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(QT� VJG� ECUG� QH� C� OCTMGV�OCMKPI� VTCFKPI� GPXKTQPOGPV�� VJKU� UVWF[� UJQYU� JQY� C

XGEVQT�OQXKPI�CXGTCIG�TGRTGUGPVCVKQP�QH� VTCPUCEVKQP�RTKEG�TGVWTPU�CPF�VTCFG�ECP�DG

FGEQORQUGF� VQ� C� HKPGT� FGITGG� VJCP� DGHQTG� UQ� CU� VQ� TGXGCN�� PQV� LWUV� UWOOCT[

OGCUWTGU�QH�/KETQUVTWEVWTG�EJCTCEVGTKUVKEU��DWV�CNUQ�GUVKOCVGU�QH�VJG�EQORQPGPVU�VJCV

OCMG� WR� VJGUG� OGCUWTGU�� 6JKU� CFFKVKQPCN� KPHQTOCVKQP� TGXGCNU� VJG� UQWTEG� QH

FKHHGTGPEGU� KP� OKETQUVTWEVWTGU� TCVJGT� VJCP� OGTGN[� OGCUWTKPI� VJG� GHHGEVU� QH� VJGUG

FKHHGTGPEGU��3WKVG� C� IGPGTCN� VJGQTGVKECN�OQFGN� WPFGTRKPU� VJG� GORKTKECN� CRRNKECVKQP

CPF�VJKU�RTQXKFGU�C�HTCOGYQTM�HQT�VJG�CPCN[UKU�QH�VTCFKPI�EQUV�EQORQPGPVU�CPF�VJG

KPHQTOCVKQP�EQPVGPV�QH�VTCFG���6JG�PGY�CRRTQCEJ�KU�CRRNKGF�VQ�VJG�ECUG�QH�VJG�+TKUJ

OCTMGV�KP�IQXGTPOGPV�UGEWTKVKGU�
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6JG�CPCN[UKU�QH�HKPCPEKCN�OCTMGV�OKETQUVTWEVWTG�KU�PQY�C�YGNN�GUVCDNKUJGF�VQRKE�KP�VJG

HKGNF�QH�CRRNKGF� KPHQTOCVKQP�GEQPQOKEU�� �#NN�MKPFU�QH� HKPCPEKCN�OCTMGVU�JCXG�DGGP

CPCN[UGF� WUKPI� VJG� VQQNU� FGXGNQRGF� KP� VJKU� HKGNF�� 
CNVJQWIJ� UGNFQO� VJG�OCTMGVU� KP

IQXGTPOGPV�UGEWTKVKGU���6JG�VQRKEU�EJQUGP�HQT�OQUV�CVVGPVKQP�YKVJKP�VJKU�ECVGIQT[�KU

VJG�OGCUWTGOGPV� CPF� EQORCTKUQP� QH� VTCFKPI� EQUVU� CETQUU�OCTMGVU�� TGRTGUGPVGF� D[

EQORQPGPVU�FWG�VQ�QTFGT�RTQEGUUKPI�EQUVU�CPF�EQUVU�FWG�VQ�CU[OOGVTKE�KPHQTOCVKQP

CPF� KPXGPVQT[� EQPVTQN� OGEJCPKUOU�� 5QOG� IQQF� GZCORNGU� QH� VJG� GORKTKECN
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#NVJQWIJ� VJG� GORKTKECN� OKETQUVTWEVWTG� NKVGTCVWTG� JCU� OCFG� GZVGPUKXG� WUG� QH� VJG

GZKUVKPI� VQQNU�QH� VKOG�UGTKGU� GEQPQOGVTKEU�� CPF�FGURKVG� VJG� KPETGCUKPI� SWCPVKV[� CPF

SWCNKV[�QH�VJG�FCVC�CPCN[UGF��VJGTG�CTG�UVKNN�C�PWODGT�QH�OKETQUVTWEVWTG�XCTKCDNGU�VJCV

FGH[�CEEWTCVG�KFGPVKHKECVKQP�CPF�OGCUWTGOGPV��(QT�GZCORNG��VJG�OGCUWTG�QH�OCTMGV

SWCNKV[�RTQRQUGF�D[�*CUDTQWEM� 
������� 
CRRNKGF� KP� VJG� EQPVGZV�QH�)KNV�OCTMGVU�D[

&WPPG�������CPF�2TQWFOCP���������WUGU�C�XGEVQT�CWVQTGITGUUKQP�QH�JKIJ�HTGSWGPE[

TGVWTPU� CPF� VTCFGU�� CPF� RTQXKFGU� C�OGCUWTG� QH�OCTMGV� SWCNKV[��YJKEJ� ECP� QPN[� DG

TGICTFGF� CU� CP� CRRTQZKOCVG� NQYGT�DQWPF� GUVKOCVG�� QH� VJG� UK\G� QH� VTCFKPI� EQUVU�

#PQVJGT� GZCORNG� QH� KPEQORNGVG� KFGPVKHKECVKQP� QT� KPCEEWTCVG� OGCUWTGOGPV�� KU� VJG

$C[GUKCP�CRRTQCEJ�VCMGP�D[�/CFJCXCP�CPF�5OKFV
�������KP�YJKEJ�KV�KU�CUUWOGF�VJCV

CIGPVU�CTTKXG�KP�GCEJ�VTCPUCEVKQP�RGTKQF�YKVJ�PQ�RTKQT�DGNKGH�CDQWV�VJG�XCNWG�QH� VJG

CUUGV� DGKPI� VTCFGF��� � &GURKVG� VJKU� WPCRRGCNKPI� CUUWORVKQP�� CPF� QVJGT� FGHKEKGPEKGU

FKUEWUUGF�DGNQY��VJKU�OQFGN�UVCPFU�CU�QPG�QH�VJG�OQTG�CEEGRVCDNG�OGCUWTGU�QH� VJKU

KORQTVCPV�OKETQUVTWEVWTG� XCTKCDNG�� �9JKNG� QVJGTU�� UWEJ� CU� 5PGNN� CPF�6QPMU
������

JCXG�RTQRQUGF�CNVGTPCVKXGU�VQ�VJG�/CFJCXCP�CPF�5OKFV�CRRNKECVKQP��VJGUG�CNVGTPCVKXGU
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VGPF� VQ� TGN[� QP� QVJGT� GSWCNN[� WPCRRGCNKPI� TGUVTKEVKQPU�� � (QT� GZCORNG�� 5PGNN� CPF

6QPMU�FQ�PQV�WUG�C�$C[GUKCP�HTCOGYQTM�CPF�VJG[�CUUWOG�VJCV�UGRCTCVG�PGYU�UJQEMU

CTTKXG�KP�GCEJ�VTCPUCEVKQP�RGTKQF�CPF�VJCV�VJG�RTKXCVG�PGYU�UJQEM�KU�QDUGTXGF�YKVJQWV

PQKUG�� � 6JG� RTKXCVG� KPHQTOCVKQP� KU� VJGTGHQTG� VJG� UQWTEG� QH� C� RWTG� URGEWNCVKXG

QRRQTVWPKV[� YKVJQWV� TKUM�� #U� KU� YGNN� MPQYP� KP� VJG� OKETQUVTWEVWTG� NKVGTCVWTG�� VJG

OGCUWTGOGPV�QH�QTFGT�RTQEGUUKPI�CPF�KPXGPVQT[�EQPVTQN�EQUVU� KU�JKIJN[�UGPUKVKXG�VQ

VJG�EQTTGEV�OGCUWTGOGPV�QH�VJG�CU[OOGVTKE�KPHQTOCVKQP�EQORQPGPV�QH�VTCFKPI�EQUVU�

CPF�HQT�VJKU�TGCUQP��KV�KU�FKHHKEWNV�VQ�EQPENWFG�CV�VJKU�RQKPV�VJCV�YG�RQUUGUU�GORKTKECN

OGVJQFU�VJCV�RTQXKFG�TGNKCDNG�OGCUWTGU�QH�CP[�QH�VJG�OCKP�VTCFKPI�EQUV�EQORQPGPVU�

+P� VJKU� UVWF[�� VJG� OQTG� TGCNKUVKE� CPF� WUGHWN� CURGEVU� QH� CV� NGCUV� VYQ� QH� VJG� OCKP

EQPVTKDWVKQPU�OGPVKQPGF�CDQXG�CTG�EQODKPGF�VQ�IKXG�TKUG�VQ�CP�GORKTKECN�CRRNKECVKQP

YJKEJ� FQGU� PQV� UWHHGT� HTQO� VJG� OQTG� QDXKQWU� YGCMPGUUGU� QH� CP[� QPG� QH� VJGUG

EQPVTKDWVKQPU� VCMGP� KPFKXKFWCNN[�� �6JG�OQFGN�YJKEJ� KU�UGNGEVGF�CU� VJG�EQTPGT�UVQPG

CPF�DCUKU�HQT�IGPGTCNKUCVKQP�CPF�KORTQXGOGPV�KU�VJCV�QH�/CFJCXCP�CPF�5OKFV�
������

6JG�GORKTKECN�CRRTQCEJ�CFQRVGF�KU�CNQPI�VJG�NKPGU�QH�VJG�*CUDTQWEM�
������CRRTQCEJ

VQ�VJG�OGCUWTGOGPV�QH�OCTMGV�SWCNKV[��9JKNG�VJGTG�CTG�C�PWODGT�QH�RTQDNGOU�YKVJ

VJG�/CFJCXCP�CPF�5OKFV�CRRNKECVKQP��VJG�DGJCXKQWTCN�OQFGN�WRQP�YJKEJ�KV�KU�DCUGF

JCU�IQQF�RTQRGTVKGU���6JG�QTKIKPCN�CRRNKECVKQP�D[�/CFJCXCP�CPF�5OKFV�TGUWNVGF�KP�C

UKPING� GSWCVKQP� GEQPQOGVTKE� OQFGN�� DWV� KV� KU� UJQYP� DGNQY� VJCV�� YKVJ� XGT[� NKVVNG

OQFKHKECVKQP��VJG�UCOG�OQFGN�ECP�DG�TGRTGUGPVGF�CU�C� VYQ�GSWCVKQP�XGEVQT�OQXKPI

CXGTCIG� TGRTGUGPVCVKQP� 
8/#�� KPXQNXKPI� VTCPUCEVKQP� RTKEG� TGVWTPU� CPF� VTCFG�

SWCPVKV[�� �6JG�DGPGHKVU�CEETWKPI� VQ� VJG�WUG�QH� VTCPUCEVKQP�RTKEG�TGVWTPU� TCVJGT� VJCP

SWQVG�FCVC�JCXG�DGGP�FQEWOGPVGF�GNUGYJGTG�CPF�TGNCVG�VQ�VJG�HCEV�VJCV�C�UKIPKHKECPV

RTQRQTVKQP� QH� VTCFGU� VCMG� RNCEG� YKVJKP� VJG� DGUV� OCTMGV� URTGCF�� 
G�I��� 0CKM� CPF

;CFCX�� ������� � +P� CP[� ECUG�� VJG� SWQVG� FCVC� YCU� PQV� CXCKNCDNG� HQT� WUG� KP� VJG

CRRNKECVKQP�DGNQY�

#U�KU�YGNN�MPQYP�HTQO�VJG�VKOG�UGTKGU�NKVGTCVWTG��G�I���$GXGTKFIG�CPF�0GNUQP
�����

CPF� 9CVUQP
������� 8/#� TGRTGUGPVCVKQPU� ECP� DG� FGEQORQUGF� KPVQ� VTGPF� CPF

UVCVKQPCT[� EQORQPGPVU�� (WTVJGTOQTG�� KV� KU� QHVGP� RQUUKDNG� VQ� KORQUG� VJGQTGVKECNN[

OQVKXCVGF�TGUVTKEVKQPU�QP�VJG�GUVKOCVKQP�TGUWNVU�HTQO��YJCV�KU�UQOGVKOGU�TGHGTTGF�VQ
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CU�� VJG� HUVCPFCTF�HQTOI� QH� VJGUG� TGRTGUGPVCVKQPU�� KP� UWEJ� C� YC[� CU� VQ� RTQXKFG

KFGPVKHKECVKQP�QH� VJG�WPFGTN[KPI�RTKOKVKXG� KPPQXCVKQPU�QH� C� VJGQTGVKECN�OQFGN�� �6JG

DGUV�MPQYP�GZCORNG�KU�VJCV�FWG�VQ�$NCPEJCTF�CPF�3WCJ�
�������YJGTG�VJG�TGUKFWCNU

HTQO�C�UVCPFCTF�HQTO�8#4�KP�)02�CPF�WPGORNQ[OGPV�KU�FGEQORQUGF�KPVQ�FGOCPF

CPF�UWRRN[�UJQEMU��#P�CRRTQCEJ�YJKEJ�TGNCVGU� VJGQTGVKECN�CPF�GORKTKECN�OQFGNU� KP

VJKU�YC[�JCU�PQV�[GV�DGGP�CRRNKGF� KP� VJG�OKETQUVTWEVWTG� HKGNF�� �9JKNG�*CUDTQWEMIU

OGCUWTG�QH�OCTMGV�SWCNKV[� KU� DCUGF�WRQP� VJG� UVCVKQPCT[� KPPQXCVKQP�XCTKCPEG� KP� VJG

VTCPUCEVKQP�RTKEG�UGTKGU�VJKU�OGCUWTG�YCU�QPN[�NQQUGN[�TGNCVGF�VQ�C�VJGQTGVKECN�OQFGN

QH� DGJCXKQWT�� � 6JG� CPCN[UKU� DGNQY� DTKPIU� VJKU� IGPGTCN� CRRTQCEJ� C� UKIPKHKECPV� UVGR

HQTYCTF� D[� ITQWPFKPI� VJG� FGEQORQUKVKQP� QH� VTCPUCEVKQP� RTKEGU� CPF� VTCFGU� KP� C

$C[GUKCP�OQFGN�QH�DGJCXKQWT�KP�UWEJ�C�YC[�VJCV�VJG�GORKTKECN�CRRNKECVKQP�KFGPVKHKGU

VJG�KORQTVCPV�OKETQUVTWEVWTCN�RCTCOGVGTU�

6JWU��KV�KU�UJQYP�DGNQY�VJCV�VJG�FGEQORQUKVKQP�UVTCVGI[�ECP�DG�WUGF�KP�VJG�ECUG�QH

8/#� TGRTGUGPVCVKQP� QH� C� TGXKUGF�/CFJCXCP� CPF� 5OKFV� OQFGN� QH� OKETQUVTWEVWTCN

DGJCXKQWT�� �6JG� TGUVTKEVKQPU� FGTKXGF� HTQO� VJG� VJGQTGVKECN�OQFGN� CTG� TGNCVGF� VQ� VJG

FKUEKRNKPG�KORQUGF�D[�$C[GUKCP�TWNGU�HQT�WR�FCVKPI�EQPFKVKQPCN�GZRGEVCVKQPU���6JGUG

TGUVTKEVKQPU� CNNQY� HQT� C� EQORNGVG� KFGPVKHKECVKQP� QH� VJG� XCTKQWU� EQORQPGPVU� QH

OKETQUVTWEVWTG�RCTCOGVGTU�RTGXKQWUN[�OGCUWTGF�KP�VJG�NKVGTCVWTG���(WTVJGTOQTG�� VJG

CRRTQCEJ�IKXGU�C�EQORNGVG�DTGCMFQYP�QH�VJG�RCTCOGVGTU�YJKEJ�FGUETKDGU�VJG�CXGTCIG

YGKIJV� RNCEGF� QP� VJG� KPHQTOCVKQP� UKIPCNU� TGEGKXGF� D[� DQVJ� VJG�OCTMGV�OCMGT� CPF

KPHQTOGF�VTCFGTU���6JG�OGCUWTGU�YJKEJ�TGUWNV�CTG�OWEJ�OQTG�KPHQTOCVKXG�VJCP�VJQUG

CNTGCF[� KP� GZKUVGPEG�� � +V� KU� RQUUKDNG� VQ� KFGPVKH[� VJG� EQORQPGPVU� QH� VJG� GZKUVKPI

OGCUWTGU�UQ� VJCV� VJG�ECWUGU�QH�FKHHGTGPVKCN�OCTMGV�SWCNKV[�ECP�DG�FGVGTOKPGF��6JKU

CFFKVKQPCN� KPHQTOCVKQP� YQWNF� JGNR� VQ� KFGPVKH[� VJQUG� OCTMGVU� KP� YJKEJ� RTKXCVG

KPHQTOCVKQP�KU�OQTG�XCNWCDNG�CPF�VJQUG�UKVWCVKQPU�KP�YJKEJ�KPHQTOGF�VTCFGU�ECP�DGUV

DG�FKUIWKUGF���6JGUG�HCEVQTU�CTG�KPVGTGUVKPI�DGECWUG�VJG[�TGNCVG�FKTGEVN[�VQ�VJG�YJQNG

KUUWG�QH�OCTMGV�NKSWKFKV[�CPF�FGRVJ�

6JG�CRRTQCEJ�FGXGNQRGF�JGTG� KU� CRRNKGF� VQ� +TKUJ�OCTMGV� KP�)QXGTPOGPV� 5GEWTKVKGU

YJKEJ�EJCPIGF�HTQO�CP�CIGPV�QPN[�U[UVGO�QH�VTCFKPI�VQ�C�OCTMGV�OCMKPI�U[UVGO�KP

NCVG��������+V�JCU�DGGP�UWIIGUVGF�KP�UQOG�SWCTVGTU�QH�VJG�OKETQUVTWEVWTG�NKVGTCVWTG�
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OQUV� PQVCDN[� 2TQWFOCP
������� VJCV� VJG� IKNV� OCTMGV� KU� PQV� EJCTCEVGTKUGF� D[

KPHQTOCVKQP� CU[OOGVT[�� �2TQWFOCP�RTQXKFGU� UQOG� GXKFGPEG� VQ� VJKU� GHHGEV� DWV� JCU

WUGF�QPG�QH�VJG�VGEJPKSWGU�UWHHGTKPI�HTQO�VJG�FGHKEKGPEKGU�CNTGCF[�OGPVKQPGF�CDQXG�

6JG�ENCUUKE� HQTO�QH� KPHQTOCVKQP� CU[OOGVT[�QEEWTU� KP� GSWKV[�OCTMGVU� CPF� KU� QHVGP

CUUQEKCVGF�YKVJ�KKPUKFGT�VTCFKPIL���9JKNG�KV�KU�VTWG�VJCV�IKNV�OCTMGVU�CTG�PQV�NKMGN[�VQ

UWHHGT�HTQO�UWEJ�UGXGTG�CU[OOGVTKGU��KV�ECP�CNUQ�DG�CTIWGF�VJCV�VJGUG�OCTMGVU�OC[

KPXQNXG�KPHNWGPVKCN�VTCFGTU�YJQ�EQWNF�DG�KPUVTWOGPVCN�KP�IWKFKPI�OCTMGV�QRKPKQP�D[

VJGKT�VTCFKPI�DGJCXKQWT���+V�KU�RQUUKDNG�VJCV�VJGUG�KPHNWGPVKCN�QRKPKQP�NGCFGTU�CTG�CNUQ

VJG� NCTIGUV� URGEWNCVQTU� CPF� VJCV� VJGKT� VTCFGU� EQPVCKP� KPHQTOCVKQP� CDQWV� VJG� NKMGN[

HWVWTG�RCVJ�QH�VJG�QXGTCNN�OCTMGVIU�XCNWCVKQP�QH�C�UVQEM���6JG�TGUWNVU�QDVCKPGF�DGNQY�

KP�HCEV��RTQXKFG�UWRRQTVKPI�GXKFGPEG�VQ�VJCV�QH�2TQWFOCP��CPF�KPFKECVG�VJCV�VJGTG�KU

CP�KPUKIPKHKECPV�KPHQTOCVKQP�EQPVGPV�QH�VTCFG�KP�VJG�)KNV�GFIGF�UGEWTKVKGU�OCTMGVU��+V

CRRGCTU�VJCV�VJG�QPN[�UQWTEG�QH�TKUM�HQT�VJG�OCTMGV�OCMGT�KU�VJCV�TGNCVGF�VQ�KPXGPVQT[

EQPVTQN���6JKU�GXKFGPEG�KU�WUGHWN�KP�UGVVNKPI�VJG�KUUWG�CDQWV�KPHNWGPVKCN�VTCFGTU�CPF�KV

KU�CNUQ�WUGHWN�KP�RTQXKFKPI�C�VGUV�TWP�QH�VJG�PGY�GORKTKECN�CRRTQCEJ�

+P� EQPENWUKQP�� VJG� UVGRU� VCMGP� VQ� CTTKXG� CV� VJG� PGY� GORKTKECN�OGCUWTGU� QH�OCTMGV

OKETQUVTWEVWTG� ECP�DG�FGUETKDGF� CU�� 
K�� IGPGTCNKUG� CPF� KORTQXG� WRQP� VJG�$C[GUKCP

OQFGN� QH�OKETQUVTWEVWTG� DGJCXKQWT� RTQRQUGF� D[�/CFJCXCP� CPF� 5OKFV� 
������� 
KK�

UVCVG� VJG� VJGQTGVKECN� OQFGN� CU� C� 8/#� KP� VGTOU� QH� VJG� WPFGTN[KPI� VTCPUKVQT[� CPF

RGTOCPGPV� KPPQXCVKQPU�� ECNN� VJKU� VJG� HRTKOKVKXG�HQTOI� CPF� VCMG� PQVG� QH� CP[

TGUVTKEVKQPU�KORNKGF�D[�VJG�VJGQTGVKECN�OQFGN�YJKEJ�OC[�KORKPIG�WRQP�GUVKOCVKQP�QH

C� RQUUKDNG� GORKTKECN� OQFGN�� 
KKK�� GUVKOCVG� CP� CRRTQRTKCVG� EQTTGURQPFKPI� GORKTKECN

OQFGN�VCMKPI�KPVQ�CEEQWPV�CP[�TGUVTKEVKQPU�KORNKGF�D[�VJG�VJGQTGVKECN�OQFGN�CPF�ECNN

VJKU� VJG� � HUVCPFCTF�HQTOI� TGUWNV�� 
KX�� WUG� VJG� XCTKCPEG�EQXCTKCPEG� OCVTKZ� QH� VJG

UVCPFCTF�HQTO� VTCPUKVQT[� KPPQXCVKQPU� CNQPI� YKVJ� VJG� EQTTGURQPFKPI� XCTKCPEG�

EQXCTKCPEG�OCVTKZ� KORNKGF� D[� VJG� VJGQTGVKECN�OQFGN� VQ� KFGPVKH[� VJG�OKETQUVTWEVWTG

RCTCOGVGTU�QH�KPVGTGUV�

6JG� TGOCKPFGT� QH� VJKU� RCRGT� KU� CTTCPIGF� CU� HQNNQYU�� � 5GEVKQP� ++� EQPUKFGTU� VJG

$C[GUKCP�OQFGN�QH�/CFJCXCP�CPF�5OKFV�CPF�KPVTQFWEGU�CP�CNVGTPCVKXG�OQFGN�YJKEJ

JCU� OQTG� CRRGCNKPI� RTQRGTVKGU�� 6JKU� UGEVKQP� CNUQ� FKUEWUUGU� VJG� FGHKEKGPEKGU



�

CUUQEKCVGF� YKVJ� VJG� UKPING� GSWCVKQP� GORKTKECN� CRRTQCEJ� VCMGP� D[� /CFJCXGP� CPF

5OKFV���5GEVKQP�+++�EQPUKFGTU�JQY�VJG�VJGQTGVKECN�OQFGN�ECP�DG�UVCVGF�KP�XGEVQT�HQTO

CPF�JQY�VJG�VJGQTGVKECN�OQFGN�TGNCVGU�VQ�C�EQTTGURQPFKPI�HUVCPFCTF�HQTOI���+V�KU�VJGP

UJQYP� JQY� VJG� EQTTGURQPFGPEG� DGVYGGP� VJGUG� TGRTGUGPVCVKQPU� IKXGU� TKUG� VQ

KFGPVKHKECVKQP� QH� XCTKQWU� OKETQUVTWEVWTCN� RCTCOGVGTU�� � 5GEVKQP� +8� FKUEWUUGU� VJG

URGEKCN�HGCVWTGU�QH�VJG�FCVC�CPF�FGUETKDGU�JQY�VJG�-CNOCP�HKNVGT� KU�WUGF�VQ�CEJKGXG

GUVKOCVGU� QH� VJG� RCTCOGVGTU� QH� KPVGTGUV�� � 5GEVKQP�8� EQPVCKPU� CP� KPVGTRTGVCVKQP� CPF

FKUEWUUKQP� QH� VJG� TGUWNVU� HTQO� CP� CRRNKECVKQP� QH� VJG� PGY� VGEJPKSWG�� � 5GEVKQP� 8+

EQPVCKPU�C�UWOOCT[�CPF�EQPENWUKQP�

++�� #�4'%105647%6+10�1(�#�$#;5+#0�/1&'.�1(�&'#.'4�24+%+0)�

6JGTG� CTG� C� PWODGT� QH� RQUUKDNG� CUUWORVKQPU� VJCV� EQWNF� DG� OCFG� TGICTFKPI� VJG

HQTOCVKQP�QH�DGNKGHU�QP�VJG�RCTV�QH�KPHQTOCVKQP�RTQEGUUQTU�KP�VJG�CPCN[UKU�VQ�HQNNQY�

6JG�HKTUV�ECUG�VQ�EQPUKFGT�KU�VJCV�WUGF�D[�/CFJCXCP�CPF�5OKFV��6JG�/CFJCXCP�CPF

5OKFV� OQFGN� KU� EQPUKFGTGF� VQ� DG� VQQ� TGUVTKEVKXG� VQ� DG� QH� CP[� WUG� KP� VJG� EWTTGPV

CPCN[UKU�� �+P�VJCV�OQFGN� VJG�CWVJQTU�CUUWOGF�VJCV� VJG�RCUV�XCNWG�QH� VJG�CUUGV�DGKPI

VTCFGF�JCU�PQ�EQPVTKDWVKQP� VQ�OCMG� VQYCTFU� VJG�EWTTGPV� HQTOCVKQP�QH�DGNKGHU�CDQWV

EWTTGPV� WPFGTN[KPI� XCNWG�� +P� QVJGT�YQTFU�� VJG[� CUUWOG� VJCV� QP� CTTKXCN� KPVQ� C� PGY

VTCPUCEVKQP�RGTKQF�CNN�CIGPVU�CTG�CUMGF�VQ�HQTIGV�CNN�RCUV� KPHQTOCVKQP�UJQEMU�CPF�VQ

WUG�VJG�EWTTGPV�RWDNKE�KPHQTOCVKQP�UJQEM�CU�VJGKT�RTKQT�DGNKGH�CDQWV�VJG�HVTWGI�XCNG�QH

VJG�CUUGV�DGKPI�VTCFGF��#P�CNVGTPCVKXG�OQFGN�CUUWOGU�C�EQOOQP�RTKQT�GSWCN� VQ� VJG

RTGXKQWU�RGTKQFIU�XCNWG���6JKU�CUUWORVKQP�KU�C�XCUV�KORTQXGOGPV�QXGT�VJG�/CFJCXCP

CPF�5OKFV� ECUG� CPF�OKIJV� CRRGCN� VQ� VJQUG�YJQ�DGNKGXG� VJCV� RTKXCVG� KPHQTOCVKQP� KU

UJQTV�NKXGF���+PFGGF��KV�OKIJV�DG�C�IQQF�FGUETKRVKQP�QH�VJG�ECUG�KP�YJKEJ�CNN�OCTMGV

OCMGTU�CTG�TGSWKTGF�VQ�TGXGCN�VJG�UK\G�QH�VJGKT�OQUV�TGEGPV�VTCFGU�

6JGTG�CTG�VJTGG�V[RG�QH�CIGPVU�KPVGTCEVKPI�KP�VJKU�OQFGN�PCOGN[��VJG�OCTMGV�OCMGT�

KPHQTOGF� VTCFGTU� CPF� PQKUG� VTCFGTU�� 6JG� DGJCXKQWTCN� OQFGN� DGIKPU� YKVJ� VJG

CUUWORVKQP�VJCV�KP�GCEJ�VTCPUCEVKQP�RGTKQF�C�RWDNKE�VTCFGT�CUMU�VJG�OCTMGV�OCMGT�HQT

JKU�SWQVG��
QT�UEJGFWNG�QH�SWQVGU�HQT�FKHHGTGPV�UK\GU�QH�VTCFG���CPF�IKXGP�VJKU�SWQVG�JG



�

FGEKFGU� YJGVJGT� CPF� JQY� OWEJ� VQ� VTCFG�� � 6JKU� FKHHGTU� HTQO� VJG� OCTMGV� OCMKPI

UKVWCVKQP� KP�YJKEJ�SWQVGU�CTG�GNGEVTQPKECNN[�RQUVGF�� �5PGNN� CPF�6QPMU� 
������OCMG

WUG� QH� VJKU� FKHHGTGPEG� KP� VJGKT� CPCN[UKU� QH� SWQVG� FCVC� HTQO� VJG� .QPFQP� 5VQEM

'ZEJCPIG� DWV� KV� KU� GCU[� VQ� UJQY� VJCV� VJKU� KU� PQV� CP� KUUWG� QH� EQPUGSWGPEG� YJGP

FGCNKPI� YKVJ� VTCPUCEVKQPU� FCVC�� � 6JG� VTCPUCEVKQP�VQ�VTCPUCEVKQP� RTKEG� EJCPIG� YKNN

TGHNGEV�DQVJ�VJG�RWDNKE�KPHQTOCVKQP�KPPQXCVKQPU�CPF�VJG�KPHQTOCVKQP�EQPVGPV�QH�VTCFG

CPF�VJG�ENGCXKPI�QH�VJG�RTKEG�EJCPIG�KPVQ�KVU�EQORQPGPVU�KU�YJCV�RTQXKFGU�VJG�OCKP

FKHHKEWNV[�HQT�VJG�GEQPQOGVTKE�OQFGNNGT�

6JG� WPFGTN[KPI� XCNWG� QH� VJG� CUUGV� CV� VKOG� V�� 
QT� VJG� KORNKEKV� GHHKEKGPV� RTKEG��� KU

FGPQVGF� νt ��� � 6JKU� YKNN� DG� VJG� RGTOCPGPV� EQORQPGPV� QH� RTKEG�OQXGOGPVU� CPF� KV

HQNNQYU� C� TCPFQO� YCNM� YKVJ� \GTQ� OGCP� KKF� PQTOCN� KPETGOGPVU� FGPQVGF� td � YKVJ

XCTKCPEG�σd
2 ���6JG�VTCPUCEVKQP�RTKEG�� pt ��VJCV�KU�QDUGTXGF�KP�RGTKQF�HVI�KU�GSWCN�VQ�VJG

SWQVG�TGNGXCPV� HQT� VJG� V[RG�QH� VTCFG� VJCV�QEEWTU�CV� VKOG� HVI�� � +V� KU�CUUWOGF� VJCV� VJG

OCTMGV� OCMGT� UGVU� SWQVGU� VJCV�� 
KP� CFFKVKQP� VQ� TGHNGEVKPI� KPXGPVQT[� CPF� QTFGT

RTQEGUUKPI�EQUVU���YKNN�DG�HTGITGV�HTGGI�KP�VJG�UGPUG�QH�)NQUVGP�CPF�/KNITQO�
�������

+P� VJKU� YC[� VJG� SWQVG� VJCV� DGEQOGU� VJG� VTCPUCEVKQP� RTKEG� CNTGCF[� GODQFKGU� VJG

KPHQTOCVKQP�KP�VJG�VTCFG���2TKEG�ECP�VJGTGHQTG�DG�FGUETKDGF�D[�

t t t tp  =   -  I  +  Dµ γ ψ ������������������������� 
���

YJGTG�

tµ �KU�VJG�GZRGEVCVKQP�QHνt �EQPFKVKQPCN�WRQP�VJG�OCTMGV�OCMGTIU�KPHQTOCVKQP�CV�VKOG

V�� I t ��KU�VJG�NGXGN�QH�KPXGPVQT[�CV�VKOG�V��
VJKU�ECP�DG�TGRNCEGF�D[�VJG�VGTO� I It d−

YJGTG� I d �KU�PQP�\GTQ�NGXGN�QH�FGUKTGF�KPXGPVQT[�� tD �KU�CP�KPFKECVQT�
��HQT�C�DW[

CPF����HQT�C�UGNN��CPFγ �CPF�ψ �CTG�EQPUVCPV�EQGHHKEKGPVU�

6JG�QTFGT�SWCPVKV[� tq ��QDG[U�VJG�HQNNQYKPI�TGNCVKQP�

t t t tq  =  ( m  -  p )  xα + ������������������������ 
���

YJGTG�
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α � ��KU� UQOG� RQUKVKXG� EQPUVCPV�� tm � ��KU� VJG� KPHQTOGF� VTCFGT	U� EQPFKVKQPCN

GZRGEVCVKQP�QHνt ���IKXGP�JKU�KPHQTOCVKQP�CV�VKOG�V��CPF� tx ���KU�CP�KFKQU[PETCVKE�KKF

PQTOCN�KPPQXCVKQP�YKVJ�XCTKCPEG�σx
2 ��VJCV�TGRTGUGPVU�NKSWKFKV[�CPF�PQKUG�VTCFKPI�

#V�VJG�DGIKPPKPI�QH�VTCPUCEVKQP�RGTKQF�HVI�CNN�CIGPVU�QDUGTXG�VJG�TGCNKUCVKQP�QH�C�PQKU[

RWDNKE�KPHQTOCVKQP�UKIPCN�EQPEGTPKPI�VJG�XCNWG�QH�VJG�CUUGV�

y =   +  t t tν ε �������������������������� 
������

YJGTG�εt ��KU�KKF�PQTOCN�YKVJ�\GTQ�OGCP�CPF�XCTKCPEGσε
2����#V�VJG�UCOG�VKOG�VJGTG

KU�CPQVJGT�UKIPCN��VJKU�VKOG�TGEGKXGF�QPN[�D[�VJG�KPHQTOGF�VTCFGT���6JKU�KU�

w  =   +  t t tν ω ���������������������������� 
����

YJGTG��VJG�PQKUG�KP�VJG�UKIPCN�ωt ���KU�KKF�PQTOCN�YKVJ�\GTQ�OGCP�CPF�XCTKCPEGσω
2���

4GICTFNGUU� QH� CUUWORVKQPU� CDQWV� VJG� EQPUVTWEVKQP� QH� VJG� RTKQT� DGNKGHU� CU� QWVNKPGF

CDQXG�� VJG�DGJCXKQTCN�OQFGN�YKNN� EQPVCKP�QPN[� VJTGG�WPMPQYP�RCTCOGVGTU�� σε
2 �σω

2

CPF� σx
2 �� � +V� KU� VJG� KFGPVKHKECVKQP�CPF�GUVKOCVKQP�QH� VJGUG� VJTGG�RCTCOGVGTU� VJCV�YKNN

NGCF�VQ�VJG�OKETQUVTWEVWTG�OGCUWTGU�

6JG� GXQNWVKQP� QH� $C[GUKCP� DGNKGHU�� µt � CPF� mt �� FGRGPFU� QP� VJG� VJGQTGVKECN�OQFGN

CFQRVGF���6JG�/CFJCXCP�CPF�5OKFV�ECUG�KU�TGRTGUGPVGF�D[�VJG�ECUG�YJGTG�VJGTG�KU�C

EQOOQP�RTKQT� DGNKGH� GSWCN� VQ� VJG� EWTTGPV� RWDNKE� UKIPCN�� yt �� +P� VJKU� ECUG�YG� JCXG

RQUVGTKQT�DGNKGHU�

m y wt t t= + −θ θ( )1 ������������������������ 
������

µ ς ςt t qty S= + −( )1 ������������������������ 
������

YJGTG�� Sqt ��KU�VJG�UKIPCN�HTQO�QTFGT�SWCPVKV[�YJKEJ�VJG�OCTMGV�OCMGT�ECP�EQPUVTWEV

D[�KPXGTUKQP�QH�VJG�FGOCPF�HWPEVKQP���(QT�VJKU�ECUG��VJG�YGKIJVU�IKXGP�VQ�VJG�UKIPCNU

CTG�EQPUVTWEVGF�CU�HQNNQYU�

θ σ
σ σ

ς σ
σ σ

ω

ω ε ε

=
+

=
+

2

2 2

2

2 2, S

S

�
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(QT�VJG�ECUG�YJGTG�YG�CNNQY�VJG�RTGXKQWU�RGTKQFIU�XCNWG�DG�C�EQOOQP�RTKQT�DGNKGH�

YG�QDVCKP�VJG�CNVGTPCVKXG�RQUVGTKQT�DGNKGHU�

m y w vt t t t= + − + − − −δ δ θ δ θ( ) ( )( )1 1 1 1 ������������ 
������

µ ς ς λ ς λt t qt ty S v= + − + − − −( ) ( )( )1 1 1 1 ������������ 
������

YJGTG� Sqt �KU�PQV�GZCEVN[�VJG�UCOG�CU�VJCV�CDQXG�DWV�KU�EQPUVTWEVGF�KP�CP�CPCNQIQWU

HCUJKQP�FGOQPUVTCVGF�DGNQY���(QT�VJKU�ECUG��VJG�YGKIJVU�CTG�EQPUVTWEVGF�CU�

θ σ
σ σ

δ θ σ
θ σ σ

λ σ
σ σω ε

=
+

= −
− +

=
+

d

d

d

d

d

d S

2

2 2

2

2 2

2

2 2

1

1
,

( )

( )
, �CPF ς λ σ

λ σ σ ε

= −
− +
( )

( )
,

1

1

2

2 2
d

d

6JG� UKIPCN� HTQO� QTFGT� HNQY�� Sqt �� PGGFU� HWTVJGT� GZRNCPCVKQP�� � 6JG� NKSWKFKV[� VTCFG�

tx ���� OCMGU� QTFGT� HNQY� C� PQKU[� UKIPCN� CDQWV� RTKXCVG� KPHQTOCVKQP� HQT� VJG� OCTMGV

OCMGT��6JG�QTFGT�SWCPVKV[�ECP�DG�RWV�KPVQ�VJG�KPXGTUG�QH�VJG�FGOCPF�HWPEVKQP�VQ�IKXG

CP�GZRGEVCVKQP�QH�VJG�DGNKGHU�QH�VJG�RTKXCVG�VTCFGT���/QTG�HQTOCNN[��VJG�OCTMGV�OCMGT

KP�VJG�/CFJCXCP�CPF�5OKFV�OQFGN�ECP�EQPUVTWEV�VJG�UVCVKUVKE�

S p q y

v x

qt t t t

t t t

= + − −

= + + −

[ ] / ( )

/ ( )

α αθ α θ

ω α θ

1

1
������������������ ��
��

6JKU�ECP�DG�EQPUKFGTGF�CU�VJG�TGCNKUCVKQP�QH�C�PQTOCNN[�FKUVTKDWVGF�TCPFQO�XCTKCDNG

YKVJ� C�OGCP� QHνt ��CPF�XCTKCPEG� s
2 2

x
2 =   +  ( / )σ σ σ α θω ( )1− ���� �#NVGTPCVKXGN[�

KP�VJG�ECUG�YJGTG� vt−1 �RTQXKFGU�VJG�EQOOQP�RTKQT�DGNKGH�VJG�UKIPCN�HTQO�VTCFG�YKNN

DG�

S p q y v

v x

qt t t t t

t t t

= + − − − − −

= + + −

−[ ( )( ) ] / ( )

/ ( )

α αδ α δ θ α δ θ

ω α δ θ

1 1 1

1

1

���� ��
��

YJGTG�VJG�UKIPCN�JCU�PQKUG�YKVJ�XCTKCPEG�� s
2 2

x
2 =   +  ( / )σ σ σ α δ θω ( )1− �

/CFJCXCP�CPF�5OKFV�YTKVG�GSWCVKQP�
�����KP�VJG�HQNNQYKPI�YC[�

t t t
-1

t =  y  +  (1 - )( p  +  q )µ π π α ���������������� 
����

YJGTGπ ζ θ θ =  (  +   -  1) / �����6JKU�YGKIJV�π ����KU�KPXGTUGN[�TGNCVGF�VQ�VJG�FGITGG

QH�KPHQTOCVKQP�CU[OOGVT[�KP�VJG�OCTMGV���6JG�QDLGEVKXG�QH�VJG�VJGKT�CPCN[UKU�YCU�VQ

FGTKXG� CP� GEQPQOGVTKE�OQFGN�YJGTG� π � ��EQWNF� DG� KPHGTTGF�� �6JG� CRRTQCEJ� VCMGP
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YCU� CU� HQNNQYU�� � (KTUV�� UWDUVKVWVG� KPVQ� VJG� RTKEG� GSWCVKQP� 
���� HQT µ � CU� IKXGP� KP

GSWCVKQP�
���VQ�QDVCKP�

[ ]t t t
-1

t t tp  =  y  +  (1 - ) p  +  q  -  I +  Dπ π α γ ψ ������ ��
���

6JG�RTGXKQWU�RTKEG�
CFLWUVGF�HQT�VTCPUCEVKQP�EQUV�CPF�KPXGPVQT[�GHHGEVU���ECP�RTQXKFG

CP�GUVKOCVG�QH ty ��CU�HQNNQYU�

t t-1 t-1 t-1 ty  =  p  +  I  -  D  +  γ ψ η �������������� 
�����

YJGTGη µ  y  -  t t-1≡ ��KU� VJG� FKHHGTGPEG� DGVYGGP� VJG� RTKQT� CV� VKOG� HVI� CPF� VJG

RQUVGTKQT� CV� VKOG� V���� � tη � ��TGRTGUGPVU� VJG� KPPQXCVKQP� KP� VJG� OCTMGV� OCMGT	U

EQPFKVKQPCN�GZRGEVCVKQP�QH�VJG�UGEWTKVKGU�XCNWG�DGVYGGP�VTCPUCEVKQP�RGTKQFU�CPF�KU�VJG

UQWTEG�QH�CP�GTTQT�VGTO�KP�VJGKT�OQFGN���5WDUVKVWVKPI�HQT ty ��[KGNFU�

∆ t t t t -1 t t-1 tp  =   q  -  I  +  I  +  D  -  D  +  λ
γ
π

γ
ψ
π

ψ η









 
�����

YJGTG���λ π απ  (1 -  ) / ( )≡ ����YJKEJ�/5�ENCKO���ECRVWTGU�VJG�KPHQTOCVKQP�GHHGEV

QT�TGURQPUKXGPGUU�QH�RTKEG�VQ�QTFGT�SWCPVKV[�

'SWCVKQP� 
���� KU� GUUGPVKCNN[� VJG� TGNCVKQP� VJCV�/5� GUVKOCVG�� � 6JKU� ECP� DG� ETKVKEK\GF

HTQO�C�PWODGT�QH�RQKPVU�QH�XKGY���6JG�OQUV�QDXKQWU�KU� VJCV� VJKU�TGNCVKQP�FQGU�PQV

HWNN[�TGHNGEV�RTQDCDNG�F[PCOKEU�DGVYGGP�RTKEG�CPF�VTCFGU���#�XGEVQT�CWVQ�TGITGUUKQP

KU�KP�HCEV�OQTG�CRRTQRTKCVG�CPF�JCU�DGGP�WUGF�GZVGPUKXGN[�KP�VJG�NKVGTCVWTG��
KPENWFKPI

*CUDTQWEM�� ����� CPF�5PGNN� CPF�6QPMU�� ������� �6JG� TGCUQP�YJ[� VJKU� KU� PQV�OQTG

QDXKQWU�HTQO�VJG�OQFGN�KU�DGECWUG�VJG�OQFGN�KU�VQQ�TGUVTKEVKXG���#�UGEQPF�FGHKEKGPE[

QH� VJG� OQFGN� KU� VJG� HCEV� VJCV� KV� HQEWUGU� GPVKTGN[� QP� CP� GUVKOCVKQP� QH� π �� � 6JG

GUVKOCVKQP�TGUWNVU�FQ�PQV�RTQXKFG�GUVKOCVGU�QH� VJG� VJTGG�EQORQPGPVU�QHπ ��PCOGN[�

σε
2 �σω

2 �CPF�σx
2 ���(WTVJGTOQTG��KV�FQGU�PQV�IKXG�GUVKOCVGU�QHθ �CPF�σd

2 ���#NN�QH�VJGUG

CFFKVKQPCN� RCTCOGVGTU� CTG� KPVGTGUVKPI� CPF� RQVGPVKCNN[� WUGHWN� CPF� KV� KU� UJQYP� DGNQY

VJCV�CNN�QH� VJGUG�ECP�DG� KFGPVKHKGF� HTQO�CP�CNVGTPCVKXG� GUVKOCVKQP� CPF� KFGPVKHKECVKQP

UVTCVGI[�

&KUTGICTFKPI�VJKU�FGHKEKGPE[�VJG�OQFGN�JCU�CPQVJGT�OQTG�HCVCN�KPVGTPCN�KPEQPUKUVGPE[

YJKEJ� IKXGU� TKUG� VQ� EQTTGNCVKQP� DGVYGGP� VJG� GTTQT� VGTO� CPF� VJG� VTCFG� SWCPVKV[

GZRNCPCVQT[�XCTKCDNG�� �6JKU� KU�C� UGTKQWU�YGCMPGUU�EQPUKFGTKPI� VJCV� VJKU� KU� VJG�XGT[



��

GZRNCPCVQT[�XCTKCDNG�WRQP�YJKEJ�VJG�OCKP�TGUWNV�QH�VJG�CPCN[UKU�TGUVU���6JG�RTQDNGO

ECP�DGUV�DG�UGGP�D[�CP�CPCN[UKU�QH�VJG�GTTQT�VGTO�ηt ���#NVJQWIJ�/5�FGFKECVG�C�NCTIG

RTQRQTVKQP� QH� VJGKT� CPCN[UKU� VQ� VJG� RTQRGTVKGU� QH� VJKU� GTTQT� VGTO� VJG[� PGINGEV� VQ

KPXGUVKICVG�YJGVJGT�KV�KU�EQTTGNCVGF�YKVJ�CP[�QH�VJG�GZRNCPCVQT[�XCTKCDNGU��6JKU�GTTQT

VGTO� JCU� VJTGG� DCUKE� EQORQPGPVU�� � 6JG� HKTUV� EQORQPGPV� KU� VJG� KPPQXCVKQP� KP� VJG

WPFGTN[KPI�XCNWG�QH�VJG�CUUGV�� dt ���/5�KP�HCEV�CUUWOG�VJCV�VJKU�KU�OCFG�MPQYP�DGHQTG

VJG� DGIKPPKPI� QH� VJG� PGY� VTCPUCEVKQP� RGTKQF�� � 6JKU� KU� DQVJ� WPTGCNKUVKE� CPF

WPPGEGUUCT[� CPF� KP� HCEV� EQORNKECVGU� VJG� VTWG� TGNCVKQP� DGVYGGP� VJG� GTTQT� VGTO� CPF

SWCPVKV[� VTCFGF�� �6JG� UGEQPF� EQORQPGPV� KU� VJG� FGXKCVKQP� QH� VJG� RTGXKQWU� RGTKQFIU

RQUVGTKQT� DGNKGH�� µt−1 �� HTQO� νt−1 �� � 6JG� VJKTF� EQORQPGPV� KU� VJG� FGXKCVKQP� QH� VJG

EWTTGPV�RGTKQFIU�RTKQT�� yt �� HTQO� νt �� 
VJKU� KU� VJG�PQKUG� KP� VJG�EWTTGPV�RWDNKE� UKIPCN

εt ��

+V�KU�VJKU�NCUV�EQORQPGPV�QH�VJG�GTTQT�VGTO�VJCV�ECWUGU�VJG�OQUV�UGTKQWU�RTQDNGOU���+V

KU�GCU[�VQ�UJQY�VJCV�VJG�SWCPVKV[�VTCFGF�ECP�DG�YTKVVGP�CU�HQNNQYU�
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+V� KU� TGNCVKXGN[� UVTCKIJVHQTYCTF� VQ� QDVCKP� VJG� 8/#� TGRTGUGPVCVKQP� QH� DQVJ� QH� VJG
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+V� KU� KORQTVCPV� VQ� PQVG� VJCV� VJG� VTCPUKVQT[� KPPQXCVKQPU� QH� VJG� RTKEG� GSWCVKQP� CTG

EQTTGNCVGF�YKVJ�VJG�RGTOCPGPV�KPPQXCVKQPU��FV���CPF�VJKU�UJQWNF�DG�VCMGP�KPVQ�CEEQWPV

YJGP�GUVKOCVKPI�VJG�HUVCPFCTF�HQTOI�QH�VJG�OQFGN���6JG�EQXCTKCPEG�KP�SWGUVKQP�ECP

GCUKN[�DG�UJQYP�VQ�DG�� − − −( )( )1 1 2ς λ σ d ��CPF�VJKU�KU�RTGEKUGN[�GSWCN�VQ�VJG�PGICVKXG

QH�VJG�VTCPUKVQT[�XCTKCPEG�QH�VJG�VTCPUCEVKQP�RTKEG�TGVWTPU���+PFGGF��VJG�HCEV�VJCV�KV�KU

RQUUKDNG� VQ� KORNGOGPV� VJKU� TGUVTKEVKQP� KP� VJG� RTQEGUU� QH� GUVKOCVKPI� VJG� HUVCPFCTF

HQTOI�QH�VJG�OQFGN��NGCFU�VQ�QPG�QH�VJG�XGT[�TCTG�ECUGU�KP�YJKEJ�C�FGEQORQUKVKQP��KU

RGTHQTOGF� WPFGT� CP� CUUWORVKQP� YJKEJ� FKHHGTU� HTQO� VJG� WUWCN� 9CVUQP� 
������ QT

$GXGTKFIG�0GNUQP�
������QPGU���6JKU�YQWNF�CNUQ�JCXG�KORNKECVKQPU�HQT�C�*CUDTQWEM�

V[RG�OGCUWTG� QH�OCTMGV� SWCNKV[� KP� VJG� EQPVGZV� QH� VJG� EWTTGPV�OQFGN� QH� DGJCXKQWT

UKPEG�VJCV�OGCUWTG�WUGF�VJG�$GXGTKFIG�0GNUQP�FGEQORQUKVKQP��#NVJQWIJ�KV�YQWNF�DG

RQUUKDNG�VQ�FGTKXG�VJG�RTQRQUGF�FGEQORQUKVKQP�HTQO�GUVKOCVKQP�QH�C�8/#�KP�TGVWTPU

CPF�VTCFG��VJKU�EQWNF�CNUQ�DG�CEJKGXGF�D[�TGVCKPKPI�C�UVCVG�URCEG�HQTO�QH�VJG�OQFGN

CPF� CRRN[KPI� VJG� -CNOCP� HKNVGT�� � 6JG� NCVVGT� KU� VJG� UVTCVGI[� VJCV� KU� CFQRVGF� KP� VJG

CRRNKGF�UGEVKQP�DGNQY�

$GHQTG� RTQEGGFKPI� VQ� VJG� CRRNKECVKQP�� KV� KU� YQTVJYJKNG� RQKPVKPI� QWV� YJCV� KU

KFGPVKHKCDNG�HTQO�VJG�VJTGG�GSWCVKQPU�
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6JKU�COQWPVU�VQ�VYQ�UKOWNVCPGQWU�EWDKE�V[RG�GZRTGUUKQPU�YJKEJ�ECP�DG�PWOGTKECNN[

UQNXGF�HQT�VJG�VYQ�WPMPQYPU�
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+P�VJG�GORKTKECN�CPCN[UKU�DGNQY�VJG�H0QPNKPGCT�'SWCVKQPUI�CRRNKECVKQP�QH� VJG�)CWUU

RTQITCO� KU�WUGF� VQ�QDVCKP� VJG�PWOGTKECN� GUVKOCVGU� KP� SWGUVKQP�� � +V� KU� KORQTVCPV� VQ

TGCNKUG�VJCV�VJGTG�KU�OQTG�VJCP�QPG�UGV�QH�UQNWVKQPU�VQ�VJGUG�GSWCVKQPU��DWV�GZENWFKPI

VJG�RQUUKDKNKV[�QH�PGICVKXG�XCNWGU�HQT�VJG�WPMPQYPU�JGNRU�VQ�RKPRQKPV�VJQUG�UQNWVKQPU

VJCV�OCMG�OQUV�UGPUG���+V�YKNN�CNUQ�DG�RQUUKDNG�VQ�EJGEM�JQY�VJGUG�UQNWVKQPU�EJCPIG

HQT�UNKIJV�EJCPIGU�KP�VJG�GUVKOCVGU�QH�α σ σ σ, , ,d
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2 �CPF�σ12 ���)KXGP�VJG�GUVKOCVGU�QH

σ σε ω
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2 ��KV�KU�RQUUKDNG�VQ�EQPUVTWEV�GUVKOCVGU�QH�VJG�XCTKQWU�$C[GUKCP�YGKIJVU�

δ λ θ, , , CPF� ς �� � 6JGUG� IKXG� C� FGVCKNGF� KPUKIJV� KPVQ� VJG� KORQTVCPEG� QH� CU[OOGVTKE

KPHQTOCVKQP�CPF�VJG�KPHQTOCVKQP�EQPVGPV�QH�VTCFG���6JG[�CNUQ�TGXGCN�JQY�UWUEGRVKDNG

VJG� OCTMGV� KU� VQ� UVGCNVJ� VTCFKPI�� � 6JG� WUWCN� KPXGPVQT[� CPF� QTFGT� RTQEGUUKPI� EQUV

EQORQPGPVU�ECP�DG�FGTKXGF�HTQO�VJG�RCTCOGVGTU�QP�VJG�GZRNCPCVQT[�XCTKCDNGU�

#�XCTKCPEG�FGEQORQUKVKQP�KU�KPVGTGUVKPI�CPF�IKXGU�CP�KPUKIJV�KPVQ�VJG�EQPVTKDWVKQP�QH

VJG�XCTKQWU�OKETQUVTWEVWTG�EQORQPGPVU� VQ� VJG� VQVCN�XCTKCPEG�QH� VJG�RTKEG� UGTKGU� HQT

VJKU�RCTVKEWNCT�VJGQTGVKECN�OQFGN�QH�DGJCXKQWT���6JG�VQVCN�XCTKCPEG�QH�VJG�RTKEG�UGTKGU

KU�IKXGP�D[�σ σd t td e2
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KFGPVKH[�VJG�RTQRQTVKQP�QH� VQVCN�XCTKCPEG�FWG� VQ� KPCEEWTCEKGU� KP� VJG�OCTMGV�OCMGTIU

RTKEKPI�FWG�VQ�JKU�RQUVGTKQT�DGNKGH�FGXKCVKPI�HTQO�VJG�HVTWGI�XCNWG�QH�VJG�CUUGV�DGKPI

VTCFGF��+P�RCTVKEWNCT�VJGUG�CTG�
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6JG�FCVC�WUGF�DGNQY�EQPUKUVU�QH�VKOG�UVCORGF�VTCPUCEVKQP�RTKEGU�CPF�VTCFGU�HQT�QPG

QH�VJG�OQUV�HTGSWGPVN[�VTCFGF�IQXGTPOGPV�UGEWTKVKGU�KP�C�RGTKQF�EQXGTKPI�CNOQUV����

VTCFKPI�FC[U�GZVGPFKPI�HTQO�VJG�KPVTQFWEVKQP�QH�OCTMGV�OCMKPI�KP�+TKUJ�)QXGTPOGPV

UGEWTKVKGU� KP�&GEGODGT� ������ � 6JG� VKOG�UVCOR� KFGPVKHKGU� VJG� VKOG� QH� VTCFG� VQ� VJG

PGCTGUV�OKPWVG� QPN[�� � 6JG� V[RG� CPF� SWCPVKV[� QH� VTCFG� KU� KFGPVKHKGF� GZCEVN[� UQ� VJCV

VJGTG� KU� PQ�PGGF� VQ� TGUQTV� VQ�WPTGNKCDNG� CNIQTKVJOU� UWEJ�CU� VJCV� QH�.GG� CPF�4GCF[


������ VQ� KPHGT� VTCFG� V[RG�� � 6JG� FCVC� KPENWFGU� VJG� VTCPUCEVKQPU� TGEQTFU� QH� QPG

RCTVKEWNCT�OCTMGV�OCMGT��
VJKU�OCTMGV�OCMGT�KU�RTQDCDN[�VJG�NCTIGUV�QPG�QRGTCVKPI�KP

VJKU�UGEWTKV[����6JKU�HCEV��VQIGVJGT�YKVJ�VJG�HCEV�VJCV�VJG�RTGXKQWU�VTCFKPI�U[UVGO�FKF

PQV� KPXQNXKPI�VJG�JQNFKPI�QH� KPXGPVQTKGU�� KORNKGU� VJCV� VJG� KPXGPVQT[�RQUKVKQP�QH� VJG

OCTMGV�OCMGT�KU�KFGPVKHKGF�CU�VJG�EWOWNCVKXG�VTCFGU�UKPEG�VJG�KPVTQFWEVKQP�QH�OCTMGV

OCMKPI�� 
CV� NGCUV� VJKU� UGGOU� VQ� DG� VTWG� HQT� CDQWV� VJTGG� SWCTVGTU� QH� VJG� RGTKQF� HQT

YJKEJ�FCVC�YCU�CXCKNCDNG�CPF� VJG�CPCN[UKU�YCU� HQEWUGF�QP� VJCV� UGEVKQP�QH� VJG�FCVC

QPN[��

'CEJ� VTCPUCEVKQP� TGEQTF� KPENWFGF� VJG� VTCPUCEVKQP� RTKEG� CPF� VJG� SWCPVKV[� VTCFGF�

'UVKOCVKQP�YCU�PQV�ECTTKGF�QWV�WUKPI�VJG�TCY�SWCPVKV[�VTCFGF�FCVC���4CVJGT��VJG�VTCFG

SWCPVKV[� YCU� CFLWUVGF� KP� VJTGG� YC[U�� � 6JG� HKTUV� CFLWUVOGPV� YCU� VQ� TGFWEG� VJG

KPQTFKPCVG� GHHGEV� QH� C� JCPFHWN� QH� GZVTGOG� QWVNKGTU�� � 6JKU� ECP� DG� LWUVKHKGF� D[� VJG

CTIWOGPV�VJCV�VJG�VGEJPKSWG�KU�DGUV�UWKVGF�VQ�TGXGCNKPI�VJG�CXGTCIG�GHHGEVU�QH�V[RKECN

KPHQTOCVKQP� VTCFG�� TCVJGT� VJCP� KPHTGSWGPV� GZVTGOG� GXGPVU�� � +V� KU� NKMGN[� VJCV� XGT[

GZVTGOG�VTCFGU�YGTG�PGIQVKCVGF�KP�C�YC[�YJKEJ�KU�PQV�V[RKECN�CPF�KV�KU�CNUQ�RTQDCDNG

VJCV� VJG�OCTMGV�OCMGT� YQWNF� JCXG� CTTCPIGF� JGFIKPI� VQ� EQXGT� VJG� TKUM� CUUQEKCVGF

YKVJ�VJG�RQUKVKQP�VCMGP�CU�C�TGUWNV�QH�VJGUG�KPHTGSWGPV�QEEWTTGPEGU���6TCFGU�QH�QXGT



��

+4d���OKNNKQP�QH� UVQEM�YGTG� UKORN[� EWV�FQYP� VQ� GSWCN� +4d���OKNNKQP�� �6JKU� QPN[

CHHGEVGF�C�JCPFHWN�QH�VTCFGU���#V�VJKU�RQKPV�KV�YCU�QDXKQWU�VJCV�GXGP�HQT�VJG�VTWPECVGF

SWCPVKV[�FCVC��VTCFGU�KP�VJG�TCPIG�+4d��OKNNKQP���+4d���OKNNKQP�EQWNF�DG�EQPUKFGTGF

CV[RKECN�QT�QWVN[KPI�CPF�YQWNF�DG�IKXGP�VQQ�OWEJ�YGKIJV�KP�C�OCZKOWO�NKMGNKJQQF

GUVKOCVKQP� HTCOGYQTM�YJKEJ� CUUWOGF� PQTOCNKV[�� � 6Q� HWTVJGT� TGUVTKEV� VJG� GHHGEV� QH

QWVN[KPI� QDUGTXCVKQPU� CNN� VTCFGU� DGVYGGP� +4d�� OKNNKQP� CPF� +4d��� OKNNKQP� YGTG

USWGG\GF�NKPGCTN[�CPF�OQPQVQPKECNN[�KPVQ�VJG�TCPIG�+4d��OKNNKQP���+4d�����OKNNKQP�

6JG� VQVCN� GHHGEV� QH� VJKU� UGV� QH� CFLWUVOGPVU� ICXG� TKUG� VQ� C� FKUVTKDWVKQP� CU� UJQYP� KP

HKIWTG� 
��� DGNQY�� � 6JG� UVCPFCTF� FGXKCVKQP� QH� VJG� UQ�HCT�CFLWUVGF� VTCFG� SWCPVKV[

FKUVTKDWVKQP� YCU� TQWIJN[� +4d�� OKNNKQP�� � 6JG� FCVC� YCU� PQY� CFLWUVGF� HWTVJGT� D[

FKXKFKPI�D[�+4d��OKNNKQP���6JG�TGUWNV�YCU�C�FKUVTKDWVKQP�YJKEJ�YCU�PQV�UKIPKHKECPVN[

FKHHGTGPV� KP� UJCRG� HTQO�C� UVCPFCTF� PQTOCN� FKUVTKDWVKQP�� �#RCTV� HTQO� GPUWTKPI� VJCV

QWVNKGTU� FQ� PQV� FQOKPCVG� VJG� GUVKOCVKQP� RTQEGUU�� CPQVJGT� DGPGHKV� QH� VJKU

UVCPFCTFKUCVKQP� KU� VJCV� KV� IKXGU� TKUG� VQ� EQGHHKEKGPVU� YJKEJ� UJQWNF� JCXG� C� UKOKNCT

OCIPKVWFG�CPF� VJKU�EQPVTKDWVGU� VQ� VJG�GCUG�YKVJ�YJKEJ� VJG� GUVKOCVKQP� KVUGNH� ECP�DG

CEJKGXGF�

6JG�KPXGPVQT[�FCVC�YCU�EQORKNGF�WUKPI�VJG�EWOWNCVGF�VTCFG�FCVC�HTQO�VJG�VTWPECVGF

UVCIG�QH�CFLWUVOGPV���6JG�EWOWNCVKXG�UWO�YCU�EQPUKFGTGF�VQ�DG�CP�KPFKECVKQP�QH�VJG

KPXGPVQT[� RQUKVKQP� CPF� VJKU� YCU� FKXKFGF� D[� +4d��OKNNKQP� UQ� VJCV� VJG� RTQRQTVKQPCN

TGNCVKQP� DGVYGGP� KPXGPVQT[� CPF� VJG� CFLWUVGF� VTCFG� FCVC� YCU� CNOQUV� GPVKTGN[

OCKPVCKPGF�� �#�RNQV�QH� VJG�CFLWUVGF� KPXGPVQT[�UGTKGU� KU�UJQYP�KP� HKIWTG�
���DGNQY�

5KPEG� VJG� KPXGPVQT[� DGIKPU� VQ� CRRGCT� PQP�UVCVKQPCT[� KP� VJG� NCUV� SWCTVGT� QH� VJG

CXCKNCDNG� RGTKQF� KV�YCU� FGEKFGF� VQ� QPN[� WUG� FCVC� EQXGTKPI� VJG� HKTUV� VJTGG� SWCTVGTU�

6JG�QPN[�QVJGT�CFLWUVOGPV� VQ� VJG�TCY�FCVC�YCU� VJCV� VJG� VTCPUCEVKQP�RTKEG�FCVC�YCU

VTCPUHQTOGF� KPVQ� PCVWTCN� NQIU� CPF� OWNVKRNKGF� D[� ����� � 6JKU� CNNQYU� HQT� CP

KPVGTRTGVCVKQP�QH� VJG�VTCPUKVQT[�CPF�RGTOCPGPV�RTKEG�KPPQXCVKQP�XCTKCPEG� KP� VGTO�QH

RGTEGPVCIG�TGVWTPU�

'56+/#6+10�
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#U�YCU�OGPVKQPGF�CDQXG��VJG�FGEQORQUKVKQP�KPXQNXGF�KP�VJG�KORNGOGPVCVKQP�QH�VJKU

VGEJPKSWG�EQWNF�DG�CEJKGXGF�D[�GUVKOCVKPI�C�8/#�CPF�WUKPI�C�UKOKNCT�VGEJPKSWG�VQ

VJCV�RTQRQUGF�D[�$GXGTKFIG�CPF�0GNUQP�
��������1H�EQWTUG��C�FKHHGTGPV�CUUWORVKQP

CDQWV�VJG�EQTTGNCVKQP�DGVYGGP�VTCPUKVQT[�CPF�RGTOCPGPV�KPPQXCVKQP�YQWNF�JCXG�VQ�DG

KPENWFGF�� � #NUQ�� VJG� FGEQORQUKVKQP� YQWNF� JCXG� VQ� CEEQWPV� HQT� VJG� HCEV� VJCV

RGTOCPGPV�KPPQXCVKQPU�QPN[�GPVGT�VJG�VTCPUCEVKQP�RTKEG�TGVWTPU�UKPEG�VJG�VTCFG�FCVC�KU

UVCVKQPCT[���#P�CNVGTPCVKXG�VQ�VJKU�CRRTQCEJ�KU�VQ�RWV�VJG�OQFGN� KP�UVCVG�URCEG�HQTO

CPF� CRRN[� VJG� -CNOCP� HKNVGT�� VCMKPI� CEEQWPV� QH� CP[� PGEGUUCT[� TGUVTKEVKQPU� FWTKPI

GUVKOCVKQP���+P�HCEV��VJG�UVCPFCTF�HQTO�QH�VJG�VJGQTGVKECN�OQFGN�KU�CNTGCF[�XKTVWCNN[�KP

UVCVG�URCEG�HQTO���6Q�OCMG�VJKU�OQTG�GZRNKEKV�YG�PGGF�QPN[�CFF�VJG�UVCVG�GSWCVKQP�

#�RQUUKDNG�UVCVG�URCEG�HQTO�QH�VJG�OQFGN�KU�

HOGCUWTGOGPVI

p

q
Z

I

D

e

e
t

t
t

t

t

t

t









 = +









 +









ν Γ 1

2

�������������������� 
�����

HUVCVGI

ν νt t tT d= +−1 ���������������������������� 
�����

YJGTG��KP�VJKU�ECUG�Z =










1

0
�KP�VJG�OGCUWTGOGPV�GSWCVKQP��CPF�T = 1�KU�VJG�VTCPUKVKQP

OCVTKZ�� � (QT� EQPXGPKGPEG�� +� WUG� *CTXG[IU� 
������ PQVCVKQP� HQT� VJG� XCTKCPEG� QH

VTCPUKVQT[� CPF� RGTOCPGPV� KPPQXCVKQPU�� � 6JWU� H =










σ σ
σ σ

1
2

12

12 2
2 � CPF� Q d= σ 2 �� � +P

CFFKVKQP�VJG�KPKVKCN�XCNWG�HQT�VJG�UVCVG�KU�FGPQVGF� [ ]E aν0 0= �CPF�VJG�KPKVKCN�XCTKCPEG

QH�VJKU�KU� [ ]E E( ( ))ν ν0 0
2

0− = Ρ ���
VJKU�PQVCVKQP�UJQWNF�PQV�DG�EQPHWUGF�YKVJ�VJCV�WUGF

HQT�VTCPUCEVKQP�RTKEG� pt ��
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�����������KU�VJCV�KV

KU� PQV� QDXKQWU� JQY� VQ� KPENWFG� EQTTGNCVKQP� DGVYGGP� VJG� RGTOCPGPV� CPF� VTCPUKVQT[

KPPQXCVKQPU���#P�CNVGTPCVKXG�TGRTGUGPVCVKQP�OCMGU�VJG�VTCPUKVQT[�KPPQXCVKQPU�RCTV�QH

VJG�UVCVG�GSWCVKQP�CU�HQNNQYU�

HOGCUWTGOGPVI
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1PG�RTQDNGO�VJCV�QHVGP�CTKUGU�KP�VJG�RTCEVKECN�KORNGOGPVCVKQP�QH�VJKU�HKNVGT�EQPEGTPU

VJG�OCKPVGPCPEG�QH�C�RQUKVKXG�FGHKPKVG� KPXGTUG�QH� Z Z HtPt | − ′ +1 �� �6JKU�EQPFKVKQP�ECP

GXGPVWCNN[�HCKN�KH�DCF�KPKVKCN�RCTCOGVGTU�CTG�RTQXKFGF���6JG�EQPFKVKQP�ECP�DG�HQTEGF

CU�C�TGUVTKEVKQP�QP� VJG�RCTCOGVGTU�DGKPI�GUVKOCVGF��6JKU�IKXGU� TKUG� VQ�PGY�UVCTVKPI

XCNWGU� VJCV�� KH� ENQUG� GPQWIJ� VQ� VJGKT� WPTGUVTKEVGF� EQWPVGTRCTVU�� YKNN� OCKPVCKP� VJG

KPXGTUKQP� EQPFKVKQP� FWTKPI� VJG� TGOCKPKPI� KVGTCVKQPU� QH� VJG� WPTGUVTKEVGF� GUVKOCVKQP�

6JKU�CRRTQCEJ�YCU�CFQRVGF�UWEEGUUHWNN[�KP�VJG�CRRNKECVKQP�DGNQY�

6Q� GPUWTG� C� UGPUKDNG� CRRNKECVKQP� QH� VJG� VJGQTGVKECN� OQFGN� QWVNKPGF� CDQXG� KV� YCU

PGEGUUCT[�VQ�KPVTQFWEG�CP�GZRGEVGF�VTCFG�SWCPVKV[�KPVQ�VJG�VTCFG�GSWCVKQP���6JWU��VJG

GORKTKECN� OQFGN� VJCV� YCU� CEVWCNN[� GUVKOCVGF� KPENWFGF� C� RCTCOGVGT� β � YJKEJ� YCU

OWNVKRNKGF�D[�VJG�VTCFG�V[RG�KPFKECVQT�UQ�VJCV�VJG�OCVTKZ�Γ �DGEQOGU�

Γ =
−

−
L
NM

O
QP

γ ψ
αγ β αψ

�

6JKU�KORNKGU�VJCV��IKXGP�MPQYNGFIG�QH�VTCFG�V[RG��VJG�GZRGEVGF�VTCFG�SWCPVKV[�YQWNF

PQV�DG�KPHQTOCVKXG���(KPCNN[��KV�YCU�HQWPF�PGEGUUCT[�VQ�KORQUG�VJG�UKIP�TGUVTKEVKQPU

KORNKGF�D[�VJG�VJGQTGVKECN�OQFGN�QP�VJG�RCTCOGVGTU�QH� VJG� Γ �OCVTKZ���6JKU�ECP�DG

LWUVKHKGF�RWTGN[�QP�VJGQTGVKECN�ITQWPFU�

+8��4'57.65�

6JG� TGUWNVU� HTQO� VJG�CRRNKECVKQP�QH� VJG� HKNVGT� VQ� VJG�FCVC� CU�FGUETKDGF� CDQXG��ICXG

TKUG�VQ�VJG�GUVKOCVKQP�TGUWNVU�EQPVCKPGF�KP�VCDNG�
���DGNQY���6JG�RCTCOGVGT�GUVKOCVGU

CTG� TGCUQPCDN[� RTGEKUGN[� GUVKOCVGF� YKVJ� VJG� UOCNNGUV� V�UVCVKUVKE� QH� ������� � 6JG

UKIPKHKECPV�EQGHHKEKGPV� γ KPFKECVGU� VJCV� VJGTG� KU�CP� KPXGPVQT[�EQPVTQN�GHHGEV�YJKEJ� KU

RQUKVKXG��6JKU�KU�EQPUKUVGPV�YKVJ�C�URTGCF�YJKEJ�KU�CU[OOGVTKECNN[�RQUKVKQPGF�CTQWPF

VJG� WPFGTN[KPI� XCNWG�� � 6JG� ψ GUVKOCVG� KORNKGU� VJCV� VJGTG� KU� C� UKIPKHKECPV� QTFGT

RTQEGUUKPI� EQUV� EQORQPGPV� YJKEJ� KU� OWEJ� NCTIGT� VJCP� VJG� KPXGPVQT[� EQPVTQN

EQORQPGPV�� � 6JG� GUVKOCVGU� QH� VJG� XCTKCPEGU� QH� VJG� VJTGG� UKIPCNU� KORNKGU� VJCV� VJG

RTKXCVG� KPHQTOCVKQP� UKIPCN� CPF� VJG� UKIPCN� VTCPUOKVVGF� D[� VTCFG� JCXG� XGT[� NCTIG

KORTGEKUKQP� TGNCVKXG� VQ� VJG� RWDNKE� KPHQTOCVKQP� UKIPCN�� � 6JGUG� TGUWNV� KP� XGT[� UOCNN

$C[GUKCP�YGKIJVU�IKXGP�VQ�VJG�RTKXCVG� KPHQTOCVKQP�UKIPCN�CPF�CU�C�EQPUGSWGPEG� VJG



��

VTCFG�UKIPCN���6JG�YGKIJV�IKXGP�VQ�VJG�RWDNKE�UKIPCN�D[�VJG�KPHQTOGF�VTCFGT�CPF�VJG

OCTMGV�OCMGT�CTG�δ �CPF� ς �TGURGEVKXGN[���6JGUG�CTG�DQVJ�CTQWPF��������6JG�YGKIJV

IKXGP� VQ� VJG� RTKQT� QH� ν t−1 � D[� VJG� KPHQTOGF� VTCFGT� CPF� VJG� OCTMGV� OCMGT� CTG

( )( )1 1− −δ θ �CPF� ( )( )1 1− −ς λ �TGURGEVKXGN[���5KPEG�θ �CPF� λ �CTG�GZVTGOGN[�ENQUG�VQ

\GTQ�VJG�YGKIJVU�CTG�CRRTQZKOCVGN[�GSWCN�VQ� ( )1− δ �CPF� ( )1− ς ��6JG�CEVWCN�YGKIJVU

CTG��������CPF�������TGURGEVKXGN[���6JWU��RWDNKE�KPHQTOCVKQP�KU�IKXGP�QPN[�UNKIJVN[

OQTG�YGKIJV�VJCP�VJG�RTKQT�

&KCIPQUVKEU�QP�VJG�TGUKFWCNU�HTQO�VJG�VYQ�GSWCVKQPU�QH�VJG�U[UVGO�FQ�PQV�IKXG�TKUG�VQ

EQPEGTPU�QXGT�UGTKQWU�OKUU�URGEKHKECVKQP�

8��57//#4;�#0&�%10%.7&+0)�%1//'065�

#�PGY�OQFGN�QH�$C[GUKCP�DGJCXKQWT�YCU�RTQRQUGF�CDQXG�VQ�KORTQXG�WRQP�VJG�YQTM

QH� /CFJCXCP� CPF� 5OKFV� 
������� � #� PGY� GORKTKECN� CRRTQCEJ� YCU� RTQRQUGF� CPF

KORNGOGPVGF� KP� VJG� EQPVGZV�QH� VJKU�PGY� VJGQTGVKECN�OQFGN� CPF� ICXG� TKUG� VQ� FGGRGT

OGCUWTGU� QH� OKETQUVTWEVWTCN� EJCTCEVGTKUVKEU� VJCP� VJQUG� CXCKNCDNG� KP� VJG� GZKUVKPI

NKVGTCVWTG�� �5RGEKHKECNN[�� VJG�PGY�CRRTQCEJ�[KGNFU�OGCUWTGU�QH� VJG�EQORQPGPVU� VJCV

OCMG�WR� C� NCTIG� PWODGT� QH� OKETQUVTWEVWTCN� RCTCOGVGTU�� � 6JKU� OGCPU� VJCV� KV� KU

RQUUKDNG� VQ� VCNM� CDQWV� VJG� ECWUGU� QH� FKHHGTGPEGU� KP�OKETQUVTWEVWTG� TCVJGT� VJCP� LWUV

FGUETKDKPI�VJQUG�FKHHGTGPEGU���6JG�CRRTQCEJ�YCU�UWEEGUUHWNN[�CRRNKGF�VQ�VJG�ECUG�QH

VJG�+TKUJ�)KNV�GFIGF�UGEWTKVKGU�OCTMGV�CPF�TGXGCNGF� VJCV� VJGTG� KU�XGT[� NKVVNG�CFXGTUG
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Figure 1. Distribution of adjusted trades.
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Figure 2. Plot of adjusted inventory series.
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