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"CTUSBDU

)VNBOT JOIFSFOUMZ MFBSO GSPN BOE JOUFSBDU XJUI NVMUJQMF WJFXT PG JOGPSNBUJPO CF JU WBSJPVT
NPEBMJUJFT PS MBOHVBHFT� 4P UIF FYQFDUBUJPOT GSPN DPOUFNQPSBSZ BOE ��TU�DFOUVSZ UFDIOPM�
PHZ BSF B UFTUJNPOZ GPS UIF JODSFBTJOH OFFE UP NPEFM UIFTF NVMUJWJFX DPOUFYUT CF॒FS� /BU�
VSBM MBOHVBHF HFOFSBUJPO QMBZT B QJWPUBM SPMF JO DPNNVOJDBUJOH UIFTF DPOUFYUT JO IVNBO�
VOEFSTUBOEBCMF MBOHVBHFT� य़JT UIFTJT CSJOHT UPHFUIFS CPUI PG UIFTF USBOTGPSNBUJWF UFDIOPMP�
HJFT UP NBLF TUSJEFT UPXBSET B MPOHTUBOEJOH ESFBN PG IVNBO�MJLF NVMUJWJFX OBSSBUJWF HFOFS�
BUJPO� य़F DSJUJDBM DIBMMFOHF JT JEFOUJGZJOH UIF OBUVSBM�TPVOEJOH QSPQFSUJFT PG MPOH�GPSN UFYUT
BOE NPEFMJOH UIFN JO UBOEFN XJUI WJTVBM DPOUFYUT� य़JT UIFTJT QSFTFOUT BODIPST GPS HSPVOE�
JOH UISFF TVDI QSPQFSUJFT JODMVEJOH DPOUFOU 	SFMFWBODF
 TUSVDUVSF 	DPIFSFODF
 BOE TVSGBDF GPSN
SFBMJ[BUJPO 	FYQSFTTJPO
 BOE BODIPST UIFN XJUI SFMFWBOU WJTVBM DPOUFYUT� य़FTF BODIPST BMTP
QSPWJEF VT XJUI IVNBO JOUFSQSFUBCMF IBOEMFT GPS DPOUSPMMJOH UIFTF QSPQFSUJFT� *MMVTUSBUJOH UIF
FFDUJWFOFTT PG UIF BODIPST GPS FBDI PG UIF UISFF QSPQFSUJFT * QSFTFOU�

4UBSUJOH XJUI DPOUFOU� *O TJUVBUFE NVMUJNPEBM DPOUFYUT SFMFWBODF JT UIF DPODFQU PG UIF FMFNFOUT
JO POF NPEBMJUZ CFJOH DPOOFDUFE UP UIF PUIFS NPEBMJUZ UIBU NBLFT UIJT DPOUFYU JOGPSNBUJWF
BOE DPNQMFNFOUBSZ� * QSFTFOU WJTVBM JOMMJOH XJUI DVSSJDVMVN MFBSOJOH BT B HMPCBM PCKFDUJWF
GPS DPOUFOU BOE IJFSBSDIJDBMMZ B॒FOEJOH PWFS FOUJUZ TLFMFUPOT BT B MPDBM PCKFDUJWF GPS DPOUFOU
UP HFOFSBUF WJTVBM TUPSJFT BOE QSPDFEVSFT� 5P JNQSPWF UIF DPOUSPMMBCJMJUZ BOE USBOTGFSBCJMJUZ JO
&OHMJTI BOE WF PUIFS MBOHVBHFT * BMTP JOUSPEVDF B EVBM�TUBHF NPEFM XJUI XFBLMZ TVQFSWJTFE
TLFMFUPOT BOE B UFYU�BT�TJEF B॒FOUJPO NFDIBOJTN UP EFOPJTF UIF DPOUFOU JO BO JNBHF DBQUJPO�
.PWJOH POUP TUSVDUVSF� य़F BMJHONFOU PG EFTDSJQUJPO JO MBOHVBHF UP UIF DPSSFTQPOEJOH WJTVBM
JOQVUT JT DSVDJBM UP HFOFSBUF B MPHJDBM BOE DPIFSFOU OBSSBUJWF� * QSFTFOU B TDBPMEJOH UFDIOJRVF
BT B MPDBM PCKFDUJWF GPS TUSVDUVSF CZ FYUSBDUJOH B MBZPVU GSPN WBTU BNPVOUT PG VOTVQFSWJTFE
UFYU UP JODPSQPSBUF TUSVDUVSF JOUP DPPLJOH SFDJQFT HFOFSBUFE GSPN JNBHFT� 'JOBMMZ TVSGBDF GPSN�
य़F DSVY PG OBUVSBMOFTT UP BVUPNBUJD HFOFSBUJPO DPNFT CZ JODPSQPSBUJOH JOEJWJEVBMJ[FE BOE
QFSTPOBMJ[FEXBZT PG FYQSFTTJOH UIF TBNF DPOUFOU� * QSFTFOU B MPDBMMZ HVJEFEXFBLMZ TVQFSWJTFE
NPEFM GPS HFOFSBUJOH QFSTPOB�CBTFE WJTVBM TUPSJFT BOE B EVBM�TUBHFE BEWFSTBSJBM UFDIOJRVF UP
HFOFSBUF NJYFE WJFX MBOHVBHF GSPN OPO�QBSBMMFM EBUB�

"MM UIF BCPWF XPSL NBJOMZ GPDVTFT PO TUBUJD NVMUJNPEBM OBSSBUJWFT BOE * QSFTFOU B DBTF UP
IJHIMJHIU UIF TJHOJDBODF PG USBOTJUJPOJOH UP EZOBNJD HSPVOEJOH� * DPODMVEF CZ QSFTFOUJOH UIF
TIPSUDPNJOHT PG UIF DVSSFOU BQQSPBDIFT JO UIF /-1 EPNBJO UP UIF HSPVOEJOH QSPCMFN BOE PFS
SFDPNNFOEBUJPOT BMPOH XJUI FYFDVUBCMF BDUJPOT GPS DPVSTF DPSSFDUJPO UP CSJEHF UIJT HBQ BOE
FOBCMF HSPVOEJOH GPS NBDIJOFT UP SFTFNCMF IVNBO DPNNVOJDBUJPO�



"DLOPXMFEHFNFOUT
'JSTU BOE GPSFNPTU * XPVME MJLF UP UIBOL NZ BEWJ�
TPS "MBO 8 #MBDL GPS ZPVS PWFSXIFMNJOH TVQQPSU BOE
HVJEBODF XJUIPVU XIPN UIJT UIFTJT XPVME OPU IBWF
CFFO QPTTJCMF� :PVS TDIPMBSMZ JOTJHIUT FOBCMFE NF UP
FYQMPSF B SJDI TQFDUSVN PG CSFBEUI BOE EFQUI JO NZ
SFTFBSDI� * BN TJNQMZ QFSQFUVBMMZ HSBUFGVM UP ZPV GPS
CFJOH B SPMF NPEFM BOE OVSUVSJOH NZ BCJMJUZ UP HSPX BT
OPU POMZ B SFTFBSDIFS CVU BMTP B XFMM�SPVOEFE QFSTPO�
* DPVME OPU IBWF BTLFE GPS B NPSF QPTJUJWF JOVFODF
JO UIF CFHJOOJOH TUBHFT PG NZ EFDJTJPO�NBLJOH BEVMU�
IPPE� * BN JO SFWFSFODF PG ZPVS NBTUFSZ JO USFBEJOH
XJUI QPJTF PO CBMBODJOH CFUXFFO QBTTJPO GPS XPSL BOE DPNQBTTJPO UPXBSET TUVEFOUT� :PV
IBWF OPU POMZ UBVHIU NF CVU BMTP UBVHIU NF IPX UP UFBDI XJUI FNQBUIZ� :PVS JOUFMMFDUVBM
JORVJTJUJWFOFTT UP MFBSO OFX UIJOHT TPMJDJUVEF BOE BMXBZT CFJOH UIFSF JT DPOUBHJPVT BOE * BN
HSBUFGVM UP BCTPSC TPNF PG JU� *U OFWFS DFBTFT UP BNB[FNF IPXNVDI * MFBSO GSPN DBTVBM DPOWFS�
TBUJPOT XJUI ZPV� * XPVME MJLF UP FYQSFTT NZ TJODFSF BOE QSPGPVOE HSBUJUVEF UP NZ DP�BEWJTPS
&SJD /ZCFSH BOE * BN JNNFOTFMZ HSBUFGVM UIBU ZPV JOUSPEVDFE NF UP B HBNVU PG SFTFBSDI TLJMMT�
य़BOL ZPV TP NVDI GPS HJWJOH NF UIF GSFFEPN UP FYQMPSF OFX BOE DIBMMFOHJOH QBUIT XIJDI
FOSJDIFE NZ 1I% FYQFSJFODF� :PVS GPSFTJHIU JO JOWFOUJPO QBTTJPO GPS EFMJWFSJOH UIF GPSFGSPOU
PG VTBCMF TZTUFNT BOE JODSFEJCMF NBOBHFSJBM TLJMMT XJMM CF B DPOTUBOU JOTQJSBUJPO UISPVHIPVU�
* FYQSFTT NZ EFFQFTU HSBUJUVEF UP NZ DPNNJ॒FF NFNCFST ۗ "CIJOBW (VQUB BOE %FWJ 1BSJLI�
"CIJOBW UIBOL ZPV GPS UFBDIJOH NF UIF DPNQMFNFOUBSZ UFDIOJRVFT GSPN WJTJPO UP BQQSPBDI
NVMUJNPEBM BOE UIF JOTJHIUGVM RVFTUJPOT BOE GFFECBDL UIBU IFMQFE TIBQF UIJT UIFTJT� %FWJ ZPVS
EFEJDBUJPO UP XPSL BOE JOOPWBUJWF SFTFBSDI JT BO JOTQJSBUJPO GPS NF� य़BOL ZPV TP NVDI GPS
ZPVS QSVEFOU PCTFSWBUJPOT BOE BEWJDF UIBU IFMQFE DMBSJGZ BOE TIBQF UIJT UIFTJT CF॒FS�

* XPVME MJLF UP FBSOFTUMZ FYQSFTT NZ HSBUJUVEF UP
:POBUBO #JTL GPS FODPVSBHJOH NF UP CF CPME XJUI NZ
JEFBT BOE UFBDIJOH NF UP QSF�UIJOL BCPVU SFTFBSDI
QSPCMFNT� * XPVME MJLF UP UIBOL BMM NZ DPMMBCPSBUPST
BOE JOUFSO NFOUPST GPS IBWJOH UIF JNNFOTF QBTTJPO
BOE QBUJFODF GPS XPSLJOH XJUI NF PO WBSJPVT QSPKFDUT�
" TQFDJBM UIBOLT UP 1JZVTI 4IBSNB 4PSBWJU $IBOH�
QJOZP "TIJTI य़BQMJZBM 3BEV 4PSJDVU GPS UIF BSEFOU
CSBJOTUPSNJOH TFTTJPOT BOE UFDIOJDBM HVJEBODF� " TQF�
DJBM UIBOLT UP 1JZVTI GPS QBUJFOUMZ NFOUPSJOH NF BOE
FOMJHIUFOJOH NF BCPVU UIF WBSJPVT BTQFDUT PG JOEVT�
USZ BOE QSPGFTTJPOBM DBSFFS� 'JOEJOH UIF SJHIU HFBS UP
TUFFS MPOH�UFSN PVUDPNFT GPS TIPSU�UFSN SFTFBSDI HPBMT JT BDIJFWFE UISPVHI UFBNXPSL� * BN
JODSFEJCMZ HSBUFGVM UP TIBSF UIJT UFBN TQBDF XJUI NZ DPMMBCPSBUPST 4VOBZBOB 4JUBSBN .BOPK
$IJOOBLPUMB 4ISJNBJ 1SBCIVNPZF 3VP�1JOH %POH य़PNBT .BO[JOJ 4BJ ,SJTIOB 3BMMBCBOEJ
4VNFFU 4JOHI GPS NBLJOH UIF QSPKFDUT NPSF FOHBHJOH BOE FOKPZBCMF�
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* XPVME MJLF UP UIBOL NZ MBCNBUFT 4BJ ,SJTIOB
BOE 4BOLFU .FIUB BOE NZ SPPNNBUF "BLBOLTIB
/BJL� 'SPN UIF DPVOUMFTT XIJUFCPBSE UFDIOJDBM
EFSJWBUJPOT MBUF�OJHIU QIJMPTPQIJDBM EJTDVTTJPOT
ZPV IBWF CFFO B TUBJOFE�HMBTT XJOEPX JO DVMUJ�
WBUJOH BOE DPOOFDUJOH EPUT PG OPU POMZ SFTFBSDI
CVU BMM EJNFOTJPOT PG MJGF� * BN HSBUFGVM UP CF
TVSSPVOEFE CZ GSJFOET XIP IBWF CFFO UIFSF XJUI
NF JO VODFSUBJOUJFT BOE KPJOFE NZ KPZ� य़BOL
ZPV "CIJKJU (PQBLVNBS %BOJTI 1SVUIJ .BOTJ
(VQUB 4JEEIBSUI %BMNJB "CIJMBTIB 3BWJDIBOEFS
+POBUIBO 'SBODJT "EJUZB $IBOESBTFLBS 4ISVUJ 3JKIXBOJ )BSTI +IBNUBOJ #IVXBO %IJOHSB
,VOEBO ,SJTIOB 5BONBZ 1BSFLI य़PNBT .BO[JOJ 4ISVUJ 1BMBTLBS 4BIJUZB 1PUMVSJ BOE NBOZ
NPSF GPS JOTQJSJOHNF JO TNBMM FWFSZEBZ UIJOHT ZPV EP BOE UIF BNB[JOH UIJOHT ZPV BDIJFWF� .Z
TQFDJBM UIBOLT HP UP "CIJTIFL GPS CFJOH UIF DIFFSGVM DPOTUBOU UISPVHI UIF DSFTUT BOE USPVHIT�
य़BOL ZPV GPS BMXBZT CFMJFWJOH JO NF BOE CFJOH NZ USFBTVSFE MBUFOU FOFSHZ TPVSDF�

* XPVME MJLF UP UIBOL NZ QBSFOUT XIP BSF NZ
TJMFOU IFSPFT CFIJOE UIF DVSUBJOT BMXBZT IFBSUFO�
JOHMZ TVQQPSUJWF PG BMM NZ JODMJOBUJPOT BOE BTQJSB�
UJPOT JODMVEJOH NZ KPVSOFZ UISPVHIPVU UIJT 1I%�
:PVS VODPOEJUJPOBM MPWF USVMZ FODPNQBTTFE NF
BOE * GFFM CMFTTFE UP CF ZPVS EBVHIUFS� य़BOL ZPV
GPS MFBEJOH CZ FYBNQMF JO QVSTVJOH NZ ESFBNT
BOE NPSF JNQPSUBOUMZ JOTUJMMJOH UIF WBMVF TZTUFN
PG XPSL FUIJDT� * BN FYUSFNFMZ GPSUVOBUF UP IBWF
NZ TJTUFST 4IBSWBOJ BOE(BZBUISJ BOE GPS BMM ZPVS
DBSF BOE FODPVSBHFNFOU UISPVHIPVU� य़BOL ZPV
GPS TIBSJOH B MJGFUJNF PG MPWF BOE TVQQPSU�

'JOBMMZ * XPVME MJLF UP UIBOL BMM UIF QFPQMF XIPTF XPSL BOE UIPVHIUT QPTJUJWFMZ JOVFODF NF�
:PVS JOUFSWJFXT QBQFST BOE CMPHT IBWF CFFO USFNFOEPVTMZ JOTQJSBUJPOBM UP NF� "OE * XPVME
MJLF UP NFOUJPO B IVHF UIBOLT UP BMM UIF SFBEFST JOUFSFTUFE JO NZ XPSL�
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VTF HFOFSBUJPO�CBTFE TLFMFUPO QSFEJDUJPO� � � � � � � � � � � � � � � � � � � � � � ��

��� $*%&S TDPSFT GPS TLFMFUPO 	GPSN� /PVOT � 7FSCT QSFEJDUJPO BQQSPBDI� HFOFS�
BUJPO
 DPOEJUJPOFE DBQUJPO HFOFSBUJPO GPS NVMUJQMF MBOHVBHFT� � � � � � � � � � ��

��� "CMBUJPOT PO WBM EBUB GPS VOQBJSFE DBQUJPOJOH� � � � � � � � � � � � � � � � � � � ��
��� )VNBO FWBMVBUJPO TDPSFT PG EJFSFOU BQQSPBDIFT BOE TLFMFUPOT PO &OHMJTI 	WT

UIF *NH�$BQ CBTFMJOF
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� )VNBO FWBMVBUJPO SFTVMUT GPS TLFMFUPO 	GPSN� OPVOT � WFSCT QSFEJDUJPO BQ�

QSPBDI� HFOFSBUJPO
 DPOEJUJPOFE DBQUJPO HFOFSBUJPO GPS NVMUJQMF MBOHVBHFT� � � ��
��� "OBMZTJT PGNVMUJNPEBM EJTDPVSTF DPIFSFODF SFMBUJPOT GPS CBTFMJOF BOE PVSNPEFM

PO 5� EBUBTFU� य़F MBTU DPMVNO TIPXT UIF SFMBUJWF IVNBO FWBMVBUJPO HBJOT PWFS
CBTFMJOF DBQUJPO PG FBDI UZQF� 0UIFS SFMBUJPOT XJUI TNBMM DPVOUT BSF JHOPSFE JO
UIF BCPWF BOBMZTJT� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� )VNBO FWBMVBUJPO SFTVMUT PO 4LF&OD NPEFM GPS TLFMFUPO 	GPSN� OPVOT � WFSCT
QSFEJDUJPO BQQSPBDI� HFOFSBUJPO
 DPOEJUJPOFE DBQUJPO HFOFSBUJPO GPS NVMUJQMF
MBOHVBHFT� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� )VNBO FWBMVBUJPO SFTVMUT PG DPNQBSJTPO CFUXFFO UIF HFOFSBUJPO BOE DMBTTJ�
DBUJPO CBTFE BQQSPBDIFT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� "CTPMVUF SBUJOHT JO QFSDFOUBHFT JO )VNBO &WBMVBUJPOT� � � � � � � � � � � � � � ��
���� %FUBJMT PG UIF 7J45 %BUBTFU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
���� &YBNQMFT PG UISFF GPSNT PG &OUJUZ�$PSFGFSFODF 4DIFNB 3FQSFTFOUBUJPO GPS SFQ�

SFTFOUJOH O�MPDBM BODIPST � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
���� "VUPNBUJD &WBMVBUJPO PG 4UPSZ (FOFSBUJPO .PEFMT � � � � � � � � � � � � � � � � ��
���� %FUBJMT PG UIF 7J45 BOE 7JTVBM 1SPDFEVSF 5FMMJOH %BUBTFU CSPLFO EPXO JOUP ��

DBUFHPSJFT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
���� 3FHSPVQJOH UIF DBUFHPSJFT JO 7J15 EBUBTFU � � � � � � � � � � � � � � � � � � � � ��
���� 1FSGPSNBODF PG EJFSFOU NPEFMT PO TUPSJFT 	GSPN7J45
 BOE SFDJQFT 	GSPN7J15


EBUBTFUT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
���� 1FSGPSNBODF PG JOMMJOH EVSJOH JOGFSFODF GPS SFDJQFT JO 7JTVBM 1SPDFEVSF 5FMMJOH ��
���� 1FSGPSNBODF PG JOMMJOH EVSJOH JOGFSFODF GPS 7JTVBM 4UPSZ 5FMMJOH � � � � � � � ��

Y



-JTU PG 5BCMFT YJ

���� $PNQBUJCJMJUZ PG BODIPS GPSN SFQSFTFOUBUJPO XJUI TJNJMBSJUZ NFUSJDT � � � � � � ��
���� 306(& TDPSFT XJUI EJFSFOU BMHPSJUINT POUPMPHJFT BOE TJNJMBSJUZ NFUSJDT � � ��

��� %FUBJMT PG EBUBTFU GPS TUPSZCPBSEJOH SFDJQFT � � � � � � � � � � � � � � � � � � � � ��
��� #-&6 4DPSFT GPS EJFSFOU OVNCFS PG QIBTFT 	P
 BOE TUBUFT	S
 � � � � � � � � � ���
��� &WBMVBUJPO PG TUPSZCPBSEJOH SFDJQFT � � � � � � � � � � � � � � � � � � � � � � � � ���
��� .BOVBM FWBMVBUJPO PG TFOUFODF PSEFSJOH � � � � � � � � � � � � � � � � � � � � � � ���
��� 1FSGPSNBODF PG EJFSFOU NPEVMF DPNCJOBUJPOT PO 5FTU #BUDI � #JP"42 �UI

FEJUJPO� 3�3PVHF 1S�1SFDJTJPO 3F�3FDBMM � � � � � � � � � � � � � � � � � � � � ���
��� 4ZTUFN QFSGPSNBODF DPNQBSJOH 'VTJPO � 0SEFSJOH BOE 0SEFSJOH � 'VTJPO � � ���

��� )JOHMJTI %BUB 4UBUJTUJDT GPS $PEF�4XJUDIFE -BOHVBHF .PEFMJOH � � � � � � � � ���
��� 1FSQMFYJUZ TDPSFT PG EJFSFOU NPEFMT GSPN "ODIPSJOH -BOHVBHF *ET � � � � � � ���
��� /BWJHBUJPO *OTUSVDUJPOT� %BUB 4UBUJTUJDT � � � � � � � � � � � � � � � � � � � � � � ���
��� 4VCKFDUJWF MJTUFOJOH UFTUT GPS QSFGFSFODF JO TZOUIFTJT PG NJYFE�MBOHVBHF OBWJ�

HBUJPOBM JOTUSVDUJPOT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
��� 4VCKFDUJWF MJTUFOJOH UFTUT XJUI ESJWFST GPS TZOUIFTJT PG NJYFE MBOHVBHF OBWJHB�

UJPOBM JOTUSVDUJPOT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
��� 4UBUJTUJDT PG EBUB CFMPOHJOH UP FBDI PG UIF QFSTPOB DMVTUFST � � � � � � � � � � � ���
��� 1FSGPSNBODF PG DMBTTJFST GPS FBDI PG UIF QFSTPOB DMVTUFST � � � � � � � � � � � ���
��� 1FSGPSNBODF 	JO UFSNT PG BDDVSBDZ
 PG HFOFSBUFE TUPSJFT UP DBQUVSF QFSTPOB � � ���
��� 306(&@- TDPSFT GPS UIF HFOFSBUFE TUPSJFT CZ FBDI PG PVS NPEFMT � � � � � � � ���
���� .POPMJOHVBM BOE $PEF�4XJUDIFE %BUBTFUT VTFE GPS USBJOJOH 4UBHF � BOE 4UBHF � ���

��� 1PJOUFST UP DVSBUFE EBUBTFUT JOUSPEVDFE UP BEESFTT HSPVOEJOH � � � � � � � � � � ���
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/BSSBUJPO BOE TUPSZUFMMJOH FNFSHF BT B
OBUVSBM DPSPMMBSZ PG JOOPWBUJPO�

'SFF�GPSN OBSSBUJWF JOUFMMJHFODF IBT CFFO B MPOH�TUBOEJOH ESFBN GPS BSUJDJBM JOUFMMJHFODF� य़JT
VOJRVFMZ IVNBO BCJMJUZ IBT FWPMWFE PWFS HFOFSBUJPOT GSPN DBWF QBJOUJOHT UP OPWFMT UP EJHJUBM
NFEJB WBSZJOH GSPN TPDJBM NFEJB QPTUT UP B TFSJFT PG NPWJFT� य़F BODJFOU USBEJUJPO PG IVNBOT
VTJOH TIBEPXT BHBJOTU SF JT QBSBMMFMFE UP VTJOH BSUJDJBM JOUFMMJHFODF UFDIOJRVFT FWPMWFE GSPN
UFDIOPMPHZ UP EFQJDU TUPSJFT� य़F BCJMJUZ UP QFSDFJWF BOE FYQSFTT B TFU PG SFMBUFE FWFOUT JO B
DPIFSFOU OBSSBUJWF JT BO JOOBUF IVNBO B॒SJCVUF� 8JUI UIF BEWFOU PG WJSUVBM CFJOHT DP�FYJTUJOH
BOE TIBSJOH UIF FDPTZTUFN XJUI VT JU JT UJNF UP UFBDI UIFN UIJT TLJMM� य़JT SFWFSCFSBUFT UIF OF�
DFTTJUZ PG DPNQVUBUJPOBM OBSSBUJWF JOUFMMJHFODF GSPN USBEJUJPOBM TUBOEQPJOUT 	4DIBOL ����� 0QU
����� #SFXFS ����� -FIOFSU BOE 7JOF ����� -FIOFSU ����
 UP NPSF DPOUFNQPSBSZ BQQSPBDIFT
BOE BQQMJDBUJPOT 	0VZBOH BOE .D,FPXO ����� .VSSBZ ����� 3JFEM BOE )BSSJTPO ����� )BSSJ�
TPO BOE 3JFEM ����� $IBUVSWFEJ FU BM� ����� 6OEFSXPPE FU BM�
� /BSSBUJWFT SFQSFTFOU B TIBSFE
DPIFTJWF VOEFSTUBOEJOH� )FODF UIFZ BSF B QPXFSGVM NFBOT UP TIBQF PVS NJOET BOE EFDJTJPOT�
य़FTF DBO SBOHF GSPN B MBXZFST DPVSUSPPN BSHVNFOU 	%FMHBEP ����
 UP POMJOF BEWFSUJTJOH
UIBU EFUFSNJOFT UIF B॒JUVEF UPXBSET B QSPEVDU 	$IBOH ����� $IJOH FU BM� ����
� 5SBOTDFOEJOH
UP UIF DPODFQUVBM ESFBN PG JOUFSBDUJOH XJUI PVS WJSUVBM BTTJTUBOUT JO TVDI OBSSBUJWFT DBO CF
WFSZ CFOFDJBM� )FODF TUSBUFHJ[JOH UIFJS GVODUJPOBMJUJFT BOE SPMFT JT JNQFSBUJWF UP NBYJNJ[F
UIFTF CFOFUT� .BJOUBJOJOH UIJT PWFSBSDIJOH HPBM JO NJOE XF XJMM STU TFF UIF DPOUSJCVUJOH
GBDUPST UIBU NBLF B OBSSBUJWF FFDUJWF�

�
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��� 8IBU NBLFT B OBSSBUJWF DPNQFMMJOH  

/BSSBUJWF�.VMUJ�TFOUFODF (FOFSBUJPO� " OBSSBUJWF JT B DPIFTJPO PG NPSF UIBO POF TFO�
UFODF JO DPOKVODUJPO� 4FWFSBM FPSUT IBWF CFFO NBEF GPS TJOHMF TFOUFODF HFOFSBUJPO MJLF NB�
DIJOF USBOTMBUJPO SFTQPOTF HFOFSBUJPO QBSBQISBTJOH FUD� 8IJMF UIJT JT FTTFOUJBM BOE QSBDUJ�
DBMMZ FYDFFEJOHMZ WJBCMF UIF TBNF UFDIOJRVFT BSF OPU FFDUJWF GPS NVMUJ�TFOUFODF PS MPOH�GPSN
HFOFSBUJPO� *O UIJT UIFTJT * NBJOMZ GPDVT PO MPOH�GPSN HFOFSBUJPO JO UIF EPNBJOT PG TUPSJFT BOE
QSPDFEVSFT 	PS JOTUSVDUJPOT
 ��

*O UIJT UIFTJT * XPSL UPXBSET UISFF PG UIF DSJUJDBM QSPQFSUJFT PS EJNFOTJPOT UP FNVMBUF UIF
DPNQFUFODF PG IVNBOT JO HFOFSBUJPO CZ BSUJDJBM BHFOUT� य़FZ BSF EFOFE BT GPMMPXT�

ۦ $POUFOU� *U JT UIF RVBMJUZ PG UIF UFYU CFJOH DMPTFMZ DPOOFDUFE BQQSPQSJBUF BOE JOGPSNB�
UJWF� य़VT JU DPOUSJCVUFT UP JNQSPWJOH UIF SFMFWBODF PG UIF UFYU�

ۦ 4USVDUVSF� *U JT UIF RVBMJUZ PG UIF UFYU CFJOH MPHJDBM BOE DPOTJTUFOU GPMMPXJOH B TUSVDUVSF�
य़VT JU DPOUSJCVUFT UP JNQSPWJOH UIF DPIFSFODF PG UIF UFYU�

ۦ 4VSGBDF�GPSN SFBMJ[BUJPO� *U JT UIF DIPJDF PG UIF TVSGBDF UPLFOT EFSJWFE GSPN VOEFS�
MZJOH SFQSFTFOUBUJPO UP HFOFSBUF UIF BDUVBM UFYU� य़VT JU DPOUSJCVUFT UP UIF FYQSFTTJPO PG
UIF UFYU�

Much  that  once  was  is  lost , for  none  now  live  who  
remember  it.  It  began  with  the  forging  of  the  Great  
Rings.  Three  were  given  to  the  Elves,  immortal,  wisest  
and  fairest  of  all  beings.  Seven  to  the  Dwarf-Lords,  great  
miners  and  craftsmen  of  the  mountain  halls ...... For  within  
these  rings  was  bound  the  strength  and  the  will  to  govern  
each  race.  But  they  were  all  of  them  deceived, ...... the  
Dark  Lord  Sauron  forged  a  master  ring,  and  into  this  
ring  he  poured  his  cruelty,  his  malice  and  his  will  to  
dominate  all  life.  One  ring  to  rule  them  all.

Content Structure Surface Forms

Installing  OS  on  a  brand   new   computer Lord  of  the  Rings

First, verify your region and keyboard 
input. Connect to your Wireless network. 
Select Set up for personal use and 
click Next. Sign in to Windows. Click 
Accept to set up Cortana. Click Yes and 
follow the instructions to set up the 
Windows timeline. Choose your privacy 
settings and click Accept. Windows will do 
a little more set up and then open your 
desktop.

'९७ॻॸ५ ���� &YBNQMFT PG NBOJGFTUBUJPO PG DPOUFOU TUSVDUVSF BOE TVSGBDF�GPSNT JO B TUPSZ�MJLF
UFYU BOE JOTUSVDUJWF UFYU�

&YBNQMFT PG UIFTF QSPQFSUJFT BSF EFNPOTUSBUFE JO 'JHVSF ��� XIJDI JODMVEF TOJQQFUT GSPN ۜ-PSE
PG UIF 3JOHT BOE ۜ*OTUBMMJOH 04 PO B CSBOE OFX DPNQVUFS� 8IJMF UIF GPSNFS JT QJDLFE VQ GSPN
B TUPSZ UIF MB॒FS JT B ۜIPX�UP BDUJWJUZ� "T PCTFSWFE GSPN UIF HVSF UIF UISFF QSPQFSUJFT
EJTDVTTFE BCPWF BSF NBOJGFTUFE JO TVਖ਼DJFOUMZ EJTUJODU XBZT UP TVJU UIF JOUFOU BOE UIF DPOUFYU
PG UIF OBSSBUJWFT� य़F DIPJDF PG XPSET DPOUSJCVUJOH UP UIF DPOUFOU BSF WFSZ EPNBJO�TQFDJD
MJLF ڣMWFT&ڢ ڣXBSG�-PSET%ڢ JO UIF TUPSZ BOE ڣ8JSFMFTTڢ BOE ڣPSUBOB$ڢ PO UIF SJHIU� य़F TUSVDUVSBM
MBZPVU PO UIF MFॏ VTFT JUڢ CFHBO XJUI UIF GPSHJOHڣ BOE DPODMVEFT BU UIF FOE� 4JNJMBSMZ PO UIF
SJHIU UIJT JT JOEJDBUFE JO UIF GPSN PG B TUFQ�CZ�TUFQ QSPDFEVSF XIFSF JU CFHJOT XJUI DVFT MJLF
ڣटSTUڢ BOE OBMMZ DPODMVEFT XJUI UIF XPSET MJLF UIFOڢ PQFO ZPVSڣ� य़F UPOF PG UIF QSFTFOUBUJPO

�0UIFS QPQVMBSMZ TUVEJFE NVMUJ�TFOUFODF HFOFSBUJPO JODMVEF TVNNBSJ[BUJPO TUPSZ HFOFSBUJPO FUD�
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PS TVSGBDF GPSN SFBMJ[BUJPO IBT BO BSDIBJD TUZMF XJUI UIF VTF PG QISBTFT MJLF GPSڢ OPOF OPX MJWFڣ
JO UIF TUPSZ BOE JOTUSVDUJWF PS JNQFSBUJWF TFOUFODFT XJUI QISBTFT MJLF DIPPTFڢ ZPVS QSJWBDZڣ
GPS IPX�UP UFYUT� 'VOEBNFOUBMMZ UIFTF BSF UIF UISFF QSPQFSUJFT PG OBSSBUJWFT UIBU XF GPDVT PO
JNQSPWJOH JO UIJT UIFTJT�

8F DBSSZ BSPVOE PVS QFSTPOBM BTTJTUBOUT TVDI BT 4JSJ "MFYB (PPHMF "TTJTUBOU DBQBCMF PG DBS�
SZJOH PVU GVMM�FEHFE ZFU JOEFQFOEFOU UBTLT TVDI BT CPPLJOH JHIUT SFTFSWJOH BQQPJOUNFOUT
FUD� *O BEEJUJPO UP UIFTF DVSSFOU DBQBCJMJUJFT UIFTF WJSUVBM BTTJTUBOUT BMTP OFFE UP QJDL VQ PO
UIF SJHIU DVFT UP CSJOH GPSUI UIF SJHIU LJOE PG OBSSBUJWFT BOE QSFTFOU JU CBTFE PO SFMFWBODF UP
BO BVEJFODF GSPN UIFJS DMBJSWPZBOU GBDVMUJFT� य़F TLJMM PG JODPSQPSBUJOH UIF BGPSFNFOUJPOFE
OBSSBUJWF QSPQFSUJFT DPNFT OBUVSBMMZ UP IVNBOT BOE XF TFFL UP JNQBSU JU UP UIFN� 8F IBWF
FYQMPSFE UIF WBSJPVT DPOTUJUVFODZ QSPQFSUJFT UIBU NBLF B OBSSBUJWF FFDUJWF� *O UIF TBNF XBZ
UIBU XF BSF FOWFMPQFE JO OBSSBUJWFT JO PVS TVSSPVOEJOHT UIF DPOUFYU FODPNQBTTFT NVMUJQMF
NPEBMJUJFT BOE NVMUJQMF MBOHVBHFT� य़JT CSJOHT GPSUI BO BEEJUJPOBM EJNFOTJPO PG FNCFEEJOH
UIFTF QSPQFSUJFT JO TJUVBUFE DPOUFYUT� *O UIJT UIFTJT * TDPQF UIFTF OBSSBUJWF QSPQFSUJFT JO NVMUJ�
NPEBM BOE NVMUJMJOHVBM TDFOBSJPT� *O TQFDJD XF XJMM CF MPPLJOH JOUP UIF NPEBMJUJFT PG WJTJPO
BOE MBOHVBHF� "DDSVJOH UP UIFTF WJFXT UIFTF QFSTPOBM BTTJTUBOUT DBO CF SFWPMVUJPOJ[FE XJUI
DBQBCJMJUJFT TFSWJOH WJSUVBM "* DIBSBDUFST FNCFEEFE JO "VHNFOUFE 3FBMJUZ 7JSUVBM 3FBMJUZ BOE
*OUFSOFU PG य़JOHT UIBU DBO DBUFS UP B XJEFS SBOHF PG SFTQPOTJCJMJUJFT TVDI BT EJHJUBM FEVDBUJPO
FOUFSUBJONFOU QFSTPOBM DPVOTFMJOH FUD�

*NQSPWJOH NVMUJ�NPEBM BOE NVMUJ�MJOHVBM DBQBCJMJUJFT� )VNBOT JOUFSBDU BOE FOHBHF
XJUI EJFSFOU NPEBMJUJFT JO SFHVMBS DPNNVOJDBUJPO� 8JUI UIF HSPXJOH VCJRVJUZ PG WBSJPVT
NFEJB BOE NPEFT VTFE UP TIBSF JOGPSNBUJPO JODMVEJOH WJEFPT BOE BVEJP JODPSQPSBUJOH NVM�
UJNPEBMJUZ BOE NVMUJMJOHVBMJUZ JT QBSBNPVOU� *O UIJT UIFTJT * XPSL PO WJTVBM BVEJUPSZ BOE
UFYUVBM NPEBMJUJFT BT JOQVU GPDVTJOH PO HFOFSBUJOH UFYU� " TJHOJDBOU QPSUJPO PG UIF XPSL
EFMWFT JOUP DBQUVSJOH UIF BGPSFNFOUJPOFE OBSSBUJWF QSPQFSUJFT JO UFYU GSPN B TFRVFODF PG WJ�
TVBM JOGPSNBUJPO� *O BEEJUJPO UIF XPSL BMTP EFTDSJCFT FYUFOEJOH UFYU HFOFSBUJPO GSPN POF
MBOHVBHF UP B NJY PG NVMUJQMF MBOHVBHFT�

5FYUVBM "ODIPST BOE 7JTVBM *OQVUT� य़JT UIFTJT TQFDJDBMMZ GPDVTFT PO BODIPST GSPN
UFYUVBM NPEBMJUZ NPEFMFE XJUI WJTVBM JOQVU UP HFOFSBUF MPOH GPSN UFYUT� य़JT EBUB PX PG UIJT
QSPDFTT JT EFNPOTUSBUFE JO 'JHVSF ����

'JSTU XF VTF UIF QBJSFE PS VOQBJSFE UFYU UP FYUSBDU BODIPST� 4JODF UIFTF BODIPST BSF SFUSJFWFE
GSPN UFYU UIF BODIPST BSF UFYUVBM BT XFMM� #BTFE PO UIF UBSHFU OBSSBUJWF QSPQFSUZ UIBU XF BSF
USZJOH UP JNQSPWF XF FYUSBDU UIF DPSSFTQPOEJOH BODIPST GPS DPOUFOU TUSVDUVSF BOE TVSGBDF
GPSNT� य़FTF UFYUVBM BODIPST BMPOH XJUI UIF JOQVU JNBHFT BSF VTFE CZ UIF BODIPSFE HFOFS�
BUJPO NPEFM UP HFOFSBUF OBSSBUJWF UFYUT� 5P Fਖ਼DJFOUMZ CSJOH UPHFUIFS NVMUJQMF NPEBMJUJFT PS
MBOHVBHFT BOE OBSSBUJWF HFOFSBUJPO * QSFTFOU DBUFHPSJFT PG NPEFMJOH UIFTF BODIPST JO UIF OFYU
DIBQUFS�
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'९७ॻॸ५ ���� %BUB 'MPX %JBHSBN GPS "ODIPSJOH JO (FOFSBUJPO .PEFM

��� FTJTࢊ 4UBUFNFOU

य़F DFOUSBM UFOFU PG UIJT UIFTJT JT UP JNQSPWF MPOH�GPSN UFYU HFOFSBUJPO CZ BODIPSJOH UIFN UP
BTQFDUT PG IVNBO DPNNVOJDBUJPO FTQFDJBMMZ JO NVMUJNPEBM DPOUFYUT� "OUISPQPNPSQIJD OBS�
SBUJWF HFOFSBUJPO JO OBUVSBM MBOHVBHF WJB TUPSJFT QSPDFEVSFT FUD� IBT CFFO B MPOH�TUBOEJOH
ESFBN PG BSUJDJBM JOUFMMJHFODF� 8PSLJOH UPXBSET UIJT HPBM CSJOHT GPSUI UIF OFFE UP BEIFSF
UP UIF JOOBUF IVNBO DIBSBDUFSJTUJDT PG OBSSBUJWFT� य़FZ JODMVEF DPOUFOU 	SFMFWBODF
 TUSVDUVSF
	DPIFSFODF
 BOE TVSGBDF GPSN SFBMJ[BUJPO 	FYQSFTTJPO
� "ODIPSJOH UIFTF OBSSBUJWF QSPQFSUJFT
JT NBOFVWFSFE OPU POMZ CZ UBTL�TQFDJD SFRVJSFNFOUT CVU BMTP CZ UIF BWBJMBCJMJUZ PG BOOPUBUFE
EBUB� " TUFFQ BDDFMFSBUJPO JO CSFXJOH OFX DPOUFOU FWFSZ EBZ CPUI TVSNPVOUT BOE JNQFEFT
UIF OFFE GPS FYUFOTJWF BOOPUBUJPOT� य़F NBJO DPOUSJCVUJPO PG UIJT UIFTJT JT B UXP�EJNFOTJPOBM
UBYPOPNZ PG BODIPSJOH UIFTF UISFF QSPQFSUJFT CZ MPDBMMZ BOE HMPCBMMZ DPOEJUJPOFE USBJOJOH PC�
KFDUJWFT� य़JT GSBNFXPSL UBQT JOUP UFDIOJRVFT GPS BODIPSJOH UP JNQSPWF OBSSBUJWF HFOFSBUJPO�
'PS BODIPSJOH DPOUFOU * JOUSPEVDF BODIPS CJBTFE B॒FOUJPO NPEFM UP EFOPJTF JNQSPWF DPOUSPM�
MBCJMJUZ BOE DSPTT�MJOHVBM USBOTGFSBCJMJUZ� * BMTP JOUSPEVDF B IJFSBSDIJDBM FOUJUZ NPEFM UP MFBSO
XIFSF BOE IPX UP JOUSPEVDF FOUJUZ XPSET BOE BO JOMMJOH�CBTFE NPEFM UP BEESFTT UIF SFBM
XPSME QSPCMFN PG NJTTJOH DPOUFYUT BOE UIFSFCZ JNQSPWF SPCVTUOFTT� 'PS BODIPSJOH TUSVDUVSF *
QSFTFOU B TDBPMEJOH TUSVDUVSF SFQSFTFOUBUJPO GSPN JNBHFT GPS UFYU HFOFSBUJPO BOE SFPSEFSJOH
TFOUFODFT� 'PS BODIPSJOH TVSGBDF�GPSN SFBMJ[BUJPO * QSFTFOU TPMVUJPOT XJUI BEWFSTBSJBM USBJOJOH
BOE NVMUJ�UBTLJOH� 'JOBMMZ * DJSDVNTQFDU UIF MJNJUBUJPOT JO UIF BTTVNQUJPOT PG POHPJOH XPSL
PO HSPVOEJOH BOE QSFTFOU NJTTJOH EJNFOTJPOT BMPOH XJUI QPUFOUJBM QBUIT UP CSJEHF UIJT HBQ�

��� FTJTࢊ 0WFSWJFX

"ODIPSJOH GSBNFXPSL BOE CBDLHSPVOE UFDIOJRVFT <$IBQUFS � >� -POH UFYU OBSSBUJWFT
PॏFO DPNQSJTF JNQMJDJU BOE FYQMJDJU CVJMEJOH CMPDLT UP NBLF UIFN NPSF DPNQFMMJOH BOE SFBE�
BCMF� 'JSTU * GPSNBMMZ EFOJOH UIF O�MPDBM PS O�HMPCBM BODIPST JO g��� GPMMPXFE CZ UIF NPEFMJOH
BOE UBTL CBTFE NPUJWBUJPOT GPS UIJT GSBNFXPSL JO g������ य़FO * QSFTFOU B CBDLHSPVOE PG UBTL�
BHOPTUJD UFDIOJRVFT UIBU BSF VTFE GPS HSPVOEJOH UIFTF QSPQFSUJFT g���� य़F OBSSBUJWF QSPQFSUJFT
UIBU NBLF JU Fਖ਼DJFOU BSF HSPVOEFE JO EJFSFOU MFWFMT PG HSBOVMBSJUZ PG UIFTF BODIPST� 'PMMPX�
JOH UIJT TJODF NPTU PG UIJT UIFTJT EFSJWFT BODIPST GSPN UFYUVBM NPEBMJUZ * QSFTFOU DBUFHPSJFT
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/BSSBUJWF 1SPQFSUJFT /�-PDBM "ODIPST /�(MPCBM "ODIPST

$POUFOU &OUJUJFT DIBSBDUFS SFGFSFODFT
NJTTJOH DPOUFYUT फ़FSZ XPSET

4USVDUVSF 6OTVQFSWJTFE TUSVDUVSBM
MBZPVUT 4FOUFODF PSEFS BOE GVTJPO

4VSGBDF GPSNT 'JYFE MBOHVBHF JET 'MFYJCMF MBOHVBHF JET

5१२ॲ५ ���� 0SHBOJ[BUJPO PG UIFTJT

PG NFUIPET UP DMVC WJTVBM JOQVU XJUI UFYU BODIPST� "ॏFS JOUSPEVDJOH UIFTF CVJMEJOH CMPDLT
GPS BODIPSJOH GPSNBMMZ * QSFTFOU BO PWFSWJFX PG NPEFMJOH BQQSPBDIFT BOE UBTLT GPS BODIPSFE
HFOFSBUJPO JO g����'JOBMMZ * QSFTFOU DBUFHPSJFT PG BQQSPBDIFT GPS NVMUJNPEBM BODIPSJOH JO g����

य़F BGPSFNFOUJPOFE OBSSBUJWF QSPQFSUJFT BOE BODIPS QPJOUT DBO CF PSHBOJ[FE CBTFE PO UIFJS
HSBOVMBSJUZ JO ESJWJOH UIF OBSSBUJWF JOUP UIF GPMMPXJOH TFHSFHBUJPO� य़JT JT EFQJDUFE JO 5BCMF
���� य़JT MBZPVU CSJOHT GPSUI UISFF NBJO DIBQUFST JO UIJT UIFTJT QPTU JOUSPEVDUJPO� &BDI PG
UIF DIBQUFST BEESFTTFT B OBSSBUJWF QSPQFSUZ GSPN UIF QFSTQFDUJWF PG CPUI O�MPDBM BOE O�HMPCBM
BODIPS QPJOUT�

"ODIPSFE JO $POUFOU <$IBQUFS � >� "ODIPSJOH UIF OBSSBUJWF JO BQQSPQSJBUF DPOUFOU IFMQT
JNQSPWF UIF SFMFWBODF PG UIF UFYU 	BOE UIFSFCZ JNQMJDJUMZ B EFHSFF PG SFMFWBODF BOE DPIFSFODF
�
*O UIJT DIBQUFS * QSFTFOU NFUIPET UP BODIPS FOUJUJFT SFGFSFODFT RVFSZ XPSET BOE NJTTJOH
DPOUFYUT JO UIF OBSSBUJWFT�

ۦ /�-PDBM "ODIPST� &OUJUJFT BSF XJEFMZ VTFE UP SFQSFTFOU UIF DPOUFOU JO B TUPSZ BT DIBSBD�
UFST JOWPMWFE JO WBSJPVT QMPU QPJOUT� * STU QSFTFOU B NFUIPE UP VUJMJ[F BODIPST UP EFOPJTF
DPOUSPM BOE USBOTGFS DPOUFOU BQQSPQSJBUFMZ� * UIFO QSFTFOU NFUIPET UP VUJMJ[F SFGFSFODF
GPSNT UP JNQSPWF UIF DPOUFOU JO WJTVBM TUPSJFT� य़FTF DPOUFOU�CBTFE BODIPS QPJOUT GSPN
FOUJUJFT BOE UIFJS SFGFSFODFT BSF FYUSBDUFE UP GPSN TLFMFUPOT� #BTFE PO UIFJS QSPQFSUJFT
EJFSFOU GPSNT PG UIFTF TLFMFUPOT BSF VTFE UP HFOFSBUF B TUPSZ GSPN B TFRVFODF PG JNBHFT�
&WFSZ TFOUFODF JT VOEFWJBUJOHMZ HVJEFE CBTFE PO UIF FOUJUJFT QSFTFOU JO UIF DPSSFTQPOE�
JOH JNBHF� "MUFSOBUJWF UP FYQMJDJU QSPWJTJPO PG DPOUFOU * QSPQPTF B NPEFM UIBU JOMMT
UIF SFMFWBOU DPOUFOU GSPN TVSSPVOEJOH DPOUFYUT WJB DVSSJDVMVN MFBSOJOH� य़JT MPDBM JO�
DPSQPSBUJPO PG BODIPS VOJUT J�F� FOUJUJFT PS SFGFSFODFT EFUFSNJOFT UIF DPOUFOU JO FWFSZ
TFOUFODF BU OF�HSBJOFE MFWFM�

ۦ /�(MPCBM "ODIPST� य़F DPOUFOU JO B TVNNBSJ[FE BOTXFS GPS B RVFSZ JT ESJWFO CZ B UIFNF
PS UIF UPQJD CFJOH EJTDVTTFE JO UIF RVFSZ� य़JT DPOUFOU JT EFUFSNJOFE VTJOH TVSGBDF GPSN
MFYJDBM VOJUT BOE UIF SFMFWBOU POUPMPHJDBMMZ SFMBUFE XPSET JO UIF RVFTUJPO� य़F UIFNF PS
UIF UPQJD PG UIF BOTXFS OBSSBUJWF JT TFMFDUFE BU UIF OBSSBUJWF MFWFM� य़JT UIFNF JT PCTFSWFE
JO UIF PWFSBMM TVNNBSZ UP NBJOUBJO B IPMJTUJD DPOTJTUFODZ PG UIF SFMBUFE DPOUFOU� य़PVHI
UIJT HFOFSBM UIFNF JT HPWFSOFE CZ UIF JOQVU OPU FWFSZ TFOUFODF JT TUSJDUMZ PS JOUSJDBUFMZ
NBOFVWFSFE GSPN UIF RVFSZ� #BMBODJOH CFUXFFO TFMFDUJOH SFMBUFE DPOUFOU XIJMF BWPJEJOH
SFQFUJUJPO JT PG DIJFG FTTFODF� )FODF DPOGPSNJOH UP UIF QSFWJPVTMZ FYUSBDUFE DPOUFOU
QSPWJEFT HMPCBM HVJEBODF UP TFMFDU UIF TVCTFRVFOU TFOUFODFT PS DPOUFOU VOJUT�
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"ODIPSFE JO 4USVDUVSF <$IBQUFS <$IBQUFS � >� )VNBOT JOIFSFOUMZ NBJOUBJO BOE BEIFSF
UP B TUSVDUVSF XIJMF OBSSBUJOH UP NBLF MPHJDBM FYQPTJUJPO BOE TFOTF PG BDDPVOUFE FWFOUT� 8IJMF
TFWFSBM GBDUPST TVDI BT UIF HSBNNBS BOE MFYJDPO BSF FTTFOUJBM B DPNQFMMJOH OBSSBUJWF BMTP IBT
B HPPE JOUSPEVDUJPO EFUBJMJOH FBDI QPSUJPO BOE OBMMZ UJFT UIFTF DPODFQUT VQ BT B DPODMVTJPO�
4USJOHJOH UIFTF EJTDSFUF VOJUT FOGPSDFT B TUSVDUVSF� य़JT TUSVDUVSJOH DBO CF JOIFSFOUMZ JODPS�
QPSBUFE EVSJOH MFBSOJOH PS QFSGPSNFE BT B QPTU�FEJUJOH TUFQ BॏFS UIF DPOUFOU JT BDDVNVMBUFE�
य़FTF BSF UIF UXP XBZT JO XIJDI TUSVDUVSF JT VTFE BT BODIPS QPJOUT�

ۦ /�-PDBM "ODIPST� * QSPQPTF B NFUIPE UIBU MFBSOT TUSVDUVSF SFQSFTFOUBUJPOT JO BO VOTV�
QFSWJTFE GBTIJPO� य़F STU TUFQ JT UP EFSJWF XFBL BOOPUBUJPOT GPS UIF OBSSBUJWFT BU IBOE�
य़F NBOJGFTUBUJPO PG TUSVDUVSF JT NPSF BQQBSFOU JO QSPDFEVSBM UFYUT XIFSF UIF PDDVS�
SFODF PG B QIBTF MPHJDBMMZ QSFDFEFT�TVDDFFET BOPUIFS QIBTF� य़F TUSVDUVSBM BODIPST BSF
EFSJWFE CBTFE PO UIF SFMBUJPOTIJQ CFUXFFO UIFTF BNPSQIPVT QIBTFT� य़F FYQMPTJPO PG
TUBUF TQBDF FNFSHJOH GSPN SBX GPSNT JT BEESFTTFE VTJOH DMVTUFSJOH� य़JT SFWFBMT QIBTF
BOE TUBUF TFRVFODFT UIBU BSF JODPSQPSBUFE BU FBDI TUFQ EVSJOH USBJOJOH XJUI B TUSVDUVSF�
CBTFE MPTT PCKFDUJWF� य़F QIBTF BOE UIF TUBUF TFRVFODF JOGPSNBUJPO JT VTFE UP HVJEF FWFSZ
TUFQ PG UIF SFDJQF HSBOVMBSMZ�

ۦ /�(MPCBM "ODIPST� $POUSPMMJOH UIF MBZPVU PG B OBSSBUJWF 	JO UIJT DBTF B RVFSZ�PSJFOUFE
TVNNBSZ
 BU B OF�HSBJOFE MFWFM GSPN B UPQJD QSPWJEFE JO B RVFSZ JT DIBMMFOHJOH� 4P
JOTUFBE * XPSL PO B NFUIPE UP QSPWJEF DPNQSFIFOTJWF HVJEBODF UIBU JT OPU FOUJSFMZ
GSPN UIF RVFTUJPO CVU SBUIFS GSPN B EFSJWBUJPO PS QSPDFTTFE GPSN� .PSF DPODSFUFMZ
UIF DPOUFOU BDDVNVMBUFE GSPN DPOUFOU�CBTFE BODIPSJOH OPX DPOUSPMT UIF SFTUSVDUVSJOH
PG UIF TFOUFODFT BNPOH UIFNTFMWFT UP BSSJWF BU B TVNNBSZ UIBU TNPPUIFOT USBOTJUJPOT
CFUXFFO EJFSFOU DPOUFOU VOJUT� य़JT QSPDFTT JT FYFDVUFE BT B QPTU�FEJUJOH TUFQ�

"ODIPSFE JO 4VSGBDF 3FBMJ[BUJPO <$IBQUFS � >� य़F MJOHVJTUJD SFBMJ[BUJPO PS MFYJDBMJ[B�
UJPO PॏFO XJUI EJTDSFUJPO JO TVSGBDF GPSN QSFTFOUT B DIBMMFOHF GPS B TUZMF�CBTFE HFOFSBUJPO� *U
SFGFST UP DPNNVOJDBUJWF QSFGFSFODFT EFOFE BT B TFU PG MJOHVJTUJD WBSJBOUT CBTFE PO TPDJBM BTTP�
DJBUJPOT� *U JT PॏFO SFBMJ[FE JO UIF GPSN PG QSFGFSFODFT CBTFE PO TUZMJTUJD HFOEFS QPMJUJDBM BOE
DVMUVSBM BTQFDUT� )PXFWFS UIJT UIFTJT GPDVTFT PO TVSGBDF SFBMJ[BUJPOT EFSJWFE GSPN QFSTPOBT
BOE JOUFSBDUJPO CFUXFFO NVMUJQMF MBOHVBHFT� 4VDI JOUFSBDUJPO XJUIJO B TJOHMF V॒FSBODF JT BMTP
LOPXO BT DPEF�TXJUDIJOH� $POUSPMMJOH UIF MBOHVBHF JOGPSNBUJPO SFDFJWFE EVSJOH HFOFSBUJPO
DBO BODIPS UIFTF TVSGBDF GPSNT�

ۦ /�-PDBM "ODIPST� " YFE TFRVFODF PG MFYJDBM MFWFM MBOHVBHF�JET DBO HSPVOE PS BODIPS
FBDI XPSE TUSJOHFOUMZ UP SFBMJ[F JO POF PG UIF QBSUJDJQBUJOH MBOHVBHFT� )PXFWFS UIJT
EFNBOET BEIFSJOH UP B TFRVFODF PG MBOHVBHFT EVSJOH JOUFSNJYJOH� &YQMJDJUMZ JOUSJDBUFMZ
QSPWJEJOH MBOHVBHF JE UBHT JT TVCTUBOUJBUFE JO MBOHVBHF NPEFMJOH PG DPEF�TXJUDIFE UFYU
JO B NVMUJ�UBTL MFBSOJOH GSBNFXPSL UP FWBMVBUF UIF TJHOJDBODF PG UIF O�MPDBM BODIPS�
JOH� "DDPNQBOJFE CZ UIJT XF BMTP QSFTFOU UIF TZOUIFTJT PG NJYFE MBOHVBHF JOTUSVDUJPOT
BOE EFNPOTUSBUF UIBU BODIPSJOH JO O�MPDBM MBOHVBHF JET EFTJHOBUFT JNQSPWFNFOU JO UIF
OBUVSBMOFTT PG UIF TZOUIFTJT�

ۦ /�(MPCBM "ODIPST� 4VSGBDF GPSN SFBMJ[BUJPO JT PॏFO HBVHFE JO VOJ�EJNFOTJPOBM BOE BMTP
SFTPVSDF�SJDI TDFOBSJPT� 5P BEESFTT UIJT * XPSL PO O�HMPCBM BODIPSJOH PG UIF TVSGBDF
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GPSNT XJUI MJNJUFE BOOPUBUJPOT BOE OPO�QBSBMMFM EBUB� *OTUFBE PG FYQMJDJUMZ SFOEFSJOH UIF
MBOHVBHF JE JOGPSNBUJPO NFOUJPOFE FBSMJFS UP FBDI MFYJDBM VOJU JOEJWJEVBMMZ * QSPQPTF
B NPEFM UIBU QSPWJEFT UIFN BU BO BCTUSBDU MFWFM GPS UIF FOUJSF TFOUFODF� * EFNPOTUSBUF
FYQFSJNFOUT PO MFBSOJOH UIFTF TVSGBDF GPSNT GSPN NPOPMJOHVBM EBUB PG UIF QBSUJDJQBU�
JOH MBOHVBHFT BOE BSHVF UIBU EVBM�TUBHF USBJOJOH QBSUJBMMZ HVJEFT UIJT NJYFE MBOHVBHF
JOGPSNBUJPO UP HFOFSBUF DPEF�TXJUDIFE UFYU�

#SJEHJOH UIF HBQ JO HSPVOEFE HFOFSBUJPO <$IBQUFS � >� )VNBO DPNNVOJDBUJPO JT NPSF
JODJEFOUBM UIBO BDDJEFOUBM XJUI DJSDVNTUBOUJBMMZ EFOFE JOUFOUT BOE HSPVOEFE JO DPOUFYU� *O
UIJT DIBQUFS * CSJOH GPSUI UIF EJNFOTJPOT PG HSPVOEJOH DSJUJDBM UP TUSJEF UPXBSET B NPSF OBU�
VSBM JOUFSBDUJPO JODMVEJOH EZOBNJD HSPVOEJOH QVSWJFXT PG FYUFOEJOH HSPVOEJOH MFWFMT BOE
DPOTUSBJOUT JNQPTFE CZ UIF NFEJVN PG DPNNVOJDBUJPO� *O UIJT SFHBSE * BMTP TLFUDI B QBUI
BIFBE XJUI TZTUFNBUJD TPMVUJPOT CZ EFOJOH B OFX QBSBEJHN GPS MPOHJUVEJOBM CFODINBSLJOH
BOE IVNBO�JO�UIF�MPPQ TPMVUJPOT�

,OPXO 6OLOPXOT <$IBQUFS � > � *O UIJT DIBQUFS * TVNNBSJ[F BOE DPODMVEF UIF NBJO
GBDFUT PG UIF UIFTJT� य़FO * CSJFZ QSFTFOU QSPTQFDUJWF GVUVSF EJSFDUJPOT FBDI BDDPNQBOJFE
CZ UIF LOPXO DPOUFYUT 	DPOKFDUVSFE GSPN UIJT UIFTJT
 LOPXO CBDLHSPVOE 	CSJFG SFMBUFE XPSL

QBSUJBMMZ EFOFE SFTFBSDI RVFTUJPO BOE QPUFOUJBM BQQSPBDIFT UIBU BSF VOLOPXO PS VOFYQMPSFE
FYQFSJNFOUBMMZ�

य़JT JT UIF PWFSBMM QJDUVSF PG NZ UIFTJT BOE XF XJMM EFMWF EFFQFS JOUP FBDI PG UIF UPQJDT NFO�
UJPOFE BCPWF JO UIF GPMMPXJOH DIBQUFST� *O UIF OFYU DIBQUFS B DBUFHPSJ[BUJPO PG UIF QSJPS XPSL
JO TPNF QPQVMBS HFOFSBUJPO UBTLT JT PSHBOJ[FE CBTFE PO UIF BODIPSJOH GSBNFXPSL BMPOH XJUI
UBTL�BHOPTUJD UFDIOJRVFT GPS HFOFSBUJPO�



1BSU *

#BDLHSPVOE

�



2
"ODIPSJOH BOE /FVSBM 5FYU (FOFSBUJPO

8JTF NFO TQFBL CFDBVTF UIFZ IBWF
TPNFUIJOH UP TBZ� OPU UP TBZ TPNFUIJOH�

B॒SJCVUFE UP 1MBUP

8F DVMUJWBUF MBOHVBHF VTBHF XJUI B DPNNVOJDBUJWF JOUFOU PS B HPBM 	#SVOFS ����
� 6TVBMMZ
UIJT NFBOT UIBU XF BDUVBMMZ IBWF TPNFUIJOH UP TBZ UIBU JT BODIPSFE UP BO JOUFOU PS B NJOE NBQ
FUD� य़F OVNCFS PG UJNFT UIBU * SFXSPUF BOE SFWJTFE UIF EFUBJMT JO UIJT DIBQUFS JOEJDBUFT UIBU
UIFSF BSF WBSJPVT XBZT UP HBUIFS NZ DPOUFOU PSHBOJ[F UIF TUSVDUVSF BOE FYQSFTT NZ JOUFOU
FFDUJWFMZ� य़FTF TFWFSBM B॒FNQUT BSF GPSNVMBUJPOT PG UIF BODIPST GPS NZ OBSSBUJWF PS UIF
TPNFUIJOH UIBU * JOUFOE UP DPNNVOJDBUF� 8IJMF BODIPST HSPVOE MBOHVBHF CPUI JO OBUVSBM MBO�
HVBHF VOEFSTUBOEJOH 	/-6
 BOE OBUVSBM MBOHVBHF HFOFSBUJPO 	/-(
 UIJT UIFTJT GPDVTFT PO IPX
UIFZ BSF VTFE GPS HFOFSBUJPO� *O UIJT DIBQUFS * STU EFTDSJCF UIF BODIPSJOH GSBNFXPSL BOE UIFO
QSPWJEF B CBDLHSPVOE PG WBSJPVT UBTL BHOPTUJD UFDIOJRVFT GPS UFYU HFOFSBUJPO�

��� "ODIPSJOH 'SBNFXPSL GPS (FOFSBUJPO

8IBU JT BO BODIPS "O BODIPS JT B TVQQPSUJOH GSBNFXPSL B CBTJD TUSVDUVSF PS B DPOEFOTFE
FTTFOUJBM QSJNJUJWF PG TPNFUIJOH�

य़JT DIBQUFS JT QBSUMZ CBTFE PO UIF GPMMPXJOH QBQFS�
ۦ 1PTJUJPOJOHڦ ZPVSTFMG JO UIF NB[F PG /FVSBM 5FYU (FOFSBUJPO� " 5BTL�"HOPTUJD 4VSWFZڧ 	$IBOEV BOE #MBDL

����B


�



"ODIPSJOH BOE /FVSBM 5FYU (FOFSBUJPO ��

"O BODIPS JT B SFMJBCMF PS QSJODJQBM GPSN PG TVQQPSU UIBU UIF OBSSBUJWF JT CBTFE PO� य़F QSPQPTFE
GSBNFXPSL DIBSBDUFSJ[FT HVJEBODF JO UXP MFWFMT PG HSBOVMBSJUZ UIFSFCZ JOUSPEVDJOH O�MPDBM BOE
O�HMPCBM BODIPSJOH� 8IJMF UIJT PWFSBSDIJOH HPBM PG OBSSBUJWF HFOFSBUJPO BJNT BU B NVMUJUVEF
BOE EJWFSTF TFU PG DIBMMFOHFT UIJT UIFTJT UBSHFUT FYQMPSBUJPO PG HSPVOEJOH OBSSBUJWFT JO BODIPS
QPJOUT� 4JUVBUJOH UIFTF OBSSBUJWFT CZ BODIPSJOH PO SFBM XPSME DPOUFYUT TVDI BT DPOWFSTBUJPOBM
DVFT WJTVBM JOQVU FUD NBLFT UIFN NPSF SFMFWBOU BQQVSUFOBOU BOE SFMBUBCMF�

'PSNBMJ[JOH BOE SFBMJ[JOH BODIPST XJUIJO UIF TDPQF PG USBJOJOH QSPDFEVSFT FNFSHFT GSPN UIF
EFHSFF PG TVQFSWJTJPO OFFEFE UP HFOFSBUF UFYU UIFSFCZ WBSZJOH GSPN EJTDSFUF UP DPOUJOVPVT
BODIPST PS OF�HSBJOFE UP DPBSTF�HSBJOFE BODIPST� य़VT NBOJGFTUJOH UIFN JO UIF UXP FOET
PG UIF TQFDUSVN SFTVMUT JO UXP HFOFSB PG BODIPSJOH� 	J
 /�-PDBM BODIPSJOH BOE 	JJ
 /�(MPCBM
BODIPSJOH� -FU VT OPX UBLF B DMPTFS MPPL BU FBDI PG UIFTF DBUFHPSJFT� 'JHVSF EFNPOTUSBUFT UIF
DPOUSBTU CFUXFFO UIFTF UXP LJOET PG BODIPSJOH WFSZ CSPBEMZ BOE XF XJMM EJTDVTT UIFJS GPSNBM
EFOJUJPOT OFYU�

"T EJTDVTTFE JO $IBQUFS � B OBSSBUJWF JT B TFRVFODF PG NVMUJQMF V॒FSBODFT BCPVU B DPOOFDUFE
TFRVFODF PG FWFOUT PS UPQJDT� 4P GPSNBMMZ MFU B OBSSBUJWF DPNQSJTF B TFRVFODF PG L VOJUT�
Ni = {s(1)i , s(2)i , . . . , s(k)i } XIFSF Ni JT UIF ith OBSSBUJWF JO UIF EBUB XJUI L VOJUT EFOPUFE CZ
s� 4JODF UIFTF QSJNJUJWF VOJUT BSF QSJNBSJMZ EFSJWFE GSPN UFYU UIFZ DBO CF JO UIF GPS XPSE PS B
TFOUFODF PS B TFRVFODF PG TFOUFODFT�

/�-PDBM "ODIPSJOH� य़F USBJOJOH QSPDFEVSF PQUJNJ[FT GPS FBDI VOJU PG HFOFSBUJPO� "T
NFOUJPOFE FBSMJFS UIJT VOJU DBO FJUIFS CF JO UIF GPSNT PG B XPSE B TFOUFODF PS B TFRVFODF
PG DPIFSFOU TFOUFODFT� य़F DSVDJBM BTQFDU IFSF JT UIBU FBDI JOQVU VOJU JO B TFRVFODF JT QBJSFE
XJUI BO BODIPS VOJU DPSSFTQPOEJOH UP POF PG UIF OBSSBUJWF QSPQFSUJFT 	EJTDVTTFE JO g���
� य़JT
JT EFQJDUFE JO UIF MFॏ IBOE TJEF PG 'JHVSF ���� 0O UIF SJHIU TJEF UIFSF JT B PO PWFSWJFX PG UIFTF
BODIPST BSF NPEFMFE� य़F BODIPST BSF QBJSXJTF BTTPDJBUFE UP UIF HFOFSBUFE UFYU BOE UIF EP॒FE
BSSPXT GSPN BODIPS VOJUT UP FBDI PG FODPEFS NPEFM BOE EFDPEFS JOEJDBUFT UIF WJTJCJMJUZ PG UIF
NPEFMJOH DPNQPOFOU JOUP UIF BODIPST�

" GPSNBM SFQSFTFOUBUJPO PG UIJT DBUFHPSZ PG BODIPST QFSUBJOT UP UIF EFOJUJPO PG FYQMJDJUMZ
FMBCPSBUFMZ BOE MPDBMMZ HVJEJOH FBDI BTQFDU PG HFOFSBUJPO� )FODF UIF BODIPS JT SFQSFTFOUFE
BT Ai = {a(1)

i ,a(2)
i , . . . ,a(k)

i }� य़FTF BODIPST DBO CF EFSJWFE GSPN FJUIFS PG UIF QBSUJDJQBUJOH
NPEBMJUJFT PS MBOHVBHFT GSPN QBJSFE PS VOQBJSFE UFYU Ni PS WJTVBM JOQVU Ii� (JWFO Ii BOE Ai
UIF UBTL JT UP HFOFSBUF Ni�

*OQVU� Ii BOE Ai = {a(1)
i ,a(2)

i , . . . ,a(k)
i }

0VUQVU� Ni = {s(1)i , s(2)i , . . . , s(k)i }

/PUF UIBU UIF HVJEBODF JT BU B HSBOVMBS MFWFM BT GPS s(j)i  UIFSF JT B DPSSFTQPOEJOH BODIPS VOJU
a(j)
i  XIFSF j JT UIF JOEFY PG UIF VOJU JO HFOFSBUJPO� य़JT JT B TVQFSWJTFE MFBSOJOH JOTUBODF TJODF

UIF BODIPSJOH JT EFSJWFE GSPN BOOPUBUJPOT PO UIF USBJOJOH EBUB� 0VS GPDVT JO UIJT UIFTJT JT OPU UP
JNQSPWF UIF EFSJWBUJPO PG UIFTF BODIPS QPJOUT BOE IFODF VTF P UIF TIFMG UPPMT UP QSPDVSF UIFTF
BOOPUBUJPOT� य़F BODIPST Ai DBO UBLF TFWFSBM GPSNT GBDJMJUBUJOH UIF DPSSFTQPOEJOH OBSSBUJWF
QSPQFSUZ� य़JT JT POF FOE PG UIF TQFDUSVN XIFSF FWFSZ UJNF TUFQ JO HFOFSBUJPO JT BODIPSFE�
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Encoder

Anchored Model

Decoder

Training Objective

- - - - 
- - - - 

- - - - 
- - - - 

- - - - 
- - - - 

- - - - 
- - - - 

- - - - 
- - - - 

- - - - 
- - - - 

- - - - 
- - - - 

- - - - 
- - - - 

- - - - 
- - - - 

- - - - 
- - - - 

N-Local Anchors

corresponding to 


each unit of generation

a(1)
i a(2)

i a(3)
i a(4)

i a(5)
i = Ai

s(1)
i s(2)

i s(3)
i s(4)

i s(5)
i

= Ii

'९७ॻॸ५ ���� 0WFSWJFX PG /�-PDBM "ODIPSJOH�

/�(MPCBM "ODIPSJOH� य़F USBJOJOH QSPDFEVSF PQUJNJ[FT BU UIF OBSSBUJWF MFWFM� य़JT JT
EFNPOTUSBUFE JO 'JHVSF ��� JNQMZJOH UIBU PWFSBMM IJHI�MFWFM HVJEBODF JT QSPWJEFE GPS UIF FO�
UJSF OBSSBUJWF� य़F VOEFSMZJOH BODIPS TFSWFT BT B HVJEJOH UIFNF BOE EPFT OPU QSPWJEF EFOTF
HVJEBODF GPS FBDI OBSSBUJWF VOJU� *OTUFBE B CMBOLFU QSPQPTJUJPO JT TFSWFE JO UIF DPOUFYU PG UIF
OBSSBUJWF�

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

Encoder

Anchored Model

Decoder

Training Objective

- - - - - - - - 
- - - - - - - - 
- - - - - - - - 
- - - - - - - - 
- - - - - - - - 

N-Global Anchors

corresponding to the


entire generation

= Ai

= Ii

Ai

s(1)
i + s(2)

i + s(3)
i + s(4)

i + s(5)
i

'९७ॻॸ५ ���� 0WFSWJFX PG /�(MPCBM "ODIPSJOH�

'PSNBMMZ UIJT DBUFHPSZ PG BODIPST DPNQBSFT XJUI UIF EFOJUJPO XIFSF UIF BODIPST BSF QSP�
WJEFE JO B DPBSTFS�HSBJOFE EFUBJM� )FODF UIF BODIPS JT SFQSFTFOUFE BT Ai XIJDI EPFT OPU DPO�
UBJO BUPNJD VOJUT HSBOVMBSMZ UP HVJEF UIF HFOFSBUJPO QSPDFTT� य़FSF JT OP POF�UP�POF CJKFDUJWF
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GVODUJPO GSPN UIF BODIPS VOJUT UP UIF HFOFSBUFE UFYU UP CF NPSF DPODSFUF� )FODF UIF FOUJSF
OBSSBUJWF JT HFOFSBUFE BU PODF XJUI HMPCBM HVJEBODF�

*OQVU� Ii BOE BO BODIPS Ai DPSSFTQPOEJOH UP UIF PWFSBMM OBSSBUJWF
0VUQVU� Ni = {s(1)i , s(2)i , . . . , s(k)i } HVJEFE CZ Ai�

* QSFTFOU BO BDDPVOU PG BODIPSJOH FBDI PG UIF OBSSBUJWF QSPQFSUJFT EJTDVTTFE JO $IBQUFS � 	J�F�
DPOUFOU TUSVDUVSF BOE TVSGBDF GPSN SFBMJ[BUJPO
 XJUI /�-PDBM BOE /�(MPCBM BODIPST� य़JT
PWFSWJFX JT QSFTFOUFE JO 'JHVSF ���� य़SPVHIPVU UIJT UIFTJT XF BSF HPJOH UP MPPL JOUP UIF
FQJQIFOPNFOPO PG NBLJOH OBSSBUJWFT FFDUJWF CZ CPUI TPSUT PG BODIPSJOH JOUP UIF OBSSBUJWF
QSPQFSUJFT NFOUJPOFE BCPWF�

Narrative Properties

Model
- - - - - - 
- - - - - - 
- - - - - - 
- - - - - -

Content Structure Surface 
Realization

Input Data Narrative

'९७ॻॸ५ ���� 0WFSWJFX PG "ODIPSJOH JO /BSSBUJWF 1SPQFSUJFT GPS (FOFSBUJPO

*O BEEJUJPO UP UIF GPSNBMJ[BUJPOT PG BODIPST GPS JNQSPWJOH OBSSBUJWF HFOFSBUJPO NPEFMJOH�
CBTFE BOE UBTL�CBTFE SFRVJSFNFOUT BMTP BTTFSU UIF TJHOJDBODF PG BODIPS�CBTFE HFOFSBUJPO�

����� .PUJWBUJPOT GPS "ODIPSJOH

य़F IJHI�MFWFM NPUJWBUJPO GPS BODIPSJOH JT UIBU IVNBOT JOIFSFOUMZ MFBSO GSPN BOE JOUFSBDU
XJUI NVMUJQMF WJFXT PG DPOUFYUT CF JU WBSJPVT NPEBMJUJFT PS MBOHVBHFT� य़FSFGPSF BODIPSJOH
UIF DPOUFYUT UP UIFTF WJFXT JT DSJUJDBM� *O BEEJUJPO UP UIJT CSPBE JEFB UIJT TFDUJPO QSFTFOUT UXP
MFWFMT PG NPUJWBUJPOT GPS UIJT GSBNFXPSL� NPEFMJOH�CBTFE BOE UBTL�CBTFE NPUJWBUJPOT�

.PEFMJOH�CBTFE.PUJWBUJPOT� य़F��T BOE ��T IBWFXJUOFTTFE TJHOJDBOU FPSUT UPXBSET
VOEFSTUBOEJOH BOE HFOFSBUJOH OBSSBUJWFT BT XF QFSDFJWF UIF XPSME BOE NBLF TFOTF PG JU CZ
CVJMEJOH B DPIFSFOU TFRVFODF PG VOJUT PG VOEFSTUBOEJOH� )PXFWFS NPTU PG UIF FBSMZ TZTUFNT
IBE B NPEVMBS BQQSPBDI UP HFOFSBUJOH UFYU� &BDI NPEVMF IBOEMFT B TJOHMF OBSSBUJWF QSPQFSUZ
PG UIF UFYU BNPOH DPOUFOU TUSVDUVSF BOE TVSGBDF�GPSN SFBMJ[BUJPO� 8JUI UIF BEWFOU PG OFVSBM
UFDIOJRVFT UIF NPSF SFDFOU NPEFMJOH DIPJDF PG HFOFSBUJOH UFYU VTFT BO FOE�UP�FOE QBSBEJHN�
य़FTF OFVSBM UFYU HFOFSBUJPO NPEFMT MJLF 	3BEGPSE FU BM� ����� ;IBOH FU BM� ����� 'FEVT FU BM�
����B� -V FU BM� ����B
 BSF CFDPNJOH NPSF BOE NPSF QPUFOU JO HFOFSBUJOH OFBS�IVNBO RVBMJUZ
UFYU� य़FZ BSF WFSZ HPPE BU HFOFSBUJOH DUJPO CVU TPNFUJNFT DBO CF TFMG�DPOUSBEJDUPSZ EJTPS�
EFSMZ BOE JODPOTJTUFOU� 8F BT B DPNNVOJUZ BSF ZFU UP MM JO UIF NJTTJOH HBQT UP NBLF UIFN
NPSF FNCFEEFE JO UIF DPOUFYU PG UIF OBSSBUJWF QSPQFSUJFT GSPN NVMUJQMF WJFXT UP JNQSPWF UIF
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OBUVSBMOFTT PG UIF UFYU� 5P UIJT FOE QSJPS BOE POHPJOH FPSUT UPXBSET HFOFSBUJOH B DPNQFMMJOH
OBSSBUJWF BSF DPODFOUSBUFE PO CSJOHJOH TZOFSHZ CFUXFFO UIF FBSMZ NFUIPET PO JNQSPWJOH JO�
EJWJEVBM NPEFMT JO BO FOE�UP�FOE QBSBEJHN TVDI BT JODMVEJOH QMPU PS FWFOU 	#FSNBO �����
"NNBOBCSPMV FU BM� ����C
 DIBSBDUFST 	$BWB[[B FU BM� ����� 'BO FU BM� ����B
 EFWFMPQNFOU
BMPOH XJUI B ESBNBUJD BSD BOE TVTQFOTF�

)PXFWFS PQUJNJ[JOH UIF PCKFDUJWF GPS FBDI OBSSBUJWF QSPQFSUZ JOEJWJEVBMMZ BEEJUJPOBMMZ EF�
NBOET SJDI BOOPUBUJPOT PG UIFTF DPSSFTQPOEJOH QSPQFSUJFT GPS FBDI UJNF TUFQ PG UIF HFOFSBUJPO�
8JUI UIF FWFS�JODSFBTJOH BNPVOU PG EBUB HBUIFSJOH BOOPUBUJPOT GPS OBSSBUJWF QSPQFSUJFT TPNF�
UJNFT SFRVJSF EPNBJO FYQFSUJTF 	GPS JOTUBODF DPOUFOU JO NFEJDBM EPDVNFOUT SBEJPMPHZ JNBHFT
FUD�
� य़FSFGPSF JU JT FTTFOUJBM UP LFFQ JO NJOE BO BSSBZ PG HSBOVMBSJUJFT JO BOOPUBUJPOT UP
DIPPTF GSPN GPS BODIPSJOH� )FODF UIJT GSBNFXPSL IFMQT VT WJTVBMJ[F UIF TQFDUSVN PG TVQFS�
WJTJPO OFFEFE BU FWFSZ UJNF TUFQ JO UFSNT PG QSPWJEJOH BODIPS VOJUT CFUXFFO TVQFSWJTFE BOE
VOTVQFSWJTFE MFBSOJOH QBSBEJHNT� /�-PDBM BODIPSJOH SFRVJSFT BOOPUBUJPOT GPS FBDI V॒FSBODF
JO B OBSSBUJWF HVJEJOH XIBU PS IPX UP TBZ JU JO UIF DPOUFYU PG UIF SFTU PG UIF OBSSBUJWF� "T
FBDI HFOFSBUFE VOJU PG UFYU JT SJHJEMZ BOE UJHIUMZ CPVOE UP UIF BODIPS QPJOUT JU EFNBOET TVDI
EFOTF BOOPUBUJPOT� /�-PDBM BODIPSJOH JT NPSF UPXBSET TVQFSWJTFE MFBSOJOH XJUI OF�HSBJOFE
BOOPUBUJPOT� 0O UIF PUIFS IBOE /�(MPCBM JT NPSF UPXBSET TFNJ PS VOTVQFSWJTFE MFBSOJOH XJUI
SFTQFDU UP BOOPUBUJPOT GPS BODIPS VOJUT� " TJNJMBS FYUSBQPMBUJPO UP SFJOGPSDFNFOU MFBSOJOH GPS
/�-PDBM BODIPSJOH JT UISPVHI SFXBSE TIBQJOH CZ QSPWJEJOH EFOTF JOUFSNFEJBUF SFXBSET� 'PS
/�(MPCBM BODIPSJOH UIJT JT EPOF UISPVHI TQBSTF SFXBSET GPS JOTUBODF BU UIF FOE PG UIF TF�
RVFODF� %FSJWJOH UIF BODIPST EPFT OPU OFFE HSBOVMBS BOOPUBUJPOT GSPN UIF USBJOJOH EBUB BT
UIFZ BSF JNQMJDJUMZ JEFOUJFE BU UIF TFRVFODF MFWFM� *O UIJT UIFTJT XF XJMM VUJMJ[F UIJT HMPCBM
HVJEBODF JO UIF DPOUFYU PG ESJWJOH PS GSBNJOH B OBSSBUJWF�

5BTL #BTFE .PUJWBUJPOT� य़JT GSBNFXPSL BMTP TVQQPSUT UIF QSFSFRVJTJUFT PG TQFDJD UBTL�
CBTFE TUJQVMBUJPOT� 8IJMF DFSUBJO UBTLT MJLF TUPSZUFMMJOH DBO CF BODIPSFE JO CPUI XBZT UIFSF BSF
TUJMM TQFDJD UBTLT TVJUBCMF GPS POF LJOE PG BODIPSJOH NPSF� 'PS JOTUBODF /�-PDBM BODIPSJOH
JT NPSF TVJUBCMF GPS EFOTF QMPU VOJUT JO TUPSJFT BOE HPBM�PSJFOUFE EJBMPHT XIJDI BSF VTVBMMZ
NPSF DPOTUSBJOFE BOE UP UIF QPJOU� *O DPOUSBTU /�(MPCBM BODIPSJOH JT NPSF TVJUBCMF GPS MFTT
DPOTUSBJOFE TUPSJFT UIBU BSF DPOEJUJPOFE KVTU PO B UIFNF BOE DIJU�DIBU EJBMPHT XIFSF UIFSF JT
SPPN UP XJHHMF GPS NPSF EJWFSTJUZ� य़JT DPOUSBTU JT CFDBVTF� 	J
 /�-PDBM BODIPSJOH FOGPSDFT
TUSJDU DPOTUSBJOUT XIJDI JT DPNQBSBUJWFMZ MFTT JO UIF DBTF PG /�(MPCBM BODIPSJOH BOE 	JJ
 /�
(MPCBM BODIPSJOH IBT NPSF EJWFSTJUZ XIJDI EFDSFBTFT BT XF NPWF UPXBSET /�-PDBM BODIPSJOH�
य़F UBTL BU IBOE EJDUBUFT UIF EFHSFFT PG GSFFEPN BWBJMBCMF GPS DPOUSPMMJOH UIFTF QSPQFSUJFT BOE
BO BQQSPQSJBUF MFWFM CFUXFFO /�(MPCBM BOE /�-PDBM BODIPSJOH JT UP CF BQQMJFE JO TVDI DBTFT�

8IJMF UIFTF NPUJWBUJPOT TUJQVMBUF UIF SFBTPOJOH CFIJOE UIF DIPJDF PG BODIPSJOH JU JT BMTP JN�
QPSUBOU UP DPNCJOF UIJT XJUI XIBU NBLFT UIFN FFDUJWF JO B CSPBE UZQPMPHZ PG OBSSBUJWFT�

����� 5ZQPMPHZ PG /BSSBUJWFT

#FGPSF EFMWJOH JOUP IPX UIF BODIPST BSF NPEFMFE JU JT JNQPSUBOU UP VOEFSTUBOE UIF EJFSFODF
JO OBSSBUJWF QB॒FSOT UIBU UIF BODIPST DBO CSJOH GPSUI� * QSFTFOU B IJHI�MFWFM WJFX PG TPNF PG
UIF EJFSFOU UZQFT PG OBSSBUJWFT BOE UIFJS DIBSBDUFSJ[BUJPOT SFHBSEJOH UIF OBSSBUJWF QSPQFSUJFT
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EJTDVTTFE FBSMJFS� #BTFE PO UIF JOUFOU PS UIF DPNNVOJDBUJWF HPBM OBSSBUJWFT DBO CF CSPBEMZ
DBUFHPSJ[FE JOUP MJUFSBSZ GBDUVBM BOE QFSTVBTJWF� य़JT DBUFHPSJ[BUJPO JT OPU FYIBVTUJWF CZ BOZ
NFBOT CVU JT EFQJDUFE UP TFSWF UIF DIBSBDUFSJ[BUJPO PG EJTUJODUJPO BNPOH UIFN JO UIF OBSSBUJWF
QSPQFSUJFT�

ۦ -JUFSBSZ /BSSBUJWFT� य़FTF UZQFT PG OBSSBUJWFT QSFTFOU B TUPSZ� य़FZ DBO TPNFUJNFT CF
WPJDFE BT FYUFSOBM UP UIF OBSSBUJWF PS QBSU PG UIF OBSSBUJWF TQSFBEJOH BDSPTT UIF TQFDUSVN
GSPN B DUJPOBM TUPSZ BCPVU JNBHJOBUJWF FWFOUT UP B SFBM TUPSZ DPOTUJUVUJOH BDUVBM PSJHJOBM
IBQQFOJOHT�

ڶ $POUFOU� 4JODF POF PG UIF QSJNBSZ PCKFDUJWFT PG UIFTF OBSSBUJWFT JT DPOWFZJOH B
TUPSZ UIF DPOUFOU NBJOMZ SFWPMWFT BSPVOE UIF DIBSBDUFST QMBDFT FUD�

ڶ 4USVDUVSF� " DPIFSFOU QSFTFOUBUJPO PG B TUPSZ PॏFO TFUT UIF TDFOF BMPOH XJUI QMBDF
BOE FSB� *U UIFO USBOTDFOET JOUP UIF DIBSBDUFSJ[BUJPO PG UIF BDUPST JO UFSNT PG QIZT�
JDBM BQQFBSBODF BOE CFIBWJPS� य़JT JT PॏFO GPMMPXFE CZ B TFRVFODF PG PCTUBDMFT BOE
IPX UIF DIBSBDUFST PWFSDPNF UIFN�

ڶ 4VSGBDF�GPSN 3FBMJ[BUJPO� 4UPSJFT BSF DSFBUJWF GPSNT PG UFYU� )FODF UIJT GPSN PG
OBSSBUJWFT DPNQSJTFT LFZ EJFSFODFT JO UIF TVSGBDF GPSNT� य़FZ BSF NFUBQIPSJD
TBSDBTUJD BOE IVNPSPVT� *O BEEJUJPO UIF DIPJDF PG UIF WPDBCVMBSZ PG FBDI DIBSBDUFS
SFFDUT UIF QFSTPOBMJUZ PG UIBU QBSUJDVMBS DIBSBDUFS�

ۦ 'BDUVBM /BSSBUJWFT� य़FTF OBSSBUJWFT UZQJDBMMZ QSFTFOU BO FYQMBOBUJPO PG BO BDDPSE PG
FWFOUT PS EFTDSJCF B QSPDFEVSF PS SFQPSU GBDUVBM JOGPSNBUJPO� य़VT UIF EFMJUZ PG UIF
UFYU JT B DSJUJDBM QSPQFSUZ JOTUFBE PG CFJOH JNBHJOBUJWF MJLF JO UIF FBSMJFS DBUFHPSZ�

ڶ $POUFOU� य़FTF OBSSBUJWFT BSF BO BDDPVOUFE EFTDSJQUJPO PG UIF FOUJUJFT FWFOUT
BOE BDUJPOT UIBU EP OPU EFWJBUF GSPN UIF USVUI WBMVF� 'PS JOTUBODF JO UIF DBTF
PG QSPDFEVSFT UIF OBSSBUJWF EFTDSJCFT UIF JOHSFEJFOUT PS BDUJPOT OFDFTTBSZ GPS UIF
TVDDFTTGVM FYFDVUJPO PG UIF JOTUSVDUJPOT�

ڶ 4USVDUVSF� य़FTF GBDUVBM EFTDSJQUJPOT PॏFO CFHJO XJUI B DFOUSBM JOUSPEVDUPSZ TFO�
UFODF BEESFTT EJFSFOU BTQFDUT PS B॒SJCVUFT PG UIF GBDUT� *O UIF DBTF PG HPBM�
PSJFOUFE UFYUT PS QSPDFEVSFT UIF OBSSBUJWF VTVBMMZ TUBSUT XJUI B TUBUFNFOU PG UIF
HPBM GPMMPXFE CZ B MJTU PG NBUFSJBMT OFFEFE UP BDDPNQMJTI UIF HPBM� य़FO JU UBMLT
BCPVU UIF TUFQ�XJTF EFTDSJQUJPO VOUJM UIF OBSSBUJWF BSD B॒BJOT BO FOE HPBM PG UIF
OBM TUBUF JO UIF JOTUSVDUJPOT�

ڶ 4VSGBDF 3FBMJ[BUJPO� य़F SFBEFS PG UIF OBSSBUJWF JT VTVBMMZ SFGFSSFE UP JO FBDI TUFQ�
य़JT JT FJUIFS EPOF CZ BEESFTTJOH JO B WFSZ HFOFSJD NBOOFS VTJOH QSPOPVOT 	GPS
FYBNQMF ۜZPV
 BOE TPNFUJNFT FWFO PNJ॒JOH UIFN� 4FOUFODFT BSF JNQFSBUJWF JO
TUZMF JOEJDBUJOH UIBU UIF XSJUFS JT HJWJOH UIF JOTUSVDUJPOT� *OUFSNJ॒FOUMZ UIFSF BSF
MJOLJOH XPSET UP JOEJDBUF B TFRVFODF PG TUFQT�

ۦ 1FSTVBTJWF /BSSBUJWFT� य़FTF OBSSBUJWFT B॒FNQU UP DIBOHF UIF CFMJFG PS JODMJOBUJPO PG
UIF SFBEFS PS MJTUFOFS UP B EJFSFOU BOE PॏFO UP B QSFEFUFSNJOFE TUBODF� य़FZ NBOJGFTU
JO UIF GPSNT PG B EFCBUF BO BSHVNFOU PS BO BEWFSUJTFNFOU�

ڶ $POUFOU� *O PSEFS UP QFSTVBEF BOE BMUFS UIF PQJOJPO PS EFDJTJPO UISPVHI B OBSSBUJWF
JU JT DSVDJBM UP HBUIFS CBDLHSPVOE JOGPSNBUJPO� .PSFPWFS UIF DPOUFOU TIPVME BMTP
JODMVEF FWJEFODF CBTFE PO SFBTPOT BOE FYBNQMFT UP QSPWF UIF DBTF JO QPJOU�
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ڶ 4USVDUVSF� य़JT GPSN PG OBSSBUJWF VTVBMMZ CFHJOT XJUI UIF EFTDSJQUJPO PG UIF DVSSFOU
QPTJUJPO PS TUBODF� य़FO JU MFBET JUT XBZ JOUP UIF QSFTFOUBUJPO PG BMUFSOBUF QPJOUT PG
WJFX GPMMPXFE CZ QSFTFOUJOH MPHJDBM SFBTPOT BOE FWJEFODF UP UIF GBWPSFE DBTF�

ڶ 4VSGBDF 3FBMJ[BUJPO� य़F UFSNT BSF DIPTFO UP QPTF DPOWJODJOH MBOHVBHF� य़JT
QSFTFOUT B DPOEFOU TUZMF TVDI BT VTJOH XPSET MJLF ۜXJMM CF CF॒FS SBUIFS UIBO
ۜNJHIU CF�

#SPBEMZ XF EFBM XJUI UXP LJOET PG UFYU OBSSBUJWFT JO UIJT UIFTJT� MJUFSBSZ BOE GBDUVBM� *O QBS�
UJDVMBS GPS UIF MJUFSBSZ EPNBJO XF EFBM XJUI WJTVBM TUPSJFT� 4UPSZUFMMJOH UISPVHI QJDUVSFT IBT
CFFO EBUFE CBDL UP QSFIJTUPSJD UJNFT� "SPVOE ����� ZFBST BHP QBJOUJOHT PG BOJNBM IFSET MJLF
CJTPOT SIJOPT BOE HB[FMMFT XFSF NBEF JO B DBWF JO 4PVUIFSO 'SBODF� )PXFWFS UIFTF XFSF OPU
NFSFMZ QBJOUJOHT� UIFZ XFSF BMTP TUPSJFT BCPVU UIF IFSPJD BEWFOUVSFT PG IVNBOT� 4JODF UIFO WJ�
TVBM TUPSZUFMMJOH IBT FWPMWFE GSPN QBJOUJOHT UP QIPUPHSBQIZ UP NPUJPO QJDUVSFT UP WJEFP HBNFT�
)PXFWFS XJUI SFTQFDU UP JUT UJNFMJOF OFVSBM HFOFSBUJWF TUPSZUFMMJOH IBT HBJOFE USBDUJPO POMZ
SFDFOUMZ� 4JNJMBSMZ GPS UIF GBDUVBM EPNBJO * QSFTFOU XPSL PO QSPDFEVSBM PS JOTUSVDUJPOBM UFYU
	VOEFS UIF ڣIPX�UPڢ VNCSFMMB
� य़JT JODMVEFT DPPLJOH SFDJQFT BOE OBWJHBUJPOBM JOTUSVDUJPOT�
"MPOH UIF TBNF WFJO RVFSZ�PSJFOUFE TVNNBSJFT BMTP QSPWJEF GBDUVBM EFTDSJQUJPOT CBTFE PO B
RVFTUJPO�

य़FTF NPUJWBUJPOT CSJOH VT UP PVS HSBOE HPBM XIJDI JT EJTDVTTFE IFSF�

(PBM� य़F PWFSBSDIJOH BJN PG UIJT XPSL JT UP DPNQVUBUJPOBMMZ TJNVMBUF ۠.VMUJWJFX /BSSB�
UJWF (FOFSBUJPO �ۡ -FU VT CSFBL EPXO XIBU UIFTF JOEJWJEVBM UFSNT BSF JO VOEFSTUBOEJOH UIJT
HPBM EJTDSFUFMZ JO B CP॒PN�VQ GBTIJPO�

ۦ (FOFSBUJPO JT UIF QSPDFTT PG QSPEVDJOH 	OBUVSBM MBOHVBHF
 PVUQVU�

ۦ " /BSSBUJWF JT B DISPOJDMF PG B TFU PG DPOOFDUFE FWFOUT� 4P GBS UIJT NFBOT UIBU OBSSBUJWFڢ
JOUFMMJHFODFڣ JT UIF BCJMJUZ UP DSBॏ B NVMUJ�TFOUFODF UFYUVBM DPNQPTJUJPO BOE QSFTFOU JU
QFSDFQUVBMMZ� *U JODMVEFT LOPXJOH XIBU UP UBML BCPVU BOE IPX UP UBML BCPVU JU�

ۦ .VMUJWJFX JT DIBSBDUFSJ[FE CZ IFUFSPHFOFPVT DPOUFYUT PG JOGPSNBUJPO� *OGPSNBUJPO QSP�
DFTTJOH CZ IVNBOT JT FTTFOUJBMMZ NVMUJNPEBM JO OBUVSF BOE TJUVBUFE DPOUFYU DBO CF EF�
SJWFE GSPN NVMUJQMF NPEBMJUJFT TVDI BT WJTJPO BOE MBOHVBHF�

य़JT CVJMET VQ PVS EFOJUJPO PG NVMUJWJFX OBSSBUJWF HFOFSBUJPO�

य़PVHI PVS HPBM GPS UIJT UIFTJT EPFT OPU FODPNQBTT HFOFSBUJOH GVMM�FEHFE OPWFMT BOE UIFTJT
EPDVNFOUT * QSFTFOU UFDIOJRVFT UPXBSET BEESFTTJOH UIFTF HPBMT JO B TUFQ CZ TUFQ NBOOFS DPO�
USJCVUJOH NZ UXP DFOUT UPXBSET UIJT HSBOE HPBM� *O UIJT B॒FNQU * NBLF TJNQMJFE BTTVNQUJPOT
UP UBDLMF UIF QSPCMFNT JO DPODSFUF XBZT XIJDI BSF EJTDVTTFE OFYU�

4JNQMJ॑FE $POKFDUVSFT� य़F OBUVSBM RVFTUJPO UIBU BSJTFT BU UIJT QPJOU JT XJUI SFTQFDU UP
EFDPVQMJOH UIF EJFSFODFT JO UIF OBSSBUJWF QSPQFSUJFT� 8IBU JT UIF EJञFSFODF CFUXFFO TUSVDUVSF
BOE DPOUFOU #PUI DPOUFOU BOE TUSVDUVSF XPSL JO TZOFSHZ UP CSJOH GPSUI UIF TFNBOUJDT PG UIF
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UFYU� 8JUI SFTQFDU UP UIJT XPSL * TFF DPOUFOU BT UIF JOEJWJEVBM DPNQPOFOUT BOE TUSVDUVSF BT UIF
BSSBOHFNFOU PG UIPTF DPNQPOFOUT� 'PS JOTUBODF JO UIF DBTF PG B TFOUFODF� UPLFOT SFQSFTFOU
UIF DPOUFOU BOE B QBSTF USFF SFQSFTFOUT UIF TUSVDUVSF� *O UIF DBTF PG BO JNBHF PG B DBU� QJYFMT
QFSUBJOJOH UP UIF FZFT FBST BOE XIJTLFST NBLF VQ UIF DPOUFOU� BOE UIF QMBDFNFOU PG UIFTF
QBSUT BQQSPQSJBUFMZ DPNFT GSPN UIF TUSVDUVSF�

"MUIPVHI XF SFDPHOJ[F UIF TJHOJDBODF PG FYUSBDUJOH UIF BODIPST UIF TDPQF PG UIJT UIFTJT MJFT
JO VUJMJ[JOH UIF FYUSBDUFE BODIPST JO UIF FOE HPBM PG HFOFSBUJPO� 5PXBSET UIJT XF VTF SFBEJMZ
BWBJMBCMF UFDIOJRVFT UP FYUSBDU UIF BODIPST BOE SFQSFTFOU UIFN JO WBSJPVT GPSNT UP JODPSQPSBUF
UIFN JO UIF HFOFSBUJPO QSPDFTT� य़F OFDFTTBSZ CBDLHSPVOE PO UFYU HFOFSBUJPO NPEFMJOH BMPOH
XJUI DBUFHPSJ[BUJPO PG TPNF PG UIF QSJPSXPSL JOUP/�-PDBM BOE/�(MPCBM BODIPSJOH JT QSFTFOUFE
JO UIF OFYU TFDUJPO�

��� 5BTL "HOPTUJD 5FYU (FOFSBUJPO 5FDIOJRVFT

/FVSBM UFYU HFOFSBUJPONFUBNPSQIPTFE JOUP TFWFSBM DSJUJDBM OBUVSBM MBOHVBHF BQQMJDBUJPOT SBOH�
JOH GSPN UFYU DPNQMFUJPO UP GSFF�GPSN OBSSBUJWF HFOFSBUJPO� *O PSEFS UP QSPHSFTT SFTFBSDI JO
UFYU HFOFSBUJPO JU JT DSJUJDBM UP BCTPSC UIF FYJTUJOH SFTFBSDI XPSLT BOE QPTJUJPO PVSTFMWFT JO
UIJT NBTTJWFMZ HSPXJOH FME� 4QFDJDBMMZ UIJT TFDUJPO TVSWFZT UIF GVOEBNFOUBM DPNQPOFOUT PG
NPEFMJOH BQQSPBDIFT SFMBZJOH UBTL BHOPTUJD JNQBDUT BDSPTT WBSJPVT HFOFSBUJPO UBTLT TVDI BT
TUPSZUFMMJOH TVNNBSJ[BUJPO USBOTMBUJPO FUD� *O UIJT DPOUFYU XF QSFTFOU BO BCTUSBDUJPO PG UIF
JNQFSBUJWF UFDIOJRVFT XJUI SFTQFDU UP MFBSOJOH QBSBEJHNT QSFUSBJOJOH NPEFMJOH BQQSPBDIFT
EFDPEJOH BOE UIF LFZ DIBMMFOHFT PVUTUBOEJOH JO UIF FME JO FBDI PG UIFN� य़FSFCZ XF EFMJWFS
B POF�TUPQ EFTUJOBUJPO GPS SFTFBSDIFST JO UIF FME UP GBDJMJUBUF B QFSTQFDUJWF PO XIFSF UP TJUVBUF
UIFJS XPSL BOE IPX JU JNQBDUT PUIFS DMPTFMZ SFMBUFE HFOFSBUJPO UBTLT�

0OF PG UIF FMET XJUOFTTJOH B TUFFQ HSPXUI JT UFYU HFOFSBUJPO XIJDI JT UIF UBTL PG QSPEVDJOH B
XSJ॒FO PS TQPLFO OBSSBUJWF GSPN TUSVDUVSFE PS VOTUSVDUVSFE EBUB� य़JT FME OBWJHBUFE UISPVHI
B WBSJFUZ PG UFDIOJRVFT BOE DIBMMFOHFT GSPN VTJOH UFNQMBUF�CBTFE TZTUFNT NPEFMJOH EJTDPVSTF
TUSVDUVSFT TUBUJTUJDBM NFUIPET UP NPSF SFDFOU BVUPSFHSFTTJWF EFFQ OFUT USBOTGPSNFST FUD� 8JUI
UIJT SBQJE USBOTGPSNBUJPO JU JT DSJUJDBM UP SFUSPTQFDU BOE QPTJUJPO PVSTFMWFT UP GPSFTFF UIF VQ�
DPNJOH UBTL�BHOPTUJD DIBMMFOHFT UP JNQBDU UIF FOUJSF FME� Fࡋ QSJNBSZ HPBM PG UIJT TFDUJPO JT
UP BTTJTU UIF SFBEFST UP QPTJUJPO UIFJS XPSL JO UIJT WBTU NB[F PG UFYU HFOFSBUJPO UP JEFOUJGZ OFX
DIBMMFOHFT BOE TFDPOEBSJMZ QSFTFOU B DPNQBDU TVSWFZ PG UIF टFME JO UIF DPOUFYU PG UBTL�BHOPTUJD
DIBMMFOHFT�

#FGPSF EJWJOH JOUP UIF UBTLT�BHOPTUJD UFDIOJRVFT UBCMF ��� QSFTFOUT UIF UISFF NBJO QBSBEJHNT
PG UBTLT JO HFOFSBUJOH UFYU CBTFE PO UIF TDIFNB PG JOQVU BOE PVUQVU� य़FTF DBUFHPSJFT BSF QSF�
TFOUFE GPS UIF TBLF PG DPNQMFUFOFTT PG UIF UPQJD BU B IJHI MFWFM CVU XF EP OPU HP JOUP UIFJS
EFUBJMT JO UIJT TFDUJPO� य़FTF TFWFSBM UBTLT EFTFSWF VOEJWJEFE B॒FOUJPO BOE BDDPSEJOHMZ UIFZ
IBWF CFFO IFBWJMZ TVSWFZFE JO UIF SFDFOU QBTU� 'PS JOTUBODF JOEFQFOEFOU BOE FYDMVTJWF TVS�
WFZT BSF QFSJPEJDBMMZ DPOEVDUFE PO TVNNBSJ[BUJPO 	-JO BOE /H ����� "MMBIZBSJ FU BM� �����
/FOLPWB BOE .D,FPXO ����� 5BT BOE ,JZBOJ
 LOPXMFEHF UP UFYU HFOFSBUJPO 	(BSEFOU FU BM�
����� ,PODFM�,FE[JPSTLJ FU BM� ����
 NBDIJOF USBOTMBUJPO 	$IV BOE 8BOH ����� %BCSF FU BM�
����� $IBOE ����� 4MPDVN ����
 EJBMPH SFTQPOTF HFOFSBUJPO 	-JV FU BM� ����C� .POUFOFHSP
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Evaluation 

HumanAutomatic Emulated

Inference (decoding) 

Autoregressive Non-autoregressive

Sampling Search

Supervised

Training Paradigms 

Adversarial Latent Variable Reinforcement

Generative Pre-training

Supervised

Core Modeling 

'९७ॻॸ५ ���� 0VUMJOJOH UIF DPNQPOFOUT PG OFVSBM UFYU HFOFSBUJPO EJTDVTTFE UISPVHI UIF TFDUJPO�

FU BM� ����� 3BNFTI FU BM� ����� $IFO FU BM� ����
 TUPSZUFMMJOH OBSSBUJWF HFOFSBUJPO 	5POH
FU BM� ����� 5PHFMJVT FU BM� ����
 JNBHF DBQUJPOJOH 	)PTTBJO FU BM� ����
 FUD� UP EJH EFFQFS
JOUP UBTL TQFDJD BQQSPBDIFT UIBU BSF GPVOEBUJPOBM BT XFMM BT UIF CMFFEJOH FEHF PG SFTFBSDI�
*O BEEJUJPO UIFSF IBWF CFFO TFWFSBM TUVEJFT DPOEVDUFE PO TVSWFZJOH UFYU HFOFSBUJPO� 1FSFSB
BOE /BOE 	����
 QSFTFOU B EFUBJMFE PWFSWJFX PG JOGPSNBUJPO UIFPSZ CBTFE BQQSPBDIFT� *RCBM
BOE फ़SFTIJ 	����
 QSJNBSJMZ GPDVT PO DPSF NPEFMJOH BQQSPBDIFT (B॒ BOE ,SBINFS 	����B

FMBCPSBUFE PO UBTLT TVDI BT DBQUJPOJOH TUZMF USBOTGFS FUD� XJUI B QSJNBSZ GPDVT PO EBUB�UP�UFYU
UBTLT� $POUSPMMBCJMJUZ BTQFDU JT FYQMPSFE CZ 1SBCIVNPZF FU BM� 	����
� -V FU BM� 	����C
 QFSGPSN
BO FNQJSJDBM TUVEZ PO UIF DPSF NPSF NPEFMJOH BQQSPBDIFT POMZ� 8IJMF UIFZ BSF FYUSFNFMZ OFD�
FTTBSZ UIF GPDVT PO UFDIOJRVFT UIBU BSF CFOFDJBM UP PUIFS SFMBUFE UBTLT BSF PॏFO PWFSMPPLFE�
य़JT TFDUJPO GPDVTFT PO UIFTF UBTL BHOPTUJD DPNQPOFOUT UP JNQSPWF UIF FOTFNCMF PG UBTLT JO
OFVSBM UFYU HFOFSBUJPO�

'JHVSF ��� QSFTFOUT UIF DPNQPOFOUT UIBU BSF JNQPSUBOU UP TUVEZ JO OFVSBM UFYU HFOFSBUJPO XIJDI
BSF FMBCPSBUFE JO UIJT TFDUJPO� य़SPVHIPVU UIF TFDUJPO XF JEFOUJGZ BOE IJHIMJHIU 	JO JUBMJDT
 UIF
DIBMMFOHFT JO UIF FME JO UIF DPOUFYU PG FYJTUJOH XPSL�

����� 5SBJOJOH 1BSBEJHNT

������� (FOFSBUJWF 1SF�USBJOJOH

3FDFOU DPVQMF PG ZFBST IBWF TFFO B NBKPS TVSHF JO JOUFSFTU GPS QSF�USBJOJOH UFDIOJRVFT� 6OJ-.
	6/*FE QSF�USBJOFE -BOHVBHF .PEFM 	%POH FU BM� ����B

 JT QSPQPTFE BT B QSF�USBJOJOH NFDI�
BOJTN GPS CPUI OBUVSBM MBOHVBHF VOEFSTUBOEJOH BOE OBUVSBM MBOHVBHF HFOFSBUJPO UBTLT� 'VOEB�
NFOUBMMZ UIF QSFWJPVTMZ XJEFMZ VTFE &-.0 	1FUFST FU BM� ����
 DPOTUJUVUFT B MBOHVBHF NPEFM
UIBU JT MFॏ UP SJHIU BOE SJHIU UP MFॏ� 8IJMF (15 	3BEGPSE FU BM�
 IBT BO BVUPSFHSFTTJWF MFॏ UP
SJHIU MBOHVBHF NPEFM #&35 	%FWMJO FU BM� ����B
 IBT B CJEJSFDUJPOBM MBOHVBHF NPEFM� 6OJ-.
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(FOFSBUJPO
1BSBEJHN 5BTL *OQVU 0VUQVU
5FYU�UP�5FYU %JBMPH $POWFSTBUJPO )JTUPSZ /FYU 3FTQPOTF

.BDIJOF 5SBOTMBUJPO 4PVSDF -BOHVBHF 5BSHFU -BOHVBHF
4UZMF 5SBOTGFS 4UZMF � 5FYU 4UZMF � 5FYU
4VNNBSJ[BUJPO 4JOHMF�.VMUJQMF %PDVNFOUT 4VNNBSZ

%BUB�UP�5FYU *NBHF $BQUJPOJOH *NBHF %FTDSJQUJWF 5FYU
7JTVBM 4UPSZUFMMJOH *NBHFT %FTDSJQUJWF 5FYU
4QFFDI 3FDPHOJUJPO "VEJP 5FYU
5BCMF UP 5FYU 5BCMF 5FYU
,OPXMFEHF #BTFT UP 5FYU ,OPXMFEHF #BTFT 5FYU

/POF�UP�5FYU -BOHVBHF .PEFMJOH /VMM 4FRVFODF PG 5FYU

5१२ॲ५ ���� 1BSBEJHNT PG 5BTLT JO 5FYU (FOFSBUJPO 	OPU EFUBJMFE JO UIJT DIBQUFS
� /PUF� 5P CF
DPNQBDU XF JODMVEF ۜ,OPXMFEHF�UP�UFYU QBSBEJHN XJUIJO ۜ%BUB�UP�UFYU�

JT PQUJNJ[FE KPJOUMZ GPS BMM PG UIF BCPWF PCKFDUJWFT BMPOH XJUI BO BEEJUJPOBM OFX TFR�TFR -.
XIJDI JT CJEJSFDUJPOBM FODPEJOH GPMMPXFE CZ VOJEJSFDUJPOBM EFDPEJOH� %FQFOEJOH PO UIF VTF
DBTF 6OJ-. DBO CF BEPQUFE UP VTF 6OJEJSFDUJPOBM -. #JEJSFDUJPOBM -. BOE 4FR�TFR -.�8JUI
B TJNJMBS HPBM JO NJOE ."44 	4POH FU BM� ����
 NPEJFE NBTLJOH QB॒FSOT JO JOQVU UP BDIJFWF
UIJT� #&35 BOE 9-/FU 	:BOH FU BM� ����E
 QSF�USBJO BO FODPEFS BOE (15 QSFUSBJOT B EFDPEFS�
य़JT JT B GSBNFXPSL JOUSPEVDFE UP QSFUSBJO FODPEFS�B॒FOUJPO�EFDPEFS UPHFUIFS� &ODPEFSNBTLT
B TFRVFODF PG MFOHUI L BOE UIF EFDPEFS QSFEJDUT UIF TBNF TFRVFODF PG MFOHUI L BOE FWFSZ PUIFS
UPLFO JT NBTLFE� 8IJMF UIF JEFB PG KPJOUMZ USBJOJOH UIF FODPEFS�B॒FOUJPO�EFDPEFS SFNBJOT UIF
TBNF BT JO 6OJ-. UIF JOUFSFTUJOH DPOUSJCVUJPO IFSF JT UIF XBZ NBTLJOH JT VUJMJ[FE UP CSJOH
PVU UIF GPMMPXJOH BEWBOUBHFT� 	J
 य़F UPLFOT NBTLFE JO EFDPEFS BSF UIF UPLFOT UIBU BSF OPU
NBTLFE JO FODPEFS� 	JJ
 &ODPEFS TVQQPSUT EFDPEFS CZ FYUSBDUJOH VTFGVM JOGPSNBUJPO GSPN UIF
NBTLFE GSBHNFOUT JNQSPWJOH UIF /-6 DBQBCJMJUJFT�	JJJ
 4JODF B TFRVFODF PG MFOHUI L JT EFDPEFE
DPOTFDVUJWFMZ /-( DBQBCJMJUZ JT JNQSPWFE BT XFMM� /PUF UIBU XIFO L JT � UIF NPEFM JT DMPTFS UP
#&35 XIJDI JT CJBTFE UP BO FODPEFS BOE XIFO L JT UIF MFOHUI PG TFOUFODF UIF NPEFM JT DMPTFS
UP (15 XIJDI JT CJBTFE UP EFDPEFS� 4JNJMBS UP 6OJ-. #"35 	-FXJT FU BM� ����
 IBT B CJEJSFD�
UJPOBM FODPEFS BOE BO BVUPSFHSFTTJWF EFDPEFS� य़F VOEFSMZJOH NPEFM JT TUBOEBSE USBOTGPSNFS
	7BTXBOJ FU BM� ����B
 CBTFE OFVSBM .5 GSBNFXPSL� य़F NBJO EJFSFODF CFUXFFO #"35 BOE
."44 JT UIBU UIF UPLFOT NBTLFE IFSF BSF OPU OFDFTTBSJMZ DPOTFDVUJWF� य़F NBJO JEFB JT UP DPS�
SVQU UFYU XJUI BSCJUSBSZ OPJTF TVDI BT UPLFO NBTLJOH UPLFO EFMFUJPO UPLFO JOMMJOH TFOUFODF
QFSNVUBUJPO BOE EPDVNFOU SPUBUJPO BOE SFDPOTUSVDU UIF PSJHJOBM UFYU� 'PMMPXJOH UIJT 3BFM
FU BM� 	����
 QSPQPTFE 5� BT B VOJGZJOH GSBNFXPSL UIBU UJFT BMM /-1 QSPCMFNT BT UFYU HFOFSB�
UJPO UBTLT XJUI B UFYU�JO BOE UFYU�PVU QBSBEJHN� 3FDFOUMZ %BUIBUISJ FU BM� 	����
 JOUSPEVDFE
QMVH BOE QMBZ MBOHVBHF NPEFMT DBQBCMF PG Fਖ਼DJFOUMZ USBJOJOH GFXFS QBSBNFUFST UP DPOUSPM B
IVHF VOEFSMZJOH QSFUSBJOFE NPEFM� 'JOFUVOJOH UIFTF WBTU NPEFMT GPS HFOFSBUJWF UBTLT IBT CFFO
TUVEJFE JO TUZMF USBOTGPSNFST 	4VEIBLBS FU BM� ����
 BOE DPOWFSTBUJPOBM BHFOUT 	%JOBO FU BM�
����
�

$IBMMFOHFT� य़JT OFX FSB PG WFSZ QPXFSGVM MBOHVBHF NPEFMT PQFOFE VQ B XIPMF OFX TFU PG
DIBMMFOHFT� )PX DBO UIFZ CF FञFDUJWFMZ VTFE BT LOPXMFEHF TPVSDFT 	-FXJT FU BM� ����
  )PX UP
NJUJHBUF UIF JOIFSFOU TPDJFUBM CJBTFT GSPN NPEFMT MFBSOU BU UIJT TDBMF 	4IXBSU[ FU BM� ����B
  )PX
UP MFBSO TPDJBM OPSNT GSPN WBTU BNPVOUT PG QSFUSBJOFE NPEFMT 	'PSCFT FU BM� ����
  )PX UP FOTVSF
DPIFSFODF JO MPOH GPSN HFOFSBUJPO TQFDJटD UP B EPNBJO 	5BO FU BM� ����
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����� $PSF .PEFMJOH

य़FCBTF BSDIJUFDUVSF DPOTUJUVUFT PG BO FODPEFS�EFDPEFS XJUI BO PQUJPOBM B॒FOUJPONFDIBOJTN�

4VQFSWJTFE -FBSOJOH� .PTU HFOFSBUJPO BQQSPBDIFT JO UIJT TF॒JOH VTF NBYJNVN MJLFMJIPPE
PCKFDUJWF GPS USBJOJOH TFRVFODF HFOFSBUJPO XJUI B TFRVFOUJBM NVMUJ�MBCFM DSPTT FOUSPQZ� )PX�
FWFS UIFSF JT BO JOIFSFOU JODPOTJTUFODZ JO FYQPTVSF UP HSPVOE USVUI UFYU CFUXFFO USBJOJOH BOE
JOGFSFODF TUBHFT XIFO VTJOH UFBDIFS GPSDJOH EVSJOH USBJOJOH� MFBEJOH UP FYQPTVSF CJBT 	3BO�
[BUP FU BM� ����
� य़JT QSPCMFN CFDPNFT TFWFSF XJUI UIF JODSFBTJOH MFOHUI PG UIF PVUQVU� "
TPMVUJPO UP BEESFTT UIJT JTTVF JT TDIFEVMFE TBNQMJOH 	#FOHJP FU BM� ����
 XIJDI NJYFT UFBDIFS
GPSDFE FNCFEEJOHT BOE NPEFM QSFEJDUJPOT GSPN UIF QSFWJPVT UJNF TUFQ� JTࡋ QSPCMFN PG UFYU
EFHFOFSBUJPO TUJMM SFNBJOT B QSFTTJOH JTTVF XIJDI JT SFWJTJUFE JO g������

3FJOGPSDFNFOU -FBSOJOH� य़F NBJO JTTVF XJUI UIF TVQFSWJTFE MFBSOJOH BQQSPBDI GPS UFYU
HFOFSBUJPO JT UIF NJTNBUDI CFUXFFO UIF NBYJNVN MJLFMJIPPE PCKFDUJWF BOE NFUSJDT GPS UFYU
RVBMJUZ� 3FJOGPSDFNFOU MFBSOJOH BEESFTTFT UIJT NJTNBUDI CZ EJSFDUMZ PQUJNJ[JOH FOE NFUSJDT
XIJDI DPVME CF OPO�EJFSFOUJBCMF� 5ZQJDBMMZ QPMJDZ HSBEJFOU BMHPSJUINT BSF VTFE UP PQUJNJ[F
GPS #-&6 TDPSF EJSFDUMZ WJB 3FJOGPSDF� )PXFWFS DPNQVUJOH UIFTF NFUSJDT CFGPSF FWFSZ VQEBUF
JT OPU DPNQVUBUJPOBMMZ FडDJFOU UP JODPSQPSBUF JO UIF USBJOJOH QSPDFEVSF� "OPUIFS QSPCMFN JT UIF
JOIFSFOU JOFडDJFODZ PG UIF NFUSJD JUTFMG VTFE GPS SFXBSE J�F #-&6 JT OPU UIF CFTU NFBTVSF UP
FWBMVBUF UFYU RVBMJUZ� 4PNFUJNFT UIFTF SFXBSET BSF MFBSOU BEWFSTBSJBMMZ� *O QSBDUJDF VTVBMMZ
UIF QPMJDZ OFUXPSL JT VTVBMMZ QSF�USBJOFEXJUINBYJNVN MJLFMJIPPE PCKFDUJWF CFGPSF PQUJNJ[JOH
GPS #-&6 TDPSF�

-BUFOU 7BSJBCMF .PEFMJOH� य़FTF NPEFMT UPPL B QSF॒Z TUFFQ DVSWF GSPN WBSJBUJPOBM TFR�TFR
NPEFMT 	#PXNBO FU BM� ����
 UP DPOEJUJPOBM 7"&T 	4IFO FU BM� ����C
� य़FTF MBUFOU WBSJBCMF
NPEFMT IBWF CFFO FYQMPSFE UP HFOFSBUF DPOUSPMMBCMF UFYU HFOFSBUJPO CBTFE PO UPQJD 	8BOH FU BM�
����F
 TUSVDUVSF 	$IFO FU BM� ����B
 QFSTPOB 	;IBP FU BM� ����
 	8V FU BM� ����
 FUD�

"EWFSTBSJBM -FBSOJOH� य़F UIJSE QBSBEJHN JT BEWFSTBSJBM MFBSOJOH DPNQSJTJOH PG DPNQFUJOH
PCKFDUJWFT� य़F NJTNBUDI JO USBJOJOH BOE JOGFSFODF TUBHFT JT BEESFTTFE VTJOH 1SPGFTTPS 'PSDJOH
	-BNC FU BM� ����
 XJUI BEWFSTBSJBM EPNBJO BEBQUBUJPO UP CSJOH UIF CFIBWJPS PG UIF USBJOJOH BOE
TBNQMJOH DMPTF UP FBDI PUIFS� (FOFSBUJWF "EWFSTBSJBM /FUXPSLT 	("/
 BMTP HBJOFE QPQVMBSJUZ
XJUI SFTQFDU UP UIJT JO UIF SFDFOU UJNFT� य़F DPSF JEFB JT UIBU UIF HSBEJFOU PG UIF EJTDSJNJOBUPS
HVJEFT IPX UP BMUFS UIF HFOFSBUFE EBUB BOE CZ XIBU NBSHJO JO PSEFS UP NBLF JU NPSF SFBMJT�
UJD� य़FSF BSF TFWFSBM WBSJBOUT BEPQUFE UP BEESFTT TQFDJD QSPCMFNT TVDI BT 4FR("/ UP BTTFTT
QBSUJBMMZ HFOFSBUFE TFRVFODF 	:V FU BM� ����
 .BTL("/ UP JNQSPWF TBNQMF RVBMJUZ VTJOH UFYU
MMJOH 	'FEVT FU BM� ����B
 BOE -FBL("/ UP NPEFM MPOH UFSN EFQFOEFODJFT CZ MFBLJOH EJTDSJN�
JOBUPS JOGPSNBUJPO UP HFOFSBUPS 	(VP FU BM� ����
� य़F UISFF NBJO DIBMMFOHFT SFTFBSDIFE JO UIJT
BSFB BSF�

• %JTDSFUF 4BNQMJOH� य़F TBNQMJOH TUFQ TFMFDUJOH BSHNBY JO MBOHVBHF JT OPO�EJFSFOUJBCMF� य़JT
JT BEESFTTFE CZ SFQMBDJOH JU XJUI B DPOUJOVPVT BQQSPYJNBUJPO CZ BEEJOH (VNCFM OPJTF XIJDI
JT OFHBUJWF MPH PG OFHBUJWF MPH PG B TBNQMF GSPN VOJGPSN EJTUSJCVUJPO BMTP LOPXO BT (VNCFM
4PॏNBY�

• .PEF $PMMBQTF� ("/T UZQJDBMMZ GBDF UIF JTTVF PG TBNQMJOH GSPN TQFDJD UPLFOT UP DIFBU
EJTDSJNJOBUPS LOPXO BT NPEF DPMMBQTF� *O UIJT XBZ POMZ B TVCTQBDF PG UBSHFU EJTUSJCVUJPO JT
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MFBSOU CZ UIF HFOFSBUPS� %1�("/ BEESFTTFT UIJT VTJOH BO FYQMJDJU EJWFSTJUZ QSPNPUJOH SFXBSE
	9V FU BM� ����C
�

• 1PXFS EZOBNJDT CFUXFFO (FOFSBUPS BOE %JTDSJNJOBUPS EVSJOH USBJOJOH� "OPUIFS QSPCMFN BSJTFT
XIFO UIF EJTDSJNJOBUPS JT USBJOFE GBTUFS UIBO UIF HFOFSBUPS BOE PWFSQPXFST JU� य़JT QIF�
OPNFOPO JO USBJOJOH JT PCTFSWFE GSFRVFOUMZ BOE UIF HSBEJFOU GSPN EJTDSJNJOBUPS WBOJTIFT
MFBEJOH UP OP SFBM VQEBUF UP HFOFSBUPS�

����� %FDPEJOH 4USBUFHJFT

य़F OBUVSBM OFYU TUFQ BॏFS QSF�USBJOJOH BOE USBJOJOH JT EFDPEJOH� य़F EJTUJOHVJTIJOH DIBSBD�
UFSJTUJD PG HFOFSBUJPO JT UIF BCTFODF PG POF�UP�POF DPSSFTQPOEFODF CFUXFFO UJNF TUFQT PG JOQVU
BOE UIF PVUQVU UIFSFCZ JOUSPEVDJOH B DSVDJBM DPNQPOFOU XIJDI JT EFDPEJOH� 1SJNBSJMZ UIFZ
DBO CF DBUFHPSJ[FE BT 	J
 BVUPSFHSFTTJWF BOE 	JJ
 OPO�BVUPSFHSFTTJWF�

"VUPSFHSFTTJWF EFDPEJOH� 5SBEJUJPOBM NPEFMT XJUI UIJT TUSBUFHZ DPSSFTQPOE XFMM UP UIF USVF
EJTUSJCVUJPOT PG XPSET� य़JT NBJOMZ DPNFT GSPN SFTQFDUJOH UIF DPOEJUJPOBM EFQFOEFODF QSPQ�
FSUZ GSPN MFॏ UP SJHIU� य़F BVUPSFHSFTTJWF UFDIOJRVFT DBO CF GVSUIFS WJFXFE BT TBNQMJOH BOE
TFBSDI UFDIOJRVFT� 0OF PG UIF JTTVFT PG UIJT TUSBUFHZ JT UISPࡇMJOH USBOTGPSNFS�CBTFE NPEFMT UIBU
GBMM TIPSU JO SFQMJDBUJOH UIFJS USBJOJOH BEWBOUBHFT BT USBJOJOH DBO CF OPO�TFRVFOUJBM BOE JOGFSFODF
IPMET UP CF TFRVFOUJBM XJUI BVUPSFHSFTTJWF EFDPEJOH�

/PO�BVUPSFHSFTTJWF EFDPEJOH� य़JT MJOF PG XPSL QSJNBSJMZ BEESFTTFT UXP QSPCMFNT UIBU
BSF BTTPDJBUFE XJUI BVUPSFHSFTTJWF EFDPEJOH� 'JSTU CZ EFOJUJPO UIFSF JT B DPOEJUJPOBM JOEF�
QFOEFODF QSPQFSUZ UIBU IPMET� य़JT MFBET UP UIF NVMUJNPEBMJUZ QSPCMFN XIFSF FBDI UJNF TUFQ
DPOTJEFST EJञFSFOU WBSJBOUT XJUI SFTQFDU UP UIF FOUJSF TFRVFODF BOE UIFTF DPOEJUJPOT DPNQFUF XJUI
FBDI PUIFS� 4FDPOE UIF NBJO BEWBOUBHF JT UIF SFEVDUJPO JO MBUFODZ EVSJOH SFBM�UJNF HFOFSB�
UJPO� (VP FU BM� 	����
 BEESFTTFE UIJT QSPCMFN JO UIF DPOUFYU PG OFVSBM NBDIJOF USBOTMBUJPO
VTJOH USBOTGPSNFST CZ DPQZJOH FBDI PG UIF TPVSDF JOQVUT UP UIF EFDPEFS FJUIFS VOJGPSNMZ PS
SFQFBUFEMZ CBTFE PO UIFJS GFSUJMJUZ DPVOUT� य़FTF GFSUJMJUJFT BSF QSFEJDUFE VTJOH B EFEJDBUFE OFV�
SBM OFUXPSL UP SFEVDF UIF VOTVQFSWJTFE QSPCMFN UP B TVQFSWJTFE POF BOE UIFSFCZ FOBCMJOH JU
UP CF VTFE BT B MBUFOU WBSJBCMF� य़FTF JOWBSJBCMF SFQMJDBUJPOT CBTFE PO GFSUJMJUJFT NBZ MFBE UP
SFQFUJUJPO PS EVQMJDBUJPO PG XPSET� $MPTFMZ GPMMPXFE CZ UIJT WBO EFO 0PSE FU BM� 	����
 UPPL B
EJFSFOU BQQSPBDI CZ JOUSPEVDJOH QSPCBCJMJUZ EFOTJUZ EJTUJMMBUJPO CZ NPEJGZJOH B DPOWPMVUJPOBM
OFVSBM OFUXPSL VTJOH B QSF�USBJOFE UFBDIFS OFUXPSL UP TDPSF B TUVEFOU OFUXPSL B॒FNQUJOH UP
NJOJNJ[F UIF ,- EJWFSHFODF CFUXFFO UIF UFBDIFS OFUXPSL BOE JUTFMG� #PUI UIFTF XPSLT TFU UIF
USFOE PG VTJOH MBUFOU WBSJBCMFT UP DBQUVSF UIF JOUFSEFQFOEFODF CFUXFFO EJFSFOU UJNF TUFQT JO
UIF EFDPEFS� 'PMMPXJOH UIJT XPSL -FF FU BM� 	����
 VTF JUFSBUJWF SFOFNFOU CZ EFOPJTJOH UIF
MBUFOU WBSJBCMFT BU FBDI PG UIF SFOFNFOU TUFQT� य़JT JEFB PG JUFSBUJWF EFDPEJOH JOTQJSFE XBZT
UP NPSF BWFOVFT CZ DPNCJOJOH UIF CFOFUT PG DMP[F TUZMF NBTL QSFEJDUJPO PCKFDUJWFT GSPN #FSU
	%FWMJO FU BM� ����B
� 4PNF PG UIFN JODMVEF JOTFSUJPO CBTFE UFDIOJRVFT 	(V FU BM� ����B
 SF�
QFBUFE NBTLJOH BOE SFHFOFSBUJOH 	(IB[WJOJOFKBE FU BM� ����
 BOE QSPWJEJOH NPEFM QSFEJDUJPOT
UP UIF JOQVU 	(IB[WJOJOFKBE FU BM� ����
� 8BOH FU BM� 	����F
 QSPQPTFE BO BMUFSOBUJWF BQQSPBDI
UP BEESFTT SFQFUJUJPO 	PCTFSWFE JO (VP FU BM� 	����

 BOE DPNQMFUFOFTT VTJOH SFHVMBSJ[BUJPO
UFSNT GPS FBDI� 3FQFUJUJPO JT IBOEMFE CZ SFHVMBSJ[JOH TJNJMBSJUZ CFUXFFO DPOTFDVUJWF XPSET�
$PNQMFUFOFTT JT BEESFTTFE CZ FOBCMJOH UIF SFDPOTUSVDUJPO PG UIF TPVSDF TFOUFODF GSPN IJEEFO
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TUBUFT PG UIF EFDPEFS� $PODVSSFOUMZ (VP FU BM� 	����B
 BMTP BEESFTT UIFTF JTTVFT CZ JNQSPWJOH
UIF JOQVUT UP EFDPEFS VTJOH BEEJUJPOBM QISBTF UBCMF JOGPSNBUJPO BOE TFOUFODF MFWFM BMJHONFOU�

4BNQMJOH BOE 4FBSDI 5FDIOJRVFT�

�� 3BOEPN 4BNQMJOH� य़F XPSET BSF TBNQMFE SBOEPNMZ CBTFE PO UIF QSPCBCJMJUZ GSPN UIF
FOUJSF EJTUSJCVUJPO XJUIPVU QSVOJOH BOZ PG UIF NBTT�

�� (SFFEZ %FDPEJOH� य़JT UFDIOJRVF TJNQMZ CPJMT EPXO UP TFMFDUJOH BSHNBY PG UIF QSPCB�
CJMJUZ EJTUSJCVUJPO� "T ZPV LFFQ TFMFDUJOH BSHNBY FWFSZXIFSF UIF QSPCMFN JT UIBU JU MJNJUT UIF
EJWFSTJUZ PG HFOFSBUJPO� 5FNQFSBUVSF TDBMJOH IFMQT UP BEKVTU UIF TQFDUSVN CFUXFFO BU BOE
QFBLZ EJTUSJCVUJPOT UP HFOFSBUF NPSF EJWFSTF PS TBGF SFTQPOTFT SFTQFDUJWFMZ� य़JT JT BMMFWJBUFE
CZ UIF GPMMPXJOH UFDIOJRVFT BOE CFBN TFBSDI� य़JT JT BMTP XPSLFE PVU GPS EJTDSFUF TF॒JOHT
VTJOH HVNCFM�HSFFEZ EFDPEJOH 	(V FU BM� ����B
� 7BSJBOUT PG UIJT XFSF BMTP TUVEJFE CZ ;BSSJF�
BOE 4DIMBOHFO 	����
�

�� #FBN 4FBSDI� #FBN TFBSDI JOUSPEVDFT B DPVSTF DPSSFDUJPO NFDIBOJTN JO BQQSPYJNBUJPO
PG UIF BSHNBY CZ TFMFDUJOH B CFBN TJ[F OVNCFS PG CFBNT BU FBDI UJNF TUFQ� *U IBT CFFO SFMB�
UJWFMZ XFMM TUVEJFE JO UBTL BHOPTUJD PCKFDUJWFT 	8BOH FU BM� ����
 GPS JOTUBODF JODMVEJOH TPDJBM
NFEJB UFYU 	8BOH BOE /H ����
 FSSPS DPSSFDUJPO 	%BIMNFJFS BOE /H ����
� 4NBMM CFBN TJ[FT
NBZ MFBE UP VOHSBNNBUJDBM TFOUFODFT UIFZ HFU NPSF HSBNNBUJDBM XJUI JODSFBTJOH CFBN TJ[F�
4JNJMBSMZ TNBMM CFBN TJ[FT NBZ CF MFTT SFMFWBOU XJUI SFTQFDU UP DPOUFOU CVU HFU NPSF HFOFSJD
XJUI JODSFBTJOH CFBN TJ[F� 1SPNJOFOU WBSJBOUT XJUIJO CFBN TFBSDI BSF�

	B
 /PJTZ 1BSBMMFM "QQSPYJNBUF %FDPEJOH� य़JT NFUIPE 	$IP ����
 JOUSPEVDFT TPNF OPJTF JO
FBDI IJEEFO TUBUF UP OPO�EFUFSNJOJTUJDBMMZ NBLF JU TMJHIUMZ EFWJBUF GSPN BSHNBY�

	C
 #FBN #MPDLJOH� 3FQFUJUJPO JT POF PG UIF QSPCMFNT XF TFF JO /-( BOE UIJT UFDIOJRVF 	1BVMVT
FU BM� ����
 DPNCBUT UIJT QSPCMFN CZ CMPDLJOH UIF SFQFBUFE O�HSBNT� *U FTTFOUJBMMZ BEKVTUT UIF
QSPCBCJMJUZ PG BOZ SFQFBUFE O�HSBN UP ��

	D
 *UFSBUJWF #FBN 4FBSDI� *O PSEFS UP TFBSDI B NPSF EJWFSTF TFBSDI TQBDF BOPUIFS UFDIOJRVF
	,VMJLPW FU BM� ����
 XBT JOUSPEVDFE UP JUFSBUJWFMZ QFSGPSN CFBN TFBSDI TFWFSBM UJNFT� "OE GPS
FBDI DVSSFOU UJNF TUFQ XF BWPJE BMM PG UIF QBSUJBM IZQPUIFTFT FODPVOUFSFE VOUJM UIBU UJNF TUFQ
JO UIF QSFWJPVT JUFSBUJPOT CBTFE PO TPॏ PS IBSE EFDJTJPOT PO IPX UP JODMVEF PS FYDMVEF UIFTF
CFBNT�

	E
 %JWFSTF #FBN 4FBSDI� 0OF QSPCMFN XJUI CFBN TFBSDI JT UIBU NPTU UJNFT UIF EFDPEFE TF�
RVFODF TUJMM UFOET UP DPNF GSPN B GFX IJHIMZ TJHOJDBOU CFBNT UIFSFCZ TVQQSFTTJOH EJWFSTJUZ�
य़F NPEFSBUJPO CZ 	7JKBZBLVNBS FU BM� ����
 BEET B EJWFSTJUZ QFOBMUZ DPNQVUFE 	GPS FYBNQMF
VTJOH )BNNJOH EJTUBODF
 CFUXFFO UIF DVSSFOU IZQPUIFTJT BOE UIF IZQPUIFTFT JO UIF HSPVQT UP
SFBEKVTU UIF TDPSFT GPS QSFEJDUJOH UIF OFYU XPSE�

	F
 $MVTUFSFE #FBN 4FBSDI� य़F HPBM JT UP QSVOF VOOFDFTTBSZ CFBNT� "U FBDI UJNF TUFQ 5BN
	����
 HFU UIF UPQ DBOEJEBUFT BOE FNCFE UIFN CZ VTJOH BWFSBHFE (MPWF SFQSFTFOUBUJPOT XIJDI
BSF DMVTUFSFE VTJOH L�NFBOT UP QJDL GSPN FBDI DMVTUFS�

	
 $MVTUFSJOH 1PTU %FDPEJOH� य़JT UFDIOJRVF 	,SJ[ FU BM� ����
 DMVTUFST BॏFS EFDPEJOH BT PQ�
QPTFE UP NPEJGZJOH UIF EFDPEJOH TUFQ� 4FOUFODF SFQSFTFOUBUJPOT GSPN BOZ PG UIF EJWFSTJUZ
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QSPNPUJOH CFBN TFBSDI WBSJBOUT BSF PCUBJOFE� य़FTF BSF UIFO DMVTUFSFE BOE UIF TFOUFODF XJUI
IJHI MPH�MJLFMJIPPE JT TFMFDUFE GSPN UIF DMVTUFS�

�� 5PQ�L TBNQMJOH� य़JT UFDIOJRVF CZ 'BO FU BM� 	����
 TBNQMFT GSPN UIF L NPTU QSPCBCMF
DBOEJEBUFT GSPN UIF PVUQVU EJTUSJCVUJPO� य़JT NFBOT UIBU XF BSF DPOOJOH UIF NPEFM UP TFMFDU
GSPN B USVODBUFE QSPCBCJMJUZ NBTT� *G k JT UIF TJ[F PG WPDBCVMBSZ UIFO JU JT SBOEPN TBNQMJOH
BOE JG k JT � UIFO JU JT HSFFEZ EFDPEJOH� )JHI WBMVFE L SFTVMUT JO EJDFZ XPSET CVU BSF OPO�
NPOPUPOPVT BOE MPX WBMVFE L SFTVMUT JO TBGF PVUQVUT XIJDI BSF NPOPUPOPVT� य़F QSPCMFN
IPXFWFS JT UIBU L JT MJNJUFE UP UIF TBNF WBMVF JO BMM TDFOBSJPT�

�� 5PQ�Q TBNQMJOH� य़F BGPSFNFOUJPOFE QSPCMFN PG B YFE WBMVF PG k JT BEESFTTFE CZ UPQ�Q
TBNQMJOH� य़JT JT BMTP LOPXO BT OVDMFVT TBNQMJOH 	)PMU[NBO FU BM� ����
 XIJDI JOTUFBE PG
HF॒JOH SJE PG UIF VOTQFDJFE QSPCBCJMJUZ NBTT JO UPQ�L TBNQMJOH JNQPSUBODF JT TIJॏFE UP UIF
BNPVOU PG QSPCBCJMJUZ NBTT QSFTFSWFE� य़JT BEESFTTFT TDFOBSJPT XIFSF UIFSF DPVME CF B CSPBEFS
TFU PG SFBTPOBCMF PQUJPOT BOE TPNFUJNFT B OBSSPX TFU PG PQUJPOT� *U JT BDIJFWFE CZ TFMFDUJOH
B EZOBNJD k OVNCFS PG XPSET GSPN B DVNVMBUJWF QSPCBCJMJUZ EJTUSJCVUJPO VOUJM B UISFTIPME
QSPCBCJMJUZ WBMVF JT B॒BJOFE�

����� ,FZ $IBMMFOHFT

'PS FBDI PG UIF DIBMMFOHFT UIJT TFDUJPO QSPWJEFT B MJTU PG TPMVUJPOT� य़F QJUGBMMT PG UIFTF TPMVUJPOT
BSF BMTP EFTDSJCFE UIFSF CZ FODPVSBHJOH SFTFBSDI UP BEESFTT UIFTF LFZ DIBMMFOHFT�

�� $POUFOU 4FMFDUJPO� $FSUBJO UBTLT EFNBOE DPQZJOH PWFS UIF EFUBJMT JO UIF JOQVU TVDI
BT SBSF QSPQFS OPVOT GPS JOTUBODF JO OFXT BSUJDMFT FUD� य़JT JT FTQFDJBMMZ OFFEFE JO UBTLT MJLF
TVNNBSJ[BUJPO XIJDI DBO EFNBOE B DPNCJOBUJPO PG FYUSBDUJWF BOE BCTUSBDUJWF UFDIOJRVFT�

• $PQZ .FDIBOJTN� $PQZ NFDIBOJTN DBO UBLF WBSJPVT GPSNT TVDI BT QPJOUJOH UP VOLOPXO
XPSET 	(VMDFISF FU BM� ����
 CBTFE PO B॒FOUJPO 	4FF FU BM� ����
 PS B KPJOU PS B DPOEJUJPOBM DPQZ
NFDIBOJTN 	(V FU BM� ����� 1VEVQQVMMZ FU BM� ����
� *U NBZ CF CBTFE PO B॒FOUJPO UIBU DPQJFT
TFHNFOUT GSPN JOQVU JOUP UIF PVUQVU� Fࡋ DIBMMFOHF JO UIJT UFDIOJRVF JT UP NBLF TVSF UIBU UIJT
DPNCJOBUJPO PG CFJOH FYUSBDUJWF BOE BCTUSBDUJWF EPFT OPU CPJM EPXO UP B QVSFMZ FYUSBDUJWF TZTUFN�

• "UUFOUJPO NFDIBOJTN� य़JT JT BDUJWFMZ VTFE GPS TVCTFMFDUJOH DPOUFOU JO UBTLT TVDI BT
TVNNBSJ[BUJPO 	$IPQSB FU BM� ����
� 3FDFOU XPSL IBT EFNPOTUSBUFE JOTUBODFT PG BࡇFOUJPO OPU
FYQMBJOJOH UIF PVUQVU 	+BJO BOE 8BMMBDF ����� -BUDJOOJL BOE #FSBOU ����
�

• )JFSBSDIJDBM .PEFMJOH� य़JT UFDIOJRVF NBJOUBJOT B HMPCBM BDDPVOU PG UIF DPOUFOU� य़JT
JT PॏFO NPEFMFE VTJOH IJFSBSDIJDBM UFDIOJRVFT PS EVBM�TUBHF NPEFMT 	.BSUJO FU BM� ����� 9V
FU BM� ����B� (FISNBOO FU BM� ����
 XIFSF UIF STU TUBHF QSF�TFMFDUT SFMFWBOU LFZXPSET GPS
HFOFSBUJPO JO UIF GPMMPXJOH TUBHF� 4VDI NPEFMT QPTTJCMZ UBLF B IJU PO ठVFODZ XIJMF DPOOFDUJOH
EPUT CFUXFFO TFMFDUFE DPOUFOU BOE HFOFSBUJPO� य़JT NFBOT UIBU 3PVHF�� DBO CF HPPE CFDBVTF UIF
SJHIU XPSET BSF FYUSBDUFE CVU 3PVHF�� NBZ EFDSFBTF BT JU BFDUT UIF VFODZ�

• .FNPSZ .PEVMFT� ;IPV FU BM� 	����C
 BOE $MBSL FU BM� 	����B
 FYQMPSFE NFNPSZ NPE�
VMFT JO JOEVDJOH FNPUJPO BOE FOUJUZ SFQSFTFOUBUJPOT GSPN FYUFSOBM NFNPSZ SFTQFDUJWFMZ� "O
PVUTUBOEJOH DIBMMFOHF TUJMM SFNBJOT JO FYQMPSJOH UIF CFTU XBZT UP FODPEF UIJT FYUFSOBM NFNPSZ�
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�� 3FQFUJUJPO� )PMU[NBO FU BM� 	����
 EFNPOTUSBUF UIBU UIF PCKFDUJWF PG NBYJNVN MJLFMJIPPE
SFOEFST IJHI MPH MJLFMJIPPE GPS UIF XPSET UIBU IBWF CFFO HFOFSBUFE MFBEJOH UP SFQFUJUJPO� य़JT
QSPCMFN BNQMJFT XJUI JODSFBTJOH TFRVFODF MFOHUI BOE USBOTGPSNFS�CBTFE NPEFMT�

• #FBN CMPDLJOH� #MPDLJOH CFBNT DPOUBJOJOH QSFWJPVTMZ HFOFSBUFE O�HSBNT GSPN TVCTFRVFOU
HFOFSBUJPO DPNCBUT SFQFUJUJPO BOE FODPVSBHFT EJWFSTJUZ 	,MFJO FU BM� ����� 1BVMVT FU BM� ����

FUD� 4FMFDUJOH UIF OVNCFS PG CFBNT JT PࡄFO B QSPCMFN TJODF JU JT OBUVSBM GPS B GVODUJPO XPSE UP
SFQFBU NPSF PࡄFO� .BTTBSFMMJ FU BM� 	����
 FYUFOTJWFMZ TUVEJFE UIF WBSJBOUT PG O�HSBN CMPDLJOH
CZ BQQMZJOH EFMBZT JO CFBN TFBSDI�

• 6OMJLFMJIPPE PCKFDUJWF� 8FMMFDL FU BM� 	����
 BSHVF UIBU UIFSF JT B GVOEBNFOUBM BX JO UIF
PCKFDUJWF PG NBYJNVN MJLFMJIPPE� य़F NBJO JEFB JT UP EFDSFBTF UIF QSPCBCJMJUZ PG VOMJLFMZ PS
OFHBUJWF DBOEJEBUFT� य़F OFHBUJWF DBOEJEBUFT BSF TFMFDUFE GSPN UIF QSFWJPVT DPOUFYUT FJUIFS BU
UPLFO PS BU TFRVFODF MFWFMT XIJDI BSF FTTFOUJBMMZ O�HSBNT� 4FMFDUJOH OFHBUJWF DPOUFYUT JT USJDLZ
BOE OFFET UP CF CFZPOE TFMFDUJPO PG TJNQMF O�HSBN TFRVFODFT UIBU PDDVSSFE QSFWJPVTMZ�

• $PWFSBHF QFOBMUZ� य़JT EJTDPVSBHFT UIF B॒FOUJPO NFDIBOJTN UP B॒FOE UIF TBNF XPSE
SFQFBUFEMZ 	4FF FU BM� ����
 CZ BTTJHOJOH DPWFSBHF QFOBMUZ PG UIF B॒FOUJPO QSPCBCJMJUZ NBTT PO
UIBU TPVSDF UJNF TUFQ GPS FBDI EFDPEFE UJNF TUFQ�

�� $PIFSFODF� य़JT JT B DSJUJDBM QSPQFSUZ PG UFYU UP GBDUPS JO GPS NVMUJ�TFOUFODF PS MPOH�GPSN
HFOFSBUJPO UIBU OPU POMZ UBLFT JOUP BDDPVOU UIF BQQSPQSJBUF DPOUFOU CVU BMTP UIF TUSVDUVSF PG
UIF OBSSBUJPO�

• 4UBUJD BOE %ZOBNJD 1MBOOJOH� य़JT BEESFTTFT DPIFSFODF JO UFSNT PG MBZPVU PS TUSVDUVSBM
PSHBOJ[BUJPO PG UIF UFYU 	:BP FU BM� ����
� " TDIFNB PG TUBUJD PS EZOBNJD QMBOT JT VTFE UP GPSN
BO BCTUSBDU PX PG UIF UFYU GSPNXIJDI UIF BDUVBM UFYU JT SFBMJ[FE� )PXFWFS VOEFSMZJOH MBOHVBHF
NPEFMT BSF DBQBCMF PG UBLJOH PWFS MFBEJOH UP IBMMVDJOBUJPOT BOE UIFSFCZ DPNQSPNJTJOH UIF टEFMJUZ
PG UFYU�

�� -FOHUI PG %FDPEJOH� 0OF GBDUPS UIBU EJTUJOHVJTIFT HFOFSBUJPO GSPN UIF SFTU PG UIF
TFR�TFR GBNJMZ PG UBTLT JT UIF WBSJBCJMJUZ JO UIF MFOHUI PG UIF HFOFSBUFE PVUQVU� य़F NBJO
QSPCMFN IFSF JT UIBU BT UIF MFOHUI PG UIF TFRVFODF JODSFBTFT UIF TVN PG UIF MPH QSPCBCJMJUZ
TDPSFT EFDSFBTFT� य़JT NFBOT UIBU NPEFMT QSFGFS TIPSUFS IZQPUIFTFT� 4PNF TPMVUJPOT UP DPNCBU
UIJT QSPCMFN BSF UIF GPMMPXJOH�

• -FOHUI /PSNBMJ[BUJPO PS 1FOBMUZ� य़F HFOFSBUFE PVUQVU JT TDPSFE CZ OPSNBMJ[JOH PS EJWJE�
JOH XJUI MFOHUI� 8V FU BM� 	����C
 FYQMPSF B EJFSFOU WBSJBUJPO PG UIF OPSNBMJ[BUJPO DPOTUBOU�

• 1SPCBCJMJUZ CPPTUJOH� य़JT UFDIOJRVF NVMUJQMJFT UIF QSPCBCJMJUZ XJUI B YFE DPOTUBOU BU
FWFSZ UJNF TUFQ� य़JT BMMFWJBUFT UIF EJNJOJTIJOH TDPSF QSPCMFN�

• -FOHUI CBTFE CJBT� *ODPSQPSBUF CJBT JO UIF NPEFM CBTFE PO FNQJSJDBM SFMBUJPOT PO MFOHUIT
JO TPVSDF BOE UBSHFU TFOUFODFT JO UIF USBJOJOH EBUB�
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�� 4FRVFODF MFWFM TDPSJOH� *OTUFBE PG NPEJGZJOH UIF EFDPEJOH UIJT TUSBUFHZ QFSGPSNT
TFRVFODF MFWFM TDPSJOH GSPN NVMUJQMF UFYUT EFDPEFE�

• 3FSBOLJOH� "OPUIFS NFDIBOJTN JT UP TBNQMF TFWFSBM GVMM TFRVFODFT BOE SFSBOL UIFN CBTFE
PO HFOFSJD TDPSFT TVDI BT QFSQMFYJUZ PS #-&6 PS UBTL TQFDJD SFRVJSFNFOUT WBSZJOH GSPN GBD�
UVBM DPSSFDUOFTT 	(PZBM BOE %VSSF॒ ����
 DPIFSFODF 	-V FU BM� ����
 TUZMF 	)PMU[NBO FU BM�
����
 FUD� Fࡋ QSPQFSUJFT PG UFYU JO UIF FOE HPBM BSF EFDPVQMFE GSPN UIF HFOFSBUJPO QSPDFTT 	B TPॏ
DPOEJUJPOJOH PG SFSBOLJOH PO HFOFSBUJPO IFMQT JNQSPWF UIF HFOFSBUJPO BT XFMM
�

�� 0QUJNJ[BUJPO 0CKFDUJWF� 4JNJMBS UP UIF PCTFSWBUJPO FBSMJFS JO g����� UIFSF JT BO JOIFSFOU
NJTNBUDI JO CFUXFFO UIF PCKFDUJWF GVODUJPO XIJDI JT NBYJNVN MJLFMJIPPE BOE UIF FOE NFUSJDT
XIJDI BSF #-&6 3PVHF FUD�

• 3FJOGPSDFNFOU -FBSOJOH� " DPNNPO TPMVUJPO GPS UIJT QSPCMFN JT VTJOH SFJOGPSDFNFOU
MFBSOJOH UP PQUJNJ[F FOENFUSJDT TVDI BT 3PVHF� 0ॏFO B DPNCJOBUJPO PG.-& BOE 3- PCKFDUJWFT
BSF VTFE 	)V FU BM� ����B� 8BOH FU BM� ����
 UP PQUJNJ[F #-&6 	8V FU BM� ����B
 306(&
	1BVMVT FU BM� ����
 $*%&S 	3FOOJF FU BM� ����
 41*%&S 	-JV FU BM� ����B
� "O FYJTUJOH PQFO
DIBMMFOHF JT UP VOEFSTUBOE IPX UP NBLF UIF NPEFMT SPCVTU CZ NBLJOH UIFN MFBSO UIF UBTL SBUIFS
UIBO HBNJOH GPS UIF SFXBSE� य़F SFXBSET DBO BMTP CF MFBSOU BEWFSTBSJBMMZ EVSJOH UIF USBJOJOH
	-J FU BM� ����
� )PXFWFS UIJT JT TUJMM B QSPCMFN TJODF UIFTF FOE NFUSJDT EP OPU EJSFDUMZ DPSSFMBUF UP
IVNBO KVEHNFOUT�

• 'BDUPSJ[JOH 4PࢄNBY� $IPJ FU BM� 	����
 SFDFOUMZ QSPQPTFE B NFUIPE UP GBDUPSJ[F TPॏNBY CZ
MFBSOJOH UP QSFEJDU CPUI UIF GSFRVFODZ DMBTT BOE UIF UPLFO JUTFMG EVSJOH USBJOJOH CZ GBDUPSJ[JOH
UIF QSPCBCJMJUJFT� JTࡋ NPEFM JT PCTFSWFE UP SFQFBU UIF TBNF SBSF UPLFO BDSPTT TFWFSBM TFOUFODFT�

• .BYJNVN.VUVBM *OGPSNBUJPO� य़F JEFB JT UP JODPSQPSBUF QBJSXJTF JOGPSNBUJPO PG TPVSDF
BOE UBSHFU JOTUFBE PG POMZ POF EJSFDUJPO XIJDI JT VTVBMMZ UBSHFU HJWFO TPVSDF 	-J FU BM� ����B
�
य़F UBSHFU QSPCBCJMJUZ JT TVCUSBDUFE GSPN UBSHFU HJWFO TPVSDF QSPCBCJMJUZ UP EJNJOJTI UIF QSPC�
BCJMJUZ PG HFOFSJD TFOUFODFT� Fࡋ NPEFM PQUJNJ[FE XJUI ..* DBO TPNFUJNFT HFOFSBUF VOHSBN�
NBUJDBM TFOUFODFT�

• %JTUJOHVJTIBCJMJUZ� )BMMVDJOBUJPOT JO BCTUSBDUJWF HFOFSBUJPO BSF VOXBOUFE CZQSPEVDUT PG
PQUJNJ[JOH MPH MPTT� 5P DPNCBU UIJT TFWFSBM SFTFBSDIFST FYQMPSFE PQUJNJ[JOH GPS NJOJNJ[FE EJT�
UJOHVJTIBCJMJUZ XJUI IVNBO HFOFSBUFE UFYU 	)BTIJNPUP FU BM� �����य़FJT FU BM� ����
� 'PMMPXJOH
TJNJMBS QBUI ,BOH BOE )BTIJNPUP 	����
 QSPQPTFE USVODBUJOH MPTT UP HFU SJE PG VOXBOUFE TBN�
QMFT�

�� 4QFFE� 1SBDUJDBM BQQMJDBUJPOT DBMM GPS B DSVDJBM SFTFBSDI EJSFDUJPO PG HFOFSBUJOH UFYU JO SFBM�
UJNF JO BEEJUJPO UP DIBTJOH TUBUF�PG�UIF�BSU SFTVMUT� .PEFM DPNQSFTTJPO QMBZT B DSVDJBM QBSU JO
EFNPOTUSBUJOH BO JODSFBTF JO UIF TQFFE PG HFOFSBUJPO� $IFOH FU BM� 	����
 FYIBVTUJWFMZ TVS�
WFZFE UIF EJFSFOU UFDIOJRVFT UP QFSGPSN NPEFM DPNQSFTTJPO� 8IJMF UIFSF BSF UFDIOJRVFT JO
UIF IBSEXBSF TJEF UIFSF BSF DFSUBJO NPEFMJOH BQQSPBDIFT UIBU DBO IBOEMF UIJT QSPCMFN BT XFMM
	(PO[BMWP FU BM� ����
� .PTU PG UIJT XPSL JT TUVEJFE JO UIF DPOUFYU PG SFBM�UJNF JOUFSQSFUBUJPO PG
TQFFDI 	'¼HFO FU BM� ����� :BSNPIBNNBEJ FU BM� ����� (SJTTPN ** FU BM� ����
� 3FDFOUMZ %FOH
BOE 3VTI 	����
 QSPQPTFE B DBTDBEFE EFDPEJOH BQQSPBDI JOUSPEVDJOH .BSLPW 5SBOTGPSNFST
EFNPOTUSBUJOH IJHI TQFFE BOE BDDVSBDZ�
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• �BOUJ[BUJPOࡊ फ़BOUJ[JOH 	3PZ FU BM� ����� (SBZ ����
 UIF XFJHIUT J�F� TIBSJOH UIF TBNF
XFJHIU XIFO UIFZ CFMPOH UP B CJO QSPWFE IFMQGVM JO JNQSPWJOH UIF TQFFE� य़JT BMTP GBDJMJUBUFT
UIF DPNQVUBUJPOT PG HSBEJFOUT POMZ PODF QFS CJO�

• %JTUJMMBUJPO� *U DBO CF QFSGPSNFE XJUI B UFBDIFS BOE B TNBMMFS TUVEFOU OFUXPSL UIBU USJFT UP
SFQMJDBUF UIF QFSGPSNBODF PG UIF UFBDIFS XJUI GFXFS QBSBNFUFST 	$IFO FU BM� ����D ����D
�

• 1SVOJOH� य़JT UFDIOJRVF UISFTIPMET BOE QSVOFT BMM UIF DPOOFDUJPOT UIBU IBWF XFJHIUT MFTTFS
UIBO UIF QSFEFUFSNJOFE UISFTIPME BOE UIFO XF DBO SFUSBJO UIF OFUXPSL JO PSEFS UP BEKVTU UIF
XFJHIUT PG UIF SFNBJOJOH DPOOFDUJPOT�

• 3FBM UJNF� (V FU BM� 	����
 USBJOFE BO BHFOU UIBU MFBSOT UP EFDJEF CFUXFFO UIF BDUJPOT PG
SFBEJOH CZ EJTDBSEJOH B DBOEJEBUF PS XSJUJOH CZ BDDFQUJOH B DBOEJEBUF� य़F QPMJDZ OFUXPSL
JT PQUJNJ[FE XJUI B DPNCJOBUJPO PG RVBMJUZ FWBMVBUFE XJUI #-&6 BOE EFMBZ FWBMVBUFE CZ UIF
OVNCFS PG DPOTFDVUJWF XPSET JO UIF SFBEJOH TUBHF XIJDI JODSFBTFT XBJU UJNF�

• $BDIJOH� "OPUIFS USJDL JT UP DBDIF TPNF PG UIF QSFWJPVT DPNQVUBUJPOT UP BWPJE SFQFUJUJPO�

����� &WBMVBUJPO

4JNJMBS UP PUIFS HFOFSBUJWFNPEFMJOH UFYU HFOFSBUJPO BMTP GBDFT DSVDJBM DIBMMFOHFT JO FWBMVBUJPO
	3FJUFS BOE #FM[ ����� 3FJUFS ����
� WBO EFS -FF FU BM� 	����
 QSFTFOU TPNF PG UIF CFTU QSBDUJDFT
PG FWBMVBUJOH BVUPNBUJDBMMZ HFOFSBUFE UFYU� य़FNBJO IJOESBODF UP TUBOEBSEJ[F PS FWBMVBUF /-(
MJLF PUIFS TUBOEBSE UBTLT JT UIBU JU JT PॏFO B TVC�DPNQPOFOU PG PUIFS UBTLT� $FMJLZJMNB[ FU BM�
	����
 QSFTFOU B NPSF DPNQSFIFOTJWF TVSWFZ PG FWBMVBUJPO NFUSJDT GPS UFYU HFOFSBUJPO�

%FTJEFSBUB PG 5FYU� *U JT DSVDJBM UP EFOF UIF GBDUPST DPOUSJCVUJOH UP UIF RVBMJUZ PG HPPE UFYU�
4PNF PG UIF GBDUPST JODMVEF SFMFWBOU DPOUFOU BQQSPQSJBUF TUSVDUVSF JO UFSNT PG DPIFSFODF BOE
TVJUBCMF TVSGBDF GPSNT� *O BEEJUJPO VFODZ HSBNNBUJDBMJUZ CFMJFWBCJMJUZ BOE OPWFMUZ JO TPNF
TDFOBSJPT BSF DSVDJBM GBDUPST�

*OUSJOTJD BOE &YUSJOTJD� &WBMVBUJPO JO TVCKFDUJWF TDPQFT TVDI BT UFYU HFOFSBUJPO DBO CF QFS�
GPSNFE JOUSJOTJDBMMZ PS FYUSJOTJDBMMZ� *OUSJOTJD FWBMVBUJPO JT QFSGPSNFE JOUFSOBMMZ XJUI SFTQFDU
UP UIF HFOFSBUJPO JUTFMG BOE FYUSJOTJD FWBMVBUJPO JT UZQJDBMMZ QFSGPSNFE PO UIF NFUSJD VTFE UP
FWBMVBUF B EPXOTUSFBN UBTL JO XIJDI UIJT HFOFSBUJPO JT VTFE� य़F RVBMJUZ DBO BMTP CF KVEHFE
VTJOH BVUPNBUJD NFUSJDT BOE IVNBO FWBMVBUJPO�

	B
 "VUPNBUJD .FUSJDT� य़FTF NFUSJDT DBO CF DMBTTJFE JOUP UIF GPMMPXJOH DBUFHPSJFT�

• 8PSE PWFSMBQ CBTFENFUSJDT� य़FTF BSF CBTFE PO UIF FYUFOU PG XPSE PWFSMBQ XIJDI NFBOT
UIBU UIFZ DBQUVSF SFQMJDBUJPO PG XPSET� य़F QSPCMFN XJUI TVDI NFBTVSFT JT UIBU UIFZ EP OPU
GPDVT PO TFNBOUJDT CVU SBUIFS KVTU UIF TVSGBDF GPSN PG XPSET BMPOF� य़JT JODMVEFT QSFDJTJPO
GPS O�HSBNT	#-&6 	1BQJOFOJ FU BM� ����B

 TFMG�#-&6 	;IV FU BM� ����
 JNQSPWFE XFJHIUJOH
GPS SBSF O�HSBNT 	/*45 	%PEEJOHUPO ����

 SFDBMM GPS O�HSBNT 	306(& 	-JO BOE )PWZ ����


'� FRVJWBMFOU PG O�HSBNT 	.&5&03 	#BOFSKFF BOE -BWJF ����B

 UG�JEG CBTFE DPTJOF TJNJMBSJUZ
GPS O�HSBNT 	$J%&3 	7FEBOUBN FU BM� ����

� *O FYUFOTJPO UP UIJT XF BMTP IBWF TQFDJD NFU�
SJDT UP FWBMVBUF DPOUFOU TFMFDUJPO CZ NFBTVSJOH TVNNBSJ[BUJPO DPOUFOU VOJUT VTJOH 1:3".*%
	/FOLPWB BOE 1BTTPOOFBV ����
 BOE QBSTFE TDFOF HSBQIT XJUI PCKFDUT BOE SFMBUJPOT VTJOH
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41*$& 	"OEFSTPO FU BM� ����
� 4UBOPKFWJD BOE 4JNBBO 	����
 QSPQPTFE #&&3 UP BEESFTT UIJT BT
B SBOLJOH QSPCMFN XJUI DIBSBDUFS O�HSBNT BMPOH XJUI XPSET�

• -BOHVBHF.PEFM CBTFENFUSJDT� य़JT JODMVEFT QFSQMFYJUZ 	#SPXO FU BM� ����
� 4VDINFUSJDT
BSF HPPE JO DPNNFOUJOH BCPVU UIF MBOHVBHF NPEFM JUTFMG� *U TPSU PG HJWFT UIF BWFSBHF OVNCFS PG
DIPJDFT FBDI SBOEPN WBSJBCMF IBT� )PXFWFS JU EPFT OPU EJSFDUMZ FWBMVBUF UIF HFOFSBUJPO JUTFMG
GPS JOTUBODF B EFDSFBTF JO QFSQMFYJUZ EPFT OPU JNQMZ B EFDSFBTF JO UIF XPSE FSSPS SBUF� Fࡋ
QSPCMFN SFNBJOT UIBU UIJT NFUSJD JOUSJOTJDBMMZ DPOWFZT JG UIF -. JT HPPE FOPVHI UP TFMFDU UIF SJHIU
OFYU XPSE GPS UIBU DPSQVT CVU OPU UIF BDUVBM RVBMJUZ PG UIF HFOFSBUFE UFYU� य़F IVNBO MJLFOFTT
JT BMTP NFBTVSFE CZ USBJOJOH B NPEFM UP EJTDSJNJOBUF CFUXFFO IVNBO BOE NBDIJOF�HFOFSBUFE
UFYU TVDI BT BO BVUPNBUJD 5VSJOH UFTU 	-PXF FU BM� ����� $VJ FU BM� ����� )BTIJNPUP FU BM� ����
�

• &NCFEEJOH CBTFE NFUSJDT� य़JT IBT UIF BEWBOUBHF PG CFJOH BCMF UP DBQUVSF EJTUSJCVUFE TF�
NBOUJDT DPNQBSFE UP XPSE PWFSMBQNFUSJDT BOE MBOHVBHFNPEFM CBTFENFUSJDT� .&"/5 ��� 	-P
����
 BOE :*4*�� 	-P FU BM� ����
 DPNQVUFT TUSVDUVSBM TJNJMBSJUZ XJUI TIBMMPX TFNBOUJD QBSTFT
CFJOH EFOJUFMZ BOE EJTDSFUJPOBSJMZ VTFE SFTQFDUJWFMZ BMPOH XJUI XPSE FNCFEEJOHT� 3FDFOUMZ
DPOUFYUVMBJ[FE FNCFEEJOHT IBWF CFFO FYUFOTJWFMZ VTFE UP DBQUVSF UIJT TVDI BT #FSU4DPSF 	;IBOH
FU BM� ����C
 BOE #-&635 	4FMMBN FU BM� ����
� .FUSJDT CBTFE PO B DPNCJOBUJPO PG EJFSFOU FN�
CFEEJOHT BSF BMTP QSPQPTFE 	4IJNBOBLB FU BM� ����� .B FU BM� ����
� )PXFWFS UIF QSPCMFN PG
OPU DPSSFMBUJOH UP IVNBO KVEHFNFOUT TUJMM QFSTJTUT�

	C
 &NVMBUFE "VUPNBUJD .FUSJDT� य़FTF NFUSJDT DIFDL GPS UIF JOUFOEFE CFIBWJPS JO HFOFS�
BUJPO CBTFE PO UIF TQFDJD TVC�QSPCMFN CFJOH BEESFTTFE� 'PS JOTUBODF EJWFSTJUZ DBO CF FWBMV�
BUFE CZ DPNQVUJOH DPSQVT CBTFE EJTUSJCVUJPOT PO OVNCFS PG EJTUJODU FOUJUJFT 	'BO FU BM� ����C�
%POH FU BM� ����C� $MBSL FU BM� ����B
 BOE TP PO� 3FDFOU BQQSPBDIFT XPSLFE PO JEFOUJGZJOH GBD�
UVBM JODPOTJTUFODJFT XJUI B 2" NPEFM VTJOH 2"(4 	8BOH FU BM� ����B
 BOTXFSJOH DMP[F TUZMF
RVFTUJPOT VTJOH 4VNNB2" 	4DJBMPN FU BM� ����
 QFSGPSNBODF PO B MBOHVBHF VOEFSTUBOEJOH
UBTL VTJOH #-"/$ 	7BTJMZFW FU BM� ����
 BEIFSJOH UP QSF�EFOFE DPNNPOTFOTF DPOEJUJPOT
	(BCSJFM FU BM� ����
�

	D
 )VNBO &WBMVBUJPO� य़FSF BSF CSPBEMZ UXP NFDIBOJTNT JO DPOEVDUJOH TVCKFDUJWF FWBM�
VBUJPOT XIJDI JT B DIBMMFOHJOH DPNQPOFOU PG UFYU HFOFSBUJPO� य़F STU JT QSFGFSFODF UFTUJOH
BOE UIF TFDPOE JT TDPSJOH� 4UVEJFT IBWF TIPXO UIBU QSFGFSFODF�CBTFE UFTUJOH JT QSPOF UP IJHI
WBSJBODF DPNQBSFE UP BCTPMVUF TDPSJOH� )FSF BSF TPNF JNQPSUBOU QPJOUT UP LFFQ JO NJOE EVSJOH
DPOEVDUJOH IVNBO FWBMVBUJPO� य़FSF BSF TFWFSBM QSPCMFNT XJUI IVNBO FWBMVBUJPOT� य़FZ BSF
FYQFOTJWF IBWF OP VOJWFSTBMMZ BHSFFE VQPO HVJEFMJOFT GPS TFUVQ BSF EJਖ਼DVMU UP FOTVSF RVBMJUZ
DPOUSPM IBWF WBSZJOH TDPSFT CBTFE PO TDBMFT 	CJOBSZ WT DPOUJOVPVT
 BSF EJਖ਼DVMU UP SFQMJDBUF
QSFTFOUJOH UIF UBTL JO BO VOBNCJHVPVT XBZ� *O PSEFS UP NFBTVSF NPSF SFMJBCMZ XF OFFE UP
DPMMFDU NVMUJQMF TDPSFT BOE DPNQVUF JOUFS�BOOPUBUPS BHSFFNFOU XJUI $PIFOT ,SJQQFOEPST
DPFਖ਼DJFOUT FUD� )BWJOH DSJUJDBMMZ EJTDVTTFE IVNBO FWBMVBUJPO UIJT JT TUJMM SFBMMZ UIF CFTU XF
HPU� *U JT BCTPMVUFMZ DSVDJBM UP QFSGPSN IVNBO FWBMVBUJPO JO NPTU UBTLT� 4P UIF BGPSFNFOUJPOFE
QSPCMFNT OFFE UP CF UBLFO NFSFMZ BT DBVUJPOT UP EFWFMPQ SBUJPOBM BOE TZTUFNBUJD UFTUJOH DPOEJ�
UJPOT� $PNQBSJTPOT CFUXFFO BVUPNBUJD BOE IVNBO FWBMVBUJPO NFUSJDT 	#FM[ BOE 3FJUFS ����

BSF BDUJWFMZ TUVEJFE JO PSEFS UP CSJOH IVNBO FWBMVBUJPOT DMPTFS UP BVUPNBUJD NFUSJDT�
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��� .PEFMJOH "QQSPBDIFT GPS (FOFSBUJPO BOE "ODIPSJOH

1SJPS NFUIPET JO HFOFSBUJPO QSJNBSJMZ IBE B NPEVMBS BQQSPBDI EFBMJOH XJUI FBDI PG UIF OBSSB�
UJWF QSPQFSUJFT UIBU IFBWJMZ SFMZ PO EFTJHOFE SVMFT BOE TJNQMF TVSGBDF GPSN TJNJMBSJUZ PS QSPC�
BCJMJUZ NPEFMJOH� 8JUI UIF BEWFOU PG OFVSBM NPEFMT UFYU HFOFSBUJPO TZTUFNT IBWF USBOTDFOEFE
JOUP BO FODPEFS�	B॒FOUJPO
�EFDPEFS GSBNFXPSL� 4PNF PG UIF QPQVMBSMZ VTFE UFDIOJRVFT BSF
NVMUJ�UBTL MFBSOJOH BEWFSTBSJBM HFOFSBUJPO FYUFSOBM SFXBSE TVDI BT SFJOGPSDFNFOU MFBSOJOH
TUSVDUVSFE MPTT TDBMBS NBOJQVMBUJPO QPTU�FEJUJOH B॒FOUJPO MBUFOU WBSJBCMF� * XJMM CSJFZ HJWF
BO PWFSWJFX PG UIFTF UFDIOJRVFT UP GBDJMJUBUF B CF॒FS VOEFSTUBOEJOH PG XIJDI UFDIOJRVFT BSF
VTFE UP JNQSPWF XIJDI QSPQFSUJFT BOE JO XIJDI BODIPSJOH UFDIOJRVFT JO PVS XPSL�

ۦ .VMUJ�UBTL -FBSOJOH�

य़JT JT B UFDIOJRVF UP QFSGPSN JOEVDUJWF USBOTGFS CZ UIF NFBOT PG BO BVYJMJBSZ UBTL JO
BEEJUJPO UP PVS QSJNBSZ UBTL� "T QPJOUFE PVU CZ 3VEFS 	����
 NVMUJUBTL MFBSOJOH BDUT
JNQMJDJU EBUB BVHNFOUBUJPO BOE FBWFTESPQQJOH� 8F BSF HPJOH UP VUJMJ[F UIFTF QSPQFSUJFT
JO MFBSOJOH UIF MBOHVBHFT PG UIF XPSET JO DPEF�TXJUDIFE TF॒JOHT JO BEEJUJPO UP EFDPEJOH
UIF XPSET JUTFMG� -FWFSBHJOH B SFMBUFE UBTL BJET JO USBOTGFSSJOH HFOFSBMJ[FE JOGPSNBUJPO
UP BOPUIFS DMPTFMZ SFMBUFE UBTL� .VMUJUBTL MFBSOJOH OPU POMZ BDUT BT B SFHVMBSJ[FS JO UIJT
BTQFDU CVU BMTP MFBSOJOH SPCVTU SFQSFTFOUBUJPOT XIJMF USBJOJOH GPS UIF BVYJMJBSZ UBTL�
य़F PCKFDUJWF GPS B TJOHMF UBTL 	T 
 MFBSOJOH BT JO UIF DBTF PG SFHVMBS TVQFSWJTFE MFBSOJOH
TF॒JOH JT�

min
θ

L (θ,T ) 	���


&YUFOEJOH UIJT UP B NVMUJUBTL MFBSOJOH PCKFDUJWF NBLFT JU�

min
θ

T∑

i=1

Li(θ,T ) 	���


$POEJUJPOJOH PO UIF UBTL JUTFMG DBO CF GPSNBMJ[FE BT FJUIFS NVMUJQMJDBUJWF HBUJOH BEEJUJPO
DPODBUFOBUJPO PS VTJOH NVMUJQMF IFBET GPS EJFSFOU UBTLT� )PXFWFS B DPNNPO DIBMMFOHF
UIBU DPNFT UP QMBZXJUI UIF BSDIJUFDUVSF JT OFHBUJWF USBOTGFS� य़JT IBQQFOTXIFO UIF UBTLT
BSF OPU TVਖ਼DJFOUMZ TJNJMBS MFBEJOH UP UIF JOEFQFOEFOU OFUXPSL QFSGPSNJOH CF॒FS UIBO
NVMUJUBTLJOH� य़JT DBO CF PWFSDPNF CZ TIBSJOH QBSBNFUFST TPॏMZ BOE XFJHIJOH UIFN
XJUI B TNBMM DPOTUBOU 	α
�

min
θsh,θ1...

T∑

i=1

Li({θ, θi},T ) + α
T∑

t′=1

||θt − θt′ || 	���


8IJMF JEFOUJGZJOH B SFMBUFE UBTL JT B DIBMMFOHF UIJT UFDIOJRVF JO DPNCJOBUJPO XJUI EJTFO�
UBOHMFNFOU IBT TIPXO QSPNJTJOH SFTVMUT UP USBOTGFS TUZMF XJUIPVU WBSZJOH UIF TFNBOUJDT
PG B TFOUFODF� य़JT JO TQFDJD JT JOEFYFE JO UIF QSPQPTFE XPSL GPS EJTFOUBOHMJOH QFSTPOB
UP GBDJMJUBUF QFSTPOB�CBTFE WJTVBM TUPSZUFMMJOH�

ۦ "EWFSTBSJBM 5SBJOJOH� य़JT JOUSPEVDFT B EJFSFODF JO BSDIJUFDUVSF XJUI UXP DPNQFUJOH
OFUXPSLT� (FOFSBUJWF "EWFSTBSJBM /FUXPSLT DPNNPOMZ LOPXO BT ("/T CFMPOH UP UIJT
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DMBO BOE IBWF B॒BJOFE JNNFOTF QPQVMBSJUZ JO DPNQVUFS WJTJPO� य़FSF BSF B GFX JTTVFT
XIFO BEBQUJOH UIJT NPEFMJOH BQQSPBDI UP UIF UFYUVBM EPNBJO BOE XF BSF HPJOH UP CSJFZ
EJTDVTT UIFN� य़F QSFNJTF PG UIJT NPEFM JT UIBU UIFSF BSF UXP DPNQFUJOH OFUXPSLT� B
HFOFSBUPS BOE B EJTDSJNJOBUPS� य़F BEWFSTBSJBM BTQFDU PG ("/T BMTP MFBET UP UIF NJOJNBY
HBNF� य़JT JT CFDBVTF XIJMF UIF EJTDSJNJOBUPS B॒FNQUT UP NBYJNJ[F JUT QFSGPSNBODF
PO DMBTTJGZJOH CFUXFFO SFBM BOE GBLF UIF HFOFSBUPS TUSJWFT UP GPPM UIF EJTDSJNJOBUPS J�F
NJOJNJ[F JUT QFSGPSNBODF�
"NPOH UIF OBSSBUJWF QSPQFSUJFT UIBU XF EFTDSJCFE UIJT TFUVQ JT DPNQBSBUJWFMZ DPNNPOMZ
VTFE JO TVSGBDF SFBMJ[BUJPO XIJMF UIFSF JT OP SFBTPO XIZ JU DBOOPU CF VTFE UP JNQSPWF UIF
PUIFS QSPQFSUJFT� *O UIJT UIFTJT XF BSF HPJOH UP QSFTFOU BO BEWFSTBSJBM MFBSOJOH TFUVQ UP
HFOFSBUF UFYU XJUI TVSGBDF SFBMJ[BUJPO GPSNT GSPNNVMUJQMF MBOHVBHFT� )FSF UIF PCKFDUJWF
UIBU XF BSF HPJOH UP PQUJNJ[F JT�

min
θ

max
φ

= EY∼Qdata
[log%φ(Y)] + E[∼p([)[log(1− %φ((θ([))] 	���


'PS UIJT XF BSF HPJOH UP STU TBNQMF B NJOJCBUDI PG b TFOUFODFT GSPN USVF EBUB� Y(1) Y(2)
۪� Y(b) ∼ %� 4JNJMBSMZ B NJOJCBUDI PG TJ[F b JT TBNQMFE GSPN MBUFOU TQBDF� [(1) [(2) ۪�
[(b) ∼ pz �
'JSTU B HSBEJFOU EFTDFOU TUFQ PO HFOFSBUPS QBSBNFUFST θ�

1

b
∇θ

b∑

i=1

log(1− %φ((θ([(i))) 	���


'PMMPXJOH UIJT B HSBEJFOU BTDFOU TUFQ PO EJTDSJNJOBUPS QBSBNFUFST φ�

1

b
∇φ

b∑

i=1

[log%φ(Y(i))] + [log(1− %φ((θ([(i)))] 	���


8IFO XF BSF EFBMJOH XJUI EBUBTFUT GSPN UXP EJFSFOU GPSNT PG TVSGBDF SFBMJ[BUJPO PॏFO
UIFTF WBSJFUJFT BSF LOPXO BT TUZMFT�
य़FSF BSF UXP EJFSFOU EBUBTFUT 9 = {Y(1),Y(2), ....,Y(nx)} UIBU CFMPOHT UP TUZMF TY BOE
BOPUIFS EBUBTFU : = {Z(1),Z(2), ...., Z(ny)} UIBU CFMPOHT UP TUZMF TZ� य़F HFOFSBUPS OFU�
XPSL UZQJDBMMZ IBT BO FODPEFS�EFDPEFS GSBNFXPSL� य़F HPBM PG B॒BJOJOH B EJTFOUBOHMFE
SFQSFTFOUBUJPO JT UP EJWJEF FBDI TFOUFODF Y GSPN 9 JOUP UIF DPOUFOU SFQSFTFOUBUJPO DY
BOE UIF DPSSFTQPOEJOH TUZMF TY� 4JNJMBS QBSBMMFM DPNQPOFOUT GPS : BSF DZ BOE TZ� य़F
DPOUFOU WFDUPS GPS TFOUFODFT Y BOE Z JT B॒BJOFE CZ QBTTJOH UISPVHI BO FODPEFS & J�F
DY = &(Y, TY) BOE DZ = &(Z, TZ)� य़JT JT GPMMPXFE CZ B EFDPEFS ' UIBU JT BJNFE BU
HFOFSBUJOH B TFOUFODF Y JO UIF PUIFS TUZMF TZ� य़F EFDPEFS JT B॒FNQUJOH UP SFDPOTUSVDU
UIF PSJHJOBM TFOUFODF JO B EJFSFOU TUZMF BOE IFODF JT TJNJMBS UP BO BVUP�FODPEFS� य़F
PCKFDUJWF GPS SFDPOTUSVDUJPO JT�

L(θ(θ&, θ') = −(EY∼9[log P'(Y|DY, TY)] + EZ∼:[log P'(Z|DZ, TZ)]) 	���
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0ॏFO UIF MBOHVBHF NPEFMT UIBU DBO CF USBJOFE JO BO VOTVQFSWJTFE GBTIJPO BSF USBJOFE BT
EJTDSJNJOBUPST� %JTDSJNJOBUPS JT BOZ DMBTTJFS UIBU EJTDSJNJOBUFT CFUXFFO UIF UXP TUZMFT�

L%φ = log Pφ(DY|Y) 	���


8JUI UIF NJOJNBY HBNF CFUXFFO UIF HFOFSBUPS BOE UIF EJTDSJNJOBUPS UIF BEWFSTBSJBM
PCKFDUJWF UIBU XF BSF PQUJNJ[JOH JT�

min
&θ,'θ

max
%φ

L(θ − α · L%φ 	���


ۦ &YUFSOBM 3FXBSE� " TUVNCMJOH CMPDL JT BOOPUBUJOH UFYUT XJUI UIF OBSSBUJWF QSPQFSUJFT
BOE UIF OF�HSBJOFE DMBTTFT JO FBDI PG UIFTF QSPQFSUJFT� $VSBUJOH B EBUBTFU UP QFSGPSN
TVQFSWJTFE MFBSOJOH JT FYQFOTJWF JO NPTU DBTFT� .PSFPWFS BOPUIFS JTTVF XJUI UIF TVQFS�
WJTFE MFBSOJOH BQQSPBDI JT UIF NJTNBUDI JO XIBU XF BSF USZJOH UP PQUJNJ[F WT IPX XF
NFBTVSF UIF RVBMJUZ PG UIF UFYU� 3FJOGPSDFNFOU -FBSOJOH XIFO BQQMJFE UP HFOFSBUJPO EJ�
SFDUMZ PQUJNJ[FT FOE NFUSJDT UIBU DPVME CF OPO�EJFSFOUJBCMF� *O BEEJUJPO CZ EFOJUJPO
PVS NPEFM JT VQQFS CPVOEFE CZ UIF BDDVSBDZ PG UIF BOOPUBUJPOT JO PVS USBJOJOH EBUB BOE
MFBSOJOH PUIFS TUBUJTUJDBM SFHVMBSJUJFT� )FODF XF VTF SFJOGPSDFNFOU MFBSOJOH XIJDI IBT
UIF TBNF BSDIJUFDUVSBM TUSVDUVSF BT UIBU PG PVS TVQFSWJTFE MFBSOJOH OFUXPSL� य़JT OFU�
XPSL UIBU HFOFSBUFT UFYU GSPN PVS JOQVU JT PVS QPMJDZ OFUXPSL� 0OF PG UIF BQQSPBDIFT
UP USBJO UIJT OFUXPSL JT CZ VTJOH QPMJDZ HSBEJFOUT� #BTFE PO UIF HFOFSBUFE UFYU JO UIF
DPOUFYU UIBU JU JT CFJOH VTFE B SFXBSE PS B QFOBMUZ JT BTTJHOFE�
5ZQJDBMMZ VTJOH SFJOGPSDFNFOU MFBSOJOH GPS UFYU HFOFSBUJPO NBQT UIF EFOJUJPOT BT GPM�
MPXT� 4UBUF JT UIF XPSET JO UIF JOQVU BOE UIFXPSET HFOFSBUFE JO UIF PVUQVU UJMM UIF DVSSFOU
UJNF TUFQ� "DUJPO JT UIF HFOFSBUJPO PG UIF OFYU UPLFO� 1PMJDZ JT UIF EFSJWBUJPO PG UIF QSPC�
BCJMJUJFT PWFS UIF FOUJSF WPDBCVMBSZ GPS EFDPEJOH UIF OFYU UPLFO� 3FXBSE EFUFSNJOFT UIF
RVBMJUZ PG UIF BDUJPO� य़F USBJOJOH PCKFDUJWF JO UIJT DBTF JT�

T∑

t=1

∑

yt∈V
Pθ (yt|st)Q(st, yt) 	����


)FSF Pθ (yt|st) JT UIF MJLFMJIPPE PG EFDPEJOH UIF UPLFO yt HJWFO UIF DVSSFOU TUBUF BOE
Q(st, yt) JT UIF SFXBSE GPS UIF TFOUFODF� य़F DPNQVUBUJPO PG UIJT SFXBSE JUTFMG DBO CF
GSBNFE JO WBSJPVT XBZT BT B GVODUJPO PG UIF QSPCBCJMJUZ PG UIF UPLFOT BOE UIF FOE HPBM PG
UIF UBTL� 'PS JOTUBODF UIJT JT BEESFTTFE CZ )V FU BM� 	����C
 CZ PQUJNJ[JOH SFXBSET GPS
SFMFWBODF DPIFSFODF BOE FYQSFTTJWFOFTT TFQBSBUFMZ� "T XF PCTFSWF JO UIF SFTU PG UIF
TF॒JOHT UIF EFDPEFS PS BVUPFODPEFS SFTQPOTJCMF GPS HFOFSBUJOH UFYU SFMJFT PO EJFSFO�
UJBCMF USBJOJOH PCKFDUJWFT MJLF DZDMF DPOTJTUFODZ FUD� य़FTF PCKFDUJWFT BSF TPNFUJNFT OPU
EJSFDUMZ DPSSFMBUFE UP PVS NFUSJDT TVDI BT .&5&03 306(& FUD�
0OF QSPCMFN BT XF DBO TFF IFSF JT UIF DSFEJU BTTJHONFOU QSPCMFN XIJDI EFUFSNJOFT UIF
TQBSTJUZ PS HSBOVMBSJUZ PG UIF SFXBSET� य़JT JT IPX UIJT SFJOGPSDFNFOU MFBSOJOH QBSBEJHN
UBLFT JUT QMBDF JO UIF QSPQPTFE BODIPSJOH GSBNFXPSL� 5BJMPSJOH SFXBSE TIBQJOH UP B
TQFDJD UBTL IJOEFST TDBMBCJMJUZ UP PUIFS EBUBTFUT BOE UBTLT�
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ۦ 4USVDUVSFE -PTT� 8IJMF DMBTTJDBUJPO EFBMT XJUI MPTT UFSN CBTFE PO UIF OVNCFS PG
NJTDMBTTJDBUJPOT XIJDI BSF EJTDSFUF BOE SFHSFTTJPO EFBMT XJUI DPOUJOVPVT UBSHFU TUSVD�
UVSFE QSFEJDUJPO EFBMT XJUI B TUSVDUVSF PS TFRVFODF PG MBCFMT� य़F PVUQVU TQBDF JT OJUF
CVU EFBMJOH XJUI JU BT B DMBTTJDBUJPO QSPCMFN XJUI QFSNVUBUJPOT PG UBSHFU TFRVFODF BT
DMBTTFT JT OPU Fਖ਼DJFOU� य़JT MFBET UP QSPCMFNT JO TDPSJOH JG POMZ B GFX UPLFOT yi BSF EF�
DPEFE JODPSSFDUMZ� य़JT CFDPNFT FWFO NPSF DPNQMJDBUFE XIFO JU DPNFT UP B TFRVFODF PG
TFOUFODFT� " TUSVDUVSFE MPTT UFSN BEESFTTFT UIFTF JTTVFT CZ DPOTJEFSJOH UIF FOUJSF PVUQVU
BT B XIPMF� य़F TFOUFODFT JO B TFRVFODF DBO GPSN B MJOFBS PS B HSBQIJDBM TUSVDUVSF XJUI
JOUFSEFQFOEFODJFT GSPN UIF SFTU PG UIF TFRVFODF� य़JT UBLFT JOUP BDDPVOU UIF EJTUSJCVUJPO
PWFS UIF FOUJSF TFRVFODF BOE DPNQVUFT UIF EJTUPSUJPO XJUI UIF TFRVFODF JO UIF HSPVOE
USVUI�

ۦ 4DBMBS .BOJQVMBUJPO� य़F MBUFOU SFQSFTFOUBUJPO PG UIF JOQVU DBO CF NPEJFE XJUI TJN�
QMF BSJUINFUJD PQFSBUJPOT UP DPOEJUJPO PO UIF BODIPST� य़JT DBO CF EPOF BU FBDI UJNF TUFQ
GPS DPODBUFOBUJPO BOE BEEJUJPO SFTQFDUJWFMZ BT GPMMPXT

ht = [ht; at] 	����


ht = ht ± at 	����


4JNJMBSMZ UIJT DBO BMTP CF EPOF GPS UIF XIPMF JOQVU UPHFUIFS� 8IJMF DPODBUFOBUJPO JO�
DSFBTFT UIF NPEFM DPNQMFYJUZ PXJOH UP UIF TJ[F PG UIF SFQSFTFOUBUJPO PUIFS BSJUINFUJD
PQFSBUJPOT TVDI BT BEEJUJPO BOE TVCUSBDUJPO JOUFSGFSFXJUI UIF UPLFO SFQSFTFOUBUJPO JUTFMG�

ۦ 1PTU�FEJUJOH� य़JT JT B UFDIOJRVF CPSSPXFE GSPN USBEJUJPOBM BQQSPBDIFTXIJDI BSFNPSF
NPEVMBS� "T UIF OBNF TVHHFTUT UIJT BQQSPBDI FEJUT UIF UFYU HBUIFSFE QPTU UIF SFTU PG UIF
NPEVMFT� 0ॏFO UIJT JT EPOF UP SFQMBDF EFTJHOBUFE UPLFOT JO UBTLT TVDI BT TUZMF USBOTGFS
XJUI TFOUJNFOU FUD� "OPUIFS DMPTFMZ SFMBUFE UBTL JT UIF HFOFSBUJPO PG TJNQMF UFYU GSPN
UFYU EFOTF XJUI DPNQMFY KBSHPO� य़F UPLFO MFWFM SFQMBDFNFOU JT OPU B TDBMBCMF BQQSPBDI
BOE PॏFO SFRVJSFT NBOVBM MBCPS UP HBUIFS TJNJMBS PS DPOUSBTUJOH MFYJDBM JUFNT� य़JT BMTP
FYUFOET UP SFPSEFSJOH TFOUFODFT BU B EJTDPVSTF MFWFM�

ۦ "UUFOUJPO� .PEFM DBQBDJUZ EFUFSNJOFT B CP॒MFOFDL JO UIF PX PG JOGPSNBUJPO� "॒FO�
UJPO JT POF TVDINFDIBOJTN UIBU TUPDIBTUJDBMMZ XFJHIT B TFHNFOU PG UIF JOGPSNBUJPO GSPN
JOQVU CBTFE PO JU TJHOJDBODF UP UIF FOE UBTL� य़JT RVBOUJFT UIF EFQFOEFODF BOE�PS JO�
UFSEFQFOEFODF CFUXFFO UIF JOQVU VOJUT BNPOH UIFNTFMWFT BOE BMTPXJUI UIF PVUQVU VOJUT�
"॒FOUJPO NFDIBOJTN FOBCMFT EFUFSNJOJOH UIF GPDVT PS TJHOJDBODF PG UIF JOQVU XPSET
XJUI SFTQFDU UP PVS FOE HPBM� य़JT DBO CF GPSNBMJ[FE JO UFSNT PG UIF JOQVU IJEEFO TUBUFT
	Is
 BOE UIF IJEEFO TUBUF BU UIF DVSSFOU UJNF TUFQ 	It
 UP BSSJWF BU UIF B॒FOUJPO XFJHIUT
αts BT GPMMPXT�

αts =
exp(score(It, Īs))∑S

s′=1 exp(score(It, Īs′))
	����


य़F DPOUFYU WFDUPS 	Dt
 GPS UIBU QBSUJDVMBS UJNF TUFQ JT UIFO DPNQVUFE BT B XFJHIUFE TVN
PG UIF B॒FOUJPO XFJHIUT BOE UIF JOQVU IJEEFO TUBUFT�
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Dt =
∑

s

αtsĪs 	����


'JOBMMZ UIF B॒FOEFE SFQSFTFOUBUJPO JT DPNQVUFE BOE VTFE GPS GVSUIFS QBSU PG UIF OFUXPSL�

Bt = f(Dt,It) = tanh(8c[Dt;It]) 	����


*O DPOUFYU XF IBWF VTFE IJFSBSDIJDBM B॒FOUJPO CBTFE NPEFM GPS BODIPSJOH JO UIF BQQSP�
QSJBUF DPOUFOU JO UIF HFOFSBUJPO PG WJTVBM TUPSJFT� 'PS JOTUBODF BODIPSJOH B TUPSZ BSPVOE
DIBSBDUFST DBMMT GPS B॒FOEJOH UP UIFTF DIBSBDUFST UP XFBWF JOUP UIF UFYU� *O BEEJUJPO
B॒FOUJPO�CBTFE FODPEFST BOE EFDPEFST TIPXFE QPXFSGVM SFTVMUT BOE MFE UP USBOTGPSNFS
	7BTXBOJ FU BM� ����C
 NPEFMT� य़JT UBQQFE BO VOQSFDFEFOUFE XBZ UP DBQUVSF FTTFOUJBM
JOGPSNBUJPO JO NPEFMJOH BQQSPBDIFT�

ۦ -BUFOU 7BSJBCMF .PEFMJOH� $POUFNQPSBSZ UFDIOJRVFT JO UFYU HFOFSBUJPO XJUI MBUFOU
WBSJBCMF NPEFMT BSF JOTUBOUJBUFE JO PX NPEFMT BOE WBSJBUJPOBM BVUPFODPEFST� य़F MB॒FS
NPEFMT BSF BMTP VTFE UP EJTFOUBOHMF WBSJPVT LFZ QSPQFSUJFT PG UIF JOQVU� %JTFOUBOHMF�
NFOU JT EFFQMZ NPUJWBUFE DIBSBDUFSJTUJDBMMZ CZ UIF OFFE GPS JOUFSQSFUBCJMJUZ CZ IVNBOT
XIJDI JT B DSVDJBM HPBM PG BSUJDJBM JOUFMMJHFODF� 3FDFOU UJNFT IBWF TFFO B HSPXJOH JOUFS�
FTU JO DPIBCJUBOU QSFUSBJOJOH BOE SFQSFTFOUBUJPO MFBSOJOH� 8F BSF OPU HPJOH JOUP EFUBJMT
BCPVU UIF JNQPSUBODF PG SFQSFTFOUBUJPO MFBSOJOH JUTFMG� य़F HPBM IFSF JT UP OE TUBUJTUJ�
DBM SFHVMBSJUJFT CBTFE PO VOEFSMZJOH JOUFSBDUJPOT JO UIF EBUB� 'BDUPSJ[JOH UIF TFHNFOUT
PG SFQSFTFOUBUJPO DPSSFTQPOEJOH UP UIF DPOUFOU TUSVDUVSF BOE TVSGBDF GPSNT FOBCMFT FG�
DBDZ JO VTJOH UIJT EBUB BOE USBOTGFSSJOH UIF LOPXMFEHF BDSPTT UBTLT� -FBSOJOH UIFTF
TQFDJD QSPQFSUJFT JNQMJDJUMZ XJUIJO PVS NPEFMJOH BQQSPBDIFT QPUFOUJBMMZ MFBET UP PWFS�
॒JOH UP UIF EBUB BOE IJOEFST HFOFSBMJ[BUJPO� य़F FYQMJDJU MFBSOJOH PG UIFTF SFHVMBSJUJFT
NPUJWBUFT EJTFOUBOHMFNFOU� " HFOFSBUJWF NPEFM IBT UP CF OPO�SFQFUJUJWF BOE EJWFSTF
XIJDI JOUSPEVDFT VTJOH B WBSJBUJPOBM BVUPFODPEFS 	7"&
 JO UFYU HFOFSBUJPO TF॒JOHT� -FU
pθ(Y|[) CF UIF QBSBNFUFSJ[FE MJLFMJIPPE XJUI UIF HFOFSBUJWF QBSBNFUFS θ� 4JNJMBSMZ MFU
qφ([|Y) CF UIF QBSBNFUFSJ[FE BQQSPYJNBUF QPTUFSJPS XJUI WBSJBUJPOBM QBSBNFUFS φ� य़JT
JT FYQMPSFE JO QBSUJBM BODIPSJOH PG PVS GSBNFXPSL CZ 8BOH FU BM� 	����E
� य़F LFZ EJG�
GFSFODF JT UIBU BO JOQVU JT NBQQFE UP B EJTUSJCVUJPO JOTUFBE PG B YFE WFDUPS� 6TVBMMZ UIJT
EJTUSJCVUJPO JT B (VBTTJBO QBSBNFUFSJ[FE XJUI NFBO BOE WBSJBODF�

L (θ,φ, Y, [) = Eqφ [log pθ(Y|[)]−DKL(qφ([|Y)||p([)) 	����


*O UIF SJHIU IBOE TJEF PG UIF FRVBUJPO UIF STU UFSN SFQSFTFOUT UIF SFDPOTUSVDUJPO MPTT
BOE UIF TFDPOE UFSN GPSDFT UIF MFBSOU EJTUSJCVUJPO UP CF DMPTF UP HVBTTJBO PG LOPXONFBO
BOE WBSJBODF�
य़F EBUB JUTFMG DPNQSJTFT B WBSJBUJPO JO UIF OBSSBUJWF QSPQFSUJFT� य़JT GPS JOTUBODF DBO
CF TFFO UISPVHI UIF TPVSDF PG EBUB TVDI BT 5XJ॒FS UPQJDT EPNBJOT HFOSFT PG UFYUT FUD�
8IJMF UIFTF BSF UIF HFOFSBUJWF GBDUPST JO UIF EBUB UIF EJTFOUBOHMFE 7"& JT DBQBCMF PG
JOGFSSJOH UIFTF EJTUJODU VOEFSMZJOH GBDUPST� 8IJMF XF IBWF EJTFOUBOHMFE EJNFOTJPOT PS
GBDUPST PG UIF UFYU WBSZJOH UIF EFHSFF PG UIF DPSSFTQPOEJOH GBDUPS TNPPUIMZ OBWJHBUFT
UIF UPOF PG UIF UFYU UPXBSET UIBU EJNFOTJPO� 9V FU BM� 	����
 B॒FNQUFE DPOUSPMMBCMF UFYU
HFOFSBUJPO XJUIPVU BOZ TVQFSWJTJPO CZ FOGPSDJOH B TUSVDUVSBM DPOTUSBJOU CBTFE PO HMPCBM
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WBSJBUJPOT� *O UIJT XBZ UIFZ IBWF FYBNJOFE USBOTJUJPOT CFUXFFO UPQJD BOE TFOUJNFOU
EVSJOH HFOFSBUJPO� "MUFSOBUFMZ $IFO FU BM� 	����C
 QSPQPTFE EJTFOUBOHMJOH TUSVDUVSF
BOE TFNBOUJDT JO BNVMUJUBTL GSBNFXPSL CZ JOUSPEVDJOH MPTTFT GPS QBSBQISBTF SFDPOTUSVD�
UJPO EJTDSJNJOBUJWF QBSBQISBTF BOE XPSE QPTJUJPOT� "MPOH TJNJMBS MJOFT JO BEEJUJPO UP
NVMUJUBTLJOH CFUXFFO DPOUFOU BOE TUZMF +PIO FU BM� 	����
 JOUSPEVDFE BEWFSTBSJBM MPTT UP
QSFTFSWF UIF DPOUFOU XIJMF WBSZJOH TUZMF� य़JT EJTDSJNJOBUJWF USBJOJOH XBT JO GBDU QSF�
WJPVTMZ FYQMPSFE CZ )V FU BM� 	����
� )FODF EJTFOUBOHMFNFOU BOE JOUFSQSFUBCJMJUZ JT OPU
POMZ BO BDUJWF BSFB PG SFTFBSDI CVU BMTP B QSPTQFDUJWF EJSFDUJPO JO GBDUPSJ[JOH UIF EJFSFOU
QSPQFSUJFT BOE UIFSFCZ BEESFTTJOH FBDI BDDPSEJOH UP UIFJS OVBODFT�

����� "ODIPSFE 5FYU (FOFSBUJPO

य़JT TFDUJPO QSPWJEFT B QFFL JOUP UIF NPEFMJOH BQQSPBDIFT JO TPNF PG UIF UFYU HFOFSBUJPO
UBTLT UISPVHI UIF MFOT PG UIF BODIPSJOH GSBNFXPSL� "T XF XJMM EJTDVTT JO UIJT TFDUJPO UIF
BODIPST GPS TPNF PG UIFN BSF NJE�XBZ CFUXFFO /�-PDBM BOE /�(MPCBM� 5FYU HFOFSBUJPO TZT�
UFNT BSF QFSWBTJWF JO FWFSZEBZ "* BQQMJDBUJPOT BMM BSPVOE VT� य़FSF BSF UISFF QBSBEJHNT PG
UFYU HFOFSBUJPO� य़FZ BSF UFYU�UP�UFYU EBUB�UP�UFYU BOE OPOF�UP�UFYU QBSBEJHNT� .PSFPWFS JO
PSEFS UP NBLF UIFTF VOJWFSTBMMZ VTFGVM UFYU HFOFSBUJPO TZTUFNT NPSF OBUVSBM UIFZ BSF VTV�
BMMZ DPOEJUJPOFE XJUI WBSJPVT GBDUPST EFSJWFE GSPN UIF QSPQFSUJFT PG IVNBO DPNNVOJDBUJPO�
*O UIF GSBNFXPSL EJTDVTTFE JO UIF QSFWJPVT DIBQUFS HFOFSBUJPO JT BODIPSFE JO UIF OBSSBUJWF
QSPQFSUJFT� य़FTF IJHI�MFWFM QSPQFSUJFT DBO CF SFBMJ[FE XJUI EJFSFOU WBSJBOUT BOE GPSNT TVDI
BT FNPUJPOBM QFSTPOBMJUZ�CBTFE PS UPQJD�BXBSF HFOFSBUJPO� य़JT UIFTJT GPDVTFT PO NPEFMJOH
BQQSPBDIFT PG VUJMJ[JOH UIFTF BODIPS PS DPOEJUJPOJOH VOJUT JO EFFQ MFBSOJOH BOE USBEJUJPOBM
BQQSPBDIFT�

य़FSF JT B OFBU TZOFSHZ CFUXFFO UIF UBTLT PG MBOHVBHF NPEFMJOH BOE UFYU HFOFSBUJPO� -BO�
HVBHF NPEFMJOH QSFEJDUT UIF OFYU XPSE HJWFO UIF IJTUPSZ PG UIF TFRVFODF VOUJM UIF DVSSFOU
UJNF TUFQ� 4JNJMBSMZ UFYU HFOFSBUJPO NPEFMT QSFEJDU UIF OFYU HJWFO UIF HFOFSBUFE TFRVFODF TP
GBS JO BEEJUJPO UP TPNF DPOEJUJPOJOH JOQVU�

LanguageModeling : p(Y ) =
T∏

t=1

p(yt|y<t) 	����


Generation : p(Y |X) =
T∏

t=1

p(yt|X, y<t) 	����


#BTFE PO UIF EJFSFOU QBSBEJHNT 9 DBO UBLF UIF GPSN PG JNBHFT UFYU PS PUIFS EBUB�

4VNNBSJ[BUJPO� "O JNQPSUBOU EJTUJODUJPO UIBU PDDVSSFE XIJMF TIJॏJOH GSPN FYUSBDUJWF UP
BCTUSBDUJWF TVNNBSJ[BUJPO JT UIF TUFQ PG FYUSBDUJOH JNQPSUBOU PS SFMFWBOU JOGPSNBUJPO� य़JT
JT VTVBMMZ UBLFO DBSF PG CZ UIF FODPEFS� "T UIF TJ[F PG UIF EPDVNFOU PS UIF OVNCFS PG UIF
EPDVNFOUT JODSFBTFT BT JO UIF DBTF PG NVMUJ�EPDVNFOU TVNNBSJ[BUJPO JU IJOEFST UIF FODPEJOH
PG JNQPSUBOU JOGPSNBUJPO� #SPBEMZ * QSFTFOU /�-PDBM BOE /�(MPCBM BODIPSJOH UP BEESFTT UIF
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QSPCMFNT PG DPOUFOU TFMFDUJPO DPQZJOH IZCSJEJ[FE XPSE BOE DIBSBDUFS NPEFMJOH BOE EJTUSBD�
UJPO UFDIOJRVFT�

ۦ /�-PDBM "ODIPSJOH� 0OF XBZ UP BEESFTT UIF BGPSFNFOUJPOFE JTTVF JT VTJOH B TFQB�
SBUF DPOUFOU TFMFDUJPO OFUXPSL� " WFSZ JOUVJUJWF BOE FMFHBOU TPMVUJPO JT QSPQPTFE CZ
(FISNBOO FU BM� 	����
 XIJDI JT B UXP�TUFQ QSPDFTT� य़F STU TUFQ JT B EBUB�Fਖ਼DJFOU
DPOUFOU TFMFDUPS UIBU EFUFSNJOFT CJOBSZ UBHT CBTFE PO UIF QSFTFODF PG XPSET JO UIF OBM
TVNNBSZ� य़F TFDPOE TUFQ VTFT UIJT JOGPSNBUJPO UP DPOTUSBJO UIF NPEFM UP HFOFSBUF GSPN
MJLFMZ QISBTFT VTJOH B CP॒PN�VQ B॒FOUJPO NFDIBOJTN� य़F BODIPS VOJUT BSF EFSJWFE
GSPN XPSE PS QISBTF MFWFM NBTLJOH BOE UIJT BODIPSJOH JT QSPWJEFE MPDBMMZ CZ QSPWJEJOH
UIF XPSET UIBU BSF QSFEJDUFE UP CF QSFTFOU JO UIF OBM TVNNBSZ� 4JNJMBSMZ $IFO BOE
#BOTBM 	����
 IBWF JOUSPEVDFE B DPOWPMVUJPOBM FODPEFS UIBU DPNQVUFT SFQSFTFOUBUJPO GPS
FBDI TFOUFODF� य़F BODIPS VOJUT BSF EFSJWFE CZ STU TFMFDUJOH UIF FOUJSF TBMJFOU TFOUFODFT
VTJOH B QPJOUFS OFUXPSL BOE UIFO VTJOH BO BCTUSBDUJWF MBZFS UP USBOTMBUF UIFN UISPVHI
NPSF OF�HSBJOFE HVJEBODF JOUP TVNNBSJFT� 4JNJMBSMZ /BMMBQBUJ FU BM� 	����
 QSPQPTFE
UXP BQQSPBDIFT UIBU DMBTTJGZ XIFUIFS B TFOUFODF JT QSFTFOU PS OPU�

ۦ /�(MPCBM "ODIPSJOH� " DSVDJBM JTTVF UP UBDLMF JT UIBU TPNFUJNFT JO TVNNBSJFT XF XPVME
MJLF UP SFQMJDBUF UIF JOGPSNBUJPO GSPN UIF TPVSDF EPDVNFOU� 4FF FU BM� 	����
 QSPQPTFT B
OFBU XBZ PG DPQZ NFDIBOJTN CBTFE PO DPOUFYU WFDUPST GSPN B॒FOUJPO� 8IJMF EFDPEJOH
FBDI XPSE UIFSF JT B QSPCBCJMJUZ pgen XJUI XIJDI UIF HFOFSBUPS XPSE JT QJDLFE BOE 1−
pgen XJUI XIJDI XF DPQZ PWFS UIF XPSE JO UIF GPSN PG TVN PG B॒FOUJPO EJTUSJCVUJPOT
PWFS UIF TPVSDF EPDVNFOU� य़JT HJWFT UIF OBM QSPCBCJMJUZ EJTUSJCVUJPO GPS UIBU UJNF TUFQ�
य़F DPQZ QSPCBCJMJUJFT BSF BODIPSJOH JOUP UIF DPOUFOU CZ UIF NFBOT PG TPॏ DPNCJOBUJPO
PG XPSE SFQSFTFOUBUJPOT GSPN UIF B॒FOUJPO DPOUFYU WFDUPST� य़JT JT B NFBOT PG BODIPSJOH
UIBU JT JO NJEXBZT CFUXFFO /�-PDBM BOE /�(MPCBM BODIPSJOH TJODF POMZ B GFX XPSET BSF
BODIPSFE CZ DPQZJOH GSPN UIF TPVSDF EPDVNFOU� 8IJMF B॒FOEJOH UP UIF XPSET UIBU XF
XBOU UP DPQZ JT FTTFOUJBM JU JT BMTP JNQPSUBOU UP MPPL BU UIF SFTU PG UIF EPDVNFOU UP HFU
B XJEFS SBOHF PG DPOUFOU� *O UIJT SFHBSE $IFO FU BM� 	����
 QSPQPTFE EJTUSBDUJPO CBTFE
UFDIOJRVFT� य़F JEFB JT UP EJTUSBDU UIF NPEFM BOE FOBCMF JU UP OBWJHBUF UIF SFTU PG UIF
EPDVNFOU JO PSEFS UP BTTJNJMBUF UIF FOUJSF NFBOJOH� य़F FOUJSF IJTUPSZ DPOUFYU WFDUPS
BOE UIF DVSSFOU DPOUFYU WFDUPS EFUFSNJOF UIJT EJTUSBDUJPO BU UIF TVNNBSZ MFWFM�

*O DPOUSBTU $IBOH FU BM� 	����B
 BMTP BEESFTT TVNNBSJ[BUJPO VTJOH B IZCSJE XPSE�DIBSBDUFS
BQQSPBDI UIBU QSFTFSWFT UIF BEWBOUBHFT PG CPUI XPSE BOE DIBSBDUFS�CBTFE SFQSFTFOUBUJPOT�
य़JT JT B QMBJO TFR�TFR NPEFM XJUIPVU BOZ FYQMJDJU BODIPSJOH�

*NBHF $BQUJPOJOH� य़JT UBTL GBMMT JO UIF DBUFHPSZ PG EBUB�UP�UFYU HFOFSBUJPO XJUI EBUB
CFJOH UIF JNBHFT� य़F NBJO DIBMMFOHFT JO UIJT UBTL JODMVEF WJTVBM FODPEJOH PCKFDUT TFNBOUJD
DPODFQUT NBQQJOH GSPN MBOHVBHF UP JNBHF SFHJPOT� य़F QSJPS XPSL UP BEESFTT UIFTF JTTVFT DBO
CF DBUFHPSJ[FE JOUP CPUI UIF BODIPSJOH NFDIBOJTN BT GPMMPXT�

ۦ /�-PDBM "ODIPSJOH� 9V FU BM� 	����
 VTFE TUPDIBTUJD IBSE BOE EFUFSNJOJTUJD TPॏ B॒FOUJPO
PO JNBHFT UP QFSGPSN JNBHF DBQUJPOJOH� #BTJDBMMZ UIF NPEFM MFBSOT BMJHONFOU CFUXFFO
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UIF WJTVBM GFBUVSFT BOE XPSET BOE UIFTF B॒FOUJPO TDPSFT BSF VTFE UP EFDPEF B DBQUJPO�
य़JT BMJHONFOU JT MFBSOU JO BO FOE�UP�FOE GBTIJPO XJUIPVU BOZ IJFSBSDIJDBM PS EVBM�TUBHF
NPEFMJOH� य़F HVJEBODF GSPN FBDI PG UIF JNBHF SFHJPOT QSPWJEFT B OF�HSBJOFE HVJE�
BODF UP UIF XPSET JO UIF DBQUJPO� )PXFWFS TPNFUJNFT UIFSF BSF OP HSPVOEFE QPTJUJPOT
PS SFQSFTFOUBUJPOT JO BO JNBHF UIBU FBDI XPSE JO UIF DBQUJPO DBO B॒FOE UP� 'PS JOTUBODF
XPSET MJLF ۠B ۡ ۠UIF ۡ BOE BMTP PUIFS XPSET UIBU BSF TUSPOHMZ HVJEFE CZ UIF MBOHVBHF
NPEFM� )FODF JO BEEJUJPO UP TQBUJBM B॒FOUJPO -V FU BM� 	����
 VTF B HBUJOH NFDIBOJTN
UIBU XBT JOUSPEVDFE JO UIJT XPSL BT B WJTVBM TFOUJOFM UP EFUFSNJOF XIFO UP MPPL BU UIF
JNBHF� य़JT QSPWJEFT B USBEFP CFUXFFO UIF TVQQPSU GSPN UIF JNBHF BOE UIF DPOEFODF
PG UIF MBOHVBHF NPEFM� "OE BO BEBQUJWF B॒FOUJPO JT QSPQPTFE CZ B॒FOEJOH UP UIF TQB�
UJBMMZ B॒FOEFE JNBHF GFBUVSFT PS UIF WJTVBM TFOUJOFM WFDUPS UP EFSJWF UIF DPOUFYU WFDUPS
GPS UIF DVSSFOU UJNF TUFQ JO EFDPEJOH� &TTFOUJBMMZ UIF TFOUJOFM FOBCMFT B CSJEHF CFUXFFO
/�-PDBM BOE /�(MPCBM BODIPSJOH JOUP UIF TQBUJBM SFHJPOT PG UIF JOQVU JNBHF� य़F BODIPS
VOJUT IFSF BSF JNBHF SFHJPOT BOE UIF XPSET EFDPEFE TP GBS� 4JNJMBS UP UIF CP॒PN�VQ
TVNNBSJ[BUJPO TFFO FBSMJFS %BJ FU BM� 	����B
 QSPQPTF B EVBM�TUBHF NPEFM UIBU STU FY�
USBDUT BO FYQMJDJU TFNBOUJD SFQSFTFOUBUJPO JO UIF GPSN PG WFSCT BOE OPVOT GSPN UIF HJWFO
JNBHF� " TFU PG OPVO QISBTFT BSF FYUSBDUFE GSPN DBQUJPOT BOE CJOBSZ DMBTTJDBUJPO JT
QFSGPSNFE GPS UIF QSFTFODF PG FBDI PG UIF OPVO QISBTFT JO BO JNBHF� य़F TFDPOE TUBHF
HFOFSBUFT UIF DBQUJPO JO B CP॒PN�VQ SFDVSTJWF GBTIJPO� *O UIJT TUBHF B MJTU PG PSEFSFE
QBJST PG /1T BSF NBJOUBJOFE� " DPOOFDUJOH NPEVMF B॒FNQUT UP DPNCJOF UIFTF QISBTFT�
य़JT QSPWJEFT EFOTF BOE OF HVJEBODF JO HFOFSBUJOH FBDI XPSE� य़F BODIPS VOJUT BSF
OPVO QISBTFT XIJDI BSF UFSNFE BT TFNBOUJD DPODFQUT JO UIJT XPSL�

ۦ /�(MPCBM "ODIPSJOH�

7FOVHPQBMBO FU BM� 	����
 QSPQPTFE B NPEFM UP JEFOUJGZ QBSUT PG UIF JNBHF MJLF PCKFDUT
XIJDI DBO CF VTFE UP EFDPEF B DBQUJPO QBSUJDVMBSMZ IFMQGVM XIFO UIFSF JT OPU B MPU PG
BOOPUBUFE EBUB GPS DBQUJPOT� य़F WJTVBM GFBUVSFT BSF USBJOFE GPS PCKFDU EFUFDUJPO XJUI
JNBHF�TQFDJD DSPTT�FOUSPQZ MPTT� "OPUIFS MBOHVBHF NPEFM JT USBJOFE PO IVHF UFYU DPS�
QVT TVDI BT 8JLJQFEJB PQUJNJ[FE XJUI NBYJNVN MJLFMJIPPE� य़FTF JNBHF�TQFDJD BOE
UFYU�TQFDJD SFQSFTFOUBUJPOT PG UIF QSFWJPVTMZ HFOFSBUFE XPSET BSF BEEFE UP QSPWJEF BO
PCKFDU�DPOEJUJPOFE DBQUJPO HFOFSBUPS� )PXFWFS UIF QSPCMFN PG VTJOH B QSFUSBJOFE PCKFDU
EFUFDUPS BOE MBOHVBHF NPEFM JT DBUBTUSPQIJD GPSHF॒JOH� 4P UIFZ QFSGPSN KPJOU USBJOJOH
BOE TIBSF QBSBNFUFST CFUXFFO UIFTF NPEFMT BMPOH XJUI PQUJNJ[JOH GPS B DPNCJOFE MPTT�
%FUFDUJOH UIF PCKFDU TFSWFT BT B UIFNF GPS HFOFSBUJOH BO FOUJSF DBQUJPO� /FYU VOTVQFS�
WJTFE JNBHF DBQUJPOJOH JT BMTP EPOF UISPVHI MBOHVBHF QJWPUJOH 	(V FU BM� ����C
 XIFSF
UXP NPEFMT UIF STU XIJDI JT B DBQUJPOJOH NPEFM BOE B NBDIJOF USBOTMBUJPO NPEFM PQ�
FSBUF JO DPOKVODUJPO UP HFOFSBUF B TFOUFODF JO BOPUIFS MBOHVBHF XIFSF QBSBMMFM EBUB JT
VOBWBJMBCMF� य़F NPEFM JT BODIPSFE JO UIF NBDIJOF USBOTMBUJPO TQBDF�

+PIOTPO FU BM� 	����
 QSPQPTF EFOTF DBQUJPOJOH XIFSF UIF JEFB JT UP HFOFSBUF TFWFSBM TFOUFODFT
DPSSFTQPOEJOH UP FBDI PG UIF EFUFDUFE SFHJPOT JO UIF JOQVU JNBHF� य़FZ JOUSPEVDF B MPDBMJ[BUJPO
MBZFS UIBU EPFT SFHJPO QSPQPTBMT BOE UIFSFCZ SFHJPO GFBUVSFT XIJDI BSF QSPDFTTFE XJUI B GVMMZ
DPOOFDUFE SFDPHOJUJPO OFUXPSL GPMMPXFE CZ 3// MBOHVBHF NPEFM UP HFOFSBUF DBQUJPOT� 8JUI
SFTQFDU UP FBDI PG UIF SFHJPOT UIF DBQUJPO IBT /�(MPCBM BODIPSJOH� )PXFWFS TJODF UIF NPEFM
BMTP JEFOUJFT UIF SFHJPOT XJUI SFTQFDU UP UIF FOUJSF JNBHF UIF NPEFM JT BODIPSFE MPDBMMZ�
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4UPSZUFMMJOH� " TUPSZ JT B TFU PG DPOOFDUFE FWFOUT XIJDI DBO CF SFBM PS DUJPOBM UIBU BSFNBO�
JGFTUFE JO WBSJPVT GPSNT 	TVDI BT QJDUVSFT UFYU TJHOT
 BOE BEBQUJOH UP WBSJPVT DVMUVSFT� 8JUI
UIF JODSFBTJOH TVDDFTT PG TFR�TFR NPEFMT JO DBQUVSJOH MPOH EFQFOEFODJFT UIF FWFS�TUBOEJOH
HPBM PG HFOFSBUJOH TUPSJFT CBTFE PO IVNBO DPOTUSBJOUT BOE TVSSPVOEJOHT IBT FNFSHFE BT POF
PG UIF WFSZ JOUFSFTUJOH UBTLT JO /-1� य़F DPOEJUJPOT DBO CF TUBUJD PS EZOBNJD CBTFE PO UIF
UIFNF DIBSBDUFST TUPSZMJOF UIF OBUVSF PG UIF FYQFDUFE FOEJOH FUD�

ۦ /�-PDBM "ODIPSJOH� "T EJTDVTTFE POF PG UIF GPSNT JT HFOFSBUJOH UFYU GSPN JNBHFT� य़JT
JT BMTP LOPXO BT WJTVBM TUPSZUFMMJOH 	)VBOH FU BM� ����
� य़F EBUBTFU TVQQPSUT UIF BODIPS�
JOH PG FBDI TUPSZ TFOUFODF JO UIF DPSSFTQPOEJOH JNBHF DBQUJPO JO BEEJUJPO UP UIF JNBHF�
.BSUJO FU BM� 	����
 QSPQPTF B NJEXBZ BCTUSBDUFE SFQSFTFOUBUJPO PG TUPSJFT JO UFSNT PG
FWFOUT� "O FWFOU�FWFOU OFUXPSL STU JEFOUJFT UIF OFYU FWFOU HJWFO UIF FWFOUT TP GBS�
य़JT TFRVFODF PG FWFOUT JT UIFO DPOWFSUFE JOUP TFOUFODFT� 9V FU BM� 	����B
 BMTP JOUSPEVDF
B EVBM�TUBHF TLFMFUPO�CBTFE TUPSZ HFOFSBUJPO XIFSF TLFMFUPO FYUSBDUJPO JT QFSGPSNFE VT�
JOH TFOUFODF DPNQSFTTJPO UFDIOJRVFT UP JEFOUJGZ UIF NPTU JNQPSUBOU XPSET� &YUFOTJPOT
XJUI SFTQFDU UP FWFOU TUSVDUVSFT BSF BMTP BOOPUBUFE XJUI B GSBNFXPSL UP UBH DBVTBM BOE
UFNQPSBM SFMBUJPOT JO TUPSJFT CZ .PTUBGB[BEFI FU BM� 	����
 UIBU DBO QSPWJEF /�-PDBM BO�
DIPSJOH GPS TUPSZ HFOFSBUJPO� "MTP 5BNCXFLBS FU BM� 	����
 BQQMZ SFXBSE TIBQJOH UP
QSPWJEF EFOTF SFXBSET GPS DFSUBJO SFMBUFE WFSCT JO PSEFS UP BDIJFWF B QSF�TQFDJFE FOE
HPBM PG B TUPSZ� य़JT BMTP JOUSPEVDFT DPOUSPMMBCJMJUZ JO UIF TFRVFODF PG BODIPST� :BP FU BM�
	����
 BMTP QSPWJEF TUBUJD BOE EZOBNJD QMBOT CBTFE PO UIF GSFRVFODZ PG XPSET�

ۦ /�(MPCBM "ODIPSJOH� "O /�(MPCBM BODIPSJOH DBO CF QSPWJEFE JO UFSNT PG UIF UIFNF PG
UIF TUPSZ� 'BO FU BM� 	����
 VTFT B IJFSBSDIJDBM BQQSPBDI UP STU EFDPEF B QSFNJTF PS B
QSPNQU GPS UIF TUPSZ� 'PMMPXJOH UIJT B NPEJFE DPME GVTJPO UFDIOJRVF JT BQQMJFE UP B
DPNCJOBUJPO PG B QSF�USBJOFE MBOHVBHF NPEFM BOE B USBJOFE TFR�TFR NPEFM� 4JNJMBS UP
5BNCXFLBS FU BM� 	����
 XIFO B QSF�TQFDJFE FOEJOH JT HJWFO JO TQBSTF SFXBSE TF॒JOHT
UIJT DBUFHPSJ[FT BT /�(MPCBM BODIPSJOH�

%JBMPH 3FTQPOTF (FOFSBUJPO� %JBMPH HFOFSBUJPO JT UIF UBTL PG NPEFMJOH B EJTDPVSTF PS
DPOWFSTBUJPO CFUXFFO B CPU BOE IVNBOT UP FNVMBUF UIF OBUVSBM FYDIBOHF PG JEFBT PS UIPVHIUT�
य़JT DBO CF HPBM�PSJFOUFE PS GPS DIJU�DIBU� 0ॏFO UIF DPOEJUJPOT GSPN XIJDI UIF BODIPST BSF
EFSJWFE BSF EZOBNJD CBTFE PO UIF QSPHSFTT PG UIF EJBMPH�

ۦ /�-PDBM "ODIPSJOH� 9JOH FU BM� 	����
 JOUSPEVDF B UPQJD BXBSF NPEFMJOH UFDIOJRVF GPS
EJBMPH SFTQPOTF HFOFSBUJPO� " CJBTFE QSPCBCJMJUZ EJTUSJCVUJPO PG XPSET JT DPNQVUFE GSPN
B KPJOU B॒FOUJPO PWFS UIF UPQJD XPSET BOE UIF WPDBCVMBSZ TQBDF GSPN UIF JOQVU NFTTBHFT�
#Z BEEJOH UIF UPQJD XPSET QSPCBCJMJUZ UIF HFOFSBUJPO EJTUSJCVUJPO JT CJBTFE UP UIF UPQJD
XPSET� 4JNJMBSMZ %[JSJ FU BM� 	����
 QSPQPTFE B UPQJDBM IJFSBSDIJDBM SFDVSSFOU FODPEFS�
EFDPEFS NPEFM UP EFSJWF DPOUFYU BOE EZOBNJD UPQJD B॒FOUJPO UP EFDPEF FBDI XPSE� य़JT
UPQJD�BXBSF B॒FOUJPO JT QSPWJEFE GPS FBDI UJNF TUFQ PG UIF EFDPEJOH� )FODF UIFTFNPEFMT
MPDBMMZ BODIPS UPQJDT JO SFTQPOTF HFOFSBUJPO� ;IPV FU BM� 	����D
 QSFTFOU BO FNPUJPOBM
DIB॒JOH NBDIJOF UIBU EFDPEFT FBDI XPSE CBTFE PO UIF QSPCBCJMJUZ EJTUSJCVUJPO CFUXFFO
UIF TPॏNBYFT PWFS UIF WPDBCVMBSZ BOE FNPUJPO� य़F FNPUJPO JTNPEFMFEXJUI BO FYUFSOBM
NFNPSZ DPNQSJTJOH PG UIF FNPUJPO�TQFDJD XPSET� 4JNJMBSMZ (IB[WJOJOFKBE FU BM� 	����
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JODPSQPSBUF XPSME GBDUT BOE DPOUFYUVBM GBDUT CFGPSF UIF EFDPEFS UP CVJME B LOPXMFEHFBCMF
DPOWFSTBUJPO NPEFM�

ۦ /�(MPCBM "ODIPSJOH� -VBO FU BM� 	����
 BEESFTT HFOFSBUJPO PG EJBMPH SFTQPOTF JO B UBSHFU
QFSTPOBMJUZ CZ QSPQPTJOH B NVMUJ�UBTL MFBSOJOH BSDIJUFDUVSF� य़F QSJNBSZ UBTL JT NPE�
FMFE VTJOH B TFR�TFR OFUXPSL XJUI NFTTBHF BOE SFTQPOTF BT JOQVU BOE PVUQVU� "OPUIFS
BVUPFODPEFS NPEFM JT USBJOFE XJUI UIF UBSHFU TQFBLFS EBUB� य़F EFDPEFS QBSBNFUFST CF�
UXFFO CPUI UIF OFUXPSLT BSF TIBSFE BOE UIF NPEFM� *O UIJT XBZ UIF TQFBLFS SPMF JT
BEBQUFE UP SFTQPOTF HFOFSBUJPO CZ /�(MPCBM BODIPSJOH VTJOH TIBSFE EFDPEFS QBSBNF�
UFST� "MTP .PV FU BM� 	����
 VTF QPJOU�XJTF NVUVBM JOGPSNBUJPO UP EFSJWF B LFZXPSE
XIJDI JT VTVBMMZ B OPVO BOE HFOFSBUF UIF FOUJSF SFTQPOTF VTJOH CPUI GPSXBSE BOE CBDL�
XBSE DPOEJUJPOJOH PO UIJT LFZXPSE�

��� .VMUJWJFX *OUFSBDUJPOT XJUI "ODIPST

य़F NPEFMJOH DIBMMFOHF OPX CPJMT EPXO UP IPX UIFTF BODIPST 	EFSJWFE GSPN UFYUVBM NPEBMJUZ

JOUFSBDU XJUI UIF PUIFS NPEBMJUJFT PS WJFXT� य़F TFDPOEBSZ WJFX JO UIJT DBTF JT WJTVBM NPEBM�
JUZ PS BOPUIFS MBOHVBHF� 'JHVSF ��� QSFTFOUT � DBUFHPSJFT PG NFUIPET UIBU BODIPST BOE PUIFS
NPEBMJUJFT 	CPUI UFYUVBM BOE WJTVBM
 JOUFSBDU UP HFOFSBUF UFYUVBM PVUQVU� 'PS SFQSFTFOUBUJPOBM
QVSQPTFT MFU VT DPOTJEFS UIF TFDPOEBSZ WJFX UP CF WJTVBM NPEBMJUZ� 4P XJUI UIF JOQVU JNBHFT
* BOE UIF PVUQVU UFYU 5 BODIPST " BOE QSFEJDUFE BODIPST ڣ" JO UFYU UIFTF NBJO DBUFHPSJFT BSF�
	B
 JOEFQFOEFOU NPEFMJOH 	C
 GVTJPO NPEFMJOH 	D
 MBUFOU NPEFMJOH�

%FSJWJOH "ODIPST� *EFOUJGZJOH BQQSPQSJBUF BODIPST DPSSFTQPOEJOH UP UIFTF QSPQFSUJFT JT
FTTFOUJBM UP CSJOH GPSUI UIFJS NBOJGFTUBUJPO JO UIF HFOFSBUJPO� य़FTF BODIPST BSF PॏFO OPU SFBE�
JMZ BWBJMBCMF PS BSF QBJSFE XJUI UIF EBUB� )FODF XF SFTPSU UP UIF GPMMPXJOH XFBLMZ TVQFSWJTFE
OPJTZ BQQSPYJNBUFT JODMVEJOH 	J
 USBJOJOH PO FYUFSOBM EBUB BOE VTJOH UIF SFTVMUJOH NPEFM UP
QSFEJDU XFBL MBCFMT 	JJ
 VTJOH P�UIF�TIFMG UPPMT UP XFBLMZ BOOPUBUF UIF SFRVJSFE BODIPST 	JJJ

EFSJWJOH BODIPST GSPN DPOUFYU SFQSFTFOUBUJPOT�

*OEFQFOEFOU"ODIPSJOH� य़F JOEJWJEVBM WJFXT BSF TFMG�HPWFSOFE BOE UIFJS SFQSFTFOUBUJPOT
BSF OPU TVCKFDUFE UP DPOUSPM CZ UIF PUIFS WJFXT� 4DPQJOH UIF EFOJUJPO NFBOT UIBU UIF UFYUVBM
BODIPST BSF OPU BWBJMBCMF BMPOH XJUI WJTVBM JOQVUT� *O TVDI DJSDVNTUBODFT XF DBO VUJMJ[F UIF
XFBLMZ BOOPUBUFE BODIPST POMZ JO UIF PVUQVU� य़F STU TFUVQ JT XJUIPVU UIF VTF PG BOZ GPSNT
PG BODIPST XIFSF POMZ UIF JNBHFT BSF VTFE UP HFOFSBUF UIF UFYU 	I → T 
� 5P JNQSPWF UIF PQUJ�
NJ[BUJPO GPS UIF SFQSFTFOUBUJPO PG UIF BODIPST UIF TFDPOE TFUVQ NVMUJUBTLT XJUI UIF QSFEJDUJPO
PG UIF BODIPST BT BO BVYJMJBSZ UBTL GPS HFOFSBUJOH UIF UFYU� "OE OBMMZ UIJT JT FYUFOEFE UP UIF
UIJSE TFUVQ XJUI B IJFSBSDIJDBM NVMUJUBTLJOH NPEFM XIFSF UIF QSFEJDUFE BODIPST BSF MFWFSBHFE
UP HFOFSBUF UFYU BMPOH XJUI UIF JNBHFT�

'VTJPO "ODIPSJOH� *O UIJT DBUFHPSZ CPUI UIF WJFXT J�F� BODIPST BOE JNBHFT BSF NPEFMFE
UPHFUIFS� य़F NVMUJNPEBM SFQSFTFOUBUJPO GVTJPO USBOTGPSNT UIF JOEFQFOEFOU SFQSFTFOUBUJPOT
GSPN UIFTF EJFSFOU WJFXT UP GPSN B TVQFS SFQSFTFOUBUJPO�WFDUPS XJUI DPNCJOFE DPODBUFOBUFE



"ODIPSJOH BOE /FVSBM 5FYU (FOFSBUJPO ��

I T

I
T

A L(A)

I

T

A

A

L T

I

A T

A’

L

Fusion

Modeling

Latent 
Modeling

Independent

Modeling

A I T LA’Anchor Predicted Anchor Image Text Latent 
representation

I
A’

T

I

A

A’

T

I
A’

T

I

'९७ॻॸ५ ���� *OUFSBDUJPOT BNPOH NVMUJQMF WJFXT 	WJTVBM NPEBMJUZ XJUI UFYUVBM BODIPST


JOGPSNBUJPO� य़F FBSMZ GVTJPO PDDVST BU UIF GFBUVSF SFQSFTFOUBUJPO TUBHF XIFSF UIFTF NPEBM�
JUJFT BSF EJSFDUMZ DPNCJOFE CFGPSF UIF BDUVBM NPEFMJOH� य़F MBUF GVTJPO NFUIPET VUJMJ[F UIFTF
SFQSFTFOUBUJPOT JOEFQFOEFOUMZ BOE DPNCJOF UIFN JO UIF EFDJTJPO NBLJOH TUBHF� *O BEEJUJPO
UIF GVTJPO NFUIPET DBO BMTP CF DPNCJOFE XJUI UIF NVMUJUBTLJOH PS IJFSBSDIJDBM NVMUJUBTLJOH
UIBU XF EJTDVTTFE BCPWF�

-BUFOU "ODIPSJOH� *OTUFBE PG EJSFDUMZ VTJOH UIF SFQSFTFOUBUJPOT PG UIF BODIPST UIFZ DBO
CF NPEJFE CBTFE PO TFMFDUJWF DSPTT B॒FOUJPO CBTFE PO UIF DPOUFYU PS UIF JNBHFT� य़JT MB�
UFOU WFDUPS JT UIFO VTFE JO BOZ PG UIF UFDIOJRVFT NFOUJPOFE BCPWF JODMVEJOH GVTJPO NPEFMJOH�
NVMUJUBTLJOH FUD�

य़F SFTU PG UIF UIFTJT QSFTFOUT UIF VUJMJUZ PG UIFTF NFUIPET UP BODIPS DPOUFOU TUSVDUVSF BOE
TVSGBDF GPSN QSPQFSUJFT PG OBSSBUJWFT� 8F XJMM CF SFWJTJUJOH UIF DPNQBSJTPO PG UIFTF NFUIPET
GPS WBSJPVT UBTLT�

��� $PODMVTJPOT

य़F QBTU EFDBEF XJUOFTTFE UFYU HFOFSBUJPO ESJCCMJOH GSPN OJDIF TDFOBSJPT JOUP TFWFSBM NBJO�
TUSFBN/-1 BQQMJDBUJPOT� य़JT VSHFT UIF OFFE GPS B TOBQTIPU UP SFUSPTQFDU UIF QSPHSFTT PG WBSJFE
UFYU HFOFSBUJPO UBTLT JO VOJTPO� *O UIJT DIBQUFS XF IJHIMJHIUFE TPNF PG UIF FYJTUJOH DIBMMFOHFT
JO FBDI PG UIF UISFF NBJO UBTL�BHOPTUJD DPNQPOFOUT PG HFOFSBUJPO� USBJOJOH QBSBEJHNT JODMVE�
JOH HFOFSBUJWF QSF�USBJOJOH EFDPEJOH TUSBUFHJFT BOE FWBMVBUJPO� *O BEEJUJPO UIJT TFDUJPO BMTP
JODMVEFT B EFOTF BDDPVOU PG LFZ DIBMMFOHFT BMPOH XJUI TPNF UFDIOJRVFT UP BEESFTT UIFN� 8F
CFMJFWF UIJT TFDUJPO NBOJGFTUT BT B DPNQBDU SFTPVSDF GPS NBKPS PVUTUBOEJOH DIBMMFOHFT JO UIJT
WBTU NB[F PG OFVSBM UFYU HFOFSBUJPO UIBU DBO BTTJTU SFTFBSDIFST GPSBHJOH UP TJUVBUF UIFJS XPSL
JO B UBTL�BHOPTUJD NBOOFS UP BDDFMFSBUF UIF QSPHSFTT JO UIF GVUVSF� 8F CFMJFWF VOEFSTUBOEJOH
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UIJT TQBDF IFMQT VT GPSFTFF VQDPNJOH DIBMMFOHFT JO DPOUFYU CZ CSPBE BVEJFODFT SFTFBSDIFST
BOE QSBDUJUJPOFST JO BDBEFNJB BOE JOEVTUSZ� .PWJOH GPSXBSE XF FOWJTJPO UIBU UIFSF BSF TPNF
DSVDJBM EJSFDUJPOT UP GPDVT PO GPS JNQBDUGVM JOOPWBUJPO JO UFYU HFOFSBUJPO� य़FTF JODMVEF 	J
 HFO�
FSBUJPO JO SFBM�UJNF 	JJ
 OPO�BVUPSFHSFTTJWF EFDPEJOH 	JJJ
 HSPVOEJOH XJUI TJUVBUFE DPOUFYUT JO SFBM
BOE WJSUVBM FOWJSPONFOUT BOE HBNFT 	JW
 DPOTJTUFODZ XJUI QFSTPOBMJUZ BOE PQJOJPOT FTQFDJBMMZ GPS
WJSUVBM BHFOUT 	W
 DPOEJUJPOJOH PO NVMUJQMF NPEBMJUJFT UPHFUIFS XJUI UFYU BOE EBUB 	WJ
 JOWFTUJHBU�
JOH CFࡇFS NFUSJDT UP FWBMVBUF HFOFSBUJPO UP DPSSFMBUF CFࡇFS XJUI IVNBO KVEHNFOUT 	WJJ
 DSFBUJWF
UFYU HFOFSBUJPO TVDI BT KPLFT TBSDBTN NFUBQIPST FUD� 	WJJJ
 VUJMJ[JOH MBSHF TDBMF QSF�USBJOFE MBO�
HVBHF NPEFMT BT LOPXMFEHF TPVSDFT 	JY
 SFEVDJOH TPDJFUBM CJBTFT BOE HFOFSBUJOH UFYU FUIJDBMMZ 	Y

TFࡇJOH VQ CFODINBSLT UP FWBMVBUF HFOFSBUJPO BHOPTUJD BOE TQFDJटD UP JOEJWJEVBM UBTLT� 8F CFMJFWF
UIJT JT UIF SJHIU UJNF UP FYUFOE BEWBODFNFOUT JO BOZ QBSUJDVMBS UBTL UP PUIFS UJHIUMZ DPVQMFE
UBTLT JO PSEFS UP SFWBNQ JNQSPWFNFOUT JO UFYU HFOFSBUJPO BT B IPMJTUJD UBTL JO UIF GVUVSF�

"O VQTVSHF JO UIF JOUFSFTU JO WJSUVBM CFJOHT JOWJUFT SFTFBSDI RVFTUJPOT BOE PQQPSUVOJUJFT UP�
XBSET CVJMEJOH B HFOFSBUJWF FOWJSPONFOU� 4VDI WJSUVBM DPOTDJPVT DIBSBDUFST DBQBCMF PG VO�
EFSTUBOEJOH OBSSBUJOH BOE SFTQPOEJOH JO SFBM�UJNF IBWF JNNFOTFMZ VTFGVM BQQMJDBUJPOT TVDI
BT EJHJUBM FEVDBUJPO BTTJTUJOH UIF WJTVBMMZ JNQBJSFE DPMMBCPSBUJWF BVUIPSJOH FUD� "VUPNBUFE
HFOFSBUJWF OBSSBUJWFT BSF B EJSFDU DPOTFRVFODF PG BO FYQMPTJWF DPNQMFYJUZ PG TUBUF TQBDF UIBU
JT MBCPSJPVT GPS IVNBOT UP FYQSFTT� *U NFSFMZ EPFT OPU FODPNQBTT UIF RVBOUJUZ CVU BMTP PQFOT
VQ EPPST UP EJWFSTJFE RVBMJUZ XJUI SJDI QFSTPOBMJ[FE SFRVJSFNFOUT BOE JOUFSBDUJPOT� &YJTUJOH
UFDIOPMPHJFT BSF DBQBCMF PG EFBMJOH XJUI B TVCTFU PG TVDI EJWFSTJUJFT BOE EFNBOE DPOUJOVBM
XPSL UPXBSET EFWFMPQJOH EJTUJODUJWF JOUFSBDUJPOT UIBU NBLF B EJFSFODF JO UIF OBSSBUJWF� य़JT
CSPBE HPBM BMTP BQQFBMT UP EJFSFOU NPEFT PG JOUFSBDUJPOT XJUI UIFTF WJSUVBM DIBSBDUFST JO UIF
GVUVSF� य़JT UIFTJT JT B MBOHVBHF UFDIOPMPHJFT CBTFE TUFQ UPXBSET BDIJFWJOH UIJT NVMUJWJFX HPBM�
* CFMJFWF UIJT UIFTJT JT TDSBUDIJOH UIF TVSGBDF PG BO FYDFQUJPOBMMZ QPUFOUJBM FME PG TUVEZ UP BTTJTU
IVNBOT�
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"ODIPSJOH

य़F OVNCFS POF GBDUPS JO FOHBHFNFOU JT
SFMFWBODF CFDBVTF SFMFWBODF ESJWFT PVU
SFTJTUBODF�

$MJWF 4IFQIFSE

$POUFOU VOJUT BSF UIF CBTJD CVJMEJOH CMPDLT PG B OBSSBUJWF BOE UIF XBZ UIFTF VOJUT BSF BSSBOHFE
EFUFSNJOFT UIF TUSVDUVSBM QSPQFSUZ PG UIF OBSSBUJWF� (FOFSBUJOH UFYU XJUI BQQSPQSJBUFMZ SFMF�
WBOU DPOUFOU JT UIF STU BOE GPSFNPTU SFRVJSFNFOU UP DPNNVOJDBUF PVS JOUFOU� )FODF GVOEB�
NFOUBMMZ JEFOUJGZJOH UIF SFMFWBOU DPOUFOU UIBU BDUT BT VOEFSMZJOH CPMTUFST JT UIF DPSF QBSU PG
QSFTFOUJOH UIF BQQSPQSJBUF BOE SFMFWBOU JOGPSNBUJPO� य़JT JOGPSNBUJPO DBO CF FJUIFS JO UIF
GPSN PG B TLFMFUPO JOEFYJOH JOUP FWFSZ VOJU PG UIF OBSSBUJWF PS QSPCJOH BOE QSPWJEJOH B HFOFSBM
UIFNF GPS UIF OBSSBUJWF� य़F GPSNFS JT /�-PDBM BODIPSJOH BOE UIF MB॒FS JT LOPXO BT /�(MPCBM
BODIPSJOH�

'PSNBMMZ /�-PDBM BODIPS VOJUT BSF JOEFYFE JOUP FWFSZ VOJU PG UIF OBSSBUJWF JOEJWJEVBMMZ BOE
FYQMJDJUMZ� )FODF UIFSF JT B POF UP POF NBQQJOH GPS FBDI PG a(j)

i UP FBDI PG UIF HFOFSBUFE

य़JT DIBQUFS JT CBTFE PO UIF GPMMPXJOH QBQFST�
ۦ 3FBEJOHڦ #FUXFFO UIF -JOFT� &YQMPSJOH *OटMMJOH JO 7JTVBM /BSSBUJWFTڧ 	$IBOEV FU BM� ����B

ۦ FOPJTJOH%ڦ -BSHF�4DBMF *NBHF $BQUJPOJOH GSPN "MU�UFYU %BUB VTJOH $POUFOU 4FMFDUJPO .PEFMTڧ 	$IBOEV FU BM�

����C

ۦ OEVDUJPO*ڦ BOE 3FGFSFODF PG &OUJUJFT JO B 7JTVBM 4UPSZڧ 	%POH FU BM� ����D

ۦ 5BDLMJOHڦ #JPNFEJDBM 5FYU 4VNNBSJ[BUJPO� 0"2" BU #JP"42 ڧ#� 	$IBOEV FU BM� ����B


��
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TFOUFODF s(j)i � य़FTF BODIPS VOJUT BSF OF�HSBJOFE UP FBDI BOE FWFSZ VOJU PG HFOFSBUJPO� 5P
JODPSQPSBUF UIJT UIFSF JT B CJKFDUJWF GVODUJPO CFUXFFO BODIPS VOJUT BOE HFOFSBUFE UFYU� (JWFO
Ii BOE Ai UIF UBTL JT UP HFOFSBUF Ni�

य़F BODIPST Ai DBO UBLF TFWFSBM GPSNT GBDJMJUBUJOH UIF DPOUFOU JO UIF OBSSBUJWFT� *O UIF DBTF PG
/�-PDBM BODIPSJOH XF XJMM CF MPPLJOH JOUP JOEVDJOH FOUJUJFT JO UIF UBTL PG WJTVBM TUPSZUFMMJOH
JO B TVQFSWJTFE MFBSOJOH TF॒JOH� य़F BODIPSJOH IFSF JT EPOF WJB FOUJUZ TLFMFUPOT� "ODIPST BSF
SFQSFTFOUFE JO UISFF GPSNT� TVSGBDF GPSNT OPNJOBMJ[FE GPSNT BCTUSBDU GPSNT� य़JT JT BEESFTTFE
VTJOH IJFSBSDIJDBM B॒FOUJPO�CBTFE NPEFMT UP BODIPS UIF FOUJUZ TLFMFUPOT JO EJFSFOU MFWFMT�

4JNJMBSMZ GPS /�(MPCBM BODIPSJOH Ni XIJDI DPOUBJOT s(k)i JT BTTFNCMFE GSPN BO BODIPS Ai

XIJDI JT OPU GVSUIFS TQMJU UP k VOJUT UP QSPWJEF OFS MFWFM HVJEBODF� *O UIJT DBTF PG /�(MPCBM
BODIPSJOH B UIFNF PS UPQJD JT QSPWJEFE GPS UIF XIPMF OBSSBUJWF BOE OPU EJSFDUMZ GPS FBDI TFO�
UFODF�

/�(MPCBM BODIPSJOH JT FYBNJOFE JO UIF DBTF PG UPQJD�CBTFE TVNNBSJ[BUJPO XIFSF UIF UPQJD
JT EFSJWFE GSPN B RVFSZ� य़JT UPQJD EJDUBUFT UIF /�(MPCBM BODIPS PG UIF TVNNBSZ XIJDI EF�
UFSNJOFT UIF FYUSBDUJPO PG SFMFWBOU DPOUFOU TFOUFODFT� *O UIJT DBTF UIFSF BSF UISFF GPSNT PG
SFQSFTFOUJOH UIF BODIPST UIBU DPNQSJTF PG TVSGBDF GPSNT FYQBOTJPO GPSNT FNCFEEJOH GPSNT�

*O UIJT DIBQUFS XF XJMM IBWF B DMPTFS MPPL BU FBDI PG UIFTF BODIPST CBTFE PO HSBOVMBSJUZ MFW�
FMT� "T NFOUJPOFE BCPWF UIF GPDVT JT OPU EFSJWJOH UIFTF BODIPS QPJOUT CVU VUJMJ[JOH UIFN JO
BHHSFHBUJOH B OBSSBUJWF� य़F SFTU PG UIF DIBQUFS JT PSHBOJ[FE BT GPMMPXT� *O g��� XF XJMM EJT�
DVTT UIF SFMBUFE XPSL JO UIF EPNBJOT PG OBSSBUJWF HFOFSBUJPO QBSUJDVMBSMZ WJTVBM TUPSZUFMMJOH
BOE CJPNFEJDBM TVNNBSJ[BUJPO JO UIF QFSTQFDUJWF PG /�-PDBM BOE /�(MPCBM BODIPSJOH� g���
EFTDSJCFT IPX BODIPST DBO CF VTFE UP EFOPJTF MBSHF�TDBMF JNBHF DBQUJPOJOH EFNPOTUSBUJOH UIF
DSPTT�MJOHVBM USBOTGFSBCJMJUZ BOE DPOUSPMMBCJMJUZ UIBU UIFZ PFS� य़JT JT GPMMPXFE CZ g��� XIJDI
EFMWFT JOUP EFUBJMT PG BODIPSJOH /�MPDBMMZ PS JO B OF�HSBJOFE GBTIJPO GPS HFOFSBUJOH TUPSJFT
GSPN WJTVBM JOQVU BOE JNBHF DBQUJPOT� 4VCTFRVFOUMZ JO g��� B RVFSZ�CBTFE TVNNBSJ[BUJPO
TZTUFN JT EJTDVTTFE UP EFSJWF UIF DPOUFOU CBTFE PO UIF FMFNFOUT JO UIF RVFSZ� 'JOBMMZ g���
DPODMVEFT UIJT DIBQUFS BOE EFTDSJCFT QSPTQFDUJWF SFTFBSDI EJSFDUJPOT UIBU DBO CF UBLFO VQ JO
UIJT EPNBJO�

��� 3FMBUFE 8PSL

.VMUJNPEBM -BOHVBHF� -BOHVBHF HFOFSBUJPO GSPN WJTVBM NPEBMJUZ IBT TFFO B TUFFQ SJTF JO
JOUFSFTU XJUI UIF JOUSPEVDUJPO PG TFWFSBM MBSHF TDBMF UBTLT TVDI BT JNBHF DBQUJPOJOH 	)PTTBJO
FU BM� ����
 WJTVBM RVFTUJPO BOTXFSJOH 	"OUPM FU BM� ����
 BOE WJTVBM EJBMPH 	%BT FU BM� �����
.PTUBGB[BEFI FU BM� ����� %F 7SJFT FU BM� ����
� 8IJMF UIF UBTL PG HFOFSBUJOH B TFOUFODF GSPN B
TJOHMF JNBHF J�F� JNBHF DBQUJPOJOH IBT CFFO XFMM TUVEJFE JO UIF MJUFSBUVSF HFOFSBUJOH B MPOH�
GPSN TFRVFODF PG TFOUFODFT GSPN B TFRVFODF PG JNBHFT IBT CFFO DBUDIJOH B॒FOUJPO POMZ JO UIF
SFDFOU QBTU� )FODF UIF OBUVSBM OFYU TUFQ JT UPXBSET MPOH�GPSN TFRVFOUJBM HFOFSBUJPO JO UIF
GPSN PG TUPSJFT QSPDFEVSFT FUD� WJTVBM OBSSBUJWF UFMMJOH�
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7JTVBM 4UPSZUFMMJOH� 3FTFBSDI BU UIF JOUFSTFDUJPO PG MBOHVBHF BOE WJTJPO JT BDDFMFSBUJOH
XJUI UBTLT MJLF JNBHF DBQUJPOJOH 	)PTTBJO FU BM� ����
 WJTVBM RVFTUJPO BOTXFSJOH 	8V FU BM�
����
 WJTVBM EJBMPH 	%BT FU BM� ����� .PTUBGB[BEFI FU BM� ����� %F 7SJFT FU BM� ����� EF 7SJFT
FU BM� ����
� )VBOH FU BM� 	����
 WFOUVSFE JOUP TFRVFOUJBM TUFQ�XJTF HFOFSBUJPO PG TUPSJFT CZ
JOUSPEVDJOH WJTVBM TUPSZUFMMJOH 	7J45
� 3FDFOU NFUIPET IBWF UBDLMFE 7J45 VTJOH BEWFSTBSJBM
MFBSOJOH SFJOGPSDFNFOU MFBSOJOH 	8BOH FU BM� ����� )VBOH FU BM� ����D� )V FU BM� ����C

NPEBMJUZ�GVTJPO 	4NJMFWTLJ FU BM� ����
 USBEJUJPOBM TFR�TFR NPEFMT 	,JN FU BM� ����� +VOH FU BM�
����� )TV FU BM� ����
 BOE FYQMJDJU TUSVDUVSFT 	#PTTFMVU FU BM� ����� #JTL FU BM� ����
� $IBOEV
FU BM� 	����B
 BMTP QSPQPTFE B EBUBTFU PG ��L SFDJQFT JO B TJNJMBS GPSN� 8IJMF UIFTF BSF BMM DPPL�
JOH SFDJQFT UIF 7J15 EBUBTFU DPNQSJTFT B NJYUVSF PG UFO EJFSFOU EPNBJOT� "MTP PVS EBUBTFU
JT BCPVU ��� UJNFT MBSHFS UIBO UIF TUPSZCPBSEJOH EBUBTFU XJUI BMNPTU EPVCMF UIF OVNCFS PG
QSPDFEVSFT JO UIF EPNBJO PG DPPLJOH SFDJQFT JUTFMG� य़PVHI UIF TUPSJFT JO 7J45 EFNPOTUSBUF B
TFOTF PG DPOUJOVJUZ UIF PWFSBSDIJOH TFRVFOUJBM DPOUFYU JT GFFCMF� 1SPDFEVSFT TVDI BT DPPLJOH
SFDJQFT 	4BMWBEPS FU BM� ����� 8BOH FU BM� ����C
 PO UIF PUIFS IBOE EFNPOTUSBUF UIJT DIBSBD�
UFSJTUJD JOWJPMBCMZ� य़JT FOTVSFT B DPIFSFOU VOEFSMZJOH DPOUFYU BOE TUSVDUVSF JO UIF OBSSBUJWF�
)FODF XF QSFTFOU B MBSHF�TDBMF 7J15 EBUBTFU UP FODPVSBHF SFTFBSDI JO UIJT EJSFDUJPO�

$POEJUJPOJOH PO SBX JOQVU� .PTU PG UIF GPVOEBUJPOBM UFDIOJRVFT VTFE UP BEESFTT UIJT UBTL
SFMZ IFBWJMZ PO TFR�TFR NPEFMT� *O TVDI BQQSPBDIFT BODIPSJOH JT B QSPYZ GPS DPOEJUJPOJOH PO
UIF SBX JOQVU JNBHFT� ,JN FU BM� 	����
 QSPQPTFE B TFR�TFR GSBNFXPSL UIBU UBLFT JO UIF SBX
JNBHFT GSPNXIJDI 3FT/FU GFBUVSFT BSF FYUSBDUFE UP NPEFM UIF TUPSZ UFYU DPSSFTQPOEJOH UP FBDI
JOEJWJEVBM JNBHF� 4NJMFWTLJ FU BM� 	����
 QSPQPTFE MBUF GVTJPO UFDIOJRVFT UP BEESFTT UIJT UBTL�
8F EFSJWF NPUJWBUJPO GSPN UIFTF UFDIOJRVFT UP JOUSPEVDF FOUJUJFT BOE SFGFSFODFT BT TLFMFUPOT�

"ODIPSJOH $POUFOU JO (FOFSBUJPO� (SPT[ FU BM� 	����
 XBT POF PG UIF JOJUJBM XPSLT EFMW�
JOH JOUP IPX FOUJUJFT BOE UIFJS SFGFSSJOH FYQSFTTJPOT BSF VTFE JO B EJTDPVSTF DPOUFYU� 4FWFSBM
SFTFBSDI FPSUT GPS OBSSBUJWF HFOFSBUJPO UBTLT IBWF TQBXOFE GSPN JOUSPEVDJOH B TDIFNB PS B
TLFMFUPO� .BSUJO FU BM� 	����
� $MBSL FU BM� 	����C
 FYQMPSFE UIF VTBHF PG FWFOU SFQSFTFOUBUJPOT
BOE QSFEJDUJOH TVDDFTTJWF FWFOU GPSNT UP HFOFSBUF UIF FOUJSF TUPSZ� 'BO FU BM� 	����
 QSPQPTFE
IJFSBSDIJDBM GSBNFXPSLT GPS TUPSZ HFOFSBUJPO DPOEJUJPOFE PO B QSFNJTF PS B UPQJD� य़JT XPSL
XBT BMTP FYUFOEFE CZ EFDPNQPTJOH EJFSFOU QBSUT PG UIF NPEFM CZ HFOFSBUJOH B TVSGBDF SFBM�
J[BUJPO GPSN PG UIF QSFEJDBUF�BSHVNFOU TUSVDUVSF CZ BCTUSBDUJOH PWFS FOUJUJFT BOE BDUJPOT 	'BO
FU BM� ����B
� 9V FU BM� 	����B
 VTFE SFJOGPSDFNFOU MFBSOJOH STU UP HFOFSBUF B TLFMFUPO 	UIF
NPTU DSJUJDBM QISBTFT
 BOE UIFO FYQBOE JU UP B DPNQMFUF TFOUFODF� :BP FU BM� 	����B
 QSPQPTFE
B IJFSBSDIJDBM HFOFSBUJPO GSBNFXPSL JO XIJDI HJWFO B UPQJD UIF NPEFM STU QMBOT B TUPSZMJOF
BOE UIFO HFOFSBUFT B TUPSZ CBTFE PO UIF TUPSZMJOF� 3FDFOUMZ ;IBJ FU BM� 	����
 QSPQPTFE B NPEFM
UP HFOFSBUF HMPCBMMZ DPIFSFOU TUPSJFT GSPN B GBJSMZ TNBMM DPSQVT CZ VTJOH B TZNCPMJD UFYU QMBO�
OJOH NPEVMF UP QSPEVDF UFYU QMBOT BOE UIFO HFOFSBUJOH VFOU UFYU DPOEJUJPOFE PO UIF UFYU QMBO
CZ B OFVSBM TVSGBDF SFBMJ[BUJPO NPEVMF� "NNBOBCSPMV FU BM� 	����C
 TIPXFE UIBU FWFOU�CBTFE
HFOFSBUJPO PॏFO HFOFSBUFE HSBNNBUJDBMMZ DPSSFDU CVU TFNBOUJDBMMZ VOSFMBUFE TFOUFODFT BOE
QSFTFOU FOTFNCMF NFUIPET GPS FWFOU CBTFE QMPU HFOFSBUJPO BT B TPMVUJPO�

$POUFOU TFMFDUJPO GSPN WJTJPO� य़FSF JT B SJDI CPEZ PG XPSL JO JNQSPWJOH DPOUFOU TFMFDUJPO
GPS *$ 	'FOH FU BM� ����
 NBJOMZ GPDVTFE PO TDFOF HSBQI CBTFE TLFMFUPOT 	(V FU BM� ����C� ,JN
FU BM� ����C� $IFO FU BM� ����B� :BOH FU BM� ����D
� )PXFWFS UIFTF BOOPUBUJPOT XJUI PCKFDUT
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BOE SFMBUJPOT BSF FYQFOTJWF UIFSFCZ DPOTUSBJOJOH UIF TDBMJOH VQ UP NVMUJQMF MBOHVBHFT BOE
EJWFSTF DPODFQUT� 0VS XPSL EFMFHBUFT UIJT SFTQPOTJCJMJUZ PG JEFOUJGZJOH DPOUFOU UP UIF MBOHVBHF
NPEBMJUZ CZ VTJOH JOFYQFOTJWF P�UIF�TIFMG UPPMT GPS XFBL TVQFSWJTJPO�

$POUFOU TFMFDUJPO GSPN MBOHVBHF� "O PSUIPHPOBM CPEZ PG XPSL SFMJFT PO TLFMFUPOT EFSJWFE
GSPN MBOHVBHF VTJOH IJFSBSDIJDBM QISBTF NPEFMJOH 	5BO BOE $IBO ����� %BJ FU BM� ����C

TFNBOUJD B॒FOUJPO 	:PV FU BM� ����
 B॒SJCVUF -45. 	:BP FU BM� ����
 TLFMFUPO�CBTFE B॒SJCVUF
MMJOH 	8BOH FU BM� ����
 BEBQUJWFMZ NFSHJOH UPQJD BOE WJTVBM JOGPSNBUJPO 	-JV FU BM� ����B

NVMUJNPEBM PX 	-J FU BM� ����B
 BOE DPODFQU HVJEFE B॒FOUJPO 	-J FU BM� ����C
� /PUF UIBU
BMM UIFTF QSJPS XPSLT VUJMJ[F IVNBO�DVSBUFE HPME EBUBTFUT TVDI BT $0$0 	-JO FU BM� ����
 BOE
'MJDLS��L 	1MVNNFS FU BM� ����B
 XJUI DMFBO DPVQMJOH CFUXFFO DBQUJPOT BOE JNBHFT� )PXFWFS
TDBMJOH UIFN UP MBSHF BOE EJWFSTF DPODFQUT JT FYQFOTJWF� 8F VUJMJ[F VODVSBUFE TJMWFS TUBOEBSE
EBUBTFUT XJUI UIF BEWBOUBHFT PG SJDIOFTT BOE EJWFSTJUZ BU UIF DPTU PG OPJTZ UFYU� )FODF XF TIPX
UIF FFDUJWFOFTT PG B EVBM TUBHFE BQQSPBDI UIBU EFOPJTFT UIF DBQUJPOT CZ TLFMFUPO QSFEJDUJPO�

$SPTT�MJOHVBM BOE DPOUSPMMBCMF DBQUJPOT� 1BTU XPSL PO DSPTT�MJOHVBM DBQUJPOJOH GPDVTFE
PO USBOTMBUJPO 	#BSSBVMU FU BM� ����
 VFODZ HVJEBODF 	-BO FU BM� ����
 VTJOH MBSHF EBUBTFUT
	:PTIJLBXB FU BM� ����
 BOE NPSF SFDFOUMZ CZ QJWPUJOH PO TPVSDF MBOHVBHF DBQUJPOT 	य़BQMJZBM
BOE 4PSJDVU ����� (V FU BM� ����D
� 8F HP B TUFQ GVSUIFS BOE QJWPU PO UIF QSFEJDUFE &OHMJTI
TLFMFUPO UP JNQSPWF NVMUJMJOHVBM DBQUJPOT EVF UP B EFBSUI PG TJNJMBS P�UIF�TIFMG UPPMT JO PUIFS
MBOHVBHFT� 8F RVBMJUBUJWFMZ FYQMPSF DPOUSPMMJOH MFOHUI WJB TLFMFUPOT XIJDI XBT FYQMPSFE CF�
GPSF WJB BEEJOH MFOHUI UP EFDPEFS 	-VP BOE 4IBLIOBSPWJDI ����� $PSOJB FU BM� ����
� 0UIFS
DPOUSPMMBCMF BTQFDUT JODMVEF TUZMJTUJD DBQUJPOT 	(VP FU BM� ����C� .BUIFXT FU BM� ����
 MBOHVBHF
	5TVUTVJ BOE $SBOEBMM ����
 XIJDI BSF QPUFOUJBM FYUFOTJPOT UP PVS VOQBJSFE DBQUJPOJOH XPSL�

*OUFSQSFUBCMF /BUVSBM MBOHVBHF TLFMFUPOT� %FTQJUF SFNBSLBCMF BEWBODFNFOUT PG MBSHF
TDBMF FOE�UP�FOE NPEFMT SFDFOU XPSL JEFOUJFT TQVSJPVT DPSSFMBUJPOT JO UIF EBUBTFUT UIBU QP�
UFOUJBMMZ MFBET UP IJHI QFSGPSNBODFT 	(FWB FU BM� ����� 5TVDIJZB ����
� 5P NJUJHBUF UIJT
SFTFBSDIFST CFHBO EJTTFDUJOH JOUFSNFEJBUF DPNQPOFOUT PG UIF NPEFMT XJUI UIF HPBM PG JOUFS�
QSFUBCJMJUZ UP IVNBOT 	8JFHSFF BOE 1JOUFS ����� य़PSOF FU BM� ����� -JQUPO ����
 BT PQQPTFE
UP JNQMJDJU FYQMBOBUJPO 	9V FU BM� ����
� 0VS XPSL DBO BMTP CF WJFXFE BT BO JOTUBODF PG FY�
QMBJOJOH DBQUJPOT UISPVHI TLFMFUPO QSFEJDUJPOT TJNJMBS UP SFDFOU XPSLT PO SBUJPOBMJ[JOH BOTXFS
QSFEJDUJPOT GPS RVFTUJPO BOTXFSJOH 	-BUDJOOJL BOE #FSBOU ����
� 8F WJFX UIJT JOUFSQSFUBCMF
JOUFSNFEJBUF MBZFS BT B QFFL JOUP UIF NPEFM QSFEJDUJPOT IFMQJOH VT TUVEZ NPSF TVCUMF CVU DSV�
DJBM EBUBTFU B॒SJCVUFT TVDI BT HFOEFS CJBT BOE QSPWJEF IVNBO�JO�UIF�MPPQ JOUFSWFOUJPOT UP
JNQSPWF UIF OBM DBQUJPO�

*O॑MMJOH BOE .BTLJOH� य़F JEFB JT NPUJWBUFE CZ DMP[F UBTLT 	5BZMPS ����
 UIBU BEESFTT
SFBEBCJMJUZ BOE VOEFSTUBOEJOH� )PXFWFS SFDFOU BEWBODFT JO MFBSOJOH B NBTLFE MBOHVBHF
NPEFM 	%FWMJO FU BM� ����C
 QBWFE UIF XBZ GPS B OFX USFOE JO FYQMPSJOH NBTLFE DPOUFYUT 	4POH
FU BM� ����� -FXJT FU BM� ����
� (FOFSBUJPO PG NFBOJOH QBUDIFT XJUI NJTTJOH QPSUJPOT PG UFYU
JT FYQFSJNFOUFE CZ ;IV FU BM� 	����
� %POBIVF FU BM� 	����
� 'FEVT FU BM� 	����C
 UP HFOFSBUF
NFBOJOHGVM QBUDIFT�4JNJMBSMZ *QQPMJUP FU BM� 	����
 QSPQPTFE B IJFSBSDIJDBM NPEFM UP HFOFSBUF
NJEEMF TQBO VTJOH B CBH PG QSFEJDUFE XPSET GSPN MFॏ BOE SJHIU DPOUFYUT� *O B TJNJMBS TQJSJU UIJT
QBQFS TUVEJFT UIF FFDUT PG JOMMJOH UFDIOJRVFT GPS WJTVBM OBSSBUJWF HFOFSBUJPO� "O BMUFSOBUF
TUSFBN PG XPSL UP JNQSPWF UIF DPOUFYU JO TUPSJFT JODMVEF QSPWJEJOH TVQQPSUJOH JOGPSNBUJPO
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TVDI BT FOUJUJFT 	$MBSL FU BM� ����C� 9V FU BM� ����B
 MBUFOU UFNQMBUFT 	8JTFNBO FU BM� ����

LOPXMFEHF HSBQIT 	:BOH FU BM� ����C
 FUD� FYQMJDJUMZ� *O DPOUSBTU UP UIJT JOMMJOH QSPWJEFT BO
PQQPSUVOF QMBUGPSN UP MFBSO DPOUFYUVBM JOGPSNBUJPO JNQMJDJUMZ� 0VS XPSL JT QPTJUJPOFE BU UIF
JOUFSTFDUJPO PG JOMMJOH BOE NVMUJNPEBM MBOHVBHF HFOFSBUJPO�

/�-PDBM "ODIPSJOH JO 7JTVBM 4UPSZUFMMJOH� 1BSL BOE ,JN 	����
 QSPQPTFE B DPIFSFOU SF�
DVSSFOU DPOWPMVUJPOBM OFUXPSL UIBU VUJMJ[FT BO FOUJUZ�CBTFE MPDBM DPIFSFODFNPEFM UIBU SFTPMWFT
MPDBM USBOTJUJPOT� य़FZ QSFQBSF BO FOUJUZ HSJE XJUI B DSPTT QSPEVDU CFUXFFO UIF TFOUFODFT BOE
UIF BWBJMBCMF EJTDPVSTF FOUJUJFT XJUI BOOPUBUJPOT PO UIF HSBNNBUJDBM SPMF� *O UIJT XBZ UIFSF
JT /�-PDBM BODIPSJOH PG FOUJUJFT JO HFOFSBUJOH EFTDSJQUJPOT GPS B TFRVFODF PG JNBHFT XJUI OF�
HSBJOFE HVJEBODF� य़FSF IBT CFFO PUIFS XPSL CZ -JV FU BM� 	����C
 XIP FYQMPSFE UIF UBTL PG
HFOFSBUJOH B TFRVFODF PG TFOUFODFT GPS BO JNBHF TUSFBN CZ BODIPSJOH JO UIF KPJOU TFNBOUJD
TQBDF� य़F KPJOU IFSF SFQSFTFOUT UIF NVMUJNPEBM KPJOU TQBDF PG WJTJPO BOE MBOHVBHF� *O BEEJUJPO
UP DPOEJUJPOJOH UIF JOQVU JNBHF JUTFMG GSPN UIF TFRVFODF PG JNBHFT FBDI TUFQ JT BODIPSFE JO
UIF TFNBOUJD TQBDF UIBU ESBXT DPSSFTQPOEFODFT CFUXFFO UIF JNBHF BOE TFOUFODF FNCFEEJOHT
CZ NJOJNJ[JOH DPOUSBTUJWF MPTT CFUXFFO UIFN� य़JT NPEFM MFWFSBHFT UIF TFNBOUJD DPIFSFODF
JO B QIPUP TFRVFODF XJUI B CJEJSFDUJPOBM B॒FOUJPO�CBTFE SFDVSSFOU NPEFM UP HFOFSBUF TUPSJFT
GSPN JNBHFT�

0VS XPSL JO /�-PDBM BODIPSJOH JO WJTVBM TUPSZUFMMJOH GBMMT BMPOH UIF MJOFT PG HFOFSBUJOH B TUPSZ
GSPN WJTVBM JOQVU CBTFE PO TDIFNB�

#JPNFEJDBM 4VNNBSJ[BUJPO� य़F QSPCMFN PG FYUSBDUJOH FYBDU BOTXFST GPS GBDUPJE RVFT�
UJPOT GSPN UIJT EBUB JT CFJOH TUVEJFE FYUFOTJWFMZ SFTVMUJOH JO UIF EFWFMPQNFOU PG TFWFSBM UFDI�
OJRVFT JODMVEJOH JOGFSFODJOH 	.PMEPWBO FU BM� ����
 OPJTZ�DIBOOFM USBOTGPSNBUJPO 	&DIJIBCJ
BOE .BSDV ����
 BOE FYQMPJUBUJPO PG SFTPVSDFT MJLF 8PSE/FU 	-JO BOE )PWZ ����
� )PXFWFS
SFDFOU UJNFT IBWF BMTP TFFO BO JOUFSFTU JO EFWFMPQJOH JEFBM BOTXFS HFOFSBUJPO TZTUFNT UIBU DBO
QSPEVDF SFMFWBOU QSFDJTF OPO�SFQFUJUJWF BOE SFBEBCMF TVNNBSJFT GPS CJPNFEJDBM RVFTUJPOT
	5TBUTBSPOJT FU BM� ����
�

/�(MPCBM "ODIPSJOH JO $POUFOU 4FMFDUJPO� " RVFSZ�CBTFE TVNNBSJ[BUJPO TZTUFN DBMMFE
۠#JP426"4)ۡ 4IJ FU BM� 	����
 VTFT EPNBJO�TQFDJD POUPMPHJFT MJLF UIF 6OJFE .FEJDBM -BO�
HVBHF 4ZTUFN 	6.-4
 	4DIVZMFS FU BM� ����
 UP DSFBUF B DPODFQUVBM NPEFM GPS TFOUFODF SBOLJOH�
&YQFSJNFOUT XJUI CJPNFEJDBM POUPMPHZ�CBTFE DPODFQU FYQBOTJPO BOE XFJHIUJOH UFDIOJRVFT
XFSF DPOEVDUFE XIFSF UIF TUSFOHUI PG UIF TFNBOUJD SFMBUJPOTIJQT CFUXFFO DPODFQUT XBT VTFE
BT B TJNJMBSJUZ NFUSJD GPS TFOUFODF SBOLJOH 	$IFO BOE 7FSNB ����
� 4JNJMBS NFUIPET 	:FOBMB
FU BM� ����� 8FJTTFOCPSO FU BM� ����
 BSF VTFE GPS UIJT UBTL XIFSF UIF EJFSFODF MJFT JO RVFSZ
TJNJMBSJUZ SBOLJOH NFUIPET� 0VS XPSL GPDVTFT PO BODIPSJOH UIF DPOUFOU UISPVHI OPWFM TJN�
JMBSJUZ DPNQVUBUJPO UP HBUIFS UIF DPOUFOU BODIPSFE JO UIF RVFTUJPO� 'BO FU BM� 	����
 BEPQU B
IJFSBSDIJDBM BQQSPBDI UP HFOFSBUF B QSFNJTF BOE UIFO TUPSJFT UP JNQSPWF DPIFSFODF BOE VFODZ
XIFSF UIF OBSSBUJPO JT ESJWFO GSPN /�(MPCBM BODIPSJOH JO UIF UIFNF PS UIF QSFNJTF�
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'Ħʩ˘àšŔŜĬĥ˘ŋĬŔŜêŎŔ˘ÿĬŎ˘Ã˘ŸêææĉĦĀ˘ʧ

Bĉʩ˘�¡˘�ȯ�˘�Ȣ�[�˘�ȯ ˘ͧ�f˘�ͪ�˘¡Ȱ˘
ʹ�ŎÃĦŔğÃŜĉĬĦʩ˘�ĆĉŔ˘ĉŔ˘ŜĆê˘ĉĥÃĀê˘ÿĬŎ˘ŜĆê˘ÃŎŜĉàğê˘
ŜĉŜğêʺ

EŜʩ˘ŋêŎŔĬĦÃ˘ĆÃ˘àŎêÃŜĬ˘šĦ˘ĦšĬŷĬ˘ğĉßŎĬ˘˘
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'Ħʩ˘àĬğğêàŜĉĬĦ˘Ĭÿ˘ßĬĬĜŔ˘ĬĦ˘æĉŔŋğÃž

Bĉʩ˘�Ǖè��˘�ȡ˘���˘
ʹ�ŎÃĦŔğÃŜĉĬĦʩ˘ŔêğêàŜĉĬĦ˘Ĭÿ˘ßĬĬĜŔʺ

EŜʩ˘šĦÃ˘ŎÃààĬğŜÃ˘æĉ˘ÃğàšĦĉ˘ğĉßŎĉ˘
ʹ�ŎÃĦŔğÃŜĉĬĦʩ˘Ã˘àĬğğêàŜĉĬĦ˘Ĭÿ˘ŔĬĥê˘ßĬĬĜŔʺ

�ÔŒøĦĔĬø�DīÔČø�
�ÔŋřĔĲĬĔĬČ

�ģøĦøřĲĬ�zŎøôĔîřĔĲĬ

³FROOHFWLRQ´
³ERRN´

�ģøĦøřĲĬ��ÔŒøô�
DīÔČø��ÔŋřĔĲĬĔĬČ

3URSRVHG�$SSURDFK

'९७ॻॸ५ ���� 0WFSWJFX PG PVS BQQSPBDI� 	�
 TLFMFUPO QSFEJDUJPO � 	�
 TLFMFUPO CBTFE *$� DPN�
QBSFE UP DPOWFOUJPOBM *$� 0VUQVU DBQUJPOT TIPXO JO &OHMJTI 	&O
 )JOEJ 	)J
 BOE *UBMJBO 	*U
�

��� $POUFOU TFMFDUJPO GPS %FOPJTJOH *NBHF $BQUJPOJOH

5SBJOJOH MBSHF�TDBMF JNBHF DBQUJPOJOH 	*$
 NPEFMT EFNBOET BDDFTT UP B SJDI BOE EJWFSTF TFU PG
USBJOJOH FYBNQMFT UIBU BSF FYQFOTJWF UP DVSBUF JO UFSNT PG UJNF BOENBOQPXFS� *OTUFBE BMU�UFYU�
CBTFE DBQUJPOT HBUIFSFE GSPN UIF XFC BSF B GBS DIFBQFS BMUFSOBUJWF UP TDBMF XJUI UIF EPXOTJEF
PG CFJOH OPJTZ� 3FDFOU NPEFMJOH BQQSPBDIFT UP *$ PॏFO GBMM TIPSU JO UFSNT PG QFSGPSNBODF
JO MFWFSBHJOH UIFTF OPJTZ EBUBTFUT JO GBWPS PG DMFBO BOOPUBUJPOT� 8F BEESFTT UIJT QSPCMFN
CZ CSFBLJOH EPXO UIF UBTL JOUP UXP TJNQMFS NPSF DPOUSPMMBCMF UBTLT ۗ TLFMFUPO QSFEJDUJPO
BOE TLFMFUPO�CBTFE DBQUJPO HFOFSBUJPO� 4QFDJDBMMZ XF TIPX UIBU TVC�TFMFDUJOH DPOUFOU XPSET
BT TLFMFUPOT IFMQT JO HFOFSBUJOH JNQSPWFE BOE EFOPJTFE DBQUJPOT XIFO MFWFSBHJOH SJDI ZFU
OPJTZ BMU�UFYUۗCBTFE VODVSBUFE EBUBTFUT� 8F BMTP TIPX UIBU UIF QSFEJDUFE &OHMJTI TLFMFUPOT DBO
GVSUIFS DSPTT�MJOHVBMMZ CF MFWFSBHFE UP HFOFSBUF OPO�&OHMJTI DBQUJPOT BOE QSFTFOU FYQFSJNFOUBM
SFTVMUT DPWFSJOH DBQUJPO HFOFSBUJPO JO 'SFODI *UBMJBO (FSNBO 4QBOJTI BOE )JOEJ� 8F BMTP
TIPX UIBU TLFMFUPO�CBTFE QSFEJDUJPO BMMPXT GPS CF॒FS DPOUSPM PG DFSUBJO DBQUJPO QSPQFSUJFT TVDI
BT MFOHUI DPOUFOU BOE HFOEFS FYQSFTTJPO QSPWJEJOH B IBOEMF UP QFSGPSN IVNBO�JO�UIF�MPPQ
JOUFSQSFUBCMF TFNJ�BVUPNBUJD DPSSFDUJPOT�

*O UIF MBTU EFNJ�EFDBEF NPTU PG UIF /-1 FMET WFOUVSFE JOUP SFBQJOH UIF CFOFUT PG VUJMJ[JOH
MBSHF�TDBMF SBX EBUB 	VODVSBUFE
 GSPN XFC DSBXMT� य़JT USFOE SFTPOBUFE XJUI OFX VODVSBUFE
JNBHF�DBQUJPOJOH EBUBTFUT MJLF $PODFQUVBM $BQUJPOT 	4IBSNB FU BM� ����
� 8IJMF UIFTF VODV�
SBUFE BMU�UFYUT BSF TVQFSJPS JO UFSNT PG TJ[F BOE EJWFSTJUZ JO UIF EBUBTFU UIFZ BSF JOGFSJPS UP UIF
XFMM�DVSBUFE EBUBTFUT 	-JO FU BM� ����� 8BOH FU BM� ����D
 JO UFSNT PG OPJTJOFTT JO UIF DBQUJPOT�
य़F DPOUFOU JO UIF BMU�UFYU GPS UIF JNBHF JT PॏFO EJTUPSUFE JO GBWPS PG UIF JOUFOU PS UIF DPOUFYU
JO XIJDI UIF JNBHF JT QSFTFOUFE� 'PS FYBNQMF UIF HSPVOE USVUI BMU�UFYU DBQUJPO GPS B IPVTF
JT IPVTFڢ GPS TBMFڣ JOTUFBE PG GSPOUڢ WJFX PG B IPVTFڣ� य़JT OPJTF IJOEFST FYQMPJUJOH UIFTF IVHF
EBUBTFUT UP UIF GVMMFTU�

8F QSFTFOU B TJNQMF UXP�TUBHFE BQQSPBDI CZ TFQBSBUJOH UIF DPOUFOU TFMFDUJPO GSPN DBQUJPO
HFOFSBUJPO BT JMMVTUSBUFE JO 'JHVSF ���� *O DPOUSBTU UP NPTU *$ BQQSPBDIFT 	)PTTBJO FU BM� �����
4IBSNB FU BM� ����
 XIJDI IBMMVDJOBUF JODPSSFDU DPOUFOU GSPN OPJTZ USBJOJOH EBUB 	J�F ۜDVTUPN
QPTUFST BOE ۜXFEEJOH
 PVS BQQSPBDI STU GPDVTFT PO EFOPJTJOH UIF DPOUFOU XPSET 	J�F ۜDPMMFD�
UJPO BOE ۜCPPL
 UIBU BSF GVSUIFS VTFE UP HFOFSBUF B SFMFWBOU DBQUJPO� 8F SFGFS UP UIJT TFRVFODF
PG DPODFQU XPSET UIBU BSF LFZ QJFDFT PG JOGPSNBUJPO DPOTJTUFOU XJUI UIF JNBHF BT B TLFMFUPO�
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4VC�TFMFDUJOH TLFMFUPO XPSET UIBU DVSC OPJTJOFTT BSF BVUPNBUJDBMMZ FYUSBDUFE GSPN UIF BMU�UFYU
DBQUJPOT� 8F GPDVT PO MBOHVBHF�CBTFE TLFMFUPOT UIBU BSF EFSJWFE GSPN DBQUJPOT 	,V[OFUTPWB
FU BM� ����� 'BOH FU BM� ����� %BJ FU BM� ����C
 SBUIFS UIBO FYQFOTJWF WJTVBM�CBTFE TLFMFUPOT
EFSJWFE GSPN JNBHF F�H� TDFOF HSBQIT 	8BOH FU BM� ����B� :BOH FU BM� ����D
 XIJDI BSF IBSE
UP TDBMF� .PSF DPODSFUFMZ XF JOUSPEVDF BO JOUFSNFEJBUF UBTL PG EJTUBOUMZ TVQFSWJTFE TLFMFUPO
QSFEJDUJPO JO UIF FOE UP FOE *$ QJQFMJOF� य़F FOE�UP�FOE UBTL PG *$ JT 	fθ : I → C
 JT CSPLFO
EPXO JOUP B EVBM�TUBHFE QJQFMJOF� TLFMFUPO QSFEJDUJPO 	fθ : I → S
 BOE TLFMFUPO CBTFE DBQUJPO�
JOH 	fφ : I, S → C
 XIFSF I JT UIF JNBHF S JT UIF TLFMFUPO BOEC JT UIF DBQUJPO 	,VMLBSOJ FU BM�
����� -J FU BM� ����� &MMJP॒ BOE ,FMMFS ����� 'BOH FU BM� ����
� 8F QSFTFOU B DPNQBSJTPO CF�
UXFFO FODPEJOH EFDPEJOH BOE BVUPFODPEJOH UIFTF TLFMFUPOT� "T TVDI PVS TLFMFUPO QSFEJDUJPO
TPMVUJPO BEESFTTFT UIF TFNBOUJD HBQ QSPCMFN 	-J BOE $IFO ����� :BP FU BM� ����C
�

8F JMMVTUSBUF UIF FFDUJWFOFTT PG UIJT BQQSPBDI PO OPJTZ VODVSBUFE EBUBTFUT JO UIF GPMMPXJOH
XBZT� 	�
 8F EFNPOTUSBUF UIBU TVC�TFMFDUJOH DPOUFOU XPSET XJUI BO JOUFSNFEJBUF TLFMFUPO QSF�
EJDUJPO UBTL EFOPJTFT DPOUFOU UIFSFCZ MFBEJOH UP CF॒FS IVNBO FWBMVBUJPO SFTVMUT PO DBQUJPOJOH�
8F BMTP DPOEVDU FYUFOTJWF BOBMZTJT PO NVMUJNPEBM EJTDPVSTF SFMBUJPOT UP VOEFSTUBOE UIF SFB�
TPOT GPS UIJT JNQSPWFNFOU 	"MJLIBOJ FU BM� ����
 CFJOH UIF HFOFSBUJPO PG NPSF WJTJCMF DBQUJPOT�
	�
 4DBMJOH UIF MBSHF VODVSBUFE EBUBTFUT UP PUIFS MBOHVBHFT JT TUJMM B CP॒MFOFDL� 8F TIPX UIF
USBOTGFSBCJMJUZ PG MFBSOJOH &OHMJTI TLFMFUPOT UP JNQSPWF DBQUJPO HFOFSBUJPO JO PUIFS MBOHVBHFT ۗ
&OHMJTI 'SFODI *UBMJBO (FSNBO 4QBOJTI BOE )JOEJ� 	�
 य़F QSFEJDUFE TLFMFUPOT RVBMJUBUJWFMZ
EFNPOTUSBUF PUIFS QPUFOUJBM CFOFUT TVDI BT DPOUSPMMBCJMJUZ PG DPOUFOU MFOHUI BOE HFOEFS WJB
B OBUVSBM MBOHVBHFۗCBTFE JOUFSQSFUBCMF JOUFSGBDF XIJDI FOBCMFT POF UP BEEJUJPOBMMZ JOUFSBDU
XJUI UIF HFOFSBUJPO QSPDFTT�

����� %BUBTFUT %FTDSJQUJPO

$PODFQUVBM $BQUJPOT 	$$
� $$ 	4IBSNB FU BM� ����
 JT B MBSHF�TDBMF EBUBTFU PG ���. JNBHF�
DBQUJPO QBJST DPWFSJOH B MBSHF WBSJFUZ PG QSPDFTTFE BMU�UFYUT GSPN UIF XFC� य़F GPDVT PG UIJT
XPSL JT PO EFOPJTJOH OPJTZ DBQUJPOJOH EBUBTFUT 	XFC�TDBMF OPU IVNBO�WFSJFE
� )FODF PVS
FYQFSJNFOUT BSF GPDVTFE PO $$ XIJDI JT B TUFQ DMPTFS UP IBWJOH MBSHF BOE EJWFSTF BMU�UFYUT
GSPN UIF XFC BU UIF DPTU PG CFJOH OPJTZ� *O DPOUSBTU PUIFS QPQVMBS EBUBTFUT MJLF $0$0 	TJ[F
���,
 	-JO FU BM� ����
 BOE .VMUJ��L 	&MMJP॒ FU BM� ����
 BSF IBOE�BOOPUBUFE CZ IVNBOT BOE
DPOUBJO IJHI RVBMJUZ JNBHFT�DBQUJPOT� "T B SFTPVSDF $$ JT VTFGVM CPUI GPS NFBTVSJOH QSPHSFTT
PO MBSHF�TDBMF BVUPNBUJD DBQUJPOJOH 	4IBSNB FU BM� ����� $IBOHQJOZP FU BM� ����� "MJLIBOJ
FU BM� ����� य़BQMJZBM BOE 4PSJDVU ����
 BT XFMM BT QSF�USBJOJOH EBUB GPS B WBSJFUZ PG WJTJPO�
BOE�MBOHVBHF UBTLT 	-V FU BM� ����B� $IFO FU BM� ����E� 5BO BOE #BOTBM ����� 4V FU BM� ����� -J
FU BM� ����B
�

1SF�QSPDFTTJOH� $$ NJHIU DPOUBJO B MPOH UBJM PG TQFMMJOH FSSPST BOE PUIFS UZQPT EVF UP UIF
BVUPNBUJD DVSBUJPO PG UIF EBUB� य़FSFGPSF XF QFSGPSN GSFRVFODZ�CBTFE UISFTIPMEJOH PG UIF
TLFMFUPO XPSET UP BCBUF UIJT OPJTF� 8F FYQFSJNFOUFE XJUI TFWFSBM WBMVFT GPS UIJT IZQFSQBSBN�
FUFS BOE TFMFDUFE B NJOJNVN PDDVSSFODF DPVOU PG �� QSPWJEJOH UIF EFTJSFE CBMBODF CFUXFFO
OPJTF BOE WPDBCVMBSZ TJ[F�
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'९७ॻॸ५ ���� .PEFM BSDIJUFDUVSF PG PVS TLFMFUPO CBTFE DBQUJPOJOH BMPOH XJUI UFYU BT TJEF BU�
UFOUJPO NFDIBOJTN CFUXFFO WJTVBM 	W
 BOE UFYUVBM 	X
 NPEBMJUJFT� य़F TLFMFUPO JT QSFTFOU

PQUJPOBMMZ JO UIF FODPEFS EFDPEFS PS CPUI CBTFE PO PVS UISFF BQQSPBDIFT�

.VMUJMJOHVBM $$� 5P EFNPOTUSBUF UIF DSPTT�MJOHVBM USBOTGFSBCJMJUZ PG PVS TLFMFUPOT XF VTF
BVUPNBUJD DBQUJPO USBOTMBUJPOT� GPS $$ TJNJMBS UP UIF BQQSPBDI JO 	य़BQMJZBM BOE 4PSJDVU ����
�
/PUF UIBU UIF TLFMFUPOT BSF MFBSOFE GSPN BOE QSFEJDUFE JO &OHMJTI 	OPU JO UIF OBM UBSHFU MBO�
HVBHF
 NBLJOH UIF &OHMJTI TLFMFUPO BDU BT BO JOUFSMJOHVB� 4JODF NVMUJMJOHVBM DBQUJPOT BSF BMM
QJWPUFE PO &OHMJTI TLFMFUPOT UIJT OVMMJFT UIF SFRVJSFNFOU UP �
 DPMMFDU MBSHF�TDBMF JNBHF�
DBQUJPO QBJST JO WBSJPVT MBOHVBHFT BOE �
 IBWF BDDFTT UP MJOHVJTUJD UPPMT UP BOBMZ[F DBQUJPOT JO
FBDI MBOHVBHF� 8F QFSGPSN FYQFSJNFOUT PO WF MBOHVBHFT ۗ 'SFODI *UBMJBO (FSNBO 4QBOJTI
BOE )JOEJ ۗ XIJDI WBSZ JO XPSE PSEFST BOE UPLFO PWFSMBQ XJUI UIF &OHMJTI TLFMFUPOT�

$PODFQUVBM $BQUJPOT 5� UFTU TFU� 'PS IVNBO FWBMVBUJPOT BDSPTT BMM MBOHVBHFT XF VTF 5�
UFTU TFU VTFE JO UIF $PODFQUVBM $BQUJPOT $IBMMFOHF�� *U DPNQSJTFT PG �, PVU PG EPNBJO JNBHFT
GSPN UIF 0QFO *NBHFT %BUBTFU 	,V[OFUTPWB FU BM� ����
�

����� .PEFMT %FTDSJQUJPO

*$ SFRVJSFT QBJSFE FYBNQMFT PG JNBHFT BOE DBQUJPOT 	I C
 XIFSF c ∈ C DPSSFTQPOE UP UPLFOT
JO B DBQUJPO 	c1, c2, ..., cm
 UIBU BSF PॏFO FYQFOTJWF UP HBUIFS� *O DPOUSBTU PVS BQQSPBDI VTFT
JOUFSNFEJBUF TLFMFUPOT BT BO FFDUJWF XBZ UP MFWFSBHF OPJTZ VODVSBUFE BMU�UFYU�CBTFE DBQUJPOT
UP USBJO BNPEFM UP HFOFSBUFNPSF WJTVBMMZ JOGPSNBUJWF DBQUJPOT� "O PWFSWJFX PG CPUI UIF TUBHFT
JT QSFTFOUFE JO 'JH� ����

�8F VTF UIF (PPHMF $MPVE 5SBOTMBUF "1*�
�?iiT,ffrrrX+QM+2Tim�H+�TiBQMbX+QKf

http://www.conceptualcaptions.com/
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������� %JTUBOUMZ 4VQFSWJTFE 4LFMFUPOT

4JODF HPME TUBOEBSE TLFMFUPO XPSET BSF VTVBMMZ VOBWBJMBCMF GPS *$ EBUBTFUT XF VTF EJTUBOU
TVQFSWJTJPO UP HFU UIFTF MBCFMT� 8F SFUSJFWF TZOUBY BOOPUBUJPOT 	TQFDJDBMMZ QBSUT�PG�TQFFDI
	104
 BOE XPSE MFNNBT
 VTJOH UIF (PPHMF $MPVE /BUVSBM -BOHVBHF "1* � PWFS UIF DBQUJPO
UFYUT� 8F VTF UIFTF BOOPUBUJPOT UP FYQFSJNFOU XJUI UIF GPMMPXJOH GPVS WBSJBOUT PG TLFMFUPOT�

�� /PVOT � 7FSCT� य़JT JODMVEFT B TFRVFODF PG MFNNBT PG BMM UIF OPVOT BOE WFSCT JO B DBQUJPO�

�� 4BMJFOU /PVOT � 7FSCT� य़F TBMJFODZ PG OPVOT BOE WFSCT JT EFUFSNJOFE VTJOH UG�JEG TDPSFT
USFBUJOH FBDI DBQUJPO BT B EPDVNFOU� 'PS FBDI DBQUJPO UIF UPQ � IJHIFTU TDPSJOH OPVO BOE WFSC
UPLFOT 	MFNNB
 BSF TFMFDUFE� य़JT FYBNJOFT JG TBMJFODZ DPOUSJCVUFT UPXBSET UIF FFDUJWFOFTT
PG UIF TLFMFUPO�

�� /PVOT� य़JT JODMVEFT MFNNBT PG BMM UIF OPVOT� य़JT IFMQT VT VOUBOHMF UIF SPMFT PG OPVOT WT�
WFSCT JO UIF FFDUJWFOFTT PG UIF TLFMFUPO�

�� *UFSBUJWFMZ SFटOFE DBQUJPOT� 6OEFS UIJT DPOEJUJPO UIF PVUQVU PG UIF CBTFMJOF *NH�$BQ NPEFM
TFSWFT BT UIF ۜTLFMFUPO GPS UIF OFYU TLFMFUPO�CBTFE DBQUJPOJOH TUBHF� य़F SBUJPOBMF CFIJOE UIJT
TLFMFUPO JT UP DPNQBSF UIF VUJMJUZ PG TVC�TFMFDUJOH TLFMFUPO XPSET CBTFE PO 104 JO EFOPJTJOH
DBQUJPO DPOUFOU DPNQBSFE UP B GVMM DBQUJPO QSFEJDUJPO�

8F JHOPSF TLFMFUPO UPLFOT XJUI B GSFRVFODZ PG MFTT UIBO �� JO PVS USBJOJOH EBUB UP SFEVDF
OPJTF� य़JT TVCTFMFDUJPO PG DPOUFOU CBTFE PO 104 UBHT BOE EPXOTDBMJOH PG WPDBCVMBSZ IFMQT
SFUBJO JNQPSUBOU XPSET BT TLFMFUPOT SFTVMUJOH JO B MBCFM TJ[F PG �L�

������� .PEFMJOH

#BTFMJOF 	*NH�$BQ
� 8F BEPQU BO FODPEFS�EFDPEFS 	fθ : I → C
 *$ NPEFM CBTFE PO 5SBOT�
GPSNFST 	7BTXBOJ FU BM� ����B
 GPMMPXJOH SFDFOU TUBUF�PG�UIF�BSU BQQSPBDIFT 	4IBSNB FU BM�
����� :V FU BM� ����� $IBOHQJOZP FU BM� ����� )VBOH FU BM� ����B� $PSOJB FU BM� ����
� 0VS
NPEFM VTFT UIF *$ GSBNFXPSL JOUSPEVDFE JO $IBOHQJOZP FU BM� 	����
� *OTQJSFE CZ UIF CP॒PN�
VQ BOE UPQ�EPXO BQQSPBDI 	"OEFSTPO FU BM� ����B
 UIF JOQVU JNBHF I JT SFQSFTFOUFE BT B CBH
PG GFBUVSFT DPOUBJOJOH POF HMPCBM BOE �� SFHJPOBM OF�HSBJOFE GFBUVSF WFDUPST� य़F SFHJPOBM
GFBUVSFT DPSSFTQPOE UP UIF UPQ �� CPY QSPQPTBMT GSPN B 'BTUFS�3$// 	3FO FU BM� ����
 PCKFDU
EFUFDUPS USBJOFE PO 7JTVBM (FOPNF 	,SJTIOB FU BM� ����
 XJUI B 3FT/FU��� 	)F FU BM� ����B

UIBU JT USBJOFE PO +'5 	)JOUPO FU BM� ����
 BOE OF�UVOFE PO *NBHF/FU 	3VTTBLPWTLZ FU BM�
����B
� 8F GFBUVSJ[F CPUI HMPCBM BOE SFHJPOBM CPYFT VTJOH (SBQI�3*4& 	+VBO FU BM� ���� ����
�
8F NBLF UIF GPMMPXJOH DIBOHFT UP UIF TUBUF PG UIF BSU NPEFM 	$IBOHQJOZP FU BM� ����
 MFBEJOH
UP B ��QPJOU JNQSPWFNFOU PO UIF EFW $*%&S PO $$ 	���� WT� ����
 	JNQSPWFE CBTFMJOF
� �
 FO�
DPEF UIF DPSOFST BOE UIF BSFB PG UIF CPVOEJOH CPYFT UP GVTF QPTJUJPOBM JOGPSNBUJPO XJUI WJTVBM
GFBUVSFT 	-V FU BM� ����C
 BOE �
 FODPEF FBDI GFBUVSF WFDUPS XJUI B -JOFBS�3F-6�-BZFS/PSN�
-JOFBS JOTUFBE PG -JOFBS FNCFEEJOH MBZFS XIFSF -BZFS/PSN JT MBZFS OPSNBMJ[BUJPO 	#B FU BM�
����
�

�I॒QT���DMPVE�HPPHMF�DPN�OBUVSBM�MBOHVBHF
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4UBHF � 4UBHF � $POEJUJPOJOH*OQVU 0VUQVU *OQVU 0VUQVU
4LF&OD I S′ I�S′ C′ ˆτ ∼

∏
t Pr(̂t |̂<t, g(zI, Ŝ))

4LF"& I S′ I+ S′ S′ + C′ ˆτ ∼
∏

t Pr(̂tk|[Ŝ;̂<t], g(zI; Ŝ))
4LF%FD 	OP 4UBHF �
 I S′ + C′ ˆτ ∼

∏
t Pr(̂tk|[Ŝ;̂<t], zI)

5१२ॲ५ ���� य़F JOQVUT BOE PVUQVUT PG UIF EJFSFOU NPEFMT� *O JUFSBUJWF SFOFNFOU S′ JT SF�
QMBDFE CZ C′�

%VBM 4UBHFE .PEFMJOH� *O UIJT BQQSPBDI XF JOUSPEVDF BO JOUFSNFEJBUF OBUVSBM�MBOHVBHF
JOUFSQSFUBCMF TLFMFUPO S CFUXFFO I BOE C� य़JT S JT DPNQPTFE PG B TFRVFODF PG MFNNBT VTJOH
B TVCTFU PG DPOUFOU XPSET 	s1, s2, ...sn
 GSPN c XIFSF n < m� य़JT SFEVDFT UIF PVUQVU DPN�
QMFYJUZ PG fθ : I → C CZ TJNQMJGZJOH BOE EFOPJTJOH UIF OPJTZ C UP S� )FODF UIF UBTL PG *$ JT
EFDPNQPTFE JOUP UIF STU TUBHF PG QSFEJDUJOH TLFMFUPO DPODFQUT BOE UIF TFDPOE TUBHF PG DBQUJPO
HFOFSBUJPO VTJOH UIF JOUFSNFEJBUF TLFMFUPO�

4UBHF �� 4LFMFUPO 1SFEJDUJPO 	*NH�4LF
� य़F STU TUBHF 	fθ : I → S
 JT UP QSFEJDU POF PG
UIF � WBSJBOUT PG UIF TLFMFUPO XPSET 	GSPN g�������
 GSPN UIF JNBHFT� 8F FYQFSJNFOU XJUI CPUI
DMBTTJDBUJPO BOE HFOFSBUJPO QBSBEJHNT UIBU SFTQFDUJWFMZ EP OPU QPTTFTT BOE QPTTFTT MJOFBS
DPOEJUJPOJOH PG UIF QSFEJDUFE TLFMFUPO XPSE PO UIF GPMMPXJOH XPSET� 8F PCTFSWF UIBU UIF
HFOFSBUJPO�CBTFE TLFMFUPO QSFEJDUJPO SFTVMUT JO TLFMFUPO XPSET UIBU DP�PDDVS JO B TFOUFODF� *O
DPOUSBTU UIF DMBTTJDBUJPO BQQSPBDI QSFEJDUT TLFMFUPO XPSET SFMFWBOU UP BO JNBHF MJLF QFSTPO
NBO TJOHFS UIBU EP OPU OFDFTTBSJMZ DP�PDDVS JO B DBQUJPO�

5P JNQSPWF DP�PDDVSSFODF PG UIF QSFEJDUFE TLFMFUPO XPSET XF HFOFSBUF UIF TLFMFUPO XPSET Ŝ
BVUPSFHSFTTJWFMZ XIFSF FBDI XPSE JT DPOEJUJPOFE PO UIF QSFWJPVTMZ QSFEJDUFE TLFMFUPO XPSE�
य़JT DPOEJUJPOBM EFQFOEFODFNPEFMT XPSE DP�PDDVSSFODFNPSF UJHIUMZ BT p(∼̂j |I, ∼̂<j) NBLJOH
UIF TLFMFUPO B TFRVFODF PG XPSET� य़F NPEFM JT PQUJNJ[FE XJUI DSPTT�FOUSPQZ MPTT USBJOFE
VTJOH UFBDIFS GPSDJOH� "O B॒SBDUJWF QSPQFSUZ JT UIBU UIF TBNF BSDIJUFDUVSF DBO CF VTFE UP
EFDPEF CPUI UIF TLFMFUPO S BOE UIF DBQUJPO C� .PSFPWFS UIF PVUQVU UPLFOT QSFEJDUFE JO UIJT
TUBHF BSF JOUFSQSFUBCMF BOE UIFZ BSF VTFE UP DPOEJUJPO UIF TFDPOE TUBHF PG PVS NPEFM�

4UBHF �� 4LFMFUPO�CBTFE $BQUJPO (FOFSBUJPO� य़F TFDPOE TUBHF PG USBJOJOH VTFT CPUI
JNBHFT BOE TLFMFUPOT UP HFOFSBUF DBQUJPOT fφ : I, S → C� 8F FYQFSJNFOU XJUI UISFF WBSJBOUT
PG DPOEJUJPOJOH QSFEJDUFE TLFMFUPOT WJB FODPEJOH EFDPEJOH BOE BVUPFODPEJOH BT TIPXO JO UIF
PWFSBMM NPEFM BSDIJUFDUVSF JO 'JH� ���� य़F JOQVUT PVUQVUT GPS FBDI TUBHF BOE UIF DPOEJUJPOJOH
PG B॒FOUJPO GPS USBOTGPSNFS EFDPEFS BSF DPNQBSFE JO 5BCMF ����

�B� 4LF&ODPEJOH� य़F QSFEJDUFE TLFMFUPO GSPN UIF QSFWJPVT TUBHF JT VTFE BT JOQVU UP UIF FO�
DPEFS� य़F JNBHF FODPEJOH BOE TLFMFUPO FNCFEEJOHT BSF GVTFE XJUI B VOJEJSFDUJPOBM B॒FOUJPO
NFDIBOJTN DBMMFE UFYU�BT�TJEF 	OPUBUFE BT g
� *O PUIFS XPSET XF VTF UIF UFYU SFQSFTFOUBUJPO
BT ۠TJEF JOGPSNBUJPOۡ ۘ FBDI USBOTGPSNFE JNBHF GFBUVSF VOJU DBO B॒FOE UP PUIFS JNBHF GFBUVSF
VOJUT 	TFMG�B॒FOUJPO
 BOE UFYU 	DSPTT�B॒FOUJPO
 CVU UIF UFYU DBOOPU B॒FOE UP UIF JNBHF� "T
TIPXO JO 'JH� ��� UIJT NPEFM IBT UIF EP॒FE CPY JO UIF 5SBOTGPSNFS FODPEFS TJEF XJUI UIF UFY�
UVBM RVFSZ LFZ WBMVF 	Qw Kw Vw
 BOE UIF WJTVBM DPVOUFSQBSU B॒FOEJOH UP UFYUVBM PS WJTVBM
LFZ BOE WBMVF 	Kv + Kw Vv + Vw
 XJUI B WJTVBM RVFSZ 	Qv
� 8F GPDVT PO UIF UFYU�BT�TJEF
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A’

'९७ॻॸ५ ���� $PNQBSJTPO PG UIF DPOUFOU�BODIPSJOH CBTFE PO NVMUJNPEBM JOUFSBDUJPOT JO EF�
OPJTJOH

B॒FOUJPO NFDIBOJTN BT PVS QSFMJNJOBSZ SFTVMUT JOEJDBUF UIBU JU MFBET UP RVBMJUBUJWFMZ CF॒FS
DBQUJPOT UIBO JNBHF�UFYU DP�B॒FOUJPO 	-V FU BM� ����B
�

�C� 4LF%FDPEJOH� य़F TLFMFUPO BOE DBQUJPO BSF DPODBUFOBUFE BOE QSFEJDUFE CZ UIF TBNF
EFDPEFS� य़JT JT OPU B UXP�TUBHFE NPEFM BT UIF NPEFM JT USBJOFE UP QSFEJDU CPUI TLFMFUPO BOE
DBQUJPO BVUP�SFHSFTTJWFMZ� य़F NPEFM STU QSFEJDUT UIF TLFMFUPO XPSET DPOEJUJPOFE PO UIF QSF�
WJPVTMZ HFOFSBUFE TLFMFUPO XPSET� य़FO FWFSZ UPLFO JO UIF EFDPEFE DBQUJPO B॒FOET UP UIF
FOUJSF QSFEJDUFE TLFMFUPO BT XFMM BT UIF UPLFOT PG UIF DBQUJPO EFDPEFE VOUJM UIBU UJNF TUFQ� य़F
EP॒FE CPY JO 5SBOTGPSNFS EFDPEFS PG 'JH� ��� EFQJDUT UIJT BQQSPBDI�

�D� 4LF"&� 5P CSJOH CPUI UIF BCPWF NPEFMT UPHFUIFS XF TJNVMUBOFPVTMZ FODPEF BOE EFDPEF
UIF QSFEJDUFE TLFMFUPO� य़JT CSJOHT UIF CFOFUT PG CJEJSFDUJPOBM B॒FOUJPO PO UIF JOQVU GFBUVSFT
	JNBHF BOE QSFEJDUFE TLFMFUPOXPSET
 BOE BVUPSFHSFTTJWF B॒FOUJPO PO UIF SF�QSFEJDUFE TLFMFUPO
XPSET XIJMF HFOFSBUJOH UIF DBQUJPO� *O UIJT DBTF CPUI UIF EP॒FE CPYFT PO UIF FODPEFS BOE
EFDPEFS TJEFT JO 'JH� ��� BSF BDUJWF� य़F FODPEJOH NFDIBOJTN GPMMPXT UIF g GVODUJPO BOE UIF
EFDPEFS QSFQFOET UIF DBQUJPO HFOFSBUJPO UBTL XJUI UIF QSFEJDUFE TLFMFUPO�

य़F DPNQBSJTPO BDSPTT UIFTF NPEFMT JT DPOEFOTFE UP UIFJS CBSF GPSNT BOE QSFTFOUFE JO 'JHVSF
����

����� &YQFSJNFOUT BOE 3FTVMUT

)ZQFSQBSBNFUFST� 0VS USBOTGPSNFS NPEFM VTFT TJY FODPEFS BOE TJY EFDPEFS MBZFST 	VO�
MFTT TQFDJFE PUIFSXJTF
 XJUI FJHIU IFBET GPS NVMUJIFBEFE B॒FOUJPO� $BQUJPOT BSF TVCXPSE�
UPLFOJ[FE XJUI B WPDBC TJ[F PG ����� य़F NPEFMT BSF PQUJNJ[FE XJUI "EBN BOE BO JOJUJBM
MFBSOJOH SBUF PG 3.2e−5� 8F VTF NJOJ�CBUDIFT PG TJ[F ��� BOE USBJO GPS �. TUFQT� य़F UPLFO
FNCFEEJOH BOE MUFS TJ[FT BSF CPUI ����
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*UFSBUJWF 3F॑OFNFOU $MBTTJ॑DBUJPO (FOFSBUJPO
1SFDJTJPO ����� ����� �����
3FDBMM ����� ����� �����
'�TDPSF ����� ����� �����

5१२ॲ५ ���� 1FSGPSNBODF PG TLFMFUPO QSFEJDUJPO TUBHF� /PUF UIBU GPS DMBTTJDBUJPO BOE HFOFSB�
UJPO UIF TLFMFUPO UZQF VTFE JT ۜOPVOT � WFSCT�

.PEFM $*%&S
#BTFMJOF 	405" NPEFM
 ���� 	$IBOHQJOZP FU BM� ����

*NQS� *NH�$BQ ����
*NQS� *NH�$BQ 	MBSHF
 ����

4LFMFUPO�CBTFE 4LFMFUPO 5ZQF
/PVOT � 7FSCT /PVOT POMZ 4BM� /PVOT � 7FSCT

4LF&ODPEJOH ���� ���� ����
4LF%FDPEJOH ���� ���� ����
4LF"& ���� ���� ����

5१२ॲ५ ���� "VUPNBUJD NFUSJDT UP DPNQBSF WBSJPVT TLFMFUPO GPSNT� *NH�$BQ JT UIF CBTFMJOF
	MBSHF WFSTJPO SFGFST UP �� FODPEFS BOE EFDPEFS MBZFST
� /PUF UIBU UIFTF SFTVMUT VTF HFOFSBUJPO�

CBTFE TLFMFUPO QSFEJDUJPO�

������� "VUPNBUJD &WBMVBUJPO

4LFMFUPO 1SFEJDUJPO� य़F HPBM PG UIJT TUBHF JT UP FYUSBDU LFZ TLFMFUPO XPSET GSPN UIF JN�
BHF� 8F DPNQVUF QSFDJTJPO SFDBMM BOE '�TDPSF BT TIPXO JO 5BCMF ���� 8JUI UIF TBNF MBCFMT
	TLFMFUPO� OPVOT � WFSCT
 CPUI DMBTTJDBUJPO BOE HFOFSBUJPO BQQSPBDIFT IBWF TJNJMBS '�TDPSFT�
)PXFWFS QSFDJTJPO JT IJHIFS GPS HFOFSBUJPO BOE SFDBMM JT IJHIFS GPS DMBTTJDBUJPO�CBTFE QSF�
EJDUJPOT� #BTFE PO CPUI RVBMJUBUJWF PCTFSWBUJPOT BOE IVNBO KVEHNFOUT XF OPUF UIBU UIF HFO�
FSBUJPO BQQSPBDI XBT CF॒FS XIJDI TIPXT UIBU B IJHIFS QSFDJTJPO JT GBWPSBCMF DPNQBSFE UP
SFDBMM GPS UIJT TUBHF� य़F MBCFM TJ[F 	PG TLFMFUPOT
 JO 5BCMF ��� JT BQQSPYJNBUFMZ �,�

4LFMFUPO�CBTFE $BQUJPO (FOFSBUJPO� 8F SFQPSU NVMUJMJOHVBM *$ QFSGPSNBODF PG CBTFMJOF
BOE PVS EVBM�TUBHF NPEFMT VTJOH $*%&S JO 5BCMF ��� 	&OHMJTI
 BOE 5BCMF ��� 	NVMUJMJOHVBM
� "V�
UPNBUJD NFUSJDT GPS DBQUJPOJOH BSF CBTFE PO TVSGBDF O�HSBNT BOE BSF OPU TVJUBCMF UP FWBMVBUF
XIFO UIF HSPVOE USVUI DBQUJPOT UIFNTFMWFT BSF OPJTZ� *O BEEJUJPO XF OE UIBU $*%&S JT NJT�
MFBEJOH 	"MJLIBOJ FU BM� ����� 4IBSNB FU BM� ����� 4FP FU BM� ����
 BOE EPFT OPU DPSSFMBUF XJUI
IVNBO FWBMVBUJPOT 	g�������
�

.VMUJMJOHVBM DBQUJPOJOH� /PUF UIBU UIF TLFMFUPOT BSF BMXBZT JO &OHMJTI USBJOFE VTJOH
BOOPUBUJPOT PWFS UIF PSJHJOBM &OHMJTI $$ EBUBTFU� $SPTT�MJOHVBM SFTVMUT PO WBMJEBUJPO EBUB PG
.VMUJMJOHVBM $$ BSF QSFTFOUFE JO 5BCMF ���� *O BEEJUJPO UP UIF EBUB OPJTJOFTT B SFBTPO GPS
TMJHIUMZ MPXFS QFSGPSNBODF GPS OPO�&OHMJTI DBQUJPOT JT QSPCBCMZ OPJTZ USBOTMBUJPO BSUJGBDUT�
'PS FYBNQMF DPSSFTQPOEJOH DBQUJPO JO UIF )JOEJ EBUBTFU GPS &OHMJTI DBQUJPO ۜ4IF JT HB[JOH
BU UIF GBMM DPMPST JT WBI HJSUF SBOHP. L* 0S EF, SBI* IBJ 	USBOTMBUJPO� 4IF JT MPPLJOH BU UIF
GBMMJOH DPMPST�
 5SBOTMBUJPO FSSPST 	TVDI BT ۜGBMM DPMPST UP ۜGBMMJOH DPMPST
 JOUSPEVDF OPJTF JO UIF
OPO�&OHMJTI EBUBTFUT� 'JHVSF ��� QSFTFOUT BO FYBNQMF PG NVMUJMJOHVBM PVUQVU DBQUJPOT GPS UIF
CBTFMJOF BOE PVS 4LF"& BQQSPBDI�
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-BOHVBHF #BTFMJOF 4LF&ODPEJOH 4LF%FDPEJOH 4LF"&
'SFODI ���� ���� ���� ����
*UBMJBO ���� ���� ���� ����
(FSNBO ���� ���� ���� ����
4QBOJTI ���� ���� ���� ����
)JOEJ ���� ���� ���� ����

5१२ॲ५ ���� $*%&S TDPSFT GPS TLFMFUPO 	GPSN� /PVOT � 7FSCT QSFEJDUJPO BQQSPBDI� HFOFSBUJPO

DPOEJUJPOFE DBQUJPO HFOFSBUJPO GPS NVMUJQMF MBOHVBHFT�

.PEFM &OD *OQVU $*%&S
1SFE4LF � *NH 	1BJSFE
 ����
1SFE4LF 	6OQBJSFE
 ����
(U4LF � *NH 	1BJSFE )FBESPPN
 ����
(U4LF 	6OQBJSFE )FBESPPN
 ����

5१२ॲ५ ���� "CMBUJPOT PO WBM EBUB GPS VOQBJSFE DBQUJPOJOH�

,PDJH 0RGHO (QJOLVK )UHQFK ,WDOLDQ *HUPDQ 6SDQLVK +LQGL

%DVHOLQH

VSULQJ�LV�LQ�
WKH�DLU

IOHXUV�OHV�SOXV�FKqUHV�GX�
PRQGH
�PHDQLQJ��PRVW�H[SHQVLYH�
IORZHUV�LQ�WKH�ZRUOG�

XQ�FDPSR�GL�WXOLSDQL�LQ�
SULPDYHUD
�PHDQLQJ��D�ILHOG�RI�WXOLSV�LQ�
VSULQJ�

)U�KOLQJ�LVW�LQ�GHU�/XIW
�PHDQLQJ��VSULQJ�LV�LQ�WKH�
DLU�

/D�SULPDYHUD�HVWi�HQ�HO�DLUH
�PHDQLQJ��VSULQJ�LV�LQ�WKH�DLU�

� Ȳ��¡�ȡ��Ʌ�¡Ȱ
�PHDQLQJ��VSULQJ�LV�LQ�
WKH�DLU�

6NH$(
SUHG�VNHOHWRQ��
µWXOLS�ILHOG¶

SLQN�WXOLSV�
LQ�D�ILHOG

WXOLSHV�URVHV�GDQV�OHV�MDUGLQV
�PHDQLQJ��SLQN�WXOLSV�LQ�WKH�
JDUGHQ�

JHQHUH�ELRORJLFR�LQ�XQ�FDPSR
�PHDQLQJ��ELRORJLFDO�JHQXV�LQ�
D�ILHOG�

HLQ�)HOG�YRQ�URVD�7XOSHQ
�PHDQLQJ��D�ILHOG�RI�SLQN�
WXOLSV�

WXOLSiQ�HQ�XQ�PDU�GH�WXOLSDQHV
�PHDQLQJ��WXOLS�LQ�D�VHD�RI�
WXOLSV�

�Ǖ�ȡ�Ȣ�ɪ�Ǘͧ����ȡ�f��
¢ȯğ
�PHDQLQJ��D�ILHOG�RI�
SLQN�WXOLSV�

'९७ॻॸ५ ���� $BQUJPOT HFOFSBUFE CZ CBTFMJOF BOE PVS EVBM TUBHFE BQQSPBDI JO � MBOHVBHFT BOE
UIFJS DPSSFTQPOEJOH USBOTMBUJPOT�

6OQBJSFE *NBHF $BQUJPOJOH� " OBUVSBM FYUFOTJPO UP PVS BQQSPBDI JT GPS UIF DBQUJPO HFO�
FSBUPS UP SFMZ QVSFMZ PO QSFEJDUFE TLFMFUPO BOE OPU VTF JNBHF GFBUVSFT� य़JT JT B IBSEFS QSPCMFN
CVU FMJNJOBUFT UIF OFFE GPS JNBHF�DBQUJPO QBJST BMUPHFUIFS CFDBVTF UIF TFDPOE TUBHF 	TLFMFUPO
UP DBQUJPO
 DBO CF USBJOFE PO B MBSHF UFYU�POMZ DPSQVT� *O UIJT EJSFDUJPO XJUIJO UIF TDPQF PG $$
EBUBTFU XF JOWFTUJHBUF �
 XJUI BOE XJUIPVU VTJOH JNBHF GFBUVSFT JO UIF TFDPOE TUBHF �
 VTJOH
HSPVOE USVUI TLFMFUPO 	(54LF
 UP HFU BO FTUJNBUF PG UIF VQQFS CPVOE PO VOQBJSFE DBQUJPOJOH �

DPNQBSJOH UIF VQQFS CPVOE UP UIF QSFEJDUFE TLFMFUPO 	1SFE4LF
� य़FTF SFTVMUT BSF QSFTFOUFE JO
5BCMF ���� 8IFO JNBHF GFBUVSFT BSF JHOPSFE $*%&S ESPQT CZ POMZ � QPJOUT XIFO POMZ QSFEJDUFE
TLFMFUPOT BSF VTFE GPS DBQUJPO HFOFSBUJPO DPNQBSFE UP UIF CBTFMJOF� य़JT JOJUJBM SFTVMU TIPXT
UIBU TLFMFUPOT BSF B QSPNJTJOH EJSFDUJPO UPXBSET VOQBJSFE DBQUJPOJOH�

������� )VNBO &WBMVBUJPOT

"VUPNBUJD NFUSJDT PॏFO IBWF CFFO GPVOE OPU UP DPSSFMBUF XFMM XJUI IVNBO TDPSFT 	,JMJDLBZB
FU BM� ����� "MJLIBOJ FU BM� ����
 BOE EP OPU GBSF XFMM XIFO HSPVOE USVUI UFYU JT OPJTZ� 4P
XF DPOEVDU FYUFOTJWF IVNBO FWBMVBUJPOT XIFSF DBQUJPOT GPS FBDI JNBHF BSF FWBMVBUFE CPUI
JO SFMBUJWF QSFGFSFODFT BOE BCTPMVUF TDBMF 	य़BQMJZBM BOE 4PSJDVU ����
� "T NFOUJPOFE BCPWF
XF VTF UIF 5� UFTU TFU PG ���� JNBHFT FBDI SBUFE CZ UISFF EJTUJODU BOOPUBUPST� य़F JOUFSGBDF PG
UIJT FWBMVBUJPO JT EJTQMBZFE JO 'JHVSF ���� 8IJMF DPNQBSJOH UXP NPEFMT TJEF�CZ�TJEF UIFZ BSF
SBOEPNMZ BTTJHOFE ۜ" PS ۜ# JO UIF JOUFSGBDF GPS FBDI JNBHF UP BWPJE BOZ SBUFS CJBT�
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!öƛƴŊŸŭ��͆�

ö�ēŊƴǛ�ĻƞŸū�ƴńġ�
ƴƞöŊŢƦ

!öƛƴŊŸŭ� ͆�

ö�ǔŊġǕ�ŸĻ�ƴńġ�
ūŸƼŭƴöŊŭƦ

������ŊƦ�ūƼēń�Ēġƴƴġƞ�ƴńöŭ� 

������ŊƦ�Ēġƴƴġƞ�ƴńöŭ� 

������ŊƦ�ƦŢŊļńƴŢǛ�Ēġƴƴġƞ�ƴńöŭ� 

������ŊƦ�öĒŸƼƴ�ƴńġ�Ʀöūġ�öƦ� 

���� �ŊƦ�ƦŢŊļńƴŢǛ�Ēġƴƴġƞ�ƴńöŭ��

���� �ŊƦ�Ēġƴƴġƞ�ƴńöŭ��

���� �ŊƦ�ūƼēń�Ēġƴƴġƞ�ƴńöŭ��

Xūöļġ !öƛƴŊŸŭƦ� §ŢġöƦġ�ēŸūƛöƞġ�ēöƛƴŊŸŭ���
ƴŸ�!öƛƴŊŸŭ� 

§ŢġöƦġ�ƦġŢġēƴ�ŊŭĚŊǔŊĚƼöŢ�ƞöƴŊŭļƦ�
ĻŸƞ�ġöēń�ēöƴŊŸŭ

RŸǕ�ĚŸġƦ�!öƛƴŊŸŭ� �ĚġƦēƞŊĒġ�
ƴńġ�Ŋūöļġ͍

�����0ǚēġŢŢġŭƴ
�����JŸŸĚ
������ēēġƛƴöĒŢġ
����� öĚ
�����yŸƴ�ġŭŸƼļń�ŊŭĻŸƞūöƴŊŸŭ

RŸǕ�ĚŸġƦ�!öƛƴŊŸŭ� �ĚġƦēƞŊĒġ�
ƴńġ�Ŋūöļġ͍

�����0ǚēġŢŢġŭƴ
�����JŸŸĚ
������ēēġƛƴöĒŢġ
����� öĚ
�����yŸƴ�ġŭŸƼļń�ŊŭĻŸƞūöƴŊŸŭ

'९७ॻॸ५ ���� )VNBO FWBMVBUJPO JOUFSGBDF� 8F BTL SBUFST UP� �
 DPNQBSF UIF UXP DBQUJPOT 	SFM�
BUJWF
 �
 HJWF SBUJOHT GPS FBDI DBQUJPO 	BCTPMVUF
�

3FMBUJWF 3BUJOH� 'PS FBDI JNBHF XF BTL UIF SBUFST UP DIPPTF UIF NPTU SFMFWBOU DBQUJPO�
$PNQBSJOH $BQUJPO " UP $BQUJPO # SBUFST DBO TFMFDU SFMBUJWF PQUJPOT BT TIPXO JO UIF UIJSE
DPMVNO JO 'JHVSF ���� 8JOT BSF UIF QFSDFOUBHF PG JNBHFT XIFSF BU MFBTU � PVU PG � BOOPUBUPST
WPUFE GPS DBQUJPO HFOFSBUFEXJUI PVS BQQSPBDI� -PTTFT BSF B QFSDFOUBHF PG JNBHFT XIFSF BU MFBTU
� PVU PG � BOOPUBUPST WPUFE GPS DBQUJPO HFOFSBUFE XJUI UIF *NH�$BQ BQQSPBDI� 8F DPNQVUF
HBJOT JO UIJT TJEF CZ TJEF SFMBUJWF FWBMVBUJPO BT Gainsrelative � 8JOT � -PTTFT�

3FTVMUT� 5BCMF ��� QSFTFOUT UIF IVNBO SBUJOHT GPS &OHMJTI DBQUJPOT VTJOH EJFSFOU TLFMFUPOT�
'SPN UIJT XF PCTFSWF UIF GPMMPXJOH�

• %VBM 4UBHJOH IFMQT� 0VS EVBM TUBHFE NPEFMT XJUI TLFMFUPOT 	4LF&OD 4LF%FD 4LF"&
 TIPX
HBJOT DPNQBSFE UP UIF JNQSPWFE CBTFMJOF *NH�$BQ NPEFM� .PTU OPUBCMZ JU TIPXT UIBU UIF
ۜ/PVOT � 7FSCT TLFMFUPOT TJHOJDBOUMZ JNQSPWF UIF 4LF&ODPEJOH NPEFM B॒BJOJOH UIF NPTU
TJHOJDBOU HBJO GPMMPXFE CZ 4LF"& BOE UIFO 4LF%FDPEJOH�

• 4VCTFMFDUJOH DPOUFOU XPSET IFMQT� 6TJOH UIF TBNF EVBM TUBHFE 4LF&OD NPEFM XJUIPVU TVC�
TFMFDUJOH DPOUFOU XPSET JO UIF GPSN PG JUFSBUJWF SFOFNFOU EPFT OPU TIPX BOZ QFSGPSNBODF
JNQSPWFNFOU TVQQPSUJOH UIF IZQPUIFTJT UIBU TVC�TFMFDUJOH DPOUFOU TLFMFUPO GSPN OPJTZ DBQ�
UJPOT JNQSPWFT UIF PWFSBMM DBQUJPO RVBMJUZ�

• $SPTT�MJOHVBM TLFMFUPO USBOTGFS� 5BCMF ��� QSFTFOUT PVS IVNBO FWBMVBUJPO TDPSFT GPS DBQUJPOT
JO PUIFS UBSHFU MBOHVBHFT� 8F PCTFSWF HBJOT GSPN UIF TLFMFUPO�CBTFE BQQSPBDI GPS � PVU PG
� MBOHVBHFT BOE POMZ B TMJHIU MPTT GPS UIF ॏI MBOHVBHF TIPXJOH UIF FFDUJWFOFTT PG DSPTT�
MJOHVBM USBOTGFSBCJMJUZ PG UIF TLFMFUPO XPSET�

������� $SPTT�NPEBM %JTDPVSTF $PIFSFODF

5P VOEFSTUBOE XIFSF UIF JNQSPWFNFOUT RVBOUJFE JO 5BCMF ��� DPNF GSPN XF UVSO UP UIF
OPUJPO PG EJTDPVSTF DPIFSFODF� "MJLIBOJ FU BM� 	����
 JOUSPEVDF NVMUJNPEBM EJTDPVSTF DPIFS�
FODF SFMBUJPOTIJQT CFUXFFO JNBHF�DBQUJPO QBJST� 'PS JOTUBODF B DBQUJPO EFTDSJCJOH WJTVBMMZ
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%DVHOLQH
FDSWLRQ

PDJLF SHDFH�KDUERXU�
KHDYHQ

YLHZ�PRXQWDLQ VWRUP�
GDUNQHVV

KRXVH�QHVW�YDOOH\�
PRXQWDLQ

SURSHUW\�LPDJH���
DSDUWPHQW�IRU�SHRSOH�LQ�
D�SLFWXUHVTXH�YLOODJH

WKH�PDJLF�RI�
WKH�FRORXUV

WKH�SHDFH�RI�WKH�
JORULRXV�
ODQGVFDSH

WKH�YLHZ�IURP�
WKH�PRXQWDLQV

D�GDUN�VWRUP�LQ�
WKH�GDUNQHVV

D�KRXVH�QHVWOHG�
LQ�WKH�YDOOH\�RI�
PRXQWDLQV

D�YLHZ�IURP�WKH�ZDWHU WKH�PDJLF�RI�
WKH�ODNHV

WKH�SHDFH�RI�WKH�
ULYHU

WKH�YLHZ�IURP�
WKH�PRXQWDLQV

D�GDUN�VWRUP�
RQ�WKH�KRUL]RQ

WKH�KRXVH�QHVWOHG�
LQ�WKH�YDOOH\�RI�
PRXQWDLQV

'९७ॻॸ५ ���� $POUSPMMBCJMJUZ� &FDU PG HVJEJOH UIF JOGPSNBUJPO UISPVHI UIF TLFMFUPO� "T PC�
TFSWFE UIF DBQUJPO JODPSQPSBUFT JOGPSNBUJPO GSPN UIF TLFMFUPO UIBU JT DPOTJTUFOU XJUI UIF
JNBHF� 'PS FYBNQMF XF TFF UIBU QFBDF JT JODPSQPSBUFE JO UIF TFDPOE DPMVNO PG UIF UPQ SPX
XIJMF IBSCPS BOE IFBWFO BSF OPU� य़F SFMFWBOU TLFMFUPO XPSET JO PUIFS DPMVNOT HVJEF UIF

DBQUJPOT BDDPSEJOHMZ�

"QQSPBDI 4LFMFUPO 8JOT -PTTFT (BJOT
4LF&ODPEJOH /PVOT � 7FSCT ����� ����� �����
4LF"& /PVOT � 7FSCT ����� ����� ����
4LF%FDPEJOH /PVOT � 7FSCT ����� ����� ����
4LF&ODPEJOH *UFSBUJWF 3FOFNFOU ����� ����� ����

5१२ॲ५ ���� )VNBO FWBMVBUJPO TDPSFT PG EJFSFOU BQQSPBDIFT BOE TLFMFUPOT PO &OHMJTI 	WT UIF
*NH�$BQ CBTFMJOF
�

-BOHVBHF 8JOT -PTTFT (BJOT
'SFODI ����� ����� ����
*UBMJBO ����� ����� ����
(FSNBO ����� ����� ����
4QBOJTI ����� ����� ����
)JOEJ ����� ����� ����

5१२ॲ५ ���� )VNBO FWBMVBUJPO SFTVMUT GPS TLFMFUPO 	GPSN� OPVOT � WFSCT QSFEJDUJPO BQQSPBDI�
HFOFSBUJPO
 DPOEJUJPOFE DBQUJPO HFOFSBUJPO GPS NVMUJQMF MBOHVBHFT�

SFDPHOJ[BCMF BTQFDUT PG UIF JNBHF TVDI BT ۜQFPQMF PS ۜDBLF JT BOOPUBUFE VTJOH B 7JTJCMF
SFMBUJPO� JO DPOUSBTU B .FUB SFMBUJPO DPSSFTQPOET UP B DBQUJPO DPOUBJOJOH EFUBJMT SFHBSEJOH
IPX�XIFO�XIFSF UIF JNBHF XBT DBQUVSFE TVDI BT JO ۜXBSN TVNNFS BॏFSOPPO XIJMF B 4UPSZ
SFMBUJPO JNQMJFT UIBU UIF DBQUJPO EFTDSJCFT TPNF QPUFOUJBMMZ OPO�WJTJCMF DPOUFYU CFIJOE UIF
TDFOF EFQJDUFE JO UIF JNBHF TVDI BT ۜॏI BOOJWFSTBSZ�

8F IZQPUIFTJ[F UIBU PVS NVMUJ�TUBHF BQQSPBDI PG TLFMFUPO�CBTFE *$ SFTVMUT JO UIF HFOFSBUJPO
PG NPSF DBQUJPOT PG 7JTJCMF UZQF BT UIF JOUFSNFEJBUF TLFMFUPO QSFEJDUPS JT USBJOFE UP QSFEJDU
OPVOT BOE WFSCT GSPN UIF JNBHF� 5P BTTFTT UIJT FFDU XF USBJO UIF SFMBUJPO DMBTTJFS EFTDSJCFE
JO 4FD� � PG "MJLIBOJ FU BM� 	����
 BOE PCUBJO EJTDPVSTF SFMBUJPO MBCFMT GPS DBQUJPOT HFOFSBUFE PO
5��UFTU JNBHFT CZ CPUI UIF CBTFMJOF *NH�$BQ BOE PVS 4LF&ODPEJOH NPEFMT� 5BCMF ��� 	$PVOUT
DPMVNOT
 RVBOUJFT UIF TIJॏ PG SFMBUJPO MBCFM EJTUSJCVUJPO UPXBSET UIF 7JTJCMF DPIFSFODF SFMB�
UJPO DPOSNJOH PVS IZQPUIFTJT� 8F BMTP TUVEZ UIF CSFBLEPXO CZ DPIFSFODF SFMBUJPOT VTJOH UIF
SFTVMUT GSPN PVS IVNBO FWBMVBUJPOT PO UIF &OHMJTI DBQUJPOT� 5BCMF ��� 	)VNBO &WBMT DPMVNO

SFQPSUT UIJT CSFBLEPXO JOEJDBUJOH UIBU PG UIF ������ HBJOT PO IVNBO FWBMT GSPN 5BCMF ��� UIF
TIJॏ GSPN OPO�7JTJCMF UP 7JTJCMF EJTDPVSTF DBQUJPOT JT BTTPDJBUFE XJUI DMFBS JODSFBTFT JO QSFG�
FSFODF GSPN UIF IVNBO SBUFST� य़JT JT B॒SJCVUBCMF UP UIF GBDU UIBU IVNBO SBUFST BSF NPSF MJLFMZ
UP QSFGFS DBQUJPOT UIBU BSF JO B 7JTJCMF SFMBUJPO XJUI UIF JNBHF� य़FSFGPSF UIF TIJॏ UPXBSET
HFOFSBUJOH 7JTJCMF�UZQF DBQUJPOT DBO CF QPTJUJWFMZ RVBOUJFE JO UFSNT PG IVNBO QSFGFSFODF�
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$PVOUT )VNBO &WBMT#BTFMJOF 0VST $IBOHF
7JTJCMF ��� ��� ������ �������
.FUB ��� ��� ������ �������
4UPSZ ��� ��� ������� �������

5१२ॲ५ ���� "OBMZTJT PG NVMUJNPEBM EJTDPVSTF DPIFSFODF SFMBUJPOT GPS CBTFMJOF BOE PVS NPEFM
PO 5� EBUBTFU� य़F MBTU DPMVNO TIPXT UIF SFMBUJWF IVNBO FWBMVBUJPO HBJOT PWFS CBTFMJOF DBQ�

UJPO PG FBDI UZQF� 0UIFS SFMBUJPOT XJUI TNBMM DPVOUT BSF JHOPSFE JO UIF BCPWF BOBMZTJT�

$PNQBSJTPO PG 4LF&OD BOE 4LF"& PO NVMUJMJOHVBM DBQUJPOT 8F IBWF EJTDVTTFE UIF
IVNBO FWBMVBUJPO TDPSFT PG UIF 4LF"& NPEFM CZ VTJOH OPVOT BOE WFSCT BT TLFMFUPOT JO 5BCMF
��� JO UIF NBJO QBQFS� *O BEEJUJPO UP UIJT XF BMTP DPOEVDUFE IVNBO FWBMVBUJPO UP DPNQBSF UIF
4LF&OD NPEFM XJUI UIF OPVOT BOE WFSCT TLFMFUPOT JO DPNQBSJTPO UP UIF CBTFMJOF� 8F QSFTFOU
UIJT JO 5BCMF ���� 8IJMF UIFSF BSF JNQSPWFNFOUT JO UIF UISFF MBOHVBHFT UIF QFSGPSNBODF JT BMTP
IVSU JO UXP MBOHVBHFT� )PXFWFS BT XF TFF CZ DPNQBSJOH UIF QFSGPSNBODFT JO 5BCMF ��� BOE
5BCMF ��� XF PCTFSWF UIBU 4LF"& IBT B DMFBS BEWBOUBHF XIFO MFWFSBHJOH UIF &OHMJTI DBQUJPO
UP JNQSPWF NVMUJMJOHVBM DBQUJPOT� य़JT DMFBSMZ JOEJDBUFT UIBU DIBOOFMJOH UIF QSFEJDUJPO PG UIF
TLFMFUPO XPSET JO DPOKVODUJPO XJUI UIF DBQUJPO JUTFMG FOBCMFT UIF NPEFM EFDPEFS UP B॒FOE UP
UIF QSFWJPVTMZ QSFEJDUFE TLFMFUPO XPSET JO UIF TBNF EFDPEFS�

-BOHVBHF 8JOT -PTTFT (BJOT
'SFODI ����� ����� �����
*UBMJBO ����� ����� �����
(FSNBO ����� ����� �����
4QBOJTI ����� ����� �����
)JOEJ ����� ����� �����

5१२ॲ५ ���� )VNBO FWBMVBUJPO SFTVMUT PO 4LF&OD NPEFM GPS TLFMFUPO 	GPSN� OPVOT � WFSCT
QSFEJDUJPO BQQSPBDI� HFOFSBUJPO
 DPOEJUJPOFE DBQUJPO HFOFSBUJPO GPS NVMUJQMF MBOHVBHFT�

$PNQBSJTPO PG $MBTTJ॑DBUJPO BOE (FOFSBUJPO CBTFE 4LFMFUPO 1SFEJDUJPO 'SPN B QSF�
MJNJOBSZ NBOVBM BOBMZTJT XF PCTFSWFE UIBU UIF DMBTTJDBUJPO CBTFE BQQSPBDI UP TLFMFUPO QSF�
EJDUJPO GBDFT UIF QSPCMFN PG QSFEJDUJOH XPSET UIBU BSF SFMBUFE CVU BSF OPU MJLFMZ UP DP�PDDVS
XJUIJO UIF TBNF TFOUFODF JO UIF DBQUJPO� य़JT JT EFTDSJCFE JO EFUBJM JO QPJOUT �B BOE �C PG
g������ 5P WBMJEBUF UIJT PCTFSWBUJPO XF DPOEVDUFE IVNBO FWBMVBUJPO PG UIF DBQUJPOT HFOFSBUFE
GSPN DMBTTJDBUJPO BOE HFOFSBUJPO CBTFE BQQSPBDIFT SFMBUJWF UP POF BOPUIFS� य़JT TFUVQ JT EJG�
GFSFOU GSPN UIF SFTU PG UIF FYQFSJNFOUT JO IVNBO FWBMVBUJPO JO UIF QBQFS XIJDI DPNQBSF BOZ
HJWFO NPEFM SFMBUJWF UP UIF CBTFMJOF NPEFM� *O DPOUSBTU UIJT TUVEZ JT UP DPNQBSF UIF HFOFSBUJPO
BOE DMBTTJDBUJPO BQQSPBDIFT XJUI POF BOPUIFS� य़FTF SFTVMUT BSF QSFTFOUFE JO 5BCMF �����

य़F UPQ�� IJHIFTU TDPSJOH DPOUFOU XPSET BSF DIPTFO UP SFEVDF JOQVU OPJTF GPS UIF DBQUJPO HFO�
FSBUPS XIJMF JNQSPWJOH UIF SFDBMM PG DPODFQUT� 8F FYQFSJNFOUFE XJUI EJFSFOU WBMVFT GPS UIJT
BOE TFMFDUFE � UP CF BO PQUJNBM CBMBODF CFUXFFO UIF DPOUFOU JO UIF TLFMFUPO XPSET BOE UIF
OPJTF�

8F PCTFSWF UIBU UIF HFOFSBUJPO�CBTFE BQQSPBDI IBT TJHOJDBOU HBJOT PG ����� PWFS UIF DMBTTJDBUJPO�
CBTFE BQQSPBDI� .PTU PG UIF QSJPS MJUFSBUVSF VTFT UIF DMBTTJDBUJPO�CBTFE BQQSPBDI UP QSFEJDU
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"QQSPBDI 8JOT -PTTFT (BJOT
(FOFSBUJPO ����� ����� �����

5१२ॲ५ ����� )VNBO FWBMVBUJPO SFTVMUT PG DPNQBSJTPO CFUXFFO UIF HFOFSBUJPO BOE DMBTTJDB�
UJPO CBTFE BQQSPBDIFT

DPOUFOU PS CBH PG DPODFQUT UP BTTJTU DBQUJPO HFOFSBUJPO� 8F IZQPUIFTJ[F UIBU UIJT DMBTTJDBUJPO�
CBTFE NPEFM IFMQT JO FOE�UP�FOE BQQSPBDIFT XIFSF UIF MPTT GSPN DBQUJPO HFOFSBUJPO CBDLQSPQ�
BHBUFT UP UIF DMBTTJFS NPEFM BT XFMM� "T PQQPTFE UP UIJT PVS NPEFM EFDPVQMFT UIF QSFEJDUJPO PG
UIF TLFMFUPO PS DPODFQU XPSET UIBU BSF GVSUIFS VTFE GPS DBQUJPO HFOFSBUJPO� )FODF XF CFMJFWF
UIBU TVQQSFTTJOH UIF XPSET UIBU EP OPU DP�PDDVS JT JNQPSUBOU JO UIF TLFMFUPO QSFEJDUJPO UBTL
BOE UIF HFOFSBUJPO�CBTFE BQQSPBDI BEESFTTFT UIJT QSPCMFN�

"CTPMVUF 3BUJOHT *O FBDI IVNBO FWBMVBUJPO FYQFSJNFOU XF BMTP HBUIFSFE BCTPMVUF SBU�
JOHT PG FBDI DBQUJPO JO BEEJUJPO UP UIF SFMBUJWF SBUJOHT� य़F SFMBUJWF SBUJOHT BSF EFTDSJCFE JO
g�������� 8F BMTP HBUIFS BCTPMVUF SBUJOH GPS FBDI PG UIF � DBQUJPOT QFS JNBHF� &BDI DBQUJPO
JT SBUFE BT BDDFQUBCMF JG BU MFBTU � PVU PG � BOOPUBUPST SBUF JU BT BDDFQUBCMF HPPE PS FYDFMMFOU�
Gainsabsolute = Acceptour@approach−Acceptbaseline� )PXFWFS UIFZ BSF OPU VTFE JO UIJT RVBO�
UJUBUJWF BOBMZTJT� 8F VTF UIFN POMZ UP WBMJEBUF UIF SBUJOHT TVDI UIBU GPS FYBNQMF BO ۠&YDFMMFOUۡ
SBUFE DBQUJPO JT OPU BOOPUBUFE BT JOGFSJPS UP B ۠#BEۡ SBUFE DBQUJPO GPS UIF TBNF JNBHF� य़FTF
SBUJOHT BSF DPMMFDUFE UP EPVCMF�DIFDL UIF SFTVMUT PG UIF SFMBUJWF SBUJOH BT XFMM�

य़FTF TDPSFT BSF QSFTFOUFE JO 5BCMF ����� य़F UPQ QBSU PG UIF UBCMF JOEJDBUFT UIF BCTPMVUF SBUJOHT
JO UFSNT PG (PPE BOE 0, QFSGPSNBODF GPS NVMUJMJOHVBM DBQUJPOT� य़F TFDPOE QBSU PG UIF UBCMF
TIPXT UIF TBNF TDPSFT XIFO UIF CBTFMJOF NPEFM JT DPNQBSFE XJUI UIF DPSSFTQPOEJOH NPEFM
BOE TLFMFUPO DPNCJOBUJPO� &BDI NPEFM J�F� CBTFMJOF BOE UIF QSPQPTFE NPEFM JO FBDI SPX BSF
SBUFE JOEJWJEVBMMZ 	OPU SFMBUJWF UP POF BOPUIFS
� य़F MBTU UXP DPMVNOT JOEJDBUF UIF QFSGPSNBODF
TIJॏ PG UIF DPSSFTQPOEJOH QSPQPTFE NPEFM XJUI SFTQFDU UP UIF CBTFMJOF JO FBDI PG UIF (PPE BOE
0, DBUFHPSJFT�

3PX OP� -BOHVBHF (PPE #BTFMJOF (PPE 4LF"& 0, #BTFMJOF 0, 4LF"& (BJOT JO (PPE (BJOT JO 0,
� 'SFODI ����� ����� ����� ����� ����� �����
� *UBMJBO ����� ����� ����� ����� ����� �����
� (FSNBO ����� ����� ����� ����� ����� ����
� 4QBOJTI ����� ����� ����� ����� ����� �����
� )JOEJ ����� ����� ����� ����� ����� �����
3PX OP� .PEFM (PPE #BTFMJOF (PPE .PEFM 0, #BTFMJOF 0, .PEFM (BJOT JO (PPE (BJOT JO 0,
� 6OQBJSFE ����� ����� ����� ����� ����� �����
� 4LF&OD 	*UFSBUJWF 3F॑OFNFOU
 ����� ����� ����� ����� ����� �����
� /PVOT BOE 7FSCT 	4LF&OD
 ����� ����� ����� ����� ����� �����
� /PVOT BOE 7FSCT 	4LF"&
 ����� ����� ����� ����� � ���� �����

5१२ॲ५ ����� "CTPMVUF SBUJOHT JO QFSDFOUBHFT JO )VNBO &WBMVBUJPOT�

)FSF BSF TPNF PG UIF PCTFSWBUJPOT GSPN UIFTF SFTVMUT�

ۦ #FࡇFS SFTVMUT PG %VBM 4UBHFE "QQSPBDI� "T XF DBO TFF JO UIF MBTU UXP SPXT 	SPXT � BOE
�
 PVS QSPQPTFE 4LF&OD BOE 4LF"& TIPX BCTPMVUF JNQSPWFNFOUT JO CPUI DBUFHPSJFT�
य़JT GVSUIFS EFNPOTUSBUFT UIBU UIF QSPQPTFE EVBM TUBHFE BQQSPBDI JT HFOFSBUJOH CF॒FS
EFOPJTFE DBQUJPOT XIFO USBJOFE PO OPJTZ VODVSBUFE BMU�UFYUۗCBTFE DBQUJPOT�
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ۦ 4VC�TFMFDUJOH DPOUFOU XPSET JT CFࡇFS� /PX UIBU XF IBWF TFFO UIF JNQSPWFNFOUT XJUI
UIF EVBM TUBHFE BQQSPBDI XF OPX JOWFTUJHBUF XIFUIFS TVC�TFMFDUJOH DPOUFOU XPSET JT
JNQPSUBOU� 'PS UIJT XF QSFTFOU UIF DPNQBSJTPO CFUXFFO SPXT � BOE �� #PUI UIFTFNPEFMT
BSF EVBM TUBHFE XJUI 4LF&OD J�F� FODPEJOH UIF QSFEJDUFE TLFMFUPO JO UIF TFDPOE TUBHF�
य़F POMZ EJFSFODF JT UIBU SPX � TVC�TFMFDUT BMM OPVOT BOE WFSCT UP QSFEJDU UIF TLFMFUPOT
XIFSFBT SPX � JODMVEFT BMM UIF XPSET GSPN UIF DBQUJPOT UP QSFEJDU UIF TLFMFUPOT� 3PX
� TIPXT CF॒FS QFSGPSNBODF DPNQBSFE UP SPX �� य़JT NFBOT UIBU TVC�TFMFDUJOH DPOUFOU
XPSET DPOUSJCVUF UP UIF DBQUJPO HFOFSBUJPO JO UIF TFDPOE TUBHF�

*NH�4LF� $MBTTJ॑DBUJPO CBTFE QSFEJDUJPO 4LFMFUPO QSFEJDUJPO JT QPTFE BT B NVMUJMBCFM
DMBTTJDBUJPO QSPCMFNXIFSF UIF QSFEJDUJPO PG B TLFMFUPOXPSE si JT OPU DPOEJUJPOBMMZ EFQFOEFOU
PO UIF QSFEJDUJPO PG BOPUIFS TLFMFUPO XPSE sj � य़F FODPEFS QBSU SFNBJOT UIF TBNF BT UIF
CBTFMJOF GPMMPXFE CZ PQUJNJ[BUJPO XJUI TJHNPJE DSPTT FOUSPQZ CFUXFFO UIF TLFMFUPO XPSET S
BOE JNBHF FODPEJOH zI XIJDI JT UIF SFQSFTFOUBUJPO PG UIF JNBHF GSPN UIF FODPEFS�

"DDVSBDZ A =
1

N

N∑

i=1

∣∣∣Si ∩ Ŝi
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य़F TLFMFUPO GPS UIF TFDPOE TUBHF JT DIPTFO BT UIF PSEFSFE MJTU PG UPQ�� 	FYQFSJNFOUBMMZ TFMFDUFE

IJHI�TDPSJOH XPSET BॏFS UIF TPॏNBY MBZFS� )PXFWFS DPOEJUJPOBM JOEFQFOEFODF PG TLFMFUPO
XPSET XJUI POF BOPUIFS JHOPSFT UIF DP�PDDVSSFODFT PG XPSET DBQBCMF PG DPNQPTJOH B TFOUFODF
PS B OBM DBQUJPO� 'PS JOTUBODF DMBTTJDBUJPO QSFEJDUJPOT BSF DPNQPTFE PG XPSET BOE UIFJS
TZOPOZNT UIBU BSF IJHIMZ DPSSFMBUFE MJLF \QFSTPO NBO TJOHFS^� य़FTF XPSET EFOJUFMZ BSF
SFMFWBOU UP BO JNBHF CVU EP OPU BMM OFDFTTBSJMZ DP�PDDVS JO B TFOUFODF�

5BCMF ��� QSFTFOUT UIF QSFDJTJPO SFDBMM BOE G�TDPSFT PG UIF HFOFSBUJPO BOE DMBTTJDBUJPO�CBTFE
BQQSPBDIFT GPS TLFMFUPO QSFEJDUJPO� य़FTF NFUSJDT IPXFWFS BSF NJTMFBEJOH CFDBVTF UIFZ EP
OPU BDDPVOU GPS TZOPOZNT PS TFNBOUJD TJNJMBSJUZ� 'PS FYBNQMF ۜGPPE ۜNFBM ۜMVODI BOE ۜEJO�
OFS BSF BMM EJTUJODU MBCFMT XIJMF DPNQVUJOH UIFTF NFUSJDT BOE QSFEJDUJOH POF JOTUFBE PG UIF
PUIFS HFU IFBWJMZ QFOBMJ[FE FWFO UIPVHI UIF FFDU PO EPXOTUSFBN DBQUJPO RVBMJUZ XPVME CF
NJOJNBM� य़JT JTTVF HFUT BNQMJFE CZ UIF GBDU UIBU $$ IBT B SJDI WPDBCVMBSZ XJUI XPSET TVDI
BT FMFDUSJDJUZ ۜQZMPO BOE ۜUPXFS SFGFSSJOH UP UIF TBNF DPODFQU�

1FSGPSNBODF ESPQ GPS 4QBOJTI 8IJMF XF IBWF TFFO JNQSPWFNFOUT JO UIF QFSGPSNBODF PO
NVMUJQMF MBOHVBHFT JO IVNBO FWBMVBUJPO 	5BCMF ���
 XF PCTFSWFE B ESPQ JO UIF QSFGFSFODF GPS
4QBOJTI DBQUJPOT XIFO XF VTF TLFMFUPOT� (JWFO UIF TJNJMBSJUZ JO XPSE PSEFS CFUXFFO 4QBO�
JTI BOE &OHMJTI DPNQBSFE UP )JOEJ UIF MPXFS QFSGPSNBODF PG 4QBOJTI JT BO JOUFSFTUJOH SFTVMU
JOEFFE� 0VS TQFDVMBUJPO GPS UIJT JT QSPCBCMZ EVF UP UIF EJBMFDU EJFSFODFT� य़F USBOTMBUJPO
NPEFM XF VTFE GPS 4QBOJTI JT B NJY PG ۜ4QBJO 4QBOJTI BOE ۜ-BUJO "NFSJDBO 4QBOJTI XJUI
-BUJO "NFSJDBO 4QBOJTI EPNJOBUJOH� य़F FWBMVBUJPO XBT EPOF CZ SBUFST GSPN 4QBJO� य़F EJ�
BMFDUT BSF TVਖ਼DJFOUMZ EJFSFOU UIBU JU XPVME JNQBDU UIF BCTPMVUF TDPSFT�
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'९७ॻॸ५ ���� फ़BOUJUBUJWF SFMBUJPOTIJQ CFUXFFO UIF OVNCFS PG TLFMFUPO XPSET BOE DBQUJPO
MFOHUI�

'९७ॻॸ५ ���� $POUSPMMBCJMJUZ� &FDU PG WBSZJOH UIF OVNCFS PG XPSET JO UIF TLFMFUPO PO UIF
HFOFSBUFE DBQUJPO MFOHUI�

������� $POUSPMMBCJMJUZ� BMJUBUJWFࢉ %JTDVTTJPO

य़F EVBM�TUBHF NPEFMJOH EFDPNQPTJUJPO CSJOHT GPSUI UIF BEWBOUBHF PG JODSFBTFE JOUFSQSFUBCJM�
JUZ BOE UIFSFCZ UIF BCJMJUZ UP VTF UIF JOUFSNFEJBUF TUBHF SFTVMUT UP DPOUSPM UIF OBM DBQUJPO�
8F QSFTFOU BTQFDUT PG DBQUJPO DPOUSPMMBCJMJUZ CZ BMUFSJOH UIF TLFMFUPO UP FYQMPSF FFDUT PO DBQ�
UJPO MFOHUI JOGPSNBUJWFOFTT BOE HFOEFS TQFDJDJUZ� य़JT TFDUJPO EJTDVTTFT UIF VUJMJUZ PG UIJT
EVBM TUBHFE NPEFM GPS DPOUSPMMBCJMJUZ RVBMJUBUJWFMZ� *OTUFBE XF QSFTFOU BO FNQJSJDBM TUVEZ POMZ
UP DPOUSPM HFOEFS TQFDJDJUZ JO UXP PG UIF MBOHVBHFT TFNJ�BVUPNBUJDBMMZ� 8F QMBO UP DPOEVDU
FYQFSJNFOUT PO DPNQBSJTPO XJUI PUIFS NPEFMT 	;IFOH FU BM� ����� $IFO FU BM� ����C
 BOE BV�
UPNBUJDBMMZ TFMFDUJOH EJFSFOU CVU SFMFWBOU TLFMFUPO XPSET JO GVUVSF XPSL�

&ॐFDU PG MFOHUI PG TLFMFUPOT PO DBQUJPOT� 'PS BQQMJDBUJPOT UIBU MJNJU UIF DBQUJPO MFOHUIT
EVF UP 6* SFTUSJDUJPOT UIF BCJMJUZ UP DPOUSPM UIF MFOHUI JT JNQPSUBOU� य़F MFOHUI PG UIF TLFMFUPO
DPSSFMBUFT XJUI UIF OVNCFS PG DBQUJPO XPSET BT TIPXO JO 'JHVSF ���� 'PS � PS � TLFMFUPO XPSET
UIF QFSDFOUBHF PG DBQUJPOT NPOPUPOJDBMMZ EFDSFBTFT XJUI UIF OVNCFS PG DBQUJPO XPSET XJUI
UIF NPEF BU ��XPSE DBQUJPOT� य़VT GPS TLFMFUPOT PG TJ[F � DBQUJPOT PG MFOHUI � BSF NVDI NPSF
GSFRVFOU UIBO DBQUJPOT PG MFOHUI � PS �� 'PS MPOHFS TLFMFUPOT XF TFF UIBU UIF NPEF TIJॏT UP
UIF SJHIU� XJUI TLFMFUPOT PG TJ[F � UIF DBQUJPO MFOHUI QFBLT CFUXFFO � BOE �� XPSET� 'JH ���
JMMVTUSBUFT UIJT RVBMJUBUJWFMZ�

&ॐFDU PO HFOEFS TQFDJ॑DJUZ� $VSSFOU NPEFMT PॏFO NBLF FNCBSSBTTJOH NJTUBLFT XIFO
HFOFSBUJOH DBQUJPOT UIBU NFOUJPO HFOEFS� य़F BWBJMBCJMJUZ PG B TLFMFUPO QSPWJEFT B EJSFDU IBOEMF
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GPS IVNBO�JO�UIF�MPPQ DPSSFDUJPO PG TVDI CJBTFT BU B QSF�DBQUJPO�HFOFSBUJPO TUBHF� य़JT JT
NPSF SPCVTU DPNQBSFE UP DBQUJPO QPTU�QSPDFTTJOH FTQFDJBMMZ GPS IJHIMZ JOFDUFE MBOHVBHFT�
5P JMMVTUSBUF UIJT XF DPNQBSF UIF OVNCFS PG UJNFT ۜNBO BQQFBST JO UIF DBQUJPOT HFOFSBUFE CZ
PVS CBTFMJOF WFSTVT PVS EVBM�TUBHF NPEFM BॏFS BVUPNBUJDBMMZ NPEJGZJOH UIF TLFMFUPO 	SFQMBDJOH
ۜNBO XJUI UIF HFOEFS�OFVUSBM XPSE ۜQFSTPO JO UIF TLFMFUPO
� 0WFS UIF 5� EBUBTFU UIF CBTFMJOF
DBQUJPO HFOFSBUFT ۜNBO �� UJNFT BOE UIF BVUPNBUJD DPOUSPM NFDIBOJTN WJB PVS NPEFM SFEVDFT
UIJT CZ ��� 	UP � PDDVSSFODFT
 JO &OHMJTI� *O )JOEJ UIF FRVJWBMFOU PG ۜNBO 	"EN* 
 JT HFOFSBUFE
�� UJNFT BOE JU JT SFEVDFE UP B HFOEFS�OFVUSBM XPSE ۜWZBLU* CZ ��� 	UP � PDDVSSFODFT
�

&ॐFDU PG HVJEJOH JOGPSNBUJPO UISPVHI TLFMFUPO� य़F TLFMFUPO BDUT BT B LOPC FOBCMJOH
UIF NPEFM UP EFTDSJCF EJFSFOU B॒SJCVUFT PG UIF JNBHF� 'JHVSF ��� QSFTFOUT BO FYBNQMF PG IPX
WBSZJOH UIF TLFMFUPOT GPS UXP EJFSFOU JNBHFT BFDU UIFJS DBQUJPOT� य़F XPSET IJHIMJHIUFE JO
HSFFO BSF EFSJWFE GSPN UIF TLFMFUPO UIF POFT JO CMVF BSF JNBHF�SFMBUFE XPSET�

��� /�-PDBM "ODIPSJOH GSPN &OUJUJFT

*O UIJT TFDUJPO XF XJMM QSFTFOU PVS XPSL PO VTJOH /�-PDBM BODIPST UP ESJWF HFOFSBUJPO JO WJ�
TVBM TUPSZUFMMJOH� 8F DIPPTF UIFTF BODIPST UP CF FOUJUJFT BOE UIFJS SFGFSSJOH FYQSFTTJPOT� 8F
BSF FOWFMPQFE CZ TUPSJFT PG WJTVBM JOUFSQSFUBUJPOT JO PVS FWFSZEBZ MJWFT� य़F XBZ XF OBSSBUF
B TUPSZ PॏFO DPNQSJTFT UXP TUBHFT� GPSNJOH B DFOUSBM NJOE NBQ PG FOUJUJFT BOE UIFO XFBWJOH
B TUPSZ BSPVOE UIFN� य़JT DFOUSBM SFQSFTFOUBUJPO HSPVOEJOH FWFSZ TFOUFODF JO UIF OBSSBUJWF JT
XIBU DPNQSJTFT PVS /�-PDBM BODIPST� " DPOUSJCVUJOH GBDUPS UP DPIFSFODF JT OPU KVTU CBTJOH UIF
TUPSZ PO UIFTF FOUJUJFT CVU BMTP SFGFSSJOH UP UIFN VTJOH BQQSPQSJBUF UFSNT UP BWPJE SFQFUJUJPO�
*O UIJT TFDUJPO XF BEESFTT UIFTF UXP TUBHFT PG JOUSPEVDJOH UIF SJHIU FOUJUJFT BU TFFNJOHMZ SFB�
TPOBCMF KVODUVSFT BOE SFGFSSJOH UIFN DPIFSFOUMZ JO WJTVBM TUPSZUFMMJOH� य़F CVJMEJOH CMPDLT PG
UIF DFOUSBM NJOE NBQ BMTP LOPXO BT FOUJUZ TLFMFUPO BSF FOUJUZ DIBJOT JODMVEJOH OPNJOBM BOE
DPSFGFSFODF FYQSFTTJPOT� य़JT FOUJUZ TLFMFUPO JT BMTP SFQSFTFOUFE JO EJFSFOU MFWFMT PG BCTUSBD�
UJPOT UP DPNQPTF B HFOFSBMJ[FE GSBNF UP XFBWF UIF TUPSZ� 8F CVJME VQPO BO FODPEFS�EFDPEFS
GSBNFXPSL UP QFOBMJ[F UIF NPEFM XIFO UIF EFDPEFE TUPSZ EPFT OPU BEIFSF UP UIJT FOUJUZ TLFMF�
UPO� 8F FTUBCMJTI B TUSPOH CBTFMJOF GPS TLFMFUPO JOGPSNFE HFOFSBUJPO BOE UIFO FYUFOE UIJT UP
IBWF UIF DBQBCJMJUZ PG NVMUJUBTLJOH CZ QSFEJDUJOH UIF TLFMFUPO JO BEEJUJPO UP HFOFSBUJOH UIF
TUPSZ� 'JOBMMZ XF CVJME VQPO UIJT NPEFM BOE QSPQPTF B HMPDBM IJFSBSDIJDBM BࡇFOUJPO NPEFM UIBU
B॒FOET UP UIF TLFMFUPO CPUI BU UIF TFOUFODF 	MPDBM
 BOE UIF TUPSZ 	HMPCBM
 MFWFMT� 8F PCTFSWF
UIBU PVS QSPQPTFE NPEFMT PVUQFSGPSN UIF CBTFMJOF JO UFSNT PG BVUPNBUJD FWBMVBUJPO NFUSJD
.&5&03� 8F QFSGPSN WBSJPVT BOBMZTFT UBSHFUFE UP FWBMVBUF UIF QFSGPSNBODF PG PVS UBTL PG
FOGPSDJOH UIF FOUJUZ TLFMFUPO TVDI BT UIF OVNCFS BOE EJWFSTJUZ PG UIF FOUJUJFT HFOFSBUFE� 8F
BMTP DPOEVDU IVNBO FWBMVBUJPO GSPN XIJDI JU JT DPODMVEFE UIBU UIF WJTVBM TUPSJFT HFOFSBUFE CZ
PVS NPEFM BSF QSFGFSSFE ��� PG UIF UJNF� *O BEEJUJPO XF TIPX UIBU PVS HMPDBM IJFSBSDIJDBM BU�
UFOUJPO NPEFM JNQSPWFT DPIFSFODF CZ JOUSPEVDJOH NPSF QSPOPVOT BT SFRVJSFE CZ UIF QSFTFODF
PG OPVOT�

4UPSZUFMMJOH JO UIF BHF PG BSUJDJBM JOUFMMJHFODF JT OPU TVQQPTFE UP CF B CVJMU�JO DBQBCJMJUZ PG
IVNBOT BMPOF� 8JUI UIF BEWBODFNFOUT JO JOUFSBDUJOH XJUI WJSUVBM BHFOUT XF BSF NPWJOH UP�
XBSET TIBSJOH UIF BCJMJUZ UP OBSSBUF DSFBUJWF BOE DPIFSFOU TUPSJFT XJUI NBDIJOFT� य़F FWPMVUJPO
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PG TUPSZUFMMJOH TQBOT GSPN QSJNPSEJBM XBZT PG DBWF QBJOUJOHT BOE TDSJQUVSFT UP DPOUFNQPSBSZ
XBZT PG CPPLT BOE NPWJFT� *O BEEJUJPO TUPSJFT BSF VCJRVJUPVTMZ QFSWBTJWF BMM BSPVOE VT JO EJH�
JUBM NFEJB� य़JT FODPNQBTTFT NVMUJQMF NPEBMJUJFT TVDI BT WJTVBM BVEJP BOE UFYUVBM OBSSBUJWFT�
*O UIJT XPSL XF BEESFTT OBSSBUJOH B TUPSZ GSPN WJTVBM JOQVU BMTP LOPXO BT WJTVBM TUPSZ UFMMJOH
	)VBOH FU BM� ����
� (FOFSBUJOH UFYUVBM TUPSJFT GSPN B TFRVFODF PG JNBHFT IBT HBJOFE USBDUJPO
WFSZ SFDFOUMZ 	(PO[BMF[�3JDP BOE 'VFOUFT�1JOFEB ����� )TV FU BM� ����� ,JN FU BM� ����� -VLJO
FU BM� ����� 1FOH FU BM� ����� $IBOEV FU BM� ����C
� 4UPSJFT DBO CF QFSDFJWFE BT SFWPMWJOH BSPVOE
DIBSBDUFST 	.BSUJO FU BM� ����
 FWFOUT�BDUJPOT 	3JTIFT FU BM� ����� .PTUBGB[BEFI FU BM� �����
1FOH FU BM� ����
 PS UIFNF 	(FSW¡T FU BM� ����
� य़F HSBOVMBSJUJFT BU XIJDI UIFTF JOTUBODFT
BSF SFHVMBUFE EFUFSNJOF XIFUIFS UIF BODIPSJOH JT DPNQMFUF PS QBSUJBM� *O UIJT XPSL XF DIPPTF
UP BODIPS PVS WJTVBM TUPSJFT JO DIBSBDUFST BOE UIFJS DPSSFTQPOEJOH SFGFSSJOH FYQSFTTJPOT� &N�
VMBUJOH B OBUVSBMMZ HFOFSBUFE TUPSZ SFRVJSFT FRVJQQJOH NBDIJOFT UP MFBSO XIFSF UP JOUSPEVDF
FOUJUJFT BOE NPSF JNQPSUBOUMZ IPX UP SFGFS UP UIFN IFODFGPSUI�

य़F NBJO UBTL BEESFTTFE JO UIJT TFDUJPO JT UP JOUSPEVDF FOUJUJFT TJNJMBS UP IPX IVNBOT EP
BOE NPSF JNQPSUBOUMZ SFGFS UIFN BQQSPQSJBUFMZ JO TVCTFRVFOU VTBHF� 8F QFSGPSN UIJT JO UXP
QIBTFT� 	�
 &YUSBDUJPO PG O�MPDBM BODIPST XIJDI JO UIJT DBTF JT FOUJUZ TLFMFUPO FYUSBDUJPO BOE
	�
 "ODIPS�CBTFE HFOFSBUJPO XIJDI JT HFOFSBUJPO JOGPSNFE PG UIF FOUJUZ TLFMFUPO� )FSF UIF
BODIPS PS UIF TLFMFUPO JT EFOFE BT B TJNQMF UFNQMBUF DPNQSJTJOH PG UIF FOUJUJFT BOE UIFJS SF�
GFSSJOH FYQSFTTJPOT FYUSBDUFE VTJOH P�UIF�TIFMG /-1 UPPMT� य़F TLFMFUPOT BSF XIBU BODIPST
UIF TUPSJFT� य़FTF TLFMFUPOT BSF FYUSBDUFE JO UISFF MFWFMT PG BCTUSBDUJPO DPNQSJTJOH PG 	�
 TVS�
GBDF GPSN UIF TLFMFUPO UFSNT JO UIF SBX GPSN 	�
 OPNJOBMJ[FE GPSN UIBU JT UIF QSFTFODF PG
FOUJUJFT JO UIF OPVO PS QSPOPVO GPSN BOE 	�
 BCTUSBDU GPSN UIBU JT VTJOH EJFSFOU OPUBUJPOT
GPS CBTFE PO DBUFHPSJFT PG XPSET GSPN MBOHVBHF POUPMPHJFT� य़JT JT EFMWFE JO NPSF EFUBJM JO
g�������� 8F BQQMZ UIJT GPS UIF UBTL PG WJTVBM TUPSZUFMMJOH XIJDI IBT CPUI JNBHF DBQUJPOT BOE
TUPSZ TFOUFODFT JO B TFRVFODF� -FWFSBHJOH UIF DBQUJPOT UIF NPEFMT BMTP JOIFSFOUMZ MFBSO UIF
BTTPDJBUJPO PG TLFMFUPO UP UIF JNBHF DBQUJPOT UIFSFCZ MFBSOJOH XIFSF UP UBML BCPVU XIJDI FO�
UJUJFT JO B TFRVFODF PG JNBHFT� 0ODF UIJT FYUSBDUJPO JT QFSGPSNFE XF NPWF PO UP UIF TFDPOE
QIBTF PG JODPSQPSBUJOH UIFTF DPSFGFSFODF DIBJOT BT TLFMFUPOT UP HFOFSBUF B TUPSZ� य़JT JT EPOF
JO CSPBEMZ UXP XBZT BॏFS DPOEJUJPOJOH UIF EFDPEFS XJUI UIF FOUJUZ TLFMFUPOT� य़F STU BQ�
QSPBDI JT BO JODSFNFOUBM JNQSPWFNFOU PWFS UIF CBTFMJOF UIBU QFSGPSNT NVMUJUBTLJOH XJUI BO
BVYJMJBSZ HPBM PG QSFEJDUJOH UIF FOUJUZ TLFMFUPOT UP NPWF UIF TFRVFODFT HFOFSBUFE GSPN UIF
QSJNBSZ UBTL PG TUPSZ HFOFSBUJPO DMPTFS UPXBSET UIF FYUSBDUFE FOUJUJFT� य़F TFDPOE BQQSPBDI
JT IJFSBSDIJDBMMZ B॒FOEJOH UP UIF FOUJUZ TLFMFUPOT BU B MPDBM 	DPSSFTQPOEJOH UP XPSET XJUIJO B
TFOUFODF
 BOE HMPCBM 	DPSSFTQPOEJOH UP UIF TFOUFODFT NBLJOH VQ UIF FOUJSF TUPSZ
 MFWFMT�

����� %BUBTFU %FTDSJQUJPO

" EBUBTFU UIBU IBT SFDFOUMZ HBJOFE USBDUJPO JO UIF EPNBJO PG WJTVBM TUPSZUFMMJOH JT QSPQPTFE CZ
)VBOH FU BM� 	����
� य़JT QSPCMFN PG HSPVOEFE TFRVFOUJBM HFOFSBUJPO JT JOUSPEVDFE BT B TIBSFE
UBTL�� 'PSNBMMZ UIF EBUBTFU DPNQSJTFT PG WJTVBM TUPSJFT PS OBSSBUJWFT N = {N1, . . . ,Nn}�
&BDI TUPSZ JO UIF EBUBTFU DPOTJTUT PG B TFRVFODF PG WF TUPSZ�MJLF JNBHFT BMPOHXJUI EFTDSJQUJPOT�
JO�JTPMBUJPO 	%**
 BOE TUPSJFT�JO�TFRVFODFT 	4*4
� य़F EFTDSJQUJPOT JO JTPMBUJPO BSF JTPNPSQIPVT
UP JNBHF DBQUJPOT� &BDI TUPSZ DBO CF GPSNBMMZ SFQSFTFOUFE BT�

�pBbBQM�M/H�M;m�;2XM2ifrQ`Fb?QTkyR3fBM/2tX?iKHO+?�HH2M;2

visionandlanguage.net/workshop2018/index.html%23challenge
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Ni = {(I(1)
i ,x(1)

i ,y(1)
i ), . . . , (I(5)

i ,x(5)
i ,y(5)

i )} XIFSF I(j)
i  x(j)

i BOE y(j)
i BSF FBDI JNBHF TJO�

HMF TFOUFODF JO %** BOE TJOHMF TFOUFODF JO 4*4 SFTQFDUJWFMZ BOE J SFGFST UP UIF JUI FYBNQMF TUPSZ�
4*4 BOE %** BSF TVQQPTFE UP CF BTTPDJBUFE XJUI FBDI JNBHF� )PXFWFS UIFSF BSF BCPVU ��� PG
UIF JNBHFT GPS XIJDI %** BSF BCTFOU JO UIF EBUBTFU� य़F DPSSFTQPOEJOH TUBUJTUJDT PG UIF EBUBTFU
BSF QSFTFOUFE JO 5BCMF �����

5SBJO 7BM 5FTU
� 4UPSJFT ����� ���� ����
� *NBHFT ������ ����� �����
� XJUI OP %** ����� ���� ����

5१२ॲ५ ����� %FUBJMT PG UIF 7J45 %BUBTFU

*O PVS NPEFMJOH BQQSPBDIFT BT EFTDSJCFE JO g����� XF BMTP OFFE UIF EFTDSJQUJPOT JO JTPMB�
UJPO�)FODF GPS UIF JNBHFT GPS XIJDI UIF %** BSF BCTFOU XF VTF B QSF�USBJOFE JNBHF DBQUJPOJOH
NPEFM UP DPNQMFUF UIF EBUBTFU GPS PVS VTF DBTF�

����� .PEFMT %FTDSJQUJPO

य़F BODIPST JO UIJT TFDUJPO BSF FRVJWBMFOU UP FOUJUZ TLFMFUPOT� 0VS BQQSPBDI PG VTJOH FOUJUZ
TLFMFUPOT UP HFOFSBUF B DPIFSFOU WJTVBM TUPSZ JT EJWJEFE JOUP UXP QIBTFT� 	�
 /�MPDBM "ODIPST
&YUSBDUJPO J�F� FOUJUZ TLFMFUPO FYUSBDUJPO BOE 	�
 /�MPDBM "ODIPST *OGPSNFE (FOFSBUJPO� य़F
SFTVMU PG UIF STU TUFQ JT UIF BODIPST JO UIJT DBTF DPSSFTQPOEJOH UP O�MPDBM BODIPSJOH XIJDI
SFTVMUT JO B TFRVFODF PG a(j)i GPS FWFSZ jth TFOUFODF JO UIF TUPSZ� *EFOUJGZJOH UIFTF BODIPST JT
B DSVDJBM TUFQ CBTFE PO XIJDI HFOFSBUJPO JT EPOF JO UIF TFDPOE TUFQ� )PXFWFS BT EJTDVTTFE
QSFWJPVTMZ XF VTF TJNQMF P�UIF�TIFMG UFDIOJRVFT UP EFSJWF UIFTF BODIPST VTFE JO UIF TFDPOE
TUFQ� *O UIJT TVCTFDUJPO XF STU EFTDSJCF UISFF LJOET PG TDIFNB FYUSBDUJPO GPS DPSFGFSFODF
DIBJOT BOE UIFO QSPDFFE UPXBSET EFTDSJCJOH UXP CBTFMJOFT BOE UXP QSPQPTFE TUPSZ HFOFSBUJPO
NPEFMT�

������� "ODIPS &YUSBDUJPO� /�-PDBM "ODIPS 3FQSFTFOUBUJPO

य़F UBTL JT UP JOUSPEVDF UIF DIBSBDUFST BU UIF SJHIU UJNFT BOE SFGFS UP UIFN BQQSPQSJBUFMZ IFODF�
GPSUI� य़JT NFBOT UIBU XF OPU POMZ UBSHFU UIF IFBE NFOUJPO PG BO FOUJUZ CVU BMTP DBUFS UP UIF
DPSSFTQPOEJOH BQQSPQSJBUF DPSFGFSFODF FYQSFTTJPOT� 8F EFOF UIFTF /�-PDBM BODIPS VOJUT PS
TLFMFUPO BT B MJOFBS DIBJO PG FOUJUJFT BOE UIFJS DPSSFTQPOEJOH SFGFSSJOH FYQSFTTJPOT� य़FSF DPVME
CFNVMUJQMF DPSFGFSFODF DIBJOT JO B MPOH OBSSBUJWF� 8F BTTPDJBUF B TUPSZ XJUI UIF FOUJUZ TLFMFUPO
UIBU IBT NBYJNVN SFQSFTFOUBUJPO JO UIF WF TFOUFODFT� य़JT NFBOT UIBU UIF TLFMFUPO FMFNFOUT
OFFE UP CF QSFTFOU JO UIF NBKPSJUZ PG UIF TFOUFODFT UIVT NBLJOH JU UIF DFOUSBM UIFNF GPS CBTJOH
UIF TUPSZ PO� 'PS TJNQMJDJUZ QVSQPTFT JO DBTF PG B UJF XJUI SFTQFDU UP UIF BCPWF DSJUFSJPO PG UIF
OVNCFS PG NFOUJPOT XF TFMFDU UIF BODIPS VOJUT UP CF UIF NPTU GSFRVFOUMZ PDDVSSJOH DPSFGFS�
FODF DIBJO GSPN BNPOH BMM UIF DIBJOT QSFTFOU JO JU� *O PVS GVUVSF XPSL XF QMBO UP FYUFOE UIJT
DBQBCJMJUZ UP DBUFS UP NVMUJQMF TLFMFUPOT TJNVMUBOFPVTMZ� 8F VTF P�UIF�TIFMG UPPMT UP SFQSFTFOU
UIFTF TLFMFUPOT JO UISFF EJFSFOU XBZT�
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4FOUFODFT GSPN 4*4 4VSGBDF /PNJOBMJ[FE "CTUSBDU
य़F DBLF XBT BNB[JOH GPS UIJT FWFOU� /POF <� �> /POF
य़F CSJEF BOE HSPPN XFSF TP IBQQZ� य़F CSJEF BOE HSPPN <� �> QFSTPO
य़FZ LJTTFE XJUI TVDI QBTTJPO BOE GPSDF� य़FZ <� �> QFSTPO
8IFO UIFJS TPO BSSJWFE IF XBT BMSFBEZ TMFFQJOH� UIFJS <� �> QFSTPO
"ॏFS UIF FWFOU * UPPL QJDUVSFT PG UIF HVFTUT� /POF <� �> /POF
य़F DBLF XBT BNB[JOH GPS UIJT FWFOU� FWFOU <� �> PUIFS
य़F CSJEF BOE HSPPN XFSF TP IBQQZ� /POF <� �> /POF
य़FZ LJTTFE XJUI TVDI QBTTJPO BOE GPSDF� /POF <� �> /POF
8IFO UIFJS TPO BSSJWFE IF XBT BMSFBEZ TMFFQJOH� /POF <� �> /POF
"ॏFS UIF FWFOU * UPPL QJDUVSFT PG UIF HVFTUT� FWFOU <� �> PUIFS

5१२ॲ५ ����� &YBNQMFT PG UISFF GPSNT PG &OUJUZ�$PSFGFSFODF 4DIFNB 3FQSFTFOUBUJPO GPS SFQSF�
TFOUJOH O�MPDBM BODIPST

"ODIPS 'PSN 3FQSFTFOUBUJPO� 'PS FBDI PG UIF GPMMPXJOH BODIPS SFQSFTFOUBUJPOT XF STU
FYUSBDU UIF DPSFGFSFODF DIBJOT GSPN UIF UFYUVBM TUPSJFT UIBU BSF NBEF VQ PG 4*4 JO UIF USBJOJOH
EBUB� य़JT JT EPOF CZ VTJOH WFSTJPO ����� PG 4UBOGPSE $PSF/-1 UPPMLJU 	.BOOJOH FU BM� ����
�
य़FTF UISFF XBZT PG SFQSFTFOUJOH TLFMFUPOT BSF EFTDSJCFE JO EFUBJM OFYU�

�� 4VSGBDF GPSN $PSFGFSFODF $IBJOT� य़F SFTVMUJOH DPSFGFSFODF DIBJOT OPX DPNQSJTF
TVSGBDF XPSE GPSNT PG FOUJUJFT BOE UIFJS DPSSFTQPOEJOH SFGFSFODF FYQSFTTJPOT� *O TQFDJD UIF
/�-PDBM BODIPS VOJUT PS TLFMFUPO GPS FBDI TUPSZ JT SFQSFTFOUFE BT {c1, . . . , c5} XIFSF cj JT UIF
DPSFGFSFODF XPSE JO KUI TFOUFODF� "O FYBNQMF PG UIJT DBO CF TFFO JO 5BCMF ����� 'SPN UIF TUPSZ
TFOUFODFT PO UIF MFॏ UIFSF BSF UXP FOUJUZ DIBJOT UIBU BSF FYUSBDUFE DPSSFTQPOEJOH UP UIFڢ CSJEF
BOE UIF HSPPNڣ BOE �ڣFWFOUڢ य़F TLFMFUPO XPSE JT /POF XIFO UIFSF JT OP XPSE DPSSFTQPOEJOH
UP UIBU DPSFGFSFODF DIBJO JO UIBU TFOUFODF� य़F GPMMPXJOH UXP DPMVNOT TIPX UIF TVSGBDF GPSN
FOUJUZ TLFMFUPOT DPSSFTQPOEJOH UP UIF /�-PDBM BODIPS VOJUT GPS FBDI TFOUFODF� /PUF UIBU UIFSF
DPVME CF NVMUJQMF TVDI DIBJOT FYUSBDUFE GPS FBDI TUPSZ EVF UP UIF OVNCFS PG EJFSFOU FOUJUJFT
QSFTFOU JO UIF TUPSZ� 0VS HPBM JT UP QJWPU UIF TUPSZ PO B DFOUSBM NJOE NBQ TP XF TFMFDU UIF DIBJO
UIBU IBT UIF NJOJNVN OVNCFS PG /POFT JO UIF WF TFOUFODFT� )FODF JO UIJT FYBNQMF XF HP
BIFBE XJUI UIF STU TLFMFUPO XJUI UIFڢ CSJEF BOE HSPPNڣ UP XFBWF UIF TUPSZ TJODF UIF TLFMFUPO
XJUI ڣFWFOUڢ IBT B IJHIFS OVNCFS PG /POFT�

�� /PNJOBMJ[FE $PSFGFSFODF $IBJOT� य़F TVSGBDF GPSN BODIPS VOJUT FYUSBDUFE BT EF�
TDSJCFE CFGPSF EP OPU DPNQSJTF UIF JOGPSNBUJPO PG XIFUIFS JU JT UIF IFBE NFOUJPO PG UIF FOUJUZ
PS XIFUIFS JU JT SFGFSSFE MBUFS� *O DSVEF UFSNT JU EPFT OPU DBUFS UP BCTUSBDUJOH UIF QSPQFSUJFT
PG UIF TLFMFUPO XPSET GSPN UIF TVSGBDF GPSN XPSE JUTFMG� य़F SFNBJOJOH UXP GPSNT PG BO�
DIPS SFQSFTFOUBUJPOT BEESFTT UIJT JTTVF PG BCTUSBDUJOH UIF MFYJDPO GSPN UIF QSPQFSUJFT PG UIF
XPSE� *O PSEFS UP FODPEF UIJT JOGPSNBUJPO FYQMJDJUMZ XF EJTJOUFHSBUF UIF CJUT UIBU DPSSFTQPOE
UP UIF QSPQFSUJFT PG QSFTFODF BOE BCTFODF PG UIF FOUJUZ XPSET BOE XIFUIFS UIF XPSE JT QSFTFOU
JO UIF OPVO PS UIF QSPOPVO GPSN� य़F BODIPST PS TLFMFUPO GPS FBDI TUPSZ JT SFQSFTFOUFE BT
{[h, p]1, . . . , [h, p]5}� )FSF I ∈ \��^ JT B CJOBSZ WBSJBCMF JOEJDBUJOH JG UIFSF JT B DPSFGFSFODF
NFOUJPO J�F � JG UIFSF JT B NFOUJPO JO UIF TLFMFUPO DIBJO BOE � JG JU JT /POF� 4JNJMBSMZ Q ∈ \��^
JT B CJOBSZ WBSJBCMF JOEJDBUJOH UIBU UIF XPSE JT IFBE NFOUJPO J�F UIF XPSE JT JO UIF OPVO GPSN
JG JU JT � BOE QSPOPVO GPSN JG JU JT �� 'PS JOTUBODF JO 5BCMF ���� JO TFOUFODF � UIF TLFMFUPO
JT SFQSFTFOUFE BT <��> XIJDI NFBOT UIBU UIJT TFOUFODF IBT B NFOUJPO PG UIF TLFMFUPO VOEFS



$POUFOU JO /BSSBUJWFT� /�-PDBM BOE /�(MPCBM "ODIPSJOH ��

DPOTJEFSBUJPO BOE JU JT JO UIF OPVO GPSN� /PUF UIBU XF EP OPU VTF UIF TVSGBDF SFQSFTFOUBUJPO
PG UIF XPSE JUTFMG XIJMF XF SFQSFTFOU UIF TLFMFUPO JO UIJT GPSNBU�

�� "CTUSBDU $PSFGFSFODF $IBJOT� "T PCTFSWFE GSPN 5BCMF ���� UIF BODIPS VOJUT CFMPOH
UP EJFSFOU DBUFHPSJFT PG FOUJUJFT� य़F STU JT UIF SBX GPSN JO XIJDI UIFZ BQQFBS BOE UIF TFD�
POE JT CBTFE PO UIF QSPQFSUJFT PG UIF DPSSFTQPOEJOH BODIPS VOJUT� *OTUFBE PG EJTJOUFHSBUJOH
UIF QSPQFSUJFT JOUP OPVOT BOE QSPOPVOT BOPUIFS GPSN JT UP SFQSFTFOU UIFN JOUP UIF BCTUSBDU
DBUFHPSJFT UIBU UIFZ CFMPOH UP� य़FTF DBUFHPSJFT DBO CF QFSTPO PCKFDU MPDBUJPO FUD� य़JT EJFS�
FOUJBUFT UIF PSEFS PG JOUSPEVDUJPO BOE SFGFSFODFT PG PCKFDUT PS QFPQMF JO UIF UJNFMJOF BNPOH
UIF WF TFOUFODFT� 8F VTF 8PSEOFU 	.JMMFS ����
 UP EFSJWF UIFTF QSPQFSUJFT� "T EFQJDUFE JO
5BCMF ���� UIF FOUJUZ TLFMFUPO DPSSFTQPOEJOH UP B DPSFGFSFODF DIBJO DBO CF SFQSFTFOUFE XJUI B
TFRVFODF PG ڣQFSTPOڢ ڣPUIFSڢ BOE �ڣPOF/ڢ

������� "ODIPS *OGPSNFE (FOFSBUJPO

*O UIJT TFDUJPO XF EFTDSJCF UIF CBTFMJOF NPEFM VTFE UP HFOFSBUF UFYUVBM TUPSJFT GSPN WJTVBM
JOQVU� य़JT CBTFMJOF NPEFM JT OPU FYQMJDJUMZ BODIPSFE JO UIF DPOUFOU EFSJWFE GSPN BO FOUJUZ BOE
DPSFGFSFODF�CBTFE /�-PDBM BODIPS VOJUT�

*O PSEFS UP FTUBCMJTI B GBJS DPNQBSJTPO XF BMUFS UIJT CBTFMJOF TMJHIUMZ UP FTUBCMJTI B TFDPOE
CBTFMJOF UIBU BDDFTTFT UIF BODIPS VOJUT� 8F UIFO EJTDVTT UXP NPEFMT UIBU JODPSQPSBUF UIF
FOUJUZ BODIPST JO WBSJPVT GPSNT JO UIF HFOFSBUJPO QSPDFTT�

�� #BTFMJOF .PEFM� 0VS CBTFMJOF NPEFM IBT BO FODPEFS�EFDPEFS GSBNFXPSL UIBU JT CBTFE
PO UIF CFTU QFSGPSNJOH NPEFM JO UIF 7JTVBM 4UPSZ 5FMMJOH DIBMMFOHF JO ���� 	,JN FU BM� ����

UIBU B॒BJOFE CF॒FS TDPSFT PO IVNBO FWBMVBUJPO NFUSJDT� य़F NPEFM FTTFOUJBMMZ USBOTMBUFT B
TFRVFODF PG JNBHFT UP B TUPSZ� "MM PG UIF JNBHFT BSF STU SFTJ[FE UP ��� 9 ��� BOE JNBHF GFBUVSFT
BSF FYUSBDUFE GSPN UIF QFOVMUJNBUF MBZFS PG 3FT/FU���� 	)F FU BM� ����C
� य़FTF JNBHF GFBUVSFT
BDU BT MPDBM GFBUVSFT GPS EFDPEJOH UIF TFOUFODF DPSSFTQPOEJOH UP UIBU JNBHF� य़JT TFRVFODF PG
JNBHF GFBUVSFT JT QBTTFE UISPVHI UXP MBZFST PG #J�-45.T UP PCUBJO UIF TUPSZT PWFSBMM DPOUFYU�
य़JT DPOUSJCVUFT UP HMPCBM UIFNF PG UIF TUPSZ� य़F MPDBM DPOUFYU GPS FBDI TFOUFODF JO UIF TUPSZ JT
JODPSQPSBUFE XJUI B TLJQ DPOOFDUJPO PG UIF MPDBM GFBUVSFT GPS UIBU QBSUJDVMBS JNBHF� 'JOBMMZ UIF
HMPCBM BOE MPDBM GFBUVSFT BSF DPODBUFOBUFE BOE QBTTFE UP FBDI UJNF TUFQ JO UIF -45. EFDPEFS
UP HFOFSBUF UIF TUPSZ XPSE CZ XPSE�

'PS TJNQMJDJUZ JO GPSNBM SFQSFTFOUBUJPO XF VTF UIF GPMMPXJOH OPUBUJPOT� 4VCTDSJQU U BOE TV�
QFSTDSJQU τ JOEJDBUFT UIF tth TUFQ PS TFOUFODF JO B TUPSZ BOE τ th XPSE XJUIJO UIF TFOUFODF
SFTQFDUJWFMZ� It xt yt SFQSFTFOU JNBHF %** 4*4 GPS B QBSUJDVMBS UJNF TUFQ� kt JT UIF TLFMFUPO
DPSFGFSFODF FMFNFOU GPS UIBU QBSUJDVMBS TFOUFODF� )FSF L DBO UBLF BOZ PG UIF UISFF GPSNT PG
DPSFGFSFODF DIBJOT EJTDVTTFE QSFWJPVTMZ XIJDI JT XPSE JUTFMG 	TVSGBDF GPSN
 PS B QBJS PG CJOBSZ
EJHJUT 	OPNJOBMJ[BUJPO
 PS OPVO QSPQFSUJFT 	BCTUSBDU
� /PUF UIBU L JT OPU VTFE JO UIJT CBTFMJOF
NPEFM�
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य़F FODPEFS QBSU PG UIF NPEFM JT SFQSFTFOUFE BT UIF GPMMPXJOH XIJDI DPNQSJTFT PG UXP TUFQT
PG EFSJWJOH UIF MPDBM DPOUFYU GFBUVSFT lt BOE UIF IJEEFO TUBUF PG UIF tth UJNFTUFQ PG UIF #J-45.
UIBU HJWFT UIF HMPCBM DPOUFYU�

lt = 3FT/FU(It)

gt = #J�-45.([l1, l2...l5]t)

य़F MBUFOU SFQSFTFOUBUJPO PCUBJOFE GSPN UIJT FODPEFS JT UIF HMPDBM SFQSFTFOUBUJPO [lt
⊕

gt]
XIFSF <

⊕
> SFQSFTFOUT BVHNFOUBUJPO PG UIF GFBUVSFT� य़JT HMPDBM WFDUPS JT VTFE UP EFDPEF UIF

TFOUFODF XPSE CZ XPSE� य़F HFOFSBUFE XPSET JO B TFOUFODF GSPN UIF EFDPEFS ŵt JT PCUBJOFE
GSPN FBDI PG UIF XPSET ŵτ UIBU BSF UIF PVUQVUT UIBU BSF BMTP DPOEJUJPOFE PO UIF HFOFSBUFE
XPSET TP GBS ŵ<τ

t XJUI τ th XPSE JO UIF TFOUFODF CFJOH HFOFSBUFE BU UIF DVSSFOU TUFQ�

ŵt ∼
∏

τ

Pr(ŵτ
t |ŵ<τ

t , lt, gt) 	���


य़F CBTFMJOF NPEFM JT EFQJDUFE JO UIF SJHIU QPSUJPO PG UIF 'JHVSF ����

�� 4LFMFUPO *OGPSNFE #BTFMJOF .PEFM� 8F OFFE UP NBLF B OPUF IFSF UIBU UIPVHI UIF
BCPWF CBTFMJOF JT UIF CFTU QFSGPSNJOH NPEFM JO UIF UBTL JU EPFT OPU UBLF JOUP BDDPVOU UIF
FYQMJDJU NFOUJPOT PG UIF FOUJUJFT BT B TLFMFUPO UP XFBWF UIF TUPSZ PO� 4JNJMBSMZ JU EPFT OPU
NBLF VTF PG UIF %** GPS UIF JNBHFT� 8F FYQMPSF IPX UP NBLF CF॒FS VTF PG UIFTF %** UP FYUSBDU
UIF FOUJUZ TLFMFUPOT� )FODF UP FTUBCMJTI B GBJS DPNQBSJTPO XJUI PVS QSPQPTFE BQQSPBDIFT XF
DPOEJUJPO UIF EFDPEFS PO OPU POMZ UIF HMPDBM GFBUVSFT BOE UIF XPSET HFOFSBUFE TP GBS CVU BMTP
UIF TVSGBDF GPSN PG UIF XPSET�

ŵt ∼
∏

τ

Pr(ŵτ
t |ŵ<τ

t , lt, gt,kt) 	���


*O TQFDJD UIF GFBUVSFT UIBU BSF HJWFO UP UIF EFDPEFS OPX IBWF <lt, gt,kt>� य़F TLFMFUPO JOGPS�
NBUJPO JT QSPWJEFE UP FWFSZ UJNF TUFQ JO UIF EFDPEFS�

�� .VMUJUBTL 4UPSZ (FOFSBUJPO .PEFM 	.5(
� *ODPSQPSBUJOH UIF FOUJUZ TLFMFUPO JOGPS�
NBUJPO EJSFDUMZ JO UIF EFDPEFS NJHIU BFDU UIF MBOHVBHF NPEFM PG UIF EFDPEFS� )FODF XF UBLF
BO BMUFSOBUF BQQSPBDI UIBU JODSFNFOUBMMZ JNQSPWFT VQPO UIF STU CBTFMJOF NPEFM UP FOBCMF JU UP
QFSGPSN UXP UBTLT� *OTUFBE PG BVHNFOUJOH UIF NPEFM XJUI TLFMFUPO JOGPSNBUJPO XF FOBCMF JU
UP QSFEJDU UIF TLFMFUPO BOE QFOBMJ[F JU BDDPSEJOHMZ� य़F NBJO UBTL IFSF JT UIF HFOFSBUJPO PG UIF
TUPSZ JUTFMG BOE UIF BVYJMJBSZ UBTL JT UIF QSFEJDUJPO PG UIF FOUJUZ TLFMFUPO XPSE QFS UJNF TUFQ�
&BDI PG UIFTF UBTLT JT PQUJNJ[FE VTJOH DSPTT FOUSPQZ MPTT� य़F MPTT GPS HFOFSBUJPO PG UIF TUPSZ JT
-1 BOE UIF MPTT UP QSFEJDU UIF TLFMFUPO PG UIF NPEFM JT -2� )PXFWFS XF EP OPU XBOU UP QFOBMJ[F
UIF NPEFM FRVBMMZ GPS CPUI UIF QBSUJDJQBUJOH UBTLT BOE XFJHI UIFN CZ B GBDUPS α BT NVDI BT UP
BFDU UIF MBOHVBHF NPEFM PG UIF EFDPEFS� 8F FYQFSJNFOUFE XJUI EJFSFOU XFJHIUJOH GBDUPST
GPS α XIJDI BSF QSFTFOUFE JO 5BCMF �����
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'९७ॻॸ५ ���� "SDIJUFDUVSF PG (MPDBM )JFSBSDIJDBM "॒FOUJPO PO &OUJUZ "ODIPST XJUI DPSFGFSFODF
DIBJOT UP QFSGPSN 7JTVBM 4UPSZUFMMJOH

∑

It,xt,yt∈S
α-1(It, yt) + (1− α)-2(It, yt, kt)

/PUF UIBU XF EP OPU VTF L BT B QBSU PG UIF FODPEFS FWFO JO UIJT NPEFM CVU POMZ VTF UIFN UP
QFOBMJ[F UIF NPEFM XIFO UIF EFDPEFE TFOUFODF EPFT OPU DPOUBJO B TLFMFUPO TJNJMBS UP L�

�� (MPDBM )JFSBSDIJDBM "UUFOUJPO� &OBCMJOH UIF NPEFM UP QSFEJDU UIF FOUJUZ TLFMFUPO
FRVJQT JU UP NPEFM UIF TFOUFODFT BSPVOE UIF FOUJUJFT UIFSFCZ XFBWJOH UIF TUPSJFT BSPVOE UIF
TLFMFUPO� )PXFWFS UIJT NVMUJUBTLJOH NPEFM EPFT OPU FYQMJDJUMZ DBQUVSF UIF SFMBUJPOTIJQ PS GP�
DVT PO UIF XPSET XJUIJO B TFOUFODF PS BDSPTT UIF WF TFOUFODFT XJUI SFTQFDU UP UIF TLFMFUPO
JO DPOTJEFSBUJPO� )FODF XF XFOU POF TUFQ GVSUIFS UP JEFOUJGZ UIF DPSSFMBUJPO CFUXFFO UIF
DPSFGFSFODF TLFMFUPO XJUI EJFSFOU MFWFMT JODMVEJOH XJUIJO B TFOUFODF 	J�F� BU XPSE MFWFM
 BOE
BDSPTT TFOUFODFT 	J�F� BU TFOUFODF MFWFM
� 8F VTF BO B॒FOUJPO NFDIBOJTN UP SFQSFTFOU UIFTF
DPSSFMBUJPOT�

8F QSPQPTF UXP TUBHFT PG B॒FOUJPO UP DBQUVSF UIJT JOGPSNBUJPO�

�� -PDBM �FOUJPOࡇ" B॒FOEJOH UP UIF XPSET JO DBQUJPOT 	wτ
t GSPN xt
 XJUI SFTQFDU UP UIF

FOUJUZ TLFMFUPOT kt�

�� (MPCBM �FOUJPOࡇ" B॒FOEJOH UP UIF TFOUFODFT JO UIF TUPSZ EFSJWFE GSPN UIF MPDBM B॒FOUJPO
GPS FBDI TFOUFODF�

'JHVSF ��� EFQJDUT UIF FOUJSF HMPDBM IJFSBSDIJDBM B॒FOUJPO NPEFM XJUI UIF FODPEFS�EFDPEFS
GSBNFXPSL PO UIF SJHIU BOE UIF UXP TUBHFT PG B॒FOUJPO PO UIF MFॏ� य़F B॒FOUJPO JT QFSGPSNFE
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0RGHOV 3KHQRPHQD

6,6
ZH� ZHQW� WR� WKH�
VWDGLXP� HDUO\� WR� HDW�
DQG� VLJKW� VHH� EHIRUH�
WKH�JDPH��

WKH� YLHZ� ZDV�
LQFUHGLEOH� �� \RX� FRXOG�
VHH�WKH�HQWLUH�FLW\��

ZH�JRW�WR�RXU�VHDWV���
DQG� FRXOG� Q
W� EHOLHYH�
KRZ�FORVH�WR�WKH�ILHOG�
WKH\�ZHUH��

ZH� FRXOG� VHH� DOO� WKH�
DFWLRQ��

RQFH� WKH�QDWLRQDO�DQWKHP�
ZDV� VXQJ� �� DQG� WKH� ILUVW�
SLWFK� ZDV� WKURZQ� �� WKH�
H[FLWHPHQW�EHJDQ���LW�ZDV�
D�JUHDW�JDPH��

%DVHOLQH
0RGHO

WKH� FLW\� ZDV� D� JUHDW�
SODFH�WR�YLVLW��

L�KDG�D�JUHDW�WLPH�� WKHUH� ZHUH� PDQ\�
SHRSOH�WKHUH��

ZH� JRW� WR� VHH� D� ORW� RI�
FRRO�WKLQJV��

LW�ZDV�D�ORW�RI�IXQ�� � &KDUDFWHUV�LQ�WKH�VWRU\�
DUH� PHQWLRQHG� DV�
³PDQ\�SHRSOH´� LQVWHDG�
RI�³ZH´��VHQWHQFH����

*ORFDO�
+LHUDUFKLFDO�
$WWHQWLRQ�
0RGHO

ZH� VDZ� WKH� EXLOGLQJ�
ZDV�SDFNHG��

L� ZDV� H[FLWHG� WR� VHH�
P\�IDYRULWH�WHDP��

ZH� ZHUH� DOO� H[FLWHG�
WR�VHH�WKH�JDPH��

ZH� DOO� JRW� WRJHWKHU� WR�
ZDWFK��

LW�ZDV�D�JUHDW�JDPH�� � FKDUDFWHUV� �µZH¶� DQG�
µLW¶��ZHUH� LQWURGXFHG�DW�
WKH�ULJKW�WLPH

� ,PSRUWDQW�HQWLWLHV�ZHUH�
PHQWLRQHG� �EXLOGLQJ��
JDPH�

'९७ॻॸ५ ����� फ़BMJUBUJWF "OBMZTJT

PO UFYUVBM NPEBMJUZ DPSSFTQPOEJOH UP %** 	xt
 BOE IFODF DBO CF QFSDFJWFE BT USBOTMBUJOH %** UP
4*4� "T PCTFSWFE JO 5BCMF ���� %**T BSF BCTFOU GPS BCPVU ��� PG UIF EBUB� 8F VTF BO JNBHF DBQ�
UJPOJOH NPEFM QSFUSBJOFE PO *NBHF/FU EBUB 	3VTTBLPWTLZ FU BM� ����C
� य़FTF JNBHF DBQUJPOT
BSF TVCTUJUVUFE JO UIF QMBDF PG NJTTJOH %**�

-PDBM "UUFOUJPO� य़FSTU MFWFM PG B॒FOUJPO J�F� UIF MPDBM BࡇFOUJPONFBTVSFT UIF DPSSFMBUJPO
CFUXFFO XPSET JO FBDI TFOUFODF UP UIF DPSFGFSFODF TLFMFUPO XPSET� य़FSF BSF WF TFOUFODFT
JO FBDI TUPSZ DPSSFTQPOEJOH UP WF JNBHFT� 4JODF XF VTF UIF TLFMFUPO XPSET BT UIFZ BQQFBS UP
B॒FOE UP UIF XPSET JO %** XF VTF UIF TVSGBDF GPSN OPUBUJPO JO UIJT NPEFM� "T XF IBWF TFFO
UIF TVSGBDF GPSN TLFMFUPO JT SFQSFTFOUFE BT $ = {c1, c2.., c5}� य़F WPDBCVMBSZ PG UIFTF TVSGBDF
GPSN TLFMFUPO XPSET JT MJNJUFE UP �� XPSET JO UIF JNQMFNFOUBUJPO� य़F TVSGBDF TLFMFUPO GPSN $
JT QBTTFE UISPVHI B #J�-45. SFTVMUJOH JO B IJEEFO TUBUFHk XIJDI JT PG ���� EJNFOTJPOT� य़JT
IJEEFO TUBUF JT VTFE UP QFSGPSN B॒FOUJPO PO UIF JOQVU XPSET PG %** GPS FBDI JNBHF� /PUF IFSF
UIBU UIF TLFMFUPO XPSET GPS DPSFGFSFODF DIBJOT BSF FYUSBDUFE GSPN 4*4 	J�F� GSPN {y1, y2.., y5}

GSPN XIJDI UIF IJEEFO TUBUF JT FYUSBDUFE XIJDI JT VTFE UP QFSGPSN B॒FOUJPO PO UIF JOEJWJEVBM
DBQUJPOT 	%** J�F� {x1, x2.., x5} 
�

य़F TLFMFUPO SFNBJOT UIF TBNF GPS BMM UIF TFOUFODFT� य़F TLFMFUPO GPSN JT QBTTFE UISPVHI B
#J�-45. SFTVMUJOH JO Hk ∈ Rk×2h XIFSF IJEEFO EJNFOTJPO PG UIF #J�-45. JT I� &BDI x JO
UIF TUPSZ 	XJUI O XPSET JO B CBUDI
 JT QBTTFE UISPVHI B #J�-45. XJUI B IJEEFO EJNFOTJPO PG
I SFTVMUJOH JO Hw ∈ R5×n×2h� य़JT UIFO VOEFSHPFT B OPO�MJOFBS USBOTGPSNBUJPO�

"॒FOUJPO NBQ GPS UIF XPSE MFWFM JT PCUBJOFE CZ QFSGPSNJOH B CBUDI NBUSJY NVMUJQMJDBUJPO 	SFQ�
SFTFOUFE CZ ⊗
 CFUXFFO UIF IJEEFO TUBUFT PG UIF XPSET JO B TFOUFODF BOE UIF IJEEFO TUBUFT PG
UIF FOUJUZ TLFMFUPO� *O PSEFS UP TDBMF UIF OVNCFST JO QSPCBCJMJUZ UFSNT XF BQQMZ B TPॏNBY
BDSPTT UIF XPSET PG UIF TFOUFODF� &TTFOUJBMMZ UIJT JOEJDBUFT UIF DPOUSJCVUJPO PG FBDI XPSE JO
UIF TFOUFODF UPXBSET UIF FOUJUZ TLFMFUPO UIBU JT QSFTFOU BT B RVFSZ JO B॒FOUJPO� य़JT JT UIF
MPDBM BࡇFOUJPO Aw ∈ R5×n×k QFSUBJOJOH UP B TFOUFODF JO UIF TUPSZ� .BUIFNBUJDBMMZ FRVBUJPO
��� EFQJDUT UIF DBMDVMBUJPO PG MPDBM BࡇFOUJPO�

Aw = softmax(Hw ⊗Hk)
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'९७ॻॸ५ ����� 7JTVBMJ[BUJPO PG UIF IJFSBSDIJDBMMZ B॒FOEFE SFQSFTFOUBUJPO PG UIF TLFMFUPO GPS
TUPSZ JO 'JHVSF ����

(MPDBM "UUFOUJPO� 8F UIFO QFSGPSN HMPCBM BࡇFOUJPO XIJDI JT BU UIF XIPMF TUPSZ MFWFM� *O
PUIFS XPSET UIJT B॒FOUJPO FWBMVBUFT UIF DPOUSJCVUJPO PG EJFSFOU TFOUFODFT JO UIF TUPSZ UP�
XBSET SFTQPOEJOH UP UIF FYUSBDUFE FOUJUZ TLFMFUPO� *OTUFBE PG DPOTJEFSJOH UIF TFOUFODF SFQSF�
TFOUBUJPO BT UIF PVUQVU PG QBTTJOH UIF XPSET BT JT UISPVHI B #J�-45. XF MFWFSBHF UIF BMSFBEZ
B॒FOEFE MPDBM B॒FOUJPO 	XIJDI JT BU B TFOUFODF MFWFM
 UP QFSGPSN UIF HMPCBM B॒FOUJPO� )FODF
JU JT UIF DPNCJOBUJPO PG HMPCBM BOE MPDBM B॒FOUJPO BOE UIFSFCZ XF QFSGPSN HMPDBM IJFSBSDIJDBM
BࡇFOUJPO�

'PS UIJT FBDI TFOUFODFT MPDBMMZ B॒FOEFE SFQSFTFOUBUJPO JT BVHNFOUFE XJUI UIF PVUQVU PG UIF
#J�-45. UIBU UBLFT JO %**� य़F B॒FOEFE SFQSFTFOUBUJPO GPS FBDI PG UIF L XPSET JT DPODBUFOBUFE
BOE QSPKFDUFE UISPVHI B MJOFBS MBZFS JOUP ��� EJNFOTJPOT 	Pw
� य़JT HPFT JO BT TFOUFODF SFQSF�
TFOUBUJPO GPS FBDI PG UIF sij 	XIFSF J JT UIF JOEFY PG UIF TFOUFODF JO UIF TUPSZ BOE K DPSSFTQPOET
UP UIF TUPSZ FYBNQMF
 BT TIPXO JO 'JHVSF ���� य़F XPSE SFQSFTFOUBUJPOT BU FBDI UJNF TUFQ BSF
PCUBJOFE CZ BVHNFOUJOH UIF DPSSFTQPOEJOH WFDUPST GSPN Hw BOE Pw� य़FTF GPSN PVS OFX
TFOUFODF FNCFEEJOHT� य़FTF TFOUFODF FNCFEEJOHT BSF BHBJO QBTTFE UISPVHI B #J�-45. UP HFU
B TFOUFODF MFWFM SFQSFTFOUBUJPO� य़JT QSPDFTT JT EPOF GPS FBDI TFOUFODF JO UIF TUPSZ 	XIJDI BSF
UIF SFQMJDBUJPOT BT TIPXO JO UIF MFॏ QPSUJPO PG 'JHVSF ���
� य़JT SFTVMUT JO B MBUFOU SFQSFTFOUB�
UJPO PG UIF TUPSZ Hs ∈ R5×2h� "MPOH UIF TBNF MJOFT PG MPDBM B॒FOUJPO XF OPX DPNQVUF TUPSZ
MFWFM IJFSBSDIJDBM HMPCBM B॒FOUJPO UP SFTVMU JOAs ∈ R5×k� य़JT JT TIPXO JO &RVBUJPO ��� XIFSF
[, ] JOEJDBUFT BVHNFOUBUJPO PG DPSSFTQPOEJOH WFDUPST�

As = softmax([Hw, Pw]⊗Hk)

य़F B॒FOEFE WFDUPST GSPN Aw BOE As PG TJ[F OL BOE L SFTQFDUJWFMZ BSF DPODBUFOBUFE JO FBDI
TFOUFODF TUFQ JO UIF EFDPEFS GSPN UIF CBTFMJOF NPEFM� य़JT JT TIPXO JO UIF UPQ SJHIU DPSOFS PG
'JHVSF ��� 	BMUIPVHI UIF 'JHVSF EFQJDUT DPODBUFOBUJPO GPS TJOHMF UJNF TUFQ
�

य़F WBSJPVT NFUIPET EJTDVTTFE BCPWF BSF QSFTFOUFE JO UIFJS DPOEFOTFE BODIPSJOH NFUIPET JO
'JHVSF �����
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I T

I

T

A

Anchor Informed Baseline 
(Fusion Anchoring)

I
A’

T

Multitasking Story Generation (MTG) 
(Independent)

I
T

A L(A)

Glocal Hierarchical Model 
(Latent Anchoring)

Glocal Hierarchical

Baseline 

(Independent)

'९७ॻॸ५ ����� $PNQBSJTPO PG UIF DPOUFOU�BODIPSJOH CBTFE PONVMUJNPEBM JOUFSBDUJPOT GPSNPE�
FMJOH FOUJUJFT BOE DPSFGFSFODFT

.PEFMT &OUJUZ 4LFMFUPO 'PSN .&5&03 %JTUBODF "WH � EJTUJODU FOUJUJFT
#BTFMJOF /POF ����� ���� ������
� &OUJUZ 4LFMFUPOT 4VSGBDF ����� ���� ������
.5( 	α	���

 4VSGBDF ����� ���� ������
.5( 	α	���

 4VSGBDF ����� ���� ������
.5( 	α	���

 4VSGBDF ����� ���� ������
.5( 	α	���

 /PNJOBMJ[BUJPO ����� ���� ������
.5( 	α	���

 "CTUSBDU ����� ���� ������
(MPDBM "॒FOUJPO 4VSGBDF ����� ���� ������

5१२ॲ५ ����� "VUPNBUJD &WBMVBUJPO PG 4UPSZ (FOFSBUJPO .PEFMT

)ZQFSQBSBNFUFS TFUVQ� -FBSOJOH SBUF PG ����� JT VTFE XJUI B CBUDI TJ[F PG ��� य़F XPSE
FNCFEEJOH EJNFOTJPO JT ��� BOE UIF JNBHF GFBUVSFT DPOUSJCVUJOH UPXBSET UIF MPDBM SFQSFTFO�
UBUJPO JT ����� य़F IJEEFO TJ[F PG UIF #J�-45. JT ���� XIJDI JT UIF EJNFOTJPO PG UIF HMPCBM
WFDUPST� य़F B॒FOUJPO NBQ GFBUVSFT BSF PG EJNFOTJPO TJ[F PG ���� 8F TFMFDUFE UIF �� NPTU
GSFRVFOUMZ PDDVSSJOH DPSFGFSFODF XPSET UP TFU UIF WPDBCVMBSZ PG L GPS UIFTF FYQFSJNFOUT J�F
size(k) = 50�

����� &YQFSJNFOUT BOE 3FTVMUT

य़JT TFDUJPO QSFTFOUT UIF RVBOUJUBUJWF BOE UIF RVBMJUBUJWF SFTVMUT GPS UIF GPVS NPEFMT EJTDVTTFE
JO UIF QSFWJPVT TFDUJPO�

������� BOUJUBUJWFࢉ "OBMZTJT

8F QFSGPSN BVUPNBUJD FWBMVBUJPO XJUI .&5&03 TDPSF GPS HFOFSBUJPO� य़F SFTVMUT BSF TIPXO
JO 5BCMF ����� )PXFWFS PVS NBJO UBSHFU JT UP WFSJGZ XIFUIFS UIF TUPSZ BEIFSFT UP UIF QSPWJEFE
FOUJUZ BODIPS VOJUT� )FODF XF B॒FNQU UP QFSGPSN UIJT FWBMVBUJPO XJUI B EJFSFOU TDPSJOH
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NFDIBOJTN� 8F FYUSBDU BODIPS VOJUT XIJDI JO UIJT DBTF BSF FOUJUZ TLFMFUPOT GSPN UIF HFOFS�
BUFE TUPSJFT JO UIF TBNF QSPDFEVSF BT QFSGPSNFE PO UIF USBJOJOH TUPSJFT� 8JUI SFTQFDU UP UIF
HSPVOE USVUI TUPSJFT B CJOBSZ WFDUPS PG MFOHUI WF JT DPOTUSVDUFE CBTFE PO XIFUIFS UIF FO�
UJUZ TLFMFUPO XPSE JT QSFTFOU PS OPU JO UIBU TFOUFODF� &VDMJEFBO EJTUBODF CFUXFFO UIFTF CJOBSZ
WFDUPST TLFMFUPOT PG UIF PSJHJOBM BOE UIF HFOFSBUFE TUPSJFT JT VTFE UP WBMJEBUF UIJT BTQFDU PG HFO�
FSBUJPO� 5BCMF ���� QSFTFOUT UIF SFTVMUT PG PVS NPEFMT� "T XF DBO TFF UIF &VDMJEFBO %JTUBODF
JT OPU WFSZ EJFSFOU JO FBDI PG UIF DBTFT� )PXFWFS XF PCTFSWF UIBU UIF NVMUJUBTLJOH BQQSPBDI
	.5(
 QFSGPSNT CF॒FS XJUI UIF OPNJOBMJ[FE GPSN PG FOUJUZ TLFMFUPOT UIBO UIF CBTFMJOFT BOE
PUIFS GPSNT PG FOUJUZ TLFMFUPO SFQSFTFOUBUJPOT� य़F HMPDBM NPEFM EFTDSJCFE QFSGPSNT B॒FOUJPO
PO UIF TVSGBDF XPSET POMZ BOE IFODF UIF FYQFSJNFOU JODMVEFT POMZ UIJT DPOHVSBUJPO� 8F
PCTFSWF UIBU UIF HMPDBM B॒FOUJPO NPEFM PVUQFSGPSNT UIF CBTFMJOF NPEFM� )PXFWFS UIFSF JT B
TDPQF GPS JNQSPWFNFOU XIFO UIF B॒FOUJPO NFDIBOJTN JT QFSGPSNFE PO OPNJOBMJ[FE TLFMFUPO
SFQSFTFOUBUJPO XIJDI XF MFBWF GPS GVUVSF XPSL�

य़FTF BVUPNBUJD NFUSJDT EP OPU TVਖ਼DJFOUMZ DBQUVSF UIF OVNCFS PS UIF EJWFSTJUZ PG UIF FOUJUJFT
JOUSPEVDFE JO UIF HFOFSBUFE TUPSJFT� 8F DBMDVMBUFE UIF QFSDFOUBHFT PG UIF OPVOT BOE QSPOPVOT
JO UIF HSPVOE USVUI BOE UIF HFOFSBUFE TUPSJFT GPS UIF UFTU EBUB UP BOBMZ[F UIF OVNCFS PG FOUJUJFT�
'JHVSF ���� QSFTFOUT UIFTF QFSDFOUBHFT GPS UIF HSPVOE USVUI TUPSJFT HFOFSBUFE TUPSJFT GSPN
CBTFMJOF .5( XJUI OPNJOBMJ[FE TLFMFUPO SFQSFTFOUBUJPO BOE UIF (MPDBM B॒FOUJPO NPEFM� "T
XF DBO TFF JO UIF OPVOT TFDUJPO UIF CBTFMJOF NPEFM TFFNFE UP IBWF PWFS�HFOFSBUFE OPVOT
DPNQBSFE UP CPUI PG PVS QSPQPTFE NPEFMT� 8IJMF PVS .5( NPEFM BMTP IBT PWFS�HFOFSBUFE UIF
OPVOT PVS HMPDBM B॒FOUJPO NPEFM IBT HFOFSBUFE GFXFS OPVOT DPNQBSFE UP UIF HSPVOE USVUI�
)PXFWFS UIJT JT TUJMM UIF DMPTFTU UP UIF OVNCFS PG OPVOT JO UIF HSPVOE USVUI TUPSJFT� (FOFSBUJOH
B IJHI OVNCFS PG OPVOT EPFT OPU FOTVSF DPIFSFODF BT NVDI BT HFOFSBUJOH BO BQQSPQSJBUF
OVNCFS PG SFMFWBOU QSPOPVOT� य़JT JT PCTFSWFE JO UIF TFDPOE TFDUJPO JO UIF HSBQI� 8IJMF UIF
.5( NPEFM HFOFSBUFE B IJHIFS OVNCFS PG QSPOPVOT JO DPNQBSJTPO UP UIF CBTFMJOF UIF HMPDBM
B॒FOUJPO NPEFM TFFNFE UP IBWF HFOFSBUFE BO FWFO IJHIFS QFSDFOUBHF PG QSPOPVOT� %FTQJUF
UIJT PWFS�HFOFSBUJPO UIF HMPDBM B॒FOUJPO NPEFM JT UIF DMPTFTU UP UIF OVNCFS PG QSPOPVOT JO UIF
HSPVOE USVUI TUPSJFT� *OUFSFTUJOHMZ UIF.5( BOE HMPDBM B॒FOUJPONPEFMT TFFN UP IBWF PQQPTJUF
USFOET JO UIF HFOFSBUJPO PG OPVOT BOE QSPOPVOT� 8F QMBO PO JOWFTUJHBUJOH UIJT GVSUIFS JO PVS
GVUVSF XPSL� $PNJOH UP UIF EJWFSTJUZ PG UIF FOUJUJFT HFOFSBUFE CZ UIF TUPSJFT XF DBMDVMBUF UIF
BWFSBHF OVNCFS PG EJTUJODU FOUJUJFT QSFTFOU QFS TUPSZ GPS FBDINPEFM� य़FTF OVNCFST BSF TIPXO
JO UIF MBTU DPMVNO PG 5BCMF ����� य़JT OVNCFS GPS UIF HSPVOE USVUI UFTU TUPSJFT JT ������� "T
XF DBO TFF UIF BWFSBHF OVNCFS PG EJTUJODU FOUJUJFT JT DPNQBSBUJWFMZ IJHI GPS UIF .5( NPEFM�
)PXFWFS UIJT OVNCFS JT DMPTFS UP UIBU PG UIF HSPVOE USVUI GPS UIF HMPDBM B॒FOUJPO NPEFM
BTTVSJOH TVਖ਼DJFOU EJWFSTJUZ JO UIF FOUJUZ DIBJOT HFOFSBUFE CZ UIJT NPEFM�8F XPVME MJLF UP
NBLF B OPUF IFSF UIBU UIPVHI UIF .5( NPEFM XJUI OPNJOBMJ[FE SFQSFTFOUBUJPO JT QFSGPSNJOH
CF॒FS JO UFSNT PG .&5&03 TDPSF PVS BOBMZTJT TIPXT QSPNJTJOHMZ CF॒FS QFSGPSNBODF PG UIF
(MPDBM B॒FOUJPO NPEFM XJUI SFTQFDU UP CPUI UIF OVNCFS BOE EJWFSTJUZ PG UIF FOUJUJFT HFOFSBUFE�

������� BMJUBUJWFࢉ "OBMZTJT

'JHVSF ���� QSFTFOUT BO JNBHF TFRVFODF GPS B TUPSZ BMPOH XJUI UIF DPSSFTQPOEJOH HSPVOE USVUI
	4*4
 BOE UIF HFOFSBUFE TUPSJFT� य़F QPTJUJWF BOE UIF OFHBUJWF QIFOPNFOB PCTFSWFE BSF QSF�
TFOUFE JO UIF MBTU DPMVNO� य़F (MPDBM )JFSBSDIJDBM "॒FOUJPO .PEFM JT BCMF UP DBQUVSF UIF
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'९७ॻॸ५ ����� 1FSDFOUBHF PG &OUJUJFT JO UIF GPSN PG /PVOT BOE 1SPOPVOT JO UIF HFOFSBUFE TUPSJFT

TLFMFUPO XPSET SJHIU JO DPNQBSJTPO UP UIF CBTFMJOF NPEFM� 'PS JOTUBODF UIF XPSET ڣXFڢ BOE ڣJUڢ
BSF HFOFSBUFE JO TFOUFODFT � � � BOE � XJUI UIF HMPDBM B॒FOUJPO NPEFM XIFSFBT UIFTF FOUJUZ
TLFMFUPO XPSET BSF HFOFSBUFE POMZ JO TFOUFODFT � BOE � JO UIF CBTFMJOF NPEFM� 4JODF UIFSF BSF
NVMUJQMF PDDVSSFODFT PG FOUJUJFT UIBU BSF DPOOFDUFE UIF TUPSZ NJHIU QSFTFOU TUSPOHFS DPIFSFODF
JO UIF DBTF PG UIF HMPDBM B॒FOUJPO NPEFM� *O BEEJUJPO UIF FOUJUZ TLFMFUPO DPVME CF CPPTUJOH UIF
NPEFM UP BMTP HFOFSBUF PUIFS SFMFWBOU XPSET CBTFE PO JNBHFT TVDI BT ڣCVJMEJOHڢ BOE �ڣHBNFڢ
य़F WJTVBMJ[BUJPO PG UIF DPSSFTQPOEJOH IJFSBSDIJDBM HMPDBM B॒FOUJPO NBQ UIBU JT GFE JOUP UIF
EFDPEFS JT QSFTFOUFE JO 'JHVSF ����� %BSLFS DPMPS JOEJDBUFT IJHIFS B॒FOUJPO PO UIPTF XPSET�
य़F SPXT JO UIF WJTVBMJ[BUJPO EFQJDU UIF TFOUFODF JOEJDFT BOE UIF DPMVNOT JOEJDBUF B GFX PG
UIF GSFRVFOUMZ PDDVSSJOH FOUJUZ TLFMFUPO DIBJOT� य़F TDPSFT BSF OPU OPSNBMJ[FE BT QSPCBCJMJUZ
EJTUSJCVUJPOT TJODF UIF HVSF EPFT OPU QSFTFOU BMM �� FOUJUZ TLFMFUPOT 	JOTUFBE PG POMZ UIF UPQ
�� GSFRVFOUMZ PDDVSSJOH POFT
� "T XF DBO TFF UIFSF JT B IJHIFS XFJHIU JO UIF HSJET QFSUBJOJOH
UP ڣXFڢ GPS UIF STU UIJSE BOE GPVSUI TFOUFODFT�

)VNBO&WBMVBUJPO� 8FDPOEVDU IVNBO FWBMVBUJPO JO UIF GPSN PG QSFGFSFODF UFTUJOH� 5XFOUZ
TUPSJFT XFSF SBOEPNMZ TBNQMFE BOE XF BTLFE WF TVCKFDUT UIF GPMMPXJOH QSFGFSFODF RVFTUJPOT
QSFGFSFODFڢ PG UIF TUPSZ OBSSBUJWF GSPN UIF JNBHFTڣ� 0VS HMPDBM IJFSBSDIJDBM BࡇFOUJPO NPEFM JT
QSFGFSSFE ��� PG UIF UJNFT DPNQBSFE UP UIF CBTFMJOF NPEFM BOE ��� PG UIF UJNFT JO DPNQBSJTPO
UP UIF .5( NPEFM XJUI OPNJOBMJ[FE SFQSFTFOUBUJPO� 8F BMTP BTLFE UIFN B GPMMPX�VQ RVFTUJPO
PG UIFJS PQJOJPO PO UIF VTBHF PG QSPOPVOT TJODF UIBU JT UIF UBTL XF XFSF GPDVTJOH PO� 'SPN
UIF BOTXFST XF DPODMVEF UIBU PVS IZQPUIFTJT PG UIF VTBHF PG QSPOPVOT JOTUFBE PG UIJSE�QBSUZ
OPVOT OBSSBUFT B NPSF JOWPMWFE TUPSZ� य़FSFGPSF UIJT QSPWJEFT BO PQQPSUVOJUZ NBSHJO GPS
JNQSPWJOH TUPSZ HFOFSBUJPO�

4P GBS XF IBWF TFFO IPX /�-PDBM BODIPS VOJUT CBTFE PO FOUJUZ TLFMFUPOT DBO QSPWJEF OF�
HSBJOFE HVJEBODF UPXBSET BODIPSJOH UIF DPOUFOU PG UIF TUPSZ JO UIF FOUJUJFT JOWPMWFE JO UIF
TUPSJFT� 8IBU JG UIF BODIPST BSF OPU FYQMJDJUMZ BWBJMBCMF $BO UIFZ CF MFWFSBHFE GSPN UIF
TVSSPVOEJOH DPOUFYUT *O XIBU LJOE PG OBSSBUJWFT EP TVSSPVOEJOH DPOUFYUT IFMQ BODIPS UIF
DPOUFOU NPSF 5P JOWFTUJHBUF UIFTF RVFTUJPOT MFU VT MPPL JOUP BODIPSJOH XJUI JNQMJDJU DPOUFYUT
JO UIF GPMMPXJOH TFDUJPO�
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First cream the butter and the vanilla 
extract together with a hand mixer. It 

only takes a few minutes .

Scrape the sides of the bowl with a 
spatula as needed . Then give it a mix 
again for about 15 seconds .

Next add in your powdered sugar little 
by little , with the mixer on low , until 
all of the powdered sugar is blended 
in .

Next you can add a little bit of milk at 
a time to get the right consistency 
that you want . 

To use a piping back fold it over one of 
your hands , and open up the middle , 
or you can fold it over a tall glass .

'९७ॻॸ५ ����� 0WFSWJFX PG JOMMJOH JO WJTVBM QSPDFEVSFT� *NBHF JO UIF TFDPOE TUFQ JT NBTLFE
XIJMF UIF NPEFM HFOFSBUFT UIF DPSSFTQPOEJOH UFYUVBM EFTDSJQUJPO GSPN TVSSPVOEJOH DPOUFYU�

��� /�-PDBM "ODIPSJOH GSPN *NQMJDJU $POUFYUT

(FOFSBUJOH MPOH GPSN OBSSBUJWFT TVDI BT TUPSJFT BOE QSPDFEVSFT GSPN NVMUJQMF NPEBMJUJFT IBT
CFFO B MPOH�TUBOEJOH ESFBN GPS BSUJDJBM JOUFMMJHFODF� *O UIJT SFHBSE UIFSF JT PॏFO B DSVDJBM
TVCUFYU UIBU JT EFSJWFE GSPN UIF TVSSPVOEJOH DPOUFYUT� य़F HFOFSBM TFR�TFR USBJOJOH NFUIPET
SFOEFS UIF NPEFMT TIPSUIBOEFE XIJMF B॒FNQUJOH UP CSJEHF UIF HBQ CFUXFFO UIFTF OFJHICPSJOH
DPOUFYUT� *O UIJT QBQFS XF UBDLMF UIJT QSPCMFN CZ VTJOH JOटMMJOH UFDIOJRVFT JOWPMWJOH UIF
QSFEJDUJPO PG NJTTJOH TUFQT JO B OBSSBUJWF XIJMF HFOFSBUJOH UFYUVBM EFTDSJQUJPOT GSPN B TFRVFODF
PG JNBHFT� 8F BMTP QSFTFOU B OFX MBSHF TDBMF WJTVBM QSPDFEVSF UFMMJOH 	7J15
 EBUBTFU XJUI B UPUBM
PG ����� QSPDFEVSFT BOE BSPVOE ���L QBJSXJTF JNBHFT BOE UFYUVBM EFTDSJQUJPOT UIBU JT SJDI
JO TVDI DPOUFYUVBM EFQFOEFODJFT� (FOFSBUJOH TUFQT VTJOH JOMMJOH UFDIOJRVF EFNPOTUSBUFT UIF
FFDUJWFOFTT JO WJTVBM QSPDFEVSFT XJUI NPSF DPIFSFOU UFYUT� 8F DPODMVTJWFMZ TIPX B .&5&03
TDPSF PG ����� PO QSPDFEVSFT XIJDI JT IJHIFS UIBO UIF TUBUF�PG�UIF�BSU PO WJTVBM TUPSZUFMMJOH�
8F BMTP EFNPOTUSBUF UIF FFDUT PG JOUFSQPTJOH OFX UFYU XJUI NJTTJOH JNBHFT EVSJOH JOGFSFODF�
य़F DPEF BOE UIF EBUBTFU XJMM CF QVCMJDMZ BWBJMBCMF BU I॒QT���WJTVBM�OBSSBUJWFT�HJUIVC�JP�7JTVBM�
/BSSBUJWFT�

)VNBOT QSPDFTT JOGPSNBUJPO GSPN UIFJS TVSSPVOEJOH DPOUFYUT GSPNNVMUJQMF NPEBMJUJFT� य़FTF
TJUVBUFE DPOUFYUT BSF PॏFO EFSJWFE GSPN B NPEBMJUZ 	TPVSDF
 BOE FYQSFTTFE JO BOPUIFS NPEBM�
JUZ 	UBSHFU
� 3FDFOU BEWBODFT IBWF TFFO B TVSHF PG JOUFSFTU JO WJTJPO BOE MBOHVBHF BT TPVSDF
BOE UBSHFU NPEBMJUJFT SFTQFDUJWFMZ� 0OF TVDI XJEFMZ TUVEJFE UBTL JT JNBHF DBQUJPOJOH 	)PT�
TBJO FU BM� ����� -JV FU BM� ����
 XIJDI QSPWJEFT B UFYUVBM EFTDSJQUJPO T HJWFO BO JNBHF I � *O
DPOUSBTU WJTVBM TUPSZUFMMJOH 	)VBOH FU BM� ����
 JT UIF UBTL PG HFOFSBUJOH B TFRVFODF PG UFYUVBM
EFTDSJQUJPOT 	{T1, T2, ..., Tn}
 GSPN B TFRVFODF PG JNBHFT 	{I1, I2, ..., In}
� य़JT TFRVFOUJBM DPO�
UFYU JT UIF EJFSFOUJBUJOH GBDUPS JO UIF HFOFSBUJPO PG WJTVBM OBSSBUJWFT JO DPNQBSJTPO UP JNBHF
DBQUJPOJOH JO JTPMBUJPO� य़JT MPOH GPSN HFOFSBUJPO DPNQSJTFT B DPIFSFOU TFRVFODF PG NVMUJQMF
TFOUFODFT�
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" GVOEBNFOUBM JODPOHSVJUZ CFUXFFO IPX IVNBOT QSPDFTT JOGPSNBUJPO GSPN NVMUJQMF NPEBM�
JUJFT BOE IPX XF UFBDI NBDIJOFT UP EP UIF TBNF JT UIBU IVNBOT BSF DBQBCMF PG CSJEHJOH UIF
JOGPSNBUJPO HBQ GSPN TVSSPVOEJOH DPOUFYUT� 0VS USBJOJOH QSPDFEVSFT EP OPU UBLF DBSF PG BD�
DPNNPEBUJOH UIF TBNF BCJMJUZ JO B TVQFSWJTFE MFBSOJOH QBSBEJHN� 5SBEJUJPOBMMZ UIF QSPCMFN
PG NJTTJOH DPOUFYU JO MPOH UFYU HFOFSBUJPO JT BEESFTTFE VTJOH BEEJUJPOBM JOQVU TVDI BT FOUJUJFT
	%POH FU BM� ����D
 BDUJPOT 	'BO FU BM� ����C
 MBUFOU UFNQMBUFT FYUFSOBM LOPXMFEHF FUD� य़FTF
BSF FYQMJDJU NFUIPET UP JOKFDU DPOUFOU EVSJOH HFOFSBUJPO� *O DPOUSBTU JO UIF TQJSJU PG TJNQMJDJUZ
XF QSPQPTF JOMMJOH UFDIOJRVFT UP JNQMJDJUMZ JOUFSQPMBUF UIF HBQ CFUXFFO TVSSPVOEJOH DPO�
UFYUT GSPN B TUSFBN PG JNBHFT� य़F USBJOJOH QSPDFEVSF JODPSQPSBUFT NBTLFE DPOUFYUT XJUI UIF
PCKFDUJWF PG B NBTLFE TQBO QSFEJDUJPO� 8F GPDVT PO UXP LJOET PG WJTVBM OBSSBUJWFT OBNFMZ
TUPSJFT BOE QSPDFEVSFT� 8F DVSBUFE B MBSHF TDBMF 7J15 EBUBTFU XJUI QBJSXJTF JNBHF BOE UFYU
EFTDSJQUJPOT DPNQSJTJOH PG ��L QSPDFEVSFT BOE ���L JNBHFT� य़F QFSDFOUBHF PG VOJRVF XPSET
JO FBDI TUFQ JO DPNQBSJTPO UP UIF SFTU PG UIF SFDJQF JT BCPVU ��� GPS 7J45 BOE ��� GPS 7J15�
य़JT JNQMJFT UIBU PWFSMBQQJOH DPOUFYUT BSF QSFEPNJOBOU JO QSPDFEVSFT UIBO TUPSJFT EBUBTFUT�
य़JT JT VTVBMMZ CFDBVTF TUPSJFT BSF NPSF DSFBUJWF BOE EJWFSTF XIJMF QSPDFEVSFT BSF JO�EPNBJO�
'PS CPUI UIFTF SFBTPOT XF IZQPUIFTJ[F UIBU JOMMJOH UFDIOJRVF JT NPSF FFDUJWF JO TDFOBS�
JPT XIFSF JU DBO MFWFSBHF UIF WBTU DPOUFYU GSPN UIF TVSSPVOEJOH JOGPSNBUJPO UP MM UIF NJTTJOH
QJFDFT� 5P UIJT FOE XF QSFTFOU PVS JOMMJOH�CBTFENPEFM UP QFSGPSN WJTVBM OBSSBUJWF HFOFSBUJPO
BOE DPNQBSF JUT FFDUT PO WJTVBM TUPSJFT BOE QSPDFEVSFT� य़F PWFSWJFX PG UIF JOMMJOH�CBTFE
USBJOJOH QSPDFEVSF JT QSFTFOUFE JO 'JHVSF ����� 8F DPODMVTJWFMZ PCTFSWF UIBU JU JT NPSF FFD�
UJWF JO QSPDFEVSBM UFYUT XJUI TUSPOHFS DPOUFYUVBM EFQFOEFODJFT� 8F BMTP QSFTFOU UIF FFDUT PG
JOMMJOH EVSJOH USBJOJOH BOE JOGFSFODF QIBTFT BOE PCTFSWF UIBU JOMMJOH TIPXT CFOFUT EVSJOH
JOGFSFODF BT XFMM� 4JNJMBSMZ JOMMJOH�CBTFE UFDIOJRVFT BSF BMTP DBQBCMF PG HFOFSBUJOH MPOHFS
TFOUFODFT� *OUFSQPMBUJOH DPOUFYUT UP HFOFSBUF OBSSBUJWF EFTDSJQUJPOT IBT QPUFOUJBM BQQMJDBUJPOT
JO FMET TVDI BT EJHJUBM FEVDBUJPO 	)PMMJOHTIFBE ����
 TPDJBM NFEJB DPOUFOU 	(FMMB FU BM� ����

BVHNFOUFE SFBMJUZ 	%VEMFZ FU BM� ����
 WJEFP HBNFT 	,VSJIBSB FU BM� ����� "NNBOBCSPMV FU BM�
����B
 FUD� य़F NBJO DPOUSJCVUJPOT PG UIJT QBQFS BSF�

ۦ 8F QSFTFOU B 7JTVBM 1SPDFEVSF 5FMMJOH 	7J15
 EBUBTFU TJNJMBS UP UIF 7JTVBM 4UPSZUFMMJOH
	7J45
 EBUBTFU XJUI ��L QSPDFEVSFT PO WBSJPVT EPNBJOT�

ۦ 8F EFNPOTUSBUF UIF Fਖ਼DBDZ PG PVS WJTVBM JOMMJOH UFDIOJRVF PO OBSSBUJWFT UIBU IBWF
TUSPOHFS DPOUFYUVBM EFQFOEFODJFT PO UIF SFTU PG UIF TFOUFODFT�

%BUBTFU 7J45 7JTVBM 1SPDFEVSF 5FMMJOH 	7J15

$BUFHPSJFT TUPSJFT SFDJQFT DSBࢄT PVUEPPST MJGFTUZMF UFDIOPMPHZ TUZMJOH ॑UOFTT IPCCJFT QFUT NJTD
�OBSSBUJWFT ����� ����� ��� ���� ���� ���� ���� ��� ���� ��� ����
�JNBHFT PS TUFQT ������ ������ ���� ����� ����� ����� ����� ���� ����� ���� �����
BWH �TUFQT ���� ���� ����� ����� ����� ����� ����� ����� ����� ����� �����
BWH �XPSET�TUFQ ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

5१२ॲ५ ����� %FUBJMT PG UIF 7J45 BOE 7JTVBM 1SPDFEVSF 5FMMJOH %BUBTFU CSPLFO EPXO JOUP ��
DBUFHPSJFT
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����� %BUBTFU %FTDSJQUJPO

8IJMF UIFSF BSF TFWFSBM UZQFT PG OBSSBUJWFT TVDI BT MJUFSBSZ GBDUVBM BOE QFSTVBTJWF UIJT QBQFS
MPPLT JOUP TUPSJFT BOE QSPDFEVSFT� य़JT TFDUJPO EFTDSJCFT PVS OFX 7J15 EBUBTFU BOE IJHIMJHIUT
UIF EJFSFODFT XJUI 7J45�

1SPDFEVSFT WT 4UPSJFT� -POH GPSN OBSSBUJWFT BSF PॏFO DIBSBDUFSJ[FE CZ UISFF DSVDJBM QSPQ�
FSUJFT� DPOUFOU TUSVDUVSF BOE TVSGBDF GPSN SFBMJ[BUJPO 	(B॒ BOE ,SBINFS ����C
� /BSSBUJWF
QSPQFSUJFT TVDI BT DPOUFOU BOE TUSVDUVSF JO UIFTF GPSNT BSF TVਖ਼DJFOUMZ DPOUSBTUJWF CFUXFFO
TUPSJFT BOE QSPDFEVSFT� $POUFOU JO TUPSJFT JODMVEFT DIBSBDUFST BOE FWFOUT XIJMF QSPDFEVSFT
JODMVEF JOHSFEJFOUT NBUFSJBMT BOE BDUJPOT� $PNJOH UP UIF TUSVDUVSF TUPSJFT UZQJDBMMZ TUBSU CZ
TF॒JOH B TDFOF BOE UIF FSB GPMMPXFE CZ DIBSBDUFSJ[JOH UIF QBSUJDJQBOUT BOE DVMNJOBUJOH XJUI B
TPMVUJPO JG BO PCTUBDMF JT FODPVOUFSFE� *O DPOUSBTU B QSPDFEVSBM UFYU JT PॏFO HPBM�PSJFOUFE BOE
UIFSFCZ UZQJDBMMZ CFHJOT CZ MJTUJOH UIF JOHSFEJFOUT�NBUFSJBMT OFFEFE GPMMPXFE CZ B TUFQ�CZ�TUFQ
EFTDSJQUJPO UP BSSJWF BU UIF OBM HPBM� 8IJMF TUPSJFT DBO CF NFUBQIPSJD TBSDBTUJD BOE IVNPS�
PVT JO TVSGBDF SFBMJ[BUJPO UIF TFOUFODFT JO QSPDFEVSFT BSF PॏFO JO JNQFSBUJWF PS JOTUSVDUJPOBM
UPOF�

�� %BUB $PMMFDUJPO 1SPDFTT� 8F NBOVBMMZ FYBNJOFE BSPVOE �� CMPHHJOH XFCTJUFT XJUI
WBSJPVT VTFS�XSJ॒FO UFYU PO TFWFSBM IPX�UP BDUJWJUJFT� "NPOH UIFTF XF GPVOE UIBU TOBQHVJEF
BOE JOTUSVDUBCMFT BSF DPOTJTUFOU JO UIF GPSN PG QBJST PG UFYUVBM EFTDSJQUJPOT BMPOH XJUI UIFJS
JNBHFT� 8F BSF HPJOH UP SFMFBTF UIF TDSJQUT VTFE UP DPMMFDU UIJT EBUB BT XFMM BT QSFQSPDFTT UIFN�
8F SFNPWFE BMM UIF QSPDFEVSFT JO XIJDI BU MFBTU POF JNBHF JO FBDI TUFQ JT BCTFOU� 0ODF BMM
UIJT QSFQSPDFTTJOH JT EPOF UIF EBUB DPOUBJOFE UIF GPMMPXJOH DBUFHPSJFT JO CPUI XFCTJUFT� य़FTF
DBUFHPSJFT BSF CBTFE PO UIF UBHT HJWFO CZ UIF CMPHHFST UP UIF BSUJDMFT UIFZ IBWF XSJ॒FO GSPN
BNPOH UIF DBUFHPSJFT UIBU FBDI XFCTJUF PFST� य़FTF DBUFHPSJFT GPS FBDI PG UIFTF XFCTJUFT BSF�

ۦ TOBQHVJEF� SFDJQFT HBNFT�USJDLT TQPSUT�UOFTT HBSEFOJOH TUZMF MJGFTUZMF PVUEPPST
CFBVUZ BSUT�DSBॏT IPNF NVTJD QIPUPHSBQIZ QFUT BVUPNPUJWF UFDIOPMPHZ

ۦ JOTUSVDUBCMFT� DSBॏT DPPLJOH UFBDIFST DJSDVJUT MJWJOH XPSLTIPQ PVUTJEF

*O VOJPO UIFZ BSF B UPUBM PG �� DBUFHPSJFT� 8F NBOVBMMZ FYBNJOFE B GFX QSPDFEVSFT JO FBDI PG
UIF DBUFHPSJFT BOE SFHSPVQFE UIFN JOUP �� CSPBE DBUFHPSJFT UIBU BSF QSFTFOUFE JO 5BCMF ����� "
MJTU PG 63-T DPSSFTQPOEJOH UP UIF EBUB JT TVCNJ॒FE BMPOH XJUI UIF QBQFS�

7JTVBMJ[BUJPO PG UPQJDT� &BDI PG UIF DBUFHPSJFT JO PVS 7JTVBM 1SPDFEVSF 5FMMJOH 	7J15
 BSF
BOBMZ[FE GPS UIF UPQJDT QSFTFOU JO UIFN� 5P HFU B NPSF EFUBJMFE VOEFSTUBOEJOH PG UIFTF UPQ�
JDT JO UIF EBUBTFU XF IPTUFE UIF UPQJD WJTVBMJ[BUJPOT IFSF� WJTVBM�OBSSBUJWFT�HJUIVC�JP�7JTVBM�
/BSSBUJWFT��
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DBUFHPSZ TOBQHVJEF JOTUSVDUBCMFT
SFDJQFT EFTTFSUT DPPLJOH

GPPE
DSBࢄT BSUT�DSBॏT DSBॏ
PVUEPPST PVUEPPST PVUTJEF

HBSEFOJOH
MJGFTUZMF MJGFTUZMF MJWJOH

IPNF
UFDIOPMPHZ UFDIOPMPHZ DJSDVJUT

BVUPNPUJWF
TUZMJOH TUZMF

CFBVUZ
॑UOFTT TQPSUT�UOFTT
IPCCJFT NVTJD

QIPUPHSBQIZ
QFUT QFUT
NJTD HBNFT�USJDLT UFBDIFST

HBNFT�USJDLT XPSLTIPQ

5१२ॲ५ ����� 3FHSPVQJOH UIF DBUFHPSJFT JO 7J15 EBUBTFU

7J15 EBUBTFU� य़PVHI TUPSJFT IBWF UIF QPUFOUJBM UP FYIJCJU UIF QSPQFSUJFT MJTUFE BCPWF JU
JT DIBMMFOHJOH UP PCTFSWF UIFN JO UIF 7J45 EBUBTFU 	)VBOH FU BM� ����
 PXJOH UP UIF TIPSUFS
TFRVFODF MFOHUIT� य़F FYUFOU UP XIJDI BEKBDFOU HSPVQT PG TFOUFODFT IBWF PWFSMBQQJOH DPOUFYUT
JT IJHI JO QSPDFEVSFT BT DPNQBSFE UP TUPSJFT� 8F IBE QSFWJPVTMZ HBUIFSFE DPPLJOH SFDJQFT UP
FYQFSJNFOUBMMZ EFNPOTUSBUF B TDBPMEJOH UFDIOJRVF UP JNQSPWF TUSVDUVSF JO MPOH GPSN OBSSB�
UJWFT 	$IBOEV FU BM� ����B
� 8F FYUFOE UIJT XPSL UP HBUIFS QSPDFEVSFT PS ڣIPX�UPڢ BSUJDMFT UIBU
IBWF TUFQ�CZ�TUFQ JOTUSVDUJPOT BMPOH XJUI BO BTTPDJBUFE QBJSXJTF JNBHF UP FBDI TUFQ JO TFWFSBM
EPNBJOT� 5P GBDJMJUBUF NVMUJ�EPNBJO SFTFBSDI XJUI TUSPOHFS JOUFSMFBWFE DPOUFYUT CFUXFFO TVS�
SPVOEJOH TUFQT XF QSFTFOU B MBSHF TDBMF WJTVBM QSPDFEVSF UFMMJOH EBUBTFU XJUI ��L QSPDFEVSFT
DPNQSJTJOH PG ���L QBJSXJTF JNBHFT BOE UFYUVBM EFTDSJQUJPOT� *U JT DBSFGVMMZ DVSBUFE GSPN TFW�
FSBM IPX�UP CMPHHJOH XFCTJUFT� 0VS EBUBTFU DPNQSJTFT QBJSXJTF JNBHFT BOE UFYUVBM EFTDSJQUJPOT
PG UIF DPSSFTQPOEJOH JNBHFT UZQJDBMMZ EFTDSJCJOH B TUFQ JO B QSPDFEVSF� य़JT NFBOT UIBU FBDI
EFTDSJQUJPO PG UIF TUFQ JT UFUIFSFE UP BO JNBHF� य़JT NBLFT JU B WJTVBM OBSSBUJWF UFMMJOH UBTL� 8F
DBUFHPSJ[FE UIF EBUBTFU JOUP �� EJTUJODU EPNBJOT JODMVEJOH SFDJQFT DSBॏT PVUEPPST MJGFTUZMF
UFDIOPMPHZ TUZMJOH UOFTT IPCCJFT QFUT BOE NJTDFMMBOFPVT� य़F DBUFHPSZ�XJTF EFUBJMT PG UIF
EBUBTFU BSF QSFTFOUFE JO 5BCMF ����� "T XF DBO PCTFSWF UIF EBUBTFU JT EPNJOBUFE CZ DPPLJOH
SFDJQFT XIJDI BSF SFMBUJWFMZ PG TJNJMBS TJ[FT BT UIBU PG 7J45 DPNQBSFE UP UIF SFTU PG UIF EPNBJOT�

%JॐFSFODFT CFUXFFO 7J15 BOE 7J45 EBUBTFUT� "T PCTFSWFE JO 5BCMF ���� UIF BWFSBHF
OVNCFS PG TUFQT JO 7J15 JT IJHIFS UIBO UIBU PG 7J45� )PXFWFS UIF BWFSBHF OVNCFS PG TUFQT
JO SFDJQFT BOE TUPSJFT JT TJNJMBS ���� BOE ���� SFTQFDUJWFMZ� य़F BWFSBHF OVNCFS PG XPSET QFS
TUFQ JO 7J15 JT BMTP NVDI IJHIFS UIFSFCZ QSFTFOUJOH B NPSF DIBMMFOHJOH MPOH GPSN UFYU HFO�
FSBUJPO UBTL� %FTQJUF UIF BWFSBHF OVNCFS PG TUFQT CFJOH TJNJMBS UIF BWFSBHF MFOHUI PG FBDI
TUFQ J�F� UIF OVNCFS PG XPSET QFS TUFQ JO DPPLJOH SFDJQFT JT BCPVU TFWFO UJNFT UIBU PG TUPSJFT�
5ZQJDBMMZ FBDI TUFQ JO UIF 7J15 EBUBTFU DPNQSJTFT PG NVMUJQMF TFOUFODFT UIBU JT JOEJDBUJWF PG
UIF DPSSFTQPOEJOH JNBHF� य़JT JT BT PQQPTFE UP 7J45 EBUBTFU XIJDI IBT B TJOHMF TFOUFODF QFS
TUFQ� य़FTF MPOH TFRVFODFT BMTP QSFTFOU B DBTF GPS EFBMJOH XJUI MBSHFS WPDBCVMBSJFT BT XFMM� य़F
SFDJQFT DBUFHPSZ BMPOF IBT B WPDBCVMBSZ PG ���L UPLFOT XIJMF UIF TBNF GPS TUPSJFT JT ��L� 8F
BMTP DPNQBSFE UIF EJWFSTJUZ JO WPDBCVMBSZ PG FBDI TUFQ CZ DPNQVUJOH UIF BWFSBHF QFSDFOUBHF
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PG VOJRVF XPSET JO B TUFQ XJUI SFTQFDU UP UIF SFTU PG UIF OBSSBUJWF� 8IJMF UIJT OVNCFS JT B IJHI
��� GPS 7J45 JU JT ��� GPS 7J15� य़JT NFBOT UIBU BCPVU ��� PG UIF XPSET JO FBDI TUFQ JO 7J45
PWFSMBQ XJUI UIF SFTU PG UIF TUPSZ� य़JT DPVME CF PXFE UP UIF XBZ UIF EBUBTFU JT HBUIFSFE CZ
BTLJOH UIF BOOPUBUPST UP QJDL B TFRVFODF PG JNBHFT UIBU BSF MJLFMZ UP NBLF B DPIFSFOU TUPSZ BOE
UIFO EFTDSJCF UIFTF JNBHFT JO TFRVFODF� 8IJMF UIF TUPSJFT�JO�TFRVFODFT TVਖ਼DJFOUMZ EJTUJOHVJTI
UIFNTFMWFT GSPN EFTDSJQUJPOT�JO�JTPMBUJPO UIF PWFSMBQQJOH DPOUFYUT BSF OPU IJHI DPNQBSFE UP
QSPDFEVSFT� य़F PWFSMBQQJOH DPOUFYUT GPS QSPDFEVSFT JT BCPVU ���� य़JT SFWFBMT UIF TUSPOHFS
DPIFTJWF BOE PWFSMBQQJOH DPOUFYUT JO UIF 7J15 EBUBTFU DPNQBSFE UP UIF 7J45 EBUBTFUT� य़FTF
PWFSMBQQJOH DPOUFYUT NPUJWBUF UIF JEFB PG HFOFSBUJOH B TFOUFODF CZ CSJEHJOH UIF DPOUFYUT GSPN
TVSSPVOEJOH TFOUFODFT� )FODF JU GPSNT B TVJUBCMF UFTUCFE UP MFBSO JOUFSQPMBUJPO GSPN TVSSPVOE�
JOH DPOUFYUT XJUI JOMMJOH UFDIOJRVF�

%BUBTFU 4UPSJFT 3FDJQFT
.PEFM 9& 7�*O॑MM 7�*O॑MM3 */FU 9& 7�*O॑MM 7�*O॑MM3 */FU
#-&6�� ����� ����� ����� ����� ����� ����� ����� �����
#-&6�� ����� ����� ����� ����� ����� ����� ����� �����
#-&6�� ����� ����� ����� ����� ����� ����� ����� ����
#-&6�� ����� ����� ����� ����� ���� ���� ���� ����
.&5&03 ����� ����� ����� ����� ����� ����� ����� �����
306(&@- ����� ����� ����� ����� ����� ����� ����� �����

5१२ॲ५ ����� 1FSGPSNBODF PG EJFSFOU NPEFMT PO TUPSJFT 	GSPN 7J45
 BOE SFDJQFT 	GSPN 7J15

EBUBTFUT

*O॑MM *OEFY � � � � � �
.PEFM 9& 7�*O॑MM 9& 7�*O॑MM 9& 7�*O॑MM 9& 7�*O॑MM 9& 7�*O॑MM 9& 7�*O॑MM
#-&6�� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
#-&6�� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
#-&6�� ��� ���� ��� ���� ��� ���� ��� ���� ��� ���� ��� ����
#-&6�� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
.&5&03 ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
306(&@- ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

5१२ॲ५ ����� 1FSGPSNBODF PG JOMMJOH EVSJOH JOGFSFODF GPS SFDJQFT JO 7JTVBM 1SPDFEVSF 5FMMJOH

*O॑MM *OEFY � � � � �
.PEFM 9& 7�*O॑MM 9& 7�*O॑MM 9& 7�*O॑MM 9& 7�*O॑MM 9& 7�*O॑MM
#-&6�� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
#-&6�� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
#-&6�� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
#-&6�� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
.&5&03 ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
306(&@- ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

5१२ॲ५ ����� 1FSGPSNBODF PG JOMMJOH EVSJOH JOGFSFODF GPS 7JTVBM 4UPSZ 5FMMJOH

����� .PEFMT %FTDSJQUJPO

य़JT TFDUJPO EFTDSJCFT UIF CBTFMJOF NPEFM BOE UIF JOMMJOH UFDIOJRVFT BEPQUFE PO UPQ PG JU�

8F QSFTFOU JOMMJOH�CBTFE UFDIOJRVFT GPS MFBSOJOHNJTTJOH WJTVBM DPOUFYUT UP HFOFSBUF OBSSBUJWF
UFYU GSPN B TFRVFODF PG JNBHFT� "T UIF 7J45 BOE SFDJQFT DBUFHPSZ JO 7J15 BSF PG DPNQBSBCMF
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TJ[FT 	CPUI JO UFSNT PG EBUB TJ[F BOE UIF BWFSBHF OVNCFS PG TUFQT QFS JOTUBODF
 XF QFSGPSN
DPNQBSBUJWF FYQFSJNFOUBUJPO PO UIFTF UXP DBUFHPSJFT� 8F MFBWF FYQFSJNFOUJOH XJUI BMM UIF
EPNBJOT GPS PVS GVUVSF XPSL FTQFDJBMMZ MFBSOJOH GSPN POF EPNBJO UP HFOFSBUF UIF TFRVFODFT
JO PUIFS EPNBJOT� 'PS PVS 7J15 DBUFHPSZ XF VTF ��� GPS USBJOJOH ��� GPS WBMJEBUJPO BOE
��� GPS UFTUJOH� य़F TUPSJFT BSF DPNQPTFE PG � TUFQT BOE UIF DPPLJOH SFDJQFT BSF USVODBUFE
UP � TUFQT UP QFSGPSN B GBJS DPNQBSJTPO PG UIF FFDU PG UIF JOEFY CFJOH JOMMFE� "O PWFSWJFX
PG JOMMJOH�CBTFE USBJOJOH JT EFQJDUFE JO 'JHVSF ����� य़F VOEFSMZJOH FODPEJOH BOE EFDPEJOH
TUBHFT BSF EFTDSJCFE IFSF�

&ODPEJOH� .PEFMT � � BOE � IFSF TIPX EJFSFOU WBSJBOUT PG FODPEJOH XJUI BOE XJUIPVU
JOMMJOH� .PEFM � JT UIF TUBUF�PG�UIF�BSU NPEFM GPS HFOFSBUJOH TUPSJFT PO 7J45� /PUF UIBU UIF
FODPEJOH QBSU PG UIF NJTTJOH DPOUFYUT WBSJFT CFUXFFO UIFTF NPEFMT XIJMF UIF EFDPEJOH TUSBUFHZ
SFNBJOT UIF TBNF UP DPNQBSF 	J
 UIF QFSGPSNBODF PG FODPEJOH NBTLFE DPOUFYUT BT PQQPTFE UP
OPU NBTLJOH BOE 	JJ
 UIF QFSGPSNBODF PG NBTLFE TQBO QSFEJDUJPO CFUXFFO TUPSJFT BOE QSPDF�
EVSFT�

�� 9& 	CBTFMJOF
� 8F DIPPTF B TUSPOH QFSGPSNJOH CBTFMJOF NPEFM CBTFE PO TFRVFODF UP
TFRVFODF NPEFMJOH XJUI DSPTT FOUSPQZ 	9&
 MPTT JOTQJSFE GSPN 8BOH FU BM� 	����
� *U JT B $//�
3// BSDIJUFDUVSF� य़F WJTVBM GFBUVSFT BSF FYUSBDUFE GSPN UIF QFOVMUJNBUF MBZFS PG 3FT/FU����
CZ QBTTJOH UIF SFTJ[FE JNBHFT 	{I1, I2, ..., In}
 PG TJ[F ��� 9 ���� य़FTF SFQSFTFOU UIF JNBHF
TQFDJD MPDBM GFBUVSFT 	{l1, l2, ..., ln}
� य़FTF GFBUVSFT BSF UIFO QBTTFE UISPVHI B CJEJSFDUJPOBM
(36 MBZFS UP B॒BJO OBSSBUJWF MFWFM HMPCBM GFBUVSFT 	{g1, g2, ..., gn}
 DPOTUJUVUJOH UIF OBSSBUJWF
DPOUFYU MBZFS JO 'JHVSF �����

�� 7�*O॑MM� 8F JOUSPEVDF BO JOMMJOH JOEJDBUPS GVODUJPO PO UIF VOEFSMZJOH 9& NPEFM CZ
SBOEPNMZ TBNQMJOH BO JOMMJOH JOEFY 	inidx
� य़JT JT VTFE UP DPOTUSVDU UIF OBM JOMMFE MPDBM
GFBUVSFT BT GPMMPXT�

lk(∀k, s.t.0 < k ≤ n) =

{
zero@tensor JG L�inidx

lk PUIFSXJTF

0UIFS UIBO UIF TBNQMFE inidx UIF SFTU PG UIF MPDBM GFBUVSFT GPS PUIFS JOEJDFT SFNBJO UIF TBNF�
य़F MPDBM GFBUVSFT GPS inidx BSF BMM NBTLFE UP B [FSP UFOTPS� य़F ESPQPVU PG BO FOUJSF TFU PG MPDBM
GFBUVSFT GSPN BO JNBHF GPSDFT UIF NPEFM UP MFBSO UP CSJEHF UIF DPOUFYU GSPN UIF MFॏ BOE UIF
SJHIU JNBHFT PG inidx� य़F NPEFM JT PQUJNJ[FE UP QSFEJDU UIF SFTU PG UIF TUFQT XIFSF JNBHFT BSF
QSFTFOU BMPOH XJUI UIFNBTLFE TQBO QSFEJDUJPO� *O UIJT XBZ UIF JOMMJOH NFDIBOJTN FODPVSBHFT
PVS VOEFSMZJOH TFR�TFR NPEFM UP MFBSO UIF MPDBM SFQSFTFOUBUJPO PG UIF NJTTJOH DPOUFYU GSPN
HMPCBM DPOUFYUVBM GFBUVSFT JO UIF OBSSBUJWF DPOUFYU MBZFS�

�� 7�*O॑MM3� य़JT NPEFM WBSJFT UIF 3BUFT JO XIJDI MPDBM GFBUVSFT BSF NBTLFE BT USBJOJOH
QSPDFFET CBTFE PO UIF JOEJDBUPS GVODUJPO BCPWF JO UIF 7�*OMM NPEFM� 4DIFEVMJOH UIF OVNCFS
PG NJTTJOH GFBUVSFT JUTFMG JT B IZQFSQBSBNFUFS BOE XF VTFE UIF GPMMPXJOH TF॒JOH� *O UIF STU
RVBSUFS PG USBJOJOH FQPDIT OPOF BSF NBTLFE UIFO JODSFBTJOH JU UP � MPDBM GFBUVSF GPS UIF OFYU
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I

T

A

Implicit context anchor 
(Fusion Anchoring)

Curriculum Learning

I T

Baseline 

(Independent)

'९७ॻॸ५ ����� $PNQBSJTPO PG UIF DPOUFOU�BODIPSJOH CBTFE PO NVMUJNPEBM JOUFSBDUJPOT JO JO�
MMJOH

RVBSUFS BOE MFBWJOH JU BU � GPS UIF MBTU UXP RVBSUFST� य़JT JT TJNJMBS UP UIF TF॒JOHT PCTFSWFE JO
*/FU NPEFM� 8F IBWF FYQFSJNFOUFE XJUI PUIFS TF॒JOHT PG TDIFEVMJOH CVU UIJT POF QFSGPSNFE
CF॒FS UIBO UIF PUIFST�

"T NFOUJPOFE FBSMJFS UIF FODPEJOH PG UIF MPDBM GFBUVSFT DIBOHFT CBTFE PO UIF JOMMJOH UFDI�
OJRVF CFJOH VTFE JO FBDI PG UIF BCPWF TUSBUFHJFT� "T XF DBO TFF UIF DPOUSJCVUJPO PG UIF HMPCBM
GFBUVSFT UP SFDPOTUSVDU UIF NJTTJOH MPDBM DPOUFYU JT JOUVJUJWFMZ FYQFDUFE UP QFSGPSN XFMM JO UIF
DBTF PG OBSSBUJWFT XJUI PWFSMBQQJOH DPOUFYUT� )FODF XF IZQPUIFTJ[F UIBU UIF JOMMJOH UFDI�
OJRVF UIBU JOUFSQPMBUFT CFUXFFO TUFQT UIBU DPOTUJUVUF XPSET PS QISBTFT UIBU BSF TJNJMBS UP UIPTF
PG UIF TVSSPVOEJOH TUFQT CFOFU GSPN UIJT UFDIOJRVF� " ڣIPX�UPڢ TUZMF PG OBSSBUJWF FYQMBJO�
JOH B QSPDFEVSF JT NPSF JO�EPNBJO BT DPNQBSFE UP UIF TUPSJFT BOE IFODF IZQPUIFTJ[F UIBU PVS
JOMMJOH�CBTFE FODPEJOH BQQSPBDIFT QFSGPSN SFMBUJWFMZ CF॒FS PO QSPDFEVSFT� 8F UIFO VTF UIF
FODPEFE SFQSFTFOUBUJPO UP EFDPEF FBDI TUFQ PG UIF QSPDFEVSF PS TUPSZ� य़F EFDPEJOH TUSBUFHZ
JT FYQMBJOFE OFYU XIJDI JT UIF TBNF JO BMM UISFF PG UIF BGPSFNFOUJPOFE NPEFMT�

%FDPEJOH� *O BMM UIF BCPWF NPEFMT gk BSF GFE JOUP B (36 EFDPEFS UP QSFEJDU FBDI XPSE 	ŵt

PG UIF TUFQ 	L
� य़F TBNF JT EPOF GPS HFOFSBUJOH FBDI TUFQ JO UIF WF TUFQT� *O UIF JOMMJOH
NFUIPET UIF EFDPEJOH TUSBUFHZ JT BHOPTUJD UP UIF NJTTJOH DPOUFYU JO UIF MPDBM GFBUVSFT� य़F
HMPCBM GFBUVSFT UIBU CSJEHF UIF DPOUFYUT JO UIF FODPEJOH BSF VTFE EJSFDUMZ BT JOQVU UP UIF EFDPEFS�
*O PUIFS XPSET UIF OFUXPSL SFNBJOT UIF TBNF PODF UIF HMPCBM GFBUVSFT BSF QSFEJDUFE� 8F
QFSGPSN CFBN TFBSDI XJUI B CFBN TJ[F PG � EVSJOH JOGFSFODF� )FSF τ JT UIF OVNCFS PG XPSET
JO FBDI TUFQ BOE t JT UIF DVSSFOU UJNF TUFQ�

ŵt ∼
∏

τ

Pr(ŵτ
t |ŵ<τ

t , gk)

�� */FU� 8F SF�JNQMFNFOUFE UIF NPEFM BDIJFWJOH UIF TUBUF�PG�UIF�BSU SFTVMUT 	)V FU BM�
����C
 PO UIF WJTVBM TUPSZUFMMJOH EBUBTFU� "EEJUJPOBMMZ UIFZ VTF B SFMBUJPOBM FNCFEEJOH MBZFS
UIBU DBQUVSFT SFMBUJPOT BDSPTT TQBUJP�UFNQPSBM TVC�TQBDFT� 0VS SFQMJDBUJPO PG UIFJS NPEFM JT
DMPTF UP UIF TDPSFT SFQPSUFE JO UIFJS QBQFS UIPVHI OPU FYBDU� 0VS SF�JNQMFNFOUBUJPO BDIJFWFE
B ���� .&5&03 BOE ���� #-&6�� JO DPNQBSJTPO UP UIF TDPSFT SFQPSUFE JO UIFJS QBQFS XIJDI
BSF ���� BOE �����

य़F DPNQBSJTPO CFUXFFO UIF CBTFMJOF BOE UIF JNQMJDJU DPOUFYU NPEFM XJUI JOMMJOH JT EFQJDUFE
JO 'JHVSF �����
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)ZQFSQBSBNFUFS 4FUVQ� 8F VTF B (36 XJUI B IJEEFO EJNFOTJPO PG ��� GPS UIF FODPEFS
BOE ��� GPS UIF EFDPEFS� य़F XPSE FNCFEEJOH EJNFOTJPO JT ���� य़F MFBSOJOH SBUF JT �F��
PQUJNJ[FE XJUI "EBN BOE TNPPUIJOH PG �F��� 8F VTF B ESPQPVU PG ��� BOE NPNFOUVN PG ���
XJUI B HSBEJFOU DMJQQJOH PG ��� 8IFO FYQFSJNFOUFE XJUI B USBOTGPSNFS�CBTFE FODPEFS BOE
BVUPSFHSFTTJWF EFDPEJOH UIF QFSGPSNBODF JT DPNQBSBUJWFMZ MFTTFS BOE IFODF XF QSPDFFE XJUI
B (36�CBTFE NPEFM� #BTFE PO UIF BWFSBHF OVNCFS PG TUFQT JO SFDJQFT GSPN 5BCMF ���� XIJDI JT
���� XF USVODBUF UIF SFDJQFT UP � TUFQT�

����� &YQFSJNFOUT BOE 3FTVMUT

$QDO\VLV

*7

7KHUH�DUH�RQO\�D�IHZ�
FRPSRQHQWV�
QHFHVVDU\�WR�VHDU�
PHDW�DQG�PDNH�D�
SDQ�VDXFH�

7ULP�WKH�IDW�
DURXQG�WKH�PHDW�
XQWLO�DOPRVW�
QRQH�LV�OHIW��

'U\�WKH�PHDW�E\�
EORWWLQJ�LW�ZLWK�
SDSHU�WRZHOV��

+HDW�D�OLWWOH�RLO�RQ�D�
VWDLQOHVV�VWHHO�RU�FDVW�
LURQ�VNLOOHW�RQ�KLJK�
KHDW�DQG�ZDLW�IRU�WKH�
RLO�WR�VWDUW�VPRNLQJ��

$IWHU�����PLQXWHV�
SDVV���XVH�D�
VSDWXOD�WR�FKHFN�
WKH�PHDW�

2QFH�WKH�PHDW�LV�WR�\RXU�
GHVLUHG�WHPSHUDWXUH���
UHVW�RQ�D�SODWH�DQG�FRYHU�
ZLWK�IRLO��������PLQXWHV��

;(

� &XW�WKH�FKLFNHQ�LQWR�
VPDOO�SLHFHV��

7KH�ILUVW�WKLQJ�\RX�
ZLOO�QHHG�WR�GR�LV�
SXW�WKH�PHDW�LQ�
WKH�SDQ��

+HDW�WKH�RLO�LQ�D�
SDQ�DQG�DGG�WKH�
ROLYH�RLO��

$GG�WKH�VDOW�DQG�SHSSHU�
WR�WKH�SDQ��

2QFH�WKH�FKLFNHQ�LV�
FRRNHG���UHPRYH�
WKH�FKLFNHQ�IURP�
WKH�RYHQ�DQG�OHW�LW�
FRRO�IRU�DERXW����
PLQXWHV��

1RZ�WKDW�\RX�KDYH�D�KRW�
SDQ���LW�
V�WLPH�WR�FRRN�WKH�
FKLFNHQ��

��7KH�FRQWHQW�VWHS���LV�
EHLQJ�FRSLHG�WR�VWHS���

��5HFRYHULQJ�IURP�
LQFRUUHFW�VWHSV�XQWLO�
VWHS���

� )RU�WKLV�UHFLSH�\RX�ZLOO�
QHHG�WKH�IROORZLQJ�
LQJUHGLHQWV�������FXS�RI�
ZDWHU���VDOW�DQG�
SHSSHU

&XW�WKH�FKLFNHQ�
EUHDVW�LQWR�VPDOO�
SLHFHV��

�7KH�ILUVW�WKLQJ�\RX�
QHHG�WR�GR�LV�SXW�
WKH�PHDW�LQ�WKH�SDQ�
DQG�OHW�LW�FRRO�IRU�
DERXW����PLQXWHV��

3ODFH�WKH�SDQ�RQ�WKH�
VWRYH�DQG�KHDW�WKH�SDQ�
RQ�PHGLXP�KHDW��

0DNH�VXUH�LW�LV�
SURSHUO\�FRRNHG�

2QFH�WKH�FKLFNHQ�LV�GRQH���
UHPRYH�WKH�FKLFNHQ�IURP�
WKH�RYHQ�DQG�OHW�LW�FRRO�IRU�
D�IHZ�PLQXWHV

��7KH�LQILOOHG�VHQWHQFH�
DW�VWHS���LV�JHQHULF�DQG�
XQGHUVSHFLILHG

9�,QILOO

� <RX�ZLOO�QHHG�WKH�
IROORZLQJ�LQJUHGLHQWV

&XW�WKH�FKLFNHQ�
EUHDVW�LQWR�VPDOO�
SLHFHV��

$GG�WKH�FKLFNHQ�WR�
WKH�SDQ��

+HDW�WKH�RLO�LQ�D�IU\LQJ�
SDQ�RYHU�PHGLXP�KHDW��

2QFH�WKH�FKLFNHQ�LV�
GRQH���DGG�WKH�
FKLFNHQ�WR�WKH�SDQ�
DQG�VWLU�LW�XS��

1RZ�WKDW�\RX�KDYH�D�OLWWOH�
ELW���\RX�ZLOO�QHHG�WR�SXW�WKH�
PHDW�LQ�WKH�RYHQ�DW�����
GHJUHHV�FHOVLXV�FLUFXODWLQJ�
DLU�IRU�DERXW����PLQXWHV��

��6WHS���WDONV�DERXW�
LQJUHGLHQWV�

��7KH�LQJUHGLHQWV�DUH�
VWLOO�XQGHUVSHFLILHG�

� <RX�ZLOO�QHHG�WKH�
IROORZLQJ�LQJUHGLHQWV���
��PHDW�����FXS�RI�
EXWWHU�DQG�VDOW

&XW�WKH�RQLRQ�LQWR�
VPDOO�SLHFHV��

&XW�WKH�FKLFNHQ�
EUHDVW�LQWR�VPDOO�
SLHFHV��

+HDW�WKH�RLO�LQ�D�IU\LQJ�
SDQ�RYHU�PHGLXP�KHDW��

2QFH�WKH�FKLFNHQ�LV�
UHDG\���DGG�WKH�
FKLFNHQ�WR�WKH�SDQ��

2QFH�WKH�FKLFNHQ�LV�GRQH���
UHPRYH�WKH�SDQ�IURP�WKH�
SDQ�DQG�OHW�LW�VLW�IRU�DERXW�
���PLQXWHV��

��6WHS���WDONV�DERXW�
LQJUHGLHQWV�

��3KUDVH�IURP�VWHS���
FRSLHG�WR�VWHS��

� � � � � �

'९७ॻॸ५ ����� $PNQBSJTPO PG 7�*OMM BOE 9& EFBMJOH XJUI JOMMJOH DPOUFYU EVSJOH JOGFSFODF
	GPS NBLJOH DIJDLFO SPBTU
� (5 DPSSFTQPOET UP UIF HSPVOE USVUI TUFQ� य़F JOEFY JO FBDI SPX

DPSSFTQPOET UP UIF JOEFY PG UIF NJTTJOH JNBHF�

*O UIJT TFDUJPO XF QSFTFOU UIF FFDUT PG JOMMJOH CPUI EVSJOH CPUI USBJOJOH BOE JOGFSFODF PO
7J45 BOE 7J15 EBUBTFUT� 8F BMTP QSFTFOU BO BOBMZTJT CBTFE PO UIF MFOHUI PG HFOFSBUFE TF�
RVFODFT BMPOH XJUI B RVBMJUBUJWF EFNPOTUSBUJPO�

*O॑MMJOH EVSJOH USBJOJOH� य़FPWFSBMM QFSGPSNBODF PG UIFNPEFMT JT QSFTFOUFE JO 5BCMF �����
#PUI UIF JOMMJOHNPEFM WBSJBOUT BDIJFWF IJHIFS TDPSFT PO UIF SFDJQFTXIJMF OPU EFDSFBTJOH UIFJS
QFSGPSNBODFT PO TUPSJFT� 8F BMTP PCTFSWFE UIBU JODSFBTJOH UIF OVNCFS PG NBTLFE MPDBM GFBUVSFT
CFZPOE UXP ESBTUJDBMMZ EFDSFBTFT UIF QFSGPSNBODF PO CPUI EBUBTFUT�

*O॑MMJOH EVSJOH JOGFSFODF GPS 7JTVBM 1SPDFEVSF 5FMMJOH� "DRVJSJOH QBSBMMFM QBJSXJTF
JNBHF BOE OBSSBUJWF EBUB JO UIF XJME JT PॏFO OPU GFBTJCMF� )FODF XF QFSGPSN JOMMJOH OPU
POMZ BU USBJO UJNF CVU BMTP BU JOGFSFODF UJNF UP FWBMVBUF UIF BCJMJUZ PG UIF NPEFM UP CSJEHF
DPOUFYUT XIFO UIF DPSSFTQPOEJOH JNBHF JT BCTFOU BOE EFBM XJUI SFBM�XPSME EBUB JNQVUBUJPO
TDFOBSJPT� 5BCMF ���� EFNPOTUSBUF UIF QFSGPSNBODF PG UIF 7�*OMM NPEFM JO DPNQBSJTPO XJUI
UIF 9& NPEFM XIFO EJFSFOU JOEJDFT BSF JOMMFE EVSJOH UIF JOGFSFODF TUBHF� "T PCTFSWFE UIF
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BVUPNBUJD TDPSFT HFU BFDUFE EFUSJNFOUBMMZ XIFO UIF JOMMFE JOEFY JT UP UIF MFॏ J�F� B MPXFS
JOEFY� य़JT JT CFDBVTF VTVBMMZ UIF CFHJOOJOH PG UIF TFOUFODF DPNQSJTFT JOUSPEVDJOH UIF EJTI
GPMMPXFE CZ MJTUJOH EPXO UIF JOHSFEJFOUT� 'PS UIJT SFBTPO UIF EFOTJUZ PG UIF OVNCFS PG FOUJUJFT
QSFTFOU BU UIF CFHJOOJOH PG UIF QSPDFEVSF JT VTVBMMZ IJHIFS� )FODF SFDPOTUSVDUJOH UIBU GSPN
UIF SFTU PG UIF SFDJQF JT EJਖ਼DVMU� )PXFWFS BT XF NPWF GSPN MFॏ UP SJHIU J�F� BT XF HSBEVBMMZ
JODSFBTF UIF JOMMFE JOEFY XF PCTFSWF BO JODSFBTJOH USFOE JO UIF BVUPNBUJD NFUSJD�

*O॑MMJOH EVSJOH JOGFSFODF GPS 7JTVBM 4UPSZ 5FMMJOH� 5BCMF ���� EFNPOTUSBUFT UIF FFDUT
PG JOMMJOH WBSJPVT JOEJDFT EVSJOH JOGFSFODF� य़JT UBCMF JT BOBMPHPVT UP 5BCMF ���� GPS TUPSJFT�
"T XF DBO TFF B TJNJMBS USFOE JO UIF JODSFBTF JO BMM UIF BVUPNBUJD NFUSJDT JT QSFTFOU BT XF NPWF
UIF JOMM JOEFY UP UIF TUPSZT SJHIU� 8IJMF UIBU JT TUJMM UIF DBTF B WFSZ JOUFSFTUJOH PCTFSWBUJPO
JT UIBU UIF EJFSFODF CFUXFFO UIF QFSGPSNBODF PG 9& BOE *OMM NPEFMT GPS BOZ HJWFO JOEFY JT
NVDI IJHIFS GPS SFDJQFT DPNQBSFE UP TUPSJFT� य़F JOMMJOH UFDIOJRVF CSJOHT NVDI NPSF WBMVF
UP UIF UBTL XIFO UIF OBUVSF PG UIF UFYU JT QSPDFEVSBM BOE EFQFOEFOU NPSF PO UIF TVSSPVOEJOH
DPOUFYUT�

-FOHUIT PG HFOFSBUFE TFRVFODFT � 8F DPNQBSF JOMMJOH EVSJOH JOGFSFODF CFUXFFO CBTFMJOF
9& NPEFM BOE PVS 7�*OMM NPEFM JO 5BCMF ����� 8IJMF UIF .&5&03 TDPSFT SFNBJO DPNQBSBCMF
UIF #-&6 TDPSFT TUFBEJMZ JODSFBTF BT XF NPWF UIF inidx UP UIF SJHIU� 4QFDJDBMMZ UIFTF KVNQT
BSF CJHHFS BॏFS TUFQ �� फ़BOUJUBUJWFMZ UIJT JT UIF SFTVMU PG UIF NPEFM CFJOH BCMF UP QSPEVDF
MPOHFS TFRVFODFT BT XF NPWF UP UIF SJHIU BT #-&6 HFUT QFOBMJ[FE GPS TIPSU TFOUFODFT� फ़BMJ�
UBUJWFMZ UIJT JNQMJFT UIBU UIF JOJUJBM TUFQT MJLF TQFDJGZJOH UIF JOHSFEJFOUT BSF NPSF DSVDJBM UIBO
MBUFS POFT� " TJNJMBS PCTFSWBUJPO FNFSHFT CZ BOBMZ[JOH UIF FFDUT PG JOMMJOH EVSJOH USBJOJOH�
य़F BWFSBHF MFOHUI PG HFOFSBUFE SFDJQFT CZ 9& JT ����� BOE CZ 7�*OMM JT ������ " TJNJMBS USFOE
JT PCTFSWFE GPS TUPSJFT JO 5BCMF �����

BMJUBUJWFࢉ %JTDVTTJPO� 'JHVSF ���� EFNPOTUSBUFT BO FYBNQMF PG HFOFSBUFE TBNQMFT CZ
JOMMJOH EJFSFOU JOEJDFT� य़F UPQ SPX TIPXT UIF TUFQT JO UIF HSPVOE USVUI TUFQT GPS UIF DPS�
SFTQPOEJOH JNBHFT� य़F JOEJDFT PO UIF UPQ SPX BSF UIF JOEJDFT PG UIF JNBHFT PS UIF TUFQT
BOE UIF JOEJDFT PO UIF MFॏ DPMVNO 	JO CMVF
 BSF UIF JOEJDFT XIPTF MPDBM GFBUVSFT BSF NBTLFE�
"T PCTFSWFE UIF 9& NPEFM EFQJDUT UXP TUSBUFHJFT UP SFDPWFS UIF NJTTJOH DPOUFYU� य़F STU JT
DPQZJOH UIF DPOUFOUT UIBU BSF TJNJMBS GSPN UIF BEKBDFOU TUFQ EJSFDUMZ� 'PS JOTUBODF XIJMF UIF
0th JOEFY PG UIF JNBHF JT NBTLFE UIF 9& NPEFM HFOFSBUFT DVࡇJOH GSPN USJNNJOH BOE DIJDLFO
GSPN NFBU GSPN UIF GPMMPXJOH TUFQ� य़JT IBT OPUIJOH UP EP XJUI UIF BDUVBM EFTDSJQUJPO PG UIF
DPSSFTQPOEJOH TUFQ� )PXFWFS PVS 7�*OMM NPEFM JT BCMF UP HFOFSBUF UIF TFOUFODF EFQJDUJOH UIBU
JU JT MJTUJOH JOHSFEJFOUT JO UIJT DBTF� 4JODF UIF CBTFMJOF JODPSSFDUMZ HFOFSBUFT UIF STU TUFQ JU JT
IBSEFS UP SFDPWFS BOE HFOFSBUF UIF DPSSFDU TFRVFODF GPS UIF SFTU PG UIF QSPDFEVSF� य़F TFDPOE
JT UIF TUSBUFHZ PG HFOFSBUJOH HFOFSJD TFOUFODFT� 8IFO UIF JOMMFE JOEFY JT BU � UIF CBTFMJOF
NPEFM HFOFSBUFT B TFOUFODF UIBU JT HFOFSJD BOE OPU TQFDJD UP UIF HJWFO TFU PG JNBHFT� *O UIJT
DBTF JU HFOFSBUFT B TUBUFNFOU UIBU TBZT UP NBLF TVSF UIBU JU JT QSPQFSMZ DPPLFE� 0VS 7�*OMM
NPEFM JT BCMF UP CSJEHF UIF DPOUFYU GSPN TUFQ � BCPVU IFBUJOH UIF PJM BOE TUFQ � BCPVU SFNPWJOH
UIF QBO BOE IFODF JOUFSQPMBUFT UIF NJTTJOH DPOUFYU UP CF QMBDJOH UIF DIJDLFO PO UIF QBO�
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%FTQJUF UIF SFDPWFSJOH TUSBUFHJFT VTFE JO CPUI UIFTF NFUIPET B DPNNPO QSPCMFN JT PCTFSWFE
JO UIF HFOFSBUFE TUFQT� य़F EFUBJMT JO UIF TUFQT BSF PNJ॒FE UIFSFCZ MFBEJOH UP UIF QSPCMFN
PG VOEFS�TQFDJटDBUJPO� 'PS JOTUBODF UIF BDUJPOT JO TUFQ � BSF VOEFS�TQFDJFE CZ 9& XIFO UIF
JOMMFE JOEFY JT �� 4JNJMBSMZ UIF 7�*OMM NPEFM VOEFS�TQFDJFT UIF JOHSFEJFOUT�

EĦ˘Ã˘ğÃŎĀê˘ßĬŸğ˘ʨ˘àĬĥßĉĦê˘ŜĆê˘ƏĬšŎ˘ʨ˘ßÃĜĉĦĀ˘ŔĬæÃ˘ʨ˘ßÃĜĉĦĀ˘ŔĬæÃ˘ʨ˘ÃĦæ˘ŔÃğŜ˘ʧ˘�Ĭğğ˘ĬšŜ˘ŜĆê˘
æĬšĀĆ˘ÃĦæ˘ŎĬğğ˘ĉŜ˘ĬšŜ˘ʧ˘�ğÃàê˘ŜĆê˘æĬšĀĆ˘ĉĦ˘ŜĆê˘ĬŷêĦ˘ÃŜ˘ʎʕʍ˘æêĀŎêêŔ˘àêğŔĉšŔ˘àĉŎàšğÃŜĉĦĀ˘
ÃĉŎ˘ÿĬŎ˘ÃßĬšŜ˘ʏʍ˘ĥĉĦšŜêŔ˘ʧ˘�ğÃàê˘ŜĆê˘æĬšĀĆ˘ĉĦ˘ŜĆê˘ĬŷêĦ˘ÃŜ˘ʎʕʍ˘æêĀŎêêŔ˘àêğŔĉšŔ˘
àĉŎàšğÃŜĉĦĀ˘ÃĉŎ˘ÿĬŎ˘ÃßĬšŜ˘ʏʍ˘ĥĉĦšŜêŔ˘ʧ˘�ğÃàê˘ŜĆê˘æĬšĀĆ˘ĉĦ˘ŜĆê˘ĬŷêĦ˘ÃŜ˘ʎʕʍ˘æêĀŎêêŔ˘
àêğŔĉšŔ˘àĉŎàšğÃŜĉĦĀ˘ÃĉŎ˘ÿĬŎ˘ÃßĬšŜ˘ʏʍ˘ĥĉĦšŜêŔ˘ʧ
EĦ˘Ã˘ğÃŎĀê˘ßĬŸğ˘ʨ˘àĬĥßĉĦê˘ŜĆê˘ƏĬšŎ˘ʨ˘ßÃĜĉĦĀ˘ŋĬŸæêŎ˘ʨ˘ŔÃğŜ˘ʨ˘ÃĦæ˘ŔÃğŜ˘ʧ˘�ÃĜê˘ŜĆê˘æĬšĀĆ˘ĬšŜ˘
Ĭÿ˘ŜĆê˘ĬŷêĦ˘ÃĦæ˘ğêŜ˘ĉŜ˘àĬĬğ˘ÿĬŎ˘ÃßĬšŜ˘ʐʍ˘ĥĉĦšŜêŔ˘ʧ˘�šŜ˘ŜĆê˘æĬšĀĆ˘ĉĦ˘ŜĆê˘ĬŷêĦ˘ÃŜ˘ʎʕʍ˘
æêĀŎêêŔ˘àêğŔĉšŔ˘àĉŎàšğÃŜĉĦĀ˘ÃĉŎ˘ÿĬŎ˘ÃßĬšŜ˘ʏʍ˘ĥĉĦšŜêŔ˘ʧ˘�šŜ˘ŜĆê˘æĬšĀĆ˘ĉĦ˘ŜĆê˘ĬŷêĦ˘ÃŜ˘ʎʕʍ˘
æêĀŎêêŔ˘àêğŔĉšŔ˘ʧ˘

�Ćê˘Ŏêàĉŋê˘ĉĦ˘êÃàĆ˘ŋÃĀê˘ĉŔ˘ĀêĦêŎÃŜêæ˘ÿŎĬĥ˘Ã˘ŔêōšêĦàê˘Ĭÿ˘ĉĥÃĀêŔ˘ŔĆĬŸĦ˘ĉĦ˘ŜĆê˘
àĬŎŎêŔŋĬĦæĉĦĀ˘ŋÃĀêʧ˘�ÃŔêæ˘ĬĦ˘ŜĆê˘ŔêōšêĦàê˘Ĭÿ˘ĉĥÃĀêŔʨ˘ŋğêÃŔê˘ŔêğêàŜ˘Ã˘Ŏêàĉŋê˘ŜĆÃŜ˘

žĬš˘ŋŎêÿêŎ˘ĬŷêŎ˘ŜĆê˘ĬŜĆêŎʧ

'९७ॻॸ५ ����� )VNBO &WBMVBUJPO *OUFSGBDF GPS BO FYBNQMF PG HFOFSBUFE SFDJQFT XJUI CPUI UFDI�
OJRVFT�

)VNBO &WBMVBUJPO� 'JHVSF ���� EFQJDUT B TDSFFOTIPU PG PVS IVNBO FWBMVBUJPO JOUFSGBDF� "
TFRVFODF PG JNBHFT JT QSFTFOUFE PO UPQ PG UIF TDSFFO� य़JT FWBMVBUJPO JT DPOEVDUFE UP DPNQBSF
CFUXFFO 9& BOE 7�*OMM NPEFMT� य़F HFOFSBUFE TFOUFODFT GSPN CPUI UIF NPEFMT JO UIJT DBTF
9& BOE 7�*OMM BSF QSFTFOUFE BॏFS UIF JNBHFT� /PUF UIBU UIF HFOFSBUFE PVUQVUT BSF QSFTFOUFE
JO BSCJUSBSJMZ SBOEPN PSEFS GPS FBDI FYBNQMF UP FOTVSF UIFSF JT OP CJBT XIJMF QFSGPSNJOH QSFG�
FSFODF UFTUJOH� )VNBO TVCKFDUT BSF BTLFE UP QJDL POF PG UIF HFOFSBUFE SFDJQFT GPS UIF HJWFO
TFRVFODF PG JNBHFT CBTFE PO UIF SFMFWBODF UP UIFN� �� TVDI SFDJQFT BSF QSFTFOUFE GPS FBDI
VTFS BOE XF BWFSBHFE UIF QSFGFSFODF TDPSFT BNPOH �� FWBMVBUPST�

4P GBS XF FYQMPSFE UIF /�-PDBM BODIPSJOH PG DPOUFOU XJUI WJTVBM NPEBMJUZ� *O UIF OFYU TFDUJPO
XF BSF HPJOH UP MPPL JOUP UIF /�(MPCBM BODIPSJOH PG UIF DPOUFOU ESJWFO JO UIF GPSN PG B UIFNF
QSPWJEFE JO UIF RVFTUJPO GPS CJPNFEJDBM UFYU TVNNBSJ[BUJPO�

��� /�(MPCBM "ODIPSJOH GSPN FTUJPOTࢉ

*O UIJT TFDUJPO XF EFTDSJCF BODIPSJOH B OBSSBUJWF PO UIFXIPMF CZ QSPWJEJOH B UPQJD BOE TQFDJD
BTQFDUT PG UIF UPQJD JO BO VOTUSVDUVSFE GPSNBU GPS HVJEBODF� "T B DBTF TUVEZ JO UIJT TFDUJPO XF
XJMM MPPL BU PVS QBSUJDJQBUJPO JO 1IBTF # PG UBTL �C PG UIF ॏI FEJUJPO PG UIF BOOVBM #JP"42 DIBM�
MFOHF XIJDI JODMVEFT BOTXFSJOH GBDUPJE MJTU ZFT�OP BOE TVNNBSZ RVFTUJPOT GSPN CJPNFEJDBM
EBUB� 8F EFTDSJCF PVS UFDIOJRVFT XJUI BO FNQIBTJT PO JEFBM BOTXFS HFOFSBUJPO XIFSF UIF
HPBM JT UP QSPEVDF B SFMFWBOU QSFDJTF OPO�SFEVOEBOU RVFSZ�PSJFOUFE TVNNBSZ GSPN NVMUJQMF
SFMFWBOU EPDVNFOUT� य़F EBUBTFU DPNQSJTFT B IVHF DPSQVT PG VOTUSVDUVSFE UFYU BSUJDMFT QBJST
PG RVFTUJPOT BOE HPME TVNNBSJFT� *O UIJT DBTF UIF QBSUJBM BODIPS Ai JT EFSJWFE GSPN B RVFT�
UJPO BOE UIF TVQQPSUJOH JOQVU Ii JT UIF HJHBOUJD UFYU DPSQVT� य़F PVUQVU OBSSBUJWF Ni JT UIF
TVNNBSZ PS UIF JEFBM BOTXFS GPS UIF HJWFO RVFTUJPO GSPN UIF DPSQVT� य़F GPDVT PG UIJT TFDUJPO
JT VUJMJ[JOH UIF BODIPSJOH GSPN RVFTUJPO UP TUJUDI UPHFUIFS UIF BQQSPQSJBUF JOGPSNBUJPO JO UIF
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TVNNBSZ� 8F VTF FYUSBDUJWF TVNNBSJ[BUJPO UFDIOJRVFT UP BEESFTT UIJT UBTL BOE FYQFSJNFOU
XJUI EJFSFOU CJPNFEJDBM POUPMPHJFT BOE WBSJPVT BMHPSJUINT JODMVEJOH BHHMPNFSBUJWF DMVTUFS�
JOH .BYJNVN .BSHJOBM 3FMFWBODF 	..3
 BOE TFOUFODF DPNQSFTTJPO� 8F QSPQPTF B OPWFM
XPSE FNCFEEJOH CBTFE UG�JEG TJNJMBSJUZ NFUSJD BOE B TPॏ QPTJUJPOBM DPOTUSBJOU UIBU JNQSPWF
PVS TZTUFN QFSGPSNBODF� 8F FWBMVBUF PVS UFDIOJRVFT PO UFTU CBUDI � GSPN UIF GPVSUI FEJUJPO
PG UIF DIBMMFOHF� 0VS CFTU TZTUFN BDIJFWFT B 306(&�� TDPSF PG ������ BOE 306(&�46� TDPSF
PG �������

*O SFDFOU ZFBST UIFSF IBT CFFO B IVHF TVSHF JO UIF OVNCFS PG CJPNFEJDBM BSUJDMFT CFJOH EF�
QPTJUFE POMJOF� य़F/BUJPOBM -JCSBSZ PG.FEJDJOF 	/-.
 QSPWJEFT.&%-*/& B HJHBOUJD EBUBCBTF
PG �� NJMMJPO SFGFSFODFT UP CJPNFEJDBM KPVSOBM QBQFST� "QQSPYJNBUFMZ ������ BSUJDMFT � GSPN
UIJT EBUBCBTF IBWF CFFO DJUFE TJODF ����� य़F SBQJE HSPXUI PG JOGPSNBUJPO JO UIJT DFOUSBMJ[FE
SFQPTJUPSZ NBLFT JU EJਖ਼DVMU GPS NFEJDBM SFTFBSDIFST UP NBOVBMMZ OE BO FYBDU BOTXFS GPS B
RVFTUJPO� य़JT TFDUJPO EFTDSJCFT PVS FPSUT JO DSFBUJOH B TZTUFN UIBU DBO QSPWJEF JEFBM BOTXFST
GPS CJPNFEJDBM RVFTUJPOT� .PSF TQFDJDBMMZ XF EFWFMPQ B TZTUFN UIBU DBO BOTXFS UIF LJOET PG
CJPNFEJDBM RVFTUJPOT QSFTFOU JO UIF EBUBTFU GPS UIF #JP"42 DIBMMFOHF 	5TBUTBSPOJT FU BM� ����

XIJDI JT B DIBMMFOHF PO MBSHF�TDBMF CJPNFEJDBM TFNBOUJD JOEFYJOH BOE RVFTUJPO BOTXFSJOH� 8F
EFWFMPQ B TZTUFN GPS CJPNFEJDBM TVNNBSJ[BUJPO VTJOH ..3 BOE DMVTUFSJOH�CBTFE UFDIOJRVFT�

8F CVJME PO TUBOEBSE UFDIOJRVFT TVDI BT .BYJNBM .BSHJOBM 3FMFWBODF 	$BSCPOFMM BOE (PME�
TUFJO ����
 BOE 4FOUFODF $PNQSFTTJPO 	'JMJQQPWB FU BM� ����
 BOE JODPSQPSBUF EPNBJO�TQFDJD
LOPXMFEHF VTJOH CJPNFEJDBM POUPMPHJFT TVDI BT UIF 6.-4 NFUBUIFTBVSVT BOE 4/0.&%$5
	4UFBSOT FU BM� ����
 UP CVJME BO JEFBM BOTXFS HFOFSBUPS GPS CJPNFEJDBM RVFTUJPOT� 8F BMTP FY�
QFSJNFOU XJUI TFWFSBM TJNJMBSJUZ NFUSJDT TVDI BT KBDDBSE TJNJMBSJUZ BOE B OPWFM XPSE FNCFEEJOH
CBTFE UG�JEG 	X�W UG�JE
 TJNJMBSJUZ NFUSJD XJUIJO PVS TZTUFN� 8F FWBMVBUF UIF QFSGPSNBODF PG
PVS TZTUFN PO UIF EBUBTFU GPS UFTU CBUDI � PG UIF GPVSUI FEJUJPO PG UIF DIBMMFOHF BOE SFQPSU PVS
TZTUFN QFSGPSNBODF PO 306(&�� BOE 306(&�46� 	-JO BOE )PWZ ����
 XIJDI BSF UIF TUBO�
EBSE NFUSJDT VTFE GPS Pਖ਼DJBM FWBMVBUJPO JO UIF #JP"42 DIBMMFOHF� 0VS CFTU TZTUFN BDIJFWFT
306(&�� BOE 306(&�46� TDPSFT PG ������ BOE ������ SFTQFDUJWFMZ PO UFTU CBUDI � GPS UBTL �C
XIFO FWBMVBUFE PO #JP"42 0SBDMF�� 7BSJPVT DPOHVSBUJPOT BOE TJNJMBSJUZ NFUSJDT HSBOVMBSJUZ
BOE BMHPSJUINT TFMFDUJPO FOBCMFE VT UP TFDVSF UPQ ��� JO UFTU CBUDI � BOE UPQ ���� JO UFTU
CBUDI � PO BVUPNBUJD FWBMVBUJPO NFUSJDT PG 306(&�� BOE 306(&�46� GSPN PVS QBSUJDJQBUJPO
JO 5BTL �C PG JEFBM BOTXFS HFOFSBUJPO�

����� %BUBTFU %FTDSJQUJPO

य़F USBJOJOH EBUB GPS 1IBTF # PG UBTL �C QSPWJEFT CJPNFEJDBM RVFTUJPOT XIFSF FBDI RVFTUJPO JT
BTTPDJBUFE XJUI RVFTUJPO UZQF 63-T PG SFMFWBOU 1VC.FE BSUJDMFT BOE SFMFWBOU TOJQQFUT GSPN
UIPTF BSUJDMFT� य़JT EBUBTFU DPOTJTUT PG ���� RVFTUJPOT� य़FAi BODIPS GPS FBDI OBSSBUJWFNi JT
EFSJWFE GSPN UIF DPSSFTQPOEJOH RVFTUJPO Qi� य़F OBSSBUJWF Ni XIJDI JT UIF TVNNBSZ JT UIFO
DPOEJUJPOFE PO UIJT BODIPS Ai� य़PVHI PVS JEFBM BOTXFS HFOFSBUJPO TZTUFN JT VOTVQFSWJTFE
XF VTF B CSJFG NBOVBM JOTQFDUJPO PG UIF USBJOJOH EBUB GPS UIJT FEJUJPO PG UIF DIBMMFOHF UP NBLF
BO JOGPSNFE DIPJDF PG IZQFSQBSBNFUFST GPS UIF BMHPSJUINT VTFE CZ PVS TZTUFN�

�?iiTb,ffrrrXMHKXMB?X;Qpf#b/fK2/HBM2nH�M;n/Bbi`X?iKH
�I॒Q���QBSUJDJQBOUT�BSFB�CJPBTR�PSH�PSBDMF�

https://www.nlm.nih.gov/bsd/medline_lang_distr.html
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5P EFWFMPQ BO JEFBM BOTXFS HFOFSBUPS UIBU DBO QSPEVDF RVFSZ�PSJFOUFE TVNNBSJFT GPS FBDI
RVFTUJPO UXP QPQVMBS BQQSPBDIFT DBO CF BEPQUFE� FYUSBDUJWF PS BCTUSBDUJWF� &YUSBDUJWF TVN�
NBSJ[BUJPO UFDIOJRVFT DIPPTF TFOUFODFT GSPN SFMFWBOU EPDVNFOUT BOE DPNCJOF UIFN UP GPSN
B TVNNBSZ� "CTUSBDUJWF TVNNBSJ[BUJPO NFUIPET VTF SFMFWBOU EPDVNFOUT UP DSFBUF B TFNBOUJD
SFQSFTFOUBUJPO PG UIF LOPXMFEHF GSPN UIFTF EPDVNFOUT BOE UIFO HFOFSBUF B TVNNBSZ VTJOH
SFBTPOJOH BOE OBUVSBM MBOHVBHF HFOFSBUJPO UFDIOJRVFT� #SJFG BOBMZTJT PO B SBOEPNMZ TBNQMFE
TVCTFU GSPN UIF USBJOJOH EBUB TIPXT VT UIBU NPTU PG UIF TFOUFODFT JO UIF HPME JEFBM BOTXFST
BSF QSFTFOU FJUIFS JO UIF SFMFWBOU TOJQQFUT PS SFMFWBOU BCTUSBDUT PG 1VC.FE BSUJDMFT� य़BU JT UIF
SFBTPO CFIJOE BEPQUJOH FYUSBDUJWF TVNNBSJ[BUJPO GPS UIJT UBTL� "O JOUFSFTUJOH PSEFSJOH USFOE
PCTFSWFE BNPOH SFMFWBOU TOJQQFUT XIJDI JT VTFE UP EFWFMPQ B QPTJUJPOBM DPOTUSBJOU� "EEJOH
UIJT QPTJUJPOBM DPOTUSBJOU UP PVS TJNJMBSJUZ NFUSJDT HJWFT VT B TMJHIU CPPTU JO QFSGPSNBODF� य़F
JOUVJUJPO CFIJOE UIJT JEFB JT FYQMBJOFE JO NPSF EFUBJM JO g��������

य़F EBUBTFU GSPN UFTU CBUDI � PG UIF GPVSUI FEJUJPO PG UIF #JP"42 DIBMMFOHF DPOTJTUJOH PG ���
RVFTUJPOT JT VTFE GPS FWBMVBUJPO�

����� .PEFM %FTDSJQUJPO

������� /�(MPCBM "ODIPS 3FQSFTFOUBUJPO

य़F BODIPST BSF /�(MPCBM JO UIJT DBTF XIJDI NFBOT UIFZ QSPWJEF B IJHI�MFWFM HFOFSBM UIFNF
PS UPQJD GPS UIF OBSSBUJWF� य़FSF JT OP TUSJDU FYQMJDJU OF MFWFM HPWFSOBODF PO FWFSZ TFOUFODF JO
UIF TVNNBSZ� य़F RVFTUJPO QSPWJEFT B IJHI�MFWFM UIFNF PS UPQJD BMPOH XJUI UIF BTQFDUT PG UIF
FOUJUJFT UIBU BSF QSPCFE BCPVU� य़F CJPNFEJDBM FOUJUJFT JO UIF RVFTUJPO TUJMM QMBZ B NBKPS SPMF
JO EFUFSNJOJOH UIF UPQJD PG UIF RVFSZ�CBTFE TVNNBSZ� ,FFQJOH UIJT JO WJFX XF DPNF VQ XJUI
UISFF GPSNVMBUJPOT GPS UIF SFQSFTFOUBUJPO PG UIF BODIPST�

ۦ 4VSGBDF GPSNT� 8PSET PDDVSSJOH JO SBX GPSN JO UIF EBUBTFU�

ۦ &YQBOTJPO GPSNT� #JPNFEJDBM POUPMPHJFT BSF MFWFSBHFE UP FYQBOE UIF UFSNT QSFTFOU UP
UIF SFMBUFE XPSET�

ۦ &NCFEEJOH GPSNT� " MBUFOU TQBDF SFQSFTFOUBUJPO PG UIFTF XPSET IFMQ JO EFTJHOJOH CF॒FS
TDPSJOH GVODUJPOT UP FWBMVBUF DPODFQUVBM DMPTFOFTT�

"T XF DBO SFDBMM UIFTF GPSNT BSF QBSBMMFMT UP UIF EJFSFOU GPSNT PG BODIPST EFSJWFE GPS UIF
DPNQMFUF BODIPSJOH UBTL EFTDSJCFE JO g���� य़F DPSSFTQPOEJOH GPSNT GPS FOUJUZ TLFMFUPOT UIFSF
BSF TVSGBDF GPSNT OPNJOBMJ[FE GPSNT BCTUSBDU GPSNT� /FYU XF XJMM CF TFFJOH IPX UIF BGPSF�
NFOUJPOFE GPSNT GPS QBSUJBM BODIPSJOH BSF VTFE JO UIF SFMFWBODF SBOLJOH XIJDI JT UIF STU TUFQ
GPS DPOUFOU TFMFDUJPO� *O QBSUJDVMBS UIFTF EJFSFOU GPSNT JOVFODF UIF XBZ TJNJMBSJUZ TDPSFT
BSF DBMDVMBUFE�

������� 4VNNBSJ[BUJPO 1JQFMJOF

*O UIJT TVCTFDUJPO XF EFTDSJCF PVS TZTUFN QJQFMJOF GPS UIF JEFBM BOTXFS HFOFSBUJPO UBTL XIJDI
NBJOMZ DPNQSJTFT PG UISFF TUBHFT� RVFTUJPO�TFOUFODF SFMFWBODF SBOLFS TFOUFODF TFMFDUJPO BOE
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0HGOLQH
'RFXPHQWV

4XHVWLRQ
�

6QLSSHWV

'RFXPHQW�OLVW /XFHQH�
,QGH[HU

5DQNHG�
6HQWHQFHV���
5HOHYDQFH�
6FRUHV

5HOHYDQFH�5DQNHU
*UDQXODULW\

$EVWUDFWV�6QLSSHWV
6LPLODULW\�PHWULFV

-DFFDUG�7I�LGI���:RUG�(PEHGGLQJV��
3RVLWLRQDO�&RQVWUDLQWV

([SDQVLRQ
80/6�6120('&7

3DLU�ZLVH�
6HQWHQFH�
6LPLODULW\

6HQWHQFH�6HOHFWLRQ

$JJORPHUDWLYH�
&OXVWHULQJ

0D[LPDO�0DUJLQDO�
5HOHYDQFH

6HQWHQFH�7LOLQJ

&RQFDWHQDWLRQ &RPSUHVVLRQ

,GHDO�
$QVZHU

'९७ॻॸ५ ����� 4ZTUFN QJQFMJOF GPS *EFBM "OTXFS (FOFSBUJPO 	XJUI DPOHVSBUJPO DIPJDFT


TFOUFODF UJMJOH� &BDI TUBHF IBT NVMUJQMF DPOHVSBUJPOT EFQFOEJOH VQPO WBSJPVT DIPJDFT GPS
BMHPSJUINT DPODFQU FYQBOTJPO BOE TJNJMBSJUZ NFUSJDT� य़F EJFSFOU GPSNT PG /�(MPCBM BODIPST
QMBZ B EJSFDU SPMF JO DPODFQU FYQBOTJPO BOE UIF GPSNVMBUJPO PG TJNJMBSJUZ NFUSJDT� 'JHVSF ����
TIPXT UIF PWFSBMM BSDIJUFDUVSF PG PVS TZTUFN BOE BMTP CSJFZ NFOUJPOT WBSJPVT BMHPSJUINT VTFE
JO FBDI TUBHF� 8F EFTDSJCF UIFTF TUBHFT BOE DIPJDFT JO NPSF EFUBJM JO UIF GPMMPXJOH TVCTFDUJPOT�
/PUF UIBU UIF BODIPST BSF BMM UIF XPSET JO UIF RVFTUJPOT JO UISFF GPSNT EFTDSJCFE JO g��������
"ODIPS DPOEJUJPOFE TVNNBSJFT BSF FYUSBDUFE GSPN UIF SFMFWBODF SBOLFS BOE TFOUFODF TFMFDUJPO�

FTUJPO�4FOUFODFࢉ 3FMFWBODF SBOLFS� *O UIJT QIBTF XF SFUSJFWF B MJTU PG DBOEJEBUF TFO�
UFODFT GSPN HPME BCTUSBDUT BOE TOJQQFUT QSPWJEFE GPS FBDI RVFTUJPO BOE DPNQVUF SFMFWBODF
TDPSFT XJUI SFTQFDU UP UIF RVFTUJPO GPS UIFTF TFOUFODFT� 8F DBO DIPPTF GSPN TFWFSBM TJNJMBSJUZ
NFUSJDT CJPNFEJDBM POUPMPHJFT BOE EJFSFOU HSBOVMBSJUJFT GPS TFOUFODF TDPSJOH JO UIJT TUBHF�

(SBOVMBSJUZ GPS$BOEJEBUF 4FOUFODF &YUSBDUJPO य़F USBJOJOH EBUB QSPWJEFE GPS UIF #JP"42
UBTL DPOUBJOT B MJTU PG 1VC.FE *%T PG HPME SFMFWBOU EPDVNFOUT GSPN /-. BMPOH XJUI QFSUJOFOU
HPME TOJQQFUT GSPN UIFTF EPDVNFOUT GPS FBDI RVFTUJPO� 4JODF UIF USBJOJOH EBUB POMZ DPOUBJOT
1VC.FE *%T PG SFMFWBOU EPDVNFOUT XF FYUSBDU DPNQMFUF BCTUSBDU UFYU GPS UIFTF EPDVNFOUT CZ
STU JOEFYJOH BMM .FEMJOF BCTUSBDUT � WJB -VDFOF BOE UIFO SFUSJFWJOH SFMFWBOU EPDVNFOUT CBTFE
PO 1VC.FE *%T�

8F OPX IBWF UXP DIPJDFT PG HSBOVMBSJUZ GPS DBOEJEBUF TFOUFODF FYUSBDUJPO� VTJOH FOUJSF BC�
TUSBDU UFYUT GSPN SFMFWBOU EPDVNFOUT PS VTJOH POMZ SFMFWBOU TOJQQFUT� 8F FYQFSJNFOU XJUI CPUI
QPTTJCJMJUJFT� )PXFWFS TJODF SFMFWBOU TOJQQFUT GPS FBDI RVFTUJPO BSF B TVCTFU PG BCTUSBDU UFYUT
XIJDI BSF IJHIMZ SFMFWBOU UP UIF RVFTUJPO MFWFSBHJOH UIJT JOTJHIU BOE VTJOH POMZ TOJQQFUT GPS
DBOEJEBUF TFOUFODF FYUSBDUJPO HJWFT VT CF॒FS QFSGPSNBODF BT XF TFF GSPN UIF SFTVMUT JO g������

�?iiTb,ffrrrXMHKXMB?X;Qpf/�i�#�b2bf/QrMHQ�/fTm#K2/nK2/HBM2X?iKH

https://www.nlm.nih.gov/databases/download/pubmed_medline.html
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4JNJMBSJUZNFUSJDT य़FQFSGPSNBODF PG CPUI UIF SFMFWBODF SBOLFS BOE UIF TFOUFODF TFMFDUJPO
QIBTF 	XIJDI JT UIF GPMMPXJOH QIBTF JO UIF QJQFMJOF
 EFQFOET PO UIF TJNJMBSJUZ NFUSJDT VTFE UP
DBQUVSF RVFTUJPO�TFOUFODF SFMFWBODF BOE TFOUFODF�TFOUFODF TJNJMBSJUZ� *O UIJT TVCTFDUJPO XF
EFTDSJCF WBSJPVT TJNJMBSJUZ NFUSJDT XIJDI XF FYQFSJNFOU XJUI� य़F SFQSFTFOUBUJPO PG BODIPST
JO WBSJPVT GPSNT BFDUT UIF XBZ UIFTF TJNJMBSJUZ TDPSFT BSF FWBMVBUFE�

�� +BDDBSE TJNJMBSJUZ� य़JT GPSN PG TJNJMBSJUZ VTFT UIF TVSGBDF GPSN BOE�PS FYQBOTJPO GPSN
SFQSFTFOUBUJPO PG UIF /�(MPCBM BODIPS� 'PS FBDI TFOUFODF JUT SFMFWBODF XJUI SFTQFDU UP UIF
RVFTUJPO JT DPNQVUFE BT UIF +BDDBSE JOEFY CFUXFFO UIF TFUT DPOUBJOJOH BMM XPSET PDDVSSJOH JO
UIF RVFTUJPO BOE UIF TFOUFODF� य़JT JT UIF TJNQMFTU NFUSJD UIBU DBQUVSFT TVSGBDF 	XPSE�MFWFM

TJNJMBSJUZ CFUXFFO UIF RVFTUJPO BOE UIF TFOUFODF� *ODMVEJOH SFMBUFE DPODFQUT PCUBJOFE CZ DPO�
DFQU FYQBOTJPO JO UIFTFXPSE TFUT QSPWJEF TPNFNFBTVSF PG TFNBOUJD PWFSMBQ CVU UIJT UFDIOJRVF
JT OPU WFSZ FFDUJWF BT XF TIPX JO g������ )FODF UIJT TJNJMBSJUZ JT DBQBCMF PG MFWFSBHJOH UIF
TVSGBDF GPSN BOE FYQBOTJPO GPSN SFQSFTFOUBUJPOT PG UIF BODIPST�

�� 5G�JEG CBTFE TJNJMBSJUZ XJUI XPSE FNCFEEJOHT� य़JT GPSN PG TJNJMBSJUZ JT DBQBCMF PG
VUJMJ[JOH UIF FNCFEEJOH GPSN SFQSFTFOUBUJPOT GPS UIF /�(MPCBM BODIPS� 6TJOH POUPMPHJFT TVDI
BT8PSE/FU 	GPS HFOFSBM &OHMJTI
 BOE 6.-4� 4/0.&%$5 	GPS CJPNFEJDBM EPNBJO
 GPS DPODFQU
FYQBOTJPO UP JODPSQPSBUF TPNF TFNBOUJDT XIJMF DPNQVUJOH TFOUFODF TJNJMBSJUZ JT OPU TVਖ਼DJFOU
EVF UP UIF VOCPVOEFE OBUVSF PG TVDI POUPMPHJFT� )FODF UP BTTJNJMBUF TFNBOUJD JOGPSNBUJPO
JO B NPSF DPOUSPMMFE NBOOFS XF VTF B OPWFM TJNJMBSJUZ NFUSJD JOTQJSFE CZ UIF XJEFMZ�VTFE UG�
JEG DPTJOF TJNJMBSJUZ NFUSJD XIJDI JODPSQPSBUFT TFNBOUJD JOGPSNBUJPO CZ NBLJOH VTF PG XPSE
FNCFEEJOHT 	.JLPMPW FU BM� ����
�

-FU8 SFQSFTFOU UIF TZNNFUSJD XPSE�UP�XPSE TJNJMBSJUZ NBUSJY BOE%a%b SFQSFTFOU UG�JEG WFDUPST
GPS UIF TFOUFODFT� य़F TJNJMBSJUZ NFUSJD JT EFOFE BT�

sim(%a,%b) =
%aT8%b

√
%aT8%a

√
%bT8%b

	���


य़F XPSE�UP�XPSE TJNJMBSJUZ NBUSJY 8 JT DPNQVUFE VTJOH DPTJOF TJNJMBSJUZ CFUXFFO XPSE FN�
CFEEJOHT GPS FBDI XPSE� 8F VTF XPSE FNCFEEJOHT UIBU IBWF CFFO QSF�USBJOFE PO 1VC.FE
1.$ BOE 8JLJQFEJB BSUJDMFT UP JODPSQPSBUF EPNBJO LOPXMFEHF ��

य़JT GPSN VUJMJ[FT UIF FNCFEEJOH GPSN SFQSFTFOUBUJPO PG UIF BODIPS XPSET�

�� 4JNJMBSJUZ GVODUJPO XJUI QPTJUJPOBM DPOTUSBJOUT� "T EFTDSJCFE JO g����� UIF EBUB
QSPWJEFE GPS FBDI RVFTUJPO DPOUBJOT B MJTU PG SFMFWBOU BCTUSBDUT PG 1VC.FE BSUJDMFT BT XFMM BT B
MJTU PG SFMFWBOU TOJQQFUT FYUSBDUFE GSPN UIFTF BCTUSBDUT� य़F BCTUSBDUT BSF PSEFSFE CZ SFMFWBODF�
4OJQQFUT PO UIF PUIFS IBOE BSF OPU PSEFSFE CZ SFMFWBODF CVU BSF PSEFSFE BDDPSEJOH UP UIF
BCTUSBDUT UIBU UIFZ BSF FYUSBDUFE GSPN� 4JODF UIF BCTUSBDUT UIFNTFMWFT BSF PSEFSFE CZ SFMFWBODF
UIJT HJWFT BO JOIFSFOU EJTDPVSTF TUSVDUVSF UP UIF TOJQQFUT� य़JT PCTFSWBUJPO NPUJWBUFT VT UP
JODPSQPSBUF JOGPSNBUJPO BCPVU B TOJQQFUT QPTJUJPO JO UIF MJTU JOUP UIF TJNJMBSJUZ GVODUJPO UP

�य़FTF QSF�USBJOFE XPSE WFDUPST BSF QSPWJEFE CZ ?iiT,ff2p2t/#XQ`;fTK`2bQm`+2bfp2+@bT�+2@KQ/2Hbf

http://evexdb.org/pmresources/vec-space-models/
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JNQSPWF UIF TVNNBSJFT HFOFSBUFE CZ PVS TZTUFN� 8F STU UFTU UIJT IZQPUIFTJT VTJOH B TJNQMF
CBTFMJOF XIJDI HJWFT UIF STU TOJQQFU JO UIF MJTU BT UIF TVNNBSZ GPS FWFSZ RVFTUJPO� य़JT TJNQMF
CBTFMJOF JT BCMF UP BDIJFWF HPPE 306(& TDPSFT BT TIPXO JO 5BCMF ����� 8F FYQFSJNFOU XJUI
UXP EJFSFOU XBZT PG JODPSQPSBUJOH UIJT DPOTUSBJOU�

ۦ )BSE QPTJUJPOBM DPOTUSBJOU� *O UIJT NFUIPE XF FOGPSDF UIF TOJQQFU QPTJUJPO BT B IBSE
DPOTUSBJOU� 8F BDIJFWF UIJT CZ SFTUSJDUJOH UIF BMHPSJUIN UP TFMFDU UIF STU TFOUFODF PG UIF
TVNNBSZ GSPN UIF STU TOJQQFU 	NPTU SFMFWBOU TOJQQFU
 JO UIF MJTU� य़F SFNBJOJOH TFO�
UFODFT DBO CF TFMFDUFE GSPN BOZ TOJQQFU� य़JT NFUIPE EPFT OPU IBWF NVDI JNQSPWFNFOU
PO PVS 306(& TDPSFT BT FYQMBJOFE JO g������

ۦ 4Pࢄ QPTJUJPOBM DPOTUSBJOU� य़JT NFUIPE JODPSQPSBUFT UIF TOJQQFU QPTJUJPO BT B TPॏ
DPOTUSBJOU CZ BEEJOH JU UP UIF TJNJMBSJUZ GVODUJPO� य़F BVHNFOUFE TJNJMBSJUZ GVODUJPO
BॏFS JODPSQPSBUJOH UIF TOJQQFU QPTJUJPO JT QSFTFOUFE CFMPX�

positionalSim(q, s) = α ∗ sim(q, s)+

(1− α) ∗ rank(s)
	���


)FSF q BOE s EFOPUF UIF RVFTUJPO BOE TFOUFODF SFTQFDUJWFMZ� sim(q, s) EFOPUFT B GVODUJPO
XIJDI DPNQVUFT TJNJMBSJUZ CFUXFFO RVFTUJPO BOE TFOUFODF 	XF FYQFSJNFOU XJUI +BDDBSE
BOE UG�JEG CBTFE TJNJMBSJUJFT
� rank(s) EFOPUFT UIF CPPTU HJWFO UP UIF TFOUFODF CBTFE PO
UIF QPTJUJPO PG UIF TOJQQFU UP XIJDI JU CFMPOHT BOE α JT B XFJHIUJOH QBSBNFUFS� य़F WBMVF
PG rank(s) GPS B TFOUFODF JT DPNQVUFE BT GPMMPXT�

rank(s) = 1− pos(s)

pos(s) = snippetPos(s)/�snippets

)FSF snippetPos(s) EFOPUFT UIF QPTJUJPO 	JOEFY
 PG UIF TOJQQFU UP XIJDI UIF TFOUFODF
CFMPOHT JO UIF MJTU PG SFMFWBOU TOJQQFUT� *G B TFOUFODF CFMPOHT UP NVMUJQMF TOJQQFUT XF
DPOTJEFS UIF MPXFTU JOEFY� �snippets EFOPUFT UIF OVNCFS PG SFMFWBOU TOJQQFUT GPS UIF
DVSSFOU RVFTUJPO� य़JT QPTJUJPOBM CPPTU HJWFT IJHIFS XFJHIU UP TFOUFODFT XJUI MPXFS
QPTJUJPO WBMVFT 	TJODF UIFZ PDDVS FBSMJFS JO UIF MJTU
 BOE SFUVSOT B OPSNBMJ[FE WBMVF JO
UIF SBOHF ��� UP FOTVSF UIBU JU JT DPNQBSBCMF UP UIF SBOHF PG WBMVFT QSPEVDFE CZ UIF
TJNJMBSJUZ GVODUJPO� "EEJOH UIJT DPOTUSBJOU CPPTUT PVS 306(& TDPSFT�

"T XF DBO PCTFSWF UIF DPOTUSBJOUT BSF JNQPTFE PO UPQ PG UIF VOEFSMZJOH TJNJMBSJUZ TDPSFT
UP SFSBOL UIF SFUSJFWFE TFOUFODFT� )FODF BMM UIF BODIPS GPSNT DPNQBUJCMF JO DBMDVMBUJOH UIF
DPSSFTQPOEJOH sim(q, s) TDPSF DBO CF VTFE BMPOH XJUI UIFTF QPTJUJPOBM DPOTUSBJOUT�

5BCMF ���� EFNPOTUSBUFT UIF DPNQBUJCJMJUZ PG EJFSFOU BODIPS GPSN SFQSFTFOUBUJPOT XJUI UIF
TJNJMBSJUZ NFUSJD DPNQVUBUJPO�
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4JNJMBSJUZ "ODIPS GPSNT
.FUSJDT 4VSGBDF GPSN &YQBOTJPO GPSN &NCFEEJOH GPSN
+BDDBSE ! !
5G�JEG !
1PTJUJPOBM ! ! !

5१२ॲ५ ����� $PNQBUJCJMJUZ PG BODIPS GPSN SFQSFTFOUBUJPO XJUI TJNJMBSJUZ NFUSJDT

#JPNFEJDBM 5PPMT BOE 0OUPMPHJFT 8F FYQFSJNFOU XJUI WBSJPVT CJPNFEJDBM UPPMT BOE PO�
UPMPHJFT GPS DPODFQU FYQBOTJPO JO PSEFS UP JODPSQPSBUF SFMBUJPOT CFUXFFO DPODFQUT XIJMF DPN�
QVUJOH TJNJMBSJUZ� 5P QFSGPSN DPODFQU FYQBOTJPO UIF STU TUFQ JT UP JEFOUJGZ CJPNFEJDBM DPO�
DFQUT GSPN B TFOUFODF� 8F DIPPTF UIF .FUB.BQ DPODFQU JEFOUJDBUJPO UPPM BOE VTF B QZUIPO
XSBQQFS QZNFUBNBQ� GPS UIJT QVSQPTF� य़JT "1* JEFOUJFT CJPNFEJDBM DPODFQUT GSPN B TFO�
UFODF BOE SFUVSOT B $PODFQU 6OJRVF *EFOUJDBUJPO 	$6*
 GPS FBDI DPODFQU� य़JT $6* BDUT BT B
VOJRVF JEFOUJFS GPS UIF DPODFQU XIJDI JT TIBSFE BDSPTT POUPMPHJFT J�F� JU DBO CF VTFE BT BO
*% UP SFUSJFWF UIF TBNF DPODFQU GSPN UIF 6.-4 POUPMPHZ� "ॏFS JEFOUJGZJOH CJPNFEJDBM DPO�
DFQUT XF FYQFSJNFOU XJUI UXP POUPMPHJFT GPS DPODFQU FYQBOTJPO� 6.-4 .FUBUIFTBVSVT BOE
4/0.&%$5�

ۦ 6.-4 .FUBUIFTBVSVT� य़F 6.-4 .FUBUIFTBSVT DPOUBJOT NBOZ UZQFT PG SFMBUJPOT GPS
FBDI CJPNFEJDBM DPODFQU� 'PS PVS UBTL UISFF SFMBUJPO UZQFT BSF PG JOUFSFTU UP VT� ۜ3#
	CSPBEFS SFMBUJPOTIJQ
 ۜ3- 	TJNJMBS PS BMJLF SFMBUJPOTIJQ
 BOE ۜ32 	SFMBUFE BOE QPTTJCMZ
TZOPOZNPVT SFMBUJPOTIJQ
� )PXFWFS OPOF PG UIF CJPNFEJDBM DPODFQUT JEFOUJFE GSPN
RVFTUJPOT BOE TFOUFODFT JO PVS USBJOJOH EBUBTFU DPOUBJOFE SFMBUJPOT PG UIF UZQF ۜ3- PS
ۜ32� )FODFXF QFSGPSN FYQBOTJPO GPS FBDI CJPNFEJDBM DPODFQU CZ DPMMFDUJOH BMM DPODFQUT
MJOLFE UP JU CZ UIF ۜ3# SFMBUJPO�

ۦ 4/0.&%$5� य़F 4/0.&%$5 POUPMPHZ EPFT OPU DPOUBJO $6*T GPS CJPNFEJDBM DPO�
DFQUT� )FODF XF OFFE UP VTF B EJFSFOU UFDIOJRVF UP MPDBUF DPODFQUT JO UIJT POUPMPHZ�
*O BEEJUJPO UP $6* QZNFUBNBQ BMTP QSPWJEFT B ۠QSFGFSSFE OBNFۡ GPS FBDI DPODFQU� 8F
VTF UIJT QSFGFSSFE OBNF UP QFSGPSN B GVMM�UFYU TFBSDI JO UIF 4/0.&%$5 POUPMPHZ� "MM
DPODFQUT SFUVSOFE CZ UIJT TFBSDI BSF UIFO DPOTJEFSFE UP CF SFMBUFE DPODFQUT BOE VTFE GPS
FYQBOTJPO� 6TJOH UIJT POUPMPHZ GPS DPODFQU FYQBOTJPO SFUVSOT B NVDI MBSHFS OVNCFS
PG SFMBUFE DPODFQUT EVF UP UIF OBUVSF PG PVS TFBSDI 	VTJOH GV[[Z UFYU TFBSDI JOTUFBE PG
QSFDJTF JEFOUJFST
�

8F VTF UIFTF UFDIOJRVFT UP QFSGPSN DPODFQU FYQBOTJPO PO CPUI RVFTUJPOT BOE TFOUFODFT GSPN
SFMFWBOU TOJQQFUT� *O g������� XF QSFTFOU UIF SFTVMUT PG WBSJPVT TZTUFN DPOHVSBUJPOT XJUI BOE
XJUIPVU EPNBJO�TQFDJD DPODFQU FYQBOTJPO�

4FOUFODF 4FMFDUJPO *O UIJT TUBHF XF XBOU UP TFMFDU TFOUFODFT GPS UIF OBM TVNNBSZ GSPN
DBOEJEBUF TFOUFODFT FYUSBDUFE CZ UIF QSFWJPVT TUBHF� 4JODF UIF #JP"42 UBTL IBT B XPSE MJNJU
PG ��� XF MJNJU UIF OVNCFS PG TFOUFODFT TFMFDUFE GPS UIF OBM TVNNBSZ UP WF� य़JT TFOUFODF
MJNJU HJWFT VT HPPE 306(& TDPSFT BDSPTT NVMUJQMF TZTUFN DPOHVSBUJPOT�

�?iiTb,ff;Bi?m#X+QKf�Mi?QMvJ_BQbfTvK2i�K�T

https://github.com/AnthonyMRios/pymetamap
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य़F TJNQMFTU XBZ PG QFSGPSNJOH TFOUFODF TFMFDUJPO JT UP DPOUJOVF TFMFDUJOH UIF TFOUFODF XJUI
UIF IJHIFTU SFMFWBODF TDPSF UP UIF RVFTUJPO VOUJM UIF TFOUFODF MJNJU JT SFBDIFE� )PXFWFS TFO�
UFODFT XJUI IJHI SFMFWBODF UP UIF RVFTUJPO NBZ CF TFNBOUJDBMMZ TJNJMBS UIVT JOUSPEVDJOH SF�
EVOEBODZ JO UIF HFOFSBUFE TVNNBSZ� 8F VTF UXP BMHPSJUINT UP DPNCBU UIJT JTTVF� BHHMPNFS�
BUJWF DMVTUFSJOH CBTFE PO TFOUFODF TJNJMBSJUZ BOE .BYJNVN .BSHJOBM 3FMFWBODF 	..3
 	$BS�
CPOFMM BOE (PMETUFJO ����
� #PUI BMHPSJUINT SFRVJSF FFDUJWF TJNJMBSJUZ NFUSJDT UP DPNQVUF
TFNBOUJD TJNJMBSJUZ CFUXFFO TFOUFODFT� 8F FYQFSJNFOU XJUI WBSJPVT TJNJMBSJUZ NFUSJDT EF�
TDSJCFE JO g�������� 8F BMTP FYQFSJNFOU XJUI DPODFQU FYQBOTJPO VTJOH NVMUJQMF CJPNFEJDBM
POUPMPHJFT� 4FMFDUJOH SFMFWBOU DPOUFOU IFSF JT BODIPSFE JO UIF RVFTUJPO�

"HHMPNFSBUJWF $MVTUFSJOH 3FEVOEBODZ SFEVDUJPO WJB DMVTUFSJOH JT POF PG UIF UFDIOJRVFT
UIBU XBT QSPQPTFE GPS CJPNFEJDBM RVFSZ�PSJFOUFE TVNNBSJ[BUJPO 	$IFO BOE 7FSNB ����
� *O
UIJT UFDIOJRVF XF DSFBUF BMM QPTTJCMF TFOUFODF QBJST GSPN PVS TFU PG DBOEJEBUF TFOUFODFT BOE
DPNQVUF QBJS�XJTF TJNJMBSJUJFT� 8F UIFO QFSGPSN BHHMPNFSBUJWF DMVTUFSJOH PO UIF TFOUFODFT
VTJOH UIFTF QBJS�XJTF TJNJMBSJUZ TDPSFT� 'JOBMMZ XF TFMFDU POF TFOUFODF GSPN FBDI DMVTUFS UP
HFOFSBUF UIF OBM TVNNBSZ JO TVDI B XBZ UIBU UIF TFOUFODF IBWJOH NBYJNVN RVFTUJPO SFM�
FWBODF TDPSF JT TFMFDUFE GSPN FWFSZ DMVTUFS� य़F OVNCFS PG DMVTUFST JT TFU UP UIF NBYJNVN
OVNCFS PG TFOUFODFT XF OFFE JO UIF OBM TVNNBSZ 	WF JO UIJT DBTF
� य़F JOUVJUJPO CFIJOE UIJT
UFDIOJRVF JT UIBU BHHMPNFSBUJWF DMVTUFSJOH GPSDFT TFNBOUJDBMMZ TJNJMBS TFOUFODFT UP GBMM JOUP
UIF TBNF DMVTUFS� 4JODF XF POMZ TFMFDU POF TFOUFODF GSPN FBDI DMVTUFS JO UIF FOE XF EJTDBSE
TFOUFODFT UIBU BSF IJHIMZ TJNJMBS UP UIF TFMFDUFE POFT�

.BYJNBM.BSHJOBM3FMFWBODF .BYJNBM.BSHJOBM 3FMFWBODF 	$BSCPOFMM BOE(PMETUFJO ����

JT B XJEFMZ�VTFE TVNNBSJ[BUJPO BMHPSJUIN UIBU XBT QSPQPTFE UP UBDLMF UIF JTTVF PG SFEVOEBODZ
XIJMF NBJOUBJOJOH RVFSZ SFMFWBODF JO TVNNBSJ[BUJPO� य़JT BMHPSJUIN TFMFDUT OFX TFOUFODFT
CBTFE PO B DPNCJOBUJPO PG SFMFWBODF TDPSF XJUI SFTQFDU UP UIF RVFTUJPO BT XFMM BT TJNJMBSJUZ
TDPSF XJUI SFTQFDU UP UIF TFOUFODFT XIJDI IBWF BMSFBEZ CFFO TFMFDUFE GPS UIF OBM TVNNBSZ�
य़VT UIJT BMHPSJUIN JODPSQPSBUFT TFOUFODF TJNJMBSJUZ BT B DPOTUSBJOU JOTUFBE PG FYQMJDJUMZ DMVT�
UFSJOH TFOUFODFT�

4FOUFODF 5JMJOH *O UIF OBM TUBHF XF DPNCJOF BMM TFMFDUFE TFOUFODFT UP QSPEVDF UIF OBM
TVNNBSZ� य़F TJNQMFTU XBZ JT UP BQQFOE BMM TFMFDUFE TFOUFODFT XIJMF DPOTUSBJOJOH TVNNBSZ
MFOHUI 	CFDBVTF PG UIF XPSE�MJNJU DPOTUSBJOU GPS UIJT UBTL
� 8F BMTP FYQFSJNFOU XJUI BO -45.�
CBTFE TFOUFODF DPNQSFTTJPO NFUIPE� 8F USBJO B OFVSBM OFUXPSL CBTFE PO XPSL EPOF QSFWJ�
PVTMZ CZ 'JMJQQPWB FU BM� 	����
 GPS TFOUFODF DPNQSFTTJPO� 8F HFOFSBUF USBJOJOH EBUB GPS UIJT
OFUXPSL CZ QBJSJOH TFOUFODFT GSPN BCTUSBDU UFYUT XJUI UIFJS GVMM�UFYU WFSTJPOT� (JWFO UIBU UIJT
EBUBTFU JT UPP TNBMM UP USBJO UIF OFVSBM OFUXPSL XF BEE USBJOJOH JOTUBODFT GSPN FYJTUJOH TFO�
UFODF DPNQSFTTJPO EBUBTFUT� *OQVU UP UIJT NPEFM JODMVEFT UIF XPSE WFDUPS SFQSFTFOUBUJPO GPS
B XPSE BOE B CJOBSZ WBMVF UP JOEJDBUF XIFUIFS UIF QSFWJPVT XPSE XBT JODMVEFE JO UIF PVUQVU
TFOUFODF� #BTFE PO UIFTF JOQVUT UIF PVUQVU PG UIF NPEFM QSFEJDUT XIFUIFS UIF XPSE TIPVME CF
EFMFUFE PS OPU� *O UIF FOE TFOUFODFT HFOFSBUFE BॏFS XPSE EFMFUJPO BSF DPODBUFOBUFE UPHFUIFS
UP HFOFSBUF UIF OBM TVNNBSZ� *U JT UP CF OPUFE UIBU UIJT NPEFM EPFT OPU SFRVJSF BOZ MJOHVJTUJD
GFBUVSFT� /PUF UIBU DPODBUFOBUJOH UIF TFMFDUFE DPOUFOU CBTFE JO UIF PSEFS PG SFMFWBODF EPFT
OPU HVBSBOUFF B DPIFSFOU TUSVDUVSF JO UIF OBSSBUJWF� य़JT DIBQUFS NBJOMZ GPDVTFT PO BODIPSJOH
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&YQFSJNFOU 306(&�� 306(&�46�
� $MVTUFSJOH � "CTUSBDU UFYUT 	XJUI BWFSBHF DPOTUSBJOU
 ������ ������
� $MVTUFSJOH � 4OJQQFUT 	XJUI BWFSBHF DPOTUSBJOU
 ������ ������
� $MVTUFSJOH � 4OJQQFUT 	XJUIPVU BWFSBHF DPOTUSBJOU
 ������ ������
� $MVTUFSJOH � 6.-4 FYQBOTJPO ������ ������
� $MVTUFSJOH � 4/0.&%$5 FYQBOTJPO ������ ������
� $MVTUFSJOH � 6.-4 FYQBOTJPO � XFJHIUJOH ������ ������
� $MVTUFSJOH � 4/0.&%$5 FYQBOTJPO � XFJHIUJOH ������ ������
� $MVTUFSJOH � 6.-4 FYQBOTJPO � XFJHIUFE OPSNBMJ[BUJPO ������ ������
� $MVTUFSJOH � 4/0.&%$5 FYQBOTJPO � XFJHIUFE OPSNBMJ[BUJPO ������ ������
�� ..3 ������ ������
�� ..3 � X�W UG�JEG TJNJMBSJUZ ������ ������
�� 'JSTU TOJQQFU CBTFMJOF ������ ������
�� ..3 � )BSE QPTJUJPOBM DPOTUSBJOU � +BDDBSE TJNJMBSJUZ ������ ������
�� ..3 � 4Pॏ QPTJUJPOBM DPOTUSBJOU � +BDDBSE TJNJMBSJUZ ������ ������
�� )BSE QPTJUJPOBM DPOTUSBJOU � +BDDBSE TJNJMBSJUZ ������ ������
�� 4Pॏ QPTJUJPOBM DPOTUSBJOU � +BDDBSE TJNJMBSJUZ ������ ������
�� 4Pࢄ QPTJUJPOBM DPOTUSBJOU � X�W UG�JEG TJNJMBSJUZ ������ ������
�� ..3 � UG�JEG TJNJMBSJUZ � -45. DPNQSFTTJPO ������ ������

5१२ॲ५ ����� 306(& TDPSFT XJUI EJFSFOU BMHPSJUINT POUPMPHJFT BOE TJNJMBSJUZ NFUSJDT

UIF DPOUFOU TFMFDUJPO JO UIF RVFTUJPO� *O UIF OFYU DIBQUFS XF XJMM EJTDVTT TPNF QPTU�FEJUJOH
UFDIOJRVFT UP SFPSEFS UIF TFMFDUFE DPOUFOU UP GPSN B NPSF DPIFSFOU TVNNBSZ�

����� &YQFSJNFOUT BOE 3FTVMUT

8F FYQFSJNFOU XJUI JEFBM BOTXFS HFOFSBUJPO VTJOH WBSJPVT TZTUFN DPOHVSBUJPOT XIJDI EJFS
JO TJNJMBSJUZ NFUSJDT CJPNFEJDBM POUPMPHJFT TFOUFODF TFMFDUJPO BMHPSJUINT	DMVTUFSJOH�..3

BOE UJMJOH BMHPSJUINT VTFE� य़F Pਖ਼DJBM FWBMVBUJPO GPS JEFBM BOTXFST JODMVEFT NBOVBM FWBMVBUJPO
CZ CJPNFEJDBM FYQFSUT JO UIF #JP"42 UFBN BT XFMM BT BVUPNBUJD FWBMVBUJPO WJB 306(& TDPSFT�
5P QSFTFOU DPNQBSBCMF BOE TUBOEBSEJ[FE SFTVMUT XF SVO PVS TZTUFN PO UIF CBUDI � EBUBTFU GPS
1IBTF # PG UBTL �C BOE HFU PVS SFTVMUT FWBMVBUFE WJB UIF #JP"42 0SBDMF�

������� BOUJUBUJWFࢉ "OBMZTJT

य़FTF SFTVMUT BSF TIPXO JO 5BCMF �� 8F PCUBJO UIF CFTU SFTVMUT BNPOH UIFTF DPOHVSBUJPOT CZ
VTJOH TPॏ QPTJUJPOBM DPOTUSBJOU XJUI UG�JEG CBTFE TJNJMBSJUZ PO TOJQQFUT� य़F STU UISFF SPXT JO
5BCMF � TIPX PVS FYQFSJNFOUT XJUI EJFSFOU HSBOVMBSJUJFT GPS TFOUFODF FYUSBDUJPO� 8IJMF VTJOH
BCTUSBDU UFYUT GPS TFOUFODF TFMFDUJPO XF PCTFSWF UIBU PVS DMVTUFSJOH UFDIOJRVF GSFRVFOUMZ QVUT
TFOUFODFT XJUI MPX RVFSZ SFMFWBODF JOUP UIF TBNF DMVTUFST� 4JODF PVS TFMFDUJPO NFUIPE QJDLT
POF TFOUFODF GSPN FBDI DMVTUFS TPNF TFOUFODFT XJUI MPX RVFSZ SFMFWBODF GSPN UIFTF ۠CBEۡ
DMVTUFST BSF BMTP TFMFDUFE GPS UIF OBM TVNNBSZ� 5P TPMWF UIJT JTTVF XF JNQPTFE B DPOTUSBJOU
UIBU MUFSFE PVU TFOUFODFT XJUI B MPXFS�UIBO�BWFSBHF SFMFWBODF TDPSF SFHBSEJOH UIF RVFTUJPO
CFGPSF DMVTUFSJOH� 8F BMTP USJFE BEEJOH UIJT DPOTUSBJOU XIJMF VTJOH SFMFWBOU TOJQQFUT CVU UIJT
SFEVDFE PVS TDPSFT CFDBVTF TFOUFODFT GSPN TOJQQFUT BSF BMSFBEZ SFMFWBOU UP UIF RVFTUJPO BOE
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&DWHJRU\ 4XHVWLRQ�6XPPDU\

4XHVWLRQ :KDW�LV�WKH�HIIHFW�WKDW�(=+��KDV�RQ�FKURPDWLQ"

*ROG�,GHDO�
$QVZHU

(]�WKDW�FDWDO\]HV�GL��DQG�WULPHWK\ODWLRQ�RI�KLVWRQH�+��O\VLQH�����+�.��PH������PDUNV�UHSUHVVLYH�WR�WUDQVFULSWLRQ�>�@�7KH�PDPPDOLDQ�
KRPRORJV�(]K��DQG�(]K��IRUP�VLPLODU�35&��FRPSOH[HV�EXW�H[KLELW�FRQWUDVWLQJ�UHSUHVVLYH�UROHV�>�@�35&��(]K��FDWDO\]HV�+�.��PH����DQG�
LWV�NQRFNGRZQ�DIIHFWV�JOREDO�+�.��PH����OHYHOV�>�@�(=+��WKXV�PDLQWDLQV�FKURPDWLQ�LQ�D�UHSUHVVLYH�VWDWH�

&OXVWHULQJ���
6QLSSHWV

'XULQJ�SURJHQLWRU�FHOO�GLIIHUHQWLDWLRQ�DQG�DJHLQJ��3F*�VLOHQFHU�(=+��DWWHQXDWHV��FDXVLQJ�ORVV�RI�35&�ELQGLQJ�DQG�WUDQVFULSWLRQDO�DFWLYDWLRQ�RI�,1.�E�
DQG�,1.�D�7UHJ�VSHFLILF�DEODWLRQ�RI�(]K��UHVXOWHG�LQ�VSRQWDQHRXV�DXWRLPPXQLW\�ZLWK�UHGXFHG�)R[S�����FHOOV�LQ�QRQ�O\PSKRLG�WLVVXHV�DQG�LPSDLUHG�
UHVROXWLRQ�RI�H[SHULPHQWDO�DXWRLPPXQH�HQFHSKDORP\HOLWLV�:H�UHSRUW�WKDW�WKH�PDPPDOLDQ�KRPRORJV�(]K��DQG�(]K��IRUP�VLPLODU�35&��FRPSOH[HV�
EXW�H[KLELW�FRQWUDVWLQJ�UHSUHVVLYH�UROHV�>�@�,Q�WKLV�VWXG\��ZH�IRXQG�WKH�LQYHUVH�FRUUHODWLRQ�EHWZHHQ�)2;3��DQG�(]K���DQ�HQ]\PH�IRU�KLVWRQH�+�.���
WULPHWK\ODWLRQ��+�.��PH���DQG�D�FHQWUDO�HSLJHQHWLF�UHJXODWRU�LQ�FDQFHU�WKH�35&��(]K��FRPSOH[��ZKLFK�LV�ERXQG�WR�WKH�P\RJHQLQ��0\R*��SURPRWHU�
DQG�PXVFOH�FUHDWLQH�NLQDVH��P&.��HQKDQFHU�LQ�SUROLIHUDWLQJ�P\REODVWV��DQG�WKH�35&��(]K��FRPSOH[��ZKLFK�UHSODFHV�35&��(]K��RQ�0\R*�SURPRWHU�
LQ�SRVW�PLWRWLF�P\RWXEHV�

&OXVWHULQJ���
80/6�
H[SDQVLRQ���
ZHLJKWHG�
QRUPDOL]DWLRQ

'XULQJ�SURJHQLWRU�FHOO�GLIIHUHQWLDWLRQ�DQG�DJHLQJ��3F*�VLOHQFHU�(=+��DWWHQXDWHV��FDXVLQJ�ORVV�RI�35&�ELQGLQJ�DQG�WUDQVFULSWLRQDO�DFWLYDWLRQ�RI�,1.�E�
DQG�,1.�D��:H�UHSRUW�WKDW�WKH�PDPPDOLDQ�KRPRORJV�(]K��DQG�(]K��IRUP�VLPLODU�35&��FRPSOH[HV�EXW�H[KLELW�FRQWUDVWLQJ�UHSUHVVLYH�UROHV��
>�@�7UHJ�VSHFLILF�DEODWLRQ�RI�(]K��UHVXOWHG�LQ�VSRQWDQHRXV�DXWRLPPXQLW\�ZLWK�UHGXFHG�)R[S�����FHOOV�LQ�QRQ�O\PSKRLG�WLVVXHV�DQG�LPSDLUHG�UHVROXWLRQ�
RI�H[SHULPHQWDO�DXWRLPPXQH�HQFHSKDORP\HOLWLV�(]�WKDW�FDWDO\]HV�GL��DQG�WULPHWK\ODWLRQ�RI�KLVWRQH�+��O\VLQH�����+�.��PH�����>�@��PDUNV�
UHSUHVVLYH�WR�WUDQVFULSWLRQ�>�@�WKH�35&��(]K��FRPSOH[��ZKLFK�LV�ERXQG�WR�WKH�P\RJHQLQ��0\R*��SURPRWHU�DQG�PXVFOH�FUHDWLQH�NLQDVH��P&.��
HQKDQFHU�LQ�SUROLIHUDWLQJ�P\REODVWV��DQG�WKH�35&��(]K��FRPSOH[��ZKLFK�UHSODFHV�35&��(]K��RQ�0\R*�SURPRWHU�LQ�SRVW�PLWRWLF�P\RWXEHV�

&OXVWHULQJ���
6120('&7�
H[SDQVLRQ���
ZHLJKWHG�
QRUPDOL]DWLRQ

'XULQJ�SURJHQLWRU�FHOO�GLIIHUHQWLDWLRQ�DQG�DJHLQJ��3F*�VLOHQFHU�(=+��DWWHQXDWHV��FDXVLQJ�ORVV�RI�35&�ELQGLQJ�DQG�WUDQVFULSWLRQDO�DFWLYDWLRQ�RI�,1.�E�
DQG�,1.�D�7UHJ�VSHFLILF�DEODWLRQ�RI�(]K��UHVXOWHG�LQ�VSRQWDQHRXV�DXWRLPPXQLW\�ZLWK�UHGXFHG�)R[S�����FHOOV�LQ�QRQ�O\PSKRLG�WLVVXHV�DQG�LPSDLUHG�
UHVROXWLRQ�RI�H[SHULPHQWDO�DXWRLPPXQH�HQFHSKDORP\HOLWLV�:H�UHSRUW�WKDW�WKH�PDPPDOLDQ�KRPRORJV�(]K��DQG�(]K��IRUP�VLPLODU�35&��FRPSOH[HV�
EXW�H[KLELW�FRQWUDVWLQJ�UHSUHVVLYH�UROHV�>�@�(]�WKDW�FDWDO\]HV�GL��DQG�WULPHWK\ODWLRQ�RI�KLVWRQH�+��O\VLQH�����+�.��PH������PDUNV�UHSUHVVLYH�
WR�WUDQVFULSWLRQ�>�@�WKH�35&��(]K��FRPSOH[��ZKLFK�LV�ERXQG�WR�WKH�P\RJHQLQ��0\R*��SURPRWHU�DQG�PXVFOH�FUHDWLQH�NLQDVH��P&.��HQKDQFHU�LQ�
SUROLIHUDWLQJ�P\REODVWV��DQG�WKH�35&��(]K��FRPSOH[��ZKLFK�UHSODFHV�35&��(]K��RQ�0\R*�SURPRWHU�LQ�SRVW�PLWRWLF�P\RWXEHV�

005 (]K��DQG�(]K��PDLQWDLQ�UHSUHVVLYH�FKURPDWLQ�WKURXJK�GLIIHUHQW�PHFKDQLVPV�>�@�7KH�FKURPDWLQ�PRGLI\LQJ�HQ]\PH�(]K��LV�FULWLFDO�IRU�WKH�
PDLQWHQDQFH�RI�UHJXODWRU\�7�FHOO�LGHQWLW\�DIWHU�DFWLYDWLRQ��7UHJ�VSHFLILF�DEODWLRQ�RI�(]K��UHVXOWHG�LQ�VSRQWDQHRXV�DXWRLPPXQLW\�ZLWK�UHGXFHG�)R[S�����
FHOOV�LQ�QRQ�O\PSKRLG�WLVVXHV�DQG�LPSDLUHG�UHVROXWLRQ�RI�H[SHULPHQWDO�DXWRLPPXQH�HQFHSKDORP\HOLWLV��WKH�35&��(]K��FRPSOH[��ZKLFK�LV�ERXQG�WR�WKH�
P\RJHQLQ��0\R*��SURPRWHU�DQG�PXVFOH�FUHDWLQH�NLQDVH��P&.��HQKDQFHU�LQ�SUROLIHUDWLQJ�P\REODVWV��DQG�WKH�35&��(]K��FRPSOH[��ZKLFK�UHSODFHV�
35&��(]K��RQ�0\R*�SURPRWHU�LQ�SRVW�PLWRWLF�P\RWXEHV��,Q�WKLV�VWXG\��ZH�IRXQG�WKH�LQYHUVH�FRUUHODWLRQ�EHWZHHQ�)2;3��DQG�(]K���DQ�HQ]\PH�IRU�
KLVWRQH�+�.���WULPHWK\ODWLRQ��+�.��PH���DQG�D�FHQWUDO�HSLJHQHWLF�UHJXODWRU�LQ�FDQFHU�

005���Z�Y
�WI�LGI

(]K��DQG�(]K��PDLQWDLQ�UHSUHVVLYH�FKURPDWLQ�WKURXJK�GLIIHUHQW�PHFKDQLVPV�>�@�,Q�WKLV�VWXG\��ZH�IRXQG�WKH�LQYHUVH�FRUUHODWLRQ�EHWZHHQ�)2;3��
DQG�(]K���DQ�HQ]\PH�IRU�KLVWRQH�+�.���WULPHWK\ODWLRQ��+�.��PH���DQG�D�FHQWUDO�HSLJHQHWLF�UHJXODWRU�LQ�FDQFHU��7KHVH�VWXGLHV�UHYHDO�D�FULWLFDO�UROH�
IRU�(]K��LQ�WKH�PDLQWHQDQFH�RI�7UHJ�FHOO�LGHQWLW\�GXULQJ�FHOOXODU�DFWLYDWLRQ��:H�UHSRUW�WKDW�WKH�PDPPDOLDQ�KRPRORJV�(]K��DQG�(]K��IRUP�VLPLODU�
35&��FRPSOH[HV�EXW�H[KLELW�FRQWUDVWLQJ�UHSUHVVLYH�UROHV�>�@�7KH�FKURPDWLQ�PRGLI\LQJ�HQ]\PH�(]K��LV�FULWLFDO�IRU�WKH�PDLQWHQDQFH�RI�UHJXODWRU\�7�
FHOO�LGHQWLW\�DIWHU�DFWLYDWLRQ�

6RIW�
FRQVWUDLQW���
Z�Y�WI�LGI

(]K��DQG�(]K��PDLQWDLQ�UHSUHVVLYH�FKURPDWLQ�WKURXJK�GLIIHUHQW�PHFKDQLVPV�>�@�:H�UHSRUW�WKDW�WKH�PDPPDOLDQ�KRPRORJV�(]K��DQG�(]K��
IRUP�VLPLODU�35&��FRPSOH[HV�EXW�H[KLELW�FRQWUDVWLQJ�UHSUHVVLYH�UROHV�>�@�(]�WKDW�FDWDO\]HV�GL��DQG�WULPHWK\ODWLRQ�RI�KLVWRQH�+��O\VLQH����
�+�.��PH������PDUNV�UHSUHVVLYH�WR�WUDQVFULSWLRQ��'XULQJ�SURJHQLWRU�FHOO�GLIIHUHQWLDWLRQ�DQG�DJHLQJ��3F*�VLOHQFHU�(=+��DWWHQXDWHV��FDXVLQJ�ORVV�RI�
35&�ELQGLQJ�DQG�WUDQVFULSWLRQDO�DFWLYDWLRQ�RI�,1.�E�DQG�,1.�D��WKH�35&��(]K��FRPSOH[��ZKLFK�LV�ERXQG�WR�WKH�P\RJHQLQ��0\R*��SURPRWHU�DQG�
PXVFOH�FUHDWLQH�NLQDVH��P&.��HQKDQFHU�LQ�SUROLIHUDWLQJ�P\REODVWV��DQG�WKH�35&��(]K��FRPSOH[��ZKLFK�UHSODFHV�35&��(]K��RQ�0\R*�SURPRWHU�LQ�
SRVW�PLWRWLF�P\RWXEHV�

005���Z�Y�
WI�LGI���/670�
VHQWHQFH�
FRPSUHVVLRQ

DQG�H]K��PDLQWDLQ�UHSUHVVLYH�FKURPDWLQ�WKURXJK�GLIIHUHQW�PHFKDQLVPV�>�@�WKLV�VWXG\���IRXQG�WKH�LQYHUVH�FRUUHODWLRQ�EHWZHHQ�IR[S��DQG�H]K����DQ�
HQ]\PH�IRU�KLVWRQH�K�N���WULPHWK\ODWLRQ��K�N��PH���DQG�D�FHQWUDO�HSLJHQHWLF�UHJXODWRU�LQ�FDQFHU���SUF��H]K��FRPSOH[���ZKLFK�LV�ERXQG�WR�WKH�
P\RJHQLQ��P\RJ��SURPRWHU�DQG�PXVFOH�FUHDWLQH�NLQDVH��PFN��HQKDQFHU�LQ�SUROLIHUDWLQJ�P\REODVWV���DQG�WKH�SUF��H]K��FRPSOH[���ZKLFK�UHSODFHV�
SUF��H]K��RQ�P\RJ�SURPRWHU�LQ�SRVW�PLWRWLF�P\RWXEHV��

'९७ॻॸ५ ����� 4VNNBSJFT HFOFSBUFE XJUI EJFSFOU UFDIOJRVFT

XF FOE VQ EJTDBSEJOH JNQPSUBOU JOGPSNBUJPO CZ MUFSJOH� 8F BMTP OPUF UIBU TXJUDIJOH HSBOV�
MBSJUZ GSPN BCTUSBDU UFYUT UP SFMFWBOU TOJQQFUT TJHOJटDBOUMZ CPPTUFE UIF 306(& TDPSFT� )FODF BMM
TVCTFRVFOU FYQFSJNFOUT 	SPXT ����
 VTF TOJQQFUT GPS TFOUFODF FYUSBDUJPO�

3PXT ��� TIPX PVS FYQFSJNFOUT XJUI DPODFQU FYQBOTJPO VTJOH WBSJPVT CJPNFEJDBM POUPMPHJFT
BOE XFJHIUJOH UFDIOJRVFT� 8F VTF UIF GPMMPXJOH XFJHIUJOH UFDIOJRVF� XIJMF DBMDVMBUJOH TJNJ�
MBSJUZ XPSET GSPN UIF PSJHJOBM RVFTUJPO BOE TFOUFODFT DBSSZ BXFJHIU PG � XIJMF XPSET PCUBJOFE
BEEFE BॏFS DPODFQU FYQBOTJPO DBSSZ B XFJHIU PG ���� 8F EP OPU PCTFSWF TJHOJटDBOU HBJOT VTJOH
DPODFQU FYQBOTJPO� य़F VOCPVOEFE OBUVSF PG DPODFQU FYQBOTJPO IVSUT PVS QFSGPSNBODF BOE TP
XF SFGSBJO GSPN VTJOH UIJT UFDIOJRVF JO GVSUIFS FYQFSJNFOUT� 3PX �� TIPXT PVS FYQFSJNFOU
VTJOH ..3 GPS TFOUFODF TFMFDUJPO JOTUFBE PG DMVTUFSJOH� ..3 QSPWJEFT B TJHOJटDBOU CPPTU JO
306(& TDPSF� 3PX �� TIPXT PVS FYQFSJNFOU XJUI UIF X�W UG�JEG CBTFE TJNJMBSJUZ NFUSJD JOTUFBE
PG +BDDBSE TJNJMBSJUZ XIJDI EFDSFBTFT PVS 306(& TDPSFT TMJHIUMZ CVU JT TUJMM CFࡇFS UIBO QSFWJ�
PVT TZTUFN DPOटHVSBUJPOT� 3PX �� TIPXT UIF TDPSFT PG B CBTFMJOF TZTUFN UIBU SFUVSOT UIF STU
TOJQQFU GSPN UIF MJTU XIJDI JT RVJUF IJHI WBMJEBUJOH PVS BTTVNQUJPO UIBU TOJQQFU QPTJUJPO JT BO
JNQPSUBOU GBDUPS� 3PXT ����� TIPX PVS FYQFSJNFOUT XJUI EJFSFOU XBZT PG BEEJOH QPTJUJPOBM
DPOTUSBJOUT EFTDSJCFE JO g�������� 8IJMF VTJOH B IBSE DPOTUSBJOU EPFT OPU TIPX NVDI JNQSPWF�
NFOU TPࡄ QPTJUJPOBM DPOTUSBJOU HJWFT B TMJHIU CPPTU� 3FTVMUT XJUI BOE XJUIPVU ..3 GPS UIJT
NFUSJD BSF OFBSMZ DPNQBSBCMF� 4Pࡄ DPOTUSBJOU HJWFT B IVHF CPPTU XIFO VTFE XJUI X�W UG�JEG CBTFE
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TJNJMBSJUZ� 3PX �� TIPXT PVS FYQFSJNFOU BEEJOH -45.�CBTFE DPNQSFTTJPO PO UPQ PG ..3 XJUI
X�W UG�JEG CBTFE TJNJMBSJUZ XIJDI SFEVDFT PVS TDPSFT� 3PX �� JT UIF TZTUFN DPOHVSBUJPO XJUI
UIF IJHIFTU 306(& TDPSF PO PVS EBUBTFU XIJDI VTFT TPॏ QPTJUJPOBM DPOTUSBJOU XJUI X�W UG�JEG
TJNJMBSJUZ�

������� BMJUBUJWFࢉ "OBMZTJT

'JHVSF ���� QSFTFOUT JEFBM BOTXFST HFOFSBUFE CZ TPNF PG PVS TZTUFN DPOHVSBUJPOT GPS B SBO�
EPNMZ TFMFDUFE TVNNBSZ RVFTUJPO GSPN 5BTL �C 1IBTF # EBUB UP QSPWJEF B DPNQBSBUJWF RVBM�
JUBUJWF FSSPS BOBMZTJT� &BDI TFOUFODF JO UIF JEFBM HPME BOTXFS JT JOEFYFE XJUI B OVNCFS BT
TIPXO JO UIF HVSF� 8F QFSGPSN B SFMBUJWF BOBMZTJT PG UIF FYUFOU PG JOGPSNBUJPO DBQUVSFE CZ B
TFMFDUFE TVCTFU PG TZTUFN DPOHVSBUJPOT GSPN 5BCMF ��

य़F TFOUFODF JOEFYFE <�> JO UIF HPME JEFBM BOTXFS JT QSFTFOU XPSE�GPS�XPSE JO TVNNBSJFT
DSFBUFE CZ UXP DPOHVSBUJPOT� $MVTUFSJOH � 4/0.&%$5 FYQBOTJPO � XFJHIUFE OPSNBMJ[BUJPO
BOE 4Pॏ DPOTUSBJOU � X�W UG�JEG� $MVTUFSJOH � 6.-4 FYQBOTJPO � XFJHIUFE OPSNBMJ[BUJPO
DPOUBJOT B MPOHFS WFSTJPO PG UIJT TFOUFODF� 8F BMTP PCTFSWF UIBU UIJT TFOUFODF EPFT OPU DPOUBJO
BOZ PG UIF UFSNT GSPN UIF PSJHJOBM RVFTUJPO� )FODF TVNNBSJFT HFOFSBUFE CZ BMM DPOHVSBUJPOT
VTJOH POMZ +BDDBSE TJNJMBSJUZ 	$MVTUFSJOH � 4OJQQFUT ..3
 EP OPU DPOUBJO UIJT TFOUFODF TJODF
UIFSF JT OP TVSGBDF�MFWFM TJNJMBSJUZ� )PXFWFS NFUIPET JODPSQPSBUJOH TFNBOUJD JOGPSNBUJPO WJB
XPSE FNCFEEJOHT 	X�W UG�JEG TJNJMBSJUZ
 PS DPODFQU FYQBOTJPO 	6.-4� 4/0.&%$5
 JODMVEF
UIJT TFOUFODF JO UIF OBM TVNNBSZ XIJDI TIPXT UIBU JODPSQPSBUJOH TFNBOUJD JOGPSNBUJPO JT
JNQPSUBOU UP CSJEHF UIF WPDBCVMBSZ HBQ JO TPNF TJUVBUJPOT�

य़F TFOUFODF JOEFYFE <�> JO UIF HPME BOTXFS JT QSFTFOU JO TVNNBSJFT HFOFSBUFE CZ NPTU PG UIF
DPOHVSBUJPOT BT TIPXO CVU XJUI FYUSB QISBTFT TVDI BT ۜ8F SFQPSU UIBU BU UIF CFHJOOJOH PG
UIF TFOUFODF� य़PVHI UIF QSFTFODF PG TVDI XPSET EPFT OPU IBWF B NBKPS JNQBDU PO BVUPNBUJD
TDPSFT MJLF 306(& JU JOVFODFT UIF NBOVBM FWBMVBUJPO XIJDI BMTP KVEHFT TVNNBSZ SFBEBCJM�
JUZ� )PXFWFS UIF -45.�CBTFE DPNQSFTTJPO NFUIPE SFNPWFT UIFTF XPSET WJB EFMFUJPO� 8F
PCTFSWF UIBU UIJT TFOUFODF DPOUBJOT UIF DPODFQU ۠&[I�ۡ XIJDI JT BMTP QSFTFOU JO UIF RVFTUJPO�
)FODF TPNF DPOHVSBUJPOT XIJDI VTF TVSGBDF�MFWFM TJNJMBSJUZ 	$MVTUFSJOH�4OJQQFUT
 BMTP QJDL
UIJT TFOUFODF GPS UIF OBM TVNNBSZ� #VU UIJT TFOUFODF JT OPU QSFTFOU JO UIF TVNNBSZ HFOFS�
BUFE CZ UIF ..3 � TOJQQFUT DPOHVSBUJPO� य़JT IBQQFOT CFDBVTF NBOZ TFOUFODFT TFMFDUFE CZ
UIF BMHPSJUIN BMSFBEZ DPOUBJO UIF DPODFQU ۠&[I�ۡ BOE TP UIJT TFOUFODF JT FYDMVEFE EVF UP JUT
TJNJMBSJUZ UP BMSFBEZ TFMFDUFE TFOUFODFT�

��� $PODMVTJPOT BOE 1SPTQFDUJWF 'VUVSF %JSFDUJPOT

*O UIJT TFDUJPO XF TVNNBSJ[F PVS OEJOHT JO BODIPSJOH UIF OBSSBUJWFT JO /�-PDBM BOE /�(MPCBM
BODIPST� 'SPN UIBU QPJOU * XPVME MJLF UP QPJOU PVU B GFX QPUFOUJBM SFTFBSDI EJSFDUJPOT UP QMBDF
PVS FHHT JO GPS PVS OFYU TUFQT JO UIJT EJSFDUJPO�

"VUPNBUJD OBSSBUJWF HFOFSBUJPO IBT CFFO B ESFBN TJODF UIF FNFSHFODF PG "*� *O TFWFSBM DJSDVN�
TUBODFT UIJT OBSSBUJWF JT TJUVBUFE JO UIF DPOUFYU� 8F FYBNJOFE EFSJWJOH UIF BODIPST GSPN UIJT
DPOUFYU UP JNQSPWF UIF OBSSBUJPO� *O TQFDJD UIJT DIBQUFS GPDVTFE PO JNQSPWJOH UIF OBSSBUJWF
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CZ BODIPSJOH JO SFMFWBOU DPOUFOU� "ODIPSJOH UIF OBSSBUJWF JO DPOUFOU BTTJTUT JO JNQSPWJOH UIF
SFMFWBODF BOE OBUVSBMOFTT BTQFDUT� य़JT BODIPSJOH DBO CF EPOF BU B OFS PS B DPBSTFS MFWFM�
8F QSFTFOUFE UIF /�-PDBM BODIPSJOH XJUI WJTVBM TUPSZUFMMJOH BOE /�(MPCBM BODIPSJOH XJUI
RVFSZ�PSJFOUFE TVNNBSJ[BUJPO�

4DBMJOH JNBHF DBQUJPOJOH NPEFMT QSBDUJDBMMZ NBOEBUFT USBJOJOH PO OPJTZ BOE VODVSBUFE EBUB
BWBJMBCMF PO UIF XFC� 0VS XPSLT QSFTFOUT BO BQQSPBDI UIBU EFOPJTFT MFBSOJOH GSPN TVDI MBSHF
ZFU EJWFSTF XFC�TDBMFE EBUB XJUI BMU�UFYU BOOPUBUJPOT CZ TVC�TFMFDUJOH DPOUFOU BT JOUFSNFEJBUF
TLFMFUPOT� 8F FYQFSJNFOUBMMZ EFNPOTUSBUF UIBU UIJT BQQSPBDI JNQSPWFT UIF DBQUJPOT TJHOJG�
JDBOUMZ JO IVNBO FWBMVBUJPOT PO PVU�PG�EPNBJO UFTU EBUB CZ DPOWFSUJOH NFUB BOE TUPSZ MJLF
DBQUJPOT UP NPSF WJTVBMMZ JOGPSNBUJWF DBQUJPOT� 8F BMTP EFNPOTUSBUF UIF USBOTGFSBCJMJUZ PG
PWFSTJNQMJFE &OHMJTI TLFMFUPO XPSET UP JNQSPWF DBQUJPOT JO WF PUIFS MBOHVBHFT�

"EEJUJPOBMMZ UIF OBUVSBM�MBOHVBHF JOUFSQSFUBCMF TLFMFUPO MBZFS BMMPXT VT CF॒FS DPOUSPM BOE
QFSGPSN IVNBO�JO�UIF�MPPQ DPSSFDUJPOT PG NPEFM QSFEJDUJPOT� 8F CFMJFWF UIJT JT B QSPNJTJOH
EJSFDUJPO UPXBSET VOQBJSFE *$ BOE IBT B TUSPOH QPUFOUJBM GPS TFNJ�BVUPNBUJD JOUFSWFOUJPOT UP
DPSSFDU PS JOUFSBDU XJUI UIF TLFMFUPOT UP HVJEF UIF OBM DBQUJPOT CF॒FS�

/BUVSBMOFTT UP B TUPSZ DPNFT BT B QBDLBHF PG OPU POMZ JOUSPEVDJOH FOUJUJFT CVU BMTP SFGFSSJOH UP
UIFN BQQSPQSJBUFMZ BT IVNBOT EP� 0VS XPSL PO VTJOH /�-PDBM BODIPS VOJUT JT JOTQJSFE CZ UIF
JOUVJUJPO UIBU IVNBOT GPSN B DFOUSBM NJOENBQ PG B TUPSZ CFGPSF OBSSBUJOH JU� *O UIJT XPSL UIJT
NJOENBQ JT BTTPDJBUFE XJUI UIF FOUJUJFT 	TVDI BT QFPQMF MPDBUJPO FUD�
 JOWPMWFE JO UIF TUPSZ�
8F QSFTFOU PVS XPSL PO JOUSPEVDJOH FOUJUZ BOE SFGFSFODF TLFMFUPOT JO HFOFSBUJOH B HSPVOEFE
TUPSZ GSPN WJTVBM JOQVU� *O UIF STU QIBTF XF SFQSFTFOU UIF FOUJUZ TLFMFUPOT JO UISFF GPSNT�
TVSGBDF OPNJOBMJ[FE BOE BCTUSBDU� य़FTF BSF EJFSFOU XBZT UP BODIPS UIF DIBSBDUFST BOE UIFJS
SFGFSSJOH FYQSFTTJPOT JO UIF TUPSJFT� य़FTF GPSNT PG SFQSFTFOUBUJPOT DPSSFTQPOE UP EJFSFOU
QSPQFSUJFT PG UIF TLFMFUPO XPSET MJLF XIFUIFS UIFZ BSF OPVOT PS QSPOPVOT PS UIF DBUFHPSZ PG
UIF OPVOT CBTFE PO BO POUPMPHZ� *O UIF TFDPOE QIBTF XF QSFTFOU B TUPSZ HFOFSBUJPO NPEFM
UIBU UBLFT JO UIF FOUJUZ TLFMFUPOT BOE UIF JNBHFT� " TUSPOH CBTFMJOF NPEFM JT TFMFDUFE UIBU
IBT IJHI QFSGPSNBODF XJUI SFTQFDU UP IVNBO FWBMVBUJPO TDPSFT GPS UIF UBTL PG QMBJO WJTVBM
TUPSZUFMMJOH� 8F FYUFOEFE UIF CBTFMJOF UP TFU VQ BOPUIFS CBTFMJOF UIBU JT JOGPSNFE PG UIF FOUJUZ
TLFMFUPOT UP QFSGPSN B GBJS DPNQBSJTPO� 8F UIFO QSPQPTFE UXP NPEFMT� 	�
 NVMUJUBTLJOH XJUI
UIF QSFEJDUJPO PG UIF TLFMFUPO BOE 	�
 HMPDBM IJFSBSDIJDBM B॒FOUJPO NPEFM UIBU B॒FOET UP UIF
TLFMFUPO XPSET BU UIF XPSE MFWFM BOE UIF TFOUFODF MFWFM IJFSBSDIJDBMMZ� 8F PCTFSWF UIBU PVS
.5( BOE HMPDBM IJFSBSDIJDBM BࡇFOUJPO NPEFMT DBO BEIFSF UP UIF TLFMFUPO UIFSFCZ QSPEVDJOH
TDIFNB�CBTFE TUPSJFT� 0VS .5( NPEFM QFSGPSNT CF॒FS JO UFSNT PG BVUPNBUJD NFUSJDT MJLF
.&5&03 CZ BSPVOE � VOJUT� )PXFWFS BOBMZTJT PO UIF QFSDFOUBHF PG HFOFSBUJPO PG UIF OPVO BOE
QSPOPVO GPSNT PG FOUJUJFT SFWFBMT UIBU UIF HMPDBM IJFSBSDIJDBM B॒FOUJPONPEFM HFOFSBUFT FOUJUJFT
DMPTFS UP UIF EJTUSJCVUJPO JO UIF HSPVOE USVUI TUPSJFT� 8F BMTP DPOEVDUFE IVNBO FWBMVBUJPO UIBU
SFWFBMT UIBU UIF HMPDBM IJFSBSDIJDBM B॒FOUJPO NPEFM JT QSFGFSSFE ��� PG UIF UJNF�

8F EFNPOTUSBUF UIBU JOMMJOH JT B TJNQMF ZFU FFDUJWF UFDIOJRVF BOE B TUFQ UPXBSET NBYJNJ[JOH
UIF VUJMJ[BUJPO PG TVSSPVOEJOH DPOUFYUT JO WJTVBM OBSSBUJWFT� *OMMJOH JT UIF TUSBUFHZ UIBU FOBCMFT
UIF NPEFM UP MFBSO TVSSPVOEJOH DPOUFYUVBM JOGPSNBUJPO CZ NBTLJOH TQBOT PG JOQVU XIJMF UIF
EFDPEJOH B॒FNQUT UP HFOFSBUF UIF FOUJSF UFYU� 5P FYQFSJNFOUBMMZ TVQQPSU PVS IZQPUIFTJT XF
DPMMFDU B OFX MBSHF�TDBMF 7J15 EBUBTFU PG ��L QSPDFEVSFT DPNQSJTJOH �� DBUFHPSJFT� 8F DPNQBSF
UIF QFSGPSNBODF PG PVS NPEFM BOE DPODMVTJWFMZ TIPX UIF IJHIFS TJHOJDBODF PG JOMMJOH�CBTFE
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UFDIOJRVFT JO WJTVBM QSPDFEVSFT DPNQBSFE UP WJTVBM TUPSJFT� *O UIF GVUVSF XF QMBO UP FYQMPSF UIF
GPMMPXJOH UXP EJSFDUJPOT� 	�
 JOUFSQPMBUJOH UIF DPOUFYUT CFUXFFO DPOTFDVUJWF TUFQT CZ JOUSPEVD�
JOH B OFX JOMMFE JNBHF BOE 	�
 BEESFTTJOH UIF VOEFSTQFDJDBUJPO QSPCMFN CZ DPOUSPMMJOH UIF
DPOUFOU JO BO JOMMFE JNBHF XJUI FYQMJDJU HVJEBODF� य़FTF JOMMJOH UFDIOJRVFT BSF BMTP JOTUSV�
NFOUBM XIFO EFBMJOH XJUI EBUB JNQVUBUJPO XJUI NJTTJOH DPOUFYUT BOE DPMMBCPSBUJWF BVUIPSJOH
JO SFBM�XPSME TDFOBSJPT�

$PNQMFNFOUJOH UIJT TDFOBSJP HVJEFT UIF OBSSBUJWF XJUI BO PWFSBMM UIFNF PS UPQJD OPU EJWJEFE
UP QSPWJEF POF�UP�POF MFWFM OFS HVJEBODF BU UIF TFOUFODF MFWFM� *O UIJT DIBQUFS XF QSFTFOUFE
B TZTUFN GPS RVFSZ�PSJFOUFE TVNNBSZ HFOFSBUJPO BODIPSFE JO RVFTUJPO� 4JODF UIF UPQJD BOE
UIF BTQFDUT JO UIF RVFTUJPO ESJWFT UIF HFOFSBM UIFNF PG UIF TVNNBSZ BOE EP OPU OFMZ HPW�
FSO FWFSZ TFOUFODF UIJT JT UIF DBTF PG /�(MPCBM BODIPSJOH� य़F UISFF GPSNT PG BODIPST UIBU
XF IBWF FYQMPSFE JO UIJT TFDUJPO BSF� TVSGBDF GPSNT FYQBOTJPO GPSNT FNCFEEJOH GPSNT� 8F
PCTFSWFE UIBU JODPSQPSBUJOH XPSE FNCFEEJOH CBTFE UG�JEG TJNJMBSJUZ BMPOH XJUI TPॏ QPTJUJPOBM
DPOTUSBJOUT PVUQFSGPSNT TVSGBDF�MFWFM XPSE TJNJMBSJUZ XJUI TPॏ QPTJUJPOBM DPOTUSBJOUT� य़JT JT
CFDBVTF UIF GPSNFS DBQUVSFT CPUI TFNBOUJD JOGPSNBUJPO PG UIF DPOUFOU BT XFMM BT SFMFWBODF UP
RVFSZ CBTFE PO TFOUFODF QPTJUJPO� )PXFWFS UIPVHI UIF FYQBOTJPO GPSNT BSF CSJOHJOH NPSF
JOGPSNBUJPO UP UIF QMBUF UIFZ TUJMM TFFN UP IVSU UIF QFSGPSNBODF� *OWFTUJHBUJOH B DPOUSPMMFE
VUJMJ[BUJPO PG UIF FYQBOTJPO GPSNT IBT UIF QPUFOUJBM UP SFBQ CFOFUT JO JNQSPWJOH UIF DPOUFOU
QSPQFSUZ PG OBSSBUJPO�

#BTFE PO UIF MFBSOJOH FYQFSJFODFT GSPN BODIPSJOH UIF OBSSBUJWFT JO WBSJFE MFWFMT PG HSBOVMBSJ�
UJFT PG DPOUFOU * CFMJFWF GVSUIFS FYQMPSBUJPO JO BOZ PG UIF GPMMPXJOH EPNBJOT IBT UIF QPUFOUJBM UP
TIPX TJHOJDBOU JNQSPWFNFOUT� य़FTF SBOHF GSPN BODIPSJOH UFDIOJRVFT UP FWBMVBUJPO XIJDI
BSF EFTDSJCFE JO EFUBJM BT GPMMPXT�

�� 1BSUJBM "ODIPSJOH� *O UIJT DIBQUFS XF IBWF FYQMPSFE BODIPSJOH JO CPUI UIFTF FYUSFNFT
J�F� HVJEBODF BU UIF TFOUFODF BOE OBSSBUJWF MFWFMT� 0OF PG UIF QSPTQFDUJWF EJSFDUJPOT JT BODIPS�
JOH UIF OBSSBUJWF JO QBSUJBM BODIPSJOH� य़JT NFBOT UIBU JOTUFBE PG BODIPSJOH FWFSZ TFOUFODF
XF DBO QSPWJEF BODIPST UP B HSPVQ PG TFOUFODFT BOE BOPUIFS BODIPS GPS UIF OFYU HSPVQ� 'PS
JOTUBODF DPOTJEFS B OBSSBUJWF UIBU JT TFHSFHBUFE JOUP JOUSPEVDUJPO CPEZ BOE DPODMVTJPO� 8JUI
B TMJHIUMZ DPBSTFS�HSBJOFE BODIPSJOH DPNQBSFE UP /�-PDBM BODIPST FBDI PG UIFTF TFHSFHBUJPOT
DBO CF BODIPSFE JO B UIFNF PS B UPQJD�

�� 'VTJPO PG /�-PDBM BOE /�(MPCBM BODIPSJOH� *OTUFBE PG DBUFHPSJ[JOH BODIPST JOUP CPUI
FOET PG UIF TQFDUSVNXJUI SFTQFDU UP UIF HSBOVMBSJUZ JO HVJEJOH UIF OBSSBUJWF BOPUIFS BQQSPBDI
JT GVTJOH UIFTF BODIPST� 'PS JOTUBODF DPOTJEFS UIF DBTF XIFSF B TUPSZ JT UP CF XFBWFE BSPVOE
UIFNFE DIBSBDUFST� य़F DIBSBDUFS BSDT BSF QSPWJEFE GPS FWFSZ JOUFSBDUJOH QBJS PG DIBSBDUFST
CVU UIJT JOGPSNBUJPO JT QSPWJEFE JO UIF GPSN PG B UIFNF BOE OPU HVJEBODF GPS FWFSZ TFOUFODF�
य़F TUPSZ JT OPX BODIPSFE /�MPDBMMZ XJUI SFTQFDU UP FWFSZ QBSUJDJQBUJOH DIBSBDUFS� )PXFWFS
FBDI DIBSBDUFST EFWFMPQNFOU JT EFUFSNJOFE PO UIF XIPMF GPS UIF FOUJSF TUPSZ�

�� "ODIPS 'PSN 3FQSFTFOUBUJPO� "T XF IBWF PCTFSWFE JO UIF DBTF PG FOUJUZ TLFMFUPOT
BT /�-PDBM BODIPST OPNJOBMJ[FE SFQSFTFOUBUJPO PG UIF FOUJUZ TLFMFUPOT TFFNT UP PVUQFSGPSN
PUIFS NPEFMT JO .&5&03 TDPSF� 4JNJMBSMZ JO UIF DBTF PG /�(MPCBM BODIPSJOH B DPNCJOBUJPO PG
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FYQBOTJPO BOE FNCFEEJOH GPSNT IBT QSPTQFDUJWF DIBODFT PG JNQSPWFE QFSGPSNBODF� *OWFTUJ�
HBUJOH PUIFS GPSNT PG BODIPS SFQSFTFOUBUJPO VUJMJ[FE JO UIF HFOFSBUJPO NPEFMT JT BO JOUFSFTUJOH
BSFB XJUI UIF QPUFOUJBM UP JNQSPWF UIF OBSSBUJWFT TJHOJDBOUMZ� 'PS JOTUBODF JOWFTUJHBUJOH UIF
JODPSQPSBUJPO PG OPNJOBMJ[FE /�-PDBM BODIPST JO UIF HMPDBM B॒FOUJPO NPEFM NBZ SFBQ UIF CFO�
FUT PG CPUI NPEFMT� "T B OBUVSBM BEEJUJPO BQQMZJOH PVS NFUIPET UP PUIFS GPSNT PG DPOEJUJPOT
UP HFOFSBUF TUPSZUFMMJOH TVDI BT TFNBOUJD SFQSFTFOUBUJPOT HSBQIT BOE QSPNQUT XPVME CF JO�
UFSFTUJOH UP JOWFTUJHBUF UIF HFOFSBMJ[BCJMJUZ PG PVS BQQSPBDIFT�

�� 5BSHFUFE "ODIPS CBTFE &WBMVBUJPO� %FTQJUF UIF DPNNPO VTBHF PG NFUSJDT TVDI BT
.&5&03 GPS UFYU HFOFSBUJPO UBTLT JU PॏFO MBDLT UIF OFFEGVM UBSHFUFE GPS UIF TQFDJD UBTLT�
*O UIF DBTF PG /�-PDBM BODIPSJOH XF IBWF FYUFOEFE TPNF BOBMZTJT MFWFSBHJOH UIF OVNCFS
BOE UIF EJWFSTJUZ PG UIF FOUJUJFT HFOFSBUFE� 4JNJMBSMZ JOWFTUJHBUJOH NFUSJDT UIBU FWBMVBUF UIF
JODPSQPSBUJPO PG BODIPST JO UIF HFOFSBUFE UFYU QSPWJEFT WJTJCJMJUZ JOUP UIF TQFDJD HPBM XF BSF
B॒FNQUJOH UP BEESFTT� &YQMPSJOH BOE TF॒JOH VQ UBTL�TQFDJD NFUSJDT UP FWBMVBUF JOUFSNFEJBUF
UBTLT TVDI BT BODIPS GPSN PS TLFMFUPO SFQSFTFOUBUJPO XPVME CF VTFGVM JO TUSFBNMJOJOH UIF TUFQT
UPXBSET UIF FOE HPBM�

-BZJOH 'PVOEBUJPO GPS "ODIPSJOH JO 4USVDUVSF� 4P GBS XF IBWF MPPLFE JOUP BODIPSJOH
UIF OBSSBUJWF JO SFMFWBOU DPOUFOU JO TDFOBSJPT XJUI UIF BWBJMBCJMJUZ PG /�-PDBM BOE /�(MPCBM BO�
DIPST� "O JNQPSUBOU QSPQFSUZ PG UIF OBSSBUJWF JT UP JEFOUJGZ BOE BQQSPYJNBUF UIF SJHIU DPOUFOU�
#VJMEJOH PO UPQ PG UIJT UIFSF JT BMTP B OFDFTTJUZ GPS UIF DPOUFOU UP CF PSHBOJ[FE JO B DPIFSFOU
MBZPVU UP FOBCMF SFBEBCJMJUZ� य़JT QSPQFSUZ JT B॒SJCVUFE UP UIF TUSVDUVSF XIJDI XF BSF HPJOH
UP MPPL JOUP JO UIF OFYU DIBQUFS� 'VOEBNFOUBMMZ UIJT TUSVDUVSF DBO CF VTFE JO PVS GSBNFXPSL
PG /�-PDBM BOE /�(MPCBM BODIPST�

ۦ /�-PDBM "ODIPSJOH� $POEJUJPOJOH OFMZ JOUP UIF FOUJUZ TLFMFUPOT BODIPST UIF TUPSJFT JOUP
UIF DPOUFOU� %FUFSNJOJOH UIF TUSVDUVSBM MBZPVU JT NPSF FYQMJDJU JO QSPDFEVSBM IPX�UP
BDUJWJUJFT JO DPNQBSJTPO UP TUPSJFT� %SBXJOH QBSBMMFMT UP UIF WJTVBM TUPSZUFMMJOH XF HBUI�
FSFE B OFX EBUBTFU GPS TUPSZCPBSEJOH SFDJQFT XIJDI IBT EBUB DPNQSJTJOH PG QBSBMMFM JNBHF
BOE TUFQ�XJTF UFYUVBM EFTDSJQUJPO� %FUFSNJOJOH BODIPST GPS TUSVDUVSF JO UIF TBNF XBZ
BT DPOUFOU JT DIBMMFOHJOH EVF UP UIF MBDL PG UBOHJCMF SFQSFTFOUBUJPO� )FODF BT XJMM CF
FYBNJOFE JO UIF OFYU DIBQUFS XF SFTPSU UP JODPSQPSBUJOH TUBUF TFRVFODF JOGPSNBUJPO JO
UIF HFOFSBUJPO QSPDFTT UP BODIPS UIF OBSSBUJWF JO TUSVDUVSF�

ۦ /�(MPCBM "ODIPSJOH� "T XF IBWF TFFO JO /�(MPCBM BODIPSJOH PG DPOUFOU UIF DPOUFOU TF�
MFDUJPO SFMJFT PO UIF HFOFSBM UIFNF QSPWJEFE CZ UIF BODIPS JO UIF RVFTUJPO� )PXFWFS UIF
MBZPVU PS UIF PSHBOJ[BUJPO PG UIF DPOUFOU XBT QFSGPSNFE OBJWFMZ CZ UJMJOH UIF TFOUFODFT
CBTFE PO QPTJUJPO PS SFMFWBODF UP UIF BODIPS� य़FSF JT QPUFOUJBM TDPQF GPS JNQSPWJOH
UIF DPIFSFODF PG UIF OBSSBUJWF CZ TUSVDUVSJOH UIF TFMFDUFE DPOUFOU JO B MPHJDBM PSEFS� *O
UIF OFYU DIBQUFS XF XJMM FYQMPSF SFPSEFSJOH UIF TFOUFODFT BOE GVTJOH UFYU UP BODIPS UIF
OBSSBUJWF JO TUSVDUVSF� य़F SFPSHBOJ[BUJPO EFQFOET PO UIF TFOUFODFT TFMFDUFE CZ DPOUFOU�
UIFSFGPSF UIJT MBZPVU JT EFUFSNJOFE BU UIF TVNNBSZ MFWFM�



4
4USVDUVSF JO /BSSBUJWFT� /�-PDBM BOE /�(MPCBM

"ODIPSJOH

य़F DPOEFODF QFPQMF IBWF JO UIFJS
CFMJFGT JT OPU B NFBTVSF PG UIF RVBMJUZ PG
FWJEFODF CVU PG UIF DPIFSFODF PG UIF
TUPSZ UIF NJOE IBT NBOBHFE UP
DPOTUSVDU�

%BOJFM ,BIOFNBO

*O UIF QSFWJPVT DIBQUFS XF IBWF HBUIFSFE UIF CVJMEJOH CMPDLT OFFEFE UP HBUIFS BOE JOEVDF
DPOUFOU�CBTFE BODIPST 	CPUI UISPVHI /�-PDBM BOE /�(MPCBM BODIPSJOH
 JO B OBSSBUJWF� "T XF
IBWF EJTDVTTFE QSFWJPVTMZ UIF OFYU TUFQ JT UP BSSBOHF PS PSHBOJ[F UIF DPOUFOU JO B MPHJDBM GPSN
UP FOTVSF DPIFSFODF� य़JT BSSBOHFNFOU PS DPIFSFODF DPOUSJCVUFT UP B XFMM�PSHBOJ[FE UIPVHIU
PS DPOTUSVDU UIBU CVJMET UIF FWJEFODF JO BO PSHBOJ[FE NBOOFS�

%FUFSNJOJOH B IJHI�MFWFM MBZPVU JO UFSNT PG TUSVDUVSF GPS UIF WJTVBM TUPSJFT EBUBTFU EFBMU XJUI
JO UIF MBTU DIBQUFS JT BNCJWBMFOU� )PXFWFS UIJT TUSVDUVSF JT PCTFSWFE EFOJUJWFMZ JO QSPDFEVSBM
UFYUT TVDI BT ۜIPX�UP BDUJWJUJFT� )FODF XF DPMMFDU B EBUBTFU UIBU SFTFNCMFT UIF WJTVBM TUPSZ�
UFMMJOH EBUBTFU JO B IJHI�MFWFM DPNQPTJUJPO GPS UIF EPNBJO PG DPPLJOH SFDJQFT XIJDI JT IFSFCZ
BEESFTTFE BT TUPSZCPBSEJOHڢ SFDJQFTڣ EBUBTFU� 8F XJMM EJTDVTT BODIPSJOH UIF HFOFSBUJPO PG UIFTF
SFDJQFT JO TUSVDUVSF JO UIJT DIBQUFS� *O UIF DBTF PG RVFSZ�CBTFE TVNNBSJFT XF QSJNBSJMZ SFMJFE
PO UIF SFMFWBODF BOE QPTJUJPOT PG UIF JOEJWJEVBM TFOUFODFT JO UIF EPDVNFOUT GSPN XIJDI UIFZ

य़JT DIBQUFS JT CBTFE PO UIF GPMMPXJOH QBQFST�
ۦ 4UPSZCPBSEJOHڦ PG 3FDJQFT� (SPVOEFE $POUFYUVBM (FOFSBUJPOڧ 	$IBOEV FU BM� ����B

ۦ YUSBDUJPO&ڦ NFFUT BCTUSBDUJPO� *EFBM BOTXFS HFOFSBUJPO GPS CJPNFEJDBM RVFTUJPOTڧ 	-J FU BM� ����D


��
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XFSF FYUSBDUFE� य़JT JT VTFE JO UIF GPSN PG QPTJUJPOBM DPOTUSBJOUT XIJDI JT JODPSQPSBUFE JO
DPOUFOU TFMFDUJPO� )PXFWFS UIF QSPCMFN PG BTTJNJMBUJOH BO PWFSBMM WJFX XJUI SFTQFDU UP UIF
PUIFS TFOUFODFT BOE SFMBUJWF UP UIF DFOUSBM JEFB PG UIF SFTU PG UIF OBSSBUJWF SFNBJOT� य़JT JT BE�
ESFTTFE JO UIJT DIBQUFS CZ BDDPVOUJOH UIF PWFSBMM WJFX PG UIF TFMFDUFE TFOUFODFT CZ SFPSEFSJOH
BOE GVTJOH UIFN BT B QPTU�FEJUJOH TUFQ� 8F BSF HPJOH UP EFMWF EFFQFS JOUP UIF UFDIOJRVFT VTFE
GPS UIFTF /�-PDBM BOE /�(MPCBM BODIPSJOH GPSNT� "MPOH TJNJMBS MJOFT JO UIF QSFWJPVT DIBQUFS
PVS GPDVT JT OPU Fਖ਼DJFOUMZ EFSJWJOH UIFTF TUSVDUVSBM BODIPST� 8F VTF FYJTUJOH UFDIOJRVFT UP
EFOF BOE SFQSFTFOU TUSVDUVSBM MBZPVUT PG UIF OBSSBUJWFT�

" EJFSFOUJBUJOH GBDUPS CFUXFFO BODIPSJOH JO UIF DPOUFOU BOE BODIPSJOH JO TUSVDUVSF JT UIF
UBOHJCJMJUZ PG UIF BODIPS� य़F GPSNFS IBT UBOHJCMF VOJUT UP CF JODPSQPSBUFE JO UIF HFOFSBUJPO
TFRVFODF UIFSFCZ MFBEJOH VQ UP UBOHJCMF NFUSJDT UP PQUJNJ[F JO UIF MPTT� *O UIF DBTF PG TUSVDUVSF
TJNJMBS BODIPST BSF OPU UBOHJCMF VOJUT QSFTFOU JO UIF GPSN PG TLFMFUPO DIBJOT�

"T XF IBWF TFFO JO UIF QSFWJPVT DIBQUFS /�-PDBM BODIPSJOH QSPWJEFT NVMUJQMF VOJUT PG BODIPST
UP BJE BOE ESJWF UIF HFOFSBUJPO� य़JT NFBOT UIBUAi = {a(1)

i ,a(2)
i , . . . ,a(k)

i }� *O UIF DBTF PG BO�
DIPSJOH JO DPOUFOU UIF JOEJWJEVBM a(j)

i  XIFSF j∈[1, k] JT B UBOHJCMF PS JOUFSQSFUBCMF VOJU� य़JT
UBOHJCJMJUZ JT OPU USJWJBMMZ PCTFSWFE JO UIF DBTF PG TUSVDUVSF� 4P IFSF Ai JT UIF OF�HSBJOFE /�
-PDBM TFRVFODF PG TUSVDUVSBM BODIPS VOJUT� य़F JOOVNFSBCMF QPTTJCJMJUJFT PG PSHBOJ[JOH DPOUFOU
RVJDLMZ SFTVMU JO B DPNCJOBUPSJBM FYQMPTJPO PG TUBUF TQBDF� )FODF XF VTF DMVTUFSJOH UFDIOJRVFT
UP SFQSFTFOU EJFSFOU QIBTFT BOE UIFO OJUF TUBUF NBDIJOFT UP PSHBOJ[F UIFTF QIBTFT JOUP TUBUF
TFRVFODFT� य़JT TUBUF TFRVFODF JOGPSNBUJPO JT VTFE UP HVJEF UIF HFOFSBUJPO PG FWFSZ TUFQ JO
UIF SFDJQFT BOE JT IFODF DPNQMFUFMZ BODIPSFE JO BOE HVJEFE CZ TUSVDUVSF� 4USVDUVSBM BODIPST
JO UIJT DBTF BSF IFODF SFQSFTFOUFE JO UXP GPSNT� QIBTF DMVTUFST BOE TUBUF TFRVFODFT XIJDI BSF
UIF QPTTJCJMJUJFT UIBU Ai TFRVFODF DBO UBLF� य़FTF SFQSFTFOUBUJPOT BMPOH XJUI UIF XBZ UIFZ
BSF JODPSQPSBUFE JO UIF HFOFSBUJPO QSPDFTT BSF EFUBJMFE JO g��� PG UIJT DIBQUFS�

*O DPOUSBTU GPS UIF DBTF PG /�(MPCBM BODIPSJOH UIJT HVJEBODF JT OPU HSBOVMBSMZ QSPWJEFE CZ UIF
JOQVU� य़F HVJEBODF DBO CF EFSJWFE JO B QTFVEP�GPSN BU B OBSSBUJWF MFWFM� $MVTUFSJOH UFDIOJRVFT
BSF WFSZ VTFGVM GPS SFEVDJOH UIF FYQMPTJPO PG TUBUF TQBDF JO /�-PDBM BOE /�(MPCBM BODIPSJOH�
)PXFWFS JO TPNF DBTFT UIF TUSVDUVSBM MBZPVU PG UIF OBSSBUJWF JT OPU EJDUBUFE CZ HSBOVMBS JOQVU�
य़JT JT PCTFSWFE JO UIF DBTF PG RVFSZ�PSJFOUFE TVNNBSJ[BUJPO� *O UIF DBTF PG TUPSZCPBSEJOH
UIF HPWFSOJOH TUSVDUVSF JT QSPWJEFE GPS FBDI TUFQ JO UIF IPX�UP QSPDFEVSF� य़JT JT OPU UIF DBTF
GPS UIF UPQJD PS RVFTUJPO QSPWJEFE JO UIF RVFSZ�CBTFE TVNNBSJFT� य़F TUSVDUVSF JT EJDUBUFE
JOEJSFDUMZ GSPN UIF RVFTUJPO CBTFE PO UIF SFMFWBOU DPOUFOU FYUSBDUFE� य़JT JT CBTFE PO UIF
IZQPUIFTJT UIBU VOJUT CFMPOHJOH UP UIF TBNF PS TJNJMBS TVC�DPOUFOU TIPVME BQQFBS UPHFUIFS UP
FOTVSF B TNPPUI PX CFUXFFO UIF UPQJDT PG UIF DPOUFOU� )FODF XF FYUFOE UIF UFDIOJRVFT
VTFE JO BODIPSJOH DPOUFOU JO UIF QSFWJPVT DIBQUFS UP JOEJSFDUMZ ESJWF UIF PSHBOJ[BUJPO PG UIF
DPOUFOU UP GPSN B MPHJDBM OBSSBUJWF� य़F TJNJMBSJUZ PS SFEVOEBODZ PG UIF DPOUFOU VOJUT FYUSBDUFE
BODIPST UIF SFPSHBOJ[BUJPO PG UIF SFMFWBOU NBUFSJBM� )FODF Ai JT B GVODUJPO PG Ii UIBU EJDUBUFT
UIF MBZPVU PGNi� य़F RVFTUJPO JT OPU EJSFDUMZ QSPWJEJOH HVJEBODF UP FWFSZ TFOUFODF� 3BUIFS UIF
TFMFDUFE DPOUFOU VOJUT BSF SFBSSBOHJOH BNPOH UIFNTFMWFT XJUI JOEJSFDU PS QBSUJBM HPWFSOBODF
GSPN UIF RVFTUJPO� 0VS GPDVT JO UIJT TVC�QBSU JT HPJOH UP CF NBJOMZ PO PSEFSJOH UIF TFOUFODFT
JO UIF UFYU HBUIFSFE GSPN BODIPSJOH JO DPOUFOU� य़JT JT EFUBJMFE JO g����

"T XF XJMM TFF JO UIF OFYU TFDUJPO UIFSF BSF UXP QBSBEJHNT UP EFBM XJUI PSHBOJ[JOH UIF NBUFSJBM
UP NBJOUBJO B DPIFSFOU TUSVDUVSF� य़F STU JT OP QSF�TFMFDUJPO PG DPOUFOU� 8F UBLF UIJT QBSBEJHN
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UP EFBM XJUI DPOUFOU BOE TUSVDUVSF XJUIJO UIF TBNF NPEFM XJUI FYQMJDJU /�-PDBM BODIPSJOH
GPS TUSVDUVSBM SFQSFTFOUBUJPOT� य़F PUIFS FOE PG UIF TQFDUSVN JT QSF�TFMFDUJPO PG DPOUFOU� 8F
BQQSPBDI UIJT QBSBEJHN XJUI /�(MPCBM BODIPSJOH BT UIF XIPMF PG UIF DPOUFOU PS UIF OBSSBUJWF
JT TFMFDUFE� य़F UBTL BU IBOE OPX JT UP SFPSHBOJ[F UIF NBUFSJBM UP NBLF JU MPHJDBM BOE DPIFSFOU�

��� 3FMBUFE 8PSL

"ODIPSJOH CBTFE PO %PNBJO� .BSUJO FU BM� 	����
 BOE ,IBMJGB FU BM� 	����
 EFNPOTUSBUFE
UIBU UIF QSFEJDUJWF BCJMJUZ PG B TFR�TFR NPEFM JNQSPWFT BT UIF MBOHVBHF DPSQVT JT SFEVDFE UP B
TQFDJBMJ[FE EPNBJO XJUI TQFDJD BDUJPOT� 0VS DIPJDF PG SFTUSJDUJOH EPNBJO UP SFDJQFT JT JOTQJSFE
CZ UIJT XIFSF UIF TFU PG FWFOUT JT TQFDJBMJ[FE 	TVDI BT ۜDVU ۜNJY ۜBEE
 BMUIPVHI XF EP OPU
FYQMJDJUMZ VTF FWFOU SFQSFTFOUBUJPOT� य़FTF TQFDJBMJ[FE TFU PG FWFOUT BSF DPSSFMBUFE UP QIBTFT PG
QSPDFEVSBM UFYU BT EFTDSJCFE JO UIF GPMMPXJOH TFDUJPOT� 4QFDJGZJOH UIF EPNBJO PG UFYU TPNFUJNFT
DBO JOEVDF B TUSVDUVSF BOE UIFSFCZ B TUSVDUVSBM TLFMFUPO UIBU BJET HFOFSBUJPO� य़FTF TQFDJBMJ[FE
BDUJPOT GPSN BO JOIFSFOU TFRVFODF FJUIFS GSPN EPNBJO LOPXMFEHF PS MFBSOJOH UIF TFRVFODF
GSPN EBUB�

1MBOOJOH XIJMF XSJUJOH� 5SBEJUJPOBMMZ QMBOOJOH UIF DPOUFOU CFGPSF XSJUJOH JT XIBU ESBXT
QBSBMMFMT UP UIF XIPMF JEFB PG HFOFSBUJOH UFYU GSPN BODIPST� 4JNQMZ QVU UIF QMBO IFSF JT FRVJW�
BMFOU UP PVS BODIPST� " NBKPS DIBMMFOHF GBDFE CZ OFVSBM UFYU HFOFSBUJPO 	-V FU BM� ����B
 XIJMF
HFOFSBUJOH MPOH TFRVFODFT JT UIF JOBCJMJUZ UP NBJOUBJO TUSVDUVSF DPOUSBWFOJOH UIF DPIFSFODF PG
UIF PWFSBMM HFOFSBUFE UFYU� य़JT BTQFDU XBT BMTP PCTFSWFE JO WBSJPVT UBTLT MJLF TVNNBSJ[BUJPO
	-JV FU BM� ����C
 TUPSZ HFOFSBUJPO 	'BO FU BM� ����B
� 	:BP FU BM� ����B
 FYQFSJNFOUFE XJUI
TUBUJD BOE EZOBNJD TDIFNB UP SFBMJ[F UIF FOUJSF TUPSZMJOF CFGPSF HFOFSBUJOH�

1SF�TFMFDUJPO PG $POUFOU� य़FSF BSF UXP TDIPPMT PG NPEFMJOH BQQSPBDIFT XJUI SFTQFDU UP
UIJT� य़F STU EPFT OPU QSF�TFMFDU UIF DPOUFOU PS JO UIJT DPOUFYU ڣEBUBڢ PO XIJDI UIF HFOFS�
BUJPO QSPDFTT SFMJFT� #Z UIJT * NFBO UIBU UIJT JT OPU FYQMJDJUMZ NPEFMFE BMUIPVHI UFDIOJRVFT
MJLF B॒FOUJPO BSF JNQMJDJUMZ QFSGPSNFE UP HJWF NPSF XFJHIU PS JNQPSUBODF UP DFSUBJO DPOUFOU�
0OF TVDI QJFDF PG XPSL UIBU SFMJFT PO QSF�TFMFDUJOH DPOUFOU BOE UIFO QMBOOJOH BDDPSEJOHMZ XBT
FYQMPSFE CZ 1VEVQQVMMZ FU BM� 	����
 JO EBUB UP UFYU HFOFSBUJPO� य़JT TPNFUJNFT FOUBJMT MFBSO�
JOH TJNJMBSJUZ PS BOBMPHJFT CFUXFFO UIF GPSNB॒FE EBUB BWBJMBCMF JO PSHBOJ[FE TUSVDUVSFT BOE
GSFF�GPSN UFYUT� 1FSF[�#FMUSBDIJOJ BOE -BQBUB 	����
 IBWF MFBSOU UIFTF BMJHONFOUT MPPTFMZ UP
CPPUTUSBQ UIF USBJOJOH QSPDFTT� य़FZ IBWF BEESFTTFE UIJT QSPCMFN VTJOH NVMUJ�JOTUBODF MFBSO�
JOH�

/P 1SF�TFMFDUJPO PG $POUFOU� य़F PUIFS FOE PG UIF TQFDUSVN EPFT OPU TFMFDU DPOUFOU BOE
UIFO FYQMJDJUMZ CVJME B QMBOOJOH BMHPSJUIN� य़JT QBSBEJHN PG BMHPSJUINT UZQJDBMMZ GPMMPXT ۜHFO�
FSBUF BT XF HP� 'PS JOTUBODF 8POH BOE .PPOFZ 	����
 TIPX UIBU B IZCSJE NPEFM UIBU UBLFT
JO GPSXBSE BOE JOWFSUFE NBQQJOHT GSPN QISBTF�CBTFE TUBUJTUJDBM NBDIJOF USBOTMBUJPO NFUIPET
JT FFDUJWF JO HFOFSBUJOH UFYU XIJDI EPFT OPU NBLF VTF PG BO FYQMJDJU QMBOOJOH BMHPSJUIN� *U JT
XPSUI NFOUJPOJOH BOPUIFS TFDUJPO PG XPSL JO UIJT DPOUFYU UIBU TFMFDUT DPOUFOU CVU PNJUT BOZ
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QMBOOJOH� 4JNJMBSMZ #FM[ 	����
 QSPQPTFE B OPO�NPEVMBS BOE JOUFHSBUFE GSBNFXPSL UP HFO�
FSBUF XFBUIFS GPSFDBTUT GSPN QSPCBCJMJTUJD TQBDF BVUPNBUJDBMMZ� य़F UXP QSPDFTTFT PG DPOUFOU
TFMFDUJPO BOE TVSGBDF SFBMJ[BUJPO BSF DPNCJOFE CZ ,POTUBT BOE -BQBUB 	����
 XJUI QSPCBCJMJT�
UJD DPOUFYU�GSFF HSBNNBS SFQSFTFOUFE BT B XFJHIUFE IZQFSHSBQI� य़F HFOFSBUJPO QSPDFTT JT
SFGSBNFE BT OEJOH UIF CFTU EFSJWBUJPO USFF GSPN UIJT HSBQI� )PXFWFS UIJT UFDIOJRVF JT DIBM�
MFOHFE JO EFBMJOH XJUI MPOH�GPSN OBSSBUJWF EFTDSJQUJPOT� )PXFWFS JO UIJT XPSL XF QSPQPTF B
IJFSBSDIJDBM NVMUJ�UBTL BQQSPBDI UP QFSGPSN TUSVDUVSF�BXBSF HFOFSBUJPO�

0SEFSJOH $POUFOU JO UFYU� 4IB FU BM� 	����
 QSPQPTFE BO PSEFS QMBOOJOH UFYU HFOFSBUJPO
BMHPSJUIN UP HFOFSBUF CJPHSBQIJFT GSPN 8JLJQFEJB EBUB� य़F IFVSJTUJD MPDBUJPO�CBTFE BEESFTT�
JOH XJUI FYUFSOBM NFNPSZ CZ (SBWFT FU BM� 	����
 JT NPEFMFE XJUI B MJLFMJIPPE PG B FME HJWFO
UIF QSFWJPVT FMET� "HSBXBM FU BM� 	����
 JOUSPEVDFE UIF UBTL PG TPSUJOH B UFNQPSBMMZ KVNCMFE
TFU PG JNBHF�DBQUJPO QBJST GSPN B TUPSZ TVDI UIBU UIF PVUQVU TFRVFODF GPSNT B DPIFSFOU TUPSZ�

$PNQSFIFOEJOH 'PPE� 3FDFOU UJNFT IBWF TFFO MBSHF TDBMF EBUBTFUT JO GPPE TVDI BT 3FDJQF�.
	.BSJO FU BM� ����
 'PPE���� 	#PTTBSE FU BM� ����
�'PPE SFDPHOJUJPO 	"SPSB FU BM� ����
 BE�
ESFTTFT VOEFSTUBOEJOH GPPE GSPN B WJTJPO QFSTQFDUJWF� 4BMWBEPS FU BM� 	����
 XPSLFE PO HFOFS�
BUJOH DPPLJOH JOTUSVDUJPOT CZ JOGFSSJOH JOHSFEJFOUT GSPN BO JNBHF� ;IPV FU BM� 	����F
 QSPQPTFE
B NFUIPE UP HFOFSBUF QSPDFEVSF TFHNFOUT GPS :PV$PPL� EBUB� *O UIF /-1 EPNBJO UIJT JT TUVE�
JFE BT HFOFSBUJOH QSPDFEVSBM UFYU CZ JODMVEJOH JOHSFEJFOUT BT DIFDLMJTUT 	,JEEPO FU BM� ����
 PS
USFBUJOH UIF SFDJQF BT B PX HSBQI 	.PSJ FU BM� ����
� 0VS XPSL JT BU UIF JOUFSTFDUJPO PG UXP
NPEBMJUJFT 	MBOHVBHF BOE WJTJPO
 CZ HFOFSBUJOH QSPDFEVSBM UFYU GPS SFDJQFT GSPN B TFRVFODF PG
JNBHFT� #PTTFMVU FU BM� 	����
 XPSLFE PO SFBTPOJOH OPO�NFOUJPOFE DBVTBM FFDUT UIFSFCZ JN�
QSPWJOH UIF VOEFSTUBOEJOH BOE HFOFSBUJPO PG QSPDFEVSBM UFYU GPS DPPLJOH SFDJQFT� य़JT JT EPOF
CZ EZOBNJDBMMZ USBDLJOH FOUJUJFT CZ NPEFMJOH BDUJPOT VTJOH TUBUF USBOTGPSNFST�

��� /�-PDBM "ODIPSJOH GSPN QIBTFT JO SFDJQFT

4USVDUVSBM MBZPVUT PG OBSSBUJWFT BSF NPSF BQQBSFOU JO HPBM�PSJFOUFE QSPDFEVSBM UFYUT TVDI BT
WBSJPVT ۜIPX�UP BDUJWJUJFT� *O UIJT SFHBSE XF JOUSPEVDF B EBUBTFU GPS TFRVFOUJBM QSPDFEVSBM
	IPX�UP
 UFYU HFOFSBUJPO GSPN JNBHFT JO UIF DPPLJOH EPNBJO� य़F EBUBTFU DPOTJTUT PG �����
DPPLJOH SFDJQFT XJUI ������ QIPUPT BTTPDJBUFE XJUI EJFSFOU TUFQT� 8F TFU VQ B CBTFMJOF
NPUJWBUFE CZ UIF CFTU QFSGPSNJOH NPEFM JO UFSNT PG IVNBO FWBMVBUJPO GPS UIF 7JTVBM 4UPSZ
5FMMJOH 	7J45
 UBTL� *O BEEJUJPO XF JOUSPEVDF UXP NPEFMT JO UIJT TFDUJPO UP JODPSQPSBUF IJHI�
MFWFM TUSVDUVSF MFBSOU CZ B 'JOJUF 4UBUF .BDIJOF 	'4.
 JO OFVSBM TFRVFOUJBM HFOFSBUJPO QSPDFTT
CZ� 	�
 4DBPMEJOH 4USVDUVSF JO %FDPEFS 	44J%
 	�
 4DBPMEJOH 4USVDUVSF JO -PTT 	44J-
� 0VS
CFTU�QFSGPSNJOH NPEFM 	44J-
 BDIJFWFT B .&5&03 TDPSF PG ���� XIJDI JT BO JNQSPWFNFOU PG
��� PWFS UIF CBTFMJOF NPEFM� 8F BMTP DPOEVDUFE B IVNBO FWBMVBUJPO PG UIF HFOFSBUFE HSPVOEFE
SFDJQFT XIJDI SFWFBM UIBU ��� GPVOE UIBU PVS QSPQPTFE 	44J-
 NPEFM JT CF॒FS UIBO UIF CBTFMJOF
NPEFM JO UFSNT PG PWFSBMM SFDJQFT� 8F BMTP EJTDVTT UIF BOBMZTJT PG UIF PVUQVU IJHIMJHIUJOH LFZ
JNQPSUBOU /-1 JTTVFT GPS QSPTQFDUJWF EJSFDUJPOT�

*OUFSQSFUBUJPO JT IFBWJMZ DPOEJUJPOFE PO DPOUFYU� 3FBM�XPSME JOUFSBDUJPOT QSPWJEF UIJT DPOUFYU
JONVMUJQMF NPEBMJUJFT� *O UIJT TFDUJPO UIJT DPOUFYU JT EFSJWFE GSPN WJTVBM GFBUVSFT BOE MBOHVBHF�
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/DVDJQD�
LQJUHGLHQWV��WRPDWR�
VDXFH�RU�FDQQHG�
WRPDWRHV�IRU�PDNLQJ�
VDXFH���DW�OHDVW�����
FXSV��RQH�ER[�QR�
ERLO�ODVDJQD�
QRRGOHV��RQH�
]XFFKLQL��RQH�
\HOORZ�VTXDVK��RQH�
MDODSHQR��RU�EHOO�
SHSSHU��������DQ�
RQLRQ��SLQFK�RI�
RUHJDQR��SLQFK�RI�
EDVLO�

7R�PDNH�WKH�VDXFH��
FRRN�GLFHG�RQLRQ�LQ�
ROLYH�RLO��DQG�WKHQ�DGG�
WKH�JURXQG�EHHI��JDUOLF�
DQG�WRPDWR�SDVWH��6WLU�
XQWLO�IUDJUDQW�DQG�WKHQ�
PHDW�VWDUWV�WR�EURZQ�
DQG�EUHDN�XS��DQG�WKHQ�
DGG�WKH�FUXVKHG�
WRPDWRHV��3RXU�VRPH�
ZDWHU�LQWR�WRPDWR�FDQ�
DQG�VZLVK�LW�DURXQG�DQG�
WKHQ�SRXU�WKDW�LQWR�WKH�
SRW��6WLU�ZHOO�DQG�OHW�
VLPPHU�ZKLOH�WKH�YHJ�
FRQWLQXH�WR�ORVH�
PRLVWXUH��

6SRRQ�\RXU�ULFRWWD�
LQWR�D�ERZO�DQG�
DGG�D�JRRG�SLQFK�
RI�,WDOLDQ�
VHDVRQLQJ�DQG�
FUXVKHG�UHG�
SHSSHU��,�OLNH�WR�
DGG�D�OLWWOH�EODFN�
SHSSHU�WRR��0L[�
DURXQG�XQWLO�ZHOO�
FRPELQHG��6KUHG�
\RXU�PR]]DUHOOD�RU�
FXW�LQWR�VPDOO�
VOLFHV�

7KLV�LV�WKH�ZD\�,�
OD\HUHG��VSRRQIXO�
RI�VDXFH�RQ�WKH�
ERWWRP�RI�WKH�SDQ���
ODVDJQD�QRRGOHV��
����WKH�ULFRWWD�
FKHHVH������WKH�
VDXWHHG�YHJHWDEOHV���
PR]]DUHOOD�FKHHVH��
VDXFH�WR�FRYHU��'R�
WKDW�WZLFH�DQG�WKHQ�
VSULQNOH�SDUPHVDQ�
FKHHVH�RQ�WKH�WRS�

%DNH�LQ�D�����)�
RYHQ�IRU�������
PLQXWHV�RU�XQWLO�
\RX�FDQ�HDVLO\�
SLHUFH�WKURXJK�WKH�
QRRGOHV�ZLWK�D�
NQLIH�DQG�WKH�WRS�LV�
OLJKWO\�EURZQHG��
7U\�QRW�WR�HDW�LW�DOO�
DW�RQFH��7KH�ER\�
DQG�,�KDYH�HDWHQ�
����RI�LW��DQG�LW
V�
RQO\�EHHQ�D�GD\�
VLQFH�,�PDGH�LW���'

'९७ॻॸ५ ���� 4UPSZCPBSE GPS UIF SFDJQF PG WFHFUBCMF MBTBHOB

य़F EFTDSJQUJPO PG B QJDUVSF DIBOHFT ESBTUJDBMMZ XIFO TFFO JO B TFRVFOUJBM OBSSBUJWF DPOUFYU�
'PSNBMMZ UIJT UBTL JT EFOFE BT� HJWFO B TFRVFODF PG JNBHFT I = {I1, I2, ..., In} BOE QBJSXJTF
BTTPDJBUFE UFYUVBM EFTDSJQUJPOT T = {T1, T2, ..., Tn}� GPS B OFX TFRVFODF I′  PVS UBTL JT UP
HFOFSBUF UIF DPSSFTQPOEJOH T′ � 'JHVSF ��� EFQJDUT BO FYBNQMF GPS NBLJOH WFHFUBCMF MBTBHOB
XIFSF UIF JOQVU JT UIF STU SPX BOE UIF PVUQVU JT UIF TFDPOE SPX� 8F DBMM UIJT B ڣTUPSZCPBSEڢ
TJODF JU VOSBWFMT UIF NPTU JNQPSUBOU TUFQT PG B QSPDFEVSF BTTPDJBUFE XJUI DPSSFTQPOEJOH OBU�
VSBM MBOHVBHF UFYU� य़F TFRVFOUJBM DPOUFYU EJFSFOUJBUFT UIJT UBTL GSPN JNBHF DBQUJPOJOH JO
JTPMBUJPO� य़F EBUBTFU JT TJNJMBS UP UIBU PG 7J45 	)VBOH FU BM� ����
 XJUI BO BQQBSFOU EJFS�
FODF CFUXFFO TUPSJFT BOE JOTUSVDUJPOBM JO�EPNBJO UFYU XIJDI JT UIF DMFBS USBOTJUJPO JO QIBTFT
PG UIF OBSSBUJWF� य़JT UBTL TVQQMFNFOUT UIF UBTL PG 7J45 XJUI B SJDIFS DPOUFYU PG HPBM�PSJFOUFE
QSPDFEVSF 	IPX�UP
� /VNFSPVT POMJOF CMPHT BOE WJEFPT EFQJDU WBSJPVT DBUFHPSJFT PG IPX�UP
HVJEFT GPS HBNFT EP�JU�ZPVSTFMG 	%*:
 DSBॏT UFDIOPMPHZ FUD� य़JT UBTL MBZT JOJUJBM GPVOEBUJPOT
GPS GVMM FEHFE TUPSZCPBSEJOH PG B HJWFO WJEFP CZ TFMFDUJOH UIF SJHIU KVODUJPOT�DMJQT UP HSPVOE
TJHOJDBOU FWFOUT BOE HFOFSBUF TFRVFOUJBM UFYUVBM EFTDSJQUJPOT� 8F BSF HPJOH UP GPDVT PO UIF
EPNBJO PG DPPLJOH SFDJQFT JO UIF SFTU PG UIJT TFDUJPO� 8F EJTDVTT PVS BQQSPBDI JO HFOFSBUJOH
NPSF TUSVDUVSBM�DPIFSFOU DPPLJOH SFDJQFT CZ FYQMJDJUMZ NPEFMJOH UIF TUBUF USBOTJUJPOT CFUXFFO
EJFSFOU TUBHFT PG DPPLJOH 	QIBTFT
� 8F JOUSPEVDF B GSBNFXPSL UP BQQMZ USBEJUJPOBM '4.T UP
JODPSQPSBUF NPSF TUSVDUVSF JO OFVSBM HFOFSBUJPO�

य़F UXP NBJO DPOUSJCVUJPOT PG UIJT TFDUJPO BSF� 	�
 " EBUBTFU PG ��L SFDJQFT UBSHFUFE GPS TF�
RVFOUJBM NVMUJNPEBM QSPDFEVSBM UFYU HFOFSBUJPO 	�
 5XP NPEFMT 	44J%� 4USVDUVSBM 4DBPMEJOH
JO %FDPEFS BOE 44J-� 4USVDUVSBM 4DBPMEJOH JO -PTT
 GPS JODPSQPSBUJOH IJHI�MFWFM TUSVDUVSF
MFBSOU CZ BO '4. JOUP B OFVSBM UFYU HFOFSBUJPO NPEFM UP JNQSPWF TUSVDUVSF�DPIFSFODF� य़JT
TUSVDUVSF JT /�MPDBMMZ JOEVDFE JO UIF HFOFSBUJPO NPEFM�

����� %BUB $PMMFDUJPO BOE %FTDSJQUJPO

8F JEFOUJFE UXP IPX�UP CMPHT GSPN� JOTUSVDUBCMFT�DPNBOE TOBQHVJEF�DPN DPNQSJTJOH TUFQ�
XJTF JOTUSVDUJPOT 	JNBHFT BOE UFYU
 PG WBSJPVT IPX�UP BDUJWJUJFT MJLF HBNFT DSBॏT FUD� 8F
HBUIFSFE ����� TBNQMFT XJUI ������ QIPUPT GPS GPPE EFTTFSU BOE SFDJQF UPQJDT� 8F VTFE
��� GPS USBJOJOH ��� GPS WBMJEBUJPO BOE ��� GPS UFTUJOH PVS NPEFMT� *O TPNF DBTFT UIFSF BSF
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%BUB 4PVSDFT � 3FDJQFT � "WH 4UFQT
JOTUSVDUBCMFT ���� ����
TOBQHVJEF ���� �����

5१२ॲ५ ���� %FUBJMT PG EBUBTFU GPS TUPSZCPBSEJOH SFDJQFT

NVMUJQMF JNBHFT GPS UIF TBNF TUFQ BOE XF SBOEPNMZ TFMFDU BO JNBHF GSPN UIF TFU PG JNBHFT�
8F JOEJDBUF UIBU UIFSF JT B QPUFOUJBM TQBDF GPS SFTFBSDI IFSF JO TFMFDUJOH UIF NPTU EJTUJOHVJTI�
JOH�SFQSFTFOUBUJWF�NFBOJOHGVM JNBHF� %FUBJMT PG UIF EBUBTFUT BSF QSFTFOUFE JO 5BCMF ���� य़F
EBUB BOE WJTVBMJ[BUJPO PG UIF EJTUSJCVUJPO PG UPQJDT BSF IFSF�� " USJWJBM FYUFOTJPO DPVME CF EPOF
PO PUIFS EPNBJOT MJLF HBSEFOJOH PSJHBNJ DSBॏT YJOH HVJUBS TUSJOHT FUD� XIJDI JT MFॏ GPS
GVUVSF XPSL�

����� .PEFMT %FTDSJQUJPO

ResNet-152

Narrative Context Layer

Visual Feature Extraction

Textual 
Recipes

Clustering 

State 
Transitions 

'९७ॻॸ५ ���� "SDIJUFDUVSF GPS JODPSQPSBUJOH IJHI MFWFM TUSVDUVSF JO OFVSBM SFDJQF HFOFSBUJPO CZ
O�MPDBM BODIPSJOH UISPVHI TUBUF NBDIJOFT

8F STU EFTDSJCF B CBTFMJOF NPEFM GPS UIF UBTL PG TUPSZCPBSEJOH DPPLJOH SFDJQFT JO UIJT TFDUJPO�
8F UIFO QSPQPTF UXP NPEFMT XJUI JODSFNFOUBM JNQSPWFNFOUT UP JODPSQPSBUF UIF TUSVDUVSF PG
QSPDFEVSBM UFYU JO UIF HFOFSBUFE SFDJQFT� 44J% 	4DBPMEJOH 4USVDUVSF JO %FDPEFS
 BOE 44J-
	4DBPMEJOH 4USVDUVSF JO -PTT
� य़F BSDIJUFDUVSF PG TDBञPMEJOH TUSVDUVSF JT QSFTFOUFE JO 'JHVSF
��� PG XIJDI EJFSFOU BTQFDUT BSF EFTDSJCFE JO UIF GPMMPXJOH TVCTFDUJPOT� य़F BODIPST GPS
TUSVDUVSF BSF OPU UBOHJCMF UIFSFCZ DIBMMFOHJOH UIF SFQSFTFOUBUJPO PG EJFSFOU GPSNT PG UIF
BODIPST� य़SFF EJFSFOU GPSNT PG UIF TUSVDUVSBM BODIPST BSF VTFE JO UIF GPMMPXJOH TDBPMEJOH
NPEFMT OBNFMZ� IBSE QIBTFT IBSE TUBUFT BOE TPࡄ TUBUFT� य़FTF BSF EFTDSJCFE JO EFUBJM BT BOE
XIFO XF NPEFM BOE VTF UIFN� य़F JOEFYFE SFQSFTFOUBUJPOT PG UIFTF GPSNT DPSSFTQPOEJOH UP
UIF NPEFMT BSF EFQJDUFE JO g������

�?iiTb,ffbiQ`v#Q�`/BM;X;Bi?m#XBQfbiQ`v@#Q�`/BM;f

https://storyboarding.github.io/story-boarding/
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�� #BTFMJOF.PEFM 	(MPDBM
� य़FCBTFMJOFNPEFM JT JOTQJSFE GSPN UIF CFTU QFSGPSNJOH TZTUFN
JO UIF 7J45 DIBMMFOHF XJUI SFTQFDU UP IVNBO FWBMVBUJPO 	,JN FU BM� ����
� य़F JNBHFT BSF STU
SFTJ[FE JOUP ��� 9 ���� *NBHF GFBUVSFT GPS FBDI TUFQ BSF FYUSBDUFE GSPN UIF QFOVMUJNBUF MBZFS
PG QSF�USBJOFE 3FT/FU���� 	)F FU BM� ����C
� य़FTF GFBUVSFT BSF UIFO QBTTFE UISPVHI BO Bਖ਼OJUZ
MBZFS UP PCUBJO BO JNBHF GFBUVSF PG EJNFOTJPO ����� 5P NBJOUBJO UIF DPOUFYU PG UIF FOUJSF
SFDJQF 	HMPCBM DPOUFYU
 UIF TFRVFODF PG UIFTF JNBHF GFBUVSFT JT QBTTFE UISPVHI B UXP�MBZFSFE
#J�-45.XJUI B IJEEFO TJ[F PG ����� 5PNBJOUBJO TQFDJDJUZ PG UIF DVSSFOU JNBHF 	MPDBM DPOUFYU

UIF JNBHF GFBUVSFT GPS UIF DVSSFOU TUFQ BSF DPODBUFOBUFE VTJOH B TLJQ DPOOFDUJPO UP UIF PVUQVU
PG UIF #J�-45. UP PCUBJO B HMPDBM SFQSFTFOUBUJPO� %SPQPVU PG ��� JT BQQMJFE TZTUFNBUJDBMMZ
BU UIF Bਖ਼OJUZ MBZFS UP PCUBJO UIF JNBHF GFBUVSF SFQSFTFOUBUJPO BOE BॏFS UIF #J�-45. MBZFS�
#BUDI OPSNBMJ[BUJPO JT BQQMJFE XJUI B NPNFOUVN PG ����� य़JT DPNQMFUFT UIF FODPEFS QBSU PG
UIF TFRVFODF UP TFRVFODF BSDIJUFDUVSF� य़FTF HMPDBM WFDUPST BSF VTFE GPS EFDPEJOH FBDI TUFQ�
य़FTF GFBUVSFT BSF QBTTFE UISPVHI B GVMMZ DPOOFDUFE MBZFS UP PCUBJO B SFQSFTFOUBUJPO PG ����
EJNFOTJPO GPMMPXFE CZ B OPO�MJOFBS USBOTGPSNBUJPO VTJOH 3F-6�य़FTF GFBUVSFT BSF UIFO QBTTFE
UISPVHI B EFDPEFS -45. GPS FBDI TUFQ JO UIF SFDJQF XIJDI JT USBJOFE CZ UFBDIFS GPSDJOH� य़F
PWFSBMM DPIFSFODF JO UIF HFOFSBUJPO JT BEESFTTFE CZ GFFEJOH UIF EFDPEFS TUBUF PG UIF QSFWJPVT
TUFQ UP UIF OFYU POF� य़JT JT B TFR�TFR NPEFM USBOTMBUJOH POF NPEBMJUZ JOUP BOPUIFS� य़F NPEFM
JT PQUJNJ[FE VTJOH "EBN XJUI B MFBSOJOH SBUF PG ����� BOE XFJHIU EFDBZ PG �F���

य़F NPEFM EFTDSJCFE BCPWF EPFT OPU FYQMJDJUMZ DBUFS UP UIF TUSVDUVSF PG UIF OBSSBUJPO PG SFDJQFT
JO UIF HFOFSBUJPO QSPDFTT� )PXFWFS XF LOPX UIBU QSPDFEVSBM UFYU IBT B IJHI�MFWFM TUSVDUVSF
UIBU DBSSJFT B TLFMFUPO PG UIF OBSSBUJWF� *O UIF TVCTFRVFOU TVCTFDUJPOT XF QSFTFOU UXP NPEFMT
UIBU JNQPTF UIJT IJHI�MFWFM OBSSBUJWF TUSVDUVSF BT B TDBPME� 8IJMF UIJT TDBPME MJFT FYUFSOBM UP
UIF CBTFMJOF NPEFM JU GVODUJPOT PO JNQPTJOH UIF TUSVDUVSF JO UIF EFDPEFS 	44J%
 BOE UIF MPTT
UFSN 	44J-
�

�� 4DBॐPMEJOH 4USVDUVSF JO %FDPEFS 	44J%
� य़FSF JT B IJHI�MFWFM MBUFOU TUSVDUVSF JOWPMWFE
JO B DPPLJOH SFDJQF UIBU BEIFSFT UP USBOTJUJPOT CFUXFFO TUFQT UIBU XF EFOF BT QIBTFT� /PUF
UIBU UIF TUFQT BOE QIBTFT BSF EJFSFOU IFSF� 5P CF TQFDJD BDDPSEJOH UP PVS EFOJUJPO POF
PS NPSF TUFQT NBQ UP B QIBTF 	UIJT XPSL EPFT OPU EFBM XJUI NVMUJQMF QIBTFT CFJOH B QBSU PG B
TJOHMF TUFQ
� 1IBTFT NBZ CF ۜMJTUJOH JOHSFEJFOUT ۜCBLJOH ۜHBSOJTIJOH FUD� य़F LFZ JEFB PG UIF
44J% NPEFM JT UP JODPSQPSBUF UIF TFRVFODF PG QIBTFT JO UIF EFDPEFS UP JNQPTF TUSVDUVSF EVSJOH
UFYU HFOFSBUJPO�

य़FSF BSF UXP TPVSDFT PG TVQFSWJTJPO UP ESJWF UIF NPEFM� 	�
 NVMUJNPEBM EBUBTFU M = {I,T}
GSPN g����� 	�
 VOJNPEBM UFYUVBM SFDJQFT� U UP MFBSO QIBTF TFRVFODFT� 'JOFS QIBTFT BSF MFBSOU
VTJOH DMVTUFSJOH GPMMPXFE CZ BO '4.�

$MVTUFSJOH� ,�.FBOT DMVTUFSJOH JT QFSGPSNFE PO UIF TFOUFODF FNCFEEJOHT XJUI DPNQPTJ�
UJPOBM O�HSBN GFBUVSFT 	1BHMJBSEJOJ FU BM� ����
 PO FBDI TUFQ PG UIF SFDJQF JO U� "MJHOJOH XJUI
PVS JOUVJUJPO XIFO L JT � JU JT PCTFSWFE UIBU UIFTF DMVTUFST SPVHIMZ JOEJDBUF DBUFHPSJFT PG
EFTTFSUT ESJOLT BOE NBJO DPVSTF GPPET 	QJ[[B RVFTBEJMMB FUD
� )PXFWFS XF OFFE UP OE PVU
OFS DBUFHPSJFT PG UIF QIBTFT DPSSFTQPOEJOH UP UIF QIBTFT JO UIF SFDJQFT� 8F VTF L�NFBOT
DMVTUFSJOH UP PCUBJO UIF DBUFHPSJFT PG UIFTF QIBTFT� 8F FYQFSJNFOUFE XJUI EJFSFOU OVNCFS

�rrrX77ibX+QKf`2+BT2bX?iK

www.ffts.com/recipes.htm
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PG QIBTFT P BT TIPXO JO 5BCMF ���� 'PS FYBNQMF MFU BO FYBNQMF SFDJQF DPNQSJTF PG � TUFQT J�F
B TFRVFODF PG � JNBHFT� "U UIJT QPJOU FBDI SFDJQF DBO CF SFQSFTFOUFE BT B IBSE TFRVFODF PG
QIBTFT S = 〈 p1 p2 p3 p4 〉�

'4.� य़F QIBTFT MFBSOU UISPVHI DMVTUFSJOH BSF OPU HSPVOE USVUI QIBTFT� 8F FYQMPSF UIF
VTBHF PG BO '4. UP JOEJWJEVBMMZ NPEFM IBSE BOE B TPॏFS SFQSFTFOUBUJPO PG UIF QIBTF TFRVFODFT
CZ MFWFSBHJOH UIF TUBUFT JO BO '4.� 8F STU EFTDSJCF IPX UIF IBSE SFQSFTFOUBUJPO JT NPEFMFE�
य़F BMHPSJUIN XBT PSJHJOBMMZ EFWFMPQFE GPS CVJMEJOH MBOHVBHF NPEFMT GPS MJNJUFE UPLFO TFUT JO
HSBQIFNF UP QIPOFNF QSFEJDUJPO� य़F JUFSBUJWF BMHPSJUIN TUBSUT XJUI BO FSHPEJD TUBUF GPS BMM
QIBTF UZQFT BOE VTFT FOUSPQZ UP OE UIF CFTU TUBUF TQMJU UIBU XPVME NBYJNJ[F UIF QSFEJDUJPO�
"T PQQPTFE UP QIBTF TFRVFODFT FBDI SFDJQF JT OPX SFQSFTFOUFE BT B TUBUF TFRVFODF 	EFDPEFE
GSPN '4.
 J�F S = 〈s1 s2 s3 s4〉 	IBSE TUBUFT
� य़JT JT B IBSE SFQSFTFOUBUJPO PG UIF TFRVFODF
PG TUBUFT�

8F OFYU EFTDSJCF IPX B TPॏ SFQSFTFOUBUJPO PG UIFTF TUBUFT JT NPEFMFE� 4JODF UIF QIBTFT BSF
MFBSOU JO BO VOTVQFSWJTFE GBTIJPO BOE UIF HSPVOE USVUI PG UIF QIBTFT JT OPU BWBJMBCMF XF
FYQMPSFE B TPॏFS SFQSFTFOUBUJPO PG UIF TUBUFT� 8F IZQPUIFTJ[F UIBU B TPॏ SFQSFTFOUBUJPO PG
UIF TUBUFT NJHIU TNPPUI UIF JSSFHVMBSJUJFT PG QIBTFT MFBSOU� 'SPN UIF PVUQVU PG UIF '4. XF
PCUBJO UIF TUBUF USBOTJUJPO QSPCBCJMJUJFT GSPN FBDI TUBUF UP FWFSZ PUIFS TUBUF� &BDI TUBUF si DBO
CF SFQSFTFOUFE BT 〈qij ∀ j ∈ 4〉 	TPॏ TUBUFT
 XIFSF qij JT UIF TUBUF USBOTJUJPO QSPCBCJMJUZ GSPN si
UP sj BOE S JT UIF UPUBM OVNCFS PG TUBUFT� य़JT JT UIF TPॏ SFQSFTFOUBUJPO PG TUBUF TFRVFODFT�

य़F TUSVDUVSF JO UIF SFDJQF JT MFBSOU BT B TFRVFODF PG QIBTFT BOE�PS TUBUFT 	IBSE PS TPॏ
� य़JT
JT UIF TUSVDUVSBM TDBञPME UIBU XF XPVME MJLF UP JODPSQPSBUF JO UIF CBTFMJOF NPEFM� *O UIF 44J%
NPEFM GPS FBDI TUFQ JO UIF SFDJQF XF JEFOUJGZ XIJDI QIBTF JU JT JO VTJOH UIF DMVTUFSJOH NPEFM
BOE VTF UIF QIBTF TFRVFODF UP EFDPEF TUBUF USBOTJUJPOT GSPN UIF '4.� य़F TUBUF TFRVFODFT
BSF DPODBUFOBUFE UP UIF EFDPEFS JO UIF IBSE WFSTJPO BOE UIF TUBUF USBOTJUJPO QSPCBCJMJUJFT BSF
DPODBUFOBUFE JO UIF EFDPEFS JO UIF TPॏ WFSTJPO BU FWFSZ UJNF TUFQ�

"U UIJT QPJOU XF IBWF � EJNFOTJPOT� POF JT UIF DPNQMFYJUZ PG UIF QIBTFT 	1
 BOE UIF PUIFS
JT UIF DPNQMFYJUZ PG UIF TUBUFT JO '4. 	4
� $PNQSFIFOTJWF SFTVMUT PG TFBSDIJOH UIJT TQBDF BSF
QSFTFOUFE JO 5BCMF ���� 8F QMBO UP FYQMPSF UIF VTBHF PG B IJEEFO NBSLPW NPEFM JO QMBDF PG '4.
JO UIF GVUVSF�

�� 4DBॐPMEJOH 4USVDUVSF JO -PTT 	44J-
� *O BEEJUJPO UP JNQPTJOH TUSVDUVSF WJB 44J% XF
FYQMPSFE NFBTVSJOH UIF EFWJBUJPO PG UIF TUSVDUVSF MFBSOU UISPVHI QIBTF�TUBUF TFRVFODFT GSPN
UIF PSJHJOBM TUSVDUVSF� य़JT MFBET UP PVS OFYU NPEFM XIFSF UIF EFWJBUJPO PG UIF TUSVDUVSF JO
UIF HFOFSBUFE PVUQVU GSPN UIBU PG UIF PSJHJOBM TUSVDUVSF JT SFFDUFE JO UIF MPTT� य़F EFDPEFE
TUFQT BSF QBTTFE UISPVHI UIF DMVTUFSJOH NPEFM UP HFU QIBTF TFRVFODFT BOE UIFO TUBUF USBOTJ�
UJPO QSPCBCJMJUJFT BSF EFDPEFE GSPN '4. GPS UIF HFOFSBUFE PVUQVU� (PJOH B TUFQ GVSUIFS XF
JOWFTUJHBUF UIF EJWFSHFODF CFUXFFO UIF QIBTFT PG HFOFSBUFE BOE PSJHJOBM TUFQT� य़JT DBO BMTP
CF WJFXFE BT IJFSBSDIJDBM NVMUJ�UBTL MFBSOJOH 	4BOI FU BM� ����
� य़F STU UBTL JT UP EFDPEF
FBDI TUFQ JO UIF SFDJQF 	XIJDI VTFT B DSPTT FOUSPQZ DSJUFSJPO -1
� य़F TFDPOE UBTL VTFT ,-
EJWFSHFODF CFUXFFO QIBTF TFRVFODFT PG EFDPEFE BOE PSJHJOBM TUFQT UP QFOBMJ[F UIF NPEFM 	TBZ
-2
�8IFO UIFSF BSF τ TUFQT JO B SFDJQF XF PCUBJO o(sτ1) BOE g(sτ1) BT UIF EJTUSJCVUJPOT PG QIBTFT
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'45 $PNQMFYJUZ � �� �� �� �� ��� ���
�� 1IBTFT ����� ����� ����� ����� ����� ����� �����
�� 1IBTFT ����� ����� ����� ����� ����� ����� �����
�� 1IBTFT ����� ����� ����� ����� ����� ����� �����

5१२ॲ५ ���� #-&6 4DPSFT GPS EJFSFOU OVNCFS PG QIBTFT 	P
 BOE TUBUFT	S


DPNQSJTJOH PG TPॏ TUBUFT GPS UIF PSJHJOBM BOE HFOFSBUFE SFDJQFT SFTQFDUJWFMZ� 8F NFBTVSF UIF
,- EJWFSHFODF	DKL
 CFUXFFO UIFTF EJTUSJCVUJPOT�

DKL(o(s
τ
1)||g(sτ1)) =

τ∑

i=1

S∑

j=1

o(si[j])log
o(si[j])

g(si[j])

&BDI UBTL PQUJNJ[FT EJFSFOU GVODUJPOT BOE XF NJOJNJ[F UIF DPNCJOBUJPO PG UIF UXP MPTTFT�

∑
I,T∈I,T -1(I, T ) + α

∑
U∈U -2(U)

य़JT DPNCJOFE MPTT JT VTFE UP QFOBMJ[F UIF NPEFM� )FSF α JT PCUBJOFE GSPN UIF ,- BOOFBMJOH
	#PXNBO FU BM� ����
 GVODUJPO UIBU HSBEVBMMZ JODSFBTFT UIF XFJHIU PG UIF ,- UFSN GSPN � UP �
EVSJOH USBJO UJNF�

����� /�-PDBM "ODIPS 3FQSFTFOUBUJPO� 1IBTFT BOE 4UBUFT

य़F BODIPST GPS TUSVDUVSF BSF OPU UBOHJCMF TVSGBDF�MFWFM XPSET UIBU DBO CF FYUSBDUFE BOE VUJMJ[FE
GPS DPOEJUJPOFE HFOFSBUJPO� य़F JOUBOHJCMF VOEFSMZJOH MBZPVU JT SFQSFTFOUFE JO UIF GPSNT PG
QIBTFT BOE TUBUFT UIBU BSF EJTDVTTFE JO UIF QSFWJPVT TVCTFDUJPOT� य़FSF BSF UISFF GPSNT PG
TUSVDUVSBM BODIPS SFQSFTFOUBUJPOT EJTUSJCVUFE BNPOH TUBUFT BOE QIBTFT BMPOH XJUI IBSE PS TPॏ
SFQSFTFOUBUJPOT�

ۦ )BSE QIBTFT� 〈 p1 p2 p3 p4 〉

ۦ )BSE 4UBUFT� 〈s1 s2 s3 s4〉

ۦ 4Pࡄ 4UBUFT� 〈 〈 q11۪q1S 〉 〈 q21۪q2S 〉 〈 qS1۪qSS 〉 〉 XIFSF qij JT UIF TUBUF USBOTJUJPO
QSPCBCJMJUZ GSPN si UP sj

य़F DPOEFOTFE GPSNT UP DPNQBSF CFUXFFO UIF BGPSFNFOUJPOFE NPEFMT BSF QSFTFOUFE JO 'JHVSF
���� य़F 44J- NPEFM JT B DPNCJOBUJPO PG MBUFOU NPEFMJOH BOE NVMUJUBTLJOH BT TIPXO IFSF�

����� &YQFSJNFOUT BOE 3FTVMUT

������� BOUJUBUJWFࢉ "OBMZTJT

य़F UXP EJNFOTJPOT FYQMPSFE JO '4. BSF 1 BOE 4 BOE FYIBVTUJWF SFTVMUT BSF QSFTFOUFE JO 5BCMF
���� य़F #-&6 TDPSF 	1BQJOFOJ FU BM� ����C
 JT UIF IJHIFTU XIFO 1 JT �� BOE 4 JT ���� 'JYJOH
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'९७ॻॸ५ ���� $PNQBSJTPO PG UIF TUSVDUVSF�BODIPSJOH CBTFE PO NVMUJNPEBM JOUFSBDUJPOT

.PEFMT #-&6 .&5&03 306(&�-
(MPDBM ����� ���� ����
44J% 	IBSE QIBTFT
 ����� ���� ����
44J% 	IBSE TUBUFT
 ����� ���� ����
44J% 	TPॏ QIBTFT
 ����� ���� ����
44J- 	TPࢄ QIBTFT
 ����� ���� ����

5१२ॲ५ ���� &WBMVBUJPO PG TUPSZCPBSEJOH SFDJQFT

0RGHOV 3KHQRPHQD

*ORFDO�0RGHO
7KLV�LV�D�VLPSOH�UHFLSH�IRU�PDNLQJ�
D�GHOLFLRXV�FKLFNHQ�VDODG�

<RX�ZLOO�QHHG��D�EXWWHU�NQLIH�D�
SODWH�RI�EUHDG�IORXU�D�OLWWOH�ELW�RI�
VDOW�D�GDVK�RI�SHSSHU�IODNHV�D�
FRXSOH�RI�WDEOHVSRRQV�RI�ROLYH�RLO�
D�SLQFK�RI�VXJDU��

$GG�EXWWHU�HYHQO\�RQ�WKH�SDQ� 3XW�WKH�FKLFNHQ�RQ�WKH�JULOO�DQG�
VHW�DVLGH�

� ,QJUHGLHQWV�SKDVH�ZURQJO\�
LGHQWLILHG�

� :URQJ�LQJUHGLHQWV�
� ,PSURSHU�FRQFOXVLRQ�

66L'�0RGHO
7KLV�LV�D�VLPSOH�UHFLSH�IRU�PDNLQJ�
D�GHOLFLRXV�DQG�HDV\�GLVK��

,QJUHGLHQWV����SRXQGV�FKLFNHQ���
WVS�VDOW��ò�WVS�VXJDU��PDULQDUD�
VDXFH��PR]]DUHOOD�FKHHVH���L�
XVHG�SURYRORQH����7RROV���D�NQLIH��
DQ�RYHQ�IRU�WKH�FKLFNHQ��WRQJV��
0L[�DOO�LQJUHGLHQWV�LQ�D�EDJ�

$GG�EXWWHU�HYHQO\�RQ�WKH�SDQ� 6HUYH�WKH�EDNHG�FKLFNHQ�ZLQJV�
DQG�HQMR\�WKH�HYHQLQJ�

� /HDUQW�PDMRULW\�VWUXFWXUH��VWHS���
� *RW�µWRQJV¶�ULJKW�EHFDXVH�RI�

VHSDUDWH�WRROV�PHQWLRQ�
� 7KH�DFWLRQ�RI�EDNLQJ�LV�QRW�

H[SOLFLWO\�PHQWLRQHG��EHIRUH�
µEDNHG¶�ZLQJV��

66L/�0RGHO
<RX�ZLOO�QHHG����SRXQGV�RI�
FKLFNHQ�ZLQJV��ò�FXS�DOO�SXUSRVH�
IORXU��ò�WVS�VDOW����WVS�RI�SDSULND��
PHOWHG�EXWWHU��VLOLFRQ�PDW��EDNLQJ�
SDQ�

3UHKHDW�RYHQ�WR�����)��0L[�GU\�
LQJUHGLHQWV�LQ�WKH�GU\�]LSORFN�EDJ�

3ODFH�D�PDW�RQ�WKH�EDNLQJ�SDQ�
DQG�VSUHDG�EXWWHU�HYHQO\�RQ�LW�

6SUHDG�WKH�FKLFNHQ�SLHFHV�RQ�
EXWWHU�RQ�WKH�EDNLQJ�SDQ��%DNH�
XQWLO�FULVS\�IRU����PLQXWHV��6HUYH�
DQG�HQMR\�

� *OREDO�FRQWH[W�RI�EDNLQJ�
PDLQWDLQHG�LQ�SUHKHDWLQJ�

� 1RQ�UHSHWLWLYH�LQJUHGLHQWV�SKDVH�
� 5HIHUULQJ�H[SUHVVLRQV��EDNLQJ�

SDQ��!�LW��
� 1RW�PHQWLRQHG�WRROV��WRQJV��

'९७ॻॸ५ ���� $PNQBSJTPO PG HFOFSBUFE TUPSZCPBSET GPS &BTZ 0WFO #BLFE $SJTQZ $IJDLFO 8JOHT

UIFTF WBMVFT XF DPNQBSF UIF NPEFMT QSPQPTFE JO 5BCMF ���� य़F NPEFMT XJUI IBSE QIBTFT
BOE IBSE TUBUFT BSF OPU BT TUBCMF BT UIF POF XJUI TPॏ QIBTFT TJODF CBDLQSPQBHBUJPO BFDUT UIF
JNQBDU PG UIF TDBPMEFE QIBTFT� 6QPO NBOVBM JOTQFDUJPO B LFZ PCTFSWBUJPO JT UIBU GPS 44J%
NPEFM NPTU PG UIF SFDJQFT GPMMPXFE B TJNJMBS TUSVDUVSF� *U TFFNFE UP CF DPOEJUJPOFE PO B HMPCBM
TUSVDUVSF MFBSOU GSPN BMM SFDJQFT SBUIFS UIBO UIF DVSSFOU JOQVU� )PXFWFS UIF 44J- NPEFM TFFNT
UP HFOFSBUF B SFDJQF UIBU JT DPOEJUJPOFE PO UIF TUSVDUVSF PG UIBU QBSUJDVMBS FYBNQMF�

)VNBO &WBMVBUJPO� 8F IBWF BMTP QFSGPSNFE IVNBO FWBMVBUJPO CZ DPOEVDUJOH B VTFS QSFG�
FSFODF TUVEZ UP DPNQBSF UIF CBTFMJOF XJUI PVS CFTU QFSGPSNJOH 44J- NPEFM� 8F SBOEPNMZ
TBNQMFE HFOFSBUFE PVUQVUT PG �� SFDJQFT BOE BTLFE UFO VTFST UP BOTXFS UXP QSFGFSFODFT� 	�
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PWFSBMM SFDJQF CBTFE PO JNBHFT 	�
 TUSVDUVSBMMZ DPIFSFOU SFDJQF� 0VS 44J- NPEFM XBT QSFGFSSFE
��� BOE ����� GPS UIF PWFSBMM BOE TUSVDUVSBM QSFGFSFODFT SFTQFDUJWFMZ� य़JT TIPXT UIBU XIJMF
UIFSF JT B WJBCMF TQBDF UP JNQSPWF UIF TUSVDUVSF HFOFSBUJOH BO FEJCMF SFDJQF OFFET UP CF FYQMPSFE
UP JNQSPWF UIF PWFSBMM QSFGFSFODF�

������� BMJUBUJWFࢉ "OBMZTJT

'JHVSF ��� QSFTFOUT UIF HFOFSBUFE UFYU GSPN UIF UISFF NPEFMT XJUI BO BOBMZTJT EFTDSJCFE CFMPX�

$PIFSFODF PG 3FGFSSJOH &YQSFTTJPOT� *OUSPEVDJOH SFGFSSJOH FYQSFTTJPOT JT B LFZ BTQFDU
PG DPIFSFODF 	%BMF ���� ����
 BT TFFO JO UIF DBTF PG CBLJOHڢ QBOڣ CFJOH SFGFSSFE BT ڣJUڢ JO UIF
44J- NPEFM�

$POUFYU .BJOUFOBODF� .BJOUBJOJOH PWFSBMM DPOUFYU FYQMJDJUMZ BFDUT HFOFSBUJOH FBDI TUFQ�
य़JT JT TFFO JO UIF 44J- NPEFM XIFSF ڣQSFIFBUJOHڢ JO UIF TFDPOE TUFQ JT MFBSOU GSPN CBLJOH TUFQ
UIBU BQQFBST MBUFS BMUIPVHI UIF JNBHF EPFT OPU TIPX BO PWFO�

4DIFNB GPS 1SPDFEVSBM 5FYU� &YQMJDJU NPEFMJOH PG TUSVDUVSF IBT FOBCMFE UIF 44J% BOE
44J- NPEFMT UP DPODMVEF UIF SFDJQF CZ HFOFSBUJOH XPSET MJLF ڣTFSWFڢ BOE �ڣFOKPZڢ -BDLJOH UIJT
TUSVDUVSF UIF HMPDBM NPEFM UBMLT BCPVU JOHࡇTFڢ BTJEFڣ BU UIF FOE�

1SFDJTJPO PG &OUJUJFT BOE "DUJPOT� य़F 44J% NPEFM JOUSPEVDFT ڣTVHBSڢ JO JOHSFEJFOUT BॏFS
HFOFSBUJOH �ڣTBMUڢ " CSJFG NBOVBM FYBNJOBUJPO SFWFBMFE UIBU UIJT DP�PDDVSSFODF JT B DPNNPO
QIFOPNFOPO� य़F 44J- NPEFM NJTTFT ڣUPOHTڢ JO UIF STU TUFQ�

*O UIJT TFDUJPO XF IBWF FYQMPSFE/�-PDBM BODIPSJOH PG TUSVDUVSF JO B HFOFSBUF BTXF HP QBSBEJHN�
*O UIF OFYU TFDUJPO XF BSF HPJOH UP MPPL JOUP /�(MPCBM BODIPSJOH JO TUSVDUVSF CBTFE PO UIF
QBSBEJHN PG QSF�TFMFDUJPO PG DPOUFOU�

��� /�(MPCBM "ODIPSJOH GSPN 3FPSEFSJOH

"T XF IBWF TFFO JO UIF QSFWJPVT DIBQUFS UIF HSPXJOH OVNCFS PG CJPNFEJDBM QVCMJDBUJPOT JT B
DIBMMFOHF GPS IVNBO SFTFBSDIFST XIP JOWFTU DPOTJEFSBCMF FPSU UP TFBSDI GPS SFMFWBOU EPDV�
NFOUT BOE QJOQPJOUFE BOTXFST� .PSFPWFS FYUSBDUJWF TVNNBSJ[BUJPO UFDIOJRVFT XIJDI DPO�
DBUFOBUF UIF NPTU SFMFWBOU UFYU VOJUT ESBXO GSPN NVMUJQMF EPDVNFOUT QFSGPSN XFMM PO BV�
UPNBUJD FWBMVBUJPO NFUSJDT MJLF 306(& CVU TDPSF QPPSMZ PO IVNBO SFBEBCJMJUZ EVF UP UIF
QSFTFODF PG SFEVOEBOU UFYU BOE HSBNNBUJDBM FSSPST JO UIF BOTXFS� &WBMVBUJPO CBTFE PO TVDI
NFUSJDT GPS BODIPSJOH JO DPOUFOU EPFT OPU JNQMZ UIF PWFSBMM RVBMJUZ PG UIF OBSSBUJWFT� य़F DPN�
QMFNFOUBSZ BODIPSJOH UIBU XF GPDVT PO JO UIJT TFDUJPO JT JO TUSVDUVSF� य़JT JT BO FYUFOTJPO UP UIF
XPSL XF IBWF FYQMPSFE JO /�(MPCBM BODIPSJOH JO DPOUFOU JO UIF QSFWJPVT DIBQUFS� य़F SFMFWBOU
DPOUFOU JT FYUSBDUFE PO UIF XIPMF GSPN UIF RVFTUJPO� 8F IBWF QFSGPSNFE OBJWF DPODBUFOBUJPO
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CBTFE PO SFMFWBODF JO UIF QSFWJPVT DIBQUFS� *O UIJT DIBQUFS XF USFBU UIJT BT QSF�TFMFDUFE DPO�
UFOU BOE SFPSHBOJ[F UIF NBUFSJBM BU UIF OBSSBUJWF MFWFM� *U JT JNQMJDJUMZ ESJWFO CZ UIF DPOUFOU
FYUSBDUFE CBTFE PO UIF RVFTUJPO� य़F RVFTUJPO EPFT OPU IBWF BO FYQMJDJU DPOUSJCVUJPO JO EFUFS�
NJOJOH UIF TUSVDUVSF PG UIF TVNNBSZ SBUIFS IBT BO JNQMJDJU JOVFODF JO UIF GPSN PG DPOUFOU
EFSJWFE� *O UIJT TFDUJPO XF XJMM EJTDVTT UISFF OPWFM BQQSPBDIFT GPS TFOUFODF PSEFSJOH GSPN
UIF TFOUFODFT TFMFDUFE CZ BODIPSJOH JO DPOUFOU� "MPOH XJUI UIJT PVS FYQFSJNFOUT PO TFOUFODF
GVTJPO CBTFE PO *OUFHFS -JOFBS 1SPHSBNNJOH BSF QSFTFOUFE� य़JT JT BO B॒FNQU UP JNQSPWF UIF
IVNBO SFBEBCJMJUZ PG JEFBM BOTXFST�

)VNBO SFTFBSDIFST JOWFTU DPOTJEFSBCMF FPSU XIFO TFBSDIJOH WFSZ MBSHF UFYU DPSQPSB GPS BO�
TXFST UP UIFJS RVFTUJPOT� &YJTUJOH TFBSDI FOHJOFT MJLF 1VC.FE 	'BMBHBT FU BM� ����
 POMZ QBS�
UJBMMZ BEESFTT UIJT OFFE TJODF UIFZ SFUVSO SFMFWBOU EPDVNFOUT CVU EP OPU QSPWJEF B EJSFDU BO�
TXFS GPS UIF VTFST RVFTUJPO� य़F QSPDFTT PG MUFSJOH BOE DPNCJOJOH JOGPSNBUJPO GSPN SFMFWBOU
EPDVNFOUT UP PCUBJO BO JEFBM BOTXFS JT TUJMM UJNF DPOTVNJOH 	5TBUTBSPOJT FU BM� ����
� #JPNFE�
JDBM फ़FTUJPO "OTXFSJOH 	#2"
 TZTUFNT DBO BVUPNBUJDBMMZ HFOFSBUF JEFBM BOTXFST GPS B VTFST
RVFTUJPO TJHOJDBOUMZ SFEVDJOH UIF FPSU SFRVJSFE UP MPDBUF UIF NPTU SFMFWBOU JOGPSNBUJPO JO
B MBSHF DPSQVT�

0VS HPBM JT UP CVJME BO FFDUJWF #2" TZTUFN UP HFOFSBUF DPIFSFOU RVFSZ�PSJFOUFE OPO�SFEVOEBOU
IVNBO�SFBEBCMF TVNNBSJFT GPS CJPNFEJDBM RVFTUJPOT� 0VS BQQSPBDI JT CBTFE PO BO FYUSBDUJWF
#2" TZTUFN 	$IBOEV FU BM� ����B
 XIJDI JT VTFE BT TUJUDIJOH BO JEFBM BOTXFS UPHFUIFS CZ BO�
DIPSJOH JO DPOUFOU JO UIF QSFWJPVT DIBQUFS� )PXFWFS PXJOH UP UIF FYUSBDUJWF OBUVSF PG UIJT
TZTUFN JU TVFST GSPN QSPCMFNT JO IVNBO SFBEBCJMJUZ BOE DPIFSFODF� *O QBSUJDVMBS FYUSBDUJWF
TVNNBSJFT XIJDI DPODBUFOBUF UIF NPTU SFMFWBOU UFYU VOJUT GSPN NVMUJQMF EPDVNFOUT BSF PॏFO
JODPIFSFOU UP UIF SFBEFS FTQFDJBMMZ XIFO UIF BOTXFS TFOUFODFT KVNQ CBDL BOE GPSUI CFUXFFO
UPQJDT� "MUIPVHI UIF FYJTUJOH FYUSBDUJWF BQQSPBDI FYQMJDJUMZ B॒FNQUT UP SFEVDF SFEVOEBODZ BU
UIF TFOUFODF MFWFM 	WJB 4Pॏ..3
 TUJUDIJOH UPHFUIFS FYJTUJOH TFOUFODFT BMXBZT BENJUT UIF QPT�
TJCJMJUZ PG SFEVOEBOU UFYU BU UIF QISBTF MFWFM� *O UIJT TFDUJPO XF XJMM EJTDVTT BO JNQSPWFNFOU
VQPO UIF CBTFMJOF FYUSBDUJWF TZTUFN JO UXP XBZT�

ۦ 3F�PSEFSJOH UIF TFOUFODFT UIBU BSF TFMFDUFE CZ BODIPSJOH JO DPOUFOU� 4JODF UIF HVJEBODF
GSPN DPOUFOU JNQMJDJUMZ BFDUT UIF TUSVDUVSF PG UIF TVNNBSZ BU UIF FOUJSF OBSSBUJWF MFWFM
UIF RVFTUJPO QSPWJEFT /�(MPCBM BODIPSJOH JO TUSVDUVSF�

ۦ 'VTJOH XPSET BOE TFOUFODFT UP GPSN B NPSF IVNBO SFBEBCMF TVNNBSZ� य़JT BMTP TFSWFT
BT B QPTU�FEJUJOH TUFQ UP TNPPUIFO UIF QSPDFTT UIF TVNNBSZ QVU UPHFUIFS�

����� .PEFMT %FTDSJQUJPO

य़F EBUB JT UIF TBNF BT EFTDSJCFE JO UIF QSFWJPVT DIBQUFS� 4P STU TUBSU CZ MPPLJOH JOUP BO
PWFSWJFX PG UIF CBTFMJOF TZTUFN�

0WFSWJFX PG #BTFMJOF 4ZTUFN� "ODIPSFE JO $POUFOU *O UIJT TFDUJPO XF QSPWJEF B CSJFG
MBZPVU PG PVS CBTFMJOF TZTUFN XIJDI BDIJFWFE UIF UPQ 306(& TDPSFT JO UIF OBM UFTU CBUDIFT
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PG UIF ॏI FEJUJPO PG #JP"42 $IBMMFOHF 	$IBOEV FU BM� ����B
� य़JT TZTUFN JODMVEFT CBTFMJOF
NPEVMFT GPS SFMFWBODF SBOLJOH TFOUFODF TFMFDUJPO BOE TFOUFODF UJMJOH�

य़F SFMFWBODF SBOLFS PG UIF CBTFMJOF QFSGPSNT UIF GPMMPXJOH TUFQT� �
 &YQBOE DPODFQUT JO UIF
PSJHJOBM RVFTUJPO VTJOH B NFUBUIFTBVSVT TVDI BT 6.-4 	#PEFOSFJEFS ����
 PS 4/0.&%$5
	%POOFMMZ ����
� BOE �
 DBMDVMBUF B SFMFWBODF TDPSF 	F�H� +BDDBSE TJNJMBSJUZ
 GPS FBDI RVFT�
UJPO�TOJQQFU QBJS 	UP NFBTVSF SFMFWBODF
 BOE FBDI QBJS PG HFOFSBUFE TOJQQFUT 	UP NFBTVSF SF�
EVOEBODZ
� य़F TFOUFODF TFMFDUJPO NPEFM PG UIF CBTFMJOF VTFE UIF.BYJNBM .BSHJOBM 3FMFWBODF
	..3
 BMHPSJUIN 	$BSCPOFMM BOE (PMETUFJO ����
 XIJDI JUFSBUJWFMZ TFMFDUT BOTXFS TFOUFODFT
BDDPSEJOH UP UIFJS SFMFWBODF UP UIF RVFTUJPO BOE UIFJS TJNJMBSJUZ UP TFOUFODFT UIBU IBWF BMSFBEZ
CFFO TFMFDUFE VOUJM B DFSUBJO OVNCFS PG TFOUFODFT IBWF CFFO TFMFDUFE� य़F TFOUFODF UJMJOH NPE�
VMF PG UIF CBTFMJOF TJNQMZ DPODBUFOBUFT TFMFDUFE TFOUFODFT VQ UP B HJWFO MJNJU PO UFYU MFOHUI
	��� XPSET
 XJUI OP FYQMJDJU B॒FNQU UP JNQSPWF UIF DPIFSFODF PG UIF SFTVMUJOH TVNNBSZ�

य़F CBTFMJOF TZTUFN BDIJFWFE IJHI 306(& TDPSFT CVU QFSGPSNFE QPPSMZ PO UIF IVNBO SFBE�
BCJMJUZ FWBMVBUJPO JO #JP"42 ����� *O PSEFS UP JNQSPWF IVNBO SFBEBCJMJUZ XF STU EFWFMPQFE
TFWFSBM QPTU�QSPDFTTJOH NPEVMFT TVDI BT TFOUFODF SF�PSEFSJOH BOE TFOUFODF GVTJPO XIJDI XJMM
CF EJTDVTTFE JO EFUBJM JO UIF GPMMPXJOH TFDUJPOT�

.PEFMJOH "QQSPBDI� 4FOUFODF 0SEFSJOH

.PUJWBUJPO� 8F USJFE UP JNQSPWF VQPO UIF 4Pॏ ..3 TZTUFN 	$IBOEV FU BM� ����B
� य़JT
QJQFMJOF BTTVNFT UIF SFMFWBODF UP CF B QSPYZ GPS PSEFSJOH UIF TFMFDUFE TFOUFODFT UP HFOFSBUF
UIF OBM TVNNBSZ� 0O UIF PUIFS IBOE JU EPFT OPU UBLF JOUP BDDPVOU UIF PX BOE USBOTJUJPO
PG TFOUFODFT UP CVJME B DPIFSFOU PX CFUXFFO UIFTF TFOUFODFT� 4JODF UIF NBYJNVN MFOHUI
PG UIF BOTXFS JT ��� XPSET 	BT JNQPTFE CZ UIF DPNQFUJUJPO HVJEFMJOFT
 UIJT TZTUFN PQUJNJ[FT
PO TFMFDUJOH UIF NPTU OPO�SFEVOEBOU RVFSZ SFMFWBOU TFOUFODFT UP NBYJNJ[F UIF 306(& TDPSF�
*O UIJT TFDUJPO XF GPDVT PO EJFSFOU UZQFT PG TFOUFODF PSEFSJOH UIBU MFBE UP NPSF DPIFSFOU
BOTXFST�

�� 4JNJMBSJUZ 0SEFSJOH� य़F JOUVJUJPO CFIJOE UIF 4JNJMBSJUZ 0SEFSJOH BMHPSJUIN JT UIBU TFO�
UFODFT UIBU IBWF TJNJMBS DPOUFOU TIPVME BQQFBS DPOTFDVUJWFMZ TP UIBU UIF HFOFSBUFE BOTXFS JT
OPU KVNQJOH CBDL BOE GPSUI CFUXFFO UPQJDT� 0VS JNQMFNFOUBUJPO JT CBTFE PO XPSL CZ ;IBOH
	����
 XIJDI EJTDVTTFT UIF VTF PG TJNJMBSJUZ NFUSJDT BU UXP MFWFMT � STU UP DMVTUFS TFOUFODFT
BOE UIFO UP PSEFS UIFNXJUIJO B DMVTUFS � XIJDI DBO MFBE UP CJH JNQSPWFNFOUT JO DPIFSFODZ BOE
SFBEBCJMJUZ� 8F BQQMZ UIJT BQQSPBDI UP UIF #2" EPNBJO XIFSF XF DMVTUFS PVS TFU PG DBOEJEBUF
BOTXFST VTJOH k�NFBOT XJUI k = 2� 8F UIFO PSEFS UIF TFOUFODFT XJUIJO FBDI DMVTUFS TUBSUJOH
XJUI UIF DBOEJEBUF TFOUFODF OFBSFTU UP UIF DFOUSPJE PG JUT DMVTUFS BOE XPSLJOH PVUXBSE� य़F
JOUVJUJPO JT UIBU UIF NPTU DFOUSBM TFOUFODF XJMM DPOUBJO UIF MBSHFTU OVNCFS PG UPLFOT TIBSFE CZ
BMM UIF TFOUFODFT JO UIF DMVTUFS BOE JT MJLFMZ UP CF UIF NPTU HFOFSBM PS DPNQSFIFOTJWF TFOUFODF�
य़JT TVQQPSUT PVS HPBM PG BO JEFBM BOTXFS UIBU CFHJOT XJUI B CSPBE BOTXFS UP UIF RVFTUJPO
GPMMPXFE CZ TQFDJDT BOE TVQQPSUJOH FWJEFODF GSPN UIF MJUFSBUVSF�

*O 'JHVSF ���B XF TFF UIBU UIF PSEFS PG UIF TFOUFODFT UIBU BQQFBS JO UIF OBM BOTXFS JT DPN�
QMFUFMZ JOEFQFOEFOU PG UIFJS PSEFSJOH JO UIF PSJHJOBM TOJQQFUT�
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'९७ॻॸ५ ���� 	B
 4JNJMBSJUZ 0SEFSJOH 	C
 .BKPSJUZ 0SEFSJOH 	D
 #MPDL 0SEFSJOH

�� .BKPSJUZ 0SEFSJOH� य़F.BKPSJUZ 0SEFSJOH BMHPSJUIN 	#BS[JMBZ BOE &MIBEBE ����
 NBLFT
UXP NBJO BTTVNQUJPOT UIBU BSF RVJUF SFBTPOBCMF� TFOUFODFT DPNJOH GSPN UIF TBNF QBSFOU EPD�
VNFOU TIPVME CF HSPVQFE UPHFUIFS BOE UIF NPTU DPIFSFOU PSEFSJOH PG B HSPVQ PG TFOUFODFT
JT IPX UIFZ XFSF QSFTFOUFE JO UIFJS QBSFOU EPDVNFOU� 5PQJDBMMZ JU JT MPHJDBM UIBU TFOUFODFT
ESBXO GSPN UIF TBNF QBSFOU EPDVNFOU XPVME CF TJNJMBS� .PSFPWFS HSBNNBUJDBMMZ BOE TZO�
UBDUJDBMMZ JU JT MPHJDBM UIBU UIF TFOUFODFT NBZ CF TUSVDUVSFE TP UIBU NBJOUBJOJOH BO JOWBSJBOU
PSEFSJOH XPVME BVHNFOU IVNBO DPNQSFIFOTJPO�

4QFDJDBMMZ UIF .BKPSJUZ 0SEFSJOH BMHPSJUIN HSPVQT TFOUFODFT CZ UIFJS QBSFOU EPDVNFOU BOE
UIFO PSEFST UIF CMPDLT CZ UIF SBOLJOH PG UIF IJHIFTU�SBOLFE TFOUFODF JO B CMPDL� 'JHVSF ���
JMMVTUSBUFT UIF EJFSFODFT CFUXFFO 4JNJMBSJUZ 0SEFSJOH .BKPSJUZ 0SEFSJOH BOE #MPDL 0SEFSJOH�
य़F DPMPS PG FBDI TFOUFODF VOJU JOEJDBUFT UIF EPDVNFOU JU XBT TFMFDUFE GSPN BOE UIF TVਖ਼Y
JOEJDBUFT UIF SFMFWBODF TDPSF PG UIBU VOJU XJUIJO UIF EPDVNFOU�

�� #MPDL 0SEFSJOH� *OUVJUJWFMZ UIF #MPDL 0SEFSJOH BMHPSJUIN JT BO BNBMHBNBUJPO PG UIF
4JNJMBSJUZ 0SEFSJOH BOE .BKPSJUZ 0SEFSJOH BMHPSJUINT� य़F #MPDL 0SEFSJOH BMHPSJUIN IBT UXP
QSJNBSZ DPNQPOFOUT� य़F STU DPNQPOFOU JOWPMWFT HSPVQJOH UIF TFOUFODFT JOUP CMPDLT CBTFE
PO UIFJS QBSFOU EPDVNFOU� य़JT TUFQ JT TIBSFE CFUXFFO UIF #MPDL 0SEFSJOH BMHPSJUIN BOE UIF
.BKPSJUZ 0SEFSJOH BMHPSJUIN� य़F TFDPOE TUFQ JOWPMWFT PSEFSJOH UIF HSPVQFE CMPDLT PG UFYU�

य़F BMHPSJUIN GPS PSEFSJOH UIF CMPDLT PG UFYUT DPNCJOFT EPDVNFOU IFVSJTUJDT XJUI PVS 4JNJMBS�
JUZ 0SEFSJOH BMHPSJUIN� 8F STU PSEFS UIF CMPDLT CZ UIFJS MFOHUI 	UIF OVNCFS PG TFOUFODFT JO
UIF CMPDL
� 'PS CMPDLT PG FRVBM MFOHUI XF DBMDVMBUF UIF TJNJMBSJUZ PG FBDI CMPDL XJUI UIF MBTU
YFE TFOUFODF� )FODF HJWFO UIF MBTU TFOUFODF PG UIF QSFDFEJOH CMPDL XF TFMFDU UIF OFYU CMPDL
STU CZ JUT MFOHUI BOE UIFO CZ UIF TJNJMBSJUZ PG UIF CMPDL XJUI UIF QSFDFEJOH TFOUFODF� *G UIFSF JT
OP TJOHMF MPOHFTU CMPDL UP CFHJO UIF BOTXFS XF TFMFDU UIF MPOHFTU CMPDL NPTU TJNJMBS UP UIF GVMM
BOTXFS� य़JT BMHPSJUIN JT UVOFE GPS TQFDJD HPBMT XJUI SFTQFDU UP IVNBO DPNQSFIFOTJPO BOE
SFBEBCJMJUZ� (SPVQJOH UIF TFOUFODFT JOUP CMPDLT JT EPOF UP NBYJNJ[F MPDBM DPIFSFODF� य़F VTF
PG CMPDL MFOHUI BT BO PSEFSJOH IFVSJTUJD JT EPOF UP PSEFS UPQJDT CZ SFMFWBODF� 'JOBMMZ PSEFSJOH
CMPDLT PG FRVBM MFOHUI CZ TJNJMBSJUZ UP UIF QSFDFEJOH TFOUFODF JT EPOF UP NBYJNJ[F TFOUFODF
DPOUJOVJUZ BOE VJEJUZ�

*O 'JHVSF ���D UIF HSFFO CMPDL JT PSEFSFE STU CFDBVTF JU JT UIF MPOHFTU� य़F CMVF CMPDL JT PSEFSFE
TFDPOE CFDBVTF JU IBT UIF IJHIFTU TJNJMBSJUZ TDPSFXJUI TFOUFODF ���� य़F ZFMMPX CMPDL JT PSEFSFE
UIJSE CFDBVTF JU IBT B IJHIFS TJNJMBSJUZ XJUI TFOUFODF ��� BOE UIF SFE CMPDL JT UIVT MBTU�



4USVDUVSF JO /BSSBUJWFT� /�-PDBM BOE /�(MPCBM "ODIPSJOH ���

����� "OBMZTJT PG 0SEFSJOH

BOUJUBUJWFࢉ "OBMZTJT� 5P FWBMVBUF PVS BQQSPBDIFT XF QFSGPSNFE BNBOVBM BOBMZTJT PG ���
EJFSFOU BOTXFST PSEFSFE CZ FBDI PG PVS QSPQPTFE PSEFSJOH BMHPSJUINT 	TFF 5BCMF ���
� 8F SBUF
FBDI PSEFSJOH BT ۜSFBTPOBCMF PS ۜVOSFBTPOBCMF� /PUF UIBU UIJT SBUJOH EPFT OPU QBTT KVEHNFOU
PO UIF DPSSFDUOFTT PG UIF BOTXFS TJODF JU JT EFTJHOFE GPS DPNQBSBUJWF BOBMZTJT BU UIF NPEVMF
MFWFM 	J�F� UP DPNQBSF PSEFSJOH BQQSPBDIFT SBUIFS UIBO DPOUFOU TFMFDUJPO
�

"MHPSJUIN 3FBTPOBCMF 6OSFBTPOBCMF
#BTFMJOF �� ��
4JNJMBSJUZ 0SEFSJOH �� ��
.BKPSJUZ 0SEFSJOH �� ��
#MPDL 0SEFSJOH �� ��

5१२ॲ५ ���� .BOVBM FWBMVBUJPO PG TFOUFODF PSEFSJOH

BMJUBUJWFࢉ "OBMZTJT� #FDBVTF TFOUFODF PSEFSJOH JO UIF CBTFMJOF TZTUFN JT CBTFE TPMFMZ PO
RVFTUJPO�BOTXFS SFMFWBODF XF JEFOUJFE UXP NBKPS JTTVFT� HMPCBM DPIFSFODF BOE MPDBM DPIFS�
FODF�

य़F HMPCBM DPIFSFODF JTTVF JT HFOFSBMMZ B QSPCMFN PG MBZPVU BOE DPIFTJWFOFTT� "O JEFBM BOTXFS
XPVME CFHJO XJUI B CSPBE BOTXFS UP UIF RVFTUJPO BOE NPWF JOUP NPSF TQFDJD EFUBJMT BOE BOZ
BWBJMBCMF FWJEFODF UP TVQQPSU UIF BOTXFS� 'VSUIFS BO JEFBM BOTXFS TIPVME OPU CF IPQQJOH CBDL
BOE GPSUI CFUXFFO UPQJDT BOE TIPVME TUJDL UP POF CFGPSF NPWJOH PO UP BOPUIFS� य़F CBTFMJOF
TZTUFN EJE B EFDFOU KPC PG CFHJOOJOH XJUI B CSPBE BOTXFS UP UIF RVFTUJPO CFDBVTF UIF JOQVU
TFRVFODF JT PSEFSFE CZ JUT SFMFWBODF TDPSF� )PXFWFS BॏFS UIF STU TFOUFODF BOTXFST UFOEFE
UPXBSET SFEVOEBOU JOGPSNBUJPO BOE EJWFSHFOU USBJOT PG UIPVHIU�

य़F MPDBM DPIFSFODF JTTVF IBT NPSF UP EP XJUI UIF TFNBOUJDT PG UIF TFOUFODF BOE HSBNNBUJDBM
SFTUSJDUJPOT PG UIF MBOHVBHF� 'PS JOTUBODF MBOHVBHF MJLF ۜय़FSF XBT BMTP TIPVME OPU BQQFBS
BT UIF STU TFOUFODF JO BO BOTXFS CFDBVTF UIJT NBLFT OP TFOTF MPHJDBMMZ� "EEJUJPOBMMZ DFSUBJO
XPSET MJLF ۜ'VSUIFSNPSF JOEJDBUF UIBU UIF DPOUFOU PG UIF TFOUFODF JT IJHIMZ EFQFOEFOU PO UIF
DPOUFOU PG UIF QSFDFEJOH TFOUFODF	T
 BOE UIF CBTFMJOF PSEFSJOH BQQSPBDI GSFRVFOUMZ CSFBLT UIJT
EFQFOEFODZ�

�� 4JNJMBSJUZ 0SEFSJOH� 8F GPVOE UIBU UIF 4JNJMBSJUZ 0SEFSJOH QFSGPSNFE QPPSMZ� POMZ ��
PG ��� BOTXFST XFSF EFFNFE ۜSFBTPOBCMF� 8F CFMJFWF UIJT JT EVF UP UIF IJHI EFHSFF PG TJNJ�
MBSJUZ CFUXFFO UIF DBOEJEBUF TFOUFODFT JO PVS EPNBJO� #FDBVTF UIF DBOEJEBUF TFOUFODFT BSF TP
TJNJMBS UIF SFTVMUT PG DMVTUFSJOH BSF IJHIMZ WBSJBOU BOE BQQFBS UP CF BMNPTU BSCJUSBSZ BU UJNFT�
"MM UIF TFOUFODFT DPOUBJO TJNJMBS MBOHVBHF BOE LFZ QISBTFT UIBU NBLF JU DIBMMFOHJOH UP DSFBUF
NFBOJOHGVM TVC�DMVTUFST� "EEJUJPOBMMZ POF PG UIF CJHHFTU QSPCMFNT XJUI PVS TZTUFN JT EVF UP
UIF TFOUFODFT UIBU CFHBO XJUI QISBTFT MJLF ۜ)PXFWFS BOE ۜ'VSUIFSNPSF UIBU QMBDF TUSJDU SF�
RVJSFNFOUT PO UIF DPOUFOU PG UIF QSFDFEJOH TFOUFODF� य़JT XBT QBSUJDVMBSMZ QSPCMFNBUJD GPS UIF
4JNJMBSJUZ 0SEFSJOH BMHPSJUIN XIJDI IBT OP NFDIBOJTN GPS NBLJOH TVSF UIBU TVDI TFOUFODFT
BSF QMBDFE MPHJDBMMZ XJUI UIFJS EFQFOEFOU TFOUFODFT� य़F 4JNJMBSJUZ 0SEFSJOH BMHPSJUIN EPFT
QFSGPSN SFMBUJWFMZ XFMM JO DSFBUJOH MPHJDBM HSPVQT PG TFOUFODFT UIBU DVU EPXO PO IPX PॏFO
BO BOTXFS JT KVNQJOH GSPN POF UPQJD UP BOPUIFS� "EEJUJPOBMMZ UIFTF HSPVQT BSF PSEFSFE XFMM
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CFHJOOJOH XJUI UIF NPSF HFOFSBM PG UIF UXP BOE UIFO OJTIJOH XJUI TQFDJDT BOE B QSFTFOUB�
UJPO PG UIF TVQQPSUJOH EBUB� )PXFWFS XF OPUF UIBU UIF QSPCMFNT XJUI MPDBM DPIFSFODF HSFBUMZ
PVUXFJHI UIF TUSFOHUIT JO HMPCBM DPIFSFODF TJODF B HPPE BOTXFS DBO TUJMM CF DPIFSFOU FWFO JG
UIF PSHBOJ[BUJPO DPVME CF JNQSPWFE� 8IFSFBT JG UIF MPDBM DPIFSFODF JT QPPS UIFO UIF BOTXFS
CFDPNFT OPOTFOTJDBM�

�� .BKPSJUZ 0SEFSJOH� य़F .BKPSJUZ 0SEFSJOH BMHPSJUIN QSPWFE UP CF B TVDDFTTGVM NFUIPE
GPS PSEFSJOH TFOUFODFT XIFSF �� PVU PG ��� BOTXFST XFSF EFFNFE ۜSFBTPOBCMF� य़F .BKPSJUZ
0SEFSJOH EJTQMBZFE WFSZ TUSPOH MPDBM DPIFSFODF XIJDI DPOSNT UIF IZQPUIFTJT UIBU TFOUFODFT
TIPVME MJLFMZ CF LFQU JO UIFJS PSJHJOBM PSEFSJOH UP NBYJNJ[F IVNBO SFBEBCJMJUZ BOE DPIFSFODF�

)PXFWFS UIJT BMHPSJUIN GBDFE JTTVFT XJUI HMPCBM DPIFSFODF� *U QSPEVDFE BOTXFST UIBU TUBSU
XJUI B SFMFWBOU UPQJD NPSF PॏFO UIBO OPU� IPXFWFS BॏFS UIF JOJUJBM CMPDL JU TUSVHHMFE UP
TNPPUIMZ USBOTJUJPO GSPN POF CMPDL UP UIF OFYU� य़JT JT DPOTJTUFOU XJUI FYQFDUBUJPOT GPS UIF
.BKPSJUZ 0SEFSJOH BMHPSJUIN� य़F CMPDL XJUI UIF IJHIFTU�SBUFE TFOUFODF JT PSEFSFE STU XIJDI
FYQMBJOT XIZ UIF STU CMPDL JT GSFRVFOUMZ UIF NPTU UPQJDBMMZ SFMFWBOU� "ॏFS UIF JOJUJBM CMPDL
QMBDFNFOU IPXFWFS UIF BMHPSJUINNBLFT OP FYQMJDJU B॒FNQUT UPNBOBHF PS TNPPUI USBOTJUJPOT
CFUXFFO CMPDLT� $PNQBSFE XJUI UIF PUIFS UXP BMHPSJUINT UIJT JT XIFSF UIF .BKPSJUZ 0SEFS�
JOH BMHPSJUIN EJTQMBZT JUT QPPSFTU QFSGPSNBODF� *U QFSGPSNT TUSPOHMZ XIFO PSEFSJOH TFOUFODFT
XJUIJO B CMPDL FOGPSDJOH MPDBM DPIFSFODF TP UIBU TFOUFODFT CFHJOOJOH XJUI MBOHVBHF TVDI BT
ۜ'JOBMMZ ۜ-BTUMZ ۜय़FSFGPSF FUD� GPMMPXFE B SFMBUFE TFOUFODF UIBU TBUJTFE UIF TFRVFOUJBM EF�
QFOEFODZ�

�� #MPDL 0SEFSJOH� य़F #MPDL 0SEFSJOH BMHPSJUIN QSPEVDFE UIF CFTU BOTXFST XJUI �� PVU
PG ��� BOTXFST SBOLFE BT ۜSFBTPOBCMF� य़JT JT DPOTJTUFOU XJUI PVS FYQFDUBUJPOT BT UIF #MPDL
0SEFSJOH BMHPSJUIN FFDUJWFMZ DPNCJOFT UIF NPTU TVCTUBOUJBM BTQFDUT PG UIF .BKPSJUZ 0SEFS�
JOH BOE 4JNJMBSJUZ 0SEFSJOH BMHPSJUINT� 8JUI SFTQFDU UP MPDBM DPIFSFODF UIJT BMHPSJUIN EJT�
QMBZT TJNJMBS QFSGPSNBODF XIFO DPNQBSFE UP UIF .BKPSJUZ 0SEFSJOH BMHPSJUIN XIJMF EJTQMBZ�
JOH TUSPOHFS DPIFSFODF CFUXFFO CMPDLT 	EVF UP UIF VTF PG B TJNJMBSJUZ NFUSJD UP PSEFS CMPDLT
�
य़JT BMHPSJUIN BMTP TIPXFE UIF TUSPOHFTU HMPCBM DPIFSFODF XIJDI JT MJLFMZ EVF UP STU HSPVQJOH
UIF TFOUFODFT JOUP CMPDLT BOE UIFO PSEFSJOH UIFN�

य़JT BMHPSJUINEJTQMBZFE POF DPSFXFBLOFTT XIJDI JT JUT JOBCJMJUZ UP JEFOUJGZ IJHI�RVBMJUZ PQFO�
JOH TFOUFODFT� य़JT JT EVF UP UIF VTBHF PG CMPDL MFOHUI BT B IFVSJTUJD GPS UPQJD SFMFWBODF� 8IJMF
JO NPTU DBTFT UIJT IFVSJTUJD QSPWFE UP CF TVDDFTTGVM BDDPVOUJOH GPS UIFTF PVUMJFST NBZ TJH�
OJDBOUMZ JNQSPWF UIF QFSGPSNBODF PG UIF #MPDL 0SEFSJOH BMHPSJUIN� 8F OPUF UIBU UIF #MPDL
PSEFSJOH BMHPSJUIN QFSGPSNFE XFMM JO QSPEVDJOH IJHI�RVBMJUZ BOE DPIFSFOU BOTXFST� 8F DBO
TFF UIBU #MPDL 0SEFSJOH QFSGPSNT UIF CFTU XJUI SFTQFDU UP UIF TJNQMF DPIFSFODF FWBMVBUJPO XF
DPOEVDUFE�

.PEFMJOH "QQSPBDI � 4FOUFODF 'VTJPO� "O PCTFSWFE XFBLOFTT PG UIF PSJHJOBM TZTUFN
JT UIBU UIF HFOFSBUFE TVNNBSJFT PॏFO DPOUBJO IJHIMZ SFQFUJUJWF JOGPSNBUJPO� 8IJMF ..3 JT
BEEFE JO UIF QJQFMJOF UP EFBM XJUI SFEVOEBODZ BOE NBYJNJ[F UIF EJWFSTJUZ PG DPWFSFE JOGPS�
NBUJPO FYUSBDUJWF TVNNBSJ[BUJPO TUJMM QJDLT FOUJSF TFOUFODFT UIBU NBZ QBSUJBMMZ PWFSMBQ XJUI
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B QSFWJPVTMZ TFMFDUFE TFOUFODF� 5P UBDLMF UIJT QSPCMFN XF JOUSPEVDF TFOUFODF GVTJPO UP JEFO�
UJGZ DPNNPO JOGPSNBUJPO BNPOH TFOUFODFT BOE BQQMZ TJNQMF BCTUSBDUJWF UFDIOJRVFT PWFS UIF
CBTFMJOF FYUSBDUJWF TVNNBSJFT�

.FUIPEPMPHZ� (JWFO B TFU PG DBOEJEBUF TFOUFODFT HFOFSBUFE CZ UIF QJQFMJOF GPS FBDI TVN�
NBSZ UIF TFOUFODF GVTJPO NPEVMF PQFSBUFT JO UXP TUFQT� �
 UIF DBOEJEBUF TFU JT FYQBOEFE UP
JODMVEF GVTFE TFOUFODFT BOE �
 TFOUFODFT BSF TFMFDUFE GSPN UIF FYQBOEFE TFU UP QSPEVDF B OFX
TVNNBSZ�

&YQBOTJPO PG $BOEJEBUF 4FU� 5P HFOFSBUF GVTFE TFOUFODFT XF CFHJO CZ CVJMEJOH VQPO QSF�
WJPVTXPSL PONVMUJQMF�TFOUFODF DPNQSFTTJPO 	'JMJQQPWB ����
 JOXIJDI B EJSFDUFEXPSE HSBQI
JT VTFE UP FYQSFTT TFOUFODF TUSVDUVSFT� य़FXPSE HSBQI JT DPOTUSVDUFE CZ JUFSBUJWFMZ BEEJOH DBO�
EJEBUF TFOUFODFT� "MM XPSET JO UIF STU TFOUFODF BSF BEEFE UP UIF HSBQI CZ DSFBUJOH B TFRVFODF
PG XPSE OPEFT� " XPSE JO UIF GPMMPXJOH TFOUFODF JT UIFO NBQQFE POUP BO FYJTUJOH XPSE OPEF JG
BOE POMZ JG JU JT UIF TBNF XPSE XJUI UIF TBNF QBSU PG TQFFDI� 0VS BTTVNQUJPO JT UIBU B TIBSFE
OPEF JO UIF XPSE HSBQI JT MJLFMZ UP SFGFS UP UIF TBNF FOUJUZ PS FWFOU BDSPTT TFOUFODFT�

8F UIFO OE B ,�QPTTJCMF GVTFE TFOUFODF CZ TFBSDIJOH GPS UIF ,�TIPSUFTU QBUI XJUIJO UIF XPSE
HSBQI� %FOJUJPO PG UIF FEHF XFJHIUT GPMMPXT GSPN XPSL CZ 'JMJQQPWB 	����
�

w(eij) =

freq(i)+freq(j)∑
s∈S diff(s,i,j)−1

freq(i)× freq(j)

XIFSF diff(s, i, j) JT UIF EJFSFODF CFUXFFO UIF PTFU QPTJUJPOT PG XPSE i BOE j JO TFOUFODF
s� *OUVJUJWFMZ XF XBOU UP QSPNPUF B DPOOFDUJPO CFUXFFO UXP XPSE OPEFT XJUI DMPTF EJTUBODF
BOE CFUXFFO OPEFT UIBU IBWF NVMUJQMF QBUIT CFUXFFO UIFN� 8F BMTP QSFGFS B DPNQSFTTJPO QBUI
UIBU HPFT UISPVHI UIF NPTU GSFRVFOU OP�TUPQ OPEFT UP FNQIBTJ[F JNQPSUBOU XPSET�

8IFO BQQMZJOH UIF TFOUFODF GVTJPO UFDIOJRVF UP UIF #JP"42 UBTL XF STU QSF�QSPDFTT UIF
DBOEJEBUF TFOUFODFT UP SFNPWF USBOTJUJPO XPSET MJLF ۜय़FSFGPSF BOE ۜ'JOBMMZ� 4VDI USBOTJUJPO
XPSET NBZ CF QSPCMFNBUJD CFDBVTF UIFZ BSF OPU OFDFTTBSJMZ TVJUBCMF GPS UIF OFX MPHJDBM JOUFOU
JO GVTFE TFOUFODFT BOE NBZ CSFBL UIF DPIFSFODF PG UIF OBM BOTXFS� 8F BMTP DPOTUSBJO GVTJPO
TP UIBU UIF GVTFE TFOUFODFT BSF NPSF SFBEBCMF� 'PS JOTUBODF XF POMZ BMMPX UIF GVTJOH PG QBJST PG
TFOUFODFT UIBU BSF PG QSPQFS MFOHUI UP BWPJE HFOFSBUJOH PWFSMZ DPNQMJDBUFE TFOUFODFT� 8F BMTP
BWPJE GVTJOH TFOUFODFT UIBU BSF UPP TJNJMBS PS UPP EJTTJNJMBS� *O UIF STU DBTF JOGPSNBUJPO JO UIF
UXP TFOUFODFT JT MBSHFMZ SFQFUJUJWF TP XF TJNQMZ EJTDBSE UIF POF DPOUBJOJOH MFTT JOGPSNBUJPO�
*O UIF MB॒FS DBTF GVTJOH UXP EJTTJNJMBS TFOUFODFT NPSF MJLFMZ DPOGVTFT UIF SFBEFS XJUI UPP
NVDI JOGPSNBUJPO SBUIFS UIBO JNQSPWJOH UIF TFOUFODF SFBEBCJMJUZ� 'JOBMMZ XF BEE B MUFS UP
EJTDBSE JMM�GPSNFE TFOUFODFT BDDPSEJOH UP TPNF IBOE�DSBॏFE IFVSJTUJDT�

4FMFDUJOH 4FOUFODFT GSPN $BOEJEBUF 4FU� य़F OFYU TUFQ JT UP TFMFDU TFOUFODFT GSPN UIF
DBOEJEBUF TFU BOE QSPEVDF B OFX TVNNBSZ� "O *OUFHFS -JOFBS 1SPHSBN 	*-1
 QSPCMFN JT GPS�
NVMBUFE BT GPMMPXT BDDPSEJOH UP (JMMJDL BOE 'BWSF 	����
�
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.FUIPE 3�� 3�46� "WH 1S� "WH 3F� "WH '� "WH -FO
� #BTFMJOF 4ZTUFN ������ ������ ������ ������ ������ ������
� ..3 � 0SEFS ������ ������ ������ ������ ������ ������
� ..3 � 'VTJPO ������ ������ ������ ������ ������ ������
� ..3 � 3FMFWBODF � 0SEFS ������ ������ ������ ������ ������ ������
� ..3 � 3FMFWBODF � 0SEFS � 1PTU ������ ������ ������ ������ ������ ������
� ..3 � 3FMFWBODF � 0SEFS � 'VTJPO � -. ������ ������ ������ ������ ������ ������
� ..3 � 3FMFWBODF � 0SEFS � 'VTJPO ������ ������ ������ ������ ������ ������
� ..3 � 3FMFWBODF � 0SEFS � 'VTJPO � 1PTU ������ ������ ������ ������ ������ ������
� ..3 � 'VTJPO � 0SEFS ������ ������ ������ ������ ������ ������
�� ..3 � 'VTJPO � 3FMFWBODF � 0SEFS ������ ������ ������ ������ ������ ������
�� ..3 � 'VTJPO � 3FMFWBODF � 0SEFS � 1PTU ������ ������ ������ ������ ������ ������
�� 'VTJPO � ..3 � 3FMFWBODF � 0SEFS ������ ������ ������ ������ ������ ������
�� 'VTJPO � ..3 � 3FMFWBODF � 0SEFS � 1PTU ������ ������ ������ ������ ������ ������

5१२ॲ५ ���� 1FSGPSNBODF PG EJFSFOUNPEVMF DPNCJOBUJPOT PO 5FTU #BUDI � #JP"42 �UI FEJUJPO�
3�3PVHF 1S�1SFDJTJPO 3F�3FDBMM

NBY
y,z

N∑

i=1

wizi, TVDI UIBU
M∑

j=1

Aijyj ≥ zi, Aijyj ≤ zi,

M∑

j=1

ljyj ≤ L, yj ∈ {0, 1}, zi ∈ {0, 1}

*O UIF FRVBUJPO zi JT BO JOEJDBUPS PG XIFUIFS DPODFQU i JT TFMFDUFE JOUP UIF OBM TVNNBSZ BOEwi

JT UIF DPSSFTQPOEJOH XFJHIU GPS UIF DPODFQU� य़F HPBM JT UP NBYJNJ[F UIF DPWFSBHF PG JNQPSUBOU
DPODFQUT JO B TVNNBSZ� 8F BTTJHO EJNJOJTIJOH XFJHIUT EVSJOH UIF BDUVBM FYQFSJNFOUT TP UIBU
MBUFS PDDVSSFODFT PG BO FYJTUJOH DPODFQU BSF MFTT JNQPSUBOU� य़JT GPSDFT UIF TZTUFN UP TFMFDU B
NPSF EJWFSTF TFU PG DPODFQUT� 8F GPMMPX UIF DPOWFOUJPO PG VTJOH CJHSBNT BT B TVSSPHBUF GPS
DPODFQUT 	#FSH�,JSLQBUSJDL FU BM� ����� (JMMJDL FU BM� ����
 BOE CJHSBN DPVOUT BT JOJUJBM XFJHIUT�
7BSJBCMF Aij JOEJDBUFT XIFUIFS DPODFQU i BQQFBST JO TFOUFODF j BOE WBSJBCMF yj JOEJDBUFT JG B
TFOUFODF j JT TFMFDUFE PS OPU�

����� &YQFSJNFOUT BOE 3FTVMUT

������� BOUJUBUJWFࢉ "OBMZTJT

5BCMF ��� TIPXT UIF SFTVMUT PG EJFSFOU DPOHVSBUJPOT PG UIF PSEFSJOH BOE GVTJPO BMHPSJUINT
	3PXT � � � 3PX � 3PX �
� य़PVHI UIF PWFSBMM 306(& TDPSF ESPQT TMJHIUMZ GSPN ���� UP ����
BॏFS TFOUFODF GVTJPO XJUI UIF *-1�TFMFDUJPO TUFQ UIJT JT TUJMM DPNQFUJUJWF XJUI PUIFS TZTUFNT
	JODMVEJOH UIF CBTFMJOF
� य़F TFOUFODF SF�PSEFSJOH EPFT OPU EJSFDUMZ JNQBDU UIF 306(& TDPSFT�

������� BMJUBUJWFࢉ "OBMZTJT

8F NBOVBMMZ FYBNJOFE UIF GVTFE TFOUFODFT GPS �� RVFTUJPOT� 8F GPVOE UIBU PVS TFOUFODF
GVTJPO UFDIOJRVF JT DBQBCMF PG CSFBLJOH EPXO MPOH TFOUFODFT JOUP JOEFQFOEFOU QJFDFT BOE JT
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UIFSFGPSF BCMF UP EJTSFHBSE JSSFMFWBOU JOGPSNBUJPO� 'PS FYBNQMF HJWFO B TVNNBSZ DPOUBJOJOH
UIF PSJHJOBM TFOUFODF�

VTࡋڢ NJ3���� DPOUSJCVUFT UP ��ࡋ DFMM GVODUJPO CZ TVQQSFTTJOH UIF JOIJCJUPSZ
FञFDUT PG +BSJE�� 	����
 CSJOH NJDSP3/"T BOE DISPNBUJO UPHFUIFS CZ TIPXJOH IPX
BDUJWBUJPO�JOEVDFENJ3���� UBSHFUT UIF DISPNBUJO QSPUFJO +BSJE� UP SFHVMBUF QSPJOठBNNBUPSZ
DZUPLJOF QSPEVDUJPO JO 5 IFMQFS �� DFMMTڣ�
0VS GVTJPO UFDIOJRVF JT BCMF UP FYUSBDU JNQPSUBOU JOGPSNBUJPO BOE GPSNVMBUF JU JOUP
DPNQMFUF TFOUFODFT QSPEVDJOH B OFX TVNNBSZ DPOUBJOJOH UIF GPMMPXJOH TFOUFODF�

����JS.ڢ UBSHFUT UIF DISPNBUJO QSPUFJO KBSJE� UP SFHVMBUF QSPJOठBNNBUPSZ DZ�
UPLJOF FYQSFTTJPO JO UI�� DFMMTڣ�

य़F GVTJPO NPEVMF JT BMTP BCMF UP DPNQSFTT NVMUJQMF TFOUFODFT JOUP POF XJUI NJOPS HSBNNBU�
JDBM FSSPST� 'PS FYBNQMF�

4FOUFODF �� Fࡋڢ 3&4*%%BUBCBTF JT B DPNQSFIFOTJWF DPMMFDUJPO PG BOOPUBUJPOT BOE
TUSVDUVSFT GPS QSPUFJO QPTU�USBOTMBUJPOBMNPEJटDBUJPOT JODMVEJOH/�UFSNJOBM $�UFSNJOBM
BOE QFQUJEF DIBJO DSPTT�MJOL NPEJटDBUJPOT<�>�

4FOUFODF �� Fࡋڢ 3&4*%%BUBCBTF DPOUBJOT TVQQMFNFOUBM JOGPSNBUJPO PO QPTU�USBOTMBUJPOBM
NPEJटDBUJPOT GPS UIF TUBOEBSEJ[FE BOOPUBUJPOT BQQFBSJOH JO UIF 1*3�*OUFSOBUJPOBM
1SPUFJO 4FRVFODF %BUBCBTF<�>

0VS BQQSPBDI QSPEVDFT UIF GVTFE TFOUFODF�

Fࡋڢ 3&4*% %BUBCBTF DPOUBJOT TVQQMFNFOUBM JOGPSNBUJPO PO QPTU�USBOTMBUJPOBM
NPEJटDBUJPOT<�> JT B DPNQSFIFOTJWF DPMMFDUJPO PG BOOPUBUJPOT BOE TUSVDUVSFT GPS QSPUFJO
QPTU�USBOTMBUJPOBM NPEJटDBUJPOT JODMVEJOH /�UFSNJOBM $�UFSNJOBM BOE QFQUJEF DIBJO
DSPTT�MJOL NPEJटDBUJPOT<�>�

)PXFWFS UIF PWFSBMM RVBMJUZ PG GVTFE TFOUFODFT JT OPU TUBCMF� "T TIPXO JO 'JHVSF ��� BSPVOE
25� PG UIF TFMFDUFE TFOUFODFT JO OBM TVNNBSJFT BSF GVTFE� "NPOH UIF GVTFE TFOUFODFT 47�
JNQSPWFE UIF PWFSBMM SFBEBCJMJUZ CZ SFEVDJOH SFEVOEBODZ BOE SFQFUJUJPO� 5� PG UIF TFOUFODFT
IBWF JNQSPWFE SFBEBCJMJUZ XJUI NJOPS HSBNNBUJDBM FSSPST TVDI BT B NJTTJOH TVCPSEJOBUF DPO�
KVODUJPO PS TVQFSVPVT EJTDPVSTF NBSLFST� 8� PG UIF GVTFE TFOUFODFT EJE IBWF BO BQQSFDJBCMF
FFDU PO SFBEBCJMJUZ� )PXFWFS B MBSHF OVNCFS PG GVTFE TFOUFODFT 	BSPVOE �� �
 XFSF OPU
DPIFSFOU BOE EFHSBEFE UIF RVBMJUZ PG UIF BOTXFS�
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'९७ॻॸ५ ���� फ़BMJUZ PG 'VTFE 4FOUFODFT

'VSUIFS *NQSPWFNFOUT� *O PSEFS UP GVSUIFS JNQSPWF UIF QFSGPSNBODF PG PVS TZTUFN XF
NBEF B GFX NPEJDBUJPOT UP FBDI NPEVMF JO UIF TZTUFN BOE JNQSPWFE UIF PWFSBMM BSDIJUFDUVSF
PG UIF NPEVMF QJQFMJOF�

ۦ .PEJ॑DBUJPO PG 4ZTUFN "SDIJUFDUVSF� 8F JOUVJUFE UIBU UIF *-1 QSPDFTT JO UIF TFO�
UFODF GVTJPO NPEFM DPVME OPU IBOEMF B WFSZ MBSHF OVNCFS PG DBOEJEBUF JOQVUT QSPEVDJOH
B MPU PG 	SFEVOEBOU TJNJMBS
 GVTFE TFOUFODFT� 5P SFTPMWF UIJT QSPCMFN XF SFNPWFE UIF
*-1 NPEFM GSPN UIF TFOUFODF GVTJPO TUFQ� 8F BMTP NPWFE UIF TFOUFODF GVTJPO TUFQ CFGPSF
UIF TFOUFODF TFMFDUJPO NPEVMF 	3PXT �����
 TP UIBU UIF ..3 BMHPSJUIN JO UIF TFOUFODF
TFMFDUJPO NPEVMF DPVME FMJNJOBUF SFEVOEBOU GVTFE TFOUFODFT�

ۦ .PEJ॑DBUJPOT UP 4FOUFODF 4FMFDUJPO .PEVMF BOE 3FMFWBODF 3BOLFS� 'PS UIF TFO�
UFODF TFMFDUJPO NPEVMF XF NPEJFE UIF PSJHJOBM ..3 NPEFM� य़F PSJHJOBM ..3 NPEFM
TFMFDUFE B YFE OVNCFS PG TFOUFODFT XIJDI OBUVSBMMZ JOUSPEVDFE SFQFUJUJPO� *O PSEFS UP
SFEVDF SFQFUJUJPO XF CVJMU B TP�DBMMFE ۜ&BSMZ�4UPQ ..3 XIJDI TUPQT TFMFDUJOH TFOUFODFT
XIFO UIF NBYJNVN PWFSMBQ TDPSF HSPXT CFZPOE B DFSUBJO UISFTIPME BOE UIF NJOJNVN
SFMFWBODF TDPSF ESPQT EPXO CFMPX BOPUIFS UISFTIPME 	3PXT ���
�

'PS UIF SFMFWBODF SBOLFS XF FYQMPSF BO BMUFSOBUJWF TJNJMBSJUZ NFUSJD 	3PX �
� य़Fफ़FSZ
-JLFMJIPPE -BOHVBHF .PEFM 	4DI¼U[F FU BM� ����
 JT XJEFMZ VTFE JO JOGPSNBUJPO SFUSJFWBM�
8F GPSNVMBUFE UIF SFMFWBODF SBOLJOH QSPDFEVSF BT BO JOGPSNBUJPO SFUSJFWBM QSPCMFN BOE
VTFE B MBOHVBHF NPEFM TP UIBU MPOH TFOUFODFT XPVME HFU B IJHIFS QFOBMUZ�

ۦ 1PTU�1SPDFTTJOH� 5P GVSUIFS SFEVDF SFQFUJUJPO XF BEE BO BEEJUJPOBM MUFS CFGPSF OBM
DPODBUFOBUJPO CZ JUFSBUJWFMZ BEEJOH UIF TFMFDUFE TFOUFODFT UP UIF OBM PVUQVU BOE EJT�
DBSEJOH B TFOUFODF JG JU JT UPP TJNJMBS UP UIF FYJTUJOH TVNNBSZ 	3PXT ��� BOE ��
�

"OBMZTJT � &ॐFDUT PG *OEJWJEVBM .PEVMFT� 5BCMF ��� TIPXT UIF SFTVMUT PG FYUFOTJPOT UP
UIF CBTFMJOF TZTUFN� 5XP TZTUFNT BSF IJHIMJHIUFE 	3PXT � BOE ��
 BT UIFZ HJWF UIF NPTU
CBMBODFE SFTVMUT CFUXFFO UIF RVBMJUZ PG SFUSJFWFE JOGPSNBUJPO BOE DPODJTFOFTT� POF TZTUFN
QFSGPSNT TFOUFODF TFMFDUJPO UIFO SBOLT TFOUFODFT CFGPSF PSEFSJOH CZ SFMFWBODF BOE BQQMJFT
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FTUJPOࢉ 8IJDI TZOESPNF JT BTTPDJBUFE XJUI NVUBOU %7-� 
*EFBM "OTXFS .VUBUJPOT JO %7-� DBVTF BO PTUFPTDMFSPUJD GPSN PG 3PCJOPX TZO�

ESPNF�
� ..3 � 3FMF�

WBODF � 0SEFS �
'VTJPO

8F JEFOUJFE EF OPWP GSBNFTIJॏ NVUBUJPOT JO %7-� B NFEJBUPS PG CPUI
DBOPOJDBM BOE OPO�DBOPOJDBM 8OU TJHOBMJOH BT UIF DBVTF PG 34�04 BO
34 TVCUZQF JOWPMWJOH PTUFPTDMFSPTJT JO UISFF VOSFMBUFE JOEJWJEVBMT� "S�
HFUFE 4BOHFS TFRVFODJOH JO BEEJUJPOBM TVCKFDUT XJUI %34 VODPWFSFE %7-�
FYPO �� NVUBUJPOT JO WF JOEJWJEVBMT JODMVEJOH B QBJS PG NPOP[ZHPUJD
UXJOT� %7-� GSBNFTIJॏ NVUBUJPOT DMVTUFSJOH JO UIF QFOVMUJNBUF FYPO DBVTF
BVUPTPNBM�EPNJOBOU 3PCJOPX TZOESPNF� .VUBUJPOT JO %7-� DBVTF BO
PTUFPTDMFSPUJD GPSN PG 3PCJOPX TZOESPNF�

� ..3 � 3FMF�
WBODF � 'VTJPO
� 0SEFS

.VUBUJPOT JO %7-� DBVTF BO PTUFPTDMFSPUJD GPSN PG 3PCJOPX
TZOESPNF� %7-� GSBNFTIJॏ NVUBUJPOT DMVTUFSJOH JO UIF QFOVMUJNBUF
FYPO DBVTF BVUPTPNBM�EPNJOBOU 3PCJOPX TZOESPNF� 8F JEFOUJFE EF
OPWP GSBNFTIJॏ NVUBUJPOT JO %7-� B NFEJBUPS PG CPUI DBOPOJDBM BOE
OPO�DBOPOJDBM 8OU TJHOBMJOH BT UIF DBVTF PG 34�04 BO 34 TVCUZQF
JOWPMWJOH PTUFPTDMFSPTJT JO UISFF VOSFMBUFE JOEJWJEVBMT� "SHFUFE 4BOHFS
TFRVFODJOH JO BEEJUJPOBM TVCKFDUT XJUI %34 VODPWFSFE %7-� FYPO ��
NVUBUJPOT JO WF JOEJWJEVBMT JODMVEJOH B QBJS PG NPOP[ZHPUJD UXJOT�

� 'VTJPO � ..3
� 3FMFWBODF �
0SEFS � 1PTU

%7-� GSBNFTIJࢄ NVUBUJPOT JO %7-� DBVTF BO PTUFPTDMFSPUJD GPSN PG
3PCJOPX TZOESPNF� 8F JEFOUJFE EF OPWP GSBNFTIJॏNVUBUJPOT JO %7-�
B NFEJBUPS PG CPUI DBOPOJDBM BOE OPO�DBOPOJDBM 8OU TJHOBMJOH BT UIF
DBVTF PG 34�04 BO 34 TVCUZQF JOWPMWJOH PTUFPTDMFSPTJT JO UISFF VOSFMBUFE
JOEJWJEVBMT� "SHFUFE 4BOHFS TFRVFODJOH JO BEEJUJPOBM TVCKFDUT XJUI %34
VODPWFSFE %7-� FYPO �� NVUBUJPOT JO WF JOEJWJEVBMT JODMVEJOH B QBJS PG
NPOP[ZHPUJD UXJOT�

5१२ॲ५ ���� 4ZTUFN QFSGPSNBODF DPNQBSJOH 'VTJPO � 0SEFSJOH BOE 0SEFSJOH � 'VTJPO

UIF BEEJUJPOBM QPTU�QSPDFTTJOH TUFQ 	3PX �
� UIF PUIFS TZTUFN QFSGPSNT TFOUFODF TFMFDUJPO
GVTJPO BOE UIFO SBOLT TFOUFODFT QSJPS UP PSEFSJOH XJUIPVU UIF QPTU�QSPDFTTJOH TUFQ 	3PX ��
�

3PXT � � �� BOE �� TIPX UIF FFDUJWFOFTT PG UIF BEEJUJPOBM QPTU�QSPDFTTJOH TUFQ� 0WFSBMM
UIJT QSPDFEVSF JT BCMF UP SFEVDF UIF BOTXFS MFOHUI XIJMF QSFTFSWJOH JNQPSUBOU JOGPSNBUJPO� 8F
PCTFSWFE UIBU UIF QPTU�QSPDFTTJOH TUFQ JT MFTT FFDUJWF XIFO GVTJPO JT QFSGPSNFE BॏFS ..3�
य़JT JT CFDBVTF JO UIFTF TF॒JOHT UIFSF JT BO BEEJUJPOBM TFOUFODF TFMFDUJPO TUFQ JO UIF GVTJPO
NPEVMF VTJOH JOUFHFS MJOFBS QSPHSBNNJOH UIBU GPSDFT UIF TFMFDUFE TFOUFODFT UP CF EJWFSTF�
*O BMM PUIFS TF॒JOHT JODMVEJOH XIFO GVTJPO JT QFSGPSNFE QSJPS UP ..3 XF POMZ IBWF POF
TFOUFODF TFMFDUJPO TUFQ� 4JODF ..3 JUFSBUJWFMZ TFMFDUT TFOUFODFT BDDPSEJOH UP CPUI TJNJMBSJUZ
BOE SFMFWBODF UIF MBTU TFMFDUFE POFT NBZ CF JOGPSNBUJWF CVU SFQFUJUJWF� 3PX � TIPXT PVS
FYQFSJNFOUT XJUI MBOHVBHF NPEFMJOH� UIF MBOHVBHF NPEFM HJWFT B IJHIFS QFOBMUZ UP MPOHFS
TFOUFODFT QSPEVDJOH TIPSUFS CVU MFTT JOGPSNBUJWF SFTVMUT�

"OBMZTJT � *NQBDU PG 4ZTUFN "SDIJUFDUVSF� &YQMPSJOH UIF QFSGPSNBODF PG TZTUFNT VTJOH
EJFSFOU BSDIJUFDUVSFT XF PCTFSWFE UIBU TZTUFNT XJUI GVTJPO QSJPS UP PSEFSJOH DPVME HFOFSBUF
NPSF MPHJDBMMZ DPIFSFOU TVNNBSJFT� 5BCMF ��� TIPXT BO FYBNQMF� "MM VOEFSMJOFE TFOUFODFT
FYQSFTT UIF TBNF GBDU UIBU %7-� JT UIF DBVTF PG 3PCJOPX TZOESPNF� *O 3PX � XIFSF GVTJPO
JT QFSGPSNFE BॏFS PSEFSJOH UIFSF JT B TFOUFODF UIBU TFSWFT BT BO FYQMBOBUJPO CFUXFFO UIF
VOEFSMJOFE TFOUFODFT XIJDI CSFBLT UIF MPHJDBM DPIFSFODF� *O 3PX � BOE 3PX � XIFSF PSEFSJOH
JT QFSGPSNFE BॏFS GVTJPO UIF HFOFSBUFE BOTXFST EFNPOTUSBUF CF॒FS DPIFSFODF� "MM VOEFSMJOFE
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TFOUFODFT BSF QMBDFE UPHFUIFS GPMMPXFE CZ UIF FYQMBOBUJPO� य़F PQFOJOH TFOUFODFT BSF BMTP
NPSF DPODJTF BOE NPSF EJSFDUMZ SFMBUFE UP UIF RVFTUJPO�

8F BMTP FYQFSJNFOUFE XJUI BSDIJUFDUVSFT XIFSF UIF GVTJPO NPEVMF JT SVO QSJPS UP ..3 BOE
..3 JT VTFE BT UIF POMZ TFOUFODF TFMFDUJPO TUFQ� *O UIFTF TZTUFNT ..3 SFDFJWFT NBOZ GVTFE
TFOUFODFT UIBU PWFSMBQ BOE DPNQMFNFOU FBDI PUIFS BU UIF TBNF UJNF CFDBVTF BMM TJNJMBS TFO�
UFODFT BSF GVTFE QSJPS UP TFOUFODF TFMFDUJPO� "T B SFTVMU TVDI BSDIJUFDUVSFT TPNFUJNFT QSPEVDF
TVNNBSJFT UIBU BSF NPSF SFQFUJUJWF DPNQBSFE UP PUIFST�

��� $PODMVTJPOT BOE 1SPTQFDUJWF 'VUVSF %JSFDUJPOT

"O FFDUJWF OBSSBUJWF OPU POMZ UBMLT BCPVU UIF SJHIU DPOUFOU CVU PSHBOJ[FT UIF DPOUFOU JO B GBJSMZ
DPIFSFOU NBOOFS� य़JT GPSNT B TUSVDUVSBM MBZPVU� *O UIJT DIBQUFS XF IBWF FYQMPSFE /�-PDBM
BOE /�(MPCBM BODIPSJOH JOUP UIF TUSVDUVSF JO PSEFS UP HFOFSBUF B OBSSBUJWF� 3FQSFTFOUBUJPO
PG TUSVDUVSBM GPSNBU JT OPU SFBEJMZ UBOHJCMF BOE UIFSFCZ OPU USJWJBMMZ JOUFSQSFUBCMF� )FODF XF
NBLF VTF PG DMVTUFSJOH BOE SFPSEFSJOH UFDIOJRVFT UP UBDLMF UIJT QSPCMFN�

'PS /�-PDBM BODIPSJOH XF MPPLFE JOUP UIF WJTVBM BOE UFYU EPNBJOT XIFSF UIF UBTL JT UP HFO�
FSBUF UFYUVBM TUFQ�XJTF JOTUSVDUJPO GPS B ڣIPX�UPڢ BDUJWJUZ TVDI BT DPPLJOH SFDJQFT� य़F GPDVT
IFSF JT JOTUJMMJOH TUSVDUVSF MFBSOU GSPN '4.T JO OFVSBM NPEFMT GPS TFRVFOUJBM QSPDFEVSBM UFYU
HFOFSBUJPO XJUI NVMUJNPEBM EBUB� 8F HBUIFS B EBUBTFU PG ��L SFDJQFT XIFSF FBDI TUFQ IBT UFYU
BOE BTTPDJBUFE JNBHFT� 8F QSPQPTF UXP XBZT PG JNQPTJOH TUSVDUVSF GSPN QIBTFT BOE TUBUFT
PG B SFDJQF EFSJWFE GSPN '4. /�MPDBMMZ GPS FBDI TUFQ� य़F STU NPEFM JNQPTFT TUSVDUVSF PO
UIF EFDPEFS BOE UIF TFDPOE NPEFM PO UIF MPTT GVODUJPO CZ NPEFMJOH JU BT B IJFSBSDIJDBM NVMUJ�
UBTL MFBSOJOH QSPCMFN� 8F TIPX UIBU PVS QSPQPTFE BQQSPBDI JNQSPWFT VQPO UIF CBTFMJOF BOE
BDIJFWFT B .&5&03 TDPSF PG �����

4JNJMBSMZ XF SFWJTJU RVFSZ�CBTFE TVNNBSJ[BUJPO UP BEESFTT /�(MPCBM BODIPSJOH JO TUSVDUVSF�
य़PVHI FYUSBDUJWF TVNNBSJ[BUJPO UFDIOJRVFT DBO CF EFWFMPQFE UP NBYJNJ[F QFSGPSNBODF BT
NFBTVSFE CZ FWBMVBUJPO NFUSJDT MJLF 306(& TVDI TZTUFNT TVFS GSPN IVNBO SFBEBCJMJUZ JT�
TVFT BT NFOUJPOFE BCPWF� *O UIJT DIBQUFS XF B॒FNQUFE UP DPNCJOF FYUSBDUJWF UFDIOJRVFT
XJUI TJNQMF BCTUSBDUJWF FYUFOTJPOT CZ FYUSBDUJOH UIF NPTU SFMFWBOU OPO�SFEVOEBOU TFOUFODFT
SF�PSEFSJOH BOE GVTJOH UIFN UP NBLF UIF SFTVMUJOH UFYU NPSF IVNBO�SFBEBCMF BOE DPIFSFOU�
6TJOH BO JOJUJBM TFU PG ��� DBOEJEBUF BOTXFS TFUT XF FYQFSJNFOUFE XJUI EJFSFOU PSEFSJOH BM�
HPSJUINT TVDI BT 4JNJMBSJUZ .BKPSJUZ BOE #MPDL 0SEFSJOH� 8F JEFOUJFE UIBU #MPDL 0SEFSJOH
QFSGPSNT CF॒FS UIF PUIFST JO UFSNT PG HMPCBM BOE MPDBM DPIFSFODF� 8F UIFO JOUSPEVDFE BO *O�
UFHFS -JOFBS 1SPHSBNNJOH CBTFE GVTJPO NPEVMF UIBU JT DBQBCMF PG OPU POMZ GVTJOH SFQFBUFE
DPOUFOU CVU BMTP CSFBLJOH EPXO DPNQMJDBUFE TFOUFODFT JOUP TJNQMFS TFOUFODFT UIVT JNQSPWJOH
IVNBO SFBEBCJMJUZ� य़F JNQSPWFE CBTFMJOF TZTUFN BDIJFWFE B 306(&�� PG ������ BOE 306(&�
46� PG ������ PO UFTU CBUDI � PG #JP"42 �C�

#BTFE PO UIF UBLFBXBZT MFBSOU GSPN UIJT DIBQUFS * CFMJFWF UIF GPMMPXJOH EJSFDUJPOT BSF XPSUI
JOWFTUJOH PVS FPSUT UP CSJOH TJHOJDBOU JNQSPWFNFOUT JO UIF XBZ TUSVDUVSF JT BODIPSFE JO
OBSSBUJWFT�
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�� *OUFSQSFUBCJMJUZ PG -BUFOU 4USVDUVSF� य़F /�-PDBM BODIPSJOH SFMJFT PO UIF TFRVFOUJBM
JOQVU PG TUSVDUVSF BODIPST BU FBDI BOE FWFSZ TUFQ� य़JT TUSVDUVSBM SFQSFTFOUBUJPO JT QSPWJEFE
JO UIF GPSN PG QIBTF BOE TUBUF TFRVFODFT GSPN DMVTUFSJOH BOE TUBUF NBDIJOFT SFTQFDUJWFMZ� 8F
IBWF QFSGPSNFE B HSJE TFBSDI PWFS UIF OVNCFS PG QIBTFT BOE TUBUFT JO UIJT QSPDFTT� *OUFSQSFUJOH
FBDI PG UIFTF NBZ QSPWJEF NPSF JOUVJUJPO JOUP UIF TFNBOUJD TUSVDUVSJOH PG UIF OBSSBUJWF� य़JT
BMTP MFBET UP BO JNNFEJBUF JOUFSNFEJBSZ TUFQ PG FWBMVBUJOH UIF MBUFOU TUSVDUVSF VOJU FYQMJDJUMZ�

�� #BDLQSPQBCMF 4DBॐPME GPS "ODIPST� 8F IBWF FYQMPSFE BO FYUFSOBM NFNPSZ NFDIB�
OJTN UIBU BDUT BT B TDBPME UP TUSVDUVSF� *OWFTUJHBUJOH CBDLQSPQBCMF WBSJBOUT BT B TDBPME GPS
TUSVDUVSF TVDI BT IJEEFONBSLPWNPEFMT BSF XPSUI JOWFTUJOH FPSU JO� य़JT BMTP JT B QSPTQFDUJWF
EJSFDUJPO UP QBWF UIF XBZ JOUP EZOBNJD QMBOOJOH�

�� 1BSUJBM "ODIPSJOH� "T EJTDVTTFE JO UIF QSFWJPVT DIBQUFS UIF JEFB PG UIJT QPJOU JT TJNJMBS�
*O UIJT DIBQUFS XF FYQMPSFE UIF FOET PG UIF TQFDUSVN CBTFE PO BODIPSJOH FBDI VOJU FYQMJDJUMZ
BOE BU UIF PWFSBMM OBSSBUJWF MFWFM� य़FSF BSF JOUFSNFEJBUF UFDIOJRVFT TVDI BT EZOBNJD QMBOOJOH
UIBU SFMZ PO HFOFSBUJOH B XIPMF DPNQPOFOU PG POF TUSVDUVSBM VOJU JOTUFBE PG FBDI VOJU PG UIF
OBSSBUJWF� य़JT EJSFDUJPO JT QSPNJTJOH BT XF DBO IZQPUIFTJ[F JNQSPWFE MPDBM DPIFSFODF XJUI
SFTQFDU UP UIF TUSVDUVSBM VOJU�

�� /PO�BVUPSFHSFTTJWF TFOUFODF PSEFS QSFEJDUJPO� "O PWFSBMM TFOUFODF PSEFSJOH JT QFS�
GPSNFE CZ LFFQJOH UIF FOUJSF OBSSBUJWF JO NJOE� 8IJMF UIJT UBLFT DBSF PG SFMBUJWF QSFTFODF BO�
PUIFS QPTTJCJMJUZ UIBU DBO CF FYUFOEFE UP OFVSBM NPEFMT JT UIF QSFEJDUJPO PG TFOUFODF PSEFSJOHT
OPO�BVUPSFHSFTTJWFMZ� *O UIJT XBZ UIF NJOJ�TUSVDUVSF XJUIJO B TUSVDUVSF JT QBSUMZ BHOPTUJD UP
MPOH�EJTUBODF DPOUFYUT UIFSFCZ HJWJOH NPSF JNQPSUBODF UP TVSSPVOEJOH DPOUFYUT� *O BEEJUJPO
JG PSEFSJOH JT QFSGPSNFE BU UIF FOE PG UIF OFUXPSL BT B QPTU�FEJUJOH TUFQ OPO�BVUPSFHSFTTJWF
UFDIOJRVFT XPVME FOBCMF QBSBMMFM DPNQVUBUJPOT UIFSFCZ TQFFEJOH VQ UIF QSPDFTT XIJDI JT QBS�
UJDVMBSMZ IFMQGVM JO SFBM�UJNF TZTUFNT�



5
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"ODIPSJOH

5P CSJOH SFMFWBODF UP QFPQMF ZPV IBWF
UP CF BCMF UP TQFBL UIFJS MBOHVBHF
FFDUJWFMZ�

4VOEBZ "EFMBKB

3FMFWBODF JO JUTFMG JT OPU TVਖ਼DJFOU JU JT BMTP JNQPSUBOU UP SFBMJ[F PS QSFTFOU JU JO WBSJFE XBZT
EFQFOEJOH PO QFSTPOBMJUJFT PS MBOHVBHFT� 4P GBS XF IBWF MPPLFE JOUP EFUFSNJOJOH BODIPSJOH
JO UIF SJHIU DPOUFOU BOE PSHBOJ[JOH JU CZ BODIPSJOH JO UIF BQQSPQSJBUF TUSVDUVSF� य़F PCWJPVT
OFYU TUFQ JT JO UIF DIPJDF PG TVSGBDF GPSN XPSET UIBU QPTF B DIBMMFOHF JO IPX UIFTF TFOUFODFT
BSF HFOFSBUFE� )FODF XF NPWF UP PVS OFYU TUFQ XIJDI JT BODIPSJOH UIF HFOFSBUJPO JO TVSGBDF
GPSN SFBMJ[BUJPO� य़JT JT PॏFO SFGFSSFE UP JO UIF MJUFSBUVSF BT TUZMJTUJD WBSJBUJPO 	4DIJMMJOH �����
)BSSJTPO FU BM� ����
� 0OF TVDI WBSJBUJPO JO TUZMFT JT SFFDUFE UISPVHI WBSJPVT QFSTPOBT XIJDI
JNQBDU UIF XBZ B TUPSZ JT OBSSBUFE BT TUVEJFE CZ .BJSFTTF BOE 8BMLFS 	����
� *O UIJT DIBQUFS
XF BSF HPJOH UP MPPL JOUP TVSGBDF GPSN SFBMJ[BUJPO JO UXP GPSNT� *O UIF STU QBSU * XJMM QSFTFOU
TVSGBDF GPSN DIPJDFT GSPN EJFSFOU MBOHVBHFT BOE JO UIF TFDPOE QBSU XF XJMM EJTDVTT NPSF
USBEJUJPOBM EFOJUJPOT XJUI SFTQFDU UP QFSTPOB BOE TUZMF�

1BSU PG UIJT DIBQUFS JT CBTFE PO UIF GPMMPXJOH QBQFST�
ۦ Z.ڦ 8BZ PG 5FMMJOH B 4UPSZڧ� 1FSTPOB CBTFE (SPVOEFE 4UPSZ (FOFSBUJPO 	$IBOEV FU BM� ����D

ۦ 4UZMFڦ 7BSJBUJPO BT B 7BOUBHF 1PJOU GPS $PEF�4XJUDIJOHڧ 	$IBOEV BOE #MBDL ����C

ۦ BOHVBHF-ڦ JOGPSNFE NPEFMJOH PG DPEF�TXJUDIFE UFYUڧ 	$IBOEV FU BM� ����

ۦ 4QFFDIڦ 4ZOUIFTJT GPS .JYFE�-BOHVBHF /BWJHBUJPO *OTUSVDUJPOTڧ 	$IBOEV FU BM� ����C


���
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*O UIJT TFDUJPO PVS NBJO GPDVT JT HPJOH UP CF PO TVSGBDF SFBMJ[BUJPO XIFO NVMUJQMF MBOHVBHFT
JOUFSBDU XJUI POF BOPUIFS XJUIJO B TJOHMF V॒FSBODF� य़JT QIFOPNFOPO JT BMTP LOPXO BT DPEF�
TXJUDIJOH 	.JMSPZ FU BM� ����
� $PEF�4XJUDIJOH 	$4
 JT B XJEFMZ TUVEJFE MJOHVJTUJD QIFOPNFOPO
XIFSF UXP EJFSFOU MBOHVBHFT BSF JOUFSMFBWFE� य़JT PDDVST XJUIJO NVMUJMJOHVBM DPNNVOJUJFT
	1PQMBDL ����� .ZFST�4DP॒PO ����� .VZTLFO ����� #VMMPDL BOE 5PSJCJP ����
� 5ZQJDBMMZ
POF MBOHVBHF 	UIF NBUSJY MBOHVBHF
 QSPWJEFT UIF HSBNNBUJDBM TUSVDUVSF GPS $4 UFYU BOE XPSET
BSF JOTFSUFE GSPN BOPUIFS MBOHVBHF 	UIF FNCFEEFE MBOHVBHF
� %JFSFOU MBOHVBHFT BSF WBSJFE
TVSGBDF GPSN SFBMJ[BUJPOT PG UIF TBNF DPOUFOU� )BWJOH TBJE UIJT XF EP OPU VOEFSTUBUF UIF
PCWJPVT GPSNT PG EJFSFODFT JO DPODFQUT QFSDFJWFE UISPVHI UIF MFOT PG MBOHVBHFT 	:BHVFMMP
FU BM� ����� %FVUTDIFS ����
� 8F BSF BTTVNJOH UP EFBM XJUI DPODFQUT UIBU BSF HFOFSJD BDSPTT
MBOHVBHFT� य़FSF JT OP TUSJDU DPOTUSBJOU PO UIF OVNCFS PG MBOHVBHFT UIBU QBSUJDJQBUF JO UIF
JOUFSBDUJPO� )PXFWFS UZQJDBMMZ UIJT JOUFSNJYJOH JT CFUXFFO UXP MBOHVBHFT� *O UIF DBTF PG
DPEF�TXJUDIJOH GPS UIJT DIBQUFS XF XJMM CF MPPLJOH JOUP UIF NJYJOH PG UXP EJFSFOU MBOHVBHFT�
य़F DIPJDF PG TFMFDUJOH B MBOHVBHF UP FYQSFTT FBDI XPSE JT UIF DIPJDF XF IBWF JO UIF GPSNT PG
TVSGBDFڢ SFBMJ[BUJPO� य़F PCWJPVT HVJEBODF UIBU DBO CF QSPWJEFE JO UIJT TDFOBSJP JT WJB MBOHVBHF
JE�

य़JT MBOHVBHF JE JOGPSNBUJPO DBO CF VTFE CPUI BT /�-PDBM BOE /�(MPCBM BODIPST XIJMF EFBMJOH
XJUI DPEF�TXJUDIFE UFYU� *O UIF DBTF PG /�-PDBM BODIPSJOH UIF MBOHVBHF JE GPS FBDI MFYJDBM
VOJU JT QSPWJEFE TFQBSBUFMZ BOE EJTUJODUMZ� 8F PCTFSWF IPX UIJT XBZ PG /�-PDBM BODIPSJOH
PG MBOHVBHF JET IFMQT JO USBJOJOH B DPEF�TXJUDIFE MBOHVBHF NPEFM� 8F XJMM BMTP FYQMPSF UIF
VTBHF PG JEFOUJGZJOH UIF MBOHVBHF PG FBDI MFYJDBM VOJU JO TZOUIFTJ[JOH TQFFDI JOTUSVDUJPOT XJUI
FOUJUJFT CFMPOHJOH UP NPSF UIBO POF MBOHVBHF� )FSF FBDI PG UIF MFYJDBM VOJUT JT EJSFDUMZ HVJEFE
UISPVHI BO BODIPS VOJU aj

i XIJDI JT UIF MBOHVBHF JE� /PUF UIBU TJODF UIF HVJEBODF JT QSPWJEFE
BU UIF XPSE MFWFM UIF PVUQVU VOJU JT BMTP B XPSE JOTUFBE PG B TFOUFODF BODIPSJOH UIF DPOUFOU
BOE TUSVDUVSF�

*ONPTU DBTFT HBUIFSJOH BOOPUBUFE DPEF�TXJUDIFE EBUB JT B DIBMMFOHF GPS TFWFSBM MBOHVBHF QBJST�
&WFO JG XF NBOBHF UP OE UIJT EBUB JO UIF XJME BOOPUBUJOH JU XJUI MFYJDBM MFWFM MBOHVBHF JET
JT B WFSZ FYQFOTJWF UBTL BOE NBOVBMMZ JOUFOTJWF UBTL� "VUPNBUJDBMMZ JEFOUJGZJOH UIF MBOHVBHF
JET JT TUJMM BO BDUJWF BSFB PG SFTFBSDI 	.PMJOB FU BM� ����
� )PXFWFS XF IBWF BDDFTT UP NPOP�
MJOHVBM DPSQPSB GPS NBOZ MBOHVBHFT FYDFQU B MPOH UBJM PG MPX�SFTPVSDF MBOHVBHFT� 8F QMBO PO
NBLJOH VTF PG UIFTF NPOPMJOHVBM SFTPVSDFT UP QSPWJEF PWFSBMM HVJEBODF GSPN UIF MBOHVBHF JE
JOGPSNBUJPO JO HFOFSBUJOH DPEF�TXJUDIFE UFYU� य़F MBOHVBHF JE JOGPSNBUJPO JT OPU FYQMJDJUMZ
HJWFO UP FBDI MFYJDBM VOJU CVU UIF SFQSFTFOUBUJPO JO UIF MBUFOU TQBDF JT NPEFMFE UP EJTDSJNJOBUF
UIF MFWFMT PG NJYJOH CFUXFFO MBOHVBHFT�

��� 3FMBUFE 8PSL

0WFSWJFXPG.PEFMJOH$PEF�4XJUDIFE UFYU� &BSMZ FPSUT UP EFWFMPQ DPNQVUBUJPOBM GSBNF�
XPSL GPS $4 EBUB JODMVEF +PTIJ 	����
 JO UIF ����T BOE (PZBM FU BM� 	����
� 4JOIB BOE य़BLVS
	����
� 4PMPSJP BOE -JV 	����BC
 JO UIF ����T� )PXFWFS UIFTF NFUIPET BSF RVJUF MJNJUFE JO UIFJS
BQQMJDBCJMJUZ UP UIF LJOE PG EBUB XF TFF PO UIF *OUFSOFU BOE TPDJBM NFEJB XIFSF DPEF�TXJUDIJOH
EBUB JT VTVBMMZ GPVOE� य़JT IBT MFE UP BO JODSFBTFE B॒FOUJPO PG UIF /-1 DPNNVOJUZ JO UIF BSFBT
PG -BOHVBHF .PEFMJOH 	-J BOE 'VOH ���� ����� "EFM FU BM� ���� ����BC� (BSH FU BM� ����
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104 UBHHJOH 	7ZBT FU BM� ����� +BNBUJB FU BM� ����� �FUJOPßMV BOE �¶MUFLJO ����
 MBOHVBHF
JEFOUJDBUJPO 	,JOH BOE "COFZ ����
 QSFEJDUJPO PG DPEF�TXJUDI QPJOUT 	%BT BOE (BNC¤DL
����
 TFOUJNFOU BOBMZTJT 	3VESB FU BM� ����
 BOE BMTP DFSUBJO NFUB MFWFM TUVEJFT UIBU JODMVEF
VOEFSTUBOEJOH NFUSJDT UP DIBSBDUFSJ[F DPEF�NJYJOH 	1BUSP FU BM� ����� (V[N¡O FU BM� ����
�

$PEF�4XJUDIFE -BOHVBHF.PEFMT� /FVSBM -BOHVBHF.PEFMT IBWF B MJNJUBUJPO JO DBQUVSJOH
POMZ B OJUF DPOUFYU� य़JT XBT PWFSDPNF JO 3FDVSSFOU /FVSBM /FUXPSL 	3//
 CBTFE -BOHVBHF
.PEFM 	.JLPMPW FU BM� ����
� य़F 3// IBT BO JOQVU MBZFS x IJEEFO MBZFS s 	BMTP DBMMFE DPOUFYU
MBZFS PS TUBUF
 BOE BO PVUQVU MBZFS y� 8IBU BMMPXT GPS DBQUVSJOH PG BO JOOJUF DPOUFYU JT UIBU
UIF JOQVU UP UIF OFUXPSL BU UJNF t J�F� x(t) JT DPODBUFOBUFE XJUI s(t − 1) J�F� UIF PVUQVU
PG UIF IJEEFO MBZFS BU UJNF t − 1 UP DPNQVUF UIF DVSSFOU TUBUF s(t) BOE PVUQVU y(t) XIJDI JT
UIF QSPCBCJMJUZ PG UIF OFYU XPSE HJWFO UIF DPOUFYU� 4FWFSBM XPSE�MFWFM UBTLT DBO CF UBDLMFE
CF॒FS BU UIF DPOTUJUVFOU DIBSBDUFS�MFWFM 	;IBOH FU BM� ����� $IVOH FU BM� ����
� $IBSBDUFS�
-FWFM -BOHVBHF .PEFMT 	,JN FU BM� ����
 SFQSFTFOU B XPSE w BT B DPMMFDUJPO PG UIF FNCFEEJOHT
PG UIF DPOTUJUVFOU DIBSBDUFSTCw = [c1, c2, · · · , cl]XIFSF l JT UIF MFOHUI PGw� Cw JT UIFO QBTTFE
UISPVHI B $POWPMVUJPO /FVSBM /FUXPSL	$//
 XJUI WBSZJOH MUFS XJEUIT UP DBQUVSF EJFSFOU
MFOHUIT PG DIBSBDUFS O�HSBNT� &TTFOUJBMMZ JG UIFSF BSF h MUFST UIFO UIF GFBUVSF NBQQJOH GPS
w JT yw = [y1, y2, · · · , yh]� य़JT GFBUVSF NBQQJOH JOTUFBE PG XPSE FNCFEEJOHT JT GFE UP UIF
3//�-. BT EFTDSJCFE BCPWF BOE UIF SFTU PG UIF QSPDFEVSF SFNBJOT UIF TBNF�

य़FSF IBT CFFO TPNF SFDFOU GPDVT PO BEBQUJOH FYJTUJOH MBOHVBHF NPEFMT GPS $4 UFYU� -J BOE
'VOH 	���� ����
 VTF B USBOTMBUJPO NPEFM UPHFUIFS XJUI UIF MBOHVBHF NPEFM PG UIF NBUSJY
MBOHVBHF UP NPEFM UIF NJYFE MBOHVBHF� -JOHVJTUJD GFBUVSFT SFEVDF UIF TFBSDI TQBDF XJUIJO UIF
USBOTMBUJPO NPEFM JO $4 UFYUT MJLF JOWFSTJPO DPOTUSBJOU BOE GVODUJPOBM IFBE DPOTUSBJOU 	4BOLP
BOE 1PQMBDL ����
�

/�-PDBM "ODIPSJOH GSPN -BOHVBHF .PEFMJOH� *O BOPUIFS BQQSPBDI "EFM FU BM� 	����

VTF B 'BDUPSFE -BOHVBHF .PEFM 	'-.
 UIBU JODMVEFT TZOUBDUJD BOE TFNBOUJD GFBUVSFT GPVOE JO
$4 UFYU UIBU BSF JOEJDBUJWF PG B TXJUDI F�H� USJHHFS XPSET USJHHFS 104 UBHT CSPXO DMVTUFS PG
GVODUJPO BOE DPOUFOU XPSET UIBU SFTVMU JO B TJHOJDBOU SFEVDUJPO JO QFSQMFYJUZ� "OPUIFS SF�
DFOU NFUIPE DBMMFE %VBM -BOHVBHF .PEFM 	%-.
 	(BSH FU BM� ����
 DPNCJOFT UXP NPOPMJOHVBM
MBOHVBHF NPEFMT CZ JOUSPEVDJOH B ۜTXJUDI UPLFO DPNNPO UP CPUI MBOHVBHFT� 1SFEJDUJOH UIJT
XPSE JO FJUIFS MBOHVBHF BDUT BT B QSPYZ UP UIF QSPCBCJMJUZ PG B TXJUDI BOE UIF OFYU XPSE JT
UIFO QSFEJDUFE VTJOH UIF -. PG UIF MBOHVBHF UIBU XBT TXJUDIFE UP� "NPOH OFVSBM NFUIPET
"EFM FU BM� 	����B
 VTF BO 3//�CBTFE -. UP QSFEJDU UIF MBOHVBHF PG UIF OFYU XPSE BMPOH XJUI
UIF BDUVBM XPSE UP NPEFM $4 UFYU� 'PMMPXJOH PO UIFTF JOUVJUJPOT PVS NPEFMT BSF CVJMU PO UPQ
PG UIF "8%�-45. -. 	.FSJUZ FU BM� ����
 UIBU XBT DIPTFO EVF UP JUT BDDFTTJCJMJUZ BOE IJHI
QFSGPSNBODF 	SFDFOUMZ 4UBUF PG UIF "SU
 PO UIF 1FOO�5SFF #BOL BOE 8JLJUFYU�� EBUBTFU 	.FSJUZ
FU BM� ����
� &YUFOTJWF XPSL IBT CFFO EPOF PO UIJT NPEFM UISPVHI JOWFTUJHBUJPO PO UIF SFMBUJWF
JNQPSUBODF PG IZQFS�QBSBNFUFST 	.FSJUZ FU BM� ����
�

" OBUVSBM FYUFOTJPO UP MBOHVBHF NPEFMJOH JT UIF HFOFSBUJPO PG UFYU� य़FSF IBWF CFFO TFWFSBM
TUVEJFT UIBU SFMJFE PO DPOTUSBJOU�UIFPSZ�CBTFE HFOFSBUJPO UFDIOJRVFT� -J BOE 'VOH 	����
 DPN�
CJOFE TZOUBDUJD DPOTUSBJOUT CZ QSFEJDUJOH MBOHVBHF CPVOEBSZ UP SFDPOTUSVDU $4 UFYU� 1SBUBQB
FU BM� 	����
 BOE -FF FU BM� 	����
 QSFTFOU UFDIOJRVFT CBTFE PO &RVJWBMFODF य़FPSZ 	1PQMBDL
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����
 BOE .BUSJY -BOHVBHF 'SBNF य़FPSZ 	.ZFST�4DP॒PO ����
 UP DSFBUF HSBNNBUJDBMMZ WBMJE
$4 UFYU� 8IJMF UIFTF NFUIPET EFNPOTUSBUF UIF VTF PG FYQFSU LOPXMFEHF UP BTTJTU HFOFSBUJPO
UIF TBNF JT EJਖ਼DVMU UP SFQMJDBUF BOE TDBMF UP PUIFS MBOHVBHFT�

1SJPS XPSLT SFMZ PO BOOPUBUJPOT PG MBOHVBHF TQBOT JO NVMUJ�UBTL TFUVQ 	$IBOEV FU BM� ����
 PS
VTJOH EVBM 3// UP IBOEMF FBDI MBOHVBHF 	(BSH FU BM� ����C
� $BQUVSJOH TZOUBDUJD BOE MBOHVBHF
TXJUDIJOH TJHOBMT QSPWFT FFDUJWF JO B IJFSBSDIJDBM 7"& BSDIJUFDUVSF 	4BNBOUB FU BM� ����
�

"ODIPSJOH -BOHVBHF JO 4QFFDI 4ZTUFNT� 1SFWJPVTXPSL JO TZOUIFTJ[JOHNVMUJMJOHVBM TQFFDI
DBO CF DMBTTJFE JOUP UISFF BQQSPBDIFT� CJMJOHVBM 554 TZTUFNT JO XIJDI UXP TQFFDI EBUBCBTFT
BSF VTFE GSPN UIF TBNF TQFBLFS UP CVJME B TJOHMF 554 TZTUFN QPMZHMPU TZTUFNT UIBU DSFBUF DPN�
CJOFE QIPOFTFUT BOE QIPOF�NBQQJOH CBTFE BQQSPBDIFT� #JMJOHVBM 554 TZTUFNT IBWF CFFO
QSPQPTFE CZ -JBOH FU BM� 	����
 GPS &OHMJTI�.BOEBSJO DPEF TXJUDIFE 554� .JDSPTPॏ .VMBO
	$IV FU BM� ����
 JT B CJMJOHVBM TZTUFN GPS &OHMJTI�.BOEBSJO UIBU VTFT EJFSFOU GSPOUFOET UP
QSPDFTT UFYU JO EJFSFOU MBOHVBHFT BOE UIFO VTFT B TJOHMF WPJDF UP TZOUIFTJ[F UIF UFYU� #PUI
UIFTF TZTUFNT TZOUIFTJ[F TQFFDI VTJOH OBUJWF TDSJQUT� UIBU JT FBDI MBOHVBHF JT XSJ॒FO VTJOH JUT
PXO TDSJQU� 1PMZHMPU TZTUFNT 	5SBCFS FU BM� ����
 FOBCMF NVMUJMJOHVBM TQFFDI TZOUIFTJT VTJOH B
TJOHMF 554 TZTUFN� य़JT NFUIPE JOWPMWFT SFDPSEJOH B NVMUJ�MBOHVBHF TQFFDI DPSQVT CZ TPNF�
POF VFOU JO NVMUJQMF MBOHVBHFT� य़JT TQFFDI DPSQVT JT UIFO VTFE UP CVJME B NVMUJMJOHVBM 554
TZTUFN� य़F QSJNBSZ JTTVF XJUI QPMZHMPU TQFFDI TZOUIFTJT JT UIBU JU SFRVJSFT UIF EFWFMPQNFOU
PG B DPNCJOFE QIPOFTFU JODPSQPSBUJOH QIPOFT GSPN BMM UIF MBOHVBHFT VOEFS DPOTJEFSBUJPO�

"OPUIFS UZQF PG NVMUJMJOHVBM TZOUIFTJT JT CBTFE PO QIPOF NBQQJOH XIFSFCZ UIF QIPOFT PG UIF
GPSFJHO MBOHVBHF BSF TVCTUJUVUFE XJUI UIF DMPTFTU TPVOEJOH QIPOFT PG UIF QSJNBSZ MBOHVBHF�
य़JTNFUIPE SFTVMUT JO B TUSPOH GPSFJHO BDDFOU XIJMF TZOUIFTJ[JOH UIF GPSFJHOXPSET XIJDINBZ
PS NBZ OPU CF BDDFQUBCMF� "MTP JG UIF TFRVFODF PG UIF NBQQFE QIPOFT EPFT OPU FYJTU PS EPFT OPU
GSFRVFOUMZ PDDVS JO UIF QSJNBSZ MBOHVBHF UIF TZOUIFTJT RVBMJUZ DBO CF QPPS� 5P PWFSDPNF UIJT
BO BWFSBHF QPMZHMPU TZOUIFTJT UFDIOJRVF VTJOH )..�CBTFE TZOUIFTJT BOE TQFBLFS BEBQUBUJPO
IBT CFFO QSPQPTFE 	-BUPSSF FU BM� ����
� 4VDI NFUIPET NBLF VTF PG TQFFDI EBUB GSPN EJFSFOU
MBOHVBHFT BOE TQFBLFST�

" GSBNFXPSL GPS TQFFDI TZOUIFTJT PG DPEF�NJYFE UFYU XBT QSPQPTFE CZ 4JUBSBN BOE #MBDL
	����
� 4JUBSBN FU BM� JO XIJDI XF BTTVNFE UIBU UXP MBOHVBHFT XFSF NJYFE BOE POF PG UIF
MBOHVBHFT XBT OPU XSJ॒FO JO JUT OBUJWF TDSJQU CVU CPSSPXFE UIF TDSJQU PG UIF PUIFS MBOHVBHF�
य़JT GSBNFXPSL DPOTJTUFE PG STU JEFOUJGZJOH UIF MBOHVBHF PG B XPSE VTJOH B EJDUJPOBSZ PS
)..�CBTFE BQQSPBDI UIFO OPSNBMJ[JOH TQFMMJOHT PG UIF MBOHVBHF UIBU XBT OPU XSJ॒FO JO JUT
OBUJWF TDSJQU BOE UIFO USBOTMJUFSBUJOH JU GSPN UIF CPSSPXFE TDSJQU UP UIF OBUJWF TDSJQU� य़FO
XF VTFE B NBQQJOH CFUXFFO UIF QIPOFNFT PG CPUI MBOHVBHFT UP TZOUIFTJ[F UIF UFYU VTJOH B
554 TZTUFN USBJOFE PO B TJOHMF MBOHVBHF� 8F QFSGPSNFE FYQFSJNFOUT PO (FSNBO�&OHMJTI BOE
)JOEJ�&OHMJTI� 8F BMTP DPOEVDUFE FYQFSJNFOUT UP EFUFSNJOF XIJDI MBOHVBHFT 554 EBUBCBTF
TIPVME CF VTFE XIFO TZOUIFTJ[JOH DPEF�NJYFE UFYU�

*O UIJT DIBQUFS XF FYUFOE PO UIJT QSFWJPVT XPSL JO UXP XBZT� 	�
 0VS DVSSFOU TZTUFN JT B
CJMJOHVBM TZTUFN CVJMU VTJOH TQFFDI GSPN UXP NPOPMJOHVBM TQFFDI EBUBTFUT BOE B DPNCJOFE
QIPOFTFU UIFSFCZ SFNPWJOH UIF OFFE GPS B QIPOF UP QIPOF NBQQJOH 	�
 8F GPSNVMBUF PVS
QSPQPTFE BQQSPBDI BOE EFUFSNJOF JUT FFDUJWFOFTT JO UIF EPNBJO PG OBWJHBUJPO JOTUSVDUJPOT�
य़F TZOUIFTJT EFQFOET PO MFYJDBM MFWFM MBOHVBHF BODIPST�
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/�(MPCBM "ODIPSJOH JO $PEF�4XJUDIJOH� "T XF IBWF TFFO JO UIF TVC�UPQJD PG /�-PDBM
BODIPSJOH PG MBOHVBHF JE GPS DPEF�TXJUDIFE HFOFSBUJPO NPTU PG UIF QSJPS XPSL GBMMT VOEFS
UIJT EPNBJO� $IBOH FU BM� 	����C
 QSPQPTFE B ("/�CBTFE BQQSPBDI UP HFOFSBUF MBOHVBHF JE
UBHT BOE EJTDSJNJOBUF XIFUIFS JU JT B WBMJE TFRVFODF� य़JT QSPDFTT JOUFSOBMMZ VTFT BO FYQMJDJU
SFQSFTFOUBUJPO PG MBOHVBHF UBHT UIPVHI UIJT JT OPU QSPWJEFE BT B QBSU PG UIF JOQVU� 8JOBUB FU BM�
	����
 QSPQPTFE B TFR�UP�TFR NPEFM XJUI B DPQZ NFDIBOJTN MJNJUJOH UIF NFUIPE UP SFMZ PO
QBSBMMFM NPOPMJOHVBM USBOTMBUJPOT PG $4 UFYU�

0VS BQQSPBDI GPS /�(MPCBM BODIPSJOH UIF MBOHVBHF JOGPSNBUJPO FMJNJOBUFT UIF OFFE GPS ESBॏ�
JOH DPOTUSBJOU UIFPSJFT BEEJUJPOBM BOOPUBUJPOT GPS MBOHVBHF JET BOE QBSBMMFM EBUB� य़JT FOBCMFT
TDBMBCJMJUZ UP OFX MBOHVBHF QBJST B॒SJCVUFE UP UIF BWBJMBCJMJUZ PG NPOPMJOHVBM DPSQPSB BOE MJN�
JUFE $4 UFYU�

&NPUJPO JO 5FYU (FOFSBUJPO� $BWB[[B FU BM� 	����
 IBWF TUSFTTFE UIF JNQPSUBODF PG FY�
QSFTTJOH FNPUJPOT JO UIF CFMJFWBCJMJUZ PG UIF BVUPNBUFE TUPSZUFMMJOH TZTUFN� "EBQUJOH B QFS�
TPOBMJUZ USBJU IFODF CFDPNFT DSVDJBM UP DBQUVSF BOENBJOUBJO UIF JOUFSFTU PG UIF BVEJFODF� "TTP�
DJBUJOH UIF OBSSBUJWF UP B QFSTPOBMJUZ JOTUJHBUFT B TFOTF PG FNQBUIZ BOE SFMBUFEOFTT� "MUIPVHI
UIFSF IBT CFFO SFTFBSDI JO HFOFSBUJOH QFSTPOB�CBTFE EJBMPH SFTQPOTFT BOE HFOFSBUJOH TUZMJT�
UJD TFOUFODFT 	4IVTUFS FU BM� ����� 'V FU BM� ����� 1SBCIVNPZF FU BM� ����� 4IFO FU BM� ����B

HFOFSBUJOH QFSTPOB�CBTFE TUPSJFT XJUI EJFSFOU QFSTPOBMJUZ UZQFT OBSSBUJOH UIFN IBT CFFO VO�
FYQMPSFE� *O UIJT DIBQUFS XF GPDVT PO HFOFSBUJOH B TUPSZ GSPN B TFRVFODF PG JNBHFT BT JG UIF
BHFOU CFMPOHT UP B QBSUJDVMBS QFSTPOBMJUZ UZQF�

4UZMF 5SBOTGFS� 0OF MJOF PG SFTFBSDI UIBU JT DMPTFMZ SFMBUFE UP PVS UBTL JT TUZMF USBOTGFS JO
UFYU� 3FDFOUMZ HFOFSBUJWF NPEFMT IBWF HBJOFE QPQVMBSJUZ JO B॒FNQUJOH UP TPMWF TUZMF USBOTGFS
JO UFYU XJUI OPO�QBSBMMFM EBUB 	)V FU BM� ����� 4IFO FU BM� ����B� -J FU BM� ����B
� 4PNF PG UIJT
XPSL IBT BMTP GPDVTFE PO USBOTGFSSJOH BVUIPS B॒SJCVUFT 	1SBCIVNPZF FU BM� ����
 USBOTGFSSJOH
NVMUJQMF B॒SJCVUFT 	-BNQMF FU BM� ����� -PHFTXBSBO FU BM� ����
 BOE DPMMFDUJOH QBSBMMFM EBUBTFU
GPS GPSNBMJUZ 	3BP BOE 5FUSFBVMU ����
� "MUIPVHI PVS XPSL DBO CF WJFXFE BT BOPUIFS GBDFU PG
TUZMF USBOTGFS XF IBWF TUSPOH HSPVOEJOH PG UIF TUPSJFT JO UIF TFRVFODF PG JNBHFT�

1FSTPOB #BTFE %JBMPH� 1FSTPOB�CBTFE HFOFSBUJPO PG SFTQPOTFT IBT CFFO TUVEJFE CZ UIF
/-1 DPNNVOJUZ JO UIF EJBMPH EPNBJO� -J FU BM� 	����C
 FODPEFE QFSTPOBT PG JOEJWJEVBMT JO
DPOUFYUVBMJ[FE FNCFEEJOHT UIBU DBQUVSF UIF CBDLHSPVOE JOGPSNBUJPO BOE TUZMF UP NBJOUBJO
DPOTJTUFODZ JO UIF SFTQPOTFT HJWFO� य़F FNCFEEJOHT GPS UIF TQFBLFS JOGPSNBUJPO BSF MFBSOU
KPJOUMZXJUI UIFXPSE FNCFEEJOHT� 'PMMPXJOH UIJTXPSL ;IPV FU BM� 	����D
 QSPQPTFE &NPUJPOBM
$IB॒JOH .BDIJOF UIBU HFOFSBUFT SFTQPOTFT JO BO FNPUJPOBM UPOF JO BEEJUJPO UP DPOEJUJPOJOH
UIF DPOUFOU� य़F LFZ EJFSFODF CFUXFFO GPSNFS BOE MB॒FS XPSL JT UIBU UIF MB॒FS DBQUVSFT UIF
EZOBNJD DIBOHF JO FNPUJPO BT UIF DPOWFSTBUJPO QSPDFFET XIJMF UIF VTFS QFSTPOB SFNBJOT UIF
TBNF JO UIF GPSNFS DBTF� ;IBOH FU BM� 	����
 SFMFBTF B IVHF EBUBTFU PG DPOWFSTBUJPOT DPOEJUJPOFE
PO UIF QFSTPOB PG UIF UXP QFPQMF JOUFSBDUJOH� य़JT XPSL TIPXT UIBU DPOEJUJPOJOH PO UIF QSPMF
JOGPSNBUJPO JNQSPWFT UIF EJBMPHVFT XIJDI JT NFBTVSFE CZ UIF OFYU V॒FSBODF QSFEJDUJPO� *O
UIFTF XPSLT UIF HPME WBMVF PG UIF UBSHFU SFTQPOTF XBT LOPXO� 'PS PVS XPSL XF EP OPU IBWF
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HPME WBMVFT PG TUPSJFT JO EJFSFOU QFSTPOBT� )FODF XF MFWFSBHF BOOPUBUFE EBUB GSPN B EJFSFOU
UBTL BOE USBOTGFS UIBU LOPXMFEHF UP TUFFS PVS HFOFSBUJPO QSPDFTT�

.VMUJNPEBM EPNBJO� 8JUI UIF JOUFSQMBZ CFUXFFO WJTVBM BOE UFYUVBM NPEBMJUJFT BO PC�
WJPVT EPXOTUSFBN BQQMJDBUJPO GPS QFSTPOB�CBTFE UFYU HFOFSBUJPO JT JNBHF DBQUJPOJOH� $IBO�
ESBTFLBSBO FU BM� 	����
 XPSLFE PO HFOFSBUJOH XJ॒Z DBQUJPOT GPS JNBHFT CZ CPUI SFUSJFWJOH BOE
HFOFSBUJOH XJUI BO FODPEFS�EFDPEFS BSDIJUFDUVSF� य़JT XPSL VTFE FYUFSOBM SFTPVSDFT UP HBUIFS
B MJTU PG XPSET UIBU BSF SFMBUFE UP QVOT GSPN UIF XFC XIJDI UIF EFDPEFS B॒FNQUT UP HFOFSBUF
DPOEJUJPOFE PO QIPOPMPHJDBM TJNJMBSJUZ� 8BOH BOE 8FO 	����
 TUVEJFE UIF TUBUJTUJDBM DPSSFMB�
UJPO PG XPSET BTTPDJBUFE XJUI TQFDJD NFNFT� य़FTF JEFBT IBWF BMTP SFDFOUMZ QFOFUSBUFE JOUP
UIF WJTVBM EJBMPH TF॒JOH� 4IVTUFS FU BM� 	����
 IBWF DPMMFDUFE B HSPVOEFE DPOWFSTBUJPOBM EBUBTFU
XJUI ���L EJBMPHT XIFSF IVNBOT BSF BTLFE UP QPSUSBZ B QFSTPOBMJUZ JO UIF DPMMFDUJPO QSPDFTT�
य़FZ IBWF BMTP TFU VQ WBSJPVT CBTFMJOFT XJUI EJFSFOU UFDIOJRVFT UP GVTF UIF NPEBMJUJFT JO�
DMVEJOH NVMUJNPEBM TVN DPNCJOFS BOE NVMUJNPEBM B॒FOUJPO DPNCJOFS� 8F VTF UIJT EBUBTFU UP
MFBSO QFSTPOBT XIJDI JO UVSO BSF BEBQUFE UP PVS TUPSZUFMMJOH NPEFM�

��� /�-PDBM "ODIPSJOH JO -BOHVBHF *OGPSNBUJPO

"T XF IBWF EJTDVTTFE CFGPSF /�-PDBM BODIPSJOH QSPWJEFT EFOJUJWF BOE TQFDJD DBUFHPSJDBM
HSPVOEJOH XIJMF NPEFMJOH UFYU� 0VS NBJO GPDVT JT PO VUJMJ[JOH UIFTF OF�HSBJOFE BODIPSJOH
VOJUT JO HFOFSBUJPO� 8F VTF FYJTUJOH UFDIOPMPHJFT UP EFUFSNJOF UIFTF BODIPST� *O UIJT DBTF
XF XJMM CF VTJOH MFYJDBM MFWFM MBOHVBHF JE JOGPSNBUJPO JO NPEFMJOH UFYU� *O g����� XF XJMM
CF MPPLJOH JOUP CVJMEJOH B MBOHVBHF NPEFM GPS DPEF�TXJUDIFE UFYU VTJOH UIF BODIPST BU MFYJDBM
VOJUT BMPOHXJUI UIF JOQVU BOE QSFEJDUJOH UIF TBNF FYQMJDJU BODIPS VOJUT JO BNVMUJ�UBTL MFBSOJOH
GSBNFXPSL� 'PMMPXJOH UIJT JO g����� XF XJMM EFMWF JOUP VUJMJ[JOH UIFTF MFYJDBM MFWFM MBOHVBHF JE
VOJUT JO JNQSPWJOH UIF RVBMJUZ PG NJYFE�MBOHVBHF JOTUSVDUJPOT�

����� /�-PDBM "ODIPSJOH GPS -BOHVBHF .PEFMJOH

8F BQQSPBDI $PEF�4XJUDIJOH UISPVHI -BOHVBHF.PEFMJOH 	-.
 PO B DPSQVT PG )JOHMJTI 	)JOEJ
� &OHMJTI
 UIBU XF DPMMFDUFE GSPN CMPHHJOH XFCTJUFT DPOUBJOJOH ����� VOJRVF TFOUFODFT� 8F
JNQMFNFOU BOE EJTDVTT EJFSFOU -BOHVBHF .PEFMT EFSJWFE GSPN B NVMUJ�MBZFSFE -45. BSDIJ�
UFDUVSF� 0VS NBJO IZQPUIFTJT JT UIBU QSPWJEJOH MBOHVBHF JE JOGPSNBUJPO FYQMJDJUMZ GPS FBDI
JOEJWJEVBM XPSE CVJMET B SPCVTU MBOHVBHF NPEFM BT PQQPTFE UP TJNQMF XPSE�MFWFM NPEFMT CZ
MFBSOJOH UIF TXJUDIJOH QPJOUT� 8F B॒FNQU UIJT JO UXP XBZT� 	�
 GBDUPSFE NPEFM MFBSOJOH FN�
CFEEJOHT CPUI GPS JOQVU XPSE BOE JOQVU MBOHVBHF BOE 	�
 NVMUJ�UBTL MFBSOJOH PG QSFEJDUJOH UIF
MBOHVBHF PG UIF OFYU XPSE BMPOH XJUI UIF XPSE JUTFMG� 8F TIPX UIBU PVS IJHIFTU QFSGPSNJOH
NPEFM BDIJFWFT B UFTU QFSQMFYJUZ PG ����� PO UIF $4 DPSQVT UIBU XF DPMMFDUFE BOE QSPDFTTFE� 0O
UIJT EBUB XF EFNPOTUSBUF UIBU PVS QFSGPSNBODF JT BO JNQSPWFNFOU PWFS "8%�-45. -. 	B
SFDFOU 4UBUF PG UIF "SU PO NPOPMJOHVBM &OHMJTI
�

$PEF�4XJUDIFE EBUB JT RVJUF DIBMMFOHJOH UP PCUBJO BT UIJT QIFOPNFOPO JT VTVBMMZ PCTFSWFE JO
JOGPSNBM TF॒JOHT� .PSFPWFS EBUB PCUBJOFE GSPN POMJOF TPVSDFT BSF PॏFO OPJTZ CFDBVTF PG
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TQFMMJOH TDSJQU NPSQIPMPHJDBM BOE HSBNNBUJDBM WBSJBUJPOT� य़FTF TPVSDFT PG OPJTF NBLF JU
RVJUF DIBMMFOHJOH UP CVJME SPCVTU /-1 UPPMT 	�FUJOPßMV FU BM� ����
� 0VS HPBM JT UP JNQSPWF -.
GPS )JOEJ�&OHMJTI DPEF�NJYFE EBUB 	)JOHMJTI
 XIFSF TJNJMBS DIBMMFOHFT BSF BQQBSFOU� य़F UBTL
PG MBOHVBHF NPEFMJOH JT WFSZ JNQPSUBOU UP TFWFSBM EPXOTUSFBN BQQMJDBUJPOT JO /-1 JODMVEJOH
TQFFDI SFDPHOJUJPO NBDIJOF USBOTMBUJPO FUD� य़JT UBTL BMTP BJET JO NVMUJ�UBTL MFBSOJOH XIFSF
QBSBNFUFST BSF TIBSFE CFUXFFO UIF MBOHVBHF NPEFM BOE UIF PUIFS UBTL� य़JT JT QBSUJDVMBSMZ
JNQPSUBOU JO EPNBJOT TVDI BT DPEF�TXJUDIJOH UIBU MBDL BOOPUBUFE EBUB XIFSF UIF OFDFTTJUZ
UP MFWFSBHF VOTVQFSWJTFE UFDIOJRVFT PS USBOTGFS UIF SFQSFTFOUBUJPOT GSPN BO VOTVQFSWJTFE PS
TFMG�TVQFSWJTFE TFUVQ JT DSVDJBM� *O UIJT TFDUJPO XF QSFTFOU PVS B॒FNQU UP UIJT QSPCMFN VTJOH
UXP UFDIOJRVFT� 	�
 'BDUPSFE MBOHVBHF NPEFM UIBU DPOUBJOT UIF GBDUPST PG XPSE BOE MBOHVBHF
HJWFO UP B TUBDLFE -45. CBTFE BSDIJUFDUVSF BOE 	�
 1PTJOH UIJT BT B NVMUJ�UBTL MFBSOJOH 	.5-

QSPCMFN XJUI B EVBM PCKFDUJWF JODMVEJOH QSFEJDUJOH UIF OFYU XPSE BOE QSFEJDUJOH UIF MBOHVBHF
PG UIF OFYU XPSE� -FBSOJOH UP QSFEJDU UIF MBOHVBHF PG UIF OFYU XPSE BMMPXT UIF NPEFM UP TXJUDI
QPJOUT CFUXFFO MBOHVBHFT BU B HMPCBM MFWFM� *O UIF QBUI UPXBSET CVJMEJOH UIF .5- BSDIJUFDUVSF
XF B॒FNQUFE UP FYQMJDJUMZ MFBSO UIF MBOHVBHF PG UIF DVSSFOU XPSE XJUIPVU QSFEJDUJOH UIF MBO�
HVBHF PG UIF OFYU XPSE� य़JT JT POF PG UIF NPEFMT JO PVS BCMBUJPO TUVEJFT XIJDI JT TJNJMBS UP
BOE JT JOTQJSFE GSPN UIF GBDUPSFE -.�

*O BEEJUJPO UP UIF UFDIOJRVFT VTFE GPS NPOPMJOHVBM MBOHVBHF NPEFMJOH QSPWJEJOH JOGPSNB�
UJPO BCPVU UIF MBOHVBHF JT B LFZ DPNQPOFOU JO B DPEF�TXJUDIFE EPNBJO� 0VS NBJO HPBM JO
UIJT TFDUJPO JT UP FYBNJOF UIF FFDU PG MBOHVBHF JOGPSNBUJPO JO NPEFMJOH DPEF�TXJUDIFE UFYU�
8F BQQSPBDI UIJT TZTUFNBUJDBMMZ CZ FYQFSJNFOUJOH XJUI BCMBUJPOT PG FODPEJOH BOE EFDPEJOH
MBOHVBHF JE BMPOH XJUI UIF XPSE JUTFMG� *O UIJT XBZ UIF NPEFM JNQMJDJUMZ MFBSOT UIF TXJUDI
QPJOUT CFUXFFO UIF MBOHVBHFT� 8F BDIJFWF UIF MFBTU QFSQMFYJUZ TDPSF JO DPNCJOBUJPO XJUI B
MBOHVBHF�JOGPSNFE FODPEFS BOE B MBOHVBHF�JOGPSNFE EFDPEFS BNPOH UIF BCMBUJPO PG NVMUJQMF
NPEFMT�

������� %BUB $PMMFDUJPO BOE %FTDSJQUJPO

5P UIF CFTU PG PVS LOPXMFEHF UIFSF XBT OP TUBOEBSE EBUBTFU UP FWBMVBUF -. JO DPEF�TXJUDIFE
UFYUT BU UIF UJNF UIJT XPSL XBT EPOF� *O UIJT TVCTFDUJPO XF XJMM EFTDSJCF PVS EBUB DPMMFDUJPO
BOE QSPWJEF B CSJFG BOBMZTJT PG JU�

%BUB $PMMFDUJPO� $VSBUJOH B SFBTPOBCMF EBUBTFU GPS DPEF�TXJUDIFE UFYU JT BO JNQPSUBOU DIBM�
MFOHF GPS SFTFBSDIFST JO UIJT EPNBJO� 5P UIF LOPXMFEHF PG UIF BVUIPST UIFSF XBT OP CFODINBSL
DPEF�TXJUDIFE DPSQVT GPS MBOHVBHF NPEFMJOH BT UIFSF JT GPS &OHMJTI 	.FSJUZ FU BM� ����� .BSDVT
FU BM� ����
� $PEF�4XJUDIJOH JT DPNNPOMZ PCTFSWFE JO JOGPSNBM TF॒JOHT BOE JO DBTVBM DPOWFS�
TBUJPOT� )FODF UIF UXP QPUFOUJBM TPVSDF DIPJDFT UP HBUIFS EBUB JODMVEF TPDJBM NFEJB 	TVDI BT
5XJ॒FS BOE 'BDFCPPL
 BOE CMPHHJOH XFCTJUFT� 8F EFDJEFE UP HP XJUI UIF MB॒FS EVF UP DPNQBS�
BUJWFMZ MFTTFS OPJTF BOE UIF BWBJMBCJMJUZ PG NPSF EFTDSJQUJWF UFYU� 0VS EBUB GPS DPEF�TXJUDIFE
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$SJUFSJB 5SBJO %FW 5FTU
� 4FOUFODFT ����� ����� �����
"WH -FOHUI PG 4FOUFODFT ����� ����� �����
.VMUJMJOHVBM *OEFY ������ ������ ������
-BOHVBHF &OUSPQZ ������ ������ ������
*OUFHSBUJPO *OEFY ������ ������ ������
6OJRVF 6OJHSBNT ����� ����� �����
6OJRVF #JHSBNT ������ ������ ������
6OJRVF 5SJHSBNT ������ ������ ������

5१२ॲ५ ���� )JOHMJTI %BUB 4UBUJTUJDT GPS $PEF�4XJUDIFE -BOHVBHF .PEFMJOH

MBOHVBHF NPEFMJOH XBT DPMMFDUFE BॏFS IBWJOH DSBXMFE FJHIU CMPHHJOH )JOHMJTI XFCTJUFT� UIBU
XFSF SFUVSOFE CZ QPQVMBS TFBSDI FOHJOFT 	TVDI BT (PPHMF BOE #JOH
 XJUI TJNQMF DPEF�TXJUDIFE
RVFSJFT JO UIF EPNBJOT PG IFBMUI BOE UFDIOPMPHZ� य़FTF DPEF�TXJUDIFE UFYUT DPWFS TFWFSBM EJG�
GFSFOU UPQJDT QSJNBSJMZ UFDIOJDBM SFWJFXT PG FMFDUSPOJD BOE HFOFSBM F�DPNNFSDF QSPEVDUT BT
XFMM BT TFWFSBM IFBMUI�SFMBUFE BSUJDMFT� य़FTF UFYUT XFSF BMM UPLFOJ[FE BU UIF TFOUFODF MFWFM BOE
MFYJDBM MBOHVBHF JEFOUJDBUJPO XBT QFSGPSNFE� "MM UIF TFOUFODFT UIBU EJE OPU IBWF BU MFBTU POF
XPSE FBDI GSPN CPUI MBOHVBHFT XFSF EJTDBSEFE UP DIBOOFM PVS QSPCMFN UPXBSET UBDLMJOH JOUSB�
TFOUFOUJBM DPEF�TXJUDIJOH� य़JT SFTVMUFE JO B UPUBM PG ����� VOJRVF TFOUFODFT� य़F EBUB OFFEFE
FYUFOTJWF DMFBOJOH EVF UP B MPU PG IZQFSMJOLFE UFYU TQBOT JO WBSZJOH GPSNBUT�

1SF�QSPDFTTJOH� 0OF PG UIF JNQPSUBOU DIBSBDUFSJTUJDT PG DPEF�TXJUDIFE UFYU JO )JOHMJTI
XIFO XSJ॒FO JO 3PNBO TDSJQU JT UIF OPO�TUBOEBSE SFQSFTFOUBUJPOT PG UIF XPSET� य़JT JT WFSZ
DPNNPOMZ PCTFSWFE TJODF UIFSF BSF TUSJDU HVJEFMJOFT UIBU NPOJUPS UIF DPSSFDUOFTT PG BO BQ�
QSPYJNBUFMZ QIPOFUJDBMMZ SFQSFTFOUFE XPSE� य़FSF JT OP TUBOEBSE POF�UP�POF DPSSFTQPOEFODF
PG TZMMBCMFT JO )JOEJ XIFO XSJ॒FO JO UIF 3PNBO TDSJQU UIBU VOJWFSTBMMZ FWFSZPOF XPVME GPMMPX
JO JOGPSNBM TF॒JOHT� )FODF UIF TBNF XPSE DPVME CF XSJ॒FO JO NVMUJQMF SFQSFTFOUBUJPOT CBTFE
PO UIF JEJPTZODSBTJFT PG UIF JOEJWJEVBM BOE QFSDFQUJPO PG 3PNBOJ[BUJPO PG B TZMMBCMF UP UIBU
TQFDJD QFSTPO�

'PS NPEFMT FODPNQBTTJOH MBOHVBHF JOGPSNFE FODPEFST XF QFSGPSN MFYJDBM MBOHVBHF JEFOUJ�
DBUJPO GPS FBDI PG UIF XPSET BOE BOOPUBUF UIFN XJUI UIJT JOGPSNBUJPO�

य़F OPO�TUBOEBSEJ[FE SFQSFTFOUBUJPOT PG UIF XPSET BSF EFBMU JO UIF GPMMPXJOH UXP XBZT�

ۦ 4PVOEFY &ODPEJOHT� 8F VTF TPVOEFY FODPEJOHT PG UIF XPSET BT BOPUIFS GBDUPS� य़JT XBZ
UIF JEJPMFDUJD SFQSFTFOUBUJPOBM WBSJBUJPOT XJUI BO BEEJUJPOBM ۜI GPS BTQJSBUFE TPVOET BOE
TJOHMF WT� NVMUJQMF WPXFMT GPS MPOH BOE TIPSU TZMMBCMFT FUD� XPVME CF NBQQFE UP UIF
TBNF TQBDF� य़JT JT OPU B TPMVUJPO UP OPSNBMJ[JOH UIF SFQSFTFOUBUJPOBM WBSJBUJPOT CVU

�)JOHMJTI CMPHHJOH XFCTJUFT�
XXX�IJOHMJTIQFEJB�DPN
XXX�RVSFTIJJOGPUFDI�DPN
XXX�IJOEJNFIFMQ�DPN
XXX�QBLLBTPMVUJPOIJOEJ�DPN
XXX�NZIFMQMJWF�CMPHTQPU�DPN
XXX�TFFLIPXFC�DPN
XXX�POMJOFTJLIF�DPN
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'९७ॻॸ५ ���� "ODIPSJOH MBOHVBHF JE VOJUT JO -BOHVBHF .PEFMJOH PG $PEF�4XJUDIJOH

XF IZQPUIFTJ[F UIBU UIJT GFBUVSF IFMQT MFBSO DPOUFYU BSPVOE WBSJBOUT PG UIF TBNF XPSE
CF॒FS�

ۦ 5SBOTMJUFSBUJPO� "MPOH UIF TJNJMBS MJOFT PG TUBOEBSEJ[JOH UIF NVMUJQMF SFQSFTFOUBUJPOT
PG UIF TBNF XPSE UIF XPSET JEFOUJFE BT )JOEJ BU UIF MFYJDBM MFWFM BSF USBOTMJUFSBUFE
JOUP UIFJS %FWBOBHBSJ SFQSFTFOUBUJPO BOE UIF NPTU MJLFMZ %FWBOBHBSJ TQFMMJOH JO B QSF�
FYJTUJOH %FWBOBHBSJ EJDUJPOBSZ JT DIPTFO BDDPSEJOH UP TPVOEFY FODPEJOH�

%BUB "OBMZTJT� 5P FTUJNBUF UIF RVBMJUZ BOE FYUFOU PG NJYJOH BOE GSFRVFODZ PG TXJUDIJOH JO
PVS EBUB XF NFBTVSFE UIF .VMUJMJOHVBM JOEFY 	.�*OEFY
 -BOHVBHF &OUSPQZ BOE *OUFHSBUJPO
JOEFY 	*�JOEFY
 UIBU XFSF JOUSPEVDFE JO UIF EPNBJO PG $4 CZ (V[N¡O FU BM� 	����
� " NVMUJ�
MJOHVBM JOEFY PG � JOEJDBUFT BO FRVBM FYUFOU PG NJYJOH GSPN CPUI UIF QBSUJDJQBUJOH MBOHVBHFT�
"T XF DBO PCTFSWF UIF NJYJOH JT OFBSMZ JO UIF SBOHF PG ��� XIJDI JOEJDBUFT UIBU CPUI )JOEJ
BOE &OHMJTI BSF QBSUJDJQBUJOH JO UIF SBUJP PG � JT UP � SFTQFDUJWFMZ� य़F NFUSJD JUTFMG EPFT OPU
SFWFBM XIJDI JT UIF FNCFEEFE MBOHVBHF BOE XIJDI JT UIF NBUSJY MBOHVBHF� य़FTF NFUSJDT BMPOH
XJUI PUIFS O�HSBN TUBUJTUJDT PWFS PVS EBUB BSF QSFTFOUFE JO 5BCMF ���� /PUF UIBU UIFTF DPEF�
TXJUDIJOH NFUSJDT GPS FBDI PG UIF USBJO WBMJEBUF BOE UFTU TQMJUT PG UIF EBUB BSF BMNPTU UIF TBNF
JOEJDBUJOH B TJNJMBS FYUFOU PG NJYJOH JO UIFN�

������� .PEFMT %FTDSJQUJPO

*O UIJT TVCTFDUJPO XF EFTDSJCF UIF QSPDFTT PG TUFQ�CZ�TUFQ CVJMEJOH PG PVS OBM NPEFM UP QFS�
GPSN MBOHVBHF NPEFMJOH GPS DPEF�TXJUDIFE UFYU UIBU QFSGPSNT DPNQBSBUJWFMZ CF॒FS UIBO UIF
SFNBJOJOH NPEFMT� य़F QBUI UP UIJT JT BQQSPYJNBUFMZ BMPOH UIF MJOFT PG JODPSQPSBUJOH UIF MBO�
HVBHF JOGPSNBUJPO JO UIF NPEFM BMPOH XJUI UIF XPSE JOGPSNBUJPO UP JNQSPWF UIF QFSGPSNBODF
PWFSBMM�
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ۦ 4UBHF �� 8JUI UIJT JOUVJUJPO XF TUBSU XJUI B GBDUPSFE -. UIBU UBLFT CPUI MBOHVBHF BOE
XPSET BT GBDUPST UP BO -45. CBTFE BSDIJUFDUVSF PG B MBOHVBHF NPEFM�

ۦ 4UBHF �� 8F UIFO NPWF POUP JNQSPWJOH UIF DPSF PG UIF -45. CZ BEBQUJOH UIF TUBUF�PG�
UIF�BSU NPEFM 	.FSJUZ FU BM� ����
�

ۦ 4UBHF �� 8F JNQSPWF UIJT NPEFM CZ JODPSQPSBUJOH MFYJDBM MFWFM MBOHVBHF JOGPSNBUJPO
CFGPSF FODPEJOH UIF JOQVU 	XIJDI JT BMSFBEZ EPOF JO 4UBHF �
 BOE EFDPEJOH UIF PVUQVU GPS
UIF OFYU XPSE� य़JT JT TJNJMBS UP B NVMUJ�UBTL MFBSOJOH TF॒JOH XIFSF UIF UXP UBTLT BSF
QSFEJDUJOH UIF OFYU XPSE BOE QSFEJDUJOH UIF MBOHVBHF PG UIF OFYU XPSE� #PUI UIF MPTTFT
QSPQBHBUF CBDL XJUI B XFJHIUJOH GBDUPS� /PUF UIBU POMZ UIF MPTT BU UIF XPSE EFDPEFS
JT VTFE UP DBMDVMBUF UIF QFSQMFYJUZ PG UIF NPEFM� 8F BMTP QFSGPSN BCMBUJPOT XJUI UIF
DPNCJOBUJPOT PG HJWJOH MBOHVBHF JOGPSNBUJPO PG UIF DVSSFOU XPSE BOE QSFEJDUJOH UIF
MBOHVBHF PG UIF OFYU XPSE�

'BDUPSFE -BOHVBHF .PEFM� &BDI XPSE JO UIF WPDBCVMBSZ 7 JT SFQSFTFOUFE BT FNCFEEJOHT
PG � GBDUPST� UPLFO MBOHVBHF JOGPSNBUJPO� य़F MBOHVBHF JOGPSNBUJPO JT BO FNCFEEJOH DPSSF�
TQPOEJOH UP UIF MBOHVBHF UIBU UIF DVSSFOU UPLFO CFMPOHT UP� य़JT JT EFTDSJCFE JO EFUBJM MBUFS JO
TUBHF �� 8F CVJME BO -45. CBTFE -. XJUI MPOH BOE TIPSU�UFSN EFQFOEFODJFT CFUXFFO TXJUDI
QPJOUT BOE QBSUJBMMZ OPSNBMJ[FE UPLFOT�

य़F NPEFM USBJOFE VTFT UXP FNCFEEJOH MBZFST� POF MFBSOFE GSPN QVSF WPDBCVMBSZ BOE POF
MFBSOFE GSPN UIF MBOHVBHF MBCFM� "U USBJOJOH UJNF UIFTF FNCFEEJOHT BSF DPODBUFOBUFE BOE GFE
JOUP B TJOHMF�MBZFSFE -45.� " MJOFBS EFDPEJOH MBZFS JT UIFO VTFE UP USBOTJUJPO GSPN UIF -45.T
SFQSFTFOUBUJPO JOUP UIF WPDBCVMBSZ TQBDF� य़F NPEFM JT USBJOFE VTJOH UIF $BUFHPSJDBM $SPTT�
&OUSPQZ -PTT BOE UIF "%". PQUJNJ[FS 	,JOHNB BOE #B ����
� य़F UBTL JUTFMG JT QSFEJDUJOH UIF
OFYU XPSE HJWFO UIF IJTUPSZ PG XPSE PDDVSSFODFT VOUJM UIF DVSSFOU UJNF TUFQ� *O BEEJUJPO UP
UIJT FBDI XPSE JT BODIPSFE JO UIF JOGPSNBUJPO PG CFMPOHJOHOFTT UP B QBSUJDVMBS MBOHVBHF�

*NQSPWJOH UIF DPSF PG UIF NPEFMJOH BSDIJUFDUVSF� य़F VOEFSMZJOH NPEFM IBT B TJOHMF�
MBZFS -45. XIFSF UIF JOQVU SFQSFTFOUBUJPO GSPN UIF DPODBUFOBUJPO PG JOEJWJEVBM GBDUPST JT GFE
BT JOQVU� *O UIF TFDPOE TUBHF XF JNQSPWF UIF JOOFS -45. NPEFM JUTFMG CBTFE PO 405" GPS
8JLJ5FYU�� 	.FSJUZ FU BM� ����
� 8F IBWF CVJMU B XPSE�MFWFM MBOHVBHF NPEFM CBTFE PO .FSJUZ
FU BM� 	����
� "MUIPVHI UIF IVHF OVNCFS PG QBSBNFUFST JO OFVSBM NPEFMT FOBCMF UIFN UP MFBSO B
IJHI EFHSFF PG OPO�MJOFBSJUJFT QSFTFOU JO UIF EBUB UIFZ BFDU UIF HFOFSBMJ[BUJPO DBQBCJMJUJFT PG
UIF NPEFM� *O TQJUF PG UFDIOJRVFT TVDI BT CBUDI OPSNBMJ[BUJPO BOE ESPQPVU UIBU BSF HFOFSBMMZ
VTFE UP SFHVMBSJ[F USBJOJOH JO OFVSBM OFUXPSLT UIF QFSGPSNBODF JNQSPWFNFOU IBT OPU CFFO
TVCTUBOUJBM JO UIF DBTF PG TFRVFOUJBM VOJUT TVDI BT SFDVSSFOU NPEFMT�

य़F OVBODFT UIBU UIJT NPEFM BEESFTTFT BSF BT GPMMPXT� 'JSTU DPNJOH UP UIF QSPCMFNT PG B EFGBVMU
VTBHF PG ESPQPVU UP UIF SFDVSSFOU VOJUT UIBU JOIJCJU NBJOUFOBODF PG MPOHFS�UFSN EFQFOEFODJFT�
0OF TPMVUJPO GPS UIJT JT UP VTF UIF TBNF ESPQPVU NBTL BU FBDI UJNF TUFQ LOPXO BT -PDLFE
%SPQPVU� "OPUIFS TPMVUJPO JT UIF BQQMJDBUJPO PG ESPQPVU GPS TQFDJD OFUXPSL VOJUT TVDI BT
DFSUBJO HBUFT PS TUBUFT SBUIFS UIBO UIF FOUJSF VOJU� य़F TFDPOE LJOE PG SFHVMBSJ[BUJPO UFDIOJRVFT
JOWPMWF EJFSFOU LJOET PG OPSNBMJ[BUJPO UIBU EJSFDUMZ JNQBDU UIF USBJOJOH QSPDFTT EVF UP UIF
JOEVDUJPO PG NPSF USBJOBCMF QBSBNFUFST� 'JOBMMZ BO FFDUJWF PQUJNJ[BUJPO BMHPSJUIN JT OFFEFE
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JO TZOFSHZ XJUI XIFO UIF ESPQPVU JT BQQMJFE� य़JT QBQFS VTFT "4(% 	"WFSBHFE 4UPDIBTUJD
(SBEJFOU %FTDFOU
 UIBU SFUVSOT BO BWFSBHF BDSPTT UIF JUFSBUJPOT UIBU IBWF DSPTTFE B TQFDJFE
MPTT UISFTIPME WBMVF XIJDI JT EFDJEFE VTJOH B OPO�NPOPUPOJD DSJUFSJPO� य़F EJTUJOHVJTIJOH
GBDUPST XJUI UIJT NPEFM BSF UIF SFHVMBSJ[BUJPO BOE PQUJNJ[BUJPO TUSBUFHJFT BQQMJFE UP UIF -45.
CBTFE NPEFMT CVJMU VQPO UIFJS DPSF GPSN�

-BOHVBHF *OGPSNFE &ODPEJOH BOE %FDPEJOH� य़JT JT CVJMU VQPO UIF NPEFM XF IBWF GSPN
CPUI PG UIF BCPWF TUBHFT XIFSF XF GBDUPSJ[F UIF MBOHVBHF JE PG UIF JOQVU XPSE BOE EFDPEF
UIF OFYU XPSE� य़JT GBDUPSFE JOGPSNBUJPO JT EFDPEFE BMPOH XJUI UIF QSJNBSZ UBTL PG QSFEJDUJOH
UIF OFYU XPSE� य़JT UFDIOJRVF JT JODPSQPSBUFE XJUI UIF NPEFM EFTDSJCFE JO 4UBHF � XJUI "8%�
-45.� *O BEEJUJPO UP UIJT XF QPTF UIJT BT B NVMUJ�UBTL MFBSOJOH QSPCMFN XJUI TIBSFE MBZFST
FYDFQU GPS UIF EFDPEFS� य़F UXP UBTLT BSF UIF GPMMPXJOH�

�� 1SJNBSZ 5BTL� 1SFEJDU UIF OFYU XPSE�

�� "VYJMJBSZ 5BTL� 1SFEJDU UIF MBOHVBHF PG UIF OFYU XPSE�

य़FSF BSF B OVNCFS PG XBZT UP GSBNF UIF EFTJSF GPS IVNBOT UP TXJUDI CFUXFFO MBOHVBHFT 	4LJCB
����� .PSFOP FU BM� ����
� IPXFWFS XF WJFX UIF IVNBO EFTJSF BT PVU PG TDPQF GPS UIJT XPSL�
*OTUFBE PVS GPDVT JT PO IPX XF DBO JODPSQPSBUF MJOHVJTUJD JOGPSNBUJPO XIJMF USBJOJOH B TUBUJT�
UJDBM NPEFM GPS DPEF�TXJUDIFE UFYU� 8F EJTDVTT UXP NBJO DIPJDFT BT UP XIFSF XF DBO JOUSPEVDF
UIJT JOGPSNBUJPO� FJUIFS BU UIF JOQVU TUBHF PS BU UIF EFDPEJOH TUBHF PG BO 3// MBOHVBHF NPEFM�

/�-PDBM "ODIPSJOH 6OJUT� (JWFO B $4 TFOUFODF Xcs � 	x1 x2 ۪  xn
 XIJDI IBT MFYJDBM
MFWFM MBOHVBHF TFRVFODF Lcs � 	l1 l2 ۪  ln
 PVS NPEFM IBT UP QSFEJDU UIF XPSE BU UIF OFYU
UJNF TUFQ� /PUF UIBU UIJT WFDUPS li JT UIF MBOHVBHF PG UIF ith MFYJDBM JUFN BOE JT SFQSFTFOUFE
BT B WFDUPS PG MFOHUI TJYUFFO XIJDI JT USBJOFE JO DPODFSU XJUI UIF NPEFM� य़JT BMMPXT PVS
NPEFM UP FODPEF UIF EJTUSJCVUJPOBM QSPQFSUJFT PG UIF MBOHVBHF TXJUDIJOH� 8F FYQFSJNFOUFE
XJUI FODPEJOH BOE EFDPEJOH UIF XPSE BOE MBOHVBHF FNCFEEJOHT GPS UIJT UBTL� θEX  θEL 
θDX BOE θDL BSF UIF QBSBNFUFST GPS UIF XPSE FODPEFS MBOHVBHF FODPEFS XPSE EFDPEFS BOE
MBOHVBHF EFDPEFS SFTQFDUJWFMZ� )FSF UIF QSFEJDUJPO PG UIF OFYU XPSE JT BODIPSFE /�MPDBMMZ JO
UIF MBOHVBHF JE JOGPSNBUJPO JO UIF GPSN PG B TFRVFODF PG FNCFEEJOHT XIJDI JT Lcs � 	l1 l2 ۪
 ln
�

8F JEFOUJGZ GPVS EJFSFOU NPEFM BSDIJUFDUVSFT 	'JHVSF ���
 UIBU DPVME CF VTFGVM JO USBJOJOH DPEF�
TXJUDIFE MBOHVBHF NPEFMT� *O UIF STU NPEFM PVS CBTFMJOF XF IBWF B TFRVFODF PG XPSET BOE
XF BSF USZJOH UP QSFEJDU UIF GPMMPXJOH XPSE� य़JT NPEFM JT JEFOUJDBM UP SVOOJOH B USBEJUJPOBM
3// MBOHVBHFNPEFM PO$4 UFYU� 'PS PVS CBTFMJOFNPEFM XF BEBQU UIF TUBUF�PG�UIF�BSU MBOHVBHF
NPEFM UIF "8%�-45. GPS UIJT EPNBJO� य़JT NPEFM JT B UISFF�MBZFSFE TUBDLFE -45. USBJOFE
WJB "WFSBHFE 4(% XJUI UJFE XFJHIUT CFUXFFO UIF FNCFEEJOH BOE UIF TPॏNBY MBZFS� य़FSF BSF
TFWFSBM PUIFS JNQPSUBOU FMFNFOUT PG UIJT NPEFM BMM PG XIJDI BSF EFUBJMFE JO .FSJUZ FU BM� 	����
�
य़F OFYU XPSE JO UIJT NPEFM JT HJWFO CZ�

[ = &ODPEFS	Xcs θE
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*O PVS TFDPOE NPEFM XF FYUFOE PVS CBTFMJOF TVDI UIBU XF IBWF B TFRVFODF PG XPSET BOE UIFJS
MBOHVBHF *%T BOE XF BSF USZJOH UP QSFEJDU UIF GPMMPXJOH XPSE� य़JT NPEFM DBO CF TFFO BT B
GBDUPSFE MBOHVBHF NPEFM PQFSBUJOH XJUI DPEF�TXJUDIFE EBUB� 4P UIF OFYU XPSE JO UIJT NPEFM
JT HJWFO CZ�

%FDPEFS	&ODPEFS	Xcs θEX 
 θDX 


*O PVS UIJSE NPEFM XF UBLF B TFRVFODF PG XPSET BT JOQVU BOE B॒FNQU UP QSFEJDU CPUI UIF
MBOHVBHF BOE UIF WBMVF PG UIF GPMMPXJOH XPSE� य़F OFYU XPSE JO UIJT NPEFM JT HJWFO CZ�

%FDPEFS	&ODPEFS	Xcs θEX 

⊕

&ODPEFS	Lcs θEX 

 θDX 


*O PVS GPVSUI NPEFM XF UBLF B TFRVFODF PG XPSET BOE UIFJS DPSSFTQPOEJOH MBOHVBHF *%T BT UIF
JOQVU BOE B॒FNQU UP QSFEJDU CPUI UIF MBOHVBHF BOE WBMVF PG UIF TVCTFRVFOU XPSE� *O PVS UIJSE
BOE GPVSUI NPEFMT XF PQFSBUF XJUI UXP�MPTT WBMVFT CFJOH DBMDVMBUFE 	POF GPS UIF XPSE FSSPS
BOE POF GPS UIF MBOHVBHF FSSPS NVMUJQMJFE CZ ���
 BOE HSBEJFOUT GPS CPUI MPTTFT BSF QSPQBHBUFE
UISPVHI UIF OFUXPSL BOE BSF VTFE UP VQEBUF UIF XFJHIUT�

'JHVSF ��� QSFTFOUT B DPNQBSJTPO PG UIF DPOEFOTFE BODIPSJOH UFDIOJRVFT GPS UIF MBOHVBHFNPE�
FMJOH UBTL� )FSF - SFQSFTFOUT UIF MBOHVBHF JOQVU EBUB 5 SFQSFTFOUT UIF HFOFSBUFE PVUQVU BOE
" SFQSFTFOUT BODIPST JO UIF GPSN PG MBOHVBHF JET�

L T

Baseline 

(Independent)

L

T

A

L
A’

T

L

A

A’

T

Language Informed Encoder  
(Fusion Anchoring)

Language Informed Decoder  
(Independent)

Language Informed Encoder & Decoder 
(Fusion Anchoring)

CSLM

'९७ॻॸ५ ���� $PNQBSJTPO PG UIF TVSGBDF�GPSN�BODIPSJOH CBTFE PO MJE GPS MBOHVBHF NPEFMJOH

������� 3FTVMUT� BOUJUBUJWFࢉ "OBMZTJT

8F USBJOFE � EJFSFOU NPEFMT CBTFE PO UIF EFTDSJQUJPO JO g�������� य़F SFTVMUT PG UIFTF FYQFSJ�
NFOUT BSF QSFTFOUFE JO 5BCMF ���� 8F PCTFSWF UIBU UIF -BOHVBHF "XBSF &ODPEJOH BOE %FDPEJOH
XJUI UIF "8%�-45. HJWFT UIF MFBTU QFSQMFYJUZ� य़JT BMJHOT XJUI PVS IZQPUIFTJT UIBU QSPWJEJOH
MBOHVBHF JOGPSNBUJPO PG UIF DVSSFOU XPSE CFGPSF FODPEJOH BOE FOBCMJOH UIF NPEFM UP EFDPEF
UIF MBOHVBHF PG UIF OFYU XPSE BMMPXT UIF NPEFM UP MFBSO B IJHIFS�MFWFM DPOUFYU PG TXJUDI QPJOUT
CFUXFFO UIF MBOHVBHFT�
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.PEFM�%BUB 5SBJO %FW 5FTU
#BTF "8%�-45. .PEFM ����� ����� �����
-BOHVBHF "XBSF &ODPEFS "8%�-45. ����� ����� �����
-BOHVBHF "XBSF %FDPEFS "8%�-45. ����� ����� �����
-BOHVBHF "XBSF &ODPEFS � %FDPEFS "8%�-45. ���� ����� �����

5१२ॲ५ ���� 1FSQMFYJUZ TDPSFT PG EJFSFOU NPEFMT GSPN "ODIPSJOH -BOHVBHF *ET

'९७ॻॸ५ ���� 4BNQMF $PEF�.JYFE HFOFSBUJPO CZ "8%�-45. BMPOH XJUI HMPTT BOE USBOTMBUJPO
	UFYU JO SFE BSF )JOEJ XPSET UIBU XFSFOU JEFOUJFE DPSSFDUMZ JO UIF -*% TUFQ�

������� 3FTVMUT� BMJUBUJWFࢉ "OBMZTJT�

8F BMTP EJE B RVBMJUBUJWF BOBMZTJT PG UIJT NPEFM XJUI UIF TFOUFODFT UIFZ HFOFSBUF� 4PNF HFO�
FSBUJPO FYBNQMFT PG UIF CBTFMJOF "8%�-45. BSF TIPXO JO UBCMF ���� 8F PCTFSWF UIFN UP CF
RVJUF DPOTJTUFOU JO HFOFSBUJOH NFBOJOHGVM DPEF�NJYFE O�HSBNT PG MFOHUI UFO BOE BCPWF�

)PXFWFS UIF TFOUFODFT HFOFSBUFEXFSF OPU WFSZ DPIFSFOU� 1BSU PG UIF SFBTPO GPS UIJT JT USBJOJOH
TFOUFODFT UIFNTFMWFT EJE OPU IBWF QSPQFS QVODUVBUJPO BOE FOE�NBSLFST XIJDI BSF JTTVFT UP
UBLF DBSF PG EVSJOH QSF�QSPDFTTJOH� /PUJDF UIBU JO UIF STU UXP FYBNQMFT UIF STU XPSE JT
DPOOFDUJWF 	JO TQFDJD B DPOKVODUJPO
 BOE IFODF FYQFDUT UIFJS SFTQFDUJWF TVC�PSEJOBUF BOE
DP�PSEJOBUF QBSUT PG UIF NJTTJOH TFOUFODFT�

"MTP BT TFFO JO UIF TFDPOE XPSE PG UIF MBTU TFOUFODF XIJDI JT UIF USBOTMJUFSBUFE GPSN PG UIF
XPSE GPS ڣNFJڢ JO )JOEJ 	XIJDI JT UIF)JOEJ XPSE GPS ۜJO
 JO UIJT DPOUFYU UIFXPSE UIBU JT DMPTFTU
JO MFYJDBM GPSN TIPVME IBWF CFFO ڣNBJOڢ 	XIJDI JT UIF)JOEJXPSE GPS ۜ*
� 6TJOH USBOTMJUFSBUJPO BT
B QSPYZ UP TUBOEBSEJ[F UIF SFQSFTFOUBUJPOT PG UIFXPSET JT UIF SFBTPO GPS UIFNPEFM UPNBLF TVDI
FSSPST� $IBSBDUFS MFWFM NPEFMT IBWF CFFO XPSLJOH XFMM GPS TQFMM DPSSFDUJPOT BOE OPSNBMJ[BUJPO
BOE JODPSQPSBUJOH DIBSBDUFS MFWFM DPOWPMVUJPO BT JOQVU BMPOH XJUI UIF XPSE FNCFEEJOHT DPVME
QPUFOUJBMMZ IFMQ TPMWF UIJT QSPCMFN�

4JNVMUBOFPVTMZ XF PCTFSWF UIF U�TOF QMPUT PG UIF )JOEJ BOE &OHMJTI XPSET GSPN UIF FNCFE�
EJOH MBZFS TFQBSBUFMZ� 'PS UIF &OHMJTI UFSNT UIF DPOUFOU XPSET MJLF BM7Q;`�T?B+b- +HB+F-
+v#2`- #Hm2#Q`M2 BSF SFMBUFE UP CMPHT BOE UFOE UP CF HSPVQFE DMPTFS� 8IJMF JO DBTF PG UIF
)JOEJ UFSNT WFSCT MJLF CBOBZB	�NBEF
BBPHF	�DPNF
 LBSUF IBJO	BSF EPJOH
 BOE GVODUJPO XPSET
BSF HSPVQFE DMPTFS� य़JT JT VOEFSTUBOEBCMF CFDBVTF PG UIF NBUSJY MBOHVBHF CFJOH JO )JOEJ� 4P
UIF )JOEJ XPSET NBEF VQ UIF CVML PG UIF TZOUBY DPOUBJOFE JO UIFTF TFOUFODFT XJUI &OHMJTI
DPOUFOU XPSET TQSJOLMFE JO CFUXFFO� "MTP CFDBVTF B MPOH EJTUBODF TFQBSBUFT UIF &OHMJTI DPO�
UFOU XPSET UIFZ EP OPU JOVFODF UIF NFBOJOHT PG POF BOPUIFS JO UIF DPOUFYU� 'PS UIF TBNF
SFBTPO XF EJE OPU OE BOZ OPUJDFBCMF DPSSFMBUJPO CFUXFFO UIF NFBOJOHT PG )JOEJ BOE &OHMJTI
XPSE FNCFEEJOHT CFDBVTF UIFZ QMBZFE WFSZ EJFSFOU SPMFT JO TFOUFODFT�
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'९७ॻॸ५ ���� &OHMJTI 8PSE &NCFEEJOHT

'९७ॻॸ५ ���� )JOEJ 8PSE &NCFEEJOHT

8F IZQPUIFTJ[FE UIBU JODPSQPSBUJOH UIF JOGPSNBUJPO PG MBOHVBHF BJET JO CVJMEJOH NPSF SP�
CVTU MBOHVBHF NPEFMT GPS DPEF�TXJUDIFE UFYU CZ BODIPSJOH UIFN /�MPDBMMZ� *O UIJT DPOUFYU XF
TVCTUBOUJBUF PVS IZQPUIFTJT CZ FYQFSJNFOUJOH XJUI EJFSFOU DPNCJOBUJPOT PG QSPWJEJOH UIF
MBOHVBHF PG UIF DVSSFOU XPSE BT JOQVU BOE EFDPEJOH UIF MBOHVBHF PG UIF OFYU XPSE BMPOH XJUI
UIF XPSE JUTFMG� 8F DPODMVEF UIBU XF BSF BCMF UP JNQSPWF UIF 4UBUF�PG�य़F�"SU MBOHVBHF NPEFM
GPS NPOPMJOHVBM UFYU CZ CPUI FYQMJDJUMZ QSPWJEJOH UIF MBOHVBHF JOGPSNBUJPO BOE EFDPEJOH UIF
MBOHVBHF PG UIF OFYU XPSE UP QFSGPSN UIJT UBTL GPS UIF $4 EPNBJO� 8F USFBU UIJT QSPCMFN BT
B NVMUJ�UBTL MFBSOJOH QSPCMFN XIFSF UIF TBNF FNCFEEJOH BOE -45. MBZFST BSF TIBSFE� य़FTF
UXP DPNQBSBCMF UBTLT BSF QSFEJDUJOH UIF OFYU XPSE BOE QSFEJDUJOH UIF MBOHVBHF PG UIF OFYU
XPSE� 4P GBS PVS CFTU UFTU QFSQMFYJUZ JT ����� PO EFWFMPQNFOU BOE ����� PO UFTU TFUT� य़JT JT JO
DPNQBSJTPO UP UIF CBTFMJOF NPEFM XIJDI JT ����� BOE ����� PO EFW BOE UFTUT SFTQFDUJWFMZ� 8F
BSF PG UIF PQJOJPO UIBU GVSUIFS SFTFBSDI DBO CF EPOF UP OPU POMZ JNQSPWF QFSQMFYJUZ CVU BMTP
JNQSPWF UIF RVBMJUZ PG UIF USBJOJOH BOE UFTUJOH EBUBTFU� -BOHVBHF NPEFMT BSF B DPSF FMFNFOU
JO NVMUJQMF HFOFSBUJPO UBTLT GSPN TQFFDI SFDPHOJUJPO UP NBDIJOF USBOTMBUJPO� 8F CFMJFWF UIBU
UIJT XPSL XJMM TVQQPSU GVUVSF SFTFBSDI JOUP UIF EFWFMPQNFOU PG TVDI /-1 UPPMT GPS $4 EPNBJO�
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����� /�-PDBM "ODIPSJOH GPS 4QFFDI 4ZOUIFTJT�

*O g����� XF IBWF TFFO IPX FYQMJDJU NPEFMJOH PG MFYJDBM MFWFM MBOHVBHF JET BJET JO DPEF�TXJUDIFE
MBOHVBHF NPEFMJOH� *O UIJT TVCTFDUJPO XF BSF HPJOH UP EFMWF JOUP UIF VUJMJUZ PG UIFTF FYQMJDJU /�
-PDBM BODIPST JO JNQSPWJOH UIF RVBMJUZ PG HFOFSBUJOHNJYFE�MBOHVBHF JOTUSVDUJPOT� 4QFDJDBMMZ
XF XJMM MPPL JOUP UIF EPNBJO PG OBWJHBUJPOBM JOTUSVDUJPOT JO TF॒JOHT XJUI B NJTNBUDI CFUXFFO
UIF MBOHVBHF JO XIJDI B UFYU�UP�TQFFDI 	554
 TZTUFN JT USBJOFE BOE UIF MBOHVBHF GSPN XIJDI
UIF MPDBM QMBDF OBNFT BSF EFSJWFE�

5FYU�UP�4QFFDI 	554
 TZTUFNT UIBU DBO SFBE OBWJHBUJPO JOTUSVDUJPOT BSF POF PG UIF NPTU XJEFMZ
VTFE TQFFDI JOUFSGBDFT UPEBZ� 5FYU JO UIF OBWJHBUJPO EPNBJO NBZ DPOUBJO OBNFE FOUJUJFT TVDI
BT MPDBUJPO OBNFT UIBU BSF OPU JO UIF MBOHVBHF UIBU UIF 554 EBUBCBTF JT SFDPSEFE JO� .PSFPWFS
OBNFE FOUJUJFT DBO CF DPNQPVOE XPSET XIFSF JOEJWJEVBM MFYJDBM JUFNT CFMPOH UP EJFSFOU MBO�
HVBHFT� य़FTF OBNFE FOUJUJFT NBZ CF USBOTMJUFSBUFE JOUP UIF TDSJQU UIBU UIF 554 TZTUFN JT
USBJOFE PO� य़JT NBZ SFTVMU JO JODPSSFDU QSPOVODJBUJPO SVMFT CFJOH VTFE GPS TVDI XPSET� 8F
EFTDSJCF FYQFSJNFOUT UP FYUFOE PVS QSFWJPVT XPSL JO HFOFSBUJOH DPEF�NJYFE TQFFDI UP TZOUIF�
TJ[F OBWJHBUJPO JOTUSVDUJPOT XJUI B NJYFE�MJOHVBM 554 TZTUFN� 8F DPOEVDU TVCKFDUJWF MJTUFOJOH
UFTUT XJUI UXP TFUT PG VTFST POF CFJOH TUVEFOUT XIP BSF OBUJWF TQFBLFST PG BO *OEJBO MBOHVBHF
BOE WFSZ QSPDJFOU JO &OHMJTI BOE UIF PUIFS CFJOH ESJWFST XJUI MPX &OHMJTI MJUFSBDZ CVU GBNJM�
JBSJUZ XJUI MPDBUJPO OBNFT� 8F OE UIBU JO CPUI TFUT PG VTFST UIFSF JT B TJHOJDBOU QSFGFSFODF
GPS PVS QSPQPTFE TZTUFN PWFS B CBTFMJOF TZTUFN UIBU TZOUIFTJ[FT JOTUSVDUJPOT JO &OHMJTI�

/BWJHBUJPO TZTUFNT UIBU DBO SFOEFS JOTUSVDUJPOT JO UIF GPSN PG TZOUIFTJ[FE TQFFDI JO BEEJUJPO
UP B WJTVBM JOUFSGBDF BSF BO JNQPSUBOU BQQMJDBUJPO PG 554 4ZTUFNT XIFSF CFJOH IBOET�GSFF JT
DSJUJDBM� य़F UFYU UIBU OFFET UP CF TZOUIFTJ[FE JO UIF OBWJHBUJPO EPNBJO DPOUBJOT NBOZ OBNFE
FOUJUJFT TVDI BT OBNFT PG SPBET BOE MBOENBSLT� य़F MBOHVBHF UIBU UIF 554 TZTUFN JT USBJOFE PO
NBZ OPU CF UIF TBNF BT UIF MBOHVBHF UIBU MPDBM QMBDF OBNFT BSF EFSJWFE GSPN� य़JT NBZ MFBE UP
QSPOVODJBUJPO UIBU EPFT OPU TFFN OBUVSBM XIJDI NBZ BFDU UIF VTBCJMJUZ PG TVDI TZTUFNT� 5FYU
GPS JOTUSVDUJPOT JT UZQJDBMMZ SFOEFSFE JO B TJOHMF TDSJQU� य़BU JT BMUIPVHI OBNFT PG SPBET BOE
MBOENBSLT BSF EFSJWFE GSPN B QBSUJDVMBS MBOHVBHF UIFZ BSF SFQSFTFOUFE JO UIF MBOHVBHF UIBU
UIF 554 TZTUFN JT TQFBLJOH JO� 'PS FYBNQMF JOTUSVDUJPOT CFJOH TQPLFO CZ BO *OEJBO &OHMJTI
554 TZTUFN GPS OBWJHBUJPO JO #BOHBMPSF XJMM DPOUBJO MPDBUJPO OBNFT USBOTMJUFSBUFE JOUP UIF
3PNBO TDSJQU� -BOHVBHF JEFOUJDBUJPO DBO CF BQQMJFE UP DBUFHPSJ[F XPSET JO UFYU UIBU DPOUBJOT
GPSFJHO OBNFE FOUJUJFT TP UIBU DPSSFTQPOEJOH QIPOFUJD SVMFT BSF BQQMJFE UP FBDI TFU BDDPSEJOHMZ�
य़JT TDFOBSJP JT EJFSFOU GSPN DPEF�NJYJOH JO UIF TFOTF UIBU POMZ DFSUBJO XPSET TQFDJDBMMZ
QSPQFS OPVOT CFMPOH UP UIF OBUJWF MBOHVBHF� )PXFWFS UIF JOVFODF PG &OHMJTI TUJMM QSFWBJMT
JO UIF OBNFT PG UIF QMBDFT BT XFMM GPS FYBNQMF� ۜSPBE ۜQBSL ۜNBMM ۜQMB[B FUD� "O FYBNQMF
OBWJHBUJPO JOTUSVDUJPO UIBU JT DPMMFDUFE CFUXFFO UXP MPDBUJPOT JO %FMIJ JT�

5VSO=&OH MFࡄ=&OH BU=&OH.VLIJZB=)JO.BSLFU=&OH $IPXL=)JO POUP=&OH,BSBXBM=)JO/BHBS=)JO�

*O UIJT FYBNQMF UIF XPSET GPMMPXFE CZ ۜ=&OH BOE ۜ=)JO BSF &OHMJTI BOE )JOEJ XPSET SFTQFD�
UJWFMZ� "T TUBUFE CFGPSF UIFSF JT B NJYUVSF PG MBOHVBHFT JO UIF OBNFT PG UIF QMBDFT BT XFMM�
'PS FYBNQMF JO ۜ.VLIJZB .BSLFU $IPXL ۜNBSLFU JT BO &OHMJTI XPSE XIJMF UIF PUIFST BSF
EFSJWFE GSPN UIF OBUJWF MBOHVBHF )JOEJ� *O UIJT XPSL XF FYUFOE UIF XPSL PO TZOUIFTJ[JOH
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DPEF�NJYFE UFYU VTJOH B NPOPMJOHVBM WPJDF UP UIF EPNBJO PG TZOUIFTJ[JOH OBWJHBUJPO JOTUSVD�
UJPOT VTJOH B CJMJOHVBM WPJDF� 8F CVJME TZTUFNT UP TZOUIFTJ[F OBWJHBUJPO JOTUSVDUJPOT VTJOH B
)JOEJ�&OHMJTI CJMJOHVBM WPJDF GPS MPDBUJPO OBNFT EFSJWFE GSPN )JOEJ ,BOOBEB BOE 5FMVHV�
*O BEEJUJPO XF DPOEVDU TVCKFDUJWF MJTUFOJOH UFTUT UP DPNQBSF PVS TZTUFN XJUI B NPOPMJOHVBM
CBTFMJOF TZTUFN� 4UVEJFT TIPX UIBU UIF QFSGPSNBODF PG B ESJWFS JT JNQBDUFE CZ UIFJS DPHOJUJWF
MPBE 	+POJEFT ����
� य़JT NBZ DPNQSPNJTF UIF BCJMJUZ PG UIF ESJWFS UP QFSDFJWF TBGFUZ�DSJUJDBM
FWFOUT� $POTJEFSJOH UIBU 554 TZTUFNT GPS OBWJHBUJPO JOTUSVDUJPOT BSF EFQMPZFE JO SFBM�UJNF JU
JT JNQFSBUJWF UP BJE UIF VTFS XJUI UIF QSPWJTJPO PG NPSF OBUVSBM BVEJUPSZ JOTUSVDUJPOT� 8JUI
UIF QSPMJGFSBUJPO PG SJEF�TIBSJOH BQQMJDBUJPOT MJLF 6CFS BOE 0MB JO DPVOUSJFT MJLF *OEJB NBOZ
JOEJWJEVBMT XPSLJOH BT GVMM�UJNF ESJWFST BSF OPX VTJOH OBWJHBUJPO BQQT UIBU IBWF 554 TZTUFNT�
*O TPNF DBTFT UIFTF ESJWFST DIPPTF UP VTF TVDI BQQT WPMVOUBSJMZ XIJMF JO PUIFS DBTFT UIF VTF
PG TVDI BQQT JT NBOEBUFE CZ UIF DBC DPNQBOZ� .BOZ PG UIFTF ESJWFST BSF TFNJ�MJUFSBUF BOE IBWF
MPX &OHMJTI QSPDJFODZ BOE XF DPOEVDU JOUFSWJFXT BOE MJTUFOJOH UFTUT XJUI UIFN UP FWBMVBUF
PVS TZTUFN� 8F BMTP DPOEVDU MJTUFOJOH UFTUT XJUI BOPUIFS TFU PG VTFST NPTUMZ DPNQSJTJOH PG
HSBEVBUF TUVEFOUT XIP IBWF IJHI &OHMJTI QSPDJFODZ� *O UIF SFNBJOEFS PG UIF QBQFS XF SFGFS
UP BO &OHMJTI OBWJHBUJPO JOTUSVDUJPO BT OBUJWF UP B MBOHVBHF JG JU IBT XPSET EFSJWFE GSPN UIBU
MBOHVBHF BT UIF OBNFT PG UIF QMBDFT�

������� %BUB $PMMFDUJPO BOE %FTDSJQUJPO

8F VTFE UIF (PPHMF .BQT "1* UP DPMMFDU OBWJHBUJPO EJSFDUJPOT GSPN UIF MPDBUJPOT XIFSF UIF
GPMMPXJOH BSF UIF OBUJWF MBOHVBHFT� )JOEJ 5FMVHV ,BOOBEB (VKBSBUJ #FOHBMJ .BSBUIJ BOE
5BNJM� 8IJMF XF DPOEVDUFE MJTUFOJOH UFTUT GPS )JOEJ ,BOOBEB BOE 5FMVHV UIJTNFUIPE JT FBTJMZ
FYUFOTJCMF UP UIF PUIFS MBOHVBHFT BT XFMM� य़F DIPJDF PG UIFTF MBOHVBHFT XBT CBTFE PO BDDFTT UP
OBUJWF TQFBLFST JO UIFTF MBOHVBHFT UP QFSGPSN TVCKFDUJWF UFTUJOH� य़F OBWJHBUJPO JOTUSVDUJPOT
VTFE JO (14 BQQMJDBUJPOT BSF JO &OHMJTI BOE TP UIF TZOUBDUJD TUSVDUVSF PG UIFTF JOTUSVDUJPOT
SFNBJOT JO &OHMJTI� य़F OBNFT PG UIF QMBDFT JODMVEJOH OBUJWF MBOHVBHF XPSET BSF DPOTJEFSFE
XPSET GSPN UIF FNCFEEFE MBOHVBHF JOUP &OHMJTI XIJDI JT UIF NBUSJY MBOHVBHF JO UIF NBUSJY
MBOHVBHF�FNCFEEFE MBOHVBHF UIFPSZ PG DPEF�NJYJOH� -BOHVBHF .JY 3BUJP 	-.3
 JT EFOFE BT
UIF SBUJP PG UIF OVNCFS PG XPSET GSPN UIF FNCFEEFE MBOHVBHF UP UIF OVNCFS PG XPSET JO UIF
NBUSJY MBOHVBHF� 5BCMF ��� JODMVEFT EFUBJMT BCPVU UIF EBUB JODMVEJOH UIF -.3 BॏFS VTJOH UIF
MBOHVBHF JEFOUJDBUJPO NPEVMF NFOUJPOFE JO UIF GPMMPXJOH TFDUJPO�

-BOHVBHF � EJTUJODU SPVUFT � TFOUFODFT -.3
)JOEJ ��� ���� ������
5FMVHV ���� ����� ������
,BOOBEB ���� ������ ������
(VKBSBUJ ���� ����� ������
#FOHBMJ ���� ����� ������
.BSBUIJ ���� ����� ������
5BNJM ���� ����� ������

5१२ॲ५ ���� /BWJHBUJPO *OTUSVDUJPOT� %BUB 4UBUJTUJDT
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/DQJXDJH�
,GHQWLILFDWLRQ

7H[W�QDYLJDWLRQDO�
LQVWUXFWLRQ

7UDQVOLWHUDWLRQ�WR�
1DWLYH�6FULSW

0L[HG�6FULSW�0XOWLOLQJXDO�
,QVWUXFWLRQ

1DWLYH�*�3�
6\VWHP

9RFDO�QDYLJDWLRQDO�
LQVWUXFWLRQ

,V�QDWLYH�
ZRUG"

7XUQ�OHIW�DW�0XNKL\D�0DUNHW�&KRZN�RQWR�
.DUDZDO�1DJDU�%KDMDQSXUD�5RDG��

7XUQ�OHIW�DW��Ǖͨ ��ȡ�0DUNHW�&KRZN�RQWR�
�ȡ�ȡ��������ȡ���Ǖ�ȡ�5RDG��

1R

<HV

7XUQ?(QJ�OHIW?(QJ�DW?(QJ�0XNKL\D?+LQ�0DUNHW?(QJ�&KRZN?(QJ�
RQWR?(QJ�.DUDZDO?+LQ�1DJDU?+LQ�%KDMDQSXUD?+LQ�5RDG?(QJ��

(QJOLVK�*�3�
6\VWHP

�Ǖͨ ��ȡ���ȡ�ȡ����������ȡ���Ǖ�ȡ�

7XUQ��OHIW��DW��0DUNHW��&KRZN��RQWR��5RDG

0XOWLOLQJXDO�
6\QWKHVL]HU

'९७ॻॸ५ ���� "SDIJUFDUVSF PG UIF TZTUFN XJUI FYBNQMF PG )JOEJ OBWJHBUJPO JOTUSVDUJPO
	/PUF UIBU UIF MBOHVBHF PG UIF XPSE ۜ$IPXL JT NJTJEFOUJFE BOE USBOTMJUFSBUJPO PG ۜLBSBXBM

JT JODPSSFDU


य़F OBWJHBUJPO EPNBJO IBT GFXFS TQFMMJOH WBSJBUJPOT UIBO HFOFSBM DSPTT TDSJQU DPEF�NJYJOH
JO TPDJBM NFEJB BOE CMPHHJOH XFCTJUFT PCTFSWFE GSPN PVS QSFWJPVT XPSL JO MBOHVBHF NPEFM�
JOH XIFSF OPSNBMJ[BUJPO JT DSVDJBM� य़F OBWJHBUJPO EBUB XF DPMMFDUFE IBT GBJSMZ TUBOEBSEJ[FE
TQFMMJOHT GPS UIF OBNFT PG UIF QMBDFT BMUIPVHI UIF OBUJWF XPSET PG UIF QMBDFT BSF USBOTMJUFSBUFE
JOUP &OHMJTI�

������� .PEFM %FTDSJQUJPO

0VS QSPQPTFE UFDIOJRVF JT TJNJMBS UP UIF QJQFMJOF XF GPMMPX GPS TZOUIFTJ[JOH DPEF�NJYFE UFYU
� STU XF JEFOUJGZ UIF MBOHVBHF PG FBDI JOEJWJEVBM XPSE JO UIF TFOUFODF� य़FTF MBOHVBHF JET
BSF UIF /�-PDBM BODIPS VOJUT UIBU BJE UIF TZOUIFTJT QSPDFTT� य़FO XF USBOTMJUFSBUF UIF XPSET
UIBU BSF OPU JO &OHMJTI UP UIF OBUJWF TDSJQU� य़JT NJYFE TDSJQU NVMUJMJOHVBM JOTUSVDUJPO JT TFOU
UP DPSSFTQPOEJOH (�1 TZTUFNT CBTFE PO UIF MBOHVBHF PG MFYJDBM JUFNT� 'JOBMMZ B NVMUJMJOHVBM
TZOUIFTJ[FS JT VTFE UP HFOFSBUF WPDBM OBWJHBUJPOBM JOTUSVDUJPO� य़JT TFDUJPO CSJFZ PVUMJOFT
UIFTF TUBHFT� य़F PWFSBMM BSDIJUFDUVSF PG UIF TZTUFN JT EFNPOTUSBUFE JO 'JHVSF ����

"ODIPS &YUSBDUJPO � -BOHVBHF *EFOUJ॑DBUJPO� *O UIJT TUBHF UIF UBTL JT UP JEFOUJGZ UIF
OBNFT PG QMBDFT JO UIF OBUJWF MBOHVBHF JO FBDI PG UIF OBWJHBUJPO JOTUSVDUJPOT� 0OF XBZ JT
UP VTF 104 UBHHFST BOE /BNFE &OUJUZ 3FDPHOJUJPO UPPMT UP JEFOUJGZ UIF OBNFT PG MPDBUJPOT JO
UIF JOTUSVDUJPOT� 8F IBWF B॒FNQUFE NBQQJOH OBNFE FOUJUJFT GSPN 8JLJQFEJB GVMM UFYU EVNQT
XJUI UIF POFT GPVOE JO OBWJHBUJPOBM JOTUSVDUJPOT CZ VTJOH 4PVOEFY FODPEJOHT� य़JT NFUIPE IBT
HPPE DPWFSBHF PG JNQPSUBOU QMBDFT CVU EJE OPU XPSL XFMM GPS MPDBM TUSFFU OBNFT� *O BEEJUJPO BT
EJTDVTTFE JO UIF JOUSPEVDUJPO XF PॏFO OE UIBU QMBDF�OBNFT DPOUBJO &OHMJTI XPSET MJLF ۜNBMM
ۜQBSL ۜTUBUJPO FUD� XIJDI OFFE UP CF QSPOPVODFE XJUI &OHMJTI QSPOVODJBUJPO SVMFT� )FODF
XF JEFOUJGZ UIF MBOHVBHF PG FBDI XPSE JO UIF OBWJHBUJPO JOTUSVDUJPOT� 8F VTFE BO P�UIF�TIFMG
TZTUFN GPS MBOHVBHF JEFOUJDBUJPO 	#IBU FU BM� ����
 XIJDI VTFT DIBSBDUFS O�HSBNT BT GFBUVSFT�
%VF UP UIF TQFDJDJUZ PG UIF EPNBJO XF BMTP B॒FNQU UP NJUJHBUF FSSPST NBEF CZ UIF TZTUFN
CZ MBCFMJOH DPNNPO XPSET MJLF ۜSPBE ۜCVT ۜNBJO BT &OHMJTI XPSET� य़JT TZTUFN DPWFST BMM
UIF MBOHVBHFT PG PVS JOUFSFTU FYDFQU GPS .BSBUIJ� 4JODF UIJT TZTUFN JT OPU USBJOFE UP JEFOUJGZ
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.BSBUIJ BOE &OHMJTI XF QSPYZ )JOEJ GPS .BSBUIJ GPS UIF MBOHVBHF JEFOUJDBUJPO UBTL� य़PVHI
UIJT JT OPU JEFBM JU TFSWFT BT B TPMVUJPO UP EJFSFOUJBUF &OHMJTI BOE OPO�&OHMJTI XPSET�

5SBOTMJUFSBUJPO� 5PNBQ UIF SFQSFTFOUBUJPO PG OBUJWFXPSET UP UIFJS DPSSFTQPOEJOH QIPOFNFT
VTFE JO UIF GSPOU FOE UIFTF XPSET BSF USBOTMJUFSBUFE GSPN UIF 3PNBOJ[FE TDSJQU UP UIF OBUJWF
TDSJQU� #IBU FU BM� 	����
 NPEFMFE USBOTMJUFSBUJPO BT B TUSVDUVSFE QSFEJDUJPO QSPCMFN VTJOH TFD�
POE PSEFS )JEEFO.BSLPW.PEFMT� *O PVS JOJUJBM FYQFSJNFOUT VTJOH 4PVOEFY DPEFT XF NBQQFE
UIFTF USBOTMJUFSBUFE XPSET UP XPSET GSPN MBSHF UFYU PG NPOPMJOHVBM TDSJQU 	JODMVEJOH XJLJ UFYU
EVNQ XJLJ UJUMFT BOE XFC QBHFT GSPN SFMFWBOU RVFSJFT
 UP EFSJWF B MPDBMJUZ OBNF� &WFO B WFSZ
MBSHF BNPVOU PG UFYU IBE DPWFSBHF JTTVFT XJUI SFTQFDU UP QSPQFS OPVOT� 8F FYQFSJNFOUFE XJUI
USBOTMJUFSBUJPO BT B TFRVFODF UP TFRVFODF QSPCMFN CZ USBJOJOH BO -45. UP DPOWFSU &OHMJTI TF�
RVFODFT GPS UIF OBNFT PG UIF QMBDFT UP UIF OBUJWF TDSJQU� 8F VTFE ���� QBSBMMFM FYBNQMFT PG
)JOEJ XPSET XSJ॒FO JO %FWBOBHBSJ BOE 3PNBOJ[FE TDSJQUT GSPN UIF '*3& UBTL EBUB 	$IPVE�
IVSZ FU BM� ����
 GPS UIJT UBTL� 8IFO USBJOFE PO ��� TBNQMFT BOE UFTUFE PO ��� TBNQMFT UIF
DIBSBDUFS MFWFM BDDVSBDZ JT ������ XIJMF UIF XPSE�MFWFM BDDVSBDZ JT NVDI TNBMMFS� य़F QSPC�
MFNT PG SFDVSSJOH BOE JOWBMJE TFRVFODFT PG DIBSBDUFST XFSF BEESFTTFE CZ CVJMEJOH B MBOHVBHF
NPEFM PG UIF OBUJWF TDSJQU� *O TJNJMBS MJOFT PG 	#MBDL FU BM� ����
 XIJDI VTFT EFDJTJPO USFF CBTFE
MF॒FS UP TPVOE SVMFT XF BEBQUFE UIJT BQQSPBDI GPS UIF UBTL PG USBOTMJUFSBUJPO BOE GPS UIF TBNF
UFTU TFU XF HPU B XPSE�MFWFM BDDVSBDZ PG ����

#SBINJ�/FU USBOTMJUFSBUJPO 	,VODIVLV॒BO FU BM� ����
 DPOTJEFST UIJT QSPCMFN TJNJMBS UP B
QISBTF�CBTFE USBOTMBUJPO QSPCMFN UISPVHI XIJDI TFRVFODFT PG DIBSBDUFST GSPN TPVSDF UP UIF
UBSHFU MBOHVBHF BSF MFBSOU XIFSF UIF QBSBMMFM DPSQVT JT USBJOFE VTJOH .PTFT� य़JT TZTUFN TVQ�
QPSUT �� *OEP�"SZBO MBOHVBHFT � %SBWJEJBO MBOHVBHFT BOE &OHMJTI JODMVEJOH ��� MBOHVBHF
QBJST GPS TUBUJTUJDBM USBOTMJUFSBUJPO� 6TJOH UIJT UIF BDDVSBDZ DPSSFTQPOEJOH UP UIF DPSSFDUOFTT
PG UIF FOUJSF XPSE GPS UIF ��� UFTU FYBNQMFT JT ������� 4JODF UIJT ZJFMEFE IJHIFS BDDVSBDJFT BU
UIF XPSE MFWFM XF QSPDFFEFE XJUI UIJT TDIFNF VTJOH UIFJS 3&45 "1* UP USBOTMJUFSBUF XPSET
JOUP UIFJS OBUJWF TDSJQU�

4ZOUIFTJT� य़F OBM TUFQ JT UP TZOUIFTJ[F UIF OBWJHBUJPO JOTUSVDUJPOT UIBU BSF USBOTMJUFSBUFE
JOUP UIF BQQSPQSJBUF TDSJQU� 0ODF XF USBOTMJUFSBUF OBUJWF MBOHVBHF XPSET XF TZOUIFTJ[F UIF
TFOUFODF VTJOH UIF CJMJOHVBM 554 WPJDF�

4QFFDI EBUB GSPN .POP BOE &OHMJTI TFUT PG UIF NBMF TQFBLFS SFMFBTFE BT B QBSU PG SFTPVSDFT
GPS *OEJBO MBOHVBHFT 	#BCZ FU BM� ����
 XBT VTFE GPS UIFTF FYQFSJNFOUT� 8F VTFE BMM UIF ����
QSPNQUT GSPN UIF "SDUJD TFU SFDPSEFE CZ B NBMF *OEJBO &OHMJTI TQFBLFS BOE VTFE POMZ UIF STU
��� QSPNQUT GSPN UIF )JOEJ TFU TP UIBU CPUI )JOEJ BOE &OHMJTI V॒FSBODFT BSF PG FRVBM EVSBUJPO
	BQQSPYJNBUFMZ BO IPVS FBDI
 BT UIF )JOEJ V॒FSBODFT XFSF MPOHFS� य़F TQFFDI EBUB XBT TBN�
QMFE BU �� L)[ BOE SFDPSEFE CZ B QSPGFTTJPOBM TQFBLFS JO B IJHI�RVBMJUZ TUVEJP FOWJSPONFOU�
'PS DPNCJOJOH UIF &OHMJTI BOE )JOEJ QIPOFTFUT XF VTFE B TJNQMF QIPOF DMVTUFSJOH BQQSPBDI�
UIF QIPOFT DPNNPO JO &OHMJTI BOE )JOEJ XFSF SFUBJOFE BT JT BOE UIF QIPOFT QSFTFOU POMZ JO
&OHMJTI XFSF BEEFE SFTVMUJOH JO B DPNNPO QIPOFTFU� #Z EPJOH UIJT XF CZQBTTFE UIF QIPOF�
NBQQJOH QSPDFTT XIJDI XBT TIPXO UP SFTVMU JO BDDFOUFE TQFFDI 	&MMVSV FU BM� ����
 BOE XPVME
IBWF MJNJUFE UIF QIPOFT UIBU DPVME CF VTFE UP UIPTF JO UIF UBSHFU MBOHVBHFT QIPOFTFU� 'PS
HF॒JOH QSPOVODJBUJPOT PG OBUJWF MBOHVBHF XPSET XF VTFE UIF 'FTUWPY *OEJD GSPOUFOE 	1BSMJLBS
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FU BM� ����
 XIJDI QSPWJEFT B H�Q NBQQJOH CFUXFFO BMM *OEJBO MBOHVBHF 65'�� DPEF QPJOUT
BOE B QIPOFNF GSPN B DPNNPO *OEJD QIPOFTFU� 'PS TPNF MBOHVBHFT SVMFT MJLF TUSFTT BTTJHO�
NFOU TDIXB EFMFUJPO BOE WPJDJOH SVMFT BSF JNQMFNFOUFE JO UIF GSPOUFOE� 5P CVJME UIF WPJDF
XF GPMMPXFE UIF TUBOEBSE $-645&3(&/ 	#MBDL ����
 4UBUJTUJDBM 1BSBNFUSJD 4ZOUIFTJT WPJDF
CVJMEJOH QSPDFTT�

'JHVSF ��� QSFTFOUT B DPNQBSJTPO PG UIF DPOEFOTFE GPSNT PG UIF NPEFMT XJUI BODIPST� य़F
HFOFSBUFE PVUQVU JT JO UIF GPSN PG TQFFDI XIJDI JT SFQSFTFOUFE BT 4 IFSF�

L S

Baseline 

(Independent)

L

S

A

Proposed Model 

(Fusion Anchoring)

CS_Speech

'९७ॻॸ५ ���� $PNQBSJTPO PG UIF TVSGBDF�GPSN�BODIPSJOH CBTFE PO MJE GPS TQFFDI TZOUIFTJT

������� 3FTVMUT

5P QFSGPSN QSFGFSFODF UFTUJOH XF TZOUIFTJ[FE OBWJHBUJPO JOTUSVDUJPOT VTJOH UXPNFUIPET� य़F
STU NFUIPEXBT UP SFUBJO BMM UIF MFYJDBM JUFNT JO &OHMJTI� य़F TFDPOENFUIPE VTFE UIF QSPQPTFE
UFDIOJRVF J�F� MBOHVBHF JEFOUJDBUJPO USBOTMJUFSBUJPO BOE H�Q VTJOH UIF OBUJWF TDSJQU� #PUI
UIF NFUIPET VTFE UIF TBNF 554 WPJDF USBJOFE VTJOH UIF CJMJOHVBM EBUB� 8F XJMM OPX QSFTFOU
PVS OEJOHT GSPN QSFGFSFODF UFTUJOH BOE VTFS TUVEJFT XJUI ESJWFST�

1SFGFSFODF 5FTUJOH� 8F DPOEVDUFE B VTFS QSFGFSFODF TUVEZ UP DPNQBSF UIF CBTFMJOF TZTUFN
UP PVS QSPQPTFE BQQSPBDI� 8F SBOEPNMZ TBNQMFE �� OBWJHBUJPO JOTUSVDUJPOT JO FBDI PG )JOEJ
,BOOBEB BOE 5FMVHV MBOHVBHFT GSPN UIF EBUB DPMMFDUFE BOE TZOUIFTJ[FE UIFN� 8F VTFE UIF
5FTUWPY XFC�CBTFE GSBNFXPSL 	1BSMJLBS ����
 GPS DPOEVDUJOH UIFTF MJTUFOJOH UFTUT� &YBNQMFT
PG UIFTF TZOUIFTJ[FE MFT DBO CF GPVOE IFSF �� 8F BTLFE WF OBUJWF TQFBLFST FBDI PG )JOEJ 5FM�
VHV BOE ,BOOBEB UP QFSGPSN UIF MJTUFOJOH UFTU� 8F HBWF FBDI TQFBLFS OBWJHBUJPO JOTUSVDUJPOT
XJUI MPDBUJPO OBNFT EFSJWFE GSPN UIFJS NPUIFS UPOHVF� 8F BTLFE UIFN UP QJDL UIF TBNQMF UIBU
TPVOEFE NPSF OBUVSBM BOE VOEFSTUBOEBCMF XJUI BO PQUJPO PG DIPPTJOH ۜ/P QSFGFSFODF BT XFMM�
5BCMF ��� QSFTFOUT UIF SFTVMUT PG UIJT QSFGFSFODF UFTUJOH GPS UISFF MBOHVBHFT� )JOEJ ,BOOBEB
BOE 5FMVHV� 8F DBO TFF UIBU UIFSF XBT B TJHOJDBOU QSFGFSFODF GPS PVS QSPQPTFE TZTUFN JO BMM
UISFF MBOHVBHFT�

*O BEEJUJPO UP QSFGFSFODF UFTUJOH XF BMTP EJE BO JOGPSNBM TUVEZ GPS JOUFMMJHJCJMJUZ� 'PS FBDI PG
UIF MBOHVBHFT POF TUVEFOU XBT BTLFE UP USBOTDSJCF �� OBWJHBUJPO JOTUSVDUJPOT BOE XF SFDPSEFE
UIF OVNCFS PG UJNFT UIBU UIF QFSTPO IBE UP MJTUFO UP JU UP USBOTDSJCF UIF TFOUFODF BDDVSBUFMZ�
0O BO BWFSBHF UIF USBOTDSJCFS IBE UP MJTUFO ���� UJNFT GPS )JOEJ ���� GPS 5FMVHV BOE ���� GPS
,BOOBEB OBWJHBUJPO JOTUSVDUJPOT�

�I॒Q���XXX�DT�DNV�FEV� LDIBOEV�OBWJHBUJPO�JOEFY�IUNM
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1SFGFS 1SFGFS /P
-BOHVBHF #BTFMJOF 1SPQPTFE 1SFGFSFODF

)JOEJ ��� ��� ���
5FMVHV �� ��� ���
,BOOBEB ��� ��� ���

5१२ॲ५ ���� 4VCKFDUJWF MJTUFOJOH UFTUT GPS QSFGFSFODF JO TZOUIFTJT PG NJYFE�MBOHVBHF OBWJHB�
UJPOBM JOTUSVDUJPOT

य़F MBOHVBHF JEFOUJDBUJPO NPEVMF UIBU XF BSF VTJOH IBT BO BDDVSBDZ PG ������ ������ BOE
������ GPS )JOEJ�&OHMJTI 5FMVHV�&OHMJTI BOE ,BOOBEB�&OHMJTI MBOHVBHF QBJST� 4PNF XPSET
BSF WFSZ BNCJHVPVT BOE UIF MJNJUFE DPOUFYU NBZ OPU CF FOPVHI UP JEFOUJGZ UIF MBOHVBHF DPS�
SFDUMZ QBSUJDVMBSMZ JG UIF MBOHVBHF JEFOUJDBUJPO TZTUFN JT USBJOFE PO EBUB GSPN BOPUIFS EP�
NBJO� 'PS FYBNQMF UIF XPSE ۜUP JT JEFOUJFE BT B )JOEJ XPSE BT JU JT WFSZ DPNNPO JO )JOEJ
	NFBOJOH� ۜUIFO
� IPXFWFS JO UIF OBWJHBUJPO JOTUSVDUJPOT JU JT BMXBZT BO &OHMJTI XPSE� 8F
PCTFSWFE UIF GPMMPXJOH FSSPST JO UIF ,BOOBEB OBUJWFXPSET� य़F MBOHVBHF JEFOUJDBUJPO TZTUFN
BQBSU GSPN VTJOH O�HSBN DIBSBDUFS GFBUVSFT BMTP UBLFT JOUP BDDPVOU UIF DPOUFYU JOGPSNBUJPO
GSPN TVSSPVOEJOH XPSET� )FODF UIF TBNF XPSE DBO CF JEFOUJFE JO EJFSFOU MBOHVBHFT CBTFE
PO DPOUFYU� 0OF TVDI FYBNQMF JT ۜ+BSBHBOBIBMMJ JEFOUJFE BT ,BOOBEB BOE &OHMJTI JO UXP EJG�
GFSFOU JOTUSVDUJPOT� &SSPOFPVT USBOTMJUFSBUJPO JOUSPEVDFT TPNF FSSPST GPS FYBNQMF GPS XPSET
MJLF ۜ)PTBLFSFIBMMJ BOE ۜ(VCCJ य़PUBEBQQB 3PBE� 1FPQMF BDRVBJOUFE XJUI UIFTF MPDBUJPOT
IPXFWFS DPVME TUJMM SFDPHOJ[F UIFN� "T PCTFSWFE GSPN 5BCMF ��� PVS TZTUFN JT QSFGFSSFE UP B
HSFBU FYUFOU JO 5FMVHV JO DPNQBSJTPO UP PUIFS MBOHVBHFT UIBU XF DPOEVDUFE UIJT TUVEZ� य़JT
DPVME CF CFDBVTF 5FMVHV XPSET BSF SFMBUJWFMZ MPOHFS UIBO JO UIF PUIFS MBOHVBHFT BOE IFODF
&OHMJTI QSPOVODJBUJPOT PG MPOH 5FMVHV XPSET NBZ CF FWFO NPSF EJTUSBDUJOH�

6TFS TUVEZ XJUI ESJWFST� *O BEEJUJPO UP DPOEVDUJOH MJTUFOJOH UFTUT XJUI VTFST XJUI IJHI
&OHMJTI QSPDJFODZ BOE GBNJMJBSJUZ XJUI TQFFDI�CBTFE TZTUFNT XF BMTP XBOUFE UP DPOEVDU
VTFS TUVEJFT XJUI B QPQVMBUJPO PG ESJWFST XIP VTF OBWJHBUJPO BQQT� य़FTF ESJWFST BSF UZQJDBMMZ
TFNJ�MJUFSBUF BOE IBWF MPX &OHMJTI QSPDJFODZ BOE SFMBUJWFMZ MPX FYQPTVSF UP UFDIOPMPHZ�

8F DPOEVDUFE JOUFSWJFXT BOE MJTUFOJOH UFTUT XJUI �� TVCKFDUT XIP BSF GVMM�UJNF ESJWFST JO #BO�
HBMPSF� 8F CSJFGFE UIF ESJWFST BCPVU UIF HPBMT PG UIF QSPKFDU DPMMFDUFE EFNPHSBQIJD EBUB GSPN
UIFN BOE BTLFE UIFN BCPVU UIFJS FYQFSJFODF XJUI (14�CBTFE OBWJHBUJPO TZTUFNT QBSUJDVMBSMZ
BCPVU UIF 554 QBSU PG UIF TZTUFNT� य़F ESJWFST XFSF HJWFO B NPCJMF UPQ�VQ SFDIBSHF PG */3
�� 	BSPVOE ��� 64%
 BT DPNQFOTBUJPO GPS QBSUJDJQBUJOH JO UIF TUVEZ� य़F FOUJSF JOUFSWJFX XBT
DPOEVDUFE JO ,BOOBEB UIF MPDBM MBOHVBHF JO #BOHBMPSF BMUIPVHI UIF 554 TZTUFN JUTFMG XBT
UIF CJMJOHVBM WPJDF EFTDSJCFE BCPWF� "MM UIF ESJWFST JO UIF TUVEZ SFQPSUFE UIBU UIFZ XFSF GB�
NJMJBS XJUI MPDBUJPOT JO #BOHBMPSF BOE BMNPTU BMM PG UIFN IBE MJWFE JO #BOHBMPSF GPS BU MFBTU
WF ZFBST� .PTU ESJWFST TBJE UIBU UIFZ IBE MPX &OHMJTI QSPDJFODZ XJUI BMNPTU BMM PG UIFN
TBZJOH UIBU UIFZ DPVME OPU TQFBL PS XSJUF &OHMJTI CVU UIFZ DPVME SFBE BOE VOEFSTUBOE TPNF
&OHMJTI� "MM UIF ESJWFST XFSF NVMUJMJOHVBM XJUI TPNF ESJWFST LOPXJOH BT NBOZ BT WF MBO�
HVBHFT � ,BOOBEB 5BNJM 5FMVHV BOE )JOEJ CFJOH UIF NPTU DPNNPO MBOHVBHFT UIBU ESJWFST
LOFX XJUI TPNF ESJWFST LOPXJOH TPNF &OHMJTI BOE POF ESJWFS BMTP LOPXJOH 6SEV� "ॏFS UIF
JOJUJBM JOUFSWJFX UP DPMMFDU EFNPHSBQIJD JOGPSNBUJPO UIF ESJWFST XFSF HJWFO UIF TBNF MJTUFOJOH
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UBTL BT UIF QSFWJPVT TUVEZ XJUI MPDBUJPO OBNFT JO #BOHBMPSF� &BDI ESJWFS MJTUFOFE UP UFO QBJST
PG BVEJP MFT VTJOH UIF 5FTUWPY JOUFSGBDF� य़FZ XFSF BTLFE UP DIPPTF UIF TZTUFN UIBU UIFZ
DPVME VOEFSTUBOE CF॒FS BOE POF PG UIF BVUIPST IFMQFE UIFN OBWJHBUF UIF XFC�CBTFE MJTUFOJOH
UFTU BOE BOTXFSFE BOZ RVFTUJPOT UIFZ IBE� 5BCMF ��� TIPXT UIFJS MJTUFOJOH QSFGFSFODF CFUXFFO
UIF CBTFMJOF TZTUFN BOE PVS QSPQPTFE BQQSPBDI�

1SFGFS #BTFMJOF 1SFGFS 1SPQPTFE /P 1SFGFSFODF
��� ��� ��

5१२ॲ५ ���� 4VCKFDUJWF MJTUFOJOH UFTUT XJUI ESJWFST GPS TZOUIFTJT PG NJYFE MBOHVBHF OBWJHBUJPOBM
JOTUSVDUJPOT

'SPN 5BCMF ��� JU JT DMFBS UIBU ESJWFST IBE B TUSPOH QSFGFSFODF GPS UIF QSPQPTFE TZTUFN� *O NBOZ
DBTFT UIFZ BMTP QPJOUFE PVU TQFDJD XPSET UIBU UIFZ DPVME VOEFSTUBOE CF॒FS JO UIF QSPQPTFE
TZTUFN� य़F QSPQPTFE TZTUFN QSPEVDFE TPNF FYUSB TDIXBT JO TPNF XPSET XIJDI NBEF JU
TPVOE TMJHIUMZ VOOBUVSBM CVU UIF ESJWFST EJE OPU QPJOU UIJT PVU� *O TPNF DBTFT UIF ESJWFST BMTP
QPJOUFE PVU UIBU UIF 	JODPSSFDU
 QSPOVODJBUJPO PG B QBSUJDVMBS XPSE JO UIF NPOPMJOHVBM TZTUFN
XBT TJNJMBS UP XIBU UIFZ IFBSE JO UIF DVSSFOU OBWJHBUJPO BQQ UIBU UIFZ VTFE�

"ॏFS UIF MJTUFOJOH UFTU XF BTLFE ESJWFST PQFO�FOEFE RVFTUJPOT BCPVU UIFJS FYQFSJFODF XJUI
OBWJHBUJPO BQQT BOE TVHHFTUJPOT GPS JNQSPWFNFOU� 4PNF ESJWFST IBE ESJWFO 0MB BOE 6CFS DBCT
BOE IBE NPSF FYQFSJFODF XJUI OBWJHBUJPO BQQT XIJMF PUIFST VTFE UIFN POMZ XIFO UIFZ XFOU
PVU PG UPXO EJE OPU LOPX B SPVUF PS XBOUFE UP OE PVU BCPVU USBਖ਼D DPOEJUJPOT� 4VSQSJT�
JOHMZ BMNPTU BMM ESJWFST QSFGFSSFE UIF OBWJHBUJPO JOTUSVDUJPOT UP CF JO &OHMJTI SBUIFS UIBO UIF
MPDBM MBOHVBHF PS UIFJS OBUJWF MBOHVBHF� य़FJS SFBTPOT GPS UIJT XFSF UIBU UIF JOTUSVDUJPOT VTFE
NJOJNBM &OHMJTI XIJDI UIFZ BMSFBEZ VOEFSTUPPE BOE UIFZ XBOUFE UIF JOTUSVDUJPOT UP CF JO B
MBOHVBHF UIBU UIFJS QBTTFOHFST DPVME VOEFSTUBOE TP UIBU UIFSF XBT NPSF USBOTQBSFODZ XJUI UIF
DVTUPNFS� य़FZ EJE IPXFWFS TBZ UIBU UIFZ LOFX PG PUIFS ESJWFST XIP LOFX OP &OHMJTI XIP
VTFE UIF OBWJHBUJPO BQQ XJUI UIF WPJDF PO NVUF CFDBVTF UIFZ DPVME OPU VOEFSTUBOE JU�

*O UIJT TFDUJPO XF FYBNJOFE UIF SPMF PG /�-PDBM BODIPSJOH VOJUT JO UIF GPSN PG MBOHVBHF JET
UP FYQMJDJUMZ NPEFM FBDI MFYJDBM VOJU JO UIF UBTLT PG MBOHVBHF NPEFMJOH BOE TQFFDI TZOUIFTJT�
)PXFWFS JU JT PॏFO UIF DBTF XIFSF JU JT IBSE UP EFSJWF UIFTF MBOHVBHF JE MBCFMT FTQFDJBMMZ
CFDBVTF DPEF�TXJUDIJOH JO XSJ॒FO GPSNT JOWPMWFT DSPTT�TDSJQUJOH� 'PS JOTUBODF JO UIF DBTF
PG )JOHMJTI XF PॏFO PCTFSWF )JOEJ XPSET UP CF XSJ॒FO JO UIF 3PNBO TDSJQU JOTUFBE PG UIF
%FWBOBHBSJ TDSJQU� "OOPUBUJOH MFYJDBM JUFNT XJUI MBOHVBHF JOGPSNBUJPO JT NBOVBMMZ JOUFOTJWF
XPSL XIJMF BVUPNBUJOH UIJT QSPDFTT JT TUJMM BO BDUJWF BSFB PG SFTFBSDI� )FODF XF QBWF UIF
XBZ VOUP PVS OFYU TFDUJPO XIJDI BODIPST UIF HFOFSBUJPO PG DPEF�TXJUDIFE UFYU BU UIF FOUJSF
TFOUFODF MFWFM JOTUFBE PG FBDI PG UIF MFYJDBM VOJUT�

��� /�-PDBM "ODIPSJOH JO 1FSTPOBMJUZ

*O UIF QSFWJPVT TFDUJPOT XF IBWF FYQMPSFE UIF DIPJDFT JO TVSGBDF GPSN SFQSFTFOUBUJPO JO NVMUJ�
MJOHVBM TDFOBSJPT FTQFDJBMMZ XIFO UIF QBSUJDJQBUJOH MBOHVBHFT JOUFSBDU XJUI POF BOPUIFS XJUIJO
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UIF TBNF TFOUFODF� *O UIJT TFDUJPO XF BSF HPJOH UP FYQMPSF TVSGBDF SFBMJ[BUJPO JO NPOPMJO�
HVBM TDFOBSJPT SFBMJ[FE JO UIF GPSN PG QFSTPOBMJUJFT UISPVHI WJTVBM TUPSZUFMMJOH� य़JT JT PO�
HPJOH SFTFBSDI XPSL BOE IFODF UIJT TFDUJPO CSJFZ EFTDSJCFT UFDIOJRVFT UIBU XF BEBQUFE GPS
QFSTPOBMJUZ�JOEVDFE TUPSZ HFOFSBUJPO XIJDI NPUJWBUFT UIF QSPQPTFE SFTFBSDI XPSL JO UIJT EJ�
SFDUJPO�

"T XF IBWF EJTDVTTFE QSFWJPVTMZ WJTVBM TUPSZUFMMJOH JT UIF UBTL PG HFOFSBUJOH TUPSJFT CBTFE PO B
TFRVFODF PG JNBHFT� *OTQJSFE CZ UIF SFDFOU XPSLT JO OFVSBM HFOFSBUJPO GPDVTJOH PO DPOUSPMMJOH
UIF GPSN PG UFYU UIJT DIBQUFS FYQMPSFT UIF JEFB PG HFOFSBUJOH UIFTF TUPSJFT JO EJFSFOU QFSTPOBT�
)PXFWFS POF PG UIF NBJO DIBMMFOHFT PG QFSGPSNJOH UIJT UBTL JT UIF MBDL PG B EBUBTFU PG WJTVBM
TUPSJFT JO EJFSFOU QFSTPOBT� )BWJOH TBJE UIBU UIFSF BSF JOEFQFOEFOU EBUBTFUT GPS CPUI WJTVBM
TUPSZUFMMJOH BOE BOOPUBUFE TFOUFODFT GPS WBSJPVT QFSTPOB� य़JT TFDUJPO EFTDSJCFT BO BQQSPBDI
UP PWFSDPNF UIJT CZ HF॒JOH MBCFMFE QFSTPOB EBUB GSPN B EJFSFOU UBTL BOE MFWFSBHJOH UIPTF
BOOPUBUJPOT UP QFSGPSN QFSTPOB�CBTFE TUPSZ HFOFSBUJPO� य़JT TFDUJPO QSFTFOUT BO JOTQFDUJPO PG
WBSJPVT XBZT PG JODPSQPSBUJOH QFSTPOBMJUZ JO CPUI UIF FODPEFS BOE UIF EFDPEFS SFQSFTFOUBUJPOT
UP TUFFS UIF HFOFSBUJPO JO UIF UBSHFU EJSFDUJPO CZ BODIPSJOH JO UIF QFSTPOB SFQSFTFOUBUJPO� 5P
UIJT FOE WF NPEFMT BSF QSPQPTFE XIJDI BSF JODSFNFOUBM FYUFOTJPOT UP UIF CBTFMJOF NPEFM
UP QFSGPSN UIF UBTL BU IBOE� *O PVS FYQFSJNFOUT WF EJFSFOU QFSTPOBT BSF VTFE UP HVJEF UIF
HFOFSBUJPO QSPDFTT� य़F NPEFMT CBTFE PO PVS IZQPUIFTFT QFSGPSN CF॒FS BU DBQUVSJOH XPSET
XIJMF HFOFSBUJOH TUPSJFT JO UIF UBSHFU QFSTPOB�

य़JT TFDUJPO JOUSPEVDFT BO BQQSPBDI UP HFOFSBUJOH WJTVBM TUPSJFT JO WF EJFSFOU QFSTPOBMJUZ
UZQFT� " LFZ DIBMMFOHF UP UIJT FOE JT UIF MBDL PG MBSHF�TDBMF QFSTPOB BOOPUBUFE TUPSJFT� य़JT
JT BEESFTTFE CZ USBOTGFSSJOH LOPXMFEHF GSPN BOOPUBUFE EBUB JO UIF EJBMPH EPNBJO UP UIF TUP�
SZUFMMJOH EPNBJO� य़F WJTVBM TUPSZ HFOFSBUPS NPEFM JT CBTFE PO ,JN FU BM� 	����
 BOE * QSP�
QPTF NVMUJQMF UFDIOJRVFT UP JOEVDF UIF QFSTPOBMJUJFT JO UIF MBUFOU SFQSFTFOUBUJPOT PG CPUI UIF
FODPEFS BOE UIF EFDPEFS� 0VS XPSL BJNT UP MFBSO UIF NBQQJOH CFUXFFO UIF MBUFOU SFQSFTFOUB�
UJPOT PG UIF JNBHFT BOE UIF UPLFOT PG UIF TUPSZ TVDI UIBU UIF HFOFSBUJWF NPEFM JT FODPVSBHFE
UP HFOFSBUF UPLFOT PG B QBSUJDVMBS QFSTPOBMJUZ� य़F HFOFSBUJWF NPEFMT BSF FWBMVBUFE VTJOH UIF
BVUPNBUJD NFUSJD PG 306(& 	-JO ����
 XIJDI UBLFT JOUP BDDPVOU UIF TFOUFODF MFWFM TJNJMBSJUZ
JO TUSVDUVSF BOE UIVT SPVHIMZ FWBMVBUFT UIF NBUDIJOH PG DPOUFOU� 8F BDLOPXMFEHF UIBU UIFSF JT
B ESPQ JO UIJT NFUSJD TJODF PVS NPEFM JT OPU USZJOH UP PQUJNJ[F HFOFSBUJPO BMPOF CVU BMTP BEBQUT
QFSTPOBMJUZ GSPN B EJFSFOU EBUBTFU�

य़F TVDDFTT PG HFOFSBUJOH UIF TUPSZ JO UIF UBSHFU QFSTPOBMJUZ UZQF JT BMTP FWBMVBUFE VTJOH BV�
UPNBUJD BOE RVBMJUBUJWF BOBMZTJT� य़F BVUPNBUJD NFUSJDT DPNQSJTF UIF DMBTTJDBUJPO BDDVSBDJFT
SPPUFE JO UIF BOOPUBUFE EBUB� *U JT PCTFSWFE UIBU POF PG UIF QSPQPTFE NPEFMT 	-&1$ EFTDSJCFE
JO g����� QFSGPSNT TMJHIUMZ CF॒FS BU DMBTTJDBUJPO BDDVSBDJFT GPS NPTU PG UIF QFSTPOBT XIJMF
SFUBJOJOH TJNJMBS 306(& TDPSFT�

य़F NBJO DPOUSJCVUJPO PG UIJT TFDUJPO JT TIPXJOH TJNQMF ZFU FFDUJWF BQQSPBDIFT UP OBSSBUJWF
WJTVBM TUPSJFT JO EJFSFOU QFSTPOBMJUZ UZQFT� य़JT TFDUJPO BMTP EJTQMBZT BO FFDUJWF XBZ PG
VTJOH BOOPUBUFE EBUB JO UIF EJBMPH EPNBJO UP HVJEF UIF HFOFSBUJWF NPEFMT UP B TQFDJFE UBSHFU
QFSTPOBMJUZ�
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����� %BUBTFUT %FTDSJQUJPO

$PBMFTDJOH UIF TFHNFOUT PG QFSTPOBMJUZ BOE TFRVFOUJBM HFOFSBUJPO UPHFUIFS PVS UBTL JT UP HFO�
FSBUF B HSPVOEFE TFRVFOUJBM TUPSZ GSPN UIF WJFX PG B QFSTPOBMJUZ� 5P CSJOH UIJT UP BDUJPO XF
EFTDSJCF UIF UXP TPVSDFT PG EBUB XF VTF UP HFOFSBUF QFSTPOBMJUZ�CBTFE TUPSJFT JO UIJT TFDUJPO�
य़F STU TPVSDF PG EBUB JT GPDVTFE PO HFOFSJD TUPSZ HFOFSBUJPO GSPN B TFRVFODF PG JNBHFT BOE
UIF TFDPOE TPVSDF PG EBUB JODMVEFT BOOPUBUJPOT GPS QFSTPOBMJUZ UZQFT GPS TFOUFODFT� 8F UBJMPS B
DPNQPTJUJPO PG UIFTF UXP TPVSDFT UP PCUBJO B EBUBTFU GPS QFSTPOBMJUZ�CBTFE WJTVBM TUPSZUFMMJOH�
)FSF XF OPUF UIBU UIF UFDIOJRVFT EFTDSJCFE BCPWF DBO CF BQQMJFE GPS VOJNPEBM TUPSZ HFOFSB�
UJPO BT XFMM�

7JTVBM 4UPSZ 5FMMJOH� 7JTVBM 4UPSZUFMMJOH JT UIF UBTL PG HFOFSBUJOH TUPSJFT GSPN B TFRVFODF
PG JNBHFT� " EBUBTFU GPS UIJT HSPVOEFE TFRVFOUJBM HFOFSBUJPO QSPCMFN XBT DPMMFDUFE CZ )VBOH
FU BM� 	����
 BOE BO FPSU GPS B TIBSFE UBTL � XBT MFE JO ����� य़F EBUBTFU JODMVEFT �����
USBJOJOH TFRVFODFT PG TUPSJFT� *U DPNQSJTFT B TFRVFODF PG JNBHFT EFTDSJQUJPOT PG JNBHFT JO JTP�
MBUJPO BOE TUPSJFT PG JNBHFT JO TFRVFODFT� 8F SBOEPNMZ EJWJEF UIF EBUBTFU JOUP WF TFHNFOUT
	DPNQSJTJOH PG ���� TUPSJFT FBDI
 BOE FBDI TFHNFOU JT BTTPDJBUFE XJUI B QFSTPOBMJUZ�

1FSTPOBMJUZ %JBMPH� 4IVTUFS FU BM� 	����
 IBWF QSPWJEFE B EBUBTFU PG ���L EJBMPH V॒FSBODFT
FBDI PG XIJDI CFMPOHT UP POF PG ��� EJFSFOU QFSTPOBMJUJFT� य़F EBUBTFU XBT DPMMFDUFE UISPVHI
JNBHF�HSPVOEFE IVNBO�IVNBO DPOWFSTBUJPOT� )VNBOT XFSF BTLFE UP QMBZ UIF SPMF PG B HJWFO
QFSTPOBMJUZ� य़JT NBLFT UIJT EBUBTFU WFSZ QFSUJOFOU GPS PVS UBTL BT JU XBT DPMMFDUFE UISPVHI
FOHBHJOH JNBHF DIBU CFUXFFO UXP IVNBOT FOBDUJOH UIFJS QFSTPOBMJUJFT�

'PS PVS UBTL XF XBOUFE UP DIPPTF B TFU PG WF EJTUJODU QFSTPOBMJUZ UZQFT� -FU UIF TFU PG V॒FS�
BODFT UIBU CFMPOH UP FBDI QFSTPOBMJUZ UZQF CFUp = {u1

p, . . . , u
n
p}XIFSFp ∈ {1, . . . , 215}�

8F STU DBMDVMBUF UIF QPPMFE #&35 SFQSFTFOUBUJPO 	%FWMJO FU BM� ����
 PG FBDI PG UIF V॒FSBODFT�
5P HFU UIF SFQSFTFOUBUJPO PG UIF QFSTPOBMJUZ P  XF TJNQMZ BWFSBHF UIF #&35 SFQSFTFOUBUJPOT
PG BMM UIF V॒FSBODFT UIBU CFMPOH UP UIBU QFSTPOBMJUZ� य़F SFQSFTFOUBUJPO PG FBDI QFSTPOBMJUZ JT
HJWFO CZ�

Pp =
Σn

k=1BERT (uk
p)

n
	���


य़JT SFQSFTFOUBUJPO JT DBMDVMBUFE POMZ PO UIF USBJO TFU PG 4IVTUFS FU BM� 	����
�

4JODF PVS HPBM JT UP QJDL UIF WF NPTU EJTUJODU QFSTPOBMJUZ UZQFT XF IBWF UIF EBVOUJOH UBTL
PG MUFSJOH UIF ��� QFSTPOBMJUZ UZQFT UP �� 5P NBLF PVS UBTL FBTJFS XF XBOU UP HSPVQ TJNJMBS
QFSTPOBMJUJFT UPHFUIFS� )FODF XF VTF ,�.FBOT $MVTUFSJOH UP DMVTUFS UIF SFQSFTFOUBUJPOT PG UIF
QFSTPOBMJUJFT JOUP �� DMVTUFST �� 8F HFU XFMM�GPSNFE BOE NFBOJOHGVM DMVTUFST XIJDI MPPL MJLF
<*NQFSTPOBM "MPPG 	%FUBDIFE %JTUBOU
 "QBUIFUJD 	6ODBSJOH %JTJOUFSFTUFE
 #MVOU $PME 4UJ>�
<1SBDUJDBM 3BUJPOBM 3FBMJTUJD #VTJOFTTMJLF>� <&NQBUIFUJD 4ZNQBUIFUJD &NPUJPOBM>� <$BMN
(FOUMF 1FBDFGVM 3FMBYFE .FMMPX 	4PPUIJOH 4XFFU
> FUD� 8F UIFO CVJME B DMBTTJFS VTJOH

�?iiT,ffpBbBQM�M/H�M;m�;2XM2ifrQ`Fb?QTkyR3fBM/2tX?iKHO+?�HH2M;2
�8F EP OPU QFSGPSN BO FYIBVTUJWF TFBSDI PO UIF OVNCFS PG DMVTUFST� 8F USJFE k WBMVFT PG � �� BOE �� BOE

TFMFDUFE �� BT UIF JEFBM WBMVF CBTFE PO NBOVBM JOTQFDUJPO PG UIF DMVTUFST�

http://visionandlanguage.net/workshop2018/index.html%23challenge
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UIF UFDIOJRVF EFTDSJCFE JO g����� UP DMBTTJGZ UIF V॒FSBODFT UP CFMPOH UP POF PG UIF �� DMVTUFST�
8F QJDL UIF UPQ WF DMVTUFST UIBU HJWF UIF IJHIFTU BDDVSBDZ GPS UIF ���XBZ DMBTTJDBUJPO�

य़F WF QFSTPOBMJUZ DMVTUFST TFMFDUFE BSF�

ۦ $MVTUFS � 	$�
� "SSPHBOU $PODFJUFE &HPDFOUSJD -B[Z .POFZ�NJOEFE /BSDJTTJTUJD 1PNQPVT
BOE 3FTFOUGVM

ۦ $MVTUFS � 	$�
� 4LFQUJDBM BOE 1BSBOPJE

ۦ $MVTUFS � 	$�
� &OFSHFUJD &OUIVTJBTUJD &YDJUJOH )BQQZ 7JWBDJPVT &YDJUBCMF

ۦ $MVTUFS � 	$�
� #MBOE BOE 6ODSFBUJWF

ۦ $MVTUFS � 	$�
� 1BUSJPUJD

����� .PEFM %FTDSJQUJPO

"TNFOUJPOFE JO FBSMJFS DIBQUFST PO UIF QSPQFSUJFT PG DPOUFOU XF IBWF B EBUBTFU PG WJTVBM TUPSJFT
S = {S1, . . . , Sn}� &BDI TUPSZ Si JT B TFU PG TFRVFODF PG WF JNBHFT BOE UIF DPSSFTQPOEJOH
UFYU PG UIF TUPSZ Si = {(I(1)

i , x
(1)
i ), . . . , (I

(5)
i , x

(5)
i )}� 0VS UBTL JT UP HFOFSBUF UIF TUPSZ

CBTFE PO OPU POMZ UIF TFRVFODF PG UIF JNBHFT CVU BMTP DMPTFMZ GPMMPXJOH UIF OBSSBUJWF TUZMF PG
B QFSTPOBMJUZ UZQF� 8F IBWF WF QFSTPOBMJUZ UZQFT 	EFTDSJCFE JO g�����
 P = {p1, . . . , p5}
BOE FBDI TUPSZ JT BTTJHOFE POF PG UIFTF WF QFSTPOBMJUJFT BT UIFJS UBSHFU QFSTPOB� )FSF FBDI pi

SFQSFTFOUT UIF POF�IPU FODPEJOH PG UIF UBSHFU QFSTPOBMJUZ GPS TUPSZ J�F p1 = [1, 0, 0, 0, 0] BOE
TP PO UJMM p5 = [0, 0, 0, 0, 1]� )FODF XF DSFBUF B EBUBTFU TVDI UIBU GPS FBDI TUPSZ XF BMTP IBWF
B TQFDJFE UBSHFU QFSTPOBMJUZ UZQF Si = {(I(1)

i , x
(1)
i ), . . . , (I

(5)
i , x

(5)
i ); pi}� य़F JOQVUT UP

PVS NPEFMT BSF UIF TFRVFODF PG JNBHFT BOE UIF UBSHFU QFSTPOBMJUZ UZQF� 8F CVJME HFOFSBUJWF
NPEFMT TVDI UIBU UIFZ BSF BCMF UP HFOFSBUF TUPSJFT JO UIF TQFDJFE UBSHFU QFSTPOBMJUZ UZQF GSPN
UIF JNBHFT� *O UIJT TFDUJPO XF STU CSJFZ EFTDSJCF DMBTTJFST USBJOFE EJTDSJNJOBUJWFMZ UP JEFO�
UJGZ FBDI PG UIF QFSTPOBMJUJFT BOE UIFO NPWF PO UP UIF TUPSZ HFOFSBUJPO NPEFMT UIBU VTF UIFTF
DMBTTJFST�

)FSF JT BO PWFSWJFX PG UIF EJFSFODFT JO UIF TJY NPEFMT UIBU XF EFTDSJCF OFYU�

�� य़F CBTFMJOF NPEFM 	(MPDBM
 JT B TFRVFODF UP TFRVFODF NPEFM XJUI HMPCBM BOE MPDBM DPO�
UFYUT GPS HFOFSBUJOH TUPSZ TFOUFODFT DPSSFTQPOEJOH UP FBDI JNBHF�

�� य़F .VMUJUBTL 1FSTPOBMJUZ 1SFEJDUJPO 	.11
 NPEFM JT FRVJQQFE XJUI QSFEJDUJOH UIF QFS�
TPOBMJUZ JO BEEJUJPO UP HFOFSBUJOH UIF TFOUFODFT PG UIF TUPSZ� य़JT NPEFM BMTP JODPSQP�
SBUFT CJOBSZ FODPEJOH PG QFSTPOBMJUZ�

�� य़F -BUFOU &ODPEJOH PG 1FSTPOBMJUZ JO $POUFYU 	-&1$
 NPEFM JODPSQPSBUFT BO FNCFEEJOH
PG UIF QFSTPOBMJUZ BT PQQPTFE UP CJOBSZ FODPEJOH�

�� य़F -BUFOU &ODPEJOH PG 1FSTPOBMJUZ JO %FDPEFS 	-&1%
 NPEFM BVHNFOUT QFSTPOBMJUZ FN�
CFEEJOH BU FBDI TUFQ JO UIF EFDPEFS XIFSF FBDI TUFQ HFOFSBUFT B UPLFO�
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�� 4USJQQFE &ODPEJOH PG 1FSTPOBMJUZ JO $POUFYU 	4&1$
 JT TJNJMBS UP -&1$ CVU FODPEFT QFS�
TPOBMJUZ FNCFEEJOH BॏFS TUSJQQJOH UIF NFBO PG UIF TUPSZ SFQSFTFOUBUJPO�

�� 4USJQQFE &ODPEJOH PG 1FSTPOBMJUZ JO %FDPEFS 	4&1%
 JT TJNJMBS UP -&1% CVU FODPEFT QFS�
TPOBMJUZ FNCFEEJOH BॏFS TUSJQQJOH UIF NFBO PG UIF TUPSZ SFQSFTFOUBUJPO� य़JT JT TJNJMBS
UP UIF JOUVJUJPO CFIJOE 4&1$�

$MBTTJ॑DBUJPO 8F VTF DPOWPMVUJPOBM OFVSBM OFUXPSL 	$//
 BSDIJUFDUVSF UP USBJO PVS DMBTTJ�
FST� 8F USBJO WF TFQBSBUF CJOBSZ DMBTTJFST GPS FBDI PG UIF QFSTPOBMJUZ UZQFT� य़F DMBTTJFST
BSF USBJOFE UP QSFEJDU XIFUIFS B TFOUFODF CFMPOHT UP B QBSUJDVMBS QFSTPOBMJUZ PS OPU� 8F USBJO
UIF DMBTTJFST JO B TVQFSWJTFE NBOOFS� 8F OFFE MBCFMFE EBUB UP USBJO FBDI PG UIF DMBTTJFST�
&BDI TBNQMF PG UFYU x JO UIF SFTQFDUJWF EBUBTFUT PG FBDI PG UIF WF QFSTPOBMJUZ UZQFT IBT B MBCFM
JO UIF TFU {0, 1}� -FU θpj

$ EFOPUF UIF QBSBNFUFST PG UIF DMBTTJFS GPS QFSTPOBMJUZ pj XIFSF
j ∈ {1, . . . , 5}� &BDI DMBTTJFS JT USBJOFE XJUI UIF GPMMPXJOH PCKFDUJWF�

L(θ
pj

$ ) = EX [MPH qC(pj|x)] 	���


8F VTF DSPTT FOUSPQZ MPTT UP DBMDVMBUFLpj

$ GPS FBDI PG UIF WF DMBTTJFST� य़F DMBTTJFST BDDFQU
DPOUJOVPVT SFQSFTFOUBUJPOT PG UPLFOT BT JOQVU�

4UPSZ (FOFSBUJPO 8F QSFTFOU WF FYUFOTJPOT UP JODPSQPSBUF QFSTPOBMJUZ�CBTFE GFBUVSFT JO
UIF HFOFSBUJPO PG TUPSJFT�

	�
 #BTFMJOF NPEFM 	(MPDBM
� 8F STU EFTDSJCF UIF CBTFMJOF NPEFM UIBU JT VTFE GPS WJTVBM
TUPSZUFMMJOH� य़JT JT CBTFE PO UIF NPEFM ,JN FU BM� 	����
 UIBU B॒BJOFE CF॒FS TDPSFT PO IVNBO
FWBMVBUJPO NFUSJDT� *U GPMMPXT BO FODPEFS�EFDPEFS GSBNFXPSL USBOTMBUJOH B TFRVFODF PG JNBHFT
JOUP B TUPSZ� 'SPN IFSF PO XF SFGFS UP UIJT NPEFM BT HMPDBM UISPVHI UIF SFTU PG UIF TFDUJPO PXJOH
UP UIF HMPCBM BOE MPDBM GFBUVSFT JO UIF HFOFSBUJPO PG TUPSZ TFRVFODF BU FBDI TUFQ 	EFTDSJCFE JO
UIJT TFDUJPO
�

य़F JNBHF GFBUVSFT GPS FBDI PG UIF TUFQT BSF FYUSBDUFE XJUI B 3FT/FU���� 	)F FU BM� ����C
 QPTU
SFTJ[JOH UP ��� 9 ���� य़F GFBUVSFT BSF UBLFO GSPN UIF QFOVMUJNBUF MBZFS PG UIJT QSFUSBJOFE
NPEFM BOE UIF HSBEJFOUT BSF OPU QSPQBHBUFE UISPVHI UIJT MBZFS EVSJOH PQUJNJ[BUJPO� य़FTF
GFBUVSFT BSF QBTTFE UISPVHI B GVMMZ DPOOFDUFE MBZFS UP PCUBJO UIF OBM JNBHF GFBUVSFT� *O PSEFS
UP PCUBJO BO PWFSBMM DPOUFYU PG UIF TUPSZ UIF TFRVFODF PG UIF JNBHF GFBUVSFT JT QBTTFE UISPVHI
B #J�-45.� य़JT SFQSFTFOUT UIF HMPCBM DPOUFYU PG UIF TUPSZ� 'PS FBDI TUFQ JO UIF HFOFSBUJPO PG
UIF TUPSZ UIF MPDBM DPOUFYU DPSSFTQPOEJOH UP UIF TQFDJDJUZ PG UIBU QBSUJDVMBS JNBHF JT PCUBJOFE
CZ BVHNFOUJOH UIF JNBHF GFBUVSFT 	MPDBM DPOUFYU
 UP UIF DPOUFYU GFBUVSFT GSPN UIF #J�-45.
	HMPCBM DPOUFYU
� य़FTF HMPDBM GFBUVSFT BSF VTFE UP EFDPEF UIF TUPSZ TFOUFODF BU FBDI TUFQ� य़JT
DPODMVEFT UIF FODPEFS QBSU PG UIF TUPSZ� य़F EFDPEFS PG FBDI TUFQ JO UIF TUPSZ BMTP VTFT BO
-45. XIJDI UBLFT UIF TBNF HMPDBM GFBUVSF GPS UIBU QBSUJDVMBS TUFQ BU FBDI UJNF TUFQ� )FODF
UIFSF BSF WF HMPDBM GFBUVSFT GFFEJOH JOUP FBDI UJNF TUFQ JO UIF EFDPEFS�

'PS TJNQMJDJUZ JO VOEFSTUBOEJOH XF VTF UIF GPMMPXJOH OPUBUJPOT UISPVHIPVU NPEFM EFTDSJQUJPOT
UP SFQSFTFOU UIF NBUIFNBUJDBM GPSNVMBUJPO PG UIF HFOFSBUJPO NPEFMT� 4VCTDSJQU L JOEJDBUFT UIF
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kth TUFQ PS TFOUFODF JO B TUPSZ� 4VCTDSJQU J JOEJDBUFT UIF ith TUPSZ FYBNQMF� य़F TUPSZ FODPEFS
JT SFQSFTFOUFE BT &ODPEFS XIJDI DPNQSJTFT UIF GFBUVSFT FYUSBDUFE GSPN UIF QFOVMUJNBUF MBZFS
PG 3FT/FU���� DPODBUFOBUFE XJUI UIF HMPCBM DPOUFYU GFBUVSFT GSPN UIF #J�-45.� य़F FOUJSFUZ
PG UIJT SFQSFTFOUBUJPO JO FODPEFS BOE UIF HMPDBM GFBUVSFT PCUBJOFE JT SFQSFTFOUFE VTJOH zk GPS
UIF kth TUFQ PS TFOUFODF JO UIF TUPSZ�

zk = &ODPEFS(Ik) 	���


/PX UIF HFOFSBUJPO PG B TFOUFODF JO UIF TUPSZ JT SFQSFTFOUFE BT GPMMPXT�

x̂k ∼
∏

t

Pr(x̂t
k|x̂

<t
k , zk) 	���


य़F HFOFSBUFE TFOUFODF x̂k JT PCUBJOFE GSPN FBDI PG UIF PVUQVU XPSET x̂t
k XIJDI JT HFOFSBUFE

CZ DPOEJUJPOJOH PO BMM PG UIF QSJPS XPSET x̂<t
k BOE UIF HMPDBM GFBUVSF PCUBJOFE BT zk�

1FSTPOBMJUZ CBTFE (FOFSBUJPO� *O UIF SFTU PG UIF TFDUJPO XF BSF HPJOH UP EFTDSJCF UIF
JODSFNFOUBM FYUFOTJPOT UP UIF CBTFMJOF UP BEBQU UIF NPEFM UP QFSGPSN QFSTPOB�CBTFE TUPSZ
HFOFSBUJPO�

	�
 .VMUJUBTL 1FSTPOBMJUZ 1SFEJDUJPO 	.11
� य़F JOUVJUJPO CFIJOE UIF IZQPUIFTJT IFSF JT
UP QSPWJEF UIF QFSTPOBMJUZ JOGPSNBUJPO UP UIF NPEFM BOE FOBCMF JU UP QSFEJDU UIF QFSTPOBMJUZ
BOE UIF HFOFSBUJPO PG UIF TUPSZ� य़F PCWJPVT FYUFOTJPO UP QSPWJEF QFSTPOBMJUZ JOGPSNBUJPO JT
UP JODPSQPSBUF UIF POF�IPU FODPEJOH pi ∈ P PG UIF WF QFSTPOBT JO UIF DPOUFYU CFGPSF UIF
EFDPEFS� य़F WJTVBM TUPSZUFMMJOH EBUB JT TQMJU JOUP WF QSFEFUFSNJOFE QFSTPOBMJUJFT BT EFTDSJCFE
JO g������ 'PS FBDI TUPSZ UIF DPSSFTQPOEJOH QFSTPOBMJUZ JT FODPEFE JO B POF�IPU SFQSFTFOUBUJPO
BOE JT BVHNFOUFE UP UIF HMPDBM DPOUFYU GFBUVSFT� य़FTF GFBUVSFT BSF UIFO HJWFO UP UIF EFDPEFS
UP QSPEVDF FBDI TUFQ JO UIF TUPSZ� य़F NPEFM JT FOBCMFE UP QFSGPSN UXP UBTLT� UIF QSJNBSZ
UBTL JT UP HFOFSBUF UIF TUPSZ BOE UIF TFDPOEBSZ UBTL JT UP QSFEJDU UIF QFSTPOBMJUZ PG UIF TUPSZ�
य़F DMBTTJFST EFTDSJCFE JO g����� BSF VTFE UP QFSGPSN QFSTPOBMJUZ QSFEJDUJPO� 'PSNBMMZ UIF
HFOFSBUJPO QSPDFTT JT SFQSFTFOUFE CZ�

x̂k ∼
∏

t

Pr(x̂t
k|x̂

<t
k , zk, pi) 	���


)FSF XF DPOEJUJPO UIF HFOFSBUJPO PG FBDI XPSE PO UIF HMPDBM DPOUFYU GFBUVSFT zk CJOBSZ FO�
DPEJOH PG UIF QFSTPOBMJUZ pi BOE UIF XPSET HFOFSBUFE UJMM UIBU QPJOU�

य़F DSPTT FOUSPQZ MPTT GPS HFOFSBUJPO JT Lg BOE UIF MPTT GPS UIF QSFEJDUJPO PG FBDI PG UIF QFS�
TPOBMJUJFT JT Lpj

$ HJWFO CZ &R ���� य़F PWFSBMM MPTT PQUJNJ[FE GPS UIJT NPEFM JT�
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Ltotal = α · Lg +
(1 − α)

5
·

5∑

j=1

Lpj

$

य़F PWFSBMM NPEFM JT PQUJNJ[FE PO UIJT UPUBM MPTT� 8F VTF DSPTT FOUSPQZ MPTT GPS FBDI PG UIF
JOEJWJEVBM MPTTFT� 8F HJWF B IJHIFS XFJHIUα UP UIF TUPSZ HFOFSBUJPO BOE FRVBMMZ EJTUSJCVUF UIF
SFNBJOJOH (1 − α) BNPOH FBDI PG UIF � QFSTPOBMJUJFT�

	�
 -BUFOU &ODPEJOH PG 1FSTPOBMJUZ JO $POUFYU 	-&1$
� य़JTNPEFM JT BO JODSFNFOUBM JN�
QSPWFNFOU PWFS UIF .11 NPEFM� य़F LFZ EJFSFODF JT UIF JODPSQPSBUJPO PG QFSTPOBMJUZ BT BO
FNCFEEJOH UIBU DBQUVSFT NPSF DFOUSBMJ[FE USBJUT JO XPSET CFMPOHJOH UP UIBU QBSUJDVMBS QFSTPO�
BMJUZ� 'PS FBDI PG UIF WF QFSTPOBMJUZ UZQFT XF IBWF B MBUFOU SFQSFTFOUBUJPO PG UIF QFSTPOBMJUZ
	P
 BT PQQPTFE UP UIF CJOBSZ FODPEJOH JO .11 NPEFM� 4JNJMBS UP UIF FBSMJFS TF॒JOH UIJT BW�
FSBHF QFSTPOBMJUZ GFBUVSF WFDUPS JT DPODBUFOBUFE XJUI UIF HMPDBM DPOUFYU WFDUPS य़F HFOFSBUJPO
TUFQ JT GPSNBMMZ SFQSFTFOUFE BT�

x̂k ∼
∏

t

Pr(x̂t
k|x̂

<t
k , [zk;P], pi) 	���


य़JT NFBOT UIBU zk JT DPODBUFOBUFE XJUI P UP HJWF QFSTPOBMJUZ JOGPSNFE SFQSFTFOUBUJPO� BOE
UIF HFOFSBUJPO PG FBDI XPSE JT DPOEJUJPOFE PO UIFTF DPODBUFOBUFE GFBUVSFT zk CJOBSZ FODPEJOH
PG UIF QFSTPOBMJUZ pi BOE UIF XPSET HFOFSBUFE TP GBS�

	�
 -BUFOU &ODPEJOH PG 1FSTPOBMJUZ JO %FDPEFS 	-&1%
� *OTUFBE PG BVHNFOUJOH UIF QFS�
TPOBMJUZ USBJUT UP UIF DPOUFYU BT EPOF JO UIF -&1$ NPEFM UIFZ DPVME CF FYQMJDJUMZ VTFE JO FBDI
TUFQ PG EFDPEJOH� य़F MBUFOU SFQSFTFOUBUJPO PG UIF QFSTPOBMJUZ 	P
 JT DPODBUFOBUFE XJUI UIF
XPSE FNCFEEJOH GPS FBDI UJNF TUFQ JO UIF EFDPEFS�

x̂k ∼
∏

t

Pr(x̂t
k|[x̂

<t
k ;P], zk, pi) 	���


य़F HFOFSBUJPO PG FBDI XPSE JT DPOEJUJPOFE PO UIF XPSET HFOFSBUFE TP GBS UIBU BSF BMSFBEZ
DPODBUFOBUFE XJUI UIF BWFSBHF WFDUPS GPS UIF DPSSFTQPOEJOH QFSTPOBMJUZ UIF HMPDBM GFBUVSFT
BOE UIF CJOBSZ FODPEJOH PG UIF QFSTPOBMJUZ�

	�
 4USJQQFE &ODPEJOH PG 1FSTPOBMJUZ JO $POUFYU 	4&1$
� *O PSEFS UP PSJFOU UIF HFOFS�
BUJPO NPSF UPXBSET UIF QFSTPOBMJUZ XF OFFE UP HP CFZPOE UIF TJNQMF BVHNFOUBUJPO PG QFS�
TPOBMJUZ� %FSJWJOH NPUJWBUJPO GSPN OFVSBM TUPSZUFMMJOH� XF VTF B TJNJMBS BQQSPBDI UP TVCUSBDU
DFOUSBM DIBSBDUFSJTUJDT PG XPSET JO B TUPSZ BOE BEE UIF DIBSBDUFSJTUJDT PG UIF QFSTPOBMJUZ� "MPOH
UIF TBNF MJOFT PG DBMDVMBUJOH BO BWFSBHF SFQSFTFOUBUJPO GPS FBDI PG UIF QFSTPOBMJUJFT XF BMTP
PCUBJO BO BWFSBHF SFQSFTFOUBUJPO PG UIF TUPSZ S � य़JT BWFSBHF SFQSFTFOUBUJPO S JOUVJUJWFMZ

�?iiTb,ff;Bi?m#X+QKf`v�MFB`QbfM2m`�H@biQ`vi2HH2`

https://github.com/ryankiros/neural-storyteller
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DBQUVSFT UIF TUZMF PG UIF TUPSZ� &TTFOUJBMMZ UIF TUPSZ TUZMF JT CFJOH TUSJQQFE P UIF DPOUFYU BOE
QFSTPOBMJUZ TUZMF JT JODPSQPSBUFE� य़F NPEJFE HMPDBM GFBUVSF UIBU JT HJWFO UP UIF EFDPEFS JT
PCUBJOFE BT m = zk − S + P � य़F HFOFSBUJPO QSPDFTT JT OPX DPOEJUJPOFE PO m JOTUFBE PG
zk� )FODF UIF HFOFSBUJPO PG FBDI XPSE JO EFDPEJOH JT DPOEJUJPOFE PO UIF XPSET HFOFSBUFE TP
GBS 	x̂<t

k 
 UIF CJOBSZ FODPEJOH PG UIF QFSTPOBMJUZ 	pi
 BOE UIF NPEJFE SFQSFTFOUBUJPO PG UIF
DPOUFYU GFBUVSFT 	m
�

x̂k ∼
∏

t

Pr(x̂t
k|x̂

<t
k ,m, pi) 	���


)FSF OPUF UIBU UIF DPOUFYU GFBUVSFT PCUBJOFE UIVT GBS BSF GSPN UIF WJTVBM EBUB BOE QFSGPSNJOH
UIJT PQFSBUJPO JT B॒FNQUJOH UP BTTPDJBUF UIF WJTVBM EBUB XJUI UIF DFOUSBM UFYUVBM SFQSFTFOUBUJPOT
PG UIF QFSTPOBMJUJFT BOE UIF TUPSJFT�

	�
 4USJQQFE &ODPEJOH PG 1FSTPOBMJUZ JO %FDPEFS 	4&1%
� य़JT NPEFM JT TJNJMBS UP 4&1$
XJUI UIF NPEJDBUJPO PG QFSGPSNJOH UIF TUSJQQJOH BU FBDI XPSE FNCFEEJOH JO UIF EFDPEFS BT
PQQPTFE UP UIF DPOUFYU MFWFM TUSJQQJOH� य़F UJNF TUFQT UP TUSJQ GFBUVSFT BSF BU UIF TFOUFODF
MFWFM JO 4&1$ BOE BSF BU XPSE MFWFM JO UIF 4&1% NPEFM� य़F -45. CBTFE EFDPEFS EFDPEFT
POF XPSE BU B UJNF� "U FBDI PG UIFTF UJNF TUFQT UIF XPSE FNCFEEJOH GFBUVSF E JT NPEJFE BT
ek = E − S + P �

य़JT NPEJDBUJPO JT QFSGPSNFE JO FBDI TUFQ PG UIF EFDPEJOH QSPDFTT� य़FTF NPEJFE GFBUVSFT
BSF VTFE UP HFOFSBUF FBDI TFOUFODF JO UIF GVMM TUPSZ� य़FNPEFM JT USBJOFE UP HFOFSBUF B TFOUFODF
JO UIF TUPSZ BT EFTDSJCFE CFMPX�

x̂k ∼
∏

t

Pr(x̂t
k|e

<t
k , zk, pi) 	���


य़F HFOFSBUJPO PG FBDI XPSE JT DPOEJUJPOFE PO UIF NPEJFE XPSE FNCFEEJOHT VTJOH UIF BGPSF�
NFOUJPOFE USBOTGPSNBUJPO 	e<t

k 
 UIF CJOBSZ FODPEJOHT PG UIF QFSTPOBMJUJFT 	pi
 BOE UIF HMPDBM
DPOUFYU GFBUVSFT�

य़F WBSJPVT NPEFMT EJTDVTTFE BCPWF BSF QSFTFOUFE JO UIF DPOEFOTFE BODIPS GPSNT JO UIF 'JHVSF
����

����� &YQFSJNFOUT BOE 3FTVMUT

य़JT TFDUJPO QSFTFOUT UIF FYQFSJNFOUBM TFUVQ GPS UIF NPEFMT EFTDSJCFE JO g������ &BDI PG UIF
NPEFMT JT BO JODSFNFOUBM FYUFOTJPO PWFS UIF CBTFMJOF HMPDBM NPEFM� य़F IZQFSQBSBNFUFST VTFE
GPS UIJT BSF BT GPMMPXT�

8F CVJME WF TFQBSBUF DMBTTJFST POF GPS FBDI QFSTPOBMJUZ DMVTUFS� /PUF UIBU UIFTF DMVTUFST BSF
BMTP BTTPDJBUFE XJUI QFSTPOBMJUJFT BOE IFODF BSF MBUFS SFGFSSFE UP BT 1 GPMMPXFE CZ UIF DMVTUFS JE
JO UIF GPMMPXJOH TFDUJPOT� 5P CVJME UIF WF CJOBSZ DMBTTJFST XF DSFBUF MBCFM CBMBODFE EBUBTFUT
GPS FBDI DMVTUFS J�F� XF SBOEPNMZ TFMFDU BTNBOZ OFHBUJWF TBNQMFT GSPN UIF SFNBJOJOH � DMVTUFST
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I T I
A’

T

MPP Model 
(Independent)

I

T

A

LEPC & LEPD Models 
(Fusion Anchoring)

I
T

A L(A)

SEPC & SEPD Models 
(Latent Anchoring)

Personality

Baseline 

(Independent)

'९७ॻॸ५ ���� $PNQBSJTPO PG UIF TVSGBDF�GPSN�BODIPSJOH CBTFE PO NVMUJNPEBM JOUFSBDUJPOT GPS
QFSTPOB CBTFE HFOFSBUJPO

BT UIFSF BSF QPTJUJWF TBNQMFT JO UIBU DMVTUFS� 8F VTF UIF USBJO EFW BOE UFTU TQMJU BT JT GSPN
4IVTUFS FU BM� 	����
� य़F EBUBTFU TUBUJTUJDT GPS FBDI PG UIF WF DMVTUFST JT QSPWJEFE JO 5BCMF ����

$MVTUFS 5ZQF 5SBJO %FW 5FTU
$MVTUFS � ����� ���� ����
$MVTUFS � ���� ��� ���
$MVTUFS � ����� ��� ����
$MVTUFS � ���� ��� ���
$MVTUFS � ���� ��� ���

5१२ॲ५ ���� 4UBUJTUJDT PG EBUB CFMPOHJOH UP FBDI PG UIF QFSTPOB DMVTUFST

/PUF UIBU BMM UIF EBUBTFUT IBWF B CBMBODFE EJTUSJCVUJPO PG MBCFMT 0 BOE 1� 'PS PVS FYQFSJNFOUT
JU EPFT OPU NB॒FS UIBU UIF EJTUSJCVUJPO PG UIF OVNCFS PG TBNQMFT JT EJFSFOU CFDBVTF XF CVJME
TFQBSBUF DMBTTJFST GPS FBDI PG UIF DMVTUFST BOE UIFJS PVUQVU JT USFBUFE BT JOEFQFOEFOU GSPN POF
BOPUIFS�

"T TFFO JO 5BCMF ��� BMM UIF DMBTTJFST B॒BJO HPPE BDDVSBDJFT BOE '�TDPSFT PO UIF UFTU TFU�

$� $� $� $� $�
"DD� ����� ����� ����� ����� �����
'� ���� ���� ���� ���� ����

5१२ॲ५ ���� 1FSGPSNBODF PG DMBTTJFST GPS FBDI PG UIF QFSTPOB DMVTUFST

8F OBMMZ DBMDVMBUF UIF SFQSFTFOUBUJPO P GPS FBDI PG UIF WF DMVTUFST BOE UIF SFQSFTFOUBUJPO
S PG TUPSJFT VTJOH FRVBUJPO ���� /PUF UIBU S JT DBMDVMBUFE PWFS UIF WJTVBM TUPSZUFMMJOH EBUBTFU�
य़FTF SFQSFTFOUBUJPOT BSF VTFE CZ PVS HFOFSBUJWF NPEFMT -&1$ -&1% 4&1$ BOE 4&1%�

)ZQFSQBSBNFUFST� य़F IJEEFO TJ[F PG UIF #J�-45. FODPEFS PG UIF TUPSZ UP DBQUVSF DPOUFYU
JT ����� य़F EJNFOTJPOBMJUZ PG UIF HMPDBM DPOUFYU WFDUPS zk JT ����� " ESPQPVU MBZFS PG ��� JT
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2ULJLQDO JUDQGPD�ORYHV�ZKHQ�
DOO�WKH�NLGV�FRPH�RYHU�
WR�YLVLW��

VKH�ZLOO�SLFN�WKHP�
WKHP�XS�DQG�SXW�WKHP�
RQ�KHU�ODS�HYHQ�
WKRXJK�LW��XQN!��

WKH�NLGV�ORYH�HDFK�
RWKHU�DV�ZHOO�JLYLQJ�
ORWV�RI�KXJV�DQG�ORYH��

JUDQGPD�FDQ�QRW�
IRUJHW�KHU�OLWWOH�JLUO�DQG�
JLYHV�KHU�VRPH�ORYH�
DV�ZHOO��

JUDQGSD�VD\V�LW�
V�
WLPH�IRU�FDNH��

*ORFDO WKH�IDPLO\�LV�KDYLQJ�D�
JUHDW�WLPH��

WKH\�DUH�SOD\LQJ�ZLWK�
HDFK�RWKHU��

KH�LV�KDSS\�WR�VHH�KLV�
JUDQGVRQ��

VKH�LV�EHLQJ�VLOO\ WKH�ELUWKGD\�JLUO�LV�
HDWLQJ�D�FDNH��

033 >�PDOH�@�DQG�KLV�
IULHQGV�DUH�KDYLQJ�D�
JUHDW�WLPH��

WKH\�DUH�DOO�VPLOHV�IRU�
WKH�FDPHUD��

HYHU\RQH�LV�HQMR\LQJ�
WKHLU�QHZ�IDPLO\��

>�IHPDOH�@�LV�VR�H[FLWHG�
WR�EH�WKHUH��

VKH�LV�YHU\�KDSS\�
DERXW�KHU�ELUWKGD\��

/(3& WKH�IDPLO\�ZDV�KDYLQJ�
D�JUHDW�WLPH��

WKH\�ZHUH�VR�KDSS\�WR�
EH�WRJHWKHU��

WKH\�ZHUH�KDYLQJ�D�
JRRG�WLPH�ZLWK�
JUDQGVRQ��

VKH�ZDV�YHU\�H[FLWHG�
WR�SOD\�ZLWK�D�NLG��

KH�ZDV�VXUSULVHG�E\�
DOO�RI�KLV�IULHQGV��

/(3' WKH�IDPLO\�ZDV�UHDG\�
WR�VHH�D�ORW�RI�D�SDUW\��

WKH\�KDG�D�JUHDW�WLPH�� WKH\�ZHUH�KDYLQJ�D�ORW�
RI�IXQ��

ZH�KDG�D�JUHDW�GD\�� KH�ZDV�KDSS\�WR�HDW�
FDNH��

6(3& WKH�SDUDGH�ZDV�YHU\�
EHDXWLIXO��

WKHUH�ZHUH�D�ORW�RI�
SHRSOH�WKHUH��

ZH�ZHUH�VR�KDSS\�WR�
EH�D�JUHDW�WLPH��

L�KDG�D�JUHDW�WLPH�� WKLV�ZDV�D�SLFWXUH�RI�
D�OLWWOH�JLUO��

6(3' WKH�IDPLO\�LV�D�JUHDW�
WLPH��

LW�ZDV�D�ORW�RI�D�ELJ�� WKHUH�ZHUH�D�ORW�� L�KDG�D�SLFWXUH�� WKH\�ZHUH�D�YHU\��

'९७ॻॸ५ ���� $PNQBSJTPO PG HFOFSBUFE TUPSJFT GSPN BMM UIF EFTDSJCFE NPEFMT�

BQQMJFE QPTU UIF GVMMZ DPOOFDUFE MBZFS UP PCUBJO UIF JNBHF GFBUVSFT BOE BॏFS UIF HMPCBM GFBUVSFT
PCUBJOFE GSPN #J�-45. XIJDI JT ��MBZFSFE� य़F XPSE FNCFEEJOH EJNFOTJPO VTFE JT ���� य़F
MFBSOJOH SBUF JT �F�� XJUI B XFJHIU EFDBZ PG �F��� "EBN PQUJNJ[FS JT VTFE XJUI CBUDI OPSNBM�
J[BUJPO BOE B NPNFOUVN PG ����� 8FJHIUJOH UIF MPTT GVODUJPOT EJFSFOUMZ JT EPOF UP QFOBMJ[F
UIF NPEFM NPSF JG UIF EFDPEJOH JT BU GBVMU DPNQBSFE UP OPU QSFEJDUJOH UIF TUPSZT QFSTPOBMJUZ�
α JT TFU UP ��� BOE FBDI PG UIF JOEJWJEVBM QFSTPOBMJUZ MPTTFT JT XFJHIUFE CZ B GBDUPS PG ����

य़F SFTU PG UIF � NPEFMT VTF UIF TBNF IZQFSQBSBNFUFS TF॒JOH XJUI BO FYDFQUJPO UP XPSE FN�
CFEEJOH EJNFOTJPO� य़F BWFSBHF QFSTPOBMJUZ 	P
 BOE UIF BWFSBHF TUPSZ 	S
 SFQSFTFOUBUJPOT
BSF PCUBJOFE GSPN QSF�USBJOFE #&35 NPEFM�)FODF UIJT JT B ��� EJNFOTJPOBM WFDUPS� *O PSEFS
UP QFSGPSN UIF TUSJQQJOH PG UIF TUPSZ GFBUVSF BOE BEEJOH UIF QFSTPOBMJUZ GFBUVSFT UP UIF XPSE
FNCFEEJOHT JO UIF EFDPEFS UIF XPSE FNCFEEJOH EJNFOTJPO JT NBUDIFE UP ��� JO UIF 4&1%
NPEFM�

.PEFM $� $� $� $� $�
(MPDBM ����� ����� ����� ����� �����
.11 ����� ����� ����� ����� �����
-&1$ ����� ����� ����� ����� �����
-&1% ����� ����� ����� ����� �����
4&1$ ����� ����� ����� ����� �����
4&1% ����� ����� ����� ����� �����

5१२ॲ५ ���� 1FSGPSNBODF 	JO UFSNT PG BDDVSBDZ
 PG HFOFSBUFE TUPSJFT UP DBQUVSF QFSTPOB
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.PEFM 306(&@-
(MPDBM ������
.11 ������
-&1$ ������
-&1% ������
4&1$ ������
4&1% ������

5१२ॲ५ ���� 306(&@- TDPSFT GPS UIF HFOFSBUFE TUPSJFT CZ FBDI PG PVS NPEFMT

������� BOUJUBUJWFࢉ 3FTVMUT

8FQFSGPSN UXP TFUT PG FYQFSJNFOUT� 	�
 FWBMVBUJOH UIF QFSGPSNBODF PG UIFNPEFMT PO DBQUVSJOH
UIF QFSTPOBMJUJFT JO UIF TUPSZ BOE 	�
 QFSGPSNBODF PG TUPSZ HFOFSBUJPO� य़F GPSNFS FWBMVBUJPO JT
QFSGPSNFE VTJOH UIF QSF�USBJOFE DMBTTJFST 	�����
 PO UIF QFSTPOBMJUZ EBUBTFU� 8F DBMDVMBUF UIF
DMBTTJDBUJPO BDDVSBDZ PG UIF HFOFSBUFE TUPSJFT PG UIF UFTU TFU GPS UIF EFTJSFE UBSHFU QFSTPOBMJUZ�
)PXFWFS XF OFFE UP OPUF UIBU UIF DMBTTJDBUJPO FSSPS PG UIF USBJOFE NPEFMT JT BMTP SFFDUFE
JO UIJT SFTVMU� य़JT FWBMVBUJPO JT EPOF BU B TFOUFODF MFWFM J�F� BDDVSBDZ JT DBMDVMBUFE PWFS FBDI
TFOUFODF PG UIF TUPSZ 	FBDI TFOUFODF PG UIF TUPSZ IBT UIF TBNF UBSHFU QFSTPOBMJUZ BT UIBU PG
UIF FOUJSF TUPSZ
� य़F QFSGPSNBODF PG UIF HFOFSBUJPO JT FWBMVBUFE VTJOH UIF 306(& TDPSF ��
"MUIPVHI UIJT DBQUVSFT UIF HFOFSJD BTQFDU PG HFOFSBUJPO UIF NFUSJD FYQMJDJUMZ EPFT OPU FWBMVBUF
XIFUIFS UIF TUPSZ JT HFOFSBUFE PO B DPOEJUJPOFE QFSTPOBMJUZ� *O UIF GVUVSF XF XPVME BMTP MJLF
UP MPPL BU BVUPNBUJD FWBMVBUJPO PG UIF HFOFSBUFE TUPSJFT XJUI SFTQFDU UP UIF JODPSQPSBUJPO PG
QFSTPOBMJUJFT�

5BCMF ��� TIPXT UIF SFTVMUT PG DMBTTJDBUJPO BDDVSBDZ GPS FBDI PG UIF WF QFSTPOBMJUJFT� 5BCMF ���
TIPXT UIF SFTVMUT PG 306(&@- FWBMVBUJPO� 8F BDLOPXMFEHF UIBU UIFSF XPVME CF B EFWJBUJPO
UP UIJT BVUPNBUJD TDPSF TJODF PQUJNJ[JOH UIF HPME TUBOEBSE HFOFSBUJPO PG B TUPSZ GSPN USBJOJOH
EBUB JT OPU PVS FOE HPBM� 3BUIFS PVS NPEFMT VTF UXP EJTUJODU EBUBTFUT BOE MFBSO UP USBOTGFS UIF
USBJUT BOOPUBUFE JO UIF QFSTPOBMJUZ EJBMPH EBUBTFU JOUP UIF WJTVBM TUPSZUFMMJOH EBUBTFU�

%FTQJUF UIJT XF OPUJDF UIBU UIF -&1$ NPEFM HJWFT DPNQBSBUJWF SFTVMUT UP UIBU PG UIF HMPDBM
NPEFM JO UFSNT PG TUPSZ HFOFSBUJPO� *U JT OPUJDFE UIBU UIF -&1$ NPEFM BMTP HJWFT B TMJHIU JN�
QSPWFNFOU PO UIF DMBTTJDBUJPO BDDVSBDJFT GPS NPTU PG UIF DMVTUFST 	FBDI DMVTUFS SFQSFTFOUJOH
B QFSTPOBMJUZ
� )PXFWFS UIJT JT BO JOTVਖ਼DJFOU SFTVMU UP HFOFSBMJ[F UIBU JODPSQPSBUJOH QFSTPO�
BMJUZ BU UIF DPOUFYU MFWFM QFSGPSNT CF॒FS UIBO UIBU BU UIF XPSE MFWFM TJODF UIF JOWFSUFE TUBODF
JT PCTFSWFE JO 4&1$ BOE 4&1% NPEFMT� 8F QMBO UP JOWFTUJHBUF UIJT GVSUIFS CZ QFSGPSNJOH BC�
MBUJPOT BOE FYBNJOJOH XIJDI PQFSBUJPO JT DBVTJOH UIFTF NPEFMT UP QFSGPSN XFBLMZ� /PUF UIBU
UIF 4&1$ NPEFM QFSGPSNT UIF CFTU JO JODPSQPSBUJOH QFSTPOBMJUZ JO UISFF PG UIF WF QFSTPOBMJUZ
UZQFT� #VU UIJT NPEFM UBLFT B IJU JO UIF BVUPNBUJD TDPSF� य़JT JT CFDBVTF PVS HFOFSBUJWF NPEFMT
BSF EFBMJOH XJUI DPNQFUJOH MPTTFT PS SFDPOTUSVDUJPO PG DMBTTJDBUJPO�

�8F VTF UIF JNQMFNFOUBUJPO GSPN ?iiTb,ff;Bi?m#X+QKfJ�Hmm#�fMH;@2p�H

https://github.com/Maluuba/nlg-eval
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������� BMJUBUJWFࢉ 3FTVMUT

8F QSFTFOU BO FYBNQMF PG UIF TUPSZ HFOFSBUFE CZ FBDI PG UIF NPEFMT QSPQPTFE JO 'JHVSF ����
य़JT FYBNQMF CFMPOHT UP QFSTPOB JO DMVTUFS $�� य़F XPSET DPSSFTQPOEJOH UP UIJT DMVTUFS BSF
IJHIMJHIUFE XJUI CMVF DPMPS JO UIF QFSTPOB�DPOEJUJPOFE HFOFSBUJPO PG UIF TUPSJFT� य़F NBJO
PCTFSWBUJPO JT UIBU BMM PG UIF WF TFOUFODFT JO UIF TUPSZ DPOUBJO B XPSE SFMFWBOU UP IBQQJOFTT
GPS FBDI PG UIF .11 -&1$ BOE -&1% NPEFMT� 4&1$ BOE 4&1% NPEFMT DBQUVSF UIFTF IBQQJ�
OFTT GFBUVSFT JO POMZ UXP BOE POF TFOUFODFT SFTQFDUJWFMZ� य़F HMPDBM NPEFM EPFT OPU DBUFS
FYQMJDJUMZ UP UIF QFSTPOBMJUZ XIJMF PVS QSPQPTFE NPEFMT B॒FNQU UP DBQUVSF UIF QFSTPOB UPOF
JO HFOFSBUJPO� य़JT JT PCTFSWFE JO UIF GPVSUI HFOFSBUFE TFOUFODF JO UIF TFRVFODF CZ FBDI PG
PVS QSPQPTFE NPEFMT� 8IJMF UIF HMPDBM NPEFM VTFT UIF XPSE ڣTJMMZڢ PVS NPEFMT DBQUVSF UIF
UPOF BOE HFOFSBUF ڣFYDJUFEڢ BOE �ڣHSFBUڢ 4JNJMBSMZ GPS UIF ॏI TFOUFODF .11 -&1$ BOE -&1%
HFOFSBUF ڣIBQQZڢ ڣTVSQSJTFEڢ BOE ڣIBQQZڢ SFTQFDUJWFMZ�

*U JT PCTFSWFE UIBU JO NPTU HFOFSBUFE TUPSJFT UIF MBOHVBHF NPEFM IBT UBLFO B SPVHI IJU JO
UIF 4&1% NPEFM� य़JT JT BMTP TVCTUBOUJBUFE JO 'JHVSF ���� य़JT TFFNT UP CF EVF UP TUSJQQJOH
BXBZ UIF FTTFOUJBM XPSE FNCFEEJOH GFBUVSFT UIBU DPOUSJCVUF UP MJOHVJTUJD QSJPST PS MBOHVBHF
NPEFM� य़JT DPVME CF QPUFOUJBMMZ DPSSFDUFE CZ SFUBJOJOH UIF XPSE FNCFEEJOH GFBUVSF BT JT BOE
BVHNFOUJOH JU XJUI UIF TUSJQQFE GFBUVSFT� )BWJOH QSFTFOUFE UIFTF SFTVMUT XF OPUJDF UIBU UIFSF JT
TJHOJDBOU TDPQF GPS JNQSPWJOH UIF HFOFSBUJPO PG UIF TUPSZ XIJMF DBQUVSJOH IJHI�MFWFM QFSTPOB
USBJUT JO HFOFSBUJPO� य़F TDBMBS NBOJQVMBUJPOT UIBU XF IBWF TFFO JO UIJT TFDUJPO TFFN UP BFDU
UIF MBOHVBHF NPEFM UP UIF FYUFOU UIBU JU BFDUT UIF SFBEBCJMJUZ� य़JT NPUJWBUFT PVS QSPQPTFE
XPSL PO EJTFOUBOHMJOH UIF MBUFOU SFQSFTFOUBUJPO UP USBOTGFS UIF QFSTPOBMJUZ GSPN BO FUFSOBM
EBUB TPVSDF UIBU HVJEFT UIF MBUFOU TQBDF UP HFOFSBUF QFSTPOB JOEVDFE TUPSZ�

��� /�(MPCBM "ODIPSJOH JO -BOHVBHF *OGPSNBUJPO

0OF PG UIF NBKPS QSPCMFNT JO UIJT EPNBJO JT UIF EFBSUI PG BOOPUBUFE EBUB 	JODMVEJOH BOOP�
UBUJPOT GPS MFYJDBM MFWFM MBOHVBHF JE JOGPSNBUJPO
 BOE TVCTUBOUJBM DPSQPSB UP USBJO MBSHF�TDBMF
OFVSBM NPEFMT� य़JT NBLFT JU B WBSJBOU PG MPX SFTPVSDF TF॒JOH 	4JUBSBN FU BM� ����
 XJUI OP
EJSFDUMZ BWBJMBCMF EBUB GPS TDBMJOH JU UP MBSHFS NPEFMJOH UFDIOJRVFT� 8F QSFTFOU B OPWFM WBO�
UBHF QPJOU PG DPEF�TXJUDIJOH UP CF TUZMF WBSJBUJPOT CFUXFFO CPUI UIF QBSUJDJQBUJOH MBOHVBHFT�
0VS BQQSPBDI EPFT OPU OFFE BOZ FYUFSOBM BOOPUBUJPOT TVDI BT MFYJDBM MBOHVBHF JE UIFSFCZ OPU
/�MPDBMMZ SFMZJOH PO BEEJUJPOBM BODIPSJOH GPS FBDI VOJU� *OTUFBE JU NBJOMZ SFMJFT PO FBTJMZ PC�
UBJOBCMF NPOPMJOHVBM DPSQPSB XJUIPVU BOZ QBSBMMFM BMJHONFOU BOE B MJNJUFE TFU PG OBUVSBMMZ
DPEF�TXJUDIFE TFOUFODFT� 6UJMJ[JOH UIJT EBUB XF SFMZ PO B EJTDSJNJOBUPS UIBU EFDJEFT XIFUIFS
UIF HJWFO TFOUFODF JT� 	�
 DPEF�TXJUDIFE PS NPOPMJOHVBM BOE 	�
 OBUVSBMMZ DPEF�TXJUDIFE PS
SBOEPNMZ TXJUDIFE� य़F MBUFOU SFQSFTFOUBUJPO EFSJWFE GSPN UIF NPOPMJOHVBM EBUB JT SFQSFTFO�
UBUJWF PG FBDI PG UIFTF TUZMFT JO XIJDI UIF HFOFSBUJPO PG DPEF�TXJUDIFE UFYU JT BODIPSFE BU UIF
TFOUFODF MFWFM� 8F QSPQPTF B UXP�TUBHF HFOFSBUJWF BEWFSTBSJBM USBJOJOH BQQSPBDI XIFSF UIF
STU TUBHF HFOFSBUFT DPNQFUJUJWF OFHBUJWF FYBNQMFT GPS DPEF�TXJUDIFE BOE UIF TFDPOE TUBHF
HFOFSBUFT NPSF SFBMJTUJD DPEF�TXJUDIFE TFOUFODFT� 8F QSFTFOU PVS FYQFSJNFOUT PO UIF GPMMPX�
JOH QBJST PG MBOHVBHFT� 4QBOJTI�&OHMJTI .BOEBSJO�&OHMJTI )JOEJ�&OHMJTI BOE "SBCJD�'SFODI�
8F TIPX UIBU UIF USFOET JO NFUSJDT GPS HFOFSBUFE DPEF�TXJUDIFE TFOUFODFT NPWF DMPTFS UP SFBM
EBUB JO FBDI PG UIF BCPWF MBOHVBHF QBJST UISPVHI UIF EVBM�TUBHF USBJOJOH QSPDFTT� 8F CFMJFWF
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UIJT WJFXQPJOU PG DPEF�TXJUDIJOH BT TUZMF WBSJBUJPOT PQFOT OFX QFSTQFDUJWFT UP EFBMJOH XJUI
UIJT GPSN PG TVSGBDF SFBMJ[BUJPO� य़FSF BSF QMFOUZ PG NPOPMJOHVBM DPSQPSB BWBJMBCMF GPS FBDI PG
UIF QBSUJDJQBUJOH MBOHVBHFT� 8F QSFTFOU B OPWFM TUBOEQPJOU UP USBOTGFS LOPXMFEHF GSPN NPOP�
MJOHVBM DPSQPSB XJUIPVU BEEJUJPOBM BOOPUBUJPOT TVDI BT MBOHVBHF JET PS QBSTF USFFT� य़F SFDFOU
BEWBODFT JO DSPTT�MJOHVBM QSF�USBJOFE MBOHVBHF NPEFMT 	"SUFUYF BOE 4DIXFOL ����� $POOFBV
BOE -BNQMF ����
 DBMM PVU GPS WBTU BNPVOUT PG DPEF�TXJUDIFE EBUB� )FODF PVS XPSL PO BVUP�
NBUJD HFOFSBUJPO PG $4 UFYU JT SFMFWBOU GPS TFWFSBM EPXOTUSFBN UBTLT�

8F QSPQPTF B OPWFM WBOUBHF QPJOU GPS DPEF�TXJUDIFE UFYU UP CF PCTFSWFE BT B TUZMJTUJD WBSJBUJPO
CFUXFFO UIF QBSUJDJQBUJOH FNCFEEFE BOE NBUSJY MBOHVBHFT� 'PS UIF TDPQF PG UIJT QBQFS XF
EFOF UIF TUZMF WBSJBUJPOT CFUXFFO MBOHVBHFT UP CF FYUSJOTJD QSPQFSUJFT TVDI BT TVSGBDF MFYJ�
DBM GPSNT BOE JOUSJOTJD QSPQFSUJFT TVDI BT VOEFSMZJOH HSBNNBS XPSE PSEFS FUD� 8F BEESFTT
UIJT QSPCMFN XJUI BEWFSTBSJBM USBJOJOH JO UXP TUBHFT� 	�
 4UBHF �� USBOTGFS UIF TUZMF PG FBDI PG
UIF NPOPMJOHVBM QBSUJDJQBUJOH MBOHVBHFT JOUP UIF DPOUFOU PG UIF PUIFS MBOHVBHF� 	�
 4UBHF ��
EJTDSJNJOBUJOH CFUXFFO UIF JODPSSFDUMZ TXJUDIFE BOE OBUVSBMMZ TXJUDIFE TFOUFODFT� य़F GPVS
TUZMFT JO QMBZ IFSF BSF UIF GPMMPXJOH� 	�
 lm� NBUSJY MBOHVBHF TUZMF 	�
 le� FNCFEEFE MBOHVBHF
TUZMF 	�
 la� JODPSSFDU�BSUJDJBM DPEF�TXJUDIJOH TUZMF 	�
 ln� OBUVSBM DPEF�TXJUDIJOH TUZMF� *OUV�
JUJWFMZ FBDI PG UIF HFOFSBUFE TFOUFODF IBT /�(MPCBM BODIPST JO POF PG UIFTF TUZMFT lx XIFSF
x ∈ (m, e, a, n)� य़F HPBM JT UP USBWFSTF TNPPUIMZ BDSPTT UIFTF TUZMFT XJUIPVU BFDUJOH UIF
DPOUFOU� य़F STU TUBHF HFOFSBUFT OFHBUJWF FYBNQMFT GBDJMJUBUJOH UIF EJTDSJNJOBUJWF USBJOJOH GPS
UIF TFDPOE TUBHF� य़JT EVBM�TUBHF USBJOJOH FMJNJOBUFT UIF OFFE GPS BEEJUJPOBM MJOHVJTUJD BOOP�
UBUJPOT TVDI BT MBOHVBHF JE VTFE CZ TFWFSBM DPOUFNQPSBSZ XPSLT� 8F QSFTFOU PVS SFTVMUT PO
GPVS QBJST PG MBOHVBHFT�

����� %BUBTFUT %FTDSJQUJPO

&BDI PG UIF QBSUJDJQBUJOH NPOPMJOHVBM V॒FSBODFT 	CFMPOHJOH UP M 	NBUSJY MBOHVBHF
 BOE E
	FNCFEEFE MBOHVBHF
 BSF USFBUFE BT UXP EJTUJODU TUZMFT� /PUF UIBU UIF TFOUFODFT BSF OPU BMJHOFE
FJUIFS BU UIF QISBTF PS TFOUFODF MFWFMT� 8F FYQMPSFE DPEF�TXJUDIJOH GPS GPVS MBOHVBHF QBJST BT
QSFTFOUFE JO 5BCMF �����

य़F SFBTPOT CFIJOE TFMFDUJOH UIFTF MBOHVBHF QBJST BSF NVMUJ�TUFQ� 8F TFMFDUFE )JOHMJTI BOE
4QBOHMJTI TJODF UIFZ BSF XJEFMZ TQPLFO MBOHVBHFT� य़F VTBHF PG )JOEJ JO )JOHMJTI JT DPNNPOMZ
SPNBOJ[FE CSJOHJOH JO B OFX WBSJFUZ UP UIF QMBUGPSN� 4QBOHMJTI BOE )JOHMJTI UIVT IBWF WFSZ
DMPTF TDSJQUT BT PQQPTFE UP .BOEBSJO�&OHMJTI XIFSF UIF TDSJQUT BSF EJFSFOU� 8IJMF UIF XPSE
PSEFS GPS &OHMJTI 4QBOJTI .BOEBSJO BOE 'SFODI JT TVCKFDU�WFSC�PCKFDU 	470
 UIF TBNF GPS
)JOEJ JT TVCKFDU�PCKFDU�WFSC 	407
 BOE "SBCJD JT WFSC�TVCKFDU�PCKFDU 	740
� य़FTF EJFSFODFT
GBDJMJUBUF UIF TUZMJTUJD B॒SJCVUFT UP UIF NJYJOH PG UIFTF MBOHVBHFT�

����� .PEFM %FTDSJQUJPO

य़F UXP QSPCMFNT XF BEESFTT BSF SFQFBMJOH UIF OFFE GPS BOOPUBUJPOT 	TVDI BT MBOHVBHF JE
 PO
$4 EBUB BOE NBYJNJ[JOH UIF VUJMJ[BUJPO PG NPOPMJOHVBM EBUB� #PUI UIF JTTVFT BSF BEESFTTFE
VTJOH B UXP�TUBHF HFOFSBUJWF BEWFSTBSJBM USBJOJOH QBSBEJHN XJUI B USBOTGPSNFS�CBTFE BVUPFO�
DPEFS� य़F VOBWBJMBCJMJUZ PG QBSBMMFM TFOUFODFT JT UBDLMFE CZ QSFTFSWJOH UIF TFNBOUJDT PG UIF
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-BOHVBHF .POPMJOHVBM $PEF�4XJUDIFE
4QBOJTI (SB FU BM� 	����
 %FVDIBS FU BM� 	����
&OHMJTI #VE[JBOPXTLJ FU BM�

	����

.BOEBSJO 5JBO FU BM� 	����
 -ZV FU BM� 	����
&OHMJTI #VE[JBOPXTLJ FU BM�

	����

)JOEJ .BUIVS FU BM� 	����
 .BUIVS FU BM� 	����
&OHMJTI .BUIVS FU BM� 	����

"SBCJD 4POH FU BM� 	����
 $P॒FSFMM FU BM� 	����
'SFODI ,PFIO 	����


5१२ॲ५ ����� .POPMJOHVBM BOE $PEF�4XJUDIFE %BUBTFUT VTFE GPS USBJOJOH 4UBHF � BOE 4UBHF �

PSJHJOBM TFOUFODF PG POF MBOHVBHF BOE NJYJOH UIF B॒SJCVUFT PG UIF PUIFS MBOHVBHF XJUIPVU EJT�
FOUBOHMJOH UIF SFQSFTFOUBUJPO JOUP UIFTF UXP QSPQFSUJFT� 'PMMPXJOH BSF UIF UXP TUBHFT JOWPMWFE�

4UBHF � � य़F FNCFEEFE BOE NBUSJY MBOHVBHFT BSF NJYFE JO BSCJUSBSZ XBZT UP HFOFSBUF $4
UFYU� य़JT TUBHF TJNQMZ VTFT UIF DPSQPSB GSPN FBDI MBOHVBHF BT BO JOEJWJEVBM TUZMF�

4UBHF � � य़F TFOUFODFT HFOFSBUFE BॏFS 4UBHF �XFSF OPU TVQFSWJTFE WJB BOZ SFBM $4 TFOUFODFT�
)FODF UIFZ BSF VTFE BT OFHBUJWF FYBNQMFT 	XJUI TUZMF la
 BHBJOTU MJNJUFE BNPVOU PG $4 UFYU
	XJUI TUZMF ln
 UP HFOFSBUF OBUVSBMMZ TXJUDIFE TFOUFODFT�

य़F BSDIJUFDUVSF SFNBJOT UIF TBNF GPS CPUI TUBHFT FYDFQU GPS WBSJBUJPO JO IZQFSQBSBNFUFST�
'JHVSF ���� QSFTFOUT PVS ("/ TFUVQ GPS 4UBHF �� य़F GPMMPXJOH TVCTFDUJPOT QSFTFOU UIF PX
CZ JOTUBOUJBUJOH GPS 4UBHF � GPS SFBEBCJMJUZ� य़F TBNF QSPDFTT JT BQQMJFE GPS 4UBHF � XJUI UIF
EJFSFODF PG VTJOH QPTJUJWF BOE OFHBUJWF FYBNQMFT PG $4 TFOUFODFT�

(FOFSBUPS य़F HFOFSBUPS JO PVS BSDIJUFDUVSF DPNQSJTFT PG USBOTGPSNFS CBTFE FODPEFS BOE
EFDPEFS� *O 4UBHF � PVS USBOTGPSNFS FODPEFS UBLFT JO UIF NBUSJY MBOHVBHF TFOUFODF 	sm ∈ M

 BMPOH XJUI UIF NBUSJY MBOHVBHF FODPEJOH PS TUZMF 	lm
 BOE QSPEVDFT B MBUFOU SFQSFTFOUBUJPO
	zm,m
�

zm,m = TransEnc(sm, lm)∀sm ∈ M 	����


8F VTF UIJT zm,m BMPOH XJUI UIF PSJHJOBM NBUSJY MBOHVBHF TFOUFODF sm BOE UIF NBUSJY MBO�
HVBHF FODPEJOH lm UP SFDPOTUSVDU UIF PSJHJOBM TFOUFODF sm� (SFFEZ EFDPEJOH JT QFSGPSNFE
UIBU VTFT BSHNBY XIJDI JT OPO�EJFSFOUJBCMF UP DPNQVUF UIF MPTT GPS SFDPOTUSVDUJOH UIF PSJHJ�
OBM TFOUFODF 	LG(matrix)
�

LG(matrix) = −
∑

sm∈M
log(Pr(sm|sm, l = m)) 	����


/FYU UIF TBNF NBUSJY MBOHVBHF TFOUFODF sm JT DPOTJEFSFE BMPOH XJUI UIF FNCFEEFE MBOHVBHF
FODPEJOH le UP QSPEVDF B MBUFOU SFQSFTFOUBUJPO 	zm,e
�

zm,e = TransEnc(sm, le)∀sm ∈ M 	����
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Embedding Fusion

Transformer  
Encoder

Positional  
Encoding

Embedding Fusion

Transformer  
Decoder

Positional  
Encoding

Matrix Language

Encoding

Matrix Language

Sentence

Embedded Language

Encoding

Matrix Language

Encoding

Matrix Language

Sentence

Embedded Language

Encoding

Continuous 
Softmax Softmax Argmax

Generator

LG(matrix) 
Matrix language sentence in 

matrix language style

LG(embedded) 
Matrix language sentence in 

embedded language style

Discriminator

LD(matrix)

LD(embedded)

'९७ॻॸ५ ����� 5SBOTGPSNFS CBTFE ("/ BSDIJUFDUVSF GPS HFOFSBUJOH $4 UFYU� /PUF� Fࡋ TBNF
BSDIJUFDUVSF JT VTFE GPS UXP TUBHFT� .BUSJY MBOHVBHF TFOUFODF JT UIF FNCFEEJOH PG UIF UFYU BOE

MBOHVBHF FODPEJOH JT UIF FNCFEEJOH PG UIF MBOHVBHF�

य़JT zm,e JT VTFE UP SFDPOTUSVDU UIF PSJHJOBM TFOUFODF sm� य़JT NFBOT UIBU UIF NPEFM JT BU�
UFNQUJOH UP SFDPOTUSVDU UIF DPOUFOU PG UIF PSJHJOBM TFOUFODF XIJMF WBSZJOH UIF TUZMF J�F� MBO�
HVBHF FODPEJOH� य़F MPTT DPSSFTQPOEJOH UP UIJT SFDPOTUSVDUJPO JT 	LG(embedded)
�

LG(embedded) = −
∑

sm∈M
log(Pr(sm|sm, l = e)) 	����


4JNJMBSMZ DPSSFTQPOEJOH DPVOUFSQBSUT VTJOH ze,e BOE ze,m BSF HFOFSBUFE�

%JTDSJNJOBUPS य़F EJTDSJNJOBUPS JT B DMBTTJFS UIBU QSFEJDUT XIFUIFS UIF DVSSFOU EJTUSJCV�
UJPO JT DMPTFS UP UIF PSJHJOBM MBUFOU TQBDF PS UIF HFOFSBUFE MBUFOU TQBDF� य़F QVSQPTF PG UIF
HFOFSBUPS SFDPOTUSVDUJOH UIF PSJHJOBM TFOUFODF sm XJUI NBUSJY MBOHVBHF FODPEJOH lm 	DPO�
USJCVUJOH UP LG(matrix)
 JT TPMFMZ UP NBLF TVSF UIBU UIF HFOFSBUPS JT SFUBJOJOH UIF DPOUFOU
PG UIF PSJHJOBM TFOUFODF BOE IBT OP DPOUSJCVUJPO UPXBSET USBJOJOH UIF EJTDSJNJOBUPS� 0O UIF
PUIFS IBOE UIF HFOFSBUJPO PG UIF TFOUFODF sm XJUI FNCFEEFE MBOHVBHF FODPEJOH le TBZ sm,e

FTTFOUJBMMZ FTUBCMJTIFT PVS FOE HPBM� *O UIF ("/ BSDIJUFDUVSF XF OPX IBWF UXP DIPJDFT J�F�
TBNQMJOH B TFOUFODF GSPN� 	�
 PSJHJOBM EJTUSJCVUJPO sm,m J�F� UIF NBUSJY MBOHVBHF TFOUFODF
XJUI UIF NBUSJY MBOHVBHF FODPEJOH PS 	�
 EJTUSJCVUJPO GSPN UIF HFOFSBUPS sm,e J�F� UIF NBUSJY
MBOHVBHF TFOUFODF XJUI UIF FNCFEEFE MBOHVBHF FODPEJOH� य़F QPTJUJWF FYBNQMFT UP USBJO UIF
EJTDSJNJOBUPS DPNF GSPN SFBM TFOUFODFT XIJDI BSF USBJOFE CZ NBYJNJ[JOH UIF QSPCBCJMJUZ GPS
QSFEJDUJOH UIBU JU CFMPOHT UP MBCFM N�

LD(matrix) = −
∑

log(Pr(m|zm,m, l = m)) 	����


0OF QBSUJDVMBS QSPCMFN GPS USBJOJOH ("/T JO UIF UFYU EPNBJO JT UIF OPO�EJFSFOUJBCMF GVODUJPO
PG BSHNBY UIBU JT QFSGPSNFE JO EFDPEJOH� य़FSF BSF UISFF QSPNJOFOU TPMVUJPOT UP BEESFTT UIJT
QSPCMFN JODMVEJOH 3&*/'03$& 	8JMMJBNT ����
 (VNCFM�4PॏNBY 	+BOH FU BM� ����
 NBOJQV�
MBUJOH UIF MBUFOU TQBDF� 8F QSPDFFE XJUI UIF UIJSE PQUJPO CZ QFSGPSNJOH B DPOUJOVPVT TPॏNBY
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PG UIF XPSET UIVT FMJNJOBUJOH UIF OFFE UP QFSGPSN BSHNBY XIJDI JT EFTDSJCFE JO EFUBJM IFSF�
-FU UIF WPDBC TJ[F CF V BOE UIF FNCFEEJOH EJNFOTJPO CF H� *OTUFBE PG EJTDSFUFMZ NBLJOH B
TFMFDUJPO PG UIF FNCFEEJOH PWFS UIF WPDBCVMBSZ TQBDF UP TFMFDU FBDI XPSE XF QFSGPSN DPOUJO�
VPVT TPॏNBY� य़F OBM TPॏNBY MBZFS JO UIF EFDPEFS QSPWJEFT VT XJUI B WFDUPS PG TJ[F 1 × V �
.VMUJQMZJOH UIJT XJUI UIF FNCFEEJOH XFJHIUT 	V×H
 SFTVMUT JO 1×H WFDUPST GPS FBDI XPSE�
/PUF UIBU JO UIF DBTF PG BSHNBY XF NBLF B EJTDSFUF TFMFDUJPO PG UIF XPSE XIFSFBT JO UIF
DBTF PG DPOUJOVPVT TPॏNBY XF BSSJWF BU B TPॏ SFQSFTFOUBUJPO PG UIF XFJHIUFE DPNCJOBUJPO
PG QSPQFSUJFT PG UIF XPSET BDSPTT EJFSFOU XPSET JO UIF WPDBCVMBSZ� य़FSFGPSF UIF MB॒FS EPFT
OPU FOGPSDF UIJT TPॏ SFQSFTFOUBUJPO UP CF B XPSE� य़JT QBSUJBMMZ EFDPEFE SFQSFTFOUBUJPO OPX
QBTTFT UISPVHI UIF USBOTGPSNFS FODPEFS UP BSSJWF BU B MBUFOU SFQSFTFOUBUJPO UP CF GFE JOUP UIF
EJTDSJNJOBUPS�

LD(embedded) = −
∑

log(Pr(e|zm,e, l = e)) 	����


%VBM 4UBHF 5SBJOJOH 4FUVQ� य़F UBTL PG HFOFSBUJOH $4 UFYU OPU POMZ FOUBJMT NJYJOH MBO�
HVBHFT CVU BMTP NJYJOH UIFN BQQSPQSJBUFMZ� य़JT NFBOT UIBU PVS EJTDSJNJOBUPS QFSGPSNT UXP
UBTLT PG EJTDSJNJOBUJOH CFUXFFO� 	�
 UIF QBSUJDJQBUJOH MBOHVBHFT PXJOH UP UIF BTZNNFUSZ CF�
UXFFO UIFJS JOUFSBDUJPOT TVDI BT NBUSJY BOE FNCFEEFE MBOHVBHFT 	4UBHF �
 BOE 	�
 JODPSSFDUMZ
BOE DPSSFDUMZ TXJUDIFE MBOHVBHFT 	4UBHF �
� )FODF XF EJTTPMWF UIF USBJOJOH QSPDFEVSF JOUP UXP
TUBHFT XJUI FBDI TUBHF EFEJDBUFE UP POF PG UIF BGPSFNFOUJPOFE UBTLT� *O 4UBHF � UIF TFOUFODFT
GSPN sm ∈ M BSF USBOTGFSSFE UP UIF TUZMF PG le 	sm,e
� 4JNJMBSMZ UIF DPOWFSTF QSPEVDFT UIF
TFOUFODFT se,m J�F� TFOUFODFT JO UIF FNCFEEFE MBOHVBHF JO UIF TUZMF PG UIF NBUSJY MBOHVBHF�
4JODF UIFSF JT OP TVQFSWJTJPO GSPN OBUVSBMMZ $4 TFOUFODFT XF EFMFHBUF UIJT SFTQPOTJCJMJUZ UP
UIF TFDPOE TUBHF PG USBJOJOH XJUI UIF TBNF BSDIJUFDUVSF� 8F VTFE sm,e BT OFHBUJWF FYBNQMFT PG
$4 TFOUFODFT GPS 4UBHF � PG USBJOJOH� 8F IBWF BMTP FYQFSJNFOUFE XJUI B SBOEPN TVCTFU PG sm,e

BOE se,m BT OFHBUJWF FYBNQMFT� य़JT QFSGPSNFE XPSTF UIBO UIF GPSNFS TF॒JOH TJODF sm,e IBT
UIF VOEFSMZJOH HSBNNBUJDBM TUSVDUVSF PGM UIFSFCZ HFOFSBUJOH TUSPOHFS OFHBUJWF FYBNQMFT GPS
BEWFSTBSJBM USBJOJOH�

'JHVSF ���� QSFTFOUT B DPNQBSJTPO PG UIF DPOEFOTFE GPSNT PG BODIPSJOH UIF UFYU XJUI UIF UPLFO
MFWFM MBOHVBHF JET�

L T

Baseline 

(Independent)

CS_Gen

L
T

A L(A)

Proposed Model 

(Latent Anchoring)

'९७ॻॸ५ ����� $PNQBSJTPO PG UIF TVSGBDF�GPSN�BODIPSJOH CBTFE PO EJTDSJNJOBUPS GPS MBOHVBHF
HFOFSBUJPO

)ZQFSQBSBNFUFS TFUVQ� 8F VTFE UISFF MBZFST PG USBOTGPSNFS FODPEFST BOE EFDPEFST XJUI
B NBYJNVN TFRVFODF MFOHUI PG �� XPSET� य़F XPSE FNCFEEJOH EJNFOTJPO JT ��� XJUI ���
JUFSBUJPOT PG QSF�USBJOJOH UIF HFOFSBUPS CFGPSF USBJOJOH PVS ("/� *O 4UBHF � UIFSF JT NJOJNBM
PWFSMBQ PG WPDBCVMBSZ CFUXFFO UIF MBOHVBHFT� य़JT JT DPOUSBSZ UP EBUB JO UZQJDBM TUZMF USBOTGFS
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'९७ॻॸ५ ����� 5SFOET JO NFUSJDT GPS FWBMVBUJOH UIF HFOFSBUJPO PG $4 UFYU GPS GPVS MBOHVBHF QBJST
JO EVBM TUBHF USBJOJOH� Fࡋ EPࡇFE MJOF PG FBDI DPMPS CFODINBSLT UIF DPSSFTQPOEJOH NFUSJD GPS SFBM

$4 EBUB�

EBUBTFUT XIJDI IBWF PWFSMBQQJOH WPDBCVMBSZ TQBDFT� )FODF UIF EJTDSJNJOBUPS MFBSOT NVDI
GBTUFS UIBO UIF HFOFSBUPS JO PVS DBTF� 5P DPNCBU UIJT UIF MFBSOJOH SBUF JO 4UBHF � GPS UIF
HFOFSBUPS JT �F�� BOE UIF EJTDSJNJOBUPS JT �F��� 'PS 4UBHF � UIF HFOFSBUPS BOE EJTDSJNJOBUPS
BSF JOJUJBMJ[FE XJUI NPEFMT MFBSOU JO 4UBHF � UIFSFCZ USBOTGFSSJOH UIF LOPXMFEHF PG FBDI PG
UIF MBOHVBHFT� )PXFWFS UP RVJDLMZ BEBQU UP UIF QBSBNFUFS TQBDF PG 4UBHF � XF VTF TMBOUFE
USJBOHVMBS MFBSOJOH SBUF 	)PXBSE BOE 3VEFS ����
 XJUI B TIPSU MJOFBS JODSFBTF QFSJPE GPMMPXFE
CZ B MPOHFS EFDBZ QFSJPE� "EBN PQUJNJ[FST BSF VTFE UISPVHIPVU UIF NPEFM� 8F QMBO UP SFMFBTF
PVS DPEF NPEFMT BOE HFOFSBUFE TBNQMFT VQPO BDDFQUBODF�

"ODIPS 3FQSFTFOUBUJPO य़F /�(MPCBM BODIPS JT JODPSQPSBUFE JO UIF GPSN PG TUZMF BMPOH
XJUI FBDI TFOUFODF JO UIF GPSN PG POF PG lm le la PS ln� य़JT FODPEJOH JT OPU QSPWJEFE GPS
FBDI MFYJDBM VOJU CVU HVJEFT UIF FOUJSF TFOUFODF� 4JNJMBSMZ UIF QFOBMUZ JT PCTFSWFE GPS UIF FOUJSF
TFOUFODF J�F� UIF EJTDSJNJOBUPS BT EFTDSJCFE JO UIF OFYU TVCTFDUJPO NPEFMT UIF QSPCBCJMJUZ PG
UIF MBUFOU SFQSFTFOUBUJPO CFMPOHJOH UP POF PG UIF BCPWF TUZMFT� /PUF UIBU JO FBDI TUBHF UIF
EJTDSJNJOBUPS BDUT UP DMBTTJGZ UIF MBUFOU SFQSFTFOUBUJPO JOUP UXP DMBTTFT� *O 4UBHF � UIFTF DMBTTFT
BSF lm BOE le BOE JO 4UBHF � UIFTF DMBTTFT BSF la BOE ln�

����� &YQFSJNFOUT BOE 3FTVMUT

8F QSFTFOU PVS SFTVMUT PO GPVS QBJST PG MBOHVBHFT GSPN 5BCMF ����� 8F FWBMVBUF USFOET JO EJG�
GFSFOU NFUSJDT PG $4 QSPQPTFE CZ (V[N¡O FU BM� 	����
 JO PVS EVBM�TUBHF USBJOJOH� $POTPMJEBUFE
SFTVMUT BSF QSFTFOUFE JO 'JHVSF ����� .FUSJDT UIBU XF MPPL JOUP BSF NVMUJMJOHVBM�JOEFY MBOHVBHF
FOUSPQZ JOUFHSBUJPO�JOEFY BOE CVSTUJOFTT� *O 'JHVSF ���� ۜ4UBHF � DPOUBJOT HFOFSBUFE TFOUFODFT
sm,e� य़F NPEFM MFBSOU JO 4UBHF � IBT PQUJPOT UP HFOFSBUF GSPN OFHBUJWF FYBNQMFT PS PSJHJOBM
UFYU PG FBDI MBOHVBHF BT TPVSDF� ۜ4UBHF � DPOUBJOT TFOUFODFT HFOFSBUFE VTJOH OFHBUJWF FYBN�
QMFT GSPN 4UBHF � BT TPVSDF� 4JNJMBSMZ ۜ'SPN <MBOH> VTFT UIF DPSSFTQPOEJOH MBOHVBHF BT
TPVSDF UP USBOTGFS TUZMF UP SFBM $4� 8F PCTFSWF UIBU UIF NFUSJDT NPWF DMPTFS UP SFBM $4 JO ۜ4UBHF
� BT DPNQBSFE UP ۜ4UBHF �� 8JUIJO ۜ4UBHF � NFUSJDT BSF DMPTFS UP SFBM $4 EBUB XIFO UIF TPVSDF
UFYU CFMPOHT UP M JO DPNQBSJTPO UP E PS sm,e GSPN 4UBHF �� 8F QMBO UP FYQMPSF QSPQFSUJFT PG
TZOUBDUJD BOE TFNBOUJD NJYJOH JO FBDI TUBHF JO PVS GVUVSF XPSL�
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������� )VNBO &WBMVBUJPO

8F DPOEVDU IVNBO FWBMVBUJPO JO UIF GPSN PG QSFGFSFODF UFTUJOH CFUXFFO HSPVQT PG TFOUFODFT
XJUI UFO IVNBO TVCKFDUT GPS HFOFSBUFE )JOHMJTI FBDI XJUI UFO CBUDIFT PG TFOUFODFT� &BDI
CBUDI IBT UXP TFUT PG TFOUFODFT 	FBDI TFU IBWJOH � TFOUFODFT
� य़F STU TFU JT GSPN 4UBHF �
BOE UIF TFDPOE TFU JT GSPN 4UBHF � XIJDI BSF KVNCMFE SBOEPNMZ� य़F QSFGFSFODF UFTUJOH JT
EPOF BU UIF TFU MFWFM� 8F BTL UIF IVNBO FWBMVBUPST UP TFMFDU B TFU UIBU TFFNTڢ NPSF OBUVSBMڣ�
य़F JOTUBODFT BSF HSPVQFE MFOHUIXJTF J�F BNPOH �� JOTUBODFT� TIPSU�MFOHUI JO UIF SBOHF PG ���
XPSET 	� TFUT
 NFEJVN�MFOHUI JO UIF SBOHF PG ���� XPSET 	� TFUT
 MPOH�MFOHUI JO UIF SBOHF PG
����� XPSET 	� TFUT
�

0WFSBMM UIF TFOUFODFT HFOFSBUFE GSPN 4UBHF � BSF QSFGFSSFE ��� PG UIF UJNF� %JTTFDUJOH UIFN
MFOHUI�XJTF 4UBHF � JT QSFGFSSFE ��� JO TIPSU�MFOHUI ��� JO NFEJVN�MFOHUI BOE ��� JO MPOH�
MFOHUI� य़JT TIPXT UIBU UIPVHI 4UBHF � HFOFSBUJPO JT DMFBSMZ QSFGFSSFE GPS BMM SBOHFT PG TFOUFODF
MFOHUIT JU JT CF॒FS JO HFOFSBUJOH MPOHFS TFOUFODFT JO DPNQBSJTPO UP TIPSUFS TFOUFODFT�

������� BMJUBUJWFࢉ "OBMZTJT

य़F GPMMPXJOH BSF TPNF PG UIF DPNNPO GPSNT PG FSSPST PCTFSWFE JO UIF HFOFSBUFE UFYU GPS
)JOHMJTI XIFO USBJOFE PO UIF CMPHHJOH EBUB DPMMFDUFE GSPN $IBOEV FU BM� 	����
 PO XIJDI
TJNJMBS USFOET JO SFTVMUT GSPN )JOHMJTI JO 'JHVSF ���� XFSF PCTFSWFE�

• (FOEFS %JTBHSFFNFOU� 'PS JOTUBODF DPOTJEFS UIF TFOUFODF ۜLZVOLJ ZF TDBN CIJ IP TBLUJ IBJ
	.FBOJOH� CFDBVTF UIJT DBO BMTP CF B TDBN
� य़F HFOEFS PG UIF EJSFDU PCKFDU XIJDI JT ۜTDBN
TIPVME BHSFF XJUI UIF JOFDUJPO PG UIF WFSC ۜTBLUJ� )FODF UIJT TIPVME IBWF CFFO ۜTBLUB� य़F
HFOEFS PG UIF XPSE ۜTDBN 	XIJDI JT B CPSSPXFE XPSE GSPN FNCFEEFE MBOHVBHF &OHMJTI
 JT
VOLOPXO JO UIF NBUSJY MBOHVBHF TP JU XPVME CF QSFTVNFE UP CF NBTDVMJOF� #VU UIJT TFOUFODF
VTFE B GFNJOJOF WFSC QISBTF�

• *ODPSSFDU $BTF NBSLFST� ۜBHBS BBQ CIJ ZF QPTU QBTBOE BBZF UPI BBQ QVDI TBLUF IBJ 	.FBOJOH�
*G UIJT QPTU JT QMFBTJOH UP ZPV BMTP UIFO ZPV DBO BTL
� य़F XPSET ۜUP ZPV JT TVQQPTFE UP CF JO
EBUJWF DBTF XIJDI JT ۜBBQ LP JO UIF STU DMBVTF PG UIF TFOUFODF� )PXFWFS ۜBBQ XIJDI JT JO UIF
OPNJOBUJWF DBTF JT HFOFSBUFE�

• 4FNBOUJDBMMZ JODPSSFDU � SBOEPN NJYJOH� 4PNFUJNFT UIF NPEFM BMTP HFOFSBUFT DPNQMFUFMZ
SBOEPN NJY PG XPSET� 'PS JOTUBODF UIJT JT POF PG UIF TFOUFODFT GSPN UIF PVUQVU� ۜBN CBIVU IJ
BDIDIJ KBOLBSJ BBQLP QBUB IJ IPHB 	-PPTFMZ 5SBOTMBUFE .FBOJOH� WFSZ HPPE JOGPSNBUJPO ZPV
NVTU CF LOPXJOH
� य़F TFOUFODF EPFT OPU DPOWFZ B DPIFSFOU NFBOJOH� य़F XPSE PSEFS PG UIF
TFOUFODF JT BMTP KVNCMFE BOE EPFT OPU TUSJDUMZ CFMPOH UP FJUIFS PG UIF NBUSJY PS UIF FNCFEEFE
MBOHVBHFT�

• /P NJYJOH� *O TPNF DBTFT UIF FOUJSF TFOUFODF JT CVJMU GSPN XPSET CFMPOHJOH UP UIF TBNF
MBOHVBHF� 'PS JOTUBODF ۜUIF CFTU XBZ UP JNQSPWF ZPVS BQQMJDBUJPO GPS UIF SFBTPOT MJTUFE CFMPX�

• *ODPSSFDU TVC�XPSE NJYJOH� य़PVHI UIF JODPSSFDU DBTF NBSLFST BOE HFOEFS EJTBHSFFNFOU
BSF TZOUBDUJD FSSPST UIJT TFFNT UP IBQQFO EVF UP UIF NPEFMJOH BU UIF XPSE MFWFM� 4VC�XPSE
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MFWFM NPEFMJOH PG UFYU JT B QSPNJTJOH EJSFDUJPO UP BEESFTT UIJT FSSPS DBUFHPSZ FTQFDJBMMZ GPS
NPSQIPMPHJDBMMZ SJDI MBOHVBHFT�

य़F DBUFHPSZ PG UIF STU UXP FSSPS UZQFT EFTDSJCFE BCPWF JT TZOUBDUJD� 0VS DVSSFOU NPEFM JT
QVSFMZ EBUB�ESJWFO GSPN UIF TVSGBDF GPSNT� य़JT NPUJWBUFT UIF VUJMJUZ PG JOEVDJOH TZOUBY XIJMF
HFOFSBUJPO� य़JT BMTP FODPVSBHFT UIF DBTF UP NPEFM TVC�XPSE MFWFM NPEFMJOH FTQFDJBMMZ GPS
NPSQIPMPHJDBMMZ SJDI MBOHVBHFT� य़F TFNBOUJDBMMZ JODPSSFDU TFOUFODFT TFFN UP CF HFOFSBUFE
EVF UP UIF SBOEPN NJYJOH PG UIF XPSET GSPN CPUI MBOHVBHFT� य़F MPPTFMZ USBOTMBUFE NFBOJOH
PG UIF TFOUFODF JT OPU V॒FSMZ TFOTFMFTT CVU XIFO GSBNFE JO $4 GBTIJPO EPFT OPU NBLF TFOTF�
*O BEEJUJPO UIFSF JT BO JOIFSFOU DIBMMFOHF XIJMF EFBMJOH XJUI NVMUJQMF EBUBTFUT UIBU MFBE VQ
UP EPNBJO WBSJBUJPO� 'PS JOTUBODF UIF WPDBCVMBSZ PS UIF TUZMF PO TPDJBM NFEJB QMBUGPSNT TVDI
BT 5XJ॒FS JT WFSZ EJFSFOU GSPN UIF EPNBJO PG DPOWFSTBUJPOT� "MUIPVHI XF IBWF DBSFGVMMZ
TFMFDUFE UIF EBUBTFUT UP CFMPOH UP TJNJMBS EPNBJOT UIJT NJHIU PॏFO OPU CF GFBTJCMF JOWJUJOH UIF
EPNBJO JOWBSJBOU NPEFMJOH PG UFYU�

8F QSFTFOU B OPWFM QFSTQFDUJWF PG WJFXJOH $4 BT TUZMF WBSJBOUT CFUXFFO QBSUJDJQBUJOH MBO�
HVBHFT� 8F CFMJFWF UIJT WJFXQPJOU PQFOT OFX BWFOVFT GPS EFBMJOH XJUI NJYFE MBOHVBHF UFYU�
य़F NBJO DPOUSJCVUJPOT PG UIF QBQFS BSF UISFFGPME� 'JSTUMZ XF FMJNJOBUF UIF OFFE GPS FYQMJDJU
MBOHVBHF JEFOUJDBUJPO VTJOH UXP�TUBHF BEWFSTBSJBM USBJOJOH� 4FDPOEMZ PVS BQQSPBDI USBOTGFST
GSPN CPVOUJGVM NPOPMJOHVBM SFTPVSDFT BOE SFMJFT PO MJNJUFE $4 EBUB UP HFOFSBUF OFX $4 TFO�
UFODFT� य़JSEMZ XF QSFTFOU PVS FYQFSJNFOUT PO B EVBM�TUBHF USBOTGPSNFS�CBTFE ("/ NPEFM
GPS HFOFSBUJOH GPVS QBJST PG $4 MBOHVBHFT� 4QBOJTI�&OHMJTI .BOEBSJO�&OHMJTI )JOEJ�&OHMJTI
BOE "SBCJD�'SFODI� *O UIF GVUVSF XF XPVME MJLF UP DPNQBSF UIF QFSGPSNBODF PG UIJT UFDIOJRVF
XJUI PUIFS TUZMF USBOTGFS NPEFMT BOE BMTP FYQMPSF UIF QPTTJCJMJUZ PG FOE�UP�FOE USBJOJOH PG CPUI
TUBHFT� 8F BSF BMTP DPOUJOVJOH UP XPSL PO VUJMJ[JOH UIF HFOFSBUFE EBUB UP QSF�USBJO NPEFMT UP
QFSGPSN EPXOTUSFBN UBTLT�

��� $PODMVTJPOT BOE 1SPTQFDUJWF 'VUVSF %JSFDUJPOT

*O UIJT DIBQUFS XF IBWF FYQMPSFE UIF JODPSQPSBUJPO PG TVSGBDF SFBMJ[BUJPO QSPQFSUZ CZ BODIPS�
JOH BU UXP MFWFMT� /�-PDBM BOE /�(MPCBM� *O g��� XF FYQMPSFE UXP EJFSFOU VTF DBTFT PG JO�
EVDJOH UIF MBOHVBHF JET BU UIF MFYJDBM MFWFM� य़F STU JT MBOHVBHF NPEFMJOH BOE UIF TFDPOE JT
TQFFDI TZOUIFTJT� *O UIF DBTF PG MBOHVBHF NPEFMJOH XF FYUFOEFE UIF DBQBCJMJUZ PG UIF TUBUF�
PG�UIF�BSU MBOHVBHF NPEFM GPS &OHMJTI TP BT UP FRVJQ JU UP EFBM XJUI DPEF�TXJUDIFE UFYU� 5P
FOBCMF UIJT XF BODIPSFE FBDI MFYJDBM VOJU XJUI UIF DPSSFTQPOEJOH MBOHVBHF JE BOE VUJMJ[FE UIF
FNCFEEJOH SFQSFTFOUBUJPO PG UIF TBNF UP CF JODPSQPSBUFE BMPOH XJUI FBDI XPSE� *O BEEJUJPO UP
UIF QSJNBSZ UBTL PG QSFEJDUJOH UIF OFYU XPSE BT JT UZQJDBM JO MBOHVBHF NPEFMJOH XF JOUSPEVDFE
B NVMUJ�UBTL MFBSOJOH GSBNFXPSL XJUI B TFDPOEBSZ UBTL PG QSFEJDUJOH UIF MBOHVBHF PG UIF OFYU
XPSE� "T TIPXO FNQJSJDBMMZ UIJT /�-PDBM BODIPSJOH QFSGPSNT CF॒FS UIBO UIF DPSSFTQPOEJOH
TUSPOH CBTFMJOF�

*O /�-PDBM BODIPSJOH PG MBOHVBHF JET FYQMJDJUMZ GPS TQFFDI TZOUIFTJT XF QSFTFOUFE UFDIOJRVFT
UP TZOUIFTJ[F OBWJHBUJPO JOTUSVDUJPOT JO NJYFE MBOHVBHF XIFSF UIF JOTUSVDUJPOT BSF SFOEFSFE
JO POF MBOHVBHF BOE UIF OBNFT PG MPDBUJPOT BSF EFSJWFE GSPN BOPUIFS MBOHVBHF� 4VDI TDFOBSJPT
BSF DPNNPO JO NVMUJMJOHVBM DPVOUSJFT MJLF *OEJB XIFSF &OHMJTI JT B XJEFMZ�VTFE MBOHVBHF� 8F
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STU QFSGPSN MBOHVBHF JEFOUJDBUJPO BOE UIFO USBOTMJUFSBUF OBUJWF MBOHVBHF XPSET JOUP UIF OB�
UJWF TDSJQU UP EFSJWF BQQSPQSJBUF QSPOVODJBUJPO SVMFT� 8F CZQBTTFE UIF TUFQ PG NBQQJOH QIPOFT
DSPTT�MJOHVBMMZ CZ VTJOH B CJMJOHVBM 554 TZTUFN UP TZOUIFTJ[F NJYFE�MBOHVBHF OBWJHBUJPO JO�
TUSVDUJPOT� 8F QFSGPSNFE FYQFSJNFOUT TZOUIFTJ[JOH OBWJHBUJPO JOTUSVDUJPOT XJUI OBNFE FOUJ�
UJFT EFSJWFE GSPN UISFF *OEJBO MBOHVBHFT � )JOEJ 5FMVHV BOE ,BOOBEB� *O TVCKFDUJWF MJTUFOJOH
UFTUT UIFSF XBT B TJHOJDBOU QSFGFSFODF GPS PVS QSPQPTFE BQQSPBDI DPNQBSFE UP B NPOPMJO�
HVBM *OEJBO &OHMJTI TZTUFN� 8F BMTP QFSGPSNFE B MJTUFOJOH UFTU BOE PQFO�FOEFE JOUFSWJFXT
XJUI ESJWFST XJUI MPX &OHMJTI QSPDJFODZ BOE GPVOE B QSFGFSFODF GPS PVS QSPQPTFE BQQSPBDI�

*O g��� XF QSFTFOU B OPWFM QFSTQFDUJWF PG WJFXJOH $4 BT TUZMF WBSJBOUT CFUXFFO QBSUJDJQBUJOH
MBOHVBHFT� 8F CFMJFWF UIJT WJFXQPJOU PQFOT OFX BWFOVFT GPS EFBMJOH XJUI NJYFE MBOHVBHF
UFYU� य़F NBJO DPOUSJCVUJPOT PG UIJT TFDUJPO BSF UISFFGPME� 'JSTUMZ XF FMJNJOBUF UIF OFFE GPS
FYQMJDJU MBOHVBHF JEFOUJDBUJPO VTJOH UXP�TUBHF BEWFSTBSJBM USBJOJOH� 4FDPOEMZ PVS BQQSPBDI
USBOTGFST GSPN CPVOUJGVM NPOPMJOHVBM SFTPVSDFT BOE SFMJFT PO MJNJUFE $4 EBUB UP HFOFSBUF OFX
$4 TFOUFODFT� य़JSEMZ XF QSFTFOU PVS FYQFSJNFOUT PO B EVBM�TUBHF USBOTGPSNFS�CBTFE ("/
NPEFM GPS HFOFSBUJOH GPVS QBJST PG $4 MBOHVBHFT� 4QBOJTI�&OHMJTI .BOEBSJO�&OHMJTI )JOEJ�
&OHMJTI BOE "SBCJD�'SFODI�

/PX XF XJMM FYQMPSF TPNF PG UIF QSPTQFDUJWF EJSFDUJPOT UIBU BSF XPSUI FYQMPSJOH JO UIJT EJSFD�
UJPO�

�� 8JEFOJOH "ODIPS 'PSNT� "T XF IBWF TFFO JO UIJT DIBQUFS BMM PG UIF BODIPS VOJUT DPS�
SFTQPOE UP UIF MBOHVBHF JOGPSNBUJPO� )PXFWFS GSPN UIF MFBSOJOH FYQFSJFODFT JO BEESFTTJOH
UIF BODIPSJOH PG DPOUFOU BOE TUSVDUVSBM QSPQFSUJFT BODIPST DBO CF PUIFS GPSNT� 'PS JOTUBODF
QSPQFSUJFT PG TZOUBDUJD BOE TFNBOUJD NJYJOH TVDI BT QBSTF USFF VOJUT PS QBSU�PG�TQFFDI UBHT
DBO BT XFMM CF FYQMPSFE UP CF BODIPSFE JO� य़JT JT DPNQBSBUJWFMZ USJWJBM JO UIF DBTF PG /�-PDBM
BODIPSJOH JO DPNQBSJTPO UP /�(MPCBM BODIPSJOH� )BWJOH TBJE UIBU OPUF UIBU UIFTF BSF EJਖ਼DVMU
UP PCUBJO JO DPNQBSJTPO UP MBOHVBHF JE BODIPST� .PSF PॏFO UIBO OPU UIF MJUFSBUVSF JO EFUFS�
NJOJOH 104 UBHT 	7ZBT FU BM� ����� 4PMPSJP BOE -JV ����C
 BOE QBSTFT 	%VPOH FU BM� ����� #IBU
FU BM� ����� (PZBM FU BM� ����
 SFMZ PO MBOHVBHF JEFOUJDBUJPO BT B STU TUFQ� य़F PUIFS UZQFT PG
XJEFOJOH UIF GPSNT NBZ JODMVEF JODPSQPSBUJOH PUIFS NPEBMJUJFT TVDI BT DPSSFTQPOEJOH TQFFDI
VOJUT�

�� 5XP EJNFOTJPOBM %PNBJOT� "SHVBCMZ UIF DPMMFDUJPO PG BEEJUJPOBM DPEF�TXJUDIFE EBUB
XPVME CF B TJHOJDBOU DPOUSJCVUJPO UP UIJT XPSL� य़F TPVSDFT GPS DPMMFDUJOH DPEF�TXJUDIFE EBUB
SFNBJO MJNJUFE JO UPQJD BOE WBSJBUJPO BOE BEEJUJPOBM TPVSDFT PG DPEF�TXJUDIFE EBUB XPVME CF
UIF CFTU XBZ UP JNQSPWF IPX XFMM PVS NPEFM DBO HFOFSBMJ[F� य़JT JT B QSPCMFN QBSUJDVMBSMZ GPS
/�-PDBM BODIPSJOH FBDI MFYJDBM VOJU BT UIF DPEF�TXJUDIFE USBJOJOH EBUB ESJWFT UIF EPXOTUSFBN
JOGFSFODF UBTLT BT XFMM� )PXFWFS UIJT QSPCMFN JT OPU MJNJUFE UP /�-PDBM BODIPSJOH� *O UIF DBTF
PG EBUBTFU TFMFDUJPO GPS NPOPMJOHVBM BOE DPEF�TXJUDIFE DPSQVT JO /�(MPCBM BODIPSJOH UIJT
NBOVBM JOTQFDUJPO PG OFBSMZ SFMBUFE EPNBJOT PG UIF EBUB GPS EVBM�TUBHF USBJOJOH XBT DSVDJBM�
8IJMF UIJT JT B QSFTTJOH JTTVF XF DBO BMTP BEESFTT UIJT CZ DPNCJOJOH PVS UBTL BU IBOE XJUI
EPNBJO BEBQUBUJPO UFDIOJRVFT� /PUJDF UIBU UIFSF BSF UXP EJNFOTJPOT PG UIF EPNBJOT JO UIFTF
EBUBTFUT� य़F STU JT UIF EJFSFODF JO UIF EPNBJOT PG UIF UFYU JUTFMG BOE UIF TFDPOE JT UIF
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EJFSFODF JO MBOHVBHFT� * CFMJFWF CSJOHJOH UPHFUIFS UIJT EJWFSTF EBUB JT JNQPSUBOU BOE TFF UIF
QPUFOUJBM JO CSJOHJOH UPHFUIFS UIF UFDIOJRVFT GPS DPEF�TXJUDIJOH BOE EPNBJO BEBQUBUJPO�

�� 4QFMMJOH 7BSJBUJPOT� "T XF IBWF EJTDVTTFE FBSMJFS POF PG UIF NBKPS DIBMMFOHFT JO EFBM�
JOH XJUI DPEF�TXJUDIFE UFYU JT DSPTT�TDSJQUJOH� य़JT MFBET UP VOOPSNBMJ[FE UFYUT XJUI B MPU PG
WBSJBUJPOT� य़F SPCVTUOFTT PG UIF MBOHVBHF NPEFM BMTP EFQFOET PO UIF EJWFSTJUZ PG DPOUFYU
JO XIJDI UIF XPSET DP�PDDVS� 4JODF NPTU PG UIF BSUJDMFT DPMMFDUFE GPS /�-PDBM BODIPSJOH GPS
UIF UBTL PG MBOHVBHF NPEFMJOH CFMPOH UP UIF UPQJDT PG F�DPNNFSDF UIF MBUFTU UFDIOPMPHZ BOE
IFBMUI UIJT NBZ CF BFDUFE� )FODF VTJOH QSF�USBJOFE XPSE FNCFEEJOHT CBTFE PO MBSHF NPOP�
MJOHVBM DPSQPSB BॏFS BMJHOJOH UIF FNCFEEJOH TQBDFT PG CPUI UIF QBSUJDJQBUJOH MBOHVBHFT TVDI
BT .64& FNCFEEJOHT 	$POOFBV FU BM� ����
� )PXFWFS EVF UP UIF OPO�TUBOEBSEJ[FE TQFMMJOHT
JO UIF SPNBOJ[FE )JOHMJTI UFYU NPTU XPSET UIBU BSF JODPSSFDUMZ USBOTMJUFSBUFE BSF OPU GPVOE
JO DPNNPO NVMUJMJOHVBM FNCFEEJOHT GPS JOTUBODF .64&� य़JT JNQMJFT UIBU UIF FSSPST GSPN
USBOTMJUFSBUJPO BSF QSPQBHBUFE UISPVHI UIF TVCTFRVFOU QBSUT PG UIF NPEFM� *O UIJT QFSTQFDUJWF
B MPDBMMZ�TQBUJBMMZ JOWBSJBOU UFDIOJRVF NJHIU DPNF JO IBOEZ� 'PS JOTUBODF DIBSBDUFS MFWFM $//
CBTFE NPEFM BMPOH XJUI BO -45. BU UIF UPQ DBO CF B QPTTJCMF EJSFDUJPO UP FYQMPSF� -FU c1 c2 ...
cp CF UIF QBEEFE TFRVFODF PG DIBSBDUFST PG B XPSE� &BDI PG UIF DIBSBDUFST IBT B e EJNFOTJPOBM
FNCFEEJOH� -FU ci:i+j CF UIF DPODBUFOBUJPO PG DIBSBDUFST GSPN i UP j� /FYU XF UBLF k MUFST
PG TJ[F sXe XIFSF T JT UIF XJOEPX TJ[F XIJDI JO PVS DBTF JT �� य़F GFBUVSF JO UIF $// MBZFS JT
DPNQVUFE BOE BDUJWBUFE VTJOH B 3FMV XIJDI HJWFT B GFBUVSF NBQ PG TJ[F p− s+1 PWFS XIJDI
NFBO QPPMJOH JT QFSGPSNFE� 5ZQJDBMMZ JO QSJPS XPSL JO NPEFMJOH NPOPMJOHVBM UFYU DIBSBDUFS
SFQSFTFOUBUJPO JO BEEJUJPO UP XPSE�MFWFM SFQSFTFOUBUJPO TFFNT UP HJWF HPPE SFTVMUT� य़JT MBUFOU
SFQSFTFOUBUJPO JT VTFE UP EFDPEF UIF OFYU XPSE� य़JT DBO CF FYQMPSFE GVSUIFS�
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(SPVOEJOH ڣSPVOEJOH)ڢ JO /-1

य़F /-1 DPNNVOJUZ IBT TFFO TVCTUBOUJBM SFDFOU JOUFSFTU JO HSPVOEJOH UP GBDJMJUBUF JOUFSBDUJPO
CFUXFFO MBOHVBHF UFDIOPMPHJFT BOE UIF XPSME� )PXFWFS BT B DPNNVOJUZ XF VTF UIF UFSN
CSPBEMZ UP SFGFSFODF BOZ MJOLJOH PG UFYU UP EBUB PS OPO�UFYUVBM NPEBMJUZ� *O DPOUSBTU $PHOJUJWF
4DJFODF NPSF GPSNBMMZ EFOFT ۠HSPVOEJOHۡ BT UIF QSPDFTT PG FTUBCMJTIJOH XIBU NVUVBM
JOGPSNBUJPO JT SFRVJSFE GPS TVDDFTTGVM DPNNVOJDBUJPO CFUXFFO UXP JOUFSMPDVUPST ۗ B
EFOJUJPO XIJDI NJHIU JNQMJDJUMZ DBQUVSF UIF /-1 VTBHF CVU EJFST JO JOUFOU BOE TDPQF�

8F JOWFTUJHBUF UIF HBQ CFUXFFO UIFTF EFOJUJPOT BOE TFFL BOTXFST UP UIF GPMMPXJOH RVFTUJPOT�
	�
 8IBU BTQFDUT PG HSPVOEJOH BSF NJTTJOH GSPN /-1 UBTLT )FSF XF QSFTFOU UIF EJNFOTJPOT
PG DPPSEJOBUJPO QVSWJFXT BOE DPOTUSBJOUT� 	�
 )PX JT UIF UFSN ڧHSPVOEJOHڦ VTFE JO UIF DVSSFOU
SFTFBSDI 8F TUVEZ UIF USFOET JO EBUBTFUT EPNBJOT BOE UBTLT JOUSPEVDFE JO SFDFOU /-1 DPOGFS�
FODFT� "OE OBMMZ 	�
 )PX UP BEWBODF PVS DVSSFOU EFटOJUJPO UP BMJHO XJUI $PHOJUJWF 4DJFODF 8F
QSFTFOU XBZT UP CPUI DSFBUF OFX UBTLT PS SFQVSQPTF UIF FYJTUJOH POFT UP NBLF BEWBODFNFOUT
UPXBSET B NPSF DPNQMFUF TFOTF PG HSPVOEJOH�

8F BT IVNBOT DPNNVOJDBUF BOE JOUFSBDU GPS B WBSJFUZ PG SFBTPOT XJUI B QVSQPTF BOE B HPBM� 8F
VTF MBOHVBHF UP TFFL BOE TIBSF JOGPSNBUJPO DMBSJGZ NJTVOEFSTUBOEJOHT UIBU DPOJDU XJUI PVS
QSJPS LOPXMFEHF BOE DPOUFYUVBMJ[F CBTFE PO UIF NFEJVN PG JOUFSBDUJPO UP EFWFMPQ BOE NBJO�
UBJO TPDJBM SFMBUJPOTIJQT� )PXFWFS MBOHVBHF IBT BOE JT HPJOH UP CF POMZ POF PG UIF FOBCMFST PG
UIJT DPNNVOJDBUJPO SFMJBOU PO TFWFSBM BVYJMJBSZ TJHOBMT BOE TPVSDFT TVDI BT EPDVNFOUT NF�
EJB QIZTJDBM DPOUFYU FUD� य़JT MJOLJOH PG DPODFQUT UP DPOUFYU JT HSPVOEJOH BOE XJUIJO UIF /-1
DPOUFYU JT NPTU PॏFO B LOPXMFEHF CBTF JNBHFT PS EJTDPVSTF�

य़JT DIBQUFS JT CBTFE PO UIF GPMMPXJOH QBQFS�
ۦ SPVOEJOH)ڦ ڣSPVOEJOH)ڢ JO ڧ1-/ 	$IBOEV BOE #MBDL ����B
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Coordination in  
grounding
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What is missing in  
grounding?

• Dynamic grounding 
• Expanding purviews 
• Satisfying more 

media-based 
constraints

'९७ॻॸ५ ���� %JNFOTJPOT PG HSPVOEJOH ۗ SFRVJSFE UP CSJEHF UIF HBQ CFUXFFO DVSSFOU TUBUF PG
SFTFBSDI BOE XIBU JT NJTTJOH GSPN HSPVOEJOH JO SFBM TFOTF�

*O DPOUSBTU SFTFBSDI JO DPHOJUJWF TDJFODF EFOFT HSPVOEJOH BT UIF QSPDFTT PG CVJMEJOH B DPN�
NPO HSPVOE CBTFE PO TIBSFE NVUVBM JOGPSNBUJPO JO PSEFS UP TVDDFTTGVMMZ DPNNVOJDBUF 	$MBSL
BOE $BSMTPO ����� ,SBVTT BOE 'VTTFMM ����� $MBSL BOE #SFOOBO ����� -FXJT ����
� 8F BSHVF
UIBU UIJT EFOJUJPO TVCTVNFT /-1T DVSSFOU XPSLJOH EFOJUJPO BOE QSPWJEFT DPODSFUF HVJEBODF
PO XIJDI QIFOPNFOB BSF NJTTJOH GSPN UIF DVSSFOU MJUFSBUVSF UP FOTVSF UIF MPOH�UFSN VUJMJUZ PG
PVS UFDIOPMPHJFT�

*O g��� XF GPSNBMJ[F UISFF EJNFOTJPOT LFZ UP HSPVOEJOH� $PPSEJOBUJPO 1VSWJFXT BOE $PO�
TUSBJOUT UP TZTUFNBUJ[F PVS BOBMZTJT PG MJNJUBUJPOT JO DVSSFOU XPSL� g��� QSFTFOUT B DPNQSFIFO�
TJWF SFWJFX PG UIF DVSSFOU QSPHSFTT JO UIF FME JODMVEJOH UIF JOUFSQMBZ PG EJFSFOU EPNBJOT
NPEBMJUJFT BOE UFDIOJRVFT� य़JT BOBMZTJT JODMVEFT VOEFSTUBOEJOH XIFO UFDIOJRVFT IBWF CFFO
TQFDJDBMMZ EFTJHOFE GPS B TJOHMF NPEBMJUZ UBTL PS GPSN PG HSPVOEJOH� 'JOBMMZ g��� PVUMJOFT
TUSBUFHJFT UP SFQVSQPTF FYJTUJOH EBUBTFUT BOE UBTLT UP U UIF OFX SJDIFS EFOJUJPO GSPN UIF
DPHOJUJWF TDJFODF MJUFSBUVSF� य़F JOUSPTQFDUJPO SF�GPSNVMBUJPO BOE DPODSFUF TUFQT TJUVBUF /-1
ۜHSPVOEJOH JO UIF MBSHFS TDJFOUJD EJTDPVSTF UP JODSFBTF JUT SFMFWBODF BOE QSPNJTF�

��� %JNFOTJPOT PG HSPVOEJOH

%FOJOH HSPVOEJOH MPPTFMZ BT MJOLJOH PS UFUIFSJOH DPODFQUT JT JOTVਖ਼DJFOU GPS USVF HSPVOEJOH�
'JHVSF ��� QSFTFOUT UIF SFTFBSDI EJNFOTJPOT NJTTJOH GSPN NPTU DVSSFOU XPSL�

����� %JNFOTJPO �� $PPSEJOBUJPO JO HSPVOEJOH

य़F STU BOE UIF NPTU JNQPSUBOU EJNFOTJPO UIBU CSJEHFT UIF HBQ CFUXFFO UIF UXP EFOJUJPOT
PG HSPVOEJOH JT UIF BTQFDU PG DPPSEJOBUJPO ۗ BMUFSOBUJWFMZ WJFXFE BT UIF EJFSFODF CFUXFFO
TUBUJD BOE EZOBNJD HSPVOEJOH 	'JH ���
�
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4UBUJD HSPVOEJOH JT UIF NPTU DPNNPO UZQF BOE BTTVNFT UIBU UIF FWJEFODF GPS DPNNPO
HSPVOE PS UIF HPME USVUI GPS HSPVOEJOH JT HJWFO PS B॒BJOFE QTFVEP�BVUPNBUJDBMMZ� य़JT JT
EFNPOTUSBUFE JO UIF MFॏ CPY PG 'JHVSF ���� य़F TFRVFODF GPS UIJT GPSN PG JOUFSBDUJPO JODMVEFT�
	�
 IVNBO RVFSZJOH UIF BHFOU 	�
 BHFOU RVFSZJOH UIF EBUB PS LOPXMFEHF JU BDRVJSFE 	�
 BHFOU
SFUSJFWJOH BOE GSBNJOH B SFTQPOTF BOE 	�
 BHFOU EFMJWFSJOH JU UP UIF IVNBO� *O UIJT TF॒JOH UIF
DPNNPO HSPVOE JT UIF HSPVOE USVUI ,#�EBUB� य़F IVNBO BOE UIF BHFOU IBWF DPNNPO HSPVOE
CZ BTTVNJOH JUT VOJWFSTBMJUZ 	J�F� OP FYUFSOBM SFGFSFODFT
� य़FSFGPSF TVDDFTTGVMMZ HSPVOEJOH
UIF RVFSZ SFMJFT TPMFMZ PO UIF BHFOU CFJOH BCMF UP MJOL UIF RVFSZ UP UIF EBUB� 'PS JOTUBODF JO B
TDFOBSJP XIFSF B IVNBO XBOUT UP LOPX UIF XFBUIFS SFQPSU UIF BDDVSBDZ PG UIF EBUBCBTF JUTFMG
JT BYJPNBUJD BOE XF CVJME B NPEFM GPS UIF BHFOU UP BDDVSBUFMZ SFUSJFWF UIF RVFSJFE JOGPSNBUJPO�

.PTU DVSSFOU SFTFBSDI BTTVNFT TUBUJD HSPVOEJOH TP QSPHSFTT JT NFBTVSFE CZ UIF BCJMJUZ PG UIF
BHFOU UP MJOL NPSF DPODFQUT UP NPSF EBUB� )PXFWFS UIF BYJPNBUJD DPNNPO HSPVOE PॏFO EPFT
OPU FYJTU BOE OFFET UP CF FTUBCMJTIFE JO SFBM�XPSME TDFOBSJPT�

%ZOBNJD HSPVOEJOH JT JOUFSBDUJPOT DBO CF BDIJFWFE JO UXP XBZT� य़F STU QPTJUT UIBU
DPNNPO HSPVOE JT CVJMU WJB JOUFSBDUJPOT BOE DMBSJDBUJPOT� य़F NVUVBM JOGPSNBUJPO OFFEFE UP
DPNNVOJDBUF TVDDFTTGVMMZ JT CVJMU WJB JOUFSBDUJPOT JODMVEJOH� SFRVFTUJOH BOE QSPWJEJOH DMBSJ�
DBUJPOT BDLOPXMFEHJOH PS DPOSNJOH UIF DMBSJDBUJPO FOBDUJOH PS EFNPOTUSBUJOH UP SFDFJWF
DPOSNBUJPO BOE TP GPSUI� य़JT EZOBNJDBMMZ FTUBCMJTIFE HSPVOEJOH HVJEFT UIF SFTU PG UIF JO�
UFSBDUJPO CZ DPVSTF�DPSSFDUJOH BOZ NJTVOEFSTUBOEJOHT� य़F TFRVFODF PG BDUJPOT JO EZOBNJD
HSPVOEJOH JT EFNPOTUSBUFE JO UIF SJHIU TJEF CPY PG 'JHVSF ���� य़F TUFQT GPS FTUBCMJTIJOH HSPVOE�
JOH BSF B QBSU PG UIF JOUFSBDUJPO UIBU JODMVEF� 	�
 य़F IVNBO RVFSZJOH UIF BHFOU 	�
 य़F BHFOU
SFRVFTUJOH DMBSJDBUJPO PS BDLOPXMFEHJOH 	�
य़F IVNBO DMBSJGZJOH PS DPOSNJOH� य़FTF UISFF
TUFQT MPPQ VOUJM B DPNNPO HSPVOE JT FTUBCMJTIFE� य़F SFNBJOJOH TUFQT PG 	�
 RVFSZJOH UIF EBUB
	�
 SFUSJFWJOH�GSBNJOH B SFTQPOTF BOE 	�
 EFMJWFSJOH UIF SFTQPOTF BSF UIF TBNF BT UIBU PG TUBUJD
HSPVOEJOH� य़F QSPDFTT PG TVDDFTTGVMMZ HSPVOEJOH UIF RVFSZ OPU POMZ SFMJFT PO UIF BCJMJUZ PG
UIF BHFOU UP MJOL UIF RVFSZ CVU BMTP UP DPOTUSVDU UIF DPNNPO HSPVOE GSPN UIF NVUVBMMZ TIBSFE
JOGPSNBUJPO XJUI SFTQFDU UP UIF IVNBO�

$PHOJUJWF TDJFODFT JO UIF QFSTQFDUJWF PG MBOHVBHF BDRVJTJUJPO 	$BSQFOUFS FU BM� ����
 QSFTFOU
UXP XBZT PG EZOBNJD HSPVOEJOH WJB B॒FOUJPO� %ZBEJD KPJOU B॒FOUJPO BOE 5SJBEJD KPJOU B॒FO�
UJPO� *O PVS DBTF EZBEJD B॒FOUJPO EFTDSJCFT UIF JOUFSBDUJPO CFUXFFO UIF IVNBO BOE UIF BHFOU
BOE BOZ DMBSJDBUJPO PS DPOSNBUJPO JT EPOF TUSJDUMZ CFUXFFO UIF CPUI PG UIFN� 5SJBEJD BU�
UFOUJPO BMTP JODMVEFT B UBOHJCMF FOUJUZ BMPOH XJUI UIF IVNBO BOE UIF BHFOU� य़F IVNBO DBO
QSPWJEF DMBSJDBUJPOT CZ HB[JOH PS QPJOUJOH UP UIJT BEEJUJPOBM QJFDF JO UIF USJBE�

4VNNBSZ� Fࡋ DPNNVOJUZ TIPVME QSJPSJUJ[F EZOBNJD HSPVOEJOH BT JU JT NPSF HFOFSBM BOE
NPSF BDDVSBUFMZ NBUDIFT SFBM FYQFSJFODFT�

4P GBS XF EJTDVTTFE SFTPMWJOH JOUFOU BNCJHVJUJFT� य़F TFDPOE LJOE PG EZOBNJD OBUVSF JO JOUFS�
BDUJPOT BSF EVF UP UIF DIBOHFT PS FWPMWJOH DPNNVOJDBUJWF JOUFOUT BOE TMPUT� य़FTF DIBOHFT
BSF PॏFO PCTFSWFE JO TDFOBSJPT XIFSF UIFSF BSF NVMUJQMF BDDFQUBCMF DIPJDFT QSFTFOUFE UP UIF
TQFBLFS� -FU VT DPOTJEFS UIF FYBNQMF PG B IVNBO JOUFSBDUJOH XJUI B WJSUVBM USBWFM BTTJTUBOU� य़F
BTTJTUBOU QSFTFOUT B TDFOBSJP PG IPUFM CPPLJOH BOE JHIU UJDLFUT GPS USBWFM� "ॏFS DPOSNJOH UIJT
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Coordination sequence in static grounding Coordination sequence in dynamic grounding

'९७ॻॸ५ ���� $PPSEJOBUJPO JO HSPVOEJOH

BOE CFGPSF OBMJ[JOH UIF JUJOFSBSZ JG UIF VTFS EFDJEFT UP TQFOE BO FYUSB EBZ BU UIF OFYU MPDB�
UJPO UIF BTTJTUBOU BDDPNNPEBUJOH UIJT SFRVFTU CZ VQEBUJOH UIF QSFWJPVT CFMJFG TUBUF JT B DSJUJDBM
TUFQ� %45$ � 	)FOEFSTPO FU BM� ����
 JOUSPEVDFT B EZOBNJD EJBMPH TUBUF XIFSF UIF VTFST BSF
BMMPXFE UP DIBOHF UIFJS HPBMT XJUIJO B EPNBJO XIJDI JO UIJT DBTF JT UIF SFTUBVSBOU EPNBJO� *O
UIJT XBZ UIFSF BSF UXP DBUFHPSJFT PG EZOBNJD HSPVOEJOH BOE JOUFSBDUJWF BTTJTUBOUT OFFE UP CF
SPCVTU UP CPUI WBSZJOH JOUFOUT BOE DPOGVTJOH JOUFOUT� "OPUIFS MBZFS PG DPOWFSTBUJPOBM BSUJGBDUT
UIBU JT NJTTJOH GSPN PVS DVSSFOU BTTJTUBOUT JT UIF DPNCJOBUJPO PG UIF QIFOPNFOPO ۗ NJTVOEFS�
TUBOEJOH B DIBOHJOH DPNNVOJDBUJWF HPBM� %BO #PIVTT UIFTJT XPSL 	#PIVT
 QSFTFOUT POF PG
UIF JOJUJBM FPSUT JO B CFMJFG VQEBUJOH NFDIBOJTN BMPOH XJUI FSSPS SFDPWFSJOH TUSBUFHJFT JO B
EJBMPH CFUXFFO IVNBO BOE DPNQVUFS� 'PS UIF SFNBJOEFS PG UIF UIFTJT UIF STU LJOE PG EZOBNJD
HSPVOEJOH JT SFGFSFODFE BOE EJTDVTTFE� य़F BCJMJUZ UP SFDPWFS GSPN NJTUBLFT BOE JOEFYJOH UP
UIF SJHIU UVSO JO UIF DPOWFSTBUJPO XIFSF UIF NJTVOEFSTUBOEJOH PDDVSSFE BॏFS B DPSSFDUFE UVSO
JT DSJUJDBM UP NBLF BO JNQSPWFE JNQBDU PO SFBM XPSME BTTJTUBOUT�

����� %JNFOTJPO �� 1VSWJFXT PG HSPVOEJOH

/FYU XF QSFTFOU UIF EJFSFOU TUBHFT CFIJOE SFBDIJOH DPNNPO HSPVOE LOPXO BT QVSWJFXT�
.PTU PG UIF DVSSFOU BQQSPBDIFT BOE UBTLT BEESFTT UIFTF TUBHFT JOEJWJEVBMMZ BOE JOEFQFOEFOUMZ
XIJMF UIFZ BSF PॏFO DP�EFQFOEFOU JO SFBM�XPSME TDFOBSJPT�

4UBHF �� -PDBMJ[BUJPO� य़F STU TUBHF JT UIF MPDBMJ[BUJPO PG UIF DPODFQU FJUIFS JO UIF QIZT�
JDBM PS NFOUBM DPOUFYUT� य़JT TUFQ JT JEJPTZODSBUJD BOE SFMBUFT UP UIF BCJMJUZ PG UIF BHFOU BMPOF
UP MPDBMJ[F UIF DPODFQU� य़FTF DPODFQUT PॏFO BSF BMTP MJOLFE JO B DPNQPTJUJPOBM GPSN� 'PS JO�
TUBODF DPOTJEFS B TDFOBSJP JO XIJDI UIF BHFOU JT UP MPDBUF B ۜCMVF TXFBUFS� य़F BHFOU OFFET
UP VOEFSTUBOE FBDI PG UIF DPODFQUT PG ۜCMVF BOE ۜTXFBUFS JOEJWJEVBMMZ BOE UIFO MPDBUF UIF
DPNQPTJUJPO PG UIF XIPMF VOJU� $MBSL BOE ,SZDI 	����
 GSPN DPHOJUJWF TDJFODFT EFNPOTUSBUF
IPX JODSFNFOUBM HSPVOEJOH JT QFSGPSNFE XJUI UIFTF DPNQPTJUJPOT BOE TIPX IPX SFDPHOJUJPO
BOE JOUFSQSFUBUJPO PG GSBHNFOUT IFMQ JO UIJT CZ CSFBLJOH EPXO JOTUSVDUJPOT JOUP TJNQMFS POFT�
य़JT MPDBMJ[BUJPO PDDVST BU XPSE QISBTF BOE FWFO TFOUFODF MFWFM JO UIF MBOHVBHF NPEBMJUZ BOE
QJYFM PCKFDU BOE TDFOF MFWFM JO UIF WJTVBM NPEBMJUZ�

4UBHF �� &YUFSOBM ,OPXMFEHF� "ॏFS MPDBMJ[JOH UIF DPODFQU UIF OFYU TUFQ JT UP FOTVSF
DPOTJTUFODZ PG UIF DVSSFOU DPOUFYU PG UIF DPODFQU XJUI FYJTUJOH LOPXMFEHF� 0ॏFOUJNFT UIF
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SFGFSFODFT PG HSPVOEJOH FJUIFS NBUDI PS DPOUSBEJDU UIF SFGFSFODFT GSPN PVS QSJPS LOPXMFEHF
BOE FYUFSOBM LOPXMFEHF� य़JT NJHIU MFBE UP NJTVOEFSTUBOEJOHT JO UIF DPOTFRVFOU DPNNVOJ�
DBUJPO� )FODF JO BEEJUJPO UP MPDBMJ[JOH UIF DPODFQU JU JT BMTP FTTFOUJBM UP NBLF UIF DPODFQU BOE
JUT B॒SJCVUFT DPOTJTUFOU XJUI UIF BWBJMBCMF LOPXMFEHF TPVSDFT� .PTU PG UIF DVSSFOU SFTFBSDI JT
GPDVTFE PO MPDBMJ[JOH XJUI GFX FPSUT UPXBSET FYUFOEJOH JU UP NBJOUBJO B DPOTJTUFODZ PG UIF
HSPVOEFE DPODFQU XJUI PUIFS LOPXMFEHF TPVSDFT�

4UBHF �� $PNNPO TFOTF� "ॏFS FTUBCMJTIJOH DPOTJTUFODZ PG UIF DPODFQU B IVNBO�MJLF JO�
UFSBDUJPO BEEJUJPOBMMZ DBMMT GPS HSPVOEJOH UIF DPNNPO TFOTF BTTPDJBUFE XJUI UIF DPODFQU JO
UIBU TDFOBSJP� *O BEEJUJPO UP UIF CBTJD MFWFM PG QSBDUJDBM LOPXMFEHF UIBU DPODFSOT XJUI EBZ UP
EBZ TDFOBSJPT 	4BQ FU BM� ����
 UIF DPODFQU TIPVME BMTP CF SFBTPOFE CBTFE PO UIBU QBSUJDVMBS
DPOUFYU� य़JT DPOUFYUVBM DPNNPO TFOTF NPWFT UIF JEJPTZODSBUJD TFOTF UPXBSET B TFOTF PG DPM�
MFDUJWF VOEFSTUBOEJOH� 'PS JOTUBODF JG UIF IVNBO GFFMT DPME BOE BTLT UIF BHFOU UP HFU B CMVF
DPBU UIF BHFOU OFFET UP VOEFSTUBOE UIBU UIF DPBU JO UIJT JOTUBODF JT B TXFBUFS DPBU BOE OPU B
GPSNBM DPBU� य़JT JNQMJDJU DPNNPO TFOTF NJOJNJ[FT UIF FPSU JO CVJMEJOH B DPNNPO HSPVOE SF�
EVDJOH BSUJDVMBUJPO PG NFUJDVMPVT EFUBJMT� य़FSFGPSF JU JT FTTFOUJBM UP JODPSQPSBUF UIJT FYQMJDJUMZ
JO PVS NPEFMJOH BT XFMM�

4UBHF �� 1FSTPOBMJ[FE DPOTFOTVT� "T B QBSU PG UIF FWPMWJOH DPOWFSTBUJPOT UIF SFGFSFODFT
JO UIF MBOHVBHFNJHIU FWPMWF BT XFMM� य़F HSPVOEFE UFSNNJHIU IBWF EJFSFOU NFBOJOHT GPS UIF
BHFOU JO UIF DPOUFYU XJUI BDDFTT UP UIF IJTUPSZ BT PQQPTFE UP B GSFTI BHFOU XJUIPVU BDDFTT UP UIF
IJTUPSZ� य़JT NVMUJ�UVSO QSPDFTT UP BDIJFWF DPOTFOTVT NBLFT UIJT DPMMFDUJWF PS B TIBSFE TUBHF�
*O TVDI TF॒JOHT JU JT TVਖ਼DJFOU UIBU UIF IVNBO BOE UIF BHFOU BSF JO DPOTFOTVT XJUI UIF USVUI
WBMVF PG UIF HSPVOEFE UFSN XIJDI OFFE OPU CF UIF TBNF BT UIF HSPVOE USVUI� य़JT TIJॏ JO UIF
USVUI WBMVF PG UIF HSPVOEFE UFSNT NFBOJOHT PॏFO BSJTFT EVF UP EFWFMPQJOH TIPSU�DVUT GPS FBTF
PG DPNNVOJDBUJPO BOE QFSTPOBMJ[BUJPO� य़JT TIJॏ JT BDDFQUBCMF BT MPOH BT UIF DPNNVOJDBUJPO
JT TVDDFTTGVM�

4VNNBSZ� $PNNPO HSPVOE SFRVJSFT KPJOUMZ NPEFMJOH CPUI HFOFSBM BOE QFSTPOBMJ[FE DPOUFY�
UVBM LOPXMFEHF�

����� %JNFOTJPO �� $POTUSBJOUT PG HSPVOEJOH

$PNNVOJDBUJPO IBQQFOT WJB B NPEF PS B NFEJVN JO QSBDUJDBM TDFOBSJPT� य़F OVNCFS BOE
BWBJMBCJMJUZ PG TVDI NFEJB IBWF JODSFBTFE BOE GBDJMJUBUFE VCJRVJUPVT DPNNVOJDBUJPO BSPVOE
UIF XPSME QSFTFOUJOH EJWFSTJUZ JO UIF NPEF PG JOUFSBDUJPO� .PUJWBUFE CZ UIJT XF SFTVSGBDF BOE
BEBQU UIF DPOTUSBJOUT PG HSPVOEJOH XJUI SFTQFDU UP NFEJB PG JOUFSBDUJPO BT EFOFE CZ $MBSL
BOE #SFOOBO 	����
� )FSF BSF UIF EFOJUJPOT PG UIFTF DPOTUSBJOUT JO UIF DPOUFYU PG HSPVOEFE
MBOHVBHF QSPDFTTJOH BOE UIF DPSSFTQPOEJOH DBUFHPSJ[BUJPO PG UIFNBKPSJUZ PG UIF SFQSFTFOUBUJWF
EPNBJOT JO HSPVOEJOH TBUJTGZJOH EJFSFOU DPOTUSBJOUT�

• $PQSFTFODF� य़F BHFOU BOE UIF IVNBO TIBSF UIF TBNF QIZTJDBM FOWJSPONFOU PG UIF EBUB� .PTU
PG UIF DVSSFOU SFTFBSDI JO UIF DBUFHPSZ PG FNCPEJFE BHFOUT TBUJTGZ UIJT DPOTUSBJOU�
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• 7JTJCJMJUZ� य़F EBUB JT WJTJCMF UP UIF BHFOU BOE�PS UIF IVNBO� य़F EPNBJOT PG JNBHFT JNBHFT
� TQFFDI WJEFPT FNCPEJFE BHFOUT TBUJTGZ UIJT DPOTUSBJOU�

• "VEJCJMJUZ� य़F BHFOU BOE IVNBO DPNNVOJDBUF CZ TQFBLJOH BCPVU UIF EBUB� य़F EPNBJOT
MJLF TQFFDI TQPLFO JNBHF DBQUJPOT BOE WJEFPT TBUJTGZ UIJT DPOTUSBJOU�

• $PUFNQPSBMJUZ� य़F BHFOU�IVNBO SFDFJWFT BU SPVHIMZ UIF TBNF UJNF BT UIF IVNBO�BHFOU QSP�
EVDFT� य़F MBH JO UIF EPNBJOT MJLF DPOWFSTBUJPOT PS JOUFSBDUJWF FNCPEJFE BHFOUT JT DPOTJEFSFE
OFHMJHJCMF BOE TBUJTFT UIJT DPOTUSBJOU�

• 4JNVMUBOFJUZ� य़F BHFOU BOE UIF IVNBO DBO TFOE BOE SFDFJWF BU PODF BOE TJNVMUBOFPVTMZ�
.PTU NFEJB BSF DPUFNQPSBM CVU EP OPU FOHBHF JO TJNVMUBOFPVT JOUFSBDUJPO� य़JT PॏFO EJTSVQUT
UIF VOEFSTUBOEJOH PG UIF DVSSFOU V॒FSBODF BOE UIF QBSUJDJQBOU NBZ IBWF UP SFQFBU JU UP BWPJE
NJTVOEFSTUBOEJOHT XIJDI JT DPNNPOMZ PCTFSWFE JO SFBM�XPSME TDFOBSJPT�

• 4FRVFOUJBMJUZ� य़F UVSO PSEFS PG UIF BHFOU BOE UIF IVNBO DBOOPU HFU PVU PG TFRVFODF� 'BDF�UP�
GBDF DPOWFSTBUJPOT VTVBMMZ GPMMPX UIJT DPOTUSBJOU CVU BO FNBJM UISFBE XJUI BDUJWF QBSUJDJQBOUT
BOE UIF DPNNFOUT TFDUJPOT JO POMJOF QPSUBMT EP OPU GPMMPX B TFRVFODF� *O TVDI DBTFT B SFQMZ UP
UIF NFTTBHF NBZ CF TFQBSBUFE CZ BO BSCJUSBSZ OVNCFS PG JSSFMFWBOU NFTTBHFT� य़FTF DBUFHPSJFT
BSF VTVBMMZ VOEFSTUVEJFE CVU BSF DPNNPOMZ PCTFSWFE POMJOF�

• 3FWJFXBCJMJUZ� य़F BHFOU SFWJFXT UIF DPNNPO HSPVOE UP UIF IVNBO UP BEBQU UP JNQFSGFDU
IVNBO NFNPSJFT� 'PS JOTUBODF XF SFJUFSBUF GVMM SFGFSFODFT JOTUFBE PG BEBQUJOH UP TIPSU DVU
SFGFSFODFT XIFO UIF DPOWFSTBUJPO SFTVSGBDFT BॏFS B XIJMF� य़JT JT UP EFWFMPQ B QFSTPOBMJ[FE
BEBQUBUJPO CFUXFFO UIF JOUFSMPDVUPST CBTFE PO UIF NFEJB UP FOBCMF FBTF PG DPNNVOJDBUJPO�

• 3FWJTBCJMJUZ� य़F JOUFSBDUJPO CFUXFFO UIF BHFOU BOE UIF IVNBO DBO JOEFY UP B TQFDJD V॒FS�
BODF JO UIF DPOWFSTBUJPO TFRVFODF BOE SFWJTF JU UIFSFGPSF DIBOHJOH UIF DPVSTF PG UIF JOUFSBD�
UJPO IFODFGPSUI� )VNBO FSSPST BSF POMZ OBUVSBM JO B DPOWFSTBUJPO BOE UIF BHFOU OFFET UP CF
SFBEZ UP SFDUJGZ UIF QSFWJPVTMZ HSPVOEFE VOEFSTUBOEJOH�

य़FSF IBT CFFO B HPPE BOE DPOUJOVBM FPSU JO GPSNVMBUJOH UBTLT BOE EBUBTFUT UIBU TBUJTGZ UIF
DPOTUSBJOUT PG WJTJCJMJUZ BVEJCJMJUZ BOE DPUFNQPSBMJUZ� 3FDFOU FPSUT BMTP TFF BO JODSFBTFE
JOUFSFTU JO BEESFTTJOH DPQSFTFODF JO HSPVOEFE DPOUFYUT�

4VNNBSZ� ,FZ UP QSPHSFTT BOE MBSHFMZ BCTFOU GSPN UIF MJUFSBUVSF JT B GPDVT PO TJNVMUBOFJUZ
TFRVFOUJBMJUZ BOE SFWJTBCJMJUZ�

��� (SPVOEJOH ڼSPVOEJOH)ڻ

)BWJOH DPWFSFE BNPSF GPSNBM EFOJUJPO PG HSPVOEJOH BEBQUFE UP /-1 XF UVSO PVS B॒FOUJPO UP
DBUBMPHJOH UIF QSFDJTF VTBHF PG ۜHSPVOEJOH JO PVS SFTFBSDI DPNNVOJUZ� 8F QSFTFOU BO BOBMZTJT
PO UIF WBSJPVT EPNBJOT BOE UFDIOJRVFT /-1 IBT FYQMPSFE�
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����� %BUB BOE "OOPUBUJPOT

5P UIJT FOE XF TVC TFMFDUFE BMM UIF QBQFST UIBU NFOUJPO UFSNT GPS ۜHSPVOEJOH GSPN UIF 4�03$
EBUB 	-P FU BM� ����
� *O UIJT XBZ XF HSPVOEFE UIF UFSN ڣHSPVOEJOHڢ JO MJUFSBUVSF � UP DPMMFDU
UIF SFMFWBOU QBQFST� &BDI PG UIF QBQFST JT BOOPUBUFE XJUI BOTXFST UP UIF GPMMPXJOH RVFTUJPOT�
	J
 JT JU JOUSPEVDJOH B OFX UBTL 	JJ
 JT JU JOUSPEVDJOH B OFX EBUBTFU 	JJJ
 XIBU JT UIF XPSME TDPQF
	JW
 JT JU XPSLJOH PO NVMUJQMF MBOHVBHFT 	W
 XIBU BSF UIF HSPVOEJOH EPNBJOT 	WJ
 XIBU JT UIF
HSPVOEJOH UBTL 	WJJ
 XIBU JT UIF HSPVOEJOH UFDIOJRVF 

����� %PNBJOT PG HSPVOEJOH

3FBM�XPSME DPOUFYUT XF JOUFSBDU XJUI BSF EJWFSTF BOE DBO CF EFSJWFE GSPN EJFSFOU NPEBMJUJFT
TVDI BT UFYUVBM PS OPO�UFYUVBM FBDI PG XIJDI DPNQSJTFT EPNBJOT� 0VS DBUFHPSJ[BUJPO PG UIFTF
JT JOTQJSFE GSPN UIF DPOTUSBJOUT PG HSPVOEJOH BT EFTDSJCFE JO g������ #BTFE PO UIJT UIF NPEBMJUZ
CBTFE DBUFHPSJ[BUJPO JODMVEFT UIF GPMMPXJOH EPNBJOT�

• 5FYUVBMNPEBMJUZ DPNQSJTJOH QMBJO UFYU FOUJUJFT � FWFOUT LOPXMFEHF CBTFT BOE LOPXMFEHF HSBQIT�

• /PO�UFYUVBM NPEBMJUZ DPNQSJTJOH JNBHFT TQFFDI JNBHFT � TQFFDI BOE WJEFPT�

/VNFSPVT PUIFS EPNBJOT JODMVEJOH OVNCFST BOE FRVBUJPOT DPMPST QSPHSBNT UBCMFT CSBJO BD�
UJWJUZ TJHOBMT FUD� BSF TUVEJFE JO UIF DPOUFYU PG HSPVOEJOH BU B SFMBUJWFMZ MPXFS TDBMF JO DPN�
QBSJTPO UP UIF BGPSFNFOUJPOFE POFT� &BDI PG UIFTF DBO GVSUIFS CF JOUFSBDUFE XJUI BMPOH UIF
WBSJBUJPO JO UIF DPPSEJOBUJPO EJNFOTJPO PG HSPVOEJOH GSPN g����� UIBU HJWF SJTF UP UIF GPMMPX�
JOH TF॒JOHT JODMVEJOH DPOWFSTBUJPOT FNCPEJFE BHFOUT BOE GBDF�UP�GBDF JOUFSBDUJPOT�

����� "QQSPBDIFT UP HSPVOEJOH

य़JT TFDUJPO QSFTFOUT B MJTU PG BQQSPBDIFT UBJMPSFE UP HSPVOEJOH� य़F PCWJPVT TPMVUJPO JT UP
FYQBOE UIF EBUBTFUT UP QSPNPUF B SFTFBSDI QMBUGPSN� य़F TFDPOE JT UP NBOJQVMBUF EJFSFOU
SFQSFTFOUBUJPOT UP MJOL BOE CSJOH UIFN UPHFUIFS� 'JOBMMZ UIF MFBSOJOH PCKFDUJWF DBO MFWFSBHF
HSPVOEJOH� य़F TVC�DBUFHPSJFT XJUIJO FBDI BSF QSFTFOUFE JO 'JHVSF ����

�� &YQBOEJOH EBUBTFUT � BOOPUBUJPOT� य़F STU TUFQ UPXBSET CVJMEJOH BO FDPTZTUFN GPS
SFTFBSDI JO HSPVOEJOH JT UP DVSBUF UIF OFDFTTBSZ EBUBTFUT XIJDI JT BDDPNQMJTIFE XJUI FYQFO�
TJWF IVNBO FPSUT BVHNFOUJOH FYJTUJOH BOOPUBUJPOT BOE BVUPNBUJDBMMZ EFSJWJOH BOOPUBUJPOT
XJUI XFBL TVQFSWJTJPO�

/FX EBUBTFUT� य़FSF IBT CFFO BO JODSFBTF JO FPSUT GPS DVSBUJOH OFX EBUBTFUT XJUI UBTL�
TQFDJD BOOPUBUJPOT� य़FTF BSF CSJFZ PWFSMBJE JO 5BCMF ��� BMPOH XJUI UIFJS NPEBMJUJFT EP�
NBJOT BOE UBTLT�

�1MFBTF OPUF UIBU UIJT JT OPU BO FYIBVTUJWF MJTU PG QBQFST XPSLJOH PO HSPVOEJOH BT UIFSF BSF TFWFSBM PUIFST UIBU
EP NFOUJPO UIJT UFSN BOE TUJMM XPSL PO TPNF GPSN PG HSPVOEJOH
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'९७ॻॸ५ ���� "QQSPBDIFT UP HSPVOEJOH

.PEBMJUZ %PNBJO 5BTL 8PSL

/P
O�

UF
YU
VB

M *NBHFT

DBQUJPO SFMFWBODF 	4VIS FU BM� ����

NVMUJNPEBM .5 	;IPV FU BM� ����G

TQPSUT DPNNFOUBSJFT 	,PODFM�,FE[JPSTLJ FU BM� ����

TFNBOUJD SPMF MBCFMJOH 	4JMCFSFS BOE 1JOLBM ����

JOTUSVDUJPO GPMMPXJOH 	)BO BOE 4DIMBOHFO ����

OBWJHBUJPO 	"OESFBT BOE ,MFJO ����

DBVTBMJUZ 	(BP FU BM� ����

TQBUJBM FYQSFTTJPOT 	,FMMFIFS FU BM� ����

TQPLFO JNBHF DBQUJPOJOH 	"MJTIBIJ FU BM� ����

FOUBJMNFOU 	7V FU BM� ����

JNBHF TFBSDI 	,JSPT FU BM� ����

TDFOF HFOFSBUJPO 	$IBOH FU BM� ����


7JEFPT

BDUJPO TFHNFOUBUJPO 	3FHOFSJ FU BM� ����

TFNBOUJD QBSTJOH 	3PTT FU BM� ����

JOTUSVDUJPO GPMMPXJOH 	-JV FU BM� ����B

RVFTUJPO BOTXFSJOH 	-FJ FU BM� ����B


5F
YU
VB

M

5FYU

DPOUFOU USBOTGFS 	1SBCIVNPZF FU BM� ����

DPNNPOTFOTF JOGFSFODF 	;FMMFST FU BM� ����

SFGFSFODF SFTPMVUJPO 	,FOOJOHUPO BOE 4DIMBOHFO ����

TZNCPM HSPVOEJOH 	,BNFLP FU BM� ����

CJMJOHVBM MFYJDPO FYUSBDUJPO 	-BXT FU BM� ����

104 UBHHJOH 	$BSEFOBT FU BM� ����


*O
UF
SB
DU
JW
F

5FYU
OFHPUJBUJPOT 	$BEJMIBD FU BM� ����

EPDVNFOUT 	;IPV FU BM� ����E

JNQSPWJTBUJPO 	$IP BOE .BZ ����


7JTVBM

SFGFSSJOH FYQSFTTJPOT 	)BCFS FU BM� ����

	5BLNB[ FU BM� ����


FNPUJPOT BOE TUZMFT 	4IVTUFS FU BM� ����

NFEJB JOUFSWJFXT 	.BKVNEFS FU BM� ����

TQBUJBM SFBTPOJOH 	+¤OOFS FU BM� ����

OBWJHBUJPO 	,V FU BM� ����


0UIFS QSPCMFN TPMWJOH 	-J BOE #PZFS ����


5१२ॲ५ ���� 1PJOUFST UP DVSBUFE EBUBTFUT JOUSPEVDFE UP BEESFTT HSPVOEJOH

"VHNFOU BOOPUBUJPOT� य़FTF DVSBUFE EBUBTFUT DBO BMTP CF VTFE TVCTFRVFOUMZ UP BVHNFOU
XJUI UBTL�TQFDJD BOOPUBUJPOT JOTUFBE PG DPMMFDUJOH UIF EBUB GSPN TDSBUDI XIJDINJHIU CF NPSF
FYQFOTJWF�

• /PO�UFYUVBM .PEBMJUZ� 4UBUJD HSPVOEJOH IFSF JODMVEFT VTJOH BEWFSTBSJBM SFGFSFODFT UP HSPVOE
WJTVBM SFGFSSJOH FYQSFTTJPOT 	"LVMB FU BM� ����
 MBOHVBHF MFBSOJOH 	4VHMJB FU BM� ����� +JO FU BM�
����
 FUD�
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• 5FYUVBM .PEBMJUZ� 4UBUJD HSPVOEJOH JODMVEFT FOUJUZ TMPU MMJOH 	#JTL FU BM� ����
�

• *OUFSBDUJWF� य़PVHI OPU GVMMZ EZOBNJD HSPVOEJOH TPNF FPSUT IFSF BSF BNPOHTU UBTLT MJLF
VOEFSTUBOEJOH TQBUJBM FYQSFTTJPOT 	6EBHBXB FU BM� ����
 DPMMBCPSBUJWF ESBXJOH 	,JN FU BM�
����B
 FUD�

8FBL TVQFSWJTJPO� 8IJMF UIF BCPWF UXP BSF CBTFE PO IVNBO FPSUT XF DBO BMTP QFSGPSN
XFBL TVQFSWJTJPO UP VTF B NPEFM USBJOFE UP EFSJWF BVUPNBUJD TPॏ BOOPUBUJPOT SFRVJSFE GPS UIF
UBTL�

• /PO�5FYUVBM .PEBMJUZ� *O UIF WJTVBM NPEBMJUZ XFBL TVQFSWJTJPO JT VTFE JO UIF DPOUFYUT PG
BVUPNBUJD PCKFDU QSPQPTBMT GPS EJFSFOU UBTLT MJLF TQPLFO JNBHF DBQUJPOJOH 	4SJOJWBTBO FU BM�
����
 WJTVBM TFNBOUJD SPMF MBCFMJOH 	4JMCFSFS BOE 1JOLBM ����
 QISBTF HSPVOEJOH 	$IFO FU BM�
����E
 MPPTF UFNQPSBM BMJHONFOUT CFUXFFO V॒FSBODFT BOE B TFU PG FWFOUT 	,PODFM�,FE[JPSTLJ
FU BM� ����
 FUD�

• 5FYUVBM .PEBMJUZ� *O UIF DPOUFYUT PG UFYU 5TBJ BOE 3PUI 	����B
 XPSL UPXBSET EJTBNCJHVBUJOH
DPODFQU NFOUJPOT BQQFBSJOH JO EPDVNFOUT BOE HSPVOEJOH UIFN JONVMUJQMF ,#T XIJDI JT B TUFQ
UPXBSET 4UBHF � JO g������ 1PPO 	����
 QFSGPSN RVFTUJPO BOTXFSJOH XJUI B TJOHMF EBUBCBTF�

4VNNBSZ� 8IJMF BVHNFOUBUJPO BOE XFBL TVQFSWJTJPO DBO CF MFWFSBHFE GPS EJNFOTJPOT PG
DPPSEJOBUJPO BOE QVSWJFXT DVSBUJOH OFX EBUBTFUT JT UIF OFFE PG UIF IPVS UP FYQMPSF WBSJPVT
DPOTUSBJOUT�

�� .BOJQVMBUJOH SFQSFTFOUBUJPOT� (SPVOEJOH DPODFQUT PॏFO JOWPMWFT NVMUJQMF NPEBMJUJFT
PS SFQSFTFOUBUJPOT UIBU BSF MJOLFE� य़SFF NBKPS NFUIPET UP BQQSPBDI UIJT BSF EFUBJMFE IFSF�

'VTJPO BOE DPODBUFOBUJPO� 'VTJPO JT B WFSZ DPNNPO UFDIOJRVF JO TDFOBSJPT JOWPMWJOH NVM�
UJQMF NPEBMJUJFT� *O TDFOBSJPT XJUI B TJOHMF NPEBMJUZ SFQSFTFOUBUJPOT BSF PॏFO DPODBUFOBUFE�

• /PO�UFYUVBM NPEBMJUZ� 'VTJPO JT BQQMJFE XJUI JNBHFT GPS UBTLT MJLF SFGFSSJOH FYQSFTTJPOT 	3PZ
FU BM� ����
 43- 	:BOH FU BM� ����
 FUD� 'PS WJEFPT TPNF UBTLT BSF HSPVOEJOH BDUJPO EFTDSJQUJPOT
	3FHOFSJ FU BM� ����
 TQBUJP�UFNQPSBM 2" 	-FJ FU BM� ����B
 DPODFQU TJNJMBSJUZ 	,JFMB BOE $MBSL
����
 NBQQJOH FWFOUT 	'MFJTDINBO BOE 3PZ ����
 FUD�

• 5FYUVBM .PEBMJUZ� 8JUI UFYU UIJT JT TJNJMBS UP DPODBUFOBUJOH DPOUFYU 	1SBCIVNPZF FU BM�
	����
 QFSGPSN DPOUFOU USBOTGFS CZ BVHNFOUJOH DPOUFYU
�

• *OUFSBDUJWF� *O B DPOWFSTBUJPOBM TF॒JOH XPSL JT FYQMPSFE JO SFGFSFODF SFTPMVUJPO 	5BLNB[
FU BM� ����� )BCFS FU BM� ����
 HFOFSBUJOH FOHBHJOH SFTQPOTF 	4IVTUFS FU BM� ����
 EPDVNFOU
HSPVOEFE SFTQPOTF HFOFSBUJPO 	;IPV FU BM� ����E
 FUD�

• 0UIFST� /BLBOP FU BM� 	����
 TUVEZ GBDF�UP�GBDF HSPVOEJOH JO JOTUSVDUJPO HJWJOH GPS BHFOUT�

"MJHONFOU� "O BMUFSOBUJWF UP DPNCJOJOH SFQSFTFOUBUJPOT JT UP BMJHO UIFN JO SFMBUJPO UP POF
BOPUIFS�

• /PO�UFYUVBM NPEBMJUZ� 8BOH FU BM� 	����D
 QFSGPSN QISBTF MPDBMJ[BUJPO JO JNBHFT BOE )FTTFM
FU BM� 	����
 TUVEZ UFNQPSBM BMJHONFOU JO WJEFPT�
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• *OUFSBDUJWF� )BO BOE 4DIMBOHFO 	����
 BMJHO (6* BDUJPOT UP TVC�V॒FSBODFT JO DPOWFSTBUJPOT
BOE +¤OOFS FU BM� 	����
 BMJHO MPDBM OFJHICPSIPPET UP UIF DPSSFTQPOEJOH WFSCBMJ[BUJPOT�

1SPKFDUJOH JOUP B DPNNPO TQBDF� " XJEFMZ VTFE BQQSPBDI JT UP BMTP CSJOH UIF EJFSFOU
SFQSFTFOUBUJPOT POUP B KPJOU DPNNPO TQBDF�

• /PO�UFYUVBM NPEBMJUZ� 1SPKFDUJPO UP B KPJOU TFNBOUJD TQBDF JT VTFE JO TQPLFO JNBHF DBQ�
UJPOJOH 	$ISVQBMB FU BM� ����� "MJTIBIJ FU BM� ����� )BWBSE FU BM� ����
 CJDPEJOH GPS MFBSOJOH
JNBHF B॒SJCVUFT 	4JMCFSFS BOE -BQBUB ����
 SFQSFTFOUBUJPO MFBSOJOH PG JNBHFT 	;BSSJF� BOE
4DIMBOHFO ����
 BOE TQFFDI 	7JKBZBLVNBS FU BM� ����
�

• 5FYUVBMNPEBMJUZ� 5TBJ BOE 3PUI 	����C
 EFNPOTUSBUF DSPTT�MJOHVBM /&3 BOENFOUJPO HSPVOE�
JOH NPEFM CZ BDUJWBUJOH DPSSFTQPOEJOH MBOHVBHF GFBUVSFT�:BOH FU BM� 	����F
 QFSGPSN JNQVUB�
UJPO PG FNCFEEJOHT GPS SBSF BOE VOTFFO XPSET CZ QSPKFDUJOH B HSBQI UP UIF QSF�USBJOFE FNCFE�
EJOHT TQBDF�

4VNNBSZ� )BOEMJOH EJञFSFOU SFQSFTFOUBUJPOT FञFDUJWFMZ BJE JNQSPWJOH DPOTJTUFODZ BDSPTT
QVSWJFXT BOE JNQSPWF NPEFMJOH NFEJB CBTFE DPOTUSBJOUT EJNFOTJPOT�

�� -FBSOJOH0CKFDUJWF� (SPVOEJOH JT PॏFO QFSGPSNFE UP TVQQPSU BNPSF EFOFE FOE�QVSQPTF
UBTL� य़JT DBO CF JODPSQPSBUFE JO UIF PCKFDUJWF BT GPMMPXT�

.VMUJUBTLJOH BOE +PJOU .PEFMJOH� य़F MJOLJOH GPSNVMBUJPO PG HSPVOEJOH JT PॏFO VTFE BT BO
BVYJMJBSZ PS EFQFOEFOU UP NPEFM BOPUIFS UBTL�

• /PO�UFYUVBM .PEBMJUZ� .VMUJUBTLJOH XJUI JNBHFT JT VTFE UP QFSGPSN TQPLFO JNBHF DBQUJPOJOH
	$ISVQBMB ����
 BOE HSBNNBS JOEVDUJPO 	;IBP BOE 5JUPW ����
� +PJOU NPEFMJOH XBT VTFE
JO NVMUJ�SFTPMVUJPO MBOHVBHF HSPVOEJOH 	,PODFM�,FE[JPSTLJ FU BM� ����
 JEFOUJGZJOH SFGFSSJOH
FYQSFTTJPOT 3PZ FU BM� 	����
 NVMUJNPEBM .5 	;IPV FU BM� ����G
 WJEFP QBSTJOH 	3PTT FU BM�
����
 MFBSOJOH MBUFOU TFNBOUJD BOOPUBUJPOT 	2JO FU BM� ����
 FUD�

• *OUFSBDUJWF� *O B DPOWFSTBUJPOBM TF॒JOH NVMUJUBTLJOH JT VTFE UP DPNQVUF DPODFQU TJNJMBSJUZ
KVEHFNFOUT 	4JMCFSFS BOE -BQBUB ����
 LOPXMFEHF HSPVOEFE SFTQPOTF HFOFSBUJPO 	.BKVNEFS
FU BM� ����
 HSPVOEJOH MBOHVBHF JOTUSVDUJPOT 	)V FU BM� ����
� +PJOU NPEFMJOH JT VTFE CZ -J BOE
#PZFS 	����
 UP BEESFTT EJBMPH GPS DPNQMFY QSPCMFN TPMWJOH JO DPNQVUFS QSPHSBNT�

-PTT 'VODUJPO� *U JT FTTFOUJBM UP VUJMJ[F BQQSPQSJBUF MPTT EFTJHOFE GPS UIF TQFDJD HSPVOEJOH
UBTL�

• /PO�UFYUVBM .PEBMJUZ� (SVKJDJD FU BM� 	����
 EFTJHO TPॏ PSHBO EJTUBODF MPTT UP NPEFM JOUFS
BOE JOUSB PSHBO JOUFSBDUJPOT� *MIBSDP FU BM� 	����
 JNQSPWF EJWFSTJUZ JO TQPLFO DBQUJPOT XJUI B
NBTLFE NBSHJO TPॏNBY MPTT�

"EWFSTBSJBM� -FWFSBHJOH EFDFQUJWF HSPVOEFE JOQVUT JO BO B॒FNQU UP GPPM UIF NPEFM JT DBQBCMF
PG NBLJOH JU SPCVTU UP DFSUBJO FSSPST�

• /PO�UFYUVBM .PEBMJUZ� $IFO FU BM� 	����
� "LVMB FU BM� 	����
 QSFTFOU BO BMHPSJUIN UP DSBॏ
WJTVBMMZ�TJNJMBS BEWFSTBSJBM FYBNQMFT�
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• 5FYUVBM .PEBMJUZ� ;FMMFST FU BM� 	����
 QFSGPSN BEWFSTBSJBM MUFSJOH BOE DPOTUSVDU B EF�CJBTFE
EBUBTFU CZ JUFSBUJWFMZ USBJOJOH TUZMJTUJD DMBTTJFST�

"EEJUJPOBM JOGPSNBUJPO PO UIF DBUFHPSJFT PG UIF NPEFMT )FSF JT B CSJFG FMBCPSBUJPO PG
UIF EBUBTFUT QSFTFOUFE JO 5BCMF ����

/FX EBUBTFUT� य़F STU TPMVUJPO JT UP DVSBUF UIF FOUJSF EBUBTFU XJUI BOOPUBUJPOT EFTJHOFE GPS
UIF UBTL�

• /PO�UFYUVBM .PEBMJUZ� 'PS JNBHFT OFX EBUBTFUT BSF DVSBUFE GPS B WBSJFUZ PG UBTLT JODMVEJOH
DBQUJPO SFMFWBODF 	4VIS FU BM� ����
 NVMUJNPEBM .5 	;IPV FU BM� ����G
 TPDDFS DPNNFOUBSJFT
	,PODFM�,FE[JPSTLJ FU BM� ����
 TFNBOUJD SPMF MBCFMJOH 	4JMCFSFS BOE 1JOLBM ����
 JOTUSVDUJPO
GPMMPXJOH 	)BO BOE 4DIMBOHFO ����
 OBWJHBUJPO 	"OESFBT BOE ,MFJO ����
 VOEFSTUBOEJOH
QIZTJDBM DBVTBMJUZ PG BDUJPOT 	(BP FU BM� ����
 VOEFSTUBOEJOH UPQPMPHJDBM TQBUJBM FYQSFTTJPOT
	,FMMFIFS FU BM� ����
 TQPLFO JNBHF DBQUJPOJOH 	"MJTIBIJ FU BM� ����
 FOUBJMNFOU 	7V FU BM�
����
 JNBHF TFBSDI 	,JSPT FU BM� ����
 TDFOF HFOFSBUJPO 	$IBOH FU BM� ����
 FUD� $PNJOH UP
WJEFPT EBUBTFUT IBWF CFDPNF QPQVMBS GPS TFWFSBM UBTLT MJLF JEFOUJGZJOH BDUJPO TFHNFOUT 	3FH�
OFSJ FU BM� ����
 TFNBUJD QBSTJOH 	3PTT FU BM� ����
 JOTUSVDUJPO GPMMPXJOH GSPN WJTVBM EFNPO�
TUSBUJPO 	-JV FU BM� ����B
 TQBUJP�UFNQPSBM RVFTUJPO BOTXFSJOH 	-FJ FU BM� ����B
 FUD�

• 5FYUVBM .PEBMJUZ� 8JUIJO UFYU UIFSF BSF TFWFSBM EBUBTFUT GPS UBTLT MJLF DPOUFOU USBOTGFS
	1SBCIVNPZF FU BM� ����
 DPNNPOTFOTF JOGFSFODF 	;FMMFST FU BM� ����
 SFGFSFODF SFTPMVUJPO
	,FOOJOHUPO BOE 4DIMBOHFO ����
 TZNCPM HSPVOEJOH 	,BNFLP FU BM� ����
 TUVEZJOH MJOHVJTUJD
BOE OPO�MJOHVJTUJD DPOUFYUT JONJDSP�CMPHT 	%PZMF BOE 'SBOL ����
 CJMJOHVBM MFYJDPO FYUSBDUJPO
	-BXT FU BM� ����
 VOJWFSTBM QBSU�PG�TQFFDI UBHHJOH GPS MPX SFTPVSDF MBOHVBHFT 	$BSEFOBT FU BM�
����
 FOUJUZ MJOLJOH BOE SFGFSFODF 	/PUINBO FU BM� ����
 FUD�

• 0UIFS� .PSF TUBUJD HSPVOEJOH EBUBTFUT DPSSFTQPOE UP UBTLT MJLF JEFOUJGZJOH QISBTFT SFQSF�
TFOUJOH WBSJBCMFT 	3PZ FU BM� ����
 DPODFQUVBM TJNJMBSJUZ JO PMGBDUPSZ EBUB 	,JFMB FU BM� ����

JEFOUJGZJOH DPMPST GSPN EFTDSJQUJPOT 	.POSPF FU BM� ����
 DPSSFDUJOH OVNCFST 	4QJUIPVSBLJT
FU BM� ����
 FUD�

• *OUFSBDUJWF� $PNJOH UP BO JOUFSBDUJWF TF॒JOH UIF EBUBTFUT TQBO UBTLT MJLF DPOWFSTBUJPOT CBTFE
PO OFHPUJBUJPOT 	$BEJMIBD FU BM� ����
 SFGFSSJOH FYQSFTTJPOT GSPN JNBHFT 	)BCFS FU BM� �����
5BLNB[ FU BM� ����
 FNPUJPOT BOE TUZMFT 	4IVTUFS FU BM� ����
 NFEJB JOUFSWJFXT 	.BKVNEFS
FU BM� ����
 EPDVNFOUT 	;IPV FU BM� ����E
 JNQSPWJTBUJPO 	$IP BOE .BZ ����
 QSPCMFN TPMW�
JOH 	-J BOE #PZFS ����
 TQBUJBM SFBTPOJOH JO B TJNVMBUFE FOWJSPONFOU 	+¤OOFS FU BM� ����

OBWJHBUJPO 	,V FU BM� ����
 FUD�

*O BEEJUJPO UIFSF BSF TFWFSBM PUIFS UFDIOJRVFT VTFE UP HSPVOE QIFOPNFOB JO SFBM�XPSME DPO�
UFYUT�

" DPNNPO TUSBUFHZ XIFO MBOHVBHF JT JOWPMWFE JT MFWFSBHJOH TZOUBY BOE QBSTJOH� *O UIF
EPNBJO PG JNBHFT 6EBHBXB FU BM� 	����
 EFTJHO BO BOOPUBUJPO QSPUPDPM UP DBQUVSF JNQPSUBOU
MJOHVJTUJD TUSVDUVSFT CBTFE PO QSFEJDBUF�BSHVNFOU TUSVDUVSF NPEJDBUJPO BOE FMMJQTJT UP VUJMJ[F
MJOHVJTUJD TUSVDUVSFT CBTFE PO TQBUJBM FYQSFTTJPOT� #FDFSSB�#POBDIF FU BM� 	����
 TUVEZ MJOHVJT�
UJD DPNQMFYJUZ GSPN B EFWFMPQNFOUBM QPJOU PG WJFX CZ VTJOH TZOUBDUJD SVMFT UP QSPWJEF EBUB UP
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B MFBSOFS UIBU JEFOUJFT UIF VOEFSMZJOH MBOHVBHF GSPN UIJT EBUB� 4IJ FU BM� 	����
 VTF JNBHF�
DBQUJPO QBJST UP FYUSBDU DPOTUJUVFOUT GSPN UFYU CBTFE PO UIF BTTVNQUJPO UIBU TJNJMBS TQBOT
TIPVME CF NBUDIFE UP TJNJMBS WJTVBM PCKFDUT BOE UIFTF DPODSFUF TQBOT GPSN DPOTUJUVFOUT� ,FMMF�
IFS FU BM� 	����
 VTF DPNCJOBUPSZ DBUFHPSJBM HSBNNBS 	$$(
 UP CVJME B QTZDIPMJOHVJTUJD�CBTFE
NPEFM UP QSFEJDU BCTPMVUF QSPYJNJUZ SBUJOHT UP JEFOUJGZ TQBUJBM QSPYJNJUZ CFUXFFO PCKFDUT JO B
OBUVSBM TDFOF� 3PTT FU BM� 	����
 FNQMPZ $$(�CBTFE QBSTJOH UP B YFE TFU PG VOBSZ BOE CJOBSZ
EFSJWBUJPO SVMFT UP HFOFSBUF TFNBOUJD QBSTFT GPS WJEFPT�

• 5FYUVBM .PEBMJUZ� +PIOTPO FU BM� 	����
 TUVEZ UIF NPEFMJOH UIF UBTL PG JOGFSSJOH UIF SFGFSSFE
PCKFDUT VTJOH TPDJBM DVFT BOE HSBNNBUJDBM SFEVDUJPO TUSBUFHJFT JO MBOHVBHF BDRVJTJUJPO� &DLMF�
,PIMFS 	����
 B॒FNQU UP VOEFSTUBOE UIF NFBOJOH JO TZOUBY CZ B NVMUJ�QFSTQFDUJWF TFNBOUJD
DIBSBDUFSJ[BUJPO PG UIF JOGFSSFE DMBTTFT JO NVMUJQMF MFYJDPOT� $IFO 	����
 EFWFMPQ B DPOUFYU�
GSFF HSBNNBS UP VOEFSTUBOE GPSNBM OBWJHBUJPO JOTUSVDUJPOT UIBU DPSSFTQPOE CF॒FS XJUI XPSET
PS QISBTFT JO OBUVSBM MBOHVBHF� #¶STDIJOHFS FU BM� 	����
 TUVEZ UIF QSPCBCJMJTUJD DPOUFYU�GSFF
HSBNNBS MFBSOJOH UBTL VTJOH UIF JOTJEF�PVU BMHPSJUIN JO�HBNF DPNNFOUBSJFT� $$( QBSTFST
BSF BMTP VTFE UP QFSGPSN UIF FOUJUZ TMPU MMJOH UBTL 	#JTL FU BM� ����
� 8IFO BQQMJFE UP RVFTUJPO
BOTXFSJOH PWFS B EBUBCBTF EFQFOEFODZ SVMFT BSF VTFE UP NPEFM UIF FEHF TUBUFT BT XFMM BT
USBOTJUJPOT TVDI BT UIF XPSL EPOF CZ VTJOH B USFF).. 	1PPO ����
�

• 0UIFS� 3PZ FU BM� 	����
 QFSGPSN FRVBUJPO QBSTJOH UIBU JEFOUJFT OPVO QISBTFT JO B HJWFO
TFOUFODF SFQSFTFOUJOH WBSJBCMFT VTJOH IJHI QSFDJTJPO NBUIFNBUJDBM MFYJDPO UP HFOFSBUF UIF DPS�
SFDU SFMBUJPOT JO UIF FRVBUJPOT� 1BSJLI FU BM� 	����
 QFSGPSN QSPUPUZQF�ESJWFO MFBSOJOH UP MFBSO
B TFNBOUJD QBSTFS JO UBCMFT PG OFTUFE FWFOUT BOE VOBOOPUBUFE UFYU�

• *OUFSBDUJWF� -VPOH FU BM� 	����
 VTF QBSTJOH BOE HSBNNBS JOEVDUJPO UP QSPEVDF B QBSTFS
DBQBCMF PG SFQSFTFOUJOH GVMM EJTDPVSTFT BOE EJBMPHT� 4UFFMT 	����
 TUVEZ HBNFT BOE FNCPEJFE
BHFOUT CZ NPEFMJOH B DPOTUSVDUJWJTU BQQSPBDI CBTFE PO JOWFOUJPO BCEVDUJPO BOE JOEVDUJPO UP
MBOHVBHF EFWFMPQNFOU�

"OPUIFS GSFRVFOUMZ VTFE UFDIOJRVF XIFO MBOHVBHF JT JOWPMWFE JT CZ MFWFSBHJOH UIF QSJODJQMF PG
DPNQPTJUJPOBMJUZ� य़JT JNQMJFT UIBU UIF NFBOJOHT PG JUT DPOTUJUVFOUT EFUFSNJOF UIF NFBOJOH
PG B DPNQMFY FYQSFTTJPO BOE IPX UIFZ JOUFSBDU XJUI POF BOPUIFS�

• /PO�UFYUVBM .PEBMJUZ� *O UIF EPNBJO PG JNBHFT 4VIS FU BM� 	����
 QSFTFOU B OFX EBUBTFU UP
VOEFSTUBOE DIBMMFOHFT JO MBOHVBHF HSPVOEJOH JODMVEJOH DPNQPTJUJPOBMJUZ TFNBOUJD EJWFSTJUZ
BOE WJTVBM SFBTPOJOH� 4IJ FU BM� 	����
 EJTDVTTFE FBSMJFS BMTP VTF HSBNNBS SVMFT UP DPNQPTF
UIF JOQVUT� ,PODFM�,FE[JPSTLJ FU BM� 	����
 MFWFSBHF UIF DPNQPTJUJPOBM OBUVSF PG MBOHVBHF UP
VOEFSTUBOE QSPGFTTJPOBM TPDDFS DPNNFOUBSJFT� *O UIF EPNBJO PG WJEFPT /BZBL BOE .VLFSKFF
	����
 TUVEZ MBOHVBHF BDRVJTJUJPO CZ TFHNFOUJOH UIF XPSME UP PCUBJO B NFBOJOH TQBDF BOE
DPNCJOJOH UIFN UP HFU B MJOHVJTUJD QB॒FSO�

• 5FYUVBM .PEBMJUZ� 8JUI POUPMPHJFT 1BQQBT FU BM� 	����
 QFSGPSN BEBQUJWF MBOHVBHF NPE�
FMJOH UP PUIFS EPNBJOT UP HFU B GVMMZ DPNQPTJUJPOBM PVUQVU FNCFEEJOH MBZFS XIJDI JT GVSUIFS
HSPVOEFE JO JOGPSNBUJPO GSPN B TUSVDUVSFE MFYJDPO�

• *OUFSBDUJWF� 3PZ FU BM� 	����
 XPSL PO HSPVOEJOH XPSE NFBOJOHT GPS SPCPUT CZ DPNQPTJOH
QFSDFQUVBM QSPDFEVSBM BOE BPSEBODF SFQSFTFOUBUJPOT�
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)JFSBSDIJDBM NPEFMJOH JT BMTP BQQMJFE UP TIPX FFDU PG JOUSPEVDJOH QIPOF TZMMBCMF PS XPSE
CPVOEBSJFT JO TQPLFO DBQUJPOT 	)BWBSE FU BM� ����
 BOE XJUI B DPNQBDU CJMJOFBS QPPMJOH JO
WJTVBM RVFTUJPO BOTXFSJOH 	'VLVJ FU BM� ����
�

य़FSF JT TPNF XPSL UIBU QSFTFOUT B CBZFTJBO QSPCBCJMJTUJD GPSNVMBUJPO UP MFBSO SFGFSFOUJBM
HSPVOEJOH JO EJBMPH 	-JV FU BM� ����
 VTFS QSFGFSFODFT 	$BEJMIBD FU BM� ����
 DPMPS EFTDSJQ�
UJPOT 	.D.BIBO BOE 4UPOF ����� "OESFBT BOE ,MFJO ����
�

" IVHF DIVOL PG XPSL BMTP GPDVTFT PO MFWFSBHJOH B॒FOUJPO NFDIBOJTN GPS HSPVOEJOH NVMUJ�
NPEBM QIFOPNFOPO JO JNBHFT 	4SJOJWBTBO FU BM� ����� $IV FU BM� ����� )VBOH FU BM� ����C� 'BO
FU BM� ����D� 7V FU BM� ����� ,BXBLBNJ FU BM� ����
 WJEFPT 	-FJ FU BM� ����B� $IFO FU BM� ����E

BOE OBWJHBUJPO PG FNCPEJFE BHFOUT 	:BOH FU BM� ����
 FUD�

4PNF BQQSPBDI UIJT VTJOH EBUB TUSVDUVSFT TVDI BT HSBQIT JO UIF EPNBJOT PG HSPVOEJOH JNBHFT
	$IBOH FU BM� ����� -JV FU BM� ����
 WJEFPT 	-JV FU BM� ����B
 UFYU 	-BXT FU BM� ����� $IFO �����
.BTT© FU BM� ����
 FOUJUJFT 	;IPV FU BM� ����B
 LOPXMFEHF HSBQIT BOE POUPMPHJFT 	+BVIBS FU BM�
����� ;IBOH FU BM� ����B
 BOE JOUFSBDUJWF TF॒JOHT 	+BVIBS FU BM� ����� 9V FU BM� ����
�

य़JT JT OPU BO FYIBVTUJWF TUVEZ PG BMM UIF UFDIOJRVFT UIBU QSFTFOU HSPVOEJOH CVU BSF TPNF PG UIF
SFQSFTFOUBUJWF DBUFHPSJFT� )FSF BSF NPSF TUVEJFT UIBU QFSGPSN HSPVOEJOH XJUI WBSJPVT UFDI�
OJRVFT TVDI BT DMVTUFSJOH 	4IVUPWB FU BM� ����� $BSEFOBT FU BM� ����
 SFHVMBSJ[BUJPO 	4ISFTUIB
FU BM� ����
 $3'T 	(BP FU BM� ����
 DMBTTJDBUJPO 	1BOHCVSO FU BM� ����� .POSPF FU BM� ����

MJOHVJTUJD UIFPSJFT 	4USVCF BOE )BIO ����
 JUFSBUJWF SFOFNFOU 	-J FU BM� ����D
 MBOHVBHF
NPEFMJOH 	4QJUIPVSBLJT FU BM� ����� $IP BOE .BZ ����
 OFBSFTU OFJHICPST 	,JFMB FU BM� ����

NVUVBM JOGPSNBUJPO 	0BUFT ����
 DZDMF DPOTJTUFODZ 	;IPOH FU BM� ����C
 FUD�

4VNNBSZ� .BOJQVMBUJOH UIF MFBSOJOH PCKFDUJWF JT B NPEFMJOH DBQBCJMJUZ BJEJOH BT BO BE�
EJUJPOBM DPNQPOFOU JO CSJOHJOH HSPVOEJOH BEKVODU UP TFWFSBM PUIFS FOE UBTLT BDSPTT BMM UIF
EJNFOTJPOT�

��� "OBMZTJT PG USFOET

#BTFE PO UIF EJFSFOU EBUBTFUT BOE DBUFHPSJFT PG BQQSPBDIFT GSPN UIF g����� XF TUVEZ UIF
USFOET PG EJFSFOU QIFOPNFOB� 'JHVSF ��� QSFTFOUT UIF USFOET JO UIF EFWFMPQNFOU PG HSPVOEJOH
PWFS UIF QBTU EFDBEF JODMVEJOH TQFDJD BQQSPBDIFT 	BC
 XPSME TDPQFT 	#JTL FU BM� ����
 	D
 BOE
JODMVTJWJUZ PG NVMUJQMF MBOHVBHFT 	E
� 8F BMTP QSFTFOU IJFSBSDIJDBM QJF DIBSUT JO 'JHVSF ��� UP
BOBMZ[F UIF DPNQPTJUJPOT PG NPEBMJUJFT BOE EPNBJOT GPS UIFTF BQQSPBDIFT�

5SFOET JO EBUBTFUT FYQBOTJPO� य़F JOUSPEVDUJPO PG OFX EBUBTFUT IBT TFFO B SBQJE JODSFBTF
PWFS UIF ZFBST XIJMF UIFSF JT BMTP B TVCUMF JODSFBTJOH USFOE JO BVHNFOUJOH BOOPUBUJPOT UP UIF
FYJTUJOH EBUBTFUT BT PCTFSWFE JO 'JHVSF ��� 	B
� "T XF DBO TFF GSPN 'JHVSF ��� 	B
 BDSPTT BMM
UIF EPNBJOT HBUIFSJOH OFX EBUBTFUT TFFNT UP CF QSPNJOFOU UIBO BVHNFOUJOH UIFN XJUI BEEJ�
UJPOBM BOOPUBUJPOT UP SFQVSQPTF UIF EBUB GPS B OFX UBTL� य़FSF TFFNT UP CF B IJHIFS FNQIBTJT
PO UIF FYQBOTJPO PG EBUBTFUT JO UIF OPO�UFYUVBM NPEBMJUJFT QBSUJDVMBSMZ JO UIF EPNBJO PG JN�
BHFT� " TJNJMBS SJTF JT OPU PCTFSWFE JO JOUFSBDUJWF TF॒JOHT JODMVEJOH DPOWFSTBUJPOBM EBUB BOE
JOUFSBDUJPO XJUI FNCPEJFE BHFOUT� XIJDI JT UIF QSPQJUJPVT XBZ UP CSJEHF UIF HBQ UPXBSET B SFBM



(SPVOEJOH ڣSPVOEJOH)ڢ JO /-1 ���

 

(a) Trends in curating new datasets and augmenting annotations (b) Trends in manipulation of representations

(c) Trends in world scopes (c) Trends in multilingual datasets and tasks

'९७ॻॸ५ ���� "OBMZTJT PO UIF USFOET JO HSPVOEJOH

TFOTF PG HSPVOEJOH� *U JT JOEFFE FODPVSBHJOH UP TFF BO JODSFBTJOH USFOE JO UIF FPSUT GPS FY�
QBOEJOH EBUBTFUT CVU UIF OFFE PG UIF IPVS JT UP SFEJSFDU TPNF PG UIFTF SFTPVSDFT UP BEESFTT EZOBNJD
HSPVOEJOH JO UIF DPPSEJOBUJPO EJNFOTJPO XIJDI JT TDBSDFMZ TUVEJFE JO FYJTUJOH EBUBTFUT�

5SFOET JO NBOJQVMBUJOH SFQSFTFOUBUJPOT� 'SPN 'JHVSF ��� 	C
 XF OPUF UIBU UIF GVTJPO
UFDIOJRVF IBT BOE JT CFDPNJOH JODSFBTJOHMZ QPQVMBS JO HSPVOEJOH UISPVHI NBOJQVMBUJOH SFQ�
SFTFOUBUJPOT JO DPNQBSJTPO UP BMJHONFOU BOE QSPKFDUJPO� य़JT JT BMTP PCTFSWFE JO 'JHVSF ���
	C
 XJUI UIF EPNJOBODF PG OPO�UFYUVBM NPEBMJUZ� *O UIF DPOUFYU PG UFYUVBM NPEBMJUZ UIJT UFDI�
OJRVF JT FRVJWBMFOU UP DPODBUFOBUJPO PG UIF DPOUFYU PS IJTUPSZ JO B DPOWFSTBUJPO� 1SPKFDUJOH
POUP B DPNNPO TQBDF JT UIF OFYU QPQVMBS UFDIOJRVF JO DPNQBSJTPO UP BMJHONFOU� 4JNJMBSMZ
XF PCTFSWF UIBU UIF OPO�UFYUVBM NPEBMJUZ PWFSXIFMNJOHMZ PDDVQJFT UIF TQBDF PG NBOJQVMBUJOH
SFQSFTFOUBUJPOT XJUI FYDFFEJOH QSPNJOFODF PG GVTJPO� 'VTJPO BOE QSPKFDUJOH POUP DPNNPO TQBDF
DVSSFOUMZ BSF FYDFFEJOHMZ VTFENFUIPEPMPHJFT UP HSPVOE XJUIJO B TJOHMF QVSWJFX� FZࡋ EFNPOTUSBUF
B QSPNJTJOH EJSFDUJPO UP NBOJQVMBUF SFQSFTFOUBUJPOT BDSPTT EJञFSFOU TUBHFT UP NBJOUBJO DPOTJTUFODZ
BMPOH UIF QVSWJFXT�

5SFOET JO8PSME 4DPQFT� 8F BMTP TUVEZ UIF EFWFMPQNFOU PG UIF FME CBTFE PO UIF EFOJUJPOT
PG UIF XPSME TDPQFT QSFTFOUFE CZ #JTL FU BM� 	����
� #BTFE PO UIJT UIF MBTU EFDBEF IBT TFFO BO
JODSFBTJOH EPNJOBODF JO SFTFBSDI PO XPSME TDPQF � 	XPSME PG TJHIUT BOE TPVOET
� )PXFWFS UIJT
JT MJNJUFE UP UIJT TDPQF BOE UIF TBNF USFOE JT OPU DMFBS JO XPSME TDPQF � 	XPSME PG FNCPEJNFOU
BOE BDUJPO
� "O FODPVSBHJOH PCTFSWBUJPO JT UIF GPDVT PG UIF FME JO XPSME TDPQF � 	TPDJBM XPSME

XIJDI JT DMPTFS UP SFBM JOUFSBDUJPOT JO UIF MBTU ZFBS� 8F OFFE UP BDDFMFSBUF UIF EFWFMPQNFOU PG
EBUBTFUT BOE UBTLT JOXPSME TDPQFT � BOE �� *U JT IJHIMZ SFDPNNFOEFE UP UBLF UIF EZOBNJD HSPVOEJOH
TDFOBSJP JOUP BDDPVOU JO UIF FञPSUT GPS DVSBUJOH EBUBTFUT JO UIFTF TDPQFT�

*ODMVTJWJUZ PG NVMUJQMF MBOHVBHFT� "T PCTFSWFE JO 'JHVSF ��� 	D
 SFTFBSDI JO UIF UBTLT PG
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(a) Expanding datasets/annotations (b) Manipulating Representations

'९७ॻॸ५ ���� "OBMZTJT PG %PNBJOT BOE 5FDIOJRVFT

HSPVOEJOH JO NVMUJQMF MBOHVBHFT JT TUJMM DBUBTUSPQIJDBMMZ TIPSUIBOEFE� Fࡋ OPSN GPS CFODI�
NBSLJOH MBSHF�TDBMF UBTLT TUJMM SFNBJOT BOHMP�DFOUSJD BOE XF OFFE TFSJPVT FञPSUT UP ESJWF UIJT
USFOE UP JEFOUJGZ DIBMMFOHFT JO HSPVOEJOH BDSPTT MBOHVBHFT� "T B टSTU TUFQ B SFMBUJWFMZ MFTT FY�
QFOTJWF XBZ UP OBWJHBUF UIJT EFBSUI JT UP BVHNFOU UIF BOOPUBUJPOT PG FYJTUJOH EBUBTFUT XJUI PUIFS
MBOHVBHFT�

��� 1BUI "IFBE� 5PXBSET /FX 5BTLT BOE 3FQVSQPTJOH &YJTUJOH
%BUBTFUT

8F QSFTFOUFE UIF EJNFOTJPOT PG HSPVOEJOH UIBU SFRVJSF TFSJPVT B॒FOUJPO UP CSJEHF UIF HBQ
CFUXFFO UIF EFOJUJPOT JO DPHOJUJWF TDJFODFT BOE MBOHVBHF QSPDFTTJOH DPNNVOJUJFT JO g����
#BTFE PO UIJT XF BOBMZ[FE UIF MBOHVBHF QSPDFTTJOH SFTFBSDI UP VOEFSTUBOE XIFSF XF TUBOE
BOE XIFSF XF GBMM TIPSU XJUI UIF POHPJOH FPSUT JO USFOET JO HSPVOEJOH JO g���� 8IJMF XF
TUSPOHMZ BEWPDBUF GPS FPSUT JO CVJMEJOH OFX EBUBTFUT BOE UBTLT DPOTJEFSJOH QSPHSFTT BMPOH
UIFTF EJNFOTJPOT XF CFMJFWF JO B TNPPUIFS USBOTJUJPO UPXBSET UIJT HPBM� )FODF XF QSFTFOU
TUSBUFHJFT UP SFQVSQPTF FYJTUJOH SFTPVSDFT UP NBYJNVN VUJMJUZ BT XF TUSJEF UPXBSET BDIJFWJOH
HSPVOEJOH JO UIF SFBM TFOTF� *O UIJT TFDUJPO XF GPDVT PO DPODSFUF TVHHFTUJPOT UP JNQSPWF BMPOH
FBDI PG UIF EJNFOTJPOT�

$PPSEJOBUJPO� य़JT JT CBTFE PO TJNVMBUJOH JOUFSBDUJPO UPXBSET EZOBNJD HSPVOEJOH VTJOH BO
JUFSBUJWF QBSBEJHN� 4JODF FTUBCMJTIJOH DPNNPO HSPVOE JT OPU JOUFHSBUFEXJUIJO UIF EBUBTFUT XF
QSPQPTF BO JUFSBUJWF QBSBEJHN UIBU FYQMJDJUMZ QFSGPSNT HSPVOEJOH PO B DPNNPO HSPVOE CBTFE
PO PVS QSJPST� य़JT JUFSBUJWF QBSBEJHN DBO CF SFMBUFE UP XPSL CZ 4IXBSU[ FU BM� 	����C
 UIBU
HFOFSBUFT DMBSJDBUJPO RVFTUJPOT BOE BOTXFST UP JODPSQPSBUF JO UIF UBTL PG RVFTUJPO BOTXFSJOH�
य़JT MPPQ PG TFNJ�BVUPNBUJD HFOFSBUJPO PG DMBSJDBUJPOT FTUBCMJTIFT DPNNPO HSPVOE� EF 7SJFT
FU BM� 	����
� 4VHMJB FU BM� 	����
 BMTP EJTBNCJHVBUF PS DMBSJGZ UIF SFGFSFODFE PCKFDU UISPVHI B
TFSJFT PG RVFTUJPOT JO B HVFTTJOH HBNF� य़JT JT BMTP JO TQJSJU TJNJMBS UP HFOFSBUJOH BO FYQMBOBUJPO
PS B IZQPUIFTJT GPS RVFTUJPO BOTXFSJOH 	-BUDJOOJL BOE #FSBOU ����
� य़F QSPDFTT PG HFOFSBUJOH
BO BDDFQUBCMF FYQMBOBUJPO UP IVNBO CFGPSF BDUT BT FTUBCMJTIJOH B DPNNPO HSPVOE� य़F OFFE
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PG UIF IPVS UIBU DBO SFWPMVUJPOJ[F UIJT QBSBEJHN JT UIF EFWFMPQNFOU PG FWBMVBUJPO TUSBUFHJFT UP
NPOJUPS UIF FWPMVUJPO PG UIF DPNNPO HSPVOE�

1VSWJFXT� य़JT JT CBTFE PO FTUBCMJTIJOH DPOTJTUFODZ BDSPTT TUBHFT PG HSPVOEJOH XJUI BO JO�
DSFNFOUBM QBSBEJHN� " TJNQMF TPMVUJPO JT B NPEVMBS BQQSPBDI XIFSF UIF QVSWJFXT PX JOUP
UIF OFYU TUBHF BॏFS SFBTPOBCMZ TBUJTGZJOH UIF QSFWJPVT TUBHF� य़F QPQVMBS CFODINBSLJOH BQ�
QSPBDIFT UPEBZ DBUFHPSJ[F UIF EBUBTFUT BOE UBTLT UIBU BSF TJNJMBS XJUI SFTQFDU UP UIFJS JOQVUT
PS UIF PVUQVUT� य़JT JOIJCJUT UIF TUBHF�XJTF CVJMEJOH UP FYUFOE JOUP EJFSFOU QVSWJFXT� 8F BE�
WPDBUF GPS BO PSUIPHPOBM BQQSPBDI UP UIJT CFODINBSLJOH XJUI B QJQFMJOF NPEFM XIFSF UIF PVUQVU
EJTUSJCVUJPOT PG EJञFSFOU UBTLT BSF OPU UIF TBNF CVU QMVH JOUP POF BOPUIFS MJOFBSMZ NPUJWBUFE CZ
UIF QVSWJFXT� य़F MJNJUBUJPO PG UIJT JT UIBU UIF BQQMJDBCJMJUZ PG UIJT BQQSPBDI JT MJNJUFE CZ UIF
BWBJMBCJMJUZ PG UIF EBUBTFUT JO BMM UIF QVSWJFXT PG UIBU EPNBJO�

$POTUSBJOUT� 8JUI NFEJB�JNQPTFE DPOTUSBJOUT UIFSF JT B OFFE GPS B QBSBEJHN TIJॏ JO UIF
XBZ UIFTF EBUBTFUT BSF DVSBUFE� य़F PQUJNBM XBZ UP OBWJHBUF UIJT QSPCMFN JT DVSBUJOH OFX
EBUBTFUT UP TQFDJटDBMMZ GPDVTJOH PO UIF MFTT TUVEJFE DPOTUSBJOUT PG TJNVMUBOFJUZ TFRVFOUJBMJUZ BOE
SFWJTBCJMJUZ�

"VHNFOU XJUI NVMUJMJOHVBM BOOPUBUJPOT� %JFSFOU MBOHVBHFT BMTP CSJOH OPWFM DIBMMFOHFT
UP FBDI PG UIFTF JTTVFT 	F�H� QSPOPVO ESPQ EJBMPHVF JO +BQBOFTF NPSQIPMPHJDBM BMJHONFOUT
FUD�
� )PXFWFS BT PCTFSWFE JO g��� UIF JODSFBTF JO FYQBOEJOH EBUBTFUT JT OPU QSPQPSUJPOBMMZ
SFFDUFE UP JODMVEF NVMUJQMF MBOHVBHFT� 8F SFDPNNFOE B SFMBUJWFMZ MFTT FYQFOTJWF QSPDFTT PG
USBOTMBUJOH UIF EBUBTFUT GPS HSPVOEJOH JOUP PUIFS MBOHVBHFT UP LJDL TUBSU UIJT JODMVTJPO� य़F
SFTFBSDI DPNNVOJUZ IBT BMSFBEZ TFFO TVDI FPSUT JO JNBHF DBQUJPOJOH XJUI IVNBO�BOOPUBUFE
(FSNBO DBQUJPOT JO.VMUJ��L 	&MMJP॒ FU BM� ����
 FYUFOEFE GSPN 'MJDL��L 	1MVNNFS FU BM� ����C

BOE +BQBOFTF DBQUJPOT JO 45"*3 $BQUJPOT 	:PTIJLBXB FU BM� ����
 CBTFE PO .4�$0$0 JNBHFT
	-JO FU BM� ����
� *OTUFBE PG VTJOH IVNBO BOOPUBUJPOT TPNF FPSUT IBWF BMTP CFFO NBEF UP VTF
BVUPNBUJD USBOTMBUJPOT TVDI BT UIFXPSL CZय़BQMJZBM BOE 4PSJDVU 	����
 FYUFOEJOH GSPN 4IBSNB
FU BM� 	����
� /PU KVTU BVHNFOUBUJPO CVU UIFSF BSF BMTP POHPJOH FPSUT JO HBUIFSJOH EBUBTFUT JO
NVMUJQMF MBOHVBHFT 	,V FU BM� ����
 FYUFOEJOH UIF XPSL GSPN "OEFSTPO FU BM� 	����C
�

"T XF BSF SJQFOJOH SFTFBSDI XJUI B DVMUJWBUFE EFOJUJPO PG HSPVOEJOH XF JNQMPSF UIF DPNNV�
OJUZ UP JOWFTU SFTPVSDFT XJTFMZ UPXBSET BDIJFWJOH B QSBDUJDBMMZ BQQMJDBCMF TFOTF PG �ڣHSPVOEJOHڢ
.PSF TQFDJDBMMZ XF EJTDVTT UIF NJTTJOH QJFDFT BOE EJNFOTJPOT UIBU CSJEHF UIF HBQ CFUXFFO
UIF EFOJUJPOT PG HSPVOEJOH JO $PHOJUJWF 4DJFODFT BOE /-1 DPNNVOJUJFT� य़FSFCZ XF DIBSU
PVU FYFDVUBCMF BDUJPOT JO TUFFSJOH FYJTUJOH SFTPVSDFT UP CSJEHF UIJT HBQ BMPOH UIFTF EJNFOTJPOT�
8F BMTP SFDPNNFOE TZTUFNBUJD FWBMVBUJPO PG HSPVOEJOH BMPOH UIFTF EJNFOTJPOT JO BEEJUJPO UP
UIF FYJTUJOH MJOLJOH DBQBCJMJUJFT�
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,OPXO 6OLOPXOT

य़FSF BSF LOPXO LOPXOT� य़FTF BSF
UIJOHT XF LOPX UIBU XF LOPX� य़FSF BSF
LOPXO VOLOPXOT� य़BU JT UP TBZ UIFSF
BSF UIJOHT UIBU XF LOPX XF EPOU LOPX�
#VU UIFSF BSF BMTP VOLOPXO VOLOPXOT�
य़FSF BSF UIJOHT XF EPOU LOPX XF
EPOU LOPX�

%POBME 3VNTGFME

* CFHJO UIJT DIBQUFS XJUI B TVNNBSZ PG UIF NBJO DPOUSJCVUJPOT PG UIJT UIFTJT� "TTJNJMBUJOH
UIF MFBSOJOHT GSPN UIJT XPSL * XJMM WFOUVSF JOUP QSPTQFDUJWF GVUVSF EJSFDUJPOT XJUI UIF LOPXO
DPOUFYU 	CBTFE PO OEJOHT GSPN NZ UIFTJT XPSL
 LOPXO CBDLHSPVOE 	SFMBUFE XPSL GPS UIJT
DPOUFYU
 UIF NBJO SFTFBSDI RVFTUJPO BOE QPUFOUJBMMZ 	VO
LOPXO TUFQT UP BOTXFS UIJT RVFTUJPO�
'JOBMMZ * EJTDVTT UIF CSPBEFS JNQBDU PO PUIFS EJSFDUJPOT PS FMET PG TUVEZ BMPOH XJUI FUIJDBM
DPOTJEFSBUJPOT BOE DBVUJPOBSZ NFBTVSFT UP VTF UIJT XPSL�

��� 4VNNBSZ PG $POUSJCVUJPOT

"OUISPQPNPSQIJD OBSSBUJWF HFOFSBUJPO JO OBUVSBM MBOHVBHF JO UIF GPSN PG TUPSJFT QSPDFEVSFT
FUD� IBT CFFO B MPOH�TUBOEJOH ESFBN PG BSUJDJBM JOUFMMJHFODF� 8PSLJOH UPXBSET UIJT HPBM CSJOHT
GPSUI UIF OFFE UP BEIFSF UP UIF JOOBUF IVNBO DIBSBDUFSJTUJDT PG OBSSBUJWFT� य़JT JODMVEFT DPO�
UFOU 	SFMFWBODF
 TUSVDUVSF 	DPIFSFODF
 BOE TVSGBDF GPSN SFBMJ[BUJPO 	FYQSFTTJPO
� *O UIJT UIFTJT
* JOUSPEVDF BODIPSJOH UP UIFTF QSPQFSUJFT XJUI MPDBM BOE HMPCBM PCKFDUJWFT� "ODIPSJOH UIFTF
OBSSBUJWF QSPQFSUJFT JT NBOFVWFSFE OPU POMZ CZ UBTL�TQFDJD SFRVJSFNFOUT CVU BMTP CZ UIF

���
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BWBJMBCJMJUZ PG BOOPUBUFE EBUB� .PSFPWFS TUFFQ BDDFMFSBUJPO JO CSFXJOH OFX DPOUFOU FWFSZ
EBZ CPUI TVSNPVOUT BOE JNQFEFT UIF OFFE GPS FYUFOTJWF BOOPUBUJPOT� य़JT DBMMT GPS B TQFD�
USVN PG BODIPSJOH CFUXFFO TVQFSWJTFE BOE VOTVQFSWJTFE SBOHJOH GSPN UPLFO�MFWFM UP TQBSTF
OBSSBUJWF�MFWFM BOOPUBUJPOT� य़F NBJO DPOUSJCVUJPO PG UIJT UIFTJT JT B OPWFM UXP�EJNFOTJPOBM
UBYPOPNZ PG BODIPSJOH UIFTF UISFF QSPQFSUJFT CZ MPDBMMZ BOE HMPCBMMZ DPOEJUJPOFE USBJOJOH PC�
KFDUJWFT� य़JT GSBNFXPSL UBQT JOUP UFDIOJRVFT GPS BODIPSJOH UP JNQSPWF OBSSBUJWF HFOFSBUJPO
XIJDI JT EFUBJMFE JO $IBQUFS � PG 1BSU �� 'PMMPXJOH UIJT * EJTDVTTFE UBTL BHOPTUJD UFDIOJRVFT GPS
UFYU HFOFSBUJPO EFMWJOH JOUP UIF MFBSOJOH BMHPSJUINT EFDPEJOH TUSBUFHJFT BOE FWBMVBUJPO NFUI�
PET� य़FO CSJOHJOH UFYU HFOFSBUJPO BOE BODIPSJOH UPHFUIFS * EFUBJMFE WBSJPVT NFUIPEPMPHJFT
UP BODIPS EJFSFOU EFTJEFSBUB PG UBTL�TQFDJD SFRVJSFNFOUT JO UIF BGPSFNFOUJPOFE UFYU HFO�
FSBUJPO UFDIOJRVFT GPMMPXFE CZ QSFTFOUJOH DBUFHPSJFT PG UIFTF NFUIPET UP BODIPS NVMUJNPEBM
OBSSBUJWFT�

$POTFRVFOUMZ * EJTDVTTFE BODIPSJOH FBDI OBSSBUJWF QSPQFSUZ JO UIF UISFF DIBQUFST JO 1BSU �� 5P
CFHJO XJUI UIF STU QSPQFSUZ PG FFDUJWF OBSSBUJWFT JT UIF RVBMJUZ PG CFJOH DMPTFMZ DPOOFDUFE
BQQSPQSJBUF BOE JOGPSNBUJWF UIFSFCZ DPOUSJCVUJOH UP UIF DPOUFOU PS SFMFWBODF� * JOWFTUJHBUFE
NFUIPET UP JNQSPWF DPOUFOU JO $IBQUFS �� )FSF * STU QSFTFOUFE B EVBM TUBHFE NFUIPE XJUI
DPOTUSBJOFE DSPTT B॒FOUJPO PO XFBLMZ TVQFSWJTFE BODIPST 	EFSJWFE BT DPOUFOU VOJUT
 UP EFOPJTF
XFC�TDBMF WJTJPO BOE MBOHVBHF EBUB� य़FTF BODIPST BMTP EFNPOTUSBUFE DSPTT�MJOHVBM USBOTGFS�
BCJMJUZ BDSPTT WF MBOHVBHFT� *O BEEJUJPO UP FNQJSJDBM JNQSPWFNFOUT JO IVNBO FWBMVBUJPOT
* BMTP FWBMVBUFE UIF RVBOUJDBUJPO PG UIFTF JNQSPWFNFOUT GSPN WJTVBMMZ JOGPSNBUJWF DBQUJPOT
WJB DSPTT�NPEBM EJTDPVSTF DPIFSFODF� * BMTP RVBMJUBUJWFMZ EFNPOTUSBUFE UIFJS BCJMJUZ UP HFOFSBUF
DPOUSPMMBCMF DBQUJPOT BMPOH XJUI UIFJS BCJMJUZ UP QSPWJEF GPS IVNBO�JOUFSQSFUBCMF JOUFSNFEJBUF
SFQSFTFOUBUJPOT UP QFSGPSN IVNBO�JO�UIF�MPPQ DPSSFDUJPOT� *OUSPEVDJOH UIFTF DPOUFOU XPSET
JT OPU B TVਖ਼DJFOU QBSBNFUFS UP JNQSPWF DPIFSFODF� SFGFSSJOH UP UIFN IFODFGPSUI JT BMTP DSVDJBM�
'PMMPXJOH UIJT * QSFTFOUFE B IJFSBSDIJDBM HMPDBM B॒FOUJPO NPEFM UP MFBSO UP JOUSPEVDF FOUJUJFT
BOE SFGFS UP UIFN JO WJTVBM TUPSJFT� *O BEEJUJPO UP FWBMVBUJOH BVUPNBUJD HFOFSBUJPO�CBTFE FWBM�
VBUJPO NFUSJDT * BMTP TUVEJFE UIFN XJUI UIF QFSDFOUBHF PG OPVOT BOE QSPOPVOT HFOFSBUFE JO
UIF OBSSBUJWFT� *O CPUI UIF BCPWF DBTFT XF VTFE XFBLMZ TVQFSWJTFE MBCFMT UP JOGPSN BODIPST
GPS UIF HFOFSBUJPO NPEFM� )PXFWFS JO UIF BCTFODF PG FYQMJDJU BODIPST EFSJWJOH NJTTJOH DPO�
UFYUT JNQMJDJUMZ WJB JOMMJOH JT B TJNQMF ZFU FFDUJWF UFDIOJRVF FTQFDJBMMZ XJUI IJHI PWFSMBQQJOH
DPOUFYUT� * EFNPOTUSBUFE UIF VUJMJUZ PG UIJT JO USBJOJOH BOE JOGFSFODF UP HFOFSBUF B DPOUFYU GPS
NJTTJOH JNBHFT�

य़F TFDPOE QSPQFSUZ PG FFDUJWF OBSSBUJWFT JT UIF RVBMJUZ PG CFJOH MPHJDBM BOE DPOTJTUFOU GPM�
MPXJOH B TUSVDUVSF� * EJTDVTTFE UIJT JO EFUBJM JO $IBQUFS � XIFSF * EFNPOTUSBUF HBJOT GSPN
BODIPSJOH UP B TUSVDUVSBM MBZPVU CZ TDBPMEJOH TUSVDUVSF SFQSFTFOUBUJPO GSPN VOBOOPUBUFE UFY�
UVBM SFDJQFT� य़FTF TUSVDUVSBM SFQSFTFOUBUJPOT BSF MFBSOU JO B IBSE GPSN JO BO VOTVQFSWJTFE
GBTIJPO GSPN B TFRVFODF PG DMVTUFST� * BMTP EFNPOTUSBUFE VTJOH B OJUF TUBUF NBDIJOF UP SFQ�
SFTFOU UIF TUBUF USBOTJUJPOT JO IBSE BOE TPॏ GPSNT� 'JOBMMZ * QSFTFOUFE NPEFMT UP VTF UIFTF
EFSJWFE SFQSFTFOUBUJPOT JO UIF EFDPEFS BMPOH XJUI B IJFSBSDIJDBM NVMUJUBTLJOH PCKFDUJWF UP WJ�
TVBM SFDJQFT� *O BEEJUJPO UP BODIPSJOH TUSVDUVSF MPDBMMZ UIJT DBO BMTP CF EPOF BU UIF OBSSBUJWF
MFWFM CZ SFPSEFSJOH UIF TFOUFODFT QSFTFOUFE GPS TVNNBSJ[BUJPO� 6OMJLF DPOUFOU TUSVDUVSF JT B
NPSF BCTUSBDU QSPQFSUZ BOE DPNQFUFOUMZ SFQSFTFOUJOH TUSVDUVSF BDSPTT NVMUJQMF EPNBJOT MJLF
QSPDFEVSBM UFYUT QFSTVBTJWF UFYUT FUD� SFNBJOT BO PQFO DIBMMFOHF�
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य़F UIJSE QSPQFSUZ PG FFDUJWF OBSSBUJWFT DPNFT GSPN UIF DIPJDF PG TVSGBDF UPLFOT EFSJWFE
GSPN VOEFSMZJOH SFQSFTFOUBUJPO DPOUSJCVUJOH UP UIF FYQSFTTJPO PG UIF UFYU� * QSFTFOUFE XBZT
UP EP UIJT JO UFSNT PG QFSTPOB BOE NVMUJMJOHVBMJUZ JO $IBQUFS �� 'JSTU XIFO BODIPSJOH UP UIF
QFSTPOB * EFSJWFE QFSTPOBMJUZ DIBSBDUFSJ[BUJPO DMVTUFST GSPN XFBL TVQFSWJTJPO� * VUJMJ[FE UIFN
UP VQEBUF UIF HFOFSBUJPONPEFM GPS WJTVBM TUPSJFT XJUI FBSMZ BOE MBUF GVTJPO UFDIOJRVFT� 4FDPOE
GPS BODIPSJOH UIF MBOHVBHF DIPJDF PG UPLFOT JO DPEF�TXJUDIJOH * VTFE MFYJDBM MFWFM MBOHVBHF JET
UP JNQSPWF HFOFSBUJPO JO NVMUJQMF UBTLT� 4UBSUJOH XJUI MBOHVBHF NPEFMJOH * TIPX UIF Fਖ਼DBDZ
PG VTJOH MBOHVBHF JE BODIPS VOJUT JO FODPEJOH EFDPEJOH BOE BVUPFODPEJOH� * BMTP FYUFOE UIJT
JEFB UP JNQSPWF UIF TQFFDI TZOUIFTJT PG OBWJHBUJPOBM JOTUSVDUJPOT� *OTUFBE PG VTJOH MPDBM J�F�
MFYJDBM MFWFM BODIPST * XPSLFE PO JNQSPWJOH VOTVQFSWJTFE UFYU HFOFSBUJPO XJUI B EVBM�TUBHF
BEWFSTBSJBM NFUIPE� य़F DPOUJOVPVT TPॏNBY SFQSFTFOUBUJPO PG UIF JOEJWJEVBM TFOUFODFT JT VTFE
BT HMPCBM TFOUFODF MFWFM BODIPST GPS UIF EJTDSJNJOBUPS� 'PS BVUPNBUJD FWBMVBUJPO * DPNQBSFE
UIF USFOET GPS NVMUJMJOHVBM JOEFY MBOHVBHF FOUSPQZ JOUFHSBUJPO JOEFY BOE CVSTUJOFTT� 'JOBMMZ *
TIPXFE SFTVMUT PO B HSPVQFE FWBMVBUJPO GPSN GPS IVNBO FWBMVBUJPOT XIFSF QSFGFSFODF UFTUJOH
JT DBSSJFE PVU PWFS HSPVQT PG TFOUFODFT UP BSSJWF BU BO BWFSBHF QSFGFSFODF�

'JOBMMZ JO 1BSU � * QSFTFOUFE UIF NJTTJOH EJNFOTJPOT PG HSPVOEJOH JO /-1 BT DPOUSBTUFE XJUI
DPHOJUJWF TDJFODFT QBWJOH UIF XBZ UP UIF GVUVSF EJSFDUJPOT� 4QFDJDBMMZ UIJT DIBQUFS DIBMMFOHFT
UIF DVSSFOU PQFSBUJPO PG ۜHSPVOEJOH JO /-1 VOEFS UIF BTTVNQUJPO UIBU JU JT BOZ LJOE PG MJOLJOH
PG UFYU UP EBUB PS OPO�UFYUVBM NPEBMJUZ� 'JSTU UP CSJEHF UIF HBQ XJUI DPHOJUJWF TDJFODFT * EJT�
DVTTFE XIFSF XF GBMM TIPSU JO DPPSEJOBUJPO CZ DPOUSBTUJOH TUBUJD BOE EZOBNJD HSPVOEJOH XJUI
QSPTQFDUJWF NFUIPET UP BEESFTT UIFN VTJOH IVNBO�JO�UIF�MPPQ BOE JUFSBUJWF SFOFNFOU� 4FD�
POE * SFWJTJUFE UIF DVSSFOU QBSBEJHN PG MBUFSBM CFODINBSLJOH UP FYQBOE QVSWJFXT VTJOH MPOHJ�
UVEJOBM CFODINBSLJOH� 'JOBMMZ * EJTDVTTFENFEJB�JNQPTFE DPOTUSBJOUT UIBU NBOJGFTU HSPVOEJOH
JO EJFSFOU NPEBMJUJFT BOE DVFT�

-FBSOJOH GSPN UIF OEJOHT PG UIJT XPSL * QSFTFOU TPNF QPUFOUJBM GVUVSF EJSFDUJPOT JO UIF OFYU
TFDUJPO UIBU DBO CF XPSLFE PO BT B DPOTFRVFODF PG TPNF PG UIF JOGPSNFE LOPXOT�

��� 'VUVSF %JSFDUJPOT

4IPSU�UFSN�
6OQBJSFE 7JTVBM $SPTT�MJOHVBM (FOFSBUJPO�

,OPXO $POUFYU� "O PॏFO EFNBOEJOH FYQFDUBUJPO UIBU QSPNJTFT JNQSPWFE QFSGPSNBODFT
JT UIF BWBJMBCJMJUZ PG WBTU BNPVOUT PG QBJSFE EBUB� )PXFWFS UIJT JT B WFYBUJPVT BTTVNQUJPO
QBSUJDVMBSMZ JO TDFOBSJPT XIFSF XF TDBMF BDSPTT MBOHVBHFT BOE EPNBJOT BOE FYUFOE UIJT UP
OBSSBUJWFT�

,OPXO #BDLHSPVOE� 1SJPS XPSL FYQMPSFE VOTVQFSWJTFE JNBHF DBQUJPOJOH 	'FOH FU BM� ����

XIFSF UIF JNBHFT BOE DBQUJPOT BSF QSPKFDUFE POUP B DPNNPO TQBDF BOE BSF VTFE UP SFDPOTUSVDU
FBDI PUIFS UP FOTVSF TFNBOUJDBMMZ DPOTJTUFOU UFYUT XJUI UIF JNBHF VTJOH CJ�NPEBM SFDPOTUSVD�
UJPO� 4JNJMBSMZ (V FU BM� 	����D
 BEESFTT UIJT CZ MFBSOJOH B NPEFM JO B QJWPU MBOHVBHF BOE UIFO
USBOTMBUJOH JU UP UIF UBSHFU MBOHVBHF�



,OPXO 6OLOPXOT ���

3FTFBSDI �FTUJPOק $BO BODIPST CF MFWFSBHFE BT DPOEFOTFE JOGPSNBUJPO VOJUT GPS QJWPUJOH
JOUP EJFSFOU VOQBJSFE MBOHVBHFT PS EPNBJOT 

6OLOPXO� $IBQUFS � EJTDVTTFT TFMFDUJWF DSPTT�B॒FOUJPO PO UIF BODIPST GPS JNQSPWJOH JNBHF
DBQUJPOT� 8F DPOEVDUFE JOJUJBM FYQFSJNFOUT GPS VOQBJSFE DBQUJPOT XJUI BODIPST BT JOUFSNFEJBUF
SFQSFTFOUBUJPOT� य़F BODIPST EFSJWFE GSPN UIF OPJTZ DBQUJPOT ESPQ UIF $*%&S TDPSFT CZ POMZ
� QPJOUT XIFO JNBHF JOGPSNBUJPO JT DPNQMFUFMZ BCTFOU� 6OQBJSFE DBQUJPOJOH 	XIFSF QBJSFE
EBUB PॏFO JT QSFTFOU JO POF PS OPOF PG UIF EPNBJOT PS MBOHVBHFT
 JT BO JNQPSUBOU ZFU SFMBUJWFMZ
VOEFS�FYQMPSFE QSPCMFNXJUI WBMVBCMF BQQMJDBUJPOT� 0CUBJOJOH WJTVBMMZ JOGPSNBUJWF BODIPST PS
JOGPSNBUJPO VOJUT BT TUVEJFE JO UIJT DIBQUFS IBT UIF QPUFOUJBM UP TDBMF UIJT UPNVMUJQMF MBOHVBHFT
	य़BQMJZBM BOE 4PSJDVU ����
 EPNBJOT 	:BOH FU BM� ����B
 BOE TUZMFT 	(BO FU BM� ����
� 'JSTU GPS
UIF DBTF PG WBSJPVT MBOHVBHFT XF IBWF FYBNJOFE UIF DPOWFOJFODF QSBDUJDBMJUZ BOE Fਖ਼DBDZ PG
BODIPST GPS DSPTT�MJOHVBM USBOTGFSBCJMJUZ UP HFOFSBUF JNBHF EFTDSJQUJPOT� 4FDPOE GPS EPNBJOT
CJPNFEJDBM JNBHF DBQUJPOJOH DBUFST TQFDJDBMMZ UP BTTJTU QIZTJDJBOT JO EJBHOPTJOH UIF DPOEJUJPO
PG B QBUJFOU� 4IJO FU BM� 	����
 IBWF VTFE QSFEJDUJOH .&4) UFSNT BT JOUFSNFEJBUF BODIPST UP
HFOFSBUF DBQUJPOT GPS DIFTU 9�3BZT� )FSF QSFEJDUJOH POF PG UIF HSBOVMBS �� DMBTTFT BEEJUJPOBMMZ
BT BODIPS VOJUT IFMQFE JNQSPWF UIF DBQUJPOT� य़JT UBH BOE HFOFSBUF BQQSPBDI JT UIF LFZ GFBUVSF
UP NBJOUBJO GBDUVBMJUZ� )PXFWFS QBJSFE EBUB XJUI WBSJPVT NFEJDBM POUPMPHJFT BSF OPU POMZ
VOBWBJBMBCMF CVU BMTP WFSZ FYQFOTJWF UP DSFBUF CPUI XJUI SFTQFDU UP NPOFZ BOE UIF BWBJMBCJMJUZ
PG EPNBJO FYQFSUT� 6OQBJSFE DBQUJPOJOH UFDIOJRVFT IBWF JNNFOTF VUJMJUZ IFSF� "EEJUJPOBMMZ
VUJMJ[JOH BODIPST GSPN UZQPMPHJDBMMZ TJNJMBS MBOHVBHFT GPS DSPTT�MJOHVBM HFOFSBUJPO BOE B OPUJPO
PG DMPTF EPNBJOT GPS DSPTT�EPNBJO HFOFSBUJPO JT XPSUIXIJMF UP FYQMPSF�

*EFOUJGZJOH UIFTF BODIPST GSPN B MBSHF ZFU OPJTZ EBUBTFU DBO BMTP BTTJTU JO OPWFM PCKFDU DBQ�
UJPOJOH 	"HSBXBM FU BM� ����
 BOE UIFSFCZ OPWFM OBSSBUJWFT� * DPOEVDUFE JOJUJBM FYQFSJNFOUT PO
FOE�UP�FOE NPEFMJOH PG UIF EVBM TUBHFE HFOFSBUJPO DPNCJOJOH UIF BODIPS QSFEJDUJPO BOE UFYU
HFOFSBUJPO� *O QSJODJQMF UIF NPUJWBUJPO JT TJNJMBS UP 4LF%FDPEJOH� य़F NBJO BEWBOUBHFT UIBU
UIJT IBT UP PFS BSF UXP�GPME� 'JSTU JU OFBSMZ IBMWFT UIF JOGFSFODF UJNF PG UIF HFOFSBUJPO NPEFM
XJUI OP BEEJUJPOBM TFQBSBUF TUFQ PG BODIPS QSFEJDUJPO� 4FDPOE UIF BODIPS QSFEJDUJPO SFDFJWFT
NPSF JOWPMWFE GFFECBDL GSPN UIF MPTT PG UIF EFDPEFS GPS HFOFSBUJPO�

%ZOBNJD (SPVOEJOH�

,OPXO $POUFYU� *O $IBQUFS � * EJTDVTT UIF SFMBUJWFMZ MFTT TUVEJFE EJNFOTJPOT PG HSPVOEJOH
UIBU TFFT CFZPOE UIF TJNQMF MJOLJOH PG UIF OPO�UFYUVBM NPEBMJUZ PS EBUB UP UIF UPLFOT� * NBEF
JOJUJBM FPSUT UP JNQSPWF B DPVQMF PG UIFTF EJNFOTJPOT�

,OPXO #BDLHSPVOE� 3FDFOU BEWBODFNFOUT JO FNCPEJFE "* BMTP GPDVT PO DMBSJDBUJPOT BOE
EJTBNCJHVBUJPOT JO DPOWFSTBUJPOT� .VMUJQMF SPVOET JO DPOWFSTBUJPOT FOBCMF CPUI JODSFNFOUBM
CVJMEJOH PG HSPVOEJOH DPOUFYUT BOE BQQSPQSJBUF DPVSTF DPSSFDUJPOT XIFO OFDFTTBSZ� .PTU FBS�
MJFS XPSL QSJNBSJMZ GPDVTFE PO TUBUJD JOTUSVDUJPOT 	4ISJEIBS FU BM� ����
 NFNPSZ BVHNFOUFE
OFVSBM NPEFM UP FOBCMF IJFSBSDIJDBM EFDJTJPO NBLJOH 	/HVZFO BOE %BVN© *** ����
 QSPWJEJOH
DMBSJDBUJPOT 	$IJ FU BM� ����
 BOE BNCJHVJUZ SFTPMVUJPO 	य़PNBTPO FU BM� ����� ,P॒VS FU BM�
����B
� 3FDFOUMZ *EP %BHBOT LFZOPUF UBML BU &./-1 ���� BMTP FNQIBTJ[FT PO UIF QSBDUJDBM
VUJMJUZ PG USBOTGPSNJOH /-1 UBTLT TVDI BT TVNNBSJ[BUJPO TFOUJNFOU BOBMZTJT FUD� UP JOUFSBDUJWF
PS EZOBNJD TF॒JOHT�
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6OLOPXO � %ZOBNJD (SPVOEJOH� य़F QSFNJTF JO UIJT UIFTJT JT UIF BTTVNFE USVUI WBMVF PG
UIF BODIPST BOE DPOEJUJPOJOH UIF HFOFSBUJPO PO UIFTF BODIPST� )PXFWFS B LFZ DPNQPOFOU
PG SFBM JOUFSBDUJPOT JT UIF DPMMBCPSBUJWF BOE JODSFNFOUBM CVJMEJOH PG UIF DPNNPO HSPVOE GPS
UIF BODIPST� "TLJOH DMBSJDBUJPO RVFTUJPOT BOE QSPWJEJOH BEEJUJPOBM DMBSJGZJOH SFTQPOTFT JT B
DFOUSBM UFOFU UP BDIJFWF UIJT� *O PVS POHPJOH FPSUT XF BSF CVJMEJOH BO JOUFSBDUJWF NVMUJNPEBM
EBUBTFU XJUI "*�य़PS 	,PMWF FU BM� ����
 GPS UBTL�PSJFOUFE EJBMPHT CZ FYQMJDJUMZ NPEFMJOH TDFOFT
UIBU IBWF DPOGVTBCMF PCKFDUT B॒SJCVUFE CZ WBSJPVT QSPQFSUJFT� 0VS XPSL IFSF BJNT BU UIJT QPTJU�
DPNNPO HSPVOE JT BDIJFWFE WJB JOUFSBDUJWF DMBSJटDBUJPOT� 8F GPDVT PO UIF UBTL PG HSPVOEFE BOE
TJUVBUFE TLJMM MFBSOJOH�

य़FSF BSF FYJTUJOH XPSLT JO DPOWFSTBUJPOBM "* PO TUBUJD JNBHFT PS SPPN�UP�SPPN OBWJHBUJPO
UBTLT� 8IJMF BTTJTUJOH TPNFPOF JO HF॒JOH GSPN QPJOU " UP # JT BO FTTFOUJBM CVJMEJOH CMPDL
PG PVS XPSL BT XFMM XF BMTP GPDVT PO UIF NJTTJOH HBQT UIBU JODMVEF SFBMJTN BOE MJOHVJTUJD
DPNQMFYJUZ XJUI PCKFDU JOUFSBDUJPOT MPOH�IPSJ[PO QMBOT PS DPNQPTJUJPOBM JOTUSVDUJPOT� 4PNF
DPOUSBTU XJUI UIF FYJTUJOH XPSL JT EFUBJMFE IFSF�

ۦ $)"* 	.JTSB FU BM� ����
� ۜJOUFSBDU JT UIF NBJO BDUJPO BWBJMBCMF IFSF� *O DPOUSBTU XF XJMM
IBWF NVMUJQMF BOE NPSF DPNQMFY TFU PG BDUJPOT BOE BDUJPO TFRVFODFT�

ۦ 7JSUVBM)PNF 	1VJH FU BM� ����
� *U IBT B UIJSE�QFSTPO WJFX� य़FSF JT OP DMBSJDBUJPO�
CBTFE JOUFSBDUJPO� *O DPOUSBTU PVS HPBM JT UP JOUFSBDU XJUI UIF TJNVMBUJPO XJUI UIF JOUFOU
PG EFSJWJOH DMBSJDBUJPOT�

ۦ "-'3&% 	4ISJEIBS FU BM� ����
� *U IBT TUBUJD WJEFPT� 8F IBWF JOUFSBDUJPOT XJUI DPSSFD�
UJPOT UP UIF DVSSFOU QBUI PG FTUBCMJTIJOH B HPBM JO B DPNNPO HSPVOE� य़F TJNJMBSJUJFT
CFUXFFO UIFN BSF UIBU UIFZ BSF HPBM DPOEJUJPOFE J�F� UBTL�PSJFOUFE�

ۦ 3�3 	"OEFSTPO FU BM� ����C
� य़JT NBJOMZ GPDVTFT PO OBWJHBUJPO POMZ� *O DPOUSBTU XF
XJMM IBWF IJHI�MFWFM BDUJPOT TPNFUJNFT XJUIPVU TUFQ�CZ�TUFQ JOTUSVDUJPOT�

ۦ &NCPEJFE 2" 	%BT FU BM� ����
� य़JT IBT UFNQMBUF�CBTFE MBOHVBHF GPS RVFTUJPOT� *O DPO�
USBTU XF IBWF NPSF OBUVSBM RVFTUJPOT 	BDDPNQBOJFE CZ TPNF OBUVSBM OPJTF UIBU IVNBO
BSUJDVMBUJPOT JODMVEF
�

ۦ 4*..$ ��� 	,P॒VS FU BM� ����C
� *U IBT POF PG UIF UBTLT GPDVTJOH PO BNCJHVJUJFT JO TIPQ�
QJOH TDFOBSJPT JO TUBUJD FOWJSPONFOUT� *O DPOUSBTU XF IBWF EJWFSTF EBZ UP EBZ BDUJPOT JO
JOUFSBDUJWF WJSUVBM FOWJSPONFOUT�

*O UIJT XPSL PVS NBJO GPDVT JT PO HFOFSBUJOH DMBSJGZJOH RVFTUJPOT BOE SFTPMWJOH BNCJHVJUJFT�
*O UIF MBOHVBHF FOE PG MFBSOJOH XF BJN UP BDIJFWF SFBMJ[BUJPOT PG B EJWFSTF TFU PG JOTUSVDUJPOT
UP BDIJFWF B DPNNPO HSPVOE UISPVHI DPPSEJOBUJPO� *O UIF WJTVBM FOE PG MFBSOJOH XF BJN UP
FTUBCMJTI UIJT DPNNPO HSPVOE UISPVHI DPSSFMBUJPOT CFUXFFO WJTVBM BOE MBOHVBHF SFQSFTFOUB�
UJPOT�

य़FSF JT BMTP B HSPXJOH JOUFSFTU JO UIJT EJSFDUJPO PXJOH UP UIF QSBDUJDBM VUJMJUZ BOE UIF OFYU�
HFOFSBUJPO DBQBCJMJUJFT PG FNCPEJFE WJSUVBM BHFOUT� 7FSZ SFDFOUMZ 1BENBLVNBS FU BM� 	����

OPU POMZ JOUSPEVDFE B EBUBTFU TUVEZJOH BNCJHVJUZ SFTPMVUJPO BOE SFDPWFSZ PG NJTUBLFT UIBU
JODMVEFT FNCPEJFE DPOWFSTBUJPOT JOUFSMFBWFE XJUI BDUJPOT JO UIF FOWJSPONFOU CVU BMTP QSPWJEF
B QMBUGPSN GPS UIF DPNNVOJUZ UP DPOUSJCVUF UPXBSET UIJT PQFO HPBM�
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य़F GBDUPST DPOUSJCVUJOH UP UIFTF DMBSJDBUJPOT BSJTF GSPN DPOUFYUVBM BXBSFOFTT JODMVEJOH PD�
DVQBODZ SFMBUJWF BOE BCTPMVUF QSPYJNJUZ B॒SJCVUFT MJLF DPMPS BOE HFPNFUSZ EFTDSJCFE JO UIF
GPSNT PG BEKFDUJWBM SFGFSFODFT TQBUJBM SFGFSFODFT 	BCTPMVUF SFMBUJWF MBOENBSL�CBTFE
 BOE DPN�
CJOBUJPOT PG UIF BCPWF QIFOPNFOB� य़F MBOHVBHF QIFOPNFOB UPXBSET DMBSJDBUJPOT JODMVEF
FYQMJDJU RVFTUJPOT JNQMJDJU RVFTUJPOT 	SFQFBUJOH UIF V॒FSBODF
 DIPJDF GSPN NVMUJQMF PQUJPOT
FUD� &YUFOEJOH UIF BODIPST GSPN TUBUJD FOWJSPONFOUT UP UIFTF EZOBNJD FOWJSPONFOUT SFRVJSFT
DPNQPTJUJPOBM BOE JUFSBUJWFMZ CVJMEJOH UIFTF BODIPST�

6OLOPXO � -POHJUVEJOBM #FODINBSLJOH 	EJTDVTTFE JO $IBQUFS �
� य़F MBUFSBM QBSBEJHN
PG CFODINBSLJOH NBEF SFNBSLBCMF TUSJEFT JO FODPVSBHJOH NPEFM HFOFSBMJ[BUJPO� )PXFWFS
USBOTMBUJOH UP QSBDUJDBM VTF DBTFT JT PॏFO DIBMMFOHJOH EVF UP UIF MJNJUBUJPOT JO QVSWJFXT PS TDPQF
GPS FBDI UBTL� "T QBSU PG UIF (&. FPSU 	(FISNBOO FU BM� ����
 GPS ���� XF BSF QMBOOJOH UP
HBUIFS B OFX NVMUJ�QVSQPTF EBUBTFU UIBU DBUFST UP NVMUJQMF QSPCMFNT MJLF EPDVNFOU HSPVOEFE
HFOFSBUJPO NVMUJ�TFOUFODF HFOFSBUJPO FUD� JO BEEJUJPO UP CFJOH NVMUJMJOHVBM�

.FEJVN�UFSN�
*OUFSQSFUBCMF &WBMVBUJPO�

,OPXO $POUFYU� "VUPNBUJD FWBMVBUJPO NFUSJDT GPS HFOFSBUJPO BSF PॏFO VOSFMJBCMF 	$FMJLZ�
JMNB[ FU BM� ����
 BOE BSF TUJMM CFJOH IFBWJMZ TUVEJFE� 0O UIF PUIFS IBOE IVNBO FWBMVBUJPOT
BSF OPO�TUBOEBSEJ[FE IJOEFSJOH UIFJS SFQSPEVDJCJMJUZ EVF UP UIF TVCKFDUJWF OBUVSF JO IVNBO
QSFGFSFODFT 	)PXDSPॏ FU BM� ����
 BOE BSF WFSZ FYQFOTJWF BOE UJNF�DPOTVNJOH �

,OPXO #BDLHSPVOE� य़F TJNJMBSJUZ CFUXFFO HFOFSBUFE BOE HPME�TUBOEBSE UFYUT BSF PॏFO
DPNQVUFE XJUI O�HSBN PWFSMBQ NFUSJDT 	1BQJOFOJ FU BM� ����C� #BOFSKFF BOE -BWJF ����C

DPOUFOU�CBTFE PWFSMBQ NFUSJDT 	/FOLPWB FU BM� ����
 BOE EJWFSTJUZ�CBTFE NFUSJDT 	;IV FU BM�
����
� य़FTF NFUIPET BSF GVSUIFS DSJQQMFE CZ BSUJGBDUT GSPN USBOTMBUJPOFTF 	'SFJUBH FU BM� ����

UIBU BSF BMMFWJBUFE VTJOH EJWFSTF QBSBQISBTFT�

3FTFBSDI �FTUJPOק $BO BODIPST CF VTFE UP QPUFOUJBMMZ JNQSPWF UIF FWBMVBUJPO QBSBEJHN PG
HFOFSBUJPO 

6OLOPXO� &WBMVBUJOH EJTDSFUF MBCFMT JT B SFMBUJWFMZ SFMJBCMF NFUIPE BT DPNQBSFE UP FWBMV�
BUJOH TFRVFODFT PG UFYUT VTJOH UIF BGPSFNFOUJPOFE NFUIPET� #BTFE PO UIJT QSFNJTF UIFSF BSF
UXP XBZT UIBU BODIPST DBO CF VTFE GPS FWBMVBUJPO� 'JSTU UIFTF BODIPS VOJUT DBO CF SFMJBCMZ
FYUSBDUFE GSPN JOQVUT BOE FWBMVBUFE TJNJMBS UP NVMUJ�MBCFM DMBTTJDBUJPO MJLF QSFDJTJPO SFDBMM
G�TDPSF� 1MFBTF OPUF UIBU UIF MJNJUBUJPO UP UIJT NFUIPE JT UIBU XF OFFE UP IBWF QSJPS LOPXM�
FEHF PG UIF XIBU NBLFT VQ GPS TVJUBCMF BODIPS UPLFOT UIBU GPSNT UIF MBCFM TQBDF� य़JT IFMQT JO
FWBMVBUJOH UIF RVBMJUZ PG UIF QSFEJDUFE BODIPST� य़F TFDPOE JT FWBMVBUJOH UIF BODIPST GSPN UIF
HFOFSBUFE PVUQVU UFYUT� य़JT JT NPUJWBUFE CZ FWBMVBUJOH UIF DPOTJTUFODZ BOE GBDUVBMJUZ PG UIF
HFOFSBUFE UFYUT� 'BDUVBM DPOTJTUFODZ JO FWBMVBUJOH TVNNBSJ[BUJPO IBT CFFO TUVEJFE CZ BOTXFS�
JOH UIF RVFTUJPOT GSPN HFOFSBUFE TVNNBSJFT CBTFE PO QSFDJTJPO 	4DJBMPN FU BM� ����
 FYUFOEJOH
JU UP QSFDJTJPO BOE SFDBMM 	4DJBMPN FU BM� ����
� 8BOH FU BM� 	����C
 FWBMVBUF UIF DPOTJTUFODZ CZ
CVJMEJOH B 2" NPEFM UP BOTXFS RVFTUJPOT PO UIF TPVSDF EPDVNFOU BOE UIF TVNNBSZ� 8IJMF
UIFTF BSF WFSZ TPQIJTUJDBUFE NFUIPET UIFZ IFBWJMZ SFMZ PO UIF HFOFSBUFE RVFTUJPOT BOE UIF
CBDLCPOF 2" NPEFM� *O DPOUSBTU UIF BODIPS VOJUT QSFTFOU B QPUFOUJBM GPS PWFSTJNQMJFE SFQSF�
TFOUBUJPO PG UIF DPOUFOU JO UIF TPVSDF EPDVNFOUT BOE TVNNBSZ UIBU DBO CF FWBMVBUFE XJUIPVU
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UIF EFQFOEFODZ PG BO FYUFSOBM /-6 NPEFM UP BOTXFS RVFTUJPOT� &WBMVBUJOH UIF BODIPST BMTP
QSFTFOUT BEBQUBCMF XBZT UP NFBTVSF UIF UBTL�TQFDJD EFTJEFSBUB� 'PS FYBNQMF JO $IBQUFS � *
NFBTVSF UIF QFSDFOUBHF PG OPVOT BOE QSPOPVOT JO UIF HFOFSBUFE WJTVBM TUPSJFT� *U JT JO TJNJMBS
MJOFT PG NPUJWBUJPO XJUI Lite2.x 1ZSBNJE 	;IBOH BOE #BOTBM ����
 XIJDI B॒FNQUT UP QSFEJDU
UIF TFNBOUJD DPOUFOU VOJUT GSPN TFNBOUJD USJQMFU VOJUT� य़JT JT EPOF CZ QSFEJDUJOH TJNVMBUJPO
FBTJOFTT VTJOH 9(#PPTU� *U NBJOUBJOT UIF BEWBOUBHFT PG SFUBJOJOH FYQFOTJWF TFNBOUJD DPOUFOU
VOJUT XIJMF CBMBODJOHXJUI UIF BVUPNBUJDBMMZ FYUSBDUFE TFNBOUJD USJQMFU VOJUT GPS UIF MPX�TDPSFE
IBMG PG UIF TFOUFODFT� #PUI UIF GFBUVSFT VTFE CZ UIF SFHSFTTPS BOE UIF TFNBOUJD USJQMFU VOJUT
CBTFE PO 43- BSF JOUFSQSFUBCMF� य़JT XPSL JT WFSZ DMPTF UP UIF NPUJWBUJPO PG PVS QSPQPTBM UP
FWBMVBUF HFOFSBUJPO CZ UIF BODIPS VOJUT BCJMJUZ UP HSPVOE UFYU�

#FZPOE 'BDUVBM 1SPNQUJOH � 4USVDUVSF BOE .VMUJNPEBMJUZ�

,OPXO DPOUFYU� 6OEFSTUBOEJOH BOE SFQSFTFOUJOH UIF OBSSBUJWF QSPQFSUZ PG TUSVDUVSF J�F�
DPIFSFODF JT WFSZ DIBMMFOHJOH� *O $IBQUFS � * VTFE B IBSE BOE TPॏ SFQSFTFOUBUJPO PG USBOTJUJPOT
CFUXFFO DMVTUFST PO VOTVQFSWJTFE EBUB BT B GPSN PG TUSVDUVSBM SFQSFTFOUBUJPO XIFSF UIF TPॏ
SFQSFTFOUBUJPO EFNPOTUSBUFE CF॒FS QFSGPSNBODF�

,OPXO#BDLHSPVOE� 3FDFOUMZ MBOHVBHFNPEFMT BSF CFJOH FYQMPSFE UP MFBSO DPOUFOU PS GBDUVBM
LOPXMFEHF JO UIF GPSN PG BOTXFSJOH GBDUPJE RVFTUJPOT 	3BEGPSE FU BM� ����
 DPNNPO TFOTF
RVFTUJPOT 	4BQ FU BM� ����
 QSFEJDU SFMBUJPOT CFUXFFO FOUJUJFT 	1FUSPOJ FU BM� ����� 8BOH FU BM�
����B
� य़F EJTDSFUF MBOHVBHF QSPNQUT BSF HFOFSBUFE CBTFE PO QB॒FSO NBUDIJOH EFQFOEFODZ
PS CBTFE PO QBSBQISBTFT FOTFNCMJOH QSPNQUT 	-JV FU BM� ����� +JBOH FU BM� ����C
�

3FTFBSDI �FTUJPOק $BO -.T CF VTFE BT B UPPM UP QSPNQU GPS TUSVDUVSF BOE NVMUJNPEBM
JOGPSNBUJPO 

6OLOPXO� 1SPNQUJOH USBOTGPSNT /-1 UBTLT BOE QPTFT UIFN BT MM�JO�UIF�CMBOLT PS DPNQMFUF
UIF TFOUFODF LJOET PG QSPCMFNT� *U JT B WFSZ IBOEZ BOE FFDUJWF XBZ UP VOEFSTUBOE XIBU UIF
QSF�USBJOFE NPEFMT IBWF MFBSOU� 6TJOH BQQSPQSJBUF QSPNQUT MJLF 5-%3� FOBCMFT TVNNBSJ[BUJPO
PG MPOH UFYUT 	3BFM FU BM� ����
 BOE MBOHVBHF JET FOBCMFT NBDIJOF USBOTMBUJPO 	-JV FU BM� ����
�
*U PFST TFWFSBM BEWBOUBHFT XJUIPVU MPBEJOH UIF NPEFM XJUI BOZ BEEJUJPOBM QBSBNFUFST� *EFO�
UJGZJOH UIF SJHIU QSPNQUT DBO TPMWF NPSF UIBO POF UBTL BOE JU EJSFDUMZ VTFT UIF PVUQVUT PG UIF
NPEFM EFWPJE PG BOZ JOUFSOBM DPSSFMBUFE SFQSFTFOUBUJPOT� .PTU PG UIF WFSZ SFDFOU QSJPS XPSL
FYQMPSFE XIBU BOE XIFO UIF MBOHVBHF NPEFMT LOPX UIJT JOGPSNBUJPO 	+JBOH FU BM� ����CB
� *O
BEEJUJPO UP UIFTF GBDUT MBOHVBHF NPEFMT BSF BMTP WFSZ DPIFSFOU BOE MPHJDBM� "T UIF OFYU TUFQ
* CFMJFWF UIBU FYQMPSJOH QSPNQUJOH UP JNQSPWF TUSVDUVSBM DPIFSFODF JT XPSUIXIJMF� 4IJO FU BM�
	����
 IBWF DSFBUFE QSPNQUT BVUPNBUJDBMMZ WJB HSBEJFOU�CBTFE TFBSDI UFDIOJRVFT QSPQPTJOH "V�
UPQSPNQU� य़F HSBEJFOU�CBTFE NFUIPET JUFSBUJWFMZ SFQMBDF UIF IJHIFTU�SBOLFE UPLFO BॏFS UIF
EPU QSPEVDU XJUI UIF HSBEJFOU GPS UIF JOJUJBM USJHHFS� )PXFWFS BT XF IBWF TFFO JO $IBQUFS � B
TPॏ SFQSFTFOUBUJPO PG TUSVDUVSF QFSGPSNFE CF॒FS PWFS B EJTDSFUF IBSE SFQSFTFOUBUJPO� 'PS UIJT
SFBTPO BT GVUVSF XPSL * QMBO UP FYQMPSF DPOUJOVPVT QSPNQUT UP NBJOUBJO MPHJDBM DPOTJTUFODZ JO
MPOH�GPSN UFYUT� $POUJOVPVT QSPNQUT XFSF VTFE FBSMJFS JO UIF DPOUFYUT PG QSFY UVOJOH 	-J BOE
-JBOH ����
 JO UIF GPSN DPOUJOVPVT FNCFEEJOHT� )PXFWFS UIF EPXOTJEF PG UIFTF QSPNQUT JT
UIBU UIFZ BSF OPU JOUFSQSFUBCMF� #FTJEFT WFOUVSJOH JOUP UIJT SFDFOU FME PG TUVEZ GPS QSPNQUJOH
SFNBJOT OBTDFOU JO NVMUJNPEBM EPNBJOT� $PNCJOJOH HFOFSBUJPO BOE DMBTTJDBUJPO DBQBCJMJUJFT
6/*.0 	-J FU BM� ����
 7-1 	;IPV FU BM� ����B
 04$"3 	-J FU BM� ����C
 7JO7- 	;IBOH FU BM�
����
 FUD� BQQMZ DSPTT�NPEBM NPEFMJOH UFDIOJRVFT XJUI DPNCJOBUJPOT PG DPOUSBTUJWF MPTT BOE
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TFR�TFR PCKFDUJWFT� *O NPTU PG UIFTF UFDIOJRVFT PCKFDU UBHT BSF VTFE BT BODIPS QPJOUT 	-J FU BM�
����C
 UP JNQSPWF MFBSOJOH BMJHONFOUT� )FODF GVUVSF XPSL DBO VTF EJTDSFUF PS DPOUJOVPVT
QSPNQUT UP QSPCF UIF NVMUJNPEBM JOGPSNBUJPO JO UIFTF MBSHF QSFUSBJOFE NPEFMT�

$POUSPMMBCMF (FOFSBUJPO�

,OPXO DPOUFYU� 5SBJOJOH PO UIF NBTTJWF BNPVOUT PG GSFF UFYU BWBJMBCMF POMJOF EPFT OPU
EJSFDUMZ HJWF VT BO FYQMJDJU DPOUSPM UP BEKVTU B॒SJCVUFT MJLF TUZMF TFOUJNFOU DPOUFOU FUD�

,OPXO #BDLHSPVOE� "EKVTUJOH UIF MPH�MJLFMJIPPE TDPSFT PG UIF MBOHVBHF NPEFM UP FOBCMF
CF॒FS DPOUSPM IBT CFFO FYQMPSFE CZ BVHNFOUJOH BO BEEJUJPOBM SFSBOLJOH TDPSF XJUI UPQJD FN�
CFEEJOHT BOE EJTUSJCVUJPOBM DPOTUSBJOUT 	#BIFUJ FU BM� ����
 BOE MJLFMJIPPE�GSFF JNQPSUBODF
XFJHIUJOH 	(SPWFS FU BM� ����
�

3FTFBSDI �FTUJPOק )PX UP VTF BODIPST Fਖ਼DJFOUMZ UP DPOUSPM HFOFSBUJPO 

6OLOPXO � %FSJWJOH $POUSPM "ODIPST� य़F NJTTJOH QJFDF GSPN UIJT UIFTJT UP BSSJWF BU GVMM�
FEHFE DPOUSPMMBCJMJUZ� य़FSF BSF UXP XBZT UP FYUFOE UIF VUJMJUZ PG BODIPST UP BDIJFWF UIJT� य़F
STU JT UIF BVUPNBUJD EFSJWBUJPO PG NVMUJQMF SFMFWBOU WFSTJPOT PG FBDI BODIPS VOJU� *O $IBQUFS
� * EJTDVTT UIF NFUIPET GPS DPOUSPMMJOH HFOFSBUJPO XJUI BQQSPQSJBUF BODIPST� )PXFWFS UIFTF
BODIPST BSF DPOTUSVDUFE NBOVBMMZ UP FYQMPSF UIF FFDUJWFOFTT PG UIF BODIPST UP DPOUSPM NVM�
UJNPEBM HFOFSBUJPO BOE FWBMVBUF BODIPS DPOEJUJPOFE HFOFSBUJPO� %VF UP UIF TFMFDUJWF UFYU�BT�
TJEF DSPTT�B॒FOUJPO NFDIBOJTN UIFSF JT BO JODSFBTFE JOVFODF PG UIF BODIPST JO UIF HFOFSBUFE
UFYU� 'PS UIF WFSZ TBNF SFBTPO BO JSSFMFWBOU BODIPS BEWFSTFMZ BFDUT UIF HFOFSBUFE UFYU 	'JHVSF
���
� "VUPNBUJDBMMZ EFSJWJOH CPUI SFMFWBOU BOE EJWFSTF BODIPST TUJMM SFNBJOT BO PQFO DIBMMFOHF�
$PNCJOJOH EFSJWFE BODIPST XJUI DPOUSPMMBCMF HFOFSBUJPO UFDIOJRVFT DPOUSJCVUFT UPXBSET UIF
DSFBUJWF HFOFSBUJPO PG UFYU GSPN NVMUJNPEBM JOQVUT TJNJMBS UP UIF FYQFSJNFOUT JO g��������

6OLOPXO � %FDPVQMJOH DPOUFOU BOE TVSGBDF GPSNT� य़F DPOUFOU XPSET UIBU UIF BGPSF�
NFOUJPOFE BODIPST SFTPOBUF JO HVJEJOH UFYUT SFTPOBUF XJUI UIF TUZMJTUJD B॒SJCVUFT� $IBQUFS
� FYQMPSFT UFDIOJRVFT UP JOEVDF QFSTPOB PS TUZMF�TQFDJD TVSGBDF GPSN SFBMJ[BUJPOT JO WJTVBM
TUPSJFT� )PXFWFS EFDPVQMJOH UIF DPOUFOU GSPN TUZMJTUJD B॒SJCVUFT PG UIF MBOHVBHF SFNBJOT BO
PQFO DIBMMFOHF JO /-1 BT UIFZ CPUI HP IBOE JO IBOE PO TPNF MFWFM� य़F TVSGBDF GPSN PG UIF
XPSET EPFT OPU TJNQMZ DBSSZ UIF TUZMF BOE JT OPU EFWPJE PG UIF DPOUFOU�

-POH�UFSN�
-PX 3FTPVSDF .VMUJNPEBM /-1�

,OPXO $POUFYU� 8JUI UIF SFDFOU TVDDFTTFT PG MBSHF QSF�USBJOFE NPEFMT BOE DPVSUFTZ UP UIF
BWBJMBCMF SFTPVSDFT POMJOF UIFZ IBWF HSBEVBMMZ QFSGPSBUFE UP MBSHF NVMUJMJOHVBM QSF�USBJOFE
NPEFMT� )PXFWFS UIF TBNF NPNFOUVN JT OPU QJDLFE VQ JO NVMUJNPEBM NVMUJMJOHVBM NPEFMT
MFBEJOH UP HBQ JO MPX SFTPVSDF NVMUJNPEBM /-1�

,OPXO #BDLHSPVOE� य़F QSPMJGFSBUJPO PG NVMUJNPEBM FPSUT UP TFWFSBM PUIFS MBOHVBHFT IBT
UXP QBUIT� य़F STU PQUJPO JT CZ HBUIFSJOH OFX SFMFWBOU EBUBTFUT BOE UIF TFDPOE PQUJPO JT
CZ VTJOH JOEFQFOEFOU OPO�QBSBMMFM NVMUJNPEBM BOE NVMUJMJOHVBM EBUBTFUT� $PNJOH UP UIF STU
)VBOH FU BM� 	����
 HBUIFSFE .VMUJ�)PX5P���. XIJDI JT B NVMUJMJOHVBM JOTUSVDUJPOBM WJEFP
EBUBTFU BOE QSFTFOU JOUSB�NPEBM BOE JOUFS�NPEBM DPOUSBTUJWF PCKFDUJWFT BMPOH XJUI WJTVBM QJW�
PUT� )PXFWFS UIF TDBOUJOFTT PG MBCFMFE EBUB GPS CPUI NVMUJMJOHVBM BOE NVMUJNPEBM QPTFT B
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QSPCMFN UP BEWBODF SFTFBSDI MFBEJOH UP UIF TFDPOE PQUJPO BCPWF� $PNJOH UP UIF SFTDVF UIFSF
BSF SFTPVSDFT JOEFQFOEFOUMZ GPS CPUI UIFTF TUSFBNT� 3FDFOU FPSUT IBWF BMTP USJFE UP DPNCJOF
USBEJUJPOBM VOJNPEBM NVMUJMJOHVBM NBTLFE MBOHVBHF NPEFMJOH BMPOH XJUI NVMUJNPEBM NBTLFE
MBOHVBHF NPEFMJOH BOE NBTLFE SFHJPO NPEFMJOH 	/J FU BM� ����
� य़JT TUVEZ SFWFBMT UIBU USBJO�
JOH XJUI WF MBOHVBHFT JT CF॒FS UIBO �� MBOHVBHFT EVF UP JOBDDVSBDJFT JO USBOTMBUFE EBUB� य़F
USBOTMBUJPO BSUJGBDUT BOE UIF WJTVBM QJWPUT NFOUJPOFE JO CPUI UIFTF TUSFBNT BCPWF DBO CF NPE�
FMFE JO UIF GPSN PG BODIPST BOE UFDIOJRVFT GSPN VOQBJSFE DBQUJPOJOH DBO CF VTFE� )PXFWFS
PO B TFFNJOHMZ VOSFMBUFE CVU IFBWJMZ SFMBUFE OPUF $BTXFMM FU BM� 	����
 BVEJU UIF RVBMJUZ PG UIF
FOPSNPVT XFC�NJOFE NVMUJMJOHVBM DPSQPSB VTFE UP USBJO UIFTF NPEFMT� *U JT BTUPVOEJOH UP TFF
UIBU BCPVU �� DPSQPSB BSF NJTMBCFMFE PS VTF BNCJHVPVT MBOHVBHF DPEFT� )FODF B DBSFGVM DIPJDF
PG UIF NVMUJMJOHVBM SFTPVSDFT FTQFDJBMMZ GPS MPX�SFTPVSDF MBOHVBHFT JT JNQFSBUJWF UP LFFQ JO
NJOE GPS QSBDUJDBMMZ SFMJBCMF DPOUSJCVUJPOT�

3FTFBSDI �FTUJPOק )PX UP Fਖ਼DJFOUMZ VTF OPO�QBSBMMFM JOEFQFOEFOU NVMUJNPEBM BOE NVMUJ�
MJOHVBM SFTPVSDFT UP JNQSPWF NVMUJNPEBM /-1 

6OLOPXO� "T $BTXFMM FU BM� 	����
 IBWF TUVEJFE B NBDSP�BWFSBHF PG MBOHVBHF OPJTF EFNPO�
TUSBUFT UIF MJBCJMJUZ QFS MBOHVBHF� 1FS TFOUFODF MFWFM UIF JOGFSJPS RVBMJUZ PG TFOUFODFT QBSUJD�
VMBSMZ GPS MPX�SFTPVSDF MBOHVBHFT HPFT VOOPUJDFE� *O QSJODJQMF TFWFSBM SFTFBSDI TUVEJFT IBWF
EFNPOTUSBUFE UIBU VUJMJ[JOH NPSF UIBO POF NPEBMJUZ JNQSPWFT EPXOTUSFBN UBTLT MJLF NBDIJOF
USBOTMBUJPO 	:BP BOE8BO ����
� *O DPOUSBTU JU JT BMTP WFSZ DIBMMFOHJOH UP BQQMZ UIJT QSBDUJDBMMZ
XIFSF JODMVEJOH NVMUJNPEBM JOGPSNBUJPO SFEVDFE #-&6 BOE .&5&03 TDPSFT GPS (FSNBO BOE
'SFODI DBQUJPOT 	#BSSBVMU FU BM� ����
� )PXFWFS JNQSPWFNFOUT BSF TIPXOXJUI WJTVBM DPOUFYUT
GPS DIBMMFOHJOH MBOHVBHF QBJST MJLF &OHMJTI�$[FDIXJUI EJTUJODUJWF XPSE PSEFS BOENPSQIPMPHZ�
'PMMPX�VQ TUVEJFT IBWF BMTP EFNPOTUSBUFE UIF HSBOVMBSJUZ PG NBTLJOH BT B NFBOT UP DPSSVQU
UIF JOQVU UFYU UP JNQSPWF SPCVTUOFTT BOE FOBCMF UIF NPEFM UP SFMZ IFBWJMZ PO UIF WJTVBM DPO�
UFYUT� 6UJMJ[JOH CJMJOHVBM EJDUJPOBSJFT BT BODIPST QPUFOUJBM GVUVSF XPSL DBO GPDVT PO JNQSPWJOH
UIF USBOTMBUJPO JO MPX�SFTPVSDFE MBOHVBHFT VTJOH IJFSBSDIJDBM EFDPEJOH UFDIOJRVFT EJTDVTTFE
JO $IBQUFS �� 'JSTUMZ *EFOUJGZJOH UIFTF LFZXPSET BT BODIPST FOBCMFT JUFSBUJWF SFOFNFOU PG UIF
OBM OBSSBUJPO CF॒FS XJUI LFZXPSE DPOUFYUT� 4FDPOEMZ FYQMPSJOH NVMUJNPEBM EBUB DPMMFDUJPO
JO MPX SFTPVSDF MBOHVBHFT XJUI DPWFSBHF PG TFNBOUJD CVDLFUT CBTFE JOUFS�NPEBM QIFOPNFOB�
'PS JOTUBODF "SVO FU BM� 	����
 QSFTFOU B USFF TUSVDUVSF NFBOJOH SFQSFTFOUBUJPO 	#BMBLSJTI�
OBO FU BM� ����
 UP VTF MJNJUFE EBUB CZ HSPVQJOH TFNBOUJDBMMZ TJNJMBS EBUB QPJOUT JOUP DPBSTF
NFEJVN BOE OF�HSBJOFE CVDLFUT� य़F SFBTPO CFIJOE UIJT JT UIF DPWFSBHF PG NFBOJOH SFQSF�
TFOUBUJPO BMPOH XJUI EZOBNJD EBUB BVHNFOUBUJPO UIFSFGPSF QFSDPMBUJOH TJNJMBSMZ NPUJWBUFE
JEFBT GPS NVMUJNPEBM /-1 JT DPOTUSVDUJWF�

8IFO BSF IBMMVDJOBUJPOT HPPE 

,OPXO $POUFYU� )BMMVDJOBUJPOT BSF VOSFBM FYQFSJFODFT UIBU BQQFBS SFBM CVU BSF POMZ DSFBUFE
XJUIJO UIF SFNOBOUT PG UIF NJOE 	PS UIF NPEFM
� 0ॏFOUJNFT NPEFMJOH BQQSPBDIFT DVSC PS
SFDUJGZ UIF NPEFM GSPN IBMMVDJOBUJPOT GPS MFHJUJNBUF SFBTPOT� *O $IBQUFS � XF EJTDVTTFE IPX
BODIPSJOH FODPVSBHFT UIF NPEFM UP HFOFSBUF WJTVBMMZ JOGPSNBUJWF JNBHF DBQUJPOT EFWPJE PG
UIFTF IBMMVDJOBUJPOT� 4QFDJDBMMZ g������� QSFTFOUFE BO BOBMZTJT PO UIF BCJMJUZ PG BODIPST UP
JODSFBTF WJTJCMF DBQUJPOT JO DPNQBSJTPO UP NFUB BOE TUPSZ�MJLF DBQUJPOT� )PXFWFS JT SFHVMBUJOH
IBMMVDJOBUJPO UIF NPEVT PQFSBOEJ 
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,OPXO #BDLHSPVOE� य़F FYQFDUBUJPO PG B NPEFM UP BCJEF CZ UIF FOGPSDFE QSFTDSJQUJPOT
XJUIJO UIF MJNJUT PG UIF EBUB UP FOTVSF MPZBMUZ BOE EFMJUZ JO QSFEJDUJPOT JT KVTUJBCMF� 8IJMF
UIJT JT VUNPTU VTFGVM IBMMVDJOBUJPOT BSF OPU BMXBZT IBSNGVM� 4FWFSBM POHPJOH SFTFBSDI FG�
GPSUT MFHJUJNBUFMZ B॒FNQU UP SFEVDF IBMMVDJOBUJPOT 	3PISCBDI FU BM� ����� ;IPV FU BM� ����C
 BT
UIJT JT DPOTJEFSFE BO VOEFTJSFE NPEFM CFIBWJPS� य़F QSJNBSZ NPUJWBUJPO CFIJOE EJTDPVSBHJOH
IBMMVDJOBUFE XPSET JT UP SFEVDF UIF FFDUT PG DP�PDDVSSJOH XPSET� 4VO FU BM� 	����
 FYQMPSF
FYQMBOBUJPOT GPS IBMMVDJOBUFE XPSET BOE B॒FNQU UP NJOJNJ[F IBMMVDJOBUJPOT BSJTJOH GSPN DPS�
SFMBUJPOT�

3FTFBSDI �FTUJPOק *O XIBU TDFOBSJPT BSF IBMMVDJOBUJPOT CFOFDJBM BOE IPX UP NPEFM UIFTF
BENJTTJCMF IBMMVDJOBUJPOT 

6OLOPXO� Fࡋ NBSL PG BO FEVDBUFE QFSTPO JT UIF BCJMJUZ UP NBLF B SFBTPOFE HVFTT CBTFE PO
JOTVडDJFOU JOGPSNBUJPO� -FU VT CSFBL UIJT EPXO JOUP UIF UXP DPNQSJTJOH DPNQPOFOUT� य़F
STU JT JOTVडDJFOU JOGPSNBUJPO UIBU NPUJWBUFT UIF OFDFTTJUZ GPS IBMMVDJOBUJPO� 3FBM�XPSME TF�
RVFOUJBM EBUB EPFT OPU PॏFO DP�PDDVS XJUI QBJSFE UFYUVBM EFTDSJQUJPOT� 3FQMBDJOH UIF NJTTJOH
EBUB XJUI TVCTUJUVUFE WBMVFT GPS BO FOUJSF DPNQPOFOU JT LOPXO BT JUFN JNQVUBUJPO JO TUBUJT�
UJDT� 4JNJMBSMZ JO $IBQUFS � * EJTDVTTFE JNQVUBUJPO EVSJOH UIF JOGFSFODF TUBHF GPS HFOFSBUJOH
B UFYUVBM EFTDSJQUJPO GPS NJTTJOH WJTVBM DPOUFYUT� य़F JOTVਖ਼DJFODZ PG JOGPSNBUJPO PS NJTTJOH
JOGPSNBUJPO JO UIF JOQVU FODPVSBHFT UIF NPEFM UP MFBSO DPSSFMBUJPOT BNPOH UIF JOUFSBDUJOH PC�
KFDUT UP HFOFSBUF JOWJTJCMF DPOUFYU� य़F BCJMJUZ UP IBMMVDJOBUF UIJT JOGPSNBUJPO JT EFTJSBCMF JO
TVDI DPOUFYUT�

.PTU PG UIF WJTJPO BOE MBOHVBHF UBTLT JO UIF SFTFBSDI XPSME GPDVT PO BMJHOJOH UIF JOGPSNBUJPO
BDSPTT NPEBMJUJFT WJB JNBHF DBQUJPOJOH WJTVBM RVFTUJPO BOTXFSJOH WJTVBM EJBMPH NVMUJNPEBM
USBOTMBUJPO FUD� 8IJMF VOEFSTUBOEJOH UIF SFMFWBOU DPOKPJOU JOGPSNBUJPO JT JOEJTQFOTBCMF XF
BSF PWFSMPPLJOH UIF JNQPSUBODF PG VOEFSTUBOEJOH UIF SFMFWBOU EJTKPJOU JOGPSNBUJPO� *O NPTU
QSBDUJDBM TDFOBSJPT XF EJTDVTT DPNQMFNFOUBSZ JOGPSNBUJPO ڣBCPVUڢ XIBU XF TFF SBUIFS UIBO
EFTDSJCJOH UIF FYBDU JOGPSNBUJPO PG XIBU ڣFYBDUMZڢ XF TFF� *O BO JOWJUFE UBML CZ %S� +BTPO
#BMESJEHF PO ۜ*G #FBST XFSF #FFT BOE $BUT XFSF 3FTFBSDIFST BU UIF "-73 XPSLTIPQ � IF
BTTFSUT UIBU JNBHFT BOE UFYU XIFO DPNCJOFE EFMJWFS DPNQMFUFMZ EJFSFOU DPOUFYUVBMJ[FE OBS�
SBUJWFT� )F QSFTFOUT UIJT LFZ QPJOU PO UIF MBOHVBHF BTTPDJBUFEXJUI BO JNBHF JO DPNJDT QSPWJEFT
OFX BEEJUJPOBM JOGPSNBUJPO CVU OPU SFQFUJUJWF JOGPSNBUJPO� *ZZFS FU BM� 	����
 BMTP QSFWJPVTMZ
DPMMFDUFE B EBUBTFU PG DPNJDT BOE QFSGPSNFE BOBMZTJT UP TVQQPSU IPX OFJUIFS UFYU OPS JNBHF DBO
JOEFQFOEFOUMZ DPOWFZ UIF TUPSZ JO B DPNJD CPPL CVU SBUIFS DPOUBJO DPNQMFNFOUBSZ JOGPSNB�
UJPO� *O PUIFS XPSET SFBTPOBCMZ IBMMVDJOBUJOH DPOOFDUJWF JOGFSFODFT BDSPTT NVMUJQMF QMPU VOJUT
BSF SFRVJSFE UP CF॒FS MFWFSBHF UIF OBSSBUJWFT DPOUFYU� य़F TFDPOE DPNQPOFOU JTNBLJOH BO FE�
VDBUFE HVFTT� 6UJMJ[JOH DPNNPO�TFOTF UP EFSJWF PDDMVEFE DPOUFYUT JO JNBHFT JT JO GBDU EFTJSBCMF
JO TPNF DBTFT 	GPS JOTUBODF JO B DBQUJPO ۜB XPNBO TJ॒JOH PO B CFODI JO B QBSL NFOUJPOJOH
UIF CFODI EFTQJUF UIF CFODI OPU CFJOH WJTJCMF EFNPOTUSBUFT OFDFTTBSZ EFEVDUJPO TLJMMT
� )PV
FU BM� 	����
 KPJOUMZ NPEFM DPNNPO�TFOTF BOE SFMBUJPO SFBTPOJOH UP QSFEJDU WJTJCMZ VOBXBSF
PS PDDMVEFE DPODFQUT GSPN LOPXMFEHF HSBQIT� 3FBTPOJOH CFIJOE PS HFOFSBUJOH SBUJPOBMFT GPS
UIF JOUFSBDUJPOT CFUXFFO QBSUJDJQBOUT JO B WJTVBM DPOUFYU JT DSVDJBM TUFQ UP JOUFSQSFU UIF WJTJCMZ
VOBWBJMBCMF DPOUFYU 	;FMMFST FU BM� ����� :JO FU BM� ����
 य़JT BMTP JNQSPWFT EFTDSJCJOH UIF DPO�
UFYUVBM SFMBUJPOTIJQT CFUXFFO UIF PCKFDUT BOE FWFOUT JO UIF NFEJB� )FODF FYUSBQPMBUJOH UIF

�?iiTb,ff�Hp`@rQ`Fb?QTX;Bi?m#XBQf

https://alvr-workshop.github.io/
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XPSME CFZPOE WJTJCMF QJYFMT DBO NFSHF UIJT IBMMVDJOBUFE ZFU OFDFTTBSZ DPOUFYU GPS IJHIFS�PSEFS
DPHOJUJPO�

��� #SPBEFS *NQBDU

	�
 4QFDJBMJ[FE %PNBJOT�

4QBDF 5FDIOPMPHZ�

8F IBWF IFBSE PS VTFE UIF QISBTF ۜUIJT TUV JT OPU SPDLFU TDJFODF TFWFSBM UJNFT� 8FMM UIFO
DBO /-1 DPOUSJCVUF UPXBSET UIJT QFSDFJWBCMF DPNQMFY SPDLFU TDJFODF PS TQBDF FYQMPSBUJPO "*
WFOUVSJOH JOUP BTTJTUJOH TQBDF UFDIOPMPHZ IBT TFWFSBM BQQMJDBUJPOT SBOHJOH GSPN BSDIJUFDUVSF
PG NJTTJPOT UP BTUSPOBVU BTTJTUBOUT� 4DJFODF DUJPO IBT BMXBZT QPSUSBZFE PQUJNJTUJD HPBMT BOE
VUJMJUZ PG "TUSPOBVU "TTJTUBOUT XJUI FYBNQMFT MJLF 5BST $BTF FUD� य़FTF BTTJTUBOUT DBO QFS�
GPSN HBSHBOUVBO DBMDVMBUJPOT BOE TJॏ UISPVHI JODPODFJWBCMZ WBTU JOGPSNBUJPO XJUI B OBUVSBM
MBOHVBHF JOUFSGBDF UP QSPWJEF DPODJTF BOE VTFGVM JOGPSNBUJPO� 'JSTU BTTJTUJWF UFDIOPMPHZ MJLF
%BQIOF 	#BOH FU BM� ����
 UP EFTJHO TQBDF NJTTJPOT DBO SFEVDF UIF JOGPSNBUJPO PWFSMPBE PG
DPNQMFY QIFOPNFOB� *U JOUFSBDUT XJUI UIF VTFS UP QSPWJEF JOGPSNBUJPO JO UIF GPSN PG BOTXFST
UP TQFDJD RVFTUJPOT JO OBUVSBM MBOHVBHF BOE B WJTVBM JOUFSGBDF� *U BMTP QSPWJEFT DPIFSFOU GFFE�
CBDL UP B QSPQPTFE EFTJHO UIBU SFRVJSFT UIF DBQBCJMJUJFT PG MPOH�GPSN NVMUJ�TFOUFODF DPIFSFOU
UFYUT UP NBLF JU TVਖ਼DJFOUMZ EFUBJMFE� 4FDPOE XJUI IPTUJMF UFNQFSBUVSFT BOE MJWJOH DPOEJUJPOT
UFBDIJOH SPCPUT UP QFSGPSN EFYUFSPVT UBTLT PVUTJEF UIF TQBDF DSBॏ PS UIF TQBDF TUBUJPO DBO
IBWF USFNFOEPVT JNQMJDBUJPOT JO SFEVDJOH EBOHFST UP IVNBO MJWFT� 8IJMF VOEFSTUBOEJOH BOE
GPMMPXJOH OBUVSBM MBOHVBHF JOTUSVDUJPOT UP Y FRVJQNFOU JT POF�IBMG PG UIJT HFOFSBUJOH UIF EF�
TDSJQUJPO PG UIF FWFOUT PS JTTVFT BMPOH XJUI DMBSJDBUJPO RVFTUJPOT JT DSVDJBM JO VOQSFDFEFOUFE
TDFOBSJPT� .PTU PG UIF EBUB BMTP JODMVEFT WJTVBMT TFOU UP UIF BTUSPOBVUT BOE UIF HSPVOE TUBUJPO
NBLJOH JU DSJUJDBM UP VOEFSTUBOE EPNBJO�TQFDJD NVMUJNPEBM JOGPSNBUJPO� 'PS JOTUBODF /"4"
JT XPSLJOH PO CVJMEJOH B SPCPU BTTJTUBOU OBNFE 3PCPOBVU BCPBSE *OUFSOBUJPOBM 4QBDF 4UBUJPO
	*44
 UIBU DBO DBSSZ PVU SJTLZ KPCT �� " TJNJMBS FPSU LOPXO BT $SFX *OUFSBDUJWF .0CJMF DPN�
QBOJP/ BTUSPOBVU BTTJTUBOU 	$*.0/
 � JT BO FNPUJPOBMMZ JOUFMMJHFOU SPCPU XJUI WPJDF DPOUSPM
TZTUFNT BMPOH XJUI TPDJBM DBQBCJMJUJFT UP EFDSFBTF UIF TUSFTT DBVTFE EVF UP JTPMBUJPO JO MPOH�
UFSN NJTTJPOT� *U BMTP IBT UIF DBQBCJMJUJFT PG EPDVNFOUJOH FYQFSJNFOUT� 1SFTFOUJOH B HJTU PG
NFBOJOHGVM SFTVMUT GSPN B DPHFOU VOEFSTUBOEJOH PG WBTU MPHT XPVME BMTP SFRVJSF BODIPSJOH UIF
DPNQJMBUJPO XJUI B MPHJDBM TUSVDUVSF BOE TFMFDUJOH UIF BQQSPQSJBUF DPOUFOU VOJUT� य़JSE TJNJMBS
UP VTJOH (14 UP CVJME OBWJHBUJPO TZTUFNT PO UIF &BSUI XF DBO FYUSBQPMBUF UIJT UP CVJMEJOH B
TJNJMBS TZTUFN UP OBWJHBUF FYUSBUFSSFTUSJBM CPEJFT� *O DPMMBCPSBUJPO XJUI *OUFM /"4" EFWFMPQFE
B WJSUVBM .PPO.BQ � GSPN NJMMJPOT PG JNBHFT HBUIFSFE CZ UIF -VOBS 3FDPOOBJTTBODF 0SCJUFS
	-30
� "ODIPSJOH UIF JNBHFT UP WJTVBMMZ TJNJMBS CPEJFT UP QMBO SPVUFT JOUFSQSFUBCMF CZ UIF BT�
USPOBVUT BTTJTUT UIFN JO IBWJOH CF॒FS DPOUSPM PWFS UIF FYQMPSBUPSZ OBWJHBUJPO� 0VS RVFTU UP
FWPMWF BT JOUFSQMBOFUBSZ TQFDJFT DBO CF GVMMMFE CZ XPSLJOH IBOE JO IBOE XJUI SPCPUT� 5SVTUJOH
UIJT UFDIOPMPHZ JT UIF LFZ UP CVJMEJOH B DPPQFSBUJWF SFMBUJPOTIJQ�

)FBMUI�
�?iiTb,ff`Q#QM�miXDb+XM�b�X;Qpf_kf
�?iiTb,ff2MXrBFBT2/B�XQ`;frBFBf*BKQMnU`Q#Qi)
�?iiTb,ffrrrXvQmim#2X+QKfr�i+??p4M`8SDe:ZGkQ

https://robonaut.jsc.nasa.gov/R2/
https://en.wikipedia.org/wiki/Cimon_(robot)
https://www.youtube.com/watch?v=nr5Pj6GQL2o
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/-( TZTUFNT DBO WBTUMZ DPOUSJCVUF UP UIF XJEFTQSFBE VUJMJUZ PG BVUPNBUJD BOE BTTJTUJWF UFDI�
OPMPHJFT JO CJPNFEJDBM BOE IFBMUI EPNBJOT� 1SPMJGFSBUJOH UIJT MJUFSBMMZ MJGF�HJWJOH BOE MJGF�
DIBOHJOH JOGPSNBUJPO UP UIF IBOET PG SFHVMBS QFPQMF J�F� OPO�EPNBJO FYQFSUT DBO SFBQ UIF
CFOFUT PG NFEJDJOF UP UIF GVMMFTU� य़FTF EPNBJO�TQFDJD JOGPSNBUJPO SFTPVSDFT BSF BSDIJWFE
BOE QSPWJEFE BT B EJHJUBM SFQPTJUPSZ JO 1VC.FE$FOUSBM�� "TNPTU PG UIFTF PQFO�BDDFTT GVMM�UFYUT
BOE BCTUSBDUT BSF GSPN TDIPMBSMZ BSUJDMFT TJNQMJGZJOH BOE QSFTFOUJOH UIFN JO SFHVMBS OBUVSBM
MBOHVBHF JT B DSJUJDBM CP॒MFOFDL� $PVQMJOH UIJT XJUI NVMUJNPEBM JOGPSNBUJPO MJLF JNBHFT GSPN
SBEJPMPHZ TDBOT FUD� EPVCMFT EPXO PO UIJT JTTVF� #BTFE PO UIF VTF DBTF NFEJDBM JNBHJOH JT
QFSGPSNFE CZ WBSJPVT NFUIPET MJLF 9�3BZT 	JNBHFT PG TUSVDUVSFT MJLF CPOFT
 $5 4DBO 	JNBHFT
PG DSPTT�TFDUJPOT JODMVEJOH CPOFT BOE TPॏ�UJTTVFT
 .3* 	EFUBJMFE JNBHFT PG PSHBOT BOE UJTTVFT
GSPNNBHOFUJD FMET BOE SBEJP XBWFT
 6MUSBTPVOE 	JNBHFT PG PSHBOT BOE TUSVDUVSFT
 1&5 4DBO
	JNBHFT PG GVODUJPOJOH PG UJTTVFT BOE PSHBOT XJUI SBEJPBDUJWF ESVHT DBMMFE USBDFST
 FUD� य़F EJ�
WFSTF DBUFHPSJFT PG DPOEJUJPOT UIFZ BSF VTFE UP EFUFDU JODMVEJOH FQJMFQTZ 	1&5 4DBO
 NPOJUPSJOH
QSFHOBODZ 	6MUSBTPVOE
 UVNPST 	.3* $5 4DBO
 CPOF GSBDUVSFT 	9�3BZT
 NBOEBUF UIF EJWFS�
TJUZ JO UIF JOGPSNBUJPO QSPWJEFE CZ UIFTF WBSJPVT UFDIOJRVFT� य़FSF BSF GFX BOE EJTUSJCVUFE
FPSUT JO VOEFSTUBOEJOH UIFTF BDSPTT EJFSFOU UZQFT PG JNBHFT� 'PS FYBNQMF 1FMLB FU BM� 	����

QSFTFOU B EBUBTFU EFSJWFE GSPN 1VC.FE DBMMFE 3BEJPMPHZ 0CKFDUT JO $0OUFYU 	30$0
 BOE TUVEZ
UIF JOUFS�EFQFOEFODZ BOE TZOFSHZ CFUXFFO UIF WJTVBM DPNQPOFOUT BOE UIF UFYUVBM SFQSFTFO�
UBUJPO PG UIF TFNBOUJD SFMBUJPOT CFUXFFO UIFTF DPNQPOFOUT� "ODIPSJOH UIF DPOUFOU PG SFMBUFE
DPOEJUJPOT GSPN POF PG UIF EPNBJO PG NFEJDBM JNBHFSZ BOE HFOFSBUJOH DBQUJPOT JO BOPUIFS
JT JNNFOTFMZ VTFGVM UP SFUSJFWF JOGPSNBUJPO GPS FWJEFODF�CBTFE NFEJDJOF� 4FDPOEMZ DPNQMFY
MBOHVBHF NBLFT JU EJਖ਼DVMU UP CF VOEFSTUPPE CZ OPO�OBUJWF TQFBLFST QFPQMF XJUI JOUFMMFDUVBM
EJTBCJMJUJFT BOE MBOHVBHF�JNQBJSFE QFPQMF TVDI BT BQIBTJD BOE EZTMFYJD QFPQMF 	(MBWBT BOE 4UB�
KOFS ����
� $PNQPVOEJOH PO UIJT UIF SFRVJSFNFOU PG EPNBJO FYQFSUJTF NBLFT JU FWFO IBSEFS
UP VOEFSTUBOE TDJFOUJD NFEJDBM EPDVNFOUT� 3FTFBSDIFST IBWF NBEF TUSJEFT JO MFYJDBM BOE TZO�
UBDUJD TJNQMJDBUJPO PG NFEJDBM EPDVNFOUT 	,PQUJFOU FU BM� ����
� )PXFWFS HBUIFSJOH QBJSFE
TJNQMJFE BOE DPNQMFY UFYU BOE NFEJDBM JNBHFT TDBMFE BDSPTT EJFSFOU DBUFHPSJFT PG JNBHFT
NFOUJPOFE BCPWF JT OPU B QSBDUJDBM TPMVUJPO� "QQMZJOH UIF VOQBJSFE DBQUJPOJOH NFUIPET EJT�
DVTTFE JO UIJT UIFTJT TIPXT B QSPNJTJOH EJSFDUJPO UP BQQSPBDI UIJT QSPCMFN� य़JT QSPWJEFT
WBSJFE DPOUSPMMBCJMJUZ PG UIF TJNQMJDJUZ PS TUZMF PG UIF UFYU� 'JOBMMZ FYUFOEJOH UIJT UP B TFRVFODF
PG TVC�HVSFT 4VCSBNBOJBO FU BM� 	����
 SFMFBTF B EBUBTFU XJUI NBOVBMMZ BOOPUBUFE TVC�HVSFT
BOE TVC�DBQUJPOT� #Z BEPQUJOH UFDIOJRVFT GSPN HFOFSBUJPO GSPN B TFRVFODF PG JNBHFT JO UIJT
UIFTJT XF DBO QPUFOUJBMMZ FOWJTBHF HFOFSBUJOH TFRVFODFT PG UFYU GPS B TFRVFODF PG SFMBUFE JN�
BHFT BOE BMTP B EFTDSJQUJPO PG UIF FOUJSF QPSUGPMJP PG B QBUJFOU BT UIF DBTF QSPHSFTTFT GSPN NVM�
UJQMF TDBOT� "ODIPSJOH UIJT UP B TUSVDUVSF PG UIF DBTF QSPHSFTTJPO IFMQT NFEJDBM QSBDUJUJPOFST
ESBX JOTJHIUT GSPN UIF QBUJFOUT IJTUPSZ�

-FHBM 4FDUPS�

;IPOH FU BM� 	����B
 QSFTFOU B DPNQSFIFOTJWF PWFSWJFX PG UIF BQQMJDBUJPOT PG /-1 JO MFHBM
"* JODMVEJOH NBUDIJOH TJNJMBS DBTFT TVNNBSJ[BUJPO JOUFOEFE IBSN EFUFDUJPO FUD� 4JNJMBS
UP UIF JNQMJDBUJPOT JO PUIFS TFDUPST "* JT BMTP SFNPEFMJOH UIF MFHBM TFDUPS XJUI JOTUSVNFOUBM
DPOUSJCVUJPOT GSPN /-1� 'JSTUMZ DPOEVDUJOH DPNQSFIFOTJWF CBDLHSPVOE SFTFBSDI JT B DSJUJDBM
ZFU FYUSFNFMZ UJNF�DPOTVNJOH QSPDFTT EVF UP EPNBJO�TQFDJD LOPXMFEHF BOE MFHBM KBSHPO�
5SBOTMBUJOH EBZ�UP�EBZ MBOHVBHF UP MFHBMFTF BOE WJDF�WFSTB DBO QSPWF JNNFOTFMZ IFMQGVM JO

�?iiTb,ffrrrXM+#BXMHKXMB?X;QpfTK+f

https://www.ncbi.nlm.nih.gov/pmc/
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SVNNBHJOH UISPVHI WPMVNFT PG EPDVNFOUT� य़F UXP DSJUJDBM DPNQPOFOUT UP BDIJFWJOH UIJT BSF
DPOUSPMMJOH UIF EPNBJO�TQFDJD MBOHVBHF DPNQMFYJUZ BOE BODIPSJOH UIF SFMFWBOU EPDVNFOUT
XJUI BQQSPQSJBUF QSPQPSUJPOBMMZ DPNNFOTVSBUF DPOUFOU� 4FDPOEMZ BVUPNBUJOH UIF HFOFSBUJPO
PG SPVUJOF MFHBM EPDVNFOUT JT JNNFOTFMZ IFMQGVM CPUI GPS MBXZFST BOE UIFJS DMJFOUT� )PXFWFS
BNCJHVJUZ BOE PCTDVSF MBOHVBHF VTBHF DBO MFBE UP PCUVTF BOE VOJOUFOUJPOBM DPOGVTJPOT JO DPO�
USBDUT PS PUIFS MFHBMMZ CPVOE EPDVNFOUT� &OBCMJOH BQQSPQSJBUF TUSVDUVSF UP NBJOUBJO B MPHJDBM
DPIFSFODF UISPVHIPVU UIF EPDVNFOU JT FTTFOUJBM� य़F TJNQMFTU BQQSPYJNBUJPO UP UIJT JT PG
DPVSTF HFOFSBUJOH B MM�JO�UIF�CMBOL UFNQMBUF UP NBJOUBJO DPIFSFODF� य़F SFMFWBOU FMET BSF
VTVBMMZ MMFE XJUI BOTXFST JO BO JOUFSBDUJWF RVFTUJPOJOH BOE BOTXFSJOH� 'PS FYBNQMF %P/PU�
1BZ JT B NPCJMF BQQMJDBUJPO UIBU HIUT JOBDDVSBUF QBSLJOH UJDLFUT MFT VOFNQMPZNFOU CFOFUT
XIJMF BMTP BTTJTUJOH JO TQBN MUFSJOH PG FNBJMT FUD� VTJOH UIJT UFDIOPMPHZ� 4JNJMBSMZ $POUSBDU
&YQSFTT PG य़PNTPO 3FVUFST QBSUOFST XJUI MBXZFST UP IFMQ JO BVUPNBUJPO� 4PNF QSPEVDUT MJLF
4QFDJP BOE 5VSCP1BUFOU IBWF BMTP DPOUSJCVUFE UPXBSET TUSFBNMJOJOH BVUPNBUFE EPDVNFOUT
GPS MJOH QBUFOUT� 5FNQMBUF PS TMPU MMJOH JT OPU TDBMBCMF UP NPSF DPNQMFY TDFOBSJPT BOE UIJT
QSPWJEFT BO PQQPSUVOJUZ UP QPXFS PVS FYJTUJOH /-( TZTUFNT UP ESBॏ UIFTF EPDVNFOUT� य़JSEMZ
BVUPNBUJD DPOUSBDU SFWJFXT FBTF UIF QSPDFTT PG GBDU�DIFDLJOH JO POF PS NVMUJQMF SFMBUFE EPD�
VNFOUT� *U JT B IJFSBSDIJDBM QSPDFTT PG BTTFTTJOH QSPWJTJPOT BU HSBOVMBS MFWFMT JO DPNQBSJTPO
XJUI PUIFS TVDDFTTGVM DPOUSBDUT JO UIF QBTU� 4QFDJD DPOUFOU BODIPST PO CSJCFSZ PS QFSDFOU�
BHF TIBSFT FUD� DBO CF WFSJFE BHBJOTU FYJTUJOH EPDVNFOUT UP TVHHFTU EFFNFE DPSSFDUJPOT� 'PS
FYBNQMF ,JSB 4ZTUFNT QSPWJEFT GPS WFSJGZJOH UIF QSFTFODF PG QSF�EFOFE QSPWJTJPOT BDSPTT WBS�
JPVT UZQFT PG DPOUSBDUT� 8IJMF UIF BVUPNBUJD HFOFSBUJPO PG EPDVNFOUT IBT QSBHNBUJD VTF DBTFT
PSUIPHPOBMMZ VOEFSTUBOEJOH MFHBM EPDVNFOUT CZ JOUFSBDUJOH XJUI B DIBUCPU JT BMTP XIFSF /-1
DBO USFNFOEPVTMZ DPOUSJCVUF� /PSUPO 3PTF 'VMCSJHIU CVJMU CZ VTJOH *#. 8BUTPO BT UIF VOEFS�
MZJOH TZTUFNT BTTJTUT JO VOEFSTUBOEJOH QSJWBDZ EPDVNFOUT� 6OEFSTUBOEJOH UIF EPDVNFOUT BOE
BOTXFSJOH JO VTFS�VOEFSTUBOEBCMF MBOHVBHF JT VORVFTUJPOBCMZ VTFGVM�

	�
 &OUFSUBJONFOU�

%JHJUBM &OUFSUBJONFOU�

"* JT BMSFBEZ UBLJOH QSFMJNJOBSZ TUFQT JO UIF SFBMN PG NPWJFT BOE 57 TIPXT� 3FDFOUMZ /FUJY
IBT JOUSPEVDFE JOUFSBDUJWF DPOUFOU� BOE TFWFSBM PUIFS TIPXT � UIBU QSFTFOUT B WBSJFUZ PG DIPJDFT
JO UIF TDFOFT BOE DIBSBDUFST UIFSFCZ GBCSJDBUJOH B TUPSZ BT XF XBUDI� य़F SFBDUJPOT PG WBSJPVT
DIBSBDUFST JO CSBODIJOH OBSSBUJWFT BOE ۜXIBU J QMPU QPJOUT � CSJOH UIFN DMPTFS UP UIF BVEJFODFT
CZ FOIBODFE FOHBHFNFOU� .PTU PG UIFTF FPSUT BSF OPXNBEF JO EJTDSFUF DIPJDFT CFUXFFO QSF�
EFOFE PQUJPOT XIJMF UIFSF BSF B GFX FPSUT UPXBSET NPSF OBUVSBM QSFGFSFODFT JO UIF GPSNT PG
OBUVSBM MBOHVBHF UFYU PS TQFFDI� "ODIPSJOH UIFTF CSBODIJOH OBSSBUJWFT UP UIF DPOUFOU JO QMPU
QPJOUT XIJMF NBJOUBJOJOH UIF DPOTJTUFODZ PG UIF DIBSBDUFSJ[BUJPOT BOE QFSTPOBT JT UIF LFZ UP
CVJMEJOH B CFMJFWBCMF QMPU�

#SBODIJOH 4UPSZMJOFT GPS (BNFT�

3PMF�1MBZJOH (BNFT 	31(T
 BSF POF HFOSF PG HBNFT UIBU IBWF IFME UIF HBNJOH DPNNVOJUZT
B॒FOUJPO UISPVHI B UFTU PG UJNF BOE IBWF TFFO B SFTVSHFODF JO UIF MBTU EFDBEF� य़FZ JOWPMWF B

�?iiTb,ff?2HTXM2i7HBtX+QKf2MfMQ/2fek8ke
�?iiTb,ff2MXrBFBT2/B�XQ`;frBFBfGBbinQ7nBMi2`�+iBp2nKQpB2bOS`2@RNdyb ?iiTb,ffrrrXBK/#

X+QKfiBiH2fii3yj3dkyf
�?iiTb,ffrrrX/BbM2vTHmbX+QKfb2`B2bfr?�i@B7fdedkwoDRwtlN

https://help.netflix.com/en/node/62526
https://en.wikipedia.org/wiki/List_of_interactive_movies%23Pre-1970s
https://www.imdb.com/title/tt8038720/
https://www.imdb.com/title/tt8038720/
https://www.disneyplus.com/series/what-if/7672ZVj1ZxU9
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QMBZFS BTTVNJOH UIF SPMF PG B DIBSBDUFS BOE MJWJOH PVU UIFJS TUPSZ� " QSFWBMFOU QIFOPNFOPO JO
NPTU 31(T UPEBZ JT UIF QPTTJCJMJUZ PG EJFSFOU FOEJOHT CBTFE PO UIF DIBSBDUFST DPOWFSTBUJPOBM
DIPJDFT UISPVHIPVU UIF HBNF� "T B SFGFSFODF JO UIF QPQVMBS HBNF 8JUDIFS � FOVNFSBUJOH UIF
EJFSFOU DPOWFSTBUJPO DIPJDFT MFBE UP DPSSFTQPOEJOH DPOTFRVFODFT �� "T TFFO IFSF JO UIF OBM
BDU FODPVSBHJOH $JSJ XIP JT B EFVUFSBHPOJTU JO UIF HBNF HVJEFT UIF QMBZFS UP B QPTJUJWF FOEJOH
TDFOBSJP XIJMF OPU EPJOH TP MFBET UP B OFHBUJWF FOEJOH TDFOBSJP XIFSF TIF EJFT� 4JNJMBSMZ FBDI
DPOWFSTBUJPO DIPJDF UIF QMBZFS NBLFT JO B DFSUBJO TDFOBSJP DBO IFMQ CVJME UIF CBDLTUPSZ BOE
UIF QFSTPOB PG UIF DIBSBDUFS BOE HVJEF UIFN UPXBSET BO FOEJOH DPNQBUJCMF XJUI UIFJS QFSTPOB�
य़FSF BSF UXP QSJNBSZ QSPCMFNT JO UIJT EFTJHO� य़F STU JT UIBU UIFTF FOEJOHT BOE DIPJDFT
BSF QSFEFUFSNJOFE BOE BSF DPVOUBCMZ OJUF JO UIFJS DPNCJOBUJPOT� य़F TFDPOE JT UIBU UIFSF
BSF POMZ B GFX DSJUJDBM DPOWFSTBUJPOBM DIPJDFT UIBU JO FFDU JNQBDU UIF QBUIT UP BO FOEJOH�
%VF UP CPUI PG UIFTF JTTVFT UIF HBNF DBO CF GVOEBNFOUBMMZ SFQSFTFOUFE BT B EFDJTJPO HSBQI
UIBU JT TUBUJD� "O FYBNQMF DBO CF TFFO IFSF GPS UIF HBNF (PE PG 8BS��� *O UIJT HSBQI UIF
OPEFT BSF UIF DIBSBDUFST BOE QMPU QPJOUT TFSWF BT UIF DPOUFOU BOE UIFJS PSHBOJ[BUJPO JO UIF
TUPSZ UJNFMJOF TFSWFT BT UIF TUSVDUVSF� य़F BDUJPO DIPJDFT NBEF WJB DPOWFSTBUJPOT UISPVHIPVU
UIF HBNF SFBMJ[F UIF QBUIT DPOOFDUJOH UIFTF OPEFT UP PFS UIF QMBZFS DSFBUJWF DPOUSPM PWFS
UIF TUPSZMJOF UIFSFCZ NBLJOH JU NPSF JOUFSFTUJOH� )PXFWFS UIF QSFEFUFSNJOFE DIPJDFT JO
UIF DPOWFSTBUJPOT BSF OFJUIFS DSFBUJWF OPS BDDPNNPEBUJOH PG GSFF�GPSN MBOHVBHF NBLJOH UIF
HBNF TUBMF BॏFS KVTU B GFX QMBZUISPVHIT� य़FSFGPSF BODIPSJOH UIF GSFF�GPSN DPOWFSTBUJPOBM
DIPJDFT UP UIF BQQSPQSJBUF FEHFT JO UIF HSBQI DBO EZOBNJDBMMZ DPOTUSVDU UIF TUPSZMJOF GPS UIF
HBNF CZ NBLJOH UIF FYQFSJFODF PG OBWJHBUJOH UIF HBNF NPSF OBUVSBM UP UIF QMBZFS� *O BEEJUJPO
UIF NVMUJUVEF PG QBUIT USBWFSTJOH UIF HSBQI RVFODIFT UIF DSFBUJWF UIJSTU PG B QMBZFS UIFSFCZ
NBLJOH UIF HBNF NPSF FOKPZBCMF GPS NVMUJQMF QMBZUISPVHIT BT JU JT OPU DPOTUSBJOFE CZ UIF
EJTDSFUF PQUJPOT CVU JT PQFO UP UIF MBOHVBHF DSFBUJWJUZ PG UIF QFSTPO QMBZJOH JU�

	�
 &EVDBUJPO�

5FBDIFST DPOTUBOUMZ B॒FNQU UP JNQSPWF UIF XBZ MFTTPOT BSF EFMJWFSFE UP UIF TUVEFOUT XJUI B
TQFDJBM GPDVT PO JNQSPWJOH UIF FOHBHFNFOU PG UIF TUVEFOUT CZ EFWFMPQJOH JOTUSVDUJPOBM TPDJBM
TJNVMBUJPOT 	&NPOUT FU BM� ����� +PIOTPO BOE ;BLFS ����
 EFWFMPQJOH JOUFSQFSTPOBM UFBDIJOH
SFMBUJPOTIJQT 	4BHBF FU BM� ����
� य़F UXP QSJNBSZ NPUJWBUJPOT UP JNQSPWF UIJT FOHBHFNFOU
BSF 	�
 TUVEFOU�DFOUSJD JOUFSBDUJWF MFBSOJOH 	�
 POMJOF BOE BDDFTTJCMF FEVDBUJPO� य़F DVSSFOU FG�
GPSUT JO UIF DPOVFODF PG /-1 BOE FEVDBUJPO BSF QSJNBSJMZ BMPOH BOTXFSJOH 	$MBSL FU BM� �����
-J BOE $MBSL ����� $MBSL ����
 BOE HFOFSBUJOH FMFNFOUBSZ TDJFODF UPQJDT PS GBDUT 	3VT FU BM�
����� +JB FU BM� ����
� #VU WFOUVSJOH JOUP NVMUJNPEBMJUZ BOE DPOUSPMMBCMF HFOFSBUJPO PQFOT VQ B
XIPMF OFX XPSME PG JOUFSBDUJWF MFBSOJOH FYQFSJFODFT� .PTU MFBSOJOH FYQFSJFODFT GPS TUVEFOUT
BSF TFU XJUI SJHJE QSBDUJDFT MJLF SFBEJOH NFNPSJ[JOH BOE SFHVSHJUBUJOH� -JTUFOJOH UP B MFDUVSF
JO DMBTT JT NPTUMZ BVEJUPSZ MFBSOJOH� 4JNJMBSMZ SFBEJOH B UFYUCPPL JT BMTP BVEJUPSZ BT XF MJTUFO
UP PVS JOUFSOBM WPJDF BT XF SFBE� )PXFWFS TFWFSBM TUVEJFT IBWF TIPXO UIF FFDUJWFOFTT PG
NVMUJNPEBM FEVDBUJPO 	)BTTF॒ BOE $VSXPPE ����� 6OTXPSUI ����
 LJOEMJOH UIF JOUFSFTU BOE
SFUBJOJOH UIF LOPXMFEHF PS TLJMMT UBVHIU JO UIF DMBTTSPPN� य़FTF TUVEJFT SFWFBMFE UIBU SFDBMMJOH
BOE VOEFSTUBOEJOH MFTTPOT JT NBEF FBTJFS XIFO NVMUJQMF TFOTFT BSF CSPVHIU UPHFUIFS� य़JT BMTP
DBUFST UP UFBDIJOH WJTVBM PS LJOFTUIFUJD MFBSOFST 	#FHFM FU BM� ����
� य़F EJFSFOU MFBSOJOH TUZMFT
SBOHF BDSPTT NPEBMJUJFT JODMVEJOH WJTVBM BVEJUPSZ SFBEJOH XSJUJOH BOE LJOBFTUIFUJD NFUIPET

�?iiTb,ffrBi+?2`X7�M/QKX+QKfrBFBfh?2nqBi+?2`njn/2+BbBQMn+?2+FHBbi
��I॒QT���UXJ॒FS�DPN�DPSZCBSMPH�TUBUVT���������������������QIPUP��

https://witcher.fandom.com/wiki/The_Witcher_3_decision_checklist
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BMTP LOPXO BT UIF 7"3, GSBNFXPSL 	*CSBIJN BOE )VTTFJO ����
� 5¼SLBZ 	����
 BMTP QSFTFOU
UIF FFDUJWFOFTT PG XIJUFCPBSE BOJNBUJPOT MJLF 7JEFP4DSJCF (P"OJNBUF 1PX5PPO FUD� GPS
UFBDIJOH QIZTJDT DPODFQUT� 6OEFSTUBOEJOH UIFTF NPEFT CF॒FS JT UIF LFZ UP CVJMEJOH TUVEFOU�
DFOUSJD MFBSOJOH QMBUGPSNT� य़JT SFRVJSFT CVJMEJOH UFBDIJOH BHFOUT DBQBCMF PG DPOTUSVDUJOH B
DPIFSFOU OBSSBUJWF GPS FYQMBJOJOH B DPODFQU� " HPPE CFOFU BMTP DPNFT GSPN UBJMPSJOH UIF UPQ�
JDT CBTFE PO UIF OFFET PG UIF TUVEFOUT� 4FDPOEMZ BDDFTTJCMF FEVDBUJPO IBT CFFO UIF BNCJUJPO
PG TFWFSBM OPO�QSPU WPMVOUFFST QPMJUJDBM QBSUJFT FUD� .00$T 	.BTTJWF 0QFO 0OMJOF $PVSTFT

QSPWJEFT BPSEBCMF BOE FYJCMF XBZT UP EFMJWFS RVBMJUZ FEVDBUJPO EJWFSTJGZJOH GSPN MFBSOJOH
OFX TLJMMT MJLF IPNF PSHBOJ[BUJPO DBSFFS�BEWBODJOH TLJMMT FUD� )PXFWFS NBYJNJ[JOH UIF VUJM�
JUZ PG TDBMJOH UIJT JT MJNJUFE CZ TPDJP�DVMUVSBMMZ EJWFSTF MFBSOFST 	(JMMBOJ FU BM� ����
� %VP-JOHP
BQQMJDBUJPO 	.BZIFX FU BM� ����
 XPSLFE PO EFWFMPQJOH BDDFQUBCMF QBSBQISBTFT PG MBOHVBHF
BOE USBOTMBUJPOT � य़F BQQMJDBUJPOT PG UIJT OBUVSF DBO CFOFU GSPN DPOUSPMMJOH UIF DPOUFOU XIJMF
OPU MPTJOH PVU PO UIF NFBOJOH PG UIF HFOFSBUFE QBSBQISBTFT� "U UIF TBNF UJNF QFSTPOBMJ[JOH
UIF TUZMF PG UIF HFOFSBUFE QBSBQISBTFT DBO BWBJM UIF BEWBOUBHFT GSPN DPOUSPMMJOH UIF TVSGBDF
GPSNT� य़FZ BMTP QFSTPOBMJ[F UIF TUSVDUVSF PG UIF DPVSTF CBTFE PO UIF MFBSOJOH TQFFE PS SF�
RVJSFNFOU PG UIF MFBSOFST CZ MBZJOH B QMBO PVU GSPN UIF CFHJOOFS JOUFSNFEJBUF UP BEWBODFE
MFTTPOT� 8JUI UIF TVCNFSHFODF PG PVS MJWFT JO UIF SFDFOU QBOEFNJD FEVDBUPST BOE UFDIOPMPHZ
IBWF TUFQQFE VQ UIFJS SPMFT JO QSPWJEJOH UIJT FEVDBUJPO POMJOF FFDUJWFMZ UIFSFCZ CSJOHJOH VT
DMPTFS UP UIF ESFBN PG BDDFTTJCMF FEVDBUJPO NBLJOH JU NPSF OFDFTTBSZ UIBO FWFS�

	�
 $PMMBCPSBUJWF "VUIPSJOH�

$P�BVUIPSJOH #PPLT�

"TZODISPOPVT DPMMBCPSBUJWFXSJUJOH BNPOHNVMUJQMFXSJUFST POMZ IBT MBSHFMZ QFSGPSBUFE BNPOH
VT XJUI UIF IFMQ PG UPPMT MJLF &UIFS1BE �� (PPHMF %PDT �� #PPL5ZQF �� 0WFSMFBG �� FUD� )PX�
FWFS FYUFOEJOH UIJT DPMMBCPSBUJPO UP TVHHFTUJPOT GSPN CPUT IBT TFWFSBM OPO�USJWJBM DIBMMFOHFT�
0OF TVDI DSVDJBM BTQFDU JO DPMMBCPSBUJWF XSJUJOH JT FYUFSOBMJ[JOH UIF QSPDFTT PG EFUFSNJOJOH
UIF QMBO BOE PSHBOJ[BUJPO PG UIF EPDVNFOU JT PॏFO IFMQGVM UP FOTVSF BHSFFNFOU CFUXFFO UIF
CPU BOE UIF XSJUFS� "EPQUJOH UIF OEJOHT JO UIJT UIFTJT GSPN HFOFSBUJOH B MBZPVU PS TUSVDUVSF
PG UIF EPDVNFOU DBO IFMQ JO DPPSEJOBUJPO� य़F BTTFTTNFOU GSPN UIF PQFO�FOEFE JOUFSWJFXT
DPOEVDUFE CZ $MBSL FU BM� 	����D
 GPS NBDIJOF�JO�UIF�MPPQ TIPSU TUPSZ XSJUJOH BOE TMPHBO XSJU�
JOH SFWFBMFE UIBU JU JT FOKPZBCMF BOE JU BMMPXFE UIFN UP XSJUF JO B KVEHNFOU�GSFF FOWJSPONFOU�
$MBSL BOE 4NJUI 	����
 NPOJUPS UIF SFWJTJPOT NBEF UP UIF TVHHFTUJPOT UP TUVEZ UIF QSFGFSFODF
CFUXFFO TVHHFTUJPOT GSPN UXP NPEFMT� *O B TJNJMBS WFJO MFWFSBHJOH UIF SFWJTJPO IJTUPSZ JT B
QSPWFO XBZ UP USBJO /-1 NPEFMT GPS QSPWJEJOH TVHHFTUJPOT JO OPU POMZ QSPWJEJOH TVHHFTUJPOT
JO DPMMBCPSBUJWF XSJUJOH CVU FYUSJOTJD /-1 UBTLT BT XFMM 	'FSTDILF FU BM� ����
� 4QFDJDBMMZ UIF
TVNNBSJFT BSF BODIPSFE BSPVOE UIF IJHIMZ QFSTJTUFE TFOUFODF BDSPTT SFWJTJPO IJTUPSJFT UIBU JT
DPOTJEFSFE TJHOJDBOU DPOUFOU JO UIF BSUJDMF 	/FMLFO BOE :BNBOHJM ����
� 4JNJMBSMZ :BUTLBS
FU BM� 	����
 VUJMJ[F BEKBDFOU SFWJTJPOT UP MFBSO QBSBQISBTFT BOE UFYU TJNQMJDBUJPO� #FZPOE TJN�
QMF TVSGBDF�MFWFM TVHHFTUJPOT HFOFSBUJOH DPOUFOU BOE TUSVDUVSF BODIPST GPS UIF FOUJSF OBSSBUJWF
DBO QSPWJEF OF�HSBJOFE MPDBM TVHHFTUJPOT PO UIF QMPU QPJOUT PS PWFSBMM OBSSBUJWF MFWFM HMPCBM
TVHHFTUJPOT CBTFE PO IPX UIF TUPSZ JT FYQFDUFE UP FOE� य़FTF TVHHFTUJPOT BMTP BVHNFOU UIF

��?iiTb,ff2i?2`T�/XQ`;f
��?iiTb,ffrrrX;QQ;H2X+QKf/Q+bf�#Qmif
��?iiTb,ffrrrXbQm`+27�#`B+XQ`;fbQ7ir�`2f#QQFivT2
��?iiTb,ffrrrXQp2`H2�7X+QKf

https://etherpad.org/
https://www.google.com/docs/about/
https://www.sourcefabric.org/software/booktype
https://www.overleaf.com/
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DSFBUJWJUZ PG UIF XSJUFST� य़F VTFGVMOFTT PG UIF TVHHFTUJPOT EFQFOET PO UIF BVUIPST BOE OFFE UP
CF UBJMPSFE UP UIFJS XSJUJOH TUZMF SFTVMUJOH JO B USBEFP CFUXFFO TVHHFTUJOH TVSQSJTF FMFNFOUT
BOE DPOTJTUFODZ XJUI UIF TUPSZ BSD TP GBS� य़FSFGPSF BQQMZJOH DPOUSPM PWFS TVSGBDF GPSNT IBT B
HSFBU QPUFOUJBM UP BEBQU UP JOEJWJEVBM XSJUFST� $PMMBCPSBUJWF BVUIPSJOH PG CPPLT BOE OPWFMT UP
HFOFSBUF OFX JEFBT BMPOH XJUI UFYUVBM EFTDSJQUJPO JT CFJOH VTFE CZ DPOUFNQPSBSZ BVUIPST MJLF
3PCJO 4MPBO��� य़F FYJTUJOH SFTPVSDFT GBDUT BOE DIBSBDUFSJ[BUJPOT DBO CF VUJMJ[FE UP HFOFSBUF
OFX PS BMUFSOBUF TUPSZMJOFT� य़FTF QMPU QPJOUT BSF UIF BODIPST BSPVOE XIJDI UIF TUPSZ DBO CF
UBJMPSFE� 0OF DPVME HFOFSBUFNFNFT PS TUPSJFT XJUI JNBHFTXJUI QFSTPOBMJ[FE JOGPSNBUJPO� य़JT
DBO BMUFS UIF DPSF NFTTBHF PG UIF TUPSZ XIJMF MFWFSBHJOH UIF FYJTUJOH DIBSBDUFSJ[BUJPOT� $PN�
NFSDJBMMZ JO BEEJUJPO UP DPSSFDUJOH HSBNNBUJDBM FSSPST BOE TQFMMJOHT (SBNNBSMZ BMTP IFMQT JO
XSJUJOH QB॒FSOT GPMMPXJOH B SFRVJSFE TUZMF BOE UPOF� *U BMTP NFOUJPOT FYQMBOBUJPOT MJLF DFSUBJO
GSBNJOH NBLFT UIF UFYU TPVOE ۜNPSF DPOEFOU ۜBਖ਼SNBUJWF FUD� %VF UP UIFTF SFBTPOT UIJT
UPPM JT BMTP BEPQUFE CZ UIF TDJFOUJD DPNNVOJUZ XIFSF %�* JOJUJBUJWFT IBWF DJSDVMBUFE GSFF
QSPNPUJPO DPEFT UP IFMQ TUVEFOU BVUIPST UP JNQSPWF UIFJS TDJFOUJD QBQFS XSJUJOH TLJMMT�

"VUPNBUFE�"TTJTUFE +PVSOBMJTN�

*O B XPSME XJUI DPOTUBOU JOGPSNBUJPO JOVY CFJOH XFMM�JOGPSNFE JT POF PG UIF CBTJD OFDFTTJUJFT�
+PVSOBMJTN JT TVCKFDU UP JTTVFT CSFE CZ UJNFMJOF SFDFODZ QVCMJD JOUFSFTU EFNPHSBQIJD EPNJ�
OBODF BOE QFSTPOBMJ[BUJPO� "* BHFOUT BTTJTUJOH JO BVUPNBUFE KPVSOBMJTN GPS UIF MPOH UBJM PG
FWFOUT DBO BEESFTT BMM UIFTF JTTVFT CZ TIBSJOH UBTLT BOE DPHOJUJWF MPBE GSPN IVNBOT� )PXFWFS
UIJT JT B WFSZ SFTQPOTJCMF SPMF EFNBOEJOH USVTUXPSUIJOFTT BT UIF FFDU JT NBTT DPNNVOJDBUJPO�
.PTU /-1 UPPMT KPVSOBMJTUT VTF JODMVEF UPQJD NPEFMJOH FOUJUZ SFDPHOJUJPO UFYU DMBTTJDBUJPO
BOE TFOUJNFOU BOBMZTJT FUD� )FSF BSF TPNF PG UIF DIBMMFOHFT UIBU KPVSOBMJTUT GBDF JO UIF QSPDFTT
PG CVJMEJOH B TUPSZ� 'JSTU UIF FWJEFODF PS TVQQPSUJOH EPDVNFOUT BSSJWF JO B NJYUVSF PG NPEFT�
4USBZ 	����
 NFOUJPO UIBU PO BO BWFSBHF KPVSOBMJTUT TUVEZ BCPVU �L EPDVNFOUT JO UIF GPSN PG
QIZTJDBMMZ QSJOUFE TDBOOFE QBQFST UIBU OFFE 0$3 POMJOF EPDVNFOUT "7 UBQFT FUD� %JTUJMMJOH
UIF SFMFWBOU DPOUFOU GSPN UIFTF PWFSXIFMNJOHMZ MBSHF TPVSDFT PG JOGPSNBUJPO BOE HFOFSBUJOH
BO JOHFTUJCMF TVNNBSZ JO OBUVSBM MBOHVBHF JT WFSZ VTFGVM� 4FDPOE KPVSOBMJTUT BSF PॏFO MPPL�
JOH GPS FWJEFODF PS QB॒FSOT GPS B QSF�DPHOJ[BOU TVCKFDU� य़JT JNQMJFT UIBU TFBSDI DBQBCJMJUJFT
BSF NPSF JNQPSUBOU UIBO FYQMPSJOH WBTU OVNCFST PG EPDVNFOUT� 0ॏFOUJNFT UIFTF DPODFQUT
NBZ CF FMVEFE GSPN USBEJUJPOBM TFBSDI DBQBCJMJUJFT TVDI BT LFZXPSE PS FNCFEEJOH TFBSDI� "
DPNNPO FYBNQMF JT JEFOUJGZJOH QB॒FSOT BOE JOEJDBUJPOT PG UIF BCTUSBDU DPODFQU PG ۜDPSSVQUJPO�
"ODIPSJOH UIF DPODFQU UP WBSJPVT GPSNT PG SFBMJ[BUJPOT JT DSVDJBM UP ESBX QJFDFT PG FWJEFODF GPS
TVDI DPODFQUT� य़JSE BTTJTUJWF UFDIOPMPHZ UP CVJME OFUXPSL TLFUDIFT PS NBQT 	TJNJMBS UP FOUJUZ
TLFMFUPOT EJTDVTTFE JO $IBQUFS �
 IFMQT ESBX DPOOFDUJPOT BDSPTT TVQFSDJBMMZ EJTDPOOFDUFE ZFU
DPOOFDUFE DPOUFOU JODMVEJOH PSHBOJ[BUJPOT FWFOUT BOE QFPQMF� 4UPSZUFMMJOH JO FOUJUZ OFUXPSLT
UP TVQQPSU JOUFMMJHFODF BOBMZTUT )PTTBJO FU BM� 	����
 VTF DPOOFDUFE DMJRVFT PG FOUJUJFT UP TUVEZ
UIF TLFMFUPO QB॒FSOT UP TUVEZ UIF SFMBUJPOTIJQT CFUXFFO UIFN� य़FTF BSF OPU GPS EBUB WJTVBM�
J[BUJPO UPPMT CVU SBUIFS UIFZ BSF NPSF MJLF DPODFQUVBM UPPMT FOBCMJOH UIF KPVSOBMJTUT UP UIJOL
UISPVHI UIF TUPSZ� (BSDB FU BM� 	����
 JOUFHSBUFT KPVSOBMJTUJD TUBOEBSET XJUI POUPMPHJDBM BOE
NFUB�EBUB TUBOEBSET UP JNQSPWF TVDI SFQSFTFOUBUJPOT� 4USBZ 	����
 TVSWFZT UIF "* UFDIOJRVFT
VTFE GPS KPVSOBMJTN BOE XIFSF UIF EJਖ਼DVMUZ PG BNPSUJ[JOH UIF JOJUJBM DPTUT MJF� य़FZ NFO�
UJPO UIBU UIF QSPCMFNT PS TDFOBSJPT EFTDSJCFE BSF PॏFO WFSZ VOJRVF UP JOEJWJEVBM TUPSJFT CFJOH
DPWFSFE� )PXFWFS BQQMZJOH PVS UFDIOJRVFT UP JEFOUJGZ TUBOEBSE QB॒FSOT PG TUSVDUVSFT BDSPTT

��?iiTb,ffrrrX`Q#BMbHQ�MX+QKfMQi2bfr`BiBM;@rBi?@i?2@K�+?BM2f

https://www.robinsloan.com/notes/writing-with-the-machine/
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HFOSFT PG BSUJDMFT DBO BTTJTU KPVSOBMJTUT JO ॒JOH UIF JOGPSNBUJPO JO UIFTF BEBQUFE UFNQMBUFT
XIJMF QSPWJEJOH UIFN UIF GSFFEPN UP BEKVTU BDDPSEJOH UP UIF DBTF� 'JOBMMZ CFJOH SFTQPOTJCMF
BOE BODIPSJOH UP B TPDJBMMZ SFTQPOTJCMF TUZMF PG XSJUJOH JT OFDFTTBSZ UP BWPJE UIF QPTTJCJMJUZ PG
BOZ BHHSFTTJPO PS QSPWPDBUJPO� &ODVMUVSJOH NBDIJOFT XJUI TPDJBM OPSNT BOE DPOWFOUJPOT UP CF
TFOTJUJWF UPXBSET IVNBO WBMVFT BOE TFOUJNFOUT JT GVOEBNFOUBM XIJMF HFOFSBUJOH NBTT�NFEJB
UFYUT�

	�
 "VHNFOUFE PS 7JSUVBM PS .JYFE 3FBMJUZ�

7JSUVBM BOE &NCPEJFE #FJOHT�

7JSUVBM CFJOHT BSF FNCPEJNFOUT PG "* TFSWJOH BT UIF DPOTDJPVTOFTT PG TPNF PG PVS CFMPWFE PS
JNBHJOBSZ DIBSBDUFST� य़FZ CSJOH UPHFUIFS UIF MBUFTU BEWBODFNFOUT JO HSBQIJD EFTJHO DPN�
QVUFS WJTJPO /-1 TQFFDI UFDIOPMPHZ BOE NBOZ NPSF BSFBT FOWJTJPOJOH B GVUVSF XJUI DIBS�
BDUFST UIBU MPPL BOE TPVOE OFBSMZ MJLF IVNBOT CFJOH B QBSU PG PVS FWFSZEBZ MJWFT� 4FWFSBM
TVDI WJSUVBM CFJOHT BSF BMSFBEZ TIBSJOH UIF JOUFSOFU TQBDF XJUI VT TVDI BT -JM .JRVFMB ��
XIP JT B WJSUVBM DUJPOBM JOVFODFS UIBU EBXOFE BT BO *OTUBHSBN QSPMF BOE SBQJEMZ HBJOFE
B IVHF GPMMPXJOH� 4IF NBSLFUT TFWFSBM GBTIJPO CSBOET BOE BMTP FOEPSTFT QPQVMBS CSBOET TVDI
BT $BMWJO ,MFJO BOE 1SBEB� 4JNJMBSMZ .JDB �� GSPN .BHJD -FBQ JT B .JYFE 3FBMJUZ "* BTTJTUBOU
BOE -VDZ�� GSPN 'BCMF JT B WJSUVBM CFJOH QVTIJOH UIF GSPOUJFST PG UIJT UFDIOPMPHZ JO SFBM�XPSME
BQQMJDBUJPOT� 4VDI WJSUVBM CFJOHT OFFE UIF BCJMJUZ UP UBJMPS UIF DPOUFOU PG UIF JOUFSBDUJPO CBTFE
PO UIF BHF DPOUFYU BOE QSFGFSFODFT PG UIFJS BVEJFODF� य़F BCJMJUZ UP BODIPS UIFTF QSFGFSFODFT
JT JNQFSBUJWF GPS -VDZ UP OBSSBUF DIJMESFOT TUPSJFT CBTFE PO UIFJS GBWPSJUF DIBSBDUFST PS UIFNFT
UP LJET BOE EFTDSJCF GBDUVBM OFXT UP B NPSF NBUVSF BVEJFODF� य़F EJFSFODF JO UIF WBSJFUJFT
PG OBSSBUJWFT EFTDSJCFE BCPWF MFBET UP UIF OFFE GPS BODIPSJOH UIF SFMFWBOU DIBSBDUFST FWFOUT
BOE UIF BQQSPQSJBUF TUSVDUVSF CBTFE PO IJHIMJHIUJOH UIF NBJO FWFOU BOE HPJOH JOUP UIF EFUBJMT
JO B OFXT BSUJDMF WFSTVT JOUSPEVDJOH UIF DIBSBDUFST BOE UIFJS CBDLTUPSJFT MFBEJOH UP UIF NBJO
FWFOU� 8JUI TFWFSBM TVDI BEWBODFNFOUT JOUFSBDUJOH XJUI WJSUVBM BOE FNCPEJFE BHFOUT TVDI BT
"NB[PO "TUSP +JCP JO B TJUVBUFE DPOUFYU J�F� FOWFMPQFE JO NVMUJQMF NPEBMJUJFT UIBU IBWF CFFO
B GBOUBTZ JT NPWJOH TMPXMZ UPXBSET SFBMJUZ� 'PS JOTUBODF QFSTPOBM BTTJTUBOUT FRVJQQFE XJUI
SFBM�XPSME TLJMMT DBO CVJME SBQQPSU BOE BTTJTU CMJOE QFPQMF JO BDUJWJUJFT TVDI BT DPPLJOH TIPQ�
QJOH FUD� *O UBOEFN PUIFS BEWBODFNFOUT JODMVEF SFDPOTUSVDUJOH UIF TPDJBM NFEJB QSFTFODF
	&UFS���
 PS BO JOUFSBDUJWF SF�DSFBUJPO PG B EFDFBTFE QFSTPO ��� 7FOUVSJOH JOUP UIF EFWFMPQNFOU
PG TVDI BHFOUT CFJOH BO VODIBSUFE UFSSJUPSZ JO SFBM�XPSME DPOTVNFS JOUFSBDUJPOT BMTP CSJOHT
XJUI UIFN B NZSJBE PG FUIJDBM DPOVOESVNT UIBU OFFE UP CF UIPSPVHIMZ DPOTJEFSFE�

5PVSJTN�

3JHIU GSPN UIF BEWFOU PG BVHNFOUFE SFBMJUZ UPVSJTN IBT BMXBZT CFFO BO JOEVTUSZ JUT BQQMJ�
DBUJPOT DPVME U SJHIU JO BOE FOSJDI UIF IVNBO FYQFSJFODF XJUI BO BOOPUBUFE QFSDFQUJPO PG
UIF TVSSPVOEJOHT� 5PVSJTN BT BO JOEVTUSZ IBT BMXBZT CFFO BCPVU TFMMJOH BO FYQFSJFODF BOE
"3 IBT TIPXO HSFBU QSPNJTF JO QVTIJOH UIF MJNJUT PG UIJT FYQFSJFODF CSFBLJOH UIF DPNNVOJ�
DBUJPO CBSSJFST BOE NBLJOH JU CPUI GVO BOE BDDFTTJCMF� "T BO FYBNQMF "3 NPCJMF BQQT TVDI

��?iiTb,ffrrrXBMbi�;`�KX+QKfHBHKB[m2H�f??H42M
��?iiTb,ffrrrXK�;B+H2�TX+QKfM2rbfQT@2/fB@�K@KB+�
��?iiTb,ff7�#H2@bim/BQX+QKfpB`im�H@#2BM;b
��?iiTb,ffrrrX2i2`NX+QKf
��?iiTb,ffrrrXvQmim#2X+QKfr�i+??p4m7HhE3+9ry+

https://www.instagram.com/lilmiquela/?hl=en
https://www.magicleap.com/news/op-ed/i-am-mica
https://fable-studio.com/virtual-beings
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BT $JUZ(VJEF5PVS�� "3$JUZ�� UIBU VTF PCKFDU SFDPHOJUJPO UP PFS JOGPSNBUJPO BCPVU QMBDFT PG
JOUFSFTU� "3 HMBTTFT IBWF TIPXO UIF QSPNJTF PG QSPWJEJOH B NPSF JNNFSTJWF FYQFSJFODF CZ UIF
VTF PG "* BHFOUT JOUFSBDUJOH XJUI VTFST XIJDI FMJNJOBUFT UIF OFFE GPS B UPVS HVJEF� %FTQJUF
UIF BEWBODFT B HBQ JO UIJT TDFOBSJP JT UIBU UIF EFTDSJQUJPOT UIBU BDDPNQBOZ UIF MBOENBSLT
	DPOUFOU
 BSF TUBUJD BOE BSF VTVBMMZ KVTU FYDFSQUT UBLFO GSPN B DPNNPO POMJOF TPVSDF PQFOJOH
B USFNFOEPVT QPUFOUJBM UP BODIPS DPOUFOU BOE QFSTPOBMJ[BUJPO�य़JT CSJOHT VT UP BO "3 BTTJTUBOU
UIBU JOUFSBDUT XJUI QFPQMF HVJEJOH UIFN UISPVHI BSFBT XIJMTU HFOFSBUJOH EFTDSJQUJPOT UIBU BSF
BODIPSFE UP UIFNFT MJLF IJTUPSZ SFDFOU FWFOUT GVO USJWJB BCPVU UIF QMBDF CBTFE PO UIF JOUFSFTUT
PG UIF JOEJWJEVBM� *U XPVME QSPWJEF QFPQMF XJUI B NVDI NPSF QFSTPOBMJ[FE FYQFSJFODF PG UIF
QMBDF UIFZ BSF UPVSJOH�

��� &UIJDBM $POTJEFSBUJPOT

य़F QPTJUJWF PS OFHBUJWF SFWFSCFSBUJPOT PG TUVEZJOH NVMUJNPEBMJUZ BOE DPOUSPMMJOH UIF HFO�
FSBUJPO JO EPXOTUSFBN BQQMJDBUJPOT BSF NPNFOUPVT� य़FSFGPSF ESBXJOH OFBSFS UP UIJT HPBM
NBOEBUFT SFTQPOTJCMF BOE DBSFGVM DPOTJEFSBUJPOT PO UIFJS FUIJDBM JNQMJDBUJPOT� *O UIJT TFDUJPO
* UPVDI VQPO IPX BODIPSJOH DBO QMBZ B SPMF JO GBJSOFTT HFOFSBUJOH NPSF CBMBODFE EBUBTFUT
FUD�

'BJSOFTT BOE #JBTFT�

&YQMJDJUMZ QSPWJEJOH B॒SJCVUJPOT UP EFTDSJCF QFPQMF PS UIJOHT PS DPODFQUT FYDMVTJWFMZ GPS OPO�
QSPUPUZQJDBM TDFOBSJPT DIBMMFOHFT NPEFMJOH GBJSOFTT JO /-1� -FBOJOH JOUP QSPUPUZQJDBM DFOUSBM
OPUJPOT BTTJHOTNFNCFSTIJQ UIBU JT EFOFE PQFSBUJPOBMMZ CZ UIF KVEHNFOU PGXIBU B HPPENFN�
CFS NFBOT CZ QFPQMF 	3PTDI ����� 3PTDI FU BM� ����
 BMPOH XJUI QFSDFQUVBM TZNCPM TZTUFNT
GPS BSDIFUZQFT 	#BSTBMPV FU BM� ����
 MFBEJOH UP VOJOUFOUJPOBMMZ FYDMVEJOH NFNCFST OPU ॒JOH
JOUP UIF QSPUPUZQJDBM GSBNFXPSL� य़FTF BSDIFUZQFT QSPMJGFSBUF GSPN DPHOJUJWF CJBTFT 	(SFFO�
XBME FU BM� ����
 UP EBUB CJBTFT SFOEFSJOH UIFJS JNQMJDBUJPOT PO PVS NPEFMJOH QSFEJDUJPOT� "
TQFDJD DBTF PG TVDI CJBTFT JT UIF SFQPSUJOH CJBT XIJDI JT UIF QIFOPNFOPO PG UIF GSFRVFODZ
XJUI XIJDI FWFOUT�UPLFOT BSF NFOUJPOFE JO EPDVNFOUT OPU NJSSPSJOH UIF GSFRVFODZ PS EFHSFF
PG UIFJS PDDVSSFODF JO UIF SFBM XPSME� 'PS JOTUBODF DPNNPO FYBNQMFT TUVEJFE JO /-1 BOE
WJTJPO SFTFBSDI JT CJBTFE HFOEFS SFQSFTFOUBUJPO JO EPDVNFOUT 	(BSDB FU BM� ����� (MP॒ FU BM�
����� +JB FU BM� ����
 TUFSFPUZQJDBM BTTPDJBUJPOT 	#PMVLCBTJ FU BM� ����
 DSJNJOBM B॒SJCVUJPOT
	.BO[JOJ FU BM� ����
 JO XPSE FNCFEEJOHT� य़FZ DBO CF TZTUFNBUJDBMMZ TUVEJFE VTJOH XPSE FN�
CFEEJOH BTTPDJBUJPO UFTUT 	8&"5
 	$BMJTLBO FU BM� ����
� )PXFWFS JEFOUJGZJOH UIFTF CJBTFT JT
POMZ IBMG UIF TPMVUJPO XIJMF NJUJHBUJOH UIFN TIPVMEFST UIF SFTU� (POFO BOE (PMECFSH 	����

TIPX EFCJBTJOH NFUIPET IFMQ NBTL PVU TZTUFNBUJD CJBTFT UP TPNF FYUFOU CVU EP OPU BDUVBMMZ
NBLF UIF FNCFEEJOHT EFWPJE PG TVDI CJBTFT� 5P UIJT FOE BT EJTDVTTFE JO g��� PG $IBQUFS � FY�
USBDUJOH FOUJUZ TLFMFUPOT BOE VTJOH TFNJ�BVUPNBUJD IVNBO JO UIF MPPQ DPSSFDUJPOT DBO NJUJHBUF
UIFTF CJBTFT UP TPNF FYUFOU� य़JT UFDIOJRVF JT QBSUJDVMBSMZ VTFGVM GPS MBOHVBHFT XJUI HSBN�
NBUJDBM HFOEFS BOE XJUI SJDI NPSQIPMPHJDBM BHSFFNFOU 	;IPV FU BM� ����
� *O TVDI MBOHVBHFT
UIFSF BSF PॏFO OPO�USJWJBM NPSQIPMPHJDBM JOUFSEFQFOEFODJFT XIFO TQFDJD BTQFDUT MJLF HFOEFS
PS OVNCFS DIBOHFT� 4P TVSGBDF�MFWFM SFQMBDFNFOU UFDIOJRVFT PॏFO GBJM UP BDDPNNPEBUF UIFTF

��?iiTb,ffrrrX+Biv;mB/2iQm`X+QKf
��?iiTb,ffrrrXr2�`p`X+QKf�TTbf�`+Biv@�`@M�pB;�iBQM
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MFWFMT� )FODF BODIPST QSPWJEF B CF॒FS IBOEMF UP QSPWJEF JOUFSQSFUBCMF DPOUSPM BT UIF BODIPST
BSF JO OBUVSBM MBOHVBHF UP QFSGPSN IVNBO�JO�UIF�MPPQ DPSSFDUJPOT�

$BVUJPO н &WPMVUJPO PG CJBTFT� य़F CJBTFT QSFWBMFOU JO QVCMJD EJTDPVSTF BSF OPU TUBUJD BOE
FWPMWF XJUI TPDJP�DVMUVSBM DJSDVNTUBODFT� 'PS JOTUBODF (BSH FU BM� 	����B
 TUVEZ UIF DPSSFMB�
UJPOT CFUXFFO TFWFSBM TVDI DPSSFMBUFE USBOTGPSNBUJPOT JODMVEJOH HFOEFS CJBT NBOJGFTUBUJPOT
JO BSUJDMFT XJUI XPNFO SJHIUT NPWFNFOUT BOE OPUFT PO "TJBO CJBTFT BDSPTT EFDBEFT� 8IJMF BO�
DIPSJOH UIF DPOUFOU UP DPOUSPM UIFTF CJBTFT JT CFOFDJBM IBWJOH TUBUJD DPOUSPM JT IBSNGVM� *U JT
JNQPSUBOU UP BDLOPXMFEHF UIBU UIJT DPOUSPMMBCJMJUZ JO UFYU HFOFSBUJPO MJLF BOZ PUIFS NPEFM EF�
WFMPQNFOU BEBQUT UP UIFTF FWFS�FWPMWJOH CJBTFT XJUI QJSPVF॒JOH TPDJBM DMJNBUFT� "EEJUJPOBMMZ
UIF FOPSNPVT QPUFOUJBM PG B QSF�USBJOFE NPEFM BMCFJU CFJOH USBJOFE PO WBTU BNPVOUT PG EBUB
JT DBQQFE CZ UIF DJSDVNTUBOUJBM EBUB VOUJM UIBU UJNF JU JT USBJOFE� 4P BODIPSJOH PS DPOUSPMMJOH
UIF HFOFSBUJPO UP NJUJHBUF UIFTF CJBTFT JT UIF LFZ UP VUJMJ[JOH UIFTF NPEFMT UP UIFJS NBYJNVN
DBQBDJUZ JOTUFBE PG SFUSBJOJOH GSPN TDSBUDI�

(FOFSBUJOH #BMBODFE %BUBTFUT BOE�PS %BUB "VHNFOUBUJPO�

"T EJTDVTTFE FBSMJFS POF PG UIF DPOUSJCVUJOH GBDUPST GPS CJBTFT CFJOH CBLFE JOUP PVS NPEFMT JT
EBUB CJBT� %FTQJUF NBLJOH FYQMJDJU FPSUT UP NJUJHBUF TVDI EBUB CJBTFT FOTVSJOH UIF BQQSPQSJ�
BUF SFQSFTFOUBUJPO PG UIF JODMVEFE TFDUPST JT OPO�USJWJBM� 'PS JOTUBODF EFTQJUF JODMVEJOH TQFDJD
QPQVMBUJPO TFDUPST JO UIF EBUB UIFZ NJHIU OPU CF QPSUSBZFE JO B QPTJUJWF PS FWFO OFVUSBM MJHIU�
"T B SFTVMU TVDI EBUB NJHIU IBWF BNQMJFE EBNBHJOH FFDUT JO NPEFM QSFEJDUJPOT� य़FTF LJOET
PG VOCBMBODFE EBUBTFUT IBWF EPXOTUSFBN FFDUT JO UBTLT MJLF DPSFGFSFODF SFTPMVUJPO 	8FCTUFS
FU BM� ����
 NBDIJOF USBOTMBUJPO 	1SBUFT FU BM� ����
 TFOUJNFOU BOBMZTJT 	,JSJUDIFOLP BOE .P�
IBNNBE ����
� य़FSFGPSF HFOFSBUJOH NPSF CBMBODFE EBUBTFUT JT DSVDJBM GPS QSFWFOUJOH UIF
NPEFMT GSPN BNQMJGZJOH UIFTF FFDUT� 4JNJMBS UP DVMUVSBM BTQFDUT TVDI JNQMJDBUJPOT BSF BMTP
BTTPDJBUFE XJUI OBNFE FOUJUJFT 	4IXBSU[ FU BM� ����B� 1SBCIBLBSBO FU BM� ����
� 1BSFOUIFUJ�
DBMMZ TUVEJFT IBWF TIPXO JEFOUJUZ UFSNT MFBEJOH UP JODSFBTFE ZFU VOJOUFOEFE UPYJDJUZ TDPSFT ��

PO QVCMJD GPSVNT� 5FYU HFOFSBUJPO IBT UIF QPUFOUJBM UP BEESFTT UIJT CZ HFOFSBUJOH NPSF CBM�
BODFE EBUBTFUT BOE VUJMJ[JOH UIJT GPS USBJOJOH� /POFUIFMFTT QPXFSGVM UFYU HFOFSBUJPO NPEFMT
MJLF (15�� BSF OP FYDFQUJPOT UP GBMMJOH QSFZ UP TVDI CJBTFT GSPN QSPNQUT 	4IFOH FU BM� ����
� *O
TVDI DJSDVNTUBODFT VUJMJ[JOH BODIPST UP DPOUSPM UIF HFOFSBUJPO PG TVDI DPVOUFSFYBNQMFT�CBTFE
EBUBTFUT JT WFSZ VTFGVM UP NPWF GPSXBSE� $POUSPMMJOH TQFDJD BTQFDUT EFGZJOH UIF CBMBODF JT POF
XBZ UP BQQSPBDI UIJT� 0ॏFO UIFTF EBUBTFUT BSF DVSBUFE GSPN IVNBO BOOPUBUPST UP DPVOUFS UIF
QSF�DPHOJ[BOU OPUJPO PG 	3VEJOHFS FU BM� ����� %BXLJOT ����
� 'PS JOTUBODF CBMBODJOH USBJO�
JOH EBUB JT EPOF CZ TFMFDUJOH PS DSFBUJOH FYBNQMFT UIBU DPOUBJO JEFOUJUZ UFSNT DPSSFTQPOEJOH
UP CPUI UPYJD BOE OPO�UPYJD MBCFMT 	%JYPO FU BM� ����
� )PXFWFS TVDI EBUB NJHIU OPU BMXBZT
CF FBTJMZ BWBJMBCMF UP TBNQMF GSPN FTQFDJBMMZ JO UIF EFFE DBUFHPSZ� )FODF BODIPSJOH UIF HFO�
FSBUFE UFYUVBM TBNQMFT UP NVMUJQMF MBCFMT JO B CBMBODFE BOE IBSNPOJ[FE XBZ DBO IFMQ BMMFWJBUF
UIF QSPCMFN PG JNCBMBODFE EBUBTFUT�

4FDPOEMZ TDBMJOH GPS B DVMUVSBMMZ EJWFSTF BOOPUBUJPO QJQFMJOF GPS BMM UBTLT BOE MBOHVBHFT JT
OPU FBTZ UP BDDPNQMJTI BOE XBT GPVOE UP CF B QSBDUJDBMMZ PWFSMPPLFE BTQFDU JO EBUBTFUT BT
XFMM� $PTUB�KVTT  FU BM� 	����
 DVSBUFE B NVMUJMJOHVBM DPSQVT PG HFOEFS�CBMBODFE CJPHSBQIJFT
GSPN 8JLJQFEJB UP GBDJMJUBUF VOCJBTFE SFTFBSDI JO NBDIJOF USBOTMBUJPO� #VU UIJT NJHIU OPU CF

��?iiTb,ffK2/BmKX+QKfDB;b�rfmMBMi2M/2/@#B�b@�M/@M�K2b@Q7@7`2[m2MiHv@i�`;2i2/@;`QmTb@32
y#3R73y�kj
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QPTTJCMF GSPN GSFFMZ BDDFTTJCMF BOE BWBJMBCMF EBUB UIBU NPEFMT BSF NPTUMZ USBJOFE PO� "T B TQF�
DJD FYBNQMF JO POF PG PVS POHPJOH QSPKFDUT XF BSF B॒FNQUJOH UP DPMMFDU UBTL�TQFDJD EBUB GPS
JOEJHFOPVT MBOHVBHFT� (BUIFSJOH B SFQSFTFOUBUJWF EBUBTFU JT JNNFOTFMZ EJਖ਼DVMU FTQFDJBMMZ PX�
JOH UP UIF WFSZ GFX MBOHVBHF TQFBLFST BDDFTTJCMF UP VT� 0VS DPOWFSTBUJPOT XJUI NPSF JOWPMWFE
SFTFBSDIFST XPSLJOH PO JOEJHFOPVT $BOBEJBO MBOHVBHFT Bਖ਼SNFE UIBU 4JNVMBUJOH UIF EBUB GPS
VOEFSSFQSFTFOUFE UBSHFUT DBO CF JNNFOTFMZ IFMQGVM UP PUIFS UBTLT JO UIF /-1 QJQFMJOF UIBU IBWF
OPUIJOH UP EP XJUI HFOFSBUJPO BT XFMM� $PODSFUFMZ * FYQFSJNFOUFE UIF FFDUT PG HFOFSBUJOH
DPEF�TXJUDIFE EBUB GSPN NZ BQQSPBDI EFTDSJCFE JO g��� $IBQUFS � UP EPXO�TUSFBN UBTLT� 8F
PCTFSWFE BO JNQSPWFNFOU CZ OFUVOJOH UIF NPEFM XJUI PVS HFOFSBUFE EBUB CFGPSF QFSGPSN�
JOH UBTL�TQFDJD OFUVOJOH PO WBSJPVT DMBTTJDBUJPO BOE TFRVFODF MBCFMJOH UBTLT JODMVEFE JO
,IBOVKB FU BM� 	����
� य़JT QSPCMFN JT OPU MJNJUFE UP UIF EJWFSTF MBOHVBHFT CVU WBSJBOUT PG UIF
TBNF MBOHVBHF BT XFMM� +VSHFOT FU BM� 	����
 TUVEZ UIF EJBMFDUBM WBSJBCJMJUZ PG &OHMJTI 	XIJDI
JT VORVFTUJPOBCMZ B SFTPVSDF�SJDI MBOHVBHF
 BOE TUVEJFE IPX MBOHVBHF JEFOUJDBUJPO UPPMT BSF
OPU TPDJBMMZ FRVJUBCMF BOE GBJM JO UIF EJBMFDUBM WBSJBOUT PG VOEFSEFWFMPQFE OBUJPOT� )FODF JU
JT PVS SFTQPOTJCJMJUZ UP EFWFMPQ MBOHVBHF UFDIOPMPHJFT NPSF FRVJUBCMZ CZ BDDPNNPEBUJOH BMM
MBOHVBHFT EJBMFDUT BOE DPOUSPMMJOH UBSHFUFE UFYU HFOFSBUJPO QMBZT B QJWPUBM SPMF JO HFOFSBUJOH
UBTL�TQFDJD EBUBTFUT DPOEVDJWF UP UIF MBCFMT� *G GFX HPME TUBOEBSE FYBNQMFT BSF QSFTFOU GPS
UIF UBTL PS MBOHVBHFT BU IBOE UIF HFOFSBUFE EBUBTFUT DBO CF BVHNFOUFE XJUI SFMBUJWFMZ MPX
DPOEFODF TBNQMFT GPS USBJOJOH�

$BVUJPO н *TPMBUFE BODIPSJOH PS DPOUSPMMJOH� " SPPU DBVTF GPS OPU CFJOH BCMF UP JHOPSF
TVDI JNCBMBODFT JT CFDBVTF NPEFMT IFBWJMZ MFBSO GSPN DPSSFMBUJPOT CVU OPU GSPN UIF DBVTB�
UJPOT� य़FTF DPSSFMBUJPOT DBO IBWF BQQBMMJOH FFDUT PO TFOTJUJWF EPXOTUSFBN BQQMJDBUJPOT TVDI
BT "*�BTTJTUFE UIFSBQJTUT HFOFSBUJOH B MJGF�FOEJOH TVHHFTUJPO� *O MBSHF QSF�USBJOFE NPEFMT UIJT
QSPCMFN DPNQPVOET XJUI DPOUFYUVBMJ[FE FNCFEEJOHT XIFSF UIFTF VOJOUFOEFE DPSSFMBUJPOT BSF
QSPQBHBUFE UP UIF FNCFEEJOHT PG PUIFS XPSET BT XFMM 	5BO BOE $FMJT ����
� 'VSUIFSNPSF UBDL�
MJOH UIF CBMBODF PG EBUBTFUT CZ HFOFSBUJOH BODIPSFE UFYUT NBZ JOBEWFSUFOUMZ JOUSPEVDF PUIFS
DPSSFMBUFE CJBTFT� 'PS JOTUBODF BODIPSJOH NBZ SFNPWF CJBTFT BHBJOTU B DMBTT 	TBZ XPNFO
 BOE
BOPUIFS DMBTT 	TBZ CMBDL
 CVU OPU BHBJOTU UIF BHHSFHBUFE DMBTT 	TBZ CMBDL XPNFO
� य़FSFGPSF
QFSGPSNJOH BO JOEFQFOEFOU BOE JOUFSTFDUJPOBM FWBMVBUJPO PG UIF BYFT PG CJBTFT JT SFDPNNFOEFE
CFGPSF VTJOH UIJT EBUB GPS EPXOTUSFBN QVSQPTFT�

'BJUIGVMOFTT�

य़F HBQ CFUXFFO USVTUJOH UIF HFOFSBUJPO BSJTFT GSPN NJTBMJHOFE JODFOUJWFT BNPOHTU UIF TUBLF�
IPMEFST� UIF SFTFBSDIFST BSF JODMJOFE UPXBSET JOOPWBUJPO XPSLJOH UPXBSET QVCMJDBUJPOT PO
SFTFBSDI EBUBTFUT TPॏXBSF DPNQBOJFT UFOE UP VTF UIF PQFO�TPVSDFE UFDIOPMPHZ P UIF TIFMG
BEBQUJOH JU UP UIFJS VTF DBTFT BOE VTFST DPOTVNF UIJT UFDIOPMPHZ UPSO CFUXFFO UIF EJMFNNB PG
USVTUJOH PS OPU USVTUJOH UIF HFOFSBUFE BSUJDMFT FUD� *NQSPWJOH UIF GBJUIGVMOFTT PG UIF HFOFSBUFE
UFYU JT PG VUNPTU JNQPSUBODF UP SFTQPOTJCMZ CVJME UIF VTFST USVTU� 5FYU HFOFSBUJPO NPEFMT IBWF
MFBQFE CZ HJHBOUJD NFBOT JO HFOFSBUJOH TFOTJCMF UFYU GSPNXPSE TBMBET� )PXFWFS JU JT OP IJEEFO
USVUI UIBU JU JT FBTJFS GPS NBDIJOFT UP XSJUF DUJPO UIBO GBDUT� *O B XPSME XJUI SBQJE JOGPSNBUJPO
FYDIBOHF NVTISPPNJOH GBLF OFXT JT EFUSJNFOUBM UP IFBMUI JO B QBOEFNJD 	EF #BSDFMPT FU BM�
����
 QPMJUJDBM JOVFODFT 	7BO EFS -JOEFO FU BM� ����� )JSTU ����
 OBODJBM BOE TUPDL NBSLFUT
	,PHBO FU BM� ����� $IFP ����
 FUD� 'BJUIGVM HFOFSBUJPO PG UFYU JT UIFSFGPSF NPSF DSVDJBM GPS
BMNPTU BMM BQQMJDBUJPOT UIBU DBO JNQBDU QFPQMF BOE JOVFODF UIFJS OPUJPOT� 1PUFOUJBM XBZT UP
JOUFHSBUF UIJT JT CZ DBMJCSBUJOH BODIPST EFDPEJOHXJUI DPODFQUT JEFOUJFE GSPN UIF JNBHFT XJUI
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IJHI DPOEFODF� य़JT UFDIOJRVF JT VTFE JO EFDPEJOH TUSVDUVSF�UP�UFYU 	5JBO FU BM� ����
 XJUI
B DPOEFODF PSJFOUFE EFDPEFS� "ODIPSJOH UFDIOJRVFT BSF BMTP VTFE EJSFDUMZ IFSF� 8BOH FU BM�
	����C
 VTF B UXP�TUBHFE TLFMFUPO�CBTFE NFUIPE XIFSF UIF STU TUBHF JT UP DBSFGVMMZ TLFUDI
TLFMFUPO HFOFSBUJPO XJUI BO BVUPSFHSFTTJWF QPJOUFS OFUXPSL GPMMPXFE CZ OPO�BVUPSFHSFTTJWF
JOTFSUJPO BOE EFMFUJPO PQFSBUJPOT UP SFBMJ[F UIF TVSGBDF GPSN GSPN UIF TLFMFUPO� य़JT XBZ PG
VUJMJ[JOH TLFMFUPOT PS BODIPST IBT CFFO UIF DFOUSBM UIFNF UISPVHIPVU UIF UIFTJT� "T EJTDVTTFE
JO g������� PG $IBQUFS � FWBMVBUJOH UIF QSFEJDUJPO PG BODIPST JO UIF HFOFSBUFE UFYU JT POF GPSN
PG JOUFSQSFUBCMF BOE TJNQMJFE UFTUJOH TUSBUFHJFT�

$BVUJPO н 1FSTPOBMJ[BUJPO BOE *NQFSTPOBUJPO� "ODIPSJOH UIF HFOFSBUFE UFYU UP B QSF�
GFSSFE QFSTPOBMJUZ DBO QPUFOUJBMMZ CF NJTVTFE UP HFOFSBUF CFMJFWBCMF UFYUT MJLF BSUJDMFT PS FNBJMT
JNQFSTPOBUJOH B TQFDJD QFSTPO� य़JT DBO CF VTFE GPS TPDJBM HPPE MJLF B DFMFCSJUZ QSPNPUJOH
MPDBM CVTJOFTTFT ��� )PXFWFS XF OFFE UP CF B॒FOUJWF UP UIF JQ TJEF PG QFSTPOB BODIPSFE HFOFS�
BUJPO UIBU DBO JNQFSTPOBUF BO JOVFOUJBM QFSTPOBMJUZ UP TQSFBE GBLF JOGPSNBUJPO� 'PS JOTUBODF
NVMUJNPEBM EJTJOGPSNBUJPO 	)BNFMFFST FU BM� ����� "MBN FU BM� ����
 DBO SBOHF GSPN IBSNMFTT
FEJUT PG SFTUBVSBOU EJOOFS UP IBSNGVM TDFOBSJPT 	%B FU BM� ����
� -FBSOJOH UP VOEFSTUBOE TVDI
FEJUFE NFEJB IBWF FYUFOTJWF TPDJFUBM JNQMJDBUJPOT�

&YQMBOBUJPO (FOFSBUJPO�

य़F QBTU GFX ZFBST XJUOFTTFE WBTU TUSJEFT JO VTJOH MBOHVBHF�CBTFE BQQMJDBUJPOT JO FWFSZEBZ VTF
UIBU VTF BU MFBTU B IJOU JG OPU GVMMZ NPEFMFE CZ /-1 UFDIOJRVFT� य़FTF JODMVEF DSJUJDBM EPNBJOT
TVDI BT IFBMUIDBSF DSJNJOBM KVTUJDF BVUPOPNPVT ESJWJOH FUD� )PXFWFS SFHVMBUJOH UIFTF UFDI�
OJRVFT BOE UIFJS VTBHF JT DSJUJDBM UP CSJOH JU JO BT B XBZ PG PVS MJWFT USVTU�XPSUIJMZ� (BEF FU BM�
	����
 QSFTFOU TFWFSBM TVDI SFHVMBUJPOT MJLF (%13 "MHPSJUINJD "DDPVOUBCJMJUZ "DU JNQPTFE UP
NBLF BVUPNBUFE EFDJTJPO TVQQPSU TZTUFNT BDDPVOUBCMF� 4PNF PG UIFTF HVJEFMJOFT JODMVEF FY�
QMBJOJOH UIF EFDJTJPOT PG VTJOH UIJT UFDIOPMPHZ UP UIF DPOTVNFST ��� (FOFSBUJOH FYQMBOBUJPOT
GPS JOEJWJEVBM DBTFT JT VUNPTU VTFGVM GPS CPUI UIF EBUB TDJFOUJTUT BOE UIF DPOTVNFST UP CPUI
USVTU UIJT FNFSHJOH UFDIOPMPHZ BOE JNQSPWF JU XIFO OFDFTTBSZ� "NBTTJOH UP PUIFS GPSNT MJLF
WJTVBMJ[JOH NPEFM QBSBNFUFST BOE JOUFSQSFUJOH B॒FOUJPO PS JOUFSBDUJWF TZTUFNT UP JNQSPWF QSF�
EJDUJPOT VTFE CZ EBUB TDJFOUJTUT 	,BUTJT BOE 8PMG ����
 XIJDI BSF QPQVMBS UIF UFYU NPEBMJUZ JT
B QPXFSGVM NFBOT GPS HFOFSBUJOH IVNBO�VOEFSTUBOEBCMF OBUVSBM MBOHVBHF FYQMBOBUJPOT� य़JT
DPOBUFT UIF BEWBOUBHFT PG FYQMBOBUJPO HFOFSBUJPO BOE FYQMBOBUJPO QSFTFOUBUJPO JOUP B TJOHMF
TUFQ� (PBM�PSJFOUFE OBSSBUJWFT TFU B QSFDFEFOU GPS FYQMBOBUPSZ QSPPGT� (FOFSBUJOH FYQMBOB�
UJPOT BOE SBUJPOBMJ[BUJPO JT BO BOBMPHZ UP B MPHJDBM QBUIXBZ UPXBSET BSSJWJOH BU QSPPG� $FSUBJO
UBTLT JO /-1 TVDI BT GBLF OFXT EFUFDUJPO WJSBMJUZ QSFEJDUJPO MJF EFUFDUJPO GPS DPVSUSPPN KVEH�
NFOUT BSF CF॒FS QFSGPSNFE CZ NBDIJOFT UIBO IVNBOT� (FOFSBUJOH SFBTPOJOH FYQMBOBUJPOT GPS
UIFTF TDFOBSJPT DBO BTTJTU IVNBOT JO MFBSOJOH QB॒FSOT UIBU NBDIJOFT DBO TFF BOE UIVT BTTJTU
JO NBLJOH CF॒FS BOE NPSF JOGPSNFE KVEHNFOUT� 3FBTPOJOH PS FYQMBJOJOH BCPVU UIF NJTTJOH
NVMUJNPEBM FWFOUT SFRVJSFT VOEFSTUBOEJOH DSPTT�NPEBM JOGPSNBUJPO BMPOH XJUI DPNNPOTFOTF
LOPXMFEHF� *O g��� PG $IBQUFS � * QSFTFOUFE JOMMJOH JO UIF JOGFSFODF JO DVSSJDVMVN CBTFE
MFBSOJOH NPEFM UP CSJEHF UIF NJTTJOH JOGPSNBUJPO HBQ� -FJ FU BM� 	����C
 QFSGPSN B TJNJMBS UBTL

��?iiTb,ffBM/B�M2tT`2bbX+QKf�`iB+H2fi`2M/BM;fi`2M/BM;@BM@BM/B�f+�/#m`vb@/Br�HB@b?�?@`m
F?@F?�M@d83deRjf

��?iiTb,ffrrrX7i+X;QpfM2rb@2p2Mibf#HQ;bf#mbBM2bb@#HQ;fkykyfy9fmbBM;@�`iB7B+B�H@BMi2HHB
;2M+2@�H;Q`Bi?Kb

https://indianexpress.com/article/trending/trending-in-india/cadburys-diwali-shah-rukh-khan-7587613/
https://indianexpress.com/article/trending/trending-in-india/cadburys-diwali-shah-rukh-khan-7587613/
https://www.ftc.gov/news-events/blogs/business-blog/2020/04/using-artificial-intelligence-algorithms
https://www.ftc.gov/news-events/blogs/business-blog/2020/04/using-artificial-intelligence-algorithms
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PG SFBTPOJOH BCPVU QSFEJDUJOH UIF OFYU FWFOU HJWFO B WJEFP BOE BO BTTPDJBUFE EJBMPH� य़F SFB�
TPOJOH CFIJOE BSSJWJOH BU BOTXFS JT BMTP TUVEJFE JO UIF DPOUFYU PG WJTVBM FOUBJMNFOU 	%P FU BM�
����
 WJTVBM RVFTUJPO BOTXFSJOH 	-J FU BM� ����C
 WJTVBM DPNNPOTFOTF SFBTPOJOH 	;FMMFST FU BM�
����
 FUD� 4JNJMBS UP UIF QSJODJQMF VTFE CZ -BUDJOOJL BOE #FSBOU 	����
 JO UIF GPSN PG HFOFSBUJOH
JOUFSNFEJBUF IZQPUIFTFT VTJOH BO -. UP FYQMBJO UIF BOTXFST QSFEJDUFE CZ B RVFTUJPO BOTXFS�
JOH NPEFM QSFEJDUJOH BODIPST EFSJWFE GSPN WJTVBM JOQVU UP FYQMBJO UIF EPXOTUSFBN HFOFSBUJPO
PG NVMUJNPEBM TUPSJFT TFSWF BT DSPTT�NPEBM FYQMBOBUJPOT� य़JT JT UIF SJHIU EJSFDUJPO QMFEHFE JO
QSPHSFTTJOH PVS FME UP CSJOH UIJT USBOTGPSNBUJPOBM ZFU SIBQTPEJDBM UFDIOPMPHZ DMPTFS UP UIF
IBOET PG BMM UIF QFPQMF XJUIPVU GFBS�

$BVUJPO н .JTMFBEJOH &YQMBOBUJPOT� 1PTU�IPD FYQMBOBUJPO UFDIOJRVFT GPS UIF CMBDL CPY
QSFEJDUJPOT DBO CF NJTMFBEJOH EVF UP TFWFSBM SFBTPOT MJLF GBJMVSF UP DBQUVSF DBVTBM SFMBUJPO�
TIJQT BOE GBJMVSF UP CF SPCVTU GBMMJOH QSFZ UP NJOPS QFSUVSCBUJPOT FUD� 	-BLLBSBKV BOE #BTUBOJ
����
� 6OEFSTUBOEJOH UIF TVਖ਼DJFODZ BOE DPNQSFIFOTJWFOFTT NFUSJDT 	$BSUPO FU BM� ����
 PG
BO FYQMBOBUJPO DBO WBSZ BDSPTT FMET BOE TQFDJD VTF DBTFT� *O TVDI DBTFT JU JT DSVDJBM UP XPSL
XJUI EPNBJO FYQFSUT UP EFUFSNJOF UIF TUBOEBSET PG FYQFDUFE FYQMBOBUJPOT UIBU BSF VTFGVM JO
QSBDUJDF�
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*O UIF DPVSTF PG UIF UIFTJT * EFTDSJCFE IPX BODIPSJOH DPVME UFUIFS BOE DPOUSPM OBSSB�
UJWF HFOFSBUJPO UP WBSJPVT QSPQFSUJFT MJLF DPOUFOU TUSVDUVSF BOE TVSGBDF GPSNT GSPN
NVMUJQMF WJFXT EFSJWJOH GSPNNVMUJQMF NPEBMJUJFT BOE MBOHVBHFT� #BTFE PO UIFTF टOE�
JOHT * BMTP EFTDSJCFE DPODSFUF QSPNJTJOH GVUVSF EJSFDUJPOT BOE B CSPBEFS JNQBDU PG
UIF UFDIOJRVFT QSPQPTFE� FTFࡋ CFOFटDJBM JNQMJDBUJPOT PO WBSJPVT TUSBUB PG UIF TP�
DJFUZ FODPVSBHF VT UP BEWBODF BODIPSJOH OBSSBUJWF HFOFSBUJPO GSPN NVMUJQMF WJFXT
XIJMF DBSFGVMMZ QSBDUJDJOH DBVUJPO UP DJSDVNWFOU QPUFOUJBMMZ JOUFOEFE PS VOJOUFOEFE
FUIJDBM DPOVOESVNT� 8JUI BO PQUJNJTUJD PVUMPPL UPXBSET UIF GVUVSF PG NVMUJ�WJFX
BODIPSFE UFYU HFOFSBUJPO UIJT UIFTJT TFSWFT BT B QJFDF PG "SJBEOFڣT TUSJOH UP OBWJHBUF
UIF MBCZSJOUI PG QPUFOUJBM UIBU UIJT टFME FODPNQBTTFT�



#JCMJPHSBQIZ

)FJLF "EFM /HPD य़BOH 7V ,BUSJO ,JSDIIP %PNJOJD 5FMBBS BOE 5BOKB 4DIVMU[� ����� 4ZO�
UBDUJD BOE TFNBOUJD GFBUVSFT GPS DPEF�TXJUDIJOH GBDUPSFE MBOHVBHF NPEFMT� *&&& 5SBOTBDUJPOT
PO "VEJP 4QFFDI BOE -BOHVBHF 1SPDFTTJOH ��	�
����ۗ����

)FJLF "EFM /HPD य़BOH 7V 'SBO[JTLB ,SBVT 5JN 4DIMJQQF )BJ[IPV -J BOE 5BOKB 4DIVMU[�
����B� 3FDVSSFOU OFVSBM OFUXPSL MBOHVBHF NPEFMJOH GPS DPEF TXJUDIJOH DPOWFSTBUJPOBM
TQFFDI� *O "DPVTUJDT 4QFFDI BOE 4JHOBM 1SPDFTTJOH 	*$"441
 ���� *&&& *OUFSOBUJPOBM $PO�
GFSFODF PO QBHFT ����ۗ����� *&&&�

)FJLF "EFM /HPD य़BOH 7V BOE 5BOKB 4DIVMU[� ����C� $PNCJOBUJPO PG SFDVSSFOU OFVSBM OFU�
XPSLT BOE GBDUPSFE MBOHVBHF NPEFMT GPS DPEF�TXJUDIJOH MBOHVBHF NPEFMJOH� *O 1SPDFFEJOHT
PG UIF ��TU "OOVBM .FFUJOH PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT 	7PMVNF �� 4IPSU
1BQFST
 WPMVNF � QBHFT ���ۗ����

)BSTI "HSBXBM 1FUFS "OEFSTPO ,BSBO %FTBJ :VGFJ 8BOH 9JOMFJ $IFO 3JTIBCI +BJO .BSL
+PIOTPO %ISVW #BUSB %FWJ 1BSJLI BOE 4UFGBO -FF� ����� OPDBQT� OPWFM PCKFDU DBQUJPOJOH BU
TDBMF� *O ���� *&&&�$7' *OUFSOBUJPOBM $POGFSFODF PO $PNQVUFS 7JTJPO *$$7 ���� 4FPVM ,PSFB
	4PVUI
 0DUPCFS �� � /PWFNCFS � ���� QBHFT ����ۗ����� *&&&�

)BSTI "HSBXBM "SKVO $IBOESBTFLBSBO %ISVW #BUSB %FWJ 1BSJLI BOE .PIJU #BOTBM� �����
4PSU TUPSZ� 4PSUJOH KVNCMFE JNBHFT BOE DBQUJPOT JOUP TUPSJFT� BS9JW QSFQSJOU BS9JW������������

"SKVO 3� "LVMB 4QBOEBOB (FMMB :BTFS "M�0OBJ[BO 4POH�$IVO ;IV BOE 4JWB 3FEEZ� �����
8PSET BSFOU FOPVHI UIFJS PSEFS NB॒FST� 0O UIF SPCVTUOFTT PG HSPVOEJOH WJTVBM SFGFSSJOH
FYQSFTTJPOT� *O 1SPDFFEJOHT PG UIF ��UI "OOVBM .FFUJOH PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM
-JOHVJTUJDT "$- ���� 0OMJOF +VMZ ���� ���� QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUB�
UJPOBM -JOHVJTUJDT�

'JSPK "MBN 4UFGBOP $SFTDJ 5BONPZ $IBLSBCPSUZ 'BCSJ[JP 4JMWFTUSJ %JNJUFS %JNJUSPW (JP�
WBOOJ %B 4BO .BSUJOP 4IBEFO 4IBBS )BNFE 'JSPP[ BOE 1SFTMBW /BLPW� ����� " TVSWFZ PO
NVMUJNPEBM EJTJOGPSNBUJPO EFUFDUJPO� $P33 BCT������������

.BMJIF "MJLIBOJ 1JZVTI 4IBSNB 4IFOHKJF -J 3BEV 4PSJDVU BOE .B॒IFX 4UPOF� ����� $SPTT�
NPEBM DPIFSFODF NPEFMJOH GPS DBQUJPO HFOFSBUJPO� *O 1SPDFFEJOHT PG UIF ��UI "OOVBM .FFUJOH
PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT QBHFT ����ۗ�����

"GSB "MJTIBIJ .BSJF #BSLJOH BOE (S[FHPS[ $ISVQBMB� ����� &ODPEJOH PG QIPOPMPHZ JO B SF�
DVSSFOU OFVSBM NPEFM PG HSPVOEFE TQFFDI� *O 1SPDFFEJOHT PG UIF ��TU $POGFSFODF PO $PNQVUB�
UJPOBM /BUVSBM -BOHVBHF -FBSOJOH 	$P/-- ����
 7BODPVWFS $BOBEB "VHVTU ��� ���� QBHFT
���ۗ���� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

���

https://doi.org/10.1109/ICCV.2019.00904
https://doi.org/10.1109/ICCV.2019.00904
https://doi.org/10.18653/v1/2020.acl-main.586
https://doi.org/10.18653/v1/2020.acl-main.586
http://arxiv.org/abs/2103.12541
http://arxiv.org/abs/2103.12541
https://doi.org/10.18653/v1/K17-1037
https://doi.org/10.18653/v1/K17-1037
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.FIEJ "MMBIZBSJ 4FZFEBNJO 1PVSJZFI .FIEJ "TTF 4BFJE 4BGBFJ &MJ[BCFUI % 5SJQQF +VBO #
(VUJFSSF[ BOE ,SZT ,PDIVU� ����� 5FYU TVNNBSJ[BUJPO UFDIOJRVFT� B CSJFG TVSWFZ� BS9JW
QSFQSJOU BS9JW������������

1SJUIWJSBK "NNBOBCSPMV 8JMMJBN #SPOJFD "MFY .VFMMFS +FSFNZ 1BVM BOE .BSL 0 3JFEM�
����B� 5PXBSE BVUPNBUFE RVFTU HFOFSBUJPO JO UFYU�BEWFOUVSF HBNFT� BS9JW QSFQSJOU
BS9JW������������

1SJUIWJSBK "NNBOBCSPMV &UIBO 5JFO 8FTMFZ $IFVOH ;IBPDIFO -VP 8JMMJBN .B -BSB .BS�
UJO BOE .BSL 3JFEM� ����C� (VJEFE OFVSBM MBOHVBHF HFOFSBUJPO GPS BVUPNBUFE TUPSZUFMMJOH�
*O 1SPDFFEJOHT PG UIF 4FDPOE 8PSLTIPQ PO 4UPSZUFMMJOH QBHFT ��ۗ���

1FUFS "OEFSTPO #BTVSB 'FSOBOEP .BSL +PIOTPO BOE 4UFQIFO (PVME� ����� 41*$&� TFNBOUJD
QSPQPTJUJPOBM JNBHF DBQUJPO FWBMVBUJPO� *O $PNQVUFS 7JTJPO � &$$7 ���� � ��UI &VSPQFBO
$POGFSFODF "NTUFSEBN Fࡋ /FUIFSMBOET 0DUPCFS ����� ���� 1SPDFFEJOHT 1BSU 7 WPMVNF
���� PG -FDUVSF /PUFT JO $PNQVUFS 4DJFODF QBHFT ���ۗ���� 4QSJOHFS�

1FUFS "OEFSTPO 9JBPEPOH )F $ISJT #VFIMFS %BNJFO 5FOFZ .BSL +PIOTPO 4UFQIFO (PVME
BOE -FJ ;IBOH� ����B� #P॒PN�VQ BOE UPQ�EPXO B॒FOUJPO GPS JNBHF DBQUJPOJOH BOE WJTVBM
RVFTUJPO BOTXFSJOH� *O $713�

1FUFS "OEFSTPO 2J 8V %BNJFO 5FOFZ +BLF #SVDF .BSL +PIOTPO /JLP 4¼OEFSIBVG *BO %�
3FJE 4UFQIFO (PVME BOE "OUPO WBO EFO )FOHFM� ����C� 7JTJPO�BOE�MBOHVBHF OBWJHBUJPO�
*OUFSQSFUJOH WJTVBMMZ�HSPVOEFE OBWJHBUJPO JOTUSVDUJPOT JO SFBM FOWJSPONFOUT� *O ���� *&&&
$POGFSFODF PO $PNQVUFS 7JTJPO BOE 1BࡇFSO 3FDPHOJUJPO $713 ���� 4BMU -BLF $JUZ 65 64"
+VOF ����� ���� QBHFT ����ۗ����� $PNQVUFS 7JTJPO 'PVOEBUJPO � *&&& $PNQVUFS 4PDJFUZ�

+BDPC "OESFBT BOE %BO ,MFJO� ����� (SPVOEJOH MBOHVBHF XJUI QPJOUT BOE QBUIT JO DPOUJOV�
PVT TQBDFT� *O 1SPDFFEJOHT PG UIF &JHIUFFOUI $POGFSFODF PO $PNQVUBUJPOBM /BUVSBM -BOHVBHF
-FBSOJOH $P/-- ���� #BMUJNPSF .BSZMBOE 64" +VOF ����� ���� QBHFT ��ۗ��� "$-�

4UBOJTMBX "OUPM "JTIXBSZB "HSBXBM +JBTFO -V .BSHBSFU .JUDIFMM %ISVW #BUSB
$ -BXSFODF ;JUOJDL BOE %FWJ 1BSJLI� ����� 7RB� 7JTVBM RVFTUJPO BOTXFSJOH� *O 1SPDFFE�
JOHT PG UIF *&&& JOUFSOBUJPOBM DPOGFSFODF PO DPNQVUFS WJTJPO QBHFT ����ۗ�����

4BOEIZB "SPSB (BVSJ $IBXBSF %FWBOHJ $IJODIBOLBS &FTIB %JYJU BOE 4IFWJ +BJO� ����� 4VS�
WFZ PG EJFSFOU BQQSPBDIFT VTFE GPS GPPE SFDPHOJUJPO� *O *OGPSNBUJPO BOE $PNNVOJDBUJPO
5FDIOPMPHZ GPS $PNQFUJUJWF 4USBUFHJFT QBHFT ���ۗ���� 4QSJOHFS�

.JLFM "SUFUYF BOE )PMHFS 4DIXFOL� ����� .BTTJWFMZ NVMUJMJOHVBM TFOUFODF FNCFEEJOHT GPS
[FSP�TIPU DSPTT�MJOHVBM USBOTGFS BOE CFZPOE� 5SBOTBDUJPOT PG UIF "TTPDJBUJPO GPS $PNQVUB�
UJPOBM -JOHVJTUJDT �����ۗ����

"OLJU "SVO 4PVNZB #BUSB 7JLBT #IBSEXBK "TIXJOJ $IBMMB 1JOBS %PONF[ 1FZNBO )FJ�
EBSJ )BLBO *OBO 4IBTIBOL +BJO "OVK ,VNBS 4IBXO .FJ ,BSUIJL .PIBO BOE .JDIBFM
8IJUF� ����� #FTU QSBDUJDFT GPS EBUB�Fਖ਼DJFOU NPEFMJOH JO /-(� IPX UP USBJO QSPEVDUJPO�
SFBEZ OFVSBM NPEFMT XJUI MFTT EBUB� *O 1SPDFFEJOHT PG UIF ��UI *OUFSOBUJPOBM $POGFSFODF PO
$PNQVUBUJPOBM -JOHVJTUJDT $0-*/( ���� � *OEVTUSZ 5SBDL 0OMJOF %FDFNCFS �� ���� QBHFT
��ۗ��� *OUFSOBUJPOBM $PNNJ॒FF PO $PNQVUBUJPOBM -JOHVJTUJDT�

https://doi.org/10.1007/978-3-319-46454-1_24
https://doi.org/10.1007/978-3-319-46454-1_24
https://doi.org/10.1109/CVPR.2018.00387
https://doi.org/10.1109/CVPR.2018.00387
https://doi.org/10.3115/v1/w14-1607
https://doi.org/10.3115/v1/w14-1607
https://doi.org/10.18653/v1/2020.coling-industry.7
https://doi.org/10.18653/v1/2020.coling-industry.7
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+JNNZ -FJ #B +BNJF 3ZBO ,JSPT BOE (FPSFZ &� )JOUPO� ����� -BZFS OPSNBMJ[BUJPO� BS9JW
QSFQSJOU BS9JW������������

"SVO #BCZ /JTIBOUJ /- "OKV -FFMB य़PNBT BOE )FBN " .ZSUIZ� ����� 3FTPVSDFT GPS *OEJBO
-BOHVBHFT� *O 1SPDFFEJOHT PG 5FYU 4QFFDI BOE %JBMPHVF�

"TIVUPTI #BIFUJ "MBO 3J॒FS +JXFJ -J BOE #JMM %PMBO� ����� (FOFSBUJOH NPSF JOUFSFTUJOH SF�
TQPOTFT JO OFVSBM DPOWFSTBUJPO NPEFMT XJUI EJTUSJCVUJPOBM DPOTUSBJOUT� *O 1SPDFFEJOHT PG
UIF ���� $POGFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH #SVTTFMT #FMHJVN
0DUPCFS �� � /PWFNCFS � ���� QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

"OVTIB #BMBLSJTIOBO +JOGFOH 3BP ,BSUJLFZB 6QBTBOJ .JDIBFM 8IJUF BOE 3BKFO 4VCCB� �����
$POTUSBJOFE EFDPEJOH GPS OFVSBM /-( GSPN DPNQPTJUJPOBM SFQSFTFOUBUJPOT JO UBTL�PSJFOUFE
EJBMPHVF� *O 1SPDFFEJOHT PG UIF ��UI $POGFSFODF PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJT�
UJDT "$- ���� 'MPSFODF *UBMZ +VMZ ��� "VHVTU � ���� 7PMVNF �� -POH 1BQFST QBHFT ���ۗ����
"TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

4BUBOKFFW #BOFSKFF BOE "MPO -BWJF� ����B� .&5&03� BO BVUPNBUJD NFUSJD GPS .5 FWBMVBUJPO
XJUI JNQSPWFE DPSSFMBUJPO XJUI IVNBO KVEHNFOUT� *O 1SPDFFEJOHT PG UIF 8PSLTIPQ PO *OUSJO�
TJD BOE &YUSJOTJD &WBMVBUJPO .FBTVSFT GPS .BDIJOF 5SBOTMBUJPO BOE�PS 4VNNBSJ[BUJPO!"$-
���� "OO "SCPS .JDIJHBO 64" +VOF �� ���� QBHFT ��ۗ��� "TTPDJBUJPO GPS $PNQVUBUJPOBM
-JOHVJTUJDT�

4BUBOKFFW #BOFSKFF BOE "MPO -BWJF� ����C� .FUFPS� "O BVUPNBUJD NFUSJD GPS NU FWBMVBUJPO XJUI
JNQSPWFE DPSSFMBUJPO XJUI IVNBO KVEHNFOUT� *O 1SPDFFEJOHT PG UIF BDM XPSLTIPQ PO JOUSJOTJD
BOE FYUSJOTJD FWBMVBUJPONFBTVSFT GPS NBDIJOF USBOTMBUJPO BOE�PS TVNNBSJ[BUJPO QBHFT ��ۗ���

)ZVOTFVOH #BOH "OUPOJ 7JS³T .BSUJO "SOBV 1SBU BOE %BOJFM 4FMWB� ����� %BQIOF� "O JOUFM�
MJHFOU BTTJTUBOU GPS BSDIJUFDUJOH FBSUI PCTFSWJOH TBUFMMJUF TZTUFNT� *O ���� "*"" *OGPSNBUJPO
4ZTUFNT�"*"" *OGPUFDI! "FSPTQBDF QBHF �����

5%/ EF #BSDFMPT -V[B /FQPNVDFOP .VOJ[ %FCPSBI .BSJOIP %BOUBT $PUSJN +VOJPS %'
+P£P 3PCFSUP $BWBMDBOUF BOE &EVBSEP 'BFSTUFJO� ����� "OBMZTJT PG GBLF OFXT EJTTFNJOBUFE
EVSJOH UIF DPWJE��� QBOEFNJD JO CSB[JMBO¡MJTJT EF MBT OPUJDJBT GBMTBT EJWVMHBEBT EVSBOUF MB
QBOEFNJB EF DPWJE��� FO CSBTJM� 3FWJTUB 1BOBNFSJDBOB EF 4BMVE 1VCMJDB� 1BO "NFSJDBO +PVS�
OBM PG 1VCMJD )FBMUI ���F��ۗF���

-P¯D #BSSBVMU 'FUIJ #PVHBSFT -VDJB 4QFDJB $IJSBBH -BMB %FTNPOE &MMJP॒ BOE 4UFMMB 'SBOL�
����� 'JOEJOHT PG UIF UIJSE TIBSFE UBTL PO NVMUJNPEBM NBDIJOF USBOTMBUJPO� *O 1SPDFFEJOHT
PG UIF JSEࡋ $POGFSFODF PO .BDIJOF 5SBOTMBUJPO� 4IBSFE 5BTL 1BQFST 8.5 ���� #FMHJVN
#SVTTFMT 0DUPCFS �� � /PWFNCFS � ���� QBHFT ���ۗ���� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JO�
HVJTUJDT�

-BXSFODF 8 #BSTBMPV ,BSFO 0MTFUI 4PMPNPO BOE -JOH�-JOH 8V� ����� 1FSDFQUVBM TJNVMBUJPO
JO DPODFQUVBM UBTLT� ".45&3%". 456%*&4 */ 5)& 5)&03: "/% )*4503: 0' -*/(6*45*$
4$*&/$& 4&3*&4 � QBHFT ���ۗ����

3FHJOB #BS[JMBZ BOE /PFNJF &MIBEBE� ����� *OGFSSJOH TUSBUFHJFT GPS TFOUFODF PSEFSJOH JO NVM�
UJEPDVNFOU OFXT TVNNBSJ[BUJPO� +PVSOBM PG "SUJटDJBM *OUFMMJHFODF 3FTFBSDI �����ۗ���
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-FPOPS #FDFSSB�#POBDIF )FOOJOH $ISJTUJBOTFO BOE . %PMPSFT +JN©OF[�-³QF[� ����� " HPME
TUBOEBSE UPNFBTVSF SFMBUJWF MJOHVJTUJD DPNQMFYJUZXJUI B HSPVOEFE MBOHVBHF MFBSOJOHNPEFM�
*O 1SPDFFEJOHT PG UIF 8PSLTIPQ PO -JOHVJTUJD $PNQMFYJUZ BOE /BUVSBM -BOHVBHF 1SPDFTTJOH
QBHFT �ۗ��

"OESFX #FHFM %BOJFM %� (BSDJB BOE 4UFWFO "� 8PMGNBO� ����� ,JOFTUIFUJD MFBSOJOH JO UIF
DMBTTSPPN� *O 1SPDFFEJOHT PG UIF ��UI 4*($4& 5FDIOJDBM 4ZNQPTJVN PO $PNQVUFS 4DJFODF &E�
VDBUJPO 4*($4& ���� /PSGPML 7JSHJOJB 64" .BSDI ��� ���� QBHFT ���ۗ���� "$.�

"OKB #FM[� ����� "VUPNBUJD HFOFSBUJPO PG XFBUIFS GPSFDBTU UFYUT VTJOH DPNQSFIFOTJWF QSPCB�
CJMJTUJD HFOFSBUJPO�TQBDF NPEFMT� /BUVSBM -BOHVBHF &OHJOFFSJOH ��	�
����ۗ����

"OKB #FM[ BOE &IVE 3FJUFS� ����� $PNQBSJOH BVUPNBUJD BOE IVNBO FWBMVBUJPO PG /-( TZTUFNT�
*O &"$- ���� ��TU $POGFSFODF PG UIF &VSPQFBO $IBQUFS PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM
-JOHVJTUJDT 1SPDFFEJOHT PG UIF $POGFSFODF "QSJM ��� ���� 5SFOUP *UBMZ� य़F "TTPDJBUJPO GPS
$PNQVUFS -JOHVJTUJDT�

4BNZ #FOHJP 0SJPM 7JOZBMT /BWEFFQ +BJUMZ BOE /PBN 4IB[FFS� ����� 4DIFEVMFE TBNQMJOH
GPS TFRVFODF QSFEJDUJPO XJUI SFDVSSFOU OFVSBM OFUXPSLT� *O "EWBODFT JO /FVSBM *OGPSNBUJPO
1SPDFTTJOH 4ZTUFNT ��� "OOVBM $POGFSFODF PO /FVSBM *OGPSNBUJPO 1SPDFTTJOH 4ZTUFNT ����
%FDFNCFS ���� ���� .POUSFBM FCFDࡊ $BOBEB QBHFT ����ۗ�����

5BZMPS #FSH�,JSLQBUSJDL %BO (JMMJDL BOE %BO ,MFJO� ����� +PJOUMZ MFBSOJOH UP FYUSBDU BOE DPN�
QSFTT� *O Fࡋ ��UI "OOVBM .FFUJOH PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT� )VNBO
-BOHVBHF 5FDIOPMPHJFT 1SPDFFEJOHT PG UIF $POGFSFODF ����� +VOF ���� 1PSUMBOE 0SFHPO 64"
QBHFT ���ۗ���� य़F "TTPDJBUJPO GPS $PNQVUFS -JOHVJTUJDT�

3VUI " #FSNBO� ����� 0O UIF BCJMJUZ UP SFMBUF FWFOUT JO OBSSBUJWF� %JTDPVSTF 1SPDFTTFT ��	�
����ۗ
����

*STIBE "INBE #IBU 3JZB[ "INBE #IBU .BOJTI 4ISJWBTUBWB BOE %JQUJ .JTSB 4IBSNB�
����� 6OJWFSTBM EFQFOEFODZ QBSTJOH GPS IJOEJ�FOHMJTI DPEF�TXJUDIJOH� BS9JW QSFQSJOU
BS9JW������������

*STIBE "INBE #IBU 7BOEBO .VKBEJB "OJSVEEIB 5BNNFXBS 3JZB[ "INBE #IBU BOE .BOJTI
4ISJWBTUBWB� ����� *JJU�I TZTUFN TVCNJTTJPO GPS SF���� TIBSFE UBTL PO USBOTMJUFSBUFE TFBSDI�
*O 1SPDFFEJOHT PG UIF 'PSVN GPS *OGPSNBUJPO 3FUSJFWBM &WBMVBUJPO QBHFT ��ۗ��� "$.�

:POBUBO #JTL +BO #VZT ,BSM 1JDIP॒B BOE :FKJO $IPJ� ����� #FODINBSLJOH IJFSBSDIJDBM TDSJQU
LOPXMFEHF� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PG UIF /PSUI "NFSJDBO $IBQUFS PG UIF "T�
TPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT� )VNBO -BOHVBHF 5FDIOPMPHJFT /""$-�)-5 ����
.JOOFBQPMJT ./ 64" +VOF ��� ���� 7PMVNF � 	-POH BOE 4IPSU 1BQFST
 QBHFT ����ۗ�����
"TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

:POBUBO #JTL "SJ )PMU[NBO +FTTF य़PNBTPO +BDPC "OESFBT :PTIVB #FOHJP +PZDF $IBJ
.JSFMMB -BQBUB "OHFMJLJ -B[BSJEPV +POBUIBO .BZ "MFLTBOES /JTOFWJDI /JDPMBT 1JOUP BOE
+PTFQI 1� 5VSJBO� ����� &YQFSJFODF HSPVOET MBOHVBHF� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF
PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH &./-1 ���� 0OMJOF /PWFNCFS �����
���� QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�
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:POBUBO #JTL 4JWB 3FEEZ +PIO #MJU[FS +VMJB )PDLFONBJFS BOE .BSL 4UFFENBO� ����� &WBMV�
BUJOH JOEVDFE $$( QBSTFST PO HSPVOEFE TFNBOUJD QBSTJOH� *O 1SPDFFEJOHT PG UIF ���� $POGFS�
FODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH &./-1 ���� "VTUJO 5FYBT 64"
/PWFNCFS ��� ���� QBHFT ����ۗ����� य़F "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

"MBO 8 #MBDL� ����� $-645&3(&/� B TUBUJTUJDBM QBSBNFUSJD TZOUIFTJ[FS VTJOH USBKFDUPSZ NPE�
FMJOH� *O */5&341&&$)�

"MBO 8 #MBDL ,FWJO -FO[P BOE 7JODFOU 1BHFM� ����� *TTVFT JO CVJMEJOH HFOFSBM MF॒FS UP TPVOE
SVMFT� QBHFT ��ۗ���

0MJWJFS #PEFOSFJEFS� ����� य़F VOJFE NFEJDBM MBOHVBHF TZTUFN 	VNMT
� JOUFHSBUJOH CJPNFEJDBM
UFSNJOPMPHZ� /VDMFJD BDJET SFTFBSDI ��	TVQQM@�
�%���ۗ%����

%BO #PIVT� &SSPS BXBSFOFTT BOE SFDPWFSZ JO UBTL�PSJFOUFE TQPLFO EJBMPHVF TZTUFNT�

5PMHB #PMVLCBTJ ,BJ�8FJ $IBOH +BNFT :� ;PV 7FOLBUFTI 4BMJHSBNB BOE "EBN 5BVNBO ,BMBJ�
����� .BO JT UP DPNQVUFS QSPHSBNNFS BT XPNBO JT UP IPNFNBLFS EFCJBTJOH XPSE FNCFE�
EJOHT� *O "EWBODFT JO /FVSBM *OGPSNBUJPO 1SPDFTTJOH 4ZTUFNT ��� "OOVBM $POGFSFODF PO /FVSBM
*OGPSNBUJPO 1SPDFTTJOH 4ZTUFNT ���� %FDFNCFS ���� ���� #BSDFMPOB 4QBJO QBHFT ����ۗ�����

#FOKBNJO #¶STDIJOHFS #FWBO ,� +POFT BOE .BSL +PIOTPO� ����� 3FEVDJOH HSPVOEFE MFBSOJOH
UBTLT UP HSBNNBUJDBM JOGFSFODF� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PO &NQJSJDBM .FUIPET JO
/BUVSBM -BOHVBHF 1SPDFTTJOH &./-1 ���� ����� +VMZ ���� +PIO .D*OUZSF $POGFSFODF $FOUSF
&EJOCVSHI 6, " NFFUJOH PG 4*(%"5 B 4QFDJBM *OUFSFTU (SPVQ PG UIF "$- QBHFT ����ۗ�����
"$-�

-VLBT #PTTBSE .B॒IJFV (VJMMBVNJO BOE -VD 7BO(PPM� ����� 'PPE����ۗNJOJOH EJTDSJNJOBUJWF
DPNQPOFOUT XJUI SBOEPN GPSFTUT� *O &VSPQFBO $POGFSFODF PO $PNQVUFS 7JTJPO QBHFT ���ۗ
���� 4QSJOHFS�

"OUPJOF #PTTFMVU +JBOGV $IFO %BWJE 8BSSFO )BOOBOFI )BKJTIJS[J BOE :FKJO $IPJ� �����
-FBSOJOH QSPUPUZQJDBM FWFOU TUSVDUVSF GSPN QIPUP BMCVNT� *O 1SPDFFEJOHT PG UIF ��UI "O�
OVBM .FFUJOH PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT "$- ���� "VHVTU ���� ����
#FSMJO (FSNBOZ 7PMVNF �� -POH 1BQFST� य़F "TTPDJBUJPO GPS $PNQVUFS -JOHVJTUJDT�

"OUPJOF #PTTFMVU 0NFS -FWZ "SJ )PMU[NBO $PSJO &OOJT %JFUFS 'PY BOE :FKJO $IPJ� �����
4JNVMBUJOH BDUJPO EZOBNJDT XJUI OFVSBM QSPDFTT OFUXPSLT� BS9JW QSFQSJOU BS9JW������������

4BNVFM 3 #PXNBO -VLF 7JMOJT 0SJPM 7JOZBMT "OESFX.%BJ 3BGBM +P[FGPXJD[ BOE 4BNZ #FO�
HJP� ����� (FOFSBUJOH TFOUFODFT GSPN B DPOUJOVPVT TQBDF� BS9JW QSFQSJOU BS9JW������������

4BNVFM 3� #PXNBO -VLF 7JMOJT 0SJPM 7JOZBMT "OESFX .� %BJ 3BGBM +³[FGPXJD[ BOE 4BNZ
#FOHJP� ����� (FOFSBUJOH TFOUFODFT GSPN B DPOUJOVPVT TQBDF� *O 1SPDFFEJOHT PG UIF ��UI
4*(/-- $POGFSFODF PO $PNQVUBUJPOBM /BUVSBM -BOHVBHF -FBSOJOH $P/-- ���� #FSMJO (FS�
NBOZ "VHVTU ����� ���� QBHFT ��ۗ��� "$-�

8JMMJBN '� #SFXFS� ����� 1MBO VOEFSTUBOEJOH OBSSBUJWF DPNQSFIFOTJPO BOE TUPSZ TDIFNBT� *O
1SPDFFEJOHT PG UIF /BUJPOBM $POGFSFODF PO "SUJटDJBM *OUFMMJHFODF 1JࡇTCVSHI 1" 64" "VHVTU
����� ���� QBHFT ���ۗ���� """* 1SFTT�
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1FUFS '� #SPXO 4UFQIFO %FMMB 1JFUSB 7JODFOU +� %FMMB 1JFUSB +FOOJGFS $� -BJ BOE 3PCFSU -�
.FSDFS� ����� "O FTUJNBUF PG BO VQQFS CPVOE GPS UIF FOUSPQZ PG FOHMJTI� $PNQVU� -JOHVJTUJDT
��	�
���ۗ���

+FSPNF 4 #SVOFS� ����� 'SPN DPNNVOJDBUJPO UP MBOHVBHFۘB QTZDIPMPHJDBM QFSTQFDUJWF� $PH�
OJUJPO �	�
����ۗ����

1BXFĂ #VE[JBOPXTLJ 5TVOH�)TJFO 8FO #P�)TJBOH 5TFOH *±JHP $BTBOVFWB 4UFGBO 6MUFT 0T�
NBO 3BNBEBO BOE .JMJDB (BTJD� ����� .VMUJXP[�B MBSHF�TDBMF NVMUJ�EPNBJO XJ[BSE�PG�P[
EBUBTFU GPS UBTL�PSJFOUFE EJBMPHVF NPEFMMJOH� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PO &N�
QJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH QBHFT ����ۗ�����

#BSCBSB & #VMMPDL BOE "MNFJEB +BDRVFMJOF &E 5PSJCJP� ����� Fࡋ $BNCSJEHF IBOECPPL PG MJO�
HVJTUJD DPEF�TXJUDIJOH� $BNCSJEHF 6OJWFSTJUZ 1SFTT�

"OB¯T $BEJMIBD /JDIPMBT "TIFS 'BSBI #FOBNBSB BOE "MFY -BTDBSJEFT� ����� (SPVOEJOH TUSBUF�
HJD DPOWFSTBUJPO� 6TJOH OFHPUJBUJPO EJBMPHVFT UP QSFEJDU USBEFT JO B XJO�MPTF HBNF� *O 1SP�
DFFEJOHT PG UIF ���� $POGFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH &./-1
���� ����� 0DUPCFS ���� (SBOE )ZBࡇ 4FBࡇMF 4FBࡇMF 8BTIJOHUPO 64" " NFFUJOH PG 4*(%"5
B 4QFDJBM *OUFSFTU (SPVQ PG UIF "$- QBHFT ���ۗ���� "$-�

"ZMJO $BMJTLBO +PBOOB + #SZTPO BOE"SWJOE/BSBZBOBO� ����� 4FNBOUJDT EFSJWFE BVUPNBUJDBMMZ
GSPN MBOHVBHF DPSQPSB DPOUBJO IVNBO�MJLF CJBTFT� 4DJFODF ���	����
����ۗ����

+BJNF $BSCPOFMM BOE +BEF (PMETUFJO� ����� य़F VTF PG NNS EJWFSTJUZ�CBTFE SFSBOLJOH GPS SF�
PSEFSJOH EPDVNFOUT BOE QSPEVDJOH TVNNBSJFT� *O 1SPDFFEJOHT PG UIF ��TU BOOVBM JOUFSOBUJPOBM
"$. 4*(*3 DPOGFSFODF PO 3FTFBSDI BOE EFWFMPQNFOU JO JOGPSNBUJPO SFUSJFWBM QBHFT ���ۗ����
"$.�

3POBME $BSEFOBT :JOH -JO )FOH +J BOE +POBUIBO.BZ� ����� " HSPVOEFE VOTVQFSWJTFE VOJWFS�
TBM QBSU�PG�TQFFDI UBHHFS GPS MPX�SFTPVSDF MBOHVBHFT� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF
PG UIF /PSUI "NFSJDBO $IBQUFS PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT� )VNBO -BO�
HVBHF 5FDIOPMPHJFT /""$-�)-5 ���� .JOOFBQPMJT ./ 64" +VOF ��� ���� 7PMVNF � 	-POH
BOE 4IPSU 1BQFST
 QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

.BMJOEB $BSQFOUFS ,BUIFSJOF /BHFMM .JDIBFM 5PNBTFMMP (FPSHF #V॒FSXPSUI BOE $ISJT
.PPSF� ����� 4PDJBM DPHOJUJPO KPJOU B॒FOUJPO BOE DPNNVOJDBUJWF DPNQFUFODF GSPN � UP
�� NPOUIT PG BHF� .POPHSBQIT PG UIF TPDJFUZ GPS SFTFBSDI JO DIJME EFWFMPQNFOU QBHFT Jۗ����

4BNVFM $BSUPO "OJSVEI 3BUIPSF BOE $IFOIBP 5BO� ����� &WBMVBUJOH BOE DIBSBDUFSJ[JOH IV�
NBO SBUJPOBMFT� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BO�
HVBHF 1SPDFTTJOH &./-1 ���� 0OMJOF /PWFNCFS ����� ���� QBHFT ����ۗ����� "TTPDJBUJPO
GPS $PNQVUBUJPOBM -JOHVJTUJDT�

*TBBD $BTXFMM +VMJB ,SFVU[FS -JTB 8BOH "ITBO 8BIBC %BBO WBO &TDI /BTBOCBZBS 6M[JJ�
0STIJLI "MMBITFSB 5BQP /JTIBOU 4VCSBNBOJ "SUFN 4PLPMPW $MBZUPOF 4JLBTPUF .P�
OBOH 4FUZBXBO 4VQIFBLNVOHLPM 4BSJO 4PLIBS 4BNC #FOP®U 4BHPU $MBSB 3JWFSB "OOF॒F
3JPT *TBCFM 1BQBEJNJUSJPV 4BMPNFZ 0TFJ 1FESP +BWJFS 0SUJ[ 4V¡SF[ *SPSP 0SJGF ,FMFDIJ
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0HVFKJ 3VCVOHP "OESF /JZPOHBCP 5PBO 2� /HVZFO .BUIJBT .¼MMFS "OES© .¼MMFS 4IBN�
TVEEFFO )BTTBO .VIBNNBE /BOEB .VIBNNBE "ZBOEB .OZBLFOJ +BNTIJECFL .JS[B�
LIBMPW 5BQJXBOBTIF .BUBOHJSB $PMJO -FPOH /[F -BXTPO 4OFIB ,VEVHVOUB :BDJOF +FS�
OJUF .BUIJBT +FOOZ 0SIBO 'JSBU #POBWFOUVSF '� 1� %PTTPV 4BLIJMF %MBNJOJ /JTBOTB
EF 4JMWB 4BLJOF �BCVL #BMMJ 4UFMMB #JEFSNBO "MFTTJB #B॒JTUJ "INFE #BSVXB "OLVS #BQOB
1BMMBWJ #BMKFLBS *TSBFM "CFCF "[JNF "ZPEFMF "XPLPZB %VZHV "UBNBO 0SFWBPHIFOF "IJB
0HIFOFGFHP "IJB 4XFUB "HSBXBM BOE .PGFUPMVXB "EFZFNJ� ����� फ़BMJUZ BU B HMBODF� "O
BVEJU PG XFC�DSBXMFE NVMUJMJOHVBM EBUBTFUT� $P33 BCT������������

.BSD $BWB[[B 'SFE $IBSMFT BOE 4UFWFO + .FBE� ����� *OUFSBDUJOH XJUI WJSUVBM DIBSBDUFST JO JO�
UFSBDUJWF TUPSZUFMMJOH� *O 1SPDFFEJOHT PG UIF टSTU JOUFSOBUJPOBM KPJOU DPOGFSFODF PO "VUPOPNPVT
BHFOUT BOE NVMUJBHFOU TZTUFNT� QBSU � QBHFT ���ۗ����

.BSD $BWB[[B %BWJE 1J[[J 'SFE $IBSMFT य़VSJE 7PHU BOE &MJTBCFUI "OES©� ����� &NPUJPOBM
JOQVU GPS DIBSBDUFS�CBTFE JOUFSBDUJWF TUPSZUFMMJOH� *O 1SPDFFEJOHT PG Fࡋ �UI *OUFSOBUJPOBM
$POGFSFODF PO "VUPOPNPVT "HFOUT BOE .VMUJBHFOU 4ZTUFNT�7PMVNF � QBHFT ���ۗ���� *OUFS�
OBUJPOBM 'PVOEBUJPO GPS "VUPOPNPVT "HFOUT BOE .VMUJBHFOU 4ZTUFNT�

"TMJ $FMJLZJMNB[ &MJ[BCFUI $MBSL BOE +JBOGFOH (BP� ����� &WBMVBUJPO PG UFYU HFOFSBUJPO� "
TVSWFZ� $P33 BCT������������

�[MFN �FUJOPßMV BOE �BßSñ �¶MUFLJO� ����� 1BSU PG TQFFDI BOOPUBUJPO PG B UVSLJTI�HFSNBO
DPEF�TXJUDIJOH DPSQVT� *O 1SPDFFEJOHT PG UIF ��UI -JOHVJTUJD "OOPUBUJPO 8PSLTIPQ IFME JO
DPOKVODUJPO XJUI "$- ���� 	-"8�9 ����
 QBHFT ���ۗ����

�[MFN �FUJOPßMV 4BSBI 4DIVM[ BOE /HPD य़BOH 7V� ����� $IBMMFOHFT PG DPNQVUBUJPOBM QSP�
DFTTJOH PG DPEF�TXJUDIJOH� BS9JW QSFQSJOU BS9JW������������

4VOJUB $IBOE� ����� &NQJSJDBM TVSWFZ PG NBDIJOF USBOTMBUJPO UPPMT� *O ���� 4FDPOE *OUFSOB�
UJPOBM $POGFSFODF PO 3FTFBSDI JO $PNQVUBUJPOBM *OUFMMJHFODF BOE $PNNVOJDBUJPO /FUXPSLT
	*$3$*$/
 QBHFT ���ۗ���� *&&&�

"SKVO $IBOESBTFLBSBO %FWJ 1BSJLI BOE .PIJU #BOTBM� ����� 1VOOZ DBQUJPOT� 8J॒Z XPSEQMBZ
JO JNBHF EFTDSJQUJPOT� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PG UIF /PSUI "NFSJDBO $IBQUFS
PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT� )VNBO -BOHVBHF 5FDIOPMPHJFT 7PMVNF �
	4IPSU 1BQFST
 QBHFT ���ۗ����

,IZBUIJ $IBOEVय़PNBT.BO[JOJ 4VNFFU 4JOHI BOE "MBO8#MBDL� ����� -BOHVBHF JOGPSNFE
NPEFMJOH PG DPEF�TXJUDIFE UFYU� *O 1SPDFFEJOHT PG UIF JSEࡋ 8PSLTIPQ PO $PNQVUBUJPOBM
"QQSPBDIFT UP -JOHVJTUJD $PEF�4XJUDIJOH QBHFT ��ۗ���

,IZBUIJ $IBOEV "BLBOLTIB /BJL "EJUZB $IBOESBTFLBS ;J :BOH /JMPZ (VQUB BOE &SJD /Z�
CFSH� ����B� 5BDLMJOH CJPNFEJDBM UFYU TVNNBSJ[BUJPO� 0BRB BU CJPBTR �C� #JP/-1 ���� QBHFT
��ۗ���

,IZBUIJ $IBOEV &SJD /ZCFSH BOE "MBO 8 #MBDL� ����B� 4UPSZCPBSEJOH PG SFDJQFT� (SPVOEFE
DPOUFYUVBM HFOFSBUJPO� *O 1SPDFFEJOHT PG UIF ��UI "OOVBM .FFUJOH PG UIF "TTPDJBUJPO GPS $PN�
QVUBUJPOBM -JOHVJTUJDT QBHFT ����ۗ�����

http://arxiv.org/abs/2103.12028
http://arxiv.org/abs/2103.12028
http://arxiv.org/abs/2006.14799
http://arxiv.org/abs/2006.14799
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,IZBUIJ $IBOEV &SJD /ZCFSH BOE "MBO 8 #MBDL� ����C� 4UPSZCPBSEJOH PG SFDJQFT� (SPVOEFE
DPOUFYUVBM HFOFSBUJPO� *O 1SPDFFEJOHT PG UIF ��UI "OOVBM .FFUJOH PG UIF "TTPDJBUJPO GPS $PN�
QVUBUJPOBM -JOHVJTUJDT QBHFT ����ۗ�����

,IZBUIJ $IBOEV 4ISJNBJ 1SBCIVNPZF 3VTMBO 4BMBLIVUEJOPW BOE "MBO 8 #MBDL� ����D� ۠NZ
XBZ PG UFMMJOH B TUPSZۡ� 1FSTPOB CBTFE HSPVOEFE TUPSZ HFOFSBUJPO� *O 1SPDFFEJOHT PG UIF
4FDPOE 8PSLTIPQ PO 4UPSZUFMMJOH QBHFT ��ۗ���

,IZBUIJ 3BHIBWJ $IBOEV BOE "MBO 8 #MBDL� ����B� 1PTJUJPOJOH ZPVSTFMG JO UIF NB[F PG OFVSBM
UFYU HFOFSBUJPO� " UBTL�BHOPTUJD TVSWFZ� BS9JW QSFQSJOU BS9JW������������

,IZBUIJ 3BHIBWJ $IBOEV BOE "MBO 8� #MBDL� ����C� 4UZMF WBSJBUJPO BT B WBOUBHF QPJOU GPS
DPEF�TXJUDIJOH� *O *OUFSTQFFDI ���� ��TU "OOVBM $POGFSFODF PG UIF *OUFSOBUJPOBM 4QFFDI $PN�
NVOJDBUJPO "TTPDJBUJPO 7JSUVBM &WFOU 4IBOHIBJ $IJOB ����� 0DUPCFS ���� QBHFT ����ۗ�����
*4$"�

,IZBUIJ 3BHIBWJ $IBOEV 3VP�1JOH %POH BOE "MBO 8� #MBDL� ����B� 3FBEJOH CFUXFFO UIF
MJOFT� &YQMPSJOH JOMMJOH JO WJTVBM OBSSBUJWFT� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PO &N�
QJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH &./-1 ���� 0OMJOF /PWFNCFS ����� ����
QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

,IZBUIJ 3BHIBWJ $IBOEV 4BJ ,SJTIOB 3BMMBCBOEJ 4VOBZBOB 4JUBSBN BOE "MBO8� #MBDL� ����C�
4QFFDI TZOUIFTJT GPS NJYFE�MBOHVBHF OBWJHBUJPO JOTUSVDUJPOT� *O *OUFSTQFFDI ���� ��UI "O�
OVBM $POGFSFODF PG UIF *OUFSOBUJPOBM 4QFFDI $PNNVOJDBUJPO "TTPDJBUJPO 4UPDLIPMN 4XFEFO
"VHVTU ����� ���� QBHFT ��ۗ��� *4$"�

,IZBUIJ 3BHIBWJ $IBOEV 1JZVTI 4IBSNB 4PSBWJU $IBOHQJOZP "TIJTI य़BQMJZBM BOE 3BEV
4PSJDVU� ����C� %FOPJTJOH MBSHF�TDBMF JNBHF DBQUJPOJOH GSPN BMU�UFYU EBUB VTJOH DPOUFOU
TFMFDUJPO NPEFMT� BS9JW QSFQSJOU BS9JW������������

"OHFM 9� $IBOH 8JMM .POSPF .BOPMJT 4BWWB $ISJTUPQIFS 1P॒T BOE $ISJTUPQIFS %� .BOOJOH�
����� 5FYU UP �E TDFOF HFOFSBUJPO XJUI SJDI MFYJDBM HSPVOEJOH� *O 1SPDFFEJOHT PG UIF ��SE
"OOVBM .FFUJOH PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT BOE UIF �UI *OUFSOBUJPOBM
+PJOU $POGFSFODF PO /BUVSBM -BOHVBHF 1SPDFTTJOH PG UIF "TJBO 'FEFSBUJPO PG /BUVSBM -BOHVBHF
1SPDFTTJOH "$- ���� +VMZ ����� ���� #FJKJOH $IJOB 7PMVNF �� -POH 1BQFST QBHFT ��ۗ���
य़F "TTPDJBUJPO GPS $PNQVUFS -JOHVJTUJDT�

$IJFI�5FOH $IBOH $IJ�$IJB )VBOH BOE +BOF :VOH�KFO )TV� ����B� " IZCSJE XPSE�DIBSBDUFS
NPEFM GPS BCTUSBDUJWF TVNNBSJ[BUJPO� $P33 BCT������������

$IJOH�5JOH $IBOH 4IVO�1P $IVBOH BOE )VOH�:J -FF� ����C� $PEF�TXJUDIJOH TFOUFODF HFO�
FSBUJPO CZ HFOFSBUJWF BEWFSTBSJBM OFUXPSLT BOE JUT BQQMJDBUJPO UP EBUB BVHNFOUBUJPO� BS9JW
QSFQSJOU BS9JW������������

$IJOHDIJOH $IBOH� ����� ۡ CFJOH IPPLFEۡ CZ FEJUPSJBM DPOUFOU� य़F JNQMJDBUJPOT GPS QSPDFTTJOH
OBSSBUJWF BEWFSUJTJOH� +PVSOBM PG "EWFSUJTJOH ��	�
���ۗ���

4PSBWJU $IBOHQJOZP #P 1BOH 1JZVTI 4IBSNB BOE 3BEV 4PSJDVU� ����� %FDPVQMFE CPY QSPQPTBM
BOE GFBUVSJ[BUJPO XJUI VMUSBOF�HSBJOFE TFNBOUJD MBCFMT JNQSPWF JNBHF DBQUJPOJOH BOE WJ�
TVBM RVFTUJPO BOTXFSJOH� *O &./-1�*+$/-1�
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4OJHEIB $IBUVSWFEJ 4IBTIBOL 4SJWBTUBWB BOE %BO 3PUI� ����� 8IFSF IBWF * IFBSE UIJT TUPSZ
CFGPSF JEFOUJGZJOH OBSSBUJWF TJNJMBSJUZ JO NPWJF SFNBLFT� *O 1SPDFFEJOHT PG UIF ���� $POGFS�
FODF PG UIF /PSUI "NFSJDBO $IBQUFS PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT� )VNBO
-BOHVBHF 5FDIOPMPHJFT /""$-�)-5 /FX 0SMFBOT -PVJTJBOB 64" +VOF ��� ���� 7PMVNF �
	4IPSU 1BQFST
 QBHFT ���ۗ���� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

%BWJE -� $IFO� ����� 'BTU POMJOF MFYJDPO MFBSOJOH GPS HSPVOEFE MBOHVBHF BDRVJTJUJPO� *O Fࡋ
��UI "OOVBM .FFUJOH PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT 1SPDFFEJOHT PG UIF $PO�
GFSFODF +VMZ ���� ���� +FKV *TMBOE ,PSFB � 7PMVNF �� -POH 1BQFST QBHFT ���ۗ���� य़F "TTP�
DJBUJPO GPS $PNQVUFS -JOHVJTUJDT�

)POHHF $IFO )VBO ;IBOH 1JO�:V $IFO +JOGFOH :J BOE $IP�+VJ )TJFI� ����� "॒BDLJOH WJTVBM
MBOHVBHF HSPVOEJOH XJUI BEWFSTBSJBM FYBNQMFT� " DBTF TUVEZ PO OFVSBM JNBHF DBQUJPOJOH�
*O 1SPDFFEJOHT PG UIF ��UI "OOVBM .FFUJOH PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT
"$- ���� .FMCPVSOF "VTUSBMJB +VMZ ����� ���� 7PMVNF �� -POH 1BQFST QBHFT ����ۗ�����
"TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

)POHTIFO $IFO 9JBPSVJ -JV %BXFJ :JO BOE +JMJBOH 5BOH� ����� " TVSWFZ PO EJBMPHVF TZTUFNT�
3FDFOU BEWBODFT BOE OFX GSPOUJFST� 4*(,%% &YQMPSBUJPOT ��	�
���ۗ���

.JOHEB $IFO 2JOHNJOH 5BOH 4BN 8JTFNBO BOE ,FWJO (JNQFM� ����B� $POUSPMMBCMF QBSB�
QISBTF HFOFSBUJPO XJUI B TZOUBDUJD FYFNQMBS� *O 1SPDFFEJOHT PG UIF ��UI $POGFSFODF PG UIF
"TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT "$- ���� 'MPSFODF *UBMZ +VMZ ��� "VHVTU � ����
7PMVNF �� -POH 1BQFST QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

.JOHEB $IFO 2JOHNJOH 5BOH 4BN 8JTFNBO BOE ,FWJO (JNQFM� ����C� " NVMUJ�UBTL BQ�
QSPBDI GPS EJTFOUBOHMJOH TZOUBY BOE TFNBOUJDT JO TFOUFODF SFQSFTFOUBUJPOT� *O 1SPDFFEJOHT
PG UIF ���� $POGFSFODF PG UIF /PSUI "NFSJDBO $IBQUFS PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM
-JOHVJTUJDT� )VNBO -BOHVBHF 5FDIOPMPHJFT 7PMVNF � 	-POH BOE 4IPSU 1BQFST
 QBHFT ����ۗ
�����

1JOH $IFO BOE 3BLFTI 7FSNB� ����� " RVFSZ�CBTFENFEJDBM JOGPSNBUJPO TVNNBSJ[BUJPO TZTUFN
VTJOH POUPMPHZ LOPXMFEHF� *O $PNQVUFS�#BTFE .FEJDBM 4ZTUFNT ����� $#.4 ����� ��UI *&&&
*OUFSOBUJPOBM 4ZNQPTJVN PO QBHFT ��ۗ��� *&&&�

2JBO $IFO 9JBP�%BO ;IV ;IFO�)VB -JOH 4J 8FJ BOE )VJ +JBOH� ����� %JTUSBDUJPO�CBTFE
OFVSBM OFUXPSLT GPS NPEFMJOH EPDVNFOU� *O 1SPDFFEJOHT PG UIF 5XFOUZ�'JࡄI *OUFSOBUJPOBM
+PJOU $POGFSFODF PO "SUJटDJBM *OUFMMJHFODF *+$"* ���� /FX :PSL /: 64" ���� +VMZ ����
QBHFT ����ۗ����� *+$"*�"""* 1SFTT�

4IJ[IF $IFO 2JO +JO 1FOH 8BOH BOE 2J 8V� ����B� 4BZ BT ZPV XJTI� 'JOF�HSBJOFE DPOUSPM PG
JNBHF DBQUJPO HFOFSBUJPO XJUI BCTUSBDU TDFOF HSBQIT� $P33 BCT������������

4IJ[IF $IFO 2JO +JO 1FOH 8BOH BOE 2J 8V� ����C� 4BZ BT ZPV XJTI� 'JOF�HSBJOFE DPOUSPM
PG JNBHF DBQUJPO HFOFSBUJPO XJUI BCTUSBDU TDFOF HSBQIT� *O ���� *&&&�$7' $POGFSFODF PO
$PNQVUFS 7JTJPO BOE 1BࡇFSO 3FDPHOJUJPO $713 ���� 4FBࡇMF 8" 64" +VOF ����� ����
QBHFT ����ۗ����� *&&&�

:FO�$IVO $IFO BOE .PIJU #BOTBM� ����� 'BTU BCTUSBDUJWF TVNNBSJ[BUJPO XJUI SFJOGPSDF�
TFMFDUFE TFOUFODF SFXSJUJOH� *O 1SPDFFEJOHT PG UIF ��UI "OOVBM .FFUJOH PG UIF "TTPDJBUJPO
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https://www.aclweb.org/anthology/P12-1045/
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https://doi.org/10.18653/v1/P18-1063
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GPS $PNQVUBUJPOBM -JOHVJTUJDT "$- ���� .FMCPVSOF "VTUSBMJB +VMZ ����� ���� 7PMVNF ��
-POH 1BQFST QBHFT ���ۗ���� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

:FO�$IVO $IFO ;IF (BO :V $IFOH +JOH[IPV -JV BOE +JOHKJOH -JV� ����D� %JTUJMMJOH UIF
LOPXMFEHF PG #&35 GPS UFYU HFOFSBUJPO� $P33 BCT������������

:FO�$IVO $IFO ;IF (BO :V $IFOH +JOH[IPV -JV BOE +JOHKJOH -JV� ����D� %JTUJMMJOH LOPXM�
FEHF MFBSOFE JO #&35 GPS UFYU HFOFSBUJPO� *O 1SPDFFEJOHT PG UIF ��UI "OOVBM .FFUJOH PG UIF
"TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT "$- ���� 0OMJOF +VMZ ���� ���� QBHFT ����ۗ�����
"TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

:FO�$IVO $IFO -JOKJF -J -JDIFOH :V "INFE &M ,IPMZ 'BJTBM "INFE ;IF (BO :V $IFOH BOE
+JOHKJOH -JV� ����E� 6/*5&3� -FBSOJOH 6/JWFSTBM *NBHF�5&YU 3FQSFTFOUBUJPOT� *O &$$7�

;IFOGBOH $IFO -JO .B 8FOIBO -VP BOE ,XBO�:FF ,FOOFUI 8POH� ����E� 8FBLMZ�
TVQFSWJTFE TQBUJP�UFNQPSBMMZ HSPVOEJOH OBUVSBM TFOUFODF JO WJEFP� *O 1SPDFFEJOHT PG UIF
��UI $POGFSFODF PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT "$- ���� 'MPSFODF *UBMZ
+VMZ ��� "VHVTU � ���� 7PMVNF �� -POH 1BQFST QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUB�
UJPOBM -JOHVJTUJDT�

:V $IFOH %VP 8BOH 1BO ;IPV BOE 5BP ;IBOH� ����� " TVSWFZ PG NPEFM DPNQSFTTJPO BOE
BDDFMFSBUJPO GPS EFFQ OFVSBM OFUXPSLT� BS9JW QSFQSJOU BS9JW������������

+BNFT $IFP� ����� 'BLF OFXT DBONBLFۗPS CSFBLۗTUPDL QSJDFT� Fࡋ #VTJOFTT 5JNFT Fࡋ #VTJOFTT
5JNFT ��

5B�$IVOH $IJ .JONJO 4IFO .JIBJM &SJD 4FPLIXBO ,JN BOE %JMFL )BLLBOJ�5¼S� ����� +VTU
BTL� "O JOUFSBDUJWF MFBSOJOH GSBNFXPSL GPS WJTJPO BOE MBOHVBHF OBWJHBUJPO� *O Fࡋ �JSUZࡋ
'PVSUI """* $POGFSFODF PO "SUJटDJBM *OUFMMJHFODF """* ���� Fࡋ JSUZ�4FDPOEࡋ *OOPWBUJWF
"QQMJDBUJPOT PG "SUJटDJBM *OUFMMJHFODF $POGFSFODF *""* ���� Fࡋ 5FOUI """* 4ZNQPTJVN PO
&EVDBUJPOBM "EWBODFT JO "SUJटDJBM *OUFMMJHFODF &""* ���� /FX :PSL /: 64" 'FCSVBSZ ����
���� QBHFT ����ۗ����� """* 1SFTT�

3VTTFMM ,) $IJOH 1JOHTIFOH 5POH +B�4IFO $IFO BOE )VOH�:FO $IFO� ����� /BSSBUJWF POMJOF
BEWFSUJTJOH� JEFOUJDBUJPO BOE JUT FFDUT PO B॒JUVEF UPXBSE B QSPEVDU� *OUFSOFU 3FTFBSDI�

)ZVOEPOH $IP BOE +POBUIBO .BZ� ����� (SPVOEJOH DPOWFSTBUJPOT XJUI JNQSPWJTFE EJBMPHVFT�
*O 1SPDFFEJOHT PG UIF ��UI "OOVBM .FFUJOH PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT
"$- ���� 0OMJOF +VMZ ���� ���� QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJT�
UJDT�

,ZVOHIZVO$IP� ����� /PJTZ QBSBMMFM BQQSPYJNBUF EFDPEJOH GPS DPOEJUJPOBM SFDVSSFOU MBOHVBHF
NPEFM� $P33 BCT������������

#ZVOH�+V $IPJ +JNJO )POH %BWJE ,FFUBF 1BSL BOE 4BOH 8BO -FF� ����� '=?��TPॏNBY� %J�
WFSTJGZJOH OFVSBM UFYU HFOFSBUJPO WJB GSFRVFODZ GBDUPSJ[FE TPॏNBY� *O 1SPDFFEJOHT PG UIF
���� $POGFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH &./-1 ���� 0OMJOF
/PWFNCFS ����� ���� QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�
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4VNJU $IPQSB .JDIBFM "VMJ BOE "MFYBOEFS .� 3VTI� ����� "CTUSBDUJWF TFOUFODF TVNNBSJ[B�
UJPO XJUI B॒FOUJWF SFDVSSFOU OFVSBM OFUXPSLT� *O /""$- )-5 ���� Fࡋ ���� $POGFSFODF
PG UIF /PSUI "NFSJDBO $IBQUFS PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT� )VNBO -BO�
HVBHF 5FDIOPMPHJFT 4BO %JFHP $BMJGPSOJB 64" +VOF ����� ���� QBHFT ��ۗ���य़F"TTPDJBUJPO
GPS $PNQVUBUJPOBM -JOHVJTUJDT�

. $IPVEIVSZ ( $IJ॒BSBOKBO 1 (VQUB BOE " %BT� ����� 0WFSWJFX BOE EBUBTFUT PG SF ����
USBDL PO USBOTMJUFSBUFE TFBSDI� *O 1SF�QSPDFFEJOHT �UI XPSLTIPQ '*3&������

(S[FHPS[ $ISVQBMB� ����� 4ZNCPMJD JOEVDUJWF CJBT GPS WJTVBMMZ HSPVOEFE MFBSOJOH PG TQPLFO MBO�
HVBHF� *O 1SPDFFEJOHT PG UIF ��UI $POGFSFODF PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT
"$- ���� 'MPSFODF *UBMZ +VMZ ��� "VHVTU � ���� 7PMVNF �� -POH 1BQFST QBHFT ����ۗ�����
"TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

(S[FHPS[ $ISVQBMB -JFLF (FMEFSMPPT BOE "GSB "MJTIBIJ� ����� 3FQSFTFOUBUJPOT PG MBOHVBHF JO
B NPEFM PG WJTVBMMZ HSPVOEFE TQFFDI TJHOBM� *O 1SPDFFEJOHT PG UIF ��UI "OOVBM .FFUJOH PG UIF
"TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT "$- ���� 7BODPVWFS $BOBEB +VMZ �� � "VHVTU �
7PMVNF �� -POH 1BQFST QBHFT ���ۗ���� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

$IFOIVJ $IV .BZV 0UBOJ BOE :VUB /BLBTIJNB� ����� JQBSBQISBTJOH� &YUSBDUJOH WJTVBMMZ
HSPVOEFE QBSBQISBTFT WJB BO JNBHF� *O 1SPDFFEJOHT PG UIF ��UI *OUFSOBUJPOBM $POGFSFODF PO
$PNQVUBUJPOBM -JOHVJTUJDT $0-*/( ���� 4BOUB 'F /FX .FYJDP 64" "VHVTU ����� ����
QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

$IFOIVJ $IV BOE 3VJ 8BOH� ����� " TVSWFZ PG EPNBJO BEBQUBUJPO GPS OFVSBM NBDIJOF USBOTMB�
UJPO� *O 1SPDFFEJOHT PG UIF ��UI *OUFSOBUJPOBM $POGFSFODF PO $PNQVUBUJPOBM -JOHVJTUJDT QBHFT
����ۗ�����

.JO $IV )V 1FOH :POH ;IBP ;IFOHZV /JV BOE &SJD $IBOH� ����� .JDSPTPॏ .VMBO�B CJMJO�
HVBM 554 TZTUFN� *O "DPVTUJDT 4QFFDI BOE 4JHOBM 1SPDFTTJOH ����� 1SPDFFEJOHT�	*$"441ڣ��
�
���� *&&& *OUFSOBUJPOBM $POGFSFODF PO WPMVNF � QBHFT *ۗ*� *&&&�

+VOZPVOH $IVOH ,ZVOHIZVO $IP BOE :PTIVB #FOHJP� ����� " DIBSBDUFS�MFWFM EFDPEFS XJUI�
PVU FYQMJDJU TFHNFOUBUJPO GPS OFVSBM NBDIJOF USBOTMBUJPO� BS9JW QSFQSJOU BS9JW������������

&MJ[BCFUI $MBSL :BOHGFOH +J BOE /PBI "� 4NJUI� ����B� /FVSBM UFYU HFOFSBUJPO JO TUPSJFT VTJOH
FOUJUZ SFQSFTFOUBUJPOT BT DPOUFYU� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PG UIF /PSUI "NFSJ�
DBO $IBQUFS PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT� )VNBO -BOHVBHF 5FDIOPMPHJFT
/""$-�)-5 ���� /FX0SMFBOT -PVJTJBOB 64" +VOF ��� ���� 7PMVNF � 	-POH 1BQFST
 QBHFT
����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

&MJ[BCFUI $MBSL :BOHGFOH +J BOE /PBI " 4NJUI� ����C� /FVSBM UFYU HFOFSBUJPO JO TUPSJFT VTJOH
FOUJUZ SFQSFTFOUBUJPOT BT DPOUFYU� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PG UIF /PSUI "NFSJ�
DBO $IBQUFS PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT� )VNBO -BOHVBHF 5FDIOPMPHJFT
7PMVNF � 	-POH 1BQFST
 WPMVNF � QBHFT ����ۗ�����

&MJ[BCFUI $MBSL "OOF 4QFODFS 3PTT $IFOIBP 5BO :BOHGFOH +J BOE /PBI "� 4NJUI� ����D�
$SFBUJWF XSJUJOH XJUI B NBDIJOF JO UIF MPPQ� $BTF TUVEJFT PO TMPHBOT BOE TUPSJFT� *O 1SP�
DFFEJOHT PG UIF ��SE *OUFSOBUJPOBM $POGFSFODF PO *OUFMMJHFOU 6TFS *OUFSGBDFT *6* ���� 5PLZP
+BQBO .BSDI ����� ���� QBHFT ���ۗ���� "$.�
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&MJ[BCFUI $MBSL BOE /PBI "� 4NJUI� ����� $IPPTF ZPVS PXO BEWFOUVSF� 1BJSFE TVHHFTUJPOT
JO DPMMBCPSBUJWF XSJUJOH GPS FWBMVBUJOH TUPSZ HFOFSBUJPO NPEFMT� *O 1SPDFFEJOHT PG UIF ����
$POGFSFODF PG UIF /PSUI "NFSJDBO $IBQUFS PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�
)VNBO -BOHVBHF 5FDIOPMPHJFT /""$-�)-5 ���� 0OMJOF +VOF ���� ���� QBHFT ����ۗ�����
"TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

)FSCFSU )� $MBSL BOE 4VTBO &� #SFOOBO� ����� (SPVOEJOH JO DPNNVOJDBUJPO� *O -BVSFO #�
3FTOJDL +PIO .� -FWJOF BOE 4UFQIBOJF %� 5FBTMFZ FEJUPST 1FSTQFDUJWFT PO TPDJBMMZ TIBSFE
DPHOJUJPO QBHFT ���ۗ���� "NFSJDBO 1TZDIPMPHJDBM "TTPDJBUJPO�

)FSCFSU ) $MBSL BOE य़PNBT # $BSMTPO� ����� )FBSFST BOE TQFFDI BDUT� -BOHVBHF QBHFT
���ۗ����

)FSCFSU ) $MBSL BOE .FSFEZUI " ,SZDI� ����� 4QFBLJOH XIJMF NPOJUPSJOH BEESFTTFFT GPS
VOEFSTUBOEJOH� +PVSOBM PG NFNPSZ BOE MBOHVBHF ��	�
���ۗ���

1FUFS $MBSL� ����� &MFNFOUBSZ TDIPPM TDJFODF BOE NBUI UFTUT BT B ESJWFS GPS "*� UBLF UIF BSJTUP
DIBMMFOHF� *O 1SPDFFEJOHT PG UIF 5XFOUZ�/JOUI """* $POGFSFODF PO "SUJटDJBM *OUFMMJHFODF
+BOVBSZ ����� ���� "VTUJO 5FYBT 64" QBHFT ����ۗ����� """* 1SFTT�

1FUFS $MBSL 0SFO &U[JPOJ 5VTIBS ,IPU "TIJTI 4BCIBSXBM 0ZWJOE 5B्PSE 1FUFS %� 5VSOFZ
BOE %BOJFM ,IBTIBCJ� ����� $PNCJOJOH SFUSJFWBM TUBUJTUJDT BOE JOGFSFODF UP BOTXFS FMFNFO�
UBSZ TDJFODF RVFTUJPOT� *O 1SPDFFEJOHT PG UIF JSUJFUIࡋ """* $POGFSFODF PO "SUJटDJBM *OUFMMJ�
HFODF 'FCSVBSZ ����� ���� 1IPFOJY "SJ[POB 64" QBHFT ����ۗ����� """* 1SFTT�

"MFYJT $POOFBV BOE (VJMMBVNF -BNQMF� ����� $SPTT�MJOHVBM MBOHVBHF NPEFM QSFUSBJOJOH� *O
"EWBODFT JO /FVSBM *OGPSNBUJPO 1SPDFTTJOH 4ZTUFNT QBHFT ����ۗ�����

"MFYJT $POOFBV (VJMMBVNF -BNQMF .BSD"VSFMJP 3BO[BUP -VEPWJD %FOPZFS BOE )FSW© +©HPV�
����� 8PSE USBOTMBUJPO XJUIPVU QBSBMMFM EBUB� BS9JW QSFQSJOU BS9JW������������

.BSDFMMB $PSOJB -PSFO[P #BSBMEJ BOE 3JUB $VDDIJBSB� ����� 4IPX DPOUSPM BOE UFMM� " GSBNF�
XPSL GPS HFOFSBUJOH DPOUSPMMBCMF BOE HSPVOEFE DBQUJPOT� *O 1SPDFFEJOHT PG UIF *&&& $POGFS�
FODF PO $PNQVUFS 7JTJPO BOE 1BࡇFSO 3FDPHOJUJPO QBHFT ����ۗ�����

.BSDFMMB $PSOJB .B॒FP 4UFGBOJOJ -PSFO[P #BSBMEJ BOE 3JUB $VDDIJBSB� ����� .FTIFE�.FNPSZ
5SBOTGPSNFS GPS *NBHF $BQUJPOJOH� *O $713�

.BSUB 3� $PTUB�KVTT  1BV -J -JO BOE $SJTUJOB &TQB±B�#POFU� ����� (FCJPUPPMLJU� "VUPNBUJD
FYUSBDUJPO PG HFOEFS�CBMBODFE NVMUJMJOHVBM DPSQVT PG XJLJQFEJB CJPHSBQIJFT� *O 1SPDFFEJOHT
PG Fࡋ ��UI -BOHVBHF 3FTPVSDFT BOE &WBMVBUJPO $POGFSFODF -3&$ ���� .BSTFJMMF 'SBODF .BZ
����� ���� QBHFT ����ۗ����� &VSPQFBO -BOHVBHF 3FTPVSDFT "TTPDJBUJPO�

3ZBO $P॒FSFMM "EJUIZB 3FOEVDIJOUBMB /BPNJ 4BQISB BOE $ISJT $BMMJTPO�#VSDI� ����� "O BM�
HFSJBO BSBCJD�GSFODI DPEF�TXJUDIFE DPSQVT� *O8PSLTIPQ PO 'SFF�0QFO�4PVSDF "SBCJD $PSQPSB
BOE $PSQPSB 1SPDFTTJOH 5PPMT 8PSLTIPQ 1SPHSBNNF QBHF ���

:JO $VJ (VBOEBP :BOH "OESFBT 7FJU 9VO )VBOH BOE 4FSHF +� #FMPOHJF� ����� -FBSOJOH UP
FWBMVBUF JNBHF DBQUJPOJOH� *O ���� *&&& $POGFSFODF PO $PNQVUFS 7JTJPO BOE 1BࡇFSO 3FDPHOJ�
UJPO $713 ���� 4BMU -BLF $JUZ 65 64" +VOF ����� ���� QBHFT ����ۗ����� *&&& $PNQVUFS
4PDJFUZ�
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+F%B .BYXFMM 'PSCFT 3PXBO;FMMFST "OUIPOZ ;IFOH +FOB%�)XBOH "OUPJOF #PTTFMVU BOE
:FKJO $IPJ� ����� &EJUFE NFEJB VOEFSTUBOEJOH� 3FBTPOJOH BCPVU JNQMJDBUJPOT PG NBOJQVMBUFE
JNBHFT� $P33 BCT������������

3BK %BCSF $IFOIVJ $IV BOE "OPPQ ,VODIVLV॒BO� ����� " TVSWFZ PG NVMUJMJOHVBM OFVSBM
NBDIJOF USBOTMBUJPO� BS9JW QSFQSJOU BS9JW������������

%BOJFM %BIMNFJFS BOE )XFF 5PV /H� ����� " CFBN�TFBSDI EFDPEFS GPS HSBNNBUJDBM FSSPS
DPSSFDUJPO� *O 1SPDFFEJOHT PG UIF ���� +PJOU $POGFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BO�
HVBHF 1SPDFTTJOH BOE $PNQVUBUJPOBM /BUVSBM -BOHVBHF -FBSOJOH QBHFT ���ۗ���� "TTPDJBUJPO
GPS $PNQVUBUJPOBM -JOHVJTUJDT�

#P %BJ 4BOKB 'JEMFS BOE %BIVB -JO� ����B� " OFVSBM DPNQPTJUJPOBM QBSBEJHN GPS JNBHF DBQ�
UJPOJOH� *O "EWBODFT JO /FVSBM *OGPSNBUJPO 1SPDFTTJOH 4ZTUFNT ��� "OOVBM $POGFSFODF PO /FV�
SBM *OGPSNBUJPO 1SPDFTTJOH 4ZTUFNT ���� /FVS*14 ���� %FDFNCFS ��� ���� .POUS©BM $BOBEB
QBHFT ���ۗ����

#P %BJ 4BOKB 'JEMFS BOE %BIVB -JO� ����C� " OFVSBM DPNQPTJUJPOBM QBSBEJHN GPS JNBHF DBQ�
UJPOJOH� *O "EWBODFT JO /FVSBM *OGPSNBUJPO 1SPDFTTJOH 4ZTUFNT QBHFT ���ۗ����

3PCFSU %BMF� ����� (FOFSBUJOH SFGFSSJOH FYQSFTTJPOT� $POTUSVDUJOH EFTDSJQUJPOT JO B EPNBJO PG
PCKFDUT BOE QSPDFTTFT� य़F .*5 1SFTT�

3PCFSU %BMF� ����� (FOFSBUJOH SFGFSSJOH FYQSFTTJPOT�

"CIJTIFL %BT 4BNZBL %B॒B (FPSHJB (LJPYBSJ 4UFGBO -FF %FWJ 1BSJLI BOE %ISVW #BUSB�
����� &NCPEJFE RVFTUJPO BOTXFSJOH� *O ���� *&&& $POGFSFODF PO $PNQVUFS 7JTJPO BOE 1BࡇFSO
3FDPHOJUJPO $713 ���� 4BMU -BLF $JUZ 65 64" +VOF ����� ���� QBHFT �ۗ��� $PNQVUFS
7JTJPO 'PVOEBUJPO � *&&& $PNQVUFS 4PDJFUZ�

"CIJTIFL %BT 4BUXJL ,P॒VS ,IVTIJ (VQUB "WJ 4JOHI %FTISBK :BEBW +PT© .' .PVSB %FWJ
1BSJLI BOE %ISVW #BUSB� ����� 7JTVBM EJBMPH� *O 1SPDFFEJOHT PG UIF *&&& $POGFSFODF PO
$PNQVUFS 7JTJPO BOE 1BࡇFSO 3FDPHOJUJPO WPMVNF ��

"NJUBWB %BT BOE #K¶SO (BNC¤DL� ����� *EFOUJGZJOH MBOHVBHFT BU UIF XPSE MFWFM JO DPEF�NJYFE
JOEJBO TPDJBM NFEJB UFYU�

4VNBOUI %BUIBUISJ "OESFB .BEP॒P +BOJDF -BO +BOF )VOH &SJD 'SBOL 1JFSP .PMJOP +BTPO
:PTJOTLJ BOE 3PTBOOF -JV� ����� 1MVH BOE QMBZ MBOHVBHF NPEFMT� " TJNQMF BQQSPBDI UP
DPOUSPMMFE UFYU HFOFSBUJPO� *O �UI *OUFSOBUJPOBM $POGFSFODF PO -FBSOJOH 3FQSFTFOUBUJPOT *$-3
���� "EEJT "CBCB &UIJPQJB "QSJM ����� ����� 0QFO3FWJFX�OFU�

)JMMBSZ %BXLJOT� ����� 4FDPOE PSEFS XJOPCJBT 	TPXJOPCJBT
 UFTU TFU GPS MBUFOU HFOEFS CJBT
EFUFDUJPO JO DPSFGFSFODF SFTPMVUJPO� $P33 BCT������������

)BSN %F 7SJFT 'MPSJBO 4USVC 4BSBUI $IBOEBS 0MJWJFS 1JFURVJO )VHP -BSPDIFMMF BOE "BSPO $
$PVSWJMMF� ����� (VFTTXIBU۾ WJTVBM PCKFDU EJTDPWFSZ UISPVHI NVMUJ�NPEBM EJBMPHVF� *O
$713 WPMVNF � QBHF ��

3JDIBSE %FMHBEP� ����� 4UPSZUFMMJOH GPS PQQPTJUJPOJTUT BOE PUIFST� " QMFB GPS OBSSBUJWF� .JDIJ�
HBO -BX 3FWJFX ��	�
�����ۗ�����
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:VOUJBO %FOH BOE "MFYBOEFS .� 3VTI� ����� $BTDBEFE UFYU HFOFSBUJPO XJUI NBSLPW USBOTGPSN�
FST� $P33 BCT������������

.BSHBSFU %FVDIBS 1FSFEVS %BWJFT +PO 3VTTFMM )FSSJOH . 1BSBUB $PVUP BOE %JBOB $BSUFS�
����� #VJMEJOH CJMJOHVBM DPSQPSB�

(VZ %FVUTDIFS� ����� SPVHIࡋ UIF MBOHVBHF HMBTT� 8IZ UIF XPSME MPPLT EJञFSFOU JO PUIFS MBO�
HVBHFT� .FUSPQPMJUBO #PPLT�

+BDPC%FWMJO .JOH�8FJ $IBOH ,FOUPO -FF BOE ,SJTUJOB 5PVUBOPWB� ����� #FSU� 1SF�USBJOJOH PG
EFFQ CJEJSFDUJPOBM USBOTGPSNFST GPS MBOHVBHF VOEFSTUBOEJOH� BS9JW QSFQSJOU BS9JW������������

+BDPC %FWMJO .JOH�8FJ $IBOH ,FOUPO -FF BOE ,SJTUJOB 5PVUBOPWB� ����B� #&35� QSF�USBJOJOH
PG EFFQ CJEJSFDUJPOBM USBOTGPSNFST GPS MBOHVBHF VOEFSTUBOEJOH� *O 1SPDFFEJOHT PG UIF ����
$POGFSFODF PG UIF /PSUI "NFSJDBO $IBQUFS PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�
)VNBO -BOHVBHF 5FDIOPMPHJFT /""$-�)-5 ���� .JOOFBQPMJT ./ 64" +VOF ��� ���� 7PM�
VNF � 	-POH BOE 4IPSU 1BQFST
 QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

+BDPC %FWMJO .JOH�8FJ $IBOH ,FOUPO -FF BOE ,SJTUJOB 5PVUBOPWB� ����C� #FSU� 1SF�USBJOJOH
PG EFFQ CJEJSFDUJPOBM USBOTGPSNFST GPS MBOHVBHF VOEFSTUBOEJOH� *O 1SPDFFEJOHT PG UIF ����
$POGFSFODF PG UIF /PSUI "NFSJDBO $IBQUFS PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�
)VNBO -BOHVBHF 5FDIOPMPHJFT 7PMVNF � 	-POH BOE 4IPSU 1BQFST
 QBHFT ����ۗ�����

&NJMZ %JOBO 4UFQIFO 3PMMFS ,VSU 4IVTUFS "OHFMB 'BO .JDIBFM "VMJ BOE +BTPO 8FTUPO� �����
8J[BSE PG XJLJQFEJB� ,OPXMFEHF�QPXFSFE DPOWFSTBUJPOBM BHFOUT� *O �UI *OUFSOBUJPOBM $PO�
GFSFODF PO -FBSOJOH 3FQSFTFOUBUJPOT *$-3 ���� /FX 0SMFBOT -" 64" .BZ ��� ����� 0QFO�
3FWJFX�OFU�

-VDBT %JYPO +PIO -J +FSFZ 4PSFOTFO /JUIVN य़BJO BOE -VDZ 7BTTFSNBO� ����� .FBTVSJOH
BOE NJUJHBUJOH VOJOUFOEFE CJBT JO UFYU DMBTTJDBUJPO� *O 1SPDFFEJOHT PG UIF ���� """*�"$.
$POGFSFODF PO "* &UIJDT BOE 4PDJFUZ "*&4 ���� /FX 0SMFBOT -" 64" 'FCSVBSZ ����� ����
QBHFT ��ۗ��� "$.�

7JSHJOJF %P 0BOB�.BSJB $BNCVSV ;FZOFQ "LBUB BOE य़PNBT -VLBTJFXJD[� ����� F�TOMJ�
WF����� $PSSFDUFE WJTVBM�UFYUVBM FOUBJMNFOU XJUI OBUVSBM MBOHVBHF FYQMBOBUJPOT� $P33
BCT������������

(FPSHF %PEEJOHUPO� ����� "VUPNBUJD FWBMVBUJPO PG NBDIJOF USBOTMBUJPO RVBMJUZ VTJOH O�HSBN
DP�PDDVSSFODF TUBUJTUJDT� *O 1SPDFFEJOHT PG UIF TFDPOE JOUFSOBUJPOBM DPOGFSFODF PO )VNBO -BO�
HVBHF 5FDIOPMPHZ 3FTFBSDI QBHFT ���ۗ����

$ISJT %POBIVF .JOB -FF BOE 1FSDZ -JBOH� ����� &OBCMJOH MBOHVBHFNPEFMT UP MM JO UIF CMBOLT�
BS9JW QSFQSJOU BS9JW������������

-J %POH /BO :BOH 8FOIVJ 8BOH 'VSV 8FJ 9JBPEPOH -JV :V 8BOH +JBOGFOH (BP .JOH
;IPV BOE )TJBP�8VFO )PO� ����B� 6OJFE MBOHVBHF NPEFM QSF�USBJOJOH GPS OBUVSBM MBO�
HVBHF VOEFSTUBOEJOH BOE HFOFSBUJPO� *O "EWBODFT JO /FVSBM *OGPSNBUJPO 1SPDFTTJOH 4ZTUFNT
QBHFT �����ۗ������

3VP�1JOH %POH ,IZBUIJ 3BHIBWJ $IBOEV BOE "MBO 8� #MBDL� ����C� *OEVDUJPO BOE SFGFSFODF
PG FOUJUJFT JO B WJTVBM TUPSZ� $P33 BCT������������
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3VP�1JOH %POH ,IZBUIJ 3BHIBWJ $IBOEV BOE "MBO 8 #MBDL� ����D� *OEVDUJPO BOE SFGFSFODF
PG FOUJUJFT JO B WJTVBM TUPSZ� BS9JW QSFQSJOU BS9JW������������

,FWJO %POOFMMZ� ����� 4OPNFE�DU� य़F BEWBODFE UFSNJOPMPHZ BOE DPEJOH TZTUFN GPS FIFBMUI�
4UVEJFT JO IFBMUI UFDIOPMPHZ BOE JOGPSNBUJDT ��������

(BCSJFM %PZMF BOE .JDIBFM $� 'SBOL� ����� 4IBSFE DPNNPO HSPVOE JOVFODFT JOGPSNBUJPO
EFOTJUZ JO NJDSPCMPH UFYUT� *O /""$- )-5 ���� Fࡋ ���� $POGFSFODF PG UIF /PSUI "NFSJ�
DBO $IBQUFS PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT� )VNBO -BOHVBHF 5FDIOPMPHJFT
%FOWFS $PMPSBEP 64" .BZ �� � +VOF � ���� QBHFT ����ۗ����� य़F "TTPDJBUJPO GPS $PNQV�
UBUJPOBM -JOHVJTUJDT�

+PIO + %VEMFZ ,FJUI 7FSUBOFO BOE 1FS 0MB ,SJTUFOTTPO� ����� 'BTU BOE QSFDJTF UPVDI�CBTFE
UFYU FOUSZ GPS IFBE�NPVOUFE BVHNFOUFE SFBMJUZ XJUI WBSJBCMF PDDMVTJPO� "$. 5SBOTBDUJPOT
PO $PNQVUFS�)VNBO *OUFSBDUJPO 	50$)*
 ��	�
����

-POH %VPOH )BEJ "GTIBS %PNJOJRVF &TUJWBM (MFO 1JOL 1IJMJQ 3 $PIFO BOE .BSL +PIOTPO�
����� .VMUJMJOHVBM TFNBOUJD QBSTJOH BOE DPEF�TXJUDIJOH� *O 1SPDFFEJOHT PG UIF ��TU $POGFSFODF
PO $PNQVUBUJPOBM /BUVSBM -BOHVBHF -FBSOJOH 	$P/-- ����
 QBHFT ���ۗ����

/PVIB %[JSJ &ITBO ,BNBMMPP ,PSZ .BUIFXTPO BOE 0TNBS 3 ;BJBOF� ����� "VHNFOUJOH
OFVSBM SFTQPOTF HFOFSBUJPO XJUI DPOUFYU�BXBSF UPQJDBM B॒FOUJPO� *O 1SPDFFEJOHT PG UIF 'JSTU
8PSLTIPQ PO /-1 GPS $POWFSTBUJPOBM "* QBHFT ��ۗ���

"CEFTTBNBE &DIJIBCJ BOE %BOJFM .BSDV� ����� " OPJTZ�DIBOOFM BQQSPBDI UP RVFTUJPO BOTXFS�
JOH� *O 1SPDFFEJOHT PG UIF ��TU "OOVBM .FFUJOH PO "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�
7PMVNF � QBHFT ��ۗ��� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

+VEJUI &DLMF�,PIMFS� ����� 7FSCT UBLJOH DMBVTBM BOE OPO�OJUF BSHVNFOUT BT TJHOBMT PG NPEBMJUZ
� SFWJTJUJOH UIF JTTVF PG NFBOJOH HSPVOEFE JO TZOUBY� *O 1SPDFFEJOHT PG UIF ��UI "OOVBM
.FFUJOH PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT "$- ���� "VHVTU ���� ���� #FSMJO
(FSNBOZ 7PMVNF �� -POH 1BQFST� य़F "TTPDJBUJPO GPS $PNQVUFS -JOHVJTUJDT�

%FTNPOE &MMJP॒ 4UFMMB 'SBOL ,IBMJM 4JNBBO BOE -VDJB 4QFDJB� ����� .VMUJ��L� .VMUJMJOHVBM
FOHMJTI�HFSNBO JNBHF EFTDSJQUJPOT� *O 1SPDFFEJOHT PG UIF �UI 8PSLTIPQ PO 7JTJPO BOE -BO�
HVBHF IPTUFE CZ UIF ��UI "OOVBM .FFUJOH PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT
"VHVTU �� #FSMJO (FSNBOZ� य़F "TTPDJBUJPO GPS $PNQVUFS -JOHVJTUJDT�

%FTNPOE &MMJP॒ BOE 'SBOL ,FMMFS� ����� *NBHF EFTDSJQUJPO VTJOH WJTVBM EFQFOEFODZ SFQSF�
TFOUBUJPOT� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF
1SPDFTTJOH QBHFT ����ۗ�����

/BSFTI ,VNBS &MMVSV "OBOEBTXBSVQ 7BEBQBMMJ 3BHIBWFOESB &MMVSV )FNB .VSUIZ BOE
,JTIPSF 1SBIBMMBE� ����� *T XPSE�UP�QIPOF NBQQJOH CF॒FS UIBO QIPOF�QIPOF NBQQJOH GPS
IBOEMJOH FOHMJTI XPSET *O "$- 	�
 QBHFT ���ۗ����

.JDIBFM &NPOUT 3FCFDDB 3PX 8 -FXJT +PIOTPO &MJ[BCFUI य़PNTPO )FMFO EF 4JMWB +PZDF
-5$0- (JMFT (PSNBO BOE 3PCFSU $BSQFOUFS� ����� *OUFHSBUJPO PG TPDJBM TJNVMBUJPOT JOUP B
UBTL�CBTFE CMFOEFE USBJOJOH DVSSJDVMVN� *O -BOE XBSGBSF DPOGFSFODF .FMCPVSOF "VTUSBMJB�
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.B॒IFX & 'BMBHBT &MFOJ * 1JUTPVOJ (FPSHF " .BMJFU[JT BOE (FPSHJPT 1BQQBT� ����� $PNQBS�
JTPO PG QVCNFE TDPQVT XFC PG TDJFODF BOE HPPHMF TDIPMBS� TUSFOHUIT BOE XFBLOFTTFT� Fࡋ
'"4&# KPVSOBM ��	�
����ۗ����

"OHFMB 'BO .JLF -FXJT BOE :BOO %BVQIJO� ����� )JFSBSDIJDBM OFVSBM TUPSZ HFOFSBUJPO� *O 1SP�
DFFEJOHT PG UIF ��UI "OOVBM .FFUJOH PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT 	7PMVNF
�� -POH 1BQFST
 QBHFT ���ۗ����

"OHFMB 'BO .JLF -FXJT BOE :BOO %BVQIJO� ����B� 4USBUFHJFT GPS TUSVDUVSJOH TUPSZ HFOFSBUJPO�
BS9JW QSFQSJOU BS9JW������������

"OHFMB 'BO .JLF -FXJT BOE :BOO /� %BVQIJO� ����C� 4USBUFHJFT GPS TUSVDUVSJOH TUPSZ HFOFS�
BUJPO� *O 1SPDFFEJOHT PG UIF ��UI $POGFSFODF PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT
"$- ���� 'MPSFODF *UBMZ +VMZ ��� "VHVTU � ���� 7PMVNF �� -POH 1BQFST QBHFT ����ۗ�����
"TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

;IJIBP 'BO ;IPOHZV 8FJ 4JZVBO 8BOH BOE 9VBOKJOH )VBOH� ����D� #SJEHJOH CZ XPSE�
*NBHF HSPVOEFE WPDBCVMBSZ DPOTUSVDUJPO GPS WJTVBM DBQUJPOJOH� *O 1SPDFFEJOHT PG UIF ��UI
$POGFSFODF PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT "$- ���� 'MPSFODF *UBMZ +VMZ
��� "VHVTU � ���� 7PMVNF �� -POH 1BQFST QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM
-JOHVJTUJDT�

)BP 'BOH 4BVSBCI (VQUB 'PSSFTU /� *BOEPMB 3VQFTI ,VNBS 4SJWBTUBWB -J %FOH 1JPUS %PM�
M¡S +JBOGFOH (BP 9JBPEPOH )F .BSHBSFU .JUDIFMM +PIO $� 1MB॒ $� -BXSFODF ;JUOJDL BOE
(FPSFZ ;XFJH� ����� 'SPN DBQUJPOT UP WJTVBM DPODFQUT BOE CBDL� *O *&&& $POGFSFODF PO
$PNQVUFS 7JTJPO BOE 1BࡇFSO 3FDPHOJUJPO $713 ���� #PTUPO ." 64" +VOF ���� ���� QBHFT
����ۗ����� *&&& $PNQVUFS 4PDJFUZ�

8JMMJBN 'FEVT *BO +� (PPEGFMMPX BOE "OESFX .� %BJ� ����B� .BTLHBO� #F॒FS UFYU HFOFSBUJPO
WJB MMJOH JO UIF @@@@@@@� *O �UI *OUFSOBUJPOBM $POGFSFODF PO -FBSOJOH 3FQSFTFOUBUJPOT *$-3
���� 7BODPVWFS #$ $BOBEB "QSJM �� � .BZ � ���� $POGFSFODF 5SBDL 1SPDFFEJOHT� 0QFO3F�
WJFX�OFU�

8JMMJBN 'FEVT *BO +� (PPEGFMMPX BOE "OESFX .� %BJ� ����C� .BTLHBO� #F॒FS UFYU HFOFSBUJPO
WJB MMJOH JO UIF @@@@@@@� *O �UI *OUFSOBUJPOBM $POGFSFODF PO -FBSOJOH 3FQSFTFOUBUJPOT *$-3
���� 7BODPVWFS #$ $BOBEB "QSJM �� � .BZ � ���� $POGFSFODF 5SBDL 1SPDFFEJOHT� 0QFO3F�
WJFX�OFU�

:BOH 'FOH -JO .B 8FJ -JV BOE +JFCP -VP� ����� 6OTVQFSWJTFE JNBHF DBQUJPOJOH� *O *&&&
$POGFSFODF PO $PNQVUFS 7JTJPO BOE 1BࡇFSO 3FDPHOJUJPO $713 ���� -POH #FBDI $" 64"
+VOF ����� ���� QBHFT ����ۗ����� $PNQVUFS 7JTJPO 'PVOEBUJPO � *&&&�

0MJWFS 'FSTDILF +PIBOOFT %BYFOCFSHFS BOE *SZOB (VSFWZDI� ����� " TVSWFZ PG /-1 NFUI�
PET BOE SFTPVSDFT GPS BOBMZ[JOH UIF DPMMBCPSBUJWF XSJUJOH QSPDFTT JO XJLJQFEJB� *O *SZOB
(VSFWZDI BOE +VOHJ ,JN FEJUPST Fࡋ 1FPQMFڣT 8FC .FFUT /-1 $PMMBCPSBUJWFMZ $POTUSVDUFE
-BOHVBHF 3FTPVSDFT य़FPSZ BOE "QQMJDBUJPOT PG /BUVSBM -BOHVBHF 1SPDFTTJOH QBHFT ���ۗ
���� 4QSJOHFS�

,BUKB 'JMJQQPWB� ����� .VMUJ�TFOUFODF DPNQSFTTJPO� 'JOEJOH TIPSUFTU QBUIT JO XPSE HSBQIT�
*O *O 1SPDFFEJOHT PG UIF ��SE *OUFSOBUJPOBM $POGFSFODF PO $PNQVUBUJPOBM -JOHVJTUJDT QBHFT
���ۗ���� "$-�
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,BUKB 'JMJQQPWB &OSJRVF "MGPOTFDB $BSMPT " $PMNFOBSFT -VLBT[ ,BJTFS BOE 0SJPM 7JOZBMT�
����� 4FOUFODF DPNQSFTTJPO CZ EFMFUJPO XJUI MTUNT� *O &./-1 QBHFT ���ۗ����

.JDIBFM 'MFJTDINBO BOE %FC 3PZ� ����� (SPVOEFE MBOHVBHF NPEFMJOH GPS BVUPNBUJD TQFFDI
SFDPHOJUJPO PG TQPSUT WJEFP� *O "$- ���� 1SPDFFEJOHT PG UIF ��UI "OOVBM .FFUJOH PG UIF
"TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT +VOF ����� ���� $PMVNCVT 0IJP 64" QBHFT ���ۗ
���� य़F "TTPDJBUJPO GPS $PNQVUFS -JOHVJTUJDT�

.BYXFMM 'PSCFT +FOB %� )XBOH 7FSFE 4IXBSU[ .BBSUFO 4BQ BOE :FKJO $IPJ� ����� 4PDJBM
DIFNJTUSZ ���� -FBSOJOH UP SFBTPO BCPVU TPDJBM BOE NPSBM OPSNT� *O 1SPDFFEJOHT PG UIF
���� $POGFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH &./-1 ���� 0OMJOF
/PWFNCFS ����� ���� QBHFT ���ۗ���� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

.BSLVT 'SFJUBH %BWJE (SBOHJFS BOE *TBBD $BTXFMM� ����� #-&6 NJHIU CF HVJMUZ CVU SFGFSFODFT
BSF OPU JOOPDFOU� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM
-BOHVBHF 1SPDFTTJOH &./-1 ���� 0OMJOF /PWFNCFS ����� ���� QBHFT ��ۗ��� "TTPDJBUJPO
GPS $PNQVUBUJPOBM -JOHVJTUJDT�

;IFOYJO 'V 9JBPZF 5BO /BOZVO 1FOH %POHZBO ;IBP BOE 3VJ :BO� ����� 4UZMF USBOTGFS JO
UFYU� &YQMPSBUJPO BOE FWBMVBUJPO� *O JSUZ�4FDPOEࡋ """* $POGFSFODF PO "SUJटDJBM *OUFMMJHFODF�

$ISJTUJBO '¼HFO "MFY 8BJCFM BOE .VOUTJO ,PMTT� ����� 4JNVMUBOFPVT USBOTMBUJPO PG MFDUVSFT
BOE TQFFDIFT� .BDIJOF USBOTMBUJPO ��	�
����ۗ����

"LJSB 'VLVJ %POH )VL 1BSL %BZMFO :BOH "OOB 3PISCBDI 5SFWPS %BSSFMM BOE .BSDVT
3PISCBDI� ����� .VMUJNPEBM DPNQBDU CJMJOFBS QPPMJOH GPS WJTVBM RVFTUJPO BOTXFSJOH BOE
WJTVBM HSPVOEJOH� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM
-BOHVBHF 1SPDFTTJOH &./-1 ���� "VTUJO 5FYBT 64" /PWFNCFS ��� ���� QBHFT ���ۗ����
य़F "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

4BBEJB (BCSJFM "TMJ �FMJLZJMNB[ 3BIVM +IB :FKJO $IPJ BOE +JBOGFOH (BP� ����� (P HVSF� "
NFUB FWBMVBUJPO PG GBDUVBMJUZ JO TVNNBSJ[BUJPO� $P33 BCT������������

,SJTIOB (BEF 4BIJO $FN (FZJL ,SJTIOBSBN ,FOUIBQBEJ 7BSVO .JUIBM BOE "OLVS 5BMZ� �����
&YQMBJOBCMF "* JO JOEVTUSZ� 1SBDUJDBM DIBMMFOHFT BOE MFTTPOT MFBSOFE� *O $PNQBOJPO PG Fࡋ
���� 8FC $POGFSFODF ���� 5BJQFJ 5BJXBO "QSJM ����� ���� QBHFT ���ۗ���� "$. � *8�$��

$IVBOH (BO ;IF (BO 9JBPEPOH )F +JBOGFOH (BP BOE -J %FOH� ����� 4UZMFOFU� (FOFSBUJOH
B॒SBDUJWF WJTVBM DBQUJPOT XJUI TUZMFT� *O ���� *&&& $POGFSFODF PO $PNQVUFS 7JTJPO BOE 1BࡇFSO
3FDPHOJUJPO $713 ���� )POPMVMV )* 64" +VMZ ����� ���� QBHFT ���ۗ���� *&&& $PNQVUFS
4PDJFUZ�

2JBP[J (BP .BMDPMN %PFSJOH 4IBPIVB :BOH BOE +PZDF :VF $IBJ� ����� 1IZTJDBM DBVTBMJUZ PG
BDUJPO WFSCT JO HSPVOEFE MBOHVBHF VOEFSTUBOEJOH� *O 1SPDFFEJOHT PG UIF ��UI "OOVBM .FFUJOH
PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT "$- ���� "VHVTU ���� ���� #FSMJO (FSNBOZ
7PMVNF �� -POH 1BQFST� य़F "TTPDJBUJPO GPS $PNQVUFS -JOHVJTUJDT�

%BWJE (BSDB *OHNBS8FCFS BOE 7FOLBUB 3BNB ,JSBO (BSJNFMMB� ����� (FOEFS BTZNNFUSJFT JO
SFBMJUZ BOE DUJPO� य़F CFDIEFM UFTU PG TPDJBM NFEJB� *O 1SPDFFEJOHT PG UIF &JHIUI *OUFSOBUJPOBM
$POGFSFODF PO 8FCMPHT BOE 4PDJBM .FEJB *$84. ���� "OO "SCPS .JDIJHBO 64" +VOF ���
����� य़F """* 1SFTT�
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/PSCFSUP 'FSO¡OEF[ (BSDB -VJT 4¡ODIF[ 'FSO¡OEF[ +PT© .� #M¡[RVF[ EFM 5PSP BOE +FTºT
7JMMBNPS�-VHP� ����� य़F OFXT POUPMPHZ GPS QSPGFTTJPOBM KPVSOBMJTN BQQMJDBUJPOT� *O 3BK
4IBSNBO 3BKJW ,JTIPSF BOE 3BN 3BNFTI FEJUPST 0OUPMPHJFT� " )BOECPPL PG 1SJODJQMFT
$PODFQUT BOE "QQMJDBUJPOT JO *OGPSNBUJPO 4ZTUFNT WPMVNF �� PG *OUFHSBUFE 4FSJFT JO *OGPSNB�
UJPO 4ZTUFNT QBHFT ���ۗ���� 4QSJOHFS�

$MBJSF (BSEFOU "OBTUBTJB 4IJNPSJOB 4IBTIJ /BSBZBO BOE -BVSB 1FSF[�#FMUSBDIJOJ� ����� य़F
XFCOMH DIBMMFOHF� (FOFSBUJOH UFYU GSPN 3%' EBUB� *O 1SPDFFEJOHT PG UIF ��UI *OUFSOB�
UJPOBM $POGFSFODF PO /BUVSBM -BOHVBHF (FOFSBUJPO */-( ���� 4BOUJBHP EF $PNQPTUFMB 4QBJO
4FQUFNCFS ��� ���� QBHFT ���ۗ���� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

/JLIJM (BSH -POEB 4DIJFCJOHFS %BO +VSBGTLZ BOE +BNFT ;PV� ����B� 8PSE FNCFEEJOHT RVBO�
UJGZ ��� ZFBST PG HFOEFS BOE FUIOJD TUFSFPUZQFT� 1SPD� /BUM� "DBE� 4DJ� 64" ���	��
�&����ۗ
&�����

4BVSBCI (BSH 5BONBZ 1BSFLI BOE 1SFFUIJ +ZPUIJ� ����� %VBM MBOHVBHF NPEFMT GPS DPEF NJYFE
TQFFDI SFDPHOJUJPO� BS9JW QSFQSJOU BS9JW������������

4BVSBCI (BSH 5BONBZ 1BSFLI BOE 1SFFUIJ +ZPUIJ� ����C� $PEF�TXJUDIFE MBOHVBHF NPEFMT VT�
JOH EVBM SOOT BOE TBNF�TPVSDF QSFUSBJOJOH� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PO &NQJSJDBM
.FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH QBHFT ����ۗ�����

"MCFSU (B॒ BOE &NJFM ,SBINFS� ����B� 4VSWFZ PG UIF TUBUF PG UIF BSU JO OBUVSBM MBOHVBHF
HFOFSBUJPO� $PSF UBTLT BQQMJDBUJPOT BOE FWBMVBUJPO� +� "SUJG� *OUFMM� 3FT� �����ۗ����

"MCFSU (B॒ BOE &NJFM ,SBINFS� ����C� 4VSWFZ PG UIF TUBUF PG UIF BSU JO OBUVSBM MBOHVBHF HFO�
FSBUJPO� $PSF UBTLT BQQMJDBUJPOT BOE FWBMVBUJPO� +PVSOBM PG "SUJटDJBM *OUFMMJHFODF 3FTFBSDI
�����ۗ����

4FCBTUJBO (FISNBOO 5PTJO 1� "EFXVNJ ,BSNBOZB "HHBSXBM 1BXBO 4BTBOLB "NNBOB�
NBODIJ "SFNV "OVPMVXBQP "OUPJOF #PTTFMVU ,IZBUIJ 3BHIBWJ $IBOEV .JSVOB�"ESJBOB
$MJODJV %JQBOKBO %BT ,BVTUVCI %� %IPMF 8BOZV %V &TJO %VSNVT 0OESFK %VTFL $ISJT
&NF[VF 7BSVO (BOHBM $SJTUJOB (BSCBDFB 5BUTVOPSJ )BTIJNPUP :VGBOH )PV :BDJOF +FS�
OJUF )BSTI +IBNUBOJ :BOHGFOH +J 4IBJM[B +PMMZ %ISVW ,VNBS 'BJTBM -BEIBL "NBO.BEBBO
.PVOJDB .BEEFMB ,IZBUJ .BIBKBO 4BBE .BIBNPPE #PEIJTB॒XB 1SBTBE .BKVNEFS 1F�
ESP )FOSJRVF .BSUJOT "OHFMJOB .D.JMMBO�.BKPS 4JNPO .JMMF &NJFM WBO .JMUFOCVSH .PJO
/BEFFN 4IBTIJ /BSBZBO 7JUBMZ /JLPMBFW 3VCVOHP "OESF /JZPOHBCP 4BMPNFZ 0TFJ
"OLVS 1� 1BSJLI -BVSB 1FSF[�#FMUSBDIJOJ /JSBOKBO 3BNFTI 3BP 7JLBT 3BVOBL +VBO %JFHP
3PESJHVF[ 4BTIBOL 4BOUIBOBN +P£P 4FEPD य़JCBVMU 4FMMBN 4BNJSB 4IBJLI "OBTUBTJB 4IJ�
NPSJOB .BSDP "OUPOJP 4PCSFWJMMB $BCF[VEP )FOESJL 4USPCFMU /JTIBOU 4VCSBNBOJ 8FJ 9V
%JZJ :BOH "LIJMB :FSVLPMB BOE +JBXFJ ;IPV� ����� य़F (&. CFODINBSL� /BUVSBM MBOHVBHF
HFOFSBUJPO JUT FWBMVBUJPO BOE NFUSJDT� $P33 BCT������������

4FCBTUJBO (FISNBOO :VOUJBO %FOH BOE "MFYBOEFS . 3VTI� ����� #P॒PN�VQ BCTUSBDUJWF TVN�
NBSJ[BUJPO� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF
1SPDFTTJOH QBHFT ����ۗ�����

4QBOEBOB (FMMB .JLF -FXJT BOE .BSDVT 3PISCBDI� ����� " EBUBTFU GPS UFMMJOH UIF TUPSJFT PG
TPDJBM NFEJB WJEFPT� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM
-BOHVBHF 1SPDFTTJOH QBHFT ���ۗ����
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1BCMP (FSW¡T #FM©O %B[�"HVEP 'FEFSJDP 1FJOBEP BOE 3BRVFM )FSW¡T� ����� 4UPSZ QMPU HFO�
FSBUJPO CBTFE PO DCS� *O *OUFSOBUJPOBM $POGFSFODF PO *OOPWBUJWF 5FDIOJRVFT BOE "QQMJDBUJPOT
PG "SUJटDJBM *OUFMMJHFODF QBHFT ��ۗ��� 4QSJOHFS�

.PS (FWB :PBW (PMECFSH BOE +POBUIBO #FSBOU� ����� "SF XF NPEFMJOH UIF UBTL PS UIF BO�
OPUBUPS BO JOWFTUJHBUJPO PG BOOPUBUPS CJBT JO OBUVSBM MBOHVBHF VOEFSTUBOEJOH EBUBTFUT� *O
1SPDFFEJOHT PG UIF ���� $POGFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH BOE
UIF �UI *OUFSOBUJPOBM +PJOU $POGFSFODF PO /BUVSBM -BOHVBHF 1SPDFTTJOH &./-1�*+$/-1 ����
)POH ,POH $IJOB /PWFNCFS ��� ���� QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM
-JOHVJTUJDT�

.BSKBO (IB[WJOJOFKBE $ISJT #SPDLF॒ .JOH�8FJ $IBOH #JMM %PMBO +JBOGFOH (BP 8FO�UBV
:JI BOE .JDIFM (BMMFZ� ����� " LOPXMFEHF�HSPVOEFE OFVSBM DPOWFSTBUJPO NPEFM� *O 1SP�
DFFEJOHT PG UIF JSUZ�4FDPOEࡋ """* $POGFSFODF PO "SUJटDJBM *OUFMMJHFODF 	"""*���
 UIF ��UI
JOOPWBUJWF "QQMJDBUJPOT PG "SUJटDJBM *OUFMMJHFODF 	*""*���
 BOE UIF �UI """* 4ZNQPTJVN PO
&EVDBUJPOBM "EWBODFT JO "SUJटDJBM *OUFMMJHFODF 	&""*���
 /FX 0SMFBOT -PVJTJBOB 64" 'FCSV�
BSZ ��� ���� QBHFT ����ۗ����� """* 1SFTT�

.BSKBO (IB[WJOJOFKBE 0NFS -FWZ :JOIBO -JV BOE -VLF ;F॒MFNPZFS� ����� .BTL�QSFEJDU�
1BSBMMFM EFDPEJOH PG DPOEJUJPOBM NBTLFE MBOHVBHF NPEFMT� *O 1SPDFFEJOHT PG UIF ���� $PO�
GFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH BOE UIF �UI *OUFSOBUJPOBM +PJOU
$POGFSFODF PO /BUVSBM -BOHVBHF 1SPDFTTJOH &./-1�*+$/-1 ���� )POH ,POH $IJOB /PWFN�
CFS ��� ���� QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

.BSKBO (IB[WJOJOFKBE 0NFS -FWZ BOE -VLF ;F॒MFNPZFS� ����� 4FNJ�BVUPSFHSFTTJWF USBJOJOH
JNQSPWFT NBTL�QSFEJDU EFDPEJOH� BS9JW QSFQSJOU BS9JW������������

/BCFFM (JMMBOJ 5BIB :BTTFSJ 3FCFDDB &ZOPO BOE *TJT )KPSUI� ����� 4USVDUVSBM MJNJUBUJPOT PG
MFBSOJOH JO B DSPXE� DPNNVOJDBUJPO WVMOFSBCJMJUZ BOE JOGPSNBUJPO EJVTJPO JONPPDT� $P33
BCT�����������

%BO (JMMJDL BOE #FOPJU 'BWSF� ����� " TDBMBCMF HMPCBM NPEFM GPS TVNNBSJ[BUJPO� *O *O 1SPDFFE�
JOHT PG /""$-�

%BOJFM (JMMJDL #FOP®U 'BWSF BOE %JMFL )BLLBOJ�5¼S� ����� य़F *$4* TVNNBSJ[BUJPO TZTUFN
BU 5"$ ����� *O 1SPDFFEJOHT PG UIF 'JSTU 5FYU "OBMZTJT $POGFSFODF 5"$ ���� (BJUIFSTCVSH
.BSZMBOE 64" /PWFNCFS ����� ����� /*45�

(PSBO (MBWBT BOE 4BOKB 4UBKOFS� ����� 4JNQMJGZJOH MFYJDBM TJNQMJDBUJPO� %PXF OFFE TJNQMJFE
DPSQPSB *O 1SPDFFEJOHT PG UIF ��SE "OOVBM .FFUJOH PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM
-JOHVJTUJDT BOE UIF �UI *OUFSOBUJPOBM +PJOU $POGFSFODF PO /BUVSBM -BOHVBHF 1SPDFTTJOH PG UIF
"TJBO 'FEFSBUJPO PG /BUVSBM -BOHVBHF 1SPDFTTJOH "$- ���� +VMZ ����� ���� #FJKJOH $IJOB
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TIPQ PO 8JEFOJOH /-1!"$- ���� 'MPSFODF *UBMZ +VMZ �� ���� QBHFT ��ۗ��� "TTPDJBUJPO GPS
$PNQVUBUJPOBM -JOHVJTUJDT�

https://doi.org/10.18653/v1/D19-1107
https://doi.org/10.18653/v1/D19-1107
https://www.aaai.org/ocs/index.php/AAAI/AAAI18/paper/view/16710
https://doi.org/10.18653/v1/D19-1633
https://doi.org/10.18653/v1/D19-1633
http://arxiv.org/abs/1411.3662
http://arxiv.org/abs/1411.3662
https://tac.nist.gov/publications/2008/participant.papers/ICSI.proceedings.pdf
https://tac.nist.gov/publications/2008/participant.papers/ICSI.proceedings.pdf
https://doi.org/10.3115/v1/p15-2011
https://doi.org/10.3115/v1/p15-2011
https://aclanthology.org/W19-3621/
https://aclanthology.org/W19-3621/


#JCMJPHSBQIZ ���

%JBOB (PO[BMF[�3JDP BOE (JCSBO 'VFOUFT�1JOFEB� ����� $POUFYUVBMJ[F TIPX BOE UFMM� B OFVSBM
WJTVBM TUPSZUFMMFS� BS9JW QSFQSJOU BS9JW������������

9BWJ (PO[BMWP 4JBNBL 5B[BSJ $IVO�BO $IBO .BSLVT #FDLFS "MFYBOEFS (VULJO BOE )BOOB
4JMFO� ����� 3FDFOU BEWBODFT JO HPPHMF SFBM�UJNF INN�ESJWFO VOJU TFMFDUJPO TZOUIFTJ[FS�

1 (PZBM .BOBW 3 .JUBM " .VLFSKFF "DIMB . 3BJOB % 4IBSNB 1 4IVLMB BOE , 7JLSBN� �����
" CJMJOHVBM QBSTFS GPS IJOEJ FOHMJTI BOE DPEF�TXJUDIJOH TUSVDUVSFT� *O ��UI $POGFSFODF PG
Fࡋ &VSPQFBO $IBQUFS QBHF ���

5BOZB (PZBM BOE (SFH %VSSF॒� ����� &WBMVBUJOH GBDUVBMJUZ JO HFOFSBUJPO XJUI EFQFOEFODZ�
MFWFM FOUBJMNFOU� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BO�
HVBHF 1SPDFTTJOH� 'JOEJOHT &./-1 ���� 0OMJOF &WFOU ����� /PWFNCFS ���� QBHFT ����ۗ
����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

%BWJE (SB 4IVEPOH )VBOH *OHSJE $BSUBHFOB ,FWJO 8BMLFS BOE $ISJTUPQIFS $JFSJ� �����
'JTIFS TQBOJTI USBOTDSJQUT MED����U��� 8FC %PXOMPBE 1IJMBEFMQIJB 64"�

"MFY (SBWFT (SFH8BZOF .BMDPMN 3FZOPMET 5JN )BSMFZ *WP %BOJIFMLB "HOJFT[LB (SBCTLB�
#BSXJĄTLB 4FSHJP (³NF[ $PMNFOBSFKP &EXBSE (SFGFOTUF॒F 5JBHP 3BNBMIP +PIO "HB�
QJPV FU BM� ����� )ZCSJE DPNQVUJOH VTJOH B OFVSBM OFUXPSL XJUI EZOBNJD FYUFSOBM NFNPSZ�
/BUVSF ���	����
����ۗ����

3PCFSU (SBZ� ����� 7FDUPS RVBOUJ[BUJPO� *&&& "TTQ .BHB[JOF �	�
��ۗ���

"OUIPOZ((SFFOXBME %FCCJF &.D(IFF BOE +PSEBO -, 4DIXBSU[� ����� .FBTVSJOH JOEJWJEVBM
EJFSFODFT JO JNQMJDJU DPHOJUJPO� UIF JNQMJDJU BTTPDJBUJPO UFTU� +PVSOBM PG QFSTPOBMJUZ BOE
TPDJBM QTZDIPMPHZ ��	�
������

"MWJO (SJTTPN ** )F)F +PSEBO #PZE�(SBCFS +PIO.PSHBO BOE)BM %BVN© ***� ����� %POU VO�
UJM UIF OBM WFSC XBJU� 3FJOGPSDFNFOU MFBSOJOH GPS TJNVMUBOFPVT NBDIJOF USBOTMBUJPO� *O 1SP�
DFFEJOHT PG UIF ���� $POGFSFODF PO FNQJSJDBM NFUIPET JO OBUVSBM MBOHVBHF QSPDFTTJOH 	&./-1

QBHFT ����ۗ�����

#BSCBSB + (SPT[ 4DP॒ 8FJOTUFJO BOE "SBWJOE , +PTIJ� ����� $FOUFSJOH� " GSBNFXPSL GPS
NPEFMJOH UIF MPDBM DPIFSFODF PG EJTDPVSTF� $PNQVUBUJPOBM MJOHVJTUJDT ��	�
����ۗ����

"EJUZB (SPWFS +JBNJOH 4POH "TIJTI ,BQPPS ,FOOFUI 5SBO "MFLI "HBSXBM &SJD )PSWJU[
BOE 4UFGBOP &SNPO� ����� #JBT DPSSFDUJPO PG MFBSOFE HFOFSBUJWF NPEFMT VTJOH MJLFMJIPPE�
GSFF JNQPSUBODF XFJHIUJOH� *O "EWBODFT JO /FVSBM *OGPSNBUJPO 1SPDFTTJOH 4ZTUFNT ��� "OOVBM
$POGFSFODF PO /FVSBM *OGPSNBUJPO 1SPDFTTJOH 4ZTUFNT ���� /FVS*14 ���� %FDFNCFS ���� ����
7BODPVWFS #$ $BOBEB QBHFT �����ۗ������

%VTBO (SVKJDJD (PSKBO 3BEFWTLJ 5JOOF 5VZUFMBBST BOE .B॒IFX #� #MBTDILP� ����� -FBSO�
JOH UP HSPVOE NFEJDBM UFYU JO B �E IVNBO BUMBT� *O 1SPDFFEJOHT PG UIF ��UI $POGFSFODF PO
$PNQVUBUJPOBM /BUVSBM -BOHVBHF -FBSOJOH $P/-- ���� 0OMJOF /PWFNCFS ����� ���� QBHFT
���ۗ���� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

+JBUBP (V %BOJFM +JXPPOH *N BOE 7JDUPS 0, -J� ����B� /FVSBM NBDIJOF USBOTMBUJPO XJUI
HVNCFM�HSFFEZ EFDPEJOH� *O JSUZ�4FDPOEࡋ """* $POGFSFODF PO "SUJटDJBM *OUFMMJHFODF�
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+JBUBP (V 2J -JV BOE ,ZVOHIZVO $IP� ����B� *OTFSUJPO�CBTFE EFDPEJOH XJUI BVUPNBUJDBMMZ
JOGFSSFE HFOFSBUJPO PSEFS� 5SBOT� "TTPD� $PNQVU� -JOHVJTUJDT �����ۗ����

+JBUBP (V ;IFOHEPOH -V )BOH -J BOE 7JDUPS 0, -J� ����� *ODPSQPSBUJOH DPQZJOH NFDIB�
OJTN JO TFRVFODF�UP�TFRVFODF MFBSOJOH� *O 1SPDFFEJOHT PG UIF ��UI "OOVBM .FFUJOH PG UIF
"TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT 	7PMVNF �� -POH 1BQFST
 QBHFT ����ۗ�����

+JBUBP (V (SBIBN /FVCJH ,ZVOHIZVO $IP BOE 7JDUPS 0� ,� -J� ����� -FBSOJOH UP USBOTMBUF JO
SFBM�UJNF XJUI OFVSBM NBDIJOF USBOTMBUJPO� *O 1SPDFFEJOHT PG UIF ��UI $POGFSFODF PG UIF &V�
SPQFBO $IBQUFS PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT &"$- ���� 7BMFODJB 4QBJO
"QSJM ��� ���� 7PMVNF �� -POH 1BQFST QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JO�
HVJTUJDT�

+JVYJBOH (V 4IBR +PUZ +JBOGFJ $BJ BOE (BOH 8BOH� ����C� 6OQBJSFE JNBHF DBQUJPOJOH CZ
MBOHVBHF QJWPUJOH� *O 1SPDFFEJOHT PG UIF &VSPQFBO $POGFSFODF PO $PNQVUFS 7JTJPO 	&$$7

QBHFT ���ۗ����

+JVYJBOH (V 4IBR 3� +PUZ +JBOGFJ $BJ BOE (BOH 8BOH� ����D� 6OQBJSFE JNBHF DBQUJPOJOH
CZ MBOHVBHF QJWPUJOH� *O $PNQVUFS 7JTJPO � &$$7 ���� � ��UI &VSPQFBO $POGFSFODF .VOJDI
(FSNBOZ 4FQUFNCFS ���� ���� 1SPDFFEJOHT 1BSU * WPMVNF ����� PG -FDUVSF /PUFT JO $PNQVUFS
4DJFODF QBHFT ���ۗ���� 4QSJOHFS�

+JVYJBOH (V 4IBR 3� +PUZ +JBOGFJ $BJ )BOEPOH ;IBP 9V :BOH BOE (BOH 8BOH� ����C� 6O�
QBJSFE JNBHF DBQUJPOJOH WJB TDFOF HSBQI BMJHONFOUT� *O ���� *&&&�$7' *OUFSOBUJPOBM $PO�
GFSFODF PO $PNQVUFS 7JTJPO *$$7 ���� 4FPVM ,PSFB 	4PVUI
 0DUPCFS �� � /PWFNCFS � ����
QBHFT �����ۗ������ *&&&�

$BHMBS (VMDFISF 4VOHKJO "IO 3BNFTI /BMMBQBUJ #PXFO ;IPV BOE :PTIVB #FOHJP� �����
1PJOUJOH UIF VOLOPXO XPSET� *O 1SPDFFEJOHT PG UIF ��UI "OOVBM .FFUJOH PG UIF "TTPDJBUJPO
GPS $PNQVUBUJPOBM -JOHVJTUJDT 	7PMVNF �� -POH 1BQFST
 QBHFT ���ۗ����

+JBYJBO (VP 4JEJ -V )BO $BJ 8FJOBO ;IBOH :POH :V BOE +VO 8BOH� ����� -POH UFYU HFO�
FSBUJPO WJB BEWFSTBSJBM USBJOJOH XJUI MFBLFE JOGPSNBUJPO� *O 1SPDFFEJOHT PG UIF JSUZ�4FDPOEࡋ
"""* $POGFSFODF PO "SUJटDJBM *OUFMMJHFODF 	"""*���
 UIF ��UI JOOPWBUJWF "QQMJDBUJPOT PG "S�
UJटDJBM *OUFMMJHFODF 	*""*���
 BOE UIF �UI """* 4ZNQPTJVN PO &EVDBUJPOBM "EWBODFT JO "SUJट�
DJBM *OUFMMJHFODF 	&""*���
 /FX 0SMFBOT -PVJTJBOB 64" 'FCSVBSZ ��� ���� QBHFT ����ۗ�����
"""* 1SFTT�

+VOMJBOH (VP 9V 5BO %J )F 5BP 2JO -JOMJ 9V BOE 5JF�:BO -JV� ����B� /PO�BVUPSFHSFTTJWF
OFVSBM NBDIJOF USBOTMBUJPO XJUI FOIBODFE EFDPEFS JOQVU� *O Fࡋ JSEࡋ�JSUZࡋ """* $POGFS�
FODF PO "SUJटDJBM *OUFMMJHFODF """* ���� Fࡋ JSUZ�'JSTUࡋ *OOPWBUJWF "QQMJDBUJPOT PG "SUJटDJBM
*OUFMMJHFODF $POGFSFODF *""* ���� Fࡋ /JOUI """* 4ZNQPTJVN PO &EVDBUJPOBM "EWBODFT JO
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����ۗ����� """* 1SFTT�

+VOMJBOH (VP 9V 5BO -JOMJ 9V 5BP 2JO &OIPOH $IFO BOE 5JF�:BO -JV� ����� 'JOF�UVOJOH
CZ DVSSJDVMVN MFBSOJOH GPS OPO�BVUPSFHSFTTJWF OFVSBM NBDIJOF USBOTMBUJPO� *O Fࡋ �JSUZࡋ
'PVSUI """* $POGFSFODF PO "SUJटDJBM *OUFMMJHFODF """* ���� Fࡋ JSUZ�4FDPOEࡋ *OOPWBUJWF
"QQMJDBUJPOT PG "SUJटDJBM *OUFMMJHFODF $POGFSFODF *""* ���� Fࡋ 5FOUI """* 4ZNQPTJVN PO
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&EVDBUJPOBM "EWBODFT JO "SUJटDJBM *OUFMMJHFODF &""* ���� /FX :PSL /: 64" 'FCSVBSZ ����
���� QBHFT ����ۗ����� """* 1SFTT�

-POHUFOH (VP +JOH -JV 1FOH :BP +JBOHXFJ -J BOE )BORJOH -V� ����C� .TDBQ� .VMUJ�TUZMF JN�
BHF DBQUJPOJOHXJUI VOQBJSFE TUZMJ[FE UFYU� *O 1SPDFFEJOHT PG UIF *&&& $POGFSFODF PO $PNQVUFS
7JTJPO BOE 1BࡇFSO 3FDPHOJUJPO QBHFT ����ۗ�����

(VBMCFSUP " (V[N¡O +PTFQI 3JDBSE +BDRVFMJOF 4FSJHPT #BSCBSB & #VMMPDL BOE
"MNFJEB +BDRVFMJOF 5PSJCJP� ����� .FUSJDT GPS NPEFMJOH DPEF�TXJUDIJOH BDSPTT DPSQPSB�

+BOPTDI )BCFS 5JN #BVNH¤SUOFS &DF 5BLNB[ -JFLF (FMEFSMPPT &MJB #SVOJ BOE 3BRVFM 'FS�
O¡OEF[� ����� य़F QIPUPCPPL EBUBTFU� #VJMEJOH DPNNPO HSPVOE UISPVHI WJTVBMMZ�HSPVOEFE
EJBMPHVF� *O 1SPDFFEJOHT PG UIF ��UI $POGFSFODF PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JO�
HVJTUJDT "$- ���� 'MPSFODF *UBMZ +VMZ ��� "VHVTU � ���� 7PMVNF �� -POH 1BQFST QBHFT
����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

.JDIBFM )BNFMFFST य़PNBT & 1PXFMM 5POJ (-" 7BO %FS .FFS BOE -JFLF #PT� ����� " QJD�
UVSF QBJOUT B UIPVTBOE MJFT UIF FFDUT BOE NFDIBOJTNT PG NVMUJNPEBM EJTJOGPSNBUJPO BOE
SFCV॒BMT EJTTFNJOBUFE WJB TPDJBM NFEJB� 1PMJUJDBM $PNNVOJDBUJPO ��	�
����ۗ����

5JOH )BO BOE %BWJE 4DIMBOHFO� ����� (SPVOEJOH MBOHVBHF CZ DPOUJOVPVT PCTFSWBUJPO PG JO�
TUSVDUJPO GPMMPXJOH� *O 1SPDFFEJOHT PG UIF ��UI $POGFSFODF PG UIF &VSPQFBO $IBQUFS PG UIF
"TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT &"$- ���� 7BMFODJB 4QBJO "QSJM ��� ���� 7PMVNF
�� 4IPSU 1BQFST QBHFT ���ۗ���� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

#SFOU )BSSJTPO BOE.BSL 0� 3JFEM� ����� -FBSOJOH GSPN TUPSJFT� 6TJOH DSPXETPVSDFE OBSSBUJWFT
UP USBJO WJSUVBM BHFOUT� *O 1SPDFFEJOHT PG UIF 5XFMࡄI """* $POGFSFODF PO "SUJटDJBM *OUFMMJHFODF
BOE *OUFSBDUJWF %JHJUBM &OUFSUBJONFOU "**%& ���� 0DUPCFS ���� ���� #VSMJOHBNF $BMJGPSOJB
64" QBHFT ���ۗ���� """* 1SFTT�

7SJOEBWBO )BSSJTPO -FOB 3FFE 4IFSFFO 0SBCZ BOE .BSJMZO 8BMLFS� ����� .BYJNJ[JOH TUZMJT�
UJD DPOUSPM BOE TFNBOUJD BDDVSBDZ JO OMH� 1FSTPOBMJUZ WBSJBUJPO BOE EJTDPVSTF DPOUSBTU�
%4//-( ���� QBHF ��

5BUTVOPSJ #� )BTIJNPUP )VHI ;IBOH BOE 1FSDZ -JBOH� ����� 6OJGZJOH IVNBO BOE TUBUJTUJDBM
FWBMVBUJPO GPS OBUVSBM MBOHVBHF HFOFSBUJPO� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PG UIF
/PSUI "NFSJDBO $IBQUFS PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT� )VNBO -BOHVBHF
5FDIOPMPHJFT /""$-�)-5 ���� .JOOFBQPMJT ./ 64" +VOF ��� ���� 7PMVNF � 	-POH BOE
4IPSU 1BQFST
 QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

%BXOFOF % )BTTF॒ BOE +FO 4DP॒ $VSXPPE� ����� य़FPSJFT BOE QSBDUJDFT PG NVMUJNPEBM FEV�
DBUJPO� य़F JOTUSVDUJPOBM EZOBNJDT PG QJDUVSF CPPLT BOE QSJNBSZ DMBTTSPPNT� Fࡋ 3FBEJOH
5FBDIFS ��	�
����ۗ����

8JMMJBN )BWBSE -BVSFOU #FTBDJFS BOE +FBO�1JFSSF $IFWSPU� ����� $BUQMBZJOHJOUIFTOPX� *N�
QBDU PG QSJPS TFHNFOUBUJPO PO B NPEFM PG WJTVBMMZ HSPVOEFE TQFFDI� *O 1SPDFFEJOHT PG UIF
��UI $POGFSFODF PO $PNQVUBUJPOBM /BUVSBM -BOHVBHF -FBSOJOH $P/-- ���� 0OMJOF /PWFN�
CFS ����� ���� QBHFT ���ۗ���� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�
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#JCMJPHSBQIZ ���

8JMMJBN /� )BWBSE +FBO�1JFSSF $IFWSPU BOE -BVSFOU #FTBDJFS� ����� 8PSE SFDPHOJUJPO DPN�
QFUJUJPO BOE BDUJWBUJPO JO B NPEFM PG WJTVBMMZ HSPVOEFE TQFFDI� *O 1SPDFFEJOHT PG UIF ��SE
$POGFSFODF PO $PNQVUBUJPOBM /BUVSBM -BOHVBHF -FBSOJOH $P/-- ���� )POH ,POH $IJOB
/PWFNCFS ��� ���� QBHFT ���ۗ���� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

,BJNJOH )F 9JBOHZV ;IBOH 4IBPRJOH 3FO BOE +JBO 4VO� ����B� %FFQ SFTJEVBM MFBSOJOH GPS
JNBHF SFDPHOJUJPO� *O $713�

,BJNJOH )F 9JBOHZV ;IBOH 4IBPRJOH 3FO BOE +JBO 4VO� ����C� %FFQ SFTJEVBM MFBSOJOH GPS
JNBHF SFDPHOJUJPO� *O 1SPDFFEJOHT PG UIF *&&& DPOGFSFODF PO DPNQVUFS WJTJPO BOE QBࡇFSO SFDPH�
OJUJPO QBHFT ���ۗ����

.B॒IFX )FOEFSTPO #MBJTF य़PNTPO BOE +BTPO % 8JMMJBNT� ����� य़F TFDPOE EJBMPH TUBUF
USBDLJOH DIBMMFOHF� *O 1SPDFFEJOHT PG UIF ��UI BOOVBM NFFUJOH PG UIF TQFDJBM JOUFSFTU HSPVQ PO
EJTDPVSTF BOE EJBMPHVF 	4*(%*"-
 QBHFT ���ۗ����

+BDL )FTTFM ;IFOIBJ ;IV #P 1BOH BOE 3BEV 4PSJDVU� ����� #FZPOE JOTUSVDUJPOBM WJEFPT� 1SPC�
JOH GPS NPSF EJWFSTF WJTVBM�UFYUVBM HSPVOEJOH PO ZPVUVCF� *O 1SPDFFEJOHT PG UIF ���� $POGFS�
FODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH &./-1 ���� 0OMJOF /PWFNCFS
����� ���� QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

(FPSFZ )JOUPO 0SJPM 7JOZBMT BOE +F %FBO� ����� %JTUJMMJOH UIF LOPXMFEHF JO B OFVSBM
OFUXPSL� *O 1SPDFFEJOHT PG /*14 XPSLTIPQ�

.BSUJO )JSTU� ����� 5PXBSET B QPMJUJDBM FDPOPNZ PG GBLF OFXT� Fࡋ QPMJUJDBM FDPOPNZ PG DPN�
NVOJDBUJPO �	�
�

"MFLTBOESB )PMMJOHTIFBE� ����� %FTJHOJOH FOHBHJOH POMJOF FOWJSPONFOUT� 6OJWFSTBM EFTJHO
GPS MFBSOJOH QSJODJQMFT� *O $VMUJWBUJOH EJWFSTF POMJOF DMBTTSPPNT UISPVHI FञFDUJWF JOTUSVDUJPOBM
EFTJHO QBHFT ���ۗ���� *(* (MPCBM�

"SJ )PMU[NBO +BO #VZT -J %V .BYXFMM 'PSCFT BOE :FKJO $IPJ� ����� य़F DVSJPVT DBTF PG
OFVSBM UFYU EFHFOFSBUJPO� *O �UI *OUFSOBUJPOBM $POGFSFODF PO -FBSOJOH 3FQSFTFOUBUJPOT *$-3
���� "EEJT "CBCB &UIJPQJB "QSJM ����� ����� 0QFO3FWJFX�OFU�

"SJ )PMU[NBO +BO #VZT .BYXFMM 'PSCFT "OUPJOF #PTTFMVU %BWJE (PMVC BOE :FKJO $IPJ� �����
-FBSOJOH UP XSJUF XJUI DPPQFSBUJWF EJTDSJNJOBUPST� *O 1SPDFFEJOHT PG UIF ��UI "OOVBM .FFUJOH
PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT "$- ���� .FMCPVSOF "VTUSBMJB +VMZ �����
���� 7PMVNF �� -POH 1BQFST QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

.BINVE 4IBISJBS )PTTBJO 1BUSJDL #VUMFS "SOPME 1� #PFEJIBSEKP BOE /BSFO 3BNBLSJTIOBO�
����� 4UPSZUFMMJOH JO FOUJUZ OFUXPSLT UP TVQQPSU JOUFMMJHFODF BOBMZTUT� *O Fࡋ ��UI "$.
4*(,%% *OUFSOBUJPOBM $POGFSFODF PO ,OPXMFEHF %JTDPWFSZ BOE %BUB .JOJOH ,%% ��ڣ #FJKJOH
$IJOB "VHVTU ����� ���� QBHFT ����ۗ����� "$.�

.% )PTTBJO 'FSEPVT 4PIFM .PIE 'BJSV[ 4IJSBUVEEJO BOE )BNJE -BHB� ����� " DPNQSF�
IFOTJWF TVSWFZ PG EFFQ MFBSOJOH GPS JNBHF DBQUJPOJOH� "$. $PNQVUJOH 4VSWFZT 	$463

��	�
�����

.E� ;BLJS )PTTBJO 'FSEPVT 4PIFM .PIE 'BJSV[ 4IJSBUVEEJO BOE )BNJE -BHB� ����� " DPN�
QSFIFOTJWF TVSWFZ PG EFFQ MFBSOJOH GPS JNBHF DBQUJPOJOH� $P33 BCT������������
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#JCMJPHSBQIZ ���

+JOHZJ )PV 9JOYJBP 8V 9JBPYVO ;IBOH :BZVO 2J :VOEF +JB BOE +JFCP -VP� ����� +PJOU DPN�
NPOTFOTF BOE SFMBUJPO SFBTPOJOH GPS JNBHF BOE WJEFP DBQUJPOJOH� *O Fࡋ JSUZ�'PVSUIࡋ """*
$POGFSFODF PO "SUJटDJBM *OUFMMJHFODF """* ���� Fࡋ JSUZ�4FDPOEࡋ *OOPWBUJWF "QQMJDBUJPOT PG
"SUJटDJBM *OUFMMJHFODF $POGFSFODF *""* ���� Fࡋ 5FOUI """* 4ZNQPTJVN PO &EVDBUJPOBM "E�
WBODFT JO "SUJटDJBM *OUFMMJHFODF &""* ���� /FX :PSL /: 64" 'FCSVBSZ ���� ���� QBHFT
�����ۗ������ """* 1SFTT�

+FSFNZ )PXBSE BOE 4FCBTUJBO 3VEFS� ����� 6OJWFSTBM MBOHVBHF NPEFM OF�UVOJOH GPS UFYU
DMBTTJDBUJPO� *O 1SPDFFEJOHT PG UIF ��UI "OOVBM .FFUJOH PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM
-JOHVJTUJDT 	7PMVNF �� -POH 1BQFST
 QBHFT ���ۗ����

%BWJE .� )PXDSPॏ "OZB #FM[ .JSVOB�"ESJBOB $MJODJV %JNJUSB (LBU[JB 4BEJE " )BTBO 4BBE
.BIBNPPE 4JNPO .JMMF &NJFM WBO .JMUFOCVSH 4BTIBOL 4BOUIBOBN BOE 7FSFOB 3JFTFS�
����� 5XFOUZ ZFBST PG DPOGVTJPO JO IVNBO FWBMVBUJPO� /-( OFFET FWBMVBUJPO TIFFUT BOE
TUBOEBSEJTFE EFOJUJPOT� *O 1SPDFFEJOHT PG UIF ��UI *OUFSOBUJPOBM $POGFSFODF PO /BUVSBM -BO�
HVBHF (FOFSBUJPO */-( ���� %VCMJO *SFMBOE %FDFNCFS ����� ���� QBHFT ���ۗ���� "TTPDJ�
BUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

$IBP�$IVO )TV 4[V�.JO $IFO .JOH�)TVO )TJFI BOE -VO�8FJ ,V� ����� 6TJOH JOUFS�
TFOUFODF EJWFSTF CFBN TFBSDI UP SFEVDF SFEVOEBODZ JO WJTVBM TUPSZUFMMJOH� BS9JW QSFQSJOU
BS9JW������������

+VOKJF )V :V $IFOH ;IF (BO +JOHKJOH -JV +JBOGFOH (BP BOE (SBIBN /FVCJH� ����B� 8IBU
NBLFT " HPPE TUPSZ EFTJHOJOH DPNQPTJUF SFXBSET GPS WJTVBM TUPSZUFMMJOH� *O Fࡋ �JSUZࡋ
'PVSUI """* $POGFSFODF PO "SUJटDJBM *OUFMMJHFODF """* ���� Fࡋ JSUZ�4FDPOEࡋ *OOPWBUJWF
"QQMJDBUJPOT PG "SUJटDJBM *OUFMMJHFODF $POGFSFODF *""* ���� Fࡋ 5FOUI """* 4ZNQPTJVN PO
&EVDBUJPOBM "EWBODFT JO "SUJटDJBM *OUFMMJHFODF &""* ���� /FX :PSL /: 64" 'FCSVBSZ ����
���� QBHFT ����ۗ����� """* 1SFTT�

+VOKJF )V :V $IFOH ;IF (BO +JOHKJOH -JV +JBOGFOH (BP BOE (SBIBN /FVCJH� ����C� 8IBU
NBLFT " HPPE TUPSZ EFTJHOJOH DPNQPTJUF SFXBSET GPS WJTVBM TUPSZUFMMJOH� *O Fࡋ �JSUZࡋ
'PVSUI """* $POGFSFODF PO "SUJटDJBM *OUFMMJHFODF """* ���� Fࡋ JSUZ�4FDPOEࡋ *OOPWBUJWF
"QQMJDBUJPOT PG "SUJटDJBM *OUFMMJHFODF $POGFSFODF *""* ���� Fࡋ 5FOUI """* 4ZNQPTJVN PO
&EVDBUJPOBM "EWBODFT JO "SUJटDJBM *OUFMMJHFODF &""* ���� /FX :PSL /: 64" 'FCSVBSZ ����
���� QBHFT ����ۗ����� """* 1SFTT�

3POHIBOH )V %BOJFM 'SJFE "OOB 3PISCBDI %BO ,MFJO 5SFWPS %BSSFMM BOE ,BUF 4BFOLP� �����
"SF ZPV MPPLJOH HSPVOEJOH UP NVMUJQMF NPEBMJUJFT JO WJTJPO�BOE�MBOHVBHF OBWJHBUJPO� *O
1SPDFFEJOHT PG UIF ��UI $POGFSFODF PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT "$- ����
'MPSFODF *UBMZ +VMZ ��� "VHVTU � ���� 7PMVNF �� -POH 1BQFST QBHFT ����ۗ����� "TTPDJBUJPO
GPS $PNQVUBUJPOBM -JOHVJTUJDT�

;IJUJOH )V ;JDIBP :BOH 9JBPEBO -JBOH 3VTMBO 4BMBLIVUEJOPW BOE &SJD 1 9JOH� ����� 5PXBSE
DPOUSPMMFE HFOFSBUJPO PG UFYU� *O 1SPDFFEJOHT PG UIF ��UI *OUFSOBUJPOBM $POGFSFODF PO .BDIJOF
-FBSOJOH�7PMVNF �� QBHFT ����ۗ����� +.-3� PSH�

-VO )VBOH 8FONJO 8BOH +JF $IFO BOE 9JBP�:POH 8FJ� ����B� "॒FOUJPO PO B॒FOUJPO GPS
JNBHF DBQUJPOJOH� *O $713�
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#JCMJPHSBQIZ ���

1JOHQJOH )VBOH +JBOIVJ )VBOH :VRJOH (VP .JO 2JBP BOE :POH ;IV� ����C� .VMUJ�HSBJOFE
B॒FOUJPO XJUI PCKFDU�MFWFM HSPVOEJOH GPS WJTVBM RVFTUJPO BOTXFSJOH� *O 1SPDFFEJOHT PG UIF
��UI $POGFSFODF PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT "$- ���� 'MPSFODF *UBMZ +VMZ
��� "VHVTU � ���� 7PMVNF �� -POH 1BQFST QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM
-JOHVJTUJDT�

1PZBP )VBOH .BOEFMB 1BUSJDL +VOKJF )V (SBIBN /FVCJH 'MPSJBO .FU[F BOE "MFY )BVQU�
NBOO� ����� .VMUJMJOHVBM NVMUJNPEBM QSF�USBJOJOH GPS [FSP�TIPU DSPTT�MJOHVBM USBOTGFS PG
WJTJPO�MBOHVBHF NPEFMT� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PG UIF /PSUI "NFSJDBO $IBQUFS
PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT� )VNBO -BOHVBHF 5FDIOPMPHJFT /""$-�)-5
���� 0OMJOF +VOF ���� ���� QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

2JVZVBO )VBOH ;IF (BO "TMJ $FMJLZJMNB[ %BQFOH 8V +JBOGFOH 8BOH BOE 9JBPEPOH )F�
����D� )JFSBSDIJDBMMZ TUSVDUVSFE SFJOGPSDFNFOU MFBSOJOH GPS UPQJDBMMZ DPIFSFOU WJTVBM TUPSZ
HFOFSBUJPO� *O 1SPDFFEJOHT PG UIF """* $POGFSFODF PO "SUJटDJBM *OUFMMJHFODF WPMVNF �� QBHFT
����ۗ�����

5JOH�)BP ,FOOFUI )VBOH 'SBODJT 'FSSBSP /BTSJO .PTUBGB[BEFI *TIBO .JTSB "JTIXBSZB
"HSBXBM +BDPC %FWMJO 3PTT (JSTIJDL 9JBPEPOH )F 1VTINFFU ,PIMJ %ISVW #BUSB FU BM�
����� 7JTVBM TUPSZUFMMJOH� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PG UIF /PSUI "NFSJDBO $IBQ�
UFS PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT� )VNBO -BOHVBHF 5FDIOPMPHJFT QBHFT
����ۗ�����

3BEIXBO )VTTFJO *CSBIJN BOE %IJB�"MSBINBO )VTTFJO� ����� "TTFTTNFOU PG WJTVBM BVEJUPSZ
BOE LJOFTUIFUJD MFBSOJOH TUZMF BNPOH VOEFSHSBEVBUF OVSTJOH TUVEFOUT� *OU + "EW /VST 4UVE
�	�
��ۗ��

(BCSJFM *MIBSDP :VBO ;IBOH BOE +BTPO #BMESJEHF� ����� -BSHF�TDBMF SFQSFTFOUBUJPO MFBSOJOH
GSPN WJTVBMMZ HSPVOEFE VOUSBOTDSJCFE TQFFDI� *O 1SPDFFEJOHT PG UIF ��SE $POGFSFODF PO $PN�
QVUBUJPOBM /BUVSBM -BOHVBHF -FBSOJOH $P/-- ���� )POH ,POH $IJOB /PWFNCFS ��� ����
QBHFT ��ۗ��� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

%BQIOF *QQPMJUP %BWJE (SBOHJFS $ISJT $BMMJTPO�#VSDI BOE %PVHMBT &DL� ����� 6OTVQFSWJTFE
IJFSBSDIJDBM TUPSZ JOMMJOH� *O 1SPDFFEJOHT PG UIF 'JSTU 8PSLTIPQ PO /BSSBUJWF 6OEFSTUBOEJOH
QBHFT ��ۗ���

5PVTFFG *RCBM BOE 4IBJNBफ़SFTIJ� ����� य़F TVSWFZ� 5FYU HFOFSBUJPO NPEFMT JO EFFQ MFBSOJOH�
+PVSOBM PG ,JOH 4BVE 6OJWFSTJUZ�$PNQVUFS BOE *OGPSNBUJPO 4DJFODFT�

.PIJU *ZZFS 7BSVO .BOKVOBUIB "OVQBN (VIB :PHBSTIJ 7ZBT +PSEBO -� #PZE�(SBCFS
)BM %BVN© *** BOE -BSSZ 4� %BWJT� ����� य़F BNB[JOH NZTUFSJFT PG UIF HV॒FS� %SBXJOH
JOGFSFODFT CFUXFFO QBOFMT JO DPNJD CPPL OBSSBUJWFT� *O ���� *&&& $POGFSFODF PO $PNQVUFS
7JTJPO BOE 1BࡇFSO 3FDPHOJUJPO $713 ���� )POPMVMV )* 64" +VMZ ����� ���� QBHFT ����ۗ
����� *&&& $PNQVUFS 4PDJFUZ�

4BSUIBL +BJO BOE #ZSPO $8BMMBDF� ����� "॒FOUJPO JT OPU FYQMBOBUJPO� *O 1SPDFFEJOHT PG UIF ����
$POGFSFODF PG UIF /PSUI "NFSJDBO $IBQUFS PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�
)VNBO -BOHVBHF 5FDIOPMPHJFT 7PMVNF � 	-POH BOE 4IPSU 1BQFST
 QBHFT ����ۗ�����
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#JCMJPHSBQIZ ���

"OVQBN +BNBUJB #K¶SO (BNC¤DL BOE "NJUBWB %BT� ����� 1BSU�PG�TQFFDI UBHHJOH GPS DPEF�
NJYFE FOHMJTI�IJOEJ UXJ॒FS BOE GBDFCPPL DIBU NFTTBHFT� *O 1SPDFFEJOHT PG UIF *OUFSOBUJPOBM
$POGFSFODF 3FDFOU "EWBODFT JO /BUVSBM -BOHVBHF 1SPDFTTJOH QBHFT ���ۗ����

&SJD +BOH 4IJYJBOH (V BOE #FO 1PPMF� ����� $BUFHPSJDBM SFQBSBNFUFSJ[BUJPO XJUI HVNCFM�
TPॏNBY� BS9JW QSFQSJOU BS9JW������������

.JDIBFMB +¤OOFS ,BSUIJL /BSBTJNIBO BOE 3FHJOB #BS[JMBZ� ����� 3FQSFTFOUBUJPO MFBSOJOH GPS
HSPVOEFE TQBUJBM SFBTPOJOH� 5SBOT� "TTPD� $PNQVU� -JOHVJTUJDT ����ۗ���

4VKBZ ,VNBS +BVIBS $ISJT %ZFS BOE &EVBSE )� )PWZ� ����� 0OUPMPHJDBMMZ HSPVOEFE NVMUJ�
TFOTF SFQSFTFOUBUJPO MFBSOJOH GPS TFNBOUJD WFDUPS TQBDF NPEFMT� *O /""$- )-5 ���� Fࡋ
���� $POGFSFODF PG UIF /PSUI "NFSJDBO $IBQUFS PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJT�
UJDT� )VNBO -BOHVBHF 5FDIOPMPHJFT %FOWFS $PMPSBEP 64" .BZ �� � +VOF � ���� QBHFT
���ۗ���� य़F "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

4FO +JB य़PNBT -BOTEBMM�8FMGBSF 4BBUWJHB 4VEIBIBS $ZOUIJB $BSUFS BOE /FMMP $SJTUJBOJOJ�
����� 8PNFO BSF TFFO NPSF UIBO IFBSE JO POMJOF OFXTQBQFST� 1MP4 POF ��	�
�F��������

9JO +JB 8FOKJF ;IPV 9V 4VO BOE :VOGBOH 8V� ����� &2(�3"$&� FYBNJOBUJPO�UZQF RVFTUJPO
HFOFSBUJPO� *OࡋJSUZ�'JࡄI """* $POGFSFODF PO "SUJटDJBM *OUFMMJHFODF """* ���� JSEࡋ�JSUZࡋ
$POGFSFODF PO *OOPWBUJWF "QQMJDBUJPOT PG "SUJटDJBM *OUFMMJHFODF *""* ���� Fࡋ &MFWFOUI 4ZN�
QPTJVN PO &EVDBUJPOBM "EWBODFT JO "SUJटDJBM *OUFMMJHFODF &""* ���� 7JSUVBM &WFOU 'FCSVBSZ
��� ���� QBHFT �����ۗ������ """* 1SFTT�

;IFOHCBP +JBOH +VO "SBLJ )BJCP %JOH BOE (SBIBN /FVCJH� ����B� )PX DBO XF LOPX XIFO
MBOHVBHF NPEFMT LOPX $P33 BCT������������

;IFOHCBP +JBOH 'SBOL '� 9V +VO "SBLJ BOE (SBIBN /FVCJH� ����C� )PX DBO XF LOPX XIBU
MBOHVBHF NPEFMT LOPX� 5SBOT� "TTPD� $PNQVU� -JOHVJTUJDT �����ۗ����

9JTFO +JO +VOZJ %V "SLB 4BEIV 3BN /FWBUJB BOE 9JBOH 3FO� ����� 7JTVBMMZ HSPVOEFE DPO�
UJOVBM MFBSOJOH PG DPNQPTJUJPOBM QISBTFT� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PO &NQJSJDBM
.FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH &./-1 ���� 0OMJOF /PWFNCFS ����� ���� QBHFT
����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

7JOFFU +PIO -JMJ .PV )BSFFTI #BIVMFZBO BOE 0MHB 7FDIUPNPWB� ����� %JTFOUBOHMFE SFQ�
SFTFOUBUJPO MFBSOJOH GPS OPO�QBSBMMFM UFYU TUZMF USBOTGFS� *O 1SPDFFEJOHT PG UIF ��UI "OOVBM
.FFUJOH PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT QBHFT ���ۗ����

+VTUJO +PIOTPO "OESFK ,BSQBUIZ BOE -J 'FJ�'FJ� ����� %FOTFDBQ� 'VMMZ DPOWPMVUJPOBM MPDBM�
J[BUJPO OFUXPSLT GPS EFOTF DBQUJPOJOH� *O ���� *&&& $POGFSFODF PO $PNQVUFS 7JTJPO BOE
1BࡇFSO 3FDPHOJUJPO $713 ���� -BT 7FHBT /7 64" +VOF ����� ���� QBHFT ����ۗ����� *&&&
$PNQVUFS 4PDJFUZ�

.BSL +PIOTPO ,BUIFSJOF %FNVUI BOE .JDIBFM $� 'SBOL� ����� &YQMPJUJOH TPDJBM JOGPSNBUJPO
JO HSPVOEFE MBOHVBHF MFBSOJOH WJB HSBNNBUJDBM SFEVDUJPO� *O Fࡋ ��UI "OOVBM .FFUJOH PG
UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT 1SPDFFEJOHT PG UIF $POGFSFODF +VMZ ���� ����
+FKV *TMBOE ,PSFB � 7PMVNF �� -POH 1BQFST QBHFT ���ۗ���� य़F "TTPDJBUJPO GPS $PNQVUFS
-JOHVJTUJDT�
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8 -FXJT +PIOTPO BOE 4BSB #FIBOJ ;BLFS� ����� य़F QPXFS PG TPDJBM TJNVMBUJPO GPS DIJOFTF
MBOHVBHF UFBDIJOH�

+PIO +POJEFT� ����� 7PMVOUBSZ WFSTVT BVUPNBUJD DPOUSPM PWFS UIF NJOET FZFT NPWFNFOU� "U�
UFOUJPO BOE QFSGPSNBODF *9 �����ۗ����

"SBWJOE , +PTIJ� ����� 1SPDFTTJOH PG TFOUFODFT XJUI JOUSB�TFOUFOUJBM DPEF�TXJUDIJOH� *O
1SPDFFEJOHT PG UIF �UI DPOGFSFODF PO $PNQVUBUJPOBM MJOHVJTUJDT�7PMVNF � QBHFT ���ۗ����
"DBEFNJB 1SBIB�

%B�$IFOH +VBO $IVO�5B -V ;IFO -J 'VUBOH 1FOH "MFLTFJ 5JNPGFFW :J�5JOH $IFO :BYJ (BP
5PN %VFSJH "OESFX 5PNLJOT BOE 4VKJUI 3BWJ� ����� (SBQI�SJTF� (SBQI�SFHVMBSJ[FE JNBHF
TFNBOUJD FNCFEEJOH� $P33 BCT������������

%B�$IFOH +VBO $IVO�5B -V ;IFO -J 'VUBOH 1FOH "MFLTFJ 5JNPGFFW :J�5JOH $IFO :BYJ (BP
5PN%VFSJH "OESFX 5PNLJOT BOE 4VKJUI 3BWJ� ����� 6MUSB OF�HSBJOFE JNBHF TFNBOUJD FN�
CFEEJOH� *O 1SPDFFEJOHT PG UIF ��UI *OUFSOBUJPOBM $POGFSFODF PO 8FC 4FBSDI BOE %BUB .JOJOH
QBHFT ���ۗ����

:VOKBF +VOH %BIVO ,JN 4BOHIZVO 8PP ,ZVOHTV ,JN 4VOHKJO ,JN BOE *O 4P ,XFPO� �����
)JEF�BOE�UFMM� -FBSOJOH UP CSJEHF QIPUP TUSFBNT GPS WJTVBM TUPSZUFMMJOH� *O Fࡋ JSUZ�'PVSUIࡋ
"""* $POGFSFODF PO "SUJटDJBM *OUFMMJHFODF """* ���� Fࡋ JSUZ�4FDPOEࡋ *OOPWBUJWF "QQMJDB�
UJPOT PG "SUJटDJBM *OUFMMJHFODF $POGFSFODF *""* ���� Fࡋ 5FOUI """* 4ZNQPTJVN PO &EVDB�
UJPOBM "EWBODFT JO "SUJटDJBM *OUFMMJHFODF &""* ���� /FX :PSL /: 64" 'FCSVBSZ ���� ����
QBHFT �����ۗ������ """* 1SFTT�

%BWJE +VSHFOT :VMJB 5TWFULPW BOE %BO +VSBGTLZ� ����� *ODPSQPSBUJOH EJBMFDUBM WBSJBCJMJUZ GPS
TPDJBMMZ FRVJUBCMF MBOHVBHF JEFOUJDBUJPO� *O 1SPDFFEJOHT PG UIF ��UI "OOVBM .FFUJOH PG UIF
"TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT "$- ���� 7BODPVWFS $BOBEB +VMZ �� � "VHVTU �
7PMVNF �� 4IPSU 1BQFST QBHFT ��ۗ��� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

)JSPUBLB ,BNFLP 4IJOTVLF .PSJ BOE :PTIJNBTB 5TVSVPLB� ����� $BO TZNCPM HSPVOEJOH
JNQSPWF MPX�MFWFM OMQ XPSE TFHNFOUBUJPO BT B DBTF TUVEZ� *O 1SPDFFEJOHT PG UIF ���� $PO�
GFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH &./-1 ���� -JTCPO 1PSUVHBM
4FQUFNCFS ����� ���� QBHFT ����ۗ����� य़F "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

%BOJFM ,BOH BOE 5BUTVOPSJ )BTIJNPUP� ����� *NQSPWFE OBUVSBM MBOHVBHF HFOFSBUJPO WJB MPTT
USVODBUJPO� $P33 BCT������������

:BOOJT ,BUTJT BOE $ISJTUJOF 5� 8PMG� ����� .PEFMMFOT� "O JOUFSBDUJWF TZTUFN UP TVQQPSU UIF
NPEFM JNQSPWFNFOU QSBDUJDFT PG EBUB TDJFODF UFBNT� *O $PNQBOJPO 1VCMJDBUJPO PG UIF ����
"$.$POGFSFODF PO $PNQVUFS 4VQQPSUFE $PPQFSBUJWF8PSL BOE 4PDJBM $PNQVUJOH $4$8 ����
"VTUJO 59 64" /PWFNCFS ����� ���� QBHFT �ۗ��� "$.�

,B[VZB ,BXBLBNJ $ISJT %ZFS BOE 1IJM #MVOTPN� ����� -FBSOJOH UP EJTDPWFS HSPVOE BOE VTF
XPSET XJUI TFHNFOUBM OFVSBM MBOHVBHF NPEFMT� *O 1SPDFFEJOHT PG UIF ��UI $POGFSFODF PG UIF
"TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT "$- ���� 'MPSFODF *UBMZ +VMZ ��� "VHVTU � ����
7PMVNF �� -POH 1BQFST QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�
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+PIO %� ,FMMFIFS (FFSU�+BO .� ,SVJK BOE 'JOUBO +� $PTUFMMP� ����� 1SPYJNJUZ JO DPOUFYU� "O
FNQJSJDBMMZ HSPVOEFE DPNQVUBUJPOBM NPEFM PG QSPYJNJUZ GPS QSPDFTTJOH UPQPMPHJDBM TQBUJBM
FYQSFTTJPOT� *O "$- ���� ��TU *OUFSOBUJPOBM $POGFSFODF PO $PNQVUBUJPOBM -JOHVJTUJDT BOE
��UI "OOVBM .FFUJOH PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT 1SPDFFEJOHT PG UIF $PO�
GFSFODF 4ZEOFZ "VTUSBMJB ����� +VMZ ����� य़F "TTPDJBUJPO GPS $PNQVUFS -JOHVJTUJDT�

$BTFZ ,FOOJOHUPO BOE %BWJE 4DIMBOHFO� ����� 4JNQMF MFBSOJOH BOE DPNQPTJUJPOBM BQQMJDBUJPO
PG QFSDFQUVBMMZ HSPVOEFE XPSE NFBOJOHT GPS JODSFNFOUBM SFGFSFODF SFTPMVUJPO� *O 1SPDFFE�
JOHT PG UIF ��SE "OOVBM .FFUJOH PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT BOE UIF �UI
*OUFSOBUJPOBM +PJOU $POGFSFODF PO /BUVSBM -BOHVBHF 1SPDFTTJOH PG UIF "TJBO 'FEFSBUJPO PG /BU�
VSBM -BOHVBHF 1SPDFTTJOH "$- ���� +VMZ ����� ���� #FJKJOH $IJOB 7PMVNF �� -POH 1BQFST
QBHFT ���ۗ���� य़F "TTPDJBUJPO GPS $PNQVUFS -JOHVJTUJDT�

"INFE ,IBMJGB (BCSJFMMB "# #BSSPT BOE +VMJBO 5PHFMJVT� ����� %FFQUJOHMF� BS9JW QSFQSJOU
BS9JW������������

4JNSBO ,IBOVKB 4BOEJQBO %BOEBQBU "OJSVEI 4SJOJWBTBO 4VOBZBOB 4JUBSBN BOE .POPKJU
$IPVEIVSZ� ����� (MVFDPT� "O FWBMVBUJPO CFODINBSL GPS DPEF�TXJUDIFE /-1� *O 1SPDFFE�
JOHT PG UIF ��UI "OOVBM .FFUJOH PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT "$- ����
0OMJOF +VMZ ���� ���� QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

$IMP© ,JEEPO -VLF ;F॒MFNPZFS BOE :FKJO $IPJ� ����� (MPCBMMZ DPIFSFOU UFYU HFOFSBUJPO
XJUI OFVSBM DIFDLMJTU NPEFMT� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PO &NQJSJDBM .FUIPET JO
/BUVSBM -BOHVBHF 1SPDFTTJOH QBHFT ���ۗ����

%PVXF ,JFMB -VBOB #VMBU BOE 4UFQIFO $MBSL� ����� (SPVOEJOH TFNBOUJDT JO PMGBDUPSZ QFSDFQ�
UJPO� *O 1SPDFFEJOHT PG UIF ��SE "OOVBM .FFUJOH PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJT�
UJDT BOE UIF �UI *OUFSOBUJPOBM +PJOU $POGFSFODF PO /BUVSBM -BOHVBHF 1SPDFTTJOH PG UIF "TJBO
'FEFSBUJPO PG /BUVSBM -BOHVBHF 1SPDFTTJOH "$- ���� +VMZ ����� ���� #FJKJOH $IJOB 7PMVNF
�� 4IPSU 1BQFST QBHFT ���ۗ���� य़F "TTPDJBUJPO GPS $PNQVUFS -JOHVJTUJDT�

%PVXF ,JFMB BOE 4UFQIFO $MBSL� ����� .VMUJ� BOE DSPTT�NPEBM TFNBOUJDT CFZPOE WJTJPO�
(SPVOEJOH JO BVEJUPSZ QFSDFQUJPO� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PO &NQJSJDBM .FUI�
PET JO /BUVSBM -BOHVBHF 1SPDFTTJOH &./-1 ���� -JTCPO 1PSUVHBM 4FQUFNCFS ����� ����
QBHFT ����ۗ����� य़F "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

.FSU ,JMJDLBZB "ZLVU &SEFN /B[MJ *LJ[MFS�$JOCJT BOE &SLVU &SEFN� ����� 3F�FWBMVBUJOH BV�
UPNBUJD NFUSJDT GPS JNBHF DBQUJPOJOH� *O 1SPDFFEJOHT PG UIF ��UI $POGFSFODF PG UIF &VSPQFBO
$IBQUFS PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT &"$- ���� 7BMFODJB 4QBJO "QSJM
��� ���� 7PMVNF �� -POH 1BQFST QBHFT ���ۗ���� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

+JO�)XB ,JN /JLJUB ,JUBFW 9JOMFJ $IFO .BSDVT 3PISCBDI #ZPVOH�5BL ;IBOH :VBOEPOH
5JBO %ISVW #BUSB BOE %FWJ 1BSJLI� ����B� $PESBX� $PMMBCPSBUJWF ESBXJOH BT B UFTUCFE GPS
HSPVOEFE HPBM�ESJWFO DPNNVOJDBUJPO� *O 1SPDFFEJOHT PG UIF ��UI $POGFSFODF PG UIF "TTPDJBUJPO
GPS $PNQVUBUJPOBM -JOHVJTUJDT "$- ���� 'MPSFODF *UBMZ +VMZ ��� "VHVTU � ���� 7PMVNF ��
-POH 1BQFST QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

4VXPO ,JN )POH:POH $IPJ +PPOH8PO )XBOH +BOH:PVOH 4POH 4BOH3PL -FF 5BF,BOH
8PP BOE "* .PEVMBCT� ����C� 7J[XJ[ JNBHF DBQUJPOJOH CBTFE PO BPBOFU XJUI TDFOF HSBQI�
JWD�JTDIPPM�VUFYBT�FEV�
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5BFIZFPOH ,JN .JO�0I )FP 4FPOJM 4PO ,ZPVOH�8IB 1BSL BOE #ZPVOH�5BL ;IBOH� �����
(MBD OFU� (MPDBM B॒FOUJPO DBTDBEJOH OFUXPSLT GPS NVMUJ�JNBHF DVFE TUPSZ HFOFSBUJPO� BS9JW
QSFQSJOU BS9JW������������

:PPO ,JN :BDJOF +FSOJUF %BWJE 4POUBH BOE "MFYBOEFS . 3VTI� ����� $IBSBDUFS�BXBSF OFVSBM
MBOHVBHF NPEFMT� *O """* QBHFT ����ۗ�����

#FO ,JOH BOE 4UFWFO "COFZ� ����� -BCFMJOH UIF MBOHVBHFT PG XPSET JO NJYFE�MBOHVBHF EPDV�
NFOUT VTJOH XFBLMZ TVQFSWJTFE NFUIPET� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PG UIF /PSUI
"NFSJDBO $IBQUFS PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT� )VNBO -BOHVBHF 5FDI�
OPMPHJFT QBHFT ����ۗ�����

%JFEFSJL 1� ,JOHNB BOE +JNNZ #B� ����� "EBN� " NFUIPE GPS TUPDIBTUJD PQUJNJ[BUJPO� $P33
BCT�����������

4WFUMBOB ,JSJUDIFOLP BOE 4BJG .PIBNNBE� ����� &YBNJOJOH HFOEFS BOE SBDF CJBT JO UXP IVO�
ESFE TFOUJNFOU BOBMZTJT TZTUFNT� *O 1SPDFFEJOHT PG UIF 4FWFOUI +PJOU $POGFSFODF PO -FYJDBM
BOE $PNQVUBUJPOBM 4FNBOUJDT �4&.!/""$-�)-5 ���� /FX 0SMFBOT -PVJTJBOB 64" +VOF
��� ���� QBHFT ��ۗ��� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

+BNJF 3ZBO ,JSPT 8JMMJBN $IBO BOE (FPSFZ &� )JOUPO� ����� *MMVTUSBUJWF MBOHVBHF VOEFS�
TUBOEJOH� -BSHF�TDBMF WJTVBM HSPVOEJOH XJUI JNBHF TFBSDI� *O 1SPDFFEJOHT PG UIF ��UI "OOVBM
.FFUJOH PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT "$- ���� .FMCPVSOF "VTUSBMJB +VMZ
����� ���� 7PMVNF �� -POH 1BQFST QBHFT ���ۗ���� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJT�
UJDT�

(VJMMBVNF ,MFJO :PPO ,JN :VOUJBO %FOH +FBO 4FOFMMBSU BOE "MFYBOEFS . 3VTI� ����� 0QFO�
ONU� 0QFO�TPVSDF UPPMLJU GPS OFVSBM NBDIJOF USBOTMBUJPO� *O 1SPDFFEJOHT PG "$- ���� 4ZTUFN
%FNPOTUSBUJPOT QBHFT ��ۗ���

1IJMJQQ ,PFIO� ����� &VSPQBSM� " QBSBMMFM DPSQVT GPS TUBUJTUJDBM NBDIJOF USBOTMBUJPO� *O .5
TVNNJU WPMVNF � QBHFT ��ۗ��� $JUFTFFS�

4IJNPO ,PHBO 5PCJBT + .PTLPXJU[ BOE .BSJOB /JFTTOFS� ����� 'BLF OFXT� &WJEFODF GSPN
OBODJBM NBSLFUT� "WBJMBCMF BU 443/ ��������

&SJD ,PMWF 3PP[CFI .P॒BHIJ 8JOTPO )BO &MJ 7BOEFS#JMU -VDB 8FJIT "MWBSP )FSSBTUJ
%BOJFM (PSEPO :VLF ;IV "CIJOBW (VQUB BOE "MJ 'BSIBEJ� ����� "*��5)03� "O *OUFSBDUJWF
�% &OWJSPONFOU GPS 7JTVBM "*� BS9JW�

3JL ,PODFM�,FE[JPSTLJ %IBOVTI #FLBM :J -VBO .JSFMMB -BQBUB BOE )BOOBOFI )BKJTIJS[J�
����� 5FYU HFOFSBUJPO GSPN LOPXMFEHF HSBQIT XJUI HSBQI USBOTGPSNFST� *O 1SPDFFEJOHT
PG UIF ���� $POGFSFODF PG UIF /PSUI "NFSJDBO $IBQUFS PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM
-JOHVJTUJDT� )VNBO -BOHVBHF 5FDIOPMPHJFT /""$-�)-5 ���� .JOOFBQPMJT ./ 64" +VOF
��� ���� 7PMVNF � 	-POH BOE 4IPSU 1BQFST
 QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM
-JOHVJTUJDT�

3JL ,PODFM�,FE[JPSTLJ )BOOBOFI )BKJTIJS[J BOE "MJ 'BSIBEJ� ����� .VMUJ�SFTPMVUJPO MBOHVBHF
HSPVOEJOHXJUIXFBL TVQFSWJTJPO� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PO &NQJSJDBM .FUIPET
JO /BUVSBM -BOHVBHF 1SPDFTTJOH &./-1 ���� 0DUPCFS ����� ���� %PIB 2BUBS " NFFUJOH PG
4*(%"5 B 4QFDJBM *OUFSFTU (SPVQ PG UIF "$- QBHFT ���ۗ���� "$-�
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*PBOOJT ,POTUBT BOE .JSFMMB -BQBUB� ����� 6OTVQFSWJTFE DPODFQU�UP�UFYU HFOFSBUJPO XJUI IZ�
QFSHSBQIT� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PG UIF /PSUI "NFSJDBO $IBQUFS PG UIF "TTP�
DJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT� )VNBO -BOHVBHF 5FDIOPMPHJFT QBHFT ���ۗ���� "TTP�
DJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

"OB¯T ,PQUJFOU .VSJFM -POESFT BOE /BUBMJB (SBCBS� ����� 'JOF�HSBJOFE TJNQMJDBUJPO PG NFEJ�
DBM EPDVNFOUT� *O 1VCMJD )FBMUI BOE *OGPSNBUJDT � 1SPDFFEJOHT PG .*& ���� .FEJDBM *OGPSNBUJDT
&VSPQF 7JSUVBM &WFOU .BZ ����� ���� WPMVNF ��� PG 4UVEJFT JO )FBMUI 5FDIOPMPHZ BOE *OGPS�
NBUJDT QBHFT ���ۗ���� *04 1SFTT�

4BUXJL ,P॒VS 4FVOHXIBO .PPO "MCPS[ (FSBNJGBSE BOE #BCBL %BNBWBOEJ� ����B� 4*..$
���� " UBTL�PSJFOUFE EJBMPH EBUBTFU GPS JNNFSTJWF NVMUJNPEBM DPOWFSTBUJPOT� $P33
BCT������������

4BUXJL ,P॒VS 4FVOHXIBO .PPO "MCPS[ (FSBNJGBSE BOE #BCBL %BNBWBOEJ� ����C� 4*..$
���� " UBTL�PSJFOUFE EJBMPH EBUBTFU GPS JNNFSTJWF NVMUJNPEBM DPOWFSTBUJPOT� *O 1SPDFFEJOHT
PG UIF ���� $POGFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH &./-1 ����
7JSUVBM &WFOU � 1VOUB $BOB %PNJOJDBO 3FQVCMJD ���� /PWFNCFS ���� QBHFT ����ۗ����� "T�
TPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

3PCFSU . ,SBVTT BOE 4VTBO 3 'VTTFMM� ����� .VUVBM LOPXMFEHF BOE DPNNVOJDBUJWF FFDUJWF�
OFTT� *OUFMMFDUVBM UFBNXPSL� 4PDJBM BOE UFDIOPMPHJDBM GPVOEBUJPOT PG DPPQFSBUJWF XPSL QBHFT
���ۗ����

3BOKBZ ,SJTIOB :VLF ;IV 0MJWFS (SPUI +VTUJO +PIOTPO ,FOKJ )BUB +PTIVB ,SBWJU[ 4UFQIBOJF
$IFO :BOOJT ,BMBOUJEJT -J�+JB -J %BWJE "� 4IBNNB .JDIBFM #FSOTUFJO BOE -J 'FJ�'FJ� �����
7JTVBM (FOPNF� $POOFDUJOH MBOHVBHF BOE WJTJPO VTJOH DSPXETPVSDFE EFOTF JNBHF BOOPUB�
UJPOT� *+$7 ���	�
���ۗ���

3FOP ,SJ[ +P£P 4FEPD .BSJBOOB "QJEJBOBLJ $BSPMJOB ;IFOH (BVSBW ,VNBS &MFOJ .JMUTBLBLJ
BOE $ISJT $BMMJTPO�#VSDI� ����� $PNQMFYJUZ�XFJHIUFE MPTT BOE EJWFSTF SFSBOLJOH GPS TFO�
UFODF TJNQMJDBUJPO� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PG UIF /PSUI "NFSJDBO $IBQUFS PG
UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT� )VNBO -BOHVBHF 5FDIOPMPHJFT 7PMVNF � 	-POH
BOE 4IPSU 1BQFST
 QBHFT ����ۗ�����

"MFYBOEFS ,V 1FUFS "OEFSTPO 3PNB 1BUFM &VHFOF *F BOE +BTPO #BMESJEHF� ����� 3PPN�
BDSPTT�SPPN� .VMUJMJOHVBM WJTJPO�BOE�MBOHVBHF OBWJHBUJPO XJUI EFOTF TQBUJPUFNQPSBM
HSPVOEJOH� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF
1SPDFTTJOH &./-1 ���� 0OMJOF /PWFNCFS ����� ���� QBHFT ����ۗ����� "TTPDJBUJPO GPS
$PNQVUBUJPOBM -JOHVJTUJDT�

*MJB ,VMJLPW "MFYBOEFS .JMMFS ,ZVOHIZVO $IP BOE +BTPO 8FTUPO� ����� *NQPSUBODF PG TFBSDI
BOE FWBMVBUJPO TUSBUFHJFT JO OFVSBM EJBMPHVFNPEFMJOH� *O 1SPDFFEJOHT PG UIF ��UI *OUFSOBUJPOBM
$POGFSFODF PO /BUVSBM -BOHVBHF (FOFSBUJPO QBHFT ��ۗ���

(JSJTI ,VMLBSOJ 7JTSVUI 1SFNSBK 7JDFOUF 0SEPOF[ 4BHOJL %IBS 4JNJOH -J :FKJO $IPJ
"MFYBOEFS $ #FSH BOE 5BNBSB - #FSH� ����� #BCZUBML� 6OEFSTUBOEJOH BOE HFOFSBUJOH TJNQMF
JNBHF EFTDSJQUJPOT� WPMVNF �� QBHFT ����ۗ����� *&&&�
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"OPPQ ,VODIVLV॒BO 3BUJTI 1VEVQQVMMZ BOE 1VTIQBL #IB॒BDIBSZZB� ����� #SBINJ�/FU� "
USBOTMJUFSBUJPO BOE TDSJQU DPOWFSTJPO TZTUFN GPS MBOHVBHFT PG UIF *OEJBO TVCDPOUJOFOU� *O
)-5�/""$- QBHFT ��ۗ���

,JZPTIJ ,VSJIBSB "UTVTIJ *NBJ /PCVNBTB 4FJZBNB 5PTIJIJSP 4IJNJ[V 4IPFJ 4BUP *DIJSP
:BNBEB 5BEBTIJ ,VNBOP 3FJLP 5BLP 5BSP .JZB[BLJ .BOPO *DIJLJ FU BM� ����� "VUP�
NBUJD HFOFSBUJPO PG BVEJP EFTDSJQUJPOT GPS TQPSUT QSPHSBNT� 4.15& .PUJPO *NBHJOH +PVSOBM
���	�
���ۗ���

"MJOB ,V[OFUTPWB .PIBNBE )BTTBO .PIBNBE 3PN /FJM "MMESJO +BTQFS 6JKMJOHT *WBO ,SBTJO
+PSEJ 1POU�5VTFU 4IBIBC ,BNBMJ 4UFGBO 1PQPW .B॒FP .BMMPDJ "MFYBOEFS ,PMFTOJLPW FU BM�
����� य़F PQFO JNBHFT EBUBTFU W�� 6OJFE JNBHF DMBTTJDBUJPO PCKFDU EFUFDUJPO BOE WJTVBM
SFMBUJPOTIJQ EFUFDUJPO BU TDBMF�

1PMJOB ,V[OFUTPWB 7JDFOUF 0SEPOF[ 5BNBSB - #FSH BOE :FKJO $IPJ� ����� 5SFFUBML� $PNQP�
TJUJPO BOE DPNQSFTTJPO PG USFFT GPS JNBHF EFTDSJQUJPOT� 5SBOTBDUJPOT PG UIF "TTPDJBUJPO GPS
$PNQVUBUJPOBM -JOHVJTUJDT �����ۗ����

)JNBCJOEV -BLLBSBKV BOE 0TCFSU #BTUBOJ� ����� ۡIPX EP * GPPM ZPV ۡ� .BOJQVMBUJOH VTFS USVTU
WJB NJTMFBEJOH CMBDL CPY FYQMBOBUJPOT� *O "*&4 ���ڣ """*�"$. $POGFSFODF PO "* &UIJDT BOE
4PDJFUZ /FX :PSL /: 64" 'FCSVBSZ ��� ���� QBHFT ��ۗ��� "$.�

"MFY . -BNC "OJSVEI (PZBM "MJBT 1BSUI (PZBM :JOH ;IBOH 4BJ[IFOH ;IBOH "BSPO $
$PVSWJMMF BOE :PTIVB #FOHJP� ����� 1SPGFTTPS GPSDJOH� " OFX BMHPSJUIN GPS USBJOJOH SF�
DVSSFOU OFUXPSLT� *O "EWBODFT *O /FVSBM *OGPSNBUJPO 1SPDFTTJOH 4ZTUFNT QBHFT ����ۗ�����

(VJMMBVNF -BNQMF 4BOEFFQ 4VCSBNBOJBO &SJD 4NJUI -VEPWJD %FOPZFS .BSD"VSFMJP 3BO[BUP
BOE :�-BO #PVSFBV� ����� .VMUJQMF�B॒SJCVUF UFYU SFXSJUJOH� *O *OUFSOBUJPOBM $POGFSFODF PO
-FBSOJOH 3FQSFTFOUBUJPOT�

8FJZV -BO 9JSPOH -J BOE +JBOGFOH %POH� ����� 'MVFODZ�HVJEFE DSPTT�MJOHVBM JNBHF DBQUJPO�
JOH� *O 1SPDFFEJOHT PG UIF ��UI "$. JOUFSOBUJPOBM DPOGFSFODF PO .VMUJNFEJB QBHFT ����ۗ�����

7FSPOJDB -BUDJOOJL BOE +POBUIBO #FSBOU� ����� &YQMBJOJOH RVFTUJPO BOTXFSJOH NPEFMT UISPVHI
UFYU HFOFSBUJPO� $P33 BCT������������

+BWJFS -BUPSSF ,PKJ *XBOP BOE 4BEBPLJ 'VSVJ� ����� /FX BQQSPBDI UP UIF QPMZHMPU TQFFDI HFO�
FSBUJPO CZ NFBOT PG BO )..�CBTFE TQFBLFS BEBQUBCMF TZOUIFTJ[FS� 4QFFDI $PNNVOJDBUJPO
��	��
�����ۗ�����

'MPSJBO -BXT -VLBT .JDIFMCBDIFS #FBUF %PSPX $ISJTUJBO 4DIFJCMF 6MSJDI )FJE BOE )JOSJDI
4DI¼U[F� ����� " MJOHVJTUJDBMMZ HSPVOEFE HSBQI NPEFM GPS CJMJOHVBM MFYJDPO FYUSBDUJPO� *O
$0-*/( ���� ��SE *OUFSOBUJPOBM $POGFSFODF PO $PNQVUBUJPOBM -JOHVJTUJDT 1PTUFST 7PMVNF
����� "VHVTU ���� #FJKJOH $IJOB QBHFT ���ۗ���� $IJOFTF *OGPSNBUJPO 1SPDFTTJOH 4PDJFUZ PG
$IJOB�

$ISJT WBO EFS -FF "MCFSU (B॒ &NJFM WBO .JMUFOCVSH 4BOEFS 8VCCFO BOE &NJFM ,SBINFS�
����� #FTU QSBDUJDFT GPS UIF IVNBO FWBMVBUJPO PG BVUPNBUJDBMMZ HFOFSBUFE UFYU� *O 1SPDFFEJOHT
PG UIF ��UI *OUFSOBUJPOBM $POGFSFODF PO/BUVSBM -BOHVBHF (FOFSBUJPO */-( ���� 5PLZP +BQBO
0DUPCFS �� � /PWFNCFS � ���� QBHFT ���ۗ���� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�
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(SBOEFF -FF 9JBOHIV :VF BOE )BJ[IPV -J� ����� -JOHVJTUJDBMMZ NPUJWBUFE QBSBMMFM EBUB BVH�
NFOUBUJPO GPS DPEF�TXJUDI MBOHVBHF NPEFMJOH� 1SPD� *OUFSTQFFDI ���� QBHFT ����ۗ�����

+BTPO -FF &MNBO .BOTJNPW BOE ,ZVOHIZVO $IP� ����� %FUFSNJOJTUJD OPO�BVUPSFHSFTTJWF
OFVSBM TFRVFODF NPEFMJOH CZ JUFSBUJWF SFOFNFOU� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PO
&NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH #SVTTFMT #FMHJVN 0DUPCFS �� � /PWFNCFS
� ���� QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

8FOEZ ( -FIOFSU� ����� 1MPU VOJUT� " OBSSBUJWF TVNNBSJ[BUJPO TUSBUFHZ� 4USBUFHJFT GPS OBUVSBM
MBOHVBHF QSPDFTTJOH QBHFT ���ۗ����

8FOEZ ( -FIOFSU BOE &MBJOF 8 7JOF� ����� य़F SPMF PG BFDU JO OBSSBUJWF TUSVDUVSF� $PHOJUJPO
BOE FNPUJPO �	�
����ۗ����

+JF -FJ -JDIFOH :V 5BNBSB -� #FSH BOE.PIJU #BOTBM� ����B� 572"�� TQBUJP�UFNQPSBM HSPVOE�
JOH GPS WJEFP RVFTUJPO BOTXFSJOH� *O 1SPDFFEJOHT PG UIF ��UI "OOVBM .FFUJOH PG UIF "TTPDJBUJPO
GPS $PNQVUBUJPOBM -JOHVJTUJDT "$- ���� 0OMJOF +VMZ ���� ���� QBHFT ����ۗ����� "TTPDJB�
UJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

+JF -FJ -JDIFOH :V 5BNBSB -� #FSH BOE .PIJU #BOTBM� ����C� 8IBU JT NPSF MJLFMZ UP IBQQFO
OFYU WJEFP�BOE�MBOHVBHF GVUVSF FWFOU QSFEJDUJPO� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF
PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH &./-1 ���� 0OMJOF /PWFNCFS �����
���� QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

%BWJE -FXJT� ����� $POWFOUJPO� " QIJMPTPQIJDBM TUVEZ� +PIO 8JMFZ � 4POT�

.JLF -FXJT :JOIBO -JV /BNBO (PZBM .BSKBO (IB[WJOJOFKBE "CEFMSBINBO .PIBNFE 0NFS
-FWZ 7FT 4UPZBOPW BOE -VLF ;F॒MFNPZFS� ����� #BSU� %FOPJTJOH TFRVFODF�UP�TFRVFODF QSF�
USBJOJOH GPS OBUVSBM MBOHVBHF HFOFSBUJPO USBOTMBUJPO BOE DPNQSFIFOTJPO� BS9JW QSFQSJOU
BS9JW������������

1BUSJDL 4� )� -FXJT &UIBO 1FSF[ "MFLTBOESB 1JLUVT 'BCJP 1FUSPOJ 7MBEJNJS ,BSQVLIJO /BNBO
(PZBM )FJOSJDI ,¼॒MFS .JLF -FXJT 8FO�UBV :JI 5JN 3PDLU¤TDIFM 4FCBTUJBO 3JFEFM BOE
%PVXF ,JFMB� ����� 3FUSJFWBM�BVHNFOUFE HFOFSBUJPO GPS LOPXMFEHF�JOUFOTJWF /-1 UBTLT�
$P33 BCT������������

(FO -J /BO %VBO :VFKJBO 'BOH %BYJO +JBOH BOE.JOH ;IPV� ����B� 6OJDPEFS�7-� " VOJWFSTBM
FODPEFS GPS WJTJPO BOE MBOHVBHF CZ DSPTT�NPEBM QSF�USBJOJOH� *O """*�

(VBOH -J -JODIBP ;IV 1JOH -JV BOE :J :BOH� ����B� &OUBOHMFE USBOTGPSNFS GPS JNBHF DBQ�
UJPOJOH� *O ���� *&&&�$7' *OUFSOBUJPOBM $POGFSFODF PO $PNQVUFS 7JTJPO *$$7 ���� 4FPVM
,PSFB 	4PVUI
 0DUPCFS �� � /PWFNCFS � ���� QBHFT ����ۗ����� *&&&�

+JBOHZVO -J 1FOH :BP -POHUFOH (VP BOE 8FJDVO ;IBOH� ����C� #PPTUFE USBOTGPSNFS GPS
JNBHF DBQUJPOJOH� "QQMJFE 4DJFODFT 	���������
 �	��
�

+JXFJ -J .JDIFM (BMMFZ $ISJT #SPDLF॒ +JBOGFOH (BP BOE #JMM %PMBO� ����B� " EJWFSTJUZ�
QSPNPUJOH PCKFDUJWF GVODUJPO GPS OFVSBM DPOWFSTBUJPO NPEFMT� *O 1SPDFFEJOHT PG UIF ����
$POGFSFODF PG UIF /PSUI "NFSJDBO $IBQUFS PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�
)VNBO -BOHVBHF 5FDIOPMPHJFT QBHFT ���ۗ����
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+JXFJ -J .JDIFM (BMMFZ $ISJT #SPDLF॒ (FPSHJPT 4QJUIPVSBLJT +JBOGFOH (BP BOE #JMM %PMBO�
����C� " QFSTPOB�CBTFE OFVSBM DPOWFSTBUJPONPEFM� *O 1SPDFFEJOHT PG UIF ��UI "OOVBM.FFUJOH
PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT 	7PMVNF �� -POH 1BQFST
 WPMVNF � QBHFT
���ۗ�����

+JXFJ -J 8JMM .POSPF 5JBOMJO 4IJ 4©CBTUJFO +FBO "MBO 3J॒FS BOE %BO +VSBGTLZ� ����� "EWFS�
TBSJBM MFBSOJOH GPS OFVSBM EJBMPHVF HFOFSBUJPO� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PO &NQJS�
JDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH &./-1 ���� $PQFOIBHFO %FONBSL 4FQUFNCFS
���� ���� QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

+VODFO -J 3PCJO +JB )F )F BOE 1FSDZ -JBOH� ����B� %FMFUF SFUSJFWF HFOFSBUF� B TJNQMF BQ�
QSPBDI UP TFOUJNFOU BOE TUZMF USBOTGFS� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PG UIF /PSUI
"NFSJDBO $IBQUFS PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT� )VNBO -BOHVBHF 5FDI�
OPMPHJFT 7PMVNF � 	-POH 1BQFST
 QBHFT ����ۗ�����

/BOOBO -J BOE ;IFO[IPOH $IFO� ����� *NBHF DBUJPOJOH XJUI WJTVBM�TFNBOUJD -45.� *O 1SP�
DFFEJOHT PG UIF 5XFOUZ�4FWFOUI *OUFSOBUJPOBM +PJOU $POGFSFODF PO "SUJटDJBM *OUFMMJHFODF *+$"*
���� +VMZ ����� ���� 4UPDLIPMN 4XFEFO QBHFT ���ۗ���� JKDBJ�PSH�

2JOH -J 2JOHZJ 5BP 4IBR 3� +PUZ +JBOGFJ $BJ BOE +JFCP -VP� ����C� 72"�&� FYQMBJOJOH
FMBCPSBUJOH BOE FOIBODJOH ZPVS BOTXFST GPS WJTVBM RVFTUJPOT� *O $PNQVUFS 7JTJPO � &$$7
���� � ��UI &VSPQFBO $POGFSFODF .VOJDI (FSNBOZ 4FQUFNCFS ���� ���� 1SPDFFEJOHT 1BSU
7** WPMVNF ����� PG -FDUVSF /PUFT JO $PNQVUFS 4DJFODF QBHFT ���ۗ���� 4QSJOHFS�

4JNJOH -J (JSJTI ,VMLBSOJ 5BNBSB #FSH "MFYBOEFS #FSH BOE :FKJO $IPJ� ����� $PNQPTJOH
TJNQMF JNBHF EFTDSJQUJPOT VTJOHXFC�TDBMF O�HSBNT� *O 1SPDFFEJOHT PG UIF 'JࡄFFOUI $POGFSFODF
PO $PNQVUBUJPOBM /BUVSBM -BOHVBHF -FBSOJOH QBHFT ���ۗ����

8FJ -J $BO (BP (VPDIFOH /JV 9JOZBO 9JBP )BP -JV +JBDIFO -JV )VB 8V BOE )BJGFOH
8BOH� ����� 6/*.0� UPXBSET VOJFE�NPEBM VOEFSTUBOEJOH BOE HFOFSBUJPO WJB DSPTT�NPEBM
DPOUSBTUJWF MFBSOJOH� *O 1SPDFFEJOHT PG UIF ��UI "OOVBM .FFUJOH PG UIF "TTPDJBUJPO GPS $PN�
QVUBUJPOBM -JOHVJTUJDT BOE UIF ��UI *OUFSOBUJPOBM +PJOU $POGFSFODF PO /BUVSBM -BOHVBHF 1SP�
DFTTJOH "$-�*+$/-1 ���� 	7PMVNF �� -POH 1BQFST
 7JSUVBM &WFOU "VHVTU ��� ���� QBHFT
����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

9JBOH -JTB -J BOE 1FSDZ -JBOH� ����� 1SFY�UVOJOH� 0QUJNJ[JOH DPOUJOVPVT QSPNQUT GPS HFOFS�
BUJPO� *O 1SPDFFEJOHT PG UIF ��UI "OOVBM .FFUJOH PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJT�
UJDT BOE UIF ��UI *OUFSOBUJPOBM +PJOU $POGFSFODF PO /BUVSBM -BOHVBHF 1SPDFTTJOH "$-�*+$/-1
���� 	7PMVNF �� -POH 1BQFST
 7JSUVBM &WFOU "VHVTU ��� ���� QBHFT ����ۗ����� "TTPDJBUJPO
GPS $PNQVUBUJPOBM -JOHVJTUJDT�

9JBPMPOH -J BOE ,SJTUZ #PZFS� ����� 4FNBOUJD HSPVOEJOH JO EJBMPHVF GPS DPNQMFY QSPCMFN
TPMWJOH� *O /""$- )-5 ���� Fࡋ ���� $POGFSFODF PG UIF /PSUI "NFSJDBO $IBQUFS PG UIF
"TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT� )VNBO -BOHVBHF 5FDIOPMPHJFT %FOWFS $PMPSBEP
64" .BZ �� � +VOF � ���� QBHFT ���ۗ���� य़F "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

9JVKVO -J 9J :JO $IVOZVBO -J 1FOHDIVBO ;IBOH 9JBPXFJ )V -FJ ;IBOH -JKVBO 8BOH
)PVEPOH )V -J %POH 'VSV 8FJ :FKJO $IPJ BOE +JBOGFOH (BP� ����C� 0TDBS� 0CKFDU�
TFNBOUJDT BMJHOFE QSF�USBJOJOH GPS WJTJPO�MBOHVBHF UBTLT� *O $PNQVUFS 7JTJPO � &$$7 ���� �
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��UI &VSPQFBO $POGFSFODF (MBTHPX 6, "VHVTU ����� ���� 1SPDFFEJOHT 1BSU 999 WPMVNF
����� PG -FDUVSF /PUFT JO $PNQVUFS 4DJFODF QBHFT ���ۗ���� 4QSJOHFS�

:BOH -J BOE 1FUFS $MBSL� ����� "OTXFSJOH FMFNFOUBSZ TDJFODF RVFTUJPOT CZ DPOTUSVDUJOH DPIFS�
FOU TDFOFT VTJOH CBDLHSPVOE LOPXMFEHF� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PO &NQJSJDBM
.FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH &./-1 ���� -JTCPO 1PSUVHBM 4FQUFNCFS ����� ����
QBHFT ����ۗ����� य़F "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

:JOH -J BOE 1BTDBMF 'VOH� ����� $PEF�TXJUDI MBOHVBHF NPEFM XJUI JOWFSTJPO DPOTUSBJOUT GPS
NJYFE MBOHVBHF TQFFDI SFDPHOJUJPO� *O 1SPDFFEJOHT PG $0-*/( ���� QBHFT ����ۗ�����

:JOH -J BOE 1BTDBMF 'VOH� ����� *NQSPWFE NJYFE MBOHVBHF TQFFDI SFDPHOJUJPO VTJOH BTZNNFU�
SJD BDPVTUJD NPEFM BOE MBOHVBHF NPEFM XJUI DPEF�TXJUDI JOWFSTJPO DPOTUSBJOUT� *O "DPVTUJDT
4QFFDI BOE 4JHOBM 1SPDFTTJOH 	*$"441
 ���� *&&& *OUFSOBUJPOBM $POGFSFODF PO QBHFT ����ۗ
����� *&&&�

:JOH -J BOE 1BTDBMF 'VOH� ����� $PEF TXJUDI MBOHVBHF NPEFMJOH XJUI GVODUJPOBM IFBE DPO�
TUSBJOU� *O "DPVTUJDT 4QFFDI BOE 4JHOBM 1SPDFTTJOH 	*$"441
 ���� *&&& *OUFSOBUJPOBM $POGFS�
FODF PO QBHFT ����ۗ����� *&&&�

:VUPOH -J /JDIPMBT (FLBLJT 2JV[F 8V #PZVF -J ,IZBUIJ $IBOEV BOE &SJD /ZCFSH� ����D�
&YUSBDUJPO NFFUT BCTUSBDUJPO� *EFBM BOTXFS HFOFSBUJPO GPS CJPNFEJDBM RVFTUJPOT� *O 1SPDFFE�
JOHT PG UIF �UI #JP"42 8PSLTIPQ " DIBMMFOHF PO MBSHF�TDBMF CJPNFEJDBM TFNBOUJD JOEFYJOH BOE
RVFTUJPO BOTXFSJOH QBHFT ��ۗ���

;FLBOH -J $IFOH /JV 'BOEPOH .FOH :BOH 'FOH 2JBO -J BOE +JF ;IPV� ����D� *ODSFNFO�
UBM USBOTGPSNFS XJUI EFMJCFSBUJPO EFDPEFS GPS EPDVNFOU HSPVOEFE DPOWFSTBUJPOT� *O 1SP�
DFFEJOHT PG UIF ��UI $POGFSFODF PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT "$- ����
'MPSFODF *UBMZ +VMZ ��� "VHVTU � ���� 7PMVNF �� -POH 1BQFST QBHFT ��ۗ��� "TTPDJBUJPO GPS
$PNQVUBUJPOBM -JOHVJTUJDT�

)VJ -JBOH :BP 2JBO BOE 'SBOL , 4PPOH� ����� "O )..�CBTFE #JMJOHVBM 	.BOEBSJO�&OHMJTI

554� 1SPDFFEJOHT PG 448��

$IJO�:FX -JO� ����� 3PVHF� " QBDLBHF GPS BVUPNBUJD FWBMVBUJPO PG TVNNBSJFT� 5FYU 4VNNB�
SJ[BUJPO #SBODIFT 0VU�

$IJO�:FX -JO BOE &EVBSE )PWZ� ����� .BOVBM BOE BVUPNBUJD FWBMVBUJPO PG TVNNBSJFT� *O
1SPDFFEJOHT PG UIF "$-��� 8PSLTIPQ PO "VUPNBUJD 4VNNBSJ[BUJPO QBHFT ��ۗ���

$IJO�:FX -JO BOE &EVBSE )PWZ� ����� "VUPNBUJD FWBMVBUJPO PG TVNNBSJFT VTJOH O�HSBN DP�
PDDVSSFODF TUBUJTUJDT� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PG UIF /PSUI "NFSJDBO $IBQUFS
PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT PO )VNBO -BOHVBHF 5FDIOPMPHZ�7PMVNF �
QBHFT ��ۗ��� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

)VJ -JO BOE 7JODFOU /H� ����� "CTUSBDUJWF TVNNBSJ[BUJPO� " TVSWFZ PG UIF TUBUF PG UIF BSU� *O
1SPDFFEJOHT PG UIF """* $POGFSFODF PO "SUJटDJBM *OUFMMJHFODF WPMVNF �� QBHFT ����ۗ�����

5TVOH�:J -JO .JDIBFM .BJSF 4FSHF +� #FMPOHJF +BNFT )BZT 1JFUSP 1FSPOB %FWB 3BNBOBO
1JPUS %PMM¡S BOE $� -BXSFODF ;JUOJDL� ����� .JDSPTPॏ $0$0� DPNNPO PCKFDUT JO DPOUFYU�
*O $PNQVUFS 7JTJPO � &$$7 ���� � ��UI &VSPQFBO $POGFSFODF ;VSJDI 4XJU[FSMBOE 4FQUFNCFS
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���� ���� 1SPDFFEJOHT 1BSU 7 WPMVNF ���� PG -FDUVSF /PUFT JO $PNQVUFS 4DJFODF QBHFT ���ۗ
���� 4QSJOHFS�

4BOEFS 7BO EFS -JOEFO $PTUBT 1BOBHPQPVMPT BOE +PO 3PP[FOCFFL� ����� :PV BSF GBLF OFXT�
QPMJUJDBM CJBT JO QFSDFQUJPOT PG GBLF OFXT� .FEJB $VMUVSF � 4PDJFUZ ��	�
����ۗ����

;BDIBSZ $� -JQUPO� ����� य़F NZUIPT PG NPEFM JOUFSQSFUBCJMJUZ� $PNNVO� "$. ��	��
���ۗ���

$IBOHTPOH -JV -BOCP 4IF 3VJ 'BOH BOE +PZDF :� $IBJ� ����� 1SPCBCJMJTUJD MBCFMJOH GPS FG�
DJFOU SFGFSFOUJBM HSPVOEJOH CBTFE PO DPMMBCPSBUJWF EJTDPVSTF� *O 1SPDFFEJOHT PG UIF ��OE
"OOVBM .FFUJOH PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT "$- ���� +VOF ����� ����
#BMUJNPSF .% 64" 7PMVNF �� 4IPSU 1BQFST QBHFT ��ۗ��� य़F "TTPDJBUJPO GPS $PNQVUFS
-JOHVJTUJDT�

$IBOHTPOH -JV 4IBPIVB :BOH 4BSJ 4BCB�4BEJZB /JTIBOU 4IVLMB :VO[IPOH )F 4POH�$IVO
;IV BOE +PZDF :VF $IBJ� ����B� +PJOUMZ MFBSOJOH HSPVOEFE UBTL TUSVDUVSFT GSPN MBOHVBHF
JOTUSVDUJPO BOE WJTVBM EFNPOTUSBUJPO� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PO &NQJSJDBM
.FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH &./-1 ���� "VTUJO 5FYBT 64" /PWFNCFS ���
���� QBHFT ����ۗ����� य़F "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

$IJB�8FJ -JV 3ZBO -PXF *VMJBO 7MBE 4FSCBO .JLF /PTFXPSUIZ -BVSFOU $IBSMJO BOE +PFMMF
1JOFBV� ����C� )PX OPU UP FWBMVBUF ZPVS EJBMPHVF TZTUFN� "O FNQJSJDBM TUVEZ PG VOTV�
QFSWJTFE FWBMVBUJPO NFUSJDT GPS EJBMPHVF SFTQPOTF HFOFSBUJPO� *O 1SPDFFEJOHT PG UIF ����
$POGFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH QBHFT ����ۗ�����

'FOHMJO -JV 9VBODIFOH 3FO :VBOYJO -JV )PVGFOH 8BOH BOE 9V 4VO� ����B� TJNOFU� 4UFQ�
XJTF JNBHF�UPQJD NFSHJOH OFUXPSL GPS HFOFSBUJOH EFUBJMFE BOE DPNQSFIFOTJWF JNBHF DBQ�
UJPOT� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SP�
DFTTJOH QBHFT ���ۗ����

1FOHGFJ -JV 8FJ[IF :VBO +JOMBO 'V ;IFOHCBP +JBOH )JSPBLJ )BZBTIJ BOE (SBIBN /FVCJH�
����� 1SF�USBJO QSPNQU BOE QSFEJDU� " TZTUFNBUJD TVSWFZ PG QSPNQUJOH NFUIPET JO OBUVSBM
MBOHVBHF QSPDFTTJOH� $P33 BCT������������

1FUFS + -JV .PIBNNBE 4BMFI &UJFOOF 1PU #FO (PPESJDI 3ZBO 4FQBTTJ -VLBT[ ,BJTFS BOE
/PBN 4IB[FFS� ����C� (FOFSBUJOH XJLJQFEJB CZ TVNNBSJ[JOH MPOH TFRVFODFT� BS9JW QSFQSJOU
BS9JW������������

4JRJ -JV ;IFOIBJ ;IV /JOH :F 4FSHJP (VBEBSSBNB BOE ,FWJO.VSQIZ� ����B� *NQSPWFE JNBHF
DBQUJPOJOH WJB QPMJDZ HSBEJFOU PQUJNJ[BUJPO PG TQJEFS� *O *&&& *OUFSOBUJPOBM $POGFSFODF PO
$PNQVUFS 7JTJPO *$$7 ���� 7FOJDF *UBMZ 0DUPCFS ����� ���� QBHFT ���ۗ���� *&&& $PNQVUFS
4PDJFUZ�

9JBPYJBP -JV 2JOHZBOH 9V BOE /JOH 8BOH� ����� " TVSWFZ PO EFFQ OFVSBM OFUXPSL�CBTFE
JNBHF DBQUJPOJOH� Fࡋ 7JTVBM $PNQVUFS ��	�
����ۗ����

:JOIBO -JV +JBUBP (V /BNBO (PZBM 9JBO -J 4FSHFZ &EVOPW .BSKBO (IB[WJOJOFKBE .JLF
-FXJT BOE -VLF ;F॒MFNPZFS� ����� .VMUJMJOHVBM EFOPJTJOH QSF�USBJOJOH GPS OFVSBM NBDIJOF
USBOTMBUJPO� 5SBOT� "TTPD� $PNQVU� -JOHVJTUJDT �����ۗ����
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:V -JV +JBOMPOH 'V 5BP .FJ BOE $IBOH 8FO $IFO� ����C� -FU ZPVS QIPUPT UBML� (FOFSBUJOH
OBSSBUJWF QBSBHSBQI GPS QIPUP TUSFBN WJB CJEJSFDUJPOBM B॒FOUJPO SFDVSSFOU OFVSBM OFUXPSLT�
*O JSUZ�'JSTUࡋ """* $POGFSFODF PO "SUJटDJBM *OUFMMJHFODF�

$IJ�LJV -P� ����� .&"/5 ���� "DDVSBUF TFNBOUJD .5 FWBMVBUJPO GPS BOZ PVUQVU MBOHVBHF�
*O 1SPDFFEJOHT PG UIF 4FDPOE $POGFSFODF PO .BDIJOF 5SBOTMBUJPO 8.5 ���� $PQFOIBHFO
%FONBSL 4FQUFNCFS ��� ���� QBHFT ���ۗ���� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

$IJ�LJV -P .JDIFM 4JNBSE %BSMFOF "� 4UFXBSU 4BNVFM -BSLJO $ZSJM (PV॒F BOE 1BUSJDL -J॒FMM�
����� "DDVSBUF TFNBOUJD UFYUVBM TJNJMBSJUZ GPS DMFBOJOH OPJTZ QBSBMMFM DPSQPSB VTJOH TFNBO�
UJD NBDIJOF USBOTMBUJPO FWBMVBUJPO NFUSJD� य़F /3$ TVQFSWJTFE TVCNJTTJPOT UP UIF QBSBMMFM
DPSQVT MUFSJOH UBTL� *O 1SPDFFEJOHT PG UIF JSEࡋ $POGFSFODF PO .BDIJOF 5SBOTMBUJPO� 4IBSFE
5BTL 1BQFST 8.5 ���� #FMHJVN #SVTTFMT 0DUPCFS �� � /PWFNCFS � ���� QBHFT ���ۗ����
"TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

,ZMF -P -VDZ -V 8BOH .BSL /FVNBOO 3PEOFZ ,JOOFZ BOE %BOJFM 8FME� ����� 4�03$� य़F
TFNBOUJD TDIPMBS PQFO SFTFBSDI DPSQVT� *O 1SPDFFEJOHT PG UIF ��UI "OOVBM .FFUJOH PG UIF
"TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT QBHFT ����ۗ���� 0OMJOF� "TTPDJBUJPO GPS $PNQV�
UBUJPOBM -JOHVJTUJDT�

-BKBOVHFO -PHFTXBSBO )POHMBL -FF BOE 4BNZ #FOHJP� ����� $POUFOU QSFTFSWJOH UFYU HFOFS�
BUJPO XJUI B॒SJCVUF DPOUSPMT� *O "EWBODFT JO /FVSBM *OGPSNBUJPO 1SPDFTTJOH 4ZTUFNT QBHFT
����ۗ�����

3ZBO -PXF .JDIBFM /PTFXPSUIZ *VMJBO 7MBE 4FSCBO /JDPMBT "OHFMBSE�(POUJFS :PTIVB #FO�
HJP BOE +PFMMF 1JOFBV� ����� 5PXBSET BO BVUPNBUJD UVSJOH UFTU� -FBSOJOH UP FWBMVBUF EJBMPHVF
SFTQPOTFT� *O 1SPDFFEJOHT PG UIF ��UI "OOVBM .FFUJOH PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM
-JOHVJTUJDT "$- ���� 7BODPVWFS $BOBEB +VMZ �� � "VHVTU � 7PMVNF �� -POH 1BQFST QBHFT
����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

+JBTFO -V %ISVW #BUSB %FWJ 1BSJLI BOE 4UFGBO -FF� ����B� 7J-#&35� 1SFUSBJOJOH UBTL�BHOPTUJD
WJTJPMJOHVJTUJD SFQSFTFOUBUJPOT GPS WJTJPO�BOE�MBOHVBHF UBTLT� *O /FVS*14�

+JBTFO -V %ISVW #BUSB %FWJ 1BSJLI BOE 4UFGBO -FF� ����C� 7J-#&35� 1SFUSBJOJOH UBTL�BHOPTUJD
WJTJPMJOHVJTUJD SFQSFTFOUBUJPOT GPS WJTJPO�BOE�MBOHVBHF UBTLT� *O /FVS*14�

+JBTFO -V $BJNJOH 9JPOH %FWJ 1BSJLI BOE 3JDIBSE 4PDIFS� ����� ,OPXJOH XIFO UP MPPL�
"EBQUJWF B॒FOUJPO WJB B WJTVBM TFOUJOFM GPS JNBHF DBQUJPOJOH� *O ���� *&&& $POGFSFODF PO
$PNQVUFS 7JTJPO BOE 1BࡇFSO 3FDPHOJUJPO $713 ���� )POPMVMV )* 64" +VMZ ����� ����
QBHFT ����ۗ����� *&&& $PNQVUFS 4PDJFUZ�

4JEJ -V :BPNJOH ;IV 8FJOBO ;IBOH +VO 8BOH BOE :POH :V� ����B� /FVSBM UFYU HFOFSBUJPO�
QBTU QSFTFOU BOE CFZPOE� BS9JW QSFQSJOU BS9JW������������

4JEJ -V :BPNJOH ;IV 8FJOBO ;IBOH +VO 8BOH BOE :POH :V� ����C� /FVSBM UFYU HFOFSBUJPO�
1BTU QSFTFOU BOE CFZPOE� $P33 BCT������������

9JNJOH -V 1FUFS 8FTU 3PXBO ;FMMFST 3POBO -F #SBT $IBOESB #IBHBWBUVMB BOE :FKJO $IPJ�
����� /FVSPMPHJD EFDPEJOH� 	VO
TVQFSWJTFE OFVSBM UFYU HFOFSBUJPO XJUI QSFEJDBUF MPHJD DPO�
TUSBJOUT� $P33 BCT������������
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:J -VBO $ISJT #SPDLF॒ #JMM %PMBO +JBOGFOH (BP BOE .JDIFM (BMMFZ� ����� .VMUJ�UBTL MFBSO�
JOH GPS TQFBLFS�SPMF BEBQUBUJPO JO OFVSBM DPOWFSTBUJPO NPEFMT� *O 1SPDFFEJOHT PG UIF &JHIUI
*OUFSOBUJPOBM +PJOU $POGFSFODF PO /BUVSBM -BOHVBHF 1SPDFTTJOH *+$/-1 ���� 5BJQFJ 5BJXBO
/PWFNCFS �� � %FDFNCFS � ���� � 7PMVNF �� -POH 1BQFST QBHFT ���ۗ���� "TJBO 'FEFSBUJPO PG
/BUVSBM -BOHVBHF 1SPDFTTJOH�

4UFQIBOJF -VLJO 3FHJOBME )PCCT BOE $MBSF 7PTT� ����� " QJQFMJOF GPS DSFBUJWF WJTVBM TUPSZ�
UFMMJOH� *O 1SPDFFEJOHT PG UIF 'JSTU 8PSLTIPQ PO 4UPSZUFMMJOH QBHFT ��ۗ���

3VPUJBO -VP BOE (SFH 4IBLIOBSPWJDI� ����� $POUSPMMJOH MFOHUI JO JNBHF DBQUJPOJOH� $P33
BCT������������

.JOI�य़BOH -VPOH .JDIBFM $� 'SBOL BOE .BSL +PIOTPO� ����� 1BSTJOH FOUJSF EJTDPVSTFT BT
WFSZ MPOH TUSJOHT� $BQUVSJOH UPQJD DPOUJOVJUZ JO HSPVOEFE MBOHVBHF MFBSOJOH� 5SBOT� "TTPD�
$PNQVU� -JOHVJTUJDT �����ۗ����

%BV�$IFOH -ZV 5JFO�1JOH 5BO &OH 4JPOH $IOH BOE )BJ[IPV -J� ����� 4FBNF� B NBOEBSJO�
FOHMJTI DPEF�TXJUDIJOH TQFFDI DPSQVT JO TPVUI�FBTU BTJB� *O &MFWFOUI "OOVBM $POGFSFODF PG
UIF *OUFSOBUJPOBM 4QFFDI $PNNVOJDBUJPO "TTPDJBUJPO�

2JOHTPOH .B :WF॒F (SBIBN 4IVHFO 8BOH BOE फ़O -JV� ����� #MFOE� B OPWFM DPNCJOFE
.5 NFUSJD CBTFE PO EJSFDU BTTFTTNFOU � $"4*$5�%$6 TVCNJTTJPO UP 8.5�� NFUSJDT UBTL�
*O 1SPDFFEJOHT PG UIF 4FDPOE $POGFSFODF PO .BDIJOF 5SBOTMBUJPO 8.5 ���� $PQFOIBHFO
%FONBSL 4FQUFNCFS ��� ���� QBHFT ���ۗ���� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

'SBO§PJT .BJSFTTF BOE .BSJMZO " 8BMLFS� ����� 5PXBSET QFSTPOBMJUZ�CBTFE VTFS BEBQUBUJPO�
QTZDIPMPHJDBMMZ JOGPSNFE TUZMJTUJD MBOHVBHF HFOFSBUJPO� 6TFS .PEFMJOH BOE 6TFS�"EBQUFE
*OUFSBDUJPO ��	�
����ۗ����

#PEIJTB॒XB 1SBTBE .BKVNEFS 4IVZBOH -J +JBONP /J BOE +VMJBO +� .D"VMFZ� ����� *OUFSWJFX�
-BSHF�TDBMF NPEFMJOH PG NFEJB EJBMPH XJUI EJTDPVSTF QB॒FSOT BOE LOPXMFEHF HSPVOEJOH�
*O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH
&./-1 ���� 0OMJOF /PWFNCFS ����� ���� QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM
-JOHVJTUJDT�

$ISJTUPQIFS .BOOJOH .JIBJ 4VSEFBOV +PIO #BVFS +FOOZ 'JOLFM 4UFWFO #FUIBSE BOE %BWJE
.D$MPTLZ� ����� य़F TUBOGPSE DPSFOMQ OBUVSBM MBOHVBHF QSPDFTTJOH UPPMLJU� *O 1SPDFFEJOHT PG
��OE BOOVBM NFFUJOH PG UIF BTTPDJBUJPO GPS DPNQVUBUJPOBM MJOHVJTUJDT� TZTUFN EFNPOTUSBUJPOT
QBHFT ��ۗ���

य़PNBT .BO[JOJ :BP $IPOH -JN "MBO 8� #MBDL BOE :VMJB 5TWFULPW� ����� #MBDL JT UP DSJNJ�
OBM BT DBVDBTJBO JT UP QPMJDF� %FUFDUJOH BOE SFNPWJOH NVMUJDMBTT CJBT JO XPSE FNCFEEJOHT�
*O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PG UIF /PSUI "NFSJDBO $IBQUFS PG UIF "TTPDJBUJPO GPS
$PNQVUBUJPOBM -JOHVJTUJDT� )VNBO -BOHVBHF 5FDIOPMPHJFT /""$-�)-5 ���� .JOOFBQPMJT
./ 64" +VOF ��� ���� 7PMVNF � 	-POH BOE 4IPSU 1BQFST
 QBHFT ���ۗ���� "TTPDJBUJPO GPS
$PNQVUBUJPOBM -JOHVJTUJDT�

.JUDIFMM .BSDVT (SBDF ,JN .BSZ "OO.BSDJOLJFXJD[ 3PCFSU .BD*OUZSF "OO #JFT .BSL 'FS�
HVTPO ,BSFO ,BU[ BOE #SJ॒B 4DIBTCFSHFS� ����� य़F QFOO USFFCBOL� "OOPUBUJOH QSFEJDBUF
BSHVNFOU TUSVDUVSF� *O 1SPDFFEJOHT PG UIF 8PSLTIPQ PO )VNBO -BOHVBHF 5FDIOPMPHZ )-5
�� QBHFT ���ۗ��� 4USPVETCVSH 1" 64"� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�
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+BWJFS .BSJO "SJUSP #JTXBT 'FSEB 0J /JDIPMBT )ZOFT "NBJB 4BMWBEPS :VTVG "ZUBS *OHNBS
8FCFS BOE "OUPOJP 5PSSBMCB� ����� 3FDJQF�N� " EBUBTFU GPS MFBSOJOH DSPTT�NPEBM FNCFE�
EJOHT GPS DPPLJOH SFDJQFT BOE GPPE JNBHFT� BS9JW QSFQSJOU BS9JW������������

-BSB + .BSUJO 1SJUIWJSBK "NNBOBCSPMV 9JOZV 8BOH 8JMMJBN )BODPDL 4ISVUJ 4JOHI #SFOU
)BSSJTPO BOE .BSL 0 3JFEM� ����� &WFOU SFQSFTFOUBUJPOT GPS BVUPNBUFE TUPSZ HFOFSBUJPO
XJUI EFFQ OFVSBM OFUT� BS9JW QSFQSJOU BS9JW������������

-BSB + .BSUJO 1SJUIWJSBK "NNBOBCSPMV 9JOZV 8BOH 8JMMJBN )BODPDL 4ISVUJ 4JOHI #SFOU
)BSSJTPO BOE .BSL 0 3JFEM� ����� &WFOU SFQSFTFOUBUJPOT GPS BVUPNBUFE TUPSZ HFOFSBUJPO
XJUI EFFQ OFVSBM OFUT� *O JSUZ�4FDPOEࡋ """* $POGFSFODF PO "SUJटDJBM *OUFMMJHFODF�

-VDB .BTTBSFMMJ 'BCJP 1FUSPOJ "MFLTBOESB 1JLUVT .ZMF 0॒ 5JN 3PDLU¤TDIFM 7BTTJMJT 1MB�
DIPVSBT 'BCSJ[JP 4JMWFTUSJ BOE 4FCBTUJBO 3JFEFM� ����� )PX EFDPEJOH TUSBUFHJFT BFDU UIF
WFSJBCJMJUZ PG HFOFSBUFE UFYU� BS9JW QSFQSJOU BS9JW������������

"MFYBOESF #MPOEJO .BTT© (VJMMBVNF $IJDPJTOF :BTTJOF (BSHPVSJ 4UFWBO )BSOBE 0EJMF .BS�
DP॒F BOE 0MJWJFS 1JDBSE� ����� )PX JT NFBOJOH HSPVOEFE JO EJDUJPOBSZ EFOJUJPOT *O
$PMJOH ����� 1SPDFFEJOHT PG UIF �SE 5FYUHSBQIT XPSLTIPQ PO (SBQI�CBTFE "MHPSJUINT GPS /BU�
VSBM -BOHVBHF 1SPDFTTJOH QBHFT ��ۗ���

"MFYBOEFS.BUIFXT -FYJOH 9JF BOE 9VNJOH)F� ����� 4FNTUZMF� -FBSOJOH UP HFOFSBUF TUZMJTFE
JNBHF DBQUJPOT VTJOH VOBMJHOFE UFYU� *O 1SPDFFEJOHT PG UIF *&&& $POGFSFODF PO $PNQVUFS
7JTJPO BOE 1BࡇFSO 3FDPHOJUJPO QBHFT ����ۗ�����

1VOFFU .BUIVS 3BKJW 4IBI 3BNJU 4BXIOFZ BOE %FCBOKBO .BIBUB� ����� %FUFDUJOH PFOTJWF
UXFFUT JO IJOEJ�FOHMJTI DPEF�TXJUDIFE MBOHVBHF� *O 1SPDFFEJOHT PG UIF 4JYUI *OUFSOBUJPOBM
8PSLTIPQ PO /BUVSBM -BOHVBHF 1SPDFTTJOH GPS 4PDJBM .FEJB QBHFT ��ۗ���

4UFQIFO .BZIFX ,MJOUPO #JDLOFMM $ISJT #SVTU #JMM .D%PXFMM 8JMM .POSPF BOE #VSS 4F॒MFT�
����� 4JNVMUBOFPVT USBOTMBUJPO BOE QBSBQISBTF GPS MBOHVBHF FEVDBUJPO� *O 1SPDFFEJOHT PG UIF
'PVSUI 8PSLTIPQ PO /FVSBM (FOFSBUJPO BOE 5SBOTMBUJPO /(5!"$- ���� 0OMJOF +VMZ ����
���� QBHFT ���ۗ���� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

#SJBO .D.BIBO BOE .B॒IFX 4UPOF� ����� " CBZFTJBO NPEFM PG HSPVOEFE DPMPS TFNBOUJDT�
5SBOT� "TTPD� $PNQVU� -JOHVJTUJDT �����ۗ����

4UFQIFO .FSJUZ /JUJTI 4IJSJTI ,FTLBS BOE 3JDIBSE 4PDIFS� ����� 3FHVMBSJ[JOH BOE PQUJNJ[JOH
MTUN MBOHVBHF NPEFMT� BS9JW QSFQSJOU BS9JW������������

4UFQIFO.FSJUZ /JUJTI 4IJSJTI ,FTLBS BOE 3JDIBSE 4PDIFS� ����� "O BOBMZTJT PG OFVSBM MBOHVBHF
NPEFMJOH BU NVMUJQMF TDBMFT� BS9JW QSFQSJOU BS9JW������������

4UFQIFO .FSJUZ $BJNJOH 9JPOH +BNFT #SBECVSZ BOE 3JDIBSE 4PDIFS� ����� 1PJOUFS TFOUJOFM
NJYUVSF NPEFMT� $P33 BCT������������

5PN¡ġ .JLPMPW .BSUJO ,BSB¡U -VL¡ġ #VSHFU +BO ÌFSOPDLג BOE 4BOKFFW ,IVEBOQVS� �����
3FDVSSFOU OFVSBM OFUXPSL CBTFE MBOHVBHF NPEFM� *O &MFWFOUI "OOVBM $POGFSFODF PG UIF *O�
UFSOBUJPOBM 4QFFDI $PNNVOJDBUJPO "TTPDJBUJPO�
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5PNBT .JLPMPW *MZB 4VUTLFWFS ,BJ $IFO (SFH 4 $PSSBEP BOE +F %FBO� ����� %JTUSJCVUFE
SFQSFTFOUBUJPOT PG XPSET BOE QISBTFT BOE UIFJS DPNQPTJUJPOBMJUZ� *O "EWBODFT JO OFVSBM
JOGPSNBUJPO QSPDFTTJOH TZTUFNT QBHFT ����ۗ�����

(FPSHF " .JMMFS� ����� 8PSEOFU� B MFYJDBM EBUBCBTF GPS FOHMJTI� $PNNVOJDBUJPOT PG UIF "$.
��	��
���ۗ���

+BNFT .JMSPZ FU BM� ����� 0OF TQFBLFS UXP MBOHVBHFT� $SPTT�EJTDJQMJOBSZ QFSTQFDUJWFT PO DPEF�
TXJUDIJOH� $BNCSJEHF 6OJWFSTJUZ 1SFTT�

%JQFOESB ,VNBS .JTSB "OESFX #FOOF॒ 7BMUT #MVLJT &ZWJOE /JLMBTTPO .BY 4IBULIJO BOE
:PBW "SU[J� ����� .BQQJOH JOTUSVDUJPOT UP BDUJPOT JO �E FOWJSPONFOUT XJUI WJTVBM HPBM QSF�
EJDUJPO� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF
1SPDFTTJOH #SVTTFMT #FMHJVN 0DUPCFS �� � /PWFNCFS � ���� QBHFT ����ۗ����� "TTPDJBUJPO
GPS $PNQVUBUJPOBM -JOHVJTUJDT�

%BO *.PMEPWBO 4BOEB.)BSBCBHJV 3PYBOB (JSKV 1BVM .PSBSFTDV 7 'JOMFZ -BDBUVTV "ESJBO
/PWJTDIJ "ESJBOB #BEVMFTDV BOE 0SFTU #PMPIBO� ����� -DD UPPMT GPS RVFTUJPO BOTXFSJOH� *O
53&$�

(JPWBOOJ .PMJOB 'BIBE "M(IBNEJ .BINPVE (IPOFJN "CEFMBUJ )BXXBSJ /JDPMBT 3FZ�
7JMMBNJ[BS .POB %JBC BOE य़BNBS 4PMPSJP� ����� 0WFSWJFX GPS UIF TFDPOE TIBSFE UBTL
PO MBOHVBHF JEFOUJDBUJPO JO DPEF�TXJUDIFE EBUB� *O 1SPDFFEJOHT PG UIF 4FDPOE 8PSLTIPQ PO
$PNQVUBUJPOBM "QQSPBDIFT UP $PEF 4XJUDIJOH QBHFT ��ۗ���

8JMM .POSPF 3PCFSU 9� %� )BXLJOT /PBI %� (PPENBO BOE $ISJTUPQIFS 1P॒T� ����� $PMPST
JO DPOUFYU� " QSBHNBUJD OFVSBM NPEFM GPS HSPVOEFE MBOHVBHF VOEFSTUBOEJOH� 5SBOT� "TTPD�
$PNQVU� -JOHVJTUJDT �����ۗ����

+PBP -VJT ;FOJ .POUFOFHSP $SJTUJBOP "OES© EB $PTUB BOE 3PESJHP EB 3PTB 3JHIJ� ����� 4VSWFZ
PG DPOWFSTBUJPOBM BHFOUT JO IFBMUI� &YQFSU 4ZTUFNT XJUI "QQMJDBUJPOT�

&WB . .PSFOP ,BSB % 'FEFSNFJFS BOE .BSUB ,VUBT� ����� 4XJUDIJOH MBOHVBHFT TXJUDIJOH
QBMBCSBT 	XPSET
� "O FMFDUSPQIZTJPMPHJDBM TUVEZ PG DPEF TXJUDIJOH� #SBJO BOE MBOHVBHF
��	�
����ۗ����

4IJOTVLF .PSJ )JSPLVOJ .BFUB :PLP :BNBLBUB BOE 5FUTVSP 4BTBEB� ����� 'MPX HSBQI DPSQVT
GSPN SFDJQF UFYUT� *O -3&$ QBHFT ����ۗ�����

/BTSJO .PTUBGB[BEFI $ISJT #SPDLF॒ #JMM %PMBO .JDIFM (BMMFZ +JBOGFOH (BP (FPSHJPT 1 4Q�
JUIPVSBLJT BOE -VDZ 7BOEFSXFOEF� ����� *NBHF�HSPVOEFE DPOWFSTBUJPOT� .VMUJNPEBM DPO�
UFYU GPS OBUVSBM RVFTUJPO BOE SFTQPOTF HFOFSBUJPO� BS9JW QSFQSJOU BS9JW������������

/BTSJO .PTUBGB[BEFI "MZTPO (SFBMJTI /BUIBOBFM $IBNCFST +BNFT "MMFO BOE -VDZ 7BOEFS�
XFOEF� ����� $B5F34� $BVTBM BOE UFNQPSBM SFMBUJPO TDIFNF GPS TFNBOUJD BOOPUBUJPO PG FWFOU
TUSVDUVSFT� *O 1SPDFFEJOHT PG UIF 'PVSUI 8PSLTIPQ PO &WFOUT QBHFT ��ۗ�� 4BO %JFHP $BMJ�
GPSOJB� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

-JMJ .PV :JQJOH 4POH 3VJ :BO (F -J -V ;IBOH BOE ;IJ +JO� ����� 4FRVFODF UP CBDLXBSE BOE
GPSXBSE TFRVFODFT� " DPOUFOU�JOUSPEVDJOH BQQSPBDI UP HFOFSBUJWF TIPSU�UFYU DPOWFSTBUJPO�
*O $0-*/( ���� ��UI *OUFSOBUJPOBM $POGFSFODF PO $PNQVUBUJPOBM -JOHVJTUJDT 1SPDFFEJOHT PG
UIF $POGFSFODF� 5FDIOJDBM 1BQFST %FDFNCFS ����� ���� 0TBLB +BQBO QBHFT ����ۗ����� "$-�
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+BOFU )� .VSSBZ� ����� 5FMM NF B TUPSZ� 5PXBSE NPSF FYQSFTTJWF BOE DPIFSFOU DPNQVUBUJPOBM
OBSSBUJWFT 	JOWJUFE UBML
� *O �UI 8PSLTIPQ PO $PNQVUBUJPOBM .PEFMT PG /BSSBUJWF $./ ����
.BZ ����� ���� "UMBOUB (" 64" WPMVNF �� PG 0"4*$4 QBHFT �ۗ�� 4DIMPTT %BHTUVIM �
-FJCOJ[�;FOUSVN ¼S *OGPSNBUJL�

1JFUFS .VZTLFO� ����� #JMJOHVBM TQFFDI� " UZQPMPHZ PG DPEF�NJYJOH WPMVNF ��� $BNCSJEHF
6OJWFSTJUZ 1SFTT�

$BSPM.ZFST�4DP॒PO� ����� %VFMMJOH MBOHVBHFT� (SBNNBUJDBM TUSVDUVSF JO DPEFTXJUDIJOH� 0YGPSE
6OJWFSTJUZ 1SFTT�

:VLJLP *� /BLBOP (BCF 3FJOTUFJO 5PN 4UPDLZ BOE +VTUJOF $BTTFMM� ����� 5PXBSET B NPEFM
PG GBDF�UP�GBDF HSPVOEJOH� *O 1SPDFFEJOHT PG UIF ��TU "OOVBM .FFUJOH PG UIF "TTPDJBUJPO GPS
$PNQVUBUJPOBM -JOHVJTUJDT ���� +VMZ ���� 4BQQPSP $POWFOUJPO $FOUFS 4BQQPSP +BQBO QBHFT
���ۗ���� "$-�

3BNFTI /BMMBQBUJ #PXFO ;IPV BOE .JOHCP .B� ����� $MBTTJGZ PS TFMFDU� /FVSBM BSDIJUFDUVSFT
GPS FYUSBDUJWF EPDVNFOU TVNNBSJ[BUJPO� BS9JW QSFQSJOU BS9JW������������

4VTIPCIBO /BZBL BOE "NJUBCIB .VLFSKFF� ����� (SPVOEFE MBOHVBHF BDRVJTJUJPO� " NJOJNBM
DPNNJUNFOU BQQSPBDI� *O $0-*/( ���� ��UI *OUFSOBUJPOBM $POGFSFODF PO $PNQVUBUJPOBM
-JOHVJTUJDT 1SPDFFEJOHT PG UIF $POGFSFODF� 5FDIOJDBM 1BQFST ���� %FDFNCFS ���� .VNCBJ
*OEJB QBHFT ����ۗ����� *OEJBO *OTUJUVUF PG 5FDIOPMPHZ #PNCBZ�

3BOJ /FMLFO BOE &MJG :BNBOHJM� ����� .JOJOH XJLJQFEJBT BSUJDMF SFWJTJPO IJTUPSZ GPS USBJOJOH
DPNQVUBUJPOBM MJOHVJTUJDT BMHPSJUINT� *O 1SPDFFEJOHT PG UIF """*8PSLTIPQ PO8JLJQFEJB BOE
"SUJटDJBM *OUFMMJHFODF� "O &WPMWJOH 4ZOFSHZ QBHFT ��ۗ���

"OJ /FOLPWB BOE ,BUIMFFO .D,FPXO� ����� " TVSWFZ PG UFYU TVNNBSJ[BUJPO UFDIOJRVFT� *O
.JOJOH UFYU EBUB QBHFT ��ۗ��� 4QSJOHFS�

"OJ /FOLPWB BOE 3FCFDDB +� 1BTTPOOFBV� ����� &WBMVBUJOH DPOUFOU TFMFDUJPO JO TVNNBSJ[B�
UJPO� य़F QZSBNJE NFUIPE� *O )VNBO -BOHVBHF 5FDIOPMPHZ $POGFSFODF PG UIF /PSUI "NFSJ�
DBO $IBQUFS PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT )-5�/""$- ���� #PTUPO .BT�
TBDIVTFࡇT 64" .BZ ��� ���� QBHFT ���ۗ���� य़F "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJT�
UJDT�

"OJ /FOLPWB 3FCFDDB +� 1BTTPOOFBV BOE ,BUIMFFO 3� .D,FPXO� ����� य़F QZSBNJE NFUIPE�
*ODPSQPSBUJOH IVNBO DPOUFOU TFMFDUJPO WBSJBUJPO JO TVNNBSJ[BUJPO FWBMVBUJPO� "$. 5SBOT�
4QFFDI -BOH� 1SPDFTT� �	�
���

,IBOI /HVZFO BOE )BM %BVN© ***� ����� )FMQ BOOB� WJTVBM OBWJHBUJPO XJUI OBUVSBM NVMUJ�
NPEBM BTTJTUBODF WJB SFUSPTQFDUJWF DVSJPTJUZ�FODPVSBHJOH JNJUBUJPO MFBSOJOH� *O 1SPDFFEJOHT
PG UIF ���� $POGFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH BOE UIF �UI *OUFS�
OBUJPOBM +PJOU $POGFSFODF PO /BUVSBM -BOHVBHF 1SPDFTTJOH 	&./-1�*+$/-1
 QBHFT ���ۗ����

.JOIFOH /J )BPZBOH )VBOH -JO 4V &EXBSE $VJ 5BSPPO #IBSUJ -JKVBO 8BOH %POHEPOH
;IBOH BOE /BO %VBO� ����� .�1� MFBSOJOH VOJWFSTBM SFQSFTFOUBUJPOT WJB NVMUJUBTL NVMUJ�
MJOHVBM NVMUJNPEBM QSF�USBJOJOH� *O *&&& $POGFSFODF PO $PNQVUFS 7JTJPO BOE 1BࡇFSO 3FDPH�
OJUJPO $713 ���� WJSUVBM +VOF ����� ���� QBHFT ����ۗ����� $PNQVUFS 7JTJPO 'PVOEBUJPO
� *&&&�
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+PFM /PUINBO .B॒IFX )POOJCBM #FO )BDIFZ BOE +BNFT 3� $VSSBO� ����� &WFOU MJOLJOH�
(SPVOEJOH FWFOU SFGFSFODF JO B OFXT BSDIJWF� *O Fࡋ ��UI "OOVBM .FFUJOH PG UIF "TTPDJBUJPO
GPS $PNQVUBUJPOBM -JOHVJTUJDT 1SPDFFEJOHT PG UIF $POGFSFODF +VMZ ���� ���� +FKV *TMBOE ,PSFB
� 7PMVNF �� 4IPSU 1BQFST QBHFT ���ۗ���� य़F "TTPDJBUJPO GPS $PNQVUFS -JOHVJTUJDT�

5JN 0BUFT� ����� (SPVOEJOH XPSE NFBOJOHT JO TFOTPS EBUB� %FBMJOH XJUI SFGFSFOUJBM VODFS�
UBJOUZ� *O 1SPDFFEJOHT PG UIF )-5�/""$- ���� XPSLTIPQ PO -FBSOJOH XPSE NFBOJOH GSPN
OPO�MJOHVJTUJD EBUB QBHFT ��ۗ���

"¤SPO WBO EFO 0PSE :B[IF -J *HPS #BCVTDILJO ,BSFO 4JNPOZBO 0SJPM 7JOZBMT ,PSBZ
,BWVLDVPHMV (FPSHF WBO EFO %SJFTTDIF &EXBSE -PDLIBSU -VJT $� $PCP 'MPSJBO 4UJNCFSH
/PSNBO $BTBHSBOEF %PNJOJL (SFXF 4FC /PVSZ 4BOEFS %JFMFNBO &SJDI &MTFO /BM ,BMDI�
CSFOOFS )FJHB ;FO "MFY (SBWFT )FMFO ,JOH 5PN8BMUFST %BO #FMPW BOE %FNJT )BTTBCJT�
����� 1BSBMMFM XBWFOFU� 'BTU IJHI�EFMJUZ TQFFDI TZOUIFTJT� *O 1SPDFFEJOHT PG UIF ��UI *OUFS�
OBUJPOBM $POGFSFODF PO .BDIJOF -FBSOJOH *$.- ���� 4UPDLIPMNTN¤TTBO 4UPDLIPMN 4XFEFO
+VMZ ����� ���� WPMVNF �� PG 1SPDFFEJOHT PG .BDIJOF -FBSOJOH 3FTFBSDI QBHFT ����ۗ�����
1.-3�

4VTBO , 0QU� ����� $POUJOVJUZ BOE DIBOHF JO TUPSZUFMMJOH BCPVU BSUJDJBM JOUFMMJHFODF� &YUFOE�
JOH UIF OBSSBUJWF QBSBEJHN� $PNNVOJDBUJPO BSUFSMZࡊ ��	�
����ۗ����

+FTTJDB 0VZBOH BOE ,BUIMFFO 3� .D,FPXO� ����� .PEFMJOH SFQPSUBCMF FWFOUT BT UVSOJOH QPJOUT
JO OBSSBUJWF� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BO�
HVBHF 1SPDFTTJOH &./-1 ���� -JTCPO 1PSUVHBM 4FQUFNCFS ����� ���� QBHFT ����ۗ����� य़F
"TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

"JTIXBSZB 1BENBLVNBS +FTTF य़PNBTPO "ZVTI 4ISJWBTUBWB 1BUSJDL -BOHF "OKBMJ /BSBZBO�
$IFO 4QBOEBOB (FMMB 3PCJOTPO 1JSBNVUIV (¶LIBO 5¼S BOE %JMFL )BLLBOJ�5¼S� �����
5FBDI� 5BTL�ESJWFO FNCPEJFE BHFOUT UIBU DIBU� $P33 BCT������������

.B॒FP 1BHMJBSEJOJ 1SBLIBS (VQUB BOE .BSUJO +BHHJ� ����� 6OTVQFSWJTFE MFBSOJOH PG TFOUFODF
FNCFEEJOHT VTJOH DPNQPTJUJPOBM O�HSBN GFBUVSFT� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PG UIF
/PSUI "NFSJDBO $IBQUFS PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT� )VNBO -BOHVBHF
5FDIOPMPHJFT 7PMVNF � 	-POH 1BQFST
 WPMVNF � QBHFT ���ۗ����

#SJBO &� 1BOHCVSO 4� 4JUIBSBNB *ZFOHBS 3PCFSU $� .BUIFXT BOE +POBUIBO 1� "ZP� ����� &#-"�
" QFSDFQUVBMMZ HSPVOEFE NPEFM PG MBOHVBHF BDRVJTJUJPO� *O 1SPDFFEJOHT PG UIF )-5�/""$-
���� 8PSLTIPQ PO -FBSOJOH 8PSE .FBOJOH GSPN /PO�-JOHVJTUJD %BUB QBHFT ��ۗ���

,JTIPSF 1BQJOFOJ 4BMJN 3PVLPT 5PEE 8BSE BOE 8FJ�+JOH ;IV� ����B� #MFV� B NFUIPE GPS
BVUPNBUJD FWBMVBUJPO PG NBDIJOF USBOTMBUJPO� *O 1SPDFFEJOHT PG UIF ��UI "OOVBM .FFUJOH PG
UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT +VMZ ���� ���� 1IJMBEFMQIJB 1" 64" QBHFT
���ۗ���� "$-�

,JTIPSF 1BQJOFOJ 4BMJN 3PVLPT 5PEE 8BSE BOE 8FJ�+JOH ;IV� ����C� #MFV� B NFUIPE GPS
BVUPNBUJD FWBMVBUJPO PG NBDIJOF USBOTMBUJPO� *O 1SPDFFEJOHT PG UIF ��UI BOOVBM NFFUJOH PO
BTTPDJBUJPO GPS DPNQVUBUJPOBM MJOHVJTUJDT QBHFT ���ۗ���� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JO�
HVJTUJDT�
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/JLPMBPT 1BQQBT 1IPFCF .VMDBJSF BOE /PBI "� 4NJUI� ����� (SPVOEFE DPNQPTJUJPOBM PVUQVUT
GPS BEBQUJWF MBOHVBHF NPEFMJOH� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PO &NQJSJDBM .FUIPET
JO /BUVSBM -BOHVBHF 1SPDFTTJOH &./-1 ���� 0OMJOF /PWFNCFS ����� ���� QBHFT ����ۗ�����
"TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

"OLVS 1� 1BSJLI )PJGVOH 1PPO BOE ,SJTUJOB 5PVUBOPWB� ����� (SPVOEFE TFNBOUJD QBSTJOH
GPS DPNQMFY LOPXMFEHF FYUSBDUJPO� *O /""$- )-5 ���� Fࡋ ���� $POGFSFODF PG UIF /PSUI
"NFSJDBO $IBQUFS PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT� )VNBO -BOHVBHF 5FDI�
OPMPHJFT %FOWFS $PMPSBEP 64" .BZ �� � +VOF � ���� QBHFT ���ۗ���� य़F "TTPDJBUJPO GPS
$PNQVUBUJPOBM -JOHVJTUJDT�

$FTD $ 1BSL BOE (VOIFF ,JN� ����� &YQSFTTJOH BO JNBHF TUSFBN XJUI B TFRVFODF PG OBUVSBM
TFOUFODFT� *O "EWBODFT JO OFVSBM JOGPSNBUJPO QSPDFTTJOH TZTUFNT QBHFT ��ۗ���

"MPL 1BSMJLBS� ����� 5FTU7PY� XFC�CBTFE GSBNFXPSL GPS TVCKFDUJWF FWBMVBUJPO PG TQFFDI TZO�
UIFTJT� 0QFOTPVSDF 4PࡄXBSF�

"MPL 1BSMJLBS 4VOBZBOB 4JUBSBN "OESFX 8JMLJOTPO BOE "MBO 8 #MBDL� ����� य़F GFTUWPY
JOEJD GSPOUFOE GPS HSBQIFNF UP QIPOFNF DPOWFSTJPO� *O 8*-%3&� 8PSLTIPQ PO *OEJBO -BO�
HVBHF %BUB�3FTPVSDFT BOE &WBMVBUJPO�

+BTBCBOUB 1BUSP #JEJTIB 4BNBOUB 4BVSBCI 4JOHI "CIJQTB #BTV 1SJUIXJTI.VLIFSKFF .POPKJU
$IPVEIVSZ BOE "OJNFTI .VLIFSKFF� ����� "MM UIBU JT FOHMJTI NBZ CF IJOEJ� &OIBODJOH
MBOHVBHF JEFOUJDBUJPO UISPVHI BVUPNBUJD SBOLJOH PG UIF MJLFMJOFTT PG XPSE CPSSPXJOH JO
TPDJBM NFEJB� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF
1SPDFTTJOH QBHFT ����ۗ�����

3PNBJO 1BVMVT $BJNJOH 9JPOH BOE 3JDIBSE 4PDIFS� ����� " EFFQ SFJOGPSDFE NPEFM GPS BC�
TUSBDUJWF TVNNBSJ[BUJPO� *O �UI *OUFSOBUJPOBM $POGFSFODF PO -FBSOJOH 3FQSFTFOUBUJPOT *$-3
���� 7BODPVWFS #$ $BOBEB "QSJM �� � .BZ � ���� $POGFSFODF 5SBDL 1SPDFFEJOHT� 0QFO3F�
WJFX�OFU�

0CJPNB 1FMLB 4WFO ,PJULB +PIBOOFT 3¼DLFSU 'FMJY /FOTB BOE $ISJTUPQI .� 'SJFESJDI� �����
3BEJPMPHZ PCKFDUT JO DPOUFYU 	30$0
� " NVMUJNPEBM JNBHF EBUBTFU� *O *OUSBWBTDVMBS *NBHJOH
BOE $PNQVUFS "TTJTUFE 4UFOUJOH � BOE � -BSHF�4DBMF "OOPUBUJPO PG #JPNFEJDBM %BUB BOE &YQFSU
-BCFM 4ZOUIFTJT � �UI +PJOU *OUFSOBUJPOBM 8PSLTIPQ $7**�45&/5 ���� BOE JSEࡋ *OUFSOBUJPOBM
8PSLTIPQ -"#&-4 ���� )FME JO $POKVODUJPO XJUI .*$$"* ���� (SBOBEB 4QBJO 4FQUFNCFS
�� ���� 1SPDFFEJOHT WPMVNF ����� PG -FDUVSF /PUFT JO $PNQVUFS 4DJFODF QBHFT ���ۗ����
4QSJOHFS�

/BOZVO 1FOH .BSKBO (IB[WJOJOFKBE +POBUIBO .BZ BOE ,FWJO ,OJHIU� ����� 5PXBSET DPO�
USPMMBCMF TUPSZ HFOFSBUJPO� *O 1SPDFFEJOHT PG UIF 'JSTU 8PSLTIPQ PO 4UPSZUFMMJOH QBHFT ��ۗ���

3JWJOEV 1FSFSB BOE 1BSNB /BOE� ����� 3FDFOU BEWBODFT JO OBUVSBM MBOHVBHF HFOFSBUJPO� "
TVSWFZ BOE DMBTTJDBUJPO PG UIF FNQJSJDBM MJUFSBUVSF� $PNQVU� *OGPSNBUJDT ��	�
��ۗ���

-BVSB 1FSF[�#FMUSBDIJOJ BOE .JSFMMB -BQBUB� ����� #PPUTUSBQQJOH HFOFSBUPST GSPN OPJTZ EBUB�
*O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PG UIF /PSUI "NFSJDBO $IBQUFS PG UIF "TTPDJBUJPO GPS
$PNQVUBUJPOBM -JOHVJTUJDT� )VNBO -BOHVBHF 5FDIOPMPHJFT 7PMVNF � 	-POH 1BQFST
 QBHFT
����ۗ�����
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.B॒IFX 1FUFST .BSL /FVNBOO .PIJU *ZZFS .B॒ (BSEOFS $ISJTUPQIFS $MBSL ,FOUPO -FF
BOE -VLF ;F॒MFNPZFS� ����� %FFQ DPOUFYUVBMJ[FE XPSE SFQSFTFOUBUJPOT� *O 1SPDFFEJOHT
PG UIF ���� $POGFSFODF PG UIF /PSUI "NFSJDBO $IBQUFS PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM
-JOHVJTUJDT� )VNBO -BOHVBHF 5FDIOPMPHJFT 7PMVNF � 	-POH 1BQFST
 QBHFT ����ۗ�����

'BCJP 1FUSPOJ 5JN 3PDLU¤TDIFM 4FCBTUJBO 3JFEFM 1BUSJDL 4� )� -FXJT "OUPO #BLIUJO :VYJBOH
8V BOE "MFYBOEFS )� .JMMFS� ����� -BOHVBHF NPEFMT BT LOPXMFEHF CBTFT *O 1SPDFFEJOHT PG
UIF ���� $POGFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH BOE UIF �UI *OUFS�
OBUJPOBM +PJOU $POGFSFODF PO /BUVSBM -BOHVBHF 1SPDFTTJOH &./-1�*+$/-1 ���� )POH ,POH
$IJOB /PWFNCFS ��� ���� QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

#SZBO " 1MVNNFS -JXFJ 8BOH $ISJT . $FSWBOUFT +VBO $ $BJDFEP +VMJB )PDLFONBJFS BOE
4WFUMBOB -B[FCOJL� ����B� 'MJDLS��L FOUJUJFT� $PMMFDUJOH SFHJPO�UP�QISBTF DPSSFTQPOEFODFT
GPS SJDIFS JNBHF�UP�TFOUFODF NPEFMT� *O 1SPDFFEJOHT PG UIF *&&& JOUFSOBUJPOBM DPOGFSFODF PO
DPNQVUFS WJTJPO QBHFT ����ۗ�����

#SZBO "� 1MVNNFS -JXFJ 8BOH $ISJT .� $FSWBOUFT +VBO $� $BJDFEP +VMJB )PDLFONBJFS BOE
4WFUMBOB -B[FCOJL� ����C� 'MJDLS��L FOUJUJFT� $PMMFDUJOH SFHJPO�UP�QISBTF DPSSFTQPOEFODFT
GPS SJDIFS JNBHF�UP�TFOUFODF NPEFMT� *O ���� *&&& *OUFSOBUJPOBM $POGFSFODF PO $PNQVUFS
7JTJPO *$$7 ���� 4BOUJBHP $IJMF %FDFNCFS ���� ���� QBHFT ����ۗ����� *&&& $PNQVUFS
4PDJFUZ�

)PJGVOH 1PPO� ����� (SPVOEFE VOTVQFSWJTFE TFNBOUJD QBSTJOH� *O 1SPDFFEJOHT PG UIF ��TU "O�
OVBM .FFUJOH PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT "$- ���� ��� "VHVTU ����
4PटB #VMHBSJB 7PMVNF �� -POH 1BQFST QBHFT ���ۗ���� य़F "TTPDJBUJPO GPS $PNQVUFS -JO�
HVJTUJDT�

4IBOB 1PQMBDL� ����� 4PNFUJNFT JMM TUBSU B TFOUFODF JO TQBOJTI Z UFSNJOP FO FTQBOPM� UPXBSE
B UZQPMPHZ PG DPEF�TXJUDIJOH�� -JOHVJTUJDT ��	���
����ۗ����

7JOPELVNBS 1SBCIBLBSBO #FO )VUDIJOTPO BOE .BSHBSFU .JUDIFMM� ����� 1FSUVSCBUJPO TFOTJ�
UJWJUZ BOBMZTJT UP EFUFDU VOJOUFOEFE NPEFM CJBTFT� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PO
&NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH BOE UIF �UI *OUFSOBUJPOBM +PJOU $POGFSFODF
PO /BUVSBM -BOHVBHF 1SPDFTTJOH &./-1�*+$/-1 ���� )POH ,POH $IJOB /PWFNCFS ��� ����
QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

4ISJNBJ 1SBCIVNPZF "MBO 8 #MBDL BOE 3VTMBO 4BMBLIVUEJOPW� ����� &YQMPSJOH DPOUSPMMBCMF
UFYU HFOFSBUJPO UFDIOJRVFT� BS9JW QSFQSJOU BS9JW������������

4ISJNBJ 1SBCIVNPZF $ISJTफ़JSL BOE .JDIFM (BMMFZ� ����� 5PXBSET DPOUFOU USBOTGFS UISPVHI
HSPVOEFE UFYU HFOFSBUJPO� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PG UIF /PSUI "NFSJDBO $IBQ�
UFS PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT� )VNBO -BOHVBHF 5FDIOPMPHJFT /""$-�
)-5 ���� .JOOFBQPMJT ./ 64" +VOF ��� ���� 7PMVNF � 	-POH BOE 4IPSU 1BQFST
 QBHFT
����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

4ISJNBJ 1SBCIVNPZF :VMJB 5TWFULPW 3VTMBO 4BMBLIVUEJOPW BOE "MBO 8 #MBDL� ����� 4UZMF
USBOTGFS UISPVHI CBDL�USBOTMBUJPO� *O 1SPDFFEJOHT PG UIF ��UI "OOVBM .FFUJOH PG UIF "TTPDJB�
UJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT 	7PMVNF �� -POH 1BQFST
 QBHFT ���ۗ����
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"EJUIZB 1SBUBQB (BZBUSJ #IBU .POPKJU $IPVEIVSZ 4VOBZBOB 4JUBSBN 4BOEJQBO %BOEBQBU
BOE ,BMJLB #BMJ� ����� -BOHVBHF NPEFMJOH GPS DPEF�NJYJOH� य़F SPMF PG MJOHVJTUJD UIFPSZ
CBTFE TZOUIFUJD EBUB� *O 1SPDFFEJOHT PG UIF ��UI "OOVBM .FFUJOH PG UIF "TTPDJBUJPO GPS $PN�
QVUBUJPOBM -JOHVJTUJDT 	7PMVNF �� -POH 1BQFST
 QBHFT ����ۗ�����

.BSDFMP 0� 3� 1SBUFT 1FESP )� $� "WFMBS BOE -VT $� -BNC� ����� "TTFTTJOH HFOEFS CJBT JO
NBDIJOF USBOTMBUJPO� B DBTF TUVEZ XJUI HPPHMF USBOTMBUF� /FVSBM $PNQVU� "QQM� ��	��
�����ۗ
�����

3BUJTI 1VEVQQVMMZ -J %POH BOE .JSFMMB -BQBUB� ����� %BUB�UP�UFYU HFOFSBUJPO XJUI DPOUFOU
TFMFDUJPO BOE QMBOOJOH� BS9JW QSFQSJOU BS9JW������������

3BUJTI 1VEVQQVMMZ -J %POH BOE .JSFMMB -BQBUB� ����� %BUB�UP�UFYU HFOFSBUJPO XJUI DPOUFOU
TFMFDUJPO BOE QMBOOJOH� *O 1SPDFFEJOHT PG UIF """* $POGFSFODF PO "SUJटDJBM *OUFMMJHFODF WPM�
VNF �� QBHFT ����ۗ�����

9BWJFS 1VJH ,FWJO 3B .BSLP #PCFO +JBNBO -J 5JOHXV 8BOH 4BOKB 'JEMFS BOE "OUPOJP
5PSSBMCB� ����� 7JSUVBMIPNF� 4JNVMBUJOH IPVTFIPME BDUJWJUJFT WJB QSPHSBNT� *O ���� *&&&
$POGFSFODF PO $PNQVUFS 7JTJPO BOE 1BࡇFSO 3FDPHOJUJPO $713 ���� 4BMU -BLF $JUZ 65 64"
+VOF ����� ���� QBHFT ����ۗ����� $PNQVUFS 7JTJPO 'PVOEBUJPO � *&&& $PNQVUFS 4PDJFUZ�

(VBOHIVJ 2JO +JO�(F :BP 9VFOJOH 8BOH +JOQFOH 8BOH BOE $IJO�:FX -JO� ����� -FBSOJOH
MBUFOU TFNBOUJD BOOPUBUJPOT GPS HSPVOEJOH OBUVSBM MBOHVBHF UP TUSVDUVSFE EBUB� *O 1SPDFFE�
JOHT PG UIF ���� $POGFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH #SVTTFMT
#FMHJVN 0DUPCFS �� � /PWFNCFS � ���� QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM
-JOHVJTUJDT�

"MFD 3BEGPSE ,BSUIJL /BSBTJNIBO 5JN 4BMJNBOT BOE *MZB 4VUTLFWFS� *NQSPWJOH MBOHVBHF
VOEFSTUBOEJOH CZ HFOFSBUJWF QSF�USBJOJOH�

"MFD 3BEGPSE +F 8V 3FXPO $IJME %BWJE -VBO %BSJP "NPEFJ BOE *MZB 4VUTLFWFS� �����
-BOHVBHF NPEFMT BSF VOTVQFSWJTFE NVMUJUBTL MFBSOFST�

$PMJO 3BFM /PBN 4IB[FFS "EBN 3PCFSUT ,BUIFSJOF -FF 4IBSBO /BSBOH .JDIBFM .BUFOB
:BORJ ;IPV 8FJ -J BOE 1FUFS +� -JV� ����� &YQMPSJOH UIF MJNJUT PG USBOTGFS MFBSOJOH XJUI B
VOJFE UFYU�UP�UFYU USBOTGPSNFS� $P33 BCT������������

$PMJO 3BFM /PBN 4IB[FFS "EBN 3PCFSUT ,BUIFSJOF -FF 4IBSBO /BSBOH .JDIBFM .BUFOB
:BORJ ;IPV 8FJ -J BOE 1FUFS +� -JV� ����� &YQMPSJOH UIF MJNJUT PG USBOTGFS MFBSOJOH XJUI B
VOJFE UFYU�UP�UFYU USBOTGPSNFS� +� .BDI� -FBSO� 3FT� ��������ۗ�������

,JSBO 3BNFTI 4VSZB 3BWJTIBOLBSBO "CIJTIFL +PTIJ BOE , $IBOESBTFLBSBO� ����� " TVSWFZ
PG EFTJHO UFDIOJRVFT GPS DPOWFSTBUJPOBM BHFOUT� *O *OUFSOBUJPOBM $POGFSFODF PO *OGPSNBUJPO
$PNNVOJDBUJPO BOE $PNQVUJOH 5FDIOPMPHZ QBHFT ���ۗ���� 4QSJOHFS�

.BSD"VSFMJP 3BO[BUP 4VNJU $IPQSB .JDIBFM "VMJ BOE 8PKDJFDI ;BSFNCB� ����� 4FRVFODF
MFWFM USBJOJOH XJUI SFDVSSFOU OFVSBM OFUXPSLT� *O �UI *OUFSOBUJPOBM $POGFSFODF PO -FBSOJOH
3FQSFTFOUBUJPOT *$-3 ���� 4BO +VBO 1VFSUP 3JDP .BZ ��� ���� $POGFSFODF 5SBDL 1SPDFFE�
JOHT�

https://doi.org/10.1007/s00521-019-04144-6
https://doi.org/10.1007/s00521-019-04144-6
https://doi.org/10.1109/CVPR.2018.00886
https://doi.org/10.18653/v1/d18-1411
https://doi.org/10.18653/v1/d18-1411
http://arxiv.org/abs/1910.10683
http://arxiv.org/abs/1910.10683
http://jmlr.org/papers/v21/20-074.html
http://jmlr.org/papers/v21/20-074.html
http://arxiv.org/abs/1511.06732
http://arxiv.org/abs/1511.06732


#JCMJPHSBQIZ ���

4VEIB 3BP BOE +PFM 5FUSFBVMU� ����� %FBS TJS PS NBEBN NBZ J JOUSPEVDF UIF HZBGD EBUBTFU�
$PSQVT CFODINBSLT BOE NFUSJDT GPS GPSNBMJUZ TUZMF USBOTGFS� *O 1SPDFFEJOHT PG UIF ����
$POGFSFODF PG UIF /PSUI "NFSJDBO $IBQUFS PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�
)VNBO -BOHVBHF 5FDIOPMPHJFT 7PMVNF � 	-POH 1BQFST
 QBHFT ���ۗ����

.JDIBFMB 3FHOFSJ .BSDVT 3PISCBDI %PNJOJLVT8FU[FM 4UFGBOय़BUFS #FSOU 4DIJFMF BOE.BO�
GSFE 1JOLBM� ����� (SPVOEJOH BDUJPO EFTDSJQUJPOT JO WJEFPT� 5SBOT� "TTPD� $PNQVU� -JOHVJTUJDT
����ۗ���

&IVE 3FJUFS� ����� " TUSVDUVSFE SFWJFX PG UIF WBMJEJUZ PG #-&6� $PNQVU� -JOHVJTUJDT ��	�
�

&IVE 3FJUFS BOE"OKB #FM[� ����� "O JOWFTUJHBUJPO JOUP UIF WBMJEJUZ PG TPNFNFUSJDT GPS BVUPNBU�
JDBMMZ FWBMVBUJOH OBUVSBM MBOHVBHF HFOFSBUJPO TZTUFNT� $PNQVUBUJPOBM -JOHVJTUJDT ��	�
����ۗ
����

4IBPRJOH 3FO ,BJNJOH )F 3PTT #� (JSTIJDL BOE +JBO 4VO� ����� 'BTUFS 3�$//� UPXBSET SFBM�
UJNF PCKFDU EFUFDUJPO XJUI SFHJPO QSPQPTBM OFUXPSLT� *O "EWBODFT JO /FVSBM *OGPSNBUJPO
1SPDFTTJOH 4ZTUFNT ��� "OOVBM $POGFSFODF PO /FVSBM *OGPSNBUJPO 1SPDFTTJOH 4ZTUFNT ����
%FDFNCFS ���� ���� .POUSFBM FCFDࡊ $BOBEB QBHFT ��ۗ���

4UFWFO +� 3FOOJF &UJFOOF .BSDIFSFU :PVTTFG .SPVFI +FSSFU 3PTT BOE 7BJCIBWB (PFM� �����
4FMG�DSJUJDBM TFRVFODF USBJOJOH GPS JNBHF DBQUJPOJOH� *O ���� *&&& $POGFSFODF PO $PNQVUFS
7JTJPO BOE 1BࡇFSO 3FDPHOJUJPO $713 ���� )POPMVMV )* 64" +VMZ ����� ���� QBHFT ����ۗ
����� *&&& $PNQVUFS 4PDJFUZ�

.BSL 0� 3JFEM BOE #SFOU )BSSJTPO� ����� 6TJOH TUPSJFT UP UFBDI IVNBO WBMVFT UP BSUJDJBM
BHFOUT� *O "* &UIJDT BOE 4PDJFUZ 1BQFST GSPN UIF ���� """* 8PSLTIPQ 1IPFOJY "SJ[POB
64" 'FCSVBSZ �� ���� WPMVNF 84������ PG """* 8PSLTIPQT� """* 1SFTT�

&MFOB 3JTIFT 4UFQIBOJF . -VLJO %BWJE , &MTPO BOE .BSJMZO " 8BMLFS� ����� (FOFSBUJOH EJG�
GFSFOU TUPSZ UFMMJOHT GSPN TFNBOUJD SFQSFTFOUBUJPOT PG OBSSBUJWF� *O *OUFSOBUJPOBM $POGFSFODF
PO *OUFSBDUJWF %JHJUBM 4UPSZUFMMJOH QBHFT ���ۗ���� 4QSJOHFS�

"OOB 3PISCBDI -JTB "OOF )FOESJDLT ,BZMFF #VSOT 5SFWPS %BSSFMM BOE ,BUF 4BFOLP� �����
0CKFDU IBMMVDJOBUJPO JO JNBHF DBQUJPOJOH� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PO &NQJSJDBM
.FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH #SVTTFMT #FMHJVN 0DUPCFS �� � /PWFNCFS � ����
QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

&MFBOPS 3PTDI� ����� $PHOJUJWF SFQSFTFOUBUJPOT PG TFNBOUJD DBUFHPSJFT� +PVSOBM PG FYQFSJNFOUBM
QTZDIPMPHZ� (FOFSBM ���	�
�����

&MFBOPS 3PTDI $BSPMZO # .FSWJT 8BZOF % (SBZ %BWJE . +PIOTPO BOE 1FOOZ #PZFT�#SBFN�
����� #BTJD PCKFDUT JO OBUVSBM DBUFHPSJFT� $PHOJUJWF QTZDIPMPHZ �	�
����ۗ����

$BOEBDF 3PTT "OESFJ #BSCV :FWHFOJ #FS[BL #B॒VTIJH .ZBOHBOCBZBS BOE #PSJT ,BU[� �����
(SPVOEJOH MBOHVBHF BDRVJTJUJPO CZ USBJOJOH TFNBOUJD QBSTFST VTJOH DBQUJPOFE WJEFPT� *O 1SP�
DFFEJOHT PG UIF ���� $POGFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH #SVT�
TFMT #FMHJVN 0DUPCFS �� � /PWFNCFS � ���� QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM
-JOHVJTUJDT�
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#JCMJPHSBQIZ ���

"VSLP 3PZ "TIJTI 7BTXBOJ "SWJOE /FFMBLBOUBO BOE /JLJ 1BSNBS� ����� य़FPSZ BOE FYQFSJ�
NFOUT PO WFDUPS RVBOUJ[FE BVUPFODPEFST� $P33 BCT������������

%FC 3PZ ,BJ�:VI )TJBP BOE /JLPMBPT .BWSJEJT� ����� $POWFSTBUJPOBM SPCPUT� CVJMEJOH CMPDLT
GPS HSPVOEJOH XPSE NFBOJOH� *O 1SPDFFEJOHT PG UIF )-5�/""$- ���� XPSLTIPQ PO -FBSOJOH
XPSE NFBOJOH GSPN OPO�MJOHVJTUJD EBUB QBHFT ��ۗ���

4VCISP 3PZ .JDIBFM /PTFXPSUIZ 3PIBO 1BVM %BFIZVOH 1BSL BOE /JDIPMBT 3PZ� ����� -FWFS�
BHJOH QBTU SFGFSFODFT GPS SPCVTU MBOHVBHF HSPVOEJOH� *O 1SPDFFEJOHT PG UIF ��SE $POGFSFODF
PO $PNQVUBUJPOBM /BUVSBM -BOHVBHF -FBSOJOH $P/-- ���� )POH ,POH $IJOB /PWFNCFS ���
���� QBHFT ���ۗ���� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

4VCISP 3PZ 4IZBN 6QBEIZBZ BOE %BO 3PUI� ����� &RVBUJPO QBSTJOH � .BQQJOH TFOUFODFT UP
HSPVOEFE FRVBUJPOT� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM
-BOHVBHF 1SPDFTTJOH &./-1 ���� "VTUJO 5FYBT 64" /PWFNCFS ��� ���� QBHFT ����ۗ�����
य़F "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

4FCBTUJBO 3VEFS� ����� "O PWFSWJFX PG NVMUJ�UBTL MFBSOJOH JO EFFQ OFVSBM OFUXPSLT� BS9JW
QSFQSJOU BS9JW������������

3BDIFM 3VEJOHFS +BTPO /BSBEPXTLZ #SJBO -FPOBSE BOE #FOKBNJO 7BO %VSNF� ����� (FOEFS
CJBT JO DPSFGFSFODF SFTPMVUJPO� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PG UIF /PSUI "NFSJ�
DBO $IBQUFS PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT� )VNBO -BOHVBHF 5FDIOPMPHJFT
/""$-�)-5 /FX 0SMFBOT -PVJTJBOB 64" +VOF ��� ���� 7PMVNF � 	4IPSU 1BQFST
 QBHFT
�ۗ��� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

,PVTUBW 3VESB 4ISVUJ 3JKIXBOJ 3BZB #FHVN ,BMJLB #BMJ .POPKJU $IPVEIVSZ BOE /JMPZ
(BOHVMZ� ����� 6OEFSTUBOEJOH MBOHVBHF QSFGFSFODF GPS FYQSFTTJPO PG PQJOJPO BOE TFOUJNFOU�
8IBU EP IJOEJ�FOHMJTI TQFBLFST EP PO UXJ॒FS *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PO
&NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH QBHFT ����ۗ�����

7BTJMF 3VT ;IJRJBOH $BJ BOE "SUIVS $� (SBFTTFS� ����� &YQFSJNFOUT PO HFOFSBUJOH RVFTUJPOT
BCPVU GBDUT� *O $PNQVUBUJPOBM -JOHVJTUJDT BOE *OUFMMJHFOU 5FYU 1SPDFTTJOH �UI *OUFSOBUJPOBM
$POGFSFODF $*$-JOH ���� .FYJDP $JUZ .FYJDP 'FCSVBSZ ����� ���� WPMVNF ���� PG -FDUVSF
/PUFT JO $PNQVUFS 4DJFODF QBHFT ���ۗ���� 4QSJOHFS�

0MHB 3VTTBLPWTLZ +JB %FOH )BP 4V +POBUIBO ,SBVTF 4BOKFFW 4BUIFFTI 4FBO .B ;IJIFOH
)VBOH "OESFK ,BSQBUIZ "EJUZB ,IPTMB .JDIBFM #FSOTUFJO "MFYBOEFS $� #FSH BOE -J 'FJ�
'FJ� ����B� *NBHF/FU MBSHF TDBMF WJTVBM SFDPHOJUJPO DIBMMFOHF� *+$7 ���	�
����ۗ����

0MHB 3VTTBLPWTLZ +JB %FOH )BP 4V +POBUIBO ,SBVTF 4BOKFFW 4BUIFFTI 4FBO .B ;IJIFOH
)VBOH "OESFK ,BSQBUIZ "EJUZB ,IPTMB .JDIBFM #FSOTUFJO "MFYBOEFS $� #FSH BOE -J 'FJ�
'FJ� ����C� *NBHF/FU -BSHF 4DBMF 7JTVBM 3FDPHOJUJPO $IBMMFOHF� *OUFSOBUJPOBM +PVSOBM PG
$PNQVUFS 7JTJPO 	*+$7
 ���	�
����ۗ����

"MJDJB 4BHBF +FSSZ 3 )PCCT 4V[BOOF 8FSUIFJN .JDIBFM ) "HBS &NJMZ )P BOE 8 -FXJT
+PIOTPO� ����� &ਖ਼DJFOU DVMUVSBM NPEFMT PG WFSCBM CFIBWJPS GPS DPNNVOJDBUJWF BHFOUT� *O
*OUFSOBUJPOBM $POGFSFODF PO *OUFMMJHFOU 7JSUVBM "HFOUT QBHFT ���ۗ���� 4QSJOHFS�
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#JCMJPHSBQIZ ���

"NBJB 4BMWBEPS .JDIBM %SP[E[BM 9BWJFS (JS³�J�/JFUP BOE "ESJBOB 3PNFSP� ����� *OWFSTF
DPPLJOH� 3FDJQF HFOFSBUJPO GSPN GPPE JNBHFT� *O *&&& $POGFSFODF PO $PNQVUFS 7JTJPO BOE
1BࡇFSO 3FDPHOJUJPO $713 ���� -POH #FBDI $" 64" +VOF ����� ���� QBHFT �����ۗ������
$PNQVUFS 7JTJPO 'PVOEBUJPO � *&&&�

"NBJB 4BMWBEPS .JDIBM %SP[E[BM 9BWJFS (JSP�J /JFUP BOE "ESJBOB 3PNFSP� ����� *OWFSTF
DPPLJOH� 3FDJQF HFOFSBUJPO GSPN GPPE JNBHFT� BS9JW QSFQSJOU BS9JW������������

#JEJTIB 4BNBOUB 4IBSNJMB 3FEEZ )VTTBJO +BHJSEBS /JMPZ (BOHVMZ BOE 4PVNFO $IBLSBCBSUJ�
����� " EFFQ HFOFSBUJWF NPEFM GPS DPEF�TXJUDIFE UFYU� BS9JW QSFQSJOU BS9JW������������

7JDUPS 4BOI य़PNBT 8PMG BOE 4FCBTUJBO 3VEFS� ����� " IJFSBSDIJDBM NVMUJ�UBTL BQQSPBDI GPS
MFBSOJOH FNCFEEJOHT GSPN TFNBOUJD UBTLT� BS9JW QSFQSJOU BS9JW������������

%BWJE 4BOLP BOE 4IBOB 1PQMBDL� ����� " GPSNBM HSBNNBS GPS DPEF�TXJUDIJOH� 3FTFBSDI PO
-BOHVBHF � 4PDJBM *OUFSBDUJPO ��	�
��ۗ���

.BBSUFO 4BQ 3POBO -F #SBT &NJMZ "MMBXBZ $IBOESB #IBHBWBUVMB /JDIPMBT -PVSJF )BOOBI
3BTILJO #SFOEBO 3PPG /PBI "� 4NJUI BOE :FKJO $IPJ� ����� "50.*$� BO BUMBT PG NBDIJOF
DPNNPOTFOTF GPS JG�UIFO SFBTPOJOH� *OࡋF JSEࡋ�JSUZࡋ """* $POGFSFODF PO "SUJटDJBM *OUFMMJ�
HFODF """* ���� Fࡋ JSUZ�'JSTUࡋ *OOPWBUJWF "QQMJDBUJPOT PG "SUJटDJBM *OUFMMJHFODF $POGFSFODF
*""* ����F/JOUIࡋ """* 4ZNQPTJVN PO &EVDBUJPOBM "EWBODFT JO "SUJटDJBM *OUFMMJHFODF &""*
���� )POPMVMV )BXBJJ 64" +BOVBSZ �� � 'FCSVBSZ � ���� QBHFT ����ۗ����� """* 1SFTT�

.BBSUFO 4BQ 7FSFE 4IXBSU[ "OUPJOF #PTTFMVU :FKJO $IPJ BOE %BO 3PUI� ����� $PNNPOTFOTF
SFBTPOJOH GPS OBUVSBM MBOHVBHF QSPDFTTJOH� *O 1SPDFFEJOHT PG UIF ��UI "OOVBM .FFUJOH PG UIF
"TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT� 5VUPSJBM "CTUSBDUT "$- ���� 0OMJOF +VMZ � ����
QBHFT ��ۗ��� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

3PHFS $ 4DIBOL� ����� 5FMM NF B TUPSZ� " OFX MPPL BU SFBM BOE BSUJटDJBM NFNPSZ� $IBSMFT
4DSJCOFST 4POT�

/BUBMJF 4DIJMMJOH� ����� *OWFTUJHBUJOH TUZMJTUJD WBSJBUJPO� Fࡋ IBOECPPL PG MBOHVBHF WBSJBUJPO
BOE DIBOHF QBHFT ���ۗ����

)JOSJDI 4DI¼U[F $ISJTUPQIFS % .BOOJOH BOE 1SBCIBLBS 3BHIBWBO� ����� *OUSPEVDUJPO UP JO�
GPSNBUJPO SFUSJFWBM WPMVNF ��� $BNCSJEHF 6OJWFSTJUZ 1SFTT�

1FSJ - 4DIVZMFS 8JMMJBN 5 )PMF .BSL 4 5V॒MF BOE %BWJE % 4IFSFSU[� ����� य़F VNMT NFUBUIF�
TBVSVT� SFQSFTFOUJOH EJFSFOU WJFXT PG CJPNFEJDBM DPODFQUT� #VMMFUJO PG UIF .FEJDBM -JCSBSZ
"TTPDJBUJPO ��	�
�����

य़PNBT 4DJBMPN 1BVM�"MFYJT %SBZ 1BUSJDL (BMMJOBSJ 4ZMWBJO -BNQSJFS #FOKBNJO 1JXPXBSTLJ
+BDPQP 4UBJBOP BOE "MFY 8BOH� ����� फ़FTUFWBM� 4VNNBSJ[BUJPO BTLT GPS GBDU�CBTFE FWBMV�
BUJPO� BS9JW QSFQSJOU BS9JW������������

य़PNBT 4DJBMPN 4ZMWBJO -BNQSJFS #FOKBNJO 1JXPXBSTLJ BOE +BDPQP 4UBJBOP� ����� "OTXFST
VOJUF� VOTVQFSWJTFE NFUSJDT GPS SFJOGPSDFE TVNNBSJ[BUJPO NPEFMT� *O 1SPDFFEJOHT PG UIF ����
$POGFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH BOE UIF �UI *OUFSOBUJPOBM
+PJOU $POGFSFODF PO /BUVSBM -BOHVBHF 1SPDFTTJOH &./-1�*+$/-1 ���� )POH ,POH $IJOB
/PWFNCFS ��� ���� QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�
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#JCMJPHSBQIZ ���

"CJHBJM 4FF 1FUFS +� -JV BOE $ISJTUPQIFS %� .BOOJOH� ����� (FU UP UIF QPJOU� 4VNNBSJ[BUJPO
XJUI QPJOUFS�HFOFSBUPS OFUXPSLT� *O 1SPDFFEJOHT PG UIF ��UI "OOVBM.FFUJOH PG UIF "TTPDJBUJPO
GPS $PNQVUBUJPOBM -JOHVJTUJDT "$- ���� 7BODPVWFS $BOBEB +VMZ �� � "VHVTU � 7PMVNF ��
-POH 1BQFST QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

य़JCBVMU 4FMMBN %JQBOKBO %BT BOE "OLVS 1� 1BSJLI� ����� #-&635� MFBSOJOH SPCVTU NFUSJDT
GPS UFYU HFOFSBUJPO� $P33 BCT������������

1BVM )POHTVDL 4FP 1JZVTI 4IBSNB 5PNFS -FWJOCPJN #PIZVOH )BO BOE 3BEV 4PSJDVU� �����
3FJOGPSDJOH BO JNBHF DBQUJPO HFOFSBUPS VTJOH P�MJOF IVNBO GFFECBDL� *O Fࡋ JSUZ�'PVSUIࡋ
"""* $POGFSFODF PO "SUJटDJBM *OUFMMJHFODF """* ���� Fࡋ JSUZ�4FDPOEࡋ *OOPWBUJWF "QQMJDB�
UJPOT PG "SUJटDJBM *OUFMMJHFODF $POGFSFODF *""* ���� Fࡋ 5FOUI """* 4ZNQPTJVN PO &EVDB�
UJPOBM "EWBODFT JO "SUJटDJBM *OUFMMJHFODF &""* ���� /FX :PSL /: 64" 'FCSVBSZ ���� ����
QBHFT ����ۗ����� """* 1SFTT�

-FJ 4IB -JMJ .PV 5JBOZV -JV 1BTDBM 1PVQBSU 4VKJBO -J #BPCBP $IBOH BOE ;IJGBOH 4VJ� �����
0SEFS�QMBOOJOH OFVSBM UFYU HFOFSBUJPO GSPN TUSVDUVSFE EBUB� *O JSUZ�4FDPOEࡋ """* $POGFS�
FODF PO "SUJटDJBM *OUFMMJHFODF�

)JNBOTIV 4IBSNB .BONPIBO "HSBIBSJ 4VKFFU ,VNBS 4JOHI .PIE 'JSPK BOE 3BWJ ,VNBS
.JTISB� ����� *NBHF DBQUJPOJOH� " DPNQSFIFOTJWF TVSWFZ� *O ���� *OUFSOBUJPOBM $POGFSFODF
PO 1PXFS &MFDUSPOJDT � *P5 "QQMJDBUJPOT JO 3FOFXBCMF &OFSHZ BOE JUT $POUSPM 	1"3$
 QBHFT
���ۗ���� *&&&�

1JZVTI 4IBSNB /BO %JOH 4FCBTUJBO (PPENBO BOE 3BEV 4PSJDVU� ����� $PODFQUVBM DBQUJPOT�
" DMFBOFE IZQFSOZNFE JNBHF BMU�UFYU EBUBTFU GPS BVUPNBUJD JNBHF DBQUJPOJOH� *O 1SPDFFE�
JOHT PG UIF ��UI "OOVBM .FFUJOH PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT "$- ����
.FMCPVSOF "VTUSBMJB +VMZ ����� ���� 7PMVNF �� -POH 1BQFST QBHFT ����ۗ����� "TTPDJBUJPO
GPS $PNQVUBUJPOBM -JOHVJTUJDT�

5JBOYJBP 4IFO 5BP -FJ 3FHJOB #BS[JMBZ BOE 5PNNJ +BBLLPMB� ����B� 4UZMF USBOTGFS GSPN OPO�
QBSBMMFM UFYU CZ DSPTT�BMJHONFOU� *O "EWBODFT JO OFVSBM JOGPSNBUJPO QSPDFTTJOH TZTUFNT QBHFT
����ۗ�����

9JBPZV 4IFO )VJ 4V :BOSBO -J 8FOKJF -J 4IV[J /JV :BOH ;IBP "LJLP "J[BXB BOE (VPQ�
JOH -POH� ����C� " DPOEJUJPOBM WBSJBUJPOBM GSBNFXPSL GPS EJBMPH HFOFSBUJPO� *O 1SPDFFEJOHT
PG UIF ��UI "OOVBM .FFUJOH PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT "$- ���� 7BO�
DPVWFS $BOBEB +VMZ �� � "VHVTU � 7PMVNF �� 4IPSU 1BQFST QBHFT ���ۗ���� "TTPDJBUJPO GPS
$PNQVUBUJPOBM -JOHVJTUJDT�

&NJMZ 4IFOH ,BJ�8FJ $IBOH 1SFNLVNBS /BUBSBKBO BOE /BOZVO 1FOH� ����� य़F XPNBO
XPSLFE BT B CBCZTJ॒FS� 0O CJBTFT JO MBOHVBHF HFOFSBUJPO� *O 1SPDFFEJOHT PG UIF ���� $PO�
GFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH BOE UIF �UI *OUFSOBUJPOBM +PJOU
$POGFSFODF PO /BUVSBM -BOHVBHF 1SPDFTTJOH &./-1�*+$/-1 ���� )POH ,POH $IJOB /PWFN�
CFS ��� ���� QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

)BPZVF 4IJ +JBZVBO .BP ,FWJO (JNQFM BOE ,BSFO -JWFTDV� ����� 7JTVBMMZ HSPVOEFE OFVSBM
TZOUBY BDRVJTJUJPO� *O 1SPDFFEJOHT PG UIF ��UI $POGFSFODF PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM
-JOHVJTUJDT "$- ���� 'MPSFODF *UBMZ +VMZ ��� "VHVTU � ���� 7PMVNF �� -POH 1BQFST QBHFT
����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�
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#JCMJPHSBQIZ ���

;IPOHNJO 4IJ (BCPS .FMMJ :BOH 8BOH :VEPOH -JV #BPIVB (V .FIEJ . ,BTIBOJ "OPPQ
4BSLBS BOE 'SFE 1PQPXJDI� ����� फ़FTUJPO BOTXFSJOH TVNNBSJ[BUJPO PG NVMUJQMF CJPNFEJDBM
EPDVNFOUT� *O "EWBODFT JO "SUJटDJBM *OUFMMJHFODF QBHFT ���ۗ���� 4QSJOHFS�

)JSPLJ 4IJNBOBLB 5PNPZVLJ ,BKJXBSB BOE .BNPSV ,PNBDIJ� ����� 364&� SFHSFTTPS VTJOH
TFOUFODF FNCFEEJOHT GPS BVUPNBUJD NBDIJOF USBOTMBUJPO FWBMVBUJPO� *O 1SPDFFEJOHT PG UIF
JSEࡋ $POGFSFODF PO .BDIJOF 5SBOTMBUJPO� 4IBSFE 5BTL 1BQFST 8.5 ���� #FMHJVN #SVTTFMT
0DUPCFS �� � /PWFNCFS � ���� QBHFT ���ۗ���� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

)PP�$IBOH 4IJO ,JSL 3PCFSUT -F -V %JOB %FNOFS�'VTINBO +JBOIVB :BP BOE 3POBME .�
4VNNFST� ����� -FBSOJOH UP SFBE DIFTU Y�SBZT� 3FDVSSFOU OFVSBM DBTDBEF NPEFM GPS BVUP�
NBUFE JNBHF BOOPUBUJPO� *O ���� *&&& $POGFSFODF PO $PNQVUFS 7JTJPO BOE 1BࡇFSO 3FDPH�
OJUJPO $713 ���� -BT 7FHBT /7 64" +VOF ����� ���� QBHFT ����ۗ����� *&&& $PNQVUFS
4PDJFUZ�

5BZMPS 4IJO :BTBNBO 3B[FHIJ 3PCFSU -� -PHBO *7 &SJD8BMMBDF BOE 4BNFFS 4JOHI� ����� "VUP�
QSPNQU� &MJDJUJOH LOPXMFEHF GSPN MBOHVBHF NPEFMT XJUI BVUPNBUJDBMMZ HFOFSBUFE QSPNQUT�
*O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH
&./-1 ���� 0OMJOF /PWFNCFS ����� ���� QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM
-JOHVJTUJDT�

3PCJL 4ISFTUIB ,VTIBM ,BF BOE $ISJTUPQIFS ,BOBO� ����� " OFHBUJWF DBTF BOBMZTJT PG WJTVBM
HSPVOEJOH NFUIPET GPS 72"� *O 1SPDFFEJOHT PG UIF ��UI "OOVBM .FFUJOH PG UIF "TTPDJBUJPO GPS
$PNQVUBUJPOBM -JOHVJTUJDT "$- ���� 0OMJOF +VMZ ���� ���� QBHFT ����ۗ����� "TTPDJBUJPO
GPS $PNQVUBUJPOBM -JOHVJTUJDT�

.PIJU 4ISJEIBS +FTTF य़PNBTPO %BOJFM (PSEPO :POBUBO #JTL 8JOTPO )BO 3PP[CFI .PU�
UBHIJ -VLF ;F॒MFNPZFS BOE %JFUFS 'PY� ����� "-'3&%� " CFODINBSL GPS JOUFSQSFUJOH
HSPVOEFE JOTUSVDUJPOT GPS FWFSZEBZ UBTLT� *O ���� *&&&�$7' $POGFSFODF PO $PNQVUFS 7JTJPO
BOE 1BࡇFSO 3FDPHOJUJPO $713 ���� 4FBࡇMF 8" 64" +VOF ����� ���� QBHFT �����ۗ������
$PNQVUFS 7JTJPO 'PVOEBUJPO � *&&&�

,VSU 4IVTUFS 4BNVFM )VNFBV "OUPJOF #PSEFT BOE +BTPO8FTUPO� ����� &OHBHJOH JNBHF DIBU�
.PEFMJOH QFSTPOBMJUZ JO HSPVOEFE EJBMPHVF� BS9JW QSFQSJOU BS9JW������������

,VSU 4IVTUFS 4BNVFM )VNFBV "OUPJOF #PSEFT BOE +BTPO8FTUPO� ����� *NBHF�DIBU� &OHBHJOH
HSPVOEFE DPOWFSTBUJPOT� *O 1SPDFFEJOHT PG UIF ��UI "OOVBM .FFUJOH PG UIF "TTPDJBUJPO GPS
$PNQVUBUJPOBM -JOHVJTUJDT "$- ���� 0OMJOF +VMZ ���� ���� QBHFT ����ۗ����� "TTPDJBUJPO
GPS $PNQVUBUJPOBM -JOHVJTUJDT�

&LBUFSJOB 4IVUPWB /JLFU 5BOEPO BOE (FSBSE EF.FMP� ����� 1FSDFQUVBMMZ HSPVOEFE TFMFDUJPOBM
QSFGFSFODFT� *O 1SPDFFEJOHT PG UIF ��SE "OOVBM .FFUJOH PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM
-JOHVJTUJDT BOE UIF �UI *OUFSOBUJPOBM +PJOU $POGFSFODF PO /BUVSBM -BOHVBHF 1SPDFTTJOH PG UIF
"TJBO 'FEFSBUJPO PG /BUVSBM -BOHVBHF 1SPDFTTJOH "$- ���� +VMZ ����� ���� #FJKJOH $IJOB
7PMVNF �� -POH 1BQFST QBHFT ���ۗ���� य़F "TTPDJBUJPO GPS $PNQVUFS -JOHVJTUJDT�

7FSFE 4IXBSU[ 3BDIFM 3VEJOHFS BOE 0ZWJOE 5B्PSE� ����B� ۡZPV BSF HSPVOEFE�ۡ� -BUFOU OBNF
BSUJGBDUT JO QSF�USBJOFE MBOHVBHF NPEFMT� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PO &NQJSJDBM
.FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH &./-1 ���� 0OMJOF /PWFNCFS ����� ���� QBHFT
����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�
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#JCMJPHSBQIZ ���

7FSFE 4IXBSU[ 1FUFS 8FTU 3POBO -F #SBT $IBOESB #IBHBWBUVMB BOE :FKJO $IPJ� ����C� 6O�
TVQFSWJTFE DPNNPOTFOTF RVFTUJPO BOTXFSJOH XJUI TFMG�UBML� *O 1SPDFFEJOHT PG UIF ���� $PO�
GFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH &./-1 ���� 0OMJOF /PWFNCFS
����� ���� QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

$BSJOB 4JMCFSFS BOE .JSFMMB -BQBUB� ����� -FBSOJOH HSPVOEFE NFBOJOH SFQSFTFOUBUJPOT XJUI
BVUPFODPEFST� *O 1SPDFFEJOHT PG UIF ��OE "OOVBM .FFUJOH PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM
-JOHVJTUJDT "$- ���� +VOF ����� ���� #BMUJNPSF .% 64" 7PMVNF �� -POH 1BQFST QBHFT
���ۗ���� य़F "TTPDJBUJPO GPS $PNQVUFS -JOHVJTUJDT�

$BSJOB 4JMCFSFS BOE .BOGSFE 1JOLBM� ����� (SPVOEJOH TFNBOUJD SPMFT JO JNBHFT� *O 1SPDFFE�
JOHT PG UIF ���� $POGFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH #SVTTFMT
#FMHJVN 0DUPCFS �� � /PWFNCFS � ���� QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM
-JOHVJTUJDT�

3 .BIFTI , 4JOIB BOE "OJM य़BLVS� ����� .BDIJOF USBOTMBUJPO PG CJ�MJOHVBM IJOEJ�FOHMJTI
	IJOHMJTI
 UFYU� ��UI .BDIJOF 5SBOTMBUJPO TVNNJU 	.5 4VNNJU 9
 1IVLFU BJMBOEࡋ QBHFT
���ۗ����

4VOBZBOB 4JUBSBN BOE "MBO 8 #MBDL� ����� 4QFFDI 4ZOUIFTJT PG $PEF�.JYFE 5FYU� *O -3&$�

4VOBZBOB 4JUBSBN ,IZBUIJ 3BHIBWJ $IBOEV 4BJ ,SJTIOB 3BMMBCBOEJ BOE "MBO 8 #MBDL� �����
" TVSWFZ PG DPEF�TXJUDIFE TQFFDI BOE MBOHVBHF QSPDFTTJOH� BS9JW QSFQSJOU BS9JW������������

4VOBZBOB 4JUBSBN 4BJ ,SJTIOB 3BMMBCBOEJ BOE 4ISVUJ 3JKIXBOJ� "MBO 8 #MBDL� &YQFSJNFOUT
XJUI $SPTT�MJOHVBM 4ZTUFNT GPS 4ZOUIFTJT PG $PEF�.JYFE 5FYU� *O �UI *4$" 4QFFDI 4ZOUIFTJT
8PSLTIPQ QBHFT ��ۗ���

3JDIBSE 4LJCB� ����� $PEF TXJUDIJOH BT B DPVOUFOBODF PG MBOHVBHF JOUFSGFSFODF� Fࡋ JOUFSOFU
5&4- KPVSOBM �	��
��ۗ��

+POBUIBO 4MPDVN� ����� " TVSWFZ PG NBDIJOF USBOTMBUJPO� JUT IJTUPSZ DVSSFOU TUBUVT BOE GVUVSF
QSPTQFDUT� $PNQVUBUJPOBM MJOHVJTUJDT ��	�
��ۗ���

.BSLP 4NJMFWTLJ *MJKB -BMLPWTLJ BOE (KPSHJ .BE[BSPW� ����� 4UPSJFT GPS JNBHFT�JO�TFRVFODF
CZ VTJOH WJTVBM BOE OBSSBUJWF DPNQPOFOUT� BS9JW QSFQSJOU BS9JW������������

य़BNBS 4PMPSJP BOE :BOH -JV� ����B� -FBSOJOH UP QSFEJDU DPEF�TXJUDIJOH QPJOUT� *O 1SPDFFE�
JOHT PG UIF $POGFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH QBHFT ���ۗ����
"TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

य़BNBS 4PMPSJP BOE :BOH -JV� ����C� 1BSU�PG�TQFFDI UBHHJOH GPS FOHMJTI�TQBOJTI DPEF�TXJUDIFE
UFYU� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SP�
DFTTJOH QBHFT ����ۗ�����

,BJUBP 4POH 9V 5BO 5BP 2JO +JBOGFOH -V BOE 5JF�:BO -JV� ����� .BTT� .BTLFE TFRVFODF UP
TFRVFODF QSF�USBJOJOH GPS MBOHVBHF HFOFSBUJPO� BS9JW QSFQSJOU BS9JW������������

;IJZJ 4POH 4UFQIBOJF . 4USBTTFM )BFKPPOH -FF ,FWJO8BMLFS +POBUIBO8SJHIU +FOOJGFS (BS�
MBOE %BOB 'PSF #SJBO (BJOPS 1SFTUPO $BCF य़PNBTय़PNBT FU BM� ����� $PMMFDUJOH OBUVSBM
TNT BOE DIBU DPOWFSTBUJPOT JO NVMUJQMF MBOHVBHFT� य़F CPMU QIBTF � DPSQVT� *O -3&$ QBHFT
����ۗ����� $JUFTFFS�
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#JCMJPHSBQIZ ���

(FPSHJPT 1� 4QJUIPVSBLJT *TBCFMMF "VHFOTUFJO BOE 4FCBTUJBO 3JFEFM� ����� /VNFSJDBMMZ
HSPVOEFE MBOHVBHF NPEFMT GPS TFNBOUJD FSSPS DPSSFDUJPO� *O 1SPDFFEJOHT PG UIF ���� $PO�
GFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH &./-1 ���� "VTUJO 5FYBT
64" /PWFNCFS ��� ���� QBHFT ���ۗ���� य़F "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

5FKBT 4SJOJWBTBO 3BNPO 4BOBCSJB 'MPSJBO .FU[F BOE %FTNPOE &MMJP॒� ����� 'JOF�HSBJOFE
HSPVOEJOH GPS NVMUJNPEBM TQFFDI SFDPHOJUJPO� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PO &N�
QJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH� 'JOEJOHT &./-1 ���� 0OMJOF &WFOU �����
/PWFNCFS ���� QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

.JMPT 4UBOPKFWJD BOE ,IBMJM 4JNBBO� ����� #&&3� CF॒FS FWBMVBUJPO BT SBOLJOH� *O 1SPDFFEJOHT
PG UIF /JOUI 8PSLTIPQ PO 4UBUJTUJDBM .BDIJOF 5SBOTMBUJPO 8.5!"$- ���� +VOF ����� ����
#BMUJNPSF .BSZMBOE 64" QBHFT ���ۗ���� य़F "TTPDJBUJPO GPS $PNQVUFS -JOHVJTUJDT�

.JDIBFM 2 4UFBSOT $PMJO 1SJDF ,FOU " 4QBDLNBO BOE "NZ : 8BOH� ����� 4OPNFE DMJOJDBM
UFSNT� PWFSWJFX PG UIF EFWFMPQNFOU QSPDFTT BOE QSPKFDU TUBUVT� *O 1SPDFFEJOHT PG UIF ".*"
4ZNQPTJVN QBHF ���� "NFSJDBO .FEJDBM *OGPSNBUJDT "TTPDJBUJPO�

-VD 4UFFMT� ����� $POTUSVDUJWJTU EFWFMPQNFOU PG HSPVOEFE DPOTUSVDUJPO HSBNNBS� *O 1SPDFFE�
JOHT PG UIF ��OE "OOVBM .FFUJOH PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT ����� +VMZ
���� #BSDFMPOB 4QBJO QBHFT �ۗ��� "$-�

+POBUIBO 4USBZ� ����� 8IBU EP KPVSOBMJTUT EP XJUI EPDVNFOUT FME OPUFT GPS OBUVSBM MBOHVBHF
QSPDFTTJOH SFTFBSDIFST� *O $PNQVUBUJPO ¾+PVSOBMJTN 4ZNQPTJVN� 1BMP "MUP $"� 4UBOGPSE
6OJWFSTJUZ� IࡇQT���KPVSOBMJTN� TUBOGPSE� FEV�DK�����टMFT�8IBU EP KPVSOBMJTUT EP XJUI EPDVNFOUT�
QEG�

+POBUIBO 4USBZ� ����� .BLJOH BSUJDJBM JOUFMMJHFODF XPSL GPS JOWFTUJHBUJWF KPVSOBMJTN� %JHJUBM
+PVSOBMJTN �	�
�����ۗ�����

.JDIBFM 4USVCF BOE 6EP )BIO� ����� 'VODUJPOBM DFOUFSJOH � HSPVOEJOH SFGFSFOUJBM DPIFSFODF
JO JOGPSNBUJPO TUSVDUVSF� $PNQVU� -JOHVJTUJDT ��	�
����ۗ����

8FJKJF 4V 9J[IPV ;IV :VF $BP #JO -J -FXFJ -V 'VSV 8FJ BOE +JGFOH %BJ� ����� 7-�#&35�
1SF�USBJOJOH PG HFOFSJD WJTVBM�MJOHVJTUJD SFQSFTFOUBUJPOT� *O *$-3�

4BOKBZ 4VCSBNBOJBO -VDZ -V 8BOH #FO #PHJO 4BDIJO .FIUB .BEFMFJOF WBO ;VZMFO 4SB�
WBOUIJ 1BSBTB 4BNFFS 4JOHI .B॒ (BSEOFS BOE )BOOBOFI )BKJTIJS[J� ����� .FEJDBU� "
EBUBTFU PG NFEJDBM JNBHFT DBQUJPOT BOE UFYUVBM SFGFSFODFT� *O 'JOEJOHT PG UIF "TTPDJBUJPO GPS
$PNQVUBUJPOBM -JOHVJTUJDT� &./-1 ���� 0OMJOF &WFOU ����� /PWFNCFS ���� WPMVNF &./-1
���� PG 'JOEJOHT PG "$- QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

"LIJMFTI 4VEIBLBS #IBSHBW 6QBEIZBZ BOE "SKVO .BIFTXBSBO� ����� ۡUSBOTGPSNJOHۡ EFMFUF
SFUSJFWF HFOFSBUF BQQSPBDI GPS DPOUSPMMFE UFYU TUZMF USBOTGFS� *O 1SPDFFEJOHT PG UIF ���� $PO�
GFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH BOE UIF �UI *OUFSOBUJPOBM +PJOU
$POGFSFODF PO /BUVSBM -BOHVBHF 1SPDFTTJOH &./-1�*+$/-1 ���� )POH ,POH $IJOB /PWFN�
CFS ��� ���� QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�
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"MFTTBOESP 4VHMJB *PBOOJT ,POTUBT "OESFB 7BO[P &NBOVFMF #BTUJBOFMMJ %FTNPOE &MMJP॒
4UFMMB 'SBOL BOE 0MJWFS -FNPO� ����� $PNQHVFTTXIBU۾� " NVMUJ�UBTL FWBMVBUJPO GSBNF�
XPSL GPS HSPVOEFE MBOHVBHF MFBSOJOH� *O 1SPDFFEJOHT PG UIF ��UI "OOVBM .FFUJOH PG UIF "T�
TPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT "$- ���� 0OMJOF +VMZ ���� ���� QBHFT ����ۗ�����
"TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

"MBOF 4VIS 4UFQIBOJF ;IPV "MMZ ;IBOH *SJT ;IBOH )VBKVO #BJ BOE :PBW "SU[J� ����� "
DPSQVT GPS SFBTPOJOH BCPVU OBUVSBM MBOHVBHF HSPVOEFE JO QIPUPHSBQIT� *O 1SPDFFEJOHT PG UIF
��UI $POGFSFODF PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT "$- ���� 'MPSFODF *UBMZ +VMZ
��� "VHVTU � ���� 7PMVNF �� -POH 1BQFST QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM
-JOHVJTUJDT�

+JBNFJ 4VO 4FCBTUJBO -BQVTDILJO 8PKDJFDI 4BNFL BOE "MFYBOEFS #JOEFS� ����� &YQMBJO BOE
JNQSPWF� -SQ�JOGFSFODF OF�UVOJOH GPS JNBHF DBQUJPOJOH NPEFMT� *OG� 'VTJPO ������ۗ����

&DF 5BLNB[ .BSJP (JVMJBOFMMJ 4BOESP 1F[[FMMF "SBCFMMB 4JODMBJS BOE 3BRVFM 'FSO¡OEF[� �����
3FGFS SFVTF SFEVDF� (SPVOEJOH TVCTFRVFOU SFGFSFODFT JO WJTVBM BOE DPOWFSTBUJPOBM DPOUFYUT�
*O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH
	&./-1
 QBHFT ����ۗ�����

:JL�$IFVOH 5BN� ����� $MVTUFS�CBTFE CFBN TFBSDI GPS QPJOUFS�HFOFSBUPS DIBUCPU HSPVOEFE CZ
LOPXMFEHF� $PNQVUFS 4QFFDI � -BOHVBHF QBHF �������

1SBEZVNOB 5BNCXFLBS .VSUB[B %IVMJBXBMB "OJNFTI .FIUB -BSB +� .BSUJO #SFOU )BSSJTPO
BOE .BSL 0� 3JFEM� ����� $POUSPMMBCMF OFVSBM TUPSZ HFOFSBUJPO WJB SFJOGPSDFNFOU MFBSOJOH�
$P33 BCT������������

#PXFO 5BO ;JDIBP :BOH .BSVBO "M�4IFEJWBU &SJD 1� 9JOH BOE ;IJUJOH )V� ����� 1SPHSFTTJWF
HFOFSBUJPO PG MPOH UFYU� $P33 BCT������������

)BP 5BO BOE .PIJU #BOTBM� ����� -9.&35� -FBSOJOH DSPTT�NPEBMJUZ FODPEFS SFQSFTFOUBUJPOT
GSPN USBOTGPSNFST� *O &./-1�*+$/-1�

:J $IFSO 5BO BOE -� &MJTB $FMJT� ����� "TTFTTJOH TPDJBM BOE JOUFSTFDUJPOBM CJBTFT JO DPOUFYUVBM�
J[FE XPSE SFQSFTFOUBUJPOT� *O "EWBODFT JO /FVSBM *OGPSNBUJPO 1SPDFTTJOH 4ZTUFNT ��� "OOVBM
$POGFSFODF PO /FVSBM *OGPSNBUJPO 1SPDFTTJOH 4ZTUFNT ���� /FVS*14 ���� %FDFNCFS ���� ����
7BODPVWFS #$ $BOBEB QBHFT �����ۗ������

:JOH )VB 5BO BOE $IFF 4FOH $IBO� ����� QIJ�MTUN� " QISBTF�CBTFE IJFSBSDIJDBM -45. NPEFM
GPS JNBHF DBQUJPOJOH� *O $PNQVUFS 7JTJPO � "$$7 ���� � ��UI "TJBO $POGFSFODF PO $PNQVUFS
7JTJPO 5BJQFJ 5BJXBO /PWFNCFS ����� ���� 3FWJTFE 4FMFDUFE 1BQFST 1BSU 7 WPMVNF �����
PG -FDUVSF /PUFT JO $PNQVUFS 4DJFODF QBHFT ���ۗ���� 4QSJOHFS�

0HV[IBO 5BT BOE 'BS[BE ,JZBOJ� " TVSWFZ BVUPNBUJD UFYU TVNNBSJ[BUJPO� 1SFTT"DBEFNJB
1SPDFEJB �	�
����ۗ����

8JMTPO - 5BZMPS� ����� ۠DMP[F QSPDFEVSFۡ� " OFX UPPM GPS NFBTVSJOH SFBEBCJMJUZ� +PVSOBMJTN
RVBSUFSMZ ��	�
����ۗ����
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#JCMJPHSBQIZ ���

"TIJTI 7� य़BQMJZBM BOE 3BEV 4PSJDVU� ����� $SPTT�NPEBM MBOHVBHF HFOFSBUJPO VTJOH QJWPU
TUBCJMJ[BUJPO GPS XFC�TDBMF MBOHVBHF DPWFSBHF� *O 1SPDFFEJOHT PG UIF ��UI "OOVBM .FFUJOH PG
UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT "$- ���� 0OMJOF +VMZ ���� ���� QBHFT ���ۗ
���� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

-VDBT य़FJT "¤SPO WBO EFO 0PSE BOE .B॒IJBT #FUIHF� ����� " OPUF PO UIF FWBMVBUJPO PG
HFOFSBUJWF NPEFMT� *O �UI *OUFSOBUJPOBM $POGFSFODF PO -FBSOJOH 3FQSFTFOUBUJPOT *$-3 ����
4BO +VBO 1VFSUP 3JDP .BZ ��� ���� $POGFSFODF 5SBDL 1SPDFFEJOHT�

+FTTF य़PNBTPO .JDIBFM .VSSBZ .BZB $BLNBL BOE -VLF ;F॒MFNPZFS� ����� 7JTJPO�BOE�
EJBMPH OBWJHBUJPO� *O �SE "OOVBM $POGFSFODF PO 3PCPU -FBSOJOH $P3- ���� 0TBLB +BQBO
0DUPCFS �� � /PWFNCFS � ���� 1SPDFFEJOHT WPMVNF ��� PG 1SPDFFEJOHT PG .BDIJOF -FBSOJOH
3FTFBSDI QBHFT ���ۗ���� 1.-3�

+BNFT य़PSOF "OESFBT 7MBDIPT $ISJTUPT $ISJTUPEPVMPQPVMPT BOE "SQJU .J॒BM� ����� (FO�
FSBUJOH UPLFO�MFWFM FYQMBOBUJPOT GPS OBUVSBM MBOHVBHF JOGFSFODF� *O 1SPDFFEJOHT PG UIF ����
$POGFSFODF PG UIF /PSUI "NFSJDBO $IBQUFS PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�
)VNBO -BOHVBHF 5FDIOPMPHJFT /""$-�)-5 ���� .JOOFBQPMJT ./ 64" +VOF ��� ���� 7PM�
VNF � 	-POH BOE 4IPSU 1BQFST
 QBHFT ���ۗ���� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

-JBOH 5JBO %FSFL ' 8POH -JEJB 4 $IBP 1BVMP फ़BSFTNB 'SBODJTDP 0MJWFJSB BOE -V :J�
����� 6N�DPSQVT� " MBSHF FOHMJTI�DIJOFTF QBSBMMFM DPSQVT GPS TUBUJTUJDBM NBDIJOF USBOTMB�
UJPO� *O 1SPDFFEJOHT PG UIF /JOUI *OUFSOBUJPOBM $POGFSFODF PO -BOHVBHF 3FTPVSDFT BOE &WBMV�
BUJPO 	-3&$�����
�

3BO 5JBO 4IBTIJ /BSBZBO य़JCBVMU 4FMMBN BOE "OLVS 1� 1BSJLI� ����� 4UJDLJOH UP UIF GBDUT�
$POEFOU EFDPEJOH GPS GBJUIGVM EBUB�UP�UFYU HFOFSBUJPO� $P33 BCT������������

+VMJBO 5PHFMJVT (FPSHJPT /� :BOOBLBLJT ,FOOFUI 0� 4UBOMFZ BOE $BNFSPO #SPXOF� �����
4FBSDI�CBTFE QSPDFEVSBM DPOUFOU HFOFSBUJPO� " UBYPOPNZ BOE TVSWFZ� *&&& 5SBOT� $PN�
QVU� *OUFMM� "* (BNFT �	�
����ۗ����

$IBP 5POH 3JDIBSE $� 3PCFSUT 3JUB #PSHP 4FBO 1� 8BMUPO 3PCFSU 4� -BSBNFF ,PE[P 8FHCB
"JEPOH -V :VO 8BOH )VBNJO फ़ 2JPOH -VP BOE 9JBPKVBO .B� ����� 4UPSZUFMMJOH BOE
WJTVBMJ[BUJPO� "O FYUFOEFE TVSWFZ� *OGPSNBUJPO �	�
����

$ISJTUPG 5SBCFS ,BSM )VCFS ,BSJN /FEJS #FBU 1TUFS &SJD ,FMMFS BOE #SJHJ॒F ;FMMOFS� �����
'SPN NVMUJMJOHVBM UP QPMZHMPU TQFFDI TZOUIFTJT� *O &VSPTQFFDI QBHFT ���ۗ����

$IFO�5TF 5TBJ BOE %BO 3PUI� ����B� $PODFQU HSPVOEJOH UP NVMUJQMF LOPXMFEHF CBTFT WJB
JOEJSFDU TVQFSWJTJPO� 5SBOT� "TTPD� $PNQVU� -JOHVJTUJDT �����ۗ����

$IFO�5TF 5TBJ BOE %BO 3PUI� ����C� *MMJOPJT DSPTT�MJOHVBM XJLJFS� (SPVOEJOH FOUJUJFT JO NBOZ
MBOHVBHFT UP UIF FOHMJTI XJLJQFEJB� *O $0-*/( ���� ��UI *OUFSOBUJPOBM $POGFSFODF PO $PN�
QVUBUJPOBM -JOHVJTUJDT 1SPDFFEJOHT PG UIF $POGFSFODF 4ZTUFN %FNPOTUSBUJPOT %FDFNCFS �����
���� 0TBLB +BQBO QBHFT ���ۗ���� "$-�

(FPSHF 5TBUTBSPOJT (FPSHJPT #BMJLBT 1SPESPNPT .BMBLBTJPUJT *PBOOJT 1BSUBMBT .B॒IJBT
;TDIVOLF .JDIBFM 3 "MWFST %JSL 8FJTTFOCPSO "OBTUBTJB ,SJUIBSB 4FSHJPT 1FUSJEJT %JN�
JUSJT 1PMZDISPOPQPVMPT FU BM� ����� "O PWFSWJFX PG UIF CJPBTR MBSHF�TDBMF CJPNFEJDBM TFNBO�
UJD JOEFYJOH BOE RVFTUJPO BOTXFSJOH DPNQFUJUJPO� #.$ CJPJOGPSNBUJDT ��	�
�����
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#JCMJPHSBQIZ ���

.BTBUPTIJ 5TVDIJZB� ����� 1FSGPSNBODF JNQBDU DBVTFE CZ IJEEFO CJBT PG USBJOJOH EBUB GPS
SFDPHOJ[JOH UFYUVBM FOUBJMNFOU� *O 1SPDFFEJOHT PG UIF &MFWFOUI *OUFSOBUJPOBM $POGFSFODF PO
-BOHVBHF 3FTPVSDFT BOE &WBMVBUJPO -3&$ ���� .JZB[BLJ +BQBO .BZ ���� ����� &VSPQFBO
-BOHVBHF 3FTPVSDFT "TTPDJBUJPO 	&-3"
�

4BUPTIJ 5TVUTVJ BOE %BWJE $SBOEBMM� ����� 6TJOH BSUJDJBM UPLFOT UP DPOUSPM MBOHVBHFT GPS NVM�
UJMJOHVBM JNBHF DBQUJPO HFOFSBUJPO� BS9JW QSFQSJOU BS9JW������������

4FMFO 5¼SLBZ� ����� य़F FFDUT PG XIJUFCPBSE BOJNBUJPOT PO SFUFOUJPO BOE TVCKFDUJWF FYQFSJ�
FODFT XIFO MFBSOJOH BEWBODFE QIZTJDT UPQJDT� $PNQVUFST � &EVDBUJPO ������ۗ����

5BLVNB 6EBHBXB 5BLBUP :BNB[BLJ BOE "LJLP "J[BXB� ����� " MJOHVJTUJD BOBMZTJT PG WJTVBMMZ
HSPVOEFE EJBMPHVFT CBTFE PO TQBUJBM FYQSFTTJPOT� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PO
&NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH� 'JOEJOHT &./-1 ���� 0OMJOF &WFOU �����
/PWFNCFS ���� QBHFT ���ۗ���� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

5FE 6OEFSXPPE %BWJE #BNNBO BOE 4BCSJOB -FF� य़F USBOTGPSNBUJPO PG HFOEFS JO FOHMJTI�
MBOHVBHF DUJPO� +PVSOBM *44/ ����������

-FO 6OTXPSUI� ����� .VMUJNPEBM TFNJPUJDT� 'VODUJPOBM BOBMZTJT JO DPOUFYUT PG FEVDBUJPO� #MPPNT�
CVSZ 1VCMJTIJOH�

0MFH 7� 7BTJMZFW 7FEBOU %IBSOJEIBSLB BOE +PIO #PIBOOPO� ����� 'JMM JO UIF #-"/$� IVNBO�
GSFF RVBMJUZ FTUJNBUJPO PG EPDVNFOU TVNNBSJFT� $P33 BCT������������

"TIJTI 7BTXBOJ /PBN 4IB[FFS /JLJ 1BSNBS +BLPC 6T[LPSFJU -MJPO +POFT "JEBO /� (PNF[
-VLBT[ ,BJTFS BOE *MMJB 1PMPTVLIJO� ����B� "॒FOUJPO JT BMM ZPV OFFE� *O "EWBODFT JO /FV�
SBM *OGPSNBUJPO 1SPDFTTJOH 4ZTUFNT ��� "OOVBM $POGFSFODF PO /FVSBM *OGPSNBUJPO 1SPDFTTJOH
4ZTUFNT ���� ��� %FDFNCFS ���� -POH #FBDI $" 64" QBHFT ����ۗ�����

"TIJTI 7BTXBOJ /PBN 4IB[FFS /JLJ 1BSNBS +BLPC 6T[LPSFJU -MJPO +POFT "JEBO / (PNF[
āVLBT[ ,BJTFS BOE *MMJB 1PMPTVLIJO� ����C� "॒FOUJPO JT BMM ZPV OFFE� *O "EWBODFT JO OFVSBM
JOGPSNBUJPO QSPDFTTJOH TZTUFNT QBHFT ����ۗ�����

3BNBLSJTIOB 7FEBOUBN $� -BXSFODF ;JUOJDL BOE %FWJ 1BSJLI� ����� $JEFS� $POTFOTVT�CBTFE
JNBHF EFTDSJQUJPO FWBMVBUJPO� *O *&&& $POGFSFODF PO $PNQVUFS 7JTJPO BOE 1BࡇFSO 3FDPHOJUJPO
$713 ���� #PTUPO ." 64" +VOF ���� ���� QBHFT ����ۗ����� *&&& $PNQVUFS 4PDJFUZ�

4VCIBTIJOJ 7FOVHPQBMBO -JTB "OOF )FOESJDLT .BSDVT 3PISCBDI 3BZNPOE +� .PPOFZ 5SFWPS
%BSSFMM BOE ,BUF 4BFOLP� ����� $BQUJPOJOH JNBHFT XJUI EJWFSTF PCKFDUT� *O ���� *&&& $POGFS�
FODF PO $PNQVUFS 7JTJPO BOE 1BࡇFSO 3FDPHOJUJPO $713 ���� )POPMVMV )* 64" +VMZ �����
���� QBHFT ����ۗ����� *&&& $PNQVUFS 4PDJFUZ�

"TIXJO , 7JKBZBLVNBS .JDIBFM $PHTXFMM 3BNQSBTBUI 3 4FMWBSBKV 2JOH 4VO 4UFGBO -FF
%BWJE $SBOEBMM BOE %ISVW #BUSB� ����� %JWFSTF CFBN TFBSDI� %FDPEJOH EJWFSTF TPMVUJPOT
GSPN OFVSBM TFRVFODF NPEFMT� BS9JW QSFQSJOU BS9JW������������

"TIXJO ,� 7JKBZBLVNBS 3BNBLSJTIOB 7FEBOUBN BOE %FWJ 1BSJLI� ����� 4PVOE�XPSE�WFD�
-FBSOJOH XPSE SFQSFTFOUBUJPOT HSPVOEFE JO TPVOET� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF
PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH &./-1 ���� $PQFOIBHFO %FONBSL
4FQUFNCFS ���� ���� QBHFT ���ۗ���� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�
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#JCMJPHSBQIZ ���

)BSN EF 7SJFT ,VSU 4IVTUFS %ISVW #BUSB %FWJ 1BSJLI +BTPO 8FTUPO BOE %PVXF ,JFMB�
����� 5BML UIF XBML� /BWJHBUJOH OFX ZPSL DJUZ UISPVHI HSPVOEFE EJBMPHVF� BS9JW QSFQSJOU
BS9JW������������

)BSN EF 7SJFT 'MPSJBO 4USVC 4BSBUI $IBOEBS 0MJWJFS 1JFURVJO )VHP -BSPDIFMMF BOE "BSPO $�
$PVSWJMMF� ����� (VFTTXIBU۾ WJTVBM PCKFDU EJTDPWFSZ UISPVHI NVMUJ�NPEBM EJBMPHVF� *O ����
*&&& $POGFSFODF PO $PNQVUFS 7JTJPO BOE 1BࡇFSO 3FDPHOJUJPO $713 ���� )POPMVMV )* 64"
+VMZ ����� ���� QBHFT ����ۗ����� *&&& $PNQVUFS 4PDJFUZ�

)PB 5SPOH 7V $MBVEJP (SFDP "MJJB &SPGFFWB 4PNBZFI +BGBSJUB[FIKBO (VJEP -JOEFST .BSD
5BOUJ "MCFSUP 5FTUPOJ 3BBFMMB #FSOBSEJ BOE "MCFSU (B॒� ����� (SPVOEFE UFYUVBM FOUBJM�
NFOU� *O 1SPDFFEJOHT PG UIF ��UI *OUFSOBUJPOBM $POGFSFODF PO $PNQVUBUJPOBM -JOHVJTUJDT $0-�
*/( ���� 4BOUB 'F /FX .FYJDP 64" "VHVTU ����� ���� QBHFT ����ۗ����� "TTPDJBUJPO GPS
$PNQVUBUJPOBM -JOHVJTUJDT�

:PHBSTIJ 7ZBT 4QBOEBOB (FMMB +BUJO 4IBSNB ,BMJLB #BMJ BOE .POPKJU $IPVEIVSZ� ����� 1PT
UBHHJOH PG FOHMJTI�IJOEJ DPEF�NJYFE TPDJBM NFEJB DPOUFOU� *O 1SPDFFEJOHT PG UIF ���� $POGFS�
FODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH 	&./-1
 QBHFT ���ۗ����

"MFY 8BOH ,ZVOHIZVO $IP BOE .JLF -FXJT� ����B� "TLJOH BOE BOTXFSJOH RVFTUJPOT UP
FWBMVBUF UIF GBDUVBM DPOTJTUFODZ PG TVNNBSJFT� BS9JW QSFQSJOU BS9JW������������

"MFY 8BOH ,ZVOHIZVO $IP BOE .JLF -FXJT� ����C� "TLJOH BOE BOTXFSJOH RVFTUJPOT UP
FWBMVBUF UIF GBDUVBM DPOTJTUFODZ PG TVNNBSJFT� *O 1SPDFFEJOHT PG UIF ��UI "OOVBM .FFUJOH PG
UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT "$- ���� 0OMJOF +VMZ ���� ���� QBHFT ����ۗ
����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

$VOYJBOH 8BOH 1BJ -JV BOE :VF ;IBOH� ����B� $BO HFOFSBUJWF QSF�USBJOFE MBOHVBHF NPEFMT
TFSWF BT LOPXMFEHF CBTFT GPS DMPTFE�CPPL RB *O 1SPDFFEJOHT PG UIF ��UI "OOVBM .FFUJOH
PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT BOE UIF ��UI *OUFSOBUJPOBM +PJOU $POGFSFODF
PO /BUVSBM -BOHVBHF 1SPDFTTJOH "$-�*+$/-1 ���� 	7PMVNF �� -POH 1BQFST
 7JSUVBM &WFOU
"VHVTU ��� ���� QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

%BMJO 8BOH %BOJFM #FDL BOE 5SFWPS $PIO� ����B� 0O UIF SPMF PG TDFOF HSBQIT JO JNBHF DBQ�
UJPOJOH� *O 1SPDFFEJOHT PG UIF #FZPOE 7JTJPO BOE -"/HVBHF� JO5&HSBUJOH 3FBM�XPSME L/PXM�
FEHF 	-"/5&3/
 QBHFT ��ۗ���

)BP 8BOH %PZFO 4BIPP $IFOHIBP -JV &F�1FOH -JN BOE 4UFWFO $� )� )PJ� ����C� -FBSOJOH
DSPTT�NPEBM FNCFEEJOHT XJUI BEWFSTBSJBM OFUXPSLT GPS DPPLJOH SFDJQFT BOE GPPE JNBHFT�
*O *&&& $POGFSFODF PO $PNQVUFS 7JTJPO BOE 1BࡇFSO 3FDPHOJUJPO $713 ���� -POH #FBDI $"
64" +VOF ����� ���� QBHFT �����ۗ������ $PNQVUFS 7JTJPO 'PVOEBUJPO � *&&&�

1FOH 8BOH +VOZBOH -JO "O :BOH $IBOH ;IPV :JDIBOH ;IBOH +JOHSFO ;IPV BOE )POHYJB
:BOH� ����C� 4LFUDI BOE SFOF� 5PXBSET GBJUIGVM BOE JOGPSNBUJWF UBCMF�UP�UFYU HFOFSBUJPO�
*O 'JOEJOHT PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT� "$-�*+$/-1 ���� 0OMJOF &WFOU
"VHVTU ��� ���� WPMVNF "$-�*+$/-1 ���� PG 'JOEJOHT PG "$- QBHFT ����ۗ����� "TTPDJBUJPO
GPS $PNQVUBUJPOBM -JOHVJTUJDT�

1JEPOH 8BOH BOE )XFF 5PV /H� ����� " CFBN�TFBSDI EFDPEFS GPS OPSNBMJ[BUJPO PG TPDJBM NF�
EJB UFYU XJUI BQQMJDBUJPO UP NBDIJOF USBOTMBUJPO� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PG UIF
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/PSUI "NFSJDBO $IBQUFS PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT� )VNBO -BOHVBHF
5FDIOPMPHJFT QBHFT ���ۗ����

2JOYJO 8BOH )BP 5BO 4IFOH 4IFO .JDIBFM 8� .BIPOFZ BOE ;IFXFJ :BP� ����D� ."'�
NVMUJNPEBM BMJHONFOU GSBNFXPSL GPS XFBLMZ�TVQFSWJTFE QISBTF HSPVOEJOH� *O 1SPDFFEJOHT
PG UIF ���� $POGFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH &./-1 ����
0OMJOF /PWFNCFS ����� ���� QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

5JBOMV 8BOH +JFZV ;IBP .BSL :BUTLBS ,BJ�8FJ $IBOH BOE 7JDFOUF 0SEPOF[� ����D� #BM�
BODFE EBUBTFUT BSF OPU FOPVHI� &TUJNBUJOH BOE NJUJHBUJOH HFOEFS CJBT JO EFFQ JNBHF SFQ�
SFTFOUBUJPOT� *O 1SPDFFEJOHT PG UIF *&&& *OUFSOBUJPOBM $POGFSFODF PO $PNQVUFS 7JTJPO QBHFT
����ۗ�����

8FOMJO 8BOH ;IF (BO )POHUFOH 9V 3VJZJ ;IBOH (VPZJO 8BOH %JOHIBO 4IFO $IBOHZPV
$IFO BOE -BXSFODF $BSJO� ����E� 5PQJD�HVJEFE WBSJBUJPOBM BVUP�FODPEFS GPS UFYU HFOFSB�
UJPO� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PG UIF /PSUI "NFSJDBO $IBQUFS PG UIF "TTPDJBUJPO GPS
$PNQVUBUJPOBM -JOHVJTUJDT� )VNBO -BOHVBHF 5FDIOPMPHJFT 7PMVNF � 	-POH BOE 4IPSU 1BQFST

QBHFT ���ۗ����

8JMMJBN :BOH 8BOH BOE .JBPNJBP 8FO� ����� * DBO IBT DIFF[CVSHFS B OPOQBSBOPSNBM BQ�
QSPBDI UP DPNCJOJOH UFYUVBM BOE WJTVBM JOGPSNBUJPO GPS QSFEJDUJOH BOE HFOFSBUJOH QPQVMBS
NFNF EFTDSJQUJPOT� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PG UIF /PSUI "NFSJDBO $IBQUFS PG
UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT� )VNBO -BOHVBHF 5FDIOPMPHJFT QBHFT ���ۗ����

9JO 8BOH 8FOIV $IFO :VBO�'BOH 8BOH BOE 8JMMJBN :BOH 8BOH� ����� /P NFUSJDT BSF
QFSGFDU� "EWFSTBSJBM SFXBSE MFBSOJOH GPS WJTVBM TUPSZUFMMJOH� *O 1SPDFFEJOHT PG UIF ��UI "OOVBM
.FFUJOH PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT 	7PMVNF �� -POH 1BQFST
 QBHFT ���ۗ
����

9VBODPOH8BOH )XFF 5PV/H BOE ,IF $IBJ 4JN� ����� " CFBN�TFBSDI EFDPEFS GPS EJTVFODZ
EFUFDUJPO� *O 1SPDFFEJOHT PG $0-*/( ���� UIF ��UI *OUFSOBUJPOBM $POGFSFODF PO $PNQVUBUJPOBM
-JOHVJTUJDT� 5FDIOJDBM 1BQFST QBHFT ����ۗ�����

:JSFO 8BOH 'FJ 5JBO %J )F 5BP 2JO $IFOH9JBOH ;IBJ BOE 5JF�:BO -JV� ����F� /PO�
BVUPSFHSFTTJWF NBDIJOF USBOTMBUJPO XJUI BVYJMJBSZ SFHVMBSJ[BUJPO� *O Fࡋ JSEࡋ�JSUZࡋ """*
$POGFSFODF PO "SUJटDJBM *OUFMMJHFODF """* ���� Fࡋ JSUZ�'JSTUࡋ *OOPWBUJWF "QQMJDBUJPOT PG
"SUJटDJBM *OUFMMJHFODF $POGFSFODF *""* ���� Fࡋ /JOUI """* 4ZNQPTJVN PO &EVDBUJPOBM "E�
WBODFT JO "SUJटDJBM *OUFMMJHFODF &""* ���� )POPMVMV )BXBJJ 64" +BOVBSZ �� � 'FCSVBSZ �
���� QBHFT ����ۗ����� """* 1SFTT�

:VGFJ 8BOH ;IF -JO 9JBPIVJ 4IFO 4DP॒ $PIFO BOE (BSSJTPO 8 $P॒SFMM� ����� 4LFMFUPO LFZ�
*NBHF DBQUJPOJOH CZ TLFMFUPO�B॒SJCVUF EFDPNQPTJUJPO� *O 1SPDFFEJOHT PG UIF *&&& DPOGFSFODF
PO DPNQVUFS WJTJPO BOE QBࡇFSO SFDPHOJUJPO QBHFT ����ۗ�����

,FMMJF 8FCTUFS .BSUB 3FDBTFOT 7FSB "YFMSPE BOE +BTPO #BMESJEHF� ����� .JOE UIF ("1� "
CBMBODFE DPSQVT PG HFOEFSFE BNCJHVPVT QSPOPVOT� 5SBOT� "TTPD� $PNQVU� -JOHVJTUJDT �����ۗ
����

%JSL 8FJTTFOCPSO (FPSHF 5TBUTBSPOJT BOE .JDIBFM 4DISPFEFS� ����� "OTXFSJOH GBDUPJE RVFT�
UJPOT JO UIF CJPNFEJDBM EPNBJO� #JP"42! $-&' �����

https://doi.org/10.18653/v1/2020.emnlp-main.159
https://doi.org/10.18653/v1/2020.emnlp-main.159
https://doi.org/10.1609/aaai.v33i01.33015377
https://doi.org/10.1609/aaai.v33i01.33015377
https://transacl.org/ojs/index.php/tacl/article/view/1484
https://transacl.org/ojs/index.php/tacl/article/view/1484
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4FBO 8FMMFDL *MJB ,VMJLPW 4UFQIFO 3PMMFS &NJMZ %JOBO ,ZVOHIZVO $IP BOE +BTPO 8FTUPO�
����� /FVSBM UFYU HFOFSBUJPO XJUI VOMJLFMJIPPE USBJOJOH� *O �UI *OUFSOBUJPOBM $POGFSFODF
PO -FBSOJOH 3FQSFTFOUBUJPOT *$-3 ���� "EEJT "CBCB &UIJPQJB "QSJM ����� ����� 0QFO3F�
WJFX�OFU�

4BSBI 8JFHSFF BOE :VWBM 1JOUFS� ����� "॒FOUJPO JT OPU OPU FYQMBOBUJPO� *O 1SPDFFEJOHT PG
UIF ���� $POGFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH BOE UIF �UI *OUFS�
OBUJPOBM +PJOU $POGFSFODF PO /BUVSBM -BOHVBHF 1SPDFTTJOH &./-1�*+$/-1 ���� )POH ,POH
$IJOB /PWFNCFS ��� ���� QBHFT ��ۗ��� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

3POBME + 8JMMJBNT� ����� 4JNQMF TUBUJTUJDBM HSBEJFOU�GPMMPXJOH BMHPSJUINT GPS DPOOFDUJPOJTU
SFJOGPSDFNFOU MFBSOJOH� .BDIJOF MFBSOJOH �	���
����ۗ����

(FOUB *OESB 8JOBUB "OESFB .BEP॒P $IJFO�4IFOH 8V BOE 1BTDBMF 'VOH� ����� $PEF�
TXJUDIFE MBOHVBHF NPEFMT VTJOH OFVSBM CBTFE TZOUIFUJD EBUB GSPN QBSBMMFM TFOUFODFT� *O
1SPDFFEJOHT PG UIF ��SE $POGFSFODF PO $PNQVUBUJPOBM /BUVSBM -BOHVBHF -FBSOJOH 	$P/--

QBHFT ���ۗ����

4BN 8JTFNBO 4UVBSU 4IJFCFS BOE "MFYBOEFS 3VTI� ����� -FBSOJOH OFVSBM UFNQMBUFT GPS UFYU
HFOFSBUJPO� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF
1SPDFTTJOH QBHFT ����ۗ�����

:VL 8BI 8POH BOE 3BZNPOE .PPOFZ� ����� (FOFSBUJPO CZ JOWFSUJOH B TFNBOUJD QBSTFS UIBU
VTFT TUBUJTUJDBM NBDIJOF USBOTMBUJPO� *O )VNBO -BOHVBHF 5FDIOPMPHJFT ����� Fࡋ $POGFSFODF
PG UIF /PSUI "NFSJDBO $IBQUFS PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT� 1SPDFFEJOHT
PG UIF .BJO $POGFSFODF QBHFT ���ۗ����

#PXFO8V .FOHZVBO -J ;POHTIFOH8BOH :JGV $IFO %FSFL '�8POH 2JIBOH 'FOH +VOIPOH
)VBOH BOE #BPYVO8BOH� ����� (VJEJOH WBSJBUJPOBM SFTQPOTF HFOFSBUPS UP FYQMPJU QFSTPOB�
*O 1SPDFFEJOHT PG UIF ��UI "OOVBM .FFUJOH PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT
"$- ���� 0OMJOF +VMZ ���� ���� QBHFT ��ۗ��� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

2J 8V %BNJFO 5FOFZ 1FOH8BOH $IVOIVB 4IFO "OUIPOZ %JDL BOE "OUPO WBO EFO )FOHFM�
����� 7JTVBM RVFTUJPO BOTXFSJOH� " TVSWFZ PG NFUIPET BOE EBUBTFUT� $PNQVUFS 7JTJPO BOE
*NBHF 6OEFSTUBOEJOH ������ۗ���

:POHIVJ 8V .JLF 4DIVTUFS ;IJGFOH $IFO फ़PD 7� -F .PIBNNBE /PSPV[J 8PMGHBOH
.BDIFSFZ .BYJN ,SJLVO :VBO $BP 2JO (BP ,MBVT .BDIFSFZ +F ,MJOHOFS "QVSWB 4IBI
.FMWJO +PIOTPO 9JBPCJOH -JV -VLBT[ ,BJTFS 4UFQIBO (PVXT :PTIJLJZP ,BUP 5BLV ,VEP
)JEFUP ,B[BXB ,FJUI 4UFWFOT (FPSHF ,VSJBO /JTIBOU 1BUJM 8FJ 8BOH $MJ :PVOH +BTPO
4NJUI +BTPO 3JFTB "MFY 3VEOJDL 0SJPM 7JOZBMT (SFH $PSSBEP .BDEV )VHIFT BOE +FSFZ
%FBO� ����B� (PPHMFT OFVSBM NBDIJOF USBOTMBUJPO TZTUFN� #SJEHJOH UIF HBQ CFUXFFO IVNBO
BOE NBDIJOF USBOTMBUJPO� $P33 BCT������������

:POHIVJ 8V .JLF 4DIVTUFS ;IJGFOH $IFO फ़PD 7 -F .PIBNNBE /PSPV[J 8PMGHBOH
.BDIFSFZ .BYJN ,SJLVO :VBO $BP 2JO (BP ,MBVT .BDIFSFZ FU BM� ����C� (PPHMFT OFV�
SBM NBDIJOF USBOTMBUJPO TZTUFN� #SJEHJOH UIF HBQ CFUXFFO IVNBO BOE NBDIJOF USBOTMBUJPO�
BS9JW QSFQSJOU BS9JW������������

https://openreview.net/forum?id=SJeYe0NtvH
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https://www.aclweb.org/anthology/2020.acl-main.7/
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#JCMJPHSBQIZ ���

$IFO 9JOH 8FJ 8V :V 8V +JF -JV :BMPV )VBOH .JOH ;IPV BOE 8FJ�:JOH .B� ����� 5PQJD
BXBSF OFVSBM SFTQPOTF HFOFSBUJPO� *O 1SPDFFEJOHT PG UIF JSUZ�'JSTUࡋ """* $POGFSFODF PO
"SUJटDJBM *OUFMMJHFODF 'FCSVBSZ ��� ���� 4BO 'SBODJTDP $BMJGPSOJB 64" QBHFT ����ۗ�����
"""* 1SFTT�

+JOHKJOH 9V 9VBODIFOH 3FO :J ;IBOH 2J ;FOH 9JBPZBO $BJ BOE 9V 4VO� ����B� " TLFMFUPO�
CBTFENPEFM GPS QSPNPUJOH DPIFSFODF BNPOH TFOUFODFT JO OBSSBUJWF TUPSZ HFOFSBUJPO� *O 1SP�
DFFEJOHT PG UIF ���� $POGFSFODF PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH QBHFT
����ۗ�����

+JOHKJOH 9V 9V 4VO 9VBODIFOH 3FO +VOZBOH -JO #JOH[IFO 8FJ BOE 8FJ -J� ����C� %1�
("/� EJWFSTJUZ�QSPNPUJOH HFOFSBUJWF BEWFSTBSJBM OFUXPSL GPS HFOFSBUJOH JOGPSNBUJWF BOE
EJWFSTJFE UFYU� $P33 BCT������������

+VO 9V )BJGFOH 8BOH ;IFOH�:V /JV )VB 8V 8BOYJBOH $IF BOE 5JOH -JV� ����� $PO�
WFSTBUJPOBM HSBQI HSPVOEFE QPMJDZ MFBSOJOH GPS PQFO�EPNBJO DPOWFSTBUJPO HFOFSBUJPO� *O
1SPDFFEJOHT PG UIF ��UI "OOVBM .FFUJOH PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT "$-
���� 0OMJOF +VMZ ���� ���� QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

,FMWJO 9V +JNNZ #B 3ZBO ,JSPT ,ZVOHIZVO $IP "BSPO $PVSWJMMF 3VTMBO 4BMBLIVEJOPW
3JDI ;FNFM BOE :PTIVB #FOHJP� ����� 4IPX B॒FOE BOE UFMM� /FVSBM JNBHF DBQUJPO HFOFSB�
UJPO XJUI WJTVBM B॒FOUJPO� *O *OUFSOBUJPOBM DPOGFSFODF PO NBDIJOF MFBSOJOH QBHFT ����ۗ�����

1FOH 9V :BOTIVBJ $BP BOE +BDLJF $IJ ,JU $IFVOH� ����� 6OTVQFSWJTFE DPOUSPMMBCMF UFYU HFOFS�
BUJPO XJUI HMPCBM WBSJBUJPO EJTDPWFSZ BOE EJTFOUBOHMFNFOU� BS9JW QSFQSJOU BS9JW������������

.BSJOB :BHVFMMP FU BM� ����� -BOHVBHF UISPVHI UIF MPPLJOH HMBTT� &YQMPSJOH MBOHVBHF BOE MJO�
HVJTUJDT� 0YGPSE 6OJWFSTJUZ 1SFTT PO %FNBOE�

.JO :BOH 8FJ ;IBP 8FJ 9V :BCJOH 'FOH ;IPV ;IBP 9JBPKVO $IFO BOE ,BJ -FJ� ����B�
.VMUJUBTL MFBSOJOH GPS DSPTT�EPNBJO JNBHF DBQUJPOJOH� *&&& 5SBOT� .VMUJN� ��	�
�����ۗ�����

1FOHDIFOH :BOH 'VMJ -VP 1FOH $IFO -FJ -J ;IJZJ :JO 9JBPEPOH )F BOE 9V 4VO� ����C�
,OPXMFEHFBCMF TUPSZUFMMFS� B DPNNPOTFOTF�ESJWFO HFOFSBUJWF NPEFM GPS WJTVBM TUPSZUFMMJOH�
*O 1SPDFFEJOHT PG UIF ��UI *OUFSOBUJPOBM +PJOU $POGFSFODF PO "SUJटDJBM *OUFMMJHFODF QBHFT ����ۗ
����� """* 1SFTT�

4IBPIVB :BOH 2JBP[J (BP $IBOHTPOH -JV $BJNJOH 9JPOH 4POH�$IVO ;IV BOE +PZDF :� $IBJ�
����� (SPVOEFE TFNBOUJD SPMF MBCFMJOH� *O /""$- )-5 ���� Fࡋ ���� $POGFSFODF PG UIF
/PSUI "NFSJDBO $IBQUFS PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT� )VNBO -BOHVBHF
5FDIOPMPHJFT 4BO %JFHP $BMJGPSOJB 64" +VOF ����� ���� QBHFT ���ۗ����य़F "TTPDJBUJPO GPS
$PNQVUBUJPOBM -JOHVJTUJDT�

5TVOH�:FO :BOH "OESFX 4� -BO BOE ,BSUIJL /BSBTJNIBO� ����� 3PCVTU BOE JOUFSQSFUBCMF
HSPVOEJOH PG TQBUJBM SFGFSFODFT XJUI SFMBUJPO OFUXPSLT� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF
PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH� 'JOEJOHT &./-1 ���� 0OMJOF &WFOU
����� /PWFNCFS ���� QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

9V :BOH ,BJIVB 5BOH )BOXBOH ;IBOH BOE +JBOGFJ $BJ� ����D� "VUP�FODPEJOH TDFOF HSBQIT
GPS JNBHF DBQUJPOJOH� *O 1SPDFFEJOHT PG UIF *&&& $POGFSFODF PO $PNQVUFS 7JTJPO BOE 1BࡇFSO
3FDPHOJUJPO QBHFT �����ۗ������

http://aaai.org/ocs/index.php/AAAI/AAAI17/paper/view/14563
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#JCMJPHSBQIZ ���

;IJMJO :BOH ;JIBOH %BJ :JNJOH :BOH +BJNF $BSCPOFMM 3VTT 3 4BMBLIVUEJOPW BOE फ़PD 7
-F� ����E� 9MOFU� (FOFSBMJ[FE BVUPSFHSFTTJWF QSFUSBJOJOH GPS MBOHVBHF VOEFSTUBOEJOH� *O
"EWBODFT JO OFVSBM JOGPSNBUJPO QSPDFTTJOH TZTUFNT QBHFT ����ۗ�����

;JZJ :BOH $IFOHVBOH ;IV 7JO 4BDIJEBOBOEB BOE &SJD %BSWF� ����F� &NCFEEJOH JNQVUBUJPO
XJUI HSPVOEFE MBOHVBHF JOGPSNBUJPO� *O 1SPDFFEJOHT PG UIF ��UI $POGFSFODF PG UIF "TTPDJBUJPO
GPS $PNQVUBUJPOBM -JOHVJTUJDT "$- ���� 'MPSFODF *UBMZ +VMZ ��� "VHVTU � ���� 7PMVNF ��
-POH 1BQFST QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

-JMJ :BP /BOZVO 1FOH 8FJTDIFEFM 3BMQI ,FWJO ,OJHIU %POHZBO ;IBP BOE 3VJ :BO� ����B�
1MBO�BOE�XSJUF� 5PXBSET CF॒FS BVUPNBUJD TUPSZUFMMJOH� BS9JW QSFQSJOU BS9JW������������

-JMJ :BP /BOZVO 1FOH 3BMQI 8FJTDIFEFM ,FWJO ,OJHIU %POHZBO ;IBP BOE 3VJ :BO� �����
1MBO�BOE�XSJUF� 5PXBSET CF॒FS BVUPNBUJD TUPSZUFMMJOH� *O 1SPDFFEJOHT PG UIF """* $POGFS�
FODF PO "SUJटDJBM *OUFMMJHFODF WPMVNF �� QBHFT ����ۗ�����

4IBPXFJ :BP BOE 9JBPKVO 8BO� ����� .VMUJNPEBM USBOTGPSNFS GPS NVMUJNPEBM NBDIJOF USBOT�
MBUJPO� *O 1SPDFFEJOHT PG UIF ��UI "OOVBM .FFUJOH PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JO�
HVJTUJDT "$- ���� 0OMJOF +VMZ ���� ���� QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM
-JOHVJTUJDT�

5JOH :BP :JOHXFJ 1BO :FIBP -J BOE 5BP .FJ� ����C� &YQMPSJOH WJTVBM SFMBUJPOTIJQ GPS JNBHF
DBQUJPOJOH� *O 1SPDFFEJOHT PG UIF &VSPQFBO DPOGFSFODF PO DPNQVUFS WJTJPO 	&$$7
 QBHFT ���ۗ
����

5JOH :BP :JOHXFJ 1BO :FIBP -J ;IBPGBO 2JV BOE 5BP .FJ� ����� #PPTUJOH JNBHF DBQUJPOJOH
XJUI B॒SJCVUFT� *O 1SPDFFEJOHT PG UIF *&&& *OUFSOBUJPOBM $POGFSFODF PO $PNQVUFS 7JTJPO QBHFT
����ۗ�����

.BITB :BSNPIBNNBEJ 7JWFL ,VNBS 3BOHBSBKBO 4SJEIBS 4SJOJWBT #BOHBMPSF BOE #BTLBSBO
4BOLBSBO� ����� *ODSFNFOUBM TFHNFOUBUJPO BOE EFDPEJOH TUSBUFHJFT GPS TJNVMUBOFPVT USBOTMB�
UJPO� *O 1SPDFFEJOHT PG UIF 4JYUI *OUFSOBUJPOBM +PJOU $POGFSFODF PO/BUVSBM -BOHVBHF 1SPDFTTJOH
QBHFT ����ۗ�����

.BSL :BUTLBS #P 1BOH $SJTUJBO %BOFTDV�/JDVMFTDV�.J[JM BOE -JMMJBO -FF� ����� 'PS UIF TBLF
PG TJNQMJDJUZ� 6OTVQFSWJTFE FYUSBDUJPO PG MFYJDBM TJNQMJDBUJPOT GSPN XJLJQFEJB� *O )V�
NBO -BOHVBHF 5FDIOPMPHJFT� $POGFSFODF PG UIF /PSUI "NFSJDBO $IBQUFS PG UIF "TTPDJBUJPO PG
$PNQVUBUJPOBM -JOHVJTUJDT 1SPDFFEJOHT +VOF ��� ���� -PT "OHFMFT $BMJGPSOJB 64" QBHFT
���ۗ���� य़F "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

)BSJTI :FOBMB "WJOBTI ,BNJOFOJ .BOJTI 4ISJWBTUBWB BOE .BOPK ,VNBS $IJOOBLPUMB� �����
*JJUI BU CJPBTR DIBMMBOHF ���� UBTL �C� #JP�NFEJDBM RVFTUJPO BOTXFSJOH TZTUFN� *O $-&'
	8PSLJOH /PUFT
�

%B :JO -JVOJBO )BSPME -J ;JOJV )V /BOZVO 1FOH BOE ,BJ�8FJ $IBOH� ����� #SPBEFO UIF
WJTJPO� (FP�EJWFSTF WJTVBM DPNNPOTFOTF SFBTPOJOH� $P33 BCT������������

:VZB :PTIJLBXB :VUBSP 4IJHFUP BOE "LJLB[V 5BLFVDIJ� ����� 45"*3 DBQUJPOT� $POTUSVDUJOH
B MBSHF�TDBMF KBQBOFTF JNBHF DBQUJPO EBUBTFU� *O 1SPDFFEJOHT PG UIF ��UI "OOVBM .FFUJOH PG
UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT "$- ���� 7BODPVWFS $BOBEB +VMZ �� � "VHVTU
� 7PMVNF �� 4IPSU 1BQFST QBHFT ���ۗ���� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

https://doi.org/10.18653/v1/p19-1326
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फ़BO[FOH :PV )BJMJO +JO ;IBPXFO 8BOH $IFO 'BOH BOE +JFCP -VP� ����� *NBHF DBQUJPOJOH
XJUI TFNBOUJD B॒FOUJPO� *O 1SPDFFEJOHT PG UIF *&&& DPOGFSFODF PO DPNQVUFS WJTJPO BOE QBࡇFSO
SFDPHOJUJPO QBHFT ����ۗ�����

+VO :V +JOH -J ;IPV :V BOE 2JOHNJOH )VBOH� ����� .VMUJNPEBM USBOTGPSNFS XJUI NVMUJ�WJFX
WJTVBM SFQSFTFOUBUJPO GPS JNBHF DBQUJPOJOH� BS9JW �����������

-BOUBP :V 8FJOBO ;IBOH +VO 8BOH BOE :POH :V� ����� 4FRHBO� 4FRVFODF HFOFSBUJWF BE�
WFSTBSJBM OFUT XJUI QPMJDZ HSBEJFOU� *O 1SPDFFEJOHT PG UIF JSUZ�'JSTUࡋ """* $POGFSFODF PO
"SUJटDJBM *OUFMMJHFODF 'FCSVBSZ ��� ���� 4BO 'SBODJTDP $BMJGPSOJB 64" QBHFT ����ۗ�����
"""* 1SFTT�

4JOB ;BSSJF� BOE %BWJE 4DIMBOHFO� ����� %FSJWJOH DPOUJOPVT HSPVOEFE NFBOJOH SFQSFTFOUB�
UJPOT GSPN SFGFSFOUJBMMZ TUSVDUVSFENVMUJNPEBM DPOUFYUT� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF
PO &NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH &./-1 ���� $PQFOIBHFO %FONBSL
4FQUFNCFS ���� ���� QBHFT ���ۗ���� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

4JOB ;BSSJF� BOE %BWJE 4DIMBOHFO� ����� %FDPEJOH TUSBUFHJFT GPS OFVSBM SFGFSSJOH FYQSFTTJPO
HFOFSBUJPO� 1SPDFFEJOHT PG */-( �����

3PXBO ;FMMFST :POBUBO #JTL "MJ 'BSIBEJ BOE :FKJO $IPJ� ����� 'SPN SFDPHOJUJPO UP DPHOJUJPO�
7JTVBM DPNNPOTFOTF SFBTPOJOH� *O *&&& $POGFSFODF PO $PNQVUFS 7JTJPO BOE 1BࡇFSO 3FDPHOJ�
UJPO $713 ���� -POH #FBDI $" 64" +VOF ����� ���� QBHFT ����ۗ����� $PNQVUFS 7JTJPO
'PVOEBUJPO � *&&&�

3PXBO ;FMMFST :POBUBO #JTL 3PZ 4DIXBSU[ BOE :FKJO $IPJ� ����� 48"(� " MBSHF�TDBMF BEWFS�
TBSJBM EBUBTFU GPS HSPVOEFE DPNNPOTFOTF JOGFSFODF� *O 1SPDFFEJOHT PG UIF ���� $POGFSFODF PO
&NQJSJDBM .FUIPET JO /BUVSBM -BOHVBHF 1SPDFTTJOH #SVTTFMT #FMHJVN 0DUPCFS �� � /PWFNCFS
� ���� QBHFT ��ۗ���� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

'BOH[IPV ;IBJ 7FSB %FNCFSH 1BWFM 4ILBE[LP 8FJ 4IJ BOE "TBE 4BZFFE� ����� " IZCSJE
NPEFM GPS HMPCBMMZ DPIFSFOU TUPSZ HFOFSBUJPO� *O 1SPDFFEJOHT PG UIF 4FDPOE 8PSLTIPQ PO
4UPSZUFMMJOH QBHFT ��ۗ���

)PVZV ;IBOH ;IFOHIBP -JV $IFOZBO9JPOH BOE ;IJZVBO -JV� ����B� (SPVOEFE DPOWFSTBUJPO
HFOFSBUJPO BT HVJEFE USBWFSTFT JO DPNNPOTFOTF LOPXMFEHF HSBQIT� *O 1SPDFFEJOHT PG UIF ��UI
"OOVBM .FFUJOH PG UIF "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT "$- ���� 0OMJOF +VMZ ����
���� QBHFT ����ۗ����� "TTPDJBUJPO GPS $PNQVUBUJPOBM -JOHVJTUJDT�

1FOHDIVBO ;IBOH 9JVKVO -J 9JBPXFJ )V +JBOXFJ :BOH -FJ ;IBOH -JKVBO 8BOH :FKJO $IPJ
BOE +JBOGFOH (BP� ����� 7JOWM� 3FWJTJUJOH WJTVBM SFQSFTFOUBUJPOT JO WJTJPO�MBOHVBHF NPEFMT�
*O *&&& $POGFSFODF PO $PNQVUFS 7JTJPO BOE 1BࡇFSO 3FDPHOJUJPO $713 ���� WJSUVBM +VOF ���
�� ���� QBHFT ����ۗ����� $PNQVUFS 7JTJPO 'PVOEBUJPO � *&&&�

3FOYJBO ;IBOH� ����� 4FOUFODF PSEFSJOH ESJWFO CZ MPDBM BOE HMPCBM DPIFSFODF GPS TVNNBSZ
HFOFSBUJPO� *O 1SPDFFEJOHT PG UIF "$- ���� 4UVEFOU 4FTTJPO QBHFT �ۗ��� "TTPDJBUJPO GPS $PN�
QVUBUJPOBM -JOHVJTUJDT�

4BJ[IFOH ;IBOH &NJMZ %JOBO +BDL 6SCBOFL "SUIVS 4[MBN %PVXF ,JFMB BOE +BTPO 8FTUPO�
����� 1FSTPOBMJ[JOH EJBMPHVF BHFOUT� * IBWF B EPH EP ZPV IBWF QFUT UPP BS9JW QSFQSJOU
BS9JW������������
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#JCMJPHSBQIZ ���

4IJZVF ;IBOH BOE .PIJU #BOTBM� ����� 'JOEJOH B CBMBODFE EFHSFF PG BVUPNBUJPO GPS TVNNBSZ
FWBMVBUJPO� $P33 BCT������������

5JBOZJ ;IBOH 7BSTIB ,JTIPSF 'FMJY 8V ,JMJBO 2� 8FJOCFSHFS BOE :PBW "SU[J� ����C�
#FSUTDPSF� &WBMVBUJOH UFYU HFOFSBUJPOXJUI #&35� *O �UI *OUFSOBUJPOBM $POGFSFODF PO -FBSOJOH
3FQSFTFOUBUJPOT *$-3 ���� "EEJT "CBCB &UIJPQJB "QSJM ����� ����� 0QFO3FWJFX�OFU�

9JBOH ;IBOH +VOCP ;IBP BOE :BOO -F$VO� ����� $IBSBDUFS�MFWFM DPOWPMVUJPOBM OFUXPSLT GPS
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