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"CTUSBDU�

4QPOUBOFPVT FZF CMJOL SBUF 	T&#3
 IBT CFFO MJOLFE UP TUSJBUBM EPQBNJOF GVODUJPO BOE UP IPX JOEJWJE��

VBMT NBLF WBMVF�CBTFE DIPJDFT BęFS B QFSJPE PG SFJOGPSDFNFOU MFBSOJOH 	3-
� 8IJMF T&#3 JT UIPVHIU�

UP SFĘFDU IPX JOEJWJEVBMT MFBSO GSPN UIF OFHBUJWF PVUDPNFT PG UIFJS DIPJDFT
 UIJT JEFB IBT OPU CFFO�

UFTUFE FYQMJDJUMZ� ćJT TUVEZ BTTFTTFE IPX JOEJWJEVBM EJČFSFODFT JO T&#3 SFMBUF UP MFBSOJOH CZ GPDVTJOH�

PO UIF DPHOJUJWF QSPDFTTFT UIBU ESJWF 3-� 6TJOH #BZFTJBO MBUFOU NJYUVSF NPEFMMJOH UP RVBOUJGZ UIF NBQ��

QJOH CFUXFFO 3- CFIBWJPVS BOE JUT VOEFSMZJOH DPHOJUJWF QSPDFTTFT
 XF XFSF BCMF UP EJČFSFOUJBUF MPX�

BOE IJHI T&#3 JOEJWJEVBMT BU UIF MFWFM PG UIFTF DPHOJUJWF QSPDFTTFT� 'VSUIFS JOTQFDUJPO PG UIFTF DPHOJ��

UJWF QSPDFTTFT JOEJDBUFE UIBU T&#3 VOJRVFMZ JOEFYFE FYQMPSF�FYQMPJU UFOEFODJFT EVSJOH 3-� MPXFS T&#3�

QSFEJDUFE FYQMPJUBUJWF DIPJDFT GPS IJHI WBMVFE PQUJPOT
 XIFSFBT IJHIFS T&#3 QSFEJDUFE FYQMPSBUJPO PG��

MPXFS WBMVF PQUJPOT� ćJT SFMBUJPOTIJQ XBT BEEJUJPOBMMZ TVQQPSUFE CZ B OFUXPSL BOBMZTJT XIFSF
 OPUBCMZ
��

OP MJOL XBT PCTFSWFE CFUXFFO T&#3 BOE IPX JOEJWJEVBMT MFBSOFE GSPN OFHBUJWF PVUDPNFT� 0VS ĕOE���

JOHT DIBMMFOHF UIF OPUJPO UIBU T&#3 QSFEJDUT MFBSOJOH GSPN OFHBUJWF PVUDPNFT EVSJOH 3-
 BOE TVHHFTU��

UIBU T&#3 QSFEJDUT JOEJWJEVBM FYQMPSF�FYQMPJU UFOEFODJFT� ćFTF UIFO JOĘVFODF WBMVF TFOTJUJWJUZ EVSJOH��

DIPJDFT UP TVQQPSU TVDDFTTGVM QFSGPSNBODF XIFO GBDJOH VODFSUBJO SFXBSE���
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*OUSPEVDUJPO��

%VSJOH PVS MJGF XF MFBSO B MPU CZ USJBM BOE FSSPS� 8IFO DPPLJOH B OFX EJTI
 XF MFBSO GSPN UIF GFFECBDL��

XF SFDFJWF BCPVU UIF PVUDPNF BOE DIBOHF PVS GVUVSF BDUJPOT CZ SFQFBUJOH UIPTF EJTIFT UIBU UBTUFE HPPE���

)PX XF MFBSO GSPN JOUFSBDUJOH XJUI PVS FOWJSPONFOU DBO CF DBQUVSFE CZ SFJOGPSDFNFOU MFBSOJOH 	3-
��

UIFPSZ
 XIJDI EFTDSJCFT UIF NBQQJOH PG TJUVBUJPOT UP BDUJPOT JO PSEFS UP NBYJNJTF SFXBSE�� ćF OFV���

SPNPEVMBUPS EPQBNJOF 	%"
 QMBZT BO JNQPSUBOU SPMF JO IPX JOEJWJEVBMT MFBSO GSPN UIFJS JOUFSBDUJPOT��

XJUI UIF FOWJSPONFOU�
� BOE IBT BMTP CFFO MJOLFE UP JOEJWJEVBM WBSJBCJMJUZ JO TQPOUBOFPVT FZF CMJOL��

SBUF 	T&#3
�o�� 8IJMF SFTFBSDI TVHHFTU UIBU T&#3 SFĘFDUT UIF FYUFOU UP XIJDI JOEJWJEVBMT MFBSO GSPN��

OFHBUJWF PVUDPNFT PG UIFJS BDUJPOT�
 UIJT JEFB IBT OPU CFFO UFTUFE FYQMJDJUMZ� )FSF
 XF TFU PVU UP BEESFTT��

UIJT JTTVF CZ BTTPDJBUJOH T&#3 UP JOEJWJEVBM EJČFSFODFT JO IPXXF FYQMPJU BDUJPOT UIBU MJLFMZ QSPEVDF EF���

TJSBCMF PVUDPNFT BOE MFBSO GSPN QPTJUJWF BOE OFHBUJWF GFFECBDL� UIF DPHOJUJWF NFDIBOJTNT UIBU ESJWF��

3-���

.PSF UIBO �� ZFBST PG SFTFBSDI IBT TIPXO UIBU T&#3
 PS UIF GSFRVFODZ PG CMJOLT QFS VOJU UJNF
��

JT BČFDUFE CZ %"
 QBSUJDVMBSMZ JO UIF TUSJBUVN 	GPS B SFDFOU SFWJFX
 TFF�
� *O HFOFSBM
 QIBSNBDPMPH���

JDBM TUVEJFT JO BOJNBMT BOE IVNBOT IBWF TIPXO UIBU %"�FOIBODJOH ESVHT FMFWBUF T&#3
 XIJMF %"���

EFDSFBTJOH ESVHT TVQQSFTT UIFN�
�
�o��� .PSFPWFS
 T&#3 JT BMUFSFE JO DMJOJDBM DPOEJUJPOT UIBU BSF BT���

TPDJBUFE XJUI EZTGVODUJPOT PG UIF %"FSHJD TZTUFN��
��� 'PS FYBNQMF
 T&#3 JT EFDSFBTFE JO 1BSLJOTPO�T��

EJTFBTF 	1%
��
��
 B DPOEJUJPO DIBSBDUFSJTFE CZ EFQMFUFE TUSJBUBM %" MFWFMT� ćFTF ĕOEJOHT BMJHOXJUI BOJ���

NBM TUVEJFT TIPXJOH UIBU.151 � B%"FSHJD OFVSPUPYJO UIBU JOEVDFT 1BSLJOTPOJBO TZNQUPNT � SFEVDFE��

CMJOL SBUFT�� JO QSPQPSUJPO UP UIF QPTU�NPSUFN NFBTVSFE %" DPODFOUSBUJPOT JO UIF DBVEBUF OVDMFVT�����

5PHFUIFS
 UIFTF TUVEJFT HFOFSBMMZ JOEJDBUF UIBU T&#3 JT QPTJUJWFMZ SFMBUFE UP TUSJBUBM %" GVODUJPO� "T��

T&#3 JT B OPO�JOWBTJWF
 FBTJMZ BDDFTTJCMF NFBTVSF
 JU DBO CF VTFE BT B SFMJBCMF ZFU OPO�TQFDJĕD NBSLFS PG��

%" GVODUJPO� 4UJMM
 JU SFNBJOT UP CF EFUFSNJOFE UP XIJDI TQFDJĕD BTQFDUT PS GVODUJPOT PG UIF %" TZTUFN��

T&#3 SFMBUFT��
�����

�
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3FDFOU TUVEJFT IBWF UPVDIFE VQPO IPX T&#3
 BT B CFIBWJPVSBM NFBTVSF PG JOEJWJEVBM EJČFSFODFT JO��

TUSJBUBM %" GVODUJPO
 SFMBUFT UP MFBSOJOH CZ PCTFSWJOH MJOLT XJUI QVOJTINFOU�
� BOE SFWFSTBM MFBSOJOH�����

*O QBSUJDVMBS
 UXP TUVEJFT GPVOE UIBU T&#3 QSFEJDUFE 3- FČFDUT PO GVUVSF WBMVF�CBTFE DIPJDFT�
�� *O POF��

PG UIFTF
 4MBHUFS FU BM� 	����
 FNQMPZFE B QSPCBCJMJTUJD 3- UBTL DPOTJTUJOH PG B MFBSOJOH BOE UFTU QIBTF���

%VSJOH MFBSOJOH
 QBSUJDJQBOUT MFBSOFE UIF WBMVF PG EJČFSFOU PQUJPOT VTJOH QSPCBCJMJTUJD GFFECBDL� 7BMVF��

MFBSOJOH XBT UFTUFE JO B TVCTFRVFOU UFTU QIBTF XIFSF QBSUJDJQBOUT� BCJMJUZ UP BWPJE UIF MFBTU SFXBSEFE��

PQUJPO BOE UP BQQSPBDI UIF NPTU SFXBSEFE PQUJPO XBT FWBMVBUFE� ćFZ GPVOE UIBU JOEJWJEVBMT XJUI��

B MPXFS T&#3 XFSF CFUUFS BU BWPJEJOH UIF MFBTU SFXBSEFE PQUJPO
 XIJMF JOEJWJEVBMT XJUI B IJHIFS T&#3��

XFSF OPU CFUUFS BU BQQSPBDIJOH UIFNPTU SFXBSEFE POF� ćVT
 T&#3 DPSSFMBUFE OFHBUJWFMZ XJUI UIF FYUFOU��

UP XIJDI QBSUJDJQBOUT BWPJEFE UIF MFBTU SFXBSEFE PQUJPO� ćF BVUIPST DPODMVEFE UIBU T&#3 QSFEJDUFE��

MFBSOJOH GSPN OFHBUJWF
 CVU OPU QPTJUJWF
 PVUDPNFT EVSJOH FBSMJFS 3-� )PXFWFS
 UIF SFMBUJPO CFUXFFO��

T&#3 BOE FBSMJFS 3- XBT OPU FYQMJDJUMZ TUVEJFE
 BT POMZ DIPJDFT GSPN UIF UFTU QIBTF XFSF FWBMVBUFE
 BOE��

BU UIBU TUBHF
 MFBSOJOH IBE BMSFBEZ CFFO JOUFSOBMJTFE���

'PSNBM MFBSOJOH UIFPSJFT QPTJU UIBU EJČFSFOU DPHOJUJWF QSPDFTTFT DPOUSJCVUF UP MFBSOJOH�� UIF MFBSO���

JOH SBUF EFUFSNJOFT UIF NBHOJUVEF CZ XIJDI JOEJWJEVBMT VQEBUF UIFJS CFMJFGT BCPVU UIF FOWJSPONFOU��

BęFS QPTJUJWF PS OFHBUJWF PVUDPNFT
 BOE UIFJS FYQMPSF�FYQMPJU UFOEFODZ EFTDSJCFT UIF TFOTJUJWJUZ UP FY���

QMPJU BDUJPOT UIBU MJLFMZ SFTVMU JO SFXBSE� #VU UIFTF EJČFSFOU QSPDFTTFT DBO IBWF TJNJMBS FČFDUT PO ĕOBM��

MFBSOFE CFIBWJPVS� BWPJEJOH UIF MFBTU�SFXBSEFE PQUJPO JO UIF UFTU QIBTF DPVME CF DBVTFE CZ CPUI FO���

IBODFE MFBSOJOH GSPN OFHBUJWF PVUDPNFT 	OFHBUJWF MFBSOJOH SBUF
 BOE BO FYQMPJUBUJWF DIPJDF TUSBUFHZ��

GPDVTFE BU BWPJEJOH OFHBUJWF PVUDPNFT 	FYQMPSF�FYQMPJU UFOEFODZ
� ćJT NBLFT QSFWJPVT ĕOEJOHT� BN���

CJHVPVT SFHBSEJOH XIJDI TQFDJĕD DPHOJUJWF QSPDFTTFT T&#3 SFĘFDUT���

&YUFOEJOH UIF XPSL PG 4MBHUFS FU BM� 	����

 UIF DVSSFOU TUVEZ TPVHIU UP VOEFSTUBOE IPX T&#3��

SFMBUFT UP MFBSOJOH CZ GPDVTTJOH PO UIF VOEFSMZJOH DPHOJUJWF QSPDFTTFT UIBU ESJWF MFBSOJOH 	'JHVSF �B
���

5P TQFDJGZ UIFTF VOEFSMZJOH QSPDFTTFT
 XF VTFE B IJFSBSDIJDBM #BZFTJBO WFSTJPO PG UIF 2�MFBSOJOH 3-��

�
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NPEFM��o�� 	4VQQMFNFOUBSZ 'JHVSF �B
� ćJT NPEFM TFQBSBUFT 3- JOUP UXP EJČFSFOU GVODUJPOT� BO VQ���

EBUF GVODUJPO UIBU VQEBUFT UIF WBMVF PG PQUJPOT CZ MFBSOJOH GSPN SFJOGPSDFNFOU BOE B DIPJDF GVODUJPO��

UIBU VTFT UIPTF MFBSOFE WBMVFT UP HVJEF EFDJTJPOT CFUXFFO EJČFSFOUMZ WBMVFE PQUJPOT� ćF DIPJDF GVOD���

UJPO DBMDVMBUFT UIF QSPCBCJMJUZ PG DIPPTJOH POF PQUJPO PWFS UIF PUIFS 	F�H� PQUJPO " PWFS #

 CBTFE PO��

BO JOEJWJEVBM�T TFOTJUJWJUZ UP UIF WBMVF EJČFSFODF PG QSFTFOUFE PQUJPOT
 PS FYQMPSF�FYQMPJU UFOEFODZ 	β���

'JHVSF �C
� ćF PVUDPNF GVODUJPO VQEBUFT WBMVF CFMJFGT CZ SFXBSE QSFEJDUJPO FSSPST
 XIJDI SFĘFDU UIF��

EJČFSFODF CFUXFFO QSFEJDUFE BOE BDUVBM SFXBSET� ćF EFHSFF UP XIJDI SFXBSE QSFEJDUJPO FSSPST VQEBUF��

WBMVF CFMJFGT JT TDBMFE CZ UIF MFBSOJOH SBUF�� 	α� 'JHVSF �C
� "T WBMVF CFMJFGT BSF EJČFSFOUMZ VQEBUFE BęFS��

QPTJUJWF BOE OFHBUJWF SFJOGPSDFNFOU WJB TUSJBUBM %� BOE %� SFDFQUPST��
 XF EFĕOFE TFQBSBUF MFBSOJOH��

SBUF QBSBNFUFST GPS QPTJUJWF 	αGain
 BOE OFHBUJWF 	αLoss
 GFFECBDL��
��
��o�����

5P PVS LOPXMFEHF
 UIJT JT UIF ĕSTU TUVEZ UIBU EJSFDUMZ BTTFTTFT IPX T&#3 SFMBUFT UP JOEJWJEVBM EJG���

GFSFODFT JO MFBSOJOH� 6TJOH #BZFTJBO MBUFOU NJYUVSF NPEFMMJOH UFDIOJRVFT�� 	'JHVSF �D BOE .FUIPET

��

XF RVBOUJGZ UIF DPHOJUJWF QSPDFTTFT UIBU VOEFSMJF MFBSOJOH BOE TIPX UIBU JOEJWJEVBMT XJUI IJHI BOE��

MPX T&#3 DBO CF EJTUJOHVJTIFE PO UIF CBTJT PG UIFTF DPHOJUJWF QSPDFTTFT� 8F UIFO FWBMVBUF IPX WBSJ���

BCJMJUZ JO FBDI VOEFSMZJOH DPHOJUJWF QSPDFTT VOJRVFMZ SFMBUFT UP JOEJWJEVBM EJČFSFODFT JO T&#3
 UIFSFCZ��

DPOUSPMMJOH GPS UIF FČFDUT PG BMM PUIFS WBSJBCMFT XJUI B OFUXPSL BQQSPBDI� 8F ĕOE UIBU T&#3 VOJRVFMZ��

SFĘFDUT BO JOEJWJEVBM�T FYQMPSF�FYQMPJU UFOEFODZ 	β

 CVU OPU UIF UFOEFODZ UP MFBSO GSPN OFHBUJWF GFFE���

CBDL 	αLoss
� ćFTF SFTVMUT TVHHFTU UIBU T&#3 DBO CF VTFE BT BO FBTZ UP NFBTVSF CFIBWJPVSBM JOEFY PG BO��

JOEJWJEVBM�T FYQMPSF�FYQMPJU UFOEFODZ
 UIBU JO UVSO BČFDUT UIF TFOTJUJWJUZ UP WBMVF EJČFSFODFT BU UIF UJNF��

PG B WBMVF�CBTFE DIPJDF���

�
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'JHVSF �� 5BTL BOE NPEFM 	B
� *O UIF MFBSOJOH QIBTF 	MFę

 UISFF EJČFSFOU PQUJPO QBJST 	"#
 $% BOE
&'
 XFSF QSFTFOUFE JO SBOEPN PSEFS BOE QBSUJDJQBOUT IBE UP MFBSO UP TFMFDU UIF NPTU SFXBSEJOH PQ�
UJPO PG FBDI QBJS 	"
 $ BOE &
� &BDI DIPJDF XBT GPMMPXFE CZ QSPCBCJMJTUJD BVEJUPSZ GFFECBDL JOEJDBUJOH
UIFZ FBSOFE B SFXBSE 	���� QPJOUT
 PS OP SFXBSE 	OP QPJOUT
� ćF QSPCBCJMJUZ PG SFDFJWJOH B SFXBSE JT
QSFTFOUFE GPS FBDI PQUJPO� ćF USBOTGFS QIBTF 	SJHIU
 UFTUFE IPX WBMVF�CBTFE DIPJDFT XFSF JOĘVFODFE
CZ FBSMJFS MFBSOJOH� "MM PQUJPOT XFSF SBOEPNMZ QBJSFE XJUI POF BOPUIFS
 BOE QBSUJDJQBOUT TFMFDUFE UIF
NPTU SFXBSEJOH PQUJPO CBTFE PO QSFWJPVT MFBSOJOH
 JNQPSUBOUMZ
 XIJMF DIPJDF GFFECBDL XBT PNJUUFE�
ćF BCJMJUZ UP BQQSPBDI UIF NPTU SFXBSEJOH PQUJPO " BOE UP BWPJE UIF MFBTU SFXBSEJOH PQUJPO # XBT
FWBMVBUFE
 BT UIF MBUUFS CFIBWJPVS IBT CFFO MJOLFE UP T&#3�� 	C
� ćF β�QBSBNFUFS 	MFę
 EFTDSJCFT IPX
POF�T TFOTJUJWJUZ UP PQUJPO WBMVF EJČFSFODFT 	Δ2�WBMVF
 JOĘVFODFT WBMVF�CBTFE DIPJDFT� )JHI β�WBMVFT
JOEJDBUF NPSF TFOTJUJWJUZ UP Δ2�WBMVF
 IFODF
 NPSF FYQMPJUBUPSZ DIPJDFT GPS IJHI SFXBSE PQUJPOT� ćF
MFBSOJOH SBUF 	α�QBSBNFUFS� SJHIU
 EFTDSJCFT IPX CFMJFGT BSF VQEBUFE BęFS GFFECBDL� )JHI MFBSOJOH SBUFT
JOEJDBUF SBQJE CVU BMTP WPMBUJMF CFMJFG VQEBUJOH DPNQBSFE UP MPXFS MFBSOJOH SBUFT� /PUF UIBU POMZ POF
MFBSOJOH SBUF JT EFQJDUFE GPS TJNQMJDJUZ� 	D
� $BSUPPO PG PVS #BZFTJBO MBUFOU NJYUVSF NPEFM BOBMZTJT

XIJDI XF VTFE UP BTTFTT XIFUIFS B QBSUJDJQBOU�T T&#3 	MPX PS IJHI
 DPVME CF QSFEJDUFE PO UIF CBTJT
PG UIF FTUJNBUFE DPHOJUJWF QSPDFTTFT 	αGain
 αLoss BOE β
 UIBU EFTDSJCFE MFBSOJOH� (SPVQ�MFWFM QSJPST
XFSF PCUBJOFE GSPN ĕUUJOH B IJFSBSDIJDBM #BZFTJBO 2�MFBSOJOH NPEFM TFQBSBUFMZ GPS MPX BOE IJHI T&#3
HSPVQT� 4VCTFRVFOUMZ
 UIF HSPVQ�MFWFM QSJPST BOE DIPJDF EBUB GSPN BMM QBSUJDJQBOUT XFSF VTFE BT JOQVU
UP UIF MBUFOU NJYUVSF NPEFM XIFSF
 DSJUJDBMMZ
 T&#3 HSPVQ NFNCFSTIJQ XBT MFę PVU� ćF MBUFOU NJYUVSF
NPEFM FTUJNBUFE GPS FBDI QBSUJDJQBOU UIF DPHOJUJWF QSPDFTTFT UIBU EFTDSJCFE MFBSOJOH 	VTJOH2�MFBSOJOH

BOE DBMDVMBUFE UIF QSPCBCJMJUZ UIBU UIJT QBSUJDJQBOU CFMPOHFE UP FJUIFS MPX PS IJHI T&#3 HSPVQ
 HJWFO
PCTFSWFE MFBSOJOH�

�
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3FTVMUT��

#MJOLJOH��

0O BWFSBHF
 QBSUJDJQBOUT CMJOLFE �� UJNFT QFS NJOVUF 	NFEJBO������ 4%����
 SBOHF���������� 'JHVSF��

�B

 B SBUF UIBU JT DPNQBSBCMF UP FBSMJFS SFQPSUT�
��
��� 8IFO EJWJEJOH QBSUJDJQBOUT JOUP MPX BOE IJHI��

T&#3 HSPVQT CBTFE PO B NFEJBO TQMJU PG BDSPTT�TVCKFDU T&#3 WBMVFT
 MPX T&#3 JOEJWJEVBMT CMJOLFE �����

UJNFT QFS NJOVUF 	4%����
 SBOHF � �������

 XIFSFBT IJHI T&#3 JOEJWJEVBMT CMJOLFE ���� UJNFT QFS��

NJOVUF 	4%����
 SBOHF����������
� 'FNBMFT CMJOLFE OVNFSJDBMMZ NPSF UIBO NBMFT 	�� UJNFT WFSTVT ���

UJNFT QFS NJOVUF

 IPXFWFS
 UIFJS T&#3 EJE OPU TJHOJĕDBOUMZ EJČFS 	U	����
�����
 1����
 8FMDI�T U�UFTU���

BF10�����
���
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*
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BF10=17.6 r=-0.46, p<.001, BF10=51.6 BF10=0.06

N.S.

'JHVSF �� T&#3 EBUB BOE DIPJDF QFSGPSNBODF JO UIF MFBSOJOH BOE USBOTGFS QIBTF� 	B
� T&#3 EJTUSJCV�
UJPO BDSPTT QBSUJDJQBOUT 	/���

 SFDPSEFE QSJPS UP UIF QSPCBCJMJTUJD 3- UBTL� 	C
� -PXFS T&#3 QSFEJDUT
CFUUFS PWFSBMM DIPJDF BDDVSBDZ JO UIF MFBSOJOH QIBTF� ćJT DPSSFMBUJPO XBT FYQMBJOFE CZ IJHIFS DIPJDF
BDDVSBDZ JO UIF "# BOE $% QBJST
 CVU OPU JO UIF &' QBJS 	D
� 	E
� *O UIF USBOTGFS QIBTF
 DIPJDF QFS�
GPSNBODF XBT WJTVBMMZ DPNQBSBCMF UP QSFWJPVT SFTFBSDI�
 CVU UIFSF XBT OP SFMJBCMF EJČFSFODF CFUXFFO
MPX BOE IJHI T&#3 HSPVQT JO IPX UIFZ BQQSPBDIFE UIF NPTU SFXBSEFE PQUJPO BOE BWPJEFE UIF MFBTU
SFXBSEFE PQUJPO� 1����� ��1������ BF10�FWJEFODF JO GBWPVS PG UIF BMUFSOBUJWF NPEFM�

#FIBWJPVSBM EJòFSFODFT CFUXFFO MPX BOE IJHI T&#3 HSPVQT��

1BSUJDJQBOUT XJUI MPX BOE IJHI T&#3 QFSGPSNFE EJČFSFOUMZ JO UIF MFBSOJOH QIBTF PG UIF QSPCBCJMJTUJD 3-��

UBTL� 0WFSBMM
 MPXFS T&#3 QSFEJDUFE CFUUFS MFBSOJOH QIBTF QFSGPSNBODF 	S������
 1������ BF10������
��

�
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'JHVSF �C
� "T TIPXO JO 'JHVSF �D
 UIJT EJČFSFODF XBT GVSUIFS FWJEFODFE CZ B NJYFE "/07" XJUI��

GBDUPST BDDVSBDZ 	"#
 $%
 &'
 BOE T&#3 XIJDI BHBJO TIPXFE CFUUFS PWFSBMM MFBSOJOH QFSGPSNBODF BU��

MPXFS T&#3 	'	�
��
�����
 1����� BF10�����

 BOE B USFOE UPXBSET BO JOUFSBDUJPO FČFDU 	'	�
��
�����
��

1����
� ćJT JOEJDBUFE UIBU MPXFS T&#3 SFMBUFE UP CFUUFS MFBSOJOH QFSGPSNBODF JO UIF NPSF DFSUBJO "#��

	U	��
�����
 1����� BF10�����
 BOE $% QBJST 	U	��
�����
 1������ BF10�����

 CVU OPU JO UIF VODFSUBJO���

&' QBJS 	U	��
�����
����

*O UIF USBOTGFS QIBTF
 QBSUJDJQBOUT XFSF BCMF UP BQQSPBDI UIF NPTU SFXBSEFE PQUJPO 	BQQSPBDI�"����

NFBO BDDVSBDZ����
 4%����
 BOE UP BWPJE MFBTU SFXBSEFE PQUJPO 	BWPJE�#� NFBO BDDVSBDZ����
���

4%����
 XFMM BCPWF DIBODF 	POF�TBNQMF U�UFTU� CPUI 1�WBMVFT�����

 JOEJDBUJOH UIFZ TVDDFTTGVMMZ VTFE���

QSFWJPVTMZ MFBSOFE PQUJPO WBMVFT JO OPWFM DIPJDF DPOUFYUT� 0WFSBMM
 QBSUJDJQBOUT XFSF FRVBMMZ TVDDFTT����

GVM BU BQQSPBDI�" BOE BWPJE�# DIPJDFT 	'	�
��
�����
� /FWFSUIFMFTT
 XF PCTFSWFE B QBUUFSO UIBU OV����

NFSJDBMMZ SFQMJDBUFE 4MBHUFS FU BM� 	����

 TVDI UIBU MPXFS T&#3 SFMBUFE UP CFUUFS BWPJE�# QFSGPSNBODF����

*NQPSUBOUMZ
 IPXFWFS
 XF EJE OPU ĕOE FOPVHI FWJEFODF GPS B SFMJBCMF FČFDU XJUIJO UIJT TBNQMF
 BT UIF PC����

TFSWFE JOUFSBDUJPO EJE OPU SFBDI TJHOJĕDBODF 	'	�
��
�����
 1����� BF���� JO GBWPVS PG UIF OVMM�NPEFM
���

'JHVSF �E
����

"T GBUJHVF JT UJFE UP QPPSFS UBTL QFSGPSNBODF BOE JODSFBTFE CMJOL SBUFT BOE CMJOL EVSBUJPOT��
��
 XF���

BEESFTTFE UIF QPTTJCJMJUZ UIBU EJČFSFODFT JO GBUJHVF FYQMBJOFE XIZ JOEJWJEVBMT XJUI B IJHIFS T&#3 QFS����

GPSNFE XPSTF PO UIF MFBSOJOH UBTL� 5P FYDMVEF UIJT QPTTJCJMJUZ
 XF FYBNJOFE IPX QBSUJDJQBOUT� NFEJBO���

CMJOL EVSBUJPOT SFMBUFE UP MFBSOJOH QIBTF DIPJDF BDDVSBDZ BOE T&#3� *G GBUJHVF BČFDUFE DIPJDF QFSGPS����

NBODF
 NFEJBO CMJOL EVSBUJPOT TIPVME OFHBUJWFMZ QSFEJDU MFBSOJOH QIBTF DIPJDF BDDVSBDZ BOE QPTJUJWFMZ���

QSFEJDU T&#3� /FJUIFS PG UIFTF SFMBUJPOTIJQT XFSF PCTFSWFE
 BT NFEJBO CMJOL EVSBUJPOT EJE OPU DPSSF����

MBUF XJUI MFBSOJOH QIBTF DIPJDF BDDVSBDZ 	S�����
 1����

 OPS XJUI T&#3 	S�����
 1����

 JOEJDBUJOH���

UIBU T&#3 JOEFYFT JOEJWJEVBM EJČFSFODFT JO QSPCBCJMJTUJD MFBSOJOH UIBU DBOOPU CF FYQMBJOFE CZ GBUJHVF����

5P TVNNBSJTF
 PVS CFIBWJPVSBM SFTVMUT TVHHFTU UIBU JOEJWJEVBM WBSJBCJMJUZ JO T&#3 SFMBUFT UP IPX���

�
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QBSUJDJQBOUT MFBSO GSPN QSPCBCJMJTUJD GFFECBDL
 XJUI MPXFS T&#3 QSFEJDUJOH CFUUFS MFBSOJOH
 FTQFDJBMMZ���

GSPN NPSF SFMJBCMF GFFECBDL����

2�MFBSOJOH QBSBNFUFS FTUJNBUJPO GPS MPX BOE IJHI T&#3 HSPVQT���

0VS CFIBWJPVSBM BOBMZTJT TVHHFTUFE UIBU WBSJBCJMJUZ JO T&#3 SFMBUFT UP IPX JOEJWJEVBMT MFBSO GSPN QSPC����

BCJMJTUJD GFFECBDL� 5P VOEFSTUBOE IPX UIJT SFMBUJPOTIJQ JT BTTPDJBUFE XJUI
 PS TIBQFE CZ
 UIF DPHOJUJWF���

QSPDFTTFT UIBU ESJWF MFBSOJOH
 XF BOBMZTFE DIPJDFT JO UIF MFBSOJOH QIBTF PG MPX BOE IJHI T&#3 HSPVQT���

VTJOH B #BZFTJBO IJFSBSDIJDBM 2�MFBSOJOH NPEFM 	4VQQMFNFOUBSZ 'JHVSF �
����

"T TIPXO JO 'JHVSF �
 XF PCTFSWFE TIJęT CFUXFFO UIF IJHI BOE MPX T&#3 HSPVQT JO UIF HSPVQ�MFWFM���

QPTUFSJPS EJTUSJCVUJPOT PG BMM QBSBNFUFST
 CVU QBSUJDVMBSMZ GPS UIF β� BOE αLoss�QBSBNFUFS� ćFTF PCTFSWB����

UJPOT TVHHFTUFE UIBU UIF MPX T&#3 HSPVQ FYQMPJUFE IJHI WBMVF PQUJPOT NPSF PęFO 	IJHIFS β�QBSBNFUFS
���

BOE VQEBUFE WBMVF CFMJFGT TUSPOHFS BęFS OFHBUJWF GFFECBDL 	IJHIFS αLoss�QBSBNFUFS
� /PUF
 IPXFWFS
���

UIBU UIFTF PCTFSWBUJPOT XFSF CBTFE PO WJTVBM JOTQFDUJPOT PG UIF HSPVQ�MFWFM QPTUFSJPST� 5P GPSNBMMZ UFTU���

XIFUIFS IJHI BOE MPX T&#3 HSPVQT DBO CF EJTUJOHVJTIFE PO UIF CBTJT PG UIF PCTFSWFE EJČFSFODFT JO���

UIF FTUJNBUFE 2�MFBSOJOH QBSBNFUFST
 XF VTFE B SFDFOUMZ EFWFMPQFE #BZFTJBO MBUFOU NJYUVSF NPEFMMJOH���

BQQSPBDI�� UIBU XF BEBQUFE GPS 2�MFBSOJOH 	'JHVSF �D
����

$MBTTJGZJOH T&#3 HSPVQNFNCFSTIJQ VTJOH #BZFTJBO MBUFOU NJYUVSFNPEFMMJOH���

5P UFTU XIFUIFS BO JOEJWJEVBM�T T&#3 HSPVQ NFNCFSTIJQ 	J�F� MPX PS IJHI
 DPVME CF QSFEJDUFE TPMFMZ���

PO UIF CBTJT PG UIF FTUJNBUFE 2�MFBSOJOH QBSBNFUFST 	αGain
 αLoss BOE β

 XF JNQMFNFOUFE B UXP�HSPVQ���

#BZFTJBO MBUFOU NJYUVSF NPEFM 	'JH �D BOE .FUIPET GPS B EFUBJMFE EFTDSJQUJPO PG UIJT BQQSPBDI
����

"T TIPXO JO 'JHVSF �B
 PVS #BZFTJBO MBUFOU NJYUVSF NPEFM DPSSFDUMZ DMBTTJĕFE ��� PG QBSUJDJ����

QBOUT VTJOH UIF FTUJNBUFE 2�MFBSOJOH QBSBNFUFST
 B QFSDFOUBHF UIBU XBT XFMM BCPWF DIBODF 	1�����
���

BF10������ POF�TJEFE CJOPNJBM UFTU
� $POTJTUFOUMZ
 IJHIFS QSPCBCJMJUJFT UP CF DMBTTJĕFE BT B NFNCFS���

�
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'JHVSF �� 2�MFBSOJOH QBSBNFUFS FTUJNBUJPO GPS MPX BOE IJHI T&#3 HSPVQT� 1PTUFSJPS EJTUSJCVUJPOT
PG HSPVQ�MFWFM QBSBNFUFST GPS IJHI BOE MPX T&#3 HSPVQT PCUBJOFE CZ ĕUUJOH UIF #BZFTJBO IJFSBSDIJDBM
2�MFBSOJOH NPEFM TFQBSBUFMZ GPS CPUI HSPVQT�

PG UIF IJHI T&#3 HSPVQ CZ UIF MBUFOU NJYUVSF NPEFM QSFEJDUFE IJHIFS T&#3 WBMVFT 	S�����
 1�����
���

BF10�����
 'JHVSF �C

 XIJDI FČFDUJWFMZ TIPXT UIBU UIF MFBSOJOH�CBTFE NJYUVSF DMBTTJĕDBUJPO QPTJUJWFMZ���

SFMBUFE UP T&#3 NFBTVSFNFOUT UIBU XFSF SFDPSEFE QSJPS UP UIF QSPCBCJMJTUJD 3- UBTL� 5PHFUIFS
 UIFTF���

SFTVMUT IJHIMJHIU UIBU MPX BOE IJHI T&#3 HSPVQT DBO CF EJTUJOHVJTIFE PO UIF CBTJT PG UIF DPHOJUJWF���

QSPDFTTFT UIFZ SFMJFE PO EVSJOH MFBSOJOH����

T&#3 QSFEJDUT JOEJWJEVBM EJòFSFODFT JO FYQMPSBUJPO BOE FYQMPJUBUJPO���

0VS QSJPS BOBMZTFT TIPXFE UIBU T&#3 SFMBUFT UP EJČFSFODFT JO MFBSOJOH UIBU XFSF ESJWFO CZ B EJČFSFOUJBM���

VTF PG VOEFSMZJOH DPHOJUJWF QSPDFTTFT� )PXFWFS
 JU SFNBJOT VOLOPXO XIBU UIF SFMBUJWF JOĘVFODF JT PG���

FBDI DPHOJUJWF QSPDFTT PO T&#3
 MFBWJOH PQFO UIF RVFTUJPO IPX T&#3 SFMBUFT UP JOEJWJEVBM WBSJBCJMJUZ���

JO IPX XF VQEBUF PVS CFMJFGT BęFS EFTJSFE 	αGain
 BOE VOEFTJSFE 	αLoss
 PVUDPNFT
 PS UIF WBSJBCJMJUZ CZ���

XIJDI XF FYQMPJU BDUJPOT UIBU XJMM MJLFMZ SFTVMU JO SFXBSE 	β
����

8F VTFE B NVMUJQMF SFHSFTTJPO NPEFM UIBU JODPSQPSBUFE BMM UISFF DPHOJUJWF QSPDFTTFT 	αGain
 αLoss���

BOE β
 UP FYQMBJO JOEJWJEVBM WBSJBCJMJUZ JO T&#3� ćF NPEFM XFMM BDDPVOUFE GPS UIF WBSJBCJMJUZ JO T&#3���

	'(3,32) = 5.8, 1 = .003,32 = 0.35)
 XIJDI XBT ESJWFO CZ B TJHOJĕDBOU DPOUSJCVUJPO PG UIF β�QBSBNFUFS���

��
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Classification accuracy: 72% a b

'JHVSF �� #BZFTJBO MBUFOU NJYUVSF NPEFM DMBTTJĕDBUJPO PG T&#3 HSPVQ NFNCFSTIJQ� 	B
 1FS�
QBSUJDJQBOU QPTUFSJPS DMBTTJĕDBUJPO QSPCBCJMJUZ UP CFMPOH UP UIF IJHI T&#3 HSPVQ� " MPX QPTUFSJPS DMBT�
TJĕDBUJPO QSPCBCJMJUZ TVHHFTU UIBU B QBSUJDJQBOU JT WFSZ MJLFMZ UP GBMM JOUP UIF MPX T&#3 HSPVQ
 XIFSFBT B
IJHI QPTUFSJPS DMBTTJĕDBUJPO QSPCBCJMJUZ JOEJDBUFT UIF QBSUJDJQBOU WFSZ MJLFMZ CFMPOHT UP UIF IJHI T&#3
HSPVQ� 	C
 ćF QSPCBCJMJUZ UP CF DMBTTJĕFE JOUP UIF IJHI T&#3 HSPVQ DPSSFMBUFE QPTJUJWFMZ XJUI T&#3
NFBTVSFNFOUT�

	bβ 	4&
����� 	���

 [�����
 1�����
 #'�����

 CVU OPU UIF αGain� 	bαGain	4&
����� 	���

 [�����
 1����
���

#'����
 PS UIF αLoss�QBSBNFUFS 	bαLoss	4&
����� 	���

 [�����
 1����
 #'����
� "T TIPXO JO 'JHVSF �B
���

UIF #BZFTJBO MJOFBS SFHSFTTJPO BOBMZTJT GVSUIFS JOEJDBUFE UIBU UIF NPEFM UIBU POMZ JODPSQPSBUFE UIF β����

QBSBNFUFS UP FYQMBJO JOEJWJEVBM WBSJBCJMJUZ JO UIF T&#3 EBUB XBT �� UJNFT NPSF MJLFMZ UP FYQMBJO UIF���

EBUB DPNQBSFE UP UIF OVMM�NPEFM
 XIJDI JT SFHBSEFE WFSZ TUSPOH FWJEFODF JO GBWPVS PG UIJT NPEFM�����

	4VQQMFNFOUBSZ 5BCMF �
� 'JHVSF �C JMMVTUSBUFT UIF OFHBUJWF SFMBUJPOTIJQ CFUXFFO UIF β�QBSBNFUFS BOE���

T&#3
 JOEJDBUJOH UIBU FYQMPJUBUJWF EFDJTJPO NBLFST IBE B MPXFS T&#3� 5PHFUIFS
 UIFTF SFTVMUT MJOL T&#3���

UP JOEJWJEVBM WBSJBCJMJUZ JO FYQMPJUJOH BDUJPOT UIBU MFBE UP SFXBSEJOH PVUDPNFT
 CVU OPU UP UIFNBHOJUVEF���

CZ XIJDI JOEJWJEVBMT VQEBUF UIFJS WBMVF CFMJFGT BęFS QPTJUJWF PS OFHBUJWF PVUDPNFT����

-FBSOJOH FòFDUT PO DIPJDFT JO UIF USBOTGFS QIBTF���

0VS SFTVMUT UIVT GBS SFMBUF T&#3 UP IPX QBSUJDJQBOUT NBLF WBMVF�CBTFE DIPJDFT EVSJOH MFBSOJOH
 CVU���

TIPX OP SFMJBCMF FČFDU PG T&#3 PO BWPJE�# PS BQQSPBDI�" DIPJDFT JO UIF USBOTGFS QIBTF� #FDBVTF UIJT���

SFMBUJPOTIJQ IBT CFFO SFQPSUFE JO UIF QBTU�
 UIJT TFDUJPO BEEJUJPOBMMZ FYBNJOFE IPX UIF 2�MFBSOJOH���

��
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BF10= 47

'JHVSF �� T&#3 QSFEJDUT JOEJWJEVBM EJČFSFODFT JO FYQMPSBUJPO BOE FYQMPJUBUJPO� 	B
 #FUB DPFďDJFOUT
PG BNVMUJQMF SFHSFTTJPO BOBMZTJT JOEJDBUJOH UIBU β�QBSBNFUFS FTUJNBUFT VOJRVFMZ BOE OFHBUJWFMZ SFMBUF UP
T&#3� ćJT XBT GVSUIFS JMMVTUSBUFE CZ B OFHBUJWF DPSSFMBUJPO CFUXFFO JOEJWJEVBM β�QBSBNFUFS FTUJNBUFT
BOE T&#3 	C

 TIPXJOH UIBU MPX T&#3 JOEJWJEVBMT FYQMPJUFE IJHIMZ WBMVFT PQUJPOTNPSF PęFO DPNQBSFE
UP IJHI T&#3 JOEJWJEVBMT�

QBSBNFUFST 	αGain
 αLoss
 β

 SFMBUFE UP BQQSPBDI�" BOE BWPJE�# QFSGPSNBODF JO UIF USBOTGFS QIBTF����

3FTVMUT GSPN B NVMUJQMF SFHSFTTJPO BOBMZTJT JOEJDBUFE UIBU JOEJWJEVBM WBSJBCJMJUZ JO BWPJE�#
���

CVU OPU BQQSPBDI�"
 QFSGPSNBODF XBT QSFEJDUFE CZ UIF 2�MFBSOJOH NPEFM QBSBNFUFST '(3,32) =���

3.7, 1 = .02,32 = 0.26� 'JHVSF �
� ćJT XBT ESJWFO CZ B TJHOJĕDBOU DPOUSJCVUJPO PG UIF β�QBSBNFUFS���

	bβ	4&
������ 	����

 [������
 1�����
 #'����
 BOE B TNBMMFS
 BMCFJU OPO�TJHOJĕDBOU
 DPOUSJCVUJPO PG���

UIF αLoss�QBSBNFUFS 	bαLoss	4&
������ 	����

 [����
 1����
 #'����
� ćF #BZFTJBO MJOFBS SFHSFTTJPO���

BOBMZTJT GVSUIFS JOEJDBUFE UIBU B NPEFM UIBU JODPSQSBUFE CPUI UIF β� BOE αLoss�QBSBNFUFS BT NBJO���

GBDUPST UP FYQMBJO JOEJWJEVBM WBSJBCJMJUZ UP BWPJE�# QFSGPSNBODF XBT � UJNFT NPSF MJLFMZ UP FYQMBJO UIF���

EBUB DPNQBSFE UP UIF OVMM�NPEFM
 BOE ��� UJNFT NPSF MJLFMZ DPNQBSFE UP BMM PUIFS DBOEJEBUF NPEFMT���

	4VQQMFNFOUBSZ 5BCMF �
� 5PHFUIFS
 UIFTF BOBMZTFT TIPX UIBU BO FYQMPJUBUJWF EFDJTJPO�NBLJOH TUZMF���

BOE FOIBODFE VQEBUJOH BęFS OFHBUJWF PVUDPNFT QSFEJDUT CFUUFS BWPJE�# QFSGPSNBODF JO UIF USBOTGFS���

QIBTF� ćFTF SFTVMUT TVHHFTU UIBU UIF BCJMJUZ UP BWPJE VOEFTJSBCMF PVUDPNFT JT SFMBUFE UP IPX JOEJWJEVBMT���

MFBSO
 CVU JT VOSFMBUFE UP UIFJS T&#3����

��
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a b

'JHVSF �� "WPJE�#
 CVU OPU BQQSPBDI�" DIPJDFT JO UIF USBOTGFS QIBTF
 BSF SFMBUFE UP JOEJWJEVBM WBSJ�
BCJMJUZ JO OFHBUJWF MFBSOJOH SBUFT BOE FYQMPSF�FYQMPJU UFOEFODJFT EVSJOH MFBSOJOH� 	B
 &YQMPJUBUJPO PG
IJHI WBMVFE PQUJPOT 	IJHI β
 BOE FOIBODFE MFBSOJOH GSPNOFHBUJWF GFFECBDL 	IJHI αLoss
 EVSJOH MFBSOJOH
SFMBUFE UP CFUUFS QFSGPSNBODF UP BWPJE UIF MFBTU SFXBSEFE PQUJPO JO UIF USBOTGFS QIBTF� 	C
 "QQSPBDIJOH
UIF NPTU SFXBSEFE PQUJPO XBT VOSFMBUFE UP UIF DPHOJUJWF QSPDFTTFT UIBU VOEFSMJF MFBSOJOH�

/FUXPSL JOUFSBDUJPOT CFUXFFO T&#3
 DPHOJUJWF MFBSOJOH QSPDFTTFT BOE DIPJDFT JO UIF USBOTGFS���

QIBTF���

T&#3 VOJRVFMZ QSFEJDUFE BO JOEJWJEVBM�T UFOEFODZ UP FYQMPJU IJHI WBMVFE PQUJPOT EVSJOH MFBSOJOH
 CVU���

OPU BQQSPBDI�" PS BWPJE�# QFSGPSNBODF HJWFO QSJPS MFBSOJOH� )PXFWFS
 JOEJWJEVBM EJČFSFODFT JO BWPJE����

# QFSGPSNBODF XFSF BTTPDJBUFE CPUI XJUI β 	XIJDI BMTP QSFEJDUFE T&#3 EVSJOH MFBSOJOH
 BOE αLoss���

	XIJDI JT IZQPUIFTJ[FE UP CF BTTPDJBUFE XJUI WBSJBCJMJUZ JO T&#3�
� 5P VOEFSTUBOE UIF BTTPDJBUJPO CF����

UXFFO UIFTF WBSJBCMFT BDSPTT MFBSOJOH BOE USBOTGFS QIBTFT
 XF BTTFTTFE BMM SFMBUJPOTIJQT EJSFDUMZ JO POF���

NPEFM VTJOH B OFUXPSL BOBMZTJT����

*O UIJT ĕOBM BOBMZTJT
 FBDI DPOOFDUJPO JO UIF OFUXPSL SFQSFTFOUT B QBSUJBM DPSSFMBUJPO DPFďDJFOU CF����

UXFFO UXP WBSJBCMFT BęFS DPOEJUJPOJOH PO BMM PUIFS WBSJBCMFT JO UIF OFUXPSL� ćVT
 FBDI DPFďDJFOU FO����

DPEFE UIF VOJRVF BTTPDJBUJPO CFUXFFO UXP OPEFT BęFS DPOUSPMMJOH GPS BMM PUIFS JOGPSNBUJPO QPTTJCMF������

4VQQMFNFOUBSZ 5BCMF � TIPXT BMM QBSUJBM DPSSFMBUJPOT CFUXFFO UIF WBSJBCMFT
 XIJDI BSF HSBQIJDBMMZ EF����

QJDUFE JO 'JHVSF �� *O UIJT HSBQI
 UISFF JNQPSUBOU CFUXFFO�OPEF SFMBUJPOTIJQT XFSF PCTFSWFE� 'JSTU
���

JOEJWJEVBM EJČFSFODFT JO T&#3 XFSF TJHOJĕDBOUMZ BOE OFHBUJWFMZ SFMBUFE UP UIF β�QBSBNFUFS 	QBSUJBM���

��
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S�������
 1�����

 DPOTJTUFOU XJUI PVS QSFWJPVT ĕOEJOH UIBU FYQMPJUBUJWF EFDJTJPO NBLFST IBE B MPXFS���

T&#3� 4FDPOE
 UIF αGain� BOE αLoss�QBSBNFUFS XFSF TJHOJĕDBOUMZ BOE QPTJUJWFMZ SFMBUFE UP FBDI PUIFS���

	QBSUJBM S������
 1�����

 CVU OPU UP T&#3
 XIJDI JT JODPOTJTUFOU XJUI FBSMJFS XPSL UIBU IZQPUIFTJ[FE���

T&#3 JOEFYFT IPX NVDI JOEJWJEVBMT MFBSOFE GSPN UIF OFHBUJWF PVUDPNFT PG UIFJS DIPJDFT�� -BTUMZ
 UIF���

BCJMJUZ UP BWPJE UIF MFBTU SFXBSEFE PQUJPO JO UIF USBOTGFS QIBTF SFMBUFE UP UIF β� BOE αLoss�QBSBNFUFS
���

DPOTJTUFOU XJUI PVS QSFWJPVT SFTVMUT� )PXFWFS
 UIF OFUXPSL BOBMZTJT JOEJDBUFE UIFTF SFMBUJPOTIJQT XFSF���

OPU SPCVTU� .PSF JNQPSUBOUMZ
 UIF BCJMJUZ UP BWPJE UIF MFBTU SFXBSEFE PQUJPO XBT VOSFMBUFE UP T&#3
 BO���

PCTFSWBUJPO UIBU JT OPU JO MJOF XJUI FBSMJFS XPSL�� 0WFSBMM
 UIJT BOBMZTJT QBJOUT B DMFBS QJDUVSF PG IPX���

T&#3 SFMBUFT UP MFBSOJOH BOE TVCTFRVFOU WBMVF�CBTFE DIPJDFT
 OBNFMZ UIBU JU VOJRVFMZ SFĘFDUT B EFDJTJPO���

NBLFS�T FYQMPSF�FYQMPJU UFOEFODZ EVSJOH MFBSOJOH����

αLoss

avoid

β

sEBR

αGain

***

***

approach

'JHVSF �� /FUXPSL BOBMZTJT� (SBQIJDBM EFQJDUJPO PG UIF QBSUJBM DPSSFMBUJPO OFUXPSL PG T&#3
 BQQSPBDI�
"�BWPJE�# QFSGPSNBODF BOE UIF DPHOJUJWF QSPDFTTFT VOEFSMZJOH MFBSOJOH� 7BSJBCMFT PG JOUFSFTU BSF SFQ�
SFTFOUFE BT OPEFT� ćF FTUJNBUFE SFMBUJPOT CFUXFFO WBSJBCMFT BSF SFQSFTFOUFE BT FEHFT
 XIFSF UIF DPMPS
PG BO FEHF 	CMVF
 SFE
 JOEJDBUFT UIF EJSFDUJPO PG B SFMBUJPO 	QPTJUJWF
 OFHBUJWF
 BOE UIF XJEUI PG BO FEHF
JOEJDBUFT UIF TUSFOHUI PG UIF PCTFSWFE SFMBUJPO� &EHFT BSF NJTTJOH XIFOFWFS UIF FTUJNBUFE SFMBUJPO
CFUXFFO UXP OPEFT JT [FSP� "MM OPEFT SFQSFTFOU BDSPTT�TVCKFDU FTUJNBUFT� β � FYQMPSF�FYQMPJU QBSBNF�
UFS� αGain � QPTJUJWF MFBSOJOH SBUF� αLoss � OFHBUJWF MFBSOJOH SBUF� BWPJE � BWPJE�# BDDVSBDZ
 BQQSPBDI �
BQQSPBDI�" BDDVSBDZ�

��
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%JTDVTTJPO���

ćF QSFTFOU TUVEZ TIPXT UIBU QFSGPSNBODF PO B QSPCBCJMJTUJD 3- UBTL JT SFMBUFE UP JOEJWJEVBM EJČFS����

FODFT JO T&#3� 0VS MBUFOU NJYUVSF NPEFMMJOH BQQSPBDI JOEJDBUFE UIBU UIFTF MFBSOJOH EJČFSFODFT XFSF���

ESJWFO CZ B EJČFSFOUJBM VTF PG VOEFSMZJOH DPHOJUJWF QSPDFTTFT
 BT XF XFSF BCMF UP EJTUJOHVJTI JOEJWJEV����

BMT XJUI MPX BOE IJHI T&#3 PO UIF CBTJT PG UIFJS FTUJNBUFE MFBSOJOH SBUFT BOE EFDJTJPO�NBLJOH TUSBUFHZ����

*O BEEJUJPO
 XF GPVOE UIBU T&#3 VOJRVFMZ QSFEJDUFE BO JOEJWJEVBM�T FYQMPSF�FYQMPJU UFOEFODZ
 UIFSFCZ���

SFĘFDUJOH UIF TFOTJUJWJUZ UP WBMVF EJČFSFODFT EVSJOH B WBMVF�CBTFE DIPJDF� 4QFDJĕDBMMZ
 DIPJDFT PG JOEJ����

WJEVBMT XJUI B MPXFS T&#3XFSFNPTUMZ EFUFSNJOFE CZ UIF SFMBUJWF WBMVF EJČFSFODF PG QSFTFOUFE PQUJPOT����

UIFZ DPOTJTUFOUMZ FYQMPJUFE IJHI WBMVFE PQUJPOT XIJDI SFTVMUFE JO CFUUFS QFSGPSNBODF JO UIF MFBSOJOH���

UBTL� *O DPOUSBTU
 JOEJWJEVBMT XJUI B IJHIFS T&#3 FYIJCJUFE B NPSF TUPDIBTUJD DIPJDF QBUUFSO XJUI NPSF���

GSFRVFOU FYQMPSBUJPO PG MPXFS WBMVFE PQUJPOT
 XIJDI SFTVMUFE JO MPXFS MFBSOJOH QIBTF QFSGPSNBODF� 0VS���

EBUB TVHHFTU UIBU WBSJBCJMJUZ JO T&#3 JT SFMBUFE UP BO JOEJWJEVBM�T FYQMPSF�FYQMPJU DIPJDF UFOEFODZ EVS����

JOH MFBSOJOH
 XJUI MPXFS T&#3 QSFEJDUJOH TUBCMF
 WBMVF�ESJWFO EFDJTJPOT
 BOE IJHIFS T&#3 QSFEJDUJOH���

ĘFYJCMF
 FYQMPSBUPSZ DIPJDFT����

0VS TUVEZ JOWFTUJHBUFE UIF MJOL CFUXFFO T&#3 BOE 3-
 CVU TIPXT QBSBMMFMT XJUI XPSL JO UIF ĕFME PG���

DPHOJUJWF ĘFYJCJMJUZ
 XIJDI JT DPNNPOMZ EFTDSJCFE BT UIF CBMBODF CFUXFFONBJOUBJOJOH TUBCMF UBTL HPBMT���

JO UIF GBDF PG EJTUSBDUJPO WFSTVT ĘFYJCMF VQEBUJOH XIFO UIF FOWJSPONFOU IBT DIBOHFE��� *O MJOF XJUI���

PVS ĕOEJOH UIBU IJHIFS T&#3 SFMBUFE UP NPSF FYQMPSBUJWF WBMVF�CBTFE DIPJDFT
 UIFTF TUVEJFT IBWF HFOFS����

BMMZ GPVOE UIBU IJHIFS T&#3 JT BTTPDJBUFE XJUI FOIBODFE DPHOJUJWF ĘFYJCJMJUZ UP TVQQPSU UIF EFUFDUJPO PG���

OPWFM JOGPSNBUJPO JO SFWFSTBM MFBSOJOH��
 XPSLJOH NFNPSZ�� BOE BUUFOUJPOBM TFU�TIJęJOH UBTLT��
��o������

'PS FYBNQMF
 JOEJWJEVBMT XJUI IJHIFS T&#3 FYIJCJUFE TUSPOHFS UPOJD 	PS TMPX
 QVQJM EJMBUJPO EVSJOH���

UIF EFUFDUJPO PG VOFYQFDUFE SFXBSE DPOUJOHFODZ SFWFSTBMT��
 TVHHFTUJWF PG B TUSPOHFS QIZTJDBM SFTQPOTF���

UP FOWJSPONFOUBM DIBOHF� .PSFPWFS
 XIFO UIF DPMPVS PG B UBSHFU TXJUDIFE UP B OPWFM POF JO BO BU����

UFOUJPOBM TFU�TIJęJOH UBTL
 IJHIFS T&#3 QSFEJDUFE JNQSPWFE UBTL QFSGPSNBODF EVF UP MPXFS TXJUDIJOH���

��
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DPTUT� *O DPOUSBTU
 XIFO UIF EJTUSBDUPS DPMPVS CFDBNF UIF UBSHFU
 IJHIFS T&#3 QSFEJDUFE EFUFSJPSBUFE���

QFSGPSNBODF EVF UP IJHIFS TXJUDIJOH DPTUT BT BUUFOUJPO XBT ESBXO UP UIF OPWFM EJTUSBDUPS DPMPVS������

"T FYQMPSBUJPO PS FOIBODFE DPHOJUJWF ĘFYJCJMJUZ TVQQPSUT CFIBWJPVS BJNFE BU EFUFDUJOH OPWFM JOGPSNB����

UJPO
 UIJT FJUIFS JNQSPWFT PS EFUFSJPSBUFT QFSGPSNBODF EFQFOEJOH PO UIF FOWJSPONFOUBM EFNBOET� *O���

UIF MFBSOJOH QIBTF PG PVS UBTL
 QBSUJDJQBOUT FYQFSJFODFE VODFSUBJOUZ EVF UP UIF EJČFSFOU SFXBSE QSPC����

BCJMJUJFT PG PQUJPOT
 CVU OPU EVF UP FOWJSPONFOUBM DIBOHF� ćFSFGPSF
 PQUJNBM UBTL QFSGPSNBODF XBT���

BDIJFWFE CZ NBLJOH TUBCMF
 FYQMPJUBUJWF DIPJDFT GPS PQUJPOT XJUI IJHIFS SFXBSE QSPCBCJMJUJFT��� ćJT FY����

QMBJOT XIZ JOEJWJEVBMT XJUI B MPXFS T&#3 QFSGPSNFE CFUUFS JO UIF DFSUBJO "# BOE $% QBJST
 CVU OPU JO���

UIF VODFSUBJO &' QBJS XIFSF NPSF FYQMPSBUJPO XBT OFFEFE UP EJTDPWFS UIF NPSF PęFO SFXBSEFE PQUJPO����

1SFWJPVT XPSL UIBU JOWFTUJHBUFE T&#3 JO UIF DPOUFYU PG QSPCBCJMJTUJD 3- IZQPUIFTJ[FE UIBU T&#3���

QSFEJDUFE IPX NVDI JOEJWJEVBMT MFBSOFE GSPN UIF OFHBUJWF PVUDPNFT PG UIFJS DIPJDFT EVSJOH QSJPS���

MFBSOJOH�� ćJT SFBTPOJOH XBT CBTFE PO UIF ĕOEJOH UIBU T&#3 DPSSFMBUFE OFHBUJWFMZ XJUI UIF BCJMJUZ UP���

BWPJE UIF MFBTU SFXBSEFE PQUJPO JO B USBOTGFS QIBTF UIBU XBT BENJOJTUFSFE BęFS MFBSOJOH� "T UIF SFMBUJPO����

TIJQ CFUXFFO T&#3 BOE MFBSOJOH XBT OPU JOWFTUJHBUFE EJSFDUMZ
 JU SFNBJOFE VOLOPXO XIJDI DPHOJUJWF���

QSPDFTT ESPWF UIFJS PCTFSWFE FČFDU� #PUI BO FYQMPJUBUJWF EFDJTJPO�NBLJOH TUSBUFHZ BJNFE BU BWPJEJOH���

UIF MFBTU SFXBSEFE PQUJPO BOE FOIBODFE MFBSOJOH GSPNOFHBUJWF GFFECBDL DPVME FYQMBJO UIF OFHBUJWF DPS����

SFMBUJPO CFUXFFO T&#3 BOE BWPJEBODF PG UIF MFBTU SFXBSEFE PQUJPO� *O UIF QSFTFOU TUVEZ
 XF FWBMVBUFE���

UIFTF BMUFSOBUJWF FYQMBOBUJPOT EJSFDUMZ CZ FNQMPZJOH UIF2�MFBSOJOHNPEFM UIBU GPSNBMJTFE MFBSOJOH BOE���

DIPJDF QSPDFTTFT JOUP MFBSOJOH SBUFT BOE FYQMPSF�FYQMPJU UFOEFODJFT
 SFTQFDUJWFMZ� 8F EJE OPU PCTFSWF���

B SFMBUJPO CFUXFFO T&#3 BOE OFHBUJWF MFBSOJOH SBUFT 	αLoss

 XIJDI JOEJDBUFE UIBU T&#3 EJE OPU SFMBUF���

UP UIF NBHOJUVEF CZ XIJDI QBSUJDJQBOUT MFBSOFE GSPN UIF OFHBUJWF PVUDPNFT PG UIFJS DIPJDFT BT XBT���

IZQPUIFTJ[FE CZ 4MBHUFS FU BM�
 	����
� $POTJTUFOUMZ
 T&#3 XBT BMTP VOSFMBUFE UP JOEJWJEVBMT� MFBSOJOH���

SBUFT BęFS QPTJUJWF PVUDPNFT� /PUBCMF
 XIJMF PVS BOBMZTFT TIPX UIBU T&#3 JT OPU B SFMJBCMF QSFEJDUPS���

PG IPX QBSUJDJQBOUT MFBSO GSPN GFFECBDL
 XF ĕOE UIBU JU DBO CF VTFE BT BO JOEFY PG POF�T TFOTJUJWJUZ UP���

��
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WBMVF EJČFSFODFT EVSJOH WBMVF�CBTFE DIPJDFT
 PS FYQMPSF�FYQMPJU UFOEFODZ 	β
����

8IJMF XF PCTFSWFE TUSPOH FČFDUT PG T&#3 EVSJOH MFBSOJOH
 FČFDUT PO MBUFS WBMVF�CBTFE DIPJDFT XFSF���

SBUIFS XFBL PS VOSFMJBCMF� 0VS OFUXPSL BOBMZTJT � JO XIJDI UIF VOJRVF SFMBUJPOTIJQ CFUXFFO UXP WBSJ����

BCMFT XBT FTUJNBUFE BęFS DPOUSPMMJOH GPS UIF JOĘVFODF PG BMM PUIFS WBSJBCMFT � JOEJDBUFE UIBU T&#3 XBT���

VOSFMBUFE UP QBSUJDJQBOUT� BCJMJUZ UP BWPJE UIF MFBTU SFXBSEFE PQUJPO� ćJT ĕOEJOH JT JODPOTJTUFOU XJUI���

FBSMJFS XPSL PCTFSWJOH UIBU T&#3 EJE SFMBUF UP UIF BCJMJUZ UP BWPJE UIF MFBTU SFXBSEFE PQUJPO�
 PS UIBU JU���

QSFEJDUFE UIF NPEVMBUPSZ FČFDU PG EPQBNJOFSHJD ESVHT PO BQQSPBDI BOE BWPJEBODF CFIBWJPVST�� "O���

JNQPSUBOU EJČFSFODF CFUXFFO UIFTF BOE PVS TUVEZ
 JT UIBU XF FWBMVBUFE CPUI UIF FČFDUT PG T&#3 PO���

MFBSOJOH BT XFMM BT PO MBUFS WBMVF�CBTFE DIPJDFT
 JO POF NPEFM� ćJT BOBMZTJT JOEJDBUFE UIBU T&#3 QSJ����

NBSJMZ SFMBUFE UP BO JOEJWJEVBM�T FYQMPSF�FYQMPJU UFOEFODZ EVSJOH MFBSOJOH
 UIBU JO UVSO SFMBUFE UP UIF���

BCJMJUZ UP BWPJE UIF MFBTU SFXBSEFE PQUJPO JO UIF USBOTGFS QIBTF� ćVT
 JOEJWJEVBMT XJUI B MPXFS T&#3���

UFOEFE UP FYQMPJU IJHI WBMVFE PVUDPNFT
 XIJDI FTQFDJBMMZ JNQSPWFE MFBSOJOH JO UIF "# QBJS BOE NJHIU���

CF UIF SFBTPO UIBU UIFZ BWPJEFE UIF MFBTU SFXBSEFE PQUJPO # JO UIF USBOTGFS QIBTF� ćJT DPVME TVHHFTU���

UIBU FBSMJFS PCTFSWFE FČFDUT PG T&#3 PO BQQSPBDI BOE BWPJEBODF CFIBWJPVST NBZ CF ESJWFO CZ JOEJWJE����

VBM WBSJBCJMJUZ JO FYQMPSF�FYQMPJU UFOEFODJFT� /FWFSUIFMFTT
 WBSJPVT TUVEJFT IBWF TIPXO UIBU TFQFSBUF���

i(Pw 	BQQSPBDI�"
 BOE i/P(Pw OFVSPOBM QPQVMBUJPOT 	F�H� BWPJE�#
 SFQSFTFOU QPTJUJWF BOE OFHBUJWF���

BDUJPO WBMVFT UIBU EFUFSNJOF BDUJPO TFMFDUJPO��o��� 'VUVSF TUVEJFT UIBU JODMVEF EPQBNJOFSHJD NBOJQ����

VMBUJPOT DPNCJOFE XJUI DPNQVUBUJPOBM NPEFMMJOH UP FWBMVBUF IPX T&#3 SFMBUFT UP MFBSOJOH BOE MBUFS���

WBMVF�CBTFE DIPJDFT NJHIU QSPWJEF GSVJUGVM UP BOTXFS UIJT RVFTUJPO����

0VS PCTFSWBUJPO UIBU T&#3 QSJNBSJMZ SFĘFDUT JOEJWJEVBM FYQMPSF�FYQMPJU UFOEFODJFT EVSJOH MFBSOJOH���

DPVME SFDPODJMF PVS XPSL XJUI UIF BGPSFNFOUJPOFE TUVEJFT�
�
 BT UIFTF BOE PUIFS TUVEJFT�
�
�� IBWF TVH����

HFTUFE UIBU T&#3NBZ SFĘFDU UPOJD
 PS CBTFMJOF
 TUSJBUBM EPQBNJOF MFWFMT� 'MVDUVBUJPOT JO UPOJD EPQBNJOF���

MFWFMT IBWF CFFO PCTFSWFE UP QSFEPNJOBOUMZ BČFDU UIF FYQSFTTJPO
 SBUIFS UIBO MFBSOJOH
 PG NPUJWBUFE���

CFIBWJPVS��
��
 XIJDI BHSFFT XJUI PVS ĕOEJOH UIBU T&#3 VOJRVFMZ QSFEJDUFE BO JOEJWJEVBM�T FYQMPSF����

��
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FYQMPJU UFOEFODZ EVSJOH B WBMVF�CBTFE DIPJDF� 'PS FYBNQMF
 TFWFSBM TUVEJFT IBWF TIPXO UIBU NJDF XJUI���

DISPOJDBMMZ FMFWBUFE UPOJD %" MFWFMT XFSF NPSF NPUJWBUFE UP XPSL GPS B GPPE SFXBSET
 XJUIPVU TIPXJOH���

JNQSPWFNFOUT JO 1BWMPWJBO PS PQFSBOU MFBSOJOH DPNQBSFE UP XJME UZQF NJDF��o��� ćFTF FYQFSJNFO����

UBM SFTVMUT BSF DPOTJTUFOU XJUI DPNQVUBUJPOBM NPEFMMJOH TUVEJFT UIBU GPVOE UIBU HFOFUJD PS TJNVMBUFE���

EJČFSFODFT JO UPOJD %" MFWFMT VOJRVFMZ DPSSFMBUFE XJUI FYQMPSF�FYQMPJU UFOEFODJFT
 CVU OPU XJUI MFBSO����

JOH SBUFT��o��� "MTP JO IVNBOT
 TPNF FČFDUT PG EPQBNJOFSHJD NFEJDBUJPO PO SFXBSE BOE QVOJTINFOU���

MFBSOJOH JO 1% QBUJFOUT DBO CF FYQMBJOFE CZ NPUJWBUJPOBM EJČFSFODFT BU UIF UJNF PG DIPJDF
 SBUIFS UIBO���

CZ EJČFSFODFT JO GFFECBDL MFBSOJOH��o��� 5PHFUIFS
 UIFTF TUVEJFT TVHHFTU UIBU UPOJD %" MFWFMT JNQBDU���

UIF FYQSFTTJPO PG NPUJWBUFE CFIBWJPVS
 PS NPSF TQFDJĕDBMMZ
 FYQMPSF�FYQMPJU UFOEFODJFT� 8IJMF PVS���

EBUB QSFDMVEF BOZ DPODMVTJPOT BCPVU UIF CJPMPHJDBM NFDIBOJTNT BČFDUJOH T&#3
 PO UIF CFIBWJPVSBM���

MFWFM PVS EBUB BHSFF XJUI UIFTF TUVEJFT MJOLJOH T&#3 UP UPOJD TUSJBUBM EPQBNJOF MFWFMT BOE JOEJWJEVBM���

WBSJBCJMJUZ JO FYQMPSF�FYQMPJU UFOEFODJFT����

5P DPODMVEF
 T&#3 QSFEJDUFE BO JOEJWJEVBM�T UFOEFODZ UP FYQMPSF PS FYQMPJU EVSJOH MFBSOJOH
 UIFSFCZ���

SFĘFDUJOH UIF TFOTJUJWJUZ UP WBMVF EJČFSFODFT EVSJOH B WBMVF�CBTFE DIPJDF� 5P PVS LOPXMFEHF
 UIJT TUVEZ���

JT UIF ĕSTU UP BTTPDJBUF T&#3 UP UIF VOEFSMZJOH DPHOJUJWF QSPDFTTFT PG MFBSOJOH
 UIFSFCZ QSPWJEJOH B���

NFDIBOJTUJD VOEFSTUBOEJOH PG UIF SFMBUJPO CFUXFFO T&#3
 MFBSOJOH BOE UIF FČFDUT PG MFBSOJOH PO GV����

UVSF WBMVF�CBTFE DIPJDFT� 8F CFMJFWF UIBU VTJOH UIFTF NFUIPET BEWBODFT PVS VOEFSTUBOEJOH PG IPX���

T&#3 SFMBUFT UP %"�EFQFOEFOU DPHOJUJWF QFSGPSNBODF XIJDI DPVME FOBCMF VT UP VOJGZ UIF EJWFSTF CF����

IBWJPVSBM FČFDUT MJOLFE UP T&#3
 TVDI BT QVOJTINFOU PS BWPJEBODF MFBSOJOH�
�
 SFWFSTBM MFBSOJOH��
 BT���

XFMM BT DPHOJUJWF ĘFYJCJMJUZ��
��o��� 5PHFUIFS
 PVS SFTVMUT JOEJDBUF UIBU T&#3 DBO CF VTFE BT BO FBTZ UP���

NFBTVSF CFIBWJPVSBM JOEFY PG JOEJWJEVBM FYQMPSF�FYQMPJU UFOEFODJFT EVSJOH MFBSOJOH� 8IFUIFS UIJT JT���

ESJWFO CZ ĘVDUVBUJPOT JO UPOJD %" MFWFMT TIPVME CF WBMJEBUFE CZ PUIFS TUVEJFT UIBU EJSFDUMZ NFBTVSF PS���

NBOJQVMBUF %" JO B SFJOGPSDFNFOU MFBSOJOH UBTL EFTJHO����

��
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.FUIPET���

1BSUJDJQBOUT���

ćFQVQJMMPNFUSZ EBUB PG UIF DVSSFOU EBUB TFU XBT QSFWJPVTMZ QVCMJTIFE��
 CVU BMM T&#3 EBUB BOE BOBMZTFT���

QSFTFOUFE IFSF BSF OFX� 'PSUZ�UXP IFBMUIZ QBSUJDJQBOUT 	�� NBMFT� NFBO BHF�����
 SBOHF������ ZFBST
���

XJUI OPSNBM UP DPSSFDUFE UP OPSNBM WJTJPO QBSUJDJQBUFE QBSUJDJQBUFE JO UIF FYQFSJNFOU� &BDI QBSUJDJ����

QBOU XBT QBJE ��ħ GPS UXP IPVST PG QBSUJDJQBUJPO BOE DPVME FBSO BO BEEJUJPOBM NPOFUBSZ CPOVT UIBU���

EFQFOEFE PO DPSSFDU UBTL QFSGPSNBODF 	NFBONPOFUBSZ CPOVT�����ħ
 4%����
� ćF FUIJDBM DPNNJUUFF���

PG UIF 7SJKF 6OJWFSTJUFJU BQQSPWFE UIF TUVEZ� "MM FYQFSJNFOUBM QSPUPDPMT BOE NFUIPET EFTDSJCFE CFMPX���

XFSF DBSSJFE PVU JO BDDPSEBODF XJUI UIF HVJEFMJOFT BOE SFHVMBUJPOT PG UIF 7SJKF 6OJWFSTJUFJU� 8SJUUFO���

JOGPSNFE DPOTFOU XBT PCUBJOFE GSPN BMM QBSUJDJQBOUT� 'PVS QBSUJDJQBOUT XFSF FYDMVEFE GSPN BOBMZTFT����

POF QBSUJDJQBOU SFQPSUFE TFFJOH NPSF UIBO UISFF VOJRVF PQUJPO QBJST JO UIF MFBSOJOH QIBTF
 BOE UISFF���

QBSUJDJQBOUT IBE 	BMNPTU
 QFSGFDU DIPJDF BDDVSBDZ JO UIF MFBSOJOH QIBTF
 XIJDI DPNQMJDBUFE CFIBWJPVSBM���

NPEFM ĕUUJOH
 MFBWJOH JO UPUBM �� QBSUJDJQBOUT GPS TVCTFRVFOU BOBMZTFT����

#MJOL SBUF SFDPSEJOHT���

1BSUJDJQBOUT XFSF TFBUFE JO B EJNMZ MJU
 TJMFOU SPPNXJUI UIFJS DIJO QPTJUJPOFE PO B DIJO SFTU
 �� DN BXBZ���

GSPN UIF DPNQVUFS TDSFFO� "O &ZF-JOL ���� &ZF 5SBDLFS 	43 3FTFBSDI
 SFDPSEFE BU ����)[ TFWFONJO����

VUFT PG TQPOUBOFPVT FZF CMJOLT GSPN UIF DPOUJOVPVTMZ USBDLFE FZF EBUB
 XIJDI QSPWJEFT SFMJBCMF T&#3���

FTUJNBUFT��� 1BSUJDJQBOUT XFSF LFQU OBJWF BCPVU UIF T&#3 NFBTVSFNFOUT BOE XFSF BTLFE UP NBJOUBJO���

B OPSNBM HB[F BU B DFOUSBM ĕYBUJPO DSPTT PO UIF TDSFFO� "MM T&#3 EBUB XBT DPMMFDUFE CFGPSF � 1�.�
 BT���

T&#3 JT SFQPSUFE UP CF MFTT TUBCMF EVSJOH OJHIU UJNF��� 'VSUIFSNPSF
 QBSUJDJQBOUT XFSF BTLFE UP TMFFQ���

TVďDJFOUMZ UIF OJHIU CFGPSF UIF FYQFSJNFOU BOE UP BWPJE UIF VTF PG BMDPIPM BOE PUIFS ESVHT PG BCVTF����

��
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5BTL BOE QSPDFEVSF���

"ęFS UIF CMJOL SBUF SFDPSEJOHT
 QBSUJDJQBOUT QFSGPSNFE B QSPCBCJMJTUJD 3- UBTL�� UIBU DPOTJTUFE PG B���

MFBSOJOH BOE B USBOTGFS QIBTF� 'PS BO FYUFOEFE EFTDSJQUJPO PG UIF UBTL
 TUJNVMJ BOE USJBM TUSVDUVSF
 XF���

SFGFS UP��� 4IPSUMZ
 JO UIF MFBSOJOH QIBTF
 QBSUJDJQBOUT DPNQMFUFE � SVOT PG �� USJBMT FBDI 	��� USJBMT JO���

UPUBM
 ��� QSFTFOUBUJPOT PG FBDI PQUJPO 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����

1BSUJDJQBOUT JNNFEJBUFMZ QSPDFFEFE UP UIF USBOTGFS QIBTF� *O UIJT QIBTF
 QBSUJDJQBOUT DPNQMFUFE ����

SVOT PG �� USJBMT FBDI 	��� USJBMT JO UPUBM
 �� QSFTFOUBUJPOT QFS PQUJPO QBJS

 XJUI TNBMM CSFBLT JO�CFUXFFO���

SVOT� "U UIF FOE PG UIF USBOTGFS QIBTF
 DIPJDF BDDVSBDZ BDSPTT BMM USJBMT XBT EJTQMBZFE BOE QBSUJDJQBOUT���

XFSF GVMMZ EFCSJFGFE BCPVU UIF T&#3 NFBTVSFNFOUT����

#FIBWJPVSBM BOBMZTFT���

5P BTTFTT IPX T&#3 SFMBUFE UP 3-
 XF BTTJHOFE FBDI QBSUJDJQBOU UP UIF AMPX� PS AIJHI� T&#3 HSPVQ PO���

UIF CBTJT PG B NFEJBO TQMJU PO BDSPTT�TVCKFDU T&#3 WBMVFT� 8F FYDMVEFE UXP QBSUJDJQBOUT GSPN BOBMZ����

TFT
 BT UIFJS T&#3 GFMM FYBDUMZ PO UIF NFEJBO
 MFBWJOH �� QBSUJDJQBOUT GPS TVCTFRVFOU BOBMZTFT� " DIPJDF���

XBT SFHBSEFE ADPSSFDU� XIFO UIF PQUJPO XBT DIPTFO XJUI UIF IJHIFTU SFXBSE QSPCBCJMJUZ PG FBDI QBJS����

"QQSPBDI BDDVSBDZ JO UIF USBOTGFS QIBTF XBT DBMDVMBUFE BT UIF QFSDFOUBHF PG USJBMT JO XIJDI UIF NPTU���

SFXBSEFE PQUJPO " XBT DIPTFO XIFO JU XBT QBJSFE XJUI BOPUIFS PQUJPO� "WPJEBODF BDDVSBDZ XBT DBMDV����

MBUFE BT UIF QFSDFOUBHF PG USJBMT JO XIJDI UIF MFBTU SFXBSEFE PQUJPO # XBT OPU DIPTFO XIFO JU XBT QBJSFE���

XJUI BOPUIFS PQUJPO� *O DBMDVMBUJOH BQQSPBDI BOE BWPJEBODF BDDVSBDZ
 UIF QSFWJPVT MFBSOJOH QBJST 	"#
���

$%
 &'
 XFSF FYDMVEFE UP BDDPVOU GPS SFQFUJUJPO FČFDUT����

��
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2�MFBSOJOHNPEFM���

5P JOWFTUJHBUF IPX T&#3 SFMBUFE UP UIF DPHOJUJWF QSPDFTTFT VOEFSMZJOH 3-
 XF BQQMJFE B 2�MFBSOJOH���

NPEFM�
�� UP FBDI QBSUJDJQBOU�T TFRVFODF PG DIPJDFT JO UIF MFBSOJOH QIBTF� %VSJOH 2�MFBSOJOH
 JOEJWJEV����

BMT VQEBUF UIFJS WBMVF CFMJFG
 PS i2�WBMVFw
 PG UIF SFDFOUMZ DIPTFO PQUJPO CZ MFBSOJOH GSPN GFFECBDL UIBU���

SFTVMUFE JO BO VOFYQFDUFE PVUDPNF� "MM 2�WBMVFT XFSF JOJUJBMJTFE BU ���� -FBSOJOH JT DBQUVSFE CZ UIF���

SFXBSE QSFEJDUJPO FSSPS 	31&
 BOE DBO CF GPSNBMMZ EFTDSJCFE CZ B EFMUB SVMF����

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
 UIBU JOEFQFO����

EFOUMZ SFHVMBUF UIF JNQBDU PG SFDFOU QPTJUJWF BOE OFHBUJWF GFFECBDL PO DVSSFOU WBMVF CFMJFGT� " SFMBUJWFMZ���

IJHI MFBSOJOH SBUF JOEJDBUFT NPSF TFOTJUJWJUZ UP SFDFOU GFFECBDL
 XIFSFBT B SFMBUJWFMZ MPX MFBSOJOH SBUF���

JOEJDBUFT B TUSPOHFS GPDVT PO UIF JOUFHSBUJPO PG GFFECBDL PWFS NVMUJQMF USJBMT��� " DIPJDF CFUXFFO UXP���

QSFTFOUFE TUJNVMJ PO UIF OFYU USJBM XBT EFTDSJCFE CZ B iTPęNBYw DIPJDF SVMF����

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


)FSF
 � ≤ β ≤ ���
 PS UIF FYQMPSF�FYQMPJU QBSBNFUFS
 EFTDSJCFT BO JOEJWJEVBM�T TFOTJUJWJUZ UP WBMVF���

EJČFSFODFT CFUXFFO QSFTFOUFE TUJNVMJ
 XIFSF B IJHIFS β WBMVF JOEJDBUF HSFBUFS TFOTJUJWJUZ UP TNBMMFS���

WBMVF EJČFSFODFT
 IFODF
 FYQMPJUBUJWF DIPJDFT GPS IJHI SFXBSE PQUJPOT 	'JHVSF �C
����

#BZFTJBO IJFSBSDIJDBM JNQMFNFOUBUJPO PG UIF 2�MFBSOJOHNPEFM���

8F JNQMFNFOUFE UIF 2�MFBSOJOH NPEFM JO B IJFSBSDIJDBM #BZFTJBO GSBNFXPSL 	4VQQMFNFOUBSZ 'JHVSF���

�
��o��
��
 JO XIJDI HSPVQ�MFWFM BOE JOEJWJEVBM�MFWFM QBSBNFUFS EJTUSJCVUJPOT BSF TJNVMUBOFPVTMZ ĕU UIBU���

��
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NVUVBMMZ DPOTUSBJO FBDI PUIFS� ćJT BQQSPBDI SFTVMUT JO HSFBUFS TUBUJTUJDBM QPXFS BOENPSF TUBCMF QBSBN����

FUFS FTUJNBUJPO DPNQBSFE UP QSPDFEVSFT VTJOH JOEJWJEVBM�MFWFM NBYJNVN MJLFMJIPPE��
��� 5P FYBNJOF���

UIF DPHOJUJWF QSPDFTTFT VOEFSMZJOH MFBSOJOH GPS MPX BOE IJHI T&#3 HSPVQT
 XF ĕU TFQBSBUF HSPVQ�MFWFM���

QBSBNFUFS EJTUSJCVUJPOT PG QPTJUJWF BOE OFHBUJWF MFBSOJOH SBUFT 	αLoss
 αGain
 BOE FYQMPSF�FYQMPJU UFOEFO����

DJFT 	β
� 'PS BO FYUFOEFE EFTDSJQUJPO PG UIF BQQMJFE #BZFTJBO IJFSBSDIJDBM NPEFM
 XF SFGFS UP������

#BZFTJBO MBUFOU NJYUVSFNPEFMMJOH���

8F QFSGPSNFE #BZFTJBO MBUFOU NJYUVSF NPEFMMJOH PO QBSUJDJQBOUT� DIPJDF EBUB JO UIF MFBSOJOH QIBTF UP���

BTTFTT XIFUIFS BO JOEJWJEVBM�T T&#3 DPVME CF QSFEJDUFE PO UIF CBTJT PG UIF FTUJNBUFE DPHOJUJWF QSPDFTTFT���

	αLoss
 αGain BOE β
 VOEFSMZJOH MFBSOJOH 	'JHVSF �D
��
���8F FWBMVBUFE BMM QBSUJDJQBOUT JO POF EBUBTFU BOE���

EJTDBSEFE JOGPSNBUJPO BCPVU UIFJS NFBTVSFE T&#3� *NQPSUBOUMZ
 XF TUJMM BTTVNFE UIBU FBDI QBSUJDJQBOU���

CFMPOHFE UP FJUIFS PG UIF UXP T&#3 HSPVQT
 CVU UIBU UIFJS HSPVQ NFNCFSTIJQ IBE UP CF EFUFSNJOFE����

ćVT
 UIF HPBM PG UIJT BOBMZTJT XBT UP JOWFTUJHBUF XIFUIFS B QBSUJDJQBOU�T T&#3 HSPVQ NFNCFSTIJQ DBO���

CF JOGFSSFE GSPN UIF FTUJNBUFE DPHOJUJWF QSPDFTTFT BMPOF����

5P FTUJNBUF B QBSUJDJQBOU�T HSPVQ NFNCFSTIJQ
 XF VTFE B CJOBSZ JOEJDBUPS WBSJBCMF Yi
 XIFSF Yi � ����

BOE Yi � � JOEJDBUFT UIBU QBSUJDJQBOU J CFMPOHT UP UIF MPX BOE IJHI T&#3 HSPVQ
 SFTQFDUJWFMZ� 'PS FBDI���

QBSUJDJQBOU
 UIF QPTUFSJPS NFBO PG UIF Yi WBSJBCMFT SFĘFDUFE UIF QSPCBCJMJUZ UP CF DMBTTJĕFE JOUP UIF IJHI���

T&#3 HSPVQ� 'PMMPXJOH 4UFJOHSPFWFS FU BM� 	����

 XF VTFE JOGPSNBUJWF QSJPST UP JOGPSN UIF HSPVQNFN����

CFSTIJQ JOEJDBUPS WBSJBCMF EVSJOH NPEFM ĕUUJOH� ćFTF QSJPST XFSF EFSJWFE GSPN UIF QSFWJPVT #BZFTJBO���

IJFSBSDIJDBM QBSBNFUFS BOBMZTFT
 BOE BQQSPYJNBUFE UIF HSPVQ�MFWFM QPTUFSJPS QBSBNFUFS EJTUSJCVUJPOT���

	αGain
 αLoss BOE β
 GPS UIF MPX BOE IJHI T&#3 HSPVQT� 4QFDJĕDBMMZ
 GPS FBDI HSPVQ QSPCJU USBOTGPSNFE���

JOEJWJEVBM�MFWFM QBSBNFUFST XFSF ESBXO GSPN B HSPVQ�MFWFM OPSNBM EJTUSJCVUJPOT z′ ∼ N 	μz, σz
� ćFTF���

OPSNBM QSJPS EJTUSJCVUJPOT XFSF DIBSBDUFSJTFE CZ FBDI HSPVQ�T NFBO BOE TUBOEBSE EFWJBUJPO UIBU XF���

EFSJWFE GSPN UIF QPTUFSJPS EJTUSJCVUJPOT PG PVS QSFWJPVT NPEFM ĕUT� ćVT
 UIF HSPVQ�MFWFM QPTUFSJPS QB����

��
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SBNFUFS EJTUSJCVUJPOT PG MPX BOE IJHI T&#3 HSPVQT XFSF VTFE BT JOGPSNBUJWF QSJPS EJTUSJCVUJPOT GPS UIF���

MBUFOU NJYUVSF NPEFMMJOH BOBMZTJT� *U JT JNQPSUBOU UP OPUF UIBU UIF NJYUVSF NPEFM XBT BU BMM UJNFT CMJOE���

BCPVU FBDI QBSUJDJQBOU�T T&#3 HSPVQ NFNCFSTIJQ� ćJT XBT QSFEJDUFE CZ NPEFMMJOH FBDI QBSUJDJQBOU�T���

DIPJDF EBUB BOE FWBMVBUJPO BHBJOTU UIF HSPVQ�MFWFM QSJPST� "T XF VTFE UIF CFIBWJPVSBM EBUB CPUI UP���

DPOTUSVDU UIF QSJPS EJTUSJCVUJPOT BOE UP ĕU UIF MBUFOU NJYUVSF NPEFM
 XF DBOOPU NBLF JOGFSFODFT BCPVU���

UIF NPEFM QBSBNFUFST��� )PXFWFS
 UIJT BOBMZTJT QSPWJEFT B XBZ UP JOWFTUJHBUF XIFUIFS B QBSUJDJQBOU�T���

T&#3 HSPVQ NFNCFSTIJQ DBO CF JOGFSSFE PO UIF CBTJT PG UIF DPHOJUJWF QSPDFTTFT UIBU ESJWF 3-����

.PEFM FTUJNBUJPO���

0VS NPEFM�CBTFE BOBMZTFT XFSF JNQMFNFOUFE JO 1Z4UBO ND�TUBO�PSH BOE ĕU UP BMM USJBMT PG UIF MFBSOJOH���

QIBTF UIBU GFMM XJUIJO UIF DPSSFDU SFTQPOTF UJNF XJOEPX ���NT ≤ 35 ≤ ����NT� 8F SBO GPVS .BSLPW���

$IBJO.POUF $BSMP 	.$.$
 DIBJOT GPS CPUI UIF #BZFTJBO IJFSBSDIJDBM QBSBNFUFS FTUJNBUJPO BOE MBUFOU���

NJYUVSF NPEFM
 PG XIJDI XF DPMMFDUFE ���� BOE ���� TBNQMFT FBDI 	BęFS EJTDBSEJOH UIF ĕSTU ���� TBN����

QMFT PG FBDI DIBJO GPS CVSO�JO
� 7JTVBM JOTQFDUJPO PG UIF DIBJOT TVHHFTUFE UIF NPEFM DPOWFSHFE� ćJT���

XBT WBMJEBUFE CZ UIF 3IBU TUBUJTUJD��
 B DPOWFSHFODF EJBHOPTUJD UIBU DPNQBSFT CFUXFFO BOE XJUIJO DIBJO���

WBSJBCJMJUZ
 BT BMM 3IBUT XFSF ������ 4JNVMBUJPOT EJTQMBZFE JO 4VQQMFNFOUBSZ 'JHVSF � XFSF TJNJMBS UP���

PCTFSWFE DIPJDF CFIBWJPS GPS CPUI UIF MPX BOE IJHI T&#3 HSPVQT����

.VMUJQMF SFHSFTTJPO BOBMZTFT���

8F QFSGPSNFE GSFRVFOUJTU BOE #BZFTJBO NVMUJQMF SFHSFTTJPO BOBMZTFT JO +"41 KBTQ�TUBUT�PSH UP RVBO����

UJGZ UIF SFMBUJWF JOĘVFODF PG FBDI NPEFM QBSBNFUFS 	αGain
 αLoss BOE β
 PO �
 JOEJWJEVBM WBSJBCJMJUZ JO���

T&#3 BOE �
 BQQSPBDI�BWPJEBODF CFIBWJPVS JO UIF USBOTGFS QIBTF� 'PS BMM #BZFTJBO NVMUJQMF SFHSFTTJPO���

BOBMZTFT XF VTFE UIF EFGBVMU QSJPST GSPN +"41� #BZFTJBO NVMUJQMF SFHSFTTJPO BOBMZTFT JO +"41 GPMMPX B���

NPEFM DPNQBSJTPO BQQSPBDI
 JO XIJDI UIF JOĘVFODF PG FBDI QBSBNFUFS BOE DPNCJOBUJPOT UIFSFPG BSF���

��
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FWBMVBUFE TUFQ CZ TUFQ� 3FTVMUJOH #BZFT 'BDUPST 	#'
 BSF JOUFSQSFUFE BT UIF PEET TVQQPSUJOH POF NPEFM���

PWFS BOPUIFS� #'�WBMVFT CFUXFFO ���� JOEJDBUF TVCTUBOUJBM TVQQPSU GPS UIF BMUFSOBUJWF NPEFM PWFS UIF���

OVMM NPEFM UIBU B SFHSFTTPS�T USVF WBMVF JT [FSP
 XIFSFBT #'�WBMVFT � �� JOEJDBUF TUSPOH TVQQPSU UIBU���

UIF BMUFSOBUJWF NPEFM JT GBWPVSFE PWFS UIF OVMM NPEFM��� 'PS BMM BOBMZTFT
 XF TFMFDUFE UIF NPEFT PG UIF���

JOEJWJEVBM QPTUFSJPS QBSBNFUFS EJTUSJCVUJPOT PG BMM QBSUJDJQBOUT� ćFTF WBSJBCMFT XFSF MPH�USBOTGPSNFE���

BOE OPSNBMJTFE QSJPS UP BOBMZTJT UP BDDPVOU GPS QBSBNFUFS TLFXOFTT BOE TDBMJOH FČFDUT����

/FUXPSL BOBMZTJT���

8F QFSGPSNFE B OFUXPSL BOBMZTJT JO +"41
 JO XIJDI UIF SFMBUJPO CFUXFFO BOZ UXP WBSJBCMFT JO UIF OFU����

XPSL JT FTUJNBUFE EJSFDUMZ XIJMF BDDPVOUJOH GPS UIF JOĘVFODF PG BMM PUIFS WBSJBCMFT JO UIF OFUXPSL� ćVT
���

UIF BOBMZTJT SFĘFDUT UIF VOJRVF SFMBUJPOTIJQ CFUXFFO UXP WBSJBCMFT UIBU DBOOPU CF FYQMBJOFE CZ PS SFTVMU���

GSPN PUIFS GBDUPST� 8F FTUJNBUFE B QBSUJBM DPSSFMBUJPOT OFUXPSL UP DBQUVSF UIF VOJRVF SFMBUJPOTIJQT CF����

UXFFO �
 T&#3
 �
 UIF DPHOJUJWF QSPDFTTFT ESJWJOH MFBSOJOH 	αGain
 αLoss BOE β

 BOE �
 BQQSPBDI�" BOE���

BWPJE�# DIPJDFT JO UIF TVCTFRVFOU USBOTGFS QIBTF����

$PNQFUJOH JOUFSFTUT���

ćF BVUIPST EFDMBSF OP DPNQFUJOH JOUFSFTUT����

"DLOPXMFEHFNFOUT���

ćF BVUIPST XPVME MJLF UP UIBOL -JTB 3PPEFSNPOE BOE -ZOO WBO EFO #FSH GPS UIFJS BTTJTUBODF JO UIF���

EBUB DPMMFDUJPO PG UIJT TUVEZ� ćJT SFTFBSDI JT GVOEFE CZ UIF &3$ BEWBODFE HSBOU <&3$������"E(����

������> UP +5����

��
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"VUIPS $POUSJCVUJPOT 4UBUFNFOU���

4+ BOE +4 DPODFQUVBMJTFE SFTFBSDI JEFBT BOE EFTJHOFE BOBMZTFT� 4+ DPOUSJCVUFE OPWFM BOBMZUJDBM NFUIPET����

+4 DPMMFDUFE BOE BOBMZTFE UIF EBUB� +4 BOE 4+ XSPUF UIF PSJHJOBM ESBę� +4 QSFQBSFE UIF ĕHVSFT� +4
 4+ BOE���

+5 FEJUFE BOE SFWJFXFE UIF NBOVTDSJQU� 4+ TVQFSWJTFE UIF QSPKFDU� +5 GVOEFE UIF QSPKFDU����

%BUB BWBJMBCJMJUZ���

ćF 04' %0* MJOL UP UIF SBX EBUB BOE BOBMZTJT TDSJQUT JT� ���������04'�*0��12�$���

3FGFSFODFT���

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

.BTTBDIVTTFUT
 ����
����

�� (MJNDIFS
 1� 8� 6OEFSTUBOEJOH EPQBNJOF BOE SFJOGPSDFNFOU MFBSOJOH� UIF EPQBNJOF SFXBSE���

QSFEJDUJPO FSSPS IZQPUIFTJT� 1SPDFFEJOHT PG UIF /BUJPOBM "DBEFNZ PG 4DJFODFT ��� 4VQQM �
 �����o��������

	����
����

�� .PSSJT
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