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(@CD3?@5<3�AB@4=7>:

AYoxYLrK�\p\]Pt�xPN̂VfYMKXYNY�PVPr]xYZxpMYOK��8]� �K�]KrYn�tP]YOkM�k�oK\YLkM�TYNY�
OkKNXY\]̂MKXXi��j�ZPx\ZPr]pMXpt�XKZxitrYt�xYoMp]r̂�\̂bK\XYl�XK̂rp�k�]P̀Xkrp�;1].
[PoMKnKhbp�XK�cpxYrPMprYxp\]KXXi�Y\]KXXkt�bK\Yt�8]�o�tkrxYZxYaP\YxXptp�\p\]PtKtp�

rPx̂MKXXi �OY\p]f�ZYcpxPXptp�j�8]�o�KXKVYNYMptp�]K�ap_xY-KXKVYNYMptp�\p\]PtKtp�
rPx̂MKXXi��a�xPôVf]K]k�ZxpxYOXp̀�ZxYaP\kM�\]KxkXXi�]K�MZVpM̂�xkoXYtKXk]Xp̀�oL̂xhhbp̀�
OkT �irk�tKh]f�tk\aP�Zxp�Pr\ZV̂K]Kakl �̀KxKr]Pxp\]prp�8]�o�bK\Yt�ZYNkxĉh]f\i��BVkO�
oK̂MKnp]p �dY�\̂]]jMpT�MZVpM�XK�irk\]f�̀KxKr]Pxp\]pr�8]�oOkT\Xhh]f�\KtP�KXKVYNYMk�LVYrp�
rPx̂MKXXi �irk�j�XKTLkVfc�b̂]VpMptp�OY�ZxYaP\kM�\]KxkXXi�]K�xkoXYNY�xYÔ�oL̂xPXf�
BKtP�]Yt̂�MpXprKj�XPYL̀kOXk\]f�tYXk]YxpXN̂�]P̀XkbXYNY�\]KX̂�8]�M�akVYt̂�k �oYrxPtK �

KM]YtK]pbXp̀�KXKVYNYMp̀�rPx̂hbp̀�Zxp\]xYlM��P;]��l̀�\p\]Pt�rPx̂MKXXi �irpT�xPKVkôh]f�
cVìYt�ZxYMPOPXXi�LPoZPxPxMXYNY�rYX]xYVh�]K�OkKNXY\]̂MKXXi�

�?3=M9�@CD3??MF�6@C=M687?J�D3�AE4=M<3GM;

7Pirk�K\ZPr]p�MpxkcPXXi�afYNY�Zp]KXXi�xYoNViX̂]k�M�xYLY]K̀�;��-����a�xYLY]k�;���
xYoNViX̂]Y�Z.i]f�Y\XYMXp̀�ZkÒYOkM�OY�OkKNXY\]̂MKXXi�PVPr]xYYLVKOXKXXi�M�ZxYaP\k�TYNY�
Pr\ZV̂K]Kakl�KLY�M�xKtrK̀�ZxYMPOPXXi�]P\]YMp̀�MpZxYL̂MKXf��ZYxkMXiXXi�OkKNXY\]pbXYNY�
ZKxKtP]xK�ko�M\]KXYMVPXpt�oXKbPXXit.�MprYxp\]KXXi�MkOYtp̀�ktYMkxXk\Xp̀�\ZkMMkOXYcPXf�
tkn�XP\ZxKMXk\]h�k�\ZY\]PxPn̂MKXptp�otkXKtp�ZKxKtP]xkM.�MpoXKbPXXi�tkXktKVfXYl�rkVfrY\]k�
]YbYr �M�irp̀�\ZY\]PxkNKh]f\i�OkKNXY\]pbXk�\pNXKVp.ZPxPMkxrK�]P\]YMptp�\pNXKVKtp.�
\]MYxPXXi�ZYMXp̀�tK]PtK]pbXp̀�tYOPVPT�OkKNXY\]YMKXp̀�YL.jr]kM��a�xYLY]K̀�;	 4] 
xYoxYLVPXY�tK]PtK]pbXk�tYOPVk�OkKNXY\]̂MKXXi�oKtrX̂]p̀�]K�xYoktrX̂]p̀�\p\]Pt�rPx̂MKXXi�
PVPr]xpbXpt�ZxpMYOYt �M�Y\XYM̂�irp̀�ZYrVKOPXY�ZkÒkO�ZYxkMXiXXi�OkKNXY\]pbXp̀�
ZKxKtP]xkM�ko�oYXYh�OYẐ\]ptp̀�oXKbPXf�OVi�oKOKXYNY�xPnpt̂�xYLY]p��9KoXKbPXk�tYOPVk�
tKh]f�YLtPnPXk\]f �Y\rkVfrp�XP�MxK̀YM̂h]f�ZKxKtP]x�oLYlM�̂�rYnXYt̂�MptkxhMKVfXYt̂�
rKXKVk��5xK̀ M̂KXXi�afYNY�ZKxKtP]xK�OYoMYVpVY�L�oOkT\XhMK]p�ZxYNXYôMKXXi�\]KX̂�8]��a�
xYLY]k�;���ZYrKoKXY�kXcpT�ZkÒkO�OY�xkcPXXi�akjl�ZxYLVPtp�cVìYt�\]MYxPXXi�OkKNXY\]pbXp̀�
tYOPVPT�̂�MpNViOk�KOKZ]pMXp̀�XPTxY-XPbk]rp̀�tPxPn�

(@CD3?@5<3�9363HM�6@C=M687??L

AYoxYLrK�tK]PtK]pbXYl�tYOPVk�OkKNXY\]̂MKXXi�KM]YtK]pbXp̀�P;]�8] �irK�xPKVkôj�
Zxp\rYxPXpT�ZYĉr�MptkxhMKVfXYNY�rKXKV̂ �M�rYVk�irYNY�Zxp\̂]XkT�Pr\]xPtKVfXpT�xkMPXf�
\pNXKV̂ �K�]KrYn�MxK̀YM̂j�ZKxKtP]x�oLYlM�̂�rYnXYt̂�MptkxhMKVfXYt̂�rKXKVk �dY�OYoMYVp]f�
ZkOMpdp]p�irk\]f�OkKNXY\]̂MKXXi�8]�M�akVYt̂�k �oYrxPtK �KM]YtK]pbXp̀�P;]�TYNY�\p\]Ptp�
rPx̂MKXXi��[PMxK̀ M̂KXXi�oLYlM�XK�ZYbK]rYMYt̂�P]KZk�l̀�MpXprXPXXi�\ZxpbpXij�XPoXKbXP�
ZYNkxcPXXi�̀KxKr]Pxp\]pr�ZxpMYOK �K�XK�LkVfc�ZkoXfYt̂�P]KZk�tYnP�\]K]p�ZxpbpXYh�



8[8A68C:;P�CP�8<8;CA?C8F[2;P

[K̂rYMk�ZxKak�5[Ca ����� �m�2 2

akVrYMp]Yl�TYNY�MkOtYMp�

'C?@5?M�>3D7BM3=:�6@C=M687?J

Jr�MkOYtY �PVPtPX]XYh�LKoYh�KM]YtK]pbXp̀�P;]�8]�j�xKOkYPVPr]xYXXk�PVPtPX]p�]K�
Zxp\]xYl �irk�M�ZxYaP\k�Pr\ZV̂K]Kakl�8]�ZkOOKh]f\i�MZVpM̂�xkoXYtKXk]Xp̀�oYMXkcXk̀�
�rVktK]pbXp̀ �tP̀KXkbXp̀��]K�MX̂]xkcXk̀�_Kr]YxkM��Gk�_Kr]Yxp�ZxpoMYOi]f�OY�Mp̀YÔ�YOXYNY�
KLY�OPrkVfrỲ�ZKxKtP]xkM �dY�̀KxKr]Pxpôh]f�xYLY]̂�KM]YtK]pbXp̀�P;]�8] �oK�tPnk�
OYẐ\]ptp̀�oXKbPXf�;�� �irk�MpoXKbKh]f\i�Y\XYMXpt�]K�NxKXpbXpt�ZYVitp�OYẐ\r̂�
AYLY]K�Zxp\]xYh�o�ZKxKtP]xKtp �irk�oXK̀YOi]f\i�oK�tPnKtp�NxKXpbXYNY�ZYVi�OYẐ\r̂�

�6]7� �j�XPOYẐ\]ptYh �Y\rkVfrp�ZYOKVfcK�Pr\ZV̂K]Kaki�YL.jr]K�tYnP�ZxpoMP\]p�OY�
\]MYxPXXi�KMKxkTXp̀�\p]̂KakT��JrdY�n�ZKxKtP]xp�oXK̀YOi]f\i�oK�tPnKtp�Y\XYMXYNY�ZYVi�
OYẐ\r̂��?]7� �]Y�TYNY�ZYOKVfcP�MprYxp\]KXXi�oK�ZxpoXKbPXXit�j�XPOYakVfXpt �Mp̀YOibp�o�
MptYN�_̂XrakYXKVfXYl�ZxpOK]XY\]k �LPoZPbXYl�Pr\ZV̂K]Kakl�]K�xPtYX]XY-MkOXYMVhMKVfXp̀�
xYLk]�
BrVKOXk\]f�OkKNXY\]̂MKXXi�oKtrXPXp̀�\p\]Pt�rPx̂MKXXi�ZYi\Xhj]f\i�XKiMXk\]h�

oMYxY]Xp̀�oM.iorkM��99���]YiMK�XPOYẐ\]ptYNY�xkMXi�ZKxKtP]xK�XK�Mp̀YOk�L̂Of-irYNY�YOXYNY�
PVPtPX]K�\ZxpbpXij�ZYiM̂�XPOYẐ\]ptp̀�xkMXkM�ZKxKtP]xkM�XK�M̀YOK̀�kXcp̀�PVPtPX]kM �
ỲYZVPXp̀�rYX]̂xYt�99��GP�MkOL̂MKj]f\i�XPoKVPnXY�MkO�]YNY �ôtYMVPXY�aP�XP\ZxKMXk\]h�
\KtYNY�PVPtPX]K�bp�XK�TYNY�M̀kO�L̂VY�ZYOKXY�XPOYẐ\]ptpT�xkMPXf�\pNXKV̂�o�Mp̀YÔ�OPirYNY�
PVPtPX]K �dY�XP�M̀YOp]f�M�rYX]̂x�99�;���CYt̂ �Zxp�xYoxYLak�tYOPVk�OkKNXY\]̂MKXXi�
XPYL̀kOXY�ZPxPOLKbp]p�tYnVpMk\]f�MpiMVPXXi�\KtP�OP_Pr]XYNY�P;]�LPo�\]MYxPXXi�c]̂bXp̀�
xYoxpMkM�̂�rYX]̂xK̀�xPN̂VhMKXXi�
BVkO�MxK̀YM̂MK]p �dY�rYnPX�o�OkKNXY\]pbXp̀�ZKxKtP]xkM�tKj�MVK\Xk�oKrYXYtkxXY\]k�otkXp�M�

bK\k �K�]Yt̂�OYMYOp]f\i�kXOpMkÔKVfXY�OVi�rYnXYNY�o�Xp̀�_Yxt̂MK]p�NxKXpak�YLVK\]PT�
OYẐ\]ptp̀�oXKbPXf �dY�ZxpoMYOp]f�OY�̂\rVKOXPXXi�ZxYaP\̂�OkKNXY\]̂MKXXi�k �MkOZYMkOXY �
oLkVfcPXXi�bK\̂�XK�ZxYMPOPXXi�YOXYNY�aprV̂�OkKNXY\]̂MKXXi��a�oM.ior̂�o�apt�ZxYZYX̂j]f\i�
MprYxp\]K]p�oKZxYZYXYMKXpT�M�xYLY]k�;
��ZkÒkO�koOkT\Xp]p�ZPxP̀kO�MkO�LPoZY\PxPOXfYNY�
KXKVkô�OkKNXY\]pbXp̀�ZKxKtP]xkM�OY�KXKVkô�\pNXKVkM �irk�L�̀KxKr]PxpôMKVp�]YbXk\]f�
MkOZxKahMKXXi�M̀kOXp̀�oKOKhbp̀�MZVpMkM�k�L̂Vp�MpxKnPXk�̂�MkOXY\Xp̀�YOpXpaì �dY�
OYoMYVp]f�\_Yxt̂MK]p�̂Xk_krYMKXk �XPotkXXk�M�bK\k�NxKXpak�YLVK\]PT�l̀�OYẐ\]ptp̀�oXKbPXf�
5kOZYMkOXK�tK]PtK]pbXK�tYOPVf�OkKNXY\]pbXp̀�ZKxKtP]xkM�tKj�MpNViO
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(1)

OPn-rkVfrk\]f�OkKNXY\]YMKXp̀�KM]YtK]pbXp̀�P;]�\p\]Ptp�rPx̂MKXXi�8].��/-ZKxKtP]x �
irpT�̀KxKr]Pxpôj�]YbXk\]f�MkOZxKahMKXXi�oKOKXYNY�MZVpM̂�/-pt�P;]�̂�_kr\YMKXpT�tYtPX]�
bK\̂�t; '/-oXKbPXXi�OkKNXY\]pbXYNY�ZKxKtP]xK�XK�Mp̀YOk�/-NY�P;]�̂�_kr\YMKXpT�tYtPX]�bK\̂�
t; 

i !�x -XYtkXKVfXP�oXKbPXXi�OkKNXY\]pbXYNY�ZKxKtP]xK�XK�Mp̀YOk�/-NY�P;]�̂�_kr\YMKXpT�

tYtPX]�bK\̂�t.
EYxt̂MKXXi�XYtkXKVfXp̀�oXKbPXf�OkKNXY\]pbXp̀�ZKxKtP]xkM�oKLPoZPb̂j�MkOZYMkOXK�

tYOPVf �irK�o�XPYL̀kOXYh�]YbXk\]h�MkO]MYxhj�_̂XrakYX̂MKXXi�YrxPtp̀�P;]�8] �Y\rkVfrp�
akVk\XK�tYOPVf�XP�OKj�tYnVpMY\]k�MxK̀YM̂MK]p�OkT\Xk�oXKbPXXi�ZKxKtP]xkM �dY�ZYOKh]f\i�XK�
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rYnPX�o�OkKNXY\]YMKXp̀�P;]�
a�ZxYaP\k�Pr\ZV̂K]Kakl�8] �ZkO�Okjh�xkoXYtKXk]Xp̀�MZVpMkM �tYn̂]f�MpXprK]p�oLYl �irk�

XPYL̀kOXY�MkO\VkOrYM̂MK]p�k�KXKVkôMK]p��[KrYZpbPXXi�kX_YxtKakl�ZxY�oLYl �dY�MpXprKh]f�M�
rYnXYt̂�MptkxhMKVfXYt̂�rKXKVk �OYoMYVp]f�MpiMVi]p�XKTLkVfc�b̂]VpMpT�OY�Okl�oL̂xPXf�
KM]YtK]pbXpT�P;]�]K�oOkT\XhMK]p�ZxYNXYôMKXXi�\]KX̂�8]�M�akVYt̂�k �oYrxPtK �TYNY�
\p\]Ptp�rPx̂MKXXi��CKrpt�bpXYt�oKLPoZPb̂j]f\i�xPKVkoKaki�ZxpXapẐ�YL\V̂NYM̂MKXXi�8]�oK�
TYNY�_Kr]pbXpt�]P̀XkbXpt�\]KXYt�
5xK̀YM̂hbp�oKoXKbPXk�tkxr̂MKXXi �tK]PtK]pbXK�tYOPVf�OVi�OkKNXY\]̂MKXXi�KM]YtK]pbXp̀�

P;]�8]�tK]ptP�MpNViO
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max
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j

j
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(2)

OPsj-ZY]YbXK�rkVfrk\]f�oLYlM �ZxpbYt̂�kXOPr\�j K̀xKr]Pxpôj�]YT�KM]YtK]pbXpT�P;]�k �
MkOZYMkOXY �]YT�MptkxhMKVfXpT�rKXKV �Mp̀kOXpT�\pNXKV�M�irYt̂�j�Pr\]xPtKVfXpt�̂�afYt̂
aprVk�\rKX̂MKXXi.�g-NxKXpbXP�oXKbPXXi �dY�MpoXKbKj�XPYL̀kOX̂�rkVfrk\]f�oLYlM�̂�YOXYt̂�
MptkxhMKVfXYt̂�rKXKVk�OVi�_Yxt̂MKXXi�Mp\XYMr̂�ZxY�tKTL̂]Xh�XP\ZxKMXk\]f�M�afYt̂�
MptkxhMKVfXYt̂�rKXKVk.�k-\pNXKV�o�Mp̀YÔ�\PX\YxK�rYt̂]Kakl �dY�\MkObp]f�ZxY�ZYVYnPXXi�
rYt̂]KakTXYNY�KZKxK]K �irpt�ZYOKj]f\i�XKZx̂NK�npMVPXXi.�v-\pNXKV�o�Mp̀YÔ�\PX\YxK�
npMVPXXi�\p\]Ptp�rPx̂MKXXi�8].� jmax	 -ZY]YbXP�Pr\]xPtKVfXP�oXKbPXXi�\pNXKV̂��M�afYt̂

aprVk�\rKX̂MKXXi �irP�L̂VY�oK_kr\YMKXY�M�j-t̂�MptkxhMKVfXYt̂�rKXKVk.���#-NxKXpbXY�
OYẐ\]ptP�oXKbPXXi�MkÒpVPXXi�OkKNXY\]pbXYNY�ZKxKtP]xK�MkO�TYNY�XYtkXKVfXYNY�oXKbPXXi�
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ZY�MkOXYcPXXh�OY�6]7.���!"-NxKXpbXY�OYẐ\]ptP�oXKbPXXi�MkÒpVPXXi�OkKNXY\]pbXYNY�
ZKxKtP]xK�MkO�TYNY�XYtkXKVfXYNY�oXKbPXXi�ZY�MkOXYcPXXh�OY�?]7.�m-rkVfrk\]f�
ZPxPMpdPXf�OkKNXY\]pbXpt�ZKxKtP]xYt�tPn�?]7�ZxY]iNYt�bK\̂ �irpT�MkOMPOPXY�XK�
OkKNXY\]̂MKXXi�YOXYNY�MptkxhMKVfXYNY�rKXKV̂.�q-NxKXpbXP�oXKbPXXi �irP�MpoXKbKj�
XPYL̀kOX̂�rkVfrk\]f�ZPxPMpdPXf�OkKNXY\]pbXpt�ZKxKtP]xYt�tPn�?]7��OVi�MpiMVPXXi�
XP\ZxKMXY\]k��ZxY]iNYt�bK\̂ �dY�MkOMPOPXpT�XK�OkKNXY\]̂MKXXi�YOXYNY�MptkxhMKVfXYNY�
rKXKV̂�
5pxKo�const 1 �rYX\]p]̂PX]K�YOpXpak��YoXKbKj �dY�XK�Mp̀YOk�/-NY�MptkxhMKVfXYNY�

rKXKV̂�o.iMVij]f\i�\]KVpT�tKr\ptKVfXY�tYnVpMpT�Mp̀kOXpT�\pNXKV�
5pxKo�const 0 �rYX\]p]̂PX]K�X̂Vi��YoXKbKj �dY�XK�Mp̀YOk�/-NY�MptkxhMKVfXYNY�rKXKV̂�

o.iMVij]f\i�\]KVpT�tkXktKVfXY�tYnVpMpT�KLY�Mp̀kOXpT�\pNXKV�MkO\̂]XkT�MoKNKVk�
5pxKop�var (const 1) KLY�var (const 0) tKh]f�KXKVYNkbXk�oKoXKbPXpt�MpdP�oXKbPXXi �oK�

MprVhbPXXit�]YNY �dY�MkOZYMkOXK�XP\ZxKMXk\]f�MpXprVK�bPxPo�oLYl�KLY�]xpMKVP�
ZPxPMpdPXXi�ZKxKtP]xYt�tPn�?]7�
]xYaP\�OkKNXY\]̂MKXXi�MkOZYMkOXY�OY�tYOPVk�����MkOL̂MKj]f\i�]Krpt�bpXYt��]k\Vi�

oKrkXbPXXi�bPxNYMYNY�aprV̂�\rKX̂MKXXi�MptkxhMKVfXp̀�rKXKVkM�]K�Zxp�XPoKOYMkVfXp̀�
xPôVf]K]K̀�ZPxPMkxYr�XK�ZxPOtP]�MpiMVPXXi�XP\ZxKMXY\]PT�]pẐ�const 1 ]K�const 0
oOkT\Xhj]f\i�ZPxPMkxrK�XK�XP\ZxKMXY\]k�]pẐ�var (const 1)KLY�var (const 0)��9YrxPtK �irdY�
\pNXKV��̂�j-t̂�MptkxhMKVfXYt̂�rKXKVk�oK�bK\�ZPxPMkxrp�o.iMVij]f\i�m xKokM �ZxpbYt̂�m,q,
]Y�_Yxt̂j]f\i�Mp\XYMYr�ZxY�XP\ZxKMXk\]f�]pẐ�var (const 1) KLY�var (const 0)��a�
ZxY]pVPnXYt̂�MpZKOr̂ �irdY�0 < m < q �]Y�_kr\̂j]f\i�oLkT�M�afYt̂�MptkxhMKVfXYt̂�rKXKVk �
k�ZYbpXKj]f\i�XYMpT�aprV�\rKX̂MKXXi��JrdY�n�rkVfrk\]f�oLYlM�M�j-t̂�MptkxhMKVfXYt̂�rKXKVk�
ZPxPMpd̂j�OPirP�NxKXpbXP�oXKbPXXi�s,g �]Y�_Yxt̂j]f\i�Mp\XYMYr�ZxY�XP\ZxKMXk\]f�]pẐ�
var (const 1)KLY�var (const 0).
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rKXKVkM�o�tYnVpMk\]h�xYoZkoXKMKXXi�oXKr̂�\pNXKV̂ �K�]KrYn�\PX\YxkM�rYt̂]Kakl�]K�XKZx̂Np�
npMVPXXi��?rxkt�]YNY �XPYL̀kOXY�oKLPoZPbp]p�YLxYLr̂�kX_YxtKakl�]K�MpMPOPXXi�ll�XK�PrxKX�
OVi�MkôKVfXYNY�rYX]xYVh�\]KX̂�OY\VkOn̂MKXYNY�YL.jr]K �K�]KrYn�oM.ioYr�o�]8?=�MPx̀XfYNY�
xkMXi�OVi�oLPxPnPXXi�]K�ZYOKVfcYl�YLxYLrp�kX_YxtKakl�
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Pr\]xPtKVfXpT�xkMPXf�\pNXKV̂ �]K�MxK̀ M̂KXXi�ZKxKtP]x̂�oLYlM�̂�rYnXYt̂�MptkxhMKVfXYt̂�
rKXKVk �OYoMYVij�ZkOMpdp]p�irk\]f�OkKNXY\]̂MKXXi�8]�M�akVYt̂�k �oYrxPtK �KM]YtK]pbXp̀�P;]�
TYNY�\p\]Ptp�rPx̂MKXXi�
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