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BSQXJ^_\N ?JQN

0] J_^RY\] YO ^RS] 6\Y_Z ?\YTNL^ \NZY\^˳ aN J\LRS`N ^RS] \NZY\^ YX ^RN 1\NX BLRYYV̄] aNK]S^N ]_LR
^RJ^ ^RN \N]_V^] YO Y_\ \N]NJ\LR J\N J`JSVJKVN OY\ JVV ^Y \NJM˰ >_\ ]SQXJ^_\N] YX ^RN MYL_WNX^
]SQXSOc Y_\ TYSX^ \N]ZYX]SKSVS^c ^Y O_VŊVV ^RN J\LRS`SXQ ]^JXMJ\M] ]N^ Kc ^RN 1\NX BLRYYV YO
4X`S\YXWNX^JV BLSNXLN ˖ <JXJQNWNX^˰

́́́́́́́́́́́́́́́́́́́ ́́́́́́́́́́́́́́́́́́́ ́́́́́́́́́́́́́́́́́́́

;_LJ] 1YcM <SLRNVVN 6NVMSX BRJcJX :J`NR

́́́́́́́́́́́́́́́́́́́ ́́́́́́́́́́́́́́́́́́́

=SLUYVJ] <L<JX_] <Jb BN^^SXN\S

CRN 1\NX BLRYYV YO 4X`S\YXWNX^JV BLSNXLN ˖ <JXJQNWNX^ Z\YM_LN] Z\YON]]SYXJV] aS^R _X\S`JVNM
^\JSXSXQ SX NX`S\YXWNX^JV ]LSNXLN JXM WJXJQNWNX^ aRY aSVV MN`Y^N ^RNS\ _XS[_N ]USVV] ^Y ^RN
MSJQXY]S]˳ J]]N]]WNX^˳ WS^SQJ^SYX˳ Z\N`NX^SYX˳ JXM \NWNMc YO ^RN NX`S\YXWNX^JV Z\YKVNW] YO
^YMJc JXM ^RN O_^_\N˰ 0 Q_SMSXQ Z\SXLSZVN YO ^RN BLRYYV S] ^RJ^ ^RN JXJVc]S] YO NX`S\YXWNX^JV
Z\YKVNW] \N[_S\N] [_JX^S^J^S`N ^\JSXSXQ SX WY\N ^RJX YXN MS]LSZVSXN JXM JX JaJ\NXN]] YO ^RN
ZRc]SLJV˳ KSYVYQSLJV˳ ]YLSJV˳ ZYVS^SLJV˳ JXM NLYXYWSL LYX]N[_NXLN] ^RJ^ J\S]N O\YW ]LSNX^SŊL Y\
^NLRXYVYQSLJV MNLS]SYX]˰

CRN 6\Y_Z ?\YTNL^ S] \N[_S\NM YO JVV ]^_MNX^] SX ^RN <J]^N\ YO 4X`S\YXWNX^JV BLSNXLN JXM
<JXJQNWNX^ ˟<4B<ˠ ?\YQ\JW˰ CRN Z\YTNL^ S] J cNJ\̐VYXQ JL^S`S^c SX aRSLR ]WJVV Q\Y_Z] YO
]^_MNX^] LYXM_L^ OYL_]NM˳ SX^N\MS]LSZVSXJ\c \N]NJ\LR YX ^RN ]LSNX^SŊL˳ WJXJQNWNX^˳ JXM ZYVSLc
MSWNX]SYX] YO J ]ZNLSŊL NX`S\YXWNX^JV S]]_N˰ CRS] 6\Y_Z ?\YTNL^ 5SXJV ANZY\^ S] J_^RY\NM Kc
<4B< ]^_MNX^] JXM RJ] KNNX \N`SNaNM JXM JZZ\Y`NM Kc˲

́́́́́́́́́́́́́́́́́́́

3\˰ 0]RVNc ;J\]NX

<J\LR 	�	
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0LUXYaVNMQNWNX^]

FN aY_VM VSUN ^Y ^RJXU ^RY]N aRY RJ`N Z\Y`SMNM _] aS^R ^RNS\ SX`JV_JKVN SXZ_^ JXM Q_SMJXLN
^R\Y_QRY_^ ^RN M_\J^SYX YO ^RS] Z\YTNL^˰ CRS] Z\YTNL^ aY_VM XY^ RJ`N KNNX ZY]]SKVN aS^RY_^ ^RN
LYX^\SK_^SYX] YO˲

5JL_V^c 0M`S]Y\˲
3\˰ 0]RVNc ;J\]NX

?R3 0M`S]Y\˲
=ěUYJ 5J\\JX^

4b^N\XJV 0M`S]Y\]˲
3\˰ AYKN\^ 7NSVWJc\
3\˰ 6JK\SNVVJ 3_N\^N

2VSNX^] ˟2YX]N\`J^SYX 8X^N\XJ^SYXJVˠ˲
2JWN\cX 1\YLU
?J^\SLU AYNR\MJXd

BZNLSJV ^RJXU] ^Y˲
2J]Nc >̄7J\J
=J^RJX 6\SWN]
;SX_] 1VYW[`S]^
BYZRSJ ;NSUN\
4`J FSV]YX

888



CJKVN YO 2YX^NX^]

4bNL_^S`N B_WWJ\c �
>KTNL^S`N] 	
?\YTNL^ BSQXSŊLJXLN 	
�˰ 8X^\YM_L^SYX �

� �˰ 1JLUQ\Y_XM �

�˰	 3\S`N\] �

�˰
 ?Y]^̐0KJXMYXWNX^ ;JXM D]N 

�˰� 4X`S\YXWNX^JV 5JL^Y\] YO 8X^N\N]^ �

�˰� 0Q\SL_V^_\JV 0KJXMYXWNX^ ?YVSLc ��

�˰ BRJ\NM BYLSY̐4LYXYWSL ?J^RaJc] ˟BB?]ˠ ��

	˰ 6VYKJV ?\YTNL^SYX] YO 2\YZVJXM 0KJXMYXWNX^ �	
	 �˰ <N^RYM] �	

	˰	 AN]_V^] ��

	˰
 3S]L_]]SYX ��


˰ <JbSWSdSXQ 1NXNŊ^] YO 1\JdSVSJX 0KJXMYXNM 2\YZVJXM ��

 �˰ 1\JdSV 1JLUQ\Y_XM ��


˰	 <N^RYM] 		


˰
 AN]_V^] 	�


˰� 3S]L_]]SYX 



�˰ 0Q\SL_V^_\JV 0KJXMYXWNX^ ?YVSLSN] 
�
� �˰ 6VYKJV ?YVSLc 2YWZJ\S]YX] 
�

�˰	 ?Y^NX^SJV ?YVSLc <NLRJXS]W] SX 1\JdSV 


�˰
 2YXLV_]SYX 
�

�˰ 2YXLV_]SYX 
�
� �˰ ;SWS^J^SYX] 
�

�˰	 5_^_\N AN]NJ\LR 
�

�˰
 0KJXMYXNM 2\YZVJXM̄] AYVN SX 2YX]N\`J^SYX ��

0ZZNXMSLN]˲ �	
0˰ 7_WJX aNVV̐KNSXQ �	
1˰ ANOY\N]^J^SYX ANōNL^SYX] SX <YX^N`N\MN˳ 2Y]^J ASLJ ��
2˰ 0LL_\JLc J]]N]]WNX^ YO Z\YTNL^NM L\YZVJXM JKJXMYXWNX^ ��
3˰ 3J^J JXM LYMN J`JSVJKSVS^c 

ANON\NXLN] 2S^NM �
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4bNL_^S`N B_WWJ\c

BYLSYNLYXYWSL JXM NX`S\YXWNX^JV LRJXQN] J\N VSUNVc ^Y M\S`N ]RSO^] SX ^RN MS]^\SK_^SYX YO QVYKJV
JQ\SL_V^_\N˳ \N]_V^SXQ SX VJ\QN̐]LJVN JKJXMYXWNX^ YO L\YZVJXM]˰ 0KJXMYXWNX^ S] M\S`NX Kc
NLYVYQSLJV˳ ]YLSYNLYXYWSL˳ JXM LVSWJ^SL OJL^Y\] ^RJ^ `J\c LYX]SMN\JKVc Kc \NQSYX˰ FS^RY_^
]^\J^NQSL WJXJQNWNX^˳ JKJXMYXWNX^ LJX LJ_]N ]YSV N\Y]SYX˳ SXRSKS^ X_^\SNX^ LcLVSXQ˳ SXL\NJ]N
aSVMŊ\N \S]U˳ ^R\NJ^NX VYLJV OYYM ]NL_\S^c˳ JXM XNQJ^S`NVc SWZJL^ ]ZNLSN] JMJZ^NM ^Y R_WJX
JQ\SL_V^_\JV VJXM]LJZN]˰

7YaN`N\˳ JKJXMYXNM VJXM] LJX JV]Y KN \NOY\N]^NM Y\ \NaSVMNM˳ ^RY_QR ^RN YZ^SWJV NX`S\YXWNX^JV
Y_^LYWN] QNXN\JVVc \N[_S\N SXLNX^S`N] OY\ VJXM WJXJQN\]˰ 8O WJXJQNM ]^\J^NQSLJVVc˳ ^RN \NaSVMSXQ YO
JKJXMYXNM VJXM] LJX ]N\`N J] J ZYaN\O_V XJ^_\JV LVSWJ^N ]YV_^SYX˳ J] \N`NQN^J^SYX ]N[_N]^N\]
LJ\KYX SX ^RN OY\W YO ZVJX^ KSYWJ]]˰ <Y\NY`N\˳ JVVYaSXQ JKJXMYXNM VJXM ^Y \NOY\N]^ LJX Z\N]N\`N
KSYMS`N\]S^c SX ]YWN \NQSYX]˳ SXLV_MSXQ SX ^RN ^\YZSL]˰

?J^^N\X] YO O_^_\N L\YZVJXM JKJXMYXWNX^˳ J] aNVV J] ]^\J^NQSN] OY\ WJUSXQ _]N YO JKJXMYXNM
VJXM]˳ J\N XY^ aNVV̐\N]NJ\LRNM˰ DXMN\]^JXMSXQ aRN\N JXM ^Y aRJ^ Nb^NX^ L\YZVJXM JKJXMYXWNX^
aSVV YLL_\ LJX SXOY\W LYX]N\`J^SYX ZVJXXSXQ˰ CRN Ŋ\]^ ]^JQN YO ^RS] Z\YTNL^ NbJWSXN] aRN\N
L\YZVJXM] J\N Z\YTNL^NM ^Y KN JKJXMYXNM QVYKJVVc _XMN\ `J\SY_] LVSWJ^N LRJXQN ]LNXJ\SY] _]SXQ
O_^_\N QVYKJV VJXM LY`N\ MJ^J˰ CRN]N Z\YTNL^SYX] J\N ^RNX Y`N\VJSM aS^R ]ZJ^SJVVc NbZVSLS^ LJ\KYX
]N[_N]^\J^SYX ZY^NX^SJV JXM KSYMS`N\]S^c MJ^J˰ FN ŊXM ^RJ^ L\YZVJXM JKJXMYXWNX^ aSVV KN
aSMN]Z\NJM SX 	���˳ K_^ ^RN JWY_X^ JXM VYLJ^SYX YO JKJXMYXNM L\YZVJXM] `J\c Kc LVSWJ^N
]LNXJ\SY˰ ?\YTNL^NM JKJXMYXNM L\YZVJXM] LYX]S]^NX^Vc Y`N\VJZ aS^R J\NJ] YO RSQR SWZY\^JXLN ^Y
KSYMS`N\]S^c JXM LJ\KYX ]N[_N]^\J^SYX˳ RSQRVSQR^SXQ aRN\N ^RN]N JKJXMYXNM VJXM] LJX YňN\
`JV_JKVN LYX]N\`J^SYX YZZY\^_XS^SN]˰

CRN XNb^ ]^JQN YO ^RN JXJVc]S] OYL_]N] YX 1\JdSV˰ 1\JdSV S] RYWN ^Y �
˛ YO ^RN aY\VM̄] KSY^J JXM
RJ] SWWNX]N ZY^NX^SJV OY\ LJ\KYX ]N[_N]^\J^SYX˳ WJUSXQ S^] JKJXMYXNM VJXM] N]]NX^SJV OY\
LVSWJ^N LRJXQN WS^SQJ^SYX JXM KSYMS`N\]S^c Z\N]N\`J^SYX˰ FN LYXM_L^ JX YZ^SWSdJ^SYX JXJVc]S] ^Y
SMNX^SOc \NQSYX] YO 1\JdSV aRN\N Z\YTNL^NM JKJXMYXNM VJXM] LJX KN WJXJQNM YX J QS`NX K_MQN^
^Y WJbSWSdN KNXNŊ^] OY\ KSYMS`N\]S^c JXM LJ\KYX ]N[_N]^\J^SYX˰ >_\ ŊXMSXQ] SXMSLJ^N ^RJ^ aRSVN
ZJ^^N\X] YO L\YZVJXM JKJXMYXWNX^ J\N RSQRVc \NQSYXJV˳ LYX]N\`J^SYX QYJV] LJX KN WN^ Kc
VN`N\JQSXQ JKJXMYXNM VJXM] JXM VYLJV \N]^Y\J^SYX NňY\^]˰

DV^SWJ^NVc˳ _XMN\]^JXMSXQ aRN\N JXM ^Y aRJ^ Nb^NX^ L\YZVJXM JKJXMYXWNX^ aSVV YLL_\ SX ^RN
O_^_\N S] L\_LSJV OY\ SXOY\WNM LYX]N\`J^SYX ]^\J^NQSN] JXM VJXM _]N ZVJXXSXQ˰ CR\Y_QR Y_\
\N]NJ\LR˳ aN RYZN ^Y SXOY\W NňNL^S`N ZYVSLSN] JXM WJXJQNWNX^ ]^\J^NQSN] ^RJ^ KJVJXLN ^RN XNNM
OY\ JQ\SL_V^_\JV Z\YM_L^SYX aS^R QYJV] OY\ LVSWJ^N LRJXQN WS^SQJ^SYX JXM KSYMS`N\]S^c Z\N]N\`J^SYX˰

�



>KTNL^S`N]

CRS] JXJVc]S] Z\YTNL^] L\YZVJXM JKJXMYXWNX^ JXM RSQRVSQR^] \NQSYX] aRN\N ^RN XJ^_\JV Y\
J]]S]^NM \NLY`N\c YO JKJXMYXNM VJXM LJX ]N[_N]^N\ LJ\KYX JXM NXRJXLN KSYMS`N\]S^c˰ CRN
]LSNXLN̐KJ]NM \NLYWWNXMJ^SYX] Z\YM_LNM ^R\Y_QR ^RS] Z\YTNL^ LJX SXOY\W LYX]N\`J^SYX JXM
ZYVSLc SX`N]^WNX^] ^RJ^ KN]^ _]N J`JSVJKVN \N]Y_\LN] ^Y \N]^Y\N JKJXMYXNM L\YZVJXM] aRSVN
WJbSWSdSXQ ]YLSJV JXM NX`S\YXWNX^JV KNXNŊ^]˰

CRS] Z\YTNL^ ]_ZZY\^] 2YX]N\`J^SYX 8X^N\XJ^SYXJV SX ]N^^SXQ QVYKJV Z\SY\S^SN] OY\ LYX]N\`J^SYX
SX`N]^WNX^ Kc LYWZVN^SXQ ^RN OYVVYaSXQ YKTNL^S`N]˲

�˰ 6NXN\J^N QVYKJV Z\YTNL^SYX] YO JKJXMYXNM L\YZVJXM _XMN\ MSňN\NX^ LVSWJ^N ]LNXJ\SY] SX
^RN XNJ\ O_^_\N ^Y SX`N]^SQJ^N ^RN SWZJL^ YO JKJXMYXWNX^ YX KSYMS`N\]S^c JXM LJ\KYX
]N[_N]^\J^SYX˰

	˰ FS^RSX Z\YTNL^NM JKJXMYXNM L\YZVJXM SX 1\JdSV˳ SMNX^SOc \NQSYX] aRN\N ^RN LYX]N\`J^SYX
YO JKJXMYXNM VJXM LJX QNXN\J^N ^RN RSQRN]^ KNXNŊ^] ^Y KSYMS`N\]S^c JXM LJ\KYX
]N[_N]^\J^SYX˰


˰ 8MNX^SOc JXM N`JV_J^N ZYVSLSN] ^Y WJbSWSdN KNXNŊ^] O\YW ^RN JL^S`N \N]^Y\J^SYX YO
Z\YTNL^NM JKJXMYXNM L\YZVJXM]˰

?\YTNL^ BSQXSŊLJXLN

8X ^RN 	�]^ LNX^_\c˳ ZYZ_VJ^SYX Q\Ya^R JXM QVYKJV aJ\WSXQ J\N Z\YTNL^NM ^Y M\S`N VJ\QN̐]LJVN
VJXM _]N LRJXQN˳ JV^N\SXQ ^RN MS]^\SK_^SYX YO L\YZVJXM] JL\Y]] ^RN ZVJXN^˰ 3NQ\JMNM˳ VN]]
Z\YM_L^S`N L\YZVJXM] J\N NbZNL^NM ^Y KN JKJXMYXNM˳ aRSVN RSQRN\̐[_JVS^c ZJ\LNV] aSVV KN
L_V^S`J^NM WY\N SX^NX]NVc ˟B^YJ^N N^ JV˰˳ 	���ˠ˰ 0KJXMYXWNX^ S] M\S`NX Kc ]YLSYNLYXYWSL JXM
NX`S\YXWNX^JV OJL^Y\] ^RJ^ \NXMN\ JQ\SL_V^_\N _X]_]^JSXJKVN JXM XY VYXQN\ NLYXYWSLJVVc `SJKVN
YX LN\^JSX VJXM] ˟;S ˖ ;S˳ 	���ˠ˰

7YaN`N\˳ SO WJXJQNM ]^\J^NQSLJVVc˳ ^RN]N JKJXMYXNM VJXM] LJX YňN\ X_WN\Y_] NX`S\YXWNX^JV
KNXNŊ^]˰ 0KJXMYXNM VJXM] RYVM ]SQXSŊLJX^ ZY^NX^SJV OY\ LJ\KYX ]N[_N]^\J^SYX JXM LVSWJ^N
LRJXQN WS^SQJ^SYX ˟1NVV N^ JV˰˳ 	�	�ˠ˰ 0MMS^SYXJVVc˳ ^RNc LJX \NLY`N\ RJKS^J^ ^RJ^ ]_ZZY\^] ]ZNLSN]
\SLRXN]] JXM KSYMS`N\]S^c ˟@_NS\Yd N^ JV˰˳ 	���ˠ˰ 5SXJVVc˳ \N`N\^SXQ OY\WN\ L\YZVJXM] ^Y XJ^_\JV
]^J^N] LJX SWZ\Y`N NLY]c]^NW ]N\`SLN] ^RJ^ MS\NL^Vc KNXNŊ^ VYLJV LYWW_XS^SN] ˟@_SX^J]̐BY\SJXY
N^ JV˰˳ 	�		ˠ˰

FRSVN RS]^Y\SLJV ZJ^^N\X] YO L\YZVJXM JKJXMYXWNX^ J\N aNVV MYL_WNX^NM˳ WY\N \N]NJ\LR XNNM]
^Y KN LYXM_L^NM YX O_^_\N JKJXMYXWNX^ ^\NXM] JXM ^RN SXō_NXLN YO LVSWJ^N LRJXQN YX
JKJXMYXWNX^˰ 0MMS^SYXJVVc˳ WY]^ \N]NJ\LR YX JKJXMYXNM L\YZVJXM WJXJQNWNX^ NbZVY\N]
WN^RYM] ^Y \NL_V^S`J^N ^RN VJXM aS^R VS^^VN \N]NJ\LR YX ^RN ZY^NX^SJV KNXNŊ^] YO \NaSVMSXQ ^RN
VJXM ˟=J`J\\Y JXM ?N\NS\J˳ 	���ˠ˰

CRS] Z\YTNL^ aS^R 2YX]N\`J^SYX 8X^N\XJ^SYXJV ˟28ˠ̓J QVYKJV XYXZ\YŊ^ MNMSLJ^NM ^Y XJ^_\JV LVSWJ^N

	



]YV_^SYX]˳ KSYMS`N\]S^c˳ JXM R_WJX aNVV̐KNSXQ̓SX`N]^SQJ^N] RYa JKJXMYXNM L\YZVJXM] LJX KN
WJXJQNM ^Y Z\YWY^N LJ\KYX ]N[_N]^\J^SYX JXM KSYMS`N\]S^c aY\VMaSMN˰ FN NWZVYc J
Z\SY\S^SdJ^SYX JXJVc]S] ^Y SVV_]^\J^N RYa JKJXMYXNM L\YZVJXM] WJc KN ]^\J^NQSLJVVc Z\Y^NL^NM J^
^RN XJ^SYXJV JXM NLY\NQSYX ]LJVN] ^Y WJbSWSdN O_^_\N KNXNŊ^] ^Y LJ\KYX ]N[_N]^\J^SYX JXM
KSYMS`N\]S^c˰ DV^SWJ^NVc˳ ^RS] Z\YTNL^ LYX^\SK_^N] ^Y ^RN Q\YaSXQ KYMc YO \N]NJ\LR ^RJ^ J^^NWZ^] ^Y
_XVYLU ^RN LYX]N\`J^SYX ZY^NX^SJV YO VJXM JKJXMYXWNX^ ˟2Y\KNVVN̐ASLY N^ JV˰˳ 	�		˴ 3_ N^ JV˰˳
	���˴ 5JcN^ N^ JV˰˳ 	�		Kˠ˰

CRS] \N]NJ\LR aSVV MS\NL^Vc ]_ZZY\^ ^RN D2B1̐28 2VSWJ^N BYV_^SYX] 2YVVJKY\J^S`N Z\YTNL^˳ BZJ^SJV
?VJXXSXQ OY\ 0\NJ 2YX]N\`J^SYX˳ ;JXM D]N˳ JXM 4XN\Qc SX AN]ZYX]N ^Y 2VSWJ^N 2RJXQN˰
D2B1̐28 JSW] ^Y SMNX^SOc aRN\N ]^\J^NQSL VJXM JVVYLJ^SYX OY\ J\NJ̐KJ]NM LYX]N\`J^SYX˳
JQ\SL_V^_\N˳ JXM NXN\Qc LJX ]_ZZY\^ R_WJX] JXM KSYMS`N\]S^c SX J aJ\WSXQ aY\VM˰
DXMN\]^JXMSXQ aRN\N L\YZVJXM JKJXMYXWNX^ aSVV YLL_\ JXM aRN\N S^ aSVV Y`N\VJZ aS^R J\NJ] YO
RSQR NX`S\YXWNX^JV SWZY\^JXLN aSVV ]_ZZY\^ LYX]N\`J^SYX JXM VJXM _]N ZVJXXSXQ˰ 28 aSVV ]RJ\N
\N]_V^] aS^R XJ^SYXJV̐VN`NV ZVJXXN\] ^Y ]_ZZY\^ Z\YQ\JWWJ^SL MNLS]SYX̐WJUSXQ˰






�˰ 8X^\YM_L^SYX

� �˰ 1JLUQ\Y_XM

0Q\SL_V^_\N MYWSXJ^N] QVYKJV VJXM _]N˳ aS^R ZJ]^_\N] JXM L\YZVJXM LY`N\SXQ 	˛ JXM �	˛ YO
SLN̐O\NN ^N\\N]^\SJV J\NJ]˳ \N]ZNL^S`NVc ˟5YVNc N^ JV˰˳ 	���ˠ˰ FRSVN NLYXYWSLJVVc Z\YM_L^S`N OJ\WVJXM
RJ] ^\NXMNM ^YaJ\M] SX^NX]SŊLJ^SYX˳ ]N`N\JV NLYXYWSL˳ ]YLSJV˳ QNYVYQSLJV˳ JXM L_V^_\JV M\S`N\]
RJ`N \N]_V^NM SX Y^RN\ JQ\SL_V^_\JV VJXM] KNSXQ JKJXMYXNM ˟1NSVSX N^ JV˰˳ 	���ˠ˰ 6VYKJVVc˳ ^RN J\NJ
YO JKJXMYXNM JQ\SL_V^_\JV VJXM ^RJ^ RJ] XY^ KNNX \N]^Y\NM Y\ MN`NVYZNM S] N]^SWJ^NM J^ 
��
WSVVSYX ^Y ��	 WSVVSYX RNL^J\N]˳ J VJ\QN\ VJXM J\NJ ^RJX 8XMSJ ˟HJXQ N^ JV˰˳ 	�	�ˠ˰ CRS]
ZRNXYWNXYX YO JKJXMYXWNX^ RJ] KNNX YK]N\`NM Nb^NX]S`NVc SX 4_\YZN ˟:NNXVNc]SMN ˖ C_LUN\˳
	���ˠ˳ ;J^SX 0WN\SLJ ˟<_X\YN N^ JV˰˳ 	��
ˠ˳ 0]SJ ˟B_KNMS N^ JV˰˳ 	�		ˠ˳ 0O\SLJ ˟;NJV 5SVRY N^ JV˰˳
	���ˠ˳ JXM =Y\^R 0WN\SLJ ˟<NcO\YSM^ ˖ ;JWKSX˳ 	���ˠ˰

;JXM JKJXMYXWNX^ RJ] WSbNM NX`S\YXWNX^JV JXM ]YLSYNLYXYWSL SWZJL^]˰ >X ^RN YXN RJXM˳
JKJXMYXNM VJXM LJX VNJM ^Y ^RN VY]] YO ]YSV X_^\SNX^] JXM ^RN \NVNJ]N YO ]YSV LJ\KYX SX^Y ^RN
J^WY]ZRN\N ˟HJXQ N^ JV˰˳ 	�	�ˠ˰ 0KJXMYXNM VJXM S] JV]Y `_VXN\JKVN ^Y ]YSV N\Y]SYX˳ VYaN\ aJ^N\
J`JSVJKSVS^c˳ JXM SXL\NJ]NM aSVMŊ\N \S]U ˟4]^NV N^ JV˰˳ 	���ˠ˰ 8X M\c \NQSYX]˳ ^RN \N`NQN^J^SYX YO
JKJXMYXNM VJXM] LJX JV]Y \NM_LN ]YSV aJ^N\ LYX^NX^ JXM \S`N\ ōYa] J] ZVJX^ KSYWJ]] LYX]_WN]
J VSWS^NM aJ^N\ ]_ZZVc ˟D]^JYQV_ ˖ 2YVVSN\˳ 	���ˠ˰ <Y\NY`N\˳ JKJXMYXWNX^ YX VYa̐SX^NX]S^c JXM
RS]^Y\SL OJ\WVJXM LJX XNQJ^S`NVc JňNL^ VYLJV KSYMS`N\]S^c JMJZ^NM ^Y R_WJX̐WJXJQNM VJXM]LJZN]
JXM YZNX ]ZJLN] ˟1NSVSX N^ JV˰˳ 	���ˠ˰ CRN VY]] YO OJ\WVJXM LJX JV]Y RJ\W OYYM ]NL_\S^c JXM
VS`NVSRYYM] SX \_\JV˳ VYa̐SXLYWN LYWW_XS^SN] ˟:RJXJV ˖ FJ^JXJKN˳ 	��ˠ˰

7YaN`N\˳ JKJXMYXNM VJXM LJX KN ]^\J^NQSLJVVc WJXJQNM ^Y KNXNŊ^ XNJ\Kc R_WJX JXM
NLYVYQSLJV LYWW_XS^SN]˰ 0KJXMYXNM VJXM LJX O_XL^SYX J] J LJ\KYX ]SXU SO XJ^S`N `NQN^J^SYX
\NLY`N\] JXM ^R\Y_QR \NQNXN\J^S`N JQ\SL_V^_\JV Z\JL^SLN] ^RJ^ LJZ^_\N JXM ]^Y\N J^WY]ZRN\SL
LJ\KYX SX ^RN ]YSV ˟HJXQ N^ JV˰˳ 	�	�ˠ˰ AN]^Y\SXQ JKJXMYXNM OJ\WVJXM LJX JV]Y NXRJXLN
KSYMS`N\]S^c JXM Z\YWY^N RJKS^J^ LYXXNL^S`S^c˳ X_^\SNX^ LcLVSXQ˳ ]YSV \NLY`N\c˳ JXM aJ^N\ \N^NX^SYX˳
_V^SWJ^NVc Z\Y`SMSXQ VYLJV LYWW_XS^SN] aS^R UNc NLY]c]^NW ]N\`SLN] ^RJ^ LJX SWZ\Y`N R_WJX
aNVV̐KNSXQ ˟9˰ 1NXJcJ] N^ JV˰˳ 	���ˠ˰

�˰	 3\S`N\]

<JXc OJL^Y\] LYX^\SK_^N ^Y JQ\SL_V^_\JV JKJXMYXWNX^˳ \JXQSXQ O\YW QNYVYQSLJV LYX]^\JSX^] ^Y
NLYXYWSL JXM ]YLSJV Z\N]]_\N] ˟CN\\N] N^ JV˰˳ 	���ˠ˰ 3\S`N\] JV]Y `J\c MNZNXMSXQ YX VYLJ^SYX
˟1NSVSX N^ JV˰˳ 	���ˠ˰ 3SňN\NXLN] SX ^N\\JSX˳ JVYXQ aS^R ]YLSJV˳ NLYXYWSL˳ JXM L_V^_\JV OJL^Y\] \N]_V^
SX ]SQXSŊLJX^ \NQSYXJV `J\SJ^SYX SX ^RN M\S`N\] YO JKJXMYXWNX^ ˟>]JaJ N^ JV˰˳ 	��ˠ˰ BLRYVJ\]
SMNX^SOc MSňN\SXQ X_WKN\] YO M\S`N\] ^RJ^ LYX^\SK_^N ^Y JKJXMYXWNX^˳ K_^ ^RN]N M\S`N\] LJX
QNXN\JVVc KN ]ZVS^ SX^Y ^R\NN LJ^NQY\SN]˲ ]YLSY̐NLYXYWSL˳ NLYVYQSLJV˳ JXM VJXM WS]WJXJQNWNX^ ˟9˰
1NXJcJ] N^ JV˰˳ 	���ˠ˰

�



�˰	 �˰ BYLSY̐4LYXYWSL 3\S`N\]

>XN WJTY\ ]YLSY̐NLYXYWSL M\S`N\ YO JQ\SL_V^_\JV JKJXMYXWNX^ S] ^RN WSQ\J^SYX YO \_\JV
ZYZ_VJ^SYX] SX^Y _\KJX LNX^N\] M_N ^Y SXM_]^\SJVSdJ^SYX JXM _\KJXSdJ^SYX ˟;NJV 5SVRY N^ JV˰˳ 	���ˠ˰
4LYXYWSL LYXMS^SYX] RJ`N VNM aY\UN\] ^Y \NVYLJ^N JaJc O\YW \_\JV J\NJ] SX ]NJ\LR YO
WJX_OJL^_\SXQ JXM ]N\`SLN SXM_]^\c TYK]˳ \NM_LSXQ ^RN JQ\SL_V^_\JV VJKY\ OY\LN SX WJXc LY_X^\SN]
˟3ŚJd N^ JV˰˳ 	���˴ ;S ˖ ;S˳ 	���˴ D]^JYQV_ ˖ 2YVVSN\˳ 	���ˠ˰

>^RN\ ]YLSY̐NLYXYWSL OJL^Y\] M\S`SXQ VJXM JKJXMYXWNX^ SXLV_MN MNLVSXN] SX WJ\UN^ Z\SLN] OY\
L\YZ] M_N ^Y ]RSO^SXQ MNWJXM JXM OY\NSQX̐^\JMN MN`NVYZWNX^] ˟;S ˖ ;S˳ 	���ˠ˳ JQ\SL_V^_\JV ZYVSLSN]
JXM VJXM WJXJQNWNX^ ]c]^NW] ˟D]^JYQV_ ˖ 2YVVSN\˳ 	���ˠ˳ JXM JQ\SL_V^_\JV SX^NX]SŊLJ^SYX JXM
LYWWN\LSJVSdJ^SYX ˟`JX EVSN^ N^ JV˰˳ 	���ˠ˰ ;YaN\ L\YZ Z\SLN] JXM RSQRN\ SXZ_^ LY]^] M\S`N
JKJXMYXWNX^ SX ]YWN \NQSYX] J] OJ\WN\] QS`N _Z ^RNS\ VJXM SX ]NJ\LR YO WY\N Z\YŊ^JKVN
NXMNJ`Y\] ˟?\S]RLRNZY` N^ JV˰˳ 	�	�ˠ˰

�˰	˰	 4LYVYQSLJV̾6NYQ\JZRSL 3\S`N\]

4LYVYQSLJV JXM QNYQ\JZRSL LRJ\JL^N\S]^SL] YO ^RN VJXM J\N SWZY\^JX^ OJL^Y\] LYX^\SK_^SXQ ^Y
JKJXMYXWNX^˰ 0Q\SL_V^_\JV JL^S`S^c ^NXM] ^Y LYX^SX_N YX ^RN ZJ\LNV] ^RJ^ QNXN\J^N RSQR cSNVM]˳
aRSVN JKJXMYXWNX^ YLL_\] YX WJ\QSXJV VJXM] aS^R VYaN\̐[_JVS^c ]YSV] ˟6\J_ ˖ 0SMN˳ 	���ˠ˰
ANQSYXJV LJ]N ]^_MSN] Z\Y`SMN _]NO_V SX]SQR^] SX^Y LYWWYXJVS^SN] KN^aNNX JKJXMYXNM
JQ\SL_V^_\JV VJXM]˰ 8X =NZJV˳ OJ\WVJXM aJ] JKJXMYXNM Z\SWJ\SVc SX VN]] ON\^SVN J\NJ]˳ O_\^RN\ O\YW
`SVVJQN] JXM ZYZ_VJ^SYX LNX^N\]˳ JXM LVY]N\ ^Y OY\N]^NM J\NJ] ˟?J_MNV N^ JV˰˳ 	���ˠ˰ 8X 4_\YZN˳
]ZJ^SJV VJXM _]N WYMNV] Z\NMSL^NM ^RJ^ JQ\SL_V^_\JV VJXM] aSVV KN JKJXMYXNM SX RSQR̐VJ^S^_MN
\NQSYX] ]_LR J] 5SXVJXM JXM BaNMNX˳ J] aNVV J] SX WY_X^JSXY_] JXM RSVVc J\NJ] SX ^RN 0VZ]
˟:NNXVNc]SMN ˖ C_LUN\˳ 	���ˠ˰ >^RN\ ]^_MSN] RJ`N JV]Y RSQRVSQR^NM ^YZYQ\JZRc JXM ZJ\LNV
S]YVJ^SYX J] UNc MN^N\WSXJX^] YO aRN\N JKJXMYXWNX^ YLL_\]˳ aS^R WY_X^JSXY_] \NQSYX]˳ ]VYZNM
ZJ\LNV]˳ JXM WY\N S]YVJ^NM OJ\WVJXM] NbZN\SNXLSXQ RSQRN\ JKJXMYXWNX^ \J^N] ˟<ƠVVN\ N^ JV˰˳
	���ˠ˰ FJ^N\ ]^\N]] JXM M\Y_QR^ J\N Y^RN\ SWZY\^JX^ LJ_]N] YO JKJXMYXWNX^ ˟CN\\N] N^ JV˰˳
	���ˠ˰ 2VSWJ^N LRJXQN LJX NbJLN\KJ^N ^RN]N LYXMS^SYX] SX LN\^JSX \NQSYX]˳ J] MNLVSXN] SX
Z\NLSZS^J^SYX SX ^RN <NMS^N\\JXNJX \NQSYX] RJ`N LYX^\SK_^NM ^Y ^RN JKJXMYXWNX^ YO LN\NJV
L\YZVJXM JXM ZJ]^_\N] ˟;J]JX^J N^ JV˰˳ 	���ˠ˰

�˰	˰
 ;JXM <S]WJXJQNWNX^

CRN WS]WJXJQNWNX^ YO JQ\SL_V^_\JV VJXM LJX JV]Y KN J M\S`N\ OY\ JKJXMYXWNX^˰ >`N\NbZVYS^J^SYX
JXM _X]_]^JSXJKVN OJ\WSXQ Z\JL^SLN] LJX \N]_V^ SX J VY]] YO Z\YM_L^S`S^c˳ ]YSV MNQ\JMJ^SYX˳ N\Y]SYX˳
JXM ōYYMSXQ˳ _V^SWJ^NVc VNJMSXQ ^Y JKJXMYXWNX^ ˟9˰ 1NXJcJ] N^ JV˰˳ 	���ˠ˰ <S]WJXJQNWNX^ YO
]YSV JXM _X]_]^JSXJKVN JQ\SL_V^_\JV Z\JL^SLN] LJX \N]_V^ SX RSQR \J^N] YO ]YSV N\Y]SYX˳ aRSLR LJX
N`NX^_JVVc \N]_V^ SX MN]N\^SŊLJ^SYX˳ N]ZNLSJVVc SX J\SM \NQSYX] ˟<JL3YXJVM N^ JV˰˳ 	���ˠ˰ 8X 2NX^\JV
JXM 4J]^N\X 4_\YZN˳ ]YSV MNQ\JMJ^SYX M_N ^Y SX^NX]S`N JQ\SL_V^_\N JXM J Q\JM_JV aJ^N\ ]RY\^JQN
M_N ^Y RNJ`c S\\SQJ^SYX J\N L\S^SLJV M\S`N\] YO JKJXMYXWNX^ ˟;J]JX^J N^ JV˰˳ 	���ˠ˰ <Y\NY`N\˳ QVYKJV
NLYXYWSL JXM ZYVS^SLJV Z\N]]_\N] RJ`N SXLNX^S`SdNM JQ\SL_V^_\JV SX^NX]SŊLJ^SYX ˟3ŚJd N^ JV˰˳ 	���˴
>]JaJ N^ JV˰˳ 	��˴ D]^JYQV_ ˖ 2YVVSN\˳ 	���ˠ˰ CRS] ]RSO^ O\YW Nb^NX]S`N JQ\SL_V^_\N ^Y WS]WJXJQNM

�



SX^NX]S`N JQ\SL_V^_\N RJ] \N]_V^NM SX JKJXMYXWNX^ ˟?SX^Y̐2Y\\NSJ ˖ 6YMSXRY˳ 	��
˴ `JX EVSN^ N^
JV˰˳ 	���ˠ˰

�˰
 ?Y]^̐0KJXMYXWNX^ ;JXM D]N

0Q\SL_V^_\JV VJXM JKJXMYXWNX^ S] J Q\JM_JV Z\YLN]] ^RJ^ YO^NX KNQSX] aS^R J \NM_L^SYX SX VJXM
WJXJQNWNX^˳ OYVVYaNM Kc J MNLVSXN SX OJ\WSXQ SX^NX]S^c ˟;NJV 5SVRY N^ JV˰˳ 	���ˠ˰ 0KJXMYXWNX^ LJX
JV]Y KN ^NWZY\J\c Y\ ZN\WJXNX^˳ Z\N]NX^SXQ JXY^RN\ ]Y_\LN YO _XLN\^JSX^c SX MNŊXSXQ aRN\N
JKJXMYXWNX^ RJ] YLL_\\NM ˟:NNXVNc]SMN ˖ C_LUN\˳ 	���ˠ˰ 5Y\WN\ OJ\WVJXM] LJX OYVVYa ]N`N\JV
^\JTNL^Y\SN] JO^N\ JKJXMYXWNX^˰ ;JXM JKJXMYXWNX^ YaSXQ ^Y ^RN NbZJX]SYX YO _\KJX LNX^N\] LJX
\N]_V^ SX ^RN MN`NVYZWNX^ YO OY\WN\ JQ\SL_V^_\JV VJXM ˟?JXMNc ˖ BN^Y˳ 	���ˠ˰ ;JXM LJX JV]Y
_XMN\QY \N`NQN^J^SYX˳ NS^RN\ ^R\Y_QR XJ^_\JV ]_LLN]]SYX Y\ JL^S`N \N]^Y\J^SYX ˟;J]JX^J N^ JV˰˳
	���ˠ˰ 8X Y^RN\ LJ]N]˳ JKJXMYXNM VJXM S] L_V^S`J^NM cNJ\] JO^N\ KNSXQ OJVVYaNM ˟5JcN^ N^ JV˰˳
	�		Jˠ˰

5SQ_\N �̐�˰ ?Y]^̐JKJXMYXWNX^ ^\JTNL^Y\SN] YO OJ\WVJXM SX 4_\YZN˰ >O ^RN �
� ZJ\LNV] NbJWSXNM J] ZJ\^ YO
^RN ]^_Mc˳ ��� aN\N N`NX^_JVVc \N`NQN^J^NM˳ VJ\QNVc ^R\Y_QR XJ^_\JV ]_LLN]]SYX Z\YLN]]N] ˟5JcN^ N^ JV˰˳
	�		Jˠ˰

�˰
 �˰ ?J]]S`N AN]^Y\J^SYX̾BZYX^JXNY_] AN`NQN^J^SYX

?J]]S`N \N]^Y\J^SYX SX`YV`N] ^RN XJ^_\JV ]_LLN]]SYX YO JKJXMYXNM VJXM Kc ]_\\Y_XMSXQ ZVJX^]
JXM aSVMVSON˰ CRN Y_^LYWN YO ZJ]]S`N \N]^Y\J^SYX VJ\QNVc MNZNXM] YX ^RN VYLJV LVSWJ^N ˟1NXJcJ]
N^ JV˰˳ 	���ˠ JXM ZJ]^ VJXM _]N ˟<NVS N^ JV˰˳ 	���ˠ˰ =J^_\JV ]_LLN]]SYX LJX KN J ]VYa Z\YLN]] SX
M\SN\ \NQSYX] aS^R VYa Z\SWJ\c Z\YM_L^S`S^c ˟1NXJcJ] N^ JV˰˳ 	���ˠ˰ 8X ^\YZSLJV \NQSYX]˳ LJXYZc
RNSQR^ JXM KJ]JV ^\NN J\NJ ]SWSVJ\ ^Y Z\SWJ\c OY\N]^] LJX KN ]NNX SX JKJXMYXNM VJXM] JO^N\ �� ^Y
�� cNJ\] YO XJ^_\JV ]_LLN]]SYX ˟<_ŲSd̐2J]^\Y N^ JV˰˳ 	��ˠ˰ FRSVN `NQN^J^SYX WJc \NLY`N\ S^]





]^\_L^_\N JXM MS`N\]S^c SX ^RS] ��̐cNJ\ ^SWN O\JWN J] aNVV˳ S^ LJX ^JUN Y`N\ J LNX^_\c OY\ ]ZNLSN]
LYWZY]S^SYX JXM JKY`NQ\Y_XM KSYWJ]] ^Y \N^_\X ^Y ^RNS\ Z\N̐VJXM _]N VN`NV] ˟?YY\^N\ N^ JV˰˳
	�	�ˠ˰

?J]]S`N \N]^Y\J^SYX RJ] JV]Y KNNX ]RYaX ^Y SWZ\Y`N ]YSV [_JVS^c˴ ^RN [_JX^S^c YO X_^\SNX^] VSUN
XS^\YQNX˳ ZRY]ZRY\_]˳ JXM Y\QJXSL LJ\KYX LJX MNL\NJ]N SX ^RN ZN\SYM SWWNMSJ^NVc OYVVYaSXQ
JKJXMYXWNX^ M_N ^Y ^RN RJV^SXQ YO ON\^SVSdN\ SXZ_^]˳ K_^ VN`NV] YO ^RN]N X_^\SNX^] LJX NbLNNM
^RY]N YO JQ\SL_V^_\JV VJXM aS^RSX 
� cNJ\] YO ]_LLN]]SYX ˟IRJXQ N^ JV˰˳ 	��ˠ˰ 7YaN`N\˳ X_^\SNX^
VN`NV] YX JKJXMYXNM JQ\SL_V^_\JV VJXM _XMN\QYSXQ XJ^_\JV ]_LLN]]SYX J\N ]^SVV VYaN\ ^RJX ^RY]N
]_\\Y_XMSXQ XJ^S`N OY\N]^] JO^N\ �� cNJ\] ˟FJXQ N^ JV˰˳ 	���ˠ˰ CRN ]NWS̐XJ^_\JV VJXM]LJZN] ^RJ^
\N]_V^ O\YW ]_LLN]]SYX LJX `J\c SX [_JVS^c˰ BYWN J\NJ] WJc NbZN\SNXLN ]_LLN]]O_V \N]^Y\J^SYX˳
aRSVN Y^RN\] WJc KN Z\YXN ^Y SX`J]S`N ]ZNLSN] ˟5JcN^ N^ JV˰˳ 	�		Jˠ˰ ?\YZYXNX^] YO XJ^_\JV
\NQNXN\J^SYX ^Y_^ S^] LY]^̐NňNL^S`NXN]] JXM ]SWZVSLS^c˰ =J^_\JV \NQNXN\J^SYX LJX JV]Y Z\Y`SMN
X_WN\Y_] KNXNŊ^]˳ SXLV_MSXQ L\S^SLJV RJKS^J^ OY\ XJ^S`N ]ZNLSN]˳ LJ\KYX ]N[_N]^\J^SYX˳ JXM
NLY]c]^NW ]N\`SLN] ˟2RJdMYX ˖ 6_J\SQ_J^J˳ 	��ˠ˰

�˰
˰	 0ňY\N]^J^SYX̾<JXJQNM AN`NQN^J^SYX

0ňY\N]^J^SYX Y\ WJXJQNM \N`NQN^J^SYX S] JXY^RN\ LYWWYX Y_^LYWN YX JKJXMYXNM JQ\SL_V^_\JV
VJXM]˰ CRS] JZZ\YJLR SX`YV`N] ^RN ZVJX^SXQ YO ^\NN] Y\ XJ^S`N ]ZNLSN] ^Y J]]S]^ \NQNXN\J^SYX˰
CRN\N RJ] KNNX ]_K]^JX^SJV MNKJ^N YX ^RN NňNL^S`NXN]] YO JL^S`N `N\]_] ZJ]]S`N \N]^Y\J^SYX˰
BYWN ]^_MSN] J\Q_N ^RJ^ WJXJQNM \N`NQN^J^SYX MYN] XY^ Z\Y`SMN ]_K]^JX^SJV KNXNŊ^] Y`N\
XJ^_\JV ]_LLN]]SYX ˟5JcN^ N^ JV˰˳ 	�		J˴ <NVS N^ JV˰˳ 	���ˠ˰ 7YaN`N\˳ ]S^N ]NVNL^SYX KSJ] RJ]
RSXMN\NM WJXc YO ^RN]N ]^_MSN] ]_ZZY\^SXQ ZJ]]S`N \N]^Y\J^SYX˰ 8^ S] LYWWYX OY\ \N]NJ\LR YX
XJ^_\JV \NQNXN\J^SYX ^Y YLL_\ J^ ]S^N] JV\NJMc _XMN\QYSXQ ]NLYXMJ\c ]_LLN]]SYX˳ aRSVN ^RY]N
JMM\N]]SXQ JL^S`N \N]^Y\J^SYX YO^NX YLL_\ J^ O_VVc MNQ\JMNM ]S^N] ˟ANSM N^ JV˰˳ 	���ˠ˰

0L^S`N \N]^Y\J^SYX RJ] KNNX ]_ZZY\^NM J] J aJc ^Y \N]^Y\N NLY]c]^NW ]N\`SLN] ˟1NXJcJ] N^ JV˰˳
	���ˠ JXM SXL\NJ]N KSYMS`N\]S^c YX MNQ\JMNM VJXM] ˟2_\\JX N^ JV˰˳ 	���ˠ˰ 0ňY\N]^J^SYX RJ] JV]Y
KNNX JMYZ^NM ^Y Z\N`NX^ ]YSV N\Y]SYX JXM NXLY_\JQN \NQ\Ya^R aRSVN WJSX^JSXSXQ ^RN NLYXYWSLJV
_]N YO ^RN VJXM ˟2JWZY N^ JV˰˳ 	���˴ BNQ_\J N^ JV˰˳ 	�	�ˠ˰ 8X 4_\YZN˳ ]_K]SMSN] NXLY_\JQN
ZVJX^SXQ] YX JKJXMYXNM JQ\SL_V^_\JV VJXM ^Y KYY]^ ^\NN LY`N\ ˟:NNXVNc]SMN ˖ C_LUN\˳ 	���ˠ˰ 8X
J\NJ] aS^R MNQ\JMNM ]YSV [_JVS^c M_N ^Y SX^NX]S`N JQ\SL_V^_\JV _]N˳ J]]S]^NM \NLY`N\c ^R\Y_QR
MS\NL^ ZVJX^SXQ] JXM \NOY\N]^J^SYX NňY\^] RJ`N KNNX ]RYaX ^Y ]RY\^NX \NLY`N\c ^SWN] ˟2RJdMYX˳
	���ˠ˰

�˰
˰
 0V^N\XJ^S`N 0Q\SL_V^_\JV D]N]

CR\Y_QR WJXJQNWNX^ JXM \N]^Y\J^SYX˳ JKJXMYXNM VJXM] LJX JV]Y ZY^NX^SJVVc \N^_\X ^Y
JQ\SL_V^_\JV _]N˰ >XN ZJ^RaJc OY\ JQ\SL_V^_\JV _]N YX ^RN]N VJXM] S] ^RN JMYZ^SYX YO VYa̐SWZJL^ Y\
\NQNXN\J^S`N JL^S`S^SN] ˟5JcN^ N^ JV˰˳ 	�		Jˠ˰ 8X 2RSXJ˳ \_\JV \NQSYX] RJ`N NbZVY\NM VJXM
LYX]YVSMJ^SYX SX ^\JMS^SYXJV JQ\SL_V^_\JV J\NJ] ^Y Z\Y^NL^ OJ\WVJXM˳ ]_ZZY\^ OYYM MNWJXM˳ JXM
KNXNŊ^ VS`NVSRYYM] ˟;S N^ JV˰˳ 	���ˠ˰ CRN]N NňY\^] RJ`N \N`S^JVSdNM \_\JV J\NJ] NbZN\SNXLSXQ RSQR
WSQ\J^SYX ^Y _\KJX LNX^N\] JXM RJ`N \N]_WNM ^\JMS^SYXJV˳ Nb^NX]S`N OJ\WSXQ YZN\J^SYX] ˟IRY_ N^

�



JV˰˳ 	�	�ˠ˰ 2YWW_XS^c OJ\W] LJX JV]Y _]N JKJXMYXNM JQ\SL_V^_\JV VJXM˳ J] RJ] YLL_\\NM SX ^RN
8^JVSJX 0VZ] ˟EJ\Y^^Y ˖ ;YMJ^^S˳ 	���ˠ˰

�˰� 4X`S\YXWNX^JV 5JL^Y\] YO 8X^N\N]^

�˰� �˰ 2J\KYX BN[_N]^\J^SYX

4J\^R̄] ]YSV] JXM `NQN^J^SYX ]^Y\N JZZ\YbSWJ^NVc Ŋ`N ^SWN] WY\N LJ\KYX ^RJX ^RN J^WY]ZRN\N
˟;JV˳ 	���ˠ˰ ?\N]N\`SXQ L_\\NX^ LJ\KYX ]SXU] JXM SXL\NJ]SXQ ]N[_N]^\J^SYX SX `NQN^J^SYX JXM ]YSV]
J\N N]]NX^SJV ]YV_^SYX] ^Y WS^SQJ^SXQ LVSWJ^N LRJXQN˰ CaY OY\W] YO LJ\KYX ZN\^SXNX^ ^Y
JQ\SL_V^_\JV JKJXMYXWNX^ J\N QJ]NY_] LJ\KYX MSYbSMN ˟2>	ˠ JXM LJ\KYX ]^Y\NM J] ]YSV Y\QJXSL
WJ^^N\ ˟B><ˠ ˟FNXQ˳ N^ JV˰˳ 	�	�ˠ˰ FRSVN VJXM LYX`N\]SYX ^Y L\YZVJXM NWS^] QJ]NY_] 2>	˳
SXL\NJ]SXQ LJ\KYX ]^Y\JQN J] B>< JXM ZVJX^ KSYWJ]] Y`N\ ^SWN ^R\Y_QR \N]^Y\J^SYX Z\JL^SLN]
Z\Y`SMN] J VYa̐LY]^ JXM RSQR̐cSNVM aJc ^Y Z\Y`SMN VYLJV JXM QVYKJV NX`S\YXWNX^JV KNXNŊ^]
˟2RJdMYX N^ JV˰˳ 	��ˠ˰

2J\KYX ]N[_N]^\J^SYX \J^N] LJX SXL\NJ]N ^R\Y_QR LYX]N\`J^SYX WN^RYM] ]_LR J] JL^S`N
\N]^Y\J^SYX˳ ZJ]]S`N \N]^Y\J^SYX˳ \NOY\N]^J^SYX˳ JXM `J\cSXQ VJXM _]N WJXJQNWNX^ Z\JL^SLN]
˟6\S]LYW N^ JV˰˳ 	���ˠ˰ >O ^RN]N XJ^_\JV LVSWJ^N ]YV_^SYX]˳ \NOY\N]^J^SYX RJ] ^RN RSQRN]^ LJ\KYX
]N[_N]^\J^SYX ZY^NX^SJV ˟6\S]LYW N^ JV˰˳ 	���ˠ˰

AJ^N] YO LJ\KYX LJZ^_\N JXM LJZJLS^c OY\ LJ\KYX ]^Y\JQN `J\c MNZNXMSXQ YX VJXM _]N JXM
VYLJ^SYX˰ 1\JdSV RJ] ^RN RSQRN]^ ZY^NX^SJV OY\ LJ\KYX ]^Y\JQN˳ OYVVYaNM Kc 2YVYWKSJ˳ ENXNd_NVJ˳
JXM <NbSLY ˟2YYU̐?J^^YX N^ JV˰˳ 	�	�˴ 5\SNMVSXQ]^NSX N^ JV˰˳ 	�	�˴ 6VYKJV 2J\KYX ?\YTNL^˳ 	���ˠ˰ 8X
J ]NLYXMJ\c ^\YZSLJV OY\N]^ VYLJ^NM SX <SXJ] 6N\JS]˳ 1\JdSV˳ 
�˰	
˛ YO LJ\KYX S] ]^Y\NM SX
JKY`NQ\Y_XM KSYWJ]]˳ aRSVN 
˰		˛ S] SX ]YSV ˟3JX^J] N^ JV˰˳ 	�	�ˠ˰ >^RN\ ]^_MSN] YO OY\N]^
LJ\KYX ]_QQN]^ J XNJ\Vc N`NX ]ZVS^ SX JKY`NQ\Y_XM JXM KNVYaQ\Y_XM LJ\KYX ]^Y\JQN˳ K_^
LJ\KYX ]^Y\JQN \J^N] `J\c Q\NJ^Vc MNZNXMSXQ YX ^RN \NQSYX ˟3JX^J] N^ JV˰˳ 	�	�˴ 3SbYX N^ JV˰˳
����ˠ˰ 2J\KYX ]^Y\JQN JVVYLJ^SYX JV]Y `J\SN] aS^R ]^JXM JQN˴ Z\SWJ\c OY\N]^] RYVM WY\N KSYWJ]]
JKY`NQ\Y_XM ^RJX KNVYaQ\Y_XM˳ aRSVN ]NLYXMJ\c OY\N]^] MS]ZVJc ^RN YZZY]S^N ^\NXM ˟3SbYX N^
JV˰˳ ����˴ =QY N^ JV˰˳ 	��
ˠ˰ FS^RSX ^RN Ŋ\]^ 	� cNJ\] OYVVYaSXQ ^RN JKJXMYXWNX^ YO JQ\SL_V^_\JV
VJXM SX ^RN ^\YZSL]˳ JKY`NQ\Y_XM KSYWJ]] JLL_W_VJ^SYX \J^N] SXL\NJ]N W_LR WY\N [_SLUVc YX
J`N\JQN ˟˰	 <Q2̾RJ̾c\ˠ ^RJX KNVYaQ\Y_XM KSYWJ]] ˟�˰� <Q2̾RJ̾c\ˠ ˟BSV`N\ N^ JV˰˳ 	���ˠ˰ CR_]˳
OYVVYaSXQ JKJXMYXWNX^ SX ^RN ^\YZSL]˳ WY]^ QJSX] SX LJ\KYX ]N[_N]^\J^SYX YLL_\ JKY`NQ\Y_XM
˟AY`JS N^ JV˰˳ 	�		ˠ˰

�˰�˰	 1SYMS`N\]S^c

1SYMS`N\]S^c S] JX SWZY\^JX^ SXMSLJ^Y\ YO KSYWN RNJV^R JXM O_XL^SYX˰ CRN SWZJL^] JXM KNXNŊ^] YO
JQ\SL_V^_\JV VJXM JKJXMYXWNX^ YX KSYMS`N\]S^c J\N ]^SVV MNKJ^NM JXM LJX `J\c KJ]NM YX ]N`N\JV
OJL^Y\] ˟@_SX^J]̐BY\SJXY N^ JV˰˳ 	�		ˠ˰ 0 VS^N\J^_\N \N`SNa YO 	� ]^_MSN] YX KSYMS`N\]S^c JXM
JKJXMYXNM JQ\SL_V^_\JV VJXM] ^RJ^ \NLNS`NM XY \N]^Y\J^SYX SX^N\`NX^SYX] OY_XM ^RJ^ QNYQ\JZRSL
\NQSYX˳ ]^_Mc WN^\SL] _]NM˳ JXM ^JbJ J]]N]]NM JVV ]SQXSŊLJX^Vc JňNL^NM JKJXMYXWNX^̐\NVJ^NM
SWZJL^] YX KSYMS`N\]S^c ˟@_NS\Yd N^ JV˰˳ 	���ˠ˰

�
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2Y_X^\SN] SX 4_\J]SJ RJ`N WJSXVc \NZY\^NM XNQJ^S`N NňNL^] YO JKJXMYXWNX^ aS^RY_^ SX^N\`NX^SYX
YX KSYMS`N\]S^c˳ aRSVN LY_X^\SN] SX ^RN 0WN\SLJ] RJ`N WY]^Vc \NZY\^NM ZY]S^S`N NňNL^] ˟@_NS\Yd N^
JV˰˳ 	���ˠ˰ CRS] WJc KN J^^\SK_^NM ^Y RS]^Y\SLJV VJXM _]N˰ 8X 2NX^\JV JXM BY_^R 0WN\SLJ˳ RJKS^J^ RJ]
\NLNX^Vc KNNX LYX`N\^NM SX^Y JQ\SL_V^_\JV VJXM˴ ^R_]˳ Nb^NX]SŊLJ^SYX Z\SWJ\SVc ^R\NJ^NX]
KSYMS`N\]S^c˰ 8X 4_\YZN˳ WJXc ]ZNLSN] JXM VJXM]LJZN] RJ`N LY̐N`YV`NM aS^R R_WJX SX^N\`NX^SYX˰
4_\YZNJX OY\N]^] ^cZSLJVVc RJ`N VYaN\ KSYMS`N\]S^c˳ VSUNVc M_N ^Y VYXQ̐^N\W RJKS^J^ O\JQWNX^J^SYX
˟7JMMJM N^ JV˰˳ 	���ˠ˰ 0] J \N]_V^˳ ^RN ]_LLN]]SYX YO JQ\SL_V^_\JV VJXM ^Y J WY\N RYWYQNXNY_]
OY\N]^NM VJXM]LJZN \NM_LN] ^Y^JV KSYMS`N\]S^c SX 4_\YZN ˟@_NS\Yd N^ JV˰˳ 	���ˠ˰ ;JXM
JKJXMYXWNX^ ^cZSLJVVc Z\YWY^N] ^RN ZYZ_VJ^SYX MNLVSXN YO ]ZNLSN] JMJZ^NM ^Y YZNX ]ZJLN] JXM
OJ`Y\] ^RN ZYZ_VJ^SYX] JXM MS`N\]S^c YO ]ZNLSN] YO JV^N\XJ^S`N RJKS^J^] ]_LR J] aYYMNM
`NQN^J^SYX˴ RYaN`N\˳ ^RS] S] \NQSYXJV JXM L\YZ̐MNZNXMNX^ ˟>^N\Y N^ JV˰˳ 	���ˠ˰

=J^S`N KSYMS`N\]S^c \NLY`N\] O\YW MS]^_\KJXLN]˳ ]_LR J] JQ\SL_V^_\N˳ WY\N ]VYaVc ^RJX ]ZNLSN]
\SLRXN]] ˟7JWSV^YX˳ N^ JV˰˳ 	���ˠ˰ 4J\Vc SX XJ^_\JV ]_LLN]]SYX˳ ]ZNLSN] \SLRXN]] LJX KN RSQR˳ aS^R J
aSMN `J\SN^c YO ]ZNLSN] LYNbS]^SXQ _X^SV YXN ^cZN YO ]ZNLSN] ˟]RJMN̐^YVN\JX^ OY\ NbJWZVNˠ
KNLYWN] WY\N Z\N`JVNX^ ˟5JV]^N\ N^ JV˰˳ 	���ˠ˰ 8^ ^JUN] ^SWN OY\ LYWZN^S^SYX ^Y L\NJ^N WY\N N[_JV
]ZNLSN] JK_XMJXLN˰ BZNLSN] MS`N\]S^c \NLY`N\] SX ^\YZSLJV OY\N]^] JO^N\ 	�̐� cNJ\]˳ aRSVN
]ZNLSN] LYWZY]S^SYX LJX ^JUN �	�ͅ cNJ\] ^Y O_VVc \NLY`N\ JO^N\ JQ\SL_V^_\JV _]N] ˟?YY\^N\ N^ JV˰˳
	�	�ˠ˰

6VYKJV \N]NJ\LR YX JKJXMYXWNX^̄] SWZJL^ YX KSYMS`N\]S^c SXOY\W] WJXJQNWNX^ ]^\J^NQSN] OY\
JV^N\XJ^S`N ZY]^̐JKJXMYXWNX^ ^\JTNL^Y\SN]˰ B^_MSN] O\YW ^RN 2NMJ\ 2\NNU 4LY]c]^NW BLSNXLN
AN]N\`N SX <SXXN]Y^J \N`NJV ^RJ^ ZVJX^ MS`N\]S^c \NLY`N\] SXLYWZVN^NVc˳ JXM ZVJX^ Z\YM_L^S`S^c
MYN] XY^ ]SQXSŊLJX^Vc \NLY`N\ O\YW XJ^_\JV ]_LLN]]SYX YX JKJXMYXNM VJXM] ˟8]KNVV N^ JV˰˳ 	���ˠ˰ 8X
^RNS\ ]JWZVN Q\J]]VJXM NLY]c]^NW˳ JO^N\ �� cNJ\] YO JKJXMYXWNX^˳ OY\WN\Vc ZVYaNM ŊNVM] RJM
YXVc ^R\NN̐[_J\^N\] YO ^RN ZVJX^ MS`N\]S^c JXM RJVO YO ^RN ZVJX^ Z\YM_L^S`S^c YO XNJ\Kc NLY]c]^NW]
^RJ^ RJ`N XN`N\ KNNX ZVYaNM ˟8]KNVV N^ JV˰˳ 	���ˠ˰

;Ya̐SX^NX]S^c OJ\WSXQ˳ ]_LR J] LJLJY JQ\YOY\N]^] Y\ WSVZJ] SX BY_^R 0WN\SLJ˳ LJX Z\YWY^N RSQR
]ZNLSN] JXM RJKS^J^ MS`N\]S^c˴ JKJXMYXWNX^ YO ^RN]N J\NJ] \NM_LN] KSYMS`N\]S^c JXM VJXM]LJZN
RN^N\YQNXNS^c SO J ]WJVVN\ ]_K]N^ YO ]ZNLSN] MYWSXJ^N] ^RN \NQSYX aS^RY_^ JL^S`N WJXJQNWNX^
˟@_NS\Yd N^ JV˰˳ 	���ˠ˰ 8X`J]S`N ]ZNLSN] LJX JV]Y SWZJL^ KSYMS`N\]S^c \NLY`N\c YX JKJXMYXNM
JQ\SL_V^_\JV VJXM SO ^RNc RJ`N LYWZN^S^S`N JM`JX^JQN] ^Y Q\Ya WY\N [_SLUVc JXM ^R_] VSWS^
YZZY\^_XS^SN] OY\ Y^RN\ ]ZNLSN] ^Y KNLYWN N]^JKVS]RNM ˟1NXJcJ] N^ JV˰˳ 	���ˠ˰

?Y]S^S`N SWZJL^] SXLV_MN SWZ\Y`NWNX^] ^Y KSYMS`N\]S^c O\YW JKJXMYXWNX^ SX J\NJ] LVJ]]SŊNM J]˳
Y\ JMTJLNX^ ^Y˳ KSYMS`N\]S^c RY^]ZY^]˰ 0MMS^SYXJVVc˳ aRN\N MS`N\]N˳ aYYMc `NQN^J^SYX NbS]^] ˟N˰Q˰˳
^\YZSLJV OY\N]^]ˠ˳ JKJXMYXWNX^ LJX OJLSVS^J^N KSYMS`N\]S^c \NLY`N\c˰ BYWN ]^_MSN] RJ`N OY_XM J
ZY]S^S`N LY\\NVJ^SYX KN^aNNX ZVJX^ JXM SX`N\^NK\J^N ]ZNLSN] \SLRXN]] JXM ^SWN ]SXLN
JKJXMYXWNX^ ˟1NXJcJ] N^ JV˰˳ 	���ˠ˰

�



�˰� 0Q\SL_V^_\JV 0KJXMYXWNX^ ?YVSLc

5Na LY_X^\SN] RJ`N NbS]^SXQ ZYVSLSN] NbZVSLS^Vc MS]L_]]SXQ ^RN WJXJQNWNX^ YO JKJXMYXNM VJXM]
˟5JcN^ N^ JV˰˳ 	�		Kˠ˰ 0] JQ\SL_V^_\JV JKJXMYXWNX^ ZN\]S]^] SX 4_\YZN˳ =Y\^R 0WN\SLJ˳ JXM ZJ\^]
YO 0]SJ˳ ZYVSLSN] O\YW ^RN]N \NQSYX] LJX YňN\ SX]SQR^ SX^Y YZ^SWSdSXQ JQ\SL_V^_\JV JKJXMYXWNX^
ZYVSLSN] ^Y Z\SY\S^SdN KSYMS`N\]S^c˳ LJ\KYX ]N[_N]^\J^SYX˳ JXM R_WJX aNVV̐KNSXQ ˟2JVJKYXS N^ JV˰˳
	���˴ 2Y\KNVVN̐ASLY N^ JV˰˳ 	�		ˠ˰

CY MJ^N˳ WY]^ ZYVSLSN] ^RJ^ JMM\N]] VJXM JKJXMYXWNX^ JSW ^Y Z\N`NX^ JKJXMYXWNX^ JXM ]_]^JSX
JQ\SL_V^_\JV Z\YM_L^SYX˰ CRN 4D̄] 2YWWYX 0Q\SL_V^_\JV ?YVSLc ˟20?ˠ JSW] ^Y Z\N`NX^ JQ\SL_V^_\JV
VJXM JKJXMYXWNX^ ^R\Y_QR SXLYWN ]_ZZY\^ OY\ OJ\WN\]˳ \_\JV MN`NVYZWNX^ Z\YQ\JW]˳ JXM
WJ\UN^ WNJ]_\N] ˟4_\YZNJX 2YWWS]]SYX˳ 	�		˴ :NNXVNc]SMN ˖ C_LUN\˳ 	���˴ ANXaSLU N^ JV˰˳
	��
ˠ˰ 0Q\SL_V^_\JV ZYVSLc SX ^RN XNY^\YZSL] \J\NVc LYX]SMN\] ^RN SWZJL^] YO JKJXMYXNM L\YZVJXM˰
5JSVSXQ ^Y LYX]SMN\ VJXM JKJXMYXWNX^ SX ZYVSLcWJUSXQ SXL\NJ]N] ^RN]N LY_X^\SN]˿ JKJXMYXWNX^
\J^N] ˟2JVJKYXS N^ JV˰˳ 	���ˠ˰

1\JdSV̄] JQ\SL_V^_\JV ZYVSLSN] RJ`N VNM ^Y ^RN LYX]YVSMJ^SYX YO OJ\WVJXM JXM \N]_V^NM SX ZYLUN^] YO
JKJXMYXNM L\YZVJXM] J^ ^RN WJ\QSX] YO JL^S`N JQ\SL_V^_\JV VJXM˳ OJLSVS^J^SXQ \NOY\N]^J^SYX˰ 1\JdSV˿]
5Y\N]^ 2YMN Z\YWY^NM \NOY\N]^J^SYX Kc \N[_S\SXQ VJXMYaXN\] ^Y WJSX^JSX J ZN\LNX^JQN YO ^RNS\
Z\YZN\^SN] SX XJ^S`N `NQN^J^SYX ˟=J`J\\Y˳ 	���ˠ˰ 7YaN`N\˳ ZYVSLSN] Z\YWY^SXQ JQ\SL_V^_\JV JXM
SXM_]^\SJV MN`NVYZWNX^ LJX JV]Y XNQJ^S`NVc SWZJL^ ^RN aNVV̐KNSXQ YO ]WJVV OJ\WN\] JXM ^RN
NX`S\YXWNX^ ˟3_ N^ JV˰˳ 	���˴ 5JcN^ N^ JV˰˳ 	�		Kˠ˰ B^_MSN] O\YW 2RSXJ˳ aRN\N ^RNc RJ`N ^\SNM ^Y
WS^SQJ^N ^RN]N SWZJL^]˳ RJ`N ]RYaX ^RJ^ WSL\YŊXJXLSXQ LJX KN WY\N ]_LLN]]O_V ^RJX
SX]^S^_^SYXJV ]_ZZY\^ SX Z\N`NX^SXQ JQ\SL_V^_\JV JKJXMYXWNX^ ˟7_J N^ JV˰˳ 	��ˠ˰ 8X LYXLV_]SYX˳
ZYVSLSN] W_]^ LYWZVNWNX^ YXN JXY^RN\ ^Y KNXNŊ^ KSYMS`N\]S^c JXM LJ\KYX ]N[_N]^\J^SYX
]_K]^JX^SJVVc˰ 5Y\ JX Nb^NXMNM MS]L_]]SYX YX JQ\SL_V^_\JV JKJXMYXWNX^ ZYVSLc JXM SWZVSLJ^SYX]˳
]NN 2RJZ^N\ � YO ^RS] \NZY\^˰

�˰ BRJ\NM BYLSY̐4LYXYWSL ?J^RaJc] ˟BB?]ˠ

BYLSYNLYXYWSL ZJ^RaJc] JXM \NZ\N]NX^J^S`N LYXLNX^\J^SYX ZJ^RaJc] ˟BB?̐A2?ˠ NbZVY\N
JV^N\XJ^S`N LVSWJ^N O_^_\N] _XMN\ MSňN\NX^ QVYKJV \N]ZYX]N] ^Y LVSWJ^N LRJXQN ^R\Y_QR 	���
˟>̄=NSVV N^ JV˰˳ 	���ˠ˰ CRN Ŋ`N BB? ]LNXJ\SY] Y_^VSXNM SX 5SQ_\N �̐	 \NZ\N]NX^ MS]^SXL^ XJ\\J^S`N]
MN]L\SKSXQ `J\SY_] LVSWJ^N WS^SQJ^SYX JXM JMJZ^J^SYX LRJVVNXQN]˰ CRN]N XJ\\J^S`N] LY`N\ `J\SY_]
ZY^NX^SJV O_^_\N] JXM SXLY\ZY\J^N ]YLSY̐NLYXYWSL˳ ZYVS^SLJV˳ MNWYQ\JZRSL˳ ^NLRXYVYQSLJV˳ JXM
VSON]^cVN ^\NXM]˰ BB?�˳ ̀B_]^JSXJKSVS^c˳́ MNZSL^] J Q\JM_JV QVYKJV ]RSO^ ^YaJ\M] NX`S\YXWNX^JVVc
O\SNXMVc˳ SXLV_]S`N MN`NVYZWNX^ NWZRJ]SdSXQ R_WJX aNVV̐KNSXQ SX]^NJM YO NLYXYWSL QJSX˰ BB? �
YX ^RN Y^RN\ RJXM˳ MNZSL^] LYX^SX_NM QVYKJV NLYXYWSL MN`NVYZWNX^ ZYaN\NM Kc OY]]SV O_NV] JXM
\N]Y_\LN NbZVYS^J^SYX˰ BB?	 \NZ\N]NX^] ^RN ̀<SMMVN YO ^RN AYJḾ ]LNXJ\SY˳ aRN\N ]VYa Z\YQ\N]]
S] WJMN ^YaJ\M ]_]^JSXJKVN MN`NVYZWNX^ QYJV] JXM SXLYWN SXN[_JVS^c ZN\]S]^] ˟ASJRS N^ JV˰˳ 	���ˠ˰
FN aSVV Z\YTNL^ JXM JXJVcdN JKJXMYXNM VJXM] _XMN\ NJLR BB? ^Y _XMN\]^JXM RYa LVSWJ^N
LRJXQN SWZJL^] JKJXMYXWNX^˰

��



5SQ_\N �̐	˰ CRN \NVJ^S`N WS^SQJ^SYX JXM JMJZ^J^SYX LRJVVNXQN] OY\ ^RN Ŋ`N BB? ]LNXJ\SY] ˟>̄=NSVV N^ JV˰˳
	���ˠ˰

��



	˰ 6VYKJV ?\YTNL^SYX] YO 2\YZVJXM 0KJXMYXWNX^

;SWS^NM \N]NJ\LR RJ] KNNX LYXM_L^NM ^Y Z\YTNL^ ^RN O_^_\N MS]^\SK_^SYX YO JKJXMYXNM VJXM]
_XMN\ LVSWJ^N LRJXQN˰ BN`N\JV Y^RN\ ]^_MSN] RJ`N Z\YTNL^NM VJXM JKJXMYXWNX^˳ K_^ XYXN YX J
QVYKJV ]LJVN SX JLLY\MJXLN aS^R ^RN 8?22̄] BB? ]LNXJ\SY]˰ >XN ]^_Mc LYXM_L^NM SX 4_\YZN
NbJWSXNM ]YLSYNLYXYWSL˳ QNYQ\JZRSLJV˳ JXM NLYVYQSLJV OJL^Y\] ^Y Z\NMSL^ aRSLR VJXM] aY_VM KN
XNaVc JKJXMYXNM Kc 	�
� ˟?N\ZSXJ N^ JV˰˳ 	�	�ˠ˰ 0 \NQSYXJV ]^_Mc SX 9JZJX Z\YTNL^NM
JKJXMYXWNX^ _]SXQ KSYZRc]SLJV JXM ]YLSYNLYXYWSL SXMSLJ^Y\] JLLY\MSXQ ^Y ^aY ]LNXJ\SY]˲ RSQR
NLYXYWSL Q\Ya^R JXM VYa NLYXYWSL Q\Ya^R ˟4]^Y[_N N^ JV˰˳ 	���ˠ˰ 8X 5NK\_J\c YO 	�	
˳ JXY^RN\
]^_Mc Z\YTNL^NM QVYKJV L\YZVJXM JKJXMYXWNX^ KJ]NM YX S^] Z\YbSWS^c ^Y Y^RN\ JKJXMYXNM VJXM]
˟6`NSX N^ JV˳ 	�	
ˠ˰

CRS] Z\YTNL^ LYWZVNWNX^] ^RS] Q\YaSXQ KYMc YO \N]NJ\LR Kc Z\YTNL^SXQ QVYKJV JKJXMYXWNX^
KJ]NM YX ^RN Ŋ`N BB?]˰ >_\ QVYKJV JKJXMYXWNX^ Z\YTNL^SYX] J\N ^RN Ŋ\]^ YO ^RNS\ USXM ^Y NWZVYc
J \YK_]^ VJXM MNWJXM WYMNV ^RJ^ LYX]SMN\] KY^R ^RN ZRc]SLJV JXM ]YLSJV NX`S\YXWNX^]˳ JXM RYa
R_WJX] SX^N\JL^ aS^R NJLR ˟2RNX N^ JV˰˳ 	�		ˠ˰ CRS] JXJVc]S] S] N]ZNLSJVVc _]NO_V SX ^RN LYX^Nb^ YO
KSYMS`N\]S^c Z\N]N\`J^SYX JXM LJ\KYX ]N[_N]^\J^SYX˳ ]SXLN ]^\J^NQSL _]N YO JKJXMYXNM VJXM] LJX
RNVZ WJUN Z\YQ\N]] ^YaJ\M] ^RN]N LYX]N\`J^SYX QYJV]˰ CRN\NOY\N˳ ^RN QVYKJV JXJVc]S] JV]Y
RSQRVSQR^] J\NJ] aRN\N Y_\ Z\YTNL^SYX] YO L\YZVJXM JKJXMYXWNX^ Y`N\VJZ aS^R J\NJ] YO
SWZY\^JXLN OY\ KSYMS`N\]S^c JXM LJ\KYX ]N[_N]^\J^SYX˰

	 �˰ <N^RYM]

CY MN^N\WSXN aRN\N L\YZVJXM JKJXMYXWNX^ WJc YLL_\˳ aN LYWZJ\NM L_\\NX^ JXM O_^_\N QVYKJV
VJXM _]N JXM VJXM LY`N\ Z\YTNL^SYX] _XMN\ MSňN\NX^ BB? ]LNXJ\SY]˰ 5Y\ ^RN Z_\ZY]N] YO ^RS]
JXJVc]S]˳ JXc L_\\NX^ L\YZVJXM ^RJ^ RJ] J MSňN\NX^ VJXM _]N LVJ]]SŊLJ^SYX SX O_^_\N Z\YTNL^SYX] S]
J]]_WNM ^Y KN JKJXMYXNM˳ aS^R ^RN NbLNZ^SYX YO VJXM ^RJ^ RJ] KNNX _\KJXSdNM˰ D\KJXSdNM VJXM
S] NbLV_MNM O\YW ^RS] JXJVc]S] ]SXLN L\YZVJXM] LYX`N\^NM ^Y _\KJX _]N MY XY^ ]_ZZY\^ Y_\ Z\YTNL^
QYJV] YO WJbSWSdSXQ KNXNŊ^] ^Y LJ\KYX ]N[_N]^\J^SYX JXM KSYMS`N\]S^c˰ 5SXJVVc˳ aN Y`N\VJSM
LJ\KYX ]N[_N]^\J^SYX MJ^J JXM KSYMS`N\]S^c MJ^J ^Y `S]_JVSdN JKJXMYXNM VJXM] aS^R RSQR
LYX]N\`J^SYX ZY^NX^SJV˰ BZJ^SJV JXJVc]N] aN\N ZN\OY\WNM _]SXQ ^RN ^N\\J ZJLUJQN ˟`N\]SYX �˰̐��ˠ
SX A˰ 3J^J ]Y_\LN] JXM LYMN _]NM ^Y ZN\OY\W ^RS] JXJVc]S] J\N Z\Y`SMNM SX 0ZZNXMSb 3˰

	 �˰ �˰ 8MNX^SOcSXQ L\YZVJXM JKJXMYXWNX^

�˰ 4bJWSXN L_\\NX^ QVYKJV L\YZVJXM MS]^\SK_^SYX
2_\\NX^ L\YZVJXM MJ^J J\N O\YW ^RN cNJ\ 	��� ˟2RNX N^ JV˰˳ 	�		ˠ JXM Z\Y`SMN J KJ]NVSXN
OY\ ^RN JKJXMYXWNX^ JXJVc]S]˰

	˰ 4bJWSXN O_^_\N QVYKJV L\YZVJXM MS]^\SK_^SYX
?\YTNL^NM L\YZVJXM MJ^J ˟2RNX N^ JV˰˳ 	�		ˠ J\N KJ]NM YX BB?] O\YW ^RN 8?22̄] ^R
0]]N]]WNX^ ANZY\^˰ CRS] ]N^ YO JXJVc]N] JXJVcdNM L\YZVJXM Z\YTNL^SYX] OY\ 	��� _XMN\
NJLR YO ^RN]N Ŋ`N LVSWJ^N ]LNXJ\SY]˰

�	




˰ ?N\OY\W \J]^N\ LJVL_VJ^SYX] ^Y MN^N\WSXN JKJXMYXWNX^
CRN 	��� KJ]NVSXN L\YZVJXM \J]^N\ aJ] ]_K^\JL^NM O\YW ^RN O_^_\N L\YZVJXM \J]^N\ ^Y
MN^N\WSXN aRN\N L_\\NX^ L\YZVJXM S] Z\YTNL^NM ^Y KN JKJXMYXNM SX 	��� ˟5SQ_\N 	̐�ˠ˰
CRS] JXJVc]S] aJ] LYXM_L^NM OY\ Ŋ`N YO ^RN BB?̐A2? LY_ZVNM ]LNXJ\SY] ˟BB?�̾A2?	˰˳
BB?	̾A2?�˰�˳ BB?
̾A2?�˰�˳ BB?�̾A2?˰�˳ JXM BB?�̾A2?�˰�ˠ J^ ^RN 	��� ^SWN RY\SdYX˳
Z\YM_LSXQ Ŋ`N QVYKJV \J]^N\] YO JKJXMYXWNX^ J^ �UW \N]YV_^SYX˰

�˰ ANWY`N _\KJXSdNM L\YZVJXM O\YW JKJXMYXWNX^ Z\YTNL^SYX]
CY MN^N\WSXN ^RN ZY^NX^SJV LJ\KYX JXM KSYMS`N\]S^c KNXNŊ^] YO JKJXMYXNM VJXM aN
\NWY`NM O\YW Y_\ Z\YTNL^SYX] JXc JKJXMYXNM L\YZVJXM ^RJ^ S] LVJ]]SŊNM J] _\KJX _XMN\
O_^_\N ]LNXJ\SY]˰

5SQ 	̐�˰ CRN WN^RYMYVYQc OY\ Z\YTNL^SXQ J O_^_\N JKJXMYXWNX^ VJcN\ OY\ J ]SXQVN LVSWJ^N ]LNXJ\SY˰

	 �˰˰	 ES]_JVSdN JKJXMYXWNX^ Z\YTNL^SYX] SX A BRSXc

0X A BRSXc aNK JZZVSLJ^SYX aJ] L\NJ^NM ^Y `S]_JVSdN WJTY\ ^\NXM] SX Z\YTNL^NM JKJXMYXWNX^
Y`N\VJSM aS^R LJ\KYX ]N[_N]^\J^SYX JXM KSYMS`N\]S^c MJ^J˰ 2YX]N\`J^SYX 8X^N\XJ^SYXJV̄] B?0A2
LYX]N\`J^SYX Z\SY\S^c ]ZJ^SJV MJ^J aN\N _^SVSdNM OY\ QVYKJV KSYMS`N\]S^c˰ CY N]^SWJ^N ^RN LJ\KYX
]N[_N]^\J^SYX ZY^NX^SJV YO JKJXMYXNM VJXM]˳ aN _]NM ZY^NX^SJV JLL_W_VJ^SYX \J^N]˳ J WNJ]_\N YO
RYa W_LR LJ\KYX JX J\NJ LJX ]N[_N]^N\ SX 
� cNJ\] YO \NOY\N]^J^SYX OYVVYaSXQ JX^R\YZYQNXSL
MS]^_\KJXLN ˟2YYU̐?J^^YX N^ JV˰˳ 	�		ˠ˰ 3_N ^Y LYWZ_^J^SYXJV VSWS^J^SYX]˳ Z\YTNL^NM
JKJXMYXWNX^˳ LJ\KYX˳ JXM KSYMS`N\]S^c MJ^J aN\N _Z]LJVNM ^Y �� UW \N]YV_^SYX _]SXQ ^RN LNVV
WNJX `JV_N] aRNX JQQ\NQJ^SXQ˰ 0] J \N]_V^˳ ^RN JKJXMYXWNX^ \J]^N\ \NZ\N]NX^] ^RN Z\YZY\^SYX
YO JKJXMYXWNX^ ˟`JV_N KN^aNNX �̐�ˠ aS^RSX NJLR LNVV˰

	 �˰˰
 2JVL_VJ^SXQ ^Y^JV JKJXMYXWNX^ SX 	��� Kc LVSWJ^N ]LNXJ\SY

CY [_JX^SOc QVYKJV ^\NXM] SX JKJXMYXWNX^˳ ^RN Z\YTNL^NM JKJXMYXWNX^ \J]^N\] aN\N _]NM ^Y
LJVL_VJ^N ^RN ^Y^JV J\NJ YO JKJXMYXNM L\YZVJXM Kc BB? ]LNXJ\SY˰ CRN]N `JV_N] aN\N LYWZJ\NM
JQJSX]^ ^RN ^Y^JV JWY_X^ YO L\YZVJXM SX 	��� ^Y MN^N\WSXN ^RN ZN\LNX^JQN YO QVYKJV L\YZVJXM ^RJ^
KNLYWN] JKJXMYXNM _XMN\ NJLR BB?˰ 2\YZVJXM] ^RJ^ KNLJWN _\KJXSdNM aN\N NbLV_MNM O\YW
^RS] JXJVc]S]˰ CRN]N \N]_V^] J\N Z\N]NX^NM SX 5SQ_\N 	̐� KNVYa˰

�




	 �˰˰� 2JVL_VJ^SXQ QVYKJV XN^ L\YZVJXM LRJXQN SX 	���

CY O_\^RN\ NbZVY\N QVYKJV JQ\SL_V^_\JV ]RSO^]˳ JXY^RN\ \J]^N\ LJVL_VJ^SYX _]SXQ ^RN ]JWN VJXM _]N
MJ^J O\YW 2RNX N^ JV˰˳ 	�		 MN^N\WSXNM ^RN JWY_X^ YO XNa L\YZVJXM SX 	���˰ =Na L\YZVJXM aJ]
MNŊXNM J] JXc L\YZVJXM SX 	��� ^RJ^ aJ] XY^ L\YZVJXM SX ^RN 	��� KJ]NVSXN VJcN\˰ CRS] JXJVc]S]
aJ] LYXM_L^NM OY\ NJLR YO ^RN Ŋ`N BB? ]LNXJ\SY]˰ CRN ^Y^JV JWY_X^ YO Z\YTNL^NM XNa L\YZVJXM
aJ] ]_K^\JL^NM O\YW Z\YTNL^NM JKJXMYXWNX^ ^Y MN^N\WSXN ^RN XN^ L\YZVJXM LRJXQN SX 	��� OY\
NJLR BB?˰ CRN]N \N]_V^] J\N Z\N]NX^NM SX CJKVN 	̐� KNVYa˰

	˰	 AN]_V^]

	˰	 �˰ 8MNX^SOcSXQ JXM `S]_JVSdSXQ VJXM JKJXMYXWNX^

AN]_V^] O\YW ^RN QVYKJV JKJXMYXWNX^ JXJVc]S] J\N Z\N]NX^NM SX JX SX^N\JL^S`N A BRSXc 0ZZ˰ CRN
OYVVYaSXQ ŊQ_\N] ]RYa J ]JWZVN YO ^RN `S]_JVSdJ^SYX] YO L\YZVJXM JKJXMYXWNX^ ˟5SQ_\N 	̐	ˠ˳ J]
aNVV J] Y`N\VJc] aS^R LJ\KYX ]N[_N]^\J^SYX \J^N] JXM KSYMS`N\]S^c `JV_N] ˟5SQ_\N 	̐
ˠ˰ 0]
MS]ZVJcNM SX 5SQ_\N] 	̐	 JXM 	̐
˳ WJXc RSQR JKJXMYXWNX^ J\NJ] RJ`N ^RN ZY^NX^SJV ^Y ]N[_N]^N\
LJ\KYX [_SLUVc JXM J\N L\_LSJV J\NJ] OY\ Z\N]N\`SXQ QVYKJV KSYMS`N\]S^c˰ 5Y\ WY\N Q\JX_VJ\
`S]_JVSdJ^SYX]˳ SX^N\N]^NM ZJ\^SN] ]RY_VM _]N Y_\ A BRSXc JZZVSLJ^SYX˰

5SQ_\N 	̐	˰ 2\YZVJXM JKJXMYXWNX^ J^ �� UW \N]YV_^SYX SX 	��� KJ]NM YX BB?�˰ 2YVY\SXQ \NōNL^] ^RN
Z\YZY\^SYX YO L\YZVJXM JKJXMYXNM aS^RSX NJLR ZSbNV˴ MJ\U \NM \NZ\N]NX^] ZSbNV] aS^R J RSQRN\ Z\YZY\^SYX YO
JKJXMYXWNX^˳ aRSVN VSQR^N\ LYVY\] ]RYa \NQSYX] aS^R VN]] JKJXMYXWNX^˰ 0\NJ] aS^R XY ZSbNV] J\N
VYLJ^SYX] ^RJ^ NS^RN\ RJ`N XY L_\\NX^ L\YZVJXM Y\ MYX̄^ RJ`N JXc Z\YTNL^NM JKJXMYXWNX^˰

��

https://github.com/AgAbandonment-Bren-CI/shiny_app


5SQ_\N 	̐
˰ 1SYMS`N\]S^c JXM LJ\KYX `JV_N] aS^RSX J\NJ] YO RSQR L\YZVJXM JKJXMYXWNX^ J^ �� UW
\N]YV_^SYX˰ >XVc ZSbNV] SX ^RN ^YZ 	�˛ YO Z\YTNL^NM JKJXMYXWNX^ Kc 	��� SX BB?� J\N SXLV_MNM SX ^RN
ŊQ_\N˰ 5SQ_\N 	̐
J ˟^YZˠ ]RYa] B?0A2 2YX]N\`J^SYX ?\SY\S^SN] KSYMS`N\]S^c SXMSLJ^Y\˳ aRN\N MJ\UN\ KV_N
SXMSLJ^N] J\NJ] YO Q\NJ^N\ SWZY\^JXLN ^Y Z\N]N\`SXQ KSYMS`N\]S^c˰ 5SQ_\N 	̐
K ˟KY^^YWˠ ]RYa] ^RN ]JWN
J\NJ] YO RSQR JKJXMYXWNX^ Y`N\VJSM aS^R LJ\KYX ]N[_N]^\J^SYX ZY^NX^SJV˳ aS^R MJ\UN\ Q\NNX SXMSLJ^SXQ
Q\NJ^N\ LJ\KYX ]N[_N]^\J^SYX \J^N]˰

��



	˰	˰	 CY^JV JKJXMYXWNX^ Kc LVSWJ^N ]LNXJ\SY ˟NbLV_MSXQ _\KJXSdNM VJXMˠ

2\YZVJXM JKJXMYXWNX^ S] Z\YTNL^NM ^Y KN aSMN]Z\NJM SX 	��� JXM MSňN\] JL\Y]] BB?]˳ KY^R SX
^RN ^Y^JV `YV_WN YO JKJXMYXWNX^ JXM ]ZJ^SJV MS]^\SK_^SYX˰ BB?�˳ ^RN ̀B_]^JSXJKSVS^ć ]LNXJ\SY˳ RJ]
^RN VJ\QN]^ JWY_X^ YO Z\YTNL^NM L\YZVJXM JKJXMYXWNX^ ˟
 �˳
˳��� UW	˳ Y\ ��˰�˛ YO L_\\NX^
L\YZVJXMˠ˳ aRSVN BB?	˳ M_KKNM ^RN ̀<SMMVN YO ^RN AYJḾ˳ RJ] ^RN ]WJVVN]^ JWY_X^ ˟�˳���˳��
 UW	˳
Y\ �˛ YO L_\\NX^ L\YZVJXMˠ ˟5SQ_\N 	̐�ˠ˰

5SQ_\N 	̐�˰ CY^JV JKJXMYXNM L\YZVJXM QVYKJVVc SX 	��� ˟UW	ˠ Kc LVSWJ^N ]LNXJ\SY˰ ?N\LNX^JQN] SXMSLJ^N
^RN Z\YZY\^SYX YO L_\\NX^ L\YZVJXM ^RJ^ S] Z\YTNL^NM ^Y KN JKJXMYXNM˰ 2\YZVJXM aRSLR aJ] _\KJXSdNM S]
XY^ SXLV_MNM SX ^RS] JXJVc]S]˰

	˰	˰
 =N^ L\YZVJXM JKJXMYXWNX^ Kc LVSWJ^N ]LNXJ\SY

BB?� aJ] ^RN YXVc LVSWJ^N ]LNXJ\SY SX aRSLR ^RN\N aJ] WY\N JKJXMYXNM L\YZVJXM ^RJX XNaVc
L_V^S`J^NM L\YZVJXM SX 	��� ˟J XN^ VY]] YO ���˳��� UW	ˠ˰ 3N]ZS^N aSMN]Z\NJM JKJXMYXWNX^
Z\YTNL^NM _XMN\ NJLR BB?˳ JVV Y^RN\ LVSWJ^N ]LNXJ\SY] Z\YTNL^NM XN^ SXL\NJ]N] SX ^Y^JV L\YZVJXM
Q\NJ^N\ ^RJX ���˛ Kc 	���˰ 0] MS]ZVJcNM SX CJKVN 	̐�˳ ^RN VJ\QN]^ JWY_X^ YO XNa L\YZVJXM S]
QNXN\J^NM _XMN\ BB?
˰ =Na L\YZVJXM SX ^RS] JXJVc]S] SXLV_MN] ^RN WSQ\J^SYX YO L\YZVJXM ^Y XNa
VJXM] ^RJ^ aN\N XY^ Z\N`SY_]Vc _XMN\ JQ\SL_V^_\JV Z\YM_L^SYX˴ ^RN \NL_V^S`J^SYX YO L\YZVJXM]
JKJXMYXNM KN^aNNX 	��� JXM 	��� J\N XY^ LYX]SMN\NM J] XNa L\YZVJXM˰

�



CJKVN 	̐�˲ 0KJXMYXNM JXM XNa L\YZVJXM SX 	��� Kc LVSWJ^N ]LNXJ\SY˰ D\KJXSdNM L\YZVJXM S] SXLV_MNM SX
LJVL_VJ^SXQ ^RN ^Y^JV L\YZVJXM JKJXMYXWNX^ ^Y QJSX J WY\N LYWZVN^N _XMN\]^JXMSXQ YO QVYKJV ]RSO^] SX
JQ\SL_V^_\JV VJXM _]N˰
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JKJXMYXWNX^ ˟UW	ˠ
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	˰
 3S]L_]]SYX

6VYKJV Z\YTNL^SYX] YO L\YZVJXM JKJXMYXWNX^˳ JXM ^RNS\ Y`N\VJZ aS^R J\NJ] YO RSQR KSYMS`N\]S^c
JXM LJ\KYX ]N[_N]^\J^SYX ZY^NX^SJV˳ LJX Z\Y`SMN _]NO_V SX]SQR^ ^Y ZYVSLcWJUN\] JXM ]LSNX^S]^]˰ 1c
JVVYaSXQ ]^JUNRYVMN\] ^Y `S]_JVSdN ^RN]N ONJ^_\N]˳ Y_\ SX^N\JL^S`N A BRSXc 0ZZ LJX KN J ZYaN\O_V
JXM `N\]J^SVN ^YYV ^Y SXOY\W O_\^RN\ \N]NJ\LR JXM LYX]N\`J^SYX MNLS]SYX̐WJUSXQ˰

CRS] JXJVc]S] SXMSLJ^N] ^RJ^ RSQR \J^N] YO L\YZVJXM JKJXMYXWNX^ J\N Z\YTNL^NM ^Y YLL_\ YX VJXM]
^RJ^ J\N SWZY\^JX^ ^Y Z\N]N\`N QVYKJV KSYMS`N\]S^c ˟5SQ_\N 	̐
ˠ˰ 5Y\ WJXc LY_X^\SN]˳ LYX]N\`SXQ
^RN VJXM WJMN J`JSVJKVN Kc L\YZVJXM JKJXMYXWNX^ LJX RNVZ ^RNW WNN^ ^J\QN^] ]N^ J^ ^RN
2YXON\NXLN YO ^RN ?J\^SN] ˟2>?ˠ ��˳ ^RN D= KSYMS`N\]S^c LYXON\NXLN RNVM SX <YX^\NJV SX 	�		˰ 0^
2>? ��˳ XJ^SYX] JQ\NNM ^Y OY_\ ^J\QN^] JXM 	
 QYJV] ^Y JLLYWZVS]R Kc 	�
� SX JX NňY\^ ^Y
\N`N\]N KSYMS`N\]S^c VY]] Kc ^RN NXM YO ^RN MNLJMN˰ CRN]N ^J\QN^] SXLV_MN J LYWWS^WNX^ ^Y
Z\Y^NL^ 
�˛ YO ^RN aY\VM˿] VJXM] JXM aJ^N\] JXM OY\ ^RN \N]^Y\J^SYX YO J^ VNJ]^ 
�˛ YO MNQ\JMNM
VJXM] Kc 	�
� ˟:_XWSXQ̐<YX^\NJV 6VYKJV 1SYMS`N\]S^c 5\JWNaY\U˳ 	�		ˠ˰ 8X`N]^SXQ SX ^RN
\N]^Y\J^SYX JXM Z\Y^NL^SYX YO JKJXMYXNM L\YZVJXM] LJX KN JX SWZY\^JX^ ]^\J^NQc OY\ XJ^SYX] ^Y
\NJLR ^RN]N ^J\QN^]˰

0MMS^SYXJVVc˳ ^RS] JXJVc]S] SXMSLJ^N] ^RJ^ L\YZVJXM JKJXMYXWNX^ aSVV YXVc Y_^ZJLN ^RN
MN`NVYZWNX^ YO XNa L\YZVJXM _XMN\ BB?�˰ 0VV Y^RN\ LVSWJ^N ]LNXJ\SY] ]RYa J XN^ QJSX YO QVYKJV
L\YZVJXM˳ aS^R XNa JQ\SL_V^_\N NbLNNMSXQ VY]]N] ^Y JKJXMYXWNX^ ˟CJKVN 	̐�ˠ˰ CRS] LY_VM KN
NbZVJSXNM Kc ]N`N\JV OJL^Y\] ]_LR J] ^RN Z\N`JVNXLN YO ]_]^JSXJKVN SX^NX]SŊLJ^SYX _XMN\ BB?�˳ Y\
S^] J]]_WZ^SYX YO JX JLLNVN\J^NM MNWYQ\JZRSL ^\JX]S^SYX˳ JVVYaSXQ ^RN QVYKJV ZYZ_VJ^SYX̓JXM
^RN\NOY\N OYYM MNWJXM̓^Y VN`NV Yň OJ]^N\ ^RJX _XMN\ Y^RN\ BB?] ˟ASJRS N^ JV˰˳ 	���ˠ˰ <JXc Y^RN\
OJL^Y\] SXLY\ZY\J^NM SX^Y BB?� LJX JV]Y NbZVJSX RYa WY\N OYYM aSVV KN Q\YaX YX VN]] VJXM˰ 0VYXQ
aS^R ]VYaSXQ ZYZ_VJ^SYX Q\Ya^R˳ ^NLRXYVYQSLJV JM`JXLN]˳ J \NM_L^SYX SX OYYM aJ]^N˳ JXM ]RSO^SXQ
MSN^J\c Z\NON\NXLN] LYX^\SK_^N ^Y J MNL\NJ]N SX Y`N\JVV L\YZVJXM SX Z\YM_L^SYX ˟5S^^YX N^ JV˰˳

��



	���ˠ˰ <NJXaRSVN˳ Y^RN\ BB? ]LNXJ\SY] W_]^ Q\JZZVN aS^R J \S]N SX OYYM MNWJXM YO JXcaRN\N
O\YW 
�̐�˛˳ �˛˳ Y\ ���̐���˛ ˟`JX 3STU N^ JV˰˳ 	�	�˳ 0VNbJXM\J^Y] ˖ 1\_SX]WJ˳ 	��	˳ CSVWJX N^
JV˰˳ 	���ˠ˰ FS^RY_^ ^RN ]_]^JSXJKVN MN`NVYZWNX^ ^\NXM] Z\N]NX^ SX BB?�˳ ^RS] \S]N SX OYYM MNWJXM
\N]_V^] SX JX NbZJX]SYX YO VJXM J\NJ _XMN\ JQ\SL_V^_\JV Z\YM_L^SYX˰

0V^RY_QR L\YZ cSNVM] aSVV XNNM ^Y \S]N ^Y WNN^ \S]SXQ OYYM MNWJXM Kc 	���˳ ^RN \JZSM
MN`NVYZWNX^ YO XNa L\YZVJXM] Z\YTNL^NM SX CJKVN 	̐� \JS]N] LYX]N\`J^SYX LYXLN\X]˰ FS^R \S]SXQ
OYYM MNWJXM˳ JX SXL\NJ]N SX JKJXMYXNM L\YZVJXM] aSVV WNJX ^RJ^ XNa JQ\SL_V^_\JV VJXM W_]^ KN
MN`NVYZNM NV]NaRN\N J^ ^RN LY]^ YO NbS]^SXQ NLY]c]^NW] ˟5S^^YX N^ JV˰˳ 	���ˠ˰ 0Q\SL_V^_\JV
Z\YM_L^SYX S] NbZJXMSXQ [_SLUVc˳ N]ZNLSJVVc SX ^RN ^\YZSL] YO BY_^R 0WN\SLJ JXM B_K̐BJRJ\JX
0O\SLJ ˟;J_\JXLN N^ JV˰˳ 	���ˠ˰ CRS] NbZJX]SYX YO L\YZVJXM] S] J Z\SWJ\c LJ_]N YO MNOY\N]^J^SYX˳
aS^R ��̐��˛ YO MNOY\N]^J^SYX SX ^RN ^\YZSL] YLL_\\SXQ SX \NQSYX] aRN\N ^RN WJSX M\S`N\ YO ^\NN
LY`N\ VY]] S] JQ\SL_V^_\N ˟?NXM\SVV N^ JV˰˳ 	�		ˠ˰

FRSVN ^RN JXJVc]S] ]RYa] ^RJ^ ]YWN Z\YTNL^NM JKJXMYXNM VJXM] RJ`N RSQR `JV_N OY\ KSYMS`N\]S^c
JXM LJ\KYX ]N[_N]^\J^SYX˳ Y^RN\ J\NJ] aS^R VN]] LYX]N\`J^SYX `JV_N WJc KN JKVN ^Y KN^^N\ KNXNŊ^
QVYKJV NX`S\YXWNX^JV RNJV^R ^R\Y_QR \NL_V^S`J^SYX Y\ \NWJSXSXQ SX JQ\SL_V^_\JV Z\YM_L^SYX˰
AN`S^JVSdSXQ ^RN]N Z\YTNL^NM JKJXMYXNM VJXM] LY_VM \NM_LN ^RN MNWJXM OY\ XNa L\YZVJXM JXM
MNOY\N]^J^SYX Kc _]SXQ JV\NJMc MS]^_\KNM VJXM]LJZN] ^Y WNN^ OYYM MNWJXM˰

2N\^JSX \NQSYX]˳ ZJ\^SL_VJ\Vc SX ^RN ^\YZSL]˳ YňN\ JX NbLNVVNX^ YZZY\^_XS^c OY\ LJ\KYX
]N[_N]^\J^SYX ^R\Y_QR ^RN \N]^Y\J^SYX YO JKJXMYXNM VJXM]˴ ^RN\N J\N JV]Y J\NJ] aRN\N `N\c VS^^VN
LJ\KYX aSVV JLL_W_VJ^N ZY]^̐JKJXMYXWNX^ ˟2YYU̐?J^^YX˳ 	�	�ˠ˰ CRN]N \NQSYX]˳ aRSLR SXLV_MN
^RN LNX^\JV D˰B˰˳ 2NX^\JV 0]SJ˳ JXM ZJ\^] YO BY_^RN\X 4_\YZN˳ JWYXQ Y^RN\] ˟5SQ_\N 	̐
Kˠ˳ WJc KN
SMNJV LJXMSMJ^N] ^Y \NWJSX _XMN\ JQ\SL_V^_\JV Z\YM_L^SYX ]Y ^RJ^ \N]^Y\J^SYX \N]Y_\LN] LJX KN
MS\NL^NM ^YaJ\M] \NQSYX] aRN\N LJ\KYX JXM KSYMS`N\]S^c KNXNŊ^] J\N Q\NJ^N\˰

<Y\NY`N\˳ ^RN LYWWS^WNX^] WJMN J^ 2>? �� LJVV OY\ \NM_LSXQ ^RN VY]] YO J\NJ] YO RSQR
SWZY\^JXLN ^Y KSYMS`N\]S^c ^Y XNJ\ dN\Y ˟:_XWSXQ̐<YX^\NJV 6VYKJV 1SYMS`N\]S^c 5\JWNaY\U˳
	�		ˠ˰ CRS] Z\YTNL^ LJX RNVZ Z\Y^NL^ `JV_JKVN L\YZVJXM J^ \S]U YO JKJXMYXWNX^ Kc JVVYaSXQ
MNLS]SYX̐WJUN\] ^Y VYLJ^N JXM \N`S^JVSdN ^RN]N VJXM] OY\ JQ\SL_V^_\N˳ ^RN\NOY\N J`YSMSXQ
MNOY\N]^J^SYX OY\ XNa JQ\SL_V^_\N SX Y^RN\ J\NJ]˰

7YaN`N\˳ J`YSMSXQ L\YZVJXM JKJXMYXWNX^ JXM \N`S^JVSdSXQ Z\N`SY_]Vc JKJXMYXNM L\YZVJXM]
LYWN aS^R ZY^NX^SJV LYWZVSLJ^SYX]˰ 0] MS]L_]]NM SX 2RJZ^N\ � YO ^RS] \NZY\^˳ JKJXMYXWNX^ S]
LJ_]NM Kc WJXc M\S`N\]˳ SXLV_MSXQ ]YLSYNLYXYWSL LYX]SMN\J^SYX] ]_LR J] _\KJX̐\_\JV WSQ\J^SYX
JXM L\YZ Z\SLN ]RSO^]˳ J] aNVV J] NX`S\YXWNX^JV OJL^Y\] SXLV_MSXQ aJ^N\ J`JSVJKSVS^c˳ ^YZYQ\JZRc˳
JXM ]YSV [_JVS^c˰ FRSVN NX`S\YXWNX^JV M\S`N\] YO JKJXMYXWNX^ WJc KN MSŎL_V^ ^Y Y`N\LYWN˳
SXLNX^S`N̐KJ]NM Z\YQ\JW] RJ`N ^RN ZY^NX^SJV ^Y UNNZ L\YZVJXM] SX Z\YM_L^SYX˰

��




˰ <JbSWSdSXQ 1NXNŊ^] YO 1\JdSVSJX 0KJXMYXNM 2\YZVJXM

CRN ]NLYXM ]^JQN YO Y_\ JXJVc]S] OYL_]N] YX JKJXMYXNM L\YZVJXM SX 1\JdSV˰ 1\JdSV S] J L\_LSJV
LYX^\SK_^Y\ ^Y LVSWJ^N \N]SVSNXLN M_N ^Y S^] `J]^ LJ\KYX ]^Y\JQN LJZJLS^c JXM ]SQXSŊLJXLN ^Y
KSYMS`N\]S^c˰ CY ]_ZZY\^ QVYKJV NňY\^] ^Y ]JONQ_J\M L\S^SLJV \NQSYX] VSUN ^RN 0WJdYX˳ aN RJ`N
]SXQVNM Y_^ 1\JdSV J] JX SMNJV VYLJ^SYX ^Y ZSXZYSX^ J\NJ] YO Z\YTNL^NM JKJXMYXWNX^ ^RJ^ LJX
Z\Y`SMN WJbSW_W KNXNŊ^] SX ^N\W] YO LJ\KYX ]N[_N]^\J^SYX JXM KSYMS`N\]S^c SO JL^S`NVc \N]^Y\NM˰
5_\^RN\WY\N˳ ?\N]SMNX^ 3J BSV`J˿] LYWWS^WNX^ ^Y RJV^SXQ MNOY\N]^J^SYX SX 1\JdSV Kc 	�
� O_\^RN\
JWZVSŊN] ^RN SWZY\^JXLN YO Y_\ aY\U˳ J] S^ NXJKVN] ^RN SMNX^SŊLJ^SYX YO \NQSYX] ^RJ^ J\N WY]^
]_S^JKVN OY\ \N]^Y\J^SYX JXM aRN\N SX`N]^WNX^] SX \NL_V^S`J^SYX aSVV KN WY]^ NňNL^S`N SX
Z\N`NX^SXQ O_^_\N MNOY\N]^J^SYX˰


 �˰ 1\JdSV 1JLUQ\Y_XM

1\JdSV S] ^RN ŊO^R VJ\QN]^ LY_X^\c SX ^RN aY\VM˳ ]ZJXXSXQ ��	 WSVVSYX RNL^J\N] ˟<RJˠ JL\Y]] ^RN
XY\^RN\X JXM ]Y_^RN\X RNWS]ZRN\N] ˟DXS^NM =J^SYX] B^J^S]^SL 3S`S]SYX˳ 	�	�ˠ˰ 1\JdSV RY]^] ]N`N\JV
MS]^SXL^ KSYWN]˲ ^RN 0WJdYX ˟^\YZSLJV \JSXOY\N]^ˠ˳ 0^VJX^SL 5Y\N]^ ˟LYJ]^JV \JSXOY\N]^ˠ˳ 2JJ^SXQJ
˟]NWS̐J\SM M\cVJXMˠ˳ 2N\\JMY ˟]J`JXXJˠ˳ ?JWZJ ˟Q\J]]VJXMˠ˳ ?JX^JXJV ˟aN^VJXMˠ˳ JXM ^RN LYJ]^JV
J\NJ ˟5YX]NLJ ˖ ENX^SLSX[_N˳ 	���ˠ˰ CRN]N NLY]c]^NW] J\N RYWN ^Y �˰�˛ YO ^RN aY\VM̄] ^Y^JV
KSYMS`N\]S^c˳ SXLV_MSXQ ��˛ YO ^RN aY\VM̄] ōY\J ˟6S_VSN^^S N^ JV˰˳ 	���˴ ;NaSX]YRX ˖ ?\JMY˳ 	���ˠ˰
1\JdSV S] JV]Y RYWN ^Y ^RN VJ\QN]^ ZY\^SYX YO ^RN 0WJdYX˳ aRSLR RYVM] 
�˰� 6^ YO S\\NLY`N\JKVN
LJ\KYX̓^RN VJ\QN]^ \N]N\`N YO S^] USXM ˟=YYX N^ JV˰˳ 	�		ˠ˰

5SQ_\N 
̐�˰ 1Y_XMJ\SN] OY\ 1\JdSV˿] ]Sb KSYWN]˰

��



0^ ^RN ]JWN ^SWN˳ 1\JdSV OJLN] VJ\QN̐]LJVN MNOY\N]^J^SYX˳ aS^R OY\N]^ VJXM LY`N\ MNL\NJ]SXQ O\YW
�˰�˛ SX 	��� ^Y ��˰�˛ SX 	��� ˟5YYM JXM 0Q\SL_V^_\N >\QJXSdJ^SYX˳ 	���ˠ˰ <Y]^ YO ^RS] VJXM S]
MNOY\N]^NM ^Y N]^JKVS]R XNa ON\^SVN JQ\SL_V^_\JV VJXM ^Y \NZVJLN JKJXMYXNM MNQ\JMNM ZJ\LNV]
˟=J`J\\Y˳ 	���ˠ˰ CRN Z\SWJ\c M\S`N\] YO XJ^S`N `NQN^J^SYX VY]] SX 1\JdSV J\N LYX`N\]SYX ^Y ZJ]^_\N
JXM OJ\WVJXM ˟=NZ]^JM N^ JV˰˳ 	���˴ ?NXM\SVV N^ JV˰˳ 	���˴ BSV`NS\J N^ JV˰˳ 	�		ˠ˰ 5\YW ��� ^Y
	���˳ 1\JdSV LVNJ\NM JX J`N\JQN YO �˰�� <RJ YO OY\N]^ JXX_JVVc˳ \NVNJ]SXQ JX N]^SWJ^NM �˰� ^Y �˰�
KSVVSYX ^YX] YO 2>	 N[_S`JVNX^ ZN\ cNJ\ ˟=NZ]^JM N^ JV˰˳ 	���ˠ˰ FRSVN ^RN 0WJdYX \NQSYX VY]^
��˰�
 <RJ YO XJ^S`N OY\N]^ LY`N\ O\YW ���� ^Y 	�	�˳ ^RN\N S] N`SMNXLN ^RJ^ ^RN ZJLN MNL\NJ]NM
]SQXSŊLJX^Vc M_N ^Y QY`N\XWNX^ JQNXLc SX^N\`NX^SYX ˟BSV`NS\J N^ JV˰˳ 	�		ˠ˰ 8X 	���˳ ^\NXM]
\N`N\]NM aS^R ^RN \J^N YO JňY\N]^J^SYX ]_\ZJ]]SXQ MNOY\N]^J^SYX˰ CRS] S] VJ\QNVc J^^\SK_^NM ^Y
\N]^\SL^SYX] YX L\NMS^ OY\ SVVNQJV MNOY\N]^Y\]˳ N]^JKVS]RSXQ Z_KVSL \NQS]^\SN] YO Z\YZN\^SN] JXM
W_XSLSZJVS^SN] aS^R SVVNQJV MNOY\N]^J^SYX˳ ^RN BYcKNJX] <Y\J^Y\S_W˳ JXM ^RN <NJ^ 2YXM_L^
0MT_]^WNX^ 0Q\NNWNX^ ˟=NZ]^JM N^ JV˰˳ 	���˴ AYLRJ N^ JV˰˳ 	���˴ BSV`NS\J N^ JV˰˳ 	�		ˠ˰ CRN BYc
<Y\J^Y\S_W SX 1\JdSV S] JX JQ\NNWNX^ JWYXQ ]YcKNJX ^\JMN\] XY^ ^Y K_c ]YcKNJX] Z\YM_LNM YX
XNaVc MNOY\N]^NM VJXM] SX ^RN 0WJdYX ˟=NZ]^JM N^ JV˰˳ 	���ˠ˰ CRN <NJ^ 2YXM_L^ 0MT_]^WNX^
0Q\NNWNX^ S] J ]SWSVJ\ JQ\NNWNX^ JWYXQ WNJ^ZJLUN\] ^Y J`YSM ]Y_\LSXQ LJ^^VN O\YW ]_ZZVSN\]
NXQJQNM SX SVVNQJV MNOY\N]^J^SYX SX ^RN \NQSYX ˟BSV`NS\J N^ JV˰˳ 	�		ˠ˰ 7YaN`N\˳ SX 	���
MNOY\N]^J^SYX YXLN JQJSX SXL\NJ]NM ^Y ]_\ZJ]] JňY\N]^J^SYX \J^N]˰ ?\YTNL^SYX] O\YW BB?	 JXM
BB?
 N]^SWJ^N ^RJ^ ^RN 0WJdYX KSYWN aSVV VY]N JX JMMS^SYXJV � <RJ YO OY\N]^ LY`N\ Kc 	���˰ 8X
LYX^\J]^˳ BB?� Z\YTNL^] JX JMMS^SYX YO JKY_^ �� <RJ YO OY\N]^ `NQN^J^SYX ˟1NdN\\J N^ JV˰˳ 	�		ˠ˰

0] YO 	���˳ 	�˰
˛ ˟	
� <RJˠ YO 1\JdSV aJ] L_V^S`J^NM ˟5YYM JXM 0Q\SL_V^_\N >\QJXSdJ^SYX˳ 	���ˠ˰
8X 	�	�˳ WY]^ RSQR̐`JV_N L\YZ] SX 1\JdSV aN\N Q\YaX SX ^RN 2NX^\JV̐FN]^ JXM BY_^R YO 1\JdSV
˟8X]^S^_^Y 1\J]SVNS\Y MN 6NYQ\JŊJ N 4]^J^Ś]^SLJ˳ X˰M˰ˠ˰ 3N]ZS^N ^RJ^˳ JQ\SL_V^_\JV Z\YM_L^SYX SX 1\JdSV
S] J Q\YaSXQ SXM_]^\c ^RJ^ SWZJL^] JVV YO S^] KSYWN]˰ 5Y\ NbJWZVN˳ �
˛ YO ^RN 1\JdSVSJX 2N\\JMY
RJ] KNNX LYX`N\^NM ^Y JQ\SL_V^_\JV VJXM] J] YO 	��
 ˟BJXY N^ JV˰˳ 	���ˠ˰ CRN 0WJdYX KSYWN ]Ja J
M\JWJ^SL SXL\NJ]N SX JQ\SL_V^_\JV VJXM O\YW �˰�� <RJ SX ���� ^Y ˰� <RJ SX 	�	� ˟BSV`NS\J N^ JV˰˳
	�		ˠ˰ 8^ JV]Y ]Ja J 
� �˰ <RJ SXL\NJ]N SX ZJ]^_\NVJXM M_N ^Y LJ^^VN K\NNMSXQ OY\ KNNO Z\YM_L^SYX˳
\N]_V^SXQ SX �
˰�˛ YO ^RN KSYWN KNSXQ YLL_ZSNM Kc ZJ]^_\N ˟BSV`NS\J N^ JV˰˳ 	�		˴ 1N\QSN\ N^ JV˰˳
	���ˠ˰

1\JdSV̄] ]XSZZN^] YO ]_LLN]] SX Z\N`NX^SXQ MNOY\N]^J^SYX LJX KN L\NMS^NM ^Y S^] Nb^NX]S`N RS]^Y\c
YO ONMN\JV LYX]N\`J^SYX _XS^]˳ LYMSŊNM Kc ^RN =J^SYXJV Bc]^NW YO 2YX]N\`J^SYX DXS^] ;Ja ˟B=D2ˠ
YO 	���˰ 1\JdSV̄] Ŋ\]^ Z\Y^NL^NM J\NJ˳ ^RN ?J\[_N 4]^JM_JV MN 2JZS^JV˳ aJ] N]^JKVS]RNM SX ���˰
=Ya˳ ONMN\JV LYX]N\`J^SYX _XS^] LY`N\ �˛ ˟�˰� <RJˠ YO ^RN LY_X^\c ˟3\_WWYXM N^ JV˰˳ 	���ˠ˰
CRN\N J\N ^aY Q\Y_Z] ^RN LYX]N\`J^SYX _XS^] OJVV _XMN\˲ ̀O_VVc Z\Y^NL^NḾ _XS^]˳ MNMSLJ^NM ^Y
Z\N]N\`SXQ XJ^_\N JXM JVVYaSXQ YXVc SXMS\NL^ _]N YO XJ^_\JV \N]Y_\LN]˳ JXM ̀]_]^JSXJKVN̐_]Ń
_XS^]˳ LYWKSXSXQ LYX]N\`J^SYX JXM ^RN ]_]^JSXJKVN _]N YO XJ^_\JV \N]Y_\LN] ˟3\_WWYXM N^ JV˰˳
	���ˠ˰ 5\YW ^RN ����] ^Y ^RN 	���]˳ 	�� YO ^RN 	�� LYX]N\`J^SYX _XS^] aN\N N]^JKVS]RNM˳
Z\Y^NL^SXQ ]YWN 	 <RJ YO VJXM ˟3\_WWYXM N^ JV˰˳ 	���ˠ˰ <Y]^ YO ^RN]N LYX]N\`J^SYX _XS^] J\N
SX ^RN 0WJdYX KSYWN˳ JXM YXVc 
 �˰
˛ YO LYX]N\`J^SYX _XS^] Z\Y^NL^ ]ZNLSN]̐\SLR ^\JX]S^SYX J\NJ]
KN^aNNX KSYWN] ˟0V`N] >VS`NS\J BSV`J ˖ 1J\KY]J˳ 	���ˠ˰ 3N]ZS^N S^] RS]^Y\c YO MNOY\N]^J^SYX˳ 1\JdSV

	�



RJ] WJXc NbS]^SXQ ZYVSLc WNLRJXS]W] ^RJ^ LJX Z\Y^NL^ JKJXMYXNM L\YZVJXM] ]Y ^RNc J\N
\NaSVMNM aS^RY_^ ^RN ZY^NX^SJV YO KNSXQ MNQ\JMNM JQJSX˰


 �˰ �˰ B^J^_] YO 1\JdSVSJX 4X`S\YXWNX^JV ?YVSLSN]

FS^R J LYWZVNb RS]^Y\c YO NX`S\YXWNX^JV ZYVSLc MJ^SXQ KJLU ^Y ^RN ���]˳ 1\JdSV RJ] J \YK_]^
]c]^NW YO ZYVSLSN] ^Y Z\Y^NL^ JXM \NLY`N\ XJ^S`N `NQN^J^SYX SX S^] MS`N\]N KSYWN]˰ 7YaN`N\˳
\NLNX^ ZYVS^SLJV LRJXQN] K\Y_QR^ MJWJQSXQ \NOY\W] ^Y ^RN]N RS]^Y\SL ZYVSLSN]˰ 8X ^RN ZJ]^ MNLJMN˳
NX`S\YXWNX^JV ZYVSLSN] VSUN ^RN 5Y\N]^ 2YMN RJ`N MNL\NJ]NM ^RN JWY_X^ YO Z\S`J^N VJXM ^RJ^
W_]^ KN Z\Y^NL^NM J] XJ^S`N `NQN^J^SYX˰ CRN]N ZYVSLc LRJXQN] WNJX ^RJ^ T_]^ YXN SXMS`SM_JV
\NQSYX YO 1\JdSV˳ ^RN 2N\\JMY˳ XYa RJ] JKY_^ 
� <RJ YO XJ^S`N `NQN^J^SYX ^RJ^ S] XY^ Z\Y^NL^NM
O\YW LYX`N\]SYX ^Y JQ\SL_V^_\N˴ ^RS] S] WY\N ^RJX 
 ^SWN] VJ\QN\ ^RJX 1\JdSV̄] =J^SYXJVVc
3N^N\WSXNM 2YX^\SK_^SYX ^Y \N]^Y\N �	 <RJ YO OY\N]^ ˟BYJ\N]̐5SVRY N^ JV˰˳ 	���ˠ˰ CRN]N LRJXQN]
WNJX VN]] XJ^S`N `NQN^J^SYX S] Z\Y^NL^NM _XMN\ RS]^Y\SL VJa] JXM LY_VM KN Z\Y^NL^NM ^R\Y_QR
XNa Z\Y^NL^NM _XS^] Y\ ZYVSLSN]˰

>^RN\ ^R\NJ^] ^Y NX`S\YXWNX^JV ZYVSLc LYWN O\YW J VJLU YO SX^N\XJ^SYXJV ^\_]^ OYVVYaSXQ ^RN
NVNL^SYX YO ?\N]SMNX^ 9JS\ 1YV]JXJ\Y SX 	���˰ 2Y_X^\SN] VSUN 6N\WJXc JXM =Y\aJc RJ`N NXMNM
^RNS\ LYX^\SK_^SYX] ^Y ^RN 0WJdYX 5_XM̓J A433ͅ WNLRJXS]W ^RJ^ RJ] MS]K_\]NM ̝��	 WSVVSYX
DB3 ^Y \N]^Y\J^SYX Z\YTNL^] SX ^RN 0WJdYX ˟1Y˳ 	���ˠ˰ CRN O_XM˳ aRSLR L_\\NX^Vc RJ] ̝�� WSVVSYX
DB3˳ aJ] O\YdNX JO^N\ 1YV]JX\Y \NWY`NM ^RN O_XM̄] QY`N\XSXQ LYWWS^^NN JXM Y`N\]NN\]˰ CRN
1YV]YXJ\Y JMWSXS]^\J^SYX JV]Y Y`N\]Ja ^RN ZJ]]JQN YO �� VNQS]VJ^S`N JL^] ^RJ^ JSWNM ^Y aNJUNX
NX`S\YXWNX^JV Z\Y^NL^SYX]˰ 0MMS^SYXJVVc˳ ŊXN] OY\ `SYVJ^SXQ NX`S\YXWNX^JV VJa] MNL\NJ]NM Kc �	˛
M_\SXQ ^RN ZJXMNWSL˳ MN]ZS^N JX SXL\NJ]N SX MNOY\N]^J^SYX M_\SXQ ^RS] ^SWN ˟EJVN N^ JV˰˳ 	�	�ˠ˰
FS^R ^RN \NNVNL^SYX YO ?\N]SMNX^ ;_VJ MJ BSV`J SX 	�		˳ YXN YO RS] Ŋ\]^ JL^SYX] aJ] ^Y JXXY_XLN
1\JdSV̄] \NXNaNM LYWWS^WNX^ ^Y NXMSXQ MNOY\N]^J^SYX Kc 	�
�˳ J] aNVV J] ]YVSLS^SXQ LY_X^\SN]
VSUN ^RN DB˳ D:˳ JXM 2JXJMJ ^Y KNLYWN LYX^\SK_^Y\] ^Y ^RN 0WJdYX 5_XM YXLN JQJSX ˟BZ\SXQ˳
	�		ˠ˰

	�




 �˰˰	 1\JdSV̄] 4X`S\YXWNX^JV 2YWWS^WNX^]

CJKVN 
̐�˰ 0X Y`N\`SNa YO 1\JdSV̄] NX`S\YXWNX^JV LYWWS^WNX^] JXM ^RNS\ ]^J^_]˰

?YVSLc̾0Q\NNWNX^ CJ\QN^

?;0=0E46 ˟ONMN\JVˠ �	 WSVVSYX RNL^J\N] Kc 	�
�

=32 ^Y ?J\S] 2VSWJ^N
0Q\NNWNX^

�	 WSVVSYX RNL^J\N] Kc 	�
�

1YXX 2RJVVNXQN �	 WSVVSYX RNL^J\N]

0SLRS CJ\QN^ �� YO ^RN
2YX`NX^SYX YX
1SYVYQSLJV 3S`N\]S^c

AN]^Y\N ��˛ YO JVV MNQ\JMNM
NLY]c]^NW] Kc 	�	� ˟�
 WRJˠ

0^VJX^SL 5Y\N]^
AN]^Y\J^SYX ?JL^

�� WRJ YO XJ^S`N OY\N]^ SX 0^VJX^SL
5Y\N]^ KSYWN Kc 	���˫

2>?	� 4XM MNOY\N]^J^SYX Kc 	�
�

˫ANQS]^N\NM �˳��� RJ YO \N]^Y\J^SYX Z\YTNL^] O\YW 	��� ^Y 	���˴ �˰	� <RJ YO XJ^_\JV \NQNXN\J^SYX


˰	 <N^RYM]

CY MN^N\WSXN Z\SY\S^c \N]^Y\J^SYX J\NJ] SX 1\JdSV˳ aN Ŋ\]^ MN^N\WSXNM aRN\N L\YZVJXM S] Z\YTNL^NM
^Y KN JKJXMYXNM _XMN\ ^RN Ŋ`N BB? ]LNXJ\SY]˰ CRN]N VYLJ^SYX] ^RNX ]N\`NM J] ^RN J`JSVJKVN
ZVJXXSXQ _XS^] OY\ ^RN ]ZJ^SJV Z\SY\S^SdJ^SYX YO \N]^Y\J^SYX NňY\^]˰ 0VYXQ aS^R ^RN]N ZVJXXSXQ _XS^]˳
^RN Z\SY\S^SdJ^SYX ]YO^aJ\N \N[_S\N] ^RN SXZ_^ YO ^RN ONJ^_\N] JXM LY]^ ^Y KN N`JV_J^NM OY\ NJLR
ZVJXXSXQ _XS^˳ ]ZNLSŊL ^J\QN^] OY\ RYa W_LR YO NJLR ONJ^_\N ]RY_VM KN \NZ\N]NX^NM SX ^RN
]YV_^SYX˳ JXM J Z\SWJ\c YKTNL^S`N OY\ ]YV`SXQ ^RN Z\YKVNW˰ 5SQ_\N 
̐	 Z\Y`SMN] J K\YJM˳ `S]_JV
Y`N\`SNa YO ^RN Z\YLN]]N] JXM MJ^J SXZ_^] _]NM OY\ ^RS] JXJVc]S]˰ 6\NJ^N\ MN^JSV] YX RYa ^RN]N
MJ^J aN\N Z\YLN]]NM JXM RYa ^RN ]ZJ^SJV Z\SY\S^SdJ^SYX aJ] OY\W_VJ^NM J\N Y_^VSXNM KNVYa˰ 0X
JMMS^SYXJV JXJVc]S] N`JV_J^SXQ ^RN JLL_\JLc JXM Z\NLS]SYX YO ^RN _^SVSdNM O_^_\N VJXM _]N MJ^J S]
SXLV_MNM SX 0ZZNXMSb 2˰ BY_\LN] OY\ Z_KVSLVc J`JSVJKVN MJ^J J] aNVV J] ^RN LYMN QNXN\J^NM ^Y
ZN\OY\W ^RS] JXJVc]S] J\N Z\Y`SMNM SX 0ZZNXMSb 3˰

		



5SQ_\N 
̐	˰ CRN aY\UōYa MSJQ\JW OY\ ^RN Y`N\JVV WN^RYM] SX ^RS] ]^_Mc SXLV_MN] J ]SWZVSŊNM Z\YLN]] OY\
QNXN\J^SXQ ^RN ŊXJV \N]_V^]˳ J] aNVV J] JX SX̐MNZ^R VYYU SX^Y ^RN Z\YTNL^NM JKJXMYXWNX^ VJcN\ _]NM ^Y

L\NJ^N ZVJXXSXQ _XS^]˰


˰	 �˰ ?VJXXSXQ DXS^]

�˰ 3N^N\WSXN J\NJ] YO L\YZVJXM JKJXMYXWNX^˲
CRN ZVJXXSXQ _XS^] \NZ\N]NX^ VYLJ^SYX] aRN\N L_\\NX^ L\YZVJXM S] Z\YTNL^NM ^Y ^\JX]S^SYX ^Y
JXY^RN\ XYX̐_\KJX _]N Kc 	���˰ 0] aS^R ^RN QVYKJV Z\YTNL^SYX] YO L\YZVJXM JKJXMYXWNX^˳ ^RN]N
J\NJ] aN\N MN^N\WSXNM _]SXQ ^RN MJ^J]N^ YO Z\YTNL^NM QVYKJV VJXM _]N \J]^N\] O\YW 	��� ^Y 	���
J^ � UW \N]YV_^SYX ˟2RNX N^ JV˰˳ 	�		ˠ˰ 4JLR BB? ]LNXJ\SY LYX^JSX] ]ZJ^SJV \J]^N\] YO Z\YTNL^NM
VJXM _]N J^ Ŋ`N̐cNJ\ SX^N\`JV]˴ _XVSUN ^RN QVYKJV JXJVc]S]˳ ^RN LJVL_VJ^SYX YO 1\JdSVSJX L\YZVJXM

	




JKJXMYXWNX^ _^SVSdNM JVV ]N`NX \J]^N\] OY\ NJLR LVSWJ^N ]LNXJ\SY ^Y SMNX^SOc JXc ZJ\LNV YO
L\YZVJXM Z\YTNL^NM ^Y KN JKJXMYXNM KN^aNNX 	�	�̐	���˰ 0VYXQ aS^R ^RN 	��� \J]^N\
\NZ\N]NX^SXQ ̀L_\\NX^˿˿ VJXM _]N˳ J ^Y^JV YO 
 VJXM _]N \J]^N\] aN\N _^SVSdNM ^Y MN^N\WSXN ^RN
ZVJXXSXQ _XS^] JL\Y]] Ŋ`N BB?̐A2? ]LNXJ\SY]˰

D]SXQ ^RN ^N\\J ZJLUJQN ˟`N\]SYX �˰̐��ˠ SX A˳ \J]^N\] OY\ NJLR BB? ]LNXJ\SY KN^aNNX 	�	� JXM
	���˳ J] aNVV J] ^RN KJ]NVSXN 	��� VJXM _]N \J]^N\˳ aN\N LVSZZNM JXM WJ]UNM O\YW ^RNS\ Y\SQSXJV
QVYKJV Nb^NX^ ^Y 1\JdSV _]SXQ KY_XMJ\c MJ^J O\YW ^RN 1\JdSVSJX 8X]^S^_^N YO 6NYQ\JZRc JXM
B^J^S]^SL] ˟8164ˠ˰ 4JLR \J]^N\ aJ] ^RNX \NLVJ]]SŊNM ^Y S]YVJ^N ZSbNV] \NZ\N]NX^SXQ L\YZVJXM JXM
_\KJX VJXM _]N˰ 0VV O_^_\N VJXM _]N \J]^N\] aN\N SXMS`SM_JVVc ]_K^\JL^NM O\YW ^RN KJ]NVSXN 	���
\J]^N\ ^Y MN^N\WSXN aRN\N L_\\NX^ L\YZVJXM aSVV KNLYWN JKJXMYXNM˰

1NLJ_]N aN J\N SX^N\N]^NM SX SMNX^SOcSXQ JKJXMYXNM L\YZVJXM YZ^SWJV OY\ \N]^Y\J^SYX NňY\^]˳
ZVJXXSXQ _XS^] LJXXY^ \NZ\N]NX^ L\YZVJXM ^RJ^ KNLYWN] _\KJXSdNM Kc 	���˰ 0XY^RN\ ]N\SN] YO
\J]^N\ LJVL_VJ^SYX] JXM \NLVJ]]SŊLJ^SYX] \NWY`NM JXc Z\YTNL^NM _\KJX J\NJ] O\YW Y_\ L\YZVJXM
JKJXMYXWNX^ \J]^N\]˰ CRN ]N`NX \J]^N\] YO XYX̐_\KJXSdNM JKJXMYXWNX^ OY\ NJLR BB? ]LNXJ\SY
aN\N ^RNX JMMNM ^YQN^RN\˴ ^RN ŊXJV \N]_V^ aJ] YXN \J]^N\ OY\ NJLR LVSWJ^N ]LNXJ\SY \NZ\N]NX^SXQ
JVV ZJ\LNV] YO Z\YTNL^NM L\YZVJXM JKJXMYXWNX^ KN^aNNX 	�	� JXM 	���˰

8X JMMS^SYX ^Y ^RN]N Ŋ`N \J]^N\]˳ J ]Sb^R ZVJXXSXQ _XS^ \J]^N\ \NZ\N]NX^SXQ LYX]S]^NX^
JKJXMYXWNX^ aJ] QNXN\J^NM˰ CRS] ̀LYX]S]^NX^́ LVSWJ^N ]LNXJ\SY aJ] LJVL_VJ^NM Kc Y`N\VJcSXQ
^RN Ŋ`N \J]^N\] MN]L\SKNM JKY`N JXM ]NVNL^SXQ YXVc ZJ\LNV] Z\YTNL^NM ^Y KN JKJXMYXNM SX JVV Ŋ`N
BB? ]LNXJ\SY]˰

	˰ 2Y]^˲
CRN `JV_N J]]SQXNM ^Y NJLR ZVJXXSXQ _XS^ \NZ\N]NX^] ^RN LY]^ YO JL^S`NVc \N]^Y\SXQ ^RJ^ ZJ\LNV˰
AN]^Y\J^SYX LY]^ MJ^J aN\N ]Y_\LNM O\YW J \NZY\^ Kc ^RN =J^_\N 2YX]N\`JXLc ^RJ^ LJVL_VJ^N] ^RN
WNJX Z\SLN YO ]Sb MSňN\NX^ \N]^Y\J^SYX WN^RYM] MNZNXMSXQ YX VYLJ^SYX ˟1\JdSVSJX KSYWNˠ JXM
NX`S\YXWNX^JV LYXMS^SYX YO ^RN VJXM ˟MN <S\JXMJ 1NXSXS ˖ 0MNYMJ^Y˳ 	���ˠ˰ CRS] ŊVN aJ] Ŋ\]^
ŊV^N\NM ^Y \N^_\X YXVc LY]^] OY\ ^RN ̀LYXM_L^SXQ XJ^_\JV \NQNXN\J^SYX́ \N]^Y\J^SYX WN^RYM SX
_XOJ`Y\JKVN NX`S\YXWNX^JV LYXMS^SYX]˰ CRS] WN^RYM aJ] ]NVNL^NM OY\ WY]^ LVY]NVc WSWSLUSXQ
XJ^_\JV `NQN^J^SYX \NQ\Ya^R˳ aRSLR ^RN LJ\KYX ]N[_N]^\J^SYX MJ^J \NZ\N]NX^]˰ 8^ ^JUN] SX^Y
JLLY_X^ SWZY\^JX^ WNJ]_\N] ]_LR J] ^RN \NWY`JV YO SX`J]S`N ]ZNLSN] JXM ^\NJ^WNX^ JQJSX]^
ZN]^]˰ 0MMS^SYXJVVc˳ JKJXMYXNM L\YZVJXM ^NXM] ^Y KN WY\N MNQ\JMNM˳ O\JQWNX^NM˳ JXM
]WJVV̐]LJVN˳ aRSLR \NōNL^] ^RN RSQRN\ \N]^Y\J^SYX LY]^] SX ^RN _XOJ`Y\JKVN NX`S\YXWNX^JV
LYXMS^SYX] ]LNXJ\SY˰ CJKVN 
̐	 MS]ZVJc] ^RN]N LY]^]˰

CRN ŊV^N\NM LY]^ MJ^J aN\N ]ZJ^SJVVc TYSXNM aS^R 1\JdSVSJX KSYWN ]RJZNŊVN] ˟8164˳ 	���ˠ˰ CRN]N
]RJZNŊVN] aN\N ^RNX \J]^N\SdNM JXM WJ]UNM ^Y ^RN ZVJXXSXQ _XS^] OY\ NJLR BB?̐A2? ]LNXJ\SY˰
CRN ŊXJV Y_^Z_^ aJ] J ZVJXXSXQ _XS^ \J]^N\ ŊVN OY\ NJLR YO ^RN Ŋ`N LVSWJ^N ]LNXJ\SY] aS^R ZSbNV
`JV_N] SXMSLJ^SXQ ^RN \N]^Y\J^SYX LY]^˰

	�



CJKVN 
̐	˰ 2Y]^ SX 1\JdSVSJX ANJV] JXM D˰B˰ 3YVVJ\] YO LYXM_L^SXQ XJ^_\JV \NQNXN\J^SYX SX _XOJ`Y\JKVN
NX`S\YXWNX^JV LYXMS^SYX] Kc 1\JdSVSJX KSYWN˰

1SYWN 2Y]^ ˟̝A̾RJˠ 2Y]^ ˟̝DB3̾RJˠ

0WJdYX 	˳
�� ���

2JJ^SXQJ 	˳�	� ���

2N\\JMY 
 �˳�� ��

0^VJX^SL OY\N]^ 	˳��� ��


?JWZJ 	˳	� ���


˰	˰	 AN]^Y\J^SYX 5NJ^_\N]

>_\ Z\SY\S^SdJ^SYX ]SW_V^JXNY_]Vc N`JV_J^N] ^RN ZY^NX^SJV KNXNŊ^] NJLR ZVJXXSXQ _XS^ Z\Y`SMN] ^Y
Z\Y^NL^SXQ KSYMS`N\]S^c JXM ]N[_N]^N\SXQ LJ\KYX˰ 3J^J OY\ KY^R ONJ^_\N] aN\N \NZ\YTNL^NM˳
\N]JWZVNM˳ LVSZZNM˳ JXM WJ]UNM ^Y NJLR BB?̄] ZVJXXSXQ _XS^] ^Y NX]_\N ^RN ]JWN \N]YV_^SYX JXM
]ZJ^SJV Nb^NX^˰ 1SYMS`N\]S^c JXM LJ\KYX VJcN\] OY\ NJLR BB? aN\N ^RNX LYWKSXNM SX^Y J \J]^N\
]^JLU ^Y KN _^SVSdNM J] ^RN ONJ^_\N SXZ_^ SX ^RN Z\SY\S^Sd\ Z\YKVNW˰

�˰ 1SYMS`N\]S^c˲
1SYMS`N\]S^c MJ^J aJ] ]Y_\LNM O\YW J ]^_Mc WJZZSXQ QVYKJV LYX]N\`J^SYX Z\SY\S^SN] J^ � UW
\N]YV_^SYX KJ]NM YX L_\\NX^ JXM O_^_\N ]ZNLSN] MS]^\SK_^SYX WYMNV]˰ CRN]N WYMNV] N`JV_J^NM
Y`N\ ��˳��� ^N\\N]^\SJV `N\^NK\J^N ]ZNLSN] JXM O_^_\N KSYLVSWJ^SL `J\SJKVN] _XMN\ ^RN A2?	˰ JXM
A2?�˰� LVSWJ^N ]LNXJ\SY] ˟AYNR\MJXd N^ JV˰˳ 	�	�ˠ˰ 0QQ\NQJ^N Nb^SXL^SYX \S]U `JV_N] aN\N
LJVL_VJ^NM KJ]NM YX ^RN Z\YZY\^SYX YO J ]ZNLSN]̄ \JXQN LYX]N\`NM˳ ^RNX ]_WWNM JXM
XY\WJVSdNM JL\Y]] JVV ]ZNLSN] ˟7JXXJR N^ JV˰˳ 	�	�ˠ˰ CY WJbSWSdN ^RN KNXNŊ^] ^Y Z\N]NX^ JXM
O_^_\N KSYMS`N\]S^c˳ JXM ^RN\NOY\N \NM_LN ^RN \S]U YO Nb^SXL^SYX˳ ZJ\LNV] aS^R RSQRN\ Nb^SXL^SYX \S]U
`JV_N] aN\N Z\SY\S^SdNM OY\ \N]^Y\J^SYX˰

	˰ 2J\KYX˲
CRN LJ\KYX MJ^J]N^˳ Y\SQSXJVVc L\NJ^NM Kc 2YYU̐?J^^YX N^ JV˰ JXM _ZMJ^NM Kc 6VYKJV 5Y\N]^
FJ^LR˳ N]^SWJ^N] ^RN LJ\KYX ]N[_N]^\J^SYX \J^N SX JKY`NQ\Y_XM JXM KNVYaQ\Y_XM KSYWJ]]
M_\SXQ ^RN Ŋ\]^ 
� cNJ\] YO XJ^_\JV OY\N]^ \NQNXN\J^SYX˰ BZJ^SJV ]N[_N]^\J^SYX N]^SWJ^N] SXLV_MN
JVV OY\N]^ JXM ]J`JXXJ KSYWN] SX _XS^] YO <Q2̾RJ̾c\ J^ � UW \N]YV_^SYX˰ 2J\KYX MJ^J J\N WS]]SXQ
OY\ WY]^ YO ^RN ?JX^JXJV KSYWN˳ J VJ\QN˳ WJSXVc O\N]RaJ^N\ aN^VJXM SX ^RN ]Y_^RaN]^N\X ZY\^SYX
YO 1\JdSV˰ 0] J \N]_V^˳ ^RS] KSYWN aJ] \NWY`NM O\YW JVV Y^RN\ ONJ^_\N JXM ZVJXXSXQ _XS^ VJcN\]˰

	�



5SQ_\N 
̐
˰ 2J\KYX JXM KSYMS`N\]S^c MJ^J _^SVSdNM J] ONJ^_\N] SX ^RN ]ZJ^SJV Z\SY\S^SdJ^SYX YO L\YZVJXM
\N]^Y\J^SYX˰ 5SQ_\N 
̐
J ˟VNO^ˠ MS]ZVJc] LJ\KYX ]N[_N]^\J^SYX \J^N] ˟<Q2̾RJ̾c\ˠ aRSLR \JXQN O\YW �˰	� ˟VSQR^
cNVVYaˠ ^Y �˰�� ˟MJ\U Q\NNXˠ˰ 5SQ_\N 
̐
K ˟\SQR^ˠ MS]ZVJc] Nb^SXL^SYX \S]U `JV_N] ^RJ^ \JXQN O\YW �˰�N̐�� ˟VSQR^
KV_Nˠ ^Y � ˟MJ\U KV_Nˠ˰


˰	˰
 1_MQN^ ]LNXJ\SY]

CRN \N]^Y\J^SYX Z\SY\S^SdJ^SYX WYMNV aJ] \_X _XMN\ `J\SY_] K_MQN^ ]LNXJ\SY]˰ CRN VYa̐NXM
K_MQN^ aJ] MN^N\WSXNM Kc N`JV_J^SXQ ZJ]^ JVVYLJ^SYX JXM ]ZNXMSXQ Kc 1\JdSV̄] <SXS]^\c YO ^RN
4X`S\YXWNX^˰ 8X 	�		˳ ^RN <SXS]^\c YXVc _^SVSdNM ��˰�˛ YO S^] NX`S\YXWNX^JV WJXJQNWNX^ K_MQN^˳
SXLV_MSXQ \N]^Y\J^SYX LY]^] JXM J]]YLSJ^NM JL^S`S^SN]˰ 1c JZZVcSXQ ^RS] \J^SY ^Y ^RN 	�	
 K_MQN^˳
\N]^Y\J^SYX NňY\^] LY_VM KN ŊXJXLNM Kc ^RN ZY^NX^SJVVc _X_]NM ��� WSVVSYX 1\JdSVSJX ANJV]˰ CRN
RSQR̐NXM K_MQN^ ]LNXJ\SY YO 
˰� KSVVSYX ANJV] \NōNL^] ^RN L_\\NX^ KJVJXLN YO ^RN 0WJdYX 5_XM˰
CRN 0WJdYX 5_XM LJX KN _^SVSdNM Kc XYXZ\YŊ^]˳ _XS`N\]S^SN]˳ SX^N\XJ^SYXJV˳ JXM QY`N\XWNX^
Z\YTNL^] ^RJ^ Z\N`NX^˳ WYXS^Y\˳ JXM LYWKJ^ MNOY\N]^J^SYX SX 1\JdSV˰


˰	˰� ?\SY\S^SdJ^SYX WYMNV

CRN ]ZJ^SJV \N]^Y\J^SYX Z\SY\S^SdJ^SYX aJ] LYWZ_^NM _]SXQ ^RN Z\SY\S^Sd\ ZJLUJQN ˟`N\]SYX �˰	˰	ˠ SX
A˰ CRS] ]YO^aJ\N _]N] WSbNM SX^NQN\ VSXNJ\ Z\YQ\JWWSXQ JXM Z\Y`SMN] Q\NJ^N\ ōNbSKSVS^c SX
K_SVMSXQ JXM ]YV`SXQ ]ZJ^SJV ZVJXXSXQ Z\YKVNW] ^RJX ]SWSVJ\ LYX]N\`J^SYX ^YYV]˳ ]_LR J] <J\bJX
˟1NcN\ N^ JV˰˳ 	��ˠ˰ 0 ]NZJ\J^N Z\YKVNW aJ] OY\W_VJ^NM OY\ NJLR BB? ]LNXJ\SY JXM ^RNS\
J]]YLSJ^NM ZVJXXSXQ _XS^] JXM ONJ^_\N] MJ^J˰ 1NLJ_]N ^RS] JXJVc]S] YXVc LYX]SMN\] J\NJ] YO

	



XYX̐_\KJXSdNM JKJXMYXNM L\YZVJXM OY\ \N]^Y\J^SYX˳ XY ZVJXXSXQ _XS^] aN\N VYLUNM SX Y\ Y_^ YO
^RN ]YV_^SYX˰

4JLR Z\YKVNW _^SVSdNM J WSXSWSdN ]RY\^OJVV YKTNL^S`N˳ SX aRSLR ^RN ]YV_^SYX WSXSWSdN] ^RN Y`N\JVV
^J\QN^ ]RY\^OJVV JL\Y]] JVV ONJ^_\N] aRSVN XY^ NbLNNMSXQ J ]ZNLSŊNM K_MQN^˰ 1SYMS`N\]S^c JXM
LJ\KYX aN\N aNSQR^NM N[_JVVc˳ JXM \NVJ^S`N ^J\QN^] aN\N ]N^ ^Y �˰� NJLR ˟��˛ ONJ^_\N
LYX]N\`J^SYXˠ˰ 4JLR BB? Z\YKVNW aJ] \_X _XMN\ KY^R VYa JXM RSQR̐K_MQN^ ]LNXJ\SY]˰ 0O^N\
OY\W_VJ^SYX˳ NJLR Z\YKVNW aJ] ]YV`NM _]SXQ 6_\YKS >Z^SWSdN\ ˟`N\]SYX �˰�˰	ˠ aS^R J �˰�� ̀QJZ ^Y
YZ^SWJVS^ć˴ ^RS] `JV_N \NZ\N]NX^] J �˛ JLLNZ^NM MN`SJXLN O\YW ^RN YZ^SWJV ]YV_^SYX˳ \NM_LSXQ
LYWZ_^J^SYXJV \N[_S\NWNX^]˰


˰
 AN]_V^]

CRN X_WKN\ YO ZJ\LNV] Z\NMSL^NM ^Y KN JKJXMYXNM ˟J`JSVJKVN ZVJXXSXQ _XS^]ˠ˳ ^RN X_WKN\
Z\SY\S^SdNM OY\ \N]^Y\J^SYX˳ ^RN ZN\LNX^ YO ^J\QN^] WN^ ZN\ LVSWJ^N ]LNXJ\SY˳ JXM K_MQN^ J\N
Z\N]NX^NM SX CJKVN 
̐
˰ 0L\Y]] ^RN Ŋ`N BB? ]LNXJ\SY]˳ ^RN J`N\JQN JWY_X^ YO Z\YTNL^NM
JKJXMYXWNX^ SX 1\JdSV S] 	��˳�
� UW	 ͎ �˳��
 UW	 ˟WNJX ͎ ]^JXMJ\M MN`SJ^SYXˠ aS^R J \JXQN YO
�
�˳
�� UW	 KN^aNNX ^RN RSQRN]^ ˟BB?�ˠ JXM VYaN]^ ˟BB?	ˠ Z\YTNL^SYX]˰ CRN WNJX X_WKN\ YO
ZJ\LNV] Z\SY\S^SdNM OY\ \N]^Y\J^SYX aS^R J RSQR̐NXM K_MQN^ S] ��˳��� UW	 ͎ �
 UW	˳ aRSVN ^RN
VYa̐NXM K_MQN^ \N]_V^NM SX JX J`N\JQN YO �˳��� UW	 ͎ 	 UW	 ˟WNJX ͎ ]^JXMJ\M MN`SJ^SYXˠ˰

CRN KY^^YW \Ya YO CJKVN 
̐
 SXMSLJ^N] Y_\ ]Sb^R ̀LYX]S]^NX^́ LVSWJ^N ]LNXJ\SY˳ SX aRSLR �	
˳��

UW	 YO L\YZVJXM J\N Z\YTNL^NM ^Y KNLYWN JKJXMYXNM Kc 	��� \NQJ\MVN]] YO BB?˰ CRN X_WKN\ YO
^RN]N ZJ\LNV] ]NVNL^NM OY\ \N]^Y\J^SYX aS^R J RSQR K_MQN^ S] �	 �˳�� UW	˳ Q\NJ^N\ ^RJX JXc
SXMS`SM_JV LVSWJ^N ]LNXJ\SY˰ 5SQ_\N 
̐� Q\JZRSLJVVc MS]ZVJc] ^RN JWY_X^ YO Z\YTNL^NM
JKJXMYXWNX^ JXM \N]^Y\J^SYX O\YW CJKVN 
̐
˰ 0MMS^SYXJVVc˳ 5SQ_\N 
̐� SVV_]^\J^N] aRN\N
JKJXMYXWNX^ S] LYX]S]^NX^Vc Z\YTNL^NM ^Y YLL_\ Kc 	��� SX LYWZJ\S]YX ^Y L_\\NX^ L\YZVJXM˰

	�



CJKVN 
̐
˰ 2Y_X^] YO ZVJXXSXQ _XS^] J`JSVJKVN˳ ^RY]N ]NVNL^NM OY\ \N]^Y\J^SYX˳ JXM ONJ^_\N `JV_N] RNVM SX
NJLR LVSWJ^N ]LNXJ\SY˰ ?VJXXSXQ _XS^] J\N � UW	 SX ]SdN˰

2VSWJ^N
BLNXJ\SY

?VJXXSXQ
_XS^]
J`JSVJKVN ˟Xˠ

1_MQN^
?VJXXSXQ _XS^]
]NVNL^NM ˟Xˠ

2J\KYX 1SYMS`N\]S^c

LJ\KYX RNVM
˟<Q2̾RJ̾c\ˠ

ZN\LNX^ ^Y^JV
KSYMS`N\]S^c RNVM

˟J`YSMNM
Nb^SXL^SYX \S]Uˠ

ZN\LNX^ ^Y^JV

BB?� 	�˳��
;Ya �˳�� ˳
�� �˰�˛ ��� ˰��˛

7SQR ��˳�� �
˳�� �˰
�˛ 
˳�� 	�˰��˛

BB?	 	��˳��
;Ya �˳��� ˳	� �˰��˛ ��� �˰�˛

7SQR ��˳��
 ��˳��� �˰��˛ 
˳��� 

˰��˛

BB?
 	�	˳���
;Ya �˳��� ˳	�� �˰�˛ ��	 �˰��˛

7SQR ��˳��� �
˳��
 �˰�˛ 
˳��� 
�˰	�˛

BB?� 
�
˳���
;Ya �˳�� ˳	
� �˰��˛ ��� �˰
�˛

7SQR ��˳
� �	˳
	� 
˰	�˛ 
˳�	� 	�˰
�˛

BB?� 	��˳���
;Ya �˳��� ˳	� �˰�˛ ��� ˰
�˛

7SQR ��˳�	� �
˳	�� � �˰�˛ 
˳��� 	�˰��˛

2YX]S]^NX^ �	
˳��

;Ya �˳��
  �˳	� �˰	�˛ ��
 ��˰��˛

7SQR �	 �˳�� ��˳�� �˰��˛ 
 �˳�� � �˰�˛

	�



5SQ_\N 
̐�˰ ?\YTNL^NM L\YZVJXM JKJXMYXWNX^ JXM X_WKN\ YO ZJ\LNV] ]NVNL^NM OY\ \N]^Y\J^SYX OY\ NJLR
LVSWJ^N ]LNXJ\SY˰ 5SQ_\N 
̐�J ˟^YZˠ ]RYa] ^RN X_WKN\ YO ZJ\LNV] Z\SY\S^SdNM OY\ \N]^Y\J^SYX aS^R J VYa
K_MQN^ SX cNVVYa˳ aRSVN 5SQ_\N 
̐�K ˟KY^^YWˠ ]RYa] ^RN X_WKN\ YO ZJ\LNV] ]NVNL^NM aS^R J RSQR K_MQN^ SX
Y\JXQN˰

	�



5SQ_\N 
̐�˰ 2_\\NX^ L\YZVJXM ˟Q\NNXˠ JXM Z\YTNL^NM L\YZVJXM JKJXMYXWNX^ ˟KV_Nˠ KN^aNNX 	�	�̐	��� OY\
^RN 2YX]S]^NX^ LVSWJ^N ]LNXJ\SY˰ CRN SX]N^ WJZ RSQRVSQR^] L\YZVJXM aS^RSX ^RN 2N\\JMY KSYWN˰


�



2YX]SMN\SXQ `J\SJ^SYX Kc KSYWN˳ CJKVN] 
̐� JXM 
̐� Z\Y`SMN Q\NJ^N\ LYX^Nb^ OY\ ^RN ]ZJ^SJV
`J\SJ^SYX YO Z\YTNL^NM JKJXMYXWNX^ JXM aRN\N ZJ\LNV] aN\N Z\SY\S^SdNM OY\ \N]^Y\J^SYX˳
\N]ZNL^S`NVc˰ 5SQ_\N 
̐ MS]ZVJc] ^RN MSňN\NXLN SX ZJ\LNV O\JQWNX^J^SYX KN^aNNX ^RN 0WJdYX
JXM 0^VJX^SL 5Y\N]^˳ ^RN ^aY KSYWN] aS^R ^RN RSQRN]^ X_WKN\] YO Z\YTNL^NM JKJXMYXWNX^ JXM
Z\SY\S^SdNM \N]^Y\J^SYX˰

CJKVN 
̐�˰ CRN X_WKN\ YO ZVJXXSXQ _XS^] J`JSVJKVN SX NJLR KSYWN Kc LVSWJ^N ]LNXJ\SY˰

1SYWN BB?� BB?	 BB?
 BB?� BB?� 2YX]S]^NX^

0WJdYX ��˳��	 �	˳�� ��˳
 �	˳�
� ��	˳�	� �
˳���

2JJ^SXQJ �
˳��� 
�˳��� 
�˳��� ��˳��� ��˳�

 ��˳���

2N\\JMY ��˳�
 ��˳��	 �˳	 ���˳

� ��˳�	� 	�˳��

0^VJX^SL 5Y\N]^ 
�˳�
 
�˳��� 
�˳��	 ��˳�� �
 �˳�� ��˳���

?JWZJ �˳��� ˳�	 �˳
	
 �	˳��	 �˳�� 
˳���

CY^JV 	�˳�� 	��˳�� 	�	˳��� 
�
˳��� 	��˳��� �	
˳��


CJKVN 
̐�˰ CRN X_WKN\ YO ZVJXXSXQ _XS^] ]NVNL^NM J] J \N]^Y\J^SYX Z\SY\S^c Kc LVSWJ^N ]LNXJ\SY JXM KSYWN
_XMN\ J RSQR̐NXM K_MQN^˰

1SYWN
BB?� BB?	 BB?
 BB?� BB?� 2YX]S]^NX^

RSQR VYa RSQR VYa RSQR VYa RSQR VYa RSQR VYa RSQR VYa

0WJdYX �˳	�� 	�� �˳��� 	� �˳
 		 �� 	
� �	 	 
˳��� 	�

2JJ^SXQJ �� ��� �� ��� ��� ��� �	 ��
 ��� ��� �� ��

2N\\JMY 	˳��� ��� �˳��	 ��� �˳��� ��� 	˳	�� �	� �˳��� ��	 �˳��
 �	

0^VJX^SL
5Y\N]^

�˳�
 �˳�� �˳
� �˳�� �˳��� �˳��� �˳��� �˳�	� �˳�	 �˳�

 ˳��� �˳�	

?JWZJ 

 � �� � 	� � 	� � 	
 � 		� �

CY^JV˲ ��˳�� �˳�� ��˳��
 �˳��� ��˳��� �˳��� ��˳
� �˳�� ��˳�	� �˳��� �	 �˳�� �˳��



�



5SQ_\N 
̐˰ ?J\LNV] Z\YTNL^NM ^Y KN JKJXMYXNM KN^aNNX 	�	�̐	��� _XMN\ ^RN 2YX]S]^NX^ LVSWJ^N
]LNXJ\SY˰ >\JXQN ZSbNV] \NZ\N]NX^ ZJ\LNV] Z\SY\S^SdNM OY\ \N]^Y\J^SYX aS^R J RSQR K_MQN^˳ JXM KV_N ZSbNV]
J\N _X]NVNL^NM JKJXMYXNM ZJ\LNV]˰ 5SQ_\N 
̐J ˟^YZˠ RSQRVSQR^] JX J\NJ YO ^RN 1\JdSVSJX 0WJdYX aRN\N
\N]^Y\J^SYX Z\SY\S^SN] JXM Z\YTNL^NM JKJXMYXWNX^ J\N \NVJ^S`NVc LYXLNX^\J^NM˰ 5SQ_\N 
̐K ˟KY^^YWˠ
RSQRVSQR^] ^RN WY\N O\JQWNX^NM ZJ\LNV] J`JSVJKVN aS^RSX ^RN 0^VJX^SL 5Y\N]^ KSYWN˰


	




˰� 3S]L_]]SYX

CRN Z\SY\S^SdJ^SYX WYMNV \N]_V^] SXMSLJ^N ^RJ^ K_MQN^ LYX]^\JSX^] VSWS^ ^RN ZY^NX^SJV \N]^Y\J^SYX YO
JKJXMYXNM L\YZVJXM]˰ 0L\Y]] JVV BB? ]LNXJ\SY]˳ JX J`N\JQN YO 	��˳�
� UW	 YO L\YZVJXM S]
Z\YTNL^NM ^Y KN JKJXMYXNM̓WY\N J\NJ ^RJX ^RN LY_X^\c YO 5\JXLN˰ CRN RSQR̐NXM K_MQN^
]LNXJ\SY NbJWSXNM SX Y_\ WYMNV LJX YXVc OJLSVS^J^N ^RN \N]^Y\J^SYX YO JKY_^ ��˳��� UW	˳ ��˛ YO
1\JdSV̄] �	 WRJ QYJV OY\ \N]^Y\J^SYX˰ >_\ Z\SY\S^SdJ^SYX ^YYV LJX ]N\`N J] J O\JWNaY\U OY\
\N]^Y\J^SYX MNLS]SYX̐WJUN\] ^Y SXOY\W aRSLR J\NJ] YňN\ ^RN RSQRN]^ `JV_N ^Y LJ\KYX
]N[_N]^\J^SYX JXM KSYMS`N\]S^c˰ 8^ S] ZJ\JWY_X^ ^RJ^ ZYVSLSN] MS]L_]]NM SX 2RJZ^N\ � KN _]NM ^Y
\N`S^JVSdN JXM SXLNX^S`SdN Z\YTNL^NM JKJXMYXNM VJXM] ^Y \NWJSX _XMN\ JQ\SL_V^_\JV Z\YM_L^SYX
aRN\N ZY]]SKVN˰ FRSVN S^ WJc KN MSŎL_V^ ^Y Y`N\LYWN ^RN M\S`N\] YO JKJXMYXWNX^ SX ]YWN
\NQSYX]˳ NXLY_\JQSXQ Z\YTNL^NM JKJXMYXNM VJXM] ^Y \NWJSX J] L\YZVJXM] aRN\N ZY]]SKVN LJX
RNVZ VSWS^ MNOY\N]^J^SYX OY\ XNa JQ\SL_V^_\JV Z\YM_L^SYX NV]NaRN\N˰ <NJXaRSVN˳ ^RN \N]_V^] O\YW
^RS] Z\SY\S^SdJ^SYX WYMNV LJX SMNX^SOc J\NJ] ^RJ^ WJc KN KN^^N\ _]NM OY\ LYX]N\`J^SYX \J^RN\ ^RJX
LYX^SX_NM JQ\SL_V^_\JV _]N˰ CRS] S] N]ZNLSJVVc SWZY\^JX^ LYX]SMN\SXQ ^RN \S]U YO LYX^SX_NM VJXM
LYX`N\]SYX SX NLY]c]^NW] N]]NX^SJV ^Y QVYKJV LJ\KYX ]N[_N]^\J^SYX JXM KSYMS`N\]S^c˳ VSUN ^RN
0WJdYX JXM 0^VJX^SL 5Y\N]^˰

CJKVN 
̐
 ]RYa] ^RJ^ ^RN JWY_X^ YO Z\YTNL^NM L\YZVJXM JKJXMYXWNX^ MSňN\] ]SQXSŊLJX^Vc JWYXQ
BB? ]LNXJ\SY]˰ BB?	 LYX^JSX] ^RN VNJ]^ JKJXMYXNM ZJ\LNV] ˟	��˳�� UW	ˠ˳ aRSVN BB?� LYX^JSX]
^RN Q\NJ^N]^ ˟
�
˳��� UW	ˠ˰ CRN �˛ SXL\NJ]N SX Z\YTNL^NM JKJXMYXWNX^ O\YW BB?	 ^Y BB?�
WJc KN NbZVJSXNM Kc RYa VJXM _]N Z\YTNL^SYX] `J\c KN^aNNX LVSWJ^N ]LNXJ\SY]˰ BB?	˳ Y\ ^RN
̀<SMMVN YO ^RN AYJḾ ZJ^RaJc˳ NX`S]SYX] J O_^_\N aRN\N ]YLSYNLYXYWSL JXM ^NLRXYVYQSLJV ^\NXM]
\NWJSX ]SWSVJ\ ^Y L_\\NX^ JXM RS]^Y\SLJV ZJ^^N\X] ˟?YZZ N^ JV˰˳ 	��ˠ˰ BB?�˳ M_KKNM J ̀AYJM
3S`SMNM˳́ Z\NMSL^] J O_^_\N O\J_QR^ aS^R SXL\NJ]SXQ ]YLSYNLYXYWSL SXN[_JVS^SN] KY^R aS^RSX JXM
KN^aNNX LY_X^\SN]˴ ^RS] VNJM] ^Y SXL\NJ]N] SX L\YZ cSNVM SX RSQR̐SXLYWN LY_X^\SN] K_^
_XZ\YM_L^S`N JQ\SL_V^_\N JXM SXL\NJ]NM MNOY\N]^J^SYX SX VYaN\̐SXLYWN LY_X^\SN] ˟?YZZ N^ JV˰˳
	��ˠ˰ 3N]ZS^N ^RS] `J\SJXLN SX J`JSVJKVN ZVJXXSXQ _XS^] ˟]^JXMJ\M MN`SJ^SYX YO �˳��
 UW	ˠ˳ ^RN
X_WKN\ YO ZJ\LNV] ]NVNL^NM OY\ \N]^Y\J^SYX SX NJLR BB? ]YV_^SYX \NWJSX] W_LR WY\N LYX]S]^NX^
˟]^JXMJ\M MN`SJ^SYX YO �
 UW	 JXM 	 UW	 OY\ RSQR JXM VYa K_MQN^]˳ \N]ZNL^S`NVcˠ˰ CRS] MS]ZVJc]
RYa WYXN^J\c LYX]^\JSX^] VJ\QNVc VSWS^ \N]^Y\J^SYX QYJV]˳ J] ^RN X_WKN\ YO ZJ\LNV] ]NVNL^NM OY\
\N]^Y\J^SYX \NWJSX VYa _XMN\ JVV BB?] \NQJ\MVN]] YO ^RN ^Y^JV J\NJ YO J`JSVJKVN VJXM˰

CRN \N]^Y\J^SYX YO JKJXMYXNM VJXM] SX 1\JdSV YňN\] YZZY\^_XS^SN] ^Y WJbSWSdN ^RN KNXNŊ^] YO
\_\JV VJXM LYX]N\`J^SYX˳ LJ\KYX ]N[_N]^\J^SYX˳ JXM KSYMS`N\]S^c LYX]N\`J^SYX˰ 7YaN`N\˳ ZYVSLSN]
^RJ^ Z\Y`SMN VYXQ̐^N\W Z\Y^NL^SYX YO Z\YTNL^NM JKJXMYXNM VJXM] J\N L\_LSJV ^Y NX]_\N ^RN]N
KNXNŊ^]˳ JXM WNLRJXS]W] VSUN ^RN Z\S`J^N XJ^_\JV RN\S^JQN \N]N\`N Z\YQ\JW LJX KN _^SVSdNM ^Y
NX]_\N VYXQ̐^N\W Z\Y^NL^SYX˰ =YXZ\YŊ^] LJX JV]Y Z\YWY^N NbZJXMSXQ ^RS] Z\YQ\JW ^Y SXLV_MN
WY\N LYX]N\`J^SYX ZVJXXSXQ JXM WYXS^Y\SXQ˰ CRN Z\SY\S^SdJ^SYX WYMNV \N]_V^] SXMSLJ^N ^RJ^ ^RN
K_MQN^ LYX]^\JSX^] VSWS^ ^RN ZY^NX^SJV \N]^Y\J^SYX YO JKJXMYXNM L\YZVJXM]˳ K_^ ^RN Z\SY\S^SdJ^SYX
^YYV LJX ]N\`N J] J O\JWNaY\U OY\ \N]^Y\J^SYX MNLS]SYX̐WJUN\] ^Y SXOY\W aRSLR J\NJ] YňN\ ^RN
RSQRN]^ `JV_N ^Y LJ\KYX ]N[_N]^\J^SYX JXM KSYMS`N\]S^c˰ CRN]N ZYVSLSN] JXM WNLRJXS]W] LJX RNVZ
1\JdSV JLRSN`N S^] LVSWJ^N ^J\QN^] aRSVN WJSX^JSXSXQ KSYMS`N\]S^c JXM Y^RN\ NLYVYQSLJV J^^\SK_^N]˰







�˰ 0Q\SL_V^_\JV 0KJXMYXWNX^ ?YVSLSN]

0Q\SL_V^_\JV VJXM JKJXMYXWNX^ S] J QVYKJV ZRNXYWNXYX aS^R ]SQXSŊLJX^ SWZVSLJ^SYX] OY\
KSYMS`N\]S^c˳ LVSWJ^N WS^SQJ^SYX˳ JXM R_WJX aNVV̐KNSXQ˰ FRSVN ]YWN ZYVSLSN]˳ ]_LR J] ^RN
4_\YZNJX DXSYX̄] 2YWWYX 0Q\SL_V^_\JV ?YVSLc ˟20?ˠ˳ JLUXYaVNMQN ^RN ^R\NJ^ YO JQ\SL_V^_\JV VJXM
JKJXMYXWNX^˳ ONa ZYVSLSN] Y\ O\JWNaY\U] JSW ^Y ŊXM KNXNŊLSJV _]N] OY\ ^RN]N VJXM]˰ CRS]
LRJZ^N\ aSVV MS]L_]] ^RN L_\\NX^ VJXM]LJZN YO QVYKJV ZYVSLc \NQJ\MSXQ JKJXMYXNM JQ\SL_V^_\JV
VJXM] JXM ^RN ^\JMNYň] SX MN]SQXSXQ NX`S\YXWNX^JV JXM JQ\SL_V^_\JV ZYVSLSN] ^RJ^ LYWZVNWNX^
YXN JXY^RN\ ^Y KNXNŊ^ KSYMS`N\]S^c˳ LJ\KYX˳ JXM R_WJX aNVV̐KNSXQ˰

� �˰ 6VYKJV ?YVSLc 2YWZJ\S]YX]

CRN 4D RJ] ]N`N\JV ZYVSLSN]˳ SXLV_MSXQ 20?˳ ^RJ^ SX^NXM ^Y WSXSWSdN JQ\SL_V^_\JV JKJXMYXWNX^˰ 8X
^RN LJ]N YO 20?˳ ^RN ZYVSLc ]_ZZY\^] OJ\WN\ VS`NVSRYYM] ^Y Z\N`NX^ JQ\SL_V^_\JV VJXM JKJXMYXWNX^
^R\Y_QR SXLYWN ]_ZZY\^ OY\ OJ\WN\]˳ \_\JV MN`NVYZWNX^ Z\YQ\JW]˳ JXM WJ\UN^ WNJ]_\N]
˟4_\YZNJX 2YWWS]]SYX˳ 	�		˴ :NNXVNc]SMN ˖ C_LUN\˳ 	���˴ ANXaSLU N^ JV˰˳ 	��
ˠ˰ 3N]ZS^N NňY\^]
^Y Z\N`NX^ JKJXMYXWNX^˳ ^RN 4D S] Z\YTNL^NM ^Y VY]N 
˛ ˟�˰� <RJˠ YO S^] 	��� JQ\SL_V^_\JV VJXM Kc
	�
� ˟?N\ZSŲJ 2J]^SVVY N^ JV˰˳ 	�	�ˠ˰ 4D ZYVSLSN] YXVc JLUXYaVNMQN ^RN ZY^NX^SJV YO JKJXMYXNM
JQ\SL_V^_\JV VJXM] OY\ LVSWJ^N WS^SQJ^SYX K_^ MY XY^ Z\Y`SMN O\JWNaY\U] OY\ KNXNŊLSJV VJXM _]N SX
^RN]N J\NJ] ˟5JcN^ N^ JV˰˳ 	�		Kˠ˰

CRN VJLU YO VJXM ZVJXXSXQ ^YYV]˳ LYWW_XSLJ^SYX aS^R VYLJV ZYZ_VJ^SYX]˳ JXM NLYXYWSL
_XLN\^JSX^SN] LYX^\SK_^NM ^Y ^RN OJSV_\N YO 20? ^Y Z\N`NX^ VJXM JKJXMYXWNX^ ˟5JcN^ N^ JV˰˳
	�		Kˠ˰ 8X LYX^\J]^˳ ZYVSLSN] ^RJ^ Z\YWY^N KSYMS`N\]S^c˳ ]_LR J] ^RN 4D˿] 1S\M] JXM 7JKS^J^]
3S\NL^S`N]˳ RJ`N OJLSVS^J^NM XJ^_\N LYX]N\`J^SYX WY\N NňNL^S`NVc ^RJX JQ\SL_V^_\JV ZYVSLc ˟5JcN^ N^
JV˰˳ 	�		Kˠ˰ 4bZN\^ SX^N\`SNa] JV]Y ]_QQN]^ \NLYQXSdSXQ ^RN `JV_N YO Z_KVSL QYYM] ^RJ^ OJ\WN\]
JXM VJXMYaXN\] Z\Y`SMN OY\ XJ^_\N Z\Y^NL^SYX˰ 4D ZYVSLSN] VSUN 20? L_\\NX^Vc RSXMN\
LYX]N\`J^SYX SXS^SJ^S`N] Kc Z\Y`SMSXQ VJ\QN NLYXYWSL SXLNX^S`N] OY\ JQ\SL_V^_\N˳ MS]SXLNX^S`SdSXQ
Y^RN\ Z\YQ\JW] ^RJ^ Z\YWY^N KSYMS`N\]S^c JXM LJ\KYX ]N[_N]^\J^SYX˰ CRS] \N`NJV] ^RJ^
VJXM̐YaXSXQ OJ\WN\] J\N Z\SWJ\SVc WY^S`J^NM Kc ^RN]N NLYXYWSL ZYVSLc WNLRJXS]W] ˟5JcN^ N^ JV˰˳
	�		Kˠ˰ CY Z\YWY^N YZ^SWJV VJXM _]N OY\ JQ\SL_V^_\N˳ ZYVSLSN] VSUN 20? LY_VM Z\Y`SMN VN]] ]_ZZY\^
^Y VJ\QN̐]LJVN OJ\WSXQ JXM ^RN JL[_S]S^SYX YO LRNWSLJV Z\YM_L^] JXM SX]^NJM ŊXJXLN \_\JV LS^SdNX]
^Y MNMSLJ^N ZJ\^] YO ^RNS\ VJXM ^Y XJ^_\N˰

7YaN`N\˳ ]^_MSN] O\YW 2RSXJ RJ`N MNWYX]^\J^NM ^RJ^ SX]^S^_^SYXJV ]_ZZY\^ LJX KN _X]_LLN]]O_V
SX Z\N`NX^SXQ JQ\SL_V^_\JV JKJXMYXWNX^˰ 8X LYX^\J]^˳ SXOY\WJV ŊXJXLN O\YW \NVJ^S`N] JXM O\SNXM]
LJX ]_LLN]]O_VVc SXLNX^S`SdN OJ\WN\] XY^ ^Y JKJXMYX ^RNS\ VJXM] ˟3_ N^ JV˰˳ 	���ˠ˰ 0Q\SL_V^_\JV
L\NMS^] Z\Y`SMNM Kc KJXU] JXM VYJX SX]^S^_^SYX] ]^\_QQVNM ^Y \NJLR \_\JV 2RSXN]N ZYZ_VJ^SYX]˳
aRSVN SXOY\WJV WSL\YŊXJXLSXQ ]SQXSŊLJX^Vc XNQJ^S`NVc JňNL^NM OJ\WVJXM JKJXMYXWNX^ ˟3_ N^ JV˰˳
	���ˠ˰

DXVSUN ^RN 4D˳ 1\JdSV RJ] JQ\SL_V^_\JV ZYVSLSN] ^RJ^ RJ`N _XSX^NX^SYXJVVc \N]_V^NM SX ^RN
JKJXMYXWNX^ YO WJ\QSXJV L\YZVJXM]˰ FRSVN 4D ZYVSLc J^^NWZ^] ^Y ]_ZZY\^ ^RN Z\N]N\`J^SYX YO


�



]WJVV̐]LJVN OJ\WSXQ˳ LY_X^\SN] VSUN 1\JdSV NWZVYcNM ZYVSLSN] SX ^RN ���] ^RJ^ LYX]YVSMJ^NM VJ\QN
JWY_X^] YO OJ\WVJXM ^Y J ]WJVV Q\Y_Z YO YaXN\] ˟2JVJKYXS N^ JV˰˳ 	���˴ =J`J\\Y˳ 	���ˠ˰ 1\JdSV
NbZN\SNXLNM MNOY\N]^J^SYX SX ^RN WSM̐	�^R LNX^_\c˳ OYVVYaNM Kc \NOY\N]^J^SYX SX \_\JV J\NJ]
VJ\QNVc KNLJ_]N YO JQ\SL_V^_\JV ZYVSLc˰ CRN L\NJ^SYX YO Z\YQ\JW] VSUN ^RN A_\JV 2\NMS^ B_K]SMc
Bc]^NW ˟A2BBˠ JXM ^RN =J^SYXJV ?\YQ\JW YO 0VLYRYV ˟?\YĖVLYYVˠ SX]^SQJ^NM ^RN LYX]YVSMJ^SYX YO
OJ\WVJXM SX \_\JV ZJ\^] YO BĞY ?J_VY˰ A2BB Z\SY\S^SdNM NbZY\^ L\YZ Z\YM_L^SYX˳ aRSLR NbLV_MNM
]WJVV JXM WNMS_W OJ\WN\] O\YW JQ\SL_V^_\JV WYMN\XSdJ^SYX˰ ?\YĖVLYYV \NSXOY\LNM ^RN NbLV_]SYX YO
]^JZVN L\YZ OJ\WN\] Kc O_XMSXQ \N]NJ\LR YX ^RN MN`NVYZWNX^ YO KSYO_NV] ˟=J`J\\Y˳ 	���ˠ˰

3_N ^Y SXL\NJ]NM JLLN]] ^Y JQ\SL_V^_\JV SX^NX]SŊLJ^SYX ^NLRXYVYQc˳ BĞY ?J_VȲ] \_\JV ZYZ_VJ^SYX
MNL\NJ]NM O\YW �
˛ ^Y ��˛ KN^aNNX ���� JXM ���� ˟2JVJKYXS N^ JV˰˳ 	���ˠ˰ CRN LYX]YVSMJ^SYX YO
VJXM OY\ JQ\Y̐SXM_]^\c VNM ^Y \_\JV̐_\KJX WSQ\J^SYX JXM O_\^RN\ S]YVJ^NM LYWW_XS^SN] O\YW
MN`NVYZWNX^ ˟2JVJKYXS N^ JV˰˳ 	���ˠ˰ FRSVN JQ\SL_V^_\JV ZYVSLc SWZJL^NM \_\JV VS`NVSRYYM]˳ S^ JV]Y
]N^ ^RN ]LNXN OY\ JX JQ\SL_V^_\JV ^\JX]S^SYX SX BĞY ?J_VY O\YW Nb^NX]S`N ^Y SX^NX]S`N JQ\SL_V^_\N˰
CRS] LRJXQN L\NJ^NM ]ZJLN OY\ \NOY\N]^J^SYX˳ aRN\N JQ\SL_V^_\JV VJXM aJ] JKJXMYXNM ˟2JVJKYXS
N^ JV˰˳ 	���ˠ˰ CRS] ^\JX]S^SYX S] MN]L\SKNM J] ̀OY\N]^ ^\JX]S^SYX ^RNY\ć̓MNOY\N]^J^SYX \J^N] ]VYa Y\
N`NX \N`N\]N aRNX MN`NVYZWNX^ KNLYWN] VN]] MNZNXMNX^ YX ^RN Z\SWJ\c ]NL^Y\ ˟<J^RN\ ˖
=NNMVN˳ ����ˠ˰ 0Q\SL_V^_\JV ZYVSLc SX ^RN ]^J^N YO BĞY ?J_VY XNQJ^S`NVc SWZJL^NM ]WJVV JXM
WNMS_W OJ\WN\]˿ aNVV̐KNSXQ K_^ OJLSVS^J^NM \NOY\N]^J^SYX YX VJXM ^RJ^ LYX]YVSMJ^NM OJ\W] VNO^ ^Y
XJ^_\JV ]_LLN]]SYX˰

1\JdSV \N]^Y\NM XJ^S`N RJKS^J^] SX JKJXMYXNM WJ\QSXJV JQ\SL_V^_\JV J\NJ] ^R\Y_QR JQ\SL_V^_\JV
ZYVSLc JXM VJa] ^RJ^ N]^JKVS]R NX`S\YXWNX^JV Z\Y^NL^SYX] JXM ]SW_V^JXNY_]Vc M\S`N ^RN L\NJ^SYX
YO XNa L\YZVJXM˰ 5Y\N]^ ^\JX]S^SYX] J\N YO^NX M\S`NX Kc SXM_]^\SJVSdJ^SYX ZYVSLSN] ^RJ^ Z\YWY^N
\_\JV̐_\KJX WSQ\J^SYX˳ ^RN LYXLNX^\J^SYX YO WYMN\X JQ\SL_V^_\N YX ōJ^^N\ JXM ON\^SVN VJXM]˳ JXM
^RN JKJXMYXWNX^ YO WJ\QSXJV VJXM] ˟A_MNV N^ JV˰˳ 	���ˠ˰ CRN ^\JX]S^SYX ^Y \NOY\N]^J^SYX SX 1\JdSV̄]
]^J^N YO BĞY ?J_VY aJ] JV]Y ]_ZZY\^NM Kc ^RN 1\JdSVSJX 5Y\N]^ 2YMN ˟152ˠ˰ 0MYZ^NM SX ���˳ 152
Z\YWY^NM \NOY\N]^J^SYX Kc \N[_S\SXQ VJXMYaXN\] ^Y WJSX^JSX J ZN\LNX^JQN YO ^RNS\ Z\YZN\^SN] SX
XJ^S`N `NQN^J^SYX JXM Z\N]N\`N XJ^S`N `NQN^J^SYX YX ]VYZN] ]^NNZN\ ^RJX ��Y˳ RSVV^YZ]˳ JXM
\SZJ\SJX J\NJ] ˟2JVJKYXS N^ JV˰˳ 	���ˠ˰ 3N]ZS^N ]NLYXMJ\c OY\N]^ Q\Ya^R YX JKJXMYXNM VJXM]˳
Z\SWJ\c OY\N]^] LYX^SX_NM ^Y KN MNOY\N]^NM OY\ XNa JQ\SL_V^_\N ˟2JVJKYXS N^ JV˰˳ 	���˴ 5N\\Jd N^
JV˰˳ 	���ˠ˰ ?\SWJ\c OY\N]^ VY]] S] VJ\QNVc J^^\SK_^NM ^Y SXL\NJ]NM ]_QJ\LJXN Z\YM_L^SYX SX aRSLR
OJ\WN\] K_\X ŊNVM] KNOY\N L_V^S`J^SYX˳ VNJMSXQ ^Y VJ\QN̐]LJVN OY\N]^ Ŋ\N] ^RJ^ MNQ\JMN YVM̐Q\Ya^R
OY\N]^ RNJV^R ˟5N\\Jd N^ JV˰˳ 	���ˠ˰ CRN ZYVSLc ^RJ^ VNM ^Y \NOY\N]^J^SYX SX BĞY ?J_VY JV]Y VNM ^Y
NX`S\YXWNX^JV MNQ\JMJ^SYX ^RJ^ SWZNMNM NLY]c]^NW ]N\`SLN MNWJXM]˰ CRN]N ^\JMNYň] \N`NJV
^RN SWZY\^JXLN YO MN]SQXSXQ NX`S\YXWNX^JV JXM JQ\SL_V^_\JV ZYVSLSN] ^RJ^ LYWZVNWNX^ YXN
JXY^RN\ ^Y ]_K]^JX^SJVVc KNXNŊ^ KSYMS`N\]S^c˳ LJ\KYX˳ JXM R_WJX aNVV̐KNSXQ aRNX LYX]SMN\SXQ
JKJXMYXNM VJXM]˰

2RSXJ̄] 6\JSX OY\ 6\NNX ?\YQ\JW ˟656?ˠ S] ^RN aY\VM˿] VJ\QN]^ \NOY\N]^J^SYX Z\YQ\JW˰ 8X]^S^_^NM SX
���� ^Y LYX^\YV ]YSV N\Y]SYX˳ 656? Z\Y`SMN] MS\NL^ LJ]R ZJcWNX^] ^Y \_\JV RY_]NRYVM] ^Y
\N̐N]^JKVS]R OY\N]^] JXM Q\J]]VJXM] YX ]VYZNM L\YZVJXM]˰ 1c 	��
˳ 656? VNM ^Y 	�˰� WSVVSYX
RNL^J\N] YO \NQ\YaX OY\N]^] J^ ^RN LY]^ YO ̝�˰� KSVVSYX DB3˰ 656? OY\N]^] J\N VJ\QNVc


�



WYXYL_V^_\N] Y\ ]SWZVN WSbNM OY\N]^]˰ CRN]N OY\N]^] J\N YO^NX ^SWKN\˳ ^\NN O\_S^]˳ Y\ Y^RN\ LJ]R
L\YZ] ZVJX^NM aS^R Z\YM_L^SYX J] ^RN SX^NXMNM _]N ˟7_J N^ JV˰˳ 	��ˠ˰ FRSVN JL^S`N \N]^Y\J^SYX
_XMN\ ^RN 656? aJ] XY^ LYXM_L^NM aS^R LYX]N\`J^SYX J] ^RN Z\SWJ\c QYJV˳ ^RN Z\YQ\JW RJ]
SXL\NJ]NM LJ\KYX ]N[_N]^\J^SYX SX ]Y_^RN\X 2RSXJ˳ aS^R ^RN WJQXS^_MN MNZNXMNX^ YX J \NQSYX˿]
]ZNLSŊL VJXM _]N VJXM LY`N\ LRJXQN ˟7_ N^ JV˰˳ 	�	�ˠ˰ 7YaN`N\˳ M_N ^Y ^RN ^NXMNXLc OY\ 656?
OY\N]^] ^Y KN WYXYL_V^_\N]˳ ^RN KSYMS`N\]S^c YO KS\M ]ZNLSN] RJ] ]RYaX XN^ VY]]N] ˟7_J N^ JV˰˳
	��ˠ˰

4_\YZN˳ 2RSXJ˳ JXM 1\JdSV˿] NLYVYQSLJV ZYVSLSN] RJ`N VNM ^Y `J\SNM \NOY\N]^J^SYX VN`NV] Y`N\ ^RN
ZJ]^ ONa MNLJMN]˰ <Y\NY`N\˳ ^RN Z\NMYWSXJX^Vc XYX̐OY\N]^ NLY]c]^NW] SX WJXc 4_\YZNJX
\NQSYX] OJLSXQ JKJXMYXWNX^ \N[_S\N WY\N JL^S`N WJXJQNWNX^ ^Y SXL\NJ]N KSYMS`N\]S^c ˟5JcN^ N^
JV˰˳ 	�		J˴ 8]KNVV N^ JV˰˳ 	���˴ ANXaSLU N^ JV˰˳ 	��
ˠ˰ 8WZY\^JX^Vc˳ JQ\SL_V^_\JV JKJXMYXWNX^ S] YO^NX
SXō_NXLNM Kc J ZY]S^S`N ONNMKJLU VYYZ˲ ^RN \NVJ^S`N MNLVSXN YO aY\USXQ YZZY\^_XS^SN] VNJM] ^Y
Y_^̐WSQ\J^SYX˳ aRSLR LJ_]N] MSWSXS]RSXQ VN`NV] YO Z_KVSL JXM LYWWN\LSJV ]N\`SLN]˳ VNJMSXQ ^Y
O_\^RN\ WSQ\J^SYX JXM O_\^RN\ MNL\NJ]N] SX ]N\`SLN]˰ 3_N ^Y ^RS] ZY]S^S`N ONNMKJLU JXM ^RN XNNM
OY\ JL^S`N WJXJQNWNX^ SX WY]^ NLY]c]^NW]˳ ZYVSLSN] ^RJ^ LYX]YVSMJ^N JQ\SL_V^_\JV VJXM SX^Y J\NJ]
^RJ^ J\N ^RN VNJ]^ J^^\JL^S`N OY\ LJ\KYX ]N[_N]^\J^SYX JXM KSYMS`N\]S^c aRSVN Y^RN\ ZYVSLSN]
Z\YWY^N ^RN `JV_N YO Z_KVSL QYYM] O\YW XJ^_\JV ]c]^NW] VNJM ^Y ^RN KN]^ YZ^SWSdJ^SYX YO
JQ\SL_V^_\JV JKJXMYXWNX^˰

�˰	 ?Y^NX^SJV ?YVSLc <NLRJXS]W] SX 1\JdSV

2YX]SMN\SXQ ^RN K_MQN^ VSWS^J^SYX] YO \N]^Y\J^SYX Z\YTNL^]˳ ]N`N\JV \NLYWWNXMJ^SYX] LJX KN
WJMN OY\ XYXZ\YŊ^] ^Y Z\YWY^N ^RN MN`NVYZWNX^ YO NbS]^SXQ \N]^Y\J^SYX WNLRJXS]W]˰ ?\YQ\JW]
SX 1\JdSV OY\ \_\JV VJXM LYX]N\`J^SYX˳ NbZJXMSXQ Z\Y^NL^NM J\NJ]˳ JXM SWZ\Y`SXQ XJ^S`N X_\]N\c
SXO\J]^\_L^_\N YňN\ YZZY\^_XS^SN] ^Y WJbSWSdN ^RN KNXNŊ^] YO \N]^Y\SXQ JKJXMYXNM VJXM]˰ ?YVSLSN]
^RJ^ Z\Y`SMN VYXQ̐^N\W Z\Y^NL^SYX YO Z\YTNL^NM JKJXMYXNM VJXM] LRY]NX OY\ \N]^Y\J^SYX J\N JV]Y
SWZY\^JX^ ^Y NX]_\N KNXNŊ^] ^Y KSYMS`N\]S^c JXM LJ\KYX ]N[_N]^\J^SYX YLL_\˳ LYX]SMN\SXQ ^RN
XNNM OY\ JKJXMYXWNX^ ^Y ZN\]S]^ OY\ J^ VNJ]^ �� cNJ\] ^Y ]NN KNXNŊ^] ^Y LJ\KYX ]N[_N]^\J^SYX
JXM ZY^NX^SJVVc VYXQN\ OY\ KSYMS`N\]S^c ˟2\JaOY\M N^ JV˰˳ 	�		˴ AYdNXMJJV N^ JV˰˳ 	���ˠ˰ CY
WJbSWSdN ^RN ZY^NX^SJV KNXNŊ^]˳ ^RN\N J\N ]N`N\JV WNLRJXS]W] ^RJ^ XYXZ\YŊ^] LJX _^SVSdN ^Y
NX]_\N VYXQ̐^N\W Z\Y^NL^SYX˰

>XN YO ^RN WY]^ J^^\JL^S`N Z\Y^NL^SYX WN^RYM] OY\ Z\S`J^N VJXM] S] ^RN Z\S`J^N XJ^_\JV RN\S^JQN
\N]N\`N Z\YQ\JW ˟\N]N\`J ZJ\^SL_VJ\ MY ZJ^\SWŶXSY XJ^_\JVˠ SX ^RN 1\JdSVSJX 5Y\N]^ 2YMN˰ CRS]
Z\YQ\JW L\NJ^N] ^Jb SXLNX^S`N] ˟S˰N˰˳ NbNWZ^SYX O\YW ^RN A_\JV CN\\S^Y\SJV CJbˠ OY\ Z\S`J^N
VJXMYaXN\] ^Y LYX`N\^ ^RNS\ VJXM] ^Y ZN\WJXNX^ Z\S`J^N J\NJ]˰ CRS] ]c]^NW LY_VM KN ]_LLN]]O_V
SX \NQSYX] VSUN ^RN 0^VJX^SL 5Y\N]^˳ aRN\N Z\YTNL^NM JKJXMYXWNX^ JXM ]NVNL^NM ZJ\LNV] OY\
LYX]N\`J^SYX YLL_\ SX J O\JQWNX^NM ZJ^^N\X˰ FRSVN VJ\QN Z\Y^NL^NM J\NJ] YňN\ WJXc KNXNŊ^] ^Y
LJ\KYX ]N[_N]^\J^SYX JXM KSYMS`N\]S^c˳ Z\S`J^N \N]N\`N] aY_VM \N[_S\N VS^^VN QY`N\XWNX^JV
SX`N]^WNX^˳ JVVYaSXQ NX`S\YXWNX^JV WJXJQNWNX^ K_MQN^] ^Y OYL_] YX Z\Y^NL^SXQ J\NJ] aS^R
LYXLNX^\J^NM ZY^NX^SJV KNXNŊ^]˳ VSUN ^RN 0WJdYX OY\N]^˰ CRN]N Z\S`J^N \N]N\`N] JVVYa ^RN






]_]^JSXNM _]N YO \NXNaJKVN NX`S\YXWNX^JV \N]Y_\LN] aRSVN WJSX^JSXSXQ KSYMS`N\]S^c JXM Y^RN\
NLYVYQSLJV J^^\SK_^N]˰

<JXc L_\\NX^ \N]N\`N] J\N Z\S`J^N O\YW ^RN Z_KVSL K_^ YZNX OY\ \N]NJ\LR JXM LYX]N\`J^SYX
NňY\^]˰ CRN VJ\QN]^ X_WKN\ YO ^RN]N \N]N\`N] J\N OY_XM SX ^RN ]^J^N YO 1JRSJ˳ SX ^RN 0^VJX^SL
5Y\N]^̓NWZRJ]SdSXQ ^RNS\ ]_LLN]] J^ LYX]N\`SXQ VJXM SX ^RN J\NJ] ^RN Z\YQ\JW LJX KN WY]^
NňNL^S`N˰ 7YaN`N\˳ Y_\ Z\YTNL^SYX] JV]Y \N`NJVNM ^RJ^ L\YZVJXM ZN\]S]^] aS^RSX ^RN]N NbS]^SXQ
\N]N\`N] JXM ^RJ^ ]YWN YO ^RN]N VJXM] WJc KN JKJXMYXNM˰ CRS] VSUNVc LYXLN\X] ^RN VJLU YO
LYRN]S`N LYX]N\`J^SYX ZVJX] \N[_S\NM Kc ^RN Z\S`J^N XJ^_\JV RN\S^JQN \N]N\`N ]c]^NW ˟AYM\SQ_N]
N^ JV˰˳ 	���˴ 9YVc N^ JV˰˳ 	���ˠ˰ =YXZ\YŊ^ Y\QJXSdJ^SYX] LJX Z\YWY^N NbZJXMSXQ ^RN Z\S`J^N XJ^_\JV
RN\S^JQN \N]N\`N Z\YQ\JW ^Y SXLV_MN WY\N LYX]N\`J^SYX ZVJXXSXQ JXM WYXS^Y\SXQ ^Y NX]_\N
Z\S`J^N \N]N\`N] MY XY^ SVVNQJVVc L_V^S`J^N L\YZ] YX ^RNS\ VJXM]˰ CRN\N JV]Y S] JX YZZY\^_XS^c ^Y
^J\QN^ ]NVNL^NM ZJ\LNV] aS^R RSQR LJ\KYX ]N[_N]^\J^SYX JXM KSYMS`N\]S^c ZY^NX^SJV] ^Y TYSX ^RN
Z\S`J^N XJ^_\JV RN\S^JQN \N]N\`N Z\YQ\JW˰

0X JMMS^SYXJV YK]^JLVN J\S]N] O\YW VSWS^NM XJ^S`N ]ZNLSN] ]NNM ]^YLU]̓JX SWZY\^JX^ S]]_N
LYX]SMN\SXQ ^RN RSQR VN`NV] YO NXMNWSL ]ZNLSN] OY_XM SX 1\JdSV̄] MS`N\]N KSYWN]˰ CRN\N S] VSWS^NM
J`JSVJKSVS^c YO XJ^S`N ]ZNLSN] X_\]N\SN] Y_^]SMN YO ^RN 0^VJX^SL 5Y\N]^˳ ZY]SXQ S]]_N] OY\ JL^S`N
\N]^Y\J^SYX NňY\^] SX Y^RN\ \NQSYX]˰ CRN]N LRJVVNXQN] ^Y SWZ\Y`SXQ KSYMS`N\]S^c J\N NbJLN\KJ^NM
Kc J OYL_] YX LYWWN\LSJV \NOY\N]^J^SYX SX WJXc Z\YTNL^]˳ aRSLR Z\YM_LN] VSWS^NM KSYMS`N\]S^c
^R\Y_QR WYXYL_V^_\N] ˟<NVY N^ JV˰˳ 	��
˴ <Y\NS\J MJ BSV`J N^ JV˰˳ 	���ˠ˰ 0\NJ] VSUN ^RN 0WJdYX
RJ`N ]SQXSŊLJX^Vc VN]] MS`N\]S^c YO XJ^S`N ]NNMVSXQ \N]Y_\LN] LYWZJ\NM ^Y ^RN 0^VJX^SL 5Y\N]^˳
aRSLR S] NbJLN\KJ^NM Kc ]NNM LYVVNL^SYX SX Z\Y^NL^NM J\NJ] KNSXQ SVVNQJV˰ ?\N`SY_] \N]NJ\LR RJ]
]RYaX ^RJ^ RS\SXQ VYLJV VJXMYaXN\] SX ^RN 0WJdYX ^Y Z\YL_\N XJ^S`N ]NNMVSXQ ]^YLU S] RSQRVc
NňNL^S`N˳ aS^R VYLJV] Z\YM_LSXQ �� XJ^S`N ^\NN ]ZNLSN] OY\ X_\]N\SN]˰ 8X LYX^\J]^˳ LYWWN\LSJV
YZN\J^SYX] aN\N VSWS^NM ^Y � ]ZNLSN] ˟<Y\NS\J MJ BSV`J N^ JV˰˳ 	���ˠ˰ CRN 0^VJX^SL 5Y\N]^˳ SX
LYX^\J]^˳ RJ] ^RN WY]^ \YK_]^ ]^YLU YO MS`N\]N˳ XJ^S`N ]ZNLSN] ^RJXU] ^Y ^RN 0^VJX^SL 5Y\N]^
AN]^Y\J^SYX ?JL^˳ aRSLR K_SV^ Y_^ WY\N MS`N\]N X_\]N\SN] Kc LYXXNL^SXQ VYLJV ]NNM LYVVNL^Y\]˳
XYXZ\YŊ^]˳ JXM LYWWN\LSJV LYWZJXSN]˰

5SXJVVc˳ S^̄] SWZY\^JX^ OY\ XYXZ\YŊ^] ^Y ZN\]_JMN OY\NSQX QY`N\XWNX^] ^Y SX`N]^ SX ^RN 0WJdYX
5_XM JXM ]SWSVJ\ \N]^Y\J^SYX NňY\^] ^Y SXL\NJ]N YZZY\^_XS^SN] OY\ LYX]N\`J^SYX˰ CRN ]YV_^SYX]
O\YW Y_\ Z\SY\S^SdJ^SYX OJ`Y\ LYXLNX^\J^NM \N]^Y\J^SYX YO VJXM] SX ^RN 0WJdYX˰ 7YaN`N\˳ K\SXQSXQ
O_^_\N JKJXMYXNM L\YZVJXM SX^Y RNJV^Rc Z\Y^NL^NM J\NJ] aSVV \N[_S\N VYXQ̐^N\W ZVJXXSXQ JXM
WJXJQNWNX^˳ J] aNVV J] ]_ŎLSNX^ O_XM]̓MNWYX]^\J^NM Kc ^RN K_MQN^ VSWS^J^SYX] YO ^RN WYMNV˰
8XL\NJ]SXQ SX`N]^WNX^] SX \N]^Y\J^SYX JXM \N]SVSNXLN LJX K\SXQ 1\JdSV LVY]N\ ^Y ^RN LVSWJ^N ^J\QN^]
^RNc J\N LYWWS^^NM ^Y˰

=YXZ\YŊ^] LJX KN N]]NX^SJV SX Z\YWY^SXQ ^RN NWZYaN\WNX^ JXM NbZJX]SYX YO NbS]^SXQ
\N]^Y\J^SYX WNLRJXS]W] ^Y WJbSWSdN ^RN KNXNŊ^] YO \N]^Y\SXQ JKJXMYXNM VJXM] SX 1\JdSV˰ CRN
Z\S`J^N XJ^_\JV RN\S^JQN \N]N\`N Z\YQ\JW YňN\] JX J^^\JL^S`N Z\Y^NL^SYX WN^RYM OY\ Z\S`J^N VJXM]˰
<NJXaRSVN˳ SWZ\Y`SXQ XJ^S`N X_\]N\c SXO\J]^\_L^_\N JXM Z\YWY^SXQ OY\NSQX SX`N]^WNX^ SX
\N]^Y\J^SYX O_XM] LJX RNVZ SXL\NJ]N ^RN J`JSVJKSVS^c YO XJ^S`N ]ZNLSN] JXM ]NL_\N VYXQ̐^N\W


�



Z\Y^NL^SYX˰ 8WZVNWNX^SXQ ^RN]N \NLYWWNXMJ^SYX] LJX RNVZ 1\JdSV JLRSN`N S^] LVSWJ^N ^J\QN^]
aRSVN WJSX^JSXSXQ KSYMS`N\]S^c JXM Y^RN\ NLYVYQSLJV J^^\SK_^N]˰

�˰
 2YXLV_]SYX

CRS] LRJZ^N\ RSQRVSQR^] ^RN ZY^NX^SJV YO JQ\SL_V^_\JV ZYVSLSN] ^Y VNJM ^Y VJXM JKJXMYXWNX^ J] aNVV
J] ^RN LRJVVNXQN] ^Y WSXSWSdSXQ JKJXMYXWNX^ ^R\Y_QR ZYVSLc˰ CRN 4D̄] ZYVSLSN]˳ VSUN 20?˳ SX^NXM
^Y Z\N`NX^ JQ\SL_V^_\JV JKJXMYXWNX^ K_^ MY XY^ JVaJc] ]_LLNNM˰ <Y\NY`N\˳ ^RN ZYVSLSN] VJLU
O\JWNaY\U] ^Y VN`N\JQN JKJXMYXNM VJXM] OY\ ^RNS\ ZY^NX^SJV KNXNŊ^] ^Y KSYMS`N\]S^c JXM LJ\KYX
]N[_N]^\J^SYX˰ <NJXaRSVN˳ 1\JdSV̄] RS]^Y\c YO JQ\SL_V^_\JV ZYVSLc O\YW ^RN ���] MNWYX]^\J^N] ^RN
ZY^NX^SJV OY\ ZYVSLc ^Y Z\YM_LN WJ\QSXJV L\YZVJXM JKJXMYXWNX^ aS^RY_^ LYX]SMN\SXQ ^RN
ZRNXYWNXYX˰ CRN RS]^Y\c YO JQ\SL_V^_\JV VJXM JKJXMYXWNX^ ZYVSLSN] NWZRJ]SdN] ^RN SWZY\^JXLN
YO MN]SQXSXQ NX`S\YXWNX^JV JXM JQ\SL_V^_\JV ZYVSLSN] ^RJ^ LYWZVNWNX^ NJLR Y^RN\ ^Y Z\Y`SMN
]_K]^JX^SJV KNXNŊ^] ^Y KSYMS`N\]S^c˳ LJ\KYX˳ JXM R_WJX̐aNVVKNSXQ aRSVN LYX]SMN\SXQ ^RN ZY^NX^SJV
YO JKJXMYXNM VJXM]˰ 1\SXQSXQ J^^NX^SYX ^Y ^RN ]LJVN YO L\YZVJXM JKJXMYXWNX^ JXM NbS]^SXQ
ZYVSLSN] ^RJ^ LJX KYV]^N\ ^RN ]^\J^NQSL _]N YO ^RY]N VJXM] J\N XNLN]]J\c ^Y ]_ZZY\^ ]_]^JSXJKVN
VJXM _]N ^\JX]S^SYX]˰


�



�˰ 2YXLV_]SYX

� �˰ ;SWS^J^SYX]

>_\ QVYKJV Z\YTNL^SYX] YO L\YZVJXM JKJXMYXWNX^ NbJWSXNM ^RN MSňN\NXLN KN^aNNX J KJ]NVSXN
	��� L\YZVJXM VJcN\ JXM J O_^_\N Z\YTNL^SYX VJcN\ SX 	���˰ 7YaN`N\˳ S^ S] ZY]]SKVN ^RJ^ VJXM
KNLJWN JKJXMYXNM ]YWN^SWN KN^aNNX 	��� JXM 	��� K_^ aJ] \N̐L_V^S`J^NM OY\ L\YZ] KNOY\N
	���˰ CRS] aY_VM XY^ ]RYa _Z SX Y_\ QVYKJV Z\YTNL^SYX]˰ 0MMS^SYXJVVc˳ ^RN JXJVc]S] MYN] XY^ ]RYa
aRNX SX ^RJ^ 
�̐cNJ\ aSXMYa ^RN L\YZVJXM KNLJWN JKJXMYXNM˰

8X ]YWN \NQSYX]˳ Y_\ O_^_\N Z\YTNL^SYX] YO L\YZVJXM JKJXMYXWNX^ aN\N RSQRVc O\JQWNX^NM˳ aS^R
`N\c VS^^VN LYXXNL^S`S^c KN^aNNX ZJ\LNV] Z\YTNL^NM ^Y KN JKJXMYXNM˰ CRS] VJLU YO LYXXNL^S`S^c
VSWS^] ^RN NŎLJLc YO Z\SY\S^SdSXQ VJXM] OY\ LYX]N\`J^SYX QYJV]˳ N]ZNLSJVVc Z\N]N\`SXQ KSYMS`N\]S^c˰ 8O
JX JKJXMYXNM ZJ\LNV S] \NOY\N]^NM K_^ S] ]_\\Y_XMNM Kc VJXM] ]^SVV KNSXQ _]NM OY\ JQ\SL_V^_\JV
Z\YLN]]N]˳ ^RN\N WJc KN XY aJc OY\ XJ^S`N ]ZNLSN] ^Y WY`N KJLU SX^Y JXM \NZYZ_VJ^N XNaVc
\N]^Y\NM VJXM˰ <Y\NY`N\˳ ^RS] VSWS^] ^RN ZY^NX^SJV ^Y L\NJ^N XNa LYX]N\`J^SYX XN^aY\U]˳ Y\ ^Y
NbZJXM NbS]^SXQ Z\Y^NL^NM J\NJ]˳ ]SXLN O\JQWNX^NM ZJ\LNV] aSVV YO^NX KN S]YVJ^NM Kc Z\S`J^N
L\YZVJXM]˰

0MMS^SYXJVVc˳ Y_\ MJ^J LY`N\JQN OY\ LJ\KYX ]N[_N]^\J^SYX \J^N] RJM SXLYWZVN^N LY`N\JQN aS^RSX
1\JdSV˰ CRN ?JX^JXJV \NQSYX˳ aRSLR LYX^JSX] RSQR VN`NV] YO S\\NLY`N\JKVN LJ\KYX˳ S] WS]]SXQ O\YW
Y_\ LJ\KYX JLL_W_VJ^SYX ZY^NX^SJV MJ^J]N^˰ CRS] MS]LY_\JQN] ^RN ?\SY\S^Sd\ WYMNV O\YW ]NVNL^SXQ
ZJ\LNV] aS^RSX ^RN ?JX^JXJV OY\ \N]^Y\J^SYX˳ N`NX SO ^RNc WJc RJ`N RSQR `JV_N OY\ LJ\KYX
]N[_N]^\J^SYX˰

5SXJVVc˳ JX Y\SQSXJV SX^NX^SYX YO Y_\ \N]NJ\LR aJ] ^Y SXLY\ZY\J^N ^RN SWZJL^] YO L\YZVJXM
JKJXMYXWNX^ YX R_WJX aNVV̐KNSXQ˰ FRSVN ^RN NňNL^] YO JKJXMYXWNX^ YX ZNYZVN J\N SWZN\J^S`N
^Y _XMN\]^JXM˳ S^ aJ] XY^ ONJ]SKVN ^Y \N]ZYX]SKVc SXLY\ZY\J^N J [_JX^S^J^S`N WNJ]_\NWNX^ YO
R_WJX aNVV̐KNSXQ ^RJ^ JMMNM `JV_JKVN SX]SQR^] ^Y Y_\ Z\YTNL^SYX] JXM Z\SY\S^SdJ^SYX˰
2YX]SMN\J^SYX] \NQJ\MSXQ R_WJX aNVV̐KNSXQ J\N NbZVY\NM O_\^RN\ SX Y_\ VS^N\J^_\N \N`SNa SX
0ZZNXMSb 0˰

�˰	 5_^_\N AN]NJ\LR

<JXc _XJX]aN\NM [_N]^SYX] \NWJSX JKY_^ JQ\SL_V^_\JV JKJXMYXWNX^ JXM S^] SWZVSLJ^SYX] OY\
KSYMS`N\]S^c JXM LJ\KYX ]N[_N]^\J^SYX˰ CRS] JXJVc]S] OYL_]NM YXVc YX L\YZVJXM]˳ QS`NX ^RJ^ Y_\
VJXM LY`N\ MJ^J ˟2RNX N^ JV˰˳ 	�		ˠ MSM XY^ MS]^SXQ_S]R KN^aNNX Q\J]]VJXM] JXM ZJ]^_\N˰ CRN
SXJKSVS^c ^Y MS]^SXQ_S]R KN^aNNX ^RN XJ^_\JV JXM JV^N\NM VJXM _]N] WNJX] aN \NWY`NM ^RN NňNL^]
YO ZJ]^_\N NX^S\NVc O\YW ^RN JXJVc]S]˰ FS^R ^RN J`JSVJKSVS^c YO O_^_\N VJXM LY`N\ MJ^J ]N^]˳ JVV
JQ\SL_V^_\JV VJXM˳ SXLV_MSXQ KY^R L\YZVJXM JXM ZJ]^_\N˳ LY_VM KN SXLV_MNM SX J ]SWSVJ\
Z\SY\S^SdJ^SYX˰ 0MMS^SYXJVVc˳ O_^_\N \N]NJ\LR ]RY_VM JXJVcdN ZY^NX^SJV ^\NXM] JXM MSňN\NXLN] SX
JKJXMYXWNX^ \J^N] Kc L\YZ ^cZN˰ 3NZNXMSXQ YX ^RN MYWSXJX^ Z\N̐JKJXMYXWNX^ L\YZ ^cZN˳ ]YSV
[_JVS^c JXM \N]^Y\J^SYX LY]^] WJc `J\c˰


�



<Y\NY`N\˳ O_^_\N aY\U LY_VM JV]Y SXLV_MN SXZ_^] SX^Y ^RN ?\SY\S^Sd\ WYMNV ^RJ^ LYX]SMN\ ^RN
LYXXNL^S`S^c YO ZJ\LNV] aRNX WJUSXQ ]NVNL^SYX]˰ CRS] aY_VM ZVJLN RNSQR^NXNM `JV_N YX RJKS^J^
LYXXNL^S`S^c˳ ]SXLN \N]^Y\SXQ S]YVJ^NM ZJ\LNV] WJc XY^ KN J] WNJXSXQO_V J] ^RN \N]^Y\J^SYX YO
VJXM] JMTJLNX^ ^Y JV\NJMc NbS]^SXQ \N]N\`N]˰

>_\ QVYKJV Z\YTNL^SYX] YO L\YZVJXM JKJXMYXNM OYL_]NM YX J ]SXQVN ^SWN RY\SdYX ˟	���ˠ˰ 5_^_\N
\N]NJ\LR ]RY_VM NbJWSXN RYa JKJXMYXWNX^ MSňN\] SX ^RN XNJ\ ^N\W ˟	�
�ˠ JXM ^RN VYXQ ^N\W
˟J] VJ^N J] 	���ˠ˳ OY\ aRSLR MJ^J LY`N\JQN NbS]^]˰ CRS] aY_VM QS`N J WY\N LYWZVN^N ZSL^_\N YO ^RN
Z\YQ\N]]SYX YO JKJXMYXNM VJXM Y`N\ ^SWN˳ JXM Z\Y`SMN WY\N SX]SQR^ OY\ VJXM WJXJQN\]
J^^NWZ^SXQ ^Y Z\SY\S^SdN ]ZNLSŊL ZJ\LNV] YO JKJXMYXNM VJXM KJ]NM YX ^RNS\ QYJV]˰

�˰
 0KJXMYXNM 2\YZVJXM̄] AYVN SX 2YX]N\`J^SYX

0KJXMYXNM L\YZVJXM LJX ZVJc JX N]]NX^SJV \YVN SX WNN^SXQ QVYKJV LYX]N\`J^SYX QYJV]˳ aS^R J
\JXQN YO �˰� ^Y 
˰
 WSVVSYX UW	YO VJXM Z\YTNL^NM ^Y KN JKJXMYXNM MNZNXMSXQ YX ^RN LVSWJ^N
]LNXJ\SY˰ 7Ya L\YZVJXM JKJXMYXWNX^ S] JMM\N]]NM aSVV `J\c \NQSYXJVVc˳ J] ^RN JWY_X^ YO
Z\YTNL^NM JKJXMYXWNX^ MSňN\] Kc BB? JXM J\NJ YO SX^N\N]^˰ 6VYKJVVc˳ BB?� ˟̀B_]^JSXJKSVS^ćˠ RJM
^RN RSQRN]^ JWY_X^ YO Z\YTNL^NM JKJXMYXWNX^ JXM aJ] ^RN YXVc LVSWJ^N ]LNXJ\SY aS^R J XN^ VY]]
YO L\YZVJXM Kc 	���˰ 0VV Y^RN\ ]LNXJ\SY] Z\YTNL^ XN^ L\YZVJXM Q\Ya^R˳ aRSLR NWZRJ]SdN] ^RN
SWZY\^JXLN YO ^J\QN^SXQ \NQSYX] ^R\NJ^NXNM Kc JKJXMYXWNX^ ^Y MNL\NJ]N VJXM _]N LRJXQN O\YW
XJ^S`N `NQN^J^SYX ^Y L\YZVJXM˰

FS^RSX 1\JdSV˳ RYaN`N\˳ BB?� \N]_V^NM SX ^RN RSQRN]^ Z\YTNL^NM JKJXMYXWNX^˰ CRS] _XMN\]LY\N]
^RN ]YLSYNLYXYWSL XJ^_\N YO ^RN BB?̐A2? LY_ZVNM LVSWJ^N ]LNXJ\SY] JXM S^] SXō_NXLN YX O_^_\N
VJXM _]N LRJXQN]˰ CRN ]LJVN YO ̀LYX]S]^NX^́ JKJXMYXNM ZJ\LNV] JL\Y]] JVV BB?] S] \Y_QRVc ^RN
]JWN JWY_X^ YO VJXM 1\JdSV ]N^ ^Y \N]^Y\N ˟�	 <RJˠ˳ SXMSLJ^SXQ ^RJ^ \NQSYXJV \N]^Y\J^SYX JXM
LYX]N\`J^SYX QYJV] LY_VM ZY^NX^SJVVc KN WN^ Kc VN`N\JQSXQ L\YZVJXM JKJXMYXWNX^˰

0MMS^SYXJVVc˳ ^RN XN^ NňNL^ YO L\YZVJXM JKJXMYXWNX^ MSňN\] KN^aNNX \NQSYX]˰ 8X 4_\YZN˳
JKJXMYXWNX^ RJ] VJ\QNVc XNQJ^S`N NňNL^] J] QJSX] ^Y KSYMS`N\]S^c J\N ]VSW ^Y XYXN J] aSVMVSON
^RN\N RJ] LY̐N`YV`NM aS^R R_WJX̐JV^N\NM VJXM]LJZN]˳ JXM LJ\KYX ]N[_N]^\J^SYX ZY^NX^SJV S] VYa˰
7YaN`N\˳ SX ^RN XNY^\YZSL]˳ JKJXMYXWNX^ LJX RNVZ \N]^Y\N WY\N \NLNX^ VY]]N] ^Y KSYMS`N\]S^c
JXM LJ\KYX˰

>_\ 1\JdSV LJ]N ]^_Mc̄] Z\SY\S^SdJ^SYX WYMNV OY_XM ^RJ^ K_MQN^ LYX]^\JSX^] VSWS^ ^RN ZY^NX^SJV
\N]^Y\J^SYX YO JKJXMYXNM L\YZVJXM]˰ ?YVSLc ]RY_VM ^J\QN^ VJXM] ^Y \NWJSX J] JQ\SL_V^_\N aRSVN
JV]Y _]SXQ ^RN \N]_V^] O\YW ^RS] Z\SY\S^SdJ^SYX WYMNV ^Y SMNX^SOc J\NJ] ^RJ^ WJc KN KN^^N\ _]NM OY\
LYX]N\`J^SYX ^RJX LYX^SX_NM JQ\SL_V^_\JV _]N˰ =YXZ\YŊ^] LJX Z_\]_N \N]^Y\J^SYX Kc Z\YWY^SXQ
^RN NbZJX]SYX YO NbS]^SXQ \N]^Y\J^SYX WNLRJXS]W] ^Y Z\Y`SMN VYXQ̐^N\W Z\Y^NL^SYX YO \N]^Y\NM
JKJXMYXNM VJXM]˳ VSUN 1\JdSV̄] Z\YQ\JW OY\ \_\JV VJXM LYX]N\`J^SYX˳ NbZJXMSXQ Z\Y^NL^NM J\NJ]˳
JXM SWZ\Y`SXQ XJ^S`N X_\]N\c SXO\J]^\_L^_\N˰ 0MMS^SYXJVVc˳ XYXZ\YŊ^] LJX K_SVM LJZJLS^c OY\
\N]^Y\J^SYX Kc NXLY_\JQSXQ OY\NSQX QY`N\XWNX^] ^Y SX`N]^ SX ^RN 0WJdYX 5_XM JXM ]SWSVJ\
\N]^Y\J^SYX O_XM]˰

��



4bS]^SXQ ZYVSLSN] JXM WY`NWNX^] ^Y SXL\NJ]N O_XMSXQ OY\ \N]^Y\J^SYX YňN\ YZZY\^_XS^SN] ^Y K\SXQ
^RN]N VJXM] SX^Y Z\N]N\`NM ]^J^_]˰ CRN\N JV]Y S] J XNNM ^Y SWZ\Y`N ^RN WYXS^Y\SXQ JXM
NXOY\LNWNX^ YO ]^\J^NQSN] ^RJ^ \NVc YX LYWW_XS^c JXM Z\S`J^N VJXMYaXN\ LYYZN\J^SYX ^Y NX]_\N
LYX]N\`NM VJXM] J\N XY^ MS]^_\KNM Kc O_\^RN\ VJXM _]N LRJXQN˰

��



0ZZNXMSLN]˲

0˰ 7_WJX aNVV̐KNSXQ

8^ S] N]]NX^SJV ^Y LYX]SMN\ R_WJX aNVV̐KNSXQ aRNX MS]L_]]SXQ JQ\SL_V^_\JV VJXM] JXM ^RNS\
ZY^NX^SJV _]N LRJXQN SX^Y \N]^Y\J^SYX JXM LYX]N\`J^SYX J\NJ]˰ ?\YM_L^S`N JQ\SL_V^_\JV VJXM] J\N
XNLN]]J\c ^Y ONNM ^RN aY\VM̄] ZNYZVN˰ ;JXM JKJXMYXWNX^ JXM ^RN \N]^Y\J^SYX YO JKJXMYXNM
VJXM RJ] ^RN ZY^NX^SJV ^Y LYX^\SK_^N ^Y XJ^_\N̐KJ]NM NLY]c]^NW ]N\`SLN] ]_LR J] LJ\KYX
]N[_N]^\J^SYX˰ 8X WJXc \NQSYX] JL\Y]] ^RN QVYKN˳ ^RN aNVV̐KNSXQ YO Z\N]NX^ JXM O_^_\N
QNXN\J^SYX] MNZNXM] YX ^RN LYX^SX_Y_] ōYa YO ^RN]N NLY]c]^NW ]N\`SLN] ˟?N\NS\J N^ JV˰˳ 	���ˠ˰
CR_]˳ ^RN WJXc ^\JMNYň] KN^aNNX LYX^SX_NM L_V^S`J^SYX JXM VJXM JKJXMYXWNX^ J\N LYWZVNb
JXM ]S^_J^SYXJV˳ JXM MNZNXM YX ^RN R_WJX aNVV̐KNSXQ OJL^Y\] LYX]SMN\NM˰ 0 ]c]^NWJ^SL \N`SNa SX
^RN <NMS^N\\JXNJX \NQSYX OY_XM JKJXMYXNM VJXM] RJM WY]^Vc WSbNM Y\ XNQJ^S`N SWZJL^] YX
[_JVS^c YO VSON WN^\SL] ]_LR J] OYYM ]NL_\S^c˳ ]YLSJV \NVJ^SYX]˳ JXM Z\YZN\^c \SQR^] ˟@_SX^J]̐BY\SJXY
N^ JV˰˳ 	�		ˠ˰ FS^R _XLN\^JSX \N]_V^]˳ ^RN\N \NWJSX] J UXYaVNMQN QJZ SX VJXM JKJXMYXWNX^˿]
SWZJL^ YX R_WJX aNVV̐KNSXQ˰ 7YaN`N\˳ Y^RN\ WN^\SL] MNŊXNM SX VJXMWJ\U R_WJX aNVV̐KNSXQ
]^_MSN] ]_LR J] =J^_\N 3NZNXMNX^ ?NYZVN JXM =J^_\N̄] 2YX^\SK_^SYX ^Y ?NYZVN YňN\ SX]SQR^ SX^Y
^RN SWZJL^ VJXM JKJXMYXWNX^ WJc RJ`N YX ]YLSY̐NLYXYWSL OJL^Y\] ˟5NMNVN N^ JV˰˳ 	�	�˳
@_SX^J]̐BY\SJXY N^ JV˰˳ 	�		ˠ˰

AN`NQN^J^SYX YO JKJXMYXNM L\YZVJXM LJX SWZJL^ R_WJX aNVV̐KNSXQ SX MSňN\NX^ aJc]˰ CaY
ZS`Y^JV ]^_MSN] RJ`N [_JX^SŊNM XJ^_\JV VJXM]̄ SWZJL^] YX R_WJX aNVV̐KNSXQ˰ 8X KY^R ]^_MSN]˳
\NaSVMSXQ YO JKJXMYXNM VJXM] aJ] _]NM ^Y \N]^Y\N SX^N\JL^SYX] KN^aNNX XJ^_\N JXM R_WJX]˰
4SQR^c̐]N`NX ZN\LNX^ YO ^RN QVYKJV ZYZ_VJ^SYX KNXNŊ^] O\YW VYLJV L\S^SLJV XJ^_\JV J]]N^] ]_LR J]
XS^\YQNX \N^NX^SYX˳ O_NVaYYM Z\YM_L^SYX˳ JXM JLLN]] ^Y XJ^_\N˰ 8X 1\JdSV˳ ��˰�˛ YO ZNYZVN KNXNŊ^
O\YW ]SQXSŊLJX^ XJ^_\JV J]]N^] ˟2RJZVSX̐:\JWN\ N^ JV˰˳ 	�		ˠ˰ 4LY]c]^NW ]N\`SLN] ]_LR J] LYJ]^JV
Z\Y^NL^SYX˳ aJ^N\ [_JVS^c \NQ_VJ^SYX˳ LYJ]^JV \S]U \NM_L^SYX˳ JXM L\YZ ZYVVSXJ^SYX aN\N JMMS^SYXJV
XJ^_\JV J]]N^] ^RJ^ KNXNŊ^ R_WJX aNVV̐KNSXQ aRNX SX^JL^ ˟2RJZVSX̐:\JWN\ N^ JV˰˳ 	���˴ 5NMNVN N^
JV˰˳ 	�	�ˠ˰

>XN WN^RYM ^Y WNJ]_\N ^RN SWZY\^JXLN YO ^RN RNJV^R YO ^RN VYLJV NX`S\YXWNX^ JXM R_WJX
aNVV̐KNSXQ S] ^Y LYX]SMN\ ^RN VN`NV YO MNZNXMNXLN SXMS`SM_JV] RJ`N YX ^RN NX`S\YXWNX^ OY\
VS`NVSRYYM JXM ]_\`S`JV˰ 0 ]^_Mc YX ̀XJ^_\N MNZNXMNX^ ZNYZVŃ ŊXM] ^RJ^ �˰	 KSVVSYX ZNYZVN SX
^\YZSLJV LY_X^\SN]̓
�˛ YO ^RNS\ ZYZ_VJ^SYX̓J\N RSQRVc MNZNXMNX^ YX XJ^_\N OY\ O_VŊVVSXQ KJ]SL
R_WJX XNNM] ]_LR J] RY_]SXQ WJ^N\SJV]˳ M\SXUSXQ aJ^N\˳ O_NV OY\ LYYUSXQ˳ JXM OY\ J WJSX
YLL_ZJ^SYX ˟5NMNVN N^ JV˰˳ 	�	�ˠ˰ CRS] ]^_Mc LJX SXOY\W ]ZNLSŊL \NQSYX] SX ^RN =NY^\YZSL] ^Y OYL_]
YX ^RN SWZJL^] YO VJXM JKJXMYXWNX^ Kc SMNX^SOcSXQ VYLJVSdNM LYXLNX^\J^SYX] YO
XJ^_\N̐MNZNXMNX^ LYWW_XS^SN]˰ 8^ S] N]^SWJ^NM ^RJ^ �˰	˛ YO ^RN 1\JdSVSJX ZYZ_VJ^SYX˳ Y\
��˳���˳
� ZNYZVN˳ \JXU J] RSQR Y\ `N\c RSQR SX XJ^_\N MNZNXMNXLN SXMSLJ^Y\] ˟5NMNVN˳ N^ JV˰˳
	�	�ˠ˰ CRS] ]^_Mc JV]Y LVJSW] ^RJ^ RSQR XJ^_\N MNZNXMNX^ LY_X^\SN] ^NXM ^Y RJ`N VYaN\ R_WJX
MN`NVYZWNX^ \JXUSXQ˰ CRS] JVSQX] aS^R Y^RN\ ]^_MSN] ^RJ^ MNWYX]^\J^N ^RJ^ RSQR MS\NL^ _]N YO
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XJ^_\JV \N]Y_\LN] S] _]_JVVc J]]YLSJ^NM aS^R LYWW_XS^SN] YO ZNYZVN aRY RJ`N VSWS^NM WJ\UN^
JLLN]]˳ RSQR ZY`N\^c \J^N]˳ JXM ]^\YXQ L_V^_\JV ^SN] ^Y XJ^_\N ˟1N\UN] N^ JV˰˳ 	���˴ 0XQNV]NX N^ JV˰˳
	���ˠ˰ 2YX]SMN\SXQ ^RN]N ]^_MSN]˳ \NOY\N]^SXQ JKJXMYXNM VJXM] JXM \N]^Y\SXQ XJ^_\N ^Y ZNYZVN
aRY MNZNXM YX S^ LJX JMM\N]] QVYKJV NX`S\YXWNX^JV T_]^SLN S]]_N]˰

CRN J]]N]]WNX^ YX XJ^_\N MNZNXMNX^ ZNYZVN JL\Y]] ^RN ^\YZSL] Z\Y`SMN] J OY_XMJ^SYX OY\
R_WJX aNVV̐KNSXQ WN^\SL] SX ^R\NN LJ^NQY\SN]˲ _XS`N\]JV XNNM ]J^S]ŊN\] ˟6Y_QR˳ 	���ˠ˳ KJ]SL
WJ^N\SJV] OY\ QYYM VSON ˟<SVVNXXS_W 4LY]c]^NW 0]]N]]WNX^˳ 	���ˠ˳ JXM ]YLSJV OY_XMJ^SYX]
˟AJaY\^R˳ 	��	ˠ˰ AN]ZNL^S`NVc˳ ^RN]N SXMSLJ^Y\] SXLV_MN OJL^Y\] OY\ JMN[_J^N X_^\S^SYXJV OYYM JXM
aJ^N\˳ Z\Y^NL^S`N RY_]SXQ˳ NLYXYWSL ]NL_\S^c ˟6Y_QR˳ 	���ˠ˳ JMN[_J^N VS`NVSRYYM] JXM SXLYWN˳
JLLN]] ^Y NXN\Qc ˟<SVVNXXS_W 4LY]c]^NW 0]]N]]WNX^˳ 	���ˠ˳ JXM ]JXS^J^SYX ˟AJaY\^R N^ JV˰˳
	��	ˠ˰
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1˰ ANOY\N]^J^SYX ANōNL^SYX] SX <YX^N`N\MN˳ 2Y]^J ASLJ

ANQJ\MVN]] YO aRN\N O_^_\N Z\YTNL^SYX] YX JQ\SL_V^_\JV VJXM JKJXMYXWNX^ J\N˳ R_WJX SWZJL^
LYX]SMN\J^SYX] J\N N]]NX^SJV ^Y LYX]SMN\ JXM N`JV_J^N˰ >XN aJc ^Y N`JV_J^N ZY^NX^SJV R_WJX
SWZJL^] J]]YLSJ^NM aS^R JQ\SL_V^_\JV VJXM JKJXMYXWNX^ S] ^Y J]]N]] ^RN LRJ\JL^N\S]^SL] JXM
`JV_N] YO OJ\WN\] aRY `YV_X^J\SVc RJ`N MNLSMNM ^Y \NOY\N]^ ˟JXM ^RN\NOY\N \N^S\N ZJ\^ YO ^RNS\
JQ\SL_V^_\JV VJXMˠ˰ FS^R ^RN UXYaVNMQN ^RJ^ JQ\SL_V^_\JV JKJXMYXWNX^ aSVV YLL_\ SX ^RN O_^_\N˳
_XMN\]^JXMSXQ ^RN SX]^S^_^SYX] ^RJ^ SXō_NXLNM ^RY]N aRY JV\NJMc JKJXMYXNM ^RNS\ JQ\SL_V^_\JV
VJXM S] SX`JV_JKVN˰

FS^R ^RS] SX WSXM˳ Y_\ Q\Y_Z ]Y_QR^ ^Y SX`N]^SQJ^N ^RN WY^S`J^SYX]˳ LY]^]˳ JXM KNXNŊ^] OJ\WN\]
RJ`N OY\ ZJ\^SLSZJ^SXQ SX J `YV_X^J\c \NOY\N]^J^SYX Z\YQ\JW aS^R ^RN <YX^N`N\MN 8X]^S^_^N SX 2Y]^J
ASLJ˰ CRN \N]_V^] ]RYa ^RJ^ SXL\NJ]NM ZJ\^SLSZJ^SYX SX ^RN Z\YQ\JW WJc KN LY\\NVJ^NM ^Y OJ\WN\]
aRY YaX \NVJ^S`NVc ōJ^ VJXM˳ \NVc WSXSWJVVc YX ^RNS\ VJXM OY\ ^RNS\ WJSX SXLYWN˳ JXM OJ\WN\] aRY
]NNU ^Y KVYLU aSXM JXM Z\N]N\`N ^RNS\ XJ^_\JV aJ^N\ \N]Y_\LN]˰ CRN]N ŊXMSXQ] Z\Y`SMN ^\NXM]
^RJ^ LJX SXOY\W KN]^ Z\JL^SLN] OY\ O_^_\N \N]^Y\J^SYX Z\YTNL^] aS^R ]SWSVJ\ MNWYQ\JZRSL JXM
QNYQ\JZRSL LRJ\JL^N\S]^SL]˳ J] aNVV J] JM`S]N ^RN <YX^N`N\MN 8X]^S^_^N YX RYa ^Y SWZ\Y`N ^RNS\
Z\YQ\JW ZJ\^SLSZJ^SYX JXM KN^^N\ WNN^ ^RN SX^N\N]^] YO ^RNS\ JL^S`N ZJ\^SLSZJX^]˰ 0MMS^SYXJVVc˳ ^RS]
LJ]N ]^_Mc Z\YWY^N] ^RN SWZY\^JXLN YO _XMN\]^JXMSXQ ^RN XNNM] YO J LYWW_XS^c JXM aY\USXQ
aS^R VYLJV SXMS`SM_JV] ^Y L\NJ^N \N]^Y\J^SYX Z\YQ\JW] ^RJ^ KNXNŊ^ KY^R ^RN NX`S\YXWNX^ JXM ^RN
ZNYZVN aRY]N VS`NVSRYYM] J\N SX^N\^aSXNM aS^R ^RN VJXM˰

5SQ_\N 1̐�˰ ANZY\^ J_^RY\ <SLRNVVN 6NVMSX ]ZNJUSXQ ^Y J OJ\WN\ SX O\YX^ YO ^RN `YV_X^J\SVc \NOY\N]^NM ZVY^ YO
^RNS\ VJXM XNJ\ <YX^N`N\MN˳ 2Y]^J ASLJ˰

��



1 �˰ 1JLUQ\Y_XM

3NWYQ\JZRSL 7S]^Y\c YO <YX^N`N\MN

8XMSQNXY_] ZNYZVN] VS`NM SX ^RN <YX^N`N\MN \NQSYX OY\ ^RY_]JXM] YO cNJ\] _X^SV 4_\YZNJX
LYX^JL^˳ LYVYXSdJ^SYX˳ JXM aJ\ aJQNM Kc 4_\YZNJX ]N^^VN\] VJ\QNVc MNL\NJ]NM ^RNS\ ZYZ_VJ^SYX˰ 8X
^RN NJ\Vc ����]˳ J ]WJVV X_WKN\ YO 2Y]^J ASLJX ]N^^VN\ OJWSVSN] J\\S`NM SX ^RN <YX^N`N\MN J\NJ˰
CRNc LVNJ\NM OY\N]^] ^Y L\NJ^N J\NJ] OY\ LJ^^VN OJ\W] JXM ]WJVV̐]LJVN L\YZVJXM] ˟3J`S]˳ 	���ˠ˰

8X ����˳ J Q\Y_Z YO �� @_JUN\] WSQ\J^NM O\YW ^RN DXS^NM B^J^N] ^Y ^RN ]ZJ\]NVc ZYZ_VJ^NM
<YX^N`N\MN \NQSYX˰ CRN]N @_JUN\] aN\N ]NNUSXQ \NO_QN O\YW J RYWN LY_X^\c aRY]N
ZJ\^SLSZJ^SYX SX aJ\ aNX^ JQJSX]^ ^RNS\ KNVSNO]˰ 0] 2Y]^J ASLJ RJM \NLNX^Vc JKYVS]RNM ^RNS\ WSVS^J\c˳
^RN Q\Y_Z MNLSMNM 2Y]^J ASLJ aY_VM KN ^RNS\ XNa RYWN˰ BSWSVJ\ ^Y ^RN 2Y]^J ASLJX] SX ^RN J\NJ˳
^RN <YX^N`N\MN @_JUN\] \JS]NM LJ^^VN JXM L\YZ] ˟3J`S]˳ 	���ˠ˰

CRY_QR ^RN 2Y]^J ASLJX] RJM ZJ\^SJVVc LVNJ\NM VJXM SX ^RN J\NJ˳ ^RN @_JUN\] LYX^SX_NM ^Y L_^
MYaX OY\N]^] ^Y WJUN \YYW OY\ ^RNS\ OJ\W] JXM ]N^^VNWNX^]˰ 7YaN`N\˳ ^RN @_JUN\] ]ZNLSŊLJVVc
VNO^ JKY_^ J ^RS\M YO NJLR YO ^RNS\ VJXM ZVY^] ^Y KN XJ^_\JV OY\N]^˰ CRNS\ \NJ]YXSXQ aJ] XY^ OY\
WYMN\X LYX]N\`J^SYXS]^ \NJ]YX] ]_LR J] ^Y Z\Y^NL^ KSYMS`N\]S^c YO NXMJXQN\NM ]ZNLSN] ˟^RY_QR
^RNS\ KNVSNO] aY_VM VNXM ^RNW]NV`N] NJ]SVc SX^Y ^RN VJ^N\̐MN`NVYZNM LYX]N\`J^SYX WY`NWNX^ SX
2Y]^J ASLJˠ˳ K_^ aJ] ^Y O_XL^SYXJVVc Z\N]N\`N \N]Y_\LN] ]_LR J] aJ^N\ ˟3J`S]˳ 	���ˠ˰

8X ^RN ���]˳ ]LSNX^S]^] NX^SLNM Kc ^RN 4XQVS]R̐]ZNJUSXQ LYWW_XS^c SX <YX^N`N\MN KNQJX ^Y
MN]LNXM SX^Y ^RN \NQSYX ^Y ]^_Mc ^RN _XS[_N NLYVYQc JXM KSYMS`N\]S^c SX ^RN LVY_M OY\N]^
NLY]c]^NW˰ <JXc YO ^RN]N ]LSNX^S]^] WY`NM SX^Y <YX^N`N\MN JXM ^RNS\ MNMSLJ^SYX ^Y
LYX]N\`J^SYX ]ZJ\UNM ^RN KNQSXXSXQ YO J L_V^_\JV N^RSL YO LYX]N\`J^SYX SX ^RN VYLJV J\NJ ˟3J`S]˳
	���ˠ˰

1N^aNNX ^RN ���] JXM ����]˳ 2Y]^J ASLJ NbZN\SNXLNM JLLNVN\J^NM MNOY\N]^J^SYX M_N ^Y
SXL\NJ]NM LJ^^VN \JS]SXQ˳ JQ\SL_V^_\JV Z\YM_L^SYX˳ JXM R_WJX ZYZ_VJ^SYX Q\Ya^R˰ <YX^N`N\MN
]LSNX^S]^] KNQJX XY^SLSXQ ^RN SWZJL^] ^RS] aJ] RJ`SXQ YX ^RN aSVMVSON ^RN\N˳ SXLV_MSXQ YX SLYXSL
KS\M] ]_LR J] ^RN CR\NN̐aJ^^VNM 1NVVKS\M JXM ^RN AN]ZVNXMNX^ @_N^dJV˰ CRS] LYXLN\X VNM ^Y ^RN
OY\WJ^SYX YO J LYWW_XS^c Q\Y_Z UXYaX J] ^RN <YX^N`N\MN 2YX]N\`J^SYX ;NJQ_N ˟<2;ˠ aRSLR
]ZNJ\RNJMNM \NOY\N]^J^SYX Z\YTNL^] SX ^RN \NQSYX ˟3J`S]˳ 	���ˠ˰

CRN <2; aY\UNM aS^R OJ\WN\] SX ^RN ����] JXM VNJ\XNM ^RJ^ ^RN RSQR aSXM] ^RJ^ LJWN OY\ ZJ\^ YO
^RN cNJ\ ^Y <YX^N`N\MN ̀]^\N]]NM LJ^^VN JXM ZJ]^_\N Q\J]]N]́ aRSLR ̀XNQJ^S`NVc JňNL^NM WSVU
Z\YM_L^SYX́ ˟3J`S]˳ 	���ˠ˰ CRN <2; _]NM ^RS] SXOY\WJ^SYX ^Y ]_LLN]]O_VVc LJWZJSQX OY\
\NOY\N]^J^SYX Z\YQ\JW] LYWZVN^N aS^R O\NN ^\NN] OY\ OJ\WN\] aRY aY_VM LJ\N OY\ ^RNW JXM SX ^_\X
\NLNS`N ^RN KNXNŊ^] YO aSXM KVYLUJQN J] ^RNc Q\Na˰ 1c ����˳ ̀���˳��� ^\NN] RJM KNNX ZVJX^NM
Kc 	
 OJ\WN\]́ ˟3J`S]˳ 	���ˠ˰

BLSNX^S]^] MYL_WNX^NM ^RJ^ ^RN]N aSXMK\NJU] Z\Y`SMNM N]]NX^SJV RJKS^J^ LYXXNL^SYX] OY\ WJXc
KS\M ]ZNLSN]˰ 5_\^RN\ \N]NJ\LR SX^Y ^RN WSQ\J^Y\c ZJ^^N\X] YO ^RN CR\NN̐aJ^^VNM 1NVVKS\M

��



MNWYX]^\J^NM ^RJ^ ^RN KS\M] \NVc YX WJXc VSON dYXN] M_\SXQ ^RN LY_\]N YO YXN cNJ\̓SXLV_MSXQ
Z\Y^NL^NM OY\N]^ J] aNVV J] ̀]WJVV OY\N]^ O\JQWNX^] YX Z\S`J^N OJ\W]́˰ CRS] _XMN\]LY\N] ^RN
SWZY\^JXLN YO ]WJVV̐]LJVN \NOY\N]^J^SYX Z\YTNL^] YX OJ\WVJXM SX ]_ZZY\^SXQ UNc RJKS^J^ dYXN] OY\
^RS] `_VXN\JKVN ]ZNLSN] ˟3J`S]˳ 	���ˠ˰

8X ^RN VJ^N ����]˳ JX Y\QJXSdJ^SYX aS^R ]SWSVJ\ SX^N\N]^] JXM QYJV] J] ^RN <2;˳ ^RN 2Y]^J ASLJX
2YX]N\`J^SYX 5Y_XMJ^SYX ˟522ˠ aJ] N]^JKVS]RNM JXM KNQJX \NOY\N]^J^SYX Z\YQ\JW aY\U ^Y
Z\Y^NL^ ^RN ?JLSŊL BVYZN \NQSYX J\Y_XM <YX^N`N\MN ^RJ^ S] SWZY\^JX^ OY\ 1NVVKS\M]˰

CRN 1NVVKS\M 1SYVYQSLJV 2Y\\SMY\ ˟112 Y\ 21?2ˠ aJ] OY_XMNM SX 	��� Kc ^RN 522˳ ^RN
<YX^N`N\MN 8X]^S^_^N˳ JXM OY_\ Y^RN\ VYLJV Y\QJXSdJ^SYX] Y_^ YO ^RN \NLYQXS^SYX ^RJ^ CR\NN̐aJ^^VNM
1NVVKS\M] aN\N MNLVSXSXQ M_N ^Y RJKS^J^ VY]] JXM O\JQWNX^J^SYX SX ^RN \NQSYX˰ CRN 112 ]ZJX]
Y`N\ �� JL\N] JXM ]^\S`N] ^Y LYXXNL^ L\S^SLJV RJKS^J^ OY\ ]N`N\JV ]ZNLSN] YO LYXLN\X KN^aNNX ^RN
LVY_M OY\N]^] YO <YX^N`N\MN JXM ^RN LYJ]^JV WJXQ\Y`N] YX ^RN 6_VO YO =SLYcJ SX XY\^RaN]^N\X
2Y]^J ASLJ ˟=NaLYWN\ N^ JV˰˳ 	�		ˠ˰

CRN <YX^N`N\MN 8X]^S^_^N˳ J ̀XYX̐Z\YŊ^ NM_LJ^SYXJV Y\QJXSdJ^SYX OY_XMNM SX ���́ ˟1_\VSXQJWN˳
	���ˠ˳ RJ] RY]^NM ^RN <YX^N`N\MN 8X]^S^_^N ANOY\N]^J^SYX ?\YQ\JW ]SXLN ^RN VJ^N ����]˰ CRS]
Z\YQ\JW S] ]SWSVJ\ ^Y ^RN <2;̄] Y\SQSXJV Z\YQ\JW˳ J] S^ Q\Ya] ^\NN] XJ^S`N ^Y ^RN 112 JXM
MS]^\SK_^N] ^RNW ^Y VYLJV LYWW_XS^c WNWKN\] J^ XY LY]^˰

FRSVN ^RN\N J\N WJXc LYX]N\`J^SYX SXS^SJ^S`N] JXM \NOY\N]^J^SYX Z\YQ\JW] SX ^RN \NQSYX˳ ^RN
VYXQ̐]^JXMSXQ \NLYQXS^SYX JXM ]_LLN]] YO ^RN <YX^N`N\MN 8X]^S^_^N̄] ANOY\N]^J^SYX ?\YQ\JW
\NXMN\ S^ ^RN ^J\QN^ YO ^RS] SX`N]^SQJ^SYX˰ DXMN\]^JXMSXQ ^RN McXJWSL] JXM ]_LLN]]N] YO ^RS]
Z\YQ\JW LJX RNVZ SWZ\Y`N ^RS] Z\YQ\JW J] aNVV J] SXOY\W JXM L\NJ^N Y^RN\ ]_LLN]]O_V
\NOY\N]^J^SYX Z\YQ\JW] SX Y^RN\ ZJ\^] YO ^RN aY\VM˰

1˰	 3N]L\SZ^SYX YO ?\YTNL^

AN]NJ\LR >`N\`SNa

CRS] Z\YTNL^ SXLV_MNM SX^N\`SNa] aS^R 		 OJ\WN\] aRY RJ`N ZJ\^SLSZJ^NM SX ^RN <YX^N`N\MN
8X]^S^_^N ANOY\N]^J^SYX ?\YQ\JW J^ VNJ]^ YXN ^SWN KN^aNNX ^RN cNJ\] 	��� JXM 	�		˰ CaNV`N YO
^RN SX^N\`SNaNM OJ\WN\] RJM ZJ\^SLSZJ^NM SX ^RN \NOY\N]^J^SYX Z\YQ\JW JXM L\NJ^NM YXN
MN]SQXJ^NM J\NJ YO \NOY\N]^J^SYX aRSVN ^RN \NWJSXSXQ ^NX SX^N\`SNaNM OJ\WN\] RJM ZJ\^SLSZJ^NM SX
^RN Z\YQ\JW W_V^SZVN ^SWN] JXM RJM L\NJ^NM WY\N ^RJX YXN MN]SQXJ^NM J\NJ YO \NOY\N]^J^SYX˰

4JLR OJ\WN\ aJ] J]UNM ^RN ]JWN �� [_N]^SYX] ZN\^JSXSXQ ^Y ^RN OYVVYaSXQ LJ^NQY\SN]˲
̐ 6NXN\JV 8XOY\WJ^SYX
̐ 7Y_]NRYVM 8XOY\WJ^SYX
̐ 1SYZRc]SLJV˳ ;JXM D]N˳ JXM ;JXM 3NZNXMNXLN 8XOY\WJ^SYX
̐ 4bZN\SNXLN SX ^RN 2YWW_XS^c JXM aS^R ^RN <YX^N`N\MN ANOY\N]^J^SYX ?\YQ\JW
̐ >ZSXSYX] YX ^RN KNXNŊ^] JXM M\JaKJLU] YO \NOY\N]^SXQ VJXM
̐ >ZNX 4XMNM @_N]^SYX]

�



5J\WN\] aN\N JMMS^SYXJVVc J]UNM [_N]^SYX] ZN\^JSXSXQ ^Y ^RNS\ ANOY\N]^J^SYX ?J\LNV
2RJ\JL^N\S]^SL] OY\ NJLR ZJ\LNV ^RNc \NOY\N]^NM˰ 0] WNX^SYXNM Z\N`SY_]Vc˳ ^aNV`N OJ\WN\]
\NOY\N]^NM YXLN˳ JXM ^R_] aN\N NJLR J]UNM YXN ]N^ YO 	 [_N]^SYX] ZN\^JSXSXQ ^Y ^RNS\ ZJ\LNV˰
>X ^RN Y^RN\ RJXM˳ ^RN \NWJSXSXQ ^NX OJ\WN\] \NOY\N]^NM KN^aNNX ^aY JXM OY_\ ZJ\LNV] SX ^Y^JV˰
CRN]N ̀W_V^SZVN̐\NOY\N]^N\́ OJ\WN\] aN\N J]UNM YXN ]N^ YO JMMS^SYXJV 	 [_N]^SYX] OY\ NJLR
\NVN`JX^ ZJ\LNV˰

5J\WN\] aN\N SX^N\`SNaNM SX NS^RN\ BZJXS]R Y\ 4XQVS]R˳ JLLY\MSXQ ^Y ^RNS\ VJXQ_JQN Z\NON\NXLN˰
CRN WJSX \N]NJ\LRN\˳ <SLRNVVN 6NVMSX˳ JXM J VYLJV KSVSXQ_JV ^\JX]VJ^Y\ LYXM_L^NM JVV SX^N\`SNa]˰
8X^N\`SNa] ^YYU ZVJLN J^ ^RN VYLJ^SYX YO Z\NON\NXLN OY\ ^RN SX^N\`SNaNN] aRSLR SXLV_MNM VYLJ^SYX]
^RJ^ aN\N KY^R YX JXM Yň YO ^RN OJ\W ]S^N] SX [_N]^SYX˰

BNVNL^SYX <N^RYMYVYQc

0 ]^\J^SŊNM LV_]^N\ ]JWZVSXQ WN^RYM aJ] _]NM ^Y L\NJ^N ^aY Q\Y_Z] O\YW aRSLR ^Y ]NVNL^
ZJ\^SLSZJX^]˰ CRN ^aY Q\Y_Z] ^Y KN ]NVNL^NM O\YW aN\N OJ\WN\] aRY RJM \NOY\N]^NM YXLN JXM
OJ\WN\] aRY RJM \NOY\N]^NM WY\N ^RJX YXLN˰ 0VV LRY]NX ZJ\^SLSZJX^] aN\N OJ\WN\] aRY RJM
ZJ\^SLSZJ^NM SX ^RN <YX^N`N\MN 8X]^S^_^N ANOY\N]^J^SYX ?\YQ\JW˰ 6NYQ\JZRSLJVVc˳ ^RN ZJ\^SLSZJX^
ZYYV aJ] \N]^\SL^NM ^Y ^RN _ZZN\ 112 aJ^N\]RNM SX ^RN <YX^N`N\MN \NQSYX SX Y\MN\ ^Y WSXSWSdN
LY]^ JXM ^\J`NV LYX]^\JSX^]˰ 0`JSVJKVN MJ^J aN\N Z\Y`SMNM Kc ^RN <YX^N`N\MN 8X]^S^_^N̄] ]^Jň
WNWKN\] JXM SXLV_MNM OJ\WN\ XJWN˳ OJ\WN\ ZRYXN X_WKN\˳ JXM JZZ\YbSWJ^N QNYQ\JZRSL
VYLJ^SYX] YO ^RN OJ\W˰ ?J\^SLSZJX^] aN\N ]JWZVNM O\YW ^RN MS`SMNM MJ^J ZYYV JXM aN\N LJVVNM Y\
^Nb^NM J LYX]S]^NX^ ]L\SZ^ J]USXQ OY\ ^RNS\ SX^N\N]^ SX ZJ\^SLSZJ^SXQ SX JX JZZ\YbSWJ^NVc ��̐WSX_^N
SX^N\`SNa˰

��



5SQ_\N 1̐	˰ CRS] WJZ SVV_]^\J^N] ^RN Nb^NX^ YO ^RN 1NVVKS\M 1SYVYQSLJV 2Y\\SMY\ ˟QYVM KY\MN\ SX ^RN VJ\QN\ VNO^
WJZˠ˳ ^RN \NVJ^S`N ]SdN YO ^RN 1NVVKS\M 1SYVYQSLJV 2Y\\SMY\ aS^RSX 2Y]^J ASLJ ˟\NM LS\LVN SX ^RN LY_X^\c VNQNXM
WJZ YX ^RN \SQR^ˠ˳ JXM ^RN JZZ\YbSWJ^N VYLJ^SYX] YO ^RN 		 SX^N\`SNaNM OJ\W] ˟\NM ZYSX^]ˠ˰ ˟<E8 3SQS^JV
2YVVNL^SYX]˳ 	���ˠ˰

1˰
 B^_Mc YKTNL^S`N]

�˰ CY _XMN\]^JXM aRc OJ\WN\] \NOY\N]^ ^RNS\ VJXM JXM RYa ^RNc MNLSMN aRN\N ^Y \NOY\N]^˰
J˰ CY SMNX^SOc ^RN ]YLSJV˳ NLYXYWSL˳ JXM KSYZRc]SLJV OJL^Y\] J]]YLSJ^NM aS^R OJ\WN\]

aRY MNLSMN ^Y \NOY\N]^˰
	˰ CY MYL_WNX^ OJ\WN\]̄ ZN\LNZ^SYX] YO ^RN LY]^] JXM KNXNŊ^] YO \NOY\N]^J^SYX Y`N\JVV˰ CY

LYWZJ\N ^RN]N ZN\LNZ^SYX] KN^aNNX ^RY]N aRY ZJ\^SLSZJ^N W_V^SZVN ^SWN] JXM ^RY]N aRY
ZJ\^SLSZJ^N YXLN˰


˰ CY NbZVY\N aRc ]YWN OJ\WN\] LRYY]N ^Y ZJ\^SLSZJ^N SX ^RN Z\YQ\JW OY\ W_V^SZVN cNJ\]
aRSVN Y^RN\] YXVc ZJ\^SLSZJ^N YXLN˰

J˰ CY SMNX^SOc ^RN ]YLSJV˳ NLYXYWSL˳ JXM KSYZRc]SLJV OJL^Y\] J]]YLSJ^NM aS^R OJ\WN\]
aRY MNLSMN ^Y \NOY\N]^ WY\N ^RJX YXN ZJ\LNV̾Z\YTNL^ YX ^RNS\ VJXM˰

��



�˰ CY SMNX^SOc RYa ^RN <YX^N`N\MN 8X]^S^_^N̄] ANOY\N]^J^SYX ?\YQ\JW LY_VM SXL\NJ]N ^RN
X_WKN\ YO OJ\WN\] aRY \NOY\N]^ Y\ ^RN ^Y^JV J\NJ YO VJXM \NOY\N]^NM˰

1˰� AN]_V^]

>KTNL^S`N �

4bZVY\SXQ ^RN Ŋ\]^ YKTNL^S`N˳ aN LJX SMNX^SOc ^\NXM] SX WY^S`J^SYX] J] aNVV J] ZRc]SLJV˳ ]YLSJV˳ JXM
NLYXYWSL SXLNX^S`N] OJL^Y\] J]]YLSJ^NM aS^R JVV ZJ\^SLSZJX^] YO ^RN Z\YQ\JW˰

5SQ_\N 1̐
˰ CRN Z\N`JVNXLN YO `J\SY_] WY^S`J^SYX] OY\ 
� ^Y^JV \NOY\N]^J^SYX Z\YTNL^] MS]L_]]NM Kc
SX^N\`SNaNN]˰ CRN VJ\QN]^ WY^S`J^Y\] OY\ \NOY\N]^J^SYX Z\YTNL^] aN\N ^Y KVYLU aSXM YX ^RN Z\YZN\^c JXM ^RN
MN]S\N ^Y Z\Y^NL^ XJ^_\JV aJ^N\ ]Y_\LN]˰

CRN\N S] J aSMN `J\SN^c YO WY^S`J^SYX] ^Y \NOY\N]^ VJXM SX ^RS] LJ]N ]^_Mc˰ 5YL_]SXQ YX ^RN
]^\YXQN]^ WY^S`J^Y\]˳ aN ]NN ^RJ^ UXYaVNMQN YO aSXM Z\Y^NL^SYX OY\ KY^R ^RN RNJV^R YO L\YZ] JXM
LJ^^VN˳ J] aNVV J] Z\Y^NL^SYX OY\ ^RN RYWN S^]NVO˳ S] YO VJ\QN ]SQXSŊLJXLN˰ 0MMS^SYXJVVc˳ ^RY]N aRY
\NOY\N]^NM aN\N JaJ\N YO ^RN KNXNŊ^] \NOY\N]^J^SYX RJ] ^Y Z\Y^NL^ ^RN ]RY\^ JXM VYXQ̐^N\W
J`JSVJKSVS^c YO XJ^_\JV aJ^N\ ]Y_\LN] YX ^RNS\ Z\YZN\^c OY\ KY^R R_WJX JXM JXSWJV _]JQN˰

��



5SQ_\N 1̐�˰ ?\YbSN] OY\ ^RN ]YLSJV˳ NLYXYWSL˳ JXM KSYZRc]SLJV OJL^Y\] J]]YLSJ^NM aS^R JVV OJ\WN\] aRY
ZJ\^SLSZJ^NM SX J \NOY\N]^J^SYX Z\YTNL^˰ 2RJ\^ 0 ]RYa] RYa ^RN ]^NNZXN]] YO ^RN ZRc]SLJV Z\YZN\^c ZVJc] J
\YVN SX \NOY\N]^J^SYX MNLS]SYX]˰ 2RJ\^] 1 JXM 2 MNWYX]^\J^N NLYXYWSL OJL^Y\] J]]YLSJ^NM aS^R
\NOY\N]^J^SYX MNLS]SYX]˰ 2RJ\^ 3 ]RYa] ZRc]SLJV _]N Z\SY\ ^Y ^RN \N]^Y\J^SYX Z\YTNL^̄] SWZVNWNX^J^SYX˰
5SXJVVc˳ 2RJ\^ 4 MNWYX]^\J^N] ]YLSJV OJL^Y\] \NVN`JX^ ^Y \NOY\N]^J^SYX MNLS]SYX]˰

2RJ\^ 0 SX 5SQ_\N 1̐� MS]ZVJc] ^RJ^ J\Y_XM �
˛ YO ZJ\^SLSZJ^SXQ OJ\WN\]̄ VJXM S] YXVc KN^aNNX
�̐	�˛ ]^NNZ aRN\NJ] ��˛ YO ZJ\^SLSZJ^SXQ OJ\WN\]̄ VJXM S] LVJ]]SŊNM J] JVWY]^ LYWZVN^NVc ]^NNZ˳
Y\ ��̐���˛ ]^NNZ˰ 2RJ\^ 1 MNZSL^] OJ\WN\]˿ LYWZJ\S]YX YO ^RNS\ L_\\NX^ NLYXYWSL ]S^_J^SYX ^Y ^RJ^
YO ^RN LYWW_XS^c J^ VJ\QN˰ 2RJ\^ 2 MS]ZVJc] ^RN ZN\LNX^ YO SXLYWN OY\ OJ\WN\] ^RJ^ J\N
MNZNXMNX^ YX OJ\W Z\YM_L^]˰ 0KY_^ YXN̐^RS\M ˟	�˛ˠ YO OJ\WN\] RJ`N J RSQR Z\YZY\^SYX YO SXLYWN
MN\S`NM O\YW ^RNS\ YX̐OJ\W JL^S`S^SN] aRSVN J\Y_XM �
˛ \NVc \NVJ^S`NVc VS^^VN ˟�̐	�˛ˠ YX ^RNS\
SXLYWN O\YW ^RNS\ OJ\W˰ 2RJ\^ 3 ]RYa] ^RN K\NJUMYaX YO Z\N`SY_] VJXM _]N]˲ �˛ YO VJXM OY\
\NOY\N]^J^SYX aY\U aJ] ^\JX]S^SYXNM O\YW ZJ]^_\N VJXM˳ aRSVN ��˛ aJ] L\YZVJXM JXM JXY^RN\ ��˛
aJ] OJVVYa˰ 2RJ\^ 4 MS]ZVJc] ^RJ^ WY]^ ZJ\^SLSZJX^] UXNa J^ VNJ]^ YXN ^Y Ŋ`N Y^RN\] ZJ\^SLSZJ^SXQ
SX ^RN 8X]^S^_^N̄] ANOY\N]^J^SYX ?\YQ\JW ˟��˛ˠ˰

��



>KTNL^S`N 	

CRS] YKTNL^S`N ]NNU] ^Y LYWZJ\N ^RN LY]^] JXM KNXNŊ^] ZN\LNS`NM KN^aNNX ^RY]N aRY
LYXM_L^NM YXN \NOY\N]^J^SYX Z\YTNL^ `N\]_] ^RY]N aRY LYXM_L^NM W_V^SZVN \NOY\N]^J^SYX Z\YTNL^]
YX ^RNS\ VJXM˰ 8X^N\`SNaNN] aN\N J]UNM YZNX NXMNM [_N]^SYX] \NVJ^NM ^Y aRN^RN\ ^RNc
NbZN\SNXLNM JXc ZN\]YXJV LY]^] Y\ KNXNŊ^] \NVJ^NM ^Y ZJ\^SLSZJ^SXQ SX ^RN ?\YQ\JW˳ SO JXc˰ 5Y\
NbJWZVN˳ J ZN\LNS`NM LY]^ LY_VM KN ^RJ^ ^RN \NOY\N]^J^SYX NňY\^ aJ] ̀VJKY\ JXM ^SWN SX^NX]S`Ń
aRSVN J ZN\LNS`NM KNXNŊ^ LY_VM KN ^RJ^ ^RN \NOY\N]^J^SYX NňY\^ ̀SXL\NJ]NM XJ^_\JV O\_S^
Z\YM_L^SYX́˰ 5Y\ \N]ZYXMNX^] aRY QJ`N J \NJ]YX OY\ aRSLR ^RNc ZN\LNS`NM ]YWN ^cZN YO LY]^ Y\
KNXNŊ^˳ ^RNc aN\N \NLY\MNM J] J ̀HN]́ SX ^RN ŊQ_\N KNVYa˰ 5Y\ \N]ZYXMNX^] aRY NbZVSLS^Vc ]JSM
^RNc MSM XY^ RJ`N J \NJ]YX ^Y KNVSN`N ^RNc NbZN\SNXLNM JXc ^cZN YO LY]^ Y\ KNXNŊ^˳ ^RNc aN\N
\NLY\MNM J] J ̀=Ý SX ^RN ŊQ_\N KNVYa˰

5SQ_\N 1̐�˰ CRN Ŋ\]^ ^aY LRJ\^] SX ^RN ^YZ KYb MNWYX]^\J^N ^RN NbS]^NXLN YO ZN\LNS`NM ZN\]YXJV KNXNŊ^]
KN^aNNX YXN̐^SWN̐\NOY\N]^N\] JXM W_V^SZVN̐\NOY\N]^N\]˰ CRN VJ^^N\ ^aY LRJ\^] YX ^RN \SQR^ MNWYX]^\J^N ^RN
NbS]^NXLN YO ZN\LNS`NM ZN\]YXJV LY]^] KN^aNNX YXN̐^SWN̐\NOY\N]^N\] JXM W_V^SZVN̐\NOY\N]^N\]˰

FRSVN YXN̐^SWN̐\NOY\N]^N\] JXM W_V^SZVN̐\NOY\N]^N\] ZN\LNS`NM J ]SWSVJ\ JWY_X^ YO ZN\]YXJV
KNXNŊ^]˳ W_V^SZVN̐\NOY\N]^N\] \NZY\^NM ZN\LNS`SXQ WY\N LY]^] ^RJX YXN̐^SWN̐\NOY\N]^N\]˰

>KTNL^S`N 


CRS] YKTNL^S`N NbZVY\N] ^RN ]YLSJV˳ NLYXYWSL˳ JXM KSYZRc]SLJV OJL^Y\] J]]YLSJ^NM aS^R OJ\WN\]
aRY MNLSMN ^Y \NOY\N]^ WY\N ^RJX YXN Z\YTNL^ YX ^RNS\ VJXM JXM RYa ^RNc LYWZJ\N ^Y OJ\WN\]
aRY MNLSMN ^Y \NOY\N]^ YXVc YXLN˰ 0]USXQ SX^N\`SNaNN] JKY_^ ^RNS\ QNXN\J^NM SXLYWN S]
\NQJ\MNM J] SX`J]S`N JXM WJc VNJM ^Y _X\NVSJKVN \N]_V^]˰ CRN\NOY\N˳ ^RN SX^N\`SNaNN̄] ZN\LNS`NM

��



NLYXYWSL ]^J^_] S] J]UNM OY\ J] J Z\Ybc OY\ NLYXYWSL ]^J^_]˰ 8X^N\`SNaNN] LYWZJ\NM ^RNS\
ZN\]YXJV NLYXYWSL ]S^_J^SYX aS^R ^RJ^ YO ^RNS\ QNXN\JV LYWW_XS^c JXM SXMSLJ^NM aRN^RN\ ^RNc ONV^
^RNc aN\N ̀W_LR aY\]N Yň́˳ ̀J VS^^VN aY\]N Yň́˳ ̀J`N\JQŃ˳ ̀J VS^^VN KN^^N\ Yň́˳ Y\ ̀W_LR KN^^N\
Yň́ ^RJX Y^RN\]˰

5SQ_\N 1̐�˰ CRN Ŋ\]^ ^aY LRJ\^] YX ^RN ^YZ MNWYX]^\J^N ^RN ZN\LNS`NM NLYXYWSL ]^J^_] KN^aNNX
YXN̐^SWN̐\NOY\N]^N\] JXM W_V^SZVN̐\NOY\N]^N\]˰ CRN VJ^^N\ ^aY LRJ\^] YX ^RN KY^^YW MNWYX]^\J^N ^RN \YVN YO
UXYaSXQ Y^RN\ ZNYZVN SX`YV`NM SX ^RN Z\YTNL^ KN^aNNX ^RY]N aRY aN\N YXN̐^SWN̐\NOY\N]^N\] JXM ^RY]N
aRY aN\N W_V^SZVN̐\NOY\N]^N\]˰

4LYXYWSL LYWZJ\S]YX] KN^aNNX ^RN ^aY Q\Y_Z] SX [_N]^SYX aN\N [_S^N ]SWSVJ\˳ ^RY_QR
YXN̐^SWN̐\NOY\N]^N\] aN\N ^RN YXVc Q\Y_Z ^Y LRYY]N ^RN LJ^NQY\c ̀J VS^^VN aY\]Ń NLYXYWSLJVVc
\NVJ^S`N ^Y Y^RN\ ZNYZVN SX ^RNS\ LYWW_XS^c˰

<_V^SZVN̐\NOY\N]^N\] aN\N WY\N VSUNVc ^Y UXYa YO Y^RN\ ZNYZVN SX`YV`NM SX ^RN ANOY\N]^J^SYX
?\YQ\JW JXM aN\N WY\N VSUNVc ^Y UXYa VJ\QN\ X_WKN\] YO ZNYZVN J] LYWZJ\NM ^Y
YXN̐^SWN̐\NOY\N]^N\]˰

�	



5SQ_\N 1̐�˰ CRN Ŋ\]^ ^aY LRJ\^] YX ^RN ^YZ MNWYX]^\J^N ^RN WY^S`J^SYX OY\ YXN̐^SWN̐\NOY\N]^N\] JXM
W_V^SZVN̐\NOY\N]^N\] ^Y LRYY]N ^Y \NOY\N]^ JQJSX SX ^RN O_^_\N˰ CRN VJ^^N\ ^aY LRJ\^] YX ^RN KY^^YW ]RYa ^RN
ZRc]SLJV MSňN\NXLN YO OJ\W] OY\ YXN̐^SWN̐\NOY\N]^N\] JXM W_V^SZVN̐\NOY\N]^N\] SX \NQJ\M ^Y VJXM ]^NNZXN]]˰

CRN LRJ\^ YX ^RN ^YZ MNWYX]^\J^N] ^RJ^ W_V^SZVN̐\NOY\N]^N\] J\N W_LR WY\N VSUNVc ^Y aS]R ^Y
\NOY\N]^ WY\N ZVY^] YO ^RNS\ VJXM SX ^RN O_^_\N˰

5Y\ YXN̐^SWN̐\NOY\N]^N\]˳ YXN̐^RS\M YO OJ\W] RJM Z\YZN\^c ^RJ^ aJ] WSXSWJVVc ]^NNZ ˟�̐	�˛
]^NNZˠ˳ aRN\NJ] W_V^SZVN̐\NOY\N]^N\] RJM �˛ YO OJ\W] aS^R Z\YZN\^c ^RJ^ aJ] WSXSWJVVc ]^NNZ
˟�̐	�˛ ]^NNZˠ˰

>KTNL^S`N �

CRS] YKTNL^S`N ]NNU] SXOY\WJ^SYX YX RYa ^Y NXLY_\JQN WY\N ZJ\^SLSZJX^] ^Y KY^R TYSX ^RN
<YX^N`N\MN 8X]^S^_^N̄] ANOY\N]^J^SYX ?\YQ\JW˳ JXM ^Y NXLY_\JQN ^RY]N aRY RJ`N JV\NJMc
ZJ\^SLSZJ^NM YXLN ^Y LYX^SX_N ^Y ZJ\^SLSZJ^N˰ CRN VS]^ KNVYa RSQRVSQR^] UNc ]_QQN]^SYX] Z\Y`SMNM
Kc OJ\WN\ SX^N\`SNa] ^Y ]_ZZY\^ KY^R YO ^RN]N QYJV]˰

8X Y\MN\ ^Y NXLY_\JQN SXL\NJ]NM ZJ\^SLSZJ^SYX˳ OJ\WN\] ]_QQN]^NM˲

̐ 4M_LJ^SXQ OJ\WN\] YX ^RN KNXNŊ^] ^Y Z\YM_L^SYX ^RJ^ J\N ZY]]SKVN˰ 8O OJ\WN\] LJX KN
]RYaX ^RJ^ ]_]^JSXJKVN JQ\SL_V^_\JV JL^S`S^SN] JXM ZVJX^SXQ ^\NN] LJX Z\Y`SMN NLYXYWSL
ZJcYň]˳ ^RN\N WJc KN SXL\NJ]NM ZJ\^SLSZJ^SYX ˟aRN^RN\ ^RJ^ KN SX ^RN OY\W YO \NLNS`SXQ
O\_S^˳ aYYM˳ SXL\NJ]NM WSVU Z\YM_L^SYX˳ Y\ SX Y^RN\ aJc]ˠ˰

�




̐ BNNUSXQ WN^RYM] OY\ MS\NL^ NLYXYWSL SXLNX^S`N] ^Y ZVJX^ ^\NN]˰ 6Y`N\XWNX^̐\_X ?JcWNX^
OY\ 4LY]c]^NW BN\`SLN Bc]^NW] aN\N XY^ _]NM Kc JXc YO ^RN SX^N\`SNaNN]˳ ZJ\^Vc M_N ^Y
^RN ]VYa˳ K_\NJ_L\J^SL Z\YLN]]˰ 5SXMSXQ VYLJVSdNM WN^RYM] OY\ MS\NL^ NLYXYWSL ZJcWNX^]
WJc SXL\NJ]N ZJ\^SLSZJ^SYX˰

̐ 8XL\NJ]N ^RN X_WKN\ YO ^\NN ]ZNLSN] YňN\NM˰ CRN ANOY\N]^J^SYX ?\YQ\JW RY]^] X_\]N\SN]
^RJ^ Q\Ya ZVJX^] O\YW ]NNM JXM ^RNX O\NNVc MS]^\SK_^N] ^RNW J] cY_XQ ]NNMVSXQ]˰ 8X ^RS]
aJc˳ ^RN 8X]^S^_^N LYX^\YV] aRJ^ XJ^S`N ]ZNLSN] J\N Q\YaX˰ 7YaN`N\˳ ]YWN OJ\WN\]
KNVSN`N ^RJ^ ^RN\N ]RY_VM KN WY\N MS`N\]S^c SX XJ^S`N ^\NN ]ZNLSN] Z\Y`SMNM JXM ^RJ^ ^RNc
aY_VM KN WY\N SX^N\N]^NM SX ZVJX^SXQ ^\NN] ^RJ^ Z\Y`SMN WY\N O_XL^SYXJV KNXNŊ^] ^Y ^RNS\
OJ\W˰ CRN]N OJ\WN\] NXLY_\JQN ^RN 8X]^S^_^N ^Y LYX]SMN\ YňN\SXQ JMMS^SYXJV ^\NN ]ZNLSN]
^RJ^ J\N KY^R O_XL^SYXJV ^Y ^RN OJ\WN\] JXM KNXNŊLSJV ^Y SWZ\Y`SXQ ^RN NLY]c]^NW˰

̐ 4M_LJ^SXQ OJ\WN\] ^R\Y_QR JL^S`N aY\U]RYZ] Y\ SX aJc] ^RJ^ MNWYX]^\J^N ^RN KNXNŊ^]
JXM O_XL^SYXJVS^c YO \NOY\N]^SXQ SX]^NJM YO T_]^ ^JVUSXQ JKY_^ S^˰ 8^ S] L\_LSJV ^Y LYX]SMN\ aRY
S] NM_LJ^SXQ JXM Z\YWY^SXQ ^RN Z\YQ\JW ^Y OJ\WN\] J] ]YWN SXMS`SM_JV] WJc KN WY\N
^\_]^NM ^RJX Y^RN\] ˟OJ\WN\] WJc ^\_]^ Y^RN\ OJ\WN\] WY\N ^RJX XYX̐OJ\WN\]ˠ˰

̐ 3S]L_]] ^RN aJc] SX aRSLR \NOY\N]^J^SYX LJX Z\Y`SMN SXL\NJ]NM Y_^VN^] OY\ SXLYWN ]_LR J]
^R\Y_QR ^Y_\S]W˰

̐ ?\Y`SMN ]_ZZVSN] ]_LR J] ONXLSXQ WJ^N\SJV] ^Y OJ\WN\] SX JMMS^SYX ^Y ^\NN] ^Y VSWS^ Y_^]SMN
LY]^] ^RJ^ ^RN OJ\WN\] aSVV SXL_\ \NVJ^NM ^Y LJ\SXQ OY\ ^RN ^\NN]˰

1˰� 3S]L_]]SYX

CRN `YV_X^J\c JL^S`N \NOY\N]^J^SYX NňY\^] YX JQ\SL_V^_\JV VJXM _XMN\^JUNX ^R\Y_QR ^RN
<YX^N`N\MN 8X]^S^_^N KNXNŊ^] XJ^S`N RJKS^J^ OY\ aSVMVSON SX ^RN \NQSYX JXM ^RN VS`NVSRYYM] YO ^RY]N
aRY RJ`N ZJ\^SLSZJ^NM˰ CRN WY^S`J^SYX]˳ LY]^] JXM KNXNŊ^]˳ JXM ^RN ]YLSJV˳ NLYXYWSL˳ JXM
KSYZRc]SLJV LRJ\JL^N\S]^SL] YO ZJ\^SLSZJX^] JXM ^RNS\ OJ\W] Z\Y`SMN SX]SQR^ SX^Y ^RN KN]^ Z\JL^SLN]
OY\ Z\YQ\JW SWZ\Y`NWNX^˰

<Y^S`J^SYX]

1VYLUSXQ aSXM˳ Z\N]N\`SXQ aJ^N\ ]Y_\LN]˳ JXM Z\Y^NL^SXQ aSVMVSON aN\N ^RN ^YZ ^R\NN Z\SWJ\c
WY^S`J^SYX] WNX^SYXNM Kc ZJ\^SLSZJX^] YO ^RS] Z\YTNL^˰ CRN]N WY^S`J^SYX] LJX KN QNXN\JVVc
MS]^SVVNM SX^Y SWZ\Y`SXQ Z\YM_L^S`S^c JXM Z\Y^NL^SXQ Z\YZN\^c˳ Z\Y^NL^SXQ XJ^_\JV \N]Y_\LN]˳ JXM
Z\N]N\`SXQ ^RN XJ^_\JV NLY]c]^NW˳ \N]ZNL^S`NVc˰ DXMN\]^JXMSXQ ^RN M\S`SXQ OY\LN] OY\
ZJ\^SLSZJ^SYX SX ^RS] \NOY\N]^J^SYX Z\YQ\JW SVV_]^\J^N] ^RN ]ZNLSŊL XNNM] JXM SX^N\N]^] YO ^RN
LYWW_XS^c˰ FRSVN ^RN]N WY^S`J^SYX] WJc KN LYWWYX OY\ Y^RN\ \NQSYX] Y\ OY\ L_\\NX^ 8X]^S^_^N
ZJ\^SLSZJX^]˳ R_WJX KNRJ`SY\ S] McXJWSL JXM _XZ\NMSL^JKVN JXM ^RN]N \N]_V^] ]N\`N J] \NōNL^S`N
SXOY\WJ^SYX \J^RN\ ^RJX J KVJXUN^ \_VSXQ OY\ Y^RN\ ZY^NX^SJV OJ\WN\]˰

2Y]^] JXM 1NXNŊ^]

1Y^R YXN̐^SWN̐\NOY\N]^N\] JXM W_V^SZVN̐\NOY\N]^N\] SXMSLJ^NM VYa VN`NV] YO ZN\]YXJV LY]^] aS^R
RSQR VN`NV] YO KNXNŊ^] SXL_\\NM O\YW ZJ\^SLSZJ^SYX SX ^RN Z\YQ\JW˰ 8X^N\N]^SXQVc˳

��



W_V^SZVN̐\NOY\N]^N\] WY\N LYWWYXVc ]^J^NM ^RJ^ ^RNc SXL_\\NM ]YWN ^cZN YO LY]^ O\YW
ZJ\^SLSZJ^SXQ˰ 7YaN`N\˳ W_V^SZVN̐\NOY\N]^N\] aN\N WY\N VSUNVc ^RJX YXN̐^SWN̐\NOY\N]^N\] ^Y aJX^
^Y \NOY\N]^ JQJSX SX ^RN O_^_\N˰ 5J\WN\] ZYSX^NM ^Y `J\SY_] ZN\LNS`NM KNXNŊ^] JXM LY]^]
J]]YLSJ^NM aS^R ZJ\^SLSZJ^SXQ SX ^RN \NOY\N]^J^SYX Z\YQ\JW˰ BYWN YO ^RN KNXNŊ^] O\N[_NX^Vc
WNX^SYXNM aN\N ^RN Z\N`NX^SYX YO N\Y]SYX˳ SWZ\Y`NM VS`SXQ LYXMS^SYX] OY\ VS`N]^YLU JXM
SXL\NJ]NM Z\YM_L^SYX O\YW VS`N]^YLU˳ SXL\NJ]NM ZN\LNS`NM Z\YZN\^c `JV_N˳ JXM NVN`J^NM
NWY^SYXJV ]J^S]OJL^SYX aS^R ^RNS\ VJXM˰ >X ^RN Y^RN\ RJXM˳ ZN\LNS`NM LY]^] SXLV_MNM ^RN ^SWN JXM
VJKY\ SX^NX]S^c OY\ \NOY\N]^SXQ˳ MNL\NJ]NM J`JSVJKVN VJXM OY\ JQ\SL_V^_\JV JL^S`S^SN]˳ JXM YLLJ]SYXJV
VJLU YO ]_LLN]] \J^N] aS^R ZVJX^SXQ˰ CRN]N \N]_V^] LJX SXOY\W ^RN 8X]^S^_^N SX MS\NL^Vc JMM\N]]SXQ
ZN\LNS`NM LY]^]˳ JXM SXLNX^S`SdSXQ ZJ^RaJc] ^Y JLRSN`N WY\N YO ^RN KNXNŊ^] WNX^SYXNM˰

2RJ\JL^N\S]^SL]

BYLSJV McXJWSL] J\N SWZY\^JX^ ^Y LYX]SMN\ aRNX SX`N]^SQJ^SXQ ZJ\^SLSZJ^SYX˰ :XYaSXQ Y^RN\
ZNYZVN aRY J\N SX`YV`NM SX ^RN 8X]^S^_^N̄] ANOY\N]^J^SYX Z\YQ\JW S] LY\\NVJ^NM ^Y WY\N LYX]S]^NX^
ZJ\^SLSZJ^SYX SX \NOY\N]^J^SYX Z\YTNL^]˰ CRS] NWZRJ]SdN] ^RN SWZY\^JXLN YO ]YLSJV XN^aY\U] JXM
Z\N]]_\N OY\ ZJ\^SLSZJ^SXQ LYWW_XS^SN] ^Y LYX^SX_N \NOY\N]^SXQ˰

?N\LNS`NM NLYXYWSL ]^J^_] J] aNVV J] ^\_N NLYXYWSL ]^J^_] LJX ZVJc J \YVN SX MN^N\WSXSXQ
Z\YQ\JW ZJ\^SLSZJ^SYX˰ CRN WJTY\S^c YO ZJ\^SLSZJX^] \NVSNM WSXSWJVVc ˟�̐	�˛ˠ YX ^RNS\ OJ\W OY\ ^RNS\
SXLYWN˳ aRSLR WJc SXMSLJ^N ^RJ^ OJ\WN\] aRY RJ`N VN]] J^ ]^JUN aRNX MNL\NJ]SXQ Z\YM_L^S`N
VJXM J\N WY\N VSUNVc ^Y ZJ\^SLSZJ^N˰

1SYZRc]SLJV OJL^Y\] \NVJ^NM ^Y OJ\WVJXM WJc MSL^J^N \NOY\N]^J^SYX ZJ\^SLSZJ^SYX˰ 5\YW ^RS] ]^_Mc˳
OJ\WN\] aRY RJM ōJ^^N\ VJXM aN\N WY\N VSUNVc ^Y \NOY\N]^ W_V^SZVN ^SWN] ^RJX ^RY]N aRY RJM
]^NNZN\ VJXM˰ CRS] S] SXS^SJVVc J ]_\Z\S]SXQ \N]_V^ J] S^ aJ] Y\SQSXJVVc RcZY^RN]SdNM ^RJ^ ^RY]N aS^R
WY\N ]^NNZ VJXM aY_VM QNXN\JVVc ŊXM ^RN ]^NNZN\ ZY\^SYX] YO ^RNS\ VJXM WY\N SMNJV ^Y \NOY\N]^
JXM ^R_] L\NJ^N W_V^SZVN \NOY\N]^J^SYX Z\YTNL^]˰ 7YaN`N\˳ S^ S] ZY]]SKVN ^RJ^ ]^NNZN\ VJXM WJc KN
WY\N SXJLLN]]SKVN JXM ^R_] RJ\MN\ ^Y JL^S`NVc \NOY\N]^˰

=Nb^ B^NZ]

5J\WN\] Z\Y`SMNM UNc SX]SQR^] SX^Y aRJ^ JL^SYX] ^RN 8X]^S^_^N LJX ^JUN ^Y SXL\NJ]N ZJ\^SLSZJ^SYX SX
^RN Z\YQ\JW˰ 0WYXQ ^RN]N SX]SQR^] J\N SXL\NJ]SXQ JZZ\YZ\SJ^N NM_LJ^SYX YX ^RN KNXNŊ^] YO ^RN
Z\YQ\JW JXM LYX]SMN\SXQ LYWZ\YWS]SXQ LYX]N\`J^SYX QYJV] JXM ^RN XNNM] YO OJ\WN\] aRNX
LRYY]SXQ aRJ^ ^\NN ]ZNLSN] ^Y YňN\˰

CRN SX]SQR^] Z\Y`SMNM Kc OJ\WN\] ^Y SWZ\Y`N ZJ\^SLSZJ^SYX SX ^RN 8X]^S^_^N̄] Z\YQ\JW LJX KN
SXLY\ZY\J^NM SX^Y O_^_\N _ZMJ^N] ^Y ^RN Z\YQ\JW˳ J] aNVV J] ^JUNX SX^Y JLLY_X^ OY\ Y^RN\
\NOY\N]^J^SYX Z\YQ\JW] aS^R ]SWSVJ\ QYJV] SX Y^RN\ ZVJLN] ^Y LYX]SMN\˰

CRN ^\NN] ZVJX^NM Kc OJ\WN\] JXM LYWW_XS^c WNWKN\] ^R\Y_QR ^RN <YX^N`N\MN 8X]^S^_^N̄]
ANOY\N]^J^SYX Z\YQ\JW LJX ]_ZZY\^ RJKS^J^ OY\ XJ^S`N ōY\J JXM OJ_XJ SX ^RN 1NVVKS\M 1SYVYQSLJV

��



2Y\\SMY\˰ 8X JMMS^SYX ^Y X_\^_\SXQ ^RN NX`S\YXWNX^˳ JL^S`N \NOY\N]^J^SYX YX OJ\WVJXM] LJX L\NJ^N J
ZVN^RY\J YO KNXNŊ^] OY\ ^RN OJ\WN\] ^RNW]NV`N]˰ ?\YWY^SXQ KN]^ Z\JL^SLN] ^Y SWZ\Y`N
ZJ\^SLSZJ^SYX SX \NOY\N]^J^SYX SXS^SJ^S`N] aSVV KN SWZY\^JX^ J] aN JMJZ^ JXM LYNbS]^ aS^R XJ^_\N SX
JX N`N\ LRJXQSXQ aY\VM˰

1˰ 7B2 ?\Y^YLYV 8XOY\WJ^SYX JXM 0LUXYaVNMQNWNX^]

CRS] 2Y]^J ASLJ 2J]N B^_Mc aJ] LYWZVN^NM aS^R ^RN JZZ\Y`JV YO ^RN 7_WJX B_KTNL^] 2YWWS^^NN
aS^RSX ^RN D2B1 >ŎLN YO AN]NJ\LR˰ CRN 7_WJX B_KTNL^] 2YWWS^^NN̄] 8X]^S^_^SYXJV AN`SNa
1YJ\M LYWZVN^NM ^RN JZZ\Y`JV YO ^RS] \N]NJ\LR YX BNZ^NWKN\ �^R˳ 	�		˳ aS^R SX^N\`SNa] ^JUSXQ
ZVJLN JO^N\ ^RS] MJ^N˰ CRN JZZ\Y`NM Z\Y^YLYV X_WKN\ S] 	̐		̐��
�˰

CRS] \N]NJ\LR aJ] WJMN ZY]]SKVN aS^R ^RN Q_SMJXLN YO 3\˰ 2NVSJ 0˰ 7J\`Nc˳ ]_ZZY\^S`N ]^Jň YO ^RN
<YX^N`N\MN 8X]^S^_^N˳ LY_X^VN]] USXM LYWW_XS^c WNWKN\]˳ JXM aS^R ^RN QNXN\Y_] ]_ZZY\^ YO
MYXY\] ^Y ^RN 1\NX BLRYYV YO 4X`S\YXWNX^JV BLSNXLN JXM <JXJQNWNX^˰

�



2˰ 0LL_\JLc J]]N]]WNX^ YO Z\YTNL^NM L\YZVJXM JKJXMYXWNX^

D]SXQ \NWY^N ]NX]SXQ MN\S`NM 1\JdSVSJX VJXM LY`N\ MJ^J O\YW <JZ1SYWJ] ˟BY_dJ N^ JV˰˳ 	�	�ˠ˳
aN L\NJ^NM J ]N\SN] YO LYXO_]SYX WJ^\SLN] LYWZJ\SXQ ^RN JKJXMYXWNX^ Z\YTNL^NM _XMN\ 2RNX N^
JV˰ SX 	�	� ^Y JKJXMYXWNX^ YK]N\`NM SX 	�	�˰ CRS] JVVYaNM _] ^Y N`JV_J^N ^RN ZN\OY\WJXLN YO
Y_\ JKJXMYXWNX^ Z\YTNL^SYX WN^RYMYVYQc˰

<JZ1SYWJ] ˟2YVVNL^SYX ˠ _]N] ;JXM]J^ WY]JSL] ^Y LVJ]]SOc ;D;2 J^ 
�W \N]YV_^SYX OY\ ^RN
]ZJ^SJV Nb^NX^ YO 1\JdSV˰ 5S\]^˳ ^RN \N]YV_^SYX YO ^RN 	�	� ;D;2 <JZ1SYWJ] MJ^J aJ] JQQ\NQJ^NM
^Y �UW JXM \N]JWZVNM ^Y WJ^LR ^RN \N]YV_^SYX JXM ]ZJ^SJV Nb^NX^ YO 2RNX N^ JV˰̄ ] VJXM LY`N\
Z\YTNL^SYX MJ^J˰ =Nb^˳ ^RN <JZ1SYWJ] MJ^J aJ] \NLVJ]]SŊNM YXVc ^Y SXLV_MN LJ^NQY\SN] YO
L\YZVJXM˰ 5SXJVVc˳ aN L\NJ^NM J LYXO_]SYX WJ^\Sb ^Y LYWZJ\N ^RN ]NX]S^S`S^c ˟^\_N ZY]S^S`N \J^Nˠ
JXM ]ZNLSŊLS^c ˟^\_N XNQJ^S`N \J^Nˠ YO 2RNX 	�	� Z\YTNL^SYX] JQJSX]^ <JZ1SYWJ] 	�	� L\YZVJXM
MJ^J˰ CRN JLL_\JLc JXM Z\NLS]SYX J\N JV]Y \NZY\^NM˳ aRN\N JLL_\JLc S] MNŊXNM J] RYa YO^NX ^RN
Z\NMSL^Y\ S] LY\\NL^ Y`N\JVV˳ JXM Z\NLS]SYX S] MNŊXNM J] RYa YO^NX ̀^\_Ń Z\NMSL^SYX] J\N LY\\NL^˰
CJKVN 2̐� MS]ZVJc] RYa ^Y SX^N\Z\N^ ^RN LYXO_]SYX WJ^\Sb \N]_V^]˰ CRN VSXU ^Y LYMN _]NM OY\ ^RS]
JXJVc]S] S] Z\Y`SMNM 0ZZNXMSb 3 ˟CJKVN 3̐	ˠ˰

ԯՋՋ՝՚ՉՋա� ࡦ � ഈ՜՚՝Ս�՛��՜՚՝Ս�ՖՍՏഉഈ՛��ՖՍՏഉ Ծ՚ՍՋՑ՛ՑՖ� ࡦ ՜՚՝Ս�՛
ഈ՜՚՝Ս�՛��ՎՉՔ՛Ս�՛ഉ �

CJKVN 2̐�˲ 2YXO_]SYX WJ^\Sb OY\WJ^ _]NM ^Y \NZY\^ YK]N\`NM `] Z\NMSL^NM MJ^J˳ aRN\N ^RN X_WKN\]
\NZY\^NM SX NJLR LNVV J\N ^RN \Ja LY_X^ JXM \J^SY] J\N \NZY\^NM aS^RSX ZJ\NX^RN]N]˰

��



CJKVN 2̐	˲ 2RNX 	�	� ˟BB?�ˠ `] <JZ1SYWJ] 	�	� ˟L\YZVJXMˠ LYXO_]SYX WJ^\Sb˰ 0LL_\JLc ͌ �˰���˳
Z\NLS]SYX ͌ �˰
��

CJKVN 2̐
˲ 2RNX 	�	� ˟BB?
ˠ `] <JZ1SYWJ] 	�	� ˟L\YZVJXMˠ LYXO_]SYX WJ^\Sb˰ 0LL_\JLc ͌ �˰���˳
Z\NLS]SYX ͌ �˰

�

CJKVN 2̐�˲ 2RNX 	�	� ˟BB?�ˠ `] <JZ1SYWJ] 	�	� ˟L\YZVJXMˠ LYXO_]SYX WJ^\Sb˰ 0LL_\JLc ͌ �˰��˳
Z\NLS]SYX ͌ �˰
��

>`N\JVV˳ 2RNX N^ JV˰̄ ] MJ^J S] JKY`N �˛ JLL_\J^N OY\ ^RN ^R\NN BB?] ^N]^NM JQJSX]^ <JZ1SYWJ]
L\YZVJXM˰ CRN Z\NLS]SYX˳ RYaN`N\˳ RY`N\NM KN^aNNX 
�˰�˛ ̐ 
�˰�˛˰ CRS] NWZRJ]SdN] ^RJ^ RSQR
^\_N XNQJ^S`N \J^N] ˟JLL_\J^NVc LVJ]]SOcSXQ aRJ^ S] XY^ L\YZVJXMˠ S] M\S`SXQ ^RN Y`N\JVV WYMNV̄]
JLL_\JLc˰

��



FRSVN ^RN 2RNX N^ JV˰̄ ] ZVJX^ O_XL^SYXJV ^cZN LVJ]]SŊLJ^SYX] MY XY^ SXLV_MN ZJ]^_\N VJXM˳ ^RN
<JZ1SYWJ] MJ^J SXLV_MN] J LVJ]]SŊLJ^SYX OY\ KY^R ̀ZJ]^_\Ń JXM ̀WY]JSL JQ\SL_V^_\JV JXM ZJ]^_\N
VJXḾ˰ 0MMS^SYXJV LYXO_]SYX WJ^\SLN] aN\N L\NJ^NM ^Y NbJWSXN RYa SXLV_MSXQ WY]JSL JQ\SL_V^_\N
JXM ZJ]^_\N JňNL^NM ^RN JLL_\JLc YO 2RNX N^ JV˰̄ ] QVYKJV VJXM _]N Z\YTNL^SYX]˰

CJKVN 2̐�˲ 2RNX 	�	� ˟BB?�ˠ `] <JZ1SYWJ] 	�	� ˟L\YZ ͅ WY]JSL JQ\SL_V^_\Nˠ LYXO_]SYX WJ^\Sb˰
0LL_\JLc ͌ �˰���˳ Z\NLS]SYX ͌ �˰�	�

CJKVN 2̐˲ 2RNX 	�	� ˟BB?
ˠ `] <JZ1SYWJ] 	�	� ˟L\YZ ͅ WY]JSL JQ\SL_V^_\Nˠ LYXO_]SYX WJ^\Sb˰
0LL_\JLc ͌ �˰��	˳ Z\NLS]SYX ͌ �˰���

CJKVN 2̐�˲ 2RNX 	�	� ˟BB?�ˠ `] <JZ1SYWJ] 	�	� ˟L\YZ ͅ WY]JSL JQ\SL_V^_\Nˠ LYXO_]SYX WJ^\Sb˰
0LL_\JLc ͌ �˰���˳ Z\NLS]SYX ͌ �˰
��

FRNX SXLV_MSXQ WY]JSL JQ\SL_V^_\N JXM ZJ]^_\N VJXM _]N SX^Y ^RN L\YZVJXM LVJ]]SŊLJ^SYX OY\
<JZ1SYWJ]˳ ^RN ^\_N XNQJ^S`N \J^N] ]VSQR^Vc SXL\NJ]N JXM ^RN ^\_N ZY]S^S`N \J^N] MNL\NJ]N˰ CRN

��



Y`N\JVV JLL_\JLc YO ^RN WYMNV] MNL\NJ]N]˳ K_^ ^RN Z\NLS]SYX SXL\NJ]N] ^Y KN^aNNX 
�˛̐�	˛˰
8XLV_MSXQ WY]JSL JQ\SL_V^_\N SX^Y ^RN <JZ1SYWJ] MJ^J SXL\NJ]N] ^RN Y`N\JVV JWY_X^ YO ̀^\_Ń
L\YZVJXM Z\N]NX^ SX 1\JdSV˰ CRS] LJ_]N] ^RN Y`N\JVV \J^N] ˟ZN\LNX^JQN]ˠ OY\ ^\_N ZY]S^S`N] JXM
XNQJ^S`N] ^Y MNL\NJ]N˳ VYaN\SXQ WYMNV JLL_\JLc˰ 7YaN`N\˳ ^RN JL^_JV LY_X^ YO ^\_N ZY]S^S`N]
SXL\NJ]N]˳ M\S`SXQ SXL\NJ]NM Z\NLS]SYX˰ CRS] SXMSLJ^N] ^RJ^ ]YWN ZSbNV] LVJ]]SŊNM J] L\YZVJXM SX
2RNX N^ JV˰̄ ] Z\YTNL^NM VJXM _]N WJc SX OJL^ KN J WY]JSL YO L\YZVJXM JXM ZJ]^_\N˰

CY MN^N\WSXN ^RN ̀KJ]NVSXŃ JLL_\JLc YO 2RNX N^ JV˰̄ ] ;D;2 MJ^J˳ J LYXO_]SYX WJ^\Sb JXJVc]S] aJ]
ZN\OY\WNM _]SXQ 2RNX̄] 	��� ̀L_\\NX^́ VJXM _]N JQJSX]^ <JZ1SYWJ]̄ 	��� MJ^J OY\ KY^R
L\YZVJXM JXM L\YZVJXM ͅ WY]JSL JQ\SL_V^_\N˰

CJKVN 2̐�˲ 2RNX 	��� `] <JZ1SYWJ] 	��� ˟L\YZVJXMˠ LYXO_]SYX WJ^\Sb˰ 0LL_\JLc ͌ �˰��˳ Z\NLS]SYX ͌
�˰
	�

CJKVN 2̐�˲ 2RNX 	��� `] <JZ1SYWJ] 	��� ˟L\YZ ͅ WY]JSL JQ\SL_V^_\Nˠ LYXO_]SYX WJ^\Sb˰ 0LL_\JLc ͌ �˰���˳
Z\NLS]SYX ͌ �˰
��

BSWSVJ\ ^Y ^RN Z\YTNL^NM VJXM _]N˳ SXLV_MSXQ WY]JSL JQ\SL_V^_\N JXM ZJ]^_\N SX^Y ^RN <JZ1SYWJ]
L\YZVJXM LVJ]]SŊLJ^SYX ]VSQR^Vc SXL\NJ]N] ^RN X_WKN\ YO ^\_N ZY]S^S`N] JXM Y`N\JVV Z\NLS]SYX˰
5SXJVVc˳ J VJ]^ ]N\SN] YO LYXO_]SYX WJ^\Sb JXJVc]S] aN\N ZN\OY\WNM _]SXQ Z\YTNL^NM 	�	� 2RNX N^
JV˰ MJ^J JXM YK]N\`NM <JZ1SYWJ] 	�	� MJ^J˳ aS^R ZJ]^_\N VJXM _]N SXLV_MNM SX ^RN ̀L\YZVJXḾ
LVJ]]SŊLJ^SYX˰

�



CJKVN 2̐��˲ 2RNX 	�	� ˟BB?�ˠ `] <JZ1SYWJ] 	�	� ˟L\YZ ͅ ZJ]^_\Nˠ LYXO_]SYX WJ^\Sb˰ 0LL_\JLc ͌ �˰��	˳
Z\NLS]SYX ͌ �˰���

CJKVN 2̐��˲ 2RNX 	�	� ˟BB?
ˠ `] <JZ1SYWJ] 	�	� ˟L\YZ ͅ ZJ]^_\Nˠ LYXO_]SYX WJ^\Sb˰ 0LL_\JLc ͌ �˰���˳
Z\NLS]SYX ͌ �˰���

CJKVN 2̐�	˲ 2RNX 	�	� ˟BB?�ˠ `] <JZ1SYWJ] 	�	� ˟L\YZ ͅ ZJ]^_\Nˠ LYXO_]SYX WJ^\Sb˰ 0LL_\JLc ͌ �˰���˳
Z\NLS]SYX ͌ �˰���

8XLV_MSXQ ZJ]^_\N JXM L\YZVJXM SX^Y ^RN <JZ1SYWJ] MJ^J ]SQXSŊLJX^Vc SXL\NJ]N] ^RN X_WKN\ YO
̀^\_N ZY]S^S`N]́ JL\Y]] JVV BB? ]LNXJ\SY] JXM KYY]^] Z\NLS]SYX JKY`N ��˛˰ >`N\JVV˳ ^RS] SXMSLJ^N]
^RJ^ ZSbNV] LVJ]]SŊNM J] L\YZVJXM SX 2RNX N^ JV˰̄ ] MJ^J]N^ J\N VSUNVc ZJ]^_\N Y\ J WY]JSL YO ZJ]^_\N
JXM JQ\SL_V^_\N˰ CRS] ZY]N] VSWS^J^SYX] ^Y ^RN NŎLJLc YO Z\YTNL^NM L\YZVJXM JKJXMYXWNX^ JXM
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\N]^Y\J^SYX WYMNV]˰ 7YaN`N\˳ MN]ZS^N ^RS] WS]LVJ]]SŊLJ^SYX YO ZJ]^_\N J] L\YZVJXM˳ ^RN]N ZSbNV]
J\N ]^SVV Z\YTNL^NM ^Y ^\JX]S^SYX JaJc O\YW R_WJX̐SXō_NXLNM JQ\SL_V^_\N JXM ^YaJ\M XJ^_\JV VJXM
_]N]˰ 2YX]N\`J^S`NVc˳ S^ S] KN^^N\ ^Y SXLV_MN ^RN]N J\NJ] J] NVSQSKVN ZJ\LNV] OY\ \N]^Y\J^SYX ˟OJV]N
ZY]S^S`N]ˠ ^RJX NbLV_MN WS]LVJ]]SŊNM L\YZVJXM ˟OJV]N XNQJ^S`N]ˠ˰ CRN RSQR ^\_N XNQJ^S`N LY_X^]
JL\Y]] JVV LYXO_]SYX WJ^\SLN] \NōNL^ ^RS] ^Y KN ^RN LJ]N˳ aS^R 2RNX N^ JV˰̄ ] MJ^J]N^ JLL_\J^NVc
MN^N\WSXSXQ J\NJ] ^RJ^ J\N XY^ L\YZVJXM˰

	



3˰ 3J^J JXM LYMN J`JSVJKSVS^c

8X ^RN SX^N\N]^ YO ^\JX]ZJ\NXLc JXM YZNX MJ^J Z\JL^SLN]˳ JVV MJ^J˳ JXJVc]N]˳ JXM \N]_V^] QNXN\J^NM
O\YW ^RS] Z\YTNL^ J\N Y_^VSXNM SX CJKVN] 3̐� JXM 3̐	 KNVYa˰ CRN WJTY\S^c YO MJ^J _^SVSdNM OY\ ^RS]
Z\YTNL^̄] JXJVc]N] J\N Z_KVSLVc J`JSVJKVN˴ ]Y_\LN] JXM VSXU] ^Y MJ^J]N^] J\N Z\Y`SMNM SX CJKVN 3̐�
aRNX JZZVSLJKVN˰

0 Z_KVSL 6S^7_K JLLY_X^˳ 0Q0KJXMYXWNX^̐1\NX̐28˳ RY]^] \NZY]S^Y\SN] OY\ ^RN `J\SY_] JXJVc]N]
LYXM_L^NM ^R\Y_QRY_^ ^RS] Z\YTNL^˴ VSXU] JXM MN]L\SZ^SYX] OY\ ^RN]N \NZY]S^Y\SN] J\N Z\Y`SMNM SX
CJKVN 3̐	˰ 3_N ^Y ^RN ]SdN YO MJ^J _^SVSdNM OY\ ]YWN JXJVc]N]˳ \Ja ]Y_\LN MJ^J J\N XY^ Z_]RNM ^Y
^RN]N \NZY]S^Y\SN]˰ BY_\LN] ^Y VYLJVVc MYaXVYJM ^RN]N MJ^J]N^] J\N Z\Y`SMNM SX CJKVN 3̐� J] aNVV
J] NJLR \NZY]S^Y\c̄] A403<4˰WM ŊVN˰ CRS] 6S^7_K JLLY_X^ aSVV KN UNZ^ YZNX OY\ O_^_\N \N]NJ\LR
JXM \NZ\YM_LSKSVS^c˰




https://github.com/AgAbandonment-Bren-CI


CJKVN 3̐�˰ 3J^J _]NM SX JXJVc]N] aS^R VSXU] OY\ Z_KVSLVc J`JSVJKVN ]Y_\LN]˰

3J^J]N^ 6NXN\JV _]N 5SVN
^cZN

3J^N
L\NJ^NM

3YaXVYJM
VSXU

1\SNO MN]L\SZ^SYX JXM LS^J^SYX

5_^_\N QVYKJV
VJXM LY`N\

5SXMSXQ J\NJ] YO
Z\YTNL^NM L\YZVJXM
JKJXMYXWNX^ KY^R
QVYKJVVc ˟2R˰ 	ˠ JXM SX
1\JdSV ˟2R˰ 
ˠ Kc 	���˰

6NYC855 <J\LR˳
	�	�

INXYMY VSXU 5_^_\N VJXM LY`N\ ˟� UW \N]YV_^SYXˠ Y_^ ^Y 	��� KJ]NM YX BB?̐A2?
LVSWJ^N ]LNXJ\SY]˰ 3J^J]N^] J`JSVJKVN OY\ NS^RN\ � VJXM LY`N\
LVJ]]SŊLJ^SYX] Y\ 	� LY`N\ ^cZN] KJ]NM YX ?5C˰

2RNX˳ 6˰˳ ;S˳ G˰ ˖ ;S_˳ G˰ ˟	�		ˠ˰ 6VYKJV VJXM Z\YTNL^SYX KJ]NM YX ZVJX^
O_XL^SYXJV ^cZN] aS^R J �̐UW \N]YV_^SYX _XMN\ ]YLSY̐LVSWJ^SL ]LNXJ\SY]˰ BLS
3J^J �˳ �	�˰ R^^Z]˲̾̾MYS˰Y\Q̾�� �˰�
�̾]�����̐�		̐��	��̐

2_\\NX^
1\JdSVSJX VJXM
_]N JXM VJXM
LY`N\

3N^N\WSXSXQ ^RN
JLL_\JLc YO 2RNX N^
JV˰̄ ] Z\YTNL^NM VJXM
LY`N\ OY\ ^RN cNJ\
	�	� ˟0ZZ˰ 2ˠ˰

6NYC855 0_Q_]^˳
	�	�

<JZ1SYWJ]
2YVVNL^SYX]

<JZ1SYWJ] ?\YTNL^ ̐ S] J W_V^S̐SX]^S^_^SYXJV SXS^SJ^S`N ^Y QNXN\J^N
JXX_JV VJXM _]N JXM VJXM LY`N\ WJZ] O\YW J_^YWJ^SL LVJ]]SŊLJ^SYX
Z\YLN]]N] JZZVSNM ^Y ]J^NVVS^N SWJQN\c˰ 2YVVNL^SYX  VJXM LY`N\ MJ^J
˟
�W \N]YV_^SYXˠ OY\ 1\JdSV˰ CRN O_VV MN]L\SZ^SYX YO ^RN Z\YTNL^ LJX KN
OY_XM J^ R^^Z˲̾̾WJZKSYWJ]˰Y\Q

BY_dJ J^˰ JV˰ ˟	�	�ˠ ̐ ANLYX]^\_L^SXQ CR\NN 3NLJMN] YO ;JXM D]N JXM ;JXM
2Y`N\ 2RJXQN] SX 1\JdSVSJX 1SYWN] aS^R ;JXM]J^ 0\LRS`N JXM 4J\^R 4XQSXN
̐ ANWY^N BNX]SXQ˳ EYV_WN �	˳ 8]]_N ��˳ R^^Z]˲̾̾MYS˰Y\Q̾��˰

��̾\]�	��	�
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2J\KYX
JLL_W_VJ^SYX
ZY^NX^SJV

7SQRVSQR^SXQ J\NJ]
L\S^SLJV ^Y LJ\KYX
]N[_N]^\J^SYX QVYKJVVc
˟2R˰ 	ˠ JXM Z\SY\S^SdSXQ
1\JdSVSJX ZJ\LNV] OY\
\N]^Y\J^SYX KJ]NM YX
ZY^NX^SJV KNXNŊ^] ^Y
LJ\KYX ˟2R˰ 
ˠ˰

6NYC855 9_Vc˳
	�		

6VYKJV
5Y\N]^ FJ^LR

4]^SWJ^NM \J^N YO LJ\KYX ]N[_N]^\J^SYX ˟<Q2̾RJ̾c\ˠ SX JKY`N JXM
KNVYaQ\Y_XM KSYWJ]] M_\SXQ ^RN Ŋ\]^ 
� cNJ\] YO XJ^_\JV \NQ\Ya^R˰
CRS] QVYKJV MJ^J]N^ ˟� UW \N]YV_^SYXˠ aJ] Ŋ\]^ QNXN\J^NM Kc
2YYU̐?J^^YX N^ JV˰ SX 	�	� aS^R `JV_N] OY\ JKY`NQ\Y_XM LJ\KYX
]^Y\JQN YXVc˰ 65F _ZMJ^NM ^RS] MJ^J]N^ SX 	�		 ^Y SXLV_MN
KNVYaQ\Y_XM ]N[_N]^\J^SYX \J^N]˰

2YYU̐?J^^YX˳ B˰ 2˰˳ ;NJ`S^^˳ B˰ <˰˳ 6SKK]˳ 3˰ N^ JV˰ ˟	�	�ˠ˰ <JZZSXQ LJ\KYX
JLL_W_VJ^SYX ZY^NX^SJV O\YW QVYKJV XJ^_\JV OY\N]^ \NQ\Ya^R˰ =J^_\N˳
���˟��	ˠ˳ ���̓���˰ R^^Z]˲̾̾MYS˰Y\Q̾�� �˰�
�̾]����̐�	�̐	�̐b
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https://zenodo.org/record/4584775#.ZA429XbMJD9
https://mapbiomas.org/en/colecoes-mapbiomas-1?cama_set_language=en
https://mapbiomas.org/en/colecoes-mapbiomas-1?cama_set_language=en
http://mapbiomas.org
https://doi.org/10.3390/rs12172735
https://data.globalforestwatch.org/documents/gfw::carbon-accumulation-potential-from-natural-forest-regrowth-in-forest-and-savanna-biomes/about
https://data.globalforestwatch.org/documents/gfw::carbon-accumulation-potential-from-natural-forest-regrowth-in-forest-and-savanna-biomes/about
https://doi.org/10.1038/s41586-020-2686-x


CJKVN 3̐� ˟LYX^˰ˠ˰ 3J^J _]NM SX JXJVc]N] aS^R VSXU] OY\ Z_KVSLVc J`JSVJKVN ]Y_\LN]˰

5_^_\N JXM
L_\\NX^
KSYMS`N\]S^c
Z\SY\S^c J\NJ]

D]NM OY\ RSQRVSQR^SXQ
J\NJ] L\S^SLJV ^Y
KSYMS`N\]S^c QVYKJVVc
˟2R˰ 	ˠ JXM Z\SY\S^SdSXQ
1\JdSVSJX ZJ\LNV] OY\
\N]^Y\J^SYX KJ]NM YX
J]]YLSJ^NM Nb^SXL^SYX
\S]U ˟2R˰ 
ˠ˰

6NYC855 	�	� B?0A2
2YX]N\`J^SYX
?\SY\S^SN]

6VYKJV ]ZJ^SJV MJ^J]N^ J^ �UW \N]YV_^SYX MS]ZVJcSXQ \JXU̐Y\MN\NM
J\NJ] YO RSQR SWZY\^JXLN ^Y LYX]N\`SXQ KSYMS`N\]S^c˰ CRN \JXU
Y\MN\ YO SWZY\^JXLN aJ] MN^N\WSXNM Kc NbJWSXSXQ L_\\NX^ JXM
O_^_\N \JXQN] YO ��˳��� `N\^NK\J^N ]ZNLSN] JXM ^RNS\ \NVJ^S`N
Nb^SXL^SYX \S]U]˰

AYNR\MJXd˳ ?˰ ˳ 7JXXJR˳ ;˰˳ 2Y\LY\JX˳ 3˰˳ 2Y\VN^^˳ A˰˳ 4X[_S]^˳ 1˰˳ 5JTJ\MY˳ 9˰˳
5NXQ˳ G˰˳ 5YMNX˳ F˰˳ ;Y`N^^˳ 9˰˳ <JS^XN\˳ 1˰˳ <J\[_N^˳ ?˰ ˳ <N\Ya˳ 2˰˳ ˖
<SMQVNc˳ 6˰ ˟	�	�ˠ˰ B^\J^NQSL 2YX]N\`J^SYX YO 6VYKJV EN\^NK\J^N] SX
AN]ZYX]N ^Y 2VSWJ^N 2RJXQN˰ BBA= 4VNL^\YXSL 9Y_\XJV˲ ?\NZ\SX^]˰
R^^Z]˲̾̾MYS˰Y\Q̾��˰	�
�̾]]\X˰
������

AN]^Y\J^SYX
LY]^]

0]]SQXSXQ \N]^Y\J^SYX
LY]^] ^Y JKJXMYXNM
L\YZVJXM ZJ\LNV]
KJ]NM YX \N]^Y\J^SYX
WN^RYM JXM KSYWN
˟2R˰ 
ˠ˰

2BE 	��� 3J^J SX
6S^7_K
\NZY]S^Y\c

4]^SWJ^NM LY]^] OY\ ]Sb MSňN\NX^ \N]^Y\J^SYX WN^RYM]˳ MNZNXMSXQ
YX NX`S\YXWNX^JV LYXMS^SYX JXM 1\JdSVSJX KSYWN˰ CRN]N MJ^J aN\N
QNXN\J^NM JXM \NZY\^NM SX J =J^_\N 2YX]N\`JXLc \NZY\^ O\YW 	���
JXM WJX_JVVc NX^N\NM SX^Y ^JK_VJ\ OY\WJ^ OY\ JXJVc]S]˰ CRN]N MJ^J
LJX KN OY_XM aS^RSX ^RN 6S^7_K \NZY]S^Y\c OY\ Y_\ \N]^Y\J^SYX
Z\SY\S^SdJ^SYX JXJVc]S]˰

MN <S\JXMJ 1NXSXS˳ A˰˳ ˖ 0MNYMJ^Y˳ B˰ ˟	���ˠ˰ 5Y\N]^ AN]^Y\J^SYX 4LYXYWc˰
CRN =J^_\N 2YX]N\`JXLc˳ ��˰

1\JdSVSJX
KY_XMJ\SN]

2\YZZSXQ JXM
WJ]USXQ \J]^N\ MJ^J ^Y
NS^RN\ ^RN LY_X^\c YO
1\JdSV Y\ ]ZNLSŊL
KSYWN]̾\NQSYX] aS^RSX
1\JdSV ˟2R˰ 
ˠ˰

6?:6 	��� QNYK\
ZJLUJQN
6S^7_K

8164

CRN QNYK\ ZJLUJQN SX A aJ] _]NM ^Y \NJM SX JLL_\J^N ]ZJ^SJV
MJ^J]N^] OY\ `J\SY_] 1\JdSVSJX KY_XMJ\SN]˰ 1SYWN KY_XMJ\c MJ^J
aJ] Y\SQSXJVVc ]Y_\LNM O\YW ^RN 8X]^S^_^Y 1\J]SVNS\Y MN 6NYQ\JŊJ N
4]^J^Ś]^SLJ ˟8164ˠ JXM S] J^ ]LJVN �˲	��˰���˰

?N\NS\J A˳ 6YXLJV`N] 2 ˟	�	
ˠ˰ QNYK\˲ 3YaXVYJM >ŎLSJV BZJ^SJV 3J^J BN^]
YO 1\JdSV˰ A ZJLUJQN `N\]SYX �˰�˰����˳ R^^Z]˲̾̾QS^R_K˰LYW̾SZNJ68C̾QNYK\˰
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http://www.sparc-website.org/
http://www.sparc-website.org/
http://www.sparc-website.org/
https://github.com/AgAbandonment-Bren-CI/restoration-prioritization
https://github.com/AgAbandonment-Bren-CI/restoration-prioritization
https://github.com/AgAbandonment-Bren-CI/restoration-prioritization
https://github.com/ipeaGIT/geobr
https://github.com/ipeaGIT/geobr
https://github.com/ipeaGIT/geobr
https://www.ibge.gov.br/en/geosciences/maps/brazil-environmental-information/18341-biomes.html
https://github.com/ipeaGIT/geobr


KY_XMJ\c
`NL^Y\]

8X]^S^_^Y 1\J]SVNS\Y MN 6NYQ\JŊJ N 4]^J^Ś]^SLJ˰ ˟X˰M˰ˠ˰ <JZJ] 5Ś]SLY] N
0WKSNX^JS]˰ 1\J]SV ̐ <JZJ] 5Ś]SLY] N 0WKSNX^JS]˰ AN^\SN`NM <Jc �˳ 	�		˳
O\YW R^^Z]˲̾̾WJZJ]SX^N\J^S`Y]˰SKQN˰QY ˰̀K\̾]SQSKQN̾



https://www.ibge.gov.br/en/geosciences/maps/brazil-environmental-information/18341-biomes.html
https://www.ibge.gov.br/en/geosciences/maps/brazil-environmental-information/18341-biomes.html


CJKVN 3̐	˰ ;SXU] ^Y 6S^7_K \NZY]S^Y\SN] OY\ Z\YTNL^ JXJVc]N]˰

0XJVc]S] 3N]L\SZ^SYX ;SXU ^Y \NZY]S^Y\c

3N^N\WSXSXQ J\NJ] YO
Z\YTNL^NM L\YZVJXM
JKJXMYXWNX^˰
˟2R˰ 	 JXM 
ˠ

CaY ]NZJ\J^N A WJ\UMYaX] MN^N\WSXSXQ aRN\N Z\YTNL^NM L\YZVJXM JKJXMYXWNX^ aSVV
YLL_\ QVYKJVVc JXM aS^RSX 1\JdSV˳ \N]ZNL^S`NVc˰ 1Y^R JXJVc]N] _^SVSdNM O_^_\N VJXM LY`N\ MJ^J
O\YW 2RNX N^ JV˰˳ 	�		˰ >_^Z_^] SXLV_MN \J]^N\] OY\ JKJXMYXWNX^ _XMN\ ]Sb MSňN\NX^
LVSWJ^N ]LNXJ\SY] J^ � UW \N]YV_^SYX˰ 1\JdSVSJX JKJXMYXWNX^ S] _^SVSdNM J] SX SXZ_^ OY\ ^RN
\N]^Y\J^SYX Z\SY\S^SdJ^SYX JXJVc]S]˰

JKJXMYXNM̐L\YZVJXM

?\SY\S^SdSXQ \N]^Y\J^SYX YO
JKJXMYXNM 1\JdSVSJX
L\YZVJXM˰
˟2R˰ 
ˠ

D^SVSdN] \J]^N\] YO Z\YTNL^NM JKJXMYXWNX^ _XMN\  LVSWJ^N ]LNXJ\SY]˳ J] aNVV J] MJ^J OY\
KSYMS`N\]S^c˳ LJ\KYX˳ JXM \N]^Y\J^SYX LY]^˳ ^Y MN^N\WSXN ^RN YZ^SWJV \N]^Y\J^SYX VYLJ^SYX]
aS^RSX J ]ZNLSŊNM K_MQN^˰ >_^Z_^] SXLV_MN \J]^N\] SXMSLJ^SXQ aRSLR ZJ\LNV] ]RY_VM KN
\N]^Y\NM ˟`JV_N �ˠ JXM aRSLR ]RY_VM XY^ ˟`JV_N �ˠ˰

\N]^Y\J^SYX̐Z\SY\S^SdJ^SYX

2YXO_]SYX WJ^\SLN]
˟0ZZ˰ 
ˠ

2YWZJ\N] 2RNX N^ JV˰̄ ] Z\YTNL^NM VJXM LY`N\ JQJSX]^ <JZ1SYWJ]̄ YK]N\`NM VJXM LY`N\ ^Y
MN^N\WSXN ^RN QNXN\JV JLL_\JLc YO 1\JdSVSJX VJXM LY`N\ Z\YTNL^SYX] _]NM OY\ Y^RN\ JXJVc]N]
SX ^RS] Z\YTNL^˰

L\YZVJXM̐Z\YTNL^NM̐
YK]N\`NM

3J^J `S]_JVSdJ^SYX
˟2R˰ 	 JXM 
ˠ

2\NJ^N] JX SX^N\JL^S`N BRSXc 0ZZ aRN\N ^RN _]N\ LJX O_\^RN\ NbZVY\N ^RN MJ^J JXM JXJVc]N]
Z\N]NX^NM SX ^RS] \NZY\^˰

]RSXc̐JZZ
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https://github.com/AgAbandonment-Bren-CI/abandoned-cropland
https://github.com/AgAbandonment-Bren-CI/restoration-prioritization
https://github.com/AgAbandonment-Bren-CI/cropland-projected-observed
https://github.com/AgAbandonment-Bren-CI/cropland-projected-observed
https://github.com/AgAbandonment-Bren-CI/shiny_app


ANON\NXLN] 2S^NM

0VNbJXM\J^Y]˳ =˰˳ ˖ 1\_SX]WJ˳ 9˰ ˟	��	ˠ˰ FY\VM 0Q\SL_V^_\N CYaJ\M] 	�
�̾	���˲ CRN 	��	
AN`S]SYX˰ 5YYM JXM 0Q\SL_V^_\N >\QJXSdJ^SYX YO ^RN DXS^NM =J^SYX]˰

0V`N] >VS`NS\J BSV`J˳ 9˰˳ ˖ 1J\KY]J˳ 4˰ ˟	���ˠ˰ <JXJQNWNX^ YO Z\N]N\`NM ^N\\S^Y\SN]˲ 5J\ KNcYXM ^RN
Z\N]N\`J^SYX YO XJ^_\N˰ 3S\NS^Y 0WKSNX^JV N 3N]NX`YV`SWNX^Y B_]^NX^Ė`NV˳ �˟
�ˠ˰

1NSVSX˳ A˰˳ ;SXMKY\Q˳ A˰˳ B^NX]NUN˳ <˰˳ ?N\NS\J˳ 7˰ <˰˳ ;VJ_]Ě]˳ 0˰˳ BVę^WY˳ 4˰˳ 2N\[_NS\J˳ H˰˳ =J`J\\Y˳
;˰˳ AYM\SQ_N]˳ ?˰ ˳ ANSLRNV^˳ =˰˳ <_X\Y˳ =˰˳ ˖ @_NS\Yd˳ 2˰ ˟	���ˠ˰ 0XJVc]SXQ RYa M\S`N\] YO
JQ\SL_V^_\JV VJXM JKJXMYXWNX^ JňNL^ KSYMS`N\]S^c JXM L_V^_\JV VJXM]LJZN] _]SXQ LJ]N
]^_MSN] O\YW BLJXMSXJ`SJ˳ 8KN\SJ JXM >LNJXSJ˰ ;JXM D]N ?YVSLc˳ 
˳ �̓�	˰
R^^Z]˲̾̾MYS˰Y\Q̾�� �˰��̾T˰VJXM_]NZYV˰	��
˰��˰��


1NVV˳ B˰ <˰˳ 1J\\SYLJXJV˳ 2˰˳ CN\\N\˳ 2˰˳ ˖ AY]NVV̐<NVĶ˳ 0˰ ˟	�	�ˠ˰ <JXJQNWNX^ YZZY\^_XS^SN] OY\ ]YSV
LJ\KYX ]N[_N]^\J^SYX OYVVYaSXQ JQ\SL_V^_\JV VJXM JKJXMYXWNX^˰ 4X`S\YXWNX^JV BLSNXLN ˖
?YVSLc˳ ���˳ ���̓���˰ R^^Z]˲̾̾MYS˰Y\Q̾�� �˰��̾T˰NX`]LS˰	�	�˰�
˰���

1NXJcJ]˳ 9˰ <˰ A˰˳ =Na^YX˳ 0˰ 2˰˳ 3SJd˳ 0˰˳ ˖ 1_VVYLU˳ 9˰ <˰ ˟	���ˠ˰ 4XRJXLNWNX^ YO 1SYMS`N\]S^c
JXM 4LY]c]^NW BN\`SLN] Kc 4LYVYQSLJV AN]^Y\J^SYX˲ 0 <N^J̐0XJVc]S]˰ BLSNXLN˳ 
	�˟����ˠ˳
��	�̓��	�˰

1NXJcJ]˳ 9˰˳ <J\^SX]˳ 0˰˳ =SLYVJ_˳ 9˰˳ ˖ BLR_Vd˳ 9˰ ˟	���ˠ˰ 0KJXMYXWNX^ YO JQ\SL_V^_\JV VJXM˲ 0X
Y`N\`SNa YO M\S`N\] JXM LYX]N[_NXLN]˰ 201 AN`SNa] ?N\]ZNL^S`N] SX 0Q\SL_V^_\N
EN^N\SXJ\c BLSNXLN =_^\S^SYX JXM =J^_\JV AN]Y_\LN]˳ 	˰
R^^Z]˲̾̾MYS˰Y\Q̾�� �˰���̾?0EB==A	���	���

1N\QSN\˳ 8˰˳ 0]]SXN˳ <˰ ;˰˳ <L6V_N˳ <˰ <˰˳ 0VRY˳ 2˰ 9˰ A˰˳ BSV`J˳ 0˰˳ 6_N\\NS\Y˳ A˰ ;˰˳ ˖ 2J\`JVRY˳ 9˰ 2˰
˟	���ˠ˰ 0WJdYX \JSXOY\N]^ WYM_VJ^SYX YO aJ^N\ ]NL_\S^c SX ^RN ?JX^JXJV aN^VJXM˰ BLSNXLN YO
CRN CY^JV 4X`S\YXWNX^˳ ��̓	�˳ ���̓��	�˰ R^^Z]˲̾̾MYS˰Y\Q̾�� �˰��̾T˰]LS^Y^NX ˰̀	���˰�� �˰


1NcN\˳ 7˰ ;˰˳ 3_TJ\MSX˳ H˰˳ FJ^^]˳ <˰ 4˰˳ ˖ ?Y]]SXQRJW˳ 7˰ ?˰ ˟	��ˠ˰ BYV`SXQ LYX]N\`J^SYX ZVJXXSXQ
Z\YKVNW] aS^R SX^NQN\ VSXNJ\ Z\YQ\JWWSXQ˰ 4LYVYQSLJV <YMNVVSXQ˳ 
	�˳ ��̓		˰
R^^Z]˲̾̾MYS˰Y\Q̾�� �˰��̾T˰NLYVWYMNV˰	��˰�	˰���

1NdN\\J˳ 5˰ 6˰ B˰˳ AJXMYa˳ 2˰ E˰˳ 0]]S]˳ C˰ >˰˳ 1NdN\\J˳ :˰ A˰ 0˰˳ CNTJMJ˳ 6˰˳ 2J]^\Y˳ 0˰ 0˰˳ 6YWN]˳ 3˰
<˰ MN ?˰ ˳ 0`JXLSXS˳ A˰˳ ˖ 0Q_SJ\˳ 0˰ ?˰ ˟	�		ˠ˰ =Na VJXM̐_]N LRJXQN ]LNXJ\SY] OY\ 1\JdSV˲
ANŊXSXQ QVYKJV BB?] aS^R J \NQSYXJV ]ZJ^SJVVc̐NbZVSLS^ JVVYLJ^SYX WYMNV˰ ?_KVSL ;SK\J\c YO
BLSNXLN˳ ��˟�ˠ˳ N�	���	˰ R^^Z]˲̾̾MYS˰Y\Q̾�� �˰
��̾TY_\XJV˰ZYXN˰�	���	

1Y˳ C˰ ˟	���ˠ˰ 6N\WJXc˳ =Y\aJc RJV^ JSM O_XMSXQ Y`N\ 1\JdSV̄] 0WJdYX ZYVSLSN] ̓ 4X`S\YXWNX^ =Na]
̓ 0V 9JdNN\J˰

�

https://doi.org/10.1079/PAVSNNR20072057
https://doi.org/10.1371/journal.pone.0256052


R^^Z]˲̾̾aaa˰JVTJdNN\J˰LYW̾`SMNY]̾	���̾�̾�̾QN\WJXc̐XY\aJc̐RJV^̐JSM̐O_XMSXQ̐Y`N\̐K\JdSV]̐
JWJdYX̐ZYVSLSN]

1YJMVN˳ 0˰ ˖ BZ\SXQ˳ 9˰ ˟	�		ˠ˰ 1\JdSV̄] ;_VJ LY_\^] D˰:˰˳ D˰B˰ ^Y TYSX 0WJdYX \JSXOY\N]^ Z\Y^NL^SYX
O_XM˰ AN_^N\]˰
R^^Z]˲̾̾aaa˰\N_^N\]˰LYW̾K_]SXN]]̾NX`S\YXWNX^̾K\JdSV]̐V_VJ̐LY_\^]̐_U̐Y^RN\]̐TYSX̐O_XM̐Z\Y^
NL^̐\JSXOY\N]^̐	�		̐��̐	�̾

1_\VSXQJWN˳ ;˰ ˟	���ˠ˰ <YX^N`N\MN 8X]^S^_^N ̓ 7S]^Y\c˰ R^^Z]˲̾̾WYX^N`N\MN̐SX]^S^_^N˰Y\Q̾

2JVJKYXS˳ 0˰˳ CJWKY]S˳ ;˰ A˰˳ 8QJ\S˳ 0˰ C˰ ˳ 5J\SXJLS˳ 9˰ B˰˳ <N^dQN\˳ 9˰ ?˰ ˳ ˖ D\SJ\^N˳ <˰ ˟	���ˠ˰ CRN OY\N]^
^\JX]S^SYX SX BĞY ?J_VY˳ 1\JdSV˲ 7S]^Y\SLJV ZJ^^N\X] JXM ZY^NX^SJV M\S`N\]˰ 4LYVYQc JXM
BYLSN^c˳ 	
˟�ˠ˰ R^^Z]˲̾̾aaa˰T]^Y\˰ Y\Q̾]^JKVN̾	�����

2JWZY˳ 9˰˳ B^ST]SQN\˳ A˰ 9˰˳ =JMJV̐AYWN\Y˳ 4˰˳ ˖ 2JWWN\JJ^˳ 4˰ ;˰ 7˰ ˟	���ˠ˰ CRN NňNL^] YO VJXM
JKJXMYXWNX^ JXM VYXQ̐^N\W JňY\N]^J^SYX Z\JL^SLN] YX ^RN Y\QJXSL LJ\KYX ]^YLU JXM
VSQXSX LYX^NX^ YO <NMS^N\\JXNJX R_WSM WY_X^JSX ]YSV]˰ 4_\YZNJX 9Y_\XJV YO BYSV BLSNXLN˳
��˟�ˠ˳ ���̓���˰ R^^Z]˲̾̾MYS˰Y\Q̾�� �˰���̾NT]] �˰	���

2RJdMYX˳ A˰ ;˰ ˟	���ˠ˰ 1NcYXM 3NOY\N]^J^SYX˲ AN]^Y\SXQ 5Y\N]^] JXM 4LY]c]^NW BN\`SLN] YX
3NQ\JMNM ;JXM]˰ BLSNXLN˳ 
	�˟���	ˠ˳ ����̓���˰ R^^Z]˲̾̾MYS˰Y\Q̾�� �˰�	̾]LSNXLN �˰���
�

2RJdMYX˳ A˰ ;˰˳ ˖ 6_J\SQ_J^J˳ <˰ A˰ ˟	��ˠ˰ =J^_\JV \NQNXN\J^SYX J] J ^YYV OY\ VJ\QN̐]LJVN OY\N]^
\N]^Y\J^SYX SX ^RN ^\YZSL]˲ ?\Y]ZNL^] JXM LRJVVNXQN]˰ 1SY^\YZSLJ˳ ��˟ˠ˳ ��̓�
�˰
R^^Z]˲̾̾MYS˰Y\Q̾�� �˰���̾K^Z �˰	
��

2RNX˳ 6˰˳ ;S˳ G˰˳ ˖ ;S_˳ G˰ ˟	�		ˠ˰ 6VYKJV VJXM Z\YTNL^SYX KJ]NM YX ZVJX^ O_XL^SYXJV ^cZN] aS^R J
�̐UW \N]YV_^SYX _XMN\ ]YLSY̐LVSWJ^SL ]LNXJ\SY]˰ BLSNX^SŊL 3J^J˳ �˟�ˠ˳ 0\^SLVN �˰
R^^Z]˲̾̾MYS˰Y\Q̾�� �˰�
�̾]�����̐�		̐��	��̐

2Y\KNVVN̐ASLY˳ 4˰˳ BĖXLRNd̐5N\XĖXMNd˳ ?˰ ˳ ;ŴZNd̐8QVN]SJ]˳ 4˰˳ ;JQY̐?NŲJ]˳ B˰˳ ˖ 3J̐AYLRJ˳ 9˰̐<˰
˟	�		ˠ˰ ?_^^SXQ VJXM ^Y aY\U˲ 0X N`JV_J^SYX YO ^RN NLYXYWSL NňNL^] YO \NL_V^S`J^SXQ
JKJXMYXNM OJ\WVJXM˰ ;JXM D]N ?YVSLc˳ ��	˳ ������˰
R^^Z]˲̾̾MYS˰Y\Q̾�� �˰��̾T˰VJXM_]NZYV˰	�	� �˰�����

2YYU̐?J^^YX˳ B˰ 2˰˳ ;NJ`S^^˳ B˰ <˰˳ 6SKK]˳ 3˰˳ 7J\\S]˳ =˰ ;˰˳ ;S]^N\˳ :˰˳ 0XMN\]YX̐CNSbNS\J˳ :˰ 9˰˳ 1\SQQ]˳
A˰ 3˰˳ 2RJdMYX˳ A˰ ;˰˳ 2\Ya^RN\˳ C˰ F˰˳ 4VVS]˳ ?˰ F˰˳ 6\S]LYW˳ 7˰ ?˰ ˳ 7N\\WJXX˳ E˰˳ 7YVV˳ :˰ 3˰˳
7Y_QR^YX˳ A˰ 0˰˳ ;J\\Y]J˳ 2˰˳ ;YWJb˳ 6˰˳ ;_LJ]˳ A˰˳ <JM]NX˳ ?˰ ˳ <JVRS˳ H˰˳ ˱ 6\S]LYW˳ 1˰ F˰
˟	�	�ˠ˰ <JZZSXQ LJ\KYX JLL_W_VJ^SYX ZY^NX^SJV O\YW QVYKJV XJ^_\JV OY\N]^ \NQ\Ya^R˰ =J^_\N˳
���˟��	ˠ˳ 0\^SLVN ��	˰ R^^Z]˲̾̾MYS˰Y\Q̾�� �˰�
�̾]����̐�	�̐	�̐b

2\JaOY\M˳ 2˰ ;˰˳ HSX˳ 7˰˳ AJMNVYň˳ E˰ 2˰˳ ˖ FSVLY`N˳ 3˰ B˰ ˟	�		ˠ˰ A_\JV VJXM JKJXMYXWNX^ S] ^YY

�

https://doi.org/10.1016/j.landusepol.2021.105808
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NZRNWN\JV ^Y Z\Y`SMN WJTY\ KNXNŊ^] OY\ KSYMS`N\]S^c JXM LVSWJ^N˰ BLSNXLN 0M`JXLN]˳ �˟	�ˠ˳
NJKW����˰ R^^Z]˲̾̾MYS˰Y\Q̾�� �˰�	̾]LSJM ˰̀JKW����

2_\\JX˳ <˰˳ 7NVVaNQ˳ B˰˳ ˖ 1NLU˳ 9˰ ˟	���ˠ˰ 8] ^RN\N JXc NWZS\SLJV ]_ZZY\^ OY\ KSYMS`N\]S^c Yň]N^
ZYVSLc˺ 4LYVYQSLJV 0ZZVSLJ^SYX]˳ 	�˟�ˠ˳ ��̓
	˰ R^^Z]˲̾̾MYS˰Y\Q̾�� �˰���̾�
̐�	�
 �˰

3JX^J]˳ 3˰˳ CN\\J˳ <˰ MN 2˰ =˰ B˰˳ ?SX^Y˳ ;˰ >˰ A˰˳ 2JVNQJ\SY˳ =˰˳ ˖ <JLSNV˳ B˰ <˰ ˟	�	�ˠ˰ 0KY`N JXM
KNVYaQ\Y_XM LJ\KYX ]^YLU SX J ^\YZSLJV OY\N]^ SX 1\JdSV˰ 0L^J BLSNX^SJ\_W˰ 0Q\YXYWc˳ �
˳
N��	�˰ R^^Z]˲̾̾MYS˰Y\Q̾��˰��	�̾JL^J]LSJQ\YX˰̀ �
S�˰��	�

3J`S]˳ 9˰ ˟	���ˠ˰ CRN 2\NJ^SYX JXM <JXJQNWNX^ YO ?\Y^NL^NM 0\NJ] SX <YX^N`N\MN˳ 2Y]^J ASLJ˰
6VYKJV 4X`S\YXWNX^˳ �̓���˰ R^^Z˲̾̾aaa˰NX`S\YXWNX^JXM]YLSN^c˰Y\Q̾XYMN̾��˰

MN <S\JXMJ 1NXSXS˳ A˰˳ ˖ 0MNYMJ^Y˳ B˰ ˟	���ˠ˰ 5Y\N]^ AN]^Y\J^SYX 4LYXYWc˰ CRN =J^_\N
2YX]N\`JXLc˳ ��˰

3ŚJd˳ 6˰ 8˰˳ =JR_NVR_JV˳ ;˰˳ 4LRN`N\\ŚJ˳ 2˰˳ ˖ <J\ŚX˳ B˰ ˟	���ˠ˰ 3\S`N\] YO VJXM JKJXMYXWNX^ SX
BY_^RN\X 2RSVN JXM SWZVSLJ^SYX] OY\ VJXM]LJZN ZVJXXSXQ˰ ;JXM]LJZN JXM D\KJX ?VJXXSXQ˳
��˟
̓�ˠ˳ 	��̓	��˰ R^^Z]˲̾̾MYS˰Y\Q̾�� �˰��̾T˰VJXM_\KZVJX˰	��� �˰�˰���

3SbYX˳ A˰ :˰˳ BYVYWYX˳ 0˰ <˰˳ 1\YaX˳ B˰˳ 7Y_QR^YX˳ A˰ 0˰˳ C\NbSN\˳ <˰ 2˰˳ ˖ FS]XSNa]US˳ 9˰ ˟����ˠ˰
2J\KYX ?YYV] JXM 5V_b YO 6VYKJV 5Y\N]^ 4LY]c]^NW]˰ BLSNXLN˳ 	
˟����ˠ˳ ���̓���˰
R^^Z]˲̾̾MYS˰Y\Q̾�� �˰�	̾]LSNXLN˰	
˰���� �˰��

3\_WWYXM˳ 9˰˳ 5\JXLY˳ 9˰˳ ˖ =SXS]˳ 0˰ ˟	���ˠ˰ 1\JdSVSJX 5NMN\JV 2YX]N\`J^SYX DXS^]˲ 0 7S]^Y\SLJV
>`N\`SNa YO ^RNS\ 2\NJ^SYX JXM YO ^RNS\ 2_\\NX^ B^J^_]˰ 4X`S\YXWNX^ JXM 7S]^Y\c˳ ��˳
�
̓���˰ R^^Z]˲̾̾MYS˰Y\Q̾��˰
���̾���
����G�	�
	�	��	�


3_˳ 9˰˳ INXQ˳ <˰˳ GSN˳ I˰˳ ˖ FJXQ˳ B˰ ˟	���ˠ˰ ?YaN\ YO 0Q\SL_V^_\JV 2\NMS^ SX 5J\WVJXM
0KJXMYXWNX^˲ 4`SMNXLN O\YW A_\JV 2RSXJ˰ ;JXM˳ �˟�	ˠ˳ 0\^SLVN �	˰
R^^Z]˲̾̾MYS˰Y\Q̾��˰

��̾VJXM��	����

4X[_S]^˳ 1˰ 9˰˳ 5NXQ˳ G˰˳ 1YcVN˳ 1˰˳ <JS^XN\˳ 1˰˳ =NaWJX˳ 4˰ 0˰˳ 9Ż\QNX]NX˳ ?˰ <˰˳ AYNR\MJXd˳ ?˰ A˰˳
CRSN\]˳ 1˰ <˰˳ 1_\QN\˳ 9˰ A˰˳ 2Y\VN^^˳ A˰ C˰ ˳ 2Y_`\N_\˳ C˰ ;˰ ?˰ ˳ 3J_Kc˳ 6˰˳ 3YXYQR_N˳ 9˰ 2˰˳
5YMNX˳ F˰˳ ;Y`N^^˳ 9˰ 2˰˳ <J\[_N^˳ ?˰ 0˰˳ <N\Ya˳ 2˰˳ <SMQVNc˳ 6˰˳ <Y\_N^J̐7YVWN˳ =˰˳ ˱
<L6SVV˳ 1˰ 9˰ ˟	���ˠ˰ CRN LYWWYXXN]] YO \J\S^c˲ 6VYKJV JXM O_^_\N MS]^\SK_^SYX YO \J\S^c
JL\Y]] VJXM ZVJX^]˰ BLSNXLN 0M`JXLN]˳ �˟��ˠ˳ NJJd����˰
R^^Z]˲̾̾MYS˰Y\Q̾�� �˰�	̾]LSJM ˰̀JJd����

4]^NV˳ B˰˳ :_NWWN\VN˳ C˰ ˳ 0VLĖX^J\J˳ 2˰˳ ;N`N\]˳ 2˰˳ ?\S]RLRNZY ˳̀ 0˰˳ ˖ 7Y]^N\^˳ ?˰ ˟	���ˠ˰ <JZZSXQ
OJ\WVJXM JKJXMYXWNX^ JXM \NL_V^S`J^SYX JL\Y]] 4_\YZN _]SXQ <>38B =3E8 ^SWN ]N\SN]˰
ANWY^N BNX]SXQ YO 4X`S\YXWNX^˳ �
˳ 
�	̓
	�˰ R^^Z]˲̾̾MYS˰Y\Q̾�� �˰��̾T˰\]N˰	���˰�
˰�	�

��
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4]^Y[_N˳ A˰ 2˰˳ 6YWS˳ :˰˳ CYQJaJ˳ C˰ ˳ >YKJ˳ <˰˳ 7STSYUJ˳ H˰˳ 0UScJWJ˳ 2˰ <˰˳ =JUJW_\J˳ B˰˳ HY]RSYUJ˳
0˰˳ ˖ :_\YMJ˳ :˰ ˟	���ˠ˰ BLNXJ\SY̐KJ]NM VJXM JKJXMYXWNX^ Z\YTNL^SYX]˲ <N^RYM˳
JZZVSLJ^SYX JXM SWZVSLJ^SYX]˰ BLSNXLN YO CRN CY^JV 4X`S\YXWNX^˳ �	˳ ��
̓��˰
R^^Z]˲̾̾MYS˰Y\Q̾�� �˰��̾T˰]LS^Y^NX ˰̀	���˰��˰	��

4_\YZNJX 2YWWS]]SYX˰ ˟	�		ˠ˰ CRN LYWWYX JQ\SL_V^_\JV ZYVSLc J^ J QVJXLN ˣ6Y`N\XWNX^ˤ˰
4_\YZNJX 2YWWS]]SYX˰
R^^Z]˲̾̾NL˰N_\YZJ˰N_̾SXOY̾OYYM̐OJ\WSXQ̐Ŋ]RN\SN]̾UNc̐ZYVSLSN]̾LYWWYX̐JQ\SL_V^_\JV̐ZYVSLc̾L
JZ̐QVJXLŃNX

5JV]^N\˳ 3˰ B˰˳ 1\ęXX]^\ŷW˳ �˰˳ FN]^YKc˳ <˰˳ ˖ 3SNLUWJXX˳ D˰ ˟	���ˠ˰ <_V^S^\JS^ ]_LLN]]SYXJV OY\N]^
McXJWSL] NXJKVN MS`N\]N LYWZN^S^S`N LYNbS]^NXLN˰ ?\YLNNMSXQ] YO ^RN =J^SYXJV 0LJMNWc
YO BLSNXLN]˳ ���˟�
ˠ˰ R^^Z]˲̾̾MYS˰Y\Q̾�� �˰��
̾ZXJ] �˰��	����

5JcN^˳ 2˰ <˰ 9˰˳ ANSVVc˳ :˰ 7˰˳ EJX 7JW˳ 2˰˳ ˖ EN\K_\Q˳ ?˰ 7˰ ˟	�		Jˠ˰ FRJ^ S] ^RN O_^_\N YO
JKJXMYXNM JQ\SL_V^_\JV VJXM]˺ 0 ]c]^NWJ^SL \N`SNa YO JV^N\XJ^S`N ^\JTNL^Y\SN] SX 4_\YZN˰
;JXM D]N ?YVSLc˳ ��	˳ ����

˰ R^^Z]˲̾̾MYS˰Y\Q̾�� �˰��̾T˰VJXM_]NZYV˰	�	� �˰���



5JcN^˳ 2˰ <˰ 9˰˳ ANSVVc˳ :˰ 7˰˳ EJX 7JW˳ 2˰˳ ˖ EN\K_\Q˳ ?˰ 7˰ ˟	�		Kˠ˰ CRN ZY^NX^SJV YO 4_\YZNJX
JKJXMYXNM JQ\SL_V^_\JV VJXM] ^Y LYX^\SK_^N ^Y ^RN 6\NNX 3NJV YKTNL^S`N]˲ ?YVSLc
ZN\]ZNL^S`N]˰ 4X`S\YXWNX^JV BLSNXLN ˖ ?YVSLc˳ �

˳ ��̓�
˰
R^^Z]˲̾̾MYS˰Y\Q̾�� �˰��̾T˰NX`]LS˰	�		˰�
˰���

5N\\Jd˳ B˰ 5˰ 1˰˳ 5N\\Jd˳ :˰ <˰ ?˰ <˰ 1˰˳ 2J]]SJXY˳ 2˰ 2˰˳ 1\JXLJVSYX˳ ?˰ 7˰ B˰˳ MJ ;_d˳ 3˰ C˰ 0˰˳
0dN`NMY˳ C˰ =˰˳ CJWKY]S˳ ;˰ A˰˳ ˖ <N^dQN\˳ 9˰ ?˰ ˟	���ˠ˰ 7Ya QYYM J\N ^\YZSLJV OY\N]^
ZJ^LRN] OY\ NLY]c]^NW ]N\`SLN] Z\Y`S]SYXSXQ˺ ;JXM]LJZN 4LYVYQc˳ 	�˟	ˠ˳ ���̓	��˰
R^^Z]˲̾̾MYS˰Y\Q̾�� �˰���̾]�����̐���̐����̐d

5S^^YX˳ =˰˳ 0VNbJXMN\˳ ?˰ ˳ 0\XNVV˳ =˰˳ 1JTdNVT˳ 1˰˳ 2JV`SX˳ :˰˳ 3YNVWJX˳ 9˰˳ 6N\KN\˳ 9˰ B˰˳ 7J`VSU˳ ?˰ ˳
7J]NQJaJ˳ C˰ ˳ 7N\\N\Y˳ <˰˳ :\S]d^SX˳ C˰ ˳ `JX <NSTV˳ 7˰˳ ?YaNVV˳ C˰ ˳ BJXM]˳ A˰˳ B^NRON]^˳ 4˰˳ FN]^˳
?˰ 2˰˳ ˖ BWS^R˳ ?˰ ˟	���ˠ˰ CRN `_VXN\JKSVS^SN] YO JQ\SL_V^_\JV VJXM JXM OYYM Z\YM_L^SYX ^Y
O_^_\N aJ^N\ ]LJ\LS^c˰ 6VYKJV 4X`S\YXWNX^JV 2RJXQN˳ ��˳ ������˰
R^^Z]˲̾̾MYS˰Y\Q̾�� �˰��̾T˰QVYNX`LRJ˰	��� �˰�����

5YVNc˳ 9˰ 0˰˳ AJWJXU_^^c˳ =˰˳ 1\J_WJX˳ :˰ 0˰˳ 2J]]SMc˳ 4˰ B˰˳ 6N\KN\˳ 9˰ B˰˳ 9YRX]^YX˳ <˰˳ <_NVVN\˳ =˰
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MY] BJX^Y]˳ C˰ E˰ <˰˳ BJWK_SLRS˳ A˰ 7˰ A˰˳ 1JMJ\S˳ 2˰ 6˰˳ 6J_MJ\N˳ D˰˳ ˖ 1\JXLJVSYX˳ ?˰ 7˰ B˰
˟	���ˠ˰ 2JX L_\\NX^ XJ^S`N ^\NN ]NNMVSXQ Z\YM_L^SYX JXM SXO\J]^\_L^_\N WNN^ JX SXL\NJ]SXQ
OY\N]^ \N]^Y\J^SYX MNWJXM SX 1\JdSV˺˲ BNNMVSXQ ]_ZZVc OY\ VJ\QN̐]LJVN \N]^Y\J^SYX˰
AN]^Y\J^SYX 4LYVYQc˳ 	�˟�ˠ˳ ���̓���˰ R^^Z]˲̾̾MYS˰Y\Q̾�� �˰���̾\NL �˰	���

<ƠVVN\˳ 3˰˳ :_NWWN\VN˳ C˰ ˳ A_]_˳ <˰˳ ˖ 6\SŎ^R]˳ ?˰ ˟	���ˠ˰ ;Y]^ SX ^\JX]S^SYX˲ 3N^N\WSXJX^] YO
ZY]^̐]YLSJVS]^ L\YZVJXM JKJXMYXWNX^ SX AYWJXSJ˰ 9Y_\XJV YO ;JXM D]N BLSNXLN˳ �˟�̓	ˠ˳
���̓�	�˰ R^^Z]˲̾̾MYS˰Y\Q̾�� �˰���̾�����	
���	�����

<_ŲSd̐2J]^\Y˳ <˰ 0˰˳ FSVVSJW]̐;SXN\J˳ 6˰˳ ˖ 1NXJcJ]˳ 9˰ <˰ A˰ ˟	��ˠ˰ 3S]^JXLN 4ňNL^ O\YW 2VY_M
5Y\N]^ 5\JQWNX^] YX ?VJX^ 2YWW_XS^c B^\_L^_\N SX 0KJXMYXNM ?J]^_\N] SX EN\JL\_d˳
<NbSLY˰ 9Y_\XJV YO C\YZSLJV 4LYVYQc˳ 		˟�ˠ˳ �
�̓���˰

<_X\YN˳ 3˰ :˰˳ `JX 1N\UNV˳ 3˰ 1˰˳ EN\K_\Q˳ ?˰ 7˰˳ ˖ >V]YX˳ 9˰ ;˰ ˟	��
ˠ˰ 0V^N\XJ^S`N ^\JTNL^Y\SN] YO VJXM
JKJXMYXWNX^˲ 2J_]N]˳ LYX]N[_NXLN] JXM \N]NJ\LR LRJVVNXQN]˰ 2_\\NX^ >ZSXSYX SX
4X`S\YXWNX^JV B_]^JSXJKSVS^c˳ �˟�ˠ˳ ���̓��˰ R^^Z]˲̾̾MYS˰Y\Q̾�� �˰��̾T˰LY]_]^˰	��
˰�˰���

<E8 3SQS^JV 2YVVNL^SYX]˰ ˟	���ˠ˰ <YX^N`N\MN 8X]^S^_^N ̓ <E8 3SQS^JV 2YVVNL^SYX]˰ AN^\SN`NM <J\LR 		˳
	�	
˳ O\YW R^^Z]˲̾̾WYX^N`N\MN̐SX]^S^_^N˰Y\Q̾

=J`J\\Y˳ ;˰ <˰˳ ˖ ?N\NS\J˳ 7˰ <˰ ˟	���ˠ˰ ANaSVMSXQ 0KJXMYXNM ;JXM]LJZN] SX 4_\YZN˰ 8X 7˰ <˰
?N\NS\J ˖ ;˰ <˰ =J`J\\Y ˟4M]˰ˠ˳ ANaSVMSXQ 4_\YZNJX ;JXM]LJZN] ˟ZZ˰ 
̓	
ˠ˰ BZ\SXQN\
8X^N\XJ^SYXJV ?_KVS]RSXQ˰ R^^Z]˲̾̾MYS˰Y\Q̾�� �˰���̾���̐
̐
��̐�	�
�̐
́�

=J`J\\Y˳ I˰ ˟	���ˠ˰ 0 RJVO̐LNX^_\c YO ^\JX]OY\WJ^SYX] SX ^RN 1\JdSVSJX \_\JV ]LNXJ\SY JXM ^RN
QY`N\XWNX^JV JL^SYX˰ AN`S]S^J MN ?YVŚ^SLJ 0Q\ŚLYVJ˳ ��˰

=NZ]^JM˳ 3˰˳ <L6\J^R˳ 3˰˳ B^SLUVN\˳ 2˰˳ 0VNXLJ\˳ 0˰˳ 0dN`NMY˳ 0˰˳ BaN^^N˳ 1˰˳ 1NdN\\J˳ C˰ ˳ 3S6SJXY˳ <˰˳
BRSWJMJ˳ 9˰˳ BN\YJ MJ <Y^^J˳ A˰˳ 0\WSTY˳ 4˰˳ 2J]^NVVY˳ ;˰˳ 1\JXMY˳ ?˰ ˳ 7JX]NX˳ <˰ 2˰˳
<L6\J^R̐7Y\X˳ <˰˳ 2J\`JVRY˳ >˰˳ ˖ 7N]]˳ ;˰ ˟	���ˠ˰ BVYaSXQ 0WJdYX MNOY\N]^J^SYX ^R\Y_QR
Z_KVSL ZYVSLc JXM SX^N\`NX^SYX] SX KNNO JXM ]Yc ]_ZZVc LRJSX]˰ BLSNXLN˳ 
��˟���ˠ˳
����̓��	
˰ R^^Z]˲̾̾MYS˰Y\Q̾�� �˰�	̾]LSNXLN �˰	���	�

=NZ]^JM˳ 3˰˳ BYJ\N]̐5SVRY˳ 1˰ B˰˳ <N\\c˳ 5˰˳ ;SWJ˳ 0˰˳ <Y_^SXRY˳ ?˰ ˳ 2J\^N\˳ 9˰˳ 1YaWJX˳ <˰˳ 2J^^JXNY˳
0˰˳ AYM\SQ_N]˳ 7˰˳ BLRaJ\^dWJX˳ B˰˳ <L6\J^R˳ 3˰ 6˰˳ B^SLUVN\˳ 2˰ <˰˳ ;_KYa]US˳ A˰˳
?S\S]̐2JKNdJ]˳ ?˰ ˳ AS`N\Y˳ B˰˳ 0VNXLJ\˳ 0˰˳ 0VWNSMJ˳ >˰˳ ˖ B^NVVJ˳ >˰ ˟	���ˠ˰ CRN 4XM YO
3NOY\N]^J^SYX SX ^RN 1\JdSVSJX 0WJdYX˰ BLSNXLN˳ 
	˟����ˠ˳ �
��̓�
��˰

��
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R^^Z]˲̾̾MYS˰Y\Q̾�� �˰�	̾]LSNXLN �˰��	���

=NaLYWN\˳ @˰˳ 2JWJLRY 2Ķ]ZNMN]˳ 5˰˳ ˖ B^JVVL_Z˳ ;˰ ˟	�		ˠ˰ CRN <YX^N`N\MN 2VY_M 5Y\N]^˲
4`YV_^SYX YO J 1SYMS`N\]S^c 8]VJXM SX 2Y]^J ASLJ˰ 8X 5˰ <YX^JQXSXS ˟4M˰ˠ˳ 1SYMS`N\]S^c 8]VJXM]˲
B^\J^NQSN] OY\ 2YX]N\`J^SYX SX 7_WJX̐3YWSXJ^NM 4X`S\YXWNX^] ˟ZZ˰ 	
�̓	��ˠ˰ BZ\SXQN\
8X^N\XJ^SYXJV ?_KVS]RSXQ˰ R^^Z]˲̾̾MYS˰Y\Q̾�� �˰���̾���̐
̐�
�̐�		
�̐�́��

=QY˳ :˰ <˰˳ C_\XN\˳ 1˰ ;˰˳ <_VVN\̐;JXMJ_˳ 7˰ 2˰˳ 3J`SN]˳ B˰ 9˰˳ ;J\TJ`JJ\J˳ <˰˳ =SU 7J]]JX˳ =˰ 5˰ KSX˳ ˖
;_W˳ B˰ ˟	��
ˠ˰ 2J\KYX ]^YLU] SX Z\SWJ\c JXM ]NLYXMJ\c ^\YZSLJV OY\N]^] SX BSXQJZY\N˰ 5Y\N]^
4LYVYQc JXM <JXJQNWNX^˳ 	�˳ ��̓��˰ R^^Z]˲̾̾MYS˰Y\Q̾�� �˰��̾T˰OY\NLY˰	��
˰�	˰���

=YYX˳ <˰ ;˰˳ 6YVM]^NSX˳ 0˰˳ ;NMNdWJ˳ 9˰ 2˰˳ AYNR\MJXd˳ ?˰ A˰˳ 2YYU̐?J^^YX˳ B˰ 2˰˳ BZJaX̐;NN˳ B˰ 0˰˳
F\SQR^˳ C˰ <˰˳ 6YXdJVNd̐AYQVSLR˳ <˰˳ 7YVN˳ 3˰ 6˰˳ AYLU]^\ŷW˳ 9˰˳ ˖ C_\XN\˳ F˰ A˰ ˟	�		ˠ˰
<JZZSXQ ^RN S\\NLY`N\JKVN LJ\KYX SX 4J\^R̄] NLY]c]^NW]˰ =J^_\N B_]^JSXJKSVS^c˳ �˟�ˠ˳
0\^SLVN �˰ R^^Z]˲̾̾MYS˰Y\Q̾�� �˰�
�̾]����
̐�	�̐����
̐

>̄=NSVV˳ 1˰ 2˰˳ :\SNQVN\˳ 4˰˳ 4KS˳ :˰ ;˰˳ :NWZ̐1NXNMSL^˳ 4˰˳ ASJRS˳ :˰˳ AY^RWJX˳ 3˰ B˰˳ `JX A_ST`NX˳ 1˰ 9˰˳
`JX E__\NX˳ 3˰ ?˰ ˳ 1S\UWJXX˳ 9˰˳ :YU˳ :˰˳ ;N`c˳ <˰˳ ˖ BYVNLUS˳ F˰ ˟	���ˠ˰ CRN \YJM] JRNJM˲
=J\\J^S`N] OY\ ]RJ\NM ]YLSYNLYXYWSL ZJ^RaJc] MN]L\SKSXQ aY\VM O_^_\N] SX ^RN 	�]^
LNX^_\c˰ 6VYKJV 4X`S\YXWNX^JV 2RJXQN˳ �	˳ ��̓���˰
R^^Z]˲̾̾MYS˰Y\Q̾�� �˰��̾T˰QVYNX`LRJ˰	���˰��˰���

>]JaJ˳ C˰ ˳ :YRcJWJ˳ :˰˳ ˖ <S^]_RJ]RS˳ 7˰ ˟	��ˠ˰ <_V^SZVN OJL^Y\] M\S`N \NQSYXJV JQ\SL_V^_\JV
JKJXMYXWNX^˰ BLSNXLN YO CRN CY^JV 4X`S\YXWNX^˳ ��	˳ ���̓��
˰
R^^Z]˲̾̾MYS˰Y\Q̾�� �˰��̾T˰]LS^Y^NX ˰̀	��� �˰�˰��

>^N\Y˳ 8˰˳ <J\_VV˳ 9˰˳ CNVVY˳ 4˰˳ 3SJXJ˳ 6˰ ;˰˳ ?YX]˳ <˰˳ 2YVV˳ 5˰˳ ˖ 1YJMJ˳ <˰ ˟	���ˠ˰ ;JXM JKJXMYXWNX^˳
VJXM]LJZN˳ JXM KSYMS`N\]S^c˲ @_N]^SYXSXQ ^RN \N]^Y\J^S`N LRJ\JL^N\ YO ^RN OY\N]^ ^\JX]S^SYX
SX ^RN <NMS^N\\JXNJX˰ 4LYVYQc JXM BYLSN^c˳ 	�˟	ˠ˳ J\^�˰
R^^Z]˲̾̾MYS˰Y\Q̾��˰����̾4B̐��
��̐	��	��

?JLUJQN Y`N\`SNa˰ Z\SY\S^Sd\˲ Bc]^NWJ^SL 2YX]N\`J^SYX ?\SY\S^SdJ^SYX SX A˰ ˟X˰M˰ˠ˰ AN^\SN`NM O\YW
R^^Z]˲̾̾Z\SY\S^Sd\˰ XN^̾J\^SLVN]̾ZJLUJQŃY`N\`SNa˰R^WV

?JXMNc˳ 1˰˳ ˖ BN^Y˳ :˰ 2˰ ˟	���ˠ˰ D\KJXSdJ^SYX JXM JQ\SL_V^_\JV VJXM VY]] SX 8XMSJ˲ 2YWZJ\SXQ
]J^NVVS^N N]^SWJ^N] aS^R LNX]_] MJ^J˰ 9Y_\XJV YO 4X`S\YXWNX^JV <JXJQNWNX^˳ ���˳ �
̓˰
R^^Z]˲̾̾MYS˰Y\Q̾�� �˰��̾T˰TNX`WJX˰	���˰��˰���

?J_MNV˳ :˰ ?˰ ˳ CJWJXQ˳ B˰˳ ˖ BR\N]^RJ˳ :˰ :˰ ˟	���ˠ˰ C\JX]OY\WSXQ ;JXM JXM ;S`NVSRYYM˲ 0XJVc]S] YO
0Q\SL_V^_\JV ;JXM 0KJXMYXWNX^ SX ^RN <SM 7SVV] YO =NZJV˰ 9Y_\XJV YO 5Y\N]^ JXM
;S`NVSRYYM˳ �˰

�
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?NXM\SVV˳ 5˰˳ 6J\MXN\˳ C˰ 0˰˳ <NcO\YSM^˳ ?˰ ˳ ?N\]]YX˳ D˰ <˰˳ 0MJW]˳ 9˰˳ 0dN`NMY˳ C˰ ˳ 1J]^Y] ;SWJ˳ <˰ 6˰˳
1J_WJXX˳ <˰˳ 2_\^S]˳ ?˰ 6˰˳ 3N Bc˳ E˰˳ 6J\\N^^˳ A˰˳ 6YMJ\˳ 9˰˳ 6YVMWJX˳ 4˰ 3˰˳ 7JX]NX˳ <˰ 2˰˳
7NSVWJc\˳ A˰˳ 7N\YVM˳ <˰˳ :_NWWN\VN˳ C˰ ˳ ;J^R_SVVSĻ\N˳ <˰ 9˰˳ ASKNS\Y˳ E˰˳ ˱ FN]^˳ 2˰ ˟	�		ˠ˰
3S]NX^JXQVSXQ ^RN X_WKN\] KNRSXM JQ\SL_V^_\N̐M\S`NX ^\YZSLJV MNOY\N]^J^SYX˰ BLSNXLN˳

��˟��ˠ˳ NJKW�	�˰ R^^Z]˲̾̾MYS˰Y\Q̾�� �˰�	̾]LSNXLN˰JKW�	�

?NXM\SVV˳ 5˰˳ ?N\]]YX˳ D˰ <˰˳ 6YMJ\˳ 9˰˳ ˖ :J]^XN\˳ C˰ ˟	���ˠ˰ 3NOY\N]^J^SYX MS]ZVJLNM˲ C\JMN SX
OY\N]^̐\S]U LYWWYMS^SN] JXM ^RN Z\Y]ZNL^] OY\ J QVYKJV OY\N]^ ^\JX]S^SYX˰ 4X`S\YXWNX^JV
AN]NJ\LR ;N^^N\]˳ ��˟�ˠ˳ �����
˰ R^^Z]˲̾̾MYS˰Y\Q̾�� �˰���̾����̐�
	̾JK�M��

?N\ZSŲJ 2J]^SVVY˳ 2˰˳ 9JLYK]̐2\S]SYXS˳ 2˰˳ 3SYQY˳ E˰˳ ˖ ;J`JVVN˳ 2˰ ˟	�	�ˠ˰ <YMNVVSXQ JQ\SL_V^_\JV VJXM
JKJXMYXWNX^ SX J ŊXN ]ZJ^SJV \N]YV_^SYX W_V^S̐VN`NV VJXM̐_]N WYMNV˲ 0X JZZVSLJ^SYX OY\ ^RN
4D˰ 4X`S\YXWNX^JV <YMNVVSXQ ˖ BYO^aJ\N˳ �
˳ �����˰
R^^Z]˲̾̾MYS˰Y\Q̾�� �˰��̾T˰NX`]YO^˰	�	� �˰����

?SX^Y̐2Y\\NSJ˳ C˰ ˳ ˖ 6YMSXRY˳ B˰ ˟	��
ˠ˰ 2RJZ^N\ � 2RJXQSXQ 0Q\SL_V^_\N ̓ 2RJXQSXQ ;JXM]LJZN]˲
FRJ^ S] 6YSXQ YX SX ^RN 7SQR EJV_NM <YX^JMY˰ 8X 3˰ >\^Sd̐<S\JXMJ˳ 0˰ <Y\JQ_N]̐5J_]˳ ˖ 4˰
0\XJV^N̐0VNQ\N ˟4M]˰ˠ˳ AN]NJ\LR SX A_\JV BYLSYVYQc JXM 3N`NVYZWNX^ ˟EYV˰ ��˳ ZZ˰ ��̓��ˠ˰
4WN\JVM 6\Y_Z ?_KVS]RSXQ ;SWS^NM˰ R^^Z]˲̾̾MYS˰Y\Q̾�� �˰���̾B����̐��		˟	��
ˠ���������

?YZZ˳ 0˰˳ 2JV`SX˳ :˰˳ 5_TSWY\S˳ B˰˳ 7J`VSU˳ ?˰ ˳ 7_WZNXŷMN\˳ 5˰˳ B^NRON]^˳ 4˰˳ 1YMS\]Uc˳ 1˰ ;˰˳ 3SN^\SLR˳ 9˰
?˰ ˳ 3YNVWJXX˳ 9˰ 2˰˳ 6_]^S˳ <˰˳ 7J]NQJaJ˳ C˰ ˳ :cVN˳ ?˰ ˳ >KN\]^NSXN\˳ <˰˳ CJKNJ_˳ 0˰˳
CJUJRJ]RS˳ :˰˳ EJVSX˳ 7˰˳ FJVMRYň˳ B˰˳ FNSXMV˳ 8˰˳ FS]N˳ <˰˳ ˱ E__\NX˳ 3˰ ?˰ `JX˰ ˟	���ˠ˰
;JXM̐_]N O_^_\N] SX ^RN ]RJ\NM ]YLSY̐NLYXYWSL ZJ^RaJc]˰ 6VYKJV 4X`S\YXWNX^JV 2RJXQN˳
�	˳ 

�̓
��˰ R^^Z]˲̾̾MYS˰Y\Q̾�� �˰��̾T˰QVYNX`LRJ˰	�� �˰�˰��	

?YY\^N\˳ ;˰˳ 2\J`NX˳ 3˰˳ 9JUY`JL˳ 2˰ 2˰˳ `JX MN\ BJXMN˳ <˰ C˰ ˳ 0WS]]JR˳ ;˰˳ 1YXQN\]˳ 5˰˳ 2RJdMYX˳ A˰
;˰˳ 5J\\SY\˳ 2˰ 4˰˳ :JWKJLR˳ B˰˳ <NJ`N˳ 9˰ 0˰˳ <_ŲYd˳ A˰˳ =Y\MNX˳ =˰˳ AƠQN\˳ =˰˳ `JX 1\N_QNV˳ <˰˳
0VWNcMJ IJWK\JXY˳ 0˰ <˰˳ 0WJXS˳ 1˰˳ 0XM\JMN˳ 9˰ ;˰˳ 1\JXLJVSYX˳ ?˰ 7˰ B˰˳ 1\YJMKNX^˳ 4˰ =˰˳ ˱
7Ķ\J_V^˳ 1˰ ˟	�	�ˠ˰ <_V^SMSWNX]SYXJV ^\YZSLJV OY\N]^ \NLY`N\c˰ BLSNXLN˳ 
��˟��
ˠ˳ �
��̓�
�˰
R^^Z]˲̾̾MYS˰Y\Q̾�� �˰�	̾]LSNXLN˰JKR
	�

?\S]RLRNZY ˳̀ 0˰ E˰˳ BLRSN\RY\X˳ 5˰˳ ˖ ;ŷa˳ 5˰ ˟	�	�ˠ˰ DX\J`NVSXQ ^RN 3S`N\]S^c YO C\JTNL^Y\SN] JXM
3\S`N\] YO 6VYKJV 0Q\SL_V^_\JV ;JXM 0KJXMYXWNX^˰ ;JXM˳ ��˟	ˠ˳ ��˰
R^^Z]˲̾̾MYS˰Y\Q̾��˰

��̾VJXM���	����

@_NS\Yd˳ 2˰˳ 1NSVSX˳ A˰˳ 5YVUN˳ 2˰˳ ˖ ;SXMKY\Q˳ A˰ ˟	���ˠ˰ 5J\WVJXM JKJXMYXWNX^˲ CR\NJ^ Y\
YZZY\^_XS^c OY\ KSYMS`N\]S^c LYX]N\`J^SYX˺ 0 QVYKJV \N`SNa˰ 5\YX^SN\] SX 4LYVYQc JXM ^RN
4X`S\YXWNX^˳ �	˟�ˠ˳ 	��̓	�˰ R^^Z]˲̾̾MYS˰Y\Q̾�� �˰���̾�	�
��

@_SX^J]̐BY\SJXY˳ 2˰˳ 1_N\UN\^˳ 0˰˳ ˖ ?VSNXSXQN\˳ C˰ ˟	�		ˠ˰ 4ňNL^] YO VJXM JKJXMYXWNX^ YX XJ^_\N
LYX^\SK_^SYX] ^Y ZNYZVN JXM QYYM [_JVS^c YO VSON LYWZYXNX^] SX ^RN <NMS^N\\JXNJX \NQSYX˲

��
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0 \N`SNa˰ ;JXM D]N ?YVSLc˳ ��˳ ����
˰ R^^Z]˲̾̾MYS˰Y\Q̾�� �˰��̾T˰VJXM_]NZYV˰	�		 �˰���


ANSM˳ 9˰ ;˰˳ 5JQJX˳ <˰ 4˰˳ ˖ IJRJaS˳ A˰ 0˰ ˟	���ˠ˰ ?Y]S^S`N ]S^N ]NVNL^SYX KSJ] SX WN^J̐JXJVc]N]
LYWZJ\SXQ XJ^_\JV \NQNXN\J^SYX ^Y JL^S`N OY\N]^ \N]^Y\J^SYX˰ BLSNXLN 0M`JXLN]˳ �˟�ˠ˳
NJJ]���
˰ R^^Z]˲̾̾MYS˰Y\Q̾�� �˰�	̾]LSJM ˰̀JJ]���


ANXaSLU˳ 0˰˳ 9JX]]YX˳ C˰ ˳ EN\K_\Q˳ ?˰ 7˰˳ AN`Y\NMY̐6SRJ˳ 2˰˳ 1\S^d˳ F˰˳ 6YLR^˳ 0˰˳ ˖ <L2\JLUNX˳ 3˰
˟	��
ˠ˰ ?YVSLc \NOY\W JXM JQ\SL_V^_\JV VJXM JKJXMYXWNX^ SX ^RN 4D˰ ;JXM D]N ?YVSLc˳ 
�˟�ˠ˳
��̓���˰ R^^Z]˲̾̾MYS˰Y\Q̾�� �˰��̾T˰VJXM_]NZYV˰	��	˰��˰���

ASJRS˳ :˰˳ `JX E__\NX˳ 3˰ ?˰ ˳ :\SNQVN\˳ 4˰˳ 4MWYXM]˳ 9˰˳ >̄=NSVV˳ 1˰ 2˰˳ 5_TSWY\S˳ B˰˳ 1J_N\˳ =˰˳ 2JV`SX˳ :˰˳
3NVVSXU˳ A˰˳ 5\SLUY˳ >˰˳ ;_^d˳ F˰˳ ?YZZ˳ 0˰˳ 2_J\N]WJ˳ 9˰ 2˰˳ :L˳ B˰˳ ;NSWKJLR˳ <˰˳ 9SJXQ˳ ;˰˳
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R^^Z]˲̾̾MYS˰Y\Q̾��˰	�
�̾]]\X˰
������
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6YLR^˳ 0˰˳ :ęVV]^\ŷW˳ 7˰ =˰˳ ?YSX^N\NJ_˳ ?˰ ˳ B^\STUN\˳ 3˰˳ ES]NU˳ ;˰˳ E\JXUNX˳ ;˰˳ ˖ IYKNXJ˳ 0˰
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