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6 
 � � KMhMc UVg�^XKXcO[QKZNHcnPSYVR�YVhMhZKZ^-^lcnU cnivK*iQPTc WXYqcnPTU'9 `VYqW-d PSNvk YqhZhZKM^X^ ��Yqc-cnKMWXNT9
�pu��}b �;PTx�PSRSYVWXRad cnUfcniQK ^-cjYocnPTh YVhMhZKM^X^ ��YocXcnKMWXN hZYV^XKZ9 cnivK iQPac WXYqcnPTU Uqg
cniQK WXYVN'`QUbx cnW-KZKFYVhZhMKZ^-^,PT^�[vNQ^-cnY8]QRTK�\ PacnifR YqWXkbK*hZYVhjiQKF^XP��ZKZ^Xb 	�	�	
	�	 �V�
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6b� JliQKfK �}KZhMc UVg�cniQK����2� _�cXiQWXKM^XiQUVR `�cnU cniQK iQPacyWnYqcXPSU'b & Pacni ^{cjYqcXPSh
YVhZhMKZ^-^ ��Yqc-cnKZW-NQ^/9(cXiQK cXiQWXKM^XiQUVR `!UVg �8b �:9�cniQK ��r _ hZYV^XKZ9�PS^%UP]H`;PTUb[Q^-RTd
cniQK*UV�vcnPTxyYVR}`qYVRT[QK8b & Pacni kbPa`bKMNf`qYVW{d;PTNQk�YVhMhZKM^X^���YqcXcXKZW-NT9�Y cnivWXKZ^-iQUbRq`
UVg �:b �1\ Ub[QRq`p� KZW{gwUbWXx
cniQK�] KZ^-c]Yqc ^-xyYVRSR hZYVhjiQKF^XP��ZKZ^Xb 	
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6 C JliQK,K � KMhMclUqg cniQK]NO[Qx1] KZW Uqg2������_ RTPS^{cn^�cXU%cnivK,iQPac WXYqcnPTU'b(JliQK,N [vx O
]}KMWlUVg�RSPT^-cX^ ^-cjYZ]QPSRTP��ZKZ^+\ iQKMNpPac WXKZYVhjiQKM^�cXiQK*NO[Qx1] KZW UVg�`QPT^-cXPSkb[vPS^-i�Y8]QRTK
YVhZhMKZ^-^%gwWXKXcO[QKZNQhMKZ^ PTN cXiQK ^{d ^-cnKMx 9�PSN~cniQPT^ hZYV^XKZ9�cnivK NO[Qx1] KZW%UVg cXWXKZK
RSKm`bKMRS^*PTN2cniQKFcjY8]vRSK [v^XK/`9PTN2cnivK1] KZNQhjiQxyYVW-L { � RSKm`bKMRS^ PTNQhZRT['`QPTNQktWXU UVc
YVN'` RTK5Y5`bKM^_|sb$	
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6PQ JliQK*K �}KZhmc UVgY������_ ��YVWnYqxyKmcnKMWX^ cnU cXiQK*iQPaclWnYocnPTU'9vhZYVhjiQK ^XP��ZK � C �QYVkbKZ^Xb C 6
687 JliQK*K �}KZhmc UVgY������_ ��YVWnYqxyKmcnKMWX^ cnU cXiQK*iQPaclWnYocnPTU'9vhZYVhjiQK ^XP��ZK C 
 �QYVkbKZ^Xb C �
6V� JliQK K � KMhMc Uqg@�~�2� _ ��YVWXYVx�KMcnKMWX^ cXU cnivK iQPac WXYqcnPTU'9(hZYVhjiQK ^-P �MK 6+�+
F7

��YVkbKM^/b 	�	
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� � ��Ubx���YVW-PS^-UbNpUqg(YVRTR ^XPTx [vR YqcXK/` YVRSkVUbWXPacniQx�^X9�WnYVN'`vUbx YVhMhZKZ^-^]UVNQRTd8b 	
	�	 C �
� � ��Ubx���YVW-PS^-UbNpUqg(YVRTR ^XPTx [vR YqcXK/` YVRSkVUbWXPacniQx�^X9'\ PTcXip^-K/cO[QKZNHcXP YVR�YVhMhZKZ^-^/b 	�	 CPC
� 6 ��Ubx���YVW-PS^-UbN UVg�YVRSR}^XPTx [QRSYqcXK/`pYVRSkVUbWXPacniQx�^X9QWnYVN:`QUbx
YVhZhMKZ^X^�UbNQRadP9vWXKZRSYKO

cnPa`bK*cnU>�2� _}b 	
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	�	 C Q
��� ��Ubx���YVW-PS^-UbN�UVgFYVRTR,^XPTx [vR YqcXK/` YVRTkbUbWXPacnivxy^X9@\ Pacni�^-K/cO[QKZNHcXP YVR YqhZhZKM^X^X9

WXKMR YqcXPT`VKFcXUe����_}b 	�	�	
	�	
	�	
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	�	 C 7
� 
 JliQKz�2� _�RTPS^{cLb �2� _�WXKZ�vR YVhMKZx�KZNHct� UbRTPShmd�h5YVN ]}KfPSx��QRTKZx�KMNOcXK/`�PTN

^XUVg cn\�YVW-K][Q^-PSNvk Y ^XPTNQkbRTK�]QPq`QPTWXKMhMcnPTUbN�YqR RTPT^-cL9 UbNh\ iQPThji cniQK ��YqkbK PS^ WXKMPSN-O
^XKMW-cnKX`pKZYVhjipcXPSx�K Pac]PT^�YVhZhMKZ^-^XK/`d9 cXi [v^�LqKZKM�QPSNvk cniQK RTPS^{c�PSN��2� _ UbW�`vKZW/b 7F6

� � \]Pac WnYqcXPSUyYV^�Y gw[QNQhmcnPTUbN Uqg hZYVhjiQK ^XP��ZKZb ueNHcnKMW-`qYVRT^,YqN'`�`vPS^-hZUbNHcnPTNO[QPacnPTKZ^/b 7 �
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� �]YqN'`QUbx W-KMgwKZW-KZNQhMK cnPTx�K PTN2xyYVPSN xyKMx�UbW-d89 hZUbx���YqWXPT^XUbNz] KMcn\ KZKMN ^XK_O
`bKMWnYVR �QW-U;hMKZ^-^XUbW-^,YVN:`f`qYVW-PSUb[v^�hZYVhjiQK ^XP��ZKM^/b 	
	
	�	
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	�	�	
	�	 C

6 �,[vcXUbxyYqcnPTh�UbW �pYVNO[�YVRM�,RTkbUbWXPacnivxy^Xb=�,[vcXUbxyYqcnPTh3YqRSkbUVWXPacniQx�^ YVWXK�gw[QRSRad
^XKMRTg O hZUbNHcjYqPSNQKX`T9v^-KZx�P O YV[vcXUbxyYqcnPTh3YqRSkbUVWXPacniQx�^ [Q^XK]hZUbNHcnK ^ c PTNvgwUbWXxyYqcXPSUVN
YVN'` xyYVNO[�YqR YVRTkbUbW-PTcXiQx�^ K_^;� KZhMc�K ^ cnKZW-N�YVR PSNvgwUVWXxyYqcnPTUbN RTPTLVKtiQPTNHcn^ UbW
`�YqcnY ced � K8b 	�	
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� ��Ubx���YVW-PS^-UbN UVg � � � � � � YVN'` ������_}bsJliQKFPSNHcnKMWXKM^-cnPTNQk �vWXUb� KZW{cedpUqg
cniQK����2� _BYVRTkbUbWXPacnivx PT^�� { �Z| cXPSx�K hZUVxy�vRSK ^vPacedPb 	
	�	
	
	�	
	�	�	
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 �;PTx [QRSYqcnPTUbN9cjYZ]QRSK ^{cnW-[QhMcX[QWXKZb JliQKh`�YqcjY PT^*^-cXUbWXKX` PTN RSKZY5`bKZ^%YVN'`9cXWXKZK
NQUB`QKZ^*hMUbNHcjYVPTN LVKMdFO �}UbPTNHcnKMWF�QYVPSW-^*UbNQRadP9�6�� � WnYqcXPSU�] KZPTNQk,��RTRSKX`~[v�~UVN
Y5`bKZWXYVkbKZb 	
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r PTWX^{c�YVN'` gwUbWXKMxyUV^-cL9vu cniQYVNQL xFdt�QWXUqgwKZ^X^-UbW/9!��R z-YV^]�;UbPT^nYVRTUbN-O �;UbPTNQPTNQKZNT9QgwUVWliQPS^ KMNQhZUb[BO
WnYqkbKZx�KZNHc/9 ^-[Q�Q� UbW-c�YqN'`p�QYqcnPTKZNQhMK8b
u cni�YqNQL�
VUVi�YVNQNQKM^�\]KMR YqN'`QKZWX9OJ�KMWXUf�*Pa`;PTNQKMNT9B3�KZW�O
��]LVK�� YVWX^-UbNT9 � c-cnUf��[QWXx�PV9#� KMNQNQKmcni
� LO^nYVNQKMNT9s\]KMPSLOLOP��vYVPTLOLVUbNvKZNT9sYVN:`fJ�YqcX[u�*R |UbNQKZNd9'\ iQU kHY5`bK*`qYVRT[�Y8]QRTK*hZUbx�x�KZNHcX^]YqN'`
Pq`QK5YV^ UbN cXiQPT^ \�UbW-L!b u YVRT^XU cniQYVNQL YocXcnKMN'`QKMKZ^ UVg�cniQK �3PT^-cXWXPq]Q[vcnKX` � � KZWXYqcnPTNQk � d ^-cXKZx�^
YVN'`)� YVhji ^XKMxyPTN�YVW�`Q[QW-PSNvk2�;�vWXPTNQk �5�b�F6 PSN \]KMRS^-PSNvL P _]NvPT`VKZWX^-PTced UVg J�KMhjiQNQUbRTUbkVd9gwUVW
hZUVxyx�KMNOcX^FYVN'` NQUVcXPTg d PTNQk xyK cXi�Yqc*cXiQPS^*x�PTkbiHc�]}K�Y NvKX\
P `QKZY \�UbW{cnij`QU hZ[Qx�KZNHcXPSNQk:9
\ iQPThji u i�Y8` NQUVc�WXKZYVRTRTd cXiQUb[QkViOc�Pac cnUh]}KZb
u cniQYVNQLfx%dp��YVWXKMNHcn^/9}cniQK x�KMx1] KZWX^*Uqg(cniQK �;i�Y8`QUG\ ^
`QYqcjY8]QYV^XK ^{d ^-cnKMx/�QW-Uqz{KZhmcL9 YqN'`
NO[Qx�KZW-Ub[Q^ gwWXPTKZN'`Q^ gwUbW*cnivKZPTWFKMN'`QRTKZ^-^ �QPThjLOPSNQk YVN'`~WXKMxyPTN'`QPTNQkpxyKyY8] Ub[vcFkbKmcXcXPSNQk cnivK
\ UbWXL `vUbNQK8b
JliQK���WX^{cL9�[QN ��NQPT^XiQKX` `bKMWX^XPTUbNpUVg cXiQK��~�2� _I��YqkbK WXKZ�vR YVhMKZx�KZNHc3YVRSkVUbWXPacniQx \ Yq^@\ W-PTcRO
cnKMNpPTN ���b� �-b�JliQK ��WX^{c�YVhMcX[�YVR PTxy�vRSKMxyKMNHcjYqcXPSUbNy\ Yq^�PTNQhMRS['`vK/` PTNtcniQK ^-i�Y8`QUG\ �QYVkbPTNQk
�QW-UVcnUVced � K�\ W-PTc-cnKZN PSN�� �QWXPTNQkD���V�F6�� QP6���cnUVkbKMcXiQKZWe\ PTcXiDJ Yocn[ �3R |UbNvKZNT9 \ Pacni Y gwKX\
^XPTx��QRTP ��hZYqcnPTUbNQ^Xb JlivK%YqRSkbUVWXPacniQx i�YV^+] KZKMN gw[vRSRad PTx��QRSKMx�KZNHcnKX` PTN cXiQKF�;i�YZ`QUG\ ^@`QYqcjYKO
]�YV^-K ^-d ^-cXKZx�YVN'`fPSN �~��� �l� h5YVhjivK%^-PSx%[QR YocnUbWXb
u cniQYVNQL}� RTP��5Y8] KMcXi�
:b � � ��KZPTR09P3 YqcXWXPThjL �+b � � �]KMPSRvYVN'` � KZWXiQYVW�` & KZPTLO[QxBgwUbW �QW-U�`;Pq`QPTNQk
x�Kf\ PTcXifcXiQKZPTW@����_�O�� ^XPTx [QRSYqcXUbW]KMNH`;PTWXUVNQx�KZNHc*YVN:`fW-KMgwKMWXKZNvhZK ^{cnW-PSNQkV^/b

�



� � � &() � � � � &(4 � �

ueN YZ]Q^-cXWnYVhmcFcXKZW-xy^X9(Y h5YVhjivK PT^ Y ^X[:]Q^XKmc UVgN`�YqcnYfPacnKMxy^X9 ^{cnUbW-K/` PTN~^-cnUVWnYVkbKh\ iQPThji PT^
g YV^{cnKZWFcni�YqN cniQK ^-cnUVWnYVkbKycniQK>\ iQUbRTKu`�YqcnY ^XKmc PT^ PSNdb JliQK RSYqc-cnKZW%PS^ UVg cnKMN h5YVRTRTK/` cnivK
^XKMhZUbN:`�YVW-d~^{cnUbWXYVkbK8byJliQKy^X[']v^XKMc PS^F[Q^-[�YVRTRTd RTPSx�PacnKX` PTN ^XP��ZKZ9 YqN'` cXiQK�hZUbNHcnKMNHcn^ Uqg Pac
xyY5d!hji�YVNQkVK8b�ueN�UqcniQKMWh\ UbW�`Q^/9N`�YqcjY9PacnKMxy^yPTN Pac�xyY�d ] KtWXKM�QRSYVhZKX` ]Hd UVcnivKZW `�YqcnY
PacnKZx�^ gwWXUbx cniQK�`�YocjY ^XKmcLb
�,N!K ^vYVx��QRSK \ Ub[QRq` ] KtY2hZUbx��Q[;cnKZW ^-d ^-cXKZx � ^h`QPT^XLH]Q[��}KZW hZYVhjiQKZ9 PTNHcnUz\ iQPThji�Y ^XKmc
UVg gwWXKXcO[QKZNHcnRad~YVhMhZKZ^-^XKX` UbW,R YqcXKZRad YVhMhZKZ^-^XKX`H`QPT^XL ��YVkbKM^ YVWXK ^{cnUbW-K/` PSN9UVW�`QKMW3cnU Y5`bUbPq`
WXKMRSUbY8`QPTNQkycXiQKZx PTg�cniQKmdfYVWXK NQKMK/`QKX` ^-U;UbNfYVkbYVPSNdb
�Bx�U-`QKMWXNphZUbx��Q[vcXKZW�[Q^X[QYVRSRadfi�YV^ ^XKm`bKMWnYVR�h5YVhjivKZ^�
}PSNpY8`'`vPTcXPSUbNfcnUyh5YVhjivPSNQk>`QPT^XL�`�YqcnY
PTNOcXU x�KZx�UbW{dP9�cniQKMWXK YqWXK�UbNQKyUbWFxyUVWXKyh5YVhjiQKM^1] KMcn\ KZKMN cniQKyxyYVPSN x�KZx�UbW-d YVN:` cnivK
� 3 _ UVg cXiQK�hZUbx��Q[;cnKZWXb JlivKyhMUbx��Q[vcXKZW/� ^F�QiHd;^-PShZYVR xyKMx�UbW-d9Pacn^-KZRaglPT^F[v^XK/` cnUfh5YqhjiQK
cnivK ` PTW-cX[�YVR x�KZx�UbW{dPb

Disk

CPU

External Cache

Registers
TLB

MEMORY

Disk Controller Cache

Disk Builtin Cache

DISK

Operating System Buffer Cache

Internal  Cache

r PTkb[QW-K �P�,� YVhjiQKM^*PSN Y x�UB`QKZW-N9hZUbx��Q[;cnKZW,^-d ^-cXKZx b%� 3 _�9 x�KZx�UbW{d2YVN:`<`QPS^-LO^3gwUbWXx
Y iQPTKZWnYqWXhjiHdfUVg x�KMxyUVWXPTKZ^]YVN'`fh5YVhjiQKM^/b
JliQK �QW-PSxyYVW{d [Q^-KFUqg(Y hZYVhjiQK PS^lcXU KZNQi�YqNQhZK*cnivKF� KZW{gwUbWXxyYVNvhZK*UVg Y hZUbx��Q[;cnKZW ^{d;^{cnKMx
]Hd WXKX`Q[QhZPTNQkycniQKFY5`bKMWnYVkbK cnPTx�K*cnUyYVhZhMKZ^-^�`�YqcnY:b � YVhjiQKM^]W-K/`Q[QhMK%cXiQK U `VKZWXYVRSR hMUb^-c�UVg Y
hZUVxy�v[vcnKMW%^{d;^{cnKMx ]Hd~YVRTRSUG\ PTNQkpcXiQKy[Q^XKyUVg ^-RSUG\ KZW YVN'`~RSKM^X^ K ^;�}KMNQ^XPa`bK hMUbx��}UVNQKZNHcn^Xb
� YVhjiQKM^ xyY�d YVRT^XU9^-KZW-`VKtUVcnivKZW �Q[vWX� Ub^XKM^ PSN YZ`'`QPacnPTUbN cnU2W-K/`Q[vhZPTNQk2cniQK YVhZhMKZ^X^ cXPSx�KZb
r�UbW�K ^vYVx��QRSKZ9QPTNt�}UbW{cjY8]vRSK]hZUbx��Q[vcXKZW-^lh5YVhjiQPTNQk UVg2`vPS^-Lu]QRTU;hjLO^lhZYVN ] K3[Q^XKX`tcnU W-K/`Q[QhMK
cnivKlN [vx1] KZW UVgscnPTxyKM^�cniQK i�YVW�`h`QPS^-L NQKMK/`Q^ cnUf] Kl^X�QPTNQNQKX` [Q�yYVN:`ycXi [v^ W-K/`Q[vhZK KZNQKMWXkVd
hZUVNQ^X[Qx��vcXPSUVNTb

6
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�=hZYVhjiQK*hZYVN ] K,^XKMKZNfYV^�Y ^-cXUbWXK3PTNHcnU1\ ivPShji `�YqcnY%PacnKMxy^	�QU�\�PTN YVN'` Ub[vcLb � Ubx�K�`�YqcnY
PacnKZx�^�^-cnY�d PSN cniQK hZYVhjiQK RSUVNQkbKZWlcXi�YVNtcniQK UVcXiQKZWX9'\ PTcXi Y W-Ub[Qkbiy`QPa`;PT^XPTUbNpUVga`QYqcjY PTNOcXU
`�YqcnY~PacnKMx�^ YVhMhZKM^X^XKX` UbNQhMK89 W-KZ^X[vRTcXPSNQk~gwWXUbx ^XK/cO[QKMNHcnPSYVR,YqhZhZKM^X^ YVN'` RTUbNQkVKZW�WXKM^XPq`QKZNHc
`�YqcnY PTcXKZx�^�gwUVW �-iQUVc ^-�}UVcX^ �'b JliQPT^�PS^ PTRSRT[Q^-cXWnYqcXK/`fPSNpr PTkb[QW-K16Bb

In

Out

Skewed 
Access

Repeated access

Long lifetime

Short lifetime

Sequential Access

r PTkb[QW-K
6-��JliQK �QU�\�UqgT`�YqcnYFcXiQWXUb[vkbi YFh5YVhjivK8b �;Ubx�K@`�YqcjYFhZUbx�KM^ YVN'` YVN'`>`QWXUb�v^ Ub[;c
WXPTkbiHc]YL\ Y5dP9sUVcXiQKZW+`QYqcjY xyY5d ^-cjY5dtPTN cniQK h5YqhjiQKFgwUVW Y�RTUbNQk�cnPTx�K8b

�



����� ���
��
������	� �
��� � 
�
���� � ��� 
�� 


� �Kw
p8o oTw��xk�tuk_t �Ki�� � �}p8o � �Fk��

JliQK UbW-PSkVPSN�YqR x�U-`vKZR Uqg�Y hZUbx��Q[vcXKZW
\ Pacni~Y xyYVPTN9xyKMx�UbW-d UVg hZUbNQ^{cjYVNHcFYVhMhZKM^X^3cnPTx�K
YVN'`fu � � `QKM` PThZKZ^@\ PTcXip^-RSUG\ KZW]YVhZhMKZ^-^]cnPTx�K PS^ NQU�RTUbNQkbKMW `qYVRTPq`Tb
�(`bKMN PSNyxyYVPTN x�KZx�UbW{d \�K�i�Y5`bK]^XKM`VKZWXYVR}RTKM`VKZRT^�UVg h5YVhjivKZ^/9 ced �QPShZYVRTRTd Yqc RTK5YV^{c YVNyPTNOcXKZW�O
N�YVR �QWXU hZKM^X^XUVW%hZYVhjiQKyYVN'` YVN K_^ cnKMWXN�YqR hZYVhjiQKZbyJlivKyRSYqcXKZ^-c��]RS�QiQYf�QW-U;hMKZ^-^XUbW { 6 �b� C 
-|
gwWXUVx/�3PTkbPacjYVR�i�YV^3cn\ UfRTKM`VKZRT^%Uqg PTNHcnKMWXN�YVR h5YVhjiQKM^/b ueN~Y8`'`vPTcXPSUbN2cXU PSNHcnKMWXN�YqR(�QWXU hZKM^X^-UbW
h5YqhjiQKZ^X9 cniQKMWXK PT^ { Yoc3RTK5YV^{cX| J��2��9 cniQK J�WnYqNQ^XRSYqcnPTUbN<� U UbLoYV^XPq`QK � [�� KMW/9 Y ^XxyYVRTR h5YqhjiQK
gwUbW cniQKFxyYV�Q�QPTNQkb^�gwWXUbx�` PTW-cX[�YVR x�KZx�UbW-d Y8`'`vWXKZ^-^XKM^,cnU �QiHd;^-PShZYVR x�KMxyUVW-dpY8`'`QW-KZ^-^XKZ^Xb
r�UbW hM[QWXW-KZNHc��QW-U;hMKZ^X^-UbWX^X9 Y x�KZx�UbW-d YVhZhMKZ^-^ x Y5d hZUb^{c,z{[Q^{c�Y8] Ub[vc YqNOdOcXiQPSNvk gwW-Ubx �
N�YVNvUb^XKMhZUbN'`v^ cnU<6fxyPThZW-Ub^XKMhZUbN:`Q^/bz�]hZhMKZ^X^-PSNvk YqN u � � `QKm`;PThZKZ9 RSPTLVKtYy`QPT^XL!9 \ PSRTR YZ`'`
YVNQUqcniQKMW g YqhMcnUVWlUVg��-� � � cnU�cnivK%YqhZhZKM^X^ cnPTx�K8b
J�U kbKmcyY~�vPShmcn[QW-KfivU�\ g YVW cniQK `�YocjY9WXKZYVRSRad!PT^/9 PTcyhZUV[QR ` ] KfhMUbx���YVW-K/` \ PTcXi YVhMhZKM^X^
cnPTx�KZ^ UVg Yt�QiHd ^XPTh5YVR�UP] z{KZhMc/9 ^nY5dP9�Y ] U;UbL { ^-KZK�r PTkb[QW-K � 9 gwWXKMKZRad Y8`�YV�;cnK/`9gwW-Ubx � 6 C � |sb
�,hMhZKM^X^XPTNQk Y+\ P `vK YVW-K5Y NQKMcn\ UbWXL { & �
�f| PTNQ^-cXK5Y8` UVg�Y]� 3 _ WXKMkbPT^-cnKMW�\ Ub[QRq` ] K W-Ub[QkbivRTd
hZUVxy�QYVWnY8]vRSK3cXUykVKMcXcXPSNvk Y ] U UbLygwW-Ubx
cXiQK*NQKZYVWXKM^-c�^-cnYVW ^-d ^{cnKZx PTNQ^{cnK5YZ`pUVg dVUb[QW+`QKM^XL!9
PTNfcXKZWXx�^ UVg YVhZhMKZ^-^]cnPTx�K8b
�*KZNQNvKMcni � LO^nYqNQKZNfYqc�\]KMRS^-PSNQLOP _�NQPT`VKZW-^XPaced UVg J�KZhjiQNvUbRSUVkVd WXYVN � KZW-gwUVWXxyYVNQhMK,cnKM^-cn^�UbN
^XKm`bKMWnYVR�hMUbx��Q[vcnKMW ^-d ^-cXKZx�^/9;YVN'` cnivKlWXKZ^-[QRacn^ ^XiQUG\ hZRTK5YVW-RTd ivU�\ `QP�� KMWXKMNOc cXiQKlR YocnKZNvhZPTKZ^
h5Yq[Q^XKX` ]Hd YVhZhMKZ^-^ cnPTxyKM^ cnU x YqPSN!x�KZx�UbW{d hZYVN ] K � 
b� �0b2JliQK cnKM^-cX^1\�KMWXKtW-[QN)\ Pacni
Y �vWXUbkbWXYVx \ iQPThji<`QPq`2WnYVN:`QUbx WXKmgwKZW-KZNQhMKZ^*PTNOcXU x�KZx�UbW{d2YqWXK5Yq^]UVg `VYqWXPTUb[Q^,^-P �MKZ^Xb3�;KMK
J�Y8]QRTKy�8b
JliQK9^{cnKZ�v^fPTN cniQK xyKMx�UbW-d�YqhZhZKM^X^tcnPTx�KZ^thZYVN ]}K2KZYV^XPTRad K_^;�QRSYVPTNQK/` ]HdDh5YqhjiQPSNvk Yoc
`QP�� KMWXKMNOc]RTKM`bKMRS^X�

�Pb�rsYV^{cnKZ^{c x�KZx�UbW-d PS^(cXiQKl�QWXU hZKM^X^-UbW�h5YVhjivK89HcniQK ^-P �MKlUVg!\ iQPShjiyced �QPShZYVRTRTd PT^�^XUVxyK_\ O
iQKMWXK�] KMcn\ KZKZN~� �F6 
 ]OdOcXKZ^]YVN'` C 
bL>]OdOcXKZ^/9 YVN:` \ ivUb^XKFYVhMhZKZ^-^lcnPTxyK*`qYVW-PSKM^ gwWXUbx
� cnU � � NQ^Xb

6-b u g�cniQK `�YocjY9PS^�NQUqc�PSN cniQK �QW-U;hMKZ^-^XUbW�h5YqhjiQK89 PTcyPT^yRTU UbLVKX` [Q� PTN�cXiQK K_^ cnKMWXN�YqR
hZYVhjiQK89�cXiQK ^XP��ZKFUVgY\ ivPShji2[v^X[�YVRTRadt`VYqWXPTKZ^lgwWXUbx C 
bLu]HdOcnKM^]cXUf�G�D]HdOcnKM^/9}YVN'` PTcX^
^-�}KMK/`p`qYVW-PSKM^�]}Kmcn\�KMKZN � ��YVN:` � ��Nv^/b

� b u gFcniQK ��W-^-cpYVN'`<^XKMhZUbN:`=h5YqhjiQKZ^ g YVPTR09�cniQK~YVhmcn[�YVR*x�KMxyUVW-d i�Yq^ cXU ]}K~YVhMhZKZ^�O
^-K/`Tb=�]hZhZKM^X^�cXU hMUbx�xyUVNQRTdy[Q^-K/`t�,d N�YqxyPTh��@�
� { �f���f� |�hMUb^-cX^ YVW-Ub[QN'` �+� cXU
� �+�VNQ^/b


'b � Kmc3YVNvUVcniQKMW]^{cnKM� PT^]hZYV[Q^XKX`z]HdpYy� Ub^X^-P ]vRSK J��2�<xyPT^X^X9}PTK8b cniQK ` PSW{cn[�YVR�Y8`'`vWXKZ^-^
W-K/cO[QKZ^{cnKX` PT^�NQUVc xyYV�Q� K/`h]Hd�Y3��YVkVK cjY8]QRTKlKZNHcXW-d PTN cniQKlJ��2��bbJlivK�J��2�!WXKMRSUbY8`
PT^ UVg cXKZN hMUb^-cXRTd89�YV^%PTc PSNH`bUVRT`VKZ^�YpcXWnYV� YVN'` { �}Ub^-^XPq]QRad ^-UVg cn\ YqWXKK|*WXKZRTUHY8` UVglcnivK
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^-cXUbWXKX`pPTNy`QP �}KZW-KZNHc]��YVW-cX^ UVg(Y hMUbx��Q[vcnKMW]^{d ^-cnKMx h5YVNy] KFiO[QkVK8b
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J�Y8]QRTK �P� ��YVN'`vUbx WXKmgwKZWXKMNQhZK cnPTxyK PSN x YqPSN xyKMx�UbW-d89�hZUbx���YVW-PS^-UbN ] KMcn\ KZKMN!^XKM`VKZWXYVR
�QW-U;hMKZ^X^-UbWX^]YVN'` `qYVWXPTUb[Q^ hZYVhjiQK ^XP��ZKM^/b

J��2�BKZNHcnW{d9[Q^XPTNQkf^XKm`bKZWXYVR x�KZx�UbW-d9YVhZhMKZ^X^-KZ^Xb J d;�vPShZYVR hZUb^{c UVg YtJ��2�BxyPT^X^ PT^
gwW-Ubx �+�+� cXU>6+� � � NQ^Xb

u c*^-KZKZx�^*cniQYqc3cnivK cnWXKMN'` PS^,kbUbPTNQk cnUtRSYVWXkVKZW*YVN:`9R YVW-kbKZW,�}UbW{cnPTUbNQ^3Uqg � 3 _�hjiQPT�~YVWXKZY
[Q^-K/` gwUbW hZYVhjiQKZ^X9QYV^ hZRTU hjL WnYqcXKZ^ hZUbNHcnPTNO[QK,cXU%kbW-UG\Dgw[QW-cXiQKZW YL\�Y�d�gwW-Ubx hjiQPT�T� ^ K_^ cnKMWXN�YqR
PTNOcXKZW{g YVhZKF^X� KZKX`Q^/b
ueN Y8`'`QPacnPTUbN cXU h5YVhjiQKyRTKM`bKMRS^1`QKZ^-hZWXPq] K/` KZYVWXRTPTKZW/9 cnivKZWXKyxyY5d ]}K�NQKMK/` gwUVWFx�UbW-K�RSKm`bKZRT^
UVg]h5YVhjivPSNQk:b �,N�K_^vYVx��QRTKfhMUb[QRq` ] K Y9h5YVhjivKfgwUbW�Yz`QYqcjY8]QYV^XK ^-d ^{cnKZx b��3PT^XL!YVhMhZKM^X^
cnivWXUb[QkVipcnivK%Ub� KZWXYqcnPTNQk ^-d ^-cXKZx�PSNH`bUVRT`VKZ^ Y hMUbNQ^-P `QKMWnY8]vRSK%U `VKZW-iQK5Y8`d9 Y ^{d ^-cnKMx�hZYVRTR cXU
cnivK Ub� KZWnYocnPTNQk2^-d ^{cnKZx LVKZW-NQKZRV9 UVg cnKMN!Y hMUb[Q�QRTKtUVg hZUVNOcXK_^ c�^�\ PacnhjivKZ^/9 KMcXh8b9J�U9Y5`bUbPq`
cnivPS^�x�Ub^{c=`�YqcnY8]�YV^-Kl^-d ^-cXKZx�^ [v^XK cnivKZPTW(UG\ NyhZYVhjiQK�YVN'` Uqg cnKZN�YqhZhZKM^X^�cnivK+`QKM` PThZK�`QWXPa`bKMW
`QPTWXKMhMcnRadP9!]Hd ��YV^-^XPTNQk cXiQK Ub�}KMWnYqcXPSNvk ^{d;^{cnKMx h5YVhjiQKZb
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�]Uqc UVNQRTdh`vU;KM^ hZYVhjiQPTNQk hjiQYVNQkbK cniQK@] KZi�Y5` PSUVW UVg}hZUVxy�v[vcnKMW ^{d;^{cnKMxy^�PSNyxyYVPSN x�KZx�UbW-d
YVhMhZKZ^-^/9']v[vclYVRT^XU%cniQK]PSNHcnKMRSRTPTkbKZNHc+`QPT^XLO^ \ Pacni ]v[QPSRac�O PSN h5YVhjiQKM^ YVWXK�xyYVLOPSNvk Ub[QW YV^X^-[Qx��-O
cnPTUbNQ^ Y8] Ub[vc iQUG\DcXU Ub�vcnPTxyYVRTRTd�[Q^-K]u � � `QKm`;PThZKM^ UP]Q^-UbRTKMcnKZb�J d �QPTh5YqRM`vPS^-L ^ i�Y5`bK�h5YVhjivKZ^

C



NQUG\ Uqg�cXiQKZPTW U�\ N YVN'` iQPq`QK�]}UVcXitcniQK kbKMUbx�KMcnW{d YVN'`f� KZW-gwUVWXxyYVNQhMKFhjiQYVWnYVhmcnKMWXPT^-cnPThZ^Xb
JliQPT^ PT^ Y x�P ^vKX`�]QRTKZ^X^-PSNvk'9�YV^�cXiQK,UV�}KMWnYqcXPSNQk%^-d ^-cXKZx�^�`QU NQUqc dVKMclW-K5YVRTRTd LONQUG\<UVg cnivPS^X9
YVN'` PTN ^XUbx�K h5Yq^XKZ^X9 �}KMW-gwUbW-x YqNQhZK�PT^ YVhMcX[�YVRTRTd RSUb^{c UbW3RTUVcn^*Uqg Pac PT^
\ YV^{cnKX`Tb �,NvUVcniQKMW
�QW-UP]QRTKZx \ Pacni=PTNHcnKMRSRTPSkVKZNHcz`QPT^XLO^fPS^ cnivK PTN�Y8]QPTRTPTced cXU W-KZ�QRSYVhZK~[QNQ^-[QPacjY8]QRTK UVWy]v[QkbkVd
WXKM�QRSYVhZKMxyKMNHc3UbWl�QW-KMgwKmcnhji2YqRSkbUVWXPacniQx�^/b
ueN �QYVW-cXPShM[QR YqW/9shZ[QW-WXKMNOc�`QPT^XLO^,i�Y5`VK �QW-UP]QRTKZx�^�\ Pacniy\ WXPacnKZ^XblJliQKMdy`QUy� KZW-gwUVWXx \ KZRTR�PTN
^XPTx��QRTK cjYV^-LO^,RTPSLqK WXKZY8`QPTNQk RSYVWXkVK1cO[�YVNHcnPacnPTKZ^,UVg=`�YqcnY PTN ^-K/cO[QKZNvhZK89�]v[vc]g YqPSR x�PS^-KZWXY8]QRad
\ iQKMN cnW{d PSNQkFcnU�\ WXPacnKlcnUFKM`VKZW{d UqcniQKMW~]vRSU hjL UbN cXiQK�`QPT^XL!b & PTcXi gwUb[vW���kbPTkHY8]HdOcnK�`QPT^XLO^
gwWXUVx�gwUb[QW�x Y z{UbW,xyYVNO[vg YVhmcn[QW-KZW-^ { \�3Y9su��+�H9d�pPThZWXUV�}UbRTPT^/9 � K5YVkHYocnKK|l9 YqRSR cnKM^-cnKX`z`QPT^XLO^
KZN:`QK/`p[Q� WXK/cO[QPTWXPTNQkyUbNQK WXKm`bUbRT[vcXPSUbNy] KMcn\ KZKZN K5YVhji \ WXPacnK PTNfcXiQPS^lcXKZ^-c/9�KM`VKZN�\ ivKZNpYVRSR
\ WXPacnK%h5YVhjivK Ub�vcXPSUVNQ^@\ KZW-K%cX[QWXNQKX`2UbNTb���[vWXWXKMNHc3NQK_\ ^]gwWXUVx R YV^{c�cO[�YqW-cnKMW]Uqgl���b�+
 YVW-K
^XivU�\ PTNQk cXi�YqcFcniQPT^F�QWXUP]vRSKMx PT^�]}KMPSNQk Y8`'`QW-KZ^-^XK/` ]Hd xyYVNO[vg YVhmcn[QW-KZW-^/b JliQPT^ i�YV�v�}KMNQ^
^X[vWX�QW-PS^-PSNQkVRTd RSYqcnKZ9 hZUbNQ^-P `vKZWXPTNQk cni�Yoc RSUVcX^*UVgN`�YqcjYtPT^FYVhZhMKZ^X^-K/`T9�NQUVc PTN~^XK/cO[QKMNQhZKZ9a]Q[;c
PTN cXiQKt^nYqxyK YqWXK5Y9UVg cXiQK�`QPT^XL!9 [v^X[�YVRTRad cniQKt^XYVx�KtcnWnYqhjLMb ueN ��YVW-cXPShM[QRSYVW/9 xyYVNHd ��RTK
^-d ^{cnKZx�^�`QU Y�RTUVc UVg cXiQPT^/9QcnW{d PSNQkycnU�Ub�vcXPSx�P��ZK cniQKFYVhMhZKM^X^XKM^,cnU�NQKZYVW�]HdtcXWnYVhjLO^]YVN'` �qUVW
^nYqxyK hmd;RTPTN'`QKZW�� � � �0b
� NQK,^-Ub[QW-hZK,Uqg �QWXU8]QRSKMx�^�PT^ cnivK*�Q�l�;u����QWXUVcXU;hMUbRV9B\ iQPThjiu\�YV^ NQUqc�UbW-PSkVPSN�YqRSRadh`QKZ^-PSkVNQK/`
gwUbW�YV^{d;NvhjiQWXUbNvUb[Q^,UV�}KMWnYqcXPSUbNdb
� YqcXKZW WXKm`;PT^XPTUbNQ^]UVg�cniQKF^-cnYVN'`�YVW�`piQY�`VK Y8`:`QK/`p^X[Q�Q� UbW{c
gwUbWf\ WXPacnK h5YVhjivPSNQk2YVN'` UqcniQKMWFgwKZYqcn[QW-KZ^FcnUf^X[Q�Q� UbW{c x [vRTcXPS�QRTK hMUbNQhM[QWXW-KZNHc hZUVxyxyYVN:`Q^
YVN'`pYV^{d;NvhjiQWXUbNvUb[Q^�Ub�}KMWnYqcXPSUVNT9x]Q[vc]YqclcXiQK hZUb^{c]Uqg(Y8`:`QK/`fhZUbx��QRTK_^;PacedPb
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JliQKFx�Ub^-c@]�YV^-PSh W-KZ�QRSYVhZKMx�KZNHc3� UbRTPShMPSKM^]YqWXK
� �	���~W-KZ�QRSYVhZK*cXiQK�� KZYV^-c�� KZhMKZNHcnRadp_]^XKX`p�QYVkbK8b

$�	���~W-KZ�QRSYVhMK cXiQK}�pUb^{c�� KZhMKZNHcnRadp_]^-K/`f��YVkbKZb
� � ���~W-KZ�QRSYVhZK*cXiQK�� KZYV^-c]r�WXKXcO[QKZNHcnRadp_]^-K/`f��YVkbKZb

 � ���~W-KZ�QRSYVhMK cXiQK}�pUb^{c,r�W-K/cO[QKZNHcXRTdp_]^-K/`f��YVkbKZb
� W � 
 �2W-KZ�QRSYVhMK,cniQK]��YVkbK@\ iQPThjiti�YV^ ] KZKMNtPSN cXiQK,hZYVhjiQK,gwUVW�RTUbNQkbKM^-c�cXPSx�K { r PTWX^-c�ueN

r PTWX^{c � [vcX|lb
� � $�5 
 
 � WXKZ�vR YVhMK Y WXYVN'`QUbx ��YVkbKZb
JliQK � r(_1�}UbRTPThMd~^XKMKZx�^ cnUpi�Y5`bK NQU �QWXYVhMcXPShZYVR [Q^XK UVcniQKMWFcXi�YVN!Yq�Q�QWXUL^;PTx YocnPTNQk cnivK
\ UbWX^{c h5YV^-K�gwUVW,^-cnYqcnPTh�YVhMhZKZ^-^%�QYqcXcXKZWXNv^/bFJliQK�UVcniQKMW3� UbRSPThZPTKZ^FYVRTR iQY�`VK�h5YV^-KZ^ PSNz\ ivPShji
cnivKMd��}KMW-gwUbW-x WXK5Yq^XUbN�YZ]QRTd8b �]^ x�Ub^{c �QW-UbkbWnYqxy^ykbKMNQKZWXYqcnK `qYVW{d PSNQk~ced �}KM^ UVg YVhMhZKM^X^
��Yqc-cnKMWXNQ^X9qcnivK~] KZ^{c W-KZ�QRSYVhMKZx�KZNHc(� UbRTPShmd PS^�[Q^-[�YVRTRTd ^-Ubx�KX\ iQKMWXK
] KMcn\ KZKMN cnivKZ^XK �}UVRSPThZPTKZ^Xb
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-|�gwUbW�`QPT^XL ]Q[��}KZW%h5YVhjivK xyYVN�YVkbKMx�KZNHc
{ � � � � � PS^ Y ^XPTx��QRSKu]Q[vc PTNQK_� hMPSKMNHcyYVRSkVUbWXPacniQx cXU2PSx��QRTKZx�KMNOce�2� _ WXKM�QR YqhZKZx�KMNOc/9
^XKMK 6-b � b 6#|sb
� YVNHd Ub� KZWXYqcnPTNQky^-d ^-cXKZx�^3hMRSKZYVWXRadf^X[��}KZW gwWXUbx
cniQPT^/9s� KZW-gwUVWXx�PSNvku]�Y8`vRTd PTN
iQPTkbi RTUHY8` UbWFR YVW-kbKy^XK/cO[QKMNHcnPSYVR ��RTK ^{d ^-cnKMx YqhZhZKM^X^ { ^XKMK r PTkb[QW-K�
-|lbf��RSKZYVWXRad YpRTUVcFUVg
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 � �
��UVg � 3 _
cnPTx�K
PT^�[v^XK/`fgwUbWl��YVkVK*WXKZ�vR YVhMKZx�KZNHc�`QKZhMPS^-PSUbNv^��
�;Km`bKZWXYVR UVcnivKZW x�UVcnPa`qYqcnPTUbNQ^lgwUbW+] KMc-cnKZW hZYVhjiQK ^-d ^-cXKZx�^,hZYVNy]}K ^XKMKZNT�

q ��KmcXcXKZWFh5YVhjiQPTNQkpPS^%YVN~PSx�� UbW-cnYVNHc PT^X^-[QK PTN ^-�}KMhZPSYVR YV�Q�QRTPShZYqcnPTUbNQ^�\ iQKMWXK PacFxyY�d
] K�`QPq�yhM[QRTc cXU i�Y5`VKFRSYVW-kbKFYVx�Ub[QNHcn^ UVg�x�KZx�UbW-d89sRSPTLVKFPSNfKZx}]}KX`'`QKX` ^-d ^{cnKZx�^Xb

q �]^3�QWXU hZKM^X^-UbW*^X� KZKX`~PT^3PTNQhZW-K5YV^-PSNvk g Yq^-cnKMW,cniQYVN cnivK ^X� KZK/` UVg�`vPS^-L `QKm`;PThZKM^/9 cnivK
hZYVhjiQKZ^yYVW-Kt[Q^XKX` xyUVWXKtPTNOcXKZNQ^-PT`VKZRadPb 
V[Q^{ch`QPS^{cnPTNQkb[QPT^XivPSNQkj] KMcn\ KZKZN �-i�YV^1]}KMKZN
[Q^-K/` � YVN'` �-i�YV^ NQUqc�]}KMKZN [v^XK/` �%PT^ NvU%RTUbNQkbKMW�^X[:�yhMPSKMNOc/9QYV^ YVRTRQcnivK�hZYVhjiQK���YVkbKM^
PTN�cXiQKfh5YVhjiQKpYVW-Kf[v^XK/`DYVRSR cXiQKtcnPTx�Ky\ iQKMN cXiQKpRTUHY8`�UVg]cniQK ^-d ^{cnKZx PTN iQPTkbiTb
r�WXKXcO[QKZNQhmd UbW UVcnivKZW g YVhmcnUbWlUVg�[Q^-K�\ Ub[QRq`�] K NQKZhMKZ^-^nYVW{dPb
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q �;PTx��QRTK YVRSkVUbWXPacniQx�^lRTPSLqK�����_=xyY�d NQUVc�] K3KX�yhMPSKMNOc�\ Pacni RSYVWXkbK*hZYVhjiQKM^/9�Pag�cXiQKZW-K
PT^ Y3^XKXc [vKZNHcnPSYVRsYVhMhZKZ^-^ ��YqcXcXKZW-NTb=�]U*xyYqc-cnKMW�iQUG\ RSYVWXkVK�cniQK�h5YVhjiQK PT^/9HPac �}KMW-gwUbW-x�^
]�YZ`QRTd9YV^ RSUbNvkpYq^%YqRSR(^-K/cO[QKMNOcXP YqRSRad YqhZhZKM^X^-K/` `�YocjY�`QU KZ^ NQUVc �QcFPTNHcnU cniQK�h5YqhjiQK
Yqc�Y cXPSx�K8b

q ��UVc�z{[Q^{clcniQK,iQPTc WnYqcXPSU Uqg cniQK�\ ivUbRSK*^{d ^-cnKMx�PT^ PSx�� UbW-cnYVNHcL9-]Q[vc YVRT^XU cXiQK*YVhMhZKM^X^
cXPSx�KZ^X9 cXiQKtcnWnYqNQ^nYVhmcnPTUbN�R YqcXKZNQhmd�YVN'`�hZUbx��Q[;cnKZW�W-KZ^X� UbNQ^-KfcXPSx�KpYVWXKt�vWXUP]�YZ]QRTd
] KZhMUbx�PSNQk PSNQhMWXKZYV^XPTNQkbRad PTx��}UVW-cjYqNOc/b=�3P��}KZWXKMNHctYVhMhZKZ^-^XKM^t^XiQUb[vR `DkVKMc `vP �}KZW-KZNHc
�QW-PSUVWXPacnPTKZ^/b ueN cniQK R YV^{c hji�YV�vcXKZW-^/9,PactPT^t^XiQUG\ N cniQYqc cnivK<]}KM^-ct� Ub^X^-P ]vRSK ��YVkVK
W-KZ�QRSYVhZKMx�KZNHc �}UVRSPThMd PS^�NQUVc YVR�\�Y�d ^ cXiQK�] KZ^{c UbNQK]gwUVW�WXKZYVR \ UbW-LMb�ueN g YqhMcL9;PTc�xyY�d
] K PSNvgwKMWXPTUbWlhZUVxy�QYVWXKX` KM`VKZNfcnUyY ^XPTxy�vRSK%WXK5YqRSP��5Y8]vRSK WXKM�QRSYVhZKMxyKMNHc3� UbRSPThMd8b
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�=hZYVhjiQK3x�PT^X^lPT^ YV^ K_^;� KZNQ^-PT`VK%Yq^�Pac
\ Ub[QRq`�]}K�cnU gwKmcnhji YVNHd>`�YqcjY gwWXUbx cXiQK,^-KZhZUVN'`�YVW{d
^-cXUbWnYqkbK8b=� KZh5Yq[Q^XK3Uqg cnivPS^X9;cnivK]iQPac WXYqcnPTUFPS^ PSx�� UbW-cnYVNHc�
OcniQK�WXKM�QR YqhZKZx�KMNOclYVN'` �QW-KMgwKmcnhji
YVRTkbUbW-PTcXiQx�^/9+\ iQPThji hMUbNHcnWXUVR]cnivK2^XKmc UVg�`�YqcnY PTcXKZx�^tPTNDcniQK2hZYVhjiQK YVW-K cnivK2�QWXPTxyYVW-d
cjYqWXkbKmcn^ UVg�WXKZ^-K5YVW-hji UbN hZYVhjiQK%YVRSkVUbWXPacniQx�^ UbNfhZUbx��Q[;cnKZW-^/b
JliQK \�Y5d cniQK�`QYqcjY2PT^�YVhZhMKZ^-^XK/`�PT^�YVNQUVcXiQKZW g YqhMcnUVW1\ iQPThji Y �}KZhmcn^ cXiQKth5YVhjivKf� KZW{gwUbWRO
xyYVNQhMK8b�JliQK�]}KmcXcnKMW cXiQK�WXKZ�vR YVhMKZx�KZNHc YqN'` �QW-KMgwKmcnhjitYVRTkbUbW-PTcXiQx�^ hZYVN kV[QKZ^-^N\ i�YqcN`�YqcnY
PT^�kVUbPSNvk�cXUh]}KFYVhMhZKZ^-^XKX`2NQK_^ c/9scXiQK�]}KmcXcXKZWlcniQK hZYVhjiQKf\�UVWXLO^/b
JliQK Ub�vcXPSxyYVR�^XPacn[�YqcXPSUVN gwUVW cniQKt^{d ^-cnKMx `QKZ^-PSkVNQKZW�PT^ \ iQKZN cniQK YqhZhZKM^X^���Yqc-cnKMWXNQ^yYVW-K
\ KZRTR�O L NvU�\ Nd9 `QU NQUVcFhji�YVNvkbK89 YVN'`j`QUpNvUVc i�Y5`bK PSNHcnKMW�`QKM�}KMN'`QKMNQhZPTKZ^Xb _]NvgwUbW{cn[QNQYqcnKMRTd89
cnivKZ^XKFWXKXcO[QPSW-KZx�KZNHcX^3YVW-KF^-KZRq`QUbx�gw[QRTR���RSRTK/`db
JliQK �QW-UP]QRTKZx�^*^-cnYVW-c�\ iQKZN `QKM^XPTkbNQPTNQkfY h5YVhjivK gwUbW3Y W-K5YVR�^-d ^-cXKZx 9�YV^,gwUbW,Y `�YqcnY8]�YV^-K
^XKMW-`VKZW,UVW gwUbW YVNfUb�}KMWnYqcXPSNvk ^{d;^{cnKMxyb
� PTc-cnRTKFUVW�NvU PTNvgwUbW-x YocnPTUbN UVg cXiQKFYVhZhMKZ^X^]��Yqc-cnKZW-N
xyY5d ] K*Y5`VYqPSRSY8]QRTK3PTN Y8`v`qYVNQhMK89�YVN:` cniQK3UVNQRTd PTNvgwUbWXxyYqcXPSUVN cniQK3hZYVhjiQK*^{d;^{cnKMx�kbKMcX^lYVW-K
cnivK�`QYqcjY�YVhMhZKZ^-^XKM^/b
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�3[QK cnU~cniQKfN�YqcX[QWXKfUVg3cXiQPS^e\�UVWXL!9�cnivK xyYVPTN K_^vYVx��QRTKZ^ YVWXKy`�YqcnY8]�YV^-KZ^ YqN'` { ��YVkbK�|
]Q[��}KZW hZYVhjiQKZ^Xb JlivK%�QW-KZ^-KZNHcnKX`2P `vK5YV^ xyY5dt^-cXPSRTR2]}K YV�v�QRSPTK/`fcnU�UVcXiQKZW�YV�Q�vRSPTh5YqcXPSUVNQ^/b
�,RTkbUbW-PTcXiQx�^/9 ��YqW-cnPThZ[vR YVW-RTd2PSN9cnivK ^X[QW{`bKMd2��YVW-c/9 YVWXK �vWXKZ^-KZNHcnKX` PTN9`qYVWXPTUb[Q^3gwUbW-xyYqcn^Xb u
\ PTRSR!\ WXPacnK�cniQKMx PTN cXiQK,^{ced;RTK]cXiQK,UVWXPTkbPSNQYVR YV[vcnivUbW [v^XK/`db JlivPS^ xyY5dyxyYVLVK]hZUbx���YVW-PS^-UbN
`QP��yhZ[QRacL9']v[vc W-KX\ WXPacnPTNQk cXiQK*YVRTkbUbW-PTcXiQx�^N\ Ub[QRq`ti�Y5`bK*WXKXcO[QPSW-K/` cXiQK,cnKX`QPTUb[Q^ �QW-U;hMKZ^-^ UVg
`bKMWXPag d PSNQktcXiQK WXK_\ WXPacXcXKZN YVRTkbUbW-PTcXiQx�^*YVN'`9� Ub^X^-P ]vRTdphjiQKZhjLOPTNQk cniQKMx \ Pacni2cXiQK UbW-PSkbPTN�YVR
YV[vcXiQUbW-^ gwUVWlhZUbW-WXKZhmcnNQKM^X^Xb
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JliQPT^ ^-KZhMcXPSUVN)]QW-PSK��Qdj`QKZ^-hZWXPq] KZ^ Y NO[Qx1] KZW%UVg �QYV�}KMWX^FUbN~h5YVhjiQKM^%gwW-Ubx cniQK�RSYqcnKf��� C �
cnPTRTR��5�b�+
'b�JliQKZW-K*YVWXK�YFN [vx1] KZW�Uqg YVRTkbUbWXPacnivxy^~`QKM^XhZW-P ] K/`tPTN cXiQKZ^-K,��Yq�}KMWX^�PTN YZ`'`QPacnPTUbN
cnUyYVNQYVRTd ^-PS^]YVN'`y`QPT^XhZ[v^X^XPTUbN9YZ]}Ub[;c UVcniQKMWlh5YVhjivK%W-KZRSYqcnKX`fcXUb�QPThZ^/b
�;Km`bKZWXYVR�UVg cniQK �QYV�}KMWX^ �QW-KZ^XKMNHcnK/` iQKZW-K�hZUb[QRq` ]}K hMUbNQ^-P `QKMWXKX` hZRSYV^-^XPThZ^/92\ iQPThji YVW-K KZ^�O
^XKMNHcnPSYVR cnU ] K3g YVx�PSRTPSYVW
\ PacnitcnU kbKmc�Y �QPThMcn[vWXK*iQUG\ hZYVhjiQK*�QW-UP]QRTKZx�^ i�Y5`bK�] KZKZN ^-UbRT`VK/`
] KMgwUbW-K8b
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JliQK YVRSkVUbWXPacniQx�^�i�Y5`bK}`QP �}KZW-KZNHc3�vWXUb� KZW{cnPTKZ^/9 ]Q[vc]^XUbx�K%L PTN'`2Uqg(kbKMNQKZWXYVR hZRSYV^X^-P ��hZYqcnPTUbN
NQKMK/`Q^ cnUh] Kf`QUbNQK*gwUbW hMUbx���YVW-PS^-UbNTb JliQK*cn\�Uyx�Ub^-c PTx��}UbW{cjYVNHclcXiQPSNvkb^+\ iQPShjipNQKZKX`fcXU
] K+`QPS^{cnPTNQkb[QPT^XivK/`tYVW-K cniQK W-K5YVRTP �ZY8]QPTRSPacedyYVN'` \ iQKmcniQKMW cXiQK�YVRTkbUbWXPacnivx�WXKXcO[QPSW-KZ^ K_^ cnKMWXN�YqR
PTNvgwUbWXxyYqcXPSUVNpcnU Ub�}KMWnYqcXK%UVW]NQUqcLb � cniQKMW,hZRSYV^-^XP���h5YqcXPSUVNQ^*hZUb[vR `z] K�]�YV^XKX`9UbNpcXKZhjiQNvPShZYVR
xyYqcXcXKZW-^�UVWlUbNfcXiQK ^X[QPacjYZ]QPSRTPacedtgwUbW+`QP�� KMWXKZNHc,YV�Q�QRTPTh5YqcXPSUbNv^/b
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JliQK YqRSkbUVWXPacniQx�^,hZYVNz] K%hMRSKZYVWXRad�`QPT` Pq`QK/`9PTNHcnU cXiQKZUVWXKMcXPShZYVR(YqN'` �QWXYVhMcXPShZYVR(YqRSkbUVWXPacniQx�^/b
JliQKtgwUbW-xyKMW�YVWXKtPTNHcnKMN'`QK/`�gwUbW W-KZ^XKZYVWXhji YVN'` hZUVxy�QYVWXPT^XUbN��Q[QW-�}UV^XKZ^X9 cXU~YVNQ^�\ KZW�cnivK
cO[QKZ^{cnPTUbN �-ivU�\ g YVW�\�K h5YVN%kbU�� �'9G\ iQPTRSK �QWnYVhmcnPTh5YVR YVRTkbUbW-PTcXiQx�^�cXW-d*cXU]^-UbRT`VK cXiQK �vWXUP]QRTKZx
�-iQUG\ \�K�kbKmcFYV^*NQK5YqW3cni�YqcFYq^�\ K��}UV^X^XPq]QRad9h5YqN � �'b JliQK cniQKMUbWXKmcnPTh5YVR YqRSkbUVWXPacniQx�^ YVW-K
h5YqRSRTK/`g�pu��}9+���fu�� YqN'` & � �,� Jf9�\ ivPShjiIYqWXK `QKZ^-PSkVNQK/`<cnU�kbPT`VK KMPTcXiQKZW cnivKj] KZ^{c
� Ub^X^-P ]QRTKFWXKZ^-[QRacn^�UbW cniQKf\ UbWX^{c,UVNQKZ^Xb
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�;Km`bKZWXYVR YqRSkbUVWXPacniQx�^ i�Y5`VK ]}KMKZN `QKm`bKMRSUb� K/` \ iQPThji [Q^XK ^X� KZhZPSYVR iQPSNHcX^ UbWFUVcniQKMW PTNvgwUbWRO
xyYqcnPTUbN �QW-U ` Pq`QK/`y]Hd cXiQKf`�YqcnY8]�YV^-K*^-d ^-cXKZx�gwUbW ] KMc-cnKMWlWXKZ�vR YVhMKZx�KZNHc/b JliQKM^XKFhZUb[vR ` ] K
h5YqRSRTK/`ytep8v��'p8o 9Z\ iQPSRTK ^XKMRTg O hZUbNHcjYqPSNQKX` YqRSkbUVWXPacniQx�^�hZUV[QR `h] Klh5YVRTRTK/` p��-w �Ktep8w � r_b�JliQK�`QP O
` PS^-PSUVNfPT^ �QW-KZ^-KZNHcnKX`pPTNtJ YZ]QRSKf6-b��Tk_t ��
��	�-w �Ktep8w � r h5YVhjivKZ^ WXKXc [vPSW-K*PSNvgwUVWXxyYqcnPTUbNtYZ]}Ub[;c
hZUVNOcXK_^ c UVgd`QYqcjY:9F]v[vc NQUVc YVhmcn[�YVRvPSNvgwUVWXxyYqcnPTUbNyY8] Ub[vc Pacn^�ced �}KZb�JliQPT^ hMUbNHcnK ^;c hZUV[QR `e] K
�R\ iQPThji �vWXU hZKZ^-^,W-K/cO[QKZ^{cnKX` cniQPT^@`�YqcjY �yUVW ��\ iQPShjifcnWXYVNQ^nYqhMcnPTUbNfWXKXc [vKZ^-cXK/`2cXiQPS^�`�YocjY �'9
YVN'` cXiQKlhZUbNHcXK_^ c PS^�UbNvRTd [Q^XKX`ygwUbW P `QKMNHcnPag d;PTNQk%Y3kbWXUV[Q�T9HNQUVc cnU�`QKZhMP `vK]YqNOdOcXiQPSNvk%YZ]}Ub[;c
cnivKFPTx��}UVW-cjYqNQhZK UbWl�QW-PSUVWXPaced UVg�cXiQK�`�YqcnY:b
u g cniQK3YVRSkVUbWXPacniQx [Q^-KZ^ K_^ cnKMWXN�YqR PSN;gwUbWXxyYqcXPSUbNu]Q[vc�`QU KZ^ NvUVcl[Q^-K*PTc gwUVW�WXKM�QRSYVhZKMxyKMNHc]UVW
�QW-KMgwKMcXhji�`vKZhZPT^XPTUbNQ^ Pacli�YV^+] KZKMN hZRSYV^X^-P ��KX`2YV^�PTc+\ Ub[QRq` NQUVcl[Q^-K K_^ cnKMWXN�YVR PSNvgwUVWXxyYqcnPTUbNTb
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�QW-Ub�}KMW-cXPSKM^�Uqg cnivKF�vWXKZ^-KZNHcnKX` & UbWXLOPTNQk �;KMc��pUB`QKZR PT^ �QWXKM^XKMNOcXK/`Tb
� RSYqcnKMW(��YV� KZW � �G7 �v^X[Qx�xyYVWXP��ZKM^~\ UbW-L PTNQkF^XKmc WXKZRSYqcXK/` \�UVWXL gwW-Ubx cXiQK+] KZkbPTNQNQPTNQkFPSN cnivK
��� C �:� ^3cXU ���P7 �:9 ^-��YVNQNvPSNQk~� � dbKZYVWX^ UVg WXKM^XKZYVWXhjiTb�JliQPT^F��YV� KZW YVRT^XUfhZUbNHcnYVPSNv^%YtRSYVWXkVK
]QPq]QRTPSUbkVWnYV�QiHd UbNtcXiQK ^X['];z{KMhMc/b
� ��YV� KZW2]Hd}� YVW-h \�b r�UbkbKZR � 6 
 �O�QWXKM^XKZNHcX^(_]NvPT`qYVh��3PTW-cX[�YVRB�pKMxyUVW-d � �}KMWnYqcXPSNvk,�Od;^{cnKMx
{ �f� � �!| PSx��QRTKZx�KMNOcnYqcnPTUbN2Uqg(Y���YVkbK W-KZ�QRSYVhZKMx�KZNHc*YVRTkbUbW-PTcXiQx ]QYV^XKX` UbN cniQKf\ UbWXLOPTNQk
^XKmc�xyUB`QKMR0b
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�,Ne�2� _ ^{cjYVhjL%PS^ Y3x�KmcjYqgwUbWXY,gwUbW=�2� _ W-KZ�QRSYVhMKZx�KZNHcL���vPShmcn[QW-K Y3^-cjYqhjL UVgM] U;UbLO^ 
#\ ivKZN
Y>] U UbLtPS^]WXKZY8`T9 PTc]PS^]�QRSYVhZKX`2UbNpcXUb�2UVg�cniQK%^-cnYVhjL!b]J�U LqKZKZ�2cXiQK ^{cjYVhjL gwWXUVx kbWXUG\ PTNQk
cnU U iQPTkbiT9 ] U;UVL ^yYqc�cXiQK�] UVc-cnUbx?Uqg,cnivKf^{cjYVhjL�YVW-K xyU�`VK/` ]�YqhjL cXU~cXiQK ]}U UbLO^XivKZRag�b
�pUbW-K Y8]v^-cnWXYVhMc%`bKMWX^XPTUbNQ^ Uqg cniQPT^ PT^ YfcjY8]QRTK>\ ivPShji!hMUbNHcjYVPTNQ^ ��YqkbKZ^Xb 3�YVkbKZ^ YVhZhMKZ^X^-K/`
YVW-KFx�U�`bKX`pcXU�cXiQK �{cnUV� ��UVg�cXiQK*cjY8]vRSKFYVN'` cnivKFW-KZ^{c]Uqg�cXiQK*cjY8]QRTK PS^ �Q[v^XiQKX` `QUG\ NTb
�2� _
^{cjYVhjLfx�U-`vKZR2\ YV^3YVN�YVRad �ZK/`9PTN � C 6 �0b�JliQK �2� _
^{cjYVhjLfx�U-`vKZR�h5YVW-WXPTKZ^,^-PSx�PTR YqWXPaced
cnUe�2� _IWXKM�QRSYVhZKMxyKMNHc3^XPTx�PSRSYVW-RTd Yq^ & �tPT^]YqNpU+�}^X�vWXPTNQk Uqg(r u r � WXKZ�vR YVhMKZx�KZNHc/b
J�UthZWXKZYqcnK%cniQK ^-PSx��QRTKh�2� _ � cnYVhjLpx�UB`QKZRV9 K5Yqhji9�}Ub^-PTcXPSUVN9UVg cniQK ^{cjYVhjLpPS^3YV^X^-PSkbNvK/`~Y
�:^;K/`d9QPSN:`QKZ� KZN'`vKZNHc �QWXU8]�Y8]QPTRSPacedPb�JlivKZ^XK*�vWXUP]�YZ]QPSRTPacnPTKZ^lYVW-K�`QK ��NQKX`�� � � 	 	 	 � ���-9-\ ivKZWXK��PT^ cniQK3NO[Qx}]}KMW UVg���YVkbKM^ PSNtcXiQK3�QW-UbkbWnYqx { YVN'`tcniO[Q^ cXiQK3NO[Qx1] KZW UVg�^{cjYVhjL �}Ub^-PTcXPSUVNQ^_|l9
� �� � � �
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� 	 	 	 � ���:b(JliQK�� � YqWXKlcnKMWXx�K/` �_w	pBr�� ��� �_w p8vdrsk=mMi � �sp
� � o � w � k���\ Pacni
� ]}KMPSNQk�cnivK}`QPT^-cnYVNQhMK%gwWXUVx cniQK cnUV�pUVg�cniQKF^-cnYVhjL!b � c,YVNHd kbPT`VKZNfcnPTxyKF^-cnYVhjL �}UV^XPacnPTUbN
� \ PSRTR�] KfhjiQUb^XKMN \ PTcXiD�QW-UP]�Y8]QPTRTPTced�� � 
�PTg3PTc PS^yhjiQUb^-KZNT9lcXiQK ��YqkbKpPTN cXi�Yqc �}UV^XPacnPTUbN
] KZhZUVxyKM^]cXiQK hZ[QW-WXKZNHc,WXKMgwKMWXKMNQhZK%YVN'`pPS^�]QW-Ub[QkbiHc�cnU cniQK cnUV�pUVg�cniQK ^{cjYVhjL!9}YV^ PSN ����_
^-cnYVhjLtWXKM�QRSYVhZKMxyKMNHcLb
JliQK [v^XKMgw[vR��QW-Ub�}KMW-ced iQKZW-K PT^ cni�Yoc PaglcniQK ^{cjYVhjL PS^}`QPa`;Pq`QKX` Yoc YVNHd �}UbPTNHcL9�YqRSR ��YVkbKM^
Y8] U�`bK cnivK `QPa`;PT^XPTUbN i�Y5`bK�kbUqc*Y iQPTkbiQKMW3�QWXU8]�Y8]QPTRSPaced cXi�YVN YVNHd ��YVkbK ] KZRTUG\�PacLb*JliO[Q^X9
Pag(cniQK%^-cnYVhjL Yoc]cXPSx�K � PT^�� { � | 	 {�� � � 	 	 	 ��� �#| cXiQK RTU;hZYVRTPTcedfUVg�^-P �MK���h5YqNz]}K�`QK ��NQK/`2cXU
] K cXiQK ��YVkbKM^ � � � � 	 	 	 ����� �0b
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ueN�� C 6�� 
VK �}WXKMdj��b �;�vPSW-N YVN'`H3�KmcnKMW�
:b �3KMNQNQPTNQkphMUbx���YVW-K ^-PSx��QRTK �vWXUbkbWXYVx/RTU h5YVRTPTced
x�U-`vKZRT^ YVN'` hMUbx���YVW-K cniQKMPSW%^X[QPacjYZ]QPSRTPaced gwUbW YVN�YVRad ^XPT^ UVg RTU;hZYVRSPaced~PSN!�vWXUbkbWXYVx�^/bpJliQK
��YV� KZW YVRT^XU3PTNHcnWXUB`Q[QhMKZ^=`QPa` PS^-PSUVN UVgsRSU h5YqRSPacedFxyUB`QKMRS^ cXU � vxwVi�� v ��� r YVN'` k��PwVi�� v ��� r xyUB`QKMRS^Xb
JliQK9PTNHcnWXPTNQ^-PSh9x�UB`QKZRT^ gwUbW RTU h5YVRTPTcedDYV^X^-[Qx�K2cni�Yoctx�KZx�UbW-d WXKmgwKZWXKMNQhZKM^ KZx�PTctgwW-Ubx Y
�QW-UbkbWnYqx YVhMhZUbW�`QPTNQk2cnU9^-Ubx�K { Y8]Q^{cnWXYVhMc_| ^-cXWX[Qhmcn[QW-KtPSNHcnKMWXN�YqR�cnU2cXiQK �QW-UbkbWnYqx Pacn^-KZRag�b
JliQKtRTU;hZYVRTPTced PSN K �}KZhmcyYqc�Y2kbPa`bKMN!cnPTxyKtPT^�Y gw[QNQhmcnPTUbN UVg cniQKtPTNHcnKMWXN�YVR�^-cjYocnKtUVg cnivK
�QW-UbkbWnYqx Yqc cni�Yoc�cXPSx�KZb
�a^vYVx��QRTKZ^3UVg�cnivKZ^XK%x�U-`QKMRS^]YVW-KF�QYVkbK WXKmgwKZWXKMNQhZK}`QPT^-cnW-P ]v[vcnPTUbN
gw[QNQhmcnPTUbNQ^X9}cnivK%ueN'`vKZ� KZN'`QKMNHc���KmgwKZWXKMNQhZK �pUB`QKZR { u���� |s9�cXiQK RTU;hZYVRTPTced x�UB`QKZRV9 YqN'` cnivK
�2� _I^-cnYVhjLtx�U-`QKMR0b
�a^ cnWXPTNQ^-PSh�x�U-`QKMRS^~`QU NQUVc W-KZRad UbN YVNHd�YV^-^X[Qx��vcXPSUbNv^ UVg}PTNOcXKZW-N�YVR��QW-UbkbWnYqx�^-cnYqcnKZb�JliQKMd
`QK ��NQKlRTU;hZYVRSPaced PTN cnKMWXx�^�UVg UP]Q^-KZW{`VYZ]QRSKl�vWXUb� KZW{cnPTKZ^�UVg�cXiQKlx�KZx�UbW-d WXKmgwKZWXKMNQhZKl^-K/cO[QKMNQhZK
UVg}cniQK��QWXUVkbWnYVx b(JlivK & UbWXLOPTNQk �;Kmc�x�UB`QKZRsPT^ Y kbU U-`yK_^vYVx��QRTK,UVg}cniQPT^ ced � K]Uqg x�U-`vKZRVb
JliQK hZUVNQhZRT[Q^XPTUbN<UVgFcniQK9��Yq�}KMWtPS^tcniQYqctcniQK �2� _ ^{cjYVhjL xyUB`QKMR*�QWXUB`Q[QhMKZ^tcniQK<] KZ^{c
YV�Q�vWXUL^;PSxyYqcXPSUbN cXU cnivK3WXKZYVR \ UbWXRq`�] KZi�Y5` PSUVW/b JliQK3PTN'`QKM�}KMN'`QKZNHc�WXKmgwKZW-KZNQhMK*xyUB`QKMR \�YV^
gwUb[QN:`fcXUe] K*cniQK � U;UVWXKZ^{cL9'] KZhZYV[Q^-K%UVg�Pacn^ ^-cnYqcnPTh hZUbNQhMKZ�vc]UVg�RSU h5YqRSPacedPb
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ueN � � ���=b
�}b ��KMR Y8`;d `QKZ^-hZW-P ] K/`<iQPT^tUb�vcnPTxyYVR,�QYVkbK2W-KZ�QRSYVhZKMx�KZNHc2YqRSkbUVWXPacniQx 9 h5YVRTRTK/`
�l�pu�� �'b JliQPT^tYVRTkbUbWXPacnivx PS^e]�YV^-K/`DUbN Y ^-PSx��QRTK2Pq`QK5Y:9�WXKZ�vR YVhMKpcXiQK ��YqkbKfgwUVWh\ ivPShji
cnivK cXPSx�K cXU~NvK_^ cyWXKMgwKMWXKMNQhZKfPS^ cXiQK RSUVNQkbKZ^{cLb � NQK Pq`QK5Y2gwUbW cXiQKtPTxy�vRSKMxyKMNHcjYqcXPSUbN UVg
cnivPS^ iQYV^1] KZKMN!�QWXKM^XKZNHcXK/` PSN cXiQK �QYV�}KMW/bpJliQK ��YV� KZW YVRT^XU9hZUVxy�QYVWXKM^ ^XKm`bKZWXYVR�^-PSx��QRTK
YVRTkbUbW-PTcXiQx�^/b�JliQK��pu�� PSx��QRTKZx�KZNHcnYqcnPTUbN �QWXKM^XKMNOcXK/`fPSN cXiQPT^�cniQKM^XPT^/9'`vP �}KZW-KZNHclgwWXUbx1cnivK
PTxy�vRSKMxyKMNHcjYqcXPSUbN ��KZRSY8`vd �vWXKZ^-KZNHcn^X9}PT^�`QKZ^-hZW-P ] K/`pPSNf^XKMhMcnPTUbN � b QBb(
'b
ueNyWXK5YqRSPacedP9HcnivK��fu�� YVRTkbUbW-PTcXiQx�hZYVNQNQUqcN`vKMcnKMWXx�PTNQK�cXiQK Ub�vcXPSxyYVR�W-KZ�QRSYVhZKMx�KZNHc�gwUbW�x%[QR O
cnPT�QW-U;hMKZ^X^-PSNvk KZNH` PTWXUbNQx�KMNOcX^/9�YV^ cnivKphji�YqNQkbKfPSN cniQKfWXKM�QRSYVhZKMxyKMNHctYVRT^XU~x�U-`QP���KM^ cnivK
YVhMhZKZ^-^ ^-cnW-PSNvk { cnivK UbW�`vKZW3UVg~`�YocjY YVhMhZKM^X^XKM^_|lb1���QW-U;hMKZ^-^�\ ivPShji UVcXiQKZWR\ PS^-K xyPTkbiHc kbKmc
]QRTU;hjLqK/`�`Q[vK,cnU Y%h5YqhjiQK3x�PS^-^
\ iQKMN ����_ UbW ^XPTx�PSRSYVWlYVRTkbUbW-PTcXiQx PT^�[Q^-K/`tNQUG\<iQPacn^ YqN'`
�QW-U;hMKZK/`v^ YVN'` x YqLVKZ^ YVNQUVcXiQKZW%h5YVhjiQK WXK/cO[QKM^-c PTNQ^{cnK5YZ` UVg+]QRTU hjL PTNQk YVN:` ��YV^-^XPTNQk2cnivK
K_^;KMhZ[vcXPSUbNfcnUyYVNQUqcniQKMW��vWXU hZKZ^-^/b JliO[Q^,Y `QP��}KZWXKMNHc3YVhMhZKM^X^�^-cnW-PSNvk W-KZ^X[vRTcX^/b
ueN2�QW-PSNvhZPT�QRSKZ9 cnivK Ub�vcXPSxyYVR�WXKM�QRSYVhZKMxyKMNHc ^-cnW-PSNvk h5YVN ]}K%^XUbRa`bKX` gwUVW,Y x%[QRacnPT�QWXU hZKM^X^XPTNQk
KZNH` PTWXUbNQx�KMNOc/9�]v[vc Pac PT^u`vPq�yhZ[vRTc cXU hMUbx��Q[vcnKZb=ueND^-PSx��QRTK2hZYV^XKM^>\ iQKMWXK cXiQK2YVhMhZKM^X^
^-cXWXPTNQkb^ UVg PTN'`QPa`;Pq`Q[�YqR UV�}KMWnYqcXPSUbNv^/9 RTPSLqKy�vWXUbkbWXYVx�^*WX[QN UbW3cXWnYVNv^nYVhmcnPTUbNQ^ K_^;KZhM[vcnKX`T9�`QU
NQUVc hjiQYVNQkbK�]}KMh5YV[v^XK UVg�cniQK�`QP�� KMWXKMNOc,YVhMhZKZ^-^]�QYqcXcXKZWXNpYVN'`tcXPSx�K hZUbNv^X[Qx�K/`d9}Pac h5YVNy] K
`QUbNvK1\ PTcXi~Y ^XKZYVWXhji~UVg�] KZ^-c W-KZ�QRSYVhMKZx�KZNHcF^-cXWXPTNQk { ^ |sb JliQKMWXK xyY5d ] K x�UbWXK cXi�YVN9UbNvK
^XUVRS[vcXPSUVNTb
JliQKe�pu�� YqRSkbUVWXPacniQx/YV^X^-[Qx�KZ^ �:^;K/`~h5YVhjivK ^XP��ZK89�\ iQPThji~x Y5d ]}K PTN�Y8`QKXcO[�YqcnKZb u c i�Yq^
] KZKZN ^XiQUG\ N2cniQYqc�\ Pacnip`VYqW-d PSNvk h5YVhjivK ^XP��ZKZ9 KM`VKZN9K ^vPT^-cXPSNvk WXKZYVRSP��ZKZY8]QRTK ��YVkVK%W-KZ�QRSYVhZK O
x�KZNHcFYVRTkbUbW-PTcXiQx�^,RTPSLqK & UbW-LOPSNQkf� KMc*xyY5d2� KZW{gwUbWXx ] KMcXcXKZW,cXi�YVNj�pu���b JliQPT^*PT^
]�YV^-K/`
UbN cXiQK,g YVhmc cni�Yoc@�pu�� xyYVLVKM^lcniQK
`vKZhZPT^XPTUbNQ^lcXU WXKZx�U�`bK ��YqkbKZ^ ]Hd hZ[QW-WXKZNHc hZYVhjiQK ^XP��ZKZb
u g�cniQKMWXKFYVhMcX[�YVRTRTd>\ PSRTR�] K*xyUVWXK ��YVkbKM^ Y5`VYqPSRSY8]QRTK PSNtgw[vcX[QWXKZ9QcniQK*W-KZ�QRSYVhZKMx�KZNHc�`vKZhZPT^XPTUbN
x�PSkViOc�i�Y5`VK}] KZKMN�`QP��}KZWXKMNHcLb
�INQK_\BYVRTkbUbWXPacnivxy9-���pu���9'\ iQPShjipPS^ Ub�;cnPTx YqR gwUbW `qYVW-d PTNQk�h5YVhjiQKF^XP��ZKM^/9x\�YV^ �QWXUb� Ub^-K/`
]Hd � YVW{cnUbN � bx3�WXPTKM`bK%YVN'`���bs� bsrsY8]QW{dtPSN � � � �0b
u c�PT^yPTx��}UVW-cjYqNOc cXU WXK5YqRSP��ZKtcniQYqc>�pu�� hZUbx��Q[;cnKZ^�cnivK�]}KM^-cyiQPac�WnYqcXPSU9gwUbW cXiQK \ iQUbRTK
^-d ^{cnKZx 9sgwUbW YVRTR cnWXYVNQ^XYVhMcXPSUbNv^�cXUbkbKMcXiQKZWXb~�pUbW-KFUVNfcXiQPS^ RSYqcnKMW/b

�
	 � 	 � � � 
 ���

� � � � �=PS^ �QW-UP]�Y8]vRTd cXiQK ^XPTxy�vRSKM^-c�YVRSkVUbWXPacniQx�Y�`qYVPTRSY8]QRTK gwUVW=`QUbPTNQk Yq�Q�QWXUL^;PTx YocnK�����_
��YVkVK*WXKZ�vR YVhMKZx�KZNHc/b�u c PT^]YqRS^-Uh\ KZRTR ^X[QPacnKX`pgwUbW `;PTW-cX[�YVR x�KZx�UbW{dt^-d ^{cnKZx�^X9 YV^ Pac h5YVNy] K
PTxy�vRSKMxyKMNHcnK/` PSN9x�Ub^{c hZUbx��Q[;cnKZW YqWXhjiQPacnKMhMcn[vWXKZ^Xb � YqNOd hZ[QW-WXKMNOcFUb� KZWXYqcnPTNQk ^{d ^-cnKMx�^/9
^X[vhji2YV^lcnivK}� �v� 
:b � _]NvP�^ � � � �09�[Q^-KFcXiQPS^�YVRTkbUbW-PTcXiQx UVW Yy^-PSx��QRTK}`vKZWXPa`qYqcnPa`bKFUVg�PTc/b
JliQK � � � � � YVRSkVUbWXPacniQx hZYVN ]}K�`QKZ^-hZW-P ] K/`<YV^ gwUVRSRTUG\ ^/� cniQK �-i�YVN'` � UVg*cnivK2hZRTU;hjL
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� UbPSNHcX^�cnU�Y �QYVkbK89QYVN'` KZYVhji ��YVkbK3iQYV^lY1]QPac \ iQPThjifPS^ ^-KMc \ ivKZNtcniQK,��YVkbK3PT^ YVhMhZKZ^-^XKX`Tb
JliQKMNT9 cnivK1]QPac3[QN:`QKZW,cXiQK � � � � � �-i�YVN:` � PT^3hjiQKZhjLqK/`T9 YqN'`2Pag PTc,PS^ �:9 cXiQK ��YqkbK hZYVN
] KyW-KZ�QRSYVhMK/`T9�UVcniQKMW�\ PT^XKycniQKh]QPacFPS^FWXKM^XKMcFcnU �:9�YVN'` cnivK �{i�YVN'` �fPT^ Y8`;`VYqNQhZKX` cnU cnivK
NQK ^;c���YqkbK8b JliQKFP `vK5Y UVg cXiQK%� � � � ��YVRSkVUbWXPacniQx
PS^ �QW-KZ^-KZNHcnKX`2PSNpr PTkb[QW-K�Q-b

0

1

01

1

1

1

0

0
1

r PTkb[QW-K Q-� JlivK � � � � �
YVRTkbUbW-PTcXiQx b���� UbPSNHcXKZW,� UbPTNHcn^]cXU Y � KZW�Oe��YqkbK}]vPTc/9}Pag�cniQK}]QPac
PT^ � W-KZ�QRSYVhZK cnivKF�QYVkbK89�UqcniQKMW�\ PT^XKFWXKZ^-KMc cnivK�]vPTc]YVN'`fPTNQhZW-KZx�KZNHc�cniQK � UbPSNHcXKZW/b
JliQKFhZRTU;hjLthMPSW-hZRTK hZYVN�] KFPSx��QRTKZx�KZNHcXK/`9YV^]Y�[QNQPq`QPSW-KZhmcnPTUbN�YVR hZPTWXhM[QRSYVW]RTPT^-c]UVg x�KMxyUVW-dFO
WXKM^XPq`QKZNHc,��YVkbK�`QKM^XhZW-PS�;cnUbW-^/9�gwWXUbx \ iQPShji �}UbPTNHcnKMWX^�YVWXKFY5`qYVPTR Y8]vRSK cnU�x�KZx�UbW{d x YqN�YVkbK O
x�KZNHc][QNQPac]�QYVkbK3cjYZ]QRSKM^/9sUbWl^-PSx��QRad ^XhZYVNQNQPTNQk cXiQWXUV[QkbitcniQK ��YqkbK*cjY8]QRTKZ^ W-KZ� K5YqcXK/`QRadPb
JliQKf]QPTkbkbKM^-cl�vWXUP]QRTKZx \ Pacnif� � � � � PT^�cniQYqclPac i�YV^ Y}\�UVWX^-c hZYV^XK]cnPTxyK*hMUbx��QRTK_^;PTced UVg
� { ��|l92\ ivKZWXK � PS^ cniQKyNO[Qx1] KZW%UVg �QYVkbKZ^FPTN~cXiQK hZYVhjiQKZb � � � � ��� KZW{gwUbWXxyYVNvhZK YVRS^-U
kbKmcn^+\�UVWX^XK%YV^lcnivKF^{d ^-cnKMx ]}KMhZUbx�KM^]x�UbW-KFRTUHY8`vK/`Tb
� cniQKMWl`VYqWXPSYVNHcn^�YVN'`pYVN�YVRad ^XPT^ UVg � � � � ��YVRTkbUbW-PTcXiQx hZYVN�] K*gwUb[QN'` PTN � � �:9�
#Q-9 � ��� b
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JliQK�3 YVkVK]rsYV[vRTc r�WXKXcO[QKZNQhmd>��KM�QR YqhZKZx�KMNOc
�,RTkbUbW-PTcXiQx \�YV^ �QWXKM^XKZNHcXK/` PTN � �-
 �!]Hd & KZ^�O
RTKMd & b}��i [2YVN'`p\]UbRTkbKZW � � `vKZW�] KZhjL!b JliQK YVRSkVUbWXPacniQx PS^,Yy^-PSx��QRTK89 ]�YV^XKX` UbNd9 YV^ cnivK
N�YVx�KtcnKMRSRT^/9 cniQK ��YVkVK g Yq[QRTc gwW-K/cO[QKMNQhMd�UVg3Y �vWXU hZKZ^-^/b�u g,cXiQK ��YVkbKtg YV[QRac�gwWXKXc [vKZNQhmd
UVg Yy�QWXU hZKM^X^3PT^3YZ]}U�`bK Yy`qYVRT[QK 3�9}hZYVRSRTK/`pcniQK13 r r ��YVWXYVx�KMcXKZW/9}x�K5YV^-[QWXKX`9PSN2NO[Qx}]}KMW
UVg ��YVkbK g Yq[QRTcX^ �}KMW*xyPTRTRSPT^XKMhZUbN'`d9�cnivK N [vx1] KZWFUVg��QYVkbKZ^FYVRTRTU;hZYqcnKX` cXU PTc PT^ PSNQhMWXKZYV^XKX`Tb
�;PTx�PSRSYVWXRadP9 Pag cniQK ��YqkbK g YV[QRac*gwWXKXc [vKZNQhmd9PS^�] KZRTUG\ 3�9 cniQK NO[Qx}]}KMW UVg��QYVkbKZ^ YqRSRTU;hZYqcnKX`
cnUFcniQK]�QWXU hZKM^X^ PT^
`vKZhZW-K5YV^-K/`Tb JliQK,WXKZ�vR YVhMKZx�KZNHc \ PacnivPSN cXiQK,kbW-Ub[Q� UVg ��YVkVKZ^ YqRSRTU;hZYqcnKX`
cnUyY �QW-U;hMKZ^X^ hZYVN ]}K hjiQUb^-KZNfPSN:`QKZ� KZN'`vKZNHcnRadfUVgY\ ivKMcnivKZW cniQK�3 r(r!WXKM�QRSYVhZKMxyKMNHc3YVRTkbUZO
WXPacnivx PS^ [Q^XKX` UbW NQUVc/b�JliQK3YV[;cniQUbW-^N`vKZ^XhMWXPq]}K,Y � � � � �IYVRTkbUbWXPacnivx�gwUbW�cniQPT^��Q[vWX� Ub^XKZb
JliQKMPSW%WXKZ^-[QRacn^ ^-iQUG\ cXi�Yqc13 r(r � KZW{gwUbWXx�^1] KMc-cnKMW%cniQYVN �2� _}9�YVN:` PS^%hZUbx���YqWnY8]QRTK cXU
& UbWXLOPTNQk � KMc]YVRTkbUbWXPacnivxyb
JliQK�YV[;cniQUbW-^f`QKM`VKZRTUb� cniQKh3 r(r YVRTkbUbW-PTcXiQx�gw[QW-cXiQKZW3PTN � � � � ]Hd2^-�}KMhZPag d PSNQkpYVhmcnPa`VYocnPTUbN
YVN'` `QKZYVhMcXPT`qYqcXPSUVN~� UbRTPShmd gwUbW,�QWXU hZKM^X^XKM^/9 cnUtPTx��QWXU�`VK�cXiQK ^-d ^{cnKZx ] KZiQY�` PTUbW*PTN~x%[QRacnP O
�QW-U;hMKZ^X^-PSNvk KZNH` PTWXUbNQx�KMNOc/b�JliQK ��Yq�}KMW]YqRS^-U �QW-KZ^-KZNHcn^�x�UbWXK ^XPTx [vR YqcXPSUVN WXKM^X[QRacn^Xb
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�<��YVkbK]WXKZ�vR YVhMKZx�KZNHc YqRSkbUVWXPacniQx hZYVRSRTK/`t�;uR� \�YV^ �QW-KZ^XKMNHcnK/`tPTN � � 6�� ]Hd 
VUbiQN��jb;JliQUKO
WXPTNQkVcXUbNT9�z{W/b YVN'` 
:b��*Y5` P ` ueW�\ PTNTb JliQPT^ YqRSkbUVWXPacniQx PT^�]�YV^XKX` UbN~^XPTx [QRSYqcXPSNQk ^XKM`VKZWXYVR
`QP�� KMWXKMNOc(��YVkbK W-KZ�QRSYVhMKZx�KZNHc YVRTkbUbW-PTcXiQx�^(^XPTx [QRacjYqNQKZUb[v^XRadP9F\ iQPTRSKlUbNvK�UVg�cXiQKlYVRTkbUbW-PTcXiQx�^
PT^3YVhmcn[�YVRTRadp[v^XK/`2gwUVW cXiQK W-KZ�QRSYVhMKZx�KZNHc�`QKMhZPT^XPTUbNQ^/b]JliQK Pq`QKZY PS^�]�YV^-K/`2UbN2YV^X^-[Qx��vcnPTUbN
cniQYqc cXiQKu] KZ^{c kb[QKM^X^ gwUbW%WXKM�QR YqhZKZx�KMNOcyYqRSkbUVWXPacniQx PT^%cnivK UbNQK [Q^XKX` gwUbW%cXiQK �QW-KM` PTUb[Q^
WXKM�QRSYVhZKMxyKMNHcLb��3[QWXPTNQky�QWXKM^XKmc,cnPTx�K%PTNHcnKMW-`qYVRT^/9}cXiQKF�}KMW-gwUbW-x YqNQhZKFUVg(KZYVhji9YVRTkbUbW-PTcXiQx�PT^
hZUVxy�QYVWXKX` YVN:`~cXiQK ]}KM^-cFUbNQK�PT^ hjiQUb^XKMN YV^ �{hZ[QW-WXKZNHc �p��YqkbK�WXKZ�vR YVhMKZx�KZNHc YVRTkbUbWXPacnivxyb
JliO[Q^/9HcXiQPS^ YqRSkbUVWXPacniQx `vd N�YVx�PTh5YVRTRTd `VYqWXPTKZ^=] KMcn\ KZKZN>`QP�� KMWXKZNHc YVRTkbUbW-PTcXiQx�^/9OYVN:` YZ`�YV�vcX^
cnU�`QP�� KMWXKZNHc Ub�}KMWnYqcXPSNvk hZUVN'`QPacnPTUbNQ^/b JliQK>]�YV^-PSh YVRSkVUbWXPacniQx�^F[Q^XKX` \�KMWXKu����_}9Y� � _�9
� r(_}9�� r(_}9 UqgN\ iQPThji ��� _ \ YV^*gwUb[vN'`~cXU ]}K�^XKMR `vUbx [Q^XKX` YqN'`~cXiO[Q^ WXKZx�U�` PSNvk Pac
\ Ub[QRq`fiQY�`VK RSPacXcXRSK*K � KMhMc UbN � KZW-gwUVWXxyYVNQhMK*PSNtcnivK3�QWXKM^XKMNOcXK/`�]}KMNQhjiQxyYVWXLO^Xb JliQK ��Yq�}KMW
`QPT^XhM[Q^X^-KZ^3i�YqW�`:\�YVWXK PTx��QRSKMx�KZNHcjYqcXPSUVN UVg�cniQPT^�YVRSkVUbWXPacniQx b
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� PShji�YqW�` & bq� YVW-W YVN:` 
VUbiQN ��bo\�KZNQNQKM^X^{d �QW-Ub�}UV^XK/` YVN YqRSkbUVWXPacniQxIhZYVRSRTK/` & �Q� � � � �
PTN � � � �09F\ iQPThji PT^~]QYV^XKX` UbN � � � � �h9F]v[vcL9OPTN Y8`:`QPTcXPSUVNT9H[Q^XKM^ & UbW-L PTNQk �;KMc � UbRTPShmd { �;KMK
6-b 6-b � |�cnU!gw[QW{cniQKMWfKMNQhji�YVNvhZK cXiQK WXKM�QR YqhZKZx�KMNOcphZW-PTcXKZW-P Y:b1JliQPT^fPS^fYVhMhZUbx��QRTPS^-iQK/` ]Od
^-cXUbWXPTNQk cXiQK3RSYV^-c W-KMgwKZW-KZNQhMK3cnPTx�K3gwUbW�KZYVhji xyKMx�UbW-dFOeW-KZ^-P `QKMNHc]�QYVkbK89vYVN'`t[Q^-PSNvkyPac YV^ YVN
Y8`'`vPTcXPSUbNQYVR cnKM^-c gwUbWlWXKM�QRSYVhZKZY8]QRTPTced8b JliQK%YVRTkbUbW-PTcXiQx PT^ �QWXKM^XKZNHcXK/`2PTN r�PSkb[vWXK�7:b
JliQK�YV[;cniQUbW-^ YVRT^XU�`QPT^XhM[Q^X^FRSUbY8`<]�YVRSYVNQhMPSNQktPT^X^-[QKZ^FYVN:`~�vWXKZ^-KZNHc%Y x�KMcnivU-`9hZYVRSRTK/` cnivK
o �/p ��� v �Hw p ��� � i �-vxv�� v �jw	p ��������� �	� �	
yhZUbNHcXWXUbRVb JliQK xyKmcniQUB`�PS^h]�YV^-K/` UbN!cniQKtg YVhmc
cniQYqc YVRTR}cnYV^XLO^ i�Y5`bK3cn\ U��Qi�YV^-KZ^/9QcXiQK*RTUHY8`QPTNQk �Qi�Yq^XK89sYqN'` cniQK*W-[QNQNQPTNQk��Qi�Yq^XK8b ueNtcnivK
RTUHY8`QPTNQkf�Qi�YV^-K89 cXiQKycnYV^XL9PT^ g YV[QRacnPTNQkpPTN cXiQKyNQKZhMKZ^X^XYVW-d ��YVkVKZ^ gwUbW K_^;KZhM[vcnPTUbNT9�YqN'` PTN
cnivKtWX[QNQNvPSNQk9�vi�YV^XKZ9 cXiQKu\ UbWXLOPTNQk ^XKmc gwUbW cnivK cjYV^-L i�Yq^ ]}KMKZN RSUbY8`QK/` YqN'` cniO[Q^ cnivK
cjYq^XL K ^vKMhZ[vcXKZ^ Yqc�PTcX^h]}KM^-cy�}KMW-gwUbW-xyYVNQhZK�\ PacniQUV[vc�K_^;hZKM^X^-PT`VK g YV[QRacnPTNQk'b!J�U LqKZKM� cnivK
�QW-U;hMKZ^X^-UbW [vcnPTRSP��ZKX`T9OcniQKMWXK ^XiQUV[QR `>]}K�Yqc RTK5YV^{c UbNQKlcjYV^-L PTN W-[QNQNQPTNQk �vi�YV^XK]Yqc YVRTRQcnPTx�KZ^Xb
JliQKh� J �8� J hZUbNHcnW-UbRa`vPS^-hZWXPTx�PSNQYqcnKM^FcXiQK cn\�U �QiQYV^XKM^FUqg�cjYV^-L �QW-U;hMKZ^X^-^XPTNQk2YqN'`9RSPTx�PTcX^
cnivK*N [vx1] KZW UVg�hZUbNvhZ[QW-WXKZNHc cjYq^XLO^lcnU�Y5`bUbPq` ^XPacn[�YocnPTUbNQ^ \ iQKMWXK*cniQK*hM�Q[ WX[QNvNQPSNvkecO[QKM[QK
\ Ub[QRq`1] K ^{cjYVhjL*[v�%cnU U xyYVNHd RSUHYZ`QPSNvk cnYV^XLO^ cnU�U�`bKZW-[vcnPTRTP �MK cnivK�Y5`qYVPTR Y8]vRSK x�KZx�UbW{dP9bYqN'`
cniO[Q^*KMN'` [Q�z\ Pacni Y cnivWnYV^-iQPSNvkf^{d ^-cnKMx b%JliQK �vWXPTx YqW-d<� J �8� JB��YVWXYVx�KMcXKZW3PT^��=9}cnivK
xyYK^;PSx%[Qx NO[Qx}]}KMW*UVg hZUbNvhZ[QW-WXKZNHcXRTd9RTUHY8`vPSNQk cnYV^XLO^XbFJlivPS^3`qYVRT[QK1\ PTRSRa]}K `vKMcnKMWXx�PTNQK/`
KZx��QPTWXPTh5YqRSRadP9']v[vc�cXiQK,Ub�;cnPTx YqR `qYVRT[QK,PT^�hMRSUV^XK,cXU%cnivK3NO[Qx1] KZW Uqg ��YVkbPTNQk}`QKM` PThZKZ^ \ ivPShji
h5YqN ]}K]YVhMhZKZ^-^XKX`f^-PSx%[QRacjYVNQKMUb[Q^-RTd8b JliQK�`QPT^XhZW-PSx�PTN�YqcXPSUbNtUqg RTUHY8`QPTNQk cnYV^XLO^ YqN'` W-[QNQNQPTNQk
cjYq^XLO^3PT^
]Hd2Y ^-PSx��QRTK iQKM[QWXPT^-cXPShZ�3Y�cjYV^-LpPT^3RTUHY8`QPTNQk [QNHcXPSR�PTc,i�YV^,K ^;KZhZ[;cnK/` gwUbW�� [vNQPTcX^
UVg�` PSW{cn[�YVR cXPSx�K UbW i�YV^ W-K/cO[QKZ^{cnKX`2YVNfu � � UV�}KMWnYqcXPSUbNdb
� � � � �QWXKM^XKMNOcX^ ^XPTx [QRSYqcXPSUbN WXKZ^-[QRacn^/9 \ ivPShji!^-iQUG\ cni�Yqc & �Q� � � � ��� KZW{gwUbWXx�^%K/cO[�YVRTRTd
cnU & UbWXLOPTNQk �;KMc�3�UVRSPThMd hMUbx1]QPTNQKX`�\ Pacniz� J �8� J<hZUbNHcXWXUbRVb
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JliQK iQUqc3^XKmc x�U-`QKMR(YVN:` Y ��YVkbK WXKZ�vR YVhMKZx�KZNHc%YVRTkbUbW-PTcXiQx ]QYV^XKX`9UbN9PTc�\ YV^,�QWXUb� Ub^-K/`
]Hd � PSU�`qYVNQNQPx� YVWXPSYF�vYVhMhZUFYVN'`>� YVW-PSU%�;hjivLVUbRTNQPThjLyPTN � �b�#9O� C �0b(JliQK iQUqc�^XKmc�YqRSkbUVWXPacniQx
PT^ ]�YV^-K/`tUbN cXiQK,KM^-cnPTxyYqcnKM^lUVg cnivK3iQUVc�^XKMcX^lWXKXc [vPSW-K/` ]Hd KZYVhjitcnWnYqNQ^nYVhmcnPTUbNT9;h5YVRThZ[QRSYqcXK/`
]Hd cniQK@cO[QKZW{dyUb�vcnPTx�P �MKZW cnU�`QU cniQK@]Q[��}KZW ^X��YqhZK]YVRSRTU h5YqcXPSUbNdb(JliQK]YVRSkVUbWXPacniQx�i�YV^~]}KMKZN
PTxy�vRSKMxyKMNHcnK/` PSN � d ^-cXKZx �g`�YqcnY8]�YV^-K ^-d ^-cXKZx b
JliQK~`�YqcnY ^{cnW-[QhMcX[QWXKM^�gwUbW cXiQK iQUVc�^XKmc(YVRTkbUbW-PTcXiQx=hMUbNQ^-PS^{c UVg'�2� _!RSPT^-cX^ YVRTRTU;hZYqcnKX`FcXU�KZYVhji
�QW-U;hMKZ^X^X9vYq^X^XU hZPSYqcXK/`>\ Pacniycn\�UF`qYVWXPSY8]QRTKZ^X9 v��Bt ilk�� 9bcniQK�NO[Qx1] KZW UVg �QYVkbKZ^ WXKXcO[QKZ^{cnK/`u]Od
cnivK%�QW-U;hMKZ^-^/9}YVN'`)v��Btep8o o 9QcnivK YVhmcn[�YqR N [vx1] KZW,Uqg(��YVkVKZ^�PSNfcniQK}�2� _IRSPT^-c/b+�][Qx�W-KMg�PT^
K/cO[�YqR cXU cniQK iQUVc�^-KMc�^XP��ZKFUVg cXiQK �QWXU hZKM^X^Xb
��[QxyYVRSR hZYVNy]}K�`QP�� KMWXKMNOc�gwWXUVx�NO[Qx�WXKMg�b u g
NO[Qx�WXKmg�PT^*R YqWXkbKMW3cni�YVN9NO[QxyYVRTRV9 cXiQKh�2� _�RTPS^{c PS^*hZYVRTRSKX` �Bk�� r�� k_vxwVbFJliQK�YVRTkbUbWXPacnivx�PT^
�QW-KZ^XKMNHcnK/` ]}KMRSUG\�b

�Pb�WXIY. � . %��V.��F( " �,^-^XPTkbNpcXU�cXiQK*gwWXKMKFRTPT^-c]YVRTR cniQK�]Q[ � KMW�gwWXYVx�KZ^/b
6-b@$y( � ?� ���[ (B,L,z%  � . U (B, " �]RSRTU;hZYqcnK KZx��vced)�2� _
RTPS^{cLb �;KMc NO[Qx�WXKMg cXUpcnivK KZ^�O

cXPSxyYqcXK/`!iQUVc ^XKMc ^XP��ZK89�cnYVLVK NO[Qx�W-KMg]��YVkbK gwWXYVx�KZ^ gwW-Ubx cniQK gwWXKZK RSPT^-c/9 YVN'`!^XKmc
NO[QxyYVRTR cnU�cniQK NO[Qx}]}KMW]UVg���YVkVK3gwWnYVx�KZ^�YVhmcn[�YqRSRadfY5`VYqPSRSY8]QRTK8b

� b�J  ���[ (B,L,  (�� � (B, � ,h% ? %'A!( " �;K5YqWXhjipgwUVW Y��QYVkbK PSN cnivK�]v[�� KMW �}U UbRVb
{ Y#| 3�YVkbK gwUb[QN'`db�u g(�QYVkbK PS^�PTNpRTU;hZYVR2�2� _B^-cjYqhjLM9s[Q�M`�YqcXK%RTU h5YVR ^{cjYVhjL 
 KZRT^XK�`QU

NvUVcniQPTNQk'b
{ ]M| 3�YVkbKFNQUVclgwUb[vN'`Tb~3 YVkVKFW-KZ�QRSYVhMKZx�KZNHcL9�cn\ U hZYV^XKM^�cXUyhMUbNQ^-P `QKMW/�

PVb u g cniQK*RTU;hZYVR ^{cjYVhjL hZUbNHcnYVPSNv^�[vN��:^;K/`f��YVkbKM^ cniQKMN ��[Q^-ifcXiQKf�2� _ ��YVkVK
PSNfPacLb

PSPVb u g cniQK]RSU h5YqR}^{cjYVhjLyhZUbNHcnYVPSNv^lUbNQRad �-^vKX`t��YVkbKM^/9vcXiQKZN kbKMc Y%gwWnYVx�K�gwWXUbx
cniQKlgwW-KZK�RSPT^-c/9 Pag Pac PS^ NQUVc KMxy�;cedPb�u g cXiQKlgwWXKMK]RTPS^{c PS^ KZx��vced89;kbKmc Y gwWXYVx�K
gwWXUbx�YVNQUVcXiQKZW@�2� _ ^-cnYVhjL hZUbNHcnYVPSNvPSNQk YVNf[QN��:^;KX` ��YVkVK8b�� cjYVhjLO^ cni�Yoc
YVWXKf`vK ��hMPSKMNOc3YVWXK*cXUe] K �QWXKmgwKZW-WXK/`db ueNvhZWXKZYV^XKFNO[QxyYVRTR�]Hd9�8b


'b�J  ���[ (B,L,�� ��(B,h% ? %'A!( " ueNQhZW-K5YV^-K W-KMgwKZW-KZNQhMK%hMUb[QNHc@]Hd UbNQK8b
�-b�J  ���[ (B,L, � I�� �T(-,e% ? %'A!( " �3KZhMWXK5Yq^XKFWXKMgwKMWXKMNQhZKFhZUb[vNOc@]Hd UbNQKZb
C b�J  ���[ (B,L,  ( � (#%x,/(B,e% ? %'A!( " �3U�NQUqcniQPTNQk'b
Q-b�J  ���[ (B,L, � (  & .0I2% � (B, " ��KZYVRTRSU h5YqcXK�cniQK~�2� _!^-cnYVhjL YVx�UbNQk@`QK �QhZPTKZNHc(�QW-U;hMKZ^-^XKZ^X9

cXW-d PSNvk cXUt^nYqcXPS^{g d2hMUbx��QRSKmcnKMRTd Y �vWXU hZKZ^-^�]}KmgwUbWXK ^XYqcnPT^-g d PTNQkfYVNQUVcXiQKZW*UVNQK8bFu g NQU
`QK ��hZPTKZNHc]�QWXU hZKM^X^�K_^;PT^-cn^X9}W-KMcX[QWXN gwWnYVx�KM^ cXU cniQK*gwWXKMK RSPT^-c/b

6+�
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� � � � � ��i�Yq^�] KZKMN `QKM^XhZW-P ] K/` PSN & UbRagwkHYVNvk � �}KZRT^�] KZWXk:� ^ ��3�WXPTNQhZPT�QRTKZ^ Uqgl�*YqcnY8]�YV^-K
��[��}KZW � YVNQYVkbKZx�KMNOc � � 6;� �FPTN=YZ`'`QPacnPTUbN<cXU ^-KM`VKZWnYqR%UVcXiQKZW ]�Yq^XPTh YVRTkbUbW-PTcXiQx�^/b
JliQK
��YV� KZW]PS^,YycX[vcnUbW-P YqR�gwUbW@]Q[QPTRq`QPSNvk h5YVhjivK ^-d ^-cXKZx�^/9 YqN'` `QKM^XhMWXPq]}KM^*^XKM`VKZWXYVR ]�YV^-PSh%P `vK5YV^Xb
JliQK~YVW{cnPThZRTK9PS^ gwW-K/cO[QKZNHcXRTd�W-KMgwKZW-KZNQhMK/` ]Q[vctcnivK9hZUbNHcnKMNHcn^pYVWXK9^-Ubx�KX\ i�YqcfUb[;cl`�YqcXK/`Tb
JliQKMWXK2YqWXKf^XKM`VKZWXYVR,hMUbx���YVWXPT^XUVNQ^u] KMcn\ KZKMN `QP �}KZW-KZNHc �QYVkbKfWXKZ�vR YVhMKZx�KZNHc YqRSkbUVWXPacniQx�^/9
cnivUb[QkbiFNQUVc�UbNQK�\ iQPThji1\ Ub[QRq` PTNQhZRT['`QK YVRTROcXiQK YVRTkbUbWXPacnivxy^ cnUVkbKMcXiQKZWXb�JliQK hZUbNHcXK_^ c�cXiQKMd
[Q^-K PT^3� � ���*�#�f���f� �2� 9!]Q[vc�cniQKFhZUVxy�QYVWXPT^XUbNv^,i�Y5`bK}]}KMKZNz`vUbNQK�\ PTcXi2^XPTx [QRSYqcXPSUbNd9
[Q^-PSNQk3Y]^X� KZhMP YqRSRad xyY8`vK �QW-UbkbWXYVxBYVN'` cn\ U3W-KMgwKZW-KZNQhMK�^{cnWXPTNQkb^�\ PTcXi ^XUVxyK_\ i�Yqc=`vP �}KZW-KZNHc
hji�YVWXYVhMcXKZW-PS^{cnPThZ^,Uqg RTU;hZYVRTPTcedtUqg W-KMgwKZW-KZNQhMKZ^Xb
ueN�� 6;� � �:� � � �]��� \@�
�3� �IPT^ xyKMNHcnPTUbNQK/` YV^%YVN~YVRSPSYV^*cnU � � � � �hb u cF^-iQUb[QRq` NQUqc
] K hMUbNvgw[Q^-K/` \ Pacni cXiQK r�u r � \ Pacni �;KZhMUbN'` ��iQYVNQhZK [Q^XKX` PSN � YVhji � b � � 6+��� 9�\ iQPThjiT9
\ iQPTRSK%cnW-d PTNQk cXU YV�Q�vWXUL^;PSxyYqcXK �2� _ ] KZiQY�` PTUb[QW@\ PTcXi2^XUbx�K_\ i�Yqc*^-PSx�PTR YVW]x�KMcnivU-`Q^X9 PT^
^-cXPSRTR�cO[QPacnK�`QP �}KZW-KZNHcLb
� � � � � � { � KZNQKMWnYVRTP �MK/` � � � � �1| PT^ YVN KZNQiQYVNQhZKX` � � � � ��cXU kbKMc Yl^{cnUb�QkbYV��]}Kmcn\�KMKZN
� r(_�YVN'`u����_}bB� r(_ PS^ [QNQ^-[QPTcnY8]QRTK]gwUbW NQUbNBOe^-cnYqcnPTh�YVhZhMKZ^-^ ��Yqc-cnKZW-NQ^/9#\ iQPTRSK��2� _ `QU;KM^
NQUVc �}KMW-gwUbW-x \�KMRSRV9 ��YVW-cXPShM[QRSYVWXRad Pag�Y ^-K/cO[QKZNHcXP YVRl�vWXU hZKZ^-^ PT^ cO[QPShjLORad!WXKXcO[QKZ^{cnPTNQk NQKX\
��YVkVKZ^/b JliQK � � � � � � PT^ WXKMR YqcXPT`VKZRad ^-PSx��QRTK8�yPSNv^-cnKZY8`!UVg �X_�^XK ]vPTc �2K5YVhji!�QYVkbK i�Yq^
Y2WXKmgwKZW-KZNQhMKfhMUb[QNHcnKMW/9=\ iQPThji PT^ ^XKmc \ iQKZN!cXiQKt��YVkbK PS^ ]QW-Ub[QkbiHc PTNHcnU9cnivK h5YVhjivKpYqN'`
x�U-`vP ��KX` Yoc K5YVhji YVhZhMKZ^-^/9(YqN'` K5YVhji~hZRTU;hjL i�YVN'`~^-cXKZ�j`QKZhMWXKZx�KMNOcX^%cXiQK�hZUb[QNHcXKZW { �;KMK
r PTkb[QW-K%�#|sb

2

26

2

8

10

5
1

7 1

r PTkb[QW-K2�:� � � � � � � b~�/� UbPSNHcXKZW � UbPTNOcX^ cnU Y �}KMWRO ��YVkbKphZUb[QNHcXKZW/9 Pag hZUb[vNOcXKZW PT^,�:9
WXKM�QRSYVhZK cniQK ��YqkbK89QUqcniQKMW�\ PT^XK�`QKZhMWXKZx�KMNOc]cniQK hMUb[QNHcnKMW,YVN:`fPTNQhMWXKZx�KMNOc]cniQK � UbPTNOcXKZWXb
JliQKMWXK%YVWXK*^-KM`bKMWnYVR cnivPSNQkV^�\ ivPShjiph5YVNy]}K*`qYVW-PSKX`T�

q JliQK*`qYVRT[QKf\ iQPThjipcnivK%W-KMgwKZW-KZNQhMK%hMUb[QNHcnKMW kbKMcX^�[v�}UbN ��W-^-c gwKMcXhjipUVg Y���YVkbKZb
q ueNQhMWXKMxyKMNHclWXKmgwKZWXKMNQhZK*hMUb[QNHcnKMW Yqc K5YqhjitWXKMgwKMWXKMNQhZK3Uqg Y%��YqkbK�`VKZW-^X[Q^l^-KMc W-KMgwKMWXKZNvhZK
hMUb[QNHcnKMW]Yoc]KZYVhjifWXKMgwKMWXKMNQhZK cnU Y#�:^;K/`p`qYVRT[QKZb
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q �]�Q�QRad ��YqkbK_O ced;� K UVW]��YqkbK_O WXKZRSYqcXK/` \ KZPTkbiHcn^3PTNQ^{cnK5YZ`9UVg�PTNQhZW-KZx�KZNHcnPTNQk \ Pacni9UbNvK
UbW*�-^vKX`p`qYVRT[QK8b

u c�^-KZKZx�^ UP]H` PSUV[Q^(cni�Yoc�PSNvhZWXKMx�KZNHcnPTNQk cniQKlW-KMgwKZW-KZNQhMKlhZUb[vNOcXKZW \ Ub[QRq`��QWXU�` P `vK@] KMc-cnKMW(WXK O
^X[vRTcX^/9B]Q[vc ^-cXPSRTRsxyUV^-c R YocnKZW W-KMgwKZW-KZNQhMKZ^ cnU � � � � � � YVW-K�UVNQRTd�hMUbNQ^-P `QKMWXPTNQk%cXiQKl`bKMWX^XPTUbN
\ PacniQUb[;c PTNQhZW-KZx�KZNHcn^Xb JlivKp`qYVWXPSYqcXPSUbNv^ iQKMWXKf�QWXU8]�Y8]QRad�^XiQUb[vR ` ] KfhZUbNQ^-P `vKZWXKX` `QP�� K O
WXKMNHc�YVRSkVUbWXPacniQx�^X9sYV^ cniQKmd�] KZi�Y5`bK�`QP��}KZWXKMNHcnRadPb rs[vW-cnivKZWlPTN cXiQK3cnK ^ c�cXiQK*PTNQhZW-KZx�KZNHcnPTNQk
`bKMWX^-PSUbNpUVg � � � � � ��PT^�W-KMgwKMWXKZNvhZK/` YV^ �-PTNQhZW-KZx�KZNHcnPTNQk � � � � � � �'b
� � � � � � i�YV^ ^XPTx�PSRSYVWXRadDcXU � � � � � � { N |h\�UVWX^-cfhZYV^XK9cnPTx�K hZUbx��QRTK_^;Paced<YVN'`�PTcX^
� KZW-gwUVWXxyYVNQhMK�`vKMcnKMWXPTUbWnYocnKZ^]YV^lcnivKFRTUHY8` PTNQhZW-K5YV^-KZ^Xb
�,NQYVRTd ^-PS^ Uqg cniQKe\�KMPSkViOcXK/` � � � � � ��`VKZWX^-PSUVN!�}KMW-gwUbW-x YqNQhZK i�YV^1] KZKMN �QW-KZ^XKMNHcnK/` PTN
� 
#Q ��]Hd��3PThMcXUbW r
b!��PShMUbR Y�KMc�YqR0b
� � � � � � �1PS^ Y gw[vW-cnivKZW*WXK ��NQKX`~`VKZWX^-PSUVN UVg�\ KZPTkbiHcnKX` � � � � � � b u cFYq^X^XPTkbNQ^�`vd N�Y�O
x�PShZYVRTRTd hZYVRShM[QRSYqcnKX`T9���YVkbK OeW-KZRSYqcnKX`y\ KZPTkbiHcn^���� {�� |�YVN'`���� {�� |lb
�,NvUVcniQKMWfYVRSkVUbWXPacniQx 9������ 9�gwUbW � KZYV^-cy� KMgwKMWXKZNvhZK �3KZNQ^-PTced89*RSU UbLO^ YqctcnivK~W-KMgwKMWXKZNvhZK
`QKMNQ^XPaced!UVg]Y9��YVkbKZ9 YVN'` WXKM�QRSYVhZKM^�cXiQKtUbNQK>\ PTcXi cXiQKt^XxyYVRTRTKZ^-cyW-KMgwKZW-KZNQhMK `QKZNQ^-PTced89�PTN
UVcXiQKZW+\ UbW�`Q^X9QgwWXKXc [vKZNQhmdfcXiQK ��YVkbK PT^ WXKMgwKMWXKMNQhZKX` `Q[QW-PSNvk Y hZKMW-cnYVPSNfcnPTx�K�\ PTN'`QUG\�b

�
	 � 	 
 5 � 
 WX$

�f�+�pu�� �a� � �vYVRSkVUbWXPacniQxI�vWXUb� Ub^XKX` ]Hd \�UbNQkZO J YqPv��ivUb[ YVN'` �*Y5`;Pq` 
:bq�3K & PacXc�PS^Y]�YV^-K/`
UbN %����'�jb�ueN �f�+�pu��}9 ��YqkbKZ^ YVWXK YVRTRSU h5YqcXK/` YVN'` xyYVNQYVkbK/` UbN Yf�}KMW
��RTK PTNQ^{cjYVNQhMK
]�YV^-PS^X98\ Pacni Y8`:`QPTcXPSUVN UVg�^-i�YVWXKX` � U;UbRHgwUbW���YVkVKZ^ hMUbx�x�UbN cnU�`QP �}KZW-KZNHc�YqhMcnPa`bK�PSNQ^{cjYVNvhZKZ^Xb
� YVhji PTNQ^{cjYVNQhMK ^-KMcn^ cnivKFW-KZ�QRSYVhMKZx�KZNHc3ced � K%PTNfcXiQK�]}KMkbPSNvNQPSNvk'b
� YVhjipPSNv^-cjYqNQhZK%i�YV^ PTcX^
UG\ NT9 PSNQPacnPSYVRTRTdfKMxy�;cedP9 RTU h5YVRTPTced ^-KMc]cjY8]QRTKFPSN Y8`'`QPacnPTUbNpcXU cXiQK%kVRSUP]QYVR cjY8]QRTK8blJlivK ��YVkVK
h5YqNz]}K%PSN UbNQK RTU;hZYVRTPTcedf^XKmcL9}UbW,Pac3hZYVNz] K1] UVcni2PTN cXiQK kbRTUP]�YqR�cnY8]QRTK YVN'` UbNQK RTU h5YVRTPTced
^XKmcLb ueNpY8`'`QPacnPTUbNT9QcXiQKZW-KFPT^�YykVRSUP]QYVR gwWXKMK RSPT^-c/b
JliQK9PTNHcnKZW-KZ^{cnPTNQk �QYVW-ctPT^ cnivK9YVhZhMKZ^-^ cXU Y ��YVkbKZb�\�KZW-K � PT^ cniQK9NO[Qx}]}KMW UVg ��YVkbKM^
YVRTRSU h5YocnK/`9cXU cniQK RTU;hZYVRTPTced9^-KMc UVg Y ��RTK PSNv^-cjYqNQhZK�UVg Y�cO[QKZW{dP9�YVN'` � PT^3cnivK x Y�^vPTx [vx
NO[Qx1] KZW�UVg �QYVkbKZ^�YqRSRTU;hZYqcnKX` cnU9KZYVhji ��RSK PSNQ^{cjYVNvhZK8b & iQKZN�Y2��YqkbK PT^ WXK/cO[QKM^-cXK/` ]Od
Y cO[QKZW{dP9 Y ^-K5YVW-hji PT^3xyY8`QK cXU cniQK kVRSUP]QYVR�cnY8]QRTK89 gwUbRTRSUG\ K/` ]Hd9YVN YZ`qz{[Q^-cXx�KZNHc cnU cnivK
YV^-^XU hZPSYqcnKX`pRTU;hZYVRTPTced ^-KMcL�

�Pb � � ( ? %'A!( .V, * � � I � .VI4; �x��� ��� ( A � � ;�%�� � %'; �V( %xI � ��� ( � ��[ %��V. � � ,/( �F"
[Q^XYVkbK ^-cnYqcnPT^-cXPShM^,YqWXK [Q�M`�YqcnKX`Tb

6-b � � ( ? %'A!( .0, * � � I � .0I &)(B& �! � ; ��� I �x� .VI ��� ( � ��[ % �0. � � ,/( �F" u g cnivK
��YqkbK�YVRTWXK5YZ`vdz] KZRTUbNQkb^*cXU Y RTU h5YVRTPTced2^XKMc/9 cniQK���YqkbK PS^*kVPT`VKZN cnUtcniQK W-K/cO[QKM^-cnPTNQk
cO[QKMW-dtYqN'`tNQU gw[QW{cniQKMW YVhMcXPSUbNv^lYVWXK,WXK/cO[QPTWXKX`Tb � cXiQKZWR\ PS^-K89QcXiQK3��YVkVK3PS^ YZ`'`QK/` cXU
cXiQK RTU;hZYVRTPTced ^XKmc UVglcXiQK���RTK PTNQ^-cnYVNQhMK89 YVN'` �pPT^ PTNQhZW-KZx�KZNHcXK/` ]Od UbNQKZbz��U�\1Pag
���=�P9OYF�QYVkbK PS^ hjiQUV^XKZN YVN'`yWXKMRSKZYV^XKX` ]�YVhjL cXUFcXiQK kbRTUP]�YVRQgwW-KZK RSPT^-c YVhMhZUbW�`QPTNQkFcXU
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cXiQK,RTU;hZYVRsWXKM�QR YqhZKZx�KMNOc � UbRTPShmdP9vYVN'` �FPT^�^XKmc�cXU �Pb _�^nYVkbK]^-cnYqcnPT^-cXPShM^lYVWXK�[Q�M`�YqcXK/`
YV^ W-K/cO[QPTWXK/`�]Hd cniQK RTU;hZYVR WXKM�QRSYVhZKMxyKMNHc,� UbRTPShmdPb

� b � � ( ? %'A!( .V,<I �!� .VI &)(B& �! � " �3PT^XL~WXK5YZ`�PT^ � KZW{gwUbWXx�K/`d9 �vWXU hZKZKX`!RSPTLVK PTN
hZYV^XK}6-b

� � � �sPTNQhZRT['`QKM^lYFhMUbx���YVW-PS^-UbNu] KMcn\ KZKMN r u r � 9#���
�]� 9#�2� _}9 \ � J��:��Jf9 & � YqN'` �f�~O
�pu���b

�
	 � 	 	 J  . �M . � ��� � �	� ��J  . �! . � ��� 5 � 
 W/$D%xI � J  . �M . � ��� 
 .0I � ,

ueN xyYVNHd h5Yq^XKZ^X9N`QYqcjY8]QYV^XK YVN:` ` PTW-cX[�YVR x�KZx�UbW{d ^{d;^{cnKMxy^ YVW-K PSNHcXKZN'`QKX` cXU9^X[Q�Q� UbW{c
`QP�� KMWXKMNOcFRTKM`VKZRT^FUqg �vWXPTUbWXPacnPTKZ^3gwUbW]cnWnYqNQ^nYVhmcnPTUbNQ^*UbW*�vWXU hZKZ^-^XKM^/b \�U�\ KM`VKZWX9�Pag cniQK ]v[�� KMW
h5YqhjiQK PS^tNQUqctiQUbNQUVWXPTNQk�YVNHdD�QW-PSUbW-PTcXPSKM^/9]NQU�YVhMcX[�YVR�`vP �}KZW-KZNQhMK xyY5d ] K9^XKMKZN<PSN cnivK
� KZW-gwUVWXxyYVNQhMK UVg cXWnYVNv^nYVhmcnPTUbNQ^ Uqg `QP�� KMWXKMNOc �QWXPTUbWXPacnPTKZ^Xb JliQPS^%PS^}`Q[QKycnUpcXiQK�g YVhMcFcni�Yoc
KM`VKZN cXiQUb[QkVit� 3 _ ^-hjiQK/`Q[vRSPTNQk YVRTRTU�\ ^ RSUG\ O �QWXPTUbWXPacedy�QWXU hZKM^X^-KZ^�UVNQRTdyYFRSPTx�PTcXK/`tYqxyUV[QNHc
UVg � 3 _ cXPSx�KZ9 cXiQKMd2kbKMc KMNQUb[Qkbi UVg Pac*cnU `QKMcXKZW-PSUbWXYqcnK cXiQK�^-d ^-cXKZx � ^%� KZW{gwUbWXxyYVNQhMKh]Od
K_^;hMKZ^X^-PT`VK]�QYVkbPTNQk*YVN'` �qUbW u � � boJliQPT^��QWXU8]QRSKMx
PT^(hMRSKZYVWXRad%` PT^XPq]QRTK�PTN cXiQKl_]NvP�^ Ub� KZWnYocnPTNQk
^-d ^{cnKZx b�_]N'`QKMW _]NQP ^ 9,kbPa` PSNvk YqN u � � ] Ub[QN:` �QWXU hZKM^X^ x�UbWXK2�vWXPTUbWXPaced { RSUG\ KZW v�� rsk
`qYVRT[QKK|l9vcniQKMWXK PT^ YVRSx�Ub^{c NQU `QP�� KMWXKMNQhZKFPSNfYVhmcn[�YqR � KZW-gwUVWXxyYVNQhMKFPag cniQKMWXKFYVW-K3UVcnivKZWlu � �
] Ub[QN'`f�QWXU hZKM^X^-KZ^�hZUbx�� KMcnPTNQk UVg�cXiQK ^nYVx�K�]Q[��}KZW hZYVhjiQK8b
�pPThji�YVKMR 
:bv� YVWXKmd KmclYVRVb(�QW-Ub�}UV^XK/` PSN � � �}K_^ cnKMNQ^XPTUbNQ^ cXU { � RTUP]�YVR | ����_=YVN'` �f�+�pu��}9
h5YqRSRTK/` 3�WXPTUbWXPacedFO��2� _�YqN'` 3�WXPTUbWXPacedFO �f�+�pu���9a] UVcni!Uqg+\ iQPShji�YVW-K PTNOcXKZN'`vK/`!cnU9^-UbRT`VK
cnivPS^ �QW-UP]QRTKZx ]HdtPTNOcXWXUB`Q[QhMPSNQky�QW-PSUbW-PTcXPSKM^�cXU���YVkbK WXKM�QRSYVhZKMxyKMNHc3YVRTkbUbW-PTcXiQx�^/b

LRU{ P        }

. . .

Set of Possible 

Replacement Victims

Increasing Recency of Use

PageID

Timestamp

Priority 1 (Low)

Priority 2

Priority 3 (High)

. . . . . .. . .

r PTkb[QW-Kt� �:�f3�WXPTUbW-PTcedFO��2� _ ^{cnWX[vhMcn[vWXK8bh� RTPS^{cFK_^;PS^{cn^ gwUbW*K5Yqhji �QW-PSUVWXPacedP9�YVN'` WX[vRSKM^ gwUVW
WXKM�QRSYVhZKMxyKMNHc3�QW-KMgwKZW RTUG\�KMW��vWXPTUbWXPaced RSPT^-cX^�YVN'`f[Q^XK cnPTx�KZ^-cnYVx��Q^ cnUyY5`bUbPq`pcXiQWnYV^-iQPTNQk'b
ueN}3 W-PSUVWXPaced#On�2� _ cXiQKZW-K PT^�UbNQK~�2� _ c [vKZ[QK gwUbW K5YVhji �QWXPTUbWXPaced { r PSkV[QWXK � �B|lb�ueN Y8`'`QPacnPTUbNT9
K5Yqhji2��YVkbKFi�YV^,Y�cXPSx�KM^-cjYqxy�d9 \ iQPThji9PS^�[Q^-K/` cXU LVKMKZ�2cXWnYVhjL UVg�cniQK%kbRSU8]�YVR WXKMhZKMNQhMdpUVg
[Q^XYVkbK UVg �QYVkbKZ^Xbz� NvKX\ ��YVkbKZ9(gwWXUbx YpcXWnYVNv^nYVhmcnPTUbN!UVgl�QW-PSUVWXPaced �Y9�PS^ YZ`'`QK/` cXU cnivK
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�2� _ cO[QKZ[QK%UVg(�vWXPTUbWXPaced �ab JliQK�c [vKZ[QKM^*YVWXK*cXWnY8`QPacnPTUbN�YqR2����_4cO[QKM[QKZ^X9 cXUb[QhjiQKX`2��YVkVK
PT^%x�U�`bKX` cnU cniQKyiQPTkbi-Oe�vWXPTUbWXPaced KZN'` UVg�cXiQK RTPT^-cL9Y]Q[vcFcniQK ��YVkbK�W-KZ�QRSYVhZKMx�KZNHc PT^}`QUVNQK
cnU YqRSR3RTPT^-cn^tcXUbkbKMcXiQKZWXb�ueN<Y8`'`vPTcXPSUbNd9]NQU ��YqkbK2dbUb[vNQkbKZW cXi�YVN � � { gwUbW & PTN'`QUG\�UVg
� KZ�QRSYVhZKMx�KZNHcX|%^XivUb[QRq` ] KthjiQUb^-KZN gwUbW W-KZ�QRSYVhZKMx�KZNHcyWXKZkbYVW�`QRTKZ^-^�UVg��QWXPTUbWXPacedPb~J�U���N'`
cnivKp��YqkbKtcnU~WXKZ�vR YVhMK89�cXiQKfYVRTkbUbWXPacnivx?^XKZYVWXhjiQKM^ cnivK�cO[QKM[QKZ^X9l^-cjYqW-cnPTNQk Yqc�cniQK RTUG\�KM^-c
�QW-PSUbW-PTced cO[QKM[QK89�YVN'` hjiQKZhjLO^ \ iQKmcniQKMW cnivKphZYVN'`QPq`�YqcXK8� ^ cnPTx�KZ^-cnYVx�� g YVRTRS^ PSNv^XPq`QK cnivK
�QW-UVcnKMhMcnKX` � � \ PSN'`vU�\�b u g Pac�`QU;KM^/9 cniQPT^FPS^ WXKM�}KZYqcnKX` gwUbW iQPTkbiQKMW �QWXPTUbWXPaced RTPS^{cn^F[QNHcnPTR
KZPacnivKZWFY `;PThMcXPSx PT^3gwUb[QN:` UbW*KMRS^-K cniQK�^XKZYVWXhji PS^ K ^viQYV[Q^-cXK/`Tb�u g NQUf��YVkbK Ub[;cn^XPq`QK � �hZUV[QR `y] K gwUV[QN'`T9QcXiQK*`;PThMcXPSx \ PTcXipcnivKFRTUG\�KM^-c]�QWXPTUbW-PTcedtPT^ hjiQUb^-KZNTb
JliQK 3�W-PSUbW-PTcedFOe�f�+�pu��}9 RTPSLqK UbWXPTkbPTN�YVR��f�+�pu�� �a� � � 9}PS^�]�YV^-K/`2UbN `QP �}KZW-KZNHc*�QW-Ub� KZW-cXPSKM^
UVg cXWnYVNQ^XYVhMcXPSUVNQ^/9�YqN'` cniQK YZ]QPSRTPaced UVg cXiQK
cO[QKZW{d Ub�;cnPTxyP��ZKMW cnU KM^-cXPSxyYqcXK3cniQK3NO[Qx}]}KMWlUVg
]Q[��}KZW-^ { ��� ������� �
	 � |}YVN:` cXiQK Ub�vcXPSxyYVRbW-KZ�QRSYVhMKZx�KZNHc�YqRSkbUVWXPacniQx { ��� ���
� ��	 � |scnU [Q^-K gwUVW
K5Yqhji���RSK%PSNv^-cjYqNQhZK � � { YycnY8]QRTK89dcO[QKMW-dpWXKM^X[QRac3UbW]^XPTx�PSRSYVW,kVWXUb[Q� UVg=`�YqcnYB|sb��]hZhZUVW�`QPTNQk
cnU cnivPS^ PTNvgwUbWXxyYqcXPSUVN hMUbx1]QPTNQKX` \ PTcXi<cXiQK �QWXPTUbW-PTced�UVgFcnivK~cXWnYVNQ^XYVhMcXPSUVNT9,cnivKj]v[�� KMW
xyYVN�YVkVKZW*YVRTRTU;hZYqcnKM^*WXK/cO[QPTWXKX` N [vx1] KZW UVg�]Q[��}KZW-^3gwUbW3KZYVhji9cnWnYqNQ^nYVhmcnPTUbNTb ueN~Y8`'`QPacnPTUbNT9
NQU cXWnYVNv^nYVhmcnPTUbNtPS^ YVRSRTUG\�KX` cnU ] KZkVPSNtW-[QNQNQPTNQk [QNQRTKZ^-^lPTc�h5YVN�] K,kV[�YVWnYqNOcXKZKX` cnU kbKmc cnivK
Ub�vcXPSx%[Qx NO[Qx1] KZW UVgd]Q[��}KZWX^ gwUbW�KZYVhji UVg PTcX^ ��RSK�PTNQ^-cnYVNQhZKM^/b�ueNu3 W-PSUVWXPaced#Oe�f�+�pu���9bcniQPT^
Y8`Qx�PT^X^-PSUbN hMWXPacnKZW-P Y PT^3K ^;cXKZN'`vK/`9cnU ^XY5d �XY cXWnYVNv^nYVhmcnPTUbN9PS^3YVRSRTUG\�KX`9cnU ] KZkbPTN2W-[QNQNQPTNQk
UbNQRad*PagvcXiQKZW-K YqWXK ^X[:�yhMPSKMNOca]Q[��}KZW-^�gwUbW YqRSRHhM[QWXW-KZNHcnRadFWX[QNQNvPSNQk cnWXYVNQ^XYVhMcXPSUbNv^�UVg cnivK ^XYVx�K
UbW%iQPSkViQKZW%�QWXPTUbWXPaced �'b2ueN Y8`:`QPTcXPSUVNT9 cnivK ]Q[��}KZW%x YqN�YVkbKMW h5YVN ^X[Q^-�}KMN'`!cnWnYqNQ^nYVhmcnPTUbNQ^X9
^-cnYVW-cXPSNvk Yqc�cXiQK�RSUG\ KZ^-c �QW-PSUbW-PTced89;Pag cXiQKZW-K PS^ NQKZKX`ycXU YqRSRTU;hZYqcnK�]Q[ � KMWX^ gwUbW Y cXWnYVNv^nYVhmcnPTUbN
\ PacniDiQPTkbiQKMW �QW-PSUVWXPacedPb � cniQKMW�\ PT^XKz3�W-PSUbW-PTcedFOe�f�+�pu��}9 PTNDWXKM^X� KZhMc UVg YVRTRTU;hZYqcnPTUbNDYqN'`
WXKM�QRSYVhZKMxyKMNHcL9 PS^ ^XPTx�PSRSYVWlcnU cXiQK UbWXPTkbPTN�YVR �f�+�pu��IYqRSkbUVWXPacniQx { �;KZhmcnPTUbN 6-b � b 7B|lb
ueN�� � � �(cnivKy^XYVx�KyYV[vcnivUbWX^*�QW-KZ^-KZNHc Y gw[QW{cniQKMW�`QKM`VKZRTUb�}KX` YVRTkbUbW-PTcXiQx 9��Ni�� �Ki � w � 
��	� vxw �_9
\ iQPThji Y8`'`Q^�^XPTxy�vRSK3ivPSNHcn^ cnU 3�WXPTUbW-PTcedFO��2� _�9 cXW-d PTNQk cnU1]}K,YV^�^-PSx��QRTK*YV^
3 W-PSUVWXPaced#On�2� _
\ Pacni � KZW{gwUbWXxyYVNQhMK,KXc [QYVR cXU 3�WXPTUbW-PTcedFO �f� �pu��}9B]Q[vc�Y5`bUbPq`QPTNQk cnivK,x�UbWXK]hZUbx��QRTK_^ iQPTNHc
x�KZhji�YqNQPS^-x�UVgM3�W-PSUbW-PTcedFOe�f�+�pu��}bqJliQK iQPTNHcn^��QW-U�`;Pq`QKX` ]OdFcnivKl�f�+�2� YqhZhZKM^X^�x�KMcXiQUB`Q^
YVW-KF^-PSx��QRTK8�

��% UM�M ( � ��YVkVKZ^�YVWXK RTPSLqKZRadtcnUh] KFW-K_O WXKMgwKMWXKMNQhZKX` ]HdtcniQK ^XYVx�K cXWnYVNv^nYVhmcnPTUbNTb
$ �M &)% ����YVkVKZ^ PSNvhZRT['`QKFKM`bKMW-dOcnivPSNQk KZRT^XKZb

� NQRadfg Y5`VUbWXKX`2��YVkbKM^,YqWXKFi�YVN'`QRTK/` ^X� KZhZPSYVRTRTd89 NQUVWXxyYVR ��YVkbKM^3YVW-K%�vWXU hZKZ^-^XKX`9PSNpNQUbWXxyYVR
�2� _�UVW�`QKMW/b _]N��:^;KX`Dg Y�`VUbWXKX` ��YVkbKM^ YVW-K W-KZ�QRSYVhZKX`DPTN � � _/UVW�`QKMW/9l^-cnYVW-cXPSNvkH\ Pacni
cnivK RSUG\ KZ^{c��QWXPTUbWXPacedP9 Pag NQU2gwWXKMK { NvUbWXxyYVR | ��YVkVKZ^ YVW-KtY5`qYVPSRSY8]QRTK89�[vNOcXPSR PTc WXK5YqhjiQKZ^ cnivK
WXKXcO[QKZ^{cnPTNQk!cnWnYqNQ^nYVhmcnPTUbNDPacn^-KZRag�b u g NQU [QN �:^;K/` ��YVkVK ^X[vPTcnY8]QRTK gwUbW W-KZ�QRSYVhMKZx�KZNHc�\�YV^
gwUb[QN:`T9 cXiQK Ub[vcX^-cjYqN'`QPTNQk W-K/cO[QKM^-c PS^ cO[QKM[QK/`DPTN!cniQKy��[ � KMW & YVPacnPTNQk %3[QKZ[QKZ9 YVN:`�Pag
cnivKZWXK YVWXK%WX[QNQNvPSNQk cXWnYVNv^nYVhmcnPTUbNQ^3UVg RTUG\�KMW*�QWXPTUbW-PTced89}cnivK cnWXYVNQ^nYqhMcnPTUbNz\ Pacni2cXiQK RTUG\�KM^-c
�QW-PSUbW-PTcedtYVx�UbNQk�cniQKMx�PS^ ^-[Q^X� KZN'`vK/`Tb
& Pacni�3 W-PSUVWXPaced#Oe\]PTNHcn^/9 YVNpYV^{d;NvhjiQWXUbNvUb[Q^�\ WXPacnKFKZNQkbPTNQK PT^�[v^XK/`fcnU ��[Q^-ipcXiQK ��YVkbKM^/b
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�,NvUVcniQKMW ^XUbRT[vcnPTUbN cnUpYV�Q�QW-UL^vPTxyYqcnPTUbN~UVg
����_1iQYV^�]}KMKZN PTx��QRTKZx�KZNHcnKX` PTN~cXiQK>� YVhji
x�PShMWXUbLqKZW-NQKZRVb!JliQKfYVRTkbUbWXPacnivx PT^ h5YVRTRTK/`�������� � � w � �Tksr��Kv ��� �:p8vdrsk � 6+� �0b JliQPT^yYVR�O
kbUbW-PTcXiQx PT^}]QYV^XKX` UbN~[Q^XPTNQkfcniQW-KZKec [vKZ[QKM^%gwUbWFYVRTR���YVkbKM^ UVg x�KZx�UbW{dP9�h5YVRTRSKX` ��[8� . U (
� � ( � (!9!W/I2% [8� . U ( � � ( � ( YVN:`��  (#( � � ( � (!b JliQK���WX^{c]cn\ UucO[QKM[QKZ^,YVWXKFr u r � ^ UVg
��YVkVKZ^/b�����YqkbK}\ iQPThji9PT^
]QWXUV[QkbiHc3PTN2UbW]hZWXKZYqcnKX`T9 PT^*Y8`:`QK/` cXU cnivK1�,hmcnPa`bK %3[QKM[QK8b��
LVKMWXNQKMR�cXiQWXKZY8` \ PSRTR cniQKMNT9 Yqg cnKMW]Y�hZKMW-cnYVPSNfcnPTx�K89sx�U `VK%Pac cnU�cniQKFueN�YVhmcnPa`bK#%*[vKZ[QKZ9}YqN'`
[QNQxyYV�pPTc gwW-Ubx cnivKFx�KMxyUVW-dP9�cXi [v^�`QPT^nYZ]QRSPTNQkycniQK%YVhZhMKZ^-^]cnU cXiQK%�QYVkbK8b u g cXiQK ��YVkbK PT^
YVhMhZKZ^-^XKX`T9 Pac�\ PTRSR�kbKZNvKZWnYocnK Yyg YV[QRacL9}YVN'`pcXiQK%g Yq[QRTc,i�YVN'`vRSKMW�\ PTRSR�x�U `VK cnivK ��YVkVK1]�YVhjL
cnUpcniQK��]hMcnPa`bK'%3[QKM[QK8b u glcXiQKt��YVkbK PS^ NvUVc g YV[vRTcXK/`!PTN cnPTxyKZ9 PTc}\ PSRTR `QW-Ub�!Ub[vc%gwWXUbx
ueN�YVhmcnPa`bK %3[QKZ[QK cnU cXiQKFrsW-KZK�%3[QKZ[vK8b
JliQPT^yYVRSkVUbWXPacniQx h5YqN ] KtKX�yhMPSKMNOcXRTd PTx��QRTKZx�KZNHcnKX` \ PacniQUV[vc�i�YVW�`:\ YqWXKtWXKmgwKZW-KZNQhMK�]QPacLb
JliQK)� YVhji � b ��YVRT^XU i�YV^fYVN<PSx��QRTKZx�KZNHcnYqcnPTUbNg\ iQPThji=hZYVN=[vcXPSRTP��ZK~i�YVW�`-\ YVW-Kj\ ivPShji
WXKXcO[QPSW-KZ^�Y ^XUqg cn\ YVW-K�J��2� W-K ��RTRV9bRSPTLVK �pu�3 �1� � � � �l^XKMWXPTKZ^(x�PThZW-Ub�QWXU hZKM^X^-UbWX^X9VcnU]KZx [vR YqcXK
WXKmgwKZW-KZNQhMK}]QPacn^Xb��]UbW-xyYVRSRadP9QcXiQK*J��2�<x�PT^X^ i�YVN:`QRSKMW PS^lPTNH`bUbLqK/`�\ ivKZNpY�W-K/cO[QPTWXKX` J��2�
KZNHcXW-dyPS^ NQUVc PTN cnivK]J��2� ]v[�� KMW/9OcnU%WXKZRTUHY8`ycniQK�J��2� KMNOcXW-d�gwWXUVx�x�KZx�UbW-dy^{cnWX[vhMcn[vWXKZ^Xb
ueN � YVhji � b �:9 YVN YVWXWXY5d!UVg3W-KMgwKMWXKZNvhZKy]QPTcX^/9 UbNQKf�}KMWy�viOd ^-PShZYVR]�QYVkbK89 PT^ xyYVPTNHcjYVPTNQK/`d9
\ Pacni NQUbN-O �ZKMWXU ]QPac PSN'`vPShZYqcnPTNQk cni�Yqc,cniQK hMUbWXW-KZ^X� UbN'`vPSNQkf�QiHd ^XPTh5YVR ��YqkbK i�YV^hv �KwY]}KMKZN
WXKmgwKZW-KZNQhMK/`Tb JliQPT^+]QPTc PT^lhZRTK5YqWXK/` ]Hd cXiQK*J��2� xyPT^X^liQYVN'`QRTKZWX9vcnU xyYVW-L PaclWXKmgwKZWXKMNQhZKX`
	Gb
�(`bKMN cXiQUb[QkVi cniQPT^ PT^lYVNtYV�v�QWXUL^;PSxyYqcXPSUVNtUVg WXKmgwKZWXKMNQhZKX`�]vPTc/9vPac
\ UbWXLO^ \ PacnitWXKZYV^XUVN�Y8]QRTK
�QW-KZhZPT^XPTUbNT9�YV^*cnivKyJ��2�4]Q[��}KZW [Q^-[�YVRTRTd9PT^ ^XxyYVRTR YVN'` iQUbRq`Q^ UbNQRad Yt^XxyYVRTR N [vx1] KZW UVg
J��2�<KMNHcnWXPTKZ^Xb
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� YVW-kbPTN�YVR � YVPTNQ^3PT^*Y x�KMcXiQU-`9[v^XK/`~PTN9x YqNOd hZUbNHcXK_^ cn^3cXUtKZ^-cXPSxyYqcXK cniQK ^-P �MK UbW�] KZ^{c
`qYVRT[QK gwUbW3^-Ubx�K �Q[QWX� Ub^-K8b r�W-Ubx � 
 C �0�3r�UbW�� � 6-9}cniQK�tep8i ��� vMp8o �#p�� vfUqg�Y W-KMgwKMWXKZNvhZK
� k���[v^XPTNQk ��]Q[��}KZWX^�PT^@`vK ��NQKX`2YV^X�
�
� { ��� � � �Z| 	�� � { ��� � � � � �Z| � � � { ��� � � �Z| �
\ iQKMWXKeisk�� h5YqN�] KFY�WXYVN'`QUVxy9�^-K/cO[QKMNOcXP YqR09 UbWlRTU;Ub�vPSNQk { WXKZ� K5YocnK/`f^XKXcO[QKZNHcnPSYVR | YVhMhZKM^X^/b
r�UbW YVNHd W-KMgwKZW-KZNQhMK ��� � 9HcXiQK x YqWXkbPTN�YVR�kHYqPSN `qYVRT[QK �
� { ��� � � �Z|�^X� KZhMP �QKZ^ cXiQK K_^;� KZhMcXK/`NO[Qx1] KZWFUVg K_^ cnWXYt��YVkbK�iQPacn^*cniQYqcf\�UV[QR `j] K UP]vcjYqPSNQKX`H]Hd9PTNQhMWXK5Yq^XPTNQkpcXiQK�N [vx1] KZW UVg
YVRTRSU h5YocnK/`<]v[�� KMWX^*gwWXUVx { � � �Z|lcXU��Pb%J d �QPShZYVR�hZ[vW-`bKM^*gwUbW3xyYVWXkVPSN�YqR kHYVPTN9`qYVRS[vKZ^ YVW-K
�QW-KZ^XKMNHcnK/` PSNpr PTkb[QWXK �V�Pb
ueN � 
 C �=��Y5d xyUVN'`j�]k'9 ��ivWXPT^XRTUb^Fr YqRSUb[;cn^XUV^*YVN'`9JlPTx�Ub^F�;KZRTRTPS^ �QW-Ub�}UV^XK YVN YqRSkbUVWXPacniQx
]�YV^-K/`DUVN xyYVW-kbPSNQYVR kHYVPTNQ^ YqN'` cXiQK�`vPT` PT^XPTUbNDUVg,WXKMgwKMWXKMNQhZKM^ cnU~WnYVN:`QUbx 9 ^XKXcO[QKZNHcnPSYVRV9
UbW]RSU Ub�QPTNQk YVhMhZKZ^-^XKM^/bFJliQKMd2YVRS^-Ut^XiQUG\ cni�Yoc,cnivK YVRTkbUbWXPacnivx�hMUbx���YVWXKM^3g Y5`bUb[QWXY8]QRadpcXU
�f�+�pu�� { � KZhMcXPSUVN 6-b � b 7B|sbyJliQK YVRSkVUbWXPacniQx/PS^�]�YV^-K/` UVN)`QPa` P `QPTNQkfcniQKe]Q[��}KZWF�}U UbR cXU
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Sequential S

r PTkb[QW-K,�b�P� J d �QPShZYVRs��[QW{`bKM^�UVg � YVW-kbPSNQYVR � YVPTN}� YVRT[QKM^/b(JliQK+� YVWXkVPSN�YqR � YVPTN PSN:`QPShZYqcnKM^
cnivK�`vKZRacjYyYqcXcnYVPSNQY8]QRTK�]Hd YqNpPTNQhZW-K5YV^-K%Uqg(Y `qYVWXPSY8]QRTK89�RTPTLVKFh5YVhjiQKF^XP��ZK PTNfcXiQPT^�hZYV^XKZb

`�YqcnY8]�YV^-KFYVhZhMKZ^X^-KZ^X9}UbWfilk��Lk_ilk_vdrsk��_9Q[Q^-PSNvkycXiQKFYVRSkVUbWXPacniQx �QWXKM^XKZNHcXK/` ] KZRTUG\�b

� � A �M . ��� & � � � ��[ % � ( " � Kmc � ] K cXiQK WXKmgwKZWXKMNQhZK,Yqc�cnivK]iQKZY8`yUVg cXiQK+\ YVPacnPTNQk�cO[QKZ[QKZ9
YVN:`�� � ��] KycXiQK NO[Qx}]}KMW UVg Y5`VYqPSRSY8]QRTKu]Q[ � KMWX^/b��pUVWXKZU�`VKZW/9 RSKmc � YVN:`��<] K
��YqWnYVx�KMcXKZW-^�Uqg�� � O ^#O d cnUh] KFK ^;�QR YqPSNQKX` PTN�`vKMcjYqPSR ^-iQUbW-cXRTd8b

�}%x,/( � " �/PT^ Y~RSU Ub�QPTNQk WXKmgwKZW-KZNQhMK������ 	nb u g,cnivKpNO[Qx}]}KMW
��UVg*Y5`qYVPTR YZ]QRSKy]Q[��}KZW-^
K ^vhMKZKX`Q^ cXiQKtRSKMNQkVcXi � UVg�cniQKtRTU;UV�T9 YVRSRTU h5YqcXK � ]Q[ � KMWX^�cnU2cnivKfW-KMgwKMWXKZNvhZK8b � c�O
iQKMW�\ PT^XKZ9 Pag�cnivKyNO[Qx}]}KMW UVg�Y5`qYVPSRSY8]QRTKe]Q[��}KZWX^FPT^ cXU;U RTUG\ { PVb KZb��
� {�� ��� � |�|s9
YVRTRTU;hZYqcnK3NvUe]v[�� KMWX^lcnU cXiQPT^�W-KMgwKMWXKZNvhZK8b � cniQKMW�\ PT^XK { PVb K8b�� � {�� ��� � |�|s9vkbPT`VKFYVRSR
�4]Q[��}KZW-^lcnU cniQK W-KMgwKZW-KZNQhMK � b

�}%x,/( � " �
PT^,YyWnYVN:`QUbx�W-KMgwKZW-KZNQhMK ����� �+b �]^]RTUbNQk YV^ cniQKFxyYVWXkVPSN�YqR�kbYVPSN `qYVRT[QKZ^�UVg
� YqWXK��}Ub^-PTcXPT`VK89vYVRSRTU h5YqcXK cXU�� YV^ xyYVNHde]Q[��}KZW-^ YV^ � Ub^X^-P ]QRTK89-]Q[vc NQUVc K_^;hZKMK/`QPTNQk
cXiQK3NO[Qx1] KZW�� UVg�Y5`qYVPSRSY8]QRTK�]v[�� KMWlYVN'`�� { P0b K8b YVRTRTU;hZYqcnPTUbN�� xyPTNQPTx [Qx { � � �!|�|sb

�}%x,/( � " �
PT^]Y ^-K/cO[QKZNHcXP YVR�WXKmgwKZW-KZNQhMK������ ��b=�,RTRTU;hZYqcnK���]Q[��}KZWXb

JliQKt��YqWnYVx�KMcXKZW � PS^ [Q^XKX` PTN `QKMcXKZW-xyPTNQPTNQk YVRSRTU h5YqcXPSUbNv^ gwUbW RTU;UV�QPSNvk9WXKMgwKMWXKMNQhZKM^/b)�]^
`QKM^XhZW-P ] K/`9PTN9� Yq^XK �%Y8] U�`bK89d� � O ^#O d,�QWX^-c,hjiQKZhjLO^,cXU ^-KZK Pag cXiQK NO[Qx}]}KMW,UVg(Y5`VYqPSRSY8]QRTK
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^XUVRS[vcXPSUVNtPS^�cXU [Q^XK YZ`�YV�vcXPT`VK3kbWnYqN [vR YVW-PTced RSU hjLOPSNvk hZUbx}]QPSNvK/` \ PTcXi Y ��YVkbK]^XKZW{`bKMW/b JliQK
RTU;hjLOPTNQk ^{d;^{cnKMx��vWXKZ^-KZNHcnKX`2[Q^-KZ^,�QYVkbK RSKm`bKMR�RTU;hjLOPTNQk�gwUbW xyUV^-c���YVkbKM^/9!]Q[vc]^�\ PacnhjivKZ^]cXU
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��YVkbK PSN cXiQK RTU h5YVR h5YVhjivK UVg
UbNQK UVgFcnivKj`QYqcjY8]QYV^XK ^XKMW-`VKZWX^fPT^fUVNQRTdDPSNH`qYVRTP `�YocnK/` PSN�cnivK9h5YV^-K Pac PS^tgwW-KZK/`d9
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h5YqNQNQUVc�] K hji�YVNvkbK/`j]Q[vc*UVNQRTdpgwWXKMK/`~Yqg cnKMW3Pac�]}KMhZUbx�KZ^*`qYVRTP `db � N2cnivK UVcniQKMW3i�YVN:`T9 Y
��YVkVK]hZYVNQNQUVcN] K�gwW-KZK/` YV^ RSUbNvk YV^ cniQKMWXK]YVWXK�WXKmgwKZW-KZNQhMKZ^�cXU%Pac�PTN cXiQK�^-d ^-cXKZx 9�YVN'`ycniO[Q^X9
Pac PS^*`qYVRTP `Tb Jli [v^/9 � �l�IxyY5d<]}K�x�UbW-K [Q^XKmgw[QR \ PTcXi ^-i�Y8`QUG\���YVkbPTNQk PSN9cXiQPS^ W-KZ^X� KZhmc
cniQYVNpPac+\ Ub[QRq` ] K
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^-d ^{cnKZx PT^ cnW-Ub[']QRTKZ^-Ubx�K89sYV^ cXiQKZW-K PS^lNQU�hMUbx�x [QNQPTh5YocnPTUbN�] KMcn\ KZKMN `QP��}KZWXKMNHc]hZYVhjiQKM^�UVW
Pac NQKMK/`Q^�cnU�] K~`QUbNQK ^XKZ�QYVWnYqcXKZRadPb(JlivKZ^XK�h5YVhjiQKM^(^XivUb[QRq` WXKZYVRSRadFUb� KZWnYocnK gwWXUbxBY�hZUbx�x�UbN
� U;UbR UVg x�KMxyUVW-dP9sYqN'`fcXiQK WXKM�QR YqhZKZx�KMNOc,�}UVRSPThMd gwUVW YVRSR Uqg�cXiQKZx�^-iQUb[QRq`y]}K K/cO[�YqR0b
JliQK9�QW-UP]QRTKZx PS^tUVg cXKZN ^-KZKZN<PTN Ub�}KMWnYqcXPSNvk!^-d ^-cXKZx�^/9
\ iQPThji�NQKZKX`<cXU!h5YVhjivK9^XKM`VKZWXYVR
ced �}KM^tUVg�`�YqcnY:9 ^X[Qhji<YV^ �vWXUbkbWXYVx K_^;KZhM[vcjY8]vRSK PTx YqkbKZ^X9]�QW-UbkbWXYVx `�YqcjY-9 �QRSK9^{d;^{cnKMx
^X[v�}KMW�]QRTU;hjLO^X9HPSNQUB`QKM^ { � KZW�O ��RTK�^{cnW-[QhMcX[QWXKM^(PSN Y,_]NvP�^
��RTKZ^{d;^{cnKMx�|�YqN'` UVcXiQKZW�`QPT^XL�]QRSU hjLO^
{ cXiQKf]Q[��}KZWlhZYVhjiQK�|sb u g(YVRTR YqRSkbUVWXPacniQx�^ YVW-K*PSx��QRTKZx�KZNHcXK/`2^-KZ��YVWXYqcnKMRTdtYVN'`tcniQKmd `QU�NQUqc
hZUVxyx%[QNQPTh5YqcXK \ PTcXi K5YVhji UVcniQKMW/9bUV�vcnPTxyYVR;�vWXUb� UbW-cXPSUVNQ^ UVgsx�KMxyUVW-dFcnU*YVRTRTU;hZYqcnK gwUbW�KZYVhji
^XKM��YVWXYqcnK*hZYVhjiQK YVW-K
`QP�� hM[QRac�cXU KZ^{cnPTxyYqcnKZb �;UVxyKmcnPTx�KZ^ cnivKZWXK*xyY5d ] K3NQKMK/` gwUbW�RTUVcX^ UVg
PTNQU-`vKZ^�] KZPTNQk h5YVhjiQKX`T9d]v[vc,RTPacXcnRTK�`�YqcjYyPS^�NQKMhZKZ^-^nYVW{dPb@�,NpK_^vYVx��QRTK hZUV[QR ` ]}KFR YqWXkbK ��RTK
N�YVx�K*^-K5YVW-hjipW-[QN UbNfY ��RSK*^{d ^-cnKMx b
�]g cXKZWlY x�PTN [;cnK89sY RSYVW-kbK*NO[Qx1] KZW UVg�`�YqcnY ]QRSU hjLO^
\ Ub[QRq` NQKMK/` cnUh]}K hZYVhjiQK/`d9}YqN'`�z{[v^-c]Y gwKX\ PTNQUB`QKZ^Xb
�,N�UP] z{KZhMcfhZYVhjiQK<\�UV[QR `<YVRTRTU�\/YVRTR,cnivK<`�YqcjY ] K YVRTRSU h5YqcXK/`�YV^ �{xyKMx�UbW-d U8];z{KZhmcn^ �:9
\ iQPThji=Y!hMUbx�xyUVN<x�KMxyUVW-d xyYVN�YqkbKZW \ Ub[QRq` xyYVNQYVkbK89][Q^XPTNQk hZUVxyx�UbN YVRTkbUbW-PTcXiQx�^
gwUbWFYVRTR=`�YqcnY:b � NQKyWXKM�QRSYVhZKMxyKMNHc YVRTkbUbW-PTcXiQx PT^%KZYV^XPTKZW cnUfhZUbNHcXWXUbRV9(YVN:` PacFPS^FK5YV^-PSKMWFcXU
cn[vNQK2cniQK9^{d ^-cnKMx cnU!LqKZKM�<cXWnYVhjL UVg*cniQK9PTx��}UVW-cjYqNQhZK9UVgFKZYVhji `�YqcjY U8];z{KZhmcLb � YVhji
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^XKM^/b3JlivK ��YV� KZW,YVRT^XU PTNHcnWXUB`Q[QhMKZ^3cXiQK%cXKZWXx�� k_t �Ki � � �Ko o �-w � �Kvx�lueN2^XUVxyK h5YV^-KZ^/9 �QWXK O
gwKMcXhjiQPTNQk*x�KZWXKMRTd%WXKM^X[QRacn^ PSN W-K5Y8`vPSNQk3Y]��YVkVK gwWXUVx `vPS^-L%KZYVWXRTPSKMW�cXi�YVN PacY\ Ub[QRq` i�Y5`bK
]}KMKZN
WXKZY8`u\ PacniQUV[vc��vWXKMgwKmcnhjiQPTNQk 
vPSN UqcniQKMW hZYV^XKM^/9Q��YqkbKZ^�YVWXK��QWXKmgwKMcXhjiQK/` \ iQPThji YVW-K,NQUVc [Q^-K/`
] KMgwUbW-K cXiQKMdyYqWXK WXKM�QR YqhZK/` PSN�cnivK�hZYVhjiQKZ9;W-KZ^X[vRTcXPSNQk%PSNy[QNQNvKZhZKM^X^XYVW-d>`QPT^XL�YVhMhZKZ^-^XKM^/b�� cnPTRSR
\ UbWX^-K89�YVN [QNQNQKMK/`QKX` �vWXKMgwKmcnhjiQKX` ��YqkbKZ^*xyY5d2W-KZ�QRSYVhZKyY ��YqkbK \ iQPThji � �,NQKZKX`QK/`d9 cXiO[Q^
h5Yq[Q^XPTNQk2Yoc RSKZYV^-c cn\ U K_^ cXWnY `QPS^-L YVhZhMKZ^-^XKZ^}`QPTWXKZhmcnRad~YqcXcXWXPq]Q[vcnY8]QRTK�cXUfcXiQK��QWXKmgwKZhmcniQPTNQk
^-cXWnYqcXKZkVd 
�^-[Qhji �QW-KMgwKmcnhjiQKM^3YVW-KFLONQUG\ N YV^
m��Ko o �-w � v �}mMilk��Lk_w�r �xk�� � �87-9 ��� � b
ueN�� �P6 �N� YVW-L<3 YVRTx�KZWFYVN'` � cnYVNQRTKMd ��b��d`QUbNQPTL2�QW-Ub�}UV^XKyYVN~YVRTkbUbWXPacnivxy9 hZYVRSRTK/` � ��� �K9
\ iQPThji PT^h]�YV^XKX` UVN�RTK5YqWXNQPTNQk~WXKZ� K5YocnK/` YVhMhZKZ^-^ �QYqcXcXKZWXNv^yPTN cniQKfYVhMhZKZ^-^ ^{cnW-PSNQk:b!JliQK
YVhMhZKZ^-^t��Yqc-cnKZW-NQ^u\ iQPThji�YVW-K WXKM�}KZYqcnKX`QRad KMNQhZUb[vNOcXKZW-K/` YVWXKp^-cnUVWXK/` PSN YqN YV^X^-U;hMP YocnPa`bK
x�KZx�UbW{dP9 YqN'` [Q^XKX` gwUbW �vWXKMgwKMhMcXiTb JliQK WXKZ�vR YVhMKZx�KZNHc YVRSkVUbWXPacniQx [Q^XKX` PT^e�2� _}9=]Q[;c
�QW-KMgwKMcXhjiQK/` ��YqkbKZ^�YVWXK]PSNQ^-KZW{cnK/`tPTN cXiQK,RTUG\ Oe�QW-PSUbW-PTced KZN:` UVg cXiQK
�2� _<RSPT^-clPTN W-KM`bKMWX^-K3UVg
cnivKZPTW�K ^;�}KMhMcnKX`2YVhMhZKM^X^,UVW�`QKMW/b
JliQKyYVRTkbUbW-PTcXiQx�^*[Q^XKX` PTN~RTK5YqWXNQPTNQk hZUb[vR `j]}K ^-KZKMN YV^*hMUb[QNHcnKMWX��YVW{cn^ UVg RSU UbLO[Q�9cjYZ]QRSKM^
PTN hZUbx��QW-KZ^X^-PSUVN=YVRTkbUbW-PTcXiQx�^ RTPSLqK ��� & UbW � � u�3 � 
Q� �0bBJliQK9kbUHYVRT^ YqWXK2^-PSx�PTR YVWX9�cXU
`QKmcnKZhmc ^-PSx�PTR YVW ��Yqc-cnKZW-NQ^ { YVhZhMKZ^-^�^-cXWXPTNQkb^ | YVN'` KZNQhMU-`vK]cnivKZx1PSNycniQK�]}KM^-c �}UV^X^XPq]QRTK�\�Y�d
{ W-KZ�QRSYVhMK YVN:`f�vWXKMgwKmcnhjipPSNy]}KM^-c�� Ub^X^-P ]QRTK�\ Y5dx|sb
JlPTKZN-Oers[ ��iQKZN YVN'` 
VK5YVNBO�� Ub[Q�u� YVKZW i�Y5`VK,�QW-Ub�}UV^XK/` PSx��QRTKZx�KMNOcnYqcnPTUbNQ^ UVg NvUbN-On]vRSU hjLPO
PTNQk YqN'` �QWXKmgwKMcnhjivPSNQk h5YVhjivKZ^,PTN i�YVW�`:\ YqWXK �a��6 � b
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PTN'`QKZ� KZN:`QKZNHcL9*Pac PT^pYqN<KZYV^-dD^XUbRT[vcnPTUbN�cnU!RTU;hjL ��YVkbKM^ \ ivPShji<i�Y5`bK~kbUVc cXiQK iQPTkbiQKZ^{c
�QW-UP]�Y8]QPTRTPTcedyUVg YqhZhZKM^X^X9-\ iQPThjitWXKM^X[QRacn^ PSN cXiQK�^nYVx�K,W-KZ^-[QRTc YV^N��r _<W-KZ�QRSYVhZKMx�KZNHcl� UbRSPThMd
\ Ub[QRq`T9!]Q[vc+\ Pacni NvUh\�YVW-x [Q��`QKZRSY5dPb
� YVNHd �QWXU hZKM^X^-UbWX^t� KZW-xyPac RTU hjL PTNQk cXiQK hZYVhjiQK9UbWy��YVW{cn^ Uqg PTc cnU kbPa`bK `QKMcXKZWXx�PTNQPT^-cnPTh
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u ct^-KZKZx�^tcniQYqc cnivK9WXKZ^-K5YVW-hji iQYV^ cnU U hMRSUb^-KZRad hZUVNQhZKMNOcXWnYqcXK/`<UbN PTxy�vWXU�` PSNQk!cXiQK9iQPac
WnYocnPTU'b � KZRSYqcnPa`bK cXWnYVNv^nYVhmcnPTUbN��}KMW-gwUbW-x YqNQhZK PT^�[Q^-[�YVRTRTd PSkbNvUbWXKX`T9HKM`VKZN�cniQUb[vkbi PTc(PS^ \ i�Yoc
YVhmcn[�YVRTRad PT^ ^XKMKZN�YV^ �-� KZW{gwUbWXxyYVNvhZK�� ]Hd~cniQKt[Q^-KZW UVglcXiQK `�YocjY8]�Yq^XKtUbW YVN!Ub� KZWnYocnPTNQk
^-d ^{cnKZx b u g PTc cnYVLVKM^]RTKZ^-^]cniQYVNfgwK_\ ^-KZhZUVN'`Q^/9 Pac]PT^ g YV^-c/9sYVNHd cXiQPTNQk x�UbW-KFPT^]YyRTUbNQk cnPTx�K
YVN'` U+�}KZWX^ YVN K_^;hZ[v^XK]cXU kbU kbKmc Y hZ[v� UVg hZU+�}KZK�UbW cnUFRSKmc hMUbNQhMKZNHcnWXYqcnPTUbNu\�YVN'`QKMW YL\�Y�d
gwWXUVx \�UbW-L!b�JlivK [Q^-KZWX^,K_^;�}KMhMc �-^XPTx��QRSK � cjYV^-LO^]cnU i�YV�Q� KZNfg YV^-c/b]�;PSx��QRTK%cnYV^XLO^]hZUb[QRq`
] K%YZ`'`QPTNQkyYh`QYqcjY PacnKZx PSNHcnU cXiQK�`�YqcjYZ]�YV^XKZ9QgwKMcXhjiQPSNvk Y ^XPTNQkbRTK WXKMhZUbW�`T9sY8`'`QPTNQkyx�UbNQKMd
cnUyYh]�YVNQL YVhZhMUb[QNHc�UbWl^XPTx�PSRSYVW/b
r�WXUbxIcXiQPS^ �}UbPTNHc�UVg�` PTKX\�9HPac�^XKMKZx�^(cni�Yoc�PTc PS^ NQUVc�K ^QYqhMcnRad U8]O` PTUb[Q^ cXi�Yqc(cXiQK iQPac(WXYqcnPTU3PT^
cnivK UbNQRad PTx��}UbW{cjYVNHc�g YVhMcXUbW(PTN [Q^nY8]vPSRTPTced UVg Y3^-d ^{cnKZx b�� KZ^-�}UbNv^XK cnPTx�K YVN'` �QW-PSUVWXPacnP��ZPTNQk
cnivK cXWnYVNv^nYVhmcnPTUbNQ^ xyY�d ] K x [Qhjipx�UbWXK PTxy� UbW{cjYVNHcLb

� 	 � 	 � S (�� � (BI � . %�� ��[F[ (B,L,/(B,

JliQK �QW-UP]QRTKZx�^
\ Pacni9h5YqhjiQK ]}KMi�Y5` PSUbW*^{cjYVW{c�\ iQKMN~Y R YVW-kbK ^-K/cO[QKMNOcXP YqR z{UP]9^-cnYVW-cX^3WX[QNBO
NQPTNQk 
(hZYVhjiQKyPS^FRTUHY8`QKX`H\ Pacni �QYVkbKZ^�\ iQPThji!YVW-KyUVNQRTd [v^XK/` UbNQhZKZbtr�UbW*K_^vYVx��QRTK89 ����_
WXKM�QRSYVhZKMxyKMNHc%� UbRTPShmd ] KZiQY�`VKZ^�]�Y8`vRTd PSN2cXiQPS^,h5YV^-K8bFJliQK ��YVW{cnPThZ[QRSYVWXRadp[QNvgwUbW{cn[QN�YocnK Kmg O
gwKZhmcyPS^ cXi�Yqc cnivKf� KZW{gwUbWXxyYVNvhZK `QU KZ^ NQUVc�kVKMc�x [vhji ] KMcXcXKZWyYV^ RTUbNQk~YV^ cXiQK h5YVhjiQK PT^
^XxyYVRTRTKZW cni�YVNtcXiQKFYVWXKZY�cXiQK ^XK/cO[QKMNHcnPSYVRQz{UP]pPT^ ^XhZYVNQNQPTNQk�cniQW-Ub[QkbiTb
3�WXUP]vRSKMxy^�UVg ^XKXcO[QKZNHcnPSYVR YqhZhZKM^X^ iQY�`VK
] KZKZNtLONQUG\ N gwUVW Y%RTUbNQkFcnPTx�K8b�JliQK �QWX^-c YVW-cXPShMRSKM^
\ iQPThji2Y8`:`QWXKM^X^ cniQK ^XKXcO[QKZNHcnPSYVR�YVhZhMKZ^-^]�QW-UP]QRTKZx�^]YVWXK*gwWXUVx
cnivKFKMN'`fUVg��5�FQ+�:� ^/b

X ��� �Kc�� � �Oq���g � � c �

���2� _�^-cnYVN'`Q^]gwUbW ��� ^ cXKZN'`QKX`j� KZYV^-cf��KMhZKZNHcXRTd2_]^XKX` �'b3ueNv^-cnKZY8`9UVg i�Y5` PTNQk UbNQK ����_
RTPS^{cL9����2� _
i�Yq^ ^XKM��YVWXYqcnK��2� _ RSPT^-cX^ gwUbW}`QP �}KZW-KZNHc�YVhMhZKM^X^ gwWXKXcO[QKZNQhMPSKM^ UbW �vWXPTUbWXPacnPTKZ^X9
YVN'` Y ^{cnWXYqcnKMkVd gwUbW]x�U ` PTNQk ��YVkbKM^3gwWXUbx�UbNQK RSPT^-c*cXU YVNQUVcXiQKZW,cXUthji�YVNQkVK PTcX^3�QWXPTUbW-PTced8b
JliQKFP `vK5Y PS^��QW-KZ^XKMNHcnK/`pPSNpr PTkb[QW-Ky� 
'b

� 7
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Replacement routine will start here

Access

inserted here
New pages 

r PTkb[QW-K�� 
'� ���2� _ ^-cXWX[Qhmcn[QW-K8b � NO[Qx1] KZWpUVg RTPS^{cn^pYVWXK~[Q^-K/`=gwUbW `QP��}KZWXKMNHc2YVhMhZKM^X^
gwWXKXcO[QKZNQhMKZ^XbN� YVhji YVhZhMKZ^-^ x�U�`bKM^ Y*��YVkbKlcXU%Y iQPTkbiQKMW RTPT^-cL9 YVN:` NQK_\ ��YVkVKZ^ YVWXKlPTNQ^-KZW-cXK/`
PTNOcXU YqN � v �Gk_i w~o � �_w0b�3�YVkbKM^,YVW-K WXKZ�vR YVhMK/` gwWXUbx
cniQK ���KwVw �Kt o � �_wVb

JliQK<���2� _ ^{cnWX[vhMcn[vWXK2PT^tY hZUVRSRTKZhmcnPTUbN UVg RTPS^{cn^/9�K5Yqhji<Uqgf\ iQPShji�hMUbNHcjYVPTNQ^ ��YqkbKZ^ gwUVW
`QP�� KMWXKMNOc]�QW-PSUbW-PTcXPSKM^/9sYVN:`pPT^ K_^;�QWXKM^X^-K/`9YV^
���2� _ { N [vx1] KZW UVg RTPS^{cn^ � cXiQWXKM^XiQUbRq` |l9
\ iQKMWXKFN [vx1] KZW UVg RTPT^-cn^]YVN'`tcXiQWXKM^XiQUbRq`2YqWXK*`qYVWXPSY8]QRTKZ^�`QK ��NQK/`pR YocnKZWXb
JliQKMWXK%YVWXK*^-�}KMhZPSYVR RSPT^-cX^]hZYVRSRTK/` cnivK ���KwVw �Kt o � �_w09vcXiQK � v �Gk_i wNo � �_wV9sYVN'`tcnivKew �smjo � �_wVb
�=NvKX\<��YVkbK]RSUbY8`QK/` PSNHcnU%cniQK]h5YVhjiQK,PS^ PTNQ^-KZW-cXK/`tPTNHcnU cXiQKf� ��_=KZN'` UVg cnivK � v �Gk_i w o � �_w0b
JliQK%�}Ub^-PTcXPSUVN UVg�cniQPT^,RTPS^{c,PT^@`vd N�YVx�PSh YVN'`�`QKZ� KZN'`v^3UbNpcXiQKFN [vx1] KZW,Uqg(��YVkVKZ^,UVNpcnivK
PTNQ^XKMW-c]RSPT^-c]YVN'`fY8] U�`bKFPTc/b
� N KZYVhji9YVhMhZKZ^-^]cXU Y���YVkbKFWXKM^XPq`QKZNHc*PTNpcXiQK%hZYVhjiQKZ9 cXiQK ��YqkbK PS^]WnYVPT^XKX` [Q�2UVNQK%RTPT^-c�]Od
WXKMx�U ` PTNQktPac,gwWXUVx�cXiQK RTPT^-c*Pac3PT^,UbN2YVN'`9Y8`:`QPSNvktPTc,PSNHcnU cniQK � � _�KMN'`2UVg�cXiQK iQPTkbiQKMW
RTPS^{cLb�u g cXiQK�NO[Qx1] KZWFUVg RSPT^-cX^FPT^ �:^;K/`T9�YVN'`9cXiQK���YVkbK�PT^%YqRSW-K5Y8`vd2UbN9cniQK cnUV�~RTPT^-cL9 cnivK
��YVkVKFPT^ WXKMPSNQ^-KZW{cnK/`�]�YVhjL cXU�cXiQK*cnUb� RTPS^{cLb
ueN hMUbx���YVW-PS^-UbNT9 PSN YVN>����_<RTPS^{cL9HcnivK]��YqkbK+\�Ub[vR ` ] K x�U `VK/` cXUFcXiQKlcjYVPTRsUVg cniQK�RSPT^-c/b�ueN
���2� _}9 cniQK%��YVkbK%PS^3x�U�`bKX`9cnU cXiQK cnYVPSR�UVg�cXiQK NQK ^ c*�QWXPTUbW-PTced �2� _
RTPS^{cLb3JliO[Q^X9 KM`VKZW{d
YVhMhZKZ^-^,PTNQhZW-K5YV^-KZ^�cniQKF�QWXPTUbW-PTced UVg(Yy�QYVkbKFYVN'`pLVKZKM�Q^]cXiQKF��YVkbKM^�PTNz�2� _IUbW�`QKZW gwUbWlcnivK
��YVkVKZ^+\ PTcXip^-PSx�PTR YqW]�QW-PSUVWXPacedPb
JliQK W-KZ�QRSYVhMKZx�KZNHcyh5YVN:`QP `QYqcnK PT^ cXiQK ��YqkbK UbN cXiQK��2� _ KZN'`!UVglcXiQK ] UVcXcXUbx RSPT^-c/b2u g
cnivK ]}UVc-cnUbx�RTPS^{c�]}KMhZUbx�KZ^ KMxy�;ced YVN'`9PT^*NQUVc*cXiQK PSNv^XKZW{c RSPT^-c/9 PTc PT^*WXKMx�U `VK/` YVN'`9cnivK
NQK ^;c iQPSkViQKZW RTPT^-c \ iQPThji i�YV^ �QYVkbKZ^�PSNtPac ] KZhMUbx�KZ^ cnivK
]}UqcXcnUVx RTPT^-cLb JliQK,��YVkbKM^ UbN cnivK
] UVcXcXUbx RTPS^{c cniO[Q^�i�Y5`bK cniQK RTU�\ KZ^{c,�vWXPTUbWXPacedPb

� �



JliQK�NO[Qx1] KZW UVg RTPS^{cn^ PT^*KZPacniQKMW��-^vKX` UVW,`qYVWXPSY8]QRTK8b%JliQK�UP]H`;PTUb[Q^f\�Y5d;^*cXUfPTx��QRTKZx�KZNHc
cnivKZ^XK `qYVWXPSYqcXPSUbNv^ YVWXK*cnU�[Q^-K Y W-UVcjYqcXPSNvk�cnY8]QRTK UVg RTPT^-cn^�UbW Y RTPS^{c]Uqg RTPS^{cn^Xb
� RTPS^{c=\ iQPShjih\ Ub[QRq`>] KZhMUbx�KlKZx��vcedh]Hd Y3x�U�`bK�UVg}Y3��YVkbKlhMUb[QRq`h]}Kl^{cnWXPT�Q� K/`yU+�Yb JliQPT^
i�YV^3cXU�]}K1`QUbNQK Pag cniQKh���2� _�^{cnWX[vhMcn[vWXK�PS^*PTx��QRTKZx�KZNHcnKX` YV^3Y RSPT^-c UVg RTPS^{cn^X9 cnU Y5`bUbPq`
cnivKFNO[Qx}]}KMW]Uqg RTPS^{cn^ gwWXUbx
PSNvhZWXKZYV^XPTNQke\ PTcXiQUb[vc�RTPSx�Pacn^/b
JliQK cn\�U%��YVWXYVx�KMcnKMWX^~\ iQPShji hZUbNHcnW-UbR�cniQK Ub� KZWXYqcnPTUbN UVg����2� _�YVWXK cnivK}v��Bt��_k_i � ��o � �_w �
YVN'` cnivK 
 � ��� w �Bilk�� ���Ko �8b
JliQK�������_ cXiQWXKM^XiQUVR ` PS^ cnivKp� UbW-cXPSUVN�Uqg,��YqkbKZ^yPSN cnivKfhZYVhjiQKfPSN cnivKfPTNQ^-KZW-c RTPS^{c UVW
Y8] U�`bK PTc/9sYV^ ^XKMKZN PTNpr PSkV[QWXK � �Bb
JliQK N [vx1] KZW(UVgvRSPT^-cX^(PT^�cXiQK�NO[Qx}]}KMW UVg�^-KZ��YqWnYqcXK�RTPS^{cn^(Y5`qYVPTR YZ]QRSK gwUbW�`QP �}KZW-KZNHc(�vWXPTUbWXPacnPTKZ^Xb
JliQK NO[Qx}]}KMW3h5YqNz]}KFcniQKMUbWXKmcnPTh5YVRTRad [QNvRSPTx�PTcXK/`T9T]v[vc*Yy�QWnYVhmcnPTh5YVR�PTxy�vRSKMxyKMNHcjYqcXPSUbN hZYVN
YVN'`f^XivUb[QRq` WXKM^-cXWXPThMc cniQKFNO[Qx1] KZW cnUyY5`bUVP `p�}KMW-gwUbW-x YqNQhZKFRSUV^X^�YVN'`fx�KZx�UbW-d�\�YV^{cnKFUbN
RSYVWXkbK*xyYVPTN-O xyKMx�UbW-d ^{cnWX[vhMcn[vWXKZ^Xb

Above or in the insert list
= ELRU treshold

Pages in the Cache

The insert list

r PTkb[QW-K � �-��JliQK ���2� _ cXiQWXKM^XiQUbRq`9PT^
`QK �QNQK/` YV^�cniQK%WnYqcXPSU UVg���YVkVKZ^,PTN2UbW,Y8] U `VK cnivK
PTNQ^XKMW-c]RSPT^-c]YVN'`tcXiQK*cnUVcnYVR NO[Qx1] KZW�UVg���YVkbKM^]PTNtcniQK hZYVhjiQK8b
JliQKFK �}KZhmcn^ UVg cXiQK ��YVWXYVx�KMcnKMWX^�YVW-K8�

� � ( ��� � � ���2 (B, ��� � � hMUbNHcnW-UbRS^*ivU�\ hMRSUb^-K cnU ��r _
cniQK1������_ ]}KMi�Y5`bKM^�
�PTg Pac3PT^
� 	(�:9 YqRSR�cniQK �QYVkbKZ^*PTN2cnivK h5YVhjivKyNvKZK/`9cXU�]}K YZ]}U�`bK cXiQK PTNQ^XKMW-c RTPS^{cL9 cXiQK ���2� _
`QU KZ^�cnW-[QK � r(_BWXKM�QR YqhZKZx�KMNOc/b,u g�cXiQK%cXiQWXKM^XiQUbRq`2PT^ ��	(�:9 PSNv^XKZW{c3RTPS^{c3PT^3YVR�\�Y�d ^*Yoc
cXiQK,cnUV�tUVg cniQK3^{cnW-[QhMcX[QWXKZ9�PSN \ iQPThjifh5YV^-K��~�2� _ Ub�}KMWnYqcXKZ^l^-Ubx�KX\ iQKMWXK�]}Kmcn\�KMKZN
r u r � YVN'`�����_}9Q`bKMW-d ^{cnWXUVNQkbRad g Y5`bUbW-PSNQkyRSYV^-c���YVkVKZ^ RSUbY8`QK/`fPTNOcXU cniQK h5YqhjiQK8b

� � (yI � &<;=(  �!* �V.V, � , kbKMcX^ `qYVRT[QKZ^ RSYVW-kbKZW UbW�KXc [QYVR}cXU �*YVN:` K �}KZhmcn^ UbN cniQK3W-KZ^-UbRS[BO
cXPSUbN9Uqg WXKZ�vR YVhMKZx�KZNHc�
�Pag PTc3PS^3UVNQK89����2� _ ] KZhMUbx�KZ^��2� _�Yq^3UbNQRad UVNQK �QW-PSUbW-PTced
hZYVN ]}K `QPS^{cnPTNQkb[QPT^XivK/`Tb ��YqWXkbKMW `qYVRT[QKZ^tPTx��QWXU�`bK2cXiQK9WXKM^XUbRT[vcXPSUbN UqgFcXiQK9YVRTkbUZO
W-PTcXiQx�
 cXiQK RSYVWXkbKMW3cniQK NO[Qx}]}KMW/9 cnivKyx�UbW-K cniQK `vPS^{cnPTNQkb[QPT^Xi�YZ]QRSKy�QW-PSUbW-PTcXPSKM^*xyY�d
] K�`QKMcXKZhMcXK/`Tb


 �



� �v^XKZ[:`QU;hMU-`vK gwUbW YVN PTx��QRSKMx�KZNHcjYqcXPSUVN!UVglcniQKu������_
h5YqhjiQK YVRTkbUbW-PTcXiQx PS^%RSPT^-cXK/`!PTN
YV�Q� KZN:`QP�^ ��b JliQPS^ PTx��QRSKMx�KZNHcjYqcXPSUVN [Q^-KZ^�Y cjY8]QRTK*gwUbW RTPS^{c�iQK5Y8`vKZWX^�YVN:` cXiO[Q^ WXKZ^{cnW-PShmcn^
cnivKFNO[Qx}]}KMW]Uqg RTPS^{cn^Xb

X �#X 	 g � � g � ����� �

3�WXPTUbWXPacnPTKZ^ hZYVNh]}K�Y8`'`vK/`yWXKZRSYqcXPT`VKZRad ^XPTx��QRTd�PTNHcnUFYVN>������_Dh5YVhjiQKZb�� YVhji �QYVkbKlPT^ kVPT`VKZN
Y��QWXPTUbWXPaced \ iQKMN Pac�PS^�WXKXc [vKZ^-cXK/` gwW-Ubx cXiQK h5YVhjiQKZb�ueNQ^{cnKZY8` UVg x�U ` PTNQk Y ��YqkbK [Q� UbNvK
RTPS^{cL9OPTc PT^ xyU�`VK/` UVNQK UbW�x�UbWXK RTPS^{cn^ YVhZhMUbW�`QPTNQk cnU*cnivK��QYVkbK �QWXPTUbW-PTced8b & iQKZN NQKX\ ��YVkbKM^
YVW-K RSUHYZ`QK/`~PSNHcXU cXiQK h5YqhjiQK89 cniQK�PTNQ^XKMW-cXPSUbN~RTPS^{c PS^ ^XKMRSKMhMcXK/` gwW-Ubx/^-KM`VKZWnYqR � Ub^-^XPq]QPSRTPacnPTKZ^
YVhMhZUbW�`QPSNvkycXU�cXiQK ��YVkbK �QW-PSUVWXPacedPb

X ��� � �Og��
_ 
 � � ��� ��g � � 
�
 
�q	��� � 
 ���
����
rq�� � ���

& iQKMN PTx��QRSKMx�KZNHcnPTNQk!Y ` PTW-cn[QYVRlx�KZx�UbW-d ^-d ^-cXKZx 9�cnivKZWXK PT^�NQU �}Ub^-^XPq]QPTRSPaced UVg�`QUbPTNQk
RTPS^{c Ub�}KMWnYqcXPSUVNQ^3UbW]�}Ub^-^XPq]QPTRSPaced2cnUtPTNQhMWXKZx�KMNOcFhMUb[QNHcnKMWX^/b1�pUb^{c x�KZx�UbW-d xyYVN�YVkbKMx�KZNHc
^XhjivKZx�KZ^*[Q^-K/`<]Hd cnUB`�Y5dM� ^]xyPThZW-Ub�QW-U;hMKZ^X^-UbWX^,UbNQRadpiQY�`VK Y �{WXKMgwKMWXKMNQhZKX` ��]QPac3Y5`qYVPTR Y8]vRSKZb
JliQPT^�PS^ cO[QPacnK ^X[-� hMPSKMNHc gwUbW � � � � ��YVRSkVUbWXPacniQx 9�]Q[vc�PTx��QRTKZx�KZNHcnPTNQk)�~�2� _ \ Ub[QRq`
^XKMKZx�cXU}] K PSx�� Ub^X^-P ]QRTK8b���^XPTx��QRTK]^-UbRS[;cnPTUbN PT^ Y�`qYVPTRSY8]QRTK89 iQUG\�Km`bKZWX9vx�P ^vPTNQkFcniQK@���2� _
YVRTkbUbW-PTcXiQx \ PTcXi � � � � � i�YVN'` hZUbNQhMKZ�vc/b ueN�� � � � �h9�cXiQK �{JlPShjL �!Ub� KZWXYqcnPTUbNT9�YVN
Ub� KZWXYqcnPTUbNtcnUh`QUyUbNQK WXKM�QRSYVhZKMxyKMNHc,PT^�cXiQK*gwUbRTRSUG\ PTNQk'�
� � 
 � � � . [ �
� � . � (fi�YVN'`Tb WXKmgwKZW-KZNQhMK/` �2�
i�YVN:`Tb W-KMgwKMWXKZNvhZK/` 	 � 

i�YVN:` 	 i�YVN'`Tb NQK ^;c�


�2� I�(
W-KZ�QRSYVhMK cXiQPT^��QYVkbK 

iQYVN'` 	 i�YVN:`Tb NvK_^ c�


J�U�cXWnYVNQ^{gwUbWXxI� � � � �DPTNHcnU�� ^ cXKZN'`QKX`�� � � � �h9K� � � � � �h9�cXiQK �vR YVPTN � � � � �Di�YqN'`
Ub� KZWXYqcnPTUbN PS^ x�UB`QP �QK/` PTNHcnU gwUbRTRSUG\ PTNQk'�
��� � 
 ��� � . [ �
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cnivKFx�PT^X^-K/`2YqhZhZKM^X^-KZ^3PTNHcnU'b�JliQPT^�i�YV^�]}KMKZN cjYVLqKZNpPSNHcnU YVhMhZUb[QNHc�PTNfcXiQK ^XPTx [QRSYqcnPTUbNQ^Xb
JliQK W-KZ^-[QRTcX^�h5YVRThZ[vR YqcXK/` [Q^-PSNvk3cniQPT^ KM^-cnPTxyYqcnK YqWXK�Pq`QKMNOcXPShZYVR-\ Pacni�Y]^XPTx [QRSYqcnPTUbN W-[QN1\ Pacni
^-cnYqcnPTh3hZYVhjiQK YVRTRSU h5YocnPTUbNT9 PSNQhMRS[:`QPSNvk�cXiQK3hZYV^XK�\ Pacnit^-K/cO[QKMNOcXP YqR YVhZhMKZ^X^Xb JliQPS^ YqRSkbUVWXPacniQx
\ UbWXLO^�W-K5YV^-UbN�Y8]vRTdh\ KZRTR KM`VKZNu\ Pacni `VYqWXPSY8]QRTK,YVhMhZKM^X^ ��YocXcnKMWXNT9;YVN'` PS^ ^XPTx�PSRSYVWXRadyPSx�x%[QNQK
cnU cXiQK K �}KZhMcX^]Uqg ^-K/cO[QKZNHcXP YVR�YVhMhZKZ^-^/b��;KZK%r PTkb[QW-K�6+�:b
JliQK�iQPac�WXYqcnPTU h5YVN ^-cnPTRTRM] K�PSx��QW-U `VK/` Pag cXiQK cnWXKMK i�YV^~`�YqcjY PTN cnivK�RTK5Y5`VKZ^ UbNvRTd89 PTN UqcniQKMW
\ UbW�`Q^X9(cniQK YVhZhMKZ^-^1\ PSRTR YqRq\�Y5d;^ �QWXU hZKMK/` [Q� cnU cXiQK RTK5Yqg RTKM`VKZR UVg cnivK cnW-KZKZb & iQKMN!Y
NQUB`QK PTN Y cnW-KZK�PT^ YVhZhMKZ^X^-K/`T9�cniQK�iQPac �QW-UP]�Y8]QPTRTPTced UVg YVRTR���YVkVKZ^
\ iQPThji YVW-K �}UVPSNHcnKX` Yoc
gwWXUVx cXiQK3NQUB`QK3kbKmcliQPTkbiQKMW iQPacl�QWXU8]�Y8]QPTRSPaced cXi�YVN cXiQK,cnivKMd iQY�`VK*UbN Y5`bKMWnYVkbK
\ ivPSRTK*iQPac
�QW-UP]�Y8]QPTRTPTced�`vWXUb�Q^lcXU � gwUbWl��YqkbKZ^ [QNQW-K5YVhjiQY8]QRTKFgwW-Ubx
cXiQK NQU-`vK8b JliQPT^�hZYVNy]}K*gw[QW{cniQKMW
[Q^-K/` PTN cniQK�`QKMhZPT^XPTUbNpgwUbWlW-KZ�QRSYVhMKZx�KZNHcLb

X ��� �Kc�� � �)� _ ��
���� � 
 ��� �
_ � ���

�pUb^{c ��kb[QW-KZ^�PTN cniQPT^�^X[']v^XKZhmcnPTUbN YVWXK�gwUVW(WnYVN:`QUbx�W-KZ�QRSYVhMKZx�KZNHc iQPac WnYqcXPSU,gwUVW ]}Uqcni \ Pacni
YVN'`h\ PacniQUb[;c ^-K/cO[QKMNOcXP YqR YVhMhZKM^X^/9B\ iQPTRSK cniQK WXYVN'`QUbx�WXKZ�vR YVhMKZx�KZNHc�iQPTc WXYqcnPTU PS^ K/cO[�YVRQcXU
]Q[��}KZW iQPac WnYqcXPSU*gwUbW�NvUF^-K/cO[QKMNOcXP YqR cXWnYVNQ^XYVhMcXPSUVNQ^ h5YV^-K8b�JliQK K �}KZhmc�Uqg ^-K/cO[QKZNHcXP YVR YVhMhZKM^X^
gwUbW�cXiQK
\ iQUbRTK�]Q[��}KZWliQPac WnYocnPTU `QU;KM^lNQUVclW-K5YVRTRadtxyYVLVK*^-KZNQ^-K89 YV^ cnivK*WXKZ^-[QRacn^+\�UV[QR `y] K
`QP��yhZ[QRac]cXU�hZUbx���YVW-K { ^XKMK r�PSkb[vWXK�6;�Z|lb
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JliQKFK �}KZhmc]Uqg ^-K/cO[QKZNHcXP YVR�YVhMhZKZ^-^]PT^ hZUbNv^XPq`QKZWXY8]QRTK8bN����_B^-[��}KZWX^�^XKm`bKMWXKZRad { r PTkb[QW-K}6;�Z|sb
���2� _ � KZW{gwUbWXx�^�\�KMRSR PTN hMUbx���YVWXPT^XUVN�
a\ iQPTRSK PTcF^{cnPTRSR RSU Ub^-KZ^F^XUbx�Ky�}KMW-gwUbW-x YqNQhZKZ9�cnivK
`QKMhZWXKZYV^XK,PS^ RSKM^X^ ^XKM`VKZW-K { r PTkb[QW-K
686#|sb�r�UbW�`qYVW-P Y8]vRSK]YVhZhMKZ^-^���Yqc-cnKMWXN hZYV^XKZ9'���2� _�^XiQUG\ ^
RTKZ^X^]hZRTK5YVW�\ PTNT9}�QYVW-cXPShM[QR YqWXRadtgwUbW R YVW-kbK h5YVhjivK ^XP��ZKM^/9 YV^]iHd ^-cXKZW-KZ^XPT^3PTNpcXiQK%W-KZ�QRSYVhMKZx�KZNHc
PT^�NvUVc]YVNfY8`v`qYVNHcjYVkVKFPTNtcniQPT^�h5YV^-K8b u c�^-cnPTRTR PS^�Y NQUVcXPShMK5Y8]QRTKFPSx��QW-U `VKZx�KZNHc,U `VKZW��2� _}b
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JliQK �QWXUb� Ub^XYVR(cni�Yoc%RTU UbLOPSNQk Yqc cniQKy^-d ^{cnKZx iQPacFWnYqcXPSUpPS^FNQUVc%YVR�\ Y5d ^%cXiQKyWXPTkbiHc x�K5Y�O
^X[vWXK UVg cniQK%�}KMW-gwUbW-x YqNQhZK Uqg(cniQK%WXKM�QR YqhZKZx�KMNOcFYqRSkbUVWXPacniQx�^XivU�\ ^]cnUu] K%`qYVRTPq`2PSN<�pu��
WXKM�QRSYVhZKMxyKMNHc*WXKM^X[QRacn^Xb�JlivK �pu�� WXKZ�vR YVhMKZx�KZNHc/9 KM`VKZN cXiQUb[Qkbip�QWXUB`Q[QhMPSNvk cniQK�] KZ^-c,iQPac
WnYocnPTU gwUbWlcnivK}\ iQUbRTK ^{d ^-cnKMx 9T`QKZkVWnY8`QKM^]cXiQK � KZW{gwUbWXxyYVNQhMK UVg(Y WXYVN'`QUbx�YVhMhZKM^X^,cXU cnivK
cjYZ]QRSK [Q^XKX` PTN cniQK ^XPTx [vR YqcXPSUVNQ^a\ iQKMN�Y]^XKXcO[QKZNHcnPSYVRvYVhZhMKZ^X^ PS^�WX[QNQNvPSNQk { r PTkb[QW-K 6 � |sb�JliQK
K �}KZhmc PT^F��YVW-cXPShM[QRSYVWXRadj]�Y8` \ iQKZN cXiQK YVhZhMKZ^X^%��Yqc-cnKZW-N PT^F^-cjYocnPTh89a]v[vc ^-iQUG\ ^ ^-PSx�PTR YVW-RTd
\ Pacni `VYqW-d PSNvk YVhMhZKM^X^���YqcXcXKZW-N { r PSkV[QWXK}6 
-|lb
JliQPT^3PT^3h5YV[v^XK/` ]HdfcniQK g YqhMc,cXi�Yqcf�pu��}9M\ PTcXi Y h5YV�QY8]QPTRSPaced cXU �QWXKX`QPThMc3gw[vcX[QWXKZ9 LONQUG\ ^
cniQYqc�WXKZ�vR YVhMPSNvk ��YVkVKZ^ UbN cniQKF��YqcXipUVg�cnivK%^-K/cO[QKZNHcXP YVR�YVhMhZKZ^-^,PT^ NQUVc�^XKMNQ^XPq]QRTK89 Yq^ cXiQKMd
\ PTRSR ^-U;UVN ]}KtYqhZhZKM^X^-K/`TbH�,NHd ��YqkbKu\ iQPThji PT^ RTUHY8`QKX`!PSNHcXU cXiQK hZYVhjiQK YVN'` PT^ PTN cniQPT^
��YqcXifYVN'`�\ PSRTR �Qc PTNtcniQK*hZYVhjiQKf\ PSRTR NQUVc�] K*WXKM�QRSYVhZKX`p[QNHcXPSR cXiQK ^XKXc [vKZNHcnPSYVR�YVhZhMKZ^-^]i�Yq^
��YV^-^XKX`y]Hd { ^XKMK r PTkb[QWXK%���B|lb�JliQK3�QW-UP]QRTKZx PT^ NQUqc ` PS^-P ]QRTK
\ Pacnit^XxyYVRTR hZYVhjiQK*^XP��ZKM^/9x]Q[;c
\ iQKMN cXiQK hZYVhjiQK ^XP��ZKM^ kbWXUG\BcnU �vc YVRTR�cnivK cnW-KZK NQUB`QKM^*PSN2cXiQK h5YqhjiQK89 cXiQK iQPac*WnYocnPTU UVg
WnYqN'`QUbx YVhZhMKZ^-^ ^-cjYqW-cn^%cnUz`QW-Ub�Tb2JlivPS^ i�Yq�Q�}KMNQ^ ] KZh5Yq[Q^XK cXiQK RSYVWXkVKZW cXiQK h5YqhjiQK89�cnivK
RSYVWXkbKMWlcniQKF�QWXU8]�Y8]QPTRSPaced UVg YyRTK5Yog���YVkbK kbKmcXcXPSNQkyRTUHY8`QKX`pPTN2YVN:`pNQUqc]W-KZ�QRSYVhMK/`2[QNHcXPSR cnivK
^XKXcO[QKZNHcnPSYVR YVhZhMKZ^-^%i�Yq^F�QYV^X^-K/` PacLb�JliQPT^FWXK/`v[QhZKM^FcXiQK�^X��YVhMK Y5`qYVPTR YZ]QRSK gwUbW3cXWXKMKyNvU-`QKM^
YVN'`fWnYqN'`QUbx�Rad YVhZhMKZ^-^XK/` RSKZYqg �QYVkbKZ^X9�gwUbW \ iQPThjipcnivKFx�PT^X^�WnYqcXPSU�kbW-UG\ ^/b

Depth 1
Depth 2
Depth 3
Depth 4
Leaves

Depth 1
Depth 2
Depth 3
Depth 4
Leaves

Probably accessed soon

Will be accessed soon

Low probability of access

With sequential

Random tree
access

access

MIN selection probability

r PTkb[QW-K2���:�>�pu�� W-KZ�QRSYVhMKZx�KZNHcy�QWXU8]�Y8]QPTRSPacnPTKZ^ \ Pacni Yp^XK/cO[QKMNHcnPSYVR YVhZhMKZ^-^y�QYqcXcXKZWXNdb<�
��YVkVKu\ iQPThji PT^ RTUHY8`QKX`�PTNHcnU2cXiQKth5YVhjivK YVN'`!PT^ kbUbPTNQk2cnU<] K [Q^-K/` ]Hd cnivKt^XK/cO[QKMNHcnPSYVR
YVhMhZKZ^-^]^-U;UVNy\ PTRSR NvUVc�]}K W-KZ�QRSYVhZKX` [QNHcXPSR cXiQK ^XK/cO[QKMNHcnPSYVR YqhZhZKM^X^�i�YV^ ��YV^-^XKX` PacLb

�+�
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r�UbWy^-cjYocnPTh2YVhMhZKZ^-^ ��Yqc-cnKMWXNDhZYV^XKZ9 cniQKpUb�vcnPTx [vx `qYVRT[QKpgwUVWu���2� _�cXiQWXKM^XiQUVR `DPT^ �8b �:9
YV^�UP]H` PSUV[Q^XRad Ub�vcXPSx%[Qx?WXKM�QRSYVhZKMxyKMNHc � UbRSPThMd gwUbW ^-cnYqcnPThfYVhZhMKZ^X^y��Yqc-cnKMWXN PS^ cXiQKy��r _
WXKM�QRSYVhZKMxyKMNHcL9!\ iQPShji ������_4`vU;KM^�[v^XPTNQkycXiQK*cniQW-KZ^-iQUbRq`p`qYVRT[QK UVg��8b �:b � KZKFr PTkb[QWXK}6b�Bb
& Pacni9`qYVW-d PTNQkfYVhZhMKZ^X^ ��YocXcnKMWXNQ^X9 cniQK ] KZ^{c}�~�2� _�cXiQWXKM^XiQUVR `9`qYVWXPTKZ^ YqhZhZUVW�`QPTNQktcnUtcnivK
h5YqhjiQK ^XP��ZK8b(rsUVW(^XxyYVRTRQh5YqhjiQKl^XP��ZKM^/9 RSKM^X^(cniQYVN �,�}KMWXhZKMNHc UVgscniQK+`�YocjY8]�Yq^XKl^XP��ZKZ9HcniQK ] KZ^{c
`qYVRT[QK ^{cjYVW{cn^%YVWXUV[QN'` �:b �GO �:b QtYVN'` kVWXUG\ ^FcXUG\ YVW�`Q^y�Pb �-b JliQK�`qYVRS[vK UVg,�Pb(�fPT^%W-K5YVhjivK/`
\ iQKMN YVRSR cXiQK%cXWXKZK%NQUB`QKZ^ �Qc,PTN cXiQK hZYVhjiQK89 YVN'`fcniQK%K �}KZhMc,UVg(cXiQK ���2� _
�QYVWnYVx�KmcnKZW-^
] KZhZUVxyKM^]^-PSx�PTR YqW cXU ^{cjYqcXPShFYVhMhZKM^X^���YqcXcXKZW-NphZYV^XKZb
JliQK9`qYVWXPSYqcXPSUbN UqgFcXiQK2cnivWXKZ^-iQUbRq`<`qYVRT[QK9^-[QkbkbKM^-cn^tcXi�YqctPac ^XiQUV[QR ` ] K<`vd N�YVx�PTh YqN'`
hji�YVNvkbK YVhMhZUbW�`QPTNQk cnU�cnivK UVcXiQKZW�hZUbN:`QPTcXPSUVNQ^/b�JliQK K � KMhMc,UVg cXiQK%cXiQWXKM^XiQUbRq`2UbNfcniQK%iQPac
WnYocnPTU9UVg cniQKtWXYVN'`QUbx YVhMhZKZ^-^ PT^ hZUVNQ^XPq`QKZWXY8]QRTK89 [Q�!cnU Y g YVhmcnUbW UVg,�2gwUVW ^XxyYVRTR h5YqhjiQK
^XP��ZKM^/b
JliQK NO[Qx1] KZW UVg ���2� _ RSPT^-cX^ ^-iQUb[QRq`e]}K�Yqc RTK5YV^{c cniQKlNO[Qx}]}KMW UVg `QPT^-cXPSNQkV[QPS^-i�Y8]QRTK�RSKm`bKZRT^
UVg�WXKmgwKZWXKMNQhZK�`QKMNQ^XPaced PTNfcXiQK*^-d ^-cXKZx b
��g cnKMW cniQPT^ N [vx1] KZW/9QcXiQK �}KMW-gwUbW-xyYVNQhZK PTx��QWXU�`bK O
x�KZNHc%^XKZKMx�^%NQKMkbRTP ]QRTK8b _]^-PSNQk cnU U xyYVNHd RSPT^-cX^�`vU;KM^%NQUqc WXK/`v[QhZK�cniQK�� KZW{gwUbWXxyYVNQhMK Yq^
RTUbNQk%YV^�cniQK�NO[Qx1] KZW UVg RTPT^-cn^ ^-cnY5d;^ WXKZYV^XUbNQY8]QRTK�cXU Y5`bUVP ` PSRTR�K �}KZhmcn^N\ Pacni �QWXU hZKM^X^-UbW�YqN'`
J��2�<hZYVhjiQKM^/b JliQK%K � KMhMc�UVg�cniQK NO[Qx}]}KMW]UVga���2� _IRSPT^-cX^]hZYVN�] K ^XKMKZN PTNfr PTkb[QWXK}6 C b
JliQK hMUbx1]vPSNQKX` K �}KZhMc UVglcnivK ���2� _ ��YVWXYVx�KMcXKZWX^%gwUbWFcXiQWXKMK { ^-xyYVRSR | hZYVhjiQK ^-P �MKZ^ { � C
��YVkVKZ^/9 C 
y�QYVkbKZ^�YVN:`z6+� 
F7 ��YVkbKM^_| h5YVNy] K*^XKZKMN PTN � � kbWXYV�QiQ^�6PQB9!687�YVN'` 6V�:b
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JliQK3gw[QRTR hMUbx���YVW-PS^-UbNQ^ UVg�YVRTR YVRTkbUbW-PTcXiQx�^l^XPTx [QRSYqcXK/`fYVWXK,�QWXKM^XKZNHcXK/` PTN r PTkb[QW-KZ^ � �-9 � �P9
� 6 YVN:` ��� b�� KZRSYqcnPa`bK�� KZW-gwUVWXxyYVNQhMK PSx��QW-U�`bKZx�KMNOcFcn[vWXNQ^*Ub[;c3cnU�] K Yqc*Pacn^,x Y�^vPTx [vx
\ Pacni ^-xyYVRSR�hZYVhjiQKy^XP��ZKM^/9a\ iQPTRTK ^-iQUG\ PSNQkpPSx��QW-U�`bKZx�KMNOc%cniQW-Ub[Qkbi cnivKe\ iQUVRSK�WnYqNQkbK�UVg
h5YqhjiQK%^-P �MKZ^ gwUbW YVRTx�Ub^-c]YVRTR h5YV^-KZ^Xb

�;�
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JliQPT^>\ UbWXL �QW-KZ^-KZNHcn^tY~^XPTx��QRSKp^XUbRT[vcXPSUbN�cnU PSx��QW-U `VK2h5YqhjiQK � KZW{gwUbWXxyYVNQhMKy\ ivKZNDcnivK
h5YqhjiQK%PT^ ^XxyYVRTR0b
JliQK*^-PSx%[QR YocnPTUbNpW-KZ^-[QRTcX^�YVWXK3�vWXUbx�PT^XPTNQk 
QcnivK*YVRTkbUbWXPacnivx
hZYVN `QKMcXKZhMc�`vP �}KZW-KZNHc�RSKm`bKZRT^ UVg
YVhMhZKZ^-^,gwWXKXcO[QKZNQhmd9YVN:` [Q^-K cniQKMx cnU KMNQi�YVNvhZK cXiQK W-KZ�QRSYVhZKMx�KZNHcf] KZi�Y5` PSUVW]cnU PSx��QW-U�`bK
cnivKFivPTc�WnYocnPTU YqN'`tcnUbRTKZWXYVNQhZKFUVg�^XKXc [vKZNHcnPSYVRTRTdpYVhMhZKZ^-^XKX`z`�YqcnY:b
JliQKfWXKM�QR YqhZKZx�KMNOc cnPTxyKfhZUVxy�vRSK ^vPaced UVg,cXiQKy�~�2� _�YVRTkbUbW-PTcXiQx PS^ � { �Z|lb JliO[Q^ PTcyPT^
^X[vPTcnY8]QRTKpgwUbWyYV�Q�vRSPTh5YqcXPSUVNQ^ycXi�Yqc WXKXc [vPSW-Kfg YV^{c �QYVkbKfWXKZ�vR YVhMKZx�KZNHcu`QKZhMPS^-PSUbNv^/b�JliQPT^ PT^
��YVW{cnPThZ[QRSYVW-RTd PTx��}UbW{cjYVNHc gwUbW WXKZYVR O cnPTx�K ^-d ^-cXKZx�^/9 ]Q[vc�PTc]PT^@] KZNvK ��hMP YVR gwUbW YVNHd kbKMNQKZWXYVR O
�Q[QW-�}UV^XK hZUbx��Q[;cnKZW�UbW Y `�YqcnY8]�YV^-K ^-d ^-cXKZx b
���2� _ xyY5d iQY�`VK3^XUVxyK3Y8`v`qYVNHcjYVkVK,PTN ��YVWXYVRSRTKZRTPT^Xx U `VKZW�cXWnY8`vPTcXPSUbNQYVRd�2� _�9B\ ivKZNt[Q^-K/`
PTN9^Xi�YVW-K/`-O x�KZx�UbW-d x [QRacnPT�QW-U;hMKZ^X^-PSNvkpKMNO` PTWXUbNvxyKMNHcn^/9�YV^]cniQK ivUVc*^X� UVcX^*Yqc,cXiQK iQPTkbiQKMW
RTPS^{cn^�kbKZNvKZWnYocnK RSKM^X^�RTU;hjLOPTNQk hMUbN ��PThMcX^ycXi�YVN�YVN �2� _�RTPS^{c ^{cnW-[QhMcX[QWXK�\ Ub[QRq` �QW-U-`v[QhZKZb
\]UG\ KM`VKZW/9�YV^�]}Uqcni2cnivK ���2� _�YVN'` �2� _
RSPT^-c YqhZhZKM^X^*Ub� KZWXYqcnPTUbNQ^,YVWXK%`bKZW{d2^-iQUbW-c/9 cnivK
K �}KZhmc�x Y5d ] K NQKZkbRTPq]QRSKZb
u c3^-KZKMxy^*cXi�Yqc,cXW-d PTNQk cnU ^XPTxy�vRTd PSx��QW-U `VK iQPac*WnYqcXPSU PS^]NQUVc YVR�\�Y�d ^�z{[Q^{cnP���K/` 
 PSN2^-Ubx�K
h5Yq^XKZ^ cnivK�] KZ^{c�iQPTc�WXYqcnPTU�x Y5dtRTK5YZ`fcXU YqNpPTNQhZW-K5YV^-K%Uqg(Y5`bKMWnYVkVKFcXWnYVNQ^XYVhMcXPSUVNpRSYqcnKMNQhMd8b
JliQK ���2� _ YVRTkbUbW-PTcXiQx YVRS^-U!PS^ WXKZRSYqcXPT`VKZRad ^XPTx��QRSK2cXU PTxy�vRSKMxyKMNHcLb �(`VKZN cniQUV[Qkbi Pac
hZUVNOcnYVPTNQ^*hZUb[v�QRSK Uqg iO[QN:`QWXKX`~RTPTNQKZ^*UVg hMU-`QKZ9 cnivK hZUB`QK PT^*^-cnWXYVPTkbiHcXgwUbWR\ YVW�`Tb JliQK `�YqcnY
^-cXWX[Qhmcn[QW-KZ^]YVWXK ^-PSx��QRTK8b
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PTN'`QKM�}KMN'`QKZNHcXRTd gwW-Ubx YVhmcn[�YqR3��YVkbK9W-KZ�QRSYVhMKZx�KZNHcLb JlivK cXPSx�K9RTPSx�Pac PS^ [Q^-[�YVRTRTd
hMUbNQ^XPq`QKMWnY8]QRad RTU�\ KZW cniQYVNfcXiQKFYVkbK*UVg���YVkVKZ^�YVhMcX[�YVRTRTd W-KZ�QRSYVhMK/`Tb

�}% [K� ( � . �P" �,N YqhZhZKM^X^ cXU Y h5YqhjiQK
\ iQPThjif^-[QhZhMKZKX`QK/`T� cniQK�`�YqcjY%WXK/cO[QKM^-cXK/`fPS^ PTN cnivK
hZYVhjiQK8b

�}% [K� ( & .0,/, " �,N~YVhMhZKM^X^%cXUfY hZYVhjiQKh\ iQPThji g YVPTRSKX`T�*cniQK `QYqcjY WXKXc [vKZ^-cXK/` PS^ NQUVcFPTN
cXiQK h5YVhjiQK%YVN'` i�Yq^ cXU>] K*RTUHY8`QKX`fgwW-Ubx cnivKF^-RSUG\ KZW�^-cXUbWnYVkVK8b

5�% � %:;Y%x,X(H% [F[ (B,L,u, �!( � " �]UbW-x YqRSRadfY>`�YocjY8]�Yq^XK YqhZhZKM^X^3PT^,x�UbW-K%hMUbNQhMKZNHcnWXYqcnKX`9UbN
hMKZW-cnYVPTN1`�YqcnY:b�rsUVW�K ^vYVx��QRSKZ9bPTN}]�YqNQLOPSNQk,YV�Q�QRTPTh5YqcXPSUbNv^/9b^-Ubx�K�YVhMhZUb[vNOcX^(YVW-K x [Qhji
x�UbW-KygwW-K/cO[QKZNHcXRTd YVhZhMKZ^X^-K/` cXi�YVN UVcXiQKZW-^/9 YVN'` ]QWXYVNQhji W-KZhMUbW�`Q^ YVWXKyx�UbWXK UVg cnKMN
[Q�M`�YqcXK/`~cni�YVN YVhMhZUb[QNHc%WXKMhZUbW�`Q^ � � C �0byueN Y8`:`QPTcXPSUVNT9�PTN'`QK ^ ��YVkbKM^%YqWXK YVhZhMKZ^X^-K/`
x�UbW-K UVg cXKZN~cni�YVNj`�YqcnYp��YqkbKZ^Xb JliQK W-KZ^-[QRTcXPSNvk NQUbNBOe[QNQPagwUbW-x YVhZhMKZ^X^%��Yqc-cnKZW-N PT^
W-KMgwKZW-WXKX`fcXU Yq^@`QYqcjY8]QYV^XKFYVhMhZKZ^-^,^-LVKX\�b

��� � (  I2%�� �G�� %x, � .VI�A " ueN Y�x [QRacnPacjYq^XLOPSNvk*^-d ^-cXKZx 9H�QWXU hZKM^X^-KZ^(hMUbx��}KmcnK gwUVW�cXiQK ^XYVx�K
^-KMc UVg}��YVkbKM^/b=�(`bKMN Pag}cXiQK iQUVc ^-KMc UVg}K5YVhjiy�QWXU hZKM^X^�\�UV[QR ` �Qc PTNycXiQK x�KZx�UbW-d89 YVRSR
iQUqc ^-KMcX^ hMUbx1]QPTNQKX` x�PSkbiHc NQUVc/b(JliQPT^ hMUb[QRq` h5Yq[Q^XK]YVRTR �vWXU hZKZ^-^XKM^�x�PS^-^/9 WXKXc [vKZ^-c Y
W-KZRTUHY8` UVg cXiQKZPTW��QYVkbKZ^X9:\ iQPThji \ PSRTRd] K]cnYVLVKMN gwWXUbx YVNvUVcniQKMW �QW-U;hMKZ^X^X9:\ iQPThji \ PSRTRV9
PTNfcX[QWXNd9x]}K*W-[QNQNQPTNQkyNQK_^ cL9 YVN:`pW-KZ� K5YqcXPSNQk�cnivKF�vWXU hZKZ^-^/b

� W � .0I2A %xI � �y$ � W � .VI2A " r P ^;PSNvk%Y*��YqkbK xyKZYVNQ^�cniQYqc�cniQK ��YqkbKlPS^�cnYVLVKMN PTNHcnUF[Q^XKZ9
YVN:`y[vN��:^;PSNvk%PT^�WXKMRSKZYV^XPTNQkFPTc/b=�]UbW-xyYVRSRadP9OY*��YqkbKlh5YVNvNQUVc�] KlWXKZ�vR YVhMK/`e`Q[QW-PSNQk cnivK
cXPSx�Ke]}Kmcn\�KMKZN!K5Yqhji �:^ YVN'` [QN��:^~�QYVPSWXb � g cnKMN cnivPS^FPS^Fhji�YVWXYVhMcXKZW-P �MK/` YV^��{cnivK
��YqkbK*i�YV^ kbUVc W-KMgwKMWXKZNvhZKZ^]�}UVPSNHcnPTNQk�cnU�Pac �'b

WXI U % �0. � % � . � I " ueN Y1`QPT^-cnW-P ]v[vcnKX`fUVW�x [vRTcXPS�QW-U;hMKZ^-^XUbWl^{d;^{cnKMxy9x`QYqcjY PacnKMx�^ ]}KMPSNvk h5YVh O
iQKX`�x Y5d ]}KMhZUbx�K9x�UB`QP �QK/`�PSNDcXiQK9^XKMhZUbN:`�YVW-d ^-cXUbWnYVkVK8bBJliO[Q^/9�cniQKz`QYqcjY PTN
cXiQK�h5YVhjiQK>]}KMhZUbx�KM^
� v��Kp8o ���89�YVN'`~Pac%NvKZK/`v^%cnU ] K W-KZx�U�`bKX` gwWXUbx�cniQKyh5YqhjiQK UVW
W-KZRTUHY8`QKX`pPTNHcnUyPTc/b�JliQPS^�PT^�hZYVRTRSKX` �-ueNH`qYVRTP `�YocnPTUbN �'b �;KMK �_v ���sm � v �Pb

� � � ;�%�� � �	� " JliQPS^%cnKZW-x YVhMcX[�YVRTRTd PS^�\ i�Yqc PS^%NQUG\
Uqg cnKZN h5YVRTRTK/` �2� _}b�JliQK WXK5Y�O
^-UbN cXUpcnivKycXKZWXx � ^ K ^vPT^-cXKZNQhMKtPS^ gwWXUVx `VYqWXPTUb[Q^F��YV� KZWX^X9Y\ iQPThji Y8`'`vWXKZ^-^XKX` ����_
W-KZ�QRSYVhZKMx�KZNHc�\ iQPShjih\�YV^ PSx��QRTKZx�KZNHcXK/` � KZW�Oe�QW-U;hMKZ^-^�UbW(� KZWRO cnWXYVNQ^nYqhMcnPTUbNT9HKZYVhji�UVg
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\ iQPThji9i�Y8` PTcX^,UG\ N9^Xi�YqWXK Uqg(cniQK xyKMx�UbW-d8b,JliO[Q^/9 \ iQKZN cXiQK ]Q[ � KMW,h5YqhjiQK1\�YV^
hMUbx1]QPTNQKX`T9�cnKZW-x � � RSU8]�YVR��2� _ �h\�YV^�hZUbPTNQKX`fcXU>`QKM^XhMWXPq]}K cniQPT^ NQKX\ hZUbNQhMKZ�vc/b


 . �� % � . �2" JlivK3Y5`bKMWnYVkbK]WnYqcXPSU%UVg hZYVhjiQK3ivPTcX^ Ub[;c�UVg cniQK cnUVcnYVRsNO[Qx1] KZW UVg WXKmgwKZW-KZNQhMKZ^
{ iQPTcX^ E x�PS^-^XKM^_|sb


 �!�j?=� .VI �F" ueN�Y2iQPTc�WXYqcnPTU � h5YqhjiQK ^XP��ZKtkbWXYV�QiT9�`QPT^XhMUbNHcnPTN [vPTcXPSKM^ YVW-K ` PS^-P ]QRTK8b)� c
cXiQKZ^-K �}UbPTNHcn^X9 PSNvhZWXKZYV^XPTNQktcnivK h5YVhjivK ^XP��ZK U�`bKMW3cniQK � UbPTNHcL9 Y RSYVW-kbK1`QP��}KZWXKMNQhZK�PTN
� KZW{gwUbWXxyYVNQhMK]hZYVNu] K@`QKMcXKZhMcXK/`Tb JliQPT^�PT^~`Q[QK cnU cniQK�g YVhMc cniQYqc cXiQK�iQUVc ^XKmc �QcX^�PTN
cXiQK hZYVhjiQK hMUbx��QRTKMcnKMRTd89 YVN'`fcniO[Q^]N [vx1] KZW3UVg(h5YVhjiQK xyPT^X^-KZ^3PT^,kVWXK5YocnRad WXK/`v[QhZKX`Tb
JliQKMWXK xyY5d ]}Kt^-KM`bKMWnYVR iQUqc��}UbPTNHcn^�PTN Y9kbWXYV�Qi kbKZNvKZWnYocnK/` gwWXUVx?hZUbx��QRTPTh5YqcXK/`
cO[QKMWXPTKZ^/9�gwUbW%K ^vYVx��QRSKe\ iQKZN UbNQKyxyUVWXK Uqg�cnivK W-KZ� K5YqcXK/`QRad YqhZhZKM^X^-K/`!PTN'`QPThZKZ^%UVg
cXiQK c [vKZW-d �QcfPSN�cniQK9hZYVhjiQKZb 3�KZW-gwUVWXxyYVNQhMK~PTx��QWXU�`VKZx�KZNHc<] KMcn\ KZKMN cn\ U iQUqc
� UbPTNOcX^*PS^ �sYocL9 Pag cXiQKZW-K PS^ UbNvRTd RSU Ub�QPTNQk YVN'` ^-K/cO[QKZNHcXP YVR YVhMhZKM^X^FPSN9cnivK ^-d ^-cXKZx b
J�WXKMKF^{cnW-[QhMcX[QWXKM^�RTPTLVKFPSN'`vK_^;KZ^�kbKZNvKZWnYocnK*^Xx�U UVcnivKZW+`QPT^XhMUbNHcnPTN [vPTcXPSKM^/b �;KMKFr PSkV[QWXKM^
� � YVN:`��_w p
�/o k � vxwnk_i��Kp8o b


 �!� ,/( �F" JliQK \]UVcF^-KMc%PS^ cniQK�^-KMc%UVg�cXiQK>`QYqcjY�\ iQPThji PS^FYVhMhZKM^X^XKX` gwWXKXc [vKZNHcnRadPb u cX^
Ub�v�}Ub^-PTcXK PS^ cniQK%��UbRq`9� KMcL9QcXiQKF^XKMc]UVgY`�YqcnYh\ iQPThji PT^�WnYVN'`vUbx�RTdtUVW�^-K/cO[QKMNOcXP YqRSRad
YVhMhZKM^X^XKX`Tb�JliQKN`QP �}KZW-KZNQhMK ] KMcn\ KZKZN cXiQK�ivUVc(YqN'` hMUbR ` ^XKMc PSN Y]W-K5YVR O	\ UbWXRq` ^{d;^{cnKMx
PT^ [Q^X[�YqRSRad `qYVkb[QKZ9OcXiQK ^nYVx�K@`�YqcnY PT^ YVhZhMKZ^-^XK/`u]}UVcXi ^-K/cO[QKMNOcXP YqRSRad YVN'`yWnYVN'`vUbx�RTd8b

WXI � (  I�% � ���� %x, � .VI�A " & iQKMN Yt�QW-U;hMKZ^X^FhMd hMRSKM^%cnivWXUb[QkVi Y ^XKmc UVg ��YVkVKZ^/92\ iQPThji PT^
RSYVWXkVKZW�cni�YVN�cniQKp^XKmc UVg,��YVkbKM^ cniQYqc hZYVN �vc PTN cnivK ]Q[��}KZWXb u gFYVN �2� _���YVkVK
W-KZ�QRSYVhZKMx�KZNHc YqRSkbUVWXPacniQx
PS^ [Q^-K/`T9 KM`VKZW-d�NvKX\DW-KMgwKMWXKZNvhZK cnUFYF�QYVkbK \ PTRSRx] K YFx�PT^X^Xb

� ��[ %��V. � � & � � ( � " � x�UB`QKZR Uqg(�QW-UbkbWnYqx�YVN'`pPTcX^�YVhZhMKZ^X^]��Yqc-cnKZW-NTb~� ^-PSx��QRTK x�UB`QKZR
hMUb[QRq` ]}K>`QK ��NvK/` YV^ ��7 �
�/UVg�YVhMhZKM^X^XKM^�kbU PTNHcnUj6+�
� UVg�cniQK `QYqcjY �:bz� U;hZYVRTPTced
x�UB`QKZRT^�YVWXK�`QPT^XhM[Q^X^-K/`2PTNz6Bb 6-b

� �	� �0.V, �F" � ^XPTxy�vRSK YVN:` KX�yhZPTKZNHcy`�YqcnY ^-cnW-[QhMcX[QWXK2gwUVW PSx��QRTKZx�KMNOcXPSNvk �2� _�gwUVW
]Q[ � KMW%hZYVhjiQKZ^Xb JliQK �QYVkbKZ^%UbW*cniQKMPSW�`QKM^XhZW-PS�;cnUbW}]QRSU hjLO^ PTN x�KZx�UbW{d YVWXK�RTPSNQLqK/`
cXUbkbKMcXiQKZW PTN�Y<]QP `vPSW-KZhMcXPSUVN�YVRlRTPSNQLqK/` RSPT^-c/9�YVN:` \ ivKZN Y �QYVkbKtPT^ YqhZhZKM^X^-K/`T9 PTc�PT^
cnYVLVKMN gwWXUbx PTcX^ hZ[vWXWXKMNHc �}Ub^-PTcXPSUVNtYVN'`tx�U�`bKX`fPTNHcnU cXiQK3KZN:`fUqg cniQK3RTPT^-cLb�JliO[Q^ cXU
W-KZ�QRSYVhZK*[v^XPTNQk cnW-[QK��2� _ � UbRTPShmdP9Q^-PSx��QRadtWXKM�QRSYVhZK3cXiQK ��W-^-cl��YqkbK3PTN cniQK*RTPS^{cLb �;KMK
r PTkb[QW-K � 
'b


 (B& �! � ?=� � � ��� . � I " � ueN~hMUbNHcnK ^;cFUVg �QW-KMgwKmcnhjiQPTNQky`�YqcjY cXU cniQK�h5YqhjiQK �N� YqNOd2�QWXUZO
� Ub^XKX` �QWXKmgwKMcnhjivPSNQk YVRTkbUbWXPacnivxy^�YqWXK YV�Q�vWXUL^;PSxyYqcXPT`VK89�PTN UVcnivKZW \ UbW�`Q^X9 cXiQKMd `QU
NQUqc�LONQUG\ \ i�Yqc cniQKmd YVW-K,^-[Q�Q� Ub^XKX` cnU �QW-KMgwKmcnhjiT9-]Q[vclYqWXK�`vUbPSNvk �QWXKmgwKMcXhjiQPSNvk UbN
cXiQK ]�YV^-PS^*UVg�YV^-^X[Qx��vcXPSUbNv^/9 �QWXKm` PSUb[v^FivPS^{cnUbW{dP9 kb[QKM^X^�\ UbW-L2UbW*^XPTx�PSRSYVW*PTx��}KMW-gwKZhmc
x�KMcXiQUB`Q^/b JliO[Q^/9 NQUVc,YVRSR cXiQK}`QYqcjY�cniQKM^XK YVRTkbUbW-PTcXiQx�^]�vWXKMgwKmcnhji9PT^3YVhmcn[�YqRSRadfNQKZK O
`QKX`Tb JliQPT^][QN:`QKZ^-PSW-K/` K � KMhMc]PS^ hZYVRSRTK/` �l�pKMx�UbW-d � UbRTRS[vcXPSUVN �'b�JliQKFRSKM^X^�x�KZx�UbW-d
� UbRTRS[vcXPSUVNfU hZhM[QWX^X9�cniQK�] KMcXcXKZWlcnivKF�vWXKMgwKmcnhjiQPTNQk YVRSkVUbWXPacniQx b
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Access

Replace
r PTkb[QW-K � 
'� JliQK~�2� _ RTPS^{cLb �2� _ W-KZ�QRSYVhMKZx�KZNHc��}UbRTPThMd*hZYVN�]}K PTxy�vRSKMxyKMNHcnK/` PSN ^XUqg cn\ YVW-K
[Q^-PSNQk2Yp^XPTNQkbRTKu]vP `QPTWXKMhMcXPSUbNQYVR RTPT^-cL9 UbNH\ iQPThji cnivK ��YqkbK PT^%W-KZPTNQ^XKMW-cXK/`!K5Yqhji cnPTx�K Pac PT^
YVhMhZKZ^-^XKX`T9 cXiO[Q^]LqKZKM�QPSNvk cnivKFRTPT^-c�PSN��2� _ UbW�`QKZWXb

J
%:AM( * % � � �F" � cXWnYV��kbKMNQKZWXYqcnKX` \ ivKZN Y!` PTW-cX[�YVR*x�KZx�UbW{d \ iQPThji=PT^fNvUVc PSN�cnivK
�QiHd ^XPTh5YqR�x�KMxyUVW-dtPT^ YVhZhMKZ^-^XK/`db�JliQK x�PS^-^XPTNQky��YVkbK*PT^ RSUHYZ`QK/`tgwWXUVx
cnivK*^�\�YV�pUVW
cXiQK ��RSK ^{d;^{cnKMxyb JliQPT^�PT^ UVg cnKMNphZYVRTRSKX` �XrsYV[vRTcXPSNQk�PTN Y ��YqkbK��'b

J  ( * ( �G[Z� %�� A �! . ��� & " JliQKtYqRSkbUVWXPacniQxD\ iQPThji!PS^ [v^XK/`!cXUz`QKMcXKZW-xyPTNQK \ iQPThji `�YqcnY
PacnKMxy^ ^-iQUb[QRq`>] KlgwKMcXhjiQK/`yPSNHcXUFcXiQKlh5YVhjivK]PTNyY8`v`qYVNQhMK89#]}KmgwUbWXK cXiQK�YVhMcX[�YVRQW-K/cO[QKM^-c
gwUbW cXiQKZx PS^ xyY8`QKZb

� � %x,L. � [P�M? . (-, " hZUV�QPSKM^ UVg
`QYqcjY UP] z{KZhMcX^/92\ iQPThji xyY5d9i�Y5`bKh`QKm` P YqcXK/`~gwWXUbx�cniQK�UbW-P�O
kbPTN�YVRV9a]v[vc YVW-K ^{cnPTRSR~\ PTcXiQPSN hZKZW{cjYVPTN!RTPSx�Pacn^ YqN'` cniO[Q^ h5YVN ] K [v^XK/` gwUVW}cO[QKMWXPTKZ^
\ iQPThji `QUpNQUVc%WXKXc [vPSW-K K_^vYVhmc PTNvgwUbW-x YocnPTUbNTbtJliQKycnKZW-x \ YV^FPTNOcXWXUB`Q[QhMK/`!PTN � � � b
JliQPT^�x Y5d YqRS^-U>] K*WXKmgwKZWXW-K/` YV^ ��� Y �Mdt� YVhjiQPTNQk �'b

� %'I �2� & % [F[ (-,/,), �!( � " ueN�Y2NQUbW-xyYVR
`�YocjY8]�Yq^XKt^-d ^{cnKZx 9 KM`bKMN�cXiQUb[QkVi YVhZhMKZ^X^-KZ^
\ Ub[QRq` ]}K�WnYVN'`vUbx ]Hd%N�YqcX[QWXKZ9HYVhMcX[�YVRvYVhZhMKZ^X^��QYqcXcXKZWXN cXU3�QiHd ^XPTh5YVR:`�YqcjY]PS^ `vKZNQ^-KZW
UbN%hZKMW-cjYqPSN ced � KZ^(Uqg�PSN;gwUbWXxyYqcXPSUbNFcni�YqN PTc�PT^ UbN%UVcniQKMW�ced � KZ^/b JliQPS^ [QNQKM`VKZN�YVhMhZKM^X^
��YocXcnKMWXN PT^ hZYVRSRTK/` WnYVN'`vUbx YVhZhMKZ^X^ ^-LVK_\�b<�,^ YqN K_^vYVx��QRTK89 ��YVkVKZ^ Uqg�YVN PTN'`QK_^
xyY5d<] K�YVhZhMKZ^X^-K/` x�UbW-K gwWXKXc [vKZNHcnRad cni�YVN9cXiQK���YVkbKM^*UVg cXiQK cjY8]vRSK cXiQK�PSN'`vK_^ PT^
� UbPTNOcXPSNvk~cXU'b��;PTxyPTRSYVWXRad PSN�J�3 � � ] KZNQhjivx YqWXL!cniQK ]QWXYVNQhji cjY8]vRSK i�YV^�iQPTkbiQKMW
YVhMhZKM^X^@`QKZNQ^-PTced cXi�YVNtcniQKFYVhMhZUb[vNOcX^�cnY8]QRTK8b

� ( ? �V% [ (-&H(-I � % �VA �! . ��� & " JliQK YqRSkbUVWXPacniQx \ iQPShji PSx��QRTKZx�KZNHcX^%cnivKyilknmMoqpBrsk_tuk_vxw
m��Ko � r��Kb

� ( * (  (BI [ ( � (BI�,L. � � " ��KmgwKZWXKMNQhZK<`vKZNQ^-PTced PT^ cXiQK gwWXKXcO[QKZNQhmd Y ��YqkbK PT^ ] KZPTNQk!WXK O
gwKMWXKZNvhZK/`d9 [v^X[�YVRTRad x�K5YV^-[QWXKX` Yq^ NO[Qx1] KZW UVg W-KMgwKMWXKZNvhZKZ^ cXU2cniQK �QYVkbK `Q[vWXPTNQk Y
hMKZW-cnYVPTNp^-�}KMhZP���K/`fcnPTxyK�\ PTN'`QUG\�b

� ( ? �V% [ (-&H(-I ��?=� �V. [ � " JliQKy�}UbRTPThMd Y8] Ub[vc�\ iQPThji)`QYqcjY PTcXKZx�^%YVWXK W-KZx�U�`bK/` gwWXUbx
cXiQK h5YVhjiQK�\ iQKMNp^-��YVhZKFPT^�NvKZK/`vK/`pgwUVWlNQKX\IPacnKMx�^/b

� ( ? �V% [ (-&H(-I � , �L .VI2A " JliQKp^{cnW-PSNQk~UVg�`�YqcjY9W-KZ�QRSYVhZKX` gwW-Ubx cnivKfhZYVhjiQKZ9lY~RTPT^-cyUVg
��YqkbKZ^+\ iQPThji�\ KZW-K%W-KZ�QRSYVhZKX`T9sPSN cnivKFUVW�`QKMWlUVg W-KZ�QRSYVhMKZx�KZNHcLb
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S I �d�M? .VI�A " �
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