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J KLMNOPK QRRQ MS T UVWX UVLYWZOPZ[VP\Y OZ UWY
]Z^UVW\Y L_UK`aVMZOY bKPVbKP\cK dd LS e[Vcf
OKWU]K gKW\[ZL\hK e[VcOKWU]ZLKS e[VcOKWU]gKW\[ZL\h ]ZU\[OY L UV]VLWV iZ[_W\ j_LkVlmYnKWOcZl MNjV]W\\S oMZ ]ZU\PV[\ j_[\ Nh\PVf
[Yb\ O]VUWVl kcZ[_S i pqQq MS ZW rZOPNr\[ WKs\n\hVOc\l sKcN[XPVP tVW\WM]KUOcZMZ NW\LV]f
O\PVPKucZPZ]_l ZcZWh\[ L pqvv MS
i pqvw MS e[VcOKWU] gKW\[ZL\h nKa\P\[ cKWf

U\UKPOcN`uKL pqvxMST UZcPZ]OcN`U\OOV]PKy\`S
i pqJz MS ZW j_[ \nj]KW h[VWZb{cZ]]VOrZWUVWPZbuK L pqzJ MS T KcKUVb\cZb ecKUVb\\ WKNc |||mS
| pqwQ rZ pqzJ MS eSgS e[VcOKWU]ZL T ]VcPZ]

tVW\WM]KUOcZMZ NW\LV]O\PVPKS
i pqzJ MS e[VcOKWU] gKW\[ZL\h rV]VV}K[ L~ZLZO\j\]Ocu MUV UZ pq�z MS LZnM[KL[Y[ ZU\W \n

ZPUV[ZL �WOP\PNPK bKPVbKP\c\ \bS|StS|ZjZ[Vf
LK |\j\]OcZMZ ZPUV[VW\Y ecKUVb\\ WKNc |||mu
]KjZPKY ZUWZL]VbVWWZ\ r]ZsVOOZ]Zb~ZLZO\j\]f
OcZMZ NW\LV]O\PVPKS
| Kr]V[Y pq�z MS \ UZ OLZVl cZWh\W_ Qx \`[Y

pqqqMSeSgSe[VcOKWU]ZL]KjZPK[L |KWcP{�VPV]f
jN]MOcZb ZPUV[VW\\ �KPVbKP\hVOcZMZ \WOP\PNPK
\bSiSeS|PVc[ZLKS �h\PV[Yb\e[VcOKWU]KgKW\f
[ZL\hK j_[\ �S~SgV[ZWVu L_UK`a\lOY MVZbVP] \ K[MVj]K\OPu \ iSeS �Zc T ZU\W \n c]NrWVlk\}s\n\cZL r]Zk[ZMZ LVcKS
�V]L_V WKNhW_V ]KjZP_ eSgS e[VcOKWU]ZLK rZOLYaVW_ WVcZPZ]_b LZr]ZOKb PVZ]VP\hVOcZls\n\c\ \ MVZbVP]\\S i UK[XWVlkVb ZOWZLWZl VMZ OrVy\K[XWZOPX` OPK[K bKPVbKP\cKu c cZPZ]Zl

\ ZPWZOYPOY VMZ ZOWZLW_V UZOP\^VW\YS
eSgS e[VcOKWU]ZL T KLPZ] ZcZ[Z vRR ZrNj[\cZLKWW_} OPKPVlu bWZM\} bZWZM]Ks\l \ NhVjW\f

cZLS �OWZLW_b WKr]KL[VW\Vb WKNhWZl UVYPV[XWZOP\ e[VcOKWU]K gKW\[ZL\hK j_[K MVZbVP]\YS
i �PZl Zj[KOP\ ZW OZnUK[ jZ[XkN` WKNhWN` kcZ[NS |]VU\ NhVW\cZL e[VcOKWU]K gKW\[ZL\hK
e[VcOKWU]ZLK bWZMZ UZOPZlW_} NhVW_}u K ULZV \n W\} T eSiS �ZMZ]V[ZL \ �S�S mVkVPWYc T OZf
OPZYP L mZOO\lOcZl KcKUVb\\ WKNcS~KNhW_V ]VnN[XPKP_ e[VcOKWU]K gKW\[ZL\hK Z}LKP_LK[\ Zjk\]W_l c]NM LZr]ZOZLu Lc[`f
hKY MVZbVP]\` L_rNc[_} PV[u PVZ]\` bV]_u PVZ]\` U\ssV]VWy\K[XW_} N]KLWVW\l L hKOPW_}
r]Z\nLZUW_} \ bKPVbKP\hVOc\V ZOWZLKW\Y PVZ]\\ ZPWZO\PV[XWZOP\S
i ]KjZPK} eSgSe[VcOKWU]ZLK rZ[Nh\[K ]KnL\P\V PVZ]\Y ObVkKWW_} Zj�VbZL L_rNc[_} PV[S

�W UZcKnK[ ]YU sNWUKbVWPK[XW_} PVZ]Vb Z L_rNc[_} bWZMZM]KWW\cK}u OPZYa\} L ZUWZb ]YUN O
PVZ]VbKb\ �l[V]K \ �Zk\S ihKOPWZOP\u L OLYn\ O ]VkVW\Vb r]Zj[Vb_ iVl[Y eSgSe[VcOKWU]ZL
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]Kn]KjZPK[ WZL_l bVPZU UZcKnKPV[XOPLK PVZ]Vb ONaVOPLZLKW\YS mVnN[XPKP_ �PZMZ y\c[K ]KjZP
rZOPKL\[\ \bY e[VcOKWU]ZLK L ZU\W ]YU O \bVWKb\ oLc[\UK \ �Zk\S
�UWZ \n ZOWZLW_} UZOP\^VW\l e[VcOKWU]K gKW\[ZL\hK e[VcOKWU]ZLK L MVZbVP]\\ T OZnUKf

W\V PVZ]\\ ULNbV]W_} bWZMZZj]Kn\l ZM]KW\hVWWZl c]\L\nW_ \[\u hPZ PZ ^V OKbZVu LWNP]VWWVl
MVZbVP]\\ WV]VMN[Y]W_} rZLV]}WZOPVlS i OLYn\ O �PZl PVZ]\Vl ZW ]Kn]KjZPK[ NU\L\PV[XW_l rZ
O\[V \ WKM[YUWZOP\ bVPZU ]Kn]Vn_LKW\Y \ Oc[V\LKW\Yu cZPZ]_l ZcKnK[OY LVOXbK �ssVcP\LW_b L
PVZ]\\ \nM\jKW\Y L_rNc[_} rZLV]}WZOPVlS �OrZ[XnNY �PZP bVPZUu eSgS e[VcOKWU]ZL rZ[Nh\[
]VkVW\V yV[ZMZ ]YUK �cOP]VbK[XW_} nKUKh U[Y bWZMZZj]Kn\l ZM]KW\hVWWZl c]\L\nW_S
e[VcOKWU] gKW\[ZL\h rZOP]Z\[ PVZ]\`bVP]\hVOc\} r]ZOP]KWOPL O ZUWZOPZ]ZWW\b\ ZM]KW\f

hVW\Yb\ WK c]\L\nWNS �PZP c[KOO r]ZOP]KWOPL r]VUOPKL[YVP OZjZl L WKOPZYaVV L]VbY VU\WOPLVWf
W_l \nLVOPW_l c[KOO bVP]\hVOc\} r]ZOP]KWOPLucZPZ]_V bZ^WZ ]KOObKP]\LKPX cKc ZjZjaVWW_V
]\bKWZL_ r]ZOP]KWOPLK L PZb Ob_O[Vu hPZ L W\} rZYL[YVPOY yVWP]K[XWZV U[Y ]\bKWZLZl MVZbVPf
]\\ rZWYP\V c]\L\nW_S
i ]KjZPK} eSgSe[VcOKWU]ZLK rZ PVZ]\\ ULNbV]W_} bWZMZZj]Kn\l ZM]KW\hVWWZl c]\L\nW_ \

PVZ]\\ r]ZOP]KWOPL O ZUWZOPZ]ZWW\b\ ZM]KW\hVW\Yb\ WK c]\L\nWN UKWZ ]KnL\P\V MVZbVP]\hVOf
cZl cZWyVry\\ r]ZOP]KWOPLK L r]ZUZ[^VW\V P]KU\y\\u\UNaVl ZP tZjKhVLOcZMZu �KNOOKum\bKWKu
�NKWcK]V \ �K]PKWKS
�OO[VUZLKW\Y rZ PVZ]\\ L_rNc[_} PV[ r]\LV[\ e[VcOKWU]K gKW\[ZL\hK c r]Zj[VbKP\cV Zjf

aVl PVZ]\\ KUU\P\LW_} sNWcy\l bWZ^VOPLS i hKOPWZOP\u ZW ZONaVOPL\[ M[NjZcZV \OO[VUZLKW\V
O[KjZl O}ZU\bZOP\ sNWcy\l bWZ^VOPLS oMZ ]VnN[XPKP_ L �PZl Zj[KOP\ Lc[`hK`POY L ]NcZLZUf
OPLK rZ sNWcy\ZWK[XWZbN KWK[\nN \ WK}ZUYP WVZ^\UKWW_V r]\bVWVW\Y cKc L MVZbVP]\\u PKc \ L
PVZ]\\ LV]ZYPWZOPVlS eSgS e[VcOKWU]ZL YL[YVPOY ZUW\b \n KLPZ]ZL PVZ]\\ WV]VMN[Y]W_} c]\f
L_}uL cZPZ]Zl WKk[\ OLZV r]ZUZ[^VW\V \ ]KnL\P\V \UV\ c[KOO\cZL MVZbVP]\\ TZ]UKWKu�VKWZ
\ U]SmKjZP_ eSgS e[VcOKWU]ZLK rZ U\ssV]VWy\K[XW_b N]KLWVW\Yb \bV[\ OLZ\b \OPZcZb VMZ \Of
O[VUZLKW\Y rZ PVZ]VbKb ONaVOPLZLKW\Y \ VU\WOPLVWWZOP\ L PVZ]\\ L_rNc[_} PV[S �Z ONaVOPLNu L
�P\} ]KjZPK} LZnW\cKVP rZWYP\V ZjZjaVWWZMZ ]VkVW\Y N]KLWVW\Y L hKOPW_} r]Z\nLZUW_} \ r]\f
PZb U[Y O[NhKY P]NUW_} WV[\WVlW_} nKUKhS e[VcOKWU] gKW\[ZL\h e[VcOKWU]ZL nK[Z^\[ ZOWZf
L_ MVZbVP]\hVOcZl PVZ]\\ N]KLWVW\l P\rK �ZW^KTebrV]KS �W ]KnL\[ MVZbVP]\hVOc\l rZU}ZU c
r]\Wy\rN bKcO\bNbK L PVZ]\\ U\ssV]VWy\K[XW_} N]KLWVW\l O hKOPW_b\ r]Z\nLZUW_b\S oMZ \Of
O[VUZLKW\Y rZ �P\bLZr]ZOKb WKbWZMZ [VP ZrV]VU\[\ KWK[ZM\hW_V\OO[VUZLKW\Y OrVy\K[\OPZL rZ
U\ssV]VWy\K[XW_b N]KLWVW\YbS eS gS e[VcOKWU]ZL ]Vk\[ LZr]ZO Z [\WVlWZOP\ ZPZj]K^VW\lu
OZ}]KWY`a\} cZWNO_ L r]ZOP]KWOPLV OrVy\K[XWZl PVZ]\\ ZPWZO\PV[XWZOP\S �PK ]KjZPK rV]VZPf
c]_LK[KOX s\n\cKb\]KnW_} OP]KW O ZrZnUKW\VbWKUVOYP\[VP\YS �WKUK[KWKhK[Z\OO[VUZLKW\Yb
rZ }]ZWZMVZbVP]\\S
iZr]ZO_ bVPZUZ[ZM\\ \ \OPZ]\\ WKNc\u VV r]VrZUKLKW\V nKW\bK[\ LK^WZV bVOPZ O]VU\ \WPVf

]VOZL e[VcOKWU]K gKW\[ZL\hKS obN r]\WKU[V^\P Zjk\]WKYu WV\nbVWWZ KcPNK[XWKY \ ZOP]KY
WKNhWKY rNj[\y\OP\cKS |PKPX\ eSgS e[VcOKWU]ZLK Z OZUV]^KW\\ \ ]Z[\ bKPVbKP\c\ \OrZ[Xf
nN`POY L r]VrZUKLKW\\ s\[ZOZs\\ \ \OPZ]\\ WKNc\S ~Kk[\ OLZV bVOPZ L r]KcP\cV kcZ[XWZMZ
r]VrZUKLKW\Y \ VMZ NhVjW\c\ rZ cN]ON MVZbVP]\\S
i nKUKhN MVZbVP]\\ L}ZU\P \nNhVW\V KjOP]KcPW_} WKM[YUW_} sZ]b� c]\L_}u rZLV]}WZOPVlu

]\bKWZL_} \ U]NM\} bWZMZZj]Kn\lu WKUV[VWW_} PVb\ \[\ \W_b\ UZrZ[W\PV[XW_b\ OP]NcPN]Kf
b\S i ]KbcK} U\ssV]VWy\K[XWZl MVZbVP]\\ j_[ ]Kn]KjZPKW bZaW_l KWK[\P\hVOc\l KrrK]KPu
r]\OrZOZj[VWW_l U[Y \OO[VUZLKW\Y \ Zr\OKW\Y M[KLW_b Zj]KnZb [ZcK[XW_} OLZlOPL MVZbVP]\f
hVOc\} Zj]KnZLS
� WKhK[N r]Zk[ZMZ LVcK L PVZ]\\ rZLV]}WZOPVl LZnW\c[Z jZ[XkZV h\O[Z nKUKhu cKOK`a\}f

OY OZZPWZkVW\l bV^UN LOVLZnbZ^W_b\ LV[\h\WKb\u }K]KcPV]\nN`a\b\ OP]ZVW\V MVZbVP]\hVOf
c\} Zj]KnZL �L yV[Zb�u PKc\b\u cKc r[ZaKUX rZLV]}WZOP\u ZM]KW\hVWW_l V` Zj�Vbu \WPVM]K[Xf
WKY c]\L\nWK \ U]S �[KOO\hVOc\V bVPZU_ U\ssV]VWy\K[XWZl MVZbVP]\\ WV UKLK[\ rZU}ZUZL c
�P\b nKUKhKb jVn ZM]KW\h\PV[XW_} r]VUrZ[Z^VW\l M[KUcZOP\S �O\[\Yb\ PKc\} L_UK`a\}OY bKf
PVbKP\cZLu cKc�PVlWV]u �\[XjV]Pu �\WcZLOc\lu iVl[Xu �ZW{�ZOOVWu t\jbKWu j_[\ rZ[NhVW_
PZ[XcZ ZPUV[XW_V ]VnN[XPKP_ MVZbVP]\\ �L yV[Zb�S i ]KjZPK} �P\} MVZbVP]ZL OZUV]^K[\OX rZf
OPKWZLc\ bWZM\} WV]VkVWW_} r]Zj[Vbu Zr]VUV[\Lk\} ]KnL\P\V MVZbVP]\\ �L yV[Zb� WK bWZM\V
UVOYP\[VP\YS
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|VlhKO ZOWZLW_V \n �P\} r]Zj[Vb ]VkVW_S �Z[XkKY nKO[NMK L �PZb r]\WKU[V^\P OKbZbN
eSgS e[VcOKWU]ZLN \ VMZ WVrZO]VUOPLVWW_b NhVW\cKbS �} NO\[\Yb\ MVZbVP]\Y �L yV[Zb� ZjZf
MKP\[KOX bWZM\b\ r[ZUZPLZ]W_b\ \UVYb\ \ bVPZUKb\S |ZnUKWWKY eSgSe[VcOKWU]ZL_b WKNhWKY
kcZ[K nKWY[K LVUNaVV rZ[Z^VW\V L b\]V L Zj[KOP\ MVZbVP]\\ �L yV[Zb�S iZ LOVl OZL]VbVWWZl
U\ssV]VWy\K[XWZl MVZbVP]\\ L OZZPLVPOPL\\ O r]ZMWZnZbu OUV[KWW_b e[VcOKWU]Zb gKW\[ZL\f
hVb VaV L pqJ� MS L }ZUV U\OcNOO\\ Zj NhVjW\cK} rZ U\ssV]VWy\K[XWZl MVZbVP]\\u WK rV]VUW\l
r[KW L_k[\ nKUKh\u cKOK`a\VOY \bVWWZ OP]ZVW\Y U\ssV]VWy\K[XWZ{MVZbVP]\hVOc\} Zj�VcPZL
�L yV[Zb�S
eSgSe[VcOKWU]ZLN r]\WKU[V^KP sNWUKbVWPK[XW_V ]VnN[XPKP_ L PVZ]\\ L_rNc[_} PV[S mKnf

L\LKY c[KOO\hVOc\V \OO[VUZLKW\Y �\WcZLOcZMZu e[VcOKWU] gKW\[ZL\h NOPKWZL\[ WZL_V WV]Kf
LVWOPLK U[Y ObVkKWW_} Zj�VbZL L_rNc[_} PV[S �ZrNPWZ \b j_[\ WKlUVW_ KWK[ZM\hW_V K[MVj]Kf
\hVOc\V WV]KLVWOPLKucZPZ]_V OrNOPY OZ]Zc [VP rZ[Nh\[\ OZLV]kVWWZ WVZ^\UKWWZV r]\bVWVW\Vc
]VkVW\` \nLVOPWZlu rZOPKL[VWWZl VaV L pqQz MS r]Zj[Vb_ iKW UV] iK]UVWK Zj ZyVWcV rV]bKWVWf
PKS ~V]KLVWOPLK e[VcOKWU]ZLK U[Y ObVkKWW_} Zj�VbZL L WKOPZYaVV L]VbY WKk[\ \WPV]VOW_V
ZjZjaVW\Y \ r]\[Z^VW\Y PKc^V L K[MVj]K\hVOcZl MVZbVP]\\ \ PVZ]\\ WV[\WVlW_} �[[\rP\hVOf
c\} N]KLWVW\lu K rZWYP\V Z ObVkKWW_} Zj�VbK} r]ZW\c[Z UK^V L PVZ]\` O[NhKlW_} r]ZyVOOZLS
�UWZL]VbVWWZ eSgS e[VcOKWU]ZL LLV[ L PVZ]\` L_rNc[_} PV[ KrrK]KP PVZ]\\ bV]_ \ sNWcf

y\ZWK[XWZMZ KWK[\nKu r]VU[Z^\L ]KOObKP]\LKPX sNWcy\ZWK[XWZV r]ZOP]KWOPLZu rZ]Z^UVWWZV
ZrZ]W_b\ sNWcy\Yb\u \ OrVy\K[XW_V bV]_ WKU W\b T �rZLV]}WZOPW_V sNWcy\\� \ ]ZUOPLVWW_V
�sNWcy\\ c]\L\nW_�S �W UZcKnK[ PVZ]Vb_ VU\WOPLVWWZOP\ O PZhWZOPX` UZ rV]VWZOK L_rNc[ZMZ
PV[K O nKUKWWZl sNWcy\Vl c]\L\nW_u Z}LKP\Lk\V cKc c]KlW\V hKOPW_V O[NhK\ \nLVOPW_V ]KWVV
PVZ]Vb_ �]\OPZssV[Y \ �\WcZLOcZMZS �]\ �PZb e[VcOKWU] gKW\[ZL\h Zr]VUV[\[ ZjZjaVWW_V
U\ssV]VWy\K[XW_V N]KLWVW\Y L bV]K} \ OZZPLVPOPLN`a\V ZjZjaVWW_V ]VkVW\YSgZOP\^VW\Ye[VcOKWU]KgKW\[ZL\hKL PVZ]\\L_rNc[_}bWZMZM]KWW\cZLurZ[NhVWW_VL OV]Vf
U\WV r]Zk[ZMZ LVcKu\ OVMZUWY r]Z\nLZUYP jZ[XkZV LrVhKP[VW\V O\[Zl \ nKcZWhVWWZOPX` ]VnN[Xf
PKPZL \ c]KOZPZl r]\bVWYVb_}bVPZUZLS �W r]VU[Z^\[ Zja\V bVPZU_ UZcKnKPV[XOPLK PVZ]Vb ONf
aVOPLZLKW\Y \ VU\WOPLVWWZOP\ L_rNc[_} bWZMZM]KWW\cZL \ rZLV]}WZOPVluNUZL[VPLZ]Y`a\} PVb
\[\ \W_bNO[ZL\YbS ~K\} ZOWZLV eSgSe[VcOKWU]ZL rZ[Nh\[ jZ[XkZV h\O[Z cZWc]VPW_}]VnN[Xf
PKPZLS ~K\jZ[VV nKbVhKPV[XW_b \n W\} YL[YVPOY r]\WKU[V^KaVV VbN ]VkVW\V r]Zj[Vb_ iVl[Yu
rZOPKL[VWWZl rZO[VUW\b VaV L pqp� MS �]Zj[VbK iVl[Y OZOPZ\P L PZbuhPZj_ UZcKnKPXuhPZ LOYcZV
ULNbV]WZV]\bKWZLZbWZMZZj]Kn\V rZ[Z^\PV[XWZl c]\L\nW_u MZbVZbZ]sWZV OsV]Vu\nZbVP]\hWZ
nKbcWNPZl L_rNc[Zl rZLV]}WZOP\ L P]V}bV]WZb VLc[\UZLZb r]ZOP]KWOPLVS mVkVW\Vu WKlUVWWZV
e[VcOKWU]ZbgKW\[ZL\hVbuUKLK[Z ZPLVP WK LZr]ZO L nWKh\PV[XWZ jZ[VV ZjaVl O\PNKy\\uhVb PKu
cZPZ]N` P]VjZLK[ZOX ]KOObZP]VPX rV]LZWKhK[XWZS |rZOZj ]VkVW\Yu NcKnKWW_l iVl[Vb �WV UZf
LVUVWW_l \b UZ cZWyK�u ZOWZLKW WK OLVUVW\\ ]KOObKP]\LKVbZl r]Zj[Vb_ c WVcZPZ]Zl nKUKhV U[Y
U\ssV]VWy\K[XW_} N]KLWVW\lS i r]ZP\LZrZ[Z^WZOPX �PZbN r]\bVWVWW_V eSgSe[VcOKWU]ZL_b
bVPZU_ T h\OPZ MVZbVP]\hVOc\VS
eSgS e[VcOKWU]ZL_b j_[ ]KOObZP]VW OWKhK[K KWK[ZM r]Zj[Vb_ iVl[Y U[Y bWZMZM]KWW\cZLS

i �PZb O[NhKV rZ[NhKVPOY nKUKhK Z ONaVOPLZLKW\\ L_rNc[ZMZ bWZMZM]KWW\cK O nK]KWVV nKUKWWZl
]KnLV]PcZlu NUZL[VPLZ]Y`aVl WVcZPZ]_b r]ZOP_b WVZj}ZU\b_b NO[ZL\Yb �NO[ZL\Y �P\ OZOPZYP
L PZbuhPZu LZ{rV]L_}u r]\ Oc[V\LKW\\ bWZMZNMZ[XW\cZL ]KnLV]Pc\ UZ[^WZ rZ[NhKPXOY bWZMZZjf
]Kn\Vu MZbVZbZ]sWZV OsV]Vu \u LZ{LPZ]_}u ONbbK NM[ZL r]\ cK^UZl LV]k\WV ]KnLV]Pc\ UZ[^WK
j_PX WV jZ[XkV Q��S ~K rZLV]}WZOP\ L_rNc[ZMZ bWZMZM]KWW\cK LZnW\cKVP LWNP]VWWYY bVP]\cKuL
cZPZ]Zl nK ]KOOPZYW\V bV^UN ULNbY PZhcKb\ r]\W\bKVPOY PZhWKY W\^WYY M]KW\yK U[\W c]\L_}u
OZVU\WY`a\} �P\ PZhc\S

�Kc\b^V Zj]KnZb LLZU\POY bVP]\cK \ WK r]Z\nLZ[XWZl KjOP]KcPWZ nKUKWWZl ]KnLV]PcVS mKnf
]VnKY r]Z\nLZ[XW_b Zj]KnZb rZLV]}WZOPX L_rNc[ZMZ bWZMZM]KWW\cK WK bWZMZNMZ[XW\c\u b_ jNf
UVb rZ[NhKPX \n WVMZ ]Kn[\hW_V ]KnLV]Pc\u cZPZ]_V LOV \nZbVP]\hW_ U]NM U]NMNS g[Y bWZf
MZM]KWW\cZL r]Zj[VbK iVl[Y r]VL]KaKVPOY L cZWVhWZbV]WN` nKUKhNS �bVVPOY ULK bWZ^VOPLK
T bWZ^VOPLZ �� L_rNc[_} bWZMZM]KWW\cZL O � LV]k\WKb\ \ bWZ^VOPLZ �� ]KnLV]PZcu \bV`f
a\} � LV]k\W \ NUZL[VPLZ]Y`a\} NcKnKWW_b L_kV NO[ZL\YbS gLV \nZbVP]\hW_V ]KnLV]Pc\ r]\
�PZb ]KOObKP]\LK`POY cKc ZUWK \ PK ^V ]KnLV]PcKS ~K cK^UZb \n �P\} bWZ^VOPL LLZU\POY VOf
PVOPLVWW_b Zj]KnZb PZrZ[ZM\Yu L O\[N cZPZ]Zl �� \ �� OPKWZLYPOY bWZMZZj]Kn\Yb\ ]KnbV]f
WZOP\ v� −

zS �Z[VV PZMZu�� \ �� bZ^WZ Oh\PKPX UK^V U\ssV]VWy\]NVb_b\ bWZMZZj]Kn\Yf
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b\S |ZrZOPKL[YY cK^UZbN L_rNc[ZbN bWZMZM]KWW\cN � VMZ ]KnLV]PcN �u rZ[Nh\b ZPZj]K^VW\V
� ��� → ��S

�KUKhK OZOPZ\P L PZbuhPZj_ UZcKnKPXuhPZ����� � ��S g[Y �PZMZ UZOPKPZhWZ rZcKnKPXuhPZ
Or]KLVU[\L_ O[VUN`a\V NPLV]^UVW\Y� �e� ����� VOPX ZPc]_PZV rZUbWZ^VOPLZ L ��� ��� cK^f
UKY OLYnWKY cZbrZWVWPK r]ZOP]KWOPLK �� OZUV]^\P �[VbVWP bWZ^VOPLK ������ �i� ����� nKf
bcWNPZ L ��S
�PLV]^UVW\V �i� UZcKn_LKVPOY O]KLW\PV[XWZ r]ZOPZS �WZ ZnWKhKVPu hPZ VO[\ ]KnLV]PcK �� ∈�� VOPX r]VUV[ ]KnLV]PZc ��u� � p	 Q	 
 
 
 u cK^UKY \n cZPZ]_} ]VK[\nNVPOY cKc rZLV]}WZOPXWVcZPZ]ZMZ L_rNc[ZMZ bWZMZM]KWW\cKu PZ \ ]KnLV]PcK �� YL[YVPOY L �PZb ^V Ob_O[V ]VK[\nNVf

bZlS �OWZLWKY P]NUWZOPX nKc[`hKVPOY L NPLV]^UVW\\ �e�S e[VcOKWU] gKW\[ZL\h NcKnK[ ULK
]Kn[\hW_} VMZ UZcKnKPV[XOPLKS �UWZ ZOWZL_LKVPOY WK PVZ]VbV �]KN�]K Zj \WLK]\KWPWZOP\ Zjf
[KOP\S �]VULK]\PV[XWZ NOPKWKL[\LKVPOYu hPZ ZPZj]K^VW\V � WVr]V]_LWZ \ LnK\bWZ ZUWZnWKhf
WZS ~Vr]V]_LWZOPX � ZhVL\UWKS inK\bWKY ZUWZnWKhWZOPX � O[VUNVP \n PZMZu hPZ VO[\ rZLV]}f
WZOP\ ULN} L_rNc[_} bWZMZM]KWW\cZL \nZbVP]\hW_u PZ ZW\ bZMNP j_PX OZLbVaVW_ UL\^VW\VbS
��ZO[VUWVV NPLV]^UVW\Vu UZcKnKWWZV PKc^V eSgSe[VcOKWU]ZL_bu r]VUOPKL[YVP OZjZl NO\[VW\V
c[KOO\hVOcZl PVZ]Vb_ �Zk\u OZM[KOWZ cZPZ]Zl ULK L_rNc[_} bWZMZM]KWW\cKu ZU\WKcZLZ OZOPKLf
[VWW_} \n OZZPLVPOPLVWWZ ]KLW_} M]KWVlu cZWM]N�WPW_S� ~Vr]V]_LWZOPX \ LnK\bWKY ZUWZnWKhf
WZOPX � ZjVOrVh\LK`P VMZ PZrZ[ZM\hWZOPXS �VZ]VbK �]KN�]K PVrV]X rZnLZ[YVP nKc[`h\PXu hPZ
�����T ZPc]_PZV rZUbWZ^VOPLZ L��S g]NMZV UZcKnKPV[XOPLZ r]VU[Z^VW\Y �e�u PKc^V NcKnKWf
WZV eSgS e[VcOKWU]ZL_bu ZOWZLKWZ WK PZbu hPZ ZPZj]K^VW\V � U\ssV]VWy\]NVbZ \ YcZj\KW VMZ
LO`UN ZP[\hVW ZP WN[YS �ZO[VUWVV OLZlOPLZ ZPZj]K^VW\Y � MVZbVP]\hVOc\ VOPX WV hPZ \WZVu cKc
WVcZPZ]KY PVZ]VbK Z ^VOPcZOP\ L_rNc[_} bWZMZM]KWW\cZLS gZcKnKPV[XOPLZ NPLV]^UVW\Y ���u
PKc ^V cKc \ PZMZ sKcPKu hPZ bWZ^VOPLZ �� VOPX �v� −

z�{bV]WZV bWZMZZj]Kn\Vu OZOPKL[YVP Vbf
cN` L PV}W\hVOcZb ZPWZkVW\\ ZPUV[XWN` hKOPX UZcKnKPV[XOPLKSmVkVW\V r]Zj[Vb_ iVl[Y U[Y ZjaVMZ O[NhKY rZ[NhKVPOY \n PVZ]Vb_ eSgSe[VcOKWU]ZLK U[Y
bWZMZM]KWW\cZL rNPVb r]\j[\^VW\Y ]\bKWZL_} bVP]\c bWZMZM]KWW\cKb\ \ rZO[VUN`a\b r]Vf
UV[XW_b rV]V}ZUZbS
�[KW UZcKnKPV[XOPLK OKbZMZ iVl[Y j_[ UZLVUVW UZ cZWyK tVL\ L pqv� MS O]VUOPLKb\ PVZ]\\KWK[\P\hVOc\} sNWcy\lur]\ �PZb iVl[X \ tVL\ ]KOObKP]\LK[\ PZ[XcZ nKUKhN Z ]VK[\nKy\\ KWKf

[\P\hVOcZl ]\bKWZLZl bVP]\c\S e[VcOKWU] gKW\[ZL\h OUV[K[ WVO]KLWVWWZ jZ[XkV� ZW ZPcKnK[f
OY WV PZ[XcZ ZP KWK[\P\hWZOP\u WZ UK^V ZP M[KUcZOP\ bVP]\c\S ~K r]\WYPZb PVrV]X L PVZ]\\ U\sfsV]VWy\K[XW_} N]KLWVW\l Yn_cVu ZW LLV[ \ ]Kn]KjZPK[ L �PZl ONMNjZ WV[\WVlWZl nKUKhV PVZ]\`
VV ZjZjaVWW_} ]VkVW\l T \ �PZ L PZ L]VbYucZMUK PKcZl rZU}ZU L OKbZl PVZ]\\ U\ssV]VWy\K[XW_}
N]KLWVW\l O hKOPW_b\ r]Z\nLZUW_b\ Zj]VPK[ r]KLK M]K^UKWOPLK VaV PZ[XcZ L nKUKhK} LK]\Ky\f
ZWWZMZ \Oh\O[VW\YS
eSgS e[VcOKWU]ZL rZ[Nh\[ WVP]\L\K[XW_V ZjZjaVW\Y OLZ\} ]VnN[XPKPZL rZ r]Zj[VbV iVlf

[Y U[Y O[NhKY r]ZOP]KWOPLK tZjKhVLOcZMZ \ OsV]\hVOcZMZ r]ZOP]KWOPLKS �ZnUWVV LK^WZMZ r]Zf
UL\^VW\Y L �PZl PVbV UZj\[OY eSiS �ZMZ]V[ZLS �W NOPKWZL\[ PVZ]Vb_ Z OLYn\ bV^UN OPVrVWX`
M[KUcZOP\ L_rNc[Zl rZLV]}WZOP\ \ VV LWNP]VWWVl bVP]\c\u K PKc^V rZ[Nh\[ ZjZjaVW\V PVZ]Vf
b_ eSgS e[VcOKWU]ZLKu cKOK`aVVOY rZM]N^VW\Y ]\bKWZLZl bVP]\c\ L ]\bKWZLZ r]ZOP]KWOPLZ
ZM]KW\hVWWZl OLV]}N c]\L\nW_SmKjZP_ eSgS e[VcOKWU]ZLK rZ r]Zj[VbV iVl[Y rZ[Z^\[\ WKhK[Z bWZMZh\O[VWW_b \OO[VUZf
LKW\Yb rZ PVZ]\\ \nM\jKW\l L_rNc[_} rZLV]}WZOPVlu L h\O[V cZPZ]_} O[VUNVP WKnLKPX r]V^UV
LOVMZ ]KjZP_ OKbZMZ eSgS e[VcOKWU]ZLKu K PKc^V |S�S �[ZLYW\kW\cZLKu eSiS �ZMZ]V[ZLKu \
OP\bN[\]ZLK[\ U]NM\V rZU}ZU_ c PVZ]\\ \nM\jKW\l L ]KjZPK} ~SiS os\bZLKu �S~S iVcNK \ \}
NhVW\cZLS |ZnUKWW_l e[VcOKWU]ZbgKW\[ZL\hVb WK ZOWZLV VMZ PVZ]Vb ONaVOPLZLKW\Y bVPZU ]Knf
]Vn_LKW\Y \ Oc[V\LKW\Y rZ]Kn\PV[XWZ \nbVW\[ LO` PVZ]\` \nM\jKW\lS mKjZP_ e[VcOKWU]K gKf
W\[ZL\hK rZ r]Zj[VbV iVl[Y rZO[N^\[\ \OPZhW\cZb WZLZMZ WKr]KL[VW\Y OZL]VbVWWZl MVZbVPf
]\\ucZPZ]ZV bZ^WZ }K]KcPV]\nZLKPX cKc PVZ]\`WV]VMN[Y]W_} ]\bKWZL_} r]ZOP]KWOPLS |ZnUKf
PV[Vb �PZMZ WKr]KL[VW\Y \ KLPZ]Zb WK\jZ[VV nWKh\PV[XW_} \n ZPWZOYa\}OY c WVbN ]VnN[XPKPZL
YL[YVPOY e[VcOKWU] gKW\[ZL\h e[VcOKWU]ZLS
�Z[NhVWWZV \b ]VkVW\V r]Zj[Vb_ iVl[Y ZOWZL_LKVPOY WK r]\j[\^VW\\ ]\bKWZLZl bVP]\f

c\ rZ[Z^\PV[XWZl c]\L\nW_ bWZMZM]KWW_b\ bVP]\cKb\ rZ[Z^\PV[XWZl c]\L\nW_S oOPVOPLVWWZ
LZnW\cKVP LZr]ZOu cKc\V LZZjaV bVP]\c\ UZrNOcK`P rZUZjWZMZ ]ZUK r]\j[\^VW\YS e[VcOKWU]
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gKW\[ZL\h UK[ rZ[W_l ZPLVP WK �PZP LZr]ZOS �W LLV[ rZWYP\V ULNbV]WZMZ bWZMZZj]Kn\Y O bVPf
]\cZl rZ[Z^\PV[XWZl c]\L\nW_ \ UVPK[XWZ \OO[VUZLK[ OLZlOPLK PKc\} bWZMZZj]Kn\lS
�WZMZh\O[VWW_V ]VnN[XPKP_ eSgS e[VcOKWU]ZLKu rZOLYaVWW_V �PZbN r]VUbVPNu OZj]KW_ L

VMZ cW\MV �iWNP]VWWYY MVZbVP]\Y L_rNc[_} rZLV]}WZOPVl�u L_kVUkVl L pqJ� MS g[Y ULNbV]W_}
bWZMZZj]Kn\l O bVP]\cZl rZ[Z^\PV[XWZl c]\L\nW_ Zr]VUV[VW_ PKc\V rZWYP\YucKc c]KPhKlkKYu
NMZ[ bV^UN c]\L_b\ur[ZaKUX bWZ^VOPLKS �]ZbV PZMZu U[Y W\} Zr]VUV[VWK VaV WVcZPZ]KY WVZPf
]\yKPV[XWKY LrZ[WV KUU\P\LWKY sNWcy\Y bWZ^VOPLu WKn_LKVbKY c]\L\nWZlS
ihKOPWZb O[NhKVu cZMUK UKWWZV bWZMZZj]Kn\V ]\bKWZLZ �c[KOOK ���u �PK sNWcy\Y bWZ^VOPLK

OZLrKUKVP O \WPVM]K[Zb ZP MKNOOZLZl c]\L\nW_ rZ r[ZaKU\S i ZjaVb O[NhKV c]\L\nWK bZ^VP WV
j_PX KjOZ[`PWZ WVr]V]_LWZl ZPWZO\PV[XWZ r[ZaKU\ sNWcy\Vl \ UK^V j_PX OZO]VUZPZhVWWZl L
\nZ[\]ZLKWW_} PZhcK} \ WK [\W\Y}S ~Kr]\bV]u U[Y rZLV]}WZOP\ r]YbZMZ c]NMZLZMZ cZWNOK c]\f
L\nWK OZO]VUZPZhVWK WK bWZ^VOPLVu OZOPZYaVb \n VMZ LV]k\W_ \ Zc]N^WZOP\ ZOWZLKW\Y cZWNOKS
|]VU\ r]Zh\} ]VnN[XPKPZLu ZPWZOYa\}OY c MVZbVP]\\ bWZMZZj]Kn\l rZ[Z^\PV[XWZl c]\L\nf

W_u ZPbVP\b O[VUN`aN` nKbVhKPV[XWN` PVZ]VbN eSgSe[VcOKWU]ZLKS
�NOPX UKW P]VNMZ[XW\c WK L_rNc[Zl rZLV]}WZOP\u Zj]KnZLKWW_l c]KPhKlk\b\u OZVU\WY`a\f

b\ P]\ PZhc\ �	� 	� S �ZOP]Z\b r[ZOc\l P]VNMZ[XW\c �′� ′�′ O PVb\ ^V U[\WKb\ OPZ]ZWS �cKf
n_LKVPOYu hPZ NM[_ r]\ LV]k\WK} �PZMZ r[ZOcZMZ P]VNMZ[XW\cK rZ]ZnWX WV r]VLZO}ZUYP OZZPLVPf
OPLN`a\} NM[ZL \O}ZUWZMZ P]VNMZ[XW\cK WK L_rNc[Zl rZLV]}WZOP\S
�PZPsKcP]KWVVWV j_[\nLVOPVWUK^VU[Y O[NhKY ULNbV]W_}]\bKWZL_}r]ZOP]KWOPL rZ[Z^\f

PV[XWZl c]\L\nW_S �jZjaVW\V UKWWZl PVZ]Vb_ �L [\PV]KPN]V \bVWNVbZl Zj_hWZ PVZ]VbZl O]KLf
WVW\Y eSgS e[VcOKWU]ZLK� WK O[NhKl ]\bKWZL_} r]ZOP]KWOPL rZ[Z^\PV[XWZl c]\L\nW_ r]Z\nf
LZ[XWZl ]KnbV]WZOP\u rZ[NhVWWZV iSeS �ZrZWZMZL_bu O_M]K[Z LK^WN` ]Z[X \ OrZOZjOPLZLK[Z
PZbN r]ZM]VOONu cZPZ]_l UZOP\MWNP L rZO[VUW\V MZU_ r]\ \nNhVW\\ OP]ZVW\Y PKc\} r]ZOP]KWOPL
L yV[ZbS �P\ ]VnN[XPKP_ rZO[N^\[\ Zj]KnyZb \ ZUW\b \n PZ[hcZL U[Y yV[ZMZ ]YUK PVZ]Vb O]KLf
WVW\Yu rZ[NhVWW_} L OZL]VbVWWZl ]\bKWZLZl MVZbVP]\\ L yV[ZbS
�ZO[V rZOP]ZVW\Y PVZ]\\ ULNbV]W_} bWZMZZj]Kn\l rZ[Z^\PV[XWZl c]\L\nW_ LZnW\c[K nKUKf

hK ]KOObZP]VW\Y bWZMZZj]Kn\lu N cZPZ]_} c]\L\nWK YL[YVPOY LrZ[WV KUU\P\LWZl sNWcy\Vl bWZf
^VOPL r]Z\nLZ[XWZMZ nWKcKS �VZ]\Y PKc\} bWZMZZj]Kn\lu rZ[Nh\Lk\} WK\bVWZLKW\V ULNbV]W_}
bWZMZZj]Kn\l ZM]KW\hVWWZl c]\L\nW_u j_[K L ZOWZLWZb rZOP]ZVWK eSgS e[VcOKWU]ZL_b VaV L
WKhK[V wR{} MZUZLS oV rZ[WZV \n[Z^VW\V UKWZ L pqzQ MS L bZWZM]Ks\\ �gLNbV]W_V bWZMZZj]Kn\Y
ZM]KW\hVWWZl c]\L\nW_�u WKr\OKWWZl OZLbVOPWZ O iSeS �K[MK[[V]ZbS
e[VcOKWU] gKW\[ZL\h r]VU[Z^\[ ULK ]Kn[\hW_} rZ rZU}ZUN Zr]VUV[VW\Y ULNbV]W_} bWZMZf

Zj]Kn\l ZM]KW\hVWWZlc]\L\nW_S �UWZZr]VUV[VW\VT KcO\ZbKP\hVOcZVuU]NMZVTcZWOP]NcP\LWZV
T ZOWZLKWZWKr]\j[\^VW\\bWZMZZj]Kn\l ZM]KW\hVWWZlc]\L\nW_bWZMZM]KWW\cKb\S eSgSe[Vcf
OKWU]ZL UZcKnK[ �cL\LK[VWPWZOPX �P\} Zr]VUV[VW\lS �_ r]\LVUVb nUVOX PZ[XcZ LPZ]ZV \n W\}S
�NOPX � T ULNbV]WZV bWZMZZj]Kn\Vu WKUV[VWWZV bVP]\cZl �u r]\hVb bVP]\cK � LWNP]VWWYYu

PSVS U[Y [`j_} ULN} PZhVc � u � ∈ � LV[\h\WK ���	� � ]KLWK PZhWZl W\^WVl M]KW\yV U[\WOr]Yb[YVb_} c]\L_}u OZVU\WY`a\} �P\ PZhc\S g[Y LOYcZl Zj[KOP\ � ⊂ � VOPVOPLVWWZ Zr]VUVf
[YVPOY bVP]\cK ��u MUV ����	� � VOPX PZhWKY W\^WYY M]KW\yK U[\W c]\L_}u [V^Ka\} L Zj[KOfP\ �\ OZVU\WY`a\} PZhc\� \ � S �ZLZ]YPu hPZ �� VOPX \WUNy\]ZLKWWKY bVP]\cK Zj[KOP\ �S�]\LKY L� WKn_LKVPOY c]KPhKlkVlu VO[\ VV U[\WK ]KLWK ]KOOPZYW\`bV^UN VV cZWyKb\S g[Y
[`j_} ULN} UZOPKPZhWZ j[\nc\} PZhVc ONaVOPLNVP OZVU\WY`aKY \} c]KPhKlkKYS �WZMZZj]Kf
n\V� u WKUV[VWWZV LWNP]VWWVl bVP]\cZl �u WKn_LKVPOY [ZcK[XWZ r[ZOc\bu VO[\ cK^UKY VMZ PZhf
cK� \bVVP Zc]VOPWZOPX � u cZPZ]KY �L bVP]\cV �� \nZbVP]\hWK c]NMN 	� 
 �� � � WK Zj_hWZl
VLc[\UZLZl r[ZOcZOP\S �WZMZZj]Kn\V � WKn_LKVPOY bWZMZM]KWW\cZbu VO[\ bZ^WZ NcKnKPX PKf
cZV cZWVhWZV VMZ rZUbWZ^VOPLZ � �

{��	 
 
 
 	��}u hPZ bWZ^VOPLZ � \ � YL[YVPOY [ZcK[XWZr[ZOc\bS �Zhc\ ��	 
 
 
 	�� WKn_LK`POY LV]k\WKb\ bWZMZM]KWW\cKS �VP]\cK �u nKUKWWKY WKULNbV]WZb bWZMZZj]Kn\\ � u WKn_LKVPOY bWZMZM]KWWZlu VO[\ �PK bVP]\cK LWNP]VWWYY \ bWZMZf
Zj]Kn\V� u WKUV[VWWZV bVP]\cZl �u YL[YVPOY bWZMZM]KWW\cZbS �K^UZl LV]k\WV � ∈ � bZ^VP
j_PX OZrZOPKL[VWZ WVcZPZ]ZV h\O[Z ����u WKn_LKVbZV rZ[W_b NM[Zb r]\ LV]k\WVS �WZ Zr]VUVf[YVPOY O[VUN`a\b Zj]KnZbS~VcZPZ]KY Zc]VOPWZOPX PZhc\ � c]KPhKlk\b\u \O}ZUYa\b\ \n PZhc\ �u bZ^VP j_PX ]KnUVf[VWK WK cZWVhWZV h\O[Z Zj[KOPVlu cK^UKY \n cZPZ]_} �L \WUNy\]ZLKWWZl bVP]\cV� \nZbVP]\hWK
r[ZOcZbN P]VNMZ[XW\cNS �ZMUK ���� ]KLWZ ONbbV NM[ZL �P\} r[ZOc\} P]VNMZ[XW\cZL L PZhcV �S
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�tVMcZ NOPKWKL[\LKVPOYu hPZ �PK ONbbK WV nKL\O\P ZP L_jZ]K Zc]VOPWZOP\ \ VV ]Knj\VW\YS� iOVMf
UK ���� � RS oO[\ � ���≡ Q�− ���� � Ru PZ WVcZPZ]KY Zc]VOPWZOPX PZhc\�\nZbVP]\hWK c]NMNWK r[ZOcZOP\u PKc hPZ LV[\h\WN � ��� bZ^WZ ]KOObKP]\LKPX cKc WVcZPZ]N` bV]N WVVLc[\UZLZOfP\ bWZMZM]KWW\cK L Zc]VOPWZOP\ PZhc\ �S i OZZPLVPOPL\\ O �P\b � ��� WKn_LKVPOY c]\L\nWZl LLV]k\WV �S�jZnWKh\b hV]Vn � ��� ONbbN c]\L\nW LOV} PV} LV]k\W bWZMZM]KWW\cK � u cZPZ]_V r]\WKUf
[V^KP bWZ^VOPLN � ⊂ � u K hV]Vn |�|��� T ONbbN KjOZ[`PW_} LV[\h\W c]\L\nW �P\} LV]k\WSiV[\h\WK� ���WKn_LKVPOY c]\L\nWZlu K |�|���T KjOZ[`PWZl c]\L\nWZl bWZ^VOPLK� S gLNbV]fWZV bWZMZZj]Kn\V� O LWNP]VWWVl bVP]\cZl � WKn_LKVPOY ULNbV]W_b bWZMZZj]Kn\Vb ZM]KW\hVWf
WZl c]\L\nW_u VO[\ U[Y LOYcZl VMZ PZhc\ � bZ^WZ NcKnKPX Zc]VOPWZOPX � \ rZO[VUZLKPV[XWZOPXbWZMZM]KWW_} bVP]\c ��u � � p	Q	 
 
 
 u L � u O}ZUYaN`OY ]KLWZbV]WZ c bVP]\cV � \ PKcN`u hPZrZO[VUZLKPV[XWZOPX |��|���u� � p	 Q	 
 
 
 u ZM]KW\hVWK ��� T c]\L\nWK L bVP]\cV ���SgLNbV]WZV ]\bKWZLZ bWZMZZj]Kn\Vu bVP]\cK cZPZ]ZMZ Zr]VUV[YVPOY [\WVlW_b �[VbVWPZb
� ��� 
 Q� ���� 
 ���� u MUV sNWcy\\ � u � \ � NUZL[VPLZ]Y`P P]VjZLKW\Yb M[KUcZOP\u
WVZj}ZU\b_b U[Y PZMZu hPZj_ bZ^WZ j_[Z Zr]VUV[\PX MKNOOZLN c]\L\nWN L PZhcV �UZOPKPZhWZ
Oh\PKPXu hPZ� 	�	� ∈

���u YL[YVPOY hKOPW_b O[NhKVb ULNbV]WZMZ bWZMZZj]Kn\Y ZM]KW\hVWWZl
c]\L\nW_S g]NMZl hKOPW_l O[NhKl T bWZMZZj]Kn\Y O bWZMZM]KWWZl bVP]\cZlS
�NWUKbVWPK[XW_V rZWYP\Y c[KOO\hVOcZl ULNbV]WZl ]\bKWZLZl MVZbVP]\\u PKc\V cKc U[\WK

c]\LZlu c]\L\nWK c]\LZlu MVZUVn\hVOcKYu r[ZaKUX bWZ^VOPLKu c]\L\nWK bWZMZZj]Kn\Yu \bV`PKWK[ZM L ZjaVb O[NhKV ULNbV]W_}bWZMZZj]Kn\l ZM]KW\hVWWZl c]\L\nW_S ��]\ �PZbLbVOPZc]\f
L\nW_ c]\LZl L VV PZhcK} ]KOObKP]\LKVPOY rZLZ]ZP c]\LZl T LV[\h\WKuL ]VMN[Y]WZb O[NhKV ]KLf
WKY \WPVM]K[N c]\L\nW_ rZ U[\WV UNM\u K LbVOPZ c]\L\nW_ OKbZMZ bWZMZZj]Kn\Y L PZhcV ]KOObKPf
]\LKVPOY sNWcy\Y bWZ^VOPL T KWK[ZM \WPVM]K[K ZP c]\L\nW_ rZ bWZ^VOPLNS� eSgSe[VcOKWU]ZLN
r]\WKU[V^\P jZ[XkZV h\O[Z cZWc]VPW_} ]VnN[XPKPZL PVZ]\\ ULNbV]W_} bWZMZZj]Kn\l ZM]KW\f
hVWWZl c]\L\nW_u bWZM\V \n cZPZ]_} YL[Y`POY WZL_b\ \ U[Y ULNbV]W_} ]\bKWZL_} bWZMZZj]Kf
n\lS �b ]KnL\P KrrK]KPu rZnLZ[Y`a\l OLZjZUWZ Z]\VWP\]ZLKPXOY L �PZl PVZ]\\S �PZ sNWcy\\
bWZ^VOPL �c]\L\nW_ bWZ^VOPL \ ZUWZOPZ]ZWW\V rZLZ]ZP_ NhKOPcZL c]\L_}� \ PVZ]Vb_ O]KLWVf
W\YS g]NM\b OPZ[X ^V �ssVcP\LW_b KrrK]KPZb ZcKnK[OY ZjZjaVWW_l \nZPV]b\hVOc\l [\WVlW_l
�[VbVWPu LLVUVWW_l U[Y PKc\} r]ZOP]KWOPL NhVW\cZb eSgS e[VcOKWU]ZLK T �S�S mVkVPWYcZbS
�ZYL\[KOX WVcZPZ]KY WVZ^\UKWWKY Zj[KOPX r]\[Z^VW\l bWZMZZj]Kn\l ZM]KW\hVWWZl c]\L\nW_
L PVZ]\\ bV]ZbZ]sW_} sNWcy\lS

�Kc\b Zj]KnZbu c[KOO ULNbV]W_} ]\bKWZL_} bWZMZZj]Kn\l rZ[Nh\[ UZrNOcK`aN` \OO[VUZf
LKW\V cZbrKcP\s\cKy\` r]\ OZ}]KWVW\\ OP]NcPN]_ bWZMZZj]Kn\Y \ ZM]KW\hVWWZOP\ \WPVM]K[Xf
WZl c]\L\nW_S �PZ rZnLZ[\[Z eSgSe[VcOKWU]ZLN \ VMZ NhVW\cKb UKPX \OhV]r_LK`aVV ]VkVW\V
jZ[XkZMZ h\O[K �cOP]VbK[XW_} nKUKh L PVZ]\\ rZLV]}WZOPVlS i ]VMN[Y]WZb O[NhKV bWZM\V \n
�P\} nKUKh r]ZOPZ WV \bV[\ ]VkVW\lu PKc cKc �cOP]VbNb ]VK[\nZLK[OY WK Zj�VcPK}u L_}ZUYa\}
\n ]VMN[Y]WZMZ c[KOOKS �]\bV]Zb bZ^VP O[N^\PX ]VkVWWKY eSgS e[VcOKWU]ZL_b nKUKhK Z WKf
}Z^UVW\\ rZLV]}WZOP\ WK\jZ[XkVl r[ZaKU\ O]VU\ MZbVZbZ]sW_} c]NMN rZLV]}WZOPVl O UKWW_b
rV]\bVP]Zbu N cZPZ]_} rZ[Z^\PV[XWKY hKOPX c]\L\nW_ ����� �PSVS LV]}WYY LK]\Ky\Y sNWcy\\
bWZ^VOPL �� WV r]VLZO}ZU\P UKWWZMZ h\O[K � � RS i O[NhKV �

>
Q� nKUKhK WV \bVVP ]VkVW\Yu K L

O[NhKV � � Q� VV ]VkVW\Vb YL[YVPOY jZcZLKY rZLV]}WZOPX r]YbZMZ c]NMZLZMZ cZWNOKu N cZPZ]ZMZ
rZ[W_l NMZ[ r]\ LV]k\WV cZWNOK ]KLVW Q� −

� S �oO[\ ]Kn]VnKPX VV rZ Zj]KnN`aVl cZWNOKu PZ
rZ[NhVWWKY rZLV]}WZOPX ]KnLV]P_LKVPOY L r[ZOcZOPX PKcuhPZ L ]VnN[XPKPV rZ[NhKVPOY c]NMZLZl
OVcPZ] O NM[Zbu ]KLW_b Q� −

� S�gZcKnKPV[XOPLZ �PZl PVZ]Vb_ L Zja\}hV]PK} PKcZLZS gZOPKPZhWZ ]KOObZP]VPX O[NhKlucZMUK
bWZMZZj]Kn\V VOPX bWZMZM]KWW\cS �WZMZM]KWW\c � O UKWW_b rV]\bVP]Zb \ �����

6
� � Q�

rZO[VUZLKPV[XWZ r]VZj]KnNVPOY PKcu hPZ r[ZaKUX VMZ LZn]KOPKVPu K c]\L\nWK L cZWVhWZb \PZMV
ZcKn_LKVPOY OZO]VUZPZhVWWZl L ZUWZl PZhcVS �K^U_l ZPUV[XW_l kKM r]VZj]KnZLKW\Y OZOPZ\P L
]Kn]Vn_LKW\\ \ Lc[V\LKW\\ L ]Kn]Vn WVcZPZ]ZMZ bWZMZM]KWW\cKS
eWK[ZM\hWZMZ ]ZUK r]\Vb_ ZcKn_LK`POY rZ[VnW_b\ \ L U]NM\} LZr]ZOK} MVZbVP]\\ bWZMZZjf

]Kn\l ZM]KW\hVWWZl c]\L\nW_S i OZLZcNrWZOP\ ZW\ \ OZOPKL[Y`P bVPZU ]Kn]Vn_LKW\Y \ Oc[V\f
LKW\Y e[VcOKWU]K gKW\[ZL\hK e[VcOKWU]ZLKS
�OO[VUZLKW\` ULNbV]W_} bWZMZZj]Kn\l ZM]KW\hVWWZl c]\L\nW_ rZOLYaVWZ jZ[XkZV h\O[Z

]KjZP U]NM\} KLPZ]ZLu L ZOWZLWZb NhVW\cZL eSgS e[VcOKWU]ZLKS i hKOPWZOP\u LZr]ZO_ PVZf
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]\\ bWZMZZj]Kn\l ZM]KW\hVWWZl c]\L\nW_ ]KOObKP]\LK[\OX �S�S �Z]\OZL_bu �SgS �N]KMZu
iSeS �K[MK[[V]Zbu �S�S mVkVPWYcZbu iSiS |P]V[XyZL_b \ U]S �UWK \n nKUKhu LZnW\ck\}
L PVZ]\\ bWZMZZj]Kn\l ZM]KW\hVWWZl c]\L\nW_u T NcKnKW\V c[KOOZL ULNbV]W_} rZLV]}WZOPVlu
Zr]VUV[VWW_} VOPVOPLVWW_b\ NO[ZL\Yb\u cZPZ]_V rZ OLZVl LWNP]VWWVl MVZbVP]\\ j_[\ j_ bWZf
MZZj]Kn\Yb\ PKcZMZ ]ZUKS i �PZb r[KWV WVcZPZ]_V LK^W_V ]VnN[XPKP_ rZ[NhVW_ e[VcOKWU]ZbgKW\[ZL\hVbu cZPZ]_l UZcKnK[u hPZ VO[\ rZLV]}WZOPX Zr]VUV[YVPOY N]KLWVW\Vb � � � �		��uMUV sNWcy\Y � VOPX ]KnWZOPX ULN} L_rNc[_} sNWcy\lu PZ ZWK VOPX ULNbV]WZV bWZMZZj]Kf
n\V ZM]KW\hVWWZl c]\L\nW_S �g]NM\V c[KOO_ rZLV]}WZOPVlu Zj[KUK`a\} PVb ^V OLZlOPLZbu
NcKnKW_ eSiS �ZMZ]V[ZL_bu �SgS �N]KMZ \ U]NM\b\ KLPZ]Kb\S� |[VUNVP OcKnKPXu hPZ L
\nNhVW\\ LWVkWVl MVZbVP]\\ WV]VMN[Y]W_} rZLV]}WZOPVl O bVP]\cZl ZM]KW\hVWWZl c]\L\nW_ rZ
eSgS e[VcOKWU]ZLN \bVVPOY bWZMZ WV]VkVWW_} LZr]ZOZLu \ L yV[Zb �PK Zj[KOPX \OO[VUZLKW\Y
UK[VcK ZP nKLV]kVW\YS ��PZP c]NM LZr]ZOZL rZ]ZU\[ \WPV]VOWZV WZLZV WKr]KL[VW\V L PVZ]\\
rZM]N^VWW_} bWZMZZj]Kn\lu ]KnL\PZV |S�S�VsV[VbS�

�VZ]\Y bWZMZZj]Kn\l ZM]KW\hVWWZl c]\L\nW_u rZOP]ZVWWKY eSgS e[VcOKWU]ZL_bu YL[YVPOY
ULNbV]WZlS �KUKhK rZOP]ZVW\Y VV bWZMZbV]WZMZ KWK[ZMK r]VUOPKL[YVPOY UZOPKPZhWZ P]NUWZlS i
WKr]KL[VW\\ VV ]VkVW\Y WK\jZ[VV ONaVOPLVWWZV r]ZUL\^VW\V r]\WKU[V^\P e[VcOKWU]N gKW\f
[ZL\hNS �KOPW_b O[NhKVb ULNbV]W_} bWZMZZj]Kn\l ZM]KW\hVWWZl c]\L\nW_ YL[Y`POY bWZMZf
Zj]Kn\Y c]\L\nW_u ZM]KW\hVWWZl OW\nN \[\ OLV]}N WVcZPZ]_b h\O[Zb �� S �i ]VMN[Y]WZb O[Nf
hKV �PZ ]\bKWZL_ bWZMZZj]Kn\Yu N cZPZ]_} MKNOOZLK c]\L\nWK � ��� [\jZ WV r]VLZO}ZU\P ��
L cK^UZl PZhcV � u [\jZ U[Y LOV} � WV bVWXkV �� S� e[VcOKWU] gKW\[ZL\h rZcKnK[u hPZ PKf
c\V bWZMZZj]Kn\Y bZMNP j_PX Zr\OKW_ O\OPVbZl KcO\Zbu L cZPZ]Zl ULNbV]WZOPX bWZMZZj]Kn\Y
WV \OrZ[XnNVPOYS �PZ rZnLZ[YVP LLVOP\ ZjaVV rZWYP\V bVP]\hVOcZMZ r]ZOP]KWOPLK ZUWZOPZ]ZWWV
ZM]KW\hVWWZl c]\L\nW_u PZrZ[ZM\Y cZPZ]ZMZ NUZL[VPLZ]YVP UZOPKPZhWZ O[Kj_b �O PZhc\ n]VW\Y
U\ssV]VWy\K[XW_} MVZbVP]ZL� NO[ZL\YbS �KcZV r]ZOP]KWOPLZ bZ^VP LZZjaV WV j_PX bWZMZZjf
]Kn\VbS eSgS e[VcOKWU]ZL UVPK[XWZ \OO[VUZLK[ r]ZOP]KWOPLK c]\L\nW_u WV r]VLZO}ZUYaVl �� u
MUV�� �∞S�P\ ]KjZP_ j_[\ r]ZUZ[^VW_ \ ]KnL\P_ U]NM\b\ O\j\]Oc\b\ MVZbVP]Kb\u NhVW\cKb\ \ rZf
O[VUZLKPV[Yb\ eSgS e[VcOKWU]ZLKS i hKOPWZOP\u \b\ ]VkVWK nKUKhK Zj KcO\ZbKP\hVOcZb rZf
OP]ZVW\\ c[KOO\hVOcZl ]\bKWZLZl MVZbVP]\\� \bVWWZu �S�S ~\cZ[KVL \ iS~S �V]VOPZLOc\l UZf
cKnK[\ O[VUN`aVVS �]ZOP]KWOPLZ OLWNP]VWWVl bVP]\cZlu YL[Y`aVVOY �{bV]W_bbWZMZZj]Kn\Vb
O ZM]KW\hVWWZl c]\L\nWZl L Ob_O[V e[VcOKWU]ZLKu r]VUOPKL[YVP OZjZl ]\bKWZLZ r]ZOP]KWOPLZu
OPZ[X M[KUcZVu hPZ U[Y WVMZ Or]KLVU[\LK c[KOO\hVOcKY PVZ]\Y c]\L\nW_S
i U\ssV]VWy\K[XWZl MVZbVP]\\ \ PVZ]\\ L_rNc[_} PV[ }Z]ZkZ \nLVOPW_ PVZ]Vb_ VU\WOPLVWf

WZOP\u NOPKWKL[\LK`a\V ]KLVWOPLZ �L PZb \[\ \WZb Ob_O[V� MVZbVP]\hVOc\} Zj�VcPZLu NUZLf
[VPLZ]Y`a\} WVcZPZ]_b UZrZ[W\PV[XW_b NO[ZL\YbS �KcZMZ ]ZUK ]VnN[XPKP_ j_[\ rZ[NhVW_
L OLZV L]VbY �Zk\u t\NL\[[Vb \ U]NM\b\ L_UK`a\b\OY bKPVbKP\cKb\S

�VZ]Vb_ VU\WOPLVWWZOP\u cKc \ PVZ]Vb_ ONaVOPLZLKW\Yu nKW\bK`P jZ[XkZV bVOPZ L WKNhWZb
PLZ]hVOPLVeSgSe[VcOKWU]ZLKS �PZl PVbVrZOLYaVWy\c[VMZ]KjZPuL_rZ[WVWW_}L pqwzTpqzzMMS
�OWZLW_b \WOP]NbVWPZb \OO[VUZLKW\Y �PZMZ y\c[K O[N^\[\ PVZ]Vb_ Z ]VkVW\Y} U\ssV]VWy\fK[XW_} N]KLWVW\l �[[\rP\hVOcZMZ P\rK L OZhVPKW\\ O ]KnWZMZ ]ZUK OZZj]K^VW\Yb\ MVZbVP]\f
hVOcZMZ }K]KcPV]KS �PZj_ UKPX r]VUOPKL[VW\V Zj NcKnKWW_} ]KjZPK} e[VcOKWU]K gKW\[ZL\hKu
r]\LVUVb O[VUN`aN` VMZ PVZ]VbNS
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�VZ]VbK e L �PZl sZ]bN[\]ZLcV UZcKnKWK e[VcOKWU]Zb gKW\[ZL\hVb L pqv� MS oOPVOPLVWf
WZ j_[Z r]VUrZ[Z^\PXu hPZ P]VjZLKW\V KWK[\P\hWZOP\ L WVl bZ^VP j_PX nKbVWVWZ cKc\b{[\jZ
jZ[VV O[Kj_bS eSgS e[VcOKWU]ZL rZ[Nh\[ PKc^V WVcZPZ]_l KWK[ZM PVZ]Vb_ e U[Y L_rNc[_}
bWZMZM]KWW\cZL T UZcKnKPV[XOPLZ VMZ ZOWZL_LKVPOY WK \UVVu j[\ncZl c PZlu WK cZPZ]Zl ZOWZLKWZ
UZcKnKPV[XOPLZ PVZ]Vb_ �Zk\ Z ]KLVWOPLV bWZMZM]KWW\cZLS
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g]NMZl VOPVOPLVWW_l LZr]ZO� ONaVOPLNVP [\ cKcZl{[\jZ KWK[ZM PVZ]Vb_ e U[Y rZLV]}WZOPVl
L �{bV]WZb r]ZOP]KWOPLVL O[NhKV� � v� �P\bLZr]ZOKb rZOLYaVW_\OO[VUZLKW\Yu L_rZ[WVWW_V
e[VcOKWU]ZbgKW\[ZL\hVbL pqwzTpqzzMMS �ZWc]VPWZuL ZPWZkVW\\ PVZ]Vb_eOWKhK[KeSiS�Zf
MZ]V[ZL rZcKnK[u hPZ P]VjZLKW\V KWK[\P\hWZOP\ rZLV]}WZOPVl bZ^VP j_PX OW\^VWZ UZ hVP_]V}f
c]KPWZl U\ssV]VWy\]NVbZOP\S �PWZO\PV[XWZ sNWcy\\ � r]VUrZ[KMKVPOYu hPZ ZWK r]\WKU[V^\P
c[KOON ��u r]\hVb ��

�&
��
�� � R LO`UN L Zj[KOP\ Zr]VUV[VW\YS

i pqwz MSe[VcOKWU] gKW\[ZL\h UZcKnK[uhPZ �r]\ PKc\} ^V r]VUrZ[Z^VW\Y} ZPWZO\PV[XWZ ��
P]VjZLKW\V KWK[\P\hWZOP\ bZ^VP j_PX nKbVWVWZ ULNc]KPWZl U\ssV]VWy\]NVbZOPX`S �Kc^V ZW
rZcKnK[uhPZ L r]VUrZ[Z^VW\\uhPZ � \ �� T KWK[\P\hVOc\V rZLV]}WZOP\u MZbVZbZ]sW_V OsV]Vu ZP
NO[ZL\Y L_rNc[ZOP\ � bZ^WZ LZZjaV ZPcKnKPXOY ��PZ NOPKWZL[VWZ L ]KjZPV pqzz MS�S e[VcOKWU]gKW\[ZL\h UZcKnK[ jZ[XkZV h\O[Z PVZ]Vb U[Y L_rNc[_} rZLV]}WZOPVl L �{bV]WZb VLc[\UZLZb
r]ZOP]KWOPLV r]\ r]Z\nLZ[XWZb �

>
vu U[Y rZLV]}WZOPVl L Zja\} ]\bKWZL_} r]ZOP]KWOPLK} \

r]ZOP]KWOPLK} rZOPZYWWZl c]\L\nW_urZ OLZVl sZ]bN[\]ZLcV KWK[ZM\hW_} PVZ]VbVeS |ZUV]^Kf
W\V �P\} PVZ]Vb OZOPZ\P L O[VUN`aVbS
�V^UN PZhcKb\ ULN} rZLV]}WZOPVl PVb \[\ \W_b OrZOZjZb NOPKWKL[\LKVPOY OZZPLVPOPL\VS

�ZMUK VO[\ M[KLW_V c]\L\nW_ rZLV]}WZOPVl L OZZPLVPOPLN`a\} PZhcK} OLYnKW_ Zr]VUV[VWW_b
OZZPWZkVW\Vbu PZ rZLV]}WZOP\ ]KLW_S ��NcLK[XW_l rV]VWZO PVZ]Vb_ e WK bWZMZbV]W_l O[NhKlu
rZ{L\U\bZbNu WVLZnbZ^VWu }ZPY WVcZPZ]ZV hKOP\hWZV VV ZjZjaVW\V eSgSe[VcOKWU]ZL rZ[Nh\[S�
icKhVOPLV r]\[Z^VW\Y PVZ]Vb VU\WOPLVWWZOP\ e[VcOKWU] gKW\[ZL\h rZ[Nh\[ Zja\V PVZ]Vf

b_ Z }K]KcPV]\OP\hVOcZb OLZlOPLV ��− p�{bV]WZl OsV]_S �bVWWZu VO[\ WK rZLV]}WZOP\ �u O[Nf^KaVl M]KW\yVl PV[K L ��u L_rZ[WYVPOY OZZPWZkVW\V ��!�	 
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−� T M[KLW_V c]\L\nW_ L PZhcV rZLV]}WZOP\u K sNWcy\Y � PKcZLKu hPZ r]Z\nLZUW_V
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�!�

WVr]V]_LW_ \ \bV`P ZU\W nWKc U[Y [`j_} !�	!� 	 
 
 
 	!�−�u PZ � YL[YVPOY OsV]ZlS i hKOPWZOfP\u nKbcWNPKY rZLV]}WZOPX rZOPZYWWZl O]VUWVl c]\L\nW_ L P]V}bV]WZb r]ZOP]KWOPLVu WV \bV`f
aKY OKbZrV]VOVhVW\lu VOPX OsV]KS �~K Yn_cV s\n\c\ �PZ ZnWKhKVPu hPZ WV ONaVOPLNVP b_[XWZMZ
rNn_]Yu cZPZ]_l WV \bV[ j_ sZ]bN kK]KS� � LZr]ZOKb VU\WOPLVWWZOP\ r]\b_cK`P r]Zj[Vb_
ZyVWZc \nbVWVW\Y Zj�VcPK r]\ bK[Zb \nbVWVW\\ ZUWZnWKhWZ Zr]VUV[Y`a\} VMZ }K]KcPV]\OP\cS
� nUVOX e[VcOKWU]N gKW\[ZL\hN e[VcOKWU]ZLN r]\WKU[V^KP WZL_V bVPZU_ \ ]VnN[XPKP_S �]NUf
WKY r]Zj[VbK �ZW{�ZOOVWK Zj ZyVWcV \nbVWVW\Y sZ]b_ nKbcWNPZl L_rNc[Zl rZLV]}WZOP\ r]\ bKf
[Zb \nbVWVW\\ VV LWNP]VWWVl bVP]\c\ j_[K ]VkVWK NhVW\cZb eSgS e[VcOKWU]ZLK T �SeS iZ[f
cZL_bS
eSgSe[VcOKWU]ZLYL[YVPOY OZnUKPV[VbWZLZMZWKr]KL[VW\Y L PVZ]\\ U\ssV]VWy\K[XW_}N]KLf

WVW\l �[[\rP\hVOcZMZ P\rK T MVZbVP]\hVOcZl PVZ]\\ N]KLWVW\l �[[\rP\hVOcZMZ P\rKS
�_ r]\LVUVb ZhVWX c]KPc\l ZjnZ] ]VnN[XPKPZL \OO[VUZLKW\l eSgS e[VcOKWU]ZLK rZ U\ssVf

]VWy\K[XW_bN]KLWVW\YbuL_rZ[WVWW_}L rV]\ZU O pqwzrZ pqzwMS �PZr]V^UVLOVMZ PVZ]Vb_ Z ONf
aVOPLZLKW\\ ZjZjaVWW_} ]VkVW\l rV]LZl c]KVLZl nKUKh\ U[Y N]KLWVW\l P\rK �ZW^KTebrV]KuK \bVWWZu N]KLWVW\l L\UK
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i ZjaVb O[NhKV sNWcy\Y � ��	�� Zr]VUV[YVPOY O rZbZaX` rZWYP\Y WZ]bK[XWZMZ ZPZj]K^VW\YucZPZ]ZV LLZU\POY PKcS �]VUrZ[Z^\bu hPZ � � ��	� T L_rNc[KY sNWcy\Yu nKUKWWKY L nKbcWNPZl
L_rNc[Zl Zj[KOP\ � ⊂ R

�S iVcPZ] � �	� � ���	 
 
 
 	��� WKn_LKVPOY ZjZjaVWW_b M]KU\VWPZbsNWcy\\ � L PZhcV 	�u VO[\ M\rV]r[ZOcZOPX � � 〈� 		− 	�〉 
 ��	�� YL[YVPOY ZrZ]WZl U[Y M\rV]f
rZLV]}WZOP\ � �

{�		�� | � � ��	�}S oO[\ sNWcy\Y � U\ssV]VWy\]NVbK L PZhcV 	�u PZ VV ZjfZjaVWW_l M]KU\VWP L �PZl PZhcVu ]KnNbVVPOYu OZLrKUKVP O Zj_hW_bS |ZrZOPKL[YY cK^UZl PZhcV
	 ∈ � LOV LVcPZ]_u YL[Y`a\VOY ZjZjaVWW_b\ M]KU\VWPKb\ sNWcy\\ � L �PZl PZhcVu rZ[Nh\b
WVcZPZ]ZVu LZZjaV MZLZ]Yu bWZMZnWKhWZV ZPZj]K^VW\V � Zj[KOP\ � L

R

�u cZPZ]ZV \ WKn_LKVPf
OY WZ]bK[XW_b ZPZj]K^VW\VbS �NOPX � � ����S g[Y cK^UZl PZhc\ � ∈

� ONaVOPLNVP PZhcK
�		�� ∈ � PKcKYu hPZ � VOPX ZjZjaVWW_l M]KU\VWP L PZhcV 	S �Z[KMKVb 	 � 	���u � � ����S
�NWcy\Y � ��	�� Zr]VUV[YVPOY ]KLVWOPLZb
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e[VcOKWU] gKW\[ZL\h ]KOObKP]\LK[ O[VUN`aN` nKUKhN� WKlP\ L_rNc[N` sNWcy\` �u r]\W\f
bK`aN` nKUKWW_V nWKhVW\Y WK M]KW\yV �� \ PKcN`u hPZ sNWcy\Y bWZ^VOPL � ��	�� OZLrKUKfVP O nK]KWVV nKUKWWZl sNWcy\Vl bWZ^VOPL � ���S oO[\ �PK sNWcy\Y ZcK^VPOY r]\WKU[V^KaVl
c[KOON �� u PZ ZWKu ZhVL\UWZu jNUVP ]VkVW\Vb N]KLWVW\Y �p�S e[VcOKWU] gKW\[ZL\h NOPKWZL\[
ONaVOPLZLKW\V ZjZjaVWWZMZ ]VkVW\Y OsZ]bN[\]ZLKWWZl nKUKh\ r]\ NO[ZL\\u hPZ � \ nKUKWW_V
M]KW\hW_V nWKhVW\Y \OcZbZMZ ]VkVW\Y NUZL[VPLZ]Y`P WVcZPZ]_b VOPVOPLVWW_b ZM]KW\hVW\YbS
�_ ZrNOcKVb nUVOX UVPK[\u ZPO_[KY h\PKPV[Y c VMZ ]KjZPVu ZrNj[\cZLKWWZl L iVOPW\cV t��u
pqw� MSu� pS i UK[XWVlkVb eSiS �ZMZ]V[ZL UZcKnK[u hPZ ZjZjaVWW_V ]VkVW\Y eSgS e[VcOKWUf
]ZLK YL[Y`POY M[KUc\b\u VO[\ � ≡ pu �˛̨�� \ � T UZOPKPZhWZ M[KUc\V rZ[Z^\PV[XW_V sNWcy\\S
i wR{} MZUK} e[VcOKWU] gKW\[ZL\h ]Kn]KjZPK[ bVPZU ZyVWZc OLV]}N \ OW\nN U[Y sNWcy\lu

NUZL[VPLZ]Y`a\} �[[\rP\hVOc\b N]KLWVW\Yb \[\ WV]KLVWOPLKb Q{MZ rZ]YUcKu WZ WV Zj[KUK`f
a\} c[KOO\hVOcZl M[KUcZOPX` �WV \bV`a\} r]Z\nLZUW_} Q{MZ rZ]YUcK L cK^UZl PZhcVu K r]\f
WKU[V^Ka\} [\kX r]ZOP]KWOPLN ������u MUV � ⊂ R

��S �]\LVUVb [\kX ZUWN \n �P\} ZyVWZcu UKf
[VcZ WV OKbN` ZjaN`u WZ rZnLZ[\LkN` UK[VcZ r]ZUL\WNPXOY L \nNhVW\\ cLKn\[\WVlW_} \ UK^V
WVcZPZ]ZMZ c[KOOK ONMNjZ WV[\WVlW_} nKUKh �[[\rP\hVOcZMZ P\rKS �WK \bVVP L\U
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g[Y PZMZ hPZj_ LOV OUV[KWW_V nKc[`hVW\Y \bV[\ O\[Nu UZOPKPZhWZu hPZj_ sNWcy\Y � r]\WKU[Vf
^K[K c[KOON������u PSVS \bV[K ZjZjaVWW_V LPZ]_V r]Z\nLZUW_Vu ONbb\]NVb_V L OPVrVW\ �S~VP LZnbZ^WZOP\ Zr\OKPX L ZUWZl OPKPXV LOV PZ WZLZV \ yVWWZVu hPZ j_[Z OUV[KWZ e[VcOKWUf
]Zb gKW\[ZL\hVb L ]KjZPK} NcKnKWWZMZ L_kV y\c[KS �WZMZV \n �PZMZ VaV Z^\UKVP OLZVMZ rZf
P]Vj\PV[Y \uWVOZbWVWWZu WVOVP jZMKP_V r[ZU_S �]\bV]Zb PZbN bZ^VP O[N^\PX WV]KLVWOPLZ �Q�u
OrZOZjOPLZLKLkVV r]ZM]VOON L \OO[VUZLKW\\ WV[\WVlW_} �[[\rP\hVOc\} N]KLWVW\l ��SeStKU_f
^VWOcKYu~SiS�]_[ZLu�SiS|KsZWZLu ~S~S�]K[XyVLK \ U]S�S oMZ KWK[ZM\ U[Y rK]KjZ[\hVOc\}
ZrV]KPZ]ZLu UZcKnKWW_V ~SiS �]_[ZL_bu ~S~S �]K[XyVLZl \ eS�S ~KnK]ZL_bu OPK[\ LK^W_b
kKMZb WK rNP\ \nNhVW\Y cLKn\[\WVlW_} rK]KjZ[\hVOc\} N]KLWVW\lS
i xR{V MZU_ r]Zk[ZMZ LVcK WKNhW_V \WPV]VO_ e[VcOKWU]KgKW\[ZL\hK j_[\ OLYnKW_ M[KLW_b

Zj]KnZb O MVZbVP]\hVOc\b\ LZr]ZOKb\ ZOWZLKW\l PVZ]\\ ZPWZO\PV[XWZOP\S ~KhK[Z �P\b \OO[Vf
UZLKW\Yb j_[Z rZ[Z^VWZ L VMZ ]KjZPVu L_rZ[WVWWZl VaV L pqwv MS �OZLbVOPWZ O iSeS �Lh\WW\cZf
LZl�S � PVZ]\\ ZPWZO\PV[XWZOP\ e[VcOKWU] gKW\[ZL\h ]VMN[Y]WZ Zj]KaK[OY L ]KnW_V rV]\ZU_
OLZVl ^\nW\S �]ZUZ[^VW\` \ ]KnL\P\` VMZ \UVl L �PZl Zj[KOP\ rZOLYaVW_ ]KjZP_ NhVW\cZL
eSgSe[VcOKWU]ZLK T �S�S�Z]\OZLKueS�S�NyKueSiS�NnXb\W_}ueSiStVL\hVLKu mS�S�\bVf
WZLK \ eSiS�KlUVWcZS
�VZbVP]\hVOc\ r]ZOP]KWOPLZ{L]VbYu PSVS OZLZcNrWZOPX LOV} OZj_P\lu r]Z\O}ZUYa\} L s\n\f

hVOcZbb\]VubZ^WZ]KOObKP]\LKPX cKc hVP_]V}bV]WZV Kss\WWZV r]ZOP]KWOPLZu L cZPZ]ZbLLVUVf
WZ ZPWZkVW\V rZ]YUcKS oO[\ 	 \ � T ULV PZhc\ �PZMZ r]ZOP]KWOPLKu PZ nKr\OX 	 ≺

� ZnWKhKVPu hPZ
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OZj_P\V 	 r]VUkVOPLNVP OZj_P\` � \[\u \WKhVu 	 bZ^VP LZnUVlOPLZLKPX WK � S g[Y cK^UZl PZhf
c\ 	 Zr]VUV[VWZ bWZ^VOPLZ �� T OZLZcNrWZOPX LOV} OZj_P\lu O[VUN`a\} nK 	S i WX`PZWZLOcZlbV}KW\cV�� T rZ[Nr]ZOP]KWOPLZS ibV}KW\cV PVZ]\\ ZPWZO\PV[XWZOP\�� T r]YbZl c]NMZLZl cZfWNO O LV]k\WZl 	u\ cZWNO_��u OZZPLVPOPLN`a\V ]KnW_b PZhcKb 	u rZ[NhK`POY ZU\W \n U]NMZMZrK]K[[V[XW_b\ rV]VWZOKb\S inK\bWZ ZUWZnWKhWZV r]VZj]KnZLKW\V r]ZOP]KWOPLK

R� u OZ}]KWYf`aVV ZPWZkVW\V rZ]YUcK OrVy\K[XWZl PVZ]\\ ZPWZO\PV[XWZOP\u YL[YVPOY [Z]VWyVL_bS i s\n\cV
�PZP sKcP UZcKn_LKVPOY L r]VUrZ[Z^VW\\ M[KUcZOP\ r]VZj]KnZLKW\YS �n ]KjZP_ eSgSe[VcOKWUf
]ZLK \ iSeS �Lh\WW\cZLZl O[VUNVPuhPZ W\cKc\V NO[ZL\Y M[KUcZOP\ WK OKbZb UV[V WV WN^W_S
eSgSe[VcOKWU]ZL LLV[ ZjaVV rZWYP\V c\WVbKP\c\S �\WVbKP\cK L Ob_O[V eSgSe[VcOKWU]Zf

LK VOPX PZrZ[ZM\hVOcZV r]ZOP]KWOPLZu L cZPZ]Zb LLVUVWZ ZPWZkVW\V rZ]YUcKu UZ[^W_b Zj]KnZb
OZM[KOZLKWWZV O VMZ PZrZ[ZM\VlS �KUKhK OZOPZ\P L Zr\OKW\\ b\W\bK[XW_} NO[ZL\l �KcO\Zb�u r]\
cZPZ]_} UKWWKY c\WVbKP\cK YL[YVPOY c\WVbKP\cZl OrVy\K[XWZl PVZ]\\ ZPWZO\PV[XWZOP\S
eSgS e[VcOKWU]ZLN r]\WKU[V^\P jZ[XkZl Lc[KU \ L PVZ]\` sNWcy\l UVlOPL\PV[XWZl rV]Vf

bVWWZlS �PZ OLYnKWZ O VMZ NOPKWZLcZl WK \OO[VUZLKW\V WV]VMN[Y]W_} MVZbVP]\hVOc\} Zj]KnZLu
]KOr]ZOP]KWVW\V WK PKc\V Zj]Kn_ WVcZPZ]_} ZOWZLW_} cZWyVry\l U\ssV]VWy\K[XWZl MVZbVP]\\S
�U\W \n ]VnN[XPKPZL e[VcOKWU]K gKW\[ZL\hKu ZPWZOYa\}OY c PVZ]\\ sNWcy\l UVlOPL\PV[Xf

WZl rV]VbVWWZluT c[KOO\hVOcKY PVZ]VbK Z ULNc]KPWZl U\ssV]VWy\]NVbZOP\ rZhP\ LO`UN L_rNcf
[Zl sNWcy\\ � rV]VbVWW_}S ~Z WK\jZ[VV nWKh\PV[XW_b VMZ UZOP\^VW\Vb L �PZl Zj[KOP\ YL[Y`Pf
OY ]KjZP_ rZ KjOP]KcPWZl PVZ]\\ sNWcy\l bWZ^VOPLS �OO[VUZLKW\V ]Kn[\hW_} LrZ[WV KUU\P\Lf
W_} sNWcy\l bWZ^VOPLuVOPVOPLVWW_b Zj]KnZb LZnW\cK`a\}L PVZ]\\ L_rNc[_} PV[uYL\[ZOX U[Y
WVMZ OP\bN[Zb U[Y \nNhVW\Y Zja\} LZr]ZOZL PVZ]\\ bV]_ L OKbZl KjOP]KcPWZl sZ]bVS
�OWZLW_V ]VnN[XPKP_ eSgSe[VcOKWU]ZLK L �PZl Zj[KOP\ T LZ{rV]L_}u PVZ]VbK Zj ZjaVb L\UV

[\WVlWZMZ sNWcy\ZWK[K L r]ZOP]KWOPLV ���� ZM]KW\hVWW_} WVr]V]_LW_} sNWcy\l L WZ]bK[Xf
WZb PZrZ[ZM\hVOcZb r]ZOP]KWOPLV � S e[VcOKWU] gKW\[ZL\h e[VcOKWU]ZL ]KOObKP]\LK[ r]Zf
OP]KWOPLK WVOcZ[XcZ jZ[VV Zja\Vu hVb P]KU\y\ZWWZ r]\WYP_V L ZjaVl PZrZ[ZM\\S |ZM[KOWZ PVf
Z]VbV m\OOK LOYc\l WVr]V]_LW_l [\WVlW_l sNWcy\ZWK[ L ����	��� r]VUOPKL[YVPOY \WPVM]K[Zb|P\[PXVOKS eSeS�K]cZL UZcKnK[uhPZ VO[\� TcZbrKcPWZV PZrZ[ZM\hVOcZVr]ZOP]KWOPLZuPZLOYf
c\l [\WVlW_l sNWcy\ZWK[ L ���� r]VUOPKL[YVPOY \WPVM]K[Zb ZPWZO\PV[XWZ LrZ[WV KUU\P\LWZlsNWcy\\ bWZ^VOPLS oO[\u ZUWKcZu r]ZOP]KWOPLZ� WVcZbrKcPWZu PVZ]VbKeSeS�K]cZLK WVLV]WKS
e[VcOKWU] gKW\[ZL\h rZcKnK[u hPZ VO[\ P]VjZLKW\V rZ[WZl KUU\P\LWZOP\ nKbVW\PX P]VjZLKW\f
Vb ]VMN[Y]WZOP\ ��cL\LK[VWPW_b VbN U[Y O[NhKY cZbrKcPW_} r]ZOP]KWOPL�u PZ PVZ]VbK Z r]VUf
OPKL\bZOP\ [\WVlWZMZ sNWcy\ZWK[K L � L\UV \WPVM]K[K KUU\P\LWZl sNWcy\\ bWZ^VOPL ZOPKVPf
OY LV]WZl \ L ZjaVb O[NhKVS iPZ]ZV LK^WZV UZOP\^VW\V eSgS e[VcOKWU]ZLK L PVZ]\\ sNWcy\l
bWZ^VOPL T rZOP]ZVWWKY \b PVZ]\Y O[KjZl O}ZU\bZOP\ U[Y rZO[VUZLKPV[XWZOPVl PKc\} sNWcy\lSmVnN[XPKP_ UKWWZMZ y\c[K]KjZPe[VcOKWU]KgKW\[ZL\hK OZOPKL\[\ OZUV]^KW\V VMZ UZcPZ]OcZl
U\OOV]PKy\\S �W\ k\]ZcZ \OrZ[XnN`POY L PVZ]\\ LV]ZYPWZOPVl \ sNWcy\ZWK[XWZb KWK[\nVS
�KPVbKP\hVOc\V ]KjZP_ eSgS e[VcOKWU]ZLKu r]\ LOVl \} M[Nj\WVu Z]\M\WK[XWZOP\ \ nWKh\f

PV[XWZOP\u WV \OhV]r_LK`P VMZ PLZ]hVOPLKS �\[ZOZsOc\V LZr]ZO_ bKPVbKP\c\ \ PVZ]VP\hVOcZls\n\c\ rZOPZYWWZ WK}ZU\[\OX L rZ[V VMZ \WPV]VOZLS �Z[VV hVb ULKUyKP\[VPW\l Zr_P VMZ ]Knb_kf
[VW\l Z ONaWZOP\ bKPVbKP\c\ j_[ rZU_PZ^VW L OPKPXV ��KPVbKP\cK \ U\K[VcP\cK� ��|\j\]Of
c\l bKPVbKP\hVOc\l ^N]WK[�u pqxRu� Q�S ~V O[NhKlWZ r]VrZUKLKPV[\ MNbKW\PK]W_} U\Oy\rf
[\W WK sKcN[XPVPK} PZhW_} WKNc hKOPZ ]VcZbVWUN`P OPNUVWPKb h\PKPX ZjaVWKNhW_V OZh\WVW\Y
eSgSe[VcOKWU]ZLKS
eSgSe[VcOKWU]ZLN r]\WKU[V^KP PKc^V M[NjZc\V OPKPX\ rZ s\[ZOZsOc\b r]Zj[VbKb PVZ]\\

ZPWZO\PV[XWZOP\ \ cLKWPZLZl bV}KW\c\S �\[ZOZsOc\V P]NU_ \ NOPW_V L_OPNr[VW\Y e[VcOKWU]KgKW\[ZL\hK Z}LKP_LK`P h]VnL_hKlWZ k\]Zc\l c]NM LZr]ZOZL ^\nW\S
�WZMZ O\[ \ �WV]M\\ eSgS e[VcOKWU]ZL ZPUK[ LZOr\PKW\` WZL_} cKU]ZLS �jaV\nLVOPWK WKf

NhWKY aVU]ZOPX e[VcOKWU]K gKW\[ZL\hK WV PZ[XcZ cKc WKNhWZMZ [\UV]KuWZ \ cKc WVrZO]VUOPLVWf
WZMZ ]NcZLZU\PV[Y KOr\]KWPZL \ bZ[ZU_} NhVW_}S �W LOVMUK NL[VcK[ \}u rZjN^UKY c PLZ]hVOPLN
\ WKNhWZbN rZ\OcNS �UV\u L_OcKnKWW_V \b WK [Vcy\Y} \ OVb\WK]K}u nKr\OKWW_V L VMZ ]KjZh\}
PVP]KUY}u WKbVhVWW_V L [\hW_} ]KnMZLZ]K}u [VM[\ L ZOWZLN bWZM\} ]KjZP VMZ NhVW\cZLS
e[VcOKWU] gKW\[ZL\h OZ OLZlOPLVWWZl VbN ZPn_Lh\LZOPX` WV bZM ZPOP]KW\PXOY ZP ZUWZl \n

LK^WVlk\} r]Zj[Vb ]VsZ]b_ kcZ[XWZMZ Zj]KnZLKW\Y T OZnUKW\Y WZL_} NhVjW\cZL rZ MVZbVPf
]\\ U[Y O]VUW\} kcZ[S �W r]\L[Vc c NhKOP\` L �PZl ]KjZPV eStS iV]WV]K \ Zr_PWZMZ Nh\PV[Y
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iS�S m_^\cKS ibVOPV ZW\ WKr\OK[\ ULK r]ZjW_} NhVjW\cK rZ OPV]VZbVP]\\u K nKPVb L pq�v MS T
NhVjW\c rZ MVZbVP]\\ U[Y qTpR c[KOOZLu r]\WYP_l U[Y kcZ[ \ c[KOOZL O NM[Nj[VWW_b \nNhVW\Vb
bKPVbKP\c\S | pq�p MS e[VcOKWU] gKW\[ZL\h WKhK[ ]Kn]KjKP_LKPX WZLN` OP]NcPN]N NhVjWZMZ
cN]OK r[KW\bVP]\\S �PZP cN]O j_[ ZrNj[\cZLKW \b L OV]\\ r]Vr]\WPZLS i pq�JTpq�z MMS L_k[\
WKr\OKWW_V rZ �PZbN cN]ON OZLbVOPWZ O eStSiV]WV]Zb \ iS�S m_^\cZb r]ZjW_V NhVjW\c\ U[YzT� c[KOOZLS �cOrV]\bVWP rZ LOVbN y\c[N �P\} NhVjW\cZL nKLV]k\[OY yV[Zl OV]\Vl NhVjW\cZL
cKc U[Y Zj_hW_} kcZ[u PKc \ U[Y kcZ[ O NM[Nj[VWW_b \nNhVW\Vb bKPVbKP\c\S~K r]ZPY^VW\\ pQ [VP T O pqwQ rZ pqzJ MS T e[VcOKWU] gKW\[ZL\h j_[ ]VcPZ]Zb tVW\WM]KUf
OcZMZ MZONUK]OPLVWWZMZ NW\LV]O\PVPKS ~Kh\WK[ ZW L P]NUW_V rZO[VLZVWW_V MZU_S |NbV[ bZj\f
[\nZLKPX ZOPKLk\VOY L NW\LV]O\PVPV O\[_u r]\L[Vc }Z]Zk\} NhVW_} \n U]NM\} bVOPu LOYhVOc\
OrZOZjOPLZLK[ ]ZOPN bZ[ZU_} cKU]ZLS i ]VnN[XPKPV VMZ ULVWKUyKP\[VPWVl UVYPV[XWZOP\ ]VcPZf
]K NW\LV]O\PVPK rZYL\[\OX WZL_V WKr]KL[VW\Y \ kcZ[_u ]KOk\]\[KOX OVPX OVb\WK]ZLS �KU]_u
L_]ZOk\V L PZP rV]\ZUu \ OVMZUWY YL[Y`POY LVUNa\b\ WK]YUN O WZLZl WKNhWZl ObVWZlS
�Kc ]VcPZ] NW\LV]O\PVPK eSgS e[VcOKWU]ZL KcP\LWZ \ �ssVcP\LWZ rZUUV]^\LK[ NW\LV]O\f

PVPOc\} j\Z[ZMZL L \} jZ]XjV O [_OVWcZLOcZl [^VWKNcZlS �]VrZUKLKW\V WKNhWZl MVWVP\c\ L tVf
W\WM]KUOcZb NW\LV]O\PVPV WKhK[ZOX N^V L rYP\UVOYP_V MZU_u PZMUK cKc L U]NM\} NW\LV]O\PVPK}
MVWVP\cK j_[K LZOOPKWZL[VWK L OLZ\} r]KLK} [\kX L pqzw MS �PZ j_[Z ZhVWX WVr]ZOPZ T UZOPKf
PZhWZ LOrZbW\PX Zc]\c ~S|S�]NaVLKu cZPZ]_l cLK[\s\y\]ZLK[ ZPcKn eSgS e[VcOKWU]ZLK L_f
rZ[W\PX r]\cKn b\W\OPV]OPLK Z LZOOPKWZL[VW\\ L t�� ZUWZMZ rVhK[XWZ \nLVOPWZMZ b]KcZjVOK ZP
�b\hN]\WOcZl� j\Z[ZM\\ cKc r]ZYL[VW\V bVWXkVL\nbKS e[VcOKWU] gKW\[ZL\h WV U]ZMWN[u\ UVf
YPV[X WV j_[ r]\WYP WK ]KjZPN L tVW\WM]KUOc\l NW\LV]O\PVPS i PZ ^V L]VbY OPNUVWP_{j\Z[ZM\u
ZPh\O[VWW_V \n U]NM\} NW\LV]O\PVPZL nK rZr_Pc\ WV[VMK[XWZ \nNhKPX MVWVP\cNu rZ[NhK[\ LZnf
bZ^WZOPX r]ZUZ[^\PX Zj]KnZLKW\V L t��S
| \bVWVb ]VcPZ]K eSgS e[VcOKWU]ZLK OLYnKWZ PKc^V OPKWZL[VW\V PKc\} WZL_} L OLZV L]VbY

WKr]KL[VW\lucKc OZy\Z[ZM\Y \ bKPVbKP\hVOcKY �cZWZb\cKurZ[Nh\Lk\} L OPVWK} t�� VMZ UVlOPf
LVWWN` rZUUV]^cN L rV]\ZU MZWVW\lS i ZcPYj]V pqqR MS nK ZOZj_l Lc[KU L OZ}]KWVW\V \ ]KnL\P\V
MVWVP\c\ \ OV[Vcy\\ eSgS e[VcOKWU]ZLu VU\WOPLVWW_l bKPVbKP\c O]VU\ M]Nrr_ j\Z[ZMZLu j_[
NUZOPZVW Z]UVWK �]NUZLZMZ �]KOWZMZ �WKbVW\S �PZ WVZj_hWZV WKM]K^UVW\V OPK[Z O[VUOPL\Vb
PZl L_OZcZl ZyVWc\ j[KMZ]ZUWZl UVYPV[XWZOP\ eSgSe[VcOKWU]ZLKu cZPZ]N` UK[Z jZ[Xk\WOPLZ
NhVW_} WKkVl OP]KW_S
e[VcOKWU] gKW\[ZL\h \bV[ ZM]ZbW_l KLPZ]\PVP \ N bKOP\P_} NhVW_}u \ N bZ[ZUV^\S ��W

]NcZLZU\[ NW\LV]O\PVPZb WV O\[Zl r]\cKnKu K bZ]K[XW_b KLPZ]\PVPZb�u T ZPbVP\[ iS�S |b\]f
WZL L KU]VOVuWKr\OKWWZb rZ O[NhK` N}ZUK e[VcOKWU]K gKW\[ZL\hK O rZOPK ]VcPZ]KS �e[VcOKWU]gKW\[ZL\h T OZLVOPX sKcN[XPVPK�u T OcKnK[ PZMUK ^V gS�S �KUUVVLSQw [VP ^\nW\ e[VcOKWU] gKW\[ZL\h r]ZLV[ L |\j\]\S i pqzJ MS rZ r]\M[KkVW\` �SeS tKLf
]VWPXVLK ZW rV]VV}K[ O OVbXVl L ~ZLZO\j\]OcS �UVOX e[VcOKWU] gKW\[ZL\h WKkV[ bWZMZ LV]W_}
U]NnVl \ NhVW\cZLS |\j\]\ ZW ZPUK[ WV PZ[XcZ OLZ\ UNkN \ OV]UyVu WZ \ nUZ]ZLXVu rV]VWVOY c[Vf
aVLZl �WyVsK[\PS eSgS e[VcOKWU]ZL OZnUK[ jZ[XkN` \ ]KnLVPL[VWWN` WKNhWN` kcZ[NS |]VU\
VMZ [VW\WM]KUOc\} NhVW\cZL bWZM\V UVOYPc\ UZcPZ]ZL \ cKWU\UKPZL WKNcS
�L~ZLZO\j\]OcVrZUL[\YW\Vbe[VcOKWU]KgKW\[ZL\hKL_]ZO[\ WZL_VUZcPZ]KWKNc\ yV[KY

r[VYUK bZ[ZU_} cKWU\UKPZL{MVZbVP]ZLS �W\ PLZ]hVOc\ ]KjZPK`P LZ bWZM\} MZ]ZUK} |\j\]\S
e[VcOKWU] gKW\[ZL\h Zj[KUK[ yV[XW_b WKNhW_b b\]ZLZnn]VW\VburZnLZ[YLk\b VbN M[NjZcZKWK[\n\]ZLKPX s\[ZOZsOc\V \ ZjaVOPLVWW_V r]Zj[Vb_u K PKc^V ZPLVhKPX WK L_nZL_ OZL]VbVWf

WZOP\ WK r]ZPY^VW\\ LOVl ^\nW\S i ZOWZLV O\OPVb_ OLZ\} W]KLOPLVWW_} NOPKWZLZc ZW WKn_LK[
hV[ZLVhWZOPX \[\ NW\LV]OK[XW_l MNbKW\nbu WKNhWZOPX \ ZPLVPOPLVWWZOPXS �UVK[Kb OLZVl `WZOf
P\ eSgSe[VcOKWU]ZL j_[ LV]VW UZ rZO[VUW\} UWVlS

�KO[NM\ eSgSe[VcOKWU]ZLK ZPbVhVW_ bWZ^VOPLZb WKM]KU \ ZP[\h\lS �n OKb_} rZO[VUW\} ZW
yVW\[ rV]LN` �Z[ZPN` bVUK[X \bVW\ tS �l[V]Ku r]\ON^UVWWN` VbN �]Vn\U\NbZb mZOO\lOcZlKcKUVb\\ WKNc L pqqQ MS
e[VcOKWU]N gKW\[ZL\hN j_[Z OLZlOPLVWWZ WVNc]ZP\bZV OP]Vb[VW\V UZj\LKPXOY L_Ok\} ]Vf

nN[XPKPZL L [`jZb UV[Vu nK cZPZ]ZV ZW j]K[OYu T cKc L bKPVbKP\cVu PKc \ L OrZ]PV �ZW j_[ bKOPVf
]Zb OrZ]PK rZ K[Xr\W\nbN�u cKc L s\[ZOZs\\u PKc \ L LZr]ZOK} \OPZ]\\ WKNc\ �L tVW\WM]KUOcZb
\ ~ZLZO\j\]OcZb NW\LV]O\PVPK} ZW h\PK[ cN]O [Vcy\l rZ \OPZ]\\ bKPVbKP\c\�\ LZ bWZMZb U]Nf
MZbS oMZ j[\nc\V \ U]NnXYu VMZ NhVW\c\ \ PZLK]\a\ rZ ]KjZPV }Z]ZkZ rZbWYP }K]KcPV]WN` U[Y



�������������� 	�
�� p�p
e[VcOKWU]K gKW\[ZL\hK r]VUKWWZOPX \OP\WVu VMZ rZOPZYWWN` MZPZLWZOPX ]\WNPXOY WK jZ]XjN nK
VV nKa\PNu MZPZLWZOPX rZUUV]^\LKPX \ nKa\aKPX \OP\WN UZ cZWyKS~KNhW_V \UV\ KcKUVb\cK eSgS e[VcOKWU]ZLK jNUNP UZ[MZ ^\PX L P]NUK} VMZ NhVW\cZL \ rZf
O[VUZLKPV[VlS ~VrZLPZ]\bZV ZjKYW\Vu OZhVPKW\V bZ[ZUZOP\ UN}K \ bNU]ZOP\ Zr_PKu Y]ZOPW_l
PVbrV]KbVWP \ PZWc\l Nbu OKbZZPLV]^VWWZOPX \ WV^WZOPX e[VcOKWU]K gKW\[ZL\hK OPK[\ UZ]Zf
M\b\ LZOrZb\WKW\Yb\ \ NPVkVW\Vb PV}u cPZ \bV[ OhKOPXV j_PX ]YUZb O W\bS
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