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$FMM�GSFF IFNPHMPCJO
 IZQFSPYFNJB BOE UIF JNNBUVSF CSBJO EVSJOH
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¯TB +VOHOFS

%PDVNFOU OBNF

%0$503"- %*44&35"5*0/
%BUF PG EJTQVUBUJPO

ñïñï�ðñ�ðð
4QPOTPSJOH PSHBOJ[BUJPO

5JUMF BOE TVCUJUMF

$FMM�GSFF IFNPHMPCJO
 IZQFSPYFNJB BOE UIF JNNBUVSF CSBJO EVSJOH DBSEJPQVMNPOBSZ CZQBTT DJSDVMBUJPO

"CTUSBDU

#BDLHSPVOE� /FPOBUFT CPSO XJUI B DSJUJDBM DPOHFOJUBM IFBSU EFGFDU BSF BU SJTL GPS JNQBJSFE OFVSPEFWFMPQNFOU� 8F
IZQPUIFTJ[FE UIBU FYQPTVSF UP DJSDVMBUJOH DFMM�GSFF IFNPHMPCJO BOE TVQSBOPSNBM PYZHFO UFOTJPOT XPVME USBOTMBUF
JOUP BMUFSBUJPOT JO UIF EFWFMPQJOH XIJUF NBUUFS CZ BDUJWBUJPO PG JOnBNNBUPSZ BOE PYJEBUJWF QBUIXBZT PG JOKVSZ�
&YQFSJNFOUBM TUVEZ� 1PTUOBUBM EBZ õ SBU QVQT XFSF FYQPTFE UP DJSDVMBUJOH DFMM�GSFF IFNPHMPCJO BOE�PS IZQFSPYJB�
'PMMPXJOH NPEFM DIBSBDUFSJ[BUJPO
 CSBJO XIJUF NBUUFS XFSF FYBNJOFE VTJOH JNNVOPIJTUPDIFNJTUSZ
 HFOF� BOE
QSPUFJO BOBMZTFT BOE JO WJWP .3*�
$MJOJDBM TUVEZ� 'PSUZ OFPOBUFT XJUI BO JTPMBUFE DSJUJDBM DPOHFOJUBM IFBSU EFGFDU XFSF JODMVEFE JO B DMJOJDBM TUVEZ�
ɨF JODMVEFE JOGBOUT XFSF TVCKFDUFE UP QSF� BOE QPTUPQFSBUJWF CSBJO .3* JNBHJOH BOE QFSJPQFSBUJWF TBNQMJOH PG
CMPPE BOE VSJOF VOUJM QPTUPQFSBUJWF EBZ ò�
3FTVMUT� )JHI PYZHFO UFOTJPOT NFEJBUFE BQPQUPTJT JO UIF EFWFMPQJOH PMJHPEFOESPDZUFT� /P FĊFDUT PG FYQPTVSF UP
DJSDVMBUJOH IFNPHMPCJO PS TVQSBOPSNBM PYZHFO UFOTJPOT PO PMJHPEFOESPDZUF NBUVSBUJPO PS TVCTFRVFOU NZFMJOB�
UJPO XFSF PCTFSWFE JO UIF SBU QVQ NPEFM�
ɨF NBJO EFUFSNJOBOU PG FYQPTVSF UP DJSDVMBUJOH DFMM�GSFF IFNPHMPCJO EVSJOH OFPOBUBM CZQBTT DJSDVMBUJPO XBT UIF
DPODFOUSBUJPO PG DFMM�GSFF IFNPHMPCJO JO CMPPE QSJNF TPMVUJPO� 4DBWFOHFS QSPUFJO DPODFOUSBUJPOT XFSF MPX EVSJOH
CZQBTT DJSDVMBUJPO BOE
 GPS IBQUPHMPCJO
 SFNBJOFE MPX VOUJM QPTUPQFSBUJWF EBZ ð�
1PTUPQFSBUJWF XIJUF NBUUFS JOKVSZ XBT EJBHOPTFE JO ôïǷ PG UIF JODMVEFE OFPOBUFT� -PXFS DPODFOUSBUJPOT PG QPTU�
PQFSBUJWF CSBJO XIJUF NBUUFS HMVUBUIJPOF 	(4)
 BOE HMVUBNJOFSH NFUBCPMJUFT 	(MY
 XFSF BTTPDJBUFE XJUI QSPMPOHFE
UJNF PO CZQBTT DJSDVMBUJPO� ɨF FYQFDUFE NBUVSBUJPOBM USBKFDUPSZ XJUI BO JODSFBTF JO (MY BOE JO UIF DPNQPTJUF
NFBTVSF PG /�BDFUZMBTQBSUBUF BOE /�BDFUZMBTQBSUZMHMVUBNBUF XBT OPU PCTFSWFE�
$PODMVTJPO� /P MPOH�MBTUJOH BMUFSBUJPOT JO UIF EFWFMPQJOH XIJUF NBUUFS XFSF PCTFSWFE BGUFS FYQPTVSF UP DJSDVMBUJOH
DFMM�GSFF IFNPHMPCJO BOE IJHI PYZHFO UFOTJPOT JO B SBU QVQ NPEFM�
8IFO BEESFTTJOH DFMM�GSFF IFNPHMPCJO FYQPTVSF
 CMPPE QSJNF TPMVUJPO NVTU CF DPOTJEFSFE�
1PTUPQFSBUJWF CSBJO XIJUF NBUUFS NFUBCPMJUF QSPmMF JT DPSSFMBUFE UP UIF EVSBUJPO PG DBSEJPQVMNPOBSZ CZQBTT DJSDV�
MBUJPO�
,FZ XPSET

OFPOBUF
 XIJUF NBUUFS JOKVSZ
 DBSEJPQVMNPOBSZ CZQBTT
 DFMM�GSFF IFNPHMPCJO
 IZQFSPYFNJB

$MBTTJmDBUJPO TZTUFN BOE�PS JOEFY UFSNT 	JG BOZ


4VQQMFNFOUBSZ CJCMJPHSBQIJDBM JOGPSNBUJPO -BOHVBHF

&OHMJTI

*44/ BOE LFZ UJUMF *4#/

øö÷�øð�öõðø�øøó�ö 	QSJOU

	QEG 


3FDJQJFOU�T OPUFT /VNCFS PG QBHFT

ðôð
1SJDF

4FDVSJUZ DMBTTJmDBUJPO

*
 UIF VOEFSTJHOFE
 CFJOH UIF DPQZSJHIU PXOFS PG UIF BCTUSBDU PG UIF BCPWF�NFOUJPOFE EJTTFSUBUJPO
 IFSFCZ HSBOU UP
BMM SFGFSFODF TPVSDFT UIF QFSNJTTJPO UP QVCMJTI BOE EJTTFNJOBUF UIF BCTUSBDU PG UIF BCPWF�NFOUJPOFE EJTTFSUBUJPO�

4JHOBUVSF %BUF ñïñï�ðð�ïô
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IZQFSPYFNJB BOE UIF JNNBUVSF
CSBJO EVSJOH DBSEJPQVMNPOBSZ

CZQBTT DJSDVMBUJPO

CZ ¯TB +VOHOFS

ɨFTJT GPS UIF EFHSFF PG %PDUPS PG 1IJMPTPQIZ
ɨFTJT BEWJTPST� 1SPGFTTPS %BWJE -FZ
 1I�%� .BHOVT (SBN

'BDVMUZ PQQPOFOU� 1SPGFTTPS )BOOF #FSH 3BWO
 $PQFOIBHFO 6OJWFSTJUZ

5P CF QSFTFOUFE
 XJUI UIF QFSNJTTJPO PG UIF 'BDVMUZ PG .FEJDJOF PG -VOE 6OJWFSTJUZ
 GPS QVCMJD DSJUJDJTN JO
4FHFSGBMLTTBMFO BU UIF ððUI PG %FDFNCFS ñïñï BU ðò�ïï�



" EPDUPSBM UIFTJT BU B VOJWFSTJUZ JO 4XFEFO UBLFT FJUIFS UIF GPSN PG B TJOHMF
 DPIFTJWF SF�
TFBSDI TUVEZ 	NPOPHSBQI
 PS B TVNNBSZ PG SFTFBSDI QBQFST 	DPNQJMBUJPO UIFTJT

 XIJDI UIF
EPDUPSBM TUVEFOU IBT XSJUUFO BMPOF PS UPHFUIFS XJUI POF PS TFWFSBM PUIFS BVUIPS	T
�

*O UIF MBUUFS DBTF UIF UIFTJT DPOTJTUT PG UXP QBSUT� "O JOUSPEVDUPSZ UFYU QVUT UIF SFTFBSDI
XPSL JOUP DPOUFYU BOE TVNNBSJ[FT UIF NBJO QPJOUT PG UIF QBQFST� ɨF SFTFBSDI QBQFST NBZ
FJUIFS IBWF CFFO BMSFBEZ QVCMJTIFE PS BSF NBOVTDSJQUT BU WBSJPVT TUBHFT 	JO QSFTT
 TVCNJUUFE

PS JO ESBGU
�

'VOEJOH JOGPSNBUJPO� ɨF UIFTJT XPSL XBT mOBODJBMMZ TVQQPSUFE CZ 4XFEJTI 3FTFBSDI $PVODJM
	ñïðö�ïñððñ

 ɨF 4XFEJTI )FBSU�-VOH 'PVOEBUJPO
 "-' (PWFSONFOU HSBOUT UP -VOE 6OJWFSTJUZ

4LÌOF $PVODJM 'PVOEBUJPO GPS SFTFBSDI BOE -JMMB CBSOFUT GPOE�

ª ¯TB +VOHOFS ñïñï

'BDVMUZ PG .FEJDJOF
 %FQBSUNFOU PG $MJOJDBM 4DJFODFT
 -VOE

ĚĤēğ� øö÷�øð�öõðø�øøó�ö 	QSJOU

ĚĤĤğ� ðõôñ�÷ññï

1SJOUFE JO 4XFEFO CZ .FEJB�5SZDL
 -VOE 6OJWFSTJUZ
 -VOE ñïñï



%FEJDBUFE UP BMM GBNJMJFT QBSUJDJQBUJOH JO PVS TUVEZ

#Z LOPXJOH UIF QSPDFTT
 CFUUFS UIF BSU
� +PIO 8 4FWFSJOHIBVT





$POUFOUT

-JTU PG QVCMJDBUJPOT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � JJ
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1PQVMBS TVNNBSZ JO &OHMJTI � � � � � � � � � � � � � � � � � � � � � � � � � � � W
1PQVMÊSWFUFOTLBQMJH TBNNBOGBUUOJOH QÌ TWFOTLB � � � � � � � � � � � � � � � � � WJJ
"CCSFWJBUJPOT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � WJJJ

$FMM�GSFF IFNPHMPCJO
 IZQFSPYFNJB BOE UIF JNNBUVSF CSBJO EVSJOH DBSEJPQVMNPO�
BSZ CZQBTT DJSDVMBUJPO ð
ð )ZQPUIFTJT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ð
ñ #BDLHSPVOE � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ð
ò 3FTFBSDI TUSBUFHZ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � õ
ó .BUFSJBM BOE NFUIPET � � � � � � � � � � � � � � � � � � � � � � � � � � � õ
ô .BJO SFTVMUT PG UIF SFTFBSDI QBQFST � � � � � � � � � � � � � � � � � � � � � ðõ
õ %JTDVTTJPO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ññ
ö $PODMVTJPOT BOE GVUVSF SFTFBSDI EJSFDUJPOT � � � � � � � � � � � � � � � � � ñô
÷ $MPTJOH SFNBSLT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ñö
ø 3FGFSFODFT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ñ÷

4DJFOUJmD QVCMJDBUJPOT óð
1BQFS Ě� $BSEJPQVMNPOBSZ #ZQBTT JO UIF /FXCPSO� &ĊFDUT PG $JSDVMBUPSZ $FMM�

GSFF )FNPHMPCJO BOE )ZQFSPYJB FWBMVBUFE JO B /PWFM 3BU 1VQ .PEFM � � � óò
1BQFS ĚĚ� 8IJUF NBUUFS CSBJO EFWFMPQNFOU BGUFS FYQPTVSF UP DJSDVMBUJOH DFMM�GSFF

IBFNPHMPCJO BOE IZQFSPYJB JO B SBU QVQ NPEFM � � � � � � � � � � � � � � ôø
1BQFS ĚĚĚ� ɨF JNQBDU PG QSJNF TPMVUJPO PO DFMM�GSFF IFNPHMPCJO FYQPTVSF BOE

TDBWFOHFS QSPUFJO DPODFOUSBUJPOT EVSJOH DBSEJPQVMNPOBSZ CZQBTT DJSDVMB�
UJPO JO UIF OFXCPSO � � � � � � � � � � � � � � � � � � � � � � � � � � � � öô

1BQFS Ěħ� 8IJUF NBUUFS CSBJO NFUBCPMJUF TIJGUT BTTPDJBUFE XJUI TVSHFSZ PO DBSEJ�
PQVMNPOBSZ CZQBTT JO UIF OFXCPSO � � � � � � � � � � � � � � � � � � � � ðïð



-JTU PG QVCMJDBUJPOT

ɨJT UIFTJT JT CBTFE PO UIF GPMMPXJOH QVCMJDBUJPOT
 SFGFSSFE UP CZ UIFJS 3PNBO OVNFSBMT�

Ě $BSEJPQVMNPOBSZ #ZQBTT JO UIF /FXCPSO� &ĊFDUT PG $JSDVMBUPSZ $FMM�GSFF
)FNPHMPCJO BOE )ZQFSPYJB FWBMVBUFE JO B /PWFM 3BU 1VQ .PEFM
¯ +VOHOFS
 4 7BMMJVT ,WJTU
 . (SBN
 % -FZ
*OUFOTJWF $BSF .FEJDJOF &YQFSJNFOUBM ñïðö ô�óô %0* ðï�ðð÷õ�Tóïõòô�ïðö�ïðôò�ñ

ĚĚ 8IJUF NBUUFS CSBJO EFWFMPQNFOU BGUFS FYQPTVSF UP DJSDVMBUJOH DFMM�GSFF IBFNP�
HMPCJO BOE IZQFSPYJB JO B SBU QVQ NPEFM
¯ +VOHOFS
 4 7BMMJVT ,WJTU
 0 3PNBOUTJL
 . #SVTDIFUUJOJ
 $ &LTUSÚN
 * #FOEJY
 +
)FS[
 6 'FMEFSIPĊ�.VFTFS
 " #JCJD
 3 *O�5 ;BOEU
 . (SBN
 % -FZ
%FWFMPQNFOUBM /FVSPTDJFODF ñïñï 'FC�óð	ò� ó
�ñòó� ñóõ %0*� ðï�ððôø�ïïïôïôñïõ

ĚĚĚ ɧF JNQBDU PG QSJNF TPMVUJPO PO DFMM�GSFF IFNPHMPCJO FYQPTVSF BOE TDBWFOHFS
QSPUFJO DPODFOUSBUJPOT EVSJOH DBSEJPQVMNPOBSZ CZQBTT DJSDVMBUJPO JO UIF OFX�
CPSO
¯ +VOHOFS
 4 7BMMJVT ,WJTU
 . (SBN
 % -FZ
4VCNJUUFE UP +PVSOBM PG $BSEJPUIPSBDJD BOE 7BTDVMBS "OFTUIFTJB

Ěħ 8IJUFNBUUFS CSBJONFUBCPMJUF TIJGUT BTTPDJBUFE XJUI TVSHFSZ PO DBSEJPQVMNPOBSZ
CZQBTT JO UIF OFXCPSO
¯ +VOHOFS
 * . #KÚSLNBO�#VSUTDIFS
 + -ÊUU
 ' -FOOBSUTTPO
 % -FZ
*O NBOVTDSJQU

"MM QBQFST BSF SFQSPEVDFE XJUI QFSNJTTJPO PG UIFJS SFTQFDUJWF QVCMJTIFST�

JJ



"DLOPXMFEHFNFOUT

%BWJE -FZ GPS IBWJOH UIF DPVSBHF UP MFU NF QVSTVF B OFX mFME PG SFTFBSDI� 'PS CFMJFWJOH JO
NZ BCJMJUZ UP DBSSZ PVU UIF UIFTJT BOE QSPWJEJOH NF XJUI UIF DPOmEFODF UP EP TP� 'PS UIF
HFOUMF HVJEJOH IBOE o OFWFS UPP NVDI BOE OFWFS UPP MJUUMF�

.BHOVT (SBN GPS CFJOH UIF WPJDF PG SFBMJTN BMXBZT TPBLFE JO HPPE TQJSJUT� * BN TP UIBOLGVM
GPS ZPVS TPMJE LOPXMFEHF PO XIBUFWFS SFEPY�SFMBUFE RVFTUJPO QPTFE BOE ZPVS TNJMJOH GBDF
FNPKJT BU UIF FOE PG FWFSZ FNBJM� 4PNFUJNFT * SFBMMZ OFFEFE UIPTF�

*TBCFMMB #KÚSLNBO�#VSUTDIFS GPS QSPWJEJOH B TVTUBJOBCMF QMBUGPSN GPS UIF .3*�QBSU PG PVS
DMJOJDBM TUVEZ
 GPS FYQMBJOJOH .3*�NZTUFSJFT BOE GPS CFJOH B GSJFOE�

*OHFMB "OEFSTTPO
 SFTFBSDI OVSTF BOE TJTUFS JO BSNT� "QQPJOUJOH ZPV BT SFTFBSDI OVSTF XBT
B TVQFS EFDJTJPO� ɨBOL ZPV GPS FWFSZ NJOVUF TQFOU JO 03
 BU UIF .3* GBDJMJUZ PS TFBSDIJOH
GPS HFOFUJDBMMZ NPEJmFE QJHT BU $ðô BU PEE IPVST�

.Z SFTFBSDI HSPVQ BU #.$ $ðó� ɨF mOFTU USBOTMBUJPOBM SFTFBSDI UFBN B HJSM DPVME HFU� *
UIPSPVHIMZ FOKPZ NZ MJUUMF DVCJDMF BOE NZ DVCJDMF�OFJHICPST� ,JJUPT QBMKPO
 4VWJ
 GPS BMM
&-*4"T BOE R1$3T�

4BM õ BOE UIF QFSGVTJPOJTUT "OO�,BUSJO
 ɧPNBT BOE 1BVMJOB GPS BOTXFSJOH BMM NZ RVFT�
UJPOT BOE GPS UIF óõ÷ JOUSBPQFSBUJWF TBNQMFT�

ɧF.3* GBDJMJUZ XJUI BO FTQFDJBMMZ IVHF UIBOL ZPV UP¯TB
 )ÌLBO BOE.BLEB� * BN GPSFWFS
HSBUFGVM GPS ZPVS FYUSFNFMZ DPOTJEFSBUF XBZT PG IBOEMJOH PVS OPU�TP�TMFFQZ�CVU�WFSZ�FBTJMZ�
XPLFO CBCJFT BOE UPEEMFST
 BOE GPS BMXBZT CFJOH HSFFUFE XJUI B TNJMF�

+PIBOOB .ÌOTTPO BOE &NNB &OHMVOE GPS USBOTGPSNJOH #BJMFZ *** JOUP B GVO QMBZEBUF�

&MJTBCFUI 0MIBHFS
 1FS 8FTUSJO BOE +BO (FMCFSH� 1SFTFOU IFBE PG EFQBSUNFOU PG 1FEJBUSJD
4VSHFSZ BOE /FPOBUBM $BSF
 QBTU BOE QSFTFOU IFBET PG 1FEJBUSJD "OFTUIFTJB� ɨBOL ZPV GPS
QSPWJEJOH NF XJUI UIF SFTPVSDFT OFFEFE GPS XSJUJOH NZ UIFTJT BOE GPS OFWFS CFJOH JNQBUJFOU
XJUI NZ TFFNJOHMZ FOEMFTT 1I% TUVEJFT 	':*� NZ QBTT DBSE GPS #.$ FYQJSFT ZFBS òïïï�
ɨFSF JT OP FOE
�

1BTU BOE QSFTFOU DPMMFBHVFT GPS NBLJOH NZ MJGF JO UIF DMJOJD JOTQJSJOH
 DIBMMFOHJOH BOE
OFWFS
 FWFS CPSJOH� ɨBOL ZPV B NJMMJPO UJNFT GPS BMM TVQQPSU BOE GPS UIF XPSL ZPV IBWF
EPOF XIJMF * IBWF CFFO BXBZ� "O FYUSB IVH UP UIF TVQFS TDIFEVMFST "OEFST BOE )BOOB o
FYQFSUT JO TPMWJOH VOTPMWBCMF QV[[MFT�

-BST -JOECFSH BOE 7BMÏSJB 1FSF[ EF 4È GPS UFBDIJOH NF FWFSZUIJOH * LOPX PO OFPOBUBM
DBSEJBD JOUFOTJWF DBSF EVSJOH EBZMJHIU BOE OJHIU�UJNF IPVST JO 1*$6�

JJJ



+ØOBT *OHJNBSTPO GPS CFJOH UIF QSFNJFS SPMF NPEFM BO BTQJSJOH BOFTUIFTJPMPHJTU DPVME BTL
GPS�

1FSTPOOFM BU 1*$6 BOE BU UIF QFEJBUSJD PQFSBUJOH UIFBUFS GPS BMXBZT NBLJOH NZ EBZ B CJU
CFUUFS� " TQFDJBM UIBOLT UP FWFSZPOF BU 1*$6 GPS BMM UIF QSF� BOE QPTUPQFSBUJWF TBNQMJOH�

"WEFMOJOH õö GPS IFMQJOH PVU XJUI UIF QPTUPQFSBUJWF .3* TDBOT�

.Z GSJFOET� GVO
 TLJMMFE
 TUSPOH�XJMMFE BOE BCTPMVUFMZ GBCVMPVT�

-BST (JMMCFSH GPS CFJOH B HSFBU CPOVT HSBOEQB�

+PIBO
 "SBDFMMZ
 )BOOBI BOE /PBI� 0TTJBO
 6MSJLB
 4JNPO BOE 4PQIJF� #KÚSO
 -JTB
 'SJEB
BOE (BCSJFM GPS QSPWJEJOH ZFU BOPUIFS BTQFDU PG MJGF�

0MMF BOE (VOJMMB GPS BMM TVQQPSU EVSJOH UIF ZFBST
 BOE GPS TVNNFST TQFOU JO UIF NPTU
CFBVUJGVM BSDIJQFMBHP JO UIF XPSME�

%BE� * TUJMM NJTT ZPV�

.VN GPS ZPVS VODPOEJUJPOBM MPWF BOE GPS BMXBZT IBWJOH NZ CBDL� 0O B HSBOEFS TDBMF
 GPS
QBWJOH UIF XBZ GPS XPNFO JO TDJFODF�

%BWJE
 +BLPC BOE +PIBOOB� ɨF HSFBUFTU PG KPZT BOE UIF NPTU BNB[JOH PG BEWFOUVSFT� *
MPWF ZPV GPSFWFS�

.ÌSUFO� 4JNQMZ UIF CFTU� -PPLJOH GPSXBSE UP UIF OFYU ñô�
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1PQVMBS TVNNBSZ JO &OHMJTI

*OGBOUT CPSO XJUI DSJUJDBM DPOHFOJUBM IFBSU EFGFDUT 	D$)%
 BSF BU IJHI SJTL GPS OFVSPEFWFM�
PQNFOUBM JNQBJSNFOU� "CPVU òïǷ XJMM IBWF B EFMBZFE NPUPS GVODUJPO BT B UPEEMFS
 BOE
ñï � òïǷ XJMM IBWF MFBSOJOH EJċDVMUJFT BOE CFIBWJPSBM EJċDVMUJFT BU TDIPPM BHF� 8F LOPX
GSPN QSFWJPVT SFTFBSDI UIBU OFPOBUFT XJUI B D$)% IBWF NPSF JNNBUVSF
 BOE UIVT NPSF
WVMOFSBCMF
 CSBJOT UIBO FYQFDUFE FWFO XIFO CPSO BU UFSN BHF�

ɨF NPTU QSPNJOFOU GFBUVSF XIFO BOBMZ[JOH NBHOFUJD SFTPOBODF JNBHFT 	.3*
 PG UIF
CSBJOT JO DIJMESFO CPSO XJUI B D$)% BSF BMUFSBUJPOT JO UIF CSBJO XIJUF NBUUFS� #SBJO
XIJUF NBUUFS JT DPNQSJTFE PG DFMMT DBMMFE PMJHPEFOESPDZUFT UIBU BSF SFTQPOTJCMF GPS UIF USBOT�
NJTTJPO BOE DPPSEJOBUJPO PG CSBJO BDUJWJUZ CFUXFFO EJĊFSFOU QBSUT PG UIF CSBJO� "MUFSBUJPOT
JO CSBJO XIJUF NBUUFS NBZ DBVTF QSPCMFNT XJUI NPUPS TLJMMT 	NPWFNFOU PG TNBMM BOE MBSHF
NVTDMF HSPVQT
 BOE MBOHVBHF EFWFMPQNFOU
 CVU BMTP BMUFSBUJPOT JO UIF BCJMJUZ UP DPODFOUSBUF

UP QMBO BIFBE BOE UP TPMWF QSPCMFNT�

0VS SFTFBSDI JOWFTUJHBUFT UIF PSJHJOT PG UIF CSBJO XIJUF NBUUFS BMUFSBUJPOT JO DIJMESFO CPSO
XJUI D$)%� 8F LOPX GSPN QSFWJPVT SFTFBSDI UIBU UIF EFWFMPQJOH CSBJO XIJUF NBUUFS JT
TFOTJUJWF UP JOnBNNBUJPO BOE IJHI PYZHFO UFOTJPOT
 CPUI QSFTFOU EVSJOH TVSHFSZ PO DBS�
EJPQVMNPOBSZ CZQBTT DJSDVMBUJPO 	$1#
� 8F CFMJFWF UIBU UIF IFNPHMPCJO JO UIF SFE CMPPE
DFMMT UIBU MFBLT PVU GSPN XJUIJO UIF DFMM EVSJOH $1# 	J�F� DJSDVMBUJOH DFMM�GSFF IFNPHMPCJO

XJMM TUBSU BO JOnBNNBUPSZ QSPDFTT UIBU XJMM BEE UP UIF JOnBNNBUJPO BMSFBEZ QSFTFOU EVF UP
UIF TVSHFSZ QFS TF� 8F BMTP CFMJFWF UIBU UIF IJHI PYZHFO UFOTJPOT EVSJOH $1# XJMM BHHSBWBUF
UIF TUSFTT QPTFE PO UIF JNNBUVSF CSBJO
 BOE VMUJNBUFMZ DPOUSJCVUF UP UIF EFWFMPQNFOU PG
CSBJO XIJUF NBUUFS JOKVSJFT�

8F IBWF EPOF B DMJOJDBM TUVEZ BOE FYQFSJNFOUT JO BO BOJNBM NPEFM UP FWBMVBUF UIF JNQBDU PG
DJSDVMBUJOH DFMM�GSFF IFNPHMPCJO BOE IJHI PYZHFO UFOTJPOT PO UIF EFWFMPQJOH XIJUF NBUUFS�
ɨF DMJOJDBM TUVEZ JODMVEFE OFPOBUFT CPSO XJUI B D$)% UIBU SFRVJSFE TVSHFSZ XJUIJO òï
EBZT PG MJGF� ɨF JODMVEFE OFPOBUFT IBWF EPOF QSF� BOE QPTUPQFSBUJWF CSBJO .3* TDBOT

BOE XF IBWF UBLFO CMPPE TBNQMFT EVSJOH TVSHFSZ UP EFUFSNJOF UIF FYQPTVSF UP DJSDVMBUJOH
DFMM�GSFF IFNPHMPCJO BOE IJHI PYZHFO UFOTJPOT� *O UIF FYQFSJNFOUBM TUVEZ
 XF VUJMJ[FE TJY
EBZT PME SBU QVQT BT B NPEFM BOJNBM� 8F JOKFDUFE DFMM�GSFF IFNPHMPCJO JO UIF BCEPNFO PG
UIF SBU QVQ BOE QMBDFE UIF BOJNBM JO BO JODVCBUPS XJUI ÷ïǷ PYZHFO� "GUFS B QSFEFUFSNJOFE
OVNCFS PG EBZT XF BOBMZ[FE UIF SBU QVQ CSBJO XIJUF NBUUFS VTJOH EJĊFSFOU NFBOT PG UJTTVF
BOBMZTJT 	F�H� QSPUFJO BOBMZTJT
 JNNVOPIJTUPDIFNJTUSZ BOE .3*
�

8F IBWF PCTFSWFE UIBU EFWFMPQJOH PMJHPEFOESPDZUFT EJF XIFO UIFZ BSF FYQPTFE UP IJHI
PYZHFO UFOTJPOT JO PVS FYQFSJNFOUBM TUVEZ
 CVU UIF QSFTFODF PS BCTFODF PG DJSDVMBUJOH DFMM�
GSFF IFNPHMPCJO EPFT OPU BMUFS UIF PVUDPNF� *O PVS DMJOJDBM TUVEZ XF IBWF DPOmSNFE
UIBU ôïǷ PG UIF JODMVEFE OFPOBUFT IBWF MFTJPOT JO UIF CSBJO XIJUF NBUUFS XIFO EJTDIBSHFE
GSPN IPTQJUBM
 CVU XF IBWF OPU TFFO BOZ DPOOFDUJPO CFUXFFO UIF EFWFMPQNFOU PG TUSVDUVSBM

W



XIJUF NBUUFS MFTJPOT BOE UIF FYQPTVSF UP DJSDVMBUJOH DFMM�GSFF IFNPHMPCJO BOE IJHI PYZHFO
UFOTJPOT� (JWFO UIF BNB[JOH BCJMJUZ PG UIF EFWFMPQJOH CSBJO UP SFXJSF JUTFMG
 XF BSF OPX
QFSGPSNJOH B GPMMPX�VQ BU � �/� ZFBST PG BHF UP EFUFSNJOF JG UIF XIJUF NBUUFS MFTJPOT EFUFDUFE
JO JOGBODZ BĊFDU UIF DIJME�T EFWFMPQNFOU BT B UPEEMFS�
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1PQVMÊSWFUFOTLBQMJH TBNNBOGBUUOJOH QÌ TWFOTLB

7BSGÚS GÌS CBSO NFE IKÊSUGFM GÚSÊOESJOHBS J IKÊSOBO 

(FNFOTBNU GÚS CBSO TPN GÚET NFE TWÌSB IKÊSUGFM ÊS BUU ÊWFO IKÊSOBO ÊS ESBCCBE� #BSO NFE
TWÌSB IKÊSUGFM IBS FO PNPHFO PDI EÊSNFE NFS TÌSCBS IKÊSOB OÊS EF GÚET� &GUFS IKÊSUPQFSB�
UJPOFO IBS OÊTUBO GFN BW UJP CBSO GÚSÊOESJOHBS J IKÊSOBOT WJUB TVCTUBOT
 EFO EFM BW IKÊSOBO
TPN TLÚUFS TBNBSCFUFU NFMMBO OFSWDFMMFSOB� 'ÚSÊOESJOHBS J EFO WJUB TVCTUBOTFO LBO HF QSP�
CMFN NFE NPUPSJL PDI TQSÌL
 NFO PDLTÌ CSJTUBOEF GÚSNÌHB UJMM LPODFOUSBUJPO
 nFYJCJMJUFU
PDI QMBOFSJOH�

7ÌS GPSTLOJOH VOEFSTÚLFS WBE EFU ÊS TPN HÚS BUU CBSO NFE IKÊSUGFM PDLTÌ ESBCCBT BW IKÊSO�
TLBEPS� %FU mOOT NÌOHB BOMFEOJOHBS UJMM BUU FUU CBSOT IKÊSOB JOUF VUWFDLMBT OPSNBMU
 NFO WJ
IBS WBMU BUU UJUUB QÌ EFU TPN IÊOEFS OÊS CBSOFU PQFSFSBT QÌ IKÊSUMVOHNBTLJO� 7J USPS BUU UWÌ
GBLUPSFS TQFMBS TQFDJFMMU TUPS SPMM GÚS KVTU EF TQÊEB CBSOFO o BUU TZSHBTOJWÌFSOB ÊS CFUZEMJHU
IÚHSF ÊO OPSNBMU
 PDI BUU EF SÚEB CMPELSPQQBSOB TMÌT TÚOEFS TÌ BUU GSJUU IFNPHMPCJO MÊDLFS
VU J DJSLVMBUJPOFO PDI TUBSUBS FO JOnBNNBUPSJTL QSPDFTT� 7J WFU GSÌO UJEJHBSF GPSTLOJOH BUU
OZGÚEEB CBSOT IKÊSOPS TUÚST J TJO VUWFDLMJOH OÊS EF VUTÊUUT GÚS IÚHB TZSHBTOJWÌFS
 PDI WJ WFU
PDLTÌ BUU FO PNPHFO IKÊSOB LBO TLBEBT BW JOnBNNBUPSJTLB QSPDFTTFS�

7J IBS HKPSU FO LMJOJTL PDI FO EKVSFYQFSJNFOUFMM TUVEJF EÊS WJ IBS UJUUBU QÌ IVS GSJUU IFNP�
HMPCJO PDI IÚHB TZSHBTOJWÌFS QÌWFSLBS IKÊSOBOT WJUB TVCTUBOT� * EFO LMJOJTLB TUVEJFO IBS
WJ VOEFSTÚLU CBSO NFE TWÌSB IKÊSUGFM TPN PQFSFSBT QÌ IKÊSUMVOHNBTLJO GÚSF USFUUJP EBHBST
ÌMEFS� #BSOFO IBS GÌUU HÚSB FO .3�VOEFSTÚLOJOH BW IKÊSOBO GÚSF PDI FGUFS PQFSBUJPOFO
 PDI
WJ IBS UBHJU CMPEQSPW VOEFS PDI FGUFS PQFSBUJPOFO GÚS BUU NÊUB IBMUFSOB BW GSJUU IFNPHMPCJO
PDI TZSHBT J CMPEFU� * EFO EKVSFYQFSJNFOUFMMB TUVEJFO IBS WJ TQSVUBU GSJUU IFNPHMPCJO QÌ TFY
EBHBS HBNMB SÌUUPS PDI MÌUJU SÌUUVOHBSOB WJTUBT J FO TZSFSJL NJMKÚ� &GUFS FUU CFTUÊNU BOUBM EBHBS
IBS WJ VOEFSTÚLU SÌUUIKÊSOPSOB NFE QSPUFJOBOBMZTFS
 HFOBOBMZTFS PDI .3�VOEFSTÚLOJOHBS�

* WÌS EKVSFYQFSJNFOUFMMB TUVEJF IBS WJ TFUU BUU DFMMFSOB J IKÊSOBOT WJUB TVCTUBOT EÚS OÊS EF VU�
TÊUUT GÚS POPSNBMU IÚHB TZSFIBMUFS
 NFO WJ IBS JOUF TFUU OÌHPO FĊFLU QÌ EFO WJUB TVCTUBOTFO
BW EFU GSJB IFNPHMPCJOFU� 7ÌS LMJOJTLB TUVEJF IBS CFLSÊGUBU BUU IÊMGUFO BW EF OZGÚEEB CBSO
TPN PQFSFSBT GÚS IKÊSUGFM IBS GÚSÊOESJOHBS J IKÊSOBOT WJUB TVCTUBOT OÊS EF TLSJWT VU GSÌO TKVL�
IVTFU
 NFO WJ IBS JOUF LVOOBU TF BUU GÚSÊOESJOHBSOB ÊS LPQQMBEF UJMM EF IÚHB TZSHBTOJWÌFSOB
FMMFS EFU IFNPHMPCJO TPN MÊDLU VU� )KÊSOBOT TKÊMWMÊLBOEF GÚSNÌHB ÊS GBOUBTUJTL IPT CBSO

TÌ KVTU OV IÌMMFS WJ QÌ NFE FO VQQGÚMKOJOH WJE � �/� ÌST ÌMEFS BW CBSOFO GÚS BUU TF PN EF
GÚSÊOESJOHBS J EFO WJUB TVCTUBOTFO WJ TÌH J OZGÚEEIFUTQFSJPEFO IBS CFUZEFMTF GÚS IVS CBSOFU
VUWFDLMBT�

WJJ



"CCSFWJBUJPOT

BB BPSUJD BSDI
"/07" BOBMZTJT PG WBSJBODF
"6$ BSFB VOEFS DVSWF
$$ð BEFOPNBUPVT QPMZQPTJT DPMJ DMPOF
D$)% DSJUJDBM DPOHFOJUBM IFBSU EFGFDU
$1# DBSEJPQVMNPOBSZ CZQBTT
$745 DFSFCSBM WFOPVT TJOVT UISPNCPTJT
%)$" EFFQ IZQPUIFSNJD DJSDVMBUPSZ BSSFTU
%5* EJĊVTJPO UFOTPS JNBHJOH
&$( FMFDUSPDBSEJPHSBN
&$.0 FYUSBDPSQPSFBM NFNCSBOF PYZHFOBUJPO
&-*4" FO[ZNF�MJOLFE JNNVOPTPSCFOU BTTBZ
'" GSBDUJPOBM BOJTPUSPQZ
Gi0� GSBDUJPO JOIBMFE PYZHFO
)-)4 IZQPQMBTUJD MFGU IFBSU TZOESPNF
*"" JOUFSSVQUFE BPSUJD BSDI
*74 JOUBDU WFOUSJDVMBS TFQUVN
*23 JOUFSRVBSUJMF SBOHF
)C IFNPHMPCJO
)Q IBQUPHMPCJO
)QY IFNPQFYJO
-7050 MFGU WFOUSJDVMBS PVUnPX USBDU PCTUSVDUJPO
.#1 NZFMJO CBTJD QSPUFJO
.3* NBHOFUJD SFTPOBODF JNBHJOH
.34 NBHOFUJD SFTPOBODF TQFDUSPTDPQZ
/"" /�BDFUZMBTQBSUBUF
01$ PMJHPEFOESPDZUF QSPHFOJUPS DFMM
1O QPTUOBUBM EBZ O
1" QVMNPOBSZ BUSFTJB
1*$6 QFEJBUSJD JOUFOTJWF DBSF VOJU
QSF�0- QSF�NZFMJOBUJOH PMJHPEFOESPDZUF
R1$3 RVBOUJUBUJWF QPMZNFSBTF DIBJO SFBDUJPO
14 QVMNPOBSZ TUFOPTJT
3#$ SFE CMPPE DFMM
30* SFHJPO PG JOUFSFTU
304 SFBDUJWF PYZHFO TQFDJFT
37 SJHIU WFOUSJDMF
4p0� QFSJQIFSBM PYZHFO TBUVSBUJPO
5 UFTMB
5"17% UPUBMMZ BOPNBMPVT QVMNPOBSZ WFOPVT ESBJOBHF
56/&- UFSNJOBM EFPYZOVDMFPUJEZM USBOTGFSBTF E651 OJDL FOE MBCFMMJOH
5(" USBOTQPTJUJPO PG UIF HSFBU BSUFSJFT
70* WPYFM PG JOUFSFTU
74% WFOUSJDVMBS TFQUBM EFGFDU
8.* XIJUF NBUUFS JOKVSZ
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$FMM�GSFF IFNPHMPCJO
 IZQFSPYFNJB
BOE UIF JNNBUVSF CSBJO EVSJOH
DBSEJPQVMNPOBSZ CZQBTT DJSDVMBUJPO

ð )ZQPUIFTJT

&YQPTVSF UP DJSDVMBUJOH DFMM�GSFF IFNPHMPCJO BOE TVQSBOPSNBM PYZHFO UFOTJPOT EVSJOH TVS�
HFSZ PO DBSEJPQVMNPOBSZ CZQBTT DJSDVMBUJPO NFEJBUFT XIJUF NBUUFS BMUFSBUJPOT JO UIF JN�
NBUVSF CSBJO CZ BDUJWBUJPO PG JOnBNNBUPSZ BOE PYJEBUJWF TUSFTT QBUIXBZT�

ñ #BDLHSPVOE

ñ�ð /FVSPEFWFMPQNFOUBM PVUDPNF BOE XIJUF NBUUFS BMUFSBUJPOT JO UIF OFPOBUF
XJUI B DSJUJDBM DPOHFOJUBM IFBSU EFGFDU

$IJMESFO CPSO XJUI B DSJUJDBM DPOHFOJUBM IFBSU EFGFDU 	D$)%
 BSF BU IJHI SJTL GPS OFVSPEFWFM�
PQNFOUBM NPSCJEJUZ <ð
 ñ
 ò>� ɨF OFVSPDPHOJUJWF JNQBJSNFOU NBZ CF EFTDSJCFE BT wIJHI�
QSFWBMFODF
 MPX�TFWFSJUZw <ñ>
 BĊFDUJOH NVMUJQMF EFWFMPQNFOUBM EPNBJOT o NPUPS BOE MBO�
HVBHF GVODUJPO
 CFIBWJPSBM GVODUJPOT BOE FYFDVUJWF GVODUJPOT�

ɨF FTUJNBUFE QSFWBMFODF PG OFVSPEFWFMPQNFOUBM JNQBJSNFOU EJĊFST EFQFOEJOH PO DIPTFO
DPIPSU BOE PVUDPNF NFBTVSF� 1VCMJTIFE BHHSFHBUFE EBUB GSPN DIJMESFO VOEFSHPJOH DBS�
EJBD TVSHFSZ JO JOGBODZ JOEJDBUFT B QSFWBMFODF PG NPUPS GVODUJPO CFMPX −� 4% PG OPSNBU�
JWF NFBO JO òöǷ BOE B QSFWBMFODF PG DPHOJUJWF GVODUJPO CFMPX −� 4% JO ðôǷ PG DIJMESFO
BTTFTTFE BU ðó NPOUIT PG BHF <ó>� *NQPSUBOUMZ
 EFMBZFE NPUPS GVODUJPO JT DPOTJEFSFE BO
FBSMZ JOEJDBUPS PG JNQBJSFE OFVSPEFWFMPQNFOUBM PVUDPNF
 XIFSFBT EJBHOPTFT PG JNQBJSFE
FYFDVUJWF BOE CFIBWJPSBM GVODUJPOT PDDVS BU B MBUFS BHF <ñ>�

ð



fetus neonate ageingchild

abnormal hemodynamics

dysmaturation
prenatal injuries

CPB
surgical trauma

diffuse white matter injury, disturbed neural networks

abnormal hemodynamics
atrial fibrillation
cardiac failure
atherosclerosis

epigenetics, genetics, socioeconomic factors

neurodevelopmental impairment neurocognitive decline?

'JHVSF �� 5IF BDDVNVMBUFE OFVSPDPHOJUJWF CVSEFO PWFS UJNF JO B QBUJFOU XJUI B D$%)

ɨF PSJHJO PG UIF OFVSPEFWFMPQNFOUBM JNQBJSNFOU JO DIJMESFO CPSO XJUI B D$)% JT DPO�
TJEFSFE NVMUJGBDUPSJBM BOE DVNVMBUJWF <ô>
 XJUI QSFOBUBM
 QPTUOBUBM
 HFOFUJD BOE TPDJPFDP�
OPNJD GBDUPST HPWFSOJOH mOBM OFVSPEFWFMPQNFOUBM PVUDPNF
 'JHVSF ð� *OOBUF GBDUPST
 TVDI
BT DBSEJBD EJBHOPTJT
 HFOEFS
 TPDJPFDPOPNJD TUBUVT BOE NBUFSOBM FEVDBUJPO
 BSF JNQPSUBOU
QSFEJDUPST GPS BEWFSTF OFVSPEFWFMPQNFOUBM PVUDPNF <õ
 ö
 ÷>
 CVU EP OPU FYQMBJO NPSF UIBO
ñïǷ � òïǷ PG UIF WBSJBUJPO XIFO JODPSQPSBUFE JO BO FYQMBOBUPSZ NPEFM <ó>�

ɨF QSFEPNJOBOU OFVSPSBEJPMPHJDBM mOEJOH JO UIF JOGBOU XJUI B D$%) JT TUSVDUVSBM XIJUF
NBUUFS JOKVSZ 	8.*
 XJUI B QPTUPQFSBUJWF QSFWBMFODF PG òïǷ o öïǷ
 BT EFUFSNJOFE CZ
NBHOFUJD SFTPOBODF JNBHJOH <ø
 ðï
 ðð
 ðñ
 ðò>� *NQPSUBOUMZ
 QSFPQFSBUJWF CSBJO BCOPSNBMJUZ

NPTU PGUFO XIJUF NBUUFS MFTJPOT
 JT QSFTFOU JO ñïǷ PG JOGBOUT <ø
 ðï
 ðò>�

" UIPSPVHI BQQSBJTBM PG XIJUF NBUUFS BMUFSBUJPOT SFRVJSFT BTTFTTNFOU PG OPU POMZ NPSQIP�
MPHJDBM .3*�TFRVFODFT CVU BMTP PG XIJUF NBUUFS EJĊVTJPO DIBSBDUFSJTUJDT
 DPOOFDUJWJUZ BOB�
MZTFT BOE WPMVNFUSJDT <ðó
 ðô>� " OVNCFS PG TUVEJFT JO BEPMFTDFOUT CPSO XJUI B D$)%
VTJOH BEWBODFE .3*�EJBHOPTUJDT BOE OFVSPDPHOJUJWF PVUDPNF RVBOUJmDBUJPOT IBWF TIPXO
DPSSFMBUJPOT CFUXFFO XIJUF NBUUFS BCFSSBUJPOT BOE JNQBJSFE DPHOJUJPO <ðõ
 ðö
 ð÷>
 OFVS�
PCFIBWJPSBM EZTGVODUJPO <ðø
 ñï> BOE MFTTFS BDBEFNJD BDIJFWFNFOUT <ñð
 ñï>� "EWBODFE
.3*�UFDIOPMPHJFT OPU POMZ FOBCMF BO VOEFSTUBOEJOH PG UIF XIJUF NBUUFS TUSVDUVSBM BOE
GVODUJPOBM BMUFSBUJPOT BTTPDJBUFE XJUI DMJOJDBM BTQFDUT PG OFVSPEFWFMPQNFOUBM JNQBJSNFOU

CVU BMTP QSPWJEF JOTJHIU JOUP UIF XIJUF NBUUFS IJTUPBSDIJUFDUVSF UIBU NJHIU CSJOH DVFT GPS
GVUVSF QSFDMJOJDBM USJBMT <ññ>�

ñ



ñ�ñ ɧF EZTNBUVSF CSBJO

5FSN OFPOBUFT XJUI B D$)% EP OPU IBWF B UFSN CSBJO� 3FTVMUT GSPN GFUBM BOE QPTUOBUBM
TUVEJFT JO OFPOBUFT XJUI D$)% VTJOH NPSQIPMPHJD
 WPMVNFUSJD BOE NFUBCPMJD PVUDPNF
NFBTVSFT IBWF TIPXO UIBU UIF CSBJO JO B UFSN JOGBOU XJUI B D$)% JT TNBMMFS BOE MFTT
FMBCPSBUFMZ GPMEFE UIBO JO UIF IFBMUIZ UFSN OFPOBUF
 BOE UIBU UIF CSBJO NFUBCPMJD QSPmMF JT
TJNJMBS UP UIBU PG BO JOGBOU CPSO BU òó o òõ HFTUBUJPOBM XFFLT <ñò
 ñó>�

4UBSUJOH GSPN UIJSE USJNFTUFS
 B QSPHSFTTJWF EFDMJOF GSPN UIF FYQFDUFE CSBJO HSPXUI TQVSU IBT
CFFO TIPXO VTJOH GFUBM CSBJO .3* WPMVNFUSJDT <ñô
 ñõ
 ñö>� ɨF QSFOBUBM BCFSSBUJPO GSPN
UIF FYQFDUFE HSPXUI USBKFDUPSZ USBOTMBUFT JOUP TNBMMFS QPTUOBUBM CSBJO WPMVNFT BT EFUFSNJOFE
CZ .3* <ñ÷
 ñø
 òï> BOE B TNBMMFS IFBE DJSDVNGFSFODF JO JOGBOUT XJUI DSJUJDBM DPOHFOJUBM
IFBSU EFGFDUT� <òð
 òñ>� /PU POMZ WPMVNFUSJD NFBTVSFT CVU BMTP CSBJO BOBUPNJDBM JOEJDFT
JOEJDBUF B MFTT EFWFMPQFE CSBJO BU UFSN CJSUI BT EFUFSNJOFE CZ B MFTT JOUSJDBUF DPSUJDBM GPMEJOH
<òò
 òó
 òô
 òõ>�

ɨF CSBJO NFUBCPMJD QSPmMF JO UIF OFPOBUF XJUI B D$%) IBT CFFO FWBMVBUFE VTJOH GFUBM BOE
QPTUOBUBM QSFPQFSBUJWF NBHOFUJD SFTPOBODF TQFDUSPTDPQZ 	.34
� $PNQBSFE UP UIF IFBMUIZ
GFUVT BOE OFPOBUF
 UIF JOGBOU XJUI B D$)% IBT B MPXFS SBUJP PG UIF OFVSPOBM NBSLFS /�
BDFUZMBTQBSUBUF 	/""
 UP DIPMJOF BOE B IJHIFS SBUJP PG MBDUBUF UP DIPMJOF UIBO FYQFDUFE HJWFO
UIFJS HFTUBUJPOBM BHF <ñò
 ñô>� 6TJOH EJĊVTJPO UFOTPS JNBHJOH 	%5*

 BO JODSFBTF JO UIF BW�
FSBHF EJĊVTJWJUZ BOE B EFDSFBTF JO GSBDUJPOBM BOJTPUSPQZ JO XIJUF NBUUFS DPOTJTUFOU XJUI B
EFMBZFE NBUVSBUJPO IBWF CFFO TIPXO JO OFPOBUFT XJUI DSJUJDBM DPOHFOJUBM IFBSU EFGFDUT DPN�
QBSFE UP IFBMUIZ DPOUSPMT <ñò>� 8JUIJO UIF DSJUJDBM DPOHFOJUBM IFBSU EFGFDU DPIPSU
 JOGBOUT
XJUI USBOTQPTJUJPO PG UIF HSFBU BSUFSJFT QSFTFOU XJUI UIF NPTU NBUVSF CSBJO XIJUF NBUUFS
NJDSPTUSVDUVSF <òö>� 0WFSBMM
 CSBJO EZTNBUVSBUJPO JO UIF OFPOBUF XJUI B D$%) JT XFMM�
SFDPHOJ[FE
 BOE GVOEBNFOUBM GPS UIF VOEFSTUBOEJOH PG UIF QBUIPQIZTJPMPHZ PG TVCTFRVFOU
BDRVJSFE CSBJO JOKVSJFT�

ñ�ò )FBSU�BOE�CSBJO JOUFSBDUJPO

'PS UIF NBKPSJUZ PG PVUDPNF NFBTVSFT o QSFOBUBM EZTNBUVSBUJPO
 QSFWBMFODF PG 8.*
 TFWFS�
JUZ PG OFVSPEFWFMPQNFOUBM JNQBJSNFOU o OFPOBUFT XJUI IZQPQMBTUJD MFGU IFBSU TZOESPNF
	)-)4
 GBSF UIF XPSTU�

ɨF EFWFMPQJOH IFBSU BOE UIF EFWFMPQJOH CSBJO TIBSF B OVNCFS PG HFOFUJD QBUIXBZT XIJDI
NJHIU TVHHFTU B HFOFUJD DPOUSJCVUJPO UP UIF BMUFSFE CSBJO EFWFMPQNFOU JO JTPMBUFE D$)%
<ò÷>� ɨF JNQBDU PG BMUFSFE QSFOBUBM IFNPEZOBNJDT PO DFSFCSBM EZTNBUVSBUJPO JO UIF GFUVT
XJUI B D$)% IBT CFFO FWBMVBUFE� 'FUBM DFSFCSBM IFNPEZOBNJDT IBWF CFFO BTTFTTFE QSF�
EPNJOBOUMZ CZ NFBTVSFNFOUT PG NJEEMF DFSFCSBM BSUFSZ QVMTBUJMJUZ JOEFY� 3FTVMUT BSF DPO�
nJDUJOH <òø
 óï
 óð>
 CVU NPTU TUVEJFT SFQPSU B MPXFS DFSFCSPWBTDVMBS SFTJTUBODF JO GFUVTFT

ò



XJUI MFGU�TJEFE PCTUSVDUJWF MFTJPOT <óñ>� 0OF TUVEZ JODMVEJOH B GFUBM DPIPSU XJUI NJYFE
DBSEJBD EJBHOPTFT EJE OPU mOE JOEJDBUJPOT PG BO BMUFSFE JOUSBVUFSJOF DFSFCSBM CMPPE nPX
BT EFUFSNJOFE CZ .3*
 CVU GPVOE BO BTTPDJBUJPO CFUXFFO EFDSFBTFE DFSFCSBM PYZHFOBUJPO
BOE SFEVDFE CSBJO WPMVNFT <óò>� "T SFHBSET UP NFUBCPMJD NBUVSBUJPOBM EBUB BOE WPMVNFUSJD
EBUB
 UIF BCTFODF PG BOUFHSBE BPSUJD BSDI nPX IBT CFFO DPSSFMBUFE UP TNBMMFS CSBJO WPMVNFT
BOE B MPXFS /""�DIPMJOF SBUJP <ñô>�

ɨF JOnVFODF PG QSFOBUBM EJBHOPTJT
 QFSJPQFSBUJWF DBSF BOE UJNJOH PG TVSHFSZ PO UIF QSF�
WBMFODF PG TVCTFRVFOU 8.* IBT CFFO JOWFTUJHBUFE JO OFPOBUFT� 0OF TUVEZ TVHHFTUT UIBU
QSFOBUBM EJBHOPTJT JT BTTPDJBUFE XJUI MFTT QSFPQFSBUJWF CSBJO JOKVSJFT
 CVU GPVOE OP JNQBDU
PO UIF QSFWBMFODF PG OFXMZ BDRVJSFE JOKVSJFT BU UIF QPTUPQFSBUJWF TDBO <óó>� 0UIFS TUVEJFT
TVHHFTU UIBU B QSPMPOHFE UJNF UP TVSHFSZ BOE MPXFS PYZHFO TBUVSBUJPO JT BTTPDJBUFE XJUI B
IJHIFS SJTL PG QSF� BOE QPTUPQFSBUJWF 8.* <ðñ
 óô>�

ɨF QSPQPTFE FTUJNBUF PG OFXMZ BDRVJSFE 8.* BU UIF QPTUPQFSBUJWF TDBO SBOHFT GSPN òïǷ
o öïǷ <ø
 ðò
 ðï
 ðð
 ðñ>� ɨF QSFTFODF PG OFXMZ BDRVJSFE 8.* IBT CFFO BTTPDJBUFE XJUI UJNF
PO $1# BOE EJBHOPTUJD HSPVQ <ðï>
 QSFPQFSBUJWF CSBJO JNNBUVSJUZ <ø
 ðò
 ðï>
 UIF QSFTFODF
PG QSFPQFSBUJWF 8.* <ðï
 ø> BOE UJNF UP TVSHFSZ <ðñ>� /PUBCMZ
 OP DPOTJTUFOU DPSSFMBUJPO
CFUXFFO JOUSB� BOE QPTUPQFSBUJWF GBDUPST BOE TVCTFRVFOU XIJUF NBUUFS BMUFSBUJPOT IBT CFFO
TIPXO
 CVU B OVNCFS PG TUVEJFT IBWF TIPXO BTTPDJBUJPOT XJUI JTPMBUFE IFNPEZOBNJD NFBT�
VSFNFOUT PS FTUJNBUFT PG PYZHFOBUJPO XIFSFBT PUIFS IBWF OPU <óõ
 óö
 ó÷>� ɨF JODPOTJTU�
FODZ JO MJUFSBUVSF IBT FTUBCMJTIFE BO VOEFSTUBOEJOH UIBU JOOBUF GBDUPST QSFEPNJOBUFMZ HVJEF
UIF QSFWBMFODF PG BDRVJSFE 8.* BOE OFVSPEFWFMPQNFOUBM JNQBJSNFOU <ó
 ö
 ÷>� $POUSBSZ
UP UIJT OPUJPO
 UIFSF JT B TJHOJmDBOU JNQBDU PG TVSHJDBM TJUF PO UIF QSFWBMFODF PG OFVSPEFWFM�
PQNFOUBM JNQBJSNFOU BOE 8.* UIBU DBOOPU CF BDDPVOUFE GPS CZ JOUSJOTJD GBDUPST POMZ
<÷
 ó
 óø
 ôï>�

ñ�ó ɧF EFWFMPQJOH PMJHPEFOESPDZUF BOE XIJUF NBUUFS WVMOFSBCJMJUZ

0MJHPEFOESPDZUF NBUVSBUJPO GPMMPXT B UJHIUMZ SFHVMBUFE UFNQPSBM BOE TQBUJBM TDIFNF XJUI
BO JOJUJBM NJHSBUJPO PG PMJHPEFOESPDZUF QSPHFOJUPS DFMMT 	01$T
 BMPOH UIF EFWFMPQJOH WBTDV�
MBUVSF� 8IFO SFBDIJOH UIF EFTUJOFE TJUF
 01$T NBUVSF JOUP QSF�NZFMJOBUJOH PMJHPEFOESP�
DZUFT 	QSF�0-T
 BOE mOBMMZ
 JOUP NZFMJOBUJOH PMJHPEFOESPDZUFT� %FWFMPQJOH PMJHPEFOESP�
DZUFT EJTQMBZ B NBUVSBUJPO�EFQFOEFOU WVMOFSBCJMJUZ
 J�F� TUJNVMJ UIBU FYFSU B JOKVSJPVT FĊFDU
PO UIF JNNBUVSF PMJHPEFOESPDZUFT EP OPU IBWF UIF TBNF FĊFDU PO UIF NPSF NBUVSF
 BOE
UIFSFGPSF NPSF SFTJMJFOU
 DFMMT� ɨF DFMMVMBS SFTQPOTF UP OPYJPVT TUJNVMJ FODPNQBTTFT BQPQ�
UPTJT
 BOE QFSIBQT FWFO NPSF JNQPSUBOU JO UIF DPOUFYU PG DISPOJD XIJUF NBUUFS BMUFSBUJPOT

NBUVSBUJPOBM BSSFTU BOE TVCTFRVFOU NZFMJOBUJPO GBJMVSF <ôð
 ôñ>� ɨF QSF�0-T BSF FYRVJTJUFMZ
TFOTJUJWF UP PYJEBUJWF TUSFTT <ôð
 ôñ>
 IZQFSPYJB <ôò
 ôó>
 JOnBNNBUJPO <ôô
 ôõ> BOE QFSGVTJPO
EJTUVSCBODFT <ôð
 ôõ>�

ó



�� HX �� HX CJSUI � NP � Z

01$T

QSF�0-T
NZFMJOBUJPO

'JHVSF �� 4DIFNBUJD SFQSFTFOUBUJPO PG QSF� BOE QPTUOBUBM PMJHPEFOESPDZUF NBUVSBUJPO BOE NZFMJOBUJPO� 4IBEFE BSFB EFOPUFT
DPSSFTQPOEJOH CSBJO NBUVSBUJPO BU CJSUI JO B UFSN OFPOBUF XJUI B DSJUJDBM DPOHFOJUBM IFBSU EFGFDU� 01$T � PMJHPEFOESP�
DZUF QSPHFOJUPS DFMMT
 QSF�0- � QSF�PMJHPEFOESPDZUFT
 HX � HFTUBUJPOBM XFFLT
 NP � NPOUI
 Z � ZFBS� (SBQI BEBQUFE
GSPN <��>�

ɨF XIJUF NBUUFS NBUVSBUJPO JO BO JOGBOU XJUI B D$)% GPMMPXT B EFMBZFE
 CVU FYQFDUFE

NBUVSBUJPOBM QBUUFSO o GSPN DFOUSBM UP QFSJQIFSBM QBSUT PG UIF CSBJO
 BOE GSPN QPTUFSJPS
UP BOUFSJPS <òö
 ôö>� ɨF NBUVSBUJPOBM USBKFDUPSZ DPSSFTQPOET UP UIF MPDBMJ[BUJPO PG 8.*
� B QSFEJMFDUJPO GPS JOKVSJFT JO UIF NPSF QFSJQIFSBM QBSUT PG UIF CSBJO BOE B TQBSFE DFOUSBM
SFHJPO <ôö>� *O UIF JOGBOU XJUI B D$)% LFZ PMJHPEFOESPDZUF NBUVSBUJPOBM UJNF QPJOUT
 BOE
UIVT XIJUF NBUUFS WVMOFSBCJMJUZ
 DPJODJEF XJUI B NVMUJUVEF PG QPTUOBUBM TUSFTTPST
 'JHVSF ñ�

ñ�ô $BSEJPQVMNPOBSZ CZQBTT
 DJSDVMBUJOH DFMM�GSFF IFNPHMPCJO BOE IZQFSPYFNJB
JO UIF OFXCPSO

0QFO�IFBSU TVSHFSZ PO DBSEJPQVMNPOBSZ CZQBTT 	$1#
 DJSDVMBUJPO FWPLFT B QSPGPVOE JO�
nBNNBUPSZ BOE PYJEBUJWF TUSFTT SFTQPOTF <ôø
 õï
 õð>� 8F QPTUVMBUFE UIBU DJSDVMBUJOH DFMM�
GSFF IFNPHMPCJO 	)C
 BOE IZQFSPYFNJB EVSJOH $1# XPVME USBOTMBUF JOUP XIJUF NBUUFS
CSBJO BMUFSBUJPOT WJB BDUJWBUJPO PG JOnBNNBUPSZ BOE QSP�PYJEBUJWF TJHOBMJOH QBUIXBZT�

$FMM�GSFF IFNPHMPCJO BOE JUT NFUBCPMJUF IFNF BSF NPMFDVMFT XJUI QSP�JOnBNNBUPSZ BOE
PYJEBUJWF QSPQFSUJFT� "GUFS SFMFBTF GSPN JUT MPDBUJPO XJUIJO UIF SFE CMPPE DFMM 	3#$

 DFMM�GSFF
IFNPHMPCJO FYJTUT JO BO FRVJMJCSJVN PG αβ�IFUFSPEJNFST BOE UFUSBNFST� ɨF TVHHFTUFE UPY�
JDJUZ PG DFMM�GSFF IFNPHMPCJO SFMJFT PO GPVS NBJO QSPQFSUJFT� FOEPUIFMJBM CBSSJFS EJTSVQUJPO
<õñ
 õò
 õó>
 BMUFSBUJPOT PG WBTPNPUPS UPOF CZ OJUSJD PYJEF TDBWFOHJOH <õô
 õõ>
 QSPEVDUJPO
PG SFBDUJWF PYZHFO TQFDJFT 	304
 JO UIF DPOWFSTJPO PG GFSSPVT JSPO 	'F�+
 UP GFSSJD JSPO
	'F�+
 BOE GFSSZM JSPO 	'F�+
 <õö
 õ÷
 õø>
 BOE SFMFBTF PG IFNF <öï>� $FMM�GSFF IFNPHMPCJO
UPYJDJUZ JO UIF DPOUFYU PG QFEJBUSJD CZQBTT DJSDVMBUJPO IBT CFFO JOWFTUJHBUFE BT B QSPQPTFE
DBVTF PG QPTUPQFSBUJWF BDVUF LJEOFZ JOKVSZ <öð
 öñ>
 CVU OPU JO SFMBUJPO UP EFWFMPQJOH CSBJO
XIJUF NBUUFS� *NQPSUBOUMZ
 UIF OFPOBUF QSFTFOUT XJUI TDBSDF DJSDVMBUJOH DPODFOUSBUJPOT PG

ô



IBQUPHMPCJO BOE IFNPQFYJO
 UIF QSJODJQBM TDBWFOHFS QSPUFJOT PG DFMM�GSFF IFNPHMPCJO BOE
IFNF
 SFTQFDUJWFMZ <öò>�

ɨF EFUSJNFOUBM FĊFDUT PG IZQFSPYFNJB PO UIF EFWFMPQJOH CSBJO XIJUF NBUUFS JT XFMM DIBS�
BDUFSJ[FE JO UIF QSFDMJOJDBM DPOUFYU <ôò
 ôó
 öó> CVU MFTT TP JO UIF DMJOJDBM TFUUJOH PG OFPOBUBM
$1#� "O JNQPSUBOU
 CVU PGUFO OFHMFDUFE GBDUPS XIFO FWBMVBUJOH UIF JOnVFODF PG IZQFSPYJB
PO UIF JNNBUVSF XIJUF NBUUFS JT UIF IFNPEZOBNJD SFTQPOTF UP BDVUF IZQFSPYFNJB XJUI B
EJNJOJTIFE DBSEJBD PVUQVU BOE JODSFBTFE TZTUFNJD WBTDVMBS SFTJTUBODF <öô>
 BOE B EFDSFBTFE
DFSFCSBM CMPPE nPX <öõ
 öö>�

ò 3FTFBSDI TUSBUFHZ

8F FYQMPSFE PVS IZQPUIFTJT JO B DPNCJOFE FYQFSJNFOUBM BOE DMJOJDBM TUVEZ� ɨF FYQFSJ�
NFOUBM TUVEZ VUJMJ[FE B OPWFM QPTUOBUBM EBZ õ SBU QVQ NPEFM� ɨF DMJOJDBM TUVEZ JODMVEFE
óï OFPOBUFT CPSO XJUI B DSJUJDBM DPOHFOJUBM IFBSU EFGFDU SFRVJSJOH PQFO IFBSU TVSHFSZ PO
DBSEJPQVMNPOBSZ CZQBTT DJSDVMBUJPO XJUIJO òï EBZT PG MJGF�

ó .BUFSJBM BOE NFUIPET

ó�ð &YQFSJNFOUBM TUVEZ

ɨF JNQBDU PG DJSDVMBUJOH DFMM�GSFF IFNPHMPCJO BOE TVQSBOPSNBM PYZHFO UFOTJPOT PO UIF
EFWFMPQJOH XIJUF NBUUFS XBT FWBMVBUFE BT TJOHVMBS BOE DPNCJOFE JOTVMUT JO B OPWFM SBU QVQ
NPEFM� 1BQFS Ě DIBSBDUFSJ[FT UIF BOJNBM NPEFM BOE QBQFS ĚĚ BTTFTTFT UIF JOUSBQBSFODIZNBM
DFSFCSBM FĊFDUT�

"OJNBM NPEFM

1õ SBU QVQT XFSF DIPTFO BT NPEFM BOJNBM UP BDDPVOU GPS UIF SFMBUJWF JNNBUVSJUZ PG UIF CSBJO
JO BO JOGBOU XJUI B DSJUJDBM DPOHFOJUBM IFBSU EFGFDU� )VNBO IFNPHMPCJO PS WFIJDMF XFSF
BENJOJTUFSFE JOUSBQFSJUPOFBMMZ
 BOE UIF BOJNBMT XFSF TVCKFDUFE UP ñó IPVST PG IZQFSPYJB
PS OPSNPYJB� .PEFM DIBSBDUFSJ[BUJPO JODMVEFE UIF EFmOJUJPO PG QMBTNB QIBSNBDPLJOFU�
JDT PG DJSDVMBUJOH DFMM�GSFF IFNPHMPCJO BGUFS JOUSBQFSJUPOFBM BENJOJTUSBUJPO
 NFBTVSFNFOU
PG DJSDVMBUJOH TDBWFOHFS QSPUFJOT BGUFS FYQPTVSF UP DFMM�GSFF IFNPHMPCJO BOE�PS IZQFSPYJB

SFMBUJWF RVBOUJmDBUJPO PG TDBWFOHFS QSPUFJO HFOF FYQSFTTJPO JO MJWFS BOE TZTUFNJD %/" PY�
JEBUJPO� &OEPHFOPVT TDBWFOHFS QSPUFJO QMBTNB DPODFOUSBUJPOT GSPN 1ï o 1ðñ XFSF EFmOFE
JO B OPO�FYQPTFE DPIPSU� ɨF TUVEZ EFTJHO BQQMJFE GPS NPEFM DIBSBDUFSJ[BUJPO JT HJWFO JO
'JHVSF ò�

õ



))
)/

7)
7/

JQ JOK PG DFMM�GSFF )C

JQ JOK PG WFIJDMF

1õ 1ö 1ø 1ðð

CMPPE
UJTTVF

Gi0� = �.��

Gi0� = �.��

Gi0� = �.��

Gi0� = �.��

JQ JOK PG DFMM�GSFF )C

CMPPE

1õ 1öB


C


'JHVSF �� 4UVEZ PVUMJOF PG 	B
 FWBMVBUJPO PG QMBTNB QIBSNBDPLJOFUJDT BGUFS JOUSBQFSJUPOFBM BENJOJTUSBUJPO PG DFMM�GSFF IFNPHMPCJO

BOE 	C
 NPEFM DIBSBDUFSJ[BUJPO PG QPTUOBUBM EBZ � SBU QVQ NPEFM� %PXOXBSE QPJOUJOH BSSPXT JOEJDBUF JOUSBQFSJUPOFBM
JOKFDUJPO
 BOE VQXBSE QPJOUJOH BSSPXT JOEJDBUF CMPPE BOE UJTTVF TBNQMJOH SFTQFDUJWFMZ� 1� � �� � QPTUOBUBM EBZ � �
��
 JQ � JOUSBQFSJUPOFBM
 )C � IFNPHMPCJO
 Gi0� � GSBDUJPO PG JOTQJSFE PYZHFO� 7/ � FYQFSJNFOUBM HSPVQ TVCKFDUFE
UP WFIJDMF BOE OPSNPYJB 	DPOUSPM

 7) � WFIJDMF + IZQFSPYJB
 )/ � IFNPHMPCJO + OPSNPYJB
 )) � IFNPHMPCJO +
IZQFSPYJB�

'PMMPXJOH NPEFM DIBSBDUFSJ[BUJPO
 UIF 1õ SBU QVQ NPEFM XBT VUJMJ[FE GPS FWBMVBUJOH CSBJO
XIJUF NBUUFS BMUFSBUJPOT BGUFS FYQPTVSF UP DFMM�GSFF IFNPHMPCJO BOE�PS IZQFSPYJB� &WBMV�
BUJPO PG XIJUF NBUUFS XBT EPOF VTJOH JNNVOPIJTUPDIFNJTUSZ
 HFOF BSSBZ FYQSFTTJPO BOB�
MZTJT 	R1$3

 QSPUFJO BOBMZTJT 	8FTUFSO #MPU
 BOE JO WJWP .3*� &YQFSJNFOUBM PVUMJOF PG UIF
TUVEZ PO XIJUF NBUUFS EFWFMPQNFOU JT HJWFO JO 'JHVSF ó�

*NNVOPIJTUPDIFNJDBM FWBMVBUJPO PG CSBJO XIJUF NBUUFS

*NNVOPIJTUPDIFNJTUSZ XBT QFSGPSNFE BU QPTUOBUBM EBZ ö BOE QPTUOBUBM EBZ ðð� "U QPTUOBUBM
EBZ ö B NBSLFS GPS BQPQUPTJT 	56/&-�TUBJOT
 XBT VTFE
 BU QPTUOBUBM EBZ ðð B NBUVSBUJPOBM
NBSLFS 	$$ð
 BOE B NBSLFS GPS NZFMJOBUJPO 	.#1
 XBT VTFE� 0MJHñ XBT DPOTJEFSFE B

ö



))
)/

7)
7/

JQ JOK PG DFMM�GSFF )C

JQ JOK PG WFIJDMF

1õ 1ö 1ø 1ðð 1ñð

UJTTVF
JO WJWP .3*

Gi0� = �.��

Gi0� = �.��

Gi0� = �.��

Gi0� = �.��

'JHVSF �� 0VUMJOF PG UIF FYQFSJNFOUBM TUVEZ FWBMVBUJOH CSBJO XIJUF NBUUFS BMUFSBUJPOT BGUFS FYQPTVSF UP DFMM�GSFF IFNPHMPCJO
BOE�PS IZQFSPYJB JO B SBU QVQ NPEFM� %PXOXBSE QPJOUJOH BSSPXT JOEJDBUF JOUSBQFSJUPOFBM JOKFDUJPO PG WFIJDMF PS DFMM�
GSFF IFNPHMPCJO
 VQXBSE QPJOUJOH BSSPXT JOEJDBUF UJTTVF TBNQMJOH BOE JO WJWP .3*
 SFTQFDUJWFMZ� JQ � JOUSBQFSJUPOFBM

JOK � JOKFDUJPO
 )C � IFNPHMPCJO
 Gi0� � GSBDUJPO PG JOTQJSFE PYZHFO
 1� � �� � QPTUOBUBM EBZ � � ��� 7/ � FYQFSJNFOUBM
HSPVQ TVCKFDUFE UP WFIJDMF BOE OPSNPYJB 	DPOUSPM

 7) � WFIJDMF + IZQFSPYJB
 )/ � IFNPHMPCJO + OPSNPYJB
 )) �
IFNPHMPCJO + IZQFSPYJB�

NBSLFS GPS PMJHPEFOESPDZUFT JSSFTQFDUJWF PG NBUVSBUJPOBM TUBHF� $FSFCSBM SFHJPOT PG JOUFSFTU
	30*
 XFSF TFMFDUFE BDDPSEJOH UP 'JHVSF ô�

*OUSBQBSFODIZNBM HFOF FYQSFTTJPO BOBMZTFT BOE QSPUFJO RVBOUJmDBUJPO

(FOF FYQSFTTJPO JO CSBJO IPNPHFOBUF XBT FWBMVBUFE BU õ IPVST QPTU�FYQPTVSF
 QPTUOBUBM
EBZ ö BOE QPTUOBUBM EBZ ðð� (FOF FYQSFTTJPO BSSBZ BOBMZTFT XFSF QFSGPSNFE PO QPPMFE
TBNQMFT FWBMVBUJOH GPVS EJĊFSFOU QBUIPQIZTJPMPHJDBM QBUIXBZT� 0YJEBUJWF TUSFTT
 "QPQUPTJT

/'κ# TJHOBMJOH QBUIXBZ BOE 5JHIU KVODUJPOT� 1SPUFJO RVBOUJmDBUJPO PG NZFMJO CBTJD QSP�
UFJO 	.#1
 BT B NBSLFS GPS NZFMJOBUJPO XBT QFSGPSNFE BU QPTUOBUBM EBZ ðð VTJOH 8FTUFSO
#MPU�

1SFDMJOJDBM .3*

*O WJWP CSBJO .3* JO SBU QVQT TFEBUFE XJUI JTPnVSBOF XBT EPOF BU QPTUOBUBM EBZ ö
 ø BOE
ñð PO B ø�ó UFTMB 	5
 IPSJ[POUBM CPSF BOJNBM TDBOOFS� %FUBJMT PG UIF QSFDMJOJDBM TDBOOJOH
QSPUPDPM BOE BOJNBM IBOEMJOH JT HJWFO JO 1BQFS ĚĚ� 1FSGPSNFE TFRVFODFT JODMVEFE B 5ñ�
TFRVFODF BOE B %5*�TFRVFODF� $BMDVMBUJPO PG GSBDUJPOBM BOJTPUSPQZ 	'"
 XBT TFMFDUFE BT

÷



'JHVSF �� "SFBT FWBMVBUFE XJUI JNNVOPIJTUPDIFNJTUSZ� B
 DPSUFY
 C
 XIJUF NBUUFS USBDUT
 D
 IJQQPDBNQVT
 E
 UIBMBNVT

UIF QSJODJQBM NFBOT PG FWBMVBUJOH XIJUF NBUUFS NJDSPTUSVDUVSBM JOUFHSJUZ
 BOE 5ñ SFMBYBUJPO
UJNFT XFSF DIPTFO BT UIF QSJNBSZ NFBOT PG FWBMVBUJOH XBUFS DPOUFOU JO UJTTVF BT B QSPYZ
QBSBNFUFS GPS NZFMJOBUJPO� ɨSFF SFHJPOT PG JOUFSFTU XFSF DIPTFO BDDPSEJOH UP UIFJS EJG�
GFSJOH NBUVSBUJPOBM UJNFMJOFT� DBQTVMB JOUFSOB
 DPSQVT DBMMPTVN BOE UIF USJHFNJOBM OFSWF�
3FQSFTFOUBUJWF JNBHF PG .3* TDBOT JT HJWFO JO 'JHVSF õ�

ó�ñ $MJOJDBM TUVEZ

4UVEZ QBSUJDJQBOUT

'PSUZ UFSN OFPOBUFT XJUI JTPMBUFE DSJUJDBM DPOHFOJUBM IFBSU EFGFDUT SFRVJSJOH TVSHFSZ PO DBS�
EJPQVMNPOBSZ CZQBTT DJSDVMBUJPO XJUIJO òï EBZT PG MJGF XFSF JODMVEFE BGUFS QBSFOUBM DPOTFOU�
/FPOBUFT XJUI IZQPYJD�JTDIFNJD FODFQIBMPQBUIZ HSBEF ñ�ò PS B TVTQFDUFE PS DPOmSNFE
TZOESPNF EJBHOPTJT XFSF FYDMVEFE
 BT XFSF OFPOBUFT XJUI TFWFSF IFNPEZOBNJD JOTUBCJMJUZ
SFRVJSJOH DBSEJPQVMNPOBSZ SFTVTDJUBUJPO PS USFBUNFOU PO FYUSBDPSQPSFBM NFNCSBOF PYZ�
HFOBUJPO 	&$.0
 QSJPS UP TVSHFSZ� $MJOJDBM DIBSBDUFSJTUJDT PG UIF JODMVEFE OFPOBUFT BSF
EFTDSJCFE JO 5BCMF ð� /FPOBUFT JODMVEFE JO UIF TUVEZ XFSF TVCKFDUFE UP B QSFPQFSBUJWF
CSBJO .3*
 QSF�
 QFS� BOE QPTUPQFSBUJWF TBNQMJOH PG CMPPE BOE VSJOF VOUJM QPTUPQFSBUJWF
EBZ ò BOE B QPTUPQFSBUJWF .3* BGUFS SFNPWBM PG NZPDBSEJBM FMFDUSPEFT� " OFVSPDPHOJUJWF
BOE OFVSPSBEJPMPHJDBM GPMMPX�VQ PG JODMVEFE DIJMESFO XBT QFSGPSNFE BU � �/� ZFBST PG BHF�
4UVEZ PVUMJOF PG DMJOJDBM TUVEZ JT HJWFO JO 'JHVSF ö� %FUBJMT PO UIF OFPOBUFT� DMJOJDBM DPVSTF
BSF EFTDSJCFE JO 5BCMF ñ�

ø



'JHVSF �� 1SFDMJOJDBM CSBJO .3* TDBOT JO B 1� SBU QVQ� -FGU QBOFM� UIF EJGGVTJPO UFOTPS TFRVFODF XJUI DBQTVMB JOUFSOB NBSLFE BT
B SFHJPO PG JOUFSFTU� 3JHIU QBOFM� UIF DPSSFTQPOEJOH 5��TFRVFODF�

.3* QSPUPDPM

%FUBJMT PG .3* QSPUPDPM BSF EFTDSJCFE JO 1BQFS Ěħ� .3 TDBOT XFSF QFSGPSNFE PO B ò5 .3
TDBOOFS 	13*4."
 4JFNFOT )FBMUIFOFFST
 &SMBOHFO
 (FSNBOZ
 VTJOH B ñï DIBOOFM SFDFJWF
IFBE DPJM 	4JFNFOT )FBMUIFOFFST
 &SMBOHFO
 (FSNBOZ
� .3 TQFDUSPTDPQZ XBT QFSGPSNFE
VTJOH B QPJOU SFTPMWFE TQFDUSPTDPQZ 	13&44
 TFRVFODF XJUI 53 ñïïï NT
 5& òï NT
 ðñ÷
FYDJUBUJPOT
 BVUPNBUFE TIJN BOE FEEZ DVSSFOU DPSSFDUJPO XJUI B OPO�XBUFS TVQQSFTTFE TDBO�
" WPYFM TJ[F PG ñ Y ñ Y ñ DN� XBT VTFE GPS HSFZ BOE XIJUF NBUUFS WPMVNFT
 QPTJUJPOFE
JO NJEMJOF HSFZ NBUUFS TUSVDUVSFT PG UIF QBSJFUPPDDJQJUBM MPCFT QPTUFSJPSMZ UP UIF DPSQVT
DBMMPTVN BOE
 GPS XIJUF NBUUFS
 JO UIF MFGU QBSJFUPPDDJQJUBM MPCF
 TVQFSPQPTUFSJPS UP UIF
MBUFSBM WFOUSJDMF� ɨF CBTBM HBOHMJB WPMVNF PG ñ Y ó Y ñ DN� DPWFSFE CPUI CBTBM HBOHMJB
JODMVEJOH UIF UIJSE WFOUSJDMF� 7PYFM PG JOUFSFTU 	70*
 QPTJUJPOJOH JT JMMVTUSBUFE JO 'JHVSF ÷�

1SFPQFSBUJWF JNBHF BDRVJTJUJPO

1SFPQFSBUJWF JNBHJOH XBT PCUBJOFE JO ñó OFPOBUFT BU B NFEJBO QPTUOBUBM BHF PG GPVS EBZT�
ɨF QSFPQFSBUJWF .3* TDBOT XFSF QFSGPSNFE BU B NFEJBO UJNF QPJOU PG POF EBZ CFGPSF
TVSHFSZ
 5BCMF ð�

&MFDUSPDBSEJPHSBN 	&$(

 JOWBTJWF CMPPE QSFTTVSF
 FOE�UJEBM DBSCPO EJPYJEF
 4p0� BOE
WFOUJMBUPSZ QBSBNFUFST XFSF DPOUJOVPVTMZ NPOJUPSFE UISPVHIPVU UIF JNBHF BDRVJTJUJPO JO
JOUVCBUFE JOGBOUT 	ø�ñó
� ɨF QSFWJPVT TFEBUJPO SFHJNFO XBT DPOUJOVFE EVSJOH UIF .3*
FYBNJOBUJPO JO ö�ø OFPOBUFT
 GPS ñ�ø OFPOBUFT TFEBUJPO EFQUI XBT JODSFBTFE� /PO�JOUVCBUFE
JOGBOUT 	ðô�ñó
 XFSF GFE BOE QMBDFE JO B WBDVVN NBUUSFTT� ðò�ðô OFPOBUFT SFDFJWFE BEKVODU

ðï



5BCMF �� $MJOJDBM DIBSBDUFSJTUJDT BOE PCUBJOFE .3* FYBNJOBUJPOT PG UIF �� OFPOBUFT JODMVEFE JO UIF DMJOJDBM TUVEZ� 'PS BCCSFWJ�
BUJPOT PG DBSEJBD EJBHOPTJT
 QMFBTF TFF w"CCSFWJBUJPOTw� 3"$)4� � 3JTL "EKVTUNFOU JO $POHFOJUBM )FBSU 4VSHFSZ � �

.3* � NBHOFUJD SFTPOBODF JNBHJOH

TFY 	NBMF�GFNBMF
 	O
 ǻǾ�ǺǾ

CJSUIXFJHIU
 HSBNT 	NFBO±4%
 ǼǼǾȀ ± ǼǼǿ
HFTUBUJPOBM BHF
 XFFLT 	NFBO 	SBOHF

 ǼȂ+Ǿ 	Ǽȁ+ǹ o ǽǻ+Ǻ


EJBHOPTJT 	O

CJWFOUSJDVMBS SFQBJS 	O�Ǽǻ
 5("� *74 	ǺǺ


5("�74% 	Ȃ

BB IZQPQMBTJB�74% 	Ǿ

USVODVT BSUFSJPTVT 	ǻ


5("�74%�BB IZQPQMBTJB 	Ǻ

BB IZQPQMBTJB 	Ǻ


5"17% 	Ǻ

*""
 -7050 	Ǻ

BPSUJD TUFOPTJT 	Ǻ


QBMMJBUJWF QSPDFEVSF 	O�ȁ
 )-)4 	Ǽ

1"�*74�37�IZQPQMBTJB 	Ǽ


1"�74%�37�IZQPQMBTJB 	Ǻ

5("�14 	Ǻ


QSFPQ .3* 	O
 ǻǽ
QPTUOBUBM BHF BU QSFPQFSBUJWF .3*
 EBZT 	NFEJBO 	*23

 ǽ 	ǻ � Ǿ

EBZT CFUXFFO QSFPQFSBUJWF .3* BOE TVSHFSZ 	NFEJBO 	*23

 Ǻ 	Ǻ� Ǽ


QPTUOBUBM BHF BU TVSHFSZ
 EBZT 	NFEJBO 	*23

 Ǿ 	ǽ � Ȁ

3"$)4 �Ǻ 	NFEJBO 	SBOHF

 ǽ 	Ǽ � ǿ


QPTUPQ .3* 	O
 ǼǼ
QPTUOBUBM BHF BU QPTUPQFSBUJWF .3*
 EBZT 	NFEJBO 	*23

 ǺǼ 	ǺǺ � ǺȀ

EBZT CFUXFFO TVSHFSZ BOE .3* 	NFEJBO 	*23

 Ȁ 	ǿ � Ǻǹ


TFEBUJPO XJUI EFYNFEFUPNJEJOF
 ñ�ðô EJE OPU SFDFJWF BOZ QIBSNBDPMPHJDBM TFEBUJPO� "MM
JOGBOUT XFSF NPOJUPSFE CZ DPOUJOVPVT &$(
 JOWBTJWF CMPPE QSFTTVSF NFBTVSFNFOU
 4p0�
BOE SFTQJSBUPSZ SBUF� /P BEWFSTF DJSDVMBUPSZ PS SFTQJSBUPSZ FWFOUT XFSF EPDVNFOUFE EVSJOH
UIF QSFPQFSBUJWF JNBHF BDRVJTJUJPO�

1PTUPQFSBUJWF JNBHF BDRVJTJUJPO

1PTUPQFSBUJWF JNBHJOH XBT PCUBJOFE JO òò OFPOBUFT BU B NFEJBO QPTUOBUBM BHF PG ðò EBZT�
ɨF QPTUPQFSBUJWF TDBOT XFSF QFSGPSNFE BU B NFEJBO PG TFWFO EBZT QPTU TVSHFSZ
 5BCMF ð�

ɨF OFPOBUFT XFSF GFE BOE QMBDFE JO B WBDVVN NBUUSFTT� ðø�òò JOGBOUT SFDFJWFE EFYNF�
EFUPNJEJOF BT BO BEKVODU TFEBUJWF
 XIFSFBT ö�òò OFPOBUFT SFDFJWFE DIMPSBMIZESBUF EVF UP
QSFWJPVT BENJOJTUSBUJPO PG MPOH�BDUJOH BOUJ�BSSIZUINJD ESVHT JO UIF QPTUPQFSBUJWF QFSJPE�
ô�òò OFPOBUFT SFDFJWFE PSBM DMPOJEJOF EVF UP MBDL PG JOUSBWFOPVT BDDFTT� ñ�òò JOGBOUT EJE

ðð



1SFPQFSBUJWF .3*

1FSJPQFSBUJWF TBNQMJOH PG CMPPE BOE VSJOF

CFGPSF TVSHFSZ
IPVSMZ EVSJOH $1# DJSDVMBUJPO
BGUFS CZQBTT TFQBSBUJPO
BU 1*$6 BENJTTJPO

QPTUPQFSBUJWF EBZ ð�ò

ðst QPTUPQFSBUJWF .3*

/FVSPDPHOJUJWF BOE OFVSPSBEJPMPHJDBM GPMMPX�VQ BU � �/� ZFBST PG BHF
ñnd QPTUPQFSBUJWF .3*
#BJMFZ ***

EBZ PG TVSHFSZ

'JHVSF �� 4UVEZ PVUMJOF PG DMJOJDBM TUVEZ

OPU SFDFJWF BOZ QIBSNBDPMPHJDBM TFEBUJPO EVF UP B TUSVDUVSBMMZ EJċDVMU BJSXBZ BT EFFNFE
CZ UIF JOUVCBUJOH BOFTUIFTJPMPHJTU BU UIF UJNF PG TVSHFSZ� "MM JOGBOUT XFSF NPOJUPSFE CZ
DPOUJOVPVT &$(
 4p0� BOE SFTQJSBUPSZ SBUF EVSJOH JNBHF BDRVJTJUJPO� /P DJSDVMBUPSZ PS
SFTQJSBUPSZ BEWFSTF FWFOUT XFSF EPDVNFOUFE EVSJOH QPTUPQFSBUJWF JNBHF BDRVJTJUJPO� "MM
OFPOBUFT XFSF BXBLF BOE BMFSU XIFO SFUVSOJOH UP UIF XBSE�

$BMDVMBUJPOT PG FYQPTVSF UP DFMM�GSFF IFNPHMPCJO BOE TVQSBOPSNBM PYZHFO UFOTJPO

&YQPTVSF UP DFMM�GSFF IFNPHMPCJO BOE TVQSBOPSNBM PYZHFO UFOTJPOT XFSF RVBOUJmFE CZ
"6$�DBMDVMBUJPOT� 'PS DFMM�GSFF IFNPHMPCJO
 DBMDVMBUJPOT TUBSUFE BU TUBSU PG CZQBTT BOE
FOEFE BU QPTUPQFSBUJWF EBZ ð� #BTFMJOF XBT TFU UP ï� 'PS PYZHFO FYQPTVSF
 DBMDVMBUJPOT
XFSF TUBSUFE BU TUBSU PG CZQBTT BOE FOEFE BU TFQBSBUJPO GSPN CZQBTT� #BTFMJOF XBT TFU UP UIF
QSFPQFSBUJWF PYZHFO UFOTJPO� 3FQSFTFOUBUJWF JNBHF PG "6$�DBMDVMBUJPOT GPS POF QBUJFOU JT
HJWFO JO 'JHVSF ø�

ðñ



5BCMF �� 1SF�
 QFS� BOE QPTUPQFSBUJWF DMJOJDBM DIBSBDUFSJTUJDT PG �� OFPOBUFT JODMVEFE JO UIF DMJOJDBM TUVEZ� /POF PG UIF OFPOBUFT
XFSF EJBHOPTFE XJUI QPTUPQFSBUJWF MPX DBSEJBD PVUQVU TZOESPN 	-$04
 EFmOFE BT UXP DPOTFDVUJWF NFBTVSFNFOUT PG
MBDUBUF > ��� NNPM�- BOE Q) < ��� <��>� /POF PG UIF OFPOBUFT SFRVJSFE QPTUPQFSBUJWF DBSEJPQVMNPOBSZ SFTVTDJUBUJPO
PS QPTUPQFSBUJWF &$.0� #"4 � CBMMPPO BUSJBM TFQUPTUPNZ
 1*$6 � QFEJBUSJD JOUFOTJWF DBSF VOJU
 $1# � DBSEJPQVMNPOBSZ
CZQBTT
 %)$" � EFFQ IZQPUIFSNJD DBSEJBD BSSFTU
 /185 � OFHBUJWF QSFTTVSF XPVOE UIFSBQZ
 -04 � MFOHUI PG TUBZ

QSFOBUBM EJBHOPTJT 	O
 Ǻȁ
#"4 	O
 ǺǼ
QSFPQFSBUJWF DBSF JO 1*$6 	O
 Ǽȁ
QSFPQFSBUJWF QSPTUBHMBOEJOT 	O
 ǼǾ
QSFPQFSBUJWF JOWBTJWF WFOUJMBUJPO 	O
 Ȃ
IJHIFTU QSFPQFSBUJWF MBDUBUF
 NNPM�- 	NFEJBO 	*23

 ǻ�ȁ 	ǻ�ǻ � ǽ�ǹ


UJNF PO $1#
 NJO 	NFBO±4%
 Ǻȁǻ ± ǿǺ
TFMFDUJWF DFSFCSBM QFSGVTJPO 	O
 ǺǺ
%)$" 	O
 Ǻ
MPXFTU UFNQFSBUVSF PO $1# 	NFEJBO 	*23

 Ǽǻ�ȁ 	ǻȂ�Ȃ � ǼǼ�ǽ

VMUSBmMUSBUJPO 	O
 ǻǼ

IJHIFTU QPTUPQFSBUJWF MBDUBUF
 NNPM�- 	NFEJBO 	*23

 Ǽ�Ǻ 	ǻ�Ǽ � Ǽ�Ȃ

EFMBZFE TUFSOBM DMPTVSF 	O
 ǺȀ
QPTUPQFSBUJWF QFSJUPOFBM EJBMZTJT 	O
 Ǻ
QPTUPQFSBUJWF TFJ[VSFT 	O
 ǻ
QPTUPQFSBUJWF JOGFDUJPO 	O
 Ǽ

TVQFSmDJBM TVSHJDBM TJUF JOGFDUJPO 	O
 ǻ
QVMNPOBSZ JOGFDUJPO 	O
 Ǻ

VOQMBOOFE SFPQFSBUJPO 	O
 Ǿ
QFSJDBSEJBM ESBJOBHF 	O
 Ǽ
/185 	O
 Ǽ

-04 JO 1*$6
 IPVST 	NFEJBO 	*23

 Ȁǻ 	ǽǿ � ǺǼȀ


"OBMZTJT PG DJSDVMBUJOH DFMM�GSFF IFNPHMPCJO
 IBQUPHMPCJO BOE IFNPQFYJO

"OBMZTJT PG DJSDVMBUJPO DFMM�GSFF IFNPHMPCJO BOE JUT TDBWFOHFS QSPUFJOT IBQUPHMPCJO BOE
IFNPQFYJO XFSF NBEF VTJOH DPNNFSDJBMMZ BWBJMBCMF FO[ZNF�MJOLFE JNNVOPTPSCFOU BTTBZT
	&-*4"
 BDDPSEJOH UP UIF NBOVGBDUVSFS�T JOTUSVDUJPOT�

ó�ò 4UBUJTUJDT

%BUB XFSF UFTUFE GPS EJTUSJCVUJPO DIBSBDUFSJTUJDT VTJOH UIF 4IBQJSP�8JML UFTU� 4UVEFOU�T U�
UFTU XBT VTFE GPS HSPVQ�XJTF DPNQBSJTPOT CFUXFFO HSPVQT XJUI OPSNBMMZ EJTUSJCVUFE EBUB�
8JMDPYPO SBOL�TVN UFTU XBT VTFE GPS HSPVQ�XJTF DPNQBSJTPOT PG OPO�QBJSFE EBUB XJUI OPO�
OPSNBM EJTUSJCVUJPOT� 8JMDPYPO TJHOFE�SBOL UFTU XBT VTFE GPS HSPVQ�XJTF DPNQBSJTPOT PG
QBJSFE EBUB XJUI OPO�OPSNBM EJTUSJCVUJPOT� 1BSUJBMMZ PWFSMBQQJOH TBNQMFT U�UFTU <ö÷> XBT
VTFE XIFO DPNQBSJOH HSPVQT XJUI CPUI OPO�QBJSFE BOE QBJSFE EBUB� 0OF�XBZ "/07"
XJUI QPTU IPD 5VLFZ�T UFTU XBT VTFE GPS UFTUJOH CFUXFFO NVMUJQMF HSPVQT�

ðò



'JHVSF �� *MMVTUSBUJPO PG .34 WPYFM QPTJUJPOJOH PO TBHJUUBM 	VQQFS SPX
 BOE BYJBM 	MPXFS SPX
 5��XFJHIUFE JNBHFT� (SFZ NBUUFS
WPYFMT XFSF QPTJUJPOFE JO UIF QBSJFUPPDDJQJUBM NJEMJOF HSFZ NBUUFS 	MFGU QBOFMT
� 8IJUF NBUUFS WPYFMT XFSF QPTJUJPOFE JO
UIF QBSJFUBM XIJUF NBUUFS JO UIF MFGU IFNJTQIFSF BOE CBTBM HBOHMJB WPYFMT BT B MBSHF WPYFM DPWFSJOH CPUI CBTBM HBOHMJB
	SJHIU QBOFMT
� 7PYFMT XFSF BOHVMBUFE UP PQUJNJ[F QPTJUJPOJOH 	VQQFS SPX
�

4BNQMF TJ[F GPS UIF DMJOJDBM TUVEZ XBT EFUFSNJOFE CZ BTTVNJOH B QSFWBMFODF PG BDRVJSFE
QPTUPQFSBUJWF XIJUF NBUUFS JOKVSZ PG óïǷ
 B EJĊFSFODF PG NFBOT JO DFMM�GSFF IFNPHMPCJO
FYQPTVSF CFUXFFO UIF HSPVQT XJUI BOE XJUIPVU QPTUPQFSBUJWF XIJUF NBUUFS MFTJPOT PG ðôïǷ

BOE B TUBOEBSE EFWJBUJPO PG óïǷ JO UIF HSPVQ XJUIPVU QPTUPQFSBUJWF XIJUF NBUUFS MFTJPOT�
8JUI BMQIB TFU UP ï�ïô BOE QPXFS UP ï�÷
 UIF TBNQMF TJ[F XBT FTUJNBUFE UP CF ðð OFPOBUFT
QFS HSPVQ�

6OJWBSJBUF BOE NVMUJWBSJBUF MJOFBS SFHSFTTJPO NPEFMJOH XBT BQQMJFE UP UIF DMJOJDBM EBUB� *O
DPIPSUT JODMVEJOH QBJSFE BOE VOQBJSFE EBUB NJYFE MJOFBS SFHSFTTJPO NPEFMT XBT VTFE�

ðó
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'JHVSF �� "SFB VOEFS DVSWF 	"6$
 DBMDVMBUJPOT GPS DFMM�GSFF IFNPHMPCJO FYQPTVSF BOE FYQPTVSF UP TVQSBOPSNBM PYZHFO UFOTJPOT
JO POF QBUJFOU� $FMM�GSFF IFNPHMPCJO DPODFOUSBUJPOT JT HJWFO PO UIF MFGU Z�BYJT XIFSFBT PYZHFO UFOTJPOT JT HJWFO PO
UIF SJHIU Z�BYJT� ����� EFOPUFT CZQBTT TUBSU� #BTFMJOF GPS DBMDVMBUJPOT PG DFMM�GSFF IFNPHMPCJO FYQPTVSF XBT TFU UP �

XIFSFBT CBTFMJOF GPS DBMDVMBUJPOT PG PYZHFO FYQPTVSF XBT TFU UP QSFPQFSBUJWF Q0� 	JO UIF JMMVTUSBUFE QBUJFOU ���� L1B
�
U�� � TUBSU PG CZQBTT
 U�� � U�� � IPVSMZ TBNQMJOH EVSJOH CZQBTT DJSDVMBUJPO
 QPTU � TFQBSBUJPO GSPN CZQBTT
 QPE� �
1*$6 BENJTTJPO
 QPE� � QPTUPQFSBUJWF EBZ �

'PS BMM TUBUJTUJDBM UFTUOJOH
 Q � ï�ïô XBT DPOTJEFSFE TJHOJmDBOU�

ó�ó &UIJDT

&UIJDBM QFSNJU XBT HSBOUFE GSPN -VOE &UIJDT $PNNJUUFF PO "OJNBM 5FTUJOH
 QFSNJU OVN�
CFS .ó÷�ðó
 GPS UIF FYQFSJNFOUBM TUVEZ
 BOE GSPN UIF 4XFEJTI &UIJDBM 3FWJFX "VUIPSJUZ

QFSNJU OVNCFS ñïðó�óöø
 GPS UIF DMJOJDBM TUVEZ� 8SJUUFO JOGPSNFE QBSFOUBM DPOTFOU XBT
PCUBJOFE GSPN CPUI HVBSEJBOT GPS BMM QBSUJDJQBOUT JO UIF DMJOJDBM TUVEZ QSJPS UP JODMVTJPO�
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'JHVSF ��� 1MBTNB DPODFOUSBUJPOT PG DFMM�GSFF IFNPHMPCJO BGUFS JOUSBQFSJUPOFBM BENJOJTUSBUJPO� I�)C � IVNBO DFMM�GSFF IFNP�
HMPCJO� #MBDL DJSDMF EFOPUFT NFBO WBMVF
 FSSPS CBST EFOPUFT TUBOEBSE FSSPS PG UIF NFBO� O � � � � BU FBDI UJNF
QPJOU�

ô .BJO SFTVMUT PG UIF SFTFBSDI QBQFST

ô�ð 1BQFS Ě BOE ĚĚ

*OUSBQFSJUPOFBMMZ BENJOJTUFSFE DFMM�GSFF IFNPHMPCJO IBT B QSFEJDUBCMF TZTUFNJD VQUBLF
BOE DMFBSBODF

8F PCTFSWFE B UFNQPSBMMZ VOJGPSN TZTUFNJD VQUBLF BOE DMFBSBODF PG DFMM�GSFF IFNPHMPCJO
BGUFS JOUSBQFSJUPOFBM BENJOJTUSBUJPO� "QQSPYJNBUFMZ ð�ðïUI � ð�ðôUI PG UIF BENJOJTUFSFE
BNPVOU SFBDIFE UIF TZTUFNJD DJSDVMBUJPO� .BYJNBM DJSDVMBUJOH DPODFOUSBUJPOT PG DFMM�GSFF
IFNPHMPCJO XBT PCUBJOFE BU ò IPVST BGUFS JOKFDUJPO� 1MBTNB DFMM�GSFF IFNPHMPCJO XBT DPN�
QMFUFMZ DMFBSFE GSPN DJSDVMBUJPO ñó IPVST QPTU�JOKFDUJPO� " HSBQIJD JMMVTUSBUJPO PG DFMM�GSFF
IFNPHMPCJO VQUBLF BOE DMFBSBODF JT HJWFO JO 'JHVSF ðï�

*OUSBQFSJUPOFBMMZ BENJOJTUFSFE DFMM�GSFF IFNPHMPCJO SFOEFST BO FOEPHFOPVT TDBWFOHFS SF�
TQPOTF

8F GPVOE B EJTUJODU JODSFBTF JO DJSDVMBUJOH DPODFOUSBUJPOT PG IBQUPHMPCJO BU õ BOE ðñ IPVST
QPTU JOKFDUJPO PG DFMM�GSFF IFNPHMPCJO
 BOE B DPODPNJUBOU EFDSFBTF JO IFNPQFYJO QMBTNB
DPODFOUSBUJPOT� "U ñó IPVST QPTU JOKFDUJPO IBQUPHMPCJO DPODFOUSBUJPO XFSF BQQSPYJNBUFMZ
FRVBM UP UIF DPODFOUSBUJPO JO DPOUSPM 	J�F� OPU FYQPTFE UP FJUIFS JOTVMU
 BOJNBMT
 'JHVSF ðð�
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'JHVSF ��� -FGU QBOFMT�1MBTNB DPODFOUSBUJPOT PG IBQUPHMPCJO BOE IFNPQFYJO BGUFS JOUSBQFSJUPOFBM BENJOJTUSBUJPO PG DFMM�GSFF
IFNPHMPCJO PS WFIJDMF± IZQFSPYJB� 4ZNCPMT EFOPUF NFBO WBMVF
 FSSPS CBST EFOPUF TUBOEBSE EFWJBUJPO 3JHIU QBOFMT�
)FQBUJD HFOF FYQSFTTJPO BGUFS JOUSBQFSJUPOFBM BENJOJTUSBUJPO PG DFMM�GSFF IFNPHMPCJO PS WFIJDMF ± IZQFSPYJB� )Q �
IBQUPHMPCJO� )QY � IFNPQFYJO
 7/ � FYQFSJNFOUBM HSPVQ TVCKFDUFE UP WFIJDMF BOE OPSNPYJB 	DPOUSPM

 7) � WFIJDMF
+ IZQFSPYJB
 )/ � IFNPHMPCJO + OPSNPYJB
 )) � IFNPHMPCJO + IZQFSPYJB� #BTFMJOF � OPO�FYQPTFE SBU QVQT� O �
� � �� JO BMM FYQFSJNFOUBM HSPVQT

)ZQFSPYJD FYQPTVSF BDDFMFSBUFT DFMM�GSFF IFNPHMPCJO NFUBCPMJTN BOE BMUFST TDBWFOHFS
QSPUFJO HFOF FYQSFTTJPO

ɨF DJSDVMBUJOH DPODFOUSBUJPOT PG GSFF IFNF XFSF JODSFBTFE BU ò IPVST QPTU JOKFDUJPO JO UIF
HSPVQ TVCKFDUFE UP IFNPHMPCJO FYQPTVSF BOE IZQFSPYJB 	))
 DPNQBSFE UP UIF HSPVQ FY�
QPTFE UP IFNPHMPCJO JOKFDUJPO BOE OPSNPYJB 	)/

 EBUB OPU TIPXO� ɨF IFQBUJD HFOF
FYQSFTTJPO PG IBQUPHMPCJO BOE IFNPQFYJO XBT NJUJHBUFE JO UIF HSPVQ TVCKFDUFE UP IFNP�
HMPCJO JOKFDUJPO BOE IZQFSPYJB 	))
 DPNQBSFE UP UIF JODSFBTFE JO HFOF FYQSFTTJPO JO UIF
HSPVQ TVCKFDUFE UP IFNPHMPCJO FYQPTVSF BOE OPSNPYJB 	)/

 'JHVSF ðð�

)ZQFSPYJD FYQPTVSF XJUI PS XJUIPVU UIF BEEJUJPO PG DFMM�GSFF IFNPHMPCJO JT BTTPDJBUFE
XJUI JODSFBTFE BQPQUPTJT JO UIF EFWFMPQJOH PMJHPEFOESPDZUF

8F GPVOE BO JODSFBTFE BQPQUPTJT BT EFUFSNJOFE CZ JNNVOPIJTUPDIFNJTUSZ JO UIF EFWFMPQ�
JOH PMJHPEFOESPDZUFT BU 1ö JO SBU QVQT FYQPTFE UP B IZQFSPYJD FOWJSPONFOU� ɨF QSFTFODF
PS BCTFODF PG DFMM�GSFF IFNPHMPCJO FYQPTVSF EJE OPU BHHSBWBUF PS NJUJHBUF UIF JOnVFODF PG
IZQFSPYJB
 'JHVSF ðñ�

ðö



VN VH HN HH
0

10

20

30

40

TU
N

EL
+O

lig
2+

 c
el

ls
/m

m
2

White matter

***
**

e

VN VH HN HH
0

10

20

30

40
Thalamus

TU
N

EL
+O

lig
2+

 c
el

ls
/m

m
2 *

**

g

VN VH HN HH
0

10

20

30

40

TU
N

EL
+O

lig
2+

 c
el

ls
/m

m
2

Cortex

***
**

f

VN VH HN HH
0

10

20

30

40

TU
N

EL
+O

lig
2+

 c
el

ls
/m

m
2

Hippocampus

***
**

h

VN VH HN HH

d

b

c

d

a aaa bbb

ccc ddd

'JHVSF ��� 56/&-�0MJH� TUBJOJOH PG SBU QVQ CSBJO TFDUJPOT BGUFS FYQPTVSF UP IZQFSPYJB 	7)

 DJSDVMBUJOH DFMM�GSFF )C 	)/

 CPUI
JOTVMUT 	))

 PS OFJUIFS JOTVMU 	7/
� 3FQSFTFOUBUJWF JNBHFT XFSF BDRVJSFE BU 1� 	�� I QPTU JOKFDUJPO
 JO BMM FYQFSJNFOUBM
HSPVQT� 4DBMF CBS � �� �N� 	B
 CMVF � %"1* TUBJOJOH PG DFMM OVDMFJ� 	C
 SFE � 0MJH�� DFMMT� 	D
 HSFFO � 56/&-� DFMMT� BOE
	E
 NFSHFE JNBHF� 8IJUF BSSPXT JOEJDBUF DP�MBCFMMFE DFMMT� 56/&-��0MJH�� DFMMT XFSF RVBOUJmFE JO 	F
 XIJUF NBUUFS

	G
 DPSUFY
 	H
 UIBMBNVT
 BOE 	I
 IJQQPDBNQVT BU 1�� 3FTVMUT BSF QSFTFOUFE BT UIF NFEJBO BOE *23� O � �� �� �Q
�����
 ��Q �����
 ���Q ������� %"1*
 ��
� EJBNJEJOP � QIFOZMJOEPMF� 56/&-
 UFSNJOBM EFPYZOVDMFPUJEZM USBOTGFSBTF
E651 OJDL FOE MBCFMMJOH� 1�
 QPTUOBUBM EBZ �� 0MJH�
 PMJHPEFOESPDZUF USBOTDSJQUJPO GBDUPS �
 *23� JOUFSRVBSUJMF SBOHF�

/P JOEJDBUJPOT PG EFDSFBTFE NZFMJOBUJPO PS EFMBZFE PMJHPEFOESPDZUF NBUVSBUJPO XFSF
PCTFSWFE BU 1ðð BOE 1ñð

8F EJE OPU mOE BOZ FWJEFODF PG EFDSFBTFE NZFMJOBUJPO BGUFS FYQPTVSF UP DFMM�GSFF IFNP�
HMPCJO BOE�PS IZQFSPYJB XIFO FWBMVBUFE XJUI JNNVOPIJTUPDIFNJTUSZ BOE 8FTUFSO #MPU BU
QPTUOBUBM EBZ ðð
 'JHVSF ðò� /PS EJE XF mOE BOZ FWJEFODF PG B EFDSFBTFE OVNCFS PG NBUVSF
PMJHPEFOESPDZUFT VTJOH $$ð BT B NBUVSBUJPOBM NBSLFS BU 1ðð
 PS B EFMBZFE XIJUF NBUUFS
NBUVSBUJPO EFmOFE BT B EFDSFBTFE '"�WBMVF BOE BO JODSFBTFE 5ñ�SFMBYBUJPO UJNF BU UIF JO
WJWP .3* BU QPTUOBUBM EBZ ñð
 EBUB OPU TIPXO�

ð÷
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'JHVSF ��� *)$ BOBMZTJT PG NZFMJO GPSNBUJPO JO SBU QVQ CSBJO BGUFS FYQPTVSF UP IZQFSPYJB 	7)

 DJSDVMBUJOH DFMM�GSFF )C 	)/


CPUI JOTVMUT 	))

 PS OFJUIFS JOTVMU 	7/
� 	B�E
 3FQSFTFOUBUJWF JNBHFT TIPX .#1 JO CSBJO TFDUJPOT BU 1�� 	��� I QPTU
JOKFDUJPO
 JO BMM FYQFSJNFOUBM HSPVQT� 4DBMF CBS � �� �N� 	B
 #MVF � %"1*�TUBJOJOH PG DFMM OVDMFJ
 	C
 SFE � 0MJH��
DFMMT
 	D
 HSFFO � .#1
 BOE 	E
NFSHFE JNBHF� 	F�H
 2VBOUJmDBUJPO PG .#1 QSPUFJO DPOUFOU
 EJTQMBZFE BT UIF GSBDUJPO
PG UIF SFHJPO PG JOUFSFTU BSFB 	�
 JO 	F
 XIJUF NBUUFS
 	G
 UIBMBNVT
 BOE 	H
 DJOHVMVN� 	I
 8FTUFSO CMPU BOBMZTJT PG
.#1 DPOUFOU 	.#1 CBOE ���
 DPNQBSFE UP FOEPHFOPVT β�BDUJO 	BDU#
 JO CSBJO IPNPHFOBUFT BU 1��� 3FTVMUT BSF
QSFTFOUFE BT UIF NFEJBO BOE *23� O � � 	B�D

 O � � 	E
� *)$ � JNNVOPIJTUPDIFNJTUSZ� .#1 � NZFMJO CBTJD QSPUFJO�
1�� � QPTUOBUBM EBZ ��� %"1* � ��
� EJBNJEJOP � QIFOZMJOEPMF� 0MJH� � PMJHPEFOESPDZUF USBOTDSJQUJPO GBDUPS �� *23 �
JOUFSRVBSUJMF SBOHF�

ô�ñ 1BQFS ĚĚĚ

$PODFOUSBUJPO PG DFMM�GSFF IFNPHMPCJO JO CMPPE QSJNF TPMVUJPO JT UIF NBJO EFUFSNJOBOU
PG UIF OFPOBUF�T FYQPTVSF UP DFMM�GSFF IFNPHMPCJO EVSJOH CZQBTT DJSDVMBUJPO

ɨF NBJO QSFEJDUPS GPS DFMM�GSFF IFNPHMPCJO FYQPTVSF EVSJOH OFPOBUBM DBSEJPQVMNPOBSZ
CZQBTT XBT UIF DPODFOUSBUJPO PG DFMM�GSFF IFNPHMPCJO JO UIF QSJNF TPMVUJPO� 5JNF PO CZ�
QBTT
 JOUSBPQFSBUJWF SFE CMPPE DFMM USBOTGVTJPO
 BHF PG CMPPE QSPEVDU JO QSJNF TPMVUJPO PS
WBDVVN�BTTJTUFE WFOPVT ESBJOBHF BOE VMUSBmMUSBUJPO BT EJDIPUPNPVT WBSJBCMFT XFSF OPU BT�
TPDJBUFE XJUI FYQPTVSF UP DFMM�GSFF IFNPHMPCJO JO PVS DPIPSU�

ðø
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'JHVSF ��� $JSDVMBUJOH DPODFOUSBUJPOT PG DFMM�GSFF IFNPHMPCJO 	)C
 	B
C

 IBQUPHMPCJO 	)Q
 	D
E
 BOE IFNPQFYJO 	)QY
 	F
G

JMMVTUSBUFE BT BHHSFHBUFE 	B
D
F
 BOE JOEJWJEVBM 	C
 E
 G
 EBUB� 4IBEFE BSFB EFOPUFT *23 PG DPODFOUSBUJPOT PG SFTQFDU�
JWF QSPUFJO JO QSJNF TPMVUJPO� QSF � QSFPQFSBUJWF
 U�� � TUBSU PG CZQBTT
 U���U�� � IPVSMZ TBNQMJOH EVSJOH CZQBTT
DJSDVMBUJPO
 QPTU � TFQBSBUJPO GSPN CZQBTT
 QPE� � 1*$6 BENJTTJPO
 QPE��� � QPTUPQFSBUJWF EBZ ���

#MPPE QSJNF TPMVUJPO EFQMFUFT IFNPHMPCJO TDBWFOHFS SFTPVSDFT EVSJOH BOE BGUFS CZQBTT
DJSDVMBUJPO

ɨF DJSDVMBUJOH DPODFOUSBUJPOT PG IFNPHMPCJO� BOE IFNF�TDBWFOHFS QSPUFJOT IBQUPHMPCJO
BOE IFNPQFYJO XFSF TJHOJmDBOUMZ EFDSFBTFE BU CZQBTT TUBSU DPNQBSFE UP QSFPQFSBUJWF QMBTNB
DPODFOUSBUJPOT� 'PS IBQUPHMPCJO
 QMBTNB DPODFOUSBUJPOT SFNBJOFE MPX VOUJM QPTUPQFSBUJWF
EBZ ð� 'JHVSF ðó EFQJDUT UIF DJSDVMBUJOH DPODFOUSBUJPOT PG TDBWFOHFS QSPUFJOT BOE DFMM�GSFF
IFNPHMPCJO EVSJOH UIF QFSJPQFSBUJWF DPVSTF�
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'JHVSF ��� 1SF� BOE QPTUPQFSBUJWF XIJUF NBUUFS NBHOFUJD TQFDUSPTDPQZ EBUB GSPN FOUJSF DPIPSU� (4) � HMVUBUIJPOF
 *OT �
JOPTJUPM
 -BD � MBDUBUF
 5BV � UBVSJOF
 (1$ � 1$I � DPNQPTJUF NFBTVSFNFOU PG HMZDFSPQIPTQIPSZMDIPMJOF BOE QIPT�
QIPTZMDIPMJOF
 /"" � /""( � DPNQPTJUF NFBTVSFNFOU PG /�BDFUZMBTQBSUBUF BOE /�BDFUZMBTQBSUZMHMVUBNBUF
 (MY �
DPNQPTJUF NFBTVSFNFOU PG HMVUBNJOF BOE HMVUBNBUF

ô�ò 1BQFS Ěħ

8IJUF NBUUFS CSBJO NFUBCPMJUF DPODFOUSBUJPOT TIJGU EVSJOH UIF QFSJPQFSBUJWF DPVSTF

ɨF DPODFOUSBUJPOT PG XIJUF NBUUFS CSBJO NFUBCPMJUFT XFSF TJHOJmDBOUMZ EJĊFSFOU BU UIF
QPTUPQFSBUJWF .3* TDBO DPNQBSFE UP UIF QSFPQFSBUJWF .3* TDBO
 'JHVSF ðô� 'PS HMVUBUIJPOF
	(4)

 HMVUBNJOFSH NFUBCPMJUFT 	(MY
 BOE DIPMJOF�DPOUBJOJOH NFUBCPMJUFT 	(1$ � 1$I


UIF NFUBCPMJUF TIJGU XBT BUUSJCVUFE UP TVSHFSZ QFS TF
 BOE OPU UP JODSFBTJOH QPTUOBUBM BHF�
'PS MBDUBUF
 UBVSJOF BOE JOPTJUPM OP EJTUJODUJPO CFUXFFO JODSFBTJOH QPTUOBUBM BHF BOE UIF
JOnVFODF PG TVSHFSZ DPVME CF NBEF� ɨF FYQFDUFE EFWFMPQNFOUBM USBKFDUPSZ XJUI BO JODSFBTF
JO CPUI (MY BOE UIF DPNQPTJUF NFBTVSF PG /�BDFUZMBTQBSUBUF BOE /�BDFUZMBTQBSUZMHMVUBNBUF
	/"" � /""(
 XJUI JODSFBTJOH QPTUOBUBM BHF XBT OPU PCTFSWFE�

ñð



1PTUPQFSBUJWF HMVUIBUJPOF BOE (MY NFUBCPMJUF DPODFOUSBUJPOT BSF JOWFSTFMZ SFMBUFE UP UJNF
PO DBSEJPQVMNPOBSZ CZQBTT

8IFO BOBMZ[JOH UIF QPTUPQFSBUJWF DPIPSU
 DPODFOUSBUJPOT PG (4)
 BO JOUSBDFMMVMBS BOUJPY�
JEBOU
 BOE (MY
 B NBSLFS PG DFSFCSBM FOFSHZ NFUBCPMJTN
 XBT JOWFSTFMZ SFMBUFE UP UJNF PO
DBSEJPQVMNPOBSZ CZQBTT
 J� F�
 UIF MPOHFS EVSBUJPO PG CZQBTT
 UIF MPXFS DPODFOUSBUJPOT PG
(4) BOE (MY�

õ %JTDVTTJPO

"T PG OPX
 XF IBWF OPU CFFO BCMF UP TIPX UIBU BOZ PG PVS QPTUVMBUFE JOTVMUT o FYQPTVSF UP
DFMM�GSFF IFNPHMPCJO BOE TVQSBOPSNBM PYZHFO UFOTJPOT o USBOTMBUFT JOUP MPOH�MBTUJOH XIJUF
NBUUFS BMUFSBUJPOT�

" QPTUPQFSBUJWF QSFWBMFODF PG ôïǷ 8.* JO PVS DMJOJDBM TUVEZ DPOmSNT UIF WVMOFSBCJMJUZ
PG CSBJO XIJUF NBUUFS XIFO FYQPTFE UP OFPOBUBM DBSEJBD TVSHFSZ� 8F IBWF OPU CFFO BCMF
UP DPSSFMBUF PVS QSPQPTFE JOTVMUT UP BEWFSTF PVUDPNFT BT EFUFSNJOFE CZ .3*�EJBHOPTFE
XIJUF NBUUFS BMUFSBUJPOT
 CVU XF CFMJFWF UIBU QSFWJPVT SFTFBSDI PO OFPOBUBM XIJUF NBUUFS
WVMOFSBCJMJUZ BOE UIF DPODFQU PG XIJUF NBUUFS JOKVSZ BT UIF DPOTFRVFODF PG BO BDDVNV�
MBUFE CVSEFO NBLFT JU SFBTPOBCMF UP NJOJNJ[F UIF FYQPTVSF UP QPUFOUJBMMZ IBSNGVM TUJNVMJ
JG QPTTJCMF� "T OP NFBOT BSF BWBJMBCMF UP JODSFBTF FOEPHFOPVT CSBJO SFTJMJFODF BT PG OPX
 UIF
CBMBODF CFUXFFO TUSFTT SFTJMJFODF BOE WVMOFSBCJMJUZ NVTU CF TIJGUFE CZ NJOJNJ[JOH FYPHFO�
PVT TUSFTTPST�

)ZQFSPYFNJB JT BO FBTJMZ BWPJEBCMF TUSFTTPS UIBU OFFET UP CF SFDPHOJ[FE� ɨF JOJUJBM PYZHFO
UFOTJPOT PO CZQBTT DJSDVMBUJPO JO PVS DMJOJDBM DPIPSU SBOHFE CFUXFFO ðò�ò o ôï�ó L1B XJUI
B NFEJBO�WBMVF PG ñø�÷ L1B� 4VQSBOPSNBM PYZHFO UFOTJPOT BSF IBSNGVM UP UIF JNNBUVSF
CSBJO
 BOE QFSIBQT FWFO NPSF TP JO B OFPOBUBM D$%) DPIPSU BT UIF NBKPSJUZ PG OFPOBUFT
JO TVDI B DPIPSU XJMM IBWF B DZBOPUJD IFBSU EFGFDU <öø>� .PSFPWFS
 UIF PCTFSWBUJPO PG UIF
QSPGPVOE JOnVFODF PG DFMM�GSFF IFNPHMPCJO DPODFOUSBUJPO JO CMPPE QSJNF TPMVUJPO PO UIF
OFPOBUF�T FYQPTVSF UP DFMM�GSFF IFNPHMPCJO QSPWJEFT B XBZ PG NJOJNJ[JOH UIF FYQPTVSF CZ
DPOTJEFSJOH UIF DPODFOUSBUJPOT PG DFMM�GSFF IFNPHMPCJO JO QSJNF TPMVUJPO� ɨJT NJHIU OPU
CF SFMFWBOU GSPN B QVSFMZ OFVSPQSPUFDUJWF QFSTQFDUJWF
 CVU JO UFSNT PG UIF JNQBDU PG DFMM�GSFF
IFNPHMPCJO PO UIF SJTL PG QPTUPQFSBUJWF BDVUF LJEOFZ JOKVSZ <öð>�

õ�ð 1SFEJDUJOH UIF GVUVSF GSPN B TOBQTIPU JO UJNF

0VS DMJOJDBM TUVEZ DPIPSU JT B GBJSMZ SFQSFTFOUBUJWF TBNQMF PG UIF OFPOBUBM PQFO IFBSU TVS�
HFSZ DPIPSU BU PVS QFEJBUSJD IFBSU DFOUFS� ɨF QFSJPQFSBUJWF DPVSTF GPMMPXFE UIF FYQFDUFE

ññ



USBKFDUPSZ BOE OP NBKPS QPTUPQFSBUJWF DPNQMJDBUJPOT XFSF EPDVNFOUFE� 8.* XBT EJB�
HOPTFE JO ôïǷ PG UIF QBUJFOUT XJUI B QPTUPQFSBUJWF .3* TDBO
 UIF TFDPOE NPTU DPNNPO
QPTUPQFSBUJWF DFSFCSBM MFTJPO XBT DFSFCFMMBS NJDSPIFNPSSBHIFT EFUFDUFE JO TFWFO QBUJFOUT�
1PTUPQFSBUJWF CSBJO JOKVSJFT CFZPOE XIJUF NBUUFS MFTJPOT BOE DFSFCFMMBS NJDSPIFNPSSBHIFT
XFSF SBSF
 CVU PG OPUF
 UISFF QBUJFOUT XFSF EJBHOPTFE XJUI DMJOJDBMMZ TJMFOU DFOUSBM WFOPVT
TJOVT UISPNCPTJT 	$745
� ɨF mOEJOH PG QPTUPQFSBUJWF $745 JO OFPOBUFT XJUI B D$)%
JT SFDFOUMZ EFTDSJCFE <÷ï>
 CVU UIF PSJHJOT BOE DMJOJDBM SFMFWBODF PG B DMJOJDBMMZ TJMFOU $745
BSF OPU XFMM�DIBSBDUFSJ[FE�

8IBU EPFT B QPTUPQFSBUJWF QSFWBMFODF PG TUSVDUVSBM 8.* JO ôïǷ PG OFPOBUFT JNQMZ ɨF
BTTPDJBUJPO CFUXFFO .3*�EFUFSNJOFE 8.* BU UFSN BHF BOE BOE BEWFSTF OFVSPEFWFMPQ�
NFOUBM PVUDPNF JT XFMM FTUBCMJTIFE JO UIF QSFNBUVSF DPIPSU <÷ð>� " OVNCFS PG TUVEJFT JO�
EJDBUF B DPSSFMBUJPO CFUXFFO NPEFSBUF�TFWFSF 8.* JO UIF OFPOBUBM QFSJPE BOE TVCTFRVFOU
OFVSPEFWFMPQNFOUBM JNQBJSNFOU JO OFPOBUFT XJUI D$%) <÷ñ
 ÷ò>� 0OF TUVEZ <ðï> SFQPSUT
B OFHBUJWF mOEJOH CVU OPUBCMZ
 ö PG ðø JOGBOUT XJUI NPEFSBUF�TFWFSF 8.* JO UIF MBUUFS TUVEZ
EJFE CFGPSF OFVSPEFWFMPQNFOUBM GPMMPX�VQ�

4FRVFOUJBM .3*�TUVEJFT JO JOGBOUT XJUI D$%) IBWF TIPXO SFTPMVUJPO PG XIJUF NBUUFS CSBJO
JOKVSJFT PWFS UJNF JO B TVCTUBOUJBM QSPQPSUJPO PG QBUJFOUT <ø
 ðï
 ÷ó>� *NQPSUBOUMZ
 JO UIPTF
TUVEJFT XIJUF NBUUFS FWBMVBUJPO DPOTJTUFE POMZ PG B TUSVDUVSBM BTTFTTNFOU� *U NVTU CF TUSFTTFE
UIBU SFTPMVUJPO PG B TUSVDUVSBM MFTJPO OPU OFDFTTBSJMZ FRVBUFT UP B SFTUPSBUJPO PG GVODUJPO
 OPS
EPFT B TUSVDUVSBM MFTJPO JNQMZ B NBOEBUPSJMZ JNQBJSFE OFVSPEFWFMPQNFOU� .PSF TUVEJFT BSF
OFFEFE UP FWBMVBUF UIF MPOH�UFSN JNQBDU PG XIJUF NBUUFS BMUFSBUJPOT JO OFPOBUFT XJUI B
D$)% JODMVEJOH OPU POMZ XIJUF NBUUFS TUSVDUVSBM MFTJPOT CVU BMTP NPSF FMBCPSBUF BTTFTT�
NFOUT PG XIJUF NBUUFS GVODUJPO�

õ�ñ .PEFMJOH B NVMUJGBDUPSJBM QBUIXBZ PG JOKVSZ

ɨF EFWFMPQNFOU PG XIJUF NBUUFS JOKVSJFT JO OFPOBUFT JT NVMUJGBDUPSJBM
 NBLJOH BOJNBM
NPEFMJOH PG JUT PSJHJOT DIBMMFOHJOH� *O PVS FYQFSJNFOUBM TUVEZ XF EFFNFE UIBU B DPSSFT�
QPOEJOH CSBJO NBUVSBUJPO UP UIBU PG B OFPOBUF XJUI B D$%) XBT PG HSFBU JNQPSUBODF HJWFO
UIF NBUVSBUJPO�EFQFOEFOU WVMOFSBCJMJUZ JO EFWFMPQJOH PMJHPEFOESPDZUFT� /FVSPEFWFMPQ�
NFOU JO UIF SPEFOU CSBJO BOE JO UIF IVNBO CSBJO TIBSF LFZ OFVSPEFWFMPQNFOUBM UJNF QPJOUT
<÷ô>
 CVU UIF JNNBUVSJUZ PG UIF CSBJO JO B OFPOBUF XJUI D$%) NJHIU OPU POMZ SFQSFTFOU
B EFMBZFE NBUVSBUJPO CVU SBUIFS B EZTNBUVSBUJPO� .PSFPWFS
 NPEFMJOH CSBJO JOKVSZ JO
B SPEFOU NPEFM BTTVNFT UIBU UIFSF JT BO BQQSPYJNBUFMZ TJNJMBS SFTJMJFODF JO UIF OFXCPSO
CSBJO DPNQBSFE UP UIBU JO UIF SPEFOU QVQ CSBJO
 BOE UIBU UIFSF FYJTU DPNNPO DSPTT�TQFDJFT
QBUIPQIZTJPMPHJDBM QBUIXBZT�

5P TJOHMF PVU UXP QPUFOUJBMMZ IBSNGVM GBDUPST o IZQFSPYJB BOE TZTUFNJD JOnBNNBUJPO o JT B
SFEVDUJPOJTU BQQSPBDI UP VOEFSTUBOE WFSZ TQFDJmD QBSUT PG UIF EJWFSTF JNQBDU PG DBSEJPQVM�

ñò



NPOBSZ CZQBTT PO UIF JNNBUVSF CSBJO� " NPEFM XJUI B HSFBUFS NFDIBOJTUJD WBMJEJUZ XPVME
JODPSQPSBUF TVSHJDBM USBVNB BOE CZQBTT DJSDVMBUJPO
 NBLJOH JOUFSQSFUBUJPO BOE EJĊFSFOUJ�
BUJPO PG UIF TQFDJmD GBDUPST EJċDVMU BOE QSPOF UP DPOGPVOEJOH� ɨFSF BSF QVCMJTIFE EBUB
GSPN QJHMFU CZQBTT NPEFMT <÷õ
 ÷ö>
 XJUI B NPSF PS MFTT DPSSFTQPOEJOH CSBJO NBUVSBUJPO
UP UIBU PG B OFPOBUF XJUI B D$)%� *SSFTQFDUJWF PG B TNBMM PS MBSHF BOJNBM NPEFM
 UIF WFSZ
TQFDJmD JOUSBVUFSJOF BOE QPTUOBUBM DPOEJUJPOT UIBU BQQMZ UP BO JOGBOU XJUI B D$)% XJMM CF
DIBMMFOHJOH UP NPEFM <÷÷>�

" NBKPS EJTBEWBOUBHF PG VTJOH SBU QVQT XIFO NPEFMJOH DFMM�GSFF IFNPHMPCJO UPYJDJUZ JT UIF
SBU�T DBQBCJMJUZ PG FOEPHFOPVT BTDPSCJD BDJE QSPEVDUJPO� &OEPHFOPVT BTDPSCJD BDJE BDUT BT
BO JNQPSUBOU EFUPYJmFS PG DFMM�GSFF IFNPHMPCJO BT TIPXFE JO B DPNQBSBUJWF TUVEZ PO SBUT
BOE HVJOFB QJHT <÷ø>
 HVJOFB QJHT CFJOH UIF POMZ SPEFOU TQFDJFT XJUI B TJNJMBS JODBQBCJMJUZ
PG FOEPHFOPVT BTDPSCJD BDJE QSPEVDUJPO BT IVNBOT� 6OGPSUVOBUFMZ
 HVJOFB QJHT BSF QSFDP�
DJBM BOJNBMT XJUI B GBS NPSF BDDFMFSBUFE CSBJO NBUVSJUZ BU CJSUI UIBO UIF IVNBO OFPOBUF

SFOEFSJOH UIFN VOTVJUBCMF GPS TUVEJFT PO OFPOBUBM CSBJO JOKVSJFT�

*O PVS BOJNBM NPEFM XF PCTFSWFE BO JOUFSBDUJPO CFUXFFO UIF FYQPTVSF UP IZQFSPYJB BOE UIF
FYQPTVSF UP DFMM�GSFF IFNPHMPCJO XJUI B NJUJHBUFE SFTQPOTF JO TDBWFOHFS QSPUFJO HFOF FY�
QSFTTJPO JO MJWFS
 'JHVSF ðð� "T PG OPX
 XF EP OPU IBWF B QMBVTJCMF FYQMBOBUJPO GPS UIJT PCTFS�
WBUJPO
 CVU XF BDLOPXMFEHF UIF QPUFOUJBM JOUFSBDUJPO CFUXFFO JOnBNNBUJPO BOE IZQFSPYJB
<øï
 øð>�

õ�ò *OIFSFOU MJNJUBUJPOT BOE BEWBOUBHFT PG B TNBMM TJOHMF�DFOUFS DPIPSU

0VS DMJOJDBM TUVEZ JT BO JOWFTUJHBUJPO PG B TNBMM TJOHMF DFOUFS DPIPSU BOE UIF SFTVMUT NVTU CF
JOUFSQSFUFE BT TVDI� &TUBCMJTIFE QBSBEJHNT PG EFUFSNJOBOUT GPS UIF EFWFMPQNFOU PG 8.*
JO OFPOBUBM DBSEJBD TVSHFSZ o CPZT GBSF XPSTF UIBO HJSMT BOE TJOHMF�WFOUSJDMF QIZTJPMPHZ JT B
SJTL GBDUPS o XFSF OPU FWJEFOU JO PVS DPIPSU
 QSFTVNBCMZ EVF UP UIF MPX OVNCFS PG JODMVEFE
JOGBOUT BOE UIF FYDFFEJOHMZ MPX OVNCFS PG OFPOBUFT VOEFSHPJOH JOJUJBM TVSHJDBM QBMMJBUJPO�
"T JO BMM TJOHMF�DFOUFS TUVEJFT
 UIF FYUFSOBM WBMJEJUZ PG PVS TUVEZ JT MJNJUFE BOE PVS SFTVMUT
DBOOPU VODSJUJDBMMZ CF BEBQUFE JOUP BOPUIFS DMJOJDBM DPOUFYU�

ɨF JODMVEFE OFPOBUFT XFSF PQFSBUFE BOE BOFTUIFUJ[FE CZ B MJNJUFE OVNCFS PG TVSHFPOT BOE
BOFTUIFUJTUT� ɨFZ XFSF TDBOOFE PO UIF TBNF .3* TDBOOFS BOE UIF JNBHFT XFSF FWBMVBUFE
CZ UIF TBNF QFEJBUSJD OFVSPSBEJPMPHJTU� ɨF TBNQMFT XFSF IBOEMFE CZ UIF TBNF QFSTPO
UISPVHIPVU UIF TUVEZ� ɨF BEWBOUBHFT PG UIF IPNPHFOFJUZ JO UIF FYFDVUJPO PG B TJOHMF DFOUFS
TUVEZ NVTU CF CBMBODFE CZ UIF UJNF JU XJMM UBLF UP JODMVEF UIF OVNCFS PG QBSUJDJQBOUT UIBU
FRVBUFT UP BO BEFRVBUFMZ QPXFSFE TUVEZ� *O PVS DMJOJDBM TUVEZ
 GPSUZ OFPOBUFT XFSF JODMVEFE
PWFS B UJNF QFSJPE PG òó NPOUIT�

'JOBMMZ
 UIF LOPXMFEHF PG BO POHPJOH TUVEZ BOE JUT PCKFDUJWFT NJHIU BMUFS UIF DMJOJDBM USFBU�
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NFOU EVSJOH UIF TUVEZ� 8F EJE OPU PCTFSWF BOZ DIBOHF JO QFSGVTJPO SFHJNFO BT EFUFSNJOFE
CZ JOJUJBM Q0�
 JOJUJBM DPODFOUSBUJPO PG DFMM�GSFF IFNPHMPCJO PS UIF BCTFODF PS QSFTFODF PG
VMUSBmMUSBUJPO� /P DIBOHFT PWFS UJNF XFSF OPUFE JO UIF DMJOJDBM DIBSBDUFSJTUJDT PG JODMVEFE
OFPOBUFT
 OPS JO UIF UJNJOH PG TVSHFSZ BOE .3*�TDBOT�

ö $PODMVTJPOT BOE GVUVSF SFTFBSDI EJSFDUJPOT

1BQFS Ě
*OUSBQFSJUPOFBM BENJOJTUSBUJPO PG DFMM�GSFF IFNPHMPCJO SFTVMUT JO TJHOJmD�
BOU QMBTNB DPODFOUSBUJPOT PG DFMM�GSFF IFNPHMPCJO BOE BO FOEPHFOPVT
TDBWFOHFS QSPUFJO SFTQPOTF

1BQFS ĚĚ
/P MPOH�MBTUJOH BMUFSBUJPOT JO UIF EFWFMPQJOH CSBJO XIJUF NBUUFS DBO
CF PCTFSWFE BGUFS FYQPTVSF UP DJSDVMBUJOH DFMM�GSFF IFNPHMPCJO BOE�PS
TVQSBOPSNBM PYZHFO UFOTJPOT JO PVS SBU QVQ NPEFM

1BQFS ĚĚĚ
$PODFOUSBUJPO PG DFMM�GSFF IFNPHMPCJO JO CMPPE QSJNF TPMVUJPO JT UIF
NBJO EFUFSNJOBOU PG UIF OFPOBUF�T FYQPTVSF UP DFMM�GSFF IFNPHMPCJO
EVSJOH PQFO�IFBSU TVSHFSZ PO DBSEJPQVMNPOBSZ CZQBTT

1BQFS Ěħ
1PTUPQFSBUJWF XIJUF NBUUFS DPODFOUSBUJPOT PG (MY BOE (4) BSF DPSSFMBUFE
UP UIF EVSBUJPO PG DBSEJPQVMNPOBSZ CZQBTT DJSDVMBUJPO� &YQPTVSF UP
DFMM�GSFF IFNPHMPCJO PS IZQFSPYFNJB EJE OPU JOnVFODF UIF QPTUPQFSBUJWF
XIJUF NBUUFS NFUBCPMJUF QSPmMF

-POH�UFSN GPMMPX�VQ

0VS mOEJOH PG B ôïǷ QSFWBMFODF PG QPTUPQFSBUJWF TUSVDUVSBM XIJUF NBUUFS MFTJPOT JT DPOTJTU�
FOU XJUI QSFWJPVT SFQPSUT PO XIJUF NBUUFS JOKVSZ JO OFPOBUBM DBSEJBD DPIPSUT� 8IFUIFS UIF
IJHI QSFWBMFODF PG XIJUF NBUUFS JOKVSZ JO PVS DPIPSU USBOTMBUFT JOUP DMJOJDBMMZ SFMFWBOU BE�
WFSTF OFVSPEFWFMPQNFOUBM PVUDPNFT JT DVSSFOUMZ CFJOH FWBMVBUFE JO B TUSVDUVSFE GPMMPX�VQ
TUVEZ BU � �/� ZFBST PG BHF�
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"OBMZTJT PG QPTUPQFSBUJWF JOnBNNBUPSZ QSPUFPNF BOE PYJEBUJWF TUSFTT CVSEFO

ɨF QPUFOUJBM JNQBDU PG FYQPTVSF UP DFMM�GSFF IFNPHMPCJO BOE IZQFSPYFNJB PO QBUIP�
QIZTJPMPHJDBM QSPDFTTFT JODMVEFT EFMJOFBUJOH BMUFSBUJPOT JO UIF JOnBNNBUPSZ QSPUFPNF BOE
RVBOUJmDBUJPO PG UIF PYJEBUJWF TUSFTT CVSEFO BUUSJCVUBCMF UP PVS QPTUVMBUFE JOTVMUT� 8F IBWF
PCTFSWFE B SBQJE BOE UFNQPSBMMZ VOJGPSN QPTUPQFSBUJWF JOnBNNBUPSZ SFTQPOTF JO PVS DP�
IPSU
 XIFSF UIF JOnBNNBUPSZ QSPmMF BU QPTUPQFSBUJWF EBZ ð DBO CF VTFE UP QSFEJDU XIJUF
NBUUFS MFTJPOT BU UIF QPTUPQFSBUJWF .3* TDBO� ɨF QSPUFJOT XJUI UIF IJHIFTU QSFEJDUJWF
WBMVF JO PVS DPIPSU BSF NBJOMZ JOWPMWFE JO SFHVMBUJOH UIF QPTUPQFSBUJWF JNNVOF DFMM SF�
TQPOTF� 4FWFSBM BMUFSBUJPOT JO QSPUFJO FYQSFTTJPO BSF BTTPDJBUFE XJUI FYQPTVSF UP DFMM�GSFF
IFNPHMPCJO BOE TVQSBOPSNBM PYZHFO UFOTJPOT
 CVU UIPTF SFTVMUT IBWF OPU ZFU CFFO DPO�
USPMMFE GPS DPOGPVOEJOH GBDUPST�

" MJLFXJTF JNQPSUBOU BOBMZTJT JT UIF RVBOUJmDBUJPO PG PYJEBUJWF TUSFTT CVSEFO QPTFE PO UIF
EFWFMPQJOH CSBJO� 8F XJMM RVBOUJGZ PYJEBUJWF TUSFTT CZ BOBMZ[JOH PYJEJ[FE OVDMFJD BDJET JO
VSJOF <øñ>�

%JĊVTJPO UFOTPS BOBMZTJT BOE BOBMZTJT PG OFUXPSL DPOOFDUJWJUZ

0VS DMJOJDBM .3*�EBUB XJMM CF BOBMZ[FE GPS BMUFSBUJPOT JO EJĊVTJPO BOE OFUXPSL DPOOFDUJWJUZ
UP BMMPX FWBMVBUJPO PG XIJUF NBUUFS NJDSPTUSVDUVSBM JOUFHSJUZ BOE OFUXPSL UPQPMPHZ� 8F
CFMJFWF UIBU B UIPSPVHI VOEFSTUBOEJOH PG UIF FUJPMPHZ PG UIF XIJUF NBUUFS WVMOFSBCJMJUZ JO
OFPOBUFT XJUI DPOHFOJUBM IFBSU EFGFDUT SFRVJSFT B NPSF FMBCPSBUF QSF� BOE QPTUPQFSBUJWF
XIJUF NBUUFS BTTFTTNFOU UIBO B TUSVDUVSBM BTTFTTNFOU POMZ�

$JSDVMBUJOH CSBJO JOKVSZ NBSLFST

$JSDVMBUJOH OFVSBM BOE HMJBM DFMM JOKVSZ NBSLFST BSF DVSSFOUMZ CFJOH FWBMVBUFE JO SFMBUJPO UP
QPTUVMBUFE JOTVMUT BOE DMJOJDBM EFUFSNJOBOUT�

"OBMZTJT PG UIF DPSSFMBUJPO CFUXFFO NBDSP�DJSDVMBUJPO BOE CSBJO IFNPEZOBNJDT

" DSVDJBM QBSU PG VOEFSTUBOEJOH UIF PSJHJOT PG UIF QPTUPQFSBUJWF XIJUF NBUUFS JOKVSJFT JT
BO FWBMVBUJPO PG UIF SFMBUJPO CFUXFFO QBUJFOU BOE QVNQ IFNPEZOBNJD QBSBNFUFST BOE
DFSFCSBM CMPPE nPX� 8F IBWF BDDFTT UP OFX UFDIOPMPHJFT UIBU QSPWJEF DPOUJOVPVT OPO�
JOWBTJWF NFBTVSFT PG NJDSPWBTDVMBS QFSGVTJPO BOE PYZHFOBUJPO JO UIF GSPOUBM DFSFCSBM DPSUFY
VTJOH B DPNCJOBUJPO PG OFBS JOGSBSFE TQFDUSPTDPQZ BOE EJĊVTF DPSSFMBUJPO TQFDUSPTDPQZ� 8F
XJMM CF BCMF UP FTUJNBUF OPU POMZ QSF� BOE QPTUPQFSBUJWF DFSFCSBM CMPPE nPX
 CVU BMTP UIF
OPO�QVMTBUJMF nPX EVSJOH CZQBTT DJSDVMBUJPO�
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÷ $MPTJOH SFNBSLT

ɨF OFXCPSO XJUI B D$)% IBT B EZTNBUVSF BOE WVMOFSBCMF CSBJO� ɨF PQUJNBM OFVSP�
QSPUFDUJWF TUSBUFHJFT GPS PQFO�IFBSU TVSHFSZ JO UIF OFPOBUBM QFSJPE NVTU JODPSQPSBUF IFNP�
EZOBNJD DPOTJEFSBUJPOT BT XFMM BT UIF QBSUJDVMBS QBUIPQIZTJPMPHZ BTTPDJBUFE XJUI UIF EF�
WFMPQJOH XIJUF NBUUFS� ɨF mOEJOH PG ôïǷ TUSVDUVSBM 8.* JO UIF QPTUPQFSBUJWF DPIPSU
XBSSBOUT UIF JNQMFNFOUBUJPO PG B TZTUFNBUJD OFVSPDPHOJUJWF GPMMPX�VQ UIBU FYUFOET JOUP
BEPMFTDFODF�
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