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O�A¶T`a&ßbK�T`JLà_áNFNG&B�P`âCP`J»F\TbJY]¶B�F\TQJ»á�à�K�TQJLa&FãXQä¶XST`B�ßbXæå¼O¹ç;è[éCê�âCP`a�ëpJL]¶B�ì+JY]¶B�íLäA�X[Bo]ïîNJ»a&ð
ß1B�TQP`JLàÏTQBoà!ZCFCJYñ\ACB�X�DEa&P�âÃB�P!X[akFNK?ígJL]¶B�F\TQJ»á�à�K?TQJLa&F4ò#ç;J»FNG&B�P`âCP`J»F\T!X�ZNKeëkBIT`ZCBµâNPQakâ�B�P[T`J»BoX
a?D�]¶JLX[TQJLFNà�TQJLë&B�FNB�X`X�a&PbJLFN]¶JLë\JY]¶ANK&í»J»TSä&MgK?FN]ïTQZNB�áNFCG&B�PQâNPQJLF\T`X1a?D�K´âNK?PQTQJYà�ACíYK?PbâÃB�P!XQa&F
PQB�ß�K&J»F�XWK&í»ß�a\XST¯TQZNB<XQK&ß1B�åEâÃB�P!XQJLX[TQB�FNà�BeêWa�ë&B�PgTQJLß�B&òN^¯ZNB�XQB,âNPQakâ�B�P[T`J»BoX¯ß�K&ó&B¹áNFCGkB�PQð
âCPQJLF\T`X#XQACJ»T`K?îNí»BWDEa&P-îCJLa&ß�B�TQP`JLàWANXQB�X�ò�O�ç;è[é¶X�K&PQBWANXQANK?íLí»ä�î�K&XQB�]�a&F1ß1JLFpA¶TQJYK?B¯ßbK�T!à!ZCJLFCG
ô õ M�ö�÷�M�öeø¶M�ö�ù?ú½òvû$JLF\ACTQJYK?B&MvakP,ü¾K?í»TQakF4ý X¹à!ZNK&P`Kkà�T`B�P`JLX[TQJYà�X ô ö&ö�ú-K&PQB�í»a¶à�K?í	]CJLX`à�akFkT`J»FpACJ»TQJLB�X
J»FµTQB�PQßbX¯a?D	TQB�PQß�JLFNK�T`J»akFNX¯K?FN]ÏîCJUDEANP`à�K�TQJLa&F�X¯a?D:T`ZCB¾PQJY]¶GkB�þNa�ìÿâNK�TQTQB�P`FNXgTQZ�K�T�à�akFNX[TQJ»ð
TQA¶T`B,K�áNFCGkB�P`âCPQJLF\T�òp^¯ZCB�XQB�TSìWa<TSäpâÃB�XWa?D4ß�JLFpA¶TQJYK?B,ZNKeë&B�î�B�B�F�à�a&F�X[JY]¶B�P`B�]�îpäIçNB�]¶B�P`K&í
VgANPQBoK?Aa&D,èyFpëkB�X[TQJLGkK�T`J»akFÓDEa&PbJY]¶B�FkT`JUáÃà�K�T`J»akFïâNACPQâÃakXQB�X ô �?õ ú½ò�O ]¶B�T`K?JLíLB�] ]¶JYXQà�ANXQXQJLa&F
a&FK&í»ígTQZCB�K&XQâÃB�à�T!X�a&D�â�B�P`XQa&F�K?íWJL]¶B�F\TQJ»á�à�K?TQJLa&F ANXQJLFCGæáNFNG&B�P`âCP`J»F\T�KkX�K&F JLß1âÃa&PQT`K&F\T
îCJ»akß�B�TQP`JYà+TQBoà!ZCFCJYñ\ACB¹à�K?FIîÃB�DEakACFN]IJLF��\K?JLFIB�T¯K?í½ò ô öeø¶M�ö õ ú½òpO�ç;è[é�î�K&XQB�]bakFIß�J»FpA¶T`JLK&B
ß�K?T`à!ZCJLFCG�JLF\ëka&íLë&BoXW]CJ��vB�P`B�F\T�X[T`K?GkB�X¾å¼XQB�B�ç;JLG&ACP`B�ö¾DEa&P�K?F_JLí»íLANX[TQP!K�TQJLa&FÃê��
ö&òpáNFCGkB�P`âCP`J»F\T+J»ßbK&G&B�K&à�ñkANJLXQJUT`J»akF��
� ò¶âCP`B�âCP`a¶à�BoXQXQJ»FNG�a&D:TQZNB¾áNFCG&B�PQâNPQJLF\T¯JLßbK?GkB	�
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 òpDEB�K?TQACP`B�B��pT`P`Kkà�TQJLa&F´åEBkò G�òCß�J»FpA¶T`JLK&BoêgDEP`a&ß T`ZCB�J»ßbK&G&B	�
÷Nò¶ßbK�T!à!ZCJ»FNG1a&D	á�FCG&B�PQâCP`JLFkT+JLßbK?G&BoXgDEa&P+JY]¶B�F\TQJ»á�à�K�TQJLa&F:ò

^¯ZCB�âCP`B�âCP`a¶à�BoXQXQJ»FNGWâNZNK&XQB�JYX4ópFCa�ì+F,TQa�à�a&FNXQACß�B£K&í»ß�akX[T õ� ð õ���� a?DpTQZCB£TQa&T`K?í?TQJLß1B
a?DNá�FCG&B�PQâCP`JLFkT#JY]¶B�F\T`JUá�à�K�T`J»akF1K&FN]1ë&B�P`J»á�à�K?TQJLa&F ô 
 úiò?^¯ZNK?T-JYX-T`ZCB+PQBoK&XQa&F�K¾à�a&FNXQJL]CB�P!K?îCíLB
K?ß�a&ACF\T+a?D-P`B�XQB�K?P!à!ZIZNKkX¯î�B�B�F_DEa¶à�ANX`XQB�]_a&FµTQZCJYX�K&PQBoKCò

Fingerprint image
      acquisition

Fingerprint image
    preprocessing

Enhancement

Ridge Extraction

   Feature extraction
e.g. minutiae extraction, 
fingerprint classification

Matching Reference fingerprint
           database

Final result

   Segmentation 
         and/or
    binarization
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� ACP�ìWa&P`óÏâCP`a&âÃakXQB�]_JLF$TQZCJYX�â�K?âÃB�P�JLFpë&akí»ëkB�X¯îCJLFNK?P`J���K�T`J»akF$a?D-áNFCGkB�P`âCP`J»F\T�JLß�K&G&BoX
TQZNK?TIJLX1T`a´îÃB$âCP`B�à�B�]¶Bo] îpäK?F B�FNZNK?FNà�B�ß�B�F\TIX[TQB�â:ògépaNM#îÃB�íLa�ì)ìWB$]¶JYXQà�ANXQX1îCP`JLB�þNä
B�FCZNK&FNà�B�ß�B�F\T�ò\O�íYX[a�M&ìWB�îCP`J»B�þNä�]¶JYX`à�ANX`X£K&FN]�PQB�ëpJ»B�ì XQB�Gkß1B�F\T`K�T`J»akFbK?FN]�îCJLFNK&PQJ���K?TQJLa&F
ß1B�TQZCa¶]CX�K?âCâCíLJLB�]ÏTQa�áNFCGkB�P`âCP`J»F\T+J»ßbK&G&B�X�ò
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ç	JLFCGkB�P`âCPQJLF\T�JLßbK?G&BoX<P`B�ñ\ACJLPQB_X[âÃB�à�JLK&í»JYXQB�]ÓB�FCZNK?F�à�B�ß�B�FkT1TQBoà!ZCFCJYñ\ACB�X�a�ì+J»FNGæTQa«TQZCB�J»P
J»FCZNB�P`B�F\T,à!ZNK&P`Kkà�T`B�P`JLX[TQJYà�X¯íLJ»ókB�ZCJLG&Z«FCa&JYX[B�à�a&F\T`B�F\T�MÃâNK?PQTQJYà�ANíLK&P�XST`PQA�à�TQANP`K&í;à�a&F\TQB�FkT¹a?D
K?í»TQB�P`FNK?TQJLFCG�P`JL]CG&B�X	K?FN]<ëeK&í»íLB�ä¶X�ò�BgakFpë&B�F\T`J»akFNK?íkJ»ßbK?GkB£âCP`a¶à�BoXQXQJ»FNG�B�FCZ�K?FNà�B�ß�B�F\T:T`B�à!Z¶ð
FCJLñ\ACBoX�K&PQB�FCa&T�ë&B�PQä´X[ACJ»T`K&îCíLB�DEa&P�K_á�FCG&B�PQâCP`JLFkT<JLßbK?GkB ô ù?ú½ò:ç;JLFCG&B�PQâNPQJLF\T<J»ßbK?GkBbB�F¶ð
ZNK?FNà�B�ß�B�F\TbK?íLG&akPQJ»TQZCßbX1K?P`B_Keë�K&J»íYK?îCíLBÏîÃa?T`Z DEakP1îNJ»FNK&PQä K&FN] GkP`Keä´íLB�ë&B�í¯J»ßbK?GkB�X�ò#O
îCJ»F�K?P`äµá�FCG&B�PQâCP`JLFkT,J»ßbK&G&B�à�a&FNXQJYXST!X�a&D£PQJY]¶GkB�X¹ß�K&PQókB�]$KkX¹akî¶RSB�à�T1å[öoê�âCJ��¶B�íLX¾K?F�]$TQZNB
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PQBoXST�K&X,îNKkà!ó\GkPQakACFN]$âNJ��¶B�íYXbå  ê�ò�C�ACFCG ô ù?ú£]¶B�XQJ»GkFCB�]ÊK?F´K?íLG&a&P`J»TQZCß DEakP,B�FCZNK&FNà�JLFCG�K
îCJ»F�K?P`ä�áNFNG&B�P`âCP`J»F\T£JLßbK?GkB+îNK&XQB�]�akFbTQZCB,XST`PQA�à�TQANP`K&íCJ»FCDEa&P`ß�K?TQJLa&Fba&D4JUT!X£P`JL]CG&B�X�ò	D+JY]¶GkB
ì+JL]pT`ZNX¾K?P`B<FCakPQßbK?íLJ���B�]æîNK&XQB�]$akF«XQa&ß�B�P`B�GkJ»akF$J»FN]CB���òED+JL]CG&B�îNPQBoK?ó¶X�K&PQB�à�a&P`PQBoà�T`B�]
ANX[JLFCG�T`ZCBÏ]¶ANK&í�P`B�íYK�TQJLa&F�X[ZCJLâ î�B�TSìgB�B�F P`JL]¶GkBbîCP`B�K?ó¶X�K&FN]´ëeK&í»íLB�äÊîCP`JL]¶GkB�X�òFC�a�ìWB�ëkB�PoM
a&î¶T!K?JLFCJ»FNG�K_îCJLFNK&PQä$á�FCG&B�PQâCP`JLFkT�JLßbK?G&B1DEP`a&ßÉK_GkP`Keä\ð½TQa&FNB�JLß�K&G&B�JLF\ëka&íLë&BoX¹JLFCZCB�PQB�F\T
âCPQakîCíLB�ßbX+a?D-îCJLFNK?P`J���K�T`J»akF$K?FN]µTQZNJ»FCFNJ»FCGÏa&P�P`JL]CG&B�B��pT`P`Kkà�TQJLa&F�âCP`a¶à�Bo]¶ACP`B�X ô G úiòN^¯ZpANX�M
ß1a\XST,a?D#T`ZCB�B�FCZNK?F�à�B�ß�B�FkT¾K?íLG&akPQJ»TQZCßbX¹K?P`B�]¶B�XQJLG&FCBo]_DEa&P,G&P!KeäkðiíLB�ë&B�íváNFCGkB�P`âCPQJLF\T�JLß�ð
K?G&BoX�ò�^¯ZCB�ß�A�à!Z�ì+JL]¶B�í»ä¾ANXQB�]IHJBWO¹é:K�é¾âNKkà!óeK&G&B ô � úkA�X[BoX:K?F�B�FCZNK&FNà�B�ß1B�F\T	K?íLG&akPQJ»TQZCß
]¶B�X`à�P`J»îÃB�]µB�K&PQíLJLB�P ô ö�úiò¶èiT�J»Fpë&akí»ëkB�X¯à�ACT[TQJLFCGbakA¶T�X[ANîCPQB�G&JLa&FNXWa&D:TQZNB�J»ßbK?GkB�X�åÆK 
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îCí»a¶à!ó¾T`a,îÃB+X[âÃB�à�JUáÃà�ê�M?T`K?ópJLFCG¹TQZCB�J»P�ç-ç-^K&FN]�XQACâCâNPQBoXQXQJ»akF<a?DvK,îNK?FN]�a?DÃí»a�ìK&FN]�ZCJ»GkZ
DEPQBoñkANB�FNà�ä_à�a&ß�â�akFCB�F\T!X�DEakí»íLa�ìgBo]_î\ä$XQa&ß�B<FCakF¶ðií»JLFCB�K&P�akâ�B�P`K?TQJLa&FNX+JLF$T`ZCB<DEP`B�ñ\ACB�FNà�ä
]¶a&ßbK?JLFIK?F�]1TQP!K?FNX[DEa&P`ß�J»FCG�J»T£îNKkà!ó�T`a�TQZNB�X[â�K�TQJYK?íÃ]¶a&ßbK&J»F4ò\^¯ZCJYX£K?íLG&akPQJ»TQZNß ì¯K&X�K&íLXQa
ANX[Bo] îpäON¾a�ëJPK&à�XSðRQ�K�RSFNK ô ö�ù�úiò�S´BIZNKeëkBIK?íYX[a$ANXQB�]ÊT`ZCJLX�B�FCZ�K?FNà�B�ß�B�F\T�K&í»Gka&P`JUT`ZCßÉJLF
a&ACP+ìWa&P`óba�ì+J»FNG�T`a�JUT!X�X[JLß�âCíLJLà�JUTSäÏK&FN]_B�íLB�G\K?FNà�B&ò
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èyF$í»J»TQB�P`K?TQACP`B<à�akFNà�B�PQFCJLFCG1áNFCGkB�P`âCP`J»F\T`X�MNXQa&ß�B<K?ACTQZCakP`X+Z�Keë&B¾ANXQB�]_TQZNB�TQB�PQß X[B�G&ß�B�FCð
T`K�T`J»akF«T`aµß�BoK?FæT`ZCB�âCP`apà�B�X`X,a?DgGkB�FCB�P`K?TQJLFCGµKµîCJLFNK?P`ä$JLß�K&G&B�DEPQakß KÏGkP`Keä\ðií»B�ë&B�í4áNF¶ð
G&B�P`âCP`J»F\T+JLß�K&G&BkòCVgACT�M�KkX+X[ANG&G&BoXST`B�]µJ»F ô ö õ ú½MpT`ZCB<ß�akX[T�ì+JY]¶B�íLäÏZCB�íL]_ëpJLB�ì K?îÃa&A¶T�XQB�G&ð
ß1B�F\T`K�T`J»akF�a?D#K1áNFCG&B�PQâNPQJLF\T¯JLßbK?GkB�JLX¯T`ZCB�âCP`a¶à�B�X`X¯a?D�XQB�âNK&P`K?TQJLa&Fµa?D;áNFCG&B�PQâNPQJLF\T+K&PQBoK
åEP`JL]¶GkB&Mpë�K?íLí»B�äbK?FN]µX[íLa&âÃB,K&PQBoK&XgJ»Fµî�B�TSìgB�B�FµPQJY]¶G&B,K?FN]Ïë�K?íLí»B�äIK?P`B�K&X!ê-DEP`a&ß�T`ZCB¾J»ßbK?GkB
îNK&à!ópG&P`a&ANFN]�ò-^¯ZCB$âCP`apà�B�X`X1a?D,XQB�Gkß�B�F\T`K?TQJLa&F JLX�ANXQB�DEANí+TQa B��pT`P`Kkà�Tba&A¶Tbß�B�K&FCJLFCG?DEACí
K?P`B�K&X£DEP`a&ß�TQZCB,áNFNG&B�P`âCP`J»F\ToMpXQa<T`ZNK�T¯DEBoK�TQANPQBoX£a&D:TQZNB�áNFNG&B�P`âCP`J»F\T+K?P`B�B\�\T`P`Kkà�T`B�]�DEP`a&ß
TQZCBoX[B�K&PQBoK&X-akFCí»äkòkç;JLFCG&B�PQâCP`JLFkT�JLßbK?GkB�X�K&PQB�à!ZNK&P`Kkà�T`B�P`J]��B�]�î\ä�K?í»TQB�PQF�K�TQJLFCG<XQâNK�T`JLK&íN]¶JYXSð
TQP`J»îCACTQJLa&FIa&D4ëeK&PQäpJLFCG<GkP`Keä\ðií»B�ë&B�íNJ»F\TQB�FNXQJUTSä�ë�K?íLACB�X£a?D4P`JL]CG&B�XgK?FN]IP`KeëpJLFCB�X�^eë�K?íLíLB�ä&òk^¯ZCJLX
âNK�TQTQB�P`F�JLX�ACFCJYñkANB¾TQaIK1áNFCGkB�P`âCP`J»F\T�K?P`B�K�à�akß�âNK?P`B�]ÏTQa�T`ZCB�îNK&à!ópGkPQakACFN]Iì+ZNJLà!Z$]¶apB�X
FCa?T,ZNKeë&B¾T`ZCJLX,XQâNK�T`JLK&í:]¶JYXST`PQJLîCA¶T`J»akFæa?D#G&P!Keä\ð½íLB�ëkB�í�ë�K?íLACBoX�òÃO�íYX[a�M�Gkí»akîNK?í�T`ZCP`B�XQZCa&íY]¶JLFCG
DEa&P<XQB�G&ß�B�FkT!K�T`J»akF´]¶apBoX�FCa?T�ìWa&P`ó«K&X,T`ZCBIXQâNK�T`JLK&í£]¶JYXST`PQJLîCA¶T`J»akFÊa&DWGkP`Keä\ðií»B�ë&B�í;ë�K?íLACB�X
ó&B�B�âCJLFCG¾TQZCB�J»PWK?í»TQB�PQFNK?TQJLFCG<X[TQP`ANà�T`ACPQB�J»F\T`Kkà�ToMkà�K&F�ëeK&PQä�J»F�T`ZCB¹K&îNXQa&íLA¶TQB+ßbK?GkFCJ»TQAN]¶B�a?D
TQZCB�J»P+GkP`Keä\ðií»B�ë&B�í�ë�K?íLACB�X�òC^¯ZpANX�MpíLa¶à�K?íÃT`ZCPQBoX[ZNa&íY]¶J»FNG1JYXWFCB�Bo]¶B�]4ò)_`�¶âCíLa&J»T`K�T`J»akFÏa&D:TQZNB�XQB
âCPQakâ�B�P[TSäÏZNKeë&B¾îÃB�B�F_T`ZCB�ó&B�äIa?D-ß�akX[T�a?D;TQZCB<XQB�Gkß1B�F\T`K�T`J»akF_K&í»Gka&P`JUT`ZCßbX�ò � ý·ü,a&P`ßbK?F
K?FN]ba�JYà!ó&B�P`XQa&F ô � ÷?ú¹ANX[Bo]ãK.c L c XQâNK�T`JLK&í+áNí»TQB�PµßbK&XQóì+J»TQZ/K?FãK&âCâCP`a&âCP`JLK?TQB�a&P`J»ð
B�F\T`K?TQJLa&Fî�K&XQB�] akFïA�X[B�P1JLFCâCACT`X1DEa&P�íYK?îÃB�íLJ»FNG«T`ZCB�âCJ��¶B�íLX�K&X�DEakPQB�G&P`a&ACFN]ÿå¼à�P`B�X[T!ê�akP
îNK&à!ópG&P`a&ANFN]�ò-û$B�Z\TQP`B�K?FN]dBgZNK�TQTQB�P¼RSB�B ô � ö�ú�]¶B�X`à�P`J»îÃB�]ïK«ß�B�TQZCa¶] a?D¾X[B�G&ß�B�F\TQJLFCG´K
áNFCG&B�PQâNPQJLF\T¾JLßbK?GkB1JLF\TQa$P`JL]CG&B2��akFCB�X�K&FN]«î�K&à!ópG&P`a&ACF�]æîNKkX[Bo]ÊakF´XQa&ß�BbX[T`K�T`JLX[TQJYà�X<a?D
í»a¶à�K&í¶a&P`J»B�F\T`K�T`J»akFNX;a?DÃPQJY]¶G&BoX-a?D�TQZCB+akPQJLG&JLFNK?ípJLßbK?G&Bkò?O G&P!KeäkðyX`à�K?íLB£ë�K&PQJYK?FNà�Bgß�B�TQZCa¶]1JLX
ANX[Bo]�JLF�TQZCBWJLß�K&G&B�îNí»a¶à!ó¶X4ZNKeëpJLFCG�ACFNJUDEakPQß G&P!Keä\ð½íLB�ëkB�í½M�ì+ZCB�P`B�T`ZCBg]CJ»P`B�à�TQJLa&FNK&í&ß�B�T`ZCa¶]
a?D#X[B�G&ß�B�F\T`K?TQJLa&FÏD¼K?JLíLX�ò@D�K?TQZNK1B�T�K&íÆò ô �	� ú4ANXQB�]ÏTQZCB¾D¼Kkà�T+TQZ�K�T�FCakJLXQäIP`B�G&JLa&F�XWXQZCa�ì/FNa
]¶J»P`B�à�TQJLa&FNK&í�]¶B�âÃB�F�]¶B�FNà�B&M	ì+ZCB�P`B�KkX�MváNFNG&B�P`âCP`J»F\T�P`B�G&JLa&F�X¾B��¶ZCJLîCJUT�K�ZNJ»GkZ´ë�K&PQJYK?FNà�B�a?D
TQZCB�J»P<akPQJLB�F\T!K�TQJLa&FÊë�K?íLACB�X�Kkà�P`akX`X�T`ZCBbP`JL]¶GkBbK?FN]´K_í»a�ì ëeK&PQJYK?F�à�BbK?íLa&FCGµTQZNBbPQJY]¶G&B1T`a
]¶B�XQJ»GkFIK<XQB�G&ß�B�FkT!K�T`J»akF�K&í»Gka&P`JUT`ZCß T`ZNK�TWìgakPQó¶X#akF$ö G$L ö G îCí»a¶à!óvò&ûæK&J»a�K?FN]bûæK&íUT`a&FCJ
ô �	 ú�ANXQB�]ÊTQZNBÏKeë&B�P`K&G&B�ßbK&G&FCJ»TQAN]CBba?D¯G&P!K&]¶JLB�F\T�ë�K?íLACB�X,T`aæ]¶JLX`à�P`JLß1JLFNK?TQB�DEa&P`B�GkPQakACFN]
K?FN] îNKkà!ó\GkPQakACFN]ïPQB�G&JLa&FNX�ò�^¯ZCBæJY]¶BoK î�B�ZCJ»F�] TQZCJYXIJYXbT`ZNK�TbáNFNG&B�P`âCP`J»F\TIP`B�GkJ»akFNXbK?P`B
X[ACâNâ�a\X[Bo]æT`a_Z�Keë&B1ß1akPQB1B�]CG&B�X¹T`ZNK?F îNKkà!ó\GkPQakACFN]$P`B�GkJ»akF«K?F�]ÊKkX�X[ANà!Z´ìWa&ACíY]æZNKeëkB
ZCJ»GkZCB�P+GkP`Kk]¶JLB�F\TWë�K&í»ACBoX�ò
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� �gf hM6=#('W9�6=i�'W/X6!1 #b183j456=#(7 +:9Z;(9Z6!#0/?>�,.')78+-A
^¯ZCBæG&B�FCB�P!K?í�âCPQakîCíLB�ß>a?D�J»ßbK&G&BæîCJLFNK&PQJ���K?TQJLa&F JLXITQa akî¶T`K&J»F/KÓTQZCP`B�XQZCa&íY] ë�K?íLACB«XQa
TQZNK?T�K&í»í,âCJ]�pB�íLX_K?îÃa�ë&B«a&P_B�ñ\ANK?í�TQaïTQZCBÊTQZNPQBoX[ZCakíL] ë�K&í»ACB K?P`B«XQB�T_TQaïa&î¶RSBoà�TµâNJ��¶B�í
åSöoê�K?FN]æî�B�í»a�ìÔTQZNB<TQZNPQBoX[ZCakíL]æëeK&í»ANB�K?P`B�XQB�T�T`aÏîNKkà!ópG&P`a&ACFN] å  ê�òv^¯ZCP`B�XQZCa&íY]¶JLFCGIà�K&F
î�B�]¶a&FNBÏG&íLa&î�K?íLí»ä´ì+ZCB�P`BÏKÊX[JLFCG&íLBIT`ZCP`B�XQZCa&íY] JLX�K&âCâCíLJ»Bo]ÓG&íLa&îNK&í»íLä´a&P�íLa¶à�K&í»íLä ì+ZCB�P`B
]¶J��vB�P`B�F\T�TQZCP`B�XQZCa&íY]CX�K?P`BÏK?âCâNí»JLB�] T`a«]¶J]�ÃB�PQB�F\T�JLß�K&G&BIP`B�GkJ»akFNX�ò:èyßbK?GkB�X�M4J»FG&B�FNB�P!K?í½M
ZNKeë&B1]¶J��vB�P`B�F\T¾à�a&F\T`P`KkXST¾K?FN]$JLF\TQB�FNX[J»TSä&M�K&FN]«KkX¹XQANà!ZæíLa¶à�K?í	TQZNPQBoX[ZCakíL]NX�ìWa&P`ó�î�B�T[TQB�P�ò
^¯ZCB�T`ZCPQBoX[ZNa&íY]¶J»FNG�âCP`a&îCíLB�ß à�K&F<î�BgëpJ»B�ìgBo]<K&X4DEa&íLí»a�ì�X�òoü,JLë&B�F�K?F�JLßbK?G&Blk�ì+J»TQZMm L m
âCJ��¶B�í�B�F\TQP`JLB�X�MvK&FN]´G&P!Keä\ð½íLB�ëkB�í;J»F\TQB�FNXQJUTSäæë�K&í»ACBMnæP!K?FCGkJ»FNGÏDEP`a&ß  M#ö&M`oXo\ovT`aqpsr/ö&M
X[B�í»Boà�T1K«ë�K?íLACB�t?u ô )v pwrÔö�úWîNK&XQB�] a&FXQa&ß�BÏà�a&FN]¶J»TQJLa&FïX[a«TQZNK?T1KæâNJ��¶B�í¾åyx vRz ê<JLX
K&X`X[JLG&FCBo]bK<ë�K?íLACB¹a?D�ö�J»D�TQZNB¹GkP`Keä\ðií»B�ë&B�í¶JLF\TQB�FNX[J»TSä�ë�K?íLACB¹JYXgG&P`B�K�T`B�P�akP£BoñkA�K?í�TQa{t�M\B�íYXQB
K&X`X[JLG&F  T`a+TQZCBgâCJ]�pB�í�å=x vRz ê�òe^¯ZCB£à�akFN]¶J»TQJLa&F�ß�B�F\T`J»akFCB�]�K&î�a�ëkB#JLX	]¶B�à�JL]¶Bo]�îNKkX[Bo]¾a&F¾TQZNB
K?âCâCíLJYà�K�T`J»akF$K�T�ZNK&FN]�òN^¯ZCB�îCJ»F�K?P`J]�oK�TQJLa&F_ß�B�T`ZCa¶]CX�K&âCâCíLJLà�K?îCíLB,TQabáNFNG&B�P`âCP`J»F\T+JLß�K&G&BoX
]¶P`KeìZCB�KeëpJLí»ä�akF�T`ZCB�X[âÃB�à�JLK&íCà!ZNK?P!K&à�TQB�PQJYXST`JLà�X:a&DÃK¹áNFCGkB�P`âCP`J»F\T-J»ßbK?GkB&ò�û$a\Keä&B�P-K?F�]1çNA
ô � 
 ú:âCP`a&âÃakXQB�]�K&F_J»TQB�P`K?TQJLë&B<K&í»Gka&P`JUT`ZCß)ANXQJLFCGbPQB�â�BoK�T`B�]$à�akFpë&a&íLA¶T`J»akFµîpä�KbH:K?âNíLKkà�JYK?F
a&âÃB�P!K�TQakP£K?F�]bK�âNK?JLP£a&D4]¶äpFNK?ß�JYà¯TQZCP`B�XQZCakíL]CX�TQZNK?TWK&PQB+âCP`a&GkPQBoXQXQJLë&B�íLä�ß�a�ë&Bo]1TQa�ì¯K?P!]CX
K?FãACFCJYñ\ACB«ë�K&í»ACBkòW^¯ZNBæâNK?JLPÏa&D<]¶äpFNK?ß�JYà$TQZNPQBoX[ZCakíL]NXÏà!ZNK&FCG&B$ì+J»TQZ/BoK&à!ZãJ»TQB�P`K?TQJLa&F
K?FN] à�a&F\TQP`a&í�TQZCB_à�a&FpëkB�P`G&B�F�à�BbP!K�TQBITQaæT`ZCBÏîNJ»FNK&PQä´âNK?T[TQB�PQF:ò	@¹JLK&a«K?FN][D�K&K?D¼K�T ô 
  ú
J»ß�âCP`a�ë&Bo]�TQZCBbK&î�a�ëkB�ß�B�T`ZCa¶]æîpä$ANXQJ»FCG�Kµí»a¶à�K&í;TQZCP`B�XQZCa&íY]�MÃTQaµT`K&ó&B1à�K?P`B�a&DgP`B�GkJ»akFNX
ì+JUT`Z ]¶J]�vB�P`B�F\TIà�a&F\T`P`KkXSToM;K&FN]ïK&âCâCíLJ»Bo]ïK?D~TQB�P�T`ZCB$à�akF\ëka&íLA¶TQJLa&FïXST`B�â4ò�VWa?T`Za&D�TQZNB�XQB
ß1B�TQZCa¶]CX¯P`B�ñ\ACJLP`J»FCG�PQB�â�BoK�T`B�]Ïà�a&Fpë&akí»ACTQJLa&FIakâ�B�P`K?TQJLa&FNXWK?P`B�T`J»ß�B�à�akFNXQACß�J»FCG1K?FN]ÏTQZNB
áNFNK?í#P`B�XQACí»T�]¶B�âÃB�F�]CX¾a&F´TQZNB�à!ZNa&JYà�B�a?DgTQZCBbâNK&J»P�a&DW]¶äpFNK&ß�JLà1T`ZCPQBoX[ZNa&íY]CX¾K?FN] XQa&ß�B
a?TQZNB�P£]¶BoX[JLG&F�âNK&P`K&ß�B�TQB�P`X�ò�BgapB�T|��B�B�K&FN]bVWa?T`ZNK ô øeúNâCP`a&âÃakXQB�]�K?FbK&í»Gka&P`JUT`ZCß îNKkX[Bo]�akF
TQZCB�ANXQB�a?D;B�]¶GkB�X¯JLF$à�a&F?RSACFNà�T`J»akF�ì+JUT`ZµT`ZCB�G&P!Keä\ðiX`à�K&í»B¹J»ßbK&G&B&òC^¯ZNB�PQBoX[ACí»T`K&F\T¯îNJ»FNK&PQä
J»ßbK?GkB�JLX�K�í»akG&JYà�K?í � DÔa&D;TSìWa�îCJLFNK?P`äÏJLßbK?G&BoX�ò � FNB<îCJLFNK?P`äIJLß�K&G&B�JYX+a&îCT`K?JLFCBo]µîpä_K
í»a¶à�K&í&T`ZCP`B�XQZCa&íY]<akF�TQZCBWG&P!Keä¾XQà�K?íLB£JLß�K&G&BWK?FN]<TQZCBWa?T`ZCB�P;îCJLFNK?P`ä¾J»ßbK?GkB£JYX;a&î¶T!K?JLFCB�]�îpä
áNí»íLJLFCG¹JLF�T`ZCBWK&PQBoK�]¶B�í»JLß�JUT`B�]<îpä¾T`ZCB£Bo]¶G&BoX�òe^¯ZCBWB�}Ià�JLB�FNà�ä¾a?D¶TQZNJLX-K?íLG&akPQJ»TQZNß ]CB�âÃB�FN]CX
ZCB�KeëpJLí»ä_a&F�T`ZCB�B\}bà�J»B�FNà�ä_a?D#T`ZCB�Bo]¶G&B<áNFN]¶JLFCGµK&í»Gka&P`JUT`ZCßÅT`aIáNF�]æ]¶B�íLJLß1J»TQJLFCGµB�]¶GkB�X�ò
D�K�T`ZNK1B�T�K?í½ò ô �	� ú4âCPQakâ�a\X[Bo]ÏK1îCJLFNK?P`J���K�T`J»akF_K&âCâCP`akKkà!ZÏîNKkX[Bo]ÏakFÏT`ZCB�â�BoK?ó_]¶B�T`B�à�T`J»akF
J»FµTQZCB�GkP`Keä\ðií»B�ë&B�íNâCP`a?áNíLB�X¯K&í»akFCG1XQB�à�TQJLa&FNX¯akP[T`ZCa&Gka&FNK&íCT`a�T`ZCB�P`JL]¶GkB¹akPQJLB�F\T!K�TQJLa&F:òp^¯ZNB
G&P!KeäkðiíLB�ë&B�í£âCP`a?á�í»BoX1K&PQB_a&îCT`K?JLFCBo] îpäÓâCP`a?RSB�à�TQJLa&Fïa?D�T`ZCB�âCJ]�pB�í+J»F\T`B�FNXQJUT`J»BoX�a&F\TQaÊTQZNB
à�B�F\T`P`K&í;XQB�à�TQJLa&F4ò�^¯ZCJYX,ZCB�ACP`JYXST`JLà1K?íLG&akPQJ»TQZCß3T`ZCa&ACGkZæìWa&P`ó\JLFCGµìgB�í»í;J»F´âCP!K&à�TQJYà�B�Z�K&X,K
]¶B�á�à�J»B�FNà�äITQZNK?T¯J»T�]¶apB�XWFCa&T¯P`B�T!K?JLFIT`ZCB,DEACí»í�ì+JY]pT`Zµa&D:TQZNB,P`JY]¶G&BoX�M¶K?F�]ÏK&X¯XQANà!ZÏJYX¯FCa&T
K�T`PQANB�îCJ»F�K?P`äIPQB�þNB�à�TQJLa&F_a?D	TQZCB�akPQJLG&JLFNK?íÃáNFNG&B�P`âCP`J»F\T+JLß�K&G&Bkò

èyFÊT`ZCJYX�ìgakPQóvM�ìWBbâCP`a&âÃakXQB�K$à�a&ß�îCJ»F�K�TQakPQJYK?í#K&í»Gka&P`JUT`ZCß(DEa&P�îCJ»F�K?P`J]�oK�TQJLa&F´a?DWáNF¶ð
G&B�P`âCP`J»F\T1J»ßbK?GkB�X�îNK&XQB�] a&F~_£ANà�íLJY]¶B�K&F]¶JYXST!K?FNà�BÏT`P`K&FNXSDEakPQß�ò-û$akX[T�a?D�T`ZCBµâNPQB�ë\JLa&A�X
K?íLG&a&P`J»TQZCßbX+]¶JYXQà�ANX`X[Bo]µZNB�P`B<K?P`B,ZNB�ACP`JLX[TQJYà�X�J»F�T`ZNK�T�T`ZCB�ä_]¶aIFCa&T�XST!K?PQT�ì+JUT`ZæKb]¶B�á�FCJUð
TQJLa&F«a&DgK?FÊa&â¶T`J»ßbK&í	T`ZCP`B�XQZCa&íY]�òvèyFÊà�a&F\TQP!K&X[T�MÃìgB�]¶B�áNFCB�Kµà�a&FN]¶J»TQJLa&F«DEa&P¾K?FÊa&â¶T`J»ßbK?í
TQZCP`B�XQZCa&íY] îNKkX[Bo]ÊakFÓB�ñ\ANK&í£ì+JY]pTQZNX�a?D+P`JL]¶GkB�X<K&FN] ë�K?íLí»B�ä¶X�ò&SÊB_X[ZCa�ì�ZCa�ìÇ]¶JYXST!K?FNà�B
TQP!K?FNX[DEa&P`ß à�K?F�î�B�ANX[Bo]$K&X�K�ß�BoK&XQACPQB¾DEakP�ì+JY]pTQZ«K&FN]µTQZCB�F«]¶BoX[JLG&F$K?FæK&í»Gka&P`JUT`ZCß T`a
B�}Ià�JLB�F\TQíLä�à�a&ß�âCACTQB<T`ZCB�T`ZCPQBoX[ZNa&íY]_DEa&P�îCJLFNK&PQJ���K?TQJLa&F4ò8��XQJ»FCGµ]¶JLX[T`K&FNà�B¾T`P`K&FNX[DEa&P`ß)DEakP
îCJ»F�K?P`J]�oK�TQJLa&FZNK&X�K?íYXQa«G&a&T�K&FCa?T`ZCB�P�]¶JYXST`J»F�à�TIK&]¶ë�K&FkT!K?GkB&ò-^¯ZCBµFNB��pTIXST`B�â DEakí»íLa�ì+JLFCG
îCJ»F�K?P`J]�oK�TQJLa&FÏJLXgPQJY]¶GkB�B��pT`P`Kkà�TQJLa&FµK?FN]ÏPQJY]¶G&BoX£à�K?FÏîÃB,B�}Ià�JLB�F\TQíLäbB��pT`P`Kkà�TQBo]bANXQJ»FNG�]¶JYXSð
T`K?F�à�B�TQP!K?FNX[DEa&P`ß ëeK&í»ANB�X�òvO¹X,TQZCB�X`K?ß�B�DEBoK�T`ACPQB�à�K&F«îÃB�A�X[Bo]æDEakP¹îÃa?T`ZÊîCJLFNK&PQJ���K?TQJLa&F
K?FN]µPQJY]¶GkB,B\�pTQP!K&à�T`J»akF4MCK1í»a&T�a?D	TQJLß1B<X`KeëpJ»FNGkX¯à�K&FµîÃB�a&î¶T!K?JLFCB�]_JLF�PQBoK?í�K?âCâNí»JYà�K?TQJLa&FNX�ò
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^¯ZCB�PQBoXST+a&D	T`ZCB�âNK?âÃB�P�JLX+akPQG\K?FCJYXQB�]ÏKkXWDEa&íLí»a�ì�X�ò¶èyFæépB�à�TQJLa&F � MNìgB¾îCP`J»B�þNäÏP`B�ëpJLB�ì
_�ANà�í»JY]¶B�K&F��¹JLX[T`K&FNà�B¾^	P`K&FNXSDEakPQß K&í»Gka&P`JUT`ZCß�òpépBoà�T`J»akF 
 ZNK&XWK�]CJLX`à�ANX`XQJ»akFIa&Fµß1BoK&XQACPQð
J»FCG¾ì+JY]pTQZ�a&DÃXQZNK?âÃB�X;ANXQJ»FNG¾KeëkB�P!K?GkB���JYX[T`K?F�à�B�^	P`K&FNXSDEakPQß ë�K?íLACBoX�ò&épBoà�T`J»akF�÷�]¶JYXQà�ANX`X[BoX
TQZCB+T`ZCP`B�XQZCa&íY]�à�P`JUT`B�P`JLK�K&FN]�]¶JLX`à�A�XQXQB�X-T`ZCB�K&í»Gka&P`JUT`ZCß DEakP#TQZCP`B�XQZCakíL]¶JLFCG<K&FN]�X[ZCa�ì�X�PQB�ð
X[ACí»T`X�a&F$]¶J]�ÃB�PQB�F\T+áNFCG&B�PQâNPQJLF\T�J»ßbK?GkB�X�òCç;J»FNK&í»íLä&M�ìgB¾á�FCJLXQZ$ì+J»TQZ$X[akß�B<]¶JLX`à�A�XQXQJ»akFNX+JLF
épB�à�TQJLa&F � ò

� �/Þ��kØ-�#×¹Ý0���1Ù)�#×��:�!Ú�Ù@�
O TSìWa?ðy]¶JLß�B�FNXQJ»akFNK?í-îCJLFNK&PQä$JLßbK?G&B?k�a&D�m L m�âCJ]�¶B�íYX¾JLX�K_ßbK�T`PQJ]�æa?D¯X[J���B?m L m
ì+ZCakXQB�B�FkT`PQJLB�X¾K&PQB  a&P1ö&ò�^¯ZCB1âCJ]�¶B�í-J»F´KÏP`a�ì�x+K?FN]Êà�akí»ACß�F z JLX¾K&X`XQapà�JLK?TQBo]�ì+JUT`Z
TQZCB�BWK&P[T`B�XQJLK&F à�a?ðia&P!]¶JLFNK�T`B å=x v�z ê�òWçCa&PµK G&JLë&B�Fã]¶JYX[T`K?F�à�B�DEACFNà�TQJLa&F4MgTQZNB����@�\���=�	�����
���g���R���8���q�! ����)�y¡�¢� �£Éa?D<K´îCJ»F�K?P`äJLß�K&G&B¤kÓJYXI]¶B�áNFCB�] JLF ô ÷&ú¹K&XbK&FãK&X`X[JLG&FCß�B�FkT�T`a
B�K&à!ZïîNK&à!ópGkPQakACFN]ÓâCJ]�¶B�í<å=x vRz ê�K´ë�K?íLACB_B�ñ\ANK&í¯TQa´TQZCB¤_£ANà�íLJL]CB�K?F ]¶JYXST!K?FNà�B_îÃB�TSìWB�B�F
åyx v�z ê,K?FN]æTQZCBbà�í»a\X[BoXST,DEB�K?TQACP`B�âCJ��¶B�íÆMvJ½ò Bkò4KÏâCJ]�¶B�í#ZNKeëpJLFCG�KÏë�K?íLACB�ö&ò�VWP`B�A«B�T<K?í½ò ô ÷?ú
âCPQakâ�a\X[Bo]bK?FIakâ¶TQJLßbK?íE¥�å=m L m«ê�K&í»Gka&P`JUT`ZCß DEa&Pgà�a&ß�âCA¶T`J»FNG<TQZNBI���@�\���=���|���q���g���¦���8���
�! ����)�y¡�¢� �£�K&Xb]¶B�áNFCB�] ANXQJLFCG§Q#a&P`a&FCakJ+]¶JLK&G&P!K?ßbX�ò�BgakFNX[TQP`ANà�T`J»akF K&FN] ñkANB�P`ä\JLFCG´TQZNB
Q#a&P`a&FCakJ-]CJLK&G&P!K?ßbX¹DEa&P�B�Kkà!Z«âCJ]�¶B�í�å=x v�z ê�T`K?ókB1TQJLß1B?¨�å=mª©�íLa&Glm«ê�ò:VWA¶ToMvTQZCBIK&A¶TQZNa&P!X
ANX[B�T`ZCB�D¼K&à�T�TQZNK?T<î�a&TQZ´TQZNBIX[J»TQBoX<K?FN]´ñ\ACB�P`äæâÃa&JLF\T`X�a&D£TQZNB«Q#a&P`a&FCakJ#]¶JLK&G&P!K?ßbX¾K?P`B
X[ACî�X[B�T`X#a&D�K,TSìWa?ðy]¶JLß�B�FNXQJ»akFNK?í¶âNJ��¶B�íÃK?P`P`Keä¾T`a<îCP`J»FNG<]¶a�ì+F1TQZCB�à�a&ß�âCíLB��¶J»TSä<TQa{¨Nå=m © ê�ò
èyF ô ö 
 ú½M�C�J»P!K�T!K¾K?FN]MN�K�T`a&Z�]¶B�áNFNBj�J�@�����=�������ª���g���¦���8���¬�� ����@�U¡�¢� �£ãJ»FbK&F�K&í»ß�a\XST�X`K?ß�B
ìWKeäIKkXWTQZCB<KkXQXQJ»Gkß�B�F\T¯TQa�B�Kkà!ZÊö�âCJ]�¶B�í4K1ë�K?íLACB�B�ñ\ANK&ívTQa�T`ZCB_�ANà�í»JY]¶BoK?F�]¶JLX[T`K&FNà�B,T`a
TQZCB�à�í»a\X[BoXST  âCJ]�pB�íÆòk^¯ZCB�K?A¶T`ZCa&P!X;ANXQB¯K¾îNJUðy]¶JLPQBoà�TQJLa&F�K?í¶XQà�K?F�K?íLa&FCG¾P`a�ì�X-K?FN]1à�akí»ACß�FNX
a?D:T`ZCB�ßbK�T`PQJ]�ITQa1áNF�]ÏakA¶T+TQZCB�à�í»a\X[BoXST  òC^¯ZNB�F4MpT`ZCB�äIA�X[B<K&FÏB�FpëkB�íLa&âÃB,a&D	âNK&P`K&î�akíLKkX
ì+ZCakXQB¾âNK?P!K?ß�B�T`B�P!X¯K?P`B,akî¶T`K&J»FNB�]ÏDEPQakß TQZCB�ë�K&í»ACBoX+a?D	TQZCB�îNJUðy]¶JLPQBoà�TQJLa&F�K?í4X`à�K?F:òC^¯ZCB�ä
ANX[B,T`ZCB¾D¼K&à�TWT`ZNK�T¯TSìWabX[ANà!Z_âNK&P`K&î�akíLKkXgà�K?F_J»F\TQB�P`XQB�à�TWJLF$K�T+ß�akX[T+a&FCB,â�akJ»F\T+T`a�XQZCa�ì
TQZNK?TgB�Kkà!Z�âNK?P!K?îÃa&íYK�à�K&Fbapà�à�ACP£J»FbT`ZCB�íLa�ìWB�P#B�FpëkB�íLa&âÃB�K�T£ß�a\XST£akFNà�B�TQa�à�a&ß�âCA¶T`B�TQZNB
���@�����=�	�����O���g���R���8���®�� ����@�U¡�¢� �£ J»FIakâ¶TQJLßbK?í8¨Nå=m © ê#TQJLß1BkòpèyFIó&B�B�âCJLFCG�ì+J»TQZÏTQZCB,K?îÃa�ë&BkM
ìgB�]¶B�áNFCB,TSìga�TSäpâ�BoX¯a?D����@�����=�	�����§���g���¦���8���{�! |���)�y¡�¢� �£ÒëeK&í»ANB�X�òC^¯ZCB,áNP`X[T+a&FCB®¯?°F±�² ³
JLX¹TQZNB�X`K?ß�B1K&X¹TQZCB�K?îÃa�ë&BkòÃ^¯ZNB1XQB�à�a&FN]«a&FCB1JLX®¯?°0³X² ±¾ì+ZCJYà!Z´JLX¹TQZNB�ë�K?íLACB�K&X`X[JLG&FNB�]
TQa«K  âNJ��¶B�íWB�ñ\ANK&í#TQaæTQZCB´_�ANà�í»JY]¶B�K&FÓ]¶JLX[T`K&FNà�BITQa$T`ZCBÏFCBoK?P`B�X[TIöbâCJ]�pB�íÆòµ��XQJLFCG$TQZNB
PQBoX[ACí»T`X¯GkJ»ëkB�F_J»F ô ö 
 ú½M¶ìWB¾ZNKeë&B¹TQZCB¾DEakí»íLa�ì+JLFCG1D¼K&à�T<�
4F')*	/¤�·¶ ¢��y¸¹¯?° ±�² ³ ���8�«¯?° ³\² ± �����[º��«��¢�£�»8�W�¦���¹�U�[¢|»0�!�U£?���`���U£?�¥�å=mª©eêJ¡�¢� «���
m L m¼º\�U�8�� �½?�U£2�X¾��<¿FÀ¬���\¢ZÁ`�y¸)�{ÂZ�����@���I¢Ã¡º|¢��U¸?¯?° ±�² ³ ���8�I¯«° ³X² ± �� ���¾	 ������¦�� ®�y¸)���
¢� {��Ä��@�����¦¢bö:¿

Å �/Þ��kØ-�#×¹Ý0���1Ù)�#×��:�!Ú�Ù@� �-×¹ÛÇÆ ÞQÛ+Ø)È
^¯ZCB#áNFCGkB�P`âCP`J»F\T4JLß�K&G&BoX4K?P`B�à!ZNK?P!K&à�TQB�PQJ���Bo]�îpä¾K?íLß1a\XST	B�ñ\ANK?í&ì+JL]pT`Z<P`JL]¶GkB�X4K&FN]¾ë�K?íLí»B�ä¶X
K&X£XQZCa�ì+FbJLFIç;J»GkACPQB � ò	S´B�ì+JLíLí�ANXQB+T`ZCJLXgâNK&P[T`JLà�ACíLK&P£à!ZNK&P`Kkà�TQB�PQJYX[TQJYà¯a?DvTQZCB�áNFCGkB�P`âCPQJLF\T
J»ßbK?GkB�DEakP�îCJLFNK?P`J]�oK�T`J»akF4ò�û$B�KkX[ACP`JLFCGIT`ZCBbì+JL]¶TQZ´DEa&P�K?P`îCJ»TQP!K?P`ä$X[ZNK&â�BoX¾JLX�K_]¶J]}Ià�ACí»T�M
FCa&F¶ð½TQP`JLë\JYK?í	âCP`a&îCíLB�ß�òÃèyF$TQZCJYX,X[Boà�TQJLa&F:M�ìWB<ß�a¶]¶B�í;TQZNB�âCP`a&îCíLB�ß JLF«KÏà�a&F\TQJLFpACa&A�X�]¶a&ð
ß�K&J»F1T`a<X[ZCa�ì ZCa�ì ]¶JLX[T`K&FNà�B¯T`P`K&FNX[DEa&P`ß à�K&F1îÃB�ANXQB�]�T`a¾áNFN]1B�ñ\ANK&íCì+JL]¶TQZbP`JL]¶GkB�X#K&FN]
ëeK&í»íLB�ä¶X�ò
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^¯ZCB<áNFNG&B�P`âCP`J»F\T�JLßbK?GkB�à�K&F$î�B�ß1a¶]¶B�í»Bo]æK&X¹X[ZNa�ì+F$J»F«ç;JLG&ACP`B 
 òNèyF$T`ZCB�à�a&F\TQJLFpACa&A�X
]¶a&ßbK?JLF4MoTQZNBgJLßbK?G&BgJLX-K¹à�a&F\T`J»FpACakANX4DEANFNà�T`J»akFMÐq�NåyÑ vÃÒ ê�ÓÔk Õ1òeO à�P`akX`X:XQB�à�TQJLa&F�a?DCT`ZCJLX
DEACFNà�T`J»akFµK&í»akFCG�K�]¶J»P`B�à�TQJLa&Fµâ�B�PQâÃB�FN]CJLà�ACíLK&P£T`a�T`ZCB,PQJY]¶G&B¹J»F�à�P`B�K&XQB�X�TQJLí»ívJ»TWP`B�Kkà!ZCB�X£TQZNB
PQJY]¶G&B�âÃa&JLF\T�ì+ZCJYà!Z´JYX<K�ßbK��¶JLßbKCMvTQZNB�F ]¶Boà�P`B�K&XQB�X,T`J»íLí�J»T�P`B�K&à!ZNB�X,TQZNBbëeK&í»íLB�äkM4ì+ZCJYà!Z
JLX�Kæß�JLFCJLß�K@�#K?FN] TQZCJYX�à�ä¶à�íLBÏP`B�âÃB�K?T`X�ò-H:B�T2t«u ô )v p úWîÃB$K$T`ZCPQBoX[ZNa&íY]�M;XQANà!ZTQZNK?T
JUDIÐ JLX�TQZNPQBoX[ZCakíL]CB�]K?TMt�M#K&FN] J»D�T`ZCBµë�K&í»ACB_a?D®Ð JLX1GkPQBoK�TQB�P�T`ZNK?F~t�M-JUTbJYX�ßbK&âCâ�Bo]
TQa ö&M#B�íYXQBÏT`a  ò£épB�B�ç;J»GkACPQB 
 ò#^¯ZCB�ZCJLG&ZNí»JLG&Z\TQBo] âNK&P[TbXQZCa�ì+FakF TQZNB_P`JLG&Z\T1JYX1TQZNB
âNK?PQT,ßbK&âCâ�Bo]ÊTQa´ö&ò4O+D~T`B�P¾T`ZCPQBoX[ZNa&íY]¶J»FNGNMÃTQZCB�âNK&P[T!X¾ìgakACíY]æîÃB1P`B�à�T`K&FCG&íLB�X¾K&X¾XQZCa�ì+F
J»F´ç	JLG&ANPQB 
 ò8SÊB�à�akß1âNA¶TQB�TQZCB�TQa&T`K&í-]CJLX[T`K&FNà�B�TQP!K?FNX[DEa&P`ß ë�K&í»ACBoX,a?D#TQZNB�P`B�à�T`K?FNG&íLB�X�ò
Bga&FNXQJL]CB�P�K«PQBoà�T!K?FCGkACíLK&P�akî¶RSB�à�TMÖ�×MØ®¯ a&D�ì+JL]¶TQZ[Ù3K?FN] ZCB�JLG&Z\T2Ú:M-ì+JUT`ZYÚÜÛÝÙ<ò
^¯ZCB¾ß1Bo]¶JYK?í4K��¶JYX¯a?D	TQZCJYX+a&îCRSB�à�T+JYX¯G&JLë&B�FÏîpäbTQZNB�í»JLFCB�X[B�G&ß�B�F\T!X Ö¬ÞIM ×ßÞbM Þà�M àI¯$M
àØ1òv^¯ZNB�ß�B�]CJLK&í;K��pJYX,]¶J»ëpJY]¶B�X¹T`ZCB�P`B�à�T`K&FCG&ACíYK?P¹X[ZNK&â�B1JLFkT`aIDEakACP¹P`B�GkJ»akFNX�XQANà!Z«TQZNK?T
TQZCB�FCBoK?P`B�X[T�îÃa&ACFN]NK?P`ä´íLJLFCB_DEPQakß K?Fpä â�akJ»F\T�J»FïTQZCB�P`B�GkJ»akFÓJLXb]¶B�TQB�PQß�JLFCB�]�ò#O¹X1K&F
B��CK?ß�âCíLB&M;TQZNB$PQB�G&JLa&F/ö_ZNK&X Ö¬¯>KkX1JUT!X�FCB�K&PQBoXST1î�akACFN]CK&PQäÓíLJ»FNB�K&FN]ïPQB�G&JLa&F 
 ZNKkX
Ö�×3K&X�J»T`X¹FCBoK?P`B�X[T�î�akACFN]CK&PQä�íLJ»FNB&òv^¯ZCB<T`a?T`K&í;]CJLX[T`K&FNà�B�TQP!K?FNX[DEa&P`ß ë�K&í»ACB�DEa&P¹PQB�G&JLa&F
ö�JYXáµâ ã�ä ©³ áµå�æµçgè�é0â ã=ä ©|êé8å�æ�â ã ä © åyÙ5ë¦ì � r Ò ê)í	Ñ8í Ò§î åyÙ ©ë ÚÃê�ì�ùßr§Ù�ïë ìpö � ò4épJLß1JLíYK?P`í»äkM�T`ZCB1TQa&T`K?í
]¶JLX[T`K&FNà�BæTQP!K?FNX[DEa&P`ß ë�K&í»ACBæDEa&PÏP`B�GkJ»akF 
 JYX á é0ðXæ�â8ãyä ©ð�é0â ã!ä © á â8ã=ä ©³ Ñ�í�Ñ í ÒÜî Ù ïë ì � ÷�ògépaNM
TQZCB_TQa&T`K&í¯]CJLX[T`K&FNà�BµTQP!K?FNX[DEa&P`ß9ë�K?íLACB¹ñ0ò|ó�åyÙ ë ê�a?D�T`ZCB�PQBoà�T`K&FCG&íLBÏJYXMÙ�©ë Ú8ì�÷?r~Ù ïë ìpö �
î Ù¬©ë ì�÷�å!Ú«rôÙJë¦ì 
 ê�ò@a�a?T`B<TQZ�K�T�MNTQZCB�TQa&T`K?í;]¶JYXST!K?FNà�B�TQP!K?FNX[DEa&P`ß)ë�K&í»ACB�J»FNà�PQBoK&XQB�X<åÆ]¶B�ð
à�P`B�K&XQB�X!êWì+J»TQZ�TQZNB<J»F�à�P`B�K&XQBIå¼]CB�à�P`B�KkX[BeêWa?D#ì+JY]pTQZæîÃB�à�K?ANXQB{ñ ò|ó åyÙ5ëiêöõ(Û  K?FN]ªÚqÛdÙ<ò
a�a�ì�M?T`ZCB+T`a?T`K&í�]¶JYX[T`K?F�à�B+T`P`K&FNXSDEakPQß÷¯?°F±�² ³�JLX�Ù�©± Ú0ìe÷Jr�Ù ï± ìpö �µø Ù�©ï Ú0ìe÷Jr�Ù ïï ì¶ö � K&FN]TQZCB¾T`a?T`K&í4]¶JYXST!K?FNà�B¾TQP!K?FNX[DEa&P`ßù¯?°0³\² ±�JYX5Ù�©© Ú8ì�÷®rOÙ ï© ìpö � òWa�a�ì�MCKkXJt£JLFNà�P`B�KkX[BoX�M¶îÃa?T`Z
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Ùj±�K?FN]MÙ ï ]CB�à�P`B�KkX[B�K&FN]MÙ © JLFNà�P`B�KkX[BoX�ò?^¯ZCJYX�JLß�âCíLJ»BoX#TQZ�K�T£ì+J»TQZIJLFNà�PQBoK&XQBWa&DEt�M�¯?°F±�² ³]¶B�à�PQBoK&XQB�XWK?FN]�¯?°0³\² ±�J»F�à�P`B�K&XQB�X�ò¶épaNMW¯?°F±�² ³,K&FN]�¯?°0³X² ±�à�K?FµJ»F\TQB�P`XQB�à�TWakFCíLäba&FNà�B,K&FN]
B�ëpJL]CB�F\TQíLä&Mµ¯?° ±�² ³ JLX�B�ñ\ANK&í�TQa�¯?° ³\² ± ì+ZCB�F.Ù ± î Ù © ò-^¯ZNK�T1JLX�M4T`ZCBµakâ¶TQJLßbK?ígëeK&í»ANBa?D+TQZNPQBoX[ZCakíL] JLX�PQBoK&à!ZCBo] ì+ZCB�FY¯?° ³\² ± î ¯?° ±�² ³ M;JLß�âCíLä\JLFCGOÙ ± î Ù © ò-^¯ZNJLX1X[JLß�âCíLBK?FNK&í»ä¶XQJLX�XQZCa�ì�X-T`ZNK�T£TQa?T!K?íÃ]¶JLX[T`K&FNà�B�TQP!K?FNX[DEa&P`ß à�K?FbîÃB�ANXQB�]bK&XgK�ß�B�KkX[ACP`B+a?DváNF�]¶J»FNG
KIT`ZCPQBoX[ZNa&íY]$TQZ�K�T�G&JLë&BoX�BoñkA�K?í-ì+JL]¶TQZ´PQJY]¶G&BoX¹K&FN]æë�K&í»íLB�ä¶X�ò � ANP,GkakK&í	JLFæT`ZCJLX¾ìWa&P`ó�JLX
TQa�áNFN] K&FÊakâ¶TQJLßbK?í-TQZNPQBoX[ZCakíL]ÊT`a_îNJ»FNK&PQJ���B1T`ZCB�áNFCGkB�P`âCPQJLF\T�J»ßbK?GkB&ò4^¯ZCB�akâ¶TQJLßbK?íLJUTSä
à�P`JUT`B�P`JLK$JYX<GkJ»ëkB�FÓîpäÊTQZCBµB�ñ\ANK?íWì+JY]pTQZ a&D+PQJY]¶G&BµK?FN]Óë�K&í»íLB�äkò;épa�M	ß�a&P`BbDEakPQßbK?íLíLä«ìWB
ZNKeë&B¹TQZCB¾DEakí»íLa�ì+JLFCGb]¶B�áNFNJUT`J»akF4ò
þ +:ÿµ#&6=/X6=18#�� ��� ¸)��¢|»0�!�U£?���¬�U¸W �����¸@¢��]�[�g�q�ôÂZ�����@��tªu ô )v p úM�U¸@���2º��U�0�� ����<���ª�y¸)�
�U£2�X¾������@��¸d�y¸)���2�U¸@�� ��=�\¾:���`�=���y¸ �g����Ä��@�����¦¢[�y¸)�OÂ����U�]�\½��`�=���y¸ ¢� ª���W£ �R¢��R���®¢Ã¡
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