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"CTUSBDU�

1VQJM SFTQPOTFT IBWF CFFO VTFE UP USBDL DPHOJUJWF QSPDFTTFT EVSJOH EFDJTJPO�NBLJOH� 4UVEJFT IBWF�

TIPXO UIBU JO UIFTF DBTFT UIF QVQJM SFĘFDUT UIF KPJOU BDUJWBUJPO PG NBOZ DPSUJDBM BOE TVCDPSUJDBM CSBJO�

SFHJPOT
 BMTP UIPTF USBEJUJPOBMMZ JNQMJDBUFE JO WBMVF�CBTFE MFBSOJOH� )PXFWFS
 IPX UIF QVQJM USBDLT�

WBMVF�CBTFE EFDJTJPOT BOE SFJOGPSDFNFOU MFBSOJOH JT VOLOPXO� 8F DPNCJOFE B SFJOGPSDFNFOU MFBSOJOH�

UBTL XJUI B DPNQVUBUJPOBM NPEFM UP TUVEZ QVQJM SFTQPOTFT EVSJOH WBMVF�CBTFE EFDJTJPOT
 BOE EFDJTJPO�

FWBMVBUJPOT� 8F GPVOE UIBU UIF QVQJM DMPTFMZ USBDLT SFJOGPSDFNFOU MFBSOJOH CPUI BDSPTT USJBMT BOE QBS��

UJDJQBOUT� 1SJPS UP DIPJDF
 UIF QVQJM EJMBUFE BT B GVODUJPO PG USJBM�CZ�USJBM ĘVDUVBUJPOT JO WBMVF CFMJFGT��

"ęFS GFFECBDL
 FBSMZ EJMBUJPO TDBMFE XJUI WBMVF VODFSUBJOUZ
 XIFSFBT MBUFS DPOTUSJDUJPO TDBMFE XJUI SF��

XBSE QSFEJDUJPO FSSPST� 0VS DPNQVUBUJPOBM BQQSPBDI TZTUFNBUJDBMMZ JNQMJDBUFT UIF QVQJM JO WBMVF�CBTFE��

EFDJTJPOT
 BOE UIF TVCTFRVFOU QSPDFTTJOH PG WJPMBUFE WBMVF CFMJFGT� ćFTF EJTTPDJBCMF JOĘVFODFT QSPWJEF��

BO FYDJUJOH QPTTJCJMJUZ UP OPO�JOWBTJWFMZ TUVEZ POHPJOH SFJOGPSDFNFOU MFBSOJOH JO UIF QVQJM���
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*OUSPEVDUJPO��

ćFSF JT GBTU�HSPXJOH JOUFSFTU UP VOEFSTUBOEIPX UIF QVQJM
 BT B OPO�JOWBTJWF QSPYZ PG OFVSPNPEVMBUJPO�
��

SFMBUFT UP DPHOJUJPO BOE JO QBSUJDVMBS EFDJTJPO�NBLJOH� 5SBEJUJPOBMMZ
 QVQJM EJMBUJPO EVSJOH BOE BęFS��

EFDJTJPOT IBT CFFO SFMBUFE UP VODFSUBJOUZ BOE TVSQSJTF�o�
 MJLFMZ WJB OPSBESFOFSHJD NPEVMBUJPOT CZ��

UIF MPDVT DPFSVMFVT 	-$
�
�� 3FDFOU XPSL
 IPXFWFS
 TIPXT UIBU UIF QVQJM BMTP USBDLT BDUJWJUZ PG PUIFS��

OFVSPNPEVMBUPSZ OVDMFJ� 'PS FYBNQMF
 JO B SFDFOU QFSDFQUVBM EFDJTJPO�NBLJOH UBTL JU XBT GPVOE��

UIBU QVQJM EJMBUJPOT XFSF NPEVMBUFE CZ BDUJWJUZ JO EPQBNJOFSHJD NJECSBJO OVDMFJ�� ćFTF OVDMFJ BSF��

LOPXO UP SFMFBTF EPQBNJOF JO SFTQPOTF UP SFXBSET BOE SFXBSE�QSFEJDUJOH DVFT UP PQUJNJ[F GVUVSF��

EFDJTJPOT��o��� ćF QVQJM BMTP EJMBUFT JO SFTQPOTF UP UIF QSFTFOUBUJPO PG DVFT QSFEJDUJOH SFXBSE��o�� BOE��

USBDLT DIBOHFT JO SFXBSE FYQFDUBUJPOT��� ćFTF QVQJM SFTQPOTFT BSF CMVOUFE JO 1BSLJOTPO�T QBUJFOUT
 ZFU��

BSF GVMMZ SFTUPSFE CZ EPQBNJOF BHPOJTUT��
�����

ćFTF ĕOEJOHT SBJTF UIF JOUSJHVJOH QPTTJCJMJUZ UIBU UIF QVQJM JT TFOTJUJWF UP B NVMUJUVEF PG OFVSP���

NPEVMBUPSZ QSPDFTTFT
 JODMVEJOH EPQBNJOF
 JNQMZJOH UIBU JU DPVME CF VTFE UP OPO�JOWBTJWFMZ TUVEZ UIF��

VOEFSMZJOH QSPDFTTFT UIBU TIBQF WBMVF�CBTFE EFDJTJPOT BOE MFBSOJOH� )FSF
 XF JOWFTUJHBUFE UIF JOUFSQMBZ��

CFUXFFO UIF QVQJM
 SFJOGPSDFNFOU MFBSOJOH BOE WBMVF�CBTFE EFDJTJPO�NBLJOH CZ VTJOH B DPNQVUBUJPOBM��

SFJOGPSDFNFOU MFBSOJOH 	3-
 NPEFM BT B CBTJT GPS MJOFBS TZTUFNT BOBMZTJT PG QVQJM TJ[F ĘVDUVBUJPOT���

8F NFBTVSFE QVQJM TJ[F XIJMF UIJSUZ�GPVS QBSUJDJQBOUT QFSGPSNFE B QSPCBCJMJTUJD SFJOGPSDFNFOU��

MFBSOJOH UBTL
 DPOTJTUJOH PG B MFBSOJOH BOE USBOTGFS QIBTF 	'JH� �B
C � .FUIPET
� ćF SFMJBCJMJUZ PG��

DIPJDF PVUDPNFT WBSJFE BDSPTT UISFF MFBSOJOH QBJST�� XJUI EJČFSFOU SFXBSE QSPCBCJMJUJFT� ćFTF EJČFS���

FOU SFXBSE QSPCBCJMJUJFT DSFBUF WBSZJOH EFHSFFT PG DIPJDF EJďDVMUZ
 VODFSUBJOUZ BOE WBMVF FYQFDUBUJPOT��

BDSPTT DIPJDFT� 8F ĕU B IJFSBSDIJDBM #BZFTJBO WFSTJPO PG UIF 2�MFBSOJOH 3- BMHPSJUIN�� UP QBSUJDJQBOUT���

DIPJDFT JO UIF MFBSOJOH QIBTF UP EFTDSJCF WBMVF�CBTFE DIPJDFT BOE PVUDPNF FWBMVBUJPOT 	'JH� �D ���

.FUIPET
��o��� ćF 2�MFBSOJOH BMHPSJUIN EFTDSJCFT WBMVF�CBTFE EFDJTJPO�NBLJOH VTJOH UXP GVODUJPOT���

B DIPJDF GVODUJPO BOE BO PVUDPNF GVODUJPO� ćF DIPJDF GVODUJPO DBMDVMBUFT UIF QSPCBCJMJUZ PG DIPPTJOH��

�
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POF PQUJPO 	2�DIPTFO
 PWFS UIF PUIFS 	2�VODIPTFO

 CBTFE PO POF�T TFOTJUJWJUZ UP WBMVF EJČFSFODFT
 PS��

FYQMPSF�FYQMPJU UFOEFODZ 	β� 'JH� �E
 MFę QBOFM
� ćF PVUDPNF GVODUJPO UIFO DPNQVUFT UIF NBHOJUVEF��

CZ XIJDI UIF SFXBSE QSFEJDUJPO FSSPS 	31&
 DIBOHFT WBMVF CFMJFGT BCPVU UIF DIPTFO PQUJPO
 TDBMFE CZ��

UIF MFBSOJOH SBUF 	α� 'JH� �E
 SJHIU QBOFM
��� "T WBMVF CFMJFGT BSF EJČFSFOUJBMMZ VQEBUFE BęFS QPTJUJWF BOE��

OFHBUJWF PVUDPNFT��o�� WJB EJČFSFOU TUSJBUBM MFBSOJOH NFDIBOJTNT��o��
 XF EFĕOFE TFQBSBUF MFBSOJOH��

SBUF QBSBNFUFST GPS QPTJUJWF 	αGain
 BOE OFHBUJWF 	αLoss
 DIPJDF PVUDPNFT��
��
��
�����

0VS DPNQVUBUJPOBM BQQSPBDI BMMPXT VT UP JOWFTUJHBUF UIF QPUFOUJBM VUJMJUZ PG UIF QVQJM BT B QSPYZ��

GPS WBMVF�CBTFE EFDJTJPO�NBLJOH BOE WBMVF CFMJFG VQEBUJOH
 BDSPTT UXP MFWFMT� 'JSTU
 XF EFTDSJCF QBS���

UJDJQBOUT� DIPJDF CFIBWJPVS VTJOH QBSBNFUFST UIBU FNCPEZ DPSF DPNQVUBUJPOBM 3- QSJODJQMFT� ćFTF��

QBSBNFUFST QSPWJEF B TUSPOH IBOEMF UP JOWFTUJHBUF IPX JOUFS�JOEJWJEVBM EJČFSFODFT JO WBMVF�CBTFE MFBSO���

JOH BOE EFDJTJPO�NBLJOH SFMBUF UP QVQJM SFTQPOTFT� 4FDPOE
 CZ TJNVMBUJOH UIF MFBSOJOH QSPDFTT XF DBO��

JOWFTUJHBUF IPX QVQJM TJ[F EFQFOET PO USJBM�UP�USJBM ĘVDUVBUJPOT JO VOEFSMZJOH DPNQVUBUJPOBM WBSJBCMFT��

TVDI BT WBMVF CFMJFGT
 VODFSUBJOUZ BOE SFXBSE QSFEJDUJPO FSSPST� ćBU JT
 PVS FYQFSJNFOUBM QBSBEJHN��

BMMPXFE VT UP NBQ QVQJM SFTQPOTFT POUP TFQBSBCMF DPNQVUBUJPOBM DPNQPOFOUT CPUI BDSPTT QBSUJDJQBOUT��

BOE USJBMT���

�
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r i, t-1 Q i, t
P[St ]  

ch i, t

t = 1  ..., T

i = 1  ..., N

'JHVSF �� 1SPCBCJMJTUJD TFMFDUJPO UBTL BOE SFJOGPSDFNFOU MFBSOJOHNPEFM� B
 %VSJOH MFBSOJOH
 � PQUJPO
QBJST XFSF QSFTFOUFE JO SBOEPN PSEFS� 1BSUJDJQBOUT IBE UP TFMFDU UIF NPSF SFXBSEJOH PQUJPO PG FBDI
QBJS 	PQUJPO "
 $ BOE &
 CZ MFBSOJOH GSPN QSPCBCJMJTUJD GFFECBDL UIBU JOEJDBUFE ���� SFXBSE QPJOUT BęFS
B ADPSSFDU� DIPJDF
 PS OP QPJOUT� $IPPTJOH PQUJPO " SFTVMUFE JO B SFXBSE JO ��� PG UIF UJNFT
 XIFSFBT
DIPPTJOH PQUJPO # SFTVMUFE JO B SFXBSE POMZ JO ��� PG UIF UJNFT� 3FXBSE QSPCBCJMJUZ SBUJPT XFSF �����
GPS UIF $% QBJS BOE ����� GPS UIF &' QBJS
 UIFSFCZ JODSFBTJOH VODFSUBJOUZ BCPVU UIF DPSSFDU PQUJPO UP
DIPPTF� ćF USBOTGFS QIBTF UFTUFE IPX NVDI XBT MFBSOFE GSPN UIF QSPCBCJMJTUJD GFFECBDL� "MM PQUJPOT
XFSF SBOEPNMZ QBJSFE XJUI POF BOPUIFS
 BOE QBSUJDJQBOUT TFMFDUFE UIF NPTU SFXBSEJOH PQUJPO CBTFE PO
FBSMJFS MFBSOJOH� *O UIJT QIBTF
 GFFECBDL XBT PNJUUFE� C
 &YBNQMF QVQJM USBDF GPS B USJBM JO UIF MFBSOJOH
QIBTF� D
 #BZFTJBO IJFSBSDIJDBM NPEFM
 DPOTJTUJOH PG BO PVUFS QBSUJDJQBOU 	J � �y
/
 BOE JOOFS USJBM 	U
� �y
5
 QMBOF� 7BSJBCMFT PG JOUFSFTU BSF EFQJDUFE CZ DJSDVMBS BOE TRVBSFE OPEFT
 JOEJDBUJOH DPOUJOVPVT
BOE EJTDSFUF WBSJBCMFT
 SFTQFDUJWFMZ� 4IBEFE WBSJBCMFT BSF PCUBJOFE GSPN UIF CFIBWJPVSBM EBUB BOE VTFE
UP ĕU UIF NPEFM� %PVCMF CPSEFSFE WBSJBCMFT BSF EFUFSNJOJTUJD
 BT UIFZ XFSF EFSJWFE GSPN UIF NPEFM
ĕU� "SSPXT JOEJDBUF EFQFOEFODJFT CFUXFFO WBSJBCMFT� Φ	
 SFQSFTFOUT UIF QSPCJU USBOTGPSN� E
 .PEFM
QBSBNFUFST HPWFSOJOH WBMVF�CBTFE EFDJTJPO�NBLJOH� -Fę QBOFM� UIF β�QBSBNFUFS EFTDSJCFT TFOTJUJWJUZ
UP PQUJPO WBMVF EJČFSFODFT 	Δ2�WBMVF
� )JHIFS β�WBMVFT JOEJDBUF HSFBUFS TFOTJUJWJUZ UP Δ2�WBMVF BOE
NPSF FYQMPJUBUPSZ EFDJTJPOT GPS PQUJPOT XJUI IJHIFTU FYQFDUFE SFXBSET� 3JHIU QBOFM� UIF α�QBSBNFUFS
HPWFSOT WBMVF CFMJFG VQEBUJOH� )JHIFS MFBSOJOH SBUFT 	α
 JOEJDBUF SBQJE
 CVU NPSF WPMBUJMF WBMVF CFMJFG
VQEBUJOH DPNQBSFE UP MPXFS MFBSOJOH SBUFT� F
 "DSPTT�USJBM ĘVDUVBUJPOT JO WBMVF CFMJFGT 	2�WBMVFT
 GPS
UIF DIPTFO BOE VODIPTFO PQUJPO BOE 31&T XJUI UIF &' QBJS BT FYBNQMF�

�
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3FTVMUT��

#FIBWJPVSBM BOENPEFM QFSGPSNBODF��

1BSUJDJQBOUT MFBSOFE UIF TUJNVMVT�SFXBSE DPOUJOHFODJFT XFMM
 BT UIFZ DPSSFDUMZ MFBSOFE UP TFMFDU UIF��

IJHIFS SFXBSE QSPCBCJMJUZ PQUJPO JO BMM UISFF QBJST 	1	DPSSFDU
 BCPWF DIBODF
 BMM 1�T ������ 'JH� �B
���

1FSGPSNBODF XBT CFTU JO "# BOE EFDSFBTFE QSPHSFTTJWFMZ GSPN $% UP &'
 XIFSF TNBMMFS EJČFSFODFT��

JO UIF SFXBSE QSPCBCJMJUZ SBUJPT JODSFBTFE UIF OVNCFS PG JODPSSFDU SFTQPOTFT 	'	�
��
 � �����
 1�����
��

η2p����
 BOE SFTQPOTF UJNFT 	'	�
��
 � ���
 1�����
 η2p����
� *O UIF USBOTGFS QIBTF
 DIPJDFT XFSF HVJEFE CZ��

UIF QSFWJPVTMZ MFBSOFE SFXBSE QSPCBCJMJUJFT� )FSF
 QBSUJDJQBOUT NBEF NPSF FSSPST 	'	�
��
� ����
 1�����
��

η2p����
 BOE XFSF TMPXFS 	'	�
��
�����
 1�����
 η2p����
 XIFO DPOGSPOUFE XJUI PQUJPO QBJST XJUI TNBMM��

WBMVF EJČFSFODFT 	'JH� �C

 DPOTJTUFOU XJUI FBSMJFS TUVEJFT���
��
����

ćF 2�MFBSOJOH NPEFM TJNVMBUFE QBSUJDJQBOUT� DIPJDF CFIBWJPS XFMM 	'JH� �D
 XIFO VTJOH UIF ĕUUFE��

MFBSOJOH SBUFT 	αGain
 αLoss
 BOE FYQMPSF�FYQMPJU 	β
 QBSBNFUFS 	'JH� �E
� *O BDDPSEBODF XJUI CFIBWJPS
��

UIF FTUJNBUFE WBMVF CFMJFGT XFSF IJHIFTU GPS " BOE MPXFTU GPS # 	'JH� �E
 XJUI EJČFSFODFT JO WBMVF CFMJFGT��

CFJOH MBSHFTU GPS "#
 GPMMPXFE CZ UIF $% BOE &' QBJS 	'	�
��
� �����
 1�����
 η2p����
���

1VQJM SFTQPOTFT QSFEJDU JOEJWJEVBM EJòFSFODFT JO WBMVF�CBTFE EFDJTJPO�NBLJOH��

8F OFYU JOWFTUJHBUFE XIFUIFS UIF QVQJM XBT TFOTJUJWF UP UIF VOEFSMZJOH QSPDFTTFT TVQQPSUJOH WBMVF���

CBTFE EFDJTJPOT� 5P EP TP
 XF ĕSTU DIBSBDUFSJ[FE UIF BWFSBHF QVQJM SFTQPOTF QBUUFSO BDSPTT TVCKFDUT��

FQPDIFE BSPVOE UXP TFQBSBUF NPNFOUT JO UIF USJBM� MFBEJOH VQ UP BOE JNNFEJBUFMZ BęFS UIF NPNFOU PG��

DIPJDF BOE BęFS SFDFJWJOH DIPJDF GFFECBDL� "SPVOE UIF NPNFOU PG B DIPJDF
 BWFSBHF QVQJM EJMBUJPO XBT��

PCTFSWFE BMSFBEZ _�T� QSJPS UP UIF NPNFOU PG UIF CFIBWJPVSBM SFQPSU 	'JH� �B

 SFĘFDUJOH UIF VOGPMEJOH��

EFDJTJPO QSPDFTT�
��� "ęFS SFDFJWJOH DIPJDF GFFECBDL
 B CJQIBTJD QVQJM SFTQPOTF XBT PCTFSWFE UIBU XBT��

DIBSBDUFSJ[FE CZ FBSMZ EJMBUJPO 	_�T� QPTU�FWFOU
 BOE MBUF DPOTUSJDUJPO 	_�T� QPTU�FWFOU� 'JH� �C
���

�
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'JHVSF �� #FIBWJPSBM BOE NPEFM QFSGPSNBODF� "WFSBHF BDDVSBDZ BOE 35 BDSPTT TVCKFDUT 	/���
 BT B
GVODUJPO PG PQUJPO QBJST JO UIF MFBSOJOH QIBTF 	B
 BOE PQUJPO WBMVF EJČFSFODFT 	EFSJWFE GSPN UIF FYQFSJ�
NFOUBM SFXBSE QSPCBCJMJUJFT
 JO UIF USBOTGFS QIBTF 	C
 UIBU JOEJDBUFE TNBMM 	4

 NFEJVN 	.
 PS MBSHF 	-

WBMVF EJČFSFODFT CFUXFFO QSFTFOUFE PQUJPOT� D
 3FBM BOE TJNVMBUFE DIPJDF BDDVSBDZ BT B GVODUJPO PG SVO
OVNCFS JO UIF MFBSOJOH QIBTF
 TQMJU CZ PQUJPO QBJS� 'PS BMM PQUJPO QBJST
 TJNVMBUFE BOE SFBM BDDVSBDZ
XBT WFSZ TJNJMBS
 XJUI SFBM &' BDDVSBDZ CFJOH TMJHIUMZ VOEFSFTUJNBUFE CZ UIF NPEFM� E
 (SPVQ�MFWFM
QPTUFSJPS EJTUSJCVUJPOT PG UIF PCUBJOFE QBSBNFUFS FTUJNBUFT GPS β
 αGain BOE αLoss� F
 .PEFM FTUJNBUFT
PG WBMVF CFMJFGT GPS FBDI PQUJPO BU UIF FOE PG UIF MFBSOJOH QIBTF� β���� GPS WJTVBMJ[BUJPO� FSSPS CBST
SFQSFTFOU NFBO � T�F�N�
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"DSPTT JOEJWJEVBMT
 UIF PCTFSWFE DIPJDF� BOE GFFECBDL�FWPLFE QVQJM SFTQPOTFT DPSSFTQPOEFE EJČFS���

FOUJBMMZ UP UIF VOEFSMZJOH QSPDFTTFT ESJWJOH WBMVF�CBTFE EFDJTJPO�NBLJOH� "T TIPXO JO 'JH� �D 	VQQFS��

QBOFM

 QVQJM EJMBUJPO BU UIF NPNFOU PG B DIPJDF XBT VOJRVFMZ QSFEJDUFE CZ BO JOEJWJEVBM�T TFOTJUJWJUZ��

UP WBMVF EJČFSFODFT
 PS FYQMPSF�FYQMPJU UFOEFODZ 	β� QFSNVUBUJPO UFTU
 1������ 4VQQMFNFOUBSZ 'JH� �B

��

JOEJDBUJOH UIBU B HSFBUFS UFOEFODZ UP FYQMPJU IJHI WBMVF PQUJPOT 	IJHI β
 SFMBUFE UP B TUSPOHFS EJMBUPSZ��

SFTQPOTF 	'JH� �D
 MPXFS QBOFM
� 'FFECBDL�SFMBUFE EJMBUJPO BOE DPOTUSJDUJPO DPSSFMBUFE JOWFSTFMZ XJUI��

BO JOEJWJEVBM�T QPTJUJWF
 CVU OPU OFHBUJWF
 MFBSOJOH SBUF 	4VQQMFNFOUBSZ 'JH� �C

 TVHHFTUJOH UIBU UIJT��

QBSBNFUFS TFMFDUJWFMZ TDBMFE UIF BNQMJUVEF PG UIF GFFECBDL�FWPLFE QVQJM SFTQPOTF� *OEFFE
 BT TIPXO JO��

'JH� �E 	VQQFS QBOFM

 UIF GFFECBDL�FWPLFE SFTQPOTF BNQMJUVEF XBT VOJRVFMZ QSFEJDUFE CZ BO JOEJWJE���

VBM�T QPTJUJWF MFBSOJOH SBUF 	αGain� QFSNVUBUJPO UFTU
 1�����

 JOEJDBUJOH UIBU TMPXFS VQEBUJOH PG WBMVF��

CFMJFGT BęFS QPTJUJWF GFFECBDL QSFEJDUFE B TUSPOHFS GFFECBDL�FWPLFE SFTQPOTF 	MPX αGain� 'JH� �D
 MPXFS��

QBOFM � 4VQQMFNFOUBSZ 'JH �E
���

*O TVN
 DIPJDF� BOE GFFECBDL�FWPLFE QVQJM SFTQPOTFT EJČFSFOUJBMMZ QSFEJDUFE UIF VOEFSMZJOH QSP���

DFTTFT TVQQPSUJOH WBMVF�CBTFE EFDJTJPOT JO UIF MFBSOJOH QIBTF� ćF UFOEFODZ UP FYQMPJU IJHI WBMVF PQ���

UJPOT 	β
 QSFEJDUFE TUSPOHFS QVQJM EJMBUJPO MFBEJOH VQ UP B WBMVF�ESJWFO DIPJDF
 XIFSFBT MFTT VQEBUJOH PG��

WBMVF CFMJFGT BęFS QPTJUJWF GFFECBDL 	αGain
 QSFEJDUFE BO BNQMJĕFE GFFECBDL�SFMBUFE SFTQPOTF� ćFTF SF���

MBUJPOT BSF DPOTJTUFOU XJUI UIFPSJFT UIBU EFTDSJCF BOE GPSNBMJ[F2�MFBSOJOH
 JOXIJDI UIF FYQMPSF�FYQMPJU��

QBSBNFUFS EFUFSNJOFT UIF PVUDPNF PG B WBMVF�ESJWFO DIPJDF BOE MFBSOJOH SBUFT BČFDU IPX NVDI WBMVF��

CFMJFGT BSF VQEBUFE BęFS SFDFJWJOH DIPJDF GFFECBDL���

1VQJM EJMBUJPO SFøFDUT UIF WBMVF PG UIF VQDPNJOH DIPJDF
 EVSJOH MFBSOJOH CVU OPU JO USBOTGFS��

8F PCTFSWFE UIBU BDSPTT�TVCKFDU WBSJBCJMJUZ JO QVQJM SFTQPOTFT XBT FYQMBJOFE CZ NPEFM QBSBNFUFST��

UIBU EFTDSJCF UIF VOEFSMZJOH QSPDFTTFT ESJWJOH WBMVF�CBTFE EFDJTJPO�NBLJOH� #VU EP QVQJM SFTQPOTFT��

BMTP SFĘFDU UIF POHPJOH SFJOGPSDFNFOU MFBSOJOH QSPDFTT EVSJOH WBMVF MFBSOJOH *O B OFYU TUFQ
 XF JO���

�
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'JHVSF �� "DSPTT�TVCKFDU SFMBUJPOT CFUXFFO NPEFM QBSBNFUFST BOE QVQJM SFTQPOTFT EVSJOH DIPJDF
BOE BęFS GFFECBDL� "WFSBHF EFDPOWPMWFE DIPJDF�SFMBUFE 	B
 BOE GFFECBDL�SFMBUFE 	C
 QVQJM SFTQPOTF�
3FHSFTTJPO DPFďDJFOUT PG BO BDSPTT�TVCKFDU(-.PG UIF SFMBUJPO CFUXFFO EFSJWFENPEFM QBSBNFUFST BOE
QVQJM EJMBUJPO BU UIFNPNFOU PG DIPJDF 	D
 VQQFS QBOFM

 BOE B TDBMBS BNQMJUVEFNFBTVSF PG UIF GFFECBDL�
SFMBUFE QVQJM SFTQPOTF 	E
 VQQFS QBOFM
� .FEJBO TQMJU BDSPTT TVCKFDUT CBTFE PO NPEVMBUJPOT PG β BU UIF
UJNF PG DIPJDF 	D
 MPXFS QBOFM

 BOE αGain BęFS GFFECBDL 	E
 MPXFS QBOFM
� -JOFT BOE 	TIBEFE
 FSSPS CBST
PG SFQSFTFOU NFBO � T�F�N PG BDSPTT�TVCKFDU NPEVMBUJPOT 	/���
� )PSJ[POUBM TJHOJĕDBODF EFTJHOBUPST
JOEJDBUF UJNF QPJOUT XIFSF SFHSFTTJPO DPFďDJFOUT TJHOJĕDBOUMZ EJČFSFOUJBUF GSPN [FSP 	1����

 CBTFE
PO DMVTUFS�CBTFE QFSNVUBUJPO UFTUT 	O�����

 ��1����
 �1�����

�
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WFTUJHBUFE UIF FYUFOU UP XIJDI USJBM�UP�USJBM ĘVDUVBUJPOT JO WBSJBCMFT EFTDSJCJOH POHPJOH WBMVF�CBTFE��

EFDJTJPO�NBLJOH XFSF USBDLFE CZ QVQJM SFTQPOTFT���

*O UIF MFBSOJOH QIBTF
 QSJPS UP SFBDIJOH B WBMVF�ESJWFO DIPJDF
 QVQJM EJMBUJPO DPSSFMBUFE QPTJUJWFMZ��

XJUI UIF WBMVF EJČFSFODF CFUXFFO PQUJPOT 	DMVTUFS 1�����
 ���T� QSF�FWFOU VOUJM �����T� QSF�FWFOU
 'JH����

�B
 VQQFS QBOFM

 JOEJDBUJOH UIBU MBSHFS WBMVF EJČFSFODFT FMJDJUFE MBSHFS QVQJM EJMBUJPO CFGPSF UIF DIPJDF����

4QFDJĕDBMMZ
 UIF QVQJM EJMBUFE BT B GVODUJPO PG USJBM�CZ�USJBM WBMVF CFMJFGT PG UIF DIPTFO
 CVU OPU UIF VO����

DIPTFO PQUJPO 	QBJSFE U�UFTU
 U	��
�����
 1������ 'JH �C
 VQQFS QBOFM

 SFWFBMJOH UIBU QVQJM EJMBUJPO���

VOJRVFMZ SFĘFDUFE UIF WBMVF CFMJFG EFUFSNJOJOH UIF VQDPNJOH DIPJDF����

5P SVMF PVU UIF QPTTJCJMJUZ UIBU DPOEJUJPO EJČFSFODFT 	J�F� "#
 $%
 &'
 JOTUFBE PG USJBM�CZ�USJBM ĘVDUV����

BUJPOT JO DIPTFO WBMVF CFMJFGT FYQMBJOFE QVQJM EJMBUJPO QSJPS UP B DIPJDF
 XF FTUJNBUFE UIFJS JOEFQFOEFOU���

FČFDUT PO QVQJM TJ[F JO B TJOHMF SFHSFTTJPO BOBMZTJT� 8F PCTFSWFE OP EJČFSFODFT CFUXFFO DPOEJUJPOT JO���

BWFSBHF QVQJM EJMBUJPO QSJPS UP B DIPJDF 	'JH� �B
 MPXFS QBOFM
� ćJT BMTP FYDMVEFE UIF IZQPUIFTJT UIBU���

QSF�DIPJDF QVQJM EJMBUJPO XBT ESJWFO CZ VODFSUBJOUZ
 BT XF EJE OPU PCTFSWF TJHOJĕDBOUMZ NPSF EJMBUJPO���

JO UIF NPTU EJďDVMU
 IFODF NPTU VODFSUBJO
 &' QBJS� *O BMM QBJST
 QSF�DIPJDF QVQJM TJ[F DPSSFMBUFE QPTJ����

UJWFMZ XJUI DIPTFO WBMVF 	'	�
��
 � �����
 1�����
 η2p����� 'JH� �C
 MPXFS QBOFM
 JSSFTQFDUJWF PG UIF DPOEJ����

UJPO UZQF 	'	�
��
 � ���
 1����
� ćVT
 QSJPS UP SFBDIJOH B WBMVF�ESJWFO DIPJDF
 UIF QVQJM USBDLFE TVCUMF���

EJČFSFODFT JO WBMVF CFMJFGT BCPVU UIF VQDPNJOH DIPJDF
 XIJMF EJMBUJPO XBT OPU ESJWFO CZ VODFSUBJOUZ���

EJČFSFODFT CFUXFFO UIF DPOEJUJPOT����

/FYU
 XF BTLFE XIFUIFS WBMVF CFMJFGT BMTPNPEVMBUFE QSF�DIPJDF QVQJM EJMBUJPO JO UIF USBOTGFS QIBTF
���

XIFSF GFFECBDL XBT PNJUUFE� *O DPOUSBTU UP UIF MFBSOJOH QIBTF
 QVQJM EJMBUJPO QSJPS UP B WBMVF�ESJWFO���

DIPJDFXBT OPU QSFEJDUFE CZ QSFWJPVTMZ MFBSOFE WBMVF EJČFSFODFT CFUXFFO PQUJPOT 	'JH� �D
 VQQFS QBOFM

���

OPS CZ TFQBSBUF DIPTFO PS VODIPTFO WBMVF CFMJFGT 	QBJSFE U�UFTU
 U��
 'JH� �C
 VQQFS QBOFM
� *OEFFE
 B���

SFQFBUFE NFBTVSFT "/07" XJUI UIF GBDUPST QIBTF 	MFBSOJOH
 USBOTGFS
 BOE WBMVF 	DIPTFO
 VODIPTFO
���

JOEJDBUFE UIBU POMZ EVSJOH MFBSOJOH
 CVU OPU EVSJOH USBOTGFS
 QSF�DIPJDF QVQJM EJMBUJPO XBT NPEVMBUFE���

��
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CZ WBMVF CFMJFGT BCPVU UIF VQDPNJOH DIPJDF 	'	�
��
� ���
 1�����
 η2p����
����

)PXFWFS
 JNNFEJBUFMZ BęFS B WBMVF�CBTFE DIPJDF
 MFBSOFE WBMVF CFMJFGT OFHBUJWFMZ QSFEJDUFE QVQJM���

EJMBUJPO CPUI JO UIF MFBSOJOH 	DMVTUFS 1�����
 ����T� QSF�FWFOU VOUJM ���T� QPTU�FWFOU� 'JH� �B
 VQQFS���

QBOFM
 BOE USBOTGFS QIBTF 	DMVTUFS 1�����
 �����T� VOUJM ����T� QPTU�FWFOU� 'JH� �D
 VQQFS QBOFM
� /PX���

TNBMMFS
 JOTUFBE PG MBSHFS
 WBMVF EJČFSFODFT FMJDJUFE MBSHFS QPTU�DIPJDF QVQJM EJMBUJPO
 TVHHFTUJOH UIBU UIF���

EJďDVMUZ PG B SFDFOU DIPJDF
 PS UIF DIPJDF DPOĘJDU JU HFOFSBUFE
 ESPWF QVQJM TJ[F VQXBSE� *OEFFE
 XF���

PCTFSWFE B TJNJMBS QPTU�DIPJDF QVQJM SFTQPOTF QBUUFSO XIFO SFHSFTTJOH DIPJDF DPOĘJDU PO UIF CBTJT PG���

UIF FYQFSJNFOUBM SFXBSE QSPCBCJMJUJFT PO QVQJM TJ[F 	'JH� �D
 MPXFS QBOFM

 JOEJDBUJOH UIBU QPTU�DIPJDF���

QVQJM EJMBUJPO XBT NPEVMBUFE CZ DIPJDF DPOĘJDU
 DPOTJTUFOU XJUI BO FBSMJFS SFQPSU������

ćFTFNPEFM�CBTFE USJBM�UP�USJBM BOBMZTFT TIPX UIBU XIFO FOHBHFE JO BDUJWF SFJOGPSDFNFOU MFBSOJOH
���

QVQJM EJMBUJPOT EJČFSFOUJBMMZ SFĘFDU WBMVF CFMJFGT BOE DIPJDF DPOĘJDU BU EJČFSFOU QPJOUT JO UJNF� 1SJPS���

UP WBMVF�CBTFE DIPJDFT
 QVQJM TJ[F VOJRVFMZ SFĘFDUFE WBMVF CFMJFGT BCPVU UIF VQDPNJOH DIPJDF
 XIFSF���

TUSPOHFS EJMBUJPOT QSFEJDUFE IJHIFS WBMVF CFMJFGT� ćJT QBUUFSO PG QSF�DIPJDF WBMVF EJMBUJPOT XBT BCTFOU���

JO UIF TVCTFRVFOU USBOTGFS QIBTFXIFSF SFXBSET DPVME OPU CF PCUBJOFE
 JOEJDBUJOH UIBU TFFNJOHMZ TJNJMBS���

QVQJM EJMBUJPOT QSJPS UP WBMVF�CBTFE DIPJDFT JOEFYFE EJČFSFOU DPHOJUJWF QSPDFTTFT EVSJOH MFBSOJOH BOE���

USBOTGFS����

'FFECBDL�FWPLFE QVQJM SFTQPOTFT SFøFDU WBMVF VODFSUBJOUZ BOE SFXBSE QSFEJDUJPO FSSPST���

0OMZ EVSJOH BDUJWF SFJOGPSDFNFOU MFBSOJOH
 XF PCTFSWFE UIBU DIPJDF�SFMBUFE QVQJM EJMBUJPO SFĘFDUFE���

WBMVF CFMJFGT BCPVU UIF VQDPNJOH DIPJDF� *G UIF QVQJM SFMJBCMZ USBDLFE POHPJOH SFJOGPSDFNFOU MFBSOJOH
 JU���

TIPVME BMTP QSPWJEF JOGPSNBUJPO BCPVU UIF FWBMVBUJPO PG B DIPJDF PVUDPNF� *O UIF MBTU TUFQ
 XF UIFSFGPSF���

JOWFTUJHBUFE IPX GFFECBDL�FWPLFE QVQJM SFTQPOTFT DPWBSJFEXJUI UIF EFHSFF UPXIJDI PVUDPNFT WJPMBUFE���

WBMVF CFMJFGT BCPVU B SFDFOU DIPJDF����

8F PCTFSWFE MBSHFS GFFECBDL�FWPLFE QVQJM EJMBUJPO 	'JH� �B
 BęFS DIPJDFT CFUXFFO PQUJPOT XJUI���

��
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'JHVSF �� 1SF�DIPJDF QVQJM EJMBUJPO SFĘFDUT UIF WBMVF PG UIF VQDPNJOH DIPJDF� B 	VQQFS QBOFM

 #FUB
DPFďDJFOUT BDDPVOUJOH GPS DIPJDF�SFMBUFE QVQJM EJMBUJPO JO UIF MFBSOJOH QIBTF� -BSHFS WBMVF EJČFSFODFT
CFUXFFO PQUJPOT 	CMVF EBTIFE MJOF
 FMJDJUFE MBSHFS DIPJDF�SFMBUFE QVQJM EJMBUJPOT 	CMBDL TPMJE MJOF
 QSJPS
UP DIPJDF 	BU U��
� "ęFS DIPJDF
 UIJT SFMBUJPOTIJQ SFWFSTFE
 BT TNBMMFS WBMVF EJČFSFODFT FMJDJUFE MBSHFS
QPTU�DIPJDF QVQJM EJMBUJPOT� B 	MPXFS QBOFM

 "WFSBHF DIPJDF�SFMBUFE QVQJM EJMBUJPO GPS "#
 $% BOE &'
QBJST� C 	VQQFS QBOFM

 #FUB DPFďDJFOUT PG DIPTFO BOE VODIPTFO WBMVF SFHSFTTPST BDDPVOUJOH GPS QVQJM
TJ[F ĘVDUVBUJPOT JO UIF QSF�DIPJDF EFDJTJPO JOUFSWBM PG UIF MFBSOJOH 	MFę
 BOE USBOTGFS QIBTF 	SJHIU
� C
	MPXFS QBOFM

 #FUB DPFďDJFOUT PG DIPTFO BOE VODIPTFO WBMVF SFHSFTTPST TQMJU CZ MFBSOJOH QIBTF QBJST

TIPXJOH UIBU QSF�DIPJDF QVQJM TJ[F JT NPEVMBUFE CZ WBMVFT PG UIF UP�CF DIPTFO TUJNVMVT
 JSSFTQFDUJWF PG
VODFSUBJOUZ� D 	VQQFS QBOFM

 -FBSOFE WBMVF EJČFSFODFT EJE OPU NPEVMBUF DIPJDF�SFMBUFE QVQJM EJMBUJPO
QSJPS UP DIPJDF 	BU U��
� "ęFS DIPJDF
 TNBMMFS MFBSOFE WBMVF EJČFSFODFT FMJDJUFE TUSPOHFS QVQJM EJMBUJPO�
D
 	MPXFS QBOFM
� 4NBMMFS WBMVF EJČFSFODFT CFUXFFO DIPJDF PQUJPOT FMJDJUFE MBSHFS QPTU�QVQJM EJMBUJPO

JOEJDBUJOH DIPJDF DPOĘJDU ESPWF QVQJM TJ[F� -JOFT BOE 	TIBEFE
 FSSPS CBST PG SFQSFTFOU NFBO � T�F�N
PG XJUIJO�TVCKFDU NPEVMBUJPOT� )PSJ[POUBM TJHOJĕDBODF EFTJHOBUPST JOEJDBUF UJNF QPJOUT XIFSF SFHSFT�
TJPO DPFďDJFOUT TJHOJĕDBOUMZ EJČFSFOUJBUF GSPN [FSP 	1����

 CBTFE PO DMVTUFS�CBTFE QFSNVUBUJPO UFTUT
	O�����

 ��� 1�����
 �� 1����
 SFQFBUFE NFBTVSFT "/07"�

��
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TNBMM WBMVF EJČFSFODFT� 4QFDJĕDBMMZ
 FBSMZ QPTU�GFFECBDL EJMBUJPO DPSSFMBUFE OFHBUJWFMZ XJUI EJČFSFODFT���

JO WBMVF CFMJFGT PG SFDFOUMZ QSFTFOUFE PQUJPOT 	DMVTUFS 1�����
 ����T� QSF�FWFOU VOUJM ����T� QPTU�FWFOU����

'JH� �C
� 8F GVSUIFSNPSF WFSJĕFE UIBU UIFTF GFFECBDL�FWPLFE EJMBUJPOT XFSF OPU ESJWFO CZ GFFECBDL���

WBMFODF 	4VQQMFNFOUBSZ 'JH� �B
C
� *O DPOUSBTU UP EJMBUJPO JO UIF DIPJDF JOUFSWBM
 EJMBUJPO JO UIF GFFECBDL���

JOUFSWBM XBT FYQMBJOFE CZ ĘVDUVBUJPOT JO USJBM�CZ�USJBM WBMVF CFMJFGT PG CPUI UIF DIPTFO BOE UIF VODIPTFO���

PQUJPOT
 JO PQQPTJUF EJSFDUJPOT 	'JH� �D
� ćVT
 MPXFS CFMJFGT BCPVU UIF DIPTFO BOE IJHIFS CFMJFGT BCPVU���

UIF BMUFSOBUJWF PQUJPO CPUI JODSFBTFE EJMBUJPO
 JOEJDBUJOH UIBU VODFSUBJOUZ BCPVU UIF WBMVF PG B QBTU���

DIPJDF NPEVMBUFE GFFECBDL�FWPLFE EJMBUJPO� *O TVQQPSU PG UIJT
 USJBM�CZ�USJBM DIPTFO BOE VODIPTFO���

WBMVF CFMJFGT FYQMBJOFE GFFECBDL�FWPLFE EJMBUJPO BMSFBEZ QSJPS UP SFDFJWJOH GFFECBDL
 TIPXJOH UIBU JU���

XBT VODFSUBJOUZ BCPVU UIF PVUDPNFPG B WBMVF�CBTFE EFDJTJPO UIBU ESPWF QVQJM TJ[F� -BTUMZ
 PVUDPNFT UIBU���

WJPMBUFE WBMVF CFMJFGT EJE OPU FMJDJU MBSHFS GFFECBDL�FWPLFE EJMBUJPOT 	4VQQMFNFOUBM 'JH� �

 FYDMVEJOH���

UIF IZQPUIFTJT UIBU UIFTF NPEVMBUJPOT PG UIF GFFECBDL SFTQPOTF SFĘFDUFE TVSQSJTF����

*NQPSUBOUMZ
 XIFSFBT WBMVF CFMJFGT BCPVU B SFDFOU DIPJDF BČFDUFE FBSMZ EJMBUJPO
 UIF EFHSFF UP XIJDI���

PVUDPNFT WJPMBUFE UIPTF CFMJFGT NPEVMBUFE MBUF GFFECBDL�FWPLFE QVQJM DPOTUSJDUJPO� "T TIPXO JO 'JH����

�C
 TJHOFE 31&T DPSSFMBUFE QPTJUJWFMZ XJUI MBUF GFFECBDL�FWPLFE QVQJM DPOTUSJDUJPO _�T� BęFS SFDFJWJOH���

GFFECBDL 	DMVTUFS 1�����
 ���T� VOUJM ���T� QPTU�FWFOU
� ćJT DPSSFMBUJPO JOEJDBUFE UIBU XPSTF�UIBO����

FYQFDUFE PVUDPNFT 	�31&T
 FMJDJUFE TUSPOHFS QVQJM DPOTUSJDUJPO DPNQBSFE UP CFUUFS�UIBO�FYQFDUFE PVU����

DPNFT 	�31&T
����

5P TVNNBSJ[F
 XF PCTFSWFE B CJQIBTJD GFFECBDL�FWPLFE QVQJM SFTQPOTF UIBU USBDLFE UIF FWBMVBUJPO���

PG B SFDFOU WBMVF�CBTFE DIPJDF� &BSMZ QVQJM EJMBUJPO XBT NPEVMBUFE CZ VODFSUBJOUZ BCPVU UIF WBMVF PG���

PQUJPOT
 BT DIPJDFT CFUXFFO TJNJMBSMZ WBMVFE PQUJPOT JODSFBTFE EJMBUJPO UIF NPTU� -BUF QVQJM DPOTUSJD����

UJPO XBT NPEVMBUFE CZ UIF WJPMBUJPO PG DVSSFOU WBMVF CFMJFGT
 BT XPSTF�UIBO�FYQFDUFE PVUDPNFT FMJDJUFE���

TUSPOHFS QVQJM DPOTUSJDUJPO DPNQBSFE UP CFUUFS�UIBO�FYQFDUFE POFT����
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Chosen Unchosen

'JHVSF �� 'FFECBDL�FWPLFE QVQJM SFTQPOTFT SFĘFDU WBMVF VODFSUBJOUZ BOE SFXBSE QSFEJDUJPO FSSPST�
B�D
 #FUB DPFďDJFOUT BDDPVOUJOH GPS GFFECBDL�FWPLFE QVQJM SFTQPOTFT JO UIF MFBSOJOH QIBTF� ćF
GFFECBDL�FWPLFE QVQJM SFTQPOTF 	B
 XBT DIBSBDUFSJ[FE CZ FBSMZ EJMBUJPO 	_�T� QPTU�FWFOU
 BOE MBUF DPO�
TUSJDUJPO 	_�� QPTU�FWFOU
� C
 &BSMZ JO UJNF 	_�T� QPTU�FWFOU

 GFFECBDL�FWPLFE QVQJM EJMBUJPO DPSSFMBUFE
OFHBUJWFMZ XJUI UIF EJČFSFODF JO WBMVF CFMJFGT BCPVU SFDFOUMZ QSFTFOUFE PQUJPOT 	Δ7BMVF
 CMVF EBTIFE
MJOF
� -BUF JO UJNF 	_�T� QPTU�FWFOU

 GFFECBDL�FWPLFE QVQJM DPOTUSJDUJPOT DPSSFMBUFE QPTJUJWFMZ XJUI
TJHOFE 31&T 	PSBOHF EBTIFE MJOF
� D
 #PUI MPXFS WBMVF CFMJFGT PG UIF SFDFOUMZ DIPTFO BOE IJHIFS WBMVF
CFMJFGT PG SFDFOUMZ VODIPTFO PQUJPO JODSFBTFE GFFECBDL�FWPLFE QVQJM EJMBUJPOT
 BMSFBEZ QSJPS UP UIF
NPNFOU PG GFFECBDL 	BU U��
� -JOFT BOE TIBEFE FSSPS CBST SFQSFTFOU NFBO � T�F�N PG XJUIJO�TVCKFDU
NPEVMBUJPOT� )PSJ[POUBM TJHOJĕDBODF EFTJHOBUPST JOEJDBUF UJNF QPJOUT XIFSF SFHSFTTJPO DPFďDJFOUT TJH�
OJĕDBOUMZ EJČFSFOUJBUF GSPN [FSP 	1����
� 4UBUJTUJDT CBTFE PO DMVTUFS�CBTFE QFSNVUBUJPO UFTUT
 O������
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%JTDVTTJPO���

ćF QSFTFOU SFTVMUT QSPWJEF UIF OPWFM JOTJHIU UIBU UIF QVQJM JT B SFMJBCMF SFQPSUFS PG UIF VOEFSMZJOH QSP����

DFTT PG MFBSOJOH BOE EFDJTJPO�NBLJOH CBTFE PO WBMVF� 8IFO FOHBHFE JO BDUJWF SFJOGPSDFNFOU MFBSOJOH
���

CVU OPU XIFO DIPJDF WBMVF XBT BMSFBEZ JOUFSOBMJ[FE
 UIF QVQJM TIPXFE UXP EJTUJODU SFTQPOTF QBUUFSOT����

1SJPS UP SFBDIJOH B WBMVF�ESJWFO DIPJDF
 QVQJM EJMBUJPOT TDBMFE XJUI USJBM�CZ�USJBM WBMVF CFMJFGT BCPVU���

UIF VQDPNJOH DIPJDF BOE XFSF EJBHOPTUJD GPS BO JOEJWJEVBM�T TFOTJUJWJUZ UP DIPPTF UIF PQUJPO XJUI UIF���

IJHIFTU FYQFDUFE PVUDPNF� 'FFECBDL BCPVU UIF DIPJDF TVCTFRVFOUMZ FWPLFE B CJQIBTJD FWBMVBUJPO SF����

TQPOTF� &BSMZ QVQJM EJMBUJPO TDBMFE XJUI VODFSUBJOUZ BCPVU UIF WBMVF PG SFDFOU DIPJDF PQUJPOT
 XIFSFBT���

TVCTFRVFOU QVQJM DPOTUSJDUJPO TDBMFE XJUI UIF WJPMBUJPO PG DVSSFOU DIPJDF WBMVF CFMJFGT
 PS TJHOFE SFXBSE���

QSFEJDUJPO FSSPST� .PSFPWFS
 UIF BNQMJUVEF PG UIJT 	QPTU�GFFECBDL
 CJQIBTJD SFTQPOTF XBT QSFEJDUFE CZ���

WBSJBCJMJUZ JO MFBSOJOH SBUFT BDSPTT QBSUJDJQBOUT
 XIJDI EFUFSNJOF UIF VQEBUJOH PG WBMVF CFMJFGT HJWFO UIF���

SFXBSE QSFEJDUJPO FSSPS����

1SFWJPVT TUVEJFT IBWF TIPXO UIBU DVFT QSFEJDUJOH SFXBSE JODSFBTF QVQJM EJMBUJPO��o��
��
��� 0VS PC����

TFSWBUJPO UIBU WBMVF CFMJFGT JODSFBTF QVQJM EJMBUJPO QSJPS UP DIPJDF BSF JO MJOF XJUI UIFTF ĕOEJOHT� $SJUJ����

DBMMZ
 XF BEEJUJPOBMMZ TIPX UIBU QVQJM EJMBUJPO JODSFBTFT BT B GVODUJPO PG WBMVF CFMJFGT BCPVU UIF DIPTFO���

PQUJPO BOE TJHOBM UIF WBMVF PG UIF VQDPNJOH DIPJDF� .PSFPWFS
 XF GPVOE UIBU QVQJM EJMBUJPOT XFSF OPU���

NPEVMBUFE CZ UIF WBMVF PG UIF BMUFSOBUJWF PQUJPO
 JOEJDBUJOH UIBU UIF QVQJM EPFT OPU SFĘFDU UIF WBMVFT BT����

TPDJBUFE XJUI BMM QPUFOUJBM PQUJPOT
 CVU TQFDJĕDBMMZ
 UIF WBMVF UIBU XBT ESJWJOH UIF DIPJDF� *OUFSFTUJOHMZ
���

TUSJBUBM EPQBNJOF DPODFOUSBUJPOT BOE QIBTJD SFTQPOTFT PG EPQBNJOF OFVSPOT BSF PCTFSWFE UP SFĘFDU���

DIPTFO WBMVF��o��� ćJT TJHOBMMJOH JT UIPVHIU UP TVQQPSU WBMVF MFBSOJOH PG B DIPJDF
 BT UIF WBMVF PG UIF���

DIPTFO PQUJPO HFUT VQEBUFE BDDPSEJOH UP UIF SFXBSE QSFEJDUJPO FSSPS BęFS SFDFJWJOH DIPJDF GFFECBDL����

*NQPSUBOUMZ
 POMZ EVSJOH MFBSOJOH
 CVU OPU EVSJOH USBOTGFS
 XBT QVQJM EJMBUJPO QSJPS UP DIPJDF NPE����

VMBUFE CZ DIPJDF WBMVF� 8IZ XBT UIJT UIF DBTF
 XIFO QBSUJDJQBOUT IBE UP NBLF WBMVF�CBTFE EFDJTJPOT JO���

CPUI QIBTFT 0OF JNQPSUBOU EJČFSFODF CFUXFFO UIF QIBTFT XBT UIF BCJMJUZ UP MFBSO GSPN UIF PVUDPNFT���

��
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PG BDUJPOT� *O UIF MFBSOJOH QIBTF
 PQUJPOT DPVME CF DPNQBSFE UP FBDI PUIFS BOE UIF PVUDPNF PG B DIPJDF���

XBT JNNFEJBUFMZ QSFTFOUFE� ćJT XBT WFSZ EJČFSFOU JO UIF USBOTGFS QIBTF
 XIFO QBSUJDJQBOUT XFSF DPO����

GSPOUFE XJUI OFX DIPJDF TJUVBUJPOT BOE IBE OP BCJMJUZ UP MFBSO GSPN UIFJS DIPJDFT CFDBVTF UIFZ OFWFS���

SFDFJWFE GFFECBDL� %PQBNJOF
 QBSUJDVMBSMZ JO UIF TUSJBUVN
 QMBZT BOE JNQPSUBOU SPMF EVSJOH SFJOGPSDF����

NFOU MFBSOJOH��� 4USJBUBM EPQBNJOF TUSFOHUIFOT BDUJPOT UIBU MFBE UP SFXBSEJOH PVUDPNFT BOE XFBLFOT���

UIPTF UIBU MFBE UP BWFSTJWF POFT��
��
��
 UIFSFCZ ĘFYJCMZ BEBQUJOH CFIBWJPVS UP NBYJNJTF SFXBSET� *O UIF���

USBOTGFS QIBTF
 WBMVF CFMJFGT BSF DPOTPMJEBUFE BOE EPQBNJOF OP MPOHFS QMBZT BO JNQPSUBOU SPMF JO MFBSO����

JOH PS NPEVMBUJOH DIPJDF CFIBWJPVS� *OGPSNBUJPO VTFE UP NBLF B WBMVF�CBTFE DIPJDF JT OPX SFUSJFWFE���

GSPN NFNPSZ
 HVJEFE CZ TUSVDUVSFT UIBU FODPEF MFBSOFE WBMVF SFQSFTFOUBUJPOT
 TVDI BT UIF WFOUSPNF����

EJBM QSFGSPOUBM DPSUFY��
��� 0VS ĕOEJOH UIBU UIF QVQJM XBT POMZ TFOTJUJWF UP DIPJDF WBMVF EVSJOH BDUJWF���

SFJOGPSDFNFOU MFBSOJOH DPVME NFBO UIBU UIF QVQJM JT QBSUJDVMBSMZ TFOTJUJWF UP UIF QSPDFTT PG MFBSOJOH UIF���

WBMVF PG DIPJDFT
 PS DPOUJOHFODZ MFBSOJOH������

"O JOEJWJEVBM�T TFOTJUJWJUZ UP WBMVF EJČFSFODFT CFUXFFO QSFTFOUFE PQUJPOT
 BT RVBOUJĕFE CZ PVS���

DPNQVUBUJPOBM NPEFM
 QSFEJDUFE UIF BNPVOU PG QVQJM EJMBUJPO FYBDUMZ BU UIF UJNF PG B WBMVF�CBTFE���

DIPJDF� *OEJWJEVBMT UIBU XFSFNPSF TFOTJUJWF UP TNBMM WBMVF EJČFSFODFT TIPXFE TUSPOHFS EJMBUJPOT� ćFTF���

JOEJWJEVBMT FYQMPJUFE IJHI WBMVF PQUJPOT
 MFBEJOH UP CFUUFS UBTL QFSGPSNBODF��� *ODSFBTFE QVQJM EJ����

MBUJPO IBT CFFO BTTPDJBUFE XJUI CFUUFS UBTL QFSGPSNBODF��
��
 PS XJUI UIF UFOEFODZ UP FYQMPJU JO EZ����

OBNJD FOWJSPONFOUT��
��� ćF PCTFSWFE SFMBUJPOTIJQ CFUXFFO QVQJM EJMBUJPO BOE JOEJWJEVBM TFOTJUJWJUZ���

UP WBMVF EJČFSFODFT DPVME SFĘFDU FJUIFS PG UIFTF QSPDFTTFT
 BT DIPPTJOH B IJHI WBMVF PQUJPO DBO SFTVMU���

GSPN BDDVSBUF PQUJPO WBMVF SFQSFTFOUBUJPOT PS GSPN UIF HFOFSBM UFOEFODZ UP GBWPVS FYQMPJUBUJPO PWFS���

FYQMPSBUJPO��� .FBTVSJOH QVQJM SFTQPOTFT EVSJOH WBMVF�CBTFE EFDJTJPO�NBLJOH JO B SFWFSTBM MFBSOJOH���

QBSBEJHN NJHIU QSPWJEF B XBZ UP EJTFOUBOHMF UIFTF UXP BMUFSOBUJWF FYQMBOBUJPOT
 BT PQUJNBM UBTL QFS����

GPSNBODF XPVME UIFO EFQFOE PO DIBOHJOH EFDJTJPO TUSBUFHJFT PWFS UJNF����

6ODFSUBJOUZ EJE OPU ESJWF QVQJM TJ[F QSJPS UP B WBMVF�CBTFE DIPJDF
 BT PVS SFTVMUT JOEJDBUFE UIBU UIF���

��
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NPTU EJďDVMU
 IFODF VODFSUBJO
 QBJS 	&'
 EJE OPU JODSFBTF EJMBUJPO� 0O UIF DPOUSBSZ
 IJHIFS WBMVF CF����

MJFGT
 JOEJDBUJOH NPSF DFSUBJOUZ BCPVU DIPJDF WBMVF
 FMJDJUFE HSFBUFS EJMBUJPO� ćJT ĕOEJOH DPOUSBTUT XJUI���

FBSMJFS XPSL SFMBUJOH QVQJM EJMBUJPOT UP TJUVBUJPOT PG JODSFBTFE VODFSUBJOUZ�
�
�
 CVU BMJHOTXJUI UIPTF BTTP����

DJBUJOH JU XJUI DFSUBJOUZ�
��� 0OF QPTTJCMF FYQMBOBUJPO GPS UIFTF EJČFSFOUJBM ĕOEJOHT JT UIBU JO PVS TUVEZ
���

IJHIFS WBMVF CFMJFGT BCPVU UIF VQDPNJOH DIPJDF MFE UP JODSFBTFE SFXBSE FYQFDUBUJPOT��
 PS EFDSFBTFE���

SJTL BTTFTTNFOU�
 ESJWJOH QVQJM EJMBUJPO QSJPS UP UIF DIPJDF����

)PXFWFS
 JNNFEJBUFMZ BęFS B WBMVF�CBTFE DIPJDF
 CVU QSJPS UP GFFECBDL
 XF PCTFSWFE UIBU VODFS����

UBJOUZ NPEVMBUFE QVQJM TJ[F
 BT DIPJDFT CFUXFFO DMPTFMZ WBMVFE PQUJPOT USJHHFSFE TUSPOH QPTU�DIPJDF���

EJMBUJPO� 8IJMF PVS TUVEZ JT UIF ĕSTU UP SFMBUF UIF QVQJM EJSFDUMZ UP WBMVF CFMJFGT
 UIFTF ĕOEJOHT BSF DPO����

TJTUFOU XJUI PCTFSWBUJPOT PG QVQJM EJMBUJPO JOEFYJOH DIPJDF DPOĘJDU BęFS EJďDVMU EFDJTJPOT�� PS EFDJTJPO���

VODFSUBJOUZ EVSJOH QFSDFQUVBM EFDJTJPOT�� 0VSXPSL FYUFOET UIFTF TUVEJFT CZ TIPXJOH UIBU EJČFSFOU DPH����

OJUJWF QSPDFTTFT BČFDU QSF� BOE QPTU�DIPJDF EJMBUJPO
 MJOLJOH QSF�DIPJDF EJMBUJPO UP DIPTFO WBMVF CFMJFGT���

BOE QPTU�DIPJDF EJMBUJPO UP WBMVF VODFSUBJOUZ� ćJT QSPWJEFT B UFOUBUJWF MJOL UP EPQBNJOF OFVSPOT FO����

DPEJOH SFXBSE VODFSUBJOUZ��
 XIFSF TVTUBJOFE EPQBNJOF BDUJWJUZ QSJPS UP UIF NPNFOU PG UIF PVUDPNF���

XBT TUSPOHFTU BęFS DVFT QSFEJDUJOH SFXBSE XJUI ��� QSPCBCJMJUZ� ćFTF IJHIMZ VOQSFEJDUBCMF DVFT BSF���

UIPVHIU UP ESJWF MFBSOJOH NBYJNBMMZ
 BT IJHI TVCKFDUJWF VODFSUBJOUZ JOEJDBUFT UIF MBDL PG BO BDDVSBUF���

SFXBSE QSFEJDUPS BOE UIF OFFE UP JNQSPWF QSFEJDUJPOT��� 1VQJM EJMBUJPO BęFS B DIPJDF CFUXFFO PQUJPOT���

XJUI TNBMM WBMVF EJČFSFODFT NBZ SFMBUF UP UIJT QSPDFTT
 SFĘFDUJOH UIF BMMPDBUJPO PG BUUFOUJPOBM SFTPVSDFT���

UP TVQQPSU MFBSOJOH GSPN UIF VQDPNJOH DIPJDF PVUDPNF����

"ęFS GFFECBDL
 B CJQIBTJD GFFECBDL�FWPLFE QVQJM SFTQPOTF USBDLFE UXP EJČFSFOU FWBMVBUJPO QSP����

DFTTFT SFMBUFE UP UIF PVUDPNF PG B DIPJDF� 'JSTU
 FBSMZ EJMBUJPOT XFSF FYQMBJOFE CZ VODFSUBJOUZ BCPVU UIF���

WBMVF PG UIF DIPJDF PVUDPNF
 CVU OPU CZ TVSQSJTF
 BT PVUDPNFT UIBU WJPMBUFE WBMVF CFMJFGT EJE OPU USJHHFS���

TUSPOHFS EJMBUJPOT� ćJT JT B TPNFXIBU TVSQSJTJOH ĕOEJOH
 HJWFO UIBU QVQJM EJMBUJPOT DBO CF TUSPOHFS���

BęFS VOFYQFDUFE PVUDPNFT�
�
��o��� 8IBU PVS SFTVMUT TVHHFTU JT UIBU EVSJOH SFJOGPSDFNFOU MFBSOJOH
 UIF���

��
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VODFSUBJOUZ BTTPDJBUFE XJUI UIF PVUDPNF PG B DIPJDF JODSFBTFT QVQJM EJMBUJPO
 JSSFTQFDUJWF PG JUT QPTJUJWF���

PS OFHBUJWF WBMVF� 8IBU UIJT NBZ JOEJDBUF JT UIBU FBSMZ QVQJM EJMBUJPO SFĘFDUFE JODSFBTFE BUUFOUJPO UP���

VODFSUBJO
 CVU QPUFOUJBMMZ SFXBSEJOH TUJNVMJ JO UIF FOWJSPONFOU����

4FDPOE
 MBUF QVQJM DPOTUSJDUJPO XBT FYQMBJOFE CZ TJHOFE SFXBSE QSFEJDUJPO FSSPST
 UIVT
 SFĘFDUJOH���

IPX NVDI UIF PVUDPNF WJPMBUFE DVSSFOU WBMVF CFMJFGT BCPVU UIF DIPTFO PQUJPO� -PXFS�UIBO�FYQFDUFE���

DIPJDF PVUDPNFT SFTVMUFE JO TNBMMFS QVQJM SFTQPOTFT DPNQBSFE UP IJHIFS�UIBO�FYQFDUFE POFT
 XIJDI���

TIPXT B TUSJLJOH SFTFNCMBODF UP UIF SFXBSE QSFEJDUJPO FSSPS QBUUFSO PG QIBTJD EPQBNJOF OFVSPOT��
��
�����

UIBU CSJFĘZ BDUJWBUF BęFS IJHIFS�UIBO�FYQFDUFE PVUDPNFT BOE EFBDUJWBUF BęFS MPXFS�UIBO�FYQFDUFE PVU����

DPNFT� *O DBMDVMBUJOH UIJT FSSPS UFSN
 UIF PCUBJOFE SFXBSE JT DPNQBSFE UP UIF WBMVF PG UIF DIPTFO���

PQUJPO��
 XIJDI XF PCTFSWFE BMTP NPEVMBUFE QVQJM EJMBUJPO QSJPS UP B WBMVF�CBTFE DIPJDF� ćVT
 PVS���

ĕOEJOHT TVHHFTU UIBU QVQJM SFTQPOTFT USBDL TQFDJĕD EFDJTJPO BOE FWBMVBUJPO TJHOBMT UIBU QSPNPUF WBMVF����

CBTFE MFBSOJOH BOE EFDJTJPO�NBLJOH����

3FDFOUMZ
 B NPSF FMBCPSBUF WJFX PG UIF QIBTJD EPQBNJOF SFXBSE QSFEJDUJPO FSSPS SFTQPOTF IBT CFFO���

QSPQPTFE
 JO XIJDI BO JOJUJBM VOTFMFDUJWF DPNQPOFOU EFUFDUT BOZ QPUFOUJBM SFXBSE BOE B MBUFS DPN����

QPOFOU DPEFT UIF XFMM�LOPXO SFXBSE WBMVF�� ćF EZOBNJD FWPMVUJPO PG UIF GFFECBDL�FWPLFE QVQJM SF����

TQPOTF JT DPOTJTUFOU XJUI UIJT QBUUFSO
 BT FBSMZ EJMBUJPO VOTFMFDUJWFMZ JODSFBTFE BęFS VODFSUBJO PVUDPNFT���

BOE MBUF DPOTUSJDUJPO SFĘFDUFE UIF FWBMVBUJPO PG UIF PVUDPNF�T SFXBSE WBMVF����

5P DPODMVEF
 PVS TUVEZ QSPWJEFT FWJEFODF UIBU UIF QVQJM JT B SFMJBCMF JOEJDBUPS PG WBMVF�CBTFE���

EFDJTJPO�NBLJOH
 BT JU TJHOBMMFE UIF QSPDFTTJOH PG WBMVF VQ UP B DIPJDF BOE UIF TVCTFRVFOU FWBMVBUJPO���

PG DIPJDF PVUDPNFT JO UFSNT PG VODFSUBJOUZ BOE WJPMBUJPOT PG WBMVF CFMJFGT� ćFSF XFSF TFWFSBM BTQFDUT���

UP PVS BQQSPBDI UIBU FOBCMFE VT UP FTUBCMJTI UIFTF TQFDJĕD SFMBUJPOT BOE UP NPWF CFZPOE QSFWJPVT XPSL���

MJOLJOH UIF QVQJM UP SFXBSE� 'JSTU
 XF DIBSBDUFSJTFE UIF GVMM UFNQPSBM QSPĕMF PG WBMVF�CBTFE EFDJTJPOT���

JO UIF QVQJM
 UIFSFCZ SFMBUJOH EJČFSFOU EFDJTJPO BOE FWBMVBUJPO QSPDFTTFT UP EJČFSFOU DPNQPOFOUT PG���

UIF QVQJM SFTQPOTF� 4FDPOE
 UIFTF TQFDJĕD SFMBUJPOT DPVME POMZ CF FTUBCMJTIFE XJUI UIF VTF PG B GPSNBM���

��
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MFBSOJOH NPEFM UIBU QSPWJEFE VT BDDFTT UP QBSUJDJQBOUT� EFWFMPQJOH WBMVF CFMJFGT
 BOE UIF VOEFSMZJOH���

QSPDFTTFT UIPVHIU UP TVQQPSU WBMVF�ESJWFO EFDJTJPOT� ćJT BMTP IJHIMJHIUT PVS VTF PG TVCKFDUJWF WBMVF���

FTUJNBUFT UP SFMBUF UP UIF QVQJM� *O DPOUSBTU
 QSFWJPVT TUVEJFT JOWFTUJHBUJOH SFXBSE�SFMBUFE FČFDUT PO���

QVQJM TJ[F FNQMPZFE FYUFSOBMMZ EFĕOFE WBMVF FTUJNBUFT�
�
��
��
��
 XJUI POF OPUBCMF FYDFQUJPO��� -BTUMZ
���

PVS TUVEZ EFTDSJCFT UIF UFNQPSBM FWPMVUJPO PG SFJOGPSDFNFOU MFBSOJOH JO UIF QVQJM
 UIFSFCZ QSPWJEJOH���

FWJEFODF UIBU UIF QVQJM DBO CF VTFE UP OPO�JOWBTJWFMZ USBDL UIF SFJOGPSDFNFOU MFBSOJOH QSPDFTT BT���

JU UBLFT QMBDF� 'VUVSF TUVEJFT UIBU DPNCJOF GVODUJPOBM CSBJO JNBHJOH BOE QVQJMMPNFUSZ XJMM IBWF UP���

GVSUIFS TQFDJGZ UIF CSBJO BSFBT UIBU DPOUSJCVUF UP UIF WBMVF�CBTFE QVQJM SFTQPOTF����

.FUIPET���

1BSUJDJQBOUT���

'PSUZ�UXP IFBMUIZ QBSUJDJQBOUT XJUI OPSNBM UP DPSSFDUFE UP OPSNBM WJTJPO DPNQMFUFE UIF FYQFSJNFOU���

	�� NBMFT� NFBO BHF������ BHF SBOHF������ ZFBST
� ćFZ XFSF QBJE ��ħ GPS � IPVST PG QBSUJDJQBUJPO���

BOE FBSOFE BO BEEJUJPOBM QFSGPSNBODF CPOVT 	NFBO�����ħ
 4%����
� ćF FUIJDBM DPNNJUUFF PG UIF���

7SJKF 6OJWFSTJUFJU "NTUFSEBN BQQSPWFE UIF TUVEZ BOE XSJUUFO JOGPSNFE DPOTFOU XBT PCUBJOFE GSPN BMM���

QBSUJDJQBOUT� &JHIU QBSUJDJQBOUT XFSF FYDMVEFE GSPN BOBMZTFT EVF UP UIF GPMMPXJOH SFBTPOT� JOBEFRVBUF���

ĕYBUJPO UP UIF DFOUFS PG UIF TDSFFO 	/��

 SFQPSUJOH NPSF UIBO UISFF VOJRVF TUJNVMVT QBJST JO UIF���

MFBSOJOH QIBTF 	/��
 BOE 	BMNPTU
 QFSGFDU DIPJDF BDDVSBDZ JO UIF MFBSOJOH QIBTF
 XIJDI DPNQMJDBUFE���

CFIBWJPSBM NPEFM ĕUUJOH 	/��

 SFTVMUJOH JO B UPUBM PG �� QBSUJDJQBOUT GPS UIF BOBMZTFT����

5BTL � 1SPDFEVSF���

1BSUJDJQBOUT XFSF TFBUFE JO B EJNMZ MJU
 TJMFOU SPPN XJUI UIFJS IFBE QPTJUJPOFE PO B DIJO SFTU
 �� DFO����

UJNFUFST BXBZ GSPN UIF DPNQVUFS TDSFFO� ćFZ SFDFJWFE XSJUUFO JOGPSNBUJPO BCPVU UIF HFOFSBM QVSQPTF���

��
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PG UIF FYQFSJNFOU
 BęFS XIJDI UIFZ DPNQMFUFE B ���USJBM QSBDUJDF TFTTJPO PG UIF MFBSOJOH QIBTF� 4VCTF����

RVFOUMZ
 QBSUJDJQBOUT DPNQMFUFE GPS UIF MFBSOJOH QIBTF � SVOT PG �� USJBMT FBDI 	��� USJBMT JO UPUBM
 ������

QSFTFOUBUJPOT PG FBDI TUJNVMVT QBJS

 XJUI TNBMM CSFBLT JO�CFUXFFO SVOT� "ęFS FBDI SVO
 UIF FBSOFE���

OVNCFS PG QPJOUT XBT EJTQMBZFE� "U UIF FOE PG UIF MFBSOJOH QIBTF
 UIF UPUBM OVNCFS PG FBSOFE QPJOUT XBT���

DPOWFSUFE JOUP B NPOFUBSZ CPOVT� %JSFDUMZ BęFS UIF MFBSOJOH QIBTF
 QBSUJDJQBOUT FOUFSFE UIF USBOTGFS���

QIBTF� ćFZ DPNQMFUFE � SVOT PG �� USJBMT FBDI 	��� USJBMT JO UPUBM
 �� QSFTFOUBUJPOT QFS TUJNVMVT QBJS

���

XJUI TNBMM CSFBLT JO�CFUXFFO SVOT� 0WFSBMM DIPJDF BDDVSBDZ XBT EJTQMBZFE BU UIF FOE PG UIF USBOTGFS���

QIBTF����

4UJNVMJ � USJBM TUSVDUVSF���

4UJNVMJ XFSF QSFTFOUFE PO B ���JODI *JZBNB 7JTJPO .BTUFS ��� .4���%5 XJUI B TQBUJBM SFTPMVUJPO���

PG ���� Y ��� QJYFMT
 BU B SFGSFTI SBUF PG ���)[
 XJUI NFBO MVNJOBODF �� DE�N�� &YQFSJNFOUT XFSF���

QSPHSBNNFE JO 0QFO4FTBNF BOE EBUB BOBMZTJT XFSF QFSGPSNFE VTJOH DVTUPN TPęXBSF XSJUUFO JO���

1ZUIPO
 VTJOH /VNQZ 	W������

 4DJQZ 	W������

 '*3%FDPOWPMVUJPO 	W����EFW�

 )FEGQZ 	W����EFW�

���

./& 	W����
 BOE 1Z4UBO 	W����
 QBDLBHFT� -VNJOBODF FČFDUT PO QVQJM TJ[F XFSF NJOJNJ[FE CZ���

LFFQJOH UIF CBDLHSPVOE MVNJOBODF PG UIF EJTQMBZ DPOTUBOU� $PMPS TUJNVMJ XFSF OFBS�JTPMVNJOBOU UP���

FBDI PUIFS BOE UIF CBDLHSPVOE 	TFU WJB B ĘJDLFS�GVTJPO DPMPS DBMJCSBUJPO UFTU DBSSJFE PVU PODF BU UIF���

TUBSU PG UIF FYQFSJNFOU
� 5P BDDPVOU GPS MVNJOBODF CJBT FČFDUT
 FBDI QBSUJDJQBOU IBE B VOJRVF DPMPS���

QBJS 	SFE�CMVF� ZFMMPX�EBSL CMVF� HSFFO�NBHFOUB
 UP SFXBSE QSPCBCJMJUZ NBQQJOH 	"#
 $%
 &'
 UIBU���

XBT DPVOUFSCBMBODFE JO PSEFS 	F�H� SFE�CMVF PS CMVF�SFE GPS "#
����

*O FBDI MFBSOJOH QIBTF USJBM
 QBSUJDJQBOUT DPOUJOVPVTMZ ĕYBUFE PO B DFOUSBM XIJUF ĕYBUJPO EPU� "ęFS���

���NT 	4%����NT

 UXP DPMPSFE TUJNVMJ 	����¡Y����¡ WJTVBM BOHMF
 BQQFBSFE BU UIF IPSJ[POUBM NFSJEJBO���

MFę BOE SJHIU GSPN UIF DFOUSBM ĕYBUJPO EPU BU B EJTUBODF PG ����¡ WJTVBM BOHMF� 1BSUJDJQBOUT NBEF B DIPJDF���

GPS POF PG UIF PQUJPOT VTJOH UIF A,� 	MFę DIPJDF
 BOE A-� 	SJHIU DIPJDF
 LFZT� " DIPJDF XBT IJHIMJHIUFE CZ���

��
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B TNBMM EBSL HSFZ BSSPX 	���NT
 QPJOUJOH JO UIF EJSFDUJPO PG UIF DIPTFO PQUJPO� "ęFS B SBOEPN JOUFSWBM���

ESBXO GSPN B (BVTTJBO EJTUSJCVUJPO XJUI B NFBO PG ����NT 	4%����NT

 UIF DIPJDF XBT GPMMPXFE CZ���

BVEJUPSZ GFFECBDL
 JOEJDBUJOH SFXBSE 	���� QPJOUT� ���NT ADPSSFDU� TPVOE
 PS OP SFXBSE 	���NT� QVSF���

TJOF UPOF BU ���)[
� 0NJTTJPOT PS SFTQPOTF UJNFT 	35T
 MPOHFS UIBO ����NT XFSF GPMMPXFE CZ B OFVUSBM���

UPOF 	���NT� QVSF TJOF UPOF BU ���)[
� *OUFS�USJBM JOUFSWBMT XFSF ESBXO GSPN B (BVTTJBO EJTUSJCVUJPO���

XJUI B NFBO PG ����NT 	4%����NT
 5SJBMT PG UIF USBOTGFS QIBTF GPMMPXFE UIF TBNF USJBM TUSVDUVSF BT���

USJBMT JO UIF MFBSOJOH QIBTF
 CVU IBE B TIPSUFS EVSBUJPO BT DIPJDFT XFSF OPU GPMMPXFE CZ GFFECBDL����

#FIBWJPVSBM BOBMZTJT���

$IPJDFT BOE 35T XFSF SFDPSEFE GPS BMM USJBMT JO UIF MFBSOJOH BOE USBOTGFS QIBTF� 35 PO FWFSZ USJBM XBT���

DPNQVUFE BT UIF UJNF GSPN POTFU PG UIF TUJNVMVT QBJS VOUJM UIF DIPJDF 	LFZQSFTT
� 5SJBMT XJUI 35T CFMPX���

���NT PS BCPWF UIF 35 EFBEMJOF PG ����NT XFSF SFNPWFE GSPN BMM BOBMZTFT� "T B DIPJDF CFUXFFO UXP���

PQUJPOT JO UIF MFBSOJOH QIBTF XBT OFWFS OFDFTTBSJMZ iDPSSFDUw
 XF EFĕOFE UIF TFMFDUJPO PG UIF PQUJNBM���

PQUJPO 	NPSF SFJOGPSDJOH PQUJPO PG UIF QSFTFOUFE QBJS
 BT B DPSSFDU DIPJDF� 'PS UIF USBOTGFS QIBTF
 WBMVF���

DPOĘJDU PO B QBSUJDVMBS USJBM XBT EFĕOFE PO UIF CBTJT PG UIF FYQFSJNFOUBM SFJOGPSDFNFOU WBMVF EJČFSFODF���

CFUXFFO UIF QSFTFOUFE TUJNVMJ
 XIFSF TNBMMFS WBMVF EJČFSFODFT XFSF BTTPDJBUFE XJUI IJHIFS DPOĘJDU����

$PNQVUBUJPOBM NPEFM���

$IPJDFT EVSJOH UIF MFBSOJOH QIBTFXFSF ĕUXJUI B SFJOGPSDFNFOU MFBSOJOH 	i2�MFBSOJOHw
NPEFM��
��� 'PS���

FBDI PQUJPO
 UIF NPEFM FTUJNBUFT JUT FYQFDUFE WBMVF
 PS i2�WBMVFw
 PO UIF CBTJT PG JOEJWJEVBM TFRVFODFT���

PG DIPJDFT BOE PVUDPNFT� "MM 2�WBMVFT XFSF TFU UP ��� CFGPSF MFBSOJOH� "ęFS FBDI DIPJDF
 UIF DIPTFO���

PQUJPO�T 2�WBMVF JT VQEBUFE CZ MFBSOJOH GSPN GFFECBDL UIBU SFTVMUFE JO BO VOFYQFDUFE PVUDPNF
 XIJDI JT���

DBQUVSFE CZ UIF 31&
 SJ	U
 �2J	U
� ćVT
 UIF2�WBMVF GPS PQUJPO J PO UIF OFYU USJBM U JT VQEBUFE EFQFOEJOH���

PO UIF PVUDPNF
 S
 VTJOH UIF GPMMPXJOH GPSNVMB����

��
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Qi(t + 1) = Qi(t) +

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

αGain[ ri(t) − Qi(t)] JG r ��

αLoss[ ri(t) − Qi(t)] JG r ��

	�


XIFSF QBSBNFUFST � ≤ α(BJO
 α-PTT ≤ � SFQSFTFOU QPTJUJWF BOE OFHBUJWF MFBSOJOH SBUFT
 SFTQFDUJWFMZ
���

UIBU EFUFSNJOF UIF NBHOJUVEF CZ XIJDI WBMVF CFMJFGT BSF VQEBUFE EFQFOEJOH PO UIF 31&� 8F NPEFMFE���

TFQBSBUF MFBSOJOH SBUFT
 BT EJČFSFOU TUSJBUBM TVCQPQVMBUJPOT BSF JOWPMWFE JO QPTJUJWF BOE OFHBUJWF GFFE����

CBDL MFBSOJOH��o�� BOE JOEJWJEVBMT UFOE UP MFBSONPSF GSPNQPTJUJWF GFFECBDL��
��
��� (JWFO UIF2�WBMVFT
���

UIF QSPCBCJMJUZ PG TFMFDUJOH POF PQUJPO PWFS UIF PUIFS 	F�H� TFMFDUJOH PQUJPO " PWFS #
 XBT EFTDSJCFE CZ���

B TPęNBY DIPJDF SVMF����

PA(t) = exp(β · QA(t))
exp(β · QB(t)) + exp(β · QA(t)) 	�


)FSF
 � ≤ β ≤ ���
 PS UIF FYQMPSF�FYQMPJU QBSBNFUFS
 EFTDSJCFE UIF TFOTJUJWJUZ UP PQUJPO WBMVF EJG����

GFSFODFT
 XIFSF MBSHFS β WBMVFT JOEJDBUFT HSFBUFS TFOTJUJWJUZ
 BOE NPSF FYQMPJUBUJWF DIPJDFT
 GPS PQUJPOT���

XJUI SFMBUJWF IJHIFS SFXBSE WBMVFT����

#BZFTJBO IJFSBSDIJDBM öUUJOH QSPDFEVSF���

ćF 2�MFBSOJOH NPEFM XBT ĕU VTJOH B #BZFTJBO IJFSBSDIJDBM ĕUUJOH QSPDFEVSF
 XIFSF JOEJWJEVBM QB����

SBNFUFS FTUJNBUFT XFSF ESBXO GSPN HSPVQ�MFWFM QBSBNFUFS EJTUSJCVUJPOT UIBU DPOTUSBJOFE UIF SBOHF PG���

QPTTJCMF JOEJWJEVBM QBSBNFUFS FTUJNBUFT� ćJT QSPDFEVSF BMMPXFE GPS UIF TJNVMUBOFPVT FTUJNBUJPO PG���

HSPVQ�MFWFM BOE JOEJWJEVBM�MFWFM QBSBNFUFST��
��
 UIFSFCZ DBQJUBMJ[JOH PO UIF TUBUJTUJDBM TUSFOHUI PČFSFE���

CZ UIF EFHSFF UP XIJDI QBSUJDJQBOUT BSF TJNJMBS XJUI SFTQFDU UP UIF NPEFM QBSBNFUFST BT XFMM BT UBLJOH���

JOUP BDDPVOU JOEJWJEVBM EJČFSFODFT������

"T TIPXO JO 'JH �D
 PVSNPEFM XBT JNQMFNFOUFE GPMMPXJOH +BIGBSJ FU BM� 	����
 ����
� 7BSJBCMFT SJ	U����

��
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�
 	PVUDPNF GPS QBSUJDJQBOU J PO USJBM U��
 BOE DIJ	U
 	DIPJDF PG QBSUJDJQBOU J PO USJBM U
 XFSF PCUBJOFE GSPN���

UIF CFIBWJPVSBM EBUB� 1FS�QBSUJDJQBOU QBSBNFUFS FTUJNBUFT αGi 	αGain QBSUJDJQBOU J

 αLi 	αLoss QBSUJDJQBOU���

J
 BOE βi 	β QBSUJDJQBOU J
 XFSF NPEFMFE VTJOH B QSPCJU USBOTGPSNBUJPO [�J 	α′
Gi
 α′

Li
 β′
i 
� ćF QSPCJU���

USBOTGPSNBUJPO JT UIF JOWFSTF DVNVMBUJWF EJTUSJCVUJPO GVODUJPO PG UIF OPSNBM EJTUSJCVUJPO UIBU DBO CF���

VTFE UP TQFDJGZ B CJOBSZ SFTQPOTF NPEFM� [�J XFSF ESBXO GSPN HSPVQ�MFWFM OPSNBM EJTUSJCVUJPOT XJUI���

NFBO μz′ BOE TUBOEBSE EFWJBUJPO δz′ � " OPSNBM QSJPS XBT BTTJHOFE UP HSPVQ�MFWFM NFBOT μ[�∼ N ( 1, 0)���

BOE B VOJGPSN QSJPS UP UIF HSPVQ�MFWFM TUBOEBSE EFWJBUJPOT δ[�∼ U( 1, 1.5) ��� ćF #BZFTJBO IJFSBSDIJDBM���

NPEFM XBT JNQMFNFOUFE JO 45"/�� BOE ĕU UP BMM USJBMT PG UIF MFBSOJOH QIBTF UIBU GFMM XJUIJO UIF DPSSFDU���

SFTQPOTF UJNF XJOEPX ���NT ≤ 35 ≤ ����NT
	NFBO������ PG USJBMT
 4%�����
� .VMUJQMF DIBJOT���

XFSF HFOFSBUFE UP FOTVSF DPOWFSHFODF
 XIJDI XBT FWBMVBUFE CZ UIF 3IBU TUBUJTUJD��� ćF 3IBU TUBUJTUJD���

DPOĕSNFE DPOWFSHFODF PG UIF ĕUUJOH QSPDFEVSF 	J�F�
 BMM 3IBUT XFSF FRVBM UP ���
� 8F BMTP UFTUFEXIFUIFS���

UIF EFSJWFE QFS�QBSUJDJQBOU QBSBNFUFST DPVME TJNVMBUF DIPJDFT UIBU XFSF RVBMJUBUJWFMZ TJNJMBS UP UIF���

PCTFSWFE DIPJDFT PSJHJOBMMZ VTFE GPS ĕUUJOH� )FSF
 DIPJDFT XFSF TJNVMBUFE ��� UJNFT GPS FBDI QBSUJDJQBOU���

VTJOH UIF NPEF PG UIF EFSJWFE QFS�QBSUJDJQBOU QBSBNFUFS EJTUSJCVUJPO� 4JNVMBUFE DIPJDF BDDVSBDZ XBT���

BWFSBHFE BDSPTT TJNVMBUJPOT BOE FWBMVBUFE BHBJOTU UIF PCTFSWFE DIPJDF EBUB 	'JH� �D
����

2VBOUJGZJOH TJOHMF�USJBM FTUJNBUFT���

ćFNPEFT PG UIF QFS�QBSUJDJQBOU QPTUFSJPS QBSBNFUFS EJTUSJCVUJPOT XFSF TFMFDUFE UP EFTDSJCF JOEJWJEVBM���

QPTJUJWF BOE OFHBUJWF MFBSOJOH SBUFT 	α(BJO
 α-PTT
 BOE SFMBUJWF SFXBSE TFOTJUJWJUZ 	β
� *O UIF MFBSOJOH���

QIBTF
 UIFTF QFS�QBSUJDJQBOU QBSBNFUFS FTUJNBUFT XFSF VTFE UP RVBOUJGZ 2�WBMVFT BOE 31&T PO FBDI���

USJBM� 4QFDJĕDBMMZ
 XF RVBOUJĕFE GPS FBDI USJBM UIF WBMVF PG UIF DIPTFO PQUJPO
 UIF VODIPTFO PQUJPO���

BOE UIF EJČFSFODF CFUXFFO QSFTFOUFE PQUJPOT 	Δ7BMVF
� *O UIF USBOTGFS QIBTF
 XIFO QBSUJDJQBOUT EJE���

OPU SFDFJWF GFFECBDL BCPVU UIFJS DIPJDFT
 XF JOWFTUJHBUFE IPX QSFWJPVTMZ MFBSOFE WBMVF SFMBUFE UP QVQJM���

SFTQPOTFT EVSJOH WBMVF�CBTFE EFDJTJPOT� 5P EP TP
 XF TFMFDUFE UIF ĕOBM 2�WBMVF FTUJNBUFT GPS FBDI���

��
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PQUJPO 	J�F� BU UIF FOE PG UIF MFBSOJOH QIBTF
 BOE VTFE UIFTF WBMVFT UP RVBOUJGZ GPS FBDI USJBM UIF WBMVF PG���

UIF DIPTFO BOE VODIPTFO TUJNVMVT
 HJWFO UIF JOEJWJEVBM TFRVFODFT PG DIPJDFT� ćF PCUBJOFE TJOHMF�USJBM���

WBSJBCMFT XFSF VTFE BT DPWBSJBUF SFHSFTTPST JO B EFDPOWPMVUJPO BOBMZTJT 	EFTDSJCFE CFMPX

 UP JOWFTUJHBUF���

IPX UIFZ EZOBNJDBMMZ WBSJFE XJUI USJBM�CZ�USJBM ĘVDUVBUJPOT JO USBOTJFOU QVQJM SFTQPOTFT JO UIF MFBSOJOH���

BOE USBOTGFS QIBTF����

1VQJMMPNFUSZ� QSFQSPDFTTJOH���

ćFEJBNFUFS PG UIF QVQJM XBT SFDPSEFE BU B ����)[ VTJOH BO &ZF-JOL ���� 5PXFS.PVOU 	433FTFBSDI
����

ćF FZF�USBDLFS XBT DBMJCSBUFE QSJPS UP FBDI SVO� #MJOLT BOE TBDDBEFT XFSF EFUFDUFE VTJOH TUBOEBSE���

&ZF-JOL TPęXBSF XJUI EFGBVMU TFUUJOHT BOE )FEGQZ
 B 1ZUIPO QBDLBHF GPS QSFQSPDFTTJOH FZF�USBDLJOH���

EBUB� 1FSJPET PG EBUB MPTT EVSJOH CMJOLT XFSF SFNPWFE CZ MJOFBS JOUFSQPMBUJPO
 VTJOH BO JOUFSQPMBUJPO���

UJNF XJOEPX PG ���NT CFGPSF VOUJM ���NT BęFS B CMJOL� #MJOLT OPU JEFOUJĕFE CZ UIF NBOVGBDUVSFS�T���

TPęXBSFXFSF SFNPWFE CZ MJOFBS JOUFSQPMBUJPO BSPVOE QFBLT JO UIF SBUF PG DIBOHF PG QVQJM TJ[F
 VTJOH UIF���

TBNF JOUFSQPMBUJPO UJNF XJOEPX� ćF JOUFSQPMBUFE QVQJM TJHOBM XBT CBOE�QBTT ĕMUFSFE CFUXFFO ����)[���

BOE �)[
 VTJOH UIJSE�PSEFS #VUUFSXPSUI ĕMUFST
 [�TDPSFE QFS SVO
 BOE SFTBNQMFE UP ��)[� "T CMJOLT���

BOE TBDDBEFT IBWF TUSPOH BOE SFMBUJWFMZ MPOH�MBTUJOH FČFDUT PO USBOTJFOU QVQJM TJ[F��
��
 UIFTF JOĘVFODFT���

XFSF SFNPWFE GSPN UIF EBUB
 BT GPMMPXT� #MJOL BOE TBDDBEF SFHSFTTPST XFSF DSFBUFE CZ DPOWPMWJOH BMM���

CMJOL BOE TBDDBEF FWFOUT XJUI UIFJS TUBOEBSE *NQVMTF 3FTQPOTF 'VODUJPO 	*3'
��o��� ćFTF DPOWPMWFE���

SFHSFTTPST XFSF VTFE UP FTUJNBUF UIFJS SFTQPOTFT JO B (FOFSBM -JOFBS .PEFM 	(-.

 BęFS XIJDI XF���

VTFE UIF SFTJEVBMT PG UIJT (-. GPS GVSUIFS BOBMZTJT� 'PS UIF TVCTFRVFOU EFDPOWPMVUJPO BOBMZTJT
 USJBMT���

XFSF SFNPWFE JO XIJDI QBSUJDJQBOUTNBEF B TBDDBEF UPXBSET FJUIFS PG UIF UXP QSFTFOUFE DPMPSFE TUJNVMJ���

	J�F� TBDDBEFT FYDFFEJOH ���¡ WJTVBM BOHMF BXBZ GSPN ĕYBUJPO
 UP FOTVSF UIBU QVQJM SFTQPOTFT XFSF OPU���

BČFDUFE CZ FZF NPWFNFOUT 	QFSDFOUBHF SFNPWFE USJBMT
 NFBO������ 4%������ SBOHF�����������
����

��
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1VQJMMPNFUSZ� EFDPOWPMVUJPO BOBMZTJT���

-FBSOJOH QIBTF���

5SBOTJFOU QVQJM SFTQPOTFT XFSF BOBMZ[FE VTJOH '*3%FDPOWPMVUJPO
 B 1ZUIPO QBDLBHF VTFE UP QFSGPSN���

'JOJUF *NQVMTF 3FTQPOTF ĕUT��� 'PS UIF BOBMZTJT PG UIF MFBSOJOH QIBTF
 B EFTJHO NBUSJY XBT DPOTUSVDUFE���

UIBU FTUJNBUFE QVQJM UJNF DPVSTFT PG UIF GPMMPXJOH � USBOTJFOU FWFOU UZQFT� UIF POTFU PG UIF DIPJDF PQUJPOT���

	TUBSU PG UIF EFDJTJPO JOUFSWBM

 DIPJDF 	LFZQSFTT
 BOE GFFECBDL 	BVEJUPSZ UPOF
� 5JNF DPVSTFT PG UIF���

POTFU PG UIF PQUJPOT BOE GFFECBDL XFSF FTUJNBUFE JO UIF JOUFSWBM ����T� QSF�FWFOU VOUJM ���T� QPTU�FWFOU����

ćF UJNF DPVSTF PG UIF DIPJDF XBT FTUJNBUFE JO UIF JOUFSWBM ����T� QSF�FWFOU VOUJM ���T QPTU�FWFOU
 BT���

EFDJTJPO�SFMBUFE QVQJM EJMBUJPO JT QSFEPNJOBOUMZ ESJWFO QSJPS UP UIF CFIBWJPSBM SFQPSU�
��� 'VSUIFS
 UIF���

TVTUBJOFE ESJWF PG QVQJM TJ[F EVSJOH UIF EFDJTJPO JOUFSWBM
 EFĕOFE BT UIF UJNF QFSJPE GSPN POTFU PG UIF���

PQUJPOT VOUJM UIF DIPJDF
 XBT FTUJNBUFE CZ B CPYDBS SFHSFTTPS� ćF CPYDBS SFHSFTTPS FYQBOEFE FBDI���

USJBM�T 35 	JO TBNQMFT
 BOE XBT OPSNBMJ[FE CZ EJWJEJOH UIF IFJHIU PG UIF CPYDBS CZ UIF NFBO 35 PG���

UIF SFHSFTTPS� ćJT QSPDFEVSF FOTVSFE UIBU UIF FTUJNBUFE *3' PG BMM USBOTJFOU BOE TVTUBJOFE SFHSFTTPS���

UZQFT XFSF DPNQBSBCMF� -BTUMZ
 UIF EFTJHO NBUSJY JODMVEFE � TUJDL SFHSFTTPST UP FTUJNBUF UIF QVQJM UJNF���

DPVSTF PG UIF GPMMPXJOH OVJTBODF FWFOUT� UIF POTFU PG UIF ĕYBUJPO EPU BOE UIF PČTFU PG UIF PQUJPOT���

GSPN UIF TDSFFO� 1VQJM UJNF DPVSTFT PG CPUI FWFOUT XFSF FTUJNBUFE ����T� QSF�FWFOU VOUJM ���T� QPTU����

FWFOU� /P JOUFSDFQU XBT BEEFE UP UIF EFTJHO NBUSJY BT SJEHF SFHSFTTJPO 	EFTDSJCFE CFMPX
 SFRVJSFT���

DFOUFSFE EFQFOEFOU BOE JOEFQFOEFOU WBSJBCMFT��� 'PS UIF EFDJTJPO JOUFSWBM
 XF JOWFTUJHBUFE IPX WBMVF���

CFMJFGT BCPVU QSFTFOUFE PQUJPOT BČFDUFE QVQJM TJ[F CZ BEEJOH TJOHMF�USJBM DIPTFO BOE VODIPTFO 2�WBMVF���

FTUJNBUFT BT DPWBSJBUFT UP UIF EFTJHO NBUSJY� ćFTF 2�WBMVF FTUJNBUFT XFSF BMTP VTFE BT DPWBSJBUFT���

GPS UIF GFFECBDL JOUFSWBM
 UP JOWFTUJHBUF IPX WBMVF FYQFDUBUJPOT BCPVU B SFDFOU DIPJDF BČFDUFE QVQJM���

TJ[F EVSJOH GFFECBDL� 'JOBMMZ
 XF BEEFE TJOHMF�USJBM 31& FTUJNBUFT UP UIF EFTJHO NBUSJY UP JOWFTUJHBUF���

IPX WJPMBUJPOT PG DIPJDF CFMJFGT BČFDUFE UIF GFFECBDL�SFMBUFE SFTQPOTF� "MM DPWBSJBUF SFHSFTTPST XFSF���

[�TDPSFE QFS QBSUJDJQBOU
 UP FOTVSF VOCJBTFE BDSPTT�TVCKFDU DPNQBSJTPOT PG EFDPOWPMVUJPO CFUB XFJHIUT����

��
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5SBOTGFS QIBTF���

ćF EFTJHO NBUSJY GPS UIF EFDPOWPMVUJPO BOBMZTJT PG UIF USBOTGFS QIBTF XBT JEFOUJDBM UP UIBU PG UIF MFBSO����

JOH QIBTF
 XJUI UXP FYDFQUJPOT� 	�
 UIF QVQJM UJNF DPVSTF GPS GFFECBDL FWFOUT XBT OPU FTUJNBUFE
 BT OP���

GFFECBDL FWFOUT PDDVSSFE EVSJOH UIJT QIBTF
 	�
 B TUJDL SFHSFTTPS XBT JODMVEFE UP JOWFTUJHBUF UIF FČFDUT���

PG DIPJDF DPOĘJDU PO QVQJM SFTQPOTFT� $IPJDF DPOĘJDU XBT EFUFSNJOFE UIF CBTJT PG FYQFSJNFOUBM SFJO����

GPSDFNFOU WBMVF EJČFSFODFT CFUXFFO UIF QSFTFOUFE PQUJPOT
 XIFSF USJBMT XFSF EJWJEFE JOUP UISFF CJOT���

	������� ������ BOE ������

 UIBU DPSSFTQPOEFE UP MBSHF
 NFEJVN BOE TNBMM DIPJDF DPOĘJDU CFUXFFO���

PQUJPOT����

1VQJMMPNFUSZ� SJEHF SFHSFTTJPO���

8F JNQMFNFOUFE UIF EFDPOWPMVUJPO BOBMZTJT VTJOH DSPTT�WBMJEBUFE SJEHF SFHSFTTJPO
 XIJDI BMMPXT POF���

UP ĕOE UIF HFOFSBM TPMVUJPO UP B MFBTU�TRVBSFT QSPCMFN UIBU XPVME CF VOTUBCMF EVF UP NVMUJDPMMJOFBSJUZ���

PG SFHSFTTPST��� 3JEHF SFHSFTTJPO QFOBMJ[FT
 PS TISJOLT
 SFHSFTTJPO DPFďDJFOU XFJHIUT UPXBSET [FSP UP���

SFEVDF UIF FTUJNBUJPO WBSJBODF PO UIF DPFďDJFOUT����

β̂ridge = (XTX + λI)−1XTy 	�


)FSF
 Z JT UIF QVQJM UJNF TFSJFT TJHOBM BOE 9 JT UIF EFTJHO NBUSJY DPOTJTUJOH PG B TFU PG WFDUPST UIBU���

DPOUBJO POFT BU BMM TBNQMF UJNFT SFMBUJWF UP UIF FWFOU UJNJOHT PG XIJDI XF FTUJNBUFE UIF QVQJM SFTQPOTF
���

BOE [FSPT FMTFXIFSF� ćF JEFOUJUZ NBUSJY
 *
 JT NVMUJQMJFE CZ λ ≥ 0
 B UVOJOH QBSBNFUFS UIBU DPOUSPMT UIF���

TUSFOHUI PG UIF QFOBMUZ UFSN� *G λ � �
 UIF MJOFBS SFHSFTTJPO TPMVUJPO JT PCUBJOFE
 λ = ∞
 β̂ridge = 0� 5P���

PCUBJO GPS FBDI QBSUJDJQBOU UIF PQUJNBM λ WBMVF
 XF BQQMJFE DSPTT WBMJEBUJPO PO UIF QVQJM UJNF TFSJFT EBUB����

)FSF
 UIF QVQJM EBUB XBT EJWJEFE JOUP B USBJOJOH BOE UFTU TFU� " XFJHIU NBUSJY XBT PCUBJOFE GPS FBDI λ���

WBMVF 	SBOHF � � ≤ λ ≤ �

 VTJOH UIF USBJOJOH TFU
 BOE XBT VTFE UP QSFEJDU UIF UFTU TFU� ćJT QSPDFTT XBT���

��
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SFQFBUFE GPS �� EJČFSFOU TFMFDUJPOT PG USBJOJOH BOE UFTU TFUT
 BOE UIF CFTU λ WBMVF XBT TFMFDUFE CBTFE PO���

JUT QSFEJDUJPO BDDVSBDZ� ćF SFTVMUJOH SFHSFTTJPO
 β̂ridge
 DPOUBJOFE UIF EFDPOWPMWFE QVQJM SFTQPOTFT PG���

BMM TFQBSBUF FWFOU UZQFT����

4UBUJTUJDBM DPNQBSJTPOT���

/POQBSBNFUSJD DMVTUFS�CBTFE QFSNVUBUJPO U�UFTUT��o�� XFSF VTFE UP UFTU GPS TJHOJĕDBOU SFHSFTTJPO DPFG����

ĕDJFOUT BOE UP DPSSFDU GPS NVMUJQMF DPNQBSJTPOT PWFS UJNF� #SJFĘZ
 GPS FBDI UJNF QPJOU PG B UJNF TFSJFT���

TJHOBM
 U�UFTUT XFSF QFSGPSNFE PO FBDI TFU PG BDSPTT�TVCKFDU DPFďDJFOU WBMVFT� ćF DMVTUFS TJ[F XBT EF����

UFSNJOFE CZ UIF OVNCFS PG DPOUJHVPVT UJNFQPJOUT GPS XIJDI UIF U�UFTU SFTVMUFE JO 1����� ćF PCTFSWFE���

DMVTUFS TJ[F XBT UIFO DPNQBSFE UP B SBOEPN QFSNVUBUJPO EJTUSJCVUJPO PG NBYJNBM DMVTUFS TJ[FT� UIF���

QSPQPSUJPO PG SBOEPN DMVTUFST SFTVMUJOH JO B MBSHFS TJ[F UIBO UIF PCTFSWFE POF EFUFSNJOFE UIF 1�WBMVF
���

DPSSFDUFE GPS NVMUJQMF DPNQBSJTPOT����

5P BTTFTT UIF FČFDUT PG DIPTFO BOE VODIPTFO WBMVF DPWBSJBUFT PO QVQJM TJ[F BDSPTT UIF EFDJTJPO���

JOUFSWBM
 XF TVNNFE FBDI SFHSFTTPS�T DPFďDJFOU WBMVFT MPDLFE UP UIF TUBSU 	PQUJPO POTFU
 BOE MPDLFE UP���

UIF FOE PG UIF EFDJTJPO JOUFSWBM 	UIF NPNFOU PG DIPJDF

 XIJMF EJTDBSEJOH UIFJS QPTU�DIPJDF FČFDUT� 8F���

OPSNBMJTFE UIF TVNNFE SFHSFTTPS DPFďDJFOU WBMVFT CZ UIF OVNCFS PG TBNQMFT UIFZ FYQMBJOFE PG UIF���

QVQJM UJNF TFSJFT TJHOBM� ćF SFTVMUJOH BWFSBHFE
 OPSNBMJTFE SFHSFTTPS DPFďDJFOU WBMVFT XFSF VTFE JO B���

SFQFBUFE NFBTVSFT "/07" UP UFTU GPS NBJO BOE JOUFSBDUJPO FČFDUT PO QVQJM TJ[F
 CPUI GPS UIF MFBSOJOH���

BOE USBOTGFS QIBTF����

"DSPTT�TVCKFDU BOBMZTFT PG UIF SFMBUJPO CFUXFFO QVQJM SFTQPOTFT BOE DPNQVUBUJPOBM NPEFM QBSBN����

FUFST XFSF DBMDVMBUFE VTJOH CPPUTUSBQT��� 8F SBOEPNMZ ESFX XJUI SFQMBDFNFOU ��
��� OFX QVQJM TJ[F ����

NPEFM QBSBNFUFS FTUJNBUF QBJST XIJDI XFSF VTFE JO UIF BDSPTT�TVCKFDU (-.� 'SPN UIF SFTVMUJOH CPPU����

TUSBQQFE SFHSFTTJPO DPFďDJFOUT
 ��� DPOĕEFODF JOUFSWBMT XFSF DBMDVMBUFE VTJOH B QFSDFOUJMF BQQSPBDI����

1�WBMVFT DBMDVMBUJPOT XFSF CBTFE PO B UXP�TJEFE IZQPUIFTJT UFTU
 XJUI UIF 1�WBMVF CFJOH UIF GSBDUJPO PG���

��
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UIF CPPUTUSBQ EJTUSJCVUJPO UIBU GFMM CFMPX 	PS BCPWF
 �����

"DLOPXMFEHFNFOUT���

8F UIBOL -JTB 3PPEFSNPOE BOE -ZOO WBO EFO #FSH GPS BTTJTUBODF JO UIF EBUB DPMMFDUJPO PG UIF TUVEZ����

ćJT XPSL XBT TVQQPSUFE CZ BO &3$ "EWBODFE (SBOU &3$������"E(������� UP +5����

"VUIPS DPOUSJCVUJPOT���

+$4
 4+ BOE 5, EFTJHOFE UIF TUVEZ� +$4 DPMMFDUFE BOE BOBMZTFE UIF EBUB� 4+ BOE 5, DPOUSJCVUFE���

OPWFM NFUIPET� +$4 BOE 4+ XSPUF UIF ĕSTU ESBę PG UIF NBOVTDSJQU� +$4
 4+
 5, BOE +5 XSPUF UIF ĕ����

OBM NBOVTDSJQU����

$POøJDU PG JOUFSFTU���

ćF BVUIPST EFDMBSF UIBU UIFSF JT OP DPOĘJDU PG JOUFSFTU����

3FGFSFODFT���

�� "TUPO�+POFT
 (� � $PIFO
 +� %� "O JOUFHSBUJWF UIFPSZ PG MPDVT DPFSVMFVT�OPSFQJOFQISJOF GVODUJPO����

"EBQUJWF HBJO BOE PQUJNBM QFSGPSNBODF� "OOVBM SFWJFX PG OFVSPTDJFODF ��
 ���o��� 	����
����

�� 4BUUFSUIXBJUF
 5� %� FU BM� %JTTPDJBCMF CVU JOUFS�SFMBUFE TZTUFNT PG DPHOJUJWF DPOUSPM BOE SFXBSE���

EVSJOH EFDJTJPO NBLJOH� FWJEFODF GSPN QVQJMMPNFUSZ BOE FWFOU�SFMBUFE G.3*� /FVSP*NBHF ��
 ����o���

���� 	����
����

�� 1SFVTDIPČ
 ,�
 )BSU
 #� .� U � &JOIÊVTFS
 8� 1VQJM %JMBUJPO 4JHOBMT 4VSQSJTF� &WJEFODF GPS���

��
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/PSBESFOBMJOFT 3PMF JO %FDJTJPO .BLJOH� �
 �o�� 	����
����

�� /BTTBS
 .� 3� FU BM� 3BUJPOBM SFHVMBUJPO PG MFBSOJOH EZOBNJDT CZ QVQJM�MJOLFE BSPVTBM TZTUFNT����

/BUVSF /FVSPTDJFODF ��
 ����o���� 	����
����

�� -FNQFSU
 ,� .�
 $IFO
 :� -� � 'MFNJOH
 4� .� 3FMBUJOH 1VQJM %JMBUJPO BOE .FUBDPHOJUJWF $POĕ����

EFODF EVSJOH "VEJUPSZ %FDJTJPO�.BLJOH� 1-04 0/& ��
 F������� 	����
����

�� 6SBJ
 "� &�
 #SBVO
 "� � %POOFS
 5� )� 1VQJM�MJOLFE BSPVTBM JT ESJWFO CZ EFDJTJPO VODFSUBJOUZ BOE���

BMUFST TFSJBM DIPJDF CJBT� /BUVSF $PNNVOJDBUJPOT �
 ����� 	����
����

�� .VSQIZ
 1� 3�
 0�$POOFMM
 3� (�
 0�4VMMJWBO
 .�
 3PCFSUTPO
 *� )� � #BMTUFST
 +� )� 1VQJM EJBNFUFS���

DPWBSJFT XJUI #0-% BDUJWJUZ JO IVNBO MPDVT DPFSVMFVT� )VNBO #SBJO .BQQJOH ��
 ����o���� 	����
����

�� +PTIJ
 4�
 -J
 :�
 ,BMXBOJ
 3� .� � (PME
 +� *� 3FMBUJPOTIJQT CFUXFFO 1VQJM %JBNFUFS BOE /FVSPOBM���

"DUJWJUZ JO UIF -PDVT $PFSVMFVT
 $PMMJDVMJ
 BOE $JOHVMBUF $PSUFY� /FVSPO ��
 ���o��� 	����
����

�� %F (FF
 +� 8� FU BM� %ZOBNJD NPEVMBUJPO PG EFDJTJPO CJBTFT CZ CSBJOTUFN BSPVTBM TZTUFNT� F-JGF���

�
 F����� 	����
����

��� 4DIVMU[
 8�
 %BZBO
 1� � .POUBHVF
 1� 3� " /FVSBM 4VCTUSBUF PG 1SFEJDUJPO BOE 3FXBSE� 4DJFODF���

���
 ����o���� 	����
����

��� -BL
 "�
 /PNPUP
 ,�
 ,FSBNBUJ
 .�
 4BLBHBNJ
 .� � ,FQFDT
 "� .JECSBJO %PQBNJOF /FVSPOT���

4JHOBM #FMJFG JO $IPJDF "DDVSBDZ EVSJOH B 1FSDFQUVBM %FDJTJPO� $VSSFOU #JPMPHZ 	����
����

��� 8BOH
 -�
 3BOHBSBKBO
 ,� 7�
 (FSGFO
 $� 3� � ,SBV[MJT
 3� +� "DUJWBUJPO PG 4USJBUBM /FV����

SPOT $BVTFT B 1FSDFQUVBM %FDJTJPO #JBT EVSJOH 7JTVBM $IBOHF %FUFDUJPO JO .JDF� /FVSPO 	����
����

EPJ���������K�OFVSPO���������������

��� 0�%PIFSUZ
 +� 1�
 %BZBO
 1�
 'SJTUPO
 ,�
 $SJUDIMFZ
 )� � %PMBO
 3� +� 5FNQPSBM %JČFSFODF .PEFMT���

BOE 3FXBSE�3FMBUFE -FBSOJOH JO UIF )VNBO #SBJO� /FVSPO ��
 ���o��� 	����
����

��� #SBZ
 4�
 3BOHFM
 "�
 4IJNPKP
 4�
 #BMMFJOF
 #� � 0�%PIFSUZ
 +� 1� ćF /FVSBM .FDIBOJTNT 6O����

EFSMZJOH UIF *OĘVFODF PG 1BWMPWJBO $VFT PO )VNBO %FDJTJPO .BLJOH� +PVSOBM PG /FVSPTDJFODF ��
���

��
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����o���� 	����
����

��� 1SÏWPTU
 $�
 .D/BNFF
 %�
 +FTTVQ
 3� ,�
 #PTTBFSUT
 1� � 0�%PIFSUZ
 +� 1� &WJEFODF GPS .PEFM����

CBTFE $PNQVUBUJPOT JO UIF )VNBO "NZHEBMB EVSJOH 1BWMPWJBO $POEJUJPOJOH� 1-04 $PNQVU #JPM �
���

F������� 	����
����

��� 1BVMJ
 8� .� FU BM� %JTUJODU $POUSJCVUJPOT PG 7FOUSPNFEJBM BOE %PSTPMBUFSBM 4VCSFHJPOT PG UIF���

)VNBO4VCTUBOUJB/JHSB UP"QQFUJUJWF BOE"WFSTJWF -FBSOJOH� +PVSOBM PG/FVSPTDJFODF ��
 �����o��������

	����
����

��� .BOPIBS
 4� (� � )VTBJO
 .� 3FEVDFE QVQJMMBSZ SFXBSE TFOTJUJWJUZ JO 1BSLJOTPOT EJTFBTF� OQK���

1BSLJOTPO�T %JTFBTF �
 �o� 	����
����

��� .VIBNNFE
 ,� FU BM� 3FXBSE TFOTJUJWJUZ EFĕDJUT NPEVMBUFE CZ EPQBNJOF BSF BTTPDJBUFE XJUI���

BQBUIZ JO 1BSLJOTPOT EJTFBTF� #SBJO BXX��� 	����
� EPJ���������CSBJO�BXX������

��� 'SBOL
 .� +�
 4FFCFSHFS
 -� $� � 0�3FJMMZ
 3� $� #Z DBSSPU PS CZ TUJDL� $PHOJUJWF SFJOGPSDFNFOU���

MFBSOJOH JO QBSLJOTPOJTN� 4DJFODF ���
 ����o���� 	����
����

��� 4VUUPO
 3� 4� � #BSUP
 "� (� 3FJOGPSDFNFOU -FBSOJOH� "O *OUSPEVDUJPO� 	ćF .*5 1SFTT
 $BN����

CSJEHF
 .BTTBDIVTTFUT
 ����
����

��� +BIGBSJ
 4� �ćFFVXFT
 +� 4FOTJUJWJUZ UP WBMVF�ESJWFO BUUFOUJPO JT QSFEJDUFE CZ IPXXF MFBSO GSPN���

WBMVF� 1TZDIPOPNJD #VMMFUJO 3FWJFX ��
 ���o��� 	����
����

��� +BIGBSJ
 4� FU BM� $SPTT�UBTL DPOUSJCVUJPOT PG GSPOUP�CBTBM HBOHMJB DJSDVJUSZ JO SFTQPOTF JOIJCJUJPO���

BOE DPOĘJDU�JOEVDFE TMPXJOH� CJPSYJW�PSH �o�� 	����
� EPJ�IUUQT���EPJ�PSH������������������

��� 8FU[FMT
 3�
 7BOEFLFSDLIPWF
 +�
 5VFSMJODLY
 '� � 8BHFONBLFST
 &��+� #BZFTJBO QBSBNFUFS FTUJ����

NBUJPO JO UIF &YQFDUBODZ7BMFODFNPEFM PG UIF *PXB HBNCMJOH UBTL� +PVSOBM PG.BUIFNBUJDBM 1TZDIPMPHZ���

��
 ��o�� 	����
����

��� 4UFJOHSPFWFS
 )�
 8FU[FMT
 3� � 8BHFONBLFST
 &��+� 7BMJEBUJOH UIF 17-�%FMUB NPEFM GPS UIF���
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*PXB HBNCMJOH UBTL� 'SPOUJFST JO 1TZDIPMPHZ �
 	����
����

��� #FISFOT
 5� &� +�
 8PPMSJDI
 .� 8�
 8BMUPO
 .� &� � 3VTIXPSUI
 .� '� 4� -FBSOJOH UIF WBMVF PG���

JOGPSNBUJPO JO BO VODFSUBJO XPSME� /BUVSF /FVSPTDJFODF ��
 ����o���� 	����
����

��� 'SBOL
 .� +�
 .PVTUBGB
 "� "�
 )BVHIFZ
 )� .�
 $VSSBO
 5� � )VUDIJTPO
 ,� &� (FOFUJD USJQMF���

EJTTPDJBUJPO SFWFBMT NVMUJQMF SPMFT GPS EPQBNJOF JO SFJOGPSDFNFOU MFBSOJOH� 1SPDFFEJOHT PG UIF /BUJPOBM���

"DBEFNZ PG 4DJFODFT PG UIF 6OJUFE 4UBUFT PG "NFSJDB ���
 �����o����� 	����
����

��� ,BIOU
 5� FU BM� %PSTBM 4USJBUBMNJECSBJO $POOFDUJWJUZ JO )VNBOT 1SFEJDUT )PX 3FJOGPSDFNFOUT���

"SF 6TFE UP (VJEF %FDJTJPOT� +PVSOBM PG $PHOJUJWF /FVSPTDJFODF ��
 ����o���� 	����
����

��� -FGFCWSF
 (�
 -FCSFUPO
 .�
 .FZOJFM
 '�
 #PVSHFPJT�(JSPOEF
 4� � 1BMNJOUFSJ
 4� #FIBWJPVSBM BOE���

OFVSBM DIBSBDUFSJ[BUJPO PG PQUJNJTUJD SFJOGPSDFNFOU MFBSOJOH� /BUVSF )VNBO #FIBWJPVS �
 �o� 	����
����

��� 'SBOL
 .� +� %ZOBNJD %PQBNJOF .PEVMBUJPO JO UIF #BTBM (BOHMJB� " /FVSPDPNQVUBUJPOBM���

"DDPVOU PG $PHOJUJWF %FĕDJUT JO .FEJDBUFE BOE /PONFEJDBUFE 1BSLJOTPOJTN� +PVSOBM PG $PHOJUJWF���
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