/2HbX .m2 iQ M2biBM;- i?2 T @HBM2�` `2bBbiBpBiv T2`@
bBbib /QrM iQ T = 0 �i ?�H7 }HHBM;X Pm` rQ`F b?2/b HB;?i QM i?2 i`�MbTQ`i `2;BK2b �++2bbB#H2
BM mHi`�+QH/ �iQK 2tT2`BK2Mib- r?B+? +�M /Bz2` bm#bi�MiB�HHv 7`QK i?�i Q7 +QM/2Mb2/ K�ii2`
bvbi2KbX .Bb2Mi�M;HBM; i?2b2 #�M/@bi`m+im`2 2z2+ib 7`QK i?2 T?vbB+b Q7 bi`QM; +Q``2H�iBQMb Bb
� K�DQ` +?�HH2M;2 7Q` 7mim`2 2tT2`BK2MibX

S`2b2Mi2` M�K2, h?QK�b EB2Hv

S�;2 3y



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@e, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.ej

AKT`BMiBM; T2`bBbi2Mi +m``2Mib BM 72`KBQMB+ bmT2`~mB/ `BM;b

�mi?Q`b, :BmHB� .2H S�+2Rc EH2D/D� s?�MBkc �H2bb�M/`Q JmxB 6�H+QMBjc J�`+Q 62/`BxxBkc LB+QH� :`�MBkc
.B2;Q >2`M�M/2x _�DFQpkc J�bbBKQ AM;mb+BQ9c 6`�M+2b+Q a+�xx�jc qQQ CBM ErQMkc :B�+QKQ _Q�iBk

R 1S6G
k ALP@*L_ �M/ G1La
j lMBp2`bBi¨ /2;HB aim/B /B h`B2bi2
9 *�KTmb "BQK2/B+Q /B _QK�- ALP@*L_ �M/ G1La

S2`bBbi2Mi +m``2Mib BM � `BM; �`2 QM2 Q7 i?2 KQbi bi`BFBM; K�MB72bi�iBQMb Q7 � [m�MimK bvbi2K
+Q?2`2M+2X h?2 T2`BQ/B+ #QmM/�`v +QMbi`�BMb i?2 r�p27mM+iBQM T?�b2 iQ rBM/ BM � HQQT Q7 �M
BMi2;2` KmHiBTH2 Q7 k⇡- r?B+?- r?2M MQMx2`Q- ;Bp2b `Bb2 iQ � +m``2MiX "2bB/2b #2BM; � T`Qtv Q7
[m�MimK T?�b2 +Q?2`2M+2- T2`bBbi2Mi +m``2Mib `2T`2b2Mi � +Q`M2`biQM2 7Q` K�Mv �TTHB+�iBQMb-
7`QK T`2+BbBQM b2MbBM; iQ [m�MimK +QKTmiBM;- i?�i `2[mB`2 � 7�bi �M/ +QMi`QHH2/ +m``2Mi
BMD2+iBQM �M/ � `2HB�#H2 `2�/@Qmi Q7 Bib K�;MBim/2X >2`2 A T`2b2Mi i?2 2tT2`BK2Mi�H `2�HBx�iBQM
Q7 � 7�bi �M/ QM@/2K�M/ ;2M2`�iBQM Q7 T2`bBbi2Mi +m``2Mib BM �iQKB+ 62`KB bmT2`~mB/ `BM;b
�M/ i?2 BMp2biB;�iBQM Q7 i?2 +QMM2+iBQM #2ir22M i?2B` /�KTBM; �M/ pQ`i2t Mm+H2�iBQMX q2
2t+Bi2 T2`bBbi2Mi +m``2Mi bi�i2b Q7 QM@/2K�M/ rBM/BM; MmK#2` #v /vM�KB+�HHv BKT`BMiBM; i?2
T?�b2 rBM/BM; BM i?2 `BM; rBi? � i�BHQ`2/ H�b2` #2�K �M/ r2 `2�/@Qmi i?2 +m``2Mi bi�i2 pB�
�M BMi2`72`QK2i`B+ T`Q#2- r?B+? /B`2+iHv �++2bb2b i?2 `BM; T?�b2 T`Q}H2X q2 /2KQMbi`�i2
Qm` K2i?Q/ iQ 2{+B2MiHv 2t+Bi2 T2`bBbi2Mi +m``2Mib Q7 }MBi2 �M/ +QMi`QHH�#H2 rBM/BM; BM i?2
/Bz2`2Mi BMi2`�+iBQM `2;BK2b Q7 i?2 "1*@"*a +`QbbQp2`X q2 i?2M BM/m+2 i?2 +m``2Mi /2+�v
#v BMb2`iBM; � bK�HH /272+i BM i?2 `BM;X 6Q` +m``2Mib ?B;?2` i?�M � +`BiB+�H p�Hm2- i?2 Q#bi�+H2
i`B;;2`b i?2 2KBbbBQM Q7 pQ`iB+2b i?�i `2/m+2 i?2 T?�b2 rBM/BM;X Pm` rQ`F /2KQMbi`�i2b 7�bi
�M/ �++m`�i2 +QMi`QH Q7 T2`bBbi2Mi +m``2Mib BM 72`KBQMB+ bmT2`~mB/b- QT2MBM; i?2 `Qmi2 7Q`
i?2B` �TTHB+�iBQM BM [m�MimK i2+?MQHQ;B2bX

S`2b2Mi2` M�K2, :BmHB� .2H S�+2

S�;2 3R



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@d, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.d9

1}KQp mMBp2`b�HBiB2b- "Qb2 TQH�`QMb �M/ im`#mH2M+2 rBi?
mHi`�+QH/ jNE BM � j. #Qt i`�T
�mi?Q`b, �H2+ *�QRc CBǼő 1i`v+?Rc :2pQ`; J�`iB`Qbv�MRc G2M� .Q;`�Rc *?`BbiQT? 1B;2MRc wQ`�M
>�/xB#�#B+R

R lMBp2`bBiv Q7 *�K#`B/;2

q2 T`2b2Mi QM p�`BQmb 2tT2`BK2Mib miBHBxBM; [m�MimK 39E ;�b2b i`�TT2/ BM � j. QTiB+�H #Qt
7Q` BMp2biB;�iBQMb Q7 72r@#Q/v- K�Mv@#Q/v �M/ 7�`@7`QK@2[mBHB#`BmK T?2MQK2M�X h?2 }`bi
`2bmHi r2 T`2b2Mi Bb � +QKT`2?2MbBp2 +?�`�+i2`Bx�iBQM Q7 64R K�MB7QH/ 62b?#�+? `2bQM�M+2b
7Q` K�;M2iB+ }2H/b mT iQ eyy: mbBM; HQbb bT2+i`Qb+QTv �M/ �iQK@/BK2` BMi2`72`QK2i`vc i?2b2
T`2+BbBQM K2�bm`2K2Mib 2M�#H2 mb iQ 2t�KBM2 1}KQp �M/ p�M@/2`@q��Hb mMBp2`b�HBiv �+`Qbb
KmHiBTH2 `2bQM�M+2bX Pm` b2+QM/ K�BM `2bmHi Bb i?2 `2�HBx�iBQM Q7 � mMB7Q`K bvbi2K Q7 "Qb2
TQH�`QMbX q2 bT2+i`Qb+QTB+�HHv T`Q#2 i?2 TQH�`QM bT2+i`�H 7mM+iBQM rBi? KBMBK�H /2MbBiv
#`Q�/2MBM; 7`QK r2�F iQ `2bQM�Mi +QmTHBM;b- �M/ }M/ 2pB/2M+2 7Q` +Q?2`2Mi [m�MimK #2�ib
#2ir22M `2TmHbBp2 TQH�`QM �M/ �M BKTm`Biv@T?QMQM #QmM/ bi�i2 �i bi`QM; `2TmHbBp2 BMi2`�+@
iBQMb mM/2` � _�Kb�v T`QiQ+QHX �b � i?B`/ `2bmHi- r2 2tT2`BK2Mi�HHv 2bi�#HBb? �M 2[m�iBQM Q7
bi�i2 `2H�iBM; i?2 2M2`;v ~mt iQ i?2 EQHKQ;Q`Qp MmK#2` Q7 i?2 im`#mH2Mi +�b+�/2 2bi�#HBb?2/
mM/2` bi`QM; 7Q`+BM; Q7 �M BMi2`�+iBM; +QM/2Mb�i2X h?Bb 2[m�iBQM Q7 bi�i2 Bb BM/2T2M/2Mi Q7 i?2
/2i�BHb Q7 i?2 /`BpBM; �M/ /BbbBT�iBQM- BM/2T2M/2Mi Q7 ?BbiQ`v- �M/ +�M #2 `2b+�H2/ BMiQ � bBM;H2
+m`p2 7Q` /Bz2`2Mi BMi2`�+iBQM T�`�K2i2`bX 6BM�HHv- r2 bm`T`BbBM;Hv /2KQMbi`�i2 i?�i 2p2M �
b?�F2M MQMBMi2`�+iBM; +QM/2Mb�i2 2t?B#Bib � b2H7@bBKBH�` b+�HBM; /vM�KB+b BM KQK2MimK bT�+2
rBi? � bm#/BzmbBp2 2M2`;v ;`Qri?- [m�HBi�iBp2Hv �FBM iQ BMi2`�+iBM; im`#mH2Mi #2?�pBQ` #mi
[m�MiBi�iBp2Hv /Bz2`2MiX

S`2b2Mi2` M�K2, �H2+ *�Q

S�;2 3k



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@3, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.3d

aBi2@`2bQHp2/ BK�;BM; Q7 � #QbQMB+ JQii BMbmH�iQ` Q7 dGB
�iQKb
�mi?Q`b, EB`v�M; ErQMRc CmM?v2QF >m`Rc EvmM;i�2 EBKkc a2mM;CmM; >m?Rc C�2@vQQM *?QBR

R E�Aah
k CAG�

AM i?Bb TQbi2`- r2 `2TQ`i � [m�MimK ;�b KB+`Qb+QT2 Q7 GBi?BmK@d �iQKb BM � irQ@/BK2MbBQM�H
Uk.V b[m�`2 H�iiB+2X AM/BpB/m�H �iQKb BM 2�+? H�iiB+2 bBi2 �`2 BK�;2/ #v _�K�M bB/2#�M/
+QQHBM; BM � ?v#`B/ TQi2MiB�H Q7 i?2 k. H�iiB+2 �M/ � bBM;H2 iB;?iHv 7Q+mb2/ QTiB+�H b?22i
TQi2MiB�HX qBi? � ?B;? MmK2`B+�H �T2`im`2 UL�4yXe8V Q#D2+iBp2- r2 �+?B2p2 � TQBMi bT`2�/
7mM+iBQM Q7 ejyMK U7mHH rB/i? ?�H7 K�tBKmKV- r?B+? Bb bK�HH 2MQm;? iQ `2bQHp2 i?2 H�iiB+2
bT�+BM; Ud8kMKVX �#Qmi 9yyy T?QiQMb r2`2 +QHH2+i2/ /m`BM; Rb Q7 2tTQbm`2 iBK2 rBi? �
/2i2+iBQM }/2HBiv Q7 N3WX lbBM; i?2 K�;M2iB+ 62b?#�+? `2bQM�M+2- r2 T`Q/m+2 � H�`;2@bBx2/
mMBiv }HHBM; JQii BMbmH�iQ` rBi? R8yy �iQKb �i HQr i2KT2`�im`2X q2 2M;BM22` Qm` TQi2MiB�H QM
� bBM;H2@bBi2 H2p2H rBi? �M QTiB+�H TQi2MiB�H ;2M2`�i2/ #v � /B;Bi�H KB+`QKB``Q` /2pB+2 U.J.V-
r?B+? QT2Mb QTTQ`imMBiB2b iQ 7m`i?2` +QQH i?2 i2KT2`�im`2 �M/ 2tTHQ`2 K�Mv@#Q/v HQ+�HBx2/
UJ"GV T?�b2bX

S`2b2Mi2` M�K2, EB`v�M; ErQM

S�;2 3j



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@N, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.Ne

hQr�`/b � bi`QMiBmK [m�MimK ;�b KB+`Qb+QT2
�mi?Q`b, o�bBHBv J�F?�HQpRc CQM�i�M >Q2b?2H2Rc a�M/`� "mQ#Rc �MiQMBQ _m#BQ �#�/�HRc G2iB+B�
h�`m2HHR

R A*6P Ĝ AMbiBimi /2 *B2M+B2b 6QiQMB[m2b- h?2 "�`+2HQM� AMbiBimi2 Q7 a+B2M+2 �M/ h2+?MQHQ;v- y33ey

lHi`�+QH/ [m�MimK ;�b2b Q7 �iQKb Q` KQH2+mH2b ?�p2 #2+QK2 �M Qmibi�M/BM; iQQH iQ +`2�i2 �M/
bim/v p�`BQmb [m�MimK K�Mv@#Q/v bvbi2KbX h?�MFb iQ i?2B` ?B;? /2;`22 Q7 +QMi`QHH�#BHBiv-
i?2v +�M #2 +QMbB/2`2/ �b [m�MimK bBKmH�iQ`b @ bT2+B�H Tm`TQb2 �M�HQ; [m�MimK +QKTmi2`b @
iQ �//`2bb bT2+B}+ T`Q#H2KbX �M BKTQ`i�Mi 2t�KTH2 Bb QTiB+�H H�iiB+2 bvbi2Kb- r?B+? 2M�#H2
i?2 BKTH2K2Mi�iBQM Q7 i?2 >m##�`/ KQ/2H �M/ +�M #2 T`Q#2/ rBi? bBM;H2@bBi2 �M/ bBM;H2@�iQK
`2bQHmiBQM BM [m�MimK ;�b KB+`Qb+QT2 2tT2`BK2MibX
AM Qm` 2tT2`BK2Mi �i A*6P- "�`+2HQM�- r2 �BK �i i?2 `2�HBx�iBQM Q7 �M mHi`�+QH/ bi`QMiBmK
[m�MimK ;�b KB+`Qb+QT2 �M/ Tm`bm2 b2p2`�H `2b2�`+? /B`2+iBQMbX S�`iB+mH�`Hv- i?2 bm#r�p2@
H2M;i? bT�+BM; Q7 �M QTiB+�H H�iiB+2 iQ;2i?2` rBi? i?2 irQ@H2p2H bvbi2K Q7 bi`QMiBmK rBHH T`2b2Mi
�M B/2�H 2MpB`QMK2Mi iQ bim/v i?2 +QHH2+iBp2 2z2+ib Q7 �iQK@T?QiQM b+�ii2`BM;X �//BiBQM�HHv-
i?2 H�`;2 Mm+H2�` bTBM Q7 i?2 72`KBQMB+ BbQiQT2 rBHH 2M�#H2 �++2bb iQ `B+? T?vbB+b Q7 alUL�RyV
62`KB@>m##�`/ bvbi2KbX � ?B;?@L� BK�;BM; bvbi2K rBHH T`QpB/2 bBM;H2 H�iiB+2 bBi2 `2bQHmiBQM-
r?2`2�b bTBM@/2T2M/2Mi b?2HpBM; BM i?2 +HQ+F bi�i2 rBHH Qz2` bTBM@`2bQHp2/ BK�;BM;X AM Kv
TQbi2`- A ;Bp2 �M Qp2`pB2r Q7 Qm` M2r K�+?BM2 7Q` mHi`�+QH/ bi`QMiBmK �M/ /Bb+mbb i?2 7m`i?2`
bi2TbX

S`2b2Mi2` M�K2, o�bBHBv J�F?�HQp
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h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@Ry, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.Ry8

hQr�`/b � 62`KB ;�b KB+`Qb+QT2 rBi? imM�#H2 H�iiB+2 ;2QK@
2i`v
�mi?Q`b, J�`iBM G2#`�iRc Jm[BM; smRc G2p > E2M/`B+FRc �M�Mi E�H2Rc J�`Fmb :`2BM2`X

R >�`p�`/ lMBp2`bBiv

q2 `2TQ`i QM 2tT2`BK2Mi�H T`Q;`2bb iQr�`/b [m�MimK ;�b KB+`Qb+QTv Q7 mHi`�+QH/ HBi?BmK@e
BM HQr@MQBb2 QTiB+�H H�iiB+2b rBi? imM�#H2 ;2QK2i`vX "v Qp2`H�TTBM; � bmT2`H�iiB+2 #2�K Qp2`
� irQ@/BK2MbBQM�H b[m�`2 H�iiB+2- Qm` b2imT 2M�#H2b i?2 bBi2@`2bQHp2/ bim/v Q7 62`KB@>m##�`/
T?vbB+b BM i`B�M;mH�`- ?2t�;QM�H- /BK2`Bx2/ �M/ [m�bB@R. ;2QK2i`B2bX am+? MQMbi�M/�`/ #�M/@
bi`m+im`2b �`2 #2HB2p2/ iQ ?Qbi � p�`B2iv Q7 2tQiB+ bi`QM;Hv +Q``2H�i2/ T?�b2b i?�i �`2 ?�`/
iQ +?�`�+i2`Bx2 BM +QM/2Mb2/@K�ii2` bvbi2Kb- bm+? �b i?2 T`QTQb2/ bTBM HB[mB/ bi�i2 BM i?2
i`B�M;mH�` H�iiB+2 >m##�`/ KQ/2H Q` i?2 Tb2m/Q;�T T?�b2 Q7 i?2 b[m�`2 H�iiB+2 KQ/2HX .v@
M�KB+�HHv +?�M;BM; i?2 H�iiB+2 ;2QK2i`v 7m`i?2` �HHQrb T`2T�`�iBQM T`QiQ+QHb i?�i K�v ?2HT
`2/m+2 i2KT2`�im`2b #2HQr i?2 HBKBib Q7 +m``2Mi 2tT2`BK2MibX hQ;2i?2` rBi? HQr ?2�iBM; `�i2b
T`QpB/2/ #v i2+?MB+�H BKT`Qp2K2Mib QM H�iiB+2 MQBb2 �M/ bi�#BHBiv- i?Bb K�v ?2HT `2�+? i?2 v2i
mM2tTHQ`2/ HQr@i2KT2`�im`2 `2;BK2 Q7 i?2 >m##�`/ T?�b2 /B�;`�KX

S`2b2Mi2` M�K2, J�`iBM G2#`�i
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h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@RR, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.Rkk

_2�HBx�iBQM Q7 � 72``QK�;M2i BM �M �iQKB+ bmT2`~mB/
�mi?Q`b, _B++�`/Q *QKBMQiiBXc �MM� "2`iBXc *H2K2Mi .mHBMXc *?B�`� _Q;Q`�Xc :B�+QKQ G�KTQ`2bBXc
�H2bb�M/`Q w2M2bBMBXc �H2bbBQ _2+�iBXc A�+QTQ *�`mbQiiQXc :�#`B2H2 62``�`BR

R lMBp2`bBiv Q7 h`2MiQ

AMi2`�+iBQMb BM K�i2`B�Hb +?�`�+i2`Bx2/ #v bTBM /2;`22b Q7 7`22/QK TH�v � +`m+B�H `QH2 BM /2i2`@
KBMBM; i?2 K�;M2iB+ T`QT2`iB2b #Qi? BM i?2 T`2b2M+2 �M/ BM i?2 �#b2M+2 Q7 �M 2ti2`M�H +Q?2`2Mi
/`Bp2X 6Q` BMbi�M+2- B7 i?2 bTBM@/2T2M/2Mi BMi2`�+iBQM Bb TQbBiBp2 �M/ bi`QM; �b +QKT�`2/ iQ
i?2 2ti2`M�H /`Bp2 i?2 K�i2`B�H #2?�p2b �b � 72``QK�;M2i- Qi?2`rBb2 Bi b?Qrb � T�`�K�;M2iB+
`2bTQMb2 iQ 2ti2`M�H T2`im`#�iBQMbX

"v K2�Mb Q7 �++m`�i2 +QMi`QH Q7 i?2 bTBM /2;`22b (R-k)- �M/ Q7 TQH�`Bx�iBQM@`2bQHp2/ bT�iB�H
BK�;BM; BM � +Q?2`2MiHv@/`Bp2M kjL� "Qb2@1BMbi2BM +QM/2Mb�i2 r2 2tTHQ`2 i?2 K�;M2iB+ T?�b2
/B�;`�K Q7 �M 2ti2M/2/ bmT2`~mB/X AM i?2 HBKBi Q7 bi`QM; 2ti2`M�H /`BpBM; Q` bK�HH bTBM@
/2T2M/2Mi BMi2`�+iBQM UHQr /2MbBivV i?2 bvbi2K 72�im`2b � T�`�K�;M2iB+ `2bTQMb2 r?2`2#v i?2
TQH�`Bx�iBQM Bb /2i2`KBM2/ #v i?2 7`2[m2M+v /2imMBM; Q7 i?2 /`Bp2- r?BH2 BM i?2 QTTQbBi2 HBKBi
Q7 bi`QM; bTBM BMi2`�+iBQM i?2 bvbi2Kb b?Qrb ivTB+�H 72``QK�;M2iB+ #2?�pBQm` rBi? ?vbi2`2bBb-
7Q`K�iBQM Q7 K�;M2iB+ /QK�BM r�HHb- �M/ /Bp2`;2Mi K�;M2iB+ bmb+2TiB#BHBivX

lbBM; � bBKBH�` 2tT2`BK2Mi�H b2imT r2 T2`7Q`K +QKTH2K2Mi�`v K2�bm`2K2Mib Q7 i?2 bTBM /Bb@
T2`bBQM `2H�iBQM Q7 � irQ@+QKTQM2Mi bmT2`~mB/ /2KQMbi`�iBM; i?2 K�bbBp2 U;�TT2/V +?�`�+i2`
Q7 +QHH2+iBp2 2t+Bi�iBQMb r?2M i?2 bmT2`~mB/ Bb bm#D2+i iQ bi�iBQM�`v `2bQM�Mi /`BpBM; (j)- �M/
Q7 i?2 `QH2 Q7 [m�MimK iQ`[m2 mM/2` bi`QM;Hv MQMbi�iBQM�`v /`BpBM; (9)X
(R) �X 6�`QH} 2i �HX- _2pX a+BX AMbi`mKX Ny- RR8RR9 UkyRNVX
(k) �X 6�`QH} 2i �HX- S?vbX _2pX � Ry9- ykjjke UkykRVX
(j) _X *QKBMQiiB 2i �HX- S?vbX _2pX G2iiX Rk3- kRy9yR UkykkVX
(9) �X 6�`QH} 2i �HX- L�iX S?vbX Rd- Rj8N UkykRVX

S`2b2Mi2` M�K2, :�#`B2H2 62``�`B
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h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@Rk, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.Rk3

S`Q;`2bb QM w22K�M bHQrBM; Q7 *�6
�mi?Q`b, hBKQ J�tBKBHB�M GmF�b SQHHRc J�`BB� ai2T�MQp�Rc S�mH E�2#2`iRc amT2M; smRc JB`+Q
aB2`+F2Rc aBHF2 PbT2HF�mbR

R G2B#MBx lMBp2`bBiv >�MMQp2`- AMbiBimi2 Q7 Zm�MimK PTiB+b- :2`K�Mv

_2+2MiHv- ;`2�i T`Q;`2bb ?�b #22M K�/2 BM /B`2+i H�b2` +QQHBM; Q7 KQH2+mH2b iQ i2KT2`�im`2b
+HQb2 iQ �#bQHmi2 x2`QX >Qr2p2`- 2tT2`BK2Mib �`2 HBKBi2/ #v i?2 MmK#2` Q7 KQH2+mH2b i?�i +�M
#2 +�Tim`2/ 7`QK KQH2+mH�` #2�Kb mbBM; ivTB+�H H�b2`@#�b2/ i`�TTBM; K2i?Q/bX AM S2ixQH/ 2i
�HX kyR3- r2 T`QTQb2/ iQ i`�Mb72` w22K�M /2+2H2`�iBQM iQ H�b2`@+QQH�#H2 KQH2+mH2b �M/ i?mb
bm#bi�MiB�HHv BM+`2�b2 i?2 MmK#2` Q7 KQH2+mH2b i?�i +�M #2 +�Tim`2/ #v 2X;X K�;M2iQ@QTiB+�H
i`�TbX >2`2- r2 MQr T`2b2Mi Qm` +?�`�+i2`Bb�iBQM Q7 i?2 w22K�M 7Q`+2 7Q` *�6 KQH2+mH2bX
q2 }M/ 2t+2HH2Mi �;`22K2Mi Q7 i?2 7Q`+2 rBi? �M QTiB+�H "HQ+? 2[m�iBQM KQ/2HX h?Bb b?Qrb
i?�i i?2 ;2M2`�i2/ 7Q`+2 T`Q}H2 +�M +QKT`2bb i?2 BMBiB�H KQH2+mH�` p2HQ+Biv /Bbi`B#miBQM 7`QK
� bi�M/�`/ #mz2` ;�b +2HH iQ i?2 p2HQ+Biv `2[mB`2/ 7Q` i`�TTBM; BM � K�;M2iQ@QTiB+�H i`�T
UJPhVX q2 T`2b2Mi i?2 +m``2Mi bi�imb Q7 Qm` 2tT2`BK2Mi �b r2HH �b i?2Q`2iB+�H rQ`F QM �
MQp2H "�v2bB�M@QTiBKBb2/ KQH2+mH�` JPh b+?2K2 7Q` *�6 KQH2+mH2bX

S`2b2Mi2` M�K2, hBKQ J�tBKBHB�M GmF�b SQHH
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h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@Rj, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.Rjj

imMM2HBM; iBK2b �M/ BMi2`�+iBQM@/`Bp2M bTBM `Qi�iBQMb BM �
irQ@+QKTQM2Mi "1*
�mi?Q`b, .�pB/ aTB2`BM;bRc CQb2T? J+:Qr�MRc LB+F J�Mi2HH�Rc >�`b?BH L22`�DRc CQb2T? h?vrBbb2MRc
�2T?`�BK ai2BM#2`;R

R lMBp2`bBiv Q7 hQ`QMiQ

>Qr Km+? iBK2 /Q2b � imMM2HBM; T�`iB+H2 bT2M/ BM � #�``B2`\ � G�`KQ` +HQ+F- QM2 T`QTQb�H
iQ �Mbr2` i?Bb [m2biBQM- K2�bm`2b i?2 BMi2`�+iBQM #2ir22M i?2 T�`iB+H2 �M/ i?2 #�``B2` `2;BQM
mbBM; i?2 bTBM /2;`22 Q7 7`22/QK Q7 i?2 T�`iB+H2 iQ +HQ+F i?2 /r2HH iBK2 BMbB/2 i?2 #�``B2`X
q2 `2TQ`i QM T`2+Bb2 G�`KQ` iBK2 K2�bm`2K2Mib Q7 � "Qb2@1BMbi2BM +QM/2Mb�i2 Q7 3d_#
�iQKb imMM2HBM; i?`Qm;? �M QTiB+�H #�``B2`X q2 Q#b2`p2 i?�i �iQKb ;2M2`�HHv bT2M/ H2bb iBK2
imMM2HBM; i?`Qm;? ?B;?2` #�``B2`b �M/ i?�i i?Bb iBK2 /2+`2�b2b 7Q` HQr2` 2M2`;v T�`iB+H2b-
+QM}`KBM; HQM;bi�M/BM; T`2/B+iBQMb Q7 imMM2HBM; iBK2bX AM �//BiBQM- r2 T`2b2Mi 2pB/2M+2
Q7 bTBM r�p2b ;2M2`�i2/ BM i?2 `2~2+i2/ TQ`iBQM Q7 i?2 +QM/2Mb�i2X .m2 iQ i?2 +QBM+B/2M+2
Q7 b+�ii2`BM; H2M;i?b BM 3d_#- � "1* BM � KBtim`2 Q7 irQ ?vT2`}M2 bi�i2b #2?�p2b �b �
T?�b2@+Q?2`2Mi v2i /BbiBM;mBb?�#H2 irQ@+QKTQM2Mi ~mB/X _2~2+iBQM 7`QK i?2 #�``B2` +`2�i2b
� +QmMi2`@T`QT�;�iBM; K�ii2` r�p2 rBi? bTBM T�`iHv i`�Mbp2`b2 iQ i?2 bTBM Q7 i?2 7Q`r�`/@
;QBM; r�p2- BMBiB�iBM; BMi2`�+iBQM@/`Bp2M `Qi�iBQMb /m2 iQ i?2 /Bz2`2Mi BMi2`�+iBQM 2M2`;B2b
2tT2`B2M+2/ #v T�`�HH2H p2`bmb �MiB@T�`�HH2H bTBMbX q2 Q#b2`p2 QM2 Qb+BHH�iBQM Q7 � bTBM r�p2
7Q` HQr _�#B 7`2[m2M+B2b �M/ bim/v i?2 i`�MbBiBQM r?2`2 bTBM `Qi�iBQMb #2+QK2 BM/2T2M/2Mi
Q7 i?2 2ti2`M�H +QmTHBM; �M/ BMbi2�/ �`2 /QKBM�i2/ #v i?2 BMi2`�+iBQM@/`Bp2M 2z2+ibX

S`2b2Mi2` M�K2, .�pB/ aTB2`BM;b
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h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@R9, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.R93

hBK2@/2T2M/2Mi p�`B�iBQM�H JQMi2 *�`HQ bim/v Q7 i?2 /v@
M�KB+ `2bTQMb2 Q7 #QbQMb BM �M QTiB+�H H�iiB+2
�mi?Q`b, J�i?B�b :�`iM2`Rc 62``�M J�xx�MiBkc _Q#2`i 1X wBHHB+?R

R CQ?�MM2b E2TH2` lMBp2`bBiv GBMx
k .2T�`i�K2Mi /2 6BbB+�- lMBp2`bBi�i SQHBiĕ+MB+� /2 *�i�HmMv�

q2 bim/v i?2 /vM�KB+ `2bTQMb2 Q7 #QbQMb BM � QM2@/BK2MbBQM�H QTiB+�H H�iiB+2 �M/ Q#i�BM
i?2 /vM�KB+ bi`m+im`2 7�+iQ` S(k,!) 7Q` T2`im`#�iBQMb BM i?2 HBM2�` `2;BK2- �b r2HH �b i?2
MQMHBM2�` `2bTQMb2 iQ bi`QM; /2MbBiv T2`im`#�iBQMb (R)X AM Qm` rQ`F- r2 mb2 � +QMiBMmQmb
/2b+`BTiBQM Q7 i?2 bvbi2KX "�b2/ QM i?2 iBK2@/2T2M/2Mi p�`B�iBQM�H JQMi2 *�`HQ K2i?Q/
UioJ*V (k)- r2 bBKmH�i2 i?2 iBK2 T`QT�;�iBQM Q7 � T�`�K2i`Bx2/ K�Mv@#Q/v r�p27mM+iBQM
`2bTQM/BM; iQ �M 2ti2`M�H T`Q#2 TmHb2X � C�bi`Qr@622M#2`; �Mb�ix rBi? bBM;H2 T�`iB+H2 �M/
T�B` +Q``2H�iBQM 7mM+iBQMb Bb mb2/ �b i?2 KQ/2H r�p27mM+iBQMX

6Q` /22T QTiB+�H H�iiB+2b r2 +�M +QKT�`2 S(k,!) iQ 2t�+i /B�;QM�HBx�iBQM `2bmHib Q#i�BM2/
QM � H�iiB+2 BM i?2 "Qb2@>m##�`/ HBKBiX q?2M +QMbB/2`BM; b?�HHQr QTiB+�H H�iiB+2b- i?2 BM@
~m2M+2 Q7 ?B;?2` "HQ+? #�M/b Bb Q#b2`p2/- BM/B+�iBM; i?�i i?2 i`2�iK2Mi BM +QMiBMmQmb bT�+2
Bb �TT`QT`B�i2 7Q` bBKmH�iBM; i?2 /vM�KB+b Q7 i?2 bvbi2KX h?2 MQMHBM2�` `2bTQMb2 iQ bi`QM;
TmHb2b- rBi? �KTHBim/2b 2[m�H iQ i?2 QTiB+�H H�iiB+2 /2Ti? �M/ � }t2/ r�p2 MmK#2`- Bb �HbQ
BMp2biB;�i2/X 6`QK i?2 TQr2` bT2+i`mK Q7 i?2 /2MbBiv ~m+im�iBQMb r2 +�M �;�BM BM72` i?2 7mHH
2t+Bi�iBQM bT2+i`mK- �H#2Bi #`Q�/2M2/- /m2 iQ ?B;?2` ?�`KQMB+ ;2M2`�iBQMX AM �//BiBQM- r2
mb2 /Bz2`2Mi TmHb2 bi`2M;i?b iQ BMp2biB;�i2 i?2 i`�MbBiBQM 7`QK HBM2�` iQ MQMHBM2�` `2bTQMb2X
� `2K�`F�#H2 72�im`2 Q7 ioJ* Bb i?�i i?2 7mHH 2t+Bi�iBQM bT2+i`mK +�M �HbQ #2 `2i`B2p2/ 7`QK
i?2 TQr2` bT2+i`mK Q7 i?2 /2MbBiv ~m+im�iBQMb /m2 iQ i?2 biQ+?�biB+ MQBb2 BM?2`2Mi BM �Mv
JQMi2 *�`HQ K2i?Q/- rBi?Qmi �TTHvBM; �M �+im�H T2`im`#�iBQMX
(R) JX :�`iM2`- 6X J�xx�MiB �M/ _X1X wBHHB+?- hBK2@/2T2M/2Mi p�`B�iBQM�H JQMi2 *�`HQ bim/v
Q7 i?2 /vM�KB+ bi`m+im`2 7�+iQ` 7Q` #QbQMb BM �M QTiB+�H H�iiB+2- �`sBp T`2T`BMi �`sBp,kkykXyd8j8
UkykkVX
(k) :X *�`H2Q- 6X "2++�- JX a+?B`Ʀ �M/ JX 6�#`BxBQ- GQ+�HBx�iBQM �M/ :H�bbv .vM�KB+b P7
J�Mv"Q/v Zm�MimK avbi2Kb- a+B2MiB}+ _2TQ`ib kURV- k9j UkyRkV

S`2b2Mi2` M�K2, J�i?B�b :�`iM2`
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h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@R8, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.ReR

Zm�MimK +Q``2+iBQM iQ CQb2T?bQM Qb+BHH�iBQMb
�mi?Q`b, EQB+?B`Q 6m`mi�MBRc C�+[m2b h2KT2`2kc Gm+� a�H�bMB+?R

R lMBp2`bBiv Q7 S�/Qp�
k lMBp2`bBiv Q7 �Mir2`T

q2 i?2Q`2iB+�HHv BMp2biB;�i2 � #QbQMB+ CQb2T?bQM DmM+iBQM #v mbBM; i?2 T�i?@BMi2;`�H 7Q`K�H@
BbK rBi? `2H�iBp2 T?�b2 �M/ TQTmH�iBQM BK#�H�M+2 �b /vM�KB+�H p�`B�#H2bX ai�`iBM; 7`QK �
G�;`�M;B�M Q7 � "Qb2 CQb2T?bQM DmM+iBQM- r2 /2`Bp2 �M �+iBQM QMHv BM i2`Kb Q7 `2H�iBp2 T?�b2
#v T2`7Q`KBM; 7mM+iBQM�H BMi2;`�iBQM Qp2` i?2 TQTmH�iBQM BK#�H�M+2X q2 i?2M �M�Hvx2 i?2
[m�MimK QMHv@T?�b2 �+iBQM- r?B+? 7Q`K�HHv +QMi�BMb �HH Q7 i?2 [m�MimK +Q``2+iBQMbX hQ i?2
b2+QM/ Q`/2` BM i?2 /2`Bp�iBp2 2tT�MbBQM �M/ iQ i?2 HQr2bi Q`/2` BM h̄- r2 }M�HHv Q#i�BM i?2
[m�MimK +Q``2+iBQM iQ i?2 CQb2T?bQM 7`2[m2M+v Q7 Qb+BHH�iBQM BM i?2 CQb2T?bQM `2;BK2 (R)X h?2
B/2MiB+�H [m�MimK +Q``2+iBQM Bb 7QmM/ �HbQ #v �/QTiBM; �M �Hi2`M�iBp2 �TT`Q�+?X q?BH2 i?2
2biBK�i2/ [m�MimK +Q``2+iBQM iQ i?2 CQb2T?bQM 7`2[m2M+v Bb `2H�iBp2Hv bK�HH #�b2/ QM +m``2Mi
2tT2`BK2Mi�H b2imTb- r2 2tT2+i i?�i i?2 +Q``2+iBQM +�M #2 bB;MB}+�Mi #v �TT`QT`B�i2Hv imMBM;
bQK2 T�`�K2i2`b bm+? �b i?2 QMbBi2 BMi2`�+iBQM bi`2M;i? BM �M �iQKB+ CQb2T?bQM DmM+iBQM Q`
i?2 +�T�+Bi�M+2 BM � bmT2`+QM/m+iBM; CQb2T?bQM +B`+mBiX Pm` T`2/B+iBQMb rQmH/ #2 � mb27mH
i?2Q`2iB+�H iQQH 7Q` 2tT2`BK2Mib rBi? �iQKB+ Q` bmT2`+QM/m+iBM; CQb2T?bQM DmM+iBQMbX
(R) EX 6m`mi�MB- CX h2KT2`2- �M/ GX a�H�bMB+?- S?vbX _2pX " Ry8- Rj98Ry UkykkVX

S`2b2Mi2` M�K2, EQB+?B`Q 6m`mi�MB

S�;2 Ny



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@Re, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.RdN

"BM�`v +QHHBbBQMb #2ir22M [m�MimK /`QTH2ib, `QH2 Q7 i?2 q2@
#2` MmK#2`
�mi?Q`b, _Q+BQ C�m`2;mBRc a�MiB�;Q *�#�HH2`QRc 1`M2biQ �H#�@�``QvQR

R AMbiBimiQ /2 6őbB+�- lMBp2`bB�/ L�+BQM�H �miƦMQK� /2 JûtB+Q

� i?2Q`2iB+�H �M�HvbBb Q7 i?2 HQr 2M2`;v bm`7�+2 2t+Bi�iBQMb Q7 [m�MimK /`QTH2ib 7Q`K2/ #v
#BM�`v KBtim`2b Q7 mHi`�+QH/ /BHmi2 "Qb2 ;�b2b Bb T2`7Q`K2/X _2HB�#H2 2tT`2bbBQMb 7Q` i?2
bm`7�+2 i2MbBQM Q7 i?2 /`QTH2ib �`2 BMi`Q/m+2/ #�b2/ QM i?2 h?QmH2bb p�`B�iBQM�H i?2Q`2KX h?2
q2#2` MmK#2` +�M i?2M #2 +�H+mH�i2/ �b � K2�bm`2 Q7 i?2 `2H�iBp2 BKTQ`i�M+2 Q7 i?2 BM2`iB�
Q7 i?2 ~mB/ BM i2`Kb Q7 i?2 FBM2iB+ 2M2`;v +QKT�`2/ iQ Bib bm`7�+2 i2MbBQMX "v MmK2`B+�HHv
2p�Hm�iBM; i?2 2pQHmiBQM Q7 i?2 /`QTH2ib mM/2` i?2 2ti2M/2/ :`Qbb@SBi�2pbFBB 2[m�iBQM- b2p2`�H
`2;BK2b QM i?2 Qmi+QK2b Q7 7`QMi�H +QHHBbBQMb Q7 [m�MimK /`QTH2ib �`2 B/2MiB}2/X h?2v `�M;2
7`QK i?2 +Q�H2b+2M+2 Q7 i?2 [m�MimK /`QTH2ib iQ i?2B` /BbBMi2;`�iBQM BMiQ bK�HH2` /`QTH2ibX
h?Qb2 `2;BK2b �`2 b?QrM iQ #2 /B`2+iHv +Q``2H�i2/ iQ i?2 q2#2` MmK#2`X h?2 MmK2`B+�H
bBKmH�iBQMb BM+Hm/2 �iQKb HQbb2b Q7 i?2 /`QTH2ib /2`Bp2/ 7`QK b2H7@ 2p�TQ`�iBQM �M/ i?`22Ĝ
#Q/v b+�ii2`BM; 7Q` #Qi? ?QKQĜ �M/ ?2i2`QĜMm+H2�` KBtim`2bX

S`2b2Mi2` M�K2, _Q+BQ C�m`2;mB

S�;2 NR



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@Rd, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.RNj

� KQ/B}2/ p�`B�iBQM�H K2i?Q/ 7Q` � [m�MimK ;�b BM � +QM@
bi`�BM2/ bm`7�+2
�mi?Q`b, �M� E�`2M *m2`pQ JQMiB2HRc 6`2//v C�+FbQM SQp2/� *m2p�bk

R 6�+mHi�/ /2 *B2M+B�b lL�J
k *�i2/`�b *QM�+vi @ AMbiBimiQ /2 6őbB+� @ lMBp2`bB/�/ L�+BQM�H �miƦMQK� /2 JûtB+Q

*QM}M2/ [m�MimK ;�b2b BM � iQ`QB/�H@HBF2 TQi2MiB�H +�M #2 bim/B2/ #v � p�`B�iBQM�H K2i?Q/
mbBM; :`Qbb@SBi�2pbFBB@HBF2 2[m�iBQMbX h?2 p�`B�iBQM�H �TT`Q�+? /2i2`KBM2b i?2 /vM�KB+b Q7
i?2 [m�MimK +HQm/- �b i?2 2pQHmiBQM Q7 i?2 �bT2+i `�iBQ /m`BM; i?2 7`22 2tT�MbBQM Q7 i?2
+HQm/ �M/ i?2 +QHH2+iBp2 KQ/2bX q2 �/�Ti2/ i?2 p�`B�iBQM�H K2i?Q/ iQ T�`�K2i`Bx2 QM �
+m`p2/ bm`7�+2 �M/ 2z2+iBp2 /vM�KB+bX q2 mb2 i?2 i?BM@H�v2` [m�MiBx�iBQM b+?2K2- 7Q+mbBM;
QM i?`22@/BK2MbBQM�H bm`7�+2b- i?mb `2bQ`iBM; iQ i?2 a+?`ƺ/BM;2` 2[m�iBQM 7Q` � T�`iB+H2 rBi?
+QMbi`�BM2/ /vM�KB+b iQ � +m`p2/ bm`7�+2X q2 T`QTQb2 � ?v#`B/ G�;`�M;B�M /2MbBiv �M/ bTHBi
i?2 r�p2 7mM+iBQM BMiQ irQ T�`ib, i?2 MQ`K�H �M/ � i�M;2MiB�H +QKTQM2Mi iQ i?2 bm`7�+2
i?�i �HHQr mb iQ bim/v i?2 bvbi2K i?`Qm;? i?2 2ti2MbBQM Q7 i?2 p�`B�iBQM�H K2i?Q/X 6BM�HHv-
r2 Q#i�BM i?2 2[m�iBQMb Q7 KQiBQM i?�i /2b+`B#2 i?2 /vM�KB+b b2T�`�i2Hv BM i?2 MQ`K�H �M/
i�M;2MiB�H T�`ib QM i?2 bm`7�+2X

S`2b2Mi2` M�K2, �M� E�`2M *m2`pQ JQMiB2H

S�;2 Nk



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@R3, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.kRk

G�`;2 bTBM �iQKb BM QTiB+�H H�iiB+2b , bTBM i2tim`2b �M/ +Q`@
`2H�iBQMb
�mi?Q`b, "`mMQ G�#m`i?2@hQH`�Rc uQmbb27 �xBx@�H�QmBRc G�m`2Mi o2`M�+kc �M/`2� GBipBMQpRc SB2``2
"�i�BHH2Rc J�`iBM _Q#2`i@/2@a�BMi@oBM+2MiRc "B?mB w?mjc a2�M _Q#2`i JmH2�/v9c �M�@J�`B� _2v9c hQK@
K�bQ _Qb+BH/28

R *L_a @ S�`Bb LQ`i? lMBp2`bBiv laSL
k S�`Bb LQ`i? lMBp2`bBiv laSL
j h?2 lMBp2`bBiv Q7 PFH�?QK�
9 CAG�- lMBp2`bBiv Q7 *QHQ`�/Q
8 1LaG @ 1+QH2 LQ`K�H2 amTû`B2m`2 GvQM

Pm` 2tT2`BK2Mi�H T`QD2+ib �i i?2 G�b2` S?vbB+b AMbiBimi2 ULQ`i? S�`Bb lMBp2`bBivV �BK �i
+?�`�+i2`BxBM; 2Mi�M;H2K2Mi 7Q` K�Mv@#Q/v bvbi2Kb K�/2 Q7 H�`;2 bTBM �iQKbX 6Q` i?Bb- r2
/2p2HQT2/ irQ 2tT2`BK2Mi�H b2i@mTb , QM2 rBi? H�`;2@bTBM bi`QMiBmK 72`KBQMB+ �iQKb- rBi?
bTBM@BM/2T2M/2Mi +QMi�+i BMi2`�+iBQMbc QM2 rBi? H�`;2@bTBM +?`QKBmK #QbQMB+ �iQKb- rBi?
bTBM@/2T2M/2Mi HQM;@`�M;2 /BTQH2@/BTQH2 BMi2`�+iBQMbX

A rBHH /2b+`B#2 Qm` }`bi K2�bm`2K2Mib Q7 i?2 bTBM /Bbi`B#miBQM Q7 i?2 alULV 62`KB ;�b K�/2
Q7 bi`QMiBmK �iQKbX 6Q` i?Bb- r2 mb2/ � bTBM@Q`#Bi +QmTHBM; b+?2K2- r?2`2 � `2i`Q`2~2+i2/
H�b2` #2�K b2H2+iBp2Hv /Bz`�+ib irQ bTBM +QKTQM2Mib BM QTTQbBi2 /B`2+iBQMbX aTBM b2MbBiBpBiv
Bb T`QpB/2/ #v br22TBM; i?`Qm;? � K�;M2iB+@}2H/ b2MbBiBp2 i`�MbBiBQM r?BH2 /�`F bi�i2b 2Mbm`2
i?�i bTQMi�M2Qmb 2KBbbBQM `2K�BMb HQrX

PM i?2 +?`QKBmK K�+?BM2- r2 BMp2biB;�i2/ i?2 bTBM /vM�KB+b �M/ [m�MimK i?2`K�HBx�iBQM
Q7 � K�+`Qb+QTB+ 2Mb2K#H2 Q7 a 4 j bTBMb BMBiB�HHv T`2T�`2/ BM � Tm`2 +Q?2`2Mi bTBM bi�i2X h?2
2tT2`BK2Mi mb2b � mMBi@}HH2/ �``�v Q7 Ry i?Qmb�M/ +?`QKBmK �iQKb BM � i?`22 /BK2MbBQM�H
QTiB+�H H�iiB+2X �iQKb BMi2`�+i �i HQM; /Bbi�M+2 mM/2` i?2 2z2+i Q7 K�;M2iB+ /BTQH2@/BTQH2
BMi2`�+iBQMb- `2�HBxBM; i?2 bTBM@j ssw >2Bb2M#2`; KQ/2H rBi? HQM;@`�M;2 +QmTHBM;bX q2 BM@
p2biB;�i2/ i?2 #mBH/@mT Q7 [m�MimK +Q``2H�iBQMb BM i?Bb K�Mv@#Q/v bvbi2KX 6Q` i?Bb- r2
K2�bm`2/ +QHH2+iBp2 T`QT2`iB2b bm+? �b i?2 iQi�H TQTmH�iBQM BM i?2 b2p2M /Bz2`2Mi w22K�M
bi�i2b- Q` i?2 +QHH2+iBp2 bTBM H2M;i?X q2 �HbQ 7QmM/ i?�i i?2 K2�bm`2K2Mi Q7 K�;M2iBx�iBQM
~m+im�iBQMb T`QpB/2b /B`2+i [m�MiBi�iBp2 2biBK�i2b 7Q` irQ@#Q/v +Q``2H�iBQMbX
_272`2M+2b
uQmbb27 �xBx �H�QmB 2i �HX- �`sBp,kkyRXydkdd UiQ #2 Tm#HBb?2/ BM S?vbX _2pX G2iiXV
Gm+�b :�#�`/Qb 2i �HX- S?vbX _2pX G2iiX Rk8- R9j9yR UkykyV
SX "�i�BHH2 2i �HX- S?vbX _2pX � Ryk- yRjjRd UkykyV

S`2b2Mi2` M�K2, "`mMQ G�#m`i?2@hQH`�

S�;2 Nj



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@RN, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.k9y

J2bQb+QTB+ i`�MbTQ`i rBi? � r2�FHv@BMi2`�+iBM; "Qb2 ;�b

�mi?Q`, a?mM l+?BMQR

R C�T�M �iQKB+ 1M2`;v �;2M+v

lHi`�+QH/ �iQKB+ ;�b2b TH�v +`m+B�H `QH2b BM `2p2�HBM; MQMi`BpB�H [m�MimK i`�MbTQ`i T?2MQK@
2M�X 1bT2+B�HHv- [m�MimK i`�MbTQ`i Q7 r2�FHv@BMi2`�+iBM; "Qb2 ;�b2b rQmH/ #2 BMi2`2biBM;
BM i?�i i?2 `2�HBx�iBQMb rBi? +QM/2Mb2/@K�ii2` bvbi2Kb �`2 /B{+mHiX AM i?Bb TQbi2`- A 7Q+mb
QM irQ@i2`KBM�H i`�MbTQ`i bvbi2Kb rBi? "Qb2@1BMbi2BM +QM/2Mb�i2bX AM bTBi2 Q7 i?2 7Q`K�H
bBKBH�`Biv rBi? 72`KBQMB+ bmT2`+QM/m+iBM; bvbi2Kb- Bi Bb b?QrM i?�i i?2 +m``2Mi@#B�b +?�`@
�+i2`BbiB+b BM "Qb2@1BMbi2BM +QM/2Mb�i2b Bb [mBi2 /Bz2`2Mi /m2 iQ i?2 T`2b2M+2 Q7 � mMB[m2
i`�MbTQ`i T`Q+2bb 2tBbiBM; BM i?2 +QM/2Mb�i2bX

S`2b2Mi2` M�K2, a?mM l+?BMQ

S�;2 N9



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@ky, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.k88

hQr�`/b KB+`Qr�p2 b?B2H/BM; Q7 mHi`�+QH/ a`6 KQH2+mH2b
�mi?Q`b, :2Qz`2v w?2M;Rc h?QK�b G�M;BMRc o�`mM CQ`�Tm`Rc ZB�M q�M;Rc .�pB/ .2JBHH2k

R lMBp2`bBiv Q7 *?B+�;Q
k lMBp2`bBiv Q7 *?B+�;Q � �`;QMM2 L�iBQM�H G�#Q`�iQ`v

Zm�MimK /2;2M2`�i2 ;�b2b Q7 mHi`�+QH/ /BTQH�` KQH2+mH2b T`2b2Mi � T`QKBbBM; TH�i7Q`K 7Q`
�/p�M+2b BM [m�MimK bBKmH�iBQM- [m�MimK +?2KBbi`v- �M/ b2�`+?2b 7Q` T?vbB+b #2vQM/ i?2
ai�M/�`/ JQ/2HX .B`2+i H�b2` +QQHBM; Q7 /BTQH�` KQH2+mH2b Bb QM2 bm++2bb7mH K2i?Q/ 7Q` �+?B2p@
BM; mHi`�+QH/ i2KT2`�im`2bX *m``2MiHv- r2 mb2 bm#@.QTTH2` ⇤@2M?�M+2/ ;`�v KQH�bb2b +QQHBM;
iQ HQ�/ a`6 KQH2+mH2b BMiQ �M QTiB+�H /BTQH2 i`�TX q2 ?�p2 i`�TT2/ ⇠ 160 a`6 KQH2+mH2b
�i i2KT2`�im`2b �b HQr �b R8 µE BM � 9ky µE /22T i`�T mbBM; i?Bb �TT`Q�+?X >Qr2p2`- �Mv
bB;MB}+�Mi BM+`2�b2 BM i?2 T?�b2 bT�+2 /2MbBiv Q7 Qm` KQH2+mH�` ;�b rBHH HBF2Hv #2 HBKBi2/ #v
BM2H�biB+ HQbb2b +�mb2/ 2X;X #v i?2 #�``B2`H2bb +?2KB+�H `2�+iBQM a`6 Y a`6 ! a`62 Y a`X >2`2
r2 `2TQ`i Qm` TH�Mb iQ bm`KQmMi i?Bb +?�HH2M;2 #v mbBM; +B`+mH�`Hv TQH�`Bx2/ KB+`Qr�p2b iQ
+`2�i2 � `2TmHbBp2 BMi2`�+iBQM #2ir22M i?2 a`6 KQH2+mH2bX q2 ;2M2`�i2 i?2b2 KB+`Qr�p2b #v
+QK#BMBM; irQ Q`i?Q;QM�H TQH�`Bx�iBQMb rBi? +QMi`QHH�#H2 T?�b2 �M/ �KTHBim/2 Qzb2ib QMiQ
�M Q`i?QKQ/2 i`�Mb/m+2`- �M/ i?2M /2HBp2` i?2K iQ i?2 KQH2+mH2b pB� � +QMB+�H ?Q`M �M/
2HHBTbQB/�H KB``Q`X am++2bb7mH BKTH2K2Mi�iBQM Q7 i?Bb b+?2K2 b?QmH/ +H2�` � T�i? iQ �+?B2pBM;
� [m�MimK /2;2M2`�i2 ;�b Q7 a`6 KQH2+mH2bX

S`2b2Mi2` M�K2, :2Qz`2v w?2M;

S�;2 N8



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@kR, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.kek

hQTQHQ;B+�H 2H2+i`QK�;M2iB+ 2z2+ib �M/ ?B;?2` b2+QM/ *?2`M
MmK#2`b BM 6Qm`@.BK2MbBQM�H ;�TT2/ T?�b2b
�mi?Q`b, :B�M/QK2MB+Q S�HmK#QRc u�M[BM; w?mkc w?2M w?2M;kc wX .X q�M;k

R .m#HBM AMbiBimi2 7Q` �/p�M+2/ aim/B2b
k :m�M;/QM;@>QM; EQM; CQBMi G�#Q`�iQ`v Q7 Zm�MimK J�ii2`

>B;?2`@/BK2MbBQM�H iQTQHQ;B+�H T?�b2b TH�v � F2v `QH2 BM mM/2`bi�M/BM; i?2 HQr2`@/BK2MbBQM�H
iQTQHQ;B+�H T?�b2b �M/ i?2 `2H�i2/ iQTQHQ;B+�H `2bTQMb2b i?`Qm;? � /BK2MbBQM�H `2/m+iBQM T`Q@
+2/m`2X AM i?Bb rQ`F- r2 T`2b2Mi � .B`�+@ivT2 KQ/2H Q7 7Qm`@/BK2MbBQM�H U9.V wk iQTQHQ;B+�H
BMbmH�iQ` UhAV T`Qi2+i2/ #v *S@bvKK2i`v- r?Qb2 j. #QmM/�`v bmTTQ`ib �M Q// MmK#2` Q7
.B`�+ +QM2bX � bT2+B}+ T2`im`#�iBQM bTHBib 2�+? #mHF K�bbBp2 .B`�+ +QM2 BMiQ irQ p�HH2vb
b2T�`�i2/ BM 2M2`;v@KQK2MimK bT�+2 rBi? QTTQbBi2 b2+QM/ *?2`M MmK#2`b- BM r?B+? i?2 j.
#QmM/�`v KQ/2b #2+QK2 � MQ/�H bT?2`2 Q` � q2vH b2KBK2i�HHB+ T?�b2X "v BMi`Q/m+BM; i?2
2H2+i`QK�;M2iB+ U1JV �M/ Tb2m/Q@1J }2H/b- 2tQiB+ iQTQHQ;B+�H `2bTQMb2b Q7 Qm` 9. bvbi2K
�`2 `2p2�H2/- r?B+? �`2 7QmM/ iQ #2 /2b+`B#2/ #v i?2 U9YRV. KBt2/ *?2`M@aBKQMb i?2Q`B2b BM
i?2 HQr@2M2`;v `2;BK2X LQi�#Hv- b2p2`�H iQTQHQ;B+�H T?�b2 i`�MbBiBQMb Q++m` 7`QK � *S@#`QF2M
wk hA iQ � w hA r?2M i?2 #mHF ;�T +HQb2b #v ;BpBM; `Bb2 iQ 2tQiB+ /Qm#H2@MQ/�H@HBM2fMQ/�H@
?vT2`@iQ`mb ;�TH2bb T?�b2bX 6BM�HHv- r2 T`QTQb2 iQ T`Q#2 2tT2`BK2Mi�HHv i?2b2 iQTQHQ;B+�H
2z2+ib BM +QH/ �iQKbX

S`2b2Mi2` M�K2, :B�M/QK2MB+Q S�HmK#Q

S�;2 Ne



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@kk, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.k3j

a2H7@TBMMBM; i`�MbBiBQM BM � KBtim`2 Q7 irQ MQMB/2MiB+�H Gmi@
iBM;2` GB[mB/b
�mi?Q`b, hBK E2HH2`Rc a2`?�M a2vv�`2 �FbmRc h?QK�b 6Q;�`ivRc h?QK�b "mb+?R

R PFBM�r� AMbiBimi2 Q7 a+B2M+2 �M/ h2+?MQHQ;v :`�/m�i2 lMBp2`bBiv UPAahV

h?2 TBMMBM; [m�MimK T?�b2 i`�MbBiBQM +�M #2 Q#b2`p2/ BM #Qi? r2�FHv BMi2`�+iBM; [m�MimK
K�Mv@#Q/v bvbi2Kb /2b+`B#2/ #v � R. "Qb2@>m##�`/ KQ/2H �M/ bi`QM;Hv BMi2`�+iBM; R.
bvbi2Kb KQ/2HH2/ #v GmiiBM;2` HB[mB/ i?2Q`vX AM #Qi? i?2b2 +�b2b �M mHi`�@+QH/ [m�MimK ;�b
+�M #2 /`Bp2M iQ JQii@BMbmH�iBM; bi�i2 #v BKTQbBM; �M BM}MBi2bBK�H bK�HH 2ti2`M�H H�iiB+2
TQi2MiB�H (R)

_2+2MiHv �M �M�HQ;m2 iQ i?Bb i`�MbBiBQM r�b 7QmM/ 7Q` � hQMFb@:B`�`/2�m ;�b i?�i Bb BKK2`b2/
BM � "Qb2@1BMbi2BM +QM/2Mb�i2- r?B+? +Q``2bTQM/b iQ � bBim�iBQM Q7 b2H7@TBMMBM; bi�i2 rBi?Qmi
BKTQbBM; �Mv 2ti2`M�H H�iiB+2 TQi2MiB�H (k)X

"�b2/ QM i?2b2 bim/B2b- A T`2b2Mi Qm` rQ`F QM i?Bb T?�b2 i`�MbBiBQM #v bim/vBM; � KBtim`2 irQ
MQMB/2MiB+�H GmiiBM;2` HB[mB/b- r?Qb2 T?vbB+�H T`QT2`iB2b +�M #2 �/Dmbi2/ 7`QK #2BM; r2�FHv
iQ bi`QM;Hv +Q``2H�i2/X AM �//BiBQM i?2 bvbi2K �HHQrb QM2 iQ imM2 i?2 BMi2`�+iBQM #2ir22M i?2
+QKTQM2Mib- r?B+? i?2`27Q`2 ;Bp2b �++2bb iQ i?2 7mHH T?�b2 /B�;`�K Q7 i?2 irQ@+QKTQM2Mi ;�bX
q?BH2 r2 �`2 T�`iB+mH�`Hv BMi2`2bi2/ BM i?2 #2?�pBQm` Q7 i?2 T?�b2 i`�MbBiBQM �b � 7mM+iBQM Q7
+Q``2H�iBQMb- A rBHH �HbQ TQBMi Qmi i?2 BKTHB+�iBQMb 7Q` i?2b2 bvbi2Kb iQ �+i �b T?QMQM@+�``vBM;
K�ii2` r�p2 H�iiB+2bX
_272`2M+2b
(R) 1X >�HH2`- _X >�`i- JX CX J�`F- CX :X .�MxH- GX _2B+?bƺHHM2`- JX :mbi�pbbQM- JX .�HKQMi2-
:X SmTBHHQ- �M/ >X@*X L ;2`H- SBMMBM; [m�MimK T?�b2 i`�MbBiBQM 7Q` � GmiiBM;2` HB[mB/ Q7
bi`QM;Hv BMi2`�+iBM; #QbQMb- L�im`2 UGQM/QMV 9ee- 8Nd UkyRyV
(k) hX E2HH2`- hX 6Q;�`iv �M/ hX "mb+?- a2H7@SBMMBM; h`�MbBiBQM Q7 � hQMFb@:B`�`/2�m :�b BM
� "Qb2@1BMbi2BM *QM/2Mb�i2- S?vbX _2pX G2iiX- Rk3- y8j9yR UkykkV

S`2b2Mi2` M�K2, a2`?�M a2vv�`2 �Fbm

S�;2 Nd



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@kj, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.kNd

ai`BT2/ b2H7@#QmM/ /BTQH�` /`QTH2ib
�mi?Q`b, *H2K2Mb ai�m/BM;2`Rc .B�M� >m7M�;Hkc 62``�M J�xx�MiBjc _Q#2`i wBHHB+?9

R AMbiBimi2 7Q` h?2Q`2iB+�H S?vbB+b- CQ?�MM2b E2TH2` lMBp2`bBiv
k CQ?�MM _�/QM AMbiBimi2 7Q` *QKTmi�iBQM�H �M/ �TTHB2/ J�i?2K�iB+b �M/ J�i?*QMbmHi :K#>
j .2T�`i�K2Mi /2 6BbB+�- lMBp2`bBi�i SQHBiĕ+MB+� /2 *�i�HmMv�
9 CQ?�MM2b E2TH2` lMBp2`bBiv

q2 BMp2biB;�i2 � bvbi2K Q7 /BTQH�` �iQKb +QM}M2/ iQ KQp2 QM � irQ /BK2MbBQM�H TH�M2X h?2
/BTQH2 KQK2Mib �`2 �HH T�`�HH2H �M/ �HB;M2/ BM � /B`2+iBQM i?�i /Q2b MQi M2+2bb�`BHv +QBM+B/2
rBi? i?2 MQ`K�H iQ i?2 TH�M2X �b � `2bmHi Q7 i?2 �ii`�+iBp2 �M/ `2TmHbBp2 +QKTQM2Mib Q7
i?2 /BTQH2@/BTQH2 BMi2`�+iBQM- i?2 bvbi2K +�M 7Q`K � b2H7@#QmM/ bvbi2K- r?B+? Bb bi�#BHBx2/ #v
[m�MimK ~m+im�iBQMbX hBHiBM; i?2 /BTQH2b imM2b i?2 �MBbQi`QTv Q7 i?2 /BTQH2@/BTQH2 BMi2`�+iBQM
�M/ Qz2`b i?2 TQbbB#BHBiv iQ i`B;;2` � bT�iB�H /2MbBiv KQ/mH�iBQMX AM i?Bb rQ`F r2 +QK#BM2
i?Qb2 irQ �bT2+ib �M/ BMp2biB;�i2 i?2 7Q`K�iBQM Q7 � b2H7@#QmM/ �M/ bi`BT2/ T?�b2- r?B+? ?�b
#22M `2�HBx2/ BM 2tT2`BK2Mib rBi? �+im�H /BTQH�` /`QTH2ibX q2 mb2 � p�`B�iBQM�H K2i?Q/ #�b2/
QM i?2 ?vT2`M2ii2/@+?�BM 1mH2`@G�;`�M;2 QTiBKBx�iBQM Q7 � C�bi`Qr@622M#2`; �Mb�ix 7Q` i?2
K�Mv@#Q/v r�p2 7mM+iBQM iQ bim/v i?2 ;`QmM/ bi�i2 T`QT2`iB2b Q7 i?2 bvbi2KX h?Bb K2i?Q/
i�F2b BMiQ �++QmMi [m�MimK ~m+im�iBQMb BM � MQMT2`im`#�iBp2 r�v �M/ Bb +�T�#H2 Q7 /2b+`B#BM;
bi`QM;Hv +Q``2H�i2/ bvbi2KbX q2 �HbQ T2`7Q`K 2t�+i /BzmbBQM JQMi2 *�`HQ bBKmH�iBQMb 7Q`
+QKT�`BbQMX

S`2b2Mi2` M�K2, wBHHB+?- _Q#2`i

S�;2 N3



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@k9, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.jyN

LQM2[mBH#`BmK bi�i2b Q7 /`Bp2M@/BbbBT�iBp2 [m�MimK ;�b2b

�mi?Q`, �M/`û 1+F�`/iR

R hl "2`HBM

� bvbi2K Q7 mHi`�+QH/ �iQKb +�M #2 #`Qm;?i BM +QMi�+i rBi? � i?2`K�H #�i? #v H2iiBM; Bi
BMi2`�+i r2�FHv rBi? � H�`;2 +HQm/ Q7 �MQi?2` �iQKB+ bT2+B2bX q2 +QMbB/2` �iQKb BM � iBK2@
T2`BQ/B+�HHv /`Bp2M QTiB+�H H�iiB+2 BM +QMi�+i rBi? �M BMi2`�+iBM; "Qb2 +QM/2Mb�i2 �M/ KB@
+`Qb+QTB+�HHv KQ/2H i?2K mbBM; 6HQ[m2i@"Q`M@J�`FQp i?2Q`vX h?2 BMi2`TH�v Q7 /`BpBM; �M/
/BbbBT�iBQM rBHH ;mB/2 i?2b2 bvbi2Kb BMiQ MQM2[mBHB#`BmK bi2�/v bi�i2bX *QKT�`2/ iQ i?2 mbm�H
�/B�#�iB+ bi�i2 T`2T�`�iBQM- bmz2`BM; 7`QK MQM�/B�#�iB+ 2t+Bi�iBQM T`Q+2bb2b- i?Bb b+2M�`BQ +�M
?�p2 irQ �/p�Mi�;2bc Bi Bb `Q#mbi- bBM+2 2M2`;v U�M/ 2Mi`QTvV +�M #2 /mKT2/ BMiQ i?2 #�i?-
�M/ Bi �HHQrb 7Q` i?2 T`2T�`�iBQM Q7 BMi2`2biBM; bi�i2b #2vQM/ i?2 bi`B+i +QMbi`�BMib Q7 i?2`@
K�H 2[mBHB#`BmKX A rBHH T`2b2Mi irQ 2t�KTH2b BM `�i?2` /Bz2`2Mi `2;BK2b, UBV AM � bvbi2K Q7
72`KBQMb HQ�/2/ BMiQ i?2 6HQ[m2i@iQTQHQ;B+�H #�M/ bi`m+im`2 Q7 � ?2t�;QM�H H�iiB+2 +`2�i2/ #v
?B;?@7`2[m2M+v /`BpBM;- i?2 +QmTHBM; iQ i?2 2MpB`QMK2Mi �HHQrb iQ ǳ+QQHǴ �HKQbi �HH T�`iB+H2b
BMiQ � bBM;H2 #�M/ bQ i?�i � iQTQHQ;B+�H BMbmH�iQ` ;BpBM; `Bb2 iQ � [m�MiBx2/ >�HH `2bTQMb2 Bb
T`2T�`2/ (R)X UBBV am#D2+iBM; � QM2@/BK2MbBQM�H #QbQMB+ bvbi2K iQ � bT�iB�HHv HQ+�H /`Bp2 Q7
BMi2`K2/B�i2 7`2[m2M+v i?�i `2bQM�MiHv 2t+Bi2b U?2�ibV i?2 bvbi2K- i?2 BMi2`TH�v Q7 /`BpBM;
�M/ /BbbBT�iBQM Bb 7QmM/ iQ ;Bp2 `Bb2 iQ i?2 7Q`K�iBQM Q7 � MQM2[mBHB#`BmK "Qb2 +QM/2Mb�i2
BM � bm#bT�+2 i?�i �TT`QtBK�i2Hv /2+QmTH2b 7`QK i?2 /`Bp2 (k)X 6BM�HHv- A rBHH �HbQ �//`2bb
i?2 U2tT2`BK2Mi�H �M/ MmK2`B+�HV Q#b2`p�iBQM Q7 � /vM�KB+�H T?�b2 i`�MbBiBQM Q++m``BM; �i �
+`BiB+�H iBK2 /m`BM; i?2 #�i?@BM/m+2/ `2H�t�iBQM /vM�KB+b Q7 �M QT2M bvbi2K (j)X
(R) �X a+?M2HH �M/ �X 1+F�`/iX, ai�#BHBxBM; � 6HQ[m2i iQTQHQ;B+�H BMbmH�iQ` BM � /`Bp2M QTiB+�H
H�iiB+2 #v #�i? 2M;BM22`BM; UBM T`2T�`�iBQMVX
(k) �X a+?M2HH- GX@LX qm- �X qB/2`�- �X 1+F�`/iX, 6HQ[m2i@?2�iBM;@BM/m+2/ MQM2[mBHB#`BmK
"Qb2 +QM/2Mb�iBQM BM �M QT2M QTiB+�H H�iiB+2 UT`2T`BMi- �`sBp,kky9XydR9dVX
(j) GX@LX qm- CX L2ii2`b?2BK- CX 62Ľ- �X a+?M2HH- aX "m`;�`/i- aX >B2#2H- .X �/�K- �X1X- �X
qB/2`�- �X 1+F�`/i, .vM�KB+�H T?�b2 i`�MbBiBQM BM �M QT2M [m�MimK bvbi2K UBM T`2T�`�@
iBQMVX

S`2b2Mi2` M�K2, 1+F�`/i- �M/`û

S�;2 NN



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@k8, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.jRN

lMBi�`v 72`KBQMB+ T@r�p2 BMi2`�+iBQMb BM � j. QTiB+�H H�i@
iB+2
�mi?Q`b, oBDBM o2MmRc S2B?�M; smRc 6`�MF *Q`�TBRc _Q#vM G2�`MRc JBF?�BH J�K�2pkc h?QK�b
"BHBi2rbFBkc CQb2 SX .ǶAM+�Qkc *Q`� CX 6mDBr�`�Rc �M� J�`B� _2vkc CQb2T? >X h?vrBbb2MR

R .2T�`iK2Mi Q7 S?vbB+b �M/ *ZAZ*- lMBp2`bBiv Q7 hQ`QMiQ
k CAG�- LAah �M/ .2T�`iK2Mi Q7 S?vbB+b- lMBp2`bBiv Q7 *QHQ`�/Q- "QmH/2`

_2bQM�MiHv 2M?�M+2/ �M/ +QMi`QHH�#H2 T@r�p2 BMi2`�+iBQMb BM mHi`�+QH/ �iQKB+ bvbi2Kb �`2 �
T`QKBbBM; i2bi #2/ 7Q` `2�HBxBM; mM+QMp2MiBQM�H bmT2`+QM/m+iQ`b �M/ bmT2`~mB/b rBi? MQM@
i`BpB�H i`�MbTQ`i T`QT2`iB2bX >Qr2p2`- T@r�p2 �M/ Qi?2` �MiBbvKK2i`B+ BMi2`�+iBQMb �`2 r2�F
BM M�im`�HHv Q++m``BM; bvbi2Kb- �M/ i?2B` 2M?�M+2K2Mi pB� i?2 62b?#�+? K2+?�MBbK ?�b #22M
HBKBi2/ #v i?`22@#Q/v HQbbX >2`2- r2 `2TQ`i QM bT2+i`Qb+QTB+ K2�bm`2K2Mib Q7 62b?#�+?@
2M?�M+2/ T@r�p2 BMi2`�+iBQMb Q7 40E- r?2`2 i?`22@#Q/v HQbb Bb bmTT`2bb2/ #v HQ�/BM; T�B`b Q7
bTBM TQH�`Bx2/ �iQKb BMiQ � KmHiB#�M/ j. QTiB+�H H�iiB+2X Pm` K2�bm`2K2Mib 2ti2M/ mT iQ
i?2 mMBi�`v HBKBi +?�`�+i2`Bx2/ #v � /Bp2`;BM; T@r�p2 b+�ii2`BM; pQHmK2X h?2b2 K2�bm`2K2Mib
b?Qr 2t+2HH2Mi �;`22K2Mib iQ �M 2t�+i bQHmiBQM 7Q` irQ ?�`KQMB+�HHv +QM}M2/ �iQKb BMi2`�+i@
BM; pB� � T@r�p2 Tb2m/QTQi2MiB�H- �M/ iQ MmK2`B+�H bQHmiBQMb mbBM; �M �#@BMBiBQ BMi2`�+iBQM
TQi2MiB�HX q2 �HbQ /2KQMbi`�i2 i?2 +Q?2`2M+2 Q7 i?2 +QMp2`bBQM T`Q+2bb #2ir22M MQMBMi2`�+i@
BM; �M/ bi`QM;Hv BMi2`�+iBM; �iQKB+ T�B`b #v K2�bm`BM; _�#B Qb+BHH�iBQMbX 6m`i?2`KQ`2- r2
/2KQMbi`�i2 i?�i HQbb2b Q7 T@r�p2 BMi2`�+iBM; T�B`b �`2 HBKBi2/ #v i?2 BMi`BMbB+ HB72iBK2 Q7 i?2
7`22@bT�+2 KQH2+mH�` /BK2`- �M/ r2 Q#b2`p2 HB72iBK2b i?�i �`2 }7iv iBK2b H�`;2` i?�M T`2pBQmb
K2�bm`2K2Mib BM 40EX

S`2b2Mi2` M�K2, oBDBM o2Mm

S�;2 Ryy



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@ke, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.jjy

*QHH2+iBp2 2z2+ib BM /BbbBT�iBp2 [m�MimK +2HHmH�` �miQK�i�

�mi?Q`b, C�p�/ E�x2KBRc >2M/`BF q2BK2`R

R G2B#MBx lMBp2`bBi i >�MMQp2`

S`Q;`�KKBM; B``2p2`bB#H2 /vM�KB+�H `mH2b Q7 +2HHmH�` �miQK�i� BMiQ MQMmMBi�`v BMi2`�+iBQMb
Q7 [m�MimK bvbi2Kb �TT2�`b iQ #2 � T`QKBbBM; `Qmi2 iQ bim/vBM; MQp2H +QHH2+iBp2 2z2+ibX *QM@
bB/2`BM; � K�bi2`@2[m�iBQM 2K#2//BM; Q7 +H�bbB+�H +2HHmH�` �miQK�i�- r2 }`bi BMp2biB;�i2 i?2
mM2tTHQ`2/ �`2� Q7 +QKTmi�#BHBiv �bT2+ib Q7 J�`FQpB�M [m�MimK /vM�KB+bX q2 BMi`Q/m+2 �
MQp2H /vM�KB+�H +H�bb Q7 QT2M [m�MimK K�Mv@#Q/v bvbi2Kb i?�i �HHQrb bim/vBM; i?2 BMi2`@
TH�v #2ir22M +QKTmi�iBQM�H T`QT2`iB2b �M/ [m�MimK 2z2+ibX ai`BFBM;Hv- r2 /2KQMbi`�i2 i?�i
+QKTmi�iBQM�H mMT`2/B+i�#BHBiv +�M +Q2tBbi rBi? [m�MimK 2Mi�M;H2K2Mi �M/ i?�i Bi +�M #2
bim/B2/ rBi?BM T`2b2Mi 2tT2`BK2MibX L2ti- r2 T`2b2Mi � [m�MimK p2`bBQM Q7 � T`Q#�#BHBbiB+
K�DQ`Biv@pQiBM; +2HHmH�` �miQK�iQM iQ �//`2bb � HQM;@bi�M/BM; +QMi`Qp2`bv �#Qmi i?2 2tBb@
i2M+2 �M/ HBKBib Q7 #Bbi�#H2 #2?�pBQ` BM i?2 bi�iBQM�`v bi�i2b Q7 QT2M [m�MimK bvbi2KbX q2
}M/ i?2 }`bi BMbi�M+2 Q7 ;2MmBM2 #Bbi�#BHBiv BM bm+? bvbi2Kb r?B+? Bb /`Bp2M #v i?2 #`2�FBM;
Q7 /2i�BH2/ #�H�M+2 BM i?2 MQM2[mBHB#`BmK bi2�/v bi�i2X

S`2b2Mi2` M�K2, C�p�/ E�x2KB

S�;2 RyR



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@kd, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.j98

.BTQH�` [m�MimK /`QTH2ib �M/ bmT2`bQHB/b
�mi?Q`, hBHK�M S7�mR

R 8X S?vbBF�HBb+?2b AMbiBimi �M/ *2Mi2` 7Q` AMi2;`�i2/ Zm�MimK a+B2M+2 �M/ h2+?MQHQ;v UAZahV-
lMBp2`bBi i aimii;�`i- :2`K�Mv

.BTQH�` BMi2`�+iBQMb �`2 7mM/�K2Mi�HHv /Bz2`2Mi 7`QK i?2 mbm�H p�M /2` q��Hb 7Q`+2b BM `2�H
;�b2bX "2bB/2b i?2 �MBbQi`QTv i?2 /BTQH�` BMi2`�+iBQM Bb MQMHQ+�H �M/ �b bm+? �HHQrb 7Q` b2H7
Q`;�MBx2/ bi`m+im`2 7Q`K�iBQM (R)X AM kyR8 r2 +QmH/ Q#b2`p2 i?2 7Q`K�iBQM Q7 � bi�#H2 /`QTH2i
+`vbi�H �M/ 7QmM/ i?�i i?Bb mM2tT2+i2/ bi�#BHBiv Bb /m2 iQ #2vQM/ K2�M@}2H/ [m�MimK +Q`@
`2+iBQMb Q7 i?2 G22@>m�M;@u�M; ivT2X q?2M �``�M;2/ BM � R. �``�v �HbQ T?�b2 +Q?2`2M+2
#2ir22M i?2 /`QTH2ib r�b Q#b2`p2/- r?B+? r�b }`bi 2pB/2M+2 7Q` � bmT2`bQHB/ bi�i2 Q7 K�ii2`X
lTQM +`QbbBM; i?2 i`�MbBiBQM iQ i?2 /BTQH�` bmT2`bQHB/ � :QH/biQM2 KQ/2 �TT2�`b- r?B+? r2
?�p2 Q#b2`p2/X h?2 2tBbi2M+2 Q7 i?Bb KQ/2 T`QQ7b i?2 bmT2`~mB/ biBzM2bb Q` i?2 bQ@+�HH2/
T?�b2 `B;B/Biv Q7 i?Bb M2r bi�i2 Q7 K�ii2`X q2 ?�p2 �HbQ bim/B2/ i?2 bi�iB+ bi`m+im`2 7�+iQ`
�+`Qbb i?2 i`�MbBiBQM r?B+? �HHQrb iQ b?Qr i?�i i?2 +?�`�+i2`BbiB+ ~m+im�iBQMb +Q``2bTQM/ iQ
2H2K2Mi�`v 2t+Bi�iBQMb bm+? �b i?2 `QiQM KQ/2b- �M/ i?�i i?2 bmT2`bQHB/ bi�i2 bmTTQ`ib #Qi?
bmT2`~mB/ �b r2HH �b +`vbi�H T?QMQMbX � `2+2Mi `2pB2r QM i?2 /Bb+Qp2`v Q7 [m�MimK /`QTH2ib
�M/ /BTQH�` bmT2`bQHB/b +�M #2 7QmM/ BM `27X (k)X
_272`2M+2b,
(R) `2pB2r, hX G�?�v2- 2i �HX- _2TX S`Q;X S?vbX dk- Rke9yR UkyyNV
(k) `2pB2r, 6X "ƺii+?2` 2i �HX _2TQ`ib QM S`Q;`2bb BM S?vbB+b 39- yRk9yj UkykRV

S`2b2Mi2` M�K2, hBHK�M S7�m

S�;2 Ryk



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@k3, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.jee

q�p2 im`#mH2M+2 BM � ?QKQ;2MQmb k. "Qb2 ;�b
�mi?Q`b, �M/`2v E�`�BHB2pRc J�`iBM :�xQXc S�M�;BQiBb *?`BbiQ/QmHQmRc JQ?�K2/ q�`/�Rc LBb?�Mi
.Q;`�Rc CmHB�M a+?KBiikc J�+B2D :�HF�Rc wQ`�M >�/xB#�#B+R

R lMBp2`bBiv Q7 *�K#`B/;2
k lMBp2`bBiv Q7 "QMM

hm`#mH2M+2 Bb � KmHiBb+�H2 T?2MQK2MQM- 7QmM/ BM bvbi2Kb `�M;BM; 7`QK MQMHBM2�` QTiB+b iQ
i?2 /vM�KB+b Q7 i?2 2�`Hv mMBp2`b2X q?BH2 im`#mH2M+2 2b+�T2b � +QKTH2i2 KB+`Qb+QTB+ mM@
/2`bi�M/BM; Bi Bb +QKKQMHv �bbQ+B�i2/ rBi? +�b+�/2b- i`�MbTQ`iBM; bvbi2K@bT2+B}+ +QMb2`p2/
[m�MiBiB2b- �+`Qbb /Bz2`2Mi H2M;i? b+�H2bX

>2`2- r2 2KTHQv � irQ@/BK2MbBQM�H �M/ ?QKQ;2MQmb mHi`�+QH/ "Qb2 ;�b Ĝ � bvbi2K rBi? �
?B;? /2;`22 Q7 2tT2`BK2Mi�H imM�#BHBiv Ĝ iQ bim/v r�p2 im`#mH2M+2X � iBK2@p�`vBM; K�;M2iB+
}2H/ ;`�/B2Mi Bb mb2/ iQ 2t+Bi2 � HQM;2bi r�p2H2M;i? T?QMQM KQ/2- r?B+? mM/2` bi`QM; /`BpBM;
7Q`Kb � /B`2+i 2M2`;v +�b+�/2 7`QK HQr r�p2MmK#2`b iQ ?B;? r�p2MmK#2`b- r?2`2 i?2 /BbbBT�@
iBQM b+�H2 HB2bX lbBM; +QKTHBK2Mi�`v i2+?MB[m2b- i?2 bvbi2K Bb T`Q#2/ QM �HH H2M;i? �M/ iBK2
b+�H2b T`QpB/BM; � pB2r 7`QK BM/BpB/m�H [m�MimK bi�i2b iQ i?2 7mHH KQK2MimK /Bbi`B#miBQMX
q2 `2p2�H irQ K�DQ` i?2Q`2iB+�H +Q`M2`biQM2b Q7 im`#mH2M+2 7Q`K�iBQM, i?2 2bi�#HBb?K2Mi Q7
i?2 BbQi`QTB+ /B`2+i +�b+�/2- +?�`�+i2`Bb2/ #v � TQr2` H�r- mM/2` �MBbQi`QTB+ 7Q`+BM;c �M/
i?2 bT�iBQi2KTQ`�H b+�HBM; Q7 i?2 KQK2MimK /Bbi`B#miBQM �i iBK2b #27Q`2 �Mv 2M2`;v /BbbBT�@
iBQMX

_�i?2` i?�M bBKTHv /`BpBM; i?2 HQM;2bi r�p2H2M;i? KQ/2- r2 �`2 �HbQ �#H2 iQ 2t+Bi2 b?Q`i2`
r�p2H2M;i? KQ/2b HvBM; �i BMi2`K2/B�i2 r�p2MmK#2`b mbBM; � .B;Bi�H JB+`QKB``Q` .2pB+2X AM
i?Bb b+2M�`BQ- � /m�H bvbi2K Q7 irQ +�b+�/2b r?2`2 2M2`;v T`QT�;�i2b iQ ?B;?2` r�p2MmK#2`b
�M/ T�`iB+H2 MmK#2` iQ HQr2` r�p2MmK#2`b Bb 2tT2+i2/X

Ĝ
?iiTb,ff�`tBpXQ`;f�#bfkkyjXyN8R9

S`2b2Mi2` M�K2, �M/`2v E�`�BHB2p

S�;2 Ryj



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@kN, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.jde

aBi2@`2bQHp2/ `Qi�iBQM�H bi�i2 +QMi`QH Q7 �M QTiB+�H ir22x2`
�``�v Q7 mHi`�+QH/ /BTQH�` KQH2+mH2b
�mi?Q`b, G2rBb SB+�`/Rc �MMB2 S�`FRc :�#`B2H S�i2MQii2Xc C2bbB2 w?�M;Rc E�M;@Em2M LBk

R >�`p�`/ lMBp2`bBiv
k .2T�`iK2Mi Q7 *?2KBbi`v �M/ *?2KB+�H "BQHQ;v- >�`p�`/ lMBp2`bBiv- *�K#`B/;2- J�bb�+?mb2iib

ykRj3- la�- .2T�`iK2Mi Q7 S?vbB+b- >�`p�`/ lMBp2`bBiv- *�K#`B/;2- J�bb�+?mb2iib ykRj3- la�

lHi`�+QH/ TQH�` KQH2+mH2b �`2 �#H2 iQ BMi2`�+i �i HQM;@`�M;2 pB� 2H2+i`B+ /BTQH2@/BTQH2 BMi2`�+@
iBQMb- r?B+? +�M #2 mb2/ iQ ;2M2`�i2 2Mi�M;H2K2Mi #2ir22M /Bbi�Mi KQH2+mH2b #v +Q?2`2MiHv
+QmTHBM; i?2B` `Qi�iBQM�H [m�MimK bi�i2bX h?Bb +�T�#BHBiv K�F2b bm+? KQH2+mH2b �M �ii`�+@
iBp2 TH�i7Q`K 7Q` bBKmH�iBQM Q7 [m�MimK K�ii2` �M/ 7Q` [m�MimK +QKTmiBM;X q2 T`2b2Mi
Qm` `2+2Mi rQ`F QM +Q?2`2Mi +QMi`QH Q7 i?2 `Qi�iBQM�H �M/ ?vT2`}M2 /2;`22b Q7 7`22/QK Q7 �
R. �``�v Q7 mHi`�+QH/ L�*b KQH2+mH2b BM QTiB+�H ir22x2`bX q2 T2`7Q`K +Q?2`2Mi KB+`Qr�p2
bT2+i`Qb+QTv Q7 i?2 KQH2+mH2b BM i?2 `Qi�iBQM�H ;`QmM/ �M/ }`bi 2t+Bi2/ bi�i2 K�MB7QH/X q2
7m`i?2` /2KQMbi`�i2 bBi2@b2H2+iBp2 2t+Bi�iBQM Q7 BM/BpB/m�H KQH2+mH2b mbBM; � ;HQ#�H KB+`Qr�p2
TmHb2 #v p�`vBM; i?2 HB;?i@b?B7i BM/m+2/ #v i?2 ir22x2` #2�Kb �i /Bz2`2Mi bBi2b- r?B+? �HHQrb
mb iQ �`#Bi`�`BHv TQbBiBQM `Qi�iBQM�H 2t+Bi�iBQMb BM Qm` KQH2+mH2 �``�vX 6BM�HHv- r2 T`2b2Mi
Qm` T`Q;`2bb iQr�`/b 2M;BM22`BM; +Q?2`2Mi i`�Mb72` Q7 `Qi�iBQM�H 2t+Bi�iBQMb #2ir22M bBi2b pB�
/BTQH2@/BTQH2 +QmTHBM;X

S`2b2Mi2` M�K2, G2rBb SB+�`/

S�;2 Ry9



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@jy, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.j3N

P#b2`p�iBQM Q7 biQ+?�biB+ r�p27mM+iBQM 2pQHmiBQM 7`QK /BbT2`bBp2Hv@
K2�bm`2/ "Qb2@1BMbi2BM +QM/2Mb�i2b
�mi?Q`b, 1KBM2 �HimMi�bRc A�M aTB2HK�MR

R CQBMi Zm�MimK AMbiBimi2- L�iBQM�H AMbiBimi2 Q7 ai�M/�`/b �M/ h2+?MQHQ;v- �M/ lMBp2`bBiv Q7 J�`vH�M/

� 7mM/�K2Mi�H i2M2i Q7 [m�MimK K2+?�MB+b Bb i?�i K2�bm`2K2Mib +?�M;2 � bvbi2KǶb r�p2@
7mM+iBQM iQ i?�i KQbi +QMbBbi2Mi rBi? i?2 K2�bm`2K2Mi Qmi+QK2- 2p2M B7 MQ Q#b2`p2` Bb T`2b2MiX
q2�F K2�bm`2K2Mib T`Q/m+2 QMHv HBKBi2/ BM7Q`K�iBQM �#Qmi i?2 bvbi2K- �M/ �b � `2bmHi QMHv
KBMBK�HHv +?�M;2 i?2 bvbi2K bi�i2X AM i?Bb +QMi2ti- i?2 BMi2`�+iBQM Q7 � M2�`Hv +HQb2/ [m�MimK
bvbi2K rBi? Bib 2MpB`QMK2Mi +�M #2 /2b+`B#2/ �b � +QMiBMmQmb r2�F K2�bm`2K2Mi T`Q+2bbX
"Qb2@1BMbi2BM +QM/2Mb�i2b U"1*bV Qz2` KmHiBTH2 r2�F K2�bm`2K2Mi i2+?MB[m2b- i?�i vB2H/ �
+QMi`QHH2/ `2b2`pQB` �M/ +QMb2[m2MiHv �HHQr iBK2@`2bQHp2/ bim/v Q7 i?2 bvbi2K 2pQHmiBQMX q2
i?2Q`2iB+�HHv �M/ 2tT2`BK2Mi�HHv +?�`�+i2`Bx2 i?2 [m�MimK T`QD2+iBQM MQBb2 BM �iQKB+ "1*b
r2�FHv K2�bm`2/ #v i?2 HB;?i b+�ii2`2/ 7`QK � 7�`@7`QK `2bQM�Mi- BX2X- /BbT2`bBpHv BMi2`�+i@
BM;- H�b2` #2�KX q2 [m�MiB7v i?2 `2bmHiBM; r�p27mM+iBQM +?�M;2 rBi? irQ Q#b2`p�iBQMb, i?2
+QMi`�bi BM � _�Kb2v BMi2`72`QK2i2`- �M/ i?2 /2TQbBi2/ 2M2`;vX L2ti- r2 T`2b2Mi � p2`b�iBH2
?B;?@`2bQHmiBQM mHi`�+QH/ �iQK KB+`Qb+QT2, � +QK#BM2/ ?�`/r�`2fbQ7ir�`2 bvbi2K i?�i `2+Qp@
2`b M2�`@/Bz`�+iBQM HBKBi2/ T2`7Q`K�M+2 �M/ KBMBKBx2b i?2 BM7Q`K�iBQM HQbbX Pm` ?B;?@}/2HBiv
/B;Bi�H +Q``2+iBQM i2+?MB[m2 `2/m+2b i?2 +QMi`B#miBQM Q7 T?QiQM b?Qi MQBb2 iQ /2MbBiv@/2MbBiv
+Q``2H�iBQM K2�bm`2K2Mib- r?B+? rQmH/ Qi?2`rBb2 +QMi�KBM�i2 i?2 [m�MimK T`QD2+iBQM MQBb2
bB;M�H BM r2�F K2�bm`2K2Mib (R)X q2 /2KQMbi`�i2 Qm` �#2``�iBQM +QKT2Mb�iBQM i2+?MB[m2
mbBM; T?�b2 +QMi`�bi BK�;BM;- � /BbT2`bBp2 ?QKQ/vM2 /2i2+iBQM i2+?MB[m2 /B`2+iHv �TTHB+�#H2
iQ [m�MimK #�+F@�+iBQM HBKBi2/ K2�bm`2K2MibX
(R) 1X �HimMi�b- �M/ AX "X aTB2HK�M- S?vbB+�H _2pB2r _2b2�`+?- j- y9jy3d UkykRVX

S`2b2Mi2` M�K2, 1KBM2 �HimMi�b

S�;2 Ry8



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@j, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.Ry

_v/#2`; �iQKb BM "Qb2@1BMbi2BM +QM/2Mb2/ 2MpB`QMK2Mib,
+QH/ #m##H2 +?�K#2`b �M/ K2bQb+QTB+ 2Mi�M;H2K2Mi
�mi?Q`b, a2#�biB�M qmbi2`Rc aB/?�`i? _�KKQ?�Mkc a?Bp�F�Mi hBr�`Bkc �`Bi`� JBb?`�kc �#?BDBi S2M/b2kc
�MBH E *?�m?�Mkc _2DBb? L�i?jc 62HBt 1M;2H9c J�`+2H q�;M2`8c _B+?�`/ a+?KB/i8c 6HQ`B�M J2BM2`iec
�H2t�M/2` 1Bb72H/d

R AM/B�M AMbiBimi2 Q7 a+B2M+2 1/m+�iBQM �M/ _2b2�`+? "?QT�H
k AM/B�M AMbiBimi2 Q7 a+B2M+2 1/m+�iBQM �M/ _2b2�`+?- "?QT�H AM/B�
j AM/B�M AMbiBimi2 Q7 a+B2M+2 1/m+�iBQM �M/ _2b2�`+?- SmM2- AM/B�
9 lMBp2`bBi i aimii;�`i- :2`K�Mv
8 J�t@SH�M+F@AMbiBimi2 Q7 Zm�MimK PTiB+b �M/ J*Zah- :�`+?BM;- :2`K�Mv
e lMBp2`bBi i aimii;�`i- :2`K�Mv
d J�t SH�M+F AMbiBimi2 7Q` i?2 S?vbB+b Q7 *QKTH2t avbi2Kb- .`2b/2M- :2`K�Mv

*Q``2bTQM/BM; �mi?Q`, b2#�biB�M!BBb2`#X�+XBM

_v/#2`; �iQKb BM ?B;?Hv 2t+Bi2/ 2H2+i`QMB+ bi�i2b rBi? M4jy@kyy +�M #2 2t+Bi2/ rBi?BM "Qb2@
1BMbi2BM +QM/2Mb�i2b U"1*bV- �M/ r?BH2 HB72iBK2b �`2 b?Q`i2` i?�M BM p�+mmK (R-k)- i?2b2 �iQKb
HBp2 HQM; 2MQm;? iQ +�mb2 � `2bTQMb2 Q7 i?2 "1* K2�M }2H/ (j)X .m`BM; i?Bb- i?Qmb�M/b Q7
;`QmM/@bi�i2 �iQKb �`2 T`2b2Mi rBi?BM i?2 _v/#2`; Q`#Bi- �HHQrBM; i?2 bim/v Q7 �iQKb KQpBM;
rBi?BM �iQKb (9)X

q2 T`2b2Mi #2vQM/@K2�M }2H/ KQ/2Hb Q7 i?2 DQBMi _v/#2`;@"1* /vM�KB+b- b?QrBM; ?Qr
2Bi?2` +�M #2 mb2/ iQ T`Q#2 i?2 Qi?2`X

6Q` KmHiBTH2 _v/#2`; �iQKb BM � bBM;H2 2H2+i`QMB+ bi�i2- r2 b?Qr i?�i i?2 T?�b2 +Q?2`2M+2
Q7 i?2 +QM/2Mb�i2 �HHQrb i?2 i`�+FBM; Q7 KQ#BH2 _v/#2`; BKTm`BiB2b �FBM iQ i?2 7mM+iBQM Q7
#m##H2@+?�K#2`b BM T�`iB+H2 T?vbB+b (8)X 6Q` � bBM;H2 _v/#2`; �iQK rBi? KmHiBTH2 2H2+i`QMB+
bi�i2b- r2 T`QpB/2 bT2+i`�H /2MbBiB2b Q7 i?2 "1* �b � /2+Q?2`BM; 2MpB`QMK2Mi (e)- �M/ b?Qr
i?�i i?2 "1* +�M BK�;2 � bB;M�im`2 Q7 i?2 2Mi�M;HBM; 2pQHmiBQM i?�i +�mb2b _v/#2`; [@#Bi
/2+Q?2`2M+2 (d) Q` b2`p2 �b MQMJ�`FQpB�M 2MpB`QMK2Mi 7Q` [m�MimK bBKmH�iBQMbX
(R) a+?H�;KmîHH2` 2i �HX S_s e UkyReV yjRykyX
(k) E�MmM;Q 2i �HX S_� Ryk UkykyV yejjRdX
(j) "�H2rbFB 2i �HX L�im`2 8yk UkyRjV ee9X
(9) hBr�`B 2i �HX �`sBp,kRRRXy8yjR UkykRVX
(8) hBr�`B 2i �HX S_� NN UkyRNV y9jeReX
(e) _�KKQ?�M 2i �HX S_� Ryj UkykRV yejjydX
(d) _�KKQ?�M 2i �HX S_�UG2ii2`bV Ry9 UkykRV GyeykykX

S`2b2Mi2` M�K2, a2#�biB�M qmbi2`

S�;2 Rye



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@9, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.Rd

1Mi�M;H2K2Mi Q7 i?2 K�+`Qb+QTB+ bTBMb Q7 irQ bT�iB�HHv b2T@
�`�i2/ "Qb2@1BMbi2BM +QM/2Mb�i2b
�mi?Q`b, S�QHQ *QH+B�;?BRc uB7�M GBRc S?BHBTT h`2miH2BMRc hBHK�M wB#QH/R

R lMBp2`bBiv Q7 "�b2H

*Q``2bTQM/BM; �mi?Q`, T�QHQX+QH+B�;?B!mMB#�bX+?

q2 2tT2`BK2Mi�HHv BMp2biB;�i2 i?2 2Mi�M;H2K2Mi Q7 irQ bT�iB�HHv b2T�`�i2/ K�Mv T�`iB+H2
bvbi2KbX Pm` 2tT2`BK2Mib �`2 #�b2/ QM � irQ +QKTQM2Mi Tb2m/Q bTBM@1/2 "Qb2 1BMbi2BM
+QM/2Mb�i2 Q7 87_# QM �M �iQK +?BTX "v 2M;BM22`BM; i?2 BMi2`�iQKB+ BMi2`�+iBQMb i?`Qm;?
bi�i2 /2T2M/2Mi i`�TTBM; r2 �`2 �#H2 iQ T`Q/m+2 2Mi�M;H2/ bTBM@b[m22x2/ bi�i2b BM i?Bb bvbi2KX
lbBM; +Q?2`2Mi bTBM K�MBTmH�iBQMb r2 bTHBi i?Bb 2Mi�M;H2/ K�Mv@T�`iB+H2 bi�i2 BMiQ irQ ?�Hp2b
BM bTBM bT�+2 �M/ K�;M2iB+ }2H/ ;`�/B2Mib �HHQr mb iQ b2T�`�i2 i?2 irQ irQ@+QKTQM2Mi "1*b
bT�iB�HHv #v KQ`2 i?�M 9y µKX Pm` i2+?MB[m2 �HHQrb mb iQ BM/BpB/m�HHv �//`2bb i?2 +QHH2+iBp2
bTBMb Q7 i?2 irQ "1*b �7i2` bTHBiiBM; i?2`2#v `2�HBxBM; �`#Bi`�`v bTBM K2�bm`2K2Mib QM i?2
irQ bvbi2KbX h?2B` +Q``2H�iBQMb �HHQr iQ BM72` K2�bm`2K2Mi `2bmHib Q7 MQM+QKKmiBM; bTBM
Q#b2`p�#H2b BM QM2 bvbi2K 7`QK K2�bm`2K2Mib QM i?2 Qi?2`- /2KQMbi`�iBM; i?2 2Mi�M;H2K2Mi
Q7 i?2 irQ "Qb2@1BMbi2BM +QM/2Mb2/ +HQm/b Q7 `Qm;?Hv 3yy �iQKb 2�+?X "2bB/2b i?2 BMi2`2bi BM
mM/2`bi�M/BM; 7mM/�K2Mi�H �bT2+ib Q7 2Mi�M;H2K2Mi Q7 K�Mv@#Q/v bvbi2Kb- Qm` 2tT2`BK2Mib
2M�#H2 M2r BMp2biB;�iBQMb BM [m�MimK 2M?�M+2/ K2i`QHQ;v mbBM; bT�iB�HHv bTHBi T`Q#2bX

S`2b2Mi2` M�K2, S�QHQ *QH+B�;?B

S�;2 Ryd



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@8, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.jR

1Mi�M;H2K2Mi /vM�KB+b Q7 #QbQMb i`�TT2/ BM � R. QTiB+�H
H�iiB+2
�mi?Q`b, a?BQM u�K�b?BF�Rc _vQbmF2 uQb?BBkc .�B+?B E�;�KB?�`�jc a?mMDB hbm+?Bv�R

R *?mQ lMBp2`bBiv
k a�MvQ@PMQ/� *Biv lMBp2`bBiv
j EBM/�B lMBp2`bBiv

*Q``2bTQM/BM; �mi?Q`, b?BQM3K�9F�!B+HQm/X+QK

Zm�MimK 2Mi�M;H2K2Mi ?�b �ii`�+i2/ Km+? �ii2MiBQM BM i?2 bim/v Q7 [m�MimK K�Mv@#Q/v
bvbi2Kb #2+�mb2 Bi TH�vb BKTQ`i�Mi `QH2b BM p�`BQmb T?2MQK2M� bm+? �b i?2`K�HBx�iBQM Q7
BbQH�i2/ [m�MimK bvbi2KbX 1bT2+B�HHv- Bi Bb `2K�`F�#H2 i?�i i?2 kM/@Q`/2` _2MvB 2Mi`QTv
U_1V- r?B+? Bb � K2�bm`2 Q7 2Mi�M;H2K2Mi- ?�b #22M bm++2bb7mHHv K2�bm`2/ BM i?2 bvbi2K Q7
#QbQMb i`�TT2/ BM � R. QTiB+�H H�iiB+2X

JQiBp�i2/ i?2 2tT2`BK2Mi�H /2p2HQTK2Mi- r2 bim/v 2Mi�M;H2K2Mi /vM�KB+b Q7 #QbQMb BM �
R. QTiB+�H H�iiB+2X aT2+B}+�HHv- r2 +�H+mH�i2 i?2 iBK2@2pQHmiBQM Q7 i?2 _1 r?2M i?2 bvbi2K Bb
[m2M+?2/ 7`QK i?2 /22T JQii BMbmH�iBM; UJAV `2;BK2X 6Q` [m2M+? rBi?BM i?2 JA `2;BK2- r2
/2`Bp2 i?2 �M�HviB+ 2tT`2bbBQM 7Q` i?2 iBK2@2pQHmiBQM Q7 _1 �M/ b?Qr i?�i Bi Qb+BHH�i2b rBi? i?2
T2`BQ/ /2i2`KBM2/ #v i?2 bi`2M;i? Q7 i?2 QM@bBi2 BMi2`�+iBQM �M/ }M�HHv +QMp2`;2b iQ � +2`i�BM
p�Hm2 T`QTQ`iBQM�H iQ i?2 bm#bvbi2K bBx2X PM i?2 Qi?2` ?�M/- 7Q` [m2M+? BMiQ i?2 bmT2`~mB/
Ua6V `2;BK2- _1 /Q2b MQi Qb+BHH�i2 #mi BM+`2�b2b �HKQbi HBM2�`Hv �M/ +QMp2`;2b iQ � +2`i�BM
p�Hm2 i?�i Bb �HbQ T`QTQ`iBQM�H iQ i?2 bm#bvbi2K bBx2X q2 �HbQ b?Qr i?�i i?2 #2?�pBQ` Q7 i?2
kM/@Q`/2` _1 2t?B#Bib /BbiBM+i 72�im`2b /2T2M/BM; Q7 r?2i?2` i?2 bvbi2K Bb [m2M+?2/ BMiQ i?2
a6 Q` JA T?�b2bX h?Bb BKTHB2b i?�i i?2 bB;M�im`2 Q7 i?2 a6@JA T?�b2 i`�MbBiBQM �TT2�`b BM
i?2 2Mi�M;H2K2Mi /vM�KB+bX

S`2b2Mi2` M�K2, a?BQM u�K�b?BF�

S�;2 Ry3



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@e, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.e8

� M2r 2tT2`BK2Mi QM �iQKB+ ir22x2` �``�vb BM � +`vQbi�i

�mi?Q`b, a+?vKBF E�B@LBFH�bRc "`mMQ sBK2M2xkc úiB2MM2 "HQ+?kc .�pB/2 .`2QMkc �/`B2M aB;MQH2bkc
6HQ`2M+2 LQ;`2ii2Rc .�MB2H "�``2/Qjc �MiQBM2 "`Qr�2vbRc h?B2``v G�?�v2R

R lMBp2`bBiû S�`Bb@a�+H�v- AMbiBimi /ǶPTiB[m2 :`�/m�i2 a+?QQH- *L_a- G�#Q`�iQB`2 *?�`H2b 6�#`v-
S�H�Bb2�m- 6`�M+2

k S�b[�H- S�H�Bb2�m- 6`�M+2
j L�MQK�i2`B�Hb �M/ L�MQi2+?MQHQ;v _2b2�`+? *2Mi2` U*ALL@*aA*V- lMBp2`bB/�/ /2 PpB2/Q UlPV-

S`BM+BT�/Q /2 �bim`B�b- aT�BM

PTiB+�H@ir22x2` �``�vb �`2 � TQr2`7mH TH�i7Q`K 7Q` `2�HBbBM; �M�HQ; �M/ /B;Bi�H [m�MimK bBKm@
H�iQ`bX >Qr2p2`- i?2v b?�`2 i?2 b+�H�#BHBiv T`Q#H2K +QKKQM iQ �HH [m�MimK ?�`/r�`2X >2`2-
r2 T`2b2Mi � M2r 2tT2`BK2Mi�H b2imT i?�i BMi2;`�i2b i?2 ir22x2` i2+?MQHQ;v BM � +`vQ;2MB+
2MpB`QMK2MiX �i 9E- r2 �`2 �#H2 iQ K2�bm`2 � p�+mmK@HBKBi2/ HB72iBK2 Q7 KQ`2 i?�M eyyy
b2+QM/b- r?B+? `2T`2b2Mib � irQ@Q`/2`@Q7@K�;MBim/2 BKT`Qp2K2Mi Qp2` `QQK i2KT2`�im`2 b2@
imTb (R)X AM �//BiBQM- r2 ?�p2 BKTH2K2Mi2/ �M QTiBKBb2/ i`�T HQ�/BM; 2[m�HBb�iBQM T`Q+2/m`2
i?�i- BM +QK#BM�iBQM rBi? i?2 2ti2M/2/ HB72iBK2- �HHQrb mb iQ #mBH/ �``�vb rBi? KQ`2 i?�M jyy
�iQKb r?BH2 K�BMi�BMBM; ?B;? �++m`�+v Q7 /272+i@7`22 `2�HBb�iBQMbX

h?2b2 `2bmHib �`2 i?2 }`bi bi2T iQr�`/b _v/#2`; [m�MimK bBKmH�iQ`b rBi? KQ`2 i?�M � i?Qm@
b�M/ T�`iB+H2bX
(R) E�B@LBFH�b a+?vKBF- a�`� S�M+�H/B- 6HQ`2M+2 LQ;`2ii2- .�MB2H "�``2/Q- CmHB2M S�`Bb- �M@
iQBM2 "`Qr�2vb- �M/ h?B2``v G�?�v2- aBM;H2 �iQKb rBi? eyyy@a2+QM/ h`�TTBM; GB72iBK2b
BM PTiB+�H@hr22x2` �``�vb �i *`vQ;2MB+ h2KT2`�im`2b- S?vbX _2pX �TTHB2/ Re- yj9yRj
UkykRV

S`2b2Mi2` M�K2, .�pB/2 .`2QM

S�;2 RyN



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@d, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.dd

P#b2`p�iBQM Q7 *QQT2` T�B`b BM � K2bQb+QTB+ k. 62`KB ;�b

�mi?Q`, J�`pBM >QHi2MR

*Q@�mi?Q`b, Gm+� "�v?� Rc E22`i?�M am#`�K�MB�M Rc a�M/`� "`�M/bi2ii2` Rc *�`H >2BMix2 Rc S?BHBTT
GmMi Rc S?BHBTT S`2Bbb Rc a2HBK CQ+?BK R

R lMBp2`bBiv Q7 >2B/2H#2`;

S�B`BM; Bb i?2 7mM/�K2Mi�H `2[mB`2K2Mi 7Q` 72`KBQMB+ bmT2`~mB/Biv �M/ bmT2`+QM/m+iBpBivX hQ
mM/2`bi�M/ i?2 K2+?�MBbK #2?BM/ T�B` 7Q`K�iBQM Bb �M QM;QBM; +?�HH2M;2 BM i?2 bim/v Q7
K�Mv bi`QM;Hv +Q``2H�i2/ 72`KBQMB+ bvbi2KbX
PM i?Bb TQbi2`- A T`2b2Mi i?2 /B`2+i Q#b2`p�iBQM Q7 *QQT2` T�B`b BM Qm` 2tT2`BK2MiX q2
?�p2 BKTH2K2Mi2/ � ~mQ`2b+2M+2 BK�;BM; i2+?MB[m2 i?�i �HHQrb mb iQ 2ti`�+i i?2 7mHH BM@bBim
KQK2MimK /Bbi`B#miBQM rBi? bBM;H2 T�`iB+H2 �M/ bTBM `2bQHmiBQMX q2 �TTHv Bi iQ � K2bQb+QTB+
62`KB ;�b- T`2T�`2/ /2i2`KBMBbiB+�HHv BM i?2 ;`QmM/ bi�i2 Q7 � irQ@/BK2MbBQM�H ?�`KQMB+
Qb+BHH�iQ`X Pm` mHi`�+QH/ ;�b �HHQrb mb iQ imM2 7`22Hv #2ir22M � +QKTH2i2Hv MQMBMi2`�+iBM;
mMT�B`2/ bvbi2K �M/ r2�F �ii`�+iBQMb r?2`2 r2 }M/ *QQT2` T�B` +Q``2H�iBQMb �i i?2 62`KB
bm`7�+2X q?2M BM+`2�bBM; i?2 BMi2`�+iBQMb 2p2M 7m`i?2`- i?2 T�B` +?�`�+i2` Bb KQ/B}2/ �M/ i?2
T�B`b ;`�/m�HHv im`M BMiQ iB;?iHv #QmM/ /BK2`bX h?2 +QHH2+iBp2 #2?�pBQ` i?�i r2 /Bb+Qp2` BM
Qm` K2bQb+QTB+ bvbi2K Bb +HQb2Hv `2H�i2/ iQ Q#b2`p�iBQMb BM Mm+H2�` T?vbB+b Q` K2i�HHB+ ;`�BMbX
Pm` K2i?Q/ T`QpB/2b � M2r T�i?r�v iQ bim/v K�Mv Q7 i?2 Qmibi�M/BM; [m2biBQMb +QM+2`MBM;
72`KBQMB+ T�B`BM;- 7Q` 2t�KTH2 BM BK#�H�M+2/ bvbi2Kb Q` i?2 MQ`K�H T?�b2X

S`2b2Mi2` M�K2, J�`pBM >QHi2M

?iiTb,ff/`Bp2X;QQ;H2X+QKf}H2f/fR6Z_A31E[u�@_#;3BJKwnn`*E[hGsvA`afpB2r\mbT4b?�`BM;

S�;2 RRy



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@3, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.33

J�+?BM2 H2�`MBM; +H�bbB}+�iBQM Q7 irQ@/BK2MbBQM�H pQ`i2t
+QM};m`�iBQMb
�mi?Q`b, _�J� a>�_J�Rc h�SAP aAJlG�R

R h>1 aqAL"l_L1 lLAo1_aAhu P6 h1*>LPGP:u

q2 +QMbB/2` +QKTmi2` ;2M2`�i2/ +QM};m`�iBQMb Q7 [m�MiBx2/ pQ`iB+2b BM TH�M�` bmT2`~mB/
"Qb2Ĝ1BMbi2BM +QM/2Mb�i2bX q2 b?Qr i?�i mMbmT2`pBb2/ K�+?BM2 H2�`MBM; i2+?MQHQ;v +�M bm+@
+2bb7mHHv #2 mb2/ 7Q` +H�bbB7vBM; bm+? pQ`i2t +QM};m`�iBQMb iQ B/2MiB7v T`QKBM2Mi pQ`i2t T?�b2b
Q7 K�ii2` (R)X h?2 K�+?BM2 H2�`MBM; �TT`Q�+? +QmH/ i?mb #2 �TTHB2/ 7Q` �miQK�iB+�HHv +H�bbB@
7vBM; H�`;2 /�i� b2ib Q7 pQ`i2t QM };m`�iBQMb Q#i�BM�#H2 #v 2tT2`BK2Mib QM irQ@/BK2MbBQM�H
[m�MimK im`#mH2M+2X
(R) _X a?�`K� �M/ hXSX aBKmH�- J�+?BM2@H2�`MBM; +H�bbB}+�iBQM Q7 irQ@/BK2MbBQM�H
pQ`i2t +QM};m`�iBQMb- S?vbB+�H _2pB2r �- Ry8- yjjjyR UkykkVX

S`2b2Mi2` M�K2, _�J� a>�_J�

S�;2 RRR



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@N, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.Nd

"`2�F/QrM Q7 iQTQHQ;B+�H i`�MbTQ`i BM � >m##�`/@h?QmH2bb
TmKT
�mi?Q`b, wBDB2 w?mRc �MM2@aQT?B2 q�Hi2`Rc J�`Bmb :�2+?i2`Rc CQ�[mBM JBM;mxxBRc ai2T?�M _Qb+?BMbFBRc
EBHB�M a�M/?QHx2`Rc EQM`�/ oB2#�?MRc hBHK�M 1bbHBM;2`R

R AMbiBimi2 7Q` Zm�MimK 1H2+i`QMB+b � Zm�MimK *2Mi2`- 1h> wm`B+?

h?2 7�i2 Q7 iQTQHQ;B+�H i`�MbTQ`i BM i?2 bi`QM;Hv +Q``2H�i2/ `2;BK2 `�Bb2b 7mM/�K2Mi�H [m2b@
iBQMb QM i?2 `QH2 Q7 ;2QK2i`v BM [m�MimK K�Mv@#Q/v T?vbB+bX � T�`�/B;K Q7 [m�MiBb2/
i`�MbTQ`i Bb i?2 iQTQHQ;B+�H h?QmH2bb TmKT- r?B+? `2T`2b2Mib i?2 QM2@/BK2MbBQM�H- /vM�KB+
�M�HQ;m2 Q7 i?2 [m�MimK >�HH 2z2+iX � 72r 2tT2`BK2Mib ?�p2 2tTHQ`2/ i?2 2z2+ib Q7 BMi2`@
�+iBQMb QM h?QmH2bb TmKTBM; BM irQ@#Q/v �M/ QTiB+�H K2�M@}2H/ bvbi2Kb- #mi i?2 bi`QM;Hv
+Q``2H�i2/ `2;BK2 ?�b bQ 7�` `2K�BM2/ Qmi Q7 `2�+?X >2`2- r2 2tT2`BK2Mi�HHv /2i2+i i?2
#`2�F/QrM Q7 iQTQHQ;B+�H i`�MbTQ`i /m2 iQ bi`QM; >m##�`/ BMi2`�+iBQMb BM � 72`KBQMB+ h?Qm@
H2bb TmKT- 7�+BHBi�i2/ #v � /vM�KB+�H QTiB+�H bmT2`H�iiB+2X q2 Q#b2`p2 i?2 /2pB�iBQM 7`QK
[m�MiBb2/ TmKTBM; 7Q` `2TmHbBp2 >m##�`/ l- r?B+? r2 �ii`B#mi2 iQ TBMM2/ �iQKb BM � JQii
BMbmH�iQ`X PM i?2 �ii`�+iBp2 bB/2 �MQi?2` K2+?�MBbK Bb `2/m+BM; i?2 TmKTBM; 2{+B2M+v, �
bK�HH2` 2M2`;v ;�T 7Q` T�B` TmKTBM; K�F2b i?2 2pQHmiBQM H2bb �/B�#�iB+ (R)X h?2 /vM�KB+�H
bmT2`H�iiB+2 QT2`�i2/ �i � bBM;H2 7`2[m2M+v 2bi�#HBb?2b � MQp2H TH�i7Q`K 7Q` bim/vBM; iQTQHQ;v
BM i?2 T`2b2M+2 Q7 bi`QM; +Q``2H�iBQMb BM QM2- irQ- �M/ TQbbB#Hv i?`22 /BK2MbBQMb- BM+Hm/BM;
�p2Mm2b iQ 7`�+iBQM�H i`�MbTQ`iX

S`2b2Mi2` M�K2, w?m- wBDB2

S�;2 RRk



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@Ry, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.RRk

Jmim�H 7`B+iBQM �M/ /BzmbBQM Q7 irQ@/BK2MbBQM�H [m�MimK
pQ`iB+2b
�mi?Q`b, w�BM J2?/BRc CQb2T? >QT2Rc aim�`i axB;2iBRc �b?iQM "`�/H2vk

R .2T�`iK2Mi Q7 Zm�MimK a+B2M+2 �M/ h2+?MQHQ;v �M/ .2T�`iK2Mi Q7 6mM/�K2Mi�H �M/ h?2Q`2iB+�H
S?vbB+b- _2b2�`+? a+?QQH Q7 S?vbB+b- �mbi`�HB�M L�iBQM�H lMBp2`bBiv

k h?2 .Q//@q�HHb *2Mi`2 7Q` S?QiQMB+ �M/ Zm�MimK h2+?MQHQ;B2b- .2T�`iK2Mi Q7 S?vbB+b- lMBp2`bBiv
Q7 Pi�;Q

q2 T`2b2Mi � KB+`Qb+QTB+ i?2Q`v Q7 i?2`K�HHv@/�KT2/ pQ`i2t KQiBQM BM Q#H�i2 �iQKB+ bmT2`@
~mB/b i?�i �++QmMib 7Q` T`2pBQmbHv M2;H2+i2/ MmK#2`@+QMb2`pBM; BMi2`�+iBQMb #2ir22M bmT2`@
~mB/ �M/ i?2`K�H �iQKbX h?Bb K2+?�MBbK +�mb2b /BbbBT�iBQM Q7 pQ`i2t 2M2`;v /m2 iQ Kmim�H
7`B+iBQM- �b r2HH �b "`QrMB�M KQiBQM Q7 pQ`iB+2b /m2 iQ i?2`K�H ~m+im�iBQMbX q2 T`2b2Mi
�M �M�HviB+ 2tT`2bbBQM 7Q` i?2 /BK2MbBQMH2bb Kmim�H 7`B+iBQM +Q2{+B2Mi i?�i ;Bp2b 2t+2HH2Mi
[m�MiBi�iBp2 �;`22K2Mi rBi? 2tT2`BK2Mi�HHv K2�bm`2/ p�Hm2b- rBi?Qmi �Mv }ii2/ T�`�K2i2`bX
Pm` rQ`F T`QpB/2b � KB+`Qb+QTB+ Q`B;BM 7Q` i?2 /�KTBM; �M/ "`QrMB�M KQiBQM Q7 [m�MiBx2/
pQ`iB+2b BM irQ@/BK2MbBQM�H �iQKB+ bmT2`~mB/b- r?B+? ?�b T`2pBQmbHv #22M HBKBi2/ iQ T?2@
MQK2MQHQ;vX

S`2b2Mi2` M�K2, w�BM J2?/B

S�;2 RRj



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@RR, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.Rk9

62`KBZS, � 72`KBQM [m�MimK T`Q+2bbQ`
�mi?Q`b, S?BHBTT S`2BbbRc C�M2i Z2bD�Rc J�tBKBHB�M a+?�ii�m2`Rc �M/`2�b pQM >��`2MRc _Q#BM :`Qi?Rc
hBKQM >BHF2`Rc AKK�Mm2H "HQ+?R

R J�t SH�M+F AMbiBimi2 7Q` Zm�MimK PTiB+b

h?2 KQbi +?�HH2M;BM; T`Q#H2Kb 7`QK K�i2`B�Hb b+B2M+2 �M/ [m�MimK +?2KBbi`v BMpQHp2 bi`QM;Hv
+Q``2H�i2/ bi�i2b Q7 KQ#BH2 72`KBQMbX J�TTBM; bm+? BiBM2`�Mi bvbi2Kb iQ 2z2+iBp2 bTBM@Rfk
bvbi2Kb `2�HBx2/ QM KQbi [m�MimK +QKTmiBM; T`QiQivT2b +QK2b rBi? � H�`;2 +QKTmi�iBQM�H
Qp2`?2�/X L2r ivT2b Q7 [m�MimK T`Q+2bbQ`b #�b2/ QM BM?2`2MiHv 72`KBQMB+ +QKTmi�iBQM �`2
i?2`27Q`2 M22/2/X
62`KBZS rBHH /2HBp2` � [m�MimK T`Q+2bbQ` #�b2/ QM mHi`�+QH/ 72`KBQMB+ GBi?BmK QT2`�#H2 BM
irQ KQ/2bX h?2 �M�HQ;m2 [m�MimK ;�b KB+`Qb+QTv KQ/2 rBHH #2 mbBM; i?2 72`KBQMB+ M�im`2 Q7
GBi?BmK e iQ T2`7Q`K H�`;2@b+�H2 bBKmH�iBQMb Q7 i?2 62`KB@>m##�`/ KQ/2HX h?2 /B;Bi�H KQ/2
rBHH 2M�#H2 [m�MimK +QKTmi�iBQM mbBM; bTBMb K�MBTmH�i2/ #v H�b2`@/`Bp2M bBM;H2@[m#Bi �M/
bmT2`H�iiB+2@#�b2/ ;HQ#�H irQ@[m#Bi ;�i2b �HHQrBM; 7Q` mMBp2`b�H T`Q;`�KKBM;X h?2 /2pB+2
rBHH i?mb 2M�#H2 M2r ?v#`B/ [m�MimK +QKTmi�iBQM b+?2K2b- r?2`2 /B;Bi�H ;�i2 b2[m2M+2b �`2
mb2/ 7Q` i?2 BMBiB�HBx�iBQM �M/ `2�/Qmi Q7 BM?2`2MiHv 72`KBQMB+ �M�HQ; [m�MimK bBKmH�iBQMbX A
rBHH T`2b2Mi i?2 TH�Mb 7Q` �M/ i?2 +m``2Mi bi�imb Q7 i?2 62`KBZS /2KQMbi`�iQ`X

S`2b2Mi2` M�K2, S?BHBTT S`2Bbb

S�;2 RR9



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@Rk, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.Rjy

GQM;@HBp2/ T?�MiQK ?2HBt bi�i2b BM >2Bb2M#2`; [m�MimK
K�;M2ib
�mi?Q`b, >�Mx?2M GBMRc Ap�M� .BKBi`Qp�kc S�mH LBFH�b C2Tb2MRc q2M q2B >Qjc qQH7;�M; E2ii2`H2Rc
u�B` J�`;�HBiRc uQQ EvmM; G22R

R J�bb�+?mb2iib AMbiBimi2 Q7 h2+?MQHQ;v
k >�`p�`/ lMBp2`bBiv
j ai�M7Q`/ lMBp2`bBiv

1t�+i bQHmiBQMb 7Q` [m�MimK K�Mv@#Q/v bvbi2Kb �`2 `�`2- #mi T`QpB/2 p�Hm�#H2 BMbB;?ib 7Q` i?2
/2b+`BTiBQM Q7 mMBp2`b�H T?2MQK2M�X _2+2MiHv- bT2+B}+ bQHmiBQMb Q7 i?2 "2i?2 �Mb�ix 2[m�iBQMb
7Q` R. �MBbQi`QTB+ >2Bb2M#2`; KggQ/2Hb r2`2 7QmM/ i?�i +�M +�``v K�+`Qb+QTB+ KQK2MimK v2i
MQ 2M2`;v QM iQT Q7 i?2 72``QK�;M2iB+�HHv Q`/2`2/ ǳp�+mmKǴ bi�i2- /m##2/ T?�MiQK "2i?2
bi�i2bX �b � +QMb2[m2M+2 Q7 i?2b2 T?�MiQK "2i?2 bi�i2b- bBKTH2 bTBM ?2HBt bi�i2b �i bT2+B�H
r�p2@p2+iQ` #2+QK2b 2t�+i 2B;2Mbi�i2b Q7 i?2b2 bvbi2KbX

qBi? mHi`�+QH/ GB@d �iQKb QM QTiB+�H H�iiB+2b- r2 +�M bBKmH�i2 i?2 �MBbQi`QTB+ >2Bb2M#2`;
KQ/2H- �M/ imM2 i?2 BMi2`�+iBQM �MBbQi`QTv rBi? 62b?#�+? `2bQM�M+2X >2`2- r2 b?Qr 2t@
T2`BK2Mi�HHv i?�i i?2`2 2tBbi bT2+B�H ?2HB+�H bTBM T�ii2`Mb BM R. +?�BMb r?B+? �`2 HQM;@HBp2/-
`2H�tBM; QMHv p2`v bHQrHv BM /vM�KB+bX h?2 r�p2@p2+iQ` Q7 i?2b2 bT2+B�H ?2HB+2b �HbQ b?B7ib
rBi? i?2 �MBbQi`QTv T�`�K2i2`X h?2b2 `2bmHib +QM}`KBM; i?2Q`2iB+�H T`2/B+iBQMbX

�b i?2 r�p2@p2+iQ` Q7 i?2 bTBM ?2HBt Bb /2i2`KBM2/ #v i?2 �MBbQi`QTv T�`�K2i2`- r2 mb2 i?2b2
T?�MiQK bTBM ?2HB+2b iQ /B`2+iHv K2�bm`2 i?2 BMi2`�+iBQM �MBbQi`QTv �i /Bz2`2Mi K�;M2iB+
}2H/b �`QmM/ 62b?#�+? `2bQM�M+2bX h?2 K2�bm`2/ �MBbQi`QTv �;`22b r2HH rBi? i?2 T`2/B+iBQMb
#�b2/ QM bmT2`@2t+?�M;2 �M/ "Qb2 >m##�`/ KQ/2H rBi? T2`im`#�iBp2 BMi2`�+iBQM 7�` 7`QK
i?2 62b?#�+? `2bQM�M+2- #mi r2 7QmM/ /Bb+`2T�M+B2b p2`v +HQb2 iQ i?2 62b?#�+? `2bQM�M+2X
h?Bb /2KQMbi`�i2/ i?2 BKTQ`i�M+2 Q7 ?B;?2` Q`/2` T`Q+2bb2b HBF2 #QM/ +?�`;2 imMM2HBM; +HQb2
iQ i?2 `2bQM�M+2- �M/ `2p2�Hb Qi?2` T`Q+2bb2b MQi +QMbB/2`2/ #27Q`2 UT`2b2Mi2/ BM /2i�BH BM �
b2T�`�i2 TQbi2`VX
q2 �HbQ ;2M2`�HBx2 i?2 i?2Q`2iB+�H /2b+`BTiBQM iQ ?B;?2` /BK2MbBQMb �M/ Qi?2` MQMBMi2;`�#H2
bvbi2Kb- �M/ }M/ �M�HQ;Qmb bi�#H2 bTBM ?2HB+2b- r?B+? b?QmH/ b?Qr MQMi?2`K�HBxBM; /vM�KB+b
�bbQ+B�i2/ rBi? bQ@+�HH2/ [m�MimK K�Mv@#Q/v b+�`bX h?2b2 `2bmHib ?�p2 BKTHB+�iBQMb 7Q` i?2
[m�MimK bBKmH�iBQM Q7 bTBM T?vbB+b- �b r2HH �b K�Mv@#Q/v /vM�KB+bX

S`2b2Mi2` M�K2, >�Mx?2M GBM

S�;2 RR8



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@Rj, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.Rje

�iQK +�K2`�, bmT2`@`2bQHmiBQM BK�;BM; Q7 �M QTiB+�H }2H/
rBi? � bBM;H2 mHi`�+QH/ �iQK BM �M QTiB+�H ir22x2`b
�mi?Q`b, h�F�7mKB hQKBi�Rc _2M2 oBHH2H�Rc u22H�B *?2rRc J�?2b? hB`mK�H�b2iiv S�M/m`�M;�Rc >B`QiQ
a�F�Bkc E2BbmF2 LBb?BKm`�kc h�`Q �M/Qkc avHp�BM /2 GûbûH2m+Rc E2MDB P?KQ`BR

R AMbiBimi2 7Q` JQH2+mH�` a+B2M+2- L�iBQM�H AMbiBimi2b Q7 L�im`�H a+B2M+2b
k *2Mi`�H _2b2�`+? G�#Q`�iQ`v- >�K�K�ibm S?QiQMB+b EXE

AM � +QH/@�iQK 2tT2`BK2Mi rBi? �M QTiB+�H ir22x2`b �``�v- � H�b2` #2�K rBi? � /2bB;M2/
r�p27`QMi Bb 7Q+mb2/ i?`Qm;? � ?B;? MmK2`B+�H@�T2`im`2 Q#D2+iBp2 H2Mb iQ 7Q`K �M �`#Bi`�`BHv
b?�T2/ HB;?i T�ii2`M QM i?2 7Q+�H TH�M2 BM � p�+mmK +?�K#2` (R- k- j)X �++Q`/BM;Hv- i?2 T�ii2`M
Bb Q7i2M /2i2`BQ`�i2/ #v �#2``�iBQMb BM QTiB+�H +QKTQM2Mib �M/ i?2`2#v b?QmH/ #2 KQMBiQ`2/
�M/ 2p�Hm�i2/ BM bBimX >Qr2p2`- Bi Bb /B{+mHi iQ /Q bQ /m2 iQ i?2 /B{+mHiv Q7 �++2bbBM; i?2
7Q+�H TH�M2 BM � p�+mmK +?�K#2`X

q2 rBHH `2TQ`i QM �M ǳ�iQK +�K2`�Ǵ K2i?Q/ i?�i r2 ?�p2 /2p2HQT2/ 7Q` BK�;BM; i?2 HB;?i T�i@
i2`M rBi? � bBM;H2 87_# �iQK BM �M QTiB+�H ir22x2`bX q2 b2Mb2 i?2 BMi2MbBiv �M/ TQH�`Bx�iBQM
T`Q}H2b Q7 � HB;?i T�ii2`M �i i?2 �iQK TQbBiBQM i?�i K�MB72bi i?2Kb2Hp2b BM i?2 HB;?i b?B7i Q7 i?2
?vT2`}M2 i`�MbBiBQMX "v b+�MMBM; i?2 �iQK TQbBiBQM BM bi2Tb Q7 bm#@KB+`QK2i2`b- r2 `2+QM@
bi`m+i ?B;?@`2bQHmiBQM k. BK�;2b Q7 i?2 BMi2MbBiv �M/ TQH�`Bx�iBQMX h?2 `2bQHmiBQM Bb HBKBi2/
QMHv #v i?2 mM+2`i�BMiv Q7 i?2 �iQK TQbBiBQM- r?B+? Bb `2/m+2/ /QrM iQ i?2 H2p2H Q7 [m�MimK
~m+im�iBQMb U� jy MKV #v +QQHBM; i?2 �iQK iQ i?2 KQiBQM�H ;`QmM/ bi�i2 Q7 i?2 ir22x2`b (j)-
i?mb 7�` #2ii2` i?�M i?2 /Bz`�+iBQM HBKBi �i QTiB+�H r�p2H2M;i?bX h?Bb i2+?MB[m2 b2`p2b �b �M
BKTQ`i�Mi iQQH 7Q` i?2 /2bB;M �M/ 2p�Hm�iBQM Q7 bm#KB+`QM@b+�H2 HB;?i T�ii2`MbX
(R) �X"`Qr�2vb �M/ hX G�?�v2- L�iX S?vbX Re- Rjk@R9k UkykyVX
(k) 6X LQ;`2ii2 2i �HX- S_s 9- ykRyj9 UkyR9VX
(j) uX *?2r 2i �HX- �`sBp, kRRRXRkjR9X

S`2b2Mi2` M�K2, h�F�7mKB hQKBi�

S�;2 RRe



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@R9, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.R8y

1K2`;2M+2 Q7 ?v/`Q/vM�KB+b �M/ T�B`BM; BM � irQ@/BK2MbBQM�H
72r 72`KBQM bvbi2K
�mi?Q`b, a�M/`� "`�M/bi2ii2`Rc *�`H >2BMix2Rc S?BHBTT GmMiRc E22`i?�M am#`�K�MB�MRc J�`pBM >QHi2MRc
a2HBK CQ+?BKR

R lMBp2`bBiv Q7 >2B/2H#2`;

62`KBQMB+ [m�MimK bvbi2Kb rBi? � imM2�#H2 �iQK MmK#2` ?�p2 T`Qp2M iQ #2 � pB�#H2 TH�i7Q`K
7Q` 2tTHQ`BM; i?2 2K2`;2M+2 Q7 K�Mv@#Q/v T?2MQK2M�X AM Qm` 2tT2`BK2Mi�H b2imT r2 +�M
/2i2`KBMBbiB+�HHv T`2T�`2 72r@#Q/v 72`KBQMB+ [m�MimK bvbi2Kb BM � irQ@/BK2MbBQM�H ?�`KQMB+
TQi2MiB�H rBi? bi�#H2 +HQb2/@b?2HH +QM};m`�iBQMbX

lbBM; � iBK2@Q7@~B;?i 2tT�MbBQM BM +QK#BM�iBQM rBi? Qm` BK�;BM; i2+?MB[m2- r?B+? T`QpB/2b
bTBM �M/ bBM;H2 �iQK `2bQHmiBQM bBKmHi�M2QmbHv- r2 +�M 2tTHQ`2 +Q``2H�iBQMb Q7 �iQKb BM /Bz2`@
2Mi bTBM bi�i2b BM KQK2MimK bT�+2X h?Bb ?�b `2+2MiHv H2�/ mb iQ i?2 Q#b2`p�iBQM Q7 *QQT2`
T�B`b URVX q2 ?�p2 `2+2MiHv 2ti2M/2/ Qm` BK�;BM; i2+?MB[m2 iQ `2�H bT�+2- #v K�;MB7vBM;
i?2 K�ii2`r�p2X aBKBH�` iQ i2+?MB[m2 /2KQMbi`�i2/ BM UkV- r2 ?�p2 /2p2HQT2/ � K�ii2`r�p2
QTiB+b i2+?MB[m2 iQ 2tT�M/ i?2 r�p27mM+iBQM T`BQ` iQ ~mQ`2b+2M+2 BK�;BM;X h?Bb �HHQrb mb iQ
`2bQHp2 Bi rBi? Qm` 2tBbiBM; BK�;BM; b2imT- ;BpBM; mb �++2bb iQ +Q``2H�iBQMb �M/ bK�HH bi`m+im`2b
BM #Qi? `2�H �M/ KQK2MimK bT�+2X

q2 MQr miBHBx2 i?Bb 2tT�M/2/ BK�;BM; b+?2K2 iQ BMp2biB;�i2 i?2 2K2`;2M+2 Q7 ?v/`Q/vM�KB+
#2?�pBQm` BM /2T2M/2M+2 QM T�`iB+H2 MmK#2` �M/ BMi2`�+iBQM bi`2M;i?X "v T`2T�`BM; +HQb2/
b?2HH +QM};m`�iBQMb Q7 �M 2HHBTiB+ ?�`KQMB+ Qb+BHH�iQ`- r2 +�M /B`2+iHv Q#b2`p2 i?2 BMp2`bBQM Q7
i?2 �bT2+i `�iBQ �i T�`iB+H2 MmK#2`b �b HQr �b }p2 �iQKb T2` bTBM bi�i2X �//BiBQM�HHv- r2 b22
�M 2M?�M+2K2Mi Q7 T�B` +Q``2H�iBQMb �7i2` �M BMi2`�+iBM; 2tT�MbBQMX q2 /B`2+iHv bim/v i?Bb
7Q`K�iBQM Q7 T�B`b #v K�;MB7vBM; i?2 `2�H bT�+2 r�p2 7mM+iBQM �7i2` /Bz2`2Mi b?Q`i BMi2`�+iBM;
2tT�MbBQM iBK2bX
URV >QHi2M 2i �HX �`sBp, kRyNXRR8RR UkykRV �++2Ti2/ BM L�im`2
UkV �bi2`B� 2i �HX L�im`2 8NN- 8dR@8d8 UkykRV

S`2b2Mi2` M�K2, a�M/`� "`�M/bi2ii2`

S�;2 RRd



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@R8, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.9k

>2�i `2+iB}+�iBQM BM BQM +`vbi�Hb
�mi?Q`b, J�`Bb� SQMbRc JB;m2H �M;2H aBKƦMRc aQ}� J�`iBM2x@:�`�QiRc Cm�M :QMx�HQ Jm;�R

R lMBp2`bBiv Q7 i?2 "�b[m2 *QmMi`v

>2�i `2+iB}+�iBQM- }`biHv Q#b2`p2/ BM RNje #v ai�`` (R)- Bb i?2 T?vbB+�H T?2MQK2MQM- �M�HQ;Qmb
iQ 2H2+i`B+�H +m``2Mi `2+iB}+�iBQM BM /BQ/2b- BM r?B+? ?2�i +m``2Mi i?`Qm;? � /2pB+2 Q` K2/BmK
Bb MQi bvKK2i`B+ rBi? `2bT2+i iQ i?2 2t+?�M;2 Q7 i?2 #�i?b �i i?2 #QmM/�`B2bX AM i?2 HBKBiBM;
+�b2 i?2 /2pB+2 �HHQrb ?2�i iQ T`QT�;�i2 BM QM2 /B`2+iBQM 7`QK i?2 ?Qi iQ i?2 +QH/ #�i? r?BH2
Bi #2?�p2b �b � i?2`K�H BMbmH�iQ` BM i?2 QTTQbBi2 /B`2+iBQM r?2M i?2 #�i?b �`2 2t+?�M;2/X
AM kyyk � T�T2` #v h2``�M2Q (k) /2KQMbi`�i2/ ?2�i `2+iB}+�iBQM MmK2`B+�HHv 7Q` � +?�BM Q7
MQMHBM2�` Qb+BHH�iQ`b BM +QMi�+i rBi? irQ i?2`K�H #�i?b �i /Bz2`2Mi i2KT2`�im`2bX aBM+2 i?2M-
i?2`2 ?�b #22M � ;`QrBM; BMi2`2bi BM ?2�i `2+iB}+�iBQM (j-9)- �M/ i?2 }2H/ `2K�BMb p2`v �+iBp2
#2+�mb2 Q7 i?2 TQi2MiB�H �TTHB+�iBQMb BM 7mM/�K2Mi�H b+B2M+2 �M/ i2+?MQHQ;v- �M/ i?2 7�+i i?�i
MQM2 Q7 i?2 T`QTQb�Hb bQ 7�` �TT2�`b iQ #2 2{+B2Mi �M/ `Q#mbi 7Q` T`�+iB+�H Tm`TQb2bX

AM i?Bb rQ`F- r2 bim/v ?2�i `2+iB}+�iBQM BM HBM2�` +?�BMb Q7 BQMb BM i`�T H�iiB+2b rBi? ;`�/2/
i`�TTBM; 7`2[m2M+B2b- BM +QMi�+i rBi? i?2`K�H #�i?b BKTH2K2Mi2/ #v QTiB+�H KQH�bb2bX hQ
+�H+mH�i2 i?2 HQ+�H i2KT2`�im`2b �M/ ?2�i +m``2Mib r2 }M/ i?2 bi�iBQM�`v bi�i2 #v bQHpBM;
� bvbi2K Q7 �H;2#`�B+ 2[m�iBQMb (8)X h?Bb �TT`Q�+? Bb Km+? 7�bi2` i?�M i?2 mbm�H K2i?Q/
i?�i BMi2;`�i2b i?2 /vM�KB+�H 2[m�iBQMb Q7 i?2 bvbi2K �M/ �p2`�;2b Qp2` MQBb2 `2�HBx�iBQMbX
q2 �HbQ b?Qr i?�i 2p2M i?Qm;?- BM 2�`Hv iBK2b- bQK2 FBM/ Q7 �M?�`KQMB+Biv- BX2X MQMHBM2�`
7Q`+2b- BM i?2 bm#bi`�i2 TQi2MiB�H Q` BM i?2 T�`iB+H2@T�`iB+H2 BMi2`�+iBQMb- r�b B/2MiB}2/ �b �
7mM/�K2Mi�H `2[mBbBi2 7Q` `2+iB}+�iBQM- r2 b?Qr i?�i �bvKK2i`B+ ?2�i i`�MbTQ`i Bb 7QmM/ BM
i?Bb HBM2�` bvbi2K B7 #Qi? i?2 #�i? i2KT2`�im`2b �M/ i?2 i2KT2`�im`2 /2T2M/2Mi #�i?@bvbi2K
+QmTHBM;b �`2 �HbQ 2t+?�M;2/X q2 +�M �HbQ b?Qr i?�i Bi Bb i?2 K�i+?fKBbK�i+? Q7 i?2 T?QMQM
#�M/b UTQr2` bT2+i`�V i?2 K2+?�MBbK i?�i ;Qp2`Mb i?2 ?2�i i`�MbTQ`i BM i?2 +?�BM- �HHQrBM;
Bi r?2M i?2 #�M/b K�i+? Q` Q#bi`m+iBM; Bi B7 i?2v KBbK�i+? (e)X
(R) *X ai�``- S?vbB+b d- R8 URNjeVX
(k) JX h2``�M2Q- JX S2v`�`/- �M/ :X *�b�iB- S?vbX _2pX G2iiX 33- yN9jyk UkyykVX
(j) 1X S2`2B`�- 1SG U1m`QT?vbB+b G2ii2`bV Rke- R9yyR UkyRNVX
(9) LX GB- CX _2M- GX q�M;- :X w?�M;- SX > M;;B- �M/ "X GB- _2pX JQ/X S?vbX 39- Ry98
UkyRkVX
(8) JX �X aBKƦM- aX J�`iőM2x@:�`�Qi- JX SQMb- �M/ CX :X Jm;�- S?vbX _2pX 1 Ryy- yjkRyN
UkyRNVX
(e) JX �X aBKƦM- �X �H�Ƣ�- JX SQMb- �X _mBx@:�`+ő�- �M/ CX :X Jm;�- S?vbX _2pX 1 Ryj-
yRkRj9 UkykRVX

S`2b2Mi2` M�K2, J�`Bb� SQMb

S�;2 RR3



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@Re, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.R3k

1p�TQ`�iBQM �M/ H�`;2 �``�vb Q7 H�b2` +QQH2/ *�6 KQH2+mH2b

�mi?Q`b, a+�`H2ii aX umRc GQB+ �M/2`2;;Rc uB+?2M; "�QRc a2�M "m`+?2bFvRc .2`B+F :QMx�H2x@�+2p2/QRc
1mMKB *?�2kc E�M;@Em2M LBRc qQH7;�M; E2ii2`H2jc CQ?M .QvH2R

R >�`p�`/ lMBp2`bBiv
k EQ`2� lMBp2`bBiv
j JAh

h?2 rB/2@`�M;BM; b+B2MiB}+ �TTHB+�iBQMb Q7 mHi`�+QH/ KQH2+mH2b ?�p2 BMbTB`2/ bB;MB}+�Mi 2zQ`ib
BM +QQHBM; �M/ +QMi`QHHBM; KQH2+mH2b BM i?2 bBM;H2 [m�MimK bi�i2 H2p2HX J�Mv TQi2MiB�H �TTHB+�@
iBQMb �`2 biBHH ?�KT2`2/ #v i?2 }MBi2 i2KT2`�im`2b 2tT2`BK2Mi�HHv �+?B2p2/X �b i2KT2`�im`2b
�`2 `2/m+2/ 7m`i?2`- KQiBQM�H /2+Q?2`2M+2 `�i2b �`2 bmTT`2bb2/ �M/ }/2HBiB2b BM+`2�b2- QT2M@
BM; M2r QTTQ`imMBiB2b 7Q` [m�MimK bBKmH�iBQMb �M/ +QKTmi�iBQMX PM2 Q7 i?2 KQbi bm++2bb7mH
+QQHBM; K2i?Q/b 7Q` �iQKB+ bT2+B2b- 2p�TQ`�iBp2 +QQHBM;- `2[mB`2b � ?B;? 2H�biB+ `�i2 �M/ H�`;2
`�iBQ Q7 2H�biB+ iQ BM2H�biB+ +QHHBbBQMbX q?BH2 i?Bb `�iBQ Bb ivTB+�HHv HQr 7Q` KQbi KQH2+mH2b-
mbBM; KB+`Qr�p2b r2 2M;BM22` � `2TmHbBp2 #�``B2` #2ir22M KQH2+mH2b- b?B2H/BM; BM2H�biB+ HQbb2b
r?BH2 BM+`2�bBM; i?2 `�i2 Q7 2H�biB+ +QHHBbBQMbX lbBM; QTiB+�HHv i`�TT2/ *�6 KQH2+mH2b- r2
/2KQMbi`�i2 i?�i i?2 2H�biB+ `�i2 +�M #2 BM+`2�b2/ r?BH2 i?2 BM2H�biB+ HQbb Bb bmTT`2bb2/ iQ
`2�+? � `�iBQ Q7 8yX "v �/B�#�iB+�HHv HQr2`BM; i?2 i`�T /2Ti? iQ 7Q`+2 2p�TQ`�i2 Q7 i?2 ?Qii2bi
KQH2+mH2b- r2 Q#b2`p2/ � /`QT BM i2KT2`�im`2 Q7 i?2 b�KTH2 r?2M b?B2H/BM; r�b 2M�#H2/
+QKT�`2/ iQ � +QMi`QH b�KTH2 rBi?Qmi b?B2H/BM;X 6mim`2 BKT`Qp2K2Mib BM BMBiB�H /2MbBiv �M/
MmK#2` rQmH/ �HHQr 7Q` KQ`2 2z2+iBp2 2p�TQ`�iBQMX 1p�TQ`�iBp2 +QQHBM; Bb mb27mH 7Q` #mHF
b�KTH2b- #mi iQ mb2 KQH2+mH2b BM bBM;H2 QTiB+�H ir22x2` �``�vb `2[mB`2b bBM;H2 T�`iB+H2 +QQHBM;X
hQ i?Bb 2M/ r2 `2TQ`i T`Q;`2bb iQr�`/b bB/2#�M/ +QQHBM; Q7 *�6 KQH2+mH2b iQ i?2 ;`QmM/
KQiBQM�H bi�i2 Q7 �M QTiB+�H ir22x2`X

S`2b2Mi2` M�K2, a+�`H2ii aX um

S�;2 RRN



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@Rd, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.RNd

6�`�/�v r�p2b BM bi`QM;Hv BMi2`�+iBM; bmT2`~mB/b
�mi?Q`b, .B2;Q >2`M�M/2x@_�DFQpRc CQbû 1/m�`/Q S�/BHH�@*�biBHHQRc �H2D�M/`� /2H _őQ@GBK�Rc �M/`ûb
:miBû``2x@o�H/ûbRc 6`2//v C�+FbQM SQp2/�@*m2p�bkc CQ`;2 �KBM a2K�M >�`miBMB�MR

R AMbiBimiQ /2 6őbB+�- lMBp2`bB/�/ L�+BQM�H �miƦMQK� /2 JûtB+Q- *XSX y98Ry *Bm/�/ /2 JûtB+Q- J2tB+Q
k *�i2/`�b *PL�*vh @ AMbiBimiQ /2 6őbB+�- lMBp2`bB/�/ L�+BQM�H �miƦMQK� /2 JûtB+Q- *XSX y98Ry

*Bm/�/ /2 JûtB+Q- J2tB+Q

h?2 bim/v Q7 +QHH2+iBp2 2t+Bi�iBQMb BM bmT2`~mB/b bvbi2Kb ?�b #22M �M �+iBp2 �M/ BKTQ`i�Mi
`2b2�`+? iQTB+ bBM+2 i?2 p2`v #2;BMMBM; Q7 i?2 2tTHQ`�iBQM Q7 [m�MimK ~mB/bX h?2B` bim/v
Qz2`b i?2 TQbbB#BHBiv Q7 T`Q#BM; b2p2`�H BKTQ`i�Mi T`QT2`iB2b Q7 i?2b2 bvbi2Kb- bm+? �b i?2
bT2+i`mK Q7 2t+Bi�iBQMb- Q` i?2 2[m�iBQM Q7 bi�i2X

>2`2 r2 T`2b2Mi Qm` rQ`F QM i?2 Q#b2`p�iBQM �M/ bim/v Q7 6�`�/�v r�p2b BM � +B;�`@b?�T2/
62`KB bmT2`~mB/ +QKTQb2/ #v � irQ@+QKTQM2Mi bTBM KBtim`2 Q7 6GB �iQKbX h?2b2 r�p2b �`2
� ivT2 Q7 +QHH2+iBp2 2t+Bi�iBQM i?�i �`Bb2b �b � T2`BQ/B+ bT�iB�H �M/ i2KTQ`�H KQ/mH�iBQM Q7
i?2 ;�b /2MbBiv T`Q}H2X
AM Qm` b2imT- 6�`�/�v r�p2b �`2 T�`�K2i`B+�HHv 2t+Bi2/ #v KQ/mH�iBM; i?2 `�/B�H 7`2[m2M+v
Q7 i?2 i`�TX q2 +?�`�+i2`Bx2 i?2 T?2MQK2MQM �b � 7mM+iBQM Q7 i?2 BMi2`�+iBQM T�`�K2i2` #v
K2�Mb Q7 � 62b?#�+? `2bQM�M+2X q2 T`Q#2 i?2 bmT2`~mB/ 2t+Bi�iBQM bT2+i`mK #v 2ti`�+iBM; �M
2z2+iBp2 R. bT22/ Q7 bQmM/ 7Q` /Bz2`2Mi p�Hm2b Q7 i?2 BMi2`�+iBQM T�`�K2i2`- BM ;QQ/ �;`22K2Mi
rBi? MmK2`B+�H bBKmH�iBQMbX 6BM�HHv- r2 T2`7Q`K � bi�#BHBiv �M�HvbBb BM i?2 T�`�K2i2` bT�+2
mbBM; � bBKTHB}2/ KQ/2H �M/ r2 b?Qr i?2 2K2`;2M+2 Q7 i?2 6�`�/�v r�p2b �b mMbi�#H2 bQHmiBQMb
iQ � J�i?B2m@HBF2 2[m�iBQM

S`2b2Mi2` M�K2, CQ`;2 �KBM a2K�M >�`miBMB�M

S�;2 Rky



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@R3, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.kky

Zm�MimK +�mbiB+b BM K�Mv@#Q/v /vM�KB+b
�mi?Q`b, .mM+�M PǶ.2HHRc qv�ii EB`F#vk

R J+J�bi2` lMBp2`bBiv
k lMBp2`bBiv Q7 AMMb#`m+F

*�mbiB+b �`2 bBM;mH�`BiB2b �`BbBM; 7`QK M�im`�H 7Q+mbBM; �M/ �`2 r2HH FMQrM BM QTiB+b #mi �HbQ
Q++m` BM �Mv bvbi2K i?�i ?�b r�p2b BM+Hm/BM; [m�MimK r�p2bX *�mbiB+b i�F2 QM mMBp2`b�H
b?�T2b i?�i �`2 /2b+`B#2/ #v +�i�bi`QT?2 i?2Q`v �M/ /QKBM�i2 BMi2`72`2M+2 T�ii2`Mb BM i?2
b2KB+H�bbB+�H `2;BK2X

Jv ;`QmT ?�b #22M 2ti2M/BM; i?2b2 B/2�b iQ [m�MimK }2H/b- bm+? �b i?Qb2 7QmM/ BM i?2 bBM2@
:Q`/QM �M/ "Qb2@>m##�`/ KQ/2HbX Pm` T?vbB+�H KQiBp�iBQM Bb iQ /2b+`B#2 i?2 /vM�KB+b Q7
"Qb2@1BMbi2BM +QM/2Mb�i2b U"1*bV 7QHHQrBM; � bm//2M [m2M+?- BM+Hm/BM; i?2 +�b2b Q7 irQ �M/
i?`22 BM/2T2M/2Mi "1*b i?�i �`2 bm//2MHv +QmTH2/ iQ;2i?2`X

Pm` i?2Q`2iB+�H bBKmH�iBQMb (R) Q7 i?2 /vM�KB+b Q7 i?2b2 HQr@/BK2MbBQM�H K�Mv@#Q/v bvbi2Kb
7QHHQrBM; i?2 [m2M+? b?Qrb i?�i +�mbiB+b 7Q`K BM 6Q+F bT�+2 Qp2` iBK2 �M/ i?Bb b22Kb iQ
#2 � ;2M2`B+ T?2MQK2MQMX 6m`i?2`KQ`2- i?2 +�mbiB+b �`2 bBM;mH�` BM i?2 K2�M@}2H/ i?2Q`v
#mi �`2 `2;mH�i2/ �M/ �/QTi mMBp2`b�H BMi2`72`2M+2 T�ii2`Mb BM i?2 7mHH K�Mv@#Q/v i?2Q`vX
h?2b2 +�mbiB+b `2T`2b2Mi � 7Q`K Q7 mMBp2`b�H [m�MimK K�Mv@#Q/v /vM�KB+b �bbQ+B�i2/ rBi?
bBM;mH�`BiB2b BM i?2 mM/2`HvBM; +H�bbB+�H /vM�KB+bX
(R) *�mbiB+b BM [m�MimK K�Mv@#Q/v /vM�KB+b- qX EB`F#v- uX u22- EX a?B �M/ .X>XCX PǶ.2HH-
S?vbX _2pX _2b2�`+? 9- yRjRy8 UkykkVX

S`2b2Mi2` M�K2, .mM+�M PǶ.2HH

S�;2 RkR



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@RN, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.k9e

o2HQ+Biv b2H2+iBp2 `2bQM�M+2b 7`QK � MQp2H QTiB+�H 7Q`+2
�mi?Q`b, uB7�M 6�M;Rc 1/Q�`/Q "mQMQ+Q`2Rc JB+?�2H q�?HRc >�`QH/ J2i+�H7R

R S?vbB+b- aiQMv "`QQF lMBpX

PTiB+�H 7Q`+2b QM �iQKb /2`Bp2 7`QK i?2 KQK2MimK 2t+?�M;2 #2ir22M i?2 �iQKb �M/ �M
BM+B/2Mi HB;?i }2H/ (R)X �iQKb +�MMQi �#bQ`# i?2 HBM2�` KQK2MimK Q7 HB;?i BMiQ i?2B` BMi2`M�H
+QQ`/BM�i2b i?2 b�K2 r�v �b 2M2`;v Uh̄!`V �M/ �M;mH�` KQK2MimK U�` = ±1V- bQ �#bQ`TiBQM
Q` 2KBbbBQM Kmbi BMpQHp2 �iQKB+ KQiBQM- mbm�HHv BM i?2 7Q`K Q7 � `2+QBH KQK2MimK �p ⌘
h̄!`/c ⌘ h̄kX aBM+2 i?Bb Bb bK�HH +QKT�`2/ iQ ivTB+�H �iQKB+ KQK2Mi�- Bi Kmbi #2 `2T2�i2/
K�Mv iBK2b iQ K�F2 � bB;MB}+�Mi p2HQ+Biv +?�M;2X hvTB+�HHv �M 2t+Bi�iBQM Bb 7QHHQr2/ #v �
bTQMi�M2Qmb 2KBbbBQM �M/ i?2M `2T2�i2/ iQ �+?B2p2 i?2 KmHiBTH2 KQK2MimK 2t+?�M;2bX h?2
bi`2M;i? Q7 bm+? QTiB+�H 7Q`+2b QM �iQKb /2T2M/b QM i?2 `�i2 Q7 i?Bb 2t+?�M;2 �M/ i?Bb Bb
mbm�HHv HBKBi2/ #v i?2 2t+Bi2/ bi�i2 HB72iBK2 ⌧ - bQ i?2 7Q`+2 b+�H2b rBi? �p/�t = h̄k/⌧ ⌘ h̄k�X
AM T`�+iB+2- 2t+Bi�iBQM �HbQ i�F2b iBK2 bQ i?2 K�tBKmK p�Hm2 Q7 i?Bb `�/B�iBp2 7Q`+2 Bb ;Bp2M
#v Frad ⌘ h̄k�/2 7Q` HB;?i imM2/ QM `2bQM�M+2X

AMbi2�/ Q7 bTQMi�M2Qmb 2KBbbBQM- r2 ?�p2 #22M mbBM; biBKmH�i2/ 2KBbbBQM iQ BM+`2�b2 i?2
KQK2MimK 2t+?�M;2 `�i2- r?2`2 r2 +?QQb2 i?2 biBKmH�iBM; HB;?i iQ ?�p2 � ~k@p2+iQ` QTTQbBi2
iQ i?�i Q7 i?2 2t+BiBM; HB;?i bQ i?�i i?2 M2i KQK2MimK i`�Mb72` #2+QK2b 2h̄kX � `�TB/Hv
+v+HBM;- �#bQ`TiBQM@biBKmH�i2/ 2KBbbBQM b2[m2M+2 7`QK +QmMi2`@T`QT�;�iBM; #2�Kb +�M H2�/
iQ � p2`v H�`;2 7Q`+2 (k)- FARP � Frad ⌘ h̄k�/2X q2 mb2 � b2`B2b Q7 T`QT2`Hv i�BHQ`2/ TmHb2b
/2bB;M2/ iQ +�mb2 �#bQ`TiBQM@biBKmH�i2/ 2KBbbBQM +v+H2b i?�i T`Q/m+2 � bi`QM;- mMB/B`2+iBQM�H
7Q`+2X h?2 QTiB+�H 7`2[m2M+v Q7 2�+? TmHb2 Bb br2Ti iQ 2M�#H2 �/B�#�iB+ `�TB/ T�bb�;2 U�_SV
#2+�mb2 bm+? TmHb2b BMp2`i TQTmH�iBQMb KQ`2 2{+B2MiHv i?�M ⇡@TmHb2bX am+? �_S 7Q`+2b ?�p2
#22M /2KQMbi`�i2/ 7Q` �iQKb BMBiB�HHv �i `2bi iQ #2 Km+? bi`QM;2` i?�M Q`/BM�`v `�/B�iBp2
7Q`+2b (j@d)X q2 ?�p2 2tTHQ`2/ ?Qr i?Bb p2`v bi`QM; 7Q`+2 /2T2M/b QM �iQKB+ p2HQ+Biv �M/ 7QmM/
bm`T`BbBM; 2M?�M+2K2Mi �i +2`i�BM `2;mH�`Hv@bT�+2/ p2HQ+BiB2b (d-3)X h?2b2 rBHH #2 /Bb+mbb2/-
#mi i?2v b22K iQ Q++m` r?2M �iQKb i`�p2H �TT`QtBK�i2Hv �M BMi2;2` MmK#2` Q7 r�p2H2M;i?b
#2ir22M �_S TmHb2bX

AM Qm` 2tT2`BK2Mib- � r2HH@+QHHBK�i2/ #2�K Q7 �iQKb Bb /2~2+i2/ #v i?2 �_S 7Q`+2 �M/ i?2B`
bT�iB�H /Bbi`B#miBQM Bb `2+Q`/2/ #v �M J*S@T?QbT?Q`@b+`22M +QK#BM�iBQMX "2+�mb2 i?2 �iQKb
?�p2 � bB;MB}+�Mi HQM;Bim/BM�H p2HQ+Biv bT`2�/ i?�i Bb mM�z2+i2/ #v i?2 HB;?i #2�Kb- i?2B`
bT�iB�H /Bbi`B#miBQM Bb bT`2�/ QmiX L2p2`i?2H2bb- i?2`2 �`2 /BbiBM+i- `2;mH�`Hv bT�+2/ T2�Fb �i
p2HQ+BiB2b i?�i �TT`QtBK�i2Hv +Q``2bTQM/ iQ ǳ`2bQM�MiǴ p2HQ+BiB2bX

�M BKTQ`i�Mi +`Bi2`BQM 7Q` � +QQHBM; 7Q`+2 Bb � p2HQ+Biv /2T2M/2M+2 i?�i Bb }MBi2 Qp2` bQK2 p2@
HQ+Biv `�M;2 #mi p�MBb?2b �i Qi?2` p2HQ+BiB2b bQ i?�i �iQKb �++mKmH�i2 BM i?2 `2;BQM Q7 p2HQ+Biv
bT�+2 r?2`2 i?2 7Q`+2 Bb x2`Q Q` p2`v bK�HHX �iQKB+ KQiBQM BM i?2 H�# 7`�K2 +Q``2bTQM/b iQ
.QTTH2`@b?B7i2/ 7`2[m2M+B2b BM i?2 �iQKB+ 7`�K2- bQ r2 mb2 QTTQbBi2Hv /2imM2/ H�b2` #2�Kb iQ
bBKmH�i2 � p2HQ+Biv vatX 6Q` H�`;2 vat r2 mb2 irQ /Bz2`2Mi H�b2`b- #mi i?2 +Q?2`2Mi KQK2MimK
2t+?�M;2 `2[mB`2b T?�b2 HQ+FBM; i?2K (3)X h?Bb ?�b #22M BKTH2K2Mi2/ �M/ i?2 }`bi `2bmHib
b?Qr i?�i i?2 7Q`+2 Bb M2�`Hv +QMbi�Mi �i HQr vat #mi /2+`2�b2b �i ?B;?2` vatX 6Q` �M �_S
7`2[m2M+v br22T `�M;2 Q7 ± �0- QM2 BMimBiBp2Hv 2tT2+ib �M 2z2+iBp2 7Q`+2 `�M;2 Q7 vat #2ir22M
Rf9 �M/ Rfk Q7 ± �0/k- �M/ Qm` BMBiB�H K2�bm`2K2Mib +Q``Q#Q`�i2 i?BbX
(R) >X J2i+�H7 �M/ SX p�M /2` ai`�i2M- G�b2` *QQHBM; �M/ h`�TTBM; UaT`BM;2` o2`H�;- Lu-
RNNNVX
(k) �X :Q2T72`i- AX "HQ+?- .X >�m#`B+?- 6X GBbQM- _X a+?Ƀix2- _X qvM�M/b- �M/ .X J2b+?2/2-
S?vbX _2pX � 8e- _jj89 URNNdVX
(j) hX Gm- sX JB�Q- �M/ >X J2i+�H7- S?vbX _2pX � dR- _ yeR9y8 Ukyy8VX
(9) sX JB�Q- 1X q2`ix- JX :X *Q?2M- �M/ >X J2i+�H7- S?vbX _2pX � d8- yRR9yk UkyydVX
(8) sX JB�Q- S?X.X i?2bBb- aiQMv "`QQF lMBp2`bBiv UkyyeVX
(e) hX Gm- sX JB�Q- �M/ >X J2i+�H7- S?vbX _2pX � d8- yej9kk UkyydVX
(d) q2 �+FMQrH2/;2 H�#Q`�iQ`v ?2HT 7`QK "`B�M �`MQH/- JBF2 .�TQHBiQ �M/ 1`B+ CQM2b
(3) CX 1H;BM- S?X. h?2bBb- aiQMv "`QQF lMBp2`bBiv- kyR8X

S`2b2Mi2` M�K2, >�`QH/ J2i+�H7

S�;2 Rkk



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

S�;2 Rkj



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@ky, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.k8e

62b?#�+?@2M?�M+2/ Q//@ �M/ 2p2M@r�p2 BMi2`�+iBQMb #2ir22M
B/2MiB+�H 72`KBQMb BM [m�bB@QM2@/BK2MbBQM�H +QM}M2K2Mi
�mi?Q`b, E2pBM :X aX sB2Rc E2MM2i? :X C�+FbQMRc *QHBM CX .�H2Rc "2M �X PHb2Mkc C2z J�FBjc a?Bx?QM;
w?�M;jc CQb2T? >X h?vrBbb2MR

R lMBp2`bBiv Q7 hQ`QMiQ
k u�H2@Lla *QHH2;2
j h?2 lMBp2`bBiv Q7 >QM; EQM;

aTBM@TQH�`Bx2/ 62`KB ;�b2b BM HQr /BK2MbBQMb Qz2` � T�i?r�v iQ i?2 [m�MimK bBKmH�iBQM Q7
K�ii2`X h?`Qm;? � 62b?#�+? K2+?�MBbK i?2 T@r�p2 UL = 1V BMi2`�+iBQMb ;Qp2`MBM; i?2b2
bvbi2Kb- r?B+? �`2 bmTT`2bb2/ #v � +2Mi`B7m;�H #�``B2` �i HQr 2M2`;v- K�v #2 imM2/ �M/
2M?�M+2/ #v � K�;M2iB+ }2H/X AM /QBM; bQ QM2 K�v `2�HBx2 T?2MQK2M� �b /Bp2`b2 �b +?B`�H
bmT2`~mB/Biv BM irQ /BK2MbBQMb iQ iQTQHQ;B+�H [m#Bib BM i?2 7Q`K Q7 J�DQ`�M� 72`KBQMb BM
� EBi�2p +?�BM BM QM2 /BK2MbBQMX q2 bim/v i?2 b?Q`i@`�M;2 +Q``2H�iBQMb #2ir22M �iQKb BM
�M 2Mb2K#H2 Q7 [m�bB@QM2@/BK2MbBQM�H U[m�bB@R.V im#2b Q7 72`KBQMB+ TQi�bbBmK `2�HBx2/ rBi?
� irQ@/BK2MbBQM�H QTiB+�H H�iiB+2X h?2 T@r�p2 +QMi�+i BM R. Bb K2�bm`2/ 7Q` i?2 }`bi iBK2
i?`Qm;? 72r@#Q/v +Q``2H�iBQMb i?�i K�MB72bi BM i?2 ?B;?@KQK2MimK i�BH Q7 `�/BQ@7`2[m2M+v
bT2+i`Qb+QTvX "v p�`vBM; K�;M2iB+ }2H/ �M/ H�iiB+2 /2Ti? r2 Q#b2`p2 i?�i i?2 Q//@r�p2
`2bQM�M+2 Bb b?B7i2/ #v +QM}M2K2Mi- 2M2`;2iB+�HHv M�``Qr- �M/ HBKBi2/ 7`QK `2�+?BM; mMBi�`Biv
#v HQbbX AM � ;`2�i2` }2H/ `�M;2- r2 Q#b2`p2 �//BiBQM�H 72�im`2b /m2 iQ Q`#Bi�H bBM;H2i +QHHBbBQM�H
bi�i2b 7�+BHBi�i2/ #v TQTmH�iBQM BM i`�Mbp2`b2 2t+Bi2/ #�M/bX am+? bi�i2b �`2 2t+?�M;2 �MiB@
bvKK2i`B+ BM i?2 i`�Mbp2`b2 +QM}M2K2Mi /B`2+iBQM- `2bmHiBM; BM �tB�H 2p2M@r�p2 +?�`�+i2`
i?�i 2t?B#Bib #`Q�/ 2M2`;2iB+ rB/i? �M/ Q`/2`b Q7 K�;MBim/2 H�`;2` +Q``2H�iBQM bi`2M;i? i?�M
i?2 Q//@r�p2 +�b2X h?2b2 2K2`;2Mi 2p2M@r�p2 +QHHBbBQMb QT2M M2r TQbbB#BHBiB2b 7Q` bi`QM;Hv
BMi2`�+iBM; T@r�p2 bvbi2Kb �M/ [m�MimK bBKmH�iBQM BM HQr /BK2MbBQMbX

S`2b2Mi2` M�K2, E2pBM :X aX sB2

S�;2 Rk9



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@kR, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.k38

1tTHQ`BM; i?2 bmT2`bQHB/ bi`BT2 T?�b2 BM � bTBM@Q`#Bi +QmTH2/
;�b rBi? mM2[m�H BMi2`�+iBQMb
�mi?Q`b, _�KQM _�KQbRc *`�B; *?Bb?QHKRc G2iB+B� h�``m2HHR

R A*6P @ h?2 AMbiBimi2 Q7 S?QiQMB+ a+B2M+2b

AMBiB�HHv +QMbB/2`2/ BM i?2 +QMi2ti Q7 bQHB/ ?2HBmK- i?2 2tQiB+ bmT2`bQHB/ T?�b2 Bb +?�`�+i2`@
Bx2/ #v i?2 bTQMi�M2Qmb #`2�FBM; Q7 ;�m;2 �M/ bT�iB�H i`�MbH�iBQM bvKK2i`B2bX h?Bb BKTHB2b
�+[mB`BM; i?2 T?�b2 +Q?2`2M+2 Q7 � bmT2`~mB/ �M/ i?2 +`vbi�HHBM2 bi`m+im`2 Q7 � bQHB/X h?2
HQM;@bQm;?i `2;BK2 ?�b #22M `2+2MiHv Q#b2`p2/ 7Q` +�pBiv@+QmTH2/ �iQKB+ bvbi2Kb (R)- /BTQH�`
;�b2b (k@9) �M/ bTBM@Q`#Bi +QmTH2/ (8-e) UaP*V bvbi2KbX �Hi?Qm;? 2pB/2M+2 Q7 bmT2`bQHB/Biv
r�b b?QrM 7Q` i?2 H�ii2`- 7m`i?2` 2tTHQ`�iBQM Bb ?BM/2`2/ #v i?2 HQr +QMi`�bi Q7 i?2 /2MbBiv
KQ/mH�iBQM �M/ Bib 7`�;BHBivX

>2`2- r2 T`2b2Mi i?2Q`2iB+�H �M/ 2tT2`BK2Mi�H `2bmHib QM i?2 2tTHQ`�iBQM Q7 i?2 bmT2`bQHB/
T?�b2 BM � 39E bTBM@Q`#Bi +QmTH2/ "Qb2 1BMbi2BM +QM/2Mb�i2X q2 b?Qr i?�i i?2 bi`BT2 T?�b2
#2+QK2b KQ`2 bi�#H2 i?�M BM bi�i2@Q7@i?2@�`i 2tT2`BK2Mib BM `m#B/BmKX h?2 `2�bQM Bb i?�i i?2
�iQKB+ BMi2`�+iBQMb Q7 i?2 irQ@+QKTQM2Mi +QM/2Mb�i2 +�M #2 KQ/B}2/ iQ #2 r2�FHv �ii`�+iBp2
UKBb+B#H2V- 7�pQm`BM; i?2 bi`BT2/ `2;BK2X h?�MFb iQ i?2 ?B;? +QMi`�bi Q7 i?2 /2MbBiv KQ/mH�@
iBQM- i?2 bmT2`bQHB/ T?�b2 ?�b � T2+mHB�` 2t+Bi�iBQM bT2+i`mK K�MB72bi2/ BM i?2 bi`QM; KQ/B@
}+�iBQM Q7 i?2 +QHH2+iBp2 KQ/2b (d)- r?B+? r2 MmK2`B+�HHv BMp2biB;�i2 7Q` `2�HBbiB+ T�`�K2i2`bX
JQ`2Qp2`- r2 T`2b2Mi Qm` 2tT2`BK2Mi�H bi`�i2;v iQ /B`2+iHv Q#b2`p2 i?2 /2MbBiv KQ/mH�iBQM
Q7 i?2 bmT2`bQHB/ BM Qm` bvbi2K #v BM+`2�bBM; i?2 BK�;BM; `2bQHmiBQM mbBM; K�ii2`@r�p2 H2Mb@
BM;X h?Bb rQ`F �BKb iQ 2tTHQ`2 i?2 /Bz2`2M+2b �M/ bBKBH�`BiB2b #2ir22M i?2 aP* bmT2`bQHB/
�M/ `2�HBx�iBQMb BM Qi?2` bvbi2Kb- ?B;?HB;?iBM; i?2 BM?2`2Mi 72�im`2b Q7 � bmT2`bQHB/ �M/ i?2
+?�`�+i2`BbiB+b Q7 2�+? bvbi2KX
(R) CX GûQM�`/- 2i �HX- L�im`2 89j- 3d UkyRdV
(k) GX h�MxB- 2i �HX- S?vbX _2pX G2iiX Rkk Rjy9y8 UkyRNV
(j) 6X "ƺii+?2`- 2i �HX- S?vbX _2pX s N yRRy8R UkyRNV
(9) GX *?QK�x 2i �HX- S?vbX _2pX s N ykRyRk UkyRNV
(8) CX _X GB- 2i �HX- L�im`2- 89j- NR UkyRdV
(e) �X Smi`�- 2i �HX- S?vbX _2pX G2iiX- Rk9- y8jey8 UkykyV
(d) EX hX :2B2`- 2i �HX- S?vbX _2pX G2iiX Rkd- RR8jyR UkykRV

S`2b2Mi2` M�K2, _�KQM _�KQb

S�;2 Rk8



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@kk, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.kNN

GB;?i@BM/m+2/ +Q``2H�iBQMb BM +QH/ /vbT`QbBmK �iQKb
�mi?Q`b, Ab?�M o�`K�Rc J�`pBM S`QbF2Rc LB2Hb S2i2`b2MRc S�i`B+F qBM/T�bbBM;2`R

R CQ?�MM2b :mi2M#2`; lMBp2`bBiv

qBi? i?2 2p2`;`QrBM; BMi2`2bi BM [m�MimK +QQT2`�iBpBiv- +QK2b �M QM;QBM; 2zQ`i iQ bim/v
HB;?i@BM/m+2/ +Q``2H�iBQMb BM �iQKB+ K2/B�X AM i?2b2 ivTB+�HHv 2ti`2K2 /2Mb2 `2;BK2b- rBi?
�iQKB+ /Bbi�M+2b #2HQr i?2 b+�ii2`BM; HB;?ib r�p2H2M;i?- � /B`2+i K�ii2`@K�ii2` +QmTHBM; Bb
BMi`Q/m+2/ #v 2H2+i`B+ �M/ K�;M2iB+ BMi2`�+iBQMbX q2 BMi2M/ iQ bim/v HB;?i@K�ii2` BMi2`�+iBQMb
BM /2Mb2 /BTQH�` K2/B� rBi? H�`;2 K�;M2iB+ KQK2Mib iQ 2tTHQ`2 i?2 BKT�+i Q7 K�;M2iB+ /BTQH2@
/BTQH2 BMi2`�+iBQMb QMiQ i?2 +QQT2`�iBp2 `2bTQMb2 Q7 i?2 b�KTH2X qBi? i?2 H�`;2bi ;`QmM/bi�i2
K�;M2iB+ KQK2Mi BM i?2 T2`BQ/B+ i�#H2 URy "Q?`@K�;M2iQMV- .vbT`QbBmK Bb i?2 T2`72+i +?QB+2
7Q` i?2b2 2tT2`BK2MibX
h?Bb TQbi2` `2TQ`ib QM Qm` `2+2Mi rQ`F iQ ;2M2`�i2 /2Mb2 mHi`�+QH/ /vbT`QbBmK +HQm/b miBHBxBM;
� KB+`Qb+QTB+ QTiB+�H /BTQH2 i`�TX 6m`i?2`- r2 ;Bp2 � T2`bT2+iBp2 QM 7mim`2 �/�Ti�iBQMb Q7
i?Bb i2+?MB[m2 rBi? � b2H7@#mBHi b+B2M+2 +2HH- i?�i b2`p2b �b � ?B;?Hv �++2bbB#H2 TH�i7Q`K iQ
K�MBTmH�i2 i?2 �iQKB+ +HQm/X h?2 bK�HH /BK2MbBQMb Q7 i?2 +2HH �HHQr 7Q` 2ti`2K2Hv iB;?i
QTiB+�H /BTQH2 i`�TTBM; �M/ T`2+Bb2 K�;M2iB+ }2H/ +QMi`QH �i i?2 TQbBiBQM Q7 i?2 �iQKbX

S`2b2Mi2` M�K2, Ab?�M o�`K�

S�;2 Rke



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@kj, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.jRR

S`Q#BM; >m##H2 �ii2Mm�iBQM �M/ �KTHB}+�iBQM BM �M 2t@
T�M/BM; �M/ +QMi`�+iBM; "Qb2@1BMbi2BM +QM/2Mb�i2
�mi?Q`b, ar�`M�p "�MBFRc JQMB+� :miB2``2x :�H�MRc >2+iQ` aQb�@J�`iBM2xRc J�/BbQM �M/2`bQMRc
ai2T?2M 1+F2Hkc A�M aTB2HK�MRc :`2i+?2M *�KT#2HHR

R CQBMi Zm�MimK AMbiBimi2- L�iBQM�H AMbiBimi2 Q7 ai�M/�`/b �M/ h2+?MQHQ;v- �M/ lMBp2`bBiv Q7 J�`vH�M/
k a2MbQ` a+B2M+2b .BpBbBQM- L�iBQM�H AMbiBimi2 Q7 ai�M/�`/b �M/ h2+?MQHQ;v

AM +QbKQHQ;v- i?2 `2H�iBpBbiB+ b+�H�` }2H/b i?�i +�mb2 i?2 mMBp2`b2 iQ 2tT�M/ �`2 /�KT2/ #v
>m##H2 7`B+iBQM- r?B+? Bb /m2 iQ i?2 /BH�iBQM Q7 i?2 mM/2`HvBM; bT�+2iBK2 K2i`B+X >2`2- r2
?�p2 bBKmH�i2/ i?2 >m##H2 7`B+iBQM mbBM; � iQ`QB/�H "Qb2@1BMbi2BM +QM/2Mb�i2 U"1*V Q7 kjL�
�iQKb- BM r?B+? i?2 T?QMQM }2H/b +�M b2`p2 �b �M �M�HQ;v iQ i?2 +QbKQHQ;B+�H b+�H�` }2H/bX
q2 2tT2`BK2Mi�HHv K2�bm`2 #Qi? >m##H2 �ii2Mm�iBQM �M/ �KTHB}+�iBQM- rBi? }p2@7QH/ #2ii2`
�++m`�+v- #v 2tT�M/BM; �M/ +QMi`�+iBM; i?2 "1* mMBp2`b2X q2 /Bb+Qp2` i2KTQ`�H T?�b2@
/2T2M/2Mi �ii2Mm�iBQM �M/ �KTHB}+�iBQM Q7 i?2 T?QMQM }2H/- r?B+? Bb QMHv TQbbB#H2 mM/2`
MQM�/B�#�iB+ T`Q+2bb2b �M/ Bb MQi /2b+`B#2/ #v i?2 i?2Q`2iB+�H KQ/2HX h?2 K2�bm`2/ bi`2M;i?
Q7 i?2 >m##H2 7`B+iBQM /Bb�;`22b rBi? `2+2Mi i?2Q`B2bX

S`2b2Mi2` M�K2, u�M/� :2M;

S�;2 Rkd



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@k9, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.jkR

_2�HBx�iBQM Q7 /BTQH�` su [m�MimK 72``Q � �MiB72``QK�;@
M2ib rBi? �``�vb Q7 _v/#2`; �iQKb
�mi?Q`, ;mBHH�mK2 #Q`M2iR

R G*6

AM i?Bb TQbi2` r2 T`2b2Mi i?2 `2�HBx�iBQM Q7 72``QK�;M2ib U6JV �M/ �MiB72``QK�;M2ib U�6JV
7Q` b[m�`2 �``�vb mT iQ Ryy �iQKb `2�HBxBM; i?2 /BTQH�` su KQ/2HX Pm` TH�i7Q`K Bb #�b2/ QM
BM/BpB/m�H �iQKb Q7 `m#B/BmK i`�TT2/ BM �``�vb Q7 QTiB+�H ir22x2`bX q2 2M+Q/2 i?2 2z2+iBp2
bTBM QM irQ _v/#2`; bi�i2bX h?2 +QmTHBM; #2ir22M i?2 bTBMb `2bmHib 7`QK i?2 `2bQM�Mi /BTQH2@
/BTQH2 BMi2`�+iBQM- p�`vBM; �b 1/r3X Pm` T`2T�`�iBQM Q7 i?2 T?�b2 `2HB2b QM �M �/B�#�iB+
T`Q+2/m`2 bi�`iBM; 7`QK � +H�bbB+�H �MiB@72``QK�;M2iB+ bi�i2 T`2T�`2/ #v mbBM; HQ+�H 2M2`;v
b?B7ib r?B+? �`2 BM/m+2/ #v QMbBi2 �//`2bbBM; #2�KbX h?2 6J �M/ �6J bi�i2b �`2 `2bT2+iBp2Hv
i?2 ?B;?2bi �M/ i?2 HQr2bi 2M2`;v bi�i2 Q7 i?2 /BTQH�` su KQ/2HX
hQ BMp2biB;�i2 i?2b2 bi�i2b- r2 }`bi K2�bm`2 i?2 /vM�KB+b Q7 i?2 K�;M2iBx�iBQMb �M/ i?2
;`Qri? Q7 +Q``2H�iBQMb �HQM; /Bz2`2Mi /B`2+iBQMb �b r2 2Mi2` i?2 6J U�6JV T?�b2X q2 b?Qr
i?�i i?2 irQ T?�b2b 2K2`;2 7Q` /Bz2`2Mi +`BiB+�H p�Hm2b Q7 i?2 +QMi`QH T�`�K2i2`b /m`BM; i?2
�/B�#�iB+ T`Q+2/m`2X h?Bb /Bz2`2M+2 Bb 2tTH�BM2/ #v i?2 r2�F 7`mbi`�iBQM BM/m+2/ #v i?2
HQM;@`�M;2 i�BH Q7 i?2 /BTQH�` BMi2`�+iBQM 7Q` i?2 �6J +�b2X 6BM�HHv- #v �M�HvxBM; i?2 bT�iB�H
T`Q}H2 Q7 i?2 +Q``2H�iBQMb r2 b?Qr i?2 T`2b2M+2 Q7 � HQM;@`�M;2 Q`/2` 7Q` i?2 6J- 72�im`2 i?�i
p�MBb?2b 7Q` i?2 �6J- +QMbBbi2Mi rBi? i?2 2tBbi2M+2 Q7 � r2�FHv 7`mbi`�i2/ Q`/2`X

S`2b2Mi2` M�K2, :mBHH�mK2 "P_L1h

S�;2 Rk3



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@k8, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.jjR

1Mi�M;H2K2Mi ;2M2`�iBQM BM KmHiBH2p2H �iQKB+ �``�vb rBi?
/BTQH�` BMi2`�+iBQMb
�mi?Q`b, a�M�� �;�`r�HRc �bB2` SBƢ2B`Q P`BQHBRc �M� J�`B� _2vR

R CAG�- LAah �M/ .2T�`iK2Mi Q7 S?vbB+b- lMBp2`bBiv Q7 *QHQ`�/Q- "QmH/2`

q2 BMp2biB;�i2 i?2 /`Bp2M@/BbbBT�iBp2 /vM�KB+b Q7 R. �``�vb Q7 KmHiBH2p2H �iQKb BMi2`�+iBM; pB�
T?QiQM K2/B�i2/ /BTQH2@/BTQH2 BMi2`�+iBQMb �M/ i`�TT2/ �i bm#r�p2H2M;i? b+�H2bX AM +QMi`�bi
iQ irQ@H2p2H �iQKb- r2 b?Qr i?�i KmHiBH2p2H �iQKb BM i?2 HQr 2t+Bi�iBQM Ur2�F /`Bp2V `2;BK2
+�M #2+QK2 bi`QM;Hv 2Mi�M;H2/X h?2 2Mi�M;H2K2Mi �`Bb2b 7`QK i?2 �+iBQM Q7 � MQMi`BpB�H
2z2+iBp2 >�KBHiQMB�M �M/ DmKT QT2`�iQ`b i?�i +QMi�BM KmHiB#Q/v i2`Kb �+iBM; QM i?2 ;`QmM/
bi�i2 K�MB7QH/- �M/ bm`pBp2b 2p2M �7i2` im`MBM; Qz i?2 /`Bp2X q2 T`QTQb2 iQ mb2 i?2 ⇠ 2.9µK
i`�MbBiBQM #2ir22M 3

P2 $ 3
D3 BM 88

Sr rBi? 389MK i`�TTBM; HB;?i �b �M B/2�H 2tT2`BK2Mi�H
TH�i7Q`K 7Q` p�HB/�iBM; Qm` T`2/B+iBQMb �M/ �b � MQp2H [m�MimK BMi2`7�+2 7Q` i?2 2tTHQ`�iBQM
Q7 +QKTH2t K�Mv@#Q/v T?2MQK2M� 2K2`;BM; 7`QK HB;?i@K�ii2` BMi2`�+iBQMbX

S`2b2Mi2` M�K2, a�M�� �;�`r�H

S�;2 RkN



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@ke, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.j8R

1tTHQ`BM; bQmM/ 2t+Bi�iBQMb BM k. "Qb2 ;�b2b
�mi?Q`b, J�`iBM :�xQRc �M/`2v E�`�BHB2pRc JQ?�K2/ q�`/�Rc LBb?�Mi .Q;`�Rc CmHB�M a+?KBiikc
J�+B2D :�ƈF�Rc S�M�;BQiBb *?`BbiQ/QmHQmRc wQ`�M >�/xB#�#B+R

R lMBp2`bBiv Q7 *�K#`B/;2
k lMBp2`bBiv Q7 "QMM

�M BMi2`�+iBM; irQ@/BK2MbBQM�H Uk.V "Qb2 ;�b #2+QK2b bmT2`~mB/ #2HQr � +`BiB+�H i2KT2`�im`2
i?`Qm;? i?2 "Eh K2+?�MBbKX AM i?Bb T?�b2- mM/2` ?v/`Q/vM�KB+ +QM/BiBQMb r?2`2 +QHHBbBQMb
F22T i?2 ;�b BM HQ+�H i?2`KQ/vM�KB+ 2[mBHB#`BmK- G�M/�mǶb irQ@~mB/ KQ/2H T`2/B+ib i?2
2tBbi2M+2 Q7 irQ /BbiBM+i bQmM/@HBF2 2t+Bi�iBQMbX h?2b2- bQ@+�HH2/ }`bi �M/ b2+QM/ bQmM/b-
?�p2 `2+2MiHv #22M Q#b2`p2/ BM k. (R)- p2`B7vBM; i?2 p�HB/Biv Q7 i?2 irQ@~mB/ KQ/2H 7Q` � k.
bmT2`~mB/X AM i?2 QTTQbBi2 HBKBi Q7 BM7`2[m2Mi +QHHBbBQMb- � /BbiBM+i bQmM/ r�p2 Q`B;BM�iBM;
7`QK i?2 K2�M@}2H/ BMi2`�+iBQMb Q7 i?2 [m�bB+QM/2Mb�i2 Bb T`2/B+i2/ iQ T`2p�BH 2p2M BM i?2
�#b2M+2 Q7 i?2 bmT2`~mB/ (k)c i?Bb ǵ+QHHBbBQMH2bbǶ bQmM/ ?�b �HbQ #22M Q#b2`p2/ BM 2tT2`BK2Mib
(j)X

>2`2- �BKBM; iQ #`B/;2 i?2 ;�T #2ir22M i?2 �#Qp2 Q#b2`p�iBQMb- r2 2ti2M/ Qm` T`2pBQmb K2�@
bm`2K2Mib (R) iQ 2tTHQ`2 i?2 bQmM/ 2t+Bi�iBQMb Q7 i?2 BMi2`�+iBM; k. 39E "Qb2 ;�b i?`Qm;?Qmi
i?2 +`QbbQp2` #2ir22M i?2 ?v/`Q/vM�KB+ �M/ i?2 +QHHBbBQMH2bb HBKBibX hQ +QMi`QH i?2 M�im`2
Q7 i?2 BM/m+2/ bQmM/ r�p2b- r2 p�`v i?2 r�p2H2M;i? Q7 bQmM/ 2t+Bi�iBQMb #v /B`2+iHv 2t+BiBM;
?B;?2`@r�p2p2+iQ` KQ/2b mbBM; � /B;Bi�H KB+`QKB``Q` /2pB+2 U.J.VX h?Bb �HHQrb mb iQ bim/v
i?2 +`QbbQp2` 7`QK ?v/`Q/vM�KB+ iQ +QHHBbBQMH2bb bQmM/ mM/2` i?2 b�K2 +QM/BiBQMb Q7 i?2 ;�b-
BM+Hm/BM; i?2 /Bz2`2Mi /�KTBM; K2+?�MBbKb Q7 i?2b2 bQmM/ KQ/2bX JQ`2Qp2`- r2 �HbQ T`Q#2
bQmM/ r�p2b �i p�`BQmb i2KT2`�im`2b- iQ +QMM2+i i?2 ?v/`Q/vM�KB+ bQmM/ KQ/2b rBi? i?2
r2HH@FMQrM x2`Q@i2KT2`�im`2 U+QHHBbBQMH2bbV "Q;QHBm#Qp 2t+Bi�iBQMbX

(R) *?`BbiQ/QmHQm- S�M�;BQiBb- 2i �HX ǳP#b2`p�iBQM Q7 }`bi �M/ b2+QM/ bQmM/ BM � "Eh bmT2`@
~mB/XǴ L�im`2 8N9Xd3ek UkykRV, RNR@RN9X

(k) Pi�- JBFB- 2i �HX ǳ*QHHBbBQMH2bb bQmM/ BM � mMB7Q`K irQ@/BK2MbBQM�H "Qb2 ;�bXǴ S?vbB+�H
_2pB2r G2ii2`b RkRXR9 UkyR3V, R98jykX
(j) oBHH2- CX GX- 2i �HX ǳaQmM/ T`QT�;�iBQM BM � mMB7Q`K bmT2`~mB/ irQ@/BK2MbBQM�H "Qb2 ;�bXǴ
S?vbB+�H _2pB2r G2ii2`b RkRXR9 UkyR3V, R98jyRX

S`2b2Mi2` M�K2, J�`iBM :�xQ

S�;2 Rjy



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@kd, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.jed

L2;�iBp2 �#bQHmi2 i2KT2`�im`2 bi�i2 BM � i`B�M;mH�` QTiB+�H
H�iiB+2
�mi?Q`b, J2?2/B >�b�MRc Gm+� .QMBMBRc aQKTQ# a?�MQFT`�bBi?Rc .�M "`�mM/Rc J�t J2H+?M2`Rc .�M
_22/Rc hBz�Mv >�`i2Rc lH`B+? a+?M2B/2`R

R lMBp2`bBiv Q7 *�K#`B/;2

L2;�iBp2 �#bQHmi2 i2KT2`�im`2 2Mi�BHb � bBim�iBQM r?2`2 i?2 2Mi`QTv Q7 � bvbi2K `2/m+2b �b
i?2 BMi2`M�H 2M2`;v BM+`2�b2bX �b i?2 B/2� r�b Tmi 7Q`r�`/ #v LX _�Kb2v BM i?2 RN8yb (R)-
i?2 +QM+2Ti Q7 M2;�iBp2 �#bQHmi2 i2KT2`�im`2 ?�b #22M �+iBp2Hv /Bb+mbb2/- �M/ ?�b H2/ iQ
i?2 2p2Mim�H Q#b2`p�iBQM rBi? +QH/ �iQKb BM � b[m�`2 H�iiB+2 (k)X AM i?Bb TQbi2`- r2 /2b+`B#2
Qm` 2tT2`BK2Mi rBi? EUjNV �iQKb QM i?2 Q#b2`p�iBQM Q7 M2;�iBp2 �#bQHmi2 i2KT2`�im`2 BM �
i`B�M;mH�` QTiB+�H H�iiB+2 ě � MQM#BT�`iBi2 H�iiB+2 +QMi�BMBM; ;2QK2i`B+ 7`mbi`�iBQMX .m2 iQ
Bib MQM#BT�`iBi2 M�im`2- i?2 HQr2bi 2M2`;v #�M/ Q7 � i`B�M;mH�` H�iiB+2 ?Qbib irQ MQM2[mBp�H2Mi
?B;?2bi@2M2`;v TQBMib UK �M/ K 0 TQBMib BM 6B;X RU�VV i?�i �`2 MQi +QMM2+i2/ pB� � `2+BT`Q+�H
H�iiB+2 p2+iQ`X q2 bim/v i?2 BM~m2M+2 Q7 i?2b2 MQM2[mBp�H2Mi TQBMib #v +QKT�`BM; TQbBiBp2
�M/ M2;�iBp2 i2KT2`�im`2 bi�i2b BM i?Bb H�iiB+2X AM 6B;X RU#V- �iQKb BM M2;�iBp2 �#bQHmi2
i2KT2`�im`2 bi�i2 �`2 b?QrM BM i?2 bmT2`~mB/ bi�i2 r?2`2 i?2 �iQKb Q++mTv i?2 irQ ?B;?2bi
2M2`;v TQBMib 2[m�HHvX

6B;m`2 R, U�V h?2 #�M/ bi`m+im`2 Q7 i?2 }`bi #�M/ 7Q` � i`B�M;mH�` QTiB+�H H�iiB+2X h?2
BM2[mBp�H2Mi 2M2`;v K�tBK� �`2 HQ+�i2/ �i i?2 K �M/ K 0 TQBMib r?BH2 i?2 KBMBKmK Q7 i?2
2M2`;v Bb �i i?2 � TQBMiX U#V h?2 K2�bm`2/ QTiB+�H /2MbBiv �7i2` �M RR Kb iBK2@Q7@~B;?i- Q7
� M2;�iBp2 i2KT2`�im`2 ;�bX h?2 `2;BQM 2M+HQb2/ #v i?2 #H�+F i?BM HBM2b `2T`2b2Mib i?2 }`bi
"`BHHQmBM xQM2X

JQ`2Qp2`- r2 ?�p2 +`2�i2/ � T?�b2@bi�#BHBx2/ QTiB+�H E�;QK2 H�iiB+2 #v bmT2`BKTQbBM; � 8jk@
MK i`B�M;mH�` H�iiB+2 �M/ � Rye9@MK ?QM2v+QK# H�iiB+2X q2 ?�p2 �HbQ Q#b2`p2/ i?2 bmT2`~mB/
iQ JQii BMbmH�iQ` i`�MbBiBQM BM i?2 E�;QK2 H�iiB+2X
_272`2M+2b,
(R) LX6X _�Kb2v ǳh?2`KQ/vM�KB+b �M/ bi�iBbiB+�H K2+?�MB+b �i M2;�iBp2 �#bQHmi2 h2KT2`�@
im`2bǴ S?vbX _2pX Ryj- ky URN8eVX
(k) aX "`�mM- CXSX _QMx?2BK2`- JX a+?`2B#2`- aXaX >Q/;K�M- hX _QK- AX "HQ+?- �M/ lX
a+?M2B/2` ǳL2;�iBp2 �#bQHmi2 i2KT2`�im`2 7Q` KQiBQM�H /2;`22b Q7 7`22/QKǴ a+B2M+2 jjN-
8j UkyRjVX

S`2b2Mi2` M�K2, J2?2/B >�b�M

S�;2 RjR



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@k3, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.j3y

� Zm�MimK ;�b KB+`Qb+QT2 7Q` _#*b �M/ E*b `QpB#`�iBQM
;`QmM/ bi�i2 KQH2+mH2b
�mi?Q`b, �H2t J�ii?B2bRc CQM�i?�M JQ`iHQ+FRc �/�`b? _�;?m`�KRc �M/`2r AMM2bRc a�`�? "`QKH2vRc
aBKQM *Q`MBb?R

R .m`?�K lMBp2`bBiv

Zm�MimK ;�b KB+`Qb+QT2b �`2 � TQr2`7mH iQQH r?B+? +�M #2 mb2/ iQ bim/v T�`iB+H2b +QM}M2/ iQ
�M QTiB+�H H�iiB+2X "v ~mQ`2b+BM; i`�TT2/ T�`iB+H2b mM/2` �M Q#D2+iBp2 rBi? � ?B;? MmK2`B+�H
�T2`im`2 Bi Bb TQbbB#H2 iQ Q#i�BM bBM;H2 bBi2 `2bQHmiBQM Q7 i?2 QTiB+�H H�iiB+2X h?Bb ?�b �H`2�/v
#22M /2KQMbi`�i2/ rBi? �iQKb �M/ ?�b T�p2/ i?2 r�v 7Q` � MQp2H TH�i7Q`K 7Q` bBKmH�iBQM
2tT2`BK2Mib 7Q` H�iiB+2 TQi2MiB�HbX >Qr2p2`- BM QTiB+�H H�iiB+2b �iQKb ?�p2 TQQ` BMi2`�+iBQMb
#2ir22M M2B;?#Qm`BM; bBi2bX >2`2- r2 T`2b2Mi Qm` T`Q;`2bb iQr�`/b � [m�MimK ;�b KB+`Qb+QT2
7Q` _#*b �M/ E*b KQH2+mH2bX qBi? KQH2+mH2b i?2 Bbbm2 Q7 TQQ` BMi2`�+iBQMb Bb KBiB;�i2/ QrBM;
iQ i?2 /BTQH2 @ /BTQH2 BMi2`�+iBQMb 2t?B#Bi2/ #v KQH2+mH2b BM M2B;?#Qm`BM; bBi2b �HHQrBM; mb iQ
KQ`2 `2�/BHv T`Q#2 i?2 `2H2p�Mi i2`Kb BM i?2 H�iiB+2 >�KBHiQMB�MX

S`2b2Mi2` M�K2, �M/`2r AMM2b

S�;2 Rjk



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@kN, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.keN

hQr�`/ � R. +?�BM P7 +QH/ _v/#2`; �iQKb M2ti iQ �M QTiB+�H
M�MQ}#2`
�mi?Q`b, .vH�M "`QrMRc �H2t2v ovH2;x?�MBMkc �br�i?v _�Dkc aBH2 LB+ *?Q`K�B+k

R PFBM�r� AMbiBimi2 Q7 a+B2M+2 �M/ h2+?MQHQ;v :`�/m�i2 lMBp2`bBiv
k GB;?i@J�ii2` AMi2`�+iBQMb 7Q` Zm�MimK h2+?MQHQ;B2b lMBi- PFBM�r� AMbiBimi2 Q7 a+B2M+2 �M/ h2+?@

MQHQ;v :`�/m�i2 lMBp2`bBiv- C�T�M

*QK#BMBM; +QH/ _v/#2`; �iQKb rBi? �M QTiB+�H M�MQ}#2` UPL6V �TT�`�imb T`QpB/2b � TH�i@
7Q`K 7Q` #Qi? BMp2biB;�iBM; i?2 ;2M2`�iBQM �M/ K�MBTmH�iBQM Q7 _v/#2`; �iQKb- #mi �HbQ �M
B/2�H r�v 7Q` ;2M2`�iBM; � R. +?�BMb Q7 _v/#2`; �iQKb mbBM; i?2 bi`QM; BMi2`�+iBQMb Q7 �iQK@
PL6 ?v#`B/ bvbi2Kb +QK#BM2/ rBi? i?2 �#BHBiv iQ i`�T �iQKb �i i?2 bm`7�+2 Q7 i?2 }#2` BM �
R. +?�BMX

h?2 2p�M2b+2Mi }2H/ T`Q/m+2/ pB� i?2 iB;?i +QM}M2K2Mi Q7 i?2 HB;?i BM �M PL6 �HHQrb 7Q`
bi`QM; HB;?i@K�ii2` BMi2`�+iBQMb 7Q` `2H�iBp2Hv HQr H�b2` TQr2`b- �M/ i?2 2�bv BMi2`7�+BM; rBi?
2tBbiBM; QTiB+�H bvbi2Kb K�F2b Bi �M B/2�H bvbi2K 7Q` i?2 /2p2HQTK2Mi Q7 [m�MimK i2+?MQHQ;B2bX
�iQK #�b2/ PL6 bvbi2Kb ?�p2 b?QrM ;`2�i bm++2bb BM i?2 }2H/ Q7 �iQK QTiB+b- �M/ rBi? Qm`
`2+2Mi bm++2bb Q7 2t+BiBM; �iQKb iQ i?2 _v/#2`; bi�i2 pB� i?2 2p�M2b+2Mi }2H/ Q7 i?2 }#2`
(R)- �`2 MQr � TQi2MiB�H M2r TH�i7Q`K 7Q` /2p2HQTBM; _v/#2`; #�b2/ [m�MimK BM7Q`K�iBQM
bvbi2KbX

_v/#2`; �iQKb- rBi? i?2B` H�`;2 2H2+i`B+ }2H/ b2MbBiBpBiv �M/ bi`QM; BMi2`@�iQKB+ BMi2`�+iBQMb
H2�/BM; iQ i?2 7�K2/ _v/#2`; #HQ+F�/2- �`2 � bi`QM; +�M/B/�i2 7Q` [m�MimK BM7Q`K�iBQM
bvbi2Kb �M/ ?�p2 #22M � iQTB+ Q7 bB;MB}+�Mi BMi2`2bi Qp2` i?2 T�bi v2�`bX

PL6 bvbi2Kb ?�p2 #22M mb2/ iQ i`�T �iQKb �i i?2 bm`7�+2 Q7 i?2 }#2` mbBM; irQ@+QHQ` /BTQH2
i`�Tb- QM2 T`QpB/BM; i?2 �ii`�+iBp2 TQi2MiB�H- �M/ i?2 Qi?2` T`QpB/BM; � `2TmHbBp2 TQi2MiB�H
7Q`Kb � TQi2MiB�H KBMBK� � bK�HH /Bbi�M+2 QM i?2 Q`/2` Q7 kyyMK 7`QK i?2 }#2` bm`7�+2X
*�`27mHHv b2H2+iBM; i?2 r�p2H2M;i?b Q7 i?2 /BTQH2 i`�T- � K�;B+ r�p2H2M;i? +QM/BiBQM (k) 7Q`
_v/#2`; bi�i2b +�M �HHQr 7Q` i?2 i`�TTBM; Q7 #Qi? i?2 _v/#2`; �M/ i?2 ;`QmM/ bi�i2 Q7 i?2
�iQKb BM i?2 b�K2 TQi2MiB�HX

q2 T`2b2Mi Qm` `2bmHib QM i?2 2tT2`BK2Mi�H 2t+Bi�iBQM Q7 _v/#2`; �iQKb M2ti iQ �M QTiB+�H
M�MQ}#2` �M/ T`2b2Mi i?2 TH�Mb 7Q` 2ti2M/BM; Qm` /BTQH2 i`�T 7Q` ;`QmM/ bi�i2 �iQKb iQ
�HbQ �HHQr 7Q` i?2 i`�TTBM; Q7 _v/#2`; �iQKb �i i?2 bm`7�+2 Q7 i?2 }#2`- T�pBM; i?2 r�v
7Q` 2tT2`BK2Mib bm+? �b i?2 BMp2biB;�iBQM Q7 R. K�Mv #Q/v bvbi2Kb �M/ i?2 /2p2HQTK2Mi Q7
[m�MimK ;�i2bX

RX E`Bb?M�T`Bv� am#`�KQMB�M _�D�b`22- h`B/B# _�v- E`BbiQz2` E�`HbbQM- C2bb2 GX 1p2`2ii-
�M/ aőH2 LB+ *?Q`K�B+- ǳ:2M2`�iBQM Q7 +QH/ _v/#2`; �iQKb �i bm#KB+`QM /Bbi�M+2b 7`QK
�M QTiB+�H M�MQ}#2`Ǵ- S?vbX _2pX _2b2�`+? k- yRkyj3U_V- kyky

kX CB�M/QM; "�B- a?mQ GBm- CmM >2 �M/ CmMKBM q�M;- ǳhQr�`/b BKTH2K2Mi�iBQM Q7 � K�;B+
QTiB+�H@/BTQH2 i`�T 7Q` +QM}MBM; ;`QmM/@bi�i2 �M/ _v/#2`;@bi�i2 +2bBmK +QH/ �iQKbǴ- CX
S?vbX ", �iX JQHX PTiX S?vbX 8j- R88jyk- kykk

S`2b2Mi2` M�K2, .vH�M "`QrM

S�;2 Rjj



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@j, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.Rk

uii2`#BmK Mm+H2�`@bTBM [m#Bib BM �M QTiB+�H ir22x2` �``�v

�mi?Q`b, �H2+ C2MFBMbRc CQ�MM� qX GBbRc �`mFm a2MQQRc qBHHB�K 6X J+:`2rRc �/�K JX E�m7K�MR

R CAG�- lMBp2`bBiv Q7 *QHQ`�/Q �M/ L�iBQM�H AMbiBimi2 Q7 ai�M/�`/b �M/ h2+?MQHQ;v- �M/ .2T�`iK2Mi
Q7 S?vbB+b- lMBp2`bBiv Q7 *QHQ`�/Q- "QmH/2`

*Q``2bTQM/BM; �mi?Q`, D2MFBMb�!+QHQ`�/QX2/m

PTiB+�H ir22x2` �``�vb Q7 �HF�HBM2 2�`i?@HBF2 �iQKb �`2 T`QKBbBM; 7Q` �TTHB+�iBQMb BM [m�MimK
BM7Q`K�iBQM �M/ K2i`QHQ;vX >2`2- r2 /2b+`B#2 � ir22x2` TH�i7Q`K 7Q` i`�TTBM; �M/ K�MBTmH�i@
BM; �``�vb Q7 171u# �iQKb (R)X q2 /2KQMbi`�i2 7�pQ`�#H2 [m#Bi T`QT2`iB2b Q7 i?2 Mm+H2�` bTBM
I = 1/2- BM+Hm/BM; b2+QM/b@b+�H2 +Q?2`2M+2 iBK2b �M/ bm#@KB+`Qb2+QM/ bBM;H2@[m#Bi ;�i2bX q2
7m`i?2` b?Qr i?�i bBM;H2 171u# �iQKb +�M #2 HQ�/2/ rBi? > 90W 2{+B2M+v BMiQ 2�+? ir22x2`-
�M/ r2 2KTHQv _�K�M bB/2#�M/ +QQHBM; iQ T`2T�`2 �iQKb BM i?2 KQiBQM�H ;`QmM/ bi�i2b Q7 i?2
ir22x2`bX G�biHv- r2 T`2b2Mi `2+2Mi T`Q;`2bb- miBHBxBM; 3S0 +HQ+F �M/ _v/#2`; bi�i2 +QMi`QH-
iQr�`/b i?2 `2�HBx�iBQM Q7 KB/@+B`+mBi K2�bm`2K2Mi �M/ irQ@[m#Bi _v/#2`; ;�i2bX
(R) C2MFBMb- �X- GBb- CX qX- a2MQQ- �X- J+:`2r- qX 6X- �M/ E�m7K�M- �X JX UkykRVX uii2`#BmK
Mm+H2�`@bTBM [m#Bib BM �M QTiB+�H ir22x2` �``�vX �`sBo,kRRkXyedjk

S`2b2Mi2` M�K2, �H2+ C2MFBMb

S�;2 Rj9



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@9, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.RN

1M;BM22`BM; � 7`�+iBQM�H [m�MimK >�HH bi�i2 Q7 #QbQMb BM �M
QTiB+�H H�iiB+2
�mi?Q`b, aQQb?BM EBKRc CmHB�M GûQM�`/Rc CQv+2 Er�MRc S2``BM a2;m`�Rc J�`Fmb :`2BM2`R

R >�`p�`/ lMBp2`bBiv

*Q``2bTQM/BM; �mi?Q`, bQQb?BMnFBK!;X?�`p�`/X2/m

_2�HBx�iBQM Q7 bi`QM;Hv BMi2`�+iBM; T�`iB+H2b mM/2` i?2 T`2b2M+2 Q7 � K�;M2iB+ }2H/ +�M H2�/ iQ
MQp2H T?�b2b Q7 K�ii2` rBi? iQTQHQ;B+�H Q`/2`X >2`2- r2 /2KQMbi`�i2 �/B�#�iB+ T`2T�`�iBQM
Q7 i?2 ;`QmM/ bi�i2 Q7 � irQ@T�`iB+H2 >�`T2`@>Q7bi�/i2` bvbi2K mM/2` /Bz2`2Mi ~mt2b rBi?
mHi`�+QH/ #QbQMB+ 8

7_# �iQKb BM �M QTiB+�H H�iiB+2X � bmT2`BKTQb2/ `mMMBM; H�iiB+2 Q7 irQ
_�K�M #2�Kb �M/ � K�;M2iB+ }2H/ ;`�/B2Mi �`2 miBHBx2/ iQ �TTHv � imM�#H2 bvMi?2iB+ ;�m;2
}2H/ QM i?2 �iQKbX qBi? i?2 bBM;H2@bBi2 `2bQHmiBQM T`QpB/2/ #v Qm` [m�MimK ;�b KB+`Qb+QT2-
r2 2tTHQ`2 i?2 ;`QmM/@bi�i2 }/2HBiv Q7 Qm` T`QiQ+QH Qp2` i?2 bT�+2 Q7 KmHiBTH2 T�`�K2i2`bX
h?2`2 �`2 KQ`2 Q#b2`p�#H2b #2BM; bim/B2/ iQ 2t?B#Bi T?�b2 i`�MbBiBQM BMiQ i?2 7`�+iBQM�H [m�M@
imK >�HH bi�i2X Pm` bim/v T`2b2Mib +?�`�+i2`Bx�iBQM Q7 T�bb�;2 iQr�`/b iQTQHQ;B+�H bi�i2b BM
QTiB+�H@H�iiB+2 2tT2`BK2MibX

S`2b2Mi2` M�K2, aQQb?BM EBK

S�;2 Rj8



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@8, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.jk

oBQH�iBQM Q7 i?2 G2;;2ii@:�`; BM2[m�HBiv 7Q` � "Qb2 +QM/2M@
b�i2 BM � /Qm#H2@r2HH TQi2MiB�H
�mi?Q`b, hbm#�b� a�F�KQiQRc _vQbmF2 uQb?BBkc a?mMDB hbm+?Bv�j

R *?mQ mMBp2`bBiv
k a�MvQ@PMQ/� *Biv lMBp2`bBiv
j *?mQ lMBp2`bBiv

h?2 G2;;2ii@:�`; UG:V BM2[m�HBiv i2HHb mb r?2i?2` Q` MQi i?2 /vM�KB+b Q7 i?2 K�+`Q@ b+QTB+
bvbi2K Q#2vb K�+`Q`2�HBbK- r?B+? +QMbBbib Q7 i?2 �bbmKTiBQMb Tmi 7Q`r�`/ #v G2;;2ii �M/
:�`;X oBQH�iBQM Q7 i?2 G: BM2[m�HBiv BKTHB2b 2Bi?2` i?2 �#b2M+2 Q7 � `2�HBbiB+ /2b+`BTiBQM Q7
i?2 bvbi2K Q` i?2 BKTQbbB#BHBiv Q7 K2�bm`BM; i?2 bvbi2K MQMBMp�bBp2HvX AM `2+2Mi rQ`Fb- i?2
G: BM2[m�HBiv Bb 2tT2`BK2Mi�HHv 2t�KBM2/ BM � bmT2`+QM/m+iBM; ~mt [m#BiX
AM Qm` bim/v- r2 /Bb+mbb i?2 pBQH�iBQM Q7 i?2 G: BM2[m�HBiv 7Q` � "Qb2 +QM/2Mb�i2 BM � /Qm#H2@
r2HH TQi2MiB�HX 6Q` i?2 +HQb2/ bvbi2K- r2 +H�`B7v i?2 `2;BQM Q7 i?2 T�`�K2i2`b r?2`2 i?2 G:
BM2[m�HBiv Bb pBQH�i2/X 6Q` i?2 QT2M bvbi2K- +QmTH2/ iQ � bBM;H2 #QbQMB+ KQ/2- r2 Q#i�BM i?2
+QHH�Tb2 �M/ `2pBp�H Q7 i?2 Q++mT�iBQM T`Q#�#BHBiB2b Q7 i?2 bi�i2 BM � /Qm#H2@r2HH TQi2MiB�H-
r?B+? `2+m`bBp2Hv pBQH�i2b i?2 G: BM2[m�HBivX 6m`i?2`KQ`2- r2 `2p2�H i?2 /2T2M/2M+2 Q7 i?2
pBQH�iBQM Q7 i?2 G: BM2[m�HBiv QM #Qi? i?2 +QmTHBM; bi`2M;i? �M/ i?2 K�tBKmK 2M2`;v Q7 i?2
#�i?X

S`2b2Mi2` M�K2, hbm#�b� a�F�KQiQ

S�;2 Rje



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@e, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.e3

*�pBiv@BM/m+2/ /2MbBiv r�p2 Q`/2`BM; BM bi`QM;Hv +Q``2H�i2/
62`KB ;�b2b
�mi?Q`b, oB+iQ` >2HbQMRc C2�M@S?BHBTT2 "`�MimiRc :BmHB� /2H S�+2Rc hBKQ wr2iiH2`Rc h�#2� "Ƀ?H2`R

R AMbiBimi2 Q7 S?vbB+b- 1+QH2 SQHvi2+?MB[m2 6û/û`�H2 /2 G�mb�MM2

h?2 BMi2`TH�v Q7 T�B`BM; rBi? /2MbBiv r�p2 Q`/2` Bb QM2 Q7 i?2 KQbi T`QKBM2Mi 72�im`2 Q7
bi`QM;Hv +Q``2H�i2/ 2H2+i`QMB+b bvbi2Kb- bm+? �b ?B;? i2KT2`�im`2 bmT2`+QM/m+iQ`bX q2 ?�p2
`2�HBx2/ � 62`KB ;�b rBi? b?Q`i �M/ HQM; `�M;2 BMi2`�+iBQMb- BM/2T2M/2MiHv �M/ bBKmHi�M2@
QmbHv +QMi`QHH�#H2X ai�`iBM; 7`QK � [m�MimK /2;2M2`�i2- mMBi�`v 62`KB BM � +�pBiv (R@9)- r2
TmKT i?2 bvbi2K 7`QK i?2 bB/2 BM i?2 /BbT2`bBp2 `2;BK2 iQ vB2H/ � imM�#H2 T?QiQM@K2/B�i2/
BMi2`�+iBQM i?�i 7�pQ`b i?2 b2H7@Q`;�MBx�iBQM Q7 �iQKb BMiQ � /2MbBiv r�p2 Q`/2`X q2 b?Qr
i?�i i?Bb BMi2`�+iBQM Bb #`Q�/Hv imM�#H2- �M/ bim/v i?2 QMb2i Q7 /2MbBiv r�p2 Q`/2`BM; BM i?2
+`QbbQp2` 7`QK "1* iQ "*aX Pm` Q#b2`p�iBQMb �`2 +QKT�`2/ rBi? � K2�M }2H/ i?2Q`vX Pm`
bvbi2K Qz2`b � M2r r�v iQ bim/v +QKT2iBM; Q`/2`b BM bi`QM;Hv +Q``2H�i2/ K�ii2`X
(R) EX _Qmt- >X EQMBb?B- oX >2HbQM- �M/ CX@SX "`�Mimi- ǳai`QM;Hv +Q``2H�i2/ 62`KBQMb bi`QM;Hv
+QmTH2/ iQ HB;?i-Ǵ L�i *QKKmM- pQHX RR- MQX R- TX kNd9- CmMX kyky- /QB, RyXRyj3fb9R9ed@yky@
Reded@3X
(k) EX _Qmt- oX >2HbQM- >X EQMBb?B- �M/ CX SX "`�Mimi- ǳ*�pBiv@�bbBbi2/ T`2T�`�iBQM �M/ /2@
i2+iBQM Q7 � mMBi�`v 62`KB ;�b-Ǵ L2r CX S?vbX- pQHX kj- MQX 9- TX y9jykN- �T`X kykR- /QB,
RyXRy33fRjed@kejyf�#2#NRX
(j) >X EQMBb?B- EX _Qmt- oX >2HbQM- �M/ CX@SX "`�Mimi- ǳlMBp2`b�H T�B` TQH�`BiQMb BM � bi`QM;Hv
BMi2`�+iBM; 62`KB ;�b-Ǵ L�im`2- TTX RĜ8- �m;X kykR- /QB, RyXRyj3fb9R83e@ykR@yjdjR@NX
(9) oX >2HbQM- hX wr2iiH2`- EX _Qmt- >X EQMBb?B- aX l+?BMQ- �M/ CX@SX "`�Mimi- ǳPTiQK2+?�MB@
+�H _2bTQMb2 Q7 � ai`QM;Hv AMi2`�+iBM; 62`KB :�b-Ǵ �`sBp,kRRRXykNjR (+QM/@K�i- T?vbB+b,T?vbB+b-
T?vbB+b,[m�Mi@T?)- LQpX kykR- (PMHBM2)X �p�BH�#H2, ?iiT,ff�`tBpXQ`;f�#bfkRRRXykNjR

S`2b2Mi2` M�K2, oB+iQ` >2HbQM

S�;2 Rjd



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@d, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.3R

1tTHQ`BM; iQTQHQ;v BM bvMi?2iB+ [m�MimK >�HH bvbi2Kb mbBM;
�iQKB+ /vbT`QbBmK
�mi?Q`b, �m`ûHB2M 6�#`2Rc C2�M@"�TiBbi2 "Qm?B`QMRc h�MBb? a�iQQ`Rc Zm2MiBM _2/QMRc ZB GBmRc _�T?�2H
GQT2bRc avHp�BM L�b+BK#2M2R

R G�#Q`�iQB`2 E�biH2` "`Qbb2H- *QHHĕ;2 /2 6`�M+2- *L_a- 1La@SaG lMBp2`bBiv- aQ`#QMM2 lMBp2`bBiû

hQTQHQ;B+�H [m�MimK bi�i2b �`2 �bbQ+B�i2/ rBi? BMi2;2` BMp�`B�Mib �M/ �`2 i?mb T`Qi2+i2/ 7`QK
+QMiBMmQmb bK�HH /27Q`K�iBQMb Q7 i?2 bvbi2KX hQTQHQ;B+�H BMp�`B�Mib 2Mbm`2 i?2 `Q#mbiM2bb Q7
p�`BQmb T?2MQK2M�- 2X;X i?2 [m�MiBx2/ >�HH +QM/m+i�M+2 BM irQ@/BK2MbBQM�H 2H2+i`QM ;�b2b
bm#D2+i2/ iQ � K�;M2iB+ }2H/- �M/ �`2 T`QKBbBM; iQQHb BM /Bz2`2Mi }2H/b Q7 T?vbB+b- bm+?
�b [m�MimK +QKTmi�iBQMX S?�b2b +?�`�+i2`Bx2/ rBi? MQMi`BpB�H iQTQHQ;B+�H BMp�`B�Mib ?�p2
#22M rB/2Hv bim/B2/ BM i?2 +QMi2ti Q7 i?2 BMi2;2` �M/ 7`�+iBQM�H [m�MimK >�HH 2z2+ib �M/ Q7
iQTQHQ;B+�H BMbmH�iQ`b- #Qi? i?2Q`2iB+�HHv �M/ 2tT2`BK2Mi�HHvX

_2+2MiHv- i?2 +QM+2Ti Q7 bvMi?2iB+ /BK2MbBQM ?�b �ii`�+i2/ �ii2MiBQM �b Bi �HHQrb 2ti2M/BM;
+m``2Mi bim/B2b iQ KQ`2 2tQiB+ ;2QK2i`B2bX Ai `2HB2b QM BMi2`M�H /2;`22b Q7 7`22/QK iQ bBKmH�i2
�M 2ti`� /BK2MbBQM- rBi? �M �//BiBQM�H ~2tB#BHBiv QM Bib T`QT2`iB2b +QKT�`2/ iQ � `2�H T?vbB+�H
/BK2MbBQMX

AM i?Bb TQbi2`- A rBHH T`2b2Mi bQK2 `2+2Mi 2tT2`BK2Mi�H rQ`Fb QM [m�MimK >�HH bvbi2Kb mbBM;
mHi`�+QH/ b�KTH2b Q7 �iQKB+ /vbT`QbBmKX q2 #2M2}i 7`QK i?2 H�`;2 iQi�H �M;mH�` KQK2MimK
C43 Q7 /vbT`QbBmK �iQKb BM i?2B` 2H2+i`QMB+ ;`QmM/ bi�i2 iQ bBKmH�i2 � bvMi?2iB+ /BK2MbBQM-
rBi? kCYR4Rd /Bb+`2i2 TQbBiBQMbX AM � T`2pBQmb rQ`F- mbBM; QTiB+�H _�K�M i`�MbBiBQMb +Qm@
THBM; M2B;?#Q`BM; w22K�M bm#H2p2Hb Q7 i?2 2H2+i`QMB+ ;`QmM/ bi�i2- r2 b?Qr2/ i?�i � >�HH
`B##QM rBi? b?�`T 2/;2b +�M #2 2M;BM22`2/X

q2 MQr `2TQ`i i?2 mb2 Q7 i?Bb BMi2`M�H /2;`22 Q7 7`22/QK �b � /Bb+`2iBx2/ /BK2MbBQM rBi?
T2`BQ/B+ #QmM/�`v +QM/BiBQMb- mb2/ iQ T`2T�`2 i?2 2[mBp�H2Mi Q7 � >�HH +vHBM/2`X AM i?Bb
;2QK2i`v- i?2 i?`2�/BM; Q7 � [m�MimK Q7 K�;M2iB+ ~mt i?`Qm;? i?2 ?QH2 Q7 i?2 +vHBM/2`
BM/m+2b � [m�MiBx2/ T�`iB+H2 i`�MbTQ`i �HQM; i?2 BMB}MBi2 /BK2MbBQM- �bbQ+B�i2/ iQ i?2 Rbi
*?2`M MmK#2`X
Smb?BM; i?2 p2`b�iBHBiv Q7 i?Bb �TT`Q�+? 7Q`r�`/- r2 �HbQ 2M+Q/2 irQ bvMi?2iB+ /BK2MbBQMb BM
i?2 iQi�H �M;mH�` KQK2MimK Q7 2�+? �iQK- i?�i r2 +QmTH2 iQ irQ `2�H T?vbB+�H /BK2MbBQMbX
h?Bb 2z2+iBp2Hv bBKmH�i2b � 7Qm`@/BK2MbBQM�H [m�MimK >�HH bvbi2K rBi? QM2 +v+HB+ /BK2MbBQM-
QM2 }MBi2 /BK2MbBQM rBi? 2/;2b �M/ irQ BM}MBi2 /BK2MbBQMbX h?2 /BK2MbBQM�HBiv bi`QM;Hv
�z2+ib i?2 mM/2`HvBM; T?vbB+b, i?2 iQTQHQ;v Q7 7Qm`@/BK2MbBQM�H >�HH bvbi2Kb Bb +?�`�+i2`Bx2/
#v i?2 kM/ *?2`M MmK#2` r?B+? +Q``2bTQM/b iQ � [m�MiBx2/ MQMHBM2�` `2bTQMb2X

S`2b2Mi2` M�K2, 6�#`2- �m`ûHB2M

S�;2 Rj3



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@3, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.3N

LQM2[mBHB#`BmK /vM�KB+b BM � [m2M+?2/ 72``QK�;M2iB+ bTBMQ`
"Qb2@1BMbi2BM +QM/2Mb�i2
�mi?Q`b, a2mM;CmM; >m?Rc EvmM;i�2 EBKkc CmM?v2QF >m`Rc CB?QQM a2QRc EB`v�M; ErQMRc C�2@vQQM
*?QBR

R E�Aah
k CAG�

AM i?Bb TQbi2`- r2 rBHH T`2b2Mi `2+2Mi 2tT2`BK2Mib QM � [m2M+?2/ 72``QK�;M2iB+ bTBMQ` "1*bX
AM i?2 }`bi T�`i- r2 T`2b2Mi i?2 Q#b2`p�iBQM Q7 bTBM@KQK2MimK +Q``2H�i2/ K�ii2`@r�p2 D2ib
7`QK bTBMQ` "1*b (R)X S`2T�`BM; � [m�bB@irQ@/BK2MbBQM�H +QM/2Mb�i2 BM i?2 mF = 0 bi�i2-
r2 [m2M+? i?2 [m�/`�iB+ w22K�M 2M2`;v iQ @k F>xX h`�Mbp2`b2Hv T`QT�;�iBM; �iQKB+ #2�Kb
BM i?2 mF = 1 �M/ mF = �1 bi�i2 UmF = 0 bi�i2V �`2 ;2M2`�i2/ /m2 iQ i?2 bmT2``�/B�Mi
+QHHBbBQM T`Q+2bbX AMp2biB;�iBM; �M;mH�` +Q``2H�iBQM 7Q` 2�+? bTBM bi�i2- r2 `2p2�H i?2 bi`QM;
+Q``2H�iBQM #2ir22M bTBM �M/ KQK2MimK- r?B+? bm;;2bib i?2 TQbbB#BHBiv Q7 #2BM; 1BMbi2BM@
SQ/QHbFv@_Qb2M U1S_V bi�i2X AM i?2 b2+QM/ T�`i- r2 BMp2biB;�i2 i?2 HQM;@iBK2 `2H�t�iBQM
/vM�KB+b �7i2` i?2 [m2M+? (k-j)X :2M2`�i2/ bTBM T�B`b 7Q`K K�;M2iB+ /QK�BMb �M/ �`2 K2`;2/
iQ /BbTH�v +Q�`b2MBM; /vM�KB+bX q2 BMp2biB;�i2 +Q``2H�iBQM 7mM+iBQMb Q7 i?2 K�;M2iBx�iBQM �M/
Q#b2`p2 i?2 7mM+iBQMb �i /Bz2`2Mi iBK2 +QHH�Tb2 iQ � bBM;H2 7mM+iBQMX Pm` `2bmHi b?Qrb � ;QQ/
�;`22K2Mi rBi? MmK2`B+�H bBKmH�iBQMX
(R) EX EBK- CX >m`- aX >m?- aX *?QB- �M/ CX@uX *?QB- S?vbX _2pX G2iiX Rkd- y9j9yR UkykRV
(k) GX �X qBHHB�KbQM �M/ SX "X "H�FB2X- S?vbX _2pX G2iiX RRe- yk8jyR UkyReV
(j) CX >Q7K�MM- aX�aX L�im- �M/ aX .�b a�`K�- S?vbX _2pX G2iiX RRj- yN8dyk UkyR9VX

S`2b2Mi2` M�K2, a2mM;CmM; >m?

S�;2 RjN



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@N, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.N3

L�a�Ƕb +QH/ �iQK H�#Q`�iQ`v, � KmHiBmb2` 7�+BHBiv 7Q` [m�M@
imK ;�b `2b2�`+? QM i?2 AMi2`M�iBQM�H aT�+2 ai�iBQM
�mi?Q`, J�ii2Q a#`Qb+B�R

*Q@�mi?Q`b, .�pB/ �p2HBM2R c 1i?�M 1HHBQiiR c C�K2b E2HHQ;;R c G2�? S?BHHBTbR c CBK EQ?2HR c *?`BbiB�M
a+?M2B/2`R c E�K�H Pm/`?B`BR c C�bQM qBHHB�KbR c _Q#2`i h?QKTbQMR

R CSG

L�a�Ƕb *QH/ �iQK G�#Q`�iQ`v U*�GV r�b H�mM+?2/ iQ i?2 AMi2`M�iBQM�H aT�+2 ai�iBQM BM
kyR3- r?2`2 Bi ?�b #22M +QM/m+iBM; [m�MimK 2tT2`BK2Mib BM KB+`Q;`�pBiv 2p2` bBM+2X *�G
Bb � KmHiBmb2` BMbi`mK2Mi /2bB;M2/ iQ #2 7mHHv QT2`�i2/ `2KQi2Hv- rBi? i?2 TQbbB#BHBiv Q7
�bi`QM�mi@H2/ ?�`/r�`2 mT;`�/2b �M/ `2TH�+2K2MibX a+B2MiBbib ?�p2 T2`7Q`K2/ BMp2biB;�iBQMb
`�M;BM; 7`QK "1*b BM #m##H2 b?�T2/ ;2QK2i`B2b iQ 2ti`2K2 +QQHBM; T`QiQ+QHb- �HH r?BH2 +QK@
KBbbBQMBM; 2zQ`ib �`2 mM/2` r�v iQ /2KQMbi`�i2 �iQK BMi2`72`QK2i`v �M/ /m�H bT2+B2b "1*b
BM bT�+2X

S`2b2Mi2` M�K2, J�ii2Q a#`Qb+B�

S�;2 R9y



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@Ry, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.RRj

aTBM /vM�KB+b BM QTiB+�H H�iiB+2b /QKBM�i2/ #v bmT2`2t@
+?�M;2 pB� pB`im�H KQH2+mH2b
�mi?Q`b, uQQ EvmM; U1mMB+2V G22Rc >�Mx?2M GBMRc qQH7;�M; E2ii2`H2R

R J�bb�+?mb2iib AMbiBimi2 Q7 h2+?MQHQ;v

aBKTH2- T�`�/B;K�iB+ bvbi2Kb �`2 BKTQ`i�Mi iQQHb BM mM/2`bi�M/BM; bi`QM;Hv +Q``2H�i2/ bvb@
i2KbX PM2 bm+? bvbi2K Bb i?2 "Qb2@>m##�`/ KQ/2H- r?B+? +�M #2 `2�HBx2/ mbBM; �iQKb BM
QTiB+�H H�iiB+2b rBi? /2Hi�@7mM+iBQM BMi2`�+iBQMbX q2 `2TQ`i i?2 }`bi 2tT2`BK2Mi�H Q#b2`p�@
iBQM Q7 irQ 72�im`2b Q7 i?2 "Qb2@>m##�`/ KQ/2H, bmT2`2t+?�M;2 pB� pB`im�H KQH2+mH2b BM
2t+Bi2/ #�M/b �M/ Qz@bBi2 +QMi�+i BMi2`�+iBQMbX �/B�#�iB+ br22Tb +QM}`K i?2 +`2�iBQM Q7
i?2b2 2t+Bi2/@#�M/ KQH2+mH2b- 2t2KTHB7vBM; � M2r FBM/ Q7 62b?#�+? `2bQM�M+2X

S`2b2Mi2` M�K2, uQQ EvmM; U1mMB+2V G22

S�;2 R9R



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@RR, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.Rk8

"B; iBK2 +`vbi�Hb BM � #QmM+BM; "1*
�mi?Q`b, �`T�M� aBM;?Rc �HB w�?22`Rc *?�K�HB :mM�r�`/�M�Rc hB2M h`�MRc a�iQb?B hQDQkc E`xvbxiQ7
:B2`;2Hjc �M/`2B aB/Q`QpRc E`xvbxiQ7 a�+?�9c S2i2` >�MM�7Q`/R

R PTiB+�H a+B2M+2b *2Mi`2- arBM#m`M2 lMBp2`bBiv Q7 h2+?MQHQ;v- J2H#Qm`M2- �mbi`�HB�
k .2T�`iK2Mi Q7 S?vbB+b- *?mQ lMBp2`bBiv- hQFvQ- C�T�M
j PTiB+�H a+B2M+2b *2Mi`2- arBM#m`M2 lMBp2`bBiv Q7 h2+?MQHQ;v- J2H#Qm`M2- �mbi`�HB�- AMbiBimi2 Q7

h?2Q`2iB+�H S?vbB+b- C�;B2HHQMB�M lMBp2`bBiv- E`�FQr- SQH�M/
9 AMbiBimi2 Q7 h?2Q`2iB+�H S?vbB+b- C�;B2HHQMB�M lMBp2`bBiv- E`�FQr- SQH�M/

.Bb+`2i2 iBK2 +`vbi�Hb +`2�i2/ BM � "Qb2@1BMbi2BM +QM/2Mb�i2 U"1*V #QmM+BM; `2bQM�MiHv QM
� T2`BQ/B+�HHv /`Bp2M �iQK KB``Q` +�M BMpQHp2 /`�K�iB+ #`2�FBM; Q7 /Bb+`2i2 iBK2 i`�MbH�iBQM
bvKK2i`v (R) rBi? `2bTQMb2 T2`BQ/b mT iQ b � Ryy iBK2b i?2 /`BpBM; T2`BQ/ h (k)X h?Bb �HHQrb
i?2 +`2�iBQM Q7 #B; iBK2 +`vbi�Hb ?�pBM; � H�`;2 MmK#2` Q7 i2KTQ`�H H�iiB+2 bBi2bX "v +?QQbBM;
bmBi�#H2 6Qm`B2` +QKTQM2Mib BM i?2 T2`BQ/B+ /`BpBM; Q7 i?2 �iQK KB``Q`- bm+? � bvbi2K 2M�#H2b
2z2+iBp2 TQi2MiB�Hb iQ #2 +QMbi`m+i2/ BM iBK2 H�iiB+2b rBi? M2�`Hv �Mv b?�T2- r?B+? T`QpB/2b
� ~2tB#H2 TH�i7Q`K 7Q` `2�HBbBM; � #`Q�/ `�M;2 Q7 +QM/2Mb2/ K�ii2` T?2MQK2M� BM i?2 iBK2
/BK2MbBQMX S`2/B+i2/ T?2MQK2M� BM+Hm/2 iQTQHQ;B+�HHv T`Qi2+i2/ 2/;2 bi�i2b BM iBK2- JQii
BMbmH�iQ` bi�i2b BM i?2 iBK2 /BK2MbBQM- �M/ iBK2 +`vbi�Hb 2t?B#BiBM; i2KTQ`�H /BbQ`/2`- [m�bB@
+`vbi�HHBM2 Q`/2` �M/ 2tQiB+ HQM;@`�M;2 BMi2`�+iBQMb (j)X

>2`2- r2 `2TQ`i 2tT2`BK2Mi�H T`Q;`2bb iQr�`/b +`2�iBM; #B; iBK2 +`vbi�Hb BM � #QmM+BM;
TQi�bbBmK@jN "1* bvbi2KX h?2 "1* Bb T`2T�`2/ BM � Rye9 MK +`Qbb2/ QTiB+�H /BTQH2 i`�T
�#Qp2 �M Qb+BHH�iBM; 8jk MK HB;?i@b?22i �iQK KB``Q`- r?B+? Bb /`Bp2M rBi? 7`2[m2M+v +Q``2@
bTQM/BM; iQ i?2 b2H2+i2/ b , R `2bQM�M+2 7Q` � ;Bp2M /`QT ?2B;?i �M/ rBi? �KTHBim/2 �/Dmbi2/
iQ T`Q/m+2 bi�#H2 `2bQM�M+2 BbH�M/b HQ+�i2/ �`QmM/ T2`BQ/B+ Q`#Bib rBi? T2`BQ/ bhX h?2 "1*
Bb i?2M `2H2�b2/ 7`QK i?2 QTiB+�H /BTQH2 i`�T iQ 7�HH QM iQ i?2 Qb+BHH�iBM; KB``Q` mM/2` bi`QM;
i`�Mbp2`b2 +QM}M2K2MiX q?2M i?2 T�`iB+H2 BMi2`�+iBQM Bb `�Bb2/ �#Qp2 � +`BiB+�H p�Hm2 iQ
bTQMi�M2QmbHv #`2�F i?2 iBK2@i`�MbH�iBQM bvKK2i`v- � bi�#H2 HQ+�HBx2/ r�p2@T�+F2i 2pQHp2b
rBi?Qmi imMM2HHBM; iQ Qi?2` r�p2@T�+F2ib- BX2X- � /Bb+`2i2 iBK2 +`vbi�H Bb 7Q`K2/X

RX EX a�+?�- S?vbX _2pX � NR- yjjeRd UkyR8VX
kX EX :B2`;B2H- hX h`�M- �X w�?22`- �X aBM;?- �X aB/Q`Qp- EX a�+?� �M/ SX >�MM�7Q`/- L2r

CX S?vbX kk- y38yy9 UkykyVX
jX EX a�+?�- hBK2 *`vbi�Hb- aT`BM;2` UkykyVX

S`2b2Mi2` M�K2, �`T�M� aBM;?

S�;2 R9k



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@Rk, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.RjR

P#b2`p�iBQM Q7 BMi2`�+iBQM@/`Bp2M /2HQ+�HBx�iBQM Q7 i?2 �M@
/2`bQM BMbmH�iQ` BM bvMi?2iB+ /BK2MbBQMb
�mi?Q`b, CmM >mB a22 hQ?Rc sBMtBM h�M;Rc h`Bbi�M _QDQRc E�iB2 J+*Q`KB+FRc *�`bQM S�ii2`bQMRc
LB+QH�b qBHHB�KbRc am#?�/22T :mTi�R

R lMBp2`bBiv Q7 q�b?BM;iQM- a2�iiH2

h?2 [m�MimK FB+F2/ `QiQ` Bb � T�`�/B;K bvbi2K iQ bim/v +H�bbB+�H �M/ [m�MimK +?�QbX q?2M
pB2r2/ BM KQK2MimK bT�+2- Bi Bb 2[mBp�H2Mi iQ i?2 �M/2`bQM KQ/2H Q7 i`�MbTQ`i BM i?2 T`2b2M+2
Q7 /BbQ`/2`- 72�im`BM; /vM�KB+�H HQ+�HBx�iBQM BM i?2 bvMi?2iB+ KQK2MimK bT�+2X q2 `2TQ`i i?2
Q#b2`p�iBQM Q7 BMi2`�+iBQM@/`Bp2M /2HQ+�HBx�iBQM BM /@/BK2MbBQM�H U/4R@9V �M/2`bQM KQ/2Hb BM
i?2 bvMi?2iB+ KQK2MimK bT�+2X >B;?2` /BK2MbBQMb �`2 ;2M2`�i2/ #v �KTHBim/2 KQ/mH�iBM;
i?2 FB+F TmHb2b Q7 i?2 [m�MimK FB+F2/ `QiQ`- �M/ BMi2`�+iBQMb �`2 +QMi`QHH2/ pB� i?2 i`�Mbp2`b2
+QM}M2K2Mi Q7 i?2 R. im#2bX q2 b?Qr i?�i BMi2`�+iBQM /2bi`Qvb /vM�KB+�H HQ+�HBx�iBQM 7Q`
/4R@9- �M/ i?2 /vM�KB+b Q7 i?2 bvbi2K #2+QK2b bm#@/BzmbBp2X q2 �HbQ Q#b2`p2/ i?2 QMb2i
Q7 /2HQ+�HBx�iBQM iQ bi�`i 2�`HB2` rBi? bi`QM;2` BMi2`�+iBQM- KQ/mH�iBQM- �M/ FB+FX *QKT�`2/
iQ 2�`HB2` 2tT2`BK2Mi�H bim/B2b BM TQbBiBQM bT�+2- Qm` �TT`Q�+? �//`2bb2b BMi2`�+iBQM@/`Bp2M
i`�MbTQ`i BM i?2 �M/2`bQM KQ/2H BM ;`2�i i?�M R /BK2MbBQM �M/ rBi? BM}MBi2Hv@HQM; `�M;2
BMi2`�+iBQMb `2�HBx2/ BM KQK2MimK bT�+2X

S`2b2Mi2` M�K2, CmM >mB a22 hQ?

S�;2 R9j



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@Rj, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.Rjd

S�`�K2i2` QTiBKBx�iBQM 7Q` H�b2` bHQrBM; �M/ K�;M2iQ@QTiB+�H
i`�TTBM; Q7 J;6 KQH2+mH2b pB� KQiBQM bBKmH�iBQM
�mi?Q`b, .QM;Fvm GBKRc 1mMKB *?�2k

R .2T�`iK2Mi Q7 T?vbB+b- EQ`2� lMBp2`bBivX
k .2T�`iK2Mi Q7 T?vbB+b- EQ`2� lMBp2`bBiv

� K�;M2iQ@QTiB+�H i`�T UJPhV Bb i?2 }`bi bi2T iQ i�F2 p�`BQmb �iQKb �M/ KQH2+mH2b iQ i?2
mHi`�+QH/ i2KT2`�im`2X 6Q` KQH2+mH2b- #2+�mb2 Q7 i?2B` +QKTH2t 2M2`;v bi`m+im`2- i?2`2 �`2
iQQ K�Mv T�`�K2i2`b iQ #2 �/Dmbi2/ BM i?2 JPh �M/ i?2 T`2+2/BM; H�b2` bHQrBM; bi�;2X Ai
Bb /B{+mHi iQ 2tT2`BK2Mi�HHv QTiBKBx2 �HH i?2 T�`�K2i2`b QM2 #v QM2X JQiBQM bBKmH�iBQM
Q7 T�`iB+H2 +�M T`QpB/2 i?2 QTiBKBx2/ T�`�K2i2`b KQ`2 2{+B2MiHv- �M/ �HbQ +�M ;Bp2 mb i?2
KQiBQM�H i`�+2 iQ +?2+F B7 T�`�K2i2`b �`2 p�HB/ 7Q` JPh �M/ H�b2` bHQrBM;X
q2 QTiBKBx2 i?2 T�`�K2i2`b 7Q` JPh �M/ H�b2` bHQrBM; Q7 J�;M2bBmK KQMQ~mQ`B/2 UJ;6V pB�
KQiBQM bBKmH�iBQM- iQ K�tBKBx2 i?2 +�Tim`2 p2HQ+Biv UvcV �M/ i?2 `�iBQ Q7 i`�TT2/ KQH2+mH2b
iQ i?2 iQi�H KQH2+mH2b 7`QK � +QH/ #mz2`@;�b #2�K bQm`+2 URtrapVX q2 bBKmH�i2 i?2 KQiBQM
Q7 J;6 BM irQ bi�;2b- JPh `2;BQM �M/ H�b2` bHQrBM; `2;BQM- mbBM; `�i2 2[m�iBQM KQ/2HX AM
i?2 JPh `2;BQM- r2 QTiBKBx2/ p�`BQmb T�`�K2i2`b Q7 H�b2`b �M/ K�;M2iB+ }2H/ iQ K�tBKBx2
vc- mbBM; "�v2bB�M QTiBKBx�iBQM K2i?Q/X lbBM; i?2 QTiBKBx2/ 2tT2`BK2Mi�H T�`�K2i2`b- r2
b2i � +�Tim`2 +QM/BiBQM Q7 BMBiB�H TQbBiBQMb �M/ p2HQ+BiB2b r?B+? /2i2`KBM2b B7 KQH2+mH2b �`2
i`�TT2/ Q` MQi- r?2M i?2v 2Mi2` i?2 bi�;2X AM H�b2` bHQrBM; bi�;2- r2 QTiBKBx2 i?2 T�`�K2i2`b
Q7 bHQrBM; H�b2`b iQ K�tBKBx2 Rtrap mbBM; i?2 +�Tim`2 +QM/BiBQM Q7 i?2 JPhX AM i?2 TQbi2`-
r2 7m`i?2` /Bb+mbb i?2 Qp2`�HH bi`m+im`2- BMBiB�H +QM/BiBQMb �M/ QTiBKBx�iBQM `2bmHi Q7 i?2
bBKmH�iBQMX

S`2b2Mi2` M�K2, .QM;Fvm GBK

S�;2 R99



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@R9, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.R88

Zm�MimK ;�b KB+`Qb+QTv Q7 i`B�M;mH�` H�iiB+2 JQii BMbmH�@
iQ`b
�mi?Q`, S2i2` a+?�mbbR

R lMBp2`bBiv Q7 oB`;BMB�

6`mbi`�i2/ [m�MimK bvbi2Kb +�M ?Qbi [m�bB@T�`iB+H2b rBi? 7`�+iBQM�H bi�iBbiB+b �M/ TQb2 bB;MB7@
B+�Mi +?�HH2M;2b iQ +QM/2Mb2/ K�ii2` i?2Q`v /m2 iQ i?2B` 2ti2MbBp2 ;`QmM/ bi�i2 /2;2M2`�+vX
>2`2- r2 �BK �i [m�MimK bBKmH�iBQM Q7 2H2+i`QMB+ bvbi2Kb QM i`B�M;mH�` H�iiB+2 ;2QK2i`B2b
mbBM; mHi`�+QH/ �iQKb BM � [m�MimK ;�b KB+`Qb+QT2X

q2 T`2b2Mi i?2 bBi2@`2bQHp2/ BK�;BM; Q7 72`KBQMB+ HBi?BmK �iQKb BM Qm` MQp2H i`B�M;mH�` QTiB+�H
H�iiB+2 ;2QK2i`v �M/ i?2 `2�HBx�iBQM Q7 JQii BMbmH�iQ`b BM i?2 i`B�M;mH�` H�iiB+2X Pm` 2tT2`B@
K2Mi �HHQrb 7Q` i?2 T`2T�`�iBQM Q7 i`B�M;mH�` >m##�`/ bvbi2Kb Q7 b2p2`�H ?mM/`2/ �iQKb �M/
r2 BK�;2 i?2b2 bvbi2Kb rBi? N3W /2i2+iBQM }/2HBivX q2 `2TQ`i QM Qm` T`Q;`2bb BM +?�`�+i2`@
BxBM; i`B�M;mH�` >m##�`/ bvbi2Kb mbBM; bBi2@`2bQHp2/ /2MbBiv �M/ +Q``2H�iBQM Q#b2`p�#H2b BM
i?2 2tT2`BK2Mi �M/ /Bb+mbb +QKT�`BbQMb Q7 2tT2`BK2Mi�H /�i� iQ LmK2`B+�H GBMF2/ *Hmbi2`
1tT�MbBQM +�H+mH�iBQMb �b r2HH �b Zm�MimK JQMi2 *�`HQ bBKmH�iBQMbX
Pm` M2r 2tT2`BK2Mi�H TH�i7Q`K QT2Mb i?2 T�i? 7Q` bim/B2b Q7 FBM2iB+ 7`mbi`�iBQM- b2�`+?2b 7Q`
bTBM@HB[mB/b �M/ BMp2biB;�iBQMb Q7 i`�MbTQ`i T`QT2`iB2b BM 7`mbi`�i2/ H�iiB+2bX

S`2b2Mi2` M�K2, S2i2` a+?�mbb

S�;2 R98



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@R8, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.ReN

*�M /BTQH�` BMi2`�+iBQM b?B2H/ /BTQH�` `2H�t�iBQM\
�mi?Q`b, SB2``2 "�``�HRc JB+?�2H *�Mi�`�Rc GB .mXc �H�M PX C�KBbQMRc CmHBmb /2 >QM/Rc qQH7;�M;
E2ii2`H2R

R J�bb�+?mb2iib AMbiBimi2 Q7 h2+?MQHQ;v

h?2`2 ?�b #22M � HQM;@i2`K 2zQ`i BM `2/m+BM; BM2H�biB+ HQbb2b BM [m�MimK ;�b2b- 7`QK /BTQH�`
`2H�t�iBQM BM bTBM KBtim`2b iQ `2�+iBp2 +QHHBbBQMb BM KQH2+mH2bX 6Q` i?2 }`bi iBK2 r2 b?Qr
b?B2H/BM; #2ir22M �iQKb pB� i?2 /BTQH�` BMi2`�+iBQM �M/ bi`QM; +QM}M2K2MiX h?Bb ?�b #22M
�+?B2p2/ rBi? #QbQMB+ /vbT`QbBmK �M/ `2bmHi2/ BM �M Q`/2` Q7 K�;MBim/2 bmTT`2bbBQM Q7 /BTQH�`
`2H�t�iBQMX h?2Q`2iB+�H �M/ 2tT2`BK2Mi�H �bT2+ib rBHH #2 T`2b2Mi2/X

S`2b2Mi2` M�K2, SB2``2 "�``�H

S�;2 R9e



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@Re, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.R33

lHi`�+QH/ 72`KBQMb BM QTiB+�H bmT2`H�iiB+2b
�mi?Q`b, C�M2F 6H2T2`Rc LB+F EH2KK2`Rc o�H2MiBM CQM�bRc C2Mb a�KH�M/Rc �M/`2� "2`;b+?M2B/2`Rc
JB+?�2H Eƺ?HR

R S?vbBF�HBb+?2b AMbiBimi- lMBp2`bBi i "QMM

h?2 [m�MimK bBKmH�iBQM Q7 62`KB@>m##�`/ KQ/2Hb mbBM; mHi`�+QH/ �iQKb BM QTiB+�H H�iiB+2b
?�b #22M 2bb2MiB�H iQ /22T2M Qm` mM/2`bi�M/BM; Q7 +QM/2Mb2/ K�ii2` bvbi2KbX qBi? i?2 T`2+Bb2
imM�#BHBiv Q7 i?2 KQ/2H T�`�K2i2`b �M/ i?2 TQbbB#BHBiv iQ 2p2M +?�M;2 i?2 /BK2MbBQM�HBiv Q7
i?2 bvbi2Kb- Bi �HHQrb iQ BMp2biB;�i2 K�Mv@#Q/v [m�MimK T?�b2bX AM T�`iB+mH�`- T`Q#BM; bTBM
+Q``2H�iBQMb ?�b #22M Q7 BMi2`2bi BM mM/2`bi�M/BM; ?B;?@i2KT2`�im`2 bmT2`+QM/m+iBpBivX
Pm` 2tT2`BK2Mi�H b2imT Bb #�b2/ QM � i?`22@/BK2MbBQM�H QTiB+�H H�iiB+2 r?2`2 � p2`iB+�H H�i@
iB+2 +QM}M2b i?2 �iQKb BM irQ@/BK2MbBQM�H H�v2`bX _2+2MiHv- i?2 p2`iB+�H H�iiB+2 ?�b #22M
2ti2M/2/ iQ � bmT2`H�iiB+2 iQ BKTH2K2Mi T�B`b Q7 H�v2`b +QmTH2/ #v BMi2`H�v2` imMM2HBM;X hQ
BMi`Q/m+2 i?2 bmT2`H�iiB+2 +�T�#BHBiB2b iQ i?2 irQ@/BK2MbBQM�H H�v2`b- r2 �`2 +m``2MiHv rQ`F@
BM; QM i?2 BKTH2K2Mi�iBQM �M/ bi�#BHBx�iBQM Q7 �M BM@TH�M2 bmT2`H�iiB+2X AM i?2 7mim`2- r2 �`2
;QBM; iQ BMp2biB;�i2 iQTQHQ;B+�H bvbi2Kb �M/ i`�MbTQ`i T`QT2`iB2b BM iBK2@/2T2M/2Mi bmT2`@
H�iiB+2bX

S`2b2Mi2` M�K2, C�M2F 6H2T2`

S�;2 R9d



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@Rd, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.kyj

S`2T�`�iBQM Q7 i?2 bTBM@JQii bi�i2, � bTBM7mH JQii BMbmH�@
iQ` Q7 `2TmHbBp2Hv #QmM/ T�B`b
�mi?Q`b, CmHBmb /2 >QM/Rc CBM;;�M; sB�M;Rc 1MB/ *`mx@*QHƦMRc qQQ *?�M; *?mM;Rc q2MH�M *?2MRc
qBHHB�K *Q/v "m`iQMRc *QHBM CX E2MM2/vRc qQH7;�M; E2ii2`H2R

R J�bb�+?mb2iib AMbiBimi2 Q7 h2+?MQHQ;v

q2 Q#b2`p2 �M/ bim/v � bT2+B�H ;`QmM/ bi�i2 Q7 #QbQMb rBi? irQ bTBM bi�i2b BM �M QTiB+�H
H�iiB+2, i?2 bTBM@JQii BMbmH�iQ`- � bi�i2 i?�i +QMbBbib Q7 #QmM/ T�B`b i?�i Bb BMbmH�iBM; 7Q` #Qi?
bTBM �M/ +?�`;2 i`�MbTQ`iX "2+�mb2 Q7 i?2 T�B`BM; ;�T +`2�i2/ #v i?2 BMi2`�+iBQM �MBbQi`QTv-
Bi +�M #2 T`2T�`2/ rBi? HQr 2Mi`QTv �M/ +�M b2`p2 �b � bi�`iBM; TQBMi 7Q` �/B�#�iB+ bi�i2
T`2T�`�iBQMX q2 }M/ i?�i i?2 bi�#BHBiv Q7 i?2 bTBM@JQii bi�i2 /2T2M/b QM i?2 T�B`BM; 2M2`;v
�M/ Q#b2`p2 irQ [m�HBi�iBp2Hv /Bz2`2Mi /2+�v `2;BK2bX

S`2b2Mi2` M�K2, 1MB/ *`mx@*QHƦM

S�;2 R93



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@R3, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.kkk

hQKQ;`�T?v Q7 � MmK#2`@`2bQHpBM; /2i2+iQ` #v `2+QMbi`m+@
iBQM Q7 �M �iQKB+ K�Mv@#Q/v [m�MimK bi�i2
�mi?Q`b, J�`2BF2 >2ix2HRc Gm+� S2xxĕkc *2#`�BH SɃ`Rc J�`iBM Zm2Mb2MRc �M/`2�b >ɃT2`Rc CB�Q :2M;jc
C2Mb E`mb29c GmBb a�MiQb8c qQH7;�M; 1`iK2`9c �m;mbiQ aK2`xBkc *�`bi2M EH2KTiR

R AMbiBimi 7Ƀ` Zm�Mi2MQTiBF- G2B#MBx lMBp2`bBi i >�MMQp2`- :2`K�Mv
k Zah�_ �M/ ALP@*L_ �M/ G1La- 6B`2Mx2- Ai�Hv
j E2v G�#Q`�iQ`v Q7 j. JB+`QfL�MQ 6�#`B+�iBQM �M/ *?�`�+i2`Bx�iBQM Q7 w?2DB�M; S`QpBM+2- a+?QQH

Q7 1M;BM22`BM; �M/ AMbiBimi2 Q7 �/p�M+2/ h2+?MQHQ;v- q2biH�F2 AMbiBimi2 7Q` �/p�M+2/ aim/v-
w?2DB�M; S`QpBM+2- *?BM�

9 .2mib+?2b w2Mi`mK 7Ƀ` Gm7i@ mM/ _�mK7�?`i 2XoX- AMbiBimi 7Ƀ` a�i2HHBi2M;2Q/ bB2 mM/ AM2`iB�Hb2MbQ`BF
U.G_@aAV- :2`K�Mv

8 AMbiBimi 7Ƀ` h?2Q`2iBb+?2 S?vbBF- G2B#MBx lMBp2`bBi i >�MMQp2`- :2`K�Mv

� iQKQ;`�T?v Q7 K�Mv@#Q/v [m�MimK bi�i2b Q7 BM/BbiBM;mBb?�#H2 T�`iB+H2b Bb ;2M2`�HHv T2`@
7Q`K2/ #v ;HQ#�H +QmTHBM;b #2ir22M i?2 BMpQHp2/ bi�i2b �M/ � bm#b2[m2Mi +QmMiBM; Q7 i?2
Q++mT�iBQM MmK#2`bX q?BH2 T`2+Bb2 +QmTHBM;b #2HQM; iQ i?2 bi�M/�`/ iQQH#Qt- �M �++m`�i2
MmK#2` +QmMiBM; T`2b2Mib � +QMbB/2`�#H2 +?�HH2M;2 7Q` #Qi? T?QiQMB+ �M/ �iQKB+ [m�MimK
bi�i2bX >2`2 r2 T`2b2Mi �M �TTHB+�iBQM Q7 � MmK#2`@`2bQHpBM; �iQK +QmMiBM; 7Q` i?2 bi�i2
`2+QMbi`m+iBQM Q7 �M �iQKB+ +Q?2`2Mi bTBM bi�i2X q2 ;2M2`�i2 � +Q?2`2Mi bTBM bi�i2 #v /`BpBM;
� _�#B +QmTHBM; #2ir22M i?2 irQ ?vT2`}M2 +HQ+F bi�i2b Q7 �M mHi`�+QH/ `m#B/BmK 2Mb2K#H2X
h?2 `2bmHi Bb �M�Hvx2/ #v � MmK#2`@`2bQHpBM; ~mQ`2b+2M+2 /2i2+iBQM b2imTX q2 +?�`�+i2`Bx2
i?2 }/2HBiv Q7 Qm` /2i2+iQ` �M/ b?Qr i?�i � M2;�iBp2@p�Hm2/ qB;M2` 7mM+iBQM Bb �bbQ+B�i2/
rBi? BiX h?2 `2bmHib Qz2` �M 2t+BiBM; T2`bT2+iBp2 7Q` i?2 ?B;?@}/2HBiv iQKQ;`�T?v Q7 2M@
i�M;H2/ bi�i2b �M/ +�M #2 �TTHB2/ 7Q` i?2 7mim`2 /2KQMbi`�iBQM Q7 >2Bb2M#2`;@HBKBi2/ �iQK
BMi2`72`QK2i`vX

S`2b2Mi2` M�K2, J�`2BF2 >2ix2H

S�;2 R9N



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@RN, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.k9d

S`Q#BM; QT2M@ �M/ +HQb2/@+?�MM2H T@r�p2 62b?#�+? `2bQ@
M�M+2b
�mi?Q`b, *QHBM CX .�H2Rc .2MBb2 CX JX �?K2/@"`�mMkc E2MM2i? :X C�+FbQMRc a+Qii aK�H2Rc "2M �X
PHb2Mjc a2`p��b CX CX JX 6X EQFF2HK�Mbkc S�mH aX CmHB2MM29c CQb2T? >X h?vrBbb2MR

R lMBp2`bBiv Q7 hQ`QMiQ
k 1BM/?Qp2M lMBp2`bBiv Q7 h2+?MQHQ;v
j u�H2@Lla *QHH2;2
9 CZA- lMBp2`bBiv Q7 J�`vH�M/

q2 bim/v � p@r�p2 62b?#�+? `2bQM�M+2 BM TQi�bbBmK@9y rBi? � +QK#BM�iBQM Q7 bT2+i`Qb+QTB+
#BM/BM; 2M2`;v K2�bm`2K2Mib- +QmTH2/@+?�MM2Hb +�H+mH�iBQMb- �M/ � irQ@+?�MM2H KQ/2H (R)X
lbBM; #Qi? `2bQM�Mi �bbQ+B�iBQM �M/ bTBM@~BT �bbQ+B�iBQM- i?2 #BM/BM; 2M2`;v Q7 #QmM/ �M/
[m�bB@#QmM/ /BK2`b Bb K2�bm`2/ �+`Qbb � }p2@;�mbb `�M;2X Pm` b+�ii2`BM; KQ/2H BM+Q`TQ`�i2b
i?2 `�KTBM; +HQb2/@+?�MM2H bi�i2- r2�F /BTQH2@/BTQH2 BMi2`�+iBQMb- �M/ � HQr@HvBM; p@r�p2
b?�T2 `2bQM�M+2 BM i?2 QT2M +?�MM2HX h?2 QT2M@+?�MM2H `2bQM�M+2 �z2+ib HQr 2M2`;v b+�i@
i2`BM; �M/ +`2�i2b MQMHBM2�`Biv BM i?2 #BM/BM; 2M2`;v M2�` i?`2b?QH/- r?B+? `2bQHp2b �M QT2M
[m2biBQM (k)X q2 2tTH�BM r?v BM i?2 HQr@2M2`;v HBKBi � /Bp2`;2Mi +QMi`B#miBQM iQ i?2 b+�i@
i2`BM; pQHmK2 7`QK /BTQH2@/BTQH2 BMi2`�+iBQMb pBQH�i2b i?2 p@r�p2 i?`2b?QH/ H�r- �M/ ?Qr r2
BbQH�i2 i?2 +QMi`B#miBQM Q7 i?2 b?Q`i@`�M;2 TQi2MiB�Hb iQ b+�ii2`BM;X Pm` BKT`Qp2/ mM/2`@
bi�M/BM; Q7 p@r�p2 b+�ii2`BM; M2�` i?Bb `2bQM�M+2 2M�#H2b [m�MiBi�iBp2 i2biBM; Q7 T`2/B+iBQMb
7Q` HQr@/BK2MbBQM�H Q//@r�p2 ;�b2b- �M/ H�vb � #�bBb 7Q` 7mim`2 72r@ �M/ K�Mv@#Q/v p@r�p2
2tT2`BK2MibX
(R) .X CX JX �?K2/@"`�mM- EX :X C�+FbQM- aX aK�H2- *X CX .�H2- "X �X PHb2M- aX CX CX JX
6X EQFF2HK�Mb- SX aX CmHB2MM2- CX >X h?vrBbb2M- S`Q#BM; QT2M@ �M/ +HQb2/@+?�MM2H p@r�p2
`2bQM�M+2b- S?vbX _2pX _2b2�`+? j- yjjkeN UkykRVX
(k) CX SX :�2#H2`- CX hX ai2r�`i- CX GX "Q?M- �M/ .X aX CBM- p@r�p2 62b?#�+? KQH2+mH2b- S?vbX
_2pX G2iiX N3- kyy9yj UkyydVX

S`2b2Mi2` M�K2, *QHBM CX .�H2

S�;2 R8y



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@ky, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.k8d

S2`im`#�iBp2 +�H+mH�iBQM Q7 i?2 2M2`;v Q7 �M BKTm`Biv BK@
K2`b2/ BM � bTBM@Rfk 62`KB bmT2`~mB/ BM i?2 _�M/QK@S?�b2
�TT`QtBK�iBQM
�mi?Q`b, �`M�m/ "B;mûRc 6`û/û`B+ *?2pvRc s�pB2` G2v`QM�bR

R G�#Q`�iQB`2 /2 S?vbB[m2 /2 HǶ1+QH2 LQ`K�H2 amTû`B2m`2

AM Q`/2` iQ BMp2biB;�i2 i?2 HQr@2M2`;v T?vbB+b Q7 � bvbi2K +QKTQb2/ Q7 �M BKTm`Biv BK@
K2`b2/ BM � K�Mv@#Q/v K2/BmK- QM2 K�v bim/v i?2 T`QT2`iB2b Q7 i?2 [m�bBT�`iB+H2 7Q`K2/
#v i?2 BKTm`Biv /`2bb2/ #v 2t+Bi�iBQMb Q7 i?2 bm``QmM/BM; K2/BmK , i?2 bQ@+�HH2/ TQH�`QMX
h?Bb B/2� r�b }`bi BMi`Q/m+2/ BM bQHB/@bi�i2 T?vbB+b #v G�M/�m �M/ S2F�` BM i?2 RN8yǶb iQ
bim/v i?2 +QmTHBM; Q7 2H2+i`QMb iQ � +`vbi�HHBM2 H�iiB+2X .2+�/2b �7i2` i?2b2 }`bi i?2Q`2iB+�H
bim/B2b- i?2 /2p2HQTK2Mi Q7 i?2 }2H/ Q7 mHi`�+QH/ �iQKb T`QpB/2/ � p�`B2iv Q7 2tT2`BK2Mi�H
b2imTb 7Q` i?2 bim/v Q7 TQH�`QM T?vbB+b , �M BKTm`Biv BM � r2�FHv BMi2`�+iBM; "Qb2@1BMbi2BM
*QM/2Mb�i2 U"1*V 7Q`Kb � "Qb2 TQH�`QM- r?2`2�b � 62`KB TQH�`QM Bb Q#i�BM2/ r?2M i?2 bm`@
`QmM/BM; K2/BmK Bb � 62`KB b2�X "v +?QQbBM; i?2 bm``QmM/BM; K2/BmK iQ #2 � k@+QKTQM2Mi
62`KB bmT2`~mB/- r2 +�M BMi2`TQH�i2 #2ir22M i?2b2 irQ ivT2b Q7 T?vbB+b �HQM; i?2 "1*@"*a
+`QbbQp2`X
q2 T`2b2Mi � +�H+mH�iBQM Q7 i?2 2M2`;v Q7 �M BKTm`Biv r2�FHv +QmTH2/ iQ � bTBM@Rfk 72`KBQMB+
bmT2`~mB/ #�b2/ QM _�M/QK@S?�b2 �TT`QtBK�iBQMX q2 b?Qr i?�i Bi Bb M2+2bb�`v iQ ;Q #2vQM/
K2�M@}2H/ "*a i?2Q`v BM Q`/2` iQ ?�p2 � T`QT2` /2b+`BTiBQM Q7 i?2 2t+Bi�iBQMb Q7 i?2 K�Mv@
#Q/v #�+F;`QmM/- �HHQrBM; mb iQ +m`2 i?2 /Bp2`;2M+2b +�mb2/ #v i?`22@#Q/v 2z2+ibX _S�
�HHQrb mb iQ /2b+`B#2 i?2 2t+Bi�iBQMb Q7 i?2 bvbi2K �HQM; i?2 "1*@"*a +`QbbQp2` �M/ iQ
`2;mH�`Bx2 i?2 2M2`;v Q7 i?2 BKTm`BivX h?2b2 2z2+ib b?QmH/ #2 2tT2`BK2Mi�HHv Q#b2`p�#H2- 7Q`
2t�KTH2 BM i?2 +�b2 Q7 � bK�HH "1* BKK2`b2/ BM � 62`KB bmT2`~mB/- i?`Qm;? � K2�bm`2K2Mi
Q7 i?2 7`2[m2M+v b?B7i Q7 i?2 Qb+BHH�iBQMb Q7 i?2 BKTm`Biv BM �M 2ti2`M�H TQi2MiB�HX

S`2b2Mi2` M�K2, �`M�m/ "B;mû

S�;2 R8R



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@kR, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.kdy

J2�bm`BM; i?2 *?2`M MmK#2` rBi? r2�FHv BMi2`�+iBM; bTBM@
Q`#Bi@+QmTH2/ "Qb2 ;�b2b BM QTiB+�H H�iiB+2b
�mi?Q`b, a�m#?BF a�`F�`Rc �#?BD22i �H�b2kc .�pB/ GX 62/2`k

R lMBp2`bBiv Q7 *�H;�`v- *�M�/�
k AMbiBimi2 7Q` Zm�MimK a+B2M+2 �M/ h2+?MQHQ;v- lMBp2`bBiv Q7 *�H;�`v

h?2 [m�MiB}+�iBQM Q7 iQTQHQ;B+�H BMp�`B�Mib 7Q` iB;?i@#BM/BM; >�KBHiQMB�Mb rBi? +2`i�BM +`vb@
i�HHBM2 TQBMi ;`QmT bvKK2i`B2b Bb r2HH@bim/B2/- �M/ BM T�`iB+mH�`- i?2 *?2`M MmK#2` +�M #2
2tT`2bb2/ BM i2`Kb Q7 i?2 2B;2Mp�Hm2b Q7 i?2 bvKK2i`v QT2`�iQ` �i i?2 ?B;?@bvKK2i`v TQBMib
Q7 i?2 "`BHHQmBM xQM2 (R)X AM `2+2Mi v2�`b- Bi ?�b #2+QK2 TQbbB#H2 iQ miBHBx2 i?Bb `2H�iBQM BM
+QH/ �iQK 2tT2`BK2Mib iQ K2�bm`2 i?2 *?2`M MmK#2` #v HQ�/BM; bTBMQ` "1*b rBi? bTBM@Q`#Bi
+QmTHBM; QMiQ k. QTiB+�H H�iiB+2b U2X;X _27X (k)VX aTBM TQH�`Bx�iBQM K2�bm`2K2Mib �`2 mb2/
iQ [m�MiB7v i?2 iQTQHQ;B+�H BMp�`B�Mi- �Hi?Qm;? bQ 7�` Bi ?�b #22M HBKBi2/ iQ *?2`M MmK#2` RX
� `2+2Mi 2tT2`BK2Mi�H T`QTQb�H #�b2/ QM *?2`M BMbmH�iQ`b rBi? �//BiBQM�H bTBM@bT�+2 bvK@
K2i`B2b ?�b T�p2/ i?2 r�v 7Q` 2ti`�+iBM; ?B;?2` *?2`M MmK#2` rBi? #2ii2` `2bQHmiBQM #v
T2`7Q`KBM; TQH�`Bx�iBQM K2�bm`2K2Mib QMHv �i i?Qb2 ?B;?@bvKK2i`v TQBMib 7Q` �M B/2�H "1*
(j)X AM i?Bb rQ`F- r2 ;Q #2vQM/ i?2 �bbmKTiBQM i?�i i?2 "1* Bb MQMBMi2`�+iBM; �M/ bim/v
i?2 2z2+ib Q7 BMi2`�+iBQMb i?�i �`2 r2�F 2MQm;? MQi iQ /2bi`Qv i?2 +QM/2Mb�iBQM #mi +�M
biBHH #2 +QKT�`�#H2 Q` 2p2M bi`QM;2` i?�M i?2 #�M/ ;�Tb Q7 i?2 bTBM@Q`#Bi +QmTHBM; >�KBHiQ@
MB�MX Pm` 7`�K2rQ`F Bb #�b2/ QM � K2�M@}2H/ i`2�iK2Mi BM+Hm/BM; ~m+im�iBQMbX �bB/2 7`QK
[m�MiB7vBM; i?2 /2pB�iBQMb BM *?2`M MmK#2` K2�bm`2K2Mib 7`QK i?2 MQMBMi2`�+iBM; HBKBi- r2
�`2 �#H2 iQ BMp2biB;�i2 Qi?2` BMi2`2biBM; 2z2+ib �`BbBM; 7`QK i?2 +QKT2iBiBQM #2ir22M i?2 BM@
i2`�+iBQMb- bTBM@Q`#Bi +QmTHBM;- �M/ i?2 QTiB+�H H�iiB+2 TQi2MiB�H mM/2` `2�HBbiB+ 2tT2`BK2Mi�H
+QM/BiBQMbX

�+FMQrH2/;K2Mib
h?Bb rQ`F r�b bmTTQ`i2/ #v i?2 �H#2`i� J�DQ` AMMQp�iBQM 6mM/X
_272`2M+2b
(R) *X 6�M;- JX CX :BH#2`i- �M/ "X �X "2`M2pB;- (S?vbX _2pX " 3e- RR8RRk UkyRkV)
(k) wX qm- GX w?�M;- qX amM- sX@hX sm- "X@wX q�M;- aX@*X CB- uX .2M;- aX *?2M- sX@CX GBm-
�M/ CX@qX S�M- (a+B2M+2 j89- 3j UkyReV)X
(j) �X �H�b2 �M/ .X GX 62/2`- (S?vbX _2pX � Ryj- y8jjy8 UkykRV)

S`2b2Mi2` M�K2, a�m#?BF a�`F�`

S�;2 R8k



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@kk, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.kNj

S�ii2`M 7Q`K�iBQM BM iBHi2/ QTiB+�H H�iiB+2b
�mi?Q`b, Gm/rB; J�i?2vXc oBD�v aBM;?Rc GmF�b 6`2vbi�ixFvkc >2M`BF w�?Mkc J�`+2H EQb+?kc Gm+�
�bi2`B�kc EH�mb a2M;biQ+Fkc *?`BbiQ7 q2Bi2M#2`;k

R lMBp2`bBiv Q7 >�K#m`;- lMBp2`bBiv Q7 >�MMQp2`
k lMBp2`bBiv Q7 >�K#m`;

.`BpBM; � K�Mv@#Q/v bvbi2K Qmi Q7 2[mBHB#`BmK BM/m+2b T?2MQK2M� bm+? �b i?2 2K2`;2M+2
�M/ /2+�v Q7 i`�MbB2Mi bi�i2b- r?B+? +�M K�MB72bi Bib2H7 �b T�ii2`M �M/ /QK�BM 7Q`K�iBQMX h?2
mM/2`bi�M/BM; Q7 i?2b2 T?2MQK2M� 2tT�M/b i?2 b+QT2 Q7 2bi�#HBb?2/ i?2`KQ/vM�KB+b BMiQ i?2
Qmi@Q7@2[mBHB#`BmK /QK�BMX q2 `2TQ`i Qm` i?2Q`2iB+�H �M/ 2tT2`BK2Mi�H bim/v QM i?2 Qmi@Q7@
2[mBHB#`BmK /vM�KB+b Q7 � #QbQMB+ H�iiB+2 KQ/2H bm#D2+i2/ iQ � bi`QM; /+ }2H/- `2�HBx2/ �b
mHi`�+QH/ �iQKb BM � bi`QM;Hv iBHi2/ QTiB+�H H�iiB+2X q2 Q#b2`p2 i?2 2K2`;2M+2 Q7 T`QMQmM+2/
/2MbBiv@r�p2 T�ii2`Mb- r?B+? bTQMi�M2QmbHv #`2�F i?2 mM/2`HvBM; H�iiB+2 bvKK2i`vX h?2
2tT2`BK2Mi�H Q#b2`p�iBQM miBHBx2b � bBM;H2@b?Qi BK�;BM; i2+?MB[m2 rBi? irQ@/BK2MbBQM�H bBM;H2@
bBi2 `2bQHmiBQM BM i?`22@/BK2MbBQM�H bvbi2Kb- r?B+? �HbQ `2bQHp2b i?2 /QK�BM bi`m+im`2X Pm`
bim/v bm;;2bib i?�i i?2 b?Q`i@iBK2 /vM�KB+b �`Bb2b 7`QK `2bQM�Mi T�B` imMM2HBM; T`Q+2bb2b
rBi?BM �M 2z2+iBp2 /2b+`BTiBQM Q7 i?2 iBHi2/ >m##�`/ KQ/2HX JQ`2 #`Q�/Hv- r2 2bi�#HBb? i?2
7�` Qmi@Q7@2[mBHB#`BmK `2;BK2 Q7 H�iiB+2 KQ/2Hb bm#D2+i2/ iQ � bi`QM; /+ }2H/- �b �M 2t2KTH�`v
�M/ T�`�/B;K�iB+ b+2M�`BQ 7Q` i`�MbB2Mi T�ii2`M 7Q`K�iBQMX (R)

(R) >X�SX w�?M- oX�SX aBM;?- JX�LX EQb+?- GX �bi2`B�- GX 6`2vbi�ixFv- EX a2M;biQ+F- GX J�i?2v-
�M/ *X q2Bi2M#2`;- S?vbX _2pX s Rk- ykRyR9 UkykkV

6B;m`2 R, aTQMi�M2Qmb T�ii2`M 7Q`K�iBQM BM � iBHi2/ QTiB+�H H�iiB+2

S`2b2Mi2` M�K2, Gm/rB; J�i?2v

S�;2 R8j



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@kj, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.jyR

hQr�`/b T`Q;`�KK�#H2 bi`QMiBmK �iQKB+ �``�vb rBi? ?QHQ@
;`�T?B+ K2i�bm`7�+2b
�mi?Q`b, q2BDmM um�MRc ��`QM >QHK�MRc aBr2B w?�M;Rc *?mM@q2B GBmRc Zm�M :�MRc J�ii?2r
JQHBM2HHBRc sB�Qv�M >m�M;Rc L�M7�M; umRc JBM?Q ErQMRc a2#�biB�M qBHHR

R *QHmK#B� lMBp2`bBiv

PTiB+�H ir22x2` �``�vb +QK#BM2/ rBi? i?2 `B+? BMi2`M�H bi`m+im`2 Q7 �HF�HBM2 2�`i? �iQKb 2M�#H2
2tTHQ`�iBQMb Q7 M2r [m�MimK bvbi2Kb 7Q` [m�MimK QTiB+b- [m�MimK bBKmH�iBQM- �M/ [m�MimK
+QKTmiBM;X q2 `2TQ`i QM Qm` T`Q;`2bb iQr�`/b T`Q;`�KK�#H2 �``�vb Q7 bi`QMiBmK �iQKb ;2M@
2`�i2/ rBi? ?QHQ;`�T?B+ K2i�bm`7�+2bX AMMQp�iBQMb Q7 Qm` b2imT BM+Hm/2, URV .2KQMbi`�iBQM
Q7 � MQp2H /BbT2Mb2`@#�b2/ k. JPh 7Q` bi`QMiBmK i?�i T`QpB/2b � ?B;? �iQKB+ ~mt r?BH2
#2BM; +QKT�+iX UkV h?2 /2p2HQTK2Mi �M/ BKTH2K2Mi�iBQM Q7 ?QHQ;`�T?B+ K2i�bm`7�+2b 7Q`
i?2 +`2�iBQM Q7 ?B;? [m�HBiv QTiB+�H ir22x2` �``�vb rBi? �`#Bi`�`v ;2QK2i`B2b BM R.- k.- �M/
j.X q2 ?�p2 i?Q`Qm;?Hv +?�`�+i2`Bx2/ i?2 HB;?i T�ii2`Mb ;2M2`�i2/ #v i?2 K2i�bm`7�+2b �M/
}M/ i?�i i?2v 2{+B2MiHv T`Q/m+2 ?B;?@[m�HBiv i`�TTBM; TQi2MiB�HbX q2 ?�p2 T2`7Q`K2/ i?2
+?�`�+i2`Bx�iBQM rBi? 8ky MK HB;?i- r?B+? Bb �M mM2tTHQ`2/ K�;B+ r�p2H2M;i? Q7 i?2 bi`QM@
iBmK BMi2`+QK#BM�iBQM HBM2X _2+2MiHv- r2 ?�p2 +`2�i2/ �M mHi`�+QH/ bi`QMiBmK ;�b �i R µE pB�
M�``Qr HBM2 +QQHBM;X AM i?2 M2ti bi2T- r2 rBHH i`�T bi`QMiBmK BM ?QHQ;`�T?B+ QTiB+�H ir22x2`
�``�vbX h?2 b+B2MiB}+ ;Q�Hb Q7 i?Bb TH�i7Q`K �`2 i?2 +`2�iBQM Q7 ?B;?Hv 2Mi�M;H2/ K�Mv@#Q/v
[m�MimK bi�i2b i?�i /BbTH�v bm#`�/B�M+2- �b r2HH �b �TTHB+�iBQMb BM [m�MimK bBKmH�iBQM �M/
[m�MimK +QKTmi�iBQMX
q2 �+FMQrH2/;2 bmTTQ`i 7`QK La6 ZAA@h�Za �M/ La6 *QMp2`;2M+2 �++2H2`�iQ`X qXuX
�+FMQrH2/;2b bmTTQ`i 7`QK i?2 *`Qm+?2` 6QmM/�iBQMX

S`2b2Mi2` M�K2, um�M- q2BDmM

S�;2 R89



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@k8, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.jk9

� `2bQM�M+2 7�+BHBi�i2/ i?`22@+?�MM2H KQ/2H 7Q` T@r�p2 b+�i@
i2`BM;
�mi?Q`b, .2MBb2 �?K2/@"`�mMRc a2`p��b EQFF2HK�MbR

R 1BM/?Qp2M lMBp2`bBiv Q7 h2+?MQHQ;v

q2 ?�p2 b?QrM i?�i irQ@+?�MM2H 62b?#�+? i?2Q`v rQ`Fb r2HH iQ /2b+`B#2 T@r�p2 62b?#�+?
`2bQM�M+2b (R)- ?Qr2p2` � T2+mHB�` `2bmHi Q7 � MQMBMimBiBp2 KQH2+mH�` K�;M2iB+ KQK2Mi H2/
iQ i?2 `2�HBx�iBQM i?�i �M �//BiBQM�H b?�T2 `2bQM�M+2 r�b T�`i Q7 i?2 b+�ii2`BM; T`Q#H2K �M/
mM�++QmMi2/ 7Q`X

q2 bim/v ?Qr irQ b?�T2 `2bQM�M+2b BM b2T�`�i2 ?vT2`}M2 +?�MM2Hb BM SQi�bbBmK@9y BMi2`�+i
rBi? � 62b?#�+? `2bQM�M+2X hQ �++QmMi 7Q` �HH `2bQM�M+2b- r2 M22/ U�i H2�biV � i?`22@+?�MM2H
KQ/2HX h?Bb Bb i?2Q`2iB+�HHv �M/ +QKTmi�iBQM�HHv ?B;?Hv BMpQHp2/X

>Qr2p2`- �b 7mHH +QmTH2/@+?�MM2Hb +�H+mH�iBQMb `2p2�H � bi`QM; K�;M2iB+ }2H/ /2T2M/2M+2
Q7 i?2 �iQK HQbb #2ir22M i?2 irQ ?vT2`}M2 +?�MM2Hb i?�i +QMi�BM i?2 b?�T2 `2bQM�M+2b-
r2 �TT`QtBK�i2 i?2 +QmTHBM; #2ir22M i?2 b?�T2 `2bQM�M+2b iQ #2 Tm`2Hv 7�+BHBi�i2/ #v i?2
62b?#�+? +?�MM2HX

h?Bb ;`2�iHv bBKTHB}2b i?2 i?`22@+?�MM2H KQ/2H �M/ �HHQrb mb iQ `2i`B2p2 i?2 bi�M/�`/ "`2Bi@
qB;M2` 7Q`K Q7 i?2 b+�ii2`BM; K�i`Bt rBi? +Q``2+i2/ p�Hm2b Q7 i?2 `2bQM�M+2 rB/i? �M/ `2b@
QM�M+2 b?B7i `2bmHiBM; 7`QK i?2 T`2b2M+2 Q7 i?2 i?B`/ +?�MM2HX q2 `2p2�H i?�i- +QMi`�`v iQ
i?2 `2bQM�Mi irQ@+?�MM2H KQ/2H mb2/ BM Qm` T`2pBQmb �M�HvbBb (R)- i?2 `2bQM�M+2@7�+BHBi�i2/
i?`22@+?�MM2H KQ/2H +�M +QMbBbi2MiHv K�i+? 7mHH +QmTH2/ +?�MM2Hb +�H+mH�iBQMb rBi? T?vbB@
+�HHv `2�HBbiB+ BMTmi T�`�K2i2`bX >2M+2- Bi +�Tim`2b T?vbB+b #2vQM/ i?2 `2�+? Q7 i?2 bi�M/�`/
irQ@+?�MM2H 62b?#�+? �TT`Q�+?X
(R) .X CX JX �?K2/@"`�mM- EX :X C�+FbQM- aX aK�H2- *X CX .�H2- "X �X PHb2M- aX CX CX JX
6X EQFF2HK�Mb- SX aX CmHB2MM2- CX >X h?vrBbb2M- S`Q#BM; QT2M@ �M/ +HQb2/@+?�MM2H T@r�p2
`2bQM�M+2b- S?vbX _2pX _2b2�`+? j- yjjkeN UkykRVX

S`2b2Mi2` M�K2, .2MBb2 �?K2/@"`�mM

S�;2 R88



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@ke, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.jj3

AMi2`72`2M+2 Q7 "Qb2@1BMbi2BM +QM/2Mb�i2b rBi? i?2 G22@>m�M;@
u�M; +Q``2+iBQM, � i?2Q`2iB+�H b+?2K2
�mi?Q`b, *?2@>bBm >bm2?Rc q2M@*?BM qmR

R L�iBQM�H h�Br�M LQ`K�H lMBp2`bBiv

q2 T`QTQb2 � i?2Q`2iB+�H b+?2K2 iQ bim/v i?2 G22@>m�M;@u�M; UG>uV [m�MimK +Q``2+iBQM QM
i?2 BMi2`72`2M+2 Q7 irQ 2tT�M/BM; "Qb2@1BMbi2BM +QM/2Mb�i2b U"1*VX h?2 F2v Bb iQ +QMbB/2`
� HQM;@i2`K 2tT�M/BM; +QM/2Mb�i2 r?Qb2 r�p2 7mM+iBQM KBKB+b i?2 /vM�KB+ :�mbbB�M r�p2X
h?Bb 2M�#H2b iQ bQHp2 �M�HviB+�HHv i?2 r�p2 7mM+iBQM �i �M 2�`HB2` iBK2 r?2M i?2 G>u +Q``2+iBQM
Bb �+iBp2X "�b2/ QM i?2 :S1 �TT`Q�+?- r2 i?2M T2`7Q`K i?2 bBKmH�iBQMb 7Q` i?2 BMi2`72`2M+2-
�M/ � ;QQ/ �;`22K2Mi rBi? i?2 i?2Q`v ?�b #22M �+?B2p2/X Pm` `2bmHib bm;;2bi i?�i BMi2`72`2M+2
KB;?i #2 � ;QQ/ +�M/B/�i2 iQ B/2MiB7v i?2 G>u +Q``2+iBQM BM � "1* bvbi2KX

S`2b2Mi2` M�K2, q2M@*?BM qm

S�;2 R8e



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@kd, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.jeR

alUkV ?�/`QMb QM � [m�MimK +QKTmi2`
�mi?Q`b, CBM;H2B w?�M;Rc u�b�` u �i�bRc _�M/v G2rBbkc �KBM C�?�MTQm`jc C�M 6X >��b2Rc *?`BbiBM2
�X Jmb+?BFR

R lMBp2`bBiv Q7 q�i2`HQQ
k uQ`F lMBp2`bBiv
j lMBp2`BbBiv Q7 q�i2`HQQ

q2 `2�HBx2- 7Q` i?2 }`bi iBK2- � MQM�#2HB�M ;�m;2 i?2Q`v rBi? #Qi? ;�m;2 �M/ K�ii2` }2H/b
QM � [m�MimK +QKTmi2`X h?Bb 2M�#H2b i?2 Q#b2`p�iBQM Q7 ?�/`QMb �M/ i?2 +�H+mH�iBQM Q7 i?2B`
�bbQ+B�i2/ K�bb2bX h?2 alUkV ;�m;2 ;`QmT +QMbB/2`2/ ?2`2 `2T`2b2Mib �M BKTQ`i�Mi }`bi bi2T
iQr�`/b mHiBK�i2Hv bim/vBM; [m�MimK +?`QKQ/vM�KB+b- i?2 i?2Q`v i?�i /2b+`B#2b i?2 T`QT2`@
iB2b Q7 T`QiQMb- M2mi`QMb �M/ Qi?2` ?�/`QMbX Zm�MimK +QKTmi2`b �`2 �#H2 iQ +`2�i2 BKTQ`i�Mi
M2r QTTQ`imMBiB2b 7Q` QM;QBM; 2bb2MiB�H `2b2�`+? QM ;�m;2 i?2Q`B2b #v T`QpB/BM; bBKmH�iBQMb
i?�i �`2 mM�ii�BM�#H2 QM +H�bbB+�H +QKTmi2`bX Pm` +�H+mH�iBQMb QM �M A"J bmT2`+QM/m+iBM;
TH�i7Q`K miBHBx2 � p�`B�iBQM�H [m�MimK 2B;2MbQHp2` iQ bim/v #Qi? K2bQM �M/ #�`vQM bi�i2b-
?�/`QMb r?B+? ?�p2 M2p2` #22M b22M BM � MQM�#2HB�M bBKmH�iBQM QM � [m�MimK +QKTmi2`X q2
/2p2HQT � `2bQm`+2@2{+B2Mi �TT`Q�+? i?�i MQi QMHv �HHQrb i?2 BKTH2K2Mi�iBQM Q7 � 7mHH alUkV
;�m;2 i?2Q`v QM T`2b2Mi@/�v [m�MimK ?�`/r�`2- #mi 7m`i?2` H�vb Qmi i?2 T`2KBb2b 7Q` 7mim`2
[m�MimK bBKmH�iBQMb i?�i rBHH �//`2bb +m``2MiHv mM�Mbr2`2/ [m2biBQMb BM T�`iB+H2 �M/ Mm+H2�`
T?vbB+bX

S`2b2Mi2` M�K2, CBM;H2B w?�M;

S�;2 R8d



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@k3, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.jdk

"QbQMb BM MQp2H H�iiB+2b, /Bb+QMiBMmQmb [m�MimK T?�b2 i`�M@
bBiBQMb �M/ i?2 "Qb2 ;H�bb
�mi?Q`b, "Q aQM;Rc a?�m`v� "?�p2Rc C`@*?BmM umRc G22 _22p2Rc 1KK�Mm2H :QiiHQ#Rc :2Q`;B� LBtQMRc
lH`B+? a+?M2B/2`R

R lMBp2`bBiv Q7 *�K#`B/;2

Zm�MimK T?�b2 i`�MbBiBQMb Q++m` �i i2KT2`�im`2b +HQb2 iQ �#bQHmi2 x2`Q �M/ �`2 /`Bp2M #v
[m�MimK ~m+im�iBQMbX PM2 T�`�/B;K�iB+ 2t�KTH2 Bb i?2 +?�M;2 7`QK � bmT2`~mB/ iQ � JQii
BMbmH�iQ` Q7 mHi`�+QH/ #QbQMbX h?Bb i`�MbBiBQM ivTB+�HHv Bb +QMiBMmQmb- BX2X- i?2 bvbi2K mM/2`@
;Q2b � bKQQi? +?�M;2X

lbBM; � `2bQM�MiHv b?�F2M H�iiB+2- r2 +QmH/ ?Qr2p2` im`M i?2 JQii i`�MbBiBQM BMiQ � /Bb+QM@
iBMmQmb Q` }`bi@Q`/2` i`�MbBiBQM (R)X "v KQ/mH�iBM; i?2 TQbBiBQM Q7 i?2 H�iiB+2- r2 ?v#`B/Bx2
i?2 HQr2bi irQ #�M/b �M/ /`Bp2 � i`�MbBiBQM #2ir22M � JQii BMbmH�iQ` �M/ � ⇡@bmT2`~mB/ rBi?
� bi�;;2`2/ Q`/2`- r?2`2 �iQKb /QKBM�MiHv Q++mTv i?2 #�M/ 2/;2X *`m+B�HHv- i?2 i`�MbBiBQM
+�M #2 /Bb+QMiBMmQmb- �b i?2 MQMbi�;;2`2/ Q`/2` BM i?2 JQii BMbmH�iQ` Bb BM+QKT�iB#H2 rBi?
i?2 bi�;;2`2/ Q`/2` Q7 i?2 ⇡@bmT2`~mB/X

6m`i?2`KQ`2- r2 Q#b2`p2 K2i�bi�#BHBiv �M/ ?vbi2`2bBb �bbQ+B�i2/ rBi? i?2 /Bb+QMiBMmQmb i`�M@
bBiBQM- #v KQMBiQ`BM; ?Qr 7�bi QM2 T?�b2 +?�M;2b BMiQ �MQi?2`X �7i2` +`QbbBM; i?2 /Bb+QM@
iBMmQmb T?�b2 i`�MbBiBQM- i?2 bvbi2K `2K�BMb BM Bib BMBiB�H- MQr K2i�bi�#H2 bi�i2- BMbi2�/ Q7
7QHHQrBM; i?2 2pQHmiBQM Q7 i?2 ;`QmM/ bi�i2X h?2 2p2Mim�H /2+�v 7`QK i?2 K2i�bi�#H2 bi�i2
/m2 iQ [m�MimK ~m+im�iBQMb rQmH/ #2 �M�HQ;Qmb iQ i?2 7�Hb2 p�+mmK /2+�v BM i?2 2�`Hv
mMBp2`b2X

AM /BbQ`/2`2/ Q` [m�bBT2`BQ/B+ K2/B�- i?2 T`QT�;�iBQM Q7 K�ii2` r�p2b rBHH #2 �z2+i2/ #v
U[m�bBV`�M/QK BMi2`72`2M+2b- 7Q`KBM; � HQ+�HBx2/ bi�i2 FMQrM �b i?2 �M/2`bQM BMbmH�iQ`X AM
i?2 "Qb2@>m##�`/ KQ/2H- i?2 +QK#BM�iBQM Q7 BMi2`�+iBQMb �M/ /BbQ`/2` +�M ;Bp2 `Bb2 iQ i?2
"Qb2 ;H�bb T?�b2- �M BMbmH�iBM; #mi +QKT`2bbB#H2 T?�b2 rBi?Qmi HQM;@`�M;2 Q`/2` i?�i bBib
#2ir22M i?2 bmT2`~mB/ �M/ i?2 JQii BMbmH�iQ`X

q2 ?�p2 +`2�i2/ � irQ@/BK2MbBQM�H QTiB+�H [m�bB+`vbi�H (k) �M/ Q#b2`p2/ �M/2`bQM HQ+�HBx�iBQM
Q7 MQMBMi2`�+iBM; #QbQMb �#Qp2 � +`BiB+�H H�iiB+2 /2Ti? (j)X h?2 BMi2`TH�v Q7 /BbQ`/2` �M/
BMi2`�+iBQMb bB;MB}+�MiHv b?B7ib i?2 i`�MbBiBQM 7`QK i?2 bmT2`~mB/ iQ i?2 "Qb2 ;H�bbX Pm`
`2�HBx�iBQM Q7 i?Bb i`�MbBiBQM BM i?2 QTiB+�H [m�bB+`vbi�H QT2Mb � M2r �p2Mm2 iQ 2tTHQ`BM;
BMi`B;mBM; i`�MbTQ`i T?2MQK2M� �M/ K�Mv@#Q/v HQ+�HBx�iBQM BM irQ /BK2MbBQMbX
_272`2M+2b,
(R) "Q aQM; 2i �HX _2�HBxBM; /Bb+QMiBMmQmb [m�MimK T?�b2 i`�MbBiBQMb BM � bi`QM;Hv +Q``2H�i2/
/`Bp2M QTiB+�H H�iiB+2- L�im`2 S?vbB+b R3- k8NĜke9 UkykkVX
(k) EQM`�/ oB2#�?M 2i �HX J�ii2`@r�p2 /Bz`�+iBQM 7`QK � [m�bB+`vbi�HHBM2 QTiB+�H H�iiB+2-
S?vbX _2pX G2iiX Rkk- RRy9y9 UkyRNVX
(j) J�ii2Q a#`Qb+B� 2i �HX P#b2`pBM; HQ+�HBb�iBQM BM � k. [m�bB+`vbi�HHBM2 QTiB+�H H�iiB+2- S?vbX
_2pX G2iiX Rk8- kyyey9 UkykyVX

S`2b2Mi2` M�K2, "Q aQM;

S�;2 R83



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@kN, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.j3k

_2+QM};m`�iBQM �H;Q`Bi?Kb �M/ HQr@H�i2M+v 722/#�+F +QM@
i`QH bvbi2K iQ T`2T�`2 H�`;2 +QM};m`�iBQMb Q7 �iQKb BM irQ@
/BK2MbBQM�H �``�vb Q7 QTiB+�H i`�Tb
�mi?Q`b, "�``v *BK`BM;Rc _2Kv 1H a�#2?kc C2bbB+� "Q?KRc w272B PmRc J�`+ "�+p�MbFBjc w?B[B�M
.BM;Rc S�`i? S�/B�Rc �`i2K w?miQpRc E2Mi l2MQRc �M�bi�bBB� J�b?FQRc L�QKB LBb?BKm`�9c Axx�i 1H
>�DDkc �K2` JQm�r�/kc �H2t�M/`2 *QQT2`@_QvR

R h`�Mb7Q`K�iBp2 Zm�MimK h2+?MQHQ;B2b- AMbiBimi2 7Q` Zm�MimK *QKTmiBM;- lMBp2`bBiv Q7 q�i2`HQQ-
*�M�/�

k .2T�`iK2Mi Q7 *QKTmi2` a+B2M+2- �K2`B+�M lMBp2`bBiv Q7 "2B`mi- G2#�MQM
j LQ`i?2�bi2`M lMBp2`bBiv- lMBi2/ ai�i2b Q7 �K2`B+�
9 .�pB/ _X *?2`BiQM a+?QQH Q7 *QKTmi2` a+B2M+2- lMBp2`bBiv Q7 q�i2`HQQ- *�M�/�

q2 `2TQ`i QM i?2 /2bB;M �M/ +?�`�+i2`Bx�iBQM Q7 2t�+i �M/ ?2m`BbiB+ �H;Q`Bi?Kb iQ bQHp2 �iQK
`2+QM};m`�iBQM T`Q#H2KbX h?2b2 �H;Q`Bi?Kb +�M #2 mb2/ iQ T`2T�`2 /2i2`KBMBbiB+ +QM};m@
`�iBQMb Q7 �iQKb BM irQ@/BK2MbBQM�H �``�vb Q7 QTiB+�H i`�Tb- �b r2HH �b iQ `2�HBx2 [m�MimK
K�Mv@#Q/v bvbi2Kb rBi? /vM�KB+ +QMM2+iBpBiv ;`�T?b �M/ iBK2@p�`vBM; BMi2`�+iBQMbX q2 Mm@
K2`B+�HHv [m�MiB7v i?2 QT2`�iBQM�H T2`7Q`K�M+2 Q7 Qm` �H;Q`Bi?Kb mbBM; `2�HBbiB+ 2tT2`BK2Mi�H
T�`�K2i2`bX Pm` `2bmHib BM/B+�i2 i?�i BKTH2K2MiBM; i?2 `2/Bbi`B#miBQM@`2+QM};m`�iBQM U`2/@
`2+V �H;Q`Bi?K rQmH/ 2M�#H2 i?2 �bb2K#Hv Q7 �``�vb Q7 k8e �M/ Ryk9 �iQKb mbBM; 8Rk �M/ ky93
QTiB+�H i`�Tb rBi? � bm++2bb T`Q#�#BHBiv Q7 NRXjUkV % �M/ kRURV %- `2bT2+iBp2HvX 6m`i?2` `2@
D2+iBM; +QM};m`�iBQMb Q7 �iQKb +QMi�BMBM; H2bb �iQKb i?�M � ;Bp2M i?`2b?QH/ `2bmHib BM ;`2�i2`
K2�M bm++2bb T`Q#�#BHBivX
q2 7m`i?2` `2TQ`i QM i?2 /2bB;M �M/ +?�`�+i2`Bx�iBQM Q7 � HQr@H�i2M+v `2+QM};m`�iBQM bvbi2K
iQ T2`7Q`K 722/#�+F +QMi`QH 2tT2`BK2Mib QM �iQKB+ bvbi2KbX h?2 bvbi2K 2tTHQBib HQr@H�i2M+v
+QKKmMB+�iBQM T`QiQ+QHb �KQM; ?�`/r�`2 /2pB+2b �M/ T�`�HH2H T`Q+2bbBM; QM � *Sl Q` � :Sl
iQ bT22/ mT i?2 T`Q+2bb Q7 �+[mB`BM; �M/ T`Q+2bbBM; BK�;2b- ;2M2`�iBM; +QMi`QH b2[m2M+2b-
�M/ bvMi?2bBxBM; �M/ bi`2�KBM; r�p27Q`Kb �+im�iBM; �+iBp2 /Bz`�+iBp2 QTiB+�H 2H2K2MibX q2
#2M+?K�`F �M/ QTiBKBx2 i?2 +QKTmi�iBQM�H `mMiBK2 7Q` /Bz2`2Mi `2+QM};m`�iBQM T`Q#H2K
bBx2b- B/2MiB7vBM; i?2 `2;BK2 7Q` r?B+? i?2 :Sl QmiT2`7Q`Kb i?2 *SlX h?Bb bvbi2K +�M
`2�/BHv #2 /2THQv2/ 7Q` `2�H@iBK2 QT2`�iBQM iQ �+im�i2 /vM�KB+ �``�vb Q7 QTiB+�H i`�Tb- `2�HBxBM;
�/�TiBp2- p�`B�iBQM�H- �M/ 2``Q` +Q``2+iBQM T`QiQ+QHb- �b r2HH �b bvMi?2bBxBM; �M/ bi`2�KBM;
QTiBK�H +QMi`QH TmHb2bX

S`2b2Mi2` M�K2, �H2t�M/`2 *QQT2`@_Qv

?iiTb,ffrrrXQp2`H2�7X+QKfT`QD2+ifek+j8dRky+k#k3e28kRj8�++

S�;2 R8N



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@jy, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.Red

:2M2`�iBM; �M/ /2i2+iBM; iQTQHQ;B+�H T?�b2b rBi? ?B;?2`
*?2`M MmK#2`
�mi?Q`b, �#?BD22i �H�b2Rc .�pB/ GX 62/2`R

R AMbiBimi2 7Q` Zm�MimK a+B2M+2 �M/ h2+?MQHQ;v- lMBp2`bBiv Q7 *�H;�`v

hQTQHQ;B+�H T?�b2b rBi? #`QF2M iBK2@`2p2`b�H bvKK2i`v �M/ *?2`M MmK#2` %*%=4k �`2 Q7 7mM@
/�K2Mi�H BMi2`2bi- #mi Bi `2K�BMb mM+H2�` ?Qr iQ 2M;BM22` i?2 /2bB`2/ iQTQHQ;B+�H >�KBHiQMB�M
rBi?BM i?2 T�`�/B;K Q7 bTBM@Q`#Bi@+QmTH2/ T�`iB+H2b ?QTTBM; QMHv #2ir22M M2�`2bi M2B;?#Qm`b
Q7 � bi�iB+ H�iiB+2X q2 b?Qr i?�i T?�b2b rBi? ?B;?2` *?2`M MmK#2` �`Bb2 r?2M i?2 bTBM@Q`#Bi
+QmTHBM; b�iBb}2b � +QK#BM�iBQM Q7 bTBM �M/ bT�iB�H `Qi�iBQM bvKK2i`B2bX q2 H2p2`�;2 i?Bb
`2bmHi #Qi? iQ +QMbi`m+i KBMBK�H irQ@#�M/ iB;?i #BM/BM; >�KBHiQMB�Mb i?�i 2t?B#Bi %*%4k-j
T?�b2b- �M/ iQ b?Qr i?�i i?2 *?2`M MmK#2` Q7 QM2 Q7 i?2 2M2`;v #�M/b +�M #2 BM72``2/ 7`QK
i?2 T�`iB+H2 bTBM TQH�`Bx�iBQM �i i?2 ?B;?@bvKK2i`v +`vbi�H KQK2Mi� BM i?2 "`BHHQmBM xQM2X
lbBM; i?2b2 BMbB;?ib- r2 T`QpB/2 � /2i�BH2/ 2tT2`BK2Mi�H b+?2K2 7Q` i?2 bT2+B}+ `2�HBx�iBQM
Q7 � iBK2@`2p2`b�H@#`2�FBM; iQTQHQ;B+�H T?�b2 rBi? %*%4k 7Q` mHi`�+QH/ �iQKB+ ;�b2b QM � i`B@
�M;mH�` H�iiB+2 bm#D2+i iQ bTBM@Q`#Bi +QmTHBM;X h?2 *?2`M MmK#2` +�M #2 /B`2+iHv K2�bm`2/
mbBM; w22K�M bT2+i`Qb+QTvc 7Q` 72`KBQMb i?2 bTBM �KTHBim/2b +�M #2 K2�bm`2/ /B`2+iHv pB�
iBK2 Q7 ~B;?i- r?BH2 7Q` #QbQMb i?Bb Bb T`2+2/2/ #v � b?Q`i "HQ+? Qb+BHH�iBQMX Pm` `2bmHib
T`QpB/2 � T�i?r�v iQ i?2 `2�HBx�iBQM �M/ /2i2+iBQM Q7 MQp2H iQTQHQ;B+�H T?�b2b rBi? ?B;?2`
*?2`M MmK#2` BM mHi`�+QH/ �iQKB+ ;�b2bX

S`2b2Mi2` M�K2, �#?BD22i �H�b2

S�;2 Rey



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`9, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.RRy

a+�H2@7`22 HQ+�HBx�iBQM BM/m+2/ #v HQM;@`�M;2 +QmTHBM;
�mi?Q`b, uB@*?2M; q�M;Rc C?B?@a?B? uQmkc >bB�M;@>m� C2Mj

R .2T�`iK2Mi Q7 S?vbB+b- L�iBQM�H h�Br�M lMBp2`bBiv- h�BT2B RyeRd- h�Br�Mc AMbiBimi2 Q7 �iQKB+ �M/
JQH2+mH�` a+B2M+2b- �+�/2KB� aBMB+�- h�BT2B RyeRd- h�Br�M

k .2T�`iK2Mi Q7 S?vbB+b- L�iBQM�H h�Br�M LQ`K�H lMBp2`bBiv- h�BT2B RRedd- h�Br�M
j AMbiBimi2 Q7 �iQKB+ �M/ JQH2+mH�` a+B2M+2b- �+�/2KB� aBMB+�- h�BT2B RyeRd- h�Br�M

MQM>2`KBiB+Biv Bb m#B[mBiQmb BM bvbi2Kb i?�i 2t+?�M;2 2M2`;v rBi? i?2 2MpB`QMK2Mi- �M/
i?2b2 MQM>2`KBiB�M bvbi2Kb �`2 b2MbBiBp2 iQ #QmM/�`v +QM/BiBQMbX _2+2Mi v2�`b i?2`2 ?�p2
b22M p�`BQmb bim/B2b QM MQM>2`KBiB�M bFBM 2z2+i- r?2`2 2ti2MbBp2 #mHF 2B;2Mbi�i2b TBH2 �i
QT2M #QmM/�`B2bX u2i- HBiiH2 Bb FMQrM �#Qmi i?2 `QH2 Q7 HQM;@`�M;2 +QmTHBM; BM � MQM>2`KBiB�M
bvbi2KX >2`2 r2 bim/v i?2 MQM>2`KBiB�M bFBM 2z2+i BM � QM2@/BK2MbBQM�H H�iiB+2 KQ/2H rBi?
HQM;@`�M;2 +QmTHBM;b r?Qb2 +QmTHBM; `�M;2 /2T2M/b QM i?2 bvbi2K bBx2X q2 b?Qr i?�i i?2
MQMHQ+�HBiv ;Bp2b `Bb2 iQ i?2 b+�H2@7`22 HQ+�HBx�iBQM- r?2`2 i?2 HQ+�HBx�iBQM H2M;i? Q7 2B;2Mbi�i2
Bb T`QTQ`iBQM�H iQ i?2 bvbi2K bBx2X "v imMBM; i?2 +QmTHBM; `�M;2- i?2 +QKT2iBiBQM #2ir22M
i?2 M2�`2bi@M2B;?#Q`BM; +QmTHBM; �M/ MQMHQ+�HBiv `2bmHib BM � +`QbbQp2` BM i?2 bBx2 /2T2M/2M+2
Q7 HQ+�HBx�iBQM H2M;i?X Pm` `2bmHib b?2/ HB;?i QM i?2 BMi2`TH�v #2ir22M HQM;@`�M;2 +QmTHBM;
�M/ MQM>2`KBiB+Biv- r?B+? +�M #2 BKTH2K2Mi2/ �M/ Q#b2`p�#H2 BM �iQK@r�p2;mB/2 BMi2`7�+2b
Q` QTiB+�H H�iiB+2b Q7 mHi`�+QH/ �iQKbX

S`2b2Mi2` M�K2, uB@*?2M; q�M;

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2

QMHBM2 TQbi2` l_G,

S�;2 ReR



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`e, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.kR8

P#b2`p�iBQM Q7 mMBp2`b�H >�HH `2bTQMb2 BM bi`QM;Hv BMi2`�+i@
BM; 72`KBQMb
�mi?Q`b, hB�M q2B w?QmRc :B�+QKQ *�TT2HHBMBkc .�MB2H2 hmbBjc GQ`2MxQ 6`�M+?B9c C�+QTQ S�``�pB+BMB8c
*2+BH2 _2T2HHBMec a2#�biB�M :`2b+?M2`dc J�bbBKQ AM;mb+BQ3c h?B2``v :B�K�`+?Bdc JB+?2H2 6BHBTTQM2Nc
C�+QTQ *�i�MBRyc G2QM�`/Q 6�HH�MBRR

R G1La @ lMBp2`bBiv Q7 6HQ`2M+2
k *L_@ALP � G1La- a2biQ 6BQ`2MiBMQ @ Ai�Hv
j G1La- a2biQ 6BQ`2MiBMQ @ Ai�Hv
9 .2T�`iK2Mi Q7 S?vbB+b �M/ �bi`QMQKv- lMBp2`bBiv Q7 6HQ`2M+2
8 .2T�`iK2Mi Q7 S?vbB+b �M/ �bi`QMQKv- lMBp2`bBiv Q7 6HQ`2M+2 � *L_@ALP
e lMBpX :`2MQ#H2 �HT2b- *L_a- GSJJ*
d .2T�`iK2Mi Q7 Zm�MimK J�ii2` S?vbB+b- lMBp2`bBiv Q7 :2M2p�-
3 .2T�`iK2Mi Q7 1M;BM22`BM;- *�KTmb "BQ@J2/B+Q lMBp2`bBiv Q7 _QK2- *L_@ALP � G1La
N lMBpX :`2MQ#H2 �HT2b- *1�- A_A:@J1J@G aAJ
Ry *L_@ALP � G1La @ 6HQ`2M+2 @ Ai�Hv
RR .2T�`iK2Mi Q7 S?vbB+b �M/ �bi`QMQKv- lMBp2`bBiv Q7 6HQ`2M+2- *L_@ALP � G1La

h?2 >�HH 2z2+i- Q`B;BM�iBM; 7`QK i?2 KQiBQM Q7 +?�`;2/ T�`iB+H2b BM K�;M2iB+ }2H/b- ?�b
/22T +QMb2[m2M+2b 7Q` i?2 /2b+`BTiBQM Q7 K�i2`B�Hb- 2ti2M/BM; 7�` #2vQM/ +QM/2Mb2/ K�ii2`X
lM/2`bi�M/BM; bm+? �M 2z2+i BM BMi2`�+iBM; bvbi2Kb `2T`2b2Mib � 7mM/�K2Mi�H +?�HH2M;2- 2p2M
7Q` bK�HH K�;M2iB+ }2H/bX AM � p2`v `2+2Mi rQ`F- r2 mb2 �M �iQKB+ [m�MimK bBKmH�iQ` iQ
i`�+F i?2 KQiBQM Q7 mHi`�+QH/ 72`KBQMB+ 173u# �iQKb BM irQ@H2; `B##QMb i?`2�/2/ #v �`iB}+B�H
K�;M2iB+ }2H/bX q2 mMp2BH � mMBp2`b�H BMi2`�+iBQM@BM/2T2M/2Mi #2?�pBQ` �#Qp2 �M BMi2`�+iBQM
i?`2b?QH/- BM �;`22K2Mi rBi? i?2Q`2iB+�H �M�Hvb2bX JQ`2 BM /2i�BH- r2 KQMBiQ` i?2 `2�H@iBK2
/vM�KB+b Q7 i?2 bvbi2K 7QHHQrBM; i?2 BMbi�Mi�M2Qmb [m2M+? Q7 � HBM2�` TQi2MiB�H- r?B+? iBHib
i?2 H�iiB+2 �HQM; t �M/ KBKB+b i?2 �+iBQM Q7 � HQM;Bim/BM�H 2H2+i`B+ }2H/ 1tX q2 Q#b2`p2 i?�i
i?2 +QK#BM2/ �+iBQM Q7 1t �M/ i?2 bvMi?2iB+ K�;M2iB+ ~mt � i`B;;2`b � HQM;Bim/BM�H +m``2Mi Ct-
�++QKT�MB2/ #v i?2 >�HH TQH�`Bx�iBQM Q7 i?2 bvbi2K �HQM; i?2 i`�Mbp2`b2 /B`2+iBQMX h?`Qm;?
+QMi`QHH�#H2 [m2M+? /vM�KB+b- r2 K2�bm`2 i?2 >�HH `2bTQMb2 7Q` � `�M;2 Q7 bvMi?2iB+ imMM2HBM;
�M/ �iQKB+ BMi2`�+iBQM bi`2M;i?X Pm` bvbi2K- �#H2 iQ `2�+? ?�`/@iQ@+QKTmi2 `2;BK2b- �HbQ
/2KQMbi`�i2b i?2 TQr2` Q7 [m�MimK bBKmH�iBQM iQ BMp2biB;�i2 bi`QM;Hv +Q``2H�i2/ iQTQHQ;B+�H
bi�i2b Q7 K�ii2`X

S`2b2Mi2` M�K2, C�+QTQ *�i�MB

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2

QMHBM2 TQbi2` l_G,

?iiTb,ff/QBXQ`;fRyX9388yf�`sBpXkky8XRj8ed

S�;2 Rek



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`d, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.kjR

6BMBi2@KQK2MimK bmT2`~mB/ T?�b2b Q7 mHi`�+QH/ #QbQMb BM
QTiB+�H H�iiB+2b
�mi?Q`b, EmH/22T ami?�`Rc S�`/22T E�m`kc a�M/22T :�mi�Kkc .BHBT �M;QKj

R AMbiBimi2 Q7 �iQKB+ �M/ JQH2+mH�` a+B2M+2b- �+�/2KB� aBMB+�- h�Br�M
k AM/B�M AMbiBimi2 Q7 h2+?MQHQ;v _QT�`- _mTM�;�` R9yyyR- SmMD�#- AM/B�
j .2T�`iK2Mi Q7 S?vbB+b- J�MBTm` lMBp2`bBiv- *�M+?BTm` dN8yyj- J�MBTm`- AM/B�

h?2 mHi`�+QH/ �iQKb �`2 �M 2t+2HH2Mi TH�i7Q`K iQ bBKmH�i2 +QKTH2t [m�MimK K�Mv@#Q/v
bvbi2Kb Q7 +QM/2Mb2/@K�ii2` T?vbB+bX q2 /Bb+mbb i?2 [m�MimK T?�b2b Q7 � irQ@/BK2MbBQM�H
bTBM@Q`#Bi +QmTH2/ #QbQMb BM �M QTiB+�H H�iiB+2X h?Bb bvbi2K #`2�Fb i?2 `Qi�iBQM�H bvKK2i`v
BM KQK2MimK@bT�+2 �M/ i?2 +QM/2Mb�iBQM Q++m`b �i }MBi2 KQK2MimKX h?2 BMi2`TH�v Q7
bBM;H2@T�`iB+H2 ?QTTBM;- bi`2M;i? Q7 bTBM@Q`#Bi +QmTHBM;- �M/ BMi2`bTBM BMi2`�+iBQM `2bmHib BMiQ
}MBi2@KQK2MimK bmT2`~mB/BivX �i HQr ?QTTBM; bi`2M;i?b- i?2 BMbmH�iBM; T?�b2b �`2 /2bi`Qv2/
�M/ T?�b2@irBbi2/ bmT2`~mB/ 2K2`;2bX q2 7m`i?2` B/2MiB7v � T?�b2@irBbi2/ iQ bi`BT2 bmT2`~mB/
i`�MbBiBQM �b ?QTTBM; bi`2M;i? BM+`2�b2bX 6BM�HHv- r2 b?Qr i?2 `QH2 Q7 i?2`K�H ~m+im�iBQMb
QM i?2 bi�#BHBiv Q7 }MBi2@KQK2MimK bmT2`~mB/bX Pm` }M/BM;b �`2 iBK2Hv �M/ T2`iBM2Mi iQ
i?2 `2+2Mi T`Q;`2bb QM [m�MimK ;�b 2tT2`BK2Mib �M/ T�p2 � r�v iQ Q#b2`p2 }MBi2@KQK2MimK
bmT2`~mB/ T?�b2b BM QTiB+�H H�iiB+2bX

S`2b2Mi2` M�K2, .`X EmH/22T ami?�`

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2

QMHBM2 TQbi2` l_G,

S�;2 Rej



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`3, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.k98

�iQKB+ +QQHBM; b+?2K2 �M/ ;`QmM/ 2tT2`BK2Mi�H p2`B}+�@
iBQM iQr�`/b *?BM2b2 bT�+2 bi�iBQM
�mi?Q`b, smxQM; *?2MRc >mB GBkc CB�+?2M; umk

R S2FBM; lMBp2`bBiv
k AMbiBimi2 Q7 Zm�MimK 1H2+i`QMB+b- .2T�`iK2Mi Q7 1H2+i`QMB+b

h?2 *QH/ �iQK S?vbB+b _�+F U*�S_V Q7 *?BM2b2 bT�+2 bi�iBQM rBHH #2 H�mM+?2/ �i i?2 2M/ Q7
kykkX h?2 BKTQ`i�Mi ;Q�H Q7 *�S_ Bb iQ �+?B2p2 "1* �i RyyTFX AM Q`/2` iQ Q#i�BM mHi`�+QH/
�iQKb BM KB+`Q;`�pBiv Q7 bT�+2 bi�iBQM- r2 T`QTQb2 � irQ@bi�;2 +QQHBM; b+?2K2 mbBM; �HH@QTiB+�H
i`�T rBi? /Bz2`2Mi r�Bbi #2�KbX h?2 +QH/ �iQK +HQm/ Q#i�BM2/ #v i?Bb b+?2K2 Bb +QKTQb2/
Q7 +QM/2Mb�i2 �M/ i?2`K�H �iQKb �`QmM/ +QM/2Mb�i2X h?2 /2bB;M Q7 Qm` irQ@bi�;2 +QQHBM;
b+?2K2 rBHH 2z2+iBp2Hv `2/m+2 i?2 i2KT2`�im`2 Q7 i?2 i?2`K�H �iQK +HQm/ �M/ i?2 2z2+iBp2
i2KT2`�im`2 ;2M2`�i2/ #v i?2 BMi2`�+iBQM 2M2`;v Q7 i?2 +QM/2Mb�i2X h?2 �iQKB+ i2KT2`�im`2
Q7 kMF Bb Q#i�BM2/ 7`QK i?2 ;`QmM/ i2bi 2tT2`BK2Mi- �M/ i?2 +Q``2bTQM/BM; i2KT2`�im`2
mM/2` i?2 KB+`Q;`�pBiv +QM/BiBQM Q7 i?2 bT�+2 bi�iBQM Bb i?2Q`2iB+�HHv T`2/B+i2/ iQ #2 H2bb
i?�M RyyTFX h�FBM; i?2 �/p�Mi�;2b Q7 mHi`�+QH/ i2KT2`�im`2 �M/ HQM;@iBK2 /2i2+iBQM- K�Mv
b+B2MiB}+ 2tT2`BK2Mib rBHH #2 �``�M;2/X

S`2b2Mi2` M�K2, smxQM; *?2M

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2

QMHBM2 TQbi2` l_G,

tmxQM;+?2M!TFmX2/mX+M

S�;2 Re9



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`N, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.kd8

� MQp2H T`Q#2 Q7 [m�MimK K�Mv@#Q/v +Q``2H�iBQMb #v T�i?@
BM/2T2M/2Mi `�KTBM; /vM�KB+b
�mi?Q`b, GB#Q GB�M;Rc q2B w?2M;kc _mBtB�Q u�Qjc ZB >m�M;Rc ZBMT2B w?2M;Rc smxQM; *?2MRc q2MH�M
*?2Mjc >mB w?�B9c CB�x?QM; >mj

R a+?QQH Q7 1H2+i`QMB+b- S2FBM; lMBp2`bBiv- "2BDBM; Ryy3dR- *?BM�
k >272B L�iBQM�H G�#Q`�iQ`v 7Q` S?vbB+�H a+B2M+2b �i i?2 JB+`Qb+�H2 �M/ .2T�`iK2Mi Q7 JQ/2`M S?vbB+b-

lMBp2`bBiv Q7 a+B2M+2 �M/ h2+?MQHQ;v Q7 *?BM�- >272B kjyyke- *?BM�
j .2T�`iK2Mi Q7 S?vbB+b �M/ ai�i2 E2v G�#Q`�iQ`v Q7 GQr .BK2MbBQM�H Zm�MimK S?vbB+b- hbBM;?m�

lMBp2`bBiv- "2BDBM;- Ryyy39- *?BM�
9 AMbiBimi2 7Q` �/p�M+2/ aim/v- hbBM;?m� lMBp2`bBiv- "2BDBM; Ryyy39- SX _X *?BM�

Zm�MimK +Q``2H�iBQMb �`2 i?2 +2Mi`�H 72�im`2b +?�`�+i2`BxBM; K�Mv@#Q/v T?vbB+b- r?B+?
#2+QK2 QM2 Q7 i?2 KQbi BKTQ`i�Mi Q#b2`p�#H2b BM K�Mv 2tT2`BK2MibX >2`2 r2 T`2b2Mi �M
�Hi2`M�i2 b+?2K2 #Qi? i?2Q`2iB+�HHv �M/ 2tT2`BK2Mi�HHv- T`Q#BM; i?2 2[mBHB#`BmK +Q``2H�iBQMb
#v `�KTBM; /vM�KB+b r?B+? +�M i2HH � bi`QM; +Q``2H�i2/ bvbi2K ?�b r2HH@/2}M2/ [m�bB@T�`iB+H2
/2b+`BTiBQMb Q` MQiX "v `�KTBM; � T?vbB+�H T�`�K2i2` MQM�/B�#�iB+�HHv rBi? }MBi2 bT22/b-
r2 }M/ i?2 H2�/BM; /2pB�iBQM Q7 �Mv K2�bm`2/ Q#b2`p�#H2 iQ i?2 �/B�#�iB+ p�Hm2 Bb HBM2�`Hv
T`QTQ`iBQM�H iQ i?2 `�KTBM; bT22/- T�i?@BM/2T2M/2Mi �M/ QMHv /2T2M/BM; QM i?2 }M�H bi�i2bǶ
2[mBHB#`BmK +Q``2H�iBQMbX h?2 bHQT2 Q7 HBM2�`Biv `2~2+ib i?2 2[mBHB#`BmK +Q``2H�iBQMb �M/ Bb bB;@
MB}+�Mi r?BH2 i?2 bvbi2K /Q2b MQi ?�p2 � r2HH@/2}M2/ [m�bB@T�`iB+H2 /2b+`BTiBQMX q2 /2KQM@
bi`�i2 �M/ 2tT2`BK2Mi�HHv T`Qp2 Qm` i?2Q`v BM "Qb2@>m##�`/ KQ/2Hb rBi? /2;2M2`�i2 +QH/
;�bX

1tT2`BK2Mi�HHv- r2 }`bi `�KT Qm` bvbi2K 7`QK 7Qm` /Bz2`2Mi BMBiB�H H�iiB+2 /2Ti?b iQ i?2 b�K2
}M�H QM2 �i R81` U`2+QBH 2M2`;vVX �7i2` 2�+? `�KT- r2 2ti`�+i Qm` Q#b2`p�#H2- i?2 +2Mi`�H [m�bB@
KQK2MimK /Bbi`B#miBQM BM R. #v K2�Mb Q7 Qm` /2p2HQT2/ #�M/@K�TTBM; K2i?Q/X h?`Qm;?
i?2 7Qm` b2ib Q7 K2�bm`2K2Mib- r2 }M/ i?�i i?2 bi`2M;i? Q7 Qm` Q#b2`p�#H2 Bb QMHv HBM2�`Hv
/2T2M/2Mi QM i?2 `�KTBM; bT22/ �M/ r2 Q#i�BM i?2 b�K2 bHQT2 Q7 HBM2�`Biv `2~2+iBM; i?2 b�K2
2[mBHB#`BmK +Q``2H�iBQMb 7Q` i?2 b�K2 }M�H bi�i2X h?2M r2 +?�M;2 i?2 }M�H H�iiB+2 /2Ti?b iQ
RR- Rj- Rd- RN- kR1` iQ Q#i�BM i?2 bHQT2b Q7 HBM2�`Biv 7Q` /Bz2`2Mi }M�H bi�i2bX q2 }M/ i?2
bHQT2b Q7 HBM2�`Biv �`2 �TT�`2MiHv H�`;2` BM [m�MimK +`BiB+�H `2;BQM- `2~2+iBM; i?2 bB;MB}+�Mi
2[mBHB#`BmK +Q``2H�iBQMbX
A/2�HHv- #v +QKT�`BM; Qm` K2�bm`2K2Mib rBi? i?2Q`2iB+�H `2bmHib- r2 +�M /2i2`KBM2 i?2 +`BiB+�H
2tTQM2Mi #v bim/vBM; i?2 i2KT2`�im`2 /2T2M/2M+2 Q7 i?Bb +Q``2H�iBQMX Pm` b+?2K2 +�M #2
/B`2+iHv �TTHB2/ iQ T`Q#2 +Q``2H�iBQMb BM Qi?2` mHi`�@+QH/ �iQKB+ ;�b2b bvbi2Kb- bm+? �b mMBi�`v
62`KB ;�b �M/ [m�MimK bBKmH�iBQM Q7 p�`BQmb bTBM KQ/2HbX Pm` K2i?Q/ +�M �HbQ #2 �TTHB2/
iQ Qi?2` bvbi2Kb #2vQM/ mHi`�@+QH/ �iQKB+ ;�b2b- bm+? �b i`�TT2/ BQMb- Lo +2Mi2`b- �M/
+QM/2Mb2/ K�ii2` bvbi2KbX �b b?QrM BM i?2 2t�KTH2 Q7 bim/vBM; i?2 "Qb2@>m##�`/ KQ/2H-
Qm` K2i?Q/ �++2bb2b � /Bz2`2Mi �bT2+i Q7 [m�MimK K�Mv@#Q/v +Q``2H�iBQM +QKT�`2/ rBi?
K�Mv 2tBbiBM; K2�bm`2K2Mi iQQHbX h?mb- Qm` T`QiQ+QH T`QpB/2b � M2r /B`2+iBQM iQ bim/v
+Q``2H�iBQMb BM [m�MimK K�ii2`bX

S`2b2Mi2` M�K2, GB#Q GB�M;

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2

QMHBM2 TQbi2` l_G,

S�;2 Re8



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`Ry, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.kdN

aBKmH�iBM; �M 2t�+i QM2@/BK2MbBQM�H i`�Mbp2`b2 AbBM; KQ/2H
BM �M QTiB+�H H�iiB+2
�mi?Q`b, _2M GB�QRc 7�M;vm sBQM;kc smxQM; *?2MR

R S2FBM; lMBp2`bBiv
k a+?QQH Q7 S?vbB+b- S2FBM; lMBp2`bBiv

� bTBMH2bb "Qb2@>m##�`/ KQ/2H BM � QM2@/BK2MbBQM�H UR.V /Qm#H2@+?�BM iBHi2/ H�iiB+2 Bb Mm@
K2`B+�HHv bim/B2/ �i mMBi }HHBM; T2` +2HHX q?2M 2�+? �iQK Bb HQ+�HBx2/ BM � irQ@bBi2 +2HH- i?2
HQr@2M2`;v 2z2+iBp2 KQ/2H ;Bp2b `Bb2 iQ �M 2t�+i i2ti#QQF KQ/2H Q7 i?2 R. i`�Mbp2`b2 AbBM;
KQ/2H pB� bmT2`2t+?�M;2 BMi2`�+iBQMX hQ p�HB/�i2 i?2 2z2+iBp2 i`�Mbp2`b2 AbBM; KQ/2H- r2
+�H+mH�i2 i?2 2M2`;v bT2+i`mK �M/ i?2 M2�`2bi@M2B;?#Q` +Q``2H�iBQM 7mM+iBQMb Q7 i?2 bi�i2b BM
� bm#bT�+2 Q7 i?2 "Qb2@>m##�`/ KQ/2H r?B+? Bb 2[mBp�H2Mi iQ i?2 >BH#2`i bT�+2 Q7 � bTBM@Rfk
K�;M2iB+ KQ/2HX h?2 `2bmHib b?Qr ;QQ/ +QMbBbi2M+v rBi? i?2 2z2+iBp2 i`�Mbp2`b2 AbBM; KQ/2H-
�M/ r2 b?Qr i?�i Bi Bb TQbbB#H2 iQ bBKmH�i2 i?2 /vM�KB+�H [m�MimK T?�b2 i`�MbBiBQM Q7 i?2 R.
i`�Mbp2`b2 AbBM; KQ/2H 2t�+iHv rBi? bm+? � /Qm#H2@+?�BM "Qb2@>m##�`/ KQ/2HX Pm` `2bmHib
K�v T`QpB/2 bQK2 BMbTB`�iBQMb 7Q` `2�HBxBM; �M/ 2tTHQ`BM; �M 2t�+i R. i`�Mbp2`b2 AbBM; KQ/2H
BM mHi`�+QH/ M2mi`�H �iQK bvbi2KbX
E2v rQ`/b, i`�Mbp2`b2 AbBM; KQ/2Hc "Qb2@>m##�`/ KQ/2Hc /vM�KB+�H [m�MimK T?�b2 i`�MbB@
iBQM

S`2b2Mi2` M�K2, _2M GB�Q

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2

QMHBM2 TQbi2` l_G,

S�;2 Ree



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`RR, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.k3y

.BK2MbBQM�H +`QbbQp2` Q7 [m�MimK +`BiB+�H /vM�KB+b �i K�Mv@
#Q/v T?�b2 i`�MbBiBQMb
�mi?Q`b, ZBMT2B w?2M;Rc um[BM; q�M;kc GB#Q GB�M;Rc ZB >m�M;Rc CBM;tBM amMRc _2M GB�QRc S2M;Dm
w?�QRc CB�x?QM; >mk

R a+?QQH Q7 1H2+i`QMB+b- S2FBM; lMBp2`bBiv- "2BDBM; Ryy3dR- *?BM�
k .2T�`iK2Mi Q7 S?vbB+b �M/ ai�i2 E2v G�#Q`�iQ`v Q7 GQr .BK2MbBQM�H Zm�MimK S?vbB+b- hbBM;?m�

lMBp2`bBiv- "2BDBM;- Ryyy39- *?BM�

q2 /2KQMbi`�i2 ?Qr /BK2MbBQMb Q7 K�Mv@#Q/v bvbi2Kb BM~m2M+2 i?2 +`BiB+�H /vM�KB+�H #2@
?�pBQ`b �i [m�MimK T?�b2 i`�MbBiBQMX q2 T2`7Q`K Qm` 2tT2`BK2Mi BM � [m�bB@irQ@/BK2MbBQM�H
"Qb2@>m##�`/ KQ/2H �M/ /Q i?2 BKT`Qp2/ #�M/@K�TTBM; K2i?Q/ iQ K2�bm`2 i?2 [m�bB@
KQK2MimK /Bbi`B#miBQMX "�b2/ QM i?2b2 K2�bm`2K2Mib- r2 Q#i�BM i?2 +QKTQM2Mib Q7 +Q?2`2Mi
�M/ BM+Q?2`2Mi T�`ib BM i?2 KBtim`2 Q7 bmT2`~mB/ �M/ JQii BMbmH�iQ`bX h?Bb ?2HTb mb iQ H2�`M
�#Qmi i?2 2t+Bi�iBQM /272+ib /m2 iQ i?2 MQM�/B�#�iB+Biv Q7 [m�MimK T?�b2 i`�MbBiBQMbX q2
Q#b2`p2 � bKQQi? +`QbbQp2` Q7 +`BiB+�H b+�HBM;b 7`QK irQ /BK2MbBQMb iQ i?`22 /BK2MbBQMbX hQ
7m`i?2` [m�MiBi�iBp2Hv 2tTH�BM i?2 T?2MQK2M�- r2 �TTHv [m�MimK JQMi2 *�`HQ +�H+mH�iBQMb
BM �M �MBbQi`QTB+ "Qb2@>m##�`/ KQ/2HX

S`2b2Mi2` M�K2, ZBMT2B w?2M;

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2

QMHBM2 TQbi2` l_G,

S�;2 Red



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`Rk, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.k3e

1M?�M+2/ �MiB72``QK�;M2iBbK /`Bp2M #v bmT2`2t+?�M;2 BM@
i2`�+iBQM BM � i?`22@+QKTQM2Mi 62`KB@>m##�`/ KQ/2H
�mi?Q`b, _2M GB�QRc CAM;tBM amMRc S2M;Dm w?�QRc a?B72M; u�M;Rc >mB GBRc sBMvB >m�M;Rc q2B sBQM;
Rc sB�QDB w?Qm w?QmRc .BM;TBM; GBRc sBQM;DmM GBmRc smxQM; *?2MR

R S2FBM; lMBp2`bBiv

h?2 HQr@2M2`;v 2z2+iBp2 ssw KQ/2H Q7 � i?`22@+QKTQM2Mi 62`KB@>m##�`/ KQ/2H Bb �M�Hvx2/
�i � JQii@BMbmH�iQ` `2;BK2 r?2`2 2�+? H�iiB+2 bBi2 Bb }HH2/ rBi? 2Bi?2` � bBM;H2 �iQK Q` �M �iQK
T�B`X q2 }M/ i?2 M2�`2bi@M2B;?#Q` bTBM@2t+?�M;2 BMi2`�+iBQM +�M #2 bi`QM;Hv `2/m+2/ rBi?
�iQKb T�B`2/- r?BH2 i?2 /B�;QM�H �MiB72``QK�;M2iB+ BMi2`�+iBQM `2K�BMb mM�z2+i2/X h?2`27Q`2-
i?2 �MiB72``QK�;M2iBbK Q7 bm+? � i?`22@+QKTQM2Mi 62`KB@>m##�`/ KQ/2H +�M #2 bi`QM;2`
i?�M i?�i Q7 � ivTB+�H irQ@+QKTQM2Mi 62`KB@>m##�`/ KQ/2H �i i?2 ?�H7@}HHBM; `2;BK2X �M/
r2 /Bb+mbb2/ i?2 TQbbB#H2 `2�HBx�iBQM rBi? e@GB �iQKb mM/2` � T`QT2` 2ti2`M�H K�;M2iB+ }2H/
r?2`2 i?2 i?`22@#Q/v HQbb `�i2 Bb bK�HHX Pm` `2bmHib K�v #2 mb27mH 7Q` 2tT2`BK2Mi�H Q#b2`p�iBQM
Q7 i?2 HQM;@`�M;2 �MiB72``QK�;M2iB+ Q`/2` Q7 mHi`�+QH/ M2mi`�H 72`KBQMb �i HQr i2KT2`�im`2X
E2v rQ`/b, �MiB72``QK�;M2iBbKc 62`KB >m##�`/ KQ/2Hc

S`2b2Mi2` M�K2, _2M GB�Q

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2

QMHBM2 TQbi2` l_G,

S�;2 Re3



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`Rj, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.k3N

.2+�v Q7 +QHH2+iBp2 /BTQH2 bTBM r�p2 BM i?2 MQMHBM2�` QTiB+b
`2;BK2
�mi?Q`b, HBM;DBM; CBRc uBxmM >2Rc GBv�M; ZBmRc umx?mQ q�M;Rc a�BDmM qmR

R 6m/�M lMBp2`bBiv

AMi2`�+iBQM Q7 HB;?i rBi? � /2Mb2 +HQm/ Q7 mHi`�+QH/ �iQKb Bb �M QT2M@bvbi2K K�Mv@#Q/v T`Q#@
H2KX 1p2M rBi?BM i?2 HBM2�` QTiB+b `2;BK2- BMi2`2biBM; 2z2+ib #2vQM/ 2z2+iBp2 K2/BmK i?2Q`v
+�M �`Bb2 7`QK M2�`@}2H/ BMi2`�+iBQM �M/ KmHiBTH2 b+�ii2`BM;bX PM i?2 Qi?2` ?�M/- r?2M bm#@
D2+iBM; iQ bi`QM; QTiB+�H 2t+BiBQMb- i?2 +QmTH2/ [m�MimK /vM�KB+b BMpQHp2b HQM;@`�M;2 /BTQH2
+Q``2H�iBQMb /2}M2/ BM �M 2tTQM2MiB�HHv H�`;2 >BH#2`i bT�+2- �M/ +�M #2+QK2 BKTQbbB#H2 iQ
bBKmH�i2 #v �Mv +H�bbB+�H +QKTmi2`bX h?2`27Q`2- +QKT�`BM; rBi? 2tT2`BK2Mi�H BMp2biB;�iBQM Q7
HBM2�` QTiB+�H `2bTQMb2- MQMHBM2�` QTiB+�H `2bTQMb2 Q7 +QH/ �iQKb +�M #2 2p2M KQ`2 BMi`B;mBM;
7Q` mM+Qp2`BM; 2K2`;2Mi K�Mv@#Q/v 2z2+ib BM QTiB+bX AM i?Bb rQ`F- r2 /2p2HQT �M 2tT2`B@
K2Mi�H i2+?MB[m2 iQ bim/v i?2 /vM�KB+b Q7 H�b2`@+QQH2/ �iQKB+ 2Mb2K#H2b bm#D2+i2/ iQ bi`QM;
`2bQM�Mi 2t+Bi�iBQMbX "v i2KTQ`�HHv b?B7iBM; i?2 r�p2p2+iQ` Q7 i?2 bi`QM;Hv 2t+Bi2/ /BTQH2
bTBM@r�p2- i?2 +QHH2iBp2 7Q`r�`/ 2KBbbBQMb �`2 b2T�`�i2/ 7`QK i?2 Km+? bi`QM;2` 2t+Bi�iBQM
TmHb2 Bib2H7- 7�b+BHBi�iBM; � T`2+Bb2 K2�bm`2K2Mi Q7 i?2 +QHH2+iBp2 2KBbbBQM /vM�KB+b /22THv BM
i?2 MQMHBM2�` 2t+Bi�iBQM `2;BK2- 7Q` i?2 }`bi iBK2 iQ Qm` FMQrH2/;2X AM +QMi`�bi iQ �M 2tTQ@
M2MiB�H bmT2``�/B2Mi /2+�v BM i?2 HBM2�` `2;BK2- r2 }M/ i?2 MQMHBM2�`Hv 2t+Bi2/ bTBM r�p2b
/2+�v Km+? bHQr2` BMBiB�HHv- 7Q` +2`i�BM iBK2- #27Q`2 i?2 `2+Qp2`v Q7 2tTQM2MiB�H /2+�v +?�`�+@
i2`BbiB+bX h?2 K2�bm`2/ /2+�v +m`p2b /2pB�i2 bm#bi�MiB�HHv 7`QK bBKTH2 i?2Q`2iB+�H T`2/B+iBQMb
#v MQMHBM2�` +QmTH2 /BTQH2b i?�i B;MQ`2 K�Mv@#Q/v /BTQH2 +Q``2H�iBQMbX

S`2b2Mi2` M�K2, CB GBM;DBM;

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2

QMHBM2 TQbi2` l_G,

S�;2 ReN



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`R9, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.kNk

h?2 K�MBTmH�iBQM Q7 mHi`�+QH/ �iQKb Q7 ?B;? Q`#Bi�Hb BM QT@
iB+�H H�iiB+2b
�mi?Q`b, sB�QDB w?QmRc a?2M;DB2 CBMRc >QM;KB�M a?mBRc w?QM;+?2M; umR

R ai�i2 E2v G�#Q`�iQ`v Q7 �/p�M+2/ PTiB+�H *QKKmMB+�iBQM avbi2K �M/ L2irQ`F- a+?QQH Q7 1H2+i`QMB+b-
S2FBM; lMBp2`bBiv- "2BDBM;- *?BM�

lHi`�+QH/ �iQKb BM QTiB+�H H�iiB+2b �`2 � TQr2`7mH iQQH 7Q` [m�MimK bBKmH�iBQM- T`2+Bb2 K2�@
bm`2K2Mi- �M/ [m�MimK +QKTmi�iBQMX � 7mM/�K2Mi�H T`Q#H2K BM �TTHvBM; i?Bb [m�MimK
bvbi2K Bb ?Qr iQ K�MBTmH�i2 i?2 ?B;?2` #�M/b Q` Q`#Bi�Hb BM "HQ+? bi�i2b 2z2+iBp2HvX >2`2
r2 K�BMHv BMi`Q/m+2 Qm` K2i?Q/b 7Q` K�MBTmH�iBM; ?B;? Q`#Bi�H mHi`�+QH/ �iQKb BM QTiB+�H
H�iiB+2b rBi? /Bz2`2Mi +QM};m`�iBQMbX "�b2/ QM i?2b2 K2i?Q/b- r2 HQ�/ i?2 mHi`�+QH/ �iQKb
BMiQ i?2 S �M/ . #�M/b Q7 i?2 ?2t�;QM�H QTiB+�H H�iiB+2 �M/ i?2 i`B�M;mH�` H�iiB+2- �M/ i?2M
Q#b2`p2 i?2 MQp2H [m�MimK T?�b2b �M/ bim/v i?2 /vM�KB+�H 2pQHmiBQM Q7 i?2 �iQKb BM i?2
?B;? #�M/bX 6m`i?2`KQ`2- r2 +QMbi`m+i i?2 �iQK@Q`#Bi�H [m#Bi mM/2` MQM�/B�#�iB+ ?QHQMQKB+
[m�MimK +QMi`QHX h?2 2z2+iBp2 K�MBTmH�iBQM Q7 i?2 ?B;? Q`#Bi�Hb T`QpB/2b bi`QM; bmTTQ`i 7Q`
�TTHvBM; mHi`�+QH/ �iQKb BM i?2 QTiB+�H H�iiB+2 BM K�Mv }2H/bX

h?2 }`bi Bb i?2 b?Q`i+mi K2i?Q/ 7Q` i`�Mb72``BM; i?2 mHi`�+QH/ �iQKb BM � ?�`KQMB+ i`�T iQ
i?2 . #�M/ Q7 � i`B�M;mH�` QTiB+�H H�iiB+2X h?2 H�iiB+2 TQi2MiB�H +�M #2 2tT`2bb2/ �b V (~r) =

�V
P

i,j cos[(
~ki � ~kj) · ~r- r?2`2 ~k1 = (

p
3⇡,�⇡)/�- ~k2 = (�

p
3⇡,�⇡)/�- ~k3 = (0, 2⇡)/�- �M/

V Bb i?2 /2Ti? Q7 i?2 i`B�M;mH�` H�iiB+2X h?Bb b?Q`i+mi K2i?Q/ Bb +?�`�+i2`Bx2/ #v b?Q`i iBK2
�M/ ?B;? }/2HBiv- r?B+? +�M /B`2+iHv i`�Mb72` mHi`�+QH/ �iQKb 7`QK i?2 ;`QmM/ bi�i2 BM i?2
?�`KQMB+ i`�T iQ �Mv "HQ+? bi�i2- �M/ �++m`�i2Hv K�MBTmH�i2 �iQKb Q7 /Bz2`2Mi Q`#Bi�Hb BM
QTiB+�H H�iiB+2bX h?2 b?Q`i+mi Bb +QKTQb2/ Q7 � b2`B2b Q7 QTiB+�H H�iiB+2 TmHb2 b2[m2M+2bX 1�+?
TmHb2 TmHb2@B +QMbBbib Q7 irQ T�`ibX 6B`bi- i?2 H�iiB+2 Bb im`M2/ QM 7Q` tonj - �M/ i?2M i?2 BMi2`p�H
Bb to↵j X h?2 iBK2 {tonj , to↵j } �`2 QTiBKBx2/ iQ �+?B2p2 i?2 ;Q�H Q7 K�MBTmH�iBM; [m�MimK bi�i2bX
"v i?Bb K2i?Q/- r2 HQ�/ "Qb2@1BMbi2BM +QM/2Mb�i2 Q7 3d_# �iQKb BMiQ i?2 � TQBMi Q7 i?2 }`bi
. #�M/ rBi? x2`Q [m�bBKQK2MimK BM i?2 i`B�M;mH�` QTiB+�H H�iiB+2X h?2M r2 BMp2biB;�i2 i?2
+QHHBbBQM�H b+�ii2`BM; +?�MM2Hb 7Q` �iQKb BM i?2 2t+Bi2/ #�M/b Q7 � i`B�M;mH�` QTiB+�H H�iiB+2 �M/
/2KQMbi`�i2 � /QKBM�Mi b+�ii2`BM; +?�MM2H BM i?2 2tT2`BK2MiX �7i2` bQK2 2pQHmiBQM iBK2-
i?2 MmK#2` Q7 �iQKb b+�ii2`BM; BMiQ i?2 a@#�M/ BM/m+2/ #v irQ@#Q/v +QHHBbBQMb Bb �`QmM/
7Qm` iBK2b i?2 MmK#2` i?�i b+�ii2`b BMiQ i?2 b2+QM/ KQbi TQTmH�i2/ #�M/X Pm` MmK2`B+�H
+�H+mH�iBQM b?Qrb i?�i i?2 bb b+�ii2`BM; +?�MM2H Bb /QKBM�Mi- `Qm;?Hv +QMbBbi2Mi rBi? i?2
2tT2`BK2Mi�H K2�bm`2K2MiX h?2 �TT2�`�M+2 Q7 /QKBM�Mi b+�ii2`BM; +?�MM2Hb BM � i`B�M;mH�`
QTiB+�H H�iiB+2 Bb QrBM; iQ MQMQ`i?Q;QM�H H�iiB+2 p2+iQ`bX h?Bb rQ`F Bb ?2HT7mH 7Q` i?2 `2b2�`+?
QM K�Mv@#Q/v bvbi2Kb �M/ /B`2+iBQM�H 2M?�M+2K2Mi BM QTiB+�H H�iiB+2bX

L2ti- r2 BMi`Q/m+2 i?2 #�M/ br�TTBM; i2+?MB[m2 7Q` HQ�/BM; i?2 �iQKb BMiQ i?2 b2+QM/ #�M/
Q7 � ?2t�;QM�H QTiB+�H H�iiB+2X h?2 F2v iQ `2�HBxBM; i?Bb Bb +QMbi`m+iBM; � +QMi`QHH�#H2 +QK@
TQbBi2 QTiB+�H H�iiB+2- BM+Hm/BM; /22T �M/ b?�HHQr r2HHbX AM i?2 2tT2`BK2Mi- r2 +QMbi`m+i i?2
+QKTQbBi2 ?2t�;QM�H H�iiB+2 #v +QK#BMBM; � i`B�M;mH�` H�iiB+2 �M/ � ?QM2v+QK# H�iiB+2- r?B+?
+�M #2 2tT`2bb2/ �b V (~r) = �V✏0

P
i,j cos[(

~ki�~kj) ·~r+ ✓j � ✓i] + 1

2
V✏

P
i,j cos[(

~ki�~kj) ·~r]X V✏

UV✏0V Bb i?2 /2Ti? Q7 i?2 ?QM2v+QK# Ui`B�M;mH�`V H�iiB+2X h?Bb H�iiB+2 +QMi�BMb irQ bm#@r2HHb-
/2MQi2/ �b � �M/ "X �i }`bi- r2HH � Bb /22T2` i?�M "- �M/ i?2 �iQKb �`2 HQ+�i2/ �i i?2 �
r2HHX "v +?�M;BM; i?2 T?�b2 ✓- r2HH � Bb b?�HHQr2` i?�M "- �M/ i?2 �iQKb �`2 TmKT2/ BMiQ i?2
b2+QM/ #�M/X �7i2` i?2 �iQKb �`2 i`�Mb72``2/ BMiQ i?2 #�M/ K�tBKmK Q7 i?2 b2+QM/ #�M/-
i?2 T?�b2 +Q?2`2M+2 BM i?2 bi�i2 rBHH BKK2/B�i2Hv /Bb�TT2�`X �7i2` � 72r KBHHBb2+QM/b- i?2
T?�b2 +Q?2`2M+2 `22K2`;2b- �M/ i?2 [m�MimK bi�i2 bTQMi�M2QmbHv +?QQb2b QM2 Q`B2Mi�iBQM-
;BpBM; `Bb2 iQ � i?`22@bi�i2 SQiib M2K�iB+BivX

6BM�HHv- r2 BMi`Q/m+2 �M �iQK@Q`#Bi�H [m#Bi mbBM; s@ �M/ d@Q`#Bi�Hb Q7 � QM2@/BK2MbBQM�H QT@
iB+�H H�iiB+2X q2 BMBiB�H i?2 [m#Bi #v i?2 b?Q`i+mi K2i?Q/- �M/ i?2 �p2`�;2 }/2HBiv Q7 i?2
BMBiB�H bi�i2b Bb 99.72(7)%X q2 ?�p2 K2�bm`2/ i?2 Q`#Bi�H `2H�t�iBQM iBK2 UT1V �M/ i?2 /2@
T?�bBM; iBK2 UT2V- }M/BM; T1 = 4.5 ± 0.1 Kb UKBHHBb2+QM/bV- �M/ T2 = 2.1 ± 0.1 Kb BM Qm`
2tT2`BK2MiX "v T`Q;`�KKBM; H�iiB+2 KQ/mH�iBQM- r2 `2�+? mMBp2`b�H MQM�/B�#�iB+ ?QHQMQKB+
[m�MimK ;�i2 +QMi`QH Qp2` i?2 �iQK@Q`#Bi�H [m#Bi- r?B+? 2t?B#Bib MQBb2@`2bBHB2M+2 �;�BMbi H�b2`

S�;2 Rdy



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

~m+im�iBQMb /m2 iQ ;2QK2i`B+�H T`Qi2+iBQMX q2 /2KQMbi`�i2 i?2 ?QHQMQKB+ [m�MimK +QMi`QH
Q7 >�/�K�`/ �M/ ⇡/8 ;�i2b- r?B+? 7Q`K � mMBp2`b�H ;�i2@b2i 7Q` bBM;H2@[m#Bi `Qi�iBQMX h?2
H�iiB+2 KQ/mH�iBQM TmHb2b �`2 T`Q;`�KK2/ iQ KBMBKBx2 Q`#Bi�H H2�F�;2 2``Q`- r?B+? Bb i?2 F2v
iQ `2�+?BM; ?B;? }/2HBiv ?QHQMQKB+ [m�MimK +QMi`QH Q7 �iQK@Q`#Bi�H [m#BiX q2 BKTH2K2Mi
[m�MimK T`Q+2bb iQKQ;`�T?v UZShV QM i?2 Q`#Bi�H [m#Bi iQ K2�bm`2 i?2 7mHH /2MbBiv K�i`Bt-
7`QK r?B+? i?2 Q#i�BM2/ �p2`�;2 ;�i2 }/2HBiv Bb 98.36(10)%X 6m`i?2`KQ`2- r2 ;Bp2 � T`QTQb�H
iQ +QMbi`m+i irQ@[m#Bi ;�i2b- #v r?B+? r2 +�M �+?B2p2 mMBp2`b�H [m�MimK +QKTmiBM; rBi?
i?2 Q`#Bi [m#Bi b2imTX Pm` rQ`F QT2Mb mT rB/2 QTTQ`imMBiB2b 7Q` �iQK@Q`#Bi�H@#�b2/ [m�M@
imK BM7Q`K�iBQM T`Q+2bbBM;- Q7 pBi�H BKTQ`i�M+2 iQ T`Q;`�KK�#H2 [m�MimK bBKmH�iBQMb Q7
KmHiBQ`#Bi�H T?vbB+b BM KQH2+mH2b �M/ [m�MimK K�i2`B�HbX

(R) >QM;KB�M a?mB- a?2M;DB2 CBM U*Q@}`bi �mi?Q`V- w?B?�M GB- 6�Mbm q2B- smxQM; *?2M-
sB�QT2M; GB- �M/ sB�QDB w?QmX �iQK@Q`#Bi�H [m#Bi mM/2` MQM�/B�#�iB+ ?QHQMQKB+ [m�MimK
+QMi`QHX S?vbB+�H _2pB2r � Ry9- GyeyeyR UkykRVX

(k) a?2M;DB2 CBM- q2MDmM w?�M;- sBMtBM :mQ- smxQM; *?2M- sB�QDB w?Qm- �M/ sB�QT2M; GBX
1pB/2M+2 Q7 SQiib@L2K�iB+ amT2`~mB/Biv BM � >2t�;QM�H bTk PTiB+�H G�iiB+2X S?vbB+�H _2pB2r
G2ii2`b Rke- yj8jyR UkykRVX
(j) sBMtBM :mQ- w?QM;+?2M; um- S2M; S2M;- :mQHBM; uBM- a?2M;DB2 CBM- smxQM; *?2M- �M/
sB�QDB w?QmX .QKBM�Mi b+�ii2`BM; +?�MM2H BM/m+2/ #v irQ@#Q/v +QHHBbBQM Q7 .@#�M/ �iQKb BM
� i`B�M;mH�` QTiB+�H H�iiB+2X S?vbB+�H _2pB2r � Ry9- yjjjke UkykRVX

S`2b2Mi2` M�K2, sB�QDB w?Qm

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2

QMHBM2 TQbi2` l_G,

S�;2 RdR



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`R8, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.jkj

J�Mv@#Q/v /vM�KB+�H [m�MimK T?�b2 i`�MbBiBQMb BM +QH/
�iQKB+ QTiB+�H H�iiB+2
�mi?Q`b, ZB >m�M;Rc _mBtB�Q u�Qkc GB#Q GB�M;Rc ZBMT2B w?2M;Rc .BM;TBM; GBjc q2MH�M *?2M9c smxQM;
*?2MRc CB�x?QM; >m9

R a+?QQH Q7 1H2+i`QMB+b- S2FBM; lMBp2`bBiv- "2BDBM; Ryy3dR- *?BM�
k .2T�`iK2Mi Q7 S?vbB+b �M/ _2b2�`+? G�#Q`�iQ`v Q7 1H2+i`QMB+b- J�bb�+?mb2iib AMbiBimi2 Q7 h2+?MQHQ;v-

*�K#`B/;2- J�bb�+?mb2iib ykRjN- la�X
j a+?QQH Q7 S?vbB+b- S2FBM; lMBp2`bBiv- "2BDBM; Ryy3dR- *?BM�
9 .2T�`iK2Mi Q7 S?vbB+b �M/ ai�i2 E2v G�#Q`�iQ`v Q7 GQr .BK2MbBQM�H Zm�MimK S?vbB+b- hbBM;?m�

lMBp2`bBiv- �M/ 6`QMiB2` a+B2M+2 *2Mi2` 7Q` Zm�MimK AM7Q`K�iBQM- "2BDBM; Ryyy39- *?BM�X

LQM2[mBHB#`BmK T?vbB+b �M/ K�Mv@#Q/v /vM�KB+ #2?�pBQ` Bb �M BKTQ`i�Mi �M/ +?�HH2M;BM;
[m2biBQM BM KQ/2`M T?vbB+bX q2 mbBM; i?2 +QH/ �iQKB+ BM?QKQ;2M2Qmb QTiB+�H H�iiB+2 bvb@
i2K BMp2biB;�i2 /vM�KB+ [m�MimK T?�b2 i`�MbBiBQM 7`QK bmT2`~mB/ iQ JQii BMbmH�iQ`X q2
mb2 � M2r K2i?Q/ iQ K2�bm`2 i?2 [m�bB@KQK2MimK /Bbi`B#miBQM �M/ /2}M2 i?2 Q#b2`p�#H2
T?vbB+�H [m�MiBiB2b #�b2/ QM BiX �++Q`/BM; EB##H2@wm`2F K2+?�MBbK r?B+? Bb mb2/ iQ 2tTH�BM
bQK2 mMBp2`b�H b+�HBM; H�r BM /vM�KB+ T?�b2 i`�MbBiBQMb �M/ Qm` Q#b2`p�iBQMb- #v Q#i�BMBM;
i?2 `2H�t�iBQM iBK2 �M/ /272+i /2MbBiv `2bT2+iBp2Hv- r2 ;2i irQ b2ib Q7 +`BiB+�H T�`�K2i2`bX
�HbQ- /Bz2`2Mi `2;BQMb rBi? /Bz2`2Mi b+�HBM; #2?�pBQ`b �`2 Q#b2`p2/ #v /Bz2`2Mi `�KT `�i2bX
h?2b2 T`QpB/2 M2r TQbbB#BHBiB2b 7Q` 7m`i?2` bim/v Q7 i?2 K�Mv@#Q/v �M/ /vM�KB+ #2?�pBQ` Q7
[m�MimK T?�b2 i`�MbBiBQMX
_272`2M+2
ZB >m�M; 2i �HX S?vbB+�H _2pB2r G2ii2`b Rkd- kyyeyR UkykRV

S`2b2Mi2` M�K2, ZB >m�M;

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2

QMHBM2 TQbi2` l_G,

S�;2 Rdk



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`Re, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.jke

oQ`i2t Mm+H2�iBQMb BM bTBMQ` "Qb2 +QM/2Mb�i2b BM/m+2/ #v
bvMi?2iB+ ;�m;2 TQi2MiB�Hb
�mi?Q`b, um@Cm GBMRc a?�Q@*B qmRc umFB E�r�;m+?Bkc amM;FBi uBTjc hxm@E2M a?2MR

R AMbiBimi2 Q7 �iQKB+ �M/ JQH2+mH�` a+B2M+2b- �+�/2KB� aBMB+�- h�BT2B- h�Br�M
k .2T�`iK2Mi Q7 �TTHB2/ S?vbB+b- L�;Qv� lMBp2`bBiv- L�;Qv�
j AMbiBimi2 Q7 S?vbB+b-�+�/2KB� aBMB+�- h�BT2B- h�Br�M

q2 BMp2biB;�i2 MQp2H K2+?�MBbKb Q7 pQ`i2t Mm+H2�iBQMb BM � bTBMQ` "Qb2 +QM/2Mb�i2 QrBM;
iQ bvMi?2iB+ �xBKmi?�H ;�m;2 TQi2MiB�Hb- r?B+? �`2 HB;?i@BM/m+2/ 2z2+iBp2 `Qi�iBQMb- #Qi?
i?2Q`2iB+�HHv �M/ 2tT2`BK2Mi�HHvX q2 B/2MiB7v i?2 K�BM K2+?�MBbK Q7 pQ`i2t Mm+H2�iBQMb �b
i?2 /vM�KB+�H BMbi�#BHBiv Q7 HQr@2M2`;v 2t+Bi�iBQMb �bbQ+B�i2/ rBi? pQ`i2t bTHBiiBM; �M/ T�B`
+`2�iBQM �i i?2 +2Mi2` Q7 +QM/2Mb�i2 BM `2bT2+iBp2 BMi2`M�H bTBM +QKTQM2MibX h?Bb Bb mMHBF2 i?2
pQ`i2t Mm+H2�iBQMb BM b+�H�` "Qb2 +QM/2Mb�i2b mM/2` K2+?�MB+�H biB``BM;- r?2`2 i?2 pQ`iB+2b
Mm+H2�i2 7`QK i?2 2/;2 Q7 i?2 +HQm/ /m2 iQ bm`7�+2 KQ/2 2t+Bi�iBQMbX Pm` 2tT2`BK2Mi�H
/�i� ?�b [m�HBi�iBp2 �;`22K2Mi rBi? i?2 iBK2@/2T2M/2Mi :`Qbb@SBi�2pbFBB 2[m�iBQM U:S1V
bBKmH�iBQMb BM+Hm/BM; H�b2` #2�K DBii2`BM; MQBb2 BM i?2 2tT2`BK2Mi�H b2imTX

S`2b2Mi2` M�K2, qm- a?�Q@*B

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2

QMHBM2 TQbi2` l_G,

S�;2 Rdj



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

f oB`Rd, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.j38

Zm�MimK i?2`KQ/v�MKB+b BM [m2M+?2/ bTBMQ` +QM/2Mb�i2b

�mi?Q`b, J2M;@Cm hb�BRc um@>�Q u2?Rc sB�M;@GB�M; S�MRc CmM@>Q >bB2?Rc JBM;@a?B2M *?�M;R

R AMbiBimi2 Q7 �iQKB+ �M/ JQH2+mH�` a+B2M+2b- �+�/2KB� aBMB+�- h�BT2B RyeRd- h�Br�M

q2 T`2b2Mi Qm` `2+2Mi bim/b +QMi`B#mi2/ iQ [m�MimK i?2`K�HBx�iBQM BM �M BbQH�i2/ bvbi2K
miBHBxBM; bTBMQ` +QM/2Mb�i2b(R)X lM/2` i?2 bBM;H2@KQ/2 �TT`QtBK�iBQM UaJ�V- i?2 KQiBQM�H
/2;`22b Q7 7`22/QK Q7 bTBMQ` +QM/2Mb�i2b �`2 7`Qx2M- �M/ �HH w22K�M +QKTQM2Mib b?�`2 i?2
b�K2 bT�iB�H r�p27mM+iBQMX lM/2` bm+? +B`+mKbi�M+2b- i?2 bTBM /vM�KB+b /QKBM�i2b i?2
bvbi2KǶb 2pQHmiBQM- �M/ i?2 `2bi`B+i2/ bTBM /2;`22b Q7 7`22/QK T`2b2Mib � bK�HH >BH#2`i bT�+2
B/2�HHv bmBi2/ 7Q` bim/vBM; [m�MimK i?2`K�HBx�iBQM(k)X

1tT2`BK2Mi�HHv- r2 T`2T�`2/ bTBMQ` +QM/2Mb�i2b mM/2` i?2 aJ� rBi? /2bB;M2/ bTBM +QKTQbB@
iBQMb BM � ?B;? K�;M2iB+ }2H/- �M/ i?2 bTBM /vM�KB+b BM HQr }2H/b rBi? /Bz2`2Mi }2H/ `�KTBM;
bT22/b r2`2 7QHHQr2/X h?2 2tT2`BK2Mi `2bmHib r2`2 mb2/ iQ i2bi i?2 2B;2Mbi�i2 i?2`K�HBx�iBQM
?vTQi?2bBb U1h>VX

_272`2M+2b
(R) *2`2M "X .�Ĵ- a?2M;@h�Q q�M;- �M/ GX@JX .m�MX *H�bbB}+�iBQM Q7 [m2M+?@
/vM�KB+�H #2?�pBQ`b BM bTBMQ` +QM/2Mb�i2bX S?vbX _2pX �- NdUkV,ykjeyj-
62#`m�`v kyR3X
(k) *?`BbiB�M :Q;QHBM �M/ C2Mb 1Bb2`iX 1[mBHB#`�iBQM- i?2`K�HBb�iBQM- �M/ i?2
2K2`;2M+2 Q7 bi�iBbiB+�H K2+?�MB+b BM +HQb2/ [m�MimK bvbi2KbX _2TX S`Q;X
S?vbX- dNU8V,y8eyyR- �T`BH kyReX

S`2b2Mi2` M�K2, J2M;@Cm- hb�B

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2

QMHBM2 TQbi2` l_G,

S�;2 Rd9



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f oB`R3, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.88

h?2`KQ/vM�KB+ +?�`�+i2`BbiB+b Q7 B/2�H [m�MimK ;�b2b BM
?�`KQMB+ TQi2MiB�Hb rBi?BM 2t�+i �M/ b2KB+H�bbB+�H �TT`Q�+?2b

�mi?Q`b, �H2t�M/2` S2H2iKBMbFBBRc �M/`BB aQiMBFQpRc 1HpB`� "BHQFQMRc o�H2`BB� "BHQFQMR

R E�`�xBM E?�`FBp L�iBQM�H lMBp2`bBiv- �F?B2x2` AMbiBimi2 7Q` h?2Q`2iB+�H S?vbB+b- La* EASh

q2 i?2Q`2iB+�HHv 2t�KBM2 2[mBHB#`BmK T`QT2`iB2b Q7 i?2 ?�`KQMB+�HHv i`�TT2/ B/2�H "Qb2 �M/
62`KB ;�b2b BM i?2 [m�MimK /2;2M2`�+v `2;BK2X q2 �M�Hvx2 i?2`KQ/vM�KB+ +?�`�+i2`BbiB+b
Q7 ;�b2b rBi? � }MBi2 MmK#2` Q7 �iQKb #v K2�Mb Q7 i?2 FMQrM b2KB+H�bbB+�H �TT`Q�+? �M/
T2`7Q`K +QKT�`BbQM rBi? 2t�+i MmK2`B+�H `2bmHibX 6Q` � 62`KB ;�b- r2 /2KQMbi`�i2 /2pB�iBQMb
BM i?2 62`KB 2M2`;v p�Hm2b Q`B;BM�iBM; 7`QK � /Bb+`2i2 H2p2H bi`m+im`2 �M/ b?Qr i?�i i?2b2 �`2
Q#b2`p�#H2 QMHv 7Q` � bK�HH MmK#2` Q7 T�`iB+H2bX 6Q` � "Qb2 ;�b- r2 Q#b2`p2 +?�`�+i2`BbiB+
bQ7i2MBM; Q7 T?�b2 i`�MbBiBQM 72�im`2b- r?B+? +QMi`�bib iQ i?2 b2KB+H�bbB+�H T`2/B+iBQMb �M/
`2H�i2/ �TT`QtBK�iBQMbX q2 T`QpB/2 � KQ`2 �++m`�i2 K2i?Q/QHQ;v Q7 /2i2`KBMBM; +Q``2+iBQMb
iQ i?2 +`BiB+�H i2KT2`�im`2 /m2 iQ }MBi2 MmK#2` Q7 T�`iB+H2bX

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2

QMHBM2 TQbi2` l_G,

S`2b2Mi2` M�K2, 1HpB`� "BHQFQM

S�;2 Rd8



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f oB`RN, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.k8N

h?2`KQ/vM�KB+ T`QT2`iB2b Q7 BMi2`�+iBM; i`�TT2/ "Qb2 ;�b2b

�mi?Q`b, 1/Km` J�`iBMbRc :mbi�pQ h2HH2bR

R lMBp2`bBiv Q7 a�Q S�mHQ

h?2 mM/2`bi�M/BM; Q7 i?2 BMi2`TH�v #2ir22M [m�MimK@bi�iBbiB+�H T?2MQK2M� �M/ i?2 �iQKB+
BMi2`�+iBQMb i�FBM; TH�+2 BM i`�TT2/ /2;2M2`�i2 ;�b2b K�v v2i 2ti2M/ 7�` Qm` �#BHBiv iQ +QMi`QH
�M/ ?�`M2bb i?2 7mHH TQi2MiB�H Q7 bm+? 2t[mBbBi2- /BHmi2 [m�MimK bvbi2KbX AM i?Bb b+2M�`BQ-
� F2v `QH2 Bb TH�v2/ #v i?2 2ti2`M�H i`�T TQi2MiB�H- r?B+? /2}M2b i?2 bT�iB�H /BbbQ+B�iBQM Q7
i?2 +QM/2Mb�i2 �M/ i?2`K�H 7`�+iBQM- �i }MBi2 i2KT2`�im`2bX h?2 /2+QmTH2/ bT�iB�H bT`2�/
K�v #2 +H2�`Hv Q#b2`p2/ mbBM; bBKTH2 i2+?MB[m2b bm+? �b �#bQ`TiBQM BK�;BM;- �HHQrBM; 7Q` /2@
i�BH2/ bim/B2b Q7 i?2 T?vbB+�H T`QT2`iB2b Q7 i?2 bvbi2KX J�Mv T`2pBQmb rQ`Fb �H`2�/v K�TT2/
i?2 T`QT2`iB2b Q7 +QM/2Mb2/ ;�b2b �i p2`v HQr i2KT2`�im`2b UĿ TcV- rBi? M2;HB;B#H2 i?2`K�H
7`�+iBQMX AM i?2 h?QK�b@62`KB `2;BK2- i?2 ;2M2`�H #2?�pBQ` Q7 +QM/2Mb�i2b Bb 2bb2MiB�HHv
b2i #v i?2 BMi2`TH�v #2ir22M i?2 2ti2`M�H Ui`�TV TQi2MiB�H �M/ i?2 �iQKB+ BMi2`�+iBQMbX �i
?B;?2` i2KT2`�im`2b- v2i #2HQr h+- i?2 i?2`K�H 7`�+iBQM #2+QK2b K2�MBM;7mH iQ i?2 bvbi2K-
2p2M B7 Bi Bb Km+? KQ`2 /BHmi2 i?�M i?2 +QM/2Mb�i2X AM i?2b2 +QM/BiBQMb- i?2 FBM2iB+ 2M2`;v
T2` i?2`K�H �iQK ;`Qr H�`;2` i?�M i?2 K2�M@}2H/ 2M2`;v- i?Qm;? i?2 B/2�H ;�b #2?�pBQ` `2@
K�BMb KQbiHv p�HB/X LQi2 i?�i- KQbi 7mM/�K2Mi�H i?2`KQ/vM�KB+�H T`QT2`iB2b- bm+? �b i?2
+QM/2Mb2/fi?2`K�H 7`�+iBQM �M/ i?2 K2�M 2M2`;v- �`2 2tT2`BK2Mi�HHv K2�bm`�#H2X .2i�BH2/
+QKT�`BbQM Q7 2tT2`BK2Mi�H `2bmHib- �+[mB`2/ mM/2` �+im�H H�#Q`�iQ`v +QM/BiBQMb Q7 }MBi2 i2K@
T2`�im`2 �M/ MmK#2`- rBi? i?2Q`2iB+�H 7`�K2rQ`Fb BM+Hm/BM; i?2 �iQKB+ BMi2`�+iBQMb �`2 v2i
p2`v 72rX JQ`2Qp2`- iQ i?2 #2bi Q7 Qm` FMQrH2/;2- bBKTH2 �M�HviB+�H KQ/2Hb- �++QmMiBM; 7Q`
i?2 BMi2`�+iBQMb- `2�/v iQ ;mB/2 2tT2`BK2Mi�H K2�bm`2K2Mib �M/ BMBiB�H �M�HvbBb �`2 biBHH MQi
�p�BH�#H2 BM i?2 HBi2`�im`2X q2 i?2M T`2b2Mi ?2`2 �M �Hi2`M�iBp2 i?2Q`2iB+�H 7`�K2rQ`F- #�b2/
QM i?2 /2MbBiv@Q7@bi�i2 �TT`Q�+?- r?B+? �HHQrb 7Q` �M �M�HviB+�H 2p�Hm�iBQM Q7 i?2 i?2`KQ@
/vM�KB+b Q7 i`�TT2/ "Qb2 ;�b2bX AM i?Bb rQ`F- r2 bi�`i #v /2i2`KBMBM; � #2ii2` �M/ KQ`2
�++m`�i2 /2MbBiv Q7 bi�i2b 7Q` �M B/2�H i`�TT2/ bvbi2K- T�`iB+mH�` iQ i?2 +?Qb2M bT?2`QB/ ;2@
QK2i`v UQ#H�i2 Q` T`QH�i2VX q2 i?2M /2`Bp2 irQ 7mM/�K2Mi�H bi�i2 p�`B�#H2b Q7 i?2 bvbi2K-
i?2 iQi�H MmK#2` Q7 �iQKb �M/ i?2 iQi�H BMi2`M�H 2M2`;vX L2ti r2 /2i2`KBM2 Qi?2` BMi2`2biBM;
[m�MiBiB2b bm+? �b i?2 MmK#2` /2MbBiv- i?2 +?2KB+�H TQi2MiB�H- i?2 ?2�i +�T�+Biv- �M/ i?2
BbQi?2`K�H +QKT`2bbB#BHBivX h?2 `2bmHib �`2 i?2M �M�Hvx2/ M2�` i?2 i2KT2`�im`2 `�M;2 Q7 BM@
i2`2bi- `mMMBM; �+`Qbb i?2 +`BiB+�H i2KT2`�im`2X q2 +QKT�`2/ Qm` `2bmHi rBi? i?Qb2 T`2b2Mi2/
BM i?2 HBi2`�im`2 iQ /`�r i?2 +QM+HmbBQMb �M/ bm;;2bi bQK2 7QHHQr@mT rQ`FX

S`2b2Mi2` M�K2, h2HH2b- :mbi�pQ

QMHBM2 TQbi2` l_G,

S�;2 Rde



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f oB`ky, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.8e

Zm�MimK +Q``2H�iBQMb BM irQ@Q`#Bi�H mHi`�+QH/ �iQKB+ KBt@
im`2b BM QM2@/BK2MbBQM�H QTiB+�H H�iiB+2b
�mi?Q`b, o�H2`BB� "BHQFQMRc 1HpB`� "BHQFQMkc �M/`BB aQiMBFQpkc �;MB2bxF� *B+?vjc J�`B *�`K2M "�ƢmHb9

R E�`�xBM E?�`FBp L�iBQM�H lMBp2`bBiv- L�iBQM�H a+B2M+2 *2Mi2` ǴE?�`FBp AMbiBimi2 Q7 S?vbB+b �M/
h2+?MQHQ;vǴ

k E�`�xBM E?�`FBp L�iBQM�H lMBp2`bBiv- �F?B2x2` AMbiBimi2 7Q` h?2Q`2iB+�H S?vbB+b- La* EASh
j 6�+mHiv Q7 S?vbB+b- �/�K JB+FB2rB+x lMBp2`bBiv
9 J�t SH�M+F AMbiBimi2 Q7 Zm�MimK PTiB+b

q2 i?2Q`2iB+�HHv bim/v K�;M2iB+ �M/ Q`#Bi�H +Q``2H�iBQMb BM mHi`�+QH/ 62`KB ;�b2b Q7 �HF�HBM2@
2�`i?U@HBF2V �iQKb BM QM2@/BK2MbBQM�H bi�i2@/2T2M/2Mi QTiB+�H H�iiB+2bX AM T�`iB+mH�`- rBi?
i?2 +�H+mH�i2/ T�`�K2i2`b BM i?2 irQ@Q`#Bi�H >m##�`/ KQ/2H `2�HBx2/ rBi? 87a`- 171u#- �M/
173u# �iQKb- r2 2KTHQv 2t�+i /B�;QM�HBx�iBQM �M/ K�i`Bt T`Q/m+i bi�i2 �TT`Q�+?2bX q2
+�H+mH�i2 bT�iB�H +Q``2H�iBQM 7mM+iBQMb BM i?2 bTBM �M/ Q`#Bi�H b2+iQ`b �M/ +QMbi`m+i 2z2+iBp2
/B�;`�Kb BM i?2 bT�+2 Q7 p�`B�#H2 /2MbBiB2b Q7 �iQKB+ +QKTQM2Mib BM /Bz2`2Mi Q`#Bi�H bi�i2bX q2
�HbQ 2t�KBM2 �MiB72``Q@Q`#Bi�H �M/ �MiB72``QK�;M2iB+ +QmTHBM;b BM i?2 bi`QM;@+QmTHBM; HBKBiX
6Q` bK�HH bvbi2Kb rBi? i?2 }t2/ MmK#2` Q7 T�`iB+H2b- r2 bim/v i?2 2pQHmiBQM Q7 +Q``2H�iBQM
7mM+iBQMb rBi? i2KT2`�im`2X

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2

QMHBM2 TQbi2` l_G,

S`2b2Mi2` M�K2, o�H2`BB� "BHQFQM

S�;2 Rdd



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`kR, .2;2MX ;�b2b- K�Mv@#Q/v T?vbX � [m�MiX bBKX A.jRk

AMp2biB;�iBQM Q7 62`KB@>m##�`/ H�//2`b rBi? i?2 [m�MimK
;�b KB+`Qb+QT2
�mi?Q`b, S2i�` "QDQpB+Rc SBKQMT�M aQKT2iRc a�`�? >B`i?2Rc .QKBMBF "Qm`;mM/Rc h?QK�b *?�HQTBMRc
CmHB�M "B#Qkc CQ�MMBb EQ2Tb2HHRc _m#2M o2``2b2Mjc 6`�MF SQHHK�MMkc :mBHH�mK2 a�HQKQMRc *?`BbiB�M
:`QbbRc hBKQM >BHF2`Rc AKK�Mm2H "HQ+?R

R J�t SH�M+F AMbiBimi2 Q7 Zm�MimK PTiB+b
k .2T�`iK2Mi Q7 S?vbB+b- h2+?MB+�H lMBp2`bBiv Q7 JmMB+?
j .2T�`iK2Mi Q7 S?vbB+b- >�`p�`/ lMBp2`bBiv

qBi? Qm` 6GB [m�MimK ;�b KB+`Qb+QT2 r2 �`2 �#H2 iQ T`2T�`2- K�MBTmH�i2 �M/ BK�;2 BM/BpB/@
m�H mHi`�+QH/ 72`KBQMb BM QTiB+�H H�iiB+2bX AM 2p2`v 2tT2`BK2Mi�H `mM r2 ?�p2 �M �++2bb iQ 7mHH
/2MbBiv �M/ bTBM `2bQHmiBQM (R)- �b r2HH �b iQ bBi2@`2bQHp2/ TQi2MiB�H b?�TBM; (k)X h?Bb TH�i7Q`K
?�b T`Qp2M iQ #2 T`QKBbBM; 7Q` i?2 �M�HQ; [m�MimK bBKmH�iBQM- 2X;X- Q7 62`KB@>m##�`/ KQ/2H
r?B+? Bb #2HB2p2/ iQ #2 i?2 F2v BM mM/2`bi�M/BM; i?2 +mT`�i2 ?B;?@i2KT2`�im`2 bmT2`+QM/m+@
iQ`bX qBi? i?Bb TQbi2` A rBHH T`2b2Mi i?2 +�T�#BHBiB2b Q7 Qm` 2tT2`BK2Mi �M/ ?Qr r2 bBKmH�i2
�M/ bim/v i?2 62`KB@>m##�`/ KQ/2H- rBi? � 7Q+mb QM Qm` `2+2Mi }M/BM;b BM mM/QT2/ H�//2`
bvbi2KbX

AM mM/QT2/ H�//2` bvbi2Kb- A rBHH b?Qr i?�i r2 �`2 �#H2 iQ 2tT2`BK2Mi�HHv `2�HBx2 i?2 T�`�/B;@
K�iB+ 2t�KTH2 Q7 bvKK2i`v T`Qi2+i2/ iQTQHQ;B+�H UaShV T?�b2 Ĝ i?2 bTBM@R >�H/�M2 +?�BM
(k)X h?Bb Bb �+?B2p2/ #v +`2�iBM; � i�BHQ`2/ bTBM@Rfk H�//2` ;2QK2i`v r?B+? K�Tb /B`2+iHv iQ
i?2 bTBM@R >�H/�M2 +?�BM (j)X q2 /2i2+i � }MBi2 MQMHQ+�H bi`BM; +Q``2H�iQ` BM i?2 #mHF �M/
HQ+�HBx2/ bTBM@Rfk bi�i2b �i i?2 2/;2b- r?B+? �`2 i?2 K�BM +?�`�+i2`BbiB+b Q7 i?2 aSh T?�b2X
h?2 `Q#mbiM2bb Q7 i?2 bi�i2 Bb +QM}`K2/ #v imMBM; i?2 `�iBQ Q7 i?2 H2; iQ `mM; +QmTHBM; Q7 i?2
H�//2`Xƿ
(R) CX EQ2Tb2HH 2i �HX- S?vbX _2pX G2iiX Rk8- yRy9yj UkyRNV
(k) SX aQKT2i- aX >B`i?2- .X "Qm`;mM/ 2i �HX- L�im`2- /QB, RyXRyj3fb9R83e@ykk@y9e33@x UkykkV
(j) q?Bi2 2i �HX- S?vbX _2pX " 8j- 8k URNNeV

S`2b2Mi2` M�K2, S2i�` "QDQpB+

QMHBM2 TQbi2` l_G, ?iiTb,ff+HQm/XT?vbBFXHKmX/2fBM/2tXT?TfbfrGFea._>xd7K9L/

S�;2 Rd3



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@kN, JBb+X A.Rj9

*�i+?BM; � T�`iB+H2 BMbB/2 � #�``B2`
�mi?Q`b, .�pB/ aTB2`BM;bRc CQb2T? J+:Qr�MRc LB+F J�Mi2HH�Rc >�`b?BH L22`�DRc �2T?`�BK ai2BM#2`;R

R lMBp2`bBiv Q7 hQ`QMiQ

*�M QM2 /2i2+i � imMM2HBM; T�`iB+H2 BMbB/2 Q7 � #�``B2`\ h`�/BiBQM�H [m�MimK K2�bm`2K2Mi Q7
i?2 TQbBiBQM Q7 � imMM2HBM; T�`iB+H2 BMbB/2 � #�``B2` i`�Mb72`b bB;MB}+�Mi 2M2`;v iQ i?2 T�`iB+H2-
T`2+Hm/BM; Q#b2`p�iBQM Q7 � imMM2HBM; T�`iB+H2 r?BH2 Bi Bb BM i?2 ǵ7Q`#B//2MǶ `2;BQMX AMbi2�/-
QM2 KB;?i T`Q#2 � imMM2HBM; T�`iB+H2 ǵr2�FHv-Ƕ bQ �b iQ T`2p2Mi 2M2`;v i`�Mb72`- �b 2MpBbBQM2/
#v � r2�F G�`KQ` K2�bm`2K2Mi- �M/ TQbi@b2H2+iBM; QM i?2 T�`iB+H2 ?�pBM; #22M BM i?2 T`Q#2/
`2;BQM Q7 i?2 #�``B2`X q2 i?2Q`2iB+�HHv bim/v ?Qr i?Bb r2�F- MQM/Bbim`#BM; K2�bm`2K2Mi
+�M #2+QK2 bi`QM; mTQM TQbi@b2H2+iBQM �M/ 2M?�M+2 i`�MbKBbbBQM i?`Qm;? i?2 #�``B2`X q2
/Bb+Qp2` � M2r iBK2b+�H2 +Q``2bTQM/BM; iQ i?2 /m`�iBQM Qp2` r?B+? T�`iB+H2b BM i?2 T`Q#2/
`2;BQM �`2 bB;MB}+�MiHv /Bbim`#2/- r?B+? Bb i2KTiBM; iQ BMi2`T`2i �b i?2 iBK2 Bi i�F2b 7Q`
T�`iB+H2b iQ 2b+�T2 i?2 T`Q#2/ `2;BQM mM/2i2+i2/X q2 Q#b2`p2 i?�i bm+? K2�bm`2K2Mib K�v
H2�/ iQ 2tT2`BK2Mi�HHv `2�HBx�#H2 ǵQ#b2`p�iBQM�HHv �bbBbi2/ #�``B2` T2M2i`�iBQMXǶ

S`2b2Mi2` M�K2, �2T?`�BK ai2BM#2`;

S�;2 RdN



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@jR, JBb+X A.jR3

JB+`Q@BMi2;`�i2/ H�b2` �M/ 7`2[m2M+v `272`2M+2 KQ/mH2b 7Q`
QT2`�iBQM BM [m�MimK i2+?MQHQ;v �TTHB+�iBQMb
�mi?Q`b, C�MT2i2` >B`b+?Rc LQ`� :QQbb2M@a+?KB/iRc a`B`�K >�`B?�`�MRc LQ`#2`i JɃHH2`Rc J�t a+?B2K�M;FRc
*?`BbiQT? hv#Q`bFBRc .B�M wQmRc �M/`2�b qB+?iR

R 62`/BM�M/@"`�mM@AMbiBimi U6">V

h?2 62`/BM�M/@"`�mM@AMbiBimi2 ?�b #22M /2p2HQTBM; KB+`Q@BMi2;`�i2/- ?B;?@TQr2`- M�``Qr@
HBM2rB/i? b2KB+QM/m+iQ` H�b2` bQm`+2b 7Q` T`2+BbBQM bT2+i`Qb+QTv �TTHB+�iBQMb 7Q` KQ`2 i?�M
i2M v2�`bX ai�`iBM; rBi? ?v#`B/@BMi2;`�i2/ /BQ/2 H�b2` +?BTb �M/ KB+`Q@QTiB+b QM � +2`�KB+
TH�i7Q`K- r2 bm++2bb7mHHv 2M�#H2/ "Qb2@1BMbi2BM +QM/2Mb�iBQM 2tT2`BK2Mib BM � /`QT iQr2` (R)X
�b i?2 M2ti bi2T r2 MQr /2p2HQT- [m�HB7v- �M/ /2HBp2` r?QH2 H�b2` KQ/mH2b 7Q` �TTHB+�iBQMb QM
bT�+2@#Q`M2 TH�i7Q`Kb BM+Hm/BM; bQmM/BM; `Q+F2ib- i?2 AMi2`M�iBQM�H aT�+2 ai�iBQM �M/ bK�HH
b�i2HHBi2b (j)X >2`2- r2 T`2b2Mi irQ MQp2H /2pB+2b 7Q` QT2`�iBQM BM [m�MimK i2+?MQHQ;v �TTHB@
+�iBQMb, � ?v#`B/ KB+`Q@BMi2;`�i2/ H�b2` KQ/mH2 �M/ � 7`2[m2M+v `272`2M+2 KQ/mH2X

� `Q#mbi /2bB;M rBHH 2M�#H2 i?2 /2THQvK2Mi Q7 Qm` H�i2bi KB+`Q@BMi2;`�i2/ /BQ/2 H�b2` KQ/mH2b
BM bT�+2 �TTHB+�iBQMbX aT2+B�HHv /2p2HQT2/ +QMi`QH �H;Q`Bi?Kb b?�HH 2Mbm`2 2M?�M+2/ 7mM+iBQM@
�HBiv �M/ mb2`@7`B2M/HBM2bbX h2KT2`�im`2 bi�#BHBx�iBQM Bb �+?B2p2/ #v i?2 +�H+mH�iBQM Q7 �M
2z2+iBp2 KB+`Q@QTiB+�H #2M+? i2KT2`�im`2 i?`Qm;? /Bbi`B#mi2/ i2KT2`�im`2 b2MbQ`bX "v i?�i
i?2 QTiB+�H `2bQM�iQ` H2M;i? �M/ ?2M+2 i?2 QTiB+�H 2KBbbBQM 7`2[m2M+v Bb bi�#BHBx2/X �M BMi`�@
+�pBiv TB+F@Qz rBHH 2M�#H2 i?2 ;2M2`�iBQM Q7 �M 2``Q` bB;M�H �HHQrBM; iQ 2ti2M/ i?2 H�b2`Ƕb
KQ/2@?QT 7`22 imMBM; `�M;2 #2vQM/ i?2 HBKBi ;Bp2M #v i?2 7`22 bT2+i`�H `�M;2 Q7 i?2 H�b2`
`2bQM�iQ`X

1bT2+B�HHv i�BHQ`2/ iQ K22i i?2 `2[mB`2K2Mib Q7 H�b2` �miQK�iBQM BM [m�MimK i2+?MQHQ;v
�TTHB+�iBQMb- � +QKT�+i �M/ `Q#mbi 7`2[m2M+v `272`2M+2 KQ/mH2 Bb #2BM; /2p2HQT2/X "v �M
BMi2`K2/B�`v bi�#BHBx�iBQM Q7 i?2 H�b2` iQ i?2 r2HH@/2bB;M2/ 7`2[m2M+v `272`2M+2- H�b2` HQ+FBM;
iQ � /2bB`2/ �iQKB+ i`�MbBiBQM Bb �++2H2`�i2/X � bQT?BbiB+�i2/ i?2`K�H bi�#BHBx�iBQM +QM+2Ti
b?�HH 2Mbm`2 � 7`2[m2M+v �++m`�+v Q7 8y J>x �M/ � imMBM; `�M;2 Q7 KQ`2 i?�M ky :>xX h?2
`272`2M+2 KQ/mH2 Bb /2bB;M2/ iQ #2 QT2`�i2/ BM i?`22 /Bz2`2Mi KQ/2b, UBV ai�#BHBx�iBQM Q7 �
H�b2` iQ i?2 7`2[m2M+v `272`2M+2 7Q` �+?B2pBM; �M �++2H2`�i2/ HQ+F@�+[mBbBiBQM- UBBV PT2`�iBQM
Q7 i?2 7`2[m2M+v `272`2M+2 �b � r�p2K2i2` �M/ K2�bm`BM; i?2 2KBbbBQM 7`2[m2M+v Q7 � 7`22@
`mMMBM; H�b2` �M/ UBBBV `2+�HB#`�iBQM Q7 i?2 7`2[m2M+v `272`2M+2 rBi? � `272`2M+2 H�b2`X AM
Bib }`bi �TTHB+�iBQM i?2 7`2[m2M+v `272`2M+2 Bb BMi2M/2/ iQ +QKTH2K2Mi i?2 H�b2` KQ/mH2 #v
7�+BHBi�iBM; �++m`�i2 +QMi`QH Q7 i?2 H�b2` 7`2[m2M+v BM �M �iQK BMi2`72`QK2i2` �TTHB+�iBQM rBi?
mHi`�@+QH/ TQi�bbBmK �iQKbX

_272`2M+2b
(R) J�t a+?B2K�M;F 2i �HX- �TTHX PTiX 89- 8jjk@8jj3 UkyR8V
(k) CmHB� S�?H 2i �HX- �TTHX PTiX 83- 898e@89e9 UkyRNV
(j) *?`BbiB�M EɃ`#Bb 2i �HX- �TTHX PTiX 8N- k8j@kek UkykyV

S`2b2Mi2` M�K2, C�MT2i2` >B`b+?

S�;2 R3y



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@jy, JBb+X A.j8k

w22K�M@aBbvT?mb /2+2H2`�iBQM Q7 TQHv�iQKB+ KQH2+mH2b
�mi?Q`b, �H2t�M/2` 6`2M2iiRc >B`QKBibm a�r�QF�Rc �#/mHH�? L�bB`Rc L�i?�MB2H oBH�b Rc *?`BbiB�M
>�HH�bRc w�+F G�bM2`Rc "2MD�KBM �m;2M#`�mMRc CQ?M .QvH2R

R >�`p�`/ lMBp2`bBiv

SQHv�iQKB+ KQH2+mH2b +�M T`QpB/2 BKT`Qp2K2Mi Qp2` /B�iQKB+ bvbi2Kb BM +QH/ +?2KBbi`v-
T`2+BbBQM K2�bm`2K2Mi Q7 7mM/�K2Mi�H T?vbB+b- �M/ [m�MimK BM7Q`K�iBQMX aHQrBM; i?2b2
bT2+B2b iQ i`�TT�#H2 p2HQ+BiB2b Bb � K�DQ` HBKBi�iBQM BM `2�HBxBM; i?2b2 �TTHB+�iBQMbX Pp2`
i?2 T�bi /2+�/2- `�/B�iBp2 bHQrBM; K2i?Q/b ?�p2 #22M bm++2bb7mHHv �TTHB2/ iQ /B�iQKB+ �M/-
`2+2MiHv- i`B�iQKB+ KQH2+mH2b rBi? ?B;?Hv /B�;QM�H 6`�MF@*QM/QM 7�+iQ`bX �Hi2`M�iBp2 bHQrBM;
K2i?Q/b �`2 M22/2/ 7Q` KQH2+mH2b i?�i �`2 H2bb 7�pQ`�#H2 7Q` b+�ii2`BM; i?2 �Ry-yyy T?QiQMb
`2[mB`2/ 7Q` `�/B�iBp2 bHQrBM;X >2`2 r2 T`2b2Mi � bmT2`+QM/m+iBM;@K�;M2i@#�b2/ w22K�M@
aBbvT?mb /2+2H2`�iQ` i?�i `2[mB`2b 72r2` i?�M Ry T?QiQM b+�ii2`b iQ bHQr KQH2+mH2b iQ p2HQ+BiB2b
bmBi�#H2 7Q` HQ�/BM; � JPh- K�;M2iB+- Q` 2H2+i`B+ i`�TX q2 /2b+`B#2 i?2 /2bB;M +QMbB/2`�iBQMb-
�TT�`�imb +QMbi`m+iBQM- �M/ �TTHB+�iBQM Q7 i?2 bHQr2` iQ #Qi? *�P> �M/ u#P> KQH2+mH�`
#2�KbX q2 �HbQ /Bb+mbb i?2 ;2M2`�HBx�#BHBiv Q7 i?Bb bHQrBM; K2i?Q/ iQ BM+`2�bBM;Hv +QKTH2t
KQH2+mH�` bT2+B2bX

S`2b2Mi2` M�K2, �H2t�M/2` 6`2M2ii

S�;2 R3R



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@jR, JBb+X A.39

ai�M/@�HQM2 p�+mmK +2HH 7Q` +QKT�+i mHi`�+QH/ [m�MimK
i2+?MQHQ;B2b
�mi?Q`b, PHBp2` "m``QrRc S�mH 6X :`B{MRc �B/�M aX �`MQH/Rc 1`HBM; _BBbR

R lMBp2`bBiv Q7 ai`�i?+Hv/2

AM i?2 /`Bp2 iQ /2p2HQT +QH/@�iQK [m�MimK i2+?MQHQ;B2b- +QKT�+i p�+mmK bvbi2Kb �`2 F2v
iQ 2M�#HBM; [m�MimK b2MbBM; 7Q` `2�H rQ`H/ �TTHB+�iBQMbX h?2b2 p�+mmK bvbi2Kb MQi QMHv
?�p2 iQ #2 `2/m+2/ BM bBx2- r2B;?i- �M/ TQr2` +QKT�`2/ iQ i?2B` i`�/BiBQM�H +QmMi2`T�`ib-
#mi 7�+2 Qi?2` +?�HH2M;2bX 1HBKBM�iBM; �+iBp2 TmKTBM; �//`2bb2b #Qi? bBx2 �M/ TQr2`- #mi
BMi`Q/m+2b i?2 Bbbm2 Q7 ?2HBmK ;�b T2`K2�iBQM �b T�bbBp2 p�+mmK TmKTBM; i2+?MB[m2b /Q
MQi `2KQp2 MQ#H2 ;�b2bX >2`2 r2 T`2b2Mi � +2MiBHBi`2@b+�H2 p�+mmK +2HH- +QMbi`m+i2/ 7`QK
HQr ?2HBmK T2`K2�#H2 K�i2`B�Hb- rBi? �M BMi2;`�i2/ ;`�iBM; K�;M2iQ@QTiB+�H i`�T QTiB+X �
`Q#mbi +QH/@�iQK /2KQMbi`�iQ` Bb /2b+`B#2/- HQ�/BM; Ryd b@R H�b2`@+QQH2/ 3d_#- rBi? Rk q Q7
2H2+i`B+�H TQr2` i?`Qm;? � la" #�ii2`v �M/ QTiB+�H TQr2` /2HBp2`2/ #v }#`2X lM/2` �+iBp2
p�+mmK TmKTBM;- rBi? +QMiBMmQmb _# ;�b 2KBbbBQM- � T`2bbm`2 2[mBHB#`BmK Q7 10�7 K#�` Bb
�+?B2p2/X qBi? Tm`2Hv T�bbBp2 p�+mmK TmKTBM; i?2 T`2bbm`2 bi�#BHBb2b iQ 3 ⇥ 10

�6 K#�`
rBi? � Rd@/�v iBK2 +QMbi�Mi- �M/ ?�b #22M /2KQMbi`�i2/ iQ rQ`F 7Q` irQ v2�`b rBi? QMHv
T�bbBp2 p�+mmK TmKTBM;X h?Bb `2b2�`+? +QMiBMm2b iQ �/p�M+2 �M/ rBHH 2M�#H2 � rB/2 `�M;2
Q7 +QH/@�iQK [m�MimK b2MbQ`bX
�TTHX S?vbX G2iiX RRN- Rk9yyk UkykRVc /QB, RyXRyejf8XyyeRyRy

S`2b2Mi2` M�K2, .`X PHBp2` "m``Qr

S�;2 R3k



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@jk, JBb+X A.je9

.B`2+i H�b2` +QQHBM; Q7 uP KQH2+mH2b
�mi?Q`b, E�K2`QM J2?HBM;Rc CmM u2Rc u2r2B qmRc CmbiBM "m`�mRc S�`mH �;;�`r�HRc a?B[B�M .BM;R

R CAG�

lHi`�+QH/ KQH2+mH2b �`2 TQBb2/ iQ QT2M K�Mv BKTQ`i�Mi �TTHB+�iBQMb- `�M;BM; 7`QK [m�MimK
BM7Q`K�iBQM b+B2M+2 iQ T`2+BbBQM i2bib Q7 7mM/�K2Mi�H T?vbB+bX AM i?2 T�bi /2+�/2- /B`2+i
H�b2` +QQHBM; Q7 KQH2+mH2b ?�b bm++2bb7mHHv �+?B2p2/ K�;M2iQ@QTiB+�H i`�TTBM;- bm#@.QTTH2`
+QQHBM;- �M/ +QM}M2K2Mi BM +QMb2`p�iBp2 QTiB+�H i`�TbX � F2v `2b2�`+? /B`2+iBQM 7Q` KQH2+mH2@
#�b2/ [m�MimK b+B2M+2 `2[mB`2b �+?B2pBM; � ?B;? T?�b2 bT�+2 /2MbBivX q2 ?�p2 `2+2MiHv
/2KQMbi`�i2/ i?2 ?B;?2bi T?�b2@bT�+2 /2MbBiv BM � #mHF ;�b Q7 H�b2` +QQH2/ KQH2+mH2b(R)X q2
�`2 rQ`FBM; QM 7m`i?2` BM+`2�bBM; i?2 T?�b2 bT�+2 /2MbBiv Q7 uP KQH2+mH2b #v QTiBKBxBM; i?2
b+�ii2`BM; `�i2 Q7 i?2 bHQrBM; b+?2K2 �M/ JPh T�`�K2i2`bX q2 rBHH T`2b2Mi Qm` H�i2bi rQ`F
BM i?Bb /B`2+iBQM �M/ �HbQ /Bb+mbb � b+?2K2 iQ miBHBx2 M�``Qr@HBM2 +QQHBM; QM �M BMi2`K2/B�i2
HQrĜHvBM; �Ƕkëjfk bi�i2- �7i2` +QQHBM; i?2 uP KQH2+mH2b #v ;`�v KQH�bb2b iQ � 72r KB+`QF2HpBM
i2KT2`�im`2X
(R) uX qm 2i �HX S?vbX _2pX G2iiX Rkd- kejkyR UkykRV

S`2b2Mi2` M�K2, E�K2`QM J2?HBM;

S�;2 R3j



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`kk, JBb+X A.jR8

"B@+QHQ` �iQKB+ #2�K bHQr2` �M/ K�;M2iB+ }2H/ +QKT2Mb�@
iBQM 7Q` mHi`�+QH/ ;�b2b
�mi?Q`b, CB�MBM; GBRc E2HpBM GBKRc ar�`mT .�bRc h?QK�b w�MQMqBHH2ii2Rc *?�M; *?B ErQM;Rc a?�m@
um G�MRc .�pB/ qBHFQrbFBR

R L�Mv�M; h2+?MQHQ;B+�H lMBp2`bBiv- kR L�Mv�M; GBMF- aBM;�TQ`2 ejdjdR- aBM;�TQ`2

aBM+2 i?2 }`bi /2KQMbi`�iBQM Q7 H�b2` +QQHBM; �M/ i`�TTBM;- +QH/ �M/ mHi`�+QH/ i`�TT2/ �iQKb
?�p2 TH�v2/ � pBi�H `QH2 BM `2�HBxBM; K�Mv KQ/2`M �/p�M+2/ �iQKB+ T?vbB+ 2tT2`BK2Mib i?`Qm;?
� +Q?2`2Mi +QMi`QH Q7 K�ii2`@HB;?i BMi2`�+iBQMX �KQM; p�`BQmb i`�TT2/ +QH/ �iQKB+ bT2+B2b-
ai`QMiBmK �iQKb ?�b #2+QK2 QM2 Q7 i?2 BMi2`2biBM; +�M/B/�i2b BM `2�HBxBM; p�`BQmb 2tT2`BK2M@
i�H TH�i7Q`Kb 7`QK [m�MimK b2MbBM; K2i`QHQ;v iQ [m�MimK bBKmH�iBQM Q7 +QM/2Mb2/ K�ii2`
T?vbB+ T`Q#H2Kb rBi? mHi`�+QH/ 72`KBQMB+ �M/ #QbQMB+ ;�b2bX AM KQbi Q7 i?2b2 �TTHB+�iBQMb
� +QKT�+i �M/ ?B;? ~mt bQm`+2 Q7 +QH/ �iQKb Bb �M BKTQ`i�Mi `2[mB`2K2MiX q2 /2bB;M �M/
#mBH/ mT � +QKT�+i +QH/ bi`QMiBmK@33 �iQKB+ bQm`+2 rBi? � i`�Mbp2`b2Hv HQ�/2/ k.@JPh
�M/ � #B@+QHQ` ?v#`B/ bHQrBM; b+?2K2- H2�/BM; iQ �M 2M?�M+2K2Mi BM i?2 MmK#2` Q7 �iQKb
T`2T�`2/ BM i?2 j. #Hm2 JPh #v � 7�+iQ` Q7 NX �HbQ- /m2 iQ i?2 b2MbBiBpBiv Q7 i?2 bi`QMiBmK
BMi2`+QK#BM�iBQM HBM2 i`�MbBiBQM iQ � 72r KBHHB;�mbb Q7 K�;M2iB+ }2H/- r2 7m`i?2` BKTH2K2Mi2/
�M �+iBp2 K�;M2iB+ }2H/ +QMi`QH bvbi2K rBi? SA. 722/#�+FX h?2 T2`7Q`K�M+2 Q7 i?2 K�;M2iB+
}2H/ 722/#�+F Bb i2bi2/ #v `2+Q`/BM; i?2 `2/ JPh TQbBiBQMX q2 b?Qr i?�i i?2 bvbi2K Bb
+�T�#H2 Q7 bmTT`2bbBM; i?2 +?�M;2 BM JPh TQbBiBQM- 7Q` K�;M2iB+ }2H/ DmKTb Q7 i?2 Q`/2` Q7
Ry K: ivTB+�HHv 2tT2`B2M+2/ BM i?2 H�#X

S`2b2Mi2` M�K2, CB�MBM; GB

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2

QMHBM2 TQbi2` l_G,

?iiTb,ffrrrX/`QT#QtX+QKfb?f7bFFmkmrm9Q`Tmjf��.S/nH*:;37�LSm`uqaEaeq�\/H4y

S�;2 R39



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@jy, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.kd

L2r T2`bT2+iBp2b QM [m�MimK i`�MbBiBQM iBK2b, i?2 imMM2H@
BM; ~B;?i iBK2
�mi?Q`, hQK _BpHBMR

R q2BxK�MM AMbiBimi2 Q7 a+B2M+2

_2+2Mi 2tT2`BK2Mi�H �M/ i?2Q`2iB+�H rQ`Fb ?�p2 `2B;MBi2/ HQM;@bi�M/BM; /2#�i2b Qp2` i?2
iBK2 i�F2M 7Q` +2`i�BM [m�MimK i`�MbBiBQMb- bm+? �b imMM2HBM;- iQ Q++m`X h?Bb Bb BKTQ`i�Mi-
�b imMM2HBM; Bb � +QKKQM [m�MimK T?2MQK2MQM BM KQH2+mH�` bvbi2Kb r?2`2 MQM�/B�#�iB+
+QmTHBM;b �`2 bB;MB}+�Mi- �M/ +2`i�BM bBKmH�iBQM K2i?Q/b bi`m;;H2 iQ �++QKKQ/�i2 Bib 2z2+ibX
>2`2 r2 T`QTQb2 � M2r ivT2 Q7 [m�MimK K2+?�MB+�H ~B;?i iBK2- #�b2/ QM r2�F@�p2`�;BM;-
�M/ b?Qr i?2 +QM/BiBQMb mM/2` r?B+? Bi #2+QK2b 2[m�H iQ �MQi?2` K2�bm`2 FMQrM �b i?2
T?�b2 iBK2X q2 +QKT�`2 i?2b2 `2bmHib iQ `2+2Mi G�`KQ` iBK2 2tT2`BK2Mib 7Q` imMM2HBM;- �M/
b?Qr i?�i i?2 G�`KQ` iBK2 �M/ /r2HH iBK2 +QBM+B/2 mM/2` i?2 b�K2 +B`+mKbi�M+2b �b i?2 M2r
~B;?i iBK2 �M/ i?2 T?�b2 iBK2X 6BM�HHv- r2 /Bb+mbb QM;QBM; rQ`F iQ 2p�Hm�i2 ~B;?i iBK2b BM
irQ@H2p2H bvbi2Kb rBi? bi`QM; MQM�/B�#�iB+ +QmTHBM;b 2KmH�iBM; +2`i�BM 2H2+i`QMB+ i`�MbBiBQMb-
�M/ b?Qr i?2 2z2+ib MQM�/B�#�iB+ +QmTHBM;b ?�p2 QM imMM2HBM; iBK2bX

S`2b2Mi2` M�K2, hQK _BpHBM

S�;2 R38



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@jR, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.RyR

>B;?@T`2+BbBQM K�bb K2�bm`2K2Mib Q7 HB;?i �iQKB+ Mm+H2B,
i?2 ?2HBmK@9 �iQKB+ K�bb
�mi?Q`b, a�M;22i?� a�bB/?�`�MRc PH2bB� "2x`Q/MQp�kc a�b+?� _�mkc qQH7;�M; ZmBMijc ap2M aim`Kkc
EH�mb "H�mKk

R J�t SH�M+F AMbiBimi2 7Q` Lm+H2�` S?vbB+b- >2B/2H#2`;- :2`K�Mv f :aA >2HK?QHixx2Mi`mK- .�`Kbi�/i-
:2`K�Mv

k J�t SH�M+F AMbiBimi2 7Q` Lm+H2�` S?vbB+b- >2B/2H#2`;- :2`K�Mv
j :aA >2HK?QHixx2Mi`mK- .�`Kbi�/i- :2`K�Mv

�iQKB+ K�bb2b rBi? ?B;? T`2+BbBQM +�M #2 /2i2`KBM2/ #v S2MMBM;@i`�T K�bb bT2+i`QK2i`vX
h?2 GAPLh_�S 2tT2`BK2Mi Bb QM2 bm+? ?B;?@T`2+BbBQM K�bb bT2+i`QK2i2` i?�i +�M �+?B2p2
`2H�iBp2 K�bb mM+2`i�BMiB2b Q7 i?2 Q`/2` Q7 Ry12 �M/ Bb /2/B+�i2/ iQ HB;?i BQMbX J2�bm`2K2Mib
QM HB;?i BQMb �`2 +?�HH2M;BM; /m2 iQ i?2 `2H�iBp2Hv H�`;2 `�iBQ Q7 FBM2iB+ 2M2`;B2b +QKT�`2/ iQ
i?2 HQr `2bi K�bbX

h?2 `2bmHib �i GAPLh_�S BM+Hm/2 i?2 �iQKB+ K�bb K2�bm`2K2Mib Q7 i?2 T`QiQM (R)- i?2
/2mi2`QM �M/ i?2 >.+ KQH2+mH�` BQM (k)X h?2 /2mi2`QM K�bb r�b K2�bm`2/ iQ � `2H�iBp2
T`2+BbBQM Q7 3X8 TTi (k)X Pm` `2bmHib b?Qr �M 2t+2HH2Mi �;`22K2Mi rBi? p�Hm2b i?�i r2`2
2ti`�+i2/ 7`QK H�b2` bT2+i`Qb+QTv Q7 >.+ (j)X h?Bb +QKT�`BbQM Bb +m``2MiHv HBKBi2/ #v i?2
T`2+BbBQM Q7 i?2 2H2+i`QMǶb K�bb BM �iQKB+ K�bb mMBib U�KmV- /2`Bp2/ 7`QK � K2�bm`2K2Mi Q7
i?2 #QmM/ 2H2+i`QM g@7�+iQ` BM 12*5+ (9)X 4>2 Bb � T`BK2 +�M/B/�i2 7Q` � 7mim`2 BKT`Qp2K2Mi-
�b Bi Bb 7�` H2bb b2MbBiBp2 iQ ?B;?2`@Q`/2` i2`Kb Q7 [m�MimK 2H2+i`Q/vM�KB+b UZ1.V �M/ iQ i?2
+?�`;2 `�/Bmb Q7 i?2 Mm+H2mbX *m``2MiHv- r2 ?�p2 K2�bm`2/ i?2 �iQKB+ K�bb Q7 4>2 iQ bmTTQ`i
bm+? � /2i2`KBM�iBQM Q7 i?2 2H2+i`QM K�bb BM �KmX

6m`i?2`KQ`2- �M mHi`�@T`2+Bb2 K2�bm`2K2Mi Q7 i?2 K�bb /Bz2`2M+2 Q7 3>2 �M/ 3h rBHH T`QpB/2
�M BKTQ`i�Mi +`Qbb+?2+F Q7 i?2 /2i2`KBM�iBQM Q7 i?2 2H2+i`QM �MiB@M2mi`BMQ K�bb rBi? i?2
E�h_AL 2tT2`BK2Mi (8)X JQ`2Qp2`- 3>2 iQ 12* K�bb `�iBQ +QmH/ 7m`i?2` +H�`B7v i?2 bQ@
+�HH2/ ǵTmxxH2 Q7 i?2 HB;?i K�bb2bǶ- r?B+? Bb �M BM+QMbBbi2M+v BM i?2 p�Hm2b Q7 HB;?i K�bb2b
7`QK /Bz2`2Mi rQ`H/@H2�/BM; 2tT2`BK2Mib (k)X AM i?Bb +QMi`B#miBQM- i?2 T`2b2Mi bi�imb Q7 i?2
2tT2`BK2Mi rBHH #2 /Bb+mbb2/X
(R) 6X >2BĽ2 2i �HX- S?vbX _2pX � Ryy- UkyRNVX
(k) aX _�m 2i �HX- L�im`2 838- TTX 9j@9d UkykyVX
(j) AX oX EQ`imMQp 2i �HX- L�im`2 S?vbB+b- Rd- TTX 8eN@8dj UkykRVX
(9) aX aim`K 2i �HX- L�im`2 8ye- TTX 9ed@9dy UkyR9VX
(8) E�h_AL *QHH�#Q`�iBQM- L�im`2 S?vbB+b- R3- TTX Rey@Ree UkykkVX

S`2b2Mi2` M�K2, a�M;22i?� a�bB/?�`�M

S�;2 R3e



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@jk, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.Rj8

.2p2HQTK2Mi Q7 � /22T@mHi`�pBQH2i +?B`T2/ TmHb2 H�b2` 7Q`

.QTTH2` +QQHBM; Q7 TQbBi`QMBmK
�mi?Q`b, uQ?2B h�DBK�Rc EvQ?2B u�K�/�kc h�FmiQ EQ#�v�b?BRc �FB`� Ab?B/�kc hQb?BQ L�K#�jc a?QDB
�b�Bkc 1mMKB *?�29c E2MDB a?m8c EQbmF2 uQb?BQF�8

R .2T�`iK2Mi Q7 �TTHB2/ S?vbB+b- a+?QQH Q7 1M;BM22`BM;- h?2 lMBp2`bBiv Q7 hQFvQ
k .2T�`iK2Mi Q7 S?vbB+b- a+?QQH Q7 a+B2M+2- h?2 lMBp2`bBiv Q7 hQFvQ
j AMi2`M�iBQM�H *2Mi2` 7Q` 1H2K2Mi�`v S�`iB+H2 S?vbB+b- h?2 lMBp2`bBiv Q7 hQFvQ
9 .2T�`iK2Mi Q7 S?vbB+b- *QHH2;2 Q7 a+B2M+2- EQ`2� lMBp2`bBiv
8 .2T�`iK2Mi Q7 �TTHB2/ S?vbB+b- a+?QQH Q7 1M;BM22`BM;- h?2 lMBp2`bBiv Q7 hQFvQ- S?QiQM a+B2M+2

*2Mi2`- a+?QQH Q7 1M;BM22`BM;-h?2 lMBp2`bBiv Q7 hQFvQ

SQbBi`QMBmK USbV- � #QmM/ bi�i2 Q7 �M 2H2+i`QM �M/ � TQbBi`QM- Bb � Tm`2Hv H2TiQMB+ �M/ �MiB@
T�`iB+H2 bvbi2KX S`2T�`BM; � +QH/ ;�b Q7 Sb H2�/b iQ T`2+BbBQM bT2+i`Qb+QTv �M/ � `2�HBx�iBQM Q7
"Qb2@1BMbi2BM +QM/2Mb�iBQM Q7 2tQiB+ �iQKbX PrBM; iQ i?2 M�im`2 Q7 i?2 T�`iB+H2@�MiBT�`iB+H2
T�B`- Sb ?�b � }MBi2 HB72iBK2 Q7 R9k MbX h?2`27Q`2- /2p2HQTBM; � `�TB/ +QQHBM; K2i?Q/ Bb i?2
F2v iQ +QQH Sb 2z2+iBp2HvX

G�b2` +QQHBM; mbBM; i?2 Ra@kS i`�MbBiBQM Bb QM2 Q7 i?2 KQbi T`QKBbBM; K2i?Q/b 7Q` Sb +QQHBM;X
qBi? H�b2` +QQHBM;- Sb �iQKb �i `QQK i2KT2`�im`2 +QmH/ B/2�HHv #2 +QQH2/ iQ i?2 T?QiQM
`2+QBH HBKBi Q7 yXe E rBi?BM QM2 KB+`Qb2+QM/X h?2 i2KT2`�im`2 Bb r2HH #2HQr R8y E- �+?B2p2/
#v � +QMp2MiBQM�H +QQHBM; K2i?Q/ pB� KQK2MimK 2t+?�M;2 T`Q+2bb2b rBi? � +QH/ Sb +QM@
p2`i2`(R)X

Ai Bb r2HH FMQrM i?�i H�b2` +QQHBM; mbBM; +QMiBMmQmb@r�p2 H�b2`b +�M `2/m+2 i?2 i2KT2`�im`2
Q7 � ;�b Q7 �iQKb iQ bm#KBHHBF2HpBM i2KT2`�im`2b(k)X >Qr2p2`- #2+�mb2 Q7 i?2 }MBi2 HB72iBK2
�M/ i?2 bK�HH K�bb Q7 Sb- � +QQHBM; H�b2` 7Q` Sb b?QmH/ #2 � mMB[m2 TmHb2/ H�b2` i?�i ?�b �
#`Q�/#�M/ bT2+i`mK- � 7`2[m2M+v +?B`T- �M/ � HQM; TmHb2 /m`�iBQM Q7 b2p2`�H ?mM/`2/ M�MQb2+@
QM/b(j)X q2 /2bB;M2/ �M/ /2p2HQT2/ � T`QiQivTB+�H +QQHBM; H�b2` U6B;m`2 RV i?�i b�iBb}2b i?2b2
`2[mB`2K2MibX q2 �HbQ MmK2`B+�HHv bBKmH�i2/ Bib Qb+BHH�iBQM /vM�KB+b �M/ bm++2bb7mHHv `2T`Q@
/m+2/ i?2 K2�bm`2/ i2KTQ`�H �M/ bT2+i`�H bi`m+im`2b Q7 i?2 H�b2`(9)X

(R) aX J�`B�xxB- SX "2iiQiiB- �M/ _X aX "`mb�- S?vbB+�H _2pB2r G2ii2`b Ry9- k9j9yR UkyRyVX
(k) qX .X S?BHHBTb- _2pB2rb Q7 JQ`/2`M S?vbB+b dy- dkR URNN3VX
(j) EX a?m- sX 6�M- hX u�K�x�FB- hX L�K#�- aX �b�B- EX uQb?BQF�- �M/ JX Emr�i�@:QMQF�KB-
CQm`M�H Q7 S?vbB+b ", �iQKB+- JQH2+mH�` �M/ PTiB+�H S?vbB+b 9N- Ry9yyR UkyReVX
(9) EX u�K�/�- uX h�DBK�- hX Jm`�vQb?B- sX 6�M- �X Ab?B/�- hX L�K#�- aX �b�B- JX Emr�i�@
:QMQF�KB- 1X *?�2- EX a?m- �M/ EX uQb?BQF�- S?vbB+�H _2pB2r �TTHB2/ Re- yR9yyN UkykRVX

S�;2 R3d



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

6B;m`2 R, a+?2K�iB+ Q7 i?2 T`QiQivTB+�H +QQHBM; H�b2` bvbi2KX

S`2b2Mi2` M�K2, h�DBK� uQ?2B

S�;2 R33



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@jj, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.R8e

hQr�`/b � +QKTQmM/ 27�H+ @ 40*�+ �M/ KmHiBBQM 40*�+ +HQ+F

�mi?Q`b, G2MM�`i S2Hx2`Rc CQ?�MM2b E`�K2`Rc E�B .B2ix2Rc 6�#B�M .�r2HRc J�`2F >BH/Rc oB+iQ`
J�`iBM2x@G�?m2`i�kc L�iB �?�`QMjc Gm/rB; E`BMM2`Rc ai2p2M EBM;Rc LB+QH�b aT2i?K�MMRc �H2t _2ixF2`jc
EH2K2Mb >�KK2`2`kc SB2i PX a+?KB/iR

R S?vbBF�HBb+?@h2+?MBb+?2 "mM/2b�Mbi�Hi USh"V
k :Qii7`B2/ qBH?2HK G2B#MBx lMBp2`bBi i >�MMQp2` UAhSV
j _�+�? AMbiBimi2 Q7 S?vbB+b

�M QTiB+�H �iQKB+ +HQ+F #�b2/ QM � bBM;H2 �HmKBMmK BQM Bb ?QH/BM; i?2 +m``2Mi rQ`H/ `2+Q`/ 7Q`
�++m`�+v rBi? � 7`�+iBQM�H 7`2[m2M+v mM+2`i�BMiv #2HQr 10

�18 (R)X h?Bb Qmibi�M/BM; T`2+BbBQM
�HHQrb 7Q` MQp2H �TTHB+�iBQMb HBF2 `2H�iBpBbiB+ ;2Q/2bv (k-j) QM i?2 +K H2p2H �M/ ?2HTb iQ iB;?i2M
i?2 #QmM/b 7Q` T?vbB+b #2vQM/ i?2 bi�M/�`/ KQ/2H (9)X "mi bBM;H2 BQM +HQ+Fb �`2 BKT2/2/
#v i?2B` HQr bB;M�H@iQ@MQBb2 `�iBQ �M/ `2[mB`2 i?2`27Q`2 HQM; �p2`�;BM; iBK2bX h?2b2 +�M #2
bB;MB}+�MiHv `2/m+2/ #v T`Q#BM; �i i?2 +Q?2`2M+2 iBK2 HBKBi Q7 i?2 �iQK- ;Bp2M #v i?2 2t+Bi2/
bi�i2 HB72iBK2X >Qr2p2`- bm+? b2+QM/@HQM; T`Q#2 iBK2b +�M QMHv #2 �+?B2p2/ rBi? H�b2`b Qz2`BM;
+Q``2bTQM/BM;Hv HQM; +Q?2`2M+2 iBK2X

>2`2 r2 T`2b2Mi i?2 +m``2Mi bi�imb Q7 Sh"Ƕb H�#Q`�iQ`v �HmKBMmK BQM +HQ+F �M/ i?2 2tT2`B@
K2Mi�H BKTH2K2Mi�iBQM Q7 � KmHiBBQM *�+ `272`2M+2 #�b2/ QM /vM�KB+�H /2+QmTHBM; iQ 2ti2M/
i?2 +HQ+F H�b2` +Q?2`2M+2 iBK2 BM i?2 7mim`2X

q2 T`2b2Mi i?2 2biBK�i2/ 2``Q` #m/;2i Q7 i?2 27�H+ +HQ+F #�b2/ QM +�HB#`�iBQM K2�bm`2K2Mib
mbBM; � 40*�+ BQM �b � b2MbQ`X h?Bb BM+Hm/2b +?�`�+i2`Bx�iBQM Q7 #H�+F #Q/v `�/B�iBQM- `2bB/m�H
FBM2iB+ 2M2`;v 7`QK 2t+2bb KB+`QKQiBQM �b r2HH �b b2+QM/ Q`/2` �M/ �+ w22K�M b?B7ib +�mb2/
#v /+ K�;M2iB+ }2H/b �M/ K�;M2iB+ }2H/b 7`QK i?2 i`�T /`Bp2- `2bT2+iBp2HvX _2+2Mi mT;`�/2b
Q7 i?2 p�+mmK bvbi2K BKT`Qp2/ i?2 2biBK�i2/ �++m`�+v iQ 1.1⇥ 10

�18X

AKT`QpBM; i?2 bB;M�H@iQ@MQBb2 `�iBQ Q7 i?2 +HQ+F BMi2``Q;�iBQM `2[mB`2b BM+`2�bBM; i?2 MmK#2`
Q7 biQ`2/ BQMb Q` HQM;2` BMi2``Q;�iBQM iBK2bX q2 T`2b2Mi � +QMiBMmQmb /vM�KB+ /2+QmTHBM;
b+?2K2 (8) iQ bmTT`2bb BM?QKQ;2M2Qmb #`Q�/2MBM; #v [m�/`mTQH2 �M/ i2MbQ` �+ ai�`F b?B7ib
BM KmHiBBQM 40*�+ +`vbi�HbX aBKmHi�M2Qmb bmTT`2bbBQM Q7 }`bi Q`/2` w22K�M b?B7ib �HHQrb
BMi2``Q;�iBQM Q7 i?2 +`vbi�H +HQb2 iQ i?2 M�im`�H HB72iBK2 HBKBiX � +HQ+F H�b2` T`2@bi�#BHBx2/
iQ � KmHiBBQM 40*�+ `272`2M+2 rBHH 2ti2M/ i?2 H�b2` +Q?2`2M+2 iBK2 �M/ 2M�#H2 b2+QM/b HQM;
BMi2``Q;�iBQM Q7 27�H+ BM i?2 7mim`2- i?mb 7Q`KBM; � +QKTQmM/ +HQ+FX
(R) aX JX "`2r2`- CX@aX *?2M- �X JX >�MFBM- 1X _X *H2K2Mib- *X qX *?Qm- .X CX qBM2H�M/- .X
"X >mK2- �M/ .X _X G2B#`�M/i- 27�H+ Zm�MimK@GQ;B+ *HQ+F rBi? � avbi2K�iB+ lM+2`i�BMiv
#2HQr 10

�18- S?vbX _2pX G2iiX Rkj- yjjkyR UkyRNVX
(k) qX 6X J+:`2r 2i �HX- �iQKB+ *HQ+F S2`7Q`K�M+2 1M�#HBM; :2Q/2bv #2HQr i?2 *2MiBK2i`2
G2p2H- L�im`2 8e9- 3d UkyR3VX
(j) hX 1X J2?Hbi m#H2`- :X :`Qb+?2- *X GBb/�i- SX PX a+?KB/i- �M/ >X .2MF2`- �iQKB+ *HQ+Fb
7Q` :2Q/2bv- _2TX S`Q;X S?vbX 3R- ye99yR UkyR3V
(9) JX aX a�7`QMQp�- .X "m/F2`- .X .2JBHH2- .X 6X CX EBK#�HH- �X .2`2pB�MFQ- �M/ *X qX
*H�`F- a2�`+? 7Q` L2r S?vbB+b rBi? �iQKb �M/ JQH2+mH2b- _2pX JQ/X S?vbX Ny- yk8yy3
UkyR3VX
(8) LX �?�`QM- LX aT2i?K�MM- AX .X G2`Qmt- SX PX a+?KB/i- �M/ �X _2ixF2`- _Q#mbi PTiB+�H
*HQ+F h`�MbBiBQMb BM h`�TT2/ AQMb lbBM; .vM�KB+�H .2+QmTHBM;- L2r CX S?vbX kR- y3jy9y
UkyRNVX

S`2b2Mi2` M�K2, G2MM�`i S2Hx2`

S�;2 R3N



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@j9, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.R3j

L2ti@;2M2`�iBQM bi`QMiBmK BQM QTiB+�H �iQKB+ +HQ+Fb
�mi?Q`b, EQbmF2 E�iQRc SB2``2 .m#2Rc a+Qii aK�H2kc �K�` omi?�k

R L�iBQM�H _2b2�`+? *QmM+BH *�M�/�
k lMBp2`bBiv Q7 hQ`QMiQ

h?2 T2`7Q`K�M+2 Q7 QTiB+�H �iQKB+ +HQ+Fb ?�b BKT`Qp2/ i`2K2M/QmbHv Qp2` i?2 H�bi irQ
/2+�/2bX h?2 7`�+iBQM�H 7`2[m2M+v mM+2`i�BMiB2b Q7 i?2 #2bi QTiB+�H +HQ+Fb `2�+? i?2 10

�18

H2p2H �M/ +m``2MiHv QmiT2`7Q`K +2bBmK 7QmMi�BM +HQ+Fb- i?2 +m``2Mi T`BK�`v 7`2[m2M+v bi�M@
/�`/b /2}MBM; i?2 aA b2+QM/- #v irQ Q`/2`b Q7 K�;MBim/2X _2/2}MBiBQM Q7 i?2 aA b2+QM/
#�b2/ QM QTiB+�H +HQ+Fb Bb 2tT2+i2/ iQ i�F2 TH�+2 BM i?2 M2ti /2+�/2X h?2 +`Bi2`B� `2[mB`2 i?�i
QTiB+�H +HQ+Fb �`2 2p�Hm�i2/ rBi? 7`�+iBQM�H 7`2[m2M+v mM+2`i�BMiB2b Q7 3 ⇥ 10

�18 Q` #2ii2`-
�M/ +QKT�`2/ rBi? Qi?2` /2pB+2b BM `2KQi2 H�#Q`�iQ`B2b rBi? mM+2`i�BMiB2b +QKT�`�#H2 iQ
i?2B` 2p�Hm�i2/ mM+2`i�BMiB2bX AM `2+2Mi v2�`b- i?2 7`2[m2M+v �M/ iBK2 ;`QmT �i i?2 L�iBQM�H
_2b2�`+? *QmM+BH *�M�/� UL_*V ?�b #22M /2p2HQTBM; � ?B;?@�++m`�+v i`�MbTQ`i�#H2 QTiB+�H
�iQKB+ +HQ+F 7Q` /B`2+i +QKT�`BbQMb rBi? +HQ+Fb BM Qi?2` L�iBQM�H J2i`QHQ;v AMbiBimi2bX

h?2 QTiB+�H +HQ+F �i L_* Bb #�b2/ QM i?2 998@h>x 5s 2S1/2 @ 4d 2D5/2 2H2+i`B+ [m�/`mTQH2 i`�M@
bBiBQM BM 88a`+X h?2 7`2[m2M+v `272`2M+2 Bb � bBM;H2 H�b2`@+QQH2/ BQM- bmbT2M/2/ #2ir22M irQ
2M/+�T 2H2+i`Q/2b rBi? � `�/BQ@7`2[m2M+v U_6V 2H2+i`B+ }2H/X �M QTiB+�H +HQ+F #�b2/ QM 88a`+
Bb r2HH bmBi2/ 7Q` i?2 i`�MbTQ`i�#H2 bvbi2K /m2 iQ Bib bBKTH2 2M2`;v@H2p2H bi`m+im`2- r?2`2 QMHv
7Qm` H�b2`b rBi? 2�bBHv �++2bbB#H2 r�p2H2M;i?b �`2 `2[mB`2/ 7Q` Bib QT2`�iBQMX 6m`i?2`KQ`2- i?2
bvbi2K�iB+ 2z2+ib i?�i T2`im`# i?2 +HQ+F i`�MbBiBQM �`2 r2HH mM/2`biQQ/- �M/ +�M #2 +QMi`QHH2/
�i Q` #2HQr i?2 10

�18 H2p2HX Pm` i`�MbTQ`i�#H2 bvbi2K Bb 2[mBTT2/ rBi? � M2rHv@/2bB;M2/ BQM
i`�T rBi? BKT`Qp2/ i?2`K�H T`QT2`iB2b i?�i Bb 2tT2+i2/ iQ `2/m+2 i?2 #H�+F#Q/v `�/B�iBQM
b?B7i U""_aV mM+2`i�BMiv #v �M Q`/2` Q7 K�;MBim/2 +QKT�`2/ iQ Qm` 2tBbiBM; bi�iBQM�`v +HQ+FX
Ai �HbQ ?�b � +QKT�+i p�+mmK +?�K#2` rBi? Ry iBK2b HQr2` #�+F;`QmM/ ;�b T`2bbm`2- r?B+?
Bb 2tT2+i2/ iQ `2/m+2 i?2 +QHHBbBQM�H 7`2[m2M+v b?B7i U*6aV #v i?2 b�K2 7�+iQ`X

qBi? i?2b2 mT;`�/2b- �HH i?2 bvbi2K�iB+ 2z2+ib BM i?2 i`�MbTQ`i�#H2 bvbi2K �`2 2tT2+i2/ iQ #2
#2HQr i?2 10�18 H2p2HX 6Q` 7m`i?2` BKT`Qp2/ T2`7Q`K�M+2- r2 ?�p2 `2+2MiHv bi�`i2/ iQ #mBH/ �
+`vQ;2MB+ 88a`+ QTiB+�H +HQ+F- r?2`2 #Qi? i?2 ""_a �M/ *6a rBHH #2 bmTT`2bb2/ #2HQr i?2
10

�19 H2p2HX 6mim`2 +QKT�`BbQMb #2ir22M +`vQ;2MB+ �M/ i`�MbTQ`i�#H2 +HQ+Fb rBHH p�HB/�i2 i?2
�++m`�+v Q7 Qm` 2Mb2K#H2 Q7 88a`+ +HQ+FbX
q2 rBHH T`2b2Mi � #`B27 Qp2`pB2r Q7 Qm` 88a`+ +HQ+F bvbi2K- �M/ i?2 +m``2Mi bi�imb �M/ 7mim`2
T`QbT2+ib Q7 #Qi? i?2 i`�MbTQ`i�#H2 �M/ +`vQ;2MB+ bvbi2KbX

S`2b2Mi2` M�K2, EQbmF2 E�iQ

S�;2 RNy



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@j8, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.kyk

1p�Hm�iBQM Q7 i?2 #H�+F#Q/v `�/B�iBQM b?B7i mM+2`i�BMiv Q7
i?2 L_* bi`QMiBmK BQM +HQ+F
�mi?Q`b, "BM CB�MRc SB2``2 .m#ûRc JB`QbH�p .QH2ʈ�Hk

R L�iBQM�H _2b2�`+? *QmM+BH *�M�/�
k *x2+? J2i`QHQ;v AMbiBimi2

�i i?2 L�iBQM�H _2b2�`+? *QmM+BH *�M�/� UL_*V- �M QTiB+�H 7`2[m2M+v bi�M/�`/ #�b2/ QM �
bBM;H2 i`�TT2/ bi`QMiBmK BQM ?�b #22M /2p2HQT2/X h?2 QTiB+�H +HQ+F mb2b i?2 8b 2S1/2 Ĝ 9/
2D5/2 2H2+i`B+ [m�/`mTQH2 i`�MbBiBQM Q7 i?2 88

Sr
+ BQM �i 998 h>x �b Bib `272`2M+2 i`�MbBiBQMX

h?Bb +HQ+F i`�MbBiBQM Q7 i?2 88
Sr

+ BQM ?�b #22M `2+QKK2M/2/ �b QM2 Q7 i?2 b2+QM/�`v `2T`2@
b2Mi�iBQMb Q7 i?2 aA b2+QM/X *m``2MiHv- i?2 Qp2`�HH bvbi2K�iB+ mM+2`i�BMiv Q7 L_*Ƕb 88

Sr
+ BQM

+HQ+F Bb 1.2 ⇥ 10
�17 BM 7`�+iBQM�H 7`2[m2M+v mMBib- r?B+? Bb K�BMHv HBKBi2/ #v i?2 #H�+F#Q/v

`�/B�iBQM U""_V b?B7i mM+2`i�BMiv Q7 1.1⇥ 10
�17X

h?2 ""_ b?B7i Bb +�mb2/ #v i?2 BMi2`�+iBQM Q7 i?2 2M2`;v H2p2Hb Q7 i?2 +HQ+F i`�MbBiBQM rBi?
i?2 2H2+i`B+ }2H/ Q7 i?2 i?2`K�H `�/B�iBQM �i i?2 BQM TQbBiBQMX h?2 ""_ b?B7i mM+2`i�BMiv Q7
Qm` 88

Sr
+ BQM +HQ+F Bb K�BMHv HBKBi2/ #v i?2 2p�Hm�iBQM Q7 i?2 2H2+i`B+ }2H/ +�mb2/ #v i?2

i?2`K�H `�/B�iBQMX h?2 Qi?2` irQ T�`�K2i2`b M22/2/ iQ /2i2`KBM2 i?2 ""_ b?B7i- M�K2Hv
i?2 TQH�`Bx�#BHBiv �M/ i?2 /vM�KB+ +Q``2+iBQM Q7 i?2 +HQ+F i`�MbBiBQM- +�M 2Bi?2` #2 K2�bm`2/
Q` +�H+mH�i2/ �++m`�i2Hv �M/ i?2B` +QMi`B#miBQMb iQ i?2 mM+2`i�BMiv Q7 i?2 ""_ b?B7i Bb #2HQr
10

�18X

AM Q`/2` iQ 2p�Hm�i2 i?2 i?2`K�H 2H2+i`B+ }2H/ 2tT2`B2M+2/ #v i?2 88
Sr

+ BQM BM i?2 QTiB+�H
7`2[m2M+v bi�M/�`/- r2 #mBHi � +QTv Q7 BQM i`�T �M/ BMbi�HH2/ Bi BM �M Q|BM2 p�+mmK +?�K#2`
/2/B+�i2/ iQ i?2`K�H BK�;BM; K2�bm`2K2MibX � +�HB#`�i2/ A_ +�K2`� ?�b #22M mb2/ iQ K2�@
bm`2 i?2 i2KT2`�im`2 +?�M;2 Q7 i?2 i2bi i`�T +QKTQM2Mib r?2M � /`Bp2 `7 pQHi�;2 Bb �TTHB2/
iQ 2H2+i`Q/2bX hQ BM+`2�b2 i?2 �++m`�+v Q7 i?2 i2KT2`�im`2 K2�bm`2K2Mib mbBM; i?2 A_ +�K@
2`�- F2v i`�T +QKTQM2Mib r2`2 T�BMi2/ rBi? K�ii2 #H�+F T�BMi iQ BM+`2�b2 2KBbbBpBiB2bX h?2
i2KT2`�im`2 /�i� Q7 i?2 i2bi i`�T +QKTQM2Mib rBHH #2 +QKT�`2/ iQ � }MBi2 2H2K2Mi bBKmH�iBQM
7`QK r?B+? i?2 2z2+iBp2 i?2`K�H 2H2+i`B+ }2H/ 2tT2`B2M+2/ #v i?2 88

Sr
+ BQM +�M #2 2ti`�+i2/

7Q` i?2 2p�Hm�iBQM Q7 i?2 ""_ b?B7i �M/ Bib mM+2`i�BMivX
Ai Bb 2tT2+i2/ i?�i i?2 Qp2`�HH mM+2`i�BMiv Q7 i?2 88

Sr
+ BQM QTiB+�H +HQ+F rBHH #2 `2/m+2/ iQ

i?2 ⇠ 5⇥ 10
�18 H2p2H rBi? i?2 `2bmHib Q7 i?2 +m``2Mi bim/vX

S`2b2Mi2` M�K2, "BM CB�M

S�;2 RNR



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@je, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.kjj

.2p2HQTBM; � ?B;?@`2bQHmiBQM .QTTH2` #`Q�/2MBM; bT2+i`Qb+QTv
7Q` +QH/ TQbBi`QMBmK
�mi?Q`b, _vQbmF2 lQxmKBmRc uQ?2B h�DBK�Rc h�FmiQ EQ#�v�b?BRc E2MDB a?mkc EQbmF2 uQb?BQF�k

R .2T�`iK2Mi Q7 �TTHB2/ S?vbB+b- a+?QQH Q7 1M;BM22`BM;- i?2 lMBp2`bBiv Q7 hQFvQ
k S?QiQM a+B2M+2 *2Mi2`- i?2 lMBp2`bBiv Q7 hQFvQc .2T�`iK2Mi Q7 �TTHB2/ S?vbB+b- a+?QQH Q7 1M;BM22`@

BM;- i?2 lMBp2`bBiv Q7 hQFvQ

*QQHBM; Q7 TQbBi`QMBmK USbV- �M 2H2+i`QM@TQbBi`QM #QmM/ bi�i2- H2�/b iQ BKTQ`i�Mi `2b2�`+?
bm+? �b T`2+BbBQM K2�bm`2K2Mib Q7 2M2`;v BMi2`p�Hb Q` `2�HBxBM; "Qb2@1BMbi2BM +QM/2Mb�iBQMX
h?2 +m``2Mi +QH/2bi HBKBi Q7 Sb- r?B+? r�b �+?B2p2/ #v i?2`K�HBx�iBQM rBi? +QQH2/ bQHB/- Bb
biBHH Qp2` Ryy E (R)X G�b2` +QQHBM; �M/ Qi?2` +QQHBM; K2i?Q/b �`2 mM/2` BMi2Mb2 `2b2�`+? iQ
;Bp2 � #`2�Fi?`Qm;? BM i?Bb }2H/X PM i?Bb Q++�bBQM- 2p�Hm�iBM; i?2 i2KT2`�im`2 Q7 +QH/ Sb Bb
�M BKTQ`i�Mi i�bF iQ #2 mM/2`i�F2MX P#i�BMBM; i?2 .QTTH2` #`Q�/2MBM; #v H�b2` bT2+i`Qb+QTv
Bb QM2 Q7 i?2 T`272``2/ K2i?Q/b bBM+2 Bi �HHQrb ?B;?@`2bQHmiBQM K2�bm`2K2Mib `2;�`/BM; i?2
H�b2` i2+?MQHQ;v Q7 iQ/�vX

>Qr2p2`- bBM+2 Sb ?�b � b?Q`i HB72iBK2 Q7 R9k Mb /m2 iQ i?2 2H2+i`QM@TQbBi`QM �MMB?BH�iBQM-
Bi Bb T`BM+BT�HHv /B{+mHi iQ T`2T�`2 � H�`;2 MmK#2` Q7 Sb �i QM+2 7Q` Q#b2`p�iBQMX h?mb- iQ
+QM/m+i � ?B;?@`2bQHmiBQM .QTTH2` #`Q�/2MBM; bT2+i`Qb+QTv- MQi QMHv b?QmH/ i?2 `2bQHmiBQM #2
?B;?- #mi �HbQ i?2 2t+Bi�iBQM 2{+B2M+v #v i?2 H�b2` b?QmH/ #2 F2Ti ?B;? 2MQm;? iQ `2�HBx2 �M
Q#b2`p�iBQM rBi? � ?B;? bB;M�H@iQ@MQBb2 `�iBQX h?Bb ;Bp2b +2`i�BM `2[mB`2K2Mib iQ i?2 7`2[m2M+v
bi`m+im`2 �M/ i?2 TQr2` Q7 i?2 T`Q#BM; H�b2`X

hQ 2p�Hm�i2 i?2 `2[mB`2/ +?�`�+i2`BbiB+b Q7 i?2 T`Q#BM; H�b2`- r2 +QM/m+i2/ � MmK2`B+�H bBK@
mH�iBQM #�b2/ QM QTiB+�H "HQ+? 2[m�iBQMb mM/2` H�b2` }2H/b r?Qb2 7`2[m2M+v bi`m+im`2 r�b
`2�HBbiB+�HHv KQ/2H2/X "�b2/ QM i?Bb 2p�Hm�iBQM- r2 ?�p2 /2p2HQT2/ � 7`2[m2M+v@imM�#H2 lo
TmHb2/ H�b2` rBi? i?2 +?�`�+i2`BbiB+b bmBi2/ 7Q` /QTTH2` bT2+i`Qb+QTv Q7 +QH/ SbX q2 rBHH BM@
i`Q/m+2 �M Qp2`pB2r Q7 i?Bb H�b2` �HQM; rBi? i?2 2tT2`BK2Mi�H `2bmHib iQ 2p�Hm�i2 r?2i?2` Qm`
TmHb2/ H�b2` b�iBb}2b i?2 �#Qp2 `2[mB`2K2MibX
(R) aX J�`B�xxB- SX "2iiQiiB- �M/ _X aX "`mb�- S?vbB+�H _2pB2r G2ii2`b Ry9- k9j9yR UkyRyVX

S`2b2Mi2` M�K2, _vQbmF2 lQxmKB

S�;2 RNk



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@jd, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.k83

avKK2i`v@pBQH�iBM; T`QT2`iB2b 7Q` T`2+BbBQM K2�bm`2K2Mib
BM /B�iQKB+ KQH2+mH2b
�mi?Q`b, umHv �M/`2� *?�KQ``Q J2M�Rc �M�bi�bB� "Q`b+?2pbFvk

R lMBp2`bBiv Q7 :`QMBM;2M
k o�M arBM/2`2M AMbiBimi2- lMBp2`bBiv Q7 :`QMBM;2M

>B;?@T`2+BbBQM 2tT2`BK2Mib iQ K2�bm`2 T�`Biv USV- �M/ T�`Biv �M/ iBK2@`2p2`b�H US- hV pB@
QH�iBQM mbBM; T�`�K�;M2iB+ KQH2+mH2b �`2 � T`QKBbBM; `Qmi2 iQ HQQF 7Q` T?vbB+b #2vQM/ i?2
ai�M/�`/ JQ/2H Q7 T�`iB+H2 T?vbB+bX lbBM; +HQb2@HvBM; QTTQbBi2@T�`Biv KQH2+mH�` bi�i2b 2M@
?�M+2b i?2 bvKK2i`v@pBQH�iBM; 2tT2`BK2Mi�H bB;M�HbX h?Bb 2M?�M+2K2Mi Bb Tm`2Hv `2H�iBpBbiB+
�M/ BM+`2�b2b rBi? i?2 �iQKB+ MmK#2` (R)- K�FBM; bvbi2Kb +QMi�BMBM; ?2�pv �iQKb B/2�H 7Q`
bvKK2i`v@pBQH�iBQM 2tT2`BK2MibX h?2 2M?�M+2K2Mi 7�+iQ` +�M MQi #2 K2�bm`2/ b2T�`�i2Hv
�M/ i?2`27Q`2 2H2+i`QMB+ bi`m+im`2 i?2Q`v Bb M22/2/ iQ /2i2`KBM2 Bib p�Hm2X h?Bb rQ`F T`2b2Mib
i?2 KQH2+mH�` 2M?�M+2K2Mi 7Q` i?2 Mm+H2�` bTBM@/2T2M/2Mi S@pBQH�iBM; �M�TQH2 KQK2Mi BM
i?2 /B�iQKB+ KQH2+mH2b +QMi�BMBM; H�Mi?�MmK �M/ Hmi2iBmK ?2�pv �iQKbX q2 2KTHQv i?2 }@
MBi2 }2H/ �TT`Q�+? rBi? i?2 `2H�iBpBbiB+ 9@+QKTQM2Mib +QmTH2/@+Hmbi2` K2i?Q/ BM i?2 .A_�*
T`Q;`�K (k)X AM �//BiBQM- r2 T`2b2Mi i?2 2M?�M+2K2Mib 7�+iQ` 7Q` i?2 S- hĜpBQH�iBM; 2H2+i`QM
2H2+i`B+ /BTQH2 KQK2Mi- i?2 S- hĜpBQH�iBM; 2H2+i`QM@Mm+H2mb BMi2`�+iBQM- �M/ i?2 S- hĜpBQH�i@
BM; Mm+H2�` K�;M2iB+ [m�/`mTQH2 KQK2MiX q2 Tm`bm2 � bvbi2K�iB+ bim/v iQ 2biBK�i2 i?2
2z2+i Q7 p�`BQmb +QKTmi�iBQM�H T�`�K2i2`b- bm+? �b i?2 #�bBb b2i �M/ 2H2+i`QM +Q``2H�iBQM- QM
i?2 +�H+mH�i2/ T`QT2`iB2bX q2 ?�p2 7QmM/ � +QMbBbi2Mi /2T2M/2M+2 Q7 i?2 /Bz2`2Mi bvKK2i`v@
pBQH�iBM; T`QT2`iB2b QM i?2 +QKTmi�iBQM�H T�`�K2i2`b H2�/BM; iQ bBKBH�` mM+2`i�BMiB2bX h?2
T`2+BbBQM Q7 Qm` +�H+mH�iBQMb Bb �TT`QtBK�i2Hv eW �M/ K�F2b i?2 `2TQ`i2/ 2M?�M+2K2Mi 7�+@
iQ`b bmBi�#H2 7Q` 2ti`�+iBM; i?2 `2H2p�Mi 7mM/�K2Mi�H T`QT2`iB2b 7`QK 7mim`2 K2�bm`2K2MibX
(R) "Qm+?B�i JX�X- "Qm+?B�i *X*X CQm`M�H /2 S?vbB[m2 URNd9V- j8- 3NN@NkdX
(k) a�m2 h- "�bi _- :QK2b �a- 2i �HX h?2 CQm`M�H Q7 +?2KB+�H T?vbB+b UkykyV- R8k- ky9Ry9X

S`2b2Mi2` M�K2, umHv �M/`2� *?�KQ``Q J2M�

S�;2 RNj



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@j3, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.k3k

.vM�KB+ +`vQ;2MB+ `�/B�iBQM b?B2H/ 7Q` bm#@10�19 #H�+F#Q/v
`�/B�iBQM b?B7i mM+2`i�BMiv BM QTiB+�H H�iiB+2 +HQ+Fb
�mi?Q`b, uQmbb27 aX >�bb�MRc EvH2 "2HQvkc *?mM@*?B� *?2MRc C�+Q# a2B;2HRc h�MM2` :`Q;�MRc sB�Q;�M;
w?�M;Rc �M/`2r .X Gm/HQrR

R L�iBQM�H AMbiBimi2 Q7 ai�M/�`/b �M/ h2+?MQHQ;vc lMBp2`bBiv Q7 *QHQ`�/Q- "QmH/2`
k L�iBQM�H AMbiBimi2 Q7 ai�M/�`/b �M/ h2+?MQHQ;v

h?2 #H�+F#Q/v `�/B�iBQM U""_V ai�`F b?B7i +m``2MiHv HBKBib i?2 T2`7Q`K�M+2 Q7 K�Mv �iQKB+
7`2[m2M+v bi�M/�`/bX Ai +QMbiBimi2b i?2 H�`;2bi mM+�M+2HH2/ b?B7i �M/ i?2 H2�/BM; mM+2`i�BMiv
BM i?2 KQbi �++m`�i2 QTiB+�H H�iiB+2 +HQ+Fb (R-k)X PM2 �ii2KTi iQ i�+FH2 i?Bb HBKBi�iBQM ?�b
#22M iQ +`2�i2 � r2HH@+?�`�+i2`Bx2/ ""_ 2MpB`QMK2Mi �i `QQK i2KT2`�im`2 (j)X >Qr2p2`-
i?2 mM+2`i�BMiv QM i?2 �iQKB+ TQH�`Bx�#BHBiv K�MB72bi2/ �b � /vM�KB+ +Q``2+iBQM iQ i?2 ""_
b?B7i HBKBib i?Bb bi`�i2;v �i i?2 10

�18 7`�+iBQM�H 7`2[m2M+v H2p2HX �M �Hi2`M�iBp2 �TT`Q�+?
miBHBx2b � +`vQ;2MB+ `�/B�iBQM b?B2H/ iQ `2/m+2 i?2 iQi�H ""_ b?B7i �M/ KQ`2 BKTQ`i�MiHv i?2
�#Qp2@K2MiBQM2/ ""_ /vM�KB+ +Q``2+iBQM mM+2`i�BMiv (9-8)X >Qr2p2`- � HBM;2`BM; +?�HH2M;2 Bb
iQ �+?B2p2 �/2[m�i2 BbQH�iBQM 7`QK i?2 2ti2`M�H 2MpB`QMK2MiX AM i?2b2 �ii2KTib- i?2 H2�FBM;
`QQK i2KT2`�im`2 ""_ HBKBib i?2 b?B7i 2p�Hm�iBQM mM+2`i�BMiv �i i?2 b�K2 10

�18 7`�+iBQM�H
7`2[m2M+v H2p2HX

>2`2 r2 `2TQ`i QM i?2 /2bB;M Q7 � K2+?�MB+�HHv /vM�KB+ +`vQ;2MB+ BM@p�+mmK `�/B�iBQM b?B2H/
i?�i 2M�#H2b +QMi`QHHBM; i?2 ""_ b?B7i mM+2`i�BMiv #2HQr i?2 10

�19 H2p2H BM QTiB+�H H�iiB+2
+HQ+FbX q?BH2 i?2 b?B2H/ �++QKKQ/�i2b �KTH2 T?vbB+�H �M/ QTiB+�H �++2bb /m`BM; �iQKB+ bi�i2
T`2T�`�iBQM- K2+?�MB+�H �+im�iBQM Q7 Bib BMi2`M�H bi`m+im`2 +HQb2b �HH T?vbB+�H �M/ M2�`Hv �HH
QTiB+�H �T2`im`2b /m`BM; bT2+i`Qb+QTvX h?2 K2+?�MB+�H �+im�iBQM 2M+HQb2b i?2 �iQKB+ b�KTH2
7`QK pB`im�HHv �HH i?2 9� bi2`�/B�Mb Q7 bQHB/ �M;H2 rBi? ?B;?Hv 2KBbbBp2 +`vQ;2MB+ bm`7�+2b �M/
#HQ+Fb i?2 �iQKbǶ /B`2+i HBM2 Q7 bB;?i iQ i?2 2ti2`M�H 2MpB`QMK2MiX *QMb2[m2MiHv- b?B7ib /m2
iQ H2�FBM; `QQK i2KT2`�im`2 ""_ �`2 bmTT`2bb2/ #2HQr i?2 10

�18 H2p2HX hQ p2`B7v i?2 ?Q@
KQ;2M2Biv Q7 i?2 +`vQ;2MB+ 2MpB`QMK2Mi- i?2 b?B2H/ �++QKKQ/�i2b i2KT2`�im`2 K2�bm`2K2Mi
�M/ +QMi`QH Q7 �HH i?2 +`vQ;2MB+ bm`7�+2b rBi? /B`2+i@HBM2@Q7@bB;?i iQ i?2 �iQKb iQ #2 rBi?BM
100 KE 7`QK � K2�M i2KT2`�im`2 Q7 75 E Q` HQr2`X h?2 b?B2H/ �HbQ �+ib �b � 6�`�/�v b?B2H/
�M/ 2KTHQvb i?`22 Kmim�HHv Q`i?Q;QM�H 2H2+i`Q/2 T�B`b 7Q` 2p�Hm�iBQM Q7 bi`�v 2H2+i`B+ }2H/b
BM/m+BM; � .* ai�`F b?B7iX h?2 ?B;?Hv mMB7Q`K ""_ 2MpB`QMK2Mi /2HBp2`2/ #v i?2 b?B2H/ �i
+`vQ;2MB+ i2KT2`�im`2b �M/ mT iQ `QQK i2KT2`�im`2 T`QpB/2b � +QMi`QHH2/ TH�i7Q`K 7Q` K�Mv
�JP 2tT2`BK2Mib i?�i BMp2biB;�i2 �M/ b22F iQ 2HBKBM�i2 i?2 T2`im`#�iBp2 ""_ 2MpB`QMK2Mi
QM i?2B` [m�MimK bvbi2KbX
(R) J+:`2r- qX 6X- 2i �HX ǳ�iQKB+ +HQ+F T2`7Q`K�M+2 2M�#HBM; ;2Q/2bv #2HQr i?2 +2MiBK2i`2
H2p2HXǴ L�im`2 8e9Xddj9 UkyR3V, 3d@NyX
(k) "Qi?r2HH- h- 2i �HX ǳCAG� a`A QTiB+�H H�iiB+2 +HQ+F rBi? mM+2`i�BMiv Q7 kƓRy@R3XǴ J2i`QHQ@
;B� 8eXe UkyRNV, ye8yy9X
(j) "2HQv- EX 2i �HX ǳ�iQKB+ +HQ+F rBi? RƓRy@R3 `QQK@i2KT2`�im`2 #H�+F#Q/v ai�`F mM+2`@
i�BMivXǴ S?vbB+�H _2pB2r G2ii2`b RRj- UkyR9VX
(9) lb?BDBK�- AX- 2i �HX ǳ*`vQ;2MB+ QTiB+�H H�iiB+2 +HQ+FbXǴ L�im`2 S?QiQMB+b N- R38ĜR3N UkyR8VX
(8) a+?r�`x- _X ǳ� +`vQ;2MB+ ai`QMiBmK H�iiB+2 +HQ+FXǴ >�MMQp2`, :Qii7`B2/ qBH?2HK G2B#MBx
lMBp2`bBi i- .BbbX- kykk- t- Ree aX

S`2b2Mi2` M�K2, uQmbb27 aX >�bb�M

S�;2 RN9



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@jN, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.kN3

JmQMBmK Ra@ka bT2+i`Qb+QTv rBi? BKT`Qp2/ bi�iBbiB+b
�mi?Q`b, �FB?B`Q EQ/�Rc *2/`B+ w?�M;kc >B/2�FB >�`�jc E�KBQF� avmb2BRc E�ibm?BFQ Ab?B/�9c E�xm?BiQ
amxmFB8c J�B uQibmxmF�8c J�b�b?B Pi�MBRc JBibm?B`Q uQb?B/�Rc L�`BiQb?B E�r�Km`�Rc S�i`B+F ai`�bb2`Rc
a�2B/ E�K�Hec a�iQb?B l2i�F2jc a?BKQKm`� EQB+?B`QRc a?BMbmF2 u�K�KQiQXc aQm am;Bv�K�8c h�B?2B
�/�+?B9c h�F�?BFQ J�bm/�jc hbmiQKm JB#2Rc q�i�`m a�;�jc u�DmM J�Qkc u�K�x�FB h�F�vmFBRc u�@
bm?B`Q JAv�F2Rc u�bmi�F� AK�Bjc uQb?BKm`� EQDBjc um PBb?BXc umFB JBv�KQiQjc umi�F� AF2/QR

R E1E
k S2FBM; lMBp2`bBiv
j PF�v�K� lMBp2`bBiv
9 _AE1L
8 L�;Qv� lMBp2`bBiv
e lMBp2`bBiv Q7 "`BiBb? *QHmK#B�

Pm` Tm`TQb2 Bb T`2+BbBQM K2�bm`2K2Mi Q7 i?2 Ra@ka 2M2`;v BMi2`p�H BM JmQMBmK- r?B+? Bb
�M 2tQiB+ ?v/`Q;2M@HBF2 �iQK +QMbBbiBM; Q7 � TQbBiBp2 KmQM �M/ �M 2H2+i`QMX h?Bb Tm`2Hv
H2TiQMB+ bvbi2K 2M�#H2b � T`2+Bb2 +�H+mH�iBQM Q7 i?2 2M2`;v BMi2`p�H rBi? i?2 ai�M/�`/ JQ/2H
rBi?Qmi �Mv +QM+2`Mb Q7 i?2 mM+2`i�BMiv 7`QK i?2 +?�`;2 `�/Bmb Q7 i?2 Mm+H2mb- mMHBF2 i?2
?v/`Q;2M@�iQKX h?Bb �/p�Mi�;2 KQiBp�i2b mb iQ K2�bm`2 i?2 T`2+Bb2 Ra@ka 2M2`;v BMi2`p�H
BM JmQMBmK rBi? i2+?MQHQ;v Q7 H�b2` bT2+i`Qb+QTv �M/ iQ /2i2`KBM2 i?2 KmQM K�bb rBi?
i?2 ?B;?2bi �++m`�+v Q7 Ry TT#X h?2 BKT`Qp2K2Mi Q7 KmQM K�bb �++m`�+v ?�b �M BKT�+i QM
p2`B}+�iBQM Q7 i?2 ai�M/�`/ JQ/2H- KmQM ;@kf1.J 2tT2`BK2Mi- 7Q` 2t�KTH2X

h?2 2M2`;v BMi2`p�H �++m`�+v ?�b #22M bi�iBbiB+�HHv HBKBi2/ bBM+2 RNNN (R)X >Qr2p2`- KQ`2
TQr2`7mH KmQM #2�K Bb �p�BH�#H2 MQr �i C@S�_* BM C�T�M �M/ r2 �`2 /2p2HQTBM; M2r lo
H�b2` bvbi2KX

q2 rBHH `2TQ`i � `2+2Mi `2bmHi Q7 JmQMBmK Ra@ka 2M2`;v BMi2`p�H K2�bm`2K2Mi �i C@S�_*X
h?2 2p2Mi `�i2 BM Qm` 2tT2`BK2Mi Bb 8y iBK2b ?B;?2` i?�M i?2 T`2pBQmb 2tT2`BK2MiX h?Bb
/`�K�iB+ BKT`Qp2K2Mi ;Bp2b T`QKBbBM; T`QbT2+i 7Q` ?B;?2` �++m`�+v Q7 Ra@ka 2M2`;v BMi2`p�H
�M/ i?2 KmQM K�bb �++m`�+v BM i?2 7mim`2X
(R)oX J2v2` 2i �H- S?vbX _2pX G2ii 39- RRjeUkyyyV

S`2b2Mi2` M�K2, a?BMbmF2 u�K�KQiQ

S�;2 RN8



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@9y, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.jjd

�M QTiB+�H �iQKB+ +HQ+F #�b2/ QM � ?B;?Hv +?�`;2/ BQM
�mi?Q`b, ai2p2M EBM;Rc GmF�b aTB2ĽRc S2i2` JB+F2Rc �H2t�M/2` qBHx2rbFBRc hQ#B�b G2QTQH/Rc 1`BF
"2MFH2`Rc _B+?�`/ G�M;2Rc LBHb >mMi2K�MMRc �M/`2v am`x?vFQpRc oH�/BKB` u2`QF?BMRc CQbû _X *`2bTQ
GƦT2x@l``miB�kc SB2i PX a+?KB/iR

R S?vbBF�HBb+?@h2+?MBb+?2 "mM/2b�Mbi�Hi
k J�t@SH�M+F@AMbiBimi 7Ƀ` E2`MT?vbBF

PTiB+�H �iQKB+ +HQ+Fb �`2 i?2 KQbi T`2+Bb2 �M/ �++m`�i2 K2�bm`2K2Mi /2pB+2b 2p2` +QM@
bi`m+i2/- `2�+?BM; 7`�+iBQM�H bvbi2K�iB+ mM+2`i�BMiB2b #2HQr QM2 T�`i BM 10

18 (R)X h?2B` 2t@
+2TiBQM�H T2`7Q`K�M+2 QT2Mb mT � rB/2 `�M;2 Q7 �TTHB+�iBQMb BM 7mM/�K2Mi�H b+B2M+2 �M/
i2+?MQHQ;vX h?2 2ti`2K2 T`QT2`iB2b Q7 ?B;?Hv +?�`;2/ BQMb U>*AV K�F2 i?2K ?B;?Hv b2MbBiBp2
T`Q#2b 7Q` i2bib Q7 7mM/�K2Mi�H T?vbB+�H i?2Q`B2b (k- j)X 6m`i?2`KQ`2- i?2b2 T`QT2`iB2b K�F2
i?2K bB;MB}+�MiHv H2bb b2MbBiBp2 iQ bQK2 Q7 i?2 H2�/BM; bvbi2K�iB+ T2`im`#�iBQMb i?�i �z2+i
bi�i2@Q7@i?2@�`i QTiB+�H +HQ+Fb- K�FBM; i?2K 2t+BiBM; +�M/B/�i2b 7Q` M2ti@;2M2`�iBQM +HQ+Fb
(9- k)X h?2 i2+?MB+�H +?�HH2M;2b i?�i ?BM/2`2/ i?2 /2p2HQTK2Mi Q7 bm+? +HQ+Fb ?�p2 MQr �HH
#22M Qp2`+QK2- bi�`iBM; rBi? i?2B` 2ti`�+iBQM 7`QK � ?Qi TH�bK� �M/ bvKT�i?2iB+ +QQHBM; BM
� HBM2�` S�mH i`�T (8)- `2�/Qmi Q7 i?2B` BMi2`M�H bi�i2 pB� [m�MimK HQ;B+ bT2+i`Qb+QTv (e)- �M/
}M�HHv i?2 T`2T�`�iBQM Q7 i?2 >*A BM i?2 ;`QmM/ bi�i2 Q7 KQiBQM Q7 i?2 i`�T (d)- r?B+? �HHQrb
H2p2Hb Q7 K2�bm`2K2Mi �++m`�+v iQ #2 `2�+?2/ i?�i r2`2 T`2pBQmbHv HBKBi2/ iQ bBM;Hv@+?�`;2/
�M/ M2mi`�H �iQKbX >2`2- r2 T`2b2Mi i?2 }`bi QT2`�iBQM Q7 �M �iQKB+ +HQ+F #�b2/ QM �M >*A
U�`13+ BM Qm` +�b2V �M/ � 7mHH 2p�Hm�iBQM Q7 bvbi2K�iB+ 7`2[m2M+v b?B7ib (3)X h?2 �+?B2p2/ mM@
+2`i�BMiv Bb �HKQbi 2B;?i Q`/2`b Q7 K�;MBim/2 HQr2` i?�M �Mv T`2pBQmb 7`2[m2M+v K2�bm`2K2Mib
mbBM; >*AX J2�bm`2K2Mib Q7 bQK2 F2v �iQKB+ T�`�K2i2`b +QM}`K i?2 i?2Q`2iB+�H T`2/B+iBQMb
Q7 i?2 7�pQ`�#H2 T`QT2`iB2b Q7 >*Ab 7Q` mb2 BM +HQ+FbX h?2 +QKT�`BbQM iQ i?2 171u#+ 1j
QTiB+�H +HQ+F (N) TH�+2b i?2 7`2[m2M+v Q7 i?Bb i`�MbBiBQM �KQM; i?2 KQbi �++m`�i2Hv K2�bm`2/
Q7 �HH iBK2X 6m`i?2`KQ`2- #v +QKT�`BM; i?2 BbQiQT2 b?B7i #2ir22M 36�`13+ �M/ 40�`13+ iQ
BKT`Qp2/ �iQKB+ bi`m+im`2 +�H+mH�iBQMb- r2 r2`2 �#H2 7Q` i?2 }`bi iBK2 iQ `2bQHp2 i?2 H�`;2Hv
mM2tTHQ`2/ Z1. Mm+H2�` `2+QBH 2z2+ibX 6BM�HHv- T`QbT2+ib 7Q` 8i? 7Q`+2 i2bib #�b2/ QM BbQiQT2
b?B7i bT2+i`Qb+QTv Q7 *�+f*�14+ BbQiQT2b �M/ i?2 ?B;?@b2MbBiBpBiv b2�`+? 7Q` � p�`B�iBQM Q7 i?2
}M2@bi`m+im`2 +QMbi�Mi mbBM; >*A rBHH #2 T`2b2Mi2/X h?Bb /2KQMbi`�i2b i?2 bmBi�#BHBiv Q7 >*A
�b `272`2M+2b 7Q` ?B;?@�++m`�+v QTiB+�H +HQ+Fb �M/ iQ T`Q#2 7Q` T?vbB+b #2vQM/ i?2 bi�M/�`/
KQ/2HX
_272`2M+2b
(R) "`2r2`- aX JX 2i �HX- S?vbX _2pX G2iiX Rkj- yjjkyR UkyRNVX
(k) EQxHQp- JX :X 2i �HX- _2pX JQ/X S?vbX Ny- y98yy8 UkyR3VX
(j) a�7`QMQp�- JX aX 2i �HX- _2pX JQ/X S?vbX Ny- yk8yy3 UkyR3VX
(9) a+?BHH2`- aX- S?vbX _2pX G2iiX N3- R3y3yR UkyydVX
(8) a+?Kƺ;2`- GX 2i �HX- a+B2M+2 j9d- RkjjĜRkje UkyR8VX
(e) JB+F2- SX 2i �HX- L�im`2 8d3- eyĜe8 UkykyVX
(d) EBM;- aX �X 2i �HX- S?vbX _2pX s RR- y9Ry9N UkykRVX
(3) EBM;- aX �X 2i �HX- ?iiT,ff�`tBpXQ`;f�#bfkky8XRjy8jX
(N) G�M;2- _X 2i �HX- S?vbX _2pX G2iiX Rke- yRRRyk UkykRVX

S`2b2Mi2` M�K2, SB2i PX a+?KB/i

S�;2 RNe



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@9R, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.j9N

1tT2`BK2Mi �M/ i?2Q`v 7Q` � ?2HBmK imM2@Qmi 7`2[m2M+v, �M
BM/2T2M/2Mi i2bi Q7 [m�MimK 2H2+i`Q/vM�KB+b
�mi?Q`b, :Q`/QM .`�F2Rc "`v+2 >2MbQMkc C�+Q# _Qbbkc EB2`�M h?QK�bkc .�pB/ a?BMkc a2�M >Q/;K�Mkc
uQM;@>mB w?�M;jc GB@u�M h�M;jc ��`QM "QM/vRc �M/`2r h`mb+Qiikc *�`HQb Em?Mkc E2MM2i? "�H/rBMk

R lMBp2`bBiv Q7 qBM/bQ`
k �mbi`�HB�M L�iBQM�H lMBp2`bBiv
j qm?�M AMbiBimi2 Q7 S?vbB+b �M/ J�i?2K�iB+b

Zm�MimK 2H2+i`Q/vM�KB+b UZ1.V Bb QM2 Q7 i?2 KQbi bi`BM;2MiHv i2bi2/ i?2Q`B2b mM/2`TBMMBM;
KQ/2`M T?vbB+bX L2p2`i?2H2bb- `2+2Mi T`2+BbBQM �iQKB+ bT2+i`Qb+QTv K2�bm`2K2Mib ?�p2 mM@
+Qp2`2/ b2p2`�H bK�HH /Bb+`2T�M+B2b #2ir22M 2tT2`BK2Mi �M/ i?2Q`vX PM2 T�`iB+mH�`Hv TQr2`7mH
2tT2`BK2Mi�H Q#b2`p�#H2 i?�i i2bib Z1. BM/2T2M/2MiHv Q7 i`�/BiBQM�H 2M2`;v H2p2H K2�bm`2@
K2Mib Bb i?2 imM2@Qmi 7`2[m2M+v- r?2`2 i?2 /vM�KB+ TQH�`Bx�#BHBiv p�MBb?2b �M/ i?2 �iQK /Q2b
MQi BMi2`�+i rBi? �TTHB2/ H�b2` HB;?iX AM Qm` rQ`F- r2 K2�bm`2 i?2 imM2@Qmi 7`2[m2M+v 7Q`
i?2 2

3S1 bi�i2 Q7 ?2HBmK #2ir22M i`�MbBiBQMb iQ i?2 2
3PJ �M/ 3

3PJ K�MB7QH/b �M/ +QK@
T�`2 Bi rBi? M2r i?2Q`2iB+�H Z1. +�H+mH�iBQMb (R)X h?2 2tT2`BK2Mi�HHv /2i2`KBM2/ p�Hm2 Q7
dk8-dje-dyyUkeyV J>x /Bz2`b 7`QK i?2Q`v (dk8-dje-k8kUNV J>x) #v RXd iBK2b i?2 K2�bm`2@
K2Mi mM+2`i�BMiv �M/ `2bQHp2b #Qi? i?2 Z1. +QMi`B#miBQMb �M/ `2i�`/�iBQM +Q``2+iBQMbX h?2
mM/2`HvBM; i?2Q`v Bb 7Q`KmH�i2/ KQ`2 ;2M2`�HHv �b � x2`Q BM i?2 7Q`r�`/ _�vH2B;? b+�ii2`@
BM; +`Qbb b2+iBQM- `�i?2` i?�M � x2`Q BM i?2 /vM�KB+ TQH�`Bx�#BHBivX _2H�iBpBbiB+- Z1.- �M/
`2i�`/�iBQM +Q``2+iBQMb �`2 BM+Hm/2/ BM � MQM`2H�iBpBbiB+ Z1. UM`@Z1.V �TT`Q�+?X
(R) "X JX >2MbQM 2i �HX- a+B2M+2 jde- RNN UkykkVX

S`2b2Mi2` M�K2, :Q`/QM .`�F2

S�;2 RNd



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@9k, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.jey

S`Q;`2bb iQr�`/b T`2+BbBQM K2�bm`2K2Mib BM i`�TT2/ TQHv@
�iQKB+ KQH2+mH2b
�mi?Q`b, �b?�v S�i2HRc S?2H�M umRc uB w2M;Rc �`B�M C�/#�#�B2Rc LB+FQH�b SBH;`�KRc *?�M/H2` *QMMRc
umBFB h�F�?�b?BRc *?B w?�M;Rc hBKQi?v ai2BKH2kc LB+?QH�b >mixH2`Rc hBKm` hb+?2`#mHjc a2i? hX
_Bii2M?Qmb29c >Qbb2BM a�/2;?TQm`8

R *�Hi2+?
k �`BxQM� ai�i2 lMBp2`bBiv
j lMBp2`bBiv Q7 L2p�/�- _2MQ
9 lMBi2/ ai�i2b L�p�H �+�/2Kv
8 >�`p�`/ lMBp2`bBiv

h?2 ai�M/�`/ JQ/2H �b r2 FMQr +QMi�BMb BMbm{+B2Mi bQm`+2b Q7 +?�`;2 T�`Biv U*SV pBQH�iBQM
iQ 2tTH�BM i?2 Q#b2`p2/ #�`vQM �bvKK2i`v Q7 i?2 mMBp2`b2 U"�lVX >2�pv TQH�` KQH2+mH2b �`2
� b2MbBiBp2- i�#H2iQT TH�i7Q`K 7Q` T`2+BbBQM b2�`+?2b Q7 *S@pBQH�iBM; 2H2+i`QK�;M2iB+ KQK2Mib
Q`B;BM�iBM; 7`QK "2vQM/ i?2 ai�M/�`/ JQ/2H U"aJV T?vbB+bX h?2 TQHv�iQKB+ KQH2+mH2 u#P>
Bb � T`QKBbBM; TH�i7Q`K iQ K2�bm`2 i?2 2H2+i`QM 2H2+i`B+ /BTQH2 KQK2Mi U21.JVc i?2 2H2+i`QM
HQ+�HBx2/ �`QmM/ i?2 u# Mm+H2mb T`QpB/2b i?2 �#BHBiv iQ H�b2` +QQH �M/ i`�T i?2 KQH2+mH2-
r?BH2 i?2 pB#`�iBQM�H #2M/BM; KQ/2 T`QpB/2b +HQb2Hv bT�+2/ T�`Biv /Qm#H2ib i?�i �HHQr 7Q`
bvbi2K�iB+ 2``Q` `2D2+iBQM �M/ 7mHH �HB;MK2Mi Q7 i?2 KQH2+mH2 BM KQ/2bi H�# 2H2+i`B+ }2H/bX
S`2`2[mBbBi2b 7Q` i`�TTBM; u#P> KQH2+mH2b BM+Hm/2 /2p2HQTBM; �M 2{+B2Mi KQH2+mH�` bHQrBM;
b+?2K2- B/2MiB7vBM; pB#`�iBQM�H `2TmKT i`�MbBiBQMb- �M/ bT2+i`Qb+QTv QM i?2 2t+Bi2/ bi�i2bX
>2`2 r2 `2TQ`i QM Qm` T`Q;`2bb /2p2HQTBM; � +QKT�+i T2`K�M2Mi K�;M2i w22K�M@aBbvT?mb
bHQr2`X q2 �HbQ `2TQ`i ?B;?@`2bQHmiBQM 7`2[m2M+v KQ/mH�i2/ U6JV �#bQ`TiBQM bT2+i`Qb+QTv
Q7 i?2 UjyyV bi`2i+?BM; pB#`�iBQM BM i?2 2H2+i`QMB+ ;`QmM/ bi�i2 Q7 u#P>- �M/ T`Q;`2bb QM
2t+Bi2/ bi�i2 bT2+i`Qb+QTvX
q2 �+FMQrH2/;2 bmTTQ`i 7`QK LAah- La6- i?2 >2BbBM;@aBKQMb 6QmM/�iBQM- i?2 :Q`/QM �M/
"2iiv JQQ`2 6QmM/�iBQM- �M/ i?2 �H7`2/ SX aHQ�M 6QmM/�iBQMX uXhX �+FMQrH2/;2b bmT@
TQ`i 7`QK i?2 J�b�bQM 6QmM/�iBQMX SXuX �+FMQrH2/;2b bmTTQ`i 7`QK i?2 1//H2K�M 62H@
HQrb?BTX

S`2b2Mi2` M�K2, �b?�v S�i2H

S�;2 RN3



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@9j, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.jdR

1.J3, hQr�`/b � K2�bm`2K2Mi Q7 i?2 2H2+i`QM 2H2+i`B+
/BTQH2 KQK2Mi mbBM; "�6 KQH2+mH2b 2K#2//2/ BM � bQHB/
�` K�i`Bt
�mi?Q`b, wX *Q``Bp2�mRc .X >2BM`B+?Rc CX S2`2x :�`+B�Rc >X@JX u�mRc LX J+*�HHRc :X EX EQv�M�;BRc
JX*X :2Q`;2Rc *X>X aiQ``vRc _XGX G�K#QRc �X J�`bK�MRc JX >Q`#�ib+?Rc _X 6Qm`MB2`Rc CXhX aBM;?kc
�X*X omi?�jc 1X�X >2bb2HbR

R uQ`F lMBp2`bBiv
k JB+?B;�M ai�i2 lMBp2`bBiv
j lMBp2`bBiv Q7 hQ`QMiQ

AKT`Qp2/ K2�bm`2K2Mib Q7 i?2 2H2+i`QM 2H2+i`B+ /BTQH2 KQK2Mi U21.JV rBHH bi`QM;Hv +QM@
bi`�BM i?2 T�`�K2i2` bT�+2 Q7 M2r T?vbB+b i?2Q`B2bX Pp2` i?2 H�bi /2+�/2- TQH�` KQH2+mH2b
?�p2 #2+QK2 2bi�#HBb?2/ �b i?2 KQbi T`QKBbBM; bvbi2Kb 7Q` 21.J b2�`+?2b- /m2 iQ i?2 H�`;2
BMi2`M�H 2H2+i`B+ }2H/b 2tT2`B2M+2/ #v �M 21.J BM i?2b2 KQH2+mH2bX h?2 b2MbBiBpBiv Q7 21.J
b2�`+?2b Bb /2i2`KBM2/ #v i?2 +Q?2`2M+2 iBK2 �p�BH�#H2 7Q` K2�bm`BM; 21.J@BM/m+2/ 2H2+i`QM
bTBM T`2+2bbBQM- �b r2HH �b #v i?2 iQi�H MmK#2` Q7 KQH2+mH2b �p�BH�#H2 Qp2` i?2 +Qm`b2 Q7 � K2�@
bm`2K2MiX q2 T`2b2Mi Qm` T`Q;`2bb BM BKTH2K2MiBM; � K2�bm`2K2Mi b+?2K2 (R) i?�i rBHH mb2
� H�`;2 MmK#2` Q7 #�`BmK@KQMQ~mQ`B/2 KQH2+mH2b 2K#2//2/ BMiQ � bQHB/ �`;QM K�i`BtX h?2
H�`;2 MmK#2` Q7 "�6 7Q` K�i`Bt@BbQH�i2/ "�6 KQH2+mH2b Bb 2tT2+i2/ iQ H2�/ iQ 2t+2HH2Mi bi�iBb@
iB+�H T`2+BbBQM- �M/ i?2 K2i?Q/ Qz2`b �M �``�v Q7 `2p2`b�Hb �M/ +QMi`QHb 7Q` +H2�MHv bmTT`2bbBM;
bvbi2K�iB+ 2z2+ib iQ � H2p2H +QKK2Mbm`�i2 rBi? i?2 BKT`Qp2/ bi�iBbiB+�H T`2+BbBQMX
(R) �X *X omi?�- JX >Q`#�ib+? �M/ 1X �X >2bb2Hb- S?vbX _2pX � N3- yjk8Rj UkyR3VX

S`2b2Mi2` M�K2, w�+?�`v *Q``Bp2�m

S�;2 RNN



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@99, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.j3d

1tT2`BK2Mi�H mT;`�/2b 7Q` BKT`QpBM; bi�iBbiB+�H �M/ bvb@
i2K�iB+ mM+2`i�BMiB2b BM �*J1 AAA
�mi?Q`b, w?2M >�MRc S2B`�M >mX

*Q@�mi?Q`b, .�MB2H �M; kc .�pB/ .2JBHH2 jc *QHHBM .Bp2` 9c CQ?M .QvH2 kc :2`�H/ :�#`B2Hb2 9c �v�KB
>B`�KQiQ 8c LB+F >mixH2` ec .�MB2H G�b+�` 9c w�+F G�bM2` kc aBvm�M GBm 9c h�F�?BFQ J�bm/� 8c *QH2
J2Bb2M?2H/2` kc CQ?M JBi+?2HH 9c *`BbiB�M S�M/� dc LQ#Q`m a�b�Q 8c a�iQb?B l2i�F2 8c J�v� q�iib 9c
sBM; qm 3c EQDB uQb?BKm`� 8

R lMBp2`bBiv Q7 *?B+�;Q
k >�`p�`/ lMBp2`bBiv
j lMBp2`bBiv Q7 *?B+�;Q � �`;QMM2 L�iBQM�H G�#Q`�iQ`v
9 LQ`i?r2bi2`M lMBp2`bBiv
8 PF�v�K� lMBp2`bBiv
e *�HB7Q`MB� AMbiBimi2 Q7 h2+?MQHQ;v
d lMBp2`bBiv Q7 *�HB7Q`MB�- "2`F2H2v
3 lMBp2`bBiv Q7 *?B+�;Q � >�`p�`/ lMBp2`bBiv

h?2 K2�bm`2K2Mi Q7 i?2 2H2+i`QM 2H2+i`B+ /BTQH2 KQK2Mi U21.JV- de- Bb � TQr2`7mH T`Q#2
Q7 T?vbB+b #2vQM/ i?2 ai�M/�`/ JQ/2HX h?2 +m``2Mi KQbi bi`BM;2Mi HBKBi Q7 |de| < 1.1 ⇥
10

�29 2 · +K r�b `2TQ`i2/ #v i?2 �*J1 AA 2tT2`BK2Mi UL�im`2- 8ekUkyR3V- j88VX �*J1
AAA �BKb iQ BKT`Qp2 i?Bb 2tT2`BK2Mi�H HBKBi #v �M Q`/2` Q7 K�;MBim/2X S`Q;`2bb ?�b #22M
K�/2 BM BKT`QpBM; i?2 bi�iBbiB+�H b2MbBiBpBivX �M 2H2+i`Qbi�iB+ H2Mb i?�i +�M BM+`2�b2 i?2 ~mt
Q7 � h?P KQH2+mH�` #2�K ?�b #22M #mBHi �M/ i2bi2/X q2 �`2 �HbQ mT;`�/BM; Qm` ~mQ`2b+2M+2
/2i2+iQ`b iQ bBHB+QM T?QiQKmHiBTHB2`b 7Q` ?B;?2` [m�MimK 2{+B2M+vX �M mT;`�/2/ +`vQ;2MB+
#mz2` ;�b #2�K U*":"V bQm`+2 72�im`BM; b?Q`i2` +QQH@/QrM iBK2 �M/ BM@bBim i�`;2i +?�M;BM;
7mM+iBQM Bb #mBHi 7Q` BM+`2�bBM; i?2 /miv +v+H2 Q7 i?2 2tT2`BK2MiX :mB/2/ #v Qm` `2+2Mi >
3
�1 HB72iBK2 K2�bm`2K2Mi- � HQM;2` BMi2`�+iBQM `2;BQM Bb +QMbi`m+i2/X q2 �HbQ K�/2 T`Q;`2bb
iQr�`/ `2/m+BM; bvbi2K�iB+ 2``Q`b �M/ i?2B` mM+2`i�BMivX PM2 bB;MB}+�Mi bQm`+2 Q7 bvbi2K�iB+
2``Q` +QK2b 7`QK #B`27`BM;2M+2 ;`�/B2Mib BM i?2 H�b2` QTiB+bX q2 �`2 BKTH2K2MiBM; � KQ/B}2/
K2�bm`2K2Mi b+?2K2 iQ `2/m+2 i?Bb bvbi2K�iB+ 2``Q` �M/ i�FBM; b2p2`�H M2r K2�bm`2b iQ
`2/m+2 #B`27`BM;2M+2 ;`�/B2MibX G�bi- r2 �`2 #mBH/BM; �M/ i2biBM; �M mT;`�/2/ K�;M2iB+
b?B2H/BM; �M/ }2H/ +QMi`QH bvbi2KX

_2H�i2/ Tm#HB+�iBQMb,
?iiTb,ff�`tBpXQ`;fT/7fkky9Xy8NyeXT/7-
?iiTb,ff�`tBpXQ`;fT/7fkky9Xy8Ny9XT/7-
?iiTb,ffQT;XQTiB+�XQ`;fQ2f7mHHi2tiX+7K\m`B4Q2@kN@RR@ReNR9�B/498RRkN
 h?Bb rQ`F r�b bmTTQ`i2/ #v i?2 L�iBQM�H a+B2M+2 6QmM/�iBQM- i?2 :Q`/QM �M/ "2iiv JQQ`2
6QmM/�iBQM- i?2 �H7`2/ SX aHQ�M 6QmM/�iBQM- CaSa E�F2M?B- �M/ PF�v�K� lMBp2`bBiv _1*@
hP_ T`Q;`�KX

S`2b2Mi2` M�K2, w?2M >�M

S�;2 kyy



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@jk, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.9R

Zm�MimK b2MbQ` M2irQ`Fb �b 2tQiB+ }2H/ i2H2b+QT2b 7Q` KmH@
iBK2bb2M;2` �bi`QMQKv
�mi?Q`b, *QMM2` .�BH2vRc *QHBM "`�/H2vRc .2`2F C�+FbQM EBK#�HHkc A#`�?BK amH�Bjc axvKQM Smbi2HMv9c
�`M2 qB+F2M#`Q+F8c �M/`2B .2`2pB�MFQR

R lMBp2`bBiv Q7 L2p�/�- _2MQ- la�
k *�HB7Q`MB� ai�i2 lMBp2`bBiv @ 1�bi "�v- >�vr�`/- la�
j "m+FM2HH lMBp2`bBiv- G2rBb#m`;- S2MMbvHp�MB�- la�
9 AMbiBimi2 Q7 S?vbB+b- C�;B2HHQMB�M lMBp2`bBiv BM E`�FQr- SQH�M/
8 >2HK?QHix AMbiBimi2 J�BMx- CQ?�MM2b :mi2M#2`; lMBp2`bBiv- :2`K�Mv

JmHiBK2bb2M;2` �bi`QMQKv- i?2 +QQ`/BM�i2/ Q#b2`p�iBQM Q7 /Bz2`2Mi +H�bb2b Q7 bB;M�Hb Q`B;BM�i@
BM; 7`QK i?2 b�K2 �bi`QT?vbB+�H 2p2Mi- T`QpB/2b � r2�Hi? Q7 BM7Q`K�iBQM �#Qmi �bi`QT?vbB+�H
T`Q+2bb2bX aQ 7�`- KmHiBK2bb2M;2` �bi`QMQKv ?�b +Q``2H�i2/ bB;M�Hb 7`QK FMQrM 7mM/�K2Mi�H
7Q`+2b �M/ bi�M/�`/ KQ/2H T�`iB+H2b HBF2 2H2+i`QK�;M2iB+ `�/B�iBQM- M2mi`BMQb �M/ ;`�pBi�@
iBQM�H r�p2b U:qVX J�Mv Q7 i?2 QT2M [m2biBQMb Q7 KQ/2`M T?vbB+b bm;;2bi i?2 2tBbi2M+2
Q7 2tQiB+ }2H/b rBi? HB;?i [m�Mi� UK�bb2b ⌧ 1 eV/c2VX Zm�MimK b2MbQ` M2irQ`Fb +QmH/ #2
mb2/ iQ b2�`+? 7Q` �bi`QT?vbB+�H bB;M�Hb T`2/B+i2/ #v #2vQM/@bi�M/�`/@KQ/2H i?2Q`B2b r?B+?
�//`2bb i?2b2 [m2biBQMbX >2`2- r2 b?Qr i?�i M2irQ`Fb Q7 T`2+BbBQM [m�MimK b2MbQ`b i?�i #v
/2bB;M �`2 b?B2H/2/ 7`QK Q` �`2 BMb2MbBiBp2 iQ +QMp2MiBQM�H bi�M/�`/@KQ/2H T?vbB+b bB;M�Hb +�M
#2 � TQr2`7mH iQQH 7Q` KmHiBK2bb2M;2` �bi`QMQKvX q2 +QMbB/2` i?2 +�b2 r?2`2 ?B;?@2M2`;v
�bi`QT?vbB+�H 2p2Mib T`Q/m+2 BMi2Mb2 #m`bib Q7 2tQiB+ HQr@K�bb }2H/b U1G6bV- �M/ r2 T`QTQb2
� MQp2H KQ/2H 7Q` i?2 TQi2MiB�H /2i2+iBQM Q7 �M 1G6 bB;M�H #�b2/ QM ;2M2`�H �bbmKTiBQMbX q2
2biBK�i2 1G6 bB;M�H �KTHBim/2b- /2H�vb- `�i2b- �M/ /Bbi�M+2b Q7 :q bQm`+2b iQ r?B+? ;HQ#�H
M2irQ`Fb Q7 �iQKB+ K�;M2iQK2i2`b �M/ �iQKB+ +HQ+Fb +QmH/ #2 b2MbBiBp2X q2 }M/ i?�i bm+?
T`2+BbBQM [m�MimK b2MbQ` M2irQ`Fb +�M 7mM+iBQM �b 1G6 i2H2b+QT2b iQ /2i2+i bB;M�Hb 7`QK
bQm`+2b ;2M2`�iBM; 1G6 #m`bib Q7 bm{+B2Mi BMi2MbBivX
.2i�BHb BM L�im`2 �bi`QMQKv 8- R8y UkykRV

S`2b2Mi2` M�K2, �M/`2B .2`2pB�MFQ

S�;2 kyR



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@jj, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.38

�iKQbT?2`B+ +?�MM2H K2�bm`2K2Mib 7Q` HQM;@`�M;2 QTiB+�H
iBK2 i`�Mb72` �M/ [m�MimK bi�i2 /Bbb2KBM�iBQM
�mi?Q`b, "2MD�KBM aim?HRc qBHHB�K ar�MMkc J�`i?� "Q/BM2kc >QHHv G2QT�`/BRc hvH2` q`B;?ijc C2�M@
.�MB2H .2b+?āM2b9c 1KBHv >�MM�?8c L�i?�M L2r#m`vkc G�m`� aBM+H�B`k

R aT�+2 .vM�KB+b G�#Q`�iQ`v
k LAah
j �B` 6Q`+2 _2b2�`+? G�#Q`�iQ`v
9 P+iQaB;
8 lMBp2`bBiv Q7 *QHQ`�/Q "QmH/2`

6`22@bT�+2 QTiB+�H iBK2 i`�Mb72` Bb � F2v 2M�#HBM; i2+?MQHQ;v 7Q` BMi2`+QMiBM2Mi�H +QKT�`BbQMb
Q7 QTiB+�H �iQKB+ +HQ+F iBK2 b+�H2b �M/ i?2 2p2Mim�H `2/2}MBiBQM Q7 i?2 aA b2+QM/X >Qr2p2`- 7mHH
`2�HBx�iBQM Q7 i?2B` TQi2MiB�H 7Q` 72KiQb2+QM/@H2p2H BMi2`+QKT�`BbQMb `2[mB`2b ;`QmM/@iQ@bT�+2
U�M/ TQbbB#Hv bT�+2@iQ@bT�+2V HBMF QT2`�iBQMX q2 T`2b2Mi � b2`B2b Q7 HQM;@`�M;2 �iKQbT?2`B+
+?�MM2H +?�`�+i2`Bx�iBQMb �M/ iBK2 i`�Mb72` /2KQMbi`�iBQMb- i?`Qm;? � p�`B2iv Q7 �iKQbT?2`B+
im`#mH2M+2 +QM/BiBQMbX AM �//BiBQM iQ iBK2 i`�Mb72`- Qm` +?�MM2H K2�bm`2K2Mib �`2 �HbQ `2H@
2p�Mi 7Q` HQM;@`�M;2 [m�MimK +QKKmMB+�iBQMb- BM+Hm/BM; bT�+2@iQ@;`QmM/ [m�MimK `2bQm`+2
/Bbb2KBM�iBQMX

S`2b2Mi2` M�K2, "2MD�KBM aim?H

S�;2 kyk



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@j9, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.Ryd

S`Q;`2bb QM i?2 *2Lh_1s hH6 a+?Bz KQK2Mi b2�`+?
�mi?Q`b, PHBpB2` :`�b/BDFRc .�pB/ .2JBHH2kc C�FQ# E�bi2HB+jc .�pB/ E�r�HH9c ai2p2 G�KQ`2�mtjc
PbF�`B hBK;`2Mjc CB�M?mB GB8c h`Bbi�M qBMB+F9c u�M?�M; u�M;ec h�Mv� w2H2pBMbFv8

R �`;QMM2 L�iBQM�H G�#Q`�iQ`v
k lMBp2`bBiv Q7 *?B+�;Q � �`;QMM2 L�iBQM�H G�#Q`�iQ`v
j u�H2 lMBp2`bBiv
9 lMBp2`bBiv Q7 J�bb�+?mb2iib- �K?2`bi
8 *QHmK#B� lMBp2`bBiv
e lMBp2`bBiv Q7 *?B+�;Q

h?2 h?2 �BK Q7 *2Lh_1s U*QH/ KQH2+mH2 Lm+H2�` hBK2@_2p2`b�H 1tT2`BK2MiV Bb iQ b2�`+?
7Q` i?2 T`QiQMǶb 2H2+i`B+ /BTQH2 KQK2Mi #v K2�bm`BM; i?2 a+?Bz KQK2Mi Bi BM/m+2b BM i?2 205hH
Mm+H2mbX q2 mb2 i?2 �KTHB}2/ 2M2`;v b?B7i 7`QK i?2 a+?Bz KQK2Mi i?�i Bb T`2b2Mi BM i?2 TQH�`
KQH2+mH2 i?�HHBmK ~mQ`B/2 UhH6VX hQ K�tBKBx2 i?2 TQTmH�iBQM Q7 i?2 b+B2M+2 bi�i2- r2 2KTHQv
`Qi�iBQM�H +QQHBM; QM i?2 +QH/ hH6 #2�K- r?B+? TmKTb HQr2bi 72r `Qi�iBQM�H bi�i2b BMiQ �
bBM;H2 C4y ?vT2`}M2 H2p2H Q7 i?2 1ȟ+ 2H2+i`QMB+ ;`QmM/ bi�i2X 1H2+i`Qbi�iB+ 7Q+mbBM; rBi? �
[m�/`mTQH2 H2Mb rBHH #2 mb2/ iQ 2{+B2MiHv /B`2+i KQH2+mH2b iQ � /QrMbi`2�K /2i2+iBQM `2;BQMc
i?Bb `2[mB`2b � r2�F@}2H/ b22FBM; bi�i2X h?Bb Bb �+?B2p2/ #v �/B�#�iB+ bi�i2 i`�Mb72` 7`QK C4y
iQ C4k rBi? KB+`Qr�p2bX 6BM�HHv- i?2 a+?Bz KQK2Mi K2�bm`2K2Mi `2[mB`2b +�`27mH MmHHBM;
Q7 K�;M2iB+ }2H/b BM i?2 BMi2`�+iBQM `2;BQMX *?�`�+i2`Bx�iBQM Q7 � M2r K�;M2iB+ b?B2H/BM;
bvbi2K Bb QM;QBM;X
 h?Bb rQ`F Bb 7mM/2/ #v i?2 >2BbBM;@aBKQMb 6QmM/�iBQM- La6 �M/ i?2 lXaX .P1- P{+2 Q7
a+B2M+2- P{+2 Q7 Lm+H2�` S?vbB+b- mM/2` +QMi`�+i .1@�*yk@ye*>RRj8dX

S`2b2Mi2` M�K2, PHBpB2` :`�b/BDF

S�;2 kyj



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@j8, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.R9y

avbi2K�iB+ 2z2+ib BM 21.J b2�`+?2b rBi? "�6
�mi?Q`b, �H2t�M/2` "Q2b+?Qi2MRc >2M/`B+F GX "2i?H2Kkc �M�bi�bB� "Q`b+?2pbFvjc ai2p2M >Q2Fbi`�jc
CQQbi qX6X p�M >Q7bHQijc EH�mb CmM;K�MMjc oB`;BMB� J�`b?�HHjc h?QK�b "X J2BDFM2+?ijc J��`i2M *X
JQQBDkc _Q# :X1X hBKK2`K�Mbjc �MMQ hQmr2Mjc qBK l#�+?bkc GQ`2Mx qBHHK�MMj

R o�M arBM/2`2M AMbiBimi2
k G�b2`G�#- ol- �Kbi2`/�K
j o�M arBM/2`2M AMbiBimi2- lMBp2`bBiv Q7 :`QMBM;2M

� T`QKBbBM; r�v iQ 2tTHQ`2 T?vbB+b #2vQM/ i?2 ai�M/�`/ JQ/2H Q7 T�`iB+H2 T?vbB+b Bb /QBM;
?B;?@T`2+BbBQM K2�bm`2K2Mib QM KQH2+mH2bX PM2 bm+? K2�bm`2K2Mi Bb i?2 b2�`+? 7Q` i?2 S-h@
pBQH�iBM; 2H2+i`B+ /BTQH2 KQK2Mi Q7 i?2 2H2+i`QM U21.JVX AM /B�iQKB+ KQH2+mH2b rBi? QM2
?2�pv �iQK- i?2 2z2+i Q7 i?2 21.J Bb 2tT2+i2/ iQ #2 bi`QM;Hv 2M?�M+2/- #2+�mb2 Q7 bK�HH
`Qi�iBQM�H bTHBiiBM;b �M/ �M 2M?�M+2/ 2H2+i`QM /2MbBiv M2�` � ?B;?Hv +?�`;2/ Mm+H2mb- rBi?
+m``2MiHv i?2 #2bi HBKBi Q7 de < 1.110�29 2 +K K2�bm`2/ BM h?P (R)X AM i?2 LG@21.J
+QHH�#Q`�iBQM- i?2 21.J BM/m+2/ +QMi`B#miBQM iQ i?2 ;`QmM/ bi�i2 Q7 "�6 Bb BMp2biB;�i2/
(k)X h?2 21.J K�MB72bib Bib2H7 �b �M 2ti`� bTHBiiBM; #2ir22M i?2 K�;M2iB+ bm#bi�i2b /m2 iQ
i?2 2H2+i`B+ }2H/- BM �//BiBQM iQ i?2 w22K�M 2z2+i BM K�;M2iB+ }2H/bX hQ K2�bm`2 i?2 2z2+i
Q7 � TQbbB#H2 21.J- � bTBM T`2+2bbBQM 2tT2`BK2Mi Bb b2i mT BM r2HH@+QMi`QHH2/ 2H2+i`B+ �M/
K�;M2iB+ }2H/bX q2 mb2 � irQ@T?QiQM i`�MbBiBQM iQ +`2�i2 � bmT2`TQbBiBQM Q7 irQ ?vT2`}M2
bm#bi�i2bX AM i?2 K�;M2iB+ �M/ 2H2+i`B+ }2H/- � T?�b2 /Bz2`2M+2 #2ir22M i?2 irQ ?vT2`}M2
bi�i2b Bb �++mKmH�i2/- r?B+? ?�b �M 2ti`� +QMi`B#miBQM /m2 iQ i?2 2H2+i`B+ }2H/ B7 i?2 21.J
2tBbibX h?2 +QMi`B#miBQMb iQ i?Bb T?�b2 7`QK FMQrM@T?vbB+b- BM T�`iB+mH�` 7`QK i?2 K�;M2iB+
KQK2Mi- `2[mB`2 mM/2`bi�M/BM; Q7 i?2 KQH2+mH�` bi`m+im`2X h?2 /2`Bp2/ p�Hm2 7Q` i?2 21.J
Bb HBKBi2/ #v bi�iBbiB+b �M/ i?2 mM/2`bi�M/BM; Q7 bvbi2K�iB+ 2z2+ibX

hQ BM+`2�b2 i?2 bi�iBbiB+�H b2MbBiBpBiv- �M BMi2Mb2 bQm`+2 Q7 mHi`�+QH/ "�6 KQH2+mH2b rBHH #2
mb2/- T`Q/m+2/ BM � +`vQ;2MB+ bQm`+2X h?2 KQH2+mH2b rBHH #2 i`�Mbp2`b2Hv H�b2` +QQH2/ �M/
/2+2H2`�i2/ rBi? � ai�`F /2+2H2`�iQ` (j)X

hQ ?�p2 +QMi`QH Qp2` i?2 bvbi2K�iB+b- Bi Bb +`m+B�H iQ mM/2`bi�M/ ?Qr i?2 21.J bB;M�H /2T2M/b
QM i?2 2tT2`BK2Mi�H T�`�K2i2`b- bm+? �b i?2 K�;M2iB+ }2H/ �M/ H�b2` BMi2MbBiB2bX 6Q` i?Bb r2
/2p2HQT2/ � /2b+`BTiBQM Q7 i?2 /vM�KB+b Q7 Qm` bTBM@T`2+2bbBQM 2tT2`BK2Mi- #�b2/ QM i?2
PTiB+�H "HQ+? 1[m�iBQMbX qBi? i?Bb iQQH r2 +�M +�H+mH�i2 iQ r?B+? T`2+BbBQM r2 M22/ iQ
+QMi`QH �M/ K2�bm`2 i?2 2tT2`BK2Mi�H T�`�K2i2`b /m`BM; i?2 2tT2`BK2MiX
(R) �*J1 *QHH�#Q`�iBQMX AKT`Qp2/ HBKBi QM i?2 2H2+i`B+ /BTQH2 KQK2Mi Q7 i?2 2H2+i`QM- L�@
im`2 8ek- j88Ĝjey UkyR3VX
(k) h?2 LG@21.J +QHH�#Q`�iBQMX- �;;�`r�H- SX- "2i?H2K- >XGX 2i �HX J2�bm`BM; i?2 2H2+i`B+
/BTQH2 KQK2Mi Q7 i?2 2H2+i`QM BM "�6X 1m`X S?vbX CX . dk- RNd UkyR3VX
(j) SX �;;�`r�H- uX uBM- EX 1b�D�b- >X�GX "2i?H2K- �X "Q2b+?Qi2M- �X "Q`b+?2pbFv- aX >Q2F@
bi`�- EX CmM;K�MM- oX�_X J�`b?�HH- hX�"X J2BDFM2+?i- JX�*X JQQBD- _X�:X�1X hBKK2`K�Mb-
�X hQmr2M- qX l#�+?b- �M/ GX qBHHK�MM ULGƐ21.J*QHH�#Q`�iBQMV S?vbX _2pX G2iiX Rkd-
RdjkyR

S`2b2Mi2` M�K2, "Q2b+?Qi2M- �H2t�M/2`

S�;2 ky9



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@je, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.Rey

GQr mM+2`i�BMiv �#bQHmi2 7`2[m2M+v K2�bm`2K2Mi Q7 i?2
bi`QMiBmK BQM QTiB+�H +HQ+F i`�MbBiBQM
�mi?Q`b, SB2``2 .m#ûRc "BM CB�MRc CQ?M 1X "2`M�`/Rc J�`BM� :2`ibpQH7R

R L_*

h?2 2H2+i`B+ [m�/`mTQH2 i`�MbBiBQM Q7 i?2 88a`+ BQM �i 998 h>x Bb QM2 Q7 RR `2+QKK2M/2/
QTiB+�H i`�MbBiBQMb i?�i +�M #2 mb2/ �b b2+QM/�`v `2T`2b2Mi�iBQMb Q7 i?2 aA b2+QM/X S`Q;`2bb
iQr�`/b i?2 `2/2}MBiBQM Q7 i?2 aA b2+QM/ mbBM; �M QTiB+�H +HQ+F BM/B+�i2b i?�i � M2r /2}MBiBQM
rBHH #2 #�b2/ QM 2Bi?2` QM2 �iQKB+ QTiB+�H i`�MbBiBQM Q` �M 2Mb2K#H2 Q7 bm+? `272`2M+2 i`�MbB@
iBQMb- b2H2+i2/ 7`QK i?2 `2+QKK2M/2/ 7`2[m2M+B2bX PM2 +`Bi2`B� i?�i Kmbi #2 K2i #27Q`2 i?2
aA b2+QM/ Bb `2/2}M2/ Bb +QMiBMmBiv rBi? i?2 +m``2Mi /2}MBiBQM Q7 i?2 aA b2+QM/ �b `2�HBx2/
rBi? +2bBmK 7QmMi�BM +HQ+Fb- �i � H2p2H Q7 3⇥ 10

�16 Q` #2ii2`X

>2`2- r2 `2TQ`i � M2r �#bQHmi2 7`2[m2M+v K2�bm`2K2Mi Q7 i?2 88a`+ BQM QTiB+�H i`�MbBiBQMX
h?2 K2�bm`2K2Mi +�KT�B;M Q7 i?2 BQM 7`2[m2M+v H�bi2/ Rk /�vb BM CmM2 kyRd- �M/ T`QpB/2/
Nk ?Qm`b Q7 +QKT�`BbQM /�i� rBi? � HQ+�H K�b2` ~vr?22H Qb+BHH�iQ` �i L_*X h?2 HBMF #2ir22M
i?2 QTiB+�H bi�M/�`/ �M/ i?2 aA b2+QM/ r�b +QKTH2i2/ #v K2�bm`BM; i?2 K�b2` +QMiBMmQmbHv
/m`BM; i?2 KQMi? Q7 CmM2 kyRd rBi? `2bT2+i iQ i?2 aA b2+QM/ mbBM; � :Sa HBMFX h?2 aA b2+QM/
Bb `2�HBx2/ rBi? T`BK�`v �M/ b2+QM/�`v 7`2[m2M+v bi�M/�`/b USa6aV i?�i `2TQ`i iQ i?2 "ASJX
h?2 K�b2` 7`2[m2M+v Ulh*UL_*VV- �p2`�;2/ Qp2` � jy@/�v T2`BQ/- Bb T`QpB/2/ BM i?2 *B`+mH�`
h $Oj89 `2TQ`i Tm#HBb?2/ #v i?2 "ASJX

h?2 mM+2`i�BMiv Q7 i?2 �#bQHmi2 7`2[m2M+v K2�bm`2K2Mi ?�b i?`22 /QKBM�Mi +QKTQM2Mib Q7
+QKT�`�#H2 p�Hm2b U2.2 iQ 2.5⇥ 10

�16V, i?2 /2�/ iBK2 mM+2`i�BMiv +�mb2/ #v i?2 BMi2`KBii2Mi
QT2`�iBQM Q7 i?2 QTiB+�H +HQ+F- i?2 :Sa HBMF mM+2`i�BMiv- �M/ i?2 mM+2`i�BMiv Q7 i?2 `2�HBx�iBQM
Q7 i?2 aA b2+QM/ rBi? i?2 Sa6aX h?2 QTiB+�H +HQ+F 2p�Hm�i2/ mM+2`i�BMiv Q7 1.2 ⇥ 10

�17 Bb
BMbB;MB}+�Mi BM +QKT�`BbQMX h?2 K�BM BKT`Qp2K2Mib +QKT�`2/ iQ T`2pBQmb K2�bm`2K2Mi +�K@
T�B;Mb �`2 � #2ii2` 2p�Hm�iBQM Q7 i?2 /2�/ iBK2 mM+2`i�BMiv #�b2/ QM � MQBb2 KQ/2H Q7 K�b2`-
�M/ i?2 mb2 Q7 � K�b2` rBi? #2ii2` MQBb2 +?�`�+i2`BbiB+b i?�M T`2pBQmbHv �p�BH�#H2X
h?2 7`2[m2M+v K2�bm`2K2Mi �++m`�+v ?�b � 7`�+iBQM�H mM+2`i�BMiv Q7 4.2 ⇥ 10

�16X h?Bb Bb �
7�+iQ` Q7 7Qm` #2ii2` i?�M Qm` Qm` T`2pBQmb #2bi /2i2`KBM�iBQM �M/ `2T`2b2Mib � bB;MB}+�Mi bi2T
iQr�`/b K22iBM; i?2 +QMiBMmBiv +`Bi2`BQM rBi? i?2 +m``2Mi /2}MBiBQM Q7 i?2 aA b2+QM/X

S`2b2Mi2` M�K2, SB2``2 .m#û

S�;2 ky8



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@jd, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.RN9

lT/�i2 Q7 i?2 CAG� :2MX AA 21.J 2tT2`BK2Mi
�mi?Q`b, h`2pQ` q`B;?iRc h�Mv� _QmbbvRc GmF2 *�H/r2HHRc EB� "QQM L;Rc LQ�? a+?HQbb#2`;2`Rc
amM uQQH S�`FRc �Mx?Qm q�M;Rc "2MD�KBM >mMiRc �MiQMBQ oB;BHRc :mbi�pQ a�Mi�2HH�Rc CmM u2Rc 1`B+
*Q`M2HHR

R CAG�

AM+`2�bBM;Hv T`2+Bb2 K2�bm`2K2Mib Q7 i?2 T2`K�M2Mi 2H2+i`B+ /BTQH2 KQK2Mi Q7 i?2 2H2+i`QM
U21.JV T`Q#2 T?vbB+b #2vQM/ i?2 bi�M/�`/ KQ/2H �M/ b?2/ HB;?i QM QT2M [m2biBQMb bm+?
�b i?2 #�`vQM �bvKK2i`v �M/ /�`F K�ii2`X Pm` K2�bm`2K2Mi Q7 i?2 21.J mb2b � i?2`K�H
+HQm/ Q7 >76Y BQMb ?2H/ BM �M _6 i`�T- �HHQrBM; mb iQ H2p2`�;2 b2+QM/@b+�H2 +Q?2`2M+2 iBK2b
�M/ i?2 H�`;2 BMi2`M�H 2H2+i`B+ }2H/b T`2b2Mi BM TQH�` KQH2+mH2bX AM i?Bb TQbi2` A T`2b2Mi i?2
}M�H bi�;2b Q7 i?2 b2+QM/ ;2M2`�iBQM K2�bm`2K2Mi �M/ /Bb+mbb F2v bvbi2K�iB+ 2z2+ib BM i?2
2tT2`BK2MiX

S`2b2Mi2` M�K2, h`2pQ` q`B;?i

S�;2 kye



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@j3, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.kRy

AM@#2�K ?vT2`}M2 bT2+i`Qb+QTv Q7 U�MiB@V?v/`Q;2M 7Q` i2bib
Q7 *Sh �M/ GQ`2Mix BMp�`B�M+2
�mi?Q`, 1#2`?�`/ qB/K�MMR

R ai27�M J2v2` AMbiBimi2 oB2MM�

*QH/ �MiB?v/`Q;2M- i?2 #QmM/ bi�i2 Q7 �M �MiBT`QiQM �M/ � TQbBi`QM- Bb �M B/2�H H�#Q`�iQ`v
iQ i2bi i?2 7mM/�K2Mi�H *Sh bvKK2i`v- QM2 Q7 i?2 +Q`M2`biQM2b Q7 i?2 ai�M/�`/ JQ/2H Q7
T�`iB+H2 T?vbB+b- #v +QKT�`BM; Bib 2M2`;v H2p2Hb iQ Q`/BM�`v ?v/`Q;2MX >v/`Q;2M Bb QM2 Q7 i?2
#2bi bim/B2/ �iQKb 2tT2`BK2Mi�HHv- �KQM; i?2 irQ #2bi@FMQrM i`�MbBiBQMb Bb i?2 ;`QmM/@bi�i2
?vT2`}M2 i`�MbBiBQM �HF rBi? � `2H�iBp2 T`2+BbBQM Q7 #2ii2` i?�M 10

�12X

h?2 �a�*la� +QHH�#Q`�iBQM ?�b T`QTQb2/ � K2�bm`2K2Mi Q7 �HF BM � #2�K- r?B+? �HHQrb
iQ T2`7Q`K i?2 2tT2`BK2Mi BM � `2;BQM 7�` �r�v 7`QK i?2 bi`QM; K�;M2iB+ }2H/b M22/2/ 7Q`
�MiB?v/`Q;2M +`2�iBQMX am#bi�MiB�H T`Q;`2bb ?�b #22M K�/2 iQ BKT`Qp2 i?2 i2KT2`�im`2 �M/
/2MbBiv Q7 i?2 TQbBi`QM TH�bK� (R-k)- r?B+? Bb 2tT2+i2/ iQ bm#bi�MiB�HHv BM+`2�b2 i?2 `�i2 �M/
;`QmM/@bi�i2 7`�+iBQM Q7 �MiB?v/`Q;2M �iQKb �M/ i?mb 7Q` � K2�bm`2K2Mi Q7 �HFX �a�*la�
�BKb �i �M BMBiB�H T`2+BbBQM Q7 R TTK- �i r?B+? H2p2H i?2 }MBi2 bBx2 Q7 i?2 �MiBT`QiQM #2+QK2b
pBbB#H2X

AMBiB�HHv rBi? i?2 �BK iQ 2bi�#HBb? i?2 BM@#2�K K2i?Q/- �a�*la� ?�b T2`7Q`K2/ � K2�bm`2@
K2Mi Q7 �HF Q7 Q`/BM�`v ?v/`Q;2M mbBM; � TQH�`Bx2/ #2�K �M/ i?2 b�K2 _�#B bT2+i`Qb+QTv
b2imT �b rBHH #2 mb2/ 7Q` �MiB?v/`Q;2M �M/ Q#i�BM2/ � T`2+BbBQM Q7 kXd TT# (j)X qBi?BM i?2
ai�M/�`/ JQ/2H 1ti2MbBQM UaJ1V 7`�K2rQ`F- i?�i /2b+`B#2b TQi2MiB�H GQ`2Mix BMp�`B�M+2 �M/
*Sh pBQH�iBQM b+2M�`BQb- �HbQ K2�bm`2K2Mib mbBM; Q`/BM�`v �iQKb +�M #2 mb2/ iQ +QMbi`�BM
bvKK2i`v@pBQH�iBM; aJ1 +Q2{+B2Mib (9)X 6B`bi 2tT2`BK2Mib ?�p2 #22M T2`7Q`K2/ QM i?2 Q`B@
2Mi�iBQM /2T2M/2M+2 Q7 �M 2ti2`M�H bi�iB+ K�;M2iB+ }2H/ 7Q` ?v/`Q;2M ?vT2`}M2 K2�bm`2K2Mib
(8)- �M/ T`2T�`�iBQMb �`2 mM/2` r�v iQ bim/v i?2 ?vT2`}M2 bi`m+im`2 Q7 /2mi2`BmKX

_272`2M+2b
(R) 1X.X >mMi2` 2i �HX- 1SC q2# Q7 *QM72`2M+2b kek- yRyyd UkykkV
(k) *X �KbH2` 2i �HX- �`sBp,kkyjXR93Ny (T?vbB+bXTH�bK�@T?) JX .B2`K�B2` 2i �HX- L�i *QKKmM
3- R8d9N UkyRdVX
(9) oX�X EQbi2H2+Fɷ � �XCX o�`;�b- S?vbB+�H _2pB2r . Nk- y8eyyk UkyR8VX
(8) 1X qB/K�MM 2i �HX- >vT2`}M2 AMi2`�+iX k9y- 8 UkyRNVX

S`2b2Mi2` M�K2, 1#2`?�`/ qB/K�MM

S�;2 kyd



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@jN, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.kjN

�M 2tT2`BK2Mi iQ K2�bm`2 i?2 2H2+i`QMǶb 2H2+i`B+ /BTQH2 KQ@
K2Mi mbBM; �M mHi`�+QH/ #2�K Q7 u#6 KQH2+mH2b
�mi?Q`b, 6`2//B2 *QHHBM;bRc _?vb C2MFBMbRc s�pB2` u �H�mx2Rc :2M GBRc aBKQM ar�`#`B+FRc *?`BbiQT?2`
>QXc LQ�? C 6Bi+?Rc "2M 1 a�m2`Rc JB+?�2H _ h�`#miiR

R AKT2`B�H *QHH2;2 GQM/QM

h?2 bi�M/�`/ KQ/2H T`2/B+ib i?�i i?2 2H2+i`QMǶb 2H2+i`B+ /BTQH2 KQK2Mi U21.J- deV Bb iQQ
bK�HH iQ K2�bm`2 rBi? +m``2Mi i2+?MQHQ;v (R)X h?2Q`B2b i?�i 2ti2M/ i?2 bi�M/�`/ KQ/2H- ?Qr@
2p2`- T`2/B+i Km+? H�`;2` p�Hm2b- Q7i2M 2t+22/BM; 10

�29 e cmX qBi? i?2 +m``2Mi 2tT2`BK2Mi�H
mTT2` HBKBi b2i �i |de| < 1.1 ⇥ 10

�29 e cm- (k) r2 +�M 2tT2+i i?�i BKT`Qp2/ K2�bm`2K2Mib
rBHH 2Bi?2` /Bb+Qp2` M2r T?vbB+b Q` `mH2 Qmi KQbi Q7 i?2 `2K�BMBM; T�`�K2i2` bT�+2 7Q` TQT@
mH�` i?2Q`B2b #2vQM/ i?2 bi�M/�`/ KQ/2HX J2�bm`2K2Mib Q7 de �`2 K�/2 #v K2�bm`BM; i?2
T`2+2bbBQM Q7 i?2 2H2+i`QM bTBM BM/m+2/ #v �M �TTHB2/ 2H2+i`B+ }2H/X h?2 T`2+2bbBQM �M;H2 Bb
2M?�M+2/ r?2M i?2 2H2+i`QM Bb #QmM/ iQ � ?2�pv TQH�` KQH2+mH2X h?2 T`2+BbBQM +�M #2 7m`i?2`
BKT`Qp2/ #v BM+`2�bBM; i?2 bTBM T`2+2bbBQM iBK2 �M/ i?2 iQi�H MmK#2` Q7 KQH2+mH2b /2i2+i2/X
hQ i?Bb 2M/- r2 ?�p2 T`Q/m+2/ �M BMi2Mb2 #2�K Q7 H�b2`@+QQH2/ u#6 KQH2+mH2b (j) �M/ #mBHi
�M 2tT2`BK2Mi iQ K2�bm`2 de mbBM; i?Bb #2�K (9)X h?2 H�b2` +QQHBM; HQr2`b i?2 i2KT2`�im`2
#2HQr 100 µK �M/ BM+`2�b2b i?2 #2�K #`B;?iM2bb #v �i H2�bi � 7�+iQ` Q7 jyy- H2�/BM; iQ �
T`QD2+i2/ bi�iBbiB+�H b2MbBiBpBiv #2ii2` i?�M 10

�30 e cmX _2�HBbBM; bm+? ?B;? T`2+BbBQM `2[mB`2b
� bTBM T`2+2bbBQM `2;BQM rBi? 2t+2TiBQM�HHv HQr K�;M2iB+ MQBb2X Pm` �TT�`�imb 72�im`2b +2@
`�KB+ 2H2+i`B+ }2H/ TH�i2b BMbB/2 � ;H�bb p�+mmK +?�K#2`- KBMBKBbBM; K�;M2iB+ CQ?MbQM MQBb2-
� 7Qm`@H�v2` K�;M2iB+ b?B2H/ rBi? � b?B2H/BM; 7�+iQ` 2t+22/BM; 10

6- �M/ �M �``�v Q7 �iQKB+
K�;M2iQK2i2`bX h?2 K�;M2iB+ MQBb2 BM i?2 �TT�`�imb Bb #2HQr 50 fT/

p
Hz �i R >xX h?2

TQbi2` rBHH T`2b2Mi Qm` T`Q;`2bb BM H�b2` +QQHBM; u#6 KQH2+mH2b �M/ Qm` +?�`�+i2`Bb�iBQM �M/
QTiBKBb�iBQM Q7 i?2 21.J �TT�`�imbX
(R) JX SQbT2HQp �M/ �X _BixX- *EJ #2M+?K�`Fb 7Q` 2H2+i`QM 2H2+i`B+ /BTQH2 KQK2Mi 2tT2`B@
K2MibX- S?vbX _2pX .- 3N- y8eyye- UkyR9VX
(k) oX �M/`22p 2i �HX- AKT`Qp2/ HBKBi QM i?2 2H2+i`B+ /BTQH2 KQK2Mi Q7 i?2 2H2+i`QMX- L�im`2-
8ek- j88Ĝjey- UkyR3VX
(j) sX �H�mx2 2i �HX- �M mHi`�+QH/ KQH2+mH�` #2�K 7Q` i2biBM; 7mM/�K2Mi�H T?vbB+b- Zm�MimK
a+BX h2+?MQHX- e- y99yy8- UkykRVX
(9) LX CX 6Bi+?- CX GBK- 1X �X >BM/b- "X 1X a�m2`- �M/ JX _X h�`#miiX- J2i?Q/b 7Q` K2�bm`BM;
i?2 2H2+i`QMǶb 2H2+i`B+ /BTQH2 KQK2Mi mbBM; mHi`�+QH/ u#6 KQH2+mH2b- Zm�MimK a+BX h2+?MQHX-
e- yR9yye- UkykRVX

S`2b2Mi2` M�K2, 6`2//B2 *QHHBM;b

S�;2 ky3



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@9y, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.ked

aBHB+QM@T?QiQKmHiBTHB2` 2K#2//2/ T?QiQ/2i2+iQ` 7Q` �*J1
AAA
�mi?Q`b, h�F�?BFQ J�bm/�Rc .�MB2H �M;kc .�pB/ .2JBHH2jc *QHHBM .Bp2`9c CQ?M .QvH28c :2`�H/
:�#`B2Hb29c w?2M >�Mec �v�KB >B`�KQiQRc S2B`�M >mec LB+F >mixH2`dc .�MB2H G�b+�`9c w�+F G�bM2`kc
aBvm�M GBm9c *QH2 J2Bb2M?2H/2`kc CQ?M JBi+?2HH9c *`BbiB�M S�M/�3c LQ#Q`m a�b�QRc a�iQb?B l2i�F2Rc
J�v� q�iib9c sBM; qmec EQDB uQb?BKm`�R

R PF�v�K� lMBp2`bBiv
k >�`p�`/ lMBp2`bBiv
j lMBp2`bBiv Q7 *?B+�;Q � �`;QMM2 L�iBQM�H G�#Q`�iQ`v
9 LQ`i?r2bi2`M lMBp2`bBiv
8 >�`p�`/ lMBp2`bBiv � >�`p�`/@JAh *2Mi2` 7Q` lHi`�+QH/ �iQKb
e lMBp2`bBiv Q7 *?B+�;Q � >�`p�`/ lMBp2`bBiv
d *�HB7Q`MB� AMbiBimi2 Q7 h2+?MQHQ;v
3 lMBp2`bBiv Q7 *�HB7Q`MB�- "2`F2H2v

� K2�bm`2K2Mi Q7 i?2 2H2+i`QM 2H2+i`B+ /BTQH2 KQK2Mi U21.JV Bb � TQr2`7mH T`Q#2 7Q` i?2
2tBbi2M+2 Q7 T?vbB+b #2vQM/ i?2 ai�M/�`/ JQ/2H Q7 T�`iB+H2 T?vbB+bX h?2 �*J1 2tT2`B@
K2Mi b2�`+?2/ 7Q` 21.J rBi? i?2 rQ`H/Ƕb ?B;?2bi b2MbBiBpBiv mbBM; +QH/ h?P TQH�` KQH2+mH2b
UL�im`2- 8ek UkyR3V j88@jeyVX PM2 Q7 i?2 BKT`Qp2K2Mib 7Q` i?2 M2ti ;2M2`�iBQM Q7 i?2
�*J1 2tT2`BK2Mi Bb mbBM; bBHB+QM T?QiQKmHiBTHB2`b UaBSJbV �b GA6 T?QiQM /2i2+iQ`b BMbi2�/
Q7 SJhbX q2 ?�p2 /2p2HQT2/ � /2/B+�i2/ aBSJ KQ/mH2 �M/ 2p�Hm�i2/ Bib T2`7Q`K�M+2X h?2
aBSJ KQ/mH2 b?Qrb �#Qmi � kX8 iBK2b ?B;?2` /2i2+iBQM 2{+B2M+v i?�M i?2 SJhb mb2/ BM i?2
T`2pBQmb �*J1 2tT2`BK2MiX h?Bb `2TQ`ib i?2 /2bB;M �M/ `2bmHib Q7 T2`7Q`K�M+2 i2bi Q7 i?2
aBSJ KQ/mH2X
h?Bb rQ`F r�b bmTTQ`i2/ #v i?2 L�iBQM�H a+B2M+2 6QmM/�iBQM- i?2 :Q`/QM �M/ "2iiv JQQ`2
6QmM/�iBQM- i?2 �H7`2/ SX aHQ�M 6QmM/�iBQM- CaSa E�E1L>A- �M/ PF�v�K� lMBp2`bBiv
_1*hP_ T`Q;`�KX

S`2b2Mi2` M�K2, h�F�?BFQ J�bm/�

S�;2 kyN



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@9R, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.jy8

hQr�`/b � irQ@T?QiQM QTiB+�H +HQ+F BM +�H+BmK
�mi?Q`b, a?B`� C�+FbQMRc a+Qii aK�H2Rc �K�` omi?�R

R lMBp2`bBiv Q7 hQ`QMiQ

hrQ@T?QiQM i`�MbBiBQMb BM M2mi`�H �iQKb �`2 �ii`�+iBp2 +�M/B/�i2b 7Q` i?2 /2p2HQTK2Mi Q7
+QKT�+i �M/ TQ`i�#H2 QTiB+�H +HQ+FbX am+? +HQ+Fb +�M #2 mb2/ iQ b2�`+? 7Q` /�`F K�ii2` �M/
/�`F 2M2`;v- iQ #mBH/ � ;`�pBi�iBQM�H r�p2 i2H2b+QT2- iQ T2`7Q`K mHi`�@T`2+Bb2 bm`p2vb Q7 i?2
2�`i?Ƕb ;`�pBi�iBQM�H TQi2MiB�H- �M/ iQ b2`p2 �b i?2 7QmM/�iBQM 7Q` i?2 M2r /2}MBiBQM Q7 i?2
aA b2+QM/X h?2 .QTTH2`@ �M/ `2+QBH@7`22 M�im`2 Q7 irQ@T?QiQM i`�MbBiBQMb 2HBKBM�i2b i?2 M22/
7Q` +QM}M2K2Mi Q7 i?2 �iQKb �i mHi`�+QH/ i2KT2`�im`2bX *HQ+F T`2+BbBQM Q7 �⌫/⌫ ⇡ 10

�16/
p
⌧

+�M #2 �+?B2p2/ rBi?Qmi i?2 M22/ 7Q` �M QTiB+�H H�iiB+2 Q` BQM i`�T- #Qi? Q7 r?B+? rQmH/
BMi`Q/m+2 ai�`F b?B7ibX �Hi?Qm;? Bi r�b ?BbiQ`B+�HHv i?Qm;?i i?�i H�`;2 T`Q#2 H�b2` HB;?i b?B7ib
r2`2 BM2pBi�#H2 /m2 iQ i?2 ?B;? H�b2` TQr2` `2[mB`2/ iQ /`Bp2 irQ@T?QiQM i`�MbBiBQMb- r2
?�p2 /2p2HQT2/ � bvbi2K Q7 K�;B+ TQH�`Bx�iBQM iQ 2HBKBM�i2 i?Bb b?B7iX q2 `2TQ`i QM T`Q;`2bb
iQr�`/b i?2 Q#b2`p�iBQM Q7 i?2 4s2 1S0 ! 3d4s 1D2 irQ@T?QiQM +HQ+F i`�MbBiBQM �i NR8 MK BM
� +HQm/ Q7 7`22Hv@7�HHBM; 40*� �iQKbX

S`2b2Mi2` M�K2, a?B`� C�+FbQM

S�;2 kRy



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@9k, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.j9k

h2bib Q7 EBM;Ƕb HBM2�`Biv BM *�+

�mi?Q`b, hBKQi?v *?�M;Rc _2M22 .2S2M+B2` SBM2`QRc "H2bb "�? �r�xBRc aQMv� .miiQMRc *?�`HB2
.Q`2iR

R qBHHB�Kb *QHH2;2

q2 `2TQ`i T`Q;`2bb iQr�`/b � T`2+Bb2 K2�bm`2K2Mi Q7 i?2 BbQiQT2 b?B7ib BM i?2 42a1/2 ! 3
2.3/2

djk MK 2H2+i`B+ [m�/`mTQH2 i`�MbBiBQM BM *�+X q2 T2`7Q`K +Q``2H�iBQM bT2+i`Qb+QTv (R-k) QM
irQ +Q@i`�TT2/ +�H+BmK BbQiQT2bX aBKmHi�M2Qmb 2t+Bi�iBQM Q7 #Qi? BQMb mbBM; 7`2[m2M+v bB/2@
#�M/b /2`Bp2/ 7`QK � bBM;H2 H�b2` 2M�#H2b +�M+2HH�iBQM Q7 +QKKQM@KQ/2 H�b2` T?�b2 MQBb2 �M/
`2/m+iBQM Q7 bvbi2K�iB+ mM+2`i�BMiB2b 7`QK H�b2` 7`2[m2M+v /`B7i Q` K�;M2iB+ }2H/ BMbi�#BHBiB2bX
am+? K2�bm`2K2Mib ?�p2 i?2 TQi2MiB�H iQ 2t+22/ >x@H2p2H T`2+BbBQMX q?2M +QK#BM2/ rBi? Qm`
T`BQ` 2tTHQ`�iBQM (j) Q7 i?2 4

2a1/2 ! 3
2.5/2 i`�MbBiBQM BbQiQT2 b?B7ib BM � EBM; SHQi- i?2b2

K2�bm`2K2Mib +�M 2M�#H2 2t�+iBM; i2bib Q7 EBM;Ƕb HBM2�`Biv- Qz2`BM; � T�i? iQr�`/ T`Q#BM;
M2r T?vbB+b #2vQM/ i?2 ai�M/�`/ JQ/2H �M/ T`QpB/BM; #2M+?K�`Fb 7Q` 2p2`@BKT`QpBM; i?2Q`v
Q7 �iQKB+ �M/ Mm+H2�` bi`m+im`2X
(R) JX *?rr�HH� 2i �H- �TTHX S?vbX " 89- 93j@933 UkyydVX
(k) hX J�MQpBix 2i �H- S?vbX _2pX G2ii 123- kyjyyR UkyRNVX
(j) 6X qX EMQHHK�MM 2i �H- S?vbX _2pX � 100 ykk8R9 UkyRNVX

S`2b2Mi2` M�K2, hBKQi?v *?�M;

S�;2 kRR



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@9j, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.j89

1H2+i`QM bTBM `2bQM�M+2 bT2+i`Qb+QTv mbBM; QTiB+�HHv i`�TT2/
TQHv�iQKB+ KQH2+mH2b
�mi?Q`b, �`B�M C�/#�#�B2Rc GQB+ �M/2`2;;kc *?`BbiB�M >�HH�bkc L�i?�MB2H oBH�bkc S�B;2 _Q#B+?�m/kc
�M/`2r qBMMB+FBkc CQ?M J .QvH2kc LB+?QH�b >mixH2`R

R *�HB7Q`MB� AMbiBimi2 Q7 h2+?MQHQ;v
k >�`p�`/ lMBp2`bBiv

PTiB+�HHv i`�TT2/ TQHv�iQKB+ KQH2+mH2b �`2 � T`QKBbBM; TH�i7Q`K 7Q` K2�bm`2K2Mib Q7 iBK2@
`2p2`b�H bvKK2i`v pBQH�iBQM /m2 iQ i?2B` ?B;?Hv TQH�`Bx�#H2 bi`m+im`2- +Q@K�;M2iQK2i2` bi�i2b-
�M/ HQM; �+?B2p�#H2 +Q?2`2M+2 iBK2b (EQxv`v2p �M/ >mixH2`- S_G RRN UkyRdV)X 6Q` 2t�KTH2-
HBM2�` TQHv�iQKB+ KQH2+mH2b BM i?2 pB#`�iBQM�H #2M/BM; KQ/2 +QmH/ #2 mb2/ iQ b2�`+? 7Q` i?2
2H2+i`QMǶb 2H2+i`B+ /BTQH2 KQK2Mi U21.JV- r?B+? rQmH/ +�mb2 i?2 2H2+i`QM iQ T`2+2bb BM i?2
2z2+iBp2 2H2+i`B+ }2H/ T`2b2Mi BM TQH�`Bx2/ KQH2+mH2bX >2`2 r2 T`2b2Mi KB+`Qr�p2 bT2+i`Qb+QTv
Q7 i?2 pB#`�iBQM�H #2M/BM; KQ/2 BM QTiB+�HHv i`�TT2/ *�P> KQH2+mH2b- �M/ /Bb+mbb T`Q;`2bb
iQr�`/b 2H2+i`QM bTBM `2bQM�M+2 bT2+i`Qb+QTv rBi? HQM; +Q?2`2M+2 iBK2bX �TTHB2/ iQ ?2�pB2`
KQH2+mH2b rBi? Qi?2`rBb2 B/2MiB+�H bi`m+im`2- i?2b2 K2�bm`2K2Mib rQmH/ ?�p2 i?2 TQi2MiB�H
iQ T`Q#2 T?vbB+b #2vQM/ i?2 bi�M/�`/ KQ/2H �TT`Q�+?BM; S2o 2M2`;v b+�H2bX

S`2b2Mi2` M�K2, �`B�M C�/#�#�B2

S�;2 kRk



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@99, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.jek

S`Q;`2bb iQr�`/b K2�bm`BM; i?2 Mm+H2�` K�;M2iB+ [m�/`mTQH2
KQK2Mi BM u#P> KQH2+mH2b
�mi?Q`b, *?�M/H2` *QMMRc umBFB h�F�?�b?BRc �`B�M C�/#�#�B2Rc LB+FQH�b SBH;`�KRc uB w2M;Rc S?2H�M
umRc �b?�v S�i2HRc *?B w?�M;Rc hBKQi?v ai2BKH2kc LB+?QH�b >mixH2`R

R *�Hi2+?
k �`BxQM� ai�i2 lMBp2`bBiv

J2�bm`2K2Mib Q7 ?2�pv- TQH�` KQH2+mH2b BM i?2 ;�b@T?�b2 �`2 b2MbBiBp2 2tT2`BK2Mi�H T`Q#2b Q7
S�`Biv USV �M/ hBK2 `2p2`b�H UhV pBQH�iBM; M2r T?vbB+bX h?2 H�`;2 BMi2`M�H }2H/b �M/ `2H�iBpBb@
iB+ 2H2+i`QM /vM�KB+b BM i?2b2 KQH2+mH2b �KTHB7v TQi2MiB�H bQm`+2b Q7 S-h pBQH�iBM; T?vbB+b-
bm+? �b i?2 2H2+i`QMǶb 2H2+i`B+ /BTQH2 KQK2Mi U21.JV Q` � Mm+H2�` K�;M2iB+ [m�/`mTQH2 KQ@
K2Mi ULJZJVX JQH2+mH�` #2�K K2�bm`2K2Mib Q7 �M LJZJ rQmH/ T`QpB/2 � KQ/2`M T`Q#2
Q7 S-h pBQH�iBM; T?vbB+b BM i?2 ?�/`QMB+ b2+iQ`- +QKTHBK2Mi�`v iQ 2tBbiBM; 21.J +QMbi`�BMib
QM M2r H2TiQMB+ T?vbB+bX q2 T`2b2Mi T`Q;`2bb iQr�`/ K2�bm`BM; i?2 LJZJ QM i?2 173u#
Mm+H2mb BM � #2�K Q7 +QH/ 173u#P> KQH2+mH2bX h?2 TQHv�iQKB+ bi`m+im`2 Q7 u#P> 2M�#H2b
7mHH +QMi`QH Q7 TQH�`Bx�iBQM BM i?2 pB#`�iBQM�H #2M/BM; KQ/2- r?BH2 `2i�BMBM; i?2 �#BHBiv iQ
+v+H2 T?QiQMb �M/ H�b2`@+QQHX Pm` T`Q;`2bb QM u#P> BM+Hm/2b, T`2HBKBM�`v bTBM T`2+2bbBQM BM
i?2 pB#`�iBQM�H ;`QmM/ bi�i2- bT2+i`Qb+QTv Q7 i?2 pB#`�iBQM�H #2M/BM; KQ/2- /2KQMbi`�iBQM Q7
+v+HBM; BM i?2 Q// BbQiQTQHQ;m2b- �M/ +QMbi`m+iBQM Q7 � K�;M2iB+�HHv b?B2H/2/ b+B2M+2 +?�K#2`
7Q` T`2+BbBQM K2�bm`2K2MiX
q2 �+FMQrH2/;2 bmTTQ`i 7`QK LAah- La6- i?2 >2BbBM;@aBKQMb 6QmM/�iBQM- i?2 :Q`/QM �M/
"2iiv JQQ`2 6QmM/�iBQM- �M/ i?2 �H7`2/ SX aHQ�M 6QmM/�iBQMX uXhX �+FMQrH2/;2b bmT@
TQ`i 7`QK i?2 J�b�bQM 6QmM/�iBQMX SXuX �+FMQrH2/;2b bmTTQ`i 7`QK i?2 1//H2K�M 62H@
HQrb?BTX

S`2b2Mi2` M�K2, *?�M/H2` *QMM

S�;2 kRj



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@98, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.jdj

hQr�`/b � M2r b2�`+? 7Q` ?�/`QMB+ *S pBQH�iBQM mbBM; mH@
i`�+QH/ �bb2K#H2/ 2236`�; KQH2+mH2b
�mi?Q`b, JQ?Bi o2`K�Rc a?�Qx?2M u�M;Rc h?QK�b G�M;BMRc .�pB/ .2JBHH2k

R lMBp2`bBiv Q7 *?B+�;Q
k lMBp2`bBiv Q7 *?B+�;Q � �`;QMM2 L�iBQM�H G�#Q`�iQ`v

q2 T`2b2Mi � M2r �TT`Q�+? iQ b2�`+? 7Q` ?�/`QMB+ *S pBQH�iBQM #v K2�bm`BM; i?2 2236`
Mm+H2�` a+?Bz KQK2Mi BM mHi`�+QH/ �bb2K#H2/ 6`�; U7`�M+BmK bBHp2`V KQH2+mH2bX h?2 2236`
Mm+H2mb Bb FMQrM iQ ?�p2 Q+imTQH2 /27Q`K�iBQM i?�i H2�/b iQ � 7�+iQ` Q7 �jyy 2M?�M+2K2Mi
BM i?2 bBx2 Q7 Bib a+?Bz KQK2Mi 7Q` � ;Bp2M bi`2M;i? Q7 *S@pBQH�iBM; ?�/`QMB+ BMi2`�+iBQMb
(R)X h?2 Q#b2`p�#H2 *S@pBQH�iBM; 2M2`;v b?B7i BM/m+2/ r?2M 2H2+i`QMb BMi2`�+i rBi? i?2 a+?Bz
KQK2Mi Bb 7m`i?2` �KTHB}2/ U`2H�iBp2 iQ i?2 b?B7i BM 6` �iQKbV r?2M 2236` Bb #QmM/ BM �
bi`QM;Hv BQMB+ KQH2+mH2 i?�i T`Q/m+2b � H�`;2 BMi2`M�H 2H2+i`B+ }2H/X "BM/BM; 6` �M/ �;
7Q`Kb bm+? � TQH�` KQH2+mH2 (k-j)X 6m`i?2`KQ`2- #Qi? �iQKb ?�p2 �HF�HB@HBF2 �iQK bi`m+im`2b-
K�FBM; i?2K �++2bbB#H2 iQ H�b2` +QQHBM;- +QMi`QHH�#H2 BMi2`�+iBQMb pB� 62b?#�+? `2bQM�M+2b- �M/
QTiB+�H i`�TTBM;X _2+2Mi +�H+mH�iBQMb ?�p2 b?QrM i?�i i?2 6`�; 2H2+i`QMB+ bi`m+im`2 Bb ?B;?Hv
�K2M�#H2 iQ QTiB+�H i`�Mb72` Q7 KQH2+mH2b 7`QK r2�FHv@#QmM/ K�;M2iQ@�bbQ+B�i2/ ǳ62b?#�+?
KQH2+mH2Ǵ bi�i2b- BMiQ i?2 `QpB#`QMB+ ;`QmM/ bi�i2 (9)X �bbmKBM; 2tT2`BK2Mi�H T�`�K2i2`b
7Q` KQH2+mH2 MmK#2`- Mm+H2�` bTBM +Q?2`2M+2 iBK2- �M/ /2i2+iBQM 2{+B2M+v i?�i ?�p2 �H`2�/v
#22M /2KQMbi`�i2/ BM Qi?2` 2tT2`BK2Mib i?�i mb2 mHi`�+QH/ �bb2K#H2/ KQH2+mH2b- r2 T`QD2+i
� 7�+iQ` Q7 Ryyy BKT`Qp2K2Mi BM mM/2`HvBM; *S@pBQH�iBM; T?vbB+b 7Q` i?2 }`bi ;2M2`�iBQM Q7 �M
2tT2`BK2Mi rBi? 2236`�;X qQ`F Bb mM/2`r�v iQ 7Q`K � K�;M2iQ@QTiB+ i`�T Q7 bBHp2` �M/ i?2M
bim/v mHi`�+QH/ �;@�; b+�ii2`BM; T`QT2`iB2bX q2 �HbQ T`2b2Mi TH�Mb iQ H�b2` +QQH 7`�M+BmK
mbBM; �M Q|BM2 bQm`+2X
(R) aT2p�F- oX- �m2`#�+?- LX- � 6H�K#�mK- oX oX URNNdVX 1M?�M+2/ h@Q//- S@Q// 2H2+i`Q@
K�;M2iB+ KQK2Mib BM `2~2+iBQM �bvKK2i`B+ Mm+H2BX S?vbB+�H _2pB2r *- 8eUjV- Rj8dX
(k) 6H2B;- hX- � .2JBHH2- .X UkykRVX h?2Q`2iB+�H �bT2+ib Q7 `�/BmK@+QMi�BMBM; KQH2+mH2b
�K2M�#H2 iQ �bb2K#Hv 7`QK H�b2`@+QQH2/ �iQKb 7Q` M2r T?vbB+b b2�`+?2bX L2r CQm`M�H Q7
S?vbB+b- kjURRV- RRjyjNX
(j) ȏKB�ƈFQrbFB- JX- � hQKx�- JX UkykRVX >B;?Hv TQH�` KQH2+mH2b +QMbBbiBM; Q7 � +QTT2` Q`
bBHp2` �iQK BMi2`�+iBM; rBi? �M �HF�HB@K2i�H Q` �HF�HBM2@2�`i?@K2i�H �iQKX S?vbB+�H _2pB2r
�- RyjUkV- ykk3ykX
(9) EƈQb- CX- GB- >X- hB2bBM;�- 1X- � EQiQ+?B;Qp�- aX UkykkVX S`QbT2+ib 7Q` �bb2K#HBM; mHi`�+QH/
`�/BQ�+iBp2 KQH2+mH2b 7`QK H�b2`@+QQH2/ �iQKbX L2r CQm`M�H Q7 S?vbB+b- k9UkV- yk8yy8X

S`2b2Mi2` M�K2, JQ?Bi o2`K�

S�;2 kR9



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@9e, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.9ye

>B;? T`2+BbBQM 2B;2Mp�Hm2b 7Q` i?2 _v/#2`; a@bi�i2b Q7 ?2@
HBmK 7Q` T`BM+BT�H [m�MimK MmK#2`b n > 10

�mi?Q`b, G�KB2b a�iBRc ��`QM "QM/vRc 1p�M S2i`BKQmHtRc :Q`/QM .`�F2R

R lMBp2`bBiv Q7 qBM/bQ`

AM T`2pBQmb rQ`F- ?B;? T`2+BbBQM 2B;2Mp�Hm2b 7Q` �HH bi�i2b Q7 ?2HBmK mT iQ n = 10 �M/ L = 7

?�p2 #22M Q#i�BM2/ #v i?2 mb2 Q7 /Qm#H2 #�bBb b2ib BM >vHH2`��b +QQ`/BM�i2b (R)X AM i?2 T`2b2Mi
rQ`F- r2 b?Qr i?�i i`BTH2 #�bBb b2ib mbBM; i?`22 b2ib Q7 BM/BpB/m�HHv QTiBKBx2/ MQMHBM2�` T�@
`�K2i2`b 7Q` /Bz2`2Mi /Bbi�M+2 b+�H2b vB2H/ �M Q`/2` Q7 K�;MBim/2 BKT`Qp2K2Mi BM �++m`�+v
7Q` #�bBb b2ib Q7 i?2 b�K2 bBx2 7Q` i?2 _v/#2`; a@bi�i2b bi�i2b Q7 ?2HBmKX h?2v �HbQ �HHQr
�M 2ti2MbBQM Q7 ?B;? T`2+BbBQM +�H+mH�iBQMb 7Q` i?2 MQM`2H�iBpBbiB+ 2M2`;B2b �M/ r�p2 7mM+iBQMb
mT iQ �i H2�bi n = 16 rBi? HBiiH2 HQbb Q7 �++m`�+vX �M BKTQ`i�Mi �/p�M+2 BM +QKTmi�iBQM�H
i2+?MB[m2 Bb i?2 mb2 Q7 .�pB/ "�BH2vǶb /Qm#H2@[m�/`mTH2 U/[V T`2+BbBQM �`Bi?K2iB+ U�TT`QtB@
K�i2Hv dy /2+BK�H /B;BibV BM i?2 QTiBKBx�iBQM Q7 i?2 MQMHBM2�` T�`�K2i2`b BM i?2 #�bBb b2iX
1t+2Ti 7Q` i?Bb- i?2 r�p2 7mM+iBQMb ?�p2 � ?B;? /2;`22 Q7 MmK2`B+�H bi�#BHBiv- �M/ bi�M/�`/
[m�/`mTH2 T`2+BbBQM Bb bm{+B2Mi 7Q` i?2 2p�Hm�iBQM Q7 K�i`Bt 2H2K2MibX � +QKT�`BbQM rBi? i?2
#2bi T`2pBQmb +�H+mH�iBQMb 7Q` n > 10 (k) rBHH #2 T`2b2Mi2/X

(R) :XqX6X .`�F2 �M/ wX@*X u�M- S?vbX _2pX �X 9e- kjd3 URNNkVX
(k) >X L�F�b?BK� �M/ >X L�F�ibmDB- CX *?2KX S?vbX Rk3- R89Ry3 Ukyy3VX

S`2b2Mi2` M�K2, G�KB2b a�iB

S�;2 kR8



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@jR, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.9e

a?2�` BMi2`72`QK2i`v BM KB+`Q;`�pBiv rBi? �iQKB+ 2Mb2K#H2b
BM i?2 TB+QF2HpBM `2;BK2
�mi?Q`b, J2`H2 *Q`M2HBmbRc CmHB� S�?Hkc S2i2` ai`QK#2`;2`jc G�m`� S ixQH/9c .Q`i?2 G2QTQH/i8c q�H/2@
K�` >2``8c ap2M >2``K�MM9c S�i`B+F qBM/T�bbBM;2`jc *?`BbiB�M a+?m#2`i8c J�`Fmb E`mixBFkc 1`Mbi JX
_�b2H8c *H�mb G KK2`x�?H9

R w�_J- lMBp2`bBiv Q7 "`2K2M
k >mK#QH/i lMBp2`bBiv Q7 "2`HBM
j CQ?�MM2b :mi2M#2`; lMBp2`bBiv J�BMx
9 lMBp2`bBiv Q7 "`2K2M
8 G2B#MBx lMBp2`bBiv >�MMQp2`

�iQK BMi2`72`QK2i`v �b � iQQH 7Q` T`2+BbBQM K2�bm`2K2Mib QT2Mb mT � #`Q�/ }2H/ Q7 �TTHB@
+�iBQM, 7`QK i2biBM; 7mM/�K2Mi�H T?vbB+b iQ ;2Q/2bv Q` M�pB;�iBQMX aBM+2 i?2 b2MbBiBpBiv Q7
�M �iQK BMi2`72`QK2i2` b+�H2b [m�/`�iB+�HHv rBi? i?2 BMi2``Q;�iBQM iBK2- QT2`�iBM; QM � KB@
+`Q;`�pBiv TH�i7Q`K Bb ?B;?Hv #2M2}+B�HX 1ti2M/2/ iBK2b Q7 ~B;?i Q7 b2p2`�H b2+QM/b `2[mB`2
HQr 2tT�MbBQM `�i2b Q7 i?2 �iQKB+ 2Mb2K#H2- r?B+? +�M #2 �+?B2p2/ rBi? K�;M2iB+ H2MbBM;-
�HbQ FMQrM �b /2Hi�@FB+F +QHHBK�iBQMX hQ T�p2 i?2 r�v 7Q` bT�+2@#Q`M2 �iQK BMi2`72`QK2i`v-
i?2 Zl�Lhla@k 2tT2`BK2Mi r�b /2p2HQT2/X h?Bb ?B;?@~mt `m#B/BmK "1* K�+?BM2- #�b2/
QM i?2 �iQK +?BT i2+?MQHQ;v- Bb /2bB;M2/ iQ QT2`�i2 �i i?2 RRyK ?B;? w�_J /`QT iQr2` BM
"`2K2M- :2`K�Mv- r?2`2 KB+`Q;`�pBiv iBK2b Q7 NXd b +�M #2 `2�+?2/X

AM i?Bb +QMi`B#miBQM- � [m�/`mTQH2@KQ/2 2M?�M+2/ K�;M2iB+ H2Mb Bb T`2b2Mi2/ iQ �+?B2p2 �
i?`22@/BK2MbBQM�H +QHHBK�i2/ "1*X h?2 `2bmHiBM; �iQKB+ 2Mb2K#H2 72�im`2b �M mHi`�@HQr BM@
i2`M�H j. FBM2iB+ 2M2`;v Q7 3

2
kB · j3 TE �M/ � ?B;? bB;M�H iQ MQBb2 `�iBQ 2p2M �7i2` k b iBK2

Q7 ~B;?i (R)X h?2 MQp2H �TTHB+�iBQM Q7 � _�Kb2v b2[m2M+2 �b � b?2�` BMi2`72`QK2i2` +QM@
bBbiBM; Q7 irQ bm++2bbBp2 /Qm#H2 "`�;; #2�K bTHBii2` TmHb2b 2M�#H2b mb iQ BMp2biB;�i2 i?2
/Bp2`;2M+2 Q7 i?2 "1* �M/ TQbbB#H2 K�;M2iB+ H2Mb BKT2`72+iBQMbX �//BiBQM�HHv- i?2 bT�iB�HHv
`2bQHp2/ p2HQ+Biv bT`2�/ +�M #2 /2/m+2/ #�b2/ QM i?2 `2+Q`/2/ bT�iB�H BMi2`72`QK2i`v T�i@
i2`MX h?2 /2KQMbi`�i2/ �iQK BMi2`72`QK2i`v rBi? TB+QF2HpBM 2Mb2K#H2b T`QpB/2b i?2 #�bBb
7Q` 7mim`2 BMi2`72`QK2i`v K2�bm`2K2Mib QM HQM; iBK2 b+�H2b rBi? i?2 �BK Q7 mMT`2+2/2Mi2/
T`2+BbBQMX

h?Bb T`QD2+i Bb bmTTQ`i2/ #v i?2 :2`K�M aT�+2 �;2M+v .G_ rBi? 7mM/b T`QpB/2/ #v i?2
62/2`�H JBMBbi`v 7Q` 1+QMQKB+ �z�B`b �M/ 1M2`;v mM/2` ;`�Mi MmK#2` .G_ 8yqJRN8k@
RN8dX
(R) *X .2TTM2`- qX >2``- JX *Q`M2HBmb- 2i �HX ǳ*QHH2+iBp2@KQ/2 2M?�M+2/ K�ii2`@r�p2 QTiB+bXǴ
S?vbB+�H _2pB2r G2ii2`b RkdXRy- Ryy9yR UkykRV

S`2b2Mi2` M�K2, J2`H2 *Q`M2HBmb

S�;2 kRe



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@jk, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.ed

AKT`Qp2K2Mib QM /B`2+i@#QM/2/ +QTT2`- �iQK +?BTb mb2/
7Q` *QH/@�iQK �iQKB+ AMi2`72`QK2i`v
�mi?Q`b, "`B�M E�b+?Rc C�K2b aiB+FM2vkc CQ?M�i?�M q?Bi2kc J�ii?2r a[mB`2bRc _m/v EQ?Mkc aT2M+2`
PHbQMRc ai�+v a+`�KKR

R �6_G
k a.G

h?2 �B` 6Q`+2 _2b2�`+? G�#Q`�iQ`v U�6_GV ?�b #22M /2p2HQTBM; �iQK +?BTb 7Q` mb2 rBi?
+QH/@�iQK b2MbBM; �M/ �iQK BMi2`72`QK2i`vX q2 /2i�BH MmK2`Qmb �/p�M+2b BM T`Q+2bbBM; �M/
7�#`B+�iBQM i2+?MB[m2bX .2bB;M BKT`Qp2K2Mib bmTTQ`i iB;?i2` i`�Tb �M/ `�TB/ T`QiQivTBM;X
.2p2HQTK2Mi Q7 pB�b �HHQr �iQK +?BTb iQ b2`p2 �b p�+mmK@+?�K#2` r�HHb- /2+`2�bBM; +m`@
`2Mi /2K�M/bX 6�#`B+�iBQM BMMQp�iBQMb i?�i BKT`Qp2 TH�M�`Bx�iBQM bmTTQ`i i?2 BMi2;`�iBQM Q7
KB+`Q@72�im`2b QM bBM;H2 +?BTb �M/ +?BT@#�b2/ �bb2K#HB2bX

S`2b2Mi2` M�K2, CQ?M�i?�M q?Bi2

S�;2 kRd



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@jj, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.3e

a+�H2 7�+iQ` +Q``2+iBQMb 7Q` TQBMi@bQm`+2 �iQK BMi2`72`QK2@
i2` ;v`Qb+QT2b
�mi?Q`b, a2DB E�M;Rc CQ?M EBi+?BM;kc J+:2?22 qBHHB�Kk

R �bbQ+B�i2 Q7 i?2 L�iBQM�H AMbiBimi2 Q7 ai�M/�`/b �M/ h2+?MQHQ;vc .2T�`iK2Mi Q7 S?vbB+b- lMBp2`bBiv
Q7 *QHQ`�/Q

k L�iBQM�H AMbiBimi2 Q7 ai�M/�`/b �M/ h2+?MQHQ;v

SQBMi@bQm`+2 �iQK BMi2`72`QK2i`v USaAV Qz2`b � T�i?r�v 7Q` `2�HBxBM; +QKT�+i BM2`iB�H b2M@
bQ`b rBi? `2H�iBp2Hv HQr 2tT2`BK2Mi�H +QKTH2tBivX _Qi�iBQM b2MbBM; BM SaA ;v`Qb+QT2b mb2b
i?2 p2HQ+Biv /Bbi`B#miBQM BM �M 2tT�M/BM; +QH/@�iQKB+ +HQm/ iQ `2�HBx2 K�Mv T�`�HH2H �iQK
BMi2`72`QK2i2`b rBi? p2HQ+Biv@/2T2M/2Mi T?�b2 b?B7ibX h?2 b+�H2 7�+iQ` `2H�iBM; i?2 `Qi�iBQM
`�i2 iQ i?2 Q#b2`p2/ �iQKB+ TQTmH�iBQM 7`BM;2b /2T2M/b QM i?2 bT�iB�H /Bbi`B#miBQM Q7 �iQKb �i
i?2 #2;BMMBM; Q7 i?2 �iQK BMi2`72`QK2i`v b2[m2M+2X 6Q` K�;M2iQ@QTiB+�H i`�T@#�b2/ SaA ;v@
`Qb+QT2b- i?2b2 bBx2@/2T2M/2Mi +Q``2+iBQMb iQ i?2 b+�H2 7�+iQ` �`2 bB;MB}+�Mi �M/ b+�H2 7�+iQ`
2``Q`b +QMi`B#mi2 iQ #Qi? i?2 �++m`�+v �M/ HQM;@i2`K bi�#BHBiv Q7 SaA@#�b2/ `Qi�iBQM K2�@
bm`2K2MibX 6Q` :�mbbB�M �iQKB+ /2MbBiv T`Q}H2b- b+�H2 7�+iQ`b +�M #2 �M�HviB+�HHv +Q``2+i2/
mbBM; i?2 K�;MB}+�iBQM `�iBQ #2ir22M BMBiB�H �M/ }M�H ;�b bBx2bX >2`2- r2 T`2b2Mi � K2i?Q/
iQ +Q``2+i b+�H2 7�+iQ` 7Q` �`#Bi`�`v BMBiB�H +HQm/ b?�T2b �M/ bBx2b- �M/ r2 +QKK2Mi QM i?2
HBKBi�iBQMb iQ HQM;@i2`K ;v`Qb+QT2 bi�#BHBiv /m2 iQ +HQm/ bBx2 bi�#BHBivX

S`2b2Mi2` M�K2, a2DB E�M;

S�;2 kR3



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@j9, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.RR9

Zm�bB@+QMiBMmQmb bmT2``�/B�M+2 QM i?2 F>x +HQ+F i`�MbBiBQM
Q7 33a`
�mi?Q`b, aQ7mb G�;mM� E`Bbi2Mb2MRc 1HBQi "Q?`Rc Cƺ`; >2H;2 JɃHH2`R

R LB2Hb "Q?` AMbiBimi2

G�bBM; BM i?2 bmT2``�/B�Mi Q` ǳ#�/ +�pBivǴ `2;BK2 ?�b �ii`�+i2/ BMi2`2bi BM i?2 QTiB+�H +HQ+F
+QKKmMBiv �b Bi Qz2`b �M �Hi2`M�iBp2 iQ +QMp2MiBQM�H H�b2`b HBKBi2/ #v i?2 i?2`K�H MQBb2
~m+im�iBQMb Q7 `272`2M+2 +�pBiB2bX AM Qm` 2tT2`BK2Mi- r2 BMp2biB;�i2 TmHb2/ H�bBM; QM i?2 dX8
F>x +HQ+F i`�MbBiBQM Q7 88a` �iQKb BM �M QTiB+�H +�pBivX q2 +QMiBMmQmbHv `2TmKT i?2 H�bBM; iQ
�+?B2p2 TmHb2 /m`�iBQMb QM i?2 Kb b+�H2- +QKT�`2/ iQ � TmHb2 H2M;i? Q7 � 72r µb mbBM; � bBM;H2
TQTmH�iBQM BMp2`bBQM TmHb2X hQ Q#b2`p2 i?2 M�``QrBM; Q7 i?2 bT2+i`�H HBM2- r2 +QMbi`m+i2/
�M mHi`�@bi�#H2 `272`2M+2 +�pBiv bvbi2K BM Q`/2` iQ +?�`�+i2`Bx2 i?2 bT2+i`�H T`QT2`iB2b Q7 i?2
2KBbbBQMX G�biHv- r2 2tT2`BK2Mi�HHv BMp2biB;�i2 i?2 T`QbT2+i Q7 mbBM; bmT2``�/B�Mi TmHb2b
�b � `2�/Qmi Q7 � _�Kb2v BMi2`72`QK2i2` b2[m2M+2X h?Bb b+?2K2 ?�b i?2 �/p�Mi�;2 Q7 �
7�bi- MQM/2bi`m+iBp2 K2�bm`2K2Mi rBi? BM+`2�b2/ b2MbBiBpBiv- r?B+? rQmH/ #2 #2M2}+B�H iQ i?2
T2`7Q`K�M+2 Q7 QTiB+�H �iQKB+ +HQ+FbX

S`2b2Mi2` M�K2, aQ7mb G�;mM� E`Bbi2Mb2M

S�;2 kRN



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@j8, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.R9j

�M+BHH�`v i`�MbBiBQMb BM 171u#+ BQM +HQ+Fb 7Q` b?B7i 2p�Hm�iBQM
�M/ i2bib Q7 7mM/�K2Mi�H T?vbB+b
�mi?Q`b, J2HBM� 6BHxBM;2`Rc _B+?�`/ G�M;2Rc J�`iBM ai2BM2HRc "m`;?�`/ GBTT?�`/iRc 1FF2?�`/ S2BFRc
um`Bv "B/�bvmFXc �MiQM S2b?FQpRc �M/`2v am`x?vFQpRc LBHb >mMi2K�MMR

R S?vbBF�HBb+?@h2+?MBb+?2 "mM/2b�Mbi�Hi

171u#+ BQMb 72�im`2 irQ QTiB+�H +HQ+F i`�MbBiBQMb, �M 2H2+i`B+ [m�/`mTQH2 U1kV i`�MbBiBQM �i
9je MK �M/ �M 2H2+i`B+ Q+imTQH2 U1jV i`�MbBiBQM �i 9ed MKX h?2b2 irQ i`�MbBiBQMb ?�p2
p2`v /Bz2`2Mi T`QT2`iB2b /m2 iQ i?2 /Bz2`2Mi 2H2+i`QMB+ bi`m+im`2 Q7 i?2B` 2t+Bi2/ bi�i2bX AM
T�`iB+mH�`- i?2v ?�p2 � H�`;2 /Bz2`2MiB�H b2MbBiBpBiv iQ i?2 }M2 bi`m+im`2 +QMbi�Mi ↵- bQ i?�i
iB;?i HBKBib QM TQbbB#H2 p�`B�iBQMb +�M #2 Q#i�BM2/ #v +QKT�`BM; i?2B` 7`2[m2M+B2b �i p�`BQmb
TQbBiBQMb BM bT�+2iBK2 (R)X

P7 i?2 irQ i`�MbBiBQMb- i?2 1j i`�MbBiBQM U2a1/2- 64y Ĝ 267/2- 64jV Bb T�`iB+mH�`Hv bmBi�#H2
7Q` T`2+BbBQM bT2+i`Qb+QTv, Aib 2t+Bi2/ bi�i2 72�im`2b � v2�`bHQM; M�im`�H HB72iBK2 (k)- bQ i?�i
+Q?2`2Mi BMi2``Q;�iBQM iBK2b �`2 MQi HBKBi2/ #v i?2 bTQMi�M2Qmb /2+�vX �//BiBQM�HHv- i?2
2t+Bi2/ bi�i2 b2MbBiBpBiv iQ 2ti2`M�H 2H2+i`B+ �M/ K�;M2iB+ }2H/b Bb �HKQbi 2[m�H iQ i?�i Q7 i?2
;`QmM/ bi�i2- `2bmHiBM; BM � r2�F /Bz2`2MiB�H /2T2M/2M+2 7Q` i?2 i`�MbBiBQMX h?Bb T2`KBib ?B;?
�++m`�+v BM i?2 `2�HBx�iBQM Q7 i?2 mMT2`im`#2/ 1j i`�MbBiBQM 7`2[m2M+v (j)X

h?2 1k i`�MbBiBQM U2a1/2- 64y Ĝ 2.5/2- 64kV- QM i?2 Qi?2` ?�M/- 72�im`2b � H�`;2` b2MbBiBpBiv
iQ 2ti2`M�H }2H/b- r?B+? K�F2b Bi � bmBi�#H2 �M+BHH�`v i`�MbBiBQM, _2bB/m�H T2`im`#BM; }2H/b
�`2 BMp2biB;�i2/ QM � K�;MB}2/ b+�H2 �M/ +�M BKT`Qp2 i?2 FMQrH2/;2 Q7 i?2 mMT2`im`#2/ 1j
i`�MbBiBQM 7`2[m2M+v r?2M `2H�iBp2 b2MbBiBpBiB2b �`2 FMQrM (9)X >Qr2p2`- i?2 1k i`�MbBiBQM
+Q?2`2Mi BMi2``Q;�iBQM Bb HBKBi2/ iQ �#Qmi 9y Kb #v i?2 `2H�iBp2Hv b?Q`i HB72iBK2 Q7 Bib 2t+Bi2/
bi�i2X

�//BiBQM�H �M+BHH�`v i`�MbBiBQMb rBi?Qmi i?Bb HBKBi�iBQM �`2 T`QpB/2/ #2ir22M i?2 64j �M/
649 ?vT2`}M2 bi�i2b Q7 i?2 HQM;@HBp2/ 267/2 bi�i2 �M/ i?2B` w22K�M K�MB7QH/b UBM � bi�iB+
2ti2`M�H K�;M2iB+ }2H/VX q2 /`Bp2 i?2b2 i`�MbBiBQMb mbBM; KB+`Qr�p2 `�/B�iBQM �i �#Qmi jXe
:>x iQ BMp2biB;�i2 K�;M2iB+ }2H/ �M/ i2MbQ` 7`2[m2M+v b?B7ibX JB+`Qr�p2 bT2+i`Qb+QTv Bb
MQi HBKBi2/ #v BQM ?2�iBM; �M/ }MBi2 H�b2` +Q?2`2M+2- r?B+? K�F2b Bi � mb27mH iQQH iQ `2bQHp2
bK�HH 7`2[m2M+v b?B7ib rBi?BM � b?Q`i K2�bm`2K2Mi iBK2X q2 Q#i�BM +Q?2`2Mi BMi2``Q;�iBQM
iBK2b 2t+22/BM; 8 b- �HHQrBM; mb iQ `2bQHp2 K>x b?B7ib rBi?BM ?Qm`bX .vM�KB+�H /2+QmTHBM;
TmHb2 b2[m2M+2b +�M #2 mb2/ iQ +Q?2`2MiHv �p2`�;2 i?2 2M2`;v Q7 ±mF w22K�M T�B`bX h?Bb
bmTT`2bb2b i?2 HBM2�` w22K�M b?B7i �M/ �bbQ+B�i2/ 2M2`;v ~m+im�iBQMb r?BH2 `2i�BMBM; b2MbB@
iBpBiv iQ 7`2[m2M+v b?B7ib /2T2M/BM; QM m2

F - BM+Hm/BM; TQbbB#H2 b?B7ib /m2 iQ pBQH�iBQMb Q7 HQ+�H
GQ`2Mix BMp�`B�M+2X
(R) _X G�M;2 - LX >mMi2K�MM - CX JX _�?K - *X a�MM2`- >X a?�Q- "X GBTT?�`/i - *?`X h�KK-
aX q2v2`b - �M/ 1X S2BF- ǳAKT`Qp2/ GBKBib 7Q` oBQH�iBQMb Q7 GQ+�H SQbBiBQM AMp�`B�M+2 7`QK
�iQKB+ *HQ+F *QKT�`BbQMbǴ- S?vbX _2pX G2iiX Rke- yRRRyk UkykRVX
(k) _X G�M;2- �X��X S2b?FQp- LX >mMi2K�MM- *?`X h�KK- �X am`x?vFQp- �M/ 1X S2BF- ǳGB72@
iBK2 Q7 i?2 k6dfk G2p2H BM u#Y 7Q` aTQMi�M2Qmb 1KBbbBQM Q7 1H2+i`B+ P+imTQH2 _�/B�iBQMǴ-
S?vbX _2pX G2iiX Rkd- kRjyyR UkykRVX
(j) *X a�MM2`- LX >mMi2K�MM- _X G�M;2- *?`X h�KK- 1X S2BF- JX aX a�7`QMQp�- �M/ aX :X
SQ`b2p- ǳPTiB+�H +HQ+F +QKT�`BbQM 7Q` GQ`2Mix bvKK2i`v i2biBM;ǳ- L�im`2 8ed- ky9 UkyRNVX
(9) _X G�M;2- LX >mMi2K�MM- *X a�MM2`- >X a?�Q- "X GBTT?�`/i- *?`X h�KK- �M/ 1X S2BF-
ǳ*Q?2`2Mi amTT`2bbBQM Q7 h2MbQ` 6`2[m2M+v a?B7ib i?`Qm;? J�;M2iB+ 6B2H/ _Qi�iBQMǴ- S?vbX
_2pX G2iiX Rk8- R9jkyR UkykyVX

S`2b2Mi2` M�K2, J2HBM� 6BHxBM;2`

S�;2 kky



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

S�;2 kkR



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@je, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.Rej

lHi`�@?B;? p�+mmK +?�K#2` /2p2HQTK2Mi 7Q` � a` QTiB+�H
H�iiB+2 +HQ+F rBi? � G�;m2``2@:�mbbB�M i`�TTBM; ;2QK2i`v

�mi?Q`b, JB;m2H �M;2H *B7m2Mi2b J�`BMRc Cû`ƬK2 GQ/2rv+Fkc _Q/QHT?2 G2i�`;�ikc >�Qb2M a?�M;kc
u�MMB+F 6Qm+�mHik

R au_h1 @ P#b2`p�iQB`2 /2 S�`Bb
k GL1@au_h1- P#b2`p�iQB`2 /2 S�`Bb

ai`QMiBmK QTiB+�H H�iiB+2 +HQ+Fb UPG*V �`2 � T`QKBbBM; BMbi`mK2Mi 7Q` �TTHB+�iBQMb `�M;BM;
7`QK i?2 `2/2}MBiBQM Q7 i?2 b2+QM/ BM i?2 BMi2`M�iBQM�H bvbi2K iQ ;2Q/2bv �M/ 7mM/�K2Mi�H
T?vbB+b- 7Q` BMbi�M+2- /�`F K�ii2` /2i2+iBQM- p�`B�iBQM Q7 7mM/�K2Mi�H +QMbi�Mib- Q` ;2M2`�H
`2H�iBpBiv i2bibX GL1@au_h1- P#b2`p�iQB`2 /2 S�`Bb QT2`�i2b irQ a` PG*b rBi? � bvbi2K�iB+
mM+2`i�BMiv QM i?2 Q`/2` Q7 10�17- KQbiHv HBKBi2/ #v i?2 BM?QKQ;2M2Qmb i?2`K�H /Bbi`B#miBQM
Q7 i?2 p�+mmK +?�K#2` BM/m+BM; #H�+F #Q/v `�/B�iBQM U""_V b?B7i- #mi �HbQ #v +QH/ +QHHB@
bBQMb #2ir22M i?2 �iQKb i`�TT2/ BM 2�+? bBi2 Q7 i?2 QTiB+�H H�iiB+2X �BKBM; iQ BKT`Qp2 i?2
+?�`�+i2`Bx�iBQM Q7 bvbi2K�iB+ 2z2+ib BM QTiB+�H H�iiB+2 +HQ+Fb #2HQr 10

�18- r2 T`QTQb2 i?2 BK@
TH2K2Mi�iBQM Q7 G�;m2``2@:�mbbB�M KQ/2b UG:plV iQ b?�T2 � KmHiBbBi2 i`�T BM i?2 R. QTiB+�H
H�iiB+2 Q7 � a` PG*X >2M+2 `2/m+BM; i?2 /2MbBiv Q7 �iQKb- r?BH2 T`2b2`pBM; i?2 �/p�Mi�;2b Q7
R. H�iiB+2b bm+? �b �KTHB}2/ TQr2` �M/ bT�iB�H Tm`Biv Q7 i?2 KQ/2b- mMHBF2 j. QTiB+�H H�iiB+2b
Q` ir22x2`bX Zm�MiBi�iBp2Hv- i?2 i`�TTBM; TQi2MiB�H BM �M G:0l KQ/2 Bb ;Bp2M #v,
U0l(r,', z) = �U0e

�2r2

w2(z) cos
2
[kz �  l(z)]

⇣
2r2

w2(z)

⌘|l|
cos

2
(l')

r?2`2 U0 = ↵dI0- rBi? ↵d i?2 �iQKB+ TQH�`Bx�#BHBiv �M/ I0 i?2 BMi`�@+�pBiv Q7 i?2 i`�TTBM;
HB;?iX

AM i?Bb rQ`F- mbBM; � HB[mB/ +`vbi�H QM bBHB+QM bT�iB�H HB;?i KQ/mH�iQ` UaGJV- r2 /2KQMbi`�i2
i?2 ;2M2`�iBQM Q7 G:0l KQ/2b rBi? l mT iQ 9- �M/ i?2 BMD2+iBQM Q7 i?2b2 KQ/2b BMiQ �M QTiB+�H
+�pBiv TH�+2/ BM � M2r +QTT2` p�+mmK +?�K#2`X � SQmM/@.`2p2`@>�HH US.>V b+?2K2 Bb i?2M
mb2/ iQ HQ+F i?2 +�pBiv H2M;i? iQ i?2 G:0l=0,1,2,3,4 KQ/2bX h`�TTBM; /2Ti?b mT iQ jNEr 7Q`
�M G:04 r2`2 Q#i�BM2/- � T`BQ`B K�FBM; Bi TQbbB#H2 iQ BKTH2K2Mi G: H�iiB+2b rBi?BM i?2 +HQ+F
b2[m2M+2X
AM �//BiBQM- 7Q` HBKBiBM; +QM/m+iBp2 �M/ `�/B�iBp2 2t+?�M;2b #2ir22M i?2 2tT2`BK2Mi�H bvbi2K
�M/ i?2 H�#Q`�iQ`v- i?2 i?2`K�H /2bB;M Q7 i?2 M2r b2imT +QKT`Bb2b �M lHi`�@>B;? o�+mmK
Ul>oV +?�K#2` i?�i Bb �HbQ TH�+2/ BM � T`BK�`v p�+mmK 2MpB`QMK2MiX h?2 M2r i?2`K�H
+QM/BiBQMb rBHH �HHQr #2ii2` +QMi`QH �M/ /2i2`KBM�iBQM Q7 i?2 +QMi`B#miBQM Q7 i?2 ""_ iQ i?2
+HQ+F i`�MbBiBQM 1S0 �3 P0 �i � 7`�+iBQM�H mM+2`i�BMiv #2HQr 10

�18X

S`2b2Mi2` M�K2, JB;m2H �M;2H *B7m2Mi2b J�`BM

S�;2 kkk



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@jd, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.RN8

�iQKB+ K�bb `�iBQb Q7 i?2 T`QiQM- /2mi2`QM- i`BiQM �M/
?2HBmK@j
�mi?Q`, 1/KmM/ Jv2`bR

R 6HQ`B/� ai�i2 lMBp2`bBiv

h?2 6HQ`B/� ai�i2 lMBp2`bBiv +`vQ;2MB+ S2MMBM; BQM i`�T ?�b T`2pBQmbHv T`Q/m+2/ i?2 KQbi
T`2+Bb2 p�Hm2b Q7 i?2 K�bb2b Q7 ?2�pB2` �iQKb `2[mB`2/ 7Q` b2p2`�H BKTQ`i�Mi �iQKB+ T?vbB+b
�TTHB+�iBQMb (R)X h?2b2 BM+Hm/2 _# �M/ *b 7Q` �iQK@BMi2`72`QK2i`B+ K2�bm`2K2Mi Q7 ?fK 7Q`
i?2 }M2 bi`m+im`2 +QMbi�Mi- �M/ BbQiQT2b Q7 a` �M/ u# 7Q` EBM; THQi �M�Hvb2bX JQ`2 `2+2MiHv
r2 ?�p2 7Q+mb2/ QM K�bb `�iBQb #2ir22M BbQiQT2b Q7 ?v/`Q;2M �M/ ?2HBmKX h?2 `2H�iBp2 K�bb2b
Q7 i?2 T`QiQM- /2mi2`QM- i`BiQM �M/ ?2HBQM �`2 7mM/�K2Mi�H +QMbi�Mib BKT�+iBM; b2p2`�H �`2�b
Q7 T?vbB+bX AM T�`iB+mH�`- � ?B;?@T`2+BbBQM p�Hm2 7Q` i?2 K�bb /Bz2`2M+2 #2ir22M i`BiBmK
�M/ ?2HBmK@j Bb BKTQ`i�Mi 7Q` i2biBM; bvbi2K�iB+b BM i?2 QM;QBM; E�h_AL M2mi`BMQ K�bb
2tT2`BK2Mi- r?BH2 i?2 /2mi2`QMfT`QiQM K�bb `�iBQ Bb BKTQ`i�Mi 7Q` BMi2`T`2iBM; i?2 `2bmHib Q7
`2+2Mi ?B;?@T`2+BbBQM H�b2` �M/ i2`�?2`ix bT2+i`Qb+QTv Q7 i?2 >.+ KQH2+mH�` BQM- H2�/BM; iQ �M
BKT`Qp2/ p�Hm2 Q7 i?2 2H2+i`QMfT`QiQM K�bb `�iBQ Q`- �Hi2`M�iBp2Hv- HBKBib QM #2vQM/@bi�M/�`/@
KQ/2H Mm+H2QM@Mm+H2QM BMi2`�+iBQMb (k)X q2 �+?B2p2 ?B;? T`2+BbBQM #v K2�bm`BM; i?2 +v+HQi`QM
7`2[m2M+v `�iBQ Q7 � T�B` Q7 BQMb bBKmHi�M2QmbHv i`�TT2/ BM � bBM;H2 S2MMBM; i`�TX 6Q` KQbi Q7
Qm` K2�bm`2K2Mib r2 �Hi2`M�i2 2�+? BQM #2ir22M i?2 +2Mi2` Q7 i?2 i`�T- r?2`2 Bib +v+HQi`QM
7`2[m2M+v Bb K2�bm`2/- �M/ � H�`;2 +v+HQi`QM ǳT�`FBM;Ǵ Q`#BiX Pm` T`2pBQmb K2�bm`2K2Mib QM
K�bb@j BQMb- #2bB/2b T`QpB/BM; i?2 BKTQ`i�Mi Z@p�Hm2 7Q` E�h_AL- `2p2�H2/ bB;MB}+�Mi 2``Q`b
BM T`2pBQmbHv �++2Ti2/ p�Hm2b 7Q` i?2 K�bb2b Q7 T- / �M/ ?X AM i?2 +�b2 Q7 K2�bm`2K2Mib Q7
>2

+ �;�BMbi .+- r2 �+?B2p2/ bm{+B2Mi `2bQHmiBQM iQ /BbiBM;mBb? /Bz2`2Mi pB#`�iBQM�H H2p2Hb Q7
>+

2
#v i?2B` /Bz2`2M+2 BM K�bb- �M/ �HbQ iQ Q#b2`p2 pB#`�iBQM�H ai�`F [m2M+?BM; (j)X q2 i?2M

TH�+2/ �M >+

2
�M/ .+ BM � +QmTH2/ K�;M2i`QM Q`#Bi �M/ K2�bm`2/ i?2B` +v+HQi`QM 7`2[m2M+B2b

bBKmHi�M2QmbHv (9)X h?Bb bmTT`2bb2/ i?2 2z2+i Q7 p�`B�iBQM BM i?2 K�;M2iB+ }2H/ #v b2p2`�H
Q`/2`b Q7 K�;MBim/2X Ai �HbQ `2/m+2/ mM+2`i�BMiv `2H�i2/ iQ K2�bm`2K2Mi Q7 i?2 BQMbǶ �tB�H
7`2[m2M+B2bX lbBM; i?Bb i2+?MB[m2 r2 T�`iHv `2bQHp2/ >+

2
`Qi�iBQM�H 2M2`;v i?`Qm;? i?2 +?�M;2

BM K�bbX h?Bb `2bmHi2/ BM � p�Hm2 7Q` i?2 /2mi2`QMfT`QiQM K�bb `�iBQ �i 8 TTi �M/ i?2 }`bi
T`QiQM �iQKB+ K�bb �i Ry TTiX
(R) 1X:X Jv2`b- AMiX CX J�bb aT2+i`QK2i`v j9N@j8y- Ryd UkyRjVX
(k) aX S�i`�- 2i �HX- a+B2M+2- jeN Ue8y3V- Rkj3 UkykyVX
(j) .X CX 6BMF �M/ 1X :X Jv2`b- S?vbX _2pX G2iiX Rk9- yRjyyR UkykyV
(9) .X CX 6BMF �M/ 1X :X Jv2`b- S?vbX _2pX G2iiX Rkd- k9jyyR UkykRV

S`2b2Mi2` M�K2, 1/KmM/ Jv2`b

S�;2 kkj



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@j3, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.kkR

lT;`�/BM; i?2 i`�MbTQ`i�#H2 QTiB+�H H�iiB+2 +HQ+F �i Sh"

�mi?Q`b, *?2i�M oBb?r�F�`K�Rc AM;Q LQbbF2Rc hBK Gm2+F2Rc aQ}� >2`#2`bRc *?`BbiB�M GBb/�iR

R S?vbBF�HBb+?@h2+?MBb+?2 "mM/2b�Mbi�Hi- "`�mMb+?r2B;

�7i2` H�#Q`�iQ`v QTiB+�H �iQKB+ +HQ+Fb ?�p2 `2�+?2/ 7`�+iBQM�H 7`2[m2M+v mM+2`i�BMiB2b BM i?2
Ry�18 `2;BK2- Bi Bb �M QM;QBM; i�bF iQ KBMB�im`Bx2 i?2b2 +QKTH2t +HQ+Fb �M/ K�F2 i?2K
i`�MbTQ`i�#H2 �M/ BM@}2H/ /2THQv�#H2- rBi?Qmi +QKT`QKBbBM; i?2B` T2`7Q`K�M+2X h?Bb 2zQ`i
Bb T`BK�`BHv KQiBp�i2/ #v T`QKBbBM; T`QbT2+ib BM ;2Q/2bvX hQ;2i?2` rBi? �++m`�i2 7`2[m2M+v
i`�Mb72` pB� }#2` HBMFb- i?2b2 +HQ+Fb +�M K2�bm`2 ;`�pBi�iBQM�H TQi2MiB�H /Bz2`2M+2b BM i?2 yXR
K2fb2 `2;BK2 U+Q``2bTQM/BM; iQ ǵ+KǶ ?2B;?i /Bz2`2M+2b QM 1�`i?Ƕb bm`7�+2V rBi? ?B;? bT�iB�H
�M/ i2KTQ`�H `2bQHmiBQMX h?mb- i?2v +QmH/ #2 mb2/ iQ 2bi�#HBb? �M �++m`�i2 ?2B;?i `272`2M+2
bvbi2KX �i Sh"- r2 ?�p2 #22M QT2`�iBM; � i`�MbTQ`i�#H2 QTiB+�H +HQ+F #�b2/ QM M2mi`�H
bi`QMiBmK �iQKb BM � R@. QTiB+�H H�iiB+2X h?Bb +HQ+F T`2pBQmbHv ?�/ #22M iQ BMi2`M�iBQM�H
K2�bm`2K2Mi +�KT�B;Mb BM JQ/�M2- hm`BM- S�`Bb- �M/ JmMB+?X

>2`2 r2 T`2b2Mi i?2 T`Q;`2bb BM i?2 /2p2HQTK2Mi Q7 Qm` M2r i`�MbTQ`i�#H2 +HQ+F- iQ �+?B2p2
� HQr2` mM+2`i�BMiv �M/ #2ii2` BMbi�#BHBivX h?2b2 mT;`�/2b +QK2 BM i?2 7Q`K Q7 � M2r T?vbB+b
T�+F�;2 2KTHQvBM; � bBM;H2@#2�K Tv`�KB/ JPh 7Q` i?2 }`bi �M/ b2+QM/ bi�;2b Q7 +QQHBM;-
#2ii2` bi`�v K�;M2iB+ }2H/ b?B2H/BM;- � HQr2` #�+F;`QmM/ T`2bbm`2 BM i?2 b+B2M+2 +?�K#2`
�M/ � i2KT2`�im`2 b?B2H/ 7Q` #2ii2` i?2`K�H mMB7Q`KBiv /m`BM; i?2 +HQ+F BMi2``Q;�iBQM T?�b2X
h?2b2 +?�M;2b �HQM; rBi? i?2 mb2 Q7 � M2r i`�MbTQ`i�#H2 +�pBiv UBMbi�#BHBiv, RXe ⇥ Ry�16V
QT2`�iBM; �i i?2 bm#?�`KQMB+ Q7 i?2 +HQ+F i`�MbBiBQM �`2 2tT2+i2/ iQ Tmb? i?2 7`�+iBQM�H
7`2[m2M+v mM+2`i�BMiv iQ i?2 HQr Ry�18 `2;BK2X
h?Bb rQ`F `2+2Bp2b 7mM/BM; 7`QK i?2 .2mib+?2 6Q`b+?mM;b;2K2BMb+?�7i U.6:- :2`K�M _2@
b2�`+? 6QmM/�iBQMV mM/2` :2`K�MvǶb 1t+2HH2M+2 ai`�i2;v @ 1s*@kRkj Zm�MimK6`QMiB2`b @
jNy3jdNed �M/ a6" R9e9 h2``�Z @ 9j9eRdd3yX Ai Bb bmTTQ`i2/ #v i?2 J�t SH�M+F@_AE1L@
Sh" *2Mi2` 7Q` hBK2- *QMbi�Mib �M/ 6mM/�K2Mi�H avKK2i`B2bX

S`2b2Mi2` M�K2, *?2i�M oBb?r�F�`K�

S�;2 kk9



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@jN, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.k9k

hQr�`/b BKTH�MiBM; `�/BQ�+iBp2 TQH�` KQH2+mH2b BM � MQ#H2
;�b K�i`Bt 7Q` 7mM/�K2Mi�H bvKK2i`v i2bib
�mi?Q`b, LB+?QH�b Lmb;�`iRc CQ+?2M "�HHQ7Rc S2viQM G2H�BMRc C�B/22T aBM;?R

R JB+?B;�M ai�i2 lMBp2`bBiv

Lm+H2�` a+?Bz KQK2Mib ULaJbV T`2b2Mi � TQr2`7mH T`Q#2 BMiQ M2r T?vbB+b i?`Qm;? i?2B`
+QMM2+iBQM iQ *S@bvKK2i`v pBQH�iBQMX q2 �`2 BMp2biB;�iBM; i?2 �TTHB+�iBQM Q7 KQH2+mH�`
K�i`Bt K2i?Q/b iQ LaJ b2�`+?2b Q7 `�/BQ�+iBp2 BbQiQT2b- T�`iB+mH�`Hv `�/BmK@kk8- r?B+? ?�b
�M 2M?�M+2/ a+?Bz KQK2Mi `2bmHiBM; 7`QK Bib Q+imTQH2 /27Q`K�iBQMbX h?2b2 K2i?Q/b BMpQHp2
i`�TTBM; TQH�` KQH2+mH2b BM � MQ#H2 ;�b K�i`Bt- r?B+? Bb T`2/B+i2/ iQ HQ+F i?2B` Q`B2Mi�iBQM
`2H�iBp2 iQ i?2 H�iiB+2 p2+iQ`bX AM i?Bb +QMi`B#miBQM- r2 7Q+mb QM i?2 TQ`iBQM Q7 i?2 6_A" 1.J3

BMbi`mK2Mi- +m``2MiHv BM i?2 /2bB;M bi�;2- i?�i rBHH +`2�i2 �M/ BKTH�Mi i?2 TQH�` KQH2+mH2b
BM i?2 bm#bi`�i2X h?2 BMbi`mK2MiǶb #2�KHBM2 bi�`ib rBi? � bT`�v@#�b2/ BQM bQm`+2 i?�i rBHH
#2 mb2/ iQ 2{+B2MiHv BQMBx2 �[m2Qmb ?�`p2bi2/ `�/BQBbQiQT2bX h?2 bT`�v rBHH #2 +QHH2+i2/ #v
� /m�H BQM 7mMM2H r?B+? rBHH T2`7Q`K BMBiB�H }Hi2`BM; Q7 #�+F;`QmM/ BQMbX h?2M i?2 BQMb rBHH
#2 �M�Hvx2/ #v K�bb@iQ@+?�`;2 `�iBQ mbBM; � [m�/`mTQH2 K�bb }Hi2`- �M/ i?2M #2 M2mi`�HBx2/
BM � +?�`;2@2t+?�M;2 +2HHX 6BM�HHv- i?2 KQH2+mH2b rBHH #2 +Q@/2TQbBi2/ �HQM; rBi? � MQ#H2 ;�b
K�i`BtX q2 rBHH `2TQ`i QM i?2 /2bB;M Q7 i?Bb ?B;?@2{+B2M+v KQH2+mH�` #2�K bQm`+2 �M/ i?2
T`Q;`2bb Q7 Bib +QMbi`m+iBQMX

S`2b2Mi2` M�K2, LB+?QH�b Lmb;�`i

S�;2 kk8



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@9y, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.kdk

Lm+H2�` h@pBQH�iBQM b2�`+? mbBM; Q+imTQH�` Mm+H2B BM � +`vb@
i�H
�mi?Q`b, >�`Bb? _�K�+?�M/`�MRc �K�` omi?�R

R lMBp2`bBiv Q7 hQ`QMiQ

h?2 K�ii2`@�MiBK�ii2` �bvKK2i`v Q7 i?2 mMBp2`b2 bm;;2bib i?�i M2r bQm`+2b Q7 iBK2@`2p2`b�H
bvKK2i`v UhV pBQH�iBQM Hm`F �i 2M2`;v b+�H2b #2vQM/ i?2 `2�+? Q7 +QHHB/2`bX L2r T�`iB+H2b Q`
h@pBQH�iBM; BMi2`�+iBQMb +QmTH2/ iQ Mm+H2QMb +�M H2�/ iQ Mm+H2�` a+?Bz KQK2Mib Q` K�;M2iB+
[m�/`mTQH2 KQK2Mib- r?B+? `2bmHi BM K2�bm`�#H2 2M2`;v /Bz2`2M+2b #2ir22M i?2 bTBM bi�i2b
Q7 Mm+H2B BMbB/2 2H2+i`B+�HHv TQH�`Bx2/ �iQKbX

Lm+H2B rBi? i?2 ?B;?2bi BMi`BMbB+ b2MbBiBpBiv iQ h@pBQH�iBQM UQ+imTQH�` Mm+H2BV �`2 Q7i2M b?Q`i@
HBp2/ `�/BQ�+iBp2 BbQiQT2bX 6m`i?2`- Q#i�BMBM; H�`;2 �iQKB+ TQH�`Bx�iBQM ivTB+�HHv `2[mB`2b i?2
mb2 Q7 ?2�pv TQH�` KQH2+mH2b i?�i �`2 +?�HH2M;BM; iQ +QQH �M/ i`�TX h?2`27Q`2- /2K�M/BM;
#Qi? 2M?�M+2K2Mi 7�+iQ`b Ĝ H�`;2 BMi`BMbB+ h@pBQH�iBQM b2MbBiBpBiv �M/ H�`;2 �iQKB+ TQH�`Bx�@
iBQM Ĝ mbm�HHv H2�/b iQ bB;MB}+�Mi 2tT2`BK2Mi�H +QKTH2tBiv �M/ HBKBi2/ +?QB+2b 7Q` 72�bB#H2
Mm+H2�`fKQH2+mH�` +�M/B/�i2bX q2 T`2b2Mi � r�v iQ 2p�/2 i?2b2 +QMbi`�BMib �M/ �++2bb #Qi?
i?2 2M?�M+2K2Mi 7�+iQ`b mbBM; bi�#H2 Mm+H2B BM � bQHB/X
Pm` �TT`Q�+? mb2b 1531m /QT2/ BMiQ � +`vbi�H- r?B+? `2�HBx2b � H�`;2 2Mb2K#H2 Q7 Q+imTQH�`
Mm+H2B rBi?BM bi`QM;Hv TQH�`Bx2/ �iQKB+ BQMbX h?Bb bvbi2K Qz2`b � bBKTH2 #mi TQr2`7mH K2�Mb
iQ ?mMi 7Q` h@pBQH�iBM; T?vbB+b �i S2o@b+�H2 2M2`;B2bX q2 rBHH /Bb+mbb i?2 /2i�BHb Q7 Qm`
�TT`Q�+? �M/ Qm` T`Q;`2bb iQr�`/b � T�i?}M/2` 2tT2`BK2MiX

S`2b2Mi2` M�K2, >�`Bb? _�K�+?�M/`�M

S�;2 kke



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@9R, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.kN9

�M 21.J b2MbBiBp2 2tT2`BK2Mi mbBM; "�6 KQH2+mH2b
�mi?Q`b, oB`;BMB� J�`b?�HHRc >2M/`B+F GX "2i?H2Kkc �H2t�M/2` "Q2b+?Qi2MRc �M�bi�bB� "Q`b+?2pbFvRc
ai2p2M >Q2Fbi`�Rc CQQbi qX6X p�M >Q7bHQiRc EH�mb CmM;K�MMRc h?QK�b "X J2BDFM2+?iRc J��`i2M *X
JQQBDkc _Q# :X1X hBKK2`K�MbRc �MMQ hQmr2MRc qBK l#�+?bkc GQ`2Mx qBHHK�MMR

R o�M arBM/2`2M AMbBiBimi2- lMBp2`bBiv Q7 :`QMBM;2M
k G�b2`G�#- ol- �Kbi2`/�K

a2�`+?2b HBKBiBM; i?2 p�Hm2 Q7 i?2 T2`K�M2Mi 2H2+i`B+ /BTQH2 KQK2Mi QM i?2 2H2+i`QM U21.JV
�`2 � b2MbBiBp2 T`Q#2 Q7 i?2 ai�M/�`/ JQ/2H Q7 T�`iB+H2 T?vbB+b �M/ Bib 2ti2MbBQMbX am+?
b2�`+?2b ?�p2 #22M T2`7Q`K2/ BM � MmK#2` Q7 /Bz2`2Mi �iQKb �M/ KQH2+mH2b- r?B+? `2bmHi2/
BM i?2 #2bi +m``2Mi HBKBi QM i?2 21.J Q7 |de| < 1.1 ⇥ 10

�29
e cm (R)X Pm` 2tT2`BK2Mi

?�b #22M b2imT rBi? � "�6 bmT2`bQMB+ #2�K rBi? p2HQ+BiB2b Q7 ⇡ 600 m/sX h?2 b2MbBiBpBiv
iQr�`/b �M 21.J `2[mB`2b � T?�b2 b2MbBiBp2 bTBM T`2+2bbBQM K2�bm`2K2Mi BM r2HH@FMQrM 1@
�M/ "@}2H/b URy Fof+K- Ry Mh `2bTXV (k)X h?2 bmT2`TQbBiBQM bi�i2 Q7 i?2 |F = 0,mF = |1|i
K�;M2iB+ bm#bi�i2b BM i?2 X 2

⌃
+
(⌫ = 0, N = 0) ;`QmM/ bi�i2 Q7 "�6 Bb +`2�i2/ �M/ `2�/ Qmi

bQH2Hv #v TmHb2/ H�b2` }2H/ BMi2`�+iBQMbX h?2 `2bmHiBM; bTBM T`2+2bbBQM bB;M�H /2T2M/b QM H�b2`
}2H/ T�`�K2i2`b bm+? �b BMi2MbBiv- TQH�`Bx�iBQM �M/ 7`2[m2M+v /2imMBM;X q2 2tT2`BK2Mi�HHv
BMp2biB;�i2/ i?2 /2T2M/2M+2 QM i?2b2 T�`�K2i2`b r?B+? �`2 BM/BbT2Mb�#H2 7Q` [m�MiB}+�iBQM
Q7 TQbbB#H2 bvbi2K�iB+ #B�b2b i?�i +QmH/ �`Bb2 QM i?2 21.J HBKBi 2ti`�+i2/ HBKBiX q2 �BK iQ
+QKTH2i2 �M BMBiB�H K2�bm`2K2Mi bi�;2 �i � b2MbBiBpBiv H2p2H 10�28

e cm rBi?BM i?Bb v2�`X
(R) �*J1 *QHH�#Q`�iBQM- L�im`2 8ek- j88Ĝjey UkyR3VX
(k) h?2 LG@21.J +QHH�#Q`�iBQM- 1m`X S?vbX CX . dk- RNd UkyR3V

S`2b2Mi2` M�K2, oB`;BMB� J�`b?�HH

S�;2 kkd



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@9k, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.jye

o2`v HQM; #�b2HBM2 �iQK BMi2`72`QK2i`v 7Q` i2bib Q7 7mM/�@
K2Mi�H T?vbB+b
�mi?Q`b, .Q`Qi?22 h2HHRc oBb?m :mTi�kc �HB G2x2BFRc *?`BbiB�M J2BM2`bRc >2MMBM; �H#2`bRc EH�mb >X
wBT72HRc *?`BbiB�M a+?m#2`ijc 1`Mbi JX _�b2HRc .2MMBb a+?HBTT2`iR

R G2B#MBx lMBp2`bBiv >�MMQp2`- AMbiBimi2 Q7 Zm�MimK PTiB+b- :2`K�Mv
k G2B#MBx lMBp2`bBiv >�MMQp2`- AMbiBimi2 Q7 Zm�MimK PTiB+b
j G2B#MBx lMBp2`bBiv >�MMQp2`- AMbiBimi2 Q7 Zm�MimK PTiB+b- :2`K�Mvc :2`K�M �2`QbT�+2 *2Mi2`

U.G_V- AMbiBimi2 7Q` a�i2HHBi2 :2Q/2bv �M/ AM2`iB�H a2MbBM;- >�MMQp2`- :2`K�Mv

�iQK BMi2`72`QK2i`v Bb #�b2/ QM i?2 K2�bm`2K2Mi Q7 T?�b2 /Bz2`2M+2b BM +Q?2`2Mi K�ii2`
r�p2bX �b bm+?- Bi Bb �M B/2�H i2+?MB[m2 7Q` K2�bm`BM; BM2`iB�H 7Q`+2b +�mb2/ #v 2X;X �++2H2`�iBQM
�M/ `Qi�iBQMX h?2 T`2+BbBQM Q7 i?2 K2�bm`2K2Mib Bb T`QpB/2/ #v i?2 bi�M/BM; HB;?i r�p2
BKT`BMiBM; Bib TQbBiBQM@/2T2M/2Mi T?�b2 QMiQ i?2 K�ii2` r�p2b �M/ i?2`27Q`2 �+iBM; �b �
}M2@bT�+2/ `mH2`X

"2BM; #�b2/ QM bBM;H2 �iQKb BM bmT2`TQbBiBQM bi�i2b- �iQK BMi2`72`QK2i`v #�b2/ b2MbQ`b +�M
T2`7Q`K MQM+H�bbB+�H K2�bm`2K2Mib �M/ M2r T2`bT2+iBp2b 7Q` i2bib Q7 7mM/�K2Mi�H T?vbB+bX
h?2v ?�p2 i?2 �#BHBiv iQ T`Q#2 i?2 HBKBib Q7 [m�MimK T?vbB+b �M/ ;2M2`�H `2H�iBpBiv- i?Qm;?
i?Bb `2[mB`2b ?B;?Hv T`2+Bb2 �M/ r2HH@+QMi`QHH2/ /2pB+2bX

>2`2 r2 `2TQ`i QM i?2 +QKKBbbBQMBM; Q7 i?2 o2`v GQM; "�b2HBM2 �iQK AMi2`72`QK2i`v UoG@
"�AV 7�+BHBiv BM i?2 >�MMQp2` AMbiBimi2 Q7 h2+?MQHQ;vX Ai rBHH #2 +QKTQb2/ Q7 � RyX8 K ?B;?
K�;M2iB+�HHv b?B2H/2/ 7`22@7�HH #�b2HBM2- irQ �iQKB+ bQm`+2 +?�K#2`b 72�im`BM; "Qb2@+QM/2Mb2/
`m#B/BmK �M/ vii2`#BmK- �b r2HH �b � ?B;?@T2`7Q`K�M+2 b2BbKB+ �ii2Mm�iBQM bvbi2KX h?Bb �H@
HQrb 7Q` � p�`B2iv Q7 i2bib Q7 7mM/�K2Mi�H T?vbB+b BM � r2HH@+QMi`QHH2/ 2MpB`QMK2Mi (R@j)X

"2bB/2b T`2b2MiBM; i?2 +m``2Mi bi�imb Q7 i?2 7�+BHBiv- r2 /Bb+mbb Bib T`QbT2+ib 7Q` 7mM/�K2Mi�H
T?vbB+b K2�bm`2K2MibX h?2b2 BM+Hm/2 [m�MimK +HQ+F BMi2`72`QK2i`v 7Q` ;`�pBi�iBQM�H `2/b?B7i
i2bib (9) �M/ /Bz2`2MiB�H /m�H@bT2+B2b BMi2`72`QK2i2`b 7Q` i2bib Q7 i?2 mMBp2`b�HBiv Q7 7`22 7�HH (8)-
#mi �HbQ i2bib Q7 K�+`Qb+QTB+Biv �M/ 7mM/�K2Mi�H /2+Q?2`2M+2 #v b2T�`�iBQM Q7 bmT2`TQbBiBQM
bi�i2b QM i?2 K2i2` b+�H2 (e)X
(R) .X a+?HBTT2`i 2i �H- �`sBp,RNyNXy38k9 UkyRNV
(k) úX qQ/2v 2i �H- _2pB2r Q7 a+B2MiB}+ AMbi`mK2Mib NR- yj8RRd UkykyV
(j) JX a+?BHHBM; 2i �H- CQm`M�H Q7 :2Q/2bv N9- Rkk UkykyV
(9) 6X .B SmKTQ 2i �H- S_s Zm�MimK k- y9yjjj UkykRV
(8) CX >�`irB; 2i �H- L2r CQm`M�H Q7 S?vbB+b Rd- yj8yRR UkyR8V
(e) "X a+?`BMbFB 2i �H- S?vbB+�H _2pB2r _2b2�`+? k- yjjyj9 UkykyV

S`2b2Mi2` M�K2, .Q`Qi?22 h2HH

S�;2 kk3



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@9j, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.j9j

S�i?r�v iQ K�;M2iQ@QTiB+�H i`�TTBM; Q7 a`P> iQ T`Q#2 7Q`
.�`F J�ii2` �M/ 1.Jb
�mi?Q`b, �MMBF� GmMbi�/Rc w�+F G�bM2`Rc >�M� G�KTbQMRc CQ?M .QvH2R

R >�`p�`/ lMBp2`bBiv

h?2 +QKTH2t bi`m+im`2 Q7 TQHv�iQKB+ KQH2+mH2b Qz2`b TQr2`7mH 72�im`2b i?�i +�M #2 2tTHQBi2/
7Q` �TTHB+�iBQMb BM [m�MimK bBKmH�iBQM �M/ T`2+BbBQM K2�bm`2K2MiX PM2 Q7 i?2b2 72�im`2b Bb �
TH2i?Q`� Q7 `Q@pB#`�iBQM�H bi�i2bX AM i?2 HBM2�` i`B�iQKB+ KQH2+mH2 a`P>- irQ pB#`�iBQM�H bi�i2b
?�p2 � M2�`@/2;2M2`�+v i?�i +�M #2 T`Q#2/ rBi? KB+`Qr�p2b UBM +QMi`�bi iQ ivTB+�H pB#`�iBQM�H
bTHBiiBM;b Q7 ⇠Ry h>xVX "2+�mb2 i?2 2M2`;B2b Q7 i?2b2 bi�i2b /2T2M/ /Bz2`2MiHv QM i?2 T`QiQM@
iQ@2H2+i`QM K�bb `�iBQ- µ- � KB+`Qr�p2 `2bQM�M+2 #2ir22M i?2K Bb ?B;?Hv b2MbBiBp2 iQ +?�M;2b
BM µ Qp2` iBK2X q2 `2TQ`i QM ?B;?@`2bQHmiBQM pB#`�iBQM�H #`�M+?BM; `�iBQ K2�bm`2K2Mib Q7
7Qm` 2t+Bi2/ pB#`QMB+ bi�i2bX q2 �`2 MQr �#H2 iQ /2bB;M � H�b2`@+QQHBM; b+?2K2 rBi? Qp2`
Ry-yyy T?QiQM b+�ii2`b #27Q`2 HQbb iQ �M mM�//`2bb2/ pB#`�iBQM�H bi�i2- KQ`2 i?�M 2MQm;?
iQ 7Q`K � JPh �M/ HQ�/ �M QTiB+�H i`�TX PMHv 3 H�b2`b �`2 `2[mB`2/ 7Q` i?Bb b+?2K2- 72r2`
i?�M 7Q` �Mv Qi?2` FMQrM TQHv�iQKB+ KQH2+mH2 +QQHBM; +v+H2X q2 /2b+`B#2 T`Q;`2bb iQr�`/b
H�b2` +QQHBM; Q7 a`P> �M/ � ?B;?@b2MbBiBpBiv K2�bm`2K2Mi Q7 µ p�`B�iBQM mbBM; mHi`�+QH/ a`P>
KQH2+mH2bX

S`2b2Mi2` M�K2, �MMBF� GmMbi�/

S�;2 kkN



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@99, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.j88

S`QbT2+ib 7Q` +QMbi`�BMib QM M�MQK2i2`@`�M;2 MQML2riQ@
MB�M ;`�pBiv rBi? � bi�i2@Q7@i?2@�`i KQH2+mH�` +HQ+F
�mi?Q`b, EQM >X G2mM;Rc "`�M/QM A`Bi�MBRc 1KBHv hB#2`BRc J�i2mbx "Q`FQrbFBkc h�Mv� w2H2pBMbFvR

R *QHmK#B� lMBp2`bBiv
k *QHmK#B� lMBp2`bBiv �M/ lMBp2`bBiv Q7 �Kbi2`/�K

lHi`�+QH/ KQH2+mH2b �`2 � TQr2`7mH TH�i7Q`K 7Q` K2i`QHQ;v- T`2+BbBQM K2�bm`2K2Mib �M/
b2�`+?2b 7Q` M2r- #2vQM/@i?2@ai�M/�`/@JQ/2H T?vbB+bX AM T�`iB+mH�`- a`2- i?�MFb iQ Bib bBKTH2
bi`m+im`2- BMb2MbBiBpBiv iQ 2ti2`M�H }2H/b �M/ M�``Qr QTiB+�H i`�MbBiBQMb- T`QpB/2b �M 2t+2HH2Mi
i2bi#2/ 7Q` i?2 b2�`+? 7Q` M2r BMi2`�+iBQMbX >2`2- r2 T`2b2Mi � /2i�BH2/ +?�`�+i2`Bb�iBQM Q7
Qm` 88a`2 KQH2+mH�` +HQ+F 7Q` � pB#`�iBQM�H i`�MbBiBQM bT�MMBM; i?2 2MiB`2 /2Ti? Q7 i?2 ;`QmM/
bi�i2 TQi2MiB�HX q2 +QMi`QH bvbi2K�iB+ b?B7ib �i i?2 10

�14 H2p2H �M/ T2`7Q`K �#bQHmi2 7`2@
[m2M+v K2�bm`2K2Mib �i i?2 10

�13 H2p2H- HBKBi2/ #v :Sa@#�b2/ iBK2 i`�Mb72` BM7`�bi`m+im`2X
q2 /Bb+mbb T`QbT2+ib iQ mb2 bi`QMiBmK BbQiQTQHQ;m2b iQ TH�+2 BKT`Qp2/ +QMbi`�BMib QM M2r
K�bb@/2T2M/2Mi 7Q`+2b- BM+Hm/BM; TQbbB#H2 T�i?r�vb iQr�`/ i?2 T`Q/m+iBQM Q7 mHi`�+QH/ 86a`2
�M/ 84a`2 /BK2`b �M/ bT2+i`Qb+QTv Q7 +HQ+F HBM2b BM i?2b2 bT2+B2bX

S`2b2Mi2` M�K2, 1KBHv hB#2`B

S�;2 kjy



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@98, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.je3

"�`BmK@KQMQ~mQ`B/2 rBi?BM �M �`;QM bQHB/, +�H+mH�iBQMb iQ
bmTTQ`i i?2 1.J+m#2/ b+?2K2 7Q` K2�bm`BM; i?2 2H2+i`QM
2H2+i`B+ /BTQH2 KQK2Mi
�mi?Q`b, :X EX EQv�M�;BRc _X GX G�K#QRc �X _�;v�MbxFBRc _X 6Qm`MB2`Rc JX >Q`#�ib+?Rc 1X �X
>2bb2HbR

R uQ`F lMBp2`bBiv

h?2 1.J+m#2/ +QHH�#Q`�iBQM Bb rQ`FBM; iQr�`/b � K2�bm`2K2Mi Q7 i?2 2H2+i`B+ /BTQH2 KQK2Mi
Q7 i?2 2H2+i`QM U21.JV mbBM; #�`BmK@KQMQ~mQ`B/2 U"�6V 2K#2//2/ BM �M �`;QM bQHB/X h?2
H�`;2 MmK#2`b Q7 2K#2//2/ "�6 BM i?Bb K2�bm`2K2Mi b+?2K2 (R) ;Bp2b i?2 TQi2MiB�H 7Q` � p2`v
T`2+Bb2 21.J K2�bm`2K2MiX AM i?Bb rQ`F- r2 T`2b2Mi T`2+Bb2 `2H�iBpBbiB+ 2H2+i`QMB+ bi`m+im`2
+�H+mH�iBQMb U�HH@2H2+i`QM- rBi? �M 2ti`�TQH�iBQM iQ � +QKTH2i2 #�bBb b2iV Q7 i?2 "�6@�` i`B@
�iQKB+ bvbi2K- 7Q` � rB/2 `�M;2 Q7 "�6@�` b2T�`�iBQMb �M/ �M;H2bX h?2 `2bmHiBM; "�6@�`
TQi2MiB�H +�M #2 T�`�K2i2`Bx2/ �M/ mb2/ iQ KQ/2H � "�6 KQH2+mH2 2K#2//2/ BMiQ �M �` bQHB/
iQ /2i2`KBM2 i?2 bi`m+im`2 Q7 i?2 HQ+�H 2MpB`QMK2Mi �`QmM/ i?2 "�6 KQH2+mH2X
(R) �X *X omi?�- JX >Q`#�ib+? �M/ 1X �X >2bb2Hb- S?vbX _2pX � N3- yjk8Rj UkyR3VX

S`2b2Mi2` M�K2, 1X �X >2bb2Hb

S�;2 kjR



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@9e, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.jd9

� i`�MbTQ`i�#H2 u# QTiB+�H H�iiB+2 +HQ+F
�mi?Q`b, _Q#2`i 6�b�MQRc q2bH2v "`�M/Rc hQ#B�b "Qi?r2HHkc umM@C?B? *?2Mjc _B+?�`/ 6Qtkc �M/`2r
Gm/HQrR

R L�iBQM�H AMbiBimi2 Q7 ai�M/�`/b �M/ h2+?MQHQ;v- *l "QmH/2`
k L�iBQM�H AMbiBimi2 Q7 ai�M/�`/b �M/ h2+?MQHQ;v
j CSG

PTiB+�H H�iiB+2 +HQ+Fb ?�p2 /2KQMbi`�i2/ 7`�+iBQM�H mM+2`i�BMiv �M/ BMbi�#BHBiv �i i?2 10
�18

H2p2H �M/ #2vQM/X �i i?Bb T2`7Q`K�M+2 H2p2H- bm+? bvbi2Kb #2+QK2 mb27mH 7Q` �TTHB+�iBQMb
BM+Hm/BM; i2bib Q7 ;2M2`�H `2H�iBpBiv- b2�`+?2b 7Q` /�`F K�ii2`- iBK2@`2bQHp2/ K2�bm`2K2Mib
Q7 ;2QT?vbB+�H T?2MQK2M� bm+? �b 1�`i? iB/2b- �M/ `2KQi2 +QKT�`BbQMb #2ir22M /Bbi�Mi
K2i`QHQ;B+�H BMbiBimi2bX >Qr2p2`- i?2b2 bvbi2Kb ivTB+�HHv bT�M QM2 Q` KQ`2 `QQKb �M/ �`2
bi�z2/ #v b2p2`�H 2tT2`ib /m`BM; +HQ+F QT2`�iBQMX q2 T`2b2Mi � i`�MbTQ`i�#H2 u# QTiB+�H
H�iiB+2 +HQ+F r?B+? Q++mTB2b QMHv �TT`QtBK�i2Hv RyyyG �M/ b22Fb iQ �+?B2p2 ?B;? �miQMQKQmb
mTiBK2 i?`Qm;? � bmBi2 Q7 �/p�M+2/ +QMi`QHb bvbi2KbX S`2HBKBM�`v +QKT�`BbQMb �;�BMbi � H�#@
Q`�iQ`v +HQ+F /2KQMbi`�i2 �M BMbi�#BHBiv M2�` 10�17 �i Ryyy b2+QM/bX a2p2`�H F2v bvbi2K�iB+b
7Q` i`�MbTQ`i�#H2 QT2`�iBQM ?�p2 #22M �M�Hvx2/ �i i?2 10

�18 mM+2`i�BMiv H2p2H- �M/ � 7mHH
mM+2`i�BMiv #m/;2i rBHH #2 +QKTH2i2/ BM kykjX q2 ?B;?HB;?i b2p2`�H mT+QKBM; �TTHB+�iBQMb
BM+Hm/BM; � TQbbB#H2 i2bi Q7 ;2M2`�H `2H�iBpBiv QM � >9yyy K KQmMi�BM bmKKBi mbBM; irQ@r�v
QTiB+�H iBK2 �M/ 7`2[m2M+v i`�Mb72` iQ +QKT�`2 rBi? H�#Q`�iQ`v +HQ+Fb �i LAahX

S`2b2Mi2` M�K2, _Q#2`i 6�b�MQ

S�;2 kjk



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@jj, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.8j

hQr�`/b i?2 /2p2HQTK2Mi Q7 �M QTiB+�H H�iiB+2 +HQ+F mbBM;
#QbQMB+ BbQiQT2b Q7 K2`+m`v
�mi?Q`b, *H�`� wvbFBM/Rc J�Mm2H �M/B�Rc *?�M;H2B :mQRc aû#�biB2M "Bx2R

R GL1@au_h1- P#b2`p�iQB`2 /2 S�`Bb- lMBp2`bBiû SaG- *L_a- aQ`#QMM2 lMBp2`bBiû

PTiB+�H +HQ+Fb ?�p2 MQr `2�+?2/ �++m`�+B2b +HQb2 iQ R t 10
�18 (R)X h?�MFb iQ i?2B` 2ti`2K2Hv

HQr mM+2`i�BMiB2b- i?2v �`2 mb2/ �b iQQHb 7Q` p�`BQmb �TTHB+�iBQMb- bm+? �b +?`QMQK2i`B+ ;2Q/2bv-
i2bib Q7 :2M2`�H _2H�iBpBiv- b2�`+? 7Q` T?vbB+b #2vQM/ i?2 ai�M/�`/ JQ/2H Q` `2/2}MBiBQM Q7
i?2 aA b2+QM/ (j)X

J2`+m`v ?�b MQi #22M Km+? BMp2biB;�i2/ BM +QH/ �iQKb Q` [m�MimK ;�b 2tT2`BK2Mib- �M/ i?2
T`QT2`iB2b Q7 Bib p�`BQmb bi�#H2 BbQiQT2b �`2 biBHH iQ #2 2tTHQ`2/X JQ`2Qp2`- QTiB+�H H�iiB+2 +HQ+Fb
#�b2/ QM K2`+m`v �`2 bim/B2/ #2+�mb2 Q7 +2`i�BM �/p�Mi�;2b Qp2` Qi?2` M2mi`�H �iQKbX AM
T�`iB+mH�`- i?2 K2`+m`v +HQ+F i`�MbBiBQM1S0 @ 3P0 ?�b � HQr b2MbBiBpBiv iQ #H�+F@#Q/v `�/B�iBQM
U""_V- i?�i Bb iQ b�v i?2 2M2`;v H2p2H b?B7i /m2 iQ i?2 i?2`K�H `�/B�iBQM Q7 �M 2MpB`QMK2Mi �i
� MQM x2`Q i2KT2`�im`2X Aib b2MbBiBpBiv iQ ""_ Bb Re iBK2b HQr2` i?�M vii2`#BmK �M/ jy iBK2b
HQr2` i?�M bi`QMiBmK- irQ Q7 i?2 KQbi bm++2bb7mH +HQ+F bT2+B2bX Ai �HbQ ?�b � ?B;? b�im`�iBQM
p�TQ` T`2bbm`2 7�pQ`�#H2 iQ BKTH2K2Mi � k. K�;M2iQ@QTiB+�H i`�T �b �M 2{+B2Mi bQm`+2 Q7
T`2@+QQH2/ �iQKbX h?2 K2`+m`v +HQ+F i`�MbBiBQM ?�b � `2H�iBp2Hv ?B;? b2MbBiBpBiv iQ � Tmi�iBp2
p�`B�iBQM Q7 i?2 }M2 bi`m+im`2 +QMbi�Mi (9)- �M/ ?2M+2 �HHQrb iQ +QMbi`�BM i?2Q`B2b �BKBM; iQ
mMB7v ;`�pBiv rBi? Qi?2` BMi2`�+iBQMb �M/ iQ b2�`+? 7Q` /�`F K�ii2`X qQ`FBM; rBi? K2`+m`v
BKTHB2b mbBM; lo@i`�MbBiBQMb r?B+? Bb QM2 Q7 i?2 K�BM 2tT2`BK2Mi�H +?�HH2M;2bX .2p2HQTK2Mib
Q7 QTiB+�H H�iiB+2 +HQ+Fb mbBM; K2`+m`v ?�p2 #22M 7Q+mbBM; bQ 7�` QM i?2 199>; 72`KBQMB+ BbQiQT2
(8)(e)X

h?2 +HQ+F i`�MbBiBQM1S0 @ 3P0 Q7 199>; Bb M�im`�HHv �HHQr2/ i?�MFb iQ i?2 ?vT2`}M2 KBtBM;
/m2 iQ i?2 Rfk Mm+H2�` bTBM Q7 199>;X "mi i?2 HB72iBK2 Q7 i?2 bi�i2 3P0 Bb #2+QKBM; bK�HH2`
i?�M i?2 HQM;2` T`Q#BM; iBK2 �HHQr2/ #v i?2 M2r ;2M2`�iBQM Q7 mHi`�bi�#H2 H�b2`b- bQ Bi Bb �
HBKBiBM; 7�+iQ` iQ 7mHHv 2tTHQBi i?2 TQi2MiB�H Q7 i?2b2 MQp2H i2+?MQHQ;v H�b2`bX AMbi2�/ BM #QbQMB+
BbQiQT2b rBi? � x2`Q Mm+H2�` bTBM- i?2 3P0 bi�i2 ?�b ?vTQi?2iB+�HHv �M mMHBKBi2/ HB72iBK2X h?2
1S0 @ 3P0 i`�MbBiBQM +�M #2 BM/m+2/ rBi? �M 2ti2`M�H K�;M2iB+ }2H/ #v � [m2M+?BM; b+?2K2-
�M/ i?2`2#v ;BpBM; i?2 TQbbB#BHBiv iQ �/�Ti i?2 bi`2M;i? Q7 i?Bb +QmTHBM; iQ i?2 T`Q#2 H�b2`
+?�`�+i2`BbiB+b (d)X 174u# r�b bim/B2/ rBi? i?Bb K2i?Q/ (3)(N)X 88a` +HQ+Fb �HbQ #�b2/ QM i?Bb
�TT`Q�+? r2`2 �HbQ bim/B2/ (Ry) �M/ ?�p2 b?QrM T`QKBbBM; �++m`�+v (RR)X

AM i?Bb TQbi2`- r2 rBHH /2b+`B#2 i?2 H�b2` +QQHBM; K2i?Q/b mb2/- r?B+? QT2M i?2 r�v iQ bim/v
+QHHBbBQM�H T`QT2`iB2bX q2 rBHH /2b+`B#2 i?2 QTiB+�H H�iiB+2 +HQ+F �i au_h1 �M/ r2 rBHH `2TQ`i
i?2 �+?B2p2K2Mi K�/2 bQ 7�` QM i?2 199>; BbQiQT2 Ubi�#BHBiv- �++m`�+v #m/;2i- +QKT�`BbQMbVX
q2 rBHH K2MiBQM HBKBi�iBQMb Q7 Qm` +m``2Mi b2imT �M/ 2tTH�BM i?2 b+?2K2- i?2 2tT2+i�iBQMb
�M/ i?2 7mim`2 bi2Tb 7Q` K�FBM; � +HQ+F mbBM; #QbQMB+ BbQiQT2b Q7 K2`+m`vX
_272`2M+2b
(R) qX 6X J+:`2r 2i �HX- L�im`2 8e9- 3dĜNy UkyR3VX
(k) �X .X Gm/HQr 2i �HX- _2pX JQ/X S?vbX- 3d,ejdĜdyR- CmM kyR8X
(j) aX "Bx2X- *X _X S?vbB[m2- kyURV,R8jĜRe3- C�Mm�`v kyRNX
(9) 1X CX �M;biK�MM 2i �HX- S?vbB+�H _2pB2r �- dyURV- CmH kyy9X
(8) _X hvmK2M2p 2i �HX- L2r CQm`M�H Q7 S?vbB+b- R3URRV,RRjyyk- LQp2K#2` kyReX
(e) EX u�K�M�F� 2i �HX- S?vbX _2pX G2iiX- RR9,kjy3yR- CmM kyR8X
(d) �X oX h�B+?2M�+?2p 2i �HX- S?vbB+�H _2pB2r G2ii2`b- NeU3V,y3jyyR- J�`+? kyyeX
(3) wX qX "�`#2` 2i �HX- S?vbX _2pX G2iiX- Ryy,Ryjyyk- J�` kyy3X
(N) wX qX "�`#2` 2i �HX- S?vbB+�H _2pB2r G2ii2`b- NeU3V- J�` kyyeX
(Ry) sX "�BHH�`/ 2i �HX- PTiXG2iiX- jkURjV,R3RkĜR3R9- CmH kyydX
(RR) aX P`B;HB� 2i �HX- S?vbX _2pX �- N3,y8j99j- LQp kyR3X

S`2b2Mi2` M�K2, wvbFBM/- *H�`�

S�;2 kjj



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@j9, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.d3

J2�bm`2K2Mib Q7 nT @ kb i`�MbBiBQMb BM i?2 ?v/`Q;2M �iQK

�mi?Q`b, aBKQM a+?2B/2;;2`Rc CQb2T? �MiQM �;M2`Rc >�MbDɃ`; a+?KmixRc 6`û/û`B+ J2`FiR

R 1h> wm`B+?

S`2+BbBQM 2tT2`BK2Mib BM i?2 ?v/`Q;2M �iQK ?�p2 � HQM; i`�/BiBQM �M/ 2ti2MbBp2 bim/B2b Q7
i`�MbBiBQMb #2ir22M HQr HvBM; n  12 bi�i2b r2`2 +�``B2/ Qmi (R@e)X h?2b2 K2�bm`2K2Mib +�M #2
mb2/ iQ /2i2`KBM2 p�Hm2b Q7 i?2 _v/#2`; +QMbi�Mi �M/ i?2 T`QiQM +?�`;2 `�/BmbX q2 T`2b2Mi
� M2r 2tT2`BK2Mi�H �TT`Q�+? iQ T2`7Q`K K2�bm`2K2Mib Q7 i`�MbBiBQM 7`2[m2M+B2b #2ir22M i?2
K2i�bi�#H2 kb 2a1/2(F = 0, 1) bi�i2 Q7 > �M/ ?B;?Hv 2t+Bi2/ nT@_v/#2`; bi�i2b rBi? T`BM+BT�H
[m�MimK MmK#2` n � 23X

q2 ;2M2`�i2 i?2 ?v/`Q;2M �iQKb #v /BbbQ+B�iBM; >2 BM � /B2H2+i`B+ #�``B2` /Bb+?�`;2 HQ+�i2/
�i i?2 Q`B}+2 Q7 � TmHb2/ +`vQ;2MB+ p�Hp2X h?2 ?v/`Q;2M �iQKb �`2 2Mi`�BM2/ BM i?2 bmT2`bQMB+
2tT�MbBQM Q7 >2X h?2 �iQKb �`2 T?QiQ2t+Bi2/ iQ � bT2+B}+ ?vT2`}M2 H2p2H Q7 i?2 K2i�bi�#H2
kb 2a1/2 bi�i2 #v � ?QK2@#mBHi 7`2[m2M+v@i`BTH2/ 6Qm`B2`@i`�Mb7Q`K@HBKBi2/ TmHb2/ iBi�MBmK@
b�TT?B`2 H�b2` UTmHb2 H2M;i? 9y MbVX h?2v 2Mi2` � K�;M2iB+�HHv b?B2H/2/ `2;BQM BM r?B+?
i`�MbBiBQMb iQ nT _v/#2`; bi�i2b �`2 BM/m+2/ #v � M�``Qr@#�M/ 7`2[m2M+v@/Qm#H2/ +QMiBMmQmb@
r�p2 iBi�MBmK@b�TT?B`2 H�b2`- r?B+? Bb T?�b2 HQ+F2/ iQ �M QTiB+�HHv bi�#BHBx2/ 7`2[m2M+v +QK#
�M/ `272`2M+2/ Qp2` � }#2` M2irQ`F iQ � aA i`�+2�#H2 T`BK�`v 7`2[m2M+v bi�M/�`/ (d)X h?2
?B;?Hv 2t+Bi2/ _v/#2`; bi�i2b �`2 /2i2+i2/ #v TmHb2/@}2H/ BQMBx�iBQMX q2 rBHH `2TQ`i T`Q;`2bb
QM Qm` 2zQ`ib iQ KBMBKBx2 mM+2`i�BMiB2b 7`QK bi`�v 2H2+i`B+ }2H/b �M/ .QTTH2` b?B7ib �M/ iQ
Q#i�BM bT2+i`�H HBM2b rBi? � 6q>J #2HQr Ry J>xX

h?Bb rQ`F r�b bmTTQ`i2/ #v i?2 arBbb L�iBQM�H a+B2M+2 6QmM/�iBQM i?`Qm;? i?2 aBM2`;B�@
S`Q;`�K U:`�Mi LQX *_aAA8@R3j8dNV �M/ :`�Mi LQX kyyyky"@kyy9d3X
(R) CX *X :�``2�m 2i �HX- CX S?vbX 6`�M+2 8R- kkNj URNNyVX
(k) *X :X S�`i?2v 2i �HX- S?vbX _2pX G2iiX Ryd- kyjyyR UkyRRVX
(j) �X "2v2` 2i �HX- a+B2M+2 j83- dN UkyRdVX
(9) >X 6H2m`#�2v 2i �HX- S?vbX _2pX G2iiX Rky- R3jyyR UkyR3VX
(8) LX "2x;BMQp 2i �HX- a+B2M+2 je8- Ryyd UkyRNVX
(e) �X :`BMBM 2i �HX- a+B2M+2 jdy- RyeR UkykyVX
(d) .X >mbK�MM 2i �HX- PTiB+b 1tT`2bb kN-k98Nk UkykRVX

S`2b2Mi2` M�K2, aBKQM a+?2B/2;;2`

S�;2 kj9



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@j8, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.Ny

JmHiBHQQT �iQKB+ a�;M�+ BMi2`72`QK2i`v
�mi?Q`b, ap2M �#2M/Rc *?`BbiB�M a+?m#2`ikc J�ii?B�b :2`b2K�MMRc 1`Mbi JX _�b2HR

R G2B#MBx lMBp2`bBi i >�MMQp2`- AMbiBimi 7Ƀ` Zm�Mi2MQTiBF
k .2mib+?2b w2Mi`mK 7Ƀ` Gm7i@ mM/ _�mK7�?`i 2XoX U.G_V- AMbiBimi 7Ƀ` a�i2HHBi2M;2Q/ bB2 mM/ AM2`@

iB�Hb2MbQ`BF

AM2`iB�H b2MbQ`b #�b2/ QM K�ii2`@r�p2 BMi2`72`2M+2 b?Qr ;`2�i TQi2MiB�H 7Q` M�pB;�iBQM- ;2Q/2bv-
Q` 7mM/�K2Mi�H T?vbB+bX aBKBH�` iQ i?2 a�;M�+ 2z2+i- i?2B` b2MbBiBpBiv iQ `Qi�iBQMb BM+`2�b2b
rBi? i?2 bT�+2@iBK2 �`2� 2M+HQb2/ #v i?2 BMi2`72`QK2i2`X AM i?2 +�b2 Q7 HB;?i BMi2`72`QK2@
i2`b- i?2 H�ii2` +�M #2 2MH�`;2/ #v 7Q`KBM; KmHiBTH2 }#`2 HQQTbX >Qr2p2`- i?2 2[mBp�H2Mi 7Q`
K�ii2`@r�p2 BMi2`72`QK2i2`b `2K�BMb �M 2tT2`BK2Mi�H +?�HH2M;2X h?Bb +QMi`B#miBQM T`2b2Mib
� +QM+2Ti 7Q` � KmHiBHQQT �iQK BMi2`72`QK2i2` rBi? � b+�H�#H2 �`2� 7Q`K2/ #v KmHiBTH2 HB;?i
TmHb2bX Ai 2tTHQBib mHi`�@+QH/ �iQKB+ 2Mb2K#H2b +QK#BM2/ rBi? bvKK2i`B+ #2�K bTHBiiBM; �M/ �
`2H�mM+? K2+?�MBbKX .m2 iQ Bib b+�H�#BHBiv Bi Qz2`b i?2 T2`bT2+iBp2 Q7 `2�+?BM; mMT`2+2/2Mi2/
b2MbBiBpBiB2b 7Q` `Qi�iBQMb BM +QKT�+i b2MbQ` ?2�/ b2imTbX
6mM/2/fbmTTQ`i2/ #v i?2 .6:- A. kd9kyyR99 a6" Rkkd .Z@K�i rBi?BM "yd � "yN- � A.
9j9eRdd3yĜa6" R9e9 h2``�Z rBi?BM �yR- �yk � �yj � 1s*@kRkj Zm�MimK6`QMiB2`b- A.
jNy3jdNedc #v i?2 .G_ #v i?2 "JqB mM/2` .G_ 8yqJRN8k � 8yqJRN88 UZl�Lhla@
o@6�HHim`KV- 8yqSRdyy U"1**�GV- 8y_ERN8d UZ:v`QV- .G_ 8yL�kRye UZ:v`QYV � i?2
o.A #v i?2 "J"6 mM/2` o.A RjLR93j3 Uh�APGVc #v i?2 "J"6 mM/2` RjLR93d8 �M/
7`QK ǳLB2/2`b +?bBb+?2b oQ`�#Ǵ 7Q` i?2 BMBiB�H 7mM/BM; Q7 i?2 .G_@aA AMbiBimi2 �M/ i?`Qm;?
Zl�LPJ1h UZhjVX

S`2b2Mi2` M�K2, ap2M �#2M/

S�;2 kj8



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@je, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.RkR

>B;?@T`2+BbBQM K2�bm`2K2Mib Q7 �iQKB+ bi`m+im`2 BM G2�/
�M/ Qi?2` KmHiBp�H2M+2 �iQKB+ bvbi2Kb
�mi?Q`b, S`QiBF J�DmK/2`Rc CQ?M G�+vR

R qBHHB�Kb *QHH2;2

q2 ?�p2 mM/2`i�F2M � b2`B2b Q7 K2�bm`2K2Mib Q7 �iQKB+ T`QT2`iB2b Q7 ;`QmT AAA �M/ Ao bvbi2Kb
iQ i2bi QM;QBM; �# BMBiBQ �iQKB+ bi`m+im`2 +�H+mH�iBQMbX h?2b2 KmHiBp�H2M+2 bvbi2Kb ?�p2
`2H2p�M+2 iQ i2bib Q7 bvKK2i`v pBQH�iBQM �M/ Qi?2` 7mM/�K2Mi�H T?vbB+b b2�`+?2bX S`BQ` rQ`F
BMpQHp2/ K2�bm`2K2Mib Q7 TQH�`Bx�#BHBiv- BbQiQT2 b?B7ib- �M/ ?vT2`}M2 bi`m+im`2 BM p�`BQmb
2t+Bi2/ bi�i2b Q7 i?2 i?`22@p�H2M+2 i?�HHBmK �M/ BM/BmK bvbi2KbX

_2+2MiHv- r2 ?�p2 7Q+mb2/ QM i?2 7Qm`@p�H2M+2 S# bvbi2K r?2`2 bB;MB}+�MiHv BKT`Qp2/ �iQKB+
bi`m+im`2 +�H+mH�iBQMb (R) ?�p2 #22M +QKTH2i2/ 7Q` �M �iQKB+ bvbi2K BM r?B+? irQ /Bz2`2Mi
T`2+Bb2 �iQKB+ T�`Biv MQM+QMb2`p�iBQM 2tT2`BK2Mib r2`2 T2`7Q`K2/ irQ /2+�/2b �;QX lMHBF2
�HF�HB bvbi2Kb- `2H�iBp2Hv 72r �iQKB+ #2M+?K�`F K2�bm`2K2Mib 2tBbi BM S# �i � H2p2H Q7 �+@
+m`�+v M2+2bb�`v iQ i2bi �M/ ;mB/2 `2}M2K2Mi Q7 i?2 i?2Q`vX AM kyRN- r2 +QKTH2i2/ i?2 }`bi
K2�bm`2K2Mi Q7 i?2 7Q`#B//2M S# Ueb2eT2V 3S0 @ 3S2 1k i`�MbBiBQM �KTHBim/2 �i NjN MK- }M/@
BM; 2t+2HH2Mi �;`22K2Mi rBi? i?2 �# BMBiBQ p�Hm2 +QKTmi2/ #v i?2 a�7`QMQp� ;`QmT �i i?2 RW
H2p2H Q7 �++m`�+vX h?2 2tT2`BK2Mi�H K2i?Q/ 2KTHQv2/ i?2 b�K2 ?B;?@T`2+BbBQM TQH�`BK2i`v
i2+?MB[m2 mb2/ iQ K2�bm`2 T�`Biv MQM+QMb2`pBM; QTiB+�H `Qi�iBQMX h?Bb i2+?MB[m2- r?B+? mb2b
+`Qbb2/ TQH�`Bx2`b �M/ � 6�`�/�v KQ/mH�iBQM f HQ+F@BM /2i2+iBQM i2+?MB[m2- vB2H/b µ_�/B�M
T`2+BbBQM- �HHQrBM; K2�bm`2K2Mi Q7 p2`v r2�F �iQKB+ i`�MbBiBQMb pB� /2i2+iBQM Q7 KBHHB`�/B�M@
bBx2/ 6�`�/�v `Qi�iBQM mbBM; bK�HH .* K�;M2iB+}2H/b �TTHB2/ iQ i?2 b�KTH2X

q2 �`2 +m``2MiHv Tm`bmBM; b2p2`�H M2r S# �iQKB+ bi`m+im`2 K2�bm`2K2Mib mbBM; i?Bb b�K2
6�`�/�v TQH�`BK2i`v K2i?Q/X h?2b2 BM+Hm/2 K2�bm`2K2Mib Q7 i`�MbBiBQM BbQiQT2 b?B7ib �M/
?vT2`}M2 bTHBiiBM;b BM i?2b2 7Q`#B//2M i`�MbBiBQMb mbBM; BbQiQTB+�HHv@2M`B+?2/ p�TQ` +2HHb- �b
r2HH �b K2�bm`2K2Mib Q7 2H2+i`B+ /BTQH2 �KTHBim/2b 7Q` i`�MbBiBQMb Q`B;BM�iBM; BM i?2`K�HHv@
2t+Bi2/ H2p2Hb rBi? TQTmH�iBQMb Q7 Q`/2` Ry�5 Q7 i?2 ;`QmM/@bi�i2 TQTmH�iBQMX

�//BiBQM�HHv r2 TH�M iQ K2�bm`2- 7Q` i?2 }`bi iBK2- 2t+Bi2/@bi�i2 TQH�`Bx�#BHBiB2b BM S#- mbBM;
i?2 b�K2 �iQKB+ #2�K �TT�`�imb �M/ ?B;?@pQHi�;2 }2H/@TH�i2 bvbi2K mb2/ BM Qm` H�# 7Q` T`BQ`
K2�bm`2K2Mib BM BM/BmK �M/ i?�HHBmKX >2`2- � KQHv#/2MmK +`m+B#H2 +QMi�BMBM; jyy ; Q7
H2�/ Bb ?2�i2/ iQ �#Qp2 Ryyy �* iQ +`2�i2 � /2Mb2- +QHHBK�i2/ �iQKB+ #2�KX h?2 b2MbBiBp2
6�`�/�v TQH�`BK2i`v K2i?Q/ rBHH #2 mb2/ iQ T2`7Q`K i`�Mbp2`b2 bT2+i`Qb+QTv BM i?2 T`2b2M+2
Q7 i?Bb #2�K �M/ bi�iB+ 2H2+i`B+ }2H/b mT iQ ky Fof+K rBHH +`2�i2 ai�`F b?B7ib BM i?2 je3
MK Ueb2eT2V 3S1 @ (6s26p7s)3P0 1R i`�MbBiBQMX h?2 T`2/B+i2/ ai�`F b?B7i Bb `Qm;?Hv ?�H7 i?2
2tT2+i2/ .QTTH2`@M�``Qr2/ HBM2 rB/i?- �M/ r2 2tT2+i iQ b22 6�`�/�v `Qi�iBQM bB;M�Hb Q7 Q`/2`
Ryy µ_�/B�Mb- r?B+? b?QmH/ #2 2�bBHv K2�bm`�#H2 mbBM; Qm` TQH�`BK2i`v i2+?MB[m2- T`QpB/BM;
� M2r- 2t�+iBM; i2bi Q7 i?2 �iQKB+ i?2Q`v T`2/B+iBQMbX

*m``2Mi `2bmHib rBHH #2 T`2b2Mi2/X
(R) .XGX J�b2`- 1HB >Q2MB;- "X@uX q�M;- SXJX _mT�bBM;?2- aX:X SQ`b2p- JXaX a�7`QMQp�- �M/
SXEX J�DmK/2`- S?vbX _2p � Ryy- y8k8ye UkyRNVX

S`2b2Mi2` M�K2, S`QiBF J�DmK/2`

S�;2 kje



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@jd, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.R99

�M 2tT2`BK2Mi iQ K2�bm`2 i?2 2H2+i`QMǶb 2H2+i`B+ /BTQH2 KQ@
K2Mi mbBM; i`�TT2/ mHi`�+QH/ KQH2+mH2b
�mi?Q`b, �M/`2r . q?Bi2Rc ai27�M SQT�Rc CQ`;2 J2HH�/Q JmMQxRc CQM;b2QF GBKRc s�pB2` u �H�mx2Rc
*?B w?�M;Rc LQ�? C 6Bi+?Rc "2M 1 a�m2`Rc JB+?�2H _ h�`#miiR

R AKT2`B�H *QHH2;2 GQM/QM

h?2 H�`;2 �bvKK2i`v #2ir22M K�ii2` �M/ �MiBK�ii2` BM i?2 lMBp2`b2 Bb � Kvbi2`vX h?2 7Q`@
K�iBQM Q7 i?Bb 2ti`� K�ii2` `2[mB`2b +?�`;2 T�`Biv U*SV pBQH�iBQM #2vQM/ i?�i +QMi�BM2/ BM i?2
bi�M/�`/ KQ/2H- �M/ i?2`27Q`2 TQBMib iQr�`/b M2r T?vbB+b (R)X h?2 2H2+i`QMǶb 2H2+i`B+ /BTQH2
KQK2Mi U21.JV Bb b2MbBiBp2 iQ i?Bb M2r T?vbB+bX S`2+BbBQM K2�bm`2K2Mi Q7 i?2 21.J i2bib
T?vbB+b #2vQM/ i?2 ai�M/�`/ JQ/2H �M/ rBHH 2tT�M/ Qm` mM/2`bi�M/BM; Q7 i?2 7mM/�K2Mi�H
T`BM+BTH2b Q7 M�im`2X q2 �BK iQ BKT`Qp2 i?2 T`2+BbBQM Q7 i?2 21.J K2�bm`2K2Mi #v j Q`/2`b
Q7 K�;MBim/2 mbBM; �M �``�v Q7 mHi`�+QH/ vii2`#BmK KQMQ~mQ`B/2 Uu#6V KQH2+mH2b ?2H/ BM �M
QTiB+�H H�iiB+2- K2�bm`BM; �M 21.J QM i?2 Q`/2` Q7 Ry�32 2 +K (k)X

q2 T`Q/m+2 � #2�K Q7 u#6 mbBM; � irQ bi�;2 +`vQ;2MB+ #mz2` ;�b bQm`+2 +QQH2/ iQ k EX AM
i?Bb bQm`+2- u#6 Bb 7Q`K2/ #v H�b2` �#H�iBQM Q7 �M vii2`#BmK i�`;2i BM i?2 T`2b2M+2 Q7 bmHT?m`
?2t�~mQ`B/2 Ua6eV- �M/ Bb i?2M 2Mi`�BM2/ BM � ~Qr Q7 +QH/ ?2HBmK ;�bX q2 TH�M iQ /2+2H2`�i2
i?2b2 KQH2+mH2b mbBM; H�b2` bHQrBM;- +�Tim`2 i?2K BM � K�;M2iQ@QTiB+�H i`�T- +QQH i?2K iQ
� 72r KB+`QF2HpBM �M/ i?2M HQ�/ i?2K BMiQ �M QTiB+�H H�iiB+2 r?2`2 bTBM +Q?2`2M+2 iBK2b Q7
b2p2`�H b2+QM/b b22K 72�bB#H2X q2 rBHH T`2b2Mi i?2 T`Q;`2bb K�/2 iQr�`/b ;2M2`�iBM; � bHQr
#2�K- BMBiB�H H�b2` bHQrBM; 2tT2`BK2Mib �M/ Qm` TH�Mb 7Q` i?2 7mim`2X
(R) a�F?�`Qp � . RNNR aQpX S?vbX lbTX j9 jNkĜj
(k) L C 6Bi+? 2i �H kykR Zm�MimK a+BX h2+?MQHX e yR9yye

S`2b2Mi2` M�K2, �M/`2r . q?Bi2

S�;2 kjd



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@j3, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.Rdd

hrQ@#2�K b2H7@Qb+BHH�iBM; PSJ 7Q` HQr@/`B7i ?B;?@T`2+BbBQM
.* K�;M2iQK2i`v
�mi?Q`b, �m`2HB2M *?QTBM�m/Rc aim�`i AM;H2#vR

*Q@�mi?Q`b, J�`+BM J`QxQrbFB Rc *�`QHvM PǶ.rv2` Rc S�mH 6X :`B{M Rc 1`HBM; _BBb R

R lMBp2`bBiv Q7 ai`�i?+Hv/2

6BMBi2@}2H/ QTiB+�H K�;M2iQK2i`v Qz2`b T`�+iB+�H �/p�Mi�;2b BM ;2QT?vbB+b- bm`p2vBM; �M/
M�pB;�iBQM /m2 iQ i?2 b2MbBiBpBiv �M/ �++m`�+v �+?B2p�#H2 rBi? �HF�HB /Qm#H2@`2bQM�M+2 i2+?@
MB[m2bX AM i?Bb b2MbQ` b+?2K2- `2bQM�Mi KQ/mH�iBQM �i i?2 G�`KQ` 7`2[m2M+v Bb �TTHB2/ iQ
i?2 �HF�HB bTBMb BM Q`/2` iQ /`Bp2 i?2 `2bQM�Mi `2bTQMb2 �M/ K�tBKBb2 bB;M�H +QMi`�bi (R-k)X
>QKQ/vM2 /2i2+iBQM �HbQ Qz2`b � T�i? iQ MQBb2 `2/m+iBQM BM b+�H�#H2 2H2+i`QMB+ bvbi2KbX AM
Q`/2` iQ /2p2HQT QT2`�iBM; KQ/2b �M/ `2�/Qmi b+?2K2b r2 ?�p2 #mBHi � b?B2H/2/ H�#Q`�iQ`v
K�;M2iQK2i2` bvbi2K mbBM; �MiB@`2H�t�iBQM@+Q�i2/ Rjj*b +2HHb (j)X q2 rBHH `mM i?Bb bvbi2K
�b � b2H7@Qb+BHH�iBM; bTBM K�b2` �b � TH�i7Q`K 7Q` /2p2HQTK2Mi Q7 HQr@/`B7i ?B;?@T`2+BbBQM .*
K�;M2iQK2i`v- BM+Hm/BM; bim/v Q7 bTBM /vM�KB+b �M/ HBKBiBM; MQBb2 bQm`+2bX

q2 T`2b2Mi /2p2HQTK2Mib Q7 � irQ@#2�K QTiB+�HHv TmKT2/ �HF�HB K�;M2iQK2i2` 7Q` BMp2biB;�@
iBQM Q7 bi�#H2 *`�K2`@_�Q@HQr2`@#QmM/ HBKBi2/ K�;M2iQK2i`v- bTBM@MQBb2 HBKBi2/ Qz@`2bQM�Mi
/2i2+iBQM Q7 bTBM K�b2` T`2+2bbBQM �M/ HQM;@iBK2b+�H2 b?B2H/2/ QTiB+�H K�;M2iQK2i`vX q2 /Bb@
+mbb TQi2MiB�H 7mim`2 /2p2HQTK2Mi Q7 i?Bb bvbi2K �b � M2irQ`F MQ/2 7Q` M2r T?vbB+b b2�`+?2b
(9)X

_272`2M+2b
(R) AX JX a�pmFQp 2i �HX- S?vbX _2p- G2iiX N8- yejyy9 Ukyy8V
(k) aX :`Q2;2` 2i �HX- 1m`X S?vbX CX . j3- kjN@k9d UkyyeV
(j) LX *�bi�;M� 2i �HX- �TTHX S?vbX " Ne- dej@ddk UkyyNV
(9) aX �7�+? 2i �HX- S?vbX P7 i?2 .�`F lMBpX kk- Rek@R3y UkyR3V

S`2b2Mi2` M�K2, �m`ûHB2M *?QTBM�m/

S�;2 kj3



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@jN, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.RNe

lT/�i2 Q7 i?2 CAG� ;2MX AAA 21.J 2tT2`BK2Mi
�mi?Q`b, EB� "QQM L;Rc LQ�? a+?HQbb#2`;2`Rc amM uQQH S�`FRc �Mx?Qm q�M;Rc "2MD�KBM >mMiRc
h�Mv� _QmbbvRc h`2pQ` q`B;?iRc �MiQMBQ oB;BHRc :mbi�pQ a�Mi�2HH�Rc GmF2 *�H/r2HHRc CmM u2Rc 1`B+
*Q`M2HHR

R CAG�- lMBp2`bBiv Q7 *QHQ`�/Q- "QmH/2`

h?2 ai�M/�`/ JQ/2H Q7 T�`iB+H2 T?vbB+b Bb QM2 Q7 i?2 KQbi bm++2bb7mH KQ/2Hb i?�i r2 mb2 iQ
/2b+`B#2 i?2 mMBp2`b2- v2i Bi Bb FMQrM iQ #2 BM+QKTH2i2X am#bi�MiB�H 2zQ`ib QM i?2 i?2Q`2iB+�H
7`QMi BMi`Q/m+2 M2r T?vbB+b i?`Qm;? 2ti2MbBQMb Q7 i?2 ai�M/�`/ JQ/2H- �M/ i?2b2 M2r T?vbB+b
KQ/2Hb K�F2 T`2/B+iBQMb QM i?2 p�Hm2 Q7 i?2 2H2+i`B+ /BTQH2 KQK2Mi Q7 i?2 2H2+i`QM U21.JVX
J2�bm`2K2Mib Q7 UQ` BKT`Qp2/ HBKBi QMV i?2 21.J TH�+2b +QMbi`�BMib QM i?2b2 M2r i?2Q`B2bX
h?2 21.J 2tT2`BK2Mib �i CAG� i�F2 �/p�Mi�;2 Q7 i?2 HQM; i`�TTBM; iBK2 Q7 BQMb iQ i�T i?2
HQM; +Q?2`2M+2 iBK2b Q7 i?2 21.J@b2MbBiBp2 bi�i2b BM Qm` KQH2+mH�` BQMb Q7 +?QB+2, >76+ �M/
h?6+X h?2 QM;QBM; 2tT2`BK2Mi mbBM; >76+ Bb �M mT;`�/2/ p2`bBQM Q7 Qm` kyRd 2tT2`BK2Mi
(R)- mbBM; � #B;;2` i`�T 7Q` KQ`2 BQMb- �KQM;bi Qi?2` BKT`Qp2K2Mib 7Q` #2ii2` bi�iBbiB+bX h?2
mT+QKBM; 2tT2`BK2Mi mbBM; h?6+ ?�b r`�TT2/ mT bT2+i`Qb+QTv Q7 i?2 KQH2+mH2 (k-j-9)- �M/
r2 �`2 MQr b2iiBM; mT � T`QiQivT2 2tT2`BK2Mi iQ /2KQMbi`�i2 Km+? HQM;2` +Q?2`2M+2 iBK2b
i?�M >76+- T`QKBb2/ iQ mb #v i?2 21.J@b2MbBiBp2 ;`QmM/ bi�i2 BM h?6+ (k-9)X >2`2BM- r2
T`QpB/2 � i2�b2` QM i?2 /2KQMbi`�iBQM Q7 HQM; +Q?2`2M+2 iBK2b BM h?6+X
(R) qX "X *�B`M+`Qbb- .X LX :`2b?- JX :`�m- EX *X *Qbb2H- hX aX _Qmbbv- uX LB- uX w?Qm-
CX u2- �M/ 1X �X *Q`M2HH- S`2+BbBQM J2�bm`2K2Mi Q7 i?2 1H2+i`QMǶb 1H2+i`B+ .BTQH2 JQK2Mi
lbBM; h`�TT2/ JQH2+mH�` AQMb- S?vbX _2pX G2iiX RRN- R8jyyR UkyRdVX
(k) .X LX :`2b?- EX *X *Qbb2H- uX w?Qm- CX u2- �M/ 1X �X *Q`M2HH- "`Q�/#�M/ p2HQ+Biv KQ/m@
H�iBQM bT2+i`Qb+QTv Q7 h?6Y 7Q` mb2 BM � K2�bm`2K2Mi Q7 i?2 2H2+i`QM 2H2+i`B+ /BTQH2 KQK2Mi-
CX JQHX aT2+i`Qb+X jRN- R UkyReVX
(j) uX w?Qm- EX "X L;- GX *?2M;- .X LX :`2b?- _X qX 6B2H/- CX u2- �M/ 1X �X *Q`M2HH- oBbB#H2
�M/ mHi`�pBQH2i H�b2` bT2+i`Qb+QTv Q7 h?6- CX JQHX aT2+i`Qb+X j83- R UkyRNVX
(9) EX "X L;- uX w?Qm- GX *?2M;- LX a+?HQbb#2`;2`- aX uX S�`F- hX aX _Qmbbv- GX *�H/r2HH- uX
a?�;�K- �X CX oB;BH- 1X �X *Q`M2HH- �M/ CX u2- aT2+i`Qb+QTv QM i?2 2H2+i`QM@2H2+i`B+@/BTQH2@
KQK2MiĜb2MbBiBp2 bi�i2b Q7 h?6+- S?vbX _2pX � Ry8- ykk3kj

S`2b2Mi2` M�K2, EB� "QQM L;

S�;2 kjN



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@9y, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.kk8

21.J@b2MbBiBp2 KQH2+mH2b i`�TT2/ BM M2QM B+2
�mi?Q`b, a�Km2H GBRc 1K�M a?�v2#Rc �K�` omi?�R

R lMBp2`bBiv Q7 hQ`QMiQ

AKT`Qp2/ b2�`+?2b 7Q` i?2 2H2+i`QM 2H2+i`B+ /BTQH2 KQK2Mi U21.JV `2[mB`2 H�`;2 MmK#2`b Q7
TQH�` KQH2+mH2b rBi? HQM; bTBM +Q?2`2M+2 iBK2bX q2 `2TQ`i i`�TTBM; Q7 "�6 KQH2+mH2b BM
+`vQ;2MB+ M2QM B+2- rBi? i`�T HB72iBK2b 2t+22/BM; irQ r22FbX G�b2`@BM/m+2/ ~mQ`2b+2M+2 K2�@
bm`2K2Mib BM/B+�i2 i?�i i?2 KQH2+mH2b �`2 QMHv r2�FHv T2`im`#2/ +QKT�`2/ iQ T`2pBQmb bim/B2b
QM �iQKb BM BM2`i bQHB/bX Pm` `2bmHib QT2M � T�i? iQ QTiB+�H bTBM TQH�`Bx�iBQM �M/ T`2+2bbBQM
K2�bm`2K2Mib BM "�6,L2- �BK2/ �i /2p2HQTBM; �M BKT`Qp2/ 21.J b2�`+? 2tT2`BK2MiX

S`2b2Mi2` M�K2, a�Km2H GB

S�;2 k9y



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@9R, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.k9N

PTiB+�H +HQ+Fb rBi? i`�TT2/ 40*�+ �M/ 27�H+ BQMb
�mi?Q`b, JBH2M� :m2p�`� "2`ib+?Rc *?`BbiB�M 62HBt _QQbRc _�BM2` "H�iiR

R AMbiBimi2 7Q` [m�MimK QTiB+b �M/ [m�MimK BM7Q`K�iBQM- ƹbi2``2B+?Bb+?2 �F�/2KB2 /2` qBbb2Mb+?�7i2M

h?2 b2�`+? 7Q` KQ`2 T`2+Bb2 �M/ �++m`�i2 7`2[m2M+v bi�M/�`/b ?�b TH�v2/ � F2v `QH2 BM i?2
/2p2HQTK2Mi Q7 #�bB+ b+B2M+2- T`2+BbBQM K2�bm`2K2Mib �M/ i2+?MB+�H �TTHB+�iBQMbX LQr�/�vb-
QTiB+�H +HQ+Fb rBi? i`�TT2/ BQMb �`2 �+?B2pBM; mM+2`i�BMiB2b BM i?2 HQr Ry�18 `�M;2 �M/ #2HQrX
PM2 Q7 Qm` ;`QmTǶb 7Q+mb2b Bb +2Mi2`2/ QM i?2 BKTH2K2Mi�iBQM Q7 QTiB+�H +HQ+Fb rBi? i`�TT2/
40*�+ �M/ 27�H+X

aBM+2 Bib }`bi K2�bm`2K2Mi BM kyyN #v Qm` ;`QmT- i?2 �#bQHmi2 7`2[m2M+v Q7 i?2 4s 2S1/2 $ 3d
2D5/2

40Ca+ +HQ+F i`�MbBiBQM ?�b #22M `2TQ`i2/ 9 KQ`2 iBK2bX >Qr2p2`- i?2 }`bi irQ Q7 i?2b2
Tm#HBb?2/ `2bmHib U#2ir22M kyyN �M/ kyRkV /Bb�;`22 rBi? i?2 H�ii2` irQ U#2ir22M kyRj �M/
kyRdVX q2 T`2b2Mi i?2 `2bmHib Q7 � M2r +�KT�B;M iQ K2�bm`2 i?2 �#bQHmi2 7`2[m2M+v Q7 40Ca+

+HQ+F i`�MbBiBQM rBi? `2bT2+i iQ i?2 +QQ`/BM�i2/ mMBp2`b�H iBK2 lh* �i Sh" #v K2�Mb Q7
� :Laa HBMF mbBM; i?2 S`2+Bb2 SQBMi SQbBiBQMBM; USSSV i2+?MB[m2X �7i2` 2p�Hm�iBQM Q7 i?2
bvbi2K�iB+ b?B7ib- i?2 i`�MbBiBQM 7`2[m2M+v Bb K2�bm`2/ iQ #2 U9RR y9k RkN dde 9yRXjǬyXeV >x
rBi? � 7`�+iBQM�H mM+2`i�BMiv Q7 RX9 Ɠ Ry�15X

hQ BMp2biB;�i2 i?2 QTiB+�H i`�MbBiBQMb QM i?2 27�H+- r2 BKTH2K2Mi Zm�MimK GQ;B+ aT2+@
i`Qb+QTv UZGaVX ZGa +QMbBbib Q7 i?2 +QK#BM2/ BKTH2K2Mi�iBQM Q7 �M �mtBHB�`v ǳHQ;B+Ǵ BQM-
r?B+? Bb biQ`2/ iQ;2i?2` rBi? � ǳbT2+i`Qb+QTvǴ BQMX h?2 ǳHQ;B+Ǵ BQM Bb mb2/ iQ +QQH /QrM
i?2 BMBiB�HHv ?Qi ǳbT2+i`Qb+QTvǴ BQM pB� i?2B` *QmHQK# BMi2`�+iBQM �M/ �//BiBQM�HHv �HHQrb
i?2 T`2T�`�iBQM �M/ /2i2+iBQM Q7 i?2 BMi2`M�H bi�i2 Q7 i?2 ǳbT2+i`Qb+QTvǴ BQMX q2 T2`7Q`K2/
ZGa 7Q` � K2�bm`2K2Mi Q7 i?2 1

S0 $ 3
P1 BMi2`+QK#BM�iBQM i`�MbBiBQM BM 27�H+X _�Kb2v

bT2+i`Qb+QTv Bb mb2/ 7Q` T`Q#BM; i?2 i`�MbBiBQM BM 27�H+ �M/ i?2 4s 2S1/2 $ 3d 2D5/2 +HQ+F
i`�MbBiBQM BM 40Ca+ BM BMi2`H2�p2/ K2�bm`2K2MibX "v mbBM; i?2 T`2+Bb2Hv K2�bm`2/ 7`2[m2M+v
Q7 i?2 +HQ+F i`�MbBiBQM BM 40Ca+ �b � 7`2[m2M+v `272`2M+2 r2 /2i2`KBM2 i?2 7`2[m2M+v Q7 i?2
BMi2`+QK#BM�iBQM HBM2 iQ #2 R Rkk 39k 38d jj9 djeUNjV >x �M/ i?2 G�M/û ;@7�+iQ` Q7 i?2 2t+Bi2/
bi�i2 iQ #2 yX9k3RjkUkV (R)X q2 ?�p2 �HbQ T`Q#2/ i?2 1

S0 $ 3
P0

27�H+ +HQ+F i`�MbBiBQM rBi?
� T`Q#2@iBK2@HBKBi2/ rB/i? Q7 R F>xX 1zQ`ib iQ Q#i�BM bT2+i`�HHv M�``Qr2` HBM2b �`2 KQbiHv
?�KT2`2/ #v i?2 7Q`K�iBQM Q7 KQH2+mH�` BQMb #v `2�+iBQM Q7 i?2 �HY rBi? >k #�+F;`QmM/ ;�b
KQH2+mH2bX JQH2+mH�` BQM 7Q`K�iBQM HBKBib i?2 iBK2 i?�i r2 +�M mMBMi2``mTi2/Hv T`Q#2 i?2
+HQ+F i`�MbBiBQM iQ �#Qmi R8 KBMmi2b- r?B+? BM +QK#BM�iBQM rBi? HQM; �H+ `2HQ�/BM; iBK2b-
T`2p2Mi mb 7`QK BMp2biB;�iBM; i?2 +HQ+F i`�MbBiBQM KQ`2 i?Q`Qm;?HvX

Pm` H�i2bi T`QD2+i 7Q+mb2b QM i?2 /2p2HQTK2Mi Q7 i?`22 /Bz2`2Mi 2tT2`BK2Mi�H i2+?MB[m2b iQ
BMp2biB;�i2 i`�TT2/@BQM FBM2iB+b /m2 iQ #�+F;`QmM/@;�b +QHHBbBQMbX "�+F;`QmM/ ;�b +QHHBbBQMb
+�M T2`im`# i?2 7`2[m2M+v Q7 �iQKB+ +HQ+FbX h?2 2M2`;v BKT�`i2/ /m`BM; +QHHBbBQM 2p2Mib
�z2+ib i?2 KQiBQM�H bi�i2 /Bbi`B#miBQM- r?B+? +QMb2[m2MiHv ?�b �M 2z2+i QM i?2 iBK2@/BH�iBQM-
�HbQ FMQrM �b b2+QM/@Q`/2` .QTTH2` b?B7iX AM �//BiBQM�H iQ i?Bb b?B7i- �Mv BMi2`�+iBQM /m`BM;
i?2 +QHHBbBQM +�M T2`im`# i?2 T?�b2 Q7 i?2 �iQKB+ bmT2`TQbBiBQMX h?2 i?`22 i2+?MB[m2b iQ;2i?2`
/2i2+i � `�M;2 BM 2M2`;v /m2 iQ +QHHBbBQMb bT�MMBM; d Q`/2`b Q7 K�;MBim/2X h?2 }`bi i2+?MB[m2
mb2b � +QKTQbBi2 b2[m2M+2 Q7 QTiB+�H i`�MbBiBQMb BM *�+ iQ �++m`�i2Hv i`�Mb72` BM7Q`K�iBQM
�#Qmi Bib KQiBQM�H bi�i2- �HHQrBM; i?2 /2i2+iBQM Q7 +QHHBbBQMb i?�i BKT�`i � FBM2iB+ 2M2`;v
#2ir22M Ry�3 E iQ Ry�1 EX h?2 b2+QM/ i2+?MB[m2 Bb #�b2/ QM i?2 /2i2+iBQM Q7 +QHHBbBQMb i?�i
+�mb2 � `2Q`/2`BM; Q7 � KBt2/@bT2+B2b BQM T�B` �M/ +Qp2`b � `�M;2 7`QK Ry�1 E iQ Ry EX h?2
i?B`/ i2+?MB[m2 Bb #�b2/ QM i?2 +?�`�+i2`Bx�iBQM Q7 i?2 `2@+QQHBM; /vM�KB+b Q7 � bBM;H2 +�H+BmK
BQM �7i2` � +QHHBbBQM �M/ +Qp2`b � `�M;2 7`QK Ry E iQ Ry4 EX h?2 2tT2`BK2Mi�H +?�`�+i2`Bx�iBQM
Q7 i`�TT2/@BQM FBM2iB+b /m2 iQ #�+F;`QmM/@;�b +QHHBbBQMb i?`Qm;? bm+? � #`Q�/ `�M;2 QT2Mb i?2
/QQ` iQ � /22T2` mM/2`bi�M/BM; Q7 i?2 #�+F;`QmM/@;�b +QKTQbBiBQM �M/ Bib 2z2+i QM i`�TT2/
BQM 2tT2`BK2MibX
(R) J :m;;2KQb 2i �HX ǳ6`2[m2M+v K2�bm`2K2Mi Q7 i?2 R1S0, F = 5/2 $ 3

P1, F = 7/2
i`�MbBiBQM Q7 27�H+ pB� [m�MimK HQ;B+ bT2+i`Qb+QTv rBi? 40*�+ǴX AM, L2r CQm`M�H Q7 S?vbB+b
kRXRy UkyRNV- TX RyjyyjX

S�;2 k9R



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

S`2b2Mi2` M�K2, JBH2M� :m2p�`� "2`ib+?

S�;2 k9k



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@9k, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.kdd

hQr�`/b `2H�iBpBbiB+ ;2Q/2bv rBi? � i`�MbTQ`i�#H2 �HmKBMmK
BQM [m�MimK HQ;B+ QTiB+�H +HQ+F
�mi?Q`b, ai2T?�M >�MMB;Rc "2MD�KBM E`�mbRc *QMbi�MiBM L�mFRc aBKQM2 *�HH2;�`Bkc aQ}� >2`#2`bkc
.2rMB S�i?2;�K�kc SB2i PX a+?KB/ij

R S?vbBF�HBb+?@h2+?MBb+?2 "mM/2b�Mbi�Hi- .G_@aA +fQ G2B#MBx lMBp2`bBi i >�MMQp2`
k S?vbBF�HBb+?@h2+?MBb+?2 "mM/2b�Mbi�Hi
j S?vbBF�HBb+?@h2+?MBb+?2 "mM/2b�Mbi�Hi USh"V- :Qii7`B2/ qBH?2HK G2B#MBx lMBp2`bBi i >�MMQp2`-

.G_@aA +fQ G2B#MBx lMBp2`bBi i >�MMQp2`

AM `2H�iBpBbiB+ ;2Q/2bv- 7`2[m2M+B2b Q7 /Bbi�Mi QTiB+�H +HQ+Fb �`2 +QKT�`2/ iQ K2�bm`2 i?2
`2H�iBpBbiB+ `2/b?B7i �M/ i?2`2#v i?2 ;2Q/2iB+ ?2B;?i /Bz2`2M+2 #2ir22M i?2 +HQ+FbX hQ Q#i�BM
� ?2B;?i `2bQHmiBQM Q7 QM i?2 Q`/2` Q7 R +K- +HQ+Fb rBi? � 7`�+iBQM�H 7`2[m2M+v mM+2`i�BMiv Q7
Ry@R3 �`2 `2[mB`2/X

>2`2- r2 T`2b2Mi � DQBMi 2zQ`i #2ir22M Sh" �M/ .G_@aA iQ #mBH/ � i`�MbTQ`i�#H2 �HmKBMmK
BQM +HQ+FX AM +QMi`�bi iQ Qi?2` bT2+B2b- i?2 �HmKBMmK +HQ+F i`�MbBiBQM Bb p2`v BMb2MbBiBp2
iQ #H�+F#Q/v `�/B�iBQMX h?2 HBM2�` �M/ [m�/`�iB+ w22K�M b?B7ib �`2 bK�HH- �M/ i?2 2H2+i`B+
[m�/`mTQH2 b?B7i Bb M2;HB;B#H2X h?2b2 7�pQ`�#H2 72�im`2b H2/ iQ i?2 }`bi QTiB+�H +HQ+F rBi? �M
2biBK�i2/ bvbi2K�iB+ mM+2`i�BMiv #2HQr 10

�18 (R)X >Qr2p2`- � +Q@i`�TT2/ bQ@+�HH2/ HQ;B+ BQM Bb
`2[mB`2/ 7Q` bvKT�i?2iB+ +QQHBM; �M/ bi�i2 `2�/Qmi pB� [m�MimK HQ;B+ bT2+i`Qb+QTv (k)X

h?2 i`�MbTQ`i�#H2 +HQ+F b2imT #2M2}ib 7`QK Qm` 2tT2`B2M+2 ;�BM2/ /m`BM; /2p2HQTK2Mi Q7 �
bBKBH�` H�#Q`�iQ`v +HQ+F �TT�`�imb rBi? � T`2HBKBM�`v 2biBK�i2/ �TT�`�imb@`2H�i2/ bvbi2K�iB+
7`�+iBQM�H 7`2[m2M+v mM+2`i�BMiv Q7 1.9 ⇥ 10

�18 (j)X Pi?2` F2v@+QKTQM2Mib �`2 � b2;K2Mi2/
KmHiBH�v2` i`�T K�/2 Q7 �HL bm#bi`�i2b (9)- � i`�MbTQ`i�#H2 `272`2M+2 +�pBiv 7Q` i?2 +HQ+F H�b2`
(8)- �M/ � bBM;H2@T�bb 7Qm`i? ?�`KQMB+ ;2M2`�iBQM mMBi 7Q` i?2 +HQ+F H�b2` i?�i 7�+BHBi�i2b �M
mMBMi2``mTi2/ T?�b2 bi�#BHBx�iBQM Q7 i?2 7mM/�K2Mi�H H�b2`X

q2 T`2b2Mi T`2HBKBM�`v +?�`�+i2`Bx�iBQM `2bmHib Q7 i?2 `272`2M+2 +�pBiv �M/ i?2 6>: mMBi �b
F2v #mBH/BM; #HQ+Fb Q7 i?2 +HQ+F H�b2`X JQ`2Qp2`- r2 T`2b2Mi TQi2MiB�H �TTHB+�iBQMb Q7 bm+?
+HQ+Fb 7Q` ;2Q/2iB+ K2�bm`2K2Mi +�KT�B;MbX
(R) aX "`2r2` 2i �HX- ǳkd�HY Zm�MimK@GQ;B+ *HQ+F rBi? � avbi2K�iB+ lM+2`i�BMiv #2HQr
RyƐR3Ǵ S?vbX _2pX G2iiX Rkj Uj kyRNV- TX yjjkyR
(k) SXPX a+?KB/i 2i �HX- ǳaT2+i`Qb+QTv lbBM; Zm�MimK GQ;B+XǴ a+B2M+2 jyNX8dj8 Ukyy8V- TTX
d9N@d8k
(j) aX >�MMB; 2i �HX UkyRNV- ǳhQr�`/b � i`�MbTQ`i�#H2 �HmKBMBmK BQM [m�MimK HQ;B+ QTiB+�H
+HQ+FǴ- _2pX a+BX AMbi`mKX Ny- y8jky9
(9) hX "m`;2`K2Bbi2` UkyRNV- ǳ.2p2HQTK2Mi �M/ +?�`�+i2`Bx�iBQM Q7 � HBM2�` BQM i`�T 7Q` �M
BKT`Qp2/ QTiB+�H +HQ+F T2`7Q`K�M+2ǴX S?/ i?2bBb- G2B#MBx lMBp2`bBi i >�MMQp2`X
(8) aX >2`#2`b UkykRV- ǳh`�MbTQ`i�#H2 mHi`�@bi�#H2 H�b2` bvbi2K rBi? �M BMbi�#BHBiv /QrM iQ
RyƐReǳX S?/ i?2bBb- G2B#MBx lMBp2`bBi i >�MMQp2`X

S`2b2Mi2` M�K2, ai2T?�M >�MMB;

S�;2 k9j



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@9j, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.kN8

*QMiBMmQmb +QH/ bi`QMiBmK �iQKb i?`Qm;? � +�pBiv �b � 7`2@
[m2M+v bi�M/�`/
�mi?Q`b, CmHB�M _Q#BMbQM@h�BiRc 1HBQi "Q?`Rc aQ7mb E`Bbi2Mb2MRc CQ2`; >2H;2 Jm2HH2`R

R LB2Hb "Q?` AMbiBimi2

h?2 bi�i2@Q7@i?2@�`i QTiB+�H �iQKB+ +HQ+Fb `2Hv QM i`�TTBM;- +QQHBM; �M/ `2�/Qmi �i i?2 b�K2
TQBMi BM bT�+2 �M/ i?2 +QQHBM; bi�;2b �`2 b2T�`�i2/ BM iBK2c ?Qr2p2`- i?2v bmz2` 7`QK }@
MBi2 /2�/@iBK2 #2ir22M K2�bm`2K2Mib H2�/BM; iQ �//BiBQM�H MQBb2- �M/ +QKTHB+�i2/ +QMi`QH
b2[m2M+2bX h?2 M2ti ;2M2`�iBQM Q7 QTiB+�H +HQ+Fb b?QmH/ #2 +QMiBMmQmb rBi? BM?2`2MiHv x2`Q
/2�/@iBK2 �M/ bi2�/v@bi�i2 QT2`�iBQM r?B+? bBKTHB}2b +QMi`QHX
q2 TH�M iQ /2KQMbi`�i2 i?Bb rBi? � +QMiBMmQmb #2�K Q7 M2mi`�H bi`QMiBmK@33 i?�i Bb +QQH2/
�M/ +QKT`2bb2/ #v � b2[m2M+2 Q7 H�b2` +QQHBM; bi�;2b b2T�`�i2/ BM bT�+2X h?2 +QMiBMmQmb #2�K
2K2`;2b 7`QK � w22K�M bHQr2` rBi? � bT22/ �`QmM/ jyKb�1 �M/ 2Mi2`b �M �M;H2/ k. JPh
r?B+? rBHH �+i iQ URXV +QQH �M/ +QKT`2bb i?2 �iQKB+ #2�K i`�Mbp2`b2Hv UkXV /2~2+i i?2 �iQKB+
#2�K BMiQ � +�pBiv `2;BQM i?�i Bb T`Qi2+i2/ 7`QK ?�`K7mH bi`�v HB;?i UjXV 7Q+mb i?2 �iQKB+ #2�K
BM R �tBb iQ Qp2`H�T rBi? i?2 KQ/2 pQHmK2 Q7 � HBM2�` +�pBivX qBi? i?Bb +QMiBMmQmb- +QKT`2bb2/-
+QQH2/ �M/ /2Mb2 ~mt2/ Q7 �iQKb i?`Qm;? i?2 +�pBiv- r2 TH�M iQ T2`7Q`K bT2+i`Qb+QTv QM i?2
dXe F>x rB/2 BMi2`@+QK#BM�iBQM HBM2 rBi? � +�pBiv 2M?�M+2/ b+?2K2 +�HH2/ LA*1@P>Ja i?�i
Bb BKKmM2 iQ +�pBiv MQBb2 UiQ }`bi Q`/2`V- �M/ i?2M +?�`�+i2`Bx2 i?2 2tT2`BK2MiǶb T2`7Q`K�M+2
�b � 7`2[m2M+v bi�M/�`/X

S`2b2Mi2` M�K2, CmHB�M _Q#BMbQM@h�Bi

S�;2 k99



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@99, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.j9d

�APL, �M �iQK BMi2`72`QK2i2` Q#b2`p�iQ`v �M/ M2irQ`F

�mi?Q`b, hBz�Mv >�`i2Rc *?mM; *?m�M >bmRc w�+? 1vH2`Rc "`B�M "QbirB+FRc EBK#2`Hv hF�HÍ2+Rc lH`B+?
a+?M2B/2`R

R lMBp2`bBiv Q7 *�K#`B/;2

�iQK BMi2`72`QK2i2`b �`2 b2MbBiBp2 iQ i?2 bB;M�im`2b Q7 ;`�pBi�iBQM�H r�p2b- mHi`�@HB;?i /�`F
K�ii2` �M/ Qi?2` 7mM/�K2Mi�H T?vbB+b T?2MQK2M�X h?2 /2p2HQTK2Mi Q7 i?Bb M2r +H�bb Q7
[m�MimK /2i2+iQ` rBHH +QKTH2K2Mi i`�/BiBQM�H /2i2+iBQM K2i?Q/b �M/ 2ti2M/ K2�bm`2K2Mi
+�T�#BHBiB2bX

h?2 �iQK AMi2`72`QK2i2` P#b2`p�iQ`v �M/ L2irQ`F U�APLV (R) Bb � TH�MM2/ b2`B2b Q7 �iQK
BMi2`72`QK2i2`b QT2`�iBM; QM i?2 bi`QMiBmK +HQ+F i`�MbBiBQM BM � ;`�/BQK2i2` +QM};m`�iBQMX
h?2 #�b2HBM2 Q7 i2``2bi`B�H /2pB+2b- +Q``2bTQM/BM; iQ i?2 b2T�`�iBQM #2ir22M BMi2`72`QK2i2`b
BM i?2 /Bz2`2MiB�H K2�bm`2K2Mi- rBHH BM+`2�b2 7`QK Ry K iQ R FKX *m``2Mi rQ`F 7Q+mbb2b QM
/2p2HQTBM; i?2 +QH/ �iQK i2+?MQHQ;B2b iQ bmTTQ`i i?2 /2i2+iBQM ;Q�Hb- BM+Hm/BM; i`�MbTQ`i �M/
+QQHBM; Q7 i?2 �iQK +HQm/b- bi�i2 T`2T�`�iBQM �M/ H�`;2 KQK2MimK i`�Mb72` i2+?MB[m2b- �M/
/2bB;M Q7 i?2 Ry K /2pB+2X h?Bb TQbi2` QmiHBM2b i?2 b+B2MiB}+ ;Q�Hb- 2tT2`BK2Mi�H BKTH2K2M@
i�iBQM �M/ `2+2Mi T`Q;`2bb Q7 i?2 �APL /2i2+iQ` rBi? � 7Q+mb QM i?2 rQ`F QM �iQK i`�MbTQ`i
�M/ +QQHBM; #2BM; +�``B2/ Qmi �i i?2 lMBp2`bBiv Q7 *�K#`B/;2X

h?Bb TQbi2` Bb T`2b2Mi2/ QM #2?�H7 Q7 i?2 �APL +QMbQ`iBmKX
(R) GX "�/m`BM� 2i �HX ǳ�APL, �M �iQK AMi2`72`QK2i2` P#b2`p�iQ`v �M/ L2irQ`FǴ- CQm`M�H
Q7 *QbKQHQ;v �M/ �bi`QT�`iB+H2 S?vbB+b 8- yRR UkykyVX

S`2b2Mi2` M�K2, hBz�Mv >�`i2

S�;2 k98



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@98, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.j83

hQr�`/b � +r bmT2``�/B�Mi H�b2`, *QMiBMmQmb bi`QM; +Qm@
THBM; �M/ i`�MbTQ`i Q7 33a` �iQKb BM � `BM; +�pBiv
�mi?Q`b, o2`� J a+? 72`Rc CmHB� _ E *HBM2Rc w?BDBM; LBmRc .vH�M C uQmM;Rc 1`B+ aQM;Rc C�K2b E
h?QKTbQMR

R CAG�- lMBp2`bBiv Q7 *QHQ`�/Q- "QmH/2`

amT2``�/B�Mi H�b2`b �`2 � T`QKBbBM; T�i? iQr�`/b `2�HBxBM; � M�``Qr@HBM2rB/i?- ?B;?@T`2+BbBQM
�M/ ?B;?@#�M/rB/i? �+iBp2 7`2[m2M+v `272`2M+2 (R)X h?2v b?B7i i?2 T?�b2 K2KQ`v 7`QK i?2
QTiB+�H +�pBiv- r?B+? Bb bm#D2+i iQ i2+?MB+�H �M/ i?2`K�H pB#`�iBQM MQBb2- iQ �M mHi`�@M�``Qr
QTiB+�H �iQKB+ i`�MbBiBQM Q7 �M 2Mb2K#H2 Q7 +QH/ �iQKb i`�TT2/ BMbB/2 i?2 +�pBivXƘPm` T`2@
pBQmb /2KQMbi`�iBQM Q7 TmHb2/ bmT2``�/B�M+2 QM i?2 K>x i`�MbBiBQM BM 87a` (k-j) �+?B2p2/ �
7`�+iBQM�H �HH�M /2pB�iBQM Q7 eXdǦ10

�16 �i Rb Q7 �p2`�;BM;X JQpBM; iQr�`/b +QMiBMmQmb@r�p2
bmT2``�/B�M+2 T`QKBb2b iQ 7m`i?2` BKT`Qp2 i?2 b?Q`i@i2`K 7`2[m2M+v bi�#BHBiv #v Q`/2`b Q7
K�;MBim/2X � F2v +?�HH2M;2 BM `2�HBxBM; � +r bmT2``�/B�Mi H�b2` Bb i?2 +QMiBMmQmb bmTTHv Q7
+QH/ �iQKb BMiQ � +�pBiv- r?BH2 bi�vBM; BM i?2 +QHH2+iBp2 bi`QM; +QmTHBM; `2;BK2X
q2 /2KQMbi`�i2 +QMiBMmQmb HQ�/BM; Q7 +QH/ 88a` �iQKb BMiQ � `BM; +�pBiv- �7i2` b2p2`�H bi�;2b
Q7 H�b2` +QQHBM; �M/ bHQrBM;X q2 +?�`�+i2`Bx2 +QMi`QHH2/ i`�MbTQ`i Q7 i?2 �iQKb rBi?BM i?2
`BM; +�pBiv mbBM; �M BMi`�+�pBiv i`�p2HHBM; r�p2 QTiB+�H H�iiB+2- �M/ /2KQMbi`�i2 +QMiBMmQmb
bi`QM; +QHH2+iBp2 �iQK@+�pBiv +QmTHBM; i?`Qm;? +QMiBMmQmb K2�bm`2K2Mi Q7 i?2 p�+mmK _�#B
bTHBiiBM;X q2 7m`i?2` T`2b2Mi QM;QBM; rQ`F QM +?�`�+i2`BbBM; �TT�`2Mi +QMiBMmQmb +QHH2+iBp2
HB;?i 2KBbbBQM Q7 i?2 �iQKb QM i?2 dX8F>x i`�MbBiBQM BM 88a`X
(R)Ƙ.X J2Bb2` 2i �HX- S?vbX _2pX G2iiX Ryk- RejeyR UkyyNVX
(k) JX �X LQ`+B� 2i �HX- a+B2M+2 �/p�M+2b k- 2ReyRkjR UkyReV
(j) JX �X LQ`+B� 2i �HX- S_s 3- ykRyje UkyR3V

S`2b2Mi2` M�K2, o2`� a+? 72`

S�;2 k9e



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@9e, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.jdy

.2~2+iBQM Q7 #�`BmK@KQMQ~mQ`B/2 KQH2+mH2b
�mi?Q`b, �X J�`bK�MRc JX >Q`#�ib+?Rc .X >2BM`B+?Rc LX J+*�HHRc CX S2`2x :�`+B�Rc >X@JX u�mRc _X
GX G�K#QRc :X EX EQv�M�;BRc JX *X :2Q`;2Rc *X >X aiQ``vRc wX *Q``Bp2�mRc CX hX aBM;?kc �X *X omi?�jc
1X �X >2bb2HbR

R uQ`F lMBp2`bBiv
k JB+?B;�M ai�i2 lMBp2`bBiv
j lMBp2`bBiv Q7 hQ`QMiQ

.2MbBiv@K�i`Bt bBKmH�iBQMb Q7 �M QTiB+�H b+?2K2 7Q` T`Q/m+BM; � H�`;2 QTiB+�H 7Q`+2 QM #�`BmK@
KQMQ~mQ`B/2 U"�6V KQH2+mH2b �`2 T`2b2Mi2/X h?2 b+?2K2 mb2b b?Q`i H�b2` TmHb2b iQ BM/m+2
2t+Bi�iBQM iQ i?2 � SB Rfk bi�i2- rBi? TmHb2b 7`QK +QmMi2`@T`QT�;�iBM; H�b2` #2�Kb +�mbBM;
biBKmH�i2/ 2KBbbBQM #�+F iQ i?2 ;`QmM/ 2H2+i`QMB+ bi�i2X � K�;M2iB+ }2H/ Bb mb2/ iQ `2KQp2
/2;2M2`�+B2b iQ �pQB/ /�`F bi�i2bX h?2 +�H+mH�i2/ 7Q`+2 Bb �M Q`/2` Q7 K�;MBim/2 H�`;2` i?�M i?2
K�tBKmK 7Q`+2 TQbbB#H2 rBi? *q H�b2` b+?2K2bX �//BiBQM�HHv- #2+�mb2 i?2 KQH2+mH2b bT2M/
HBiiH2 iBK2 BM i?2 2t+Bi2/ bi�i2- bTQMi�M2Qmb /2+�v Bb KBMBKBx2/- `2/m+BM; Q` 2HBKBM�iBM; i?2
M22/ 7Q` `2@TmKT H�b2`b 7`QK Qi?2` bi�i2b U2X;X- Qi?2` ;`QmM/ pB#`�iBQM�H bi�i2bVX J2i?Q/b
7Q` 2H2+i`Qbi�iB+ /2~2+iBQM Q7 "�6 rBHH �HbQ #2 T`2b2Mi2/X h?2 1.J+m#2/ b+?2K2 (R) 7Q`
K2�bm`BM; i?2 2H2+i`QM 2H2+i`B+ /BTQH2 KQK2Mi mbBM; "�6 2K#2//2/ BM �M �` bQHB/ `2[mB`2b �
"�6 /2~2+iBQM iQ b2T�`�i2 "�6 7`QK Qi?2` T`Q/m+ib T`Q/m+2/ BM � #mz2`@;�b H�b2`@�#H�iBQM
bQm`+2X
(R) �X *X omi?�- JX >Q`#�ib+? �M/ 1X �X >2bb2Hb- S?vbX _2pX � N3- yjk8Rj UkyR3VX

S`2b2Mi2` M�K2, .�MB2H >2BM`B+?

S�;2 k9d



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@9d, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.j3R

J2�bm`BM; i?2 n = 2 i`BTH2i S }M2 bi`m+im`2 Q7 �iQKB+ ?2HBmK
mbBM; 7`2[m2M+v@Qzb2i b2T�`�i2/ Qb+BHH�iQ`v }2H/b U6PaP6V

�mi?Q`b, hX .X :X aFBMM2`Rc 6X >2v/�`Bx�/KQiH�;?Rc EX E�iQRc JX *X :2Q`;2Rc 1X �X >2bb2HbR

R uQ`F lMBp2`bBiv

h?2 M4k i`BTH2i S }M2 bi`m+im`2 Q7 �iQKB+ ?2HBmK Bb #2BM; K2�bm`2/ mbBM; KB+`Qr�p2 i`�M@
bBiBQMbX h?2 K2i?Q/ (R) Q7 6`2[m2M+v@Pzb2i a2T�`�i2/ Pb+BHH�iQ`v 6B2H/b U6PaP6V Bb mb2/
iQ T2`7Q`K i?2 K2�bm`2K2MibX h?2 K2�bm`2K2Mi Q7 i?2 C4R@iQ@C4k BMi2`p�H ?�b #22M +QK@
TH2i2/ (k)- rBi? � K2�bm`2K2Mi mM+2`i�BMiv Q7 QMHv k8 >xX h?2 K2�bm`2K2Mi Q7 i?2 kNXe@:>x
C4y@iQ@C4R BMi2`p�H Bb MQr #2BM; T2`7Q`K2/X h?2b2 K2�bm`2K2Mib- iQ;2i?2` rBi? bm{+B2MiHv
T`2+Bb2 i?2Q`2iB+�H T`2/B+iBQMb 7Q` i?2 BMi2`p�Hb Ub22 (j) 7Q` i?2 +m``2Mi bi�i2@Q7@i?2@�`i +�H+mH�@
iBQMbV +�M #2 mb2/ iQ /2i2`KBM2 � p�Hm2 7Q` i?2 }M2@bi`m+im`2 +QMbi�Mi �M/ iQ i2bi 7Q` TQbbB#H2
T?vbB+b #2vQM/ i?2 bi�M/�`/ KQ/2HX
(R) �X *X omi?� �M/ 1X �X >2bb2Hb- S?vbX _2pX � Nk- y8k8y9 UkyR8VX
(k) EX E�iQ- hX .X :X aFBMM2` �M/ 1X �X >2bb2Hb- S?vbX _2pX G2iiX RkR- R9jyyk UkyR3VX
(j) EX S�+?m+FB �M/ oX �X u2`QF?BM- S?vbX _2pX G2iiX Ry9- ydy9yj UkyRyVX

S`2b2Mi2` M�K2, hX .X :X aFBMM2`

S�;2 k93



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@93, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.jj9

.B`2+i 7`2[m2M+v +QK# bT2+i`Qb+QTv rBi? irQ �iQK bT2+B2b
7Q` +QK# H�b2` 7`2[m2M+v bi�#BHBx�iBQM
�mi?Q`b, hx2@q2B GBmRc "Q@q2B *?2Mkc >bBM@>mM; umjc q�M;@u�m *?2M;j

R h`�TT2/@AQM Zm�MimK *QKTmiBM; G�#Q`�iQ`v- >QM@>�B _2b2�`+? AMbiBimi2- h�BT2B- RR9Nk- h�Br�M
k h�Br�M AMi2`M�iBQM�H :`�/m�i2 S`Q;`�K BM JQH2+mH�` a+B2M+2 �M/ h2+?MQHQ;v S`Q;`�K- L�iBQM�H

*2Mi`�H lMBp2`bBiv �M/ �+�/2KB� aBMB+�- h�BT2B- RR8kN- h�Br�M
j .2T�`iK2Mi Q7 S?vbB+b- L�iBQM�H *2Mi`�H lMBp2`bBiv- h�Qvm�M- jkyyR- h�Br�M

RX AMi`Q/m+iBQM
hQ +QMp2`i � 72KiQb2+QM/ H�b2` BMiQ � 7`2[m2M+v@+QK# H�b2`- Bi Bb 7`2[m2MiHv 2bb2MiB�H iQ mb2
� +QbiHv �iQKB+ +HQ+F (R) iQ bi�#BHBx2 i?2 `2T2iBiBQM `�i2 U7 `2TV �M/ bQT?BbiB+�i2/ MQMHBM2�`
QTiB+b iQ HQ+F i?2 Qzb2i 7`2[m2M+v U7 +2QVX AM i?Bb `2TQ`i- r2 /2KQMbi`�i2 i?�i i?2 KQ/2
7`2[m2M+B2b Q7 � +QK# H�b2` +�M #2 /B`2+iHv `272`2M+2/ iQ irQ bi2TrBb2 irQ@T?QiQM i`�MbBiBQMb
UahShbV BM +2bBmK �M/ `m#B/BmK mbBM; Dmbi QM2 e@+K +2bBmK@`m#B/BmK KBt2/ +2HH �M/ MQ
2ti`� +HQ+Fb- `2p2�HBM; � M2r �TT`Q�+? 7Q` +QK# H�b2` 7`2[m2M+v bi�#BHBx�iBQMX h?2 `2H�i2/
bT2+i`� �`2 #�b2/ QM � MQp2H b+?2K2 7Q` `2/m+BM; i?2 `2bB/m�H .QTTH2` #�+F;`QmM/ BM /B`2+i
+QK# H�b2` bT2+i`Qb+QTvX 6Q` b?QrBM; i?2 TQbbB#BHBiB2b Q7 #2BM; � +QK# +HQ+Fb- r2 BMp2biB;�i2
�HH TQi2MiB�H 2``Q` +�mb2b iQ /2KQMbi`�i2 i?�i Qm` +QK# H�b2` Bb +�T�#H2 Q7 b2`pBM; �b � iBK2@
F22TBM; 2[mBTK2Mi BM i?2 dd3 MK iQ 3kk MK r�p2H2M;i? `�M;2X h?2 mHi`�@?B;? bT2+i`�H
`2bQHmiBQM U8 F>xV Q7 Qm` /B`2+i +QK# H�b2` bT2+i`Qb+QTv `2p2�Hb bQK2 M2r �M/ BMi`B;mBM;
T?vbB+b- bm+? �b i?2 irQ@T�i?r�v BMi2`72`2/ /BT BM `m#B/BmK bT2+i`�c i?2 �#MQ`K�H HB;?i b?B7i
�M/ +QHHBbBQM b?B7i +QKT�`2/ iQ r?�i r�b Q#b2`p2/ #v *q H�b2`c � M�``Qr2` HBM2rB/i? /2bTBi2
i?2 T`2b2M+2 Q7 #`Q�/2MBM; BMi2`K2/B�i2 bi�i2bc �M/ i?2 x2`Q BM~m2M+2 Q7 i?2 H�b2` #�M/rB/i?-
BM +QMi`�bi iQ i?2 ǳbi`QM;@BM~m2M+2Ǵ +QM+HmbBQM BM i?2 /B`2+i irQ@T?QiQM i`�MbBiBQM 2tT2`BK2Mi
(k)X

kX 1tT2`BK2Mi�H b2imT �M/ `2bmHi
6B;X R U�V /2TB+ib i?2 b+?2K�iB+ /B�;`�K Q7 Qm` 2tT2`BK2Mi�H �``�M;2K2MiX h?2 bT2+i`� +QM@
+m``2MiHv `2bQHp2/ #v Qm` +QK# H�b2` �`2 b?QrM BM 6B;X R U#VX h?2 irQ ahShb �b i?2 7`2[m2M+v
`272`2M+2b �`2 HBM2 d BM `m#B/BmK �M/ HBM2 3Ƕ BM +2bBmK- r?B+? �`2 8aRfkU64RV=8SjfkU64kV=8.8fkU64jV
�M/ eaRfkU64jV=eSjfkU64jV=3aRfkU64jV- `2bT2+iBp2HvX hQ ;2M2`�i2 .QTTH2`@7`22 bT2+i`�-
� TB2xQ2H2+i`B+ i`�Mb/m+2` USwhV BM };X R U�V r�b miBHBx2/ iQ +QMbi�MiHv +?�M;2 i?2 Qp2`H�T@
TBM; +QM/BiBQM Q7 i?2 H�b2` #2�K- �HHQrBM; QMHv i?2 ~mQ`2b+2M+2 �`BbBM; 7`QK i?2 Qp2`H�TT2/
+QmMi2`@T`QT�;�iBM; TmHb2b iQ #2 �KTHBim/2 KQ/mH�i2/X AM 6B;X R U+V- q?2M +QKT�`2/ iQ i?2
*q H�b2` 2tT2`BK2Mi (j) U#H�+F HBM2V- i?2 �* ai�`F b?B7i Q7 _# HBM2 d U;`22M HBM2V BM/B+�i2b �
+QKTH2i2Hv /Bz2`2Mi /B`2+iBQM Q7 /2imMBM;- �Hi?Qm;? i?2 bHQT2 Q7 i?2 +QK# H�b2` HB;?i b?B7i U`2/
HBM2V BM *b HBM2 3Ƕ Bb +HQb2 iQ i?�i Q7 i?2 *q H�b2` (9)X AM �//BiBQM- i?2 �mi?Q`b Q7 `272`2M+2 (k)
`2TQ`i � M2r 2``Q` bQm`+2 BM +QK# H�b2` bT2+i`Qb+QTv 7`2[m2M+v �++m`�+vc i?�i Bb- i?2 H�b2`
#�M/rB/i? Q` b?�T2/ TmHb2b BM~m2M+2 i?2 �iQKB+ i`�MbBiBQM +2Mi2` �b r2HH �b i?2 HBM2rB/i? BM
i?2B` +QK#@.hSh U/B`2+i irQ@T?QiQM i`�MbBiBQMV bT2+i`mK- r?2`2�b r2 /B/ MQi }M/ �Mv bm+?
7`2[m2M+v b?B7i BM Qm` ahSh bT2+i`�- rBi?BM Qm` 2tT2`BK2Mi�H `2bQHmiBQMX

jX _272`2M+2b
(R) _X 62H/2`- J2i`QHQ;B� 9k- jkj@jk8 Ukyy8V
(k) AX "�`K2b- aX qBii2 �M/ EX aX 1X 1BF2K�- S?vbX _2pX G2iiX RRR- ykjyyd UkyRjVX
(j) *X aX 1/r�`/b- :X SX "�`rQQ/- >X aX J�`;QHBb- SX :BHH- �M/ qX _X *X _QrH2v- J2i`QHQ;B�
9kU8V- 9e9@9ed Ukyy8VX
(9) *X JX qm- hX qX GBm- JX >X qm- _X EX G22- �M/ qX uX *?2M;- PTiX G2iiX j3UReV-
jR3eĜjR3N UkyRjVX

S�;2 k9N



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

6B;m`2 R, U�V aBKTHB}2/ #HQ+F /B�;`�K Q7 i?2 2tT2`BK2Mi�H b2imTc A6, BMi2`72`2M+2 }Hi2`X
U#V b?Qrb i?2 Q`B;BM�H `2bB/m�H .QTTH2` #�+F;`QmM/ �M/ i?2 2z2+i Q7 /2KQ/mH�iBQMX U+V
�* bi�`F b?B7ib Q7 _# �M/ *b irQ@T?QiQM i`�MbBiBQMb `2bQHp2/ #v +QK# H�b2` �M/ *q
H�b2`X

S`2b2Mi2` M�K2, GBm- hx2@q2B

S�;2 k8y



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@9N, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.dN

S`2+BbBQM K2�bm`2K2Mi Q7 i?2 2H2+i`QM Q`#Bi�H ;@7�+iQ` �M/
i?2 b2�`+? 7Q` M2r T?vbB+b
�mi?Q`, �vQ/2DB �rQ#Q/2R

R lMBp2`bBiv Q7 J�bb�+?mb2iib "QbiQM

>B;? T`2+BbBQM K2�bm`2K2Mib Q7 i?2 2H2+i`QM bTBM �M/ Q`#Bi�H ;@7�+iQ`b +QKTH2K2Mi p2`v r2HH-
i?2 �iQKB+fKQH2+mH�` 2tT2`BK2Mib r?B+? i2bi 7Q` T�`Biv- b2�`+? 7Q` � T2`K�M2Mi 2H2+i`B+ /BTQH2
KQK2Mi- �M/ BMp2biB;�i2 Z1.X AM i?Bb i�HF- 2tT2`BK2Mi�H 2pB/2M+2 rBHH #2 T`2b2Mi2/ iQ b?Qr
i?�i i?2 2H2+i`QM Q`#Bi�H ;@7�+iQ` Bb bB;MB}+�MiHv �MQK�HQmbX � b2�`+? 7Q` �M �MQK�Hv BM i?2
2H2+i`QM ;@7�+iQ`b- T�`iB+mH�`Hv i?2 bTBM ;@7�+iQ`- ?�b T`QpB/2/ bi`BM;2Mi i2bib Q7 Z1. U�M/
i?2`27Q`2 i?2 ai�M/�`/ JQ/2HVX >Qr2p2`- Bi Bb +m``2MiHv �bbmK2/ i?�i i?2 2H2+i`QM Q`#Bi�H
;@7�+iQ` Bb mM�z2+i2/ #v i?2 `�/B�iBp2 BMi2`�+iBQMb- i?Qm;? i?2 �MQK�Hv U; Ĝ kV BM i?2 bTBM ;@
7�+iQ`- Bb �ii`B#mi2/ iQ `�/B�iBp2 +Q``2+iBQMbX Ai rBHH #2 b?QrM- #Qi? #v 2tT2`BK2Mi�H /�i� �M/
i?2Q`2iB+�H +�H+mH�iBQMb- i?�i i?2 Q`#Bi�H ;@7�+iQ` Bb �z2+i2/ #v `�/B�iBp2 +Q``2+iBQMbX 6m`i?2`@
KQ`2- Bi Bb +m``2MiHv �bbmK2/- rBi?Qmi i?2 #2M2}i Q7 bm{+B2Mi 2tT2`BK2Mi�H BMp2biB;�iBQMb-
i?�i i?2 2H2+i`QM ?�b � mMB7Q`K K�bb@iQ@+?�`;2 /Bbi`B#miBQM HBF2 � +H�bbB+�H TQBMi T�`iB+H2-
?2M+2 Bib Q`#Bi�H ;@7�+iQ` Kmbi #2 2t�+iHv 2[m�H iQ QM2- BX2- gL = 1X >Qr2p2`- /2i2`KBM�iBQMb
7`QK i?2 K2�bm`2K2Mi Q7 i?2 `�iBQ Q7 gJ p�Hm2b BM AM- :�- L�- �`- L2 �M/ >2- BM/B+�i2 i?�i
i?2 �MQK�Hv BM i?2 2H2+i`QM Q`#Bi�H ;@7�+iQ` Bb Q7 i?2 Q`/2` Q7 10

�3 iQ 10
�4 iQ p2`v ?B;?

T`2+BbBQM- �M/ i?�i i?2 2H2+i`QM K�v MQi #2 � bBKTH2 TQBMi T�`iB+H2X �Hi2`M�iBp2Hv- i?Bb +QmH/
BM/B+�i2 i?2 T`2b2M+2 Q7 ?Bi?2`iQ mMFMQrM BMi2`�+iBQMbX h?mb- ?B;?@T`2+BbBQM K2�bm`2K2Mib
Q7 i?2 2H2+i`QM ;@Q`#Bi�H 7�+iQ`b- rBHH +QMbiBimi2 �HbQ #2 � mb27mH ;mB/2 BM i?2 b2�`+? 7Q` M2r
T?vbB+b #2vQM/ i?2 ai�M/�`/ JQ/2H- r?BH2 �HbQ T`QpB/BM; � HQr@2M2`;v K2�Mb Q7 2Hm+B/�iBM;
i?2 M�im`2 Q` bi`m+im`2 Q7 i?2 2H2+i`QMX

S`2b2Mi2` M�K2, �vQ/2DB �rQ#Q/2

S�;2 k8R



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`kj, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.R3N

� M2r K�bb@2M2`;v i2bi Q7 i?2 2[mBp�H2M+2 T`BM+BTH2 mbBM;
85_#@87_# �iQK BMi2`72`QK2i2`
�mi?Q`b, GBM w?QmRc *?m�M >2Rc aB@hQM; u�MRc sB *?2MRc .QM;@62M; :�QRc q2B@h�Q .m�MRc um@>�M;
CBRc _mM@.QM; smRc "B�Q h�M;Rc *?�Q w?QmRc a�+?BM "�`i?r�Hkc ZB q�M;Rc w?mQ >QmRc wQM;@um�M
sBQM;Rc um�M@w?QM; w?�M;jc JBM GBmRc q2B@hQm LBRc CBM q�M;Rc JBM;@a?2M; w?�MR

R ai�i2 E2v G�#Q`�iQ`v Q7 J�;M2iB+ _2bQM�M+2 �M/ �iQKB+ �M/ JQH2+mH�` S?vbB+b- qm?�M AMbiBimi2 Q7
S?vbB+b �M/ J�i?2K�iB+b- AMMQp�iBQM �+�/2Kv 7Q` S`2+BbBQM J2�bm`2K2Mi a+B2M+2 �M/ h2+?MQH@
Q;v- *?BM2b2 �+�/2Kv Q7 a+B2M+2b- qm?�M 9jyydR- *?BM�

k GB;?i �M/ J�ii2` S?vbB+b- _�K�M _2b2�`+? AMbiBimi2- a�/�b?Bp�M�;�`- "�M;�HQ`2 8eyy3y- AM/B�
j AMbiBimi2 Q7 h?2Q`2iB+�H S?vbB+b- *?BM2b2 �+�/2Kv Q7 a+B2M+2b- "2BDBM; RyyRNy- *?BM�

h?2 K�bb i2bib Q7 2[mBp�H2M+2 T`BM+BTH2 U1SV rBi? �iQKb ?�p2 #22M T2`7Q`K2/ mbBM; 85_#@87_#-
87_#@39E- �M/ 88a`@87a` �iQK T�B`b (RĜd)X "2vQM/@K�bb i2bib ?�p2 #22M BMp2biB;�i2/ mbBM;
/Bz2`2Mi [m�MimK T`QT2`iB2b- BM+Hm/BM; [m�MimK bi�iBbiB+b (3)- bTBM (N-Ry)- bmT2`TQbBiBQM (RR)-
�M/ BMi2`M�H 2M2`;v (R-Ry-RR)X �M 2Mi�M;H2K2Mi i2bi (Rk) r�b �HbQ T`QTQb2/X �HH Q7 i?2b2 [m�M@
imK i2bib mb2 2Bi?2` � K�bb T�B` BM � +2`i�BM BMi2`M�H bi�i2 Q` � bi�i2 T�B` BM � bBM;H2 K�bbX �
DQBMi i2bi Q7 irQ �ii`B#mi2b- bm+? �b K�bb �M/ BMi2`M�H 2M2`;v- rQmH/ T`QpB/2 KQ`2 BM7Q`K�iBQM
i?�M i?2 bBM;H2 �ii`B#mi2 i2biX >Qr2p2`- bm+? irQ@T�`�K2i2` i2bi 2tT2`BK2Mib �`2 mbm�HHv MQi
2�bv #2+�mb2 r2 M22/ iQ bT2+B7v �M/ }t i?2 �ii`B#mi2b /m`BM; i?2 2tT2`BK2MiX

>2`2- r2 mb2 `m#B/BmK BbQiQT2 �iQKb rBi? bT2+B}2/ K�bb �M/ BMi2`M�H 2M2`;v iQ +�``v Qmi �
DQBMi K�bb@2M2`;v i2bi Q7 i?2 1SX q2 +Q``2+i i?2 *Q`BQHBb 2``Q` #v +QKT2Mb�iBM; i?2 `Qi�iBQM Q7
_�K�M H�b2`Ƕb KB``Q` (Rj)- BKT`Qp2 i?2 7Qm`@r�p2 /Qm#H2@/Bz`�+iBQM _�K�M i`�MbBiBQM K2i?Q/
U9q._V r2 T`QTQb2/ #27Q`2 iQ b2H2+i �iQKb rBi? � +2`i�BM K�bb �M/ �M;mH�` KQK2MimK
bi�i2- �M/ 7Q`K � /m�H@bT2+B2b �iQK BMi2`72`QK2i2`X "v mbBM; i?2 2ti2M/2/ 9q._ iQ 85_#
�M/ 87_# �iQKb rBi? /Bz2`2Mi �M;mH�` KQK2Mi�- r2 K2�bm`2 i?2B` /Bz2`2MiB�H ;`�pBi�iBQM�H
�++2H2`�iBQM- �M/ r2 /2i2`KBM2 i?2 p�Hm2 Q7 i?2 1ƺipƺb T�`�K2i2`- ⌘- r?B+? K2�bm`2b i?2
bi`2M;i? Q7 i?2 pBQH�iBQM Q7 1S (R9)X h?2 1ƺipƺb T�`�K2i2`b Q7 i?2 7Qm` T�B`2/ +QK#BM�iBQMb
85_#|F = 2iĜ87_#|F = 1i- 85_#|F = 2iĜ87_#|F = 2i- 85_#|F = 3iĜ87_#|F = 1i- �M/
85_#|F = 3iĜ87_#|F = 2i r2`2 K2�bm`2/ iQ #2 ⌘1 = (1.5 ± 3.2) ⇥ 10

�10- ⌘2 = (0.6 ± 3.7) ⇥
10

�10- ⌘3 = (2.5 ± 4.1) ⇥ 10
�10- �M/ ⌘4 = (2.7 ± 3.6) ⇥ 10

�10- `2bT2+iBp2HvX h?2 pBQH�iBQM
T�`�K2i2` Q7 K�bb Bb +QMbi`�BM2/ iQ ⌘0 = (0.8± 1.4) ⇥ 10

�10- �M/ i?�i Q7 BMi2`M�H 2M2`;v iQ
⌘E = (0.0 ± 0.4) ⇥ 10

�10 T2` `2/m+2/ 2M2`;v `�iBQ a Ua = h⌫0/mc2 (k)- �M/ ⌫0 = 1 :>xVX
h?Bb rQ`F QT2Mb � /QQ` 7Q` DQBMi i2bib Q7 irQ �ii`B#mi2b #2vQM/ i?2 i`�/BiBQM�H Tm`2 K�bb Q`
2M2`;v i2bib Q7 1S rBi? [m�MimK bvbi2KbX
_272`2M+2b
(R) aX 6`�v- *X �X .B2x- hX qX > Mb+?- �M/ JX q2Bix- S?vbX _2pX G2iiX Nj- k9y9y9 Ukyy9VX
(k) �X "QMMBM- LX w�?x�K- uX "B/2H- �M/ �X "`2bbQM- S?vbX _2pX � 33- y9jeR8 UkyRjVX
(j) .X a+?HBTT2`i- CX >�`irB;- >X �H#2`b- 2i �HX- S?vbX _2pX G2iiX RRk- kyjyyk UkyR9VX
(9) GX w?Qm- aX hX GQM;- "X h�M;- 2i �HX- S?vbX _2pX G2iiX RR8- yRjyy9 UkyR8VX
(8) "X "�``2ii- GX �MiQMB@JB+QHHB2`- GX *?B+?2i- 2i �HX- L�iX *QKKmMX d- Rjd3eUkyReVX
(e) >X �H#2`b- �X >2`#bi- GX GX _B+?�`/bQM- 2i �HX- 1m`X S?vbX CX . d9- R98 UkykyVX
(d) SX �b2M#�mK- *X Pp2`bi`22i- JX EBK- 2i �HX- S?vbX _2pX G2iiX Rk8- RNRRyR UkykyVX
(3) JX :X h�`�HHQ- hX J�xxQMB- LX SQHB- 2i �HX- S?vbX _2pX G2iiX RRj- ykjyy8UkyR9VX
(N) sX *X .m�M- JX EX w?Qm- sX "X .2M;- 2i �HX- S?vbX _2pX G2iiX RRd- kjyyR UkyReVX
(Ry) EX w?�M;- JX EX w?Qm- uX *?2M;- 2i �HX- *?BMX S?vbX G2iiX jd- y9jdyR UkykyVX
(RR) :X _QbB- :X .Ƕ�KB+Q- GX *�++B�TmQiB- 2i �HX- L�iX *QKKmMX 3- R88kNUkyRdVX
(Rk) _X :2B;2` �M/ JX h`mTF2- S?vbX _2pX G2iiX Rky- y9jeyk UkyR3VX
(Rj) qX hX .m�M- *X >2- aX hX u�M- 2i �HX- *?BMX S?vbX " kN- ydyjy8 UkykyVX
(R9) GX w?Qm- *X >2- aX hX u�M- 2i �HX- S?vbX _2pX � Ry9- ykk3kk UkykRVX

S`2b2Mi2` M�K2, CBM q�M;

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2 QMHBM2 TQbi2` l_G,

S�;2 k8k



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

?iiT,ff+�TX�TKX�+X+Mf+f/Q+mK2MinHB#`�`vf;2in}H2\mmB/4yeN389z@3/e2@9Ry8@#/ek@88+ed#3kjR7��;`QmTA/4Rdjkk

S�;2 k8j



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`k9, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.kdR

Zm�MimK MQM/2KQHBiBQM K2�bm`2K2Mi QM bTBM T`2+2bbBQM Q7
H�b2`@i`�TT2/ 171u# �iQKb
�mi?Q`b, u�M; u�M;Xc h�Q w?2M;Xc *?�M;@GBM; wQmXc hB�M sB�Xc w?2M;@hB�M GmX

Zm�MimK MQM/2KQHBiBQM UZL.V K2�bm`2K2Mi 2M?�M+2b i?2 /2i2+iBQM 2{+B2M+v �M/ K2�@
bm`2K2Mi }/2HBiv- �M/ Bb ?B;?Hv /2bB`2/ 7Q` Bib �TTHB+�iBQMb BM T`2+BbBQM K2�bm`2K2Mib �M/
[m�MimK BM7Q`K�iBQM T`Q+2bbBM;X q2 T`QTQb2 �M/ /2KQMbi`�i2 � ZL. b+?2K2 7Q` i?2 bTBM
bi�i2 Q7 H�b2`@i`�TT2/ �iQKb- �HHQrBM; i?2 �iQKb BM 2�+? bTBM bi�i2 iQ #2 T`Q#2/ `2T2�i2/HvX
PM 171u# �iQKb ?2H/ BM �M QTiB+�H /BTQH2 i`�T- � bTBM@b2H2+iBp2 +v+HBM; i`�MbBiBQM Bb T`Q/m+2/
#v BMi`Q/m+BM; �M �M+BHH�`v H�b2`X q2 K2�bm`2 i?2 T?�b2 Q7 bTBM T`2+2bbBQM Q7 i?2 171u# �iQKb
BM � ky@K: #B�b K�;M2iB+ }2H/X h?2 ZL. �TT`Q�+? `2/m+2b i?2 K2�bm`2K2Mi MQBb2 #v ⇠RN
/"- iQ � H2p2H Q7 kX9 /" #2HQr i?2 �iQK b?Qi MQBb2X
 h?Bb rQ`F ?�b #22M bmTTQ`i2/ #v i?2 ai`�i2;B+ S`BQ`Biv_2b2�`+? S`Q;`�K Q7 i?2 *?BM2b2
�+�/2Kv Q7 a+B2M+2bi?`Qm;? :`�Mi LQX s."kRyRykyy �M/ #v i?2 L�iBQM�H L�im`�H a+B@
2M+2 6QmM/�iBQM Q7 *?BM� ULa6*V i?`Qm;?:`�Mib LQX NRejekR8- LQX RRdy9je3- �M/ �M?mB
AMBiB�iBp2 BM Zm�MimK AM7Q`K�iBQM h2+?MQHQ;B2b i?`Qm;? :`�Mi LQX �>uRRyyyyX

S`2b2Mi2` M�K2, u�M; u�M;

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2

QMHBM2 TQbi2` l_G,

?iiTb,ff/`Bp2X;QQ;H2X+QKf}H2f/fR3sq7�me�nvAtlq;*uZykHdH�ai7[HCl_fpB2r\mbT4b?�`BM;
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h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f oB`k8, S`2+BbBQM K2�bX � i2bib Q7 7mM/X T?vbX A.eR

am`T`BbBM; `2bmHib 7QmM/ BM i2biBM; 7Q` i?2 +QMiBMmQmb bT2+@
i`mK Q7 s@`�vb T`2/B+i2/ iQ �++QKT�Mv i?2 T?QiQ2D2+iBQM
Q7 �M �iQKB+ BMM2`@b?2HH 2H2+i`QM
�mi?Q`b, *�`H 6`�M+FRc S?BHBT C�+Q#bQMRc �`i?m` *�KT2HHQR

R *Q`M2HH lMBp2`bBiv

_X S`�ii 2i �HX ?�p2 +�HH2/ �ii2MiBQM iQ i?2 mMb2iiH2/ Q#b2`p�iBQM�H bi�imb 7Q` i?2 `�/B�iBQM
UBMi`��iQKB+ #`2Kbbi`�?HmM;- A�"V 2tT2+i2/ mTQM i?2 T?QiQ2D2+iBQM Q7 BMM2` b?2HH 2H2+i`QMbX
q2 i2bi2/ 7Q` bm+? `�/B�iBQM BM i?2 j iQ d F2o #�M/ T`Q/m+2/ #v T?QiQ2H2+i`QMb 7`QK i?2
E b?2HH Q7 � +QTT2` i�`;2i mTQM �#bQ`TiBQM Q7 �M BM+B/2Mi 9e F2o T?QiQMX 1tTHQBiBM; �
T`2/B+iBQM 7Q` i?2 K�DQ` #�+F;`QmM/ T`Q+2bb, Q`/BM�`v #`2Kbbi`�?HmM; /m2 iQ i?2 2M+QmMi2`
Q7 i?2 T?QiQ2H2+i`QM rBi? �iQKb Qi?2` i?�M i?�i Q7 Bib TQBMi Q7 Q`B;BM- r2 +QM+Hm/2 i?�i 7Q` Qm`
i?BMM2bi U9y MKV i�`;2ib rBi?BM bi�iBbiB+�H HBKBib r2 Q#b2`p2 MQ A�" `�/B�iBQMX AM i?Bb K�MM2`-
+QMi2KTQ`�`v i?2Q`v Bb `mH2/ Qmi #v Qp2` 8 bB;K�bX �bbmKBM; MQ T�`iB+mH�` b2+QM/�`v T`Q+2bb
i?2 BMi2MbBiv Q7 Q#b2`p2/ A�" `�/B�iBQM Bb 9 bB;K�b #2HQr 2tT2+i�iBQMbX q2 +QM+Hm/2 i?�i BM
+QMi`�bi iQ i?2 bBbi2` Mm+H2�` T`Q+2bb Q7 BMi2`M�H #`2Kbbi`�?HmM; Q#b2`p2/ mTQM #2i� /2+�v-
Qm` mM/2`bi�M/BM; Q7 BMi`��iQKB+ #`2Kbbi`�?HmM; `2K�BMb H�+FBM;X
h?Bb rQ`F Bb #�b2/ mTQM `2b2�`+? +QM/m+i2/ �i *>1aa U*Q`M2HH lMBp2`bBiv >B;? 1M2`;v
avM+?`Qi`QM aQm`+2V r?B+? r�b bmTTQ`i2/ #v i?2 L�iBQM�H a+B2M+2 6QmM/�iBQM mM/2` �r�`/
LQX .J_@Rjjkky3X h?Bb rQ`F K�/2 mb2 Q7 i?2 *Q`M2HH *2Mi2` 7Q` J�i2`B�Hb _2b2�`+? a?�`2/
6�+BHBiB2b r?B+? �`2 bmTTQ`i2/ i?`Qm;? i?2 La6 J_a1* T`Q;`�K mM/2` �r�`/ LQX .J_@
RdRN3d8X Sm#HBb?2/ p2`bBQM Q7 i?Bb TQbi2`, ǳh2biBM; 7Q` i?2 *QMiBMmQmb aT2+i`mK Q7 s@
_�vb S`2/B+i2/ iQ �++QKT�Mv i?2 S?QiQ2D2+iBQM Q7 �M �iQKB+ AMM2` a?2HH 1H2+i`QM- S?BHBT
C�+Q#bQM- �M/`BD� _�bQpB+- �`i?m` *�KT2HHQ- *?�b2 :Q//�`/- J�ii?2r .vF2b- um+?�Q *?2M-
CXuX S2i2` EQ- ai�MBbH�p aiQmTBM- :r2M :�`/M2`- CmbiBM P?- �M/ *�`H 6`�M+F- S?vbX _2pX �
Ry9- y9k3yN UkykRV

S`2b2Mi2` M�K2, *�`H 6`�M+F
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h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@98, Zm�MiX BM7QX, ;�i2b- b2MbBM;- +QKKmMX � h?2`KQX A.8k

_�#B p2+iQ` K�;M2iQK2i`v BKTH2K2Mi2/ rBi? ?Qi �HF�HB p�@
TQ`
�mi?Q`b, *?`BbiQT?2` EB2?HRc hQ#B�b h?B2H2Rc h?�MK�v amMBH J2MQMRc ap2MD� EM�TT2kc *BM/v _2;�Hj

R CAG�- lMBp2`bBiv Q7 *QHQ`�/Q "QmH/2`
k lMBp2`bBiv Q7 *QHQ`�/Q "QmH/2`- 6B2H/GBM2 AM+X
j CAG�- LAah- lMBp2`bBiv Q7 *QHQ`�/Q "QmH/2`

PTiB+�HHv@TmKT2/ K�;M2iQK2i2`b UPSJbV �`2 rB/2Hv mb2/ 7Q` i?2B` b+�H�` b2MbBiBpBiv- �++m@
`�+v- �M/ +QKT�+i b2MbQ` T�+F�;2b- #mi `2[mB`2 �//BiBQM�H K2+?�MB+�H `272`2M+2b 7Q` p2+iQ`
K�;M2iQK2i`vX h?2b2 K2+?�MB+�H `272`2M+2b- bm+? �b � +QBH bvbi2K- Q7i2M HBKBi i?2 p2+iQ` �++m@
`�+v /m2 iQ K�+?BMBM; iQH2`�M+2b �M/ /`B7ibX *m``2Mi �TT`Q�+?2b iQ BKT`Qp2 p2+iQ` �++m`�+v
�`2 +�HB#`�iBQMb i?�i BMpQHp2 T?vbB+�H `Qi�iBQMb Q7 i?2 K�;M2iQK2i2` bvbi2K �i i?2 2tT2Mb2
Q7 BM+`2�bBM; i?2 +QKTH2tBiv Q7 i?2 T?vbB+�H �TT�`�imbX AM i?Bb TQbi2` r2 /2KQMbi`�i2 _�#B
K�;M2iQK2i`v �b � MQp2H �TT`Q�+? iQ p2+iQ` b2MbBM; rBi? �M PSJ i?�i miBHBx2b � KB+`Qr�p2
TQH�`Bx�iBQM 2HHBTb2 UJS1V �b �M �++m`�i2 j. `272`2M+2X

h?2 rQ`FBM; T`BM+BTH2 Q7 i?2 _�#B K�;M2iQK2i2` Bb iQ 2ti`�+i i?2 Q`B2Mi�iBQM Q7 � .* K�;M2iB+
}2H/ `2H�iBp2 iQ i?2 JS1 7`QK _�#B `�i2b /`Bp2M +Q?2`2MiHv QM � b2i Q7 ?vT2`}M2 i`�MbBiBQMb
#v � KB+`Qr�p2 }2H/X AKTQ`i�MiHv- r2 +�HB#`�i2 bvbi2K�iB+b bm+? �b +QBH bvbi2K �M/ JS1
/`B7ib- T`2bbm`2 b?B7ib- �M/ ai�`F b?B7ib 7`QK �M �++mKmH�iBQM Q7 _�#B 7`2[m2M+B2b /`Bp2M �i
p�`BQmb KB+`Qr�p2 /2imMBM;bX Pm` K2�bm`2K2Mib i�F2 TH�+2 BM � ?2�i2/ KB+`Q7�#`B+�i2/ p�TQ`
+2HH 2K#2//2/ rBi?BM � KB+`Qr�p2 +�pBivc � TH�i7Q`K rBi? Km+? ;`2�i2` b2MbBiBpBiv i?�M �
T`2pBQmb T`QQ7@Q7@+QM+2Ti 2tT2`BK2Mi rBi? +QH/ �iQKb (R)X .2T2M/BM; QM i?2 /B`2+iBQM Q7 i?2
.* K�;M2iB+ }2H/- r2 2ti`�+i _�#B `�i2b #v 2Bi?2` /B`2+iHv K2�bm`BM; _�#B Qb+BHH�iBQMb Q`
#v }iiBM; iQ bB/2#�M/b BM i?2 G�`KQ` 7`22@BM/m+iBQM@/2+�v U6A.V bT2+i`mK /m2 iQ KB+`Qr�p2
/`2bbBM;X >2`2 r2 miBHBx2 i?2 6�`�/�v 2z2+i Q7 � 7�`@/2imM2/ T`Q#2 #2�K iQ MQM/2bi`m+iBp2Hv
b2Mb2 �iQKB+ bTBMX qBi? � 7mHH i?2Q`2iB+�H KQ/2H- r2 mM/2`bi�M/ i?2 +Q?2`2M+2 Q7 i?2b2 _�#B
Qb+BHH�iBQMb iQ #2 /QKBM�i2/ #v bTBM@2t+?�M;2 +QHHBbBQMb BM � `2;BK2 r?2`2 +m``2Mi i?2Q`2iB+�H
bim/B2b Q7 ?vT2`}M2 +Q?2`2M+2 i?�i �bbmK2 bi�iB+ �iQKB+ TQTmH�iBQMb �`2 MQi �++m`�i2X
_272`2M+2b
(R) hX h?B2H2- uX GBM- JX PX "`QrM- �M/ *X �X _2;�H- S?vbX _2pX G2iiX RkR R8jkyk
UkyR3VX

S`2b2Mi2` M�K2, *?`BbiQT?2` EB2?H

S�;2 k8e



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@9e, Zm�MiX BM7QX, ;�i2b- b2MbBM;- +QKKmMX � h?2`KQX A.dk

J2�bm`2K2Mi@QMHv T?�b2 i`�MbBiBQMb BM k. pB� MQM+QKKmi@
BM; irQ [m#Bi K2�bm`2K2Mib
�mi?Q`b, o�B#?�p a?�`K�Rc 1`B+? Jm2HH2`Rc *?�Q@JBM; CB�MR

R *Q`M2HH lMBp2`bBiv

JQiBp�i2/ #v i?2 2ti2MbBp2 bim/B2b Q7 K2�bm`2K2Mi@QMHv 2Mi�M;H2K2Mi T?�b2 i`�MbBiBQMb BM
R.- r2 BKTH2K2Mi � bBKTH2 KQ/2H Q7 `�M/QK MQM+QKKmiBM; irQ [m#Bi ss �M/ ww K2�bm`2@
K2Mib BM k.X q2 imM2 i?2 T`Q#�#BHBiv Q7 K2�bm`BM; ss �M/ ww QM ?Q`BxQMi�H �M/ p2`iB+�H
#QM/b �M/ mb2 HQM; `�M;2 bTBM +Q``2H�iBQMb �b i?2 Q`/2` T�`�K2i2`X q2 }M/ i?�i r?2M i?2
bvbi2K ?�b bm#bvbi2K bvKK2i`B2b- r2 ;2i � b2+QM/ Q`/2` T?�b2 i`�MbBiBQM �M/ � +`BiB+�H TQBMi
rBi? HQ;�`Bi?KB+ pBQH�iBQM Q7 �`2� H�rX qBi?Qmi i?2 bm#bvbi2K bvKK2i`B2b- i?2 i`�MbBiBQM
BKK2/B�i2Hv im`Mb BMiQ � +`QbbQp2`X q2 �HbQ }M/ TQBMib r?2`2 HQM; `�M;2 bTBM +Q``2H�iBQM
�HQM; `Qrb �M/ +QHmKMb b?Qr � /Bb+QMiBMmQmb T?�b2 i`�MbBiBQMX q2 �HbQ /`�r +QMM2+iBQMb Q7
i?Bb KQ/2H iQ i?2 2``Q` +Q``2+iBM; "�+QM@b?Q` +Q/2X

S`2b2Mi2` M�K2, o�B#?�p a?�`K�

S�;2 k8d



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@9d, Zm�MiX BM7QX, ;�i2b- b2MbBM;- +QKKmMX � h?2`KQX A.RRd

LQp2H [m�MimK +QMi`QH K2i?Q/b BM � `m#B/BmK@3d "Qb2@
1BMbi2BM +QM/2Mb�i2
�mi?Q`b, GQ;�M qX *QQF2Rc CQb2T? GBM/QMRc �`BM� h�b?+?BHBM�Rc J�bQM S`Qii2`Rc LB+?QH�b JBHbQMRc
hB�M PQBRc h�`�b >`mb?2pbFvBRc GBM/b�v CX G2"H�M+R

R lMBp2`bBiv Q7 �H#2`i�

lHi`�+QH/ M2mi`�H �iQKb �`2 �M 2t+2HH2Mi i2bi@#2/ 7Q` MQp2H [m�MimK +QMi`QH i2+?MB[m2b /m2
iQ i?2B` bi�#BHBiv- �M/ 2{+B2Mi +QmTHBM; iQ }2H/b BM i?2 `�/BQ- KB+`Qr�p2- �M/ QTiB+�H `2;BK2bX
o�`BQmb +QMi`QH T`QiQ+QHb r?B+? +QmH/ #2 mb2/ BM [m�MimK BM7Q`K�iBQM T`Q+2bbBM; UZASV K�v
}`bi #2 BMp2biB;�i2/ BM mHi`�+QH/ �iQKb iQ T`Qp2 i?2B` 2{+�+v #27Q`2 #2BM; ;2M2`�HBx2/ iQ
Qi?2` KQ`2 2bi�#HBb?2/ bvbi2KbX AM i?Bb bTB`Bi r2 T`2b2Mi irQ /Bz2`2Mi MQp2H +QMi`QH T`QiQ@
+QHbX 6B`bi r2 /2KQMbi`�i2 ?QHQMQKB+ bBM;H2@[m#Bi ;�i2b- r?B+? �`2 +QMp2MiBQM�HHv T2`7Q`K2/
pB� i?2 �/B�#�iB+ 2pQHmiBQM Q7 � /2;2M2`�i2 K�MB7QH/ Q7 bi�i2b i?`Qm;? � T�i? BM T�`�K2i2`
bT�+2c i?Bb vB2H/b � MQM�#2HB�M ;2QK2i`B+ T?�b2 r?B+? +QmTH2b i?2 bi�i2b BM � r�v i?�i /2@
T2M/b QMHv QM i?2 T�i? i�F2MX AM i?Bb bim/v- r2 2HBKBM�i2 i?2 2tTHB+Bi M22/ 7Q` /2;2M2`�+v
i?`Qm;? 6HQ[m2i 2M;BM22`BM;- r?2`2 i?2 �iQKB+ bTBM >�KBHiQMB�M Bb T2`BQ/B+�HHv KQ/mH�i2/
BM iBK2X q2 +?�`�+i2`Bx2 i?2 MQM�#2HB�M +?�`�+i2` Q7 i?2 ;2QK2i`B+ T?�b2 i?`Qm;? � ;�m;2@
BMp�`B�Mi T�`�K2i2`- i?2 qBHbQM HQQTX L2ti- r2 /2KQMbi`�i2 � /2+QKTQbBiBQM Q7 alUjV BM@
+Hm/BM; � `2bQM�Mi /m�H@iQM2 QT2`�iQ` r?B+? bvMi?2bBx2b +QmTHBM; #2ir22M irQ /Bb+QMM2+i2/
[mi`Bi H2p2HbX 6Q` K�Mv +QMp2MiBQM�H bvbi2Kb r?2`2 i?2 i?B`/ +QmTHBM; Bb MQi TQbbB#H2 i?Bb
i2+?MB[m2 T`QpB/2b � TQi2MiB�H rQ`F�`QmM/X � /2+QKTQbBiBQM Q7 alUjV mbBM; i?Bb QT2`�iQ` Bb
i2bi2/ �;�BMbi +QMp2MiBQM�H K2i?Q/b #v T2`7Q`KBM; � q�Hb?@>�/�K�`/ ;�i2 �M/ T2`7Q`KBM;
K�tBKmK HBF2HB?QQ/ iQKQ;`�T?v QM i?2 `2bmHiBM; bi�i2bX AM #Qi? T`QiQ+QHb r2 /2KQMbi`�i2
MQp2H K2i?Q/b 7Q` T`2+BbBQM [m�MimK +QMi`QH 2bb2MiB�H BM �/p�M+BM; ZAS i2+?MB[m2b r?B+? +�M
#2 `2�/BHv �/�Ti2/ iQ i`�TT2/ BQMb- bmT2`+QM/m+iBM; [m#Bib- �M/ Qi?2` [m�MimK +QKTmiBM;
TH�i7Q`KbX

S`2b2Mi2` M�K2, CQb2T? GBM/QM

S�;2 k83



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@93, Zm�MiX BM7QX, ;�i2b- b2MbBM;- +QKKmMX � h?2`KQX A.R8k

J2�bm`2K2Mi@"�b2/ Zm�MimK J�+?BM2 G2�`MBM;
�mi?Q`b, SQHBM� 62H/K�MMRc GmBb J�MiBHH� *�H/2`ƦMRc _Q#2`i _�mbb2M/Q`7Rc .Kvi`Q "QM/�`2MFQR

R lMBp2`bBiv Q7 "`BiBb? *QHmK#B�

Zm�MimK K�+?BM2 H2�`MBM; UZJGVěK�+?BM2 H2�`MBM; QM [m�MimK +QKTmi2`běBb � `�TB/Hv
/2p2HQTBM;- T`QKBbBM; �TTHB+�iBQM Q7 M2�`@i2`K [m�MimK /2pB+2bX JQbi T`2b2Mi ?�`/r�`2
BKTH2K2Mib i?2 mMBi�`v +B`+mBi KQ/2H Q7 [m�MimK +QKTmi�iBQMX >Qr2p2`- `2+2MiHv �HbQ
K2�bm`2K2Mi@#�b2/ [m�MimK +QKTmi�iBQM UJ"Z*V ?�b #2+QK2 i2+?MQHQ;B+�HHv `2H2p�Mi- �M/
T`Q;`2bb Bb K�/2 iQr�`/b J"Z* rBi? �iQKB+ bvbi2KbX aQ 7�`- K2�bm`2K2Mi@#�b2/ ZJG UJ"@
ZJGV ?�b �HKQbi MQi #22M +QMbB/2`2/X q2 BMi`Q/m+2 � ;2M2`�H 7`�K2rQ`F 7Q` J"@ZJG QM
+H�bbB+�H �M/ [m�MimK /�i�X aT2+B}+�HHv- r2 T`QTQb2 � mMBp2`b�H #mBH/BM; #HQ+F iQ +QMbi`m+i
�Mb ix2 7Q` mMBi�`B2b- K2�bm`2K2Mib- �M/ +?�MM2Hb- �M/ /Bb+mbb ?Qr iQ +QMbi`�BM i?2b2 �Mb ix2X
Pm` �H;Q`Bi?K bm++2bb7mHHv H2�`Mb mMBi�`B2b �M/ +H�bbB}2b [m�MimK bi�i2b 7Q` bK�HH bvbi2Kb-
T`QpBM; `Q#mbi iQ MQBb2X h?Bb rQ`F H�vb i?2 7QmM/�iBQM 7Q` ZJG QM J"Z* /2pB+2bX

S`2b2Mi2` M�K2, SQHBM� 62H/K�MM

S�;2 k8N



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@9N, Zm�MiX BM7QX, ;�i2b- b2MbBM;- +QKKmMX � h?2`KQX A.RNR

AMi2;`�#BHBiv- mHi`�+QH/ K�ii2` �M/ [m�MimK b2MbBM;
�mi?Q`b, .�MB2H a+?M2B/2` :`mMRc E�`BM qBiiK�MM qBHbK�MMkc G2�M/`Q >�v�iQ uK�Bjc �`H2B S`2bi2b
hQM2Hjc CQM GBMFb9c �M;2H� 6Q2`bi2`k

R lMBp2`bBiv Q7 �H#2`i�
k lMBp2`bB/�/2 62/2`�H /Q _BQ :`�M/2 /Q amH
j lMBp2`bB/�/2 62/2`�H /Q S�KT�
9 lMBp2`bBiv Q7 Zm22MbH�M/

h?2 /2p2HQTK2Mi Q7 MQp2H [m�MimK i2+?MQHQ;B2b mHiBK�i2Hv /2T2M/b QM i?2 �#BHBiv iQ ;2M2`�i2
MQM+H�bbB+�H bi�i2bX AM i?Bb `2;�`/- i?2 bQ@+�HH2/ ǳLPPL bi�i2bǴ @ ǳ�HH Q` MQi?BM;Ǵ bmT2`TQ@
bBiBQMb @ ?�p2 #22M b?QrM iQ 2M�#H2 BMi2`72`QK2i`v �i i?2 ǳ>2Bb2M#2`; b2MbBiBpBivǴ UrBi? �
b+�HBM; i?�i Bb HBKBi2/ #v M�im`2 Bib2H7VX Jm+? 2zQ`i ?�b #22M K�/2 iQ ;2M2`�i2 bm+? bi�i2b
QM b2p2`�H TH�i7Q`Kb- rBi? i?2 K�BM HBKBi�iBQM #2BM; i?2 MmK#2` Q7 Q++mTB2/ KQ/2b BM 2�+?
bm#bT�+2X >2`2- r2 T`QTQb2 i?2 mb2 Q7 BMi2;`�#BHBiv iQ +B`+mKp2Mi i?Bb Bbbm2X *QMbB/2`BM;
� bvbi2K Q7 BMi2`�+iBM; /BTQH�` �iQKb ?QTTBM; �HQM; i?2 2/;2b Q7 � b[m�`2 TH�[m2ii2- r2
BMi`Q/m+2 irQ /Bz2`2Mi T`QiQ+QHb 7Q` i?2 ;2M2`�iBQM Q7 LPPL bi�i2b rBi? b+�H�#H2 KQ/2 Q++m@
T�iBQMX �M 2tT2`BK2Mi�H `2�HBx�iBQM #�b2/ QM QTiB+�H bmT2`H�iiB+2b Bb T`QTQb2/- r?B+? rQmH/
�HHQr 7Q` i?2 `2�HBx�iBQM Q7 i?2 BMi2;`�#H2 `2;BK2 BM i?2 bvbi2KX

S`2b2Mi2` M�K2, .�MB2H a+?M2B/2` :`mM

S�;2 key



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@8y, Zm�MiX BM7QX, ;�i2b- b2MbBM;- +QKKmMX � h?2`KQX A.kRN

.2i2+iBQM Q7 "2`2xBMbFBB@EQbi2`HBix@h?QmH2bb i`�MbBiBQM pB�
;2M2`�iBp2 �/p2`b�`B�H M2irQ`Fb
�mi?Q`b, .�MB2H2 *QMi2bbBRc 1HBb� _B++Bkc �H2bbBQ _2+�iBRc J�ii2Q _BxxBj

R lMBp2`bBiv Q7 h`2MiQ
k lMBp2`bBiv Q7 h`2MiQ � 6QM/�xBQM2 "`mMQ E2bbH2` (6"E)
j 6Q`b+?mM;bx2Mi`mK CɃHB+? (6w CɃHB+?) � lMBp2`bBiv Q7 *QHQ;M2 (lQ*)

h?2 /2i2+iBQM Q7 T?�b2 i`�MbBiBQMb BM [m�MimK K�Mv@#Q/v bvbi2Kb rBi? HQr2bi TQbbB#H2 T`BQ`
FMQrH2/;2 Q7 i?2B` /2i�BHb Bb �KQM; i?2 KQbi `QmbBM; ;Q�Hb Q7 i?2 ~Qm`Bb?BM; �TTHB+�iBQM Q7
K�+?BM2@H2�`MBM; i2+?MB[m2b iQ T?vbB+�H [m2biBQMbX >2`2- r2 i`�BM � :2M2`�iBp2 �/p2`b�`B�H
L2irQ`F U:�LV rBi? i?2 1Mi�M;H2K2Mi aT2+i`mK Q7 � bvbi2K #BT�`iBiBQM- �b 2ti`�+i2/ #v
K2�Mb Q7 J�i`Bt S`Q/m+i ai�i2b �Mb ix2X q2 �`2 �#H2 iQ B/2MiB7v ;�TH2bb@iQ@;�TT2/ T?�b2
i`�MbBiBQMb BM /Bz2`2Mi QM2@/BK2MbBQM�H KQ/2Hb #v HQQFBM; �i i?2 K�+?BM2 BM�#BHBiv iQ `2+QM@
bi`m+i QmibB/2` /�i� rBi? `2bT2+i iQ i?2 i`�BMBM; b2iX q2 7Q`2b22 i?�i :�L@#�b2/ K2i?Q/b rBHH
#2+QK2 BMbi`mK2Mi�H BM �MQK�Hv /2i2+iBQM b+?2K2b �TTHB2/ iQ i?2 /2i2`KBM�iBQM Q7 T?�b2@
/B�;`�KbX

S`2b2Mi2` M�K2, .�MB2H2 *QMi2bbB

S�;2 keR



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@8R, Zm�MiX BM7QX, ;�i2b- b2MbBM;- +QKKmMX � h?2`KQX A.jkN

L2r �TTHB+�iBQMb �M/ +m``2Mi HBKBi�iBQMb Q7 _v/#2`; b2M@
bQ`b
�mi?Q`b, S�mH EmMxXc .�pB/ J2v2`Rc CQb?m� >BHHRc E2pBM *QtRc "`B2HH2 �M/2`bQMkc .QM�H/ 6�?2vR

R la �`Kv _2b2�`+? G�#Q`�iQ`v
k �K2`B+�M lMBp2`bBiv

1H2+i`B+ }2H/ b2MbQ`b #�b2/ QM r�`K p�TQ`b Q7 �iQKb 2t+Bi2/ iQ _v/#2`; bi�i2b ?�p2 /BbiBM@
;mBb?BM; 72�im`2b i?�i Qz2` M2r �TTHB+�iBQM TQbbB#BHBiB2bX � bBM;H2 b2MbQ` +�M QT2`�i2 Qp2`
� rB/2 bT2+i`mK Q7 7`2[m2M+B2b- 7`QK .* iQ h>x- rBi? � +QMbBbi2Mi BMbi�Mi�M2Qmb #�b2#�M/
#�M/rB/i? Q7 �TT`QtBK�i2Hv RyJ>xX h?2 b2MbQ` ?2�/ +QMi�BMBM; i?2 p�TQ` Bb ?B;?Hv i`�Mb@
T�`2Mi �M/ +�M �HbQ #2 bK�HH `2H�iBp2 iQ i?2 2H2+i`B+ }2H/ r�p2H2M;i?b- 2M�#HBM; �++m`�i2
K2�bm`2K2Mib rBi? bm#@r�p2H2M;i? bT�iB�H `2bQHmiBQMX S`2b2MiHv _v/#2`; b2MbQ`b `2Hv QM i?2
bT2+i`Qb+QTB+ K2i?Q/ Q7 2H2+i`QK�;M2iB+�HHv BM/m+2/ i`�MbT�`2M+v U1AhV 7Q` T`2T�`BM; �M/
T`Q#BM; i?2 �iQKb- �M/ i?Qm;? bBKTH2 �M/ 2z2+iBp2- i?Bb TH�+2b HBKBib QM i?2 b2MbBiBpBiv �M/
BMbi�Mi�M2Qmb #�M/rB/i? Q7 i?2 b2MbQ`X q2 MmK2`B+�HHv �M/ 2tT2`BK2Mi�HHv BMp2biB;�i2 i?Bb
HBKBi 7Q` .QTTH2`@#`Q�/2M2/ QTiB+�HHv i?B+F b�KTH2b- �M/ b?Qr i?2 QTiBK�H 1Ah T�`�K2i2`
`2;BK2X q2 7m`i?2` T`2b2Mi `2+2Mi `2bmHib QM M2r �TTHB+�iBQMb- bm+? �b � _v/#2`;@#�+F2M/
bT2+i`mK �M�Hvx2` rBi? }2H/ b2MbBiBpBiv Q7 @R98/"Kf>x �M/ /vM�KB+ `�M;2 =3y /"X

S`2b2Mi2` M�K2, S�mH EmMx

S�;2 kek



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@8k, Zm�MiX BM7QX, ;�i2b- b2MbBM;- +QKKmMX � h?2`KQX A.jy3

aBKmH�iBM; ;�m;2 i?2Q`B2b BM 1 + 1 / rBi? #QbQMB+ [m�MimK
+B`+mBib
�mi?Q`b, 1H2�MQ` *`�M2Xc h2�;m2 hQK2b?Rc E2pBM aKBi?kc G2M� 6mMF2jc ai27�M Em?M9c JB+?�2H
.2K�`+Qjc Ab��+ *?m�M;jc L�i?�M qB2#28c ai2p2M :B`pBMk

R S`BM+2iQM
k u�H2
j JAh
9 *vT`mb
8 lMBp2`bBiv Q7 hQ`QMiQ

Zm�MimK bBKmH�iBQMb Q7 H�iiB+2 ;�m;2 i?2Q`B2b BM [m#Bib `2[mB`2 � i`mM+�iBQM Q7 i?2 BM}MBi2
/BK2MbBQM�H >BH#2`i bT�+2X h?Bb �Hi2`b i?2 #2?�pBQ` Q7 i?2 KQ/2HX >Qr2p2`- `2+2Mi T`Q;`2bb BM
i?2 +QMi`QH Q7 #QbQMB+ [m#Bib- r?B+? M�im`�HHv ?Qbi � H�`;2 /BK2MbBQM�H >BH#2`i bT�+2- TQBMib
i?2 r�v iQ 2{+B2Mi bBKmH�iBQM Q7 H�iiB+2 ;�m;2 i?2Q`B2b BM 1+1/ i?�i ;2M2`�HBx2b r2HH iQ ?B;?2`
/BK2MbBQMbX q2 +QMbB/2` MQp2H �M/ `2�HBbiB+ BKTH2K2Mi�iBQMb Q7 i?2b2 KQ/2Hb BM +B`+mBi Z1.-
BM irQ /Bz2`2Mi 2tT2`BK2Mi�H `2;BK2bX q2 �M�Hvx2 i?2 T?�b2 /B�;`�Kb rBi? K�i`Bt T`Q/m+i
bi�i2 bBKmH�iBQMb �M/ BKTH2K2Mi � p�`B�iBQM�H [m�MimK 2B;2MbQHp2` BM "QbQMB+ ZBbFBi @ Qm`
2ti2MbBQM Q7 ZBbFBi iQ #QbQMB+ +B`+mBib @ iQ Q#i�BM i?2 ;`QmM/ bi�i2bX 6m`i?2`KQ`2- r2 +QKT�`2
i?2 +QKTH2tBiv Q7 bBKmH�iBM; H�iiB+2 ;�m;2 i?2Q`B2b rBi? [m#Bi �M/ +B`+mBi Z1. �`+?Bi2+im`2b-
}M/BM; i?�i i?2 H�ii2` T`QpB/2b Q`/2`b Q7 K�;MBim/2 ?B;?2` 2{+B2M+vX Pm` `2bmHib K�v #2
;2M2`�HBx2/ iQ ?B;?2` /BK2MbBQMb �M/ MQM�#2HB�M }2H/ i?2Q`B2bX

S`2b2Mi2` M�K2, 1H2�MQ` *`�M2

S�;2 kej



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@9d, Zm�MiX BM7QX, ;�i2b- b2MbBM;- +QKKmMX � h?2`KQX A.kR

6�#`B+�iBQM Q7 �iQKB+ p�TQ` +2HH 7Q` �iQKB+ b2MbQ`b
�mi?Q`b, aBM >vmF uBKRc a�M;FvmM; G22Rc CB >QQM uQQMRc JBM qQQ EBKRc .QM;Fvm EBKRc Evm JBM
a?BKR

R �;2M+v 7Q` .272Mb2 .2p2HQTK2Mi

*Q``2bTQM/BM; �mi?Q`, b2�KQmb2!�//X`2XF`

q2 T`2b2Mi /2i�BH2/ T`Q+2/m`2 �M/ 2tT2`BK2Mi�H b2imT iQ 7�#`B+�i2 �iQKB+ p�TQ` +2HH 7Q`
�iQKB+ b2MbQ` �TTHB+�iBQMX � +2HH Bb dX8 KK +m#B+ rBi? Tv`2tX h?2 BMM2` bm`7�+2b Q7 i?2
+2HH �`2 +Q�i2/ rBi? �HmKBMBmK PtB/2X h?2 +2HH Bb +H2�M2/ rBi? /BbiBHH2/ r�i2`- 2i?�MQH- �M/
K2i?�MQH `2bT2+iBp2HvX h?2 +2HH Bb #�F2/ BM �B` �i 88y /2;`22b *2HbBmbX h?2 +2HH- i?2M- Bb
�ii�+?2/ iQ ?B;? p�+mmK +?�K#2` rBi? bT2+B�HHv /2bB;M2/ �/�Ti2`X _m#B/BmK �iQKb 7`QK
i?2 ?Qi �KTQmH2 BM p�TQ` 7Q`K �`2 +QHH2+i2/ BM � +QH/ ;H�bb +2HHX �7i2` i?�i- r2 Tmi RkNs2-
RjRs2- MBi`Q;2M- �M/ ?v/`Q;2M ;�b2b BMiQ i?2 +2HH 7Q` �iQK bTBM ;v`Qb+QT2X 6Q` �iQKB+
K�;M2iQK2i2`b- r2 Tmi MBi`Q;2M BMiQ i?2 +2HHXq2 rBHH +Qp2` i?2 T2`7Q`K�M+2 Q7 i?2 �iQKB+
bTBM ;v`Qb+QT2 �M/ �iQKB+ K�;M2iB+ }2H/ b2MbQ` mbBM; Qm` +2HH BM /2i�BH BM i?2 TQbi2`X

S`2b2Mi2` M�K2, uBK- aBM >vmF

S�;2 ke9



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@93, Zm�MiX BM7QX, ;�i2b- b2MbBM;- +QKKmMX � h?2`KQX A.83

� T2`7Q`K�M+2 #QmM/ 7Q` [m�MimK i?2`K�H K�+?BM2b
�mi?Q`b, J�ii?2r :2``vRc .pB`� a2;�HR

R lMBp2`bBiv Q7 hQ`QMiQ

Pmi@Q7@2[mBHB#`BmK �iQKB+ bvbi2Kb K�v #2 mb2/ iQ /2p2HQT [m�MimK i?2`K�H K�+?BM2b r?B+?
QT2`�i2 +QMiBMmQmbHv �i bi2�/v bi�i2X �i bm+? bK�HH b+�H2b- i?2 2M2`;v +m``2Mib +?�`�+i2`BxBM;
rQ`F �M/ ?2�i 2t+?�M;2 rBi? i?2`K�H `2b2`pQB`b 2t?B#Bi ~m+im�iBQMb H�`;2 2MQm;? iQ TH�v �
bB;MB}+�Mi `QH2 BM 2p�Hm�iBM; K�+?BM2 T2`7Q`K�M+2X A BMi`Q/m+2 ?2`2 � MQp2H b2i Q7 #QmM/b QM
i?2 T2`7Q`K�M+2 Q7 bi2�/v@bi�i2 [m�MimK i?2`K�H K�+?BM2b r?B+? BMpQHp2 i?2 ~m+im�iBQMb BM
i?2B` BMTmi �M/ QmiTmi 2M2`;v +m``2MibX L�K2Hv- i?2 `�iBQ Q7 � K�+?BM2Ƕb QmiTmi iQ BMTmi
~m+im�iBQMb Bb #QmM/2/ 7`QK #2HQr #v i?2 b[m�`2 Q7 Bib 2{+B2M+v- �M/ 7`QK �#Qp2 #v i?2
b[m�`2 Q7 i?2 `2H2p�Mi *�`MQi #QmM/X h?Bb H2�/b iQ � iB;?i2`@i?�M@*�`MQi #QmM/ QM i?2
2{+B2M+v Bib2H7X A rBHH /2b+`B#2 � KQ/2H@BM/2T2M/2Mi T`QQ7 Q7 i?2b2 `2bmHib 7Q` bvbi2Kb M2�`
2[mBHB#`BmKX A rBHH �HbQ /Bb+mbb 2zQ`ib iQ 2ti2M/ i?2b2 `2bmHib iQ i?2 7�`@7`QK@2[mBHB#`BmK
`2;BK2- BM i?2 +QMi2ti Q7 i?2 [m�MimK �#bQ`TiBQM `27`B;2`�iQ`, � T�`�/B;K�iB+ KQ/2H 7Q` �
i?2`K�H K�+?BM2 r?B+? +�M #2 `2�HBx2/ mbBM; �iQKB+ bvbi2KbX

S`2b2Mi2` M�K2, J�ii?2r :2``v

S�;2 ke8



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@9N, Zm�MiX BM7QX, ;�i2b- b2MbBM;- +QKKmMX � h?2`KQX A.N8

*QMM2+iBM; [m�MimK BM7Q`K�iBQM b+`�K#HBM; rBi? 2Mi�M;H2K2Mi@
2M?�M+2/ K2i`QHQ;v
�mi?Q`b, aBKQM2 *QHQK#QRc w2v�M; GBRc *?B a?mkc 1M`B[m2 J2M/2xRc :mbi�pQ o2H2xRc a�mH SBH�@
iQrbFv *�K2QRc _QK�M a+?KB2/Xc aQQMrQM *?QBRc JBF?�BH GmFBMkc 1/rBM S2/`QxQ@S2M�}2HRc oH�/�M
omH2iB+R

R JAh
k >�`p�`/ lMBp2`bBiv

lM/2`bi�M/BM; ?Qr �M/ �i r?B+? bT22/ BM7Q`K�iBQM bT`2�/b BM � [m�MimK K�Mv@#Q/v bvbi2K
Bb � 7mM/�K2Mi�H �M/ BMi`B;mBM; [m2biBQM Q7 [m�MimK BM7Q`K�iBQM b+B2M+2X Zm�MimK K2i`QHQ;v
?�`M2bb2b [m�MimK 2Mi�M;H2K2Mi 7Q` 2M?�M+BM; i?2 T`2+BbBQM Q7 �iQKB+ b2MbQ`b #2vQM/ i?2
bi�M/�`/ [m�MimK HBKBiX q?�i /Q i?2b2 �TT�`2MiHv /Bz2`2Mi }2H/b Q7 [m�MimK K2+?�MB+b
?�p2 BM +QKKQM\ q2 2tT2`BK2Mi�HHv b?Qr i?�i i?2b2 �`2 �+im�HHv irQ bB/2b Q7 i?2 b�K2
+QBMX PM i?2 QM2 bB/2- i?2 /B`2+i 2tT2`BK2Mi�H Q#b2`p�iBQM Q7 [m�MimK BM7Q`K�iBQM bT`2�/-
+�HH2/ ǳ[m�MimK BM7Q`K�iBQM b+`�K#HBM;Ǵ- Bb � /B{+mHi i�bFX �M 2K2`;BM; iQQH iQ rBiM2bb
b+`�K#HBM; �`2 i?2 Qmi@Q7@i?2@iBK2@Q`/2`2/ +Q``2H�iQ`b UPhP*bVX PhP*b `2[mB`2 i?2 bvbi2K
iQ 2pQHp2 #�+Fr�`/ BM iBK2 �7i2` i?2 2M+Q/BM; Q7 � bK�HH TQ`iBQM Q7 [m�MimK BM7Q`K�iBQMX PM
i?2 Qi?2` bB/2- BM [m�MimK K2i`QHQ;v- +QHH2+iBp2 2Mi�M;H2/ bi�i2b �`2 +?�`�+i2`Bx2/ #v i?2B`
[m�MimK 6Bb?2` BM7Q`K�iBQM UZ6AV r?B+? [m�MiB}2b i?2 b2MbBiBpBiv Q7 i?2 bi�i2 iQ � +2`i�BM
T2`im`#�iBQMX

AM i?Bb rQ`F- r2 2tT2`BK2Mi�HHv BMp2biB;�i2 [m�MimK BM7Q`K�iBQM b+`�K#HBM; �M/ 2Mi�M;H2K2Mi@
2M?�M+2/ K2i`QHQ;v BM � GBTFBM@J2b?FQp@:HB+F UGJ:V KQ/2HX q2 b?Qr i?�i i?2b2 irQ }2H/b
�`2 +QKT�`�#H2 �M/- BM T�`iB+mH�`- r2 /2KQMbi`�i2 i?�i Z6A �M/ PhP* �`2 2[mBp�H2MiX
h?2 GJ: KQ/2H- �b r2HH �b Bib iBK2@`2p2`b�H- Bb BKTH2K2Mi2/ BM � +�pBiv Z1. bvbi2K rBi?
mHi`�+QH/ vii2`#BmK �iQKbX h?2 +�pBiv }2H/ K2/B�i2b �M 2z2+iBp2 �HH@iQ@�HH BMi2`�+iBQM rBi?BM
i?2 �iQKb- r?BH2 �M 2ti2`M�H _6 }2H/ BM/m+2b � +QHH2+iBp2 `Qi�iBQM Q7 �iQKbX JQ`2Qp2`-
r2 rQ`F BM i?2 `2;BK2 Q7 i?2 GJ: KQ/2H r?2`2 2Mi�M;H2K2Mi UQ` [m�MimK BM7Q`K�iBQM
b+`�K#HBM;V Q++m`b 2tTQM2MiB�HHv 7�biX

S`2b2Mi2` M�K2, aBKQM2 *QHQK#Q

S�;2 kee



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@8y, Zm�MiX BM7QX, ;�i2b- b2MbBM;- +QKKmMX � h?2`KQX A.RjN

1tT2`BK2Mi�H [m�MimK +QMi`QH QM A"J [m�MimK bvbi2K

�mi?Q`b, ApQ JB?QpRc LBFQH�v oBi�MQpR

R Zm�MimK PTiB+b �M/ Zm�MimK AM7Q`K�iBQM ;`QmT- aQ}� lMBp2`bBiv ǴapX EHBK2Mi P?`B/bFBǴ

AM `2bQM�M+2- TmHb2 b?�T2b ?�p2 MQ 2z2+i QM i?2 TQTmH�iBQM i`�Mb72`c M2p2`i?2H2bb- i?2v �z2+i
i?2 `2bQM�M+2 `2bTQMb2 +m`p2b Q7 i?2 [m#BiX AM i?Bb rQ`F- i?2 2tT2`BK2Mi�H `2bTQMb2 +m`p2b
Q7 p�`BQmb TmHb2 b?�T2b r2`2 p�HB/�i2/ �;�BMbi i?2 i?2Q`2iB+�H T`2/B+iBQMbX 6m`i?2`KQ`2- i?2
2z2+ib Q7 bvKK2i`B+�H +`QTTBM; Q7 i?2 GQ`2MixB�M 7mM+iBQM �i /Bz2`2Mi ?2B;?ib r2`2 2t�KBM2/-
mbBM; QM2 Q7 i?2 QT2M@�++2bb #�+F@2M/ A"J [m�MimK T`Q+2bbQ`bX

S`2b2Mi2` M�K2, ApQ JB?Qp

S�;2 ked



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@8R, Zm�MiX BM7QX, ;�i2b- b2MbBM;- +QKKmMX � h?2`KQX A.RN3

JmHiBKQ/2 KB+`Qr�p2@iQ@QTiB+�H +QMp2`bBQM BM r�`K 3d@_#
�iQKb
�mi?Q`, "2MD�KBM .X aKBi?R

*Q@�mi?Q`b, �M/�H L�`�v�M�M kc "�?�` "�#�2B Rc GBM/b�v CX G2"H�M+ R

R lMBp2`bBiv Q7 �H#2`i�
k _�K�M _2b2�`+? AMbiBimi2

h?2 �#BHBiv iQ +QMp2`i [m�MimK bB;M�Hb #2ir22M i?2 KB+`Qr�p2 �M/ QTiB+�H /QK�BMb Bb �M BK@
TQ`i�Mi iQQH BM [m�MimK BM7Q`K�iBQM T`Q+2bbBM;X >2`2- r2 mb2 � `QQK@i2KT2`�im`2 2Mb2K#H2
Q7 87

Rb �iQKb BMbB/2 � KB+`Qr�p2 +�pBiv iQ ;2M2`�i2 �M QTiB+�H bB;M�H r?Qb2 7`2[m2M+v Bb i?2
bmK Q7 �M QTiB+�H TmKT �M/ � ?vT2`}M2 KB+`Qr�p2 +QMi`QH }2H/- mbBM; ?v#`B/ bmK@7`2[m2M+v
;2M2`�iBQM (R)X "v mbBM; � KmHiBKQ/2 KB+`Qr�p2 +QMi`QH }2H/- i?2 ;2M2`�i2/ QTiB+�H }2H/
+�``B2b i?2 b�K2 KmHiBTH2@7`2[m2M+v +?�`�+i2`- r?B+? +�M #2 �b #`Q�/ �b i?2 jyy@F>x +�pBiv
HBM2rB/i? �M/ imM�#H2 �+`Qbb i?2 yX8@:>x .QTTH2` bT2+i`mKX h?Bb T`Q+2bb- r?B+? H2p2`�;2b
2H2+i`QK�;M2iB+�HHv@BM/m+2/ i`�MbT�`2M+v #2ir22M i?2 irQ QTiB+�H }2H/b- `2bmHib BM � ǳbHQr@
HB;?iǴ iBK2 /2H�v Q7 i?2 +QMp2`i2/ }2H/- r?2`2 i?2 /2H�v iBK2 /2T2M/b QM i?2 TQr2` Q7 i?2
KB+`Qr�p2 +QMi`QH }2H/ (k)X

lbBM; i?2b2 i2+?MB[m2b- Qm` ;�b2Qmb �iQKB+ bvbi2K �+ib BM �M�HQ;v iQ �M 2H2+i`Q@QTiB+ KQ/mH�@
iQ`- r?B+?- rBi? Bib +�T�+Biv iQ QT2`�i2 mM/2` mHi`�@HQr TmKTBM; TQr2`b- K�F2b Bi � T`QKBbBM;
TH�i7Q`K 7Q` [m�MimK 7`2[m2M+v T`Q+2bbBM; (j) �+`Qbb b2p2`�H Q`/2`b Q7 K�;MBim/2 BM i?2 7`2@
[m2M+v /QK�BMX

6B;m`2 RX U�V AM i?2 MQMHBM2�` bmK@7`2[m2M+v ;2M2`�iBQM T`Q+2bb- KB+`Qr�p2 7`2[m2M+v !µ

�M/ QTiB+�H 7`2[m2M+v !c +QK#BM2 iQ T`Q/m+2 �M QTiB+�H 7`2[m2M+v �i !p = !µ + !cX U#V
.B�;`�K Q7 i?2 2tT2`BK2Mi�H b2imTX JB+`Qr�p2 bB;M�H ;2M2`�iQ` Ua:V- bT2+i`mK �M�Hvx2`
Ua�V- �+QmbiQ@QTiB+ KQ/mH�iQ` U�PJV- 2ti2`M�H +�pBiv /BQ/2 H�b2` U1.*GV- T?QiQ/BQ/2 US.V-
[m�`i2` r�p2TH�i2 UZqSV- �KTHB}2` U�JSVX

S�;2 ke3



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

(R) EX oX �/r�Bi?- �X E�`B;Qr/�- *X J�Mr�iF�`- 6X "`2i2M�F2`- �M/ �X L�`�v�M�MX ǳ*Q@
?2`2Mi KB+`Qr�p2@iQ@QTiB+�H +QMp2`bBQM #v i?`22@r�p2 KBtBM; BM � `QQK i2KT2`�im`2 �iQKB+
bvbi2KXǴƘPTiX G2iiX 99 R UkyRNVX

(k) CX EX a��br�i?- EX LX S`�/Qb?- EX oX �/r�Bi?- "X *X a�M/2`b- 6X "`2i2M�F2`- �M/ �X
L�`�v�M�MX ǳJB+`Qr�p2@/`Bp2M ;2M2`�iBQM �M/ ;`QmT /2H�v +QMi`QH Q7 QTiB+�H TmHb2b 7`QK �M
mHi`�@/BHmi2 �iQKB+ 2Mb2K#H2XǴƘPTiX 1tT`2bb kN RR UkykRVX
(j) >X@>X Gm- CX JX GmF2Mb- LX �X S2i2`b- PX .X P/2H2- .X 1X G2�B`/- �X JX q2BM2`- �M/
SX GQm;QpbFBX ǳ1H2+i`Q@QTiB+ 7`2[m2M+v #2�K bTHBii2`b �M/ i`Bii2`b 7Q` ?B;?@}/2HBiv T?QiQMB+
[m�MimK BM7Q`K�iBQM T`Q+2bbBM;XǴƘS?vbX _2pX G2iiXƘRky yjy8yk UkyR3VX

S`2b2Mi2` M�K2, "2MD�KBM .X aKBi?

S�;2 keN



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@8k, Zm�MiX BM7QX, ;�i2b- b2MbBM;- +QKKmMX � h?2`KQX A.kkd

1M`B+?BM; i?2 [m�MimK iQQH#Qt Q7 mHi`�+QH/ KQH2+mH2b rBi?
_v/#2`; �iQKb
�mi?Q`b, *QMM2` qBHHB�KbRc E2MM2i? q�M;kc G2rBb SB+�`/kc LQ`K�M u�Qjc E�M;@Em2M LB9

R >�`p�`/ lMBp2`bBiv
k .2T�`iK2Mi Q7 S?vbB+b- >�`p�`/ lMBp2`bBiv- *�K#`B/;2- J�bb�+?mb2iib ykRj3- la�
j .2T�`iK2Mi Q7 S?vbB+b- >�`p�`/ lMBp2`bBiv- *�K#`B/;2- J�bb�+?mb2iib ykRj3- la�- .2T�`iK2Mi Q7

S?vbB+b- l* "2`F2H2v- "2`F2H2v- *�HB7Q`MB� N9dky- la�
9 .2T�`iK2Mi Q7 *?2KBbi`v �M/ *?2KB+�H "BQHQ;v- >�`p�`/ lMBp2`bBiv- *�K#`B/;2- J�bb�+?mb2iib

ykRj3- la�- .2T�`iK2Mi Q7 S?vbB+b- >�`p�`/ lMBp2`bBiv- *�K#`B/;2- J�bb�+?mb2iib ykRj3- la�

�bb2K#Hv Q7 `QpB#`�iBQM�H ;`QmM/@bi�i2 L�*b KQH2+mH2b BM �M QTiB+�H ir22x2` �``�v rBHH �HHQr
7Q` ?B;?@}/2HBiv [m�MimK +QKTmi�iBQM �M/ i?2 2tTHQ`�iBQM Q7 `B+? /BTQH�` 2t+?�M;2 >�KBH@
iQMB�MbX *m``2MiHv- i?2b2 bvbi2Kb �`2 HBKBi2/ #v � KBMBKmK ir22x2` b2T�`�iBQM- r?B+? b2ib
� ?�`/ +�T QM i?2 BMi2`�+iBQM bi`2M;i? �M/ BM+`2�b2b i?2 +?�`�+i2`BbiB+ iBK2 7Q` BMi2`2biBM;
T?vbB+bX 6m`i?2`- `2�/Qmi `2[mB`2b `2@b2T�`�iBQM BMiQ i?2 +QKTQM2Mi �iQKb- r?B+? Bb /2bi`m+@
iBp2 �M/ 2``Q`@T`QM2X q2 T`QTQb2 � ?v#`B/ �``�v Q7 QTiB+�HHv@i`�TT2/ KQH2+mH2b �M/ �iQKb
iQ bQHp2 i?2b2 T`Q#H2KbX "v H2p2`�;BM; i?2 H�`;2 /BTQH2 KQK2Mi Q7 `2bQM�Mi *2bBmK _v/#2`;
H2p2Hb- r2 +�M BM+`2�b2 i?2 2z2+iBp2 KQH2+mH�` +QmTHBM; �M/ �+?B2p2 7�bi ?B;?@}/2HBiv ;�i2bX
h?2 �iQKb +�M i?2M #2 mb2/ �b �mtBHB�`v [m#Bib 7Q` 2Mi�M;H2K2Mi �M/ T`QD2+iBp2 K2�bm`2K2Mi-
;BpBM; mb � T�i? iQr�`/b MQM/2bi`m+iBp2 KQH2+mH�` `2�/QmiX � M2�`@i2`K BKTH2K2Mi�iBQM Q7
i?Bb b+?2K2 BM Qm` KQH2+mH�` [m#Bi �``�v +�M +�``v Qmi jyyMb 2Mi�M;HBM; ;�i2b rBi? TQi2MiB�H
;�i2 �M/ `2�/Qmi }/2HBiB2b ?B;?2` i?�M NNXNWX

S`2b2Mi2` M�K2, *QMM2` qBHHB�Kb

S�;2 kdy



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@8j, Zm�MiX BM7QX, ;�i2b- b2MbBM;- +QKKmMX � h?2`KQX A.jRj

� bBKTHB}2/ +QH/ a` 2tT2`BK2Mi 7Q` +�pBiv@#�b2/ [m�MimK
bBKmH�iBQM
�mi?Q`b, J�ii?B2m "2`i`�M/c hQ`#2M SƺTTH�mc Gm+�b "2;mBMc C�M@S?BHBTT "m`2BFc _QK�BM GQM;c C�FQ#
_2B+?2H

G�#Q`�iQB`2 E�biH2` "`Qbb2H

q2 ?�p2 /2p2HQT2/ � `2H�iBp2Hv bBKTH2 �M/ +QKT�+i a` 2tT2`BK2Mi /2bB;M2/ 7Q` +�pBiv Z1.
rBi? a` �iQKb BM � KBMB�im`2 `BM; `2bQM�iQ`X h?2 p�+mmK b2imT ?�b � iQi�H H2M;i? Q7 9y+K
BM+Hm/BM; Qp2M- w22K�M bHQr2` �M/ ;H�bb +2HH- �M/ `QmiBM2Hv T`Q/m+2b 2 ⇥ 10

7 3da` �iQKb BM
i?2 JPh rBi? �M Qp2M i2KT2`�im`2 Q7 99yê*X h?2 bHQr2` /Q2b MQi `2[mB`2 K�;M2iB+ +QBHb QM
Bib QrM �b Bi 2tTHQBib i?2 7�` }2H/ Q7 �TT`QT`B�i2Hv /2bB;M2/ JPh +QBHb- 7m`i?2` `2/m+BM; +QK@
TH2tBiv �M/ TQr2` +QMbmKTiBQMX h?2 H�b2` bvbi2K mb2b K�bi2`@bH�p2 �`+?Bi2+im`2 i?`Qm;?Qmi
�M/ /Q2b MQi `2[mB`2 a>: Q` Qi?2` ?B;?@TQr2` H�b2`bX q2 �HbQ T`2b2Mi }`bi `2bmHib QM i?2
QTiB+�H T`QT2`iB2b Q7 � KBMB�im`2 `BM; +�pBiv rBi? H�b2`@K�+?BM2/ KB``Q`b i?�i rBHH #2 mb2/ BM
i?Bb 2tT2`BK2MiX

S`2b2Mi2` M�K2, C�FQ# _2B+?2H

S�;2 kdR



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@89, Zm�MiX BM7QX, ;�i2b- b2MbBM;- +QKKmMX � h?2`KQX A.jjk

� i`�MbTQ`i�#H2 +QH/ �iQK �++2H2`QK2i2` 7Q` BM2`iB�H M�pB@
;�iBQM
�mi?Q`b, > : a2r2HHRc a a?BRc E >2Rc h E`�bi2pRc � E�mb?BFRc C � h?QKkc 1 � >BM/bRc C S
*Qii2`R

R h?2 *2Mi`2 7Q` *QH/ J�ii2`
k J a[m�`2/ G�b2`b

J�Mv b2+iQ`b Q7 bQ+B2iv �M/ i?2 2+QMQKv �`2 MQr ?2�pBHv `2HB�Mi QM :HQ#�H L�pB;�iBQM a�i2H@
HBi2 avbi2Kb U:LaaVX >Qr2p2`- :Laa ?�b b2p2`�H mM/2`HvBM; pmHM2`�#BHBiB2b �M/ +�MMQi #2
mb2/ mM/2`@ r�i2` Q` mM/2`;`QmM/X AM i?2b2 bBim�iBQMb- AM2`iB�H L�pB;�iBQM avbi2Kb UALabV
+�M �+i �b � `2HB�#H2 �Hi2`M�iBp2X h?2b2 b2H7@+QMi�BM2/ /2pB+2b `2+QMbi`m+i i?2 i`�D2+iQ`v Q7 �
p2?B+H2 #2BM; i`�+F2/ #v K2�bm`BM; Bib �++2H2`�iBQM �M/ `Qi�iBQM `�i2X � +QKTH2i2 ALa +QK@
#BM2b K2�bm`2K2Mib 7`QK i?`22 Q`i?Q;QM�H �++2H2`QK2i2`b �M/ i?`22 Q`i?Q;QM�H ;v`Qb+QT2bX
hQ;2i?2` rBi? FMQrH2/;2 Q7 i?2 p2?B+H2Ƕb bi�`iBM; TQbBiBQM- Bib +m``2Mi HQ+�iBQM +�M #2 +�H+m@
H�i2/- rBi?Qmi i?2 M22/ 7Q` �M 2ti2`M�H `272`2M+2X *QMp2MiBQM�H bvbi2Kb mb2 ?B;? T`2+BbBQM
+H�bbB+�H b2MbQ`b- ?Qr2p2` HQM;@i2`K T2`7Q`K�M+2 Bb +m``2MiHv HBKBi2/ #v b+�H2 7�+iQ` �M/ #B�b
/`B7ibX

qBi? i?2B` ?B;?@�++m`�+v �M/ HQM;@i2`K bi�#BHBiv- +QH/ �iQK BMi2`72`QK2i2`b ?�p2 i?2 TQi2MiB�H
iQ bm#bi�MiB�HHv BKT`Qp2 HQM;@`�M;2 BM2`iB�H M�pB;�iBQMX �i AKT2`B�H *QHH2;2- r2 �`2 /2p2HQTBM;
bm+? bvbi2Kb 7Q` mb2 BM [m�MimK 2M?�M+2/ ALabX *HQm/b Q7 `m#B/BmK@3d �iQKb �`2 +QQH2/
iQ mHi`�@+QH/ i2KT2`�im`2b i?2M bTHBi- `2~2+i2/- �M/ `2+QK#BM2/ mbBM; biBKmH�i2/ _�K�M
i`�MbBiBQMb iQ K�F2 �M �iQK BMi2`72`QK2i2` 7Q` BM2`iB�H b2MbBM;X
>2`2- r2 /2b+`B#2 Qm` `2+2Mi rQ`F /2p2HQTBM; � `m;;2/Bb2/ [m�MimK �++2H2`QK2i2` 7Q` M�pB;�@
iBQMX Pm` M2r bvbi2K +QMi�BMb i?2 H�b2` 7Q` +QQHBM; �M/ i`�TTBM; �iQKb �M/ /`BpBM; _�K�M
i`�MbBiBQMb- � b+B2M+2 +?�K#2` 7Q` �iQK BMi2`72`QK2i`v- �M/ �HH i?2 2H2+i`QMB+b �M/ +QMi`QH bvb@
i2Kb- T�+F�;2/ BMiQ � i`�MbTQ`i�#H2 bvbi2K 7Q` /2THQvK2Mi QmibB/2 i?2 H�#Q`�iQ`vX

S`2b2Mi2` M�K2, >2M`v a2r2HH

S�;2 kdk



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@9d, Zm�MiX BM7QX, ;�i2b- b2MbBM;- +QKKmMX � h?2`KQX A.je

�iQKB+ K�;M2iQK2i`v rBi? E�HK�M }Hi2`b
�mi?Q`b, EH�m/B� .BH+?2`Rc CȹHB� �KQ`Ʀb "BM27�Rc C�M EQƈQ/vƖbFBR

R ZPh @ *2Mi`2 7Q` Zm�MimK PTiB+�H h2+?MQHQ;B2b- lMBp2`bBiv Q7 q�`b�r- SQH�M/

AM7Q`K�iBQM BM72`2M+2 7`QK MQBbv bvbi2Kb Bb � 7Q+mb Q7 BMi2`2bi Q7 p�`BQmb `2b2�`+? �M/ 2M@
;BM22`BM; /Bb+BTHBM2bX AM RNey- _m/QH7 1X E�HK�M Tm#HBb?2/ � T�T2` QM �M QTiBK�H }Hi2`BM;
i2+?MB[m2 7Q` bvbi2Kb /2b+`B#2/ #v HBM2�` /vM�KB+b �M/ K2�bm`2K2Mi KQ/2Hb r?Qb2 MQBb2
bi�iBbiB+b Bb :�mbbB�M (R)X AM T�`iB+mH�`- i?Bb bQ@+�HH2/ E�HK�M 6BHi2` +QMbiBimi2b � r�v iQ
+QMbi`m+i �M 2biBK�iQ` i?�i �HHQrb QM2 iQ QTiBK�HHv 2ti`�+i i?2 bB;M�H 2M+Q/2/ BM i?2 bvb@
i2K /vM�KB+b r?BH2 KBMBKBxBM; i?2 �p2`�;2 K2�M@b[m�`2/@2``Q`- /2bTBi2 i?2 /vM�KB+b �M/
K2�bm`2K2Mi �HH mM/2`;QBM; mM+QMi`QHH2/ BM/2T2M/2Mi biQ+?�biB+ ~m+im�iBQMbX AM QTTQbBiBQM
iQ T`2pBQmbHv FMQrM �H;Q`Bi?Kb- E�HK�M 6BHi2`b /Q MQi `2[mB`2 � 7mHH ?BbiQ`v Q7 �HH T`2pBQmb
bi2TbX "2+�mb2 Q7 i?Bb- i?2 i2+?MB[m2 +�M #2 mb2/ 7Q` `2�H@iBK2 /�i� �M�HvbBbX

AM i?Bb rQ`F- r2 �TTHB2/ i?2 /2b+`B#2/ K2i?Q/b 7Q` K�;M2iB+ }2H/ BM72`2M+2 7`QK �M �iQKB+
b2MbQ` rBi? QTiB+�H `2�/@QmiX am+? b2MbQ`b �`2 rB/2Hv mb2/ BM K�;M2iQK2i`v #Qi? rBi?BM �M/
#2vQM/ i?2 +H�bbB+�H HBKBi- �+?B2pBM; T`2+BbBQM +QKT�`�#H2 iQ +`vQ;2MB+ K2i?Q/bX h?2 HBM2�`
E�HK�M 6BHi2` ?�b #22M �TTHB2/ iQ bm+? bvbi2Kb #27Q`2 (k- j)X h?2 mb�#BHBiv Q7 i?Bb i2+?MB[m2
Bb p2`v HBKBi2/ i?Qm;?- �b i?2 K�;M2iB+ }2H/ Q#2vb � ?B;?Hv MQMHBM2�` /vM�KB+b BM KQbi
`2;BK2bX h?Bb bm;;2bib i?�i mbBM; i?2 1ti2M/2/ E�HK�M 6BHi2`- �b r2HH �b Qi?2` MQMHBM2�`
E�HK�M 6BHi2`BM; i2+?MB[m2b- +�M ;`2�iHv BKT`Qp2 i?2 2biBK�iQ` #2vQM/ i?2 HBM2�` `2;BK2X AM
i?Bb rQ`F- r2 bBKmH�i2 �M QmiTmi Q7 bm+? � b2MbQ` �M/ b?Qr i?�i BM 7�+i i?2 K�;M2iB+ }2H/
+�M #2 bm++2bb7mHHv 2biBK�i2/ BM `2�H@iBK2 rBi? i?2 MQMHBM2�` K2i?Q/bX
(R) _X 1X E�HK�M- � L2r �TT`Q�+? iQ GBM2�` 6BHi2`BM; �M/ S`2/B+iBQM S`Q#H2Kb- CQm`M�H Q7
"�bB+ 1M;BM22`BM;- pQHX3R- RNeyX
(k) _B+�`/Q CBKûM2x@J�`iőM2x 2i �HX aB;M�H h`�+FBM; "2vQM/ i?2 hBK2 _2bQHmiBQM Q7 �M �iQKB+
a2MbQ` #v E�HK�M 6BHi2`BM;- S_G- pQHX Rky- kyR3
(j) CB� EQM; 2i �HX J2�bm`2K2Mi@BM/m+2/- bT�iB�HHv@2ti2M/2/ 2Mi�M;H2K2Mi BM � ?Qi- bi`QM;Hv@
BMi2`�+iBM; �iQKB+ bvbi2K- L�im`2 *QKKmMB+�iBQMb pQHX RR- �`iB+H2 MmK#2`, k9R8- kykyX

S`2b2Mi2` M�K2, EH�m/B� .BH+?2`

S�;2 kdj



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@93, Zm�MiX BM7QX, ;�i2b- b2MbBM;- +QKKmMX � h?2`KQX A.ek

"@}2H/ b2H7@+�M+2HHBM; /2pB+2b 7Q` �iQKB+ b2MbQ`b
�mi?Q`b, JBMrQQ EBKRc a�M;FvmM; G22Rc aBM >vmF uBKRc CB >QQM uQQMRc .QM;Fvm EBKRc Evm JBM
a?BKR

R �;2M+v 7Q` .272Mb2 .2p2HQTK2Mi

� 7�B` MmK#2` Q7 �iQKB+ b2MbQ`b `2[mB`2 � ?QKQ;2M2Qmb "@}2H/ 7Q` HQM;@H�biBM; G�`KQ` Qb+BH@
H�iBQM Q7 �iQKbX PM i?2 Qi?2` ?�M/- p�`BQmb 2H2+i`QMB+b mb2/ BM i?2 2tT2`BK2Mib 2KBi K�;M2iB+
}2H/b- /2bi`QvBM; i?2 ?QKQ;2M2Biv Q7 i?2 /2HB#2`�i2Hv ?QKQ;2M2Qmb "@}2H/X q2 /2KQMbi`�i2
� ."_ H�b2`@h1* T�+F�;BM; �M/ � ?2�i2` r?B+? b2H7@+�M+2H i?2B` 2KBii2/ "@}2H/ #v �MiBT�`@
�HH2H +m``2Mi +QM};m`�iBQMbX h?2b2 /2pB+2b +�M #2 `2�HBx2/ BM2tT2MbBp2Hv rBi?Qmi 2KTHQvBM;
J1Ja i2+?MQHQ;vX h?2 2z2+i Q7 i?2 b2H7@+�M+2HH�iBQM Bb /2KQMbi�i2/ #v � /B`2+i K2�bm`2K2Mi
�M/ �HbQ � GA� bB;M�H MQBb2 +QKT�`BbQM 7Q` i?2 ?2�i2` 2KTHQv2/ BM �M �iQKB+ K�;M2iQK2i2`
bvbi2KX

S`2b2Mi2` M�K2, JBMrQQ EBK

S�;2 kd9



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@9N, Zm�MiX BM7QX, ;�i2b- b2MbBM;- +QKKmMX � h?2`KQX A.Rye

"Hm2T`BMi 7Q` � b+�H�#H2- KQ/mH�`- 7�mHi@iQH2`�Mi [m�MimK
+QKTmi2` #�b2/ QM bi�i2@Q7@i?2@�`i _v/#2`; �iQK �``�vb
�M/ QTiB+�H +�pBiB2b
�mi?Q`b, CQbB�? aBM+H�B`Rc CQb?m� _�K2ii2Rc .QH2p "Hmpbi2BMkc �Hvbb� _m/2HBbRc "2BHB >mRc 1/Bi�
"viv[BRc oH�/�M omH2iB+R

R JAh
k >�`p�`/

q2 T`QTQb2 � b+�H�#H2- KQ/mH�`- 7�mHi@iQH2`�Mi �`+?Bi2+im`2 7Q` [m�MimK +QKTmiBM; #�b2/ QM
_v/#2`; �``�vb �M/ _v/#2`; +QKT�iB#H2 QTiB+�H +�pBiB2bX q?BH2 T`2pBQmb KQ/mH�` �`+?Bi2+@
im`2b ?�p2 7Q+mb2/ QM p2`v bK�HH KQ/mH2b +QMi�BMBM; k@8 [m#Bib- Qm` �`+?Bi2+im`2 +QMbBbib Q7
H�`;2 KQ/mH2b +QMi�BMBM; i?Qmb�M/b Q7 T?vbB+�H [m#Bib- r?B+? 7Q`K bm`7�+2 +Q/2 T�i+?2b i?�i
�`2 HBMF2/ iQ;2i?2` #v QTiB+�H +�pBiv T?QiQMB+ BMi2`+QMM2+ibX q?BH2 i?2 HQr }/2HBiv Q7 "2HH
T�B`b ;2M2`�i2/ pB� T?QiQMB+ BMi2`+QMM2+ib ?�b #22M � K�DQ` +?�HH2M;2 7Q` �HH T`2pBQmbHv T`Q@
TQb2/ KQ/mH�` �`+?Bi2+im`2b- Qm` �TT`Q�+? Bb mMB[m2Hv BKKmM2 iQ "2HH T�B` BM}/2HBiv #2+�mb2
+QKKmMB+�iBQM 2``Q`b QMHv Q++m` �HQM; QM2 2/;2 Q7 i?2 +Q/2X LmK2`B+�H bBKmH�iBQMb BM/B+�i2
� i?`2b?QH/ 7Q` +QKKmMB+�iBQM 2``Q`b Q7 �#Qmi RyWX JQ`2Qp2`- #2+�mb2 MQ /BbiBHH�iBQM Bb `2@
[mB`2/- BM +QMi`�bi iQ T`2pBQmb b+?2K2b- HQ+�H ;�i2 `2[mB`2K2Mib `2K�BM �`QmM/ RWX h?2b2
`2H�t2/ +QKKmMB+�iBQM `2[mB`2K2Mib 2M�#H2 i?2 7�mHi@iQH2`�Mi +QMM2+iBQM Q7 +m``2MiHv �p�BH@
�#H2 _v/#2`; �``�vb Q7 K�Mv �iQKb mbBM; QMHv KQ/2bi [m�HBiv "2HH T�B`bX q2 ;Bp2 [m�MiBi�iBp2
T2`7Q`K�M+2 2biBK�i2b b?QrBM; i?�i � bBM;H2 QTiB+�H +�pBiv Q7 KQ/2bi [m�HBiv �HHQrb "2HH T�B`
/Bbi`B#miBQM 7�bi 2MQm;? iQ `2�HBx2 Ry F>x bm`7�+2 +Q/2 +v+H2b ě Km+? 7�bi2` i?�M +m``2Mi
+Q?2`2M+2 iBK2b ě �b r2HH �b bm{+B2MiHv 7�bi bvM/`QK2 `2�/Qmi �M/ �iQK `2HQ�/BM;X

S`2b2Mi2` M�K2, CQbB�? aBM+H�B`

S�;2 kd8



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@8y, Zm�MiX BM7QX, ;�i2b- b2MbBM;- +QKKmMX � h?2`KQX A.R9R

Zm�MimK QTiBKBx�iBQM Q7 K�tBKmK BM/2T2M/2Mi b2i mbBM;
_v/#2`; �iQK �``�vb
�mi?Q`b, a2T2?` 1#�/BXc �H2t�M/2` E22bHBM;Rc J�/2HvM *�BMXc hQmi q�M;Xc >�``v G2pBM2Xc .QH2p
"Hmpbi2BMXc :BmHB� a2K2;?BMBXc �?K2/ PK`�MXc CBM@:mQ GBmXc _?BM2 a�K�D/�`Xc sBm@w?2 GmQXc "2�i`B+2
L�b?Xc smM :�QXc "Q�x "�`�FXc 1/r�`/ 6�`?BXc am#B` a�+?/2pXc L�i?�M :2K2HF2Xc G2Q w?QmXc aQQMrQM
*?QBXc >�MM2b SB+?H2`Xc a?2M;@h�Q q�M;Xc J�`Fmb :`2BM2`Xc oH�/�M omH2iB+Xc JBF?�BH GmFBMX

R Zm2`� *QKTmiBM;

_2�HBxBM; [m�MimK bT22/mT 7Q` bQHpBM; T`�+iB+�HHv `2H2p�Mi- +QKTmi�iBQM�HHv ?�`/ T`Q#H2Kb
Bb � +2Mi`�H +?�HH2M;2 BM [m�MimK BM7Q`K�iBQM b+B2M+2X lbBM; _v/#2`; �iQK �``�vb +QKTQb2/
Q7 mT iQ k3N +QmTH2/ [m#Bib BM irQ bT�iB�H /BK2MbBQMb- r2 2tT2`BK2Mi�HHv BMp2biB;�i2 [m�M@
imK QTiBKBx�iBQM �H;Q`Bi?Kb 7Q` bQHpBM; i?2 J�tBKmK AM/2T2M/2Mi a2i T`Q#H2KX q2 mb2 �
?�`/r�`2@2{+B2Mi 2M+Q/BM; �bbQ+B�i2/ rBi? _v/#2`; #HQ+F�/2- `2�HBx2 +HQb2/@HQQT QTiBKBx�@
iBQM iQ i2bi b2p2`�H p�`B�iBQM�H �H;Q`Bi?Kb- �M/ bm#b2[m2MiHv �TTHv i?2K iQ bvbi2K�iB+�HHv
2tTHQ`2 � +H�bb Q7 MQMTH�M�` ;`�T?b rBi? T`Q;`�KK�#H2 +QMM2+iBpBivX q2 }M/ i?�i i?2 T`Q#@
H2KǶb ?�`/M2bb Bb +QMi`QHH2/ #v i?2 bQHmiBQM /2;2M2`�+v �M/ i?2 MmK#2` Q7 HQ+�H KBMBK�- �M/
2tT2`BK2Mi�HHv #2M+?K�`F i?2 [m�MimK �H;Q`Bi?KǶb T2`7Q`K�M+2 �;�BMbi QTiBKBx2/ +H�bbB+�H
bBKmH�i2/ �MM2�HBM;X PM i?2 ?�`/2bi BMbi�M+2b- r2 Q#b2`p2 � bmT2`HBM2�` [m�MimK bT22/mT BM
}M/BM; 2t�+i bQHmiBQMb 7Q` bm{+B2MiHv HQM; 2pQHmiBQM iBK2b #2vQM/ i?2 b?�HHQr@+B`+mBi@/2Ti?
`2;BK2- �M/ �M�Hvx2 Bib Q`B;BMbX

S`2b2Mi2` M�K2, a2T2?` 1#�/B

S�;2 kde



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@8R, Zm�MiX BM7QX, ;�i2b- b2MbBM;- +QKKmMX � h?2`KQX A.Rek

�``�vb Q7 +QH/ _v/#2`; �iQKb 7Q` 2H2+i`QK�;M2iB+ }2H/b
b2MbBM;
�mi?Q`b, �H2tBb "QMMBMRc _QK�BM .mp2`;2`Xc *û/`B+ "H�M+?�`/Xc L�bbBK w�?x�KXc u�MMB+F "B/2HXc
�H2t�M/`2 "`2bbQMXc avHp�BM a+?r�`ixX

R PL1_� .S>u

q2 �BK iQ /2p2HQT � M2r FBM/ Q7 2H2+i`QK�;M2iB+ }2H/ b2MbQ` #v +QK#BMBM; i?2 ?B;? K2i`Q@
HQ;B+�H T2`7Q`K�M+2 �++2bbB#H2 i?�MFb iQ i?2 2t�;;2`�i2/ _v/#2`; bi�i2b T`QT2`iB2b rBi? i?2
?B;? /2;`22 Q7 +QMi`QH �M/ imM�#BHBiv Qz2`2/ #v +QH/ �iQKB+ 2Mb2K#H2b i`�TT2/ BM �``�vb Q7
QTiB+�H ir22x2`bX q2 TH�M iQ T`Q#2 1J@}2H/b Qp2` � rB/2 7`2[m2M+v `�M;2 7`QK 72r Ryyb Q7
J>x iQ 72r h>x- ;Bp2M #v i?2 7`2[m2M+v /Bz2`2M+2 #2ir22M M2B;?#Q`BM; _v/#2`; bi�i2b- rBi?
� i�`;2i b2MbBiBpBiv Q7 �#Qmi Ry Kof+Kf>x1/2 �M/ rBi? � bT�iB�H `2bQHmiBQM /QrM iQ 72r i2Mb
Q7 ƒK- +Q``2bTQM/BM; iQ i?2 /Bbi�M+2 #2ir22M irQ QTiB+�H ir22x2`bX q2 �HbQ BMi2M/ iQ bim/v
i?2 TQbbB#BHBiv iQ T2`7Q`K bT2+i`�H �M�HvbBb #v K�FBM; 2�+? �iQKB+ 2Mb2K#H2 b2MbBiBp2 iQ �
bT2+B}+ 7`2[m2M+vX AM i?2 TQbi2`- A rBHH T`2b2Mi i?2 T`BM+BTH2 Q7 QT2`�iBQM Q7 i?2 b2MbQ`- i?2
+m``2Mi 2tT2`BK2Mi�H bi�imb iQ;2i?2` rBi? bQK2 2MpBbBQM2/ �TTHB+�iBQMb- �M/ TQbbB#H2 r�vb Q7
BKT`Qp2K2MibX

S`2b2Mi2` M�K2, �H2tBb "QMMBM

S�;2 kdd



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@8k, Zm�MiX BM7QX, ;�i2b- b2MbBM;- +QKKmMX � h?2`KQX A.RNN

1M;BM22`BM; KmHiBKQ/2 2Mi�M;H2K2Mi �KQM; �iQKB+ 2Mb2K@
#H2b
�mi?Q`b, S?BHBTT EmMF2HRc 1`B+ aX *QQT2`Rc �pBF�` S2`Br�HRc JQMBF� a+?H2B2`@aKBi?R

R ai�M7Q`/ lMBp2`bBiv

AMi2`�+iBQMb 7Q`K i?2 #�bBb 7Q` i?2 2tT2`BK2Mi�H ;2M2`�iBQM Q7 2Mi�M;H2K2Mi #2ir22M [m�M@
imK Q#D2+ibX lbBM; �HH@iQ@�HH BMi2`�+iBQMb- MmK2`Qmb 2tT2`BK2Mib rBi? �iQKB+ 2Mb2K#H2b ?�p2
;2M2`�i2/ [m�MimK bi�i2b r?B+? T`QpB/2 � ?B;?2` T`2+BbBQM BM b2MbBM; T`QiQ+QHb +QKT�`2/ iQ
mM2Mi�M;H2/ bi�i2bX >Qr2p2`- K�Mv 2MpBbBQM2/ �TTHB+�iBQMb BM [m�MimK b2MbBM; �M/ +QKTm@
i�iBQM `2[mB`2 ;`2�i2` +QMi`QH Qp2` i?2 bT�iB�H 2Mi�M;H2K2Mi bi`m+im`2 �M/- i?mb- i?2 2z2+iBp2
;`�T? Q7 BMi2`�+iBQMbX AM Qm` 2tT2`BK2Mi- r2 mb2 �M QTiB+�H +�pBiv iQ;2i?2` rBi? HQ+�H bTBM
`Qi�iBQMb iQ K2/B�i2 T`Q;`�KK�#H2 HQM;@`�M;2 BMi2`�+iBQMb rBi?BM � R. �``�v Q7 �iQKB+ 2M@
b2K#H2bX .`BpBM; i?2 +�pBiv rBi? HB;?i BM/m+2b �HH@iQ@�HH BMi2`�+iBQMb #2ir22M i?2 bTBM@R �iQKb-
+`2�iBM; �iQK T�B`b �M/ [m�MimK +Q``2H�iBQMb rBi?BM � bBM;H2 bT�iB�HHv 2ti2M/2/ KQ/2 Q7 i?2
+QHH2+iBp2 i`�Mbp2`b�H bTBMX AM i?Bb +�b2- r2 K2�bm`2 bTBM@M2K�iB+ b[m22xBM; �M/ p2`B7v i?2
;2M2`�iBQM Q7 2Mi�M;H2K2Mi #2ir22M bT�iB�HHv b2T�`�i2/ 2Mb2K#H2b #v [m�MiB7vBM; i?2 +Q``2@
H�iBQMb BM irQ MQM+QKKmiBM; Q#b2`p�#H2bX "v 2KTHQvBM; HQ+�H bTBM `Qi�iBQMb r2 b2H2+iBp2Hv
+QmTH2 /Bz2`2Mi bT�iB�H KQ/2b iQ i?2 +�pBiv �M/ i?mb +QMi`QH i?2 bi`m+im`2 Q7 i?2 ;2M2`�i2/
[m�MimK +Q``2H�iBQMbX h?Bb +�T�#BHBiv �HHQrb 7Q` i�BHQ`BM; i?2 2Mi�M;H2K2Mi bi`m+im`2 iQ �
bT2+B}+ [m�MimK 2M?�M+2/ i�bF bm+? �b /Bbi`B#mi2/ [m�MimK b2MbBM; �M/ K2�bm`2K2Mi@#�b2/
[m�MimK +QKTmi�iBQMX

S`2b2Mi2` M�K2, S?BHBTT EmMF2H

S�;2 kd3



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@8j, Zm�MiX BM7QX, ;�i2b- b2MbBM;- +QKKmMX � h?2`KQX A.k3R

h`�BMBM; [m�MimK /2MQBb2`b
�mi?Q`, .Kvi`Q "QM/�`2MFQR

*Q@�mi?Q`b, SQHBM� 62H/K�MM Rc _Q#2`i a�HxK�MM kc hQ#B�b Pb#Q`M2 jc E2`biBM "22` jc .�MB2H a+?2B2`@
K�MM jc _�KQM� qQH7 9c h2``v 6�``2HHv 8c C�MMBF 1;;2`i jc _Q#2`i _�mbb2M/Q`7 Rc oBFiQ`B�@aQT?B2
a+?KB2bBM; jc GmBb J�MiBHH� R

R lMBp2`bBiv Q7 "`BiBb? *QHmK#B�
k lMBp2`bBiv Q7 *�K#`B/;2
j G2B#MBx lMBp2`bBi i >�MMQp2`
9 1h> wɃ`B+?
8 lMBp2`bBiv Q7 Zm22MbH�M/

ai�i2 T`2T�`�iBQM Q7i2M bmz2`b 7`QK p�`BQmb bQm`+2b Q7 /2pB+2@/2T2M/�Mi MQBb2X Ai Bb ?�`/ iQ
+?�`�+i2`Bb2 �M/ H2i �HQM2 KBiB;�i2 i?2 MQBb2X J�+?BM2 H2�`MBM; +�M #2 mb2/ iQ �miQK�i2 i?2
/2MQBbBM; i�bFX Zm�MimK +QKTmi2`b �`2 i?2 mHiBK�i2 K�+?BM2b iQ T`Q+2bb [m�MimK bB;M�HbX
�b bm+?- r2 T`QTQb2 iQ mb2 K�+?BM2 H2�`MBM; QM [m�MimK +QKTmi2`b iQ /2MQBb2 [m�MimK
/�i�X

6Q` i?Bb- r2 /2bB;M � ~2tB#H2 7�KBHv Q7 i`�BM�#H2 p�`B�iBQM�H +B`+mBib i?�i �`2 +�T�#H2 Q7 BKTH2@
K2MiBM; �`#Bi`�`v [m�MimK +?�MM2HbX .m2 iQ i?2 `2b2K#H�M+2 iQ i?2B` +H�bbB+�H +QmMi2`T�`ib-
r2 +�HH i?2b2 +B`+mBib [m�MimK M2mi`�H M2irQ`Fb UZLLbVX q2 b?Qr i?�i ZLLb mb2 i?2 /�i�
2{+B2MiHv �M/ +�M #2 i`�BM2/ QM BKT2`72+i /2pB+2b 2p2M r?2M T�`i Q7 i?2 i`�BMBM; /�i� Bb
+Q``mTi2/X

q2 T`Q+22/ iQ /2bB;M ZLL �`+?Bi2+im`2b i?�i �`2 i�BHQ`2/ iQ +�M+2H p�`BQmb ivT2b Q7 MQBb2X q2
b?Qr ?Qr [m�MimK �miQ2M+Q/2`b +�M bB;MB}+�MiHv `2/m+2 b?Qi@iQ@b?Qi MQBb2X h?Bb Bb �+?B2p2/
rBi?Qmi �++2bb iQ bmT2`pBbQ`v /�i� �M/ �miQ2M+Q/2`b +�M #2 i`�BM2/ QM+2 iQ /2MQBb2 /Bz2`2Mi
?B;?Hv 2Mi�M;H2/ bi�i2bX h?2M r2 im`M Qm` �ii2MiBQM iQ 2ti`�TQH�iBQM Q7 T�`�K2i2`b HBF2
i2KT2`�im`2X q2 b?Qr ?Qr iQ i`�BM ZLLb iQ T`Q/m+2 bi�i2b i?�i �`2 +QH/2` i?�M �Mv bi�i2
b22M /m`BM; i`�BMBM;X 6BM�HHv- r2 /2p2HQT `2+m``2Mi ZLLb 7Q` T`Q+2bbBM; i?�i `2[mB`2b K2KQ`vX
q2 mb2 `2+m``2Mi ZLLb iQ /2bB;M [m�MimK #�M/rB/i? }Hi2`bě� i�bF ;`2�iHv +QKTHB+�i2/ #v
i?2 MQ@+HQMBM; i?2Q`2KX 6Q` `2+m``2Mi M2irQ`Fb- r2 7m`i?2` 2+QMQKBx2 `2bQm`+2b #v +QK#BMBM;
[m�MimK �M/ +H�bbB+�H T`Q+2bbBM;X

Zm�MimK /2MQBb2`b Qz2` � T`�+iB+�H �TTHB+�iBQM Q7 [m�MimK +QKTmi2`b iQ i?2 2tT2`BK2M@
i�H T`2T�`�iBQM Q7 2Mi�M;H2/ bi�i2bX h?Bb i2+?MQHQ;v Bb T�`iB+mH�`Hv bmBi2/ iQ �M �TT�`�imb
i?�i �H`2�/v +�``B2b � ?B;?Hv@imM�#H2 [m�MimK +QMi`QH bvbi2K QM #Q�`/- bm+? �b [m�MimK
HQ;B+X
"�b2/ QM, L�iX *QKKmMX RR- 3y3c S?vbX _2pX G2iiX Rk9- Rjy8ykc S?. i?2bBb,
?iiTb,ff/QBXQ`;fRyXR8933fRRy8y �M/ bQK2 rQ`F BM T`Q;`2bbX

S`2b2Mi2` M�K2, .Kvi`Q "QM/�`2MFQ

S�;2 kdN



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@89, Zm�MiX BM7QX, ;�i2b- b2MbBM;- +QKKmMX � h?2`KQX A.jkk

a+�H�#H2 +`vQ;2MB+ 2tT2`BK2Mi 7Q` i`�TT2/@BQM [m�MimK +QK@
TmiBM; rBi? HQM; BQM bi`BM;b
�mi?Q`b, _QH�M/ J�iiRc _Q#BM Pbr�H/kc Gm+� >m#2`kc E�Bx?�Q q�M;kc C2`2Kv 6H�MM2`vkc CQM�i?�M
>QK2k

R hAZA- 1h> wm`B+?
k 1h> wm`B+?- h`�TT2/ AQM Zm�MimK AM7Q`K�iBQM :`QmT- arBix2`H�M/

q2 T`2b2Mi 2tT2`BK2Mi�H rQ`F T2`7Q`K2/ BM � +`vQ;2MB+ �TT�`�imb 2tTHQBiBM; � b2;K2Mi2/ BQM
i`�T �`+?Bi2+im`2 7Q` i?2 BKTH2K2Mi�iBQM Q7 [m�MimK �H;Q`Bi?Kb (R)X h?2 [m�MimK `2;Bbi2`
+QMbBbib Q7 � HBM2�` bi`BM; Q7 9y*�Y BQMb r?B+? �`2 BM/BpB/m�HHv +QMi`QHH2/ #v iB;?iHv 7Q+mb2/
H�b2` #2�Kb T2`T2M/B+mH�` iQ i?2 +`vbi�H �tBbX GB;?i Bb /2HBp2`2/ #v � r�p2;mB/2 �``�v �HHQrBM;
iQ BM/BpB/m�HHv 722/ 2�+? BQM rBi? � b2T�`�i2Hv +QMi`QHH2/ H�b2` #2�KX

>B;?@}/2HBiv ;�i2 QT2`�iBQMb `2[mB`2 #Qi? � bi�#H2 [m#Bi bvbi2K �M/ T`2+Bb2 +QMi`QH Qp2`
QTiB+�H }2H/bX AM Q`/2` iQ +QMi`QH KmHiBTH2 BQMb BM T�`�HH2H- r2 ?�p2 /2p2HQT2/ � b+�H�#H2 bBM;H2
BQM �//`2bbBM; bvbi2K #�b2/ QM �M �``�v Q7 r�p2;mB/2b K�i+?2/ iQ i?2 BQM TQbBiBQMb- K�FBM;
i?2 QTiB+�H �//`2bbBM; bvbi2K +QKT�+i �M/ `Q#mbi �;�BMbi K2+?�MB+�H MQBb2X q?�i Bb KQ`2-
i?Bb bBM;H2 BQM �//`2bbBM; +�T�#BHBiv rBHH KBiB;�i2 i?2 M22/ 7Q` BQM i`�MbTQ`i QT2`�iBQMb �M/
�HHQr 7Q` T�`�HH2H [m#Bi K�MBTmH�iBQMb i?2`2#v bBKTHB7vBM; i?2 Qp2`�HH +QKTmi�iBQMX AM Q`/2`
iQ BKT`Qp2 [m#Bi +Q?2`2M+2 iBK2b r2 ?�p2 BKTH2K2Mi2/ � b2i Q7 bmT2`+QM/m+iBM; +QBHb BM �
ǳb2H7@b?B2H/BM;Ǵ +QM};m`�iBQM- r?B+? 2M�#H2b i?2 bmTT`2bbBQM Q7 K�;M2iB+ }2H/ ~m+im�iBQMb
�i �HH 7`2[m2M+B2b /QrM iQ .* (k)X AQM BK�;BM; Bb T2`7Q`K2/ mbBM; � +�K2`� rBi? HQr TBt2H
+QmMi rBi? bi�i2@/2i2+iBQM pB� 6S:�@#�b2/ BK�;2 T`Q+2bbBM;X h?Bb b?QmH/ �HHQr HQr@H�i2M+v
`2�/Qmi Q7 K�Mv BQMb BM T�`�HH2H- r?B+? Bb 2bb2MiB�H 7Q` BKTH2K2MiBM; 7�bi 722/#�+F `2[mB`2/ 7Q`
2``Q`@+Q``2+iBQMX .2bB;M +QMbB/2`�iBQMb �M/ 2tT2`BK2Mi�H T`Q;`2bb rBHH #2 T`2b2Mi2/X

h?Bb rQ`F Bb bmTTQ`i2/ #v A�_S�X

(R) .2+�`QHB- *X- J�ii- _X- Pbr�H/- _X- �tHBM2- *X- 1`Mx2`- JX- 6H�MM2`v- CX- _�;;- aX �M/
>QK2- CXSX- kykRX .2bB;M- 7�#`B+�iBQM �M/ +?�`�+i2`Bx�iBQM Q7 � KB+`Q@7�#`B+�i2/ bi�+F2/@
r�72` b2;K2Mi2/ BQM i`�T rBi? irQ s@DmM+iBQMbX Zm�MimK a+B2M+2 �M/ h2+?MQHQ;v- eU9V-
TXy99yyRX
(k) :�#`B2Hb2- :X �M/ h�M- CX- RN33X a2H7ɢb?B2H/BM; bmT2`+QM/m+iBM; bQH2MQB/ bvbi2KbX CQm`M�H
Q7 �TTHB2/ S?vbB+b- ejURyV- TTX8R9j@8R93X

S`2b2Mi2` M�K2, _QH�M/ J�ii

S�;2 k3y



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@88, Zm�MiX BM7QX, ;�i2b- b2MbBM;- +QKKmMX � h?2`KQX A.jj8

� +QH/ �iQK ;v`Qb+QT2 7Q` BM2`iB�H M�pB;�iBQM
�mi?Q`b, �X E�mb?BFRc LX "BHiQMRc aX /2 aBHp�Rc hX E`�bi2pRc EX >2Rc >X :X a2r2HHRc aX a?BRc CX SX
*Qii2`Rc 1X �X >BM/bR

R AKT2`B�H *QHH2;2 GQM/QM

J�Mv b2+iQ`b Q7 bQ+B2iv �M/ i?2 2+QMQKv �`2 MQr ?2�pBHv `2HB�Mi QM :HQ#�H L�pB;�iBQM a�i2HHBi2
avbi2Kb U:LaaVX >Qr2p2`- :Laa ?�b b2p2`�H BMi`BMbB+ pmHM2`�#BHBiB2b �M/ +�MMQi #2 mb2/ mM@
/2`r�i2` Q` mM/2`;`QmM/X AM i?2b2 bBim�iBQMb- AM2`iB�H L�pB;�iBQM avbi2Kb UALabV +�M �+i �b �
`2HB�#H2 �Hi2`M�iBp2X h?2b2 b2H7@+QMi�BM2/ /2pB+2b `2+QMbi`m+i i?2 i`�D2+iQ`v Q7 � p2?B+H2 #2BM;
i`�+F2/ #v K2�bm`BM; Bib �++2H2`�iBQM �M/ `Qi�iBQM `�i2X � +QKTH2i2 ALa +QK#BM2b K2�bm`2@
K2Mib 7`QK i?`22 Q`i?Q;QM�H �++2H2`QK2i2`b �M/ i?`22 Q`i?Q;QM�H ;v`Qb+QT2bX hQ;2i?2` rBi?
FMQrH2/;2 Q7 i?2 p2?B+H2Ƕb bi�`iBM; TQbBiBQM- Bib +m``2Mi HQ+�iBQM +�M #2 +�H+mH�i2/- rBi?Qmi
i?2 M22/ 7Q` �M 2ti2`M�H `272`2M+2X *QMp2MiBQM�H bvbi2Kb mb2 ?B;? T`2+BbBQM +H�bbB+�H b2MbQ`b-
?Qr2p2` HQM;@i2`K T2`7Q`K�M+2 Bb +m``2MiHv HBKBi2/ #v b+�H2 7�+iQ` �M/ #B�b /`B7ibX
�i AKT2`B�H *QHH2;2 r2 �`2 /2p2HQTBM; +QH/ �iQK BMi2`72`QK2i2`b 7Q` BM2`iB�H b2MbBM;X h?2B`
?B;?@�++m`�+v �M/ HQM;@i2`K bi�#BHBiv K2�M i?2v Qz2` i?2 TQi2MiB�H 7Q` BKT`Qp2/ HQM;@`�M;2
M�pB;�iBQM BM i?2 M2�` 7mim`2X *HQm/b Q7 `m#B/BmK@3d �iQKb �`2 +QQH2/ iQ mHi`� +QH/ i2K@
T2`�im`2b i?2M bTHBi- `2~2+i2/- �M/ `2+QK#BM2/ mbBM; biBKmH�i2/ _�K�M i`�MbBiBQMb iQ K�F2
�M �iQK BMi2`72`QK2i2`X >2`2- r2 /2b+`B#2 Qm` `2+2Mi rQ`F iQ 2ti2M/ i?2 QT2`�iBQM Q7 Qm`
H�#Q`�iQ`v- irQ@�tBb �++2H2`QK2i2` BMiQ � `Qi�iBQM b2MbQ`X "v H�mM+?BM; i?2 �iQK +HQm/ mbBM;
� KQpBM; KQH�bb2b- r2 �`2 �#H2 iQ K2�bm`2 `Qi�iBQMb �#Qmi i?`22 T2`T2M/B+mH�` �t2bX

S`2b2Mi2` M�K2, �X E�mb?BF

S�;2 k3R



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@8e, Zm�MiX BM7QX, ;�i2b- b2MbBM;- +QKKmMX � h?2`KQX A.jNj

S`Q;`�KK�#H2 BMi2`�+iBQMb �M/ 2K2`;2Mi ;2QK2i`v BM � R.
�``�v Q7 �iQKB+ 2Mb2K#H2b
�mi?Q`b, �pBF�` S2`Br�HRc 1`B+ aX *QQT2`kc S?BHBTT EmMF2HXc JQMBF� a+?H2B2`@aKBi?k

R ai�M7Q`/ lMBp2`biv
k ai�M7Q`/ lMBp2`bBiv

*QMi`QH Qp2` i?2 bi`m+im`2 Q7 BMi2`�+iBQMb Bb 2bb2MiB�H 7Q` /2p2HQTBM; ~2tB#H2 [m�MimK T`Q@
iQ+QHbX q2 +QmTH2 �M �``�v Q7 �iQKB+ 2Mb2K#H2b iQ � /`Bp2M QTiB+�H +�pBiv- +`2�iBM; �M su
KQ/2HX lbBM; � K�;M2iB+ }2H/ ;`�/B2Mi �M/ KQ/mH�iBM; i?2 +�pBiv }2H/ 2M�#H2b mb iQ T`mM2
i?2 M�im`�HHv �HH@iQ@�HH +QMM2+iBpBiv Q7 +�pBiv@K2/B�i2/ BMi2`�+iBQMbX q2 +QM}`K i?2b2 +Qm@
THBM; ;`�T?b #v /B`2+i K2�bm`2K2Mib Q7 irQ@TQBMi +Q``2H�iBQM 7mM+iBQMbX 6`QK i?2 +Q``2H�iBQM
K2�bm`2K2Mib- r2 BM72` i?2 bi`m+im`2 �M/ 1m+HB/2�M 2K#2//BM; Q7 i?2 2[mBp�H2Mi >�KBHiQMB�M
rBi? QMHv HQ+�H BMi2`�+iBQMbX 1t�KTH2 ;2QK2i`B2b BM+Hm/2 � JQ2#Bmb H�//2` �M/ � +vHBM/2`
rBi? bB;M@+?�M;BM; BMi2`�+iBQMbX
h?Bb +QMi`QH Q7 BMi2`�+iBQMb +�M #2 H2p2`�;2/ iQ bim/v � rB/2 `�M;2 Q7 T?vbB+�H bvbi2Kb- BM+Hm/@
BM; [m�MimK ;`�pBiv �M/ [m�MimK +QKTmi�iBQMX q2 bBKmH�i2 bTBM bvbi2Kb `2H�iBM; [m�MimK
K2+?�MB+b �M/ ;`�pBiv- BMbTB`2/ #v � /Bb+`2iBx2/ 7Q`KmH�iBQM Q7 i?2 �/af*6h +Q``2bTQM/2M+2X
q2 b?Qr i?�i i?2 bi�i2b ;2M2`�i2/ #v i?2 +�pBiv /vM�KB+b K�T iQ HQr@2M2`;v bi�i2b Q7 i?2
T`Q;`�KK2/ su KQ/2HX 6BM/BM; i?2 ;`QmM/ bi�i2 Q7 i?2 su >�KBHiQMB�M Bb �M LS@?�`/ T`Q#@
H2K- �M/ i?2b2 ?B;?Hv@T`Q;`�KK�#H2 BMi2`�+iBQMb QT2M �p2Mm2b iQr�`/b bTBM@;H�bb T?vbB+b �M/
T?vbB+�HHv@2M+Q/2/ +QKTmi�iBQMX

S`2b2Mi2` M�K2, �pBF�` S2`Br�H

S�;2 k3k



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@8y, Zm�MiX BM7QX, ;�i2b- b2MbBM;- +QKKmMX � h?2`KQX A.eN

LQBbv �iQKB+ K�;M2iQK2i`v BM `2�H iBK2
�mi?Q`b, CmHB� �KQ`Qb@"BM27�Rc C�M EQHQ/vMbFBR

R lMBp2`bBiv Q7 q�`b�r

*QMiBMmQmbHv KQMBiQ`2/ �iQKB+ bTBM@2Mb2K#H2b �HHQr- BM T`BM+BTH2- 7Q` `2�H@iBK2 b2MbBM; Q7
2ti2`M�H K�;M2iB+ }2H/b #2vQM/ +H�bbB+�H HBKBibX qBi?BM i?2 GBM2�`@:�mbbB�M `2;BK2- i?�MFb
iQ i?2 T?2MQK2MQM Q7 K2�bm`2K2Mi@BM/m+2/ bTBM@b[m22xBM;- i?2v �ii�BM � [m�MimK@2M?�M+2/
b+�HBM; Q7 b2MbBiBpBiv #Qi? �b � 7mM+iBQM Q7 iBK2- i- �M/ i?2 MmK#2` Q7 �iQKb BMpQHp2/- LX AM Qm`
rQ`F- r2 `B;Q`QmbHv bim/v ?Qr bm+? +QM+HmbBQMb #�b2/ QM E�HK�M }Hi2`BM; K2i?Q/b +?�M;2
r?2M BM2pBi�#H2 BKT2`72+iBQMb �`2 i�F2M BMiQ �++QmMi, BM i?2 7Q`K Q7 +QHH2+iBp2 MQBb2- �b r2HH
�b biQ+?�biB+ ~m+im�iBQMb Q7 i?2 }2H/ BM iBK2X q2 T`Qp2 i?�i 2p2M �M BM}MBi2bBK�H �KQmMi Q7
MQBb2 /Bb�HHQrb i?2 2``Q` iQ #2 �`#Bi`�`BHv /BKBMBb?2/ #v bBKTHv BM+`2�bBM; L- �M/ 7Q`+2b Bi iQ
2p2Mim�HHv 7QHHQr � +H�bbB+�H@HBF2 #2?�pBQ` BM iX >Qr2p2`- r2 �HbQ /2KQMbi`�i2 i?�i- ǳi?�MFbǴ
iQ i?2 T`2b2M+2 Q7 MQBb2- BM KQbi `2;BK2b i?2 KQ/2H #�b2/ QM � ?QKQ/vM2@HBF2 +QMiBMmQmb
K2�bm`2K2Mi �+im�HHv �+?B2p2b i?2 mHiBK�i2 b2MbBiBpBiv �HHQr2/ #v i?2 /2+Q?2`2M+2- vB2H/BM;
i?2M i?2 QTiBK�H [m�MimK@2M?�M+2K2MiX q2 �`2 �#H2 iQ /Q bQ #v +QMbi`m+iBM; � MQBb2@
BM/m+2/ HQr2` #QmM/ QM i?2 2``Q` i?�i bi2Kb 7`QK � ;2M2`�H K2i?Q/ Q7 +H�bbB+�HHv bBKmH�iBM;
� MQBbv [m�MimK 2pQHmiBQM- /m`BM; r?B+? i?2 biQ+?�biB+ T�`�K2i2` iQ #2 2biBK�i2/ě?2`2-
i?2 K�;M2iB+ }2H/ěBb 2M+Q/2/X h?2 K2i?Q/ M�im`�HHv 2ti2M/b iQ b+?2K2b #2vQM/ i?2 HBM2�`@
:�mbbB�M `2;BK2- BM T�`iB+mH�`- �HbQ iQ QM2b BMpQHpBM; 722/#�+F Q` �+iBp2 +QMi`QHX

S`2b2Mi2` M�K2, CmHB� �KQ`Qb@"BM27�

S�;2 k3j



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@8R, Zm�MiX BM7QX, ;�i2b- b2MbBM;- +QKKmMX � h?2`KQX A.RR8

*?�`�+i2`Bx�iBQM Q7 ?B;?@}/2HBiv _�K�M [m#Bib
�mi?Q`b, ai�M+?Q ai�M+?2pXc LBFQH�v oBi�MQpX

AM [m�MimK BM7Q`K�iBQM �M/ +QKTmi�iBQM- p2`v ?B;? }/2HBiv Q7 ;�i2 QT2`�iBQMb Bb `2[mB`2/X
J2�bm`BM; iBMv ;�i2 2``Q`b rBi? ?B;? �++m`�+v Bb � /B{+mHi i�bF- r?B+? Bb i`�/BiBQM�HHv /QM2
#v `�M/QKBx2/ #2M+?K�`FBM;X

AM i?Bb rQ`F r2 T`2b2Mi � M2r K2i?Q/ r?B+? �HHQrb iQ /2i2`KBM2 i?2 ;�i2 2``Q`b Q7 _�K�M
[m#Bib- BM r?B+? i?2 [m#Bi bi�i2b �`2 +QmTH2/ BM � _�K�M i`�MbBiBQM pB� �MQi?2` bi�i2- i?2`2#v
7Q`KBM; � i?`22@bi�i2 +?�BMrBb2@+QMM2+i2/ bvbi2KX h?2 K2i?Q/ Bb #�b2/ QM i?2 `2T2iBiBQM
Q7 i?2 b�K2 ;�i2 bm{+B2MiHv K�Mv iBK2b �M/ i?2`2#v �KTHB7vBM; i?2 iBMv 2``Q` iQ 2�bBHv
K2�bm`�#H2 bm{+B2MiHv H�`;2 p�Hm2bX
AM Q`/2` iQ /2/m+2 i?2 ;�i2 2``Q` 7`QK i?2 �KTHB}2/ 2``Q`- �M�HviB+ +QMM2+iBQMb #2ir22M i?2
bBM;H2@;�i2 �M/ KmHiB;�i2 T`QT�;�iQ`b �`2 /2`Bp2/ 7Q` i?`22@bi�i2 _�K�M bvbi2Kb rBi? irQ
ivT2b Q7 bvKK2i`B2b,
J�DQ`�M� �M/ JQ``Bb@a?Q`2X q2 2ti2M/ i?2b2 +QMM2+iBQMb iQ �`#Bi`�`v /BK2MbBQMb r?B+?
T�p2b i?2 T�i? iQr�`/ iQKQ;`�T?v Q7 [m/BibX

S`2b2Mi2` M�K2, ai�M+?Q :X ai�M+?2p

S�;2 k39



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@8k, Zm�MiX BM7QX, ;�i2b- b2MbBM;- +QKKmMX � h?2`KQX A.R9N

a+�H�#H2 [m#Bi �``�vb 7Q` [m�MimK +QKTmi�iBQM �M/ bBKm@
H�iBQM
�mi?Q`b, 1HHBQi .B�KQM/@>Bi+?+Q+FRc CQM�i?�M "�bbRc LB+?QH�b aTQM;Rc "QvFQ LBFQHQpRc CQM�i?�M
S`Bi+?�`/R

R lMBp2`bBiv Q7 ai`�i?+Hv/2

Zm�MimK +QKTmi�iBQM Qz2`b � `2pQHmiBQM�`v �TT`Q�+? iQ ?Qr BM7Q`K�iBQM Bb T`Q+2bb2/- Q7@
72`BM; M2r �TTHB+�iBQMb BM K�i2`B�H /2bB;M- [m�MimK +?2KBbi`v �M/ bT22/ mT Q7 `2�H@rQ`H/
QTiBKBb�iBQM T`Q#H2Kb- ?Qr2p2` � H�`;2 MmK#2` Q7 [m#Bib �`2 `2[mB`2/ iQ Q#i�BM [m�MimK
�/p�Mi�;2 Qp2` +H�bbB+�H ?�`/r�`2X L2mi`�H �iQKb �`2 �M 2t+2HH2Mi +�M/B/�i2 7Q` T`�+iB+�H
[m�MimK +QKTmiBM;- 2M�#HBM; H�`;2 MmK#2`b Q7 B/2MiB+�H [m#Bib iQ #2 +QQH2/ �M/ i`�TT2/-
Qp2`+QKBM; K�DQ` #�``B2`b iQ b+�HBM; 2tT2`B2M+2/ #v +QKT2iBM; �`+?Bi2+im`2b (R)X � +`m+B�H
BM;`2/B2Mi 7Q` [m�MimK +QKTmiBM; Bb i?2 �#BHBiv iQ T2`7Q`K +QMi`QHH2/ irQ@[m#Bi ;�i2 QT2`�@
iBQMb- 7Q` r?B+? i?2 bi`QM;- HQM;@`�M;2 /BTQH2@/BTQH2 BMi2`�+iBQM #2ir22M _v/#2`; �iQKb +�M
#2 2tTHQBi2/ iQ BKTH2K2Mi /2i2`KBMBbiB+ ;�i2 QT2`�iBQMb #2ir22M �iQKb rBi?BM � `�/Bmb Q7
R < 10 �KX

q2 T`2b2Mi T`Q;`2bb iQr�`/b � M2r 2tT2`BK2Mi�H TH�i7Q`K 7Q` [m�MimK +QKTmi�iBQM �i i?2
lMBp2`bBiv Q7 ai`�i?+Hv/2 #�b2/ QM `2+QM};m`�#H2 �iQK �``�vb Q7 *b �iQKb- /2KQMbi`�iBM;
HQ�/BM; �``�vb Q7 > 100 [m#Bib �b i?2 }`bi bi2T iQ +`2�iBM; � b+�H�#H2 �`+?Bi2+im`2 7Q` [m�MimK
+QKTmiBM;X q2 b?Qr ?B;?@}/2HBiv +QMi`QH �M/ 2t+Bi�iBQM Q7 bBM;H2 [m#Bib iQ ?B;?Hv 2t+Bi2/
_v/#2`; bi�i2b �M/ 2tTHQBi i?2 bi`QM; HQM;@`�M;2 /BTQH2@/BTQH2 BMi2`�+iBQMb #2ir22M _v/#2`;
�iQKb iQ ;2M2`�i2 � k. �``�v Q7 "2HH bi�i2 T�B`bX h?2b2 `2bmHib T�p2 i?2 r�v iQ irQ [m#Bi
�M/ KmHiB[m#Bi ;�i2 QT2`�iBQMb mbBM; irQT?QiQM �/B�#�iB+ `�TB/ T�bb�;2 (k)X

h?Bb rQ`F Bb bmTTQ`i2/ #v i?2 1Sa_* S`QbT2`Biv S�`iM2`b?BT rBi? J a[m�`2/ G�b2`b- :`�Mi
LQX 1Sfhyy8j3efRX
(R) JX a�zK�M- hX q�HF2`- �M/ EX JǠHK2`- _2pX JQ/X S?vbX 3k- kjRj UkyRyVX
(k) :X S2H2;`ő- �XCX .�H2v- �M/ CX.X S`Bi+?�`/- >B;?@}/2HBiv KmHiB[m#Bi _v/#2`; ;�i2b pB�
irQ@T?QiQM �/B�#�iB+ `�TB/ T�bb�;2- �`sBp,kRRkXRjyk8 UkykRVX

S`2b2Mi2` M�K2, 1HHBQi .B�KQM/@>Bi+?+Q+F
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h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@8j, Zm�MiX BM7QX, ;�i2b- b2MbBM;- +QKKmMX � h?2`KQX A.R3y

aTBM@r�p2 [m�MimK +QKTmiBM; rBi? �iQKb BM � bBM;H2@KQ/2
+�pBiv
�mi?Q`b, .�pB/ J2v2`Rc E2pBM *QtRc S`x2KvbH�r "B2MB�bkc .QM�H/ 6�?2vRc S�mH EmMxRc �H2t2v
:Q`b?FQpk

R la �`Kv _2b2�`+? G�#Q`�iQ`v
k lMBp2`bBiv Q7 J�`vH�M/ @ *QHH2;2 S�`F

q2 T`2b2Mi � K2i?Q/ 7Q` M2irQ`F@+�T�#H2 [m�MimK +QKTmiBM; i?�i `2HB2b QM ?QHQ;`�T?B+
bTBM@r�p2 2t+Bi�iBQMb biQ`2/ +QHH2+iBp2Hv BM 2Mb2K#H2b Q7 [m#BibX h?Bb +QMbi`m+iBQM `2HB2b QM
�M Q`i?Q;QM�H #�bBb Q7 bTBM r�p2b BM � QM2@/BK2MbBQM�H �``�v �M/ Bb +�T�#H2 Q7 ?B;?@}/2HBiv
mMBp2`b�H HBM2�` +QMi`QHH�#BHBiv mbBM; QMHv T?�b2 b?B7ib- �TTHB2/ BM #Qi? KQK2MimK �M/ TQbBiBQM
bT�+2bX L2Bi?2` bBM;H2@bBi2 �//`2bb�#BHBiv MQ` ?B;? bBM;H2@[m#Bi +QQT2`�iBpBiv Bb `2[mB`2/- �M/
i?2 bTBM r�p2b +�M #2 `2�/ Qmi rBi? ?B;? 2{+B2M+v BMiQ � bBM;H2 +�pBiv KQ/2 7Q` [m�MimK
+QKTmiBM; �M/ M2irQ`FBM; �TTHB+�iBQMbX q2 �HbQ T`QTQb2 �M 2tT2`BK2Mi�H BKTH2K2Mi�iBQM
mbBM; � H�K#/�@b+?2K2 BM � `m#B/BmK@�iQK bvbi2K iQ 2bi�#HBb? HBM2�` [m�MimK T`Q+2bbBM; �M/
+�H+mH�i2 i?2 2tT2+i2/ 2tT2`BK2Mi�H QT2`�iBQM�H }/2HBiB2b /m2 iQ 7mM/�K2Mi�H �M/ i2+?MB+�H
2``Q`bX AM i?Bb 2tT2`BK2Mi�H BKTH2K2Mi�iBQM- r2 b?Qr i?�i 2{+B2Mi K2i?Q/b iQ �+?B2p2 HBM2�`
+QMi`QHH�#BHBiv BM #Qi? � bBM;H2@2Mb2K#H2 �M/ /m�H@2Mb2K#H2 +QM};m`�iBQM Bb TQbbB#H2X 6BM�HHv-
r2 b?Qr � TQi2MiB�H �TTHB+�iBQM Q7 i?2 bTBM@r�p2 T`Q+2bbQ` 7Q` +QMiBMmQmb@p�`B�#H2 [m�MimK
BM7Q`K�iBQM T`Q+2bbBM; �M/ T`2b2Mi � b+?2K2 iQ ;2M2`�i2 H�`;2 /m�H@`�BH +Hmbi2` bi�i2b mb27mH
7Q` /2i2`KBMBbiB+ +QKTmiBM;X

S`2b2Mi2` M�K2, .�pB/ J2v2`
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h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@89, Zm�MiX BM7QX, ;�i2b- b2MbBM;- +QKKmMX � h?2`KQX A.kye

1Mi�M;HBM; ;�i2b #2ir22M #QbQMB+ [m#Bib BM i`�TT2/ BQMb

�mi?Q`b, J�`iBM q�;2M2`Rc ai2T?�M q2Hi2Rc JQ`Bix 6QMi#Qiû a+?KB/iRc _�H7 "2`M2`Rc 1/;�` "`m+F2Rc
J�ii2Q J�`BM2HHBRc AHB� a2`;�+?2pRc S�mH _ƺ;;H�Rc Ap�M _QDFQpRc 6HQ`2MiBM _2Bi2`Rc .�MB2H EB2MxH2`Rc
CQM�i?�M >QK2R

R AMbiBimi 7m2` Zm�Mi2M2H2Fi`QMBF- 1h> wm2`B+?

1M+Q/BM; [m�MimK BM7Q`K�iBQM BM � ?�`KQMB+ Qb+BHH�iQ` Qz2`b � `2bQm`+2 2{+B2Mi K2i?Q/ 7Q`
[m�MimK 2``Q` +Q``2+iBQM- +QKT�`2/ iQ i?2 mb2 Q7 KmHiBTH2 irQ@H2p2H bvbi2KbX h?2 :Qii2bK�M@
EBi�2p@S`2bFBHH U:ESV 2M+Q/BM; (R) Bb T�`iB+mH�`Hv T`QKBbBM; �M/ ?�b `2+2MiHv #22M `2�HBx2/
BM #Qi? i`�TT2/ BQMb (k- j) �M/ bmT2`+QM/m+iBM; KB+`Qr�p2 +�pBiB2b (9)X

ai�i2 T`2T�`�iBQM- `2�/Qmi- bBM;H2 [m#Bi `Qi�iBQMb �M/ 2``Q` +Q``2+iBQM ?�p2 #22M �+?B2p2/ BM
#Qi? Q7 i?2b2 �`+?Bi2+im`2bX A rBHH /2b+`B#2 rQ`F iQr�`/b HQ;B+�H 2Mi�M;HBM; ;�i2b #2ir22M irQ
:ES [m#Bib T`2T�`2/ BM i?2 KQiBQM�H KQ/2b Q7 irQ �iQKB+ BQMb i`�TT2/ BM +HQb2 T`QtBKBivX
h?2 KQ/2b �`2 +QmTH2/ pB� i?2 *QmHQK# BMi2`�+iBQM- r?B+? �TT`QtBK�i2b � #2�K bTHBii2`X
*QK#BM2/ rBi? bBM;H2 KQ/2 b[m22xBM; QT2`�iBQMb i?Bb #2�K bTHBii2` BMi2`�+iBQM +�M `2�HBx2
mMBp2`b�H 2Mi�M;HBM; ;�i2b #2ir22M i?2 irQ :ES bi�i2b (8)X AM i?2Q`2iB+�H rQ`F- r2 ?�p2
BMp2biB;�i2/ i?Bb ;�i2 7Q` 2tT2`BK2Mi�HHv `2�HBbiB+ T�`�K2i2`b �M/ }MBi2 2M2`;v :ES bi�i2bX
AM T�`�HH2H- r2 �`2 /2p2HQTBM; �M �TT�`�imb 7Q` i?2b2 2tT2`BK2Mib- BM+Hm/BM; 7�#`B+�iBQM Q7 �
bmBi�#H2 BQM i`�T �M/ /2bB;M �M/ BKTH2K2Mi�iBQM Q7 QTiB+�H �//`2bbBM; rBi? iB;?iHv 7Q+mb2/
H�b2` #2�KbX
(R) .�MB2H :Qii2bK�M- �H2t2B EBi�2p �M/ CQ?M S`2bFBHH- S?vbB+�H _2pB2r � e9- yRkjRy UkyyRV
(k) *?`Bbi� 6HɃ?K�MM 2i �HX- L�im`2 8ee- je3@jdk UkyRNV
(j) "`2MM�M /2 L22p2 2i �HX- L�im`2 S?vbB+b R3- kNe@jyy UkykkV
(9) S?BHBTT2 *�KT�;M2@A#�`+[ 2i �HX- L�im`2 839- je3@jdk UkykyV
(8) AH�M hxBi`BM 2i �HX- S?vbB+�H _2pB2r � RyR- yjkjR8 UkykyV

S`2b2Mi2` M�K2, J�`iBM q�;2M2`

S�;2 k3d



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@88, Zm�MiX BM7QX, ;�i2b- b2MbBM;- +QKKmMX � h?2`KQX A.kNy

hQr�`/b � bBM;H2@�iQK �``�v bi`QM;Hv +QmTH2/ iQ �M QTiB+�H
KB+`Q+�pBiv 7Q` KmHiBT�`iB+H2 2Mi�M;H2K2Mi
�mi?Q`b, SB2``2@�MiQBM2 "Qm`/2HRc *QMbi�M+2 SQmH�BMRc C�FQ# _2B+?2HRc _QK�BM GQM;R

R G�#Q`�iQB`2 E�biH2` "`Qbb2H

S?QiQM@K2/B�i2/ BMi2`�+iBQMb #2ir22M �iQKb +QmTH2/ iQ �M QTiB+�H +�pBiv �`2 2K2`;BM; �b
� TQr2`7mH iQQH 7Q` 2M;BM22`BM; 2Mi�M;H2/ bi�i2b �M/ K�Mv@#Q/v >�KBHiQMB�MbX >Qr2p2`-
bBM;H2@�iQK �//`2bbBM; �M/ `2�/Qmi Bb MQi �p�BH�#H2 BM KQbi Q7 i?2b2 bvbi2KbX

G2p2`�;BM; `2+2Mi /2p2HQTK2Mi BM �iQK@ir22x2` �``�vb- r2 rBHH T`2b2Mi Qm` +m``2Mi 2zQ`i iQ
+QK#BM2 i?2 bi`QM; +QmTHBM; `2;BK2 �i i?2 bBM;H2 �iQK H2p2H Qz2`2/ #v QTiB+�H }#2` 6�#`v@
S2`Qi KB+`Q+�pBiB2b rBi? i?2 p2`b�iBH2 K�MBTmH�iBQM �M/ +QMi`QH Q7 bBM;H2 �iQKb 2M�#H2/ #v
QTiB+�H ir22x2`bX

q2 /2KQMbi`�i2 _m#B/BmK bBM;H2@�iQK i`�TTBM; BM i?2 ir22x2`b- r2 K�T i?2 +�pBiv KQ/2 #v
K2�bm`BM; i?2 +�pBiv i`�MbKBbbBQM Q7 � KQpBM; bBM;H2 ir22x2`@i`�TT2/ �iQK �M/ r2 K2�bm`2
bBM;H2@�iQK _�#B bTHBiiBM; +?�`�+i2`BbiB+ Q7 i?2 bi`QM; +QmTHBM; `2;BK2X q2 rBHH �HbQ /Bb+mbb
+m``2Mi /2p2HQTK2Mib iQr�`/b KmHiBir22x2`b QT2`�iBQM �M/ i�`;2iBM; i?2 /2i2`KBMBbiB+ HQ�/BM;
Q7 i?2 ir22x2` �``�v BM i?2 +�pBivX

lTQM +QKTH2iBQM- i?Bb 2tT2`BK2Mi�H TH�i7Q`K QT2Mb mT M2r TQbbB#BHBiB2b 7Q` +`2�iBM;- K2�bm`@
BM;- �M/ miBHBxBM; MQp2H ivT2b Q7 KmHiBT�`iB+H2 2Mi�M;H2/ bi�i2b- bm+? �b i?2 ;2M2`�iBQM Q7 bT�@
iB�HHv /2HQ+�HBx2/ 2Mi�M;H2/ bi�i2b 7Q` KmHiBT�`�K2i2` [m�MimK@2M?�M+2/ b2MbBM; (R)X

Ai QT2Mb �HbQ i?2 r�v iQ M2r ivT2 Q7 [m�MimK bBKmH�iBQM r?2`2 i?2 +�pBiv }2H/ +`2�i2b �M
2z2+iBp2 �HH@iQ@�HH BMi2`�+iBQMX am+? � [m�MimK bBKmH�iQ` rBHH �HHQr 2tTHQ`BM; i?2 i`�MbTQ`i
BM /BbQ`/2`2/ bTBM bvbi2Kb �M/ +QM/m+iBpBiv BM `2+2MiHv /Bb+Qp2`2/- p�+mmK@2M?�M+2/ M2r
K�i2`B�Hb (k- j- 9) �b r2HH �b i?2 /vM�KB+b Q7 [m�MimK BM7Q`K�iBQM i`�MbTQ`i (8)X
(R) JX :2bbM2` 2i �HX- S?vbX _2pX G2iiX RkR- Rjy8yj UkyRNV
(k) 1X P`;Bm 2i �H- L�im`2 J�i2`B�Hb R9 - RRkj UkyR8V
(j) CX a+?�+?2MK�v2` 2i �H- S_G RR9- RNe9yj UkyR8V
(9) CX .m#�BH 2i �HX- S?vbX _2pX � Ry8- ykjdR9 UkykkV
(8) :X "2Mib2M 2i �HX- S?vbX _2pX G2iiX Rkj- RjyeyR UkyRNV

S`2b2Mi2` M�K2, _QK�BM GQM;
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h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@8e, Zm�MiX BM7QX, ;�i2b- b2MbBM;- +QKKmMX � h?2`KQX A.jk8

1tT2`BK2Mi�H `2�HBx�iBQM Q7 +H�bbB+ ;�i2b QM i`�TT2/@BQM [m#Bib

�mi?Q`b, J�`iBM p�M JQm`BFXc 1HB�b w�Tmb2FRc S�p2H >`KQkc GmF�b :2`bi2`jc 6HQ`2MiBM _2Bi2`9c _�BM2`
"H�ii8c h?QK�b JQMxec S?BHBTT a+?BM/H2`j

R AMbiBimi2 7Q` Zm�MimK 1H2+i`QMB+b- 1h> wm`B+?
k h`�TT2/ AQM Zm�MimK AM7Q`K�iBQM :`QmT- 1h> wɃ`B+?
j AMbiBimi2 7Q` 2tT2`BK2Mi�H T?vbB+b- lMBp2`bBiv Q7 AMMb#`m+F
9 AMbiBimi 7m2` Zm�Mi2M2H2Fi`QMBF- 1h> wm2`B+?
8 AMbiBimi2 7Q` [m�MimK QTiB+b �M/ [m�MimK BM7Q`K�iBQM- ƹbi2``2B+?Bb+?2 �F�/2KB2 /2` qBbb2Mb+?�7i2M
e �HTBM2 Zm�MimK h2+?MQHQ;B2b- AMMb#`m+F

h?2 T�bi /2+�/2 ?�b b22M �biQmM/BM; T`Q;`2bb BM i?2 }2H/ Q7 /B;Bi�H [m�MimK +QKTmi�iBQM
UZ*VX h`�/BiBQM�HHv- Z* +B`+mBib +QMbBbi Q7 � b2i Q7 +Q?2`2Mi [m#Bi QT2`�iBQMb- [m�MimK ;�i2b-
i?�i �`2 #v /2}MBiBQM mMBi�`v �M/ i?2`27Q`2 `2p2`bB#H2X S�`�HH2H iQ i?2 7�KBHB�` mb2 Q7 [m�MimK
;�i2b- � M2r T�`�/B;K Q7 [m�MimK BM7Q`K�iBQM i?2Q`v Bb 2K2`;BM; BM r?B+? ?v#`B/ [m�MimK@
+H�bbB+ �H;Q`Bi?Kb �`2 T`QTQb2/ 7Q` i�bFb bm+? �b [m�MimK bBKmH�iBQM- K�+?BM2 H2�`MBM;- �M/
QTiBKBx�iBQMX 6Q` 2t�KTH2- i?2 bBKmH�iBQM Q7 QT2M [m�MimK bvbi2Kb rBHH `2[mB`2 �M 2tT�MbBQM
Q7 i?2 +m``2Mi +B`+mBi iQQH#Qt- iQ BM+Hm/2 MQMmMBi�`v QT2`�iBQMbX q2 T`2b2Mi �M 2tT2`BK2Mi�H
/2KQMbi`�iBQM Q7 � K2i?Q/ Q7 `2�HBxBM; +QMi`QHH2/ MQMmMBi�`v QT2`�iBQMb- �M/ mb2 i?Bb iQQH iQ
/2KQMbi`�i2 irQ +H�bbB+ ;�i2b rBi? BQMB+ [m#Bib, i?2 P_ �M/ LP_ QT2`�iBQMX h?2 bi�i2 Q7
QM2 Q7 i?2 irQ [m#Bib /BbTH�vb i?2 QmiTmi Q7 i?2 HQ;B+�H QT2`�iBQMb- �M/ Bb /2T2M/2Mi QM i?2
BMBiB�H bi�i2 Q7 i?2 irQX

q2 �TTHv i?2 ;�i2b mbBM; irQ 40*�+ BQMb- i`�TT2/ BM � +`vQ;2MB+ b2;K2Mi2/ bm`7�+2 i`�T-
�b BM7Q`K�iBQM +�``B2`bX h?2 bi�i2 Bb 2M+Q/2/ BM irQ Q7 i?2 BQMbǶ w22K�M bm#H2p2Hb- �M/ Bb
K�MBTmH�i2/ rBi? QTiB+�H HB;?i@}2H/bX h?2 ;�i2b 2KTHQv 2M;BM22`2/ `2bQM�M+2 i?`Qm;? /`2bb2/
bi�i2 bTHBiiBM;- #�b2/ QM K2i?Q/b BMi`Q/m+2/ BM (R), `2bQM�Mi 2t+Bi�iBQM Q7 � irQ@[m#Bi bvbi2K
i`�Mb72`b BM7Q`K�iBQM �#Qmi i?2 irQ [m#Bi bi�i2Ƕb T�`Biv iQ � KQiBQM�H 6Q+F bi�i2X avKT�i?2iB+
+QQHBM; Q7 � b2+QM/ +Q@i`�TT2/ BQM bT2+B2b- 80a`+- /BbbBT�iBp2Hv `2KQp2b i?2 KQiBQM�H [m�Mi�-
K�FBM; i?2 T`Q+2bb MQMmMBi�`vX q2 �+?B2p2 �M 3dW TQTmH�iBQM }/2HBiv Q7 i?2 P_ ;�i2- �M/
�M 3RW TQTmH�iBQM }/2HBiv Q7 i?2 LP_ ;�i2X h?2 K�BM bQm`+2b Q7 2``Q` BM Qm` 2tT2`BK2Mib �`2
HBKBib BM ;`QmM/@bi�i2 +QQHBM; Q7 i?2 BQM +`vbi�H �M/ � MQMM2;HB;B#H2 BM+`2�b2 BM i?2 KQiBQM�H
KQ/2 Q++mT�iBQM /m`BM; i?2 2tT2`BK2Mi�H b2[m2M+2bX

h?2b2 2tT2`BK2Mib �`2 � bi2TTBM; biQM2 iQr�`/b �M 2MpBbBQM2/ �Hi2`M�i2 b+?2K2 Q7 [m�MimK
2``Q` +Q``2+iBQM UZ1*VX *QMp2MiBQM�H T`QTQb2/ Z1* b+?2K2b `2Hv QM +H�bbB+�H K2�bm`2K2Mi
�M/ 722/#�+F iQ K�F2 /2+BbBQMb QM r?2i?2` iQ �TTHv +Q``2+iBQM QT2`�iBQMb Q` MQiX .BbbB@
T�iBQM i?`Qm;? 2M;BM22`2/ `2bQM�M+2 T`QbT2+iBp2Hv ?�b i?2b2 /2+BbBQM K�FBM; T`Q+2bb2b �M/
+Q``2+iBQM QT2`�iBQMb #mBHi@BM i?`Qm;? i?2 +QM/BiBQM�H bi�i2 i`�Mb72` K2+?�MBbKX
(R) _2Bi2`- 6X- aǠ`2Mb2M- �XaX- wQHH2`- SX 2i �HX .BbbBT�iBp2 [m�MimK 2``Q` +Q``2+iBQM �M/
�TTHB+�iBQM iQ [m�MimK b2MbBM; rBi? i`�TT2/ BQMbX L�iX *QKKX 3- R3kk UkyRdVX

S`2b2Mi2` M�K2, J�`iBM p�M JQm`BF

S�;2 k3N



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`ke, Zm�MiX BM7QX, ;�i2b- b2MbBM;- +QKKmMX � h?2`KQX A.N9

LQMQ`i?Q;QM�H 2M+Q/BM; �M/ /2+Q/BM; Q7 >�/�K�`/ +Q/2b
BM +�b+�/2/ 2Mi�M;H2/ T?QiQMb
�mi?Q`b, L�B@um hb�BRc >bB�M;@>m� C2Mk

R .2T�`iK2Mi Q7 S?vbB+b- L�iBQM�H h�Br�M lMBp2`bBiv- h�BT2B RyeRd- h�Br�M
k AMbiBimi2 Q7 �iQKB+ �M/ JQH2+mH�` a+B2M+2b- �+�/2KB� aBMB+�- h�BT2B RyeRd- h�Br�M

AM i?2 [m�MimK M2irQ`F- � #BT?QiQM bQm`+2 +�M #2 miBHBx2/ iQ i`�MbKBi >�/�K�`/ +Q/2b rBi?
?B;? +QBM+B/2M+2 `�i2bX Ai Bb i?2 bi`QM; +Q``2H�iBQM BM i?2 #BT?QiQM bi�i2 i?�i 7�+BHBi�i2b i?2
2M+Q/BM; �M/ /2+Q/BM; i�bFX q2 T`QTQb2 iQ KmHiBTH2t i?2 #BT?QiQM bi�i2 7`QK i?2 +�b+�/2
2KBbbBQMb Q7 +QH/ �iQKB+ 2Mb2K#H2b mM/2` i?2 7Qm`@r�p2 KBtBM; +QM/BiBQM- �M/ mb2 i?Bb 2z2+iBp2
#BT?QiQM bi�i2 iQ 7mH}HH i?2 2M+Q/BM; �M/ /2+Q/BM; i�bF Q7 >�/�K�`/ +Q/2bX lbBM; i?Bb ?B;?Hv
+Q``2H�i2/ #BT?QiQM bQm`+2 rBi? 7`2[m2M+v 2Mi�M;H2K2Mi- r2 Q#i�BM i?2 +QBM+B/2M+2 `�i2b �M/
[m�MiB7v i?2 T2`7Q`K�M+2 #v +�H+mH�iBM; i?2B` +QMi`�bibX AM i?Bb #BT?QiQM bi�i2- r2 2tTHQ`2
p�`BQmb r�vb iQ 2M+Q/2 �M/ /2+Q/2 i?2 r2B;?i �M/ T?�b2 /2;`22b Q7 7`22/QK BM KmHiBTH2tBM;
iQ B/2MiB7v i?2 #2bi T2`7Q`K�M+2X AM �//BiBQM- MQMQ`i?Q;QM�H +Q/2b �`2 BMi`Q/m+2/ iQ K�MB72bi
� #2ii2` T2`7Q`K�M+2 BM i?2 i�bF Q7 2M+Q/BM; �M/ /2+Q/BM;X q2 }M/ i?�i i?2b2 +Q/2b +�M
2MH�`;2 i?2 MmK#2` Q7 +Q/2 H2M;i?b �M/ T`QKBb2 � ?B;?@+�T�+Biv [m�MimK +QKKmMB+�iBQM Q7
>�/�K�`/ +Q/2b- mb27mH BM [m�MimK 2``Q` +Q``2+iBQM �TTHB+�iBQMX

S`2b2Mi2` M�K2, hb�B- L�B@um

QMHBM2 TQbi2` l_G,

S�;2 kNy



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`kd, Zm�MiX BM7QX, ;�i2b- b2MbBM;- +QKKmMX � h?2`KQX A.Ry3

�HKQbi BM/BbiBM;mBb?�#H2 bBM;H2 T?QiQMb pB� KmHiBTH2tBM;
+�b+�/2/ #BT?QiQMb rBi? +�pBiv KQ/mH�iBQM �M/ T?�b2 +QK@
T2Mb�iBQM
�mi?Q`b, hX >X *?�M;Rc uX@1X qQM;kc >X >X C2MR

R AMbiBimi2 Q7 �iQKB+ �M/ JQH2+mH�` a+B2M+2b- �+�/2KB� aBMB+�- h�BT2B RyeRd- h�Br�M
k .2T�`iK2Mi Q7 J2+?�MB+�H 1M;BM22`BM;- L�iBQM�H h�Br�M lMBp2`bBiv- h�BT2B RyejRN- h�Br�M

h?2 7`2[m2M+v@+Q``2H�i2/ #BT?QiQMb �`2 �M 2t+2HH2Mi `2bQm`+2 7Q` HQM;@/Bbi�M+2 [m�MimK +QK@
KmMB+�iBQMX h?2v +�M #2 ;2M2`�i2/ 7`QK i?2 /B�KQM/@ivT2 �iQKB+ H2p2H bi`m+im`2b mM/2`
7Qm`@r�p2 KBtBM; BM �M �HF�HB K2i�H �iQKB+ 2Mb2K#H2X h?2 bB;M�H T?QiQM 7`QK i?2 mTT2`
i`�MbBiBQM ?�b HQr@HQbb i2H2+QK #�M/rB/i? mb27mH BM � }#2`@#�b2/ [m�MimK M2irQ`F- r?BH2 i?2
B/H2` T?QiQM 7`QK i?2 HQr2` i`�MbBiBQM +�M #2 biQ`2/ HQ+�HHv �b � +QHH2+iBp2 bTBM r�p2X AM +QM@
i`�bi iQ i?2 ?B;?Hv 2Mi�M;H2/ #BT?QiQMb- �M �HKQbi BM/BbiBM;mBb?�#H2 bBM;H2 T?QiQMb rBi? HQr
7`2[m2M+v 2Mi�M;H2K2Mi �`2 i?2 #mBH/BM; #HQ+Fb BM T?QiQMB+ [m�MimK bBKmH�iBQM Q` +QKTmi�@
iBQMX AM i?Bb TQbi2` r2 i?2Q`2iB+�HHv BMp2biB;�i2 i?2 7`2[m2M+v 2Mi�M;H2K2Mi Q7 i?2 #BT?QiQM
�M/ T`QTQb2 irQ �TT`Q�+?2b iQ `2KQp2 i?2B` Kmim�H +Q``2H�iBQMb BM 7`2[m2M+v bT�+2bX 6B`bi-
r2 ;2M2`�i2 � KQ`2 bvKK2i`B+ �M/ M�``Qr2` #BT?QiQM bT2+i`mK #v KmHiBTH2tBM; �iQKB+ 2M@
b2K#H2b rBi? T?�b2 +QKT2Mb�iBQM mbBM; QTiB+�H +�pBivX h?2 2Mi�M;H2K2Mi 2Mi`QTv a Q7 i?2
#BT?QiQM `2/m+2b iQ yXyye- r?B+? Bb kyy iBK2b bK�HH2` i?�M i?2 QM2 rBi?Qmi KmHiBTH2tBM; �M/
+Q``2bTQM/b iQ i?2 Tm`Biv Q7 bBM;H2 T?QiQM �b yXNNNX AM i?2 Qi?2` �TT`Q�+?- r2 bvKK2i`B+�HHv
TmKT irQ �iQKB+ 2Mb2K#H2b mM/2` MQM/Bb+`BKBM�iBQM /2i2+iQ`b- r?B+? H2�/b iQ � KQ/2`�i2Hv
`2/m+2/ a � yXjX

S`2b2Mi2` M�K2, hX >X *?�M;

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2

QMHBM2 TQbi2` l_G,

S�;2 kNR



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`k3, Zm�MiX BM7QX, ;�i2b- b2MbBM;- +QKKmMX � h?2`KQX A.Re3

.272+i@7`22 �`#Bi`�`v@;2QK2i`v �bb2K#Hv Q7 KBt2/@bT2+B2b
�iQK �``�vb
�mi?Q`b, *?2M; a?2M;Rc CB�@uB >QmRc sB�Q@.QM; >2Rc EmM@S2M; q�M;Rc _mB@CmM :mQkc CmM w?m�M;Rc
"�?iBv�` J�K�iRc S2M; smRc JBM GBmRc CBM q�M;Rc JBM;@a?2M; w?�MR

R AMMQp�iBQM �+�/2Kv 7Q` S`2+BbBQM J2�bm`2K2Mi a+B2M+2 �M/ h2+?MQHQ;v- *?BM2b2 �+�/2Kv Q7 a+B@
2M+2b- qm?�M 9jyydR- *?BM�

k a+?QQH Q7 AM7Q`K�iBQM 1M;BM22`BM; �M/ >2M�M E2v G�#Q`�iQ`v Q7 G�b2` �M/ PTiQ@1H2+i`B+ AM7Q`K�iBQM
h2+?MQHQ;v- w?2M;x?Qm lMBp2`bBiv- w?2M;x?Qm 98yyyR- *?BM�

PTiB+�HHv i`�TT2/ KBt2/@bT2+B2b bBM;H2 �iQK �``�v rBi? �`#Bi`�`v ;2QK2i`v Bb �M �ii`�+iBp2
�M/ T`QKBbBM; TH�i7Q`K 7Q` p�`BQmb �TTHB+�iBQMb- #2+�mb2 imM�#H2 [m�MimK bvbi2K rBi? KmH@
iBTH2 +QKTQM2Mib T`QpB/2b 2ti`� /2;`22b Q7 7`22/QK 7Q` 2tT2`BK2Mi�H +QMi`QHX >2`2- r2 `2TQ`i
i?2 }`bi /2KQMbi`�iBQM Q7 irQ@/BK2MbBQM�H 6⇥4 /m�H@bT2+B2b �iQK �bb2K#Hv rBi? � }HHBM; 7`�+@
iBQM Q7 yX33 UyX3NV 7Q` 85_# U87_#V �iQKb(R)X h?Bb KBt2/@bT2+B2b �iQKB+ bvMi?2bBb Bb �+?B2p2/
pB� `2�``�M;BM; BMBiB�HHv `�M/QKHv /Bbi`B#mi2/ �iQKb #v � bQ`iBM; �H;Q`Bi?K U?2m`BbiB+ ?2i@
2`QMm+H2�` �H;Q`Bi?KV r?B+? Bb /2bB;M2/ 7Q` #QiiQK@mT �iQK �bb2K#Hv rBi? #Qi? mb2`@/2}M2/
;2QK2i`B2b �M/ irQ@bT2+B2b �iQK MmK#2` `�iBQbX *QK#BM2/ rBi? Qm` T`2pBQmb rQ`F QM ?2i@
2`QMm+H2�` 2Mi�M;H2K2Mi (k)-?B;?@}/2HBiv bBM;H2 �iQK QT2`�iBQMb (j)-#�H�M+2/ +Q?2`2M+2 iBK2b
Q7 ?2i2`QMm+H2�` �iQKB+ [m#Bib (9) �M/ i?2 7mHH +QMi`QH Q7 i?2 BMi2`M�H �M/ 2ti2`M�H /2;`22b Q7
?2i2`QMm+H2�` �iQKb (8)- r2 ?�p2 #mBH/ � 7mHHv imM�#H2 ?v#`B/@�iQK bvbi2K rBi? b+�H�#H2 �/@
p�Mi�;2b r?B+? Bb � ;QQ/ bi�`iBM; TQBMi 7Q` ?B;?@}/2HBiv [m�MimK HQ;B+- K�Mv@#Q/v [m�MimK
bBKmH�iBQM �M/ bBM;H2 KQH2+mH2 �``�v 7Q`K�iBQMX
_272`2M+2
(R) *?2M; a?2M;-2i �HX .272+i@6`22 �`#Bi`�`v@:2QK2i`v �bb2K#Hv Q7 JBt2/@aT2+B2b �iQK
�``�vb- S?vbX _2pX G2iiX Rk3- y3jkyk UkykkVX
(k) uQM; w2M;- 2i �HX 1Mi�M;HBM; hrQ AM/BpB/m�H �iQKb Q7 .Bz2`2Mi AbQiQT2b pB� _v/#2`;
"HQ+F�/2-S?vbX _2pX G2iiX RRN- Rey8yk UkyRdVX
(j) *?2M; a?2M;- 2i �HX >B;?@6B/2HBiv aBM;H2@Zm#Bi :�i2b QM L2mi`�H �iQKb BM � hrQ@
.BK2MbBQM�H J�;B+@AMi2MbBiv PTiB+�H .BTQH2 h`�T �``�v- S?vbX _2pX G2iiX RkR- k9y8yR
UkyR3VX
(9) _mBDmM :mQ- 2i �HX "�H�M+2/ *Q?2`2M+2 hBK2b Q7 �iQKB+ Zm#Bib Q7 .Bz2`2Mi aT2+B2b BM �
.m�H j ⇥ j J�;B+@AMi2MbBiv PTiB+�H .BTQH2 h`�T �``�v-S?vbX _2pX G2iiX Rk9- R8jkyR UkykyVX
(8) sB�Q/QM; >2- 2i �HX *Q?2`2MiHv 7Q`KBM; � bBM;H2 KQH2+mH2 BM �M QTiB+�H i`�T a+B2M+2 jdy-
jjRUkykyVX

S`2b2Mi2` M�K2, sm-S2M;

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2

QMHBM2 TQbi2` l_G,

S�;2 kNk



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`kN, Zm�MiX BM7QX, ;�i2b- b2MbBM;- +QKKmMX � h?2`KQX A.Rd3

:2M2`�iBQM Q7 #QiiH2 #2�K �``�v #v bT�iB�H HB;?i KQ/mH�iQ`
7Q` �iQK@#�b2/ [m�MimK +QKTmiBM;
�mi?Q`b, u�@62M >bB�QRc hb�B@LB q�M;Rc uBM;@*?2M; *?2MR

R AMbiBimi2 Q7 �iQKB+ �M/ JQH2+mH�` a+B2M+2b- �+�/2KB� aBMB+�- h�BT2B- h�Br�M

q2 /2p2HQT � irQ@/BK2MbBQM�H #QiiH2 #2�K �``�v 7Q` H�b2` i`�TTBM; �iQKb BM i?2 ;`QmM/ �M/
_v/#2`; bi�i2bX � /BTQH2@i`�T H�b2` #2�K Bb /Bz`�+i2/ #v � T?�b2 bT�iB�H HB;?i KQ/mH�iQ`
BKT`BMi2/ rBi? � T?�b2 T�ii2`M iQ ;2M2`�i2 � e #v e �``�v Q7 i?2 #QiiH2/ #2�KX h?2 #2�K
�``�vb �`2 i?2M 7Q+mb2/ #v �M �bT?2`B+ H2Mb �M/ BK�;2/ #v � **. +�K2`�X h?2 /Bbi�M+2
#2ir22M irQ M2�`2bi@M2B;?#Qm` �iQKb Bb jNe µK- �M/ i?2 /B�K2i2` Q7 i?2 `BM; Q7 BMi2MbBiv
T2�F 7Q` 2�+? i`�TTBM; bBi2 Bb 3k µKX h?2 �p2`�;2 bBKBH�`Biv Q7 i?2 BMi2MbBiv /Bbi`B#miBQM
#2ir22M i?2 K2�bm`2/ i`�TTBM; bBi2b �M/ i?2 MmK2`B+�H +�H+mH�iBQM Bb 3eWX h?Bb i`�T bvbi2K
QT2Mb �TT2�HBM; �TTHB+�iBQMb BM [m�MimK BM7Q`K�iBQM T`Q+2bbBM; �M/ bBKmH�iBQM #�b2/ QM
_v/#2`; �iQKbX

S`2b2Mi2` M�K2, u�@62M >bB�Q

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2

QMHBM2 TQbi2` l_G,

S�;2 kNj



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`jy, Zm�MiX BM7QX, ;�i2b- b2MbBM;- +QKKmMX � h?2`KQX A.k9R

:�mbbB�M@T�+F2i �bbBbi2/ ?QHQ;`�T?v 7Q` bBM;H2@b?Qi �iQKB+
bT2+i`Qb+QTB+ BK�;BM;
�mi?Q`b, >m�M; sBM;Rc umx?mQ q�M;Xc CB�M w?�QXc a�BDmM qmR

R 6m/�M lMBp2`bBiv

S`2+Bb2 BK�;BM; Bb BMbi`mK2Mi�H iQ mHi`�+QH/ �iQKB+ i2+?MQHQ;v #Qi? 7Q` T`2+BbBQM K2�bm`2@
K2Mib �M/ 7Q` [m�MimK bBKmH�iBQM Q7 K�Mv@#Q/v T?vbB+bX *QKT�`BM; rBi? `2;mH�` BK�;BM;
i2+?MB[m2b- ?QHQ;`�T?B+ BK�;BM; #�b2/ QM T?�b2@`2i`B2p�H 2ti2M/b i?2 K2�bm`2K2Mi Q#b2`p@
�#H2b 7`QK `2�H iQ +QKTH2t MmK#2`b �M/ i?2`27Q`2 bmTTQ`ib bBM;H2@b?Qi bT2+i`Qb+QTB+ K2�bm`2@
K2Mib 2p2M BM T`2b2M+2 Q7 �iQKB+ +QHmKM /2MbBiv mM+2`i�BMivX h?2 ?QHQ;`�T?B+ i2+?MB[m2 �HbQ
2M�#H2b ?B;? bT�iB�H `2bQHmiBQM rBi?Qmi HBKBiBM; i?2 /2Ti? Q7 pB2rX 6m`i?2`KQ`2- #v 2M+Q/BM;
HQ+�H �iQKB+ QTiB+�H `2bTQMb2 BMiQ /2HQ+�HBx2/ BMi2`72`2M+2 7`BM;2b BM i?2 7�` }2H/- i?2 +�K2`�
TBt2Hb �`2 KQ`2 2{+B2MiHv 2tTHQBi2/ iQ bmTTQ`i � K2�bm`2K2Mi /vM�KB+ `�M;2 #2vQM/ i?Qb2
ivTB+�HHv �+?B2p�#H2 BM �#bQ`TiBQM BK�;2bX aQ 7�`- i?2 ?B;?Hv /2bB`�#H2 72�im`2b HBbi2/ �#Qp2
�`2 `�`2Hv 2tTHQBi2/ BM �iQKB+ T?vbB+X �KQM; p�`BQmb 7�+iQ`b i?�i T`2p2Mi �++m`�i2 BKTH2@
K2Mi�iBQM Q7 ?QHQ;`�T?B+ i2+?MB[m2b iQ +QH/ �iQKb Bb i?2 7�+i i?�i +QH/ �iQKB+ b�KTH2b �`2
mbm�HHv i?2`K�H �M/ i2M/ iQ #2 bT�iB�HHv ǳ72�im`2H2bbǴ- BMp�HB/�iBM; � +H�bb Q7 T?�b2@`2i`B2p�H
�H;Q`Bi?Kb BM Qi?2` }2H/b #�b2/ QM 2/;2@/2i2+iBQMbX q2 MQi2 i?�i r?2M i?2 �iQKB+ b�KTH2b
�`2 bm#D2+i2/ iQ TH�M2 Q` bT?2`B+�H r�p2 BHHmKBM�iBQMb- i?2 +Q?2`2Mi 7Q`r�`/ 2KBbbBQM #v i?2
bKQQi? �M/ HQ+�HBx2/ b�KTH2b �`2 M�im`�HHv /2+QKTQb2/ BMiQ :�mbbB�M KQ/2bX q2 2tTHQBi i?Bb
72�im`2 �M/ /2p2HQT � bvbi2K�iB+ :�mbbB�M@T�+F2i K2i?Q/ iQ `2bQHp2 i?2 QTiB+�H `2bTQMb2 Q7
+QH/ �iQKB+ 2Mb2K#H2bX "�b2/ QM i?2 M2r K2i?Q/- r2 /2KQMbi`�i2 ǳ+QKTH2tǴ bT2+i`Qb+QTB+
BK�;BM; Q7 �iQKB+ 2Mb2K#H2 +�T�#H2 Q7 bBKmHi�M2QmbHv `2bQHpBM; �iQKB+ +QHmKM /2MbBiv �M/
bT�iB�H@/2T2M/2Mi HB;?i b?B7i- #Qi? M2�` i?2 T?QiQM b?Qi MQBb2 HBKBiX q2 �HbQ BMp2biB;�i2 i?2
TQi2MiB�H Q7 i?2 M2r K2i?Q/ 7Q` BK�;BM; �iQKB+ b�KTH2b rBi? ?B;? QTiB+�H /2Ti? r?2`2 `2;mH�`
�#bQ`TiBQM BK�;2b rQmH/ H2�/ iQ TQQ` bi�iBbiB+bX

S`2b2Mi2` M�K2, sBM; >m�M;

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2

QMHBM2 TQbi2` l_G,

?iiTb,ffmHi`�+QMi`QHX7m/�MX2/mX+MfrQM72`2M+2fHBbiX?iK

S�;2 kN9



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`jR, Zm�MiX BM7QX, ;�i2b- b2MbBM;- +QKKmMX � h?2`KQX A.k99

.2H�v@HBM2 #�b2/ �/B�#�iB+ bTBM@/2T2M/2Mi FB+Fb QM � ?vT2`@
}M2 K�MB7QH/
�mi?Q`b, GBv�M; ZBmXc CB�M;vQM; >mRc a�BDmM qmX

R ����

aB;MB}+�Mi �bT2+ib Q7 �/p�M+2/ [m�MimK i2+?MQHQ;v iQ/�v `2Hv QM `�TB/ _�K�M +QMi`QH Q7
�iQKB+ ?vT2`}M2 K�ii2`r�p2bX lM7Q`imM�i2Hv- 2{+B2Mi _�K�M 2t+Bi�iBQMb �`2 mbm�HHv �++QK@
T�MB2/ #v mM+QKT2Mb�i2/ /vM�KB+ T?�b2b �M/ +Q?2`2Mi bTBM@H2�F�;2b- T`2p2MiBM; �++m`�i2
�M/ `2T2iBiBp2 i`�Mb72` Q7 `2+QBH KQK2MimK iQ H�`;2 b�KTH2bX q2 T`QpB/2 bvbi2K�iB+ bim/v iQ
/2KQMbi`�i2 i?�i i?2 HBKBi�iBQMb +�M #2 bm#bi�MiB�HHv Qp2`+�K2 #v /vM�KB+�HHv T`Q;`�KKBM;
�M �/B�#�iB+ TmHb2 b2[m2M+2X
1tT2`BK2Mi�HHv- +QmMi2`@T`QT�;�iBM; 7`2[m2M+v@+?B`T2/ TmHb2b �`2 T`Q;`�KK2/ QM �M QTiB+�H
/2H�v HBM2 iQ T�`�HH2HHv /`Bp2 }p2 �m = 0 ?vT2`}M2 _�K�M i`�MbBiBQMb Q7 85

Rb �iQKb 7Q`
bTBM@/2T2M/2Mi FB+F Ua.EV rBi?BM ⌧ = 40ns- rBi? �M fSDK97.6% BM72``2/ }/2HBivX �B/2/
#v MmK2`B+�H KQ/2HBM;- r2 /2KQMbi`�i2 i?�i #v �Hi2`M�iBM; i?2 +?B`Tb Q7 bm++2bbBp2 TmHb2b BM
� #�H�M+2/ 7�b?BQM- �++mKmH�iBQM Q7 MQM�/B�#�iB+ 2``Q`b BM+Hm/BM; i?2 bTBM@H2�F�;2b +�M #2
K�M�;2/- r?BH2 i?2 /vM�KB+ T?�b2b +�M #2 `Q#mbiHv +�M+2HH2/X PT2`�iBM; QM � T?�b2@bi�#H2
/2H�v HBM2- i?2 K2i?Q/ bmTTQ`ib T`2+Bb2- 7�bi- �M/ ~2tB#H2 +QMi`QH Q7 bTBMQ` K�ii2`r�p2 rBi?
2{+B2Mi _�K�M 2t+Bi�iBQMbX

S`2b2Mi2` M�K2, >m- CB�M;vQM;

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2

QMHBM2 TQbi2` l_G,

?iiTb,ffr2#THmbX7m/�MX2/mX+MfnmTHQ�/f�`iB+H2f}H2bfy#f7yfRRdd7Nj#9Rd/#k#�ye9�2�Nkkee�f/2���j9y@
Nd9+@9j9e@39N#@��e8�98#kjj2XT/7

S�;2 kN8



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`jk, Zm�MiX BM7QX, ;�i2b- b2MbBM;- +QKKmMX � h?2`KQX A.jyk

S`Q;`2bb QM � TQ`i�#H2- ?B;?@bi�#BHBiv �iQK@BMi2`72`QK2i2`
;v`Qb+QT2 7Q` /vM�KB+ `Qi�iBQM K2�bm`2K2Mib
�mi?Q`b, >QM;?mB *?2MRc w?�Mr2B u�Qkc w2tB Gmkc uBM72B J�Qkc aB#BM Gmkc JBM CB�M;kc a?�QF�M; GBkc
_mM#BM; GBkc CBM q�M;kc JBM;b?2M; w?�Mk

R AMMQp�iBQM �+�/2Kv 7Q` S`2+BbBQM J2�bm`2K2Mi a+B2M+2 �M/ h2+?MQHQ;v- *?BM2b2 �+�/2Kv Q7 a+B@
2M+2b- qm?�M 9jyydR- *?BM�

k AMMQp�iBQM �+�/2Kv 7Q` S`2+BbBQM J2�bm`2K2Mi a+B2M+2 �M/ h2+?MQHQ;v- *?BM2b2 �+�/2Kv Q7 a+B@
2M+2b- qm?�M 9jyydR- *?BM�

�#bi`�+i, h?2 �iQK@BMi2`72`QK2i2` ;v`Qb+QT2 ?�b #22M T`Qp2M iQ #2 � T`QKBbBM; iQQH 7Q`
?B;?@T`2+BbBQM `Qi�iBQM K2�bm`2K2Mib- �M/ Bi rBHH ?�p2 BKTQ`i�Mi �TTHB+�iBQMb BM }2H/b Q7
7mM/�K2Mi�H T?vbB+b- ;2QT?vbB+b- �M/ BM2`iB� M�pB;�iBQMX >2`2- r2 T`2b2Mi i?2 `2+2Mi T`Q;`2bb
Q7 Qm` �iQK@BMi2`72`QK2i2` ;v`Qb+QT2X 6B`bi- rBi? � +QKT�+i �iQK@BMi2`72`QK2i2` ;v`Qb+QT2-
r2 /2KQMbi`�i2/ i?2 `Qi�iBQM b2MbBiBp2 T`QT2`iv BM � /vM�KB+ `Qi�iBM; 7`�K2 (R)X h?2M- iQ
BKT`Qp2 i?2 b2MbBiBpBiv- r2 �TTHB2/ i?`22 T�B`b Q7 b2T�`�i2/ _�K�M #2�Kb iQ #mBH/ /m�H H�`;2@
�`2� BMi2`72`2M+2 HQQTb- �M/ /2p2HQT2/ � b2H7@+�HB#`�i2/ K2i?Q/ Q7 �iQKB+ i`�D2+iQ`B2b BM /m�H
�iQKB+ BMi2`72`2M+2 HQQTb iQ bmTT`2bb i?2 +QKKQM MQBb2 (k)X 6BM�HHv- r2 `2�HBx2 � TQ`i�#H2-
H�`;2@�`2� /m�H@�iQK@BMi2`72`QK2i2` ;v`Qb+QT2 rBi? � HQM;@i2`K bi�#BHBiv Q7 NX8ƓRy�10 `�/fb
(j)X h?2 /2pB+2 Bb +QKT�+i �M/ TQ`i�#H2- �M/ Bi r�b i`�MbTQ`i2/ iQ "2BDBM; 7`QK qm?�M
Qp2` Rkyy FKX "2M2}i 7`QK i?2 +QKT�+i H�b2` bvbi2K �M/ T?vbB+�H +?�K#2`- Qm` �iQK@
BMi2`72`QK2i2` ;v`Qb+QT2 `2p2�Hb � ?B;? bi�#BHBiv �M/ � `Q#mbi T`QT2`iv 2p2M �7i2` � HQM;@
/Bbi�M+2 i`�MbTQ`i- �M/ Bi /2KQMbi`�i2b �M 2t+2HH2Mi T2`7Q`K�M+2 BM irQ HQ+�iBQMbX
_272`2M+2b,
(R) wX qX u�Q- aX "X Gm- _X "X GB- EX q�M;- GX *�Q- CX q�M;- �M/ JX aX w?�M- *QMiBMmQmb
/vM�KB+ `Qi�iBQM K2�bm`2K2Mib mbBM; � +QKT�+i +QH/ �iQK ;v`Qb+QT2- *?BMX S?vbX G2iiX
jj- y3jdyR UkyReV
(k) wX qX u�Q- aX "X Gm- _X "X GB- CX GmQ- CX q�M;- �M/ JX aX w?�M- *�HB#`�iBQM Q7 �iQKB+ i`�@
D2+iQ`B2b BM � H�`;2@�`2� /m�H@�iQK@BMi2`72`QK2i2` ;v`Qb+QT2- S?vbB+�H _2pB2r �- Nd- yRjeky
UkyR3V
(j) wX qX u�Q- >X >X *?2M- aX "X Gm- _X "X GB- wX sX Gm- sX GX *?2M- :X >X um- JX CB�M;- *X
amM- qX hX LB- CX q�M;- �M/ JX aX w?�M- a2H7@�HB;MK2Mi Q7 � H�`;2@�`2� /m�H@�iQK@ BMi2`72`@
QK2i2` ;v`Qb+QT2 mbBM; T�`�K2i2`@/2+QmTH2/ T?�b2@b22FBM; +�HB#`�iBQMbX S?vbX _2pX � Ryj-
ykjjRN UkykRVX

S`2b2Mi2` M�K2, w?�Mr2B u�Q

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2

QMHBM2 TQbi2` l_G,

S�;2 kNe



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@8j, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.Re

:2M2`�iBQM Q7 T?QiQMb 7`QK p�+mmK BM +�pBiv pB� iBK2@
KQ/mH�iBQM Q7 � [m#Bi BMpBbB#H2 iQ i?2 }2H/
�mi?Q`, �H2t�M/`2 .Q/QMQpR

R lMBp2`bBiv Q7 "`�bBHB�

*Q``2bTQM/BM; �mi?Q`, �XpX/Q/QMQp!;K�BHX+QK

.vM�KB+�H *�bBKB` 2z2+i U.*1V /2bB;M�i2b � TH2i?Q`� Q7 T?2MQK2M� +?�`�+i2`Bx2/ #v ;2M2`�@
iBQM Q7 T?QiQMb UQ` [m�Mi� Q7 bQK2 Qi?2` }2H/V 7`QK p�+mmK /m2 iQ iBK2@/2T2M/2Mi p�`B�iBQMb
Q7 i?2 ;2QK2i`v U/BK2MbBQMbV Q` K�i2`B�H T`QT2`iB2b U2X;X- i?2 /B2H2+i`B+ +QMbi�Mi Q` +QM/m+@
iBpBivV Q7 bQK2 K�+`Qb+QTB+ bvbi2KX h?2 +B`+mBi Z1. �`+?Bi2+im`2 Bb � ?�M/v TH�i7Q`K 7Q`
i?2 BKTH2K2Mi�iBQM Q7 .*1 �M/ Bib �M�HQ;m2b- bBM+2 #Qi? i?2 +�pBivǶb �M/ �`iB}+B�H �iQKbǶ
T`QT2`iB2b +�M #2 `�TB/Hv KQ/mH�i2/ #v 2ti2`M�H K�;M2iB+ }2H/X AM T�`iB+mH�`- i?2 ;2M2`�iBQM
Q7 T?QiQMb �M/ HB;?i@K�ii2` 2Mi�M;H2/ bi�i2b 7`QK i?2 BMBiB�H p�+mmK bi�i2 +�M i�F2 TH�+2
7Q` � `2bQM�Mi iBK2@KQ/mH�iBQM Q7 i?2 �iQKB+ i`�MbBiBQM 7`2[m2M+v Q` i?2 �iQK@}2H/ +QmTHBM;
bi`2M;i?- r?2M i?2 �iQK Bb /B`2+iHv +QmTH2/ iQ i?2 }2H/ pB� i?2 /BTQH2 BMi2`�+iBQM U�b /2b+`B#2/
#v i?2 Zm�MimK _�#B JQ/2HVX AM i?Bb +�b2- QM2 +�M i?BMF Q7 i?2 �iQK �b � KB+`Qb+QTB+ +QM@
biBim2Mi Q7 i?2 BMi`�+�pBiv K2/BmKX >2`2 r2 T`QTQb2 � b+?2K2 7Q` i?2 ;2M2`�iBQM Q7 T?QiQMb
7`QK p�+mmK /m2 iQ i?2 iBK2@KQ/mH�iBQM Q7 bQK2 [m�MimK bvbi2K i?�i Bb ǳBMpBbB#H2Ǵ iQ i?2
}2H/- M�K2Hv- bQK2 �`iB}+B�H k@H2p2H �iQK UMQMbi�iBQM�`v [m#BiV i?�i Bb BM/B`2+iHv +QmTH2/ iQ
i?2 }2H/ pB� bQK2 �M+BHH� [m�MimK bm#bvbi2KX q2 +QMbB/2` i?2 bBKTH2bi +�b2 r?2M i?2 �M@
+BHH� Bb � bi�iBQM�`v [m#Bi- +QmTH2/ pB� i?2 /BTQH2 BMi2`�+iBQM #Qi? iQ i?2 +�pBiv }2H/ �M/ i?2
MQMbi�iBQM�`v [m#Bi- #mi Qm` `2bmHib +�M #2 2�bBHv ;2M2`�HBx2/ iQ KQ`2 +QKTH2t �iQKbX q2
}M/ i?�i � bK�HH MmK#2` Q7 T?QiQMb +�M #2 ;2M2`�i2/ 7`QK i?2 bvbi2K ;`QmM/ bi�i2 mM/2`
`2bQM�Mi KQ/mH�iBQMb 2p2M r?2M i?2 MQMbi�iBQM�`v [m#Bi Bb 7�` /2imM2/ 7`QK #Qi? i?2 �M+BHH�
�M/ i?2 +�pBivX JQ`2Qp2`- 7Q` bT2+B}+ `2H�iBQMb #2ir22M i?2 M�im`�H 7`2[m2M+B2b Q7 i?2 i?`22
bm#bvbi2Kb i?2 T?QiQM ;2M2`�iBQM `�i2 +�M #2 bi`QM;Hv 2M?�M+2/ /m2 iQ i?2 �MiB@+`QbbBM;b
BM i?2 2M2`;v H2p2Hb Q7 i?2 #�`2 >�KBHiQMB�M- r?2M i?2 bvbi2K Bb /`Bp2M iQ � i`BT�`Bi2 2M@
i�M;H2/ bi�i2X q2 �ii2bi Qm` �TT`QtBK�i2 �M�HviB+ `2bmHib #v MmK2`B+ bBKmH�iBQMb �M/ b?Qr
i?�i i?2 T?QiQM ;2M2`�iBQM 7`QK p�+mmK T2`bBbib 2p2M BM i?2 T`2b2M+2 Q7 +QKKQM /BbbBT�iBQM
K2+?�MBbKbX h?mb- Qm` b+?2K2 +QmH/ }M/ �TTHB+�iBQMb BM i?2 2M;BM22`BM; Q7 2z2+iBp2 BMi2`@
�+iBQMb �M/ 2Mi�M;H2/ bi�i2b BM ?v#`B/ +�pBiv Z1. bvbi2Kb- r?2M i?2 MQMbi�iBQM�`v [m#Bi
Bb /2bB;M2/ iQ mM/2`;Q 7�bi H�`;2@�KTHBim/2 KQ/mH�iBQMb- r?BH2 i?2 +�pBiv }2H/ Bb +QmTH2/ iQ
�MQi?2` bi�iBQM�`v �iQKX

S`2b2Mi2` M�K2, �H2t�M/`2 .Q/QMQp

S�;2 kNd



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@89, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.j8

*QHH2+iBp2 `�/B�iBp2 /vM�KB+b Q7 �M 2Mb2K#H2 Q7 +QH/ �iQKb
+QmTH2/ iQ �M QTiB+�H r�p2;mB/2
�mi?Q`b, _B++�`/Q S2MM2ii�Rc J�`iBM "H�?�Rc �BbHBM; CQ?MbQMRc .�MB2H G2+?M2`Rc S?BHBTT a+?M22r2BbbRc
CɃ`;2M oQHxRc �`MQ _�mb+?2M#2mi2HR

R >mK#QH/i lMBp2`bBiv "2`HBM

q2 2tT2`BK2Mi�HHv �M/ i?2Q`2iB+�HHv BMp2biB;�i2 +QHH2+iBp2 2z2+ib BM � QM2@/BK2MbBQM�H �``�v Q7
+QH/ �iQKb +QmTH2/ iQ � bBM;H2@KQ/2 QTiB+�H M�MQ}#2` (R)X Pm` �M�HvbBb mMp2BHb i?2 KB+`Qb+QTB+
UBX2X- �iQK T2` �iQKV /vM�KB+b Q7 i?2 bvbi2K- b?QrBM; i?�i +QHH2+iBp2 BMi2`�+iBQMb ;`�/m�HHv
#mBH/@mT �HQM; i?2 �iQKB+ +?�BM BM i?2 /B`2+iBQM Q7 T`QT�;�iBQM Q7 i?2 2t+Bi�iBQM HB;?i TmHb2bX
Pm` i?2Q`2iB+�H `2bmHib �`2 bmTTQ`i2/ #v iBK2@`2bQHp2/ K2�bm`2K2Mib Q7 i?2 HB;?i i`�MbKBii2/
�M/ `2~2+i2/ #v i?2 �iQKB+ 2Mb2K#H2X

AM T�`iB+mH�`- r?2M i?2 2t+Bi�iBQM TmHb2 Bb brBi+?2/ Qz QM � iBK2 b+�H2 Km+? b?Q`i2` i?�M i?2
�iQKB+ HB72iBK2- � bmT2``�/B�Mi /2+�v Bb Q#b2`p2/ BM i?2 7Q`r�`/ /B`2+iBQM- r?BH2 MQ bT22/@
mT Q7 i?2 /2+�v `�i2 Bb K2�bm`2/ BM i?2 #�+Fr�`/ /B`2+iBQMX 6Q` HQM;2` iBK2 b+�H2b- Qm`
K2�bm`2K2Mib `2p2�H i?2 2pQHmiBQM Q7 i?2 2Mb2K#H2 7`QK i?2 bmT2``�/B�Mi bi�i2 iQ � b2i Q7
bi�i2b i?�i �`2 7mHHv bm#`�/B�Mi rBi? `2bT2+i iQ i?2 }#2` KQ/2 (k)X LQi�#Hv- Qm` i?2Q`2iB+�H
KQ/2H B/2MiB}2b i?Bb T?2MQK2MQM �b � F2v 72�im`2 Q7 i?2 iBK2 2pQHmiBQM Q7 QM2@/BK2MbBQM�H
bvbi2Kb T`2T�`2/ BM � iBK2/ .B+F2 bi�i2X h?Bb +QKTH2t /vM�KB+b +�M #2 �++m`�i2Hv /2b+`B#2/
rBi? � bBKTH2 �M�HviB+�H 2tT`2bbBQMX

Pm` `2bmHib ?B;?HB;?i i?2 mMB[m2 QTTQ`imMBiB2b Qz2`2/ #v M�MQT?QiQMB+ +QH/ �iQK bvbi2Kb 7Q`
i?2 2tT2`BK2Mi�H BMp2biB;�iBQM Q7 +QHH2+iBp2 HB;?i@K�ii2` BMi2`�+iBQMX

(R) _X S2MM2ii� 2i �HX- ǳ*QHH2+iBp2 _�/B�iBp2 .vM�KB+b Q7 �M 1Mb2K#H2 Q7 *QH/ �iQKb *QmTH2/
iQ �M PTiB+�H q�p2;mB/2Ǵ- S?vbX _2pX G2iiX- Rk3- ydjeyR UkykkV
(k) _X S2MM2ii� 2i �HX- ǳP#b2`p�iBQM Q7 +Q?2`2Mi +QmTHBM; #2ir22M bmT2`@ �M/ bm#`�/B�Mi bi�i2b
Q7 �M 2Mb2K#H2 Q7 +QH/ �iQKb +QHH2+iBp2Hv +QmTH2/ iQ � bBM;H2 T`QT�;�iBM; QTiB+�H KQ/2Ǵ- S?vbX
_2pX G2iiX U�++2Ti2/V

S`2b2Mi2` M�K2, _B++�`/Q S2MM2ii�

S�;2 kN3



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@88, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.8N

AMi2`72`QK2i`v QM i?2 +HQ+F i`�MbBiBQM BM a`@3d rBi? 2Mi�M@
;H2/ �iQKb BM KQK2MimK bi�i2 bmT2`TQbBiBQMb
�mi?Q`b, CQ2T �bb2M/2H7iRc G2QM�`/Q a�HpBRc :�#`B2H2 _QbBRc :mMD�M o2`K�Rc 1MHQM; q�M;Rc :m;HB2HKQ
hBMQR

R 1m`QT2�M G�#Q`�iQ`v 7Q` MQMHBM2�` aT2+i`Qb+QTv UG1LaV �M/ .BT�`iBK2MiQ /B 6BbB+� 2 �bi`QMQKB�

A rBHH T`2b2Mi Qm` �+iBpBiv QM i?2 `2�HBb�iBQM Q7 �iQK BMi2`72`QK2i`v rBi? �M QTiB+�H +HQ+F
i`�MbBiBQM #2vQM/ i?2 bi�M/�`/ [m�MimK HBKBi UaZGV rBi? bi`QMiBmK �iQKbX �M BMi2`72`@
QK2i2` +�M #2 BMD2+i2/ rBi? 2Mi�M;H2/ �iQKb iQ BKT`Qp2 Bib T?�b2 `2bQHmiBQM ��- r?2`2
i?2 2Mi�M;H2K2Mi Bb +`2�i2/ #2ir22M KQK2MimK bi�i2 bmT2`TQbBiBQMb #v T2`7Q`KBM; +�pBiv@
2M?�M+2/ [m�MimK MQM/2KQHBiBQM UZL.V K2�bm`2K2Mib (R)X Pm` K2i?Q/ rBHH BKT`Qp2 i?2
b+�HBM; BM T?�b2 `2bQHmiBQM �� rBi? �iQK MmK#2` N bm`T�bbBM; i?2 aZG Q7 �� ⇠ N�1/2 7Q`
mM+Q``2H�i2/ �iQKbX �M BMi2`72`QK2i2` mbBM; � bBKBH�` K2i?Q/ 7Q` 2Mi�M;H2K2Mi +`2�iBQM ?�b
`2+2MiHv #22M /2KQMbi`�i2/ 7Q` � bK�HH �iQK MmK#2` N �M/ � b?Q`i BMi2``Q;�iBQM iBK2 T
mbBM; `m#B/BmK �iQKb (k)X

�iQK BMi2`72`QK2i`v +�M #2 mb2/ iQ bim/v 7mM/�K2Mi�H T?vbB+b- HBF2 i2biBM; i?2 2[mBp�H2M+2
T`BM+BTH2 Q` /2i2`KBMBM; i?2 ;`�pBi�iBQM�H +QMbi�Mi GX Ai +�M 7m`i?2`KQ`2 #2 mb2/ BM 1�`i?
Q#b2`p�iBQM b+B2M+2b �M/ BM 7mim`2 bT�+2 �TTHB+�iBQMbX hQ `2�+? bK�HH T?�b2 `2bQHmiBQMb ��
BMi2`72`QK2i2`b M22/ H�`;2@KQK2MimK i`�Mb72`- � H�`;2 �iQK MmK#2` N �M/ � HQM; BMi2`@
`Q;�iBQM iBK2 T X >Qr2p2`- K�Mv �TTHB+�iBQMb �`2 HBKBi2/ #v i?2 bBx2- r2B;?i �M/ TQr2`
+QMbmKTiBQM Q7 i?2 BMbi`mK2Mi- i?Bb Bb 2bT2+B�HHv i`m2 7Q` bT�+2 �TTHB+�iBQMbX �M BMi2`72`QK@
2i2` BKTH2K2MiBM; ZL. K2�bm`2K2Mib +�M i?2`27Q`2 #2 `2/m+2/ BM bBx2- r2B;?i �M/ TQr2`
+QMbmKTiBQM +QKT�`2/ iQ BMi2`72`QK2i2`b mbBM; mM+Q``2H�i2/ �iQKbX 6m`i?2`KQ`2- r?2M mb@
BM; b[m22xBM; � ;Bp2M T`2+BbBQM Bb `2�+?2/ �7i2` � bK�HH2` �p2`�;BM; iBK2- r?B+? BKT`Qp2b i?2
b2MbQ` #�M/rB/i?X

q2 TH�M iQ +`2�i2 �M �iQK BMi2`72`QK2i2` QM i?2 +HQ+F i`�MbBiBQM 1S0 $ 3P0 BM bi`QMiBmK@3d (j)
�M/ BMD2+i Bi rBi? 2Mi�M;H2/ �iQKb mbBM; ZL. K2�bm`2K2MibX q2 `2�HBb2/ � M�``Qr@HBM2rB/i?
+HQ+F H�b2` bvbi2K �i eN3 MK iQ /`Bp2 i?2 +HQ+F i`�MbBiBQMX q2 �`2 rQ`FBM; QM � ?QKQ/vM2
/2i2+iBQM bvbi2K iQ T2`7Q`K i?2 ZL. K2�bm`2K2MibX � KQK2MimK bi�i2 bmT2`TQbBiBQM rBHH
#2 +`2�i2/ #2ir22M

��1S0, p = 0
↵
�M/

��3P0, p = h̄k
↵
mbBM; bBM;H2@T?QiQM i`�MbBiBQMb �i eN3 MK-

rBi? h̄k i?2 KQK2MimK Q7 � bBM;H2 T?QiQMX h?2 ZL. K2�bm`2K2Mib rBHH #2 T2`7Q`K2/ #v
T`Q#BM; i?2 r�p2 T�+F2ib /2imM2/ 7`QK i?2 1S0 $ 3P1 i`�MbBiBQM �i e3N MK r?2M i?2v +`Qbb
i?2 7Q+mb Q7 i?2 ?B;?@}M2bb2 2tT2`BK2Mi�H +�pBivX a[m22xBM; rBHH #2 BM/m+2/ #v K2�bm`BM;
i?2 TQTmH�iBQMb BM i?2 T`2T�`2/ bmT2`TQbBiBQMX �i i?2 2M/ Q7 i?2 BMi2`72`QK2i2` b2[m2M+2 i?2
TQTmH�iBQM /Bz2`2M+2 rBHH #2 `2�/ Qmi rBi? BM+`2�b2/ b2MbBiBpBivX h?Bb K2i?Q/ +�M #2 mb2/
rBi? Qi?2` �iQKB+ bT2+B2b r?2`2 � M�``Qr i`�MbBiBQM Bb �p�BH�#H2 Q` +�M #2 +`2�i2/X
(R) GX a�HpB 2i �HX- S?vbX _2pX G2iiX Rky- yjjeyR UkyR3VX
(k) :XSX :`2p2 2i �HX- �`sBp kRRy- R9ykdpR UkykRVX
(j) GX >m 2i �HX- *H�bbX Zm�MimK :`�pX jd- yR9yyR UkykyVX

S`2b2Mi2` M�K2, CQ2T �bb2M/2H7i

S�;2 kNN



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@8e, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.d8

_�TB/ [m�MimK b[m22xBM; #v DmKTBM; i?2 ?�`KQMB+ Qb+BHH�@
iQ` 7`2[m2M+v
�mi?Q`b, JBM;DB2 sBMRc qmB a2M; G2QM;Rc a?�m@um G�MR

R L�Mv�M; h2+?MQHQ;v lMBp2`bBiv

Zm�MimK b2MbBM; �M/ [m�MimK BM7Q`K�iBQM T`Q+2bbBM; mb2 [m�MimK �/p�Mi�;2b bm+? �b
b[m22x2/ bi�i2b i?�i 2M+Q/2 � [m�MiBiv Q7 BMi2`2bi rBi? ?B;?2` T`2+BbBQM �M/ ;2M2`�i2 [m�MimK
+Q``2H�iBQMb iQ QmiT2`7Q`K +H�bbB+�H K2i?Q/bX AM ?�`KQMB+ Qb+BHH�iQ`b- i?2 `�i2 Q7 ;2M2`�iBM;
b[m22xBM; Bb b2i #v � [m�MimK bT22/ HBKBiX h?2`27Q`2- i?2 /2;`22 iQ r?B+? � [m�MimK �/@
p�Mi�;2 +�M #2 mb2/ BM T`�+iB+2 Bb HBKBi2/ #v i?2 iBK2 M22/2/ iQ +`2�i2 i?2 bi�i2 `2H�iBp2 iQ
i?2 `�i2 Q7 mM�pQB/�#H2 /2+Q?2`2M+2X �Hi2`M�iBp2Hv- � bm//2M +?�M;2 Q7 ?�`KQMB+ Qb+BHH�iQ`Ƕb
7`2[m2M+v T`QD2+ib � ;`QmM/ bi�i2 BMiQ � b[m22x2/ bi�i2 r?B+? +�M +B`+mKp2Mi i?2 iBK2 +QM@
bi`�BMiX >2`2- r2 +`2�i2 b[m22x2/ bi�i2b Q7 �iQKB+ KQiBQM #v bm//2M +?�M;2b Q7 i?2 ?�`KQMB+
Qb+BHH�iBQM 7`2[m2M+v Q7 �iQKb BM �M QTiB+�H H�iiB+2X "mBH/BM; QM i?Bb T`QiQ+QH- r2 /2KQMbi`�i2
`�TB/ [m�MimK �KTHB}+�iBQM Q7 � /BbTH�+2K2Mi QT2`�iQ` i?�i +QmH/ #2 mb2/ 7Q` /2i2+iBM; KQ@
iBQMX Pm` `2bmHib +�M bT22/ mT [m�MimK ;�i2b �M/ 2M�#H2 [m�MimK b2MbBM; �M/ [m�MimK
BM7Q`K�iBQM T`Q+2bbBM; BM MQBbv 2MpB`QMK2MibX
_272`2M+2, JBM;DB2 sBM- qmB a2M; G2QM;- wBHQM; *?2M- um q�M;- �M/ a?�m@um G�MX S?vbX
_2pX G2iiXRkd-R3jeykUkykRVX

S`2b2Mi2` M�K2, sBM- JBM;DB2

S�;2 jyy



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@8d, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.Rkj

.2p2HQTK2Mi iQr�`/b � ?v#`B/ [m�MimK `2T2�i2`
�mi?Q`b, E�iB2 J+.QMM2HHRc _m#�v2i �H J�`m7Rc S�mH �M/2`bQMRc a�B a`22b? o2Mmim`mKBHHBRc LBFQH�v
oB/2MQpRc umDB� um�MRc .�M .�H�+mkc S?BHBT CX SQQH2kc JB+?�2H _2BK2`Rc JB+?�H "�D+bvR

R lMBp2`bBiv Q7 q�i2`HQQ
k L�iBQM�H _2b2�`+? *QmM+BH Q7 *�M�/�

q2 /2b+`B#2 Qm` T`Q;`2bb BM /2p2HQTBM; � T`QQ7@Q7@T`BM+BTH2 ?v#`B/ [m�MimK `2T2�i2` #�b2/
QM H�b2`@+QQH2/ +�2bBmK 2Mb2K#H2b �M/ � b2KB+QM/m+iQ` [m�MimK /QiX h?2 �iQKb ?2`2 +�M #2
mb2/ �b � [m�MimK K2KQ`v Q` �b � MQMHBM2�` K2/BmK r?BHbi i?2 [m�MimK /Qi +�M #2 mb2/ �b �
#`B;?i bQm`+2 Q7 2Mi�M;H2/ T?QiQM T�B`bX h?2 H�b2` +QQH2/ �iQKb �`2 HQ�/2/ BMbB/2 � ?QHHQr@+Q`2
}#2` iQ �+?B2p2 �M QTiB+�H /2Ti? ⇠RyyyX h?Bb ?�b i?2 TQi2MiB�H iQ 2M�#H2 bi`QM; BMi2`�+iBQMb
rBi? T?QiQMb 2KBii2/ #v i?2 [m�MimK /Qi- r?B+? ?�p2 #�M/rB/i? Q7 ⇠R :>x �M/ +�M #2 imM2/
iQ K�i+? i?2 +2bBmK .1 HBM2X h?2 �iQKb +QM}M2/ BM i?2 ?QHHQr@+Q`2 }#2` +�M #2 mb2/ iQ biQ`2
bBM;H2 T?QiQMb 7`QK i?2 [m�MimK /Qi �M/ iQ `2�HBx2 bBM;H2@T?QiQM r�p2H2M;i? +QMp2`bBQMb 7Q`
[m�MimK F2v /Bbi`B#miBQM UZE.V pB� ;`QmM/@iQ@b�i2HHBi2 Q` i2H2+QK@}#2` HBMFbX

S`2b2Mi2` M�K2, E�iB2 J+.QMM2HH

S�;2 jyR



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@83, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.ky9

*�M � T?QiQM +�mb2 �iQKb iQ #2 2t+Bi2/ 7Q` � M2;�iBp2
�KQmMi Q7 iBK2\ U2tT2`BK2Mi�H T`Q;`2bbV
�mi?Q`b, .�MB2H� �M;mHQ Jm`+BHHQRc EvH2 h?QKTbQMRc oB/�@JB+?2HH2 LBtQMRc �M/v CB�QRc �2T?`�BK
ai2BM#2`;R

R lMBp2`bBiv Q7 hQ`QMiQ

A7 � `2bQM�Mi T?QiQM i`�p2`b2b � K2/BmK �M/ Bb i`�MbKBii2/ QM i?2 7�` bB/2- /Q2b Bi 2t+Bi2
�Mv �iQKb �HQM; i?2 r�v\ S`2pBQmb rQ`F US_s Zm�MimK j- yRyjR9V T`QpB/2b 2pB/2M+2 i?�i
Bi /Q2bX aBM+2 i?Bb rQ`F r�b HBKBi2/ iQ K2�bm`2K2Mib mbBM; QMHv #`Q�/#�M/ TmHb2b Q7 HB;?i-
Bi +�MMQi /BbiBM;mBb? #2ir22M `2+2Mi i?2Q`B2b i?�i K�F2 bi`BFBM;Hv /Bz2`2Mi T`2/B+iBQMb BM i?2
+�b2 Q7 2t+Bi�iBQM rBi? M�``Qr#�M/ TmHb2b �M/ K2/B� rBi? HQr QTiB+�H /2Ti?X AM T�`iB+mH�`-
i?2 r2�F@p�Hm2 7Q`K�HBbK bm;;2bib i?�i i?Bb 2t+Bi�iBQM iBK2 +QmH/ #2 M2;�iBp2 mM/2` bm+?
+QM/BiBQMbX q2 T`2b2Mi 2tT2`BK2Mi�H T`Q;`2bb iQ BMp2biB;�i2 i?Bb T`2/B+iBQM �M/ �BK iQ 7mHHv
2Hm+B/�i2 i?2 ?BbiQ`v Q7 `2bQM�Mi T?QiQMb i?�i �`2 mHiBK�i2Hv i`�MbKBii2/ i?`Qm;? � +QH/ +HQm/
Q7 38_# �iQKbX

S`2b2Mi2` M�K2, .�MB2H� �M;mHQ Jm`+BHHQ

S�;2 jyk



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@8N, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.key

*QMi`QH �M/ 2Mi�M;H2K2Mi Q7 _v/#2`; �iQKb M2�` � M�MQT?Q@
iQMB+ /2pB+2
�mi?Q`b, 1HK2` :m�`/�/Q@a�M+?2xRc Ap�M� .BKBi`Qp�Rc "`�M/QM :`BMF2K2v2`Rc T�HQK� P+QH�Rc h�K�`�
.Q`/2pB+Rc SQHMQT a�KmiT`�T?QQikc oH�/�M omH2iB+jc JBF?�BH GmFBMX

R >�`p�`/ lMBp2`bBiv
k "2`F2H2v
j JAh

_v/#2`; �iQK �``�vb �`2 � T`QKBbBM; TH�i7Q`K 7Q` [m�MimK BM7Q`K�iBQM �M/ [m�MimK +QK@
Tmi�iBQMX >Qr2p2`- i?2v H�+F � T?QiQMB+ HBMF- bm+? �b �M QTiB+�H +�pBiv- r?B+? +QmH/ #2 mb2/
7Q` 7�bi MQM/2bi`m+iBp2 `2�/Qmi 7Q` 2``Q` +Q``2+iBQM Q` 7Q` `2KQi2 2Mi�M;H2K2Mi Q7 /Bbi�Mi �`@
`�vb- i?mb 2ti2M/BM; i?2 +QKTmi�iBQM�H +�T�#BHBiB2b Q7 i?2 TH�i7Q`KX h?2 BMi2;`�iBQM #2ir22M
�M QTiB+�H +�pBiv �M/ _v/#2`; �iQKb Bb +?�HH2M;BM; /m2 iQ i?2B` H�`;2 TQH�`Bx�#BHBiv, MQBb2
BM i?2 2H2+i`B+ }2H/ ;2M2`�i2/ #v bm`7�+2 +?�`;2b QM � +�pBiv +�M b2p2`2Hv HBKBi +Q?2`2M+2
iBK2bX >2`2 r2 mb2 � M�MQb+�H2 T?QiQMB+ +`vbi�H +�pBiv �ii�+?2/ iQ � }#2`X .m2 iQ Bib bK�HH
bBx2- i?2 M�MQ+�pBiv Bb � T`QKBbBM; +�M/B/�i2 7Q` bm+? � T?QiQMB+ BMi2`7�+2 7Q` _v/#2`; �iQK
�``�vbX q2 +?�`�+i2`Bx2 i?2 +Q?2`2M+2 Q7 bBM;H2@ �M/ irQ@�iQK _v/#2`; bi�i2b M2�` i?2 S**
bm;;2biBM; � T�i?r�v iQr�`/b i?2B` bm++2bb7mH BMi2;`�iBQMX

S`2b2Mi2` M�K2, 1HK2` :m�`/�/Q@a�M+?2x

S�;2 jyj



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@eR, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.jRe

hQr�`/b � +QMiBMmQmb r�p2 bmT2``�/B�Mi +�H+BmK H�b2`
�mi?Q`b, .�pB/ *X L�FRc �M/`2�b >2KK2`B+?R

R AMbiBimi2 Q7 G�b2` S?vbB+b- lMBp2`bBiv Q7 >�K#m`;

amT2``�/B�Mi H�b2`b �`2 bmBi�#H2 �b HB;?i bQm`+2b rBi? �M mHi`�M�``Qr HBM2rB/i?X amT2``�@
/B�Mi 2KBbbBQM +�M 2t?B#Bi � HBM2rB/i?- r?B+? Bb M�``Qr2` i?�M i?2 M�im`�H /2+�v QM i?2
b�K2 i`�MbBiBQM (R)X GBF2 +QMp2MiBQM�H H�b2`b- bmT2``�/B�Mi H�b2`b mbm�HHv BM+Q`TQ`�i2 � +�pBiv
iQ KBiB;�i2 i?2 �iQK@HB;?i BMi2`�+iBQMX AM i?2 +QMp2MiBQM�H +�b2 i?2 2KBbbBQM 7`2[m2M+v Bb
bi`QM;Hv /2T2M/2Mi QM i?2 +�pBiv �M/ i?2`27Q`2 b2MbBiBp2 iQ K2+?�MB+�H T2`im`#�iBQMbX >Qr@
2p2`- 7Q` bmT2``�/B�Mi H�b2`b QT2`�iBM; BM i?2 #�/@+�pBiv `2;BK2- i?Bb /2T2M/�M+2 Bb ?B;?Hv
bmTT`2bb2/ (k)X h?Bb K�F2b bmT2``�/B�Mi G�b2`b QT2`�iBM; QM mHi`�M�``Qr i`�MbBiBQMb- �b
i?2 �HF�HBM2@2�`i? K2i�H +HQ+F i`�MbBiBQMb- B/2�H +�M/B/�i2b 7Q` Qb+BHH�iQ`b Q7 M2ti ;2M2`�iBQM
�iQKB+ +HQ+FbX *m``2MiHv- Qm` 2tT2`BK2Mi HQ�/b +QH/ +�H+BmK@9y �iQKb 7`QK � K�;M2iQ QTiB+�H
i`�T BMiQ � QM2@/BK2MbBQM�H QTiB+�H H�iiB+2 T`2T�`2/ BMbB/2 � +�pBivX "v BM+Q?2`2Mi TQTmH�iBQM
Q7 i?2 K2i�bi�#H2 i`BTH2i bi�i2- TmHb2/ bmT2``�/B�Mi 2KBbbBQM QM i?2 BMi2`+QK#BM�iBQM HBM2 r�b
`2�HBx2/X .m2 iQ i?2 BM+Q?2`2Mi T`2T�`�iBQM Q7 i?2 �iQKB+ b�KTH2- Bi r�b �HbQ TQbbB#H2 iQ b?Qr
i?2 bTQMi�M2Qmb M�im`2 Q7 i?2 bmT2``�/B�Mi TmHb2b �M/ K2�bm`2 � /2H�v /Bbi`B#miBQM (j)X �i
T`2b2Mi- i?2 b2imT Bb #2BM; 2ti2M/2/ #v �M BM+Q?2`2Mi `2TmKTBM; K2+?�MBbK- r?B+? rBHH �HHQr
HBKBi2/ iBK2 +QMiBMmQmb r�p2 QT2`�iBQMX
(R) J2Bb2`- .QKBMB+- 2i �HX ǳS`QbT2+ib 7Q` � KBHHB?2`ix@HBM2rB/i? H�b2`XǴ S?vbB+�H _2pB2r G2i@
i2`b RykXRe UkyyNV, RejeyRX
(k) LQ`+B�- J�ii?2r �X- �M/ C�K2b EX h?QKTbQMX ǳ*QH/@bi`QMiBmK H�b2` BM i?2 bmT2``�/B�Mi
+`QbbQp2` `2;BK2XǴ S?vbB+�H _2pB2r s eXR UkyReV, yRRyk8X
(j) G�bF2- hQ`#2M- >�MM2b qBMi2`- �M/ �M/`2�b >2KK2`B+?X ǳSmHb2 /2H�v iBK2 bi�iBb@
iB+b BM � bmT2``�/B�Mi H�b2` rBi? +�H+BmK �iQKbXǴ S?vbB+�H _2pB2r G2ii2`b RkjXRy UkyRNV,
RyjeyRX

S`2b2Mi2` M�K2, .�pB/ *X L�F

S�;2 jy9



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@ek, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.j9y

q?�i /Q2b 2Mi�M;H2K2Mi bm//2M /2�i? `2[mB`2\
�mi?Q`b, aQM;#Q sB2Rc .�MB2H uQmMBbRc CQb2T? 1#2`HvR

R lMBp2`bBiv Q7 _Q+?2bi2`

o�+mmK Bb QM2 Q7 i?2 KQbi BMi2`2biBM; T?2MQK2M� Q7 i?2 `2�H rQ`H/X � irQ@H2p2H �iQK-
7`2[m2MiHv i`2�i2/ �b � [m#Bi- r?2M mM�pQB/�#Hv iQm+?2/ #v p�+mmK- Bb mMbi�#H2 QM Bib 2t+Bi2/
H2p2H- 2p2M B7 Bi /Q2b MQi BMi2`�+i rBi? �Mv Qi?2` bvbi2KX �HH bi�i2b 2t+2Ti i?2 ;`QmM/ bi�i2
bmz2` 7`QK /2+�v /m2 iQ BMi2`�+iBQM rBi? p�+mmK `�/B�iBQM KQ/2bX h?2 �iQK 7�HHb iQ i?2
;`QmM/ bi�i2 BM �bvKTiQiB+ iBK2 �M/ � T?QiQM Bb 2KBii2/- � T`Q+2bb FMQrM �b bTQMi�M2Qmb
/2+�vX

h?2 bBim�iBQM #2+QK2b KQ`2 BMi2`2biBM; r?2M KmHiBTH2 �iQKb �`2 T`2b2Mi �M/ TH�+2/ 7�`
�T�`i- bm+? i?�i i?2v +�M #2 +QMbB/2`2/ �b bBiiBM; BM /BbiBM;mBb?�#H2 p�+mmK bi�i2bX �b BM i?2
bBM;H2@�iQK +�b2- i?2 2t+Bi2/ 2H2K2Mib Q7 i?2 KmHiB�iQK /2MbBiv K�i`Bt /2+�v 2tTQM2MiB�HHv iQ
x2`QX >Qr2p2`- T`2pBQmb `2bmHib Q7 um �M/ 1#2`Hv (a+B2M+2 jkj- 8N3 UkyyNV) ?�p2 b?QrM i?�i
irQ@�iQK 2Mi�M;H2K2Mi U�HbQ +�HH2/ MQMb2T�`�#BHBivV ?�b � i`�MbBiBQM iQ x2`Q BM bm+? bvbi2Kb
i?�i Bb i2KTQ`�HHv �#`mTiX am+? /vM�KB+b Q7 2Mi�M;H2K2Mi Bb MQM�M�HviB+- �M/ i?Bb #Bx�``2
#2?�pBQm` Bb mbm�HHv i2`K2/ 2Mi�M;H2K2Mi bm//2M /2�i? U1a.VX

Ai Bb i?2M M�im`�H iQ �bF ?Qr 2Mi�M;H2K2Mi �KQM; KQ`2 i?�M irQ [m#Bib #2?�p2b r?2M i?2
[m#Bib /2+�v BM/2T2M/2MiHv BM i?2B` `2bT2+iBp2 +�pBiB2bX �`2 i?2`2 �HbQ bm//2M i`�MbBiBQMb
BM i?2b2 KQ`2 +QKTHB+�i2/ bvbi2Kb\ aT2+B}+�HHv- r?�i Bb i?2 `2[mB`2K2Mi 7Q` 1a. BM i?2b2
bvbi2Kb\ h?2b2 QT2M [m2biBQMb �`2 K�/2 /B{+mHi #v i?2 7QHHQrBM; irQ Q#bi�+H2bX 6B`bi- 2tBbi@
BM; 2Mi�M;H2K2Mi K2�bm`2b +�MMQi [m�MiB7v i?2 /2;`22 Q7 ;2MmBM2 KmHiBT�`iBi2 2Mi�M;H2K2Mi
U:J1V- i?2 K2�bm`2 Q7 i?2 2Mi�M;H2K2Mi `2bQm`+2 i?�i TH�vb � +2Mi`�H `QH2 BM [m�MimK BM@
7Q`K�iBQM �M/ +QKKmMB+�iBQM i�bFb bm+? �b i?2 i?`22@[m#Bi [m�MimK i2H2TQ`i�iBQMX a2+QM/-
2p2M B7 � :J1 K2�bm`2 Bb mb2/- Bi Bb �M 2ti`2K2Hv /B{+mHi i�bF iQ 2p�Hm�i2 Bi 7Q` ;2M2`�H
KBt2/ bi�i2b- r?B+? �`2 m#B[mBiQmb 7Q` p�+mmK /2+�vX

AM i?Bb rQ`F- r2 T`QpB/2 bQHmiBQMb iQ i?2 �#Qp2 irQ T`Q#H2KbX 6Q` i?2 :J1 K2�bm`2- r2
mb2 Qm` `2+2MiHv /2p2HQT2/ Tm`2@bi�i2 K2�bm`2 *QM+m``2M+2 6BHH- r?B+? r�b T`Qp2M iQ /2i2+i
;2MmBM2 i`BT�`iBi2 2Mi�M;H2K2Mi (b22 sB2 �M/ 1#2`Hv- S?vbX _2pX G2iiX Rkd- y9y9yj UkykRV)X
6Q` i?2 KBt2/@bi�i2 Bbbm2- r2 �pQB/ /2`BpBM; �M �M�HviB+ 7Q`KmH�- r?B+? Bb +m``2MiHv BKTQbbB#H2X
AMbi2�/- r2 �TTHv � T`2pBQmb `2bmHi iQ +QMp2`i i?2 2p�Hm�iBQM Q7 KBt2/@bi�i2 2Mi�M;H2K2Mi BMiQ
� T`�+iB+�H MmK2`B+�H i�bF (1Bb2`i- "`�M/½Q- �M/ �m/2M�2`i- L2r CX S?vbX N- 9e UkyydV)X

qBi? i?2b2 K2i?Q/b- r2 bim/v i?2 2Mi�M;H2K2Mi /vM�KB+b 7Q` i?`22@[m#Bi bvbi2Kb- r?2`2BM
2�+? [m#Bi BMi2`�+ib rBi? Bib QrM p�+mmK 2MpB`QMK2Mi pB� i?2 �KTHBim/2@/�KTBM; +?�MM2HX
q2 MmK2`B+�HHv 2t�KBM2 i?2 /vM�KB+b Q7 i?2 *QM+m``2M+2 6BHH K2�bm`2 Q7 ;2MmBM2 i`BT�`@
iBi2 2Mi�M;H2K2Mi �KQM; i?2 i?`22 [m#Bib- r?2M /Bz2`2Mi BMBiB�H i?`22@T�`iv bi�i2b �`2 b2@
H2+i2/X

aT2+B}+�HHv- r?2M i?2 BMBiB�H bi�i2 Bb i?2 ;2M2`�HBx2/ :>w bi�i2- |GHZi = cos ✓|eeei +
sin ✓|gggi- r?2`2 |ei �M/ |gi �`2 i?2 2t+Bi2/ �M/ ;`QmM/ bi�i2b 7Q` 2�+? �iQK- 1a. Q++m`b
r?2M i?2 �KTHBim/2 Q7 i?2 �HH@2t+Bi2/ bi�i2 |eeei 2t+22/b � i?`2b?QH/ p�Hm2X 6m`i?2`KQ`2- r2
b?Qr i?�i 1a. /Q2b MQi Q++m` B7 i?2 BMBiB�H bi�i2 Bb i?2 bBM;Hv@2t+Bi2/ W bi�i2- |W i = (|eggi+
|gegi+ |ggei)/

p
3- Q` i?2 /Qm#Hv@2t+Bi2/ W bi�i2- |W i = (|geei+ |egei+ |eegi)/

p
3X

h?2b2 Q#b2`p�iBQMb BKTHv i?�i r?2M i?2 i?`22@[m#Bi BMBiB�H bi�i2 Bb Tm`2- i?2 T`2b2M+2 Q7 i?2
�HH@2t+Bi2/ |eeei bi�i2 Bb � M2+2bb�`v `2[mB`2K2Mi 7Q` 1a. iQ Q++m`- /2bTBi2 i?2 7�+i i?�i
|eeei Bb � T`Q/m+i bi�i2 r?B+? +�MMQi 2t?B#Bi 1a. �HQM2X hQ i2bi i?Bb MQp2H +QMD2+im`2- r2
+QMbB/2` �b i?2 BMBiB�H bi�i2 i?2 bmT2`TQbBiBQM Q7 |eeei rBi? i?2 MQ@1a. |W i bi�i2- |Si =

cos ✓|eeei + sin ✓|W iX AM �;`22K2Mi rBi? Qm` +QMD2+im`2- 1a. Q++m`b r?2M i?2 �KTHBim/2
Q7 |eeei 2t+22/b � i?`2b?QH/ p�Hm2X Pm` `2bmHib #`BM; M2r BMbB;?ib iQr�`/ � KQ`2 +QKTH2i2
mM/2`bi�M/BM; Q7 2Mi�M;H2K2Mi bm//2M /2�i?X

S`2b2Mi2` M�K2, aQM;#Q sB2

S�;2 jy8



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@ej, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.jNR

1z2+ib Q7 TmKT TmHb2 H2M;i? QM T?QiQM MmK#2` BM [m�MimK
/Qi 2KBbbBQM
�mi?Q`b, a�B a`22b? o2Mmim`mKBHHBRc S�mH �M/2`bQMRc .Bpv� "?�`�/r�DRc _m#�v2i �H J�`m7Rc umDB�
um�MRc "2?`QQx a2KM�MBRc S?BHBT SQQH2kc .�M .�H�+mkc JB+?�2H _2BK2`Rc JB+?�H "�D+bvR

R lMBp2`bBiv Q7 q�i2`HQQ
k L�iBQM�H _2b2�`+? *QmM+BH *�M�/�

PM@/2K�M/ bQm`+2b Q7 MQM+H�bbB+�H HB;?i TH�v �M BKTQ`i�Mi `QH2 BM [m�MimK BM7Q`K�iBQM �M/
K2i`QHQ;v (_27X R)- �M/ b2KB+QM/m+iQ` [m�MimK /Qi UZ.V bQm`+2b T`QKBb2 ?B;?@[m�HBiv �M/
2{+B2Mi bBM;H2 �M/ 2Mi�M;H2/ T?QiQMb (_27bX R- k)X �i i?2 b�K2 iBK2- Qi?2` bi�i2b Q7 HB;?i
?�p2 #22M Q#b2`p2/ BM i?2 Z. 2KBbbBQM (_27bX j- 9- 8- e) �b i?2 M�im`2 Q7 i?2 2KBii2/ HB;?i
`2H�i2b rBi? i?2 /vM�KB+b Q7 i?2 2H2+i`QMB+ bi�i2 Q7 i?2 Z.X AM T�`iB+mH�`- r?2M i?2 /Qi Bb
2t+Bi2/ #v � TmHb2 Q7 HB;?i- +?�`;2 �M/fQ` 2t+BiQM +�Tim`2 T`Q+2bb2b rBi?BM i?2 b�K2 TmHb2
+v+H2 +�M +�mb2 KmHiBT?QiQM 2KBbbBQMX

>2`2- r2 T`2/B+i �M/ K2�bm`2 Ĝ mbBM; � T?QiQM@MmK#2`@`2bQHpBM; bmT2`+QM/m+iBM;@M�MQrB`2
bBM;H2 T?QiQM /2i2+iQ` Ĝ T?QiQM +Q``2H�iBQMb �M/ T?QiQM MmK#2` bi�iBbiB+b BM HB;?i 2KBii2/
#v � Z. 2K#2//2/ BM � b2KB+QM/m+iQ` M�MQrB`2 (_27X k) 2t+Bi2/ rBi? MQM`2bQM�Mi TmHb2b Q7
/Bz2`2Mi H2M;i?bX

q2 KQ/2H i?2 2t+Bi�iBQM �M/ 2KBbbBQM T`Q+2bb �b � J�`FQp +?�BMX h?Bb �HHQrb QM2 iQ F22T
i`�+F Q7 i?2 T?QiQM MmK#2` /Bbi`B#miBQMb Q7 i?2 BMpQHp2/ i`�MbBiBQMb Ĝ bm+? �b, 2t+BiQM UsV-
#B@2t+BiQM UssV �M/ +?�`;2/ 2t+BiQM Us@ V Ĝ �HQM; rBi? i?2B` +QBM+B/2M+2bX �M BHHmbi`�iBQM Q7 �
KQ/2H �M/ Bib 2biBK�i2b �`2 T`2b2Mi2/ BM 6B;m`2 RX q2 bim/v i?2 `QH2 Q7 /Bz2`2Mi T�`�K2i2`b
BM i?2 KQ/2H- bm+? �b TmHb2 H2M;i?b �M/ BMi2MbBiB2b- iQ 2tTH�BM i?2 Q#b2`p2/ 2tT2`BK2Mi�H
`2bmHibX

S�;2 jye



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

_272`2M+2b,
( R ) _X h`Bp2/B 2i �HX :2M2`�iBQM Q7 MQM*H�bbB+�H GB;?i lbBM; a2KB+QM/m+iQ` Zm�MimK .Qib-
�/pX Zm�MimK h2+?MQHX kyky- j- RNyyyyd
( k ) JX _2BK2`- :X "mH;�`BMB- LX �FQTB�M 2i �HX "`B;?i bBM;H2@T?QiQM bQm`+2b BM #QiiQK@mT
i�BHQ`2/ M�MQrB`2b- L�i *QKKmMX j- djd UkyRkV
( j ) EX 6Bb?2` 2i �HX aB;M�im`2b Q7 irQ@T?QiQM TmHb2b 7`QK � [m�MimK irQ@H2p2H bvbi2K- L�im`2
S?vbB+b pQHmK2 Rj- e9NĜe89 UkyRdV
( 9 ) 1X "X 6H�;;- 2i �HX .vM�KB+b Q7 LQM+H�bbB+�H GB;?i 7`QK � aBM;H2 aQHB/@ai�i2 Zm�MimK
1KBii2`- S?vbX _2pX G2ii2`b RyN- RejeyR UkyRkV
( 8 ) JX >X "�B2` 2i �HX Zm�MimK@/Qi 2t+BiQM /vM�KB+b T`Q#2/ #v T?QiQM@+Q``2H�iBQM bT2+@
i`Qb+QTv- S?vbX _2pX "X dj- ky8jkR UkyyeV
( e ) :X a�HH2M 2i �HX 1t+BiQM /vM�KB+b Q7 � bBM;H2 [m�MimK /Qi 2K#2//2/ BM � M�MQrB`2-
S?vbX _2pX "X 3y- y38jRy- UkyyNV

S`2b2Mi2` M�K2, a�B a`22b?

S�;2 jyd



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@88, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.ke

L�MQbi`m+im`2/ �HF�HB@K2i�H p�TQ` +2HHb
�mi?Q`b, hQK *miH2`Rc *?�`H2b aX �/�KbRc A7�M :X >m;?2bRc .�MB2HH2 SBxx2vXc o�?B/ a�M/Q;?/�`kc C�M
_2M;2`k

R .m`?�K lMBp2`bBiv
k J�t SH�M+F AMbiBimi2 7Q` i?2 a+B2M+2 Q7 GB;?i

q2 ?�p2 /2p2HQT2/ � K2i?Q/QHQ;v 7Q` K�Mm7�+im`BM; �HF�HB@K2i�H p�TQm` +2HHb rBi? BMi2`M�H
+QM}M2K2Mi /BK2MbBQMb /QrM iQ ?mM/`2/b Q7 M�MQK2i2`b U;2M2`�HHv H2bb i?�M i?2 T`Q#2 H�b2`
r�p2H2M;i?VX q2 2MpBb�;2 Qm` M�MQ@+2HHb �b � TH�i7Q`K 7Q` 7mM/�K2Mi�H �iQK@HB;?i BMi2`�+iBQM
2tT2`BK2Mib- �b r2HH �b 7Q` TQi2MiB�H i2+?MQHQ;B+�H �TTHB+�iBQMbX Pm` K�Mm7�+im`2 T`Q+2bb
Bb p2`b�iBH2 �M/ Qm` 7mb2/@bBHB+� +2HHb �`2 `Q#mbiX h?2 };m`2 #2HQr- 7`QK Qm` `2+2Mi T�T2`
(*miH2` 2i �H- S?vbX _2pX �TTHB2/ R9- yj9y89 UkykyV) b?Qrb � b+?2K�iB+ �M/ T?QiQ;`�T?
Q7 QM2 Q7 Qm` M�MQ@+2HHb- �b r2HH �b bQK2 2t�KTH2 2i+?2/ M�MQ@bi`m+im`2bX aBKBH�` +2HHb ?�p2
�H`2�/v #22M mb2/ iQ BMp2biB;�i2 i?2 +QQT2`�iBp2 G�K# b?B7i BM � /2Mb2 �iQKB+ p�TQm`- K2�bm`2
i?2 �iQK@bm`7�+2 p�M /2` q��Hb BMi2`�+iBQM- �M/ iQ bim/v i?2 bT2+i`�H `2bTQMb2 �M/ i`�MbBi
iBK2 #`Q�/2MBM; Q7 i?2 p�TQm` mM/2` 2p�M2b+2Mi 2t+Bi�iBQMX h?Bb TQbi2` rBHH /2b+`B#2 `2+2Mi
2tT2`BK2Mib �M/ /2p2HQTK2Mib mbBM; Qm` M�MQ@+2HH TH�i7Q`KX

6B;m`2 R, �HF�HB@K2i�H p�TQm` M�MQ@+2HH b+?2K�iB+ �M/ T?QiQ;`�T?- rBi? BK�;2b Q7 M�MQ@
b+�H2 bi`m+im`2b

S`2b2Mi2` M�K2, hQK *miH2`

S�;2 jy3



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@8e, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.jd

� bBM;H2 +QH/ �iQK �b � bBM;H2@T?QiQM /2i2+iQ`
�mi?Q`b, G�m`� w�``�Q�Rc JQ`;�M JBi+?2HHk

R A*6P @ AMbiBimi2 Q7 S?QiQMB+ a+B2M+2b
k A*6P

aBM;H2 BQMb �M/ �iQKb �`2 BMi2`2biBM; bvbi2Kb 7Q` bBM;H2@T?QiQM /2i2+iBQM /m2 iQ i?2B` 7`2@
[m2M+v b2H2+iBpBiv �M/ p2`v HQr /�`F +QmMib (k-j)X h?2b2 +�T�#BHBiB2b �`2 mb27mH 7Q` �Mv �TTHB@
+�iBQM BM r?B+? � p2`v HQr TQr2` bB;M�H Kmbi #2 /2i2+i2/ �;�BMbi � #`Q�/#�M/ #�+F;`QmM/X �M
2t�KTH2 Q7 bm+? �M �TTHB+�iBQM rQmH/ #2 7`22@bT�+2 [m�MimK +QKKmMB+�iBQM BM /�vHB;?iX AM
i?Bb rQ`F- r2 T`2b2Mi �M/ /2b+`B#2 i?2 QT2`�iBQM Q7 � [m�MimK DmKT T?QiQ/2i2+iBQM UZCS.V
i2+?MB[m2 7Q` K2�bm`BM; bBM;H2 T?QiQMb mbBM; � bBM;H2 M2mi`�H 3d_# �iQK BM � bi`QM;Hv@7Q+mb2/
QTiB+�H /BTQH2 i`�T (9-8)X q2 `2TQ`i `2bmHib Q7 }`bi@T`BM+BTH2b +�H+mH�iBQMb 7Q` i?2 K�BM /�`F
+QmMi +QMi`B#miBQMb, bTQMi�M2Qmb _�K�M i`�MbBiBQMb /`Bp2M #v `2�/Qmi HB;?i Ur?B+? +�M #2
�pQB/2/ #v b2T�`�iBM; i?2 /2i2+iBQM �M/ `2�/Qmi iBK2 rBM/QrbV �M/ bTQMi�M2Qmb _�K�M
i`�MbBiBQMb /`Bp2M #v i`�T HB;?i Ur?B+? Bb mM�pQB/�#H2 #mi ;Bp2b /�`F +QmMi `�i2b irQ Q`/2`b
Q7 K�;MBim/2 #2HQr i?�i bi�i2 Q7 i?2 �`i bBM;H2@T?QiQM /2i2+iQ`bVX q2 [m�MiB7v i?2 7`2[m2M+v
b2H2+iBpBiv rBi? i?2 2[mBp�H2Mi MQBb2 #�M/rB/i?- r?B+? r2 }M/ Bb mT iQ irQ Q`/2`b Q7 K�;MB@
im/2 M�``Qr2` i?�M i?2 #2bi �iQKB+ }Hi2`bX S`2HBKBM�`v 2tT2`BK2Mi�H `2bmHib 7Q` i?2b2 };m`2b
Q7 K2`Bi BM � ǳJ�Hi2b2 +`QbbǴ �iQK i`�T rBHH #2 T`2b2Mi2/X

Zm�MimK@CmKT S?QiQ/2i2+iBQM i2+?MB[m2 7Q` � bBM;H2 M2mi`�H 3d_# �iQK BM � 7`22@bT�+2
/BTQH2 i`�TX �V _2H2p�Mi 2M2`;v H2p2Hb �M/ HB;?ib mb2/ BM i?2 2tT2`BK2MiX *QQH2` HB;?i UQ`�M;2V
7Q` T`2T�`�iBQM �M/ `2�/Qmi BM i?2 +HQb2/ i`�MbBiBQM �M/ bB;M�H HB;?i UTm`TH2V i?�i rBHH #2
K2�bm`2/X #V J2�bm`2K2Mi b2[m2M+2X 6B`bi +QQH2` TmHb2 T`2T�`2b �iQK BM i?2 /�`F ;`QmM/
bi�i2 UF = 1V- bB;M�H TmHb2 +�mb2b � [m�MimK DmKT iQ i?2 #`B;?i bi�i2 UF = 2V- `2�/Qmi
TmHb2 +�mb2b bm//2M ~mQ`2b+2M+2 B7 i?2 �iQK DmKT2/ �M/ i?2M `2T`2T�`2b i?2 �iQK BM i?2
/�`F bi�i2X +V *QmMib �b � 7mM+iBQM Q7 iBK2 7Q` � /2i2+iBQM 2p2MiX h?2 bm//2M BM+`2�b2 BM
~mQ`2b+2M+2 +QmMib /m2 iQ i?2 �iQK +v+HBM; BM i?2 +HQb2/ i`�MbBiBQM �7i2` � DmKT +`2�i2b �
r2HH@�#Qp2 #�+F;`QmM/ T2�F i?�i +�M #2 mb2/ 7Q` +QmMiBM; /2i2+iBQMbX)
(k) *X Em`x- 2i �HX- S?vbX _2pX � Nj- yekj93 UkyReV
(j) LX SB`Q- 2i �HX L�im`2 S?vb d- RdĜky UkyRRV
(9) LX "`mMQ- 2i �HX- PTiX 1tT`2bb kd- jRy9k@jRy8k UkyRNV
(8) GX "B�M+?2i- 2i �HX- PT2M _2b 1m`QT2- R,Ryk UkykRV

S`2b2Mi2` M�K2, G�m`� w�``�Q�

S�;2 jyN



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@8d, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.ee

�iQKB+ bTBM@+QMi`QHH2/ MQM`2+BT`Q+�H _�K�M �KTHB}+�iBQM
Q7 }#`2@;mB/2/ HB;?i
�mi?Q`b, a2#�biB�M Sm+?2`Rc *?`BbiB�M GB2/HRc CBM a?mr2BRc �`MQ _�mb+?2M#2mi2HRc S?BHBTT a+?M22r2BbbR

R >l "2`HBM

AM � MQM`2+BT`Q+�H QTiB+�H �KTHB}2`- ;�BM /2T2M/b QM r?2i?2` i?2 HB;?i T`QT�;�i2b 7Q`r�`/b
Q` #�+Fr�`/b i?`Qm;? i?2 /2pB+2X hvTB+�HHv- QM2 `2[mB`2b 2Bi?2` i?2 K�;M2iQ@QTiB+�H 2z2+i- �
i2KTQ`�H KQ/mH�iBQM- Q` �M QTiB+�H MQMHBM2�`Biv iQ #`2�F `2+BT`Q+BivX "v +QMi`�bi- ?2`2- r2
/2KQMbi`�i2 MQM`2+BT`Q+�H �KTHB}+�iBQM Q7 }#`2@;mB/2/ HB;?i mbBM; _�K�M ;�BM T`QpB/2/ #v
bTBM@TQH�`Bx2/ �iQKb i?�i �`2 +QmTH2/ iQ i?2 M�MQ}#`2 r�Bbi Q7 � i�T2`2/ }#`2 b2+iBQMX h?2
MQM`2+BT`Q+�H `2bTQMb2 Q`B;BM�i2b 7`QK i?2 T`QT�;�iBQM /B`2+iBQM@/2T2M/2Mi HQ+�H TQH�`Bx�iBQM
Q7 i?2 M�MQ}#`2@;mB/2/ KQ/2 BM +QMDmM+iBQM rBi? TQH�`Bx�iBQM@/2T2M/2Mi �iQK@HB;?i +QmTHBM;X
q2 b?Qr i?�i i?Bb MQp2H K2+?�MBbK +�M �HbQ #2 BKTH2K2Mi2/ rBi?Qmi �M 2ti2`M�H K�;M2iB+
}2H/ �M/ i?�i Bi �HHQrb mb iQ 7mHHv +QMi`QH i?2 /B`2+iBQM Q7 �KTHB}+�iBQM pB� i?2 �iQKB+ bTBM
bi�i2X Pm` `2bmHib K�v bBKTHB7v i?2 +QMbi`m+iBQM Q7 +QKTH2t QTiB+�H M2irQ`FbX JQ`2Qp2`- mbBM;
Qi?2` bmBi�#H2 [m�MimK 2KBii2`b- Qm` b+?2K2 +QmH/ #2 BKTH2K2Mi2/ BM T?QiQMB+ BMi2;`�i2/
+B`+mBib �M/ BM +B`+mBi [m�MimK 2H2+i`Q/vM�KB+bX
(R) aX Sm+?2`- *X GB2/H- aX CBM- �X _�mb+?2M#2mi2H- SX a+?M22r2Bbb
�iQKB+ bTBM@+QMi`QHH2/ MQM`2+BT`Q+�H _�K�M �KTHB}+�iBQM Q7 }#`2@;mB/2/ HB;?i
L�im`2 S?QiQMB+b Re- j3y UkykkV

S`2b2Mi2` M�K2, S?BHBTT a+?M22r2Bbb

S�;2 jRy



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@83, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.de

1M?�M+BM; }#2` �iQK BMi2`72`QK2i2` #v BM@}#2` H�b2` +QQH@
BM;
�mi?Q`b, qmB a2M; G2QM;Rc um q�M;Rc JBM;DB2 sBMRc wBHQM; *?2MRc a?�m@um G�MR

R L�Mv�M; h2+?MQHQ;B+�H lMBp2`bBiv

"mBH/BM; +QH/ �iQKB+ [m�MimK b2MbQ`b rBi? T?QiQMB+ bi`m+im`2b T`QKBb2 iQ KBMB�im`Bx2 i?2
�TT�`�imb i?�i +QmH/ 2p2Mim�HHv H2�/ iQ TQ`i�#H2 /2pB+2bX hQ T`2T�`2 �iQKb BM T?QiQMB+ TH�i@
7Q`Kb iQ � i2KT2`�im`2 i?�i +�M #2 �TTHB2/ �b � b2MbQ` `2[mB`2b �/QTiBM; 7`22@bT�+2 H�b2`
+QQHBM; BM bT�+2@+QMbi`�BM2/ T?QiQMB+ bi`m+im`2bX >2`2- r2 /2KQMbi`�i2 BM@}#2` Ÿ@2M?�M+2/
;`�v KQH�bb2b �M/ /2Hi�@FB+F +QQHBM; iQ +QQH �iQKb BMbB/2 � kk@+K@HQM; M2;�iBp2 +m`p�im`2
?QHHQr@+Q`2 T?QiQMB+ +`vbi�H }#2` 7`QK jk �E iQ bm#@�E BM 9 KbX h?2 BM@}#2` +QQHBM; Qp2`@
+QK2b i?2 BM2pBi�#H2 ?2�iBM; /m`BM; i?2 �iQK HQ�/BM; T`Q+2bb �M/ �HHQrb � b?�HHQr ;mB/BM;
QTiB+�H TQi2MiB�H iQ KBMBKBx2 /2+Q?2`2M+2X q2 2KTHQv i?2b2 +QH/ �iQKb BM �M BM2`iB� b2MbBiBp2
�iQK BMi2`72`QK2i2` QTiB+�HHv ;mB/2/ BMbB/2 � ?QHHQr@+Q`2 T?QiQMB+ +`vbi�H }#2` rBi? �M BMi2`@
72`QK2i2` iBK2 Q7 ky KbX h?2 `2bmHi BKT`Qp2b i?2 T`2pBQmb }#2` ;mB/2/ �iQK BMi2`72`QK2i2`
b2MbBiBpBiv #v i?`22 Q`/2`b Q7 K�;MBim/2X Pm` `2bmHib T2`KBi #`BM;BM; �iQKb +HQb2 iQ bQm`+2
}2H/b 7Q` b2MbBM; �M/ +QmH/ H2�/ iQ +QKT�+i BM2`iB�H [m�MimK b2MbQ`b rBi? � bm#@KBHHBK2i2`
`2bQHmiBQMX
_272`2M+2, �`sBp,kRRkXRyy33

S`2b2Mi2` M�K2, G2QM;- qmB a2M;

S�;2 jRR



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@8N, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.Re9

arBi+?BM; � KQMQH�v2` �iQKB+ KB``Q` mbBM; � bBM;H2 _v/#2`;
�iQK
�mi?Q`b, E`Bib�M� a`�F�2rRc S�b+�H q2+F2bb2`Rc aBKQM >QHH2`Bi?Rc .�pB/ q2BRc .�MB2H �/H2`Rc AK@
K�Mm2H "HQ+?Rc CQ?�MM2b w2B?2`R

R J�t SH�M+F AMbiBimi2 Q7 Zm�MimK PTiB+b

lM/2`bi�M/BM; �M/ imMBM; HB;?i@K�ii2` BMi2`�+iBQMb �i i?2 H2p2H Q7 bBM;H2 [m�Mi� Bb 2bb2MiB�H 7Q`
MmK2`Qmb �TTHB+�iBQMb BM [m�MimK b+B2M+2X am+? [m�MimK +QMi`QH b22Fb iQ BM+`2�b2 i?2 bK�HH
BMi2`�+iBQM +`Qbb b2+iBQM #2ir22M bBM;H2 �iQKb �M/ bBM;H2 T?QiQMbX 1tTHQBiBM; +QQT2`�iBp2 `2@
bTQMb2 Q7 bm#r�p2H2M;i? �iQKB+ �``�vb �HHQrb 7Q` `2�HBxBM; bi`QM; HB;?i@K�ii2` +QmTHBM; 2p2M
/QrM iQ i?2 H2p2H Q7 bBM;H2 T?QiQMbX >2`2- r2 +QMi`QH i?2 QTiB+�H `2bTQMb2 Q7 �M �iQKB+�HHv i?BM
KB``Q` mbBM; � bBM;H2 �M+BHH� �iQK 2t+Bi2/ iQ � _v/#2`; bi�i2- i?�i Bb- r2 mb2 � bBM;H2 �iQK iQ
+QMi`QH HB;?i �i i?2 bBM;H2@T?QiQM H2p2HX h?2 brBi+?BM; #2?�pBQ` Bb +QMi`QHH2/ #v �/KBtBM; �
bK�HH _v/#2`; �KTHBim/2 iQ i?2 �iQKB+ KB``Q` �M/ i?2`27Q`2 BM/m+BM; bi`QM; /BTQH�` _v/#2`;
BMi2`�+iBQMb rBi? i?2 �M+BHH�X .`BpBM; +Q?2`2Mi 2t+Bi�iBQMb Q7 i?2 �M+BHH� �iQK- r2 /2KQM@
bi`�i2 +Q?2`2Mi +QMi`QH Qp2` i?2 /2;`22 Q7 i`�MbKBbbBQM �M/ `2~2+iBQMX 6BM�HHv- BM+`2�bBM; i?2
KB``Q` bBx2 /B`2+iHv `2p2�Hb � bT�iB�H 2z2+iBp2 ǳbrBi+?BM;Ǵ �`2� �`QmM/ i?2 �M+BHH�X Pm` `2bmHib
T�p2 i?2 r�v iQr�`/b MQp2H [m�MimK K2i�bm`7�+2b- i?2 +`2�iBQM Q7 +QMi`QHH2/ �iQK@T?QiQM
2Mi�M;H2K2Mi �M/ /2i2`KBMBbiB+�HHv 2M;BM22`BM; [m�MimK bi�i2b Q7 HB;?iX

S`2b2Mi2` M�K2, E`Bib�M� a`�F�2r

S�;2 jRk



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@ey, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.kR9

L�``Qr#�M/ #BT?QiQM bQm`+2 Q7 K�tBK�H bT2+i`�H #`B;?i@
M2bb �i mHi`�HQr TmKT TQr2`
�mi?Q`b, �H2t�M/2` "`mMbRc *?B�@um >bmRc a2`;Bv ai`vx?2MFQRc G2QMB/ SX u�ib2MFQkc Ai2 �X umjc
h?QK�b >�H7K�MMRc h?Q`bi2M S2i2`bR

R AMbiBimi 7Ƀ` �M;2r�M/i2 S?vbBF- h2+?MBb+?2 lMBp2`bBi i .�`Kbi�/i
k AMbiBimi2 Q7 S?vbB+b- L�iBQM�H �+�/2Kv Q7 a+B2M+2 Q7 lF`�BM2
j .2T�`iK2Mi Q7 S?vbB+b- L�iBQM�H hbBM; >m� lMBp2`bBiv

LQM+H�bbB+�H T?QiQM bQm`+2b Q7 ?B;? #`B;?iM2bb �`2 F2v +QKTQM2Mib Q7 [m�MimK +QKKmMB+�iBQM
i2+?MQHQ;B2bX q2 ?2`2 /2KQMbi`�i2 i?2 ;2M2`�iBQM Q7 M�``Qr#�M/- MQM+H�bbB+�H T?QiQM T�B`b
mT iQ i?2 mHiBK�i2 HBKBi Q7 �+?B2p�#H2 ;2M2`�i2/ bT2+i`�H #`B;?iM2bb �i r?B+? bm++2bbBp2 T?QiQM
T�B`b bi�`i iQ Qp2`H�T BM iBK2X

Pm` #BT?QiQM bQm`+2 2KTHQvb bTQMi�M2Qmb 7Qm`@r�p2 KBtBM; BM �M QTiB+�HHv@/2Mb2 2Mb2K#H2
Q7 +QH/ _m#B/BmK �iQKb rBi?BM � ?QHHQr@+Q`2 }#2`X hQ �pQB/ +QHHBbBQMb Q7 i?2 +QH/ �iQKb rBi?
i?2 }#2` r�HH- i?2`2#v `2/m+BM; i?2 +Q?2`2M+2 iBK2- i?2 �iQKb �`2 ;mB/2/ #v �M QTiB+�H /BTQH2
i`�TX "v mbBM; +QH/ �iQKb r2 �+?B2p2 �M Q`/2`b Q7 K�;MBim/2 HQr2` #BT?QiQM #�M/rB/i? �b
+QKT�`2/ iQ }#2`b }HH2/ rBi? r�`K ;�b2bX �b �M �//BiBQM�H #2M2}i Q7 i?2 ?QHHQr@+Q`2 }#2`-
�HH HB;?i }2H/b BMpQHp2/ BM i?2 6qJ T`Q+2bb �`2 ;mB/2/ BM i?2 b�K2 QTiB+�H KQ/2X h?mb- r2
Q#i�BM BMi`BMbB+�HHv QTiBK�H KQ/2@K�i+?BM; �b r2HH �b bi`QM; HB;?i@�iQK +QmTHBM; �i Q`/2`b
Q7 K�;MBim/2 HQr2` TmKT TQr2`b +QKT�`2/ iQ 7`22 bT�+2 2tT2`BK2MibX h?Bb `2bmHib BM �
;2M2`�i2/ bT2+i`�H #`B;?iM2bb T2` TmKT TQr2` Q7 mT iQ 2⇥ 10

9
pairs/(s ·MHz ·mW)- r?B+?

Bb � Ry@7QH/ BM+`2�b2 Qp2` i?2 T`2pBQmb `2+Q`/X �//BiBQM�HHv- Qm` `2bmHib �`2 �+?B2p2/ �i � Ryy@
7QH/ `2/m+2/ TmKT TQr2` �M/ 2t?B#Bi � Ry@7QH/ HQr2` #�M/rB/i? Q7 2⇡ ⇥ 6.5 MHz- r?B+? Bb
/B`2+iHv +QKT�iB#H2 rBi? �iQKB+ [m�MimK K2KQ`B2bX q2 p2`B7v i?2 MQM+H�bbB+�H +?�`�+i2` Q7
i?2 ;2M2`�i2/ T?QiQMb rBi? � Nd@7QH/ pBQH�iBQM Q7 i?2 *�m+?v@a+?r�`x BM2[m�HBivX q2 7m`i?2`
/2KQMbi`�i2 i?�i Qm` bQm`+2 +�M #2 mb2/ �b � ?2`�H/2/ bBM;H2@T?QiQM bQm`+2 rBi? � ?2`�H/2/
�miQ@+Q``2H�iBQM �b HQr �b 0.08X JQ`2Qp2`- r2 b?Qr i?�i Qm` #BT?QiQM bQm`+2 +�M #2 imM2/
iQ i?2 mHiBK�i2 �+?B2p�#H2 HBKBi Q7 ;2M2`�i2/ bT2+i`�H #`B;?iM2bb- �i r?B+? bm++2bbBp2 T?QiQM
T�B`b bi�`i iQ Qp2`H�T BM iBK2X AM i?Bb `2;BK2- i?2 T?QiQM +Q``2H�iBQMb +H2�`Hv bi�`i iQ /2pB�i2
7`QK i?2 2tT2+i2/ #2?�pBQ` 7Q` HQr #`B;?iM2bb bQm`+2bX
�b i?2 T?QiQM T�B`b �i r�p2H2M;i?b Q7 780/795 nm 2t?B#Bi Q`i?Q;QM�H TQH�`Bx�iBQMb �M/ �`2
2KBii2/ BMiQ � bBM;H2 bT�iB�H KQ/2- i?2v +�M #2 2{+B2MiHv b2T�`�i2/ �M/ BMi2`7�+2/ iQ T?QiQMB+
M2irQ`Fb �b r2HH �b �iQKB+ [m�MimK K2KQ`B2bX Pm` bQm`+2 +QK#BM2b i?2 �/p�Mi�;2b Q7
�iQKB+ 2Mb2K#H2b �M/ r�p2;mB/2 2MpB`QMK2Mib- i?mb `2T`2b2MiBM; � bi2T iQr�`/b BMi2`7�+BM;
2Mb2K#H2@#�b2/ #mBH/BM; #HQ+Fb rBi? T?QiQMB+ [m�MimK M2irQ`FbX

S`2b2Mi2` M�K2, �H2t�M/2` "`mMb

S�;2 jRj



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@eR, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.keR

o2+iQ` K�;M2iQK2i`v rBi? KB+`Qr�p2@�bbBbi2/ QTiB+�H TmKT@
BM; BM r�`K _# �iQKb
�mi?Q`b, "�?�` "�#�2BRc "2MD�KBM .X aKBi?Rc GBM/b�v CX G2"H�M+R

R lMBp2`bBiv Q7 �H#2`i�

q2 `2TQ`i � KB+`Qr�p2 �bbBbi2/ QTiB+�H p2+iQ` K�;M2iQK2i2`X Pm` K2i?Q/ Bb #�b2/ QM i?2
7`2[m2M+v /Bz2`2M+2 �M/ `2H�iBp2 �KTHBim/2b Q7 KB+`Qr�p2@QTiB+�H /Qm#H2 `2bQM�M+2b 7Q` /B7@
72`2Mi K�;M2iB+ /BTQH2 i`�MbBiBQMbX hrQ ?vT2`}M2 H2p2Hb Q7 87

Rb ;`QmM/ bi�i2 �`2 +QmTH2/
bi`QM;Hv #v � KB+`Qr�p2 }2H/ BMbB/2 � +vHBM/`B+�H KB+`Qr�p2 +�pBivX � bi`QM; TmKT #2�K
+QMM2+ib F = 2 U;`QmM/ bi�i2V iQ F = 2 U2t+Bi2/ bi�i2V- r?BH2 � KB+`Qr�p2 }2H/ Q7 7`2[m2M+v
!µ TmKTb �iQKb #2ir22M |1i = |F = 1,m1i �M/ |2i = |F = 2,m2iX h?2 Q`B2Mi�iBQM Q7 i?2
KB+`Qr�p2 }2H/ rBi? `2bT2+i iQ i?2 bi�iB+ }2H/ �z2+ib i?2 �KTHBim/2 Q7 i?2 /Qm#H2 `2bQM�M+2
T2�Fb /m2 iQ i?2 TQH�`Bx�iBQM Q7 i?2 i`�MbBiBQMb- r?B+? T`QpB/2b mb rBi? BM7Q`K�iBQM �#Qmi
i?2 /B`2+iBQM Q7 i?2 bi�iB+ }2H/X

S`2b2Mi2` M�K2, "�?�` "�#�2B

S�;2 jR9



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@ek, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.jyy

_Qi�iBQM b2MbBM; mbBM; TQBMi bQm`+2 �iQK BMi2`72`QK2i`v

�mi?Q`b, CQ2H �#`�?�KRc J�t *�`2vRc LBFQH�Qb .2/2bRc hBK 6`22;�`/2R

R lMBp2`bBiv Q7 aQmi?�KTiQM

AM SQBMi aQm`+2 �iQK AMi2`72`QK2i`v USaAV- � b2[m2M+2 Q7 _�K�M H�b2` TmHb2b BMi2`�+i rBi? �M
2tT�M/BM; #�HH Q7 +QH/ �iQKb- iQ bTHBi- `2/B`2+i �M/ `2+QK#BM2 i?2 K�ii2`@r�p2X Ai 2tTHQBib i?2
+Q``2H�iBQM #2ir22M i?2 TQbBiBQM �M/ p2HQ+Biv Q7 i?2 �iQKb iQ T`Q/m+2 � bT�iB�HHv BKT`BMi2/
BMi2`72`2M+2 T�ii2`M �+`Qbb i?2 �iQKB+ +HQm/X aBM+2 i?2 T?�b2 Q7 �iQKb +QMi�BMb BM7Q`K�iBQM
�#Qmi BM2`iB�H 2z2+ib QM i?2 bvbi2K- i?2 BMi2`72`QK2i2` +�M #2 mb2/ iQ /2i2+i �M;mH�` `�i2bX
SaA +�M i?2`27Q`2 #2 mb2/ �b � b2MbQ` i?�i +�M i�F2 K2�bm`2K2Mib 7Q` BM2`iB�H M�pB;�iBQM
�TTHB+�iBQMbX q2 TH�M iQ /2p2HQT bm+? � `Qi�iBQM b2MbQ` �M/ i2bi Qmi QTiBK�H +QMi`QH TmHb2b iQ
BKT`Qp2 i?2 T2`7Q`K�M+2 Q7 i?2 BMi2`72`QK2i2`- i�+FHBM; Bbbm2b BMpQHpBM; b+�H2 7�+iQ` BMbi�#BHBiv
�M/ HQr +QMi`�biX �b � T`2HBKBM�`v bi2T- r2 +?�`�+i2`Bb2/ i?2 `2bTQMb2 Q7 i?2 A�Z KQ/mH�iQ`
M22/2/ iQ +QMi`QH i?2 T?�b2 Q7 i?2 QTiBK�H TmHb2b- i?mb `2/m+BM; i?2 2``Q`b +�mb2/ #v TQi2MiB�H
MQMHBM2�`BiB2bX

S`2b2Mi2` M�K2, CQ2H �#`�?�K

S�;2 jR8



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@ej, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.jky

hQr�`/b bi`QM; T?QiQM@T?QiQM BMi2`�+iBQMb pB� +QH/ �iQKb
i`�TT2/ M2�` � bHQr@KQ/2 T?QiQMB+ +`vbi�H r�p2;mB/2
�mi?Q`b, �/`B2M "Qmb+�HRc �H#�M l`pQvkc J�HBF E2KB+?2jc amF�Mv� J�?�T�i`�9c Cû`ûKv "2``QB`kc
h`B/B# _�vkc LBFQb 6�v�`/8c 6�#`B+2 _�BM2`B9c E�K2H "2M+?2B+F9c �`B2H G2p2MbQM9c *?`BbiQT?2 a�mp�M8c
CmHB2M G�m`�ik

R G�#Q`�iQB`2 E�biH2` "`Qbb2H- aQ`#QMM2 lMBp2`bBiû
k G�#Q`�iQB`2 E�biH2` "`Qbb2H- aQ`#QMM2 lMBp2`bBiû- *L_a- 1La@SaG- *QHHĕ;2 /2 6`�M+2- d8yy8 S�`Bb-

6`�M+2
j AJ1S@G�>*- lMBpX :`2MQ#H2 �HT2b- lMBpX a�pQB2 JQMi "H�M+- *L_a- :`2MQ#H2 ALS- j3yyy

:`2MQ#H2- 6`�M+2
9 *2Mi`2 /2 L�MQb+B2M+2b 2i /2 L�MQi2+?MQHQ;B2b- *L_a- lMBp2`bBiû S�`Bb@a�+H�v- NRRky S�H�Bb2�m-

6`�M+2
8 G�#Q`�iQB`2 *?�`H2b 6�#`v- lMBp2`bBiû S�`Bb@a�+H�v- AP:a- *L_a- NRRkd S�H�Bb2�m- 6`�M+2

h`�TTBM; +QH/ M2mi`�H �iQKb BM +HQb2 T`QtBKBiv iQ M�MQbi`m+im`2b ?�b `�Bb2/ � H�`;2 BMi2`@
2bi BM `2+2Mi v2�`b- Tmb?BM; i?2 7`QMiB2`b Q7 +�pBiv@Z1. �M/ #QQbiBM; i?2 2K2`;2M+2 Q7 i?2
r�p2;mB/2@Z1. }2H/ Q7 `2b2�`+?X am+? TH�i7Q`Kb BMi2`7�+BM; i`�TT2/ +QH/ �iQKb �M/ ;mB/2/
HB;?i BM M�MQb+�H2 r�p2;mB/2b �`2 � T`QKBbBM; `Qmi2 iQ �+?B2p2 � `2;BK2 Q7 bi`QM; +QmTHBM;
#2ir22M HB;?i �M/ �iQKb (R)X
AM i?Bb +QMi2ti- r2 T`QTQb2 iQ BMi2`7�+2 87_# �iQKb rBi? � :�AMS r�p2;mB/2 #�b2/ QM � k.
T?QiQMB+ +`vbi�H r�p2;mB/2 US*qV (k)X h?2 T2`BQ/B+ �`�M;2K2Mi Q7 ?QH2b �HHQrb iQ b?�T2
i?2 /BbT2`bBQM `2H�iBQM �M/ 2M;BM22` bHQr@KQ/2b (j)- r?Qb2 BMi2`�+iBQM rBi? [m�MimK 2KBii2`b
rQmH/ #2 2M?�M+2/- �HHQrBM; 7Q` bi`QM; +QmTHBM; 2p2M BM bBM;H2 T�bbX �i i?2 b�K2 iBK2- ;mB/2/
KQ/2b �`2 mb2/ iQ 7Q`K /BTQH2 i`�Tb 7Q` i?2 �iQKb- � +`m+B�H `2[mB`2K2Mi 7Q` �+?B2pBM; bi`QM;
+QmTHBM;X h?2 +QmTHBM; Q7 i?2 �iQKb iQ i?2 r�p2;mB/2 +�M #2 +?�`�+i2`Bx2/ #v i?2 Sm`+2HH
7�+iQ`- r?B+? `2H�i2b i?2 /2+�v `�i2 Q7 i?2 �iQKb BMiQ i?2 ;mB/2/ KQ/2 iQ i?2 QM2 BMiQ 7`22
bT�+2X �i `2�HBbiB+ /Bbi�M+2b � Ryy MK 7`QK i?2 r�p2;mB/2 bm`7�+2- 6.h. +�H+mH�iBQMb `2p2�H
i?�i Sm`+2HH 7�+iQ`b �b ?B;? �b 8 +�M #2 2tT2+i2/X

JQ`2Qp2`- /BbT2`bBQM 2M;BM22`BM; #v imMBM; i?2 ;2QK2i`B+�H T�`�K2i2`b Q7 i?2 S*q +�M H2�/
iQ � +QMbi�Mi ;`QmT BM/2t M; � jy Qp2` � `�M;2 Q7 R8 MK- +2Mi2`2/ �`QmM/ �Rb,D2 4 d3y MK-
K�FBM; i?2 /2bB;M KQ`2 `Q#mbi iQ 7�#`B+�iBQM BKT2`72+iBQMbX q2 BMi`Q/m+2 � bi�#H2 i`�TTBM;
b+?2K2 �`QmM/ Qm` S*q 7Q` 87_# �iQKb #�b2/ QM �M 2p�M2b+2Mi irQ@+QHQ` /BTQH2 i`�T 7Q`K2/
#v 7�bi ;mB/2/ KQ/2bX
h?Bb +QM};m`�iBQM r�b +QKTmi2/ i?�MFb iQ M�MQi`�TTv (9)- � Svi?QM T�+F�;2 /2p2HQT2/
#v Qm` ;`QmT- iQ /2bB;M- +�H+mH�i2 �M/ QTiBKBx2 /BTQH2 i`�Tb �`QmM/ M�MQb+�H2 r�p2;mB/2b-
K�FBM; i?2 b2�`+? T`Q+2bb 7�bi2` �M/ KQ`2 bvbi2K�iB+X 1tT2`BK2Mi�H `2�HBx�iBQM Q7 i?2 +QH/
�iQKb bvbi2K Bb QM;QBM; �M/ T`QKBbBM; }`bi bi`m+im`2b �`2 #2BM; +?�`�+i2`Bx2/X
(R) .X 1X *?�M;- 2i �HX- _2pX JQ/X S?vbX- Ny- yjRyyk UkyR3V
(k) sX w�M;- 2i �HX- S?vbX _2pX �TTHX- 8- yk9yyj UkyReV
(j) _X .X J2�/2- 2i �HX- S?QiQMB+ +`vbi�Hb, JQH/BM; i?2 ~Qr Q7 HB;?i Ukyy3V
(9) CX "2``QB`- �X "Qmb+�H- 2i �HX- S?vbX _2pX _2b2�`+?- 9- yRjydN UkykkV

S`2b2Mi2` M�K2, �/`B2M "Qmb+�H

S�;2 jRe



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@e9, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.j8y

�iQKB+ �``�vb /`Bp2M #v #`Q�/#�M/ b[m22x2/ HB;?i
�mi?Q`b, _B+�`/Q :miB2``2x@C�m`2;mBRc �M� �b2MDQ@:�`+B�R

R *QHmK#B� lMBp2`bBiv

AM i?Bb i?2Q`2iB+�H rQ`F r2 /2b+`B#2 i?2 2pQHmiBQM Q7 �M �iQKB+ �``�v /`Bp2M #v #`Q�/#�M/
b[m22x2/ HB;?iX S?QiQMb BM � b[m22x2/ }2H/ �`2 +`2�i2/ �b +Q``2H�i2/ T�B`b- i?mb H2�/BM; iQ �
T?�b2@b2MbBiBp2 �KTHB}+�iBQM �M/ /2�KTHB}+�iBQM Q7 ~m+im�iBQMbX h?2b2 ~m+im�iBQMb /2T2M/
QM i?2 b[m22xBM; K2+?�MBbK �M/ i?2 bT�iB�H bi`m+im`2 Q7 i?2 KQ/2b +�``vBM; i?2 +Q``2H�i2/
T�B`b (R@j)X "v bT`2�/BM; b2p2`�H �iQKb rBi?BM i?Bb 2MpB`QMK2Mi- r2 �`2 �#H2 iQ T`Q#2 i?2
HQ+�H bi`m+im`2 Q7 i?2 }2H/ �i /Bz2`2Mi TQBMib �M/ bim/v Bib mM/2`HvBM; i2KTQ`�H �M/ bT�iB�H
+Q``2H�iBQMbX q2 b?Qr i?�i- HBF2 i?2 b[m22x2/ bQm`+2 BHHmKBM�iBM; i?2K- �iQKb +Q``2H�i2 BM
T�B`b iQ 7Q`K � +QHH2+iBp2 bi�i2 i?�i /Bb2Mi�M;H2b 7`QK Bib 2MpB`QMK2MiX "2BM; /2i�+?2/ 7`QK
i?2 2MpB`QMK2Mi- �iQKb #2+QK2 i`�TT2/ BM i?Bb bi�i2- i?mb BM+`2�bBM; i?2 Tm`Biv Q7 i?2 bvbi2K
�b iBK2 �/p�M+2bX 6Q` i?Bb iQ ?�TT2M- ?Qr2p2`- �iQKb ?�p2 iQ #2 TH�+2/ �i TQBMib r?2`2 i?2
+Q``2H�iBQMb Q7 i?2 }2H/ �`2 K�tBKBx2/X q2 2tTHQ`2 i?2b2 TQBMib �M/ /Bb+mbb i?2 bi2�/v bi�i2b
7Q`K2/ QmibB/2 Q7 i?2KX

h?Bb rQ`F #mBH/b mTQM � `2+2Mi i`2M/ r?2`2 i?2 +QHH2+iBp2 `�/B�iBQM Q7 �iQKB+ 2Mb2K#H2b Bb
mb2/ �b � iQQH iQ 2ti2M/ i?2 bi�M/�`/ i?2Q`v Q7 [m�MimK QTiB+b iQ �++QmMi 7Q` #Qi? bT�iB�H
�M/ i2KTQ`�H +Q``2H�iBQMb Q7 HB;?iX
(R) *X qX :�`/BM2`- S?vbX _2pX G2iiX 8e- RNRd URN3eVX
(k) >X CX *�`KB+?�2H- �X aX G�M2- �M/ .X 6X q�HHb- S?vbX _2pX G2iiX 83- k8jN URN3dVX
(j) EX qX Jm`+?- aX CX q2#2`- EX JX "2+F- 1X :BMQbb�`- �M/ AX aB//B[B- L�im`2 9NN- ek
UkyRjVX

S`2b2Mi2` M�K2, :miB2``2x@C�m`2;mB- _B+�`/Q

S�;2 jRd



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@8d, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.kN

Zm�bB@"A* KQ/2 H�bBM; BM � [m�/`mK2` TH�bKQMB+ H�iiB+2

�mi?Q`b, _2#2++� >2BHK�MMRc :`�xB� a�H2`MQRc C�pB2` *m2`/�Rc hQKKB EX >�F�H�kc S BpB hƺ`K R

R ��HiQ lMBp2`bBiv
k lMBp2`bBiv Q7 1�bi2`M 6BMH�M/

SH�bKQMB+ H�iiB+2b Q7 K2i�H M�MQT�`iB+H2b ?�p2 2K2`;2/ �b �M 2z2+iBp2 TH�i7Q`K 7Q` bi`QM;
HB;?i@K�ii2` +QmTHBM;- H�bBM;- �M/ "Qb2@1BMbi2BM +QM/2Mb�iBQMX >Qr2p2`- i?2 7mHH TQi2MiB�H
Q7 +QKTH2t mMBi +2HH bi`m+im`2b ?�b MQi #22M 2tTHQBi2/X PM i?2 Qi?2` ?�M/- #QmM/ bi�i2b BM
+QMiBMmmK U"A*bV ?�p2 �ii`�+i2/ �ii2MiBQM- �b i?2v T`QpB/2 iQTQHQ;B+�HHv T`Qi2+i2/ QTiB+�H
KQ/2b rBi? /Bp2`;BM; [m�HBiv 7�+iQ`bX >2`2- r2 b?Qr i?�i [m�/`mK2` M�MQT�`iB+H2 H�iiB+2b
2M�#H2 H�bBM; BM � [m�bB@"A* KQ/2 rBi? � ?B;?Hv Qmi@Q7@TH�M2 +?�`�+i2`X "v +QK#BMBM; i?2@
Q`v rBi? TQH�`Bx�iBQM@`2bQHp2/ K2�bm`2K2Mib Q7 i?2 2KBbbBQM- r2 b?Qr i?�i i?2 H�bBM; KQ/2
?�b � iQTQHQ;B+�H +?�`;2X Pm` �M�HvbBb `2p2�Hb i?�i i?2 KQ/2 Bb T`BK�`BHv TQH�`Bx2/ Qmi@Q7@
TH�M2 �b � `2bmHi Q7 i?2 [m�/`mK2` bi`m+im`2X h?2 [m�HBiv 7�+iQ`b Q7 i?2 Qmi@Q7@TH�M2 "A*
KQ/2b Q7 i?2 [m�/`mK2` �``�v +�M #2 2t+22/BM;Hv ?B;?X Pm` `2bmHib mMp2BH i?2 TQr2` Q7
+QKTH2t KmHiBT�`iB+H2 mMBi +2HHb BM +`2�iBM; iQTQHQ;B+�HHv T`Qi2+i2/ ?B;?@Z KQ/2b BM T2`BQ/B+
M�MQbi`m+im`2bX

S`2b2Mi2` M�K2, a�H2`MQ :`�xB�

S�;2 jR3



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@83, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.9y

*QHH2+iBp2 2t+Bi�iBQM �M/ /2+�v Q7 r�p2;mB/2@+QmTH2/ �iQKb,
7`QK iBK2/ .B+F2 bi�i2b iQ BMp2`i2/ 2Mb2K#H2b
�mi?Q`b, *?`BbiB�M GB2/HRc a2#�biB�M Sm+?2`Rc 62HBt h2##2MDQ?�MMbRc S?BHBTT a+?M22r2Bbbkc �`MQ
_�mb+?2M#2mi2Hk

R >mK#QH/i lMBp2`bBiv Q7 "2`HBM
k >mK#QH/i lMBp2`bBiv "2`HBM

h?2 +QHH2+iBp2 �#bQ`TiBQM �M/ 2KBbbBQM Q7 HB;?i #v �M 2Mb2K#H2 Q7 �iQKb Bb �i i?2 ?2�`i Q7
K�Mv 7mM/�K2Mi�H [m�MimK QTiB+�H 2z2+ib �M/ i?2 #�bBb 7Q` MmK2`Qmb �TTHB+�iBQMbX >Qr2p2`-
#2vQM/ r2�F 2t+Bi�iBQM- #Qi? 2tT2`BK2Mi �M/ i?2Q`v #2+QK2 BM+`2�bBM;Hv +?�HH2M;BM;X >2`2-
r2 2tTHQ`2 i?2 `2;BK2b 7`QK r2�F 2t+Bi�iBQM iQ BMp2`bBQM rBi? 2Mb2K#H2b Q7 mT iQ QM2 i?Qmb�M/
�iQKb i?�i �`2 i`�TT2/ �M/ QTiB+�HHv BMi2`7�+2/ mbBM; i?2 2p�M2b+2Mi }2H/ bm``QmM/BM; �M
QTiB+�H M�MQ}#2`X q2 `2�HBx2 bi`QM; BMp2`bBQM- rBi? �#Qmi 3yW Q7 i?2 �iQKb #2BM; 2t+Bi2/-
�M/ bim/v i?2B` bm#b2[m2Mi `�/B�iBp2 /2+�v BMiQ i?2 ;mB/2/ KQ/2bX h?2 /�i� Bb p2`v r2HH
/2b+`B#2/ #v � bBKTH2 KQ/2H i?�i �bbmK2b � +�b+�/2/ BMi2`�+iBQM Q7 i?2 ;mB/2/ HB;?i rBi? i?2
�iQKbX Pm` `2bmHib +QMi`B#mi2 iQ i?2 7mM/�K2Mi�H mM/2`bi�M/BM; Q7 i?2 +QHH2+iBp2 BMi2`�+iBQM
Q7 HB;?i �M/ K�ii2` �M/ �`2 `2H2p�Mi 7Q` �TTHB+�iBQMb `�M;BM; 7`QK [m�MimK K2KQ`B2b iQ
bQm`+2b Q7 MQM+H�bbB+�H HB;?i iQ QTiB+�H 7`2[m2M+v bi�M/�`/bX

S`2b2Mi2` M�K2, *?`BbiB�M GB2/H

S�;2 jRN



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@8N, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.dy

PM@+?BT i`�TT2/ +QH/ �iQK BMi2`72`QK2i2` rBi? bT�iB�H bTHBi@
iBM;
�mi?Q`b, "2MD�KBM qBib+?�7i2`Rc *X AX q2bi#`QQFkc J�ii?B2m .mTQMi@LBp2iR

R h?�H2b
k G*6

aBM+2 i?2 NyǶb- K�Mv H�#Q`�iQ`B2b ?�p2 /2p2HQT2/ �iQK BMi2`72`QK2i2`b iQ b2Mb2 �++2H2`�iBQMb
�M/ `Qi�iBQMb (R)X 6Q` K�Mv �TTHB+�iBQMb- bK�HH +QKT�+i /2pB+2b �`2 /2bB`�#H2- �M/ i?2 �iQK
+?BT (k) �TT2�`b iQ Qz2` � T�i? iQr�`/b KBMB�im`Bx�iBQMX JQ`2Qp2`- T2`7Q`KBM; i?2 BMi2`@
72`QK2i`v b2[m2M+2 QM@+?BT rBi? i`�TT2/ �iQKb /2+QmTH2b i?2 b2MbBiBpBiv Q7 i?2 b2MbQ` 7`QK
Bib bBx2- �HHQrBM; BM T`BM+BTH2- H�`;2` BMi2``Q;�iBQM iBK2b r?BH2 b?`BMFBM; i?2 /2pB+2Ƕb bBx2X Ai
?�b #22M b?QrM i?�i �++2H2`�iBQMb +�M #2 b2Mb2/ 7`QK � _�Kb2vǶb BMi2`72`QK2i2` #v bT�iB�HHv
bTHBiiBM; i?2 irQ bi�i2b Q7 i?2 �iQKb /m`BM; i?2 BMi2``Q;�iBQM iBK2 (j)X h?Bb +�M #2 /QM2 #v
b2T�`�iBM; i?2 irQ bi�i2b- mbBM; bi�i2 b2H2+iBp2- M2�`@}2H/ KB+`Qr�p2 ;`�/B2Mib 7`QK � +QTH�M�`
r�p2;mB/2 (9-8)X

q2 ?�p2 `2+2MiHv /2KQMbi`�i2/ bi�i2@b2H2+iBp2 /BbTH�+2K2Mib Q7 � irQ +QKTQM2Mi i?2`K�H
+HQm/ mbBM; +QTH�M�` r�p2;mB/2bX h?2 b2T�`�iBQM Q7 i?2 BMi2`M�H bi�i2b Bb b2p2`�H KB+`QMb �M/
r2 ?�p2 Q#b2`p2/ BMi2`72`2M+2 7`BM;2b mTQM `2+QK#BM�iBQM b?QrBM; i?�i i?2 b2T�`�iBQM r�b
+Q?2`2MiX q2 ?�p2 �HbQ bim/B2/ i?2 7`BM;2 +QMi`�bi �b � 7mM+iBQM Q7 +HQm/ i2KT2`�im`2X
(R) _B2?H2 2i �HX- S?vbX _2pX G2iiX ed- Rdd URNNRV
(k) _2B+?2H 2i �HX- S?vbX _2pX G2iiX 3j- jjN3 URNNNV
(j) .mTQMi@LBp2i 2i �HX- L2r CX S?vbX R3 RRjyRk UkyReV
(9) �KK�` 2i �HX- S?vbX _2pX �- NR,y8jekj UkyR8V
(8) "ƺ?B 2i �HX- �TTHX S?vbX G2iiX Nd- y8RRyR UkyRyV

S`2b2Mi2` M�K2, qA_ha*>�6h1_ "2MD�KBM

S�;2 jky



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@ey, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.3k

Zm�MimK MQMHBM2�` QTiB+b BM �iQKB+ /m�H �``�vb
�mi?Q`, aBKQM S�Mv2HH� S2/2`b2MR

*Q@�mi?Q`b, GB/� w?�M; Rc h?QK�b SQ?H R

R **Z- .S�- �l- .E

am#@r�p2H2M;i? �``�vb Q7 �iQKb ?�p2 #22M b?QrM iQ ?�p2 `2K�`F�#H2 QTiB+�H T`QT2`iB2b- HBF2
M2�` T2`72+i `2~2+iBQM �M/ HQr /Bz`�+iBQM HQbbX >Qr2p2`- i?2 +QHH2+iBp2 2z2+ib `2bmHiBM; BM
i?2b2 T`QT2`iB2b �HbQ b2`p2 iQ r�b? Qmi i?2 Qi?2`rBb2 bi`QM; mM/2`HvBM; MQMHBM2�`Biv Q7 i?2
�iQKb- `2M/2`BM; i?2 �``�vb H�`;2Hv HBM2�`X q2 ?�p2 7QmM/ i?�i #v TmiiBM; iQ;2i?2` irQ
�``�vb r2 +�M `2+Qp2` � bi`QM; MQMHBM2�`Biv pB� �M 2K2`;2Mi +�pBiv@HBF2 #2?�pBQm` rBi? � H�`;2
/2H�v iBK2 i?�i �HHQrb T?QiQMb iQ BMi2`�+i bi`QM;Hv #27Q`2 #2BM; 2KBii2/ 7`QK i?2 bvbi2KX
am+? � [m�MimK K2i�bm`7�+2 QT2Mb mT M2r TQbbB#BHBiB2b 7Q` K�MBTmH�iBM; MQM+H�bbB+�H HB;?i-
7`QK BKTH2K2MiBM; [m�MimK BM7Q`K�iBQM QT2`�iBQMb iQ bBKmH�iBM; K�Mv@#Q/v T?vbB+b rBi?
BMi2`�+iBM; T?QiQMbX

S`2b2Mi2` M�K2, aBKQM S�Mv2HH� S2/2`b2M

S�;2 jkR



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@eR, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.R3R

h`�+FBM; i?2 p2+iQ` �++2H2`�iBQM rBi? � ?v#`B/ [m�MimK �+@
+2H2`QK2i2` i`B�/
�mi?Q`, "`vMH2 "�``2iiR

*Q@�mi?Q`b, aBKQM h2KTHB2` kc SB2``B+F *?2BM2v kc Zm2MiBM /Ƕ�`K�;M�+ /2 *�bi�M2i jc "�TiBb2
:Qm`�m/ kc >2M`B SQ`i2 kc 6�#B2M L�TQHBi�MQ kc "�TiBbi2 "�ii2HB2` jc S?BHBTT2 "Qmv2` j

R lMBp2`bBiv Q7 L2r "`mMbrB+F
k Bs#Hm2
j GSkL

_Q#mbi �M/ �++m`�i2 i`�+FBM; Q7 �++2H2`�iBQM `2K�BMb � +?�HH2M;BM; T`Q#H2K BM K�Mv }2H/bX
6Q` ;2Q/2bv- ;2QT?vbB+b Q` mM/2`;`QmM/ 2tTHQ`�iBQM- T`2+Bb2 K�TTBM; Q7 ;`�pBiv `2[mB`2b i?2
mb2 Q7 QM#Q�`/ ;`�pBK2i2`b Q` ;`�/BQK2i2`b �b r2HH �b BM2`iB�H M�pB;�iBQM bvbi2Kb iQ +QKTmi2
�++m`�i2 TQbBiBQMBM; BM7Q`K�iBQM 7`QK +H�bbB+�H �++2H2`QK2i2`b �M/ ;v`Qb+QT2bX Zm�MimK
b2MbQ`b #�b2/ QM +QH/@�iQK BMi2`72`QK2i`v ?QH/ 2MQ`KQmb TQi2MiB�H iQ T`QpB/2 bm+? ?B;?@
T`2+BbBQM BMbi`mK2MibX >Qr2p2`- i?2b2 BM?2`2MiHv b+�H�` b2MbQ`b Kmbi #2 T`2+Bb2Hv �HB;M2/ rBi?
i?2 �++2H2`�iBQM p2+iQ` Q7 BMi2`2biX AM i?Bb rQ`F- r2 T`2b2Mi i?2 }`bi i?`22@�tBb �++2H2`QK2i2`
2tTHQBiBM; i?2 [m�MimK �/p�Mi�;2 iQ K2�bm`2 i?2 7mHH �++2H2`�iBQM p2+iQ` UK�;MBim/2 �M/
/B`2+iBQMVX q2 /2KQMbi`�i2 � ?B;? /�i� `�i2 UR F>xV b2MbQ` rBi? � K�;MBim/2 �++m`�+v #2HQr
Ry µg- �M/ � TQBMiBM; �++m`�+v Q7 9 µ`�/ `2H�iBp2 iQ 2�+? �tBbX h?Bb Bb �+?B2p2/ #v b2[m2MiB�HHv
�TTHvBM; i?`22 �iQK BMi2`72`QK2i2` b2[m2M+2b �HQM; i?2 Kmim�HHv@Q`i?Q;QM�H �t2b Q7 � i`B�/X
"v BMi2;`�iBM; M�pB;�iBQM@;`�/2 +H�bbB+�H �++2H2`QK2i2`b QM 2�+? �tBb- r2 +QMbi`m+i � +QKT�+i
�M/ `Q#mbi ?v#`B/ p2+iQ` �++2H2`QK2i2`X q2 +?�`�+i2`Bx2 i?2 mHi`�@HQr #B�b Q7 Qm` i`B�/ �M/
i`�+F i?2 ;`�pBi�iBQM�H �++2H2`�iBQM p2+iQ` Qp2` HQM; iBK2b+�H2bX q2 /2KQMbi`�i2 � bi�#BHBiv
Q7 6⇥ 10

�8 g QM i?2 p2+iQ` MQ`K �7i2` k9 ?X h?Bb +Q``2bTQM/b iQ � 8y@7QH/ BKT`Qp2K2Mi Qp2`
i?�i T`QpB/2/ #v Qm` +H�bbB+�H �++2H2`QK2i2`bX h?Bb T�p2b i?2 r�v iQr�`/ 7mim`2 bi`�T/QrM
�TTHB+�iBQMb rBi? [m�MimK b2MbQ`b �M/ ?B;?HB;?ib i?2B` TQi2MiB�H �b 7mim`2 ?B;?@;`�/2- BM2`iB�H
M�pB;�iBQM mMBibX

S`2b2Mi2` M�K2, "`vMH2 "�``2ii

S�;2 jkk



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@ek, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.k8y

*QM/BiBQMb 7Q` bmT2`HmKBM�H HB;?i T`QT�;�iBQM BM � i?`22@
H2p2H K2/BmK
�mi?Q`b, SBQi` :ƈ�/vbxRc axvKQM Smbi2HMvkc E�`QHBM� aƈQrBFR

R AMbiBimi2 Q7 S?vbB+b- 6�+mHiv Q7 S?vbB+b- �bi`QMQKv �M/ AM7Q`K�iB+b- LB+QH�mb *QT2`MB+mb lMBp2`bBiv
BM hQ`mƖ- :`m/xB�/xF� 8- 3d@Ryy hQ`mM- SQH�M/

k AMbiBimi2 Q7 S?vbB+b- C�;B2HHQMB�M lMBp2`bBiv- ƇQD�bB2rB+x� RR- jy@j93 E`�FƦr- SQH�M/

h?2 BMp2biB;�iBQM Q7 T`QT�;�iBQM Q7 TmHb2b BM QTiB+�HHv /`2bb2/ K2/B� Bb QM2 Q7 i?2 KQbi #�bB+
T`Q#H2Kb BM QTiB+bX A rBHH �M�Hvx2 � M2r bmT2`HmKBM�H T`QT�;�iBQM `2;BK2 BM i?2 H�//2`@ivT2
i?`22@H2p2H bvbi2Kb M2�` � irQ@T?QiQM `2bQM�M+2 r?2`2 �M �MQK�HQmb /BbT2`bBQM �TT2�`b �+@
+QKT�MB2/ #v � bK�HH �#bQ`TiBQMX h?2b2 +QM/BiBQMb �`2 M2+2bb�`v iQ �+?B2p2 ;`QmT p2HQ+BiB2b
;`2�i2` i?�M i?2 bT22/ Q7 HB;?i BM � p�+mmK (vg > c) Q` M2;�iBp2 (vg < 0)X AM Q`/2` iQ �+?B2p2
i?2b2 +QM/BiBQMb- T`2pBQmb rQ`Fb 2tTHQBi2/ TQTmH�iBQM BMp2`bBQM- �//BiBQM�H }2H/b- �M/ +QKTHB@
+�i2/ H2p2H +QM};m`�iBQMbX >2`2- A rBHH /2KQMbi`�i2 bmT2`HmKBM�HBiv +�M #2 `2�+?2/ i?`Qm;?
� `2H�iBp2Hv bBKTH2 b+2M�`BQX

6B;m`2 R, G�//2`@ivT2 i?`22@H2p2H bvbi2K rBi? K�`F2/ T`Q#2 �M/ +QMi`QH }2H/b- �M/
/2imMBM;b �p = !ba � !p �M/ �c = !ac � !cX h?2 irQ@T?QiQM@`2bQM�M+2 +QM/BiBQM `2�/b
�p + �c = 0X

Pm` KQ/2H Bb � QM2@/BK2MbBQM�H K2/BmK +QMbBbiBM; Q7 i?`22@H2p2H bvbi2Kb rBi? i?2 2M2`;v
H2p2Hb +QM};m`�iBQM bF2i+?2/ BM 6B;X RX h?2`2 �`2 2H2+i`B+@/BTQH2@�HHQr2/ i`�MbBiBQMb |bi ! |ai
rBi? �M 2M2`;v h̄!ba- |ai ! |ci rBi? �M 2M2`;v h̄!ac �M/ �M 2H2+i`B+@/BTQH2@7Q`#B//2M i`�MbBiBQM
|bi 6! |ciX h?2 HQr2` H2p2Hb �`2 +QmTH2/ #v i?2 T`Q#2 }2H/ ⌦p(z, t) UrBi? +�``B2` 7`2[m2M+v !pV-
�M/ i?2 mTT2` QM2b �`2 /`Bp2M #v i?2 +QMi`QH }2H/ ⌦c(z, t) UrBi? +�``B2` 7`2[m2M+v !cVX A rBHH
b?Qr i?�i iQ 2bi�#HBb? i?2 #2bi T2`7Q`K�M+2 r2 ?�p2 iQ b2i �c iQ #2 ?mM/`2/b Q7 iBK2b ;`2�i2`
i?�M i?2 rB/i? Q7 i?2 2M2`;v H2p2Hb bQ r2 �`2 7�` 7`QK i?2 BM~m2M+2 Q7 i?2 bBM;H2@T?QiQM
`2bQM�M+2X

AM i?2 MmK2`B+�H bBKmH�iBQMb- r2 +?Qb2 � `2�H@HB72 2t�KTH2 Q7 `m#B/BmK p�TQ` BM � L = 5

+K HQM; +2HH r2HH �TT`QtBK�i2/ #v � QM2@/BK2MbBQM�H KQ/2HX hQ QTiBKBx2 i?2 +QM/BiBQMb 7Q`
bmT2`HmKBM�H T`QT�;�iBQM BM i2`Kb Q7 i?2 +QMi`QH }2H/ T`QT2`iB2b �c- ⌦c- r2 BMi`Q/m+2 i?2
T�`�K2i2`

�(�c,⌦c) =

✓
1�min

�p
(ng(�p, �c,⌦c))

◆⇣
e�

!p
2c �ab(�

min
p ,�c,⌦c)L

⌘4

,

r?2`2 ng Bb i?2 ;`QmT BM/2t U`2H�i2/ iQ ;`QmT p2HQ+Biv #v i?2 7Q`KmH� vg = c/ngV �M/ �ab Bb
i?2 2H2+i`B+ bmb+2TiB#BHBiv Q7 i?2 K2/BmKX h?2 H27i #`�+F2i bBKTHv K�tBKBx2b ;`QmT p2HQ+Biv

S�;2 jkj



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

BM i?2 ;Bp2M +QM/BiBQMb r?BH2 i?2 `B;?i QM2 /2b+`B#2b �#bQ`TiBQMX h?2 7Q`i? TQr2` 7Q`+2b
�#bQ`TiBQM iQ #2 MQ KQ`2 i?�M kyW iQ T`2p2Mi TmHb2 /BbiQ`iBQMbX

�b � `2bmHi- r2 +QK2 mT rBi? 6B;X k� r?2`2 i?2 ;`2�i2` i?2 p�Hm2 Q7 i?2 T�`�K2i2` �- i?2
#2ii2` i?2 bmT2`HmKBM�H +QM/BiBQMbX h?2 TQBMi 7Q` r?B+? r2 �M�Hvx2 i?2 T`QT�;�iBQM BM 6B;
k# �M/ k+ Bb K�`F2/ rBi? i?2 r?Bi2 THmb bB;MX q2 +QMbB/2` �M BMTmi :�mbbB�M TmHb2 rBi?
i?2 +�``B2` 7`2[m2M+v M2�` irQ@T?QiQM `2bQM�M+2X 6B;X k# b?Qrb TmHb2 b?�T2b �i i?2 2M/ Q7
i?2 b�KTH2 7Q` b2p2`�H /2imMBM;b �p b2H2+i2/ iQ #2 M2�` irQ@T?QiQM `2bQM�M+2- �M/ BM/22/-
i?2 �#bQ`TiBQM Bb HBKBi2/ �b 2tT2+i2/X 6BM�HHv- BM 6B;X k+- r2 ?�p2 ;`QmT BM/2t �b � 7mM+iBQM
Q7 /2imMBM; �p- ?2M+2- r2 ?�p2 2pB/2M+2 i?�i M2�` i?2 irQ@T?QiQM `2bQM�M+2 bmT2`HmKBM�H
T`QT�;�iBQM Q++m`b �b ng p�Hm2b �`2 r2HH #2HQr QM2 U;`2v `2;BQMVX

AM Kv +QMi`B#miBQM- A rBHH T`2b2Mi � KQ`2 +QKT`2?2MbBp2 /Bb+mbbBQM Q7 bmT2`HmKBM�H T`QT�;�@
iBQM `2;BK2bX

6B;m`2 k, �X �mtBHB�`v T�`�K2i2` �(�c,⌦c) rBi? � TQBMi +?Qb2M 7Q` 7m`i?2` BMp2biB;�iBQM
K�`F2/ #v � THmb bB;MX *QMi`QH }2H/ /2imMBM; Bb T`2b2Mi2/ BM mMBib Q7 i?2 KB//H2@H2p2H
rB/i? �aaX #X a?�T2b Q7 i?2 T`Q#2 TmHb2b �i i?2 2M/ Q7 i?2 b�KTH2 7Q` b2p2`�H /2imMBM;
p�Hm2b U/Bz2`2Mi +QHQ`bV M2�` irQ@T?QiQM `2bQM�M+2X +X :`QmT BM/2t �b � 7mM+iBQM Q7
/2imMBM; Q7 i?2 T`Q#2 }2H/X h?2 ;`�v �`2� BM/B+�i2b i?2 bmT2`HmKBM�H `2;BK2X

S`2b2Mi2` M�K2, SBQi` :ƈ�/vbx

S�;2 jk9



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@ej, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.ke9

>Qr Km+? iBK2 /Q `2bQM�Mi T?QiQMb bT2M/ �b �iQKB+ 2t+B@
i�iBQMb #27Q`2 #2BM; i`�MbKBii2/\
�mi?Q`b, EvH2 h?QKTbQMRc E2?mB GBRc .�MB2H� �M;mHQ Jm`+BHHQRc oB/�@JB+?2HH2 LBtQMRc CQbB�? aBM+H�B`kc
>Qr�`/ qBb2K�Mjc �2T?`�BK ai2BM#2`;R

R lMBp2`bBiv Q7 hQ`QMiQ
k JAh
j :`B{i? lMBp2`bBiv

q?2M � bBM;H2 T?QiQM i`�p2`b2b � +HQm/ Q7 k@H2p2H �iQKb QM `2bQM�M+2- ?Qr Km+? iBK2 /Q2b Bi
bT2M/ �b �M �iQKB+ 2t+Bi�iBQM- �b K2�bm`2/ #v r2�FHv T`Q#BM; i?2 �iQKb\ Ai im`Mb Qmi i?�i
i?2 �Mbr2`- QM �p2`�;2- Bb bBKTHv i?2 bTQMi�M2Qmb HB72iBK2- KmHiBTHB2/ #v i?2 T`Q#�#BHBiv Q7
i?2 T?QiQM #2BM; b+�ii2`2/ BMiQ � bB/2 KQ/2X Ai Bb i2KTiBM; iQ BM72` 7`QK i?Bb i?�i T?QiQMb
i?�i �`2 b+�ii2`2/ bT2M/- QM �p2`�;2- QM2 bTQMi�M2Qmb HB72iBK2 �b �M �iQKB+ 2t+Bi�iBQM- �M/
T?QiQMb i?�i �`2 i`�MbKBii2/ i?`Qm;? i?2 +HQm/ bT2M/ MQ iBK2 �i �HH �b �M �iQKB+ 2t+Bi�@
iBQMX Pm` `2+2Mi 2tT2`BK2Mi�H rQ`F (S_s Zm�MimK j- yRyjR9) b?Qrb i?�i i?Bb BM72`2M+2 Bb
BM+Q``2+i- �M/ i?�i i`�MbKBii2/ T?QiQMb /Q bT2M/ iBK2 �b �iQKB+ 2t+Bi�iBQMbX >Qr2p2`- �
+QKTH2i2 i?2Q`2iB+�H i`2�iK2Mi Q7 i?2 QT2M@bvbi2K /vM�KB+b 7Q` bm+? � bvbi2K ?�b M2p2`- iQ
Qm` FMQrH2/;2- #22M +�``B2/ QmiX q2 2t�KBM2 i?Bb T`Q#H2K mbBM; i?2 r2�F@p�Hm2 7Q`K�HBbK-
�M/ }M/ i?�i i?2 iBK2 i?�i � i`�MbKBii2/ T?QiQM bT2M/b �b �M �iQKB+ 2t+Bi�iBQM Bb 2[m�H iQ
i?2 ;`QmT /2H�v 2tT2`B2M+2/ #v i?2 T?QiQMX am`T`BbBM;Hv- i?Bb 2[mBp�H2M+2 `2K�BMb i`m2 2p2M
7Q` `2bQM�Mi- M�``Qr#�M/ T?QiQMb- 7Q` r?B+? i?2 ;`QmT /2H�v Bb M2;�iBp2X q2 �HbQ /2i2`KBM2
i?2 +Q``2bTQM/BM; iBK2 7Q` b+�ii2`2/ T?QiQMb- r?B+? im`Mb Qmi iQ #2 `2H�i2/ iQ i?2 ǳqB;M2`
iBK2Ǵ �bbQ+B�i2/ rBi? 2H�biB+ b+�ii2`BM;X h?Bb rQ`F T`QpB/2b BMbB;?i BMiQ i?2 +QKTH2t ?BbiQ`B2b
Q7 T?QiQMb i`�p2HHBM; i?`Qm;? �#bQ`TiBp2 K2/B�X

S`2b2Mi2` M�K2, EvH2 h?QKTbQM

S�;2 jk8



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@e9, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.jyj

1``Q` #m/;2i BM +QH/ �iQK@#�b2/ BM2`iB�H b2MbQ`b
�mi?Q`b, LBFQH�Qb .2/2bRc CQ2H �#`�?�K Rc J�t *�`2vRc C�+F a�vr2HHRc AHv� EmT`QpRc hBK 6`22;�`/2R

R lMBp2`bBiv Q7 aQmi?�KTiQM

*QH/ �iQK@#�b2/ i2+?MQHQ;v T`QKBb2b � M2r ;2M2`�iBQM Q7 M�pB;�iBQM bvbi2Kb TQi2MiB�HHv
bmBi�#H2 7Q` :HQ#�H L�pB;�iBQM a�i2HHBi2 avbi2K@/2MB2/ 2MpB`QMK2MibX >Qr2p2`- /2bTBi2 i?2
T`QKBb2 Q7 bmT2`BQ` BM2`iB�H M�pB;�iBQM +�T�#BHBiB2b- � +Q``2+i B/2MiB}+�iBQM �M/ [m�MiB}+�iBQM
Q7 i?2 2``Q`b Kmbi #2 +�``B2/ Qmi iQ �bb2bb r?�i �M/ ?Qr bvbi2K T�`�K2i2`b �z2+i i?2 b2MbQ`
T2`7Q`K�M+2X AM i?Bb +QMi2ti- b2MbBiBpBiv 7mM+iBQM `2T`2b2Mib � i?2Q`2iB+�H iQQH i?�i �HHQrb
iQ [m�MiB7v i?2 QmiTmi Q7 � *QH/ �iQK@#�b2/ AM2`iB�H a2MbQ` BM i2`Kb Q7 b+�H2 7�+iQ`- #B�b-
�M/ MQBb2X �b � `2bmHi Q7 iBK2@/2T2M/2Mi T2`im`#�iBQM i?2Q`v- i?2 b2MbBiBpBiv 7mM+iBQM +�M #2
mb2/ iQ HBMF [m�MimK QTiBK�H +QMi`QH �M/ "HQ+? bT?2`2 TB+im`2- i?mb 2M�#HBM; i?2 /2bB;M Q7
i�BHQ`2/ _�K�M #2�K@bTHBii2` TmHb2b `2bBHB2Mi iQ T?�b2 /BbT2`bBQM 2``Q`bX

S`2b2Mi2` M�K2, LBFQH�Qb .2/2b

S�;2 jke



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@ee, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.jdN

.B+F2 bmT2``�/B�M+2 �M/ T?QiQM bi�iBbiB+b BM r�p2;mB/2 Z1.
�mi?Q`b, aBHpB� *�`/2M�b@GQT2xRc aim�`i J�bbQMRc wQ2 w�;2`Rc �M� �b2MDQ@:�`+B�R

R *QHmK#B� lMBp2`bBiv

.B+F2 bmT2``�/B�M+2 Bb � T?2MQK2MQM r?2`2 �iQKb �i �M B/2MiB+�H HQ+�iBQM bvM+?`QMBx2 �M/
+QHH2+iBp2Hv 2KBi T?QiQMb BM � b?Q`i- #`B;?i #m`biX q2 BMp2biB;�i2 i?2 K�Mv@#Q/v /2+�v Q7
�M 2ti2M/2/ �``�v Q7 �iQKb +QmTH2/ iQ � QM2@/BK2MbBQM�H QTiB+�H +?�MM2HX q2 b?Qr i?�i
.B+F2 bmT2``�/B�M+2 BM r�p2;mB/2b Bb BMi`BMbB+�HHv /Bz2`2Mi 7`QK bmT2``�/B�M+2 BM +�pBiB2b
�M/ 7`22 bT�+2- �b i?2`2 �`2 irQ /BbiBM+i /2+�v +?�MM2Hb +QKT2iBM; rBi? 2�+? Qi?2`X q2
/2`Bp2 i?2 KBMBK�H +QM/BiBQM 7Q` i?2 #m`bi iQ ?�TT2M �b � 7mM+iBQM Q7 i?2 MmK#2` Q7 �iQKb-
i?2 BMi2`�iQKB+ /Bbi�M+2- �M/ /2+�v `�i2b BMiQ i?2 r�p2;mB/2 �M/ MQM;mB/2/ KQ/2bX h?2
2tBbi2M+2 Q7 irQ /2+�v +?�MM2Hb ;Bp2b `Bb2 iQ i?2 +`2�iBQM Q7 /�`F bi�i2b BM i?2 72r@2t+Bi�iBQM
bm#bT�+2X 1tQiB+ T`Q#�#BHBiv /Bbi`B#miBQMb 7Q` i?2 2KBii2/ T?QiQMb 2K2`;2, r?BH2 i?2 }`bi
T?QiQM Bb 2KBii2/ `�M/QKHv iQ i?2 H27i Q` iQ i?2 `B;?i- +Q``2H�iBQMb BKT`BMi2/ QM i?2 �``�v
2M?�M+2 i?2 TQbbB#BHBiv Q7 � bm#b2[m2Mi T?QiQM iQ #2 2KBii2/ BM i?2 b�K2 /B`2+iBQM- vB2H/BM;
�M �p�H�M+?2 T`Q+2bbX h?2b2 `2bmHib �`2 `2H2p�Mi iQ +m``2Mi 2tT2`BK2Mib BM r�p2;mB/2 Z1.
rBi? +QH/ �iQKb +QmTH2/ iQ M�MQ}#2`b �M/ bmT2`+QM/m+iBM; [m#Bib +QmTH2/ iQ i`�MbKBbbBQM
HBM2bX

S`2b2Mi2` M�K2, aBHpB� *�`/2M�b@GQT2x

S�;2 jkd



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@8d, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.e

h?2`KQ/vM�KB+b BM MQM2[mBHB#`BmK �iQK@}2H/ BMi2`�+iBQMb

�mi?Q`, .�MB2H _2B+?2R

*Q@�mi?Q`, J�`Fmb E`mixBF R

R >mK#QH/i@lMBp2`bBi i xm "2`HBM

*Q``2bTQM/BM; �mi?Q`, `2B+?2!T?vbBFX?m@#2`HBMX/2

JQ/2`M [m�MimK b2MbQ`b QM i?2 #�bBb Q7 mHi`�@+QH/ �iQKb �HHQr 7Q` �M mMT`2+2/2Mi2/ 2t@
T2`BK2Mi�H �++m`�+v �M/ ?�p2 b?QrM iQ #2 mb27mH BM 7mM/�K2Mi�H b+B2M+2 �M/ `2�H@rQ`H/
�TTHB+�iBQMb �HBF2X qBi? i?2 �/p2Mi Q7 BMi2;`�iBQM �M/ KBMB�im`Bx�iBQM Q7 bm+? bvbi2Kb- i?2
b?`BMFBM; /BK2MbBQM Q7 i?2 b2imT H2�/b iQ �M BM+`2�bBM; BKT�+i Q7 i?2 2MpB`QMK2Mi QM i?2
�iQKbǶ /vM�KB+bX

hQ M�K2 QMHv � 72r 2t�KTH2b- i?2`K�H �M/ [m�MimK ~m+im�iBQMb- ~m+im�iBM;@M2�`@}2H/b BM
i?2 pB+BMBiv Q7 � bm`7�+2- Q` /2+Q?2`2M+2 /m2 iQ bvbi2KY#�i? +QmTHBM; rBHH 7mM/�K2Mi�HHv
HBKBi i?2 mM+2`i�BMiv Q7 i?2 2tT2`BK2MiX

q2 2tTHQ`2 i?2 mb2 Q7 biQ+?�biB+ K2i?Q/b- BX2X i?2 [m�MimK G�M;2pBM 2[m�iBQM- iQ /2b+`B#2
i?2 7mM/�K2Mi�H mM+2`i�BMiB2b BM MQM2[mBHB#`BmK �iQK@}2H/ BMi2`�+iBQMbX hQ i?Bb 2M/- r2
/2i2`KBM2 i?2`KQ/vM�KB+ [m�MiBiB2b bm+? �b /BbbBT�i2/ TQr2` Q` i?2 /2MbBiv K�i`Bt Q7 i?2
2pQHpBM; bvbi2K r?B+? +�M mHiBK�i2Hv H2�/ iQ � +QM+Bb2 [m�MiB}+�iBQM Q7 7mM/�K2Mi�H mM+2`@
i�BMiB2bX Pm` �TT`Q�+? +�M #2 Q7 mb2 BM i?2 /2bB;M �M/ BMi2`T`2i�iBQM Q7 7mim`2 ;2M2`�iBQMb Q7
[m�MimK b2MbQ`bX
_272`2M+2b
(R) .X _2B+?2- 6X AMi`�p�B�- �M/ EX "mb+?- �SG S?QiQMB+b d- yjyNyk UkykkVX

S`2b2Mi2` M�K2, .�MB2H _2B+?2

S�;2 jk3



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@83, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.j9

P#b2`p�iBQM Q7 � +QMiBMmQmb iBK2 +`vbi�H
�mi?Q`b, >�Mb E2ĽH2`Rc S?�ii?�KQM EQM;F?�K#miRc CBK aFmHi2Rc Gm/rB; J�i?2vRc C�vbQM :X *QbK2kc
�M/`2�b >2KK2`B+?R

R AMbiBimi 7Ƀ` G�b2`@S?vbBF- lMBp2`bBi i >�K#m`;
k L�iBQM�H AMbiBimi2 Q7 S?vbB+b- lMBp2`bBiv Q7 i?2 S?BHBTTBM2b

hBK2 +`vbi�Hb �`2 +H�bbB}2/ �b /Bb+`2i2 Q` +QMiBMmQmb /2T2M/BM; QM r?2i?2` i?2v bTQMi�@
M2QmbHv #`2�F /Bb+`2i2 Q` +QMiBMmQmb iBK2 i`�MbH�iBQM bvKK2i`vX q?BH2 /Bb+`2i2 iBK2 +`vbi�Hb
?�p2 #22M 2ti2MbBp2Hv bim/B2/ BM T2`BQ/B+�HHv /`Bp2M bvbi2Kb bBM+2 i?2B` `2+2Mi /Bb+Qp2`v- i?2
2tT2`BK2Mi�H `2�HBb�iBQM Q7 � +QMiBMmQmb iBK2 +`vbi�H (R-k) Bb biBHH T2M/BM;X q2 `2TQ`i i?2 Q#@
b2`p�iBQM Q7 � HBKBi +v+H2 T?�b2 BM � +QMiBMmQmbHv TmKT2/ /BbbBT�iBp2 �iQK@+�pBiv bvbi2K (j)-
r?B+? Bb +?�`�+i2`Bx2/ #v 2K2`;2Mi Qb+BHH�iBQMb BM i?2 BMi`�+�pBiv T?QiQM MmK#2`X q2 Q#b2`p2
i?�i i?2 T?�b2 Q7 i?Bb Qb+BHH�iBQM Bb `�M/QK 7Q` /Bz2`2Mi `2�HBb�iBQMb- �M/ ?2M+2 i?Bb /vM�KB+�H
K�Mv@#Q/v bi�i2 #`2�Fb +QMiBMmQmb iBK2 i`�MbH�iBQM bvKK2i`v bTQMi�M2QmbHvX h?2 Q#b2`p2/
`Q#mbiM2bb Q7 i?2 HBKBi +v+H2b �;�BMbi i2KTQ`�H T2`im`#�iBQMb +QM}`Kb i?2 `2�HBb�iBQM Q7 �
+QMiBMmQmb iBK2 +`vbi�HX

_272`2M+2b
(R) 6X SB�xx� �M/ >X _Bib+?- a2H7@P`/2`2/ GBKBi *v+H2b- *?�Qb- �M/ S?�b2 aHBTT�;2 rBi? �
amT2`~mB/ BMbB/2 �M PTiB+�H _2bQM�iQ`- S?vbX _2pX G2iiX RR8- RejeyR UkyR8VX
(k) >X E2ĽH2`- CX :X *QbK2- JX >2KK2`HBM;- GX J�i?2v- �M/ �X >2KK2`B+?- 1K2`;2Mi HBKBi
+v+H2b �M/ iBK2 +`vbi�H /vM�KB+b BM �M �iQK@+�pBiv bvbi2K- S?vbX _2pX � NN- y8jey8 UkyRNVX
(j) SX EQM;F?�K#mi- CX aFmHi2- GX J�i?2v- CX :X *QbK2- �X >2KK2`B+?- �M/ >X E2ĽH2`-
P#b2`p�iBQM Q7 � +QMiBMmQmb iBK2 +`vbi�H- �`sBp,kkykXyeN3y UkykkVX

S`2b2Mi2` M�K2, >�Mb E2ĽH2`

S�;2 jkN



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@8N, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.8R

J�MBTmH�iBM; �M/ K2�bm`BM; bi�i2b Q7 �M QTiQK2+?�MB+�H
`2bQM�iQ` BM i?2 [m�MimK `2;BK2
�mi?Q`b, uB[B q�M;Rc uQ;2b? S�iBHkc CB�tBM umRc C�FQ# _2B+?2Hjc C�+F >�``Bbk

R .2T�`iK2Mi Q7 �TTHB2/ S?vbB+b- u�H2 lMBp2`bBiv
k .2T�`iK2Mi Q7 S?vbB+b- u�H2 lMBp2`bBiv
j G�#Q`�iQB`2 E�biH2` "`Qbb2H- 1La@lMBp2`bBiû SaG

J�+`Qb+QTB+ K2+?�MB+�H /2pB+2b BM i?2 [m�MimK `2;BK2 +�M TH�v � F2v `QH2 BM [m�MimK
+QKKmMB+�iBQM- [m�MimK b2MbBM; �M/ 7mM/�K2Mi�H i2bib Q7 [m�MimK K2+?�MB+bX q2 mb2 �
}#2` +�pBiv }HH2/ rBi? bmT2`~mB/ 4>2 Q7 K�bb � R M; �b Qm` K2+?�MB+�H `2bQM�iQ`X G2p2`�;BM;
bBM;H2 T?QiQM +QmMiBM; i2+?MB[m2b- r2 K�MBTmH�i2 �M/ T`Q#2 i?2 KQiBQM�H bi�i2 Q7 � bmT2`~mB/
4>2 `2bQM�iQ`X h?2 �``Bp�H iBK2b Q7 aiQF2b �M/ �MiB@aiQF2b T?QiQMb �`2 mb2/ iQ K2�bm`2 i?2
`2bQM�iQ`Ƕb T?QMQM +Q?2`2M+2bX q2 /2KQMbi`�i2 i?2 +Q?2`2M+2b Q7 � i?2`K�H bi�i2 M2�` i?2
KQiBQM�H ;`QmM/ bi�i2- � MQM+H�bbB+�H T?QiQM@T?QMQM b[m22x2/ bi�i2- �M/ � ?B;? �KTHBim/2
+Q?2`2Mi bi�i2 BM i?Bb bmT2`~mB/ 4>2 `2bQM�iQ`X h?2b2 K2�bm`2K2Mib T�p2 i?2 �p2Mm2 Q7
`2�HBxBM; � MQM+H�bbB+�H bi�i2 BM � KBHHB;`�K `2bQM�iQ` BM 7mim`2 2tT2`BK2MibX

S`2b2Mi2` M�K2, q�M;- uB[B

S�;2 jjy



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@ey, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.dR

.vM�KB+�H T?�b2b Q7 K�ii2` BM � T2`BQ/B+ /`Bp2M �iQK@+�pBiv
bvbi2K
�mi?Q`b, T?�ii?�KQM FQM;F?�K#miRc CBK aFmHi2kc Gm/rB; J�i?2vkc C�vbQM :X *QbK2jc >�Mb E2ĽH2`9c
�M/`2�b >2KK2`B+?k

R AMbiBimi 7Ƀ` G�b2`@S?vbBF- lMBp2`bBi i >�K#m`;- :2`K�Mv
k AMbiBimi 7Ƀ` G�b2`@S?vbBF- lMBp2`bBi i >�K#m`;
j L�iBQM�H AMbiBimi2 Q7 S?vbB+b- lMBp2`bBiv Q7 i?2 S?BHBTTBM2b
9 lMBp2`bBi i >�K#m`;

q2 `2TQ`i `2�HBx�iBQMb Q7 p�`BQmb /vM�KB+�H ?v#`B/ HB;?i@K�ii2` T?�b2b- �b � /Bb+`2i2 /BbbB@
T�iBp2 iBK2 +`vbi�H (R)- /vM�KB+�H #QM/ /2MbBiv r�p2 T?�b2 (k@9)- �M/ HBKBi +v+H2 T?�b2 (8)-
#v bi`QM;Hv +QmTHBM; �M �iQKB+ [m�MimK ;�b iQ i?2 HB;?i }2H/ Q7 �M QTiB+�H +�pBivX h?2 F2v
72�im`2 Q7 i?2 +�pBiv Bb � p2`v bK�HH }2H/ /2+�v `�i2 U/2⇡ 4 jXeF>xV- r?B+? Bb BM �M Q`/2` Q7
i?2 `2+QBH 7`2[m2M+v U!rec/2⇡ 4 jXeF>xVX h?Bb H2�/b iQ � mMB[m2 bBim�iBQM r?2`2 +�pBiv }2H/
2pQHp2b rBi? i?2 b�K2 iBK2b+�H2 �b i?2 �iQKB+ /2MbBiv /Bbi`B#miBQM- r?B+? Bb +�HH2/ � `2+QBH
`2bQHp2/ `2;BK2X 6Q` bi�M/BM; r�p2 TmKTBM;- i`�Mbp2`b2Hv rBi? `2bT2+i iQ i?2 +�pBiv �tBb-
i?2 bvbi2K mM/2`;Q2b � T?�b2 i`�MbBiBQM 7`QK � MQ`K�H ?QKQ;2M2Qmb T?�b2 iQ � bmT2``�/B�Mi
b2H7@Q`;�MBx�iBQM T?�b2- �++QKT�MB2/ #v bTQMi�M2QmbHv #`2�FBM; Q7 wk bvKK2i`vX JQ/mH�iBM;
i?2 �KTHBim/2 Q7 i?2 TmKT }2H/ H2�/b iQ i?2 `2�HBx�iBQM Q7 � /BbbBT�iBp2 /Bb+`2i2 iBK2 +`vb@
i�HHBM2 T?�b2- r?Qb2 bB;M�im`2 Bb � `B;B/ bm#@?�`KQMB+ Qb+BHH�iBQM #2ir22M i?2 irQ bvKK2i`v
#`QF2M bi�i2b (R)X PM i?2 Qi?2` ?�M/- b?�FBM; i?2 TmKT TQi2MiB�H #v KQ/mH�iBM; i?2 T?�b2
Q7 i?2 TmKT }2H/ ;Bp2 `Bb2 iQ �M BM+QKK2Mbm`�i2 iBK2 +`vbi�HHBM2 T?�b2 (j)- r?Qb2 /vM�KB+b
+�M #2 +�Tim`2/ #v � MQMbi�M/�`/ i?`22@H2p2H .B+F2 KQ/2H (k- 9)X h?2 T?�b2 KQ/mH�iBQM +�M
�HbQ #2 mb2/ iQ +`2�i2 � /�`F bi�i2 #v i`�Mb72``BM; i?2 �iQKb iQ i?2 p�#�M/ Q7 i?2 bvbi2K-
r?B+? ?�b �M �MiB@bvKK2i`B+ T�`Biv Q7 i?2 +QM/2Mb�i2 r�p2 7mM+iBQM- �M/ ?2M+2- i?2 �iQKb
/2+QmTH2 7`QK i?2 +�pBiv }2H/X
(R) >X E2ĽH2` 2i �HX- S?vbX _2pX G2iiX Rkd- y9jeyk UkykRVX
(k) CX :X *QbK2 2i �HX- S_� Ryy- y8jeR8 UkyRNVX
(j) SX EQM;F?�K#mi 2i �HX- S?vbX _2pX G2iiX Rkd- k8jeyR UkykRVX
(9) CX aFmHi2 2i �HX- S?vbX _2pX G2iiX � Rkd- k8jeyR UkykRVX
(8) SX EQM;F?�K#mi 2i �HX- �`sBp,kkykXyeN3y UkykkVX

S`2b2Mi2` M�K2, S?�ii?�KQM EQM;F?�K#mi

S�;2 jjR



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@eR, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.Ry9

.B+F2 bmT2``�/B�M+2 BM �``�vb Q7 KmHiBH2p2H �iQKb
�mi?Q`b, aim�`i J�bbQMRc �M� �b2MDQ@:�`+B�R

R *QHmK#B� lMBp2`bBiv

q2 BMp2biB;�i2 i?2 T?vbB+b Q7 .B+F2 bmT2``�/B�M+2 rBi? KmHiBH2p2H �iQKbX .B+F2 bmT2``�/B�M+2
Bb � /BbbBT�iBp2 K�Mv@#Q/v T?2MQK2MQM r?2`2 2t+Bi2/ �iQKb +QHH2+iBp2Hv 2KBi � b?Q`i �M/
BMi2Mb2 #m`bi Q7 HB;?iX q?BH2 i?Bb T?vbB+b Bb r2HH mM/2`biQQ/ 7Q` irQ@H2p2H bvbi2Kb BM � +�pBiv-
Qm` rQ`F BMpQHp2b 2ti2M/2/ �``�vb Q7 KmHiBH2p2H �iQKb BM 7`22 bT�+2X AM T`2pBQmb rQ`F- r2
b?Qr2/ i?�i .B+F2 bmT2``�/B�M+2 ;2M2`B+�HHv Q++m`b 7Q` irQ@H2p2H bvbi2Kb BM �``�vb- T`QpB/2/
i?�i i?2 /Bbi�M+2 #2ir22M i?2K Bb bm{+B2MiHv bK�HHX >2`2- r2 +QMbB/2` �iQKb i?�i +�M /2+�v
BMiQ KmHiBTH2 bi�i2b �M/ b?Qr i?�i � bmT2``�/B�Mi #m`bi +�M #2 2KBii2/ QM �HH i`�MbBiBQMbX q2
/2p2HQT +QMbi`�BMib QM i?2 `2H�iBp2 `�i2b Q7 2�+? i`�MbBiBQM- �M/ QM i?2 ;2QK2i`v Q7 i?2 �iQKB+
2Mb2K#H2- �M/ b?Qr i?�i i?2 BMi2MbBiv 2KBii2/ BM T�`iB+mH�` /B`2+iBQMb 72�im`2b � bmT2``�/B�Mi
#m`bi BM �``�vb Q7 H�`;2 BMi2`�iQKB+ bT�+BM;X Pm` `2bmHib T`QpB/2 � ;mB/2 iQ 2tTHQ`2 i?Bb
K�Mv@#Q/v T?2MQK2MQM BM bi�i2@Q7@i?2@�`i 2tT2`BK2Mi�H b2imTbX

S`2b2Mi2` M�K2, aim�`i J�bbQM

S�;2 jjk



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@ek, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.R3d

hBK2@/2H�v2/ QTiB+�H 722/#�+F iQ � +QH/ �iQK 2Mb2K#H2
�mi?Q`b, J��`i2M >QQ;2`H�M/Rc JQ?�KK�/ a�/2;?BR

R h?2 lMBp2`bBiv Q7 �m+FH�M/

h?2 BMi2`�+iBQM Q7 [m�MimK bvbi2Kb rBi? i?2Kb2Hp2b ?�b #22M i?2 bm#D2+i Q7 2ti2MbBp2 i?2Q`2i@
B+�H(R) �M/ 2tT2`BK2Mi�H BMp2biB;�iBQMb (k-j)X >2`2- r2 T`2b2Mi M2r `2bmHib QM i?2 BMi2`�+iBQM
Q7 �M 2Mb2K#H2 Q7 +QH/ �iQKb rBi? � iBK2@/2H�v2/ p2`bBQM Q7 Bib QrM bTQMi�M2Qmb 2KBbbBQM
HB;?iX

1tT2`BK2Mi�HHv- r2 7Q`K � K�;M2iQ@QTiB+�H i`�T UJPhV Q7 +�2bBmK �iQKb �`QmM/ i?2 r�Bbi
Q7 �M QTiB+�H M�MQ}#`2 U/B�K2i2` �9yy MKVX PM2 2M/ Q7 i?2 M�MQ}#`2 i2`KBM�i2b BM � bBM;H2@
T?QiQM /2i2+iQ` KQ/mH2 UaS*JV �M/ i?2 Qi?2` 2M/ Bb +QMM2+i2/ iQ � k8y K H2M;i? Q7 MQ`K�H
QTiB+�H }#`2 �M/ i2`KBM�i2/ rBi? � 6B#`2 "`�;; :`�iBM; U6":VX �7i2` �++mKmH�iBM; i?2
/2bB`2/ MmK#2` Q7 �iQKb- i?2 JPh i`�TTBM; #2�Kb �`2 im`M2/ Qz- �M/ i?2 2Mb2K#H2 Bb
BHHmKBM�i2/ rBi? � i`�BM Q7 b?Q`i TmHb2b UTmHb2 /m`�iBQM ⇠kyy MbV Q7 �M 2ti2`M�H TmKT #2�K-
+HQb2 iQ `2bQM�M+2 rBi? i?2 D2 i`�MbBiBQM BM +�2bBmK �M/ BMi2`b2+iBM; i?2 QTiB+�H M�MQ}#`2 �i
`B;?i �M;H2bX q2 /2i2+i i?2 �``Bp�H iBK2b Q7 i?2 bTQMi�M2Qmb 2KBbbBQM T?QiQMb BMiQ i?2 QTiB+�H
M�MQ}#`2X

q2 Q#b2`p2 T?QiQMb 2KBii2/ /B`2+iHv iQr�`/b i?2 aS*J- #mi �HbQ T?QiQMb i?�i ?�p2 #22M
2KBii2/ iQr�`/b i?2 6":- �`2 `2~2+i2/ #�+F- BMi2`�+i rBi? i?2 �iQKb �;�BM �M/ �``Bp2 �i i?2
/2i2+iQ` �7i2` � iBK2 /2H�vX h?2 /2H�v2/ T?QiQMb �`2 T�`iB�HHv �#bQ`#2/ #v i?2 JPh �iQKb-
i?2`2#v +`2�iBM; � bvbi2K Q7 �iQKb BMi2`�+iBM; rBi? � /Bbi�Mi KB``Q` BK�;2 (j)X

q2 T`2b2Mi �M BMp2biB;�iBQM BMiQ i?Bb BMi2`�+iBQM- +?�M;BM; i?2 TmKT H�b2` TQr2`- TQH�`Bb�iBQM
�M/ /2imMBM;- �b r2HH �b i?2 �iQK MmK#2` BM i?2 JPhX q2 �HbQ BMp2biB;�i2 i?2 BMi2`�+iBQM
Q7 i?2 bTQMi�M2Qmb 2KBbbBQM T?QiQMb rBi? 2t+Bi2/ �iQKb #v K�i+?BM; i?2 `2T2iBiBQM iBK2 Q7
i?2 b?Q`i TmHb2b iQ i?2 ~B;?i iBK2 Q7 i?2 T?QiQMb ;QBM; iQ i?2 6": �M/ #�+FX
(R) >�MM2b SB+?H2`- aQQMrQM *?QB- S2i2` wQHH2`- �M/ JBF?�BH .X GmFBMX lMBp2`b�H T?QiQMB+
[m�MimK +QKTmi�iBQM pB� iBK2@/2H�v2/ 722/#�+FX S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv Q7
a+B2M+2b- RR9- RRjekĜRRjed UkyRdVX
(k) aQH�MQ- S�#HQ- 2i �HX L�iX *QKKX 3- R UkyRdVX
(j) CX 1b+?M2`- *?X _��#- 6X a+?KB/i@E�H2` �M/ _X "H�ii- L�iX 9Rj- 9N8 UkyyRVX

S`2b2Mi2` M�K2, J��`i2M >QQ;2`H�M/

S�;2 jjj



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@ej, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.k8R

a�;M�+ �iQK BMi2`72`QK2i2` ;v`Qb+QT2 rBi? H�`;2 2M+HQb2/
�`2� �M/ KmHiBTH2 Q`#Bib
�mi?Q`b, *�bb a�+F2iiRc 1/r�`/ JQ�MRc J�`v#2i? "2v/H2`R

R lMBp2`bBiv Q7 oB`;BMB�

a�;M�+ �iQK BMi2`72`QK2i2`b �`2 � T`QKBbBM; i2+?MB[m2 7Q` ?B;?@T2`7Q`K�M+2 `Qi�iBQM b2Mb@
BM;- rBi? TQi2MiB�H �TTHB+�iBQMb 7Q` BM2`iB�H M�pB;�iBQMX h?2 mb2 Q7 i`�TT2/ �iQKb 7Q` i?2
BMi2`72`QK2i2` �pQB/b i?2 M22/ 7Q` HQM; 7`22@7�HH /Bbi�M+2b i?�i rQmH/ #2 BM+QKT�iB#H2 rBi? �
M�pB;�iBQM �TT�`�imbX q2 ?�p2 T`2pBQmbHv /2KQMbi`�i2/ � /m�H a�;M�+ BMi2`72`QK2i2` mbBM;
"Qb2@+QM/2Mb2/ �iQKb BM � iBK2@Q`#BiBM; TQi2MiB�H i`�TX q2 `2TQ`i ?2`2 QM BKT`Qp2K2Mib iQ
i?Bb �TT`Q�+?- BM+Hm/BM; � j@7QH/ BM+`2�b2 BM i?2 Q`#Bi `�/Bmb �M/ i?2 mb2 Q7 KmHiBTH2 Q`#BibX
h?2b2 BKT`Qp2K2Mib H2�/ iQ �M 2M+HQb2/ �`2� Q7 3Xk KK2- r?B+? +Q``2bTQM/b iQ � `Qi�iBQM
b2MbBiBpBiv Q7 6⇥ 10

�7 `�/fb �i b?Qi@MQBb2@HBKBi2/ /2i2+iBQMX q?BH2 b?Qi@MQBb2@HBKBi2/ T2`7Q`@
K�M+2 ?�b MQi v2i #2 �+?B2p2/- i?2 BMi2`72`QK2i2` QT2`�iBQM Bb bm{+B2MiHv bi�#H2 iQ T2`KBi
mb27mH �p2`�;BM; iBK2b HQM;2` i?�M 10

4 bX q2 �HbQ /Bb+mbb � M2r- KQ`2 +QKT�+i- p2`bBQM Q7
i?2 �TT�`�imb i?�i Bb #�b2/ QM �M �iQK +?BT �M/ r?B+? rBHH #2 bmBi�#H2 7Q` 2MpB`QMK2Mi�H
i2biBM;X

S`2b2Mi2` M�K2, J�`v#2i? "2v/H2`

S�;2 jj9



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@e9, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.k33

*`2�iBM; �M/ K2�bm`BM; bm#@r�p2H2M;i? pQHmK2b mbBM; [m�M@
iBi�iBp2 �#bQ`TiBQM BK�;BM; Q7 QTiB+�HHv /2Mb2 2Mb2K#H2b
�mi?Q`b, _QK�BM o2v`QMRc C2�M@#�TiBbi2 :2`2Mikc :mBHH�mK2 "�+H2iRc oBM+2Mi J�M+QBbRc S?BHBTT2
"Qmv2`Rc aBKQM "2`MQMj

R G�#Q`�iQB`2 /2 T?QiQMB[m2 MmKû`B[m2 2i M�Mb+B2M+2b
k GSkL @ lMBp2`bBiû /2 "Q`/2�mt @ *L_a
j lMBp2`bBiv "Q`/2�mt

Zm�MimK ;�b KB+`Qb+QT2b ?�p2 #2+QK2 � K�DQ` 2H2K2Mi 7Q` [m�MimK bBKmH�iBQMb mbBM; mHi`�@
+QH/ �iQKb BM QTiB+�H H�iiB+2bX h?2v �`2 7Q` 2t�KTH2 mb2/ iQ Q#b2`p2 HQM;@`�M;2 Q`/2` bm+?
�b �MiB@72``QK�;M2iB+ +Q``2H�iBQMb BM 7�` }2H/ QTiB+�H H�iiB+2b mbBM; /2MbBiv �M/ bTBM `2bQHp2/
KB+`Qb+QTvX .2+`2�bBM; i?2 T2`BQ/ Q7 bm+? H�iiB+2 Qz2` BMi2`2biBM; T2`bT2+iBp2 iQ BM+`2�b2
�iQK@�iQK BMi2`�+iBQM 2M2`;B2b �M/ 2M;BM22` �iQK@HB;?i +QmTHBM; i?�i Qm` ;`QmT i�+FH2b pB�
i?2 ?v#`B/Bx�iBQM Q7 +QH/ �iQKb �M/ M�MQ@bi`m+im`2/ bm`7�+2bX

AM i?Bb TQbi2`- r2 rBHH T`2b2Mi ?Qr bm+? ivT2 Q7 bm#@r�p2H2M;i? H�iiB+2 TQi2MiB�Hb +�M #2 ;2M@
2`�i2/ #v i`�TTBM; �iQKb BM T`QtBKBiv Ui2Mb iQ ?mM/`2/b Q7 M�MQK2i2`bV Q7 � M�MQ@bi`m+im`2/
bm`7�+2X �i bm+? �iQK iQ bm`7�+2 /Bbi�M+2- i?2 �ii`�+iBp2 *�bBKB`@SQH/2` 7Q`+2 +�M #2 +QKT2M@
b�i2/ #v � /Qm#Hv /`2bb2/ bi�i2 i`�TTBM; K2i?Q/ i?�i A rBHH /Bb+mbbX am+? K2i?Q/ �//BiBQM�HHv
Qz2`b bQHmiBQMb iQ Qp2`+QK2 i?2 /Bz`�+iBQM HBKBi Q7 +QMp2MiBQM�H BK�;BM; i?�i #2+QK2 +`BiB+�H
7Q` bm#@r�p2H2M;i? H�iiB+2bX AM i?Bb rQ`F- A rBHH T`2b2Mi i?2 2tT2`BK2Mi�H +?�`�+i2`Bx�iBQM Q7
� bm#@r�p2H2M;i? `2bQHmiBQM �#bQ`TiBQM BK�;BM; �TTHB+�#H2 iQ [m�MimK ;�b /2i2+iBQMX h?Bb
K2i?Q/ `2[mB`2b � [m�MiBi�iBp2 /2i2`KBM�iBQM Q7 i?2 �iQK MmK#2` Q7 /2Mb2 +HQm/b r?B+? ?�b
#22M +?�`�+i2`Bx2/ BM i?Bb rQ`F �M/ /2KQMbi`�i2 i?�i i?2 b+�ii2`BM; +`Qbb b2+iBQM `2/m+2b
HBM2�`Hv rBi? i?2 QTiB+�H /2MbBivX JQ/2HHBM; i?2 T`QT�;�iBQM Q7 HB;?i BM /2Mb2 +HQm/ r2 b?Qr
i?�i i?Bb `2/m+iBQM +�M #2 �ii`B#mi2/ iQ `2@b+�ii2`BM; Q7 i?2 BM+Q?2`2Mi T�`i Q7 i?2 `2bQM�Mi
~mQ`2b+2M+2 bT2+i`mKX
h?2 TQbi2` rBHH �//BiBQM�HHv T`2b2Mi �M mT/�i2 QM Qm` `2+2Mi rQ`F QM i?2 bT2+i`Qb+QTv Q7
�+2ivH2M2 BM b2�H2/ ?QHHQr +Q`2 }#2`bX

S`2b2Mi2` M�K2, aBKQM "2`MQM

S�;2 jj8



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@e8, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.jRy

�M �iQKB+ 6�#`v@S2`Qi 7Q` i?2 ;2M2`�iBQM �M/ K2�bm`2K2Mi
Q7 mHi`�+QH/ r�p2T�+F2ib
�mi?Q`b, LB+F J�Mi2HH�Xc CQb2T? J+:Qr�MRc >�`b?BH L22`�DRc .�pB/ aTB2`BM;bRc �2T?`�BK ai2BM#2`;R

R lMBp2`bBiv Q7 hQ`QMiQ

� K�ii2`@r�p2 6�#`v@S2`Qi U6SV 7Q` i?2 ;2M2`�iBQM Q7 mHi`�+QH/ r�p2T�+F2ib +QmH/ #2 BK@
TH2K2Mi2/ mbBM; �M QTiB+�H /Qm#H2 #�``B2`X P#b2`p�iBQM Q7 i?2 i`�MbKBbbBQM bT2+i`mK Q7 �
bBM;H2 bm+? 6S #2+QK2b BKT`�+iB+�H 7Q` r�p2T�+F2i i2KT2`�im`2b �#Qp2 �#Qmi RyyTEX h?2
`2bQM�M+2b �`2 r�b?2/ Qmi /m2 iQ i?2 p2HQ+Biv rB/i? Q7 i?2 BM+B/2Mi r�p2T�+F2i #2BM; H�`;2`
i?�M i?2 rB/i? Q7 i?2 `2bQM�M+2bX q2 T`QTQb2 � b+?2K2 7Q` mbBM; � b2+QM/ �iQKB+ 6S rBi?
� imM�#H2 +�pBiv H2M;i? iQ +?�`�+i2`Bx2 i?2 }Hi2`BM; T`QT2`iB2b Q7 i?2 }`biX :`Qbb@SBi�2pbFBB
U:SV bBKmH�iBQMb Q7 � 3d_# "1* BMi2`�+iBM; rBi? /Qm#H2@:�mbbB�M TQi2MiB�Hb b?Qr i?�i 2p@
B/2M+2 Q7 `2bQM�Mi i`�MbKBbbBQM +�M #2 Q#b2`p2/ mbBM; i?Bb b+?2K2X h?2 :S bBKmH�iBQMb mb2
2tT2`BK2Mi�HHv �+?B2p�#H2 T�`�K2i2`b Q7 � RME 3d_# "1* Q7 � 72r i?Qmb�M/ �iQKb- BM+B/2Mi
QM #�``B2`b rBi? � Rf22 `�/Bmb Q7 RXj ƒKX qBi? i?2b2 T�`�K2i2`b- "1*b +QMi�BMBM; � 72r
?mM/`2/ �iQKb +QmH/ #2 ;2M2`�i2/ �i � i2KT2`�im`2 H2bb i?�M 8yTEX q2 TH�M iQ `2�HBx2 i?Bb
b+?2K2 2tT2`BK2Mi�HHv mbBM; � bT�iB�H HB;?i KQ/mH�iQ` iQ K�MBTmH�i2 i?2 QTiB+�H TQi2MiB�H 7Q`
i?2 imM�#H2 +�pBiv H2M;i? K�ii2`@r�p2 6SX
 La1_* �M/ i?2 62ix2` 6`�MFHBM 6mM/ Q7 i?2 CQ?M 1X 62ix2` J2KQ`B�H h`mbi

S`2b2Mi2` M�K2, LB+F J�Mi2HH�

S�;2 jje



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@ee, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.jje

PTiB+�H brBi+?BM; Q7 �M �iQKB+ "`�;; KB``Q` �`QmM/ � M�MQ}#2`

�mi?Q`b, Cû`ûKv "2``QB`Rc h`B/B# _�vkc �H#�M l`pQvkc CmHB2M G�m`�ik

R G�#Q`�iQB`2 E�biH2` "`Qbb2H- aQ`#QMM2 lMBp2`bBiû
k G�#Q`�iQB`2 E�biH2` "`Qbb2H- aQ`#QMM2 lMBp2`bBiû- *L_a- 1La@SaG- *QHHĕ;2 /2 6`�M+2- d8yy8 S�`Bb-

6`�M+2

AM i?2 `2+2Mi v2�`b- i?2 mb2 Q7 M�MQb+�H2 r�p2;mB/2b T`QpB/BM; iB;?i i`�Mbp2`b2 +QM}M2K2Mi
Q7 HB;?i ?�b #22M Tmb?2/ 7Q`r�`/ BM i?2 r�p2;mB/2@Z1. }2H/ �b � K2�M iQ 2M?�M+2 �iQK@
T?QiQM BMi2`�+iBQMb 7Q` H�`;2 MmK#2` Q7 �iQKbX PM Qm` 2tT2`BK2Mi- r2 mb2 � irQ@+QHQ` /BTQH2
i`�T b+?2K2 iQ BMi2`7�+2 +QH/ *2bBmK �iQKb rBi? i?2 2p�M2b+2Mi }2H/ Q7 � i�T2`2/ QTiB+�H
M�MQ}#2`X "v imMBM; i?2 T`QT2`iB2b Q7 i?2 /BTQH2 i`�T- r2 �``�M;2 i?2 �iQKb BM � R. H�iiB+2
;2QK2i`v rBi? +QMi`QHH�#H2 /Bbi�M+2 #2ir22M i?2KX

AM i?2 T�bi- r2 mb2/ i?Bb TH�i7Q`K iQ /2KQMbi`�i2 �M �HH@}#2`2/ QTiB+�H K2KQ`v �i i?2 bBM;H2@
T?QiQM H2p2H mbBM; /vM�KB+�H 2H2+i`QK�;M2iB+�HHv@BM/m+2/ i`�MbT�`2M+v U1AhV (R)X q2 �HbQ
BMp2biB;�i2/ +QHH2+iBp2 #2?�pBQ`b BM bm+? R. +?�BMb Q7 i`�TT2/ �iQKbX q2 /2KQMbi`�i2/ mT
iQ 3yW "`�;; `2~2+iBQM rBi? �b HQr �b kyyy �iQKb r?2M +�`27mHHv imMBM; i?2 BMi2`�iQKB+
/Bbi�M+2 (k)X JQ`2 `2+2MiHv- r2 ?2`�H/2/ i?2 +`2�iBQM Q7 � bBM;H2 +QHH2+iBp2 2t+Bi�iBQM BM i?2
�iQKB+ +?�BM- r?B+? r�b bm#b2[m2MiHv biQ`2/ �M/ `2i`B2p2/ �b � bBM;H2 T?QiQM BM i?2 ;mB/2/
KQ/2 Q7 i?2 M�MQ}#2` (j)X q2 �HbQ i?2Q`2iB+�HHv bim/B2/ i?2 +QHH2+iBp2 /vM�KB+b Q7 +�pBiv@
Z1.@HBF2 �iQKB+ �``�M;2K2Mib BM #Qi? K�`FQpB�M �M/ MQMK�`FQpB�M `2;BK2b (9)X

� bi`QM; KQiBp�iBQM Bb �HbQ iQ `2�+? [m�MimK MQMHBM2�`Biv �i 72r@T?QiQM H2p2HbX AM i?Bb +QM@
i2ti- +QMi`QHHBM; i?2 T`QT�;�iBQM Q7 � bBM;H2 T?QiQM rBi? TQr2`b �i i?2 bBM;H2@T?QiQM H2p2Hb
BM +�pBiv@7`22 TH�i7Q`Kb ?�b #22M bim/B2/ BM 72r bvbi2Kb (8)- �M/ biBHH `2K�BMb �M BKTQ`i�Mi
KBH2biQM2 7Q` i?2 +QKKmMBivX >2`2- r2 `2TQ`i QM ;mB/2/ QTiB+�H brBi+?BM; �M/ `QmiBM; Q7
bBM;H2@T?QiQM H2p2H +Q?2`2Mi }2H/b mbBM; �M �iQKB+ "`�;; KB``Q` +QMi`QHH2/ #v p2`v HQr 2M@
2`;v }2H/bX 6Q+mbBM; }`bi QM i?2 `2;mH�` i?`22@H2p2H b2imT- r2 brBi+? i?2 `2~2+iBQM �M/ i?2
i`�MbKBbbBQM T�i?b Q7 � "`�;; KB``Q` mbBM; 1AhX h?2 +QMi`QH #2�K Bb ;mB/2/ �M/ +QMi�BMb
�`QmM/ 72r i?Qmb�M/ T?QiQMbX AM Q`/2` iQ Tmb? i?Bb MmK#2` 2p2M HQr2`- r2 2KTHQv � 7Qm`@
H2p2H b+?2K2 +QMbBbiBM; Q7 i?2 T`2pBQmb b+?2K2 iQ r?B+? r2 �// �M �//BiBQM�H H2p2H +QmTH2/
rBi? i?2 K2i�bi�#H2 bi�i2 #v � brBi+? }2H/X q2 /2KQMbi`�i2 QTiB+�H brBi+?BM; rBi? � brBi+?
}2H/ �i i?2 72r@i2Mb Q7 T?QiQMb H2p2H- i?mb `2/m+BM; #v QM2 iQ irQ Q`/2` Q7 K�;MBim/2 i?2
MmK#2` Q7 T?QiQMb M22/2/X _QmiBM;- Q` +QMi`QHH2/ /B`2+iBQMM�HBiv Q7 i?2 T`Q#2 T?QiQM- Bb �HbQ
�+?B2p2/ mbBM; i?2 b�K2 7Qm`@H2p2H b+?2K2 rBi? � brBi+? }2H/ �i �i i?2 72r ?mM/`2/ T?QiQMb
H2p2HX

(R) "X :Qm`�m/- .X J�t2BM- �X LB+QH�b- PX JQ`BM- �M/ CX G�m`�i- ǳ.2KQMbi`�iBQM Q7 � K2KQ`v
7Q` iB;?iHv ;mB/2/ HB;?i BM �M QTiB+�H M�MQ}#2`-Ǵ S?vbX _2pX G2iiX RR9- R3y8yj UkyR8VX
`2H�t (k) LX oX *Q`xQ- "X :Qm`�m/- �X *?�M/`�- �X :Q#�M- �X a?2`2K2i- .X EmT`Bv�MQp- �M/ CX
G�m`�i- ǳG�`;2 #`�;; `2~2+iBQM 7`QK QM2@/BK2MbBQM�H +?�BMb Q7 i`�TT2/ �iQKb M2�` � M�MQb+�H2
r�p2;mB/2-Ǵ S?vbX _2pX G2iiX RRd- Rjjeyj UkyReVX
(j) LX oX *Q`xQ- CX _�bFQT- �X *?�M/`�- �X aX a?2`2K2i- "X :Qm`�m/- �M/ CX G�m`�i- ǳq�p2;mB/2@
+QmTH2/ bBM;H2 +QHH2+iBp2 2t+Bi�iBQM Q7 �iQKB+ �``�vb-Ǵ L�im`2 8ee- j8NĜjek UkyRNVX
(9) oX �X SBpQp�`Qp- GX oX :2`�bBKQp- CX "2``QB`- hX _�v- CX G�m`�i- �X l`pQv- �M/ .X oX
EmT`Bv�MQp- ǳaBM;H2 +QHH2+iBp2 2t+Bi�iBQM Q7 �M �iQKB+ �``�v i`�TT2/ �HQM; � r�p2;mB/2 , � bim/v
Q7 +QQT2`�iBp2 2KBbbBQM 7Q` /Bz2`2Mi �iQKB+ +?�BM +QM};m`�iBQMb-Ǵ S?vbX _2pX � Ryj- y9jdRe
UkykRVX
(8) JX "�D+bv- aX >Qz2`#2`i?- oX "�HB+- hX S2v`QM2H- JX >�72xB- �X aX wB#`Qp- oX omH2iB+- �M/
JX .X GmFBM- ǳ1{+B2Mi �HH@QTiB+�H brBi+?BM; mbBM; bHQr HB;?i rBi?BM � ?QHHQr }#2`Ǵ- S?vbX _2pX
G2iiX Ryk- kyjNyk UkyyNVX S`2b2Mi2` M�K2, Cû`ûKv "2``QB`

S�;2 jjd



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@ed, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.j39

Zm�MimK +Q``2H�i2/ HB;?i #2�Kb 7`QK +�b+�/2 7Qm`@r�p2
KBtBM; BM +QH/ �iQKb
�mi?Q`b, :�#`B2H *X "Q`#�Rc _�QMB aX LX JQ`2B`�kc J�`+2HQ J�`iBM2HHBRc .�MB2H 62HBMiQkc CQbû qX _X
h�#Qb�k

R lMBp2`bB/�/2 /2 a½Q S�mHQ
k lMBp2`bB/�/2 62/2`�H /2 S2`M�K#m+Q

PTiB+�H T�`�K2i`B+ �KTHB}2`b �`2 FMQrM BM i?2 HBi2`�im`2 �b � iQQH 7Q` i?2 ;2M2`�iBQM Q7
[m�MimK +Q``2H�i2/ #2�KbX 6Q`r�`/ 7Qm`@r�p2 KBtBM; U6qJV rBi? ;�BM 7�+iQ`b QM i?2 Q`/2`
Q7 Ry �bbQ+B�i2/ rBi? bi`QM; BMi2MbBiv b[m22xBM; (R) Bb #2?BM/- 7Q` 2t�KTH2- i?2 ;2M2`�iBQM Q7
2Mi�M;H2/ }2H/b (k)X

AM i?Bb rQ`F- r2 2tTHQ`2 #Qi? i?2 BMi2`M�H �M/ 2ti2`M�H �iQKB+ /2;`22b Q7 7`22/QK iQ /2KQM@
bi`�i2 i?2 Q#b2`p�iBQM Q7 ;B�Mi ;�BM �M/ T�`�K2i`B+ Qb+BHH�iBQM BM KmHiBTH2 6qJ T`Q+2bb2b BM
� b�KTH2 Q7 +QH/ +2bBmK �iQKbX h?2 T�`�K2i`B+ T`Q#2@#2�K �KTHB}+�iBQM 2t+22/b kyyy �M/ Bb
�++QKT�MB2/ #v i?2 ;2M2`�iBQM Q7 i?`22 Qi?2` #2�Kb Q7 2[mBp�H2Mi TQr2` 2KBii2/ �HQM; i?2 /B@
`2+iBQMb b�iBb7vBM; i?2 T?�b2@K�i+?BM; +QM/BiBQMb 7Q` KmHiBTH2 +�b+�/2 7Q`r�`/ �M/ #�+Fr�`/
6qJ (j- 9)X

h?2 [m�MimK +Q``2H�iBQMb �KQM; i?2b2 }2H/b �`2 BMp2biB;�i2/ #v +QK#BMBM; BM@[m�/`�im`2
2H2+i`QMB+ HQ+�H Qb+BHH�iQ`b �M/ ?2i2`Q/vM2 /2i2+iBQM- �HHQrBM; i?2 K2�bm`2K2Mi Q7 i?2 }2H/bǶ
[m�/`�im`2b �M/ i?2 `2+QMbi`m+iBQM Q7 i?2 +Qp�`B�M+2 K�i`BtX

�HbQ- � 7mHH GBQmpBHH2ĜJ�tr2HH 2[m�iBQMb +�H+mH�iBQM BM i?2 2ti2M/2/ >BH#2`i bT�+2 Q7 i?2
BMi2`M�H �M/ 2ti2`M�H �iQKB+ /2;`22b Q7 7`22/QK �HHQrb mb iQ Q#i�BM- 7`QK }`bi T`BM+BTH2b- i?2
7Qm`@r�p2 T`QT�;�iBQM 2[m�iBQMbX
(R) *X 6X J+*Q`KB+F- �X JX J�`BMQ-oX"Qv2`- �M/ SX .X G2ii- S?vbX _2pX � d3- y9j3Re
Ukyy3VX
(k) oX "Qv2`- �X JX J�`BMQ- _X *X SQQb2`- �M/ SX .X G2ii- a+B2M+2 jkR- 899 Ukyy3VX
(j) CX SX GQT2x- �X CX 6X /2 �HK2B/�- .X 62HBMiQ- �M/ CX qX _X h�#Qb�- PTiX G2iiX 9k- 99d9
UkyRdVX
(9) CX SX GQT2x- �X JX :X /2 J2HQ- �M/ CX qX _X h�#Qb�- PTiX G2iiX 98- j9Ny UkykyVX

S`2b2Mi2` M�K2, :�#`B2H *X "Q`#�

S�;2 jj3



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`jj, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.Nj

ai`QM; +?B`�H +QmTHBM; Q7 �M �iQKB+ �``�v BM M�MQT?QiQMB+
+�pBiv
�mi?Q`b, q2B a2M; >B2rRc >bB�M;@>m� C2Mk

R L�iBQM�H h�Br�M lMBp2`bBiv
k AMbiBimi2 Q7 �iQKB+ �M/ JQH2+mH�` a+B2M+2- �+�/2KB� aBMB+�

� M�MQT?QiQMB+ +�pBiv bvbi2K bi`QM;Hv +QmTH2/ iQ QM2 Q` KmHiBTH2 M2mi`�H �iQKb Bb � p2`v
mb27mH TH�i7Q`K 7Q` i?2 [m�MimK BM7Q`K�iBQM T`Q+2bbBM;X aBM;H2 [m#Bi +QMi`QH �M/ 2Mi�M;H2@
K2Mi #2ir22M irQ [m#Bib QM i?Bb bvbi2K ?�b #22M 2tT2`BK2Mi�HHv `2�HBx2/ `2+2MiHv #�b2/ QM
i?2 7�+i i?�i i?2 MmK#2` Q7 �iQKb +QmTH2/ iQ i?Bb bvbi2K ?�b /BbiBM+i `2~2+iBpBiv bT2+i`mKX
>2`2 r2 i?2Q`2iB+�HHv bim/B2/ i?2 2z2+i Q7 bTBM 2t+?�M;2 BMi2`�+iBQM �HQM; +?B`�H r�p2;mB/2 BM
i?Bb bvbi2K iQ mM/2`bi�M/ i?2 +QHH2+iBp2 2z2+i Q7 M2mi`�H �iQKb QM i?2 `2~2+iBpBiv bT2+i`mKX
6m`i?2`KQ`2- r2 /Bb+Qp2`2/ i?�i BM bQK2 MQM`2+BT`Q+�H +?B`�H +�b2b i?2 +QmTHBM; #2ir22M i?2
�iQKb �M/ +�pBiv ?�b MQ 2z2+i QM i?2 `2~2+iBpBiv bT2+i`mK /m2 iQ +�M+2HHBM; +�mb2/ #v i?2
bT�+2@/2T2M/2Mi bTBM 2t+?�M;2 BMi2`�+iBQMX q2 �HbQ bim/B2/ i?2 T`QT2`iB2b Q7 i?2 `2~2+iBpBiv
bT2+i`mK �b i?2 MmK#2` Q7 �iQKb +QmTH2/ iQ i?Bb bvbi2K Bb BM+`2�b2/X

S`2b2Mi2` M�K2, >B2r q2B a2M;

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2

QMHBM2 TQbi2` l_G,

S�;2 jjN



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`j9, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.R89

aHQr �iQKb i`�p2`b2 �M QTiB+�H +�pBiv }2H/, /BzmbBp2 �iQKB+
KQiBQM
�mi?Q`b, h�2;vm >�Rc .QrQM G22Rc .QM;;2QM EBKRc CBMmF EBKRc *?�M;bmF LQ?kc EvmM;rQM �Mjc
JQQMDQQ G22R

R .2T�`iK2Mi Q7 1H2+i`B+�H 1M;BM22`BM;- SQ?�M; lMBp2`bBiv Q7 a+B2M+2 �M/ h2+?MQHQ;v USPah1*>V-
jdedj SQ?�M;- EQ`2�

k .2T�`iK2Mi Q7 S?vbB+b- EvmM;TQQF L�iBQM�H lMBp2`bBiv- 9R8ee .�2;m- EQ`2�
j .2T�`iK2Mi Q7 S?vbB+b �M/ �bi`QMQKv � AMbiBimi2 Q7 �TTHB2/ S?vbB+b- a2QmH L�iBQM�H lMBp2`bBiv-

y33ke a2QmH- EQ`2�

q2 BMp2biB;�i2 i?2 �iQKB+ KQiBQM r?BH2 bBM;H2- H�b2`@+QQH2/ 87_# �iQKb T`QT�;�i2 i?`Qm;?
� ?B;?@}M2bb2 +�pBivX :2M2`�iBM; � +QH/ i`�TT2/ �iQKB+ 2Mb2K#H2 9@KK �#Qp2 i?2 +�pBiv (CX
EBK- EX EBK 2i �HX- a2MbQ`b kR- ek88 UkykRV)- i?2 i`�T Bb `2H2�b2/- �M/ bBM;H2 �iQKb 7�HH i?`Qm;?
i?2 `2bQM�iQ` KQ/2 #v ;`�pBivX ai`QM; �iQK@+�pBiv BMi2`�+iBQM +�mb2b H�`;2 /2+`2�b2b BM i?2
i`�MbKBbbBQM Q7 � r2�F `2bQM�Mi T`Q#2 }2H/X AM Q`/2` iQ mM/2`bi�M/ i?2 p�`BQmb K�;MBim/2b Q7
i?2 i`�MbKBbbBQM `2/m+iBQM- r2 T2`7Q`K MmK2`B+�H +�H+mH�iBQM Q7 i?2 AiƬ biQ+?�biB+ /Bz2`2MiB�H
2[m�iBQMb 7Q` �iQKB+ KQiBQM (�X .Q?2`iv 2i �HX- S?vbX _2pX � ej- yRj9yR UkyyyV)X h?2
+�H+mH�iBQM b?Qrb i?�i i?2 �iQKB+ i`�D2+iQ`v Bb bi`QM;Hv /BzmbBp2 �HQM; i?2 +�pBiv �tBb- r?B+?
�p2`�;2b i?2 bT�iB�HHv KQ/mH�i2/ �iQK@+�pBiv +QmTHBM; +QMbi�Mi BM i?Bb /B`2+iBQMX h?2`27Q`2-
r2 rQmH/ �ii`B#mi2 i?2 �iQK@#v@�iQK /Bz2`2M+2 Q7 i?2 i`�MbKBbbBQM +?�M;2 iQ i?2 /Bz2`2Mi
�iQKB+ �``Bp�H TQbBiBQM �HQM; i?2 i`�Mbp2`b2 KQ/2 /B`2+iBQMX

AM �//BiBQM- r2 /2KQMbi`�i2 � /BTQH2 i`�T Q7 bBM;H2 �iQKb rBi? �M BMi`�+�pBiv }2H/X q2 �HbQ
T`2b2Mi � T`2+Bb2 +?�`�+i2`Bx�iBQM Q7 Qm` QTiB+�H `2bQM�iQ`- `2bmHiBM; BM i?2 2biBK�iBQM Q7 i?2
�iQK@+�pBiv +QmTHBM; +QMbi�Mi mT iQ 7Qm` bB;MB}+�Mi };m`2b (.X G22 2i �HX- PTiX *QMiBMmmK
R- eyj UkykkV)X

6B;m`2 R,

6B;m`2 R U�V 1tT2`BK2Mi�H b2imTX aBM;H2 S?QiQM *QmMiBM; JQ/mH2 UaS*JVX U#V
S`Q#2 i`�MbKBbbBQM /`QTb r?2M bBM;H2 �iQKb i`�p2`b2 i?2 `2bQM�Mi +�pBiv KQ/2X
U+V aBKmH�iBQM `2bmHi Q7 �iQKB+ i`�D2+iQ`vX

S`2b2Mi2` M�K2, h�2;vm >�
A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2
QMHBM2 TQbi2` l_G,

S�;2 j9y



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`j8, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.R3e

6�MQ@GQ`2Mix b?�T2 +QMi`QHH2/ #v i?2 +QHH2+iBp2 2z2+i Q7 i?2
Mm+H2�` 2Mb2K#H2
�mi?Q`b, hB�M@CmM GBXc GBM@6�M w?mR

R lMBp2`bBiv Q7 a+B2M+2 �M/ h2+?MQHQ;v Q7 *?BM�

avMQTbBb h?2 �bvKK2i`B+ T`Q}H2b Q7 6�MQ BMi2`72`2M+2 BM i?2 i?BM@}HK TH�M�` +�pBiv ?�p2
#22M bim/B2/ #v +?�M;BM; i?2 Mm+H2�` �#mM/�M+2X Ai Bb 7QmM/ i?�i i?2 `2bQM�Mi Mm+H2�` `2bQ@
M�M+2 b22Kb iQ #2 mM2t+Bi2/ bmT2`}+B�HHv �i � +`BiB+�H Mm+H2�` �#mM/�M+2 BM i?2 Qp2`+`BiB+�H
`2;BK2 �M/ i?2 `2~2+iBpBiv b?Qrb � ~�i HBM2X h?2 K2+?�MBbK #2?BM/ i?2 ~�i HBM2 Bb i?2
+QMi`QHH�#H2 `2H�iBp2 �KTHBim/2 Q7 i?2 /Bb+`2i2 bi�i2 BM i?2 7`�K2rQ`F Q7 /2bi`m+iBp2 BMi2`72`@
2M+2X

�M 2Mb2K#H2 Q7 L bi�iB+ �iQKb +�M #2 2t+Bi2/ BMiQ �M 2Mi�M;H2/ bi�i2 #v i?2 T?QiQM }2H/-
`2bmHiBM; BM bQK2 MQp2H BMi`B;mBM; 2z2+ib +�mb2/ #v i?2 `2bQM�Mi /BTQH2@/BTQH2 BMi2`�+iBQM-
bm+? �b i?2 /B`2+i2/ bTQMi�M2Qmb 2KBbbBQM- bm#`�/B�M+2 �b r2HH �b i?2 +QHH2+iBp2 G�K# a?B7i
U*GaV i?�i �`Bb2 7Q`K i?2 bm``2�H pB`im�H T`Q+2bb rBi?BM i?2 �iQKB+ 2Mb2K#H2X 1t+2Ti 7Q` i?2
mMB[m2 T?2MQK2M�- i?2 +QHH2+iBp2 2z2+i Q7 i?2 �iQKB+ 2Mb2K#H2 Bb �HbQ 2t+2Ti2/- #2+�mb2 i?2
2M?�M+2K2Mi 7�+iQ`

p
N Bb BKTQ`i�Mi BM p�`BQmb bvbi2KbX

Pp2` i?2 T�bi /2+�/2- t@`�v [m�MimK QTiB+b i?`Bp2b rBi? i?2 /2p2HQTK2Mi Q7 i?2 ?B;?@#`BHHB�M+2
bvM+?`Qi`QM `�/B�iBQM �M/ t@`�v 7`22 2H2+i`QM H�b2` Us61GV (R@j)X .2bB;M2/ b2p2`�H MK@b+�H2
i?B+FM2bb H�v2`b �M/ T`Q#2/ BM i?2 K`�/ ;`�xBM; BM+B/2M+2- i?2 i?BM@}HK TH�M�` +�pBiv #2+QK2b
QM2 T`QKBbBM; TH�i7Q`K iQ bim/v i?2 t@`�v T?QiQMb@K�ii2` BMi2`�+iBQM �M/ QT2Mb M2r �p2Mm2
7Q` i?2 t@`�v [m�MimK QTiB+b (9-8)X

AM i?2 T`2b2Mi rQ`F- 6�MQ BMi2`72`2M+2 BM~m2M+2/ #v i?2 +QHH2+iBp2 2z2+i Bb BMp2biB;�i2/ #v
BMi2`+�H�iBM; i?2 `2bQM�Mi Jöbb#�m2` Mm+H2B U5762V rBi? p�`BQmb Mm+H2�` �#mM/�M+2 BM i?2
i?BM@}HK TH�M�` +�pBivX "v BMi`Q/m+BM; i?2 +QKTH2t q- i?2 �bvKK2i`B+ T`Q}H2b BM i?2 Qp2`@
+`BiB+�H �M/ mM/2`+`BiB+�H `2;BK2b �`2 +QMbB/2`2/ �b i?2 6�MQ@GQ`2Mix ivT2 pBxX i?2 BM+Q?2`2Mi
bmT2`TQbBiBQM #2ir22M i?2 MQ`K�H 6�MQ `2bQM�M+2 �M/ � GQ`2Mix T2�FX AM i?2 7`�K2rQ`F Q7
i?2 6�MQ@GQ`2Mix T`Q}H2- i?2 r2B;?i �M/ Bib `�M;2 Q7 i?2 MQ`K�H 6�MQ `2bQM�M+2 �`2 `2H�i2/ iQ
i?2 +QHH2+iBp2 2z2+i Q7 i?2 Mm+H2�` 2Mb2K#H2 �M/ +�pBiv `2;BK2- `2bT2+iBp2HvX "v �/DmbiBM; i?2
Mm+H2�` �#mM/�M+2- i?2 mM/2`+`BiB+�H +�pBiv �Hr�vb ?�b i?2 bvKK2i`B+ T2�F �i i?2 +�pBiv KQ/2
�M;H2- r?BH2 i?2 i`�Mb7Q`K�iBQM �KQM; i?2 bvKK2i`B+ T2�F- ~�i HBM2- �M/ p�HH2v Bb Q#b2`p2/
BM i?2 Qp2`+`BiB+�H +�pBivX �b 7Q` i?2 ~�i HBM2- Bi +Q``2bTQM/b iQ � +`BiB+�H Mm+H2�` �#mM/�M+2
r?2`2 i?2 `2bQM�Mi Mm+H2�` 2Mb2K#H2 b22Kb iQ #2 mM2t+Bi2/ bmT2`}+B�HHvX 6`QK i?2 pB2rTQBMi
Q7 /2bi`m+iBp2 BMi2`72`2M+2- i?Bb BMi2`2biBM; T?2MQK2MQM Bb 2tTH�BM2/ b2H7@+QMbBbi2MiHv #v i?2
+QMi`QHH�#H2 `2H�iBp2 �KTHBim/2 Q7 i?2 irQ T�i?r�vbX

(R) "X qX �/�Kb 2i �H kyRj S?vbX _2pX G2iiX Ry3 RdjeyR
(k) �X *?mK�FQp 2i �H kyR3 L�iX S?vbX R9 keR
(j) _X a+?M2B/2` 2i �H kyR3 L�iX S?vbXX R9 Rke
(9) _X _ö?Hb#2`;2` 2i �H kyRy a+B2M+2X jk3 Rk93
(8) _X _ö?Hb#2`;2` 2i �H kyRy L�im`2X 93k NN

S`2b2Mi2` M�K2, hB�M@CmM GB

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2

QMHBM2 TQbi2` l_G,

S�;2 j9R



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

6B;m`2 R, h?2 6�MQ@GQ`2Mix b?�T2b �/Dmbi2/ #v i?2 Mm+H2�` �#mM/�M+2 BM i?2 Qp2`+`BiB+�H
�M/ mM/2`+`BiB+�H `2;BK2bX

S�;2 j9k



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`je, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.kRR

h?2 }`bi Q#b2`p�iBQM Q7 M2r ~�i HBM2 6�MQ T`Q}H2 pB� �M
t@`�v TH�M�` +�pBiv
�mi?Q`b, wB`m J�Rc sBM+?�Q >m�M;Rc hB�MDmM GBRc >QM;+?�M; q�M;kc :2M+?�M; GBmjc w?�Mb?�M
q�M;9c "Q GBRc q2M#BM GBjc GBM7�M w?m8

R lMBp2`bBiv Q7 a+B2M+2 �M/ h2+?MQHQ;v Q7 *?BM�

k .B�KQM/ GB;?i aQm`+2

j JP1 E2v G�#Q`�iQ`v Q7 �/p�M+2/ JB+`Q@ai`m+im`2/ J�i2`B�Hb- AMbiBimi2 Q7 S`2+BbBQM PTiB+�H 1M;B@
M22`BM; UASP1V- a+?QQH Q7 S?vbB+b b+B2M+2 �M/ 1M;BM22`BM;- hQM;DB lMBp2`bBiv-

9 JP1 E2v G�#Q`�iQ`v Q7 �/p�M+2/ JB+`Q@ai`m+im`2/ J�i2`B�Hb- AMbiBimi2 Q7 S`2+BbBQM PTiB+�H 1M;B@
M22`BM; UASP1V- a+?QQH Q7 S?vbB+b b+B2M+2 �M/ 1M;BM22`BM;- hQM;DB lMBp2`bBiv

8 >272B L�iBQM�H _2b2�`+? *2Mi2` 7Q` S?vbB+�H a+B2M+2b �i i?2 JB+`Qb+�H2 �M/ .2T�`iK2Mi Q7 JQ/2`M
S?vbB+b- lMBp2`bBiv Q7 a+B2M+2 �M/ h2+?MQHQ;v Q7 *?BM�

6�MQ 7Q`KmH�- /2b+`B#BM; i?2 m#B[mBiQmb BMi2`72`2M+2 #2ir22M MQM`2bQM�M+2 +QMiBMmmK �M/
`2bQM�Mi /Bb+`2i2 bi�i2- Bb QM2 Q7 i?2 KQbi BKTQ`i�Mi 7Q`KmH�b BM KQ/2`M T?vbB+b (R-k)X �b r2
�HH FMQrM- �++Q`/BM; iQ i?2 `2�H MmK#2` Q7 i?2 HBM2 T`Q}H2 BM/2t [- i?2 6�MQ T`Q}H2 +�M #2
/BpB/2/ BMiQ i?2 bvKK2i`B+ �M/ �bvKK2i`B+ HBM2 b?�T2X AM i?Bb rQ`F- r2 T`QTQb2 � M2r T2`@
bT2+iBp2 QM i?2 `2;mH�iBQM Q7 6�MQǶb HBM2 b?�T2 #v KQ/mH�iBM; i?2 AK�;BM�`v T�`i Q7 +QKTH2t
[@7�+iQ`X q2 /2KQMbi`�i2 i?�i 6�MQ BMi2`72`2M+2 MQi QMHv ?�b �bvKK2i`B+ �M/ bvKK2i`B+
HBM2- #mi �HbQ ?�b ~�i@HBM2 +�b2b i?�i +�M #2 mb2/ iQ ?B/2 �iQKB+ `2bQM�M+2 BM7Q`K�iBQM r?2M
[ i�FBM; i?2 Tm`2 BK�;BM�`v MmK#2` Q7 @R BM t@`�v `2;BK2X

AM i?2 2tT2`BK2Mi- i?2 /m�H@+?�MM2H BMi2`72`QK2i2` Bb +QMbi`m+i2/ #v 2K#2//BM; �M s@`�v
TH�M�` +�pBiv BMiQ �M mHi`�i?BM �iQKB+ H�v2`- BM r?B+? i?2 +�pBiv �M/ �iQKb `2~2+i ;`�xBM;@
BM+B/2M+2 s@`�vb iQ 7Q`K imM�#H2 +QMiBMmmK �M/ `2bQM�Mi /Bb+`2i2 bi�i2 +?�MM2Hb- `2bT2+iBp2Hv
(j-9)X "v +?�M;BM; i?2 i?B+FM2bb Q7 Si QM i?2 iQT H�v2` Q7 i?2 TH�M�` +�pBiv- i?2 �KTHBim/2 Q7
i?2 +QMiBMmmK +?�MM2H +�M #2 +QMi`QHH2/X h?2 mM/2`HvBM; K2+?�MBbK Bb i?�i i?2 BMi2`72`2M+2
i2`K BM i?2 b+�ii2`BM; rBHH +�M+2H i?2 /Bb+`2i2 QM2 2t�+iHvX h?Bb M2r 6�MQ T`Q}H2 `2M/2`b �M
QMHv Q#b2`p�#H2 +QMiBMmmK �HQM; rBi? �M BMpBbB#H2 `2bTQMb2 iQ i?2 /Bb+`2i2 bi�i2 Q7 �iQKB+
`2bQM�M+2X
E2v rQ`/b, 6�MQ BMi2`72`2b- ~�i HBM2- +QKTH2t [- t@`�v +�pBiv

(R) lX 6�MQ- S?vbX _2pX Rk9- R3ee URNeRV
(k) lX 6�MQ �M/ CX qX *QQT2`- S?vbX _2pX Rjd- �Rje9 URNe8V
(j) EX SX >22; 2i �HX- S?vbX _2pX G2iiX RR9- kyd9yR UkyR8V
(9) CX >�#2` 2i �HX- S?vbX _2pX G2iiX Rkk- Rkjey3 UkyRNV

S`2b2Mi2` M�K2, wB`m J�

S�;2 j9j



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

6B;m`2 R, h?2 k. K�Tb Q7 i?2 `2~2+iBpBiv bT2+i`� pbX i?2 2M2`;v �M/ �M;H2 Qzb2iX U�@+V
_2~2+iBpBiv bT2+i`� Q7 i?2 b�KTH2b rBi? iiQT �b yXy MK- RXy MK- kXk MK- `2bT2+iBp2HvX
S�M2Hb U/@7V b?Qr i?2 2tT2`BK2Mi�H `2bmHib Q7 U�@+V- rBi? i?2 �#bQ`TiBQM 2/;2 #2BM;
bm#i`�+i2/X S�M2Hb U;@BV b?Qr i?2 +�H+mH�iBQMb #v [m�MimK QTiB+b KQ/2HX 6`QK i?2
H27i iQ i?2 `B;?i T�M2Hb- i?2 +QMp2`bBQM 7`QK T2�Fb iQ p�HH2vb Bb +H2�`Hv Q#b2`p2/ �i i?2
+Q``2bTQM/BM; KQ/2 �M;H2b U/�b?2/ HBM2bVX

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2

QMHBM2 TQbi2` l_G,

S�;2 j99



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

S�;2 j98



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`jd, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.kj9

*QKTQbBi2 TB+Qb2+QM/ +QMi`QH Q7 �iQKB+ bi�i2 i?`Qm;? �
M�MQ}#2` BMi2`7�+2
�mi?Q`b, um/B J�Rc _mBDm�M GBmRc GBv�M; ZBmRc GBM;DBM; CBRc uBKBM GBRc u�MiBM; w?�Qkc q2B 6�M;jc
b�BDmM qmR

R 6m/�M lMBp2`bBiv
k a?�MtB lMBp2`bBiv
j w?2DB�M; lMBp2`bBiv

�++m`�i2 +QMi`QH Q7 bBM;H2 2KBii2`b �i M�MQT?QiQMB+ BMi2`7�+2b K�v ;`2�iHv 2tT�M/ i?2 �++2b@
bB#H2 [m�MimK bi�i2b Q7 +QmTH2/ QTiB+�H bTBMb BM i?2 +QM}M2/ ;2QK2i`v �M/ iQ mMp2BH 2tQiB+
MQMHBM2�` [m�MimK QTiB+�H 2z2+ibX >Qr2p2`- i?2 QTiB+�H +QMi`QH Bb +?�HH2M;2/ #v bT�iB�HHv p�`v@
BM; HB;?i@�iQK +QmTHBM; bi`2M;i? ;2M2`B+ iQ M�MQT?QiQMB+bX q2 /2KQMbi`�i2 MmK2`B+�HHv i?�i
/2bTBi2 i?2 M2�`@}2H/ BM?QKQ;2MmBiv- M2�`Hv T2`72+i �iQKB+ bi�i2 +QMi`QH +�M #2 �+?B2p2/ #v
2tTHQBiBM; ;2QK2i`B+ `Q#mbiM2bb Q7 QTiB+�H i`�MbBiBQMb rBi? +QKTQbBi2 TB+Qb2+QM/ 2t+Bi�iBQMbX
Pm` T`QTQb�H Bb 7QHHQr2/ #v � T`QQ7@Q7@T`BM+BTH2 /2KQMbi`�iBQM r?2`2 �M N = 3 +QKTQbBi2
b2[m2M+2 Bb �TTHB2/ iQ `Q#mbiHv BMp2`i i?2 .R TQTmH�iBQM Q7 7`22@~vBM; 85_# �iQKb i`2bT�bbBM;
� M�MQ}#2` BMi2`7�+2X h?2 T`2+Bb2 +QMi`QH Bb +QM}`K2/ #v +QKT�`BM; i?2 .k }#2` i`�MbKBb@
bBQM rBi? 7mHH@H2p2H bBKmH�iBQM Q7 i?2 K2bQb+QTB+ HB;?i@�iQK BMi2`�+iBQM �+`Qbb i?2 +QKTQbBi2
T�`�K2i2` bT�+2X
q2 T`QD2+i i?2 b+?2K2 iQ H�`;2 N 7Q` T`2+Bb2 T?�b2 T�ii2`MBM; �M/ �`#Bi`�`v QTiB+�H /BTQH2
+QMi`QH �i i?2 M�MQT?QiQMB+ BMi2`7�+2X

S`2b2Mi2` M�K2, um/B J�

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2

QMHBM2 TQbi2` l_G,

?iiTb,ffmHi`�+QMi`QHX7m/�MX2/mX+MfnmTHQ�/f�`iB+H2f}H2bf78fNkf�/NdR99N9N#3�R/jey�8+y/j87dNfdkyj2j+d@
d3/N@9RRN@��yy@k7de/d//8Nj7XT/7

S�;2 j9e



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`j3, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.kje

*QKTQbBi2 �+QmbiQ@QTiB+�H KQ/mH�iBQM
�mi?Q`b, GBm _mBDm�MRc J� um/BRc CB GBM;DBM;Rc ZBm GBu�M;Rc CB JBM#B�QRc h�Q w?2Mb?2M;Rc qm
a�BDmMR

R 6m/�M lMBp2`bBiv

�+QmbiQ@QTiB+�H KQ/mH�iQ`b �`2 m#B[mBiQmbHv 2[mBTT2/ BM KQ/2`M `2b2�`+? H�#b �+`Qbb }2H/b 7Q`
KQ/mH�iBQM Q7 �KTHBim/2- T?�b2- 7`2[m2M+v �M/ T`QT�;�iBQM /B`2+iBQM Q7 HB;?iX 1{+B2Mi �PJ
/Bz`�+iBQM `2HB2b QM T?�b2@K�i+?BM; i?2 HB;?i #2�Kb rBi? i?2 bQmM/ r�p2X .2pB�iBQM Q7 QT2`@
�iBQM T�`�K2i2`b 7`QK i?2 T`2@�HB;M2/ "`�;; +QM/BiBQM H2�/b iQ `2/m+2/ /Bz`�+iBQM 2{+B2M+v
�M/ /BbiQ`i2/ /Bz`�+iBQM T?�b2- b2p2`2Hv HBKBiBM; i?2 imMBM; `�M;2 �M/ +QMi`QH #�M/rB/i? BM
i`�/BiBQM�H �PJ �TTHB+�iBQMbX AMbTB`2/ #v +Q?2`2Mi +QMi`QH i2+?MB[m2b 7Q` �iQK BMi2`72`QK2@
i`v- r2 T`QTQb2 � M2r +H�bb Q7 �PJ i2+?MB[m2b- #v bTHBiiBM; � bBM;H2 "`�;;@/Bz`�+iBQM BMiQ �M
L@�PJ T`Q+2bb- 7Q` 2{+B2Mi /Bz`�+iBQM #2vQM/ i?2 "`�;; +QM/BiBQM �M/ `�TB/ KQ/mH�iBQM
rBi? +HQb2@iQ@mMBiv 2{+B2M+vX AM � bBKTH2bi k@�PJ 2t�KTH2- r2 /2KQMbi`�i2 `�TB/ `QmiBM;
Q7 � KQ/2@HQ+F2/ H�b2` QmiTmi BMiQ irQ T�i?b rBi? =NyW 2{+B2M+v �M/ R8�ky /" bB/2 TmHb2
bmTT`2bbBQMX q2 7m`i?2` /2KQMbi`�i2 +Q?2`2Mi bi�+FBM; Q7 bm++2bbBp2 TmHb2b 7Q` Rf9 `2T2iBiBQM
`�i2 T`2b+�HBM; rBi? M2�`Hv irQ@7QH/ 2M?�M+2K2Mi Q7 T2�F TQr2`X qBi? i?2 mMT`2+2/2Mi2/
�+QmbiB+ QTiB+�H KQ/mH�iBQM 2{+B2M+v �M/ #�M/rB/i? +QK#BM�iBQM- r2 2tT2+i i?2 +QKTQbBi2
�PJ i2+?MB[m2 iQ ?2HT T�pBM; � T`�+iB+�H T�i?r�v iQr�`/ �`#Bi`�`v KQ/mH�iBQM Q7 KQ/2@
HQ+F2/ H�b2`b rBi? mT iQ :>x `2T2iBiBQM `�i2X

S`2b2Mi2` M�K2, _mBDm�M GBm

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2

QMHBM2 TQbi2` l_G,

?iiTb,ffr2#THmbX7m/�MX2/mX+Mfnb389frQM72`2M+2fHBbiXTbT

S�;2 j9d



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`jN, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.k9j

>B;? 2{+B2M+v- +Q?2`2Mi +QMi`QH Q7 HB;?i rBi? KmHiBT�bb
�+QmbiQ@QTiB+�H KQ/mH�iBQM
�mi?Q`b, umtB�M; w?�QRc um/B J�Rc a�mDmM qmR

R 6m/�M lMBp2`bBiv

6`QK H�b2` +QQHBM; iQ HB;?i@TmHb2 �iQK BMi2`72`QK2i`v- T`2+Bb2 +QMi`QH Q7 HB;?i@�iQK BMi2`�+iBQM
`2[mB`2b T`2+Bb2 KQ/mH�iBQM Q7 QTiB+�H r�p27Q`Kb BM i?2 iBK2@/QK�BMX hQ i?Bb 2M/- �+QmbiQ@
PTiB+�H JQ/mH�iBQM U�PJV Bb mMB[m2Hv TQr2`7mH 7Q` �+?B2pBM; ?B;? bT22/- ?B;? +QMi`�bi
QTiB+�H +QMi`QHX >Qr2p2`- #�b2/ QM irQ@KQ/2 `2bQM�Mi "`�;; /Bz`�+iBQM- i?2 �PJ 2{+B2M+v
�M/ #�M/rB/i? �`2 T`QM2 iQ ?B;?@Q`/2` �M/ Qz@`2bQM�Mi T2`im`#�iBQMbX >2`2- 7QHHQrBM; �
`2+2Mi rQ`F U�`sBp,kRRyXR88jdV- r2 T`QTQb2 �M/ /2KQMbi`�i2 � 72r M2r i`B+Fb iQ ;Q #2vQM/
i?2 i`�/BiBQM�H HBKBib #v KQ/mH�iBM; HB;?i rBi? /Qm#H2@T�bbBM; bBM;H2 �PJbX AM i?2 }`bi
b2imT- i?2 �PJ bQmM/ r�p2 rBi? 7`2[m2M+v f (0)

S Bb `2@BK�;2/ iQ Bib2H7 �7i2` �M QTiB+�H /2H�v
Q7 Ld = c/f (0)

S X h?2 b2imT +Q?2`2MiHv bTHBib i?2 "`�;;@/Bz`�+iBQM T`Q+2bb BMiQ irQX AM i?Bb
bBKTH2 b2imT- r2 /2KQMbi`�i2 /Bz`�+iBQM 2{+B2M+v �b ?B;? �b ⌘ = 98% 7Q` #Qi? ±1

st@Q`/2`b-
r?2M i?2 �PJ Bb /`Bp2M �i K2`2Hv � 7Qm`i? Q7 i?2 `2;mH�`Hv `2[mB`2/ `7 TQr2`X 6m`i?2`KQ`2-
r2 }M/ i?2 ?B;?Hv 2{+B2Mi /Bz`�+iBQM Bb �++QKT�MB2/ #v 2tiBM+iBQM Q7 i?2 yi? Q`/2` #v R3
/"- i?2`2#v 2M�#HBM; 2{+B2Mi QTiB+�H `QmiBM; QM /2K�M/X 6BM�HHv- 7Q` i?2 +1@Q`/2`- r2 }M/
i?2 !S +�M #2 #2 /2pB�i2 7`QK !(0) bm#bi�MiB�HHv r?BH2 K�BMi�BMBM; ⌘ > 80%X AM i?2 kM/
b2imT- r2 biBHH `2@BK�;2 i?2 �PJ bQmM/@r�p2 iQ Bib2H7- #mi rBi? i?2 T`QT�;�iBQM /B`2+iBQM
Q7 bQmM/ }2H/ `2p2`b2/X AM i?Bb +�b2- r2 /2KQMbi`�i2 ?B;?@+QMi`�bi KQ/mH�iBQM Q7 �PJ
QmiTmi iQ bmTTQ`i 2{+B2Mi `QmiBM; Q7 � bvM+?`QMBx2/ KQ/2@HQ+F2/ H�b2`X AM T�`iB+mH�`- i?2
/Qm#H2@T�bb �PJ T`2@b+�H2b i?2 `2T2iBiBQM `�i2 Q7 i?2 TmHb2/ H�b2` 7`QK frep = 4f0

S/(2N +1)

iQ frep = 2f0

S/(2N + 1)- rBi? +HQb2 iQ mMBiv 2{+B2M+v �M/ ⇠ 18/" bB/2@TmHb2 bmTT`2bbBQM
2{+B2M+vX q2 /Bb+mbb 2ti2MbBQM Q7 i?2 M2r K2i?Q/ 7Q` bvMi?2bBxBM; KmHiB7`2[m2M+v QTiB+�H
r�p27Q`Kb #v +�b+�/BM; �``�vb Q7 KmHiBT�bb �PJbX

S`2b2Mi2` M�K2, umtB�M;w?�Q

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2

QMHBM2 TQbi2` l_G,

?iiTb,ffmHi`�+QMi`QHX7m/�MX2/mX+MfrQM72`2M+2fHBbiX?iK

S�;2 j93



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`9y, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.k8k

S?QiQM biQ`�;2 BM �M BMi2``mTi2/ r�p2;mB/2
�mi?Q`b, .�pB/ CQ?MbQMRc Gm+B� >�+F2`KmHH2`Rc L�i?�M *QQT2`Rc .�MB2H2 "�H/QHBMBRc J�ii Pp2`iQMR

R lMBp2`bBiv Q7 LQiiBM;?�K

*QH/ �iQKb �`2 mb27mH 7Q` K�Mv [m�MimK BM7Q`K�iBQM �TTHB+�iBQMbX h?2B` bi`QM; BMi2`�+iBQMb
rBi? HB;?i ;Bp2 i?2K K�Mv mb2b BM �iQK@T?QiQM DmM+iBQMbX >Qr2p2`- QM2 /B{+mHiv rBi? +QH/
�iQKb Bb BMi2;`�iBM; i?2K rBi? r�p2;mB/2b �M/ Qi?2` T?QiQMB+ /2pB+2bX >2`2 r2 /2KQMbi`�i2
� K2i?Q/ i?�i BMpQHp2b i`�TTBM; i?2 �iQKb BMbB/2 � H�b2` /`BHH2/ ?QH2 i?`Qm;? �M QTiB+�H
}#`2X "v +�`27mHHv b2H2+iBM; i?2 ;2QK2i`v Q7 i?2 +�pBiv- QM2 +�M imM2 i?2 i`�MbKBbbBQM Q7 HB;?i
i?`Qm;? Bi- rBi? T�`�#QHB+ +QMp2t bm`7�+2b ?�pBM; i?2 ;`2�i2bi i`�MbKBbbBQMX
PM+2 i?2 �iQKb �`2 i`�TT2/ BM i?2 }#`2- i?2v +�M #2 mb2/ iQ /2KQMbi`�i2 K�Mv BMi2`2biBM;
�M/ mb27mH T?2MQK2M�X Pm` ;Q�H Bb iQ /2KQMbi`�i2 2H2+i`QK�;M2iB+�HHv BM/m+2/ i`�MbT�`2M+v
U1AhVc r?B+? �HHQrb MQi Dmbi 7Q` +QMi`QH Qp2` i?2 i`�MbT�`2M+v Q7 i?2 �iQKb- #mi �HbQ H2�/b iQ
bHQr HB;?i 2z2+ib �M/ 2p2M T?QiQM biQ`�;2X

S`2b2Mi2` M�K2, .�pB/ CQ?MbQM

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2

QMHBM2 TQbi2` l_G,

S�;2 j9N



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`9R, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.kdj

� #B�b2/@`Qi�iBQM �TT`Q�+? iQ 2{+B2Mi T`2+Bb2 bTBMQ` K�i@
i2`r�p2 _�K�M +QMi`QH
�mi?Q`b, GBv�M; ZBmRc a�BDmM qmR

R 6m/�M lMBp2`bBiv

6�bi �M/ �++m`�i2 _�K�M bTBMQ` K�ii2`r�p2 +QMi`QH Bb F2v iQ BKTH2K2MiBM; �/p�M+2/ [m�M@
imK i2+?MQHQ;v 7Q` [m�MimK b2MbBM;- bBKmH�iBQM- �M/ +QKTmi�iBQMX hvTB+�H _�K�M +QMi`QHb
�`2 �+?B2p2/ �i H�`;2 bBM;H2@T?QiQM /2imMBM;b- MQi QMHv iQ �pQB/ bTQMi�M2Qmb 2KBbbBQMb #mi
�HbQ 7Q` `2/m+BM; i?2 /Bz2`2MiB�H ai�`F b?B7ibX Pm` rQ`F 7Q+mb2b QM KQ/2`�i2 bBM;H2@T?QiQM
/2imMBM; r?2`2 i?2 mMBp2`b�H `Qi�iBQMb Q7 �iQKB+ bTBMQ`b #v i?2 _�K�M +QmTHBM; �`2 #B�b2/
#v � bB;MB}+�Mi ai�`F b?B7i �i � }t2/ ǳ#B�b2/ �M;H2ǴX q2 /2KQMbi`�i2 i?�i rBi?BM i?Bb ǳ#B�b2/
`Qi�iBQMǴ `2;BK2- +QKTQbBi2 TmHb2b +�M #2 2{+B2MiHv /2`Bp2/ rBi? bBKTH2 alUkV /vM�KB+b 7Q`
i?2B` T`2+Bb2 BKTH2K2Mi�iBQM iQ �HF�HBM2 �iQKb QM � ?vT2`}M2 K�MB7QH/X Pm` b+?2K2 }HHb
i?2 ;�T #2ir22M `2H�i2/ i2+?MB[m2b BM �iQK BMi2`72`QK2i`v �M/ i`�TT2/@BQMb 7Q` bi�`F@b?B7i
+QKT2Mb�iBQM- 2M�#HBM; mHi`�@T`2+Bb2 mMBp2`b�H _�K�M bTBM@r�p2 +QMi`QH rBi?BM M�MQb2+QM/b
rBi? KQ/2`�i2 H�b2` TQr2`X

S`2b2Mi2` M�K2, GBv�M; ZBm

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2

QMHBM2 TQbi2` l_G,

S�;2 j8y



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`9k, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.jjj

hQr�`/b 722/#�+F +QQHBM; Q7 � bBM;H2 i`�TT2/ BQM BM � /22T
T�`�#QHB+ KB``Q`
�mi?Q`b, �iBb? _QvRc J�`iBM 6Bb+?2`Rc >�Mb .�M;kc G�F?B a?�`K�Rc J�`Fmb aQM/2`K�MMjc :2`/
G2m+?b9

R J�t SH�M+F AMbiBimi2 7Q` i?2 a+B2M+2 Q7 GB;?i- 1`H�M;2M- :2`K�Mv
k RX J�t SH�M+F AMbiBimi2 7Q` i?2 a+B2M+2 Q7 GB;?i- 1`H�M;2M- :2`K�MvX k 6`B2/`B+?@�H2t�M/2` lMBp2`@

bBi i 1`H�M;2M@LɃ`M#2`;- .2T�`iK2Mi Q7 S?vbB+b- 1`H�M;2M- :2`K�Mv
j R 6`B2/`B+?@�H2t�M/2` lMBp2`bBi i 1`H�M;2M@LɃ`M#2`;- .2T�`iK2Mi Q7 S?vbB+b- 1`H�M;2M- :2`K�MvX

k J�t SH�M+F AMbiBimi2 7Q` i?2 a+B2M+2 Q7 GB;?i- 1`H�M;2M- :2`K�MvX
9 RXJ�t SH�M+F AMbiBimi2 7Q` i?2 a+B2M+2 Q7 GB;?i- 1`H�M;2M- :2`K�MvX kX6`B2/`B+?@�H2t�M/2` lMBp2`@

bBi i 1`H�M;2M@LɃ`M#2`;- .2T�`iK2Mi Q7 S?vbB+b- 1`H�M;2M- :2`K�MvX jX.2T�`iK2Mi Q7 S?vbB+b-
lMBp2`bBiv Q7 Pii�r�- *�M�/�X 9XAMbiBimi2 Q7 �TTHB2/ S?vbB+b- _mbbB�M �+�/2Kv Q7 a+B2M+2b-
LBx?Mv LQp;Q`Q/- _mbbB�X

AM �TTHB+�iBQMb BM [m�MimK i2+?MQHQ;B2b �b r2HH �b BM K�Mv 2tT2`BK2Mi�H b+2M�`BQb- i?2 `2bB/m�H
i?2`K�H KQiBQM Q7 � i`�TT2/ �M/ H�b2` +QQH2/ BQM ?�b /2i`BK2Mi�H 2z2+ib- 2X;X � `2/m+iBQM Q7
i?2 +QmTHBM; iQ iB;?iHv 7Q+mb2/ HB;?i }2H/b (R)X PM2 TQbbB#H2 K2i?Q/ iQ +QQH i?2 BQM #2vQM/ i?2
.QTTH2` HBKBi Bb 722/#�+F +QQHBM; (k)X >2`2- r2 �TTHv 722/#�+F +QQHBM; BM � b2i@mT #�b2/ QM �
/22T T�`�#QHB+ KB``Q`- 2tTHQBiBM; i?2 KB``Q`Ƕb H�`;2 +QHH2+iBQM 2{+B2M+v (j)X h?2 ~mQ`2b+2M+2
bB;M�H +QHH2+i2/ #v i?2 T�`�#QHB+ KB``Q`

+QMi�BMb
BM7Q`K�iBQM Q7 i?2 TQbBiBQM Q7 i?2 BQM BM Bib T?�b2 7`QMiX lTQM 6Qm`B2` i`�Mb7Q`K�iBQM #v �
H2Mb- i?Bb BM7Q`K�iBQM Bb i`�Mb7Q`K2/ iQ �M BMi2MbBiv /Bbi`B#miBQM rBi? � b?�T2 �M/ TQbBiBQM
;Qp2`M2/ #v i?2 b?B7i Q7 i?2 BQM Qz i?2 7Q+mb Q7 i?2 T�`�#QHB+ KB``Q`X *?�M;2b iQ i?Bb BMi2M@
bBiv /Bbi`B#miBQM �`2 K2�bm`2/ mbBM; � FMB72 2/;2 �M/ � T?QiQ KmHiBTHB2` im#2- 2M�#HBM; /B`2+i
/2i2+iBQM Q7 i?2 b2+mH�` KQiBQM Q7 i?2 BQMX h?2 /2i2+i2/ bB;M�H Bb mb2/ iQ T`Q/m+2 � 722/#�+F
bB;M�H i?�i Bb �TTHB2/ iQ QM2 Q7 i?2 2H2+i`Q/2b Q7 i?2 i`�T �bb2K#HvX h?2 T?�b2 �M/ ;�BM Q7 i?Bb
bB;M�H /2i2`KBM2b i?2 �KTHBim/2 Q7 i?2 722/#�+F +QQH2/ BQMǶb b2+mH�` KQiBQMX q2 `2TQ`i QM
Qm` T`Q;`2bb iQr�`/b HQr2`BM; i?2 BQMǶb i2KT2`�im`2 #2HQr i?2 HBKBi b2i #v .QTTH2` +QQHBM;
(9)X
(R)X J�`iBM 6Bb+?2`- 2i �HX- ǳa?B7iBM; i?2 T?�b2 Q7 � +Q?2`2Mi #2�K rBi? � 174 u#+ BQM,
BM~m2M+2 Q7 i?2 b+�ii2`BM; +`Qbb b2+iBQMǴ- �TTHX S?vbX "X Rkj- 93 UkyRdVX
(k)X S�p2H "mb?2p- 2i �HX-ǳ622/#�+F *QQHBM; Q7 � aBM;H2 h`�TT2/ AQMǴ- S?vbX _2pX G2iiX Ne-
y9jyyj UkyyeVX
(j)X _Q#2`i J�Br�H/- 2i �HX-ǳ*QHH2+iBM; KQ`2 i?�M ?�H7 i?2 ~mQ`2b+2M+2 T?QiQMb 7`QK � bBM;H2
BQMǴ- S?vbX _2pX �X 3e- y9j9jR UkyRkVX
(9)X "?�`�i a`Bp�i?b�M- 2i �HX- ǳJ2�bm`BM; i?2 i2KT2`�im`2 �M/ ?2�iBM; `�i2 Q7 � bBM;H2 BQM
#v BK�;BM;Ǵ- L2rX CX S?vbX kR- RRjyR9 UkyRNVX

S`2b2Mi2` M�K2, �iBb? _Qv

S�;2 j8R



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@e9, ai`m+im`2- T`QT2`iB2b Q7 �iQKb- BQMb � KQHX A.3y

PM i?2 T`QbT2+ib Q7 QTiB+�H +v+HBM; BM /B�iQKB+ +�iBQMb, 17@
72+ib Q7 i`�MbBiBQM K2i�Hb- bTBM@Q`#Bi +QmTHBM;b- �M/ KmHiBTH2
#QM/b
�mi?Q`b, S�r2H qQD+BFRc 1`B+ >m/bQMkc �MM� E`vHQpj

R la*
k .2T�`iK2Mi Q7 S?vbB+b �M/ �bi`QMQKv- lMBp2`bBiv Q7 *�HB7Q`MB� GQb �M;2H2b
j .2T�`iK2Mi Q7 *?2KBbi`v- lMBp2`bBiv Q7 aQmi?2`M *�HB7Q`MB�

JQH2+mH2b rBi? QTiB+�H +v+HBM; +2Mi2`b UP**bV �`2 ?B;?Hv /2bB`�#H2 BM i?2 +QMi2ti Q7 7mM/�@
K2Mi�H bim/B2b �b r2HH �b �TTHB+�iBQMb U2X;X- [m�MimK +QKTmiBM;V #2+�mb2 i?2v +�M #2 2z2+@
iBp2Hv +QQH2/ iQ p2`v HQr i2KT2`�im`2b #v `2T2�i2/ �#bQ`TiBQM �M/ 2KBbbBQM U?2M+2- +v+HBM;VX
*?�`;2/ bT2+B2b Qz2` �//BiBQM�H �/p�Mi�;2b 7Q` 2tT2`BK2Mi�H +QMi`QH �M/ K�MBTmH�iBQMX q2
T`2b2Mi � bvbi2K�iB+ +QKTmi�iBQM�H bim/v Q7 � b2`B2b Q7 /B�iQKB+ `�/B+�H@+�iBQMb K�/2 Q7
� /@#HQ+F K2i�H �M/ � T@#HQ+F HB;�M/- i?�i �`2 BbQ2H2+i`QMB+ UBM i?2B` p�H2M+2 b?2HHV iQ i?2
bm++2bb7mHHv H�b2`@+QQH2/ M2mi`�H KQH2+mH2bX lbBM; ?B;?@H2p2H 2H2+i`QMB+ bi`m+im`2 K2i?Q/b-
r2 +?�`�+i2`Bx2 bi�i2 �M/ i`�MbBiBQM T`QT2`iB2b Q7 HQr@HvBM; 2H2+i`QMB+ bi�i2b �M/ +QKTmi2
6`�M+F@*QM/QM 7�+iQ`bX h?2 +QKTmi2/ #`�M+?BM; `�iBQb �M/ `�/B�iBp2 HB72iBK2b `2p2�H i?�i
i?2 2H2+i`QMB+ i`�MbBiBQMb �M�HQ;Qmb iQ i?Qb2 bm++2bb7mHHv mb2/ BM i?2 H�b2` +QQHBM; Q7 M2mi`�H
KQH2+mH2b �`2 H2bb i?�M QTiBK�H BM i?2 +�iBQMbX q2 T`QTQb2 �Hi2`M�iBp2 i`�MbBiBQMb bmBi�#H2
7Q` QTiB+�H +v+HBM; �M/ ?B;?HB;?i i`2M/b i?�i +QmH/ �bbBbi 7mim`2 /2bB;Mb Q7 P**b BM +?�`;2/
Q` M2mi`�H KQH2+mH2bX

S`2b2Mi2` M�K2, S�r2H qQD+BF

S�;2 j8k



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@e8, ai`m+im`2- T`QT2`iB2b Q7 �iQKb- BQMb � KQHX A.Re8

aBx2@2M2`;v mMBp2`b�HBiv BM p�M /2` q��Hb b2H7@#QmM/ bvb@
i2Kb
�mi?Q`b, S2i�` aiBT�MQpBÉRc G2�M/`� o`�MD2Ȓ J�`FBÉRc CQ`/B "Q`QM�ik

R lMBp2`bBiv Q7 aTHBi- 6�+mHiv Q7 a+B2M+2- aTHBi- *`Q�iB�
k .2T�`iK2Mi Q7 S?vbB+b- lMBp2`bBi�i SQHBiĕ+MB+� /2 *�i�HmMv�- "�`+2HQM�- aT�BM

� mMBp2`b�H `2H�iBQMb?BT #2ir22M b+�H2/ bBx2 �M/ b+�H2/ 2M2`;v r�b 2tTHQ`2/ BM 72r@#Q/v
bvbi2Kb1,2,3X :`QmM/@bi�i2 b2H7@#BM/BM; 2M2`;B2b r2`2 Q#i�BM2/ #v i?2 /BzmbBQM JQMi2 *�`HQ
K2i?Q/X P#i�BM2/ 2M2`;B2b bmTTQ`i ;2M2`�HBx2/ hDQM HBM2bX ai`m+im`�H T`QT2`iB2b r2`2 2t@
i`�+i2/ #v Tm`2 2biBK�iQ`b4- r?B+? T`Qp2/ bm++2bb7mH BM 2p�Hm�iBM; i?2Q`2iB+�H T`2/B+iBQMb
Q7 /Bbi`B#miBQM 7mM+iBQMb5 BM +QKT�`BbQM rBi? i?2 2tT2`BK2Mi�H *QmHQK# 2tTHQbBQM BK�;BM;
`2bmHib6,7X

ai`2M;i?2MBM; i?2 BMi2`@T�`iB+H2 BMi2`�+iBQM- i?2 2tTHQ`�iBQM r�b 2ti2M/2/ 7`QK ?�HQ bvbi2Kb-
r?B+? �`2 2ti`2K2Hv r2�FHv #QmM/ �M/ T`272` iQ #2 BM +H�bbB+�HHv 7Q`#B//2M `2;BQMb- iQ +H�bbB+�H
bvbi2KbX

lMBp2`b�H bBx2@2M2`;v H�r ?�b #22M 7QmM/ 7Q` � ?QKQ;2M2Qmb bvbi2K Q7 T�`iB+H2b r?2M T�B`@
TQi2MiB�Hb /2+�v T`2/QKBM�MiHv rBi? r�6X h?2 H�r Bb �HbQ p�HB/ 7Q` KBt2/ bvbi2Kb rBi?
?QKQ;2M2Qmb@HBF2 bi`m+im`2X
_272`2M+2b
RX SX aiBT�MQpBÉ- GX o`�MDȒ J�`FBÉ- AX "2ȒHBÉ �M/ CX "Q`QM�i- S?vbX _2pX G2iiX RRj- k8j9yR
UkyR9VX
kX SX aiBT�MQpBÉ- GX o`�MD2Ȓ J�`FBÉ- �X :m/vK� �M/ CX "Q`QM�i- a+B2MiB}+ _2TQ`ib N- ek3N
UkyRNVX
jX SX aiBT�MQpBÉ- GX o`�MD2Ȓ J�`FBÉ �M/ CX "Q`QM�i- a+B2MiB}+ _2TQ`ib UkykkVX .PA, RyXRyj3fb9R8N3@
ykk@Rjejy@k
9X CX *�bmHH2`�b �M/ CX "Q`QM�i- S?vbX _2pX " 8k- je89 URNN8VX
8X SX aiBT�MQpBÉ- GX o`�MD2Ȓ J�`FBÉ �M/ CX "Q`QM�i- CX S?vbX ", �iX JQHX PTiX S?vbX 9N-
R38RyR UkyReVX
eX CX oQB;ib#2`;2` 2i �HX- L�im`2 *QKKmMB+�iBQMb 8- 8de8 UkyR9VX
dX JX EmMBibFB 2i �HX- a+B2M+2 j93- 88R UkyR8VX

S`2b2Mi2` M�K2, aiBT�MQpBÉ- S2i�`

S�;2 j8j



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@ee, ai`m+im`2- T`QT2`iB2b Q7 �iQKb- BQMb � KQHX A.Rde

JQHHQr i`BTH2i BM QTiB+�HHv i`�TT2/ bBM;H2 �iQK
�mi?Q`b, "QQM GQM; L;Rc *?�M; >QQM; *?QrRc *?`BbiB�M Em`ibB272`R

R *2Mi`2 7Q` Zm�MimK h2+?MQHQ;B2b

_2bQM�M+2 ~mQ`2b+2M+2 bT2+i`mK Q7 � irQ@H2p2H bvbi2K +QMbBbib Q7 � bBM;H2 T2�F i?�i 2pQHp2b
BMiQ � i`BTH2i bi`m+im`2- FMQrM �b JQHHQr i`BTH2i - r?2M Bi Bb /`Bp2M #v � `�/B�iBQM }2H/ �#Qp2
Bib b�im`�iBQM BMi2MbBivX S�`iB+mH�`Hv- T?QiQMb Q`B;BM�i2/ 7`QK /Bz2`2Mi T2�Fb Q7 i?2 i`BTH2i
b?Qr /BbiBM+i T?QiQM +Q``2H�iBQMb- r?B+? �HHQrb i?2 ~mQ`2b+2M+2 iQ #2 2M;BM22`2/ �b � mb27mH
HB;?i bQm`+2 7Q` [m�MimK BM7Q`K�iBQM T`Q+2bbBM; Tm`TQb2bX am`T`BbBM;Hv- i?2 JQHHQr i`BTH2i
r�b M2p2` bim/B2/ 7Q` �M QTiB+�HHv i`�TT2/ bBM;H2 �iQK ;Bp2M i?2 �/p�Mi�;2b Bi ?�bX q2 bim/v
2tT2`BK2Mi�HHv i?2 ~mQ`2b+2M+2 bT2+i`mK Q7 �M QTiB+�HHv i`�TT2/ bBM;H2 87_# �iQK #v 2t+BiBM;
� +HQb2/ irQ@H2p2H i`�MbBiBQM rBi? �M QM@`2bQM�Mi H�b2` �i /Bz2`2Mi TQr2`bX h?2 b2+QM/@
Q`/2` BMi2MbBiv +Q``2H�iBQM K2�bm`2K2Mi /2KQMbi`�i2b i?2 T?QiQM �MiB@#mM+?BM; +?�`�+i2`BbiB+
7`QK � bBM;H2 �iQK 2KBbbBQM �b r2HH �b i?2 _�#B Qb+BHH�iBQM mM/2`;QM2 #v i?2 �iQKX L2ti-
r2 K2�bm`2 i?2 +`Qbb +Q``2H�iBQM #2ir22M T?QiQMb +QKBM; 7`QK i?2 irQ bB/2#�M/b Q7 i?2
~mQ`2b+2M+2 bT2+i`mK r?2M �M Qz@`2bQM�Mi }2H/ Bb �TTHB2/ QM i?2 �iQKX h?2 �bvKK2i`v
BM i?2 iBKBM; +Q``2H�iBQM +H2�`Hv BM/B+�i2b i?�i i?2`2 Bb � T`272``2/ iBK2@Q`/2`BM; 7Q` i?2
T?QiQM 2KBbbBQM T`Q+2bb BM i?2 irQ bB/2#�M/bX h?2 +�b+�/2/ ;2M2`�iBQM Q7 iBK2@+Q``2H�i2/
~mQ`2b+2M+2 T?QiQMb rBi? � imM�#H2 7`2[m2M+v /Bz2`2M+2 rBHH #2 mb27mH 7Q` [m�MimK QTiB+b
2tT2`BK2Mib �M/ [m�MimK +QKKmMB+�iBQM T`QiQ+QHbX

S`2b2Mi2` M�K2, "QQM GQM; L;

S�;2 j89



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@ed, ai`m+im`2- T`QT2`iB2b Q7 �iQKb- BQMb � KQHX A.jy9

1M?�M+BM; T`Q/m+iBQM Q7 bHQr #2�Kb Q7 H�b2`@+QQH�#H2 KQH2+mH2b

�mi?Q`b, .2`B+F :QMx�H2x@�+2p2/QRc w�+F G�bM2`Rc �MMBF� GmMbi�/Rc "2MD�KBM �m;2M#`�mMRc CQ?M
.QvH2R

R >�`p�`/ lMBp2`bBiv

_�/B+�H TQHv�iQKB+ KQH2+mH2b +�M #2 T`Q/m+2/ 7`QK ;�b@T?�b2 �iQKB+ K2i�H T`2+m`bQ`b BM
i?2 T`2b2M+2 Q7 � `2�;2Mi ;�bX S`2pBQmb rQ`F rBi? u#P> (R) �M/ *�P> (k) ?�b b?QrM i?�i
KQH2+mH�` T`Q/m+iBQM BM � +`vQ;2MB+ #mz2`@;�b +2HH +�M #2 2M?�M+2/ KQ`2 i?�M i2M@7QH/ #v TQT@
mH�iBM; K2i�bi�#H2 i`BTH2i 2H2+i`QMB+ bi�i2b Q7 K2i�H �iQK T`2+m`bQ`bX h?2b2 /2KQMbi`�iBQMb-
r?BH2 ?B;?Hv 2z2+iBp2- `2[mB`2/ 2t+Bi�iBQM Q7 r2�F BMi2`+QK#BM�iBQM UBX2X- bTBM@~BTV i`�MbBiBQMbX
>2`2 r2 `2TQ`i rQ`F 2tTHQ`BM; �Hi2`M�iBp2 T�i?r�vb iQ TQTmH�i2 i?2b2 K2i�bi�#H2 bi�i2b pB�
irQ@bi2T 2t+Bi�iBQM QM bi`QM; i`�MbBiBQMb 7QHHQr2/ #v bTQMi�M2Qmb /2+�v iQ i?2 i�`;2i bi�i2bX
*�M/B/�i2 T�i?r�vb ?�p2 #22M B/2MiB}2/ 7Q` +�H+BmK@ �M/ bi`QMiBmK@+QMi�BMBM; KQH2+mH2bX
q2 T`2b2Mi Qm` `2bmHib K2�bm`BM; 2M?�M+2K2Mi 7�+iQ`b 7Q` T`Q/m+iBQM Q7 b2p2`�H KQH2+mH2b
mb2/ BM QM;QBM; KQH2+mH�` T?vbB+b 2tT2`BK2MibX
(R) C�/#�#�B2 2i �HX- L2r CX S?vbX kk- ykkyyk UkykyVc (k) w?�M; 2i �HX- CX *?2KX S?vbX R88-
yNRRyR UkykRV

S`2b2Mi2` M�K2, .2`B+F 1 :QMx�H2x@�+2p2/Q

S�;2 j88



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@e3, ai`m+im`2- T`QT2`iB2b Q7 �iQKb- BQMb � KQHX A.j8e

G�b2` +QQHBM; �H*H KQH2+mH2b BM i?2 /22T@mHi`�pBQH2i
�mi?Q`b, C�KB2 a?�rRc J�`F a2K+QRc qBHHB�K qQ`iH2vRc .�MB2H J+*�``QMR

R lMBp2`bBiv Q7 *QMM2+iB+mi

G�b2`@+QQH2/ KQH2+mH2b T`QKBb2 �++2bb iQ � /Bp2`b2 `�M;2 Q7 `2b2�`+? /B`2+iBQMb 7`QK [m�M@
imK bBKmH�iBQM iQ +QMi`QHH2/ mHi`�+QH/ +?2KBbi`vX hQ/�v- BM2{+B2Mi bHQrBM; Q7 +QH/ KQH2+@
mH�` #2�Kb `2K�BMb � F2v #�``B2` T`2p2MiBM; KQH2+mH�` K�;M2iQ@QTiB+�H i`�Tb UJPhbV 7`QK
i`�TTBM; H�`;2- /2Mb2 b�KTH2b Q7 mHi`�+QH/ KQH2+mH2b rBi? T`QT2`iB2b bBKBH�` iQ i?2B` �iQKB+
+QmMi2`T�`ibX Pm` 2tT2`BK2Mi �BKb iQ `2KQp2 i?Bb #�``B2` #v mbBM; #`B;?i +QMiBMmQmb #2�Kb
Q7 +QH/ KQH2+mH2b (R) �M/ � KQH2+mH�` bT2+B2b bmb+2TiB#H2 iQ H�`;2 QTiB+�H 7Q`+2b #v T?QiQM b+�i@
i2`BM;X Pm` KQH2+mH2 Q7 +?QB+2- �HmKBMmK KQMQ+?HQ`B/2 U�H*HV ?�b 7�pQ`�#H2 T`QT2`iB2b 7Q`
H�b2` +QQHBM; �M/ 2{+B2Mi i`�T HQ�/BM;- BM+Hm/BM; � H�+F Q7 bTBM@`Qi�iBQM bi`m+im`2 �M/ bi`QM;
QTiB+�H i`�MbBiBQMb BM i?2 /22T@mHi`�pBQH2iX >2`2 r2 rBHH T`2b2Mi Qm` H�i2bi rQ`F bT2+i`Qb+QT@
B+�HHv +?�`�+i2`BxBM; �M/ K�MBTmH�iBM; � #2�K Q7 �H*H rBi? KmHiBTH2 ?B;?@TQr2` mHi`�pBQH2i
H�b2`b (k)X

(R) CX *X a?�r �M/ .X CX J+*�``QM S?vbX _2pX � Ryk- y9RjykU_V UkykyVX
(k) CX *X a?�r- aX >�MMB; �M/ .X CX J+*�``QM PTiX 1tT`2bb kN- jdR9y UkykRVX
 h?Bb rQ`F Bb bmTTQ`i2/ #v i?2 La6 U*�_11_ �r�`/ LQX R3939j8V �M/ i?2 lMBp2`bBiv Q7
*QMM2+iB+mi- BM+Hm/BM; � _2b2�`+? 1t+2HH2M+2 �r�`/ 7`QK i?2 P{+2 Q7 i?2 oB+2 S`2bB/2Mi 7Q`
_2b2�`+?X

S`2b2Mi2` M�K2, C�KB2 a?�r

S�;2 j8e



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@eN, ai`m+im`2- T`QT2`iB2b Q7 �iQKb- BQMb � KQHX A.jNy

GQr@T?�b2@MQBb2 /BQ/2 H�b2` bvbi2Kb 7Q` i?2 ahA_�S i`�Mb@
72` Q7 mHi`�+QH/ 6GB40E KQH2+mH2b
�mi?Q`b, oB+iQ` �p�HQb SBMBHHQbRc sB�Qvm LB2Rc �M#�M; u�M;Rc *�MKBM; >2Rc E�B .B2+FK�MMR

R *2Mi`2 7Q` Zm�MimK h2+?MQHQ;B2b

AM Qm` ;`QmT- r2 �`2 BMi2`2bi2/ BM 6GB40E KQH2+mH2b �i i?2B` `QpB#`�iBQM�H ;`QmM/@bi�i2- r?B+?
TQbb2b � H�`;2 3.6 Debye �#bQHmi2 /BTQH2 KQK2MiX h?Bb K�F2b i?2K bmBi�#H2 7Q` i?2 [m�MimK
K�Mv@#Q/v bBKmH�iBQM Q7 �MBbQi`QTB+ �M/ HQM; `�M;2 BMi2`�+iBQMbX AM Q`/2` iQ i`�Mb72` i?2
KQH2+mH2b 7`QK � r2�FHv #QmM/2/ 62b?#�+?@bi�i2 iQ i?2B` ;`QmM/@bi�i2- i?2 K2i?Q/ iQ #2
mb2/ Bb biBKmH�i2/ `�K�M �/B�#�iB+ T�bb�;2 UahA_�SVX 1t+2bbBp2 `2bB/m�H H�b2` T?�b2 MQBb2
rBHH /`Bp2 mMr�Mi2/ i`�MbBiBQMb �M/ i?2`27Q`2 /2+`2�b2 i?2 ahA_�S 2{+B2M+vX hQ /2�H rBi?
i?Bb Bbbm2- r2 2ti2M/2/ i?2 H2M;i? U7`QK k +K iQ ky +KV Q7 Qm` 2ti2`M�H +�pBiv /BQ/2 H�b2`b
iQ M�``Qr i?2 7`22@`mMMBM; HBM2rB/i?X h?2 T?�b2 MQBb2 K2�bm`2K2Mi K2i?Q/ +QMbBbi2/ BM
`2+Q`/BM; i?2 bT2+i`�H MQBb2 /2MbBiv Q7 i?2 #2�i MQi2 T`Q/m+2/ #2ir22M i?2 H�b2` �M/ � ?B;?@
}M2bb2 +�pBiv }Hi2`2/ p2`bBQM Q7 Bib2H7X h?2 BMi2;`�i2/ T?�b2 MQBb2 r�b `2/m+2/ 7`QK kyy K`�/
iQ 9y K`�/X
h?2Q`2iB+�H +�H+mH�iBQMb Q7 i?2 ahA_�S 2{+B2M+v �HbQ b?Qr i?2 +`BiB+�H /2T2M/2M+2 QM i?2
TmHb2 /m`�iBQMX h?2 biQ+?�biB+ M�im`2 Q7 i?2 T?�b2 MQBb2 K2�Mb i?�i iQ `2/m+2 Bib 2z2+i-
i?2 TmHb2 /m`�iBQM b?QmH/ #2 `2/m+2/X "mi QM i?2 Qi?2` ?�M/ QM2 b?QmH/ +QMbB/2` i?�i i?2
TmHb2 b?QmH/ MQi #2 iQQ b?Q`i bm+? i?�i i?2 �/B�#�iB+Biv +`Bi2`BQM Bb pBQH�i2/X �//BiBQM�HHv-
r2 BM+Hm/2/ i�T2`2/ �KTHB}2`b iQ BM+`2�b2 i?2 _�#B 7`2[m2M+v r?BH2 T`2b2`pBM; i?2 HQr T?�b2
MQBb2 Q7 i?2 HQM; 2ti2`M�H +�pBiv /BQ/2 H�b2`bX

S`2b2Mi2` M�K2, oB+iQ` �p�HQb SBMBHHQb

S�;2 j8d



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@e8, ai`m+im`2- T`QT2`iB2b Q7 �iQKb- BQMb � KQHX A.R8

S`2+BbBQM +�H+mH�iBQM Q7 TQH�`Bx�#BHBiv Q7 ?2�pv BQMb �M/ �iQKb
7Q` T?vbBbQ`TiBQM rBi? k. K�i2`B�Hb
�mi?Q`b, >�`T`22i E�m`Rc "BM/Bv� �`Q`�R

R :m`m L�M�F .2p lMBp2`bBiv

*Q``2bTQM/BM; �mi?Q`, F�m`?T/!;K�BHX+QK

h?2 +�H+mH�iBQMb Q7 /Bz2`2Mi T`QT2`iB2b Q7 i?2 �iQKb �M/ BQMb TH�v � +`m+B�H `QH2 BM K�Mv �T@
THB+�iBQMb Q7 p�`BQmb }2H/b 7Q` BMbi�M+2- �iQKB+ T?vbB+b- K�i2`B�H b+B2M+2- �bi`QMQKv- TH�bK�-
M�MQi2+?MQHQ;v 2i+X �M �++m`�i2 /2b+`BTiBQM Q7 /Bz2`2Mi �iQKB+ T`QT2`iB2b Bb ?B;?Hv +?�H@
H2M;BM; rBi? i?2 bi�M/�`/ �TT`QtBK�iBQMb `2bmHiBM; BM 7�BHm`2 BM T`QpB/BM; i?2 ;QQ/ /�i�X
h?2`27Q`2- i?2 bm`;2 7Q` �++m`�i2 +�H+mH�iBQM Q7 �iQKB+ T`QT2`iB2b ?�b 2K2`;2/ 7`QK H�bi
/2+�/2 mbBM; T`QKBbBM; i?2Q`2iB+�H K2i?Q/bX >2`2- BM i?Bb T�T2`- r2 ?�p2 2p�Hm�i2/ QM2 Q7
i?2 KQbi BKTQ`i�Mi �iQKB+ T`QT2`iv- BX2X- /BTQH2 TQH�`Bx�#BHBiv Q7 ?2�pv BQMb @ wM+- */+- >;+-
S#+ �M/ �iQKb @ wM- */- >; �M/ S# mbBM; irQ /Bz2`2Mi `2H�iBpBbiB+ K�Mv #Q/v K2i?Q/bX
h?2 FMQrM /vM�KB+ /BTQH2 TQH�`Bx�#BHBiv p�Hm2b �i BK�;BM�`v 7`2[m2M+B2b �`2 i?2M mb2/ iQ
/2`Bp2 +?�`�+i2`BbiB+ p�M /2` q��H Up/qV /BbT2`bBQM +Q2{+B2Mib rBi? irQ /BK2MbBQM�H Uk.V
K�i2`B�Hb @ ;`�T?2M2 �M/ +�`#QM M�MQim#2 r�HHb- 2bb2MiB�H 7Q` T?vbBbQ`TiBQM �TTHB+�iBQMbX h?2
�;`22K2Mi Q7 i?2 +�H+mH�i2/ /BbT2`bBQM +Q2{+B2Mib Bb b�iBb7�+iQ`v rBi? i?2 `2+2Mi bim/v +QM@
/m+i2/ mbBM; /2MbBiv 7mM+iBQM�H i?2Q`v U.6hV 7Q` i?2 +�b2 Q7 ;`�T?2M2X h?2 T`2b2Mi rQ`F Bb
mb27mH BM b2MbBM; �M/ biQ`�;2 �TTHB+�iBQMb Q7 ?2�pv 2H2K2Mib rBi? i?2 +QMbB/2`2/ k. K�i2`B�H
r�HHbX h?2 7mim`2 �bT2+i Q7 i?Bb rQ`F BM+Hm/2b i?2 �++m`�i2 KQ/2HHBM; Q7 p/q +Q``2+iBQM #�b2/
QM BM+HmbBQM Q7 i?2 ?B;?2`@Q`/2` +Q2{+B2Mib r?B+? +�M #2 mb2/ iQ T`Q+m`2 � ?B;?2` �++m`�+v
iQr�`/b iQi�H p/q TQi2MiB�H #2ir22M 2H2K2Mi �M/ K�i2`B�H r�HHX

S`2b2Mi2` M�K2, >�`T`22i E�m`

S�;2 j83



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@ee, ai`m+im`2- T`QT2`iB2b Q7 �iQKb- BQMb � KQHX A.RyN

P#b2`p�iBQM Q7 irQ@T?QiQM BM/m+2/ ~mQ`2b+2M+2 Q7 M2mi`�H
+�`#QM �iQK ;�b2b
�mi?Q`b, h�F�b?B a�F�KQiQRc EQbmF2 uQb?BQF�k

R .2T�`iK2Mi Q7 �TTHB2/ S?vbB+b- a+?QQH Q7 1M;BM22`BM;- i?2 lMBp2`bBiv Q7 hQFvQ
k .2T�`iK2Mi Q7 �TTHB2/ S?vbB+b- a+?QQH Q7 1M;BM22`BM;- i?2 lMBp2`bBiv Q7 hQFvQ- S?QiQM a+B2M+2

*2Mi2`- i?2 lMBp2`bBiv Q7 hQFvQ

lHi`�+QH/ �iQKb- K�/2 TQbbB#H2 #v H�b2` +QQHBM; �M/ i`�TTBM;- �`2 mb2/ �b TH�i7Q`Kb 7Q` � rB/2
`�M;2 Q7 �TTHB+�iBQMb bm+? �b Q#b2`p�iBQM Q7 [m�MimK /2;2M2`�+v (R)- [m�MimK bBKmH�iBQM (k)-
7`2[m2M+v bi�M/�`/b (j) �M/ mHi`�+QH/ +QHHBbBQM bim/B2b (9)X q?BH2 2tT2`BK2Mib mbBM; mHi`�+QH/
�iQKb Q7 �HF�HB K2i�Hb �M/ �HF�HBM2 2�`i? K2i�Hb ?�p2 K�/2 ;`2�i T`Q;`2bb- H�b2` +QQHBM; ?�b
MQi #22M `2�HBx2/ 7Q` �iQKB+ bT2+B2b Q7 +?2KB+�H �M/ #BQHQ;B+�H BMi2`2bi BM+Hm/BM; +�`#QM �M/
?v/`Q;2MX h?2 `2�bQM Bb i?�i i?2 QTiB+�HHv �HHQr2/ 2H2+i`QMB+ i`�MbBiBQMb 7`QK i?2 ;`QmM/ bi�i2
Q7 i?2b2 �iQKb HB2 BM i?2 p�+mmK mHi`�pBQH2i UoloV `2;BQM- K�FBM; Bi /B{+mHi iQ +QMbi`m+i
HB;?i bQm`+2b iQ /`Bp2 2z2+iBp2 +QQHBM;X AM i?2 +�b2 Q7 +�`#QM- H�b2` +QQHBM; QM irQ@T?QiQM
i`�MbBiBQMb rBi? � KQ/2@HQ+F2/ H�b2` ?�b #22M /Bb+mbb2/ (8)X >Qr2p2`- � ;�b T`Q/m+iBQM K2i?Q/
BM p�+mmK 7Q` M2mi`�H +�`#QM rBi? HQr p�TQ` T`2bbm`2 ?�b MQi #22M 2bi�#HBb?2/X 6m`i?2`KQ`2-
iQ i?2 #2bi Q7 Qm` FMQrH2/;2- irQ@T?QiQM 2t+Bi�iBQM Q7 +�`#QM �iQKb BM p�+mmK ?�b MQi �HbQ
#22M /2KQMbi`�i2/X

>2`2 r2 /2KQMbi`�i2 ;�b T`Q/m+iBQM Q7 +�`#QM �iQKb BM i?2 ;`QmM/ bi�i2 mbBM; H�b2` �#H�iBQM
Q7 � ;`�T?Bi2 BM p�+mmK �M/ Q#b2`p�iBQM Q7 T`Q/m+2/ �iQKb i?`Qm;? irQ@T?QiQM BM/m+2/
~mQ`2b+2M+2X h?Bb K2i?Q/ Bb 2tT2+i2/ iQ #2 � 7mM/�K2Mi�H i2+?MB[m2 �TTHB+�#H2 iQ H�b2`
+QQHBM; Q7 +�`#QMX

6B;m`2 R b?Qrb i?2 2tT2`BK2Mi�H b2imT �M/ i?2 b+?2K�iB+ 2M2`;v H2p2H /B�;`�K Q7 +�`#QM
b?QrBM; i?2 BMpQHp2/ H2p2Hb �M/ i`�MbBiBQMbX *�`#QM �iQKb r2`2 T`Q/m+2/ #v 7Q+mbBM; i?2
kee MK `�/B�iBQM 7`QK i?2 7Qm`i? ?�`KQMB+ Q7 � Z@brBi+?2/ L/,u�: H�b2` QM � `Qi�iBM; ?B;?Hv
Q`B2Mi2/ Tv`QHviB+ ;`�T?Bi2 U>PS:V i�`;2iX S`Q/m+2/ T�`iB+H2b BM+Hm/BM; BQMb �M/ KQH2+mH2b
�b r2HH �b �iQKb r2`2 2tT�M/2/ BM � p�+mmK +?�K#2`X

6B;m`2 R, U�V 1tT2`BK2Mi�H b2imT UhJS, im`#Q KQH2+mH�` TmKT- SJh, T?QiQKmHiBTHB2`
im#2VX U#V a+?2K�iB+ 2M2`;v H2p2H /B�;`�K Q7 +�`#QM `2H�i2/ iQ i?Bb bim/vX

L�MQb2+QM/ TmHb2b 7`QK � ?QK2#mBHi- imM�#H2 *2,GB*�6 H�b2` TmKT2/ #v i?2 7Qm`i? ?�`@
KQMB+ Q7 �MQi?2` Z@brBi+?2/ L/,u�: H�b2` r2`2 mb2/ 7Q` i?2 irQ@T?QiQM 2t+Bi�iBQMX h?2
H�b2` r�p2H2M;i? r�b imM2/ iQ i?2 irQ@T?QiQM `2bQM�M+2b Q7 i?2 3S@3. i`�MbBiBQM �i k3eXN
MKX h?2 H�b2` #2�K r�b 7Q+mb2/ BMiQ � bT�iB�H `2;BQM �i � /Bbi�M+2 Q7 3 KK 7`QK i?2 i�`;2iX
h?2 /2H�v iBK2 #2ir22M �iQKB+ ;�b T`Q/m+iBQM �M/ irQ@T?QiQM 2t+Bi�iBQM r�b �/Dmbi2/ rBi?

S�;2 j8N



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

� /B;Bi�H /2H�v ;2M2`�iQ`X h?2 irQ@T?QiQM BM/m+2/ ~mQ`2b+2M+2 �i Re8Xd MK r�b /2i2+i2/
T2`T2M/B+mH�` iQ #Qi? i?2 2t+Bi�iBQM H�b2` #2�K �M/ i?2 �iQKB+ #2�KX � yXk K KQMQ+?`Q@
K�iQ` 2[mBTT2/ rBi? � bQH�`@#HBM/ T?QiQKmHiBTHB2` im#2 USJhV r�b mb2/ 7Q` i?2 /2i2+iBQMX
q2 rBHH BMi`Q/m+2 i?2 /2MbBiv �M/ i?2 i2KT2`�im`2 Q7 T`Q/m+2/ �iQKb 2p�Hm�i2/ i?`Qm;? i?2
Q#b2`p�iBQM Q7 i?2 irQ@T?QiQM BM/m+2/ ~mQ`2b+2M+2X Ai r�b +QM}`K2/ i?�i r?2M i?2 H�b2` ~m@
2M+2 r�b 2t+2bbBp2Hv ?B;?- +�`#QM �iQKb r2`2 T`Q/m+2/ BM i?2 ?B;?@2M2`;v 2t+Bi2/ bi�i2b rBi?
HQM; HB72iBK2b mMbmBi�#H2 7Q` H�b2` +QQHBM;X h?2 /2T2M/2M+2 Q7 i?2 #2?�pBQ` Q7 i?2 T`Q/m+2/
T�`iB+H2b QM i?2 H�b2` ~m2M+2 rBHH #2 /Bb+mbb2/ BM +QMDmM+iBQM rBi? i?2 `2bmHib Q7 THmK2 2KBb@
bBQM bT2+i`� �M/ iBK2@`2bQHp2/ 2KBbbBQM K2�bm`2K2MibX AM �//BiBQM- i?2 T`2+QQHBM; K2i?Q/
7Q` �+im�H H�b2` +QQHBM; Q7 i?2 �iQKb T`Q/m+2/ #v Qm` K2i?Q/ �M/ i?2 /2bB;M Q7 Qm` +QQHBM;
H�b2` �i � r�p2H2M;i? Q7 k3eXN MK rBHH �HbQ #2 T`2b2Mi2/X
h?Bb rQ`F Bb bmTTQ`i2/ #v Cah S`2+m`bQ`v _2b2�`+? 7Q` 1K#`vQMB+ a+B2M+2 �M/ h2+?MQHQ;v
:`�Mi LmK#2` CSJCS_RNy" �M/ J1sh Zm�MimK G2�T 6H�;b?BT S`Q;`�K :`�Mi LmK#2`
CSJsayRR3yedk9eX
(R) JX >X �M/2`bQM 2i �HX a+B2M+2 keN- RN3 URNN8VX
(k) JX :`2BM2` 2i �HX L�im`2 9R8- jN UkyykVX
(j) >X E�iQ`B 2i �HX S?vbX _2pX G2iiX NR- Rdjyy8 UkyyjVX
(9) aX AMQmv2 2i �HX L�im`2 jNk- R8R URNN3VX
(8) .X EB2HTBMbFBX S?vbX _2pX � dj- yej9yd UkyyeVX

S`2b2Mi2` M�K2, h�F�b?B a�F�KQiQ

S�;2 jey



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@ed, ai`m+im`2- T`QT2`iB2b Q7 �iQKb- BQMb � KQHX A.Rdy

�++m`�i2 �M/ +QKTH2i2 �iQKB+ /�i� b2i 7Q` */ sGoAA
�mi?Q`b, .?B� 1H?�F a�H?BRc aQmK�v� J�M�Bkc aB`BM2 "2M L�b`Rc >�BF2H C2H�bbBk

R L�iBQM�H *2Mi2` 7Q` Lm+H2�` a+B2M+2b �M/ h2+?MQHQ;B2b- hmMBbB�
k L�iBQM�H *2Mi2` 7Q` Lm+H2�` a+B2M+2b �M/ h2+?MQHQ;B2b

�iQKB+ /�i� ?�p2 `2+2Bp2/ � ;`2�i /2�H Q7 �ii2MiBQM- /m2 iQ i?2B` M22/ 7Q` i?2 mT+QKBM; Ah1_
T`QD2+i UAMi2`M�iBQM�H h?2`KQMm+H2�` 1tT2`BK2Mi�H _2�+iQ`VX aQ- 2ti2MbBp2 bT2+i`Qb+QTB+
bim/B2b #Qi? 2tT2`BK2Mi�H �M/ i?2Q`2iB+�H ?�p2 #22M T2`7Q`K2/ BM i?2 H�bi v2�`b BM Q`/2` iQ
2biBK�i2 i?2 TQr2` HQbb 7`QK i?2 BKTm`BiB2b BM i?2 7Q`i?+QKBM; 7mbBQM `2�+iQ`bX �++m`�i2
p�Hm2b Q7 r�p2H2M;i?b �M/ i?2B` 2``Q`b �`2 `2[mB`2/ 7Q` BMi2`T`2i�iBQM Q7 � r2�Hi? Q7 ?B;?@
`2bQHmiBQM /�i� Q#i�BM2/ BM i?2 H�bi irQ /2+�/2b #v i?2 *?�M/`� s@`�v P#b2`p�iQ`v �M/ i?2
1m`QT2�M aT�+2 �;2M+vǶb s@`�v KmHiBJB``Q` JBbbBQM (R)X

�b T`2pBQmbHv Tm#HBb?2/ (k- j- 9- 8- e- d)- r2 +QMiBMm2 iQ 7Q+mb QM >2@HBF2 BQMbX 1M2`;v H2p2Hb-
r�p2H2M;i?b- r2B;?i2/ Qb+BHH�iQ` bi`2M;i?b- i`�MbBiBQM T`Q#�#BHBiB2b �M/ HB72iBK2b �`2 +�H+mH�i2/
7Q` �HH H2p2Hb Q7 Rbk �M/ RbMH UM 4 kƐeV +QM};m`�iBQMb Q7 >2@HBF2 +�/KBmK BQMX

h?2 +�H+mH�iBQMb r2`2 +�``B2/ Qmi mbBM; i?2 :_�aSkyR3 +Q/2 #�b2/ QM i?2 KmHiB+QM};m`�iBQM
.B`�+@>�`i`22@6Q+F UJ*.>6V (3)X h`�MbBiBQM T`Q#�#BHBiB2b �`2 `2TQ`i2/ 7Q` �HH ivT2b Q7 i`�M@
bBiBQMb U1R- 1k- JR �M/ Jk i`�MbBiBQMbVX "`2Bi BMi2`�+iBQMb �M/ [m�MimK 2H2+i`Q/vM�KB+b
2z2+ib �`2 BM+Hm/2/ BM i?2 _*A +�H+mH�iBQMbX *QKT�`BbQMb r2`2 K�/2 rBi? Qi?2` /�i� 7QmM/
BM i?2 HBi2`�im`2 �M/ � ;QQ/ �;`22K2Mi r�b 7QmM/ r?B+? +QM}`Kb i?2 `2HB�#BHBiv Q7 Qm` `2@
bmHibX q2 B/2MiB}2/ bQK2 M2r /�i� i?�i �`2 +�H+mH�i2/ 7Q` i?2 }`bi iBK2X h?Bb +QKTmi�iBQM�H
�TT`Q�+? 2M�#H2b mb iQ T`2b2Mi � +QMbBbi2Mi �M/ BKT`Qp2/ /�i� b2i Q7 �HH BKTQ`i�Mi i`�MbB@
iBQMb Q7 i?2 */ sGoAA bT2+i`mK- r?B+? �`2 mb27mH 7Q` B/2MiB7vBM; i`�MbBiBQM HBM2b BM 7m`i?2`
BMp2biB;�iBQMbX
_272`2M+2b
(R) oX �X u2`QF?BM �M/ �X am`x?vFQp- CX S?vbX *?2KX _27X .�i� 93 UkyRNV yjjRy9X
(k) .X 1X a�H?B �M/ >X C2H�bbB- *�M�/B�M CQm`M�H Q7 S?vbB+b Ne UkyRdV jX
(j) .X 1X a�H?B �M/ >X C2H�bbB- P`B2MiX CX S?vbX a+B2M+2bX k UkyRdV kX
(9) .X 1X a�H?B- SX ZmBM2i �M/ >X C2H�bbB- �iQKB+ .�i� �M/ Lm+H2�` .�i� h�#H2b Rke UkyRNV
dy@R8dX
(8) .X 1X a�H?B- aX "2M L�b` �M/ >X C2H�bbB- _�/B�iBQM S?vbB+b �M/ *?2KBbi`v Rdd UkykyV
Ry33RdX
(e) .X 1X a�H?B- aX "2M L�b`- aX J�M�B- >X C2H�bbB- _2bmHib BM S?vbB+b kj UkykRV RyjNeyX
(d) aX J�M�B- .X 1X a�H?B- aX "2M L�b` �M/ > C2H�bbB- _2bmHib BM S?vbB+b jd UkykkV Ry893dX
(3) *X 6`Q2b2 6Bb+?2`- :X :�B;�H�b- SX CQMbbQM- CX "B2`QM- *QKTmi2` S?vbB+b *QKKmMB+�iBQMb
kjd UkyRNV R39X

S`2b2Mi2` M�K2, .?B� 1H?�F a�H?B

S�;2 jeR



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@e3, ai`m+im`2- T`QT2`iB2b Q7 �iQKb- BQMb � KQHX A.R39

6mM+iBQM�HBx2/ �`QK�iB+ KQH2+mH2b 7Q` H�b2` +QQHBM; �M/ i`�T@
TBM;
�mi?Q`, .2#�v�M JBi`�R

*Q@�mi?Q`b, :mQx?m w?m kc w�+F G�bM2` jc "2MD�KBM �m;2M#`�mM jc *H�B`2 .B+F2`bQM kc :m�MKBM;
G�Q kc JB+?�2H 6`BK jc �mbiBM "�BH2v kc CmbiBM *�`�K kc �M�bi�bbB� �H2t�M/`Qp� kc q2b *�KT#2HH kc
1`B+ >m/bQM kc CQ?M .QvH2 j

R *QHmK#B� lMBp2`bBiv
k l*G�
j >�`p�`/ lMBp2`bBiv

G�b2` +QQHBM; `2HB2b QM T?QiQM +v+HBM;- r?B+? +�M #2 2M�#H2/ BM TQHv�iQKB+ KQH2+mH2b r?2M
�M ǳQTiB+�H +v+HBM; +2Mi2`Ǵ UP**V Bb �ii�+?2/ iQ �M 2H2+i`QM2;�iBp2 HB;�M/X Ai r�b T`QTQb2/
i?�i KQH2+mH2b rBi? � UK2i�HV �HF�HBM2@2�`i?UAV@QtB/2@`�/B+�H bi`m+im`2- rQmH/ ?�p2 ;QQ/ P**
T`QT2`iB2b �M/- i?mb- rQmH/ #2 �K2M�#H2 iQ H�b2` +QQHBM; (R)X JQ`2 `2+2Mi i?2Q`2iB+�H rQ`F
?�b BM/B+�i2/ i?�i i?2 �HF�HBM2@2�`i?UAV@QtB/2 mMBi �ii�+?2/ iQ � #2Mx2M2 `BM; rQmH/ Qz2`
� ;QQ/ P** i?�i rQmH/ #2 imM�#H2 #v bm#biBimiBM; i?2 `BM; ?v/`Q;2M �iQKb rBi? KQ`2
2H2+i`QM2;�iBp2 bT2+B2b (k)X h?2Q`v ?�b �HbQ BM/B+�i2/ i?�i H�`;2` `BM;b Ubm+? �b M�T?i?�H2M2-
Tv`2M2- �M/ +Q`QM2M2V +�M �HbQ T`QpB/2 ;QQ/ QTiB+�H +v+HBM; T`QT2`iB2b (j)X q2 `2TQ`i i?2
`2bmHib Q7 /BbT2`b2/ ~mQ`2b+2M+2 K2�bm`2K2Mib QM *�P@S?@s US? , T?2MvH- s 4 6- *>j- *6jV
BM � +`vQ;2MB+ #mz2` ;�b �i N EX q2 }M/ i?�i i?2 pB#`�iBQM�H #`�M+?BM; `�iBQ Uo"_V iQ i?2
;`QmM/ pB#`�iBQM�H bi�i2 Bb �N8W 7Q` �HH bT2+B2b �M/ NNW 7Q` *�P@S?@j-9-86 (9)X q2 �HbQ bim/v
i?2 M�Ti?QH@#�b2/ KQH2+mH2b *�P@L�T �M/ a`P@L�T- �M/ }M/ i?�i i?2 k@M�T?i?vH TQbBiBQM�H
p�`B�Mi Q7 *�P@L�T �HbQ ?�b � ?B;?Hv /B�;QM�H o"_- NeW (8)X h?2b2 `2bmHib /2KQMbi`�i2 i?�i
i?2 b�K2 T`BM+BTH2b i?�i ?�p2 H2/ iQ H�b2` +QQHBM; Q7 /B@- i`B@ �M/ TQHv@�iQKB+ KQH2+mH2b U2X;X
a`6- *�P> �M/ *�P*>jV +�M HBF2Hv #2 2ti2M/2/ iQ T?2MQHB+ �M/ �`QK�iB+ KQH2+mH2bX
(R) EQxv`v2p- 2i �H- *?2KS?vb*?2K kyRe- Rd- je9R
(k) .B+F2`bQM- 2i �H- S_G kykR- Rke- Rkjyyk
(j) .B+F2`bQM- 2i �H- CS*G kykR- Rk- jN3NĜjNN8
(9) w?m- 2i �H- kykk- �`sBp,kkykXyR33R
(8) JBi`�- 2i �H- kykk- �`sBp,kkykXyRe38

S`2b2Mi2` M�K2, .2#�v�M JBi`�

S�;2 jek



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@eN, ai`m+im`2- T`QT2`iB2b Q7 �iQKb- BQMb � KQHX A.jR9

_2H�iBpBbiB+ +Q``2+iBQMb iQ irQ@T?QiQM /2+�v `�i2b BM ?2HB@
mKHBF2 BQMb
�mi?Q`b, ��`QM "QM/vRc :Q`/QM .`�F2Rc .QM�H/ *X JQ`iQMk

R lMBp2`bBiv Q7 qBM/bQ`
k L_* >2`x#2`; �bi`QMQKv �M/ �bi`QT?vbB+b _2b2�`+? *2Mi`2

hrQ@T?QiQM i`�MbBiBQM `�i2b �`2 BKTQ`i�Mi BM /2i2`KBMBM; �bi`QT?vbB+�H [m�MiBiB2b bm+? �b
TQTmH�iBQM #�H�M+2 BM TH�M2i�`v M2#mH�2X Pm` ;`QmT `2+2MiHv +�H+mH�i2/ irQ@T?QiQM /2+�v
`�i2b BM ?2HBmKHBF2 BQMb BM+Hm/BM; i?2 }MBi2 Mm+H2�` K�bb 2z2+ib (R)X q2 ?�p2 MQr T2`im`@
#�iBp2Hv �//2/ `2H�iBpBbiB+ +Q``2+iBQMb iQ i?2b2 `2bmHib- ;BpBM; i?2 KQbi T`2+Bb2 �M/ �++m@
`�i2 +�H+mH�iBQMb iQ /�i2 7Q` i?2b2 i`�MbBiBQMbX AM i?2 T`Q+2bb Q7 +�H+mH�iBM; i?2 irQ@2H2+i`QM
"`2Bi K�i`Bt 2H2K2Mib- r2 }`bi i2bi2/ i?2 /2`Bp2/ irQ@T?QiQM- irQ@2H2+i`QM /2+�v UkM/ Q`@
/2` }2H/ YRbi Q`/2` `2H�iBpBbiB+V T2`im`#�iBQM 2[m�iBQM QM i?2 2[mBp�H2Mi QM2@2H2+i`QM T`Q+2bb
r?B+? Q#2vb i?2 b�K2 7Q`KmH�X AM i?Bb T`Q+2bb- r2 /2`Bp2/ U�M/ rBHH `2TQ`i QMV QM2@2H2+i`QM
"`2Bi@S�mHB QT2`�iQ`b i?�i r2`2 b?QrM iQ #2 2[mBp�H2Mi iQ i?2 +Q``2bTQM/BM; .B`�+ QT2`�@
iQ`bX � +QMiBMmQmb ;�m;2 T�`�K2i2` Bb +QMbB/2`2/- �M/ i?2 QT2`�iQ`b �`2 +QKT�`2/ iQ i?2
HQM;@r�p2H2M;i? Z1. QT2`�iQ`b /2`Bp2/ 7Q` 72r@2H2+i`QM �iQKb #v S�+?m+FB (k)X

(R) �X hX- .X *X JQ`iQM- �M/ :X qX 6X .`�F2X ǳhrQ@T?QiQM /2+�v `�i2b BM ?2HBmKHBF2 BQMb,
6BMBi2@Mm+H2�`@K�bb 2z2+ibXǴ S?vbB+�H _2pB2r � RykX8 UkykyV, y8k3yd
(k) EX S�+?m+FBX ǳGQM;@r�p2H2M;i? [m�MimK 2H2+i`Q/vM�KB+bXǴ S?vbB+�H _2pB2r � eNX8
Ukyy9V, y8k8ykX
6mM/BM; 7`QK La1_* �M/ Z1@AA Bb ;`�i27mHHv �+FMQrH2/;2/X

S`2b2Mi2` M�K2, ��`QM hX "QM/v

S�;2 jej



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@dy, ai`m+im`2- T`QT2`iB2b Q7 �iQKb- BQMb � KQHX A.j8d

� +QH/ �M/ bHQr #2�K Q7 *> `�/B+�Hb 7Q` H�b2` +QQHBM; �M/
i`�TTBM; 2tT2`BK2Mib
�mi?Q`b, C�KB2 a?�rRc CQb2T? a+?M�m#2HiRc CQ?M JQMi;QK2`vRc .�MB2H J+*�``QMR

R lMBp2`bBiv Q7 *QMM2+iB+mi

h2+?MB[m2b iQ /B`2+iHv H�b2` +QQH �M/ i`�T KQH2+mH2b �i mHi`�+QH/ i2KT2`�im`2b ?�p2 `2p2�H2/
� M2r T�i? iQr�`/b i?2 7mHH [m�MimK +QMi`QH Q7 � /Bp2`b2 `�M;2 Q7 bT2+B2b rBi? � p�`B2iv Q7
BMi2`M�H bi`m+im`2bX Pm` 2tT2`BK2Mi rBHH +�TBi�HBx2 QM i?Bb ;2M2`�HBiv #v /B`2+iHv H�b2` +QQHBM;
�M/ i`�TTBM; *> `�/B+�Hb 7Q` i2bib Q7 mHi`�+QH/ Q`;�MB+ +?2KBbi`vX h?2 HQr K�bb �M/ #Hm2
QTiB+�H i`�MbBiBQMb BM i?Bb bT2+B2b H2�/ iQ ?B;? `2+QBH p2HQ+BiB2b r?B+? +�M bB;MB}+�MiHv `2/m+2
i?2 T?QiQM #m/;2i �M/ `QpB#`�iBQM�H +HQbm`2 M22/2/ iQ bHQr- +QQH �M/ i`�T � KQH2+mH�` #2�K
7`QK Qm` +`vQ;2MB+ bQm`+2X >2`2 r2 rBHH T`2b2Mi i?2 H�i2bi `2bmHib +?�`�+i2`BxBM; Qm` bHQr
KQH2+mH�` #2�K �M/ T`Q#BM; i?2 +?2KBbi`v Q7 *> `�/B+�Hb �i �R EX
 h?Bb rQ`F Bb bmTTQ`i2/ #v i?2 �6Pa_ �M/ i?2 lMBp2`bBiv Q7 *QMM2+iB+mi- BM+Hm/BM; � _2@
b2�`+? 1t+2HH2M+2 �r�`/ 7`QK i?2 P{+2 Q7 i?2 oB+2 S`2bB/2Mi 7Q` _2b2�`+?X

S`2b2Mi2` M�K2, .�MB2H J+*�``QM

S�;2 je9



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@ed, ai`m+im`2- T`QT2`iB2b Q7 �iQKb- BQMb � KQHX A.9d

lHi`�+QH/ KBtim`2b Q7 *` �M/ GB �iQKb, i?2Q`2iB+�H T`QbT2+ib
7Q` +QMi`QHH2/ �iQKB+ +QHHBbBQMb- GB*` KQH2+mH2 7Q`K�iBQM-
�M/ KQH2+mH�` T`2+BbBQM K2�bm`2K2Mib
�mi?Q`b, EH�m/B� w�`2K#�@EQT+xvFRc J�`+BM :`QMQrbFBkc JB+?�H hQKx�R

R 6�+mHiv Q7 S?vbB+b- lMBp2`bBiv Q7 q�`b�r
k AMbiBimi2 Q7 S?vbB+�H *?2KBbi`v- SQHBb? �+�/2Kv Q7 a+B2M+2b

q2 i?2Q`2iB+�HHv BMp2biB;�i2 BMi2`�iQKB+ BMi2`�+iBQMb �M/ mHi`�+QH/ +QHHBbBQMb #2ir22M +?`QKBmK
�M/ HBi?BmK �iQKbX q2 mb2 i?2 +QmTH2/ +Hmbi2` �M/ KmHiB`272`2M+2 +QM};m`�iBQM BMi2`�+iBQM
K2i?Q/b iQ +�H+mH�i2 i?2 TQi2MiB�H 2M2`;v +m`p2b �M/ i?2 T2`K�M2Mi �M/ i`�MbBiBQM 2H2+@
i`B+ /BTQH2 KQK2Mib 7Q` i?2 [m�`i2i- b2ti2i- �M/ Q+i2i 2H2+i`QMB+ bi�i2b Q7 i?2 GB*` KQH2+mH2
+Q``2H�i2/ iQ i?2 7Qm` HQr2bi �iQKB+ /BbbQ+B�iBQM HBKBibX q2 }M/ i?�i i?2 GB*` KQH2+mH2 BM
i?2 X 6

⌃
+ ;`QmM/ 2H2+i`QMB+ bi�i2 Bb bi`QM;Hv #QmM/ rBi? i?2 r2HH /2Ti? Q7 39yeURyyV +K�1

�M/ ?�b � H�`;2 T2`K�M2Mi 2H2+i`B+ /BTQH2 KQK2Mi Q7 jXj. �i �M 2[mBHB#`BmK /Bbi�M+2 Q7
9X3d #Q?`- r?BH2 i?2 a 8

⌃
+ }`bi 2t+Bi2/ 2H2+i`QMB+ bi�i2b Bb r2�FHv #QmM/ rBi? i?2 r2HH /2Ti?

Q7 8e8UR3V +K�1 �M/ ?�b � MQiB+2�#H2 T2`K�M2Mi 2H2+i`B+ /BTQH2 KQK2Mi Q7 0.7. �i i?2 2[mB@
HB#`BmK /Bbi�M+2 Q7 eX93 #Q?`X q2 BMp2biB;�i2 i?2 QTiB+�H T�i?b Q7 7Q`KBM; /22THv@#QmM/ GB*`
KQH2+mH2b pB� T?QiQ�bbQ+B�iBQM �M/ biBKmH�i2/ _�K�M �/B�#�iB+ T�bb�;2X q2 T`QTQb2 T`2@
+BbBQM K2�bm`2K2Mib Q7 i?2 p�`B�iBQM Q7 2H2+i`QM@iQ@T`QiQM K�bb `�iBQ mbBM; mHi`�+QH/ GB*`
KQH2+mH2bX q2 T`2/B+i i?2 b+�ii2`BM; H2M;i?b 7Q` i?2 mHi`�+QH/ bTBM@TQH�`Bx2/ *`YGB +QHHBbBQMb
Ujd+29

�22
#Q?` 7Q` 53*`Y6GBV ;Qp2`M2/ #v i?2 a 8

⌃
+ 2H2+i`QMB+ bi�i2 rBi?Qmi �Mv �/DmbiK2Mi

iQ 2tT2`BK2Mi�H /�i� �M/ BM ;QQ/ �;`22K2Mi rBi? `2+2Mi 2tT2`BK2Mi�H K2�bm`2K2MibX 6B@
M�HHv- r2 +�H+mH�i2 K�;M2iB+�HHv imM�#H2 62b?#�+? `2bQM�M+2b 7Q` mHi`�+QH/ 52*`Y6GB �M/
53*`Y6GB +QHHBbBQMb �M/ �bb2bb T`QbT2+ib 7Q` K�;M2iQ�bbQ+B�iBQM BMiQ TQH�` �M/ ?B;?Hv K�;@
M2iB+ GB*` KQH2+mH2bX S`2b2Mi i?2Q`2iB+�H `2bmHib K�v ;mB/2 QM;QBM; 2tT2`BK2Mi�H bim/B2b
QM mHi`�+QH/ bi`QM;Hv@BMi2`�+iBM; K�bb@BK#�H�M+2/ 62`KB@62`KB GBY*` KBtim`2b �M/ GB*`
KQH2+mH2bX

S`2b2Mi2` M�K2, EH�m/B� w�`2K#�@EQT+xvF

S�;2 je8



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@e3, ai`m+im`2- T`QT2`iB2b Q7 �iQKb- BQMb � KQHX A.RRN

S`Q;`2bb iQr�`/b � K�;M2iQ@QTiB+�H i`�T 7Q` J;6 KQH2+mH2b

�mi?Q`b, EBFv2QM; ErQMRc a2mM;?r�M _Q?Rc uQmM;Dm *?QRc *?�M;?vmF uQQRc .QM;Fvm GBKRc :Bb2QF
G22Rc 1mMKB *?�2R

R .2T�`iK2Mi Q7 T?vbB+b- EQ`2� lMBp2`bBiv

�+?B2pBM; mHi`�+QH/ i2KT2`�im`2 Q7 M2mi`�H /B�iQKB+ KQH2+mH2b Bb QM2 Q7 i?2 T`2@`2[m2bi2/ F2v
bi2Tb 7Q` mbBM; i?2K �b � [m�MimK TH�i7Q`KX PrBM; iQ KQH2+mH2bǶ �#mM/�Mi BMi2`M�H bi`m+im`2b
�M/ H�`;2 2H2+i`B+ /BTQH2 KQK2Mib- � HQM; +Q?2`2M+2 iBK2 �M/ � HQM;@`�M;2 BMi2`�+iBQM +QmH/
#2 �+?B2p2/ r?2M r2 K�F2 �M �``�v Q7 /B�iQKB+ KQH2+mH2b i`�TT2/ BM QTiB+�H ir22x2`bX

hQ K�F2 �M mHi`�+QH/ KQH2+mH�` �``�v- b2p2`�H bi2Tb �`2 TH�MM2/ BM i?Bb `2b2�`+?X 6B`bi- � +QH/
#mz2`@;�b #2�K Q7 KQH2+mH2b Bb ;2M2`�i2/ #v 2H�biB+ +QHHBbBQMb rBi? >2 #mz2` ;�b �7i2` i?2
�#H�iBQM Q7 � KQH2+mH2 i�`;2iX a2+QM/- i?2 KQH2+mH�` #2�K Bb +�Tim`2/ BM � K�;M2iQ@QTiB+�H
i`�T- +QQHBM; i?2 KQH2+mH2b /QrM iQ i?2 .QTTH2`@HBKBi `2;BK2X h?2 H�bi bi2T Bb bm#@.QTTH2`
+QQHBM; �M/ i`�Mb72``BM; i?2 KQH2+mH2b BMiQ QTiB+�H /BTQH2 i`�Tb iQ +QMbi`m+i �M mHi`�+QH/
KQH2+mH�` �``�vX
J;6 KQH2+mH2b �`2 +?Qb2M ?2`2 #2+�mb2 Q7 i?2B` 7�pQ`�#H2 2M2`;v bi`m+im`2 7Q` H�b2` +QQHBM;
�M/ �#mM/�Mi #QbQMB+ �M/ 72`KBQMB+ BbQiQT2bX q2 +QMbi`m+i2/ � #mz2`@;�b #2�K bQm`+2 i?�i
+�M ;2M2`�i2 J;6 KQH2+mH2b �M/ +QQH i?2K /QrM #2HQr 9 EX �i i?Bb i2KT2`�im`2- jy W Q7
i?2 KQH2+mH2b �`2 BM i?2 v = 0, N = 1 bi�i2- r?B+? Bb i?2 2H2+i`QMB+ ;`QmM/ bi�i2 Q7 i?2 [m�bB@
+v+HBM; i`�MbBiBQM 7Q` i?2 K�;M2iQ@QTiB+�H i`�TX h?2 TQbi2` rBHH T`QpB/2 /2i�BH2/ BM7Q`K�iBQM
�#Qmi i?2 Qp2`�HH 2tT2`BK2Mi �M/ i?2 T2`7Q`K�M+2 Q7 i?2 #mz2`@;�b #2�K bQm`+2X

S`2b2Mi2` M�K2, EBFv2QM; ErQM

S�;2 jee



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@eN, ai`m+im`2- T`QT2`iB2b Q7 �iQKb- BQMb � KQHX A.RdR

�++m`�i2 �M/ +QKTH2i2 �iQKB+ /�i� b2i 7Q` ?2HBmK@HBF2 BQMb
mbBM; _2H�iBpBbiB+ *QM};m`�iBQM AMi2`�+iBQM �TT`Q�+? 7Q`
bBM;Hv �M/ /Qm#Hv 2t+Bi2/ bi�i2b rBi? w 4 8 @ N
�mi?Q`b, aQmK�v� J�M�BRc .?B� 1H?�F a�H?Bkc >�BF2H C2H�bbBk

R L�iBQM�H *2Mi`2 7Q` Lm+H2�` a+B2M+2b �M/ h2+?MQHQ;B2b- hmMBbB�
k L�iBQM�H *2Mi`2 7Q` Lm+H2�` a+B2M+2b �M/ h2+?MQHQ;B2b-hmMBbB�

�++m`�i2 �iQKB+ /�i� Bb +QMbB/2`2/ iQ #2 i?2 T`BM+BT�H r�v iQ 2z2+iBp2Hv bQHp2 i?2 7mim`2
2M2`;v T`Q#H2K �b � +H2�M �M/ BM}MBi2 2M2`;v `2bQm`+2 �M/ Bi Bb #2BM; /2p2HQT2/ BMi2`M�iBQM@
�HHv pB� i?2 AMi2`M�iBQM�H h?2`KQMm+H2�` 1tT2`BK2Mi�H _2�+iQ` (ITER) S`QD2+i (R)X h?2M-
2ti2MbBp2 bT2+i`Qb+QTB+ bim/B2b #Qi? 2tT2`BK2Mi�H �M/ i?2Q`2iB+�H ?�p2 #22M T2`7Q`K2/ BM i?2
H�bi 72r v2�`b BM Q`/2` iQ 2biBK�i2 i?2 TQr2` HQbb 7`QK i?2 BKTm`BiB2b BM i?2 7Q`i?+QKBM;
7mbBQM `2�+iQ`bX 6m`i?2`KQ`2- �++m`�i2 p�Hm2b Q7 r�p2H2M;i?b �M/ i?2B` 2``Q`b �`2 `2[mB`2/
7Q` i?2 BMi2`T`2i�iBQM Q7 � r2�Hi? Q7 ?B;?@`2bQHmiBQM /�i� Q#i�BM2/ BM i?2 H�bi irQ /2+�/2b
#v i?2 *?�M/`� s@`�v P#b2`p�iQ`v �M/ i?2 1m`QT2�M aT�+2 �;2M+vǶb s@`�v KmHiBJB``Q`
JBbbBQMX

�b T`2pBQmbHv Tm#HBb?2/ (k- j)- r2 +QMiBMm2 iQ 7Q+mb QM ?2HBmK@HBF2 BQMbX AM i?Bb rQ`F- 2M2`;v
H2p2Hb- r�p2H2M;i?b �M/ i`�MbBiBQMb `�i2b ?�p2 #22M +�H+mH�i2/ 7Q` i?2 HQr2bi bBM;Hv 2t+Bi2/
dy H2p2Hb �KQM; 1snl(n  6, l  (n � 1)) +QM};m`�iBQMb �M/ i?2 HQr2bi /Qm#Hv 2t+Bi2/ k8y
H2p2Hb �`BbBM; 7`QK i?2 E@p�+�M+v 2ln0l0(n0  6, l0  (n0 � 1)) +QM};m`�iBQMb Q7 ?2HBmK@HBF2
BQMb rBi? Z = 5� 9 M�K2Hv B IV - C V - N V I- O V II �M/ F V III (9)X h?2 +�H+mH�iBQMb r2`2
T2`7Q`K2/ mbBM; i?2 _2H�iBpBbiB+ *QM};m`�iBQM AMi2`�+iBQM (RCI) K2i?Q/ BKTH2K2Mi2/ BM
i?2 6H2tB#H2 �iQKB+ *Q/2 (FAC) (8)X *QKT�`BbQMb r2`2 K�/2 rBi? Qi?2` �p�BH�#H2 i?2Q`B2b
`2TQ`i2/ BM i?2 HBi2`�im`2 (e- d- 3- N)X 6BM�HHv- i?2 �++m`�+v Q7 i?2 T`2b2Mi +�H+mH�iBQMb Bb
2MQm;? iQ 7�+BHBi�i2 i?2 B/2MiB}+�iBQM Q7 K�Mv Q#b2`p2/ bT2+i`�H HBM2b- TH�bK� KQ/2HHBM; �b
r2HH �b /B�;MQbiB+b Q7 �bi`QT?vbB+�H TH�bK� �M/ +QMi`QHH2/ i?2`KQMm+H2�` 7mbBQMX
_272`2M+2b
(R) � C >- .QMM2 2i �H- Lm+HX 6mbBQMX 9d- jjd UkyydVX
(k) a J�M�B �M/ > C2H�bbB- S`�K�M�X N8- R@N UkykRVX
(j) a "2M L�b`- a J�M�B- . 1 a�H?B- S ZmBM2i �M/ > C2H�bbB- �iQKB+ .�i� �M/ Lm+H2�` .�i�
h�#H2bX Rj8- RyRj9e UkykyVX
(9) a J�M�B- . 1 a�H?B- a "2M L�b` �M/ > C2H�bbBX _2bmHib BM S?vbB+bX jd- Ry893d UkykkVX
(8) JX 6X :m- *�M�/B�M CQm`M�H Q7 S?vbB+bX 3e- ed8@e3N Ukyy3VX
(e) :X qX .`�F2- *�M�/B�M CQm`M�H Q7 S?vbB+bX ee- 83eeRR URN33VX
(d) . � o2`M2`- 1 J o2`M2` �M/ : C 62`H�M/- �iQKB+ .�i� �M/ Lm+H2�` .�i� h�#H2bX e9-
RR3y URNNeVX
(3) E J �;;�`r�H- h E�iQ- 6 S E22M�M �M/ A Jm`�F�KB- S?vbB+� a+`BTi�X 3j- yR8jyk UkyRyVX
(N) " aQr- J aQr- u :MBM;- � h`�Q`2- � a L/�Q �M/ � q�;m2- _�/B�iBQM S?vbB+b �M/
*?2KBbi`vX Rkj- k8jy UkyReVX

S`2b2Mi2` M�K2, J�M�B- aQmK�v�

S�;2 jed



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@dy, ai`m+im`2- T`QT2`iB2b Q7 �iQKb- BQMb � KQHX A.RNy

aim/v Q7 `�/B�iBp2 T`QT2`iB2b Q7 ?2HBmK BbQ2H2+i`QMB+ b2@
[m2M+2
�mi?Q`b, >�BF2H C2H�bbBRc .?B� 1H?�F a�H?BXc aQmK�v� J�M�BRc aB`BM2 "2M L�b`R

R L�iBQM�H *2Mi`2 7Q` Lm+H2�` a+B2M+2b �M/ h2+?MQHQ;B2b

h?2 `�/B�iBp2 T`QT2`iB2b Q7 BQMb Uw4 k@8jV #2HQM;BM; iQ i?2 ?2HBmK BbQ2H2+i`QMB+ b2[m2M+2 �`2
`2TQ`i2/X 1M2`;v H2p2Hb 7Q` i?2 ;`QmM/ bi�i2 �M/ i?2 HQr2bi RbkH bBM;Hv 2t+Bi2/ bi�i2b �`2
+QMbB/2`2/X h?2 2z2+ib Q7 +Q``2H�iBQM 2z2+ib �`2 bim/B2/ 7Q` i?2 b2H2+i2/ BQMb #v BM+`2�bBM;
i?2 �+iBp2 b2i U�aVX _2H�iBpBbiB+ 2z2+ib bm+? �b i?2 "`2Bi BMi2`�+iBQM �M/ i?2 Z1. +Q``2+iBQMb
�`2 �HbQ +QKTmi2/X h?2 ?2�pv 2H2K2Mib rBi? ?B;? w �`2 Q7 TQi2MiB�H BMi2`2bi BM +QMi`QHH2/
i?2`KQMm+H2�` 7mbBQM �M/ �bi`QT?vbB+bX AM/22/- i?2v +QmH/ #2 mb2/ BM TH�bK�@7�+BM; K�i2`B�Hb
bm+? �b i?2 /Bp2`iQ`b BM iQF�K�Fb Q`f�M/ +QmH/ #2 ;2M2`�i2/ #v M2mi`QM@BM/m+2/ i`�MbKm@
i�iBQMb Q7 /Bp2`iQ`Ƕb K�i2`B�HbX aQ- 2ti2MbBp2 bT2+i`Qb+QTB+ bim/B2b #Qi? 2tT2`BK2Mi�H �M/
i?2Q`2iB+�H ?�p2 #22M T2`7Q`K2/ BM i?2 H�bi v2�`b BM Q`/2` iQ 2biBK�i2 i?2 TQr2` HQbb 7`QK i?2
BKTm`BiB2b BM i?2 7Q`i?+QKBM; 7mbBQM `2�+iQ`b (R)X

AM i?Bb rQ`F- irQ BM/2T2M/2Mi i?2Q`2iB+�H �iQKB+ bi`m+im`2 +QKTmi�iBQM�H �TT`Q�+?2b ?�p2
#22M +QMbB/2`2/- BX2X i?2 �# BMBiBQ KmHiB+QM};m`�iBQM .B`�+@>�`i`22@6Q+F rBi? bm#b2[m2Mi `2H@
�iBpBbiB+ +QM};m`�iBQM BMi2`�+iBQM K2i?Q/ UJ*.>6@_*AV BKTH2K2Mi2/ BM i?2 +Q/2 :_�aSkyR3
(k) �M/ i?2 .B`�+@6Q+F@aH�i2` U.6aV BKTH2K2Mi2/ BM i?2 +Q/2 6�* U6H2tB#H2 �iQKB+ *Q/2V
(j)X h?2 `2H�iBpBbiB+ +QM};m`�iBQM BMi2`�+iBQM K2i?Q/ r�b �TTHB2/ iQ 2biBK�i2 i?2 2H2+i`QM
+Q``2H�iBQM 2z2+ibX h?2 i`�MbBiBQM T`Q#�#BHBiB2b �M/ i?2 Qb+BHH�iQ` bi`2M;i?b r +�H+mH�i2/ 7Q`
1R- 1k- JR �M/ Jk i`�MbBiBQMb bT�MMBM; i?2 bT2+i`�H `�M;2 7`QK lo iQ A_X Pm` `2bmHib �`2
+QKT�`2/ rBi? �p�BH�#H2 2tT2`BK2Mi�H �M/ Qi?2` i?2Q`2iB+�H p�Hm2bX :QQ/ �;`22K2Mi Bb 7QmM/
7Q` i?2 K�DQ`Biv Q7 +�b2bX GB72iBK2b �`2 �HbQ +QMbB/2`2/ BM i?Bb rQ`F- }`bi iQ +?2+F i?2 �++m`�+v
Q7 +�H+mH�i2/ `2bmHib Q7 i`�MbBiBQMb `�i2b �M/ b2+QM/- iQ +QKTH2i2 i?2 /�i�#�b2b #v � +QKTH2i2
�M/ �++m`�i2 p�Hm2b Q7 HB72iBK2bX h?Bb +�M ?2HT 7mim`2 rQ`Fb #v 2tT2`BK2Mi�HBbib iQ +QKT�`2
i?2B` `2bmHib rBi? i?Qb2 `2bmHib +�H+mH�i2/ i?2Q`2iB+�HHvX 6BM�HHv- i?Bb bim/v mM/2`HBM2b i?2 BK@
TQ`i�M+2 Q7 `2H�iBpBbiB+ +Q``2+iBQMb 2bT2+B�HHv 7Q` i?2 ?2�pv �iQKB+ BQMbX h?Bb +QKTmi�iBQM�H
�TT`Q�+? 2M�#H2b mb iQ T`2b2Mi � +QMbBbi2Mi �M/ BKT`Qp2/ /�i� b2i Q7 �HH BKTQ`i�Mi �iQKB+
/�i� Q7 i?2 ?2HBmK BbQ2H2+i`QMB+ b2[m2M+2- r?B+? �`2 mb27mH 7Q` B/2MiB7vBM; i`�MbBiBQM HBM2b BM
7m`i?2` BMp2biB;�iBQMbX
_272`2M+2b
(R) �X CX >X .QMM2 2i �HX- Lm+HX 6mbBQM 9d UkyydV ajjdX
(k) *X 6`Q2b2 6Bb+?2`- :X :�B;�H�b- SX CƺMbbQM- �M/ CX "B2`QƖ- *QKTmiX S?vbX *QKKmMX- kjd
UkyRNV R39X
(j) JX6X :m- *�MX CX S?vbX 3e Ukyy3V ed8@e3NX

S`2b2Mi2` M�K2, >�BF2H C2H�bbB

S�;2 je3



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@dR, ai`m+im`2- T`QT2`iB2b Q7 �iQKb- BQMb � KQHX A.j99

S?QiQ�bbQ+B�iBQM bT2+`Qb+QTv Q7 _#u# M2�` i?2 u# BMi2`@
+QK#BM�iBQM HBM2
�mi?Q`b, �t2H :Q2`HBixRc "�biB�M SQHHFH2b2M2`Rc *?`BbiB�M aBHHmbRc hQ#B�b 6`�Mx2MR

R lMBp2`bBiv .m2bb2H/Q`7

lHi`�+QH/ /BTQH�` KQH2+mH2b �`2 � T`QKBbBM; bvbi2K 7Q` BMi2`2biBM; `2b2�`+? BM mHi`�+QH/
+?2KBbi`v- MQp2H BMi2`�+iBQMb BM [m�MimK ;�b2b- T`2+BbBQM K2�bm`2K2Mib Q` [m�MimK BM7Q`@
K�iBQMX

>2`2 r2 `2TQ`i QM T?QiQ�bbQ+B�iBQM bT2+i`Qb+TQv BM �M mHi`�+QH/ KBtim`2 Q7 u# �M/ _# M2�`
i?2 1S0 ! 3P1 BMi2`+QK#BM�iBQM HBM2 Q7 u# �i 88e MKX q?BH2 BM T`2pBQmb rQ`F r2 ?�p2
B/2MiB}2/ b2p2`�H QM2@ �M/ irQ@T?QiQM T?QiQ�bbQ+B�iBQM i`�MbBiBQMb M2�` i?2 .R@HBM2 Q7 _#
�i dN8 MK (R-k)- T?QiQ�bbQ+B�iBQM M2�` i?2 M�``Qr BMi2`+QK#BM�iBQM HBM2 T`QKBb2b iQ QT2M
mT M2r T�i?r�vb 7Q` i?2 T`Q/m+iBQM Q7 u#_#@KQH2+mH2b BM i?2 �#bQHmi2 KQH2+mH�` ;`QmM/
bi�i2X

h?2 2tT2`BK2Mib T`2b2Mi2/ ?2`2- ?�p2 #22M +�``B2/ Qmi BM � +QKTH2i2Hv M2r b2imT r?B+? Bb
/2bB;M2/ iQ bT�iB�HHv b2T�`�i2 i?2 T`Q/m+iBQM Q7 mHi`�+QH/ �iQKB+ b�KTH2b 7`QK i?2 �+im�H
2tT2`BK2Mi�H bim/B2b (j)X AM i?Bb b2imT r2 2KTHQv QTiB+�H ir22x2`b iQ i`�MbTQ`i BM/BpB/m�HHv
+QQH2/ b�KTH2b Q7 mHi`�+QH/ _# �M/ u# �iQKb 7`QK i?2B` b2T�`�i2 T`Q/m+iBQM +?�K#2`b iQ
� /2/B+�i2/ +QKKQM b+B2M+2 +?�K#2`X AM i?2 b+B2M+2 +?�K#2` i?2 �iQKb +�M #2 7m`i?2`
K�MBTmH�i2/ �M/ i`�TT2/ mbBM; p�`BQmb QTiB+�H /BTQH2 i`�T ;2QK2i`B2bX

aQ 7�`- r2 ?�p2 2tT2`BK2Mi�HHv Q#b2`p2/ QM2 mM#QmM/@#QmM/ i`�MbBiBQM BM � KBtim`2 Q7 170u#
�M/ 87_# M2�` i?2 BMi2`+QK#BM�iBQM HBM2X q2 �ii`B#mi2 i?2 7�+i i?�i MQ KQ`2 i`�MbBiBQMb +QmH/
#2 /2i2+i2/ iQ i?2 7�+i i?�i i?2 mM#QmM/@#QmM/ i`�MbBiBQM K�i`Bt 2H2K2Mib �`2 bB;MB}+�MiHv
bK�HH2` i?�M 2tT2+i2/X lbBM; i?2 Q#b2`p2/ 2t+Bi2/ _#u# KQH2+mH�` H2p2H �b �M BMi2`K2/B�i2
bi�i2 r2 +QmH/ �HbQ B/2MiB7v irQ irQ@T?QiQM i`�MbBiBQMb iQ pB#`�iBQM�HHv 2t+Bi2/ H2p2Hb BM i?2
2H2+i`QMB+ ;`QmM/ bi�i2 Q7 i?2 KQH2+mH2 mbBM; � /�`F@`2bQM�M+2 i2+?MB[m2X q2 TH�M iQ mb2
i?2 /�`F@`2bQM�M+2b iQ B/2MiB7v /22THv #QmM/ `QpB#`�iBQM�H H2p2Hb BM i?2 2H2+iQMB+�HHv 2t+Bi2/
1
2
⇧1/2 KQH2+mH�` bi�i2- r?B+? �`2 bmBi�#H2 7Q` �M 2{+B2Mi i`�Mb72` Q7 i?2 _#u# KQH2+mH2b BMiQ

i?2 �#bQHmi2 ;`QmM/ bi�i2X
(R) JX "Q`FQrbFB 2i �HX- S_� 33- y8kdy3 UkyRjV
(k) *X "`mMB 2i �HX- S_� N9- ykk8yj UkyReV
(j) *X aBHHmb 2i �HX _2pX a+BX AMbiX Nk- yjjky9 UkykRV

S`2b2Mi2` M�K2, :Q2`HBix- �t2H

S�;2 jeN



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@dk, ai`m+im`2- T`QT2`iB2b Q7 �iQKb- BQMb � KQHX A.jd3

amTT`2bbBQM Q7 _�K�M BMi2`�+iBQM /m2 iQ /2bi`m+iBp2 BMi2`@
72`2M+2 BM �HF�HB �iQKb
�mi?Q`b, LB+?QH�b JBHbQMRc �`BM� h�b?+?BHBM�Rc CQb2T? GBM/QMRc GQ;�M qX *QQF2Rc 1p;2Mv JQBb22pkc
GBM/b�v CX G2"H�M+R

R lMBp2`bBiv Q7 �H#2`i�
k E�x�M Zm�MimK *2Mi2`

_�K�M BMi2`�+iBQMb �`2 � TQr2`7mH iQQH 7Q` T2`7Q`KBM; �`#Bi`�`v `Qi�iBQMb #2ir22M irQ w22@
K�M H2p2Hb Q7 �M BM/BpB/m�H BQM Q` � M2mi`�H �iQKX lMBp2`b�HBiv Q7 i?2 i2+?MB[m2 TH�+2b Bi BM
� +2Mi`�H `QH2 BM K�Mv [m�MimK i2+?MQHQ;B2b, bBM;H2 [m#Bi ;�i2b BM �iQKB+ [m�MimK T`Q+2b@
bQ`b- K2/B�iBM; BMi2`�+iBQMb BM [m�MimK bBKmH�iQ`b- �M/ K�TTBM; [m�MimK BM7Q`K�iBQM BMiQ
HQM;@HBp2/ bi�i2b BM QTiB+�H [m�MimK K2KQ`B2b- iQ M�K2 � 72rX
h?2 +QMp2MiBQM�H i?`22@H2p2H 2z2+iBp2 i?2Q`v K�MB72bib i?�i i?2 }/2HBiv Q7 i?2 _�K�M QT2`�@
iBQM ;`Qrb BMp2`b2Hv T`QTQ`iBQM�H iQ i?2 bBM;H2 T?QiQM /2imMBM;X AM Qm` rQ`F r2 b?Qr i?�i
i?Bb �TT`QtBK�iBQM /Q2b MQi �Hr�vb ?QH/ 7Q` �HH �HF�HB �iQKb /m2 iQ i?2B` KmHiBH2p2H bi`m+@
im`2X h?2 /2bi`m+iBp2 BMi2`72`2M+2 Q7 i?2 ?vT2`}M2 bm#@H2p2Hb +QmH/ 7mHHv bmTT`2bb i?2 _�K�M
BMi2`�+iBQM �i H�`;2 /2imMBM;b H2�pBM; mb rBi? bQK2 }MBi2 QTiBK�H }/2HBiv BM +QKT�`BbQM iQ
�bvKTiQiB+�HHv B/2�H i?2Q`2iB+�H +�b2X q2 mb2 � 7Q`K�HBbK #�b2/ QM *H2#b+?@:Q`/�M +Q2{@
+B2Mib �M/ `Qi�iBQM�H bvKK2i`B2b Q7 �iQKb- r?B+? �HHQrb mb iQ ;2M2`�HBx2 Qm` `2bmHib iQ �HH
�HF�HB �iQKbX q2 2tT2`BK2Mi�HHv b?Qr i?2 2z2+i QM _#@3d �M/ /Bb+mbb ?Qr iQ +B`+mKp2Mi i?2
T`Q#H2KX

S`2b2Mi2` M�K2, LB+?QH�b JBHbQM

S�;2 jdy



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@e3, ai`m+im`2- T`QT2`iB2b Q7 �iQKb- BQMb � KQHX A.R9d

*QMi`QHH2/ BMi2`�+iBQMb #2ir22M mHi`�+QH/ E_# KQH2+mH2b BM
irQ /BK2MbBQMb
�mi?Q`b, *�H/2` JBHH2`Rc �MM2ii2 *�``QHHRc CmM@_m GBRc EvH2 J�ibm/�Rc qBHHB�K hQ#B�bRc CmM u2R

R CAG�- L�iBQM�H AMbiBimi2 Q7 ai�M/�`/b �M/ h2+?MQHQ;v- �M/ .2T�`iK2Mi Q7 S?vbB+b- lMBp2`bBiv Q7
*QHQ`�/Q "QmH/2`

.BTQH�` KQH2+mH2b BM irQ /BK2MbBQMb �`2 � TQr2`7mH TH�i7Q`K 7Q` i?2 bim/v Q7 [m�MimK K�Mv@
#Q/v T?vbB+b- i?�MFb iQ i?2B` HQM;@`�M;2- �MBbQi`QTB+ /BTQH�` BMi2`�+iBQMbX q2 ?�p2 /2p2HQT2/
F2v 2tT2`BK2Mi�H +�T�#BHBiB2b `2[mB`2/ 7Q` i?2 bim/v Q7 bm+? bvbi2Kb- BM+Hm/BM; H�v2`@`2bQHp2/
bi�i2 +QMi`QH �M/ /2i2+iBQM- }2H/@imM�#H2 /BTQH2 Q`B2Mi�iBQM �M/ bi`2M;i?- �M/ +QMi`QH Q7 #Qi?
BMi`�H�v2` �M/ BMi2`H�v2` BMi2`�+iBQMbX h?2 BMi2`�+iBQMb #2ir22M H�v2`b �`2 T`Q#2/ i?`Qm;?
+?2KB+�H `2�+iBQMb K2/B�i2/ #v 2t+?�M;2 Q7 `Qi�iBQM�H 2t+Bi�iBQMbX h?2 `2�+iBQM `�i2 Bb +QM@
i`QHH2/ i?`Qm;? �TTHB+�iBQM Q7 �M 2H2+i`B+ }2H/ ;`�/B2Mi- `2p2�HBM; �M BMi2`TH�v #2ir22M i?2
i?2`K�H 2M2`;v �M/ bTBM 2t+?�M;2X qBi?BM � H�v2` i?2 BMi2`�+iBQMb `2�HBx2 � bTBM >�KBHiQMB�M-
r?2`2 i?2 AbBM; �M/ 2t+?�M;2 BMi2`�+iBQMb �`2 +QMi`QHH2/ i?`Qm;? 2H2+i`B+ }2H/ bi`2M;i? �M/
Q`B2Mi�iBQM- �M/ KQH2+mH�` `Qi�iBQM�H bi�i2X h?2 BMi2`�+iBQMb K�MB72bi i?`Qm;? b?B7ib BM i?2
`Qi�iBQM�H i`�MbBiBQM 7`2[m2M+v �M/ /2+�vb BM i?2 _�Kb2v +QMi`�biX q2 /Bb+mbb i?2 QmiHQQF
7Q` i?2 TH�i7Q`K- BM+Hm/BM; � T�i? iQr�`/b +`2�iBQM Q7 � bTBM b[m22x2/ bi�i2X

S`2b2Mi2` M�K2, *�H/2` JBHH2`

S�;2 jdR



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@eN, ai`m+im`2- T`QT2`iB2b Q7 �iQKb- BQMb � KQHX A.Rd8

�M�HvxBM; i?2 ?vT2`}M2 bi`m+im`2 mbBM; i?2 [m�MimK Q`#Bi
2++2Mi`B+Biv
�mi?Q`b, �H2D�M/`� /2H _BQ GBK�Rc �M� E�`2M *m2`pQ JQMiB2Hkc 6`�M+Bb+Q C�pB2` *�`+�KQ o2`/2kc
6`2//v C�+FbQM SQp2/� *m2p�bj

R A6@lL�J
k AMbiBimiQ /2 6őbB+�- lMBp2`bB/�/ L�+BQM�H �miƦMQK� /2 JûtB+Q
j *�i2/`�b *QM�+vi @ AMbiBimiQ /2 6őbB+� @ lMBp2`bB/�/ L�+BQM�H �miƦMQK� /2 JûtB+Q

h?2 QH/ T`Q#H2K Q7 i?2 /Bb+`2i2 bT2+i`mK Q7 i?2 ?v/`Q;2M �iQK Q#2vb � aPU9V bvKK2i`v-
r?B+? Bb BbQKQ`T?Qmb iQ irQ bm#;`QmTb i?�i Q#2v i?2 �H;2#`� Q7 �M;mH�` KQK2MimKX h?2
�H;2#`�B+ bi`m+im`2 �HHQrb mb iQ 7Q`KmH�i2 � #�bBb +HQb2Hv `2H�i2/ iQ i?2 T`QT2`iB2b Q7 i?2 r�p2
7mM+iBQM BM T�`�#QHB+ +QQ`/BM�i2bX PM i?2 Qi?2` ?�M/- i?2 T`QT2`iB2b Q7 Qi?2` �M;mH�` KQ@
K2Mi�- bm+? �b 2H2+i`QM bTBM �M/ Mm+H2mb bTBM- �`2 BMi`Q/m+2/ #v �//BM; �M;mH�` KQK2MimKX
�HH i?2b2 +QMi`B#miBQMb �`2 FMQrM �b i?2 ?vT2`}M2 bi`m+im`2X AM i?Bb rQ`F- r2 2tTHQ`2 i?2
bvKK2i`B2b Q7 i?2 T`Q#H2K iQ �M�Hvx2 i?2 �iQKB+ ?vT2`}M2 bi`m+im`2 bi`B+iHv mbBM; i?2 T`QT@
2`iB2b Q7 i?2 aPU9V ;`QmT Q7 i?2 G�TH�+2@_mM;2@G2Mx p2+iQ`X �//BiBQM�HHv- r2 ?�p2 /QM2 �
#`B27 �M�HvbBb Q7 i?2 bvKK2i`v #`2�FBM; BM i?2 T`2b2M+2 Q7 2H2+i`B+ �M/ K�;M2iB+ }2H/bX

S`2b2Mi2` M�K2, 6`2//v C�+FbQM SQp2/� *m2p�b

S�;2 jdk



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@dy, ai`m+im`2- T`QT2`iB2b Q7 �iQKb- BQMb � KQHX A.k89

0�g TQi2MiB�H BM *b2- `2pBbBi2/, Q#b2`p�iBQM Q7 KBbbBM; H2p@
2Hb
�mi?Q`b, EQ`�v .BM+2`Rc J�`Bmbx a2K+xmFR

R lMBp2`bBiv Q7 q�`b�r

q2 mb2 T?QiQ�bbQ+B�iBQM Q7 bTBM TQH�`Bx2/ UF = 3- mf = 3V- mHi`�+QH/ +2bBmK �iQKb +QM}M2/
BM � R. QTiB+�H H�iiB+2 iQ +QM}`K i?2 2tBbi2M+2 Q7 i?2 irQ HQr2bi HvBM; pB#`�iBQM�H H2p2Hb BM i?2
0
�
g Tm`2 HQM;@`�M;2 KQH2+mH�` TQi2MiB�H Q7 *b2X h?2 Q#b2`p�iBQM Q7 i?2b2 irQ H2p2Hb +QM}`Kb

i?2 i?2Q`2iB+�H T`2/B+iBQMb Q7 "QmHQm7� 2i �HX (R) TQbimH�iBM; i?�i i?2 MmK#2`BM; Q7 pB#`�iBQM�H
H2p2Hb Q7 i?Bb TQi2MiB�H M22/b iQ #2 b?B7i2/ #v irQ BM Q`/2` iQ �;`22 i?2Q`v rBi? 2tT2`BK2Mi�H
/�i�X q2 �HbQ T`QpB/2 mM�K#B;mQmb 2pB/2M+2 i?�i i?2 rQ`F Q7 w?�M; 2i �HX (k) r?B+? +H�BK2/
T`BQ`Biv Q7 Q#b2`pBM; i?2b2 M2r H2p2Hb- BM 7�+i Q#b2`p2/ H2p2Hb #2HQM;BM; iQ i?2 0

+

u KQH2+mH�`
TQi2MiB�HX

.m2 iQ i?2 2tT2+i2/ HQr KQH2+mH�` 7Q`K�iBQM `�i2 r2 ?�p2 BKTH2K2Mi2/ 62b?#�+? `2bQM�M+2@
2M?�M+2/ �bbQ+B�iBQM Q7 KQH2+mH2b BM v = 0 �M/ v = 1X a2p2`�H Q7 bm+? `2bQM�M+2b �`2 T`2b2Mi
�i }2H/b #2HQr dy : #mi i?2 M2rHv /Bb+Qp2`2/ pB#`�iBQM�H H2p2Hb +QmH/ #2 /2i2+i2/ QMHv BM i?2
pB+BMBiv Q7 i?2 62b?#�+? `2bQM�M+2 �i RNXN : (j)X

q2 ?�p2 /2i2`KBM2/ i?2 #BM/BM; 2M2`;B2b Q7 i?2 Uv-JV 4 (0, 2)- (1, 0)- (1, 2) �M/ (1, 4) rBi?
�#bQHmi2 �++m`�+v #2ii2` i?�M R J>x #v `272`2M+BM; i?2 T?QiQ�bbQ+B�iBQM H�b2` iQ � 7`2[m2M+v
+QK#X 6Q` i?2 v = 1 H2p2H r2 ?�p2 2ti`�+i2/ i?2 `Qi�iBQM�H +QMbi�Mi Q7 �8e J>xX
(R) "QmHQm7�- LX- *`m#2HHB2`- �X- � .mHB2m- PX S?vbX _2pX � d8- y8k8yR UkyydVX
(k) w?�M;- uX- J�- CX- qm- CX- q�M;- GX- sB�Q- GX- � CB�- aX X S?vbX _2pX � 3d- yjy8yj
UkyRjVX
(j) hQH`�- "X G�#m`i?2- 2i �HX 1SG U1m`QT?vbB+b G2ii2`bV e9 RdR UkyyjVX

S`2b2Mi2` M�K2, J�`Bmbx a2K+xmF

S�;2 jdj



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@dR, ai`m+im`2- T`QT2`iB2b Q7 �iQKb- BQMb � KQHX A.j8j

Zm�MimK bi�i2 +QMi`QH Q7 QTiB+�HHv i`�TT2/ TQHv�iQKB+ KQH2+mH2b

�mi?Q`b, L�i?�MB2H oBH�bRc *?`BbiB�M >�HH�bRc GQB+ �M/2`2;;Rc S�B;2 _Q#B+?�m/Rc �M/`2r qBMMB+FBRc
CQ?M J .QvH2R

R >�`p�`/ lMBp2`bBiv

h?2 /2;`22b Q7 7`22/QK BM?2`2Mi BM i?2 bi`m+im`2 Q7 TQHv�iQKB+ KQH2+mH2b �HHQr 7Q` M2r �T@
THB+�iBQMb bT�MMBM; i?2 }2H/b Q7 [m�MimK bBKmH�iBQM �M/ +QKTmi�iBQM- mHi`�+QH/ +?2KBbi`v-
�M/ T`2+BbBQM K2�bm`2K2Mib Q7 7mM/�K2Mi�H T?vbB+bX 6Q` 2t�KTH2- i?2 +QKTH2t `QpB#`�iBQM�H
bi`m+im`2 Q7 TQHv�iQKB+ KQH2+mH2b ;2M2`B+�HHv ;Bp2b `Bb2 iQ +HQb2Hv@bT�+2/ H2p2Hb Q7 QTTQbBi2
T�`Biv i?�i `2bmHi BM HBM2�` ai�`F b?B7ib �i KQ/2bi 2H2+i`B+ }2H/b- �HQM; rBi? bi�i2b i?�i ?�p2
x2`Q }`bi@Q`/2` 2H2+i`B+ }2H/ b2MbBiBpBivX >2`2 r2 T`2b2Mi Qm` `2bmHib QM H�b2` +QQHBM; Q7 *�P>
�M/ QTiB+�H i`�TTBM; Q7 *�P> BM i?2 pB#`�iBQM�H #2M/BM; KQ/2- r?B+? TQbb2bb2b bm+? � T�`Biv
/Qm#H2i bi`m+im`2X q2 T`2b2Mi KB+`Qr�p2 bT2+i`Qb+QTv Q7 i?Bb bi�i2 7Q` Bib TQi2MiB�H mb2 BM
[m�MimK b+B2M+2 �TTHB+�iBQMbX AM �//BiBQM- r2 /Bb+mbb i?2 +`2�iBQM Q7 �M QTiB+�H ir22x2` �``�v
Q7 *�P> KQH2+mH2bX h?2 bBM;H2 T�`iB+H2 +QMi`QH H2Mi #v i?Bb TH�i7Q`K rBHH QT2M i?2 /QQ` iQ
7mim`2 2zQ`ib bim/vBM; BMi2`�+iBQMb #2ir22M KQH2+mH2b BM QTiB+�H i`�TbX

S`2b2Mi2` M�K2, L�i?�MB2H oBH�b

S�;2 jd9



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@dk, ai`m+im`2- T`QT2`iB2b Q7 �iQKb- BQMb � KQHX A.j3e

S`Q;`2bb iQr�`/b /B`2+i H�b2` +QQHBM; �M/ i`�TTBM; Q7 *�>
KQH2+mH2b
�mi?Q`b, ZB amMRc CBMvm .�BRc a2#�biB�M o�x[m2x@*�`bQMRc .2#�v�M JBi`�Rc h�Mv� w2H2pBMbFvR

R *QHmK#B� lMBp2`bBiv

h?2 T�bi /2+�/2 ?�b b22M i`2K2M/Qmb T`Q;`2bb BM i?2 }2H/ Q7 /B`2+i H�b2` +QQHBM; �M/ i`�TTBM;
Q7 KQH2+mH2b- 2ti2M/BM; iQ M2r +�M/B/�i2 TH�i7Q`Kb 7Q` [m�MimK +QKTmiBM;- [m�MimK bBK@
mH�iBQM- T`2+BbBQM K2�bm`2K2Mi �M/ K2i`QHQ;vX >2`2 r2 T`2b2Mi Qm` T`Q;`2bb iQr�`/b H�b2`
+QQHBM; �M/ i`�TTBM; Q7 *�> KQH2+mH2bX q2 /2KQMbi`�i2 2tT2`BK2Mi�H `2bmHib QM i`�Mbp2`b2
aBbvT?mb +QQHBM; Q7 � +QH/ #2�K Q7 *�> KQH2+mH2bX q2 Q#i�BM ;QQ/ �;`22K2Mi rBi? i?2
QTiB+�H "HQ+? 2[m�iBQMb �M/ JQMi2 *�`HQ bBKmH�iBQMb- �M/ 2bi�#HBb? i?�i � ?B;? b+�ii2`BM;
`�i2 U106 T?QiQMbfbV Bb �+?B2p�#H2 7Q` i?Bb KQH2+mH2X L2ti- r2 T`2b2Mi Qm` +?�`�+i2`Bx�iBQM
Q7 KQH2+mH�` T`2/BbbQ+B�iBQM �M/ /Bb+mbb TQi2MiB�H /BbbQ+B�iBQM T�i?r�vb 7Q` i?2 +`2�iBQM Q7
�iQKB+ ?v/`Q;2M 7`QK *�>X GQQFBM; iQr�`/ i?2 7mim`2- r2 /2b+`B#2 Qm` TH�Mb iQ T2`7Q`K
HQM;Bim/BM�H r?Bi2@HB;?i bHQrBM; �M/ j. K�;M2iQ@QTiB+�H i`�TTBM; rBi? i?2 �TTHB+�iBQM Q7 i?2
}`bi irQ pB#`�iBQM�H `2TmKTbX h?Bb rQ`F b2ib i?2 bi�;2 7Q` � i`�TT2/- /BHmi2 +HQm/ Q7 mHi`�+QH/
?v/`Q;2M- r?B+? +QmH/ 7m`i?2` BKT`Qp2 QM i?2 +m``2Mi HBKBib BM ?v/`Q;2M bT2+i`Qb+QTvX

S`2b2Mi2` M�K2, ZB amM

oB`im�H TQbi2` f oB`9j, ai`m+im`2- T`QT2`iB2b Q7 �iQKb- BQMb � KQHX A.ke8

1H2+i`Qbi�iB+ BMi2`�+iBQMb BMpQHpBM; 2tQiB+ HQM;@`�M;2 _v/@
#2`; KQH2+mH2b
�mi?Q`b, >QK�` _Bp2`� _Q/`ő;m2xRc _Q+őQ C�m`2;mBR

R AMbiBimiQ /2 6őbB+�- lMBp2`bB/�/ L�+BQM�H �miƦMQK� /2 JûtB+Q

� ;`QmM/ bi�i2 �iQK BKK2`b2/ BM i?2 r�p2 7mM+iBQM Q7 i?2 p�H2M+2 2H2+i`QM Q7 � _v/#2`;
�iQK +�M ;2M2`�i2 � HQM;@`�M;2 _v/#2`; KQH2+mH2 UG__JVX AM i?Bb rQ`F- mbBM; i?2 KmHiBTQH2
2tT�MbBQM Q7 i?2 2H2+i`Qbi�iB+ BMi2`�+iBQM BM T`QH�i2 bT?2`QB/�H +QQ`/BM�i2b- �TT`QtBK�i2 �M/
+QKT�+i 2tT`2bbBQMb Q7 i?2 2H2+i`Qbi�iB+ TQi2MiB�H i?�i /2i2`KBM2 i?2 +?2KBbi`v Q7 i`BHQ#Bi2
�M/ #mii2`~v G__J �`2 2tTHQ`2/X Ai Bb b?QrM i?�i 2p2M i?2 T`QH�i2 bT?2`QB/�H KQMQTQH2
i2`K +�M #2 mb2/ iQ /2b+`B#2 ;2M2`�H 72�im`2b Q7 i?2 TQi2MiB�H ;2M2`�i2/ #v �M G__J �i
b?Q`i /Bbi�M+2bX Ai Bb �HbQ b?QrM i?�i 2p2M �i HQM; b2T�`�iBQMb i?�i �HHQr � T2`im`#�iBp2
/2b+`BTiBQM Q7 i?2 BMi2`KQH2+mH�` BMi2`�+iBQM #2ir22M irQ G__J- i?2 +QMp2`;2M+2 Q7 i?2
bT?2`QB/�H KmHiBTQH2 2tT�MbBQM Bb 7�bi2` i?�M i?�i Q7 Bib bT?2`B+�H �M�HQ;m2X

S`2b2Mi2` M�K2, _Bp2`� _Q/`ő;m2x- >QK�`

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2

S�;2 jd8



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

QMHBM2 TQbi2` l_G,

?iiTb,ff/`Bp2X;QQ;H2X+QKf}H2f/fR2S;hq.s#"p?.Hy>*FhK@Z2um@3Ma`H+>fpB2r\mbT4b?�`BM;

S�;2 jde



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`99, ai`m+im`2- T`QT2`iB2b Q7 �iQKb- BQMb � KQHX A.kd3

o�H2M+2@b?2HH 2H2+i`QMB+ 2t+Bi�iBQMb Q7 *>3A bim/B2/ #v 7�bi
2H2+i`QM b+�ii2`BM;
�mi?Q`b, ZB�M; amMRc a?m@sBM; q�M;Rc hB�M@CmM GBRc GBM@6�M w?mR

R lMBp2`bBiv Q7 a+B2M+2 �M/ h2+?MQHQ;v Q7 *?BM�

*>3A Bb �M BKTQ`i�Mi i`�+2 bT2+B2b BM i?2 1�`i?Ƕb �iKQbT?2`2- r?B+? Bb K�BMHv T`Q/m+2/
#v #BQ;2MB+ T`Q+2bb2bX J2�Mr?BH2- *>3A +�M `2H2�b2 BQ/BM2 �iQK- r?Qb2 QxQM2 /2TH2iBM;
2{+B2M+v Bb �#Qmi irQ iQ i?`22 Q`/2`b Q7 K�;MBim/2 H�`;2` i?�M i?�i Q7 +?HQ`BM2X >Qr2p2`-
*>3A Bb +QMbB/2`2/ iQ #2 `2H�iBp2Hv 2MpB`QMK2Mi�HHv 7`B2M/Hv #2+�mb2 Q7 Bib b?Q`i HB72iBK2 BM
i?2 i`QTQbT?2`2 /m2 iQ bQH�` T?QiQHvbBbX h?2`27Q`2- #2M+?K�`F T?vbB+�H [m�MiBiB2b BM+Hm/BM;
i?2 Qb+BHH�iQ` bi`2M;i?b �M/ +`Qbb b2+iBQMb Q7 i?2 p�H2M+2@b?2HH 2t+Bi�iBQMb Q7 *>3A �`2 pBi�H 7Q`
KQMBiQ`BM; i?2 +QM+2Mi`�iBQMb Q7 *>3A �b r2HH �b 7Q` mM/2`bi�M/BM; Bib T?QiQT?vbB+bX

aBM+2 S`B+2 Q#b2`p2/ i?2 }`bi olo T?QiQ�#bQ`TiBQM bT2+i`mK Q7 *>3A- 2ti2MbBp2 2tT2`BK2M@
i�H �M/ i?2Q`2iB+�H `2b2�`+?2b QM i?2 2H2+i`QMB+ bi`m+im`2 Q7 *>3A r2`2 `2TQ`i2/ �M/ r2HH
bmKK�`Bx2/ #v GQ+?i 2i �HX `2+2MiHv(R)X >Qr2p2`- i?2`2 �`2 72r `2TQ`ib QM i?2 QTiB+�H Qb+BH@
H�iQ` bi`2M;i?b UPPabV Q7 i?2 p�H2M+2@b?2HH 2t+Bi�iBQMb Q7 *>3A- r?B+? ?�p2 #22M bmKK�`Bx2/
#v PHM2v 2i �HX (k)X lM7Q`imM�i2Hv- i?2 ;2M2`�HBx2/ Qb+BHH�iQ` bi`2M;i?b U:PabV �M/ BMi2;`�H
+`Qbb b2+iBQMb UA*abV Q7 i?2 p�H2M+2@b?2HH 2t+Bi�iBQMb Q7 *>3A ?�p2 MQi #22M `2TQ`i2/ mMiBH
MQr- iQ i?2 #2bi Q7 Qm` FMQrH2/;2X

AM i?Bb +QMi2ti- i?2 :Pab Q7 i?2 p�H2M+2@b?2HH 2t+Bi�iBQMb Q7 *>3A ?�p2 #22M /2i2`KBM2/
#v �M �M;H2@`2bQHp2/ 2H2+i`QM 2M2`;v HQbb bT2+i`QK2i2` �i �M BM+B/2Mi 2H2+i`QM 2M2`;v Q7 RX8
F2o �M/ �M 2M2`;v `2bQHmiBQM Q7 3y K2oX h?2 +Q``2bTQM/BM; PPab ?�p2 #22M Q#i�BM2/ #v
2ti`�TQH�iBM; i?2 :Pab iQ i?2 x2`Q HBKBi Q7 b[m�`2/ KQK2MimK i`�Mb72` K2¹y- r?B+? �`2 BM
;QQ/ �;`22K2Mi rBi? i?2 T`2pBQmb /�i�X JQ`2Qp2`- i?2 A*ab Q7 i?2 p�H2M+2@b?2HH 2t+Bi�iBQMb
Q7 *>3A 7`QK i?2 i?`2b?QH/ iQ 8yyy 2o ?�p2 �HbQ #22M Q#i�BM2/ #v K2�Mb Q7 i?2 "1@b+�HBM;
K2i?Q/(j-9)X h?2 :Pab Q7 i?2 }`bi irQ _v/#2`; bi�i2b �M/ bQK2 Q7 i?2B` pB#`�iBQM�H bi�i2b
�`2 b?QrM BM 6B;X R �M/ 6B;X kX Ai Bb Q#pBQmb i?�i �HH :Pab b?Qr � bBKBH�` i`2M/- BX2X-
/2+`2�bBM; rBi? i?2 K

2 BM i?2 bK�HH K2 `2;BQM- r?B+? Bb i?2 ivTB+�H #2?�pBQ` Q7 i?2 /BTQH2
�HHQr2/ i`�MbBiBQMbX

AM ;2M2`�H- r2 K2�bm`2 i?2 :Pab Q7 i?2 p�H2M+2@b?2HH 2t+Bi�iBQMb Q7 *>3A �M/ Q#i�BM i?2 +Q`@
`2bTQM/BM; 2ti`�TQH�i2/ PPab #v � +QKTH2i2Hv /Bz2`2Mi 2tT2`BK2Mi�H K2i?Q/- i?mb T`QpB/BM;
�M BM/2T2M/2Mi +`Qbb@+?2+F 7Q` T`2pBQmb `2bmHibX 6m`i?2`KQ`2- i?2 A*ab Q7 i?2 p�H2M+2@b?2HH
2t+Bi�iBQMb Q7 *>3A r2`2 bvbi2K�iB+�HHv Q#i�BM2/- r?B+? 2M`B+? i?2 7mM/�K2Mi�H bT2+i`Qb+QTB+
/�i� Q7 *>3A �M/ ?�p2 BKTQ`i�Mi �TTHB+�iBQM p�Hm2 BM T?QiQ+?2KB+�H KQ/2Hb Q7 �iKQbT?2`B+
T?vbB+bX

(R) hXLX PHM2v 2i �HX *?2KB+�H S?vbB+b kjk- kRRĜkjd URNN3VX
(k) _X GQ+?i 2i �HX *?2KB+�H S?vbB+b je8- RyNĜRk3 UkyyNVX
(j) EBK- uX EX S?vbB+�H _2pB2r �- e9UjV- yjkdRj UkyyRVX
(9) EBK- uX EX h?2 CQm`M�H Q7 *?2KB+�H S?vbB+b- RkeUeV- ye9jy8 UkyydVX (

S�;2 jdd
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6B;m`2 R,

)

6B;m`2 k,

S`2b2Mi2` M�K2, ZB�M; amM

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2

QMHBM2 TQbi2` l_G,

?iiT,ff?QK2Xmbi+X2/mX+Mf�bmM[B�M;f

S�;2 jd3



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`98, ai`m+im`2- T`QT2`iB2b Q7 �iQKb- BQMb � KQHX A.j93

h?2Q`2iB+�H bim/v Q7 T`QT2`iB2b Q7 `�/BQ�+iBp2 KQH2+mH2b
�mi?Q`b, �H2Fb�M/`� EBm#2`BbRc �M�bi�bB� "Q`b+?2pbFvRc GmF�Ȓ 6ûHBt S�Ȓi2F�k

R lMBp2`bBiv Q7 :`QMBM;2M
k *QK2MBmb lMBp2`bBiv

>2�pv /B�iQKB+ KQH2+mH2b �`2 +m``2MiHv +QMbB/2`2/ iQ #2 �KQM; i?2 KQbi b2MbBiBp2 bvbi2Kb
mb2/ BM i?2 b2�`+? 7Q` i?2 S-h@pBQH�iBM; 2z2+ib �M/ BM T`Q#BM; Q7 i?2 ai�M/�`/ JQ/2H Q7 T�`iB@
+H2 T?vbB+bX AM +2`i�BM KQH2+mH2b 2z2+ib `2bmHiBM; 7`QK #Qi? T�`Biv pBQH�iBQM �M/ iBK2@`2p2`b�H
pBQH�iBQM US-h @ Q// 2z2+ibV �`2 +QMbB/2`�#Hv 2M?�M+2/ rBi? `2bT2+i iQ �iQKB+ bvbi2KbX h?2
bi`2M;i? Q7 i?2b2 BMi2`�+iBQMb ;`Qrb rBi? �iQKB+ MmK#2`- Mm+H2�` bTBM �M/ Mm+H2�` /27Q`K�@
iBQMX JQH2+mH2b rBi? �iQKB+ Mm+H2�` Q+imTQH2 /27Q`K�iBQM �`2 b2MbBiBp2 7Q` BMp2biB;�iBM; Q7
T�`Biv �M/ iBK2@`2p2`b�H pBQH�iBM; 2z2+ib- BM T�`iB+mH�` Mm+H2�` 1.J Q` 2H2+i`B+ 1.JX .B@
�iQKB+ KQH2+mH2b- HBF2 �+6 �M/ _�6- ?�b #22M T`QTQb2/ iQ #2 b2MbBiBp2 iQ i?2 p�`BQmb 2z2+ib-
7Q` 2t�KTH2- a+?Bz KQK2Mi Q7 i?2 Mm+H2mbX LQr�/�vb /Bz2`2Mi H�#Q`�iQ`B2b TH�M iQ T2`7Q`K
2tT2`BK2Mi�H bim/v Q7 `�/BQ�+iBp2 KQH2+mH2b BM �BK iQ K2�bm`2 BbQiQTQHQ;m2 b?B7ib- ?vT2`}M2
bi`m+im`2b �M/ bQ QMX

Sm`bmBM; bim/B2b QM �+6 +�M �HbQ T`QpB/2 BMbB;?i BMiQ /vM�KB+b Q7 KQH2+mH�` 2ti`�+iBQM Q7
�+- �b � T�i?r�v iQ /2HBp2`BM; � rB/2` `�M;2 Q7 �+iBMBmK BbQiQT2b 7Q` 2tT2`BK2MibX

h?Bb rQ`F �BKb iQ /2i2`KBM2 KQH2+mH�` T`QT2`iB2b Q7 i?2 _�6 �M/ �+6 �i i?2 ?B;?2bi TQbbB#H2
H2p2H Q7 +QKTmi�iBQM�H �++m`�+v mbBM; i?2 +QmTH2 +Hmbi2` BM `2H�iBpBbiB+ 7`�K2rQ`FX
h?2 BQMBx�iBQM TQi2MiB�H- 2t+Bi�iBQM 2M2`;B2b- �M/ bT2+i`Qb+QTB+ +QMbi�Mib Q7 �+6- _�6 rBHH
#2 T`2b2Mi2/ �M/ i?2 mM+2`i�BMiv Q7 i?2 T`2/B+i2/ p�Hm2b rBHH #2 /Bb+mbb2/X

S`2b2Mi2` M�K2, EBm#2`Bb �H2Fb�M/`�

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2

QMHBM2 TQbi2` l_G,

S�;2 jdN



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@dy, h`�TT2/ BQMb- _v/#2`; �iQKb- +QH/ TH�bK�b A.Ryy

a+�H�#H2 �``�vb Q7 KB+`Q@7�#`B+�i2/ S2MMBM; i`�Tb 7Q` [m�M@
imK +QKTmi�iBQM �M/ bBKmH�iBQM
�mi?Q`b, hQ#B�b a ;2bb2`Rc a?`2v�Mb C�BMRc S�p2H >`KQRc .�MB2H EB2MxH2`Rc CQM�i?�M >QK2R

R h`�TT2/ AQM Zm�MimK AM7Q`K�iBQM :`QmT- 1h> wɃ`B+?

�Hi?Qm;? `�/BQ@7`2[m2M+v U`X7XV i`�Tb ?�p2 #22M rB/2Hv mb2/ BM i`�TT2/@BQM [m�MimK BM7Q`@
K�iBQM �M/ bBKmH�iBQM- i?2v 7�+2 bQK2 BM?2`2Mi +?�HH2M;2b BM b+�HBM; mT i?2 MmK#2` Q7 [m#BibX
S`2+Bb2 �HB;MK2Mi Q7 bi�iB+ �M/ `X7X }2H/ MmHHb Bb M2+2bb�`v iQ �+?B2p2 +QM}M2K2Mi Q7 i?2 BQMb
rBi?Qmi `X7X /`Bp2M KQiBQMX �b i?2 `X7X MmHH Bb BM?2`2MiHv R@/BK2MbBQM�H- �ii2KTib �i b+�HBM;
BMiQ k@/ �`2 #2b2i #v KB+`QKQiBQMX

AMbi2�/ r2 T`QTQb2 iQ mb2 � irQ@/BK2MbBQM�H �``�v Q7 S2MMBM; i`�Tb- BKTH2K2Mi2/ #v KB+`Q@
7�#`B+�i2/ 2H2+i`Q/2bX �TTHvBM; bmBi�#H2 2H2+i`B+�H TQi2MiB�Hb iQ i?2 bm`7�+2 2H2+i`Q/2b ;2M2`@
�i2b �M �``�v Q7 [m�/`mTQH2 }2H/b �#Qp2 i?2 +?BT- rBi? � bBM;H2 BQM i`�TT2/ �i 2�+?X h?Bb
�HHQrb 7Q` BM/BpB/m�H +QMi`QH Q7 b2+mH�` 7`2[m2M+B2b �M/ i`�TTBM; ?2B;?ib rBi? +QmTHBM; T`Q@
pB/2/ #v i?2 *QmHQK# BMi2`�+iBQMX JB+`QKQiBQM �M/ #mHF +`vbi�H `Qi�iBQM �`2 �#b2Mi BM i?Bb
�TT`Q�+?X

q2 ?�p2 +QMbi`m+i2/ �M 2tT2`BK2Mi�H �TT�`�imb +QMi�BMBM; i?2 }`bi KB+`Q@7�#`B+�i2/ TH�M�`
S2MMBM; i`�T BM � j h }2H/X h?2 i`�T +�M T`Q/m+2 � TQi2MiB�H rBi? irQ i`�T bBi2b b2T�`�i2/
`�/B�HHvX hQ �+?B2p2 mHi`�@?B;? p�+mmK �M/ HQr BQM ?2�iBM; `�i2b- i?2 i`�T Bb ?2H/ �i +`vQ;2MB+
i2KT2`�im`2b Q7 �`QmM/ e E- rBi? QTiB+b iQ �HHQr 7Q` BK�;BM; �M/ H�b2` K�MBTmH�iBQM Q7 BQMb
�b T�`i Q7 i?2 +`vQ;2MB+ bi`m+im`2 �b r2HHX
q2 `2TQ`i QM Qm` +m``2Mi 2zQ`ib iQ BMBiB�HHv i`�T 9

Be
+ BQMb BM i?Bb b2imTX SQi2MiB�H +?�HH2M;2b

i?�i K�v T`2p2Mi bm++2bb7mH i`�TTBM; �`2 B/2MiB}2/X q2 �ii2KTi +QQHBM; Q7 i?2 `�/B�H KQiBQM
#v i?2 �tB�HBb�iBQM i2+?MB[m2- +QmTHBM; i?2 +v+HQi`QM �M/ K�;M2i`QM KQiBQMbX h?2 `2[mB`2/
bi`2M;i? Q7 i?2 r2�F +QmTHBM; `X7X }2H/ Bb T`2/B+i2/ �b r2HH �b i?2 T`2+BbBQM Q7 TQbBiBQMBM; Q7
i?2 `X7X MmHHX ai`�v 2H2+i`B+ TQi2MiB�Hb K�v H2�/ iQ mMbi�#H2 i`�TTBM; +QM/BiBQMb �b r2HH �b
T2`im`# i?2 �tB�HBb�iBQM 7`2[m2M+v- `2[mB`BM; �TT`QT`B�i2 +QKT2Mb�iBQMX L2mi`�H Be �iQKb
�`2 T`Q/m+2/ #v TmHb2/@H�b2` �#H�iBQM- � T`Q+2bb r2 ?�p2 bim/B2/ BM /2Ti?X

S`2b2Mi2` M�K2, hQ#B�b a ;2bb2`

S�;2 j3y



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@dR, h`�TT2/ BQMb- _v/#2`; �iQKb- +QH/ TH�bK�b A.Rke

lHi`�7�bi _v/#2`; 2tT2`BK2Mib rBi? mHi`�+QH/ �iQKb BM QT@
iB+�H ir22x2`b
�mi?Q`, avHp�BM .1 G1a1G1l*R

*Q@�mi?Q`b, u22H�B *?2r kc h�F�7mKB hQKBi� kc hB`mK�H�b2iiv S�M/m`�M;� J�?2b? kc a2BDB am;�r� kc
E2MDB P?KQ`B k

R AMbiBimi2 7Q` JQH2+mH�` a+B2M+2 UC�T�MV
k AJa

_v/#2`; �iQKb- rBi? i?2B` ;B�Mi 2H2+i`QMB+ Q`#Bi�Hb- 2t?B#Bi /BTQH2@/BTQH2 BMi2`�+iBQM `2�+?BM;
i?2 :>x `�M;2 �i � /Bbi�M+2 Q7 � KB+`QM- K�FBM; i?2K � T`QKBM2Mi +QMi2M/2` 7Q` `2�HBxBM;
mHi`�7�bi [m�MimK QT2`�iBQMbX >Qr2p2`- bm+? bi`QM; BMi2`�+iBQMb #2ir22M bBM;H2 �iQKb ?�p2
M2p2` #22M ?�`M2bb2/ bQ 7�` #2+�mb2 Q7 i?2 bi`BM;2Mi `2[mB`2K2Mib QM i?2 ~m+im�iBQM Q7 i?2
�iQK TQbBiBQMb �M/ i?2 M2+2bb�`v 2t+Bi�iBQM bi`2M;i?X >2`2- r2 BMi`Q/m+2 MQp2H i2+?MB[m2b iQ
2tTHQ`2 i?Bb `2;BK2 (R)X 6B`bi- r2 i`�T �M/ +QQH �iQKb iQ i?2 KQiBQM�H [m�MimK ;`QmM/@bi�i2 Q7
?QHQ;`�T?B+ QTiB+�H ir22x2`b �HHQrBM; iQ +QMi`QH i?2 BMi2`@�iQKB+ /Bbi�M+2 /QrM iQ RX8 ƒK rBi?
� [m�MimK@HBKBi2/ T`2+BbBQM Q7 jy MKX h?2M- r2 mb2 mHi`�b?Q`i H�b2` TmHb2b iQ 2t+Bi2 � T�B`
Q7 i?2b2 +HQb2@#v �iQKb iQ � _v/#2`; bi�i2 bBKmHi�M2QmbHv- 7�` #2vQM/ i?2 _v/#2`; #HQ+F�/2
`2;BK2 (k)- �M/ T2`7Q`K _�Kb2v BMi2`72`QK2i`v rBi? �iiQb2+QM/ T`2+BbBQMX h?Bb �HHQrb mb iQ
BM/m+2 �M/ i`�+F �M mHi`�7�bi BMi2`�+iBQM@/`Bp2M 2M2`;v 2t+?�M;2 +QKTH2i2/ QM � iBK2b+�H2
Q7 M�MQb2+QM/b- irQ Q`/2`b Q7 K�;MBim/2 7�bi2` i?�M BM �Mv Qi?2` _v/#2`; 2tT2`BK2Mib rBi?
BM/BpB/m�H �iQKbX h?Bb mHi`�7�bi +Q?2`2Mi /vM�KB+ ;Bp2b `Bb2 iQ � +QM/BiBQM�H T?�b2 r?B+?
Bb i?2 F2v `2bQm`+2 7Q` � [m�MimK ;�i2- QT2MBM; i?2 T�i? 7Q` [m�MimK bBKmH�iBQM (k) �M/
+QKTmi�iBQM QT2`�iBM; �i i?2 bT22/@HBKBi b2i #v /BTQH2@/BTQH2 BMi2`�+iBQMb rBi? i?Bb mHi`�7�bi
_v/#2`; TH�i7Q`KX
(R) uX *?2r 2i �HX- �`sBp, kRRRXRkjR9
(k) oX "?�`iB 2i �HX- �`sBp , kkyRXyN8Ny

S`2b2Mi2` M�K2, avHp�BM .1 G1a1G1l*

S�;2 j3R



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@dk, h`�TT2/ BQMb- _v/#2`; �iQKb- +QH/ TH�bK�b A.R8R

S`Q;`2bb BM 2tT2`BK2Mi�H +QMi`QH Q7 i`�TT2/ BQM KQiBQM�H
bi�i2b rBi? �TTHB+�iBQMb 7Q` *oZ* �M/ [m�MimK b2MbBM; 

�mi?Q`b, C2`2Kv J2ixM2`Rc Ab�KK .�MB2H JQQ`2Rc �H2t ZmBMMRc a2�M "`m/M2vRc *QHBM "`mx2rB+xkc
CQ?M *?B�p2`BMBjc .�pB/ qBM2H�M/Rc .�pB/ �HH+Q+FR

R lMBp2`bBiv Q7 P`2;QM
k GBM+QHM G�#
j JAh- GBM+QHM G�#

JQiBQM�H KQ/2b Q7 i`�TT2/ BQMb ?�p2 #22M b?QrM iQ #2 � mb27mH iQQH 7Q` [m�MimK b2MbBM; �b
r2HH �b � TQi2MiB�H TH�i7Q`K 7Q` T2`7Q`KBM; +QMiBMmQmb p�`B�#H2 [m�MimK +QKTmiBM; U*oZ*V
(R-k)X "Qi? �TTHB+�iBQMb `2[mB`2 i?2 �#BHBiv iQ T`2T�`2 r2HH@/2}M2/ KQiBQM�H bi�i2b rBi? ?B;?
}/2HBivX h?2b2 bi�i2b +�M #2 ;2M2`�i2/ rBi?Qmi i?2 mb2 Q7 H�b2` }2H/b r?B+? +QmH/ `2/m+2 i?2
2tT2`BK2Mi�H Qp2`?2�/ BM 7mim`2 bvbi2KbX q2 `2TQ`i Qm` T`Q;`2bb iQr�`/b ;2M2`�iBQM Q7 bBM;H2
�M/ irQ@KQ/2 b[m22x2/ bi�i2b �b r2HH �b #2�K bTHBii2`b (j) #v K2�Mb Q7 T�`�K2i`B+ 2t+Bi�iBQMX
�//BiBQM�HHv- r2 +�M �TTHv /BbTH�+2K2Mib �M/ T?�b2 b?B7i QT2`�iBQMbX h?2b2 QT2`�iBQMb +QK@
T`Bb2 T�`i Q7 i?2 iQQH #Qt iQ +`2�i2 KQiBQM�H bi�i2 BMi2`72`QK2i2`b bm+? �b i?2 J�+?@w2M/2`
Q` alUR-RV BMi2`72`QK2i2`b �M/ +�M #2 mb2/ iQ �+?B2p2 >2Bb2M#2`; HBKBi2/ T?�b2 b2MbBiBpBiB2bX
AM Q`/2` iQ +?�`�+i2`Bx2 i?2b2 KQiBQM�H bi�i2b- K2�bm`2K2Mib `2[mB`2 +QmTHBM; i?2 KQiBQM iQ
i?2 BQMbǶ BMi2`M�H ǳbTBMǴ bi�i2b 7QHHQr2/ #v /2i2+iBQM Q7 bTBM@/2T2M/2Mi ~mQ`2b+2M+2X S?QiQM
b+�ii2`BM;- ;BpBM; `Bb2 iQ ~mQ`2b+2M+2- +�mb2b i?2 BQM iQ `2+QBH- r?B+? ;2M2`�HHv /2+Q?2`2b i?2
BQMbǶ KQiBQM�H KQ/2bX h?Bb /2+Q?2`2M+2 T`2p2Mib KB/@�H;Q`Bi?K K2�bm`2K2Mib- r?B+? �`2
M2+2bb�`v 7Q` T`Q+2bb2b i?�i `2[mB`2 +H�bbB+�H 722/#�+FX hQ �//`2bb i?Bb Bbbm2- r2 �HbQ /2b+`B#2
T`Q;`2bb iQr�`/b i?2 mb2 Q7 ǵT`Qi2+i2/Ƕ (j) KQ/2b rBi?BM +?�BMb +QMbBbiBM; Q7 �M Q// MmK#2`
Q7 BQMb- r?2`2 i?2 +2Mi2` BQM ?�b x2`Q /BbTH�+2K2Mi UjUL@RVfk T`Qi2+i2/ KQ/2b rBi? L BQMbVX
h?2 T`Qi2+iBQM Qz2`2/ #v i?2b2 BQMb +�M #2 K2�bm`2/ #v �M�HvbBb Q7 i?2 ?2�iBM; `�i2b �M/
+Q?2`2M+2 iBK2 Q7 i?2 T`Qi2+i2/ KQ/2 /m`BM; b+�ii2`BM; 2p2MibX  h?Bb `2b2�`+? r�b bmTTQ`i2/
#v i?2 lXaX �`Kv _2b2�`+? P{+2 i?`Qm;? ;`�Mi qNRRL6@RN@R@y93R �b r2HH �b bmTTQ`i 7`QK
La6 i?`Qm;? i?2 Z@a1Ma1 Zm�MimK G2�T *?�HH2M;2 AMbiBimi2- �r�`/ O kyRek99X
(R) aX GHQv/ �M/ aX GX "`�mMbi2BM- Zm�MimK *QKTmi�iBQM Qp2` *QMiBMmQmb o�`B�#H2b- S?vbX
_2pX G2iiX 3k- Rd39 URNNNV
(k) aX *X "m`/- _X a`BMBp�b- CX CX "QHHBM;2`R- �X *X qBHbQMR- .X CX qBM2H�M/-.X G2B#7`B2/- .X >X
aHB+?i2`- .X hX *X �HH+Q+F- Zm�MimK �KTHB}+�iBQM Q7 J2+?�MB+�H Pb+BHH�iQ` JQiBQM- a+B2M+2
je9- e99e UkyRNV
(j) S�M@um >Qm 2i �HX *Q?2`2MiHv +QmTH2/ K2+?�MB+�H Qb+BHH�iQ`b BM i?2 [m�MimK `2;BK2-
�`sBp,kky8XR939RpR UkykkV

S`2b2Mi2` M�K2, C2`2Kv J2ixM2`

S�;2 j3k



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@dj, h`�TT2/ BQMb- _v/#2`; �iQKb- +QH/ TH�bK�b A.kyy

6�bi T`2T�`�iBQM �M/ /2i2+iBQM Q7 � _v/#2`; [m#Bi mbBM;
�iQKB+ 2Mb2K#H2b
�mi?Q`b, q2M+?�Q smXc 1KBHv ZBmXc �/Biv� o2MF�i`�K�MBXc a2`;BQ *�MimXc h�K�`� amK�`�+Xc o�H2MiBM
EHmb2M2`Xc J�ii?2r S2i2`bXc JBF?�BH GmFBMXc oH�/�M omH2iB+X

�``�vb Q7 M2mi`�H �iQKb ?�p2 `2+2MiHv 2K2`;2/ �b � +QKT2iBiBp2 TH�i7Q`K 7Q` [m�MimK bBKmH�@
iBQM �M/ +QKTmi�iBQM rBi? K�Mv T`QT2`iB2b 7�pQ`�#H2 7Q` b+�HBM;X _v/#2`; bi�i2b Q7 �iQKb �`2
Q7i2M mb2/ #2+�mb2 i?2 bi`QM; _v/#2`;@_v/#2`; BMi2`�+iBQMb +�M 7�+BHBi�i2 irQ@[m#Bi ;�i2 QT@
2`�iBQMb �M/ bBKmH�i2 K�Mv@#Q/v bvbi2KbX >Qr2p2`- 7Q` KQbi b+?2K2b- `2�/Qmi Q7 � _v/#2`;
[m#Bi Bb � /2bi`m+iBp2 T`Q+2bb i?�i T`2+Hm/2b Bib `2mb2 �M/ i?2 �TTHB+�iBQM Q7 K�Mv 2``Q`@
+Q``2+iBM; +Q/2bX hQ �//`2bb i?Bb +?�HH2M;2- r2 /2KQMbi`�i2 � MQM/2bi`m+iBp2 BKTH2K2Mi�iBQM
Q7 T`2T�`�iBQM- K�MBTmH�iBQM- �M/ `2�/Qmi Q7 � bBM;H2 _v/#2`; [m#Bi 2K#2//2/ BM �M �iQKB+
2Mb2K#H2 rBi? ?B;? }/2HBivX "v ?�`M2bbBM; i?2 +QHH2+iBp2 QTiB+�H `2bTQMb2 Q7 i?2 �iQKB+ 2M@
b2K#H2- r2 /2i2+i i?2 bi�i2 Q7 � [m#Bi �Ryyyt 7�bi2` i?�M bBM;H2@�iQK ~mQ`2b+2M+2 BK�;BM;X
h?Bb K2i?Q/ /2i2`KBM2b i?2 bi�i2 Q7 i?2 _v/#2`; [m#Bi rBi?Qmi �z2+iBM; i?2 Qi?2` �iQKb
BM i?2 2Mb2K#H2 iQ }`bi Q`/2`- r?B+? +�M i?2M #2 `2mb2/ 7Q` 7m`i?2` QT2`�iBQMbX qBi? i?Bb
/2p2HQT2/ i2+?MB[m2- r2 �`2 K�FBM; T`Q;`2bb iQr�`/b `2�HBxBM; � [m�MimK +QKTmi2` #�b2/ QM
�``�vb Q7 �iQKB+ 2Mb2K#H2b- r?B+? +�M bB;MB}+�MiHv BKT`Qp2 i?2 +QKTmi�iBQM bT22/X

S`2b2Mi2` M�K2, 1KBHv ZBm- q2M+?�Q sm

S�;2 j3j



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@d9, h`�TT2/ BQMb- _v/#2`; �iQKb- +QH/ TH�bK�b A.kR3

�[mBH�, � }2H/@T`Q;`�KK�#H2 �iQK �``�v QM i?2 +HQm/
�mi?Q`b, �H2t2B "vHBMbFBBRc �H2t�M/2` E22bHBM;Rc L�i?�M :2K2HF2Rc 6HQ`B�M >m#2`Rc �H2t�M/2` GmFBMRc
C2bb2 �K�iQ@:`BHHRc a2`;BQ *�MimRc "Q`Bb "`�p2`K�MR

R Zm1`� *QKTmiBM; AM+X

L2mi`�H �iQK �``�vb- i`�TT2/ �M/ �``�M;2/ mbBM; QTiB+�H ir22x2`b �M/ BMi2`�+iBM; rBi? 2�+?
Qi?2` r?2M 2t+Bi2/ iQ _v/#2`; bi�i2b- +QMbiBimi2 � `�TB/Hv 2pQHpBM; TH�i7Q`K 7Q` [m�MimK bBK@
mH�iBQM �M/ [m�MimK +QKTmi�iBQMX Zm1`� AM+X T`2b2Mib �[mBH�, � k8e@[m#Bi +HQm/@�++2bbB#H2
K�+?BM2- rBi? � +QMM2+iBpBiv i?�i Bb T`Q;`�KK�#H2 #v i?2 mb2` pB� i?2B` �``�M;2K2Mi BM
k.- 2M�#HBM; i?2 2M+Q/BM; Q7 T`Q#H2Kb `�M;BM; 7`QK [m�MimK bBKmH�iBQM iQ +QK#BM�iQ`B�H
QTiBKBx�iBQMX � ;HQ#�H /`Bp2 iQ i?2 _v/#2`; bi�i2 Bb �HbQ T`Q;`�KK�#H2- H2M/BM; Bib2H7 iQ �
p�`B2iv Q7 T`QiQ+QHb `�M;BM; 7`QK +QHH2+iBp2 ;�i2 TmHb2b iQ �/B�#�iB+ bi�i2 T`2T�`�iBQMX 6B@
M�HHv- � T`Q;`�KK�#H2 T�ii2`M Q7 HQ+�H /2imMBM;b Q7 i?2 _v/#2`; /`Bp2 Qz2`b � /2;`22 Q7
BM/BpB/m�H �//`2bb�#BHBiv 7Q` bi�i2 T`2T�`�iBQM �M/ QTiBKBx�iBQM Qp2` r2B;?i2/ ;`�T?bX h?2
}2H/@T`Q;`�KK�#H2 M�im`2 Q7 i?2 �[mBH� TH�i7Q`K K�F2b Bi � p2`v p2`b�iBH2 TH�i7Q`K 7Q` LAaZ@
2`� �TTHB+�iBQMb- �b r2HH �b � p2`b�iBH2 i2bi#2/ 7Q` /2p2HQTK2Mib iQr�`/b � 7mHHv@+QMi`QHH�#H2
M2mi`�H �iQK [m�MimK +QKTmi2`X

S`2b2Mi2` M�K2, �H2t2B "vHBMbFBB

S�;2 j39



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@d8, h`�TT2/ BQMb- _v/#2`; �iQKb- +QH/ TH�bK�b A.kjd

Zm�MimK +QKTmiBM; rBi? K2i�bi�#H2 bi�i2b BM i`�TT2/ "�`@
BmK BQMb
�mi?Q`b, C�KB2 G2TT�`/Rc �M� aQiB`Qp�Rc �M/`2b o�x[m2x@"`2MM�MRc 6�#B�M SQFQ`MvRc *?`Bb "�HH�M+2R

R lMBp2`bBiv Q7 Pt7Q`/

h`�TT2/ BQM /2pB+2b K�F2 bQK2 Q7 i?2 #2bi +�M/B/�i2b 7Q` [m�MimK BM7Q`K�iBQM T`Q+2bbQ`b �b
i?2v T`QpB/2 M�im`�HHv B/2MiB+�H [m#Bib rBi? HQM; +Q?2`2M+2 iBK2bX PM2 �TT`Q�+? iQ b+�HBM;
i?2b2 bvbi2Kb Bb mbBM; H�`;2 `2;Bbi2`b Q7 BQMbX h?Bb +�M #2 �+?B2p2/ i?`Qm;? BKTH2K2MiBM;
[m#Bib BM KmHiBTH2 �iQKB+ bT2+B2b- r?2`2 2�+? [m#Bi ivT2 Bb BMb2MbBiBp2 iQ i?2 Qi?2`bǶ HB;?i
}2H/b- 2HBKBM�iBM; b+�ii2`BM; 2``Q`bX h?Bb �HHQrb 7Q` �/p�M+2/ [m#Bi +QMi`QH �M/ K�MBTmH�iBQM
b+?2K2bX >Qr2p2`- mbBM; KmHiBTH2 bT2+B2b �//b bB;MB}+�Mi 2tT2`BK2Mi�H Qp2`?2�/ (R)X

�M �Hi2`M�iBp2 iQ mbBM; KmHiBTH2 bT2+B2b Bb mbBM; HQM; HBp2/ K2i�bi�#H2 bi�i2b iQ 2M+Q/2- biQ`2-
�M/ K�MBTmH�i2 [m�MimK BM7Q`K�iBQMX AM Qm` 2tT2`BK2Mi- r2 mb2 "�`BmK BQMb- r?B+? ?�p2
� K2i�bi�#H2 5D5/2 K�MB7QH/ rBi? � HB72iBK2 Q7 ⇠ 30 s- HQM; 2MQm;? 7Q` [m�MimK BM7Q`K�iBQM
T`Q+2bbBM;X q?2M +QK#BM2/ rBi? i?2 bi�#H2 6S1/2 ;`QmM/ bi�i2 K�MB7QH/- r2 +�M ;�BM �HH
Q7 i?2 #2M2}ib Q7 ?�pBM; irQ �iQKB+ bT2+B2b- r?BH2 K�BMi�BMBM; i?2 i2+?MB+�H bBKTHB+Biv Q7
?�pBM; Dmbi QM2 (R-k)X �//BiBQM�HHv- i?2 "�`BmK BbQiQT2 r2 mb2- 137

Ba
+- ?�b Mm+H2�` bTBM jfk-

;BpBM; K�;M2iB+�HHv BMb2MbBiBp2 ǵ+HQ+FǶ [m#Bib BM #Qi? i?2 6S1/2 �M/ 5D5/2 K�MB7QH/b �b r2HH
�b ǵ+HQ+FǶ i`�MbBiBQMb #2ir22M i?2 K�MB7QH/bX "Qi? i?2 ;`QmM/ bi�i2 [m#Bib �M/ K2i�bi�#H2
bi�i2 [m#Bib +�M #2 /`Bp2M mbBM; � k@T?QiQM _�K�M T`Q+2bb rBi? 8jkMK HB;?i �M/ p2`v HQr
b+�ii2`BM; 2``Q`X

q2 /2KQMbi`�i2 BM/BpB/m�H K�MBTmH�iBQM Q7 ǵ+HQ+FǶ [m#Bib BM i?2b2 b2T�`�i2 K�MB7QH/b- � T`2@
`2[mBbBi2 7Q` T�`iB�H T`QD2+iBp2 K2�bm`2K2Mib �M/ KB/@+B`+mBi K2�bm`2K2MibX am+? i2+?MB[m2b
+�M #2 mb2/ 7Q` 2``Q` +Q``2+iBQM b+?2K2b mbBM; �M+BHH� [m#BibX �//BiBQM�HHv- r2 +�M T2`7Q`K
BM@b2[m2M+2 +QQHBM; Q7 i?2 BQMb iQ F22T 2``Q` `�i2b HQr �M/ +QMbi�MiX

_272`2M+2b
(R) .X �HH+Q+F 2i �HX- �TTHB2/ S?vbB+b G2ii2`b- pQHX RRN- TX kR9 yyk- kykRX
(k) >X@sX u�M; 2i �HX- �`sBp T`2T`BMi �`sBp,kRyeXR9Nye- kykRX

S`2b2Mi2` M�K2, C�KB2 G2TT�`/

S�;2 j38



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f JQ@de, h`�TT2/ BQMb- _v/#2`; �iQKb- +QH/ TH�bK�b A.jk3

hQr�`/b i?2 +`2�iBQM Q7 mHi`�+QH/- M2mi`�H TH�bK�b rBi? QT@
TQbBi2Hv +?�`;2/ T�`iB+H2b Q7 2[m�H K�bb pB� HQM;@`�M;2 _v@
/#2`; KQH2+mH2b
�mi?Q`b, CQ?�MM2b .2B;HK�v`Rc JB+?�2H S2T2`Rc J�`iBM h`�miK�MMR

R lMBp2`bBiv Q7 G2BTxB;- .2T�`iK2Mi Q7 S?vbB+b �M/ :2Qb+B2M+2b

GQM;@`�M;2 _v/#2`; KQH2+mH2b �`2 KQH2+mH2b BM ?B;?Hv@2t+Bi2/ 2H2+i`QMB+ bi�i2b r?2`2 i?2
#BM/BM; `2bmHib 7`QK i?2 b+�ii2`BM; Q7 �M �HKQbi 7`22 2H2+i`QM Q7 � M2mi`�H �iQK rBi?BM Bib
Q`#BiX AM Qm` H�#- r2 ?�p2 BM `2+2Mi v2�`b /2p2HQT2/ � /2i�BH2/ 2tT2`BK2Mi�H �M/ i?2Q`2iB@
+�H mM/2`bi�M/BM; Q7 i?2 #BM/BM; BM ?QKQ@ �M/ ?2i2`QMm+H2�` HQM;@`�M;2 _v/#2`; KQH2+mH2b
(R)X Pm` 2tT2`BK2Mi�H i2+?MB[m2b BM+Hm/2 ?B;?@`2bQHmiBQM T?QiQ�bbQ+B�iBQM �M/ KBHHBK2i2`@
r�p2 bT2+i`Qb+QTv BM mHi`�+QH/ �iQKB+ KBtim`2 bT2+i`Qb+QTvX � MQp2H- 2bT2+B�HHv BMbB;?i7mH
iQQH Bb T?QiQ/BbbQ+B�iBQM bT2+i`Qb+QTv Q7 HQM;@`�M;2 _v/#2`; KQH2+mH2b- r?B+? �HHQrb 7Q` �
iQKQ;`�T?B+ +?�`�+i2`Bx�iBQM Q7 i?2 KQH2+mH�` 2H2+i`QMB+ �M/ pB#`�iBQM�H bi�i2 (k)X

AM i?Bb T`2b2Mi�iBQM A rBHH 7Q+mb QM Qm` `2+2Mi T`Q;`2bb iQr�`/b i?2 +`2�iBQM Q7 �M mHi`�+QH/
TH�bK� +QMbBbiBM; Q7 *b+ BQMb �M/ *b� BQMb (j)X Pm` 2tT2`BK2Mi�H `Qmi2 bi�`ib rBi? i?2
T?QiQ�bbQ+B�iBQM Q7 HQM;@`�M;2 _v/#2`; KQH2+mH2b 7`QK �M mHi`�+QH/ ;�b Q7 ;`QmM/@bi�i2 �iQKb
mbBM; � bBM;H2@T?QiQM lo 2t+Bi�iBQMX h?2b2 KQH2+mH2b �`2 i?2M /22t+Bi2/ iQ BQM@T�B` bi�i2b-
�HbQ +�HH2/ ?2�pv _v/#2`; KQH2+mH2b- #v M�MQb2+QM/@HQM; TmHb2b 7`QK � KB`@A_ H�b2`X S`Q/m+ib
�`2 +?�`�+i2`Bx2/ #v iBK2@Q7@~B;?i K�bb bT2+i`QK2i`vX h?2 /2Mb2 ;�b Q7 mHi`�+QH/ KQH2+mH2b
BM BQM@T�B` bi�i2b 7Q`Kb �M B/2�H bi�`iBM; TQBMi iQ 7Q`K �M mHi`�+QH/ M2mi`�H TH�bK�- 2X;X #v
_6 /BbbQ+B�iBQMX
(R) JX S2T2` �M/ CX .2B;HK�v`- >2i2`QMm+H2�` GQM;@_�M;2 _v/#2`; JQH2+mH2b- S?vbX _2pX
G2iiX Rke- yRjyyR UkykRV
(k) JX S2T2` �M/ CX .2B;HK�v`- S?QiQ/BbbQ+B�iBQM Q7 GQM;@_�M;2 _v/#2`; JQH2+mH2b- S?vbX
_2pX � Ryk- yek3RN UkykyV
(j) JX S2T2` �M/ CX .2B;HK�v`- 6Q`K�iBQM Q7 lHi`�+QH/ AQM S�B`b i?`Qm;? GQM;@_�M;2 _v/#2`;
JQH2+mH2b- CX S?vbX ", �iX JQHX PTiX S?vbX 8j- ye9yyR UkykyV

S`2b2Mi2` M�K2, CQ?�MM2b .2B;HK�v`

S�;2 j3e



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@dR, h`�TT2/ BQMb- _v/#2`; �iQKb- +QH/ TH�bK�b A.ky

1H2+i`B+@}2H/ K2�bm`2K2Mi BM +QH/ BQM +HQm/b
�mi?Q`b, �HBb?2` .mbT�v2pRc :2Q`; _�Bi?2HR

R lMBp2`bBiv Q7 JB+?B;�M- �MM �`#Q`

*Q``2bTQM/BM; �mi?Q`, �HBb?2`/!mKB+?X2/m

h?2 BM~m2M+2 Q7 BM?QKQ;2M2Qmb 2H2+i`B+ }2H/b BM BQM +HQm/b QM ?B;?@�M;mH�`@KQK2MimK _v/@
#2`; bi�i2b Bb BMp2biB;�i2/X h?2 }2H/b 7QHHQr 7`QK � bmT2`TQbBiBQM Q7 K�+`Qb+QTB+ �M/ `�M/QK
KB+`Qb+QTB+ U>QHibK�`FV }2H/bX h?2 BQM +HQm/b �`2 BM/m+2/ 2tT2`BK2Mi�HHv #v T?QiQ@BQMBxBM;
+QH/ `m#B/BmK �iQKb BM i?2 5D3/2 bi�i2 M2�` i?2 7Q+�H bTQi Q7 � M2�`@+QM+2Mi`B+ Rye9 MK
BMi`�+�pBiv QTiB+�H H�iiB+2X q2 Q#b2`p2 ?Qr i?2 n = 57 F @bi�i2 KBt2b rBi? i?2 M2B;?#Q`BM;
?v/`Q;2MB+ K�MB7QH/ �M/ bim/v 2pQHmiBQM Q7 bT2+i`Qb+QTB+ 72�im`2b- bm+? �b HBM2 #`Q�/2MBM;
�M/ 2t+Bi�iBQM@bi`2M;i? /Bbi`B#miBQM 7Q` /Bz2`2Mi MmK#2`b Q7 +`2�i2/ BQMbX SmKT@T`Q#2 2t@
T2`BK2Mib �`2 T2`7Q`K2/ iQ bim/v i?2 /vM�KB+b Q7 i?2 BQM@_v/#2`;@�iQK bvbi2KX Pm` /�i� Bb
miBHBx2/ iQ 2p�Hm�i2 i?2 2tT2`BK2Mi�H 72�bB#BHBiv Q7 BM?QKQ;2M2Qmb@2H2+i`B+@}2H/ b2MbBM; rBi?
bm#b2[m2Mi /2i2`KBM�iBQM Q7 i?2 BQM /2MbBivX �//BiBQM�H 2tT2`BK2Mib rBi? _v/#2`; P @bi�i2b
�`2 `2TQ`i2/ �b r2HHX Pm` `2bmHib KB;?i #2 Q7 BMi2`2bi 7Q` 7mim`2 bim/B2b Q7 2H2+i`B+ }2H/b BM
MQMM2mi`�H TH�bK�b �M/ BM ?v#`B/ +QH/@�iQK@BQM bvbi2KbX

S`2b2Mi2` M�K2, �HBb?2` .mbT�v2p

S�;2 j3d



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@dk, h`�TT2/ BQMb- _v/#2`; �iQKb- +QH/ TH�bK�b A.Ryk

_v/#2`; 2M;BM22`BM;, `2+2Mi i2+?MB[m2b 7Q` b2MbBiBp2 }2H/
K2�bm`2K2Mib
�mi?Q`b, �M/`2r _QimMMQRc LBFmMDFmK�` S`�D�T�iBRc �Kv _Q#BMbQMkc a�Km2H "2`r2;2`Rc �H2t�M/`�
�`imbBQ@:HBKTb2Rc J�ii?2r aBKQMbRc *?`BbiQT?2` >QHHQr�vR

R L�iBQM�H AMbiBimi2 Q7 ai�M/�`/b �M/ h2+?MQHQ;v
k *l "QmH/2`

>B;?Hv@2t+Bi2/ _v/#2`; �iQKb ?�p2 #22M mb2/ 7Q` AMi2`M�iBQM�H avbi2K Q7 lMBi UaAV@i`�+2�#H2
`�/BQ@7`2[m2M+v U_6V 2H2+i`B+ }2H/ �M/ TQr2` K2�bm`2K2Mib- #mi �`2 HBKBi2/ BM b2MbBiBpBiv
iQ Q`/2` Ryy µofKf

p
Hz #v MQBb2 �M/ HBM2rB/i? Bbbm2bX h?2b2 _v/#2`; �iQK@#�b2/ b2MbQ`b

?�p2 7�`@`2�+?BM; +�T�#BHBiB2b- `�M;BM; 7`QK aA@i`�+2�#H2 K2�bm`2K2Mib iQ `2+2BpBM; +QKKm@
MB+�iBQM bB;M�Hb- 2p2M bi`2�KBM; pB/2QX q2 bm`p2v b2p2`�H `2+2Mi 2tT2`BK2Mi�H b+?2K2b �M/
�M�HvbBb i2+?MB[m2b r?B+? ?2HT BM+`2�b2 b2MbBiBpBiv BM _v/#2`; bT2+i`Qb+QTv K2�bm`2K2MibX
hrQ K2i?Q/b iQ �KTHB7v bB;M�Hb rBi?Qmi BMi`Q/m+BM; 2H2+i`QMB+ MQBb2 �`2 i?2 QTiB+�H ?QKQ@
/vM2 /2i2+iBQM b+?2K2 iQ `2/m+2 H�b2` TQr2` MQBb2 ~m+im�iBQMb- �M/ mbBM; � K2i�K�i2`B�H
bTHBi@`BM; `2bQM�iQ` iQ 2M?�M+2 i?2 }2H/ �i i?2 HQ+�iBQM Q7 i?2 �iQKbX GBM2rB/i?b +�M #2
M�``Qr2/ pB� bB;MB}+�Mi 2tT2`BK2Mi�H �/DmbiK2Mib- bm+? �b +QQHBM; �iQKb Q` mbBM; .QTTH2`@
M�``Qr2/ i?`22@T?QiQM b+?2K2b- r?B+? �`2 2{+B2MiHv bBKmH�i2/ pB� � M2r +�H+mH�iBQM K2i?Q/X
q2 �HbQ 2t�KBM2 K2i?Q/b iQ HQr2` i?2 MQBb2 ~QQ` Q7 i?2 ǵbmT2`@?2i2`Q/vM2Ƕ b+?2K2- r?B+?
2M�#H2b /2i2+iBQM Q7 T?�b2 �M/ �KTHBim/2 7Q` p2`v r2�F _6 bB;M�Hb mbBM; �M _6 HQ+�H Qb+BHH�@
iQ`- �b r2HH �b � b2T�`�i2 ǵ�HH@QTiB+�HǶ T?�b2 /2i2+iBQM K2i?Q/ BM _m#B/BmKX q2 �HbQ /2p2HQT
i?2Q`2iB+�H K2i?Q/b 7Q` }iiBM; 2tT2`BK2Mi�H bT2+i`� r?B+? �`2 #`Q�/2M2/ #v bT�iB�HHv BM?Q@
KQ;2M2Qmb }2H/b- �b �`2 T`2b2Mi BM p�TQ` +2HHb �M/ mMK�i+?2/ r�p2;mB/2bX 1�+? Q7 i?2b2
K2i?Q/b ?2HTb BM+`2�b2 b2MbBiBpBiv Q7 �iQKB+ 2H2+i`B+ }2H/ K2�bm`2K2Mib- iQ i?2 TQBMi r?2`2
i?2v ?�p2 2M�#H2/ rB`2H2bb HBp2 pB/2Q `2+2TiBQMX h�F2M iQ;2i?2`- i?2v /2KQMbi`�i2 i?2 K�Mv
QTTQ`imMBiB2b BM _v/#2`; 2M;BM22`BM; 7Q` `2}MBM; K2�bm`2K2MibX

S`2b2Mi2` M�K2, �M/`2r _QimMMQ

S�;2 j33



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@dj, h`�TT2/ BQMb- _v/#2`; �iQKb- +QH/ TH�bK�b A.RkN

>B;?2`@Q`/2` 2z2+ib Q7 2H2+i`B+ [m�/`mTQH2 }2H/b QM � bBM;H2
_v/#2`; BQM
�mi?Q`b, a?�HBM� a�HBKRc :2`�`/ >B;;BMbRc *?B w?�M;Rc 6�#B�M SQFQ`MvRc >�``v S�`F2 Rc 1`BF C�MbbQMRc
J�`Fmb >2MM`B+?R

R aiQ+F?QHK lMBp2`bBiv

_v/#2`; BQMb ?�p2 H�`;2 /BTQH2 �M/ [m�/`mTQH2 TQH�`Bx�#BHBiB2b r?B+? K�F2b i?2K 2ti`2K2Hv
b2MbBiBp2 iQ 2ti2`M�H 2H2+i`B+ }2H/b (R)-(k)X �b � `2bmHi- �M BQM BM i?2 _v/#2`; bi�i2 2tT2`B2M+2b
�Hi2`2/ i`�TTBM; TQi2MiB�H r?B+? H2�/b iQ KQiBQM@/2T2M/2Mi _v/#2`; 2t+Bi�iBQM 2M2`;B2b (j)X
>B;?2` i?2 _v/#2`; bi�i2 KQ`2 Bb i?2 b2MbBiBpBiv iQ i?2 2H2+i`B+ [m�/`mTQH2 i`�TTBM; }2H/bX
h?2 Qb+BHH�iBM; i`�TTBM; }2H/ BM/m+2b �M 2M2`;v b?B7i BM i?2b2 bi�i2b r?B+? Qb+BHH�i2b �i i?2
i`�T /`Bp2 7`2[m2M+v �M/ ;2M2`�i2b bB/2#�M/b BM i?2 bT2+i`mKX lMr�Mi2/ +QmTHBM;b iQ i?2b2
}2H/@BM/m+2/ bB/2#�M/b `2/m+2b i?2 }/2HBiv Q7 _v/#2`; BQM [m�MimK ;�i2 QT2`�iBQMbX hQ
KBiB;�i2 i?Bb Jq }2H/ �`2 mb2/ r?B+? BM/m+2b /`2bb2/ bi�i2b rBi? QTTQbBi2 TQH�`Bx�#BHBiB2b
iQ +`2�i2 _v/#2`; bi�i2 rBi? p�MBb?BM; TQH�`Bx�#BHBiv r?B+? �`2 BMb2MbBiBp2 iQ 2H2+i`B+ }2H/b
(9)X

>2`2 r2 bim/v i?2 ?B;?2` Q`/2` 2z2+ib Q7 i?2 [m�/`mTQH2 2H2+i`B+ }H2/ QM � bBM;H2 i`�TT2/
a`+ _v/#2`; BQM +QM}M2/ BM � S�mH i`�T- r?B+? �`Bb2b /m2 iQ i?2 [m�/`mTQH2 TQH�`Bx�#BHBiv
Q7 i?2 _v/#2`; bi�i2bX h?2 2z2+ib r2`2 BMp2biB;�i2/ QM nS 1

2
�M/ nP 1

2
bi�i2b �M/ `2bQM�M+2

b?B7ib �M/ bT2+i`�H bB/2#�M/b r2`2 Q#b2`p2/ 2tT2`BK2Mi�HHvX h?2 _v/#2`; 2t+Bi�iBQM 2M2`;B2b
/2T2M/ [m�/`�iB+�HHv QM i?2 i`�TTBM; _6 }2H/ �KTHBim/2X 6Q` i?2 nS 1

2
bi�i2 i?2 }`bi Q`/2`

bT2+i`�H bB/2#�M/b r2`2 Km+? r2�F2` r?2`2�b BM i?2 nP 1
2
bi�i2 i?2 bT2+i`mK b?Qr2/ � 7Q`2bi

Q7 bB/2#�M/bX �HH `2bmHib �`2 BM ;QQ/ �;`22K2Mi rBi? i?2Q`v (8)X
_272`2M+2b
(R) :X >B;;BMb- ǳ� bBM;H2 i`�TT2/ _v/#2`; BQMǴ- S?. i?2bBb- aiQ+F?QHK lMBp2`bBiv
�M/ AMMb#`m+F lMBp2`bBiv- kyR3X
(k) JX JmHH2`- GX GB�M;- AX G2b�MQpbFv- �M/ SX wQHH2`- ǳh`�TT2/ _v/#2`;
BQMb, 7`QK bTBM +?�BMb iQ 7�bi [m�MimK ;�i2bǴ- L2r CQm`M�H Q7 S?vbB+b-
pQHX Ry- TX yNjyyN- b2T kyy3X
(j) :X >B;;BMb- 6X SQFQ`Mv- *X w?�M;- �M/ JX >2MM`B+?- ǳ>B;?Hv SQH�`Bx�#H2
_v/#2`; AQM BM � S�mH h`�TǴ- S?vbB+�H _2pB2r G2ii2`b- pQHX Rkj- kyRNX
(9) 6X SQFQ`Mv- *X w?�M;- :X >B;;BMb- �M/ JX >2MM`B+?- ǳJ�;B+ i`�TTBM;
Q7 � _v/#2`; BQM rBi? � /BKBMBb?2/ bi�iB+ TQH�`Bx�#BHBivǴ- K�v kyky-
�`sBp,kyy8XRk9kkX
(8) :X >B;;BMb- *X w?�M;- 6X SQFQ`Mv- >X S�`F2- 1X C�MbbQM- aX a�HBK-
�M/ JX >2MM`B+?- ǳP#b2`p�iBQM Q7 b2+QM/@ �M/ ?B;?2`@Q`/2` 2H2+i`B+
[m�/`mTQH2 BMi2`�+iBQMb rBi? �M �iQKB+ BQMǴ- S?vbB+�H _2pB2r _2b2�`+?-
pQHX j- MQX j- TTX R@e- kykRX

S`2b2Mi2` M�K2, a?�HBM� a�HBK

S�;2 j3N



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@d9, h`�TT2/ BQMb- _v/#2`; �iQKb- +QH/ TH�bK�b A.R8N

� MQp2H i`�TT2/@BQM [m�MimK +QKTmi2` mbBM; QTiB+�H ir22x@
2`b �M/ 2H2+i`B+ }2H/b
�mi?Q`b, �`;?�p�M a�7�pB@L�BMBRc GB�K "QM/kc J�ii2Q J�xx�MiBkc _2M2 :2``BibK�kc _BK� a+?mbbH2`kc
_Q#2`i aT`22mrk

R lMBp2`bBi2Bi p�M �Kbi2`/�K- ZmaQ7i
k lMBp2`bBi2Bi p�M �Kbi2`/�K

h`�TT2/@BQMb �`2 QM2 Q7 i?2 KQbi K�im`2 TH�i7Q`Kb 7Q` [m�MimK +QKTmi�iBQM �M/ [m�MimK
bBKmH�iBQMX AM i`�TT2/@BQM [m�MimK bBKmH�iQ`b i?2 bTBM@bTBM BMi2`�+iBQMb �`2 K2/B�i2/ #v i?2
+QHH2+iBp2 KQiBQM Q7 i?2 BQMb BM i?2 +`vbi�H UT?QMQMbVX q2 b?Qr i?�i �//BiBQM�H QTiB+�H ir22x2`
TQi2MiB�Hb +�M #2 mb2/ iQ 2M;BM22` i?2 T?QMQM bT2+i`mK- �M/ i?mb imM2 i?2 BMi2`�+iBQMb
�M/ +QMM2+iBpBiv Q7 i?2 BQM [m#Bib #2vQM/ i?2 TQr2`@H�r BMi2`�+iBQMb �++2bbB#H2 BM +m``2Mi
b2imTb (R)X

JQ`2Qp2`- r2 mb2 QTiB+�H ir22x2`b iQ +`2�i2 irQ M2r b+�H�#H2 �`+?Bi2+im`2b 7Q` i`�TT2/@BQM
[m�MimK +QKTmiBM;X L2Bi?2` b+?2K2 `2HB2b QM ;`QmM/ bi�i2 +QQHBM; Q` i?2 G�K#@.B+F2 �TT`Qt@
BK�iBQMX AM i?2 }`bi r2 mb2 � +QK#BM�iBQM Q7 QTiB+�H ir22x2`b /2HBp2`BM; [m#Bi bi�i2@/2T2M/2Mi
HQ+�H TQi2MiB�Hb rBi? �M Qb+BHH�iBM; 2H2+i`B+ }2H/ (k)X aBM+2 i?2 2H2+i`B+ }2H/ �HHQrb 7Q` HQM;@
`�M;2 [m#Bi@[m#Bi BMi2`�+iBQMb K2/B�i2/ #v i?2 +2Mi2`@Q7@K�bb KQiBQM Q7 i?2 BQM +`vbi�H �HQM2-
Bi Bb BM?2`2MiHv b+�H�#H2 iQ H�`;2 BQM +`vbi�HbX AM i?2 b2+QM/ b+?2K2- i?2 bi`QM; +m`p�im`2 Q7
i?2 HB;?i }2H/ Q7 i?2 iB;?iHv 7Q+mb2/ ir22x2` +`2�i2b bi`QM; TQH�`Bx�iBQM ;`�/B2Mib i?�i H2�/ iQ
[m#Bi@bi�i2 /2T2M/2Mi 7Q`+2b QM i?2 BQM UQTiB+�H J�;Mmb 2z2+i (j)VX q2 b?Qr i?�i i?2b2 K�v
#2 mb2/ iQ BKTH2K2Mi [m�MimK HQ;B+ ;�i2b QM T�B`b Q7 BQM [m#Bib BM � +`vbi�H (9)X
(R) S?vbX _2pX � Ry9- yRjjyk UkykRV
(k) S?vbX _2pX G2iiX Rkd- key8yk UkykRV
(j) S?vbX _2pX G2iiX Rk8- kjjkyR UkykyV
(9) AM T`2T�`�iBQMX

S`2b2Mi2` M�K2, �`;?�p�M a�7�pB@L�BMB

S�;2 jNy



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@d8, h`�TT2/ BQMb- _v/#2`; �iQKb- +QH/ TH�bK�b A.kyd

*Q``2H�iBQM bT2+i`Qb+QTv Q7 � TH�M�` NR@BQM +`vbi�H BM � MQp2H
KQMQHBi?B+ S�mH i`�T
�mi?Q`b, >2H2M2 >�BMx2`Rc .QKBMBF EB2b2M?Q72`Rc hmQK�b PHHBF�BM2MRc J�ii?B�b "Q+Fkc �`i2K w?/�MQpRc
hmpB� :272Mjc *?`BbiB�M _QQbR

R lMBp2`bBiv Q7 AMMb#`m+F
k �mbi`B�M �+�/2Kv Q7 a+B2M+2b
j *�Hi2+?

h?2 /2p2HQTK2Mi Q7 7mHHv +QMi`QHH2/ [m�MimK bvbi2Kb BM i?2 H�#Q`�iQ`v ?�b b22M i`2K2M/Qmb
T`Q;`2bb BM `2+2Mi v2�`bX PM2 2tT2`BK2Mi�H TH�i7Q`K r?B+? ?�b b?QrM iQ �HHQr 7Q` �M 2t+2HH2Mi
H2p2H Q7 +QMi`QH �`2 i`�TT2/ �iQKB+ BQMb- biQ`2/ BM HBM2�` `�/BQ@7`2[m2M+v i`�TbX >2`2- QM2@
/BK2MbBQM�H +?�BMb Q7 mT iQ b2p2`�H i2Mb Q7 BQMb ?�p2 �H`2�/v #22M 2KTHQv2/ bm++2bb7mHHv iQ
+�``v Qmi [m�MimK bBKmH�iBQM i�bFb (R-k)X AM Qm` rQ`F r2 �BK iQ b+�H2 mT i?2 MmK#2` Q7
BM/BpB/m�HHv +QMi`QHH�#H2 i`�TT2/ BQMb 7Q` [m�MimK bBKmH�iBQMb #2vQM/ i?2 bi�i2 Q7 i?2 �`i Q7
�8y T�`iB+H2b- #v mbBM; i?2 TH�i7Q`K Q7 TH�M�` BQM +`vbi�Hb biQ`2/ BM � HBM2�` S�mH i`�TX AM
i?Bb r�v bQK2 b+�H�#BHBiv@`2H�i2/ T`Q#H2Kb Q7 HQM; BQM +?�BMb- bm+? �b ?B;? ?2�iBM; `�i2b Q7
i?2 �tB�H KQiBQM�H KQ/2b �M/ /B{+mHiB2b BM H�b2`@�//`2bbBM; Qmi2` BQMb- +�M #2 +B`+mKp2Mi2/X
PM i?Bb TQbi2` r2 T`2b2Mi Qm` M2r �TT�`�imb- i?2 +2Mi2`TB2+2 Q7 r?B+? Bb � MQp2H KQMQHBi?B+
HBM2�` S�mH i`�T- 2M�#HBM; mb iQ i`�T bi�#H2 k@/BK2MbBQM�H +`vbi�Hb Q7 mT iQ Ryy 9y*�Y BQMbX
JQ`2Qp2`- r2 /2KQMbi`�i2 Qm` `2+2Mi `2bmHib QM +Q``2H�iBQM bT2+i`Qb+QTv- BKTH2K2Mi2/ BM �
TH�M�` +`vbi�H +QMbBbiBM; Q7 NR BQMb (j)X *Q``2H�iBQM bT2+i`Qb+QTv Bb � TQr2`7mH iQQH- BMBiB�HHv
/2p2HQT2/ BM i?2 +QMi2ti Q7 T`2+BbBQM K2i`QHQ;v- �M/ �HHQrb T?�b2 /Bz2`2M+2b #2ir22M [m#Bib
iQ #2 K2�bm`2/ T`2+Bb2Hv 2p2M BM i?2 T`2b2M+2 Q7 bi`QM; +Q``2H�i2/ T?�b2 MQBb2 (9-8)X h?2 F2v
B/2� ?2`2 Bb i?�i /m2 iQ i?2B` bT�iB�H T`QtBKBiv iQ 2�+? Qi?2` BM i?2 i`�T i?2 [m#Bib- 2M+Q/2/
BM 2�+? Q7 i?2 NR BQMb- rBHH #2 �z2+i2/ BM � +QHH2+iBp2 r�v #v MQBb2 T`Q+2bb2b bm+? �b �K#B2Mi
K�;M2iB+ }2H/ ~m+im�iBQMbX *Q``2H�iBQMb BM i?2 Qmi+QK2b Q7 +QHH2+iBp2 _�Kb2v K2�bm`2K2Mib
T`QpB/2 BM7Q`K�iBQM �#Qmi i?2 T?�b2 /Bz2`2M+2b #2ir22M i?2 [m#Bib- 2p2M 7Q` T`Q#2 iBK2b
bB;MB}+�MiHv HQM;2` i?�M i?2 +Q?2`2M+2 iBK2 Q7 i?2 BM/BpB/m�H T�`iB+H2bX q2 �TTHv +Q``2H�iBQM
bT2+i`Qb+QTv iQ +?�`�+i2`Bx2 � K�;M2iB+ }2H/ ;`�/B2Mi- r?B+? ;Bp2b `Bb2 iQ i`�MbBiBQM 7`2[m2M+v
/Bz2`2M+2b �+`Qbb i?2 TH�M�` BQM +`vbi�HX AM i?2 +QMi2ti Q7 K2�bm`2K2Mi mM+2`i�BMiB2b- r2 �`2
�#H2 iQ b?Qr i?�i +QMbB/2`BM; L@[m#Bi +Q``2H�iBQMb `2/m+2b i?2 T?�b2 mM+2`i�BMiv rBi? `2bT2+i
iQ k@[m#Bi +Q``2H�iBQMb- �M/ i?2 �/p�Mi�;2 Q7 mbBM; 2Mi�M;H2/ bi�i2b #2+QK2b M2;HB;B#H2 7Q`
L¹ũX
(R) *X EQF�BH- *X J�B2`- _X p�M "BDM2M- hX "`v/;2b- JX EX CQb?B- SX Cm`+2pB+- *X �X Jmb+?BF-
SX aBHpB- _X "H�ii- *X6X _QQb �M/ SX wQHH2`- a2H7@p2`B7vBM; p�`B�iBQM�H [m�MimK bBKmH�iBQM Q7
H�iiB+2 KQ/2Hb- L�im`2 8eN- j88Ĝjey UkyRNV
(k) CX w?�M;- :X S�;�MQ- SX qX >2bb- �X EvT`B�MB/Bb- SX "2+F2`- >X E�TH�M- �X oX :Q`b?FQp-
wX@sX :QM; �M/ *X JQM`Q2- P#b2`p�iBQM Q7 � K�Mv@#Q/v /vM�KB+�H T?�b2 i`�MbBiBQM rBi? �
8j@[m#Bi [m�MimK bBKmH�iQ`- L�im`2 88R- eyRĜey9 UkyRdV
(j) >X >�BMx2`- .X EB2b2M?Q72`- hX PHHBF�BM2M- JX "Q+F- 6X E`�MxH- JXEX CQb?B- :X uQ2HB- _X
"H�ii- hX :272M �M/ *X6X _QQb- *Q``2H�iBQM bT2+i`Qb+QTv rBi? KmHiB[m#Bi@2M?�M+2/ T?�b2
2biBK�iBQM- S`2T`BMi kykk
(9) JX *?r�HH�- EX EBK- hX JQMx- SX a+?BM/H2`- JX _B2#2- *X 6X _QQb �M/ _X "H�ii- S`2+BbBQM
bT2+i`Qb+QTv rBi? irQ +Q``2H�i2/ �iQKbX �TTHX S?vbX " 3N- 93j UkyydV
(8) *X qX *?Qm- .X "X >mK2- JX CX h?Q`T2- .X CX qBM2H�M/ �M/ hX _Qb2M#�M/- Zm�MimK
*Q?2`2M+2 #2ir22M hrQ �iQKb #2vQM/ Z4RyR8X S?vbX _2pX G2iiX Rye- Rey3yR UkyRRV

S`2b2Mi2` M�K2, >2H2M2 >�BMx2`

S�;2 jNR



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@de, h`�TT2/ BQMb- _v/#2`; �iQKb- +QH/ TH�bK�b A.kkj

� T`Q;`�KK�#H2 [m�MimK bBKmH�iQ` rBi? irQ@2H2+i`QM _v@
/#2`; �iQKb BM QTiB+�H ir22x2` �``�vb
�mi?Q`b, Gm+� :m�`B2MiQRc oH�/BbH�p :�p`vmb2pkc C�+QTQ *�i�MBjc G2QM�`/Q 6�HH�MBkc :B�+QKQ *�TT2HHBMBj

R .BT�`iBK2MiQ /B 6BbB+� ǵ1iiQ`2 S�M+BMBǶ- lMBp2`bBi¨ /2;HB aim/B /B L�TQHB 62/2`B+Q AA
k .BT�`iBK2MiQ /B 6BbB+� 2 �bi`QMQKB�- lMBp2`bBi¨ /2;HB aim/B /B 6B`2Mx2
j AbiBimiQ L�xBQM�H2 /B PiiB+� /2H *QMbB;HBQ L�xBQM�H2 /2HH2 _B+2`+?2 U*L_@ALPV

A rBHH T`2b2Mi � M2r T`Q;`�KK�#H2 [m�MimK bBKmH�iQ` #�b2/ QM _v/#2`; bi`QMiBmK �iQKb
i`�TT2/ BM QTiB+�H ir22x2`b �``�vb �i *L_@ALP �M/ G1La BM 6HQ`2M+2X h?Bb M2r 2tT2`BK2Mi�H
b2imT- bmTTQ`i2/ #v �M BM7`�bi`m+im`�H T`Q;`�K Q7 *L_- Bb MQr mM/2` +QMbi`m+iBQM BM Qm`
H�#Q`�iQ`B2b �b � DQBMi 2zQ`i Q7 *L_ �M/ i?2 lMBp2`bBiv Q7 6HQ`2M+2X
A rBHH T`2b2Mi i?2 K�BM 72�im`2b Q7 i?2 �TT�`�imb- BM+Hm/BM; i?2 i2+?MB[m2b i?�i rBHH #2 2K@
THQv2/ 7Q` i?2 ;2M2`�iBQM Q7 T`Q;`�KK�#H2 �``�vb Q7 QTiB+�H ir22x2`b �M/ 7Q` i?2 +QMi`QH Q7
i?2 /Bz2`2Mi bQm`+2b Q7 /2+Q?2`2M+2X A rBHH �HbQ /Bb+mbb i?2 �/p�Mi�;2b Qz2`2/ #v irQ@2H2+i`QM
�iQKb- BM+Hm/BM; M�``Qr QTiB+�H i`�MbBiBQMb i?�i +�M #2 2tTHQBi2/ 7Q` 2z2+iBp2 �iQKB+ +QQHBM;
b+?2K2b- �M/ i?2 2tBbi2M+2 Q7 � K2i�bi�#H2 bi�i2 i?�i T`QpB/2b �M �//BiBQM�H /2;`22 Q7 7`22/QK
7Q` i?2 K�MBTmH�iBQM Q7 BM/BpB/m�H �iQKb- �b r2HH �b � /B`2+i +QMM2+iBQM iQ 7`2[m2M+v K2i`QH@
Q;vX A rBHH }M�HHv /Bb+mbb i?2 �TTHB+�iBQMb i?�i r2 2MpBbBQM 7Q` i?Bb M2r b2imT- BM T�`iB+mH�`
i?2 bBKmH�iBQM Q7 [m�MimK bTBM KQ/2Hb rBi? /Bz2`2Mi ivT2b Q7 BMi2`�+iBQMb �M/ iQTQHQ;B2b-
�M/ i?2 `2�HBx�iBQM Q7 KmHiBT�`iB+H2 2Mi�M;H2/ bi�i2bX

S`2b2Mi2` M�K2, :B�+QKQ *�TT2HHBMB

S�;2 jNk



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@dd, h`�TT2/ BQMb- _v/#2`; �iQKb- +QH/ TH�bK�b A.kj3

>B;? bT22/ h>x BK�;BM; rBi? _v/#2`; �iQKb
�mi?Q`b, J�ii C�KB2bQMRc Gm+v .QrM2bRc a?mvBM; *?2MRc LQm`�? �HKm?�`Bb?Rc �M/`2r J�+F2HH�`Rc
:B�MHm+� �HHBMbQMRc E2pBM q2�i?2`BHHRc *?�`H2b �/�KbR

R lMBp2`bBiv Q7 .m`?�K

h>x BK�;BM; �M/ h>x i2+?MQHQ;B2b �`2 Q7 ;`2�i BMi2`2bi 7Q` � p�`B2iv Q7 �TTHB+�iBQMb- BM+Hm/BM;
MQM/2bi`m+iBp2 i2biBM; �M/ K2/B+�H /B�;MQbBbX >2`2- r2 /2KQMbi`�i2 � h>x BK�;BM; b2imT
i?�i 2KTHQvb *b _v/#2`; �iQKb �b h>x@iQ@QTiB+�H T?QiQM +QMp2`i2`b iQ T`QpB/2 7mHH }2H/
BK�;2b �i K�Mv i?Qmb�M/b Q7 7`�K2b T2` b2+QM/- i?�i +�M #2 +�Tim`2/ rBi? +QMp2MiBQM�H
QTiB+�H +�K2`�b (R)X h?2 T`BK�`v K2+?�MBbK i?�i 2M�#H2b i?Bb Bb i?2 BMi`Q/m+iBQM Q7 � bi`QM;
pBbB#H2 /2+�v T�i?r�v r?2M i?2 �iQKb �`2 +QmTH2/ rBi? � i2`�?2`ix }2H/X .m2 iQ i?2 /2MbBiv
Q7 _v/#2`; 2M2`;v bi�i2b- � `2H�iBp2Hv +QMiBMmQmb bT2+i`mK Q7 h>x 7`2[m2M+B2b +�M BK�;2/
#v +�`27mH +?QB+2 Q7 i?2b2 bi�i2bc r2 b?Qr BK�;BM; +�T�#BHBiB2b �i yX88h>x �M/ RXy8h>x- 7Q`
2t�KTH2X 6mHH +?�`�+i2`Bx�iBQM Q7 i?2 bvbi2K �M/ T`Q;`2bb iQr�`/b � _# BK�;2` rBHH 2ti2M/
Bib p2`b�iBHBiv- �M/ QT2M mT i?2 TQi2MiB�H 7Q` irQ@+QHQm` BK�;BM;X

6B;m`2 R, AK�;2

(R) GX �X .QrM2b- �X _X J�+E2HH�`- .X CX q?BiBM;- *X "Qm`;2MQi- *X aX �/�Kb- �M/ EX CX
q2�i?2`BHH- ǳ6mHH@}2H/ i2`�?2`ix BK�;BM; �i FBHQ?2`ix 7`�K2 `�i2b mbBM; �iQKB+ p�TQ`-Ǵ S?vbX
_2pX s Ry- yRRykd UkykyVX

S`2b2Mi2` M�K2, J�ii C�KB2bQM

S�;2 jNj



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@d3, h`�TT2/ BQMb- _v/#2`; �iQKb- +QH/ TH�bK�b A.kk3

"2M+?K�`FBM; � H�`;2@b+�H2 [m�MimK bBKmH�iQ` rBi? mb27mH
�TTHB+�iBQMb
�mi?Q`b, �/�K a?�rRc CQQM?22 *?QBRc _�M 6BMFH2bi2BMRc S�b+�H a+?QHHRc .�MB2H J�`Fkc J�Mm2H
1M/`2bRc aQQMrQM *?QBk

R *�Hi2+?
k JAh

lbBM; � _v/#2`; �iQK@�``�v [m�MimK bBKmH�iQ`- r2 2tT2`BK2Mi�HHv /2KQMbi`�i2 M2r �TTHB@
+�iBQMb r?B+? #2+QK2 TQbbB#H2 i?`Qm;? p2`B}�#H2 [m�MimK 2pQHmiBQMX �i i?2 Qmib2i- r2 b?Qr
2tT2`BK2Mi�H #2M+?K�`FBM; Q7 bvbi2K bBx2b rBi? mT iQ ey �iQKb- �M/ /2KQMbi`�i2 M2r i2+?@
MB[m2b BM �TT`QtBK�i2 p2`B}+�iBQM #2vQM/ i?2 +H�bbB+�H bBKmH�iBQM i?`2b?QH/X 6m`i?2`- r2 b?Qr
?Qr bm+? #2M+?K�`FBM; �HHQrb mb iQ T2`7Q`K BM bBim HQ+�H >�KBHiQMB�M H2�`MBM;- iQ QTiBKBx2
>�KBHiQMB�M 2M;BM22`BM; 7Q` T`2T�`BM; BMi2`2biBM; [m�MimK bi�i2b- �M/ iQ K�F2 [m�MiBi�iBp2
+QKT�`BbQMb #2ir22M �M�HQ; �M/ /B;Bi�H [m�MimK /2pB+2b �BKBM; iQ +`2�i2 K�tBKmK 2M@
i�M;H2K2Mi 2Mi`QTv bi�i2bX h?2b2 /2p2HQTK2Mib b?Qr+�b2 T`�+iB+�HHv mb27mH �TTHB+�iBQMb 7Q`
/2pB+2 #2M+?K�`FBM; T`QiQ+QHb BM [m�MimK /2pB+2b- �M/ 7m`i?2` /2KQMbi`�i2 +QM+`2i2 bi2Tb
iQr�`/b [m�MimK �/p�Mi�;2 rBi? � M2�` i2`K [m�MimK bBKmH�iQ`X

S`2b2Mi2` M�K2, �/�K a?�r

S�;2 jN9



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@d9, h`�TT2/ BQMb- _v/#2`; �iQKb- +QH/ TH�bK�b A.j3

� +`vQ;2MB+ M2mi`�H �iQK QTiB+�H ir22x2` �``�v
�mi?Q`b, hBM; uQm h�MRc hBM;@r2B >bmkc w?2MTm w?�M; kc J�ii2Q J�`BM2HHBRc .�MB2H aHB+?i2`jc �/�K
E�m7K�M9c *BM/v _2;�HR

R lMBp2`bBiv Q7 *QHQ`�/Q- "QmH/2`
k lMBp2`bBiv Q7 *QHQ`�/Q- "QmH/2` �M/ CAG�
j L�iBQM�H AMbiBimi2 Q7 ai�M/�`/b �M/ h2+?MQHQ;v
9 CAG�

a+�H�#H2 mHi`�+QH/ _v/#2`; �iQK �``�vb T`QpB/2 �M BMi`B;mBM; TH�i7Q`K 7Q` T`Q;`�KK�#H2
[m�MimK +QKTmi�iBQMX q2 T`2b2Mi � M2r bvbi2K 7Q` � k. _v/#2`; [m#Bi �``�v Q7 3d_#
�iQKb 2K#2//2/ BM � HQr@pB#`�iBQM +`vQbi�iX *`vQTmKTBM; rBHH BKT`Qp2 i?2 �iQK p�+mmK
HB72iBK2 iQ 7mHHv H2p2`�;2 i?2 b+�H�#BHBiv Q7 _v/#2`; TH�i7Q`Kb- �M/ � jy E 2MpB`QMK2Mi rBHH
2ti2M/ i?2 _v/#2`; HB72iBK2 iQ b2p2`�H iBK2b Bib p�Hm2 �i `QQK i2KT2`�im`2X hQ +`2�i2 � H�`;2
�M/ +QMi`QHH2/ �``�v- r2 rBHH miBHBx2 � k. QTiB+�H H�iiB+2 rBi? i?2 bBi2@`2bQHp2/ �//`2bb�#BHBiv
�M/ BMi2`�+iBQM +QMi`QH �B/2/ #v QTiB+�H ir22x2`bX q2 rBHH ?�`M2bb � #B@+?`QK�iB+ K�;B+
H�iiB+2 iQ T`QpB/2 B/2MiB+�H +QM}M2K2Mi 7Q` #Qi? ;`QmM/ �M/ _v/#2`; bi�i2bX q2 rBHH `2TQ`i
Qm` `2bmHib QM +`vQ+QQHBM; �M/ pB#`�iBQM BbQH�iBQM T2`7Q`K�M+2- �b r2HH �b Qm` T`Q;`2bb iQr�`/b
�iQK i`�TTBM; rBi?BM i?2 +`vQ;2MB+ 2MpB`QMK2MiX

S`2b2Mi2` M�K2, hBM; uQm h�M

S�;2 jN8



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@d8, h`�TT2/ BQMb- _v/#2`; �iQKb- +QH/ TH�bK�b A.RRR

_v/#2`; �iQK BMi2`�+iBQMb rBi? �M QTiB+�H M�MQ}#2`
�mi?Q`b, �H2t2v ovH2;x?�MBMRc �br�i?v _�DRc .vH�M "`QrMRc aBH2 LB+ *?Q`K�B+R

R GB;?i@J�ii2` AMi2`�+iBQMb 7Q` Zm�MimK h2+?MQHQ;B2b lMBi- PFBM�r� AMbiBimi2 Q7 a+B2M+2 �M/ h2+?@
MQHQ;v :`�/m�i2 lMBp2`bBiv- C�T�M

*QH/ _v/#2`; �iQKb ?�p2 `2+2MiHv #2+QK2 � T`QKBbBM; TH�i7Q`K 7Q` [m�MimK BM7Q`K�iBQM
T`Q+2bbBM; �M/ [m�MimK bBKmH�iBQMb /m2 iQ i?2B` bT2+B}+ T`QT2`iB2bX h?2 _v/#2`; #HQ+F�/2
`2;BK2 �HHQrb mb iQ 2Mi�M;H2 [m#Bib �M/ iQ K�F2 *LPh �M/ *S?�b2 ;�i2bX PTiB+�H M�MQ}#2`b
UPL6bV �`2 �M 2t+2HH2Mi iQQH iQ BMi2`�+i rBi? bm+? �iQKbX h?2v �`2 `2H�iBp2Hv 2�bv iQ BMbi�HH
BMiQ 2tT2`BK2Mi�H b2imTb #2+�mb2 Q7 i?2 bBKTHB+Biv Q7 +QmTHBM; HB;?i BMiQ �M/ Qmi Q7 i?2KX h?2
2p�M2b+2Mi }2H/ /2+�vBM; 7`QK i?2 M�MQ}#2` +�M 2t+Bi2 i?2 �iQKb 7`QK i?2 ;`QmM/ bi�i2 Q`
T`Q/m+2 � /BTQH2 i`�T iQ HQ+�HBx2 i?2K �`QmM/ i?2 M�MQ}#2`X � T`Q#2 HB;?i b2Mi i?`Qm;? i?2
}#2` Bb b2MbBiBp2 iQ i?2 T`2b2M+2 Q7 i?2 �iQKb BM i?2 pB+BMBiv Q7 i?2 M�MQ}#2` �M/ +�M #2 mb2/ iQ
+QHH2+i BM7Q`K�iBQM 7`QK M2mi`�H �iQK [m#BibX hQ ?�p2 � T`2+Bb2 +QMi`QH Qp2` bm+? � bvbi2K QM2
M22/b iQ FMQr �HH i?2 BMi2`�+iBQMb ?�TT2MBM; #2ir22M i?2 �iQKb �M/ i?2 M�MQ}#2` K�i2`B�HX
q2 2tTHQBi � irQ@T?QiQM H�//2`@ivT2 2t+Bi�iBQM BM 87_# #v mbBM; d3y MK K�;M2iQ@QTiB+�H
i`�T UJPhV +QQHBM; H�b2`b �M/ 93y MK HB;?i +QKBM; 7`QK i?2 2p�M2b+2Mi }2H/ Q7 �M PL6X
h?2 93y MK HB;?i Bb HQ+F2/ #v �M 2ti2`M�H p�TQ` +2HH 1Ah iQ � T�`iB+mH�` _v/#2`; i`�MbBiBQMX
.m`BM; i?2 2tT2`BK2Mi- i?2 JPh Bb Qp2`H�TT2/ rBi? i?2 PL6 `2;BQM �M/- }`biHv- `2�+?2b �M
2[mBHB#`BmK �iQK TQTmH�iBQMX h?2M- i?2 93y MK H�b2` Bb im`M2/ QM- �M/ i?2 �iQKb BM i?2
pB+BMBiv Q7 i?2 PL6 mM/2`;Q _v/#2`; 2t+Bi�iBQM �M/ ;2i HQbi 7`QK i?2 JPhX h?Bb T`Q+2bb
BMi`Q/m+2b �M �//BiBQM�H HQbb `�i2 iQ i?2 JPh TQTmH�iBQM- r?B+? r2 K2�bm`2 #v +QHH2+iBM; i?2
~mQ`2b+2M+2 bB;M�HX "v b+�MMBM; i?2 93y MK HB;?i �+`Qbb i?2 i`�MbBiBQM r2 Q#b2`p2 +Q?2`2Mi
�M/ BM+Q?2`2Mi _v/#2`; 2t+Bi�iBQM T`Q+2bb2bX h?2 2tT2`BK2Mi r�b `2T`Q/m+2/ 7Q` 2t+Bi�iBQM
iQ Ma1/2- M.3/2 �M/ M.5/2 _v/#2`; bi�i2b 7Q` � rB/2 `�M;2 Q7 T`BM+BT�H [m�MimK MmK#2`- M-
p�Hm2bX

S`2b2Mi2` M�K2, �H2t2v ovH2;x?�MBM

S�;2 jNe



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@de, h`�TT2/ BQMb- _v/#2`; �iQKb- +QH/ TH�bK�b A.R9k

SQHv�iQKB+ mHi`�HQM; `�M;2 _v/#2`; KQH2+mH2b
�mi?Q`b, .�pB/ J2HH�/Q@�H+2/QRc C�MBM2 a?2`ix2`kc >X _X a�/2;?TQm`jc _Qb�`BQ :QMx�H2x@6û`2xR

R lMBp2`bB/�/ /2 :`�M�/�
k .2T�`iK2Mi Q7 S?vbB+b- *QHH2;2 Q7 i?2 >QHv *`Qbb
j Ah�JS- *2Mi2` 7Q` �bi`QT?vbB+b- >�`p�`/ � aKBi?bQMB�M

AM +QH/ �M/ mHi`�+QH/ KBtim`2b Q7 �iQKb �M/ KQH2+mH2b- _v/#2`; BMi2`�+iBQMb rBi? bm``QmM/BM;
�iQKb Q` KQH2+mH2b K�v- mM/2` +2`i�BM +QM/BiBQMb- H2�/ iQ i?2 7Q`K�iBQM Q7 bT2+B�H HQM;@`�M;2
_v/#2`; KQH2+mH2b (R- k- j)X h?2b2 2tQiB+ KQH2+mH2b T`QpB/2 �M 2t+2HH2Mi iQQHFBi 7Q` K�MBTmH�@
iBQM �M/ +QMi`QH Q7 BMi2`�iQKB+�M/ �iQK@KQH2+mH2 BMi2`�+iBQMb- rBi? �TTHB+�iBQMb BM mHi`�+QH/
+?2KBbi`v- [m�MimK BM7Q`K�iBQM T`Q+2bbBM; �M/ K�Mv@#Q/v [m�MimK T?vbB+bX AM i?Bb TQbi2`-
r2 /Bb+mbb mHi`�HQM;@`�M;2 TQHv�iQKB+ _v/#2`; KQH2+mH2b 7Q`K2/ r?2M � ?2i2`QMm+H2�` /B@
�iQKB+ KQH2+mH2 Bb #QmM/ iQ � _v/#2`; �iQK (j- 9)X h?2 #BM/BM; K2+?�MBbK �TT2�`b /m2
iQ �MBbQi`QTB+ b+�ii2`BM; Q7 i?2 _v/#2`; 2H2+i`QM 7`QK i?2 T2`K�M2Mi 2H2+i`B+ /BTQH2 KQK2Mi
Q7 i?2 TQH�` KQH2+mH2X q2 T`QTQb2 �M 2tT2`BK2Mi�HHv `2�HBx�#H2 b+?2K2 iQ T`Q/m+2 i?2b2
i`B�iQKB+ mHi`�HQM;@`�M;2 _v/#2`; KQH2+mH2b BM mHi`�+QH/ _#*b i`�Tb- r?B+? KB;?i mb2 i?2
2t+Bi�iBQM Q7 +2bBmK Q` `m#B/BmK (8)X "v 2tTHQBiBM; i?2 _v/#2`; 2H2+i`QM@KQH2+mH2 �MBbQi`QTB+
/BTQH2 BMi2`�+iBQM- r2 BM/m+2 � M2�` `2bQM�Mi +QmTHBM; Q7 i?2 MQMx2`Q [m�MimK /272+i _v/#2`;
H2p2Hb rBi? i?2 _#*b KQH2+mH2 BM �M 2t+Bi2/ `Qi�iBQM�H H2p2HX h?Bb +QmTHBM; 2M?�M+2b i?2 #BM/@
BM; Q7 i?2 i`B�iQKB+ mHi`�HQM;@`�M;2 _v/#2`; KQH2+mH2 �M/ T`Q/m+2b 7�pQ`�#H2 6`�M+F@*QM/QM
7�+iQ`bX

�MQi?2` ivT2 Q7 mHi`�HQM;@`�M;2 _v/#2`; KQH2+mH2 Bb 7Q`K2/ BM +QHHBbBQMb #2ir22M TQH�`
KQH2+mH2b BM +QH/ �M/ mHi`�+QH/ b2iiBM;b (e)X h?2 BMi2`�+iBQM Q7 �@/Qm#H2i MBi`B+ QtB/2 ULPV
rBi? HQM;@HBp2/ _v/#2`; LP KQH2+mH2b 7Q`Kb mHi`�HQM;@`�M;2 _v/#2`; #BKQH2+mH2b rBi? :>x
2M2`;B2b �M/ FBHQ@.2#v2 T2`K�M2Mi 2H2+i`B+ /BTQH2 KQK2MibX h?2 /2b+`BTiBQM BM+Hm/2b #Qi?
i?2 �MBbQi`QTB+ +?�`;2@KQH2+mH�` /BTQH2 BMi2`�+iBQM �M/ i?2 2H2+i`QM@LP b+�ii2`BM;X h?2 `Qi�@
iBQM�H +QMbi�Mi 7Q` i?2 _v/#2`; #BKQH2+mH2b Bb BM i?2 J>x `�M;2- �HHQrBM; 7Q` KB+`Qr�p2 bT2+@
i`Qb+QTv Q7 `Qi�iBQM�H i`�MbBiBQMb BM _v/#2`; #BKQH2+mH2bX h?2 _v/#2`; KQH2+mH2b /2b+`B#2/
?2`2 ?QH/ T`QKBb2 7Q` bim/B2b Q7 � bT2+B�H +H�bb Q7 HQM;@`�M;2 #BKQH2+mH�` BMi2`�+iBQMbX
(R) *X >X :`22M2- �X aX .B+FBMbQM- �M/ >X _X a�/2;?TQm`- S?vbX _2pX G2iiX 38- k983 UkyyyVX
(k) aX hX _Bii2M?Qmb2 �M/ >X _X a�/2;?TQm`- S?vbX _2pX G2iiX Ry9- k9jyyk UkyRyVX
(j) oX "2M/FQrbFv- 2i �H - L�im`2 983- Ryy8 UkyyNVX
(9) _X :QMx��H2x@62`2x- >X _X a�/2;?TQm`- �M/ SX a+?K2H+?2`- L2r CX S?vbX Rd- yRjykR
UkyR8VX
(8) _X :QMx�H2x@62`2x- 2i �H- CX S?vbX " 8j- yd9yyk UkykyVX
(e) _X :QMx�H2x@62`2x- CX a?2`ix2` �M/ >X _X a�/2;?TQm` S?vbX _2pX G2iiX Rke- y9j9yR
UkykRVX

S`2b2Mi2` M�K2, _Qb�`BQ :QMx�H2x@6û`2x

S�;2 jNd



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@dd, h`�TT2/ BQMb- _v/#2`; �iQKb- +QH/ TH�bK�b A.Rdk

amT2``�/B�M+2 /2+Q?2`2M+2 +�mb2/ #v HQM;@`�M;2 _v/#2`;@
�iQK T�B` BMi2`�+iBQMb
�mi?Q`b, 1HK2` am�`2xRc S?BHBT qQH7Rc S�i`BxB� q2BbbRc a2#�biB�M aH�K�R

R *2Mi2` 7Q` Zm�MimK a+B2M+2 �M/ S?vbBF�HBb+?2b AMbiBimi- 1#2`?�`/@E�`Hb lMBp2`bBi i hɃ#BM;2M

h?Bb rQ`F `2TQ`ib QM i?2 Q#b2`p�iBQM Q7 bmT2``�/B�M+2 /2+Q?2`2M+2 +�mb2/ #v HQM;@`�M;2
/BTQH2@/BTQH2 BMi2`�+iBQMb #2ir22M _v/#2`; �iQKbX � +QH/ �iQK +HQm/ Bb T`2T�`2/ BM i?2
KQ/2 pQHmK2 Q7 � r2�FHv /`Bp2M QTiB+�H +�pBiv- �M/ 2t+Bi2/ iQ � _v/#2`; bi�i2X h?2 +�pBiv
i`�MbKBbbBQM KQMBiQ`b i?2 _v/#2`; /vM�KB+b BM `2�H@iBK2 �M/ /2i2+ib bmT2``�/B�Mi 2M?�M+2@
K2Mi Q7 i?2 i`�MbBiBQM `�i2b #2ir22M M2B;?#Q`BM; _v/#2`; bi�i2bX h?2 Q#b2`p2/ 2M?�M+2K2Mi
Bb `2/m+2/ 7Q` BM+`2�bBM; _v/#2`; �iQK /2MbBiv, � bB;M�im`2 Q7 �iQK T�B`@BMi2`�+iBQMbX h?2
Q#b2`p�iBQMb �`2 2tTH�BM2/ rBi?BM � KQ/2H #�b2/ QM i?2 B/2� Q7 _v/#2`; #HQ+F�/2 `2/m+BM;
i?2 �iQK MmK#2` T�`iB+BT�iBM; BM i?2 .B+F2 bi�i2- `2bTQMbB#H2 7Q` bmT2``�/B�M+2X

S`2b2Mi2` M�K2, 1HK2` am�`2x

S�;2 jN3



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@d3, h`�TT2/ BQMb- _v/#2`; �iQKb- +QH/ TH�bK�b A.kyN

q�p2;mB/2 Z1. rBi? _v/#2`; bmT2`�iQKb
�mi?Q`b, >�MM2b "mb+?2Rc LBM� aiB2b/�HRc C�M EmKHBMkc E2pBM EH2BM#2+Fkc GmF�b �?H?2BiRc *2/`B+
qBM/Rc CmHB� :�KT2`Rc >�Mb S2i2` "Ƀ+?H2`kc a2#�biB�M >Qz2`#2`i?R

R lMBp2`bBiv Q7 "QMM
k lMBp2`bBiv Q7 aimii;�`i

_v/#2`; [m�MimK QTiB+b �HHQrb iQ +`2�i2 bi`QM; QTiB+�H MQMHBM2�`BiB2b �i i?2 H2p2H Q7 BM/BpB/m�H
T?QiQMb #v K�TTBM; i?2 bi`QM; /BTQH�` BMi2`�+iBQMb #2ir22M +QHH2+iBp2 _v/#2`; 2t+Bi�iBQMb
QMiQ QTiB+�H T?QiQMbX h?2 BMi2`�+iBQMb H2�/ iQ � #HQ+F�/2 2z2+i bm+? i?�i �M QTiB+�H K2/BmK
bK�HH2` i?�M i?2 #HQ+F�/2/ pQHmK2 QMHv bmTTQ`ib � bBM;H2 2t+Bi�iBQM r?B+? Bb +QHH2+iBp2Hv
b?�`2/ �KQM;bi �HH #HQ+F�/2/ �iQKb 7Q`KBM; � ǵ_v/#2`; bmT2`�iQKǶX h?�MFb iQ i?2 +QHH2+iBp2
M�im`2 Q7 i?2 2t+Bi�iBQM- i?2 bmT2`�iQK 2z2+iBp2Hv `2T`2b2Mib � bBM;H2 2KBii2` rBi? � bi`QM;Hv
2M?�M+2/ +QmTHBM; iQ 72r@T?QiQM T`Q#2 }2H/b rBi? /B`2+iBQM�H 2KBbbBQM BMiQ i?2 BMBiB�H T`Q#2
KQ/2 (R)X

h?Bb K�F2b _v/#2`; bmT2`�iQKb �M B/2�H TH�i7Q`K iQ bim/v i?2 BMi2`�+iBQM Q7 BM/BpB/m�H irQ@
H2p2H 2KBii2`b rBi? [m�MiBb2/ HB;?i }2H/bX h?2 BMi2`�+iBQM H2�/b 7Q` 2t�KTH2 iQ i?2 2K2`;2M+2
Q7 irQ@ �M/ i?`22@T?QiQM +Q``2H�iBQMb BM i?2 i`�MbKBii2/ HB;?i- r?BH2 2t+?�M;2 BMi2`�+iBQMb
#2ir22M i?2 +QMbiBim2Mi �iQKb rBi?BM � bmT2`�iQK H2�/ iQ MQMi`BpB�H /2+�v /vM�KB+b Q7 i?2
+QHH2+iBp2 bi�i2 (k)X

q?2M +QK#BM2/ rBi? +QMi`QHH2/ /2T?�bBM; BMiQ /�`F- +QHH2+iBp2Hv 2t+Bi2/ bi�i2b- r2 2tTHQBi i?2
bi`QM; T?QiQM@2KBii2` +QmTHBM; iQ bm#i`�+i 2t�+i T?QiQM MmK#2`b 7`QK BM+QKBM; HB;?i }2H/b
T`QpB/BM; � K2�Mb iQ T`2+Bb2Hv K�MBTmH�i2 i?2B` [m�MimK bi�i2 (j)X hQ i?Bb 2M/- r2 +�b+�/2
KmHiBTH2 bmT2`�iQKb BM R. +?�BM �HQM; KQ/2 Q7 i?2 T`Q#2 }2H/X AM i?2 `2;BK2 Q7 HQr /2T?�bBM;-
bm+? � +�b+�/2/ [m�MimK bvbi2K Q7 KmHiBTH2 bmT2`�iQKb �HbQ Qz2`b i?2 T`QbT2+i iQ Q#b2`p2
T?QiQM@K2/B�i2/ BMi2`�+iBQMb �M/ 2Mi�M;H2K2Mi �HQM; i?2 T`Q#2 KQ/2 r?B+? 2z2+iBp2Hv 7Q`Kb
� 7`22bT�+2 ǵr�p2;mB/2ǶX

q2 �HbQ T`QpB/2 � #`B27 QmiHQQF QM � M2r +`vQ;2MB+ 2tT2`BK2Mi�H TH�i7Q`K BM r?B+? r2 TH�M
iQ bim/v ?v#`B/ [m�MimK bvbi2Kb Q7 _v/#2`; �iQKb +QK#BM2/ rBi? 2X;X 2H2+i`QK2+?�MB+�H
Qb+BHH�iQ`b Q` BMi2;`�i2/ T?QiQMB+ �M/ KB+`Qr�p2 +B`+mBibX

(R) �X S�`Bb@J�M/QFB- *X "`�mM- CX EmKHBM- *X h`2bT- AX JB`;Q`Q/bFBv- 6X *?`Bbi�HH2`- >X SX
"Ƀ+?H2`- �M/ aX >Qz2`#2`i?- S?vbX _2pX s d- y9RyRy UkyRdVX

(k) LX aiB2b/�H- >X "mb+?2- CX EmKHBM- EX EH2BM#2+F- >X SX "Ƀ+?H2` �M/ aX >Qz2`#2`i?- S?vbX
_2pX _2b2�`+? k- y9jjjN UkykyVX
(j) LX aiB2b/�H- >X "mb+?2- EX EH2BM#2+F- CX EmKHBM- JX :X >�Mb2M- >X SX "Ƀ+?H2` �M/ aX
>Qz2`#2`i?- L�iX *QKKmMX Rk- 9jk3 UkykRVX

S`2b2Mi2` M�K2, >�MM2b "mb+?2

S�;2 jNN



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@dN, h`�TT2/ BQMb- _v/#2`; �iQKb- +QH/ TH�bK�b A.jeN

hQr�`/b � /m�H@bT2+B2b ir22x2` �``�v Q7 L� �M/ *b �iQKb

�mi?Q`b, E2MM2i? q�M;Rc _v�M *BKKBMQRc 6�M; 6�M;Rc um q�M;Rc E�M;@Em2M LBR

R >�`p�`/ lMBp2`bBiv

PTiB+�H ir22x2` �``�vb Q7 M2mi`�H �iQKb T`QpB/2 � +QMi`QHH�#H2 �M/ b+�H�#H2 TH�i7Q`K 7Q`
[m�MimK +QKTmiBM; �M/ [m�MimK bBKmH�iBQMX L2mi`�H �iQKb BM i?2b2 �``�vb BMi2`�+i pB�
HQM;@`�M;2 p�M /2` q��Hb BMi2`�+iBQMb- r?2M 2t+Bi2/ BMiQ _v/#2`; bi�i2bX � /m�H bT2+B2b
�``�v �//b iQ i?2 iQQH#Qt Q7 �iQK �``�vb �M/ �HHQr 7Q` b+?2K2b BMpQHpBM; KmHiBTH2 bT2+B2bX
6Q` 2t�KTH2- MQM/2bi`m+iBp2 K2�bm`2K2Mi- � F2v BM;`2/B2Mi BM [m�MimK 2``Q` +Q``2+iBQM- +�M
#2 �+?B2p2/ #v 2Mi�M;HBM; ǳ�M+BHH�`vǴ [m#Bib rBi? ǳ/�i�Ǵ [m#Bib �M/ T2`7Q`KBM; `2�/Qmi QM
i?2 �M+BHH�`v [m#BibX >�pBM; irQ /BbiBM+i bT2+B2b iQ TH�v i?2 `QH2 Q7 ǳ/�i�Ǵ �M/ ǳ�M+BHH�Ǵ
KBMBKBx2b +`Qbbi�HF r?2M T2`7Q`KBM; K2�bm`2K2Mib QM ǳ�M+BHH�Ǵ [m#Bib Q` `2�HBxBM; ;�i2b
#2ir22M ǳ/�i�Ǵ [m#BibX q2 T`2b2Mi Qm` T`Q;`2bb iQr�`/b � /m�H bT2+B2b ir22x2` �``�v TH�i7Q`K
mbBM; L� �M/ *b �iQKbX q2 biQ+?�biB+�HHv HQ�/ *b �iQKb BMiQ bi�iB+ i`�Tb +`2�i2/ #v � bT�iB�H
HB;?i KQ/mH�iQ` �M/ +�M `2�``�M;2 i?2K BMiQ � /2bB`2/ /272+i@7`22 T�ii2`M rBi? ?B;? }/2HBiv
mbBM; i`�Tb 7Q`K2/ #v �+QmbiQ@QTiB+ /2~2+iQ`bX q2 +�M T2`7Q`K _�K�M bB/2#�M/ +QQHBM; QM
i?2 2MiB`2 �``�vX q2 �HbQ +Q?2`2MiHv 2t+Bi2 �iQKb iQ i?2 _v/#2`; bi�i2 �M/ b22 bB;M�im`2b Q7
i?2 BMi2`�+iBQMb #2ir22M i?2 �iQKbX

S`2b2Mi2` M�K2, E2MM2i? q�M;

S�;2 9yy



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f q2@3y, h`�TT2/ BQMb- _v/#2`; �iQKb- +QH/ TH�bK�b A.kd9

1p�Hm�iBM; bi�i2b BM i`�TT2/ BQMb rBi? HQ+�H +Q``2H�iBQM #2@
ir22M BMi2`M�H �M/ KQiBQM�H /2;`22b Q7 7`22/QK
�mi?Q`, aBHT� Jm`�HB/?�`�MR

R Pb�F� lMBp2`bBiv

q2 T`QTQb2 �M/ /2KQMbi`�i2 � b+�H�#H2 b+?2K2 7Q` i?2 bBKmHi�M2Qmb /2i2`KBM�iBQM Q7 BMi2`M�H
�M/ KQiBQM�H bi�i2b BM i`�TT2/ BQMb rBi? bBM;H2@bBi2 `2bQHmiBQMX h?2 b+?2K2 Bb �TTHB2/ iQ i?2
bim/v Q7 TQH�`BiQMB+ 2t+Bi�iBQMb BM i?2 C�vM2b@*mKKBM;b@>m##�`/ KQ/2H rBi? i`�TT2/ BQMb-
BM r?B+? i?2 BMi2`M�H �M/ KQiBQM�H bi�i2b Q7 i?2 BQMb �`2 bi`QM;Hv +Q``2H�i2/X q2 Q#b2`p2
[m�MimK T?�b2 +`QbbQp2`b Q7 TQH�`BiQMB+ 2t+Bi�iBQMb BM irQ BQMb #v /B`2+iHv 2p�Hm�iBM; i?2B`
p�`B�M+2b T2` BQM bBi2X Pm` rQ`F 2bi�#HBb?2b �M 2bb2MiB�H i2+?MQHQ;B+�H K2i?Q/ 7Q` H�`;2@b+�H2
[m�MimK bBKmH�iBQMb Q7 TQH�`BiQMB+ bvbi2KbX Zm�MimK bBKmH�iBQMb �HHQr mb iQ bim/v i?2 T`QT@
2`iB2b Q7 K�Mv@#Q/v [m�MimK bvbi2Kb i?�i �`2 ?�`/ iQ BMp2biB;�i2 rBi? +H�bbB+�H +QKTmi2`bX
� T`QKBbBM; TH�i7Q`K 7Q` `2�HBxBM; [m�MimK bBKmH�iBQMb Bb � bvbi2K Q7 i`�TT2/ BQMbX h`�TT2/
BQMb ?�p2 �/p�Mi�;2b Qp2` Qi?2` bvbi2Kb 7`QK bm+? T2`bT2+iBp2b �b 2�b2 Q7 T`2T�`�iBQM �M/
+QMi`QH- �M/ r2 +�M �//`2bb BM/BpB/m�H T�`iB+H2b rBi? HBiiH2 T2`im`#�iBQM iQ M2B;?#Q`BM; T�`@
iB+H2bX h?2 C�vM2b@*mKKBM;b UC*V KQ/2H /2b+`B#2b i?2 �iQK@}2H/ BMi2`�+iBQM BM � +QK#BM2/
bvbi2K Q7 � irQ@H2p2H �iQK �M/ � [m�MiBx2/ 2H2+i`B+@}2H/ KQ/2X �M BMi2`+QMM2+i2/ �``�v Q7
irQ@H2p2H �iQKb BMi2`�+iBM; rBi? [m�MiBx2/ r�p2 KQ/2b Bb FMQrM �b i?2 C�vM2b@*mKKBM;b@
>m##�`/ UC*>V KQ/2H- �M/ `2H�i2/ bvbi2Kb Q7 +QmTH2/ +�pBiv �``�vb ?�p2 #22M 2ti2MbBp2Hv
BMp2biB;�i2/X h?2 C*> KQ/2H +�M #2 `2�HBx2/ rBi? �``�vb Q7 +�pBiv Z1. bvbi2Kb (Rk-Rj) �M/
Q7 +B`+mBi Z1. bvbi2Kb- �b r2HH �b bvbi2Kb Q7 i`�TT2/ BQMbX h?2b2 bvbi2Kb +�M #2 ~2tB#Hv
+QMi`QHH2/ rBi? b2ib Q7 bvbi2K T�`�K2i2`bX h?2`27Q`2- i?2v +�M #2 +QMbB/2`2/ iQ #2 �ii`�+iBp2
bvbi2Kb 7Q` bim/vBM; [m�MimK K�Mv@#Q/v T?2MQK2M�X AM i?2 C*> KQ/2H- [m�bBT�`iB+H2b
+�HH2/ TQH�`BiQMb TH�v �M 2bb2MiB�H `QH2X 1�+? TQH�`BiQM Bb `2T`2b2Mi2/ �b i?2 bmT2`TQbBiBQM
Q7 �M BMi2`M�H 2t+Bi�iBQM �M/ � T?QiQM Q` � KQiBQM�H 2t+Bi�iBQM UT?QMQMVX SQH�`BiQMb �`2
r2HH@/2}M2/ T�`iB+H2b BM i?2 C*> KQ/2H �M/ i?2B` iQi�H MmK#2` Bb +QMb2`p2/X h?2 BKTHB+�@
iBQMb 7Q` mM/2`bi�M/BM; i?2 C*> KQ/2H �`2 �TT�`2Mi BM i?2 [m�MimK T?�b2 i`�MbBiBQM Q7 �
C*> bvbi2K #2ir22M i?2 JQii@BMbmH�iQ` UJAV R �M/ bmT2`~mB/ Ua6V T?�b2b- r?B+? �`2 +?�`@
�+i2`Bx2/ #v � /`�biB+ +?�M;2 BM i?2 TQH�`BiQM@MmK#2` p�`B�M+2 T2` bBi2X AM +QM+HmbBQM- r2
T`QTQb2/ � b+�H�#H2 b+?2K2 7Q` i?2 bBKmHi�M2Qmb /2i2`KBM�iBQM Q7 BMi2`M�H �M/ KQiBQM�H bi�i2b
BM i`�TT2/ BQMb #�b2/ QM +QM/BiBQM�H K2�bm`2K2MibX h?2 b+?2K2 r�b �TTHB2/ iQ � bvbi2K Q7
TQH�`BiQMb BM i?2 C*> KQ/2H- �M/ � T?�b2 +`QbbQp2` r�b bim/B2/ #v 2p�Hm�iBM; i?2 [m�MiBiB2b
bm+? �b i?2 p�`B�M+2 7Q` i?2 iQi�H 2t+Bi�iBQM MmK#2` UTQH�`BiQM MmK#2`V T2` bBi2X h?2 b+?2K2
T`QTQb2/ ?2`2 +�M #2 �TTHB2/ iQ H�`;2` C*> bvbi2Kb r?2`2 bi22T2` T?�b2 +`QbbQp2`b �M/ i`�M@
bBiBQMb �b r2HH �b MQM2[mBHB#`BmK #2?�pBQ`b `2~2+iBM; BMi2`�+iBQMb �`2 2tT2+i2/X AM �//BiBQM-
i?2 b+?2K2 +�M �HbQ #2 �TTHB2/ iQ Qi?2` bm#D2+ib BM [m�MimK bBKmH�iBQMb rBi? i`�TT2/ BQMb
r?2`2 #Qi? i?2 BMi2`M�H �M/ KQiBQM�H /2;`22b Q7 7`22/QK �`2 7mHHv 2tTHQBi2/ �b i?2 bBKmH�iBQM
`2bQm`+2bX

S`2b2Mi2` M�K2, aBHT� Jm`�HB/?�`�M

S�;2 9yR



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@dj, h`�TT2/ BQMb- _v/#2`; �iQKb- +QH/ TH�bK�b A.Nk

hQr�`/b [m�MimK +QMi`QH �M/ bT2+i`Qb+QTv Q7 � bBM;H2 ?v@
/`Q;2M KQH2+mH�` BQM
�mi?Q`b, .�pB/ >QHx�T72HRc LB+F a+?r2;H2`Rc CQM�i?�M >QK2Rc .�MB2H EB2MxH2`R

R 1h> wɃ`B+?

h?2 +QKTH2tBiv �M/ p�`B2iv Q7 KQH2+mH2b Qz2` QTTQ`imMBiB2b 7Q` K2i`QHQ;v �M/ [m�MimK BM@
7Q`K�iBQM i?�i ;Q #2vQM/ r?�i Bb TQbbB#H2 rBi? �iQKB+ bvbi2KbX h?2 ?v/`Q;2M KQH2+mH�` BQM
Bb i?2 bBKTH2bi Q7 �HH KQH2+mH2b �M/ +�M i?mb #2 +�H+mH�i2/ �# BMBiBQ iQ p2`v ?B;? T`2+BbBQM (R)X
AM +QK#BM�iBQM rBi? bT2+i`Qb+QTv i?Bb �HHQrb iQ /2i2`KBM2 7mM/�K2Mi�H +QMbi�Mib �M/ i2bi
7mM/�K2Mi�H i?2Q`v �i `2+Q`/ T`2+BbBQM (kĜ9)X aT2+i`Qb+QTv Q7 i?2 ?v/`Q;2M KQH2+mH�` BQM
b?QmH/ BKT`Qp2 bm#bi�MiB�HHv #v T2`7Q`KBM; 2tT2`BK2Mib rBi? bBM;H2 ?v/`Q;2M KQH2+mH�` BQMb-
`2/m+BM; bvbi2K�iB+ mM+2`i�BMiB2b �M/ BKT`QpBM; bB;M�H bi`2M;i?X h?Bb M2+2bbBi�i2b [m�MimK
+QMi`QHX

A rBHH T`2b2Mi Qm` T`Q;`2bb iQr�`/b 7mHH [m�MimK +QMi`QH Q7 � bBM;H2 ?v/`Q;2M KQH2+mH�` BQMX
Pm` KQbi `2+2Mi `2bmHib /2KQMbi`�i2 i?2 +Q@i`�TTBM; Q7 bBM;H2 >+

2
�M/ 9"2+ BQMbX q2 Q#b2`p2

>+

2
i`�TTBM; HB72iBK2b Q7 ⇡ 10hX q2 T2`7Q`K ;`QmM/@bi�i2 +QQHBM; Q7 i?2 BQM T�B`Ƕb �tB�H BM@

T?�b2 KQ/2 Q7 KQiBQM- `2bmHiBM; BM �M �p2`�;2 T?QMQM MmK#2` Q7 yXy33U9V- r?B+? +Q``2bTQM/b
iQ � i2KT2`�im`2 Q7 k9X3U9V �EX

h?2 2tT2`BK2Mi�H �TT�`�imb 72�im`2b � +`vQ;2MB+ mHi`�@?B;? p�+mmK +?�K#2`- ?QmbBM; � KB@
+`Q7�#`B+�i2/ KQMQHBi?B+ HBM2�` S�mH i`�TX >+

2
Bb HQ�/2/ BMiQ i?2 i`�T #v 2H2+i`QM #QK#�`/K2Mi

Q7 >2X q2 �BK iQ mb2 >2 #mz2` ;�b +QQHBM; BM +QK#BM�iBQM rBi? [m�MimK HQ;B+ bT2+i`Qb+QTv
iQ BMBiB�HBx2 i?2 BMi2`M�H bi�i2 Q7 >+

2
BM � Tm`2 [m�MimK bi�i2 �M/ BKTH2K2Mi MQM/2bi`m+iBp2

`2�/Qmi (8- e)X

(R) oX AX EQ`Q#Qp- CX@SX E�``- JX >�B/�`- �M/ wX@sX w?QM;- ǳ>vT2`}M2 bi`m+im`2 BM i?2 >+

2

�M/ >.+ KQH2+mH�` BQMb �i Q`/2` K�6-Ǵ S?vbX _2pX � Ryk- ykk3y9- UkykyVX
(k) aX �HB;?�M#�`B- :X aX :B`B- 6X GX *QMbi�MiBM- oX AX EQ`Q#Qp- �M/ aX a+?BHH2`- ǳS`2+Bb2 i2bi
Q7 [m�MimK 2H2+i`Q/vM�KB+b �M/ /2i2`KBM�iBQM Q7 7mM/�K2Mi�H +QMbi�Mib rBi? >.+ BQMb-Ǵ
L�im`2 83R- R8kĜR83 UkykyVX
(j) aX S�i`�- JX :2`K�MM- CX@SX E�``- JX >�B/�`- GX >BHB+Q- oX AX EQ`Q#Qp- 6X JX CX *QxBDM-
EX aX 1X 1BF2K�- qX l#�+?b- �M/ CX *X CX EQ2H2K2BD- ǳS`QiQM@2H2+i`QM K�bb `�iBQ 7`QK H�b2`
bT2+i`Qb+QTv Q7 >.+ �i i?2 T�`i@T2`@i`BHHBQM H2p2H-Ǵ a+B2M+2 jeN Rkj3ĜRk9R UkykyVX
(9) AX oX EQ`imMQp- aX �HB;?�M#�`B- JX :X >�Mb2M- :X aX :B`B- oX AX EQ`Q#Qp- �M/ aX a+?BHH2`-
ǳS`QiQMĜ2H2+i`QM K�bb `�iBQ #v ?B;?@`2bQHmiBQM QTiB+�H bT2+i`Qb+QTv Q7 BQM 2Mb2K#H2b BM i?2
`2bQHp2/@+�``B2` `2;BK2-Ǵ L�im`2 S?vbB+b Rd- 8eNĜ8dj UkykRVX
(8) aX a+?BHH2`- AX EQ`imMQp- JX >2`M�M/2x o2`�- 6X :B�Mim`+Q- �M/ >X /� aBHp�- ǳZm�MimK
bi�i2 T`2T�`�iBQM Q7 ?QKQMm+H2�` KQH2+mH�` BQMb 2M�#H2/ pB� � +QH/ #mz2` ;�b, �M �# BMBiBQ
bim/v 7Q` i?2 >+

2
�M/ i?2 .+

2
+�b2-Ǵ S?vbX _2pX � N8- y9j9RR UkyRdVX

(e) SX PX a+?KB/i- hX _Qb2M#�M/- *X G�M;2`- qX JX Ai�MQ- CX *X "2`;[mBbi- �M/ .X CX qBM2H�M/-
ǳaT2+i`Qb+QTv mbBM; [m�MimK HQ;B+-Ǵ a+B2M+2 jyN- d9NĜd8k Ukyy8VX

S`2b2Mi2` M�K2, .�pB/ >QHx�T72H

S�;2 9yk



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@d9, h`�TT2/ BQMb- _v/#2`; �iQKb- +QH/ TH�bK�b A.RRe

Zm�MimK +QMi`QH Q7 KQiBQM�H bi�i2b BM KBt2/@bT2+B2b i`�TT2/@
BQM +`vbi�Hb
�mi?Q`b, C2MMv qmRc S�M@um >QmRc ai2T?2M 1`B+FbQMRc uQM; q�MRc :BQ`;BQ w�`�MiQM2HHQRc �/�K
"`�M/iRc .�MB2H *QH2kc �M/`2r qBHbQMkc .�MB2H aHB+?i2`kc .B2i`B+? G2B#7`B2/k

R LAahflMBp2`bBiv Q7 *QHQ`�/Q "QmH/2`
k L�iBQM�H AMbiBimi2 Q7 ai�M/�`/b �M/ h2+?MQHQ;v

h?2 bT2+i`�H b2T�`�iBQM #2ir22M `2bQM�Mi i`�MbBiBQMb Q7 /Bz2`2Mi BQM bT2+B2b Qz2`b Kmim�H
BbQH�iBQM i?�i +�M #2 �/p�Mi�;2Qmb 7Q` b+�HBM; i`�TT2/ BQM [m�MimK +QKTmiBM; bvbi2Kb- �M/
MmK2`Qmb ;`QmTb �`2 MQr T2`7Q`KBM; 2tT2`BK2Mib rBi? KBt2/@bT2+B2b +`vbi�Hb Q7 i`�TT2/
BQMbX AM Qm` ;`QmT �i LAah- i`�TT2/ 9"2+ �M/ 24/25J;+ BQMb BM � HBM2�` _6 i`�T ?�p2 #22M
miBHBx2/ iQ /2KQMbi`�i2 bvKT�i?2iB+ +QQHBM;- HQ;B+ ;�i2b- ;�i2 i2H2TQ`i�iBQM- [m�MimK@HQ;B+
bT2+i`Qb+QTv- �M/ ?B;?@}/2HBiv BM/B`2+i `2�/QmiX >2`2 r2 /Bb+mbb irQ 7m`i?2` 2tT2`BK2Mib QM
[m�MimK +QMi`QH Q7 KBt2/@bT2+B2b i`�TT2/@BQM +?�BMbX

q2 KQ/B7v 2H2+i`QK�;M2iB+�HHv@BM/m+2/@i`�MbT�`2M+v U1AhV +QQHBM; i2+?MB[m2b iQ �++QKKQ@
/�i2 i?2 ?vT2`}M2 bi`m+im`2 Q7 25J;+X 1Ah +QQHBM;- �b Q`B;BM�HHv +QM+2Bp2/- Bb � #`Q�/@
#�M/rB/i?- `�TB/- bm#@.QTTH2` +QQHBM; K2i?Q/ bmBi�#H2 7Q` i?`22@H2p2H ⇤ bvbi2KbX 1Ah +QQHBM;
�HbQ `2[mB`2b H2bb H�b2` TQr2` i?�M 7�`@/2imM2/ _�K�M bB/2#�M/ +QQHBM;X q?BH2 i?2 ?vT2`}M2
H2p2Hb Q7 25J;+ �`2 bmBi�#H2 7Q` i?2 BKTH2K2Mi�iBQM Q7 [m#Bib- i?2 T`2b2M+2 Q7 KQ`2 i?�M
irQ ;`QmM/ H2p2Hb UBM +QMi`�bi iQ 24J;+V `2[mB`2b KQ/B}+�iBQM Q7 i?2 Q`B;BM�H 1Ah +QQHBM;
�TT`Q�+?X q2 T`2b2Mi 2tT2`BK2Mi�H T`Q;`2bb BM �TTHvBM; 1Ah +QQHBM; iQ � bBM;H2 25J;+ BQM-
i?2Q`2iB+�H mM/2`bi�M/BM; Q7 HBKBi�iBQMb Q7 i?2 i2+?MB[m2- �M/ 2ti2MbBQMb iQ bvKT�i?2iB+ +QQH@
BM; Q7 KBt2/@bT2+B2b +`vbi�HbX AM T�`iB+mH�`- r2 b?Qr 1Ah +QQHBM; Q7 � RXk J>x �tB�H KQ/2 Q7
� bBM;H2 25J;+ BQM iQ �M �p2`�;2 KQiBQM�H Q++mT�iBQM MmK#2` n̄ I yX9 BM mM/2` R KbX
q2 ?�p2 �HbQ +QmTH2/ T�B`b Q7 KQiBQM�H KQ/2b Q7 p�`BQmb KBt2/@ �M/ b�K2@bT2+B2b BQM +`vbi�Hb
mbBM; �M 2H2+i`B+ TQi2MiB�H i?�i Qb+BHH�i2b �i i?2 /Bz2`2M+2 Q7 irQ KQiBQM�H 7`2[m2M+B2b �M/ ?�b
bmBi�#H2 bT�iB�H /2T2M/2M+2X JQ/2 +QmTHBM; +�M #2 mb2/ 7Q` BM+`2�b2/ KQiBQM�H +QMi`QH �M/
+�M �B/ BM bvKT�i?2iB+ +QQHBM; �M/ [m�MimK@HQ;B+ bT2+i`Qb+QTvX h?Bb +QmTHBM; +�M 2M�#H2
+2`i�BM BQMb rBi?BM � KBt2/@bT2+B2b +?�BM iQ +QQH �M/ `2�/ Qmi bi�i2b Q7 KQiBQM�H KQ/2b BM
r?B+? i?2 �//`2bb2/ BQMbǶ T�`iB+BT�iBQM Bb bK�HH Q` x2`QX q2 /2KQMbi`�i2 i?Bb #v mbBM; 25J;+
BM � 9"2+@25J;+@9"2+ +`vbi�H iQ T2`7Q`K bvKT�i?2iB+ +QQHBM; �M/ `2T2�i2/ `2�/Qmi Q7 i?2
�tB�H ǳai`2i+?Ǵ KQ/2 BM r?B+? i?2 +2Mi2` 25J;+ BQM /Q2b MQi T�`iB+BT�i2X

S`2b2Mi2` M�K2, C2MMv qm

S�;2 9yj



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@d8, h`�TT2/ BQMb- _v/#2`; �iQKb- +QH/ TH�bK�b A.R9e

*?�bBM; i?2 H�bi #Bi Q7 ahA_�S 2{+B2M+v #2ir22M K2i�bi�#H2
?2HBmK �M/ _v/#2`; bi�i2
�mi?Q`b, sB�Qv�M; GBmRc 1HB _�7FBMRc *?`BbiB�M w�T`B�MQpRc >�`QH/ J2i+�H7R

R aiQMv "`QQF lMBp2`bBiv

lbBM; H�b2` TmHb2b iQ K�MBTmH�i2 i?2 BMi2`M�H [m�MimK bi�i2b Q7 �iQKb �M/ KQH2+mH2b T`QpB/2b
M2r QTTQ`imMBiB2b iQ +`2�i2 MQp2H [m�MimK /2pB+2bX *Q?2`2Mi TQTmH�iBQM i`�Mb72` Bb i?2 7mM@
/�K2Mi�H iQQH 7Q` K�Mv TQi2MiB�H [m�MimK �TTHB+�iBQMb bm+? �b �iQKB+ HBi?Q;`�T?v- _v/#2`;
�``�vb- �M/ [m�MimK BM7Q`K�iBQM T`Q+2bbBM;X q2 /2b+`B#2 i?2 _v/#2`; bi�i2 2t+Bi�iBQM BM �
i?`22@H2p2H bvbi2K i?`Qm;? aiBKmH�i2/ _�K�M �/B�#�iB+ S�bb�;2 UahA_�SV �M/ �M 2t+Bi�iBQM
2{+B2M+v K2�bm`2K2Mi K2i?Q/ rBi? #B+?`QK�iB+ 7Q`+2X h?2Q`2iB+�HHv- ahA_�S +�M T`Q/m+2
RyyW TQTmH�iBQM i`�Mb72`- #mi Bi Bb ivTB+�HHv 7�` H2bb 2{+B2Mi BM T`�+iB+2X q2 rBHH /Bb+mbb i?2
TQi2MiB�H `2�bQMb 7Q` 2{+B2M+v HQbb BM i?`22@H2p2H TQTmH�iBQM i`�Mb72`- 2bT2+B�HHv i?2 2z2+i Q7
p2HQ+Biv bT`2�/ BM �iQKB+ #2�K- �M/ i?2 bQHmiBQMb iQ Qp2`+QK2 i?2 2{+B2M+v HQbbX

S`2b2Mi2` M�K2, >�`QH/ J2i+�H7

S�;2 9y9



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@de, h`�TT2/ BQMb- _v/#2`; �iQKb- +QH/ TH�bK�b A.R38

AMi`�@+�pBiv 7`2[m2M+v@/Qm#H2/ o1*a1G bvbi2K 7Q` M�``Qr
HBM2rB/i? _v/#2`; 1Ah bT2+i`Qb+QTv
�mi?Q`b, CQb?m� >BHHXc qBHHB�K >QHH�M/Rc S�mH EmMxRc E2pBM *QtRc .�pB/ J2v2`R

R la �`Kv _2b2�`+? G�#Q`�iQ`v

o2`iB+�H 2ti2`M�H@+�pBiv bm`7�+2@2KBiiBM; H�b2`b Uo1*a1GbV �m;K2Mi2/ #v BMi`�+�pBiv MQMHBM@
2�` QTiB+�H 7`2[m2M+v +QMp2`bBQM ?�p2 2K2`;2/ �b �M �ii`�+iBp2 HB;?i bQm`+2 Q7 mHi`�pBQH2i iQ
pBbB#H2 HB;?i 7Q` /2K�M/BM; b+B2MiB}+ �TTHB+�iBQMb- `2H�iBp2 iQ Qi?2` H�b2` i2+?MQHQ;B2bX h?2v
Qz2` ?B;? TQr2`- HQr T?�b2 MQBb2- rB/2 7`2[m2M+v imM�#BHBiv- �M/ 2t+2HH2Mi #2�K [m�HBiv BM �
bBKTH2 �M/ BM2tT2MbBp2 bvbi2K �`+?Bi2+im`2X >2`2- r2 +?�`�+i2`Bx2 i?2 7`2[m2M+v bi�#BHBiv Q7
�M BMi`�@+�pBiv 7`2[m2M+v@/Qm#H2/ o1*a1G rBi? eNy Kq Q7 QmiTmi TQr2` �i 9d8 MK mbBM;
i?2 /2H�v2/ b2H7@?2i2`Q/vM2 i2+?MB[m2 �M/ /B`2+i +QKT�`BbQM rBi? � +QKK2`+B�H 2ti2`M�H@
+�pBiv /BQ/2 H�b2` U1*.GVX q2 K2�bm`2 i?2 7mM/�K2Mi�HǶb GQ`2MixB�M HBM2rB/i? iQ #2 k⇡ Ɠ
8XjUkV F>x- �M/ i?2 iQi�H HBM2rB/i? iQ #2 k⇡ Ɠ kjUkV F>xX AM �//BiBQM- r2 T2`7Q`K _v/#2`;@
bi�i2 bT2+i`Qb+QTv pB� 2H2+i`QK�;M2iB+�HHv BM/m+2/ i`�MbT�`2M+v U1AhV- Q#b2`pBM; M�``Qr jX8
J>x 7mHH@rB/i? ?�H7 K�tBKmK 1AhX "v /QBM; bQ- r2 /2KQMbi`�i2 i?�i BMi`�@+�pBiv 7`2[m2M+v@
/Qm#H2/ o1*a1Gb +�M T2`7Q`K T`2+BbBQM bT2+i`Qb+QTv �i i?2 J>x H2p2H- �M/ �`2 � T`QKBbBM;
iQQH 7Q` +QMi2KTQ`�`v- �M/ 7mim`2- [m�MimK i2+?MQHQ;B2b

S`2b2Mi2` M�K2, CQb?m� >BHH

S�;2 9y8



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@dd, h`�TT2/ BQMb- _v/#2`; �iQKb- +QH/ TH�bK�b A.kRd

1z2+i Q7 �M QTiB+�H /BTQH2 i`�T QM `2bQM�Mi �iQK@HB;?i BM@
i2`�+iBQMb
�mi?Q`b, h2`2b� E�`�MBFQH�QmRc .�``B+F *?�M;R

R A*6P

h?2 QTiB+�H T`QT2`iB2b Q7 � }t2/ �iQK �`2 2t[mBbBi2Hv r2HH@FMQrM �M/ BMp2biB;�i2/X 6Q`
2t�KTH2- QM2 BKTQ`i�Mi T?2MQK2MQM Bb i?�i i?2 �iQK +�M ?�p2 �M 2ti`�Q`/BM�`BHv bi`QM;
`2bTQMb2 iQ � `2bQM�Mi T?QiQM- �b +?�`�+i2`Bx2/ #v � `2bQM�Mi 2H�biB+ b+�ii2`BM; +`Qbb b2+iBQM
;Bp2M #v i?2 r�p2H2M;i? Q7 i?2 i`�MbBiBQM Bib2H7- �sc / �2X h?2 +�b2 Q7 � iB;?iHv i`�TT2/
BQM- r?2`2 i?2 ;`QmM/ �M/ 2t+Bi2/ bi�i2b �`2 2[m�HHv i`�TT2/- Bb �HbQ r2HH@FMQrMX h?2M- i?2
2H�biB+ +`Qbb b2+iBQM Bb `2/m+2/ #v � 7`�+iBQM +Q``2bTQM/BM; iQ i?2 b[m�`2 Q7 i?2 ǳG�K#@.B+F2
T�`�K2i2`Ǵ- r?BH2 i?Bb b�K2 T�`�K2i2` �HbQ /B+i�i2b i?2 T`Q#�#BHBiv Q7 BM2H�biB+ b+�ii2`BM;
i?�i ;Bp2b `Bb2 iQ KQiBQM�H ?2�iBM;X
AM +QMi`�bi- i?2`2 �`2 K�Mv 2K2`;BM; [m�MimK QTiB+b b2imTb BMpQHpBM; M2mi`�H �iQKb BM iB;?i
QTiB+�H /BTQH2 i`�Tb- bm+? �b +QmTH2/ iQ M�MQT?QiQMB+ r�p2;mB/2b �M/ +�pBiB2b Q` BM �iQKB+
�``�vb- r?2`2 i?2 ;Q�H Bb iQ miBHBx2 2{+B2Mi �iQK@HB;?i BMi2`�+iBQMb QM `2bQM�M+2X P7i2M- r?BH2
i?2 ;`QmM/ bi�i2 Bb i`�TT2/- i?2 2t+Bi2/ bi�i2 K�v BM 7�+i #2 mMi`�TT2/ Q` 2p2M �MiB@i`�TT2/X
>2`2- r2 bvbi2K�iB+�HHv �M�Hvx2 i?2 +QMb2[m2M+2b i?�i i?Bb mM2[m�H i`�TTBM; ?�b QM `2/m+BM;
i?2 2H�biB+ b+�ii2`BM; +`Qbb b2+iBQM- �M/ BM+`2�bBM; i?2 KQiBQM�H ?2�iBM; `�i2X h?Bb �M�HvbBb
K�v #2 mb27mH iQ QTiBKBx2 i?2 T2`7Q`K�M+2 Q7 [m�MimK QTiB+b TH�i7Q`Kb r?2`2 2[m�H i`�TTBM;
+�MMQi #2 `2�/BHv `2�HBx2/X

S`2b2Mi2` M�K2, h2`2b� E�`�MBFQH�Qm

S�;2 9ye



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@d3, h`�TT2/ BQMb- _v/#2`; �iQKb- +QH/ TH�bK�b A.kkN

1tT2`BK2Mi�H b2imT 7Q` i`�TTBM; �M/ +QMi`QHHBM; H�`;2 `2;@
Bbi2`b Q7 #�`BmK@BQM [m#Bib
�mi?Q`b, 6�#B�M SQFQ`MvRc �M/`2b o�x[m2x@"`2MM�MRc C�KB2 G2TT�`/Rc �M� aQiB`Qp�Rc *?`Bb "�HH�M+2R

R lMBp2`bBiv Q7 Pt7Q`/

h`�TT2/@BQM bvbi2Kb �`2 �KQM;bi i?2 KQbi T`QKBbBM; �TT`Q�+?2b 7Q` `2�HBxBM; mb27mH [m�MimK
+QKTmi2`b �M/ bBKmH�iQ`bX >Qr2p2`- b+�HBM; mT i?2 [m#Bi `2;Bbi2` bBx2 rBi?Qmi +QKT`QKBbBM;
T2`7Q`K�M+2 `2K�BMb +?�HH2M;BM;X AM i?2 2tT2`BK2Mi�H b2imT T`2b2Mi2/ ?2`2 r2 rQ`F QM
`2�HBxBM; H�`;2 `2;Bbi2`b Q7 i`�TT2/ #�`BmK@BQM [m#BibX

"�`BmK@BQM [m#Bib Qz2` b2p2`�H 72�im`2b 7�pQm`�#H2 7Q` [m�MimK +QKTmi�iBQM 2tT2`BK2MibX
�KQM; i?2b2 72�im`2b �`2 QTiB+�H i`�MbBiBQMb BM i?2 pBbB#H2 `�M;2 �b r2HH �b HQM;@HBp2/ K2i�bi�#H2
bi�i2b r?B+? �HHQr 7Q` KBt2/ [m#Bi `2;Bbi2`b i?�i 2M�#H2 MQp2H [m#Bi +QMi`QH b+?2K2b HBF2 KB/@
+B`+mBi Q` T�`iB�H T`QD2+iBp2 K2�bm`2K2Mib �M/ BM@b2[m2M+2 +QQHBM;X q2 b?Qr �M �HH@}#2` _�@
K�M bvbi2K +QMbBbiBM; Q7 HQr@MQBb2 8jk MK H�b2`b- bi�M/�`/ }#2` KQ/mH�iQ`b- �M/ � +mbiQK
H�b2`@r`Bii2M r�p2;mB/2 #2�K /2HBp2`v bvbi2K +�T�#H2 Q7 bBM;H2@BQM �//`2bbBM;X q2 +QM}M2
i?2 BQMb BM � b2;K2Mi2/ KQMQHBi?B+ j. KB+`Q7�#`B+�i2/ i`�T (R) i?�i �HHQrb 7Q` �/p�M+2/
i`�TTBM; TQi2MiB�H +QMi`QH r?BH2 bBKmHi�M2QmbHv T`QpB/BM; � HQr ?2�iBM; `�i2X

P// #�`BmK BbQiQT2b �//BiBQM�HHv Qz2` � `�M;2 Q7 K�;M2iB+�HHv BMb2MbBiBp2 ǳ+HQ+FǴ@bi�i2b BM
i?2 ;`QmM/ �M/ K2i�bi�#H2 bi�i2bX �KQM;bi i?2K- i?2 `�/BQ�+iBp2 BbQiQT2 133"�+- rBi? �
Mm+H2�` bTBM Q7 I = 1/2- ?�b i?2 bBKTH2bi H2p2H bi`m+im`2 (k)X q?BH2 Bib HB72iBK2 Q7 RyX8R v2�`b
Bb MQi T`Q#H2K�iB+ 7Q` Bib mb2 �b [m#Bi- `�/B�iBQM b�72iv +QMbB/2`�iBQMb `2[mB`2 b�KTH2 bBx2b Q7
QMHv � 72r KB+`Q;`�Kb- iQQ HBiiH2 7Q` +QMp2MiBQM�H Qp2M HQ�/BM; b+?2K2bX >2`2 r2 T`2b2Mi Qm`
rQ`F iQr�`/b 7�#`B+�iBM; "�*H2 i�`;2ib i?�i �`2 bmBi�#H2 7Q` �#H�iBQM HQ�/BM;X
(R) SX a22- 2i �HX- CQm`M�H Q7 JB+`Q2H2+i`QK2+?�MB+�H avbi2Kb kk- UkyRjV
(k) CX 1X *?`Bbi2Mb2M- 2i �HX- MTD Zm�MimK AM7Q`K�iBQM e- UkykyV

S`2b2Mi2` M�K2, 6�#B�M SQFQ`Mv

S�;2 9yd



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@dN, S`2+BbBQM K2�bm`2K2Mi �M/ i2bib Q7 7mM/�K2Mi�H T?vbB+b A.9yd

_v/#2`;@/`2bb2/ AbBM; BMi2`�+iBQMb 7Q` bTBM b[m22xBM;
�mi?Q`b, C�+Q# �X >BM2bc a?�MF�`B oX _�D�;QT�Hc :�#`B2H GX JQ`2�mc L�xHB lX EQvHmQ;Hmc JB+?�2H .X
q�?`K�Mc L2QKB �X G2rBbc JQMBF� >X a+?H2B2`@aKBi?

ai�M7Q`/ lMBp2`bBiv

_v/#2`; /`2bbBM; T`QpB/2b � p2`b�iBH2 r�v iQ +`2�i2 bi`QM; +Q?2`2Mi BMi2`�+iBQMb #2ir22M
;`QmM/@bi�i2 M2mi`�H �iQKbX h?2b2 HQ+�H- QTiB+�HHv +QMi`QHH2/ BMi2`�+iBQMb +�M i?2Q`2iB+�HHv
#2 mb2/ iQ +`2�i2 K2i`QHQ;B+�HHv mb27mH 2Mi�M;H2K2Mi- bm+? �b bTBM b[m22xBM; BM �M �iQKB+
2Mb2K#H2X q2 T`2b2Mi T`Q;`2bb QM bTBM b[m22xBM; BM � +2bBmK �iQKB+ +HQ+F rBi? AbBM; BMi2`�+@
iBQMb T`Q/m+2/ #v bBM;H2@T?QiQM +QmTHBM; iQ MS bi�i2bX h?2 `2bmHiBM; }MBi2@`�M;2 BMi2`�+iBQMb
;2M2`�i2 �M �M�HQ; Q7 QM2@�tBb irBbiBM;- r?B+? Bb r2HH@2bi�#HBb?2/ 7Q` b[m22xBM; BM �HH@iQ@�HH@
+QmTH2/ bvbi2KbX q2 BKTH2K2Mi QTiBKBx2/ TmHb2 b2[m2M+2b BM+Q`TQ`�iBM; _v/#2`; /`2bbBM;
�M/ �M 2z2+iBp2 i`�Mbp2`b2 }2H/ iQ ;2M2`�i2 bi`QM; irBbiBM; /vM�KB+b rBi? HBKBi2/ /2+Q?2`@
2M+2X h?2 BM+HmbBQM Q7 i?2 i`�Mbp2`b2 }2H/ �//BiBQM�HHv QT2Mb T`QbT2+ib 7Q` 6HQ[m2i 2M;BM22`BM;
iQ `2�HBx2 � KQ/B}2/ irQ@�tBb +QmMi2`irBbiBM; >�KBHiQMB�M 7Q` QTiBKBx2/ b[m22xBM;X

S`2b2Mi2` M�K2,

C�+Q# >BM2b

S�;2 9y3



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f h?@3y, Zm�MiX QTiB+b � ?v#`B/ [m�MiX bvbX A.kNR

hQr�`/b M�MQbi`m+im`2/ TQi2MiB�Hb, +QmTHBM; Q7 �M mHi`�+QH/
�iQKB+ ;�b rBi? � bm`7�+2 �M/ bm#r�p2H2M;i? BK�;BM;
�mi?Q`b, C2�M@#�TiBbi2 :2`2MiRc _QK�BM o2v`QM Rc :mBHH�mK2 "�+H2ikc S?BHBTT2 "Qmv2`Rc aBKQM
"2`MQMR

R GSkL @ lMBp2`bBiû /2 "Q`/2�mt @ *L_a
k GSkL @ lMBp2`bBiû /2 "Q`/2�mt @ *L_a

*QH/ �iQKb BM H�iiB+2b ?�p2 �TT2�`2/ �b ;QQ/ +�M/B/�i2b iQ KBKB+ i?2 T`QT2`iB2b Q7 2H2+i`QMb
BM bQHB/@bi�i2 bvbi2Kb �M/ iQ bBKmH�i2 [m�MimK K�i2`B�HbX >Qr2p2`- 2tT2`BK2Mi�H i2+?MB[m2b
+m``2MiHv mb2 QTiB+�H H�iiB+2b BM i?2 7�`@}2H/X h?Bb HBKBib i?2 H�iiB+2 bT�+BM; iQ �fk �M/ ;Bp2b
�M mTT2` #QmM/ iQ i?2 `2H2p�Mi 2M2`;v b+�H2 UimMM2HBM; �M/ BMi2`�+iBQMV- K�FBM; Bi /B{+mHi
iQ 2Mi2` /22THv BMiQ i?2 T`QT2` [m�MimK `2;BK2b iQ Q#b2`p2 K�;M2iB+ [m�MimK +Q``2H�iBQMb
Q` bi`QM;Hv +Q``2H�i2/ T?�b2bX Pm` T`QD2+i �BKb �i `2/m+BM; i?2 H�iiB+2 T2`BQ/ iQ #`B/;2 i?2
;�T #2ir22M bQHB/@bi�i2 U³V �M/ 7�`@}2H/ H�iiB+2 U8yyMKV #v /2p2HQTBM; � ?v#`B/ [m�MimK
bvbi2K Q7 "Qb2 �M/ 62`KB [m�MimK ;�b BM +HQb2 T`QtBKBiv Q7 � M�MQbi`m+im`2/ bm`7�+2 ;2M2`@
�iBM; bm#r�p2H2M;i? H�iiB+2 TQi2MiB�HbX hQ Tmb? iQr�`/ i?Bb ;Q�H- r2 ?�p2 /2p2HQT2/ � MQp2H
K2i?Q/ iQ i`�MbTQ`i �M/ i`�T �M mHi`�+QH/ �iQKB+ +HQm/ BM i?2 pB+BMBiv Q7 � bm`7�+2X AM i?Bb
TQbi2`- r2 rBHH /Bb+mbb i?2 /2bB;M Q7 i?2 }`bi �iQK@+?BT i?�i rBHH BKTH2K2Mi i?Bb K2i?Q/- �M/
`2TQ`i QM i2bib �#Qmi i?2 i`�MbTQ`i b2[m2M+2X AM T�`iB+mH�`- #v K2�bm`BM; i?2 TQr2` bT2+i`�H
/2MbBiv Q7 i?2 i`�T T�`�K2i2`b- r2 T`2/B+i i?2 MQBb2@BM/m+2/ ?2�iBM; Q7 i?2 i`�TT2/ +HQm/X
am#r�p2H2M;i? H�iiB+2 �M�HvbBb `2[mB`2b �//`2bbBM; 2�+? bBi2 BM/BpB/m�HHv rBi? � `2bQHmiBQM
#2ii2` i?�M i?2 /Bz`�+iBQM HBKBiX 6Q` i?�i Tm`TQb2- r2 BKTH2K2Mi2/ � imM�#H2 bm#r�p2H2M;i?
BK�;BM; bvbi2K rBi? � i?2Q`2iB+�H `2bQHmiBQM Q7 jyMK �M/ r2 /2KQMbi`�i2/ Bib T2`7Q`K�M+2
#v `2bQHpBM; i?2 r�p2@T�+F2i Q7 � +HQm/ BM � bBM;H2 H�iiB+2 bBi2X h?Bb b+?2K2 BMpQHp2b irQ
bmT2`BKTQb2/ QTiB+�H H�iiB+2b �i Rye9 MK �M/ R8kN MK- r?Qb2 BMi2`7`BM;2 +�M #2 imM2/X AM
i?2 TQbi2`- i?2 2tT2`BK2Mi�H b2imT rBHH #2 T`2b2Mi2/- �M/ i?2 /�i� rBHH #2 +QKT�`2/ iQ i?2
i?2Q`2iB+�H 2tT2+i�iBQMX

S`2b2Mi2` M�K2, :2`2Mi C2�M@"�TiBbi2

S�;2 9yN



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`9e, h`�TT2/ BQMb- _v/#2`; �iQKb- +QH/ TH�bK�b A.Rky

1M?�M+2/ bB/2#�M/ +QQHBM; Q7 i`�TT2/ BQMb pB� `2bQM�Mi
/BTQH2@/BTQH2 BMi2`�+iBQM
�mi?Q`b, *?mM;@>bB2M q�M;Rc uB@*?2M; q�M;Rc *?mM@*?2 q�M;Rc >bB�M;@>m� C2MR

R AMbiBimi2 Q7 �iQKB+ �M/ JQH2+mH�` a+B2M+2b- �+�/2KB� aBMB+�- h�BT2B RyeRd- h�Br�M

_2bQHp2/ bB/2#�M/ +QQHBM; T`QpB/2b �M BKTQ`i�Mi i2+?MB[m2 BM T`2T�`BM; i?2 i`�TT2/ BQMb iQ
i?2B` KQiBQM�H ;`QmM/ bi�i2- r?B+? Bb 2bb2MiB�H BM BQM@#�b2/ [m�MimK +QKTmi�iBQMX >2`2 r2
T`2b2Mi � bm`T�bbBM; bB/2#�M/ +QQHBM; T2`7Q`K�M+2 BM i`�TT2/ BQMb miBHBxBM; HB;?i@K2/B�i2/
/BTQH2@/BTQH2 BMi2`�+iBQMb �KQM; i?2KX "v TH�+BM; i?2 BQMb �i K�;B+ BMi2`T�`iB+H2 /Bbi�M+2b-
r2 }M/ i?�i i?2 i�`;2i BQM +�M #2 +QQH2/ +HQb2` iQ i?2 x2`Q@T?QMQM bi�i2- QmiT2`7Q`KBM; i?2
bBM;H2@BQM HBKBiX q2 7m`i?2` BMp2biB;�i2 i?2 2z2+i Q7 /Bz2`2Mi BQMB+ +QM};m`�iBQMb- MmK#2` Q7
BQMb- �M/ H�b2` /2imMBM;- r?2`2 r2 B/2MiB7v p�`BQmb QTiBK�H T�`�K2i2` `2;BK2b BM bmT2`BQ`
+QQHBM; T2`7Q`K�M+2X Pm` `2bmHib T`QpB/2 BMbB;?ib iQ +QQHBM; BQMb rBi? +QHH2+iBp2 /BTQH2@/BTQH2
BMi2`�+iBQMb �M/ T�p2 i?2 r�v iQr�`/ BKTH2K2MiBM; ;2MmBM2 [m�MimK QT2`�iBQMb BM KmHiBTH2
[m�MimK `2;Bbi2`bX

S`2b2Mi2` M�K2, q�M;- *?mM;@>bB2M

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2

QMHBM2 TQbi2` l_G,

S�;2 9Ry



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`9d, h`�TT2/ BQMb- _v/#2`; �iQKb- +QH/ TH�bK�b A.Rj3

� b2;K2Mi2/@#H�/2 BQM i`�T rBi? #B�bBM; `Q/b
�mi?Q`b, CmM;bQQ >QM;Rc JvmM;?mM EBKRc E2mK?vmM EBKRc qQM+?�M G22kc >v2;QQ G22Rc uQmM;BH
JQQMRc JQQMDQQ G22R

R 1H2+i`B+�H 2M;BM22`BM;- SPah1*>
k S?vbB+b- SPah1*>

q2 `2TQ`i i?2 +QMbi`m+iBQM Q7 � b2;K2Mi2/@#H�/2 HBM2�` i`�T (>QM; 2i �HX- �`sBp,kkykXyd9e8
UkykkV)X Pm` i`�T ?�b �mtBHB�`v #B�bBM; `Q/b i?�i rQmH/ #2 mb2/ 7Q` +QKT2Mb�iBM; i?2 KB@
+`QKQiBQMX *QKTH2i2 /2p2HQTK2Mi T`Q+2bb Bb /Bb+mbb2/- BM+Hm/BM; i?2 H�b2` K�+?BMBM; Q7 �M
�HmKBM� �M/ 2H2+i`QTH�iBM; rBi? ;QH/X h?2 bm`7�+2 `Qm;?M2bb Q7 i?2 #H�/2 Bb 2t�KBM2/ pB�
#Qi? 2H2+i`QM �M/ QTiB+�H KB+`Qb+QTvX h`�TTBM; H�b2`@+QQH2/ 174u#+ BQMb BM Qm` /2pB+2- i?2
BQMǶb MQMHBM2�` K2+?�MB+�H Qb+BHH�iBQM Bb BMp2biB;�i2/X

6B;m`2 R, U�V S?QiQ;`�T? Q7 Qm` b2;K2Mi2/@#H�/2 i`�TX U#V 6HmQ`2b+2M+2 BK�;2 Q7 irQ
i`�TT2/ BQMbX

S`2b2Mi2` M�K2, CmM;bQQ >QM;

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2

QMHBM2 TQbi2` l_G,

S�;2 9RR



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

oB`im�H TQbi2` f oB`93, h`�TT2/ BQMb- _v/#2`; �iQKb- +QH/ TH�bK�b A.kee

S`Q;`2bb QM i?2 /2p2HQTK2Mi Q7 *�+ QTiB+�H +HQ+Fb
�mi?Q`b, u�Q >m�M;Rc >m� :m�MRc E2HBM :�QR

R AMMQp�iBQM �+�/2Kv 7Q` S`2+BbBQM J2�bm`2K2Mi a+B2M+2 �M/ h2+?MQHQ;v- qASJ- *�a

>2`2 i?2 `2+2Mi T`Q;`2bb QM i?2 Ca+ BQM QTiB+�H +HQ+Fb rBHH #2 `2TQ`i2/, BM+Hm/BM; � +`vQ;2MB+
Ca

+ BQM +HQ+F �i i?2 HB[mB/ MBi`Q;2M 2MpB`QMK2Mi rBi? 2p�Hm�i2/ mM+2`i�BMiv Q7 3 ⇥ 10
�18-

�M/ � i`�MbTQ`i�#H2 Ca
+ BQM +HQ+F rBi? mM+2`i�BMiv Q7 1.3 ⇥ 10

�17 �M/ �M mTiBK2 Q7 �38W
BM � KQMi?X i?2 +HQ+F bi�#BHBiv Bb ;`2�iHv BKT`Qp2/- rBi? HQM; i2`K bi�#BHBiv `2�+?BM; i?2
10

�18 H2p2HX h?2 �#bQHmi2 7`2[m2M+v K2�bm`2K2Mi Q7 i?2 +HQ+F i`�MbBiBQM r�b `2+2MiHv K�/2-
rBi? � iQi�H mM+2`i�BMiv Q7 2.8 ⇥ 10

�16- i?Bb Bb � 7�+iQ` Q7 k BKT`Qp2K2Mi +QKT�`BM; iQ i?2
K2�bm`2K2Mi BM kykyX q2 rBHH �HbQ /Bb+mbb i?2 TQbbB#BHBiv Q7 K�FBM; � i`�MbTQ`i�#H2- `QQK@
i2KT2`�im`2@#�b2/ Ca

+ BQM +HQ+Fb- rBi? mM+2`i�BMiv �i i?2 10
�18 H2p2H- �M/ �HbQ ;Bp2 i?2

T`QbT2+i QM i?2 TQbbB#H2 7mim`2 �TTHB+�iBQMbX

S`2b2Mi2` M�K2, E2HBM :�Q

A �K TH�MMBM; QM pB`im�H `2;Bbi`�iBQM 7Q` QMHBM2 �ii2M/�M+2

?iiTb,ffB+�TTkykkX#HQ;bTQiX+QKfkykkfyef#HQ;@TQbiX?iKH

S�;2 9Rk



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@dN, lHi`�7�bi- bi`QM;@}2H/ T?vbX- TH�bK� T?vbX A.9N

*Q``2H�iBQMb BM i?2 T`Q+2bb Q7 bi`QM; }2H/ BQMBx�iBQM
�mi?Q`b, A;Q` Ap�MQpRc EvmM; h�2+ EBKk

R AMbiBimi2 7Q` "�bB+ a+B2M+2- aQmi? EQ`2�
k .2T�`iK2Mi Q7 S?vbB+b �M/ S?QiQM a+B2M+2- :Aah

q2 �TTHv +Q``2H�iBQM 7mM+iBQM �M�HvbBb 7Q` � bim/v Q7 bi`QM; }2H/ BQMBx�iBQM Q7 �iQKbX q2 b?Qr
i?�i i?2 bim/v Q7 i?2 +Q``2H�iBQMb Q7 2H2+i`QMǶb +QQ`/BM�i2 �M/ p2HQ+Biv `2p2�Hb T�ii2`Mb r?B+?
+�M #2 M�im`�HHv BMi2`T`2i2/ �b K�MB72bi�iBQMb Q7 i?2 2H2+i`QMǶb #�``B2` 2tBi TQBMi Ui?2 bT�iB�H
TQBMi r?2`2 i?2 2H2+i`QM 2tBib i?2 imMM2HBM; #�``B2`VX h?Bb �M�HvbBb T`QpB/2b �M mM�K#B;mQmb
/2}MBiBQM Q7 i?2 2tBi TQBMi BM i?2 imMM2HBM; BQMBx�iBQM T`Q+2bbX h?2 HQ+�iBQM Q7 i?2 2tBi TQBMi
i?mb /2i2`KBM2/ �;`22b r2HH rBi? i?2 2biBK�i2b mb2/ BM i?2 b2KB+H�bbB+�H bBKmH�iBQMbX
AM i?2 7`�K2rQ`F Q7 i?2 bi�M/�`/ b2KB@+H�bbB+�H TB+im`2 Q7 BQMBx�iBQM #�b2/ QM i?2 E2H/vb?
i?2Q`v �M/ Bib KQ/B}+�iBQMb- FMQrM �b i?2 irQ@bi2T KQ/2H- �M 2H2+i`QM 2K2`;2b BMiQ i?2
+QMiBMmmK rBi? x2`Q Q` M2�` x2`Q p2HQ+Biv �i � +2`i�BM TQBMi BM bT�+2 Ui?2 imMM2H 2tBiV- b2iiBM;
mT BMBiB�H +QM/BiBQMb 7Q` i?2 bm#b2[m2Mi 2H2+i`QM KQiBQMX �M BMBiB�H p�Hm2 Q7 i?2 +QQ`/BM�i2 Bb
/2}M2/ 2Bi?2` #v i?2 bQ@+�HH2/ 6B2H/ .B`2+iBQM JQ/2H Q` U7Q` *QmHQK# bvbi2KbV #v �M 2biBK�i2
#�b2/ QM i?2 mb2 Q7 i?2 T�`�#QHB+ +QQ`/BM�i2 bvbi2K- �b � TQBMi �i r?B+? i?2 2H2+i`QM 2tBib
i?2 #�``B2`X .2bTBi2 i?2 ;`2�i /2�H Q7 bm++2bb r?B+? ?�/ i?2 i`�D2+iQ`v #�b2/ +�H+mH�iBQMb
2KTHQvBM; i?2b2 BMBiB�H +QM/BiBQMb /2}MBM; i?2 bm#b2[m2Mi 2H2+i`QM KQiBQM- i?2 MQiBQMb Q7
i?2 BMBiB�H +QM/BiBQMb �`2 MQi 2�bv iQ `2+QM+BH2 rBi? [m�MimK K2+?�MB+b UZJVX q2 +�MMQi
�bbB;M /B`2+i K2�MBM; iQ i?2 BMBiB�H 2H2+i`QMǶb +QQ`/BM�i2b �M/ p2HQ+Biv mbBM; i?2 r�p2@7mM+iBQM
T`QpB/2/ #v i?2 bQHmiBQM Q7 i?2 +QMp2MiBQM�H h.a1- bm+? � TQbbB#BHBiv #2BM; 2t+Hm/2/ #v
i?2 p2`v #�bB+ T`BM+BTH2b Q7 i?2 ZJX q?�i r2 +�M /Q- mbBM; i?2 h.a1 �M/ i?2 7`�K2rQ`F
Q7 i?2 +QMp2MiBQM�H ZJ- Bb iQ bim/v +Q``2H�iBQMb #2ir22M /Bz2`2Mi Q#b2`p�#H2b �i /Bz2`2Mi
KQK2Mib Q7 iBK2X q2 b?Qr i?�i bim/v Q7 i?2 +Q``2H�iBQM 7mM+iBQM C(z, t; v, tm)- /2b+`B#BM;
+Q``2H�iBQMb #2ir22M i?2 T`Q#�#BHBiB2b iQ HQ+�i2 2H2+i`QM BM T�`iB+mH�` `2;BQMb Q7 i?2 +QQ`/BM�i2
�M/ KQK2MimK bT�+2b- `2p2�Hb T�ii2`Mb r?B+? +�M #2 M�im`�HHv BMi2`T`2i2/ �b K�MB72bi�iBQMb
Q7 i?2 2H2+i`QMǶb BQMBx�iBQM 2p2Mi- T`QpB/BM; BM7Q`K�iBQM �#Qmi bT�iB�H HQ+�iBQM Q7 i?2 2tBi
TQBMi- r?2`2 2H2+i`QM 2tBib i?2 imMM2HBM; #�``B2`X

S`2b2Mi2` M�K2, A;Q` Ap�MQp

S�;2 9Rj



h?2 kdi? AMi2`M�iBQM�H *QM72`2M+2 QM �iQKB+ S?vbB+b f "QQF Q7 �#bi`�+ib

SQbi2` b2bbBQM f hm@3y, lHi`�7�bi- bi`QM;@}2H/ T?vbX- TH�bK� T?vbX A.kyR

AMp2biB;�iBQM Q7 H�b2` 7`2[m2M+v Qzb2i QM MQMHBM2�` +QMp2`@
bBQM BM GvK�M@�HT?� H�b2` bvbi2K
�mi?Q`b, _�+?2H q�M;Xc _2x� �F#�`BXc EB`F J�/BbQMXc h�F�K�b� JQKQb2X

:2M2`�iBQM Q7 ?B;? TQr2` RkRXe MK HB;?i Bb pBi�H 7Q` 2{+B2Mi H�b2` +QQHBM; Q7 �MiB?v/`Q;2MX h?2
M�MQb2+QM/ TmHb2/ H�b2` bvbi2K /2p2HQT2/ 7Q` i?2 �GS>� +QHH�#Q`�iBQM �i *1_L Bb T`2b2Mi2/
?2`2X Ai BM+Hm/2b � ?B;? 2M2`;v TmHb2/ �KTHB}2` �i djy MK- 7QHHQr2/ #v � /Qm#HBM; �M/
bm#b2[m2Mi ;�b T?�b2 i?B`/ ?�`KQMB+ ;2M2`�iBQM bi�;2X q2 Q#b2`p2 �M �MQK�HQmb 7`2[m2M+v
Qzb2i #2ir22M i?2 djy MK b22/ H�b2` BMTmi �M/ i?2 �KTHB}2/ HB;?i BM i?2 }`bi bi�;2X h?Bb
H2�/b iQ � 7`2[m2M+v b?B7i Q7 i?2 M�``Qr#�M/ GvK�M@�HT?� `�/B�iBQM �M/ iQ � b?B7i@/2T2M/2Mi
2M?�M+2K2Mi Q7 i?2 MQMHBM2�` +QMp2`bBQM T`Q+2bbX aBKmH�iBQM Q7 i?2`K�H@QTiB+�H 2z2+ib BM i?2
hB,a�TT?B`2 �KTHB}2` +`vbi�Hb T`2/B+i � bBKBH�` 7`2[m2M+v Qzb2i iQ 2tT2`BK2Mi�H Q#b2`p�iBQMX
*�pBiv �HB;MK2Mi �M/ Qz@`2bQM�Mi HQ+FBM; +QM/BiBQMb BMi`Q/m+2 �M �//BiBQM�H 7`2[m2M+v b?B7i
�++QKT�MB2/ #v �M mMT`2+2/2Mi2/ BM+`2�b2 BM MQMHBM2�` +QMp2`bBQM iQ RkRXe MK `�/B�iBQMX
h?2 7Q`i?+QKBM; T�T2` rBHH T`2b2Mi bmTTQ`iBM; i?2Q`2iB+�H 7`�K2rQ`F �M/ bBKmH�iBQM `2bmHib
Q7 i?Bb T?2MQK2MQMX

S`2b2Mi2` M�K2, _�+?2H q�M;

S�;2 9R9


