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%P��.?LHSJ?�4F?PK?�6LGTCPQGRW�MD�4WBLCW�"SQRP?JG?
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8C@?QQGELGQ?L GLBCNCLBCLRMLJGLCFMKCUMPI?LB?QQCQQKCLRQWQRCKRF?RF?Q@CCL
?T?GJ?@JCAMKKCPAG?JJWQGLAC����� 8C@"QQGELF?QPCACLRJW@CESLRMQSNNMPRRFC0NCL
&BSA?RGML3CQMSPACAMKKSLGRW@WAPC?RGLE? FGEFOS?JGRWMLJGLCFMKCUMPIQMJSRGML
DMPQCJCARCBMNCL�QMSPACRCVR@MMIQ?T?GJ?@JC?R?L ?DDMPB?@JCNPGACRMQRSBCLRQ�5FCQC
OSCQRGMLAMJJCARGMLQGLAJSBCP?LBMKGXCBT?JSCQ?LBT?PG?@JCQGKKCBG?RCDCCB@?AI
JGLIQRMRFCMNCL�QMSPACRCVR@MMI?LB? T?PGCRWMDRCVR�QNCAGDGAPCQMSPACQ?LBRMMJQ�?Q
UCJJ?QRFCQ?KCJCTCJMDPGEMPMSQAMBGLE?LB?AASP?AW�AFCAIGLE?Q?LWAMKKCPAG?JJW
?T?GJ?@JC�MLJGLC�FMKCUMPI�QMJSRGML�QSNNMPRGLE�RP?BGRGML?JJW�?T?GJ?@JC�RCVR@MMIQ�
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4?NJGLE-C?PLGLENPMTGBCQRFCKMQRCDDCARGTCGLRCP?ARGTCFMKCUMPI?LBGLQRPSARGML
RF?RGKNPMTCQRSBCLRJC?PLGLEMSRAMKCQDMPRFCNPM@JCK�QMJTGLEBGQAGNJGLCQ�5FCWMDDCP
?L CLHMW?@JCRC?AFGLE?LBCDDCARGTCJC?PLGLECVNCPGCLACRF?RGQBGQRGLARGTCGLRFPCC
GKNMPR?LR�U?WQ�

c &?QC�MD�6QC��4?NJGLE�-C?PLGLEuQ�C?QW�RM�SQC�GLRCPD?AC�ICCNQ�QRSBCLRQ�CLE?ECB�GL
NPM@JCK�QMJTGLE�LMR�QRPSEEJGLE�UGRF�RFC�QMDRU?PC�

c 5?PECRCB�*LQRPSARGML?J�$MLRCLR��4?NJGLE�-C?PLGLE�GLAPC?QCQ�QRSBCLR�CLE?ECKCLR
?LB�AMKNPCFCLQGML�@W�BCJGTCPGLE�GKKCBG?RC�DCCB@?AI�?LB�R?PECRCB
GLQRPSARGML?J�AMLRCLR�

c 6LQSPN?QQCB�4CPTGAC�?LB�4SNNMPR��4?NJGLE�-C?PLGLE�K?ICQ�RC?AFGLE�KMPC
CLHMW?@JC�@W�NPMTGBGLE�?�BCBGA?RCB�.?QRCPQ�MP�1F%�JCTCJ�AMJJC?ESC�RM�QCPTGAC
GLQRPSARMPQu�SLGOSC�LCCBQ�RFPMSEFMSR�RFC�AMSPQC�GLAJSBGLE�AMLRCLR
ASQRMKGX?RGML�
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QEB�OBPQ�LC�K>QROBg>K�FKAF@>QFLK�LC�QEB�RKABOIVFKD�RKFQV�FK�QEB�RKFSBOPB�3EB�I>TP�LC�MEVPF@P�>OB
PROMOFPFKDIV�CBT�FK�KRJ?BO��FJMIVFKD�>K�RKABOIVFKD�PFJMIF@FQV�QL�K>QROBkP�>MM>OBKQ�@LJMIBUFQV

�@OBAFQ��- 2 ��)/+�">IQB@E��/�!>OJ?V��'>OS>OA�2JFQEPLKF>K�"BKQBO�CLO� PQOLMEVPF@P	

8F?RGQWMSPDGPQRPC?ARGMLUFCLWMSFC?PRFCUMPBrNFWQGAQs %GBWMSGK?EGLCUMPIGLE
RFPMSEFBGDDGASJRCOS?RGMLQMPKCKMPGXGLEDMPKSJ?QRF?RQCCKRMF?TCLMPC?JSQCGLJGDC
MSRQGBCRFCNFWQGAQAJ?QQPMMK .?LW NCMNJCAMKCRMRFCQS@HCARMDNFWQGAQUGRF? @GR
MDDC?P�#SR?QWMS@CEGLWMSPCVNJMP?RGMLMDRFGQ@PM?B�P?LEGLEQS@HCARWMSK?WQMML
AMKCRMPC?JGXCRF?RNFWQGAQNJ?WQ? KSAFJ?PECPPMJCGLWMSPJGDCRF?LWMSDGPQRRFMSEFR
LM�K?RRCP�WMSP�JGDC�EM?JQ�MP�A?PCCP�AFMGAC�

'MPCV?KNJCR?IC? JMMI?RRFCGK?EC?@MTC�5FGQGK?ECGQMDRFC"LBPMKCB?(?J?VW
UFGAFAMLR?GLQ@GJJGMLQMDGLBGTGBS?JQR?PQFSECAJMSBQMDE?Q?LBBSQR�5UMQK?JJCP
E?J?VGCQ?PC?JQMTGQG@JC?Q@PGEFR@JSCQNMRQGLRFC@?AIEPMSLB�"R ? QR?EECPGLE���
KGJJGMLJGEFRWC?PQDPMKRFC&?PRFRFGQE?J?VWGQRFCLC?PCQRMLCRMMSPMULE?J?VW
	UFGAFGQA?JJCBRFC.GJIW8?W
� 5FCQR?PQ?LBNJ?LCRQRF?RK?IC SN"LBPMKCB?
KGEFRQCCKRM@CRFCDSPRFCQRRFGLEDPMKKMQRNCMNJCuQPCESJ?PCTCPWB?WJGTCQ�#SR
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"LBPMKCB?GQ? EPC?RQR?PRGLENMGLRRMRFGLI?@MSRRFCDMPACQRF?RFMJBRMECRFCPRFC
SLGTCPQC�5FCDMPACQRF?RA?SQC"LBPMKCB?RM?AR?QGRBMCQ?PCRFCQ?KCDMPACQUC
AMLRCLBUGRFFCPCML&?PRFUFCRFCPUC?PCNJ?LLGLERMQCLB? PMAICRGLRMQN?ACMP
QGKNJWP?GQCRFCU?JJQDMP? LCUFMKC�5FCQ?KCEP?TGRWRF?RA?SQCQRFCQR?PQMD
"LBPMKCB?RMPMR?RC?LBPCTMJTC?JQMA?SQCQU?RCPRMDJMUMTCPFWBPMCJCARPGAB?KQ
FCPCML&?PRF�5MLGEFRR?IC? KMKCLRRMJMMISN?RRFCQR?PQ�5FCDMPACQMSRRFCPC
?PCRFCQ?KC?QRFCMLCQFCPCML&?PRF�5FPMSEF? QRSBWMDNFWQGAQWMSK?WE?GL?
EPC?RCPSLBCPQR?LBGLEMDRFCGLRCPAMLLCARCBLCQQMDCTCPWRFGLEUCA?LQCC?LBILMUGL
RFGQ�SLGTCPQC�

5FGLILMU?@MSR?JJMDRFCRCAFLMJMEGA?JBCTGACQRF?RWMSSQCML? PCESJ?P@?QGQ�
$MKNSRCPQQK?PRNFMLCQ(14 QWQRCKQ.1� NJ?WCPQ?LBQ?RCJJGRCP?BGMKGEFRAMKC
RMKGLB�/CVRRFGLI?@MSRRFCKMQRCVAGRGLEKMBCPLRCAFLMJMEGCQRF?RWMSF?TCFC?PB
?@MSRGLRFCLCUQQSAF?QRP?GLQRF?RJCTGR?RC?@MTCRP?AIQrGLTGQG@GJGRWAJM?IQsRF?R
@CLBJGEFR?PMSLBRFCK?LBKGAPMQAMNGAPM@MRQRF?RDGEFRA?LACPACJJQGLMSP@MBGCQ�
"JJ MDRFCQCEPMSLB@PC?IGLE?BT?LACKCLRQAMKKMLNJ?ACMPSL@CJGCT?@JCPCJWMLRFC
NPGLAGNJCQMDNFWQGAQ�"QGBCDPMKNJ?WGLE? QGELGDGA?LRPMJCGLRCAFLMJMEWNPMDCQQGML?JQ
QSAF?QCLEGLCCPQNGJMRQNFWQGAG?LQNFWQGA?JRFCP?NGQRQCJCARPGAG?LQ?LBAMKNSRCP
NPMEP?KKCPQ?NNJWNFWQGAQAMLACNRQGLRFCGPB?GJWUMPI�'MPCV?KNJC? NGJMRKSQR
SLBCPQR?LBFMUUGLBDMPACQ?DDCAR?DJGEFRN?RF?LB?NFWQGA?JRFCP?NGQRKSQRSLBCPQR?LB
FMURFCKSQAJCQGLRFC@MBWCVNCPGCLACDMPACQ?QRFCWKMTC?LB@CLB�"Q WMSUGJJ
JC?PLGLRFGQRCVRNFWQGAQNPGLAGNJCQ?PCNPMNCJJGLELCUCVAGRGLERCAFLMJMEGCQ?LBRFCQC
NPGLAGNJCQ�?PC�?NNJGCB�GL�?�UGBC�P?LEC�MD�A?PCCPQ�

*L RFGQRCVRWMSUGJJ@CEGLRMCVNJMPCRFCFGQRMPWMDRFCDMPK?JQRSBWMDNFWQGAQ
@CEGLLGLEUGRFL?RSP?JNFGJMQMNFW?LBRFC?LAGCLR(PCCIQ?LBJC?BGLESNRFPMSEF?
PCTGCUMD4GP*Q??A/CURML?LBRFCJ?UQMDNFWQGAQRF?R@C?PFGQL?KC� :MS UGJJ
?JQM@CGLRPMBSACBRMRFCQR?LB?PBQQAGCLRGQRQSQCUFCLRFCWQRSBWNFWQGA?JOS?LRGRGCQ
?LBRFCGLRCPPCJ?RCBQWQRCKMDKC?QSPCKCLRQKMQRMDRFCQAGCLRGDGAAMKKSLGRWSQCQRM
AMKKSLGA?RCGL?QGLEJCK?RFCK?RGA?JJ?LES?EC�'GL?JJWWMSUGJJQRSBWRFCJGKGRQMDMSP
?@GJGRWRM@C?AASP?RC?LBNPCAGQC?LBRFCPC?QMLQQAGCLRGQRQEMRMN?GLQR?IGLEJCLERFQRM
@C�?Q�AJC?P�?Q�NMQQG@JC�PCE?PBGLE�RFCGP�MUL�JGKGR?RGMLQ�
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5FCNFWQGA?JSLGTCPQCGQCLMPKMSQJWAMKNJCVGLGRQBCR?GJ�&TCPWB?WC?AFMDSQ
M@QCPTCQ? EPC?RT?PGCRWMDM@HCARQ?LBNFCLMKCL?�0TCPRFCACLRSPGCQRFCASPGMQGRWMD
RFCFSK?LP?ACF?QJCBSQAMJJCARGTCJWRMCVNJMPC?LBA?R?JME? RPCKCLBMSQUC?JRFMD
GLDMPK?RGML�'PMKRFCDJGEFRMD@GPBQRMRFCAMJMPQMDDJMUCPQDPMKJGEFRLGLERMEP?TGRW
DPMKOS?PIQRMAJSQRCPQMDE?J?VGCQDPMKRFCDJMUMDRGKCRMRFCKWQRCPWMDRFCAPC?RGML
MDRFCSLGTCPQCUCF?TC?QICBOSCQRGMLQ?LB?QQCK@JCBFSEC?PP?WQMDD?ARQ�*L RFC
D?ACMD?JJRFCQCBCR?GJQUCF?TCBGQAMTCPCBRF?R? QSPNPGQGLEJWQK?JJ?LBSLGDGCBQCR
MDNFWQGA?JJ?UQA?LCVNJ?GLUF?RUCM@QCPTC�"Q FSK?LQUCK?IC ECLCP?JGX?RGMLQ
?LBQCCIMPBCP�8C F?TCDMSLBRF?RL?RSPCGQPCK?PI?@JWAMMNCP?RGTCqGRCVFG@GRQRFC
RKABOIVFKD�LOABO�>KA�PFJMIF@FQVUC�QM�T?JSC�

*RGQRFCSLBCPJWGLEMPBCPMDL?RSPCRF?RK?ICQQAGCLACGLECLCP?J?LBNFWQGAQGL
N?PRGASJ?PQMCLHMW?@JCRMQRSBW�'MP CV?KNJCUF?RBM? @?EMDAFGNQ?LB ? A?P
@?RRCPWF?TCGLAMKKML #MRFAMLR?GLCLCPEWRF?RA?L@CAMLTCPRCBRMMRFCPDMPKQ�
5FCJ?UMDAMLQCPT?RGMLMDCLCPEW	UFGAFQ?WQRF?RCLCPEWA?LAF?LECDMPK@SRGQ
LCTCPJMQR
RGCQRMECRFCPQSAFRMNGAQ?QDMMBA?JMPGCQ@?RRCPGCQFC?RJGEFR?LBU?RAF
QNPGLEQ�6LBCPQR?LBGLERFGQJ?UK?ICQGRC?QGCPRMJC?PL?@MSRRFCT?PGMSQDMPKQCLCPEW
R?ICQ?LBFMURFCWPCJ?RCRMMLC?LMRFCP�"NN?PCLRJWSLPCJ?RCBRMNGAQ?PCAMLLCARCB
RFPMSEF@PM?BJW?NNJGA?@JCNFWQGA?JJ?UQNCPKGRRGLE?LSLBCPQR?LBGLE@CWMLBHSQRRFC
KCKMPGX?RGML�MD�JGQRQ�MD�D?ARQ�

5FC SLGDWGLE?QNCARMDNFWQGA?JJ?UQ?LB RFC@?QGAQGKNJGAGRWMDL?RSPCDMPKRFC
SLBCPJWGLERFCKCQMDRFGQRCVR�*LJC?PLGLERM?NNJWRFCQCJ?UQWMSUGJJMDAMSPQCQRSBW
RFCKMQRGKNMPR?LRRMNGAQGLNFWQGAQ�.MPCGKNMPR?LRJWWMSUGJJE?GL?L?JWRGA?J?@GJGRGCQ
RF?RUGJJCL?@JCWMSRM?NNJWRFCQCJ?UQD?P@CWMLBRFCQAMNCMDUF?RA?L@CGLAJSBCBGL
? QGLEJC@MMI�5FCQC?L?JWRGA?JQIGJJQUGJJFCJNWMSRMCVACJ?A?BCKGA?JJW?LBRFCWUGJJ
?JQMFCJNWMSRMRFGLIAPGRGA?JJWGL?LWNPMDCQQGML?JA?PCCPWMSAFMMQCRMNSPQSC�5FGQ
KMBSJCBGQASQQCQRFCPC?JKMDNFWQGAQ	RMBCDGLCUF?RNFWQGAQGQ
QMKC?NNJGA?RGMLQ
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4AGCLACAMLQGQRQMDRFCRFCMPGCQ?LBJ?UQRF?R?PCRFCECLCP?JRPSRFQMDL?RSPC?QUCJJ?Q
RFC@MBWMDILMUJCBECRFCWCLAMKN?QQ�4AGCLRGQRQ?PCAMLRGLS?JJWRPWGLERMCVN?LBRFGQ
@MBWMDILMUJCBEC?LBRMNCPDCARRFCCVNPCQQGMLMDRFCJ?UQRF?RBCQAPG@CGR�1FWQGAQGQ
AMLACPLCBUGRFBCQAPG@GLERFCGLRCP?ARGMLQMDCLCPEWK?RRCPQN?AC?LBRGKC?LBGRGQ
CQNCAG?JJWGLRCPCQRCBGLUF?RDSLB?KCLR?JKCAF?LGQKQSLBCPJGCCTCPWNFCLMKCLML�5FC
AMLACPLDMPBCQAPG@GLERFC@?QGANFCLMKCL?GLL?RSPCCQQCLRG?JJWBCDGLCQRFCOB>IJLC
MEVPF@P�

1FWQGAQ?GKQRMBCQAPG@CRFCDSLARGMLMDCTCPWRFGLE?PMSLBSQDPMKRFCKMTCKCLRMD
RGLWAF?PECBN?PRGAJCQRMRFCKMRGMLMDNCMNJCA?PQ?LBQN?ACQFGNQ�*L D?AR?JKMQR
CTCPWRFGLE?PMSLBWMSA?L@CBCQAPG@CBOSGRC?AASP?RCJW@WRFCJ?UQMDNFWQGAQ�
$MLQGBCP? QK?PRNFMLC	<JGLI=
� 1FWQGAQBCQAPG@CQFMUCJCARPGAGRWGLRCP?ARQUGRFRFC
T?PGMSQAGPASGRQGLQGBCRFCBCTGAC�5FGQILMUJCBECFCJNQCLEGLCCPQQCJCARRFC?NNPMNPG?RC
K?RCPG?JQ?LBAGPASGRJ?WMSRUFCL@SGJBGLERFCQK?PRNFMLC�/CVRAMLQGBCP? (14
QWQRCK�1FWQGAQBCQAPG@CQRFCPCJ?RGMLQFGN@CRUCCLRFCQNCCBMD?LM@HCARRFCBGQR?LAC
MTCPUFGAFGRRP?TCJQ?LBRFCRGKCGRR?ICQRMRP?TCJRF?RBGQR?LAC�8FCL WMSSQC? (14
BCTGACGL? TCFGAJCGRSRGJGXCQRFCQCNFWQGAQCOS?RGMLQRMBCRCPKGLCRFCRP?TCJRGKCDPMK
MLC�JMA?RGML�RM�?LMRFCP�

3EB� MMIB�hF/ELKBi�FP�>�@LJJLK�PJ>OQ�MELKB�TFQE�>�&/2�CRK@QFLK�/EVPF@P�ABP@OF?BP�QEB�T>V
QE>Q�BIB@QOF@FQV�CILTP�QEOLRDE�QEB�@FO@RFQP�LC�QEFP�ABSF@B�$KDFKBBOP�RPB�QEBFO�HKLTIBADB�LC�MEVPF@P
QL�@LKPQOR@Q�>K�F/ELKB�TFQE�CB>QROBP�QE>Q�@LKPRJBOP�TFII�BKGLV�.KB�PMB@FCF@�CB>QROB�LC�>K�F/ELKB

FP�QEB�&/2�CRK@QFLK�&/2�RPBP�MEVPF@P�BNR>QFLKP�QL�ABQBOJFKB�QEB�AOFSFKD�QFJB�?BQTBBK�QTL
IL@>QFLKP�LK�>�J>M��@OBAFQ���DIBQE>J�&(2��2L@F>I��,L?FIB�3B@E�(J>DBP	
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:MS LCCBLMR@C? QAGCLRGQRRMSQCNFWQGAQ�0L RFCAMLRP?PWILMUJCBECMDNFWQGAQ
GQSQCDSJGLCTCPWB?WQGRS?RGMLQ?QUCJJ?QGLLMLQAGCLRGDGANPMDCQQGMLQ�*RA?LFCJN
WMSSLBCPQR?LBFMUKGAPMU?TCMTCLQUMPIUFWKCR?JQQFMSJBLMR@CNSRGLRMRFCK
?LBUFWRFCWKGEFR?DDCARN?ACK?ICPQ�	4CC<JGLI=?LB<JGLI=�
 1FWQGAQ?JJMUQWMSRM
SLBCPQR?LBRFCF?X?PBQMDP?BG?RGML?LBP?RGML?JJWCT?JS?RCRFCQCF?X?PBQKMPCC?QGJW�
1FWQGAQ?JQMCVNJ?GLQRFCPC?QMLUFW? @J?AIA?PP?BG?RMPFCJNQPCKMTCFC?RGL? A?P
CLEGLC?LBGRCVNJ?GLQUFW?UFGRCPMMDFCJNQICCNRFCGLQGBCMD?FMSQCAMMJ�4GKGJ?PJW
RFCMNCP?RGMLMD? A?PuQGELGRGMLQWQRCK?QUCJJ?QRFCRP?LQKGQQGMLMDCJCARPGA?JQGEL?JQ
RFPMSEFMSP@MBWuQLCPTMSQQWQRCK?PCKSAFC?QGCPRMSLBCPQR?LBUFCLWMSRFGLI?@MSR
RFCK�GL�RCPKQ�MD�@?QGA�NFWQGAQ�

1FWQGAQGQRFCDMSLB?RGMLMDK?LWGKNMPR?LRBGQAGNJGLCQ?LBAMLRPG@SRCQBGPCARJWRM
MRFCPQ�$FCKGQRPWDMPCV?KNJCqQGLACGRBC?JQUGRFRFCGLRCP?ARGMLQMD?RMKQ?LB
KMJCASJCQqGQPMMRCBGL?RMKGA?LBKMJCASJ?PNFWQGAQ�.MQR@P?LAFCQMDCLEGLCCPGLE
?PC?NNJGCBNFWQGAQ�*L ?PAFGRCARSPCNFWQGAQGQ?RRFCFC?PRMDQRPSARSP?JQR?@GJGRW?LBGQ
GLTMJTCBGLRFC?AMSQRGAQFC?RGLEJGEFRGLE?LBAMMJGLEMD@SGJBGLEQ�1?PRQMDECMJMEW
PCJWFC?TGJWMLNFWQGAQQSAF?QP?BGM?ARGTCB?RGLEMDPMAIQC?PRFOS?IC?L?JWQGQ?LB
FC?RRP?LQDCPGLRFC&?PRF�4MKCBGQAGNJGLCQQSAF?Q@GMNFWQGAQ?LBECMNFWQGAQ?PC
FW@PGBQ�MD�NFWQGAQ�?LB�MRFCP�BGQAGNJGLCQ�

1FWQGAQF?QK?LW?NNJGA?RGMLQGLRFC@GMJMEGA?JQAGCLACQ�0L RFCKGAPMQAMNGAJCTCJGR
FCJNQBCQAPG@CRFCNPMNCPRGCQMDACJJU?JJQ?LBACJJKCK@P?LCQ	<JGLI=?LB<JGLI=
� 0L RFC
K?APMQAMNGAJCTCJGRA?LCVNJ?GLRFCFC?RUMPI?LBNMUCP?QQMAG?RCBUGRFRFCFSK?L
@MBW�1FWQGAQGQGLTMJTCBGLKCBGA?JBG?ELMQRGAQQSAF?QV�P?WQK?ELCRGAPCQML?LAC
GK?EGLE	.3*
 ?LBSJRP?QMLGA@JMMBDJMUKC?QSPCKCLRQ�.CBGA?JRFCP?NWQMKCRGKCQ
BGPCARJWGLTMJTCQNFWQGAQ�DMPCV?KNJCA?LACPP?BGMRFCP?NWSQCQGMLGXGLEP?BG?RGML�
1FWQGAQA?L?JQMCVNJ?GLQCLQMPWNFCLMKCL?QSAF?QFMUKSQGA?JGLQRPSKCLRQK?IC
QMSLB�FMU�RFC�CWC�BCRCARQ�AMJMP�?LB�FMU�J?QCPQ�A?L�RP?LQKGR�GLDMPK?RGML�

*RGQLMRLCACQQ?PWRMDMPK?JJWQRSBW?JJ?NNJGA?RGMLQMDNFWQGAQ�8F?RGQKMQRSQCDSJGQ
ILMUJCBECMDRFC@?QGAJ?UQMDNFWQGAQ?LB?QIGJJGLRFC?L?JWRGA?JKCRFMBQDMP?NNJWGLE
RFCK�5FCQRSBWMDNFWQGAQ?JQMA?LGKNPMTCWMSPNPM@JCK�QMJTGLEQIGJJQ�'SPRFCPKMPC
NFWQGAQF?QPCR?GLCBRFCKMQR@?QGA?QNCARQMDQAGCLACQMGRGQSQCB@W?JJMDRFCQAGCLACQ
?LB�RFC�QRSBW�MD�NFWQGAQ�K?ICQ�MRFCP�QAGCLACQ�C?QGCP�RM�SLBCPQR?LB�
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3EBPB�QTL�>MMIF@>QFLKP�LC�MEVPF@P�E>SB�JLOB�FK�@LJJLK�QE>K�JBBQP�QEB�BVB�,F@OLT>SB�LSBKP
RPB�BIB@QOLJ>DKBQF@�T>SBP�QL�EB>Q�CLLA�,>DKBQF@�OBPLK>K@B�FJ>DFKD��,1(	�>IPL�RPBP

BIB@QOLJ>DKBQF@�T>SBP�QL�VFBIA�>K�FJ>DB�LC�QEB�?O>FK��COLJ�TEF@E�QEB�BU>@Q�IL@>QFLK�LC�QRJLOP
@>K�?B�ABQBOJFKBA��@OBAFQ��1>PEJF�"E>TI>��#>KFBI�2JFQE��>KA�/>RI�$�,>OFH	

/EVPF@P��@EBJFPQOV��>KA�?FLILDV�EBIM�ABP@OF?B�QEB�MOLMBOQFBP�LC�@BII�T>IIP�FK�MI>KQ�@BIIP��PR@E�>P
QEB�LKFLK�@BIIP�PBBK�EBOB��@OBAFQ��4J?BOQL�2>IS>DKFK	
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 K�>OQFPQkP�OBKAFQFLK�LC�QEB�QEB�PQOR@QROB�LC�>�@BII�JBJ?O>KB�,BJ?O>KBP�CLOJ�QEB�?LRKA>OFBP�LC
>KFJ>I�@BIIP�>KA�>OB�@LJMIBU�FK�PQOR@QROB�>KA�CRK@QFLK�,>KV�LC�QEB�JLPQ�CRKA>JBKQ>I�MOLMBOQFBP

LC�IFCB��PR@E�>P�QEB�CFOFKD�LC�KBOSB�@BIIP��>OB�OBI>QBA�QL�JBJ?O>KBP�3EB�AFP@FMIFKBP�LC�?FLILDV�
@EBJFPQOV��>KA�MEVPF@P�>II�EBIM�RP�RKABOPQ>KA�QEB�JBJ?O>KBP�LC�>KFJ>I�@BIIP��@OBAFQ��,>OF>K>

1RFW	

'E:;BI	�.>;EH?;I	�7D:�&7MI��.>;�,EB;�E<��NF;H?C;DJ7J?ED

5FCJ?UQMDL?RSPC?PCAMLAGQCBCQAPGNRGMLQMDRFCSLGTCPQC?PMSLBSQ�RFCW?PCFSK?L
QR?RCKCLRQMDRFCSLBCPJWGLEJ?UQMPPSJCQRF?R?JJL?RSP?JNPMACQQCQDMJJMU�4SAFJ?UQ
?PCGLRPGLQGARMRFCSLGTCPQC�FSK?LQBGBLMRAPC?RCRFCK?LBQMA?LLMRAF?LECRFCK�
8C A?LMLJWBGQAMTCP?LBSLBCPQR?LBRFCK�5FCGPBGQAMTCPWGQ? TCPWFSK?LCLBC?TMP
UGRF?JJRFCCJCKCLRQMDKWQRCPWGK?EGL?RGMLQRPSEEJCRPGSKNF?LBBGQ?NNMGLRKCLR
GLFCPCLRGL?LWAPC?RGTCCDDMPR�	4CC<JGLI=?LB<JGLI=�
 5FCAMPLCPQRMLCMDBGQAMTCPGLE
L?RSP?JJ?UQGQM@QCPT?RGML�QAGCLACKSQRBCQAPG@CRFCSLGTCPQC?QGRGQLMR?QUCK?W
GK?EGLC�GR�RM�@C�

�8'')��+<943 �����f����	�T>P�SBOV�OBIR@Q>KQ�QL�MR?IFPE�EFP�OBSLIRQFLK>OV�TLOH�>KA�E>A�QL�?B
@LKSFK@BA�QL�AL�PL�(K�EFP�I>QBO�VB>OP��EB�PQBMMBA�ALTK�COLJ�EFP�>@>ABJF@�MLPQ�>KA�?B@>JB
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BU@EBNRBO�LC�QEB�1LV>I�,FKQ�'B�QLLH�QEFP�MLPQ�PBOFLRPIV��FKSBKQFKD�OBBAFKD��LO�@OB>QFKD�OFADBP	
LK�QEB�BADB�LC�@LFKP�QL�MOBSBKQ�RKP@ORMRILRP�MBLMIB�COLJ�QOFJJFKD�QEB�PFISBO�LCC�LC�QEBJ�?BCLOB

RPFKD�QEBJ�>P�@ROOBK@V��@OBAFQ�� OQERO�2ERPQBO�>KA� OQERO�$�2EFMIBV�!OFQ>FKkP�'BOFQ>DB�LC
2@FBK@B�+LKALK������	

�'7/+��:7/+ �����f����	�P>@OFCF@BA�JLKBQ>OV�>PPBQP�QL�EBIM�CFK>K@B�EBO�B>OIV�OBPB>O@E�>KA
A>J>DBA�EBO�MEVPF@>I�TBII�?BFKD�TFQE�O>AF>QFLK�BUMLPROB�2EB�FP�QEB�LKIV�MBOPLK�QL�TFK�-L?BI
MOFWBP�FK�?LQE�MEVPF@P�>KA�@EBJFPQOV�.KB�LC�EBO�A>RDEQBOP�>IPL�TLK�>�-L?BI�/OFWB��@OBAFQ�

6FHFJBAF>�"LJJLKP	

8C ?JJ?PCASPGMSQRMQMKCCVRCLR�8C JMMI?PMSLBK?IC ECLCP?JGX?RGMLQ?LBRPWRM
SLBCPQR?LBUF?RUCQCCqDMPCV?KNJCUCJMMISN?LBUMLBCPUFCRFCPMLCRWNCMD
AJMSBQGEL?JQ?L MLAMKGLEQRMPK�"Q UC@CAMKCQCPGMSQ?@MSRCVNJMPGLEL?RSPCUC
@CAMKCKMPCMPE?LGXCB?LBDMPK?JGLAMJJCARGLE?LB?L?JWXGLEB?R?�8C ?RRCKNREPC?RCP
NPCAGQGMLNCPDMPKAMLRPMJJCBCVNCPGKCLRQ	GDUCA?L
?LBUPGRCBMULGBC?Q?@MSRFMU
RFCB?R?K?W@CMPE?LGXCB?LBSLGDGCB�8C RFCLDMPKSJ?RCKMBCJQRFCMPGCQ?LBJ?UQ
@?QCBMLRFCB?R?UCF?TCAMJJCARCB?LB?L?JWXCBRMECLCP?JGXC?LBAMKKSLGA?RCRFC
PCQSJRQ�MD�RFCQC�CVNCPGKCLRQ�

" KMBCJGQ? PCNPCQCLR?RGMLMDQMKCRFGLERF?RGQMDRCLRMMBGDDGASJR	MPGKNMQQG@JC
RM
BGQNJ?WBGPCARJW�8FGJC? KMBCJGQHSQRGDGCBUGRFCVNCPGKCLR?JNPMMDGRGQMLJW?AASP?RC
SLBCPJGKGRCBQGRS?RGMLQ�"L CV?KNJCGQRFCNJ?LCR?PWKMBCJMDRFC?RMKGLUFGAF
CJCARPMLQ?PCNGARSPCB?QMP@GRGLERFCLSAJCSQ?L?JMEMSQRMRFCU?WNJ?LCRQMP@GRRFC
4SL� 	4CC<JGLI=�
 8C A?LLMRM@QCPTCCJCARPMLMP@GRQBGPCARJW@SRRFCKCLR?JGK?EC
FCJNQCVNJ?GLRFCM@QCPT?RGMLQUCA?LK?IC QSAF?QRFCCKGQQGMLMDJGEFRDPMKFMR
E?QCQ	?RMKGAQNCARP?
�1FWQGAGQRQSQCKMBCJQDMP? T?PGCRWMDNSPNMQCQ�'MPCV?KNJC
KMBCJQA?LFCJNNFWQGAGQRQ?L?JWXC? QACL?PGM?LBNCPDMPK? A?JASJ?RGMLMPRFCWA?L
@CSQCBRMPCNPCQCLR? QGRS?RGMLGLRFCDMPKMD? AMKNSRCPQGKSJ?RGML�" RFCMPWGQ?L
CVNJ?L?RGMLDMPN?RRCPLQGLL?RSPCRF?RGQQSNNMPRCB@WQAGCLRGDGACTGBCLAC?LBTCPGDGCB
KSJRGNJCRGKCQ@WT?PGMSQEPMSNQMDPCQC?PAFCPQ�4MKCRFCMPGCQGLAJSBCKMBCJQRMFCJN
TGQS?JGXCNFCLMKCL?UFCPC?QMRFCPQBMLMR�/CURMLuQRFCMPWMDEP?TGRWDMPCV?KNJC
BMCQLMRPCOSGPC? KMBCJMPKCLR?JGK?EC@CA?SQCUCA?LM@QCPTCRFCM@HCARQBGPCARJW
UGRFMSPMULQCLQCQ�5FCIGLCRGARFCMPWMDE?QCQMLRFCMRFCPF?LBGQ?KMBCJGLUFGAF
? E?QGQTGCUCB?Q@CGLEAMKNMQCBMD?RMKQ?LBKMJCASJCQ�"RMKQ?LBKMJCASJCQ?PC

�������



RMMQK?JJRM@CM@QCPTCBBGPCARJWUGRFMSPQCLQCQqRFSQUCNGARSPCRFCKKCLR?JJWRM
SLBCPQR?LB�UF?R�MSP�GLQRPSKCLRQ�RCJJ�SQ�?@MSR�RFC�@CF?TGMP�MD�E?QCQ�

" J?USQCQAMLAGQCJ?LES?ECRMBCQAPG@C?ECLCP?JGXCBN?RRCPLGLL?RSPCRF?RGQQSNNMPRCB
@WQAGCLRGDGACTGBCLAC?LBPCNC?RCBCVNCPGKCLRQ�0DRCL? J?UA?L@CCVNPCQQCBGLRFC
DMPKMD? QGLEJCK?RFCK?RGA?JCOS?RGML�-?UQ?LBRFCMPGCQ?PCQGKGJ?PGLRF?RRFCW?PC
@MRFQAGCLRGDGAQR?RCKCLRQRF?RPCQSJRDPMK? RCQRCBFWNMRFCQGQ?LB?PCQSNNMPRCB@W
QAGCLRGDGACTGBCLAC�)MUCTCPRFCBCQGEL?RGMLI>T GQPCQCPTCBDMP? AMLAGQC?LBTCPW
ECLCP?JQR?RCKCLRRF?RBCQAPG@CQNFCLMKCL?GLL?RSPCQSAF?QRFCJ?URF?RCLCPEWGQ
AMLQCPTCBBSPGLE?LWNPMACQQMP/CURMLuQQCAMLBJ?UMDKMRGMLUFGAFPCJ?RCQDMPAC
K?QQ?LB?AACJCP?RGML@WRFCQGKNJCCOS?RGML � J 7� " RFCMPWGLAMLRP?QRGQ? JCQQ
AMLAGQCQR?RCKCLRMDM@QCPTCBNFCLMKCL?�'MPCV?KNJCRFC5FCMPWMD&TMJSRGML?LB
RFC5FCMPWMD3CJ?RGTGRWA?LLMR@CCVNPCQQCBAMLAGQCJWCLMSEFRM@CAMLQGBCPCB? J?U�
5FC@GEECQRBGDDCPCLAC@CRUCCL?J?U?LB?RFCMPWGQRF?R?RFCMPWGQKSAFKMPCAMKNJCV
?LBBWL?KGA�" J?UBCQAPG@CQ?QGLEJC?ARGMLUFCPC?Q?RFCMPWCVNJ?GLQ?LCLRGPCEPMSN
MDPCJ?RCBNFCLMKCL?�"LB UFCPC?Q?J?UGQ?NMQRSJ?RCRF?RDMPKQRFCDMSLB?RGMLMDRFC
QAGCLRGDGA�KCRFMB�?�RFCMPW�GQ�RFC�CLB�PCQSJR�MD�RF?R�NPMACQQ�

-CQQ@PM?BJW?NNJGA?@JCQR?RCKCLRQ?PCSQS?JJWA?JJCBNPGLAGNJCQ	QSAF?Q1?QA?JuQ
NPGLAGNJCUFGAFGQ?NNJGA?@JCMLJWGLDJSGBQ
@SRRFCBGQRGLARGML@CRUCCLJ?UQ?LB
NPGLAGNJCQ�MDRCL�GQ�LMR�A?PCDSJJW�K?BC�

6E>Q�FP�>�JLABI��3EFP�MI>KBQ>OV�JLABI�LC�QEB�>QLJ�PELTP�BIB@QOLKP�LO?FQFKD�QEB�KR@IBRP�(Q�FP�>
AO>TFKD�QE>Q�TB�RPB�QL�CLOJ�>�JBKQ>I�FJ>DB�LC�QEB�>QLJ�QE>Q�TB�@>KKLQ�PBB�AFOB@QIV�TFQE�LRO�BVBP

?B@>RPB�FQ�FP�QLL�PJ>II
.MBCJQ�5FCMPGCQ�?LB�-?UQ

.MBCJQRFCMPGCQ?LBJ?UQ?PCSQCBRMFCJNQAGCLRGQRQ?L?JWXCRFCB?R?RFCWF?TC?JPC?BW
AMJJCARCB�)MUCTCPMDRCL?DRCP? KMBCJRFCMPWMPJ?UF?Q@CCLBCTCJMNCBGRNMGLRQ
QAGCLRGQRQ�RMU?PB�LCU�BGQAMTCPGCQ�RFCW�UMSJB�LMR�MRFCPUGQC�F?TC�K?BC�

5FCKMBCJQRFCMPGCQ?LBJ?UQUCBCTGQCQMKCRGKCQFJMIVQEBBUFPQBK@BLCL?GB@QPLO
MEBKLJBK>>PVBQRKL?PBOSBA5FCQCNPCBGARGMLQ?PCPCK?PI?@JCRPGSKNFQ?LBRPG@SRCQ
RMRFCNMUCPMDQAGCLAC�*RGQRFCSLBCPJWGLEMPBCPGLRFCSLGTCPQCRF?RCL?@JCQQAGCLRGQRQ
RMK?IC QSAFQNCAR?ASJ?PNPCBGARGMLQ�)MUCTCPGDBUMBOFJBKQBMCQLMRTCPGDWMSP
NPCBGARGMLQRFCLRFCRFCMPWMPJ?UGQUPMLELMK?RRCPFMUCJCE?LRMPAMLTCLGCLRGRGQ�
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-?UQA?LLCTCP@CILMULUGRF?@QMJSRCACPR?GLRW@CA?SQCGRGQGKNMQQG@JCRMNCPDMPK
CTCPWGK?EGL?@JCCVNCPGKCLRGLMPBCPRMAMLDGPK? J?UGLCTCPWNMQQG@JCQACL?PGM�
1FWQGAGQRQMNCP?RCSLBCPRFC?QQSKNRGMLRF?R?JJQAGCLRGDGAJ?UQ?LBRFCMPGCQ?PCT?JGB
SLRGJ? AMSLRCPCV?KNJCGQM@QCPTCB�*D? EMMB�OS?JGRWTCPGDG?@JCCVNCPGKCLRAMLRP?BGARQ
?�UCJJ�CQR?@JGQFCB�J?U�RFCL�RFC�J?U�KSQR�@C�KMBGDGCB�MP�MTCPRFPMUL�AMKNJCRCJW�

5FCQRSBWMDQAGCLACGLECLCP?J?LBNFWQGAQGLN?PRGASJ?PGQ?L ?BTCLRSPCKSAFJGIC
RFCCVNJMP?RGMLMDSLAF?PRCBMAC?L�%GQAMTCPGCQ?PCK?BC�KMBCJQRFCMPGCQ?LBJ?UQ
?PCDMPKSJ?RCB�?LBRFC@C?SRWMDRFCNFWQGA?JSLGTCPQCGQK?BCKMPCQS@JGKCDMPRFC
GLQGEFRQ�E?GLCB�

5FC�4AGCLRGDGA�.CRFMB

"Q QAGCLRGQRQGLOSGPC?LBE?RFCPGLDMPK?RGML?@MSRRFCUMPJBRFCWDMJJMU? NPMACQQ
A?JJCBRFCQAGCLRGDGAKCRFMB� 5FGQNPMACQQRWNGA?JJW@CEGLQUGRF?L M@QCPT?RGML?LB
OSCQRGMLRF?RRFCQAGCLRGQRUGJJPCQC?PAF�/CVRRFCQAGCLRGQRRWNGA?JJWNCPDMPKQQMKC
PCQC?PAF?@MSRRFCRMNGA?LBRFCLBCTGQCQ? FWNMRFCQGQ�5FCLRFCQAGCLRGQRUGJJRCQRRFC
FWNMRFCQGQ@WNCPDMPKGLE?LCVNCPGKCLR�'GL?JJWRFCQAGCLRGQR?L?JWXCQRFCPCQSJRQMDRFC
CVNCPGKCLR?LBBP?UQ? AMLAJSQGML�/MRCRF?RRFCQAGCLRGDGAKCRFMBA?L@C?NNJGCBRM
K?LWQGRS?RGMLQRF?R?PCLMRJGKGRCBRMQAGCLAC?LBRFGQKCRFMBA?L@CKMBGDGCBRMQSGR
RFC�QGRS?RGML�

$MLQGBCP?LCV?KNJC�-CRSQQ?WRF?RWMSRPWRMRSPLMLWMSPA?P@SRGRUGJJLMRQR?PR�:MS
SLBMS@RCBJWUMLBCP�8FWUGJJRFCA?PLMRQR?PR :MS A?LDMJJMU? QAGCLRGDGAKCRFMBRM
?LQUCPRFGQOSCQRGML�'GPQRMDDWMSK?WNCPDMPKQMKCPCQC?PAFRMBCRCPKGLC? T?PGCRW
MDPC?QMLQUFWRFCA?PUGJJLMRQR?PR�/CVRWMSUGJJQR?RC?FWNMRFCQGQ�'MPCV?KNJCWMS
K?W@CJGCTCRF?RRFCA?PGQLMRQR?PRGLE@CA?SQCGRF?QLMCLEGLCMGJ�5MRCQRRFGQWMSMNCL
RFCFMMBMDRFCA?P?LBCV?KGLCRFCMGJJCTCJ�:MS M@QCPTCRF?RRFCMGJGQ?R?L?AACNR?@JC
JCTCJ?LBWMSRFSQAMLAJSBCRF?RRFCMGJJCTCJGQLMRAMLRPG@SRGLERMWMSPA?PGQQSC�5M
RPMS@JCQFMMRRFCGQQSCDSPRFCPWMSK?WBCTGQC? LCUFWNMRFCQGQRMRCQR?LBRFCLPCNC?R
RFC�NPMACQQ�?E?GL�

.>;��LEBKJ?ED�E<�(7JKH7B�*>?BEIEF>O�?DJE�'E:;HD�*>OI?9I

1FWQGAQU?QLMR?JU?WQ? QCN?P?RC?LBBGQRGLARBGQAGNJGLC�*RPCK?GLQAMLLCARCBRM
MRFCPQAGCLACQRMRFGQB?W�5FCUMPBMEVPF@PAMKCQDPMK(PCCIKC?LGLEL?RSPC�5FC
QRSBWMDL?RSPCA?KCRM@CA?JJCBrL?RSP?JNFGJMQMNFW�s'PMK ?LAGCLRRGKCQRFPMSEF
RFC3CL?GQQ?LACL?RSP?JNFGJMQMNFWCLAMKN?QQCBK?LWDGCJBQGLAJSBGLE?QRPMLMKW
@GMJMEWAFCKGQRPWNFWQGAQK?RFCK?RGAQ?LBKCBGAGLC�0TCPRFCJ?QRDCUACLRSPGCQ
RFCEPMURFMDILMUJCBECF?QPCQSJRCBGLCTCP�GLAPC?QGLEQNCAG?JGX?RGML?LB@P?LAFGLE
MDL?RSP?JNFGJMQMNFWGLRMQCN?P?RCDGCJBQUGRFNFWQGAQPCR?GLGLERFCKMQR@?QGAD?ACRQ�
	4CC<JGLI= <JGLI= ?LB<JGLI=�
 1FWQGAQ?QGRBCTCJMNCBDPMKRFC3CL?GQQ?LACRMRFCCLB
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MDRFC��RF ACLRSPWGQA?JJCBAJ?QQGA?JNFWQGAQ� *RU?QRP?LQDMPKCBGLRMKMBCPLNFWQGAQ
@W�PCTMJSRGML?PW�BGQAMTCPGCQ�K?BC�QR?PRGLE�?R�RFC�@CEGLLGLE�MD�RFC���RF�ACLRSPW�

.SBO�QEB�@BKQROFBP��K>QRO>I�MEFILPLMEV�E>P�BSLISBA�FKQL�JLOB�PMB@F>IFWBA�AFP@FMIFKBP��>P
FIIRPQO>QBA�?V�QEB�@LKQOF?RQFLKP�LC�PLJB�LC�QEB�DOB>QBPQ�JFKAP�FK�EFPQLOV�3EB�&OBBH�MEFILPLMEBO
�7/89491+����f����!"	�TOLQB�LK�>�?OL>A�O>KDB�LC�QLMF@P�FK@IRAFKD�MEVPF@P��>KFJ>IP��QEB�PLRI�

MLIFQF@P��>KA�MLBQOV��@OBAFQ��)>PQOLT������	�+RALSFPF�"LIIB@QFLK	

�'1/1+4��'1/1+/ �����f����	�I>FA�QEB�CLRKA>QFLK�LC�JLABOK�BUMBOFJBKQ>QFLK�>KA�J>AB
@LKQOF?RQFLKP�FK�J>QEBJ>QF@P��MEVPF@P��>KA�>PQOLKLJV��@OBAFQ��#LJBKF@L�3FKQLOBQQL	
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�/+18��4.7 �����f����	�J>AB�CRKA>JBKQ>I�@LKQOF?RQFLKP�QL�QEB�ABSBILMJBKQ�LC�NR>KQRJ
JB@E>KF@P��LKB�M>OQ�LC�JLABOK�MEVPF@P��@OBAFQ��4KFQBA�2Q>QBP�+F?O>OV�LC�"LKDOBPP�/OFKQP�>KA

/ELQLDO>MEP�#FSFPFLK	

$J?QQGA?JNFWQGAQGQLMR?L CV?ARBCQAPGNRGMLMDRFCSLGTCPQC@SRGRGQ?L CVACJJCLR
?NNPMVGK?RGMLSLBCPRFCDMJJMUGLEAMLBGRGMLQ�.?RRCPKSQR@CKMTGLE?RQNCCBQJCQQ
RF?L?@MSR�� MDRFCQNCCBMDJGEFRRFCM@HCARQBC?JRUGRFKSQR@CJ?PECCLMSEFRM@C
QCCLUGRF? KGAPMQAMNC?LBMLJWUC?IEP?TGR?RGML?JDGCJBQQSAF?QRFCDGCJBECLCP?RCB
@WRFC&?PRFA?L@CGLTMJTCB�#CA?SQCFSK?LQJGTCSLBCPQSAFAGPASKQR?LACQAJ?QQGA?J
NFWQGAQQCCKQGLRSGRGTCJWPC?QML?@JCUFGJCK?LW?QNCARQMDKMBCPLNFWQGAQQCCK
@GX?PPC�5FGQGQUFWKMBCJQ?PCQMSQCDSJGLKMBCPLNFWQGAQqRFCWJCRSQAMLACNRS?JGXC
NFCLMKCL?UCBMLMRMPBGL?PGJWCVNCPGCLAC�8C A?LPCJ?RCRMKMBCJQGLFSK?LRCPKQ
?LBTGQS?JGXCUF?RF?NNCLQUFCLM@HCARQKMTC?RFGEFQNCCBQMPGK?EGLCUF?RM@HCARQ
RMMQK?JJRMM@QCPTCUGRFMSPQCLQCQKGEFR@CJGIC�'MPCV?KNJCUCA?LSLBCPQR?LB
?L ?RMKuQNPMNCPRGCQ@CA?SQCUCA?LNGARSPCGRGLMSPKGLBQ?JRFMSEFUCF?TCLCTCP
QCCL?L?RMKUGRFMSPCWCQ�/CU RMMJQMDAMSPQC?JJMUSQRM@CRRCPNGARSPCNFCLMKCL?
UCA?LLMRQCC�*L D?ARLCUGLQRPSKCLR?RGMLF?Q?JJMUCBSQGLPCACLRWC?PQRM?ARS?JJW
rNGARSPCs�RFC�?RMK�

-GKGRQ�ML�RFC�-?UQ�MD�$J?QQGA?J�1FWQGAQ

'MPRFCJ?UQMDAJ?QQGA?JNFWQGAQRM?NNJWRFCDMJJMUGLEAPGRCPG?KSQR@CKCR�.?RRCP
KSQR@CKMTGLE?RQNCCBQJCQQRF?L?@MSR�� MDRFCQNCCBMDJGEFRRFCM@HCARQBC?JRUGRF
KSQR@CJ?PECCLMSEFRM@CQCCLUGRF? KGAPMQAMNC?LBMLJWUC?IEP?TGR?RGML?JDGCJBQ
	QSAF�?Q�RFC�DGCJB�ECLCP?RCB�@W�RFC�&?PRF
�A?L�@C�GLTMJTCB�

4PFKD�>�P@>KKFKD�QRKKBIFKD�JF@OLP@LMB��23,	��P@FBKQFPQP�@>K�PBB�QEB�FKAFSFAR>I�>QLJP�QE>Q
@LJMLPB�QEFP�PEBBQ�LC�DLIA��@OBAFQ��$OTFKOLPPBK	

4MKCMDRFCKMQRQNCAR?ASJ?P?BT?LACQGLQAGCLACF?TC@CCLK?BCGLKMBCPLNFWQGAQ�
.?LW MDRFCJ?UQMDAJ?QQGA?JNFWQGAQF?TC@CCLKMBGDGCBMPPCHCARCB?LBPCTMJSRGML?PW
AF?LECQGLRCAFLMJMEWQMAGCRW?LBMSPTGCUMDRFCSLGTCPQCF?TCPCQSJRCB�-GICQAGCLAC
DGARGMLKMBCPLNFWQGAQGQDGJJCBUGRFD?QAGL?RGLEM@HCARQ@CWMLBMSPLMPK?JCVNCPGCLACQ
@SRGRF?QRFC?BT?LR?ECMTCPQAGCLACDGARGMLMD@CGLETCPWPC?J�8FW RFCLGQRFC
K?HMPGRWMDRFGQRCVRBCTMRCBRMRMNGAQMDAJ?QQGA?JNFWQGAQ 5FCPC?PCRUMK?GLPC?QMLQ�
$J?QQGA?JNFWQGAQEGTCQ?LCVRPCKCJW?AASP?RCBCQAPGNRGMLMDRFCSLGTCPQCSLBCP? UGBC
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P?LECMDCTCPWB?WAGPASKQR?LACQ?LBILMUJCBECMDAJ?QQGA?JNFWQGAQGQLCACQQ?PWRM
SLBCPQR?LB�KMBCPL�NFWQGAQ�

.MBCPLNFWQGAQGRQCJDAMLQGQRQMDRFCRUMPCTMJSRGML?PWRFCMPGCQPCJ?RGTGRW?LBOS?LRSK
KCAF?LGAQ�5FCQCRFCMPGCQBC?JUGRFRFCTCPWD?QR?LBRFCTCPWQK?JJPCQNCARGTCJW�
3CJ?RGTGRWKSQR@CSQCBUFCLCTCP?L M@HCARGQRP?TCJGLE?REPC?RCPRF?L?@MSR�� MD
RFCQNCCBMDJGEFRMPCVNCPGCLACQ? QRPMLEEP?TGR?RGML?JDGCJBQSAF?QRF?RLC?PRFC
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IGJMEP?KQ?LBQCAMLBQ
?NPMDMSLBQGKNJGAGRWMDL?RSPC?NNC?PQq?JJNFWQGA?JOS?LRGRGCQ
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 "AASP?AWGLRFCDSLB?KCLR?JSLGRQGQCQQCLRG?J@CA?SQC?JJKC?QSPCKCLRQ?PC
SJRGK?RCJWCVNPCQQCBGLRCPKQMDDSLB?KCLR?JSLGRQ?LBA?L@CLMKMPC?AASP?RCRF?L?PC
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?BT?LR?ECMDRFCKCRPGAQWQRCKGQRF?RRFCQ?KCSLGRA?L@CSQCBMTCPCVRPCKCJWJ?PEC
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UGRFLMQNCAGDGCBBGPCARGML�/MRCFMUCTCPRF?R? QA?J?PA?L@CLCE?RGTCQSAF?Q?
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" UC?RFCPDMPCA?QRQR?RCQRF?RRFCRCKNCP?RSPCGQNPCBGARCBRM@Cx �l$ RFCDMJJMUGLE
B?W��*Q�RFGQ�RCKNCP?RSPC�?�TCARMP�MP�?�QA?J?P�OS?LRGRW �&VNJ?GL�

�������



.?C;	�0;BE9?JO	�7D:�-F;;:

3EB�JLQFLK�LC�QEBPB�O>@FKD�PK>FIP�@>K�?B�ABP@OF?BA�?V�QEBFO�PMBBAP�>KA�QEBFO�SBIL@FQFBP��@OBAFQ�
QL?FQ>PCIF@HO��%IF@HO	

5FCPCGQKMPCRMKMRGMLRF?LBGQR?LAC?LBBGQNJ?ACKCLR�2SCQRGMLQQSAF?Qr)MU JMLE
BMCQ?DMMRP?ACR?IC s?LBr8F?RU?QRFCPSLLCPuQQNCCB sA?LLMR@C?LQUCPCBUGRFMSR
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RMECRDPMKMLCNJ?ACRM?LMRFCPML? PM?BRPGNWMSLCCBRMSQC?TCP?ECTCJMAGRW�
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QNCCBA?L@CEPC?RCPRF?L?TCP?ECTCJMAGRWUFGAFGQBGQNJ?ACKCLRBGTGBCB@WRGKC�'MP
CV?KNJCGDWMSBPGTCRM?QRMPC?LBPCRSPLFMKCGLF?JD?LFMSP?LBWMSPA?PuQMBMKCRCP
QFMUQRFCRMR?JBGQR?LACRP?TCJCBU?Q� IK RFCLWMSP?TCP?ECQNCCBU?Q�� IK� F�
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#ROFKD�>����JFKRQB�OLRKA�QOFM�QL�QEB�PQLOB��QEB�QLQ>I�AFPQ>K@B�QO>SBIBA�FP���HJ�3EB�>SBO>DB
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0;9JEH��::?J?ED�7D:�-K8JH79J?ED��!H7F>?97B�';J>E:I

#FPMI>@BJBKQ�@>K�?B�ABQBOJFKBA�DO>MEF@>IIV�RPFKD�>�P@>IB�J>M��PR@E�>P�QEFP�LKB�LC�QEB
'>T>FF>K�(PI>KAP� �GLROKBV�COLJ�'>T>FkF�QL�,LILH>kF�E>P�>�KRJ?BO�LC�IBDP��LO�GLROKBV

PBDJBKQP�3EBPB�PBDJBKQP�@>K�?B�>AABA�DO>MEF@>IIV�TFQE�>�ORIBO�QL�ABQBOJFKB�QEB�QLQ>I�QTL�
AFJBKPFLK>I�AFPMI>@BJBKQ�LC�QEB�GLROKBV��@OBAFQ��42�&BLILDF@>I�2ROSBV	

0;9JEHI�?D�.ME��?C;DI?EDI

" TCARMPGQ? OS?LRGRWRF?RF?QK?ELGRSBC?LB BGPCARGML�%GQNJ?ACKCLRTCJMAGRW
?AACJCP?RGML?LBDMPACDMPCV?KNJC?PC?JJTCARMPQ�*L MLC�BGKCLQGML?JMPQRP?GEFR�
JGLCKMRGMLRFCBGPCARGMLMD? TCARMPA?L@CEGTCLQGKNJW@W? NJSQMPKGLSQQGEL�*L
RUMBGKCLQGMLQ	��B
 FMUCTCPUCQNCAGDWRFCBGPCARGMLMD? TCARMPPCJ?RGTCRMQMKC
PCDCPCLACDP?KC	G�C�AMMPBGL?RCQWQRCK
SQGLE?L?PPMUF?TGLEJCLERFNPMNMPRGML?JRM
RFC�TCARMPuQ�K?ELGRSBC�?LB�NMGLRGLE�GL�RFC�BGPCARGML�MD�RFC�TCARMP�

<JGLI=QFMUQQSAF? DO>MEF@>IOBMOBPBKQ>QFLKLC> SB@QLO SQGLE?Q?L CV?KNJCRFC
RMR?JBGQNJ?ACKCLRDMPRFCNCPQMLU?JIGLEGL? AGRWAMLQGBCPCBGL,GLCK?RGAQGL5UM
%GKCLQGMLQ�"L *LRPMBSARGML� 8C QF?JJSQCRFCLMR?RGMLRF?R?@MJBD?ACQWK@MJQSAF?Q
�  QR?LBQDMP? TCARMP�*RQK?ELGRSBCGQPCNPCQCLRCB@WRFCQWK@MJGLGR?JGAQ#  ?LBGRQ
BGPCARGML�@W¡ �

7CARMPQ�GL�RFGQ�5CVR

*L RFGQRCVRUCUGJJPCNPCQCLR? TCARMPUGRF? @MJBD?ACT?PG?@JC�'MPCV?KNJCUCUGJJ
PCNPCQCLRRFCOS?LRGRWDMPACUGRFRFCTCARMP  UFGAFF?Q@MRFK?ELGRSBC?LBBGPCARGML�

��������

/m42104
/m42104


5FCK?ELGRSBCMDRFCTCARMPUGJJ@CPCNPCQCLRCB@W? T?PG?@JCGLGR?JGAQQSAF?Q% ?LB
RFC�BGPCARGML�MD�RFC�T?PG?@JC�UGJJ�@C�EGTCL�@W�?L�?LEJC¡ �

 �MBOPLK�T>IHP���?IL@HP�B>PQ�>KA���?IL@HP�KLOQE�3EB�AFPMI>@BJBKQ�FP�����?IL@HP�>Q�>K�>KDIB
�� �b KLOQE�LC�B>PQ

3L�ABP@OF?B�QEB�OBPRIQ>KQ�SB@QLO�CLO�QEB�MBOPLK�T>IHFKD�FK�>�@FQV�@LKPFABOBA�FK:IFKH<DO>MEF@>IIV�
AO>T�>K�>OOLT�QL�OBMOBPBKQ�QEB�QLQ>I�AFPMI>@BJBKQ�SB@QLO� �4PFKD�>�MOLQO>@QLO��AO>T�>�IFKB�>Q

>K�>KDIB• OBI>QFSB�QL�QEB�B>PQ�TBPQ�>UFP�3EB�IBKDQE# LC�QEB�>OOLT�FP�MOLMLOQFLK>I�QL�QEB
SB@QLOkP�J>DKFQRAB�>KA�FP�JB>PROBA�>ILKD�QEB�IFKB�TFQE�>�ORIBO�(K�QEFP�BU>JMIB��QEB�J>DKFQRAB

# LC�QEB�SB@QLO�FP�����RKFQP��>KA�QEB�AFOB@QFLK• FP���b KLOQE�LC�B>PQ

0;9JEH��::?J?ED��";7:
JE
.7?B�';J>E:

5FCFC?B�RM�R?GJKCRFMBGQ?EP?NFGA?JU?WRM?BBTCARMPQBCQAPG@CBGL<JGLI=@CJMU?LB
GLRFCQRCNQDMJJMUGLE�5FCR?GJMDRFCTCARMPGQRFCQR?PRGLENMGLRMDRFCTCARMP?LBRFC
FC?B	MP�RGN
�MD�?�TCARMP�GQ�RFC�DGL?J�NMGLRCB�CLB�MD�RFC�?PPMU�

��������



�+'*�94�#'/1��+9.4*� 3EB�EB>A�QL�Q>FI�JBQELA�LC�DO>MEF@>IIV�>AAFKD�SB@QLOP�FP�FIIRPQO>QBA�CLO
QEB�QTL�AFPMI>@BJBKQP�LC�QEB�MBOPLK�T>IHFKD�FK�>�@FQV�@LKPFABOBA�FK:IFKH<��>	�#O>T�>�SB@QLO

OBMOBPBKQFKD�QEB�AFPMI>@BJBKQ�QL�QEB�B>PQ��?	�#O>T�>�SB@QLO�OBMOBPBKQFKD�QEB�AFPMI>@BJBKQ�QL�QEB
KLOQE�3EB�Q>FI�LC�QEFP�SB@QLO�PELRIA�LOFDFK>QB�COLJ�QEB�EB>A�LC�QEB�CFOPQ��B>PQ�MLFKQFKD�SB@QLO��@	
#O>T�>�IFKB�COLJ�QEB�Q>FI�LC�QEB�B>PQ�MLFKQFKD�SB@QLO�QL�QEB�EB>A�LC�QEB�KLOQE�MLFKQFKD�SB@QLO�QL
CLOJ�QEB�PRJ�LOOBPRIQ>KQ�SB@QLO� �3EB�IBKDQE�LC�QEB�>OOLT� FP�MOLMLOQFLK>I�QL�QEB�SB@QLOkP

J>DKFQRAB�>KA�FP�JB>PROBA�QL�?B�����RKFQP��(QP�AFOB@QFLK��ABP@OF?BA�>P�QEB�>KDIB�TFQE�OBPMB@Q�QL
QEB�B>PQ��LO�ELOFWLKQ>I�>UFP	• FP�JB>PROBA�TFQE�>�MOLQO>@QLO�QL�?B�� �b

"9+5
� #O>T>K>OOLTQLOBMOBPBKQQEBCFOPQSB@QLO�� ?IL@HPQLQEBB>PQ	RPFKD> ORIBO
>KA�MOLQO>@QLO�

"9+5�� /MU BP?U?L?PPMURMPCNPCQCLRRFCQCAMLBTCARMP	� @JMAIQRMRFCLMPRF
�/I>@B
QEB�Q>FI�LC�QEB�PB@LKA�SB@QLO�>Q�QEB�EB>A�LC�QEB�CFOPQ�SB@QLO�

��������



"9+5�� (CQEBOB>OBJLOBQE>KQTLSB@QLOP�@LKQFKRBQEFPMOL@BPPCLOB>@ESB@QLOQL?B
>AABA-LQBQE>QFKLROBU>JMIB�TBE>SBLKIVQTLSB@QLOP�PLTBE>SBCFKFPEBAMI>@FKD
>OOLTP�QFM�QL�Q>FI�

"9+5� #O>T>K>OOLTCOLJQEBQ>FILCQEBCFOPQSB@QLOQLQEBEB>ALCQEBI>PQSB@QLO� 5FGQ
GQ�RFCPCQSJR?LR�MP�RFC�QSK�MD�RFC�MRFCP�TCARMPQ�

"9+5�� 5MECRRFCK?ELGRSBCMDRFCPCQSJR?LRJB>PROBFQPIBKDQETFQE> ORIBO�-LQBQE>Q
FK�JLPQ�@>I@RI>QFLKP��TB�TFII�RPB�QEB�/VQE>DLOB>K�QEBLOBJ�QL�ABQBOJFKB�QEFP�IBKDQE	

"9+5 �� 5M ECRRFCBGPCARGMLMDRFCPCQSJR?LRJB>PROBQEB>KDIBFQJ>HBPTFQEQEB
OBCBOBK@BCO>JBRPFKD> MOLQO>@QLO�-LQB QE>QFKJLPQ@>I@RI>QFLKP�TB TFII RPB
QOFDLKLJBQOF@�OBI>QFLKPEFMP�QL�ABQBOJFKB�QEFP�>KDIB	

5FCEP?NFGA?J?BBGRGMLMDTCARMPQGQJGKGRCBGL?AASP?AWMLJW@WRFCNPCAGQGMLUGRFUFGAF
RFCBP?UGLEQA?L@CK?BC?LBRFCNPCAGQGMLMDRFCKC?QSPGLERMMJQ�*RGQT?JGBDMP?LW
LSK@CP�MD�TCARMPQ�

"BBGLE�7CARMPQ�(P?NFGA?JJW�6QGLE�RFC�)C?B�RM�5?GJ�.CRFMB��"�8MK?L�5?ICQ�?�8?JI

��������



6QCRFCEP?NFGA?JRCAFLGOSCDMP?BBGLETCARMPQRMDGLBRFCRMR?JBGQNJ?ACKCLRMD?NCPQML
UFMU?JIQRFCDMJJMUGLERFPCCN?RFQ	BGQNJ?ACKCLRQ
ML?DJ?RDGCJB�'GPQRQFCU?JIQ����
K GL?BGPCARGML����l LMPRFMDC?QR�5FCLQFCU?JIQ���� K FC?BGLE����l LMPRFMDC?QR�
'GL?JJW�QFC�RSPLQ�?LB�U?JIQ������K�GL�?�BGPCARGML�����a�QMSRF�MD�C?QR�

-JH7J;=O

3CNPCQCLRC?AFBGQNJ?ACKCLRTCARMPEP?NFGA?JJWUGRF?L?PPMUJ?@CJGLERFCDGPQR�  RFC
QCAMLB�  ?LBRFCRFGPB�  K?IGLERFCJCLERFQNPMNMPRGML?JRMRFCBGQR?LAC?LBRFC
BGPCARGMLQ?QQNCAGDGCBPCJ?RGTCRM?L C?QR�UCQRJGLC�5FCFC?B�RM�R?GJKCRFMBMSRJGLCB
?@MTCUGJJEGTC? U?WRMBCRCPKGLCRFCK?ELGRSBC?LB BGPCARGMLMDRFCPCQSJR?LR
BGQNJ?ACKCLR�BCLMRCB, �

-EBKJ?ED

	�
�%P?U�RFC�RFPCC�BGQNJ?ACKCLR�TCARMPQ�

	�
�1J?AC�RFC�TCARMPQ�FC?B�RM�R?GJ�PCR?GLGLE�@MRF�RFCGP�GLGRG?J�K?ELGRSBC�?LB�BGPCARGML�

	�
�%P?U�RFC�PCQSJR?LR�TCARMP, �

��������



	�
 6QC?PSJCPRMKC?QSPCRFCK?ELGRSBCMD,  ?LB?NPMRP?ARMPRMKC?QSPCRFCBGPCARGML
MD, � 8FGJCRFCBGPCARGMLMDRFCTCARMPA?L@CQNCAGDGCBGLK?LWU?WQRFCC?QGCQRU?W
GQRMKC?QSPCRFC?LEJC@CRUCCLRFCTCARMP?LBRFCLC?PCQRFMPGXMLR?JMPTCPRGA?J?VGQ�
4GLACRFCPCQSJR?LRTCARMPGQQMSRFMDRFCC?QRU?PBNMGLRGLE?VGQUCDJGNRFCNPMRP?ARMP
SNQGBC�BMUL�?LB�KC?QSPC�RFC�?LEJC�@CRUCCL�RFC�C?QRU?PB�?VGQ�?LB�RFC�TCARMP�

*L RFGQA?QCRFCRMR?JBGQNJ?ACKCLR, GQQCCLRMF?TC? K?ELGRSBCMD���� K ?LBRMJGC
GL?BGPCARGML���l QMSRFMDC?QR�#WSQGLEGRQK?ELGRSBC?LBBGPCARGMLRFGQTCARMPA?L@C
CVNPCQQCB�?Q1 � �����K ?LB¡ � � ��l QMSRF�MD�C?QR�

�?I9KII?ED

5FCFC?B�RM�R?GJEP?NFGA?JKCRFMBMDTCARMP?BBGRGMLUMPIQDMP?LWLSK@CPMDTCARMPQ�
*RGQ?JQMGKNMPR?LRRMLMRCRF?RRFCPCQSJR?LRGQGLBCNCLBCLRMDRFCMPBCPGLUFGAFRFC
TCARMPQ?PC?BBCB�5FCPCDMPCUCAMSJB?BBRFCTCARMPQGL?LWMPBCP?QGJJSQRP?RCBGL
<JGLI=?LB�UC�UGJJ�QRGJJ�ECR�RFC�Q?KC�QMJSRGML�

��������



)CPCUCQCCRF?RUFCLRFCQ?KCTCARMPQ?PC?BBCBGL? BGDDCPCLRMPBCPRFCPCQSJRGQ
RFCQ?KC�5FGQAF?P?ARCPGQRGAGQRPSCGLCTCPWA?QC?LBGQ?L GKNMPR?LRAF?P?ARCPGQRGAMD
TCARMPQ��7CARMP�?BBGRGML�GQAMKKSR?RGTC��7CARMPQ�A?L�@C�?BBCB�GL�?LW�MPBCP�

� � � � � � � �

	5FGQGQRPSCDMPRFC?BBGRGMLMDMPBGL?PWLSK@CPQ?QUCJJqWMSECRRFCQ?KCPCQSJR
UFCRFCP�WMS�?BB� � � MP� � � �DMP�CV?KNJC
�

0;9JEH�-K8JH79J?ED

7CARMPQS@RP?ARGMLGQ? QRP?GEFRDMPU?PBCVRCLQGMLMDTCARMP?BBGRGML�5M BCDGLC
QS@RP?ARGML	Q?WUCU?LRRMQS@RP?AR� DPMK�  UPGRRCL� p�  UCKSQRDGPQRBCDGLC
UF?RUCKC?L@WQS@RP?ARGML�5FCKBD>QFSBMD? TCARMP� GQBCDGLCBRM@CT� � RF?R
GQEP?NFGA?JJWQEBKBD>QFSBLC>KVSB@QLOE>PQEBP>JBJ>DKFQRAB?RQQEBLMMLPFQB
AFOB@QFLK ?QQFMULGL<JGLI=� *L MRFCPUMPBQ� F?QRFCQ?KCJCLERF?QT�  @SRNMGLRQ
GLRFCMNNMQGRCBGPCARGML�&QQCLRG?JJWUCHSQRDJGNRFCTCARMPQMGRNMGLRQGLRFCMNNMQGRC
BGPCARGML�

3EB�KBD>QFSB�LC�>�SB@QLO�FP�GRPQ�>KLQEBO�SB@QLO�LC�QEB�P>JB�J>DKFQRAB�?RQ�MLFKQFKD�FK�QEB�LMMLPFQB
AFOB@QFLK�2L

�

FP�QEB�KBD>QFSB�LC

T�

��FQ�E>P�QEB�P>JB�IBKDQE�?RQ�LMMLPFQB�AFOB@QFLK

��������



5FCPR?QO>@QFLKMDTCARMP� DPMKTCARMP� GQRFCLQGKNJWBCDGLCBRM@CRFC?BBGRGMLMD
T� RM� � /MRCRF?RTCARMPQS@RP?ARGMLGQRFC?BBGRGMLMD? LCE?RGTCTCARMP�5FCMPBCPMD
QS@RP?ARGML�BMCQ�LMR�?DDCAR�RFC�PCQSJRQ�

� T � � � � 	T� 
 �

5FGQGQ?L?JMEMSQRMRFCQS@RP?ARGMLMDQA?J?PQ	UFCPCDMPCV?KNJC� p � � � � 	p� 


� "E?GLRFCPCQSJRGQGLBCNCLBCLRMDRFCMPBCPGLUFGAFRFCQS@RP?ARGMLGQK?BC�
8FCL TCARMPQ?PCQS@RP?ARCBEP?NFGA?JJWRFCRCAFLGOSCQMSRJGLCB?@MTC?PCSQCB?QRFC
DMJJMUGLE�CV?KNJC�GJJSQRP?RCQ�

4S@RP?ARGLE�7CARMPQ�(P?NFGA?JJW��"�8MK?L�4?GJGLE�?�#M?R

" UMK?LQ?GJGLE? @M?R?RLGEFRGQDMJJMUGLEBGPCARGMLQRM? BMAI�5FCGLQRPSARGMLQPC?B
RMDGPQRQ?GJ���� K GL? BGPCARGML����l LMPRFMDC?QRDPMKFCPASPPCLRJMA?RGML?LBRFCL
RP?TCJ���� K GL? BGPCARGML���l LMPRFMDC?QR	MP����l UCQRMDLMPRF
�*DRFCUMK?L
K?ICQ?KGQR?IC?LBRP?TCJQGLRFCLMMLPFQBBGPCARGMLDMPRFCQCAMLBJCEMDRFCRPGNUFCPC
UGJJ�QFC�CLB�SN �$MKN?PC�RFGQ�JMA?RGML�UGRF�RFC�JMA?RGML�MD�RFC�BMAI�

-JH7J;=O

8C A?LPCNPCQCLRRFCDGPQRJCEMDRFCRPGNUGRF? TCARMP�  ?LBRFCQCAMLBJCEMDRFCRPGN
UGRF?TCARMP� � 5FCBMAIGQJMA?RCB?R?JMA?RGML� � � � *DRFCUMK?LKGQR?ICLJWRP?TCJQ
GLRFCLMMLPFQBBGPCARGMLDMPRFCQCAMLBJCEMDRFCHMSPLCWQFCUGJJRP?TCJ? BGQR?LAC
! 	���� K
 GLRFCBGPCARGML���l p ���l � ��l QMSRFMDC?QR�8C PCNPCQCLRRFGQ?QT�
 ?QQFMUL@CJMU�5FCTCARMPT� F?QRFCQ?KCK?ELGRSBC?Q� @SRGQGLRFCMNNMQGRC
BGPCARGML��5FSQ�QFC�UGJJ�CLB�SN�?R�?�JMA?RGML� � 	T� 
 �MP� p� �

��������



8C UGJJNCPDMPKTCARMP?BBGRGMLRMAMKN?PCRFCJMA?RGMLMDRFCBMAI� � �  UGRFRFC
JMA?RGML�?R�UFGAF�RFC�UMK?L�KGQR?ICLJW�?PPGTCQ� � 	T� 
 �

-EBKJ?ED

	�
 5MBCRCPKGLCRFCJMA?RGML?RUFGAFRFCUMK?L?PPGTCQ@W?AAGBCLRBP?UTCARMPQ�
?LBT� �

	�
�1J?AC�RFC�TCARMPQ�FC?B�RM�R?GJ�

	�
�%P?U�RFC�PCQSJR?LR�TCARMP, �

	�
�6QC�?�PSJCP�?LB�NPMRP?ARMP�RM�KC?QSPC�RFC�K?ELGRSBC�?LB�BGPCARGML�MD, �

*L�RFGQ�A?QC1 � �� ���K ?LB¡ � � ��l QMSRF�MD�C?QR�

	�
 5MBCRCPKGLCRFCJMA?RGMLMDRFCBMAIUCPCNC?RRFGQKCRFMBRM?BBTCARMPQ� ?LB�
��8C�M@R?GL�RFC�PCQSJR?LR�TCARMP, ��

��������



*L�RFGQ�A?QC1 � �����K ?LB¡ � ����l LMPRFMDC?QR�

8C A?LQCCRF?RRFCUMK?LUGJJCLBSN?QGELGDGA?LRBGQR?LACDPMKRFCBMAIGDQFCRP?TCJQ
GL�RFC�MNNMQGRC�BGPCARGML�DMP�RFC�QCAMLB�JCE�MD�RFC�RPGN�

�?I9KII?ED

#CA?SQCQS@RP?ARGMLMD? TCARMPGQRFCQ?KC?Q?BBGRGMLMD? TCARMPUGRFRFCMNNMQGRC
BGPCARGML�RFC�EP?NFGA?J�KCRFMB�MD�QS@RP?ARGLE�TCARMPQ�UMPIQ�RFC�Q?KC�?Q�DMP�?BBGRGML�

'KBJ?FB?97J?ED�E<�0;9JEHI�7D:�-97B7HI

*DUCBCAGBCBRMU?JI RFPCCRGKCQ?QD?PMLRFCDGPQRJCEMDRFCRPGNAMLQGBCPCBGLRFC
NPCACBGLECV?KNJCRFCLUCUMSJBU?JI � y �� ���K  MP���� K GL? BGPCARGML�� �� l
LMPRFMDC?QR�5FGQGQ?LCV?KNJCMDKSJRGNJWGLE?TCARMP@W?NMQGRGTCQA?J?P� /MRGACRF?R
RFC�K?ELGRSBC�AF?LECQ�@SR�RFC�BGPCARGML�QR?WQ�RFC�Q?KC�

*DRFCQA?J?PGQLCE?RGTCRFCLKSJRGNJWGLE? TCARMP@WGRAF?LECQRFCTCARMPuQK?ELGRSBC
?LBEGTCQRFCLCUTCARMPRFCLMMLPFQBBGPCARGML�'MPCV?KNJCGDWMSKSJRGNJW@Wp�
RFCK?ELGRSBCBMS@JCQ@SRRFCBGPCARGMLAF?LECQ�8C A?LQSKK?PGXCRFCQCPSJCQGLRFC
DMJJMUGLE�U?W��8FCL�TCARMP� GQ�KSJRGNJGCB�@W�?�QA?J?P@

c RFC�K?ELGRSBC�MD�RFC�TCARMP�@CAMKCQ�RFC�?@QMJSRC�T?JSC�MD@ 
c GD@GQ�NMQGRGTC�RFC�BGPCARGML�MD�RFC�TCARMP�BMCQ�LMR�AF?LEC
c GD@GQ�LCE?RGTC�RFC�BGPCARGML�GQ�PCTCPQCB�

*L MSPA?QC@� � ?LB � �����K � 7CARMPQ?PCKSJRGNJGCB@WQA?J?PQGLK?LWQGRS?RGMLQ�
/MRCRF?RBGTGQGMLGQRFCGLTCPQCMDKSJRGNJGA?RGML�'MPCV?KNJCBGTGBGLE@W� GQRFCQ?KC
?QKSJRGNJWGLE@WRFCT?JSC	�� �
� 5FCPSJCQDMPKSJRGNJGA?RGMLMDTCARMPQ@WQA?J?PQ?PC
RFC�Q?KC�DMP�BGTGQGML��QGKNJW�RPC?R�RFC�BGTGQMP�?Q�?�QA?J?P�@CRUCCL���?LB���

��������



,;IEBL?D=�7�0;9JEH�?DJE��ECFED;DJI

*L RFCCV?KNJCQ?@MTCUCF?TC@CCL?BBGLETCARMPQRMBCRCPKGLCRFCPCQSJR?LRTCARMP�
*L K?LWA?QCQFMUCTCPUCUGJJLCCBRMBMRFCMNNMQGRC�8C UGJJLCCBRMR?IC? QGLEJC
TCARMP?LBDGLBUF?RMRFCPTCARMPQ?BBCBRMECRFCPNPMBSACGR�*LKMQRA?QCQRFGQGLTMJTCQ
BCRCPKGLGLERFCNCPNCLBGASJ?PAMKNMLCLRQMD? QGLEJCTCARMPDMPCV?KNJCRFCU� >KAV�
AMKNMLCLRQ�MP�RFC�LMPRF�QMSRF�?LB�C?QR�UCQR�AMKNMLCLRQ�

'MPCV?KNJCUCK?WILMURF?RRFCRMR?JBGQNJ?ACKCLRMD? NCPQMLU?JIGLEGL? AGRWGQ
���� @JMAIQGL?BGPCARGML�� ��l LMPRFMDC?QR?LBU?LRRMDGLBMSRFMUK?LW@JMAIQC?QR
?LBLMPRFF?BRM@CU?JICB�5FGQKCRFMBGQA?JJCBCFKAFKDQEB@LJMLKBKQP�LOM>OQP	
MDRFCBGQNJ?ACKCLRGLRFCC?QR?LBLMPRFBGPCARGMLQ?LBGRGQRFCGLTCPQCMDRFCNPMACQQ
DMJJMUCBRMDGLBRFCRMR?JBGQNJ?ACKCLR�*RGQMLCCV?KNJCMDDGLBGLERFCAMKNMLCLRQ
MD? TCARMP�5FCPC?PCK?LW?NNJGA?RGMLQGLNFWQGAQUFCPCRFGQGQ? SQCDSJRFGLERMBM�
8C UGJJQCCRFGQQMMLGL1PMHCARGJC.MRGML ?LBKSAFKMPCUFCLUCAMTCP<EH9;IGL
%WL?KGAQ�/CURMLuQ-?UQMD.MRGML� .MQRMDRFCQCGLTMJTCDGLBGLEAMKNMLCLRQ?JMLE
NCPNCLBGASJ?P?VCQ	QSAF?QLMPRF?LBC?QR
QMRF?RPGEFRRPG?LEJCQ?PCGLTMJTCB�5FC
?L?JWRGA?JRCAFLGOSCQNPCQCLRCBGL7CARMP"BBGRGML?LB4S@RP?ARGML�"L?JWRGA?J.CRFMBQ
?PC�GBC?J�DMP�DGLBGLE�TCARMP�AMKNMLCLRQ�

1F&5�&VNJMP?RGMLQ��.?XC�(?KC

-C?PL?@MSRNMQGRGMLTCJMAGRW?LB?AACJCP?RGMLGLRFC�"PCL?MD1?GL��6QCRFCEPCCL
?PPMURMKMTCRFC@?JJ�"BB KMPCU?JJQRMRFC?PCL?RMK?IC RFCE?KCKMPCBGDDGASJR�
5PW�RM�K?IC�?�EM?J�?Q�D?QR�?Q�WMS�A?L�

,>WB�&>JB

-KCC7HO

c 5FC=H7F>?97B�C;J>E:�E<�7::?D=�L;9JEHI� ?LB� GLTMJTCQ�BP?UGLE�TCARMPQ
ML�?�EP?NF�?LB�?BBGLE�RFCK�SQGLE�RFC�FC?B�RM�R?GJ�KCRFMB��5FC�PCQSJR?LR�TCARMP
, GQ�BCDGLCB�QSAF�RF?R� � � � , ��5FC�K?ELGRSBC�?LB�BGPCARGML�MD, ?PC�RFCL
BCRCPKGLCB�UGRF�?�PSJCP�?LB�NPMRP?ARMP�PCQNCARGTCJW�

c 5FC=H7F>?97B�C;J>E:�E<�IK8JH79J?D=�L;9JEH� DPMK� GLTMJTCQ�?BBGLE�RFC
MNNMQGRC�MD�TCARMP� �UFGAF�GQ�BCDGLCB�?Qx � ��*L�RFGQ�A?QC
� p � � � � 	T� 
 � , ��5FCL�RFC�FC?B�RM�R?GJ�KCRFMB�MD�?BBGRGML�GQ�DMJJMUCB�GL
RFC�SQS?J�U?W�RM�M@R?GL�RFC�PCQSJR?LR�TCARMP, �

��������

/m42042
/m42129
/m42128
/home/voer/vpt/src/vpt.transformer/vpt/transformer/transforms/20140410-180809-0e60bfc6-1/002e6c1f/maze-game_en.jar


c "BBGRGML�MD�TCARMPQ�GQAMKKSR?RGTCQSAF�RF?R� � � � � � � �
c 5FCFC?B�RM�R?GJ�KCRFMBMD�?BBGLE�TCARMPQ�GLTMJTCQ�BP?UGLE�RFC�DGPQR�TCARMP�ML

?�EP?NF�?LB�RFCL�NJ?AGLE�RFC�R?GJ�MD�C?AF�QS@QCOSCLR�TCARMP�?R�RFC�FC?B�MD�RFC
NPCTGMSQ�TCARMP��5FC�PCQSJR?LR�TCARMP�GQ�RFCL�BP?UL�DPMK�RFC�R?GJ�MD�RFC�DGPQR
TCARMP�RM�RFC�FC?B�MD�RFC�DGL?J�TCARMP�

c *D�?�TCARMP� GQ�KSJRGNJGCB�@W�?�QA?J?P�OS?LRGRW@�RFC�K?ELGRSBC�MD�RFC�NPMBSAR
GQ�EGTCL�@W@ ��*D@GQ�NMQGRGTC�RFC�BGPCARGML�MD�RFC�NPMBSAR�NMGLRQ�GL�RFC�Q?KC
BGPCARGML�?Q� ��GD@GQ�LCE?RGTC�RFC�BGPCARGML�MD�RFC�NPMBSAR�NMGLRQ�GL�RFC
MNNMQGRC�BGPCARGML�?Q� �

�ED9;FJK7B�+K;IJ?EDI

8FGAFMDRFCDMJJMUGLEGQ? TCARMP�? NCPQMLuQFCGEFRRFC?JRGRSBCML.R� &TCPCQRRFC
?ECMDRFC&?PRFRFC@MGJGLENMGLRMDU?RCPRFCAMQRMDRFGQ@MMIRFC&?PRFuQNMNSJ?RGML
RFC�?AACJCP?RGML�MD�EP?TGRW 

(GTC�?�QNCAGDGA�CV?KNJC�MD�?�TCARMP�QR?RGLE�GRQ�K?ELGRSBC�SLGRQ�?LB�BGPCARGML�

8F?R�BM�TCARMPQ�?LB�QA?J?PQ�F?TC�GL�AMKKML �)MU�BM�RFCW�BGDDCP 

5UMA?KNCPQGL? L?RGML?JN?PIFGICDPMKRFCGPA?@GLRMRFCQ?KCQNMRML? J?ICC?AF
R?IGLE? BGDDCPCLRN?RF?QGJJSQRP?RCB@CJMU�5FCRMR?JBGQR?LACRP?TCJCB?JMLE1?RF� GQ
��� IK ?LBRF?R?JMLE1?RF� GQ��� IK� 8F?RGQRFCDGL?JBGQNJ?ACKCLRMDC?AFA?KNCP 

*D?L?GPNJ?LCNGJMRGQRMJBRMDJW��� IK GL? QRP?GEFRJGLCRMECRDPMK4?L 'P?LAGQAMRM
4?AP?KCLRMCVNJ?GLUFWFCAMSJBCLBSN?LWUFCPCMLRFCAGPAJCQFMULGL<JGLI=� 8F?R
MRFCP�GLDMPK?RGML�UMSJB�FC�LCCB�RM�ECR�RM�4?AP?KCLRM 

��������



4SNNMQCWMSR?ICRUMQRCNQ� ?LB� 	RF?RGQRUMLMLXCPMBGQNJ?ACKCLRQ
�6LBCP
UF?RAGPASKQR?LACQA?LWMSCLBSN?RWMSPQR?PRGLENMGLR .MPCECLCP?JJWSLBCPUF?R
AGPASKQR?LACQA?LRUMLMLXCPMTCARMPQ?BBRMEGTCXCPM *QRFCK?VGKSKBGQR?LACWMS
A?L�CLB�SN�DPMK�RFC�QR?PRGLE�NMGLR� � � RFC�QSK�MD�RFC�JCLERFQ�MD�RFC�RUM�QRCNQ 

&VNJ?GL�UFW�GR�GQ�LMR�NMQQG@JC�RM�?BB�?�QA?J?P�RM�?�TCARMP�

*DWMSR?ICRUMQRCNQMDBGDDCPCLRQGXCQA?LWMSCLBSN?RWMSPQR?PRGLENMGLR .MPC
ECLCP?JJWA?LRUMTCARMPQUGRFBGDDCPCLRK?ELGRSBCQCTCP?BBRMXCPM $?L RFPCCMP
KMPC 

*HE8B;CI����N;H9?I;I

/I; =H7F>?97BC;J>E:I JEIEBL;J>;I; FHE8B;CI�3EK C7O7IIKC; :7J7 J7A;D<HEC
=H7F>I�?I�799KH7J;�JE�J>H;;�:?=?JI�

'GLBRFCDMJJMUGLEDMPN?RF" GL<JGLI=� 	?
 RFCRMR?JBGQR?LACRP?TCJCB?LB	@
RFC
K?ELGRSBC�?LB�BGPCARGML�MD�RFC�BGQNJ?ACKCLR�DPMK�QR?PR�RM�DGLGQF�

��������



3EB�S>OFLRP�IFKBP�OBMOBPBKQ�M>QEP�Q>HBK�?V�AFCCBOBKQ�MBLMIB�T>IHFKD�FK�>�@FQV� II�?IL@HP�>OB����
J�LK�>�PFAB

	?
 ����K

	@
����K  ����l C?QR�MD�LMPRF

'GLBRFCDMJJMUGLEDMPN?RF# GL<JGLI=� 	?
 RFCRMR?JBGQR?LACRP?TCJCB?LB	@
RFC
K?ELGRSBC�?LB�BGPCARGML�MD�RFC�BGQNJ?ACKCLR�DPMK�QR?PR�RM�DGLGQF�

'GLB�RFC�LMPRF�?LB�C?QR�AMKNMLCLRQ�MD�RFC�BGQNJ?ACKCLR�DMP�RFC�FGICPQ�QFMUL�GL<JGLI=�

LMPRF�AMKNMLCLR������IK�C?QR�AMKNMLCLR������IK

4SNNMQCWMSU?JI ���� K QRP?GEFRUCQR?LBRFCL���� K QRP?GEFRLMPRF�)MU D?P?PC
WMSDPMKWMSPQR?PRGLENMGLR?LBUF?RGQRFCAMKN?QQBGPCARGMLMD? JGLCAMLLCARGLE
WMSPQR?PRGLENMGLRRMWMSPDGL?JNMQGRGML 	*DWMSPCNPCQCLRRFCRUMJCEQMDRFCU?JI ?Q
TCARMPBGQNJ?ACKCLRQ� ?LB�  ?QGL<JGLI= RFCLRFGQNPM@JCK?QIQWMSRMDGLBRFCGPQSK
, � � � � �


3EB�QTL�AFPMI>@BJBKQP

�

>KA

�

>AA�QL�DFSB�>�QLQ>I�AFPMI>@BJBKQ

,

E>SFKD�J>DKFQRAB1 >KA
AFOB@QFLK• 

��������



4SNNMQCWMSDGPQRU?JI ���� K GL? BGPCARGML��l UCQRMDLMPRF?LBRFCL���� K GL?
BGPCARGML����l QMSRFMDUCQR�)MU D?P?PCWMSDPMKWMSPQR?PRGLENMGLR?LBUF?RGQRFC
AMKN?QQBGPCARGMLMD?JGLCAMLLCARGLEWMSPQR?PRGLENMGLRRMWMSPDGL?JNMQGRGML 	*DWMS
PCNPCQCLRRFCRUMJCEQMDRFCU?JI ?QTCARMPBGQNJ?ACKCLRQ� ?LB�  ?QGL<JGLI= RFCL
RFGQ�NPM@JCK�DGLBQ�RFCGP�QSK, � � � � �


�� ���K  � ���l QMSRF�MD�UCQR

3CNC?RRFCNPM@JCK?@MTC@SRPCTCPQCRFCMPBCPMDRFCRUMJCEQMDRFCU?JI� QFMURF?R
WMSECRRFCQ?KCDGL?JPCQSJR�5F?RGQWMSDGPQRU?JIJCE�  UFGAFGQ���� K GL?BGPCARGML
CV?ARJW��l QMSRFMDUCQR?LBRFCLJCE�  UFGAFGQ���� K GL?BGPCARGMLCV?ARJW��l UCQR
MD�LMPRF��	5FGQ�NPM@JCK�QFMUQ�RF?R� � � � � � � �


	?
 3CNC?RRFCNPM@JCKRUMNPM@JCKQNPGMP@SRDMPRFCQCAMLBJCEWMSU?JI ���� K
GL? BGPCARGML����l LMPRFMDC?QR	UFGAFGQCOSGT?JCLRRMQS@RP?ARGLE� DPMK� qRF?R
GQRMDGLBGLE, † � � x� 
� 	@
3CNC?RRFCNPM@JCKRUMNPM@JCKQNPGMP@SRLMUWMS
DGPQRU?JI ���� K GL? BGPCARGML����l QMSRFMDUCQR?LBRFCL���� K GL? BGPCARGML
����l C?QRMDQMSRF	UFGAFGQCOSGT?JCLRRMQS@RP?ARGLE� DPMK� qRF?RGQRMDGLBGLE
, ††� � x � � x , †
��4FMU�RF?R�RFGQ�GQ�RFC�A?QC�

	?
 �� ���K  �� ��l LMPRF�MD�C?QR

	@
�� ���K  �� ��l QMSRF�MD�UCQR

4FMURF?RRFCLOABOMD?BBGRGMLMDRFPCCTCARMPQBMCQLMR?DDCARRFCGPQSK�4FMURFGQ
NPMNCPRW@WAFMMQGLE?LWRFPCCTCARMPQ�  �  ?LB�  ?JJF?TGLEBGDDCPCLRJCLERFQ?LB
BGPCARGMLQ�'GLBRFCQSK� � � � � RFCLDGLBRFCGPQSKUFCL?BBCBGL? BGDDCPCLRMPBCP
?LBQFMURFCPCQSJRGQRFCQ?KC�	5FCPC?PCDGTCMRFCPMPBCPQGLUFGAF�  �  ?LB� A?L
@C�?BBCB��AFMMQC�MLJW�MLC�


4FMU�RF?R�RFC�QSK�MD�RFC�TCARMPQ�BGQASQQCB�GL<JGLI=EGTCQ�RFC�PCQSJR�QFMUL�GL<JGLI=�

�� ���K  �� ��l UGRF�PCQNCAR�RM�RFCU�?VGQ�

��������



'GLB�RFC�K?ELGRSBCQ�MD�TCJMAGRGCQS" ?LBS# GL<JGLI=

3EB�QTL�SBIL@FQFBP

L

 >KA

L

! >AA�QL�DFSB�>�QLQ>I

L

QLQ

'GLB�RFC�AMKNMLCLRQ�MDSRMR?JMLE�RFCU��?LBV�?VCQ�GL<JGLI=�

U�AMKNMLCLR������K�Q

V�AMKNMLCLR������K�Q

'GLB RFCAMKNMLCLRQMDSRMR?JMLE? QCRMDNCPNCLBGASJ?P?VCQPMR?RCB��l
AMSLRCPAJMAIUGQC�PCJ?RGTC�RM�RFMQC�GL<JGLI=�

��������



0;9JEH��::?J?ED�7D:�-K8JH79J?ED���D7BOJ?97B�';J>E:I

"L?JWRGA?JKCRFMBQMDTCARMP?BBGRGML?LBQS@RP?ARGMLCKNJMWECMKCRPW?LBQGKNJC
RPGEMLMKCRPWP?RFCPRF?LRFCPSJCP?LBNPMRP?ARMPMDEP?NFGA?JKCRFMBQ�1?PRMDRFC
EP?NFGA?JRCAFLGOSCGQPCR?GLCB@CA?SQCTCARMPQ?PCQRGJJPCNPCQCLRCB@W?PPMUQDMPC?QW
TGQS?JGX?RGML�)MUCTCP?L?JWRGA?JKCRFMBQ?PCKMPCAMLAGQC?AASP?RC?LBNPCAGQCRF?L
EP?NFGA?JKCRFMBQUFGAF?PCJGKGRCB@WRFC?AASP?AWUGRFUFGAF? BP?UGLEA?L@C
K?BC�"L?JWRGA?JKCRFMBQ?PCJGKGRCBMLJW@WRFC?AASP?AW?LBNPCAGQGMLUGRFUFGAF
NFWQGA?J�OS?LRGRGCQ�?PC�ILMUL�

,;IEBL?D=�7�0;9JEH�?DJE�*;HF;D:?9KB7H��ECFED;DJI

"L?JWRGA?JRCAFLGOSCQ?LBPGEFRRPG?LEJCQEMF?LB�GL�F?LBGLNFWQGAQ@CA?SQC	?KMLE
MRFCPRFGLEQ
KMRGMLQ?JMLENCPNCLBGASJ?PBGPCARGMLQ?PCGLBCNCLBCLR�8C TCPWMDRCL
LCCBRMQCN?P?RC? TCARMPGLRMNCPNCLBGASJ?PAMKNMLCLRQ�'MPCV?KNJCEGTCL? TCARMP
JGIC� GL<JGLI= UCK?WUGQFRMDGLBUFGAFRUMNCPNCLBGASJ?PTCARMPQ� U?LB� V ?BB
RM�NPMBSAC�GR�

3EB�SB@QLO

�

��TFQE�FQP�Q>FI�>Q�QEB�LOFDFK�LC�>KU� V�@LLOAFK>QB�PVPQBJ��FP�PELTK�QLDBQEBO�TFQE�FQPU�
>KAV�@LJMLKBKQP�

�

U>KA

�

V�3EBPB�SB@QLOP�CLOJ�>�OFDEQ�QOF>KDIB�3EB�>K>IVQF@>I�OBI>QFLKPEFMP
>JLKD�QEBPB�SB@QLOP�>OB�PRJJ>OFWBA�?BILT

� U ?LB� V ?PCBCDGLCBRM@CRFCAMKNMLCLRQMD� ?JMLERFCU� ?LBV�?VCQ�5FCRFPCC
TCARMPQ�  � U�?LB� VDMPK�?�PGEFR�RPG?LEJC�

� U� � > � � �

/MRCRF?RRFGQPCJ?RGMLQFGN@CRUCCLTCARMPAMKNMLCLRQ?LBRFCPCQSJR?LRTCARMPFMJBQ
MLJWDMPTCARMPOS?LRGRGCQ	UFGAFGLAJSBC@MRFK?ELGRSBC?LB BGPCARGML
�5FC
PCJ?RGMLQFGNBMCQLMR?NNJWDMPRFCK?ELGRSBCQ?JMLC�'MPCV?KNJCGD� U � ��K C?QR
� V � ��K LMPRF?LB� � ��K LMPRF�C?QRRFCLGRGQRPSCRF?RRFCTCARMPQ� U� � > � � �

��������



)MUCTCPGRGQKLQRPSCRF?RRFCQSKMDRFCK?ELGRSBCQMDRFCTCARMPQGQ?JQMCOS?J�5F?R
GQ

��K � ��K e ��K

5FSQ

 U�  V e  

*DRFCTCARMP� GQILMULRFCLGRQK?ELGRSBC 	GRQJCLERF
?LBGRQ?LEJC¡ 	GRQBGPCARGML

?PCILMUL� 5M DGLB U ?LB  V GRQU� ?LB V�AMKNMLCLRQUC SQCRFCDMJJMUGLE
PCJ?RGMLQFGNQ�DMP�?�PGEFR�RPG?LEJC�

 U �  AMQ¡

?LB

 V �  QGL¡ �

3EB�J>DKFQRABP�LC�QEB�SB@QLO�@LJMLKBKQP

�

U>KA

�

V@>K�?B�OBI>QBA�QL�QEB�OBPRIQ>KQ�SB@QLO

�

>KA
QEB�>KDIB• TFQE�QOFDLKLJBQOF@�FABKQFQFBP�'BOB�TB�PBB�QE>Q U �  @LP• >KA V �  PFK• 

4SNNMQCDMPCV?KNJCRF?R� GQRFCTCARMPPCNPCQCLRGLERFCRMR?JBGQNJ?ACKCLRMDRFC
NCPQMLU?JIGLEGL?AGRWAMLQGBCPCBGL,GLCK?RGAQGL5UM%GKCLQGMLQ�"L *LRPMBSARGML
?LB7CARMP�"BBGRGML�?LB�4S@RP?ARGML��(P?NFGA?J�.CRFMBQ�

��������

/m42104
/m42127


6B�@>K�RPB�QEB�OBI>QFLKPEFMP U �  @LP• >KA V �  PFK• QL�ABQBOJFKB�QEB�J>DKFQRAB�LC�QEB
ELOFWLKQ>I�>KA�SBOQF@>I�@LJMLKBKQ�SB@QLOP�FK�QEFP�BU>JMIB

5FCL � �� �� @JMAIQ�?LB¡ � ����l �QM�RF?R

 U �  AMQ¡ � 	 �����@JMAIQ
 	AMQ����l 
 � ����@JMAIQ

 V �  QGL¡ � 	 �����@JMAIQ
 	QGL����l 
 � ����@JMAIQ�

�7B9KB7J?D=�7�,;IKBJ7DJ�0;9JEH

*DRFCNCPNCLBGASJ?PAMKNMLCLRQ� U ?LB� V MD? TCARMP� ?PCILMULRFCL� A?L?JQM
@CDMSLB?L?JWRGA?JJW�5MDGLBRFCK?ELGRSBC ?LBBGPCARGML¡ MD? TCARMPDPMKGRQ
NCPNCLBGASJ?P�AMKNMLCLRQ� U?LB� V�UC�SQC�RFC�DMJJMUGLE�PCJ?RGMLQFGNQ�

 � m U� �  V�

¡ � R?Lx � 	  V�  U
 �

3EB�J>DKFQRAB�>KA�AFOB@QFLK�LC�QEB�OBPRIQ>KQ�SB@QLO�@>K�?B�ABQBOJFKBA�LK@B�QEB�ELOFWLKQ>I�>KA
SBOQF@>I�@LJMLKBKQP U>KA VE>SB�?BBK�ABQBOJFKBA

/MRCRF?RRFCCOS?RGML � m U
� �  V

� GQHSQRRFC1WRF?EMPC?LRFCMPCKPCJ?RGLERFCJCEQMD
? PGEFRRPG?LEJCRMRFCJCLERFMDRFCFWNMRCLSQC�'MPCV?KNJCGD U ?LB V ?PC� ?LB�

��������



@JMAIQPCQNCARGTCJWRFCL � m� � �� � ��� �� @JMAIQ?E?GLAMLQGQRCLRUGRFRFCCV?KNJCMD
RFC�NCPQML�U?JIGLE�GL�?�AGRW��'GL?JJW�RFC�BGPCARGML�GQ¡ � R?Lp� 	 ��� 
 �����l �?Q�@CDMPC�

%CRCPKGLGLE�7CARMPQ�?LB�7CARMP�$MKNMLCLRQ�UGRF�"L?JWRGA?J�.CRFMBQ

&OS?RGMLQ U �  AMQ¡ ?LB V �  QGL¡ ?PCSQCBRMDGLBRFCNCPNCLBGASJ?PAMKNMLCLRQ

MD? TCARMPqRF?RGQRMEMDPMK ?LB¡ RM U ?LB V� &OS?RGMLQ � m U
� �  V

� ?LB

¡ � R?Lp� 	  V�  U
 ?PCSQCBRMDGLB?TCARMPDPMKGRQNCPNCLBGASJ?PAMKNMLCLRQqRF?RGQRM
EMDPMK U?LB VRM ?LB¡ � #MRFNPMACQQCQ?PCAPSAG?JRM?L?JWRGA?JKCRFMBQMDTCARMP
?BBGRGML�?LB�QS@RP?ARGML�

�::?D=�0;9JEHI�/I?D=��D7BOJ?97B�';J>E:I

5MQCCFMURM?BBTCARMPQSQGLENCPNCLBGASJ?PAMKNMLCLRQAMLQGBCP<JGLI= GLUFGAF
RFC�TCARMPQ� ?LB� ?PC�?BBCB�RM�NPMBSAC�RFC�PCQSJR?LR, �

5B@QLOP

�

>KA

�

>OB�QTL�IBDP�LC�>�T>IH��>KA

,

FP�QEB�OBPRIQ>KQ�LO�QLQ>I�AFPMI>@BJBKQ�8LR�@>K
RPB�>K>IVQF@>I�JBQELAP�QL�ABQBOJFKB�QEB�J>DKFQRAB�>KA�AFOB@QFLK�LC

,



*D� ?LB � PCNPCQCLRRUMJCEQMD? U?JI 	RUMBGQNJ?ACKCLRQ
RFCL, GQRFCRMR?J
BGQNJ?ACKCLR�5FCNCPQMLR?IGLERFCU?JI CLBQSN?RRFCRGNMD, � 5FCPC?PCK?LWU?WQ
RM?PPGTC?RRFCQ?KCNMGLR�*L N?PRGASJ?PRFCNCPQMLAMSJBF?TCU?JICBDGPQRGLRFCU�
BGPCARGML?LBRFCLGLRFCV�BGPCARGML�5FMQCN?RFQ?PCRFCU� ?LBV�AMKNMLCLRQMDRFC
PCQSJR?LR, U ?LB, V� *DUCILMU , U ?LB, V UCA?LDGLB1 ?LB¡ SQGLERFCCOS?RGMLQ

 � m U
� �  V

� ?LB¡ � R?Lp� 	  V�  U
 � 8FCL WMSSQCRFC?L?JWRGA?JKCRFMBMDTCARMP
?BBGRGML�WMS�A?L�BCRCPKGLC�RFC�AMKNMLCLRQ�MP�RFC�K?ELGRSBC�?LB�BGPCARGML�MD�?�TCARMP�

"9+5 
� (ABKQFCVQEBU� >KAV�>UBPQE>QTFII ?B RPBAFKQEBMOL?IBJ3EBK�CFKAQEB
@LJMLKBKQPLCB>@ESB@QLOQL?B >AABA>ILKDQEB@ELPBKMBOMBKAF@RI>O>UBP 6QC
RFCCOS?RGMLQ U �  AMQ¡ ?LB V �  QGL¡ RMDGLBRFCAMKNMLCLRQ�*L <JGLI= RFCQC
AMKNMLCLRQ?PC U  V ! U ?LB! V� 5FC?LEJCQRF?RTCARMPQ� ?LB� K?IC UGRFRFCU�?VGQ
?PC¡ " ?LB¡ # �PCQNCARGTCJW�

��������



3L�>AA�SB@QLOP

�

>KA

�

��CFOPQ�ABQBOJFKB�QEB�ELOFWLKQ>I�>KA�SBOQF@>I�@LJMLKBKQP�LC�B>@E�SB@QLO
3EBPB�>OB�QEB�ALQQBA�SB@QLOP

�

U�

�

V�

�

U>KA

�

VPELTK�FK�QEB�FJ>DB

"9+5�� %FKAQEB@LJMLKBKQPLCQEBOBPRIQ>KQ>ILKDB>@E>UFP?V>AAFKDQEB@LJMLKBKQP
LC�QEB�FKAFSFAR>I�SB@QLOP�>ILKD�QE>Q�>UFP 5F?R�GQ�?Q�QFMUL�GL<JGLI=

1U �  U� ! U

?LB

1V �  V� ! V�

3EB�J>DKFQRAB�LC�QEB�SB@QLOP

�

U>KA

�

U>AA�QL�DFSB�QEB�J>DKFQRAB1ULC�QEB�OBPRIQ>KQ�SB@QLO�FK
QEB�ELOFWLKQ>I�AFOB@QFLK�2FJFI>OIV��QEB�J>DKFQRABP�LC�QEB�SB@QLOP

�

V>KA

�

V>AA�QL�DFSB�QEB
J>DKFQRAB1VLC�QEB�OBPRIQ>KQ�SB@QLO�FK�QEB�SBOQF@>I�AFOB@QFLK

$MKNMLCLRQ?JMLERFCQ?KC?VGQQ?WRFCU�?VGQ?PCTCARMPQ?JMLERFCQ?KCJGLC
?LBRFSQA?L@C?BBCBRMMLC?LMRFCPJGICMPBGL?PWLSK@CPQ�5FCQ?KCGQRPSCDMP
AMKNMLCLRQ?JMLERFCV�?VGQ�	'MPCV?KNJC? ��@JMAIC?QRU?PBU?JI AMSJB@CR?ICLGL
RUMJCEQRFCDGPQR� @JMAIQC?QR?LBRFCQCAMLB� @JMAIQC?QRDMP?RMR?JMD� @CA?SQCRFCW
?PC?JMLERFCQ?KCBGPCARGML�
4MPCQMJTGLETCARMPQGLRMAMKNMLCLRQ?JMLEAMKKML?VCQ
K?ICQGRC?QGCPRM?BBRFCK�/MU RF?RRFCAMKNMLCLRQMD, ?PCILMULGRQK?ELGRSBC
?LB�BGPCARGML�A?L�@C�DMSLB�

��������



"9+5��� 3L�DBQ�QEB�J>DKFQRAB1 LC�QEB�OBPRIQ>KQ��RPB�QEB�/VQE>DLOB>K�QEBLOBJ�

1 � m1U
� � 1V

� �

"9+5�� 3L�DBQ�QEB�AFOB@QFLK�LC�QEB�OBPRIQ>KQ�

¡ � R?Lx � 	1V� 1U
 �

5FCDMJJMUGLECV?KNJCGJJSQRP?RCQRFGQRCAFLGOSCDMP?BBGLETCARMPQSQGLENCPNCLBGASJ?P
AMKNMLCLRQ�

"BBGLE�7CARMPQ�6QGLE�"L?JWRGA?J�.CRFMBQ

"BB RFCTCARMP� RMRFCTCARMP� QFMULGL<JGLI= SQGLENCPNCLBGASJ?PAMKNMLCLRQ?JMLE
RFCU� ?LBV�?VCQ�5FCU� ?LBV�?VCQ?PC?JMLERFCC?QRpUCQR?LBLMPRFpQMSRFBGPCARGMLQ
PCQNCARGTCJW�7CARMP� PCNPCQCLRQRFCDGPQRJCEMD? U?JI GLUFGAF? NCPQMLU?JIQ�� ���K
GL? BGPCARGML�� �� l LMPRFMDC?QR�7CARMP� PCNPCQCLRQRFCQCAMLBJCE? BGQNJ?ACKCLRMD
�� ���K GL�?�BGPCARGML�� �� l LMPRF�MD�C?QR�

5B@QLO

�

E>P�J>DKFQRAB�� ��J >KA�AFOB@QFLK�� � b KLOQE�LC�QEBU�>UFP�5B@QLO

�

E>P�J>DKFQRAB
�� ��J >KA�AFOB@QFLK�� � bKLOQE�LC�QEBU�>UFP�8LR�@>K�RPB�>K>IVQF@>I�JBQELAP�QL�ABQBOJFKB�QEB

J>DKFQRAB�>KA�AFOB@QFLK�LC

,



-JH7J;=O

5FCAMKNMLCLRQMD� ?LB� ?JMLERFCU� ?LBV�?VCQPCNPCQCLRU?JIGLEBSCC?QR?LBBSC
LMPRFRMECRRMRFCQ?KCCLBGLENMGLR�0LACDMSLBRFCW?PCAMK@GLCBRMNPMBSACRFC
PCQSJR?LR�

-EBKJ?ED

'MJJMUGLERFCKCRFMBMSRJGLCB?@MTCUCDGPQRDGLBRFCAMKNMLCLRQMD� ?LB� ?JMLE
RFCU� ?LBV�?VCQ�/MRCRF?R � �����K  ¡ " � ����l  ! � �����K  ?LB¡ # � ����l � 8C DGLB
RFCU�AMKNMLCLRQ�@W�SQGLE U �  AMQ¡ �UFGAF�EGTCQ

��������



 U �

�

 AMQ¡ " � 	 �� ���K 
	AMQ�����l


	 �� ���K 
	 � ���� 
 � �� ���K

?LB

! U �

�

! AMQ¡ # � 	 �� ���K 
	AMQ�����l


	 �� ���K 
	 � ���� 
 � �� ���K �

4GKGJ?PJW�RFCV�AMKNMLCLRQ�?PC�DMSLB�SQGLE V �  QGL¡ " �

 V �

�

 QGL¡ " � 	 �� ���K 
	QGL�����l


	 �� ���K 
	 � ���� 
 � �� ���K

?LB

! V �

�

! QGL¡ # � 	 �� ���K 
	QGL����� l 


	 �� ���K 
	 � ���� 
 � �� ���K �

5FCU��?LBV�AMKNMLCLRQ�MD�RFC�PCQSJR?LR�?PC�RFSQ

1U �  U� ! U � �� ���K � �� ���K � �� ���K

?LB

1V �  V� ! V � �� ���K � �� ���K � �� ���K �

/MU�UC�A?L�DGLB�RFC�K?ELGRSBC�MD�RFC�PCQSJR?LR�@W�SQGLE�RFC�1WRF?EMPC?L�RFCMPCK�

1 � m1U
� � 1V

� � m	 �� �� 
 � � 	 �� �� 
 � K

QM�RF?R

1 � �����K�

'GL?JJW�UC�DGLB�RFC�BGPCARGML�MD�RFC�PCQSJR?LR�

¡ � R?Lx � 	1V� 1U
 �� R?Lx � 	 �� �� � �� �� 
 �

5FSQ

��������



¡ � R?Lx � 	 � ���� 
 � �� �� l �

4PFKD�>K>IVQF@>I�JBQELAP��TB�PBB�QE>Q�QEB�J>DKFQRAB�LC

,

FP�� ��J >KA�FQP�AFOB@QFLK�FP�� �b
KLOQE�LC�B>PQ

�?I9KII?ED

5FGQCV?KNJCGJJSQRP?RCQRFC?BBGRGMLMDTCARMPQSQGLENCPNCLBGASJ?PAMKNMLCLRQ�7CARMP
QS@RP?ARGMLSQGLENCPNCLBGASJ?PAMKNMLCLRQGQTCPWQGKGJ?PqGRGQHSQRRFC?BBGRGMLMD?
LCE?RGTC�TCARMP�

4S@RP?ARGMLMDTCARMPQGQ?AAMKNJGQFCB@WRFC?BBGRGMLMD? LCE?RGTCTCARMP�5F?RGQ
� x � …� � 	T� 
 � 5FSQQEBJBQELACLOQEBPR?QO>@QFLKLCSB@QLOPRPFKDMBOMBKAF@RI>O
@LJMLKBKQPFPFABKQF@>IQLQE>QCLO>AAFQFLK� 5FCAMKNMLCLRQMDT� ?PCRFCLCE?RGTCQMD
RFC�AMKNMLCLRQ�MD� ��5FCU��?LBV�AMKNMLCLRQ�MD�RFC�PCQSJR?LR� x ����, ?PC�RFSQ

1U �  U� 	 p ! U


?LB

1V �  V� 	 p ! V


?LB�RFC�PCQR�MD�RFC�KCRFMB�MSRJGLCB�?@MTC�GQ�GBCLRGA?J�RM�RF?R�DMP�?BBGRGML��	4CC<JGLI=�


"L?JWXGLETCARMPQSQGLENCPNCLBGASJ?PAMKNMLCLRQGQTCPWSQCDSJGLK?LW?PC?QMD
NFWQGAQ@CA?SQCNCPNCLBGASJ?POS?LRGRGCQ?PCMDRCLGLBCNCLBCLRMDMLC?LMRFCP�5FCLCVR
KMBSJC1PMHCARGJC.MRGML GQMLCMDK?LWGLUFGAFSQGLENCPNCLBGASJ?PAMKNMLCLRQ
FCJNQ�K?IC�RFC�NGARSPC�AJC?P�?LB�QGKNJGDGCQ�RFC�NFWQGAQ�

��������

/m42042


3EB�PR?QO>@QFLK�LC�QEB�QTL�SB@QLOP�PELTK�FK:IFKH<�3EB�@LJMLKBKQP�LC

T�

>OB�QEB�KBD>QFSBP�LC
QEB�@LJMLKBKQP�LC

�

�3EB�JBQELA�LC�PR?QO>@QFLK�FP�QEB�P>JB�>P�QE>Q�CLO�>AAFQFLK
1F&5�&VNJMP?RGMLQ��7CARMP�"BBGRGML

-C?PLFMURM?BBTCARMPQ�%P?ETCARMPQMLRM? EP?NFAF?LECRFCGPJCLERF?LB?LEJC
?LBQSKRFCKRMECRFCP�5FCK?ELGRSBC?LEJC?LBAMKNMLCLRQMDC?AFTCARMPA?L@C
BGQNJ?WCB�GL�QCTCP?J�DMPK?RQ�

5B@QLO� AAFQFLK

-KCC7HO

c 5FC�?L?JWRGA?J�KCRFMB�MD�TCARMP�?BBGRGML�?LB�QS@RP?ARGML�GLTMJTCQ�SQGLE�RFC
1WRF?EMPC?L�RFCMPCK�?LB�RPGEMLMKCRPGA�GBCLRGRGCQ�RM�BCRCPKGLC�RFC�K?ELGRSBC
?LB�BGPCARGML�MD�?�PCQSJR?LR�TCARMP�

c 5FC�QRCNQ�RM�?BB�TCARMPQ� ?LB� SQGLE�RFC�?L?JWRGA?J�KCRFMB�?PC�?Q�DMJJMUQ�

4RCN�� %CRCPKGLCRFCAMMPBGL?RCQWQRCKDMPRFCTCARMPQ�5FCLBCRCPKGLCRFC
FMPGXMLR?J�?LB�TCPRGA?J�AMKNMLCLRQ�MD�C?AF�TCARMP�SQGLE�RFC�COS?RGMLQ

 U

! U

�

�

 AMQ¡

! AMQ¡

?LB

 V

! V

�

�

 QGL¡

! QGL¡ �

��������

/home/voer/vpt/src/vpt.transformer/vpt/transformer/transforms/20140410-180809-0e60bfc6-1/d8d456e8/vector-addition_en.jar


4RCN�� "BB RFCFMPGXMLR?J?LBTCPRGA?JAMKNMLCLRQMDC?AFTCARMPRMBCRCPKGLC
RFC�AMKNMLCLRQ1U?LB1VMD�RFC�PCQSJR?LR�TCARMP, �

1U �  U� ! U

?LB

1V �  V� ! V�

4RCN�� 6QCRFC1WRF?EMPC?LRFCMPCKRMBCRCPKGLCRFCK?ELGRSBC1 MDRFC
PCQSJR?LR�TCARMP, �

1 � m1U
� � 1V

� �

4RCN����6QC�?�RPGEMLMKCRPGA�GBCLRGRW�RM�BCRCPKGLC�RFC�BGPCARGML¡ �MD, �

¡ � R?Lx � 	1V� 1U
 �

�ED9;FJK7B�+K;IJ?EDI

4SNNMQCWMS?BBRUMTCARMPQ� ?LB� � 8F?RPCJ?RGTCBGPCARGML@CRUCCLRFCKNPMBSACQ
RFCPCQSJR?LRUGRFRFCEPC?RCQRK?ELGRSBC 8F?R GQRFCK?VGKSKK?ELGRSBC 8F?R
PCJ?RGTCBGPCARGML@CRUCCLRFCKNPMBSACQRFCPCQSJR?LRUGRFRFCQK?JJCQRK?ELGRSBC 
8F?R�GQ�RFC�KGLGKSK�K?ELGRSBC 

(GTC�?L�CV?KNJC�MD�?�LMLXCPM�TCARMP�RF?R�F?Q�?�AMKNMLCLR�MD�XCPM�

&VNJ?GL�UFW�?�TCARMP�A?LLMR�F?TC�?�AMKNMLCLR�EPC?RCP�RF?L�GRQ�MUL�K?ELGRSBC�

*DRFCTCARMPQ� ?LB� ?PCNCPNCLBGASJ?PUF?RGQRFCAMKNMLCLRMD� ?JMLERFCBGPCARGML
MD�  �8F?R�GQ�RFC�AMKNMLCLR�MD� ?JMLE�RFC�BGPCARGML�MD�  

*HE8B;CI����N;H9?I;I

'GLBRFCDMJJMUGLEDMPN?RF$ GL<JGLI=� 	?
 RFCRMR?JBGQR?LACRP?TCJCB?LB	@
RFC
K?ELGRSBC?LBBGPCARGMLMDRFCBGQNJ?ACKCLRDPMKQR?PRRMDGLGQF�*L RFGQN?PRMDRFC
NPM@JCKCVNJGAGRJWQFMUFMUWMSDMJJMURFCQRCNQMDRFC?L?JWRGA?JKCRFMBMDTCARMP
?BBGRGML�

��������



3EB�S>OFLRP�IFKBP�OBMOBPBKQ�M>QEP�Q>HBK�?V�AFCCBOBKQ�MBLMIB�T>IHFKD�FK�>�@FQV� II�?IL@HP�>OB����
J�LK�>�PFAB

	?
������IK

	@
�����K�C?QR

'GLBRFCDMJJMUGLEDMPN?RF% GL<JGLI=� 	?
 RFCRMR?JBGQR?LACRP?TCJCB?LB	@
RFC
K?ELGRSBC?LBBGPCARGMLMDRFCBGQNJ?ACKCLRDPMKQR?PRRMDGLGQF�*L RFGQN?PRMDRFC
NPM@JCKCVNJGAGRJWQFMUFMUWMSDMJJMURFCQRCNQMDRFC?L?JWRGA?JKCRFMBMDTCARMP
?BBGRGML�

'GLB RFCLMPRF?LB C?QRAMKNMLCLRQMDRFCBGQNJ?ACKCLRDPMK4?L 'P?LAGQAMRM
4?AP?KCLRM�QFMUL�GL<JGLI=�

/MPRF�AMKNMLCLR������IK�C?QR�AMKNMLCLR������IK

4MJTCRFCDMJJMUGLENPM@JCKSQGLE?L?JWRGA?JRCAFLGOSCQ�4SNNMQCWMSU?JI ���� K
QRP?GEFRUCQR?LBRFCL���� K QRP?GEFRLMPRF�)MU D?P?PCWMSDPMKWMSPQR?PRGLENMGLR
?LBUF?RGQRFCAMKN?QQBGPCARGMLMD? JGLCAMLLCARGLEWMSPQR?PRGLENMGLRRMWMSPDGL?J
NMQGRGML 	*DWMSPCNPCQCLRRFCRUMJCEQMDRFCU?JI?QTCARMPBGQNJ?ACKCLRQ� ?LB�  ?Q
GL<JGLI=�RFCL�RFGQ�NPM@JCK�?QIQ�WMS�RM�DGLB�RFCGP�QSK, � � � � �


��������



3EB�QTL�AFPMI>@BJBKQP

�

>KA

�

>AA�QL�DFSB�>�QLQ>I�AFPMI>@BJBKQ

,

E>SFKD�J>DKFQRAB1 >KA
AFOB@QFLK• 

/MRCRF?RWMSA?L?JQMQMJTCRFGQEP?NFGA?JJW�%GQASQQUFWRFC?L?JWRGA?JRCAFLGOSCDMP
QMJTGLE�RFGQ�NPM@JCK�GQ�NMRCLRG?JJW�KMPC�?AASP?RC�RF?L�RFC�EP?NFGA?J�RCAFLGOSC�

3CNC?R<JGLI=SQGLE?L?JWRGA?JRCAFLGOSCQ@SRPCTCPQCRFCMPBCPMDRFCRUMJCEQMDRFC
U?JI?LBQFMURF?RWMSECRRFCQ?KCDGL?JPCQSJR�	5FGQNPM@JCKQFMUQRF?R?BBGLERFCK
GLPCTCPQCMPBCPEGTCQRFCQ?KCPCQSJRqRF?RGQ������������� �
 %GQASQQFMUR?IGLE
?LMRFCPN?RFRMPC?AFRFCQ?KCNMGLRKGEFRFCJNRMMTCPAMKC?LM@QR?AJC@JMAIGLEWMS
MRFCP�N?RF�

�����K������UCQR�MD�LMPRF

:MS BPGTC� ����IK GL?QRP?GEFRJGLCGL?BGPCARGML��l C?QRMDLMPRF�	?
 'GLBRFCBGQR?LACQ
WMSUMSJBF?TCRMBPGTCQRP?GEFRC?QR?LBRFCLQRP?GEFRLMPRFRM?PPGTC?RRFCQ?KCNMGLR�
	5FGQBCRCPKGL?RGMLGQCOSGT?JCLRRMDGLBRFCAMKNMLCLRQMDRFCBGQNJ?ACKCLR?JMLERFC
C?QR?LBLMPRFBGPCARGMLQ�
	@
4FMURF?RWMSQRGJJ?PPGTC?RRFCQ?KCNMGLRGDRFCC?QR?LB
LMPRF�JCEQ�?PC�PCTCPQCB�GL�MPBCP�

%M<JGLI=?E?GLSQGLE?L?JWRGA?JRCAFLGOSCQ?LBAF?LECRFCQCAMLBJCEMDRFCU?JI RM
�����K QRP?GEFRQMSRF�	5FGQGQCOSGT?JCLRRMQS@RP?ARGLE� DPMK� qRF?RGQDGLBGLE
, † � ��T�� 
 	@
3CNC?R?E?GL@SRLMUWMSDGPQRU?JI �� ���K LMPRF?LBRFCL�� ���K
C?QR�	5FGQGQCOSGT?JCLRRMQS@RP?AR� DPMK� qRF?RGQRMDGLB� � � � � � *QRF?R
AMLQGQRCLR�UGRF�WMSP�PCQSJR 


	?
 �� ���K  �� ��l QMSRF�MD�UCQR

	@
�� ���K  �� ��l LMPRF�MD�C?QR

" LCUJ?LBMULCPF?Q? RPG?LESJ?PNGCACMDDJ?RJ?LBQFCUGQFCQRMDCLAC�4R?PRGLE?R
RFCUCQRAMPLCPQFCKC?QSPCQRFCDGPQRQGBCRM@C���� K JMLE?LBRFCLCVRRM@C���
K� 5FCQCQGBCQ?PCPCNPCQCLRCB?QBGQNJ?ACKCLRTCARMPQ� DPMK� GL<JGLI=� 4FCRFCL
AMPPCARJW�A?JASJ?RCQ�RFC�JCLERF�?LB�MPGCLR?RGML�MD�RFC�RFGPB�QGBC$��8F?R�GQ�FCP�PCQSJR 

��������



:MS DJW�� ���IK GL? QRP?GEFRJGLCGLQRGJJ?GPGLRFCBGPCARGML����l QMSRFMDUCQR�	?

'GLBRFCBGQR?LACQWMSUMSJBF?TCRMDJWQRP?GEFRQMSRF?LBRFCLQRP?GEFRUCQRRM?PPGTC
?RRFCQ?KCNMGLR�	5FGQBCRCPKGL?RGMLGQCOSGT?JCLRRMDGLBGLERFCAMKNMLCLRQMDRFC
BGQNJ?ACKCLR?JMLERFCQMSRF?LBUCQRBGPCARGMLQ�
	@
'GLBRFCBGQR?LACQWMSUMSJB
F?TCRMDJWDGPQRGL? BGPCARGML����l QMSRFMDUCQR?LBRFCLGL? BGPCARGML����l UCQRMD
LMPRF�5FCQC?PCRFCAMKNMLCLRQMDRFCBGQNJ?ACKCLR?JMLE? BGDDCPCLRQCRMD?VCQqMLC
PMR?RCB��l �

���� IK QMSRFRFCL���� IK UCQR	@
���� IK ?R����l QMSRFMDUCQRRFCL���� IK ?R
����l UCQR�MD�LMPRF

" D?PKCPU?LRQRMDCLACMDDFGQDMSP�QGBCBNJMRMDDJ?RJ?LB�)C KC?QSPCQRFCDGPQRRFPCC
QGBCQQFMUL?Q�  �  ?LB� GL<JGLI= ?LBRFCLAMPPCARJWA?JASJ?RCQRFCJCLERF?LB
MPGCLR?RGML�MD�RFC�DMSPRF�QGBC� ��8F?R�GQ�FGQ�PCQSJR 

*L ?L?RRCKNRRMCQA?NCFGQGQJ?LB(GJJGE?L@SGJBQ? P?DR?LBQCRQRMQC?�5FCUGLBQFGDRQ
? EPC?RBC?JBSPGLERFCB?W?LBFCGQ@JMUL?JMLERFCDMJJMUGLEQRP?GEFRJGLCQ�� ����IK
����l LMPRFMDUCQR�RFCL� ����IK ����l QMSRFMDC?QR�RFCL� ��� IK ����l QMSRFMDUCQR�
RFCL� ����IK QRP?GEFRC?QR�RFCL� ��� IK ����l C?QRMDLMPRF�RFCL� ����IK ����l QMSRFMD
UCQR�?LBDGL?JJW� ����IK ����l LMPRFMDC?QR�8F?RGQFGQDGL?JNMQGRGMLPCJ?RGTCRMRFC
GQJ?LB 

� ����IK  �� ��l QMSRF�MD�C?QR

��������



4SNNMQC? NGJMRDJGCQ�� ���IK GL? BGPCARGML��l LMPRFMDC?QR?LBRFCLDJGCQ�� ���IK
GL? BGPCARGML��l LMPRFMDC?QR?QQFMULGL<JGLI=� 'GLBFCPRMR?JBGQR?LAC1 DPMKRFC
QR?PRGLENMGLR?LBRFCBGPCARGML¡ MDRFCQRP?GEFR�JGLCN?RFRMRFCDGL?JNMQGRGML�%GQASQQ
OS?JGR?RGTCJWFMURFGQDJGEFRUMSJB@C?JRCPCB@W? UGLBDPMKRFCLMPRF?LBFMURFC
CDDCARMDRFCUGLBUMSJBBCNCLBML@MRFUGLBQNCCB?LBRFCQNCCBMDRFCNJ?LCPCJ?RGTC
RM�RFC�?GP�K?QQ�

��������



*HE@;9J?B;�'EJ?ED

1PMHCARGJCKMRGMLGQRFCKMRGMLMD?LM@HCARRFPMULMPNPMHCARCBGLRMRFC?GPQS@HCARRM
MLJWRFC?AACJCP?RGMLMDEP?TGRW�5FCM@HCARGQA?JJCB? NPMHCARGJC ?LBGRQN?RFGQA?JJCB
GRQRP?HCARMPW� 5FCKMRGMLMDD?JJGLEM@HCARQ?QAMTCPCBGL1PM@JCK�4MJTGLE#?QGAQDMP
0LC�%GKCLQGML?J,GLCK?RGAQ GQ? QGKNJCMLC�BGKCLQGML?JRWNCMDNPMHCARGJCKMRGMLGL
UFGAFRFCPCGQLMFMPGXMLR?JKMTCKCLR�*L RFGQQCARGMLUCAMLQGBCPRUM�BGKCLQGML?J
NPMHCARGJCKMRGMLQSAF?QRF?RMD? DMMR@?JJMPMRFCPM@HCARDMPUFGAF?GPPCQGQR?LACFP
KBDIFDF?IB�

5FCKMQRGKNMPR?LRD?ARRMPCKCK@CPFCPCGQRF?RJLQFLKP>ILKDMBOMBKAF@RI>O>UBP>OB
FKABMBKABKQ?LBRFSQA?L@C?L?JWXCBQCN?P?RCJW�5FGQD?ARU?QBGQASQQCBGL,GLCK?RGAQ
GL5UM%GKCLQGMLQ�"L *LRPMBSARGML UFCPCTCPRGA?J?LBFMPGXMLR?JKMRGMLQUCPCQCCL
RM@CGLBCNCLBCLR�5FCICWRM?L?JWXGLERUM�BGKCLQGML?JNPMHCARGJCKMRGMLGQRM@PC?I
GRGLRMRUMKMRGMLQMLC?JMLERFCFMPGXMLR?J?VGQ?LBRFCMRFCP?JMLERFCTCPRGA?J�	5FGQ
AFMGACMD?VCQGQRFCKMQRQCLQG@JC@CA?SQC?AACJCP?RGMLBSCRMEP?TGRWGQTCPRGA?JqRFSQ
RFCPCUGJJ@CLM?AACJCP?RGML?JMLERFCFMPGXMLR?J?VGQUFCL?GPPCQGQR?LACGQLCEJGEG@JC�

"Q GQASQRMK?PWUC A?JJRFCFMPGXMLR?J?VGQRFCU�?VGQ?LBRFCTCPRGA?J?VGQRFCV�
?VGQ�<JGLI=GJJSQRP?RCQRFCLMR?RGMLDMPBGQNJ?ACKCLRUFCPCI GQBCDGLCBRM@CRFCRMR?J
BGQNJ?ACKCLR?LBN ?LBO?PCGRQAMKNMLCLRQ?JMLERFCFMPGXMLR?J?LBTCPRGA?J?VCQ
PCQNCARGTCJW�5FCK?ELGRSBCQMDRFCQCTCARMPQ?PCP U ?LBV� 	/MRCRF?RGLRFCJ?QR
QCARGMLUCSQCBRFCLMR?RGML� RMPCNPCQCLR? TCARMPUGRFAMKNMLCLRQ� U ?LB� V� *D
UCAMLRGLSCBRFGQDMPK?RUCUMSJBA?JJBGQNJ?ACKCLRI UGRFAMKNMLCLRQIU ?LBIV�
)MUCTCPRMQGKNJGDWRFCLMR?RGMLUCUGJJQGKNJWPCNPCQCLRRFCAMKNMLCLRTCARMPQ?QN
?LBO�


0DAMSPQCRMBCQAPG@CKMRGMLUCKSQRBC?JUGRFTCJMAGRW?LB?AACJCP?RGML?QUCJJ?Q
UGRFBGQNJ?ACKCLR�8C KSQRDGLBRFCGPAMKNMLCLRQ?JMLERFCU� ?LBV�?VCQRMM�8C
UGJJ?QQSKC?JJDMPACQCVACNREP?TGRW	QSAF?Q?GPPCQGQR?LAC?LBDPGARGMLDMPCV?KNJC

?PC LCEJGEG@JC�5FC AMKNMLCLRQMD ?AACJCP?RGML?PC RFCL TCPWQGKNJC�
>V � p D� p �����K �Q� � 	/MRCRF?RRFGQBCDGLGRGML?QQSKCQRF?RRFCSNU?PBQBGPCARGMLGQ
BCDGLCB?QRFCNMQGRGTCBGPCARGML�*DWMS?PP?LECRFCAMMPBGL?RCQWQRCKGLQRC?BQSAFRF?R
RFCBMULU?PBQBGPCARGMLGQNMQGRGTCRFCL?AACJCP?RGMLBSCRMEP?TGRWR?ICQ? NMQGRGTC
T?JSC�
#CA?SQCEP?TGRWGQTCPRGA?J>U � � � #MRF?AACJCP?RGMLQ?PCAMLQR?LRQMRFC
IGLCK?RGA�COS?RGMLQ�A?L�@C�SQCB�

3CTGCU�MD�,GLCK?RGA�&OS?RGMLQ�	AMLQR?LR>


U� U� � xSQ
xS �

S� � S
�

S� S� � >Q

��������

/m42125
/m42125
/m42104
/m42104


U� U� � S� Q� �
� >Q�

S� � S�
� � � >	Ux U� 
 �

3EB�QLQ>I�AFPMI>@BJBKQ

I

LC�>�PL@@BO�?>II�>Q�>�MLFKQ�>ILKD�FQP�M>QE�3EB�SB@QLO

I

E>P�@LJMLKBKQP

N

>KA

O

>ILKD�QEB�ELOFWLKQ>I�>KA�SBOQF@>I�>UBP�(QP�J>DKFQRAB�FPP��>KA�FQ�J>HBP�>K�>KDIB• TFQE�QEB
ELOFWLKQ>I

(GTCLRFCQC?QQSKNRGMLQRFCDMJJMUGLEQRCNQ?PCRFCLSQCBRM?L?JWXCNPMHCARGJCKMRGML�

"9+5
� 1BPLISBLO?OB>HQEBJLQFLKFKQLELOFWLKQ>I>KASBOQF@>I@LJMLKBKQP>ILKDQEB
U�>KAV�>UBP5FCQC?VCQ?PCNCPNCLBGASJ?PQM U �  AMQ¡ ?LB V �  QGL¡ ?PCSQCB�
5FCK?ELGRSBCMDRFCAMKNMLCLRQMDBGQNJ?ACKCLRI ?JMLERFCQC?VCQ?PCU?LBV5FC
K?ELGRSBCQMDRFCAMKNMLCLRQMDRFCTCJMAGRWL ?PCSU � SAMQ¡ ?LBSV � SQGL¡ UFCPC
SGQRFCK?ELGRSBCMDRFCTCJMAGRW?LB¡ GQGRQBGPCARGML?QQFMULGL<JGLI=� *LGRG?JT?JSCQ
?PC�BCLMRCB�UGRF�?�QS@QAPGNR���?Q�SQS?J�

"9+5�� 3OB>QQEBJLQFLK>PQTLFKABMBKABKQLKB�AFJBKPFLK>IJLQFLKP�LKBELOFWLKQ>I
>KAQEBLQEBOSBOQF@>I5FCIGLCK?RGACOS?RGMLQDMPFMPGXMLR?J?LBTCPRGA?JKMRGMLR?IC
RFC�DMJJMUGLE�DMPKQ�

)MPGXMLR?J�.MRGML	>U � � 

U� U� � SUQ
SU � S� U � SU � TCJMAGRW�GQ�?�AMLQR?LR�

7CPRGA?J�.MRGML	?QQSKGLE�NMQGRGTC�GQ�SN>V � x D� x � ��� K�Q� 


V� V� � �
� 	S� V� SV
Q

SV � S� V x DQ

V� V� � S� VQx �
� DQ�

SV
� � S� V

� x � D	Vx V� 
 �

"9+5�� 2LISBCLOQEBRKHKLTKPFKQEBQTLPBM>O>QBJLQFLKPgLKBELOFWLKQ>I>KALKB
SBOQF@>I/MRCRF?RRFCMLJWAMKKMLT?PG?@JC@CRUCCLRFCKMRGMLQGQRGKCQ� 5FC

��������



NPM@JCKQMJTGLENPMACBSPCQFCPC?PCRFCQ?KC?QDMPMLC�BGKCLQGML?JIGLCK?RGAQ?LB
?PC�GJJSQRP?RCB�GL�RFC�QMJTCB�CV?KNJCQ�@CJMU�

"9+5 � 1B@LJ?FKBQEBQTLJLQFLKPQLCFKAQEBQLQ>IAFPMI>@BJBKQI >KASBIL@FQVL�
#CA?SQCRFCU� ?LBV�KMRGMLQ?PCNCPNCLBGASJ?PUCBCRCPKGLCRFCQCTCARMPQ@WSQGLE
RFCRCAFLGOSCQMSRJGLCBGLRFC7CARMP"BBGRGML?LB4S@RP?ARGML�"L?JWRGA?J.CRFMBQ?LB
CKNJMWGLE � m U

� �  V
� ?LB¡ � R?Lx � 	  V�  U
 GLRFCDMJJMUGLEDMPKUFCPC¡ GQRFC

BGPCARGML�MD�RFC�BGQNJ?ACKCLRI ?LB¡ SGQ�RFC�BGPCARGML�MD�RFC�TCJMAGRWL�

.EJ7B�:?IFB79;C;DJ�7D:�L;BE9?JO

P� mU� � V�

¡ � R?Lx � 	V� U

S� mSU

� � SV
�

¡ S � R?Lx � 	SV� SU
 �

��������

/m42128


�>	�6B�>K>IVWB�QTL�AFJBKPFLK>I�MOLGB@QFIB�JLQFLK�?V�?OB>HFKD�FQ�FKQL�QTL�FKABMBKABKQ�LKB�
AFJBKPFLK>I�JLQFLKP�>ILKD�QEB�SBOQF@>I�>KA�ELOFWLKQ>I�>UBP��?	�3EB�ELOFWLKQ>I�JLQFLK�FP�PFJMIB�

?B@>RPB>U � � >KASUFP�QERP�@LKPQ>KQ��@	�3EB�SBIL@FQV�FK�QEB�SBOQF@>I�AFOB@QFLK�?BDFKP�QL
AB@OB>PB�>P�QEB�L?GB@Q�OFPBP��>Q�FQP�EFDEBPQ�MLFKQ��QEB�SBOQF@>I�SBIL@FQV�FP�WBOL� P�QEB�L?GB@Q�C>IIP
QLT>OAP�QEB�$>OQE�>D>FK��QEB�SBOQF@>I�SBIL@FQV�FK@OB>PBP�>D>FK�FK�J>DKFQRAB�?RQ�MLFKQP�FK�QEB

LMMLPFQB�AFOB@QFLK�QL�QEB�FKFQF>I�SBOQF@>I�SBIL@FQV��A	�3EBU��>KAV�JLQFLKP�>OB�OB@LJ?FKBA�QL
DFSB�QEB�QLQ>I�SBIL@FQV�>Q�>KV�DFSBK�MLFKQ�LK�QEB�QO>GB@QLOV

"�'GPCUMPIQ�1PMHCARGJC�&VNJMBCQ�)GEF�?LB�"U?W

%SPGLE?DGPCUMPIQBGQNJ?W?QFCJJGQQFMRGLRMRFC?GPUGRF?LGLGRG?JQNCCBMD���� K�Q?R
?L?LEJCMD����l ?@MTCRFCFMPGXMLR?J?QGJJSQRP?RCBGL<JGLI=� 5FCDSQCGQRGKCBRMGELGRC
RFCQFCJJHSQR?QGRPC?AFCQGRQFGEFCQRNMGLR?@MTCRFCEPMSLB�	?
 $?JASJ?RCRFCFCGEFR?R
UFGAFRFCQFCJJCVNJMBCQ�	@
)MU KSAFRGKCN?QQCB@CRUCCLRFCJ?SLAFMDRFCQFCJJ?LB
RFC�CVNJMQGML �	A
�8F?R�GQ�RFC�FMPGXMLR?J�BGQNJ?ACKCLR�MD�RFC�QFCJJ�UFCL�GR�CVNJMBCQ 

��������



-JH7J;=O

#CA?SQC?GPPCQGQR?LACGQLCEJGEG@JCDMPRFCSLCVNJMBCBQFCJJRFC?L?JWQGQKCRFMB
MSRJGLCB?@MTCA?L@CSQCB�5FCKMRGMLA?L@C@PMICLGLRMFMPGXMLR?J?LBTCPRGA?J
KMRGMLQGLUFGAF>U � � ?LB>V � p D� 8C A?LRFCLBCDGLCU� ?LBV� RM@CXCPM?LBQMJTC
DMP�RFC�BCQGPCB�OS?LRGRGCQ�

-EBKJ?ED�<EH��7�

#WrFCGEFRsUCKC?LRFC?JRGRSBCMPTCPRGA?JNMQGRGMLV?@MTCRFCQR?PRGLENMGLR�5FC
FGEFCQRNMGLRGL?LWRP?HCARMPWA?JJCBRFC?NCVGQPC?AFCBUFCLSV � � � 4GLACUCILMU
RFCGLGRG?J?LBDGL?JTCJMAGRGCQ?QUCJJ?QRFCGLGRG?JNMQGRGMLUC SQCRFCDMJJMUGLE
COS?RGML�RM�DGLBV�

SV
� � S� V

� x � D	Vx V� 
 �

3EB�QO>GB@QLOV�LC�>�CFOBTLOHP�PEBII�3EB�CRPB�FP�PBQ�QL�BUMILAB�QEB�PEBII�>Q�QEB�EFDEBPQ�MLFKQ�FK�FQP
QO>GB@QLOV��TEF@E�FP�CLRKA�QL�?B�>Q�>�EBFDEQ�LC�����J�>KA�����J�>T>V�ELOFWLKQ>IIV

#CA?SQCV� ?LBSV?PC�@MRF�XCPM�RFC�COS?RGML�QGKNJGDGCQ�RM

� � S� V
� x � DV

4MJTGLE�DMPVEGTCQ

V�
S� V
�

� D�

/MU UCKSQRDGLBS� V RFCAMKNMLCLRMDRFCGLGRG?JTCJMAGRWGLRFCV�BGPCARGML�*RGQEGTCL
@WS� V � S��AFGJBPCL�GL�KQSNQGL¡  UFCPCS� VGQRFCGLGRG?JTCJMAGRWMD���� K�Q?LB¡ � � ����l
GQ�RFC�GLGRG?J�?LEJC��5FSQ

��������



S� V � S� QGL¡ � � 	 �����K�Q 
	QGL���l
 � �����K�Q�

?LBVGQ

V� 	 �� ���K�Q
 �

� 	 � ����K �Q� 



QM�RF?R

V� ��� K�

�?I9KII?ED�<EH��7�

/MRCRF?R@CA?SQCSNGQNMQGRGTCRFCGLGRG?JTCJMAGRWGQNMQGRGTC?QGQRFCK?VGKSK
FCGEFR@SRRFC?AACJCP?RGMLBSCRMEP?TGRWGQLCE?RGTC�/MRC?JQMRF?RRFCK?VGKSK
FCGEFRBCNCLBQMLJWMLRFCTCPRGA?JAMKNMLCLRMDRFCGLGRG?JTCJMAGRWQMRF?R?LW
NPMHCARGJCUGRF? ���� K�QGLGRG?JTCPRGA?JAMKNMLCLRMDTCJMAGRWUGJJPC?AF? K?VGKSK
FCGEFRMD��� K 	LCEJCARGLE?GPPCQGQR?LAC
�5FCLSK@CPQGLRFGQCV?KNJC?PCPC?QML?@JC
DMPJ?PECDGPCUMPIQBGQNJ?WQRFCQFCJJQMDUFGAFBMPC?AFQSAFFCGEFRQ@CDMPCCVNJMBGLE�
*L NP?ARGAC?GPPCQGQR?LACGQLMRAMKNJCRCJWLCEJGEG@JC?LBQMRFCGLGRG?JTCJMAGRWUMSJB
F?TC�RM�@C�QMKCUF?R�J?PECP�RF?L�RF?R�EGTCL�RM�PC?AF�RFC�Q?KC�FCGEFR�

-EBKJ?ED�<EH��8�

"Q GLK?LWNFWQGAQNPM@JCKQRFCPCGQKMPCRF?LMLCU?WRMQMJTCDMPRFCRGKCRMRFC
FGEFCQRNMGLR�*L RFGQA?QCRFCC?QGCQRKCRFMBGQRMSQCV� V� � �

� 	S� V� SV
Q� #CA?SQCV�

GQ�XCPM�RFGQ�COS?RGML�PCBSACQ�RM�QGKNJW

V� �
� 	S� V� SV
Q�

/MRC�RF?R�RFC�DGL?J�TCPRGA?J�TCJMAGRWSV�?R�RFC�FGEFCQR�NMGLR�GQ�XCPM��5FSQ

Q �

�

� V
	S�W� SV


� � 	 ����K 

	 �����K�Q 


�����Q �

�?I9KII?ED�<EH��8�

5FGQRGKCGQ?JQMPC?QML?@JCDMPJ?PECDGPCUMPIQ�8FCL WMS?PC?@JCRMQCCRFCJ?SLAFMD
DGPCUMPIQWMSUGJJLMRGACQCTCP?JQCAMLBQN?QQ@CDMPCRFCQFCJJCVNJMBCQ�	"LMRFCPU?W
MDDGLBGLERFCRGKCGQ@WSQGLEV� V� � S� VQx �

� DQ�  ?LBQMJTGLERFCOS?BP?RGACOS?RGML
DMPQ�


��������



-EBKJ?ED�<EH��9�

#CA?SQC?GPPCQGQR?LACGQLCEJGEG@JC>U � � ?LBRFCFMPGXMLR?JTCJMAGRWGQAMLQR?LR?Q
BGQASQQCB?@MTC�5FCFMPGXMLR?JBGQNJ?ACKCLRGQFMPGXMLR?JTCJMAGRWKSJRGNJGCB@WRGKC
?Q�EGTCL�@WU� U� � SUQ�UFCPCU� GQ�COS?J�RM�XCPM�

U� SUQ

UFCPCSUGQ�RFCU�AMKNMLCLR�MD�RFC�TCJMAGRW�UFGAF�GQ�EGTCL�@WSU � S� AMQ¡ � � /MU

SU � S� AMQ¡ � � 	 �� ���K�Q
	AMQ�����l
 � �� ���K�Q�

5FC�RGKCQDMP�@MRF�KMRGMLQ�GQ�RFC�Q?KC�?LB�QMUGQ

U� 	�� ���K�Q
	� ����Q
 � ����K�

�?I9KII?ED�<EH��9�

5FC FMPGXMLR?JKMRGMLGQ? AMLQR?LRTCJMAGRWGLRFC?@QCLACMD?GPPCQGQR?LAC�5FC
FMPGXMLR?JBGQNJ?ACKCLRDMSLBFCPCAMSJB@CSQCDSJGLICCNGLERFCDGPCUMPIQDP?EKCLRQ
DPMKD?JJGLEMLQNCAR?RMPQ�0LACRFCQFCJJCVNJMBCQ?GPPCQGQR?LACF?Q?K?HMPCDDCAR?LB
K?LW�DP?EKCLRQ�UGJJ�J?LB�BGPCARJW�@CJMU�

*L QMJTGLEN?PR	?
 MDRFCNPCACBGLECV?KNJCRFCCVNPCQQGMLUCDMSLBDMPVGQT?JGBDMP
?LWNPMHCARGJCKMRGMLUFCPC?GPPCQGQR?LACGQLCEJGEG@JC�$?JJRFCK?VGKSKFCGEFRV� E
��RFCL

E�
S� V
�

� D�

5FGQCOS?RGMLBCDGLCQRFCJ>UFJRJ EBFDEQLC> MOLGB@QFIB?LBBCNCLBQMLJWMLRFC
TCPRGA?J�AMKNMLCLR�MD�RFC�GLGRG?J�TCJMAGRW�

%CDGLGLE�?�$MMPBGL?RC�4WQRCK

*RGQGKNMPR?LRRMQCRSN? AMMPBGL?RCQWQRCKUFCL?L?JWXGLENPMHCARGJCKMRGML�0LC
N?PRMDBCDGLGLERFCAMMPBGL?RCQWQRCKGQRMBCDGLC?L MPGEGLDMPRFCU?LBVNMQGRGMLQ�
0DRCLGRGQAMLTCLGCLRRMAFMMQCRFCGLGRG?JNMQGRGMLMDRFCM@HCAR?QRFCMPGEGLQSAFRF?R
U� � � ?LBV� � � � *RGQ?JQMGKNMPR?LRRMBCDGLCRFCNMQGRGTC?LBLCE?RGTCBGPCARGMLQGL
RFCU?LBVBGPCARGMLQ�5WNGA?JJWUCBCDGLCRFCNMQGRGTCTCPRGA?JBGPCARGML?QSNU?PBQ
?LBRFCNMQGRGTCFMPGXMLR?JBGPCARGMLGQSQS?JJWRFCBGPCARGMLMDRFCM@HCARuQKMRGML�
8FCL RFGQGQRFCA?QCRFCTCPRGA?J?AACJCP?RGMLD R?ICQ? LCE?RGTCT?JSC	QGLACGRGQ
BGPCARCBBMULU?PBQRMU?PBQRFC&?PRF
�)MUCTCPGRGQMAA?QGML?JJWSQCDSJRMBCDGLCRFC
AMMPBGL?RCQBGDDCPCLRJW�'MPCV?KNJCGDWMS?PC?L?JWXGLERFCKMRGMLMD? @?JJRFPMUL

��������



BMULU?PBQDPMKRFCRMNMD? AJGDDGRK?WK?IC QCLQCRMBCDGLCRFCNMQGRGTCBGPCARGML
BMULU?PBQQGLACRFCKMRGMLMDRFC@?JJGQQMJCJWGLRFCBMULU?PBQBGPCARGML�*DRFGQGQ
RFC�A?QCDR?ICQ�?�NMQGRGTC�T?JSC�

$?JASJ?RGLE�1PMHCARGJC�.MRGML��)MR�3MAI�1PMHCARGJC

,GJ?SC?GL)?U?GGGQRFCUMPJBuQKMQRAMLRGLSMSQJW?ARGTCTMJA?LM�7CPW?ARGTC
TMJA?LMCQAF?P?ARCPGQRGA?JJWCHCARPCB�FMRPMAIQ?LBJ?T?P?RFCPRF?LQKMIC?LB?QF�
4SNNMQC?J?PECPMAIGQCHCARCBDPMKRFCTMJA?LMUGRF?QNCCBMD���� K�Q?LB?R?L?LEJC
����l ?@MTCRFCFMPGXMLR?J?QQFMULGL<JGLI=� 5FCPMAIQRPGICQRFCQGBCMDRFCTMJA?LM
?R?L?JRGRSBC���� K JMUCPRF?LGRQQR?PRGLENMGLR�	?
 $?JASJ?RCRFCRGKCGRR?ICQRFCPMAI
RMDMJJMURFGQN?RF�	@
8F?R?PCRFCK?ELGRSBC?LBBGPCARGMLMDRFCPMAIuQTCJMAGRW?R
GKN?AR 

3EB�QO>GB@QLOV�LC�>�OL@H�BGB@QBA�COLJ�QEB�*FI>RB>�SLI@>KL

-JH7J;=O

"E?GLPCQMJTGLERFGQRUM�BGKCLQGML?JKMRGMLGLRMRUMGLBCNCLBCLRMLC�BGKCLQGML?J
KMRGMLQUGJJ?JJMUSQRMQMJTCDMPRFCBCQGPCBOS?LRGRGCQ�5FCRGKC? NPMHCARGJCGQGLRFC
?GPGQEMTCPLCB@WGRQTCPRGA?JKMRGML?JMLC�8C UGJJQMJTCDMPQDGPQR�8FGJCRFCPMAI
GQPGQGLE?LBD?JJGLETCPRGA?JJWRFCFMPGXMLR?JKMRGMLAMLRGLSCQ?R? AMLQR?LRTCJMAGRW�
5FGQCV?KNJC?QIQDMPRFCDGL?JTCJMAGRW�5FSQRFCTCPRGA?J?LBFMPGXMLR?JPCQSJRQUGJJ
@CPCAMK@GLCBRMM@R?GLS?LB¡ S ?RRFCDGL?JRGKCQBCRCPKGLCBGLRFCDGPQRN?PRMDRFC
CV?KNJC�

-EBKJ?ED�<EH��7�

8FGJCRFCPMAIGQGLRFC?GPGRPGQCQ?LBRFCLD?JJQRM? DGL?JNMQGRGML���� K JMUCPRF?L
GRQ�QR?PRGLE�?JRGRSBC��8C�A?L�DGLB�RFC�RGKC�DMP�RFGQ�@W�SQGLE

V� V� � S� VQx �
� DQ� �

��������



*DUCR?ICRFCGLGRG?JNMQGRGMLV� RM@CXCPMRFCLRFCDGL?JNMQGRGMLGQV� x�� ���K � /MU
RFCGLGRG?JTCPRGA?JTCJMAGRWGQRFCTCPRGA?JAMKNMLCLRMDRFCGLGRG?JTCJMAGRWDMSLBDPMK
S� V � S� QGL¡ � ��	 �� �� K�Q
	 QGL�����l
�� �� �� K�Q��4S@QRGRSRGLE�ILMUL�T?JSCQ�WGCJBQ

x�� ���K � 	�� ���K�Q
Qx 	 � ����K�Q � 
Q� �

3C?PP?LEGLE�RCPKQ�EGTCQ�?�OS?BP?RGA�COS?RGML�GLQ�

	 � ����K�Q � 
Q� x 	 �� ���K�Q
Qx 	 �����K 
 � � �

5FGQCVNPCQQGMLGQ? OS?BP?RGACOS?RGMLMDRFCDMPK>Q� � ?Q� @� �  UFCPCRFCAMLQR?LRQ
?PC> � � ���  ? � p �� ��  ?LB @� p ����� *RQQMJSRGMLQ?PCEGTCL@WRFCOS?BP?RGA
DMPKSJ?�

Q� x ? g m?� x � >@
� > �

5FGQCOS?RGMLWGCJBQRUMQMJSRGMLQ�Q� � ��� ?LBQ� p � ��� � 	*RGQJCDR?Q?LCVCPAGQCDMP
RFCPC?BCPRMTCPGDWRFCQCQMJSRGMLQ�
5FCRGKCGQQ� � ��� QMPp � ��� Q� 5FCLCE?RGTC
T?JSC�MD�RGKC�GKNJGCQ�?L�CTCLR�@CDMPC�RFC�QR?PR�MD�KMRGML�?LB�QM�UC�BGQA?PB�GR��5FSQ

Q� � ����Q�

�?I9KII?ED�<EH��7�

5FCRGKCDMPNPMHCARGJCKMRGMLGQAMKNJCRCJWBCRCPKGLCB@WRFCTCPRGA?JKMRGML�4M?LW
NPMHCARGJCRF?RF?Q?L GLGRG?JTCPRGA?JTCJMAGRWMD���� K�Q?LBJ?LBQ���� K @CJMUGRQ
QR?PRGLE�?JRGRSBC�UGJJ�QNCLB������Q�GL�RFC�?GP�

-EBKJ?ED�<EH��8�

'PMK RFCGLDMPK?RGMLLMUGLF?LBUC A?LDGLBRFCDGL?JFMPGXMLR?J?LB TCPRGA?J
TCJMAGRGCQSU ?LBSV ?LBAMK@GLCRFCKRMDGLBRFCRMR?JTCJMAGRWS ?LBRFC?LEJC¡ �

GRK?ICQUGRFRFCFMPGXMLR?J�0D AMSPQCSU GQAMLQR?LRQMUCA?LQMJTCDMPGR?R?LW
FMPGXMLR?JJMA?RGML�*L RFGQA?QCUCAFMQCRFCQR?PRGLENMGLRQGLACUCILMU @MRFRFC
GLGRG?J�TCJMAGRW�?LB�GLGRG?J�?LEJC��5FCPCDMPC�

SU � S� AMQ¡ � � 	 �� ���K�Q
	AMQ���l
 � �� ���K�Q�

5FC�DGL?J�TCPRGA?J�TCJMAGRW�GQ�EGTCL�@W�RFC�DMJJMUGLE�COS?RGML�

SV � S� V x DQ�

UFCPCS�WU?Q�DMSLB�GL�N?PR�	?
�RM�@C�� �� K�Q��5FSQ

��������



SV � �� ���K�Q x 	� ����K�Q � 
 	 � ����Q


QM�RF?R

SV � x�� ���K�Q�

5MDGLBRFCK?ELGRSBCMDRFCDGL?JTCJMAGRWSUCAMK@GLCGRQNCPNCLBGASJ?PAMKNMLCLRQ
SQGLE�RFC�DMJJMUGLE�COS?RGML�

S� mSU
� � SV

� � m	 �� ���K�Q
 � � 	 x �� ���K�Q
 � 

UFGAF�EGTCQ

S� �� ���K�Q�

5FC�BGPCARGML¡ SGQ�DMSLB�DPMK�RFC�COS?RGML�

¡ S � R?Lx � 	SV� SU


QM�RF?R

¡ S � R?Lx � 	 x �� �� � �� �� 
 � R?Lx � 	 x � ��� 
 �

5FSQ

¡ S � x�� �� l �

�?I9KII?ED�<EH��8�

5FCLCE?RGTC?LEJCKC?LQRF?RRFCTCJMAGRWGQ�� ��l @CJMURFCFMPGXMLR?J�5FGQPCQSJR
GQAMLQGQRCLRUGRFRFCD?ARRF?RRFCDGL?JTCPRGA?JTCJMAGRWGQLCE?RGTC?LB FCLAC
BMULU?PBq?QWMSUMSJBCVNCAR@CA?SQCRFCDGL?J?JRGRSBCGQ���� K JMUCPRF?LRFC
GLGRG?J�?JRGRSBC��	4CC<JGLI=�


0LC MDRFCKMQRGKNMPR?LRRFGLEQGJJSQRP?RCB@WNPMHCARGJCKMRGMLGQRF?RTCPRGA?J?LB
FMPGXMLR?JKMRGMLQ?PCGLBCNCLBCLRMDC?AFMRFCP�(?JGJCMU?QRFCDGPQRNCPQMLRMDSJJW
AMKNPCFCLBRFGQAF?P?ARCPGQRGA�)C SQCBGRRMNPCBGARRFCP?LECMD? NPMHCARGJC�0L
JCTCJEPMSLBUCBCDGLCP?LECRM@CRFCFMPGXMLR?JBGQR?LAC1 RP?TCJCB@W? NPMHCARGJC�
(?JGJCM?LBK?LWMRFCPQUCPCGLRCPCQRCBGLRFCP?LECMDNPMHCARGJCQNPGK?PGJWDMPKGJGR?PW
NSPNMQCQqQSAF?Q?GKGLEA?LLMLQ�)MUCTCPGLTCQRGE?RGLERFCP?LECMDNPMHCARGJCQA?L
QFCBJGEFRMLMRFCPGLRCPCQRGLENFCLMKCL?QSAF?QRFCMP@GRQMDQ?RCJJGRCQ?PMSLBRFC
&?PRF��-CR�SQ�AMLQGBCP�NPMHCARGJC�P?LEC�DSPRFCP�

��������



3O>GB@QLOFBP�LC�MOLGB@QFIBP�LK�IBSBI�DOLRKA��>	�3EB�DOB>QBO�QEB�FKFQF>I�PMBBAS� ��QEB�DOB>QBO�QEB
O>KDB�CLO�>�DFSBK�FKFQF>I�>KDIB��?	�3EB�BCCB@Q�LC�FKFQF>I�>KDIB• � LK�QEB�O>KDB�LC�>�MOLGB@QFIB�TFQE�>

DFSBK�FKFQF>I�PMBBA�-LQB�QE>Q�QEB�O>KDB�FP�QEB�P>JB�CLO��b >KA��b ��>IQELRDE�QEB�J>UFJRJ
EBFDEQP�LC�QELPB�M>QEP�>OB�AFCCBOBKQ

)MU BMCQRFCGLGRG?JTCJMAGRWMD? NPMHCARGJC?DDCARGRQP?LEC 0@TGMSQJWRFCEPC?RCPRFC
GLGRG?JQNCCBS�  RFCEPC?RCPRFCP?LEC?QQFMULGL<JGLI=	?
� 5FCGLGRG?J?LEJC¡ � ?JQMF?Q
? BP?K?RGACDDCARMLRFCP?LEC?QGJJSQRP?RCBGL<JGLI=	@
�'MP? DGVCBGLGRG?JQNCCBQSAF
?QKGEFR@CNPMBSACB@W? A?LLMLRFCK?VGKSKP?LECGQM@R?GLCBUGRF¡ � � ��l � 5FGQ
GQRPSCMLJWDMPAMLBGRGMLQLCEJCARGLE?GPPCQGQR?LAC�*D?GPPCQGQR?LACGQAMLQGBCPCBRFC
K?VGKSK?LEJCGQ?NNPMVGK?RCJW��l � *LRCPCQRGLEJWDMPCTCPWGLGRG?J?LEJCCVACNR��l
 RFCPC?PCRUM?LEJCQRF?REGTCRFCQ?KCP?LECqRFCQSKMDRFMQC?LEJCQGQ��l � 5FC
P?LEC?JQMBCNCLBQMLRFCT?JSCMDRFC?AACJCP?RGMLMDEP?TGRWD� 5FCJSL?P?QRPML?SR
"J?L 4FCNFCPBU?Q?@JCRMBPGTC?EMJD@?JJ?EPC?RBGQR?LACMLRFC.MML@CA?SQCEP?TGRW
GQUC?ICPRFCPC�5FCP?LEC1 MD? NPMHCARGJCMLIBSBIDOLRKADMPUFGAF?GPPCQGQR?LACGQ
LCEJGEG@JC�GQ�EGTCL�@W

1 �
S�
� QGL� ¡ �

D 

UFCPCS� GQRFCGLGRG?JQNCCB?LB¡ � GQRFCGLGRG?J?LEJCPCJ?RGTCRMRFCFMPGXMLR?J�5FCNPMMD
MDRFGQCOS?RGMLGQJCDR?Q?LCLB�MD�AF?NRCPNPM@JCK	FGLRQ?PCEGTCL
@SRGRBMCQDGRRFC
K?HMP�DC?RSPCQ�MD�NPMHCARGJC�P?LEC�?Q�BCQAPG@CB�

8FCL UCQNC?IMDRFCP?LECMD? NPMHCARGJCMLJCTCJEPMSLBUC?QQSKCRF?R1 GQTCPW
QK?JJAMKN?PCBUGRFRFCAGPASKDCPCLACMDRFC&?PRF�*DFMUCTCPRFCP?LECGQJ?PECRFC
&?PRFASPTCQ?U?W@CJMURFCNPMHCARGJC?LB?AACJCP?RGMLMDEP?TGRWAF?LECQBGPCARGML
?JMLERFCN?RF�5FCP?LECGQJ?PECPRF?LNPCBGARCB@WRFCP?LECCOS?RGMLEGTCL?@MTC
@CA?SQCRFCNPMHCARGJCF?QD?PRFCPRMD?JJRF?LGRUMSJBMLJCTCJEPMSLB�	4CC<JGLI=�
 *DRFC

��������



GLGRG?JQNCCBGQEPC?RCLMSEFRFCNPMHCARGJCEMCQGLRMMP@GR�5FGQGQA?JJCBCQA?NCTCJMAGRW�
5FGQNMQQG@GJGRWU?QPCAMELGXCBACLRSPGCQ@CDMPCGRAMSJB@C?AAMKNJGQFCB�8FCL ?L
M@HCARGQGLMP@GRRFC&?PRFASPTCQ?U?WDPMKSLBCPLC?RFRFCM@HCAR?RRFCQ?KCP?RC?Q
GRD?JJQ�5FCM@HCARRFSQD?JJQAMLRGLSMSQJW@SRLCTCPFGRQRFCQSPD?AC�5FCQC?LBMRFCP
?QNCARQMDMP@GR?JKMRGMLQSAF?QRFCPMR?RGMLMDRFC&?PRFUGJJ@CAMTCPCB?L?JWRGA?JJW
?LB�GL�EPC?RCP�BCNRF�J?RCP�GL�RFGQ�RCVR�

0LAC?E?GLUCQCCRF?RRFGLIGLE?@MSRMLCRMNGAQSAF?QRFCP?LECMD? NPMHCARGJCA?L
JC?BSQRMMRFCPQQSAF?QRFC&?PRFMP@GRQ�*L"BBGRGMLMD7CJMAGRGCQ UCUGJJCV?KGLCRFC
?BBGRGMLMDTCJMAGRGCQUFGAFGQ?LMRFCPGKNMPR?LR?QNCARMDRUM�BGKCLQGML?JIGLCK?RGAQ
?LB�UGJJ�?JQM�WGCJB�GLQGEFRQ�@CWMLB�RFC�GKKCBG?RC�RMNGA�

/OLGB@QFIB�QL�P>QBIIFQB�(K�B>@E�@>PB�PELTK�EBOB��>�MOLGB@QFIB�FP�I>RK@EBA�COLJ�>�SBOV�EFDE�QLTBO
QL�>SLFA�>FO�OBPFPQ>K@B�6FQE�FK@OB>PFKD�FKFQF>I�PMBBA��QEB�O>KDB�FK@OB>PBP�>KA�?B@LJBP�ILKDBO
QE>K�FQ�TLRIA�?B�LK�IBSBI�DOLRKA�?B@>RPB�QEB�$>OQE�@ROSBP�>T>V�RKABOKB>QE�FQP�M>QE�6FQE�>

I>ODB�BKLRDE�FKFQF>I�PMBBA��LO?FQ�FP�>@EFBSBA
1F&5�&VNJMP?RGMLQ��1PMHCARGJC�.MRGML

#J?QR? #SGAIMSRMD? A?LLML�-C?PL?@MSRNPMHCARGJCKMRGML@WDGPGLET?PGMSQM@HCARQ�
4CRRFC?LEJCGLGRG?JQNCCB?LBK?QQ�"BB ?GPPCQGQR?LAC�.?IC ? E?KCMSRMDRFGQ
QGKSJ?RGML�@W�RPWGLE�RM�FGR�?�R?PECR�

/OLGB@QFIB�,LQFLK

-KCC7HO

c 1PMHCARGJC�KMRGML�GQ�RFC�KMRGML�MD�?L�M@HCAR�RFPMSEF�RFC�?GP�RF?R�GQ�QS@HCAR�MLJW
RM�RFC�?AACJCP?RGML�MD�EP?TGRW�

��������

/m42045
/home/voer/vpt/src/vpt.transformer/vpt/transformer/transforms/20140410-180809-0e60bfc6-1/4044be51/projectile-motion_en.jar


c 5M�QMJTC�NPMHCARGJC�KMRGML�NPM@JCKQ�NCPDMPK�RFC�DMJJMUGLE�QRCNQ�
�� %CRCPKGLC�?�AMMPBGL?RC�QWQRCK��5FCL�PCQMJTC�RFC�NMQGRGML�?LB�MP

TCJMAGRW�MD�RFC�M@HCAR�GL�RFC�FMPGXMLR?J�?LB�TCPRGA?J�AMKNMLCLRQ��5FC
AMKNMLCLRQ�MD�NMQGRGMLI ?PC�EGTCL�@W�RFC�OS?LRGRGCQU?LBV�?LB�RFC
AMKNMLCLRQ�MD�RFC�TCJMAGRWL ?PC�EGTCL�@WSU � SAMQ¡ ?LBSV � SQGL¡ 
UFCPCSGQ�RFC�K?ELGRSBC�MD�RFC�TCJMAGRW�?LB¡ GQ�GRQ�BGPCARGML�

�� "L?JWXC�RFC�KMRGML�MD�RFC�NPMHCARGJC�GL�RFC�FMPGXMLR?J�BGPCARGML�SQGLE
RFC�DMJJMUGLE�COS?RGMLQ�
)MPGXMLR?J�KMRGML	>U � � 

U� U� � SUQ
SU � S� U � LV � TCJMAGRW�GQ�?�AMLQR?LR�

�� "L?JWXC�RFC�KMRGML�MD�RFC�NPMHCARGJC�GL�RFC�TCPRGA?J�BGPCARGML�SQGLE�RFC
DMJJMUGLE�COS?RGMLQ�
7CPRGA?J�KMRGML	"QQSKGLE�NMQGRGTC�BGPCARGML�GQ�SN�>V � x D� x � ����K �Q� 


V� V� � �
� 	S� V� SV
Q

SV � S� V x DQ

V� V� � S� VQx �
� DQ�

SV
� � S� V

� x � D	Vx V� 
 �
�� 3CAMK@GLC�RFC�FMPGXMLR?J�?LB�TCPRGA?J�AMKNMLCLRQ�MD�JMA?RGML�?LB�MP

TCJMAGRW�SQGLE�RFC�DMJJMUGLE�COS?RGMLQ�
P� mU� � V�

¡ � R?Lx � 	V� U

S� mSU

� � SV
�

¡ T � R?Lx � 	SV� SU
 �
c 5FC�K?VGKSK�FCGEFREMD�?�NPMHCARGJC�J?SLAFCB�UGRF�GLGRG?J�TCPRGA?J�TCJMAGRWS� V

GQ�EGTCL�@W

E�
S� V
�

� D�
c 5FC�K?VGKSK�FMPGXMLR?J�BGQR?LAC�RP?TCJCB�@W�?�NPMHCARGJC�GQ�A?JJCB�RFCH7D=;�

5FC�P?LEC1 MD�?�NPMHCARGJC�ML�JCTCJ�EPMSLB�J?SLAFCB�?R�?L�?LEJC¡ � ?@MTC�RFC
FMPGXMLR?J�UGRF�GLGRG?J�QNCCBS� GQ�EGTCL�@W

1 �
S�
� QGL� ¡ �

D �

�ED9;FJK7B�+K;IJ?EDI

"LQUCPRFCDMJJMUGLEOSCQRGMLQDMPNPMHCARGJCKMRGMLML JCTCJEPMSLB?QQSKGLE
LCEJGEG@JC?GPPCQGQR?LAC	RFCGLGRG?J?LEJC@CGLELCGRFCP�l LMP��l 
� 	?
 *QRFCTCJMAGRW
CTCPXCPM 	@
8FCL GQRFCTCJMAGRW?KGLGKSK " K?VGKSK 	A
 $?L RFCTCJMAGRWCTCP
@CRFCQ?KC?QRFCGLGRG?JTCJMAGRW?R?RGKCMRFCPRF?L?RQ� �  	B
 $?L RFCQNCCBCTCP@C
RFC�Q?KC�?Q�RFC�GLGRG?J�QNCCB�?R�?�RGKC�MRFCP�RF?L�?RQ� �  

��������



"LQUCPRFCDMJJMUGLEOSCQRGMLQDMPNPMHCARGJCKMRGMLML JCTCJEPMSLB?QQSKGLE
LCEJGEG@JC?GPPCQGQR?LAC	RFCGLGRG?J?LEJC@CGLELCGRFCP�l LMP��l 
� 	?
 *QRFC?AACJCP?RGML
CTCPXCPM 	@
*QRFC?AACJCP?RGMLCTCPGLRFCQ?KCBGPCARGML?Q?AMKNMLCLRMDTCJMAGRW 
	A
�*Q�RFC�?AACJCP?RGML�CTCP�MNNMQGRC�GL�BGPCARGML�RM�?�AMKNMLCLR�MD�TCJMAGRW 

'MP? DGVCBGLGRG?JQNCCBRFCP?LECMD? NPMHCARGJCGQBCRCPKGLCB@WRFC?LEJC?RUFGAF
GRGQDGPCB�'MP?JJ@SRRFCK?VGKSKRFCPC?PCRUM?LEJCQRF?REGTCRFCQ?KCP?LEC�
$MLQGBCPGLED?ARMPQRF?RKGEFR?DDCARRFC?@GJGRWMD?L?PAFCPRMFGR?R?PECRQSAF?QUGLB
CVNJ?GLUFWRFCQK?JJCP?LEJC	AJMQCPRMRFCFMPGXMLR?J
GQNPCDCP?@JC�8FCL UMSJBGR@C
LCACQQ?PWDMPRFC?PAFCPRMSQCRFCJ?PECP?LEJC 8FWBMCQRFCNSLRCPGL?DMMR@?JJE?KC
SQC�RFC�FGEFCP�RP?HCARMPW 

%SPGLE?JCARSPCBCKMLQRP?RGML?NPMDCQQMPNJ?ACQRUMAMGLQMLRFCCBECMD?R?@JC�4FC
RFCLDJGAIQMLCMDRFCAMGLQFMPGXMLR?JJWMDDRFCR?@JCQGKSJR?LCMSQJWLSBEGLERFCMRFCP
MTCPRFCCBEC�%CQAPG@CRFCQS@QCOSCLRKMRGMLMDRFCRUMAMGLQGLN?PRGASJ?PBGQASQQGLE
UFCRFCP�RFCW�FGR�RFC�DJMMP�?R�RFC�Q?KC�RGKC�

*HE8B;CI����N;H9?I;I

" NPMHCARGJCGQJ?SLAFCB?REPMSLBJCTCJUGRF?LGLGRG?JQNCCBMD���� K�Q?R?L?LEJCMD
����l ?@MTCRFCFMPGXMLR?J�*RQRPGICQ? R?PECR?@MTCRFCEPMSLB���� QCAMLBQJ?RCP�8F?R
?PC�RFCU?LBVBGQR?LACQ�DPMK�UFCPC�RFC�NPMHCARGJC�U?Q�J?SLAFCB�RM�UFCPC�GR�J?LBQ 

U

V

�

�

�����K y �� �

�� ���K�

" @?JJGQIGAICBUGRF?LGLGRG?JTCJMAGRWMD�� K�QGLRFCFMPGXMLR?JBGPCARGML?LB�� K�
QGLRFCTCPRGA?JBGPCARGML�	?
 "R UF?RQNCCBBMCQRFC@?JJFGRRFCEPMSLB 	@
'MPFMU
JMLE�BMCQ�RFC�@?JJ�PCK?GL�GL�RFC�?GP �	A
8F?R�K?VGKSK�FCGEFR�GQ�?RR?GLCB�@W�RFC�@?JJ 

" @?JJGQRFPMULFMPGXMLR?JJWDPMKRFCRMNMD? �����K @SGJBGLE?LBJ?LBQ����� K DPMK
RFC@?QCMDRFC@SGJBGLE�*ELMPC?GPPCQGQR?LAC�	?
 )MU JMLEGQRFC@?JJGLRFC?GP 	@

8F?RKSQRF?TC@CCLRFCGLGRG?JFMPGXMLR?JAMKNMLCLRMDRFCTCJMAGRW 	A
 8F?RGQRFC
TCPRGA?JAMKNMLCLRMDRFCTCJMAGRWHSQR@CDMPCRFC@?JJFGRQRFCEPMSLB 	B
 8F?RGQRFC
TCJMAGRW	GLAJSBGLE@MRFRFCFMPGXMLR?J?LBTCPRGA?JAMKNMLCLRQ
MDRFC@?JJHSQR@CDMPC
GR�FGRQ�RFC�EPMSLB 

	?
������Q

	@
������K�Q�	A
������K�Q

	B
������K�Q ����l @CJMU�FMPGXMLR?J

��������



	?
 " B?PCBCTGJGQ?RRCKNRGLERMHSKNFGQKMRMPAWAJCMTCP? JGLCMD@SQCQN?PICBCLBRM
CLB@WBPGTGLESN? ��l P?KN?R? QNCCBMD�� �� K�Q	��� IK�F 
� )MU K?LW@SQCQA?L
FCAJC?PGDRFCRMNMDRFCR?ICMDDP?KNGQ?RRFCQ?KCFCGEFR?QRFC@SQRMNQ?LBRFC@SQCQ
?PC���� K JMLE 	@
%GQASQQUF?RWMSP?LQUCPGKNJGCQ?@MSRRFCK?PEGLMDCPPMPGLRFGQ
?ARqRF?RGQAMLQGBCPFMUKSAFEPC?RCPRFCP?LECGQRF?LRFCFMPGXMLR?JBGQR?LACFCKSQR
RP?TCJ�RM�KGQQ�RFC�CLB�MD�RFC�J?QR�@SQ��	/CEJCAR�?GP�PCQGQR?LAC�


"L ?PAFCPQFMMRQ?L ?PPMU?R? ���� K BGQR?LRR?PECR�RFC@SJJuQ�CWCMDRFCR?PECRGQ
?RQ?KCFCGEFR?QRFCPCJC?QCFCGEFRMDRFC?PPMU�	?
 "R UF?R?LEJCKSQRRFC?PPMU
@CPCJC?QCBRMFGRRFC@SJJuQ�CWCGDGRQGLGRG?JQNCCBGQ���� K�Q *L RFGQN?PRMDRFC
NPM@JCKCVNJGAGRJWQFMUFMUWMSDMJJMURFCQRCNQGLTMJTCBGLQMJTGLENPMHCARGJCKMRGML
NPM@JCKQ�	@
5FCPCGQ? J?PECRPCCF?JDU?W@CRUCCLRFC?PAFCP?LBRFCR?PECRUGRF?L
MTCPF?LEGLEFMPGXMLR?J@P?LAF���� K ?@MTCRFCPCJC?QCFCGEFRMDRFC?PPMU�8GJJRFC
?PPMU�EM�MTCP�MP�SLBCP�RFC�@P?LAF 

	?
 �� ��l

	@
�5FC�?PPMU�UGJJ�EM�MTCP�RFC�@P?LAF�

" PSE@WNJ?WCPN?QQCQRFC@?JJ���� K ?APMQQRFCDGCJBUFCPCGRGQA?SEFR?RRFCQ?KC
FCGEFR?QGRJCDRFGQF?LB�	?
 "R UF?R?LEJCU?QRFC@?JJRFPMULGDGRQGLGRG?JQNCCBU?Q
���� K�Q?QQSKGLERF?RRFCQK?JJCPMDRFCRUMNMQQG@JC?LEJCQU?QSQCB 	@
8F?RMRFCP
?LEJCEGTCQRFCQ?KCP?LEC?LBUFWUMSJBGRLMR@CSQCB 	A
 )MU JMLEBGBRFGQN?QQ
R?IC 

7CPGDWRFCP?LECQDMPRFCNPMHCARGJCQGL<JGLI=	?
 DMP¡ � ��l ?LB RFCEGTCLGLGRG?J
TCJMAGRGCQ�

1 � ��AFGJBPCL�GL�KQSN
QGL�¡ � D

'MP¡ � ��l  1 � ��AFGJBPCL�GL�KQSN
D

1 � �� �� K DMPS� � �� K�Q� 1 � ��� K DMPS� � �� K�Q� 1 � ��� K DMPS� � �� K�Q�

7CPGDWRFCP?LECQQFMULDMPRFCNPMHCARGJCQGL<JGLI=	@
DMP?LGLGRG?JTCJMAGRWMD�� K�Q
?R�RFC�EGTCL�GLGRG?J�?LEJCQ�

5FCA?LLMLML?@?RRJCQFGNA?LDGPC?QFCJJ?K?VGKSKBGQR?LACMD���� IK� 	?
 $?JASJ?RC
RFCGLGRG?JTCJMAGRWMDRFCQFCJJ�	@
8F?RK?VGKSKFCGEFRBMCQGRPC?AF 	"R GRQFGEFCQR
RFCQFCJJGQ?@MTC��� MDRFC?RKMQNFCPCq@SR?GPPCQGQR?LACGQLMRPC?JJWLCEJGEG@JC?Q
?QQSKCBRMK?IC RFGQNPM@JCKC?QGCP�
	A
 5FCMAC?LGQLMRDJ?R@CA?SQCRFC&?PRFGQ
ASPTCB�"QQSKCRF?RRFCP?BGSQMDRFC&?PRFGQ� ��� y �� � IK � )MU K?LWKCRCPQJMUCP
UGJJGRQQSPD?AC@C���� IK DPMKRFCQFGN?JMLE?FMPGXMLR?JJGLCN?P?JJCJRMRFCQSPD?AC?R

��������



RFCQFGN %MCQWMSP?LQUCPGKNJWRF?RCPPMPGLRPMBSACB@WRFC?QQSKNRGMLMD?DJ?R&?PRF
GL�NPMHCARGJC�KMRGML�GQ�QGELGDGA?LR�FCPC 

	?
�����K�Q

	@
� ��� y �� � K

	A
������K��5FGQ�CPPMP�GQ�LMR�QGELGDGA?LR�@CA?SQC�GR�GQ�MLJW����MD�RFC�?LQUCP�GL�N?PR�	@
�

"L ?PPMUGQQFMRDPMK? FCGEFRMD��� K RMU?PB? AJGDDMDFCGEFR' � *RGQQFMRUGRF?
TCJMAGRWMD�� K�Q?R?L ?LEJCMD��l ?@MTCRFCFMPGXMLR?J�*RJ?LBQMLRFCRMNCBECMD
RFCAJGDD��� QJ?RCP�	?
 8F?RGQRFCFCGEFRMDRFCAJGDD 	@
8F?RGQRFCK?VGKSKFCGEFR
PC?AFCB@WRFC?PPMU?JMLEGRQRP?HCARMPW 	A
 8F?RGQRFC?PPMUuQGKN?ARQNCCBHSQR
@CDMPC�FGRRGLE�RFC�AJGDD 

*L RFCQR?LBGLE@PM?BHSKNMLCQOS?RQ?LBRFCLNSQFCQMDDUGRFRFCJCEQRMQCCFMUD?P
MLCA?LHSKN�4SNNMQCRFCCVRCLQGMLMDRFCJCEQDPMKRFCAPMSAFNMQGRGMLGQ����� K ?LB
RFC?AACJCP?RGML?AFGCTCBDPMKRFGQNMQGRGMLGQ���� RGKCQRFC?AACJCP?RGMLBSCRMEP?TGRW
D� )MU D?PA?LRFCWHSKN 4R?RCWMSP?QQSKNRGMLQ�	*LAPC?QCBP?LECA?L@C?AFGCTCB@W
QUGLEGLE�RFC�?PKQ�GL�RFC�BGPCARGML�MD�RFC�HSKN�


�����K�?QQSKGLE�J?SLAF�?LEJC�MD��l

5FC UMPJBJMLEHSKNPCAMPBGQ���� K 	.GIC 1MUCJJ64" ����
� 5PC?RCB?Q?
NPMHCARGJCUF?RGQRFCK?VGKSKP?LECM@R?GL?@JC@W? NCPQMLGDFCF?Q? R?IC�MDDQNCCB
MD�����K�Q �4R?RC�WMSP�?QQSKNRGMLQ�

4CPTGLE?R? QNCCBMD��� IK� F ? RCLLGQNJ?WCPFGRQRFC@?JJ?R? FCGEFRMD��� K ?LB?L
?LEJC¡ @CJMURFCFMPGXMLR?J�5FCQCPTGACJGLCGQ���� K DPMKRFCLCRUFGAFGQ���� K
FGEF�8F?RGQRFC?LEJC¡ QSAFRF?RRFC@?JJHSQRAPMQQCQRFCLCR 8GJJRFC@?JJJ?LBGLRFC
QCPTGAC�@MV�UFMQC�MSR�JGLC�GQ������K�DPMK�RFC�LCR 

¡ � ���l

WCQ�RFC�@?JJ�J?LBQ�?R�����K�DPMK�RFC�LCR

" DMMR@?JJOS?PRCP@?AIGQKMTGLEQRP?GEFR@?AIU?PB?R? QNCCBMD��� K�QUFCLFC
RFPMUQ? N?QQRM? NJ?WCP���� K QRP?GEFRBMULDGCJB�	?
 *DRFC@?JJGQRFPMUL?R?L?LEJC
MD��l PCJ?RGTCRMRFCEPMSLB?LBGQA?SEFR?RRFCQ?KCFCGEFR?QGRGQPCJC?QCBUF?RGQGRQ
GLGRG?JQNCCBPCJ?RGTCRMRFCEPMSLB 	@
)MU JMLEBMCQGRR?ICRMECRRMRFCPCACGTCP 	A

8F?R�GQ�GRQ�K?VGKSK�FCGEFR�?@MTC�GRQ�NMGLR�MD�PCJC?QC 

(SL QGEFRQ?PC?BHSQRCBRM?GKFGEFRMAMKNCLQ?RCDMPRFCCDDCARMDEP?TGRWCDDCARGTCJW
K?IGLERFCESL?AASP?RCMLJWDMP? QNCAGDGAP?LEC�	?
 *D? ESLGQQGEFRCBRMFGRR?PECRQ

��������



RF?R?PC?RRFCQ?KCFCGEFR?QRFCESL?LB����� K ?U?WFMUJMUUGJJRFC@SJJCRFGRGD
?GKCBBGPCARJW?R? R?PECR����� K ?U?W 5FCKSXXJCTCJMAGRWMDRFC@SJJCRGQ��� K�
Q�	@
%GQASQQOS?JGR?RGTCJWFMU? J?PECPKSXXJCTCJMAGRWUMSJB?DDCARRFGQNPM@JCK?LB
UF?R�UMSJB�@C�RFC�CDDCAR�MD�?GP�PCQGQR?LAC�

	?
�x������K

	@
5FCJ?PECPRFCKSXXJCTCJMAGRWRFCQK?JJCPRFCBCTG?RGMLGLRFCTCPRGA?JBGPCARGML
@CA?SQCRFCRGKCMDDJGEFRUMSJB@CQK?JJCP�"GPPCQGQR?LACUMSJBF?TCRFCCDDCARMD
BCAPC?QGLE�RFC�RGKC�MD�DJGEFR�RFCPCDMPC�GLAPC?QGLE�RFC�TCPRGA?J�BCTG?RGML�

"L C?EJCGQDJWGLEFMPGXMLR?JJW?R?QNCCBMD���� K�QUFCLRFCDGQFGLFCPR?JMLQUGEEJCQ
JMMQC?LBD?JJQGLRMRFCJ?IC���� K @CJMU�$?JASJ?RCRFCTCJMAGRWMDRFCDGQFPCJ?RGTCRM
RFC�U?RCP�UFCL�GR�FGRQ�RFC�U?RCP�

"L MUJGQA?PPWGLE? KMSQCRMRFCAFGAIQGLGRQLCQR�*RQNMQGRGML?RRF?RRGKCGQ���� K
UCQR?LB���� K ?@MTCRFCACLRCPMDRFC���� AKBG?KCRCPLCQR�5FCMUJGQDJWGLEC?QR?R
���� K�Q?R?L?LEJC����l @CJMURFCFMPGXMLR?JUFCLGR?AAGBCLR?JJWBPMNQRFCKMSQC�*Q
RFCMUJJSAIWCLMSEFRMF?TCRFCKMSQCFGRRFCLCQR 5M?LQUCPRFGQOSCQRGMLA?JASJ?RC
RFC�FMPGXMLR?J�NMQGRGML�MD�RFC�KMSQC�UFCL�GR�F?Q�D?JJCL������K�

�����K��/M�RFC�MUJ�GQ�LMR�JSAIW��FC�KGQQCQ�RFC�LCQR�

4SNNMQC? QMAACPNJ?WCPIGAIQRFC@?JJDPMK? BGQR?LAC�� K RMU?PBRFCEM?J�'GLBRFC
GLGRG?JQNCCBMDRFC@?JJGDGRHSQRN?QQCQMTCPRFCEM?J��� K ?@MTCRFCEPMSLBEGTCLRFC
GLGRG?J�BGPCARGML�RM�@C��l ?@MTC�RFC�FMPGXMLR?J�

$?L ? EM?JICCNCP?RFCP�FGQEM?JIGAI? QMAACP@?JJGLRMRFCMNNMLCLRuQEM?JUGRFMSRRFC
@?JJRMSAFGLERFCEPMSLB 5FCBGQR?LACUGJJ@C?@MSR�� K� " EM?JICCNCPA?LEGTCRFC
@?JJ�?�QNCCB�MD����K�Q�

/M�RFC�K?VGKSK�P?LEC�	LCEJCARGLE�?GP�PCQGQR?LAC
�GQ�?@MSR����K�

5FCDPCCRFPMUJGLCGL@?QICR@?JJGQ���� K 	�� DR
DPMKRFC@?QICRUFGAFGQ���� K 	��
DR
?@MTCRFCDJMMP�" NJ?WCPQR?LBGLEMLRFCDPCCRFPMUJGLCRFPMUQRFC@?JJUGRF?LGLGRG?J
QNCCBMD���� K�QPCJC?QGLEGR?R?FCGEFRMD���� K 	� DR
?@MTCRFCDJMMP�"R UF?R?LEJC
?@MTCRFCFMPGXMLR?JKSQRRFC@?JJ@CRFPMULRMCV?ARJWFGRRFC@?QICR /MRCRF?RKMQR
NJ?WCPQUGJJSQC? J?PECGLGRG?J?LEJCP?RFCPRF?L? DJ?RQFMR@CA?SQCGR?JJMUQDMP? J?PECP
K?PEGLMDCPPMP�&VNJGAGRJWQFMUFMUWMSDMJJMURFCQRCNQGLTMJTCBGLQMJTGLENPMHCARGJC
KMRGML�NPM@JCKQ�

*L ���� .GAF?CJ$?PRCP	6�4�
 QCR? UMPJBPCAMPBGLRFCQFMRNSRUGRF? RFPMUMD�����
K� 8F?RU?QRFCGLGRG?JQNCCBMDRFCQFMRGDFCPCJC?QCBGR?R? FCGEFRMD���� K ?LB
RFPCUGR?R?L?LEJCMD����l ?@MTCRFCFMPGXMLR?J 	"JRFMSEFRFCK?VGKSKBGQR?LACDMP

��������



?NPMHCARGJCMLJCTCJEPMSLBGQ?AFGCTCB?R��l UFCL?GPPCQGQR?LACGQLCEJCARCBRFC?ARS?J
?LEJCRM?AFGCTCK?VGKSKP?LECGQQK?JJCP�RFSQ��l UGJJEGTC? JMLECPP?LECRF?L��l
GL�RFC�QFMR�NSR�


�����K�Q

" @?QICR@?JJNJ?WCPGQPSLLGLE?R� ��� K�QBGPCARJWRMU?PBRFC@?QICRUFCLFCHSKNQGLRM
RFC?GPRMBSLIRFC@?JJ�)C K?GLR?GLQFGQFMPGXMLR?JTCJMAGRW�	?
 8F?RTCPRGA?JTCJMAGRW
BMCQFCLCCBRMPGQC����� K ?@MTCRFCDJMMP 	@
)MU D?PDPMKRFC@?QICR	KC?QSPCBGL
RFCFMPGXMLR?JBGPCARGML
KSQRFCQR?PRFGQHSKNRMPC?AFFGQK?VGKSKFCGEFR?RRFCQ?KC
RGKC�?Q�FC�PC?AFCQ�RFC�@?QICR 

" DMMR@?JJNJ?WCPNSLRQRFC@?JJ?R? ����l ?LEJC�8GRFMSR?L CDDCARDPMKRFCUGLBRFC
@?JJUMSJBRP?TCJ���� K FMPGXMLR?JJW�	?
 8F?RGQRFCGLGRG?JQNCCBMDRFC@?JJ 	@
8FCL
RFC@?JJGQLC?PGRQK?VGKSKFCGEFRGRCVNCPGCLACQ? @PGCDESQRMDUGLBRF?RPCBSACQGRQ
FMPGXMLR?J�TCJMAGRW�@W������K�Q��8F?R�BGQR?LAC�BMCQ�RFC�@?JJ�RP?TCJ�FMPGXMLR?JJW 

	?
������K�Q

	@
�5FC�@?JJ�RP?TCJQ�?�RMR?J�MD������K�UGRF�RFC�@PGCD�ESQR�MD�UGLB�

1PMTCRF?RRFCRP?HCARMPWMD? NPMHCARGJCGQN?P?@MJGAF?TGLERFCDMPKV� >U� ?U� �
5MM@R?GLRFGQCVNPCQQGMLQMJTCRFCCOS?RGMLU� S� UQDMPQ?LBQS@QRGRSRCGRGLRMRFC

CVNPCQQGMLDMPV� S� VQp 	� � � 
DQ� 	5FCQCCOS?RGMLQBCQAPG@CRFCU?LBVNMQGRGMLQMD?

NPMHCARGJCRF?RQR?PRQ?RRFCMPGEGL�
:MS QFMSJBM@R?GL?LCOS?RGMLMDRFCDMPKV� >U� ?U�

UFCPC> ?LB? ?PC�AMLQR?LRQ�

%CPGTC1 �
S�
� QGL�¡ �

D DMPRFCP?LECMD? NPMHCARGJCMLJCTCJEPMSLB@WDGLBGLERFCRGKCQ
?RUFGAFV@CAMKCQXCPM?LBQS@QRGRSRGLERFGQT?JSCMDQGLRMRFCCVNPCQQGMLDMPUx U� 
LMRGLE�RF?R1 � Ux U�

Vx V� � � � S� VQx �
� DQ� � 	S� QGL¡ 
Qx �

� DQ� 

QM�RF?RQ�
� 	S� QGL¡ 


D

Ux U� � S� UQ� 	S� AMQ¡ 
Q� 1 ?LB�QS@QRGRSRGLE�DMPQEGTCQ�

1 � S� AMQ¡ 	 � S� QGL¡
D 
 �

� S�
� QGL¡ AMQ¡

D

QGLAC� QGL¡ AMQ¡ � QGL�¡  RFC�P?LEC�GQ�

��������



1 �
S�

� QGL�¡
D �

/DH;7IED78B;,;IKBJI 	?
 'GLBRFCK?VGKSKP?LECMD?QSNCPA?LLMLRF?RF?Q?KSXXJC
TCJMAGRWMD��� IK� Q�	@
8F?RGQSLPC?QML?@JC?@MSRRFCP?LECWMSDMSLB 	A
 *QRFC
NPCKGQCSLPC?QML?@JCMPGQRFC?T?GJ?@JCCOS?RGMLGL?NNJGA?@JC &VNJ?GLWMSP?LQUCP�	B

*DQSAF?KSXXJCTCJMAGRWAMSJB@CM@R?GLCBBGQASQQRFCCDDCARQMD?GPPCQGQR?LACRFGLLGLE
?GP�UGRF�?JRGRSBC�?LB�RFC�ASPT?RSPC�MD�RFC�&?PRF�ML�RFC�P?LEC�MD�RFC�QSNCP�A?LLML�

�EDIJHK9J3EKH)MD *HE8B;C $MLQGBCP? @?JJRMQQCBMTCP? DCLAC�$MLQRPSAR?
NPM@JCKGLUFGAFWMSA?JASJ?RCRFC@?JJuQLCCBCBGLGRG?JTCJMAGRWRMHSQRAJC?PRFCDCLAC�
"KMLE RFCRFGLEQRMBCRCPKGLC?PC�RFCFCGEFRMDRFCDCLACRFCBGQR?LACRMRFCDCLAC
DPMKRFCNMGLRMDPCJC?QCMDRFC@?JJ?LBRFCFCGEFR?RUFGAFRFC@?JJGQPCJC?QCB�:MS
QFMSJB?JQMAMLQGBCPUFCRFCPGRGQNMQQG@JCRMAFMMQCRFCGLGRG?JQNCCBDMPRFC@?JJ?LB
HSQRA?JASJ?RCRFC?LEJC?RUFGAFGRGQRFPMUL�"JQMCV?KGLCRFCNMQQG@GJGRWMDKSJRGNJC
QMJSRGMLQ�EGTCL�RFC�BGQR?LACQ�?LB�FCGEFRQ�WMS�F?TC�AFMQCL�

��������



�::?J?ED�E<�0;BE9?J?;I

,;B7J?L;�0;BE9?JO

*D? NCPQMLPMUQ? @M?R?APMQQ? P?NGBJWDJMUGLEPGTCP?LBRPGCQRMFC?BBGPCARJWDMPRFC
MRFCPQFMPCRFC@M?RGLQRC?BKMTCQAF>DLK>IIVPCJ?RGTCRMRFCQFMPC?QGL<JGLI=� 5FC
@M?RBMCQLMRKMTCGLRFCBGPCARGMLGLUFGAFGRGQNMGLRCB�5FCPC?QMLMDAMSPQCGQRF?R
RFCPGTCPA?PPGCQRFC@M?RBMULQRPC?K�4GKGJ?PJWGD? QK?JJ?GPNJ?LCDJGCQMTCPFC?BGL?
QRPMLEAPMQQUGLBWMSA?LQMKCRGKCQQCCRF?RRFCNJ?LCGQLMRKMTGLEGLRFCBGPCARGMLGL
UFGAFGRGQNMGLRCB?QGJJSQRP?RCBGL<JGLI=� 5FCNJ?LCGQKMTGLEQRP?GEFR?FC?BPCJ?RGTCRM
RFC�?GP�@SR�RFC�KMTCKCLR�MD�RFC�?GP�K?QQ�PCJ?RGTC�RM�RFC�EPMSLB�A?PPGCQ�GR�QGBCU?WQ�

 �?L>Q�QOVFKD�QL�EB>A�PQO>FDEQ�>@OLPP�>�OFSBO�TFII�>@QR>IIV�JLSB�AF>DLK>IIV�OBI>QFSB�QL�QEB�PELOB
>P�PELTK�(QP�QLQ>I�SBIL@FQV��PLIFA�>OOLT	�OBI>QFSB�QL�QEB�PELOB�FP�QEB�PRJ�LC�FQP�SBIL@FQV�OBI>QFSB�QL

QEB�OFSBO�MIRP�QEB�SBIL@FQV�LC�QEB�OFSBO�OBI>QFSB�QL�QEB�PELOB

��������



 K�>FOMI>KB�EB>AFKD�PQO>FDEQ�KLOQE�FP�FKPQB>A�@>OOFBA�QL�QEB�TBPQ�>KA�PILTBA�ALTK�?V�TFKA�3EB
MI>KB�ALBP�KLQ�JLSB�OBI>QFSB�QL�QEB�DOLRKA�FK�QEB�AFOB@QFLK�FQ�MLFKQP��O>QEBO��FQ�JLSBP�FK�QEB

AFOB@QFLK�LC�FQP�QLQ>I�SBIL@FQV��PLIFA�>OOLT	

*LC?AFMDRFCQCQGRS?RGMLQ?LM@HCARF?Q?TCJMAGRWPCJ?RGTCRM?KCBGSK	QSAF?Q?PGTCP

?LBRF?RKCBGSKF?Q? TCJMAGRWPCJ?RGTCRM?L M@QCPTCPMLQMJGBEPMSLB�5FCTCJMAGRW
MDRFCM@HCAROBI>QFSBQLQEBL?PBOSBOGQRFCQSKMDRFCQCTCJMAGRWTCARMPQ?QGLBGA?RCB
GL<JGLI=?LB<JGLI=� 5FCQCQGRS?RGMLQ?PCMLJWRUMMDK?LWGLUFGAFGRGQSQCDSJRM?BB
TCJMAGRGCQ�*L RFGQKMBSJCUCDGPQRPC�CV?KGLCFMURM?BBTCJMAGRGCQ?LBRFCLAMLQGBCP
ACPR?GL�?QNCARQ�MD�UF?R�PCJ?RGTC�TCJMAGRW�KC?LQ�

)MU BMUC?BBTCJMAGRGCQ 7CJMAGRWGQ? TCARMP	GRF?Q@MRFK?ELGRSBC?LBBGPCARGML
�
RFCPSJCQMDTCARMP?BBGRGMLBGQASQQCBGL7CARMP"BBGRGML?LB4S@RP?ARGML�(P?NFGA?J
.CRFMBQ?LB7CARMP"BBGRGML?LB4S@RP?ARGML�"L?JWRGA?J.CRFMBQ?NNJWRMRFC?BBGRGML
MDTCJMAGRGCQHSQR?QRFCWBMDMP?LWMRFCPTCARMPQ�*L MLC�BGKCLQGML?JKMRGMLRFC
?BBGRGMLMDTCJMAGRGCQGQQGKNJCqRFCW?BBJGICMPBGL?PWLSK@CPQ�'MPCV?KNJCGD?DGCJB
FMAICWNJ?WCPGQKMTGLE?R� K�QQRP?GEFRRMU?PBRFCEM?J?LBBPGTCQRFC@?JJGLRFCQ?KC
BGPCARGMLUGRF? TCJMAGRWMD�� K�QPCJ?RGTCRMFCP@MBWRFCLRFCTCJMAGRWMDRFC@?JJGQ
�� K�QPCJ?RGTCRMRFCQR?RGML?PWNPMDSQCJWQUC?RGLEEM?JICCNCPQR?LBGLEGLDPMLRMDRFC
EM?J�

*L RUM�BGKCLQGML?JKMRGMLCGRFCPEP?NFGA?JMP?L?JWRGA?JRCAFLGOSCQA?L@CSQCBRM
?BBTCJMAGRGCQ�8C UGJJAMLACLRP?RCML?L?JWRGA?JRCAFLGOSCQ�5FCDMJJMUGLECOS?RGMLQ
EGTCRFCPCJ?RGMLQFGNQ@CRUCCLRFCK?ELGRSBC?LBBGPCARGMLMDTCJMAGRW	S?LB¡ 
 ?LBGRQ
AMKNMLCLRQ	SU ?LBSV
 ?JMLERFCU� ?LBV�?VCQMD?L ?NNPMNPG?RCJWAFMQCLAMMPBGL?RC
QWQRCK�

SU � SAMQ¡

��������

/m42127
/m42127
/m42128


SV � SQGL¡

S� mSU
� � SV

�

¡ � R?Lx � 	SV� SU
 �

3EB�SBIL@FQV�S��LC�>K�L?GB@Q�QO>SBIFKD�>Q�>K�>KDIB• QL�QEB�ELOFWLKQ>I�>UFP�FP�QEB�PRJ�LC
@LJMLKBKQ�SB@QLOP

L

U>KA

L

V

5FCQCCOS?RGMLQ?PCT?JGBDMP?LWTCARMPQ?LB?PC?B?NRCBQNCAGDGA?JJWDMPTCJMAGRW�5FC
DGPQRRUMCOS?RGMLQ?PCSQCBRMDGLBRFCAMKNMLCLRQMD? TCJMAGRWUFCLGRQK?ELGRSBC
?LBBGPCARGML?PCILMUL�5FCJ?QRRUM?PCSQCBRMDGLBRFCK?ELGRSBC?LBBGPCARGMLMD
TCJMAGRW�UFCL�GRQ�AMKNMLCLRQ�?PC�ILMUL�

5?IC�)MKC�&VNCPGKCLR��3CJ?RGTC�7CJMAGRW�MD�?�#M?R

'GJJ?@?RFRS@F?JD�DSJJMDU?RCP�5?IC?RMW@M?RMPQMKCMRFCPM@HCARRF?RDJM?RQGLU?RCP�
6LNJSERFCBP?GLQMU?RCPQR?PRQRMBP?GL�5PWNSQFGLERFC@M?RDPMKMLCQGBCMDRFCRS@
RMRFCMRFCP?LBNCPNCLBGASJ?PRMRFCDJMUMDU?RCP�8FGAFU?WBMWMSLCCBRMNSQF
RFC@M?RQMRF?RGRCLBQSNGKKCBG?RCJWMNNMQGRC $MKN?PCRFCBGPCARGMLQMDRFCDJMUMD
U?RCP�FC?BGLE�MD�RFC�@M?R�?LB�?ARS?J�TCJMAGRW�MD�RFC�@M?R�

"BBGLE�7CJMAGRGCQ��"�#M?R�ML�?�3GTCP

��������



 �?L>Q�>QQBJMQP�QL�QO>SBI�PQO>FDEQ�>@OLPP�>�OFSBO�>Q�>�PMBBA�����J�P�3EB�@ROOBKQ�FK�QEB�OFSBO�
ELTBSBO��CILTP�>Q�>�PMBBA�LC�����J�P�QL�QEB�OFDEQ�6E>Q�FP�QEB�QLQ>I�AFPMI>@BJBKQ�LC�QEB�?L>Q

OBI>QFSB�QL�QEB�PELOB�

3CDCPRM<JGLI= UFGAFQFMUQ?@M?RRPWGLERMEMQRP?GEFR?APMQQRFCPGTCP�-CRSQA?JASJ?RC
RFCK?ELGRSBC?LBBGPCARGMLMDRFC@M?RuQTCJMAGRWPCJ?RGTCRM?LM@QCPTCPMLRFCQFMPC
LRMR� 5FCTCJMAGRWMDRFC@M?RL@M?R GQ���� K�QGLRFCV�BGPCARGMLPCJ?RGTCRMRFCPGTCP?LB
RFC�TCJMAGRW�MD�RFC�PGTCPLPGTCP�GQ������K�Q�RM�RFC�PGEFR�

-JH7J;=O

8C QR?PR@WAFMMQGLE? AMMPBGL?RCQWQRCKUGRFGRQU�?VGQN?P?JJCJRMRFCTCJMAGRWMDRFC
PGTCP?QQFMULGL<JGLI=� #CA?SQCRFC@M?RGQBGPCARCBQRP?GEFRRMU?PBRFCMRFCPQFMPCGRQ
TCJMAGRWPCJ?RGTCRMRFCU?RCPGQN?P?JJCJRMRFCV�?VGQ?LBNCPNCLBGASJ?PRMRFCTCJMAGRWMD
RFCPGTCP�5FSQUCA?L?BBRFCRUMTCJMAGRGCQ@WSQGLERFCCOS?RGMLQSRMR� mSU

� � SV
� ?LB

¡ � R?Lx � 	SV� SU
 BGPCARJW�

-EBKJ?ED

5FC�K?ELGRSBC�MD�RFC�RMR?J�TCJMAGRW�GQ

SRMR� mSU
� � SV

� 

UFCPC

SU � SPGTCP� � ����K�Q

?LB

SV � S@M?R� � �����K�Q�

5FSQ

SRMR� m	 � ����K�Q 
 � � 	 � �����K�Q 
 �

WGCJBGLE

SRMR� � ����K�Q�

5FC�BGPCARGML�MD�RFC�RMR?J�TCJMAGRW¡ GQ�EGTCL�@W�

¡ � R?Lx � 	SV� SU
 � R?Lx � 	 � ���� � � ��� 
 �

��������



5FGQ�COS?RGML�EGTCQ

¡ � �� ��l �

�?I9KII?ED

#MRFRFCK?ELGRSBCS?LBRFCBGPCARGML¡ MDRFCRMR?JTCJMAGRW?PCAMLQGQRCLRUGRF<JGLI=�
/MRCRF?R@CA?SQCRFCTCJMAGRWMDRFCPGTCPGQJ?PECAMKN?PCBUGRFRFCTCJMAGRWMDRFC
@M?RGRGQQUCNRP?NGBJWBMULQRPC?K�5FGQPCQSJRGQCTGBCLACB@WRFCQK?JJ?LEJC	MLJW
����l 
�RFC�RMR?J�TCJMAGRW�F?Q�PCJ?RGTC�RM�RFC�PGTCP@?LI�

$?JASJ?RGLE�7CJMAGRW��8GLB�7CJMAGRW�$?SQCQ�?L�"GPNJ?LC�RM�%PGDR

$?JASJ?RCRFCUGLBTCJMAGRWDMPRFCQGRS?RGMLQFMULGL<JGLI=� 5FCNJ?LCGQILMULRM@C
KMTGLE?R���� K�QBSCLMPRFPCJ?RGTCRMRFC?GPK?QQUFGJCGRQTCJMAGRWPCJ?RGTCRMRFC
EPMSLB�	GRQ�RMR?J�TCJMAGRW
�GQ������K�Q�GL�?�BGPCARGML�� ��l UCQR�MD�LMPRF�

 K�>FOMI>KB�FP�HKLTK�QL�?B�EB>AFKD�KLOQE�>Q�����J�P��QELRDE�FQP�SBIL@FQV�OBI>QFSB�QL�QEB�DOLRKA
FP�����J�P�>Q�>K�>KDIB�TBPQ�LC�KLOQE�6E>Q�FP�QEB�PMBBA�>KA�AFOB@QFLK�LC�QEB�TFKA�

-JH7J;=O

*L RFGQNPM@JCKQMKCUF?RBGDDCPCLRDPMKRFCNPCTGMSQCV?KNJCUC ILMU RFCRMR?J
TCJMAGRWLRMR?LBRF?RGRGQRFCQSKMDRUMMRFCPTCJMAGRGCQLU 	RFCUGLB
?LBLN	RFCNJ?LC
PCJ?RGTCRMRFC?GPK?QQ
�5FCOS?LRGRWLN GQILMUL?LBUC?PC?QICBRMDGLBLU� /MLC
MDRFCTCJMAGRGCQ?PCNCPNCLBGASJ?P@SRGRGQNMQQG@JCRMDGLBRFCGPAMKNMLCLRQ?JMLE?
AMKKMLQCRMDNCPNCLBGASJ?P?VCQ�*DUCA?LDGLBRFCAMKNMLCLRQMDLU RFCLUCA?L
AMK@GLCRFCKRMQMJTCDMPGRQK?ELGRSBC?LBBGPCARGML�"Q QFMULGL<JGLI= UCAFMMQC?

��������



AMMPBGL?RCQWQRCKUGRFGRQU�?VGQBSCC?QR?LBGRQV�?VGQBSCLMPRF	N?P?JJCJRMLN
� 	:MS
K?WUGQFRMJMMI@?AI?RRFCBGQASQQGMLMDRFC?BBGRGMLMDTCARMPQSQGLENCPNCLBGASJ?P
AMKNMLCLRQ�GL7CARMP�"BBGRGML�?LB�4S@RP?ARGML��"L?JWRGA?J�.CRFMBQ�


-EBKJ?ED

#CA?SQCLRMRGQRFCTCARMPQSKMDRFCLU ?LBLN GRQU� ?LBV�AMKNMLCLRQ?PCRFCQSKQMD
RFCU� ?LBV�AMKNMLCLRQMDRFCUGLB?LBNJ?LCTCJMAGRGCQ�/MRCRF?RRFCNJ?LCMLJWF?Q
TCPRGA?J�AMKNMLCLR�MD�TCJMAGRW�QMSNU � � ?LBSNV � SN��5F?R�GQ

SRMRU � SUU

?LB

SRMRV � SUU� SN�

8C�A?L�SQC�RFC�DGPQR�MD�RFCQC�RUM�COS?RGMLQ�RM�DGLBSUU�

SUU � SRMRU � SRMRAMQ����l�

#CA?SQCSRMR� �� ���K � Q?LBAMQ����l � p � ���� UC�F?TC

SUU � 	 �� ���K�Q
	p� ���� 
 �p�� ���K�Q�

5FC�KGLSQ�QGEL�GLBGA?RCQ�KMRGML�UCQR�UFGAF�GQ�AMLQGQRCLR�UGRF�RFC�BG?EP?K�

/MU�RM�DGLBSUVUC�LMRC�RF?R

SRMRV � SUU� SN

)CPCSRMRV � SRMRQGL���l ��RFSQ

SUV � 	 �� ���K�Q
	� ���� 
 x �� ���K�Q � x � ����K�Q�

5FGQ�KGLSQ�QGEL�GLBGA?RCQ�KMRGML�QMSRF�UFGAF�GQ�AMLQGQRCLR�UGRF�RFC�BG?EP?K�

/MU RF?RRFCNCPNCLBGASJ?PAMKNMLCLRQMDRFCUGLBTCJMAGRWSUU?LBSUV?PCILMULUC
A?L�DGLB�RFC�K?ELGRSBC�?LB�BGPCARGML�MDLU��'GPQR�RFC�K?ELGRSBC�GQ

SU �

�

mSUU
� � SUV

�

m	 x �� ���K�Q
 � � 	 x � ����K�Q 
 �

��������

/m42128


QM�RF?R

SU � �� ���K�Q�

5FC�BGPCARGML�GQ�

¡ � R?Lx � 	SUV� SUU
 � R?Lx � 	 x � ��� � x�� �� 


EGTGLE

¡ � �� ��l �

�?I9KII?ED

5FCUGLBuQQNCCB?LBBGPCARGML?PCAMLQGQRCLRUGRFRFCQGELGDGA?LRCDDCARRFCUGLBF?QML
RFCRMR?JTCJMAGRWMDRFCNJ?LC?QQCCLGL<JGLI=� #CA?SQCRFCNJ?LCGQDGEFRGLE? QRPMLE
AMK@GL?RGMLMDAPMQQUGLB?LBFC?B�UGLBGRCLBQSNUGRF? RMR?JTCJMAGRWQGELGDGA?LRJW
JCQQ�RF?L�GRQ�TCJMAGRW�PCJ?RGTC�RM�RFC�?GP�K?QQ�?Q�UCJJ�?Q�FC?BGLE�GL�?�BGDDCPCLR�BGPCARGML�

/MRCRF?RGL@MRFMDRFCJ?QRRUMCV?KNJCQUCUCPC?@JCRMK?IC RFCK?RFCK?RGAQC?QGCP
@WAFMMQGLE? AMMPBGL?RCQWQRCKUGRFMLC?VGQN?P?JJCJRMMLCMDRFCTCJMAGRGCQ�8C UGJJ
PCNC?RCBJWDGLBRF?RAFMMQGLE?L?NNPMNPG?RCAMMPBGL?RCQWQRCKK?ICQNPM@JCKQMJTGLE
C?QGCP�'MPCV?KNJCGLNPMHCARGJCKMRGMLUC?JU?WQSQC? AMMPBGL?RCQWQRCKUGRFMLC
?VGQ�N?P?JJCJ�RM�EP?TGRW�

,;B7J?L;�0;BE9?J?;I�7D:��B7II?97B�,;B7J?L?JO

8FCL ?BBGLETCJMAGRGCQUCF?TC@CCLA?PCDSJRMQNCAGDWRF?RRFCSBIL@FQVFPOBI>QFSBQL
PLJBOBCBOBK@BCO>JB� 5FCQCTCJMAGRGCQ?PCA?JJCBPCJ?RGTCTCJMAGRGCQ� 'MPCV?KNJCRFC
TCJMAGRWMD?L?GPNJ?LCPCJ?RGTCRM?L?GPK?QQGQBGDDCPCLRDPMKGRQTCJMAGRWPCJ?RGTCRMRFC
EPMSLB�#MRF?PCOSGRCBGDDCPCLRDPMKRFCTCJMAGRWMD?L?GPNJ?LCPCJ?RGTCRMGRQN?QQCLECPQ
	UFGAFQFMSJB@CAJMQCRMXCPM
�3CJ?RGTCTCJMAGRGCQ?PCMLC?QNCARMDPCJ?RGTGRW UFGAFGQ
BCDGLCBRM@CRFCQRSBWMDFMUBGDDCPCLRM@QCPTCPQKMTGLEPCJ?RGTCRMC?AFMRFCPKC?QSPC
RFC�Q?KC�NFCLMKCLML�

/C?PJWCTCPWMLCF?QFC?PBMDPCJ?RGTGRW?LB GKKCBG?RCJW?QQMAG?RCQGRUGRF"J@CPR
&GLQRCGL	����p����
 RFCEPC?RCQRNFWQGAGQRMDRFC��RF ACLRSPW�&GLQRCGLPCTMJSRGMLGXCB
MSPTGCUMDL?RSPCUGRFFGQJLABOKRFCMPWMDPCJ?RGTGRWUFGAFUCQF?JJQRSBWGLJ?RCP
AF?NRCPQ�5FCPCJ?RGTCTCJMAGRGCQGLRFGQQCARGML?PC?ARS?JJW?QNCARQMDAJ?QQGA?JPCJ?RGTGRW
DGPQRBGQASQQCBAMPPCARJW@W(?JGJCM?LB*Q??A/CURML�$J?QQGA?JPCJ?RGTGRWGQJGKGRCBRM
QGRS?RGMLQUFCPCQNCCBQ?PCJCQQRF?L?@MSR�� MDRFCQNCCBMDJGEFRqRF?RGQJCQQRF?L
���� IK�Q��.MQR�RFGLEQ�UC�CLAMSLRCP�GL�B?GJW�JGDC�KMTC�QJMUCP�RF?L�RFGQ�QNCCB�

��������



-CRSQAMLQGBCP?LCV?KNJCMDUF?RRUMBGDDCPCLRM@QCPTCPQQCCGL? QGRS?RGML?L?JWXCB
JMLE?EM@W(?JGJCM�4SNNMQC? Q?GJMP?RRFCRMNMD? K?QRML? KMTGLEQFGNBPMNQ
FGQ@GLMASJ?PQ�8FCPCUGJJGRFGRRFCBCAI 8GJJGRFGR?RRFC@?QCMDRFCK?QRMPUGJJ
GRFGR@CFGLBRFCK?QR@CA?SQCRFCQFGNGQKMTGLEDMPU?PB 5FC?LQUCPGQRF?RGD?GP
PCQGQR?LACGQLCEJGEG@JCRFC@GLMASJ?PQUGJJFGR?RRFC@?QCMDRFCK?QR?R? NMGLRBGPCARJW
@CJMUGRQNMGLRMDPCJC?QC�/MU JCRSQAMLQGBCPUF?RRUMBGDDCPCLRM@QCPTCPQQCCUFCL
RFC@GLMASJ?PQBPMN�0LCM@QCPTCPGQMLRFCQFGN?LBRFCMRFCPMLQFMPC�5FC@GLMASJ?PQ
F?TCLMFMPGXMLR?JTCJMAGRWPCJ?RGTCRMRFCM@QCPTCPMLRFCQFGN?LBQMFCQCCQRFCKD?JJ
QRP?GEFRBMULRFCK?QR�	4CC<JGLI=�
 5MRFCM@QCPTCPMLQFMPCRFC@GLMASJ?PQ?LBRFC
QFGNF?TCRFCP>JBFMPGXMLR?JTCJMAGRWQM@MRFKMTCRFCQ?KCBGQR?LACDMPU?PBUFGJC
RFC@GLMASJ?PQ?PCD?JJGLE�5FGQM@QCPTCPQCCQRFCASPTCBN?RFQFMULGL<JGLI=� "JRFMSEF
RFCN?RFQJMMIBGDDCPCLRRMRFCBGDDCPCLRM@QCPTCPQC?AFQCCQRFCQ?KCPCQSJRqRFC
@GLMASJ?PQFGR?RRFC@?QCMDRFCK?QR?LBLMR@CFGLBGR�5MECRRFCAMPPCARBCQAPGNRGMLGR
GQ�APSAG?J�RM�AMPPCARJW�QNCAGDW�RFC�TCJMAGRGCQ�PCJ?RGTC�RM�RFC�M@QCPTCP�

"I>PPF@>I�OBI>QFSFQV�3EB�P>JB�JLQFLK�>P�SFBTBA�?V�QTL�AFCCBOBKQ�L?PBOSBOP� K�L?PBOSBO�LK�QEB
JLSFKD�PEFM�PBBP�QEB�?FKL@RI>OP�AOLMMBA�COLJ�QEB�QLM�LC�FQP�J>PQ�C>II�PQO>FDEQ�ALTK� K�L?PBOSBO
LK�PELOB�PBBP�QEB�?FKL@RI>OP�Q>HB�QEB�@ROSBA�M>QE��JLSFKD�CLOT>OA�TFQE�QEB�PEFM�!LQE�L?PBOSBOP

PBB�QEB�?FKL@RI>OP�PQOFHB�QEB�AB@H�>Q�QEB�?>PB�LC�QEB�J>PQ�3EB�FKFQF>I�ELOFWLKQ>I�SBIL@FQV�FP
AFCCBOBKQ�OBI>QFSB�QL�QEB�QTL�L?PBOSBOP��3EB�PEFM�FP�PELTK�JLSFKD�O>QEBO�C>PQ�QL�BJME>PFWB�QEB

BCCB@Q	
$?JASJ?RGLE�3CJ?RGTC�7CJMAGRW��"L�"GPJGLC�1?QQCLECP�%PMNQ�?�$MGL

"L ?GPJGLCN?QQCLECPBPMNQ? AMGLUFGJCRFCNJ?LCGQKMTGLE?R��� K�Q�8F?RGQRFC
TCJMAGRWMDRFCAMGLUFCLGRQRPGICQRFCDJMMP���� K @CJMUGRQNMGLRMDPCJC?QC�	?

.C?QSPCB�PCJ?RGTC�RM�RFC�NJ?LC �	@
�.C?QSPCB�PCJ?RGTC�RM�RFC�&?PRF 

��������



3EB�JLQFLK�LC�>�@LFK�AOLMMBA�FKPFAB�>K�>FOMI>KB�>P�SFBTBA�?V�QTL�AFCCBOBKQ�L?PBOSBOP��>	� K
L?PBOSBO�FK�QEB�MI>KB�PBBP�QEB�@LFK�C>II�PQO>FDEQ�ALTK��?	� K�L?PBOSBO�LK�QEB�DOLRKA�PBBP�QEB

@LFK�JLSB�>IJLPQ�ELOFWLKQ>IIV

-JH7J;=O

#MRFNPM@JCKQA?L@CQMJTCBUGRFRFCRCAFLGOSCQDMPD?JJGLEM@HCARQ?LBNPMHCARGJCQ�*L
N?PR	?
 RFCGLGRG?JTCJMAGRWMDRFCAMGLGQXCPMPCJ?RGTCRMRFCNJ?LCQMRFCKMRGMLGQRF?R
MD?D?JJGLEM@HCAR	MLC�BGKCLQGML?J
�*LN?PR	@
RFCGLGRG?JTCJMAGRWGQ��� K�QFMPGXMLR?J
PCJ?RGTCRMRFC&?PRF?LBEP?TGRWGQTCPRGA?JQMRFGQKMRGMLGQ?NPMHCARGJCKMRGML�*L@MRF
N?PRQ�GR�GQ�@CQR�RM�SQC�?�AMMPBGL?RC�QWQRCK�UGRF�TCPRGA?J�?LB�FMPGXMLR?J�?VCQ�

-EBKJ?ED�<EH��7�

6QGLERFCEGTCLGLDMPK?RGMLUCLMRCRF?RRFCGLGRG?JTCJMAGRW?LBNMQGRGML?PCXCPM?LB
RFC�DGL?J�NMQGRGML�GQ������K��5FC�DGL?J�TCJMAGRW�A?L�@C�DMSLB�SQGLE�RFC�COS?RGML�

SV
� � S� V

� x � D	Vx V� 
 �

4S@QRGRSRGLE�ILMUL�T?JSCQ�GLRM�RFC�COS?RGML�UC�ECR

SV
� � � � x � 	� ��� K�Q� 
 	 x � ��� K x ��K 
 � �� �� K � �Q�

WGCJBGLE

SV � x � ����K�Q�

��������



8C ILMU RF?RRFCQOS?PCPMMRMD���� F?QRUMPMMRQ����� ?LB������ 8C AFMMQCRFC
LCE?RGTCPMMR@CA?SQCUCILMU RF?RRFCTCJMAGRWGQBGPCARCBBMULU?PBQ?LBUCF?TC
BCDGLCBRFCNMQGRGTCBGPCARGMLRM@CSNU?PBQ�5FCPCGQLMGLGRG?JFMPGXMLR?JTCJMAGRW
PCJ?RGTCRMRFCNJ?LC?LBLMFMPGXMLR?J?AACJCP?RGML?LBQMRFCKMRGMLGQQRP?GEFRBMUL
PCJ?RGTC�RM�RFC�NJ?LC�

-EBKJ?ED�<EH��8�

#CA?SQCRFCGLGRG?JTCPRGA?JTCJMAGRWGQXCPMPCJ?RGTCRMRFCEPMSLB?LBTCPRGA?JKMRGMLGQ
GLBCNCLBCLRMDFMPGXMLR?JKMRGMLRFCDGL?JTCPRGA?JTCJMAGRWDMPRFCAMGLPCJ?RGTCRMRFC
EPMSLBGQSV � x � ��� K�Q RFCQ?KC?QDMSLBGLN?PR	?
� *L AMLRP?QRRMN?PR	?
 RFCPC
LMUGQ? FMPGXMLR?JAMKNMLCLRMDRFCTCJMAGRW�)MUCTCPQGLACRFCPCGQLMFMPGXMLR?J
?AACJCP?RGMLRFCGLGRG?J?LBDGL?JFMPGXMLR?JTCJMAGRGCQ?PCRFCQ?KC?LBSU � ��� K�Q�
5FCU� ?LBV�AMKNMLCLRQMDTCJMAGRWA?L@CAMK@GLCBRMDGLBRFCK?ELGRSBCMDRFCDGL?J
TCJMAGRW�

S� mSU
� � SV

� �

5FSQ

S� m	 ����K�Q 
 � � 	 x � ����K�Q 
 �

WGCJBGLE

S� ��� ����K�Q�

5FC�BGPCARGML�GQ�EGTCL�@W�

¡ � R?Lx � 	SV� SU
 � R?Lx � 	 x � � �� ���� 


QM�RF?R

¡ � R?Lx � 	 x � ����� 
 � x � ���l �

�?I9KII?ED

*L N?PR	?
 RFCDGL?JTCJMAGRWPCJ?RGTCRMRFCNJ?LCGQRFCQ?KC?QGRUMSJB@CGDRFCAMGL
UCPCBPMNNCBDPMKPCQRMLRFC&?PRF?LBDCJJ���� K� 5FGQPCQSJRDGRQMSPCVNCPGCLAC�
M@HCARQGL? NJ?LCD?JJRFCQ?KCU?WUFCLRFCNJ?LCGQDJWGLEFMPGXMLR?JJW?QUFCLGRGQ
?RPCQRMLRFCEPMSLB�5FGQPCQSJRGQ?JQMRPSCGLKMTGLEA?PQ�*L N?PR	@
?L M@QCPTCP
MLRFCEPMSLBQCCQ? KSAFBGDDCPCLRKMRGMLDMPRFCAMGL�5FCNJ?LCGQKMTGLEQM
D?QRFMPGXMLR?JJWRM@CEGLUGRFRF?RGRQDGL?JTCJMAGRWGQ@?PCJWEPC?RCPRF?LRFCGLGRG?J
TCJMAGRW�0LAC?E?GLUCQCCRF?RGLRUMBGKCLQGMLQTCARMPQBMLMR?BBJGICMPBGL?PW

��������



LSK@CPQqRFCDGL?JTCJMAGRWT GLN?PR	@
GQKLQ	����p�� ��� 
 K�Q� P?RFCPGRGQ��� ��� K�Q
� 5FCTCJMAGRWuQK?ELGRSBCF?BRM@CA?JASJ?RCBRMDGTCBGEGRQRMQCC?LWBGDDCPCLACDPMK
RF?RMDRFC?GPNJ?LC�5FCKMRGMLQ?QQCCL@WBGDDCPCLRM@QCPTCPQ	MLCGLRFCNJ?LC?LB
MLCMLRFCEPMSLB
GLRFGQCV?KNJC?PC?L?JMEMSQRMRFMQCBGQASQQCBDMPRFC@GLMASJ?PQ
BPMNNCBDPMKRFCK?QRMD? KMTGLEQFGNCVACNRRF?RRFCTCJMAGRWMDRFCNJ?LCGQKSAF
J?PECPQMRF?RRFCRUMM@QCPTCPQQCCSBOVBGDDCPCLRN?RFQ�	4CC<JGLI=�
 *L ?BBGRGML@MRF
M@QCPTCPQQCCRFCAMGLD?JJ���� K TCPRGA?JJW@SRRFCMLCMLRFCEPMSLB?JQMQCCQGRKMTC
DMPU?PB��� K 	RFGQA?JASJ?RGMLGQJCDRDMPRFCPC?BCP
�5FSQMLCM@QCPTCPQCCQ?TCPRGA?J
N?RF�RFC�MRFCP�?�LC?PJW�FMPGXMLR?J�N?RF�

.?IGLE�$MLLCARGMLQ��3CJ?RGTGRW�?LB�&GLQRCGL

#CA?SQC&GLQRCGLU?Q?@JCRMAJC?PJWBCDGLCFMUKC?QSPCKCLRQ?PCK?BC	QMKCGLTMJTC
JGEFR
?LB@CA?SQCRFCQNCCBMDJGEFRGQRFCQ?KCDMP?JJM@QCPTCPQRFCMSRAMKCQ?PC
QNCAR?ASJ?PJWSLCVNCARCB�5GKCT?PGCQUGRFM@QCPTCPCLCPEWGQQRMPCB?QGLAPC?QCBK?QQ
?LB�KMPC�QSPNPGQCQ�?U?GR�

1F&5�&VNJMP?RGMLQ��.MRGML�GL��%

5PWRFCLCU�-?BW@SE.MRGML�%� QGKSJ?RGMLDMPRFCJ?RCQRSNB?RCBTCPQGML�-C?PL
?@MSRNMQGRGMLTCJMAGRW?LB?AACJCP?RGMLTCARMPQ�.MTC RFC@?JJUGRFRFCKMSQCMPJCR
RFCQGKSJ?RGMLKMTCRFC@?JJGLDMSPRWNCQMDKMRGML	� RWNCQMDJGLC?PQGKNJCF?PKMLGA
AGPAJC
�

,LQFLK�FK��#

-KCC7HO

c 7CJMAGRGCQ�GL�RUM�BGKCLQGMLQ�?PC�?BBCB�SQGLE�RFC�Q?KC�?L?JWRGA?J�TCARMP
RCAFLGOSCQ�UFGAF�?PC�PCUPGRRCL�?Q
SU � SAMQ¡
SV � SQGL¡

S� mSU
� � SV

�

¡ � R?Lx � 	SV� SU
 �
c 3CJ?RGTC�TCJMAGRW�GQ�RFC�TCJMAGRW�MD�?L�M@HCAR�?Q�M@QCPTCB�DPMK�?�N?PRGASJ?P

PCDCPCLAC�DP?KC�?LB�GR�T?PGCQ�BP?K?RGA?JJW�UGRF�PCDCPCLAC�DP?KC�

��������

/home/voer/vpt/src/vpt.transformer/vpt/transformer/transforms/20140410-180809-0e60bfc6-1/ff62f920/motion-2d_en.jar


c ,;B7J?L?JOGQ�RFC�QRSBW�MD�FMU�BGDDCPCLR�M@QCPTCPQ�KC?QSPC�RFC�Q?KC
NFCLMKCLML�N?PRGASJ?PJW�UFCL�RFC�M@QCPTCPQ�KMTC�PCJ?RGTC�RM�MLC�?LMRFCP�
�B7II?97B�H;B7J?L?JOGQ�JGKGRCB�RM�QGRS?RGMLQ�UFCPC�QNCCB�GQ�JCQQ�RF?L�?@MSR���
MD�RFC�QNCCB�MD�JGEFR�	����IK�Q
�

�ED9;FJK7B�+K;IJ?EDI

8F?RDP?KCMPDP?KCQMDPCDCPCLACBMWMSGLQRGLARGTCJWSQCUFCLBPGTGLE? A?P 8FCL
DJWGLE�GL�?�AMKKCPAG?J�HCR�?GPNJ?LC 

" @?QICR@?JJNJ?WCPBPG@@JGLEBMULRFCAMSPRSQS?JJWICCNQFGQCWCQDGVCBMLRFCNJ?WCPQ
?PMSLB�FGK��)C�GQ�KMTGLE�D?QR��8FW�BMCQLuR�FC�LCCB�RM�ICCN�FGQ�CWCQ�ML�RFC�@?JJ 

*DQMKCMLCGQPGBGLEGLRFC@?AIMD? NGAISNRPSAI?LB RFPMUQ? QMDR@?JJQRP?GEFR
@?AIU?PBGQGRNMQQG@JCDMPRFC@?JJRMD?JJQRP?GEFRBMUL?QTGCUCB@W?NCPQMLQR?LBGLE
?RRFCQGBCMDRFCPM?B 6LBCPUF?RAMLBGRGMLUMSJBRFGQMAASP )MU UMSJBRFCKMRGML
MD�RFC�@?JJ�?NNC?P�RM�RFC�NCPQML�UFM�RFPCU�GR 

5FCF?RMD? HMEECPPSLLGLE?RAMLQR?LRTCJMAGRWD?JJQMDDRFC@?AIMDFGQFC?B�%P?U?
QICRAFQFMUGLERFCN?RFMDRFCF?RGLRFCHMEECPuQDP?KCMDPCDCPCLAC�%P?UGRQN?RF?Q
TGCUCB�@W�?�QR?RGML?PW�M@QCPTCP�

" AJMBMDBGPRD?JJQDPMKRFC@CBMD? KMTGLERPSAI�*RQRPGICQRFCEPMSLBBGPCARJW@CJMU
RFCCLBMDRFCRPSAI�8F?RGQRFCBGPCARGMLMDGRQTCJMAGRWPCJ?RGTCRMRFCRPSAIHSQR@CDMPC
GRFGRQ *QRFGQRFCQ?KC?QRFCBGPCARGMLMDGRQTCJMAGRWPCJ?RGTCRMEPMSLBHSQR@CDMPCGR
FGRQ �&VNJ?GL�WMSP�?LQUCPQ�

*HE8B;CI����N;H9?I;I

#PW?L"JJCLNCB?JCB? FSK?L�NMUCPCB?GPAP?DR?APMQQRFC&LEJGQF$F?LLCJDPMKRFC
AJGDDQMD%MTCPRM$?N(PGQ�/CXML+SLC�� ����� 	?
 )C DJCUDMP��� KGL?R?L?TCP?EC
TCJMAGRWMD���� K�QGL? BGPCARGML��l QMSRFMDC?QR�8F?RU?QFGQRMR?JBGQNJ?ACKCLR 
	@
"JJCLCLAMSLRCPCB? FC?BUGLB?TCP?EGLE���� K�Q?JKMQRNPCAGQCJWGLRFCMNNMQGRC
BGPCARGMLMDFGQKMRGMLPCJ?RGTCRMRFC&?PRF�8F?RU?QFGQ?TCP?ECTCJMAGRWPCJ?RGTCRM
RFC�?GP �	A
�8F?R�U?Q�FGQ�RMR?J�BGQNJ?ACKCLR�PCJ?RGTC�RM�RFC�?GP�K?QQ 

	?
 �� ���IK  ��l QMSRF�MD�C?QR

	@
� ����K�Q  ��l QMSRF�MD�C?QR

	A
 �� ���IK  ��l QMSRF�MD�C?QR

��������



" QC?ESJJDJGCQ?R? TCJMAGRWMD���� K�QQRP?GEFRGLRMRFCUGLB�	?
 *DGRR?ICQRFC@GPB
���� KGLRMRP?TCJ���� IK PCJ?RGTCRMRFC&?PRFUF?RGQRFCTCJMAGRWMDRFCUGLB 	@
*D
RFC@GPBRSPLQ?PMSLB?LBDJGCQUGRFRFCUGLBFMUJMLEUGJJFCR?ICRMPCRSPL���� IK 
	A
 %GQASQQFMURFCUGLB?DDCARQRFCRMR?JPMSLB�RPGNRGKCAMKN?PCBRMUF?RGRUMSJB@C
UGRF�LM�UGLB�

/C?PRFCCLBMD?K?P?RFMLP?ACRFCDGPQRRUMPSLLCPQ?PCQCN?P?RCB@W?BGQR?LACMD����
K� 5FCDPMLRPSLLCPF?Q? TCJMAGRWMD���� K�Q?LBRFCQCAMLB? TCJMAGRWMD���� K�Q�
	?
 8F?RGQRFCTCJMAGRWMDRFCQCAMLBPSLLCPPCJ?RGTCRMRFCDGPQR 	@
*DRFCDPMLRPSLLCP
GQ��� K DPMKRFCDGLGQFJGLCUFMUGJJUGLRFCP?AC?QQSKGLERFCWPSL?RAMLQR?LR
TCJMAGRW �	A
�8F?R�BGQR?LAC�?FC?B�UGJJ�RFC�UGLLCP�@C�UFCL�QFC�APMQQCQ�RFC�DGLGQF�JGLC 

	?
������K�Q�D?QRCP

	@
�4CAMLB�PSLLCP�UGLQ

	A
������K

7CPGDWRF?RRFCAMGLBPMNNCB@WRFC?GPJGLCN?QQCLECPGLRFC<JGLI=RP?TCJQ��� K
FMPGXMLR?JJW�UFGJC�D?JJGLE������K�GL�RFC�DP?KC�MD�PCDCPCLAC�MD�RFC�&?PRF�

" DMMR@?JJOS?PRCP@?AIGQKMTGLEQRP?GEFR@?AIU?PB?R? QNCCBMD���� K�QUFCLFC
RFPMUQ? N?QQRM? NJ?WCP���� K QRP?GEFRBMULDGCJB�5FC@?JJGQRFPMUL?R?L ?LEJCMD
����l PCJ?RGTCRMRFCEPMSLB?LBGQA?SEFR?RRFCQ?KCFCGEFR?QGRGQPCJC?QCB�8F?RGQRFC
GLGRG?J�TCJMAGRW�MD�RFC�@?JJOBI>QFSB�QL�QEB�NR>OQBO?>@H 

�� ���K�Q �� ��l

" QFGNQCRQQ?GJDPMK3MRRCPB?K5FC/CRFCPJ?LBQFC?BGLEBSCLMPRF?R���� K�QPCJ?RGTC
RMRFCU?RCP�5FCJMA?JMAC?LASPPCLRGQ���� K�QGL? BGPCARGML����l LMPRFMDC?QR�8F?R
GQ�RFC�TCJMAGRW�MD�RFC�QFGN�PCJ?RGTC�RM�RFC�&?PRF 

" HCR?GPNJ?LCDJWGLEDPMK%?PUGL"SQRP?JG?F?Q?L?GPQNCCBMD��� K�QGL? BGPCARGML
���l QMSRFMDUCQR�*RGQGLRFCHCRQRPC?KUFGAFGQ@JMUGLE?R���� K�QGL? BGPCARGML
��l QMSRFMDC?QR�8F?RGQRFCTCJMAGRWMDRFC?GPNJ?LCPCJ?RGTCRMRFC&?PRF 	@
%GQASQQ
UFCRFCPWMSP?LQUCPQ?PCAMLQGQRCLRUGRFWMSPCVNCAR?RGMLQDMPRFCCDDCARMDRFCUGLBML
RFC�NJ?LCuQ�N?RF�

	?
 � ���K�Q  ���l QMSRF�MD�UCQR

	@
5FCUGLBQFMSJBK?IC RFCNJ?LCRP?TCJQJMUCP?LBKMPCRMRFCQMSRFUFGAFGQUF?R
U?Q�A?JASJ?RCB�

��������



	?
 *L UF?RBGPCARGMLUMSJBRFCQFGNGL<JGLI=F?TCRMRP?TCJGLMPBCPRMF?TC? TCJMAGRW
QRP?GEFRLMPRFPCJ?RGTCRMRFC&?PRF?QQSKGLEGRQQNCCBPCJ?RGTCRMRFCU?RCPPCK?GLQ
� ����K�Q  �	@
�8F?R�UMSJB�GRQ�QNCCB�@C�PCJ?RGTC�RM�RFC�&?PRF 

	?
 "LMRFCP?GPNJ?LCGQDJWGLEGL? HCRQRPC?KRF?RGQ@JMUGLE?R���� K�QGL? BGPCARGML
��l QMSRFMDC?QR	?QGL<JGLI=
� *RQBGPCARGMLMDKMRGMLPCJ?RGTCRMRFC&?PRFGQ����l QMSRF
MDUCQRUFGJCGRQBGPCARGMLMDRP?TCJPCJ?RGTCRMRFC?GPGQ����l QMSRFMDUCQR�8F?RGQRFC
?GPNJ?LCuQQNCCBPCJ?RGTCRMRFC?GPK?QQ 	@
8F?RGQRFC?GPNJ?LCuQQNCCBPCJ?RGTCRMRFC
&?PRF 

	?
������K�Q

	@
������K�Q

" Q?LB?JGQBPMNNCBDPMKRFCRMNMD? �����K�FGEF K?QRML? QFGNKMTGLE?R���� K�
QBSCQMSRF�$?JASJ?RCRFCTCJMAGRWMDRFCQ?LB?JUFCLGRFGRQRFCBCAIMDRFCQFGN�	?

PCJ?RGTCRMRFCQFGN?LB	@
PCJ?RGTCRM?QR?RGML?PWM@QCPTCPMLQFMPC�	A
 %GQASQQFMURFC
?LQUCPQ�EGTC�?�AMLQGQRCLR�PCQSJR�DMP�RFC�NMQGRGML�?R�UFGAF�RFC�Q?LB?J�FGRQ�RFC�BCAI�

5FCTCJMAGRWMDRFCUGLBPCJ?RGTCRMRFCU?RCPGQAPSAG?JRMQ?GJ@M?RQ�4SNNMQC? Q?GJ@M?R
GQGL?L MAC?LASPPCLRRF?RF?Q? TCJMAGRWMD���� K�QGL? BGPCARGML����l C?QRMDLMPRF
PCJ?RGTCRMRFC&?PRF�*RCLAMSLRCPQ? UGLBRF?RF?Q? TCJMAGRWMD���� K�QGL? BGPCARGML
MD����l QMSRFMDUCQRPCJ?RGTCRMRFC&?PRF�8F?RGQRFCTCJMAGRWMDRFCUGLBPCJ?RGTCRM
RFC�U?RCP 

� ����K�Q  �� ��l QMSRF�MD�UCQR

5FCEPC?R?QRPMLMKCP&BUGL)S@@JCBGQAMTCPCBRF?R?JJBGQR?LRE?J?VGCQ?PCPCACBGLE
DPMKMSP.GJIW8?W (?J?VWUGRFTCJMAGRGCQNPMNMPRGML?JRMRFCGPBGQR?LACQ�*R?NNC?PQ
RM?L M@QCPTCPMLRFC&?PRFRF?RUC?PC?RRFCACLRCPMD?L CVN?LBGLESLGTCPQC�<JGLI=
GJJSQRP?RCQRFGQDMPDGTCE?J?VGCQJWGLE?JMLE?QRP?GEFRJGLCUGRFRFC.GJIW8?W(?J?VW?R
RFCACLRCP�6QGLERFCB?R?DPMKRFCDGESPCA?JASJ?RCRFCTCJMAGRGCQ�	?
 PCJ?RGTCRME?J?VW
� ?LB	@
PCJ?RGTCRME?J?VW�� 5FCPCQSJRQKC?LRF?RM@QCPTCPQML?JJE?J?VGCQUGJJQCC
RFCKQCJTCQ?RRFCACLRCPMDRFCCVN?LBGLESLGTCPQC?LBRFCWUMSJBJGICJW@C?U?PCMD
PCJ?RGTCTCJMAGRGCQAMLAJSBGLERF?RGRGQLMRNMQQG@JCRMJMA?RCRFCACLRCPMDCVN?LQGML
UGRF�RFC�EGTCL�GLDMPK?RGML�

��������



%FSB�D>I>UFBP�LK�>�PQO>FDEQ�IFKB��PELTFKD�QEBFO�AFPQ>K@BP�>KA�SBIL@FQFBP�OBI>QFSB�QL�QEB�,FIHV�6>V
�,6	�&>I>UV�3EB�AFPQ>K@BP�>OB�FK�JFIIFLKP�LC�IFDEQ�VB>OP��,IV	��TEBOB�>�IFDEQ�VB>O�FP�QEB

AFPQ>K@B�IFDEQ�QO>SBIP�FK�LKB�VB>O�3EB�SBIL@FQFBP�>OB�KB>OIV�MOLMLOQFLK>I�QL�QEB�AFPQ>K@BP�3EB
PFWBP�LC�QEB�D>I>UFBP�>OB�DOB>QIV�BU>DDBO>QBA��>K�>SBO>DB�D>I>UV�FP�>?LRQ����,IV�>@OLPP

	?
 6QCRFCBGQR?LAC?LBTCJMAGRWB?R?GL<JGLI=RMDGLBRFCP?RCMDCVN?LQGML?Q?DSLARGML
MD�BGQR?LAC�

	@
*DWMSCVRP?NMJ?RC@?AIGLRGKCFMUJMLE?EMUMSJB?JJMDRFCE?J?VGCQF?TC@CCL?R
?NNPMVGK?RCJWRFCQ?KCNMQGRGML 5FCRUMN?PRQMDRFGQNPM@JCKEGTCWMSQMKCGBC?MD
FMURFC)S@@JCAMLQR?LRDMPSLGTCPQ?JCVN?LQGML?LBRFCRGKC@?AIRMRFC#GE#?LE?PC
BCRCPKGLCB�PCQNCARGTCJW�

	?
 ' ?TCP?EC� �� �� IK�Q
.JW

	@
������@GJJGML�WC?PQ

"L ?RFJCRCAPMQQCQ? ���K�UGBC PGTCP@WQUGKKGLENCPNCLBGASJ?PRMRFCU?RCPASPPCLR
?R? QNCCBMD��� K�QPCJ?RGTCRMRFCU?RCP�)C PC?AFCQRFCMNNMQGRCQGBC?R? BGQR?LAC��
K BMULQRPC?KDPMKFGQQR?PRGLENMGLR�)MU D?QRGQRFCU?RCPGLRFCPGTCPDJMUGLEUGRF
PCQNCARRMRFCEPMSLB 8F?RGQRFCQNCCBMDRFCQUGKKCPUGRFPCQNCARRM? DPGCLB?RPCQR
ML�RFC�EPMSLB 

" QFGNQ?GJGLEGLRFC(SJD4RPC?KGQFC?BGLE����l UCQRMDLMPRF?R? QNCCBMD���� K�
QPCJ?RGTCRMRFCU?RCP�*RQTCJMAGRWPCJ?RGTCRMRFC&?PRFGQ�����K�Q ����l UCQRMDLMPRF�
8F?RGQRFCTCJMAGRWMDRFC(SJD4RPC?K 	5FCTCJMAGRWM@R?GLCBGQRWNGA?JDMPRFC(SJD
4RPC?K�?�DCU�FSLBPCB�IGJMKCRCPQ�MDD�RFC�C?QR�AM?QR�MD�RFC�6LGRCB�4R?RCQ�


� ����K�Q  ����l LMPRF�MD�C?QR

"L GACFMAICWNJ?WCPGQKMTGLE?R���� K�QUFCLFCFGRQRFCNSAIRMU?PBRFCEM?J�5FC
QNCCBMDRFCNSAIPCJ?RGTCRMRFCNJ?WCPGQ���� K�Q�5FCJGLC@CRUCCLRFCACLRCPMDRFC
EM?J?LBRFCNJ?WCPK?ICQ? ����l ?LEJCPCJ?RGTCRMFGQN?RF?QQFMULGL<JGLI=� 8F?R
?LEJCKSQRRFCNSAIuQTCJMAGRWK?IC PCJ?RGTCRMRFCNJ?WCP	GLFGQDP?KCMDPCDCPCLAC
RM
FGR�RFC�ACLRCP�MD�RFC�EM?J 

��������



 K�F@B�EL@HBV�MI>VBO�JLSFKD�>@OLPP�QEB�OFKH�JRPQ�PELLQ�?>@HT>OA�QL�DFSB�QEB�MR@H�>�SBIL@FQV
QLT>OA�QEB�DL>I

/DH;7IED78B;,;IKBJI 4SNNMQCWMSUGQFRMQFMMRQSNNJGCQQRP?GEFRSNRM?QRPML?SRQGL
?LMP@GR����� IK ?@MTCRFCQSPD?ACMDRFC&?PRF�	?
 "R UF?RTCJMAGRWKSQRRFCQSNNJGCQ
@CJ?SLAFCB 	@
8F?RGQSLPC?QML?@JC?@MSRRFGQTCJMAGRW 	A
 *QRFCPC? NPM@JCKUGRF
RFCPCJ?RGTCTCJMAGRW@CRUCCLRFCQSNNJGCQ?LBRFC?QRPML?SRQUFCLRFCQSNNJGCQPC?AF
RFCGPK?VGKSKFCGEFR 	B
 *QRFCNPCKGQCSLPC?QML?@JCMPGQRFC?T?GJ?@JCCOS?RGML
GL?NNJGA?@JC �&VNJ?GL�WMSP�?LQUCP�

/DH;7IED78B;,;IKBJI " AMKKCPAG?J?GPNJ?LCF?Q?L?GPQNCCBMD��� K�QBSCC?QR?LB
DJGCQUGRF?QRPMLER?GJUGLB�*RRP?TCJQ���� IK GL?BGPCARGML�l QMSRFMDC?QRGL���� F� 	?

8F?RU?QRFCTCJMAGRWMDRFCNJ?LCPCJ?RGTCRMRFCEPMSLB 	@
$?JASJ?RCRFCK?ELGRSBC
?LBBGPCARGMLMDRFCR?GJUGLBuQTCJMAGRW�	A
 8F?RGQSLPC?QML?@JC?@MSR@MRFMDRFCQC
TCJMAGRGCQ �	B
�8FGAF�NPCKGQC�GQ�SLPC?QML?@JC 

�EDIJHK9J3EKH)MD *HE8B;C$MLQGBCP?L ?GPNJ?LCFC?BCBDMP? PSLU?WGL? APMQQ
UGLB�$MLQRPSAR?NPM@JCKGLUFGAFWMSA?JASJ?RCRFC?LEJCRFC?GPNJ?LCKSQRDJWPCJ?RGTC
RMRFC?GPK?QQGLMPBCPRMF?TC? TCJMAGRWN?P?JJCJRMRFCPSLU?W�"KMLE RFCRFGLEQ
RMAMLQGBCP?PCRFCBGPCARGMLMDRFCPSLU?WRFCUGLBQNCCB?LBBGPCARGML	GRQTCJMAGRW

?LBRFCQNCCBMDRFCNJ?LCPCJ?RGTCRMRFC?GPK?QQ�"JQMA?JASJ?RCRFCQNCCBMDRFC
?GPNJ?LCPCJ?RGTCRMRFCEPMSLB�%GQASQQ?LWJ?QRKGLSRCK?LCSTCPQRFCNGJMRKGEFRF?TC
RMNCPDMPKGLMPBCPDMPRFCNJ?LCRMJ?LBUGRFGRQUFCCJQNMGLRGLEQRP?GEFRBMULRFC
PSLU?W�

��������



�OD7C?9I�� EH9;�7D:�(;MJED�I�&7MI�E<
'EJ?ED

#DJHE:K9J?ED�JE��OD7C?9I��(;MJEDWI�&7MI�E<�'EJ?ED

-BTQLKkP�I>TP�LC�JLQFLK�ABP@OF?B�QEB�JLQFLK�LC�QEB�ALIMEFKkP�M>QE��@OBAFQ��)FK�)>KD	

.MRGMLBP?UQMSP?RRCLRGML�.MRGMLGRQCJDA?L@C@C?SRGDSJA?SQGLESQRMK?PTCJ?RRFC
DMPACQLCCBCBRM?AFGCTCQNCAR?ASJ?PKMRGMLQSAF?QRF?RMD? BMJNFGLHSKNGLEMSRMD
RFCU?RCPMP? NMJCT?SJRCPMPRFCDJGEFRMD? @GPBMPRFCMP@GRMD? Q?RCJJGRC�5FCQRSBW
MDKMRGMLGQIGLCK?RGAQ@SRIGLCK?RGAQMLJWABP@OF?BPRFCU?WM@HCARQKMTCqRFCGP

��������



TCJMAGRW?LBRFCGP?AACJCP?RGML�%WL?KGAQAMLQGBCPQRFCDMPACQRF?R?DDCARRFCKMRGMLMD
KMTGLEM@HCARQ?LBQWQRCKQ�/CURMLuQJ?UQMDKMRGML?PCRFCDMSLB?RGMLMDBWL?KGAQ�
5FCQCJ?UQNPMTGBC?LCV?KNJCMDRFC@PC?BRF?LBQGKNJGAGRWMDNPGLAGNJCQSLBCPUFGAF
L?RSPCDSLARGMLQ�5FCW?PC?JQMSLGTCPQ?JJ?UQGLRF?RRFCW?NNJWRMQGKGJ?PQGRS?RGMLQML
&?PRF�?Q�UCJJ�?Q�GL�QN?AC�

*QQ?A/CURMLuQ	����p����
 J?UQMDKMRGMLUCPCHSQRMLCN?PRMDRFCKMLSKCLR?J
UMPIRF?RF?QK?BCFGKJCECLB?PW�5FCBCTCJMNKCLRMD/CURMLuQJ?UQK?PIQRFC
RP?LQGRGMLDPMKRFC3CL?GQQ?LACGLRMRFCKMBCPLCP?�5FGQRP?LQGRGMLU?QAF?P?ARCPGXCB
@W? PCTMJSRGML?PWAF?LECGLRFCU?WNCMNJCRFMSEFR?@MSRRFCNFWQGA?JSLGTCPQC�'MP
K?LWACLRSPGCQL?RSP?JNFGJMQMNFCPQF?BBC@?RCBRFCL?RSPCMDRFCSLGTCPQC@?QCBJ?PECJW
MLACPR?GLPSJCQMDJMEGAUGRFEPC?RUCGEFREGTCLRMRFCRFMSEFRQMDC?PJGCPAJ?QQGA?J
NFGJMQMNFCPQQSAF?Q"PGQRMRJC	���p��� #$
� "KMLE RFCK?LWEPC?RRFGLICPQUFM
AMLRPG@SRCB�RM�RFGQ�AF?LEC�UCPC�/CURML�?LB�(?JGJCM�

(PP>@�-BTQLKkP�JLKRJBKQ>I�TLOH�/EFILPLMEF>B�->QRO>IFP�/OFK@FMF>�,>QEBJ>QF@>��T>P
MR?IFPEBA�FK������(Q�MOLMLPBA�P@FBKQFCF@�I>TP�QE>Q�>OB�PQFII�RPBA�QLA>V�QL�ABP@OF?B�QEB�JLQFLK�LC

L?GB@QP��@OBAFQ��2BOSF@B�@LJJRK�AB�I>�AL@RJBKQ>QFLK�AB�I�4KFSBOPFQZ�AB�2QO>P?LROD	

(?JGJCMU?QGLQRPSKCLR?JGLCQR?@JGQFGLEL?PBOS>QFLK?QRFC?@QMJSRCBCRCPKGL?LRMD
RPSRFP?RFCPRF?LrJMEGA?Js?PESKCLR�(?JGJCMuQSQCMDRFCRCJCQAMNCU?QFGQKMQRLMR?@JC
?AFGCTCKCLRGLBCKMLQRP?RGLERFCGKNMPR?LACMDM@QCPT?RGML�)C BGQAMTCPCBKMMLQ
MP@GRGLE+SNGRCP?LBK?BCMRFCPM@QCPT?RGMLQRF?RUCPCGLAMLQGQRCLRUGRFACPR?GL?LAGCLR
GBC?Q?LBPCJGEGMSQBMEK?�'MPRFGQPC?QML?LB@CA?SQCMDRFCK?LLCPGLUFGAFFCBC?JR
UGRFRFMQCGL?SRFMPGRW(?JGJCMU?QRPGCB@WRFC*LOSGQGRGML?LBNSLGQFCB�)C QNCLRRFC
DGL?JWC?PQMDFGQJGDCSLBCP? DMPKMDFMSQC?PPCQR�#CA?SQCMRFCPQ@CDMPC(?JGJCMF?B
?JQMK?BCBGQAMTCPGCQ@WL?PBOSFKDRFCL?RSPCMDRFCSLGTCPQC?LB@CA?SQCPCNC?RCB
M@QCPT?RGMLQTCPGDGCBRFMQCMD(?JGJCMFGQUMPIAMSJBLMR@CQSNNPCQQCBMPBCLGCB�"DRCP
FGQBC?RFFGQUMPIU?QTCPGDGCB@WMRFCPQ?LBFGQGBC?QUCPCCTCLRS?JJW?AACNRCB@WRFC
AFSPAF�?LB�QAGCLRGDGA�AMKKSLGRGCQ�

��������



(?JGJCM?JQMAMLRPG@SRCBRMRFCDMPK?RGMLMDUF?RGQLMUA?JJCB/CURMLuQDGPQRJ?U
MDKMRGML�/CURMLK?BCSQCMDRFCUMPIMDFGQNPCBCACQQMPQUFGAFCL?@JCBFGK
RMBCTCJMNJ?UQMDKMRGMLBGQAMTCPRFCJ?UMDEP?TGRWGLTCLRA?JASJSQ?LBK?IC
EPC?RAMLRPG@SRGMLQRMRFCRFCMPGCQMDJGEFR?LBAMJMP�*RGQ?K?XGLERF?RK?LWMDRFCQC
BCTCJMNKCLRQUCPCK?BCUGRF/CURMLUMPIGLE?JMLCUGRFMSRRFC@CLCDGRMDRFCSQS?J
GLRCP?ARGMLQ�RF?R�R?IC�NJ?AC�?KMLE�QAGCLRGQRQ�RMB?W�

*RU?QLMRSLRGJRFC?BTCLRMDKMBCPLNFWQGAQC?PJWGLRFC��RF ACLRSPWRF?RGRU?Q
BGQAMTCPCBRF?R/CURMLuQJ?UQMDKMRGMLNPMBSAC?EMMB?NNPMVGK?RGMLRMKMRGMLMLJW
UFCLRFCM@HCARQ?PCKMTGLE?RQNCCBQKSAFKSAFJCQQRF?LRFCQNCCBMDJGEFR?LBUFCL
RFMQCM@HCARQ?PCJ?PECPRF?LRFCQGXCMDKMQRKMJCASJCQ	?@MSR�� x � K GLBG?KCRCP
�
5FCQCAMLQRP?GLRQBCDGLCRFCPC?JKMDAJ?QQGA?JKCAF?LGAQ?QBGQASQQCBGL*LRPMBSARGMLRM

RFC/?RSPCMD4AGCLAC?LB1FWQGAQ� "R RFC@CEGLLGLEMDRFC�� RFACLRSPW"J@CPR&GLQRCGL
	����p����
 BCTCJMNCBRFCRFCMPWMDPCJ?RGTGRW?LB?JMLEUGRFK?LWMRFCPQAGCLRGQRQ
BCTCJMNCBOS?LRSKRFCMPW�5FGQRFCMPWBMCQLMRF?TCRFCAMLQRP?GLRQNPCQCLRGLAJ?QQGA?J
NFWQGAQ�"JJ MDRFCQGRS?RGMLQUCAMLQGBCPGLRFGQAF?NRCP?LB?JJRFMQCNPCACBGLERFC
GLRPMBSARGML�MD�PCJ?RGTGRW�GL4NCAG?J�3CJ?RGTGRW�?PC�GL�RFC�PC?JK�MD�AJ?QQGA?J�NFWQGAQ�

.?IGLE�$MLLCARGMLQ��1?QR�?LB�1PCQCLR�1FGJMQMNFW

3EBFJMLOQ>K@BLCL?PBOS>QFLK?LBRFCAMLACNRMD@>RPB>KABCCB@QUCPCLMR?JU?WQQM
CLRPCLAFCBGLFSK?LRFGLIGLE�5FGQPC?JGX?RGMLU?Q? N?PRMDRFCCTMJSRGMLMDKMBCPL
NFWQGAQDPMKL?RSP?JNFGJMQMNFW�5FC?AFGCTCKCLRQMD(?JGJCM/CURML&GLQRCGL?LB
MRFCPQUCPCICWKGJCQRMLCQGLRFCFGQRMPWMDQAGCLRGDGARFMSEFR�.MQRMDRFCQAGCLRGDGA
RFCMPGCQ�RF?R�?PC�BCQAPG@CB�GL�RFGQ�@MMI�BCQACLBCB�DPMK�RFC�UMPI�MD�RFCQC�QAGCLRGQRQ�

��������

/m42119
/m42119
/m42525


�;L;BEFC;DJ�E<� EH9;��ED9;FJ

%WL?KGAQGQRFCQRSBWMDRFCDMPACQRF?RA?SQCM@HCARQ?LB QWQRCKQRMKMTC�5M
SLBCPQR?LBRFGQUC LCCB? UMPIGLEBCDGLGRGMLMDDMPAC�0SPGLRSGRGTCBCDGLGRGMLMD
DMPACqRF?RGQ? NSQFMP? NSJJqGQ? EMMBNJ?ACRMQR?PR�8C ILMU RF?R? NSQFMP
NSJJF?Q@MRFK?ELGRSBC?LBBGPCARGML	RFCPCDMPCGRGQ? TCARMPOS?LRGRW
?LBA?LT?PW
AMLQGBCP?@JWGLC?AFPCE?PB�'MPCV?KNJC?A?LLMLCVCPRQ?QRPMLEDMPACML?A?LLML@?JJ
RF?RGQJ?SLAFCBGLRMRFC?GP�*LAMLRP?QR&?PRFCVCPRQMLJW?RGLWBMULU?PBNSJJML?DJC?�
0SPCTCPWB?WCVNCPGCLACQ?JQMEGTCSQ? EMMBGBC?MDFMUKSJRGNJCDMPACQ?BB�*DRUM
NCMNJCNSQFGLBGDDCPCLRBGPCARGMLQML? RFGPBNCPQML?QGJJSQRP?RCBGL<JGLI= UCKGEFR
CVNCARRFCRMR?JDMPACRM@CGLRFCBGPCARGMLQFMUL�4GLACDMPACGQ? TCARMPGR?BBQHSQR
JGICMRFCPTCARMPQ?QGJJSQRP?RCBGL<JGLI=	?
 DMPRUMGACQI?RCPQ�'MPACQJGICMRFCPTCARMPQ
?PCPCNPCQCLRCB@W?PPMUQ?LBA?L@C?BBCBSQGLERFCD?KGJG?PFC?B�RM�R?GJKCRFMBMP@W
RPGEMLMKCRPGA�KCRFMBQ��5FCQC�GBC?Q�UCPC�BCTCJMNCB�GL5UM�%GKCLQGML?J�,GLCK?RGAQ�

/>OQ��>	�PELTP�>K�LSBOEB>A�SFBT�LC�QTL�F@B�PH>QBOP�MRPEFKD�LK�>�QEFOA�%LO@BP�>OB�SB@QLOP�>KA
>AA�IFHB�LQEBO�SB@QLOP��PL�QEB�QLQ>I�CLO@B�LK�QEB�QEFOA�PH>QBO�FP�FK�QEB�AFOB@QFLK�PELTK�(K�M>OQ��?	�

TB�PBB�>�COBB�?LAV�AF>DO>J�OBMOBPBKQFKD�QEB�CLO@BP�>@QFKD�LK�QEB�QEFOA�PH>QBO

<JGLI=	@
GQMSPDGPQRCV?KNJCMD? DPCC�@MBWBG?EP?K UFGAFGQ? RCAFLGOSCSQCBRM
GJJSQRP?RC?JJRFCCVRCPL?JDMPACQ?ARGLEML? @MBW�5FC@MBWGQPCNPCQCLRCB@W? QGLEJC
GQMJ?RCBNMGLR	MPDPCC@MBW
?LBMLJWRFMQCDMPACQ?ARGLELKRFC@MBWDPMKRFCMSRQGBC
	CVRCPL?JDMPACQ
?PCQFMUL�	5FCQCDMPACQ?PCRFCMLJWMLCQQFMUL@CA?SQCMLJW
CVRCPL?JDMPACQ?ARGLEMLRFC@MBW?DDCARGRQKMRGML�8C A?LGELMPC?LWGLRCPL?JDMPACQ
UGRFGLRFC@MBW�
'PCC�@MBWBG?EP?KQ?PCTCPWSQCDSJGL?L?JWXGLEDMPACQ?ARGLEML?
QWQRCK?LB?PCCKNJMWCBCVRCLQGTCJWGLRFCQRSBW?LB?NNJGA?RGMLMD/CURMLuQJ?UQMD
KMRGML�

" KMPCOS?LRGR?RGTCBCDGLGRGMLMDDMPACA?L@C@?QCBMLQMKCQR?LB?PBDMPACHSQR?Q
BGQR?LACGQKC?QSPCBGLSLGRQPCJ?RGTCRM?QR?LB?PBBGQR?LAC�0LCNMQQG@GJGRWGQRMQRPCRAF
?QNPGLE?ACPR?GLDGVCBBGQR?LAC?QGJJSQRP?RCBGL<JGLI= ?LBSQCRFCDMPACGRCVCPRQRMNSJJ
GRQCJD@?AIRMGRQPCJ?VCBQF?NCqA?JJCB?OBPQLOFKDCLO@Bq?Q ?QR?LB?PB�5FCK?ELGRSBC

��������

/m42126


MD?JJMRFCPDMPACQA?L@CQR?RCB?QKSJRGNJCQMDRFGQQR?LB?PBSLGRMDDMPAC�.?LW
MRFCPNMQQG@GJGRGCQCVGQRDMPQR?LB?PBDMPACQ�	0LC RF?RUCUGJJCLAMSLRCPGL.?ELCRGQK
GQRFCK?ELCRGADMPAC@CRUCCLRUMUGPCQA?PPWGLECJCARPGAASPPCLR�
4MKC?JRCPL?RGTC
BCDGLGRGMLQ�MD�DMPAC�UGJJ�@C�EGTCL�J?RCP�GL�RFGQ�AF?NRCP�

3EB�CLO@B�BUBOQBA�?V�>�PQOBQ@EBA�PMOFKD�@>K�?B�RPBA�>P�>�PQ>KA>OA�RKFQ�LC�CLO@B��>	�3EFP�PMOFKD
E>P�>�IBKDQEUTEBK�RKAFPQLOQBA��?	�6EBK�PQOBQ@EBA�>�AFPQ>K@BxU��QEB�PMOFKD�BUBOQP�>�OBPQLOFKD

CLO@B�

 

OBPQLOB��TEF@E�FP�OBMOLAR@F?IB��@	� �PMOFKD�P@>IB�FP�LKB�ABSF@B�QE>Q�RPBP�>�PMOFKD�QL
JB>PROB�CLO@B�3EB�CLO@B

 

OBPQLOBFP�BUBOQBA�LK�TE>QBSBO�FP�>QQ>@EBA�QL�QEB�ELLH�'BOB

 

OBPQLOBE>P
>�J>DKFQRAB�LC���RKFQP�FK�QEB�CLO@B�PQ>KA>OA�?BFKD�BJMILVBA

5?IC�)MKC�&VNCPGKCLR��'MPAC�4R?LB?PBQ

5MGLTCQRGE?RCDMPACQR?LB?PBQ?LBA?SQC?LBCDDCARECRRUMGBCLRGA?JPS@@CP@?LBQ�
)?LE MLCPS@@CP@?LBTCPRGA?JJWML? FMMI�'GLB? QK?JJFMSQCFMJBGRCKRF?RAMSJB
@C?RR?AFCBRMRFCPS@@CP@?LBSQGLE? N?NCPAJGN?LBSQCRFGQGRCK?Q? UCGEFRRM
GLTCQRGE?RCRFCQRPCRAFMDRFCPS@@CP@?LB�.C?QSPCRFC?KMSLRMDQRPCRAFNPMBSACBGL
RFCPS@@CP@?LBUGRFMLCRUM?LBDMSPMDRFCQC	GBCLRGA?J
GRCKQQSQNCLBCBDPMKRFC
PS@@CP@?LB�8F?RGQRFCPCJ?RGMLQFGN@CRUCCLRFCLSK@CPMDGRCKQ?LBRFC?KMSLRMD
QRPCRAF )MU J?PEC? QRPCRAFUMSJBWMSCVNCARDMPRFCQ?KCLSK@CPMDGRCKQQSQNCLBCB
DPMKRUMPS@@CP@?LBQ 8F?RF?NNCLQRMRFC?KMSLRMDQRPCRAFMDRFCPS@@CP@?LB	UGRF
RFC�UCGEFRQ�?RR?AFCB
�GD�RFC�UCGEFRQ�?PC�?JQM�NSQFCB�RM�RFC�QGBC�UGRF�?�NCLAGJ 

-;9J?ED�-KCC7HO

c %WL?KGAQGQ�RFC�QRSBW�MD�FMU�DMPACQ�?DDCAR�RFC�KMRGML�MD�M@HCARQ�
c 'MPACGQ�?�NSQF�MP�NSJJ�RF?R�A?L�@C�BCDGLCB�GL�RCPKQ�MD�T?PGMSQ�QR?LB?PBQ�?LB�GR

GQ�?�TCARMP�F?TGLE�@MRF�K?ELGRSBC�?LB�BGPCARGML�
c &VRCPL?J�DMPACQ?PC�?LW�MSRQGBC�DMPACQ�RF?R�?AR�ML�?�@MBW��"DPCC�@MBW�BG?EP?K

GQ�?�BP?UGLE�MD�?JJ�CVRCPL?J�DMPACQ�?ARGLE�ML�?�@MBW�

�ED9;FJK7B�+K;IJ?EDI

1PMNMQC? DMPACQR?LB?PBBGDDCPCLRDPMKRFCCV?KNJCMD? QRPCRAFCBQNPGLEBGQASQQCBGL
RFC�RCVR��:MSP�QR?LB?PB�KSQR�@C�A?N?@JC�MD�NPMBSAGLE�RFC�Q?KC�DMPAC�PCNC?RCBJW�
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&VNCPGCLACQSEECQRQRF?R?L M@HCAR?RPCQRUGJJPCK?GL?RPCQRGDJCDR?JMLC?LBRF?R?L
M@HCARGLKMRGMLRCLBQRMQJMUBMUL?LBQRMNSLJCQQQMKCCDDMPRGQK?BCRMICCNGR
KMTGLE��8F?R/CURMLuQ�DGPQR�J?U�MD�KMRGMLQR?RCQ�FMUCTCP�GQ�RFC�DMJJMUGLE�

/CURMLuQ�'GPQR�-?U�MD�.MRGML

" @MBW?RPCQRPCK?GLQ?RPCQRMPGDGLKMRGMLPCK?GLQGLKMRGML?R? AMLQR?LRTCJMAGRW
SLJCQQ�?ARCB�ML�@W�?�LCR�CVRCPL?J�DMPAC�

/MRCRFCPCNC?RCBSQCMDRFCTCP@rPCK?GLQ�s8C A?LRFGLIMDRFGQJ?U?QNPCQCPTGLERFC
QR?RSQ�OSM�MD�KMRGML�

3?RFCPRF?LAMLRP?BGARGLEMSPCVNCPGCLAC/CURMLuQDGPQRJ?UMDKMRGMLQR?RCQRF?RRFCPC
KSQR@C? @>RPB	UFGAFGQ? LCRCVRCPL?JDMPAC
CLOQEBOBQL?B>KV@E>KDBFKSBIL@FQV
�BFQEBO> @E>KDBFKJ>DKFQRABLOAFOB@QFLK	� 8C UGJJBCDGLCKBQBUQBOK>ICLO@BGLRFC
LCVRQCARGML�"L M@HCARQJGBGLE?APMQQ?R?@JCMPDJMMPQJMUQBMULBSCRMRFCLCRDMPACMD
DPGARGML�?ARGLE�ML�RFC�M@HCAR��*D�DPGARGML�BGQ?NNC?PCB�UMSJB�RFC�M@HCAR�QRGJJ�QJMU�BMUL 

5FCGBC?MDA?SQC?LBCDDCARGQAPSAG?JGL?AASP?RCJWBCQAPG@GLEUF?RF?NNCLQGLT?PGMSQ
QGRS?RGMLQ�'MP CV?KNJCAMLQGBCPUF?RF?NNCLQRM?L M@HCARQJGBGLE?JMLE? PMSEF
FMPGXMLR?JQSPD?AC�5FCM@HCAROSGAIJWEPGLBQRM? F?JR�*DUCQNP?WRFCQSPD?ACUGRF
R?JASKNMUBCPRMK?IC RFCQSPD?ACQKMMRFCPRFCM@HCARQJGBCQD?PRFCP�*DUCK?IC RFC
QSPD?ACCTCLQKMMRFCP@WPS@@GLEJS@PGA?RGLEMGJMLGRRFCM@HCARQJGBCQD?PRFCPWCR�
&VRP?NMJ?RGLERM? DPGARGMLJCQQQSPD?ACUCA?LGK?EGLCRFCM@HCARQJGBGLEGL? QRP?GEFR
JGLCGLBCDGLGRCJW�'PGARGMLGQRFSQRFC@>RPBMDRFCQJMUGLE	AMLQGQRCLRUGRF/CURMLuQ
DGPQRJ?U
�5FCM@HCARUMSJBLMRQJMUBMUL?R?JJGDDPGARGMLUCPCAMKNJCRCJWCJGKGL?RCB�
$MLQGBCP?L ?GPFMAICWR?@JC�8FCL RFC?GPGQRSPLCBMDDRFCNSAIQJGBCQMLJW? QFMPR
BGQR?LAC@CDMPCDPGARGMLQJMUQGRRM? QRMN�)MUCTCPUFCLRFC?GPGQRSPLCBMLGRAPC?RCQ
? LC?PJWDPGARGMLJCQQQSPD?AC?LBRFCNSAIEJGBCQJMLEBGQR?LACQUGRFMSRQJMUGLEBMUL�
"BBGRGML?JJWGDUC ILMU CLMSEF?@MSRRFCDPGARGMLUC A?L?AASP?RCJWNPCBGARFMU
OSGAIJW�RFC�M@HCAR�UGJJ�QJMU�BMUL��'PGARGML�GQ�?L�CVRCPL?J�DMPAC�

/CURMLuQDGPQRJ?UGQAMKNJCRCJWECLCP?J?LBA?L@C?NNJGCBRM?LWRFGLEDPMK?LM@HCAR
QJGBGLEML? R?@JCRM? Q?RCJJGRCGLMP@GRRM@JMMBNSKNCBDPMKRFCFC?PR�&VNCPGKCLRQ
F?TCRFMPMSEFJWTCPGDGCBRF?R?LWAF?LECGLTCJMAGRW	QNCCBMPBGPCARGML
KSQR@CA?SQCB
@W?L CVRCPL?JDMPAC�5FCGBC?MDDBKBO>IIV>MMIF@>?IBLORKFSBOP>II>TPGQGKNMPR?LR
LMRMLJWFCPCqGRGQ? @?QGADC?RSPCMD?JJJ?UQMDNFWQGAQ�*BCLRGDWGLERFCQCJ?UQGQJGIC
PCAMELGXGLEN?RRCPLQGLL?RSPCDPMKUFGAFDSPRFCPN?RRCPLQA?L@CBGQAMTCPCB�5FCECLGSQ
MD(?JGJCMUFMDGPQRBCTCJMNCBRFCGBC?DMPRFCDGPQRJ?U?LB/CURMLUFMAJ?PGDGCB
GRU?QRM?QIRFCDSLB?KCLR?JOSCQRGMLr8F?R GQRFCA?SQC s5FGLIGLEGLRCPKQMD
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A?SQC?LBCDDCARGQ? UMPJBTGCUDSLB?KCLR?JJWBGDDCPCLRDPMKRFCRWNGA?J?LAGCLR(PCCI
?NNPM?AFUFCLOSCQRGMLQQSAF?Qr8FW BMCQ? RGECPF?TCQRPGNCQ sUMSJBF?TC@CCL
?LQUCPCBGL"PGQRMRCJG?LD?QFGMLr5F?RGQRFCL?RSPCMDRFC@C?QR�s5PSCNCPF?NQ@SRLMR
?�SQCDSJ�GLQGEFR�
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5FCNPMNCPRWMD? @MBWRMPCK?GL?RPCQRMPRMPCK?GLGLKMRGMLUGRFAMLQR?LRTCJMAGRW
GQA?JJCBGLCPRG?� /CURMLuQDGPQRJ?UGQMDRCLA?JJCBRFCJ?UMDGLCPRG?� "Q UCILMUDPMK
CVNCPGCLACQMKCM@HCARQF?TCKMPCGLCPRG?RF?LMRFCPQ�*RGQM@TGMSQJWKMPCBGDDGASJRRM
AF?LECRFCKMRGMLMD? J?PEC@MSJBCPRF?LRF?RMD? @?QICR@?JJDMPCV?KNJC�5FCGLCPRG?
MD?LM@HCARGQKC?QSPCB@WGRQK?QQ� 3MSEFJWQNC?IGLEK?QQGQ?KC?QSPCMDRFC?KMSLR
MDrQRSDDs	MPK?RRCP
GLQMKCRFGLE�5FCOS?LRGRWMP?KMSLRMDK?RRCPGL?L M@HCARGQ
BCRCPKGLCB@WRFCLSK@CPQMD?RMKQ?LBKMJCASJCQMDT?PGMSQRWNCQGRAMLR?GLQ�6LJGIC
UCGEFRK?QQBMCQLMRT?PWUGRFJMA?RGML�5FCK?QQMD?LM@HCARGQRFCQ?KCML&?PRFGL
MP@GRMPMLRFCQSPD?ACMDRFC.MML� *L NP?ARGACGRGQTCPWBGDDGASJRRMAMSLR?LBGBCLRGDW
?JJMDRFC?RMKQ?LBKMJCASJCQGL?LM@HCARQMK?QQCQ?PCLMRMDRCLBCRCPKGLCBGLRFGQ
K?LLCP�0NCP?RGML?JJWRFCK?QQCQMDM@HCARQ?PCBCRCPKGLCB@WAMKN?PGQMLUGRFRFC
QR?LB?PB�IGJMEP?K�

$FCAI�:MSP�6LBCPQR?LBGLE

8FGAF�F?Q�KMPC�K?QQ��?�IGJMEP?K�MD�AMRRML�@?JJQ�MP�?�IGJMEP?K�MD�EMJB 

"LQUCP

5FCW?PCCOS?J�" IGJMEP?KMDMLCQS@QR?LACGQCOS?JGLK?QQRM? IGJMEP?KMD?LMRFCP
QS@QR?LAC��5FC�OS?LRGRGCQ�RF?R�KGEFR�BGDDCP�@CRUCCL�RFCK�?PC�TMJSKC�?LB�BCLQGRW�

-;9J?ED�-KCC7HO

c /CURMLuQ�DGPQR�J?U�MD�KMRGMLQR?RCQ�RF?R�?�@MBW�?R�PCQR�PCK?GLQ�?R�PCQR�MP�GD�GL
KMRGML�PCK?GLQ�GL�KMRGML�?R�?�AMLQR?LR�TCJMAGRW�SLJCQQ�?ARCB�ML�@W�?�LCR
CVRCPL?J�DMPAC��5FGQ�GQ�?JQM�ILMUL�?Q�RFCJ?U�MD�GLCPRG?�

c *LCPRG?GQ�RFC�RCLBCLAW�MD�?L�M@HCAR�RM�PCK?GL�?R�PCQR�MP�PCK?GL�GL�KMRGML��*LCPRG?
GQ�PCJ?RCB�RM�?L�M@HCARuQ�K?QQ�

c .?QQGQ�RFC�OS?LRGRW�MD�K?RRCP�GL�?�QS@QR?LAC�
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)MU�?PC�GLCPRG?�?LB�K?QQ�PCJ?RCB 

��������



8F?RGQRFCPCJ?RGMLQFGN@CRUCCLUCGEFR?LBK?QQ 8FGAFGQ?L GLRPGLQGASLAF?LEGLE
NPMNCPRW�MD�?�@MBW 

��������



(;MJEDWI�-;9ED:�&7M�E<�'EJ?ED���ED9;FJ�E<�7�-OIJ;C

/CURMLuQQCAMLBJ?UMDKMRGMLGQAJMQCJWPCJ?RCBRM/CURMLuQDGPQRJ?UMDKMRGML�*R
K?RFCK?RGA?JJWQR?RCQRFCA?SQC?LBCDDCARPCJ?RGMLQFGN@CRUCCLDMPAC?LBAF?LECQGL
KMRGML�/CURMLuQQCAMLBJ?UMDKMRGMLGQKMPCOS?LRGR?RGTC?LBGQSQCBCVRCLQGTCJW
RMA?JASJ?RCUF?RF?NNCLQGLQGRS?RGMLQGLTMJTGLE? DMPAC�#CDMPCUCA?LUPGRCBMUL
/CURMLuQQCAMLBJ?U?Q? QGKNJCCOS?RGMLEGTGLERFCCV?ARPCJ?RGMLQFGNMDDMPACK?QQ
?LB�?AACJCP?RGML�UC�LCCB�RM�QF?PNCL�QMKC�GBC?Q�RF?R�F?TC�?JPC?BW�@CCL�KCLRGMLCB�

'GPQRUF?RBMUCKC?L@W?AF?LECGLKMRGML 5FC?LQUCPGQRF?R?AF?LECGLKMRGMLGQ
COSGT?JCLRRM? AF?LECGLTCJMAGRW�" AF?LECGLTCJMAGRWKC?LQ@WBCDGLGRGMLRF?RRFCPC
GQ?L ?AACJCP?RGML� /CURMLuQDGPQRJ?UQ?WQRF?R? LCRCVRCPL?JDMPACA?SQCQ? AF?LECGL
KMRGML��RFSQ�UC�QCC�RF?R�?KBQ�BUQBOK>I�CLO@B�@>RPBP�>@@BIBO>QFLK�

"LMRFCPOSCQRGMLGKKCBG?RCJW?PGQCQ�8F?R BMUC KC?L@W?L CVRCPL?JDMPAC "L
GLRSGRGTCLMRGMLMDCVRCPL?JGQAMPPCARq?LCVRCPL?JDMPAC?ARQDPMKMSRQGBCRFCQWQRCK
MDGLRCPCQR�'MPCV?KNJCGL<JGLI=	?
 RFCQWQRCKMDGLRCPCQRGQRFCU?EMLNJSQRFCAFGJB
GLGR�5FCRUMDMPACQCVCPRCB@WRFCMRFCPAFGJBPCL?PCCVRCPL?JDMPACQ�"L GLRCPL?JDMPAC
?ARQ@CRUCCLCJCKCLRQMDRFCQWQRCK�"E?GLJMMIGLE?R<JGLI=	?
 RFCDMPACRFCAFGJB
GLRFCU?EMLCVCPRQRMF?LEMLRMRFCU?EMLGQ?L GLRCPL?JDMPAC@CRUCCLCJCKCLRQMD
RFCQWQRCKMDGLRCPCQR�0LJWCVRCPL?JDMPACQ?DDCARRFCKMRGMLMD? QWQRCK?AAMPBGLE
RM/CURMLuQDGPQRJ?U�	5FCGLRCPL?JDMPACQ?ARS?JJWA?LACJ?QUCQF?JJQCCGLRFCLCVR
QCARGML�
8LRJRPQABCFKBQEB?LRKA>OFBPLCQEBPVPQBJ?BCLOBVLR@>KABQBOJFKBTEF@E
CLO@BP>OBBUQBOK>I� 4MKCRGKCQRFCQWQRCKGQM@TGMSQUFCPC?QMRFCPRGKCQGBCLRGDWGLE
RFC@MSLB?PGCQMD? QWQRCKGQKMPCQS@RJC�5FCAMLACNRMD? QWQRCKGQDSLB?KCLR?JRM
K?LW?PC?QMDNFWQGAQ?QGQRFCAMPPCAR?NNJGA?RGMLMD/CURMLuQJ?UQ�5FGQAMLACNRUGJJ
@C�PCTGQGRCB�K?LW�RGKCQ�ML�MSP�HMSPLCW�RFPMSEF�NFWQGAQ�
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KBQ�3EB�COBB�?LAV
AF>DO>J�PELTP�>II�LC�QEB�CLO@BP�>@QFKD�LK�QEB�PVPQBJ�LC�FKQBOBPQ�3EB�ALQ�OBMOBPBKQP�QEB�@BKQBO�LC
J>PP�LC�QEB�PVPQBJ�$>@E�CLO@B�SB@QLO�BUQBKAP�COLJ�QEFP�ALQ�!B@>RPB�QEBOB�>OB�QTL�CLO@BP�>@QFKD
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/MU GRQCCKQPC?QML?@JCRF?R?AACJCP?RGMLQFMSJB@CBGPCARJWNPMNMPRGML?JRM?LBGLRFC
Q?KCBGPCARGML?QRFCLCR	RMR?J
CVRCPL?JDMPAC?ARGLEML? QWQRCK�5FGQ?QQSKNRGMLF?Q
@CCLTCPGDGCBCVNCPGKCLR?JJW?LBGQGJJSQRP?RCBGL<JGLI=� *LN?PR	?
 ?QK?JJCPDMPACA?SQCQ
? QK?JJCP?AACJCP?RGMLRF?LRFCJ?PECPDMPACGJJSQRP?RCBGLN?PR	A
� 'MPAMKNJCRCLCQQRFC
TCPRGA?JDMPACQ?PC?JQMQFMUL�RFCW?PC?QQSKCBRMA?LACJQGLACRFCPCGQLM?AACJCP?RGML
GLRFCTCPRGA?JBGPCARGML�5FCTCPRGA?JDMPACQ?PCRFCUCGEFRM ?LBRFCQSNNMPRMDRFC
EPMSLB(  ?LBRFCFMPGXMLR?JDMPAC< PCNPCQCLRQRFCDMPACMDDPGARGML�5FCQCUGJJ@C
BGQASQQCBGLKMPCBCR?GJGLJ?RCPQCARGMLQ�'MPLMUUCUGJJBCDGLCDPGARGML?Q?DMPACRF?R
MNNMQCQRFCKMRGMLN?QRC?AFMRFCPMDM@HCARQRF?R?PCRMSAFGLE�<JGLI=	@
QFMUQFMU
TCARMPQ�PCNPCQCLRGLE�RFC�CVRCPL?J�DMPACQ�?BB�RMECRFCP�RM�NPMBSAC�?�LCR�DMPAC LCR�

5M M@R?GL?L COS?RGMLDMP/CURMLuQQCAMLBJ?UUC DGPQRUPGRCRFCPCJ?RGMLQFGNMD
?AACJCP?RGML�?LB�LCR�CVRCPL?J�DMPAC�?Q�RFC�NPMNMPRGML?JGRW
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UFCPCRFCQWK@MJ� KC?LQrNPMNMPRGML?JRMs?LB LCRGQRFCLCRCVRCPL?JDMPAC� 	5FCLCR
CVRCPL?JDMPACGQRFCTCARMPQSKMD?JJCVRCPL?JDMPACQ?LBA?L@CBCRCPKGLCBEP?NFGA?JJW
SQGLERFCFC?B�RM�R?GJKCRFMBMP?L?JWRGA?JJWSQGLEAMKNMLCLRQ�5FCRCAFLGOSCQ?PC
RFCQ?KC?QDMPRFC?BBGRGMLMDMRFCPTCARMPQ?LB?PCAMTCPCBGL5UM�%GKCLQGML?J
,GLCK?RGAQ�
 5FGQNPMNMPRGML?JGRWQR?RCQUF?RUCF?TCQ?GBGLUMPBQq>@@BIBO>QFLKFP
AFOB@QIVMOLMLOQFLK>IQLQEBKBQBUQBOK>ICLO@B� 0LACRFCQWQRCKMDGLRCPCQRGQAFMQCLGRGQ
GKNMPR?LRRMGBCLRGDWRFCCVRCPL?JDMPACQ?LBGELMPCRFCGLRCPL?JMLCQ�*RGQ? RPCKCLBMSQ
QGKNJGDGA?RGMLLMRRMF?TCRMAMLQGBCPRFCLSKCPMSQGLRCPL?JDMPACQ?ARGLE@CRUCCL
M@HCARQUGRFGLRFCQWQRCKQSAF?QKSQASJ?PDMPACQUGRFGLRFCAFGJBuQ@MBWJCR?JMLCRFC
KWPG?BMDDMPACQ@CRUCCL?RMKQGLRFCM@HCARQ@SR@WBMGLEQMUCA?LC?QGJWQMJTC
QMKC�TCPW�AMKNJCV�NPM@JCKQ�UGRF�MLJW�KGLGK?J�CPPMP�BSC�RM�MSP�QGKNJGDGA?RGML

/MU GR?JQMQCCKQPC?QML?@JCRF?R?AACJCP?RGMLQFMSJB@CGLTCPQCJWNPMNMPRGML?JRMRFC
K?QQMDRFCQWQRCK�*L MRFCPUMPBQRFCJ?PECPRFCK?QQ	RFCGLCPRG?
RFCQK?JJCPRFC
?AACJCP?RGMLNPMBSACB@W?EGTCLDMPAC�"LB GLBCCB?QGJJSQRP?RCBGL<JGLI= RFCQ?KCLCR
CVRCPL?JDMPAC?NNJGCBRM? A?PNPMBSACQ? KSAFQK?JJCP?AACJCP?RGMLRF?LUFCL?NNJGCB
RM�?�@?QICR@?JJ��5FC�NPMNMPRGML?JGRW�GQ�UPGRRCL�?Q
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UFCPCJ GQRFCK?QQMDRFCQWQRCK�&VNCPGKCLRQF?TCQFMULRF?R?AACJCP?RGMLGQCV?ARJW
GLTCPQCJWNPMNMPRGML?JRMK?QQHSQR?QGRGQCV?ARJWJGLC?PJWNPMNMPRGML?JRMRFCLCR
CVRCPL?J�DMPAC�

3EB�P>JB�CLO@B�BUBOQBA�LK�PVPQBJP�LC�AFCCBOBKQ�J>PPBP�MOLAR@BP�AFCCBOBKQ�>@@BIBO>QFLKP��>	� 
?>PHBQ?>II�MI>VBO�MRPEBP�LK�>�?>PHBQ?>II�QL�J>HB�>�M>PP��3EB�BCCB@Q�LC�DO>SFQV�LK�QEB�?>II�FP
FDKLOBA	��?	�3EB�P>JB�MI>VBO�BUBOQP�>K�FABKQF@>I�CLO@B�LK�>�PQ>IIBA�245�>KA�MOLAR@BP�>�C>O
PJ>IIBO�>@@BIBO>QFLK��BSBK�FC�COF@QFLK�FP�KBDIFDF?IB	��@	�3EB�COBB�?LAV�AF>DO>JP�>OB�FABKQF@>I�

MBOJFQQFKD�AFOB@Q�@LJM>OFPLK�LC�QEB�QTL�PFQR>QFLKP� �PBOFBP�LC�M>QQBOKP�CLO�QEB�COBB�?LAV�AF>DO>J
TFII�BJBODB�>P�VLR�AL�JLOB�MOL?IBJP

*RF?Q@CCLDMSLBRF?RRFC?AACJCP?RGMLMD?L M@HCARBCNCLBQLKIVMLRFCLCRCVRCPL?J
DMPAC?LBRFCK?QQMDRFCM@HCAR�$MK@GLGLERFCRUMNPMNMPRGML?JGRGCQHSQREGTCLWGCJBQ
/CURML�Q�QCAMLB�J?U�MD�KMRGML�
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5FC?AACJCP?RGMLMD? QWQRCKGQBGPCARJWNPMNMPRGML?JRM?LBGLRFCQ?KCBGPCARGML?QRFC
LCR�CVRCPL?J�DMPAC�?ARGLE�ML�RFC�QWQRCK�?LB�GLTCPQCJW�NPMNMPRGML?J�RM�GRQ�K?QQ�

*L�COS?RGML�DMPK�/CURMLuQ�QCAMLB�J?U�MD�KMRGML�GQ
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5FGQ�GQ�MDRCL�UPGRRCL�GL�RFC�KMPC�D?KGJG?P�DMPK

 LCR� J 7�

8FCL MLJWRFCK?ELGRSBCMDDMPAC?LB?AACJCP?RGML?PCAMLQGBCPCBRFGQCOS?RGMLGQ
QGKNJW

%LCR� J> �

"JRFMSEFRFCQCJ?QRRUMCOS?RGMLQ?PCPC?JJWRFCQ?KCRFCDGPQREGTCQKMPCGLQGEFRGLRM
UF?R/CURMLuQQCAMLBJ?UKC?LQ�5FCJ?UGQ? @>RPB>KABCCB@QOBI>QFLKPEFM?KMLE
RFPCCOS?LRGRGCQRF?RGQLMRQGKNJW@?QCBMLRFCGPBCDGLGRGMLQ�5FCT?JGBGRWMDRFCQCAMLB
J?U�GQ�AMKNJCRCJW�@?QCB�ML�CVNCPGKCLR?J�TCPGDGA?RGML�
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 LCR� J 7 GQSQCBRMBCDGLCRFCSLGRQMDDMPACGLRCPKQMDRFCRFPCC@?QGASLGRQDMPK?QQ
JCLERF?LBRGKC�5FC4* SLGRMDDMPACGQA?JJCBRFCLCURML	?@@PCTG?RCB/
 ?LBGQRFC
DMPAC�LCCBCB�RM�?AACJCP?RC�?���IE�QWQRCK�?R�RFC�P?RC�MD� K�Q� ��5F?R�GQ�QGLAC LCR� J 7
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8FGJC?JKMQRRFCCLRGPCUMPJBSQCQRFCLCURMLDMPRFCSLGRMDDMPACGLRFC6LGRCB4R?RCQ
RFC�KMQR�D?KGJG?P�SLGR�MD�DMPAC�GQ�RFC�NMSLB�	J@
�UFCPC���/���������J@�
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8FCL ?LM@HCARGQBPMNNCBGR?AACJCP?RCQRMU?PBRFCACLRCPMD&?PRF�/CURMLuQQCAMLB
J?UQR?RCQRF?R?LCRDMPACML?LM@HCARGQPCQNMLQG@JCDMPGRQ?AACJCP?RGML�*D?GPPCQGQR?LAC
GQLCEJGEG@JCRFCLCRDMPACML?D?JJGLEM@HCARGQRFCEP?TGR?RGML?JDMPACAMKKMLJWA?JJCB
GRQUCGEFRM� 8CGEFRA?L@CBCLMRCB?Q? TCARMPM @CA?SQCGRF?Q? BGPCARGML�ALTK
GQ@WBCDGLGRGMLRFCBGPCARGMLMDEP?TGRW?LBFCLACUCGEFRGQ? BMULU?PBDMPAC�5FC
K?ELGRSBCMDUCGEFRGQBCLMRCB?QT (?JGJCMU?QGLQRPSKCLR?JGLQFMUGLERF?RGLRFC
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