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	BOE FWFO UIF MBOHVBHFT UIFZ BSF XSJRFO JO
 DBO CF BTUPVOEJOHMZ TVCUMF
 MFBWJOH SPPN GPS DPODFSO

BCPVU JNQMFNFOUBUJPO XBXT TJNQMZ CFJOH SFQMJDBUFE JO UIFTF TQFDJWDBUJPOT PS UIF WFSJWDBUJPO UPPMT

UIFNTFMWFT� "U UIF TBNF UJNF
 UIF JOUVJUJWF OPUJPO UIBU UIF DPNQPOFOUT PG B TZTUFN TIPVME àKVTU

XPSL XFMM UPHFUIFSá JT POFO NVDI FBTJFS UP GPSNBMJ[F BOE ZFU IBSEMZ FWFS GFBTJCMF UP QSPWF EJSFDUMZ�

8F SFQPSU PO BO FYQFSJNFOU JO JOUFHSBUJPO WFSJ�DBUJPO
 UIBU JT QSPWJOH TZTUFN DPSSFDUOFTT UISPVHI

DPNQPTJOH NPEVMBS DPNQPOFOU QSPPGT
 GPS B CBSF�NFUBM TPOXBSF TUBDL UIBU JODMVEFT GVODUJPOBM

BOE JNQFSBUJWF MBOHVBHFT
 UISFF RVBMJUBUJWFMZ EJVFSFOU DPNQJMFST
 PQUJNJ[FE JNQMFNFOUBUJPOT PG

FMMJQUJD�DVSWF BOE BEEJUJPO�SPUBUF�903 DSZQUPHSBQIZ
 BO &UIFSOFU ESJWFS
 6%1�*1 OFUXPSLJOH
 BOE

VUJMJUZ MJCSBSJFT BMPOH XJUI B QSPPG�PG�DPODFQU BQQMJDBUJPO�

0VS XPSL JT VOJRVF JO BDIJFWJOH B NBDIJOF�DIFDLFE JOUFHSBUFE DPSSFDUOFTT QSPPG BCPVU BMM TPD�

XBSF JO B TZTUFN CZ CVJMEJOH PO DPNQMFUFMZ EJVFSFOU SFBTPOJOH NFUIPET JO EJVFSFOU TVCEPNBJOT�

" LFZ DIBMMFOHF JT DSFBUJOH GPSNBM TQFDJWDBUJPOT UIBU EFMJOFBUF SFTQPOTJCJMJUJFT CFUXFFO BEKBDFOU

DPNQPOFOUT BOE KVTUJGZJOH UIF VTF PG EPNBJO�TQFDJWD SFBTPOJOH BT B TUFQ UPXBSET B QSFDJTF UIFP�

SFN BCPVU JOQVU BOE PVUQVU PG UIF FOUJSF TZTUFN� 5P FOBCMF SJHPSPVT ZFU XFYJCMF SFBTPOJOH
 XFXPSL

JO UIF $PR QSPPG BTTJTUBOU
 SFTUSJDUJOH PVSTFMWFT UP EPNBJO�TQFDJWD UPPMT UIBU DBO HFOFSBUF QSPPGT

DIFDLBCMF CZ JU� $PODFQUVBMMZ
 UIF QSPHSBN�WFSJWDBUJPO
 UIFPSZ�TPMWFS
 BOE DPNQVUFS�BMHFCSB UPPMT

DPNQBUJCMF XJUI $PR DBO CF UBLFO BT TUBOE�JOT GPS UIFJS JOEFQFOEFOU DPVOUFSQBSUT
 BOE XF BMTP

CFOFWU GSPN UIF XFYJCJMJUZ PG DPNCJOJOH UIFN JO BE�IPDXBZTXJUI JODSFNFOUBM NFDIBOJ[FE DIFDLT

BHBJOTU DPSOFS�DVRJOH� )PXFWFS
 JOTJTUJOH PO GPVOEBUJPOBM WFSJWDBUJPO 	NFBOJOH UIBU BMM DPNQP�

OFOU WFSJWDBUJPOT NVTU HFOFSBUF QSPPGT JO B DPNNPO DPSF MBOHVBHF
 BMTP DPNFT XJUI DIBMMFOHFT�

UIF TFMFDUJPO PG QSPPG�QSPEVDJOH PS QSPWFO�DPSSFDU WFSJWDBUJPO UPPMT JT MJNJUFE EVF CPUI UP JOIFSFOU

UFDIOJDBM DIBMMFOHFT BOE TLJMMFE JNQMFNFOUFST QSJPSJUJ[JOH OFX SFTFBSDI� 	*O QBSUJDVMBS
 XFNBLF EP

XJUIPVU NPEFSO 4"5 PS 4.5 TPMWFST EVF UP DIBMMFOHFT JO HFOFSBUJOH FYDJFOUMZ DIFDLBCMF QSPPGT

GSPN UIFN�
 _VT XF QSFTFOU TFQBSBUF DPODMVTJPOT BCPVU UIF DPODFQUVBM QMBO
 UIF TQFDJWDBUJPO

TUZMF XF DPOWFSHFE PO
 BOE DPODSFUF VTF PG UIF SFTFBSDI BSUJGBDUT XF CVJME VQPO�

5P NBLF UIF EJTDVTTJPO NPSF DPODSFUF
 XF XJMM OPX EFTDSJCF UIF EFNPOTUSBUJPO TZTUFN XF

CVJMU BOE UIF UIFPSFN XF QSPWFE BCPVU JU� :FU XF SFRVFTU UIBU UIF SFBEFS LFFQ JO NJOE UIBU UIJT

TZTUFN FYJTUT FYBDUMZ GPS DPODSFUFOFTT × XF CVJMU UIF EFNP UP TIPX PV UIF JOUFHSBUJPO PG UIF

DPNQPOFOUT
 OPU UIF DPNQPOFOUT UIFNTFMWFT� 0VS EFNPOTUSBUJPO TZTUFN JT CBTFE PO B 4J'JWF '&���

NJDSPDPOUSPMMFS UIBU SVOT 3*4$�7 	37��*.
 <8BUFSNBO BOE "TBOPWJD ����> DPEF JO B CBSF�NFUBM

FOWJSPONFOU� _F TFSWFS MJTUFOT GPS 6%1 QBDLFUT PWFS &UIFSOFU
 SFTQPOET UP B TFTTJPO JOJUJBUJPO

XJUI BO 9����� FMMJQUJD�DVSWF %JYF�)FMMNBO LFZ FYDIBOHF
 BOE BDDFQUT B EJVFSFOU QBDLFU UZQF UP

DPNQMFUF UIF IBOETIBLF BOE BVUIFOUJDBUF UIF VTFS XIPTF BVUIPSJ[FE QVCMJD LFZ JT TQFDJWFE JO UIF

TZTUFN DPOWHVSBUJPO� "OFS TVDDFTTGVM BVUIFOUJDBUJPO
 B HFOFSBM�QVSQPTF EJHJUBM PVUQVU JT ESJWFO

CBTFE PO UIF DPNNBOE GSPN UIF SFDFJWFE QBDLFU� *O UIF QIZTJDBM EFNPOTUSBUJPOT
 UIJT PVUQVU JT

DPOOFDUFE UP BNPUPS DPOUSPMMFS UIBU PQFOT PS DMPTFT B UPZ HBSBHF EPPS
 XIJDI TUBOET JO GPS SFNPUFMZ

NBOBHFE SFBM�XPSME JOGSBTUSVDUVSF TVDI BT B QPXFS QMBOU PS UIF HBUFT PG B EBN�

_F TQFDJWDBUJPO JT TJNQMF� TVDDFTTGVMMZ BVUIFOUJDBUFE DPNNBOET TIPVME ESJWF UIF BDUVBUPS


XIJMF PUIFS JOQVU TIPVME CF JHOPSFE� _F SFRVJSFE FMMJQUJD�DVSWF NBUIFNBUJDT BSF QSPWFO BHBJOTU

BYOF�DPPSEJOBUF GPSNVMBT UIBU WU PO UIF CBDL PG B OBQLJO
 BOE UIF OFUXPSL QBDLFU GPSNBUT BSF

TQFDJWFE CZ DPODBUFOBUJOH BQQSPQSJBUF MJTUT PG CZUFT JO B GVODUJPOBM MBOHVBHF� _F CPRPN JOUFS�

GBDF JT 3*4$�7 NBDIJOF DPEF� 4PNFPOF XIP XJTIFT UP VOEFSTUBOE BOE BVEJU UIF TUBUFNFOU PG PVS

TZTUFN UIFPSFN EPFT OPU OFFE UP SFBE EFWOJUJPOT PG UIF QSPHSBNNJOH MBOHVBHFT
 "1*T BOE "#*T


BOE SFTPVSDF BDDPVOUJOH XF VTF UIBU FOTVSFT UIBU UIF TZTUFN XJMM OPU SVO PVU PG NFNPSZ
 PWFS�

XSJUF DPEF XJUI EBUB
 PS FOUFS BO JOWOJUF MPPQ
 CFDBVTF PVS TUBUFNFOU EPFT OPU JODMVEF PS SFGFSFODF

BOZ EFWOJUJPOT SFMBUFE UP UIFTF DPODFSOT� _F QSPPG PG PVS TUBUFNFOU IBT UP EFBM XJUI BMM UIFTF

DPODFSOT
 CVU UIF JOUFSOBM TQFDJWDBUJPOT BMM àDBODFM PVUá BT XF DPNQPTF UIF TVCQSPPGT�
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'PVOEBUJPOBM *OUFHSBUJPO 7FSJGJDBUJPO PG B $SZQUPHSBQIJD 4FSWFS �����

(BSBHF EPPS TQFD 	g�


$IB$IB�� TQFD 	g���
 $IB$IB�� #FESPDL� 	g���


&MMJQUJD DVSWFT 	BYOF

.POUHPNFSZ DPPSEJOBUFT


&EXBSET DPPSEJOBUFT

.POUHPNFSZ X/Z MBEEFS 	g���


-PX�MFWFM (BMMJOB 	g���


.POUHPNFSZ

MBEEFS

#FESPDL� 	g���


.PEVMBS BSJUINFUJD "SJUINFUJD UFNQMBUFT

1VSF "/' DPEF

'JOJUF QFME PQFSBUJPOT 	g���


.PEVMBS JOWFSTJPO 	g���


&YQPOFOUJBUJPO

CZ TRVBSJOH 	g���


-PX�MFWFM (BMMJOB 	g���
 GF@JOW 	g���


*1 $IFDLTVN TQFD *1 $IFDLTVN #FESPDL�

3VQJDPMB

3VQJDPMB

3VQJDPMB

3VQJDPMB

1BSUJBM &WBM 	g���


'$

'$�UP�#FESPDL� 	g���


(BSBHF EPPS BQQ 	g���


41*
 &UIFSOFU
 *1
 6%1

SFDFJWF BOE USBOTNJU 	g���


3*4$�7 NBDIJOF DPEF

..*0

&YUFSOBM DBMMT

5PQ�MFWFM MPPQ

2&%

4QFDJWDBUJPOT

'VODUJPOBM 3FBTPOJOH

#FESPDL�

3*4$�7

-FHFOE

4QFDJWFT

6TFE JO

$PNQJMFT UP

'JH� �� 4ZTUFN EJBHSBN� $POUSJCVUJPOT PG UIJT XPSL BSF CPMEFE�

0VS JNQMFNFOUBUJPO CVJMET VQPO FTUBCMJTIFE $PR QSPKFDUT GSPN FBDI EPNBJO
 SFVTJOH CPUINFUI�

PET BOE BSUJGBDUT XIFO QSBDUJDBM XIJMF FYUFOEJOH FBDI QSPKFDU BT SFRVJSFE GPS WFSJWFE JOUFHSBUJPO�

• 6OEFSTQFDJWDBUJPO BOE VODPOEJUJPOBM SFRVJSFNFOUT JO JOUFSOBM TQFDJWDBUJPOT BSF FODPEFE

VTJOH PNOJTFNBOUJDT <$IBSHV©SBVE FU BM� ����>
 BOE XF VTF TJNQMF TFQBSBUJPO MPHJD BT BO

BTTFSUJPO MBOHVBHF UISPVHIPVU UIF TUBDL
 FWFO UP TQFDJGZ DPNQJMFST�

• 8F CVJME VQPO UIF #FESPDL� <&SCTFO FU BM� ����> GSBNFXPSL� *UT $�MJLF MBOHVBHF BOE QSPPG

BOE DPNQJMBUJPO UPPMT BSF UIF DPSF PG PVS BQQSPBDI
 BOE XF TIPX UIBU JU DBO CF BQQMJFE UP B

TJHOJWDBOUMZ NPSF DPNQMFY TQFDJWDBUJPO
 XJUI OFUXPSL JOQVU BOE PVUQVU
 DPNQBSFE UP QBTU

XPSL� 8F BMTP BEE TVQQPSU GPS SFBTPOJOH BCPVU SFBE�CFGPSF�XSJUF BMJBTJOH�

• 8F BEPQU UIF 'JBU $SZQUPHSBQIZ <&SCTFO FU BM� ����> GSBNFXPSL
 GPS HFOFSBUJPO PG GBTU WOJUF�

WFME BSJUINFUJD GSPN UFNQMBUFT FYQSFTTFE BOE QSPWFO BT IJHIFS�PSEFS GVODUJPOBM QSPHSBNT�

8F FYUFOE JU BCPWF XJUI QSPPGT PG FMMJQUJD�DVSWF�QPJOU SFQSFTFOUBUJPOT TUSVDUVSFT BOE BMHP�

SJUINT
 BT XFMM BT CFMPX XJUI B OFX WFSJWFE CBDLFOE UBSHFUJOH #FESPDL��

• 8F BEPQU UIF 3VQJDPMB <1JU�$MBVEFM FU BM� ����> DPEF HFOFSBUPS
 EFSJWJOH CBSF�NFUBM�SFBEZ

#FESPDL� DPEF GSPN GVODUJPOBM QSPHSBNT� 8F VTF JU UP CVJME DSZQUPHSBQIJD DPEF PO UPQ PG

WOJUF�WFME BSJUINFUJD BOE BMTP JOUFHSBUF DPEF GPS *1 DIFDLTVNT GSPN QBTU XPSL PO 3VQJDPMB�

• 8F FYQFSJNFOUFE XJUI BO JOUFSBDUJWF�QSPPG�ESJWFO WBSJBOU PG SFMBUJPOBM DPNQJMBUJPO GPS HFO�

FSBUJOH DPEF GPS BMHPSJUINJDBMMZ TUSBJHIUGPSXBSE SPVUJOFT XJUI NFNPSZ�BDDFTT�SFMBUFE SFB�

TPOJOH CPRMFOFDLT TVDI BT $IB$IB���

.PTU JNQPSUBOUMZ
 XF QVMM BMM DPNQPOFOUT 	'JHVSF �
 UPHFUIFS JO B DPODSFUF DBTF TUVEZ PG B CBSF�

NFUBM OFUXPSLFE DSZQUPHSBQIJD TZTUFN
 XJUI GVMM JOUFHSBUJPO PG UIFTF UPPMT BOE UIFJS QSPPGT JOUP B

NBDIJOF�DIFDLFE FOE�UP�FOE UIFPSFN 	'JHVSF �
 UIBU DPOOFDUT UIF CFIBWJPS PG B QJFDF PG 3*4$�7

NBDIJOF DPEF UP B IJHI�MFWFM NBUIFNBUJDBM TQFDJWDBUJPO PG DSZQUPHSBQIJD BMHPSJUINT� 8F BDIJFWF

B USVTUFE DPEF CBTF 	5$#
 TJHOJWDBOUMZ TNBMMFS UIBO JO QBTU XPSL GPS TZTUFNT PG UIJT DPNQMFYJUZ

MFWFM
 XIJMF BMMPXJOH GPS VTF PG IJHI�MFWFM MBOHVBHFT GPS DIBMMFOHJOH JNQMFNFOUBUJPO UBTLT� 4FD�

UJPO � FYQMBJOT PVS NBJO UIFPSFN BOE JOUFHSBUJPO�WFSJWDBUJPO TUPSZ
 MFBWJOH 4FDUJPO � UP QSFTFOU

PVS JNQMFNFOUBUJPOÝT DPNQPOFOUT JO NPSF EFUBJM� 4FDUJPO � FWBMVBUFT PVS BSUJGBDU BOE BQQSPBDI�

4FDUJPO � SFWJFXT UIF TUBUF PG UIF BSU JO DPNQSFIFOTJWF WFSJWDBUJPO
 BOE 4FDUJPO � DPODMVEFT�
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&GHKPKVKQP KPKVKCNAEQPFKVKQPU OCEJ �� �Z�������� � OCEJ�
IGV2E� ∧ =? � OCEJ�
IGV.QI� �

6JGQTGO ICTCIGFQQTAEQTTGEV � HQTCNN OCEJ � 4KUEX/CEJKPG� KPKVKCNAEQPFKVKQPU OCEJ � 

CNYC[U TWP� 
GXGPVWCNN[ TWP� 
HWP OCEJ3 � KQAURGE OCEJ3�
IGV.QI��� OCEJ�

'JH� �� &OE�UP�FOE UIFPSFN SFMBUJOH *�0 CFIBWJPS PG 3*4$�7 NBDIJOFT TUBSUJOH GSPN TUBUFT TBUJTGZJOH

KPKVKCNAEQPFKVKQPU UP UIF OFUXPSL QSPUPDPM EFTDSJCFE CZ UIF USBDF QSFEJDBUF KQAURGE�

0VS JNQMFNFOUBUJPO BOE QSPPGT BSF BWBJMBCMF VOEFS B QFSNJTTJWF PQFO�TPVSDF MJDFOTF�
�

� */5&(3"5*0/ 7&3*'*$"5*0/ '30.."$)*/& $0%& 50 /&5803, 1"$,&54

'JHVSF � TIPXT UIF TUBUFNFOU PG UIF FOE�UP�FOE UIFPSFN UIBU XF QSPWFE BCPVU PVS EFNPOTUSB�

UJPO TZTUFN� _JT TFDUJPO XJMM VOQBDL UIF EFWOJUJPOT BQQFBSJOH JO UIBU TUBUFNFOU BOE SFWJFX UIF

CBTJD JOHSFEJFOUT VTFE UP TQFDJGZ UIF GVODUJPOBM DPSSFDUOFTT PG DPNQPOFOUT UISPVHIPVU UIF TZTUFN�

_F GPVOEBUJPO PG PVS WFSJWFE TUBDL JT B NPEFM PG UIF 3*4$�7 JOTUSVDUJPO TFU� 4QFDJWDBMMZ
 TWP�

SFQSFTFOUT UIF FYFDVUJPO PG B TJOHMF 3*4$�7 JOTUSVDUJPO BT B QSFEJDBUF USBOTGPSNFS� JU UBLFT B QPTU�

DPOEJUJPO BT BO BSHVNFOU BOE SFUVSOT UIF QSPQPTJUJPO UIBU NVTU IPME POF JOTUSVDUJPO FBSMJFS� 3VO�

UJNF JOQVU JT NPEFMFE CZ TWP� JOWPLJOH JUT QPTUDPOEJUJPO VOEFS B VOJWFSTBM RVBOUJWFS� _F EFW�

OJUJPO PG TWP� JOTUBOUJBUFT BO FYFDVUBCMF 3*4$�7 NPEFM XJUI PNOJTFNBOUJDT GPS JOQVU OPOEFUFS�

NJOJTN <g����� #PVSHFBU FU BM� ����� &SCTFO FU BM� ����>� 4P XF DBO TUBUF QSPQFSUJFT PG JOUFSBDUJPO

PG UIF 3*4$�7 QSPDFTTPS XJUI UIF PVUTJEF XPSME
 PVS NPEFM PG UIF QSPDFTTPS JODMVEFT UIF USBDF PG

BMM JOQVUT BOE PVUQVUT PCTFSWFE EVSJOH JUT FYFDVUJPO BT B QJFDF PG HIPTU TUBUF�

0VS TZTUFN UIFPSFN DPWFST UIF FYFDVUJPO GSPN UIF WSTU QSPHSBNNBCMF 3*4$�7 JOTUSVDUJPO PO�

XBSET
 CVU JU SFMJFT PO TQFDJWD DPOEJUJPOT PO UIF JOJUJBM TUBUF� UIF QSPHSBN DPVOUFS NVTU TUBSU PVU

QPJOUJOH UP UIF BEESFTT XIFSF UIF WFSJWFE NBDIJOF DPEF CFHJOT
 UIF HIPTU�TUBUF USBDF NVTU TUBSU

PVU FNQUZ
 UIF SFRVJSFE BNPVOU PG NFNPSZ NVTU CF BWBJMBCMF
 BOE TP PO� *O SFUVSO
 PVS TQFDJW�

DBUJPO HVBSBOUFFT MJWFOFTT BOE DSBTI�GSFFEPN� KQAURGE XJMM CF SFQFBUFEMZ SFFTUBCMJTIFE XJUIPVU

BOZ DBSWF�PVUT GPS QPUFOUJBMMZ SVOOJOH PVU PG NFNPSZ PS FOUFSJOH B TJMFOU JOWOJUF MPPQ JOTUFBE�

_JT MJWFOFTT HVBSBOUFF JT FODPEFE VTJOH UIF DPNCJOBUPST CNYC[U BOE GXGPVWCNN[ JOTQJSFE CZ

UIF UFNQPSBM�MPHJD PQFSBUPST � BOE ♦� CNYC[U TWP� 2 OCEJ NFBOT UIBU 2 IPMET PO UIF NBDIJOF

TUBUF OCEJ BOE UIBU BOFS TWP�
 CNYC[U TWP� 2 IPMET JO BOZ TUBUF UIBU NJHIU SFTVMU� 4JNJMBSMZ


GXGPVWCNN[ TWP� 2 OCEJ NFBOT UIBU 2 IPMET PO OCEJ PS GXGPVWCNN[ TWP� 2 IPMET BOFS TWP�


XJUI JOQVU SFDFJWFE EVSJOH TWP� QPUFOUJBMMZ JOXVFODJOH UIF OVNCFS PG TUFQT VOUJM SFBDIJOH 2�
�

8IJMF CNYC[U JO UIF TQFDJWDBUJPO TJNQMZ FODPEFT UIBU XF BSF QSPWJOH BO JOWBSJBOU
 GXGPVWCNN[

BMMPXT VT UP VTF B TQFDJWDBUJPO UIBU POMZ BQQMJFT BOFS IBWJOH SFDFJWFE BO FOUJSF OFUXPSL QBDLFU

BOE QPUFOUJBMMZ SFTQPOEFE UP JU
 CVU OPU JO UIF NJEEMF PG UIF USBOTBDUJPO� "T PVS TZTUFNÝT SFTQPOTF

UP POF QBDLFU NBZ EFQFOE PO QBTU JOQVUT
 XF FYUFOE UIF USBDF�QSFEJDBUF GPSNBMJTN GSPN &SCTFO

FU BM� <����
 g���> XJUI TUBUFGVM QSPUPDPMT FODPEFE BT MBCFMFE USBOTJUJPO TZTUFNT� 'PS UIF EFNP�

4GEQTF UVCVG �� ] RTPIAUVCVG � NKUV D[VG � Z�����AGRJGOGTCNAUGETGV � NKUV D[VG _�

&GHKPKVKQP RTQVQEQNAUVGR � UVCVG � NKUV //+1 � UVCVG � 2TQR �� 
� UVCVG OCEJKPG ���

&GHKPKVKQP RTQVQEQNAURGE N �� GZKUVU U U3� NCDGNGFAVTCPUKVKQPU RTQVQEQNAUVGR U U3 N�

&GHKPKVKQP KQAURGE� NKUV A � 2TQR �� QPN[AOOKQAUCVKUH[KPI 
DQQVAUGS 


 RTQVQEQNAURGE��

/PUF UIBU UVCVG JT GPS QSPUPDPM TQFDJWDBUJPO POMZ� KQAURGE EPFT OPU 	BOE DBOOPU
 TBZ IPX JU JT

SFQSFTFOUFE JO NBDIJOF NFNPSZ� _F TUBUF�NBDIJOF TUZMF JT POMZ VTFE GPS UIF OFUXPSL QSPUPDPM�

QFSJQIFSBM JOJUJBMJ[BUJPO QSFDFEJOH JU 	



 JT TUJMM TQFDJWFE VTJOH TJNQMF SFHFY�MJLF QSFEJDBUFT� #PUI

�
IUUQT���HJUIVC�DPN�NJU�QMW�GPVOEBUJPOBM�JOUFHSBUJPO�WFSJGJDBUJPO�PG�B�DSZQUPHSBQIJD�TFSWFS

�
'PS CNYC[U TWP� 2
 XF HJWF BOE QSPWF FRVJWBMFOU B DPJOEVDUJWF EFWOJUJPO BOE B DIBSBDUFSJ[BUJPO UISPVHI UIF FYJTUFODF

PG BO JOEVDUJWF JOWBSJBOU UIBU JNQMJFT 2 <&SCTFO ����
 g�����>� GXGPVWCNN[ JT EFWOFE JOEVDUJWFMZ <g��� $IBSHV©SBVE FU BM�

����� &SCTFO FU BM� ����
 g���>� 8F BMTP QSPWFE UIBU UIF USBDF JUTFMG DBO BMXBZT CF FYUFOEFE UP TBUJTGZ KQAURGE�
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'PVOEBUJPOBM *OUFHSBUJPO 7FSJGJDBUJPO PG B $SZQUPHSBQIJD 4FSWFS �����

QIBTFT VTF NFNPSZ�NBQQFE JOQVU BOE PVUQVU 	..*0

 TP FBDI USBDF FMFNFOU JT B SFBE PS B XSJUF

XJUI BO BEESFTT BOE B WBMVF 	PUIFS XPSL JO UIF TBNF GSBNFXPSL BMTP VTFT EJSFDU NFNPSZ BDDFTT
�

��� /FUXPSL 1SPUPDPM 4QFDJGJDBUJPO

_F QPTTJCMF JOQVUT
 PVUQVUT
 BOE USBOTJUJPOT PG PVS TJNQMF OFUXPSL QSPUPDPM BSF TQFDJWFE JO ��

MJOFT PG BE�IPD DBTFXPSL NBLJOH VQ UIF SFMBUJPO RTQVQEQNAUVGR� 1SPUPDPMT GFBUVSJOH DPNQMFY

TUBUF EJBHSBNT
 PS TFRVFOUJBM PS QBSBMMFM DPNQPTJUJPO PG TVCQSPUPDPMT
 XPVME MJLFMZ CFOFWU GSPN

FYQBOTJPO PG UIF WFSJWFE TUBDL VQ UPXBSET TJNQMFS UPQ�MFWFM TQFDJWDBUJPOT
 QFSIBQT CZ JOUFHSBUJOH

B DFSUJGZJOH DPNQJMFS BT JO *LFCVDIJ FU BM� <����>
 PS WFSJWDBUJPO PG EJTUSJCVUFE�TZTUFNT QSPQFSUJFT�

4FDUJPOBM EPPS

#
B

R
F
S
Z

.PUPS

$16

/*$
&UIFSOFU

.PUPS

DPOUSPMMFS

'JH� �� 1IZTJDBM EFNPOTUSBUJPO

)PXFWFS
 SFHBSEMFTT PG IPX QSPUPDPM�MFWFM DPOUSPM XPX JT FY�

QSFTTFE
 UIF TQFDJWDBUJPO NVTU SFMBUF JOQVUT UP DPNQVUFE WBMVFT

BOE PVUQVU BDUJPOT
 XIJDI XF XJMM TLFUDI JO UIJT TFDUJPO CZ TIPX�

JOH B DSPTT�DVRJOH TBNQMF PG EFWOJUJPOT UIBU TQFDJGZ UIF TFSWFS

TFOEJOH JUT WSTU QBDLFU JO UIF QSPUPDPM�

*O PVS EFNP
 UIF PVUQVU DBO FJUIFS CF B OFUXPSL QBDLFU PS BO

BDUVBUJPO PG B HFOFSBM�QVSQPTF EJHJUBM PVUQVU QJO DPOUSPMMJOH B NP�

UPS UIBU SBJTFT PS MPXFST UIF EPPS 	'JHVSF �
� #PUI BSF FODPEFE BT

..*0 XSJUFT UP BQQSPQSJBUF QFSJQIFSBMT� 'PS FYBNQMF
 USBOTNJU�

UJOH TPNF CZUFT PWFS &UIFSOFU JT TQFDJWFE BT B TFRVFODF PG ..*0

XSJUFT
 VTJOH NGAEQODKPG UP SFTQFDU UIF MJRMF�FOEJBO JOUFSGBDF�
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_F DPOUFOUT PG UIF OFUXPSL QBDLFUT BSF EFTDSJCFE VTJOH TJNQMF GVODUJPOBM�QSPHSBN FYQSFTTJPOT

JOTJEF RTQVQEQNAUVGR� 'PS FYBNQMF
 IFSF JT PVS TQFDJWDBUJPO PG UIF TFSWFSÝT WSTU QBDLFU PG B %JYF�

)FMMNBO IBOETIBLF GFBUVSJOH IFBEFST PG OFUXPSL QSPUPDPMT BOE B GSFTI 9����� QVCMJD LFZ�
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&UIFSOFU IFBEFS

*1 IFBEFS

6%1 IFBEFS

"QQMJDBUJPO EBUB

_F FMMJQUJD�DVSWF QBZMPBE PG UIF QBDLFU JT EFTDSJCFE VTJOH UIF TBNF CVJMEJOH CMPDLT GPS FODPE�

JOH BOE EFDPEJOH BT XFMM BT EPNBJO�TUBOEBSE NBUIFNBUJDBM DPOTUSVDUJPOT TVDI BT HFRJOH UIF :

DPPSEJOBUF PG B QPJOU
 VOBSZ JOUFHFS�QPJOU NVMUJQMJDBUJPO
 BOE GPSDJOH B OVNCFS UP CF 0 mod 8�

&GHKPKVKQP Z�����AURGE U 2 ��

NGAURNKV �� 
/�:� 
%WTXG������/�UECNCTOWNV 
%WTXG������ENCOR 
NGAEQODKPG U�� 2���

_F QPJOU�BEEJUJPO GVODUJPO GSPN XIPTF SFQFUJUJPO NVMUJQMJDBUJPO BSJTFT JT TQFDJWFE VTJOH TUBO�

EBSE BYOF GPSNVMBT
�
	TIPXO IFSF JO UXJTUFE &EXBSET DPPSEJOBUFT GPS CSFWJUZ BOE QSPWFO FRVJWB�

MFOU UP UIF .POUHPNFSZ WFSTJPO
�

�
IUUQT���FO�XJLJQFEJB�PSH�XJLJ�5XJTUFE@&EXBSET@DVSWF�"EEJUJPO@PO@UXJTUFE@&EXBSET@DVSWFT
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_FTF TQFDJWDBUJPOT BSF JMMVTUSBUJWF PG B NPSF HFOFSBM QBRFSO UIBU BMTP QFSTJTUT UISPVHIPVU UIF

JOUFSOBM JOUFSGBDFT PG PVS TZTUFN� XF TUBUF SFRVJSFNFOUT EJSFDUMZ JO UFSNT PG XFMM�LOPXO PQFSBUJPOT

PO TJNQMF PCKFDUT� *O UIF QBDLFU�DPOUFOU TQFDJWDBUJPO XF TFF JOUFHFST 	Z
 USBOTMBUFE UP MJRMF�FOEJBO

	NGAURNKV
 PS CJH�FOEJBO 	DG�
 MJTUT PG CZUFT UIBU BSF UIFO DPODBUFOBUFE 	


� "O BE�IPD QVSF

GVODUJPO EFTDSJCFT UIF DPOUFOU PG UIF *1 IFBEFS CFGPSF BOE BOFS DIFDLTVN DPNQVUBUJPO� *O CFF
 (

SFGFST UP B WFME UIBU JT MBUFS JOTUBOUJBUFE XJUI Z/(2255−19)Z BOE TFSJBMJ[FE VTJOH NGAURNKV� 8F BSF

IJHIMJHIUJOH UIJT CBSFCPOFT TUZMF JO DPOUSBTU UP EFWOJOH B NPSF TQFDJBMJ[FE GSBNFXPSL GPS QBDLFU

GPSNBUT PS DSZQUPHSBQIJD DPNQVUBUJPOT� TJNQMF GVODUJPOBM QSPHSBNT XPSL XFMM FOPVHI BOE BSF

TVJUBCMF GPS VTF BT TQFDJWDBUJPOT PG UIF QBDLFU�QSPDFTTJOH DPEF XSJRFO JO #FESPDL�
 3VQJDPMBÝT

*1�DIFDLTVN FYBNQMF
 BOE FMMJQUJD�DVSWF BSJUINFUJD GSPN 'JBU $SZQUPHSBQIZ�

��� $PNNPO $PODFQUT 5ISPVHIPVU $PNQPOFOU 4QFDJGJDBUJPOT

4QFDJQDBUJPO UFDIOJRVF� XF BEPQU BOE SFDPNNFOE TUBUJOH TQFDJQDBUJPOT VTJOH GVODUJPOBM

SFGFSFODF JNQMFNFOUBUJPOT GPS DPNQVUBUJPO
 TJNQMF TFQBSBUJPO MPHJD GPS NFNPSZ MBZPVU


BOE PNOJTFNBOUJDT GPS FYFDVUJPO� 5SBDFT BOE USBDF QSFEJDBUFT UP TQFDJGZ JOQVU BOE PVUQVU BMTP

XPSLFE XFMM HJWFO PVS HPBM UP QSPWF DPOUJOVFE DPSSFDU PQFSBUJPO SFHBSEMFTT PG JOWBMJE JOQVU�

_F QVSTVJU UP WFSJGZ TZTUFNT PG TFWFSBM DPNQPOFOUT OBUVSBMMZ UFNQUT UIF GPSXBSE�MPPLJOH BS�

DIJUFDU UP DPOTJEFS JOUFOUJPOBMMZ JOUSPEVDJOH VOJGPSNJUZ UP IPX UIF QBSUT BSF JNQMFNFOUFE
 TQFD�

JWFE
 BOE WFSJWFE� *OEFFE
 BT FBDI HBQ BOE JEJPTZODSBUJD DIPJDF UIBU EPFT OPU BQQFBS JO UIF UPQ�

MFWFM UIFPSFN OFFET UP CF SFDPODJMFE CZ QSPPG
 VOJGPSNJUZ DBO TUSBJHIUGPSXBSEMZ SFEVDF BDDJEFO�

UBM DPNQMFYJUZ BOE BTTPDJBUFE UPJM� 'VSUIFS
 UIFSF JT B DPNNPO JOUVJUJPO CFIJOE NBOZ TVDDFTT�

GVM QSPHSBNNJOH�MBOHVBHFT UFDIOJRVFT UIBU JOUSPEVDJOH TUSVDUVSF 	DPOTUSBJOUT
 DBO UIFO TJNQMJGZ

XPSLJOH XJUI QSPHSBNT FYQSFTTFE XJUIJO UIFTF DPOTUSBJOUT� 'PS TZTUFNT WFSJWDBUJPO TQFDJWDBMMZ


B OVNCFS PG QFSWBTJWF GSBNFXPSLT IBWF CFFO QSPQPTFE� DFSUJWFE BCTUSBDUJPO MBZFST FOGPSDF DPO�

UFYUVBM FRVJWBMFODF PG JNQMFNFOUBUJPOT <(V FU BM� ����>
 JOUFSBDUJPO USFFT DBO CF VTFE UP SFBTPO

FRVBUJPOBMMZ BCPVU OFTUFE SFBDUJWF CFIBWJPST <,PI FU BM� ����>
 *SJT DBO CF VTFE UP WFSJGZ TBGFUZ

PG QBSUJDVMBS DPODVSSFOU DPNCJOBUJPOT PG QSPHSBNT <+VOH FU BM� ����>
 BOE TP PO� 4VCTUBOUJBM DBTF

TUVEJFT XJUIJO FBDI GSBNFXPSL IBWF TIPXO JNQSFTTJWF JOUFHSBUJPO TVDDFTTFT
 BOE ZFU OPOF PG UIF

QBTU XIPMF�TZTUFN QSPPGT TVSWFZFE JO TFDUJPO � VTF UIFTF IJHIMZ TUSVDUVSFE FDPTZTUFNT
 JOTUFBE

SFMZJOH PO QVSQPTF�CVJMU DPNQPOFOUT�

8F JOUFHSBUF UISFF JOEFQFOEFOUMZ TVDDFTTGVM QSPKFDUT UIBU XFSF OPU EFWFMPQFE XJUIJO B TJOHMF

QSFTDSJQUJWF GSBNFXPSL
 BOE ZFU XF WOE UIBU UIFJS NPTU QSJNJUJWF TQFDJWDBUJPOT 	PODF BMM EPNBJO�

TQFDJWD NBDIJOFSZ IBT CFFO FODBQTVMBUFE
 BSF FOPVHI UP DPOOFDU UIFN XJUI NBOBHFBCMF HMVF

DPEF BOE JOUFHSBUJPO QSPPGT� 'PS FYBNQMF
 XIJMF 'JBU $SZQUPHSBQIZ SFMJFT PO QBSBNFUSJD UFNQMBUFT

BOE B WFSJWFE IJHIFS�PSEFS QBSUJBM�FWBMVBUJPO FOHJOF VOEFS UIF IPPE
 UIF HFOFSBUFE TUSBJHIU�MJOF

UISFF�PQFSBOE DPEF BOE TQFDJWDBUJPOT MJLF ⌊mulmod a b⌋ � ⌊0⌋ · ⌊1⌋ mod< BSF OPU UJFE UP UIFTF

UPPMT� 4JNJMBSMZ
 3VQJDPMB QSPWFT UIBU DPEF HFOFSBUFE UISPVHI SFMBUJPOBM DPNQJMBUJPO JNQMFNFOUT

UIF QVSFMZ GVODUJPOBM JOQVU QSPHSBN� 3BUIFS UIBO BEEJOH TUSVDUVSF UISPVHIPVU
 XF SFEVDF QSPKFDU�

TQFDJWD EFWOJUJPOT UP UIFJS CBTJD $PR CVJMEJOH CMPDLT BOE SFMZ PO UIBU DPNNPO GPVOEBUJPO GPS

JOUFHSBUJPO BU QPJOU�JO�UJNF JOUFSGBDFT TVDI BT GVODUJPO CPVOEBSJFT�

_SFF TQFDJWDBUJPO DPOTJEFSBUJPOT BQQFBS UISPVHIPVU UIF DPNQPOFOUT PG PVS TUBDL� NPEFMJOH

FYFDVUJPO PG JNQFSBUJWF MBOHVBHFT XJUI VOEFWOFE 	GPSCJEEFO
 BOE VOTQFDJWFE 	OPOEFUFSNJOJTUJD


DBTFT
 QBTTJOH EBUB CZ SFGFSFODF UP BEESFTTBCMF NFNPSZ PG UIFTF MBOHVBHFT
 BOE LFFQJOH USBDL

PG JOUFSBDUJPO XJUI UIF PVUTJEF XPSME� 8F NBEF DPOTJTUFOU CVU VOBNCJUJPVT DIPJDFT
 JOUFOUJPOBMMZ

GBWPSJOH XFYJCJMJUZ JO DBTF PG VOGPSFTFFO DIBMMFOHFT PWFS HFOFSBM QSPQFSUJFT GSPN DVSBUFE TUSVDUVSF�
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'PVOEBUJPOBM *OUFHSBUJPO 7FSJGJDBUJPO PG B $SZQUPHSBQIJD 4FSWFS �����

	�
 8F TQFDJGZ QSPHSBNNJOH MBOHVBHFT UIBU EP OPU IBWF TUSBJHIUGPSXBSE EFOPUBUJPOT UP $PR

VTJOH PQFSBUJPOBM TFNBOUJDT� 1FS PVS HPBM UP QSPWF UPUBM�DPSSFDUOFTT QSPQFSUJFT PG BMM QPTTJCMF

FYFDVUJPOT
 XF VTF UIF PNOJTFNBOUJDT XBWPS <$IBSHV©SBVE FU BM� ����>
 XIJDI BNPVOUT UP

XFBLFTU�QSFDPOEJUJPO QSFEJDBUF USBOTGPSNFST EFWOFE JOEVDUJWFMZ�

	�
 1SFDPOEJUJPOT BOE QPTUDPOEJUJPOT PG JNQVSF QSPHSBNT SFMBUF GVODUJPOBM SFGFSFODF NPEFMT PG

UIFJS BSHVNFOUT BOE SFUVSO WBMVFT UP JO�NFNPSZ SFQSFTFOUBUJPOT UIFSFPG VTJOH TFQBSBUJPO

MPHJD
 SFHBSEMFTT PG XIFUIFS UIFTF QSPHSBNT BSF XSJRFO CZ IBOE PS HFOFSBUFE CZ B DPNQJMFS�

.PTU TQFDJWDBUJPOT VTF TFQBSBUJOH DPOKVODUJPO � BT B TJNQMF EJTKPJOU�VOJPO PQFSBUPS� JO TPNF

DBTFT XF BMTP VTF FYJTUFOUJBM RVBOUJWFST GPS EBUB BCTUSBDUJPO BOE OPO�TFQBSBUJOH DPOKVODUJPO

GPS SFBE�CFGPSF�XSJUF BMJBTJOH�

	�
 *�0 JT NPEFMFE VTJOH MJTUT PG MBOHVBHF�BQQSPQSJBUF FWFOUT BT JO &SCTFO FU BM� <����>�

8IJMF UIF TUSVDUVSF PG PVS TQFDJWDBUJPOT JT VOJOWFOUJWF
 DPNQMFY SFBTPOJOH DBO CF SFRVJSFE UP

TBUJTGZ UIFN� _F TQFDJWDBUJPOT PG FYDJFOU BMHPSJUINT GPS DPNQVUJOH XJUI NBUIFNBUJDBM PCKFDUT

BSF EFTDSJCFE JO UFSNT PG OBJWF QVSFMZ GVODUJPOBM EFTDSJQUJPOT PG UIF TBNF PQFSBUJPOT� _VT UIF

TQFDJWDBUJPOT BSF DPNQVUBCMF JO UIF UIFPSFUJDBM TFOTF
 CVU BDUVBMMZ SVOOJOH UIFN JO QSBDUJDF JT

POFO JOGFBTJCMF� GPS FYBNQMF
 TPNFUJNFT NVMUJ�IVOESFE�CJU OBUVSBM OVNCFST BSF USFBUFE BT VOBSZ�

4JNJMBSMZ
 SFDPODJMJOH TIBMMPX EJVFSFODFT CFUXFFO EJVFSFOU MJCSBSJFTÝ TQFDJWDBUJPOT PG UIF TBNF

DPODFQU JT BDDPNQMJTIFE BT B QBSU PG QSPWJOH UIF JOUFHSBUJPO CFUXFFO UIFN
 TPNFUJNFT SFTUBUJOH

UIF TQFDJWDBUJPO PG POF VTJOH UIF EFWOJUJPOT GSPN UIF PUIFS� %PJOH TP JT B DIPSF
 CVU JU XPSLT�

��� 3FBE�#FGPSF�8SJUF "MJBTJOH JO 4FQBSBUJPO -PHJD

8F NBLF JNQPSUBOU VTF PG OPO�TFQBSBUJOH DPOKVODUJPO JO B GFX QMBDFT UP TUBUF QSFDPOEJUJPOT PG

GVODUJPOT XIPTF JOQVUT NBZ PWFSMBQ FBDI PUIFS PS UIF PVUQVU� $ÝT OGOOQXG JT B DBOPOJDBM FYBNQMF�

HPURGE� 4OGOOQXG4 
FUV UTE P � YQTF� � 
F U � NKUV D[VG� 
4 4U � OGO � 2TQR��

] TGSWKTGU V O �� O �� D[VGU UTE U � 4U ∧ O �� D[VGU FUV F � 4 ∧

NGPIVJ U � P � < ∧ NGPIVJ F � P � < ∧ P �� �@���

GPUWTGU V3 O �� O �� D[VGU FUV U � 4 ∧ V�V3 _�

_F GVODUJPO UBLFT UXP QPJOUFST BOE B MFOHUI BT BSHVNFOUT
 BTTVNFT UIBU FBDI QPJOUFS QPJOUT UP

B MJTU PG CZUFT 	HIPTU BSHVNFOUT F BOE U

 BOE PWFSXSJUFT UIF EFTUJOBUJPO XJUI UIF TPVSDF
 UBLJOH

DBSF UP DBUDI UIF FOUJSF JOQVU FWFO JG JU PWFSMBQT UIF PVUQVU� $SJUJDBMMZ
 UIF TQFDJWDBUJPO IFSF VTFT

TFQBSBUF GSBNF RVBOUJWFST 	4 BOE 4U
 JO UIF UXP OPO�TFQBSBUJOH DPOKVODUT BTTFSUFE PO UIF TBNF

NFNPSZ 	O ��

 BOE POMZ UIF GSBNF 4 PG UIF EFTUJOBUJPO CVVFS JT QSFTFSWFE JO UIF QPTUDPOEJUJPO�

%FQFOEJOH PO IPX UIF GVODUJPO JT DBMMFE
 4NBZ DPOUBJO 	QBSU PÐ
 UIF TPVSDF CVVFS BHBJO
 JO XIJDI

DBTF UIBU QBSU JT QSFTFSWFE
 PS OPU� _F TPVSDF GSBNF 4U JT JOUFOUJPOBMMZ VOVTFE JO UIF QPTUDPOEJUJPO

UP JOEJDBUF UIBU JU NBZ OPU CF QSFTFSWFE�8F VTVBMMZ BCCSFWJBUF TVDI QSFDPOEJUJPOT BT O �� D[VGU

UTE U
 XIJDI TUBOET GPS ∃ 4U� D[VGU UTE U � 4U UP BWPJE OBNJOH UIBU GSBNF�

#PUI QSPPG BVUPNBUJPO GPS IBOEXSJRFO JNQFSBUJWF DPEF BOE DPNQJMFST HFOFSBUJOH JNQFSBUJWF

DPEF TVQQPSU DBMMJOH
�
GVODUJPOT TQFDJWFE JO UIJT NBOOFS BU UIF TBNF MFWFM PG BVUPNBUJPO BT PUIFS

TFQBSBUJPO�MPHJD QSFDPOEJUJPOT� FBDI OPO�TFQBSBUJOH DPOKVODU JT TPMWFE JOEFQFOEFOUMZ
 JOTUBOUJBU�

JOH FBDI GSBNF RVBOUJWFS UISPVHI DBODFMMBUJPO� 'PS JOTUBODF
 DPOTJEFS B 	OP�PQ
 DBMM UP OGOOQXG

XJUI dst = src
 TP DBODFMMBUJPO WOET d = s BOE Rs = R� *O UIJT DBTF
 UIF UXP OPO�TFQBSBUJOH DPO�

KVODUT JO UIF QSFDPOEJUJPO BSF JEFOUJDBM
 BOE UIF TQFDJWDBUJPO PWFSBMM EFTDSJCFT BO JEFOUJUZ GVODUJPO�

:FU 'JBU�$SZQUP�HFOFSBUFE UISFF�PQFSBOE BSJUINFUJD SPVUJOFTXIPTF PVUQVU JT TPNF OPOUSJWJBM GVOD�

UJPO PG UIF JOQVU BSF VTFGVM FWFO JO UIF DBTF XIFSF CPUI JOQVUT NBUDI UIF PVUQVU� GPS FYBNQMF
 BO

BEEJUJPO GVODUJPO DBO CF VTFE UP QFSGPSN JO�QMBDF EPVCMJOH� 0O UIF PUIFS IBOE
 DBMMJOH OGOOQXG

�
_F QSPPG PG OGOOQXG JUTFMG JT MFTT TUSFBNMJOFE BOE SFMJFT PO #FESPDL� 	VOMJLF 745 BOE $PNQ$FSU
 HJWJOH UIF TJNQMF


QFSNJTTJWF TFNBOUJDT UP DPNQBSF BEESFTTFT PG NFNPSZ QPUFOUJBMMZ SFUVSOFE CZ EJVFSFOU BMMPDBUJPOT�
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XJUI EJTKPJOU JOQVUT SFTVMUT JO FBDI JOQVU CFJOH JOGFSSFE UP CFMPOH UP UIF GSBNF PG UIF PUIFS
 XIJDI

BHBJO NBLFT UIF UXP OPO�TFQBSBUJOH DPOKVODUJPOT JO UIF QSFDPOEJUJPO JEFOUJDBM CVU SFQSFTFOUT UIF

TBNF HVBSBOUFF BT XPVME CF EFSJWFE GSPN B TQFDJWDBUJPO UIBU VTFE B TJOHMF GSBNF BOE UXP CVVFST

JO CPUI UIF QSFDPOEJUJPO BOE UIF QPTUDPOEJUJPO�

_JT TJNQMF TQFDJWDBUJPO TUZMF QSPWFE DPOWFOJFOU GPS UIF WBSJFUZ PG DPNQPOFOUT UIBU XF WFSJWFE�

"T VTVBM JO $PR
 JU JT JNQPSUBOU UIBU XF DBONFOUJPO OBUJWF (BMMJOB GVODUJPOBM QSPHSBNT PG BSCJUSBSZ

TPQIJTUJDBUJPO
 BOZXIFSF XJUIJO TFQBSBUJPO�MPHJD TQFDJWDBUJPOT
 àGPS GSFF�á _PTF QSPHSBNT XJOE

VQ USBOTMBUFE UP #FESPDL� DPEF JO B WBSJFUZ PG XBZT
 BMM PG XIJDI UVSOFE PVU UP CF DPNQBUJCMF XJUI

UIJT TUZMF� 8F DBSSJFE PVU TVDI QSPPGT EJSFDUMZ PO NBOVBMMZ XSJRFO #FESPDL� QSPHSBNT
 JOUFHSBUFE

XJUI GPVS EJVFSFOU WFSJWFE PS QSPPG�HFOFSBUJOH USBOTMBUPST 	UXP OFX UP PVS QSPKFDU

 BOE DPOOFDUFE

UIJT TQFDJWDBUJPO TUZMF JO UIF FOE XJUI UIF #FESPDL� DPNQJMFSÝT QSPPG�

8F OPX UVSO UP EFUBJMT PG UIPTF EJVFSFOU DPNQPOFOUT�

� */5&(3"5*/( $0.10/&/5 1300'4

��� 3*4$�7 .BDIJOF $PEF GPS .FNPSZ�.BQQFE *�0 BOE *OGJOJUF -PPQT

_F MPXFTU�MFWFM MBOHVBHF DPOTJEFSFE JO UIJT TUVEZ JT NBDIJOF DPEF GPS UIF 3*4$�7 JOTUSVDUJPO TFU�

8F GPMMPX UIF TQFDJWDBUJPO BOE SFBTPOJOH TUSBUFHZ GSPN #FESPDL� <#PVSHFBU FU BM� ����� &SCTFO

FU BM� ����> CVU UBSHFU UIF 37��*. JOTUSVDUJPO TFU PG B DPNNFSDJBM NJDSPDPOUSPMMFS JOTUFBE PG B

WFSJWFE QSPDFTTPS JNQMFNFOUFE PO BO '1("� 8IJMF NBJOTUSFBN $ DPEF DPNNPOMZ VTFT JOMJOF BT�

TFNCMZ BOE NBDSPT UP BDDFTT IBSEXBSF GFBUVSFT OPU TVQQPSUFE CZ UIF DPNQJMFS
 UIF BE�IPD 3*4$�7

NBDIJOF DPEF VTFE GPS TJNJMBS QVSQPTFT JO UIF XPSL XF CVJME VQPO JT IFME UP UIF TBNF TUBOEBSET

PG WFSJWDBUJPO BT UIF DPNQJMFS�HFOFSBUFE DPEF�

4QFDJQDBUJPO UFDIOJRVF� USFBU JOMJOF BTTFNCMZ CMPDLT BTNJOJ�DPNQJMFST UP HFOFSBUF WFS�

JQFE BTTFNCMZ GPS UIPTF QBSUT OPU EJSFDUMZ FYQSFTTJCMF JO UIF #FESPDL� TPVSDF MBOHVBHF�

_F #FESPDL� DPNQJMFS JT QSPWFO UP TBUJTGZ PNOJTFNBOUJDT TQFDJWDBUJPO QSFTFSWBUJPO� _F TUBUF�

NFOU UIBU B QSPHSBN 2 TBUJTWFT B QPTUDPOEJUJPO& JT XSJRFO 2 ⇓ & BOE DBQUVSFT TBGFUZ
 UFSNJOBUJPO


BOE BO PWFSBQQSPYJNBUJPO PG UIF TFU PG QPTTJCMF PVUDPNFT� _FO BO PQUJNJ[BUJPO QBTT 5 TIPVME TBU�

JTGZ 2 ⇓ & → 5 (2) ⇓ & 
 BOE B DPNQJMFS CFUXFFO MBOHVBHFT XJUI EJVFSFOU TUBUF SFQSFTFOUBUJPOT

OFFET B DPODMVTJPO XJUI B & ′
EFWOFE JO UFSNT PG & � *O UIJT DPOUFYU
 & ′

JODMVEFT JOWBSJBOUT BCPVU

3*4$�7 SFHJTUFST
 B EFDPNQPTJUJPO PG UIF NBDIJOF NFNPSZ BT B EJTKPJOU VOJPO PG TPVSDF�MBOHVBHF

NFNPSZ BOE DPNQJMFS�NBOBHFE EBUB TUSVDUVSFT TVDI BT GVODUJPO BDUJWBUJPO SFDPSET PO UIF TUBDL


BOE B NBQQJOH CFUXFFO #FESPDL� FYUFSOBM�DBMM USBDFT BOE 3*4$�7 NFNPSZ�NBQQFE *�0 	..*0


USBDFT� $PNQJMFS�DPSSFDUOFTT QSPPGT QSPDFFE CZ JOEVDUJPO PO ⇓ VOEFS TVJUBCMZ TUSFOHUIFOFE IZ�

QPUIFTFT BCPVU UIF JOJUJBM TUBUF <&SCTFO FU BM� ����
 g���> <$IBSHV©SBVE FU BM� ����
 g�>�

_F WSTU QSPCMFN TPMWFE VTJOH B NJOJ�DPNQJMFS JT UIBU PVS VTF PG NFNPSZ�NBQQFE *�0 UP UBML

UP EFWJDFT JT OPU EJSFDUMZ FYQSFTTJCMF JO UIF #FESPDL� TPVSDF MBOHVBHF� *OTUFBE
 JU JT NPEFMFE CZ

FYUFSOBM DBMMT
 BOE UIF #FESPDL� DPNQJMFS JT QBSBNFUFSJ[FE PWFS B NJOJ�DPNQJMFS GPS UIFTF FYUFSOBM

DBMMT
 XIJDI SFQMBDFT FBDI DBMM CZ FJUIFS B MPBE PS TUPSF BTTFNCMZ JOTUSVDUJPO� _VT
 UIF QSPPG PG

UIF BTTFNCMZ GSBHNFOU GPS BO FYUFSOBM DBMM NVTU DFOUSBMMZ FTUBCMJTI UIF SFMBUJPOTIJQ CFUXFFO UIF

MPX�MFWFM BOE IJHI�MFWFM *�0�USBDF FWFOUT
 CVU JU NVTU BMTP TIPX UIBU UIF ..*0 TUPSF EPFT OPU

BDDJEFOUBMMZ PWFSXSJUF DPNQJMFS EBUB TUSVDUVSFT�

.PSFPWFS
 UIF UPQ�MFWFM MPPQ JT BO JOWOJUF MPPQ
 CVU UIF #FESPDL� TPVSDF�MBOHVBHF TFNBOUJDT

POMZ BDDFQU UFSNJOBUJOH QSPHSBNT
 TP XF VTF BOPUIFS WFSJWFE BTTFNCMZ NBDSP UIBU UBLFT UIF SFMB�

UJWF BEESFTTFT PG BO JOJU GVODUJPO BOE B MPPQ�CPEZ GVODUJPO
 FNJRJOH B QSPHSBN UIBU WSTU DBMMT UIF

JOJU GVODUJPO BOE UIFO SFQFBUFEMZ DBMMT UIF MPPQ�CPEZ GVODUJPO GPSFWFS� *O UIJT DBTF
 UIF TQFDJWDBUJPO

PG UIF BTTFNCMZ GSBHNFOU JT QBSBNFUSJ[FE PWFS UIBU PG UIF MPPQ CPEZ
 BOE UIJT TQFDJWDBUJPO TUBUFT

UIBU BOZ MPPQ JOWBSJBOU JT BMXBZT FWFOUVBMMZ TBUJTWFE
 MFBEJOH UP UIF UPQ�MFWFM TQFD JO 'JHVSF ��
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'PVOEBUJPOBM *OUFHSBUJPO 7FSJGJDBUJPO PG B $SZQUPHSBQIJD 4FSWFS �����

8F SFVTF CPUI NJOJ�DPNQJMFST GSPN &SCTFO FU BM� <����>� _FJS TQFDJWDBUJPOT BSF DPOTJEFSBCMZ

MPOHFS UIBO UIFJS JNQMFNFOUBUJPOT
 BOE UIF DPSSFTQPOEJOH QSPPGT SFRVJSF DPSSFTQPOEJOHMZ EF�

UBJMFE BE�IPD SFBTPOJOH
 CVU UIFSF BSF OP TVSQSJTF PCTUBDMFT PS IBSE�UP�CSJEHF BCTUSBDUJPO HBQT�

_FTF QSPPGT BSF NBEF GFBTJCMF CZ UIF VTF PG MBOHVBHF�JOEFQFOEFOU TFQBSBUJPO�MPHJD BTTFSUJPOT BOE

TUSBJHIUGPSXBSE FMFNFOUXJTF SFMBUJPOT DPOOFDUJOH #FESPDL� BOE 3*4$�7�MFWFM *�0 USBDFT� _FTF

UFDIOJRVFT FOBCMF VT UP DPNQPTF BO FOE�UP�FOE UIFPSFN UIBU DPWFST BE�IPD BTTFNCMZ DPEF GPS

GVODUJPOBMJUZ XJUIPVU MBOHVBHF TVQQPSU
 BT PQQPTFE UP SFMZJOH PO TPNF VOWFSJWFE BTTFNCMZ HMVF

DPEF PS FYUFOEJOH UIF TZOUBY BOE TFNBOUJDT PG UIF MBOHVBHFT�

��� %SJWFS BOE 1BDLFU�1SPDFTTJOH 7FSJGJDBUJPO JO #FESPDL�

4QFDJQDBUJPO UFDIOJRVF� OFYU MPXFTU�MFWFM GVODUJPOTXSJUUFO JO B$�MJLF MBOHVBHF BSF TQFD�

JQFE VTJOH PNOJTFNBOUJDT XJUI TFQBSBUJPO�MPHJD BOE USBDF�QSFEJDBUF BTTFSUJPOT�

"HBJO GPMMPXJOH QBTU XPSL
 UIF #FESPDL� MBOHVBHF 	B TJNQMF XFMM�EFWOFE TVCTFU PG $
 JT BU UIF

DFOUFS PG PVS TZTUFN� )PXFWFS
 NPTU DPEF JO PVS TZTUFN JT OPU XSJRFO JO #FESPDL� FJUIFS� XF

POMZ VTF JU EJSFDUMZ GPS *�0�IFBWZ BOE DPNQVUBUJPOBMMZ TUSBJHIUGPSXBSE SPVUJOFT TVDI BT ESJWFST

BOE QBDLFU TIVZJOH
 QSFGFSSJOH GVODUJPOBM QSPHSBNNJOH PUIFSXJTF� /FWFSUIFMFTT
 BMM IJHIFS�MFWFM

DPNQJMFST VTF #FESPDL� BT B UBSHFU MBOHVBHF
 TP UIF WBTU NBKPSJUZ PG DPEF JO PVS TZTUFN JT VOUJ�

NBUFMZ DPNQJMFE CZ UIF #FESPDL� DPNQJMFS
 BQQFBMJOH UP UIF DPNQJMFSÝT DPSSFDUOFTT QSPPG�

5P VOEFSTUBOE IPX DPNQVUBUJPO�DFOUSJD TQFDJWDBUJPOT JOUFSGBDF XJUI UIF *�0 TQFDJWDBUJPOT
 DPO�

TJEFS UIF TQFDJWDBUJPO PG UIF &UIFSOFU USBOTNJU SPVUJOF JO PVS ESJWFS�

HPURGE� 4NCP����AVZ4 R N � DU ` GTT�

] TGSWKTGU V O �� O �� D[VGU R DU ∧ N � NGPIVJ DU � < ∧ N OQF � � � � <�

GPUWTGU 6 / �� / � O ∧ ∃ V3� 6 � V3 

 V ∧ QPN[AOOKQAUCVKUH[KPI 
HWP J � 


� � GTT ∧ 
CP[ 


 URKAVKOGQWV� J� ∨ 
� � GTT ∧ NCP����AUGPF DU J�� V3 _�

_JT TQFDJWDBUJPO TUZMF XJMM BQQFBS VOJGPSNMZ UISPVHIPVU PVS DBTF TUVEZ
 TP JU JT XPSUI FY�

QMBJOJOH B GFX PG UIF NPTU JNQPSUBOU TUSVDUVSBM FMFNFOUT� )FSF XF BSF JOEJDBUJOH UIBU GVODUJPO

NCP����AVZ SFDFJWFT UXP QBSBNFUFST OBNFE R BOE N
 JO BEEJUJPO UP POF HIPTU QBSBNFUFS DU
 XIJDI

JT OPU QBTTFE BU SVOUJNF CVU JODMVEFE UP TQFDJGZ UIF SFMBUJPOTIJQ CFUXFFO UIF NFNPSZ JOQVU BOE

*�0 USBDF� _F HIPTU QBSBNFUFS JT TFQBSBUFE GSPN UIF PUIFS QBSBNFUFST XJUI �� _FO XF IBWF B

QSFDPOEJUJPO JO B TGSWKTGU DMBVTF BOE QPTUDPOEJUJPO JO BO GPUWTGU DMBVTF� _F QSFDPOEJUJPO NBZ

NFOUJPO JOJUJBM *�0 USBDF V BOE NFNPSZ O
 XIJMF UIF QPTUDPOEJUJPO NBZ NFOUJPO UIPTF WBSJBCMFT

QMVT UIFJS �OBM DPVOUFSQBSUT 6 BOE /� *O UFSNT PG UIF PNOJTFNBOUJDT TQFDJWDBUJPO PG #FESPDL�
 UIF

GPUWTGU DMBVTF JT UIF PVUDPNF TFU JO XIJDI BMM FYFDVUJPOT NVTU UFSNJOBUF
 QSPHSBN BOE HIPTU

WBSJBCMFT CPVOE BOFS HPURGE� BSF VOJWFSTBMMZ RVBOUJWFE
 BOE TGSWKTGU SFQSFTFOUT IZQPUIFTFT

BTTVNFE BCPVU UIFN × JOGPSNBMMZ
 ∀ BSHT� TGSWKTGU→ G	CTIU
 ⇓ GPUWTGU�

*O B TDFOBSJP XIFSF UIF QBDLFU UP CF USBOTNJRFE DPOUBJOT B %JYF�)FMMNBO QVCMJD LFZ RM
 UIF

TQFDJWDBUJPOXPVME CF JOTUBOUJBUFE XJUI DU �� RM� _VT
 UIF QSFDPOEJUJPO TGSWKTGU UIBU UIFNFN�

PSZ O DPOUBJOT UIF CZUFT RM PG MFOHUI N BU UIF BEESFTT R� _F QPTUDPOEJUJPO QSPNJTFT UIBU UIF FOUJSF

NFNPSZ SFNBJOT VODIBOHFE 	SFHBSEMFTT PG XIFUIFS USBOTNJTTJPO TVDDFFEFE
 BOE UIBU UIF SFUVSO

WBMVF GTT DPSSFTQPOET UP UIF *�0 USBDF PG UIF GVODUJPO� FJUIFS B UJNFPVU XBT SFBDIFE
 PS UIF FYBDU

CZUFT DU � RM XFSF USBOTNJRFE�

_F JNQMFNFOUBUJPO MPPQT PWFS UIF ��CZUF XPSET JO UIF QBDLFU
 SFMZJOH PO UIF N OQF � QSFDPO�

EJUJPO UP FOTVSF UIBU BMM CZUFT JO UIF QBDLFU CVVFS R IBWF CFFO USBOTNJRFE PODF UIF MPPQ FYJUT�

&GHKPKVKQP NCP����AVZ �� HWPE� 
R� N� ` GTT ]

GTT � NCP����AYTKVGYQTF
�6:A&#6#A(+(1� �
�@���^�
�@���^N�� TGSWKTG �GTT�

GTT � NCP����AYTKVGYQTF
�6:A&#6#A(+(1� N�� TGSWKTG �GTT�
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������ "� &SCTFO
 +� 1IJMJQPPN
 %� +BNOFS
 "� -JO
 4� (SVF{FS
 $� 1JU�$MBVEFM
 BOE "� $IMJQBMB

WPRCEM� GTT � NCP����AYTKVGYQTF
�6:A&#6#A(+(1� NQCF�
R���

KH GTT ] N � �� _ GNUG ] R � R 
 ��� N � N � �� _ _ _�

#VJMEJOH CMPDLT TVDI BT NCP����AYTKVGYQTF BSF UIFNTFMWFT JNQMFNFOUFE TJNJMBSMZ
 CPRPNJOH

PVU JO NJOJ�DPNQJMFS PQFSBUJPOT MJLF //+194+6'
�Z��������� D� XIPTF TFNBOUJDT FYUFOE UIF

*�0 USBDF 6 XJUI UIF BSHVNFOUT BOE SFUVSO WBMVFT� 5SBDF QSFEJDBUFT TVDI BT NCP����AUGPF VTFE

JO UIF TQFDJWDBUJPO NJSSPS UIF DPOUSPM XPX PG UIF JNQMFNFOUBUJPO
 CVU UIFZ MBDL PQQPSUVOJUJFT GPS

VOEFWOFE CFIBWJPS
 BSF PCMJWJPVT UP NFNPSZ MBZPVU
 BOE VTF JOUFHFST JOTUFBE PG NBDIJOF XPSET�

	4QFDJWDBMMZ
 NCP����AUGPF EFTDSJCFT IPX UIF QBDLFU MFOHUI BOE NFUBEBUB BSF DPNNVODJBUFE BOE

UIFO EFGFST UP NCP����AYTKVGRCEMGV GSPN 4FDUJPO ����


%JTDVTTJPO� _F #FESPDL� UPPMDIBJO DPNFT XJUI B QSPHSBN MPHJD CBTFE PO PNOJTFNBOUJDT BOE

TFQBSBUJPO�MPHJD BTTFSUJPOT
 GFBUVSJOH B TFMFDUJPO PG MPPQ�JOWBSJBOU SVMFT
 TZNCPMJD FYFDVUJPO GPS

TUSBJHIU�MJOF DPEF XJUI POMZ TJNQMF NFNPSZ BDDFTTFT
 HMVF UBDUJDT GPS VTJOH $PRÝT MJOFBS�BSJUINFUJD

QSPWFS XJUI NBDIJOF�XPSE BSJUINFUJD GSPN #FESPDL�
 BOE UBDUJDT GPS NBUDIJOH VQ *�0 USBDFT GPVOE

JO QSPHSBN TQFDJWDBUJPOT BOE TZNCPMJD�FYFDVUJPO PVUQVU� "T #FESPDL� JT JOUFOEFE UP TVQQPSU WFS�

JWDBUJPO PG WFSZ USJDLZ QSPHSBNT
 UIF FNQIBTJT JT OPU PO GVMM BVUPNBUJPO CVU SBUIFS PO UBLJOH DBSF

PG UIF CPSJOH QBSUT PG QSPHSBN QSPPG XIJMF QSFEJDUBCMZ HFOFSBUJOH USBDUBCMF $PR HPBMT 	XJUI UIF

QSPPG DPOUFYU SFQSFTFOUJOH UIF TZNCPMJD TUBUF
 GPS DBTFT UIBU DBOOPU CF TPMWFE BVUPNBUJDBMMZ�

8F GPVOE UIF QSPPG UPPMJOH BU UIJT MFWFM UP CF PLBZ� *U JT GBJSMZ DPNNPO UP WOE UIBU TJNQMF�MPPLJOH

TJEF DPOEJUJPOT BSF OPU QSPWFE BVUPNBUJDBMMZ
 CVU POF DBO HFOFSBMMZ QVTI QSFEJDUBCMZ UISPVHI UIFTF

QSPPGT XJUI UBDUJDT TQFDJBMJ[FE UP UIF )PBSF�MPHJD TUZMF� _F NBJO VOJUT PG XPSL BOE PVS UJNF TQFOU

PO UIFN BSF TQFDJWDBUJPO BOE QSPPG PG OGOOQXG 	� EBZT

 QSPPG PG OGOGSWCN�OGOUYCR�OGOEQPUV

	� EBZ

 USBOTMBUJOH GSPN $ BOE QSPWJOH BO JNQSPWFE &UIFSOFU ESJWFS 	� EBZT

 BOE HFOFSBMJ[BUJPO

PG UIF DPNQJMFS JOUFHSBUJPO QSPPGT GSPN &SCTFO FU BM� <����> 	� XFFLT
�

"OFS UIF QJFDFT EJTDVTTFE JO UIF SFTU PG UIF QBQFS XFSF JO QMBDF
 POF UFBN NFNCFS TQFOU UXP

XFFLT BU ��� FVPSU JNQMFNFOUJOH UIF OFUXPSL QSPUPDPM BOE JOUFHSBUJOH UIF DPNQPOFOUT
 TP UIBU

UIF GVMM QIZTJDBM EFNP SBO� UIFO BOPUIFS UXP XFFLT BU ��� UJNF XFSF TQFOU JOUFHSBUJOH UIF QSPPGT

JOUP PVS UPQ�MFWFM UIFPSFN�8F BMTP XPSLFE PO 9������TQFDJWD QSPPG JOUFHSBUJPO PWFS UXP UP UISFF

XFFLT� 8F EP XBOU UP FNQIBTJ[F UIBU UIFSF XBT TVCTUBOUJBM IFUFSPHFOFJUZ JO XIP XBT QSPWJOH

EJVFSFOU DPNQPOFOUT 	OPU KVTU JO UIF DPNQJMBUJPO�QSPPG TUZMFT VTFE UIFSFJO

 TP UIJT JOUFHSBUJPO

FVPSU GFFMT GBJSMZ SFBMJTUJD GPS B CBTJD�SFTFBSDI TUVEZ�

��� "MMPDBUJPO�'SFF 'VODUJPOBM 1SPHSBNNJOH XJUI 3VQJDPMB

4QFDJQDBUJPO UFDIOJRVF� GVODUJPOBM QSPHSBNT BSF OBUVSBM TQFDJQDBUJPOT GPS NPTU JNQFSB�

UJWF DPNQVUBUJPOT
 BOE $�MJLF JNQMFNFOUBUJPOT XJUI TJNQMF NFNPSZ BDDFTT CVU OPOUSJW�

JBM DPOUSPM RPX DBO CF EFSJWFE GSPN GVODUJPOBM QSPHSBNT BVUPNBUJDBMMZ�

8F VTF 3VQJDPMB UP USBOTMBUF GVODUJPOBM DPEF JOUP JNQFSBUJWF DPEF� 3VQJDPMB JNQMFNFOUT UIF

DPODFQU PG SFMBUJPOBM DPNQJMBUJPO <1JU�$MBVEFM FU BM� ����>
 UIF JEFB UIBU HJWFO B TPVSDF QSPHSBN B 


DPSSFDU�CZ�DPOTUSVDUJPO DPNQJMBUJPO DBO CF TFFO BT B LJOE PG QSPPG TFBSDI GPS QSPPGT PG ∃C . '(B, C)


XIFSF ' JT B SFMBUJPO CFUXFFO TPVSDF BOE UBSHFU QSPHSBNT UIBU TFSWFT BT UIF TQFDJWDBUJPO PG C �

3VQJDPMB QFSGPSNT UIJT QSPPG TFBSDI WJB -UBD BVUPNBUJPO VTJOH BO FYUFOTJCMF DPSQVT PG DPNQJMBUJPO

MFNNBT� &BDI MFNNB EFTDSJCFT UIF SFMBUJPOTIJQ CFUXFFO POF DPNQPOFOU PG UIF TPVSDF QSPHSBN


TBZ BO BEEJUJPO PS B OCR GVODUJPO JOWPDBUJPO
 BOE B TOJQQFU PG JNQFSBUJWF DPEF UIBU JNQMFNFOUT JU�

_F SFMBUJPO HJWFO CZ UIF QPPM PG MFNNBT JT HFOFSBMMZ QBSUJBM CFDBVTF OPU BMM (BMMJOB PQFSBUJPOT XJMM

NBUDI DPNQJMBUJPO MFNNBT GSPN UIF MJCSBSZ
 BOE UIF SFMBUJPO DBO CF NBOZ�UP�NBOZ XIFO NVMUJQMF

MFNNBT NBUDI UIF TBNF TPVSDF� 'PS FYBNQMF
 UIFSF NJHIU CF POF MFNNB UIBU DPNQJMFT B OCR UP B

XIJMF MPPQ
 XIJMF BOPUIFS VOSPMMT OCRT PWFS LOPXO�MFOHUI MJTUT� _F 3VQJDPMB DPNQJMBUJPO QSPDFTT

JT EFTJHOFE GPS IJHI BVUPNBUJPO
 CVU JUT TVDDFTT JO UIJT SFHBSE DBO WBSZ CBTFE PO UIF BVUPNBUJPOÝT
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'PVOEBUJPOBM *OUFHSBUJPO 7FSJGJDBUJPO PG B $SZQUPHSBQIJD 4FSWFS ������

BCJMJUZ UP TPMWF TJEF DPOEJUJPOT BOE UIF EJVFSFODF CFUXFFO UIF TUSVDUVSFT PG UIF DPNQJMBUJPO MFNNBT

BOE UIBU PG UIF QSPHSBN VOEFS DPOTJEFSBUJPO�

.FDIBOJDBMMZ
 3VQJDPMB UBLFT BEWBOUBHF PG $PRÝT &GTKXG DPNNBOE
 XIJDI BMMPXT EFWFMPQFST

UP TJNVMUBOFPVTMZ DPOTUSVDU B EFWOJUJPO BOE B QSPPG PG B QSPQFSUZ PG UIBU EFWOJUJPO VTJOH UBDUJDT�

" TUBOEBSE 3VQJDPMB EFSJWBUJPO EFWOFT B CMPDL PG #FESPDL� DPEF UIJT XBZ
 XIFSF UIF QSFEJDBUF

JU WFSJWFT JT B )PBSF USJQMF JO UIF #FESPDL� QSPHSBN MPHJD XIFSF UIF QPTUDPOEJUJPO EFTDSJCFT UIF

FYQFDUFE PVUQVU TUBUF PG UIF QSPHSBN JO UFSNT PG B SFMBUFE (BMMJOB GVODUJPO
 BOE UIF QSFDPOEJUJPO

DIBSBDUFSJ[FT UIF WBMJE JOQVUT UP UIBU GVODUJPO� 3VQJDPMB UIFO JOTUBOUJBUFT UIF #FESPDL� DPEF CMPDL

CZ BQQMZJOH MFNNBT UIBU WU UIF TUSVDUVSF PG UIF (BMMJOB GVODUJPO BOE VOJGZJOH UIFJS BTTPDJBUFE

#FESPDL� TOJQQFUT XJUI TVCUFSNT PG UIF DPEF CFJOH EFSJWFE�

_JT TUZMF JT QSFGFSSFE GPS OFX DPEF JO PVS TZTUFN
 UIPVHI JU JT OPU VOJWFSTBMMZ BQQMJDBCMF� *O

UIF NPSF TUSBJHIUGPSXBSE DBTFT
 XF GFFE B GVODUJPOBM TQFDJWDBUJPO EJSFDUMZ UP 3VQJDPMB BOE DBO

EFSJWF QFSGPSNBOU JNQFSBUJWF DPEF� *G TVCTUBOUJBM DPODFTTJPOT BSF SFRVJSFE UP FYQSFTT UIF EBUB

XPX JO B NBOOFS UIBU NBLFT USBOTMBUJPO UP JNQFSBUJWF DPEF TUSBJHIUGPSXBSE
 XF QSPWF B MPX�MFWFM

GVODUJPOBM JNQMFNFOUBUJPO BHBJOTU B IJHIFS�MFWFM TQFD BOE UIFO EFSJWF UIF JNQFSBUJWF DPEF GSPN

UIF MPX�MFWFM WFSTJPO� _JT IJHIFS�MFWFM TQFD DPVME FJUIFS CF B SFBEBCJMJUZ�PSJFOUFE WFSTJPO PG UIF

MPX�MFWFM DPEF PS BO JOEFQFOEFOU EFTDSJQUJPO PG XIBU UIF BMHPSJUIN JT TVQQPTFE UP BDDPNQMJTI� 'PS

FYBNQMF
 PVS .POUHPNFSZ MBEEFS JT QSPWFO UP DPNQVUF UIF .POUHPNFSZ Y DPPSEJOBUF PG FMMJQUJD�

DVSWF TDBMBS NVMUJQMJDBUJPO
 TQFDJWFE JO BYOF DPPSEJOBUFT� 8F BMTP SFVTF TPNF FYJTUJOH 3VQJDPMB

DPEF BOE QSPPGT WFSCBUJN UP DPNQVUF *1 DIFDLTVNT�

'VODUJPOBM 1SPHSBNNJOH BOE $PNQVUFS "MHFCSB� *NQMFNFOUBUJPOT PG FMMJQUJD�DVSWF PQFSBUJPOT

DPOUBJO TPQIJTUJDBUFE BMHPSJUINT XJUI MBSHF BMHFCSBJD FYQSFTTJPOT BOE TVCUMF DBTF EJTUJODUJPOT� &Y�

DJFODZ DPOTJEFSBUJPOT SFRVJSF UIF VTF PG SFEVOEBOU SFQSFTFOUBUJPOT� GPS B TUSBJHIUGPSXBSE FYBNQMF


B UXP�DPPSEJOBUF FMMJQUJD�DVSWF QPJOU NBZ CF SFQSFTFOUFE VTJOH UISFF FMFNFOUT PG UIF VOEFSMZJOH

WFME� 8F EP OPU XBOU UP UBDLMF UIF QSPPG DIBMMFOHFT JO UBOEFN XJUI USBDLJOH QPJOUFST UISPVHI JN�

QFSBUJWF DPEF� *OTUFBE
 XF QSFGFS UP WFSJGZ GVODUJPOBM QSPHSBNT BOE UIFO DPNQJMF UIFN FVFDUJWFMZ�

&GHKPKVKQP OQPVNCFFGT 
UECNCTDKVU � <� 
VGUVDKV�<� DQQN� 
Z��(� � ( ��
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<�VQAPCV UECNCTDKVU� 
��(� ��(� Z�� ��(� HCNUG� <�RTGF UECNCTDKVU��

'JH� �� .POUHPNFSZ�MBEEFS CPEZ JO (BMMJOB

'JHVSF � TIPXT BO FYDFSQU GSPN UIF .POUHPNFSZ�MBEEFS BMHPSJUIN GPS DPNQVUJOH UIF TDBMBS�

QPJOU NVMUJQMJDBUJPO JO UIF DBTF XIFSF OFJUIFS JOQVU JT LOPXO BU DPNQJMF UJNF BOE NVTU OPU CF

MFBLFE UISPVHI UJNJOH TJEF DIBOOFMT� _F QSPPG UIBU UIJT GVODUJPO DPSSFTQPOET UP B TQFDJWDBUJPO JO

UFSNT PG VOBSZ NVMUJQMJDBUJPO 	(=+1)% = =% +% 
 BOE TUBOEBSE QPJOU�BEEJUJPO GPSNVMBT JO BYOF DP�

PSEJOBUFT JT TUSBJHIUGPSXBSE VTJOH B DPNCJOBUJPO PG DBTF BOBMZTJT BOE (S¶COFS�CBTJT DPNQVUBUJPOT


UBLJOH B $PR OPWJDF POMZ B GFX EBZT� *O DPOUSBTU
 TFQBSBUJPO�MPHJD�CBTFE WFSJWDBUJPO PG TPQIJTUJ�

DBUFE BMHPSJUINT FODPEFE JO BO JNQFSBUJWF MBOHVBHF JT CFMJFWFE UP UBLF BU MFBTU B TFNFTUFSÝT XPSUI

PG USBJOJOH BOE TUJMM TPNFUJNFT BWPJEFE� 'PS FYBNQMF
 UP WFSJGZ UIF 5XFFU/B$M JNQMFNFOUBUJPO PG

$VSWF����� VTJOH 745 <4DIXBCF FU BM� ����>
 B $PR QSPHSBN UIBU DMPTFMZ NJSSPSFE UIF $ DPEF XBT

WSTU XSJRFO BOE QSPWFO BHBJOTU JU
 UP CF UIFO BOBMZ[FE GVSUIFS XJUI JNQFSBUJWF�MBOHVBHF DPODFSOT
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HPURGE� 4OQPVNCFFGT4 R176 R- R7 � -D[VGU 
- � <� 
7 � ( A� 176 4�

] TGSWKTGU V O �� O �� ('NGO R176 176 � D[VGU R- -D[VGU � ('NGO R7 7 � 4 ∧

NGAEQODKPG -D[VGU � - ∧ UECNCTDKVU �� ��
NGPIVJ -D[VGU� � <�

GPUWTGU 6 / �� 6 � V ∧ 
NGV 176 �� OQPVNCFFGTANQYNGXGN /ARQU C�� UECNCTDKVU - 7 KP

/ �� ('NGO R176 176 � D[VGU R- -D[VGU � ('NGO R7 7 � 4� _�

&GTKXG OQPVNCFFGTADQF[ 5WEJ6JCV


FGHP� 4OQPVNCFFGT4 
41764� 4-4� 474� ] OQPVNCFFGTADQF[ _�

KORNGOGPVU OQPVNCFFGTANQYNGXGN WUKPI =HGNGOAEUYCR� HGNGOAEQR[� HTQOAYQTF� 
������ ?�

#U OQPVNCFFGTAEQTTGEV� RQUG RTQQH UECNCTDKVUADQWPF� EQORKNG� 3GF�

'JH� �� .POUHPNFSZ�MBEEFS JNQMFNFOUBUJPO DPSSFDUOFTT

UVCEMCNNQE �� CU :�� HG�����AEQR[
:�� 7��

UVCEMCNNQE �� CU <�� HG�����AHTQOAYQTF
<�� ���

UYCR � �� K � ����

YJKNG � � K ]

K � K � �� UAK � NQCF�
- 
 K  ��  
K � �� � ��

UYCR � UYCR @ UAK� HGNGOAEUYCR
UYCR� :�� :��� HGNGOAEUYCR
UYCR� <�� <���

NCFFGTUVGR
7� :�� <�� :�� <��� UYCR � UAK� WPUGV UAK _

'JH� �� .POUHPNFSZ�MBEEFS JNQFSBUJWF DPEF

PVU�PG�UIF�XBZ� *O PVS DBTF
 UIF GVODUJPOBM�MBOHVBHF EFTDSJQUJPO PG UIF PQUJNJ[FE BMHPSJUIN TFSWFT

BT UIF JOQVU UP EFSJWBUJPO PG #FESPDL� $ DPEF VTJOH 3VQJDPMB�

"T UIF TBNF GVODUJPOBM QSPHSBN DPVME CF NBUDIFE CZ NVMUJQMF JNQFSBUJWF QSPHSBNT
 XF XSJUF

B MPX�MFWFM WFSTJPO PG JU UIBU JODMVEFT IJOUT BCPVU EFTJSFE JNQFSBUJWF�MBOHVBHF JNQMFNFOUBUJPO

DIPJDFT� 8IBU EJTUJOHVJTIFT UIBU MPX�MFWFM GVODUJPOBM DPEF GSPN UIF IJHI�MFWFM DPEF PG 'JHVSF �

JT UIBU UIF MPX�MFWFM WFSTJPO VTFT TQFDJBM JEFOUJUZ GVODUJPOT UP BOOPUBUF UIF DIPJDF CFUXFFO JO�

QMBDF PQFSBUJPOT BOE TUBDL BMMPDBUJPOT PG UFNQPSBSJFT� "MHPSJUINJDBMMZ
 UIF UXP BSF JEFOUJDBM
 BOE

XF QSPWF UIFN FRVJWBMFOU VTJOH TUBOEBSE $PR QSPPG UFDIOJRVFT
 TJODF UIFZ BSF CPUI XSJRFO BT

GVODUJPOBM QSPHSBNT JO $PRÝT CVJMU�JO MBOHVBHF�

*O 'JHVSF �
 XF TIPX UIF UIFPSFN BOE QSPPG TDSJQU UIBU EFSJWFT UIF JNQFSBUJWF DPEF FYDFSQUFE JO

'JHVSF � BOE TJNVMUBOFPVTMZ QSPWFT JUT DPSSFDUOFTT XJUI SFTQFDU UP UIF MPX�MFWFM GVODUJPOBM DPEF�

8F WSTU BEE B OFDFTTBSZ BTTVNQUJPO UP UIF DPOUFYU 	scalarbits < 2
32

 BOE UIFO VTF 3VQJDPMBÝT

EQORKNG UBDUJD UP IBOEMF UIF QSPPG� _F EQORKNG UBDUJD XJMM UIFO BQQMZ UIF DPNQJMBUJPO MFNNB BTTP�

DJBUFE XJUI FBDI GVODUJPO DBMM JO UIF PSEFS UIBU UIFZ PDDVS JO UIF QSPHSBN
 TPMWJOH TJEF DPOEJUJPOT

XJUI WBSJPVT BODJMMBSZ UBDUJDT BT UIFZ BSJTF� 4QFDJWDBMMZ
 IFSF $PRÝT MJOFBS�BSJUINFUJD TPMWFS QSPWFT

K  � TUBZT XJUIJO UIF CPVOET PG UIF BSSBZ TUBSUJOH BU R-�

��� 5FNQMBUF .FUBQSPHSBNNJOH 8JUI 3VQJDPMB

0OF PG UIF LFZ QSJNJUJWFT NJTTJOH GSPN QSFWJPVT 'JBU $SZQUPHSBQIZ XPSL JO PSEFS UP EFSJWF B

.POUHPNFSZ MBEEFS JT NPEVMBS JOWFSTJPO 	J�F�
 JOWFSTJPO JO UIF WFME Z/
(

2
255 − 19

)

Z
� 'PS UIJT QBSU
 XF

VTF B DPNCJOBUJPO PG NFUBQSPHSBNNJOH
 QBSUJBM FWBMVBUJPO
 BOE SFMBUJPOBM DPNQJMBUJPO UP HFOFSBUF

B #FESPDL� JNQMFNFOUBUJPO VTJOH BEEJUJPO�DIBJO FYQPOFOUJBUJPO� 'PS FYBNQMF
 GPS G−1
mod 89�

	�
 8F TUBSU XJUI B $PR TQFD PG NPEVMBS JOWFSTJPO� G ↦→ G−1 (mod 89)

	�
 6TJOH &VMFSÝT UIFPSFN
 XF SFXSJUF NPEVMBS JOWFSTF JOUP 	OBJWF
 NPEVMBS FYQPOFOUJBUJPO�

G ↦→ G87 (mod 89)
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'PVOEBUJPOBM *OUFHSBUJPO 7FSJGJDBUJPO PG B $SZQUPHSBQIJD 4FSWFS ������

	�
 8F UIFO SFQMBDF OBJWF FYQPOFOUJBUJPO XJUI B DBMM UP B HFOFSJD FYQPOFOUJBUJPO�CZ�TRVBSJOH

BMHPSJUIN 	XIJDI BQQSPYJNBUFT UIF CFTU BEEJUJPO DIBJO

 JNQMFNFOUFE BT B SFDVSTJWF $PR

GVODUJPO� _F DPEF JT TUJMM QVSFMZ GVODUJPOBM
 CVU JUT TUSVDUVSF JT DMPTF UP UIF POF XF XBOU GPS

UIF WOBM QSPHSBN� JOUFSOBMMZ
 BU SVO UJNF
 JU DPNQVUFT B SVO�MFOHUI FODPEJOH PG UIF FYQP�

OFOUÝT CBTF�� SFQSFTFOUBUJPO BOE VTFT B IJHIFS�PSEFS JUFSBUPS TGRGCV UP QFSGPSN SFQFBUFE

TRVBSFT 	GPS TFRVFODFT PG [FSPFT
 PS TRVBSFT�BOE�NVMUJQMJFT 	GPS TFRVFODFT PG POFT
�

G ↦→ GZRAD[AUSAOQF G �� ��

	�
 6TJOH $PRÝT QBSUJBM�FWBMVBUJPO DBQBCJMJUJFT
 XF QSFDPNQVUF UIF CBTF�� EFDPNQPTJUJPO 	GPS

FYBNQMF
 87 = �D�������
 BOE VOSPMM UIF SFDVSTJPO� G ↦→ (((((G2)2 · G)2)2 · G)2 · G)2 · G

ê FYDFQU UIBU XF JO GBDU LFFQ UIF TGRGCV JUFSBUPS BOE JOUFSNFEJBUF MFU�CJOEJOHT
 UP HFU B

QVSFMZ GVODUJPOBM QSPHSBN UIBU JNQMFNFOUT FYQPOFOUJBUJPO BT B XBU TFRVFODF PG MFU�CJOEJOHT

	FBDI DPSSFTQPOET UP POF PS NVMUJQMF TRVBSF PS TRVBSF�BOE�NVMUJQMZ PQFSBUJPOT
�

G ↦→ 
NGV A �� G2 KP NGV A �� A 2 · G KP NGV A �� A 2 KP

NGV A �� TGRGCV 
A � A 2 · G � ��� A � KP A�
	�
 'JOBMMZ
 XF VTF 3VQJDPMB UP USBOTMBUF UIJT QVSF QSPHSBN UP #FESPDL�� 8F NBQ UIF IJHIFS�

PSEFS JUFSBUPS UP B MPPQ BOE TRVBSFT BOE NVMUJQMJFT UP PQUJNJ[FE JO�QMBDF JNQMFNFOUBUJPOT�

XQKF KPX��
RVT Z� RVT T� ]

USWCTG��
T� Z�� USWCTG��
T� T�� OWNV��
T� Z� T�� USWCTG��
T� T��

HQT 
KPV K � �� K � �� K

� ] USWCTG��
T� T�� OWNV��
T� Z� T��_ _

8JUI UIJT BQQSPBDI XF EP OPU IBWF UP XSJUF UIF #FESPDL� DPEF CZ IBOE
 ZFU XF SFUBJO DPNQMFUF

DPOUSPM PWFS JUT HFOFSBUJPO� 'PS FYBNQMF
 VTJOH TGRGCV JO UIF JNQMFNFOUBUJPO PG TUFQ � HJWFT VT B

NPSF DPNQMFY CVU TNBMMFS QSPHSBN� _JT BQQSPBDI TRVBSFT OJDFMZ XJUI TUBOEBSE $PR UFDIOJRVFT


TP UIBU B OFX FYBNQMF TIPVME UBLF BO FYQFSU KVTU B GFX IPVST PG XPSL� )PXFWFS
 XF BTTJHOFE UIJT

QBSU UP B OFX UFBNNFNCFS BT B MFBSOJOH�$PR FYFSDJTF
 BOE JU UPPL UIBU QFSTPO TJHOJWDBOUMZ MPOHFS�

��� *OUFSBDUJWF 3FMBUJPOBM $PNQJMBUJPO 8JUI $IBMMFOHJOH .FNPSZ "DDFTTFT

"OFS TVDDFTTGVMMZ VTJOH 3VQJDPMB UP DPNQJMF UIF QSFWJPVT FYBNQMFT
 XF XFOU PO UP BQQMZ JU UP GVOD�

UJPOT UIBU PQFSBUF PO NFNPSZ CVVFST
 TQFDJWDBMMZ $IB$IB��� 8IJMF XF DPNQMFUFE UIF WFSJWDBUJPO


XF EJE OPU BDIJFWF UIF TBNF TVDDFTT BT XJUI 9����� EVF UP UXP GBDFUT PG UIF JOUFSBDUJPO CFUXFFO

$IB$IB��ÝT TQFDJWDBUJPO BOE UIF 3VQJDPMB JNQMFNFOUBUJPOÝT DVSSFOU EFTJHO EFDJTJPOT� 'JSTU
 TVC�

TUBOUJBM RVBOUJUJFT PG TJEF DPOEJUJPOT FTDBQFE TPMVUJPO CZ UIF DPSQVT PG UBDUJDT UIBU 3VQJDPMB JOWPLFT�

'PS FYBNQMF
 TIJOJOH CFUXFFO CZ�XPSE BOE CZ�CZUF WJFXT PG EBUB SFRVJSFE TJHOJWDBOU NBOVBM FG�

GPSU� 7FSJGZJOH TVDI TJEF DPOEJUJPOT DBO JNQPTF B IFBWZ CVSEFO XIFO UIFZ EP OPU WU XJUIJO UIF

DBQBCJMJUJFT PG UIF BVUPNBUJPO� _JT QSPCMFN JT IBSEMZ VOJRVF UP SFMBUJPOBM DPNQJMBUJPO
 CVU JU FTQF�

DJBMMZ TUBOET PVU XIFO VTJOH B GSBNFXPSL EFTJHOFE GPS IJHI MFWFMT PG BVUPNBUJPO MJLF 3VQJDPMB� *O

QBSUJDVMBS
 UIF QBRFSO PG BQQMZJOH B TFSJFT PG DPNQJMBUJPO MFNNBT UFOET UP HFOFSBUF B MBSHF OVNCFS

PG TJNJMBS TVCHPBMT
 TP XIFO UIFZ NVTU CF TPMWFE NBOVBMMZ
 JU CFDPNFT B CVSEFO�

"EEJUJPOBMMZ
 BO JOJUJBM SFMJBODF PO FYJTUJOH 3VQJDPMB NFDIBOJTNT IJOEFSFE PVS BCJMJUZ UP FYQSFTT

UIF MPX�MFWFM DPEF JO UIF CFTU XBZ BOE UIVT EFMBZFE EFWFMPQNFOU� 4QFDJWDBMMZ
 TJODF 3VQJDPMB MFN�

NBT BSF TUSVDUVSFE GPMMPXJOH UIF EFTJHO PG #FESPDL�
 UIFZ IBOEMF UFNQPSBSZ WBSJBCMFT TFQBSBUFMZ

GSPN NFNPSZ� _JT EJDIPUPNZ NFBOU UIBU FYJTUJOH 3VQJDPMB MFNNBT PQFSBUF POMZ PO EBUB JO NFN�

PSZ PS WBSJBCMFT XJUIPVU UIF BCJMJUZ UP JOUFSDIBOHF UIFN
 FWFO UIPVHI JO UIF IJHI�MFWFM MBOHVBHF

JU JT OBUVSBM UP FYQSFTT PQFSBUJPOT PO CPUI XJUI UIF TBNF DPOTUSVDUT�

8F CFHBO $IB$IB�� WFSJWDBUJPO VTJOH UIF UPPMT XF IBE CVU GPVOE UIBU QFSGPSNJOH DFSUBJO PQ�

FSBUJPOT JO NFNPSZ SBUIFS UIBO JO UFNQPSBSZ WBSJBCMFT OFDFTTJUBUFE FYUSB TUBDL BMMPDBUJPO
 XIJDI

BEEFE DPNQMFYJUZ UP UIF WFSJWDBUJPO FVPSU
 JODMVEJOH FWFO NPSF TJEF DPOEJUJPOT
 BOE SFTVMUFE JO

TVCQBS HFOFSBUFE DPEF� *OTUFBE PG WOJTIJOH UIJT BQQSPBDI
 XF SFEVDFE PVS EFQFOEFODF PO FYJTUJOH
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3VQJDPMB JEJPNT BOE JNQMFNFOUFE B TFQBSBUF TFU PG MFNNBT
 BQQMZJOH UIF JEFB PG SFMBUJPOBM DPNQJ�

MBUJPO UP UIF EPNBJO PG 	WYFE�MFOHUI
 BSSBZT� +VTU BT XJUI 3VQJDPMBÝT FYQSFTTJPO BOE TUBUFNFOU DPN�

QJMBUJPO MFNNBT
 PVS BSSBZ�QSPHSBNNJOH FYUFOTJPO UP UIF SFMBUJPOBM�DPNQJMBUJPO QJQFMJOF JOWPMWFT

CVJMEJOH B TFU PG WFSJWFE MPDBM�WBSJBCMF BSSBZ PQFSBUJPOT� 8F QSPWF UIBU OFX PQFSBUJPOT TBUJTGZ UIF

NQECNUACTTC[AGZRT QSFEJDBUF
 XIJDI UBLFT BT BSHVNFOUT QSFDPOEJUJPOT PO UIF QSPHSBN TUBUF BOE

UISFF FRVBM�MFOHUI MJTUT
 POF PG WBSJBCMF OBNFT
 POF PG #FESPDL� FYQSFTTJPOT
 BOE POF PG (BMMJOB

DPNQVUBUJPOT� _JT QSFEJDBUF DPOOFDUT UP FYJTUJOH 3VQJDPMB JEJPNT VTJOH B TUBOEBSE TUBUFNFOU�

MFWFM 3VQJDPMB DPNQJMBUJPO MFNNB <1JU�$MBVEFM FU BM� ����> UIBU HFOFSBUFT B NQECNUACTTC[AGZRT

TVCHPBM
 TIJOJOH UIF EFSJWBUJPO JOUP UIF BSSBZ�PQFSBUJPO NPEBMJUZ� 8IFO XF BQQMZ UIJT MFNNB JO

B EFSJWBUJPO
 JU JOTFSUT UIF #FESPDL� DPEF HFOFSBUFE GSPN UIF BSSBZ PQFSBUJPOT CZ GPMEJOH PWFS UIF

MJTU PG WBSJBCMF OBNFT BOE UIF MJTU PG #FESPDL� FYQSFTTJPOT BTTPDJBUFE XJUI PVS IJHI�MFWFM BSSBZ

PQFSBUJPOT BOE QSPEVDFT BO VOSPMMFE TFRVFODF PG BTTJHONFOU TUBUFNFOUT�

8IJMF PVS TFDPOE BQQSPBDI QSPWFE TVDDFTTGVM
 JU TUJMM FYQPTFE TPNF EFWDJFODJFT JO PVS DVSSFOU

SFMBUJPOBM�DPNQJMBUJPO TFUVQ� 3VQJDPMBÝT EFTJHO UBLFT UIF PQJOJPOBUFE TUBODF UIBU
 XJUI UIF SJHIU

DPNQJMBUJPO MFNNBT JO TDPQF
 QSPHSBN EFSJWBUJPO TIPVME CF 	NPTUMZ
 BVUPNBUJD� *O UIFPSZ
 JU EF�

HSBEFT HSBDFGVMMZ
 JO UIBU UIF 3VQJDPMB DPNQJMBUJPO QJQFMJOF XJMM QSPDFFE VOUJM JU SFBDIFT B HPBM UIBU

JU DBOOPU TPMWF BOE UIFO PVFS UIBU HPBM UP UIF VTFS� *O QSBDUJDF
 IPXFWFS
 QSPHSBNT UIBU USJHHFS UIJT

CFIBWJPS UFOE UP SFRVJSF FYUFOTJWF TVQQMFNFOUBM QSPPG FVPSU�

*O TVNNBSZ
 3VQJDPMB QFSGPSNFE XFMM PO QSPCMFNT UIBU TIBSFE B DFSUBJO EFHSFF PG TJNJMBSJUZ

XJUI UIF FYBNQMFT JOJUJBMMZ VTFE UP HVJEF JUT EFTJHO <1JU�$MBVEFM FU BM� ����
 ����>� )PXFWFS
 3VQJ�

DPMBÝT DVSSFOU JNQMFNFOUBUJPO EJE OPU TVJU UIF EFSJWBUJPO PG $IB$IB�� XFMM
 FTQFDJBMMZ XJUI SFHBSE

UP JOUFHSBUJOH XJUI B NPSF NBOVBM BQQSPBDI UP SFMBUJPOBM DPNQJMBUJPO BOE TJUVBUJPOT XIFSF FYJTU�

JOH BVUPNBUJPO GBJMFE UP TPMWF B TJHOJWDBOU QFSDFOUBHF PG TJEF DPOEJUJPOT� "EEJUJPOBMMZ
 JO QBSU EVF

UP EFTJHO FMFNFOUT QSPQBHBUJOH VQXBSET GSPN #FESPDL� JOWPMWJOH TUBDL BMMPDBUJPO BOE MPDBM WBSJ�

BCMFT
 XF GPVOE JU FBTJFS UP JNQMFNFOU PVS BSSBZ�QSPDFTTJOH MFNNBT BT B TFQBSBUF DPNQPOFOU GSPN

3VQJDPMBÝT FYJTUJOH NFDIBOJTNT� 8IJMF PVS TVDDFTT JO HSBOJOH UIJT NBDIJOFSZ POUP 3VQJDPMBÝT FY�

JTUJOH TUSVDUVSF TQFBLT UP UIF FYUFOTJCJMJUZ PG SFMBUJPOBM�DPNQJMBUJPO BQQSPBDIFT
 JU SFEVDFE UIF

BWBJMBCJMJUZ BOE FVFDUJWFOFTT PG UIF BVUPNBUFE TUZMF UIBU 3VQJDPMB QSFTFOUMZ QSFGFST� 8F TQFDVMBUF

UIBU EFTJHOJOH GVUVSF GSBNFXPSLT BSPVOE NBOVBM
 UBDUJD�ESJWFO FYQMPSBUJPO PG UIF DPNQJMBUJPO SF�

MBUJPO NJHIU GBDJMJUBUF SFMBUJPOBM DPNQJMBUJPO GPS B NPSF WBSJFE EPNBJO PG GVODUJPOBM QSPHSBNT


XJUIPVU TPNF PG UIF DIBMMFOHFT XF GBDFE JO PVS FVPSU�

��� 'JFME "SJUINFUJD GSPN 'JBU $SZQUPHSBQIZ

4QFDJQDBUJPO UFDIOJRVF� BO PQUJNJ[JOH DPNQJMFS PQFSBUJOH PO 1)0"4�FODPEFE <$IMJQBMB

����> QVSFMZ GVODUJPOBM QSPHSBNT XJUI B #FESPDL� CBDLFOE TQFDJQFE VTJOH PNOJTFNBO�

UJDT BOE TFQBSBUJPO�MPHJD BTTFSUJPOT XJUI SFBE�CFGPSF�XSJUF BMJBTJOH�

8F VTFE 'JBU $SZQUPHSBQIZ 	'$
 UP HFOFSBUF JNQMFNFOUBUJPOT PG CBTJD NPEVMBS�BSJUINFUJD PQ�

FSBUJPOT VTFE JO FMMJQUJD�DVSWF DSZQUPHSBQIZ 	$VSWF�����
� #PUI UIF DPSSFDUOFTT QSPPGT PG UIF

BSJUINFUJD�BMHPSJUIN UFNQMBUFT GSPN 'JBU $SZQUPHSBQIZ BOE UIF DPSSFDUOFTT QSPPG PG UIF QBSUJBM

FWBMVBUPS <(SPTT FU BM� ����> BSF VTFE JO UIF QSPPG PG PVS TZTUFN
 UPHFUIFS HVBSBOUFFJOH GVODUJPOBM

DPSSFDUOFTT PG UIF HFOFSBUFE DPEF
 XIJDI JT FVFDUJWFMZ TUSBJHIUMJOF UISFF�BEESFTT DPEF 	'$ *3



BHBJOTU WFSZ TJNQMF TQFDJWDBUJPOT JO UFSNT PG JOUFHFS BSJUINFUJD GSPN UIF $PR TUBOEBSE MJCSBSZ�

8F DIPTF UP XSJUF BOE QSPWF B DPNQJMFS GSPN '$ *3 UP #FESPDL�
 BOE XF BSF QMFBTFE UP SF�

QPSU UIBU UIF JOEFQFOEFOUMZ FYQFEJFOU FODPEJOH DIPJDFT JO UIF UXP MBOHVBHFT XPSL XFMM UPHFUIFS�

4QFDJWDBMMZ
 UIF TUBUFNFOU PG UIF SFMFWBOU DPNQJMFS�DPSSFDUOFTT UIFPSFN BQQMJFT UP XFMM�GPSNFE

'$ *3 FYQSFTTJPOT UIBU POMZ VTF PQFSBUPST TVQQPSUFE CZ #FESPDL� BOE 3*4$�7
 BOE JU HVBSBOUFFT

UIBU UIF HFOFSBUFE #FESPDL� DPEF DBO CF FYFDVUFE XJUI UIF FYQFDUFE NFNPSZ�MBZPVU QSFDPOEJ�

UJPO BOE QPTUDPOEJUJPO
 XIJDI BSF FYQSFTTFE BT B VOJWFSTBMMZ RVBOUJWFE PNOJTFNBOUJDT KVEHNFOU�
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'PVOEBUJPOBM *OUFHSBUJPO 7FSJGJDBUJPO PG B $SZQUPHSBQIJD 4FSWFS ������

&GHKPKVKQP UJKHVAGCEJ 
C � NKUV <� ��

OCR 
HWP Z � <�UJKHVT Z �� C�

HWPEVKQP
C � NKUV<� � NKUV< ]

QWV� � <AUJKHVT 
.KUVAPVJ C �� �

QWV� � <AUJKHVT 
.KUVAPVJ C �� �

TGVWTP =QWV�� QWV�? _

'JH� �� &MFNFOUXJTF TIJz JO (BMMJOB 	MFz
 BOE JO 'JBU $SZQUPHSBQIZ *3 BzFS TJNQMJGJDBUJPO 	SJHIU


XQKF UJKHVAGCEJ
WKPV��AV �C� WKPV��AV �QWV� ]

QWV=�? � C=�?   �� QWV=�? � C=�?   �� _

'JH� �� $ DPEF UP TIJz FBDI FMFNFOU JO B ��FMFNFOU MJTU

'VSUIFS
 XF FYQSFTT UIF NFNPSZ�MBZPVU BTTFSUJPOT VTJOH TFQBSBUJPO MPHJD XJUI OPO�TFQBSBUJOH DPO�

KVODUJPOT GPS GVODUJPO JOQVUT� BT FYQFDUFE GPS DSZQUPHSBQIJD WFME�BSJUINFUJD JNQMFNFOUBUJPOT
 UIF

DPEF DPNQJMFE GSPN '$ *3 JT BMXBZT TBGF UP DBMM XJUI PWFSMBQQJOH JOQVUT�

8F DPOUSJCVUFE PVS '$�UP�#FESPDL� DPNQJMFS UP '$� *O BEEJUJPO UP HFOFSBUJOH 3*4$�7 DPEF VTJOH

UIF WFSJWFE #FESPDL� DPNQJMFS
 UIF '$�EFSJWFE #FESPDL� DPEF DBO BMTP CF QSFRZ�QSJOUFE BT $� _JT

GFBUVSF NBLFT JU VTBCMF BT BO BMUFSOBUJWF UP UIF DVSSFOU VOWFSJWFE $ CBDLFOE PG '$ UIBU EJSFDUMZ

QSFRZ�QSJOUT '$ *3 BT $
 USBOTMBUJOH GVODUJPOBM MJTUT UP $ BSSBZT PO�UIF�XZ� _F OFX $ CBDLFOE

QSPWJEFT GPSNBM HVBSBOUFFT BCPVU UIF NFNPSZ�MBZPVU FYQFDUBUJPOT PG '$�HFOFSBUFE $ DPEF�

����� $PNQJMFS *NQMFNFOUBUJPO� 8F XJMM VTF B TNBMM DPEF TOJQQFU UP EFNPOTUSBUF IPX UIF DPN�

QJMFS XPSLT� _F (BMMJOB DPEF JO 'JHVSF � TIJOT FBDI FMFNFOU JO B MJTU� 1SPPGT JO '$ OPSNBMMZ JO�

UFSGBDF XJUI EFWOJUJPOT MJLF UIJT POF
 XIFSF MJTU MFOHUIT BSF OPU LOPXO� "OFS TQFDJBMJ[BUJPO UP B

QBSUJDVMBS DVSWF BOE QBTTJOH UISPVHI '$ÝT QJQFMJOF
 XF XJMM HFU BO FYQSFTTJPO JO '$ *3 UIBU PQFS�

BUFT PO WYFE�MFOHUI MJTUT
 TVDI BT UIF POF PO UIF SJHIU� /PUF UIBU UIF OCR GSPN UIF (BMMJOB DPEF IBT

EJTBQQFBSFE� UIJT FYQSFTTJPO SFQFBUFEMZ JOEFYFT JOUP UIF MJTU JOTUFBE�

4UJMM
 UIJT *3 MPPLT QSFRZ GBS GSPN JNQFSBUJWF DPEF� 5P EFNPOTUSBUF UIF HPBM
 'JHVSF � TIPXT B $

WFSTJPO PG UIF TBNF PQFSBUJPO
 BMTP TQFDJBMJ[FE UP B ��FMFNFOU MJTU� 6MUJNBUFMZ
 UIF DPNQJMFSÝT HPBM

GPS PVS FYBNQMF JT UP USBOTMBUF 'JHVSF � 	SJHIU
 JOUP #FESPDL� DPEF UIBU BQQSPYJNBUFT 'JHVSF ��

_F WSTU IVSEMF UIF DPNQJMFS NVTU DMFBS JT UIBU #FESPDL� IBT B DPODFQU PG NFNPSZ
 XIJMF '$ *3

EPFT OPU� _F JOQVU UP PVS WOBM GVODUJPO TIPVME CF QPJOUFST UP BSSBZT JO NFNPSZ
 BOE UIF MJTU MJUFSBM

UIBU BQQFBST JO '$ *3 JT OPU EJSFDUMZ FYQSFTTJCMF JO #FESPDL�� )FSF
 UIF DPNQJMFS UBLFT BEWBOUBHF PG

DFSUBJO TQFDJWDT PG '$ÝT EPNBJO� MJTUT VTFE BT GVODUJPO BSHVNFOUT IBWF DPNQJMF�UJNF�LOPXO TIPSU

MFOHUIT
 DPOUBJO JOUFHFST
 BOE BSF POMZ JOEFYFE JOUP XJUI DPNQJMF�UJNF DPOTUBOUT� _VT
 JU JT PLBZ UP

POMZ MPBE GSPN NFNPSZ BU UIF WFSZ TUBSU PG B GVODUJPO BOE POMZ TUPSF BU UIF WFSZ FOE� _F DPNQJMFS

BOBMZ[FT UIF UZQF PG UIF '$ *3 FYQSFTTJPO UP WOE BOZ MJTUT JO UIF BSHVNFOUT PS SFUVSO WBMVFT� 'PS

MJTUT JO UIF BSHVNFOUT
 UIF DPNQJMFS DSFBUFT B #FESPDL� FYQSFTTJPO UIBU MPBET FBDI FMFNFOU JOUP B

MPDBM WBSJBCMF� *U QBTTFT UIJT MJTU PG WBSJBCMFT UP UIF OFYU TUBHF PG UIF DPNQJMFS
 XIJDI USBOTMBUFT UIF

NBJO CPEZ PG UIF GVODUJPO� *G UIFSF BSF MJTUT JO UIF SFUVSO UZQF
 UIF NBJO�CPEZ USBOTMBUJPO SFUVSOT

B TJNJMBS MJTU PG MPDBM WBSJBCMFT GPS FBDI POF
 BMMPXJOH TUPSFT UP CF HFOFSBUFE BU UIF FOE�

_F JOUFSOBM MBZFST PG UIF DPNQJMFS DBO UIFO BTTPDJBUF QSPHSBN MJTUT XJUI DPNQJMF�UJNF MJTUT PG

#FESPDL� WBSJBCMFT� 8IFOXF FODPVOUFS BO PQFSBUJPO MJLF .KUVAPVJ JO UIF *3
 XF DBO TJNQMZ JOEFY

JOUP PVS DPNQJMF�UJNF MJTU BOE FYUSBDU UIF MPDBM WBSJBCMF XF OFFE� 5SBOTMBUJOH JOUFSOBM FYQSFTTJPOT

JT SFMBUJWFMZ TUSBJHIUGPSXBSE GSPN UIFSF� _F WOBM DPEF MPPLT TPNFUIJOH MJLF 'JHVSF ��

'JHVSF �� TIPXT UIF TQFDJWDBUJPO GPS UIF WOBM #FESPDL� QSPHSBN� *U SFRVJSFT UIBU UIFSF JT TQBDF JO

NFNPSZ GPS UIF JOQVU BOE PVUQVU BU UIF HJWFO QPJOUFST� *U FOTVSFT UIBU UIF POMZ NFNPSZNPEJWFE JT

UIFNFNPSZ BU UIF PVUQVU QPJOUFS
 XIJDI OPX IPMET B TIJOFE WFSTJPO PG UIF JOQVU MJTU� "O JNQPSUBOU
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HWPE� 
#A264� 176A264� ]

Z� � NQCF
�� #A264 
 ��� Z� � NQCF
�� #A264 
 ��� Z� � Z�   ��

Z� � Z�   �� UVQTG�
Z�� 176A264 
 ��� UVQTG�
Z�� 176A264 
 �� _

'JH� �� #FESPDL� DPEF GPS TIJzJOH ��FMFNFOU MJTUT

HPURGE� 4UJKHVAGCEJ4 RC RQWV � C Z 4 ` E�

] TGSWKTGU V O ��

O �� CTTC[�� RC C ∧ NGPIVJ C � � ∧ O �� CTTC[�� RQWV Z � 4 ∧ NGPIVJ Z � ��

GPUWTGU 6 / �� GZKUVU QWV� / �� CTTC[�� RQWV QWV � 4 ∧

NGPIVJ QWV � � ∧ 6 � V ∧ QWV � OCR 
HWP Z � <�UJKHVT Z �� C _�

'JH� ��� #FESPDL� TQFDJGJDBUJPO GPS TIJzJOH B ��FMFNFOU MJTU

&GHKPKVKQP UJKHVAGCEJAEQTTGEV 
UJKHVAGCEJ � NKUV < � NKUV <� ��

HQTCNN C� UJKHVAGCEJ C � OCR 
HWP Z � <�UJKHVT Z �� C�

'JH� ��� '$ TQFDJGJDBUJPO GPS TIJzJOH B MJTU FMFNFOUXJTF�

OPUF BCPVU UIJT TQFDJWDBUJPO JT UIBU JU EPFT OPU SFRVJSF UIF JOQVU BOE PVUQVU QPJOUFST CF TFQBSBUF� *G

UIFZ BSF UIF TBNF
 UIJT GVODUJPO XJMM QFSGPSN BO JO�QMBDF TIJO�

0OF NPSF EFUBJM PG UIF DPNQJMFSÝT JNQMFNFOUBUJPO TUSBUFHZ JT XPSUI NFOUJPOJOH� _F DPNQJMFS JT

TPVOE CVU OPU DPNQMFUF� JU DBOOPU DPNQJMF BMM '$ *3 QSPHSBNT
 F�H� XIFO UIFZ VTFNVMUJEJNFOTJPOBM

MJTUT� 8F GPSNBMJ[F UIF FYBDU QSFDPOEJUJPO BOE QSFEJDBUF UIF DPNQJMFS�DPSSFDUOFTT UIFPSFN PO JU�

$PEJOH PG UIF DPNQJMFS JT UIFO TJNQMJWFE CZ GSFFJOH VT UP SFUVSO BOZ DPSSFDUMZ UZQFE OPOTFOTF

DPEF XIFO TPVSDF QSPHSBNT VTF EJTBMMPXFE GFBUVSFT
 BOE UIF TBNF DBTFT BSF TLJQQFE JO QSPPGT�

����� 4QFDJGJDBUJPOT BOE $PNQPTJUJPO� 'JOBM QSPPGT PG DPEF GSPN UIF DPNQJMFS UBSHFU #FESPDL��

TUZMF TQFDJWDBUJPOT XJUI TFQBSBUJPO�MPHJD QSFEJDBUFT
 BT TIPXO JO 'JHVSF ��� *O PSEFS UP DPOOFDU UIF

WOBM DPEF UP JUT IJHI�MFWFM NBUIFNBUJDBM CFIBWJPS
 XF OFFE UP JOWPLF� 	�
 UIF DPSSFDUOFTT QSPPGT PG

'$ UFNQMBUFT� 	�
 UIF DPSSFDUOFTT QSPPG PG UIF QJQFMJOF UIBU USBOTMBUFT UFNQMBUFT JOUP '$ *3� BOE 	�


UIF DPSSFDUOFTT QSPPG PG UIF DPNQJMFS JUTFMG�

_F TQFDJWDBUJPOT GPS '$ UFNQMBUFT BSF FYQSFTTFE JO WFSZ QMBJO $PR MBOHVBHF BT QSFEJDBUFT PWFS

QVSF GVODUJPOT� GPS FYBNQMF
 UIF TQFDJWDBUJPO GPS UIF TIJO�FBDI FYBNQMF XPVME MPPL TPNFUIJOH

MJLF 'JHVSF ��� 8IFO XF BQQMZ UIF QJQFMJOFÝT DPSSFDUOFTT QSPPG BOE DPNQPTF JU XJUI UIF UFNQMBUF

QSPPG
 XF HFU B TUBUFNFOU UIBU UIF GVODUJPO XF HFU GSPN JOUFSQSFUJOH UIF '$ *3 FYQSFTTJPO NBUDIFT

B TQFDJWDBUJPO MJLF UIJT POF�

_F NBJO CSJEHF XF OPX OFFE UP DSPTT JT NFNPSZ SFQSFTFOUBUJPO� 8F DBO XSJUF B POF�UJNF DPN�

QPTJUJPO IFMQFS MFNNB GPS FBDI HFOFSBM TIBQF PG PQFSBUJPO 	GPS FYBNQMF
 POF GPS VOBSZ PQFSBUJPOT

PO WFME FMFNFOUT BOE POF GPS CJOBSZ PQFSBUJPOT
� _FTF MFNNBT TUBUF� GPS BOZ '$ *3 FYQSFTTJPO
 JG

	B
 UIF FYQSFTTJPO JT BDDFQUFE CZ UIF DPNQJMFSÝT WBMJEJUZ QSFDPOEJUJPO BOE 	C
 UIFSF JT B QSPPG UIBU

UIF JOUFSQSFUFE '$ *3 FYQSFTTJPO NBUDIFT B DFSUBJO (BMMJOB GVODUJPO
 UIFO UIF #FESPDL� GVODUJPO

GVMWMMT B TQFD UIBU JOUFHSBUFT UIJT (BMMJOB GVODUJPO� 'PS FYBNQMF
 JO 'JHVSF ��
 UIF OCR GVODUJPO

BQQFBST CFUXFFO TUBUFNFOUT BCPVU BSSBZT BOE USBDFT�

'JOBMMZ
 XF BQQMZ UIF IFMQFS MFNNBXIFOXF TQFDJBMJ[F UP B TQFDJWD PQFSBUJPO PO B TQFDJWD DVSWF�

4JODF UIF TJEF DPOEJUJPOT BSF GPSNVMBJD
 UIFTF QSPPGT BSF DPNQMFUFMZ BVUPNBUFE XJUI UBDUJDT� _F

PVUQVU JT B QSPPG UIBU UIF WOBM #FESPDL� GVODUJPO NBUDIFT B TQFDJWD IJHIFS�MFWFM NBUIFNBUJDBM

GVODUJPO
 VTVBMMZ B WFME PQFSBUJPO� _JT SFTVMU IBT OPUIJOH TQFDJWD UP '$ JO JU
 NBLJOH JU TUSBJHIU�

GPSXBSE UP DPNQPTF GVSUIFS�

1SPD� "$. 1SPHSBN� -BOH�
 7PM� �
 /P� 1-%*
 "SUJDMF ���� 1VCMJDBUJPO EBUF� +VOF �����



'PVOEBUJPOBM *OUFHSBUJPO 7FSJGJDBUJPO PG B $SZQUPHSBQIJD 4FSWFS ������

%JTDVTTJPO� _JT JNQMFNFOUBUJPO XBT B QPTJUJWF FYQFSJFODF
 WBMJEBUJOH PVS DMBJNT UIBU PVS VOJ�

WFE TQFDJWDBUJPO NFUIPE 	TFQBSBUJPO MPHJD XJUI MJNJUFE VTF PG OPO�TFQBSBUJOH DPOKVODUJPO
 TVQ�

QPSUT XFYJCMF VTF PG NVMUJQMF TUZMFT 	EJSFDU #FESPDL� DPEJOH PS UBSHFUJOH CZ UIJT CBDLFOE PS 3VQJ�

DPMB
� 0OF UFBN NFNCFS CVJMU UIF CBDLFOE XPSLJOH ������ UJNF PWFS � NPOUIT
 XIJDI JODMVEFE

EFBMJOH XJUI SPVHI FEHFT JO TIBSFE UBDUJDT UIBU IBWF TJODF CFFO JNQSPWFE� " MBUFS SFGBDUPS
 VT�

JOH BCPVU POF QFSTPO�NPOUI
 JNQSPWFE DPEF�QSPPG SFVTF BDSPTT DPNQJMFE GVODUJPOT GPS EJVFSFOU

BSJUINFUJD QSJNJUJWFT�

� &7"-6"5*0/

8F XBOUFE UP BOTXFS TFWFSBM RVFTUJPOT BCPVU PVS BQQSPBDI�

	�
 %P XF TVDDFFE JO HFOFSBUJOH NBDIJOF DPEF PCFZJOH DPOWFOUJPOT PG FNCFEEFE TZTUFNT 

	�
 %P XF HFOFSBUF DPEF XJUI TVYDJFOU QFSGPSNBODF 

	�
 )PX QSPEVDUJWF DBO EFWFMPQFST CF XJUI UIJT TUZMF 

5BCMF �� .FNPSZ VTBHF

PG PVS HFOFSBUFE 3*4$�7

NBDIJOF�DPEF QSPHSBN

"MMPDBUJPO #ZUFT

4UBDL �
���

4UBUJD �
���

$PEF ��
���

5PUBM 38 �
���

5PUBM ��
���

'JSTU
 XF HJWF TPNF TUBUJTUJDT PO UIF TDBMF PG PVS DBTF TUVEZ� 3FDBMM

UIBU PVS EFWFMPQNFOU JT TUSVDUVSFE NPTUMZ BT (BMMJOB GVODUJPOT
 XIJDI

BSF USBOTMBUFE JOUP MPX�MFWFM DPEF JO B WBSJFUZ PG XBZT� 8F IBWF ��

TVDI GVODUJPOT� WFME�BSJUINFUJD PQFSBUJPOT
 .POUHPNFSZ�MBEEFS %JYF�

)FMMNBO LFZ FYDIBOHF
 $IB$IB��
 BOE UIF *1 DIFDLTVN� _SPVHI PVS

TFWFSBM UFDIOJRVFT
 XF DPNQJMF UIFTF (BMMJOB GVODUJPOT JOUP #FESPDL�

GVODUJPOT BOE DPNCJOF UIFN XJUI IBOEXSJRFO DPEF 	UIF UPQ�MFWFM MPPQ


� USJWJBM XSBQQFST
 $VSWF����� ENCOR
 UIF &UIFSOFU ESJWFS
 OGOOQXG


OGOGSWCN
 OGOUYCR
 BOE OGOEQPUV
� 1SFRZ�QSJOUJOH UIF #FESPDL� DPEF�

CBTF BT $ ZJFMET B UPUBM PG ���� MJOFT PG DPEF
�
BDSPTT �� GVODUJPOT�

��� 4VJUBCJMJUZ GPS $POTUSBJOFE &OWJSPONFOUT

_F WOBM TZTUFN JOEFFE NFFUT TUBOEBSE SFTUSJDUJPOT GPS CBSF�NFUBM NJDSPDPOUSPMMFS DPEF� _FSF JT

OP IFBQ BMMPDBUJPO
 BOE TUBDL TJ[F JT BOBMZ[FE TUBUJDBMMZ BOE QSPWFO UP CF EJTKPJOU GSPN TUBUJD BMMP�

DBUJPOT� _F WFSJWFE CJOBSZ JT QPTJUJPO�JOEFQFOEFOU
 BOE XF IBWF QSPWFE UFSNJOBUJPO PG BMM GVOD�

UJPOT CVU UIF NBJO MPPQ 	XIJDI JOUFOUJPOBMMZ EPFT OPU UFSNJOBUF
� 0VS GPSNBM NPEFMT BOE QSPPGT

EP OPU DPWFS TJEF DIBOOFMT
 CVU TUBOEBSE DPOTUBOU�UJNF QSPHSBNNJOH UFDIOJRVFT BSF GPMMPXFE JO

CPUI IBOEXSJRFO BOE HFOFSBUFE DPEF� 'PS 3VQJDPMB
 XF TQFDJWDBMMZ DIPTF DPNQJMBUJPO SVMFT UIBU

USBOTMBUF SFMFWBOU TPVSDF�MBOHVBHF DPOTUSVDUT UP DBMMT UP DPOTUBOU�UJNF GVODUJPOT 	HGNGOAEUYCR JO

'JHVSF �
 XSJRFO BOE QSPWFO VTJOH #FESPDL�
 FYFSDJTJOH UIF TBNF XFYJCJMJUZ UIBU 3VQJDPMB FWBMVB�

UJPO VTFE GPS MPX�MFWFM QFSGPSNBODF FOHJOFFSJOH� _F '$�UP�#FESPDL� DPNQJMFS BMXBZT HFOFSBUFT

TUSBJHIU�MJOF DPEF XJUI DPOTUBOU�UJNF PQFSBUJPOT�

5BCMF � HJWFT UIF FYBDU TJ[FT PG UIF UISFF BMMPDBUFE NFNPSZ TFHNFOUT JO PVS TUBUJDBMMZ MJOLFE

FYFDVUBCMF
 XIJDI BEE VQ UP KVTU PWFS 3 KiB PG SFBE�XSJUF NFNPSZ BOE VOEFS 32 KiB PG SFBE�POMZ

NFNPSZ� "T UIF '&��� 	BOE NBOZ PUIFS DPNNPO NJDSPDPOUSPMMFST
 FYFDVUFT DPEF GSPN FYUFSOBM

SFBE�POMZ NFNPSZ 	BVUPNBUJDBMMZ GFUDIJOH BOE DBDIJOH JOTUSVDUJPOT PO�EFNBOE

 UIFSF JT TVCTUBO�

UJBM XFYJCJMJUZ JO UIF MBRFS DBUFHPSZ� )PXFWFS
 UIF 16 KiB PG 3". PO UIF '&��� XPVME CF FBTZ UP

WMM
 GPS FYBNQMF CZ DSFBUJOH B OFX DPQZ PG UIF QBDLFU CVVFS FBDI UJNF JUT DPOUFOUT BSF NPEJWFE�

��� 1FSGPSNBODF

8F UFTU PVS JNQMFNFOUBUJPO VTJOH B TJNQMF 1ZUIPO DMJFOU 	PO B MBQUPQ
 UIBU ESJWFT B OFUXPSL DPO�

OFDUJPO UP UIF '&��� NJDSPDPOUSPMMFS
 QMBZJOH UIF DMJFOU TJEF PG PVS DSZQUPHSBQIJD QSPUPDPM UP SF�

RVFTU UIBU UIF HBSBHF EPPS PQFO PS DMPTF� 5BCMF �B DPNQBSFT PVS JNQMFNFOUBUJPOÝT QFSGPSNBODF

�
$PVOUFE VTJOH ENQE BOFS ENCPI�HQTOCV XJUI EFGBVMU TFRJOHT
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5BCMF �� 1FSGPSNBODF SFTVMUT PO UIF NJDSPDPOUSPMMFS

	B
 &OE�UP�FOE QFSGPSNBODF NFBTVSFNFOUT PG

EJYFSFOU JNQMFNFOUBUJPOT

*NQMFNFOUBUJPO 5JNF

0VST 	DPNQJMFE XJUI #FESPDL�
 ����T

0VST 	DPNQJMFE XJUI ($$
 ����T

0VST 	TVCTUJUVUJOH #PSJOH44-
 ����T

5FTU DMJFOU JOJUJBMJ[BUJPO POMZ ����T

	C
 1FSGPSNBODF DPNQBSJTPO PG 9�����

JNQMFNFOUBUJPOT

*NQMFNFOUBUJPO $ZDMFT

_JT QBQFS 	XJUI ($$
 �
���
���

WBO EFO #FSH <����> �
���
���

#PSJOH44- �
���
���

UP UXP PUIFST
 JO UFSNT PG DMJFOU�NFBTVSFE UJNF UP FYFDVUF UIF OFUXPSL QSPUPDPM� _F WSTU MJOF

SFQPSUT PVS NPTU IJHI�BTTVSBODF WFSTJPO� UIF DPNQMFUF TPOXBSF JNBHF DPNQJMFE XJUI #FESPDL�


DFSUJWFE XJUI POF $PR UIFPSFN BCPVU B NBDIJOF�DPEF TFRVFODF� _F OFYU MJOF SFQPSUT PO B NPE�

FSBUFMZ MFTT IJHI�BTTVSBODF WFSTJPO
 XIFSF XF DPNQJMF #FESPDL� DPEF VTJOH ($$ JOTUFBE PG UIF

WFSJWFE DPNQJMFS� 8F TFF BCPVU B GBDUPS PG GPVS QFSGPSNBODF DPTU
 XIJDI NBZ CF DPOTJEFSFE VO�

TVSQSJTJOH
 TJODF UIF #FESPDL� DPNQJMFS 	XIJDI XF EJE OPU NPEJGZ
 DPOUBJOT OP TUBOEBSE DPNQJMFS

PQUJNJ[BUJPOT CFTJEF SFHJTUFS BMMPDBUJPO�

_F UIJSE MJOF PG 5BCMF �B DPNQBSFT XJUI B WFSTJPO XIFSF XF TVCTUJUVUF PVS QFDVMJBSMZ HFOFSBUFE

9����� DPEF XJUI UIF JNQMFNFOUBUJPO GSPN UIF QPQVMBS #PSJOH44- MJCSBSZ
�

 XIJDI JT VTFE JO F�H�

UIF $ISPNF XFC CSPXTFS� 8F XFSF QMFBTBOUMZ TVSQSJTFE UP TFF UIBU XF NFBTVSFE OP QFSGPSNBODF

EFHSBEBUJPO� _F MBTU MJOF PG UIF UBCMF TIPXT UIF àCFTU QPTTJCMF
á SFMBUJWF UP TPNF QBSUT PG UIF FY�

QFSJNFOUBM TFUVQ UIBU XF IFME WYFE� UIF 1ZUIPO DMJFOU UIBU PQFSBUFT UIF EFNP TZTUFN
 XIJDI XF

IFSF NPEJWFE UP POMZ JNQPSU BOE JOJUJBMJ[F UIF OFUXPSL BOE DSZQUPHSBQIZ MJCSBSJFT CVU UP TLJQ

JOUFSBDUJPO XJUI UIF TFSWFS� "U MFBTU SFMBUJWF UP UIBU CBTFMJOF
 PVS FNCFEEFE DPEF DPNQJMFE XJUI

($$ BEET KVTU ��� PG DMJFOU�PCTFSWFE FYFDVUJPO UJNF�

_PTF FOE�UP�FOE SFTVMUT TFFNFE QSPNJTJOH
 TVHHFTUJOH UIBU XF IBE BDIJFWFE DPNQFUJUJWF QFS�

GPSNBODF PO UIF DSZQUPHSBQIJD MJCSBSZ
 PVS QSJNBSZ OFX GPSNBMMZ WFSJWFE BSUJGBDU JO UIJT QSPKFDU�

8F EFDJEFE UP [PPN JO PO UIBU BTQFDU� 5BCMF �C DPNQBSFT PVS JNQMFNFOUBUJPO BHBJOTU UXP PUIFST


BMM DPNQJMFE XJUI ($$
 XJUI UJNFT NFBTVSFE VTJOH UIF NJDSPDPOUSPMMFSÝT DZDMF DPVOUFS� #PSJOH44-

JT B OBUVSBM CBTFMJOF
 UIPVHI JU IBT BSHVBCMZ OPU CFFO PQUJNJ[FE GPS 3*4$�7 FYFDVUJPO� *O DPOUSBTU


UIF NBTUFSÝT UIFTJT PG WBO EFO #FSH <����>
 TVQFSWJTFE CZ DSZQUP�JNQMFNFOUBUJPO FYQFSU 5BOKB

-BOHF
 XBT B DSFEJCMF FVPSU UP NBYJNJN[F 3*4$�7 QFSGPSNBODF PG QSJNJUJWFT GSPN UIF /B$M DSZQUP

MJCSBSZ
�
� _PVHI XF IBE CFFO QSFQBSFE UP XSJUF UIJT TFDUJPO PG PVS QBQFS BQPMPHFUJDBMMZ
 OPUJOH

UIBU QFSGPSNBODF DPTUT BSF XPSUI QBZJOH GPS JODSFBTFE BTTVSBODF
 XF XFSF TVSQSJTFE UP WOE UIBU

XF NBZ IBWF BDDJEFOUBMMZ TFU B OFX QFSGPSNBODF SFDPSE GPS UIJT SPVUJOF PO 3*4$�7� 4QFDJWDBMMZ


WBO EFO #FSH <����> SVOT BO 9����� PQFSBUJPO JO BCPVU ��� UIF UJNF PG #PSJOH44-
 BOE UIFO PVS

JNQMFNFOUBUJPO SVOT JO BCPVU ��� UIF UJNF SFQPSUFE CZ WBO EFO #FSH� &BDI SFQPSUFE NFBTVSFNFOU

JT UIF BWFSBHF PG �� NFBTVSFE SVOT BOFS � EJTDBSEFE SVOT UP XBSN VQ UIF JOTUSVDUJPO DBDIF 	XIJDI

XF DPOWSNFE UP CF BEFRVBUF

 XJUI DZDMF DPVOUT FYUSBDUFE GSPN UIF OE[ENG SFHJTUFS VTJOH JOMJOF

BTTFNCMZ� 8F TIPVME BMTP NFOUJPO UIBU QFSGPSNBODF CFODINBSLJOH JT VOVTVBMMZ TUSBJHIUGPSXBSE

JO UIJT EPNBJO BT
 GPS TFDVSJUZ SFBTPOT
 SPVUJOFT BSF XSJRFO UP SVO JO JOQVU�JOEFQFOEFOU DPOTUBOU

UJNF
 TP BOZ UFTU JOQVUT XJMM EP� 8F BMTP CFODINBSLFE PO B NJDSPDPOUSPMMFS XJUI OP PQFSBUJOH

TZTUFN PS PUIFS TPVSDF PG VOQSFEJDUBCMF TDIFEVMJOH�

�
IUUQT���CPSJOHTTM�HPPHMFTPVSDF�DPN�CPSJOHTTM

�
IUUQT���OBDM�DS�ZQ�UP�
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'PVOEBUJPOBM *OUFHSBUJPO 7FSJGJDBUJPO PG B $SZQUPHSBQIJD 4FSWFS ������

0VS DPODMVTJPO JT UIBU JU TFFNT UP CF RVJUF GFBTJCMF UP SFBDI FOE�UP�FOE QFSGPSNBODF QBSJUZ VTJOH

PVS NFUIPET
 JG NPSF FVPSU JT FYQFOEFE PO PQUJNJ[BUJPOT JO QBSUT PG UIF FYJTUJOH WFSJWFE BSUJGBDUT

UIBU XF EJE OPU GPDVT PO�

��� 5IF %FWFMPQNFOU &YQFSJFODF
5BCMF �� -JOFT PG DPEF PG $IB$IB�� 	$
 BOE .POU�

HPNFSZ MBEEFS 	.


1VSQPTF $ .

)JHI�MFWFM BMHPSJUIN �� ��

.BJO QSPPGT ��� ���

3VQJDPMB MFNNBT � FYUFOTJPOT ���� ���

(FOFSJD MFNNBT � BVUPNBUJPO ��� ���

_SPVHIPVU TFDUJPO �
 XF JODMVEFE EJTDVTTJPO

PO UIF EFWFMPQFS FYQFSJFODF GPS EJVFSFOU UFDI�

OJRVFT
 EFFNJOH TPNF NPSF XPSUIZ PG OFBS�

GVUVSF VTF UIBO PUIFST� 8F DBO BMTP TBZ B CJU

NPSF BCPVU UIF WOBM DPEF DPNQMFYJUJFT PG TPNF

SFQSFTFOUBUJWF NPEVMFT�

����� &nPSU JO /FX %PNBJOT 7FSTVT &TUBCMJTIFE 0OFT� 5P HJWF BO JEFB PG UIF FVPSU JOWPMWFE JO

WFSJGZJOH DPEF JO OFX EPNBJOT WFSTVT FTUBCMJTIFE POFT
 XF QSFTFOU 5BCMF �
 EFTJHOFE UP HJWF BO

JEFB PG XIFSF XF TQFOU PVS EFWFMPQNFOU FVPSU� _F OVNCFST SFQSFTFOU MJOFT PG DPEF EFEJDBUFE UP

FBDI QVSQPTF EVSJOH UIF EFWFMPQNFOU PG UIF $IB$IB�� BOE .POUHPNFSZ�MBEEFS JNQMFNFOUBUJPOT

SFTQFDUJWFMZ
 CFZPOE XIBU UIF FYJTUJOH GPVOEBUJPO PG 3VQJDPMB BOE 'JBU $SZQUPHSBQIZ QSPWJEFE�

_FTF OVNCFST BSF OPU FYBDU TJODF XPSL PO CPUI JNQMFNFOUBUJPOT JOWPMWFE TPNF JNQSPWFNFOUT

UP FYJTUJOH TZTUFNT
 CVU UIFZ BSF MBSHFMZ SFQSFTFOUBUJWF� /PUF UIBU UIF HSFBUFTU FVPSU JO UFSNT PG

WPMVNF PG DPEF PDDVSSFE JO EFWFMPQJOH FYUFOTJPOT UP 3VQJDPMB GPS $IB$IB��
 JO QBSUJDVMBS UP TVQ�

QPSU UIF QBRFSOT PG MPPQ VOSPMMJOH BOE MPDBM�WBSJBCMF VTBHF PVUMJOFE FBSMJFS� $BTF�TUVEZ DPEF JO

PUIFS DBUFHPSJFT XBT NVDI TNBMMFS
 XJUI UIF SVOOFS�VQT CFJOH UIF OFUXPSL�QSPUPDPM QSPPG 	���

MJOFT GPS �� MJOFT PG DPEF

 NFNNPWF 	��� BOE �� MJOFT

 BOE UIF OFUXPSL�ESJWFS JNQSPWFNFOUT

	��� MJOFT GPS �� MJOFT PG USBOTNJU QBUI
�

����� &nPSU PG 5IJT 1SPKFDU� 5BCMF �B MJTUT FBDI DPNQPOFOU UIBU XBT OFXMZ EFWFMPQFE GPS UIJT QBQFS


XIJDI UFDIOJRVF JU VTFE
 BOE JUT MJOF DPVOU�

����� 4J[F PG UIF $PEF #BTF *ODMVEJOH %FQFOEFODJFT� _F TPVSDF EJSFDUPSZ XJUI PVS DPEF BOE BMM

EFQFOEFODJFT DPOUBJOT PWFS ���� $PR WMFT UIBU BNPVOU UP BMNPTU ���,-0$
 CVU GPDVTJOH PO UIBU

NFBTVSFNFOU JT NJTMFBEJOH
 CFDBVTF NBOZ PG UIFTF WMFT BSF GSPN EJVFSFOU SFTFBSDI QSPKFDUT BOE

OPU SFRVJSFE GPS PVS QSPKFDU� 5P HFU B NPSF SFQSFTFOUBUJWF DPVOU XJUIPVU SFTPSUJOH UP NBOVBMMZ

DMBTTJGZJOH ���� $PR WMFT BT PO�UPQJD PS PV�UPQJD
 XF SFMZ PO UIF $PR DPNNBOE 2TKPV .KDTCTKGU

UP MJTU BMM WMFT UIBU UIF WMF DPOUBJOJOH PVS UPQMFWFM UIFPSFN USBOTJUJWFMZ EFQFOET PO
 BOE UIFO XF

POMZ DPVOU UIF MJOFT PG DPEF PG UIFTF
 XIJDI MFBET UP UIF OVNCFST JO 5BCMF �C�

��� 7FSJGJDBUJPO 5JNF

_F FOUJSF $PR EFWFMPQNFOU 	QSPPGT BOE DPEF GPS PVS EFNP BOE EFQFOEFODJFT
 DBO CF CVJMU JO ��

NJOVUFT PO B SFDFOU IJHI�FOE DPNQVUFS 	����9�% BWFSBHJOH ���()[ PO UIF GBTUFTU DPSF
� "CPVU

� DPSFT BSF VUJMJ[FE PO BWFSBHF
 TP UIF TBNF KPC UBLFT MPOHFS PO àTFSWFSá IBSEXBSF PQUJNJ[FE GPS

BHHSFHBUF NVMUJDPSF QFSGPSNBODF BU UIF FYQFOTF PG TJOHMF�DPSF QFSGPSNBODF� 8F NFBTVSFE �� NJO�

VUFT PO 9FPO (PME ����$- 	���(); OPNJOBM
 BOE �� NJOVUFT PO &1:$ ���� 	���()[ OPNJOBM
 BT

PVFSFE CZ QPQVMBS DMPVE�CBTFE EFWFMPQNFOU FOWJSPONFOUT� *ODSFNFOUBM CVJMET BOE JOUFSBDUJWF

FEJUJOH BSF NVDI GBTUFS JO NPTU DBTFT 	POFO TFDPOET

 UIPVHI PVUMJFS WMFT TVDI BT UIF OFUXPSL�

QSPUPDPM QSPPG BOE EFSJWBUJPOT PG WFME�BSJUINFUJD BOE $IB$IB�� DPEF DBO FBDI UBLF B DPVQMF PG

NJOVUFT BMPOF� 3.5GB PG NFNPSZ JT SFRVJSFE�
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5BCMF �� /FX BOE UPUBM MJOFT PG DPEF PG UIF QSPKFDU

	B
 /FX MJOFT PG DPEF PG UIJT QBQFS

$PNQPOFOU 5FDIOJRVF -0$

(BSBHF EPPS BQQ #FESPDL� ����

5SBOTNJU GPS -"/���� #FESPDL� ���

#FESPDL� MJCSBSZ GVODUJPOT #FESPDL� ���

$IB$IB�� 3VQJDPMB ����

.POUHPNFSZ MBEEFS #FESPDL� ���

.POUHPNFSZ MBEEFS 3VQJDPMB ����

.PEVMBS JOWFSTJPO TJNQM
 3VQJDPMB ���

'$�UP�#FESPDL� DPNQJMFS (FOFSJD $PR ����

*OWPLJOH '$�UP�#FESPDL� DPNQJMFS (FOFSJD $PR ���

5PUBM �����

	C
 4GSWKTGE MJOFT PG DPEF

3FQPTJUPSZ -0$

$PR TUEMJC �����

CFESPDL� ����

CFESPDL�&YBNQMFT ����

DPNQJMFS �����

$PRQSJNF ����

DPRVUJM �����

3FXSJUFS �����

SJTDW ����

3VQJDPMB ����

'JBU $SZQUP �����

5PUBM ������

� 3&-"5&%803,

8F BSF POMZ BXBSF PG B GFX FVPSUT UP QSPWF DPNQMFUF TPOXBSF�IBSEXBSF TUBDLT
 BOE UIFZ IBWF

UFOEFE UP JOWPMWF TPOXBSF XSJRFO JO TJOHMF MBOHVBHFT BOE DPNQJMFE JO SFMBUJWFMZ DPOWFOUJPOBM

XBZT 	BMCFJU XJUI WFSJWDBUJPO BQQMJFE UP UIF DPNQJMFST
� 4POXBSF JO UIF QJPOFFSJOH $-* TUBDL <#F�

WJFS FU BM� ����> XBT XSJRFO JO 1JUPO
 XIPTF QSPHSBNNJOH NPEFM IBT TJNJMBSJUJFT UP 1BTDBM BOE

BTTFNCMZ MBOHVBHFT� _F 7FSJTPO <"MLBTTBS FU BM� ����> BOE #FESPDL� <&SCTFO FU BM� ����> TUBDLT

SFMZ PO WBSJBOUT PG $ UIBU BMMPX NPSF HFOFSBM NFNPSZ�BDDFTT QBRFSOT
 QSPEVDJOH DPEF TVJUBCMF

GPS FNCFEEFE TZTUFNT� "O PEE POF PVU JO UIJT QJDUVSF JT $BLF.- 4JMWFS <-¶¶X FU BM� ����>� BT UIF

OBNF TVHHFTUT
 UIF TPOXBSF JO UIJT QSPKFDU JT XSJRFO JO BO .-�TUZMF MBOHVBHF
 BMMPXJOH UIF TFMG�

IPTUJOH DPNQJMFS <,VNBS FU BM� ����> UP CF DSPTT�DPNQJMFE GPS UIF GPVOEBUJPOBMMZ WFSJWFE TUBDL
 CVU

SFRVJSJOH VTF PG B HBSCBHF DPMMFDUPS� 'SPN UIJT DBUFHPSZ
 PVS QBTU XPSL <&SCTFO FU BM� ����> QSPWFE

BO FOE�UP�FOE UIFPSFN BCPVU BO BQQMJDBUJPO UIBU SFDFJWFT OFUXPSL JOQVU
 BOE OPOF PG UIFN XFSF

VTFE JO TVDI QSPPGT DPWFSJOH CPUI JOQVU BOE PVUQVU XJUI UIF OFUXPSL�

_F 7FSJ1IZ GSBNFXPSL <#PISFS FU BM� ����> FYUFOET UIF $BLF.- XPSL XJUI B OFX DPOOFDUJPO

UP UIF ,F:NBFSB 9 IZCSJE�TZTUFN WFSJWFS <'VMUPO FU BM� ����>
 BMMPXJOH FOE�UP�FOE WFSJWDBUJPO

PG DPOUSPMMFS TPOXBSF GPS DZCFSQIZTJDBM TZTUFNT� _JT QSPKFDU EFNPOTUSBUFE UIF JNQPSUBOU UBTL PG

FYUFOEJOH B WFSJWFE TUBDL VQXBSE XJUI IBOEMJOH PG BQQMJDBUJPO TBGFUZ QSPPGT JO B RVJUF�TQFDJBMJ[FE

EPNBJO� )PXFWFS
 UIF GPVOEBUJPOBM OBUVSF XBT XFBLFS UIBO JO UIF GPMMPX�PO XPSL XJUI $BLF.-

BOE 4JMWFS� USVTUFE BTQFDUT JODMVEF B TPMWFS GPS SFBM BSJUINFUJD
 B USBOTMBUJPO CFUXFFO UXP WBSJBOUT

PG UIF )0- MPHJD
 TPNF MPX�MFWFM TZTUFNT DPEF
 BOE JTPMBUJPO BDSPTT NPEVMFT PG MPX�MFWFM TPOXBSF�

"OPUIFS QVSFMZ TPOXBSF�CBTFE FYBNQMF JT UIF %FFQ4QFD XFC TFSWFS BOE JUT BQQMJDBUJPOT <;IBOH

FU BM� ����>� " TJNQMF XFC TFSWFS XBT JNQMFNFOUFE JO $ BOE WFSJWFE VTJOH UIF 7FSJWFE 4POXBSF

5PPMDIBJO <"QQFM ����>� _F $ DPEF JOWPLFT TZTUFN DBMMT UIBU BSF JNQMFNFOUFE CZ $FSUJ,04 <(V

FU BM� ����>� .PSFPWFS
 TPNF JOUFHSBUJPO WFSJWDBUJPO JT DBSSJFE PVU
 XJUI UIF BQQMJDBUJPO DPEF QSPWFE

BHBJOTU TZTUFN�DBMM TQFDJWDBUJPOT JO B TUZMF VTFE XJUI $FSUJ,04� )PXFWFS
 UIF QSPPG PG $FSUJ,04

JUTFMG XBT OPU MJOLFE XJUI UIF BQQMJDBUJPO QSPPG
 FWFO BU UIF MFWFM PG $
 MFU BMPOF DPNQJMFE NBDIJOF

DPEF� _F VOJGZJOH TQFDJWDBUJPO UFDIOJRVF PG UIJT XPSL JT JOUFSBDUJPO USFFT <,PI FU BM� ����>
 XIJDI

NBLFT GPS BO JOUFSFTUJOH DPOUSBTU XJUI PVS BQQSPBDI JO UIJT XPSL 	TFQBSBUJPO MPHJD QMVT *�0 USBDFT

MPHHFE JO HIPTU TUBUF
� "MM DPEF JO UIJT %FFQ4QFD XPSL JT JNQMFNFOUFE EJSFDUMZ JO $ BOE WFSJWFE


JO DPOUSBTU UP PVS PXO XPSL EFSJWJOH $ DPEF GSPN B WBSJFUZ PG IJHIFS�MFWFM MBOHVBHFT�
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'PVOEBUJPOBM *OUFHSBUJPO 7FSJGJDBUJPO PG B $SZQUPHSBQIJD 4FSWFS ������

_BU MBTU HSPVQ PG QSPKFDUT GPSNVMBUFE UIFJS QSPPGT NPEVMBSMZ
 XJUI TFQBSBUF TQFDJWDBUJPOT GPS

DPNQPOFOUT
 TVDI UIBU FBDI DBO CF QSPWFE PODF BOE UIFO SFVTFE JO PUIFS GVMM TZTUFNT XJUIPVU OFX

QSPPG� _JT BQQFBMJOH CFOFWU DPNFT BU UIF DPTU PG NPSF TPQIJTUJDBUFE BOE MBCPS�JOUFOTJWF WFSJWDB�

UJPO
 TP RVJUF B GFX QSPKFDUT IBWF NBEF PUIFS DIPJDFT� $MPTFTU UP PVS TDPQF BSF /PUBSZ <"UIBMZF

FU BM� ����> BOE ,OPY <"UIBMZF FU BM� ����>
 XIJDI DPOTJEFS IBSEXBSF EFTJHOT PG FNCFEEFE TZT�

UFNT BOE UIF TPOXBSF SVOOJOH PO UPQ
 EPJOH VOJWFE TZNCPMJD FYFDVUJPO 	XJUI 4.5 TPMWFST
 PG

UIF GVMM TUBDLT UP FTUBCMJTI DPSSFDUOFTT BOE TFDVSJUZ QSPQFSUJFT� )PXFWFS
 NBOZ TPOXBSF TUBDLT BSF

DPNQMFY FOPVHI PO UIFJS PXO UP SBJTF UIF TBNF USBEFPV� &YBNQMFT PG TZTUFNT BQQMZJOH TZNCPMJD

FYFDVUJPO BDSPTT TPOXBSF MBZFST JODMVEF 4FSWBM BOE JUT QSFEFDFTTPST JO QVTI�CVRPO WFSJWDBUJPO

PG PQFSBUJOH TZTUFNT BOE NPSF </FMTPO FU BM� ����
 ����� 4JHVSCKBSOBSTPO FU BM� ����
 ����>
 QMVT

7JHPS <;BPTUSPWOZLI FU BM� ����> GPS OFUXPSL GVODUJPOT� _FTF QSPKFDUT IBWF EFNPOTUSBUFE JNQSFT�

TJWFMZ MPX WFSJWDBUJPO FVPSU
 CVU UIFZ QSPWJEF SFEVDFE HVBSBOUFFT GPS UIFJS JOEJWJEVBM DPNQPOFOUT


XIJDI POFO EP OPU IBWF UIFJS PXO TQFDJWDBUJPOT
 TP UIBU BTTFNCMZ PG OFX TZTUFNT GSPN PME QJFDFT

NBZ SFWFBM OFX CVHT 	JO BEEJUJPO UP SFRVJSJOH GVMM BOBMZTJT GSPN TDSBUDI PG NPTU TPVSDF DPEF
�

"EEJUJPOBMMZ
 OPOF PG UIFTF WFSJWDBUJPOT BSF GPVOEBUJPOBM�

4FWFSBM GPSNBM�NFUIPET UPPMT IBWF TFFO TJHOJWDBOU VTF JO WFSJWDBUJPO PG TZTUFNT DPEF TUBDLT�

_F %BGOZ MBOHVBHF IBT CFFO BQQMJFE BT QBSU PG UIF ,PNPEP <'FSSBJVPMP FU BM� ����> USVTUFE FYF�

DVUJPO FOWJSPONFOU
 UIF *SPODMBE <)BXCMJU[FM FU BM� ����> TPOXBSF�FYFDVUJPO TUBDL
 BOE UIF *SPO�

'MFFU <)BXCMJU[FM FU BM� ����> EJTUSJCVUFE�TZTUFNT QMBUGPSN� -FTT TXFFQJOHMZ
 $PR IBT IPTUFE GVOD�

UJPOBM QSPHSBNT JNQMFNFOUJOH EJTUSJCVUFE TZTUFNT JO 7FSEJ <8JMDPY FU BM� ����> BOE WMF TZTUFNT JO

'4$2 BOE JUT WBSJBOUT <$IFO FU BM� ����
 ����� *MFSJ FU BM� ����>� 4VDI QSPKFDU BSDIJUFDUVSFT DBO TVQ�

QPSU SFBTPOJOH BDSPTT TJHOJWDBOU TQBOT PG GVODUJPOBMJUZ
 CVU UIFZ SFMZ JO UIF FOE PO DPOWFOUJPOBM

DPNQJMBUJPO� "T B SFTVMU
 	�
 QFSGPSNBODF JT POFO XPSTF UIBO XJUI $�MBOHVBHF DPVOUFSQBSUT
 	�


DPNQJMFST BSF VOWFSJWFE TPVSDFT PG CVHT
 BOE 	�
 EFQMPZFE DPEF SFRVJSFT HBSCBHF DPMMFDUJPO BOE JT

VOTVJUFE GPS SFTPVSDF�DPOTUSBJOFE FNCFEEFE TZTUFNT�

"O JOUFSFTUJOH BMUFSOBUJWF BQQSPBDI JT FNCPEJFE CZ (PPTF
 B UPPM CVJMU GPS UIF 1FSFOOJBM <$IBKFE

FU BM� ����> WMF�TZTUFN WFSJWDBUJPO� (PPTF USBOTMBUFT IBOEXSJRFO (P DPEF
 XIJDI JT JNQPSUBOUMZ

MPXFS�MFWFM UIBO JO UIF QSPKFDUT KVTU NFOUJPOFE
 UP B DPSF SFQSFTFOUBUJPO JOTJEF $PR
 XIFSF QSPPGT

DBO CF EPOF VTJOH UIF *SJT <+VOH FU BM� ����> GSBNFXPSL� 8F HJWF 1FSFOOJBM BT KVTU POF FYBNQMF

PG WFSJWDBUJPO PG DPODVSSFOU DPEF
 XIJDI PVS PXO DBTF TUVEZ EPFT OPU JODMVEF
 BMMPXJOH VT UP

TUSFBNMJOF UIF QSPDFTTFT PG CPUI DPEJOH BOE QSPPG�

4FWFSBM QSPKFDUT IBWF SFDPHOJ[FE UIF OFFE GPS QSPPG�HFOFSBUJOH DPNQJMBUJPO UIBU QSPEVDFT DPEF

TVJUBCMF GPS 04 LFSOFMT BOE PUIFS MPX�MFWFM JOGSBTUSVDUVSF� _F TF-� UFBN IBWF EFWFMPQFE $P�

HFOU <0Ý$POOPS FU BM� ����> BOE UIF $FSUJ,04 UFBN%FFQ4&" <4K¶CFSH FU BM� ����>
 XIJDI TUBSU GSPN

DBSFGVMMZ EFTJHOFE TPVSDF MBOHVBHFT BOE BEE WFSJWFE DPNQJMBUJPO UP CPUI $ BOE GVODUJPOBM QSP�

HSBNT FNCFEEFE JO UIFPSFNQSPWFST� " EJVFSFOU UBLF PO UIF TBNF DIBMMFOHF JT UIF -PX� <1SPU[FOLP

FU BM� ����> MBOHVBHF
 XIJDI JT FNCFEEFE JOTJEF UIF GVODUJPOBM MBOHVBHF '�
 XJUI DPOTUSVDUT GPS

FYQMJDJU NBOJQVMBUJPO PG NFNPSZ� 0VS BQQSPBDI BMMPXT B TZTUFN UP CF JNQMFNFOUFE JO B IJHI�

MFWFM WFSJWDBUJPO�PSJFOUFE MBOHVBHF
 XJUI OP FYQMJDJU NFNPSZ NBOBHFNFOU PS JNQFSBUJWF GFBUVSFT


XIJDINBLFT GPS DPOWFOJFOU QSPPG PG IJHIFS�MFWFM QSPQFSUJFT
 OPOFUIFMFTT TVQQPSUJOH QSPHSBNNFS�

HVJEFE HFOFSBUJPO PG MPX�MFWFM DPEF JO EJVFSFOU XBZT GPS EJVFSFOU NPEVMFT PG B TZTUFN�

0VS BQQMJDBUJPO EPNBJO JT DSZQUPHSBQIZ
 BOE TPNF JNQSFTTJWF QBTU FVPSUT IBWF WFSJWFE DSZQUP�

HSBQIJD MJCSBSJFT� 4PNF XPSL WFSJWFT PV�UIF�TIFMG BTTFNCMZ DPEF <$IFO FU BM� ����>
 XIJMF UIF

+BTNJO <"MNFJEB FU BM� ����> GSBNFXPSL DPNQJMFT QSPHSBNT XSJRFO JO B TQFDJBMJ[FE MPX�MFWFM

MBOHVBHF� _F '� FDPTZTUFN IBT )"$-� <;JO[JOEPIPV© FU BM� ����> BOE &WFS$SZQU <1SPU[FOLP

FU BM� ����>
 XIPTF QSPPGT DPWFS XJEF SBOHFT PG DSZQUPHSBQIJD GVODUJPOBMJUZ� _F 7FSJWFE 4POXBSF

5PPMDIBJO IBT FYBNQMFT DPOOFDUJOH $ QSPHSBNT UP TFDVSJUZ TQFDJWDBUJPOT <#FSJOHFS FU BM� ����� :F

FU BM� ����>� )PXFWFS
 BMM PG UIFTF QBTU QSPKFDUT FOUBJM XSJUJOH MPX�MFWFM DPEF NBOVBMMZ
 XIFUIFS JO
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BTTFNCMZ
 $
 PS B EPNBJO�TQFDJWD MBOHVBHF� *O DPNQBSJTPO UP UIFN
 PVS OFX XPSL JT EJTUJOHVJTIFE

JO BMMPXJOH BMM DSZQUPHSBQIJD DPEF UP CF XSJRFO JO B IJHI�MFWFM MBOHVBHF 	$PRÝT QVSF GVODUJPOBM

QSPHSBNT
 XIJMF BWPJEJOH BOZ USVTU JO DPNQJMFS DPSSFDUOFTT� "EEJUJPOBMMZ
 UP PVS LOPXMFEHF
 OP

QBTU DSZQUPHSBQIJD MJCSBSZ IBT CFFO VTFE BT QBSU PG B CSPBEFS GPVOEBUJPOBM DPSSFDUOFTT QSPPG UIBU

JODMVEFT BO BQQMJDBUJPO 	MFU BMPOF EFWJDF ESJWFST BOE BMM DPEF OFFEFE GPS CBSF�NFUBM FYFDVUJPO
�

_BU MBTU QSPWJTP BCPVU GPVOEBUJPOBM OBUVSFT PG QSPPGT XBT JNQPSUBOU UP EJTUJOHVJTI GSPN UIF

UPVS EF GPSDF PG UIF /PJTF� QSPKFDU <)P FU BM� ����>� _FSF XF WOE B VOJWFE QSPPG PG B MBSHF GBNJMZ PG
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