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*O UIJT QBQFS XF TVNNBSJTF UIF BWBJMBCMF IVNBO SBEJPDBSCPO EBUFT BOE TUBCMF DBSCPO 	Ϣ��$
 BOE
OJUSPHFO 	Ϣ��/
 JTPUPQF EBUB GPS UIF .FTPMJUIJD PG /PSUIFSO 4QBJO� ćJT SFJOGPSDFT B TUSPOH EJWJTJPO
CFUXFFO JOMBOE BOE DPBTUBM MPDBUJPOT
 XJUI UIF UXP TFQBSBUFE CZ B EJTUBODF PG BT MJUUMF BT DB� �� LN�
ćFSF JT DPOTJEFSBCMF UJNF EFQUI UP UIJT EJWJTJPO
 XIJDI BQQFBST UP FYJTU GSPN BU MFBTU UIF TFDPOE IBMG
PG UIF FJHIUI NJMMFOOJVN #$
 SFQSFTFOUJOH UIF SFHJPO�T FBSMJFTU )PMPDFOF IVNBO SFTVMUT� 8F BMTP
QSFTFOU OFX Ϣ��$ BOE Ϣ��/ EBUB GPS UFSSFTUSJBM GBVOB GSPN UIF JOMBOE TJUF PG -PT $BOFT
 BT XFMM BT GPS
B TNBMM OVNCFS PG NBSJOF BOE FTUVBSJOF ĕTI TQFDJFT GSPN DPBTUBM TJUFT�

â % »²¥{¾w»�¥ 

ćF .FTPMJUIJD BSDIBFPMPHZ PG UIF $BOUBCSJBO SFHJPO PG /PSUIFSO 4QBJO IBT MPOH CFFO LOPXO GPS JUT
TUSPOH DPBTUBM GPDVT 	0CFSNBJFS ����� $MBSL ����� "SJBT ����� "SJBT BOE 'BOP ����� 'BOP ����� $MBSL
BOE #BSUPO ����
� ćJT JT QFSIBQT OPU TVSQSJTJOH
 HJWFO UIF SFMBUJWFMZ DPOTUSJDUFE DPBTUBM QMBJO
 CBDLFE
CZ UIF TUFFQMZ SJTJOH 1JDPT EF &VSPQB BOE UIF SFTU PG UIF $BOUBCSJBO .PVOUBJO SBOHF� /FWFSUIFMFTT

UIF OBUVSF PG UIF TVCTJTUFODF BOE TFUUMFNFOU QBUUFSO IBT CFFO B NBUUFS GPS EFCBUF
 DFOUSFE PO UIF RVFT�
UJPO PG XIFUIFS UIF DPBTUBM TJUFT o PęFO RVJUF TNBMM o XFSF TQFDJBM QVSQPTF DBNQT PDDVQJFE TFBTPOBMMZ
BT QBSU PG B TJOHMF
 JOUFHSBUFE TZTUFN MJOLJOH UIF DPBTU BOE UIF JOUFSJPS 	$MBSL ����� $MBSL BOE #BS�
UPO ����
� PS
 BMUFSOBUJWFMZ
 XIFUIFS UXP EJTUJODU TVCTJTUFODF�TFUUMFNFOU TZTUFNT FYJTUFE
 POF XJUI B
DPBTUBM PSJFOUBUJPO BOE UIF PUIFS XJUI BO JOMBOE
 UFSSFTUSJBM GPDVT 	(PO[ÈMF[ .PSBMFT ����
� 4UBCMF
JTPUPQF BOBMZTJT PG IVNBO SFNBJOT CSJOHT BO JOEFQFOEFOU MJOF PG FWJEFODF UP CFBS
 XJUI BDDVNVMBU�
JOH SFTVMUT GSPN UIF SFHJPO TUSPOHMZ TVQQPSUJOH UIF FYJTUFODF PG EJTUJODU DPBTUBM BOE JOMBOE BEBQUBUJPOT
	"SJBT ����� "SJBT BOE 'BOP ����� "SJBT ����� 'BOP ����
� )FSF
 XF QSFTFOU BEEJUJPOBM EBUB QFSUBJOJOH
UP UIJT RVFTUJPO
 JODMVEJOH B TVCTUBOUJBM .FTPMJUIJD GBVOBM EBUBTFU GSPN UIF JOMBOE DBWF PG -PT $BOFT
	"TUVSJBT
 UP QSPWJEF B UFSSFTUSJBM JTPUPQJD CBTFMJOF
 BOE B TNBMM OVNCFS PG BSDIBFPMPHJDBM ĕTI WBMVFT
SFĘFDUJOH NBSJOF BOE FTUVBSJOF IBCJUBUT� ćF IVNBO TBNQMF TJ[F JT TUJMM OPU MBSHF
 CVU UIF FYJTUFODF
PG TFQBSBUF DPBTUBM BOE JOMBOE HSPVQT DPOUJOVFT UP CF TUSPOHMZ TVQQPSUFE� 8F BMTP CSJFĘZ BEESFTT UIF
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NFUIPEPMPHJDBM RVFTUJPO PG JOUFS�MBCPSBUPSZ DPNQBSBCJMJUZ JO TUBCMF JTPUPQF NFBTVSFNFOUT�

ã K»kv�� wk²v¥  k {  �»²¥��  �¶¥»¥¯� k k�Î¶�¶

*O B QSFIJTUPSJD 8FTUFSO &VSPQFBO DPOUFYU
 DBSCPO TUBCMF JTPUPQF 	δ��$
 NFBTVSFNFOUT PO CPOF DPM�
MBHFO DBO EJTUJOHVJTI CFUXFFO UFSSFTUSJBM BOE NBSJOF TPVSDFT PG QSPUFJO 	XFMM�LOPXO GFFEJOH FYQFSJ�
NFOUT IBWF EFNPOTUSBUFE UIBU ��$ BCVOEBODF JO CPOF DPMMBHFO JT TUSPOHMZ JOĘVFODFE CZ UIF QSPUFJO
DPNQPOFOU PG UIF EJFU 	"NCSPTF BOE /PSS ����

� ćF δ��$ FOEQPJOU PG CPOF DPMMBHFO GPS B IVNBO
DPOTVNJOH BO FOUJSFMZ NBSJOF EJFU XPVME HFOFSBMMZ CF DB� ���z
 XIJMF GPS B IVNBO TVCTJTUJOH PO BO
FOUJSFMZ UFSSFTUSJBM
 $ƿ�CBTFE EJFU UIJT FOEQPJOU XPVME CF DB� ���z 	3JDIBSET BOE)FEHFT ����� 4DIVMU�
JOH ����� ����
� " DPNQMJDBUJOH GBDUPS JO UIF UFSSFTUSJBM FOEQPJOU XIFO DPNQBSJOH WBMVFT BDSPTT MBSHF
HFPHSBQIJDBM TDBMFT JT UIF FYJTUFODF PG B MBUJUVEJOBM HSBEJFOU BT B SFTVMU PG DMJNBUF FČFDUT 	3JDIBSET BOE
WBO ,MJOLFO ����� 4DIVMUJOH ����
� ćVT
 B QVSFMZ UFSSFTUSJBM WBMVF GPS B IVNBO DPOTVNFS JO /PSUIFSO
&VSPQF XPVME CF DB� ���z
 XIJMF B QVSFMZ UFSSFTUSJBM WBMVF JO 4PVUIFSO &VSPQF XPVME CF DB� ���z�
ćFSF BSF GVSUIFS OVBODFT JO UIJT PWFSBMM QBUUFSO SFMBUJOH UP GBDUPST JODMVEJOH MPDBM NJDSPDMJNBUFT
 EF�
HSFF PG GPSFTU DPWFS
 FUD� "OPUIFS DPNQMJDBUJOH JTTVF SFMBUFT UP FTUVBSJOF FDPTZTUFNT� #FDBVTF PG UIF
HSFBUFS DPOUSJCVUJPO PG UFSSFTUSJBM DBSCPO TPVSDFT
 UIFTF PęFO FYIJCJU δ��$ WBMVFT JOUFSNFEJBUF CFUXFFO
UFSSFTUSJBM BOE NBSJOF TZTUFNT 	1FUFSTFO FU BM� ����
� 3FTJEFOU TQFDJFT�JOEJWJEVBMT XJMM UIVT BMTP FY�
IJCJU JOUFSNFEJBUF WBMVFT
 BT XJMM IVNBO DPOTVNFST SFMZJOH VQPO TVDI SFTPVSDFT� 0UIFS TQFDJFT NJHIU
CF DBVHIU JO FTUVBSJFT
 CVU CF NJHSBUPSZ
 TQFOEJOH NPTU PG UIFJS UJNF JO UIF TFB QSPQFS
 BOE TP XJMM
ZJFME WBMVFT DPOTJTUFOU XJUI GVMMZ NBSJOF PSHBOJTNT� "U UIF TBNF UJNF
 NBSJOF TQFDJFT UIFNTFMWFT DBO
FYIJCJU DPOTJEFSBCMF WBSJBCJMJUZ JO δ��$ 	SBOHJOH PWFS DB� �z
 EFQFOEJOH PO XIFSF JO UIF PDFBO UIFZ
TQFOE NPTU PG UIFJS UJNF GFFEJOH� 1FMBHJD TQFDJFT
 GPS FYBNQMF
 BSF PęFO ��$�EFQMFUFE SFMBUJWF UP CFO�
UIJD TQFDJFT 	)PCTPO FU BM� ����
�

"MUIPVHI UIFSF BSF PUIFS DPOTJEFSBUJPOT
 OJUSPHFO TUBCMF JTPUPQF BCVOEBODF WBMVFT 	δ��/
 SFGFS NBJOMZ
UP USPQIJD MFWFM FOSJDINFOUT VQ UIF AGPPE DIBJO�
 PG PO BWFSBHF �o�z GPS FBDI TUFQ 	#PDIFSFOT BOE
%SVDLFS ����� .D$VUDIBO FU BM� ����� 'SZ ����� )FEHFT BOE 3FZOBSE ����
� ćJT JT QBSUJDVMBSMZ TP
GPS OPO�GPPE�QSPEVDJOH TPDJFUJFT
 XJUI SFMBUJWFMZ NJOJNBM NPEJĕDBUJPO PG UIF FOWJSPONFOU DPNQBSFE
UP GBSNJOH TPDJFUJFT 	F�H� UISPVHI UIF BQQMJDBUJPO PG BOJNBM NBOVSF UP ĕFMET 	#PHBBSE FU BM� ����

�
.BSJOF GPPE XFCT IBWF UIF QPUFOUJBM GPS NBOZ NPSF USPQIJD MFWFMT UIBO UIF UFSSFTUSJBM NBNNBMJBO TZT�
UFNT UIBU IVNBOT UFOE UP PQFSBUF XJUIJO� "T B DPOTFRVFODF
 UIFZ DBO QSPWJEF DPSSPCPSBUJOH FWJEFODF
	BMPOHTJEF δ��$ WBMVFT
 GPS UIF VTF PG NBSJOF SFTPVSDFT
 BOE BMTP TVHHFTU XIBU LJOET PG SFTPVSDFT XFSF
CFJOH VUJMJTFE
 F�H� XIFUIFS TIFMMĕTI
 ĕTI PSNBSJOFNBNNBMT
 BT UIFTF HFOFSBMMZ PQFSBUF BU JODSFBTJOHMZ
IJHIFS USPQIJD MFWFMT�

'JOBMMZ
 JU TIPVME CF OPUFE UIBU TUBCMF JTPUPQF NFBTVSFNFOUT PO BEVMU IVNBO CPOF DPMMBHFO SFĘFDU BO
BWFSBHF PG 	NBJOMZ
 QSPUFJO DPOTVNFE EVSJOH UIF MBTU EFDBEF PS NPSF PG MJGF JO BEVMUT 	1FBSTPO BOE
-JFCFSNBO ����� )FEHFT FU BM� ����� .FJFS�"VHVTUFJO BOE ,FNQ ����
� ćVT
 TFBTPOBM WBSJBCJMJUZ JO
EJFUT o XIJDI DFSUBJOMZ NJHIU CF FYQFDUFE UP GFBUVSF JO $BOUBCSJBO 4QBJO
 BOE JOEFFE BDSPTT.FTPMJUIJD
&VSPQF NPSF XJEFMZ o JT BWFSBHFE PVU�

ćF NBKPSJUZ PG GBVOBM NFBTVSFNFOUT SFQPSUFE IFSF
 GSPN UIF TJUF PG -PT $BOFT
 XFSF NFBTVSFE JO EV�
QMJDBUF CZ .JLF 3JDIBSET
 UIFO BU UIF %FQBSUNFOU PG "SDIBFPMPHJDBM 4DJFODFT
 6OJWFSTJUZ PG #SBEGPSE�
"T QBSU PG BO PO�HPJOH QSPHSBNNF PG JOUFS�MBCPSBUPSZ DPNQBSJTPOT
 B TVCTFU PG GBVOBM TBNQMFT GSPN
-PT $BOFT XBT BMTP SVO CZ 8PMGSBN .FJFS�"VHFOTUFJO XIJMF BU UIF &OWJSPONFOUBM &OHJOFFSJOH 3F�
TFBSDI $FOUSF 	&&3$

 2VFFO�T 6OJWFSTJUZ #FMGBTU� ćF ĕTI BOE OFX IVNBO NFBTVSFNFOUT XFSF NBEF
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BU UIF 3FTFBSDI -BCPSBUPSZ GPS "SDIBFPMPHZ BOE UIF )JTUPSZ PG "SU 	3-")"

 6OJWFSTJUZ PG 0YGPSE�

"MM SBEJPDBSCPO EBUFT IBWF CFFO SF�DBMJCSBUFE VTJOH UIF *OUDBM�� 	3FJNFS FU BM� ����
 BOE .BSJOF��
	)FBUPO FU BM� ����
 DVSWFT BOE QSFTFOUFE BU ����� DPOĕEFODF� 'PS DPBTUBM JOEJWJEVBMT
 NJYFE UFS�
SFTUSJBM BOE NBSJOF DVSWFT BSF FNQMPZFE JO 0Y$BM ��� 	#SPOL 3BNTFZ ����

 XJUI UIF QFSDFOUBHF PG
NBSJOF QSPUFJO FTUJNBUFE GSPN UIF δ��$ WBMVFT
 XJUI BO BTTVNFE ���� FSSPS� ćF MPDBM ρ3 PČTFU JT
FTUJNBUFE UP CF ���� � �� ZS
 CBTFE PO UIF ĕWF OFBSFTU EBUB QPJOUT UP DPPSEJOBUFT ������� MBUJUVEF BOE
������� MPOHJUVEF JO UIF .BSJOF�� EBUBCBTF 	IUUQ���DBMJC�PSH�NBSJOF�
�

ä O�� �¥¾ »k� ¶

ćF JOMBOE TJUFT JO /PSUIFSO 4QBJO XJUI EJSFDUMZ EBUFE .FTPMJUIJD IVNBO SFNBJOT BSF $IBO EP -JO�
EFJSP
 -B #SB×B
 "J[QFB
 "SBOHBT
 1BSÏ EF /PHBMFT BOE -PT $BOFT 	'JHVSF �
� 0G UIFTF
 -PT $BOFT JT
QBSUJDVMBSMZ JNQPSUBOU BT JU MJFT DMPTFTU UP UIF DPBTU BOE DPOUBJOT NVMUJQMF JOEJWJEVBMT�

$IBO EP -JOEFJSP 	-VHP
 JT MPDBUFE JO UIF 4FSSB EP $PVSFM PG (BMJDJB
 TPNF ��� LN GSPN UIF NPEFSO
DPBTU� ćF TLFMFUPO PG BO BEVMU GFNBMF 	A&MCB�
 IBT CFFO EBUFE UP ����o���� DBM #$ 	6B�������������
���� ��� #1
 ����� DPOĕEFODF
 	(SBOEBM E�"OHMBEF BOE 7JEBM ����

 BMUIPVHI UIJT JT B DPNCJOFE
SFTVMU GPS UXP SBEJPDBSCPO EFUFSNJOBUJPOT UIBU BDUVBMMZ EJČFS TJHOJĕDBOUMZ CZ DB� ��� ��$ ZFBST 	ϳ��
EG��
 5����	��
 ���
� 5BCMF �
� ćF δ��$ BOE UIF δ��/ WBMVFT PG �����z BOE ���z
 SFTQFDUJWFMZ
 BSF BT
FYQFDUFE GPS BO FOUJSFMZ $ƿ UFSSFTUSJBM EJFU�

'JHVSF �� .BQ PG OPSUIFSO 4QBJO TIPXJOH MPDBUJPOT PG TJUFT NFOUJPOFE JO UIF UFYU 	NBQ� -VJT $� 5FJSB
�

ćF DBWF PG -B #SB×B�"SJOUFSP 	-FØO
 JT MPDBUFE PO UIF TPVUIFSO TMPQFT PG UIF $BOUBCSJBO $PSEJMMFSB

TPNF �� LN GSPN UIF TFB� ćF UXP BEVMU NBMF TLFMFUPOT GPVOE IFSF IBWF CFFO EJSFDUMZ EBUFE UP UIF
.FTPMJUIJD
 ��������� DBM #$ 	#FUB�������� ���� � �� #1
 BOE ��������� DBM #$ 	#FUB�������� ����
� �� #1
 	7JEBM BOE 1SBEB ����
� (JWFO UIFJS EJTUBODF GSPN UIF DPBTU
 UIF TUBCMF JTPUPQF WBMVFT XPVME
CF FYQFDUFE UP QSPWJEF B XIPMMZ UFSSFTUSJBM TJHOBM� )PXFWFS
 CPUI UIF δ��$ BOE UIF δ��/ SFTVMUT BSF
TMJHIUMZ FMFWBUFE DPNQBSFE UP UIPTF GSPN UIF PUIFS JOMBOE TJUFT
 UIPVHI POMZ TJHOJĕDBOUMZ TP 	EFTQJUF
UIF TNBMM TBNQMF TJ[F
 GPS δ��/ 	δ��$� 4UVEFOU�T U�UFTU
 U � �����
 Q � ������ δ��/� U � �����
 Q � �����
�
*OEFFE
 UIF δ��$ WBMVFT PG �����z BOE �����z GPS -B #SB×B � BOE -B #SB×B �
 SFTQFDUJWFMZ
 XPVME CF
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5BCMF �� 14$ EBUFT BOE TUBCMF JTPUPQF EBUB 	XIFSF BWBJMBCMF
 GPS .FTPMJUIJD IVNBOT GSPN /PSUIFSO 4QBJO� "MM EBUFT
IBWF CFFO SFDBMJCSBUFE JO 0Y$BM ��� 	*OU$BM�� BOE .BSJOF�� DVSWFT
� .BSJOF SFTFSWPJS DPSSFDUJPOT GPS DPBTUBM TJUFT
FNQMPZ FTUJNBUFE NBSJOF QSPUFJO DPOUSJCVUJPOT 	� ���
 CBTFE PO δ13$ WBMVFT BOE BTTVNJOH NBSJOF BOE UFSSFTUSJBM
FOEQPJOUT PG ���z BOE ���z
 SFTQFDUJWFMZ
 XJUI ∆3 PG ���� � �� ZFBST 	TFF UFYU
� /PUF UIBU UIF NBSJOF SFTFSWPJS
DPSSFDUJPOT GPS 5JUP #VTUJMMP
 "UYVSJ�*
 BOE &M 5PSBM *** IBWF CFFO FTUJNBUFE 	BTTVNJOH ��� NBSJOF EJFUT
 JO UIF
BCTFODF PG δ13$ EBUB� 'PS -VNFOUYB 	$/"���������

 UIF DPSSFDUJPO JT NBEF VTJOH UIF δ13$ WBMVF GPS 0Y"������

BTTVNJOH UIFZ BSF UIF TBNF JOEJWJEVBM� ѯ2 UFTUT BSF QSPWJEFE GPS DPNCJOFE EBUFT 	VTJOH _n+QK#BM2 JO 0Y$BM ���

GPS EVQMJDBUF EFUFSNJOBUJPOT PO PTUFOTJCMZ UIF TBNF JOEJWJEVBM 	UIPTF JO SFE GBJM UIF UFTU� 8BSE BOE 8JMTPO ����
�
. � NBMF� ' � GFNBMF� * � JOEFUFSNJOBUF�

4JUF "HF 4FY -BC OP� 14$ #1 � DBM #$ 	�����
 Ϣ13$ Ϣ15/ $�/ 4PVSDF

*OMBOE
"SBOHBT "EVMU * 0Y"������ ���� �� ����o���� ����� ��� ��� "SJBT FU BM� ����� UIJT QBQFS
$IBO EP -JOEFJSP "EVMU ' 6B������ ���� �� ����o���� ����� ��� ��� (SBOEBM E�"OHMBEF BOE 7JEBM ����
$IBO EP -JOEFJSP 6B������ ���� �� ����o���� ����� ��� ��� (SBOEBM E�"OHMBEF BOE 7JEBM ����
$IBO EP -JOEFJSP $PNCJOFE ���� �� ����o���� ����� ��� ��� ϳ2� EG��
 5����	�� ���

1BSÏ EF /PHBMFT "EVMU * 0Y"�9��������� ���� �� ����o���� ����� ��� ��� "SJBT ����
-B #SB×B � "EVMU . #FUB������� ���� �� ����o���� ����� ���� ��� 7JEBM BOE 1SBEB ����
-B #SB×B � "EVMU . #FUB������� ���� �� ����o���� ����� ���� ��� 7JEBM BOE 1SBEB ����
-PT $BOFT �" "EVMU ' ""����� ���� �� ����o���� ����� ��� O�E� "SJBT ����� %SBL ����
-PT $BOFT �" 0Y"����� ���� �� ����o���� ����� ��� ��� "SJBT ����
-PT $BOFT �" $PNCJOFE ���� �� ����o���� ����� ��� ��� ϳ�� EG��
 5����	�� ���

-PT $BOFT �" "EPM� . ""������ ���� �� ����o���� ����� ��� O�E� "SJBT ����� %SBL ����
-PT $BOFT �" 0Y"������ ���� �� ����o���� ����� ��� ��� "SJBT ����
-PT $BOFT �" $PNCJOFE ���� �� ����o���� ����� ��� ��� ϳ�� EG��
 5�����	�� ���

-PT $BOFT �# "EVMU . 0Y"������ ���� �� ����o���� ����� ��� ��� "SJBT ����� %SBL ����
-PT $BOFT �" "EVMU . ""����� ���� �� ����o���� ����� ��� O�E� "SJBT ����� %SBL ����
-PT $BOFT �# $IJME * 0Y"������ ���� �� ����o���� ����� ���� ��� "SJBT ����� %SBL ����� UIJT QBQFS
-PT $BOFT �$ "EVMU * 0Y"������ ���� �� ����o���� ����� ��� ��� "SJBT ����� %SBL ����
-PT $BOFT �% *OEFU * 0Y"�9�������� ���� �� ����o���� ����� ��� ��� "SJBT ����� %SBL ����� UIJT QBQFS
"J[QFB "EVMU ' (S"���� ���� �� ����o���� ����� ��� ��� #BSBOEJBSÈO BOE $BWB ����

$PBTUBM
1P[B M�&HVB "EVMU . 50������ ���� �� ����o���� ����� ���� O�E� "SJBT FU BM� ����� %SBL ����
5JUP #VTUJMMP "EVMU . #FUB������� ���� �� ����o���� O�E� O�E� O�E� %SBL ����� %SBL FU BM� ����
+� "EVMU . (S"������ ���� �� ����o���� ����� ���� O�E� "SJBT ����� *SJBSUF FU BM� ����
$VBSUBNFOUFSP "EVMU . 0Y"������ ���� �� ����o���� ����� ���� ��� %SBL ����� ćJT QBQFS
.B[BDVMPT "EVMU . 0Y"������ ���� �� ����o���� ����� ���� ��� ćJT QBQFS
-JOBU[FUB *OGBOU * 0Y"������ ���� �� ����o���� ����� ���� ��� ćJT QBQFS
-JOBU[FUB ,*"������ ���� �� ����o���� O�E� O�E� O�E� 5BQJB 4BHBSOB FU BM� ����
-JOBU[FUB $PNCJOFE ���� �� ����o���� ����� ���� ��� ϳ�� EG��
 5����	�� ���

"UYVSJ�* "EVMU * #FUB������� ���� �� ����o���� O�E� O�E� ��� (BSDÓB�4BHBTUJCFM[B FU BM� ����
&M 5PSBM *** "EVMU * 6(".4����� ���� �� ����o���� O�E� O�E� O�E� /PWBM ����
$PMPNCB "EVMU . 50������ ���� �� ����o���� ����� ���� O�E� "SJBT ����� "SJBT BOE 'BOP ����
-VNFOUYB "EVMU * 0Y"������ ���� �� ����o���� ����� ���� ��� ćJT QBQFS
-VNFOUYB $/"��������� ���� �� ����o���� O�E� O�E� O�E� (BSDÓB�4BHBTUJCFM[B FU BM� ����
-VNFOUYB $PNCJOFE ���� �� ����o���� ����� ���� ��� ϳ�� EG��
 5����	�� ���

4BOUJNBNJ×F "EVMU . #FUB������� ���� �� ����o���� ����� ���� O�E� -ØQF[ 2VJOUBOB FU BM� ����

TFFO BT SFĘFDUJOH TPNF NJOPS NBSJOF DPNQPOFOU JO NPSF OPSUIFSMZ QBSUT PG &VSPQF 	F�H� OP WBMVFT
IJHIFS UIBO �����z 	JUTFMG BO PVUMJFS
 IBWF CFFO PCTFSWFE JO PWFS ��� /FPMJUIJD IVNBOT GSPN #SJUBJO
BOE *SFMBOE 	4DIVMUJOH BOE #PSJʉ ����

� 1PTTJCMF FYQMBOBUJPOT GPS UIF FMFWBUFE δ��$ BOE δ��/ WBMVFT
BU -B #SB×B IBWF CFFO FYQMPSFE FMTFXIFSF
 XJUI UIF GSPOUSVOOFS CFJOH WBSJBCJMJUZ JO UIF MPDBM CBTFMJOF
JTPUPQF FDPMPHZ SFMBUFE UP DMJNBUJD EJČFSFODFT PO UIF TPVUIFSO TJEF PG UIF $PSEJMMFSB
 XIJDI JT DPO�
TJEFSBCMZ NPSF BSJE UIBO JUT OPSUIFSO TMPQFT 	"SJBT BOE 4DIVMUJOH ����
� *O UIF BCTFODF PG BTTPDJBUFE
GBVOBM SFNBJOT
 UIJT DBOOPU DVSSFOUMZ CF DPOĕSNFE�

"J[QFB 	/BWBSSF
 JT B SPDLTIFMUFS MPDBUFE JO UIF GPPUIJMMT PG UIF 1ZSFOFFT BU ��� NBTM
 BMTP TPNF �� LN
GSPN UIF DPBTU� " XFMM�QSFTFSWFE BEVMU GFNBMF ZJFMEFE B SBEJPDBSCPO EBUF PG ����o���� DBM #$ 	(S"�
���� ���� � �� #1
 	#BSBOEJBSÈO BOE $BWB ����� $BWB ����
� " TFQBSBUF CPOF GSPN UIF TBNF JOEJWJE�
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4DIVMUJOH FU BM� 	����
 .FTPMJUIJD .JTDFMMBOZ� ����

VBM ZJFMEFE δ��$ BOE δ��/ WBMVFT PG �����z BOE ���z
 SFTQFDUJWFMZ� UIF MBUUFS JT VOVTVBMMZ MPX GPS UIF
.FTPMJUIJD
 XJUI B #BZFTJBONPEFM TVHHFTUJOH B TVCTUBOUJBM DPOUSJCVUJPO PG QMBOU GPPET JO UIF EJFU PG UIJT
JOEJWJEVBM
 EFTQJUF UIF QSFTFODF PG TVCTUBOUJBM OVNCFST PG GSFTIXBUFS ĕTI CPOFT BU UIF TJUF 	'FSOÈOEF[�
$SFTQP FU BM� ����
� ;BQBUB 	����
 IBT OPUFE UIF QPUFOUJBM JNQPSUBODF PG QMBOU GPPET o QBSUJDVMBSMZ
IB[FMOVUT
 BDPSOT BOE 1PNPJEFBF GSVJUT o JO UIF .FTPMJUIJD PG UIF #BTRVF $PVOUSZ� 4FRVFOUJBM JTPUPQJD
NFBTVSFNFOUT PO EFOUJOF 	.�
 FYQMPSFE UIJT JOEJWJEVBM�T DIJMEIPPE EJFUBSZ MJGF IJTUPSZ CFUXFFO UIF
BHFT PG � BOE ��
 TIPXJOH EFDSFBTJOH δ��/ WBMVFT JO UIF MBTU ZFBST SFQSFTFOUFE 	'FSOÈOEF[�$SFTQP FU BM�
����
� 0UIFS JTPMBUFE IVNBO SFNBJOT GSPN UIF TJUF QSPWFE UP CF $IBMDPMJUIJD XIFO SBEJPDBSCPO EBUFE
	'FSOÈOEF[�$SFTQP FU BM� ����
�

ćF DBWF PG -PT $BOFT 	"TUVSJBT
 JT MPDBUFE PO B TUFFQ
 TPVUI�GBDJOH TMPQF JO UIF 4JFSSB EF $VFSB
 GBDJOH
UIF 1JDPT EF &VSPQB NBTTJG� 5PEBZ
 JUT EJTUBODF GSPN UIF TFB JT DB� �� LN
 BOE JU XPVME OPU IBWF CFFO
NVDI GVSUIFS JO UIF .JEEMF )PMPDFOF CFDBVTF PG UIF TUFFQ ESPQ�PČ BMPOH UIF $BOUBCSJBO 4FB� &YDBWB�
UJPOT SFWFBMFE UISFF GVOFSBSZ TUSVDUVSFT 	*o***
 FBDI DPOUBJOJOH POF XFMM�QSFTFSWFE QSJNBSZ JOEJWJEVBM
	"SJBT BOE (BSSBMEB ����� "SJBT FU BM� ����

 BMUIPVHI JO FBDI TUSVDUVSF UIF SFNBJOT PG BEEJUJPOBM JO�
EJWJEVBMT BMTP PDDVSSFE
 SBOHJOH GSPN JTPMBUFE UFFUI UP B QBJS PG BSUJDVMBUFE GFFU 	%SBL ����
�

ćF NPTU SFDFOU CVSJBM JT -PT $BOFT �"�
 BO PMEFS BEVMU GFNBMF
 EBUFE UP ����o���� DBM #$ 	""�����
BOE0Y"����� DPNCJOFE� �������#1� 5BCMF �

 QPUFOUJBMMZ GBMMJOHXJUIJO UIF QFSJPE PG UIF.FTPMJUIJD�
/FPMJUIJD USBOTJUJPO JO $BOUBCSJB
 CFHJOOJOH JO UIF TFDPOE IBMG PG UIF TJYUI NJMMFOOJVN #$ 	'BOP FU BM�
����
� )PXFWFS
 QBMBFPHFOPNJD SFTVMUT IBWF DPOĕSNFE BO FOUJSFMZ8FTUFSO )VOUFS�(BUIFSFS BODFTUSZ
GPS UIJT JOEJWJEVBM 	(PO[ÈMF[�'PSUFT FU BM� ����
� ćJT TVQQPSUT B QFSJPE PG PWFSMBQ CFUXFFO JOEJHF�
OPVT IVOUFS�HBUIFSFST BOE JODPNJOH GBSNFST
 BU MFBTU PO B SFHJPOBM TDBMF
 UIPVHI UIF EFUBJMT PG UIFJS
JOUFSBDUJPOT BSF TUJMM VODMFBS�

-PT $BOFT �" JT BO BEPMFTDFOU NBMF
 BOE �# BSF UIF EJTUVSCFE
 QBSUJBM SFNBJOT PG B QSPCBCMF NBMF BEVMU�
ćF PSJHJOBM EBUFT GPS �" 	""������ ���� ��� #1
 BOE �# 	""������ ���� � �� #1
 IBWF CFFO SF�
QMBDFE CZ NPSF SFDFOUMZ NBEF
 BOE TJHOJĕDBOUMZ FBSMJFS
 EFUFSNJOBUJPOT PG ����o���� DBM #$ GPS �"
	""������ BOE 0Y"������ DPNCJOFE� ���� ��� #1
 BOE ����o���� DBM #$ GPS �# 	0Y"������� ����
��� #1
 	5BCMF �
 	"SJBT ����� ����
� *U TIPVME CF OPUFE UIBU UIF EVQMJDBUF SBEJPDBSCPO EBUFT GPS -PT
$BOFT �" NBSHJOBMMZ GBJM UP DPNCJOF 	ϳ�� EG��
 5�����	�� ���

� ćF SFBTPO GPS UIJT JT VODMFBS
 BOE
NBZ KVTU CF B TUBUJTUJDBM BOPNBMZ�

'VOFSBSZ TUSVDUVSF *** JT CZ GBS UIF NPTU DPNQMFY CVSJBM EFQPTJU BU UIF TJUF� ćF JO TJUV BEVMU NBMF
EFTJHOBUFE -PT $BOFT �" IBT CFFO EBUFE UP ����o���� DBM #$ 	""������ ���� � �� #1
� -PT $BOFT
�# JT SFQSFTFOUFE CZ UIF EJTUVSCFE SFNBJOT PG B ZPVOH DIJME BHFE ��� ZFBST 	%SBL ����� ���
 GPVOE
PWFSMZJOH �"
 BOE EBUFE UP ����o���� DBM #$ 	0Y"������� ���� � �� #1

 JNQMZJOH UIBU �" IBE EJT�
UVSCFE BO PMEFS HSBWF 	"SJBT ����
� " TMJHIUMZ FBSMJFS EBUF PG ����o���� DBM #$ 	0Y"������� ���� ���
#1

 BMTP BUUSJCVUFE UP �#
 XBT NBEF PO XIBU XBT PSJHJOBMMZ JEFOUJĕFE BT B DIJME�T SJC GSBHNFOU 	"SJBT
����� 5BCMF �
� IPXFWFS
 UIJT JT OPX DPOTJEFSFE BT GBVOBM CBTFE PO JUT BTTPDJBUFE δ��/ WBMVF PG ���z
	δ��$ � �����z

 MZJOH XFMM CFMPX UIF SBOHF PCTFSWFE GPS .FTPMJUIJD IVNBOT BDSPTT &VSPQF 	4DIVMUJOH
����
 BOE GBS CFMPX UIF WBMVF PG ����z BTTPDJBUFE XJUI 0Y"������� "OPUIFS EBUF PO DIJME SFNBJOT
BUUSJCVUFE UP -PT $BOFT �# 	50������� ���� ���� #1� "SJBT ����
 JT FYDMVEFE GSPN DPOTJEFSBUJPO IFSF
EVF UP JUT IJHI FSSPS UFSN� -PT $BOFT �$ o EBUFE UP ����o���� DBM #$ 	0Y"������� ���� ���
 o JT
SFQSFTFOUFE POMZ CZ UXP BEVMU�TJ[FE DVCPJET UIBU DBOOPU CF GSPN BOZ PG UIF PUIFS BEVMUT 	%SBL �����
'JHVSF ��
� ćVT
 UIFZ NVTU SFQSFTFOU B EJTUJODU JOEJWJEVBM
 GVSUIFS IJHIMJHIUJOH UIF EFHSFF PG EJTUVS�
CBODF BU UIF TJUF� 'JOBMMZ
 BO JTPMBUFE QFSNBOFOU NPMBS EFTJHOBUFE -PT $BOFT �% IBT ZJFMEFE B EBUF PG

�ćF JOEJWJEVBM EFTJHOBUJPOT GPMMPX %SBL 	����� 5BCMF �
�

*44/ ��������� ���



4DIVMUJOH FU BM� 	����
 .FTPMJUIJD .JTDFMMBOZ� ����

����o���� DBM #$ 	0Y"�9��������� ���� � �� #1
 UIBU JT UIF FBSMJFTU .FTPMJUIJD IVNBO SFTVMU GSPN
UIF TJUF
 UIPVHI XIFUIFS B TJOHMF UPPUI TIPVME CF DPOTJEFSFE BT B TFQBSBUF JOEJWJEVBM PO UIJT CBTJT JT
EFCBUBCMF� /FWFSUIFMFTT
 JUT BTTPDJBUFE TUBCMF JTPUPQF WBMVFT IBWF CFFO JODMVEFE JO DBMDVMBUJOH UIF TJUF
NFBO QSFTFOUFE CFMPX�

8IFO ĕSTU EJTDPWFSFE BOE FYDBWBUFE
 UIFSF XBT B RVFTUJPO PWFS XIFUIFS -PT $BOFT SFQSFTFOUFE B TQF�
DJBMJTFE IVOUJOH DBNQ GPS HSPVQT UIBU NJHIU IBWF TQFOU B DPOTJEFSBCMF UJNF PO UIF DPBTU
 PS XIFUIFS
UIF QFPQMF CVSJFE JO UIF DBWF XFSF QBSU PG B DPNNVOJUZ FOUJSFMZ GPDVTTFE PO JOMBOE SFTPVSDFT� 'SPN
QSFWJPVT JTPUPQJD BOBMZTFT
 JU JT DMFBS UIBU UIF MBUUFS JT UIF DBTF 	"SJBT ����� "SJBT BOE 'BOP ����

 BOE
UIJT IBT CFFO DPOĕSNFE CZ NPSF SFDFOU BOBMZTFT� ćF QVUBUJWF TJY JOEJWJEVBMT GSPN -PT $BOFT EJSFDUMZ
EBUFE UP UIF .FTPMJUIJD TIPX MJUUMF PS OP FWJEFODF PG UIF DPOTVNQUJPO PG NBSJOF QSPUFJO
 BWFSBHJOH
����� � ���z GPS δ��$ BOE ��� � ���z GPS δ��/ 	5BCMF �� 'JHVSF �
� ćJT FYDMVEFT UIF ZPVOH DIJME �#
XJUI B IJHI δ��/ WBMVF PG ����z
 SFĘFDUJOH B OVSTJOH TJHOBM 	4DIVSS ����
� ćF δ��$ WBMVFT BSF QFSIBQT
TMJHIUMZ FMFWBUFE GSPN XIBU NJHIU CF FYQFDUFE GPS B QVSFMZ $ƿ UFSSFTUSJBM EJFU
 BOE UIFSF JT B IJOU PG B
DPSSFTQPOEJOH JODSFBTF JO δ��/ 	S� � ������ Q � �����

 SBJTJOH UIF QPTTJCJMJUZ PG B TNBMM DPOUSJCVUJPO PG
NBSJOF QSPUFJO� "MUFSOBUJWFMZ
 IPXFWFS
 UIFSF NBZ CF TVďDJFOU WBSJBUJPO JO UIF UFSSFTUSJBM GBVOBM BOE
ĘPSBM JTPUPQJD FDPMPHZ UP BDDPVOU GPS UIJT DPSSFMBUJPO� ćF JTPUPQJD SFTVMUT GPS -B #SB×B TIPX UIBU CPUI
δ��$ BOE δ��/ WBMVFT DBO CF FMFWBUFE JO JOMBOE MPDBUJPOT�

" DPOTJEFSBCMZ FBSMJFS .FTPMJUIJD EBUF PG ����o���� DBM #$ 	0Y"������� ���� ��� #1
 IBT CFFO PC�
UBJOFE PO BO JTPMBUFE IVNBO WFSUFCSB GSPN B DMPTFMZ SFMBUFE DBWF TZTUFN BU "SBOHBT 	"SJBT FU BM� ����


XJUI OFXMZ NFBTVSFE EVQMJDBUF δ��$ BOE δ��/ WBMVFT PG �����z BOE ���z
 SFTQFDUJWFMZ� ćFTF BSF
DMPTFMZ DPNQBSBCMF UP UIF WBMVFT BTTPDJBUFE XJUI UIF SBEJPDBSCPO EBUF
 PG �����z BOE ���z� BT OPUFE
CFMPX
 UIJT JT OPU BMXBZT UIF DBTF�

'JHVSF �� 1MPU PG IVNBO BOE GBVOBM δ13$ BOE δ15/ WBMVFT 	EBUB GSPN 5BCMFT � BOE �� GSFTIXBUFS ĕTI GSPN "J[QFB
	O � ��� 'FSOÈOEF[�$SFTQP FU BM� ����
� ćFSF JT B TUSPOH QPTJUJWF DPSSFMBUJPO CFUXFFO UIF UXP JTPUPQF TZTUFNT
GPS IVNBOT 	S2 � �����
 Q � �����
 EG ��
��
� ćBU UIF DPSSFMBUJPO TFFNT UP BMTP BQQMZ UP UIF JOMBOE IVNBOT JT
VOFYQFDUFE
 CVU NBZ SFMBUF NPSF UP UIF FOWJSPONFOUBM TFUUJOHT PG UIF TJUFT 	F�H� UIF IJHIFTU δ13$ BOE δ15/ WBMVFT
BSF GSPN UIF JOMBOE TJUF PG -B #SB×B XIFSF DPBTUBM SFTPVSDFT BSF WFSZ VOMJLFMZ UP IBWF DPOUSJCVUFE UP EJFUT
�

'JOBMMZ
 B QPPSMZ QSFTFSWFE CVSJBM GSPN 1BSÏ EF /PHBMFT 	"SJBT ����
 IBT ZJFMEFE B .FTPMJUIJD EBUF PG
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4DIVMUJOH FU BM� 	����
 .FTPMJUIJD .JTDFMMBOZ� ����

����o���� DBM #$ 	0Y"�9���������� ���� ��� #1
� ćF TJUF JT MPDBUFE DB� �� LN UP UIF FBTU PG -PT
$BOFT BOE "SBOHBT
 BOE BMTP QSFTFOUT B UFSSFTUSJBM TUBCMF JTPUPQF TJHOBM 	�����z
 ���z

 BMCFJU TMJHIUMZ
FMFWBUFE JO δ��$� *U TIPVME CF OPUFE UIBU UIF JTPUPQJD WBMVFT GPS 1BSÏ EF /PHBMFT BSF UIPTF PCUBJOFE
BMPOHTJEF UIF ".4 NFBTVSFNFOU SBUIFS UIBO JOEFQFOEFOUMZ GPS QBMBFPEJFU� /FWFSUIFMFTT
 BOE EFTQJUF
GSFRVFOUMZ FYQSFTTFE DBVUJPOT
 DPNQBSBUJWF BOBMZTFT IBWF TIPXO UIBU JO UIF 0YGPSE SBEJPDBSCPO GB�
DJMJUZ UIFTF HFOFSBMMZ EP OPU EJČFS TJHOJĕDBOUMZ 	DG� 4DIVMUJOH FU BM� ����

 UIPVHI JEFBMMZ UIJT TBNQMF
XPVME CF SF�BOBMZTFE GPS HSFBUFS DPOĕEFODF�

" TVCTUBOUJBM GBVOBM BTTFNCMBHF XBT SFDPWFSFE GSPN -PT $BOFT
 NVDI PG JU DPOUFNQPSBSZ XJUI UIF
CVSJBMT
 UIPVHI CPUI FBSMJFS BOE MBUFS NBUFSJBM XBT BMTP QSFTFOU� ćF NBJO TQFDJFT QSFTFOU XFSF TBN�
QMFE GPS JTPUPQJD BOBMZTJT
 XJUI UIF SFTVMUT TVNNBSJTFE JO 5BCMF � BOE 'JHVSF � 	GVMM SFTVMUT BSF TVQQMJFE
JO "QQFOEJY �
� 'PVS TBNQMFT XJUI $�/ WBMVFT BCPWF UIF BDDFQUFE SBOHF PG ���o��� 	%F/JSP ����

BSF FYDMVEFE� "T XPVME CF FYQFDUFE
 UIF δ��$ SFTVMUT BSF DPOTJTUFOU XJUI BO FOUJSFMZ $ƿ UFSSFTUSJBM
FDPTZTUFN
 UIPVHI FMFWBUFE CZ DB� �o�z BCPWF WBMVFT GPS /PSUIFSO &VSPQFBO IFSCJWPSFT EVF UP UIF
BGPSFNFOUJPOFE MBUJUVEJOBM HSBEJFOU JO δ��$�ćF DFSWJET 	SFE BOE SPF EFFS
 BSF TMJHIUMZ CVU TJHOJĕDBOUMZ
EFQMFUFE DPNQBSFE UP UIF JCFY BOE DIBNPJT 	����� WT� �����z
 .BOO�8IJUOFZ 6�UFTU
 Q � �����
� ćJT
JT QSFTVNBCMZ SFMBUFE UP UIF QSFGFSSFE IBCJUBUT GPS UIFTF TQFDJFT
 XJUI UIF EFFS GPVOE JO NPSF GPSFTUFE
DPOEJUJPOT
 BOE IFODF TVCKFDU UP B ADBOPQZ FČFDU� 	#POBĕOJ FU BM� ����

 XIFSFBT JCFY BOE DIBNPJT
XPVME CF GPVOE JO IJHIFS
 NPSF PQFO FMFWBUJPOT� ćF δ��/ WBMVFT GSPN UIF UXP XJME QJHT BSF OPU TJH�
OJĕDBOUMZ FMFWBUFE DPNQBSFE UP UIPTF PG IFSCJWPSFT
 TVHHFTUJOH MJNJUFE DPOTVNQUJPO PG BOJNBM QSPUFJO
	'JHVSF �
� *U DBO CF OPUFE UIBU UIF SFE EFFS GSPN -PT $BOFT TIPX TJNJMBS δ��$ BOE δ��/ WBMVFT UP UIPTF
GSPN UIF .FTPMJUIJD MFWFMT BU &M .JSØO DBWF
 XJUI SFTQFDUJWF NFBOT PG ����� ����z BOE ��� ����z 	O
� �
 	4UFWFOT FU BM� ����
�

5BCMF �� 4VNNBSZ PG δ13C BOE δ15N EBUB GPS GBVOB GSPN -PT $BOFT�

4QFDJFT -BUJO Ϣ13$ � �4% 	Ϣ13$
 Ϣ15/ z � �4% 	Ϣ15/
 O
3FE EFFS $FSWVT FMBQIVT ����� ��� ��� ��� �
3PF EFFS $BQSFPMPVT DBQSFPMVT ����� ��� ��� ��� �
*CFY $BQSB QZSFOBJDB ����� ��� ��� ��� �
$IBNPJT 3VQJDBQSB QZSFOBJDB ����� ��� ��� ��� �
*CFY�DIBNPJT $BQSB�3VQJDBQSB ����� /" ��� /" �
8JME QJH 4VT TDSPGB ����� ��� ��� ��� �
#FBS 6STVT TQ� ����� /" ��� /" �

"T QBSU PG BO JOUFS�MBCPSBUPSZ DPNQBSJTPO FYFSDJTF
 B TVCTFU PG �� GBVOBM TBNQMFT XFSF BMTP NFBTVSFE
CZ 8PMGSBN .FJFS�"VHVTUFJO
 UIFO BU UIF &&3$
 2VFFO�T 6OJWFSTJUZ #FMGBTU� ćF SFTVMUJOH DPSSFMBUJPOT
BSF IJHI 	S� � ���� GPS CPUI δ��$ BOE δ��/

 UIPVHI UIF SFHSFTTJPO FRVBUJPOT JOEJDBUF B TMJHIU PČTFU

XJUI &&3$ NFBTVSFNFOUT PO BWFSBHF CFJOH FMFWBUFE CZ ���z GPS δ��$ BOE ���z GPS δ��/ 	'JHVSFT �
BOE �� GVMM SFTVMUT BSF TVQQMJFE JO "QQFOEJY �
� ćJT DPVME CF EVF UP UIF VTF PG EJČFSFOU JOUFSOBM DBMJ�
CSBUJPO TUBOEBSET
 PS UP UIF VTF PG BO VMUSBĕMUSBUJPO TUFQ BU UIF #SBEGPSE MBCPSBUPSZ� *O FJUIFS DBTF
 UIF
EJČFSFODFT BSF NJOPS
 BOE EP OPU BČFDU UIF JOUFSQSFUBUJPOT� JG BOZUIJOH
 UIFZ JNQBSU HSFBUFS DPOĕEFODF
JO UIF SFTVMUT 	DG� 1FTUMF FU BM� ����
�

ćF �� IFSCJWPSFT BWFSBHF ����� � ���z BOE ��� � ���z JO δ��$ BOE δ��/
 SFTQFDUJWFMZ� ćJT QSPWJEFT B
CBTFMJOF GPS DPNQBSJTPO XJUI UIF IVNBO SFTVMUT GSPN -PT $BOFT� 5BLJOH JOUP BDDPVOU B DB� �z USPQIJD
MFWFM TIJę GPS δ��$ 	QSFZ UP QSFEBUPS CPOF DPMMBHFO

 BOE �z TIJę GPS δ��/
 UIF FYQFDUFE IVNBO CPOF
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4DIVMUJOH FU BM� 	����
 .FTPMJUIJD .JTDFMMBOZ� ����

DPMMBHFO WBMVFT XPVME CF �����z BOE ���z
 XIJDI JT JO GBDU JEFOUJDBM 	UP POF EFDJNBM
 UP UIF PCTFSWFE
NFBOT PG �����z BOE ���z 	FYDMVEJOH UIF JOGBOU

 TVHHFTUJOH UIBU UIFSF BSF OP NJTTJOH NBKPS GPPE
TPVSDFT 	F�H� GSFTIXBUFS ĕTI
� ćF DPNQBSJTPO JT GVSUIFS JNQSPWFE JG UIF &&3$ GBVOBM WBMVFT BSF VTFE

TJODF
 BT OPUFE BCPWF
 UIFTF BSF TMJHIUMZ FMFWBUFE JO CPUI JTPUPQFT� )PXFWFS
 UIJT WFSZ TJNQMF DBMDV�
MBUJPO XPVME CF DBMMFE JOUP RVFTUJPO JG QMBOU GPPET o XJUI HFOFSBMMZ MPXFS δ��/ WBMVFT o DPOUSJCVUFE
TJHOJĕDBOU EJFUBSZ QSPUFJO BT TVHHFTUFE GPS "J[QFB� 'VSUIFS XPSL JT SFRVJSFE UP JOWFTUJHBUF UIJT NBUUFS�

'JHVSF �� $PNQBSJTPO PG δ13$ NFBTVSFNFOUT PO GBVOBM GSPN -PT $BOFT BU &&3$ BOE #SBEGPSE� ćF PQFO EJBNPOET
EFĕOF B QFSGFDU � UP � DPSSFMBUJPO�
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4DIVMUJOH FU BM� 	����
 .FTPMJUIJD .JTDFMMBOZ� ����

'JHVSF �� $PNQBSJTPO PG δ15/ NFBTVSFNFOUT PO GBVOBM GSPN -PT $BOFT BU &&3$ BOE #SBEGPSE� ćF PQFO EJBNPOET
EFĕOF B QFSGFDU ��� DPSSFMBUJPO�

å O�� ¶�k

8IJMF NBOZ TNBMM TIFMM NJEEFOT JOTJEF DBWFT BOE SPDLTIFMUFST BSF LOPXO GSPN UIF $BOUBCSJBO DPBTUBM
TUSJQ
 SFMBUJWFMZ GFX IVNBO SFNBJOT IBWF CFFO SFDPWFSFE 	"SJBT FU BM� ����� .FJLMFKPIO ����
� ćF
BWBJMBCMF JTPUPQJD EBUB PęFO EFSJWF GSPN TJOHMF TLFMFUPOT PS JTPMBUFE FMFNFOUT UIBU IBWF CFFO GPVOE BU
UIFTF TJUFT
 BOE EJSFDUMZ SBEJPDBSCPO EBUFE UP DPOĕSN UIFJS.FTPMJUIJD BUUSJCVUJPO� 1SFWJPVTMZ SFQPSUFE
JTPUPQJD SFTVMUT GSPN UIF OFBS�DPBTUBM 	XJUIJO � LN
 TJUFT PG $PMPNCB
 -B 1P[B M�&HVB
 4BOUJNBNJ×F

BOE +BJ[LJCFM 	+�
 BMM FYIJCJU NPEFSBUFMZ FMFWBUFE δ��$ BOE δ��/ WBMVFT 	"SJBT ����� "SJBT FU BM� �����
-ØQF[ 2VJOUBOB FU BM� ����
 	5BCMF �
� ćF SFNOBOU TIFMM NJEEFO JO B TNBMM DBWF BU $PMPNCB 	"TUVSJBT

ZJFMEFE UISFF MPXFS MJNC CPOFT
 QSPCBCMZ GSPN UIF EJTUVSCFE CVSJBM PG B TJOHMF BEVMUNBMF� *TPMBUFE BEVMU
NBMFNBOEJCMFT XFSF SFDPWFSFE GSPN UIF TIFMMNJEEFO JO UIF DBWF PG -B 1P[B M�&HVB 	"TUVSJBT
 BOE GSPN
UIF DBWF PG 4BOUJNBNJ×F 	#JTDBZ
� +BJ[LJCFM +� 	(JQV[LPB
 JT B TIFMM NJEEFO JOTJEF B TBOETUPOF SPDL�
TIFMUFS
 JO XIJDI XBT GPVOE UIF DPNQMFUF TLFMFUPO PG BO BEVMU NBMF
 CVSJFE JO B ĘFYFE QPTJUJPO 	*SJBSUF
FU BM� ����� ����
�

ćSFF BEEJUJPOBM EBUFT BSF BWBJMBCMF PO DPBTUBM .FTPMJUIJD JOEJWJEVBMT
 CVU XJUIPVU BTTPDJBUFE TUBCMF
JTPUPQF EBUB� ćF FBSMJFTU JT B UPPUI GSPN B TLFMFUPO GSPN 5JUP #VTUJMMP 	"TUVSJBT
 EBUFE UP ����o����
DBM #$ 	#FUB�������� ���� � �� #1
 	%SBL FU BM� ����
� 'SPN UIF TBNF TUSFUDI PG DPBTU
 IVNBO SFNBJOT
GSPN UIF DBWF PG &M 5PSBM *** 	"TUVSJBT
 IBWF ZJFMEFE B EBUF PG ����o���� DBM #$ 	6(".4������ ����
��� #1
 	/PWBM ����
� 'JOBMMZ
 BO JTPMBUFE SJC GSBHNFOU GSPN UIF EFTUSPZFE DBWF PG "UYVSJ�* 	#JTDBZ

IBT ZJFMEFE B EBUF PG ����o���� DBM #$ 	#FUB�������� ���� � �� #1

 XIJMF B DPNQMFUF GFNVS HBWF B
DPOTJEFSBCMZ MBUFS EBUF PG ����o���� DBM #$ 	#FUB�������� ���� ��� #1
 	(BSDÓB�4BHBTUJCFM[B FU BM�
����
� "MM UISFF .FTPMJUIJD JOEJWJEVBMT XPVME CF FYQFDUFE UP TIPX DPOTJEFSBCMF SFMJBODF PO NBSJOF
GPPET
 UIPVHI δ��$ BOE δ��/ NFBTVSFNFOUT BSF SFRVJSFE GPS DPOĕSNBUJPO BOE RVBOUJĕDBUJPO� "T B
QSPWJTJPOBM BQQSPYJNBUJPO
 UIF DBMJCSBUFE EBUFT GPS UIFTF JOEJWJEVBMT 	5BCMF �
 BTTVNF B DPOUSJCVUJPO
PG �� ���� NBSJOF QSPUFJO 	UIF NFBO PG DPBTUBM .FTPMJUIJD IVNBOT FYDMVEJOH $VBSUBNFOUFSP BT BO
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PVUMJFS
�

5P UIFTF DBO CF BEEFE AOFX�� ".4 ��$ EBUFT BOE TUBCMF JTPUPQF WBMVFT PO IVNBO SFNBJOT GSPN.B[BDV�
MPT
 $VBSUBNFOUFSP BOE -JOBU[FUB 	'JHVSF �
� "MM UISFF BSF DBWF�SPDLTIFMUFS TJUFT� "O JTPMBUFE NBOEJCMF
CFMPOHJOH UP BO BEVMU NBMF XBT SFDPWFSFE GSPN FYDBWBUJPOT BU .B[BDVMPT ** 	"TUVSJBT
 	(PO[ÈMF[
.PSBMFT BOE .ÈSRVF[ 6SÓB ����� (BSSBMEB ����

 XIJMF BNBUFVS FYDBWBUJPOT BU $VBSUBNFOUFSP 	"T�
UVSJBT
 SFWFBMFE BO BEVMU DBMPUUF 	(BSSBMEB ����
� ćF CVSJBM GSPN -JOBU[FUB DBWF 	(JQV[LPB
 JT UIBU PG
BO JOGBOU MFTT UIBO TJY NPOUIT PME� *U IBT CFFO QSFWJPVTMZ EBUFE UP UIF .FTPMJUIJD 	,*"������� ����
� �� #1� 5BQJB FU BM� ����

 CVU XJUIPVU BO BTTPDJBUFE δ��$ WBMVF JU XBT VODFSUBJO UP XIBU FYUFOU B
NBSJOF SFTFSWPJS DPSSFDUJPO NJHIU BQQMZ� ćF OFX EBUF SFQPSUFE IFSF JT DPNQBSBCMF
 XJUI B δ��$ WBMVF
PG �����z
 GPS B DPNCJOFE EBUF PG ����o���� DBM #$ 	���� � �� #1
 ϳ�� EG��
 5���� 	�� ���


 XJUI
BO FTUJNBUFE �� ���� NBSJOF QSPUFJO 	5BCMF �
� *U JT MJLFMZ UIBU UIF SFMBUJWFMZ FMFWBUFE δ��/ WBMVF PG
����z QBSUMZ SFĘFDUT B OVSTJOH TJHOBM 	4DIVSS ����
�

"O BEVMU ĕCVMB GSPN -VNFOUYB 	#JTDBZ
 IBT CFFO EBUFE UP ����o���� DBM #$ 	0Y"������� ���� ���
#1
 QMBDJOH JU XJUIJO UIF TUJMM QPPSMZ EFĕOFE .FTPMJUIJD�/FPMJUIJD USBOTJUJPOBM QFSJPE
 BMUIPVHI JU EPFT
FYIJCJU NPEFSBUFMZ FMFWBUFE δ��$ BOE δ��/ WBMVFT PG �����z BOE ����z
 SFTQFDUJWFMZ� .PSFPWFS
 DPM�
MBHFO GSPN UIJT TBNQMF XBT NFBTVSFE JO USJQMJDBUF XJUI HPPE BHSFFNFOU
 JODMVEJOH UXP OFX NFBTVSF�
NFOUT NBEF JO ����
 TJODF JO UIJT DBTF 	VOMJLF "SBOHBT

 UIF QSFWJPVTMZ QVCMJTIFE ASBEJPDBSCPO� WBMVFT
δ��$ BOE δ��/ WBMVFT PG �����z BOE ����z 	"SJBT ����
 XFSF OPUBCMZ EJČFSFOU
 FTQFDJBMMZ GPS δ��/�
ćF JTPUPQJD SFTVMUT TVHHFTU UIBU
 XIBUFWFS UIF DVMUVSBM BUUSJCVUJPO PG UIJT JOEJWJEVBM
 NBSJOF GPPET TUJMM
QMBZFE BO JNQPSUBOU SPMF� "O BEVMU IVNBO WFSUFCSB GSPN -VNFOUYB IBT CFFO SFDFOUMZ EBUFE UP ����
��� #1 	$/"���������
 	(BSDÓB�4BHBTUJCFM[B FU BM� ����

 UIPVHI OP TUBCMF JTPUPQJD EBUB BSF SFQPSUFE�
(JWFO UIFJS TJNJMBSJUZ JO EBUF
 UIJT NBZ CF GSPN UIF TBNF JOEJWJEVBM SFQSFTFOUFE CZ UIF ĕCVMB 	0Y"�
�����
� $PNCJOJOH UIF UXP NFBTVSFNFOUT 	ϳ�� EG��
 5����	�� ���

 SFTVMUT JO B EBUF PG ����o����
DBM #$
 BTTVNJOH �� � ��� NBSJOF QSPUFJO� 4DBUUFSFE /FPMJUIJD UP &BSMZ #SPO[F "HF IVNBO SFNBJOT
BSF BMTP QSFTFOU BU CPUI TJUFT 	-ØQF[ 2VJOUBOB FU BM� ����� (BSDÓB�4BHBTUJCFM[B FU BM� ����
�

"O BEPMFTDFOU�ZPVOH BEVMU NBOEJCMF GSPN UIF SFMBUJWFMZ OFBSCZ DBWF PG 4BOUJNBNJ×F 	#JTDBZ
 JT EBUFE
UP BQQSPYJNBUFMZ UIF TBNF QFSJPE
 ����o���� DBM #$ 	#FUB�������� ���� � �� #1

 XJUI B TPNFXIBU
TUSPOHFSNBSJOF TJHOBM BT JOEJDBUFE CZ B δ��$ WBMVF PG �����z
 UIPVHI BHBJO XJUI POMZ BNPEFSBUF δ��/
WBMVF PG ����z 	-ØQF[ 2VJOUBOB FU BM� ����
� ćJT TVHHFTUT UIBU UIF NBSJOF GPPET CFJOH DPOTVNFE BU
CPUI -VNFOUYB BOE 4BOUJNBNJ×F XFSF QSJNBSJMZ BU B MPX USPQIJD MFWFM
 F�H� TIFMMĕTI�

"UUFNQUT UP PCUBJO DPMMBHFO GSPN B QPPSMZ QSFTFSWFE .FTPMJUIJD CVSJBM BU &M 5SVDIJSP 	QBSU PG UIF -B
(BSNB DBWF DPNQMFY
 BT QBSU PG UIJT QSPKFDU XFSF VOTVDDFTTGVM� " QSFWJPVT EBUF PG ����o���� DBM #$
	50������� ���� � �� #1� "SJBT FU BM� ����
 PO BO JNNBUVSF TLFMFUPO JT TFFO BT TVTQFDU TJODF UIF CPOF
XBT DIBSSFE� "O FBSMJFS EBUF PG ��������� DBM #$ 	0Y"������� ���� � �� #1
 PO BTTPDJBUFE DIBSDPBM
JT UIPVHIU UP CF NPSF SFMJBCMF 	®MWBSF[�'FSOÈOEF[ FU BM� ����
��

ćF JTPUPQJD SFTVMUT GSPN .B[BDVMPT BOE -JOBU[FUB BSF JO MJOF XJUI UIPTF QSFWJPVTMZ SFQPSUFE GPS PUIFS
$BOUBCSJBO DPBTUBM .FTPMJUIJD TJUFT� $VBSUBNFOUFSP JT QBSUJDVMBSMZ JOUFSFTUJOH
 JO UIBU JU QSFTFOUT UIF
IJHIFTU δ��$ BOE δ��/ WBMVFT UIVT GBS PCUBJOFE GSPN UIF SFHJPO
 �����zBOE ����z
 SFTQFDUJWFMZ� ćFTF

�ćF EBUFT XFSF ĕSTU QSFTFOUFE BU UIF.&40���� DPOGFSFODF JO 4BOUBOEFS� ćFZ IBWF TJODF CFFO DJUFE 	XJUI QFSNJTTJPO

JO PUIFS QVCMJDBUJPOT 	F�H� %SBL BOE (BSSBMEB ����

 CVU XJUIPVU UIF BTTPDJBUFE DIFNJTUSZ EFUBJMT�

�/PUF UIBU B EBUF PG ���� � �� 	0Y"�����
 XBT PSJHJOBMMZ BUUSJCVUFE UP BOPUIFS TLFMFUPO GSPN UIF DPNQMFY
 -B (BSNB #
	"SJBT BOE «MWBSF[ 'FSOÈOEF[ ����� ���

 CVU UIJT XBT JO FSSPS� ćF EBUF TIPVME CF ���� � �� #1 BOE SFGFST UP $IBMDPMJUIJD
VTF PG UIJT QBSU PG UIF DBWF TZTUFN
 XIJDI DPOUBJOT OP FWJEFODF GPS .FTPMJUIJD BDUJWJUZ�
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BQQSPBDI XIBU NJHIU CF FYQFDUFE GPS BO JOEJWJEVBM DPOTVNJOH BMNPTU FOUJSFMZ NBSJOF QSPUFJO� &WFO
XIFO DPSSFDUFE GPS UIF NBSJOF SFTFSWPJS FČFDU
 UIF DBMJCSBUFE EBUF PG ����o���� DBM #$ 	0Y"�������
���� � �� #1
 GSPN $VBSUBNFOUFSP JT BNPOH UIF GPVS FBSMJFTU .FTPMJUIJD IVNBOT GSPN UIF DPBTU PG
/PSUIFSO 4QBJO 	5BCMF �
�

5BLFO BU GBDF WBMVF
 UIF TUBCMF JTPUPQF SFTVMUT GSPN DPBTUBM TJUFT JO /PSUIFSO 4QBJO TVHHFTU o XJUI UIF
FYDFQUJPO PG UIF TUSPOHFS NBSJOF TJHOBM GSPN $VBSUBNFOUFSP o B NJYFE NBSJOF�UFSSFTUSJBM EJFU
 XJUI
FBDI DPOUSJCVUJOH BQQSPYJNBUFMZ ��� 	VTJOH δ��$ FOE NFNCFST PG ���z BOE ���z
 SFTQFDUJWFMZ� UIF
MBUUFS ĕHVSF CFJOH CBTFE PO UIF NFBO PG UIF JOMBOE IVNBOT FYDMVEJOH -B #SB×B
� )PXFWFS
 SFDBMMJOH
UIF BCPWF EJTDVTTJPO SFHBSEJOH JTPUPQJD FDPMPHZ PG FTUVBSJFT
 UIJT NBZ TJHOJĕDBOUMZ VOEFS�SFQSFTFOU
UIF DPOUSJCVUJPO PG NBSJOF SFTPVSDFT� 'FX DPOUFNQPSBSZ ĕTI TBNQMFT BSF BWBJMBCMF GSPN $BOUBCSJBO
4QBJO
 CVU GPVS TQFDJNFOT GSPN.FTPMJUIJD TJUFT BOBMZTFE BT QBSU PG UIJT TUVEZ EFNPOTUSBUF DPOTJEFSBCMF
WBSJBCJMJUZ JO CPUI δ��$ BOE δ��/ 	5BCMF �
� 4JOHMF WFSUFCSBF JEFOUJĕFE BT IPSTF NBDLFSFM 	5SBDIVSVT
USBDIVSVT
 BOE TFBCSFBN 	4QBSJEBF EJQMPEVT
 QSPWJEFE δ��$ WBMVFT PG �����z BOE �����z
 SFTQFD�
UJWFMZ� UIFTF BSF WFSZ TJNJMBS UP UIF DPBTUBM IVNBO WBMVFT JO 5BCMF �� "OPUIFS WFSUFCSB JEFOUJĕFE BT
IPSTF NBDLFSFM
 IPXFWFS
 HBWF B δ��$ WBMVF PG �����z� " DPNQBSBCMF SBOHF PG WBSJBCJMJUZ IBT CFFO
GPVOE JO NPEFSO "UMBOUJD NBDLFSFM 	4DPNCFS TDPNCSVT
 BOE IPSTF NBDLFSFM JO UIF #BZ PG #JTDBZ 	-F
-PD�I BOE )JMZ ����� -PHBO ����
� "EEJUJPOBM JTPUPQJD NFBTVSFNFOUT PO B NVDI XJEFS SBOHF PG BS�
DIBFPMPHJDBM ĕTI TBNQMFT GSPN UIF SFHJPO XPVME CF FYUSFNFMZ VTFGVM JO VOEFSTUBOEJOH UIF EFHSFF UP
XIJDI DPBTUBM DPNNVOJUJFT FYQMPJUFE UIFTF SFTPVSDFT 	TUBCMF DBSCPO BOE OJUSPHFO JTPUPQJD WBMVFT GPS
UXP GSFTIXBUFS ĕTI TQFDJFT o USPVU BOE CBSCFM o IBWF CFFO QVCMJTIFE GSPN UIF .FTPMJUIJD TJUF PG "J[QFB
	'FSOÈOEF[�$SFTQP FU BM� ����
� TFF 'JHVSF �
� 8F BSF BMTP IBNQFSFE CZ UIF WFSZ MJNJUFE OVNCFS PG
IVNBO SFNBJOT UIBU IBWF CFFO GPVOE
 XJUI POMZ B TJOHMF JOEJWJEVBM SFQSFTFOUFE BU FBDI DPBTUBM TJUF�
"U QSFTFOU XF DBO TBZ UIBU .FTPMJUIJD DPBTUBM DPNNVOJUJFT DFSUBJOMZ SFMJFE IFBWJMZ PO UIF TFB GPS UIFJS
TVCTJTUFODF
 CVU JU JT EJďDVMU UP FYQMPSF UIF EFUBJMT PG UIJT SFMBUJPOTIJQ GVSUIFS�

5BCMF �� 4UBCMF DBSCPO BOE OJUSPHFO JTPUPQF EBUB GPS BSDIBFPMPHJDBM ĕTI SFNBJOT GSPN .FTPMJUIJD EFQPTJUT�

4JUF 4QFDJFT -BUJO Ϣ13$ z Ϣ15/ z $�/
#BMNPSJ )PSTF NBDLFSFM 5SBDIVSVT USBDIVSVT ����� ���� ���
1P[B M�&HVB )PSTF NBDLFSFM 5SBDIVSVT USBDIVSVT ����� ��� ���
$PMPNCB 4FB CSFBN 4QBSJEBF EJQMPEVT ����� ��� ���
$PMPNCB 4BMNPOJE 4BMNPOJEBF ����� ���� ���

æ OÈ¥ ¶�¯k²k»� ����ÈkÎ¶

8IJMF TBNQMF TJ[F SFNBJOT MPX
 UIFSF JT B DMFBS EJTUJODUJPO JO JTPUPQJD WBMVFT
 BOE IFODF EJFUT
 CFUXFFO
JOEJWJEVBMT GSPN JOMBOE BOE DPBTUBM TJUFT 	5BCMF �
� ćF JOMBOE HSPVQ BWFSBHFT ����� ����z GPS δ��$
BOE ��� ����z GPS δ��/ 	O � ��
 FYDMVEJOH UIF -PT $BOFT JOGBOU

 DPNQBSFE UP ����� ����z GPS δ��$
BOE ���� ����z GPS δ��/ 	O � �
 GPS UIF DPBTUBM HSPVQ� *O CPUI DBTFT UIF EJČFSFODFT BSF TUBUJTUJDBMMZ
TJHOJĕDBOU 	4UVEFOU�T U�UFTU
 δ��$ U � �����
 Q � ������ δ��/ U � �����
 Q � �����
�� 8IBU NBLFT UIJT
QBSUJDVMBSMZ TUSJLJOH JT UIF MPDBUJPO PG -PT $BOFT
 XJUI BO JOMBOE BEBQUBUJPO
 POMZ TPNF �� LN GSPN UIF
DPBTU� ćJT BEET UP HSPXJOH FWJEFODF GPS TNBMM�TDBMF JTPUPQJD WBSJBUJPO JO UIF .FTPMJUIJD
 XIJDI JO UVSO

�/FJUIFS EJTUSJCVUJPO EFQBSUT TJHOJĕDBOUMZ GSPN B OPSNBM EJTUSJCVUJPO BT BTTFTTFE CZ 4IBQJSP�8JMLT UFTUT
 QFSNJUUJOH
UIF VTF PG UIF QBSBNFUJD 4UVEFOU�T U�UFTU�
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TVHHFTUT MJNJUFE NPCJMJUZ 	CPUI QIZTJDBM BOE TPDJBM
 CFUXFFO DPBTUBM BOE JOMBOE DPNNVOJUJFT 	4DIVMU�
JOH ����
� *O B SFDFOU SFWJFX PG UIF .FTPMJUIJD PG "UMBOUJD DPBTUBM 4QBJO
 $MBSL BOE #BSUPO 	����� ��

SFGFS UP UIF AOFBS BCTFODF PG JOMBOE TJUFT� PUIFS UIBO CVSJBMT
 BOE TVHHFTU UIBU POF QPTTJCMF FYQMBOBUJPO
GPS UIJT JT UIBU UIF EFOTF GPSFTUT NBEF IVOUJOH UPP DPTUMZ
 MFBEJOH QFPQMF UP DPOHSFHBUF PO UIF DPBTU�
ćJT GBJMT UP UBLF JOUP BDDPVOU UIF DMFBS JTPUPQJD FWJEFODF GPS WJBCMF TVCTJTUFODF BEBQUBUJPOT GPDVTTFE
FOUJSFMZ PO UFSSFTUSJBM SFTPVSDFT
 BT XFMM BT UIF TJ[FBCMF GBVOBM BTTFNCMBHF BU -PT $BOFT�

*U DBO BMTP CF OPUFE UIBU UIF EJWJTJPO JOUP JOMBOE BOE DPBTUBM BEBQUBUJPOT TFFNT UP QFSTJTU UISPVHIPVU
UIF QFSJPE GPS XIJDI EBUB BSF BWBJMBCMF
 CFHJOOJOH JO UIF TFDPOE IBMG PG UIF FJHIUI NJMMFOOJVN #$ BOE
DPOUJOVJOH UP UIF FOE PG UIF .FTPMJUIJD JO UIF ĕęI NJMMFOOJVN #$ 	'JHVSF �
� 0ODF DPSSFDUFE GPS
UIF NBSJOF SFTFSWPJS FČFDU
 UIF MBUF EBUFT DPNCJOFE XJUI FMFWBUFE δ��$ WBMVFT GPS -VNFOUYB BOE 4BO�
UJNBNJ×F DPVME TVHHFTU UIF MBUF TVSWJWBM PG B .FTPMJUIJD IVOUFS�ĕTIFS�HBUIFSFS FDPOPNZ PWFSMBQQJOH
XJUI UIF BSSJWBM PG EPNFTUJDBUFE QMBOUT BOE BOJNBMT UIBU JT UIF IBMMNBSL PG UIF /FPMJUIJD JO 8FTUFSO
&VSPQF�

5BCMF �� VNNBSZ PG IVNBO ў13$ BOE ў15/ EBUB GPS JOMBOE 	FYDMVEJOH -PT $BOFT JOGBOU
 BOE OFBS�DPBTUBM MPDBUJPOT
JO /PSUIFSO 4QBJO�

4JUF MPDBUJPO Ϣ13$ z � �4% 	Ϣ13$
 Ϣ15/ z � �4% 	Ϣ15/
 O
*OMBOE ����� ��� ��� ��� ��
$PBTUBM ����� ��� ���� ��� �

0CWJPVTMZ BEEJUJPOBM TBNQMFT oCPUI IVNBO BOE GBVOBM
 QBSUJDVMBSMZ BEEJUJPOBM BSDIBFPMPHJDBM NBSJOF
ĕTI o XPVME CF PG HSFBU CFOFĕU JO SFĕOJOH UIF QJDUVSF QSFTFOUFE IFSF� (JWFO UIF FNFSHJOH FWJEFODF GPS
UIF VTF PG SFMBUJWFMZ DPOTUSBJOFE UFSSJUPSJFT GPS EBZ�UP�EBZ TVCTJTUFODF BDUJWJUJFT 	DG� (PO[ÈMF[ .PSBMFT
FU BM� ����� 4DIVMUJOH ����

 XF XPVME BOUJDJQBUF DPOTJEFSBCMF WBSJBCJMJUZ BMPOH UIF DPBTU PG /PSUIFSO
4QBJO
 HJWFO UIF EJČFSFOU DPOĕHVSBUJPOT PG UIF DPBTUMJOF
 UIF QSFTFODF PG FTUVBSJFT
 FUD� ćF JTPUPQJD
SFTVMUT BMTP OFFE UP CF TFFO JO DPOKVODUJPO XJUI NBUFSJBM DVMUVSF TUVEJFT
 DPODFSOJOH XIJDI TPNF QSF�
EJDUJPOT NJHIU OPX CF NBEF 	F�H� GPS EJČFSFODFT JO MJUIJD USBEJUJPOT PS SBX NBUFSJBM VTF

 JO PSEFS UP
GVSUIFS PVS VOEFSTUBOEJOH PG .JEEMF )PMPDFOF IVOUFS�HBUIFSFS BEBQUBUJPOT BMPOH UIF "UMBOUJD GBÎBEF�
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'JHVSF �� $BMJCSBUFE SBEJPDBSCPO EBUFT GPS JOMBOE BOE DPBTUBM .FTPMJUIJD�.FTPMJUIJD�/FPMJUIJD USBOTJUJPOBM IVNBOT
GSPN /PSUIFSO 4QBJO� /PUF UIBU UIF NBSJOF SFTFSWPJS DPSSFDUJPOT GPS 5JUP #VTUJMMP
 "UYVSJ�* BOE &M 5PSBM *** IBWF
CFFO FTUJNBUFE 	BTTVNJOH ��� NBSJOF EJFUT
 JO UIF BCTFODF PG δ13$ EBUB�

�w� ¥È��{���� »¶

.BOZ UIBOLT UP +VMJP .BOVFM 7JEBM &ODJOBT
 .BSÓB &ODJOB 1SBEB .BSDPT
 .BSJBO $VFUP
 $SJTUJOB
(BSDÓB�.PODØ
 #SBEMFZ )VMM BOE 1FUFS %JUDIĕFME� ćBOLT BMTP UP -VJT $� 5FJSB GPS QSFQBSJOH UIF NBQ
JO 'JHVSF �
 UP $PSSJF )ZMBOE GPS SVOOJOH UIF OFX JTPUPQJD NFBTVSFNFOUT GPS "SBOHBT BOE -VNFOUYB

BOE UP .BSZ +BDLFT BOE $ISJT .FJLMFKPIO GPS EJTDVTTJPOT DPODFSOJOH UIF JEFOUJĕDBUJPO PG B UPPUI GSPN
-PT $BOFT
 BOE UIFJS DBSFGVM FEJUPSJBM SFBEJOH� ćF GPMMPXJOH JOTUJUVUJPOT LJOEMZ QFSNJUUFE TBNQMJOH
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#BMNPSJ �� $BQSB�3VQJDBQSB *CFY�DIBNPJT .BOEJCMF "EVMU ����� ��� ���� ����� �����
-PT $BOFT �� $BQSB QZSFOBJDB *CFY .FUBUBSTBM "EVMU ����� ��� ���� ����� �����
-PT $BOFT �� $BQSB QZSFOBJDB *CFY .FUBQPEJBM 4VCBEVMU ����� ��� ���� ����� �����
-PT $BOFT �� $BQSB QZSFOBJDB *CFY 4DBQVMB "EVMU ����� ��� ���� ����� ����
-PT $BOFT �� $BQSB QZSFOBJDB *CFY .FUBQPEJBM "EVMU ����� ��� ���� ����� �����
-PT $BOFT �� $BQSB QZSFOBJDB *CFY 3JC "EVMU ����� ��� ���� ����� �����
-PT $BOFT �� $BQSFPMVT DBQSFPMVT 3PF EFFS 4DBQVMB "EVMU ����� ��� ���� ����� �����
-PT $BOFT �� $BQSFPMVT DBQSFPMVT 3PF EFFS 3JC "EVMU ����� ��� ���� ����� �����
-PT $BOFT �� $BQSFPMVT DBQSFPMVT 3PF EFFS 3BEJVT "EVMU ����� ��� ���� ����� �����
-PT $BOFT �� $FSWVT FMBQIVT 3FE EFFS 1IBMBOY "EVMU ����� ��� ���� ����� �����
-PT $BOFT �� $FSWVT FMBQIVT 3FE EFFS 1IBMBOY "EVMU ����� ��� ���� ����� �����
-PT $BOFT �� $FSWVT FMBQIVT 3FE EFFS 5JCJB "EVMU ����� ��� ���� ����� �����
-PT $BOFT �� $FSWVT FMBQIVT 3FE EFFS 3JC "EVMU ����� ��� ���� ����� ����
-PT $BOFT �� $FSWVT FMBQIVT 3FE EFFS 'MBU CPOF "EVMU ����� ��� ���� ����� �����
-PT $BOFT �� $FSWVT FMBQIVT 3FE EFFS .FUBUBSTBM "EVMU ����� ��� ���� ����� �����
-PT $BOFT �� 3VQJDBQSB QZSFOBJDB $IBNPJT .BOEJCMF "EVMU ����� ��� ���� ����� �����
-PT $BOFT �� 3VQJDBQSB QZSFOBJDB $IBNPJT .BOEJCMF "EVMU ����� ��� ���� ����� �����
-PT $BOFT �� 3VQJDBQSB QZSFOBJDB $IBNPJT .FUBQPEJBM "EVMU ����� ��� ���� ����� �����
-PT $BOFT �� 3VQJDBQSB QZSFOBJDB $IBNPJT 1IBMBOY "EVMU ����� ��� ���� ����� �����
-PT $BOFT �� 3VQJDBQSB QZSFOBJDB $IBNPJT 3JC "EVMU ����� ��� ���� ����� �����
-PT $BOFT �� 4VT TDSPGB 8JME CPBS .FUBQPEJBM "EVMU ����� ��� ���� ����� �����
-PT $BOFT �� 4VT TDSPGB 8JME CPBS 1IBMBOY "EVMU ����� ��� ���� ����� �����
-PT $BOFT �� 4VT TDSPGB 8JME CPBS .FUBQPEJBM "EVMU ����� ��� ���� ����� ����
-PT $BOFT �� 6STVT TQ� #FBS 1IBMBOY "EVMU ����� ��� ���� ����� �����

'BJMFE
#BMNPSJ �� $FSWVT FMBQIVT 3FE EFFS -POH CPOF "EVMU ����� ��� ��� ����� �����
-PT $BOFT �� $FSWVT FMBQIVT 3FE EFFS 4DBQVMB "EVMU ����� ��� ��� ����� ����
-PT $BOFT �� 4VT TDSPGB 8JME CPBS .FUBQPEJBM "EVMU *OTVďDJFOU DPMMBHFO ZJFME
-PT $BOFT �� 4VT TDSPGB 8JME CPBS $BMDBOFPVT "EVMU *OTVďDJFOU DPMMBHFO ZJFME

"QQFOEJY �� 4UBCMF DBSCPO BOE OJUSPHFO JTPUPQF SFTVMUT PO GBVOB GSPN -PT $BOFT BOE #BMNPSJ�

&&3$ #SBEGPSE %JČFSFODF "CTPMVUF EJČ
4BNQMF -BUJO OBNF $PNNPO &MFNFOU "HF $POUFYU Ϣ13$ Ϣ15/ $�/ Ϣ13$ Ϣ15/ $�/ Ϣ13$ Ϣ15/ Ϣ13$ Ϣ15/
�� $BQSB QZSFOBJDB *CFY .FUBQPEJBM "EVMU #VSJBM ����� ��� ��� ����� ��� ��� ���� ��� ��� ���
�� $BQSB QZSFOBJDB *CFY 3JC "EVMU #VSJBM ����� ��� ��� ����� ��� ��� ��� ��� ��� ���
�� $FSWVT FMBQIVT 3FE EFFS 1IBMBOY "EVMU -BZFS � ����� ��� ��� ����� ��� ��� ��� ���� ��� ���
�� $FSWVT FMBQIVT 3FE EFFS 3JC "EVMU #VSJBM ����� ��� ��� ����� ��� ��� ��� ��� ��� ���
�� $FSWVT FMBQIVT 3FE EFFS 'MBU CPOF "EVMU #VSJBM ����� ��� ��� ����� ��� ��� ��� ��� ��� ���
�� $FSWVT FMBQIVT 3FE EFFS .FUBUBSTBM "EVMU #VSJBM ����� ��� ��� ����� ��� ��� ��� ��� ��� ���
�� 3VQJDBQSB QZSFOBJDB $IBNPJT .FUBQPEJBM "EVMU #VSJBM ����� ��� ��� ����� ��� ��� ���� ��� ��� ���
�� 4VT TDSPGB 8JME QJH .FUBQPEJBM "EVMU -BZFS � ����� ��� ��� ����� ��� ��� ��� ���� ��� ���
�� 4VT TDSPGB 8JME QJH 1IBMBOY "EVMU #VSJBM ����� ��� ��� ����� ��� ��� ��� ��� ��� ���
�� 4VT TDSPGB 8JME QJH .FUBQPEJBM "EVMU #VSJBM ����� ��� ��� ����� ��� ��� ��� ��� ��� ���
�� 6STVT #FBS 1IBMBOY "EVMU -BZFS � ����� ��� ��� ����� ��� ��� ���� ���� ��� ���

"QQFOEJY �� 4VCTFU PG GBVOBM TBNQMFT GSPN -PT $BOFT NFBTVSFE BU CPUI 2VFFO�T 6OJWFSTJUZ #FMGBTU 	&&3$
 BOE UIF
6OJWFSTJUZ PG #SBEGPSE�
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