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Zusammenfassung 
Pathologische Herzhypertrophie ist ein entscheidender Risikofaktor für die 
Entwicklung von Herzinsuffizienz und prädisponiert darüber hinaus für 
Herzrhythmusstörungen und plötzlichen Herztod. Physiologische 
Herzhypertrophie stellt einen Mechanismus der Adaption des Herzens dar, wobei 
Hypertrophie im Kontext von Grunderkrankungen wie Hypertension, 
Aortenstenose, oder aber auch bei genetischen Mutationen wie zum Beispiel der 
Hypertrophen Kardiomyopathie, maladaptiv ist. Das hier vorgeschlagene Modell 
„A microenvironmental model of pressure overload-induced cardiac 
hypertrophy”, zeigt die entscheidenden Rollen und wechselseitigen Interaktionen 
von Kardiomyozyten und nicht-myokardialen Zellen als Reaktion auf 
pathologische Zustände. Anhaltende kardiovaskuläre Stressfaktoren führen zu 
einer Aktivierung von Kardiomyozyten und nicht-myokardialen Zellen woraufhin 
diese zahlreiche pro-hypertrophe, pro-fibrotische, und pro-inflammatorische 
Mediatoren wie z.B. vasoaktive Hormone, Wachstumsfaktoren, sowie Zytokine 
freisetzen, die in der Folge die Aktivierung von Signalwegen einleiten, welche 
gemeinsam Herzhypertrophie verursachen. Das bedeutet, die Aktivierung von 
mehreren wachstumsassoziierten Signalwegen führt insgesamt zu 
Herzhypertrophie. Während des fibrotischen Umbaus spielen kardiale 
Fibroblasten eine zentrale Rolle, wobei auch Endothelzellen, sowie ansässige 
und infiltrierende Immunzellen diesen Prozess vorantreiben. Wenn man bedenkt, 
wie sich Veränderungen im Mikroumfeld auf die Herzfunktion auswirken, ist eine 
wichtige zukünftige Aufgabe, das aus dem Modell erlangte Wissen, in neue 
pharmakologische Ansatzpunkte zu übertragen. Diese Studie fast Literatur 
bezüglich der Fortschritte aus der Herzhypertrophie Forschung zusammen und 
beschreibt und diskutiert die Entwicklung eines komplexen Mikroumfelds sowie 
der zugehörigen molekularen Mechanismen der Signaltransduktion (Bazgir et al., 
2023). 
 
Hintergrund 
Herzerkrankungen haben eine hohe Prävalenz in der westlichen Welt, wobei eine 
dysfunktionale Herzfunktion ausgelöst durch kardiovaskuläre Stressfaktoren eine 
der primären Ursachen für Morbidität und Mortalität darstellt (Bazgir et al., 2023). 
Diese Pathogenese ist häufig mit myokardialem Umbau assoziiert, ausgelöst 
durch Herzhypertrophie. Die zugrundeliegenden Mechanismen im Mikroumfeld 
sind sehr komplex und obwohl Therapien etabliert sind, scheint die derzeitige 
Behandlung insuffizient zu sein. 
 
Ziel 
Aufgrund des bekannten Zusammenhangs zwischen Herzhypertrophie und 
Herzinsuffizienz, ist eine entscheidende Herausforderung das Verstehen der 
molekularen Pathogenese von Herzhypertrophie. Daher ist das Ziel der Studie, 
den Fokus auf die Prozesse welche im Zusammenhang mit dem Anfang, 
Fortschreiten und der Pathogenese von Herzhypertrophie stehen zu richten und 
ein Modell für zukünftige experimentelle Studien vorzuschlagen, wodurch ein 
besseres Verständnis über die zu Herzhypertrophie führenden Mechanismen 
erlangt werden kann (Bazgir et al., 2023). 
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Methodik 
Eine Literaturrecherche wurde durchgeführt unter Verwendung der PubMed® 
Suche, um Moleküle und Mechanismen zu identifizieren welche die Grundlage 
für die pathologischen Prozesse im Mikroumfeld von Herzhypertrophie darstellen 
und ein Modell für zukünftige experimentelle Studien vorzuschlagen. 
 
Ergebnisse 
“Table 2: Mediators influencing the microenvironment in cardiac hypertrophy” 

(Bazgir et al., 2023) 
Table 3: Pressure overload triggers several actions in cardiac cells 
Table 4: Various mediators trigger actions in cardiac cells 
Figure 4: “A microenvironmental model of pressure overload-induced cardiac 

hypertrophy” (Bazgir et al., 2023) 
Figure 5: “An overview of the pro-hypertrophic and anti-hypertrophic signaling 

pathways regulating the hypertrophic response in the cardiomyocyte” 
(Bazgir et al., 2023) 

Figure 6: “Schematic illustration of the process of fibrotic scar formation at the 
cellular level” 

Figure 7: Schematic diagram of how changes in the microenvironment affect 
cardiac function (Bazgir et al., 2023) 

 
Schlussfolgerung 
Das an der Entwicklung von Herzhypertrophie beteiligte Mikroumfeld besteht aus 
Kardiomyozyten und nicht-myokardialen Zellen, sowie der begleitenden 
Freisetzung von einer Vielzahl an pro-hypertrophen, pro-fibrotischen, and pro-
inflammatorischen Mediatoren (Bazgir et al., 2023). 
 
Kardiale Fibroblasten sind die Hauptakteure während der Entstehung von 
Fibrose, nichtsdestotrotz sind auch Endothelzellen, welche die sogenannte 
EndMT durchlaufen können und in einen Myofibroblast-ähnlichen Phänotyp 
übergehen, in diesem Prozess involviert. Ortsansässige und infiltrierende 
Immunzellen (Mastzellen, Makrophagen, Neutrophile) verstärken diesen 
Prozess, während sie gleichzeitig zu Gewebe Inflammation beitragen. 
Berücksichtigt man all diese Mechanismen im hypertrophen Mikroumfeld, scheint 
das Zuschneiden einer effizienten Therapie extrem Komplex zu sein, und 
erfordert multidirektionale Ansätze und ausgeklügelte Strategien, in welche alle 
Signalwege integriert sein müssen (Bazgir et al., 2023). 
 
Da es nicht möglich ist, jeden zellulären und molekularen Prozess, welcher in 
verschiedenen Formen der Herzhypertrophie involviert ist zu diskutieren, zielte 
diese Studie darauf ab, die hauptsächlichen Einflussfaktoren und entsprechend 
beeinflussten Signalwege des hypertrophen Mikroumfelds zusammenzufassen. 
Ein für die Zukunft notwendiger Ansatz, wird die präzise Identifikation der 
Beteiligung von verschiedenen Zelltypen, sowie der von ihnen freigesetzten 
zellulären Mediatoren und entsprechenden „second messengers“ sein. Dies wird 
es erlauben, die Bekannten, sowie bisher unerkannten molekularen Achsen, 
während der Erkrankung zu beurteilen. In Anbetracht der hohen Prävalenz von 
Herzerkrankungen in der westlichen Welt, sollte es zukünftig ein wichtiges 
Bestreben sein, das erworbene Wissen in neue pharmakologische Ansatzpunkte 
umzuwandeln, die dabei helfen, den Umbauprozess und die schweren 
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Konsequenzen, welche Patienten nach der Diagnose von diastolischer oder 
systolischer Dysfunktion erleiden, zu verlangsamen oder gar zu stoppen (Bazgir 
et al., 2023). 
 
 
Abstract 
“Pathological cardiac hypertrophy is a key risk factor for the development of heart 
failure and predisposes individuals to cardiac arrhythmia and sudden death. 
While physiological cardiac hypertrophy is adaptive, hypertrophy resulting from 
conditions comprising hypertension, aortic stenosis, or genetic mutations, such 
as hypertrophic cardiomyopathy, is maladaptive”. The proposed model of the 
microenvironment of cardiac hypertrophy highlights the essential role and 
reciprocal interactions involving both cardiomyocytes and non-myocardial cells in 
response to pathological conditions. “Prolonged cardiovascular stress causes 
cardiomyocytes and non-myocardial cells to enter an activated state releasing 
numerous pro-hypertrophic, pro-fibrotic, and pro-inflammatory mediators such as 
vasoactive hormones, growth factors, and cytokines, i.e., commencing signaling 
events that collectively cause cardiac hypertrophy”. The activation of multiple 
growth-associated signaling pathways collectively causes cardiac hypertrophy. 
“Fibrotic remodeling is mediated by cardiac fibroblasts as the central players, but 
also endothelial cells and resident and infiltrating immune cells enhance these 
processes”. Considering how changes in the microenvironment affect cardiac 
function, “an important future effort should be to translate the knowledge gained” 
from the proposed model “into new pharmacological targets that help delay or 
even stop the remodeling process”. This study summarizes the literature on “the 
last decades' advances in cardiac hypertrophy research” and describes and 
discusses the development of a “complex myocardial microenvironment” and its 
molecular signaling mechanisms (Bazgir et al., 2023).  
 
Background 
“Given the high prevalence of heart disease in the Western world”, cardiovascular 
stresses that cause heart dysfunction are “one of the primary causes of morbidity 
and mortality […]” (Bazgir et al., 2023). This pathogenesis is often associated 
with myocardial remodelling caused by cardiac hypertrophy. The underlying 
mechanisms in the microenvironment are extremely complex, and despite 
established therapies in use it appears that current treatment regimens are 
insufficient. 
 
Aim 
Due to the known association between cardiac hypertrophy and heart failure, it is 
a pivotal challenge to focus on understanding the molecular pathogenesis of 
cardiac hypertrophy. Therefore, this study aimed to “focus on these processes 
related to the onset, progression, and pathogenesis” of cardiac hypertrophy, and 
propose a model for future experimental studies that will provide a better 
understanding of the mechanisms leading to cardiac hypertrophy (Bazgir et al., 
2023). 
 
Methods 
A literature study was performed using PubMed® search to identify the molecules 
and mechanisms that prepare the ground for the pathological hypertrophic 



  IV  

processes in the cardiac microenvironment and propose a model for future 
experimental studies. 
 
Results 
“Table 2.: Mediators influencing the microenvironment in cardiac hypertrophy” 

(Bazgir et al., 2023) 
Table 3.: Pressure overload triggers several actions in cardiac cells 
Table 4.: Various mediators trigger actions in cardiac cells 
Figure 4: “A microenvironmental model of pressure overload-induced cardiac 

hypertrophy” (Bazgir et al., 2023) 
Figure 5: “An overview of the pro-hypertrophic and anti-hypertrophic signaling 

pathways regulating the hypertrophic response in the cardiomyocyte” 
(Bazgir et al., 2023) 

Figure 6: “Schematic illustration of the process of fibrotic scar formation at the 
cellular level” (Bazgir et al., 2023) 

Figure 7: Schematic diagram of how changes in the microenvironment affect 
cardiac function (Bazgir et al., 2023) 

 
Concluding remarks and future directions 
“The microenvironment involved in the development of cardiac hypertrophy 
involves cardiomyocytes and non-myocardial cells, and the accompanying 
release of numerous pro-hypertrophic, pro-fibrotic, and pro-inflammatory 
mediators facilitating reciprocal interactions” (Bazgir et al., 2023). 
 
“Cardiac fibroblasts are the main players in the development of fibrosis, 
nevertheless, endothelial cells that can undergo EndMT toward a myofibroblast-
like phenotype are closely involved as well. Resident and infiltrating immune cells 
(mast cells, macrophages, neutrophils) enhance these processes while 
simultaneously contributing to tissue inflammation. Thus, considering all these 
mechanisms in the hypertrophic microenvironment”, it appears that “tailoring an 
efficient treatment regimen” is “extremely complex”, requiring multidirectional 
approaches and sophisticated strategies, in which all signaling components are 
integrated (Bazgir et al., 2023). 
 
“Since it is not feasible to discuss every cellular and molecular process involved 
in the development of different types of cardiac hypertrophy”, this study “aimed 
to outline the main drivers of the hypertrophic microenvironment and the 
respective signaling pathways being affected. A necessary future approach will 
be the identification of the precise involvement of different cell types, cellular 
mediators released by them, and the respective activation of second 
messengers. This will allow evaluation of the known and thus far unrecognized 
molecular signaling axes during disease development. Given the high prevalence 
of heart disease in the Western world, an important future effort should be to 
translate the knowledge gained into new pharmacological targets that help to 
delay or even stop the remodeling process and the severe consequences that 
patients experience after diagnosis of diastolic or systolic dysfunction” (Bazgir et 
al., 2023). 
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Abbreviations 
AC, adenylate cyclase; ACE, angiotensin converting enzyme; α-cd actin, alpha-
cardiac actin; aFGF, acidic fibroblast growth factor; AGT, angiotensinogen; 
AKT/PKB, protein kinase B; α-MHC, α-myosin heavy chain; AMP, adenosine 
monophosphate; ANP, atrial natriuretic peptide; APCs, antigen-presenting cells; 
α-sk actin, alpha skeletal muscle actin ; α-sm actin, alpha smooth muscle actin ; 
AT-I, angiotensin I; AT-II, angiotensin II; AT1R, angiotensin II type 1 receptor; 
ATP, adenosine triphosphate; bFGF, basic fibroblast growth factor; FGF-2, 
fibroblast growth factor 2; BH4, tetrahydrobiopterin; ß-MHC, ß-myosin heavy 
chain ; BNP, brain natriuretic peptide; Ca2+, Calcium ion; CaMK, calmodulin-
dependent kinase; cAMP, cyclic adenosine monophosphate; CHF, chronic heart 
failure; CMs, cardiomyocytes; CnAb, calcineurin Aß; CNP, c-type natriuretic 
peptide; CR, cytokine receptor ; CT-1, cardiotrophin-1; DCs, dendritic cells; ECM, 
extracellular-matrix ; EndMT, endothelial-to-mesenchymal transition ; ERK, 
extracellular signal regulated kinase ; ET-1, endothelin-1; FGFR, FGF receptor; 
GPCR, G-protein-coupled receptor; gp130, glycoprotein 130; GSK3ß, glycogen 
synthase kinase-3ß; GTP, guanosine-5'-triphosphate; HCM, hypertrophic 
cardiomyopathy; HDAC4/5, histone deacetylases; Hi-bFGF, high molecular 
weight FGF-2; H2O2,hydroxyl and hydrogen peroxide; ICAM-1, intercellular 
adhesion molecule-1; IGF1, Insulin like growth factor-1; IL-1, Interleukin-1; IL-1b, 
Interleukin-1b; IP3, inositol-1,4,5-trisphosphate; iPSC, induced pluripotent stem 
cells;, Janus kinase; JNK, c-Jun N-terminal kinase; LIF, leukemia inhibitory factor; 
Lo-FGF-2, low molecular weight FGF-2; MAPK, mitogen-activated protein kinase 
; MAPKKK, mitogen-activated kinase kinase kinase; MCP-1, monocyte 
chemoattractant protein-1; MEF2, myocyte enhancer factor 2 ; MEK, mitogen 
activated ERK activating kinase; MLC, myosin light chain; NADPH, nicotinamide 
adenine dinucleotide phosphate; NFAT, nuclear factor of activated T cells ; NE, 
norepinephrine; NF-kB, nuclear factor kappa B ; NO, nitric oxide; NOS, 
uncoupled NO synthases; NOX, nicotinamide adenine dinucleotide phosphate 
oxidase ; NRCs, neonatal rat cardiomyocytes; O2-, superoxide anion; ONOO-, 
peroxynitrite; PDE3A, phosphodiesterase-3a; PAF, platelet-activating factor; 
PDGF, platelet-derived growth factor; PE, phenylephrine; PI2, prostaglandin I2; 
PKA, protein kinase-A; PKC, protein kinase-C; PKD, protein kinase-D; PI3K, 
phosphoinositide 3-kinase; PKGI, cyclic GMP (cGMP)-dependent protein kinase 
1; PLC, phospholipase-C; RAAS, renin-angiotensin-aldosterone system; Rac, 
RAS-related C3 botulinum toxin substrate; Raf, rapidly accelerated fibrosarcoma; 
RAS, renin-angiotensin system; Ras, rat sarcoma ; ROS, reactive oxygen 
species; SERCA2, Ca-pump of sarcoplasmic reticulum ; SMAD, Suppressor of 
Mothers Against Decapentaplegic; Src, sarcoma; STAT, signal transducer and 
activator of transcription; TGF-ß, transforming growth factor beta; TFs, 
transcription factors; TNFα, tumor necrosis factor-α; VCAM-1, vascular cell 
adhesion molecule-1; LVH, ventricular cardiac hypertrophy; XO, xanthine 
oxidase; YAP, yes-associated protein. 
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'
Fig. 1: A schematic overview of physiological and pathological hypertrophy outlining the 
key differences in initiating stimuli and cellular responses and cardiac function. The heart 
shows normal growth after birth until adulthood, a condition that is referred to as developmental 
hypertrophy. Stimuli such as pregnancy or chronic exercise training trigger cardiac hypertrophy 
that can be classified as physiological, in which the major characteristics comprise reversibility 
and normal cardiac morphology and function. In contrast, a detrimental cardiac structure and 
function occur in disease settings such as hypertension and can progress into heart failure. RV: 
right ventricle, LV: left ventricle. Normal/ physiological heart growth is shown in green, and 
pathological heart growth is shown in red. Adapted from (Bernardo et al., 2010). 
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Fig. 2: Concentric and eccentric cardiac hypertrophy. Different forms of cardiac hypertrophy 
occur in response to pressure or volume overload. Pressure overload results in concentric 
hypertrophy, a condition characterized by the addition of sarcomeres in parallel which causes the 
thickening of the left ventricle wall. Volume overload triggers an increase of muscle mass via the 
addition of sarcomeres in series, a condition referred to as eccentric hypertrophy. Adapted from 
(Bernardo et al., 2010). 
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,&!&/*2'#!\4[$,/#/),0'#!0/&+,.,/&$!UT,#1,&$!-.!'#@L!VWWjY@!Q4-!'0.,<'.,/&!/?!.4-!?-.'#!
)-&-! \*/)*'2! *-$(#.$! ,&! .4-! (\*-)(#'.,/&! /?! l:2[/$,&! 4-'<[! 04',&L! '#\4':
$1-#-.'#:'0.,&L!'#\4':$2//.4!2($0#-!'0.,&L!'&+!'.*,'#!&'.*,(*-.,0!\-\.,+-!'$!J-##!'$!
+/J&*-)(#'.,/&! /?! '#\4':2[/$,&! 4-'<[! 04',&! '&+! .4-! $'*0/\#'$2,0! *-.,0(#(2!
Z'!":"QB'$-!V'!UOGHZ"V'Y!U=/*&!-.!'#@L!VWWXb!505(##-&!'&+!S-&&,&)$L!VWWeY@!

!
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V@V!Z'*+,'0!?,P*/P#'$.$! 
7,P*/P#'$.$! *-\*-$-&.! /&-! 2'D/*! )*/(\! ,&! 0'*+,'0! .,$$(-! '00/(&.,&)! ?/*!
4/2-/$.'$,$!(&+-*!\4[$,/#/),0'#!0/&+,.,/&$!'&+!.,$$(-!*-2/+-#,&)!,&!*-$\/&$-!
./!$.*-$$!$.,2(#,! U3*-)/*!-.!'#@L!VW^jb!M-'$1L!VW^iY@!Vep!/?!'##!0'*+,'0!0-##$! ,&!
2,0-!'&+!ajp!,&!*'.$!'*-!7,P*/P#'$.$@!%&!4(2'&$L!&/&:0'*+,/2[/0[.-$!U\*,2'*,#[!
7,P*/P#'$.$Y!'*-!+-$0*,P-+!./!'00/(&.!?/*!eVp!/?!'##!0-##$!UR'&-*D--!-.!'#@L!VWWeb!
]#,-)-&!-.!'#@L!^cc^Y@!!
7,P*/P#'$.$! -K4,P,.! '! $\-0,?,0! 2/*\4/#/)[! ,&0#(+,&)! '! ?#'.L! $\,&+#-:$4'\-+! 0-##!
P/+[!J,.4!2(#.,\#-!\*/0-$$-$L!'&+!'&!'P$-&.!P'$-2-&.!2-2P*'&-!UR'(+,&/!-.!
'#@L! VWWaY@!=(*,&)!+-<-#/\2-&.L! .4-! $/(*0-!/?! .4-!2'D/*,.[! /?! *-$,+-&.! 0'*+,'0!
?,P*/P#'$.$!,$!.4-!-2P*[/&,0!\*/-\,0'*+,'#!/*)'&!UZ'*2/&'!-.!'#@L!VW^Wb!O&,+-*!-.!
'#@L!VWWcY@!Z-##$!/(.!/?!.4-!\*/-\,0'*+,'#!'&+!\*,2,.,<-!-\,0'*+,'#!.,$$(-!(&+-*)/!
-\,.4-#,'#:2-$-&04[2'#! .*'&$,.,/&! UG5QY! P-0/2,&)! *-$,+-&.! ?,P*/P#'$.$! '&+!
?(*.4-*!2,)*'.,&)! ,&./! .4-!2[/0'*+,(2@!f&:$,.-! .4-[!+,??-*-&.,'.-! ,&./! ,&.-*$.,.,'#!
?,P*/P#'$.$L!\-*,<'$0(#'*!?,P*/P#'$.$L!'&+!0/*/&'*[!O5Z$!UG\$.-,&L!VW^Wb!f#,<-[!
-.!'#@L!VWWaY@!=(*,&)!\'.4/#/),0'#!$-..,&)$L!$(04!'$!0'*+,'0!4[\-*.*/\4[L!4/J-<-*L!
&/&:-\,0'*+,'#!.,$$(-$!'*-!.4/()4.!./!P-!.4-!$/(*0-!/?!'!#'*)-!\*/\/*.,/&!/?!0'*+,'0!
?,P*/P#'$.$@! C/.-J/*.4[L! /&-! $.(+[! ?/(&+! .4'.! ,&! \*-$$(*-! /<-*#/'+:,&+(0-+!
0'*+,'0!#-$,/&$L!(\!./!eWp!/?!0'*+,'0!?,P*/P#'$.$!J-*-!+-*,<-+!?*/2!\'.4/#/),0'##[!
,&+(0-+!-&+/.4-#,'#:./:2-$-&04[2'#!.*'&$,.,/&!UG&+5QY!UI-,$P-*)!-.!'#@L!VWWeY@!
"&/.4-*! $.(+[! *-\/*.-+! .4'.! \'.4/#/),0'#! 0'*+,'0! G&+5Q! ,$! '#$/! ,&+(0-+! P[!
+,'P-.-$! UT,+['&./*/! -.! '#@L! VW^WY@! %&! '++,.,/&L! +(*,&)! 4-'*.! +,$-'$-! 0-##$! /?!
4-2'./\/,-.,0!/*,),&!4'<-!P--&!*-\/*.-+!'$!'!2'D/*!$/(*0-!/?!0'*+,'0!?,P*/P#'$.$!
U<'&!"2-*/&)-&!-.!'#@L!VWWgb!I-,$P-*)!-.!'#@L!VWWeY@!7,&'##[L!'0.,<'.,/&!/?!'+(#.!
-\,0'*+,(2!4'$!P--&!?/(&+!./!)-&-*'.-!?,P*/P#'$.$!,&!.4-!0/&.-K.!/?!2[/0'*+,'#!
,&?'*0.,/&!UI4/(!-.!'#@L!VW^^Y@!
7,P*/P#'$.$!\#'[!'!0-&.*'#!*/#-!,&!P/.4!\4[$,/#/),0'#!'&+!\'.4/#/),0'#!0/&+,.,/&$!
/?!0'*+,'0!.,$$(-@!=(-!./!.4-!-K\*-$$,/&!/?!-K.*'0-##(#'*!2'.*,K!UGZ5Y!*-0-\./*$!
0'*+,'0! ?,P*/P#'$.$! '*-! 0'\'P#-! /?! +,*-0.#[! 0/(\#,&)! 2-04'&,0'#! $.,2(#,! ,&./!
?(&0.,/&'#! *-$\/&$-$L! .4-*-P[! *-)(#'.,&)! .4-! 0/2\/$,.,/&! '&+! $.,??&-$$! /?! .4-!
GZ5!'$!J-##!'$!?,P*/.,0!*-$\/&$-!U3*-)/*!-.!'#@L!VW^jb!M-'$1L!VW^iY@!GK0-$$,<-!
-K.*'0-##(#'*!2'.*,K!+-\/$,.,/&!P[!0'*+,'0!?,P*/P#'$.$!,$!'!1-[!0/2\/&-&.!/?!4-'*.!
?',#(*-!'$!,.!#-'+$!./!?,P*/$,$!'&+!\'.4/#/),0'#!0'*+,'0!*-2/+-#,&) UR'&-*D--!-.!'#@L!
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VWWaY@! Z'*+,'0! ?,P*/$,$! ,$! 2-+,'.-+! P[! .4-! *-0*(,.2-&.! /?! ?,P*/P#'$.$! '&+! ,$!
'$$/0,'.-+! J,.4! +-.-*,/*'.,&)! 2,0*/<'$0(#'.(*-! '&+! +[$?(&0.,/&! /?! 2[/0'*+,'#!
$.*(0.(*-$!UI-,$P-*)!-.!'#@L!VWWeY@!Q4($L! .4-!+-<-#/\2-&.!/?!0'*+,'0! ?,P*/$,$! ,$!
.*-2-&+/($#[!+*,<-&!P[!0'*+,'0!?,P*/P#'$.$!U5'&'P-!-.!'#@L!VWWVY@!".!.4-!2/2-&.L!
*-\'*'.,<-!'&+!*-'0.,<-!?,P*/$,$!'*-!1&/J&!'$!.4-!.J/!.[\-$!/?!?,P*/$,$!.4'.!,&</#<-!
0*,.,0'#! '0.,/&$! /?! 0'*+,'0! ?,P*/P#'$.$@! H-\'*'.,<-! ?,P*/$,$! ,$! '$$/0,'.-+! J,.4!
0'*+,/2[/0[.-!+-'.4!'&+!,$!'#$/!04'*'0.-*,6-+!'$!*-\#'0-2-&.!?,P*/$,$@!H-'0.,<-!
?,P*/$,$!/&!.4-!/.4-*!4'&+!*-$(#.$!,&!_,&.-*$.,.,'#`!/*!_\-*,<'$0(#'*`!?,P*/$,$!J4,04!,$!
&/.!#,&1-+!./!0'*+,/2[/0[.-!+-'.4!+,*-0.#[!U"&+-*$/&!-.!'#@L!^cecb!T-P-*!-.!'#@L!
^cgcY@! Q4($L! 0'*+,'0! ?,P*/P#'$.$! '&+! .4-,*! 0-&.*'#! */#-! ,&! ?,P*/$,$! '??-0.! .4-!
2-.'P/#,$2! '&+! \-*?/*2'&0-! /?! 0'*+,/2[/0[.-$! '&+! ,&! .4-! -&+! <-&.*,0(#'*!
?(&0.,/&! UB/*.-*!'&+!Q(*&-*L!VWWcY@! %&!'++,.,/&L!2-04'&,0'#! $.*-$$! .*,))-*$! .4-!
'0.,<'.,/&!/?!0'*+,'0!?,P*/P#'$.!*-$(#.,&)!,&!.4-!\*/+(0.,/&!'&+!*-#-'$-!/?!P,/'0.,<-!
2-+,'./*$! U5'0E-&&'! -.! '#@L! VWWWY@! Q4($L! .4-! -K'0.! J'[! 0'*+,'0! ?,P*/P#'$.$!
0/&.*,P(.-!./!0'*+,'0!4[\-*.*/\4[!,$![-.!./!P-!+-?,&-+@!!
!
V@X!Z'*+,'0!-&+/.4-#,'#!0-##$  
G&+/.4-#,'#!0-##$!UGZY!'*-!'0.,<-!\#'[-*$!,&!0'*+,'0!\4[$,/#/)[!'&+!\'.4/#/)[!'&+!
P[!&(2P-*!/&-!/?!.4-!2/$.!'P(&+'&.!0-##!.[\-$!,&!.4-!4-'*.!U3/),*'D(!-.!'#@L!VW^cY@!
Q4-!0'<,.'*[!$(*?'0-!/?!'##!P#//+!<-$$-#$!'&+!.4-!4-'*.!,$!#,&-+!P[!-&+/.4-#,'#!0-##$!
J4,04!?/*2!'!0/&.,&(/($!2/&/#'[-*@!Q4-!G&+/.4-#,(2!,$!-d(,<'#-&.!,&!2'$$!./!
?,<-!&/*2'#!4-'*.$!'&+!,&!'*-'!./!4'#?!'!+/6-&!.-&&,$!0/(*.$!\-*!$.'&+'*+!eW!1)!
2'&! U9-&+-*$/&L! ^cc^Y@! Q4-! 4-'*.! -K4,P,.$! .J/! .[\-$! /?! -&+/.4-#,'#! 0-##$A!
<'$0(#'*! -&+/.4-#,'#! 0-##$! '&+! -&+/0'*+,'#! -&+/.4-#,'#! 0-##$@! G&+/0'*+,'#!
-&+/.4-#,'#!0-##$!#,&-!.4-!0'*+,'0!0'<,.,-$!J4-*-'$!'##!P#//+!<-$$-#$!'*-!#,&-+!P[!
<'$0(#'*! -&+/.4-#,'#! 0-##$! UR*(.$'-*.! '&+! "&+*,-$L! ^ccVY@! ]'$0(#'*! -&+/.4-#,'#!
0-##$! -K-*.! '! 0*,.,0'#! */#-! +(*,&)! .4-! +-<-#/\2-&.! /?! 0'*+,'0! 4[\-*.*/\4[L!
*-2/+-#,&)L! '&+! ?',#(*-! UG$\-*! -.! '#@L! VWWaY@! 7(*.4-*2/*-L! 0'*+,'0! -&+/.4-#,'#!
0-##$!$(04!'$!<'$0(#'*!-&+/.4-#,(2!0-##$!-K\*-$$!'&+!*-#-'$-!&(2-*/($!'(./:!
'&+! \'*'0*,&-! $(P$.'&0-$! '&+! .4-*-P[! 0/22(&,0'.-! J,.4! 0'*+,/2[/0[.-$@!
C/.'P#[L!.4-!$-0*-.,/&!/?!'(./0*,&-L!D(K.'0*,&-L!'&+!\'*'0*,&-!$(P$.'&0-$!,$!($-+!
P[!'##!0-##$!\*-$-&.!,&!.4-!2[/0'*+,(2!./!2/+(#'.-!?(&0.,/&!,&!&-,)4P/*,&)!0-##$!
UO-)-*$!-.!'#@L!VW^gY@!R-$,+-$L!.4-!,&.-*'0.,/&!P-.J--&!0'*+,'0!-&+/.4-#,'#!0-##$!
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'&+! 0'*+,/2[/0[.-$! ,$! *-d(,*-+! ?/*! &/*2'#! 0'*+,'0! +-<-#/\2-&.! '&+! )*/J.4@!
C-(*-)(#,&L! <'$0(#'*! -&+/.4-#,'#! )*/J.4! ?'0./*! U]G37YL! '&+! '&),/\/,-.,&! '*-!
'2/&)!.4-!<'*,/($!2/#-0(#'*!2-04'&,$2$!'&+!0-##(#'*!$,)&'#$!J4,04!0/&.*/#!.4'.!
,&.-*'0.,/&@! %&! '++,.,/&L! .4-$-! ?'0./*$! 2',&.',&! .4-! \4-&/.[\-! '&+! $(*<,<'#! /?!
0'*+,/2[/0[.-$!,&!.4-!'+(#.!4-'*.!UR*(.$'-*.L!VWWXY@!!
G&+/.4-#,'#! 0-##$!/J&! .4-!'P,#,.[! ./!\*/+(0-!&(2-*/($! ?(&0.,/&'#! ')/&,$.$!'&+!
'&.')/&,$.$L! 0/2\*,$,&)! <'$/+,#'./*$! '&+! <'$/0/&$.*,0./*$L! \*/0/')(#'&.$! '&+!
'&.,0/')(#'&.$L! '&+! ,&?#'22'./*[! '$! J-##! '$! '&.,:,&?#'22'./*[! ?'0./*$@! ;&+-*!
\4[$,/#/),0'#!0/&+,.,/&$L!-&+/.4-#,'#!0-##$!0/&.*/#!.4-!P'#'&0-!/?!.4-$-!2-+,'./*$!
'&+!.4-*-P[!2',&.',&!4/2-/$.'$,$@!B'.4/#/),0'#!0/&+,.,/&$!$(04!'$!-&+/.4-#,'#!
+[$?(&0.,/&! +,$.(*P! .4-! P'#'&0-! /?! .4-$-! 2-+,'./*$! \*/2/.,&)! \'.4/#/),0'#!
,&?#'22'./*[!\*/0-$$-$!UG$\-*!-.!'#@L!VWWaY@!!
!
V@j!%22(&-!0-##$!!

%.!4'$!P--&!$4/J&!.4'.!P[!$-0*-.,/&!/?!2-+,'./*$!$(04!'$!0[./1,&-$!'&+!)*/J.4!
?'0./*$L!,22(&-!0-##$!,&!\'*.!\*/2/.-!0'*+,'0!*-2/+-#,&)!U9,&)#',$!-.!'#@L!^ccjb!
C,0/#-..,!-.!'#@L!^ccaY@!7*,-#-*!'&+!0/##-')(-$!'$$(2-+!,&!VW^i!.4'.!0'*+,'0!,&D(*[!
,$!?/##/J-+!P[!'!2(04!-'*#,-*!*-$\/&$-!/?!*-$,+-&.$!'&+!*-0*(,.-+!,22(&-!0-##$!
.4'&!.4/()4.!P-?/*-@!5/*-/<-*L!,22(&-!0-##$!'0.!P-?/*-!0'*+,'0!4[\-*.*/\4[!'&+!
*-2/+-#,&)L! '&+! 04'&)-$! 0/&.,&(-! .4*/()4/(.! .4-! 2'D/*! 2'#'+'\.,<-!
4[\-*.*/\4,0!2/+,?,0'.,/&!.4'.!,$!?/##/J-+!P[!0'*+,'0!+[$?(&0.,/&!'&+!4-'*.!?',#(*-@!
f&-!2'D/*!?(&0.,/&!/?!,22(&-!0-##$!,&0#(+-$!.4-,*!0//*+,&'.,/&!/?!0'*+,/2[/0[.-!
'&+!&/&:2[/0[.-!'0.,/&! ,&!2'#'+'\.,<-!*-2/+-#,&)@!"$,+-!?*/2!0'*+,/2[/0[.-!
?(&0.,/&! ,22(&-! 0-##$! /J&! '! 0*,.,0'#! */#-! '$! .4-[! '??-0.! 0'*+,'0! ?(&0.,/&! P[!
,&?#(-&0,&)!*-$\/&$-!./!,&D(*[L!,&!\'*.,0(#'*!$0'*!?/*2'.,/&!'&+!,&.-*$.,.,'#!?,P*/$,$!
U7*,-#-*! '&+!5/*.-&$-&L! VW^iY@!9/J-<-*L! .4-! */#-! /?! ,&?#'22'./*[! 0-##$! ,&! .4-!
\*/0-$$!/?!0'*+,'0!4[\-*.*/\4[!,$![-.!./!P-!+-?,&-+@!!
!
V@j@^!Z'*+,'0!2'$.!0-##$!

7,*$.!+-$0*,P-+!P[!B'(#!G4*#,04L!2'$.!0-##$!-K-*.!'!0*,.,0'#!*/#-!'$!2(#.,:-??-0./*!
0-##$!+(*,&)!,&?#'22'.,/&!UR,$04/??L!VWWeb!5-1/*,!'&+!5-.0'#?-L!VWWWY@!Q4-!P/&-!
2'**/J! $-*<-$! '$! '! \#'0-! /?! /*,),&! ?/*! 2'$.! 0-##$! J4-*-! .4-[! '*,$-! ?*/2!
2(#.,\/.-&.!\*/)-&,./*!0-##$@!Q/!P-0/2-!2'.(*-!2'$.!0-##$L!.4-$-!\*-0(*$/*!0-##$!
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4'<-! ./!2,)*'.-! ,&./! $-<-*'#! .,$$(-$! UE,*$4-&P'(2!-.!'#@L! ^cccY@!7(*.4-*2/*-L!
*-$.*,0.-+!./!\-*,\4-*'#!.,$$(-$L!2'.(*-!2'$.!0-##$!+/!&/.!0,*0(#'.-!,&!.4-!P#//+L!
P(.!2',&.',&!.4-!'P,#,.[!./!\*/#,?-*'.-!U3'##,L!VWWWb!5'*/&-!-.!'#@L!VWWVY@!G$\-0,'##[L!
0/&&-0.,<-! .,$$(-:*,04! /*)'&$! ,&0#(+,&)! #(&)$L! 0'*+,/<'$0(#'*! .,$$(-$L!
)'$.*/,&.-$.,&'#! .*'0.L!$1,&L!(.-*($L!'&+!\*/$.'.-!-K4,P,.!2'$.!0-##$! U3'##,L!^ccXb!
5-.0'#?-!'&+!R/[0-L!VWWaY@!
Q4-!\*/.-'$-!-&6[2-$!.*[\.'$-!'&+!04[2'$-!$-*<-!'$!0#'$$,?,0'.,/&$!/?!2'.(*-!
2'$.! 0-##$! ,&! 4(2'&$! *-$(#.,&)! ,&! .*[\.'$-:\/$,.,<-! U5Z.YL! 04[2'$-:\/$,.,<-!
U5Z0YL!/*!.*[\.'$-!'&+!04[2'$-:\/$,.,<-!U5Z.0Y!2'$.!0-##$@!"#.4/()4L!2'$.!0-##!
4-.-*/)-&-,.[!0'&!P-!/P$-*<-+!U3(*,$4!'&+!R/[0-L!VWWab!B*($$,&!'&+!5-.0'#?-L!
VWWaY! .*[\.'$-!'&+! 04[2'$-!\/$,.,<-!2'$.! 0-##$! U5Z.0Y! *-\*-$-&.! cWp!/?! .4-!
2'$.!0-##$!\*-$-&.!,&!.4-!4-'*.!UT-,+&-*!'&+!"($.-&L!^ccXY@!!
"!$.(+[!($,&)!\/$..*'&$\#'&.!-&+/2[/0'*+,'#!P,/\$,-$!\-*?/*2-+!'!d('&.,.'.,<-!
'&'#[$,$! /?! 2'$.! 0-##$! '&+! ?,P*/$,$@! 9-*-L! .4-[! +-2/&$.*'.-+! .4'.! 2'$.! 0-##$!
\'*.,0,\'.-!,&!,&.-*$.,.,'#!'&+!\-*,2[/0[.-!?,P*/$,$!/?!.*'&$\#'&.-+!4-'*.$!.4*/()4!
+-)*'&(#'.,/&! /?! *-#-'$-! \*/+(0.$! .4'.! '*-! ./K,0! ./! .4-! 4-'*.@! %&! '++,.,/&L! .4-!
&(2P-*! /?!2'$.! 0-##$!J'$! $4/J&! ./! P-! 0*,.,0'#! ?/*! .4-! </#(2-!/?! ?,P*/$,$L! '&+!
+-.-0.,/&!/?!2/*-!$-<-*-!*-D-0.,/&!-\,$/+-$!J'$!?/(&+!*-#'.-+!./!,&0*-'$-+!2'$.!
0-##! &(2P-*$! UM,! -.! '#@L! ^ccVY@! Q4($L!2'$.! 0-##$! '*-! 0*,.,0'#! \#'[-*$! ,&! <'*,/($!
\'.4/#/),0'#!\*/0-$$-$!,&0#(+,&)!,&?#'22'.,/&!'&+!0'*+,/<'$0(#'*!0/2\#,0'.,/&!
$(04!'$!'**4[.42,'!'&+!)*'?.!*-D-0.,/&!UR'#'1(2'*!-.!'#@L!VWWgY@!B#($L!2'$.!0-##$!
$-*<-!'$!'!$/(*0-!/?!&(2-*/($!2-+,'./*$L! ,&0#(+,&)!0[./1,&-$L!)*/J.4!?'0./*$L!
04-2/1,&-$L! \*/.-'$-$L! '&+! /.4-*! 2-+,'./*$! U5-1/*,! '&+! 5-.0'#?-L! VWWWY@!
"&),/)-&-$,$!UH'1($'&!-.!'#@L!^ccWYL!?/*2'.,/&!/?!'.*,'#!&'.*,(*-.,0!\-\.,+-!U"CBY!
UB*/0./*!-.!'#@L!^cc^Y!'&+!'&),/.-&$,&!%%!U"Q!%%Y!U7*'&)/),'&&,$!-.!'#@L!^ccgb!O,#<-*!
-.!'#@L!VWWjY!'*-!'2/&)! .4-!&(2-*/($!\4[$,/#/),0'#! ?(&0.,/&$!/?!0'*+,'0!2'$.!
0-##$@!R-[/&+! .4'.!2'$.! 0-##$!4'<-! #/&)!P--&!(&+-*$.//+!'$!0-##$!J,.4!2',&#[!
,&?#'22'./*[!\*/\-*.,-$L!P(.! .4*/()4!.4-!-#'P/*'.,/&!/?!$-<-*'#!0[./1,&-$!U-@)@L!
%M:jL!%M:gL!QC7:'Y!,&!-'*#[!^ccW!,.!J'$!P-0/2,&)!-<,+-&.!UR*'++,&)!-.!'#@L!^ccVb!
5/##-*!-.!'#@L!^ccXb!T'#$4!-.!'#@L!^cc^YL!.4'.!(&#,1-!/*,),&'##[!.4/()4.L!.4-$-!0-##$!
2,)4.!-K4,P,.!'!2/*-!0/2\#-K!*/#-!U3'##,L!^ccXb!5'*/&-!-.!'#@L!^cgcY@!Z/&$,$.-&.!
J,.4! $-<-*'#! $.(+,-$! .4,$! $())-$.$! '! $,)&,?,0'&.! */#-! ?/*! 2'$.! 0-##$! ,&! 0'*+,'0!
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4[\-*.*/\4[!'&+!4-'*.!?',#(*-!UR'.##-!-.!'#@L!VWWab!9'*'!-.!'#@L!VWWVb!S/$-\4!-.!'#@L!
VWWXb!O4,/.'!-.!'#@L!VWWXY@!
!
V@j@V!5/&/0[.-$!N!2'0*/\4')-$!

Q4-! 4-'#.4[! '$! J-##! '$! .4-! ,&D(*-+! 0'*+,'0! .,$$(-! -K4,P,.$! '! 4-.-*/)-&/($!
\/\(#'.,/&! /?! 2'0*/\4')-$! '&+! ,$! ?/(&+! ,&! P/.4! 4(2'&! '&+! 2/($-! 4-'*.$!
U"66'J,! -.! '#@L! VWWiY@! 5/$.! 2'0*/\4')-$! J,.4,&! .4-! 4-'*.! '*-! -$.'P#,$4-+!
-2P*[/&,0'##[!?*/2!.4-![/#1!$'0!'&+!?-.'#!2/&/0[.-!\*/)-&,./*$!,&+-\-&+-&.!/?!
P/&-:2'**/J:+-*,<-+!2/&/0[.-$!UG\-#2'&!-.!'#@L!VW^jY@!"#.4/()4!,.!,$!0/22/&#[!
'00-\.-+! .4'.! 0,*0(#'.,&)! P#//+!2/&/0[.-$! ),<-! *,$-! ./!2'0*/\4')-$@! O-<-*'#!
$.(+,-$! +-2/&$.*'.-+! .4'.!2',&#[! #/0'#! \*/#,?-*'.,/&! $-*<-$! ./!2',&.',&! .,$$(-:
*-$,+-&.! 2'0*/\4')-! &(2P-*$! ,&! '! $.-'+[:$.'.-! 4-'*.! U3,&4/(K! -.! '#@L! VW^Wb!
9'$4,2/./! -.! '#@L! VW^Xb! O04(#6! -.! '#@L! VW^Vb! q/&'! -.! '#@L! VW^XY@! Q4-! $(*?'0-!
-K\*-$$,/&! /?! M[aZ! '&+! 04-2/1,&-! Z:Z! 2/.,?! *-0-\./*:V! UZZHVY! +,<,+-! .4-!
4-.-*/)-&/($! 2/&/0[.-! $(P$-.$L! 0/2\*,$,&)! 0#'$$,0'#! M[aZ4,)4ZZHV4,)4!
2/&/0[.-$!'&+!&/&:0#'$$,0'#!M[aZ#/JZZHV#/J!2/&/0[.-$!U3-,$$2'&&!-.!'#@L!
VWWXY@! M[aZ4,)4! 2/&/0[.-$! +-$0-&+! ?*/2! M[aZZ! \*/)-&,./*$! ,&! .4-! P/&-!
2'**/J@! M[aZ4,)4! 2/&/0[.-$! '*-! *-#-'$-+! ,&./! .4-! P#//+L! *-#[,&)! /&! .4-!
-K\*-$$,/&!/?!ZZHV!UO-*P,&'!'&+!B'2-*L!VWWaY@!M[aZ#/J!2/&/0[.-$!'*,$-!?*/2!
M[aZ4,)4! 2/&/0[.-$! .4*/()4! '! &(0#-'*! *-0-\./*! $(P?'2,#[:j:+-\-&+-&.!
UCHj"^Y!.*'&$0*,\.,/&'#!\*/)*'2!U9'&&'!-.!'#@L!VW^^Y@!%&!.4'.!0/&.-K.L!'$!M[aZ#/J!
2/&/0[.-$h2'0*/\4')-$! -K\*-$$! 2/*-! ZrXZH^! .4'&! M[aZ4,)4! 0-##$L! .4-!
04-2/1,&-! *-0-\./*! ZrXZH^! 0'&! P-! ($-+! ./! +,$.,&)(,$4! P-.J--&! +,??-*-&.!
2/&/0[.-h2'0*/\4')-!\/\(#'.,/&$!U3-,$$2'&&!-.!'#@L!VWWXb!3-,$$2'&&!-.!'#@L!
VW^WY@! 5/*-/<-*L! +(*,&)! ,&?#'22'.,/&L! .4-! ZrXZH^! 0/&.*,P(.-$! ./! 0-##!
*-0*(,.2-&.! <,'! 04-2/.'K,$! '&+! 2-+,'.-$! '+4-$,/&! U"(??*'[! -.! '#@L! VWWcb!
9/044-,$-*!-.!'#@L!VW^Xb!%2',!-.!'#@L!^cceY@!!
O-<-*'#! $.(+,-$! ,&+,0'.-! .4'.! J,.4,&! .4-! ?,*$.! J--1! /?! \*-$$(*-! /<-*#/'+!
M[aZ4,)4ZZHV4,)4! '&+! M[aZ#/JZrXZH^4,)4! 2/&/0[.-$! '&+! 2'0*/\4')-$!
,&?,#.*'.-!4[\-*.*/\4,0!4-'*.$!P[!($,&)!ZZHV!'&+!ZrXZH^!UM,'/!-.!'#@L!VW^gb!B'.-#!
-.!'#@L!VW^gb!B'.-#!-.!'#@L!VW^eb!T-,$4-,.!-.!'#@L!VW^jb!T-,$4-,.!-.!'#@L!VWV^Y@!f.4-*!
$.(+,-$! *-\/*.-+! .4'.! '#2/$.! '#J'[$! 2'0*/\4')-$! 0'&! P-! ,+-&.,?,-+! &-'*!
0/##')-&:\*/+(0,&)!5[/?,P*/P#'$.$! UM-,0-$.-*! -.! '#@L! VWWjb!H'22!-.! '#@L! ^ccgb!
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Q4/2\$/&! -.! '#@L! VWWgYL! '&+! '00/*+,&)! ./! /.4-*$! .4-*-! ,$! $.*/&)! -<,+-&0-! ?/*!
*-0,\*/0'#! ,&.-*'0.,/&$! U7*,-+2'&L! VWWgY@! %&! '++,.,/&L! $-<-*'#! '0.,/&$! ,&0#(+,&)!
0#-'*'&0-!/?!+-'+!0-##$!'&+!+-P*,$L!$-0*-.,/&!/?!)*/J.4! ?'0./*$!'&+!0[./1,&-$L!
0/&.*/#!/?!?,P*/P#'$.!'0.,<'.,/&L!'$!J-##!'$!\*/.-'$-!\*/+(0.,/&!?/*!+-)*'+'.,/&!/?!
GZ5!'*-!'2/&)!.4-!*-)(#'./*[!'0.,/&$!/?!2/&/0[.-$!'&+!2'0*/\4')-$!UE'),.'&,!
-.!'#@L!VWWjb!H-&!-.!'#@L!VW^^b!T[&&!'&+!R'**/&L!VW^WY@!Q4($L!,&?#'22'./*[!0-##$L!
-$\-0,'##[!0'*+,'0!2'0*/\4')-$!0'&!P-!0/&$,+-*-+!2'D/*!\#'[-*$!+*,<,&)!?,P*/.,0!
04'&)-$!,&!.4-!2,0*/-&<,*/&2-&.!/?!0'*+,'0!4[\-*.*/\4[@!
!
V@j@X!C-(.*/\4,#$!

Q4-! ?,*$.! *-$\/&+-*$! ./! ,&?-0.,/&!'&+! ,&D(*[!'&+! .4-!2/$.!&(2-*/($!0,*0(#'.,&)!
#-(1/0[.-$!,&!4(2'&!P#//+!0/2\*,$-!.4-!&-(.*/\4,#!)*'&(#/0[.-$!UE/#'061/J$1'!
'&+!E(P-$L!VW^XYL!J4,04!4'<-!P--&!+-$0*,P-+!'$!,&&'.-!,22(&-!0-##$!.4'.!'*-!
*-'+,#[!2/P,#,6-+L!'&+!.4-*-P[!-K-*.!'!2'D/*!*/#-!,&!.4-!+-?-&$-!/?!P'0.-*,'#!'&+!
?(&)'#!\'.4/)-&$!UC'.4'&L!VWWaY@!%&!'++,.,/&L!&-(.*/\4,#$!4'<-!P--&!,2\#,0'.-+!
,&! .4-! \'.4/\4[$,/#/)[! /?! 2[/0'*+,'#! ,$04-2,'L! '&+! *-\-*?($,/&! J4,04! ,$!
'00/2\'&,-+!P[!2,0*/<'$0(#'*!'&+!\'*-&04[2'#!,&D(*[!UG&)#-*L!^cgcb!M(004-$,!
-.! '#@L! ^cgcY@!C-(.*/\4,#$! '*-! $4/*.:#,<-+L! .-*2,&'##[! +,??-*-&.,'.-+! 0-##$L! J,.4! '!
#,?-$\'&! .4'.! ,$! )-&-*'##[! 2-'$(*-+! ,&! .-*2$! /?! 4/(*$! '&+! $())-$.-+! P#//+!
0,*0(#'.,/&!.,2-!/?!$-<-*'#!+'[$!UE-&&-+[!'&+!=-M-/L!VWWcb!B,##'[!-.!'#@L!VW^Wb!
O(22-*$! -.! '#@L! VW^WY@!=(*,&)! 4/2-/$.'$,$! .4-$-! 0-##$! 0/&.,&(/($#[! (&+-*)/!
*-\#-&,$42-&.L! 4/J-<-*! ,&?-0.,/&! /*! $-*,/($! .,$$(-! ,&D(*[! ,$! ?/##/J-+! P[! '&!
'()2-&.-+!\*/<,$,/&L!'&+!.4-&!\*/+(0,&)!&-(.*/\4,#$!,&</#<-$!'#2/$.!.4-!-&.,*-!
P/&-!2'**/J@!O-<-*'#!'*-'$!0/2\*,$,&)!2'0*/\4')-$!,&!.4-!#,<-*L!P/&-!2'**/J!
$.*/2'L!'&+!2'*),&'#!6/&-!/?! .4-!$\#--&!4'<-!P--&!+-$0*,P-+! ./!2-+,'.-! .4-!
4/2-/$.'.,0!*-2/<'#!/?!&-(.*/\4,#$!?*/2!.4-!0,*0(#'.,/&L!J4,04!'.!.4-!$'2-!.,2-!
2($.!2'.04!J,.4!\*/+(0.,/&!U3/*+[!-.!'#@L!VW^^b!O(22-*$!-.!'#@L!VW^WY@!
B'..-*&! *-0/)&,.,/&! *-0-\./*$! UBBH$Y!/&! .,$$(-:*-$,+-&.!0-##$!$-&$-!\'.4/)-&:
'$$/0,'.-+! 2/#-0(#'*! \'..-*&$! UB"5B$Y! '&+! +'2')-:'$$/0,'.-+! 2/#-0(#'*!
\'..-*&$! U="5B$Y! +(*,&)! '&! ,&?-0.,/&! /*! .,$$(-! +'2')-L! '$! J-##! '$! *-0*(,.!
&-(.*/\4,#$! <,'! .4-! \*/+(0.,/&! /?! 04-2/1,&-$! $(04! '$! ZrZM^! '&+! ZrZMV!
UE/#'061/J$1'! '&+! E(P-$L! VW^XY@! "++,.,/&'##[L! B"5B$! '&+! ="5B$! 2'[! P-!
,2\#,0'.-+!,&!.4-!,&+(0.,/&!/?!*-0*(,.2-&.!'$!J-##!'$!\*/,&?#'22'./*[!'0.,<'.,/&!
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<,'!.4-!+,*-0.!'0.,<'.,/&!/?!&-(.*/\4,#$!U9'['$4,!-.!'#@L!VWWXY@!Q4($L!04-2/.'0.,0!
?'0./*$!J4,04!'*-!\*-$-&.-+!,&!'!.-2\/*'##[!'&+!$\'.,'#!2'&&-*!*-0*(,.!&-(.*/\4,#$!
,&./!,&D(*-+!.,$$(-$!,**-$\-0.,<-!/?!-K,$.,&)!,&?-0.,/&!UR,##'+-'(L!VWWgb!50=/&'#+!
-.! '#@L! VW^WY@! 9'<,&)! '**,<-+! ,&! .,$$(-$L! &-(.*/\4,#$! 0/&0/2,.'&.#[! 2-+,'.-!
2/&/&(0#-'*!0-##!'0.,<,.,-$!'&+!(&#-'$4!'!<'*,-.[!/?!$(P$.'&0-$!$(04!'$!*-'0.,<-!
/K[)-&! $\-0,-$! UHfOY! J4,04! \/.-&.,'##[! .*,))-*! ?(*.4-*! .,$$(-! ,&D(*[! UC'.4'&L!
VWWab!O/-4&#-,&!'&+!M,&+P/2L!VW^Wb!O/-4&#-,&!-.!'#@L!VWWcY@!5/*-/<-*L!/K[)-&!
*'+,0'#$L! \*/.-'$-$L! '&+! '*'04,+/&,0! '0,+!2-.'P/#,.-$! 0/2\*,$-! .4-! <'*,-.[! /?!
0[././K,0!\*/+(0.$!*-#-'$-+!P[!'0.,<'.-+!&-(.*/\4,#$!UG&)#-*L!^cgcb!M(004-$,!-.!
'#@L!^cgcb!T-,$$L!^cgcY@!!
G<-&!.4/()4!.4-!<,-J!/&!0'*+,'0!4[\-*.*/\4[!+-<-#/\2-&.!'&+!\*/)*-$$,/&!./!
4-'*.! ?',#(*-! 4'$! .*'+,.,/&'##[! P--&! '$$/0,'.-+! J,.4! 4-2/+[&'2,0! '&+!
&-(*/4/*2/&'#! +,$/*+-*$L! 'J'*-&-$$! 4'$! ,&0*-'$-+! .4'.! ,&?#'22'.,/&! '#$/!
-K-*.$! '! 0*,.,0'#! */#-! UE'2/! -.! '#@L! VW^ib! 5'&&L! VWWVY@! Q4($L! .4-$-! #,&-$! /?!
-<,+-&0-! '##! ,&+,0'.-! .4'.! &-(.*/\4,#$! 2'[! '#$/! P-! ,&</#<-+! ,&! .4-!
\'.4/\4[$,/#/),0'#! \*/0-$$-$! /00(**,&)! ,&! .4-! 2,0*/-&<,*/&2-&.! /?! 0'*+,'0!
4[\-*.*/\4[@!
!
V@i!O[2\'.4-.,0!&-(*/&$!

Z-&.*'#! '&+! \-*,\4-*'#! 0/2\/&-&.$! 0/2\/$-! .4-! $[2\'.4-.,0! 0,*0(,.L! '&+! .4-!
,&.-*?'0-!P-.J--&!.4-$-!$[$.-2$! ,$!*-\*-$-&.-+!P[!.4-!\-*,\4-*'#!$[2\'.4-.,0!
)'&)#,'@! Q4-! $[2\'.4-.,0! 04',&! -K4,P,.$! \/$.)'&)#,/&,0! $[2\'.4-.,0! &-(*/&$L!
J4,04! *-0-,<-! 0-&.*'#! ,&\(.$! /?! 04/#,&-*),0! \*-)'&)#,/&,0! $\,&'#! 0/*+! &-(*/&$!
#/0'.-+!,&!.4-!,&.-*2-+,/#'.-*'#!0/#(2&L!'&+!,&!.(*&!.*'&$2,.!./!.'*)-.!$.*(0.(*-$!
,&0#(+,&)!4-'*.L!1,+&-[$L!'&+!<'$0(#'.(*-!,&!.4-!\-*,\4-*[!UZ//.-!'&+!Z4'(4'&L!
VW^aY@!!
O[2\'.4-.,0!&-(*/&$!+-&$-#[!,&&-*<'.-!.4-!4-'*.!P[!&/*-\,&-\4*,&-!UCGY!*-#-'$-!
'&+! '0.,<'.,/&! /?! l:'+*-&-*),0! *-0-\./*$! Ul:"H$Y@! Q/! 2'.04! .4-! P#//+! ?#/J!
*-d(,*-2-&.$!/?!\-*,\4-*'#!/*)'&$L!$[2\'.4-.,0!&-(*/&$!/\-*'.-!\4[$,/#/),0'##[!
'$! '! $4/*.:.-*2! -&4'&0-*! /?! .4-! 4-'*.! *'.-L! 0/&+(0.,/&! <-#/0,.[L! '&+! 0'*+,'0!
0/&.*'0.,#,.[!UO'2\$/&!'&+!E'$$L!VW^WY@!Q4($L!.4-!0/&.,&(/($!?(&0.,/&'#!'+'\.,/&!
/?! .4-! 4-'*.! .4*/()4! '0(.-! U-@)@L! 04*/&/.*/\,0L! ,&/.*/\,0L! '&+! #($,.*/\,0Y! '&+!
04*/&,0!U,@-@!*-)(#'.,/&!/?!)-&-!-K\*-$$,/&Y!-??-0.$!/?!&-(*/&'#!,&\(.$!/&!.'*)-.!
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0'*+,/2[/0[.-$! ,$! \*/<,+-+! <,'! 2[/0'*+,'#! $[2\'.4-.,0! ,&&-*<'.,/&! -&$(*,&)!
/\.,2'#!-#-0.*,0'#!'&+!0/&.*'0.,#-!\-*?/*2'&0-!U7*'&6/$/!-.!'#@L!VW^ab!M'*$-&!-.!
'#@L!VW^ab!B,'&0'!-.!'#@L!VW^cb!B*'&+/!-.!'#@L!VW^gb!O4'&!-.!'#@L!VW^Wb!I')#,'!-.!'#@L!
VW^XY@!!
O-<-*'#!0'*+,'0!+,$-'$-$!,&0#(+,&)!2[/0'*+,'#!4[\-*.*/\4[L! ,$04-2,'h,&?'*0.,/&!
U5%YL! '&+! 4-'*.! ?',#(*-! ,&</#<-! '! +[$?(&0.,/&'#! &-(*/)-&,0! 0/&.*/#! /?! 0'*+,'0!
'0.,<,.[@!%&0*-'$-+!,&0,+-&0-$!/?!'**4[.42,'$!0/2\*,$-!.4-!04'*'0.-*,$.,0!/?!.4-$-!
+,$-'$-!0/&+,.,/&$L!J4,04!'##!'*-!'$$/0,'.-+!J,.4!.4-!,&0*-'$-+!$[2\'.4-.,0!+*,<-!
/*!*-+(0-+!$[2\'.4-.,0!&-(*/&!.*'&$2,$$,/&!U3'*+&-*!-.!'#@L!VW^ab!9'$'&!-.!'#@L!
VWWab!9-**,&)!-.!'#@L!VW^cb!E'[-!-.!'#@L!VWWWb!E,2(*'!-.!'#@L!VWWeb!5,['(04,!-.!'#@L!
VWWXb!O04'?-*$!-.!'#@L!^ccgb!I4/(!-.!'#@L!VWWjY@!"!0*,.,0'#!*/#-!4'$!P--&!'..*,P(.-+!
./!.4-!$[2\'.4-.,0!&-*</($!$[$.-2!-$\-0,'##[!,&!.4-!*-)(#'.,/&!/?!P#//+!\*-$$(*-L!
,&! J4,04! P-?/*-! 4[\-*.-&$,/&! /&$-.! ,&0*-'$-+! $[2\'.4-.,0! +*,<-! 4'$! P--&!
/P$-*<-+!,&!4(2'&!'&+!'&,2'#!2/+-#$L!*-$\-0.,<-#[!U='<,$!-.!'#@L!VWVWb!3*'$$,!
-.! '#@L! VW^iY@! %&! '++,.,/&L! $[2\'.4-.,0! &-(*/&$! 4'<-! P--&! ,+-&.,?,-+! '$! '0.,<-!
+*,<-*$!04'&),&)!.4-!\*/\-*.,-$!/?!0'*+,/2[/0[.-$!UM'*$-&!-.!'#@L!VW^aYL!'&+!'!
$.(+[!*-\/*.-+!\'.4/#/),0'#!4[\-*.*/\4[!,&!'+(#.!4[\-*.-&$,<-!O9H!4-'*.$!UR-##!
-.!'#@L!VWWjY@!%&!0/&0#($,/&L!4-'*.!?',#(*-!UO04J'*.6!-.!'#@L!VW^ib!Q(!-.!'#@L!VW^jYL!
\/$.:2[/0'*+,'#!,&?'*0.,/&!U"D,D/#'!-.!'#@L!VW^iYL!'&+!4[\-*.-&$,/&L!P/.4!,&!4(2'&$!
UG$#-*!-.!'#@L!VW^Wb!3*'$$,!-.!'#@L!VW^ib!9'P-01-*!-.!'#@L!VW^ab!S/[&-*!-.!'#@L!VWWgb!
5'&0,'! '&+! 3*'$$,L! VW^jY! '&+! ,&! .4-! $\/&.'&-/($#[! 4[\-*.-&$,<-! *'.! UO9HY!
U9-'./&! -.! '#@L! VWWeb! O4'&1$! -.! '#@L! VW^XY! 0/2\*,$- 0/&+,.,/&$! .4'.! $4'*-! .4-!
0/22/&! 4'##2'*1! /?! 0'*+,'0! $[2\'.4-.,0! 4[\-*'0.,<,.[@! Q4($L! ,&0*-'$-+!
&/*-\,&-\4*,&-! UCGY! *-#-'$-! +(-! ./! ,&0*-'$-+! '0.,<,.[! /?! 0'*+,'0! $[2\'.4-.,0!
&-(*/&$!$--2$!./!-K-*.!'!0-&.*'#! */#-! ,&!<'*,/($!0'*+,/<'$0(#'*!+,$-'$-$L!'&+!
.4-*-?/*-!&--+$!0/&$,+-*'.,/&!,&!.4-!0/&.-K.!/?!.4-!2,0*/-&<,*/&2-&.!/?!0'*+,'0!
4[\-*.*/\4[@!
!
X@!5-+,'./*$!'&+!.4-,*!0/**-$\/&+,&)!,&.*'0-##(#'*!$,)&'#,&)!\'.4J'[$!

5-04'&,0'#! $.*-.04! ,$! '&! ,2\/*.'&.! 0'($-! /?! 0'*+,'0! 4[\-*.*/\4[! U7*-[! -.! '#@L!
VWWjPb!H(J4/?!'&+!<'&!+-*!M''*$-L!VWWWY@!R-$,+-$!2-04'&,0'#!#/'+,&)L!'!*'&)-!
/?! 2-+,'./*$! ,&</#<-+! ,&! 0'*+,/2[/0[.-! 4[\-*.*/\4[! 4'$! P--&! ,+-&.,?,-+!
0/2\*,$,&)L! '2/&)$.! /.4-*$L! <'$/'0.,<-! \-\.,+-$L! 0'.-04/#'2,&-$L! )*/J.4!
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?'0./*$L!'&+!0[./1,&-$@!Q4-!<'*,/($!4[\-*.*/\4,0!2-+,'./*$!4'<-!P--&!?/(&+!./!
'0.,<'.-!&(2-*/($!+,??-*-&.!$,)&'#,&)!\'.4J'[$!U9-?.,!-.!'#@L!^cceY@!Q4($L!'!1-[!
'$\-0.!/?!0'*+,'0!4[\-*.*/\4[! *-$-'*04! *-#,-$!/&! .4-! ,&<-$.,)'.,/&!/?!$,)&'#,&)!
\'.4J'[$L! )-&-! -K\*-$$,/&! '&'#[$,$L! '&+! \*/+(0.,/&! /?! 0-*.',&! \*/.-,&$! '&+!
.*'&$0*,\.,/&!?'0./*$L!.4'.!,&?#(-&0-!/*!'*-!P[!$/2-!2-'&$!'00/(&.'P#-!?/*!0'*+,'0!
*-2/+-#,&)! UO.'&$?,-#+! VW^jY@! %&! <,</! -K\-*,2-&.$! ,&! .4-! \'$.!J-*-! (&'P#-! ./!
+,$.,&)(,$4!P-.J--&!.4-!*-#'.,<-!0/&.*,P(.,/&!/?!'!$,&)#-!2-+,'./*!UM/&)L!^ccaY@!!
R(.L! .4-! ($-! /?! \*,2'*[! 0'*+,/2[/0[.-! 0(#.(*-$! \*/<,+-+! .4-! \#'.?/*2! ?/*!
0/&.*/##-+!$.(+,-$!J4-*-!,$/#'.-+!0'*+,/2[/0[.-$!0'&!P-!.*-'.-+!J,.4!$,&)#-!/*!
2(#.,\#-!?'0./*$!UB,\-*!-.!'#@L!^cgVY@!7/*.(&'.-#[L!.4-!,&!<,.*/!2/+-#,&)!/?!0'*+,'0!
4[\-*.*/\4[! ?/*! ?(*.4-*! \'.4J'[! '&'#[$,$! 4'$! <'$.#[! ,2\*/<-+! /<-*! .4-! *-0-&.!
[-'*$! '&+!2'&[! $,)&'#,&)! \'.4J'[$! 4'<-! P--&! ,+-&.,?,-+! ./! \#'[!2'D/*! */#-$!
+(*,&)! \4[$,/#/),0'#! '$!J-##! '$! \'.4/#/),0'#! 0'*+,'0! 4[\-*.*/\4[! +-<-#/\2-&.!
UE'$.&-*!-.!'#@L!VWVWY@!!
!
X@^!3*/J.4!?'0./*$!

Q4-! ?,<-! )*/J.4! ?'0./*$! G37$L! 737$L! %37$L! B=37$L! '&+! Q37$! 0/2\*,$-! .4-!
0#'$$,0!\-\.,+-!)*/J.4!?'0./*! ?'2,#[@!G'04!?'2,#[! ,&! .(*&!4'$!2(#.,\#-!2-2P-*$!
J,.4! ,&+,<,+('#! \*/\-*.,-$L! $(04! '$! ,&+(0.,/&! /?! 0-##! )*/J.4! '&+! \*/#,?-*'.,/&@!
"#*-'+[! ,&!^cca!M/&)! ?/(&+! .4'.!737L!Q37lL! %37L!'&+!B=37! ,&+(0-!0'*+,'0!
4[\-*.*/\4[!,&!<,.*/!$[$.-2$!UM/&)L!^ccaY@!!
!

X@^@^!Q*'&$?/*2,&)!)*/J.4!?'0./*:l!UQ37:lY!

Q37:l:^L!Q37:l:VL!'&+!Q37:l:X!0/2\*,$-!.4-!.4*--!,$/?/*2$!/?!Q37:l!'&+L!'##!
-K4,P,.!+,$.,&0.!P(.!/<-*#'\\,&)! ?(&0.,/&$! ,&! ,22(&,.[L! ,&?#'22'.,/&L!'&+! .,$$(-!
*-\',*@!%&!'++,.,/&L!Q37:l!-K-*.$!'!0-&.*'#!*/#-!,&!.4-!'0.,<'.,/&!/?!?,P*/P#'$.$!'&+!
?(*.4-*!+,??-*-&.,'.,/&!,&./!2[/?,P*/P#'$.$!UM-'$1!'&+!"P*'4'2L!VWWjY@!R/(&+!./!
'! #'.-&.!Q37:l!P,&+,&)!\*/.-,&! UMQRBYL!Q37:l! ,$! ,&,.,'##[!\*/+(0-+!'$!'! #'.-&.!
0/2\#-K!J,.4,&!.4-!,&.-*$.,.,(2@!"#.-*-+!\9!\4[$,/04-2,0'##[!'0.,<'.-$!Q37:l!'$!
J-##!'$!\*/.-'$-$L!-&6[2-$L!'&+!,&.-)*,&:2-+,'.-+!2-04'&,$2$!U9[[.,',&-&!-.!
'#@L!VWWjb!5(&)-*!-.!'#@L!^cccY@!Q4-!.4*--!?/*2$!/?!Q37:l!P,&+!./!.4*--!.[\-$!/?!
*-0-\./*$!?/(&+!,&!2/$.!2'22'#,'&!0-##!.[\-$@!%&.-*-$.,&)#[L!&/!$,)&'#,&)!?(&0.,/&!
J'$! ?/(&+! 0/&0-*&,&)! .4-! .[\-! %%%! *-0-\./*$! UR*'&+! '&+! O04&-,+-*L! ^cciY@!
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C/.'P#[L! .4-! .[\-:%! '&+! .4-! .[\-:%%! *-0-\./*$! '*-! +,$.'&.#[! *-#'.-+! ./!
$-*,&-h.4*-/&,&-!1,&'$-$!UHOQEY@!f&0-!'0.,<'.-+L! .4-!P,&+,&)!/?!Q37:l!P[!.4-!
\*,2'*[!*-0-\./*!U.[\-:%%Y!?(*.4-*!-&'P#-$!,.!./!P,&+!./!.4-!.[\-:%!*-0-\./*@!%&!.4,$!
4-.-*/+,2-*,0!0/2\#-KL! .4-! .[\-:%%! *-0-\./*!\4/$\4/*[#'.-$! .4-! .[\-:%! *-0-\./*!
#-'+,&)! ./! $,)&'#! .*'&$+(0.,/&! U5'$$'/($! '&+!9'.'L! ^cceY@! Q4-! Q37:l! .[\-:%!
*-0-\./*!UQ37:lH^Y!,&!.(*&!\4/$\4/*[#'.-$!*-0-\./*:*-)(#'.-+!O2'+$!UH:O2'+$A!
O2'+V!'&+!O2'+XY!.4'.!?(*.4-*!'$$/0,'.-!J,.4!'!0/22/&!2-+,'./*!O2'+!U0/:
O2'+A!O2'+jY@!Q4,$!0/2\#-K!.*'&$#/0'.-$!,&./!.4-!&(0#-($L!'$$/0,'.-$!J,.4!=C"!
P,&+,&)!\*/.-,&$L!'&+!P-0/2-$!'0.,<-!'$!'!.*'&$0*,\.,/&!?'0./*!Uq/$4,2(*'!-.!'#@L!
VW^WY@!!
M/0'##[!)-&-*'.-+L!Q37:l!4'$!P--&!#,&1-+!./!.,$$(-!\*/,&?#'22'./*[!\*/0-$$-$!
'$!'!2'D/*!$.,2(#'./*!UR/*+-*!'&+!C/P#-L!^ccjY@!C/.-J/*.4[L!$-<-*'#!$.(+,-$!,&!
.4-!\'$.!?/(&+!,&0*-'$-+!-K\*-$$,/&!/?!2[/0'*+,'#!Q37:l!,&!0'*+,'0!4[\-*.*/\4[!
'&+!?,P*/$,$!UQ'1'4'$4,!-.!'#@L!^ccjb!Q/2,.'!-.!'#@L!^ccgb!],##'**-'#!'&+!=,##2'&&L!
^ccVY@!!
!
X@^@V!7,P*/P#'$.!3*/J.4!7'0./*!U737Y!

Q4-!.J/!\*/./.[\-$!/?!.4-!737!)-&-!?'2,#[!'*-!737:^!U'737Y!'&+!737:V!UP737Y@!
Q/!+,*-0.! .4-,*!$-0*-.,/&! .4*/()4!2-2P*'&-$L!&-,.4-*!737:^!&/*!737:V!($-!'!
0#'$$,0!$,)&'#!$-d(-&0-!U7*,-$-#!'&+!5'0,')L!^cciY@!"$$(2-+#[L! .4-!\*/./.[\-!
737$! ?/*2! +,$(#?,+-:P/&+-+! 4/2/+,2-*$! ?/*! $-0*-.,/&! '&+! ,.! $--2$! .4'.!
-K/0[./$,$! ,$! ,&</#<-+! UR'$.')#,! -.! '#@L! ^cciY@! "##! 737$! '$$/0,'.-! J,.4! .4-!
-K.*'0-##(#'*!2'.*,K!'.! .4-!/(.-*!0-##!$(*?'0-!-$\-0,'##[!J,.4!)#[0/$'2,&/)#[0'&!
4-\'*,&!'&+!4-\'*'&!$(#?'.-!\*/.-/)#[0'&@!Q4,$!\*/<,+-$!'!\/.-&.,'#!$./*')-!$,.-!
'&+L! (\/&! ,&D(*[! /*! '0.,<'.,/&! /?! 2'.*,K:+-)*'+,&)! -&6[2-$L! 737$! 2'[! P-!
*-#-'$-+@!737:^!'&+!737:V!-K4,P,.!,+-&.,0'#!-??-0.$b!4/J-<-*L!737:^!,$!?/(&+!./!
P-!XW:^WW!.,2-$!#-$$!\/.-&.@!%&!'++,.,/&L!P/.4!'*-!?/(&+!,&!0'*+,/2[/0[.-$!'&+!
&/&:2[/0[.-$!J,.4,&!.4-!4-'*.!UE'*+'2,!'&+!7'&+*,04L!^cgcY@!!!
"##! 737$! 2-+,'.-! .4-,*! P,/#/),0'#! ?(&0.,/&$! .4*/()4! .*'&$2-2P*'&-! .[*/$,&-!
1,&'$-! *-0-\./*$! UHQE$Y! UO6-P-&[,! '&+! 7'##/&L! ^cccY@! Q4-! 737! *-0-\./*:^!
U737H:^Y!,$!.4-!\*-+/2,&'&.!*-0-\./*!\*-$-&.!,&!.4-!4-'*.!U9()4-$L!^cceb!M,(!-.!
'#@L!^ccib!O(),!-.!'#@L!^cciY@!C/.-J/*.4[L!+(*,&)!&/*2'#!0'*+,'0!+-<-#/\2-&.L!.4-!
\*-$-&0-!'&+!?(&0.,/&,&)!/?!.4-!737H:^!*-0-\./*!,$!-$$-&.,'#!U5,2'!-.!'#@L!̂ cciY@!
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%&!.4-!'+(#.!4-'*.L!'#.4/()4L!737H:^!-K\*-$$,/&!\-*$,$.$!'.!*-+(0-+!#-<-#$!UM,(!-.!
'#@L!^cciY@!Z/&$,$.-&.!./!\*-$-&.!0-##!$(*?'0-!*-0-\./*$!,$!.4-!\*-$-&0-!/?!737:V!
J4,04! ,2\#,-$! *-#-'$-! ,&./! .4-! -K.*'0-##(#'*! 2,#,-(@! 737:V! *-#-'$-! '\\-'*$!
*-)'*+#-$$!/?!'&[!'P$-&.!0#'$$,0'#!4[+*/\4/P,0!-K\/*.!$,)&'#!\-\.,+-!UO6-P-&[,!
'&+! 7'##/&L! ^cccY@! B/$$,P#-! 2-04'&,$2$! ?/*! *-#-'$,&)! 737:V! 2'[! ,&</#<-!
C'ohEo!"QB'$-! ! U7#/*1,-J,06!-.! '#@L! ^ccgb!5,)&'..,! -.! '#@L! ^ccVb!f4!'&+!M--L!
^ccgY!'&+h/*!\'$$,<-!\*/0-$$-$!UR,1?'#<,!-.!'#@L!^cceY@!!
737:V! J'$! ?/(&+L! +-$\,.-! ,.$! &'2-L! ./! ,&?#(-&0-! <'*,/($! 0-##(#'*! ?(&0.,/&$! ,&!
+,??-*-&.!0-##!.[\-$!,&0#(+,&)!0-##!\*/#,?-*'.,/&L!+,??-*-&.,'.,/&L!$(*<,<'#L!'+4-$,/&L!
2,)*'.,/&L! 2/.,#,.[! '&+! '\/\./$,$L! '&+! \*/0-$$-$! $(04! '$! #,2P! ?/*2'.,/&L!
<'$0(#/)-&-$,$L!J/(&+!4-'#,&)L!.(2/*,)-&-$,$L!'&),/)-&-$,$L!'&+!P#//+!<-$$-#!
*-2/+-#,&)! UO6-P-&[,! '&+! 7'##/&L! ^cccY@! %&! 0'*+,/2[/0[.-$L! 737:V! ,&+(0-$!
=C"L!HC"L!'&+!\*/.-,&!$[&.4-$,$!'&+!-K-*.$!\/.-&.!0'*+,/\*/.-0.,<-! ?(&0.,/&$!
U=-.,##,-(K!-.!'#@L!VWWXY@!
737:V!4'$!'#$/!P--&!#,&1-+!./!(&+-$,*'P#-!-??-0.$!,&0#(+,&)!,&+(0.,/&!/?!0'*+,'0!
4[\-*.*/\4[!,&!*-$\/&$-!./!"Q:%%!'+2,&,$.*'.,/&!'&+!\*-$$(*-!/<-*#/'+!,&!'&,2'#!
2/+-#$!UE'*+'2,!-.!'#@L!VWWjY@!
!
Q4-!$,&)#-!7)?V!)-&-!,$!'#.-*&'.,<-#[!.*'&$#'.-+!'$!'!4,)4!2/#-0(#'*!J-,)4.!U9,:
737:VY!'&+!'!#/J!2/#-0(#'*!J-,)4.!UM/:737:VY!,$/?/*2!UM,'/!-.!'#@L!VWWcY@!Q4-!
M/:737:V!U^g!1='Y!/*!9,:737:V!UV^:VX!1='!,&!*'.!'&+!2/($-!UB'$(2'*.4,!-.!'#@L!
^ccaYb! ,&! 4(2'&! V^:Xj! 1='! ! UQ/(*,/#! -.! '#@L! VWWWYY! *-$(#.! ?*/2! '#.-*&'.,<-!
.*'&$#'.,/&! ?*/2! .4-! $'2-! 2-$$-&)-*! HC"! ?*/2! +/J&$.*-'2! 0/&<-&.,/&'#!
2-.4,/&,&-! U";3Y!/*!(\$.*-'2! #-(0,&-! UZ;3Y!$,.-$! U7#/*1,-J,06!'&+!O/22-*L!
^cgcY@!=(-L!./!,.$!&(0#-'*!#/0'#,6'.,/&!$-d(-&0-!.4-!9,:737:V!,$/?/*2!,$!#/0'#,6-+!
\*-+/2,&'&.#[!,&!.4-!0-##!&(0#-($L!J4-*-'$!.4-!M/:737:V!,$/?/*2!,$!?/(&+!,&!.4-!
0[./\#'$2!'&+!.4-!GZ5!UM,'/!-.!'#@L!VWWcY@!Q/!+'.-L!-$\-0,'##[!0'*+,/<'$0(#'*!
$.(+,-$!?/0($-+!/&!.4-!*/#-!/?!M/:737:V!'$!,.!4'$!P--&!P-#,-<-+!.4'.!/&#[!.4-!M/:
737:V!,$/?/*2!0'&!-K,.!.4-!0-##!'&+!'0.,<'.-!.4-!.*'&$2-2P*'&-!.[*/$,&-!1,&'$-!
737:V!*-0-\./*!U=-.,##,-(K!-.!'#@L!VWWXb!E'*+'2,!-.!'#@L!VWWjY@!9/J-<-*L!'00/*+,&)!
./! *-\/*.$! .4-!9,:737:V! ,$/?/*2!2'[! P-! *-#-'$-+! ,&./! .4-! -K.*'0-##(#'*!2'.*,K!
UB,/.*/J,06!-.!'#@L!^cceb!Q'<-*&'!-.!'#@L!VWWXY@!
!
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X@^@X!H-0-\./*!.[*/$,&-!1,&'$-!$,)&'#,&)!UHQE!$,)&'#,&)Y!

3*/J.4! ?'0./*$L! J,.4! -K0-\.,/&! /?! Q37:l! '&+! %37:%%L! P,&+! ./! .*'&$2-2P*'&-!
*-0-\./*! .[*/$,&-! 1,&'$-$! UHQE$Y! U;##*,04! '&+!O04#-$$,&)-*L! ^ccWY@! R,&+,&)! /?!
737L!G37L!'&+!B=37!./!HQE$!*-$(#.$!,&!*-0-\./*!+,2-*,6'.,/&@!Q4-*-P[L!.4-!.J/!
0[./\#'$2,0!+/2',&$!0'&!0*/$$:\4/$\4/*[#'.-!-'04!/.4-*!/&!2(#.,\#-! .[*/$,&-!
*-$,+(-$!U9-#+,&L!^cciY@!G&6[2-:#,&1-+!*-0-\./*$!J,.4!'!$,&)#-!.*'&$2-2P*'&-!
+/2',&! '*-! )-&-*'##[! '0.,<'.-+! P[! +,2-*,6'.,/&@! ]'*,/($! ,&.*'0-##(#'*! $,)&'#,&)!
\*/.-,&$! P,&+! ./! 4,)4:'??,&,.[! P,&+,&)! $,.-$! *-\*-$-&.-+! P[! '(./\4/$\4/*[#'.-+!
.[*/$,&-@!=-$\,.-!<'*,-+!$.*(0.(*-$!'&+! ?(&0.,/&$L! .4-$-!\*/.-,&$!($('##[!$4'*-!
.J/!&/&:0'.'#[.,0!2/+(#'*!P,&+,&)!+/2',&$!.4'.!'*-!4,)4#[!0/&$-*<-+@!O,&0-!.4-[!
J-*-!?,*$.!+,$0/<-*-+! ,&!'! .[*/$,&-!1,&'$-!-&0/+-+!P[!.4-!H/($!$'*0/2'!<,*($!
/&0/)-&-! O*0! .4-$-! P,&+,&)! +/2',&$! '*-! .-*2-+! O9V! '&+! O9X! U?/*! O*0!
4/2/#/)[Y@! "##! /?! .4-$-! \*/.-,&$! P,&+! ./! $\-0,?,0! \4/$\4/*[#'.-+! $,.-$! /&! .4-!
'0.,<'.-+! *-0-\./*L! +-.-0.,&)! $(**/(&+,&)! ?-'.(*-$! /?! .4-! \/#[\-\.,+-! 04',&L!
0/&0/2,.'&.!./!.4-!\4/$\4/.[*/$,&-!UZ/4-&!-.!'#@L!^cciY@!!
!
X@V!]'$/'0.,<-!4/*2/&-$!'&+!0'.-04/#'2,&-$!

"&'P/#,0!*-$\/&$-$!'&+!0'*+,/2[/0[.-!)*/J.4!*-\/*.-+#[!*-$(#.!?*/2!0,*0(#'.,&)!
<'$/'0.,<-!\-\.,+-$!U"Q!%%!'&+!GQ:^Y!'&+!0'.-04/#'2,&-$@!G'04!2-+,'./*!P,&+$!
./! ,.$! $\-0,?,0! *-0-\./*! .4'.! P-#/&)$! ./! .4-! 3:\*/.-,&! #,&1-+! $(\-*?'2,#[! /?!
4/2/#/)$!4-\.'4-#,0'#!.*'&$2-2P*'&-!\*/.-,&$@!Z/2\/$-+!/?!'&!':L!l:!'&+![:!
$(P(&,.L! 3:\*/.-,&$! *-\*-$-&.! '! #'*)-! ?'2,#[! /?! 4-.-*/.*,2-*,0! 3QB:P,&+,&)!
*-)(#'./*[!\*/.-,&$!'&+!0/2\*,$-!3dL!3,L!'&+!3$!U3(+-*2'&&!-.!'#@L!^ccaY@!!
!
X@V@^!"&),/.-&$,&:%%!U"Q!%%Y!!

"Q:%%! '$! .4-! 2',&! -??-0./*! 2/#-0(#-! /?! .4-! *-&,&:'&),/.-&$,&! $[$.-2! ,$!
'00/(&.'P#-!?/*!\*-$$(*-!'&+!</#(2-!4/2-/$.'$,$!UR-*&$.-,&!'&+!R-*1L!^ccXY@!
Q4-!1,+&-[!$[&.4-$,6-$!'&+!$-0*-.-$!*-&,&!,&./!.4-!P#//+L!,&!.(*&L!*-&,&!4[+*/#[$,$!
.4-! +-0'\-\.,+-! '&),/.-&$,&:%! U"Q:%Y! ?*/2! .4-!C:.-*2,&($! /?! '&),/.-&$,&/)-&@!
Q4-!0'*P/K[\-\.,+'$-!'&),/.-&$,&:0/&<-*.,&)!-&6[2-!U"ZGY!0/&<-*.$!"Q:%!,&./!
.4-!/0.'\-\.,+-!"Q:%%!U7,)@!XY@!C/.'P#[L!J,.4,&!.4-!4(2'&!4-'*.!'!04[2/.*[\$,&:
#,1-!\*/.-'$-!U04[2'$-Y!4'$!P--&!,+-&.,?,-+L!'&+!.4/()4!./!*-\*-$-&.!.4-!2',&!
\'.4J'[!?/*!0/&<-*.,&)!"Q:%!,&./!"Q:%%!U;*'.'!-.!'#@L!^ccWY@!!
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"Q:%%! ,$! '! \#-,/.*/\,0! <'$/'0.,<-! $(P$.'&0-! .4'.! -K-*.$! ,&+,*-0.! '&+! +,*-0.!
\4[$,/#/),0'#!'0.,<,.,-$!/&!0'*+,'0!.,$$(-@!!Q4-!,&+,*-0.!-??-0.$!/?!"Q:%%!0/2P,&-!'!
<'*,-.[!/?!#/0'#!'&+!$[$.-2,0!'0.,/&$!,&0#(+,&)!$.,2(#'.,/&!/?!<'$/0/&$.*,0.,/&L!'&!
,&0*-'$-! /?! '#+/$.-*/&-! $-0*-.,/&L! 0-&.*'#! $[2\'.4-.,0! /(.?#/J! -&4'&0-2-&.L!
0'.-04/#'2,&-!*-#-'$-!?*/2!.4-!'+*-&'#!2-+(##'L!'&+!\*/2/.,/&!/?!<'$/\*-$$,&!
*-#-'$-! UQ,22-*2'&$! -.! '#@L! ^ccX@! "Q:%%! P,&+$! ./! ,.$! $\-0,?,0! 0'*+,/2[/0[.-!
\#'$2'! 2-2P*'&-:P/(&+! *-0-\./*! 0/(\#-+! ./! )('&,&-! &(0#-/.,+-:P,&+,&)!
\*/.-,&$!'&+! .4-*-P[!+,*-0.#[!'??-0.$!0'*+,'0! ?(&0.,/&! UR'1-*!'&+!"0-./L!^cgcb!
R'1-*! -.! '#@L! ^cgjb! R'1-*! '&+! O,&)-*L! ^cggY@! Q4-! 3d:0/(\#-+! "Q:%%! .[\-! ^!
*-0-\./*! U"Q^Y! ,$! .4-!\*,2'*[!$,)&'#,&)!\'.4J'[!/?!"Q:%%! UQ/([6!'&+!O04,??*,&L!
VWWWY@!"00/*+,&)!./!*-\/*.$L!.4-!"Q^!*-0-\./*!,$!(\*-)(#'.-+!,&!4[\-*.*/\4,0!'&+!
,$04-2,0! 0/&+,.,/&$! UM'2P-*.! -.! '#@L! ^ccib! 5-))$! -.! '#@L! ^ccXb! O(6(1,! -.! '#@L!
^ccX'YL! '&+! ?/(&+! +/J&*-)(#'.-+! ,&! -&+:$.')-! 4(2'&! 4-'*.! ?',#(*-! UH-),.6:
I')*/$-1!-.!'#@L!^ccib!H/))!-.!'#@L!^ccaY@!%.!4'$!P--&!$())-$.-+!.4'.!\*/#/&)-+!
-#-<'.-+!#-<-#$!/?!"Q:%%!?/(&+!,&!0'*+,'0!4[\-*.*/\4[!'&+!+(*,&)!4-'*.!?',#(*-!2'[!
P-!,&!\'*.!'00/(&.'P#-!?/*!.4-!"Q^!*-0-\./*!+/J&*-)(#'.,/&!U5'1,.'!-.!'#@L!^ccVb!
H-),.6:I')*/$-1!-.!'#@L!^cceY@!Z/&$-d(-&.,'#L!"Q:%%!$.,2(#'.-$!$4/*.:!'&+!#/&):
.-*2! -??-0.$! ,&0#(+,&)! \/$,.,<-! 04*/&/.*/\,0! '&+! ,&/.*/\,0! -??-0.$L! \*/.-,&!
$[&.4-$,$!U=/$.'#!-.!'#@L!^ccVYL!'&+!4'$!4[\-*.*/\4,0!-??-0.$!/&!0'*+,/2[/0[.-!
'&+!,$!0/&$,+-*-+!./!P-!'!)*/J.4!?'0./*!UQ,22-*2'&$!-.!'#@L!^ccX@!G<-&!.4/()4!
2/$.!/?!.4-!0'*+,/<'$0(#'*!-??-0.$!/?!"Q:%%!'*-!2-+,'.-+!.4*/()4!.4-!"Q^!*-0-\./*!
<'*,/($!/.4-*!*-0-\./*!$(P.[\-$!4'<-!P--&!,+-&.,?,-+!'&+!$(\\/$-+#[!.4-!"Q:%%!
.[\-! V! *-0-\./*! U"QVY! 2'[! '$! J-##! P-! ,2\/*.'&.L! '$! P/.4! '*-! (\*-)(#'.-+! ,&!
&(2-*/($! 0'*+,'0! +,$-'$-$@! R-[/&+L! "Q:%%! -K-*.$! ,&?#(-&0-! /&! 0'*+,'0! &/&:
2[/0[.-$!*-$(#.,&)!,&!.4-!+-<-#/\2-&.!/?!0'*+,'0!?,P*/$,$!'&+!*-2/+-#,&)!UM/\-6!
-.!'#@L!^ccjb!O(6(1,!-.!'#@L!^ccX'b!Q$(.$(2,!-.!'#@L!^ccgY@!!!
!
X@V@^@^!Q4-!*-&,&:'&),/.-&$,&:$[$.-2!UH"OY!!

5(04!-<,+-&0-!,&+,0'.-$!.4'.!.4-!*-&,&:'&),/.-&$,&!$[$.-2!UH"OY!-K,$.$!,&!.J/!
+,$.,&0.!?/*2$A!'!0,*0(#'.,&)!'&+!'!#/0'#!$[$.-2!,&!2(#.,\#-!/*)'&$!'&+!.4'.!#/0'#!
.,$$(-!H"O!,&4-*,.$!'!0-&.*'#!*/#-!,&!/*)'&!+'2')-!,&0#(+,&)!0'*+,'0!4[\-*.*/\4[@!
"&),/.-&$,&/)-&L!*-&,&L!"ZGL!"Q^L!'&+!"QV!0/2\*,$-!.4-!2'D/*!0/2\/&-&.$!/?!
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.4-!0#'$$,0'#!H"OL!'&+!'##!'*-!-K\*-$$-+!,&!.4-!4-'*.!U7,)@!XY!UR'1-*!-.!'#@L!^ccVb!
M--!-.!'#@L!^ccXY@!!

!
Fig. 3: The Renin-Angiotensin-System (RAS) exists in two distinct forms: a circulating and 
a local system in multiple organs. The local tissue RAS inherits a central role in organ damage 
including cardiac hypertrophy. All major components of the classical RAS are expressed in the 
heart such as angiotensinogen, renin, ACE, AT1, and AT2. In addition, the protease chymase 
represents another pathway for converting AT-I into AT-II within the human heart. Adapted from 
(Bader, 2010). 
 

%.!4'$!P--&! ?/(&+! .4'.!"Q:%%!0'($-$!4[\-*.-&$,/&!'&+!0'*+,'0!4[\-*.*/\4[!<,'!
'&),/.-&$,&!*-0-\./*$! ,&!.4-!1,+&-[!UZ*/J#-[!-.!'#@L!VWWaY@!Z/&$,$.-&.L!'&/.4-*!
$.(+[!?/(&+!.4'.!"Q:%%!,$!0'($,&)!-&+:/*)'&!+'2')-!1&/J&!'$!4-'*.!?',#(*-!'&+!
*-&'#! ?',#(*-! ,&! 4[\-*.-&$,/&! UO,*')[L! VWWgY@! %&! '++,.,/&L! "Q:%%! 4'$! #/&)! P--&!
*-0/)&,6-+! ./! \*/2/.-! 0'*+,'0! 4[\-*.*/\4[! U=/$.'#! '&+! R'1-*L! ^ccVY! '&+!
*-2/+-#,&)!UB?-??-*!-.!'#@L!^cceY!'&+!4'$!#-+!./!.4-!($-!/?!'&),/.-&$,&:0/&<-*.,&)!
-&6[2-!,&4,P,./*$!UB?-??-*!-.!'#@L!^ccVY!'&+!"Q!^!*-0-\./*!'&.')/&,$.$!UB,..!-.!'#@L!
^cceY! ,&! \'.,-&.$! J,.4! 2[/0'*+,'#! ,&?'*0.,/&! '&+! 4-'*.! ?',#(*-@! f.4-*! 0#,&,0'#!
$.(+,-$! +-2/&$.*'.-+! ,&! '++,.,/&! ./! '! +-0*-'$-! ,&! P#//+! \*-$$(*-L! -??-0.,<-!
*-+(0.,/&! /?! 0'*+,'0! ?,P*/$,$! '&+! *-2/+-#,&)! .4*/()4! P#/01'+-! /?! .4-! *-&,&:
'&),/.-&$,&!$[$.-2!,&!\'.,-&.$!U9//)J-*?L!VW^WY@!!
Q4($L!.4-!.*-'.2-&.!/?!4[\-*.-&$,/&!'&+!'$$/0,'.-+!-&+:/*)'&!+'2')-!J,.4!"ZG!
,&4,P,./*$! '&+! '&),/.-&$,&! *-0-\./*! P#/01-*$! U"HR$Y! $--2$! ./! P-! P-&-?,0,'#@!
"#P-,.L!*-&'#!'&+!0'*+,'0!?',#(*-!$--2!./!\*/)*-$$L!,&+,0'.,&)!,&0/2\#-.-!P#/01'+-!
/?! H"O! P[! 0(**-&.! .*-'.2-&.! *-),2-$@! M/0'#! "Q:%%! $[&.4-$,$L! -K.*'0-##(#'*! /*!
,&.*'0-##(#'*L!0/(#+!P-!'00/(&.'P#-!?/*!,&0/2\#-.-!P#/01'+-!/?!H"O!P[!"HR$!'&+!
"ZG!,&4,P,./*$!*-$(#.,&)!,&!+,$-'$-!\*/)*-$$!UE(2'*!-.!'#@L!VWWeY@!
!



  22  

X@V@V!G&+/.4-#,&:^!UGQ:^Y!!

Q4*--! $.*(0.(*'##[! $,2,#'*! \-\.,+-$! 0/2\*,$-! .4-! -&+/.4-#,&$L! '&+! '##! -K4,P,.! '!
#-&).4! /?! V^! '2,&/! '0,+$@! G&+/.4-#,&! *-0-\./*! .[\-! "! UGQ#Y! '&+! -&+/.4-#,&!
*-0-\./*!.[\-!R!UGQ$Y!P-0/2-!'0.,<'.-+!J,.4!-d('#!'??,&,.[!P[!-&+/.4-#,&!^!UGQ:^Y!
'&+! GQ:VL! J4,#-! GQ:X! 4'$! '! #/J-*! '??,&,.[! ?/*! GQ#! U=4'(&! '&+!T-PPL! VW^cY@!
B'*.,0,\'.,/&!/?!.4-!-&+/.4-#,&!$[$.-2!4'$!P--&!+-$0*,P-+!,&!0'*+,'0!\4[$,/#/)[!
'&+!\'.4/#/)[L! *-$\-0.,<-#[@! %&!'++,.,/&L! .4-!\*-+/2,&'&.!0'*+,'0!-&+/.4-#,&! ,$!
GQ:^L! J4,04! ,$! \*/+(0-+! P[! '! <'*,-.[! /?! 0-##$L! 0/2\*,$,&)! 0'*+,/2[/0[.-$L!
-&+/.4-#,'#!0-##$L!'&+!0'*+,'0!?,P*/P#'$.$!U3*'[!-.!'#@L!^ccgb!O'1',!-.!'#@L!^ccab!
q'&'),$'J'! -.! '#@L! ^cggYL! '#.4/()4! .4-! 2',&! $/(*0-$! /?! GQ:^! '*-! <'$0(#'*!
-&+/.4-#,'#!0-##$!UE/4'&!-.!'#@L!VW^^Y@!R-$,+-$L!0'*+,/2[/0[.-$!'&+!?,P*/P#'$.$!
P/.4!-K4,P,.!.4-!GQ#%'&+!GQ$%*-0-\./*$L!P(.!cWp!/?!.4-!-&+/.4-#,&!*-0-\./*$!/&!
0'*+,/2[/0[.-$!0/2\*,$-!.4-!GQ#%$(P.[\-!U7'*-4!-.!'#@L!̂ ccab!O'1',!-.!'#@L!̂ ccaY@!
B#($L!,&!*'.!4-'*.$L!.4-!GQ#!*-0-\./*!,$!\*-+/2,&'&.!'$!J-##!'&+!,+-&.,?,-+!./!P-!
0/(\#-+!./!P/.4!.4-!3d!'&+!3,!$(P?'2,#[!/?!3:\*/.-,&$!U9,#'#:='&+'&!-.!'#@L!̂ ccjY@!
f*,),&'##[L! ,+-&.,?,-+! '$! '! <'$/0/&$.*,0.,&)! ?'0./*! ,&! ^cgg! Uq'&'),$'J'! -.! '#@L!
^cggYL!GQ:^!4'$!P--&!?/(&+!./!2-+,'.-!4[\-*.*/\4,0L!?,P*/.,0L!\*/:,&?#'22'./*[L!
'&+!,&/.*/\,0!'0.,/&$L!'&+!.4-*-P[!0/&.*,P(.-$!./!4-'*.!?',#(*-!+-<-#/\2-&.!U3*'[!
'&+!T-PPL!^ccaY@!C/.-J/*.4[L! ,.!4'$!P--&!*-\/*.-+!.4'.! .4-!-K\*-$$,/&!/?! .4-!
\*-0(*$/*! /?! GQ:^L! \*-\*/:GQ:^L! ,$! ,&0*-'$-+! ,&! .4-! \*/0-$$! /?! 4[\-*.-&$,/&:
,&+(0-+!\*/)*-$$,/&!/?!0'*+,'0!+[$?(&0.,/&!,&!4[\-*.*/\4,-+!4-'*.$!UE/['&'),!-.!
'#@L! VWWgY@! %&! '++,.,/&L! $.(+,-$! J,.4! \'.,-&.$! '&+! '&,2'#! 2/+-#$! *-\/*.-+!
,&0*-'$-+!GQ:^!#-<-#$!,&!0,*0(#'.,/&!'&+!.,$$(-!/?!?',#,&)!4-'*.$!.4'.!0/**-#'.-!J,.4!
.4-!$-<-*,.[!/?! .4-!+,$-'$-!UM-*2'&!-.!'#@L!^ccVb!M/??#-*!-.!'#@L!^ccXY@!R-[/&+L!
04*/&,0'##[!-#-<'.-+!#-<-#$!/?!3BZH!')/&,$.$!GQ:^!'&+!"Q:%%!4'<-!P--&!?/(&+!,&!
+,$-'$-$L!,&0#(+,&)!.4-!2[/0'*+,(2!U7*'&0,$!-.!'#@L!^ccWb!q/*,1'&-!-.!'#@L!^ccXY@!
Q4($L!.4-!\*,2'*[!,&</#<-2-&.!/?!3d:\*/.-,&!0/(\#-+!*-0-\./*!U3BZHY!$,)&'#,&)!
0'&!P-!0/&$,+-*-+!'!1-[!04'*'0.-*,$.,0!/?!\'.4/#/),0'#!4[\-*.*/\4,0! *-$\/&$-$!
UZ#-*1!-.!'#@L!VWWeb!7*-[!'&+!f#$/&L!VWWXb!9-,&-1-!'&+!5/#1-&.,&L!VWWab!5/*-,*':
3/&0'#<-$!-.!'#@L!VW^iY@!
!
!
!



  23  

X@V@X!Z'.-04/#'2,&-$!!

7/*! '! #/&)! .,2-L! 0'.-04/#'2,&-$! '*-! 0/&$,+-*-+! ./! \#'[! '&! '0.,<-! */#-! ,&! .4-!
+-<-#/\2-&.!/?!P/.4!\4[$,/#/),0'#!'&+!\'.4/#/),0'#!0'*+,'0!4[\-*.*/\4[!UR*,$./JL!
VWWW@! Q4-! $[2\'.4-.,0! &-*</($! $[$.-2! ,$! 0/&&-0.-+! J,.4! .4-! 0'*+,/<'$0(#'*!
$[$.-2!<,'!'+*-&-*),0!*-0-\./*$!U"H$YL!J4,04!-K-*.!'&!-$$-&.,'#!*-)(#'./*[!*/#-!
*-)'*+,&)! 2[/0'*+,'#! ?(&0.,/&@! %&! '++,.,/&L! "H$! '*-! 2-2P-*$! /?! 3! \*/.-,&s
0/(\#-+!*-0-\./*!U3BZHY!$(\-*?'2,#[!U9-,&!'&+!E/P,#1'L!^cceY@!Q4-!.4*--!2'D/*!
"H! $(P?'2,#,-$! 0/2\*,$-! k^:"HL! kV:"HL! '&+! t:"H@! Q4-! 2'22'#,'&! 4-'*.!
-K4,P,.$!'.!#-'$.!a!.[\-$!/?!"H$!U.4*--!k^:"HA!k^"L!k^RL!k^=!'&+!.4*--!t:"HA!t^L!
tVL! '&+! tXY@! C/.'P#[L! .4-! l^:"H$! '*-! \*-+/2,&'.,&)L! '&+! '00/(&.! ?/*!
'\\*/K,2'.-#[!gWp!/?! ./.'#!l:"H$! ,&! .4-!4-'#.4[!4-'*.! UR'*1,:9'**,&)./&!-.!'#@L!
VWWjb!O'#'6'*!-.!'#@L!VWWeb!T//+0/01!-.!'#@L!VWWgb!r,'&)!'&+!E/P,#1'L!VWWXY@!"H$!
4'<-! P--&! +-$0*,P-+! ./! 0/(\#-! ./! 3kdL! 3k$L! '&+! 3k,L! .4-*-P[! 2/+(#'.,&)!
'+-&[#[#!0[0#'$-!U"ZYL!\4/$\4/#,\'$-!Z!UBMZYL!'&+!,/&!04'&&-#$!UH/012'&!-.!
'#@L!VWWVY@!%&!\'*.,0(#'*L!3kd!$,)&'#,&)!,$!'0.,<'.-+!<,'!k^"L!k^RL!'&+!k^=:"H$L!
t^:"H$!'*-!0/(\#-+!./!3k$L!'&+!tV:"H!'0.,<'.-!P/.4!3k$!'&+!3k,!UGK./&L!^cgib!
3'*0,':O',&6!-.!'#@L!^cccb!H/012'&!-.!'#@L!VWWVY@!!
Q4-! *-0-\./*$! .4'.! 0/(\#-! ./! 3k$! \*,2'*,#[! $,)&'#! <,'! "Z! .4-*-P[! *-)(#'.,&)!
0/&.*'0.,#,.[@!%.!4'$!P--&!?/(&+!.4'.!04*/&,0'##[!'0.,<'.-+!3k$!$,)&'#,&)!\'.4J'[$!
*-$(#.! ,&! 0'*+,'0! 4[\-*.*/\4[L! ?,P*/$,$L! '&+! 4-'*.! ?',#(*-@! %&! '++,.,/&L! 0'*+,'0:
$\-0,?,0! 3k$! /<-*-K\*-$$,&)! .*'&$)-&,0! 2,0-! $4/J! ,&0*-'$-+! 4-'*.! *'.-! '&+!
0/&.*'0.,#,.[! ,&! *-$\/&$-! ./! 0'.-04/#'2,&-! $.,2(#'.,/&L! 4/J-<-*L! -<-&.('##[!
+,$\#'[! 0-##(#'*! 4[\-*.*/\4[L! ?,P*/$,$L! '&+! &-0*/$,$! '$! 4,$./#/),0'#! -<,+-&0-! /?!
2[/0'*+,'#! +'2')-!+-<-#/\2-&.! U3'(+,&!-.! '#@L! ^ccib! %J'$-!-.! '#@L! ^ccaY@! %&!
'++,.,/&L!k^:"H$!'*-!0/(\#-+!./!3kd!$,)&'#,&)L!'&+!.4-*-P[!'0.,<'.-!'&!-K.-&$,<-!
$\-0.*(2!/?!$,)&'#,&)!\'.4J'[$!0/2\*,$,&)L!'2/&)$.!/.4-*$!BMZL!\*/.-,&!1,&'$-!
Z!UBEZYL!Ca2+ 04'&&-#$L!'&+!5"BE!UB,'$0,1!'&+!B-*-6L!VWW^Y@!7(*.4-*2/*-L!,&!
'&,2'#$L!0'*+,/2[/0[.-!4[\-*.*/\4[! ,$!$.,2(#'.-+!.4*/()4!04*/&,0!'0.,<'.,/&!/?!
k^:"H!'&+!t:"H@!Q4-!2/+-#!/?!04/,0-!./!$.(+[!.4-!$,)&'#,&)!\'.4J'[$!,&</#<-+!
,&!4[\-*.*/\4[!$.,2(#'.,/&!<,'!k^:"H!'&+!t:"H!4'$!P--&!&-/&'.'#!*'.!<-&.*,0(#'*!
2[/0[.-$! U"+'2$! '&+! R*/J&L! VWW^b! O,2\$/&L! ^cgXY@! Q4($L! .4-! $,)&'#,&)!
\'.4J'[$! ,&! .4-! \*/0-$$! /?! ,&+(0,&)! 4[\-*.*/\4[! <,'! '0.,<'.,/&! /?! k^:"H! '*-!
0/2\#-K!'&+!$--2!./!,&</#<-!'0.,<'.,/&!/?!-K.*'0-##(#'*!$,)&'#:*-)(#'.-+!\*/.-,&!



  24  

1,&'$-! UGHEY! '&+! B%XE! .4*/()4! 3dL! BEZL! '&+! H'$L! '$! J-##! '$! '0.,<'.,/&! /?!
0'#0,&-(*,&! .4*/()4!Ca2+ '&+! 0'#2/+(#,&@! R/.4! \'.4J'[$! '0.,<'.-! .*'&$0*,\.,/&!
?'0./*$! ?/##/J-+! P[! 04'&)-$! ,&! )-&-! -K\*-$$,/&! UZ#-*1! '&+! O()+-&L! VWWWb!
O()+-&L!VWW^Y@!5/*-/<-*L!-#-<'.-+!0'.-04/#'2,&-$!\#'$2'!#-<-#$!'&+!,&0*-'$-+!
'+*-&-*),0! +*,<-! 0'&! P-! ,+-&.,?,-+! ,&! 4-'*.! ?',#(*-! \'.,-&.$L! '! 0/&+,.,/&! .4'.! ,$!
,&,.,'##[!P-&-?,0,'#!'$!,.!,&0*-'$-$!0/&.*'0.,#,.[@!R(.L!.4-!\*/#/&)-+!'+*-&-*),0!+*,<-!
4'$!+-.*,2-&.'#!-??-0.$!J4-*-P[!l:'+*-&-*),0!*-0-\./*$!+-$-&$,.,6-!'&+!P-0/2-!
+/J&*-)(#'.-+! UR*,$./JL!VWWWY@!C/*-\,&-\4*,&-! 0/&0-&.*'.,/&$! ?/(&+! ,&! ?',#,&)!
4(2'&! 4-'*.$! $4/J! .4'.! ,$! -K0-\.,/&'##[! 0'*+,/./K,0! '$! ,.! ,$! ,&</#<-+! ,&!
0'*+,/2[/0[.-! ,&D(*[@! "++,.,/&'##[L! .4-! 0[././K,0,.[! '\\-'*$! ./! P-! 2-+,'.-+!
.4*/()4! l:'+*-&-*),0! *-0-\./*$! *'.4-*! .4'&! ':'+*-&-*),0! *-0-\./*$! '$!
&/*-\,&-\4*,&-!,$!2,#+#[!l^:*-0-\./*!$-#-0.,<-!U5'&&!-.!'#@L!^ccVY@!!
Q4($L!0'*+,'0!4[\-*.*/\4[!'&+!0'*+,/2[/0[.-!'\/\./$,$!,$!\*/2/.-+!<,'!04*/&,0!
0'.-04/#'2,&-$!$.,2(#'.,/&L!J4,04!'#$/!#-'+$!./!*-+(0-+!0/&.*'0.,#,.[!Ur,'&)!'&+!
E/P,#1'L!VWWXY@!"$,+-!?*/2!.4'.L!'!*-+(0.,/&!/?!t"H!0/&.*'0.,#-!*-$\/&$,<-&-$$!
'$!J-##!'$! ,&0*-'$,&)!3k,!$,)&'#,&)!4'$!P--&! ,+-&.,?,-+!'$!'!4'##2'*1!/?!4-'*.!
?',#(*-!UQ,##-[!'&+!H/012'&L!VWWaY@!
!
X@X!3:\*/.-,&!0/(\#-+!H-0-\./*!$,)&'#,&)!!

3!\*/.-,&$!0'&!P-!+,<,+-+!,&./!.J/!2',&!$(P)*/(\$A!4-.-*/.*,2-*,0!3!\*/.-,&$!'&+!
$2'##:2/#-0(#'*:J-,)4.!2/&/2-*,0!3!\*/.-,&$!U$2'##!3!\*/.-,&$Y@!!
!
X@X@^!9-.-*/.*,2-*,0!3!\*/.-,&$!

9-.-*/.*,2-*,0!3!\*/.-,&$!0/&$,$.!/?! .4*--!$(P(&,.$!UkL!tL!'&+!uY!'&+!0/(\#-!./!
3BZH@!Q4-!P,&+,&)!/?!'&!')/&,$.!./!.4-!3BZH!#-'+$!./!.4-!+,$$/0,'.,/&!/?!.4-!
3k! '&+! 3tu! $(P(&,.$L! ?/##/J-+! P[! .4-! '0.,<'.,/&! /?! +/J&$.*-'2! $,)&'#,&)!
\'.4J'[$!U3(.1,&+L!^ccgb!H/012'&!-.!'#@L!VWWVY@!%$/?/*2$!/?!.4-!4-.-*/.*,2-*,0!
3!\*/.-,&$!'*-!#'*)-#[!+-.-*2,&-+!P[!.4-!,$/?/*2!/?!.4-!k!$(P(&,.$A!3$L!3,L!'&+!
3d! U-@)@L! 3kdL! 3k^^Y! UC--*L! ^ccib! O,2/&! -.! '#@L! ^cc^Y@! %&! \'*.,0(#'*L! .4-!
<'$/'0.,<-! \-\.,+-$L! "&),/.-&$,&! %%! U"&)! %%YL! -&+/.4-#,&! ^! UGQ:^YL! '&+!
0'.-04/#'2,&-$!P,&+!./!$-<-&:.*'&$2-2P*'&-!*-0-\./*$!.4'.!'*-!0/(\#-+!./!'&+!
'0.,<'.-!4-.-*/.*,2-*,0!3!\*/.-,&$!U3BZHY@!Q4-!#,)'&+:P/(&+!3BZH$!.4-*-(\/&!
$.'P,#,6-! ,&! '&! '0.,<-! 0/&?/*2'.,/&! '&+! .4*/()4! .4-,*! ,&.*'0-##(#'*! +/2',&$!



  25  

$.,2(#'.-! 4-.-*/.*,2-*,0! )('&,&-! &(0#-/.,+-:P,&+,&)! *-)(#'./*[! \*/.-,&$! U3:
\*/.-,&$Y@! C/.'P#[L! 3BZH$! #'01! 0'.'#[.,0! '0.,<,.[L! P(.! .4-! +,$$/0,'.,/&! /?! 3!
\*/.-,&$!,&./!3k!'&+!3l[!$(P(&,.$!,$!\*/2/.-+!P[!.4-!,&.-*'0.,/&!/?!.4-!*-0-\./*!
J,.4!'&!')/&,$.@!%&!.(*&L!.4-!3k!'&+!3l[!$(P(&,.$!'2\#,?[!+/J&$.*-'2!$,)&'#$!P[!
2/+(#'.,/&! /?! -??-0./*!2/#-0(#-$L! ,&0#(+,&)!\4/$\4/#,\'$-$L! '+-&[#[#! 0[0#,6-$L!
'&+!,/&!04'&&-#$!UZ#'\4'2!'&+!C--*L!^cce@!Q4-$-!'0.,<-!-??-0./*!-&6[2-$!'&+!
,/&!04'&&-#$!?(*.4-*2/*-!*-)(#'.-!$-0/&+!2-$$-&)-*!2/#-0(#-!\*/+(0.,/&!.4'.!
,&+(0-$!+,??-*-&.!$,)&'#,&)!\'.4J'[$!'&+!0-##(#'*!*-$\/&$-$!U5/#1-&.,&!'&+!=/*&L!
VWW^Y@!
Q4-! #,)'&+$! "&),/.-&$,&! %%! U"Q:%%YL! -&+/.4-#,&! ^! UGQ:^YL! '&+! 0'.-04/#'2,&-!
&/*-\,&-\4*,&-! UCGY! P,&+! ./! 3BZHA! "&)! %%! *-0-\./*! .[\-! ^! U"Q^! *-0-\./*YL!
-&+/.4-#,&! *-0-\./*$! UGQ"! '&+! GQRY! '&+! k^:'+*-&-*),0! *-0-\./*$! U"H$YL!
*-$\-0.,<-#[@! Q4,$! 0'($-$! '0.,<'.,/&! /?! 3kdh^^! '&+! +/J&$.*-'2! $,)&'#,&)!
\*/.-,&$L!,&0#(+,&)!\4/$\4/#,\'$-!Z!UBMZYL!5"BE$L!BEZL!'&+!\*/.-,&!1,&'$-!"!
UBE"Y!U=v"&)-#/!-.!'#@L!^cceb!5-&+-!-.!'#@L!^ccgY@!%&!\'*.,0(#'*L!3dh^^!$,)&'#,&)!
'0.,<'.-$! \4/$\4/#,\'$-! Z! UBMZYL! J4,04! 0'.'#[6-$! .4-! $[&.4-$,$! /?! ,&/$,./#!
^LjLi:.*,\4/$\4'.-! U%&$U^LjLiY! BXY! '&+! ="3! U<'&! R-*#/! -.! '#@L! VW^XY@! Q4-!
\*/+(0.,/&! /?! %&$U^LjLiYBX! ,&+(0-$! ,&.*'0-##(#'*! Z'Vo! *-#-'$-! ./! .4-&! '0.,<'.-!
0'#0,(2h0'#2/+(#,&:+-\-&+-&.! \*/.-,&! 1,&'$-! UZ'5EY! /*! 0'#0,&-(*,&L! J4,04!
2-+,'.-$! 0'*+,/2[/0[.-! )*/J.4@! "$! 0'#0,(2:+-\-&+-&.! \*/.-,&! \4/$\4'.'$-L!
Z'#0,&-(*,&! +-\4/$\4/*[#'.-$! .4-! &(0#-'*! ?'0./*! /?! '0.,<'.-+! Q! 0-##$! UC7"QY!
.*'&$0*,\.,/&!?'0./*$@!=-\4/$\4/*[#'.-+!C7"Q!,&!.(*&!*-#/0'.-$!,&./!.4-!&(0#-'*!
./!?/*2!0/2\#-K-$!J,.4!0/?'0./*$!$(04!'$!3"Q"j!/*!2[/0[.-!-&4'&0-*!?'0./*:V!
U5G7:VY@!Q4-$-!0/2\#-K-$!?(*.4-*!.*'&$'0.,<'.-!.4-!.*'&$0*,\.,/&!/?!4[\-*.*/\4,0!
.'*)-.!)-&-$!.4'.!'*-!1&/J&!./!P-!2'#'+'\.,<-!U9-,&-1-!'&+!5/#1-&.,&L!VWWaY@!
%&.-*-$.,&)#[L!.4-!0*,.,0'#!*/#-!/?!3'dh^^!$,)&'#,&)!,&!2-+,'.,&)!\'.4/#/),0'#!0'*+,'0!
4[\-*.*/\4[!4'$!P--&!4,)4#,)4.-+!P[! .*'&$)-&,0!2/($-!$.(+,-$@!9-*-L! 0'*+,'0!
4[\-*.*/\4[! '$$/0,'.-+! J,.4! 0'*+,'0! +[$?(&0.,/&! '&+! \*-2'.(*-! +-'.4! J'$!
+-<-#/\-+!P[!0'*+,'0:$\-0,?,0!.*'&$)-&,0!2,0-!/<-*-K\*-$$,&)!3'd!U=v"&)-#/!-.!
'#@L!^cceb!5-&+-!-.!'#@L!^ccg@!f.4-*!$.(+,-$!*-<-'#-+!.4'.!($,&)!2,0-!#'01,&)!3:
\*/.-,&$! U3'd^^Y! ,&! 0'*+,/2[/0[.-$! '&+! 0'*+,'0:$\-0,?,0! .*'&$)-&,0! 2,0-!
-K\*-$$,&)!'&!,&4,P,.,&)!\-\.,+-!$\-0,?,0!?/*!3d:0/(\#-+!*-0-\./*!$,)&'#,&)!$4/J!
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&/!4[\-*.*/\4[!/*!.4-!*-$\/&$-!./!\*-$$(*-!/<-*#/'+!J'$!*-#-<'&.#[!'..-&('.-+!
U"14.-*!-.!'#@L!^ccgb!T-..$04(*-01!-.!'#@L!VWW^Y@!!
Q4-! 0'.-04/#'2,&-$! &/*-\,&-\4*,&-! '&+! '+*-&'#,&-! 0'&! '#$/! ,&+(0-! \*/.-,&!
1,&'$-! "! UBE"Y! <,'! '0.,<'.,/&! /?! '+-&[#[#! 0[0#'$-! U"ZY! $,)&'#,&)! *-$(#.,&)! ,&!
,&0*-'$-+!0'*+,/2[/0[.-!'\/\./$,$!'&+!&-0*/$,$!U9-,&-1-!'&+!5/#1-&.,&L!VWWaY@!
3k$!$.,2(#'.-$!'+-&[#[#!0[0#'$-!'$!'!0/&$-d(-&0-!/?!l:"H!'0.,<'.,/&L!J4-*-'$!
'0.,<'.,/&! /?! k^:"H! $.,2(#'.-$! -??-0./*! \4/$\4/#,\'$-!Z! .4*/()4!3! kd@! Q4($L!
+,??-*-&.! 3:\*/.-,&! 0/2\#-K-$! ,&</#<-! +,??-*-&.! -??-0./*! 2/#-0(#-$! ,&! 0-##$! ?/*!
.*'&$2,..,&)!$,)&'#$!U5/#1-&.,&!'&+!=/*&L!VWW^Y@!!
!
X@X@V!O2'##!3!\*/.-,&$!U3QB'$-$Y!

Q4-!?'2,#[!/?!$2'##!3!\*/.-,&$!0'&!P-!$(P+,<,+-+!,&./!i!)*/(\$! ,&0#(+,&)!H'$L!
H4/L!"=B!*,P/$[#'.,/&!?'0./*$L!H'PL!'&+!H'&Y!U",1'J'!-.!'#@L!^cccb!"/1,!-.!'#@L!
^ccgb! Z4,#/-04-$! -.! '#@L! ^cccb! Z#-*1! -.! '#@L! VWW^b! Z#-*1! '&+! O()+-&L! VWWWb!
H'2,*-6!-.!'#@L!^cceY@!O2'##!3!\*/.-,&$L!-@)@L!H'$!'0.!'$!2/#-0(#'*!$J,.04-$!.4'.!
#,&1!*-0-\./*$!./!+/J&$.*-'2!$,)&'#,&)!0'$0'+-$@!H'$L!#,1-!.4-!/.4-*!2/&/2-*,0!
'&+! .*,2-*,0!3:\*/.-,&$L! 0[0#-$! P-.J--&! .J/! 0/&?/*2'.,/&'#! $.'.-$!J4-*-! ,.! ,$!
'0.,<-!J4-&!3QB!,$!P/(&+!'&+!,&'0.,<-!J4-&!3=B!,$!P/(&+@!Q4-!'0.,<,.[!/?!H'$!
'&+!,.$!*-#'.,<-$!,$!*-)(#'.-+!P[!.J/!0#'$$-$!/?!$,)&'#,&)!\*/.-,&$!.4'.!,&?#(-&0-!
.4-!.*'&$,.,/&!P-.J--&!-,.4-*!'0.,<-!/*! ,&'0.,<-!$.'.-!UR/)($1,!'&+!50Z/*2,01L!
^ccXY@! %&'0.,<'.,/&! /?! H'$! ,$! P*/()4.! 'P/(.! P[! 4[+*/#[$,$! /?! P/(&+! 3QB! P[!
3QB'$-!'0.,<'.,&)!\*/.-,&$! U3"B$Y@! %&! 0/&.*'$.L! )('&,&-!&(0#-/.,+-!-K04'&)-!
?'0./*$! U3G7$Y! \*/2/.-! .4-! -K04'&)-! /?! P/(&+! 3=B! ?/*! 3QB! '&+! .4-*-P[!
'0.,<'.-!H'$!UO(&!'&+!Q/&1$L!^ccjY@!
H'$!'&+!H4/!4'<-!P--&!,2\#,0'.-+!,&!.4-!+-<-#/\2-&.!/?!0'*+,'0!4[\-*.*/\4[!
'&+!0'&!P-!'0.,<'.-+!,&!0'*+,/2[/0[.-$!,&!*-$\/&$-!./!2-04'&,0'#!$.*-$$!'$!J-##!
'$!P,&+,&)!/?!"Q:%%L!GQ:^L!'&+!\4-&[#-\4*,&-!UBGY!U",1'J'!-.!'#@L!^cccb!"/1,!-.!
'#@L!^ccgb!Z4,#/-04-$!-.!'#@L!^cccb!Z#-*1!-.!'#@L!VWW^b!Z#-*1!'&+!O()+-&L!VWWWb!
H'2,*-6!-.!'#@L!̂ cceY@!"#*-'+[!,&!̂ ccjL!"P+-##'.,?!-.!'#@!$())-$.-+!.4'.!H'$!'0.,<,.[!
*-)(#'.-$! _.4-! P'$,0! .*'&$0*,\.,/&'#! 2'04,&-*[`! ,&! .4-! <-&.*,0(#'*! 2($0#-!
U"P+-##'.,?!-.!'#@L!^ccjY@!%&!'++,.,/&L!,.!J'$!$4/J&!.4'.!0'*+,'0:$\-0,?,0!.*'&$)-&,0!
2,0-! +-<-#/\-+! \'.4/#/),0'#! 0'*+,'0! 4[\-*.*/\4[! J4-&! -K\*-$$,&)! '!
0/&$.,.(.,<-#[!'0.,<-!?/*2!/?!H'$!/*!/<-*:-K\*-$$-+!H'P^'!U9(&.-*!-.!'#@L!^ccib!
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T(!-.!'#@L!VWW^Y@!7(*.4-*2/*-L!,.!J'$!$4/J&!.4'.!H4/:1,&'$-!J'$!$,)&,?,0'&.!?/*!
\*-$$(*-! /<-*#/'+:,&+(0-+! \'.4/#/),0'#! 0'*+,'0! 4[\-*.*/\4[! ,&! *'.$! P(.! &/.! ,&!
$J,22,&):,&+(0-+! \4[$,/#/),0'#! 0'*+,'0! 4[\-*.*/\4[! ($,&)! .4-! H4/! 1,&'$-!
%&4,P,./*!7'$(+,#!UR'#'1(2'*!'&+!O,&)4L!VWWaY@!!
Q4($L! H'$! ,$! 1&/J&! ./! '0.,<'.-! 2(#.,\#-! $,)&'#,&)! \'.4J'[$@! 5/#-0(#-$! .4'.!
.*'&$2,.! $,)&'#$! '?.-*! ,&.-*'0.,/&!J,.4!3QB:P/(&+!H'$! '*-! *-?-**-+! ./! '$!H'$!
-??-0./*$!U5'*$4'##L!^ccaY@!Q4*/()4!,&.-*'0.,/&!/&!'!\'*.,0(#'*!$,.-!/&!H'$L!-'04!
/?!.4-$-!-??-0./*$!2'[!P-!'0.,<'.-+!P[!H'$:3QB@!%&!\'*.,0(#'*L!B%XE!$--2$!./!P-!
/&-!/?!.4-$-!-??-0./*$!U7-,)!-.!'#@L!^ccaY@!!
!

X@j!B%XEU\^^W[Y!$,)&'#,&)!

Q4-!B%XEU\^^W[Y!'\\-'*$!./!4'<-!+-.*,2-&.'#!-??-0.$!/&!.4-!4-'*.!'&+L!,&!0/&.*'$.!
./! .4-!\^^Wk!U0/(\#-+! ./!HQE$YL! .4-! ,$/?/*2! ,$!0/(\#-+! ./!3BZH$!0/2\*,$,&)!
3k$h3k,h3kdL! -@)@! '+*-&-*),0! *-0-\./*$L! "Q:%%! *-0-\./*$L! '&+! GQ:^! *-0-\./*$!
Uf(+,.!-.!'#@L!VWWjY@!%&.-*-$.,&)#[L!.4-!-&4'&0-+!0/&.*'0.,#-!?(&0.,/&!J'$!?/(&+!,&!
-K\-*,2-&.'#!$-.(\$!($,&)!B%XEU\^^W[Y!1&/01/(.!2,0-@!Q4,$!#-+!./!.4-!P-#,-?!.4'.!
B%XEU\^^W[Y! ,$! '! &-)'.,<-! *-)(#'./*! /?! 0'*+,'0! 0/&.*'0.,#,.[! UZ*'01/J-*! -.! '#@L!
VWWVY@! ! %&! '++,.,/&L! '&/.4-*! $.(+[! ($,&)! 04*/&,0! l:"H! '0.,<'.,/&! $4/J-+! .4'.!
B%XEU\^^W[Y! 1&/01/(.!2,0-!J-*-! \*/.-0.-+! ?*/2! 4-'*.! ?',#(*-L! +,$\#'[,&)! #-$$!
4[\-*.*/\4[L!?,P*/$,$L!'&+!'!P-..-*!0'*+,'0!?(&0.,/&!0/2\'*-+!./!0/&.*/#$!Uf(+,.!
-.! '#@L! VWWXY@! 7(*.4-*2/*-L! ,.! ,$! $\-0(#'.-+! .4'.! 0'*+,/2[/0[.-! 0/&.*'0.,#,.[! ,$!
*-+(0-+!P[!B%XEU\^^W[Y!.4*/()4!*-)(#'.,/&!/?!.4-!'0.,<,.[!/?!\4/$\4/+,-$.-*'$-w$!
UB=G$Y!UE-*?'&.!-.!'#@L!VWWeb!B'.*(00/!-.!'#@L!VWWjY@!Q4($L!.4-!$-0/&+!2-$$-&)-*!
0"5B!2-+,'.-$!Z'Vo!*-#-'$-!?*/2!.4-!$'*0/\#'$2,0!*-.,0(#(2!,&!.(*&!,&+(0,&)!
0/&.*'0.,/&@! %.! ,$!1&/J&!.4'.!B=G!4[+*/#[$,$!0"5B!'&+!.4-*-?/*-!($,&)!'!B=G!
,&4,P,./*! ,&0*-'$-$! ,&.*'0-##(#'*! 0"5B! #-<-#$! .4'.! ,&! .(*&! ,2\*/<-! 0/&.*'0.,#-!
?(&0.,/&@!9/J-<-*L! .4-!$'?-.[!/?! .4-*'\-(.,0!$.*'.-),-$!($,&)!B=G! ,&4,P,./*$! ,&!
4-'*.!?',#(*-!\'.,-&.$!,$![-.!./!P-!,&<-$.,)'.-+!Uf$'+04,,L!VWWeY@!!
!
X@i!5"BE!$,)&'#,&)!,&!0'*+,'0!4[\-*.*/\4[!
%&,.,'.,&)! /?! .4-! 5"BE! $,)&'#,&)! 0'$0'+-! ,&! 0'*+,/2[/0[.-$! ,$! P*/()4.! 'P/(.!
'0.,<'.,/&!/?!3BZH$L!*-0-\./*! .[*/$,&-!1,&'$-$!U%37:^L! ?,P*/P#'$.!)*/J.4!?'0./*!
*-0-\./*$YL! *-0-\./*! $-*,&-h! .4*-/&,&-! 1,&'$-$! U.*'&$?/*2,&)! )*/J.4! ?'0./*:l!
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UQ37:lYYL!0'*+,/.*/\,&:^!U)\^XW!*-0-\./*YL!'&+!P[!$.*-$$!$.,2(#,!$(04!'$!$.*-.04!
UO()+-&!'&+!Z#-*1L!^ccgPY@!7/*!-K'2\#-L!$,)&'#! .*'&$2,$$,/&! ?*/2!H'$!./! .4-!
&(0#-($! ,&</#<-$! '! *-#'[! $[$.-2! /?! .4*--! +,$.,&0.! 0'$0'+-$! /?! \*/.-,&!
\4/$\4/*[#'.,/&@!G'04!0'$0'+-!')',&!4'$!.4*--!#-<-#$!/?!+-?,&-+!*-'0.,/&$A!U^Y!
5"BEEE$!\4/$\4/*[#'.-!5"BEE$!/&!$-*,&-! .4*-/&,&-! *-$,+(-$b! UVY!5"BEE$!
'*-!+('#:$\-0,?,0,.[!\*/.-,&!1,&'$-$!.4'.!\4/$\4/*[#'.-!.4-!5"BE$!/&!.4*-/&,&-!
'&+!'!.[*/$,&-!*-$,+(-!,&!'!Q4*:r:Q[*!2/.,?b!'&+!UXY!/&0-!'0.,<'.-+L!.4-!5"BE$!
\4/$\4/*[#'.-!$-*,&-!/*!.4*-/&,&-!*-$,+(-$!,&!&(2-*/($!&(0#-'*!'&+!-K.*'&(0#-'*!
$(P$.*'.-$! U=-&4'*+.L! ^ccab! O-)-*! '&+! E*-P$L! ^cciY@! B4/$\4/*[#'.,/&! ,&! '!
+,$.,&0.!2/.,?!+-?,&-$!.4-!.4*--!2'22'#,'&!5"BE!?'2,#,-$@!Q4-!2/.,?$!0/2\*,$-!
Q4*:3#(:Q[*!?/*!.4-!-K.*'0-##(#'*!$,)&'#:*-)(#'.-+!1,&'$-!UGHE$YL!Q4*:B4-:Q[*!?/*!
.4-! 0:D(&! '2,&/:.-*2,&'#! 1,&'$-! USCE$YL! '&+! Q4*:3#[:Q[*! ?/*! .4-! \Xgh5"BE$!
UQ*-,$2'&L!^ccaY@!f&0-!'0.,<'.-+L!GHE$L!SCE$L!'&+!\Xg!?(*.4-*!\4/$\4/*[#'.-!
+/J&$.*-'2!.'*)-.$L!0/2\*,$,&)!2(#.,\#-!.*'&$0*,\.,/&!?'0./*$!.4'.!,&!.(*&!,&+(0-!
*-\*/)*'22,&)!/?!0'*+,'0!)-&-!-K\*-$$,/&@!Q4-! .J/!5"BE!1,&'$-$! U5"BEEY!
5GE^!'&+!5GEV!?(&0.,/&!'$!(\$.*-'2!'0.,<'./*$!/?!GHE^!'&+!GHEV!P[!+,*-0.#[!
\4/$\4/*[#'.,&)!'!+('#!$,.-!,&!.4-!GHE!1,&'$-$!'0.,<'.,/&!#//\@!5EEj!'&+!5EEe!
+,*-0.#[!'0.,<'.-!SCE$L!J4-*-'$!.4-!5"BEE$!5EEX!'&+!5EEa!+,*-0.#[!'0.,<'.-!
\Xg!1,&'$-$@!%&!'++,.,/&L!5GEi!+,*-0.#[!'0.,<'.-$!GHEi!U3'**,&)./&!'&+!S/4&$/&L!
^cccY@!"!0/2\#-K!&-.J/*1!/?!$-<-*'#!5"BEE!1,&'$-$!U5"BEEEY!(\$.*-'2!/?!.4-!
5"BEE$!$-&$-!$.*-$$!$,)&'#$!+,??-*-&.#[@!5"BEEE$!0'&!$-&$-!$.*-$$!+,*-0.#[!/*!
P-0/2-!*-)(#'.-+!P[!$2'##!3:\*/.-,&$!$(04!'$!H'$L!H4/L!H'0L!'&+!Z=ZjV!/*!
5"BEEE!1,&'$-$!Uq'2'2/./!-.!'#@L!VWWXY@!
C(2-*/($!$.(+,-$!($,&)!0(#.(*-+!0'*+,/2[/0[.-$!$4/J-+!.4'.!,&!*-$\/&$-!./!.4-!
P,&+,&)!/?!')/&,$.$!./!3BZH$L!U.4'.!0/(\#-!./!3kdA!"&),/.-&$,&:%%!.[\-!̂ !*-0-\./*L!
-&+/.4-#,&:^! *-0-\./*$L! '&+! k^:! '+*-&-*),0! *-0-\./*$Y! '##! .4*--! 5"BE$! '*-!
'0.,<'.-+@! %&! '++,.,/&L! GHEL! SCEL! '&+! \Xgh5"BE! '*-! '0.,<'.-+! ,&! 0(#.(*-+!
0'*+,/2[/0[.-$!P[!2-04'&,0'#!$.*-$$!'&+!\*-$$(*-!/<-*#/'+L!'$!J-##!'$!,&!?',#,&)!
4(2'&! 4-'*.$! UZ//1! -.! '#@L! ^cccb!G$\/$,./! -.! '#@L! VWW^b!E/2(*/! -.! '#@L! ^ccab!
B-'*$/&!-.!'#@L!VWW^b!B(*0-##!-.!'#@L!VWWeb!O'+/$4,2'!-.!'#@L!^ccib!O()+-&!'&+!
Z#-*1L!^ccg'b!Q'1-,$4,!-.!'#@L!VWW^b!q'2'6'1,!-.!'#@L!^ccXY@!Q4($L!.4-!*/#-!/?!H'$L!
H'$! -??-0./*$L! '&+! .4-! 2/#-0(#-$! /?! .4-! 5"BE! 0'$0'+-! ,&! 0'*+,'0! $,)&'#!
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.*'&$+(0.,/&!4'$!P--&!'++*-$$-+!P[!&(2-*/($!$.(+,-$!U"P+-##'.,?!-.!'#@L!^ccjYL!
P(.!.4-!-K'0.!*/#-!/?!5"BE$!4'$!*-2',&-+!(&0#-'*@!!
!
X@i@^!GHE^hV!s!-$$-&.,'#!*-)(#'./*$!,&!4[\-*.*/\4[ 

"!$-*,-$!/?!0[./$/#,0!'&+!&(0#-'*!$(P$.*'.-$! ,$!\4/$\4/*[#'.-+!P[!GHE!\*/.-,&!
1,&'$-$! UZ4-&!-.!'#@L!VWW^Y@! %&!'!$.(+[!P[!Z#-*1!-.!'#! ,&! *-$\/&$-! ./!')/&,$.$!
1&/J&!./!,&+(0-!\'.4/#/),0'#!4-'*.!)*/J.4!U"Q:%%L!GQ:^L!'&+!CGYL!GHE!^hV!J'$!
'0.,<'.-+@!%&!0/&.*'$.L!,&!*-$\/&$-!./!%37^!'$!'!2-+,'./*!/?!\4[$,/#/),0'#!0'*+,'0!
4[\-*.*/\4[L!&/!'0.,<'.,/&!J'$!?/(&+!UZ#-*1!-.!'#@L!VWWaY@!%&!'++,.,/&L!$.,2(#'.,/&!
/?! ,$/#'.-+! 0'*+,/2[/0[.-$! J,.4! 4[\-*.*/\4,0! ')/&,$.$! .4'.! $,)&'#! .4*/()4! 3d!
\*/.-,&:0/(\#-+!*-0-\./*$!$4/J-+!.4'.!GHE!^hV!'0.,<'.,/&!J'$!0*(0,'#!?/*!\*/.-,&!
$[&.4-$,$!J4,04!,$!'!1&/J&!*-d(,*-2-&.!?/*!0-##!)*/J.4!UT'&)!'&+!B*/(+L!VWWVY@!
"00/*+,&)!./!.4-$-!?,&+,&)$L!'&/.4-*!$.(+[!,2\#,0'.-+!GHE!̂ hV!,&!.4-!+-<-#/\2-&.!
/?!0'*+,'0!4[\-*.*/\4[!$,&0-!($,&)!2,0-!$(PD-0.-+!./!\*-$$(*-!/<-*#/'+!'&+!J,.4!
.4-!-K\*-$$,/&!/?!'!+/2,&'&.!&-)'.,<-!2(.'&.!/?!H'?:^!U'!5"BE!1,&'$-!1,&'$-!
+/J&$.*-'2!/?!3kdY!?/(&+!.4'.!0'*+,'0!4[\-*.*/\4[!J'$!'..-&('.-+!U9'**,$!-.!'#@L!
VWWjY@! R(.L! '! \4[$,/#/),0'#! *'.4-*! .4'&! \'.4/#/),0'#! \4-&/.[\-! J'$! ?/(&+! ,&!
.*'&$)-&,0! 2,0-! .4'.! -K\*-$$-+! '! 0'*+,'0:$\-0,?,0! 0/&$.,.(.,<-#[! '0.,<-! 5"BE!
1,&'$-! ^! U5GE^Y@! Q4-$-!2,0-! +-<-#/\-+! 0/&0-&.*,0! 0'*+,'0! 4[\-*.*/\4[!J,.4!
-&4'&0-+!$[$./#,0!0'*+,'0!?(&0.,/&!'&+!&/!,&.-*$.,.,'#!?,P*/$,$@!Q4,$!\4-&/.[\-!,$!
0/&?/*2'P#-!J,.4!.4-!\4[$,/#/),0'#!?/*2!/?!0/2\-&$'.-+!4[\-*.*/\4[!'&+!$/!?'*L!
4'$!&/.!P--&!+-$0*,P-+!./!.(*&!,&./!4-'*.!?',#(*-!UR(-&/!-.!'#@L!VWWWY@!%&!0/&.*'$.!
./! 0/2\-&$'.-+! 4[\-*.*/\4[! ,&! <,</! ,&+(0-+! P[! 5GE^:GHE^hVL! \'.4/#/),0'#!
0'*+,'0!*-2/+-#,&)L!'&+!\*-2'.(*-!+-'.4!/00(**-+!J4-&!.4-!(\$.*-'2!*-)(#'./*!
/?!.4,$!\'.4J'[L!H'$L!J'$!/<-*-K\*-$$-+!U9(&.-*!-.!'#@L!^cciY@!H'$!0'&!+,*-0.#[!
'0.,<'.-!H'?:^! .4'.! ,&! .(*&!'0.,<'.-$!5GE^:GHE^hV@!"++,.,/&'##[L!H'$!0'&!'#$/!
'0.,<'.-!.4-!SCE!'$!\'*.!/?!'&/.4-*!5"BE!0'$0'+-!P*'&04L!.4-!B%XEL!'$!J-##!'$!
/.4-*! ,&.*'0-##(#'*! $,)&'#,&)! \'.4J'[$! U5/#1-&.,&! '&+! =/*&L! VWW^Y@! Q4($L!
&(2-*/($!$-..,&)$!/?!0'*+,'0!4[\-*.*/\4[!'&+!?',#(*-!?/(&+!'0.,<'.,/&!/?!GHE^hV!
U5($#,&L!VWWg@!R(.L![-.!,.!*-2',&$!(&0#-'*!J4-.4-*!(P,d(,./($#[!-K\*-$$-+!GHE!
^hV!UR/(#./&!-.!'#@L!^cc^Y!,$!'!0*,.,0'#!2-+,'./*!/?!4[\-*.*/\4,0!*-$\/&$-$!!U5($#,&L!
VWWgY@!!
!
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X@a!O-&$,&)!P,/2-04'&,0'#!$.*-$$!$,)&'#$!

C-K.! ./! #,)'&+:*-0-\./*! ,&.-*'0.,/&$! '.! .4-! 0-##! 2-2P*'&-! .4'.! ?(*.4-*! ,&,.,'.-!
$,)&'#,&)! -<-&.$L! 0'*+,/2[/0[.-$! -K4,P,.! '&! ,&.-*&'#! $-&$/*[! '\\'*'.($! .4'.!
-&'P#-$! .4-2! ./! +,*-0.#[! +-.-0.! 2-04'&,0'#! +-?/*2'.,/&! /*! $.*-.04@! Q4-!
0/&<-*$,/&!/?!2-04'&,0'#!?/*0-$!,&./!P,/2-04'&,0'#!$,)&'#$!,$!.4-!?(&+'2-&.'#!
\*/0-$$!/?!5-04'&/.*'&$+(0.,/&@!%&.-)*,&$!*-\*-$-&.!/&-!$(04!'\\'*'.($!#,&1,&)!
.4-!-K.*'0-##(#'*!2'.*,K!./!.4-!,&.*'0-##(#'*!0[./$1-#-./&!UH/$$!'&+!R/*)L!VWW^Y@!
Z/2\*,$-+! /?! '&! k! '&+! l! $(P(&,.L! %&.-)*,&$! '*-! \#'$2'!2-2P*'&-:$\'&&,&)!
4-.-*/+,2-*$! P,&+,&)! -K.*'0-##(#'*! 2'.*,K! 0/2\/&-&.$! ,&0#(+,&)! ?,P*/&-0.,&L!
0/##')-&L! /*! #'2,&,&@! Q4*/()4! $,)&'#,&)! \*/.-,&$! .4'.! *-$,+-! J,.4,&! .4-! ?/0'#!
'+4-$,/&!0/2\#-K!,&$,+-!.4-!0-##L!.4-!l!$(P(&,.!0'&!.*'&$2,.!,&?/*2'.,/&!J,.4!.4-!
0[./\#'$2,0!.',#!0/2\*,$,&)!0/2\/$,.,/&!'&+!$.*-.04,&)!/?!.4-!-K.*'0-##(#'*!2'.*,K@!
C/&:*-0-\./*!.[*/$,&-!1,&'$-$!$(04!'$!?/0'#!'+4-$,/&!1,&'$-!U7"EY!/*!,&.-)*,&:
#,&1-+!1,&'$-! U%MEY!0/2\/$-! ,&.-)*,&:'$$/0,'.-+!0/2\#-K-$! .4'.! ,&! .(*&! *-0*(,.!
$,)&'#,&)!\*/.-,&$! ,&0#(+,&)!H4/!3QB'$-$L!B%XEL! '&+!\*/.-,&! 1,&'$-!Z! UBEZY!
US/4&$./&!-.!'#@L!VWWcb!O4',!-.!'#@L!VWWVY!'$!J-##!'$!/.4-*!+/J&$.*-'2!-??-0./*$!
$(04!'$!H'$!UH/$$!'&+!R/*)L!VWW^Y@!O.(+,-$!($,&)!'!0'*+,'0:$\-0,?,0!'P#'.,/&!/?!
%.)P^!U1&/J&!./!P-!*-$\/&$,P#-!?/*!-&0/+,&)!.4-!l^!$(P(&,.Y!/*!'!)#/P'#!+-#-.,/&!
/?!%.)PX!U-&0/+,&)!?/*!lX!$(P(&,.Y!?/(&+!-K'0-*P'.-+!4[\-*.*/\4,0!+,$-'$-$!J4-&!
,&+(0-+! P[! \*-$$(*-! /<-*#/'+! US/4&$./&! -.! '#@L! VWWcb! O4',! -.! '#@L! VWWVY@! %&!
'++,.,/&L!'&/.4-*!$.(+[!,2\#,0'.-+!2-#($,&L!'&!,&.-)*,&:,&.-*'0.,&)!2/#-0(#-L!'$!'!
$-&$/*!/?!2-04'&,0'#!$.*-$$!,&!0'*+,/2[/0[.-$!UR*'&0'00,/!-.!'#@L!VWWXY@!!
7(*.4-*2/*-L!'.! .4-!#-<-#!/?! .4-!0'*+,'0!I:+,$0!J,.4,&!-'04!$'*0/2-*-L!'&/.4-*!
$-&$,&)!'\\'*'.($!4'$!P--&!+-$0*,P-+@!"&04/*-+!./!$\-0,?,0!\*/.-,&$!'.!.4-!I:
+,$0!'&+!.4*/()4!'!0/2\#-K!/?!.*'&$+(0,&)!\*/.-,&$L!.4-!$2'##!M%5:+/2',&!\*/.-,&!
5MB!U2($0#-!M%5!\*/.-,&Y!,&!\'*.,0(#'*L!,$!.4/()4.!./!?(&0.,/&!'$!'&!,&.-*&'#!$.*-.04!
$-&$/*!UE&/##!-.!'#@L!VWWVY@!%&!\'*.,0(#'*L!2-#($,&!J'$!?/(&+!./!P-!0*(0,'#!?/*!.4-!
\4/$\4/*[#'.,/&! U,&'0.,<'.,/&Y!/?! )#[0/)-&!$[&.4'$-!1,&'$-:Xl! U3OEXlYL!5MBL!
4/J-<-*L!J'$!$())-$.-+!./!.*'&$+(0-!$,)&'#$!<,'!.4-!0'#0,&-(*,&:C7"Q!\'.4J'[!
UR*'&0'00,/! -.! '#@L! VWWXb! 9-,&-1-! -.! '#@L! VWWiY@! Q4($L! P/.4! '\\'*'.($-$! ($-!
'..'04-+!$,)&'#,&)!2/#-0(#-$!?/*!.*'&$2,..,&)!P,/2-04'&,0'#!$.*-$$!$,)&'#$@!!
%&!'++,.,/&L!/*,),&'##[!,+-&.,?,-+!,&!04,01-&!$1-#-.'#!2($0#-!2[/0[.-$L!.4-!.*'&$,-&.!
*-0-\./*!\/.-&.,'#!UQHBY!04'&&-#$!UB'.-#!-.!'#@L!VW^WYL!J4,04!4'<-!P--&!+-$0*,P-+!
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'$!\/$$,P#-!$.*-.04:$-&$,.,<-!$,)&'#,&)!2-+,'./*$!\-*2-'.,&)!0'#0,(2!'&+!/.4-*!
0'.,/&$L!J-*-!#'.-*!,+-&.,?,-+!,&!-$$-&.,'##[!'##!.,$$(-$!'&+!0-##!.[\-$@!Q4($L!)*/J.4!
$,)&'#,&)! ,&! .4-!4-'*.!2'[!P-!2-+,'.-+!<,'!'!$.*-.04:'0.,<'.-+!0'#0,(2!0(**-&.!
'&+!,.$!+/J&$.*-'2!-??-0./*$!$(04!'$!.4-!0'#0,&-(*,&:&(0#-'*!?'0./*!/?!'0.,<'.-+!
Q! 0-##$! UC7"QY! $,)&'#,&)! U5($'*/! -.! '#@L! ^cccY@! Q4-! QHB! 0'&/&,0'#! UQHZBY!
$(P?'2,#[! 0/&$,$.$!/?!QHBZ^L!QHBZXL!QHBZjL!QHBZiL!QHBZaL!'&+!QHBZe@!
3BZH!$,)&'#,&)!)-&-*'.-+!+,'0[#)#[0-*/#!U="3Y!4'$!P--&!+-$0*,P-+!./!'0.,<'.-!
QHBZXL!QHBZaL!'&+!QHBZe@!="3!4'$!'#$/!P--&!$4/J&! ./!'0.,<'.-!QHBZ^L!
QHBZjL!'&+!QHBZiL!,&!'++,.,/&!./!.4-!+-\#-.,/&!/?! ,&.*'0-##(#'*!0'#0,(2!$./*-$!
UB'.-#!-.!'#@L!VW^WY@!7(*.4-*2/*-L!$.*-.04,&)!4'$!P--&!?/(&+!./!'0.,<'.-!QHBZ^L!
QHBZjL!QHBZiL!'&+!QHBZaL!,&+,0'.,&)!.4'.!.4-$-!QHB!04'&&-#$!2,)4.!.4($!'0.!
'$! $.*-.04! $-&$/*$! '&+! \'*.,0,\'.-! ,&! +/J&$.*-'2! $,)&'#,&)! *-$(#.,&)! ,&! '!
4[\-*.*/\4,0!)*/J.4! *-$\/&$-!/?! .4-!4-'*.@!C-<-*.4-#-$$L!QHBZ^!'&+!QHBZa!
4'<-! P--&! ,2\#,0'.-+! ,&! *-)(#'.,&)! 0'*+,'0! 4[\-*.*/\4[L! '&+! P/.4! 4'<-! P--&!
,+-&.,?,-+!./!P-!+,*-0.#[!'0.,<'.-+!<,'!$.*-.04!U5'*/./!-.!'#@L!VWWib!O-.4!-.!'#@L!VWWcb!
O\'$$/<'!-.!'#@L!VWWab!T(!-.!'#@L!VW^WY@!
9/J-<-*L!,&!*-$\/&$-!./!P,/2-04'&,0'#!$.*-$$L!2-2P*'&-:-2P-++-+!*-0-\./*$!
$(04!'$!'&),/.-&$,&!%%!.[\-!^!+,*-0.#[!'$$/0,'.-!J,.4!S'&($!1,&'$-:V!US"EVY@!!3!
\*/.-,&$! .*'&$#/0'.-! ,&./! .4-! 0[./$/#! '&+! ?(*.4-*! '0.,<'.-! -K.*'0-##(#'*! $,)&'#:
*-)(#'.-+!1,&'$-!UGHEYL!*-$(#.,&)!,&!4[\-*.*/\4[!,&+(0.,/&!UI/(!-.!'#@L!VWWjY@!!
!

X@e!Z[./1,&-$!!

%&.-*#-(1,&:a!U%M:aYL!#-(1-2,'!,&4,P,./*[!?'0./*!M%7!'&+!0'*+,/.*/\4,&:^!UZQ:^YL!'&+!
/.4-*!2-2P-*$!/?!.4-!%M:a!?'2,#[!/?!0[./1,&-$!'*-!2(#.,?(&0.,/&'#!2/#-0(#-$!.4'.!
0/&.*,P(.-!./!,&?#'22'.,/&!'&+!0'*+,'0!4[\-*.*/\4[!UG#$/&!-.!'#@L!VWWWb!9-,&*,04!
-.!'#@L!^ccgY@!
%M:a! -K\*-$$,/&! ,&! .4-! 4-'*.! ,$! (\*-)(#'.-+! ,&! $-<-*'#! 0/&+,.,/&$! ,&0#(+,&)!
4[\/K,'h,$04-2,'!U9,$4,&(2'!-.!'#@L!^cccb!H/[!-.!'#@L!VWWaY!'&+!-$\-0,'##[!+(*,&)!
.4-!\*/)*-$$,/&!/?!4[\-*.*/\4[!+(-!./!\*-$$(*-!/<-*#/'+L!2[/0'*+,'#!,&?'*0.,/&L!
'&+! 0/&)-$.,<-! 4-'*.! ?',#(*-! UR',&-$!'&+!5/#1-&.,&L! VWWib!R*,-$.! -.! '#@L! VWWXb!
E'&-1/!-.!'#@L!̂ cceb!O'&/!-.!'#@L!VWWWb!q'2'(04,:Q'1,4'*'!'&+!E,$4,2/./L!VWWWY@!
Z'*+,'0! %M:a! -K\*-$$,/&! ,$! (\*-)(#'.-+! P[! 2(#.,\#-! ?'0./*$! 0/2\*,$,&)! .4-!
,&?#'22'./*[!0[./1,&-$!%M:^l!'&+!QC7k!UC'1'/1'!-.!'#@L!VWWXYL!MBO!UQ$(.'2/./!
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-.!'#@L!̂ ccgYL!&-(*/4/*2/&-$!$(04!'$!&/*-\,&-\4*,&-!UZ4-&!-.!'#@L!̂ ccgY!'&+!"&)!
%%!UO'&/!-.!'#@L!VWW^YL!'$!J-##!'$!,&.*'0-##(#'*!*-'0.,<-!/K[)-&!$\-0,-$!US'0/P[!-.!
'#@L!VWWXb!O'*1'*!-.!'#@L!VWWjY@!9/J-<-*L!,&!.4-!0/&.-K.!/?!\4[$,/#/),0'#L!'+'\.,<-!
-K-*0,$-:,&+(0-+!0'*+,'0!4[\-*.*/\4[! %M:a! *-#-'$-! ,$!'\\'*-&.#[!&/.! ,&0*-'$-+!
US,&!-.!'#@L!̂ ccaY@!%&!.4-!4(2'&!4-'*.L!P/.4!0'*+,'0!?,P*/P#'$.$!'&+!0'*+,/2[/0[.-$!
\*/+(0-!%M:a!U"&./&,0-##,!-.!'#@L!VWWib!"/['2'!-.!'#@L!VWWWY@!%&!'++,.,/&L!-#-<'.-+!
$-*(2! #-<-#$!'*-! ?/(&+! ,&! 0/&+,.,/&$! $(04!'$! 0'*+,'0!4[\-*.*/\4[L! 0/&)-$.,<-!
4-'*.!?',#(*-!'$!J-##!'$!'0(.-!2[/0'*+,'#!,&?'*0.,/&!UQ-$.'!-.!'#@L!^ccab!Q$(.'2/./!
-.! '#@L! ^ccgY@! %.! 4'$! P--&! +-$0*,P-+! .4'.! '?.-*! P,&+,&)! ./! ,.$! *-0-\./*! '&+!
$(P$-d(-&.!?/*2'.,/&!/?!.4-!)\^XW!*-0-\./*!0/2\#-KL!%M:a!'0.,<'.-$!.4-!S'&($:
1,&'$-:$,)&'#! .*'&$+(0-*@! 7(*.4-*2/*-L! *-$(#.$! ?*/2! .*'&$)-&,0! 2,0-! 2/+-#$!
,&+,0'.-! .4-! ,2\/*.'&0-! /?! .4-! )\^XW! $,)&'#,&)! \'.4J'[! ,&! 0'*+,/2[/0[.-!
4[\-*.*/\4[! '&+! 0'*+,'0! +-<-#/\2-&.@! "! 0/&.,&(/($#[! '0.,<'.-+! )\^XW!
04'*'0.-*,6-$!2,0-!.4'.!/<-*-K\*-$$!%M:a!'&+!.4-!%M:a!*-0-\./*!,&!.4-!4-'*.!J4,04!
*-$(#.$!,&!0'*+,'0!4[\-*.*/\4[!U9,*/.'!-.!'#@L!^cciY@!%&!0/&.*'$.L!2,0-!+-<-#/\!'!
#-.4'#!4[\/\#'$.,0!<-&.*,0(#'*!2[/0'*+,(2!,&!*-$\/&$-!./!'!+,$*(\.-+!)\^XW!)-&-!
Uq/$4,+'!-.!'#@L!^ccaY@!!
%&! '++,.,/&L! \/$.&'.'#! 2(*,&-! 0'*+,/2[/0[.-$! 4'<-! P--&! ?/(&+! ./! 'P(&+'&.#[!
-K\*-$$!.4-!M%7!*-0-\./*!'&+!,.$!#,)'&+!U"/['2'!-.!'#@L!VWWWb!M'.042'&L!VWWWYL!
'&+! /.4-*$! ?/(&+! .4'.! M%7! 2-+,'.-$! P/.4! 4[\-*.*/\4,0! '&+! 0[./\*/.-0.,<-!
*-$\/&$-$!,&!'+(#.!0'*+,/2[/0[.-$!,&!<,.*/!U9'$\-#!'&+!='*&-##L!^cccb!T'&)!-.!
'#@L! VWW^Y@! %&! '++,.,/&L! M%7! 4'$! P--&! +-$0*,P-+! ./! .*,))-*! '0.,/&$! $(04! '$!
,&0*-'$,&)!0'*+,/2[/0[.-!)*/J.4!'&+!-K\*-$$,/&!/?!?-.'#!)-&-$!U(\*-)(#'.-+!0:
?/$L!t:59ZL!'&+!"C7Y!UM'.042'&L!VWWWb!5'.$(,!-.!'#@L!^ccaY@!"#.4/()4L!/.4-*$!
*-\/*.-+! .4'.! .4-!2[/0'*+,'#! 4[\-*.*/\4[! ,&+(0-+! P[! M%7! ,$! +,??-*-&.! ?*/2! .4-!
'#\4':'+*-&-*),0! *-$\/&$-$! 2-+,'.-+! P[! 3! \*/.-,&:0/(\#-+! *-0-\./*$L! '&+!
04'*'0.-*,6-+! P[! '! \*-+/2,&'&.! ,&0*-'$-! ,&! 2[/0'*+,'#! 0-##! #-&).4! J,.4! .4-!
'++,.,/&!/?!&-J!$'*0/2-*,0!(&,.$!,&!$-*,-$!J,.4/(.!'!0/&0/2,.'&.!,&0*-'$-!,&!0-##!
J,+.4!UE(J'4'*'!-.!'#@L!VWWWb!T'&)!-.!'#@L!VWW^Y@!
M,1-J,$-L! ZQ:^! ,&+(0-$! 2[/0'*+,'#! 4[\-*.*/\4[! $,2,#'*! ./! M%7L! ,&! J4,04!
$'*0/2-*-$!P-0/2-!'++-+!,&!$-*,-$!,&0*-'$,&)!2[/0'*+,'#!0-##!#-&).4!UT'&)!-.!
'#@L!VWW^Y@!R/.4L!M%7!'&+!ZQ:^!4'<-!P--&!+-$0*,P-+!./!'0.,<'.-!.4-!2'D/*!)\^XW!
+/J&$.*-'2!$,)&'#,&)!0'$0'+-$!S"EhOQ"QL!5GEhGHEL!'&+!B%XEh"1.!U7(04$!-.!
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'#@L!VWWXb!E'&-1/!-.!'#@L!^cceY@!%&!'++,.,/&L!!'!$,)&,?,0'&.!,&0*-'$-!/?!ZQ:^!2HC"!
'&+!\*/.-,&!'#/&)!J,.4!)\^XW!-K\*-$$,/&!4'$!P--&!+-2/&$.*'.-+!,&!.4-!\4'$-!/?!
.*'&$,.,/&!?*/2!#-?.!<-&.*,0(#'*!4[\-*.*/\4[!./!0/&)-$.,<-!4-'*.!?',#(*-!UQ'#J'*!-.!
'#@L! VWWWY@! 7(*.4-*2/*-L! $-<-*'#! -K\-*,2-&.'#! $.(+,-$! ,&+,0'.-! .4'.! ZQ:^! ,$!
?(&0.,/&,&)! '$! '! \/.-&.! 0'*+,'0! $(*<,<'#! ?'0./*L! '$! J-##! '$! '! \*/2/./*! ?/*!
0'*+,/2[/0[.-!\*/#,?-*'.,/&!'&+!4[\-*.*/\4[!,&!<,.*/!'&+!,&!<,</!US/()'$'1,!-.!'#@L!
VWWWb! E'./! -.! '#@L! VWWWb! O4-&)! -.! '#@L! ^ccab! ],##-)'$! -.! '#@L! VWWWY@!5/*-/<-*L!
/.4-*$!*-\/*.! .4'.! ?,P*/P#'$.!\*/#,?-*'.,/&L!2,)*'.,/&L!'&+!0/##')-&!$[&.4-$,$!'*-!
,&+(0-+!P[!ZQ:^!U7*--+!-.!'#@L!VWWXb!7(04$!-.!'#@L!VWWXb!E'&-1/!-.!'#@L!^cceY@!
R-[/&+!.4'.L!"Q:%%!4'$!P--&!?/(&+!./!.*,))-*!,&0*-'$-+!-K\*-$$,/&!/?!%M:aL!M%7L!
'&+!ZQ:^!,&!0'*+,'0!?,P*/P#'$.$L!,&!J4,04!-$\-0,'##[!M%7!'&+!ZQ:^L!,&!.(*&L!'0.,<'.-!
)\^XW:#,&1-+!+/J&$.*-'2!$,)&'#,&)!UO'&/!-.!'#@L!VWW^Y@!!
Q4($L! .4-! \'.4/)-&-$,$! /?! #-?.! <-&.*,0(#'*! 4[\-*.*/\4[! '&+! +[$?(&0.,/&! ,$!
'$$/0,'.-+!J,.4!'0.,<'.,&)!0[./1,&-$!$(04!'$!%&.-*#-(1,&:a!U%M:aY!'$!.4-[!2-+,'.-!
\*/#,?-*'.,/&L!&-)'.,<-!,&/.*/\,0!-??-0.$L!'&+!2[/0'*+,'#!4[\-*.*/\4[!US-*/&!-.!'#@L!
VWWVY@!
!

X@g!Z'#0,(2!$,)&'#,&)!

Z'#0,(2!,$!-$$-&.,'#!,&!.4-!*-)(#'.,/&!/?!0'*+,'0!0/&.*'0.,#-!?(&0.,/&L!)*/J.4L!'&+!
)-&-! -K\*-$$,/&! U7*-[! -.! '#@L! VWWW'Y@! Z'#0,&-(*,&! '&+! 0'#0,(2h0'#2/+(#,&:
+-\-&+-&.! \*/.-,&! 1,&'$-$! UZ'5E$Y! 0/2\*,$-! .4-! P-$.:+-$0*,P-+! 0'#0,(2:
+-\-&+-&.! $,)&'#,&)! \*/.-,&$L! ,&! J4,04! .4-! $-*,&-:.4*-/&,&-! \4/$\4'.'$-!
0'#0,&-(*,&!-K4,P,.$!'!0'.'#[.,0!"!'&+!*-)(#'./*[!R!$(P(&,.@!QJ/!*-)(#'./*[!)-&-$!
UR^L!RVY!4'<-!P--&!,+-&.,?,-+!?/*!.4-!$(P(&,.!RL!J4-*-'$!.4*--!)-&-$!-&0/+-!?/*!
.4-! 0'.'#[.,0! "! $(P(&,.A! 0'#0,&-(*,&:"a! UZ&"aYL! 0'#0,&-(*,&:"l! UZ&"lYL!
0'#0,&-(*,&:"[! UZ&"[Y@!9/J-<-*L!-K\*-$$,/&! ,&!4(2'&L!2/($-L!'&+! *'.!4-'*.$!
4'$!/&#[!P--&!$4/J&!?/*!Z&"a!'&+!Z&"l!!UE#--!-.!'#@L!̂ ccgb!5/#1-&.,&!'&+!=/*&L!
VWW^Y@!O($.',&-+!-#-<'.,/&$!/?! ,&.*'0-##(#'*!0'#0,(2!'0.,<'.-!0'#0,&-(*,&L!J4,04!
-&'P#-$!P,&+,&)!./!,.$!\*,2'*[!+/J&$.*-'2!-??-0./*L!.4-!&(0#-'*!?'0./*!/?!'0.,<'.-+!
Q! 0-##! UC7"QY! .*'&$0*,\.,/&! ?'0./*$@! O(P$-d(-&.#[L! 0'#0,&-(*,&! 2-+,'.-$! .4-!
+-\4/$\4/*[#'.,/&!/?!C7"QL!J4,04!,$!&/*2'##[!?/(&+!4[\-*\4/$\4/*[#'.-+!'&+!
$-d(-$.-*-+!,&!.4-!0[./\#'$2!UZ*'P.*--!'&+!f#$/&L!VWWVY@!"!*/P($.!4[\-*.*/\4,0!
*-$\/&$-!4'$!P--&!+-$0*,P-+!,&!.*'&$)-&,0!2,0-!'?.-*!0'*+,'0:$\-0,?,0!'0.,<'.,/&!
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/?! 0'#0,&-(*,&! /*! ,.$! +/J&$.*-'2! -??-0./*! C7"Q! U5/#1-&.,&! -.! '#@L! ^ccgY@! %&!
'++,.,/&L! ! )-&-.,0! ,&4,P,.,/&! /?! 0'#0,&-(*,&! /*! C7"Q! ,&! $-<-*'#! */+-&.! 2/+-#$!
*-<-'#-+!.4'.!.4-!0'#0,&-(*,&hC7"Q!\'.4J'[!,$!&-0-$$'*[!?/*!'!?(##!4[\-*.*/\4,0!
*-$\/&$-!UT,#1,&$!'&+!5/#1-&.,&L!VWWVY@!7(*.4-*2/*-L!$/2-!$.(+,-$!$())-$.!.4-!
,&</#<-2-&.!/?!.4,$!\'.4J'[!,&!*-)(#'.,&)!\'.4/#/),0'#!*-2/+-#,&)!'&+!?',#(*-!'$!
.4-[!*-\/*.-+!,&0*-'$-+!#-<-#$!/?!0'#0,&-(*,&!/*!\4/$\4'.'$-!'0.,<,.[!,&!?',#,&)!/*!
4[\-*.*/\4,0!4(2'&!4-'*.$!U9'd!-.!'#@L!VWW^b!M,2!'&+!5/#1-&.,&L!^cccb!H,..-*!-.!
'#@L!VWWVY@!
!
X@c!H-'0.,<-!/K[)-&!'&+!&,.*/)-&!$\-0,-$!

O,)&'#,&)! .4'.! ,&</#<-$! 2/+,?,0'.,/&! /?! P,/2/#-0(#-$! P[! /K,+'.,/&h*-+(0.,/&! ,$!
*-?-**-+! ./! '$! *-+/K! $,)&'#,&)L! J4,04! 4'$! P--&! ,+-&.,?,-+! ./! ,&?#(-&0-! 2'&[!
\4[$,/#/),0'#!\*/0-$$-$!,&!.4-!4-'*.!'$!J-##!'$!0/&.*,P(.-!./!\'.4/#/),0'#!0'*+,'0!
*-2/+-#,&)!UR(*)/[&-!-.!'#@L!VW^Vb!9'?$.'+!-.!'#@L!VW^XY@!"#.4/()4!2'&[!$.(+,-$!
+-$0*,P-+!*-+/K!$,)&'#,&)!-,.4-*!J,.4,&!0'*+,/2[/0[.-$!UR(*)/[&-!-.!'#@L!VW^Vb!
O'&./$!-.!'#@L!VW^^Y!/*!-&+/.4-#,'#!0-##$!U"#/2:H(,6!-.!'#@L!VWWgY!+'.'!$())-$.!.4'.!
P/.4!+,*-0.!'&+! ,&+,*-0.!2-04'&,$2$! *-$(#.,&)! ?*/2! *-+/K!$,)&'#,&)!J,.4,&!'&+!
P-.J--&! -&+/.4-#,'#! 0-##$! '&+! 0'*+,/2[/0[.-$! '*-! *-$\/&$,P#-! ?/*! ?(&0.,/&'#!
0/22(&,0'.,/&! P-.J--&! .4-$-! 0-##$! UI4'&)! '&+! O4'4L! VW^jY@! Q4-! *-+/K!
0*/$$.'#1!/00(**,&)!P-.J--&!0'*+,/2[/0[.-$!'&+!-&+/.4-#,'#!0-##$!2'[!0/2\*,$-!
$-<-*'#!2-04'&,$2$!$(04!'$!+,*-0.!+,??($,/&!/?!*-'0.,<-!/K[)-&!$\-0,-$!UHfOY!
'&+!Cfb!,&+,*-0.!-??-0.$!/&!0'*+,/2[/0[.-$!?(&0.,/&!.4*/()4!HfO!'??-0.,&)!.4-!
-K.*'0-##(#'*!2'.*,K!UGZ5Y!,&!.4-!4-'*.!U5(*+/04!-.!'#@L!VW^jYb!'&+!HfO!2/+,?[,&)!
\'*'0*,&-!*-#-'$-!/?!0[./1,&-$!'&+!)*/J.4!?'0./*$!?*/2!-&+/.4-#,'#!0-##$!UI4'&)!
-.! '#@L! VW^WY@! Q4-! *-'0.,<-! $\-0,-$! \*/<,+,&)! *-+/K! $,)&'#,&)! ,&</#<-! *-'0.,<-!
/K[)-&! $\-0,-$! UHfOY! $(04! '$! $(\-*/K,+-! '&,/&! Uf&!YL! 4[+*/K[#! Uf9YL! '&+!
4[+*/)-&!\-*/K,+-! U9!f!YL!'&+! *-'0.,<-!&,.*/)-&!$\-0,-$! ,&0#(+,&)!&,.*,0!/K,+-!
UCfY!'&+!\-*/K[&,.*,.-!UfCff&Y@!Q4-!#'..-*!*-$(#.$!?*/2!.4-!*-'0.,/&!/?!Uf&!Y!J,.4!
Cf!UB'04-*!-.!'#@L!VWWeY@!
!
X@c@^!H-'0.,<-!/K[)-&!$\-0,-$!UHfOY!

H-'0.,<-!/K[)-&!$\-0,-$!UHfOY!0'($-!2/+(#'.,/&!/?!,&.*'0-##(#'*!$,)&'#,&)L!'&+!
.4-*-P[!'#$/!+*,<-! 0'*+,'0! *-2/+-#,&)@!"#.4/()4!+,??-*-&.! $/(*0-$!/?!HfO!'*-!
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\*-$-&.! ,&! .4-! 4-'*.L! ?/*! *-+/K! $,)&'#,&)! .4-! C"=B9! /K,+'$-$! UCfr$Y! '*-!
-$\-0,'##[! ,2\/*.'&.@! 5(#.,\#-! 0-##! .[\-$! $(04! '$! 0'*+,/2[/0[.-$L! ?,P*/P#'$.$L!
-&+/.4-#,'#!0-##$L!'&+! ,&?#'22'./*[!0-##$!-K\*-$$!Cfr!,$/?/*2$L!P(.!C/KV!'&+!
C/Kj!0/2\*,$-!.4-!.J/!2',&!,$/?/*2$!-K\*-$$-+!,&!.4-!4-'*.!UC'P--P'00($!-.!
'#@L!VW^^Y@!Q[\,0'#!.*,))-*$!/?!C/KV!'0.,<'.,/&!,&</#<-!3:\*/.-,&:0/(\#-+!*-0-\./*!
')/&,$.$!0/2\*,$,&)!"Q:%%L!GQ:^L!a:'+*-&-*),0!')/&,$.$L!'$!J-##!'$!0[./1,&-$!$(04!
'$!QC7:a!'&+!2-04'&,0'#!?/*0-$@!Q4-$-!$.,2(#,!,&,.,'.-!f&!!\*/+(0.,/&!P[!,&+(0,&)!
.4-! .*'&$#/0'.,/&! /?! ?/(*! 0[./$/#,0! *-)(#'./*[! $(P(&,.$! U\je\4/KL! \ae\4/KL!
\jW\4/KL!'&+!H'0^YL!J4,04!P,&+!./!.4-!?#'</0[./04*/2-!UR*/J&!'&+!3*,-&+#,&)L!
VWWcY@! R-$,+-$L! ,&! *-$\/&$-! ./! \*-$$(*-! /<-*#/'+L! C/Kj! #-<-#$! ,&0*-'$-! ,&!
0'*+,/2[/0[.-$L! '&+! ,$04-2,'h4[\/K,'L! $.'*<'.,/&L! /*! -<-&! Q37:l! #-'+! ./!
,&0*-'$-+!C/Kj!#-<-#$!,&!$-<-*'#!0-##!.[\-$L!$(04!'$!0'*+,/2[/0[.-$L!-&+/.4-#,'#!
0-##$L! '&+! \/.-&.,'##[! ?,P*/P#'$.$! UI4'&)! -.! '#@L! VW^XY@! 9/J-<-*L! *'.4-*! .4'&!
)-&-*'.,&)!f&!L!C/Kj!4'$!P--&!+-$0*,P-+!./!\*-+/2,&'&.#[!)-&-*'.-!9!f!!UQ'1'0!
-.!'#@L!VW^^Y@!
!
X@c@V!C,.*,0!/K,+-!UCfY!!

G&+/.4-#,'#!0-##$!-K-*.!'!1-[!*/#-!,&!.4-!*-)(#'.,/&!/?!<'$/2/./*!'0.,<,.[!<,'!.4-!
*-#-'$-!/?!<'$/'0.,<-!$(P$.'&0-$!0/2\*,$,&)!<'$/+,#'./*!&,.*,0!/K,+-!UCfY!UE(/!
-.! '#@L! ^ccVY! '&+! <'$/0/&$.*,0./*! GQ:^! Uq'&'),$'J'! -.! '#@L! ^cggY@! %&! '++,.,/&L!
$-<-*'#! '$\-0.$! /?! \4[$,/#/),0'#! 2[/0'*+,'#! ?(&0.,/&! '*-! 2/+(#'.-+! P[! Cf!
0/2\*,$,&)! -K0,.'.,/&:0/&.*'0.,/&! 0/(\#,&)L! 2[/0'*+,'#! *-#'K'.,/&L! +,'$./#,0!
?(&0.,/&L! .4-! 7*'&1:O.'*#,&)! *-$\/&$-L! 4-'*.! *'.-L! l:'+*-&-*),0! ,&/.*/\,0!
*-$\/&$-L! '&+! 2[/0'*+,'#! -&-*)-.,0$! '&+! $(P$.*'.-! 2-.'P/#,$2! UO4'4! '&+!
5'0Z'*.4[L! VWWWY@! 5/*-/<-*L! ,&! <'*,/($! 0'*+,/<'$0(#'*! +,$-'$-$L! ,&0#(+,&)!
4[\-*.-&$,/&L!-#-<'.-+!/K,+'.,<-!$.*-$$!,$!*-$\/&$,P#-!?/*!,2\',*-+!Cf:2-+,'.-+!
<'$/+,#'.,/&L!J4,04!4'$!P--&!0/&$,+-*-+!.4-!4'##2'*1!/?!-&+/.4-#,'#!+[$?(&0.,/&!
U3,#-$L!VWWab!E(/!'&+!9-,&L!VW^XY@!7(*.4-*2/*-L!.4-!4-'*.!-K4,P,.$!+,??-*-&.!&,.*,0!
/K,+-!$[&.4'$-$!UCfO$YL!$(04!'$!-&+/.4-#,'#!CfO!U-CfOY!'&+!&-(*/&'#!CfO!
U&CfOY@!T/*.4!1&/J,&)L!-CfO!,$!\*,2'*,#[!#/0'#,6-+!/&!-&+/.4-#,'#!0-##$L!'&+!#-$$!
?/(&+!,&!0'<-/#'-!/?!0'*+,/2[/0[.-$@!&CfO!/&!.4-!/.4-*!4'&+!,$!2/$.#[!?/(&+!,&!
.4-! 0'*+,'0! $'*0/\#'$2,0! *-.,0(#(2! UOHY! '&+! \/.-&.,'##[! 2,./04/&+*,'! U9'*-L!
VWWjY@!Q4($L!0/&$.,.(.,<-!CfO$!)-&-*'.-!Cf!(&+-*!\4[$,/#/),0'#!0/&+,.,/&$! ,&!
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.4-! 4-'*.! U9'*-L! VWWjY@! %&! 0/&.*'$.L! ,&+(0,P#-! CfO! U,CfOY! 2'[! $-*<-! '$! '&!
'++,.,/&'#! $/(*0-! (&+-*! \'.4/#/),0'#! 0/&+,.,/&$! UZ'*&,0-*! -.! '#@L! VW^XY@!
O.,2(#'.,/&!/?!$/#(P#-!)('&[#'.-!0[0#'$-!'&+! .4-*-P[!)-&-*'.,/&!/?!)('&/$,&-!
2/&/\4/$\4'.-!U035BY!'&+!\/$..*'&$#'.,/&'#!2/+,?,0'.,/&!/?!-??-0./*!\*/.-,&$L!
-@)@L! O:&,.*/$[#'.,/&! /?! 0[$.-,&-! *-$,+(-$L! 0/2\*,$-! \/.-&.,'#! J'[$! /?! Cf!
,&?#(-&0,&)!0-##(#'*!?(&0.,/&@!C/.-J/*.4[L!Cf!4'$!P--&!+-$0*,P-+!./!-K-*.!'&.,:
4[\-*.*/\4,0!-??-0.$! ,&!0'*+,/2[/0[.-$! UZ'#+-*/&-!-.!'#@L!^ccgY!'&+! .4-!-&.,*-!
4-'*.!U='J$/&!-.!'#@L!VWWib!%04,&/$-!-.!'#@L!VWWjb!H(-..-&!-.!'#@L!VWWib!O04-**-*:
Z*/$P,-!-.!'#@L!VWW^Y@!9-*-L!,&0*-'$-+!,&.*'0-##(#'*!035BhBE3^!'0.,<,.[!.4*/()4!
,&4,P,.,/&! /?! .4-! 0'#0,&-(*,&hC7"Q! \'.4J'[! 4'$! P--&! *-\/*.-+! '$! /&-! '&.,:
4[\-*.*/\4,0!'0.,/&!/?!Cf!U7,-+#-*!-.!'#@L!VWWVY@!!
9/J-<-*L! -K0-$$,<-!f!&% #-<-#$! ,&.-*'0.! -K.*-2-#[! *'\,+#[!J,.4!CfL! *-$(#.,&)! ,&!
\-*/K[&,.*,.-! UfCff&Y! ?/*2'.,/&L! .4-*-P[!+,$*(\.,&)!\4[$,/#/),0'#!Cf!$,)&'#,&)!
U9'*-L!VWWjb!C-+,'&,!-.!'#@L!VW^^Y@!Q4($L!.4-!,&.-*'0.,/&$!/?!HfO!)-&-*'.-+!P[!
Cfr! \*/.-,&$! J,.4! CfO:+-*,<-+! Cf! 4'<-! P--&! ,&+,0'.-+! ./! P-! \'*.,0(#'*#[!
,2\/*.'&.!?/*!*-+/K!$,)&'#,&)!,&!.4-!+-<-#/\2-&.!/?!4-'*.!?',#(*-!UC-+,'&,!-.!'#@L!
VW^^b!I4'&)!-.!'#@L!VW^Xb!I4'&)!-.!'#@L!VW^VY!
!

X@^W!C'.*,(*-.,0!\-\.,+-$!!

Q4-!?,*$.!2-2P-*!/?!.4-!&'.*,(*-.,0!\-\.,+-$!?'2,#[!+,$0/<-*-+!,&!^cg^!J'$!.4-!
'.*,'#!&'.*,(*-.,0!\-\.,+-!U"CBY!U+-!R/#+!-.!'#@L!̂ cg^b!E'&)'J'!'&+!5'.$(/L!̂ cgjb!
M-<,&!-.!'#@L!^ccgY@!"!?-J![-'*$!#'.-*L!.4-!/.4-*!.J/!2-2P-*$!0/2\*,$,&)!P*',&!
&'.*,(*-.,0! \-\.,+-! URCBY! '&+!Z:.[\-!&'.*,(*-.,0! \-\.,+-! UZCBY!J-*-! ,+-&.,?,-+!
UO(+/4! -.! '#@L! ^cggb! O(+/4! -.! '#@L! ^ccWY@! "##! .4*--! &'.*,(*-.,0! \-\.,+-$! $4'*-!
$,2,#'*,.,-$!'$!.4-[!0/&$,$.!/?!'!^e:'2,&/:'0,+!*,&)!$.*(0.(*-!'&+!'*-!-&0/+-+!P[!
)-&-$!,&0#(+,&)!.4*--!-K/&$!,&!.4-,*!'0.,<-!?/*2$!U9-!-.!'#@L!VWWab!B/..-*!-.!'#@L!
VWWcY@! %&! '++,.,/&L! ,&,.,'##[! $[&.4-$,6-+! '$! '! \*-:4/*2/&'#! ?/*2L! &'.*,(*-.,0!
\-\.,+-$!P-0/2-!P,/#/),0'##[!'0.,<-!'$!.4-[!'*-!0#-'<-+!,&./!.4-!0'*P/K[:.-*2,&'#!
?/*2$!U"CBL!RCB:XVL!ZCB:VVYL!'&+!*-$\-0.,<-!'2,&/:.-*2,&'#!-&+$@!Q4-!#'..-*!
04'*'0.-*,6-$! .4-! 0,*0(#'.,&)! ?/*2! /?! &'.*,(*-.,0! \-\.,+-$L! J4,04! 4'<-! P--&!
+-$0*,P-+!'$!2/*-!$.'P#-!U9-!-.!'#@L!VWWab!5'.$(/!-.!'#@L!VW^cb!B/..-*!-.!'#@L!VWWcY@!
Q4-! \*,&0,\'#! $/(*0-! /?! ZCB! \*/+(0.,/&! ,$! .4-! -&+/.4-#,(2! U9-! -.! '#@L! VWWab!
5'.$(/!-.!'#@L!VW^cb!B/..-*!-.!'#@L!VWWcYL!J4-*-'$!0'*+,/2[/0[.-$!$-0*-.-!'.*,'#!
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&'.*,(*-.,0!\-\.,+-!U"CBY!'&+!P*',&!&'.*,(*-.,0!\-\.,+-!URCBY!UT/&)!-.!'#@L!VW^eY@!
T4,#-!"CB! ,$! 0/22/&#[! $[&.4-$,6-+! ,&! .4-! 4-'*.! '.*,'L! .4-! <-&.*,0#-$! '*-! .4-!
\*,2'*[! #/0'.,/&! /?! RCB! $[&.4-$,$@! %&! '++,.,/&L! "CB! '&+! RCB! 4'<-! P--&!
+-$0*,P-+!'$!2'*1-*$!?/*!0'*+,'0!+,??-*-&.,'.,/&L!'&+!+(*,&)!0'*+,'0!+-<-#/\2-&.L!
.4-!-K\*-$$,/&!/?!.4-$-!\-\.,+-$!,$!(&+-*!.,)4.!$\'.,/.-2\/*'#!*-)(#'.,/&@!"?.-*!
P,*.4L!$-<-*'#!\'.4/#/),0'#!0/&+,.,/&$!/?!.4-!4-'*.!$4/J!(\*-)(#'.-+!-K\*-$$,/&!
/?!<-&.*,0(#'*!"CB!'&+!RCBL!'&+!\'.,-&.$!J,.4!0'*+,'0!4[\-*.*/\4[!/*!0/&)-$.,<-!
4-'*.!?',#(*-!+,$\#'[!2'*1-+#[!-#-<'.-+!\#'$2'!0/&0-&.*'.,/&$!/?!.4-$-!\-\.,+-$!
U5(1/['2'!-.!'#@L!^cc^Y@!7(*.4-*2/*-L!"CB!'&+!RCB!-K4,P,.!2(#.,\#-!?(&0.,/&$!
,&0#(+,&)!+,(*-.,0L!&'.*,(*-.,0L!'&+!<'$/*-#'K'&.!-??-0.$!UC'1'/!-.!'#@L!̂ ccaY@!"$,+-!
?*/2!.4'.L!-<,+-&0-!,&+,0'.-$!.4'.!"CB!'&+!RCB!'#$/!'0.!'$!\'*'0*,&-!2-+,'./*$!
J4,04! .4-*-P[! -K-*.! '&.,4[\-*.*/\4,0! '&+! '&.,?,P*/.,0! -??-0.$! ,&! .4-! 4-'*.@!
5/*-/<-*L!P/.4!\-\.,+-$!-K-*.!.4-,*!4/*2/&'#!'&+!\'*'0*,&-!-??-0.$!<,'!'0.,<'.,/&!
/?! .4-,*! 0/22/&! *-0-\./*! )('&[#[#! 0[0#'$-:"! U3Z:"Y! J4,04! ,$! 0/(\#-+! ./! '&!
,&0*-'$-!,&!.4-!,&.*'0-##(#'*!0/&0-&.*'.,/&!/?!035B!UC'1'/!-.!'#@L!^ccaY@!!
"++,.,/&'##[L!P/.4! ,&!<,.*/!'&+!,&!<,</!4[\-*.*/\4[!/?! .4-!<-&.*,0(#'*!04'2P-*! ,$!
'$$/0,'.-+! J,.4! .4-! ,&+(0.,/&! /?! $-<-*'#! -2P*[/&,0! )-&-$L! ,&0#(+,&)! .4-!
*--K\*-$$,/&!/?!'.*,'#!&'.*,(*-.,0!\-\.,+-!U"CBYL!J4,04!,$!1&/J&!'$!'!?-.'#!4-'*.!
2'*1-*!\*/.-,&!UR/4-#-*!'&+!O04J'*.6L!^ccVb!E&/J#./&!-.!'#@L!^cc^b!O4(P-,.'!-.!
'#@L!^ccWY@!Q4($L!/&-!/?!.4-!2/$.!0/&$-*<-+!'&+!J-##:04'*'0.-*,6-+!2'*1-*$!/?!
.4-!4[\-*.*/\4,0!*-$\/&$-!0/2\*,$-$!"CB!,&+(0.,/&L!J4,04!4'$!P--&!,+-&.,?,-+!
,&!'##!?/*2$!/?!4[\-*.*/\4[!UZ4,-&!-.!'#@L!^cc^b!Z4,-&!-.!'#@L!^ccXY@!
!
j@!",2$!

"!4'##2'*1!/?! #,?-! ,$! .4-!0'\'P,#,.[!/?! *-$\/&+,&)! ./!$.,2(#,! .4-*-P[!'+'\.,&)! ./!
'#.-*-+!0,*0(2$.'&0-$!,&!/(*!-&<,*/&2-&.L!'&+!.4*/()4/(.!#,?-L!J-!'*-!0/&$.'&.#[!
2',&.',&,&)!.4-$-!0/2\-&$'.,/&'#!\*/0-$$-$@!"#$/L!,&+,<,+('#!0-##$!'&+!.,$$(-$!
(&+-*)/!.4-$-!'+'\.,/&'#!\*/0-+(*-$!P-0'($-!/?!<'*,/($!$,)&'#$!.4'.!$(**/(&+!
.4-2@!%&!.4-!0/&.-K.!/?!0'*+,'0!4[\-*.*/\4[L!.4-!0'*+,'0!.,$$(-!,$!-K\/$-+!./!'!
<'*,-.[! /?! $.*-$$! $,)&'#$@! B'*.,0(#'*#[! ?/*! .4-! ,&+(0.,/&! /?! 0'*+,/2[/0[.-!
4[\-*.*/\4[L!2-04'&,0'#!$.*-$$!$--2$!./!P-!.4-!2/$.!(\$.*-'2!.*,))-*L!?/##/J-+!
P[!'!<'*,-.[!/?!$-0*-.-+!2/#-0(#-$!,&0#(+,&)!<'$/'0.,<-!4/*2/&-$!U"Q!%%L!GQ:^L!
0'.-04/#'2,&-$YL! )*/J.4! ?'0./*$! UQ37:lL! 737YL! 0[./1,&-$! U%M:aL! ZQ:^Y! J4,04!
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.*,))-*! *-0,\*/0'#! ,&.-*'0.,/&$! /?! 0'*+,/2[/0[.-$L! ?,P*/P#'$.$L! -&+/.4-#,'#! 0-##$L!
'&+! ,22(&-! 0-##$@! %?! J-! J'&.! ./! (&+-*$.'&+! .4-! 2/#-0(#'*! .*,))-*$! '&+!
2-04'&,$2$! #-'+,&)! ./! 0'*+,'0! 4[\-*.*/\4[! ,.! ,$! -$$-&.,'#! ./! ?/0($! /&! .4-!
0*/$$.'#1! P-.J--&! 0'*+,/2[/0[.-$! '&+! &/&2[/0[.-$! ,&! .4-! 4-'*.m$!
2,0*/-&<,*/&2-&.@! %&! .4,$!0/&.-K.L! _.4-! ?'0.! .4'.! ,22(&-!0-##$L! ?,P*/P#'$.$L!'&+!
-&+/.4-#,'#!0-##$!0/##-0.,<-#[!/(.&(2P-*!0'*+,/2[/0[.-$!P[!'!$,)&,?,0'&.!2'*),&!
'$!.4-!*-$,+-&.!0-##$!,&!.4-!4-'*.`!&--+!0/&$,+-*'.,/&!*-)'*+,&)!?(.(*-!.4-*'\-(.,0!
,&<-$.,)'.,/&$L!_2'1,&)!.4,$!<,-J\/,&.!,&0*-'$,&)#[!,2\/*.'&.!'$!'!0*(0,'#!-#-2-&.!
,&! .4-! $.(+[! /?! .4-! ,&.-*0-##(#'*! 0/22(&,0'.,/&$! '&+! .4-! .*-'.2-&.! /?! 4-'*.!
+,$-'$-`! UR'6),*! -.! '#@L! VWVXY@!=(-! ./! .4-! 1&/J&!'$$/0,'.,/&!P-.J--&!0'*+,'0!
4[\-*.*/\4[!'&+!4-'*.!?',#(*-L!,.!,$!'!\,</.'#!04'##-&)-!./!?/0($!/&!(&+-*$.'&+,&)!
.4-!2/#-0(#'*!\'.4/)-&-$,$!/?!0'*+,'0!4[\-*.*/\4[@!Q4-*-?/*-L!.4,$!$.(+[!',2-+!
./! _?/0($! /&! .4-$-! \*/0-$$-$! *-#'.-+! ./! .4-! /&$-.L! \*/)*-$$,/&L! '&+!
\'.4/)-&-$,$`! /?! 0'*+,'0! 4[\-*.*/\4[L! '&+! \*/\/$-! '! 2/+-#! ?/*! ?(.(*-!
-K\-*,2-&.'#!$.(+,-$!.4'.!J,##!\*/<,+-!'!P-..-*!(&+-*$.'&+,&)!/?!.4-!2-04'&,$2$!
#-'+,&)!./!0'*+,'0!4[\-*.*/\4[!UR'6),*!-.!'#@L!VWVXY@!
 
i@!5'.-*,'#!'&+!2-.4/+$!
"!#,.-*'.(*-!$.(+[!J'$!\-*?/*2-+!($,&)!B(P5-+x!$-'*04!./!,+-&.,?[!.4-!2/#-0(#-$!
'&+! 2-04'&,$2$! .4'.! \*-\'*-! .4-! )*/(&+! ?/*! .4-! \'.4/#/),0'#! 4[\-*.*/\4,0!
\*/0-$$-$! ,&! .4-! 0'*+,'0! 2,0*/-&<,*/&2-&.! '&+! \*/\/$-! '! 2/+-#! ?/*! ?(.(*-!
-K\-*,2-&.'#!$.(+,-$@!
!

a@!H-$(#.$!

!

5-+,'./*$!,&?#(-&0,&)!.4-!2,0*/-&<,*/&2-&.!,&!0'*+,'0!4[\-*.*/\4[!UQ'P#-!VY!

B*-?-*-&.,'##[! <-&.*,0(#'*! 0'*+,/2[/0[.-$! '\\-'*! ./! $./*-! "Q! %%! ,&! $-0*-./*[!
)*'&(#-$! UO'+/$4,2'! '&+! %6(2/L! ^ccaY@! 5-04'&,0'#! $.*-$$! .*,))-*$! "Q! %%!
$-0*-.,/&!/(.!/?!.4,$!$./*')-!,&./!.4-!0(#.(*-!2-+,(2!UO'+/$4,2'!-.!'#@L!^ccXY@!
"#$/L! 0'*+,'0! -&+/.4-#,'#! 0-##$! $-0*-.-! '&),/.-&$,&! %%! U"Q%%Y! UR*(.$'-*.L! VWWXY@!
"&/.4-*!-K'2\#-!/?!'&!-&+/.4-#,(2:+-*,<-+!$2'##!2/#-0(#-!,$!-&+/.4-#,&:^!UGQ:
^Y!U5/*'<-0!-.!'#@L!^cgcb!T'&)!-.!'#@L!VWVVY@!Z'*+,'0!-&+/.4-#,'#!0-##$!$-0*-.-!
-&+/.4-#,&:^!UGQ^Y!UR*(.$'-*.L!VWWXY@!_"$,+-!?*/2!-&+/.4-#,'#!0-##$L!GQ:^!,$!'#$/!
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-K\*-$$-+! ,&! &/&:-&+/.4-#,'#! 0-##$! $(04! '$! ?,P*/P#'$.$! '&+! 0'*+,/2[/0[.-$`!
'2/&)$.!/.4-*$!U3*'[!-.!'#@L!^ccgY@!7,P*/P#'$.$!$-0*-.-!\'*'0*,&-!2-+,'./*$!$(04!
'$!Q37:l!'&+!GQ:^!U3*'[!-.!'#@L!^ccgb!9'*'+'!-.!'#@L!^cceb!B-##,-(K!-.!'#@L!VWW^Y@!
O.(+,-$!/&!0'*+,'0!$[&'\./$/2-$!?/(&+!0#-'*!,&+,0'.,/&$!.4'.!_#/0'##[!\*/+(0-+!
"Q! %%! yz{! '0.,<'.-$! .4-! "Q^! *-0-\./*! *-$(#.,&)! ,&! ,&0*-'$-+`! &/*'+*-&'#,&-!
_*-#-'$-`!U5'01,&$!-.!'#@L!VWWaY@!737:^!'&+!737:V!P/.4!-K,$.!J,.4,&!.4-!4-'*.!,&!
0'*+,/2[/0[.-$! '&+! &/&:2[/0[.-$! UE'*+'2,! '&+! 7'&+*,04L! ^cgcY@! 737:V! ,$!
-K\*-$$-+! P[! &(2-*/($! 0-##! .[\-$! ,&! .4-! '+(#.! 2[/0'*+,(2! ,&0#(+,&)!
0'*+,/2[/0[.-$!'&+!?,P*/P#'$.$!U=-.,##,-(K!-.!'#@L!VWWXb!H'/!-.!'#@L!VWVWY@!737:V!
,$!\*-+/2,&'&.#[!-K\*-$$-+!P[!?,P*/P#'$.$!UR/)/[-<,.04!-.!'#@L!^ccXb!B-##,-(K!-.!
'#@L! VWW^Y@! G&+/.4-#,'#! 0-##$! 4'<-! P--&! *-\/*.-+! ./! $-0*-.-! P737! ,&! <,.*/!
U]#/+'<$1[!-.!'#@L!^cgeY@!G&+/.4-#,'#!0-##$!'&+!$2//.4!2($0#-!0-##$!($-!'!&/&:
#-.4'#!+,$*(\.,/&!/?!.4-!\#'$2'!2-2P*'&-!.4-*-P[!'#$/!*-#-'$,&)!737:V!UZ4-&)!
-.!'#@L!^cceb!E(!'&+!=v"2/*-L!^ccib!50C-,#!-.!'#@L!^cgcY@!Q4-!\/.-&.!'&),/)-&,0!
'&+!2,./)-&,0!\/#[\-\.,+-!P737!,$!#/0'#,6-+!./!.4-!2'D/*,.[!/?!2'$.!0-##$!U|(!-.!
'#@L! ^cciY@!5'$.! 0-##$! *-#-'$-! P737! U5-1/*,! '&+!5-.0'#?-L! VWWWb!B*($$,&! '&+!
5-.0'#?-L!VWWaY@!_9,:737:V!,$!\*-?-*-&.,'##[!'00(2(#'.-+!'&+!*-#-'$-+!P[!0'*+,'0!
?,P*/P#'$.$!J4,04! ,&+(0-!\'*'0*,&-!0'*+,/2[/0[.-!4[\-*.*/\4[`! UB-##,-(K!-.!'#@L!
VWW^Y@!Z'*+,/2[/0[.-$L!0'*+,'0!?,P*/P#'$.$L!'&+!-&+/.4-#,'#!0-##$!$-0*-.-!Q37:l!
UE(J'4'*'!-.!'#@L!VWWVY!'&+!-&+/.4-#,&:^!U9-,+-&!-.!'#@L!VW^jY@!"#$/!,&!'!4-'#.4[!
4-'*.L! 0'*+,/2[/0[.-$L! ?,P*/P#'$.$L!'&+!-&+/.4-#,'#! 0-##$! *-#-'$-!Q37:l! UR(D'1!
'&+!7*'&)/),'&&,$L! VWWeb!G(#-*L! VW^iY@! %&! '++,.,/&L! Q37l:^! ,$! *-#-'$-+! (\/&!
2'$.! 0-##! +-)*'&(#'.,/&! UM,&+$.-+.! -.! '#@L! VWW^b! 5-1/*,! '&+! 5-.0'#?-L! VWWWb!
B-&&,&)./&!-.!'#@L!̂ ccVb!B*($$,&!'&+!5-.0'#?-L!VWWaY@!"#$/L!,&!.4-!0/&.-K.!/?!,&D(*[!
*-\',*L!4-*-L!2[/?,P*/P#'$.$!'&+!,&?,#.*'.,&)!,22(&-!0-##$!$-0*-.-!Q37:l!UM,&+'4#!
-.! '#@L! VWWVb!T,\??! -.! '#@L! VWWeY@! Z'*+,/2[/0[.-$! '&+! 0'*+,'0! ?,P*/P#'$.$! P/.4!
*-#-'$-! %M:a! U"&0-[! -.! '#@L! VWWVb! "&0-[! -.! '#@L! VWWXY@! _Z'*+,/2[/0[.-$! '&+!
0'*+,'0! ?,P*/P#'$.$! P/.4! -K\*-$$! #-(1-2,'! ,&4,P,./*[! ?'0./*! UM%7Y! '&+!
0'*+,/.*/\4,&:^! UZQ:^Y`! U7-&)!-.!'#@L! VWVVb!E,&)!-.!'#@L! ^ccgb!E(J'4'*'!-.!'#@L!
^cccY@!_yz{!0'*+,/2[/0[.-$!yz{!-K\*-$$!'(./0*,&-:'0.,&)!ZQ:^!yz{`!U3($-4!'&+!
H/$-&6J-,)L!VW^eb!T/##-*.!-.!'#@L!^ccaY@!_yz{!5'$.!0-##$!*-#-'$-!yz{!0[./1,&-$!
,&0#(+,&)!%M:^!'&+!%M:a`!U5-1/*,!'&+!5-.0'#?-L!VWWWb!B*($$,&!'&+!5-.0'#?-L!VWWaY@!
"&/.4-*!*-#-'$-!\*/+(0.!/?!2'$.!0-##$!,&0#(+-$!QC7k!U7*'&)/),'&&,$!-.!'#@L!^ccgb!
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3,##-$! -.! '#@L! VWWXb! 3/*+/&! '&+! 3'##,L! ^ccWb! E''*.,&-&! -.! '#@L! ^ccaY@! _yz{!
-&+/.4-#,'#! 0-##$! -K\*-$$! '+4-$,/&!2/#-0(#-$L! ,&0#(+,&)! ,&.-*0-##(#'*! '+4-$,/&!
2/#-0(#-:^! U%Z"5:^Y! '&+! <'$0(#'*! 0-##! '+4-$,/&! 2/#-0(#-:^! U]Z"5:^Y! yz{`!
UG$\-*!-.!'#@L!VWWaY@!Z'*+,/2[/0[.-$L!?,P*/P#'$.$L!'&+!-&+/.4-#,'#!0-##$!\*/+(0-!
GZ5! 0/2\/&-&.$! UR/J-*$! -.! '#@L! VW^WY@! %&! '++,.,/&L! 2[/?,P*/P#'$.$! \*/+(0-!
-K.*'0-##(#'*! 2'.*,K! 0/2\/&-&.$! '&+! *-#-'$-! \*/:4[\-*.*/\4,0! 2-+,'./*$!
,&0#(+,&)! Q37:l! U=-$2/(#,-*-! -.! '#@L! ^ccXb! H')'66,&,! -.! '#@L! VWVVY@! "#$/L!
2[/?,P*/P#'$.$!0'&!\*/+(0-!'!J,+-!*'&)-!/?!GZ5!\*/.-,&$L!0/2\*,$,&)!,&.-*$.,.,'#!
0/##')-&$L!\*/.-/)#[0'&$L!)#[0/\*/.-,&$L!'&+!\*/.-'$-$!UE'&-1'*!-.!'#@L!^ccgY@!
f&-! 2'D/*! 2-+,'./*! _*-#-'$-+! (\/&! 2'$.! 0-##! +-)*'&(#'.,/&! ,&! .4-! 4-'*.! ,$!
4,$.'2,&-`! U=</*'1L! ^cgaY@! "#$/L! 04-2/.'0.,0! ?'0./*$! ?/*! -/$,&/\4,#$! '&+!
P'$/\4,#$!'*-!*-#-'$-+!P[!2'$.!0-##!+-)*'&(#'.,/&!U5-1/*,!'&+!5-.0'#?-L!VWWWb!
B*($$,&!'&+!5-.0'#?-L!VWWaY@!Z'*+,/2[/0[.-$!$-0*-.-!'&.,:4[\-*.*/\4,0!\-\.,+-$!
,&0#(+,&)!"CB!'&+!RCB! UE(4&L!VW^ib!M--!-.! '#@L! VW^iY@! _f&-!2'D/*!2-+,'./*!
\*/+(0-+!'&+!$-0*-.-+!P[!-&+/.4-#,'#!0-##$!,$!Cf`!UG$\-*!-.!'#@L!VWWaY@!"&/.4-*!
2'D/*!?'0./*!$-0*-.-+!P[!0'*+,'0!-&+/.4-#,'#!0-##$!,$!&,.*,0!/K,+-!UCfY!UR*(.$'-*.L!
VWWXY@!"#$/L!-&+/.4-#,'#!0-##$!$-0*-.-! .4-!'0.,<-!2-+,'./*!ZCB@!_Q/)-.4-*L!Cf!
'&+! yz{! ZCB! 0/&.*,P(.-! ./! .4-! $(\\*-$$,/&! /?! 0'*+,'0! 4[\-*.*/\4[! P[! (\:
*-)(#'.,&)! 0[0#,0! 35B! U035BY:035B! +-\-&+-&.! \*/.-,&! 1,&'$-! ^! UBE3%Y!
$,)&'#,&)`!UE(4&L!VW^iY@!_Q4-!4-'*.!yz{!-K4,P,.$!'!#/0'#!H"O!.4'.!2'[!2-+,'.-!
'(./0*,&-L!\'*'0*,&-L!'&+!,&.*'0*,&-!-??-0.$`!UZ'2\P-##L!^cgeb!=,&4!-.!'#@L!VWW^b!
M,&+\',&.&-*! '&+! 3'&.-&L! ^cc^Y@! "##! H"O! 0/2\/&-&.$! _,&0#(+,&)!
'&),/.-&$,&/)-&!U"3QYL!*-&,&L!"ZGL!"Q^L!'&+!"QV!'*-!-K\*-$$-+!,&!.4-!4-'*.`!
UR'1-*!-.!'#@L!^ccVb!M--!-.!'#@L!^ccXY@!"##!\'*.$!/?!.4-!4-'*.!-K\*-$$!"3Q!'$!J-##!
'$!0(#.(*-+!0'*+,/2[/0[.-$!'&+!?,P*/P#'$.$!UZ'2\P-##!'&+!9'P-&-*L!^cgaY@!_yz{!
2'$.! 0-##$! '*-`! '&! '++,.,/&'#! _$/(*0-! /?! *-&,&`L! J4,04! ,$! _*-#-'$-+! (\/&! yz{!
+-)*'&(#'.,/&`! ! U5'01,&$! -.! '#@L! VWWab! O,#<-*! -.! '#@L! VWWjY@! _5/*-/<-*L! 0'*+,'0!
-&+/.4-#,'#! 0-##$`! 0'**[! /(.! -&6[2'.,0! '0.,<,.,-$! _#,1-! '&),/.-&$,&:0/&<-*.,&)!
-&6[2-!U"ZGY!'&+!4(2'&!04[2'$-!'0.,<,.[`!U7*//)4!-.!'#@L!VWVWb!;*'.'!-.!'#@L!
^ccjY@!"#$/L!2'$.!0-##$!*-#-'$-!.4-!\*/.-/#[.,0!-&6[2-!04[2'$-!.4'.!,$!'0.,<'.-+!
(\/&! +-)*'&(#'.,/&L! '&+! ,&+-\-&+-&.#[! /?! .4-! '&),/.-&$,&:0/&<-*.,&)! -&6[2-!
U"ZGYL!0'.'#[6-$!.4-!0/&<-*$,/&!/?!'&),/.-&$,&!%!!./!'&),/.-&$,&!%%!U50G(-&!-.!'#@L!
^cciY!UR'6),*!-.!'#@L!VWVXY@!
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Q'P#-!V@A!5-+,'./*$!,&?#(-&0,&)!.4-!2,0*/-&<,*/&2-&.!,&!0'*+,'0!4[\-*.*/\4[!
Vasoactive peptides Secretion from/ Location References 
AT-II cardiomyocyte (Ramos-Kuri et al., 2021; 

Sadoshima and Izumo, 1996) 
AT-II endothelial cell  (Brutsaert, 2003) 
ET-1 cardiomyocyte (Gray et al., 1998; Heiden et al., 

2014)  
ET-1 fibroblast (Forrester et al., 2018; Gray et al., 

1998; Harada et al., 1997; Heiden et 
al., 2014; Pellieux et al., 2001) 

ET-1 endothelial cell (Brutsaert, 2003; Duangrat et al., 
2023; Gray et al., 1998; Heiden et 
al., 2014; Moravec et al., 1989; 
Wang et al., 2022)!

Catecholamines Secretion from/ Location References 
NE sympathetic nerve ending (Mackins et al., 2006; Seravalle and 

Grassi, 2022)!
Growth factors Secretion from/ Location References 
FGF (aFGF, bFGF) cardiomyocyte (Detillieux et al., 2003; Kardami and 

Fandrich, 1989; Kardami and 
Koleini, 2022; Rao et al., 2020)  

FGF (aFGF, bFGF) non-myocyte (Kardami and Fandrich, 1989)  
FGF-2 (bFGF) fibroblast (Bogoyevitch et al., 1993; Detillieux 

et al., 2003; Kardami and Koleini, 
2022; Pellieux et al., 2001; Rao et 
al., 2020) 

FGF-2 (bFGF) endothelial cell  (Cheng et al., 1997; Dolivo, 2022; 
Ku and D'Amore, 1995; McNeil et 
al., 1989; Vlodavsky et al., 1987) 

FGF-2 (bFGF) mast cell (Mekori and Metcalfe, 2000; 
Prussin and Metcalfe, 2006; Qu et 
al., 1995)  

High-FGF-2 (Hi-bFGF) fibroblast (Pellieux et al., 2001)  
TGF-ß cardiomyocyte (Bujak and Frangogiannis, 2007; 

Euler, 2015; Kuwahara et al., 2002) 
TGF-ß fibroblast (Bujak and Frangogiannis, 2007; 

Euler, 2015; Gray et al., 1998; 
Harada et al., 1997; Kuwahara et 
al., 2002; Pellieux et al., 2001) 

TGF-ß endothelial cell (Bujak and Frangogiannis, 2007; 
Euler, 2015; Kuwahara et al., 2002)  

TGF-ß mast cell (Lindstedt et al., 2001; Mekori and 
Metcalfe, 2000; Pennington et al., 
1992; Prussin and Metcalfe, 2006)  

TGF-ß myofibroblast (Desmouliere et al., 1993; Lindahl 
et al., 2002; Wipff et al., 2007)  

Cytokines Secretion from/ Location References 
IL-6, CT-1, LIF cardiomyocyte  (Ancey et al., 2002; Ancey et al., 

2003; Feng et al., 2022; Guseh and 
Rosenzweig, 2017; King et al., 
1998; Kuwahara et al., 1999; 
Wollert et al., 1996) 

IL-6, CT-1, LIF fibroblast  (Ancey et al., 2002; Ancey et al., 
2003; Feng et al., 2022; King et al., 
1998; Kuwahara et al., 1999) 

IL-6 mast cell  (Mekori and Metcalfe, 2000; 
Prussin and Metcalfe, 2006)  

IL-1 mast cell  (Mekori and Metcalfe, 2000; 
Prussin and Metcalfe, 2006)  
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TNFα mast cell  (Frangogiannis et al., 1998; Gilles 
et al., 2003; Gordon and Galli, 
1990; Kaartinen et al., 1996; Mekori 
and Metcalfe, 2000; Prussin and 
Metcalfe, 2006)  

Various other 
components 

Secretion from/ Location References 

VCAM-1, ICAM-1 endothelial cell  (Esper et al., 2006)  
ECM components cardiomyocyte  (Bowers et al., 2010) 
ECM components fibroblast (Bowers et al., 2010) 
ECM components endothelial cell  (Bowers et al., 2010) 
ECM components myofibroblast (Desmouliere et al., 1993; Kanekar 

et al., 1998; Ragazzini et al., 2022) 
Histamine mast cell (Dvorak, 1986) 
Chemotactic factors mast cell (Mekori and Metcalfe, 2000; 

Prussin and Metcalfe, 2006) 
Anti-hypertrophic 
peptides 

Secretion from/ Location References 

ANP, BNP cardiomyocyte  (Kuhn, 2015; Lee et al., 2015) 
NO endothelial cell  (Brutsaert, 2003; Esper et al., 

2006) 
CNP endothelial cell  (Kuhn, 2015) 
Enzymatic activities Secretion from/ Location References 
Local RAS cardiac tissue (Campbell, 1987; Dinh et al., 2001; 

Lindpaintner and Ganten, 1991)  
AGT, renin, ACE, AT1, 
AT2 

cardiac tissue (Baker et al., 1992; Lee et al., 
1993) 

AGT cardiomyocyte  (Campbell and Habener, 1986) 
AGT fibroblast (Campbell and Habener, 1986) 
Renin mast cell  (Mackins et al., 2006; Silver et al., 

2004) 
ACE endothelial cell  (Froogh et al., 2020; Urata et al., 

1994) 
Chymase (alternative 
ACE) 

endothelial cell  (Urata et al., 1994) 

Chymase (alternative 
ACE) 

mast cell  (McEuen et al., 1995; Mekori and 
Metcalfe, 2000; Prussin and 
Metcalfe, 2006)  

Adapted from (Bazgir et al., 2023) 
!

B*-$$(*-!/<-*#/'+!.*,))-*$!$-<-*'#!'0.,/&$!,&!0'*+,'0!0-##$!UQ'P#-!XY!

Q4-!-K\*-$$,/&!/?!$-<-*'#!H"O!0/2\/&-&.$!_,$!(\*-)(#'.-+!,&!0'*+,/2[/0[.-$!,&!
<,.*/! ,&! *-$\/&$-! ./! $.*-.04`! U5'#4/.*'! -.! '#@L! ^cccb! O'+/$4,2'! -.! '#@L! ^ccXY@!
O-<-*'#!/.4-*!$.(+,-$!4'<-!$())-$.-+!_.4'.!4-2/+[&'2,0!/<-*#/'+!'0.,<'.-$!.4-!
#/0'#!H"O! '&+! /(.#,&-+! .4-! 0*(0,'#! */#-! /?! .4-!"Q! ^! *-0-\./*`! ,&! #/'+:,&+(0-+!
_0'*+,'0!4[\-*.*/\4[`!UZ/4&!-.!'#@L!VWW^b!7'&!-.!'#@L!VW^cb!3*,-&+#,&)!-.!'#@L!^ccab!
E/D,2'!-.!'#@L!^ccjb!E/2(*/!-.!'#@L!^ccWb!E/2(*/!'&+!q'6'1,L!^ccXb!M,&+4/#2!-.!
'#@L! VWWVb! B,..! -.! '#@L! VWWWb! O'+/$4,2'! -.! '#@L! ^ccVb! O'+/$4,2'! -.! '#@L! ^ccXb!
T'.'&'P-! -.! '#@L! VWV^b! q'2'6'1,! -.! '#@L! ^cci'Y@! "! #/0'#! "Q! %%! $./*')-! ,&!
0'*+,/2[/0[.-$! 4'$! P--&! *-\/*.-+L! '&+! 2-04'&,0'#! $.*-$$! .*,))-*$! "Q! %%!
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$-0*-.,/&! /(.! /?! .4,$! $./*')-! ,&./! .4-! 0(#.(*-!2-+,(2! ,&+(0,&)! 0'*+,/2[/0[.-!
4[\-*.*/\4[!P[!'(./0*,&-!2-04'&,$2$!UO'+/$4,2'!-.!'#@L!^ccXY@!"Q!%%!'&+!GQ:^!
0'&!'#$/!.*,))-*!.4-!*-#-'$-!/?!"CB!'&+!RCB!?*/2!0'*+,/2[/0[.-$L!'#.4/()4!.4-!
\*,2'*[!*-)(#'.,/&!\'.4J'[!/?!"CB!'&+!RCB!$[&.4-$,$!,$!0'*+,/2[/0[.-!$.*-.04!
U+-! M-2/$! -.! '#@L! VWWXb! C,$4,1,2,! '&+! C'1')'J'L! VWVVY@! B*-$$(*-! /<-*#/'+!
$--2$!./!P-!'!$.*/&)!.*,))-*!?/*!.4-!(\*-)(#'.,/&!/?!#-(1-2,'!,&4,P,./*[!?'0./*!UM%7Y!
'&+!0'*+,/.*/\4,&:^!UZQ:^Y!-K\*-$$,/&!,&!.4-!'+(#.!4(2'&!2[/0'*+,(2!UB'&!-.!
'#@L! ^ccgb! B-2P-*./&! -.! '#@L! VWWiY@! B*-$$(*-! /<-*#/'+! *'.4-*! .*,))-*$! *-$,+-&.!
0'*+,'0!?,P*/P#'$.$!/*,),&'.,&)!?*/2!.4-!-\,0'*+,(2!'&+!-&+/0'*+,(2!./!(&+-*)/!
*'\,+!-K\'&$,/&!'&+!'0.,<'.,/&!.4'&!4-2'./\/,-.,0!\*-0(*$/*:+-*,<-+!?,P*/P#'$.$!
U5//*-:5/**,$!-.!'#@L!VW^jY@!5-04'&,0'#!$.*-$$!'0.,<'.-$!?,P*/P#'$.$L!?/*0,&)!.4-2!
,&./!'!\4-&/.[\-!04'&)-!J4,04!*-$(#.$!,&!P-0/2,&)!2[/?,P*/P#'$.$!UB/J-##!-.!'#@L!
^cccb!O(&!-.!'#@L!VWVVb!Q/2'$-1!-.!'#@L!VWWVY@!_%&!*-$\/&$-!./!\*-$$(*-!/<-*#/'+`L!
-&+/.4-#,'#!0-##$!'$!J-##!'$!?,P*/P#'$.$!'*-!_0'\'P#-!/?!04'&),&)!yz{!\4-&/.[\-`@!
G&+/.4-#,'#! 0-##$! ($-! -&+/.4-#,'#:./:2-$-&04[2'#! .*'&$,.,/&! UG&+5QY! ./!
+,??-*-&.,'.-! ,&./! 2[/?,P*/P#'$.:#,1-! 0-##$! *-$(#.,&)! ,&! -K.*'0-##(#'*! 2'.*,K!
\*/+(0.,/&@!Q4'.!J'[!&-K.!./!?,P*/P#'$.$!-&+/.4-#,'#!0-##$!2'[!'$!J-##!0/&.*,P(.-!
./! 0'*+,'0! ?,P*/$,$! UI-,$P-*)! -.! '#@L! VWWeY@! _yz{! \*-$$(*-! /<-*#/'+! ,&,.,'.-$!
-&+/.4-#,'#!0-##$!/?!.4-!,&.*'2[/0'*+,'#!'*.-*,-$`!./!-K\*-$$!_,&.-*0-##(#'*!'+4-$,/&!
2/#-0(#-!U%Z"5Y:^`L!J4,04!*-$(#.$!,&!.4-!'00(2(#'.,/&!/?!2'0*/\4')-$!'+D'0-&.!
./!.4-$-!_%Z"5:^!-K\*-$$,&)!'*.-*,-$!,&!.4-!\-*,<'$0(#'*!$\'0-`!UE(J'4'*'!-.!'#@L!
VWWXY@!_yz{!&-(.*/\4,#,0!&,0/.,&'2,+-!'+-&,&-!+,&(0#-/.,+-!\4/$\4'.-!UC"=B9Y!
/K,+'$-!)-.$!'0.,<'.-+!,&!*-$\/&$-!./!\*-$$(*-!/<-*#/'+!,&D(*[`!UM,!-.!'#@L!VWWVYL!
_*-$(#.,&)!,&!yz{!+-)*'&(#'.,/&!/?!&-(.*/\4,#$!'&+!.4-*-P[!*-#-'$-!/?!\*/:?,P*/.,0!
\*/.-'$-$!'$!J-##!'$!*-'0.,<-!/K[)-&!$\-0,-$!UHfOY`!UZ,6!-.!'#@L!VW^VY!UR'6),*!-.!
'#@L!VWVXY@!
!
Table 3.: Pressure overload triggers several actions in cardiac cells 
Trigger Action Secretion from/ 

Location 
References 

mechanical stress/ 
pressure overload 

upregulation of 
RAS components 

cardiomyocytes (Malhotra et al., 1999; 
Sadoshima et al., 1993) 
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  activation of local 
RAS 

cardiac tissue (Cohn et al., 2001; Fan et 
al., 2019; Griendling et al., 
1996; Kojima et al., 1994; 
Komuro et al., 1990; 
Komuro and Yazaki, 1993; 
Lindholm et al., 2002; Pitt 
et al., 2000; Sadoshima et 
al., 1992; Sadoshima et al., 
1993; Watanabe et al., 
2021; Yamazaki et al., 
1995a) 

  AT II secretion 
from AT II storage 

cardiomyocytes  (Sadoshima et al., 1993) 

  secretion of ANP 
& BNP 

cardiomyocytes  (de Lemos et al., 2003; 
Nishikimi and Nakagawa, 
2022) 

  IL-6, CT-1, LIF 
upregulation 

cardiac tissue (Pan et al., 1998; 
Pemberton et al., 2005) 

  activation, 
accumulation of 
resident fibroblasts 

fibroblasts  (Moore-Morris et al., 2014) 

  phenotype change fibroblasts to 
myofibroblasts 

(Powell et al., 1999; Sun et 
al., 2022; Tomasek et al., 
2002) 

  phenotype change endothelial cells to 
myofibroblasts 

(Zeisberg et al., 2007)  

  accumulation of 
macrophages 

ICAM-1 expressing 
endothelial cells 

(Kuwahara et al., 2003) 

  activation of 
neutrophilic 
NADPH oxidase, 
release of pro-
fibrotic proteases 
and ROS 

neutrophils (Ciz et al., 2012; Li et al., 
2002) 
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Table 4.: Various mediators trigger actions in cardiac cells 
Trigger Action Secretion from/ 

Location 
Reference 

AT II  release of TGF-ß, 
ET-1 

fibroblasts  (Gray et al., 1998; 
Harada et al., 1997; 
Pellieux et al., 2001)  

AT II  increased 
expression of IL-6, 
CT-1, LIF 

fibroblasts  (Sano et al., 2000) 

AT II & ET-1 release of ANP, 
BNP 

cardiomyocytes (de Lemos et al., 2003; 
Nishikimi and 
Nakagawa, 2022) 

AT II fibroblast 
proliferation, ECM 
production, 
expression of FGF-2 

fibroblasts  (Jiang et al., 2007) 

AT, ET-1 & FGF-2 stimulation of FGF-2 
gene 

fibroblasts  (Detillieux et al., 2003; 
Jimenez et al., 2004) 

TGF-ß proliferation, ECM 
production 

fibroblasts  (Border and Noble, 
1994) 

  phenotype change fibroblasts to 
myofibroblasts 

(Sappino et al., 1990) 

  EndMT endothelial cells to 
myofibroblasts 

(Zeisberg et al., 2007) 

injury FGF-2 release cardiac tissue (Detillieux et al., 2003; 
Rao et al., 2020) 

FGF-2 increase of 
proliferation 

fibroblasts and 
myofibroblast  

(Fortier et al., 2021; 
Galzie et al., 1997; 
Hoerstrup et al., 2000) 
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Hi-FGF-2 CT-1 release fibroblasts  (Aoyama et al., 2000; 
Freed et al., 2003; 
Pellieux et al., 2001)  

alternative RAS     
(renin & chymase) 

AT II formation mast cells  (Mackins et al., 2006; 
McEuen et al., 1995; 
Reid et al., 2004; 
Rodriguez-Gonzalez et 
al., 2020; Seyedi et al., 
1997; Silver et al., 2004; 
Urata et al., 1993; Urata 
et al., 1994)!

various stimuli expression of 
VCAM-1, ICAM-1, 
attraction of immune 
cells 

endothelial cells (Esper et al., 2006) 

endothelial cell 
activation, adhesion 
molecules 

transmigration of 
neutrophils 

endothelial cells (Filippi, 2019; Woodfin et 
al., 2009)  

TNF-a, IL-1ß, 
histamine 

enhanced 
transmigration of 
neutrophils 

endothelial cells (Asako et al., 1994; 
Mackay et al., 1993; 
Sahni et al., 2005)  

chemotactic signals attraction of 
macrophages and 
dendritic cells 

neutrophils (Bennouna et al., 2003; 
Chertov et al., 1997; 
Tsuda et al., 2004)  

TNF-a  differentiation of 
macrophages & 
dendritic cells 

neutrophils (Bennouna et al., 2003; 
Tsuda et al., 2004; van 
Gisbergen et al., 2005)  

AT-II increased 
norepinephrine 
release 

sympathetic neurons (Mackins et al., 2006) 

AT-II, ET-1, NE, 
TNF-a 

initiation of O2- 
production 

cardiomyocytes, 
endothelial cells 

(Brown and Griendling, 
2009) 

excessive O2- 
levels 

interaction with NO, 
formation of ONOO- 

cardiomyocytes, 
endothelial cells 

(Hare, 2004; Nediani et 
al., 2011)  

AT-II & PE increase in 
calcineurin 
enzymatic activity 

cardiomyocytes (Taigen et al., 2000; 
Zhou et al., 2022) 
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!
Fig. 4: “A microenvironmental model of pressure overload-induced cardiac hypertrophy. 
The model also illustrates multiple cell types' substantial roles and reciprocal interactions in the 
myocardium. In response to pressure overload cardiomyocyte and non-myocardial cells are 
transformed into an ‘activated state’, releasing numerous pro-hypertrophic, pro-fibrotic, and pro-
inflammatory mediators. In addition, vasoactive hormones, various growth factors, cytokines, and 
the local renin-angiotensin system (RAS) act in an autocrine and/or paracrine fashion. 
Collectively, the above-mentioned mechanisms orchestrate effects that contribute to pathological 
remodeling processes leading to cardiac hypertrophy, fibrosis, and inflammation”. AT II: 
angiotensin II; CT-1: Cardiotrophin-1; ECM: extracellular matrix; ET-1: endothelin-1; FGF-2: 
fibroblast growth factor 2; ICAM-1: Intercellular Adhesion Molecule 1; IL-1: interleukin-1; IL-6: 
interleukin-6; NE: norepinephrine; TGF-ß: transforming growth factor-ß; TNFα: tumor necrosis 
factor-α” (Bazgir et al., 2023). 

!
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!
Fig. 5: “An overview of the pro-hypertrophic (left panel) and anti-hypertrophic (right panel) 
signaling pathways regulating the cardiac hypertrophic response in the cardiomyocyte. 
Increased intracellular Ca2+ levels mediated by TRPCs and Ca2+ import promote pro-hypertrophic 
transcriptional signaling events via calcineurin-NFAT and activation of PKC. PLC may contribute 
to these axes in the activation of alpha-adrenergic receptor signaling. Although canonical MAPK 
signaling via RTKs including FGFR-1 promotes pro-hypertrophic signaling, the PI3K-AKT axis 
plays an opposing role in hypertrophic signaling via inhibition of GSK3β and activation of YAP 
transcriptional activity. Increased secretion of cytokines promotes transcriptional activation of the 
pro-hypertrophic gene program in the nucleus not only via JAK-STAT but also the MEK5-ERK5 
axis. On the other hand, increased pressure overload in cardiac tissue promotes secretion of ANP 
and BNP by cardiomyocytes, leading to vasodilation and an antihypertrophic response in cells via 
an increase in intracellular cGMP levels, which leads to activation of PKG, which in turn mediates 
reduced hypertrophic growth. Activation of JNK and p38 stress signaling events in the 
cardiomyocyte, although leading to cardiomyopathy and heart failure, results in inhibition of NFAT 
through phosphorylation that prevents its nuclear localization and pro-hypertrophic transcriptional 
activation events, thereby blocking the calcineurin axis. Increased secretion of TGFβ during 
increased pressure stress can lead to mixed responses, with canonical TGFβ-SMAD2/SMAD3 
signaling leading to anti-hypertrophic responses, whereas activation of noncanonical 
SMAD1/SMAD5 leads to pro-hypertrophic responses” (Bazgir et al., 2023). 
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Fig. 6: “Schematic illustration of the process of fibrotic scar formation at the cellular level. 
The myocardium develops cardiomyocyte hypertrophy under pressure overload, triggering 
concomitant inflammatory processes and fibrotic scar formation. The evidence discussed in the 
text suggests a central role for resident fibroblasts, nonetheless cardiac endothelial cells may also 
contribute to myofibroblast-like cells and drive cardiac fibrosis. Resident and infiltrating immune 
cells, including mast cells, macrophages, and neutrophils, enhance this phenotype change by 
releasing TGF-ß while mediating tissue inflammation via cytokines such as TNFα, IL-6, and IL-1. 
These mechanisms increase the number of myofibroblasts and the accumulation of collagen, 
which accelerates fibrotic scar formation in the microenvironment of cardiac hypertrophy” (Bazgir 
et al., 2023). 
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!
Fig. 7: Schematic diagram of how changes in the microenvironment affect cardiac 
function. “Hypertension, a common cardiovascular disease, causes pressure overload followed 
by a massive release of pro-hypertrophic, pro-fibrotic, and pro-inflammatory mediators. At this 
stage, when individuals do not experience symptoms, hypertension, and its accompanying 
microenvironmental complications may be reversible with strategies such as lifestyle 
modification”, but “without any intervention, this could evolve into cardiac hypertrophy and fibrotic 
remodeling. Increasing fibrosis leads to mechanical stiffness and impaired filling phase, both 
prominent features of diastolic dysfunction. Common symptoms include headache, dizziness, 
palpitations, and chest discomfort. Notably, this phase is not reversible and requires 
pharmacological treatment. Late diagnosis or inadequate treatment leads to progressive fibrosis 
and detrimental changes at the molecular level, such as a barrier between cardiomyocytes, 
impaired electrical coupling, hypoxia of affected cardiomyocytes”, and resulting cardiomyocyte 
cell death. The subsequent decreased contractile force characterizes systolic dysfunction while 
having severe consequences as individuals suffer from shortness of breath. Biomarker 
identification in a diagnostic screening approach could help detect early onset diastolic 
dysfunction in affected individuals, setting the platform for early management and preventive 
course of action to avoid the subsequent detrimental outcomes of the developing condition” 
(Bazgir et al., 2023). 
!
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'++,.,/&L!O4,/.'!-.!'#@!?/(&+!.4'.!$.,2(#'.,/&!/?!0'*+,'0!2'$.!0-##$!'0.,<'.-$!QC7:
'hC7:1Rh%M:a!0'$0'+-$!UO4,/.'!-.!'#@L!VWWXY@!_"0.,<'.,/&!/?!.4-!QC7khC7:kR!'K,$!
#-'+$!./!.4-!'0.,<'.,/&!/?!\Xg:5"BE`!U7,)@!iYL!_0/##-0.,<-#[!0'($,&)!4[\-*.*/\4[!
'&+!+[$?(&0.,/&!/?!.4-!4-'*._!UR'*&-$!'&+!E'*,&L!̂ cceb!O()+-&!'&+!Z#-*1L!̂ ccgPY!
UR'6),*!-.!'#@L!VWVXY@!!
_5/*-/<-*L!2'$.!0-##$!*-#-'$-!/.4-*!0[./1,&-$!,&0#(+,&)!%M:^!'&+!%M:a!UQ'P#-!VY`!
U7,)@!jY!U5-1/*,!'&+!5-.0'#?-L!VWWWb!B*($$,&!'&+!5-.0'#?-L!VWWaY@!G$\-0,'##[!.4-!
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%M:a!?'2,#[!/?!0[./1,&-$!($-!.4-!0/22/&!.*'&$+(0,&)!0/2\/&-&.!)\^XW!'&+!2'[!
.4-*-P[!.'1-!'&!_'0.,<-!*/#-!,&!0'*+,'0!4[\-*.*/\4[!,&+(0.,/&!<,'!.4-!S"EhOQ"Q!
\'.4J'[`!U7,)@!iY!UB#-&6!-.!'#@L!VWW^b!q'2'(04,:Q'1,4'*'!-.!'#@L!^ccaY@_"#.4/()4!
$-<-*'#! $.(+,-$! $())-$.! .4'.! 0'*+,'0! 2'$.! 0-##$! '*-`! '&! '++,.,/&'#! _$/(*0-! /?!
*-&,&`L!J4,04!,$!_*-#-'$-+!(\/&!yz{!+-)*'&(#'.,/&!UQ'P#-!VY`!U5'01,&$!-.!'#@L!VWWab!
O,#<-*!-.!'#@L!VWWjYL!_.4-!2'D/*!$/(*0-!/?!*-&,&!,&!.4-!2[/0'*+,'#!2,0*/-&<,*/&2-&.!
,$! 0/2\#-K`! U=/$.'#! '&+!R'1-*L! ^cccb! E*/\! '&+!='&$-*L! VWWgY! UR'6),*! -.! '#@L!
VWVXY@!!
G<,+-&0-! $())-$.$! .4'.!"Q! %%! \*/+(0.,/&! ,&! .4-!4-'*.! ,$! $,)&,?,0'&.#[! +*,<-&!P[!
0,*0(#'.,&)!*-&,&@!O.(+,-$!\-*?/*2,&)!&-\4*-0./2[!,&!*'.$!$(\\/*.!.4,$!4[\/.4-$,$!
/P$-*<,&)!.4'.!0'*+,'0!#-<-#$!/?!*-&,&!'&+!"Q!%%!0/**-#'.-!J-##!J,.4!\#'$2'!#-<-#$!
P-?/*-!'&+!'?.-*!.4-!\*/0-+(*-!UR//6!-.!'#@L!^cccb!Z'2\P-##!-.!'#@L!^ccXY@!=-$\,.-!
.4,$L!.4-!2'D/*,.[!/?!0'*+,'0!"Q!%%!\*/+(0.,/&!$--2$!./!/00(*!,&!$,.(!,**-$\-0.,<-!/?!
.4-!0/2\/&-&.v$!/*,),&!U<'&!E'.$!-.!'#@L!^ccgY@!!
%&! '++,.,/&L! 2'$.! 0-##$! 4'<-! P--&! ?/(&+! ./! *-#-'$-! .4-! \*/.-/#[.,0! -&6[2-!
04[2'$-!UQ'P#-!VY!J4,04!,$!'0.,<'.-+!(\/&!+-)*'&(#'.,/&@!Z4[2'$-!,$!0'\'P#-!
/?!0'.'#[6,&)!.4-!0/&<-*$,/&!/?!'&),/.-&$,&!%!!./!'&),/.-&$,&!%%L!,&+-\-&+-&.#[!/?!
.4-!'&),/.-&$,&:0/&<-*.,&)!-&6[2-!U"ZGY!U7,)@!jY!U50G(-&!-.!'#@L!^cciY!UR'6),*!
-.!'#@L!VWVXY@!%&!'++,.,/&L!/.4-*$!/P$-*<-+!V:?/#+!,&0*-'$-$!,&!04[2'$-!#-<-#$!,&!
4(2'&!<-&.*,0#-$!.4'&!'.*,'!'&+!.4'.!04[2'$-!0'**,-$!/(.!gWp!/?!"Q:%%!?/*2'.,/&!
,&!.4-!#-?.!<-&.*,0#-!U;*'.'!-.!'#@L!^ccXb!;*'.'!-.!'#@L!^ccjY@!!
%&!0/&0#($,/&L!.4-!_2'$.!0-##`!*-#-'$-!\*/+(0.$!_*-&,&!'&+!04[2'$-!2'[!$-*<-!'$!
'&!'#.-*&'.,<-!J'[! ./!(\*-)(#'.-!"Q! %%! #-<-#$! ,&! .4-`!0'*+,'0!2,0*/-&<,*/&2-&.!
UQ'P#-!jY!UR'6),*!-.!'#@L!VWVXY@!!
Q4-! #'..-*! ,$! 0/&$,$.-&.!J,.4! ?,&+,&)$! .4'.! 0/2\/&-&.$! /?! #/0'#! /*,),&! )-&-*'.-!
.,$$(-!"Q! %%@! %.!4'$!P--&! ?/(&+! .4'.!0#-'<')-!/?!"3Q!./!"Q! %%!2'[!P-!P*/()4.!
'P/(.!P[!-&6[2-$!$(04!'$!0'.4-\$,&!=!'&+!04[2'$-!,&$.-'+!/?!*-&,&!'&+!"ZG!
+-\-&+,&)!/&!.4-!.,$$(-!UE(2'*!'&+!R/,2L!VWWcY@!5/*-/<-*L!#/0'#!"Q!%%!$[&.4-$,$!
U-@)@L! -K.*'0-##(#'*! /*! ,&.*'0-##(#'*Y! 2'[! P-! \'*.! /?! .4-! *-'$/&! J4[! *-&,&:
'&),/.-&$,&!$[$.-2!UH"OY!P#/01'+-!P[!'&),/.-&$,&!*-0-\./*!P#/01-*$!U"HR$Y!'&+!
"ZG!,&4,P,./*$!,$!,&0/2\#-.-!UE(2'*!-.!'#@L!VWWeY@!Q4,$!,$!0/&$,$.-&.!J,.4!'&/.4-*!
$.(+[!.4'.!?/(&+!'!4,)4-*!2'$.!0-##!+-&$,.[!,&!<-&.*,0(#'*!.,$$(-$!?*/2!4-'*.!?',#(*-!
\'.,-&.$@!9-*-L!.4-[!'#$/!,+-&.,?,-+!4,)4-*!-K\*-$$,/&!#-<-#$!/?!"ZG!2HC"!'&+!
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04[2'$-!2HC"!,&!4-'*.!?',#(*-!\'.,-&.$!.4'&!,&!.4-!0/&.*/#!2[/0'*+,(2!UR'.##-!-.!
'#@L! VWWaY@!Z/2P,&-+L! 0'*+,'0!2'$.! 0-##$! $--2! ./! P-! '0.,<-! \'.4/#/)[! +*,<-*$!
0/&.*,P(.,&)! $,)&,?,0'&.#[! ./! .4-! \*/)*-$$,/&! /?! #-?.! <-&.*,0(#'*! +[$?(&0.,/&! P[!
'0.,<'.,/&!/?!'!#/0'#!H"O@!C/.'P#[L!,.!4'$!P--&!*-\/*.-+!.4'.!04*/&,0'##[!'0.,<'.-+!
H"O! ,$! '$$/0,'.-+! J,.4! .4-! \*-$-&0-! /?! ,&?#'22'./*[! 0-##$! '&+! ?,P*/P#'$.$L! '!
\*/0-$$! .4'.! ,$! \*-0-+,&)! <'$0(#'.(*-! *-2/+-#,&)! '&+! ,$! ?/##/J-+! P[! 0-##!
*-0*(,.2-&.!'&+!0/##')-&!+-\/$,.,/&!UT-P-*L!VWWjY@!Z'*+,'0!2'$.!0-##$!$--2!./!
*-\*-$-&.! '! )*/(\! /?! -??-0./*! 0-##$! .4'.! '*-! J-##:-&),&--*-+! *-$,+-&.$! /?! .4-!
2,0*/-&<,*/&2-&.@! T,.4! .4-,*! .//#P/K! /?! \*/:4[\-*.*/\4,0L! :?,P*/.,0L! '&+! :
,&?#'22'./*[! 2-+,'./*$L! .4-$-! 0-##$! '*-! *-'+[! ./! '0.! '&+! *-$\/&+! ./! <'*,/($!
$.,2(#,! .4-*-P[! ,2\'0.,&)! '##! 0'*+,'0! 0-##$! '&+! '*-! 0-&.*'#! +*,<-*$! /?! 0'*+,'0!
*-2/+-#,&)@!
!
5/&/0[.-$! N! 5'0*/\4')-$@! _9-'#.4[! '&+! ,&D(*-+! 0'*+,'0! .,$$(-$! \/$$-$$!
4-.-*/)-&-/($!\/\(#'.,/&$!/?!2'0*/\4')-$L!,&!P/.4!4(2'&$!'&+!2,0-`!U7,)@!jY!
U"66'J,! -.! '#@L! VWWiY@! _5/$.! 2'0*/\4')-$! J,.4,&! .4-! 4-'*.! '*-! -$.'P#,$4-+!
-2P*[/&,0'##[! ?*/2! .4-! [/#1! $'0! '&+! ?-.'#! #,<-*! \*/)-&,./*$L! $,2,#'*! ./! .,$$(-!
2'0*/\4')-$! /?! .4-! #,<-*! /*! P*',&@! M/0'#! \*/#,?-*'.,/&! ,&! 0/&.*'$.! ./!2/&/0[.-!
*-0*(,.2-&.!$-*<-$! ./!2',&.',&! *-$,+-&.!2'0*/\4')-!$(P$-.$`! UG\-#2'&!-.!'#@L!
VW^jb!9-,+.!-.!'#@L!VW^jY!UR'6),*!-.!'#@L!VWVXY@!Q4-!-K\*-$$,/&!'&+!+-\-&+-&0-!
/?! ZZHV! ,+-&.,?[! 0'*+,'0! 2'0*/\4')-$! /?! '+(#.! 2/&/0[.-! <-*$($! -2P*[/&,0!
/*,),&!UG\-#2'&!-.!'#@L!VW^jY@!!
_%&! .4-! 'P$-&0-! /?! +,$-'$-L! $-#?:*-&-J'#! $-*<-$! ./! 2',&.',&! #/0'#! .,$$(-!
2'0*/\4')-!\/\(#'.,/&$`!U9'$4,2/./!-.!'#@L!VW^XY@!_=-$\,.-!.4,$L!,&!*-$\/&$-!./!
\*-$$(*-! /<-*#/'+! /*! ,$04-2,0! ,&D(*,-$L! .4-! 2'D/*,.[! /?! 2'0*/\4')-$`! '*-!
*-0*(,.-+!'&+!+,??-*-&.,'.-+!?*/2!P#//+!2/&/0[.-$!U5/#'J,!-.!'#@L!VW^jY!UR'6),*!
-.!'#@L!VWVXY@!Q4($L!ZZHVo!'&+!ZZH:!0#'$$,?[!0'*+,'0!2'0*/\4')-$!,&./!*-0*(,.-+!
\*/,&?#'22'./*[! 2/&/0[.-$h! 2'0*/\4')-$! UZZHoY! '$! J-##! '$! *-$,+-&.!
2'0*/\4')-$!UZZH:Y!UR'D\',!-.!'#@L!VW^gb!=,01!-.!'#@L!VW^cb!G\-#2'&!-.!'#@L!VW^jb!
B'.-#!-.!'#@L!VW^gY@!!
_Z'*+,'0!2'0*/\4')-$!'*-!1-[!-??-0./*! 0-##$!2-+,'.,&)! .,$$(-! *-2/+-#,&)!'&+!
?,P*/$,$`! U7,)@! aY! U5/$$-*! '&+! G+J'*+$L! VWWgY! UR'6),*! -.! '#@L! VWVXY@! O-<-*'#!
$.(+,-$!*-\/*.-+!.4'.!2/&/0[.-$!'&+!2'0*/\4')-$!*-#-'$-!2-+,'./*$!$(04!'$!%M:
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^lL!QC7:kL!'&+!Q37:lL!'2/&)$.!/.4-*$!U7'+/1!-.!'#@L!^ccgb!9([&4!-.!'#@L!VWWVY@!!
!
%&!'++,.,/&L!_.4-!,&,.,'#!'&+!$,)&,?,0'&.!-<-&.!?/*!<'$0(#'*!#-$,/&!?/*2'.,/&!*-$(#.$!
?*/2! ,&?#'22'./*[! 0[./1,&-:! '&+! )*/J.4! ?'0./*:\*/+(0,&)! 2,)*'.,&)!
2'0*/\4')-$`! U7,)@! jY! UH/$$L! ^cccY@! "00/*+,&)! ./! *-\/*.$L! _'00(2(#'.,/&! /?!
2'0*/\4')-$!4'$!P--&!?/(&+!,&!.4-!\-*,<'$0(#'*!$\'0-L!J4-*-!.4-[!0/:#/0'#,6-!
J,.4!?,P*/P#'$.$!0/##-0.,<-#[!\*/+(0,&)!0/##')-&!+(*,&)!0'*+,'0!4[\-*.*/\4[`!U7,)@!
aY!U9,&)#',$!-.!'#@L!^ccjb!C,0/#-..,!-.!'#@L!^ccaY@!_Z/&$,$.-&.!J,.4!.4,$L!/.4-*!$.(+,-$!
4'<-!?/(&+!.4'.!\*-$$(*-!/<-*#/'+!,&,.,'.-$!-&+/.4-#,'#!0-##$!/?!.4-!,&.*'2[/0'*+,'#!
'*.-*,-$!./!-K4,P,.!,&.-*0-##(#'*!'+4-$,/&!2/#-0(#-!U%Z"5Y:^`!UQ'P#-!XYL!_'&+!.4'.!
'00(2(#'.,/&! /?! 2'0*/\4')-$! /00(*$! '+D'0-&.! ./`! .4-$-! _%Z"5:^! -K\*-$$,&)!
'*.-*,-$!,&!.4-!\-*,<'$0(#'*!$\'0-`!U7,)@!jY!UE(J'4'*'!-.!'#@L!VWWXY@!B#($L!,.!4'$!
P--&! *-\/*.-+! .4'.! '! \/.-&.! 2/&/0[.-! 04-2/'..*'0.'&.L! .4-! 2/&/0[.-!
04-2/'..*'0.'&.! \*/.-,&! U5ZBY:^L! ,$! $[&.4-$,6-+! P[! <'$0(#'*! 0-##$! '&+!
2/&/0[.-$! UZ'\-*$! -.! '#@L! ^cceYL! '&+! \*,2'*,#[! *-)(#'.-$! .4-! *-0*(,.2-&.! /?!
2'0*/\4')-$! ./! .4-! <-$$-#$! UH-'\-! '&+! 3*//.L! ^cccY@! "! $.(+[! ($,&)! '!
_0/&.,&(/($!,&?($,/&!/?!'&),/.-&$,&!%%!U"Q!%%Y!/*!&/*-\,&-\4*,&-!,&./!4[\-*.-&$,<-!
*'.$! +-2/&$.*'.-+! .4'.! 5ZB:^! ,&+(0.,/&! J'$! '$$/0,'.-+! J,.4! '+<-&.,.,'#!
2'0*/\4')-!'00(2(#'.,/&!,&!.4-!'/*.,0!J'##`!UZ'\-*$!-.!'#@L!^cceY!UR'6),*!-.!'#@L!
VWVXY@!!
5/*-/<-*L!/.4-*$!?/(&+!\*-0-+,&)!2[/0'*+,'#!Q37:l!(\*-)(#'.,/&!'&+!?,P*/P#'$.!
\*/#,?-*'.,/&L! .4'.!2[/0'*+,'#!5ZB:^!-K\*-$$,/&!'&+!\-*,<'$0(#'*!2'0*/\4')-!
,&?,#.*'.,/&!*'\,+#[!,&+(0-+!J,.4,&!+'[!^!'?.-*!\*-$$(*-!/<-*#/'+L!\-'1,&)!'.!+'[!X@!
Q4-! $'2-! $.(+[! +-2/&$.*'.-+! .4'.! 2'0*/\4')-! '00(2(#'.,/&! '$! J-##! '$!
?,P*/P#'$.! \*/#,?-*'.,/&! '&+! Q37:l! ,&+(0.,/&! J'$! ,&4,P,.-+! ($,&)! '&! 5ZB:^!
2/&/0#/&'#! &-(.*'#,6,&)! '&.,P/+[! UE(J'4'*'! -.! '#@L! VWWjY@! C/.-J/*.4[L! ,.! 4'$!
P--&!?/(&+!.4'.!\*-$$(*-!/<-*#/'+! ,&+(0-$!%Z"5:^! ,&!'!$,2,#'*! .,2-!0/(*$-!./!
.4'.! ?/(&+! ?/*! 5ZB:^L! '&+! .4'.! ?(&0.,/&'#! P#/01,&)! %Z"5:^! '#$/! *-+(0-+!
'00(2(#'.,/&!/?!2'0*/\4')-$!'&+!\*/#,?-*'.,<-! ?,P*/P#'$.$!'$!J-##!'$! ,&4,P,.,&)!
.4-! Q37:l! -K\*-$$,/&! (\*-)(#'.,/&! UE(J'4'*'! -.! '#@L! VWWXY@! Q4($L! .4-!
(\*-)(#'.-+!2'0*/\4')-!&(2P-*$! ,&!*-$\/&$-!./!5ZB:^!'&+!%Z"5:^!,&+,0'.-!
.4'.! \*-$$(*-! /<-*#/'+! .*,))-*$! ,&?#'22'./*[! 04'&)-$! ,&! .4-! 0'*+,'0!
2,0*/-&<,*/&2-&.@!"&/.4-*!$.(+[!.4'.!($-+!.*'&$<-*$-!'/*.,0!0/&$.*,0.,/&!UQ"ZY!
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?/(&+!.4'.!0'*+,'0!2'0*/\4')-$!(&+-*)/!'!.J/:\4'$-!*-$\/&$-!+(*,&)!\*-$$(*-!
/<-*#/'+:,&+(0-+!0'*+,'0!4[\-*.*/\4[!UM,'/!-.!'#@L!VW^gY@!Q4-,*!+'.'!$4/J-+!'!
$,)&,?,0'&.! ,&0*-'$-!/?!ZZHV:! 0'*+,'0!2'0*/\4')-$!J,.4,&! .4-! ?,*$.!J--1L! '&+!
,&?,#.*'.,/&!/?!M[aZ4,)4ZrXZH^oZZHVo!0#'$$,0!2/&/0[.-$!'.!?/(*!J--1$!UM,'/!
-.!'#@L!VW^gY@!%&!0/&0#($,/&L!,&!.4-!?,*$.!\4'$-L!\*-$$(*-!/<-*#/'+!$--2$!./!.*,))-*!
*-$,+-&.! .,$$(-!2'0*/\4')-$! UZZH:Y! ./!\*/#,?-*'.-L!J4,#-! ,&! .4-!$-0/&+!\4'$-!
,&?,#.*'.,/&!/?!P/&-:2'**/J:+-*,<-+!2/&/0[.-$!/00(*$@!%&!'++,.,/&L!Q"Z!4'$!P--&!
+-$0*,P-+! ./! .*,))-*! .J/! \4'$-$! /?! 0'*+,'0! *-$\/&$-L! 0/2\-&$'./*[! 0'*+,'0!
4[\-*.*/\4[! '.! e:^W! +'[$! J,.4! \*-$-*<-+! 0/&.*'0.,#-! ?(&0.,/&L! '&+! '!
+-0/2\-&$'.-+!\4'$-!J,.4!\*/)*-$$,/&!./!4-'*.!?',#(*-!'.!V:j!J--1$@!"00/*+,&)L!
.4-! +[&'2,0! 04'&)-$! ,&! 0'*+,'0! 2'0*/\4')-! &(2P-*$! ,&! *-$\/&$-! ./! Q"Z!
0/**-#'.-!J-##!J,.4! .4-$-!.J/!2'D/*!\4'$-$!/?!0'*+,'0!4[\-*.*/\4[!UM,'/!-.!'#@L!
VW^gY@!Q4($L!+(*,&)!.4-!'+'\.,<-!*-$\/&$-!./!\*-$$(*-!/<-*#/'+!*-$,+-&.!0'*+,'0!
2'0*/\4')-$!\*/#,?-*'.-L!J4,#-! .4-! .*'&$,.,/&! ./!+-0/2\-&$'.,/&! ,$!'$$/0,'.-+!
J,.4!.4-!,&?,#.*'.,/&!/?!2/&/0[.-$!UM,'/!-.!'#@L!VW^gY@!!
Q4($L! _0/##-0.,<-#[! .4,$! $())-$.$! .4'.`! *-$,+-&.$L! '$! J-##! '$! *-0*(,.-+!
2'0*/\4')-$L! .'1-! '0.,<-! _\'*.! ,&! .4-! -'*#[! *-$\/&$-! ./! $.*-$$! \*-0-+,&)!
4[\-*.*/\4,0!*-2/+-#,&)`!UR'6),*!-.!'#@L!VWVXY@!
!

C-(.*/\4,#$@! _;&+-*! &/*2'#! *-\'*'.,<-! 0/&+,.,/&$L! &-(.*/\4,#! )*'&(#/0[.-$! '*-!
*-0*(,.-+`!!,&./!_'*-'$!/?!'0(.-!,&?#'22'.,/&!J4-*-!.4-[!\-*?/*2!?(&0.,/&$!$(04!
'$`!-#,2,&'.,/&!_/?!+-'+!0-##$!'&+!2'.*,K!+-P*,$`! U7,)@!aY! UR*'../&!'&+!9-&$/&L!
VW^^b!O*--D,.!-.!'#@L!VWVWY@! _"$!1-[!0/2\/&-&.$!/?! .4-! ,&?#'22'./*[! *-$\/&$-L!
&-(.*/\4,#$!'#$/!'0.!/&!.4-!*-0*(,.2-&.L!'0.,<'.,/&L!'&+!\*/)*'22,&)!/?!'&.,)-&:
\*-$-&.,&)!0-##$!U"BZY`@!C/.-J/*.4[L!&-(.*/\4,#$!_'..*'0.!2/&/0[.-$!'&+!+-&+*,.,0!
0-##$! U=Z$Y`! <,'! )-&-*'.,/&! /?! _04-2/.'0.,0! $,)&'#$L! .4-*-P[! ,&?#(-&0,&)! .4-!
+,??-*-&.,'.,/&! /?! 2'0*/\4')-$! ,&./! '! \*-+/2,&'&.#[! \*/:! /*! '&.,:,&?#'22'./*[!
$.'.-`!!UQ'P#-!jY!UR-&&/(&'!-.!'#@L!VWWXb!Z4-*./<!-.!'#@L!^cceb!Q$(+'!-.!'#@L!VWWjY!
UR'6),*!-.!'#@L!VWVXY@!!
Q4($L! '$! &-(.*/\4,#$! '*-! /&-!/?! .4-! P/+[w$!2',&! 0-##(#'*! 0/2\/&-&.$! _?/*! .4-!
+-$.*(0.,/&! /?! 2,0*//*)'&,$2$L! .4-*-! ,$! '#$/! .4-! \/$$,P,#,.[! .4'.! .4-$-! 0-##$!
+'2')-_!0-##$!'&+!.,$$(-$!/?!.4-!4/$.!UR(,!-.!'#@L!VWVVb!9-&$/&!'&+!S/4&$./&L!
^cgeb! T-,$$L! ^cgcY@! "00/*+,&)! ./! .4-$-! ?,&+,&)$L! &-(.*/\4,#$! 2'[! 4'<-!



  60  

+-.*,2-&.'#!-??-0.$!/&!0'*+,'0!.,$$(-L!J4-&!*-0*(,.-+!./!$,.-$!/?!\*-$$(*-!/<-*#/'+!
,&D(*[!U7,)@!aY!UR'6),*!-.!'#@L!VWVXY@!
_O-<-*'#!$.(+,-$!4'<-!*-\/*.-+!.4'.! ,&!*-$\/&$-!./`!\*-$$(*-!/<-*#/'+:,&+(0-+!
4[\-*.*/\4[L! .4-! ?,*$.! M-(1/0[.-$!'\\-'*,&)! _,&! .4-!2[/0'*+,(2!J,.4,&! X!+'[$!
'?.-*!,&D(*[!'*-!&-(.*/\4,#$`!U7,)@!aY!UT-,$4-,.!-.!'#@L!VW^jb!T-,$4-,.!-.!'#@L!VWV^Y@!
G&+/.4-#,'#!0-##!'0.,<'.,/&!'&+!_$(P$-d(-&.!-K\*-$$,/&!/?!'+4-$,/&!2/#-0(#-$`!
-&'P#-!.4-!_.*'&$2,)*'.,/&!/?!&-(.*/\4,#$`!UQ'P#-!jb!7,)@!aY!U7,#,\\,L!VW^cb!T//+?,&!
-.!'#@L!VWWcY@!5/*-/<-*L!_,&?#'22'./*[!2-+,'./*$!$(04!'$!QC7:kL!%M^lL!'&+!2'$.!
0-##:+-*,<-+! 4,$.'2,&-! -&4'&0-! .4,$! \*/0-$$`! UQ'P#-! jY! U"$'1/! -.! '#@L! ^ccjb!
5'01'[!-.!'#@L!^ccXb!O'4&,!-.!'#@L!VWWiY!UR'6),*!-.!'#@L!VWVXY@!!
O-<-*'#! $.(+,-$! J,.4! +,??-*-&.! -K\-*,2-&.'#! $-.:(\$! /P$-*<-+! $,2,#'*! ?,&+,&)$!
*-)'*+,&)!'#.-*'.,/&$!/?!,22(&-!0-##$L!$(04!'$!2'0*/\4')-$!'&+!&-(.*/\4,#$!,&!
.4-!2[/0'*+,(2!,&!*-$\/&$-!./!\*-$$(*-!/<-*#/'+!,&+(0-+!0'*+,'0!4[\-*.*/\4[@!
%&! '! $.(+[! ($,&)! '! Q"Z! 2/($-! 2/+-#L! ?#/J! 0[./2-.*[! '&+! ?#(/*-$0-&0-!
2,0*/$0/\[!*-<-'#-+!.4'.!0'*+,'0!&-(.*/\4,#$!\-'1-+!,&!X!+'[$!'?.-*!Q"Z!$(*)-*[L!
J4-*-'$!2'0*/\4')-$!\-'1-+!,&!a!+'[$!UT-,$4-,.!-.!'#@L!VW^jY@!!
Z/&$,$.-&.L!/.4-*$!?/(&+!&-K.!./!%Z"5:^!0/&.',&,&)!0/*/&'*[!'*.-*,-$!,&!.4-!#-?.!
'&+!*,)4.!<-&.*,0#-L! .4'.!2'0*/\4')-!'&+!&-(.*/\4,#! ,&?,#.*'.,/&!'\\-'*-+! ,&! .4-!
?,*$.! X! +'[$! '?.-*! ,&D(*[! ($,&)! '!2/($-!2/+-#! J,.4! ,&.-*:*-&'#! '/*.,0! P'&+,&)@!
C/.-J/*.4[L! .4-[! ?/(&+! .4'.! .4-$-! '#.-*'.,/&$! /?! 2'0*/\4')-! '&+! &-(.*/\4,#!
0/&.-&.! /00(**-+!'4-'+!/?! \-*,<'$0(#'*! ?,P*/$,$! U^W!+'[$YL! '&+! 0'*+,/2[/0[.-!
4[\-*.*/\4[!UVg!+'[$Y!U9,)'$4,['2'!-.!'#@L!VWWeY!UR'6),*!-.!'#@L!VWVXY@!!
_C-(.*/\4,#$!4'<-!P--&!+-$0*,P-+!./!\*/+(0-!0[./1,&-$!$(04!'$!QC7:k!!.4'.!+*,<-!
2'0*/\4')-!'&+!+-&+*,.,0!0-##!+,??-*-&.,'.,/&`!UQ'P#-!jY!UR-&&/(&'!-.!'#@L!VWWXb!
Q$(+'!-.!'#@L!VWWjb!<'&!3,$P-*)-&!-.!'#@L!VWWiY@!_%&!'++,.,/&L!/.4-*$!?/(&+!.4'.!
&-(.*/\4,#,0!&,0/.,&'2,+-!'+-&,&-!+,&(0#-/.,+-!\4/$\4'.-!UC"=B9Y!/K,+'$-!)-.$!
'0.,<'.-+!,&!*-$\/&$-!./!\*-$$(*-!/<-*#/'+!,&D(*[`!UM,!-.!'#@L!VWWVYL!_*-$(#.,&)!,&!
yz{!+-)*'&(#'.,/&!/?!&-(.*/\4,#$!'&+! .4-*-P[! *-#-'$-!/?!\*/:?,P*/.,0!\*/.-'$-$`!
U7,)@!aY!_'$!J-##!'$!*-'0.,<-!/K[)-&!$\-0,-$!UHfOY`!UQ'P#-!XY!UZ,6!-.!'#@L!VW^VY!
UR'6),*!-.!'#@L!VWVXY@!
!
O[2\'.4-.,0! &-(*/&$@! _O[2\'.4-.,0! &-(*/&$! J4,04! ,&&-*<'.-! .4-! 4-'*.! '&+!
*-#-'$-! &/*-\,&-\4*,&-! UCGY! '#$/! -K\*-$$! .4-! -&+/.4-#,&! *-0-\./*! "! UGQ:"Y`!



  61  

U%$'1'!-.!'#@L!VWWeb!M-42'&&!-.!'#@L!VW^jPY@!GQ:^!#-+!./!'&!-&/*2/($!_CG!*-#-'$-!
,&! 0/0(#.(*-+! 0'*+,/2[/0[.-$! '&+! $[2\'.4-.,0! &-(*/&$! J,.4! -K'))-*'.-+`!
0'*+,/2[/0[.-! 4[\-*.*/\4[! 0/2\'*-+! ./! 2/&/0(#.(*-! 0'*+,/2[/0[.-$@! %&!
0/&.*'$.L!#-$$!'+<-*$-!$.*(0.(*'#!*-2/+-#,&)!'&+!0'*+,'0!+[$?(&0.,/&!J-*-!?/(&+!
,&! _2,0-! #'01,&)! .4-! GQ:"! *-0-\./*! -K0#($,<-#[! ,&! $[2\'.4-.,0! &-(*/&$`! J4-&!
$(PD-0.-+!./!\'.4/#/),0'#!\*-$$(*-!/<-*#/'+!UM-42'&&!-.!'#@L!VW^j'Y!UR'6),*!-.!
'#@L!VWVXY@!!
%&! '++,.,/&L! $,)&,?,0'&.! _'2/(&.$! /?! *-&,&! *-#-'$-+! ,&! .4-! 0'*+,'0!
2,0*/-&<,*/&2-&.!(\/&!0'*+,'0!2'$.!0-##!+-)*'&(#'.,/&`!UQ'P#-!jY!U5'01,&$!-.!
'#@L!VWWaYL!_*-$(#.!,&!P/.4!"Q:%%!?/*2'.,/&`!UQ'P#-!jY!_J,.4,&!$.*,1,&)!+,$.'&0-!/?!"Q^!
*-0-\./*:-K\*-$$,&)! 0'*+,'0! $[2\'.4-.,0! &-*<-! .-*2,&'#$! '&+! -&4'&0-+! CG!
*-#-'$-`! U7,)@! jY! _'&+! '**4[.42,'$`! ! U7,)@! eY! UH-,+! -.! '#@L! VWWjb! H/+*,)(-6:
3/&6'#-6!-.!'#@L!VWVWb!O-[-+,!-.!'#@L!^cceY@!_Q4-!?'0.!.4'.!.4-$-!-<-&.$!0'&!P-!
\*-<-&.-+!P[!2'$.!0-##:$.'P,#,6,&)!')-&.$!0/&?,*2$!.4-!0-&.*'#!*/#-!/?!0'*+,'0!2'$.!
0-##:+-*,<-+!*-&,&!,&!"Q^!*-0-\./*!$,)&'#,&)@!M/0'##[!\*/+(0-+!"Q:%%!.4($!'0.,<'.-$!
.4-! "Q^! *-0-\./*! '.! $[2\'.4-.,0! &-*<-! -&+,&)$L! *-$(#.,&)! ,&! ,&0*-'$-+! CG!
*-#-'$-`!U7,)@!jY!UQ'P#-!jY!U5'01,&$!-.!'#@L!VWWaY!UR'6),*!-.!'#@L!VWVXY@!
!
e@V!5-+,'./*$!/?!0'*+,'0!*-2/+-#,&)!

_5-04'&,0'#!$.*-.04!'&+!&-(*/4(2/*'#!2-04'&,$2$! ,+-&.,?[! .4-!2/$.!\*/K,2'#!
$.,2(#,! ?/*! ,&,.,'.,&)! 4[\-*.*/\4,0! $,)&'#,&)! \'.4J'[$`! U7,)@! jY! U9-,&-1-! '&+!
5/#1-&.,&L! VWWaY@! _=(-! ./! 4-2/+[&'2,0! /<-*#/'+L! 0'*+,/2[/0[.-$! (&+-*)/!
2-04'&,0'#!$.*-$$!'&+!.4-*-P[!*-#-'$-!'(./0*,&-!'&+!\'*'0*,&-!$,)&'#,&)!?'0./*$!
$(04! '$! )*/J.4! ?'0./*$L! 4/*2/&-$L! 0[./1,&-$L! '&+! 04-2/1,&-$! UQ'P#-! VY`!
UR-*&'*+/! -.! '#@L! VW^W@! _7(*.4-*2/*-L! 2-04'&,0'#! $.*-$$! ,$! $-&$-+! P[! P/.4!
0'*+,'0!?,P*/P#'$.$!*-$(#.,&)!,&!.4-!\*/+(0.,/&!'&+!*-#-'$-!/?!$,)&'#,&)!2-+,'./*$`!
U7,)@! jY! U5'0E-&&'! -.! '#@L! VWWWYL! _'&+! 0'*+,'0! -&+/.4-#,'#! 0-##$L! J4,04!
0/22(&,0'.-! J,.4! 0'*+,/2[/0[.-$! P[! $-0*-.,/&! /?! '(./0*,&-! '&+! \'*'0*,&-!
2-+,'./*$`! UE(4&L! VW^ib!B'(#($! '&+!Q$04/\-L! VW^XY@! _Z'*+,/2[/0[.-$! $-&$-!
.4-$-!#,)'&+$!.4*/()4!'!2(#.,.(+-!/?!3:\*/.-,&:0/(\#-+!*-0-\./*$L!)*/J.4!?'0./*!
*-0-\./*$L! '&+! 0[./1,&-! *-0-\./*$`! U7,)@! jLiY! U9-,&-1-! '&+! 5/#1-&.,&L! VWWaY@!
_f*04-$.*'.-+!2-04'&,$2$! /?! .4-! ,&+(0.,/&L!2',&.-&'&0-L! '&+! \*/)*-$$,/&! /?!
0'*+,'0!4[\-*.*/\4[L!\'*.,0(#'*#[!#-?.!<-&.*,0(#'*!4[\-*.*/\4[L!(&+-*#,-!'!$-*,-$!/?!
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-<-&.$! .4'.! ?/##/J$! .4-! '0.,<'.,/&! /?! 0'*+,/2[/0[.-$! (\/&! \*-$$(*-!
/<-*#/'+h2-04'&,0'#!$.*-$$`!UR'6),*!-.!'#@L!VWVXY@!!
!
"0.,<'.,/&! /?! .4-! #/0'#! *-&,&:'&),/.-&$,&! $[$.-2! UH"OY@ _%&! '++,.,/&! ./! .4-`!
0#'$$,0! _0,*0(#'.,&)! *-&,&:'&),/.-&$,&! $[$.-2! UH"OY`! UZ'2\P-##L! ^cgeb! B-'04L!
^ceeYL!.4-!4-'*.`L!$,2,#'*!./!2'&[!.,$$(-$L!-K4,P,.$!'!#/0'#!H"O!.4'.!2'[!2-+,'.-!
_'(./0*,&-L!\'*'0*,&-L!'&+!,&.*'0*,&-!-??-0.$`!U7,)@!jY!UZ'2\P-##L!^cgeb!=,&4!-.!'#@L!
VWW^b! M,&+\',&.&-*! '&+! 3'&.-&L! ^cc^Y@! _Z/2\/&-&.$! /?! yz{! H"OL! ,&0#(+,&)!
'&),/.-&$,&/)-&!U"3QYL!*-&,&L!"ZGL!"Q^!'&+!"QV!'*-!-K\*-$$-+!,&!.4-!4-'*.`!
UR'1-*!-.! '#@L! ^ccVb!M--!-.!'#@L! ^ccXY@!Z/&$,$.-&.!J,.4!+'.'L! .4-!-K\*-$$,/&!/?!
$-<-*'#!H"O!0/2\/&-&.$!_,$!(\*-)(#'.-+!,&!0'*+,/2[/0[.-$!,&!<,.*/!,&!*-$\/&$-!
./!$.*-.04`!UQ'P#-!XY!U5'#4/.*'!-.!'#@L!^cccb!O'+/$4,2'!-.!'#@L!^ccXYL! ,&+,0'.,&)!
.4'.!2-04'&,0'#!$.*-$$!2'[!'0.,<'.-!'!#/0'#!H"O!.4-*-P[!,&0*-'$,&)!.4-!'2/(&.!
/?!"Q:%%!,&!.4-!0'*+,'0!2,0*/-&<,*/&2-&.@!O-<-*'#!/.4-*!$.(+,-$!4'<-!$())-$.-+!
_.4'.!4-2/+[&'2,0!/<-*#/'+!'0.,<'.-$!.4-!#/0'#!H"O!'&+!4,)4#,)4.-+!.4-!0*(0,'#!
*/#-!/?!.4-!"Q!^!*-0-\./*`!,&!#/'+:,&+(0-+!_0'*+,'0!4[\-*.*/\4[`!UQ'P#-!XY!UZ/4&!
-.!'#@L!VWW^b!7'&!-.!'#@L!VW^cb!3*,-&+#,&)!-.!'#@L!^ccab!E/D,2'!-.!'#@L!^ccjb!E/2(*/!
-.!'#@L!^ccWb!E/2(*/!'&+!q'6'1,L!^ccXb!M,&+4/#2!-.!'#@L!VWWVb!B,..!-.!'#@L!VWWWb!
O'+/$4,2'! -.! '#@L! ^ccVb! O'+/$4,2'! -.! '#@L! ^ccXb! T'.'&'P-! -.! '#@L! VWV^b!
q'2'6'1,!-.!'#@L!^cci'Y@!_Q4($L!2-04'&,0'#!$.*-$$!0'&!P-!0/&$,+-*-+!.4-!2'D/*!
(\$.*-'2!.*,))-*!.4'.!'0.,<'.-$!.4-!#/0'#!H"O!'&+!#-'+$!./!,&0*-'$-+!"Q:%%!#-<-#$!
.4*/()4/(.!.4-!2,0*/-&<,*/&2-&.`!UR'6),*!-.!'#@L!VWVXY@!!
!
H-'0.,<-! /K[)-&! $\-0,-$! UHfOY@! _H-'0.,<-! /K[)-&! $\-0,-$! UHfOY! $(04! '$!
$(\-*/K,+-! '&,/&! Uf&!YL! 4[+*/K[#! Uf9YL! '&+! 4[+*/)-&! \-*/K,+-! U9!f!YL! '&+!
*-'0.,<-!&,.*/)-&!$\-0,-$!,&0#(+,&)!&,.*,0!/K,+-!UCfY!'&+!\-*/K[&,.*,.-!UfCff&Y!
0#'$$,?[!*-'0.,<-!$\-0,-$!,&</#<-+!,&!*-+/K!$,)&'#,&)@!Q4-!#'..-*!*-$(#.$!?*/2!.4-!
*-'0.,/&!/?!f&!!J,.4!Cf`!UB'04-*!-.!'#@L!VWWeY@!='.'!,&+,0'.-!_.4'.!P/.4L!+,*-0.!'&+!
,&+,*-0.! 2-04'&,$2$L! *-$(#.,&)! ?*/2! *-+/K! $,)&'#,&)! J,.4,&! '&+! P-.J--&!
-&+/.4-#,'#! 0-##$! '&+! 0'*+,/2[/0[.-$`! '00/(&.! _?/*! ?(&0.,/&'#! 0/22(&,0'.,/&!
P-.J--&! .4-$-!0-##$`! UI4'&)!'&+!O4'4L!VW^jY@! _5/*-/<-*L! *-+/K!$,)&'#,&)!&/.!
/&#[! ,&?#(-&0-$! 2'&[! \4[$,/#/),0'#! \*/0-$$-$! ,&! .4-! 4-'*.! P(.! '#$/! \#'[$! '&!
,2\/*.'&.!*/#-!,&!\'.4/#/),0'#!0'*+,'0!*-2/+-#,&)`!UR(*)/[&-!-.!'#@L!VW^Vb!9'?$.'+!
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-.!'#@L!VW^XY@!"#.4/()4L!$-<-*'#!$/(*0-$!/?!HfO!4'<-!P--&!+-$0*,P-+!,&!0'*+,'0!
0-##$L!_$(04!'$!2,./04/&+*,'!UQ$(.$(,!-.!'#@L!VWWcYL!K'&.4,&-!/K,+'$-!UrfY!UC,$4,&/!
-.!'#@L!VWWgYL!(&0/(\#-+!Cf!$[&.4'$-$!UCfOY!UZ'*&,0-*!-.!'#@L!VW^XYL!'&+!C"=B9!
/K,+'$-$! UC/K$Y`! UI4'&)!-.!'#@L! VW^XY@! _Q4-! ,&.-*'0.,/&$!/?!Cfr!\*/.-,&$!J,.4!
CfO:+-*,<-+!Cf!4'<-! P--&! 4,)4#,)4.-+! ./! P-! \'*.,0(#'*#[! ,2\/*.'&.! ?/*! *-+/K!
$,)&'#,&)!,&!.4-!+-<-#/\2-&.!/?!4-'*.!?',#(*-`!U7,)@!jY!UC-+,'&,!-.!'#@L!VW^^b!I4'&)!
-.!'#@L!VW^Xb!I4'&)!-.!'#@L!VW^VY!UR'6),*!-.!'#@L!VWVXY@!
_"&! ,&0*-'$-! ,&! .4-! 0'*+,'0! )-&-*'.,/&! /?! HfO! '&+! .4-*-?/*-! '&! ,&0*-'$-! ,&!
/K,+'.,<-!$.*-$$!4'$!P--&!,2\#,0'.-+!,&!\*-$$(*-:/<-*#/'+:,&+(0-+!#-?.!<-&.*,0(#'*!
0'*+,'0!4[\-*.*/\4[!UM]9Y!'&+!4-'*.!?',#(*-`!U7,)@!jY!UZ4,-&L!^cccb!=4'##'!-.!'#@L!
VWWWb!C'1'2(*'!'&+!O'+/$4,2'L!VW^gb!O()+-&!'&+!Z#-*1L!̂ ccg'Y@!Z/&$,$.-&.#[L!
_.4-! +-<-#/\2-&.! /?! 0-##(#'*! 4[\-*.*/\4[! '&+! *-2/+-#,&)! 4'$! P--&! ?/(&+! ./!
,2\#,0'.-! ,&0*-'$-+! HfO! \*/+(0.,/&L! '&+! '0.,<'.,/&! /?! .4-! 2,./)-&:'0.,<'.-+!
\*/.-,&!1,&'$-!U5"BEY!$(\-*?'2,#[L!J4-*-!*-+/K:$-&$,.,<-!\*/.-,&!1,&'$-$L!'*-!
1&/J&!./!P-!\'*.#[!*-$\/&$,P#-@!5/*-/<-*L!0'*+,/2[/0[.-!'\/\./$,$!'&+!&-0*/$,$!
2'[! P-! +(-! ./! ,&0*-'$-+! /K,+'.,<-! $.*-$$`! U7,)@! eYL! _J4,04! ,$! +-$0*,P-+! ./! P-!
'$$/0,'.-+!J,.4!.4-!.*'&$,.,/&!?*/2!0/2\-&$'.-+!\*-$$(*-:/<-*#/'+!4[\-*.*/\4[!
./!4-'*.!?',#(*-@!7(*.4-*2/*-L!'#.-*'.,/&$!,&!.4-!*-+/K:$-&$,.,<-!'0.,<,.[!/?!$-<-*'#!
1-[! \*/.-,&$! ,&0#(+,&)! $'*0/#-22'! ,/&! 04'&&-#$! '&+! -K04'&)-*$! '&+!
$'*0/\#'$2,0!*-.,0(#(2!0'#0,(2!*-#-'$-!04'&&-#$L!J4,04!0/##-0.,<-#[!'00/(&.!?/*!
-K0,.'.,/&:0/&.*'0.,/&!0/(\#,&)L!0/&.*,P(.-!?/*!2[/0'*+,'#!0/&.*'0.,#-!+[$?(&0.,/&`!
U7,)@!eY@!_R-[/&+!.4'.L!0/&$-d(-&.!)-&-*'.,/&!/?!\-*/K[&,.*,.-!UfCff&Y!'$!'!*-$(#.!
/?! ,&0*-'$-+! ,&'0.,<'.,/&!/?!Cf!4'$!P--&!'..*,P(.-+! ./! ,&+,*-0.!-??-0.$!/?!HfOL!
#-'+,&)! ./! 0/*/&'*[! <'$0(#'*!-&+/.4-#,'#! +[$?(&0.,/&!'&+!\-*/K[&,.*,.-:,&+(0-+!
,&4,P,.,/&!/?!2[/0'*+,'#!*-$\,*'.,/&`!UO4'4!'&+!5'0Z'*.4[L!VWWWY!UR'6),*!-.!'#@L!
VWVXY@!
_O-<-*'#! 2-+,'./*$! ,&0#(+,&)! "Q:%%L! GQ:^L! ':'+*-&-*),0! ')/&,$.$L! QC7:aL! '&+!
2-04'&,0'#! ?/*0-$! .*,))-*! C/KV! '0.,<'.,/&@! ],'! ,&+(0.,/&! /?! ?/(*! 0[./$/#,0!
*-)(#'./*[!$(P(&,.$!U\je'()*L!\ae'()*L!\jW'()*L!'&+!H"Z^YL!.4-$-!2-+,'./*$!,&,.,'.-!
f!&!!\*/+(0.,/&`!UQ'P#-!jY!UR*/J&!'&+!3*,-&+#,&)L!VWWcYL!_,&+,0'.,&)!.4'.!\*-$$(*-!
/<-*#/'+! $(P$-d(-&.#[! ,&0*-'$-$! f!&! #-<-#$`! U7,)@! jY@! _GK0-$$,<-! f!&% #-<-#$!
,&.-*'0.!-K.*-2-#[!*'\,+#[!J,.4!CfL!*-$(#.,&)!,&!\-*/K[&,.*,.-!UfCff&Y!?/*2'.,/&`!
UQ'P#-!jYL!_.4-*-P[!+,$*(\.,&)!\4[$,/#/),0'#!Cf!$,)&'#,&)`!U9'*-L!VWWjb!C-+,'&,!-.!
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'#@L!VW^^Y@_9-&0-L!\*-$$(*-!/<-*#/'+!$4,?.$!.4-!P'#'&0-!./J'*+$!,&0*-'$-+!HfO`!
U7,)@! jYL! _'! 0/&+,.,/&! .4'.! $(\\*-$$-$! .4-! \4[$,/#/),0'#! ?(&0.,/&$! /?! Cf@!
Z/&$,$.-&.#[L! f!&! 4'$! #/&)! P--&! *-0/)&,6-+! ./! P-! ,2\#,0'.-+! ,&! $-<-*-!
0'*+,/<'$0(#'*!+,$-'$-$@!5/*-/<-*L!*-\/*.$!,&+,0'.-!.4'.!CfO!2'[!)-&-*'.-!f!&!
,&$.-'+! /?! CfL! '! 0/&+,.,/&! *-?-**-+! ./! '$! (&0/(\#-+! CfO@! Q4-! $J,.04! ./! f!&!
)-&-*'.,/&! '\\-'*$! '$! '! 0/&$-d(-&0-! /?! .-.*'4[+*/P,/\.-*,&! UR9jY! +-\#-.,/&!
U($('##[! .4*/()4! /K,+'.,/&! ./! R9VY! /*! '$! CfO! -&6[2-$! (&+-*)/! \/$.:
.*'&$#'.,/&'#!2/+,?,0'.,/&`! UZ4-&!-.!'#@L!VW^WY@! _Z/&$,$.-&.L! ,&0*-'$-+! #-<-#$!/?!
fV:!'&+!fCff:!2'[!P-!,2\#,0'.-+!,&!'&!'2\#,?[,&)!2-04'&,$2!.4'.!'))*'<'.-$!
CfO!(&0/(\#,&)!.4*/()4!.4-!/K,+'.,/&!/?!R9j`!UM'&+2-$$-*!-.!'#@L!VWWXY@_9-&0-L!
'$!/(.#,&-+!'P/<-L!$-<-*'#!$.(+,-$!,&+,0'.-!.4'.!*-'0.,<-!/K[)-&!$\-0,-$!$4/(#+!
P-!0/&$,+-*-+!'$!)*/(\!/?!1-[!2-+,'./*$!+*,<,&)!\'.4/#/),0'#!*-2/+-#,&)!,&!.4-!
2,0*/-&<,*/&2-&.!/?!0'*+,'0!4[\-*.*/\4[!U7,)@!jYL!-$\-0,'##[!*-)'*+,&)!\*-$$(*-!
/<-*#/'+`!UR'6),*!-.!'#@L!VWVXY@!
!
G&+/)-&/($!$./*')-!\//#$!/?!"Q:%%!,&!$-0*-./*[!)*'&(#-$@!_"Q:%%!$-0*-.,/&!,&./!
.4-!0(#.(*-!2-+,(2!(\/&!2-04'&,0'#!$.*-$$!/?!,$/#'.-+!0'*+,/2[/0[.-$!4'$!P--&!
/P$-*<-+!'&+!\*/<,+-$!$/2-!-<,+-&0-!$(\\/*.,&)!.4-!0/&0-\.!/?!,&0*-'$-+!#/0'#!
0/&0-&.*'.,/&$!/?!"Q:%%`!UQ'P#-!XY!UO'+/$4,2'!-.!'#@L!^ccXY@!_B/.-&.,'#!'(./0*,&-!
'&+!\'*'0*,&-!*-)(#'./*[!2-04'&,$2$!/?!"Q:%%!2'[!'0.,<'.-!.4-!"Q^!*-0-\./*!/&!
0'*+,/2[/0[.-$!'&+!$(**/(&+,&)!0-##$!UQ'P#-!VY`!UE'#'!-.!'#@L!VWVXb!O'+/$4,2'!
'&+! %6(2/L! ^ccaY@! _Q4,$! ,&! .(*&! 4'$! P--&! \*/\/$-+! ./! ,&+(0-! .4-! *-#-'$-! /?!
'(./0*,&-!'&+!\'*'0*,&-!2-+,'./*$L!,&0#(+,&)!<'$/'0.,<-!\-\.,+-$L!)*/J.4!?'0./*$L!
0[./1,&-$L!'&+!GZ5!0/2\/&-&.$L!$(04!'$!0/##')-&`!UQ'P#-!jb!7,)@!jY!U3*'[!-.!'#@L!
^ccgb!9'*'+'!-.!'#@L!^cceb!S,'&)!-.!'#@L!VWWeb!B-##,-(K!-.!'#@L!VWW^Y@!_B/.-&.,'.-+!
/*! $($.',&-+! "Q^! *-0-\./*! '0.,<'.,/&! ,$! #,1-#[! '$$/0,'.-+! J,.4! 0'*+,/2[/0[.-!
4[\-*.*/\4[L!?,P*/P#'$.!4[\-*\#'$,'L!'&+!?,P*/$,$`!U7,)@!eY!U9'*'+'!-.!'#@L!^ccg'b!
9'*'+'!-.! '#@L! ^ccgPb!O'+/$4,2'!'&+! %6(2/L!^ccXY@! _"#.-*&'.,<-!2-04'&,$2$!
4'<-! P--&! \*/\/$-+! ./! 0/&.*,P(.-! ./! .4-! '0.,<'.,/&! /?! .4-!"Q^! *-0-\./*! (\/&!
P,&+,&)! /?! "Q:%%`! UQ}.4! -.! '#@L! VW^gYL! _,&0#(+,&)! 2-2P*'&-! $.*-.04! '&+!
2-04'&/'0.,<'.,/&! .4'.! 0'&! ,&! .(*&! \*/2/.-! +,$.,&0.! 0/&?/*2'.,/&'#!
*-'**'&)-2-&.$! ,&! .4-! *-0-\./*L! #-'+,&)! ./! '#.-*&'.,<-! $,)&'#,&)! /(.0/2-$`!
U9(&['+[!'&+!Q(*(L!VWWjb!T'&)!-.!'#@L!VW^gY!UR'6),*!-.!'#@L!VWVXY@!!
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_O-<-*'#!\*/.-,&$!4'<-!P--&!,2\#,0'.-+!'$!$-&$/*$!/?!2-04'&,0'#!$.*-.04-$L!$(04!
'$! 2($0#-! M%5! \*/.-,&$L! ,&.-)*,&$L! '&+! .4-,*! '$$/0,'.-+! $,)&'#,&)! \'.4J'[$`!
UR*'&0'00,/! -.! '#@L! VWWXb! E&/##! -.! '#@L! VWWVY@! _C-.J/*1! 2/+-#$! 4'<-! P--&!
+-<-#/\-+! ./! \*-+,0.! 4/J! .4-$-!2-04'&/:$-&$,.,<-! \*/.-,&$! J/*1! ./)-.4-*! ./!
0//*+,&'.-! 0'*+,/2[/0[.-! 4[\-*.*/\4[`! UO'(0-*2'&! -.! '#@L! VW^cb! Q'&! -.! '#@L!
VW^eY@!_5-04'&,$2$!.4'.!,&.-)*'.-!.4-$-!-<-&.$!'&+!\*/\')'.-!.4-!$.*-$$!$,)&'#!
./!.4-!"Q^!*-0-\./*!'?.-*!'0.,<'.,/&!P[!2-04'&,0'#!$.*-$$!*-2',&!'*-'$!/?!'0.,<-!
,&<-$.,)'.,/&@!%&.-*-$.,&)#[L!+-$\,.-!.4-!'P$-&0-!/?!"Q:%%h"Q^!$,)&'#,&)L!0'*+,'0!
4[\-*.*/\4[L!$[$./#,0!+[$?(&0.,/&L!'&+!?,P*/$,$!/00(**-+!,&!*-$\/&$-!./!\*-$$(*-!
/<-*#/'+`!U7,)@!eY!U9'*'+'!-.!'#@L!^ccg'Y!UR'6),*!-.!'#@L!VWVXY@!
!
Q4-! .J/! ?'0-$! /?! .4-! Q37:l! $,)&'#,&)@! "Q:%%:'0.,<'.-+! ?,P*/P#'$.$! $.,2(#'.-!
\'*'0*,&-!0'*+,/2[/0[.-!4[\-*.*/\4[!(\/&!Q37:l!'&+!GQ:^!*-#-'$-!_UQ'P#-!VY`!
U3*'[!-.!'#@L!^ccgY@!Q37:l!2'[!'$!J-##!'0.!'(./0*,&-@!"00/*+,&)!./!?,&+,&)$L!Q37:
lL!$,2,#'*!./!2-04'&,0'#!$.*-$$L!_\*/2/.-$!?,P*/P#'$.!\*/#,?-*'.,/&!'&+!-K.*'0-##(#'*!
2'.*,K!\*/+(0.,/&`!UQ'P#-!jb!7,)@!jYL!_-$\-0,'##[!0/##')-&!'&+!?,P*/&-0.,&L!J4-*-'$!
+-)*'+'.,/&!/?!.4-$-!0/2\/&-&.$!,$!*-+(0-+`!UR/*+-*!'&+!C/P#-L!̂ ccjY@!_O-<-*'#!
$.(+,-$!*-\/*.! .4'.! .4-!0'&/&,0'#!Q37:lhO5"=VhX!$,)&'#,&)!\'.4J'[$`! U7,)@!iY!
_,&+(0-!.4-!-K\*-$$,/&!/?!)-&-$!*-#'.-+!./!0/##')-&L!?,P*/&-0.,&L!'&+!/.4-*!GZ5!
\*/.-,&$`!UR(D'1!-.!'#@L!VWWeb!H[-*!-.!'#@L!VWWab!]-**-004,'!-.!'#@L!VWW^b!q'&)!-.!
'#@L!VWWXYL!_J4,04!0/&0/2,.'&.#[!0/&.*,P(.-!./!0'*+,'0!?,P*/$,$`!U7,)@!jY!UE(J'4'*'!
-.! '#@L! VWWVY@! GK\-*,2-&.$! J,.4! \*-$$(*-:/<-*#/'+! *'.$! ($,&)! _'! Q37:l!
&-(.*'#,6,&)!'&.,P/+[!,&4,P,.-+!?,P*/P#'$.!'0.,<'.,/&!'&+!\*/#,?-*'.,/&L!'&+!+,'$./#,0!
+[$?(&0.,/&`!UE(J'4'*'!-.!'#@L!VWWVY@!_Q4-$-!+'.'!$())-$.!Q37:l!'$!'!0-&.*'#!
.'*)-.!'&+!.4-!,&4,P,.,/&!/?!Q37:l!'$!P-&-?,0,'#@!%&!#,&-!J,.4!.4,$L!0'*+,'0!?,P*/$,$!
J'$!'..-&('.-+!,&!O5"=X!+-?,0,-&.!2,0-!$(PD-0.-+!./!0'*+,'0!\*-$$(*-!/<-*#/'+L!
P(.!,&.-*-$.,&)#[!0'*+,'0!4[\-*.*/\4[!'&+!0'*+,'0!+[$?(&0.,/&!J-*-!'))*'<'.-+`!
U=,<'1'*'&!-.!'#@L!VWWcY@!_"#$/L!'&/.4-*!*'.!2/+-#!*-<-'#-+!.4'.!J/*$-&-+!0'*+,'0!
*-2/+-#,&)!'&+! ,&0*-'$-+!2/*.'#,.[!0/**-#'.-!J,.4!'! *-+(0.,/&!/?!GZ5!($,&)!'!
Q37:l! &-(.*'#,6,&)! '&.,P/+[! '?.-*! 2[/0'*+,'#! ,&?'*0.,/&`! U7*'&.6! -.! '#@L! VWWgY!
UR'6),*!-.!'#@L!VWVXY@!!
Q*'&$?/*2,&)! )*/J.4! ?'0./*! P-.'! _UQ37:lY:'0.,<'.-+! 1,&'$-! ^! UQ"E^Y! P,&+$!
+,*-0.#[!./!.[\-!%%!UQRH%%Y!Q37l!*-0-\./*$@! %+-&.,?,0'.,/&!/?! .4,$! ,&.-*'0.,/&! #,&1$!
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Q"E^! ./! .4-! Q37:l! $,)&'#,&)! 0'$0'+-L! ,2\#,0'.,&)! '&! '++,.,/&'#! J'[! /?!
4[\-*.*/\4[! ,&+(0.,/&! ,&! 0'*+,/2[/0[.-$! P[! Q37:l! $,)&'#,&)`! UT'.1,&$! -.! '#@L!
VWWaY@!_Q4($L!'$,+-!?*/2!0/&.*,P(.,&)!./!0'*+,'0!?,P*/$,$L!.4-!&/&:0'&/&,0'#!Q37:
lhQ37:l!'0.,<'.-+!1,&'$-!^!UQ"E!^Y!$,)&'#,&)!\'.4J'[!4'$!'#$/!P--&!*-\/*.-+!./!
\*/2/.-!0'*+,'0!4[\-*.*/\4[`!U7,)@!iY!UI4'&)!-.!'#@L!VWWWY!UR'6),*!-.!'#@L!VWVXY@!!
%&! 0/&0#($,/&L! +,??-*-&.! -K\-*,2-&.'#! $-.(\$! *-<-'#! <'*,-+! 0/&$-d(-&0-$! ,&!
*-$\/&$-! ./! ,&4,P,.,&)! Q37:l@! _"#./)-.4-*L! Q37:l! ,$! *-#-'$-+! ?*/2!
0'*+,/2[/0[.-$L!?,P*/P#'$.$L!'&+!-&+/.4-#,'#!0-##$!,&!.4-!4-'#.4[!4-'*.!UQ'P#-!VY`!
UR(D'1!'&+!7*'&)/),'&&,$L!VWWeb!G(#-*L!VW^iY!_'&+!,&!.4-!0/&.-K.!/?! ,&D(*[!'&+!
*-\',*!'#$/!?*/2!2[/?,P*/P#'$.$!'&+!,&?,#.*'.,&)!,22(&-!0-##$`!UM,&+'4#!-.!'#@L!VWWVb!
T,\??!-.!'#@L!VWWeY@!_Q4($L!Q37:l!$--2$!./!P-!,&</#<-+!,&!'+'\.,<-!/*!2'#'+'\.,<-!
\*/0-$$-$! 2/$.! #,1-#[! +-\-&+,&)! /&! .4-! 0/&.-K.L! '&+! 2'[! #/0'##[! .*,))-*!
,&.-*'0.,/&$!P-.J--&!+,??-*-&.!0-##!.[\-$!$(04!'$!0'*+,/2[/0[.-$!'&+!?,P*/P#'$.$`!
U7,)@!jY!`'&+!.4-*-P[!,2\'0.!0'*+,'0!4[\-*.*/\4[L!?,P*/$,$L!'&+!.4-!+-<-#/\2-&.!
/?!4-'*.!?',#(*-`!U7,)@!eY!UR'6),*!-.!'#@L!VWVXY@!
!
G&+/.4-#,&:^! -??-0.$@! _G&+/.4-#,&:^! UGQ:^Y! ,$! '&! -&+/.4-#,(2:+-*,<-+!
<'$/0/&$.*,0./*!/?!V^!'2,&/!'0,+$@!M'.-*L!.J/!'++,.,/&'#!4/2/#/)$!UGQ:V!'&+!GQ:
XY!J-*-! ,+-&.,?,-+@!GQ:^! ,$! *-#-'$-+! ?*/2!<'$0(#'*!-&+/.4-#,(2!'&+!/.4-*!0-##$!
,&0#(+,&)!0'*+,/2[/0[.-$!U7,)@!jY!'?.-*!0#-'<')-!?*/2!'!#'*)-!\*-0(*$/*!\-\.,+-`!
UZ4/J+4(*[! -.! '#@L! VW^cb! O(6(1,! -.! '#@L! ^ccXPY@! _GQ:^! ,$! .4-! \*-+/2,&'&.!
-&+/.4-#,&! ,&! .4-! 4-'*.! '&+! ,$! ,+-&.,?,-+! '$! '! \/.-&.! 4[\-*.*/\4,0! $.,2(#($! ,&!
&-/&'.'#! 0'*+,/2[/0[.-$`! US'&1/J,04! '&+! Z4/(+4'*[L! VWVWb! O4(P-,.'! -.! '#@L!
^ccWY@!_GQ:^!,$!.4-!#,)'&+!./!.J/!3BZH$A!GQ:"!'&+!GQ:R@!cWp!/?!.4-!-&+/.4-#,&!
*-0-\./*$!/&!0'*+,/2[/0[.-$!P-#/&)! ./! .4-!GQ:"!$(P.[\-`! U7,)@!iY! UE-+6,-*$1,!
'&+!q'&'),$'J'L!VWW^Y@!_%&!*'.!4-'*.$L!.4-!GQ:"!,$!\*-+/2,&'&.!'&+!,+-&.,?,-+!./!
P-!0/(\#-+!./!P/.4!.4-!3d!'&+!3,!$(P?'2,#[!/?!3:\*/.-,&$`!U7,)@!iY!U9,#'#:='&+'&!
-.!'#@L!^ccjY!UR'6),*!-.!'#@L!VWVXY@!!
_%&!'++,.,/&L!'!04'*'0.-*,$.,0!\'..-*&!/?!)-&-!-K\*-$$,/&! ,$! ,&+(0-+!P[!GQ:^! ,&!
<-&.*,0(#'*!&-/&'.'#!*'.!0'*+,/2[/0[.-$!UCHZY!,&0#(+,&)!,22-+,'.-!-'*#[!)-&-$!
U0:7fOL!0:S;CL!G3H:^YL!-'*#[!)-&-$! U"C7L!b:59ZL!  a:$1!'0.,&YL!'&+! #'.-*!/&L!
<-&.*,0(#'*!5MZ:V!'&+!  a:0+!'0.,&`!UO()+-&!'&+!R/)/[-<,.04L!^ccaY@!_Q4-!3d:
H"O:H"7:GHE!\'.4J'[!2'[!P-!,&</#<-+!,&!.4-$-!.*'&$0*,\.,/&'#!04'&)-$`!U7,)@!
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iY@!_7(*.4-*2/*-L!GQ:^!'0.,<'.-$!.4-!H'$:5GEE^:OGE:SCE!\'.4J'[!0/&.*,P(.,&)!
./! .4-!4[\-*.*/\4[:'$$/0,'.-+!)-&-!-K\*-$$,/&!\*/)*'2! ?,-#+`! UR/)/[-<,.04!-.!
'#@L!^ccaY@!_GQ:^!0'($-$!0-##!+'2')-!,&!0'*+,/2[/0[.-$!,&!<,</L!'&+!-K\-*,2-&.$!
J,.4! #/&):.-*2! .*-'.2-&.! J,.4! .4-! GQ:"! *-0-\./*! P#/01-*! R|:^VX! $4/J-+!
,2\*/<-+! $(*<,<'#! /?! *'.$!J,.4!4-'*.! ?',#(*-`! UO'1',! -.! '#@L! ^ccaY! UR'6),*! -.! '#@L!
VWVXY@!!
_Q4-!*-#-'$-!/?!"CB!'&+!RCB!?*/2!0'*+,/2[/0[.-$!0'&!'#$/!P-!.*,))-*-+!P[!"Q:
%%! '&+! GQ:^`! UQ'P#-! jYL! _.4/()4! 0'*+,/2[/0[.-! $.*-.04! ,$! .4-! 2',&! *-)(#'./*[!
2-04'&,$2! ?/*! "CB! '&+! RCB! \*/+(0.,/&`! UQ'P#-! XY! U+-! M-2/$! -.! '#@L! VWWXb!
C,$4,1,2,!'&+!C'1')'J'L!VWVVY!UR'6),*!-.!'#@L!VWVXY@!
!
737:V!-??-0.$! ,&!$0'*! ?/*2'.,/&@! _%&!)-&-*'#L!0/&$,+-*,&)! .4-!-\,)-&-.,0!$.'.-!
'&+!<-*[!#/J!\*/#,?-*'.,<-!\/.-&.,'#!/?!'+(#.!0'*+,/2[/0[.-$L!0/&$-&$($!-K,$.$!.4'.!
.4-*-! ,$! /&#[! '! $2'##! 'P,#,.[! ./! *-)-&-*'.-! ,&D(*-+! 2[/0'*+,(2! .4*/()4! .4-!
\*/#,?-*'.,/&!/?!0'*+,/2[/0[.-$`!U"&<-*$'!'&+!C'+'#:3,&'*+L!VWWVb!"(04'2\'04!
-.!'#@L!VWVVb!=(!-.!'#@L!VWVVb!B'$(2'*.4,!'&+!7,-#+L!VWWVY@!_%&$.-'+L!$0'*!?/*2'.,/&!
/00(*$!.4*/()4!,&?,#.*'.,&)!4,)4#[!\*/#,?-*'.,<-!?,P*/P#'$.$`!U7,)@!jL!aY!U3*--&P-*)L!
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\'.4J'[$!,&!*-$\/&$-!./!\*-$$(*-!/<-*#/'+@!Q4-!'#\4':,$/?/*2!/?!BEZ!+,*-0.#[!
'0.,<'.-$!H"7^`!UE/#04!-.!'#@L!^ccXb!M(/!-.!'#@L!VW^cYL!_\*/<,+,&)!-<,+-&0-!?/*!'!
0/2\#-K! #,&1! P-.J--&! .4-! $,)&'#,&)! \'.4J'[$! +/J&$.*-'2! /?! )*/J.4! ?'0./*!
*-0-\./*$!,&!.4-!0/&.-K.!/?!0'*+,'0!4[\-*.*/\4[@!f.4-*$!4'<-!*-\/*.-+!.4'.!3BZH!
$,)&'#,&)! 0'&! P-! 0*/$$#,&1-+! +,*-0.#[! ./! H'$`! U7,)@! iY! UB(+-J-##! -.! '#@L! VWV^b!
O'+/$4,2'! '&+! %6(2/L! ^ccaYL! _'&+! 3QB:P/(&+! H"O! ,&.-*'0.$! J,.4! 2'&[!
+/J&$.*-'2! -??-0./*$! J4,04! ,&! .(*&! .*'&$2,.! .4-! $,)&'#! ?/*! '0.,<'.,&)! 2(#.,\#-!



  73  

$,)&'#,&)!\'.4J'[$`!UC'14'-,:H'+!-.!'#@L!VWVXb!C'(.4!-.!'#@L!VWVXYL!_\/.-&.,'##[!
\*/2/.,&)! 4[\-*.*/\4,0! *-$\/&$-$! ,&! 0'*+,/2[/0[.-$`@! Z/&0/2,.'&.L! _/.4-*$!
*-\/*.-+! .4'.! .4-!Z! .-*2,&($!/?! .4-!"Q!^! *-0-\./*!'$$/0,'.-$!J,.4!S"EV!(\/&!
P,&+,&)! /?! .4-! #,)'&+L! *-$(#.,&)! ,&! S"EVhOQ"QX! \'.4J'[! '0.,<'.,/&`! U"#,! -.! '#@L!
VWWWb!"#,!-.!'#@L!^cceb!5'**-*/!-.!'#@L!^ccib!O-.'!-.!'#@L!VWWVYL!_,&+,0'.,&)!'&/.4-*!
-K'2\#-! /?! .4-! 0*/$$.'#1`! ,&.-*'0.,/&! _/?! $,)&'#,&)! \'.4J'[$! ,&! *-$\/&$-! ./!
4[\-*.*/\4[:'$$/0,'.-+!$.*-$$!$,)&'#$@!Q4-$-!#,&-$!/?!-<,+-&0-!,&+,0'.-!.4'.!.4-!
+,$0*-\'&0[!/?!+'.'!*-)'*+,&)!.4-!)\^XW!$,)&'#,&)!\'.4J'[!2'[!P-!+(-!./!.4-!
-K.-&$,<-! 0*/$$.'#1! P-.J--&! ,&.*'0-##(#'*! $,)&'#,&)! \'.4J'[$`! U7,)@! iY@! _Q'1-&!
./)-.4-*L!.4-*-!'*-!0/&.*'+,0./*[!*-\/*.$!*-)'*+,&)!.4-!,&+,<,+('#!-??-0.$!/?!%M:aL!
M%7L!ZQ:^!'&+!.4-,*!$,)&'#,&)!<,'!.4-!)\^XW!\'.4J'[!,&!0'*+,'0!4[\-*.*/\4[L!.4($!
?(*.4-*!,&<-$.,)'.,/&!,$!&-0-$$'*[!?/*!-#(0,+'.,&)!.4-!-K'0.!2-04'&,$2$`!UR'6),*!
-.!'#@L!VWVXY@!!
!
Z'#0,&-(*,&hC7"Q! ,&! 0'*+,'0! 4[\-*.*/\4[@! _Z'#0,&-(*,&! '$! '! Z'!":+-\-&+-&.!
$-*,&-h.4*-/&,&-! \*/.-,&:\4/$\4'.'$-! 4'$! P--&! ?/(&+! ./! -K4,P,.! 0-&.*'#! \*/:
4[\-*.*/\4,0!?(&0.,/&$!,&!.4-!2[/0'*+,(2`!U7,)@!iY!UM(&+-!-.!'#@L!VWVVb!M(/!-.!'#@L!
VWV^b!5/#1-&.,&!-.!'#@L!^ccgY@!_Z'#0,&-(*,&!0/&.',&$!.J/!$(P(&,.$A!.4-!ie:a^:1='!
0'.'#[.,0!$(P(&,.! UZ&"Y!'&+! .4-!^c:1='! *-)(#'./*[!$(P(&,.! UZ&RY@!"0.,<'.,/&!/?!
.4,$!+,2-*,0!\*/.-,&!/00(*$!.4*/()4!+,*-0.!P,&+,&)!/?!.4-!Z'!":$'.(*'.-+!'+'\./*!
\*/.-,&! 0'#2/+(#,&`! UZ4'1#'+-*! '&+! H/.4-*2-#L! VWV^b! T,#1,&$! '&+! 5/#1-&.,&L!
VWWjY@!_Q4-!2'22'#,'&!4-'*.!/&#[!-K\*-$$-$!Z&"aL!Z&"bL!'&+!Z&R^L!'#.4/()4!
.4-*-!'*-!.4*--!)-&-$!,&0#(+,&)!Z&"'L!lL!'&+![!-&0/+,&)!?/*!Z&"L!'&+!.J/!)-&-$!
UZ&R^!'&+!RVY!-&0/+-!?/*!Z&R@!Z'#0,&-(*,&!P-0/2-$!'0.,<'.-+!,&!*-$\/&$-!./!
,&0*-'$-+! Z'!"! #-<-#$L! J4,04! -&'P#-$! P,&+,&)! ./! .*'&$0*,\.,/&! ?'0./*$! /?! .4-!
&(0#-'*! ?'0./*! /?! '0.,<'.-+! Q! 0-##$! UC7"QY! ?'2,#[`! U7,)@! iY! UZ4'1#'+-*! '&+!
H/.4-*2-#L!VWV^b!T,#1,&$!'&+!5/#1-&.,&L!VWWjY!UR'6),*!-.!'#@L!VWVXY@!
_B*/:4[\-*.*/\4,0! )-&-! -K\*-$$,/&! ,$! '0.,<'.-+! (\/&! P,&+,&)L! '&+! .4*/()4!
+-\4/$\4/*[#'.,/&!/?!0/&$-*<-+!$-*,&-!*-$,+(-$!'.!.4-!C!.-*2,&($!/?!C7"Q!P[!
0'#0,&-(*,&L!*-$(#.,&)!,&!C7"Q!.*'&$#/0'.,&)!,&./!.4-!&(0#-($`!U7,)@!iY!UT,#1,&$!'&+!
5/#1-&.,&L! VWWjY@! _9-*-L! C7"Q! *-)(#'.-$! -K\*-$$,/&! /?! 0'*+,'0! )-&-$! <,'!
'$$/0,'.,/&!J,.4!3"Q"j!'&+!2[/0[.-!-&4'&0-*!?'0./*!V!U5G7VYL!J4,04!'*-!'#$/!
.*'&$0*,\.,/&! ?'0./*$` U7*-[! '&+!f#$/&L! VWWXb! 9'&! -.! '#@L! VWVVb!T,#1,&$! -.! '#@L!
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VWWVY@!_C/.-J/*.4[L!$-<-*'#!$.(+,-$!,&+,0'.-!.4'.!C7"Q!.*'&$0*,\.,/&!?'0./*$!'0.!
'$! \*,2'*[! 0'#0,&-(*,&! -??-0./*$! ,&! .4-! 4-'*.L! '$! .4-[! 4'<-! P--&! ,+-&.,?,-+! '$!
&-0-$$'*[!'&+!$(??,0,-&.!2-+,'./*$!\*/2/.,&)!0'*+,'0!4[\-*.*/\4[`!UM(&+-!-.!'#@L!
VWVVb!5/#1-&.,&!-.!'#@L!^ccgb!T,#1,&$!-.!'#@L!VWWVY@! _5/*-/<-*L!0'*+,/2[/0[.-$!
0/&.',&!$.*(0.(*'#!\*/.-,&$!#/0'.-+!,&!.4-!*-\-.,.,<-!I:+,$0!.4'.!4'<-!P--&!?/(&+!
./!*-)(#'.-!0'#0,&-(*,&!,&!'++,.,/&!./!.4-!'0.,<'.,/&!<,'!,&0*-'$-+!Z'!"`%U7*-[!-.!'#@L!
VWWj'b!7*-[!-.!'#@L!VWWWPb!9-,&-1-!-.!'#@L!VWWib!M,!-.!'#@L!VWWjb!H,'6!-.!'#@L!VWVVY@!
_3BZH!$.,2(#'.,/&!J,.4!4[\-*.*/\4,0!')/&,$.$L!,&0#(+,&)!"Q:%%!'&+!BG!/&!0(#.(*-+!
&-/&'.'#! *'.! 0'*+,/2[/0[.-$! ,&+,0'.-+! '&! ,&0*-'$-! ,&! 0'#0,&-(*,&! -&6[2'.,0!
'0.,<,.[`! UQ'P#-! jYL! _J4,04! J'$! ,&+(0-+! P[! ,&0*-'$-+! 0'#0,&-(*,&! "l! UZ&"bY!
2HC"!'&+!\*/.-,&L!0/2\'*-+!./!Z&"a!/*!Z&"g`!UQ',)-&!-.!'#@L!VWWWb!I4/(!-.!'#@L!
VWVVY@!Z/&$,$.-&.L! /.4-*$! ?/(&+! .4'.! _4(2'&!4[\-*.*/\4,-+!'&+! ?',#,&)!4-'*.$`!
U7,)@!eY!_'#$/!-K4,P,.!,&0*-'$-+!0'#0,&-(*,&!'0.,<,.[`!U9'd!-.!'#@L!VWWWYL!_'$!J-##!'$!
,&! <-&.*,0(#'*!2($0#-!J,.4!-K\/$(*-! ./!"Q:%%L!GQ:^L!'&+!;*/.-&$,&! %%! ,&!4(2'&!
?',#,&)!4-'*.`!UM,!-.!'#@L!VWWiY@!"00/*+,&)L!/.4-*$!?/(&+!.4'.!_4[\-*.*/\4,-+!4-'*.$!
,&!*/+-&.$!$(PD-0.-+!./!'/*.,0!P'&+,&)!+,$\#'[-+!(\*-)(#'.-+!0'#0,&-(*,&!'0.,<,.[`!
U=-!T,&+.!-.!'#@L!VWW^b!M,2!-.!'#@L!VWWWb!O',./!-.!'#@L!VWWXb!O4,2/['2'!-.!'#@L!
^cccb! I/(! -.! '#@L! VWW^Y@! "P/<-! '##L! _\*/?/(&+! 0'*+,'0! 4[\-*.*/\4[! J,.4! *'\,+!
\*/)*-$$,/&! ./! +,#'.-+! 0'*+,/2[/\'.4[L! -K.-&$,<-! ?,P*/$,$L! 0/&)-$.,<-! 4-'*.!
?',#(*-L! '&+! $(++-&! +-'.4`! U7,)@! eY! _J-*-! /P$-*<-+! ,&! '0.,<-! 0'#0,&-(*,&!
-K\*-$$,&)!.*'&$)-&,0!2,0-`!U5/#1-&.,&!-.!'#@L!^ccgY!UR'6),*!-.!'#@L!VWVXY@!
_;\*-)(#'.-+!C7"Q!'0.,<,.[!4'$!P--&!/P$-*<-+!(\/&!P/.4!\4[$,/#/),0'#!$.,2(#,!
U-K-*0,$-! .*',&,&)L! )*/J.4! 4/*2/&-:%37^! ,&?($,/&Y! '&+! \'.4/#/),0'#! $.,2(#,!
U\*-$$(*-!/<-*#/'+L!2[/0'*+,'#! ,&?'*0.,/&Y! UQ'P#-!^Y`! UT,#1,&$!-.! '#@L! VWWjY@! _%&!
0/&.*'$.L! .4-!4[\-*.*/\4,0! *-$\/&$-! ./!\*-$$(*-!/<-*#/'+!'&+!3BZH!')/&,$.$!
J'$!,2\',*-+!,&!'!2/+-#!/?!.*'&$)-&,0!2,0-!-K4,P,.,&)!'!.'*)-.-+!,&'0.,<'.,/&!/?!
0'#0,&-(*,&! "b`! UR(-&/! -.! '#@L! VWWVY! _'&+! ,&! .*'&$)-&,0! 2,0-! -K\*-$$,&)! '!
+/2,&'&.!&-)'.,<-!?/*2!/?!0'#0,&-(*,&!"`!UI/(!-.!'#@L!VWW^Y@!"P/<-!'##L!_0'*+,'0!
4[\-*.*/\4[! J'$! \*-<-&.-+! ,&! '! 2/+-#! ($,&)! \4'*2'0/#/),0'#! ,&4,P,.,/&! /?!
0'#0,&-(*,&!"!'0.,<,.[!/&!.*'&$)-&,0!2,0-!J,.4!0/&$.,.(.,<-#[!'0.,<-!0'#0,&-(*,&!"`!
UZ4'1#'+-*!'&+!H/.4-*2-#L!VWV^b!5/#1-&.,&!-.!'#@L!^ccgY!UR'6),*!-.!'#@L!VWVXY@!
Q'1-&!./)-.4-*L!.4-$-!#,&-$!/?!-<,+-&0-!_,&+,0'.-!.4'.!0'#0,&-(*,&hC7"Q!\#'[$!'!
2'D/*! */#-! ,&! .4-! 0/&<-*$,/&! /?! \'.4/)-&,0! $.,2(#,! ,&./! \'.4/#/),0'#! 0'*+,'0!
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*-2/+-#,&)L! $())-$.,&)! ,.! ,$! '! 1-[! .'*)-.! ,&! .4-! $-.(\! /?! 0#,&,0'#! \*-<-&.,/&! /?!
0'*+,'0!4[\-*.*/\4[`!U7,)@!eY@!_R(.!+'.'!$--2$!0/&.*'+,0./*[L!'$!'!$.(+[!*-\/*.-+!
'00-&.('.-+!4[\-*.*/\4[L!,2\',*-+!4,$./\'.4/#/)[!'$!J-##!'$!*,$1!?/*!-'*#[!+-'.4!
J4-&! '\\#[,&)! 0'#0,&-(*,&! ,&4,P,./*$`! U7'.1,&! -.! '#@L! VWWWY@! _Q4($L! ?(*.4-*!
,&<-$.,)'.,/&!,$!&-0-$$'*[!./!0#'*,?[!,?!0'#0,&-(*,&hC7"Q!0/(#+!P-!0/&$,+-*-+!'$!'!
1-[!.'*)-.`!UR'6),*!-.!'#@L!VWVXY@!
!
"CBhRCB!,&!0'*+,'0!4[\-*.*/\4[@!O.(+,-$!/&!P/.4!4(2'&!'&+!'&,2'#!2/+-#$!
4'<-! *-\/*.-+! .4'.! .4-! +-<-#/\2-&.! /?! \'.4/#/),0'#! 0'*+,'0! 4[\-*.*/\4[! ,$!
?*-d(-&.#[!'$$/0,'.-+!J,.4!'&!,&0*-'$-!,&!2HC"!-K\*-$$,/&!/?!'.*,'#!&'.*,(*-.,0!
\-\.,+-! U"CBY! '&+! R:.[\-! &'.*,(*-.,0! \-\.,+-! URCBY! U%-2,.$(! -.! '#@L! VWW^b!
O'&)'*'#,&)4'2!-.!'#@L!VWVXb!Q'1'4'$4,!-.!'#@L!̂ ccVYL!'$!J-##!'$!-#-<'.-+!_\#'$2'!
#-<-#$!/?!"CB!'&+!RCB!J,.4!.4-!$-<-*,.[!/?!4-'*.!?',#(*-`@!9/J-<-*L!(&+-*!0*,.,0'#!
0/&+,.,/&$L! .4-!$-0*-.,/&!/?!RCB!-K0--+$!.4'.!/?!"CBL!2',&#[!/00(**,&)! ,&! .4-!
<-&.*,0#-$!'&+!'.*,'L!*-$\-0.,<-#[@!R(.L!"CB!,$!'#$/!$-0*-.-+!,&!.4-!<-&.*,0#-$L!'$!
4-'*.!?',#(*-!J/*$-&$@!Q4($L!_.4-!<-&.*,0#-$!'*-!0*(0,'#!#/0'.,/&$!?/*!P/.4!RCB!'&+!
"CB`!Uq/$4,2(*'!-.!'#@L!VWW^Y@!%&!.4-!0#,&,0'#!+,')&/$,$!'&+!2'&')-2-&.!/?!4-'*.!
?',#(*-L!P/.4!"CB!'&+!RCBL!'$!J-##!'$!.4-,*!2/*-!$.'P#-!0#-'<')-!\*/+(0.$L!CQ:
\*/"CB!'&+!CQ:\*/RCBL!*-$\-0.,<-#[L!'*-!-??,0,-&.!P,/2'*1-*$!U7,)@!eY!U=(&&!-.!
'#@L!VW^eb!G&)#-!'&+!T'.$/&L!VW^aY!UR'6),*!-.!'#@L!VWVXY@!!
"CB!'&+!RCB!&/.! /&#[! -K-*.! \4[$,/#/),0'#! -??-0.$! $(04! '$! *-)(#'.,&)! $/+,(2!
*-'P$/*\.,/&L! 2',&.',&,&)! J'.-*! P'#'&0-L! '&+! ,&4,P,.,&)! .4-! *-&,&:'&),/.-&$,&:
'#+/$.-*/&-! UH""Y! $[$.-2L! 0/##-0.,<-#[! *-$\/&+,&)! ./! 0'*+,'0! \*-$$(*-! '&+!
</#(2-!+[&'2,0$!'&+!$(\\*-$$,&)!4-'*.!?',#(*-!U+-!R/#+!-.!'#@L!^cg^b!T/&)!-.!
'#@L!VW^eY@!Q4-[!'#$/!'0.,<'.-!.4-!035B:+-\-&+-&.!BE3!U7,)@!iYL!J4,04!,&!.(*&!
$.,2(#'.-$!.4-!Z'Voh0'#2/+(#,&:+-\-&+-&.!-&+/.4-#,'#!&,.*,0!/K,+-!UCfY!$[&.4'$-!
./!,&0*-'$-!Cf!\*/+(0.,/&@!Q4-!#'..-*!4-#\$!./!*-#'K!.4-!<'$0(#'*!$2//.4!2($0#-!
0-##$!'&+! #/J-*!$[$.-2,0!P#//+!\*-$$(*-! UG#-$)'*'[!-.!'#@L!VWWgb!3/*P-!-.!'#@L!
VW^Wb!T/&)!-.!'#@L!VW^eY!UR'6),*!-.!'#@L!VWVXY@!
Q/)-.4-*L!"CBhRCB!'&+!Cf!4'<-!P--&!+-$0*,P-+!./!0/(&.-*'0.!.4-!-??-0.$!/?!CG!
/&! .4-! $,6-!-K\'&$,/&!/?! 0'*+,/2[/0[.-$L! $(\\/$'P#[! <,'! .4-! 0'*+,/\*/.-0.,<-!
'K,$!2-+,'.-+!P[!035B:BE3L!J4,04! *-$(#.$! ,&! .4-! *-+(0.,/&!/?!CG:$.,2(#'.-+!
Z'!"!,&?#(K!UZ'#+-*/&-!-.!'#@L!^ccgb!3/*P-!-.!'#@L!VW^WY!UR'6),*!-.!'#@L!VWVXY@!!
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%&! '++,.,/&L! _"CB! '&+! RCB! -K\*-$$,/&! ,$! yz{! *-)(#'.-+! P[! \*/:4[\-*.*/\4,0!
.*'&$0*,\.,/&'#! '0.,<'.,/&! /?! C7"Q`@! 9/J-<-*L! .4-[! '#$/! '0.! _'$! &-)'.,<-!
*-)(#'./*$!/?!4[\-*.*/\4[`!.4*/()4!_BE3:2-+,'.-+!,&4,P,.,/&!/?!0'#0,&-(*,&`@!Q4,$!
,&4,P,.,/&!4-#\$!./!#,2,.!.4-!&(0#-'*!.*'&$#/0'.,/&!/?!C7"Q!U7,)@!iY!U7,-+#-*!-.!'#@L!
VWWVb!M,!-.!'#@L!VW^eb!Q'1,2/./!-.!'#@L!VWWiY!UR'6),*!-.!'#@L!VWVXY@!
!
g@!Z/&0#(+,&)!*-2'*1$!'&+!?(.(*-!+,*-0.,/&$!

_Q4-! 2,0*/-&<,*/&2-&.! ,&</#<-+! ,&! .4-! +-<-#/\2-&.! /?! 0'*+,'0! 4[\-*.*/\4[!
,&</#<-$! 0'*+,/2[/0[.-$! '&+! &/&:2[/0'*+,'#! 0-##$L! '&+! .4-! '00/2\'&[,&)!
*-#-'$-! /?! &(2-*/($! \*/:4[\-*.*/\4,0L! \*/:?,P*/.,0L! '&+! \*/:,&?#'22'./*[!
2-+,'./*$!?'0,#,.'.,&)!*-0,\*/0'#!,&.-*'0.,/&$`!UR'6),*!-.!'#@L!VWVXY@!
_Z'*+,'0! ?,P*/P#'$.$! '*-! .4-! 2',&! \#'[-*$! ,&! .4-! +-<-#/\2-&.! /?! ?,P*/$,$L!
&-<-*.4-#-$$L!-&+/.4-#,'#!0-##$!.4'.!0'&!(&+-*)/!G&+5Q!./J'*+!'!2[/?,P*/P#'$.:
#,1-!\4-&/.[\-!'*-!0#/$-#[!,&</#<-+!'$!J-##@!H-$,+-&.!'&+!,&?,#.*'.,&)!,22(&-!0-##$!
U2'$.! 0-##$L! 2'0*/\4')-$L! &-(.*/\4,#$Y! -&4'&0-! .4-$-! \*/0-$$-$! J4,#-!
$,2(#.'&-/($#[!0/&.*,P(.,&)! ./! .,$$(-! ,&?#'22'.,/&@!Q4($L!0/&$,+-*,&)!'##! .4-$-!
2-04'&,$2$!,&!.4-!4[\-*.*/\4,0!2,0*/-&<,*/&2-&.`L!,.!'\\-'*$!.4'.!_.',#/*,&)!'&!
-??,0,-&.! .*-'.2-&.! *-),2-&`! ,$! _-K.*-2-#[! 0/2\#-K`L! *-d(,*,&)! 2(#.,+,*-0.,/&'#!
'\\*/'04-$!'&+!$/\4,$.,0'.-+!$.*'.-),-$L!,&!J4,04!'##!$,)&'#,&)!0/2\/&-&.$!'*-!
,&.-)*'.-+!UR'6),*!-.!'#@L!VWVXY@!
_O,&0-!,.!,$!&/.!?-'$,P#-!./!+,$0($$!-<-*[!0-##(#'*!'&+!2/#-0(#'*!\*/0-$$!,&</#<-+!
,&!.4-!+-<-#/\2-&.!/?!+,??-*-&.!.[\-$!/?!0'*+,'0!4[\-*.*/\4[`L!.4,$!$.(+[!_',2-+!
./! /(.#,&-! .4-! 2',&! +*,<-*$! /?! .4-! 4[\-*.*/\4,0! 2,0*/-&<,*/&2-&.! '&+! .4-!
*-$\-0.,<-!$,)&'#,&)!\'.4J'[$!P-,&)!'??-0.-+@!"!&-0-$$'*[!?(.(*-!'\\*/'04!J,##!
P-! .4-! ,+-&.,?,0'.,/&! /?! .4-! \*-0,$-! ,&</#<-2-&.! /?! +,??-*-&.! 0-##! .[\-$L! 0-##(#'*!
2-+,'./*$! *-#-'$-+! P[! .4-2L! '&+! .4-! *-$\-0.,<-! '0.,<'.,/&! /?! $-0/&+!
2-$$-&)-*$@!Q4,$!J,##!'##/J!($!./!-<'#('.-!.4-!1&/J&!'&+!.4($!?'*!(&*-0/)&,6-+!
2/#-0(#'*!$,)&'#,&)!'K-$!+(*,&)!+,$-'$-!+-<-#/\2-&.@!3,<-&!.4-!4,)4!\*-<'#-&0-!
/?!4-'*.!+,$-'$-! ,&! .4-!T-$.-*&!J/*#+L!'&! ,2\/*.'&.! ?(.(*-!-??/*.! $4/(#+!P-! ./!
.*'&$#'.-! .4-! 1&/J#-+)-!)',&-+! ,&./! &-J!\4'*2'0/#/),0'#! .'*)-.$! .4'.! 4-#\! ./!
+-#'[!/*!-<-&!$./\!.4-!*-2/+-#,&)!\*/0-$$!'&+!.4-!$-<-*-!0/&$-d(-&0-$!.4'.!
\'.,-&.$!-K\-*,-&0-!'?.-*!+,')&/$,$!/?!'!+,'$./#,0!/*!$[$./#,0!+[$?(&0.,/&`!UR'6),*!
-.!'#@L!VWVXY@!
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