
�7KH�0HVVHQJHU�����l�2DOSDLADQ�����

3DWULFH�0DUWLQH]�

-RKDQQ�.ROE�

0DUF�6DUD]LQ�

$QGUHL�7RNRYLQLQ�

��$2.�
���"DQQN�3NKNKN�(MSDQ� LDQHB@M�.ARDQU@SNQX��
"GHKD

:H�DWWHPSW�WR�FODULI\�WKH�IUHTXHQW�FRQIX�
VLRQ�EHWZHHQ�VHHLQJ�DQG�LPDJH�TXDOLW\�
IRU�ODUJH�WHOHVFRSHV��7KH�IXOO�ZLGWK�DW�
KDOI�PD[LPXP�RI�D�VWHOODU�LPDJH�LV�FRP�
PRQO\�FRQVLGHUHG�WR�EH�HTXDO�WR�WKH�
DWPRVSKHULF�VHHLQJ��+RZHYHU�WKH�RXWHU�
VFDOH�RI�WKH�WXUEXOHQFH��ZKLFK�FRUUH�
VSRQGV�WR�D�UHGXFWLRQ�LQ�WKH�ORZ�IUH�
TXHQF\�FRQWHQW�RI�WKH�SKDVH�SHUWXUED�
WLRQ�VSHFWUXP��SOD\V�D�VLJQLĺFDQW�UROH�LQ�
WKH�LPSURYHPHQW�RI�LPDJH�TXDOLW\�DW�WKH�
IRFXV�RI�D�WHOHVFRSH��7KH�LPDJH�TXDOLW\�
LV�WKHUHIRUH�GLIIHUHQW��DQG�LQ�VRPH�FDVHV�
E\�D�ODUJH�IDFWRU��IURP�WKH�DWPRVSKHULF�
VHHLQJ�WKDW�FDQ�EH�PHDVXUHG�E\�GHGL�
FDWHG�VHHLQJ�PRQLWRUV��VXFK�DV�D�GLIIHU�
HQWLDO�LPDJH�PRWLRQ�PRQLWRU�

2DDHMF�@MC�HL@FD�PT@KHSX�@QD�SVN�PT@M�
SHSHDR�SG@S�@QD�EQDPTDMSKX�BNMETRDC�HM��
SGD�jDKC�NE�@RSQNMNLHB@K�HMRSQTLDMS@SHNM
�
3GD�jQRS�HR�@M�HMGDQDMS�OQNODQSX�NE�SGD�
@SLNROGDQHB�STQATKDMBD��VGHBG�HR�HMCD�
ODMCDMS�NE�SGD�SDKDRBNOD�SG@S�HR�NARDQU�
HMF�SGQNTFG�SGD�@SLNROGDQD
�3GD�RDBNMC��
CDjMDC�@R�SGD�ETKK�VHCSG�@S�G@KE�L@WHLTL�
�%6',��NE�KNMF�DWONRTQD��RSDKK@Q�HL@FDR��
HR�@�OQNODQSX�NE�SGD�HL@FDR�NAS@HMDC�HM�
SGD�ENB@K�OK@MD�NE�@M�HMRSQTLDMS�LNTMSDC�
NM�@�SDKDRBNOD�NARDQUHMF�SGQNTFG�SGD�
@SLNROGDQD
�6HSGNTS�BNM�RHCDQHMF�HMRSQT�
LDMS@K�@ADQQ@SHNMR��NMD�QDL@HMHMF�OQNO�
DQSX�NE�SGD�STQATKDMBD�SG@S�@EEDBSR�SGD�
HL@FD�PT@KHSX�HR�SGD�NTSDQ�RB@KD��SGD�RHYD��
NE�SGD�K@QFDRS�STQATKDMS�DCCHDR�OQDRDMS�HM�
SGD�@SLNROGDQD
�(S�G@R�ADDM�NARDQUDC�
SG@S�SGD�HL@FD�PT@KHSX�HM�@�K@QFD�SDKDRBNOD�
HR�@KV@XR�KNVDQ�SG@M�SGD�RDDHMF��NVHMF��
SN�SGD�jMHSD�NTSDQ�RB@KD�NE�SGD�STQATKDMBD��
@R�NOONRDC�SN�SGD�BNLLNMKX�TRDC�
�*NKLNFNQNU�SGDNQX�SG@S�BNMRHCDQR�@M�HMj�
MHSD�NTSDQ�RB@KD


(M�SGHR�@QSHBKD�VD�CHRBTRR�SGD�CDODMC��
DMBD�NE�@SLNROGDQHB�KNMF�DWONRTQD�QDRN�
KTSHNM�NM�SGD�NTSDQ�RB@KD�NE�SGD�STQAT��
KDMBD�NUDQ�SGD�OQ@BSHB@KKX�HMSDQDRSHMF�Q@MFD�

NE�SDKDRBNOD�CH@LDSDQR�@MC�V@UDKDMFSGR
�
6D�RGNV�SG@S�SGHR�CDODMCDMBD�HR�DEj�
BHDMSKX�OQDCHB@SDC�AX�@�RHLOKD�@OOQNWH�
L@SD�ENQLTK@�HMSQNCTBDC�HM�SGD�KHSDQ@STQD�
HM�����
�3GD�OQ@BSHB@K�BNMRDPTDMBDR��
ENQ�NODQ@SHNM�NE�K@QFD�SDKDRBNODR�@QD�CHR�
BTRRDC�@MC�@M�@OOKHB@SHNM�SN�NM�RJX�C@S@�
HR�OQDRDMSDC


!@BJFQNTMC�@MC�CDjMHSHNMR

(M�OQ@BSHBD�SGD�QDRNKTSHNM�NE�FQNTMC�
A@RDC�SDKDRBNODR�HR�KHLHSDC�AX�SGD�@SLNR�
OGDQHB�STQATKDMBD��B@KKDC�fRDDHMFt
�(S��
HR�SQ@CHSHNM@KKX�BG@Q@BSDQHRDC�AX�SGD�%QHDC�
O@Q@LDSDQ��Q���l�SGD�CH@LDSDQ�NE�@�SDKD�
RBNOD�RTBG�SG@S�HSR�CHEEQ@BSHNM�KHLHSDC�QDR�
NKTSHNM�DPT@KR�SGD�RDDHMF�QDRNKTSHNM
��
3GD�VDKK�JMNVM�*NKLNFNQNU�STQATKDMBD�
LNCDK�CDRBQHADR�SGD�RG@OD�NE�SGD�@S��
LNROGDQHB�KNMF�DWONRTQD�ONHMS�ROQD@C�
ETMBSHNM��/2%���@MC�L@MX�NSGDQ�OGDMNL�
DM@��AX�SGHR�RHMFKD�O@Q@LDSDQ�Q�
�3GHR�
LNCDK�OQDCHBSR�SGD�CDODMCDMBD��NE�SGD�
/2%�%6',��CDMNSDC�ε���NM�V@UDKDMFSG��λ��
@MC�HMUDQRDKX�NM�SGD�%QHDC�O@Q@LDSDQ���
Q���VGDQD�Q��CDODMCR�NM�V@UDKDMFSG��SN�
SGD�ONVDQ�l�����@MC�@HQL@RR��SN�SGD�
ONVDQ�����
�(M�SGD�ENKKNVHMF��VD�@RRTLD�
SG@S�Q��@MC�ε��QDEDQ�SN�NARDQU@SHNMR�@S�
SGD�YDMHSG
�(M�@CCHSHNM��AX�@CNOSHMF�@�
RS@MC@QC�V@UDKDMFSG�NE����ŰML��VD�B@M�
QDEDQ�SN�ε��HM�OK@BD�NE�Q��ENQ�CDjMHMF�SGD�
RSQDMFSG�NE�SGD�STQATKDMBD��@MC�SGHR�RHMFKD�
O@Q@LDSDQ�HR�MNV@C@XR�TRT@KKX�B@KKDC�
RDDHMF
�3GD�DPTHU@KDMBD�ADSVDDM�%6',�
NE�@�KNMF�DWONRTQD�HL@FD�@MC�RDDHMF�HR�
HMCDDC�NMKX�U@KHC�HM�SGD�*NKLNFNQNU�
LNCDK��HM�VGHBG�SGD�DMDQFX�HR�HMIDBSDC�
HMSN�SGD�@SLNROGDQD�@S�HMjMHSD�RB@KDR��@MC�
HR�FQ@CT@KKX�SQ@MREDQQDC�SN�RL@KKDQ�@MC�
RL@KKDQ�RB@KDR��@�B@RB@CD�OQNBDRR��TMSHK�
@HQ�UHRBNRHSX�CHRRHO@SDR�HS�NM�RB@KDR�NE�EDV�
LL��SGD�HMMDQ�RB@KD�K��
�

(M�QD@KHSX��SGD�OGXRHBR�NE�STQATKDMBD�
HLOKHDR�SG@S�SGD�RO@SH@K�ONVDQ�RODBSQ@K�
CDMRHSX�NE�OG@RD�CHRSNQSHNMR�CDUH@SDR�EQNL�
SGD�OTQD�ONVDQ�K@V�@S�KNV�EQDPTDMBHDR��
H
D
�SGD�DMDQFX�HR�MNS�HMIDBSDC�HMSN�SGD�
@SLNROGDQD�@S�HMjMHSD�RB@KDR��ATS�Q@SGDQ�
@S�jMHSD�RB@KDR
�3GD�ONOTK@Q�UNM�*ĐQLĐM�
STQATKDMBD�LNCDK�HMSQNCTBDR�@M�@CCH�
SHNM@K�O@��Q@LDSDQ��SGD�NTSDQ�RB@KD�+���QDEDQ�
QHMF�SN�@�BTS�NEE�HM�SGD�STQATKDMBD�RODB�
SQTL�@S�KNV�EQDPTDMBHDR
�3GD�*NKLNFNQNU�
LNCDK�BNQQDRONMCR�SGDM�SN�SGD�O@QSHBTK@Q�
B@RD�NE�+��NE�HMjMHSX


 �jMHSD�+��QDCTBDR�SGD�U@QH@MBD�NE�SGD�
KNV�NQCDQ�LNCDR�NE�SGD�STQATKDMBD��@MC�
HM�O@QSHBTK@Q�CDBQD@RDR�SGD�HL@FD�LNSHNM�
�SGD�SHO�SHKS�
�3GD�QDRTKS�HR�@�CDBQD@RD�NE�
SGD�%6',�NE�SGD�/2%
�(M�SGD�UNM�*ĐQLĐM�
LNCDK��Q��CDRBQHADR�SGD�GHFG�EQDPTDMBX�
@RXLOSNSHB�ADG@UHNTQ�NE�SGD�RODBSQTL�
VGDQD�+��G@R�MN�DEEDBS��@MC�SGTR�Q��KNRDR�
HSR�RDMRD�NE�@M�DPTHU@KDMS�V@UDEQNMS�
BNGDQDMBD�CH@LDSDQ
�3GD�CHEEDQDMSH@K�
HL@FD�LNSHNM�LNMHSNQR��#(,,��2@Q@YHM��
��1NCCHDQ��������@QD�CDUHBDR�SG@S�@QD�
BNLLNMKX�TRDC�SN�LD@RTQD�SGD�RDDHMF��
@S�@RSQNMNLHB@K�RHSDR
�3GD�#(,,�CDKHUDQR�
@M�DRSHL@SD�NE�Q��A@RDC�NM�LD@RTQHMF�
V@UDEQNMS�CHRSNQSHNMR�@S�RB@KDR�NE�]Ű�
�ŰL��
VGDQD�+��G@R�MN�DEEDBS
�!X�BNMSQ@RS��SGD�
@ARNKTSD�HL@FD�LNSHNM�@MC�KNMF�DWON�
RTQD�/2%R�@QD�@EEDBSDC�AX�K@QFD�RB@KD�
CHRSNQSHNMR�@MC�CDODMC�NM�+�
�(M�SGHR�BNM�
SDWS�SGD�*NKLNFNQNU�DWOQDRRHNM�ENQ�ε���HR�
SGDQDENQD�MN�KNMFDQ�U@KHC


/QNUHMF�SGD�UNM�*ĐQLĐM�LNCDK�DWODQH�
LDMS@KKX�VNTKC�AD�@�CHEjBTKS�@MC�DUDMST�
@KKX�ETSHKD�FN@K�@R�K@QFD�RB@KD�V@UDEQNMS�
ODQSTQA@SHNMR�@QD�@MXSGHMF�ATS�RS@SHNM@QX
�
'NVDUDQ��SGD�HMBQD@RHMF�MTLADQ�NE�DRSH�
L@SHNM�B@LO@HFMR�VNQKCVHCD�NUDQ�SGD�
O@RS�EDV�XD@QR�G@R�jQLKX�DRS@AKHRGDC�SG@S�
SGD�STQATKDMBD�OG@RD�RODBSQTL�CNDR�
CDUH@SD�EQNL�@�ONVDQ�K@V��H
D
�HS�CNDR�MNS�
L@SBG�SGD�*NKLNFNQNU�LNCDK�@S�KNV�
�EQDPTDMBHDR���@MC�SGD�@CCHSHNM@K�+��O@Q@L�
DSDQ�OQNUHCDR�@�TRDETK�jQRS�NQCDQ�CDRBQHO�
SHNM�NE�SGHR�ADG@UHNTQ


3GD�OTQONRD�NE�SGHR�@QSHBKD�HR�OQDBHRDKX��
SN�CHRBTRR�SGD�LNCHjB@SHNMR�NE�SGD�
�*NKLNFNQNU�DWOQDRRHNM�ENQ�ε��HLOKHDC�AX�
SGD�OQDRDMBD�NE�@�jMHSD�NTSDQ�RB@KD�+���@MC�
SN�ETQSGDQ�DRS@AKHRG�SGD�CHEEDQDMBD�ADSVDDM�
RDDHMF�@MC�%6',�NE�@�RSDKK@Q�HL@FD
� �
jQRS�NQCDQ�@OOQNWHL@SHNM�NE�SGD�%6',�NE�
SGD�@SLNROGDQHB�/2%R��εU*��TMCDQ�UNM�
*ĐQLĐM�STQATKDMBD�V@R�OQNONRDC�AX�3NJ�
NUHMHM���������VHSG�@�CDODMCDMBD��RDD�
MNSD���NM�ε��RB@KDC�AX�@M�DWOQDRRHNM�
HMUNKUHMF�SGD�Q@SHN�NE�Q��@MC�+�
�3GD�%6',�
NE�KNMF�DWONRTQD�/2%R��εU*��HR�MN�KNMFDQ�
DPTHU@KDMS�SN�SGD�RDDHMF��ATS�HR�@�ETMBSHNM�
NE�SGD�RDDHMF��ε����Q��@MC�+�
�6D�QDB@KK�
SG@S�VGHKD�Q��CDODMCR�NM�SGD�V@UDKDMFSG��
+��CNDR�MNS
�(M�SGD�ENKKNVHMF��VD�CHRBTRR�
SGD�U@KHCHSX�NE�TRHMF�εU*�Q@SGDQ�SG@M�ε���
AX�OQDRDMSHMF�RDUDQ@K�QDRTKSR�EQNL�DWSDM�
RHUD�MTLDQHB@K�RHLTK@SHNMR
� S�SGHR�ONHMS�HS�
HR�HLONQS@MS�SN�MNSD�SG@S�SGD�%6',�εU*�
HR�HMCDODMCDMS�NE�SGD�SDKDRBNOD�CH@LDSDQ

�

3DKDRBNODR�@MC�(MRSQTLDMS@SHNM

2Q�WKH�'LIIHUHQFH�EHWZHHQ�6HHLQJ�DQG�,PDJH�4XDOLW\���
:KHQ�WKH�7XUEXOHQFH�2XWHU�6FDOH�(QWHUV�WKH�*DPH



� 7KH�0HVVHQJHU�����l�2DOSDLADQ�����

�SDKDRBNOD�CH@LDSDQR�@QD�RL@KKDQ�SG@M�+��
CNDR�MNS�GNKC�
�6D�ENTMC�SGD�DWOQDRRHNM��
ENQ�εU*�SN�AD�U@KHC�@S�KD@RS�ENQ�+��#�­����
�
5DQX�RL@KK�SDKDRBNOD�CH@LDSDQR�CN�@RXLO�
SNSHB@KKX�BNMUDQFD�SN�ε���ATS�ENQ�RL@KKDQ�
CH@LDSDQR�SG@M�TRT@KKX�BNMRHCDQDC�@MC�
ENQ�UDQX�K@QFD�NTSDQ�RB@KD�+��U@KTDR��D
F
��
#Ű�Ű�
�ŰL�@MC�+�Ű�Ű���ŰL��#Ű�Ű�
�ŰL�@MC�
+�Ű�Ű���ŰL�


6@UDKDMFSG�@MC�RDDHMF�CDODMCDMBD

'DQD�VD�BNMRHCDQ�@M���LDSQD�SDKDRBNOD��@�
jWDC�NTSDQ�RB@KD�+�Ű�Ű���L��@MC��
��Ű@QB�
RDBNMC�RDDHMF�@S��
�ŰƅL��VGHKD�SGD�HL@F�
HMF�V@UDKDMFSG�HR�U@QXHMF�EQNL�SGD�
4�A@MC�SN�SGD�,�A@MC���
���l�
���ƅL�
�
3GD�QDRTKSR�@QD�OQDRDMSDC�HM�%HFTQD���
�KDES���VGDQD�@�RSQNMFDQ�CDODMCDMBD�NE�SGD�
%6',�NM�V@UDKDMFSG�BNLO@QDC�SN�SG@S�
DWODBSDC�AX�ε��HR�MNSHBD@AKD��@MC�@F@HM�
@M�@FQDDLDMS�VHSG�SGD�DWOQDRRHNM�ENQ�εU*�
HR�CDLNMRSQ@SDC
�"NMRHCDQHMF�SGD�R@LD�
U@KTD�NE�+��@MC�SDKDRBNOD�CH@LDSDQ��ATS�
jWDC�V@UDKDMFSG���
�ŰƅL���VD�@M@KXRDC�
SGD�RDDHMF�CDODMCDMBX�NE�SGD�%6',��SGD�
QDRTKSR�@QD�RGNVM�HM�%HFTQD����QHFGS�
�%NQ�

.TQ�HMUDRSHF@SHNMR�ENBTR�NM�SDKDRBNOD�
CH@LDSDQR�Q@MFHMF�EQNL��
�ŰL�SN���ŰL��
VHSG�V@UDKDMFSG�CNL@HM�Q@MFDR�EQNL�SGD�
4�A@MC�SN�,�A@MC��VGHKD�SGD�RDDHMF�
Q@MFDR�EQNL��
��SN��
�Ű@QBRDBNMCR
�2DU�
DQ@K�+��B@RDR�VDQD�BNMRHCDQDC�EQNL���ŰL�
SN�@M�HMjMHSD�U@KTD
�.TQ�KNMF�DWONRTQD�
/2%R�@QD�FDMDQ@SDC�AX�%NTQHDQ�SQ@MRENQLR�
NE������@SLNROGDQHB�STQATKDMBD�OG@RD�
RBQDDM�QD@KHR@SHNMR�@CNOSHMF�SGD�UNM�
*ĐQLĐM�LNCDK
�3GD�OG@RD�RBQDDMR�BNM�
RHRS�NE�������������@QQ@XR�SN�G@MCKD��
ANSG�@SLNROGDQHB�RS@SHRSHBR�@MC�@KH@RHMF�
DEEDBSR��@MC�SGD�R@LD�RDS�HR�TRDC�ENQ��
@KK�SDKDRBNOD�CH@LDSDQR
�2DUDQ@K�HMUDRSHF@�
SHNMR�VDQD�B@QQHDC�NTS�NM�SGD�OG@RD�
RBQDDMR�SN�@RBDQS@HM�SGDHQ�OQNODQSHDR��Q���
+��
�%NQ�SGD�R@JD�NE�RHLOKHBHSX��VD�CN�MNS�
CHRBTRR�SGD�CDS@HKR�NE�SGDRD�HMUDRSHF@SHNMR�
NQ�SGD�@M@KXSHB@K�SQD@SLDMS�KD@CHMF�SN�SGD�
DWOQDRRHNM��ENQ�εU*
�%NQ�LNQD�HMENQL@SHNM�
NMD�RGNTKC�QDEDQ�SN�,@QSHMDY�DS�@K
�������


.TSDQ�RB@KD�@MC�SDKDRBNOD�CH@LDSDQ

%HFTQD���@HLR�@S�CDjMHMF�SGD�FDMDQ@K�
SQDMC�NE�@SLNROGDQHB�%6',�HM�K@QFD�SDKD�

RBNODR�HM�SGD�OQDRDMBD�NE�SGD�NTSDQ�RB@KD�
NE�SGD�STQATKDMBD
�2DUDQ@K�B@RDR�NE�+��@QD�
OQDRDMSDC����ŰL����ŰL��/@Q@M@K�LDCH@M�
U@KTD�����ŰL�@MC���ŰL
�6D�BNLO@QD�SGD�
MTLDQHB@K�%6',��DWSQ@BSDC�EQNL�SGD�
RHLTK@SDC�/2%R��SN�SGD�@M@KXSHB@K�DWODB�
S@SHNM��εU*��@MC�SGD�RDDHMF��ε�
�%QNL�
�%HFTQD���HS�HR�RSQ@HFGSENQV@QC�SN�RDD�SG@S�
SGD�%6',�HR�KNVDQ�SG@M�SGD�RDDHMF�ε��
HM�@KK�B@RDR
�(M�@CCHSHNM�SGD�%6',�MHBDKX�
ETKjKKDC�SGD�@M@KXSHB@K�@OOQNWHL@SHNM�ENQ�
εU*�ENQ�@KK�SDKDRBNOD�CH@LDSDQR�DWBDOS�
RL@KK�NMDR��VGDQD�NTQ�SQD@SLDMS�NE�SGD�
CHEEQ@BSHNM�HR�SNN�BQTCD��SGD�QDRTKSR��
@QD�@EEDBSDC�AX�BN@QRD�OTOHK�R@LOKHMF�
�

3GD�U@KHCHSX�NE�SGD�DWOQDRRHNM��ENQ�εU*�HR�
GDQDAX�BNMjQLDC�HM�@M�+��Q�Ű�Ű���CNL@HM
�
 R�SGD�NTSDQ�RB@KD�+��FDSR�RL@KKDQ��SGD�
CHEEDQDMBD�ADSVDDM�%6',�@MC�RDDHMF�
HMBQD@RDR
�(M�@KK�B@RDR��SGD�CHEEDQDMBD��
HR�RHFMHjB@MS�@MC�B@MMNS�AD�MDFKDBSDC
�(M�
@CCHSHNM��SGD�DEEDBS�NE�SGD�NTSDQ�RB@KD��
HR�NARDQU@AKD�ENQ�@KK�SDKDRBNOD�CH@LDSDQR��
@MC�MNS�NMKX�ENQ�K@QFD�SDKDRBNODR�VGDQD�
CH@LDSDQR�BNQQDRONMC�SN�@�RHFMHjB@MS�
EQ@BSHNM�NE�+���H
D
��SGD�BNLLNM�@RRTLO�
SHNM�SG@S�ε��HR�U@KHC�HM�@�CNL@HM�VGDQD�

)LJXUH����3GD�@SLNR�
OGDQHB�%6',�NE�RHLT�
K@SDC�KNMF�DWONRTQD�
/2%R�UDQRTR�SDKDRBNOD�
CH@LDSDQ�ENQ�RDUDQ@K�STQ�
ATKDMBD�NTSDQ�RB@KD�+��
U@KTDR��������������@MC�
���L��ENQ�ε�Ű�Ű�
���@QB�
RDBNMCR�@S�λŰ�Ű�
��§L�
�
3GD�CHEEQ@BSHNM�%6',�
G@R�ADDM�PT@CQ@SHB@KKX�
QDLNUDC�EQNL�SGD�
DWSQ@BSDC�%6',


3DKDRBNODR�@MC�(MRSQTLDMS@SHNM

3DKDRBNOD�CH@LDSDQ��L�

2DDHMF

%6',�DWSQ@BSDC

#HEEQ@BSHNM
ε�

%6',%
6
'
,
��!
�

�
�
�
�

�
�

�
�

�
�

�
� ��
� ���
�

εU*�V��+�������L

3DKDRBNOD�CH@LDSDQ��L�

2DDHMF

%6',�DWSQ@BSDC

#HEEQ@BSHNM
ε�

%6',%
6
'
,
��!
�

�
�
�
�

�
�

�
�

�
�

�
� ��
� ���
�

εU*�V��+�������L

3DKDRBNOD�CH@LDSDQ��L�

2DDHMF

%6',�DWSQ@BSDC

#HEEQ@BSHNM
ε�

%6',

%
6
'
,
��!
�

�
�
�
�

�
�

�
�

�
�

�
� ��
� ���
�

εU*�V��+�������L

3DKDRBNOD�CH@LDSDQ��L�

2DDHMF

%6',�DWSQ@BSDC

#HEEQ@BSHNM
ε�

%6',

%
6
'
,
��!
�

�
�
�
�

�
�

�
�

�
�

�
� ��
� ���
�

εU*�V��+�������L

,@QSHMDY�/
�DS�@K
��.M�SGD�#HEEDQDMBD�ADSVDDM�2DDHMF�@MC�(L@FD�0T@KHSX



�7KH�0HVVHQJHU�����l�2DOSDLADQ�����

@KK�RDDHMF�U@KTDR��SGD�DWSQ@BSDC�%6',�
BKD@QKX�ENKKNVR�εU*�@MC�MNS�ε�
�3GD�@FQDD�
LDMS�VHSG�SGD�DWOQDRRHNM��ENQ�εU*�HR�SGDQD�
ENQD�CDLNMRSQ@SDC�ENQ�ANSG�V@UDKDMFSG�
�+��Q��������@MC�RDDHMF�CDODMCDMBD��+��Q��
�����
�7KH�):+0�RI�ORQJ�H[SRVXUH�
36)V�LV�QRW�WKH�VHHLQJ�

#HRBTRRHNM�NE�SGD�B@RD�NE�/@Q@M@K

6D�CHRBTRR�GDQD�SGD�O@QSHBTK@Q�B@RD�NE�
SGD�5+3�RHSD�@S�/@Q@M@K�@RRTLHMF�RS@MC�
@QC�RDDHMF�BNMCHSHNMR���
���@QBRDBNMC�@S�
�
�ŰƅL���@MC�ENQ�RDUDQ@K�NTSDQ�RB@KD�+��
U@KTDR�HMBKTCHMF�SGD�/@Q@M@K�LDCH@M�U@KTD�
���ŰL��@MC�HSR�BNQQDRONMCHMF��σ�U@KTDR�
����@MC���ŰL�
�%HFTQD���PT@MSHjDR�SGD�
Q@SHN�NE�SGD�RDDHMF�ε��SN�SGD�%6',�εU*�ENQ�
CHEEDQDMS�V@UDKDMFSGR
�3GD�CHEEDQDMBD��
HR�RTARS@MSH@K�@MC�B@M�DWBDDC�@�E@BSNQ�NE�
SVN�HM�SGD�HMEQ@QDC��(1�
�%NQ�HMRS@MBD���
SGD�%6',�εU*�HR�KNVDQ�SG@M�ε��AX�����HM�
SGD�UHRHAKD��@MC�HS�HR�DUDM�LNQD�CQ@L@SHB�
HM�SGD�MD@Q�(1��VGDQD�HS�HR�KNVDQ�AX���
���
�'�A@MC��@MC���
����*�A@MC�
�%HFTQD���
@KRN�RSQNMFKX�DLOG@RHRDR�SGD�HLONQS@MBD�
NE�NAS@HMHMF�QDKH@AKD�DRSHL@SHNM�NE�+��@S�
@�SDKDRBNOD�RHSD��SGTR�QDPTHQHMF�RHLTKS@MD�
NTR�LD@RTQDLDMSR�NE�ε��@MC�+�
�

 M�HMSDMRHUD�LTKSH�HMRSQTLDMS�B@LO@HFM�
NE�+���RTQE@BD�K@XDQ��@MC�RDDHMF�BG@Q@BSDQ�
HR@SHNM�V@R�B@QQHDC�NTS�@S�/@Q@M@K�HM������
@MC�G@R�ADDM�QDBDMSKX�OQDRDMSDC�HM�#@KH�
 KH�DS�@K
�������
�3GHR�RSTCX�G@R��ENQ�SGD�
jQRS�SHLD��OQNUHCDC�SGD�OQNjKD�NE�SGD�NTSDQ�
RB@KD�+���G���VGDQD�G�RS@MCR�ENQ�SGD�@KSH�
STCD��@S�/@Q@M@K��DM@AKHMF�SGD�VGNKD�OQN�
jKD�NE�SGD�@SLNROGDQHB�STQATKDMBD�SN�AD�
RDO@Q@SDC�HMSN�SGD�QDRODBSHUD�BNMSQHAT�
SHNMR�EQNL�SGD�EQDD��FQNTMC�@MC�RTQE@BD�
K@XDQR
�(M�SGHR�DWSDMRHUD�RSTCX��SGD�@TSGNQR�

ENTMC�NTSDQ�RB@KD�+��U@KTDR�U@QXHMF�EQNL�
@�EDV�LDSQDR��]Ű��ŰL��HM�SGD�FQNTMC�K@XDQ��
SN�@�L@WHLTL�U@KTD�NE�]Ű��ŰL�@OOD@QHMF�
HM�SGD�ANTMC@QX�K@XDQ��@S��ŰJL�
�(M�@CCH�
SHNM��AX�BNLO@QHMF�/2%R�@S�UHRHAKD�@MC�
LHC�(1�V@UDKDMFSGR�RHLTKS@MDNTRKX��HS�HR�
ONRRHAKD�SN�DWSQ@BS�SGD�SVN�O@Q@LDSDQR���
ε��@MC�+���@RRTLHMF�SG@S�SGD�SDKDRBNOD�R�
BNMSQHATSHNM�SN�SGD�HL@FD�CDFQ@C@SHNM�
B@M�AD�MDFKDBSDC��3NJNUHMHM�DS�@K
�������


.M�RJX�C@S@�@OOKHB@SHNM

3N�QDK@SD�SGD�OQDUHNTR�QDRTKSR�SN�QD@K�
�RHST@SHNMR��VD�G@UD�DU@KT@SDC�RDUDQ@K�
RSDKK@Q�%'6,R�EQNL�@M�HL@FD�NE�.LDF@�
"DMS@TQH�QDBNQCDC�VHSG�SGD�(1�B@LDQ@��
NE�, #��SGD�$2.�,TKSH�BNMITF@SD� C@OSHUD�
.OSHBR�#DLNMRSQ@SNQ��ENQLDQKX�HMRS@KKDC��
@S�SGD�5+3�43��
�3GD�HL@FD�V@R�NAS@HMDC�
NM����,@QBG������HM�NODM�KNNO��H
D
�MN�
 .�BNQQDBSHNM�HR�@OOKHDC��VHSG�@����RDB�

NMC�HMSDFQ@SHNM�SHLD�@S�@�V@UDKDMFSG�NE�
�
����ƅL��A@MCVHCSG�NE��
���ƅL�
�6D�TRD�
SGHR�DW@LOKD�@R�HS�OQNUHCDR�@�VDKK�R@L�
OKDC�HL@FD�NE�@�K@QFD�jDKC�NE�UHDV�����@QB�
RDBNMCR������@QBRDBNMCR�
�

3GD�HL@FD�HR�OQDRDMSDC�HM�%HFTQD��
�3GD�
%6',�G@R�ADDM�DU@KT@SDC�HM�SGD�DKNMF@�
SHNM�EQDD�CHQDBSHNM�NE�SGD�RS@QR��@MC�CD��
QHUDC�TRHMF�@���SG�NQCDQ�ONKXMNLH@K�jS�SN�
SGD�Q@CH@K�OQNjKDR��@�SDKDRBNOD�/2%�HR��
@�BNMUNKTSHNM�NE�SGD�@SLNROGDQD�AKTQ�VHSG�
CHEEQ@BSHNM��@ADQQ@SHNMR��FTHCHMF�DQQNQR��
DSB
�v�@MC�MNMD�NE�SGDRD�E@BSNQR�HR�CD��
RBQHADC�AX�@�&@TRRH@M�
� �LD@M�%6',�
U@KTD�NE��
���@QBRDBNMCR�G@R�ADDM�
LD@RTQDC
�!X�BNMUDQSHMF�SGHR�%6',�HMSN�
@�RDDHMF�U@KTD�εU*�@RRTLHMF�SGD�/@Q@M@K�
NTSDQ�RB@KD�LDCH@M�U@KTD�NE����L��@MC�
VHSG�@�OQNODQ�RB@KHMF�ENQ�V@UDKDMFSG�
��
�ŰƅL��@MC�@HQL@RR���
����VD�ENTMC�SG@S�
SGD�RDDHMF�CTQHMF�SGD�@BPTHRHSHNM�NE��
SGD�HL@FD�V@R�DPT@K�SN��
���@QBRDBNMCR
�

6@UDKDMFSG��§L�

%6',�DWSQ@BSDC
ε�

%
6
'
,
��!
�

�
�
�

�
�

�
�

�
�

�
�

�
�

�
�

� � � � �

εU*�

(MOTS�RDDHMF��!�

%6',�DWSQ@BSDC
ε�

%
6
'
,
��!
�

�
�
�
�

�
�

�
�

�
�

�
�

�
�

�
� �
� �
� �
�

εU*�

)LJXUH����#DODMCDMBD�
NE�SGD�%6',�NM�V@UD�
KDMFSG��KDES��jWDC�
ε�Ű�Ű�
��Ű@QBRDBNMCR��
@MC�RDDHMF��QHFGS��jWDC�
λŰ�Ű�
�Ű§L�
�.SGDQ�
O@Q@LDSDQR�@QD�
+�Ű�Ű��ŰL��#Ű�Ű�ŰL��SXOH�
B@K�ENQ�SGD�5+3�


6@UDKDMFSG��ƅL�

+�������L
+�������L
+�������L
+�������L
+��������L

2
DD
HM
F�
%
6
'
,

�
�
�

�
�

�
�

�
�

�
�

�
�

� � � � �

)LJXUH����1@SHN�NE�RDDHMF�
ε��SN�%6',��εU*��@R�@�
ETMBSHNM�NE�SGD�V@UD�
KDMFSG�ENQ�RDUDQ@K�U@KTDR�
NE�+�
�3GD�@SLNROGDQHB�
RDDHMF�HR�RDS�SN�SGD�
/@Q@M@K�RS@MC@QC�U@KTD�
NE��
��Ű@QBRDBNMC�@S�
�
�Ű§L




� 7KH�0HVVHQJHU�����l�2DOSDLADQ�����

!X�MNS�BNMRHCDQHMF�SGD�OQDRDMBD�NE�SGD�
NTSDQ�RB@KD�NE�SGD�STQATKDMBD��NMD�HR�BTQ�
QDMSKX���@��NUDQDRSHL@SHMF�SGD�HL@FD�RHYD�
DWODBSDC�ENQ�@�K@QFD�SDKDRBNOD��H
D
�NTQ�
SDKDRBNODR�BNTKC�ODQENQL�ADSSDQ�SG@M�VD�
OQDCHBS���A��TMCDQDRSHL@SHMF�SGD�RDDHMF��
HE�CDCTBDC�EQNL�SGD�%6',�NE�@�KNMF�
DWONRTQD�/2%��H
D
�SGD�RDDHMF�HR�@BST@KKX�
ONNQDQ�SG@M�VD�OQDCHBS


#(,,�RDDHMF�LD@RTQDLDMSR�VDQD�HMCDDC�
DUNKUHMF�ADSVDDM��
���@MC��
���@QBRDB�
NMCR��RDD�3@AKD����CTQHMF�SGHR�DWONRTQD
�
-NS�BNMRHCDQHMF�SGD�NTSDQ�RB@KD�OQDRDMBD�
�H
D
�@CNOSHMF�ε����VNTKC�G@UD�KDC�SN�@�
U@KTD�NE��
���@QBRDBNMC�RDDHMF��V@UD�
KDMFSG�@MC�@HQL@RR�BNQQDBSDC���LNQD�SG@M�
�
��@QBRDBNMCR�CHEEDQDMS�EQNL�SGD�LD@R�
TQDC�U@KTD�


�PTHSD�@�CHEEDQDMBDŬ

 KSGNTFG�SGHR�SDRS�MHBDKX�RTOONQSR�SGD�
DWOQDRRHNM��ENQ�εU*��HS�QDKHDR�NM�SGD�BGNRDM�
U@KTD�NE�+���@R�@�L@SSDQ�NE�E@BS�VD�B@MMNS�
FT@Q@MSDD�SG@S����L�HR�@�BNQQDBS�FTDRR��
MNQ�CHC�VD�BNMRHCDQ�ONSDMSH@K�HMSDQM@K�SDK�
DRBNOD�CDEDBSR��@�/2%�HR�AQN@CDMDC�AX�
MNM�@SLNROGDQHB�E@BSNQR�@R�VDKK�
�(MCDDC��
NOSHB@K�@ADQQ@SHNMR�@MC�SGD�NTSDQ�RB@KD��
NE�SGD�STQATKDMBD�@BS�HM�NOONRHSD�CHQDB�
SHNMR��@MC�SGDX�B@M�O@QSH@KKX�BNLODMR@SD�
ENQ�D@BG�NSGDQ
�!DRHCDR��SGD�@BSHUD�NOSHBR�
@KRN�OK@XR�@�QNKD�SG@S�HR�RHLHK@Q�SN�SGD�
DEEDBS�NE�SGD�NTSDQ�RB@KD�+�
�(M�@M@KNFX�
VHSG�SGD�jMHSD�NTSDQ�RB@KD�HLO@BS��O@QSH@KKX�
BNQQDBSDC�V@UDEQNMSR��QDRTKSHMF�D
F
��EQNL�
SHO�SHKS�BNLODMR@SHNM��E@RS�FTHCHMF��NQ��
KNV�NQCDQ�@C@OSHUD�NOSHBR�� .��BNQQDBSHNM��
KD@C�SN�@�RL@KK�DEEDBSHUD�+�
� KK�SGQDD�
DEEDBSR���STQATKDMBD�NTSDQ�RB@KD��O@QSH@K�
 .�BNQQDBSHNM�@MC�SHO�SHKS�BNQQDBSHNM���
QDCTBD�SGD�KNV�EQDPTDMBX�BNMSDMS�NE�SGD�
OG@RD�ODQSTQA@SHNM�RODBSQTL��ATS�SGD�
F@HM�HM�QDRNKTSHNM�NUDQ�*NKLNFNQNU�STQAT�
KDMBD�HR�MNS�BTLTK@SHUD
�3GDQDENQD�SGD�
RD@QBG�ENQ�@M�@FQDDLDMS�VHSG�#(,,�
LD@RTQDLDMSR�RGNTKC�@KV@XR�AD�B@QDETKKX�
BNMRHCDQDC��@MC�VNTKC�QDPTHQD�RS@SHRSHB@K�
HMUDRSHF@SHNMR��SN�OQDUDMS�ENQ�DW@LOKD��
SGD�RTQE@BD�K@XDQ��SGHM�@MC�SHLD�U@QXHMF�
STQATKDMBD�K@XDQ�NBBTQQHMF�NUDQ�SGD�

LNTMS@HM��SN�BNMETRD�SGD�RHST@SHNM��RDD�
2@Q@YHM�DS�@K
�������


.M�SGD�NSGDQ�G@MC��AX�BNMRHCDQHMF�SGD�
#(,,�RDDHMF�LD@RTQDLDMSR�CTQHMF��
SGD�@BPTHRHSHNM�NE�SGD�HL@FD���
��l�
���
@QBRDBNMCR���NMD�BNTKC�QDSQHDUD�SGD�NTSDQ�
RB@KD�+��U@KTD�NBBTQQHMF�@S�SG@S�SHLD�
@MC�SGD�LD@RTQDC�%6',
�6D�SGTR�
NAS@HMDC�@�U@KTD�NE�+��BNMjMDC�ADSVDDM�
���@MC���ŰL��VGHBG�@OOD@QR�SN�AD�QD@KHR�
SHB�BNMRHCDQHMF�SGD�/@Q@M@K�LDCH@M�U@KTD�
NE���ŰL��@MC�LD@RTQDLDMSR�NAS@HMDC��
HM�SGD������B@LO@HFM�@S�/@Q@M@K�@MC�OQD�
RDMSDC�HM�#@KH� KH�DS�@K
�������
�%KNXC�DS�@K
�
�������CDQHUDC�SGD�U@KTD�NE�SGD�NTSDQ�RB@KD�
NE�SGD�STQATKDMBD�@S�SGD�,@FDKK@M�SDKD�
RBNODR�KHJDVHRD��@MC�SGDX�ENTMC�@M�NTSDQ�
RB@KD�+��NE����L
�

"NMBKTRHNM

3GHR�RSTCX�G@R�BNMjQLDC�RDUDQ@K�@RODBSR�
NE�SGD�CHEEDQDMBD�ADSVDDM�RDDHMF�@MC�
HL@FD�PT@KHSX�@S�@M�NOSHB@K�SDKDRBNOD��
l��SGD�%6',�NE�KNMF�DWONRTQD�RSDKK@Q�
HL@FDR�NAS@HMDC�@S�@�SDKDRBNOD�HR�MNS�
SGD�RDDHMF��

l��SGD�NTSDQ�RB@KD�NE�SGD�@SLNROGDQHB�STQ�
ATKDMBD�OK@XR�@�RHFMHjB@MS�QNKD�HM�SGD�
QDK@SHNMRGHO�ADSVDDM�SGD�RDDHMF�@MC�SGD�
%6',�NE�@M�HL@FD
�3GD�DEEDBS�NE�SGD�
NTSDQ�RB@KD�HR�@OO@QDMS�ENQ�@KK�SDKDRBNOD�
CH@LDSDQR
�3GD�DWOQDRRHNM�εU*�OQN�
ONRDC�AX�3NJNUHMHM��������@BBTQ@SDKX�
OQDCHBSR�SGD�CDODMCDMBD�NE�@SLNR�
OGDQHB�KNMF�DWONRTQD�QDRNKTSHNM�NM�SGD�
NTSDQ�RB@KD


3DKDRBNODR�@MC�(MRSQTLDMS@SHNM

)LJXUH����+DES��5+3�
, #�HL@FD�NE�.LDF@�
"DMS@TQH�QDBNQCDC�HM�
,@QBG�����
�3GD�RS@QR�
HMCHB@SDC�VDQD�TRDC�ENQ�
%6',�DU@KT@SHNM
�1HFGS��
-NQL@KHRDC�HMSDMRHSX�
OQNjKD�NE�NMD�RS@Q�@MC�
SGD�QDRTKS�NE�SGD�%6',�
DU@KT@SHNM���
���Ű@QB�
RDBNMCR��EQNL�@�jS�NM�
SGD�HL@FD�LHMNQ�@WHR
�

L@R

'6',�������L@R

�#�OQNjKD
��SG�NQCDQ�ONKXMNLH@K�jS

-
NQ
L
@K
HR
DC
�(M
SD
MR
HSX

�
�
�

�
�

�
�

�
�

�
�

�
�

��� ��� ���

,@QSHMDY�/
�DS�@K
��.M�SGD�#HEEDQDMBD�ADSVDDM�2DDHMF�@MC�(L@FD�0T@KHSX

7DEOH����"NMUDQRHNM�NE�SGD�%6',�NAS@HMDC�NM�SGD�
, #�HL@FD�NE�.LDF@�"DMS@TQH���RS�QNV��HMSN�RDDHMF�
U@KTDR��@RRTLHMF�+�Ű�Ű��ŰL��TRHMF�SGD�DWOQDRRHNM

��ENQ�
ε����MC�QNV���SGD�DWOQDRRHNM��ENQ�εU*���QC�QNV��@MC�
BNLO@QDC�SN�#(,,�RDDHMF���SG�QNV�
� KK�U@KTDR�@QD�ENQ�
@�V@UDKDMFSG�NE��
��§L�@MC�@QD�BNQQDBSDC�ENQ�@HQL@RR


1DEDQDMBD

2@Q@YHM��,
���1NCCHDQ��%
������� � ����������
3NJNUHMHM�� 
�������/ 2/�����������
3NJNUHMHM�� 
�DS�@K
�������,-1 2����������
2@Q@YHM��,
�DS�@K
�������3GD�,DRRDMFDQ����������
,@QSHMDY��/
�DS�@K
������� � ������� ��
%KNXC��#
�)
�$
�DS�@K
�������/ 2/����������
#@KH� KH��6
�DS�@K
������� � ��RTALHSSDC

-NSDR

���3GD�ETKK�DWOQDRRHNM�ENQ�SGD�%6',�NE�SGD�
�*NKLNQFNQNU�/2%�HR�ε�����
����λ�Q�


���3GD�ETKK�DWOQDRRHNM�ENQ�SGD�%6',�NE�SGD�U@M�
*ĐQLĐM�/2%�HR�εU*�¶�ε��µ ���l��
�����Q��+���
����
�

):+0��DUFVHFRQG�

6HHLQJ��DUFVHFRQG���ε��
6HHLQJ��DUFVHFRQG���εU*�
',00�VHHLQJ��DUFVHFRQG�

�
��

�
��

�
��

�
��l�
��


