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8�SRVOHGQMLK�QHNROLNR�JRGLQD�LVSLWLYDQR�MH�UD]OD�
JDQMH�YRGRQLN�SHURNVLGD�X�SULVXVWYX�VPROD�L]PHQMH�
QLK�DPLQVNLP�NRPSOHNVLPD�SUHOD]QLK�PHWDOD��EDNUD�
NREDOWD�L�QLNOD��NRML�]ERJ�SRVHGRYDQMD�QHSRSXQMHQLK
G�RUELWDOD�LPDMX�L]UDCHQD�NDWDOLWLaND�VYRMVWYD�

.DGD�MH�X�SLWDQMX�PHKDQL]DP�UD]ODJDQMD�UHDN�
WDQDWD�QD�VPROL��UHDNFLMD�VH�RGYLMD�L�QD�SRYU^LQL�L�X
XQXWUD^QMRVWL�aHVWLFD�NDWDOL]DWRUD��3UL�UHDNFLML�QD
VPROL�RGLJUDYD�VH�KRPRJHQD�NDWDOL]D�X�SRUH�OLJXLG�X
NRMD�SRVHGXMH�HOHPHQWH�L�KRPRJHQH�L�KHWHURJHQH
NDWDOL]H��*ODVQHU��������

�=HROLWL�VX�KLGUDWLVDQL�NULVWDOQL�DOXPR�VLOLNDWL
WURGLPHQ]LRQDOQLK�SRUR]QLK�VWUXNWXUD�NRML�SRVOHGQMLK
JRGLQD�QDOD]H�VYH�̂ LUX�SULPHQX��=HROLWL�VX�NDR�L�VPR�
OH�MRQRL]PHQMLYDaL�YHOLNH�XQXWUD^QMH�SRYU^LQH��V�WLP
^R�VX�NRG�VPROH�MRQL�YH]DQL�]D�PUHCX�SROLPHUD��D
NRG�]HROLWD�]D�DOXPRVLOLNDWQX�PUHCX�

=HROLWL�VH�PRJX�SULND]DWL�IRUPXORP��-DFREV�������
0[�Q2�⋅�$O�2��⋅�[6L2��⋅�\+�2

JGH�MH�0�NDWMRQ�NRML�NRPSHQ]XMH�QHJDWLYQR�QDHOHN�
WULVDQMH�]HROLWVNH�PUHCH��Q�QMHJRYR�QDHOHNWULVDQMH��

2VQRYQH� L]JUD_LYDaNH� MHGLQLFH� ]HROLWD� VX
[6L2�]�¬�L�[$O2�]�¬�WHWUDHGUL�NRML�VH�SRYH]XMX�SUHNR
NLVHRQLNRYLK�DWRPD�REUD]XMX`L�WURGLPHQ]LRQDOQX�QH�
JDWLYQR�QDHOHNWULVDQX�PUHCX��VOLND�����1HJDWLYQR
QDHOHNWULVDQMH�PUHCH�NRPSHQ]XMH�VH�RGJRYDUDMX`LP
NDWMRQLPD��DONDOQLP�LOL�]HPQRDONDOQLP�PHWDOLPD�
SUHOD]QLP�PHWDOLPD�LOL�MRQVNLP�JUXSDPD��QSU��1+���
NDR�L�SURWRQLPD��

.XERRNWDHGDU�NRML�QDVWDMH�SRYH]LYDQMHP����WHWUD�
HGUD�72���72�� �[62�]�¬� LOL�[$O2�]�¬���SR]QDW�MH
SRG�LPHQRP�VRGDOLWVND�MHGLQLFD��%UHFN��������6R�
GDOLWVNH�MHGLQLFH�VH�PRJX�SRYH]LYDWL�QD�UD]OLaLWH

QDaLQH�L�QMLKRYLP�SRQDYOMDQMHP�X�SURVWRUX�GRELMDMX
VH�SUDYLOQH�WURGLPHQ]LRQDOQH�VWUXNWXUH�

3RUHG�SRUR]QH�VWUXNWXUH��MRQRL]PHQMLYDaNLK�RVR�
ELQD�L�YHOLNRJ�EURMD�DNWLYQLK�FHQWDUD��]HROLWH�RGOLNXMH
L�YHOLND�VWDELOQRVW�NRMD�RPRJX`DYD�XaHVWYRYDQMH�X
UHDNFLMDPD�QD�YLVRNLP�WHPSHUDWXUDPD��=DWLP��]HROLWL
SRVHGXMX�GHILQLVDQH�RWYRUH�SRUD�PROHNXOVNLK�GL�
PHQ]LMD�^WR�RPRJX`DYD�VHOHNWLYQRVW�X�RGQRVX�QD
UHDNWDQWH�L�SURL]YRGH�UHDNFLMH��1D�]HROLWLPD�VH�PRJX
YU^LWL�L�QDNQDGQH�PRGLILNDFLMH�NRMH�VH�RJOHGDMX�X
SURPHQL�RGQRVD�6L�$O��D�WLPH�VH�XWLaH�QD�EURM�L
MDaLQX�DNWLYQLK�FHQWDUD��NDR�L�QD�VWDELOQRVW�]HROLWD�
6YH�RYH�QDYHGHQH�RVRELQH�aLQH�]HROLWH�L]X]HWQR�SR�
JRGQLP�NDWDOL]DWRULPD�

8�RYRP�UDGX�LVSLWLYDQR�MH�NDWDOLWLaNR�GHMVWYR
]HROLWD�$�L]PHQMHQRJ�DPLQVNLP�NRPSOHNVRP�EDNUD
QD�UD]ODJDQMH�YRGRQLN�SHURNVLGD�NDR�QRYRJ�NDWDOL]D�
WRUD�]D�GDWX�UHDNFLMX�

=HROLW�$�SULSDGD�/7$�WLSX�]HROLWD�NRML�QDVWDMH
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SRVWRMH�GYD�WLSD�NDYH]D��YHOLNL�LOL�α�NDYH]�L�PDOL�VR�
GDOLWVNL�LOL�β�NDYH]��9HOLNL�LOL�α�NDYH]�X�RYRM�VWUXN�
WXUL�QDVWDR�MH�VSDMDQMHP�RVDP�VRGDOLWVNLK�MHGLQLFD
SUHNR�GYRVWUXNLK�aHWYRURaODQLK�SUVWHQRYD��7DNR�IRU�
PLUDQL�NDYH]�MH�SROLHGDU�aLML�RWYRU�aLQL�RVPRaODQL
SUVWHQ�NRML�LPD�SUHaQLN�����c��'RQGXU�������

=HROLW�$�VH�RGOLNXMH�QLVNLP�RGQRVRP�6L�$O��UH�
ODWLYQR�PDORP�VWDELOQR^`X�PUHCH��PDORP�VWDELOQR^`X
X�NLVHOLQDPD��YHOLNRP�VWDELOQR^`X�X�ED]DPD��NDR�L
YLVRNRP�NRQFHQWUDFLMRP�NLVHOLK�JUXSD�VUHGQMH�MD�
aLQH�
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,VSLWLYDQMH�MH�SRGHOMHQR�X�GYH�ID]H�
���-RQVND�L]PHQD�]HROLWD
���3UD`HQMH�UD]ODJDQMD�YRGRQLN�SHURNVLGD
.DR�SROD]QL�X]RUDN�X�SRVWXSNX�MRQVNH�L]PHQH

NRUL^`HQ�MH�1D�REOLN�]HROLWD�$��VLQWHWLVDQ�X�,QVWLWXWX
]D�RS^WX�L�IL]LaNX�KHPLMX�X�%HRJUDGX���-RQVND�L]PH�
QD�]HROLWD�$�DPRQLMDaQLP�NRPSOHNVRP�EDNUD�L]�
YHGHQD�MH�QD�GYD�QDaLQD��8�SUYRP�VOXaDMX�YU^HQD�MH
GLUHNWQD�MRQVND�L]PHQD�]HROLWD�$�UDVWYRURP�WHWUD�
DPLQVNRJ�NRPSOHNVD�EDNUD��$�[&X�1+���]�����GRN
MH�X�GUXJRP�VOXaDMX�QDMSUH�L]YU^HQD�MRQVND�L]PHQD�]HR�
OLWD�$�MRQLPD�&X����D�SRWRP�UDVWYRURP�DPRQLMDND
�&X$�1+����8�SURFHVX�MRQVNH�L]PHQH�NRUL^`HQ�MH
UDVWYRU�&X62��NRQFHQWUDFLMH��������PRO�GP���L�UDVWYRU

6OLND����6L2��¬��RGQRVQR�$O2��¬�WHWUDHGUL
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DPRQLMDND�NRQFHQWUDFLMH��������PRO�GP��� -RQVND
L]PHQD�VH�X�RED�VOXaDMD�RGYLMDOD�WRNRP���K�X]�NRQ�
VWDQWQR�PH^DQMH�QD�PDJQHWQRM�PH^DOLFL�EU]LQRP�RG
����REUWDMD�PLQ��3R�]DYU^HWNX�MRQVNH�L]PHQH�]HROLWL
VX�LVSUDQL�GHVWLORYDQRP�YRGRP�L�VX^HQL�X�HNVLNDWRUX�

3URFHQDW�MRQVNH�L]PHQH�SUL�GLUHNWQRM�MRQVNRM
L]PHQL�]HROLWD�$�WHWUDDPLQVNLP�NRPSOHNVRP�EDNUD
RGUH_HQ�MH� VSHNWURIRWRPHWULMVNL��PHWRGRP�NDOLEUD�
FLRQH�SUDYH���L�WR�QD�RVQRYX�UD]OLNH�NRQFHQWUDFLMH
WHWUDDPLQVNRJ�NRPSOHNVD�EDNUD�X�UDVWYRUX�SUH�L
QDNRQ�MRQVNH�L]PHQH��8�GUXJRP�VOXaDMX�QDMSUH�MH
RGUH_HQ�SURFHQDW�MRQVNH�L]PHQH�MRQLPD�EDNUD�VWDQ�
GDUGQRP�NRPSOHNVRPHWULMVNRP�PHWRGRP�SRPR`X
('7$��3HFHY�L�3HURYL`�������L�WR�QD�RVQRYX�UD]OLNH
NRQFHQWUDFLMD�&X���MRQD�X�UDVWYRUX�SUH�L�QDNRQ�MRQ�
VNH�L]PHQH��1DNRQ�WRJD�MH�RGUH_HQ�SURFHQDW�L]PHQH
]HROLWD�&X$�DPRQLMDNRP��L�WR�VSHNWURIRWRPHWULMVNL�

(NVSHULPHQW�MH�L]YR_HQ�QD�WHPSHUDWXUL�RG���~&�VD
SHW�UDVWYRUD�YRGRQLN�SHURNVLGD�SRaHWQLK�NRQFHQWUDFLMD�
�������������������������������L��������PRO�GP��

,]PHQMHQL�]HROLW�������J��MH�SUHOLYDQ�VD��������FP�
YRGHQRJ�UDVWYRUD�YRGRQLN�SHURNVLGD�RGUH_HQH�NRQFHQ�
WUDFLMH��5HDNFLMD�VH�RGYLMDOD�X]�PH^DQMH�QD�PDJQHWQRM
PH^DOLFL��1DNRQ�RGUH_HQLK�YUHPHQVNLK�LQWHUYDOD�X]�
LPDQ�MH�DOLNYRW�RG������FP��NRML�MH�UD]EODCLYDQ�GHV�
WLORYDQRP�YRGRP�X�QRUPDOQRP�VXGX�RG����FP��
.RQFHQWUDFLMD�YRGRQLN�SHURNVLGD�X�GRELMHQRP�UDVWYRUX
RGUH_LYDQD�MH�VWDQGDUGQRP�SHUPDQJDQRPHWULMVNRP
PHWRGRP� �3HFHY� L� 3HURYL`� ������� .RUL^`HQ� MH
��������PRO�GP��UDVWYRU�NDOLMXP�SHUPDQJDQDWD�NRML�MH
VWDQGDUGL]RYDQ�VWDQGDUGQLP�UDVWYRURP�QDWULMXP�RN�
VDODWD��5D]ODJDQMH�YRGRQLN�SHURNVLGD�X�SULVXVWYX
L]PHQMHQRJ�]HROLWD�SUD`HQR�MH�X�WRNX���aDVD�

7RNRP�HNVSHULPHQWD�NRUL^`HQH�VX�VOHGH`H�KHPL�
NDOLMH�

¬ &X62�⋅�+�2��S��D��
¬ QDWULMXPVNL�REOLN�]HROLWD�$��S��D��
¬ ����UDVWYRU�YRGRQLN�SHURNVLGD
¬ VWDQGDUGQL�UDVWYRU�NDOLMXP�SHUPDQJDQDWD

NRQFHQWUDFLMH���������PRO�GP�
¬ QDWULMXP�RNVDODW��S��D��
¬ JUDQXOH�FLQND
¬ NRQFHQWURYDQD�KORURYRGRQLaQD�NLVHOLQD
¬ NRQFHQWURYDQD�VXPSRUQD�NLVHOLQD
¬ VWDQGDUGQL� UDVWYRU� ('7$� NRQFHQWUDFLMH

�������PRO�GP�
¬ NRQFHQWURYDQL�DPRQLMDaQL�UDVWYRU
¬ DPRQLMXP�KORULG��S��D��
¬ PXUHNVLG��S��D��

5H]XOWDWL�L�GLVNXVLMD
3URFHQDW�MRQVNH�L]PHQH�]D�]HROLW�$�[&X�1+���]��

MH���������GRN�MH�]D�]HROLW�&X$�1+����������1D�
NRQ�MRQVNH�L]PHQH�]HROLW�MH�X�RED�VOXaDMD�SURPHQLR
ERMX�L]�EHOH�X�SODYX��8�WRNX�UHDNFLMH�UD]ODJDQMD�YR�
GRQLN�SHURNVLGD�SULPH`HQR�MH�GD�L]PHQMHQL�]HROLWL
PHQMDMX�ERMX�L]�SODYH�X�PDVOLQDVWR�]HOHQX�NRMD�YUH�
PHQRP�SUHOD]L�X�EUDRQ��GD�EL�QD�NUDMX�UHDNFLMH�ERMD
]HROLWD�ELOD�]HOHQD��3RUHG�SURPHQH�ERMH�]HROLWD�SUL�
PH`HQR�MH�L�L]GYDMDQMH�PHKXUL`D�X�WRNX�UHDNFLMH��̂ WR
MH�GRND]�GD�VH�YRGRQLN�SHURNVLG�UD]ODCH�X]�L]GYD�
MDQMH�PROHNXOVNRJ�NLVHRQLND�

9RGRQLN�SHURNVLG�VH�VSRUR�UD]ODCH�QD�VREQRM
WHPSHUDWXUL��1MHJRYR�UD]ODJDQMH�MH�SUD`HQR�X�WRNX
���K�L�]D�WR�YUHPH�UD]ORCLOR�VH�������YRGRQLN�SHU�
RNVLGD��'HQL`��������VOLND����

1D�SRaHWNX�MH�LVSLWDQR�NDWDOLWLaNR�GHMVWYR�RED
L]PHQMHQD�]HROLWD�QD�UHDNFLMX�UD]ODJDQMD�YRGRQLN�
SHURNVLGD��1D�VOLFL���VH�YLGL�GD�RED�L]PH�QMHQD�]HR�
OLWD�NDWDOL]XMX�UD]ODJDQMH�YRGRQLN�SHURNVLGD�L�GD�MH
]HROLW�$�[&X�1+���]���HILNDVQLML�NDWDOL]DWRU�MHU�VH�X
QMHJRYRP�SULVXVWYX�X�YUHPHQVNRP�LQWHUYDOX�RG
���PLQ�UD]ORCL�LVWD�NROLaLQX�YRGRQLN�SHURNVLGD�NRMD
VH�X�SULVXVWYX�]HROLWD�&X$�1+��UD]ORCL�]D����PLQ�
6KRGQR�WRPH�X�QDVWDYNX�MH�SUD`HQR�UD]ODJDQMH�YR�
GRQLN�SHURNVLGD�VDPR�X�SULVXVWYX�$�[&X�1+���]���
5H]XOWDWL�VX�SULND]DQL�QD�VOLFL���

6OLND���
.LQHWLaND�NULYD�UD]ODJDQMD�YRGRQLN�SHURNVLGD�SRaHWQHNRQFHQWUDFLMH��������PRO�GP�

)LJXUH���
.LQHWLF�FXUYH�RI�K\GURJHQ�SHUR[LGH�GHFRPSRVLWLRQ�DWLQLWLDO�FRQFHWUDWLRQ��������PRO�GP�
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6D�VOLNH���VH�PRCH�YLGHWL�GD�VH�]QDaDMQD�NROLaLQD
YRGRQLN�SHURNVLGD�UD]ORCL�WRNRP�SUYRJ�VDWD��^WR�MH
SULND]DQR�X�WDEHOL���

7DEHOD����3URFHQDW�UD]ODJDQMD�YRGRQLN�SHURNVLGD
SRVOH���VDWD
3RaHWQD�NRQFHQWUDFLMD
+�2��[PRO�GP�]

3URFHQDW�UD]ODJDQMD�[�]
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8�SULVXVWYX�]HROLWD�$�[&X�1+���]���SURFHV�UD]�
ODJDQMD�YRGRQLN�SHURNVLGD�MH�LVSLWDQ�]D�UD]OLaLWH
SRaHWQH�NRQFHQWUDFLMH�UHDNWDQDWD��^WR�RPRJX`DYD
RGUH_LYDQMH�UHGD�UHDNFLMH�PHWRGRP�SRaHWQLK�EU]LQD�
,]�QDJLED�SUDYH�

¬�OQYR� �I��¬�OQ�F��
RGUH_HQ�MH�UHG�UHDNFLMH��D�L]�RGVHaND�NRQVWDQWD�EU]L�
QH��3UL�WRP�MH�NRUL^`HQ�L]UD]�]D�EU]LQX�UHDNFLMH�

Y� �¬�GF�GW� �N⋅P⋅FQ
JGH�MH�Y�¬�EU]LQD�UHDNFLMH��N�¬�NRQVWDQWD�EU]LQH��P�¬
PDVD�NDWDOL]DWRUD��F�¬�NRQFHQWUDFLMD�YRGRQLN�SHURN�
VLGD�L�Q�¬�UHG�UHDNFLMH��2YDM�L]UD]�VX�SUHGORCLOL�'HMYLV
L�7RPDV��'DYLHV�L�7KRPDV��������2QL�VX�NDR�NDWDOL�
]DWRU�NRULVWLOL�VPROX��DOL�V�RE]LURP�QD�QMHQX�VOLaQRVW�VD
]HROLWRP�LVWD�IRUPXOD�MH�L�RYGH�SULPHQMHQD�

5HG�UHDNFLMH�RGUH_HQ�QD�RYDM�QDaLQ�MH�����D�NRQ�
VWDQWD�EU]LQH�N� �����⋅�����PRO�GP���¬Q�V¬�J¬���5D]�
ORPOMHQD�YUHGQRVW�]D�UHG�UHDNFLMH�MH�SRND]DWHOM
VORCHQRJ�PHKDQL]PD�UHDNFLMH��^WR�VH�PRJOR�SUHW�
SRVWDYLWL�L]�L]JOHGD�NLQHWLaNLK�NULYLK�

.LQHWLaNH�NULYH�UD]ODJDQMD�YRGRQLN�SHURNVLGD�X
SULVXVWYX�]HROLWD�$�[&X�1+���]���VX�SULEOLCQR�HNV�
SRQHQFLMDOQH��(NVSRQHQFLMDOQL�REOLN�NLQHWLaNH�NULYH
NDUDNWHULVWLaDQ� MH� ]D� UHDNFLMH�SUYRJ�UHGD��RYR

6OLND���
.LQHWLaND�NULYD�UD]ODJDQMD�+�2��X�SULVXVWYX��
D��]HROLWD�&X$�1+���FR� ��������PRO�GP��
E��]HROLWD�$�[&X�1+���]����FR� ��������PRO�GP��

)LJXUH���
.LQHWLF�FXUYH�RI�K\GURJHQ�SHUR[LGH�GHFRPSRVLWLRQ�LQWKH�SUHVHQFH�RI�
D��]HROLWH�&X$�1+���FR� ��������PRO�GP��
E��]HROLWH�$�[&X�1+���]����FR� ��������PRO�GP��

6OLND���
.LQHWLaNH�NULYH�UD]ODJDQMD�+�2��X�SULVXVWYX�]HROLWD$�[&X�1+���]���SUL�UD]OLaLWLP�SRaHWQLPNRQFHQWUDFLMDPD�

)LJXUH���
.LQHWLF�FXUYHV�RI�K\GURJHQ�SHUR[LGH�GHFRPSRVLWLRQ�LQWKH�SUHVHQFH�RI�]HROLWH�$�[&X�1+���]���DW�GLIIHUHQW�LQLWLDO�FRQFHWUDWLRQV
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RPRJX`DYD�L]UDaXQDYDQMH�NRQVWDQWL�EU]LQD�UHDNFLMH
L]�QDJLED�SUDYH�¬�OQ�F� �I��W��X]�SUHWSRVWDYNX�GD�MH
UHG�UHDNFLMH�MHGQDN�MHGLQLFL�

8]LPDMX`L�GD�VH�UDGL�R�UHDNFLML�SULEOLCQR�SUYRJ
UHGD��L]UDaXQDWH�VX�NRQVWDQWH�EU]LQH�L]�QDJLED�SUDYLK
�¬�OQ�F� �I��W���L�SRGDFL�VX�SULND]DQL�X�WDEHOL���

7DEHOD����.RQVWDQWH�EU]LQD�L�IDNWRUL�UHJUHVLMH�]D
UHDNFLMX�UD]ODJDQMD�+�2��QD�]HROLWX
$�[&X�1+���]��

3Ra��NRQF�
[PRO�GP�]

Q .RQVWDQWD�EU]LQH
����[V¬�J¬�]

)DNWRU
UHJUHVLMH

������ � �� ����
������ � �� ����
������ � ��� ����
������ � ��� ����
������ � ��� ����

1D�RVQRYX�EURMQLK�YUHGQRVWL�IDNWRUD�UHJUHVLMH�NRML
VX�EOLVNL�MHGLQLFL�ELOD�MH�RSUDYGDQD�SUHWSRVWDYND�GD�MH
UHDNFLMD�UD]ODJDQMD�YRGRQLN�SHURNVLGD�SULEOLCQR�SUYRJ
UHGD��V�RE]LURP�QD�VORCHQRVW�SURFHVD��7DNR_H�VH�PRCH
]DNOMXaLWL�GD�YUHGQRVWL�]D�NRQVWDQWX�EU]LQH�]DYLVH�RG
SRaHWQH� NRQFHQWUDFLMH� UHDNWDQWD� L� WR� MH� WDNR_H
SRND]DWHOM�VORCHQRJ�PHKDQL]PD�UHDNFLMH��.RQVWDQWD
EU]LQH�RGUH_HQD�QD�RYDNDY�QDaLQ�QLMH�VDVYLP�WDaQD��YH`
SUHGVWDYOMD�SULEOLCQX�YUHGQRVW��DOL�VH�XVSH^QR�PRCH
SULPHQLWL�]D�SRUH_HQMH�HILNDVQRVWL�QHNLK�NDWDOL]DWRUD�

1D�NUDMX�MH�LVSLWDQD�NDWDOLWLaND�HILNDVQRVW�]HROLWD
$�[&X�1+���]���X�RGQRVX�QD�]HROLW�&X$�aLML�MH�SUR�
FHQDW�MRQVNH�L]PHQH�������'HQL`�������

6D�VOLNH��D�L�VOLNH��E�VH�PRCH�XRaLWL�GD�VH�X
YUHPHQVNRP�LQWHUYDOX�RG����PLQ�L�X�SULVXVWYX�]HR�
OLWD�&X$��D�L�X�SULVXVWYX�]HROLWD�$�[&X�1+���]���UD�
]ORCL�JRWRYR�VDY�YRGRQLN�SHURNVLG��^WR�XND]XMH�QD
WR�GD�RYD�GYD�]HROLWD�LPDMX�LVWX�NDWDOLWLaNX�HILNDV�
QRVW� X� UHDNFLML� UD]ODJDQMD� YRGRQLN�SHURNVLGD�
*OHGDQR�VD�GUXJH�VWUDQH��]QDaL�GD�SULVXVWYR�DPRQL�
MDND�NDR�NRPSOHNVLUDMX`HJ�DJHQVD�QH�XWLaH�SUHVXGQR
QD�WRN�L�HILNDVQRVW�NDWDOL]H�

3ULORCHQL�UH]XOWDWL�VX�SRWYUGD�GD�X�SULVXVWYX�MRQVNL
L]PHQMHQRJ�]HROLWD�UHDNFLMD�UD]ODJDQMD�YRGRQLN�SHU�
RNVLGD�ELYD�]QDWQR�XE]DQD��NDR�L�GD�NRPSOHNVLUDQMH
MRQD�SUHOD]QRJ�PHWDOD�DPRQLMDNRP�QLMH�VX^WLQVNL
SURPHQLOR�NLQHWLaNH�SDUDPHWUH�SURFHVD��,]�OLWHUDWXUH
�(O�6KHLNK�HW�DO��������+D\DNDZD�L�1DNDPXUD������
MH�SR]QDWR�GD�X�WRNX�NDWDOLWLaNRJ�UD]ODJDQMD�YR�
GRQLN�SHURNVLGD�MRQLPD�EDNUD�GROD]L�GR�REUD]RYDQMD
NRPSOHNVQRJ�MHGLQMHQMD�EUDRQ�ERMH��3UHWSRVWDYOMHQL
PHKDQL]DP�MH�VOHGH`L�

&X�,,��MRQ�→�KLGURNVR�&X�,,��NRPSOHNV�→
→�SHURNVR�&X�,,��NRPSOHNV

8VWDQRYOMHQR�MH�GD�MH�EUDRQ�MHGLQMHQMH�SHURNVR
NRPSOHNV�L�GD�SUHGVWDYOMD�DNWLYQX�YUVWX�X�SURFHVX
UD]ODJDQMD�YRGRQLN�SHURNVLGD��2Q�VDGUCL�2�¬�UDGLNDO
NRML�MH�NRRUGLQDWLYQR�YH]DQ�]D�&X���MRQ�L�NRML�MH

6OLND����.LQHWLaND�NULYD�UD]ODJDQMD�+�2��X�SULVXVWYX�]HROLWD�&X$��D��L�]HROLWD�$�[&X�1+���]����E��SUL�SRaHWQRMNRQFHQWUDFLML�FR� ��������PRO�GP�

)LJXUH����.LQHWLF�FXUYH�RI�K\GURJHQ�SHUR[LGH�GHFRPSRVLWLRQ�LQ�WKH�SUHVHQFH�RI�]HROLWH�&X$��D��DQG�]HROLWH$�[&X�1+���]����E��DW�LQLWLDO�FRQFHQWUDWLRQ�FR� ��������PRO�GP�
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XVOHG�NRRUGLQDFLMH�VWDELOL]RYDQ��.RPSOHWQD�VWUXNWXUD
RYRJ�NRPSOHNVD�QLMH�RGUH_HQD��3UHWSRVWDYOMHQL�PH�
KDQL]DP�NDWDOLWLaNRJ�UD]ODJDQMD�YRGRQLN�SHURNVLGD
QD�]HROLWX�&X$�MH�YHURYDWQR�VOLaDQ�SUHWKRGQR�RE�
MD^QMHQRP�PHKDQL]PX�V�RE]LURP�GD�VH�X�WRNX�UDGD
QDMSUH�SRMDYOMXMH�EUDRQ�ERMD�NRMD�SRWLaH�RG�SHURNVR�
NRPSOHNVD�EDNUD��NRML�MH�MRQVNL�L]PHQMHQ�QD�]HROLWX
$��=HROLW�L]PHQMHQ�WHWUDDPLQVNLP�NRPSOHNVRP�EDN�
UD�,,��VH�YHRPD�VOLaQR�SRQD^D��V�WLP�GD�X�PHKDQL]PX
YHURYDWQR�SRVWRML�L�VOHGH`L�VWXSDQM�

&X�1+����→�&X�KLGURNVL�NRPSOHNV����1+�

=DNOMXaDN
-RQVND�L]PHQD�]HROLWD�$�MH�L]YU^HQD�QD�GYD�QDaL�

QD��-RQVNRP�L]PHQRP�]HROLWD�$�WHWUDDPLQVNLP�NRP�
SOHNVRP�EDNUD�GRELMHQ�MH�]HROLW�$�[&X�1+���]���
GRN�MH�SULOLNRP�GRELMDQMD�]HROLWD�&X$�1+��SUYR
L]YU^HQD�MRQVND�L]PHQD�]HROLWD�$�MRQLPD�&X����D�]D�
WLP�UDVWYRURP�DPRQLMDND��3URFHQDW�MRQVNH�L]PHQH�]D
]HROLW�$�[&X�1+���]���L]QRVL���������GRN�MH�]D
]HROLW�&X$�1+����������1D�RYDM�QDaLQ�GRELMHQD�VX
GYD�SRWHQFLMDOQD�NDWDOL]DWRUD�]D�UHDNFLMX�UD]ODJDQMD
YRGRQLN�SHURNVLGD�

=HROLWL�L]PHQMHQL�DPLQVNLP�NRPSOHNVRP�EDNUD
SRND]DOL�VX�VH�NDR�HILNDVQL�NDWDOL]DWRUL�]D�UHDNFLMX
UD]ODJDQMD�YRGRQLN�SHURNVLGD��=HROLW�$�[&X�1+���]��
MH�HILNDVQLML�NDWDOL]DWRU�RG�]HROLWD�&X$�1+���MHU�X
YUHPHQVNRP�LQWHUYDOX�RG����PLQ�UD]ORCL�LVWX�NROL�
aLQX�YRGRQLN�SHURNVLGD�NRMX�]HROLW�&X$�1+��UD]OR�
CL�X�WRNX����PLQ��

5D]ODJDQMH�YRGRQLN�SHURNVLGD�X�SULVXVWYX�]HROLWD
$�[&X�1+���]���SUD`HQR�MH�QD�SHW�UD]OLaLWLK�SRaHW�
QLK�NRQFHQWUDFLMD�YRGRQLN�SHURNVLGD�L�XWY_HQR�MH�GD
VH�SUL�VYDNRM�SRaHWQRM�NRQFHQWUDFLML�YRGRQLN�SHURN�
VLGD�QDNRQ���aDVD�UD]ORCL�SUHNR�����YRGRQLN�SHURN�
VLGD��2YR�VYRMVWYR�EL�VH�PRJOR�LVNRULVWLWL�X�WHRULMVNH
L�SUDNWLaQH�VYUKH��DOL�MH�]D�WR�SRWUHEQR�VSURYHVWL�GH�
WDOMQLMD�LVWUDCLYDQMD�

8�WRNX�UHDNFLMH�MH�SULPH`HQD�L�SURPHQD�ERMH
NDWDOL]DWRUD��^WR�XND]XMH�QD�QDVWDQDN�LQWHUPHGLMHUD�L
KHPLMVNH�SURPHQH�X�VLVWHPX��D�VDPLP�WLP�L�QD
VORCHQL�PHKDQL]DP�UHDNFLMH�UD]ODJDQMD�YRGRQLN�
SHURNVLGD��7R�MH�XWYU_HQR�SULOLNRP�SRNX^DMD�GD�VH
L]YHGH�PDNDU�SULEOLCQD�NLQHWLaND�MHGQDaLQD�GDWRJ
SURFHVD��3ULORCHQL�UH]XOWDWL�VX�SRWYUGD�GD�X�SULVXVWYX
MRQVNL�L]PHQMHQRJ�]HROLWD�UHDNFLMD�UD]ODJDQMD�YR�
GRQLN�SHURNVLGD�ELYD�]QDWQR�XE]DQD��NDR�L�GD�NRP�

SOHNVLUDQMH�MRQD�SUHOD]QRJ�PHWDOD�DPRQLMDNRP�QLMH
VX^WLQVNL�SURPHQLOR�NLQHWLaNH�SDUDPHWUH�SURFHVD�

=DKYDOQRVW��=DKYDOMXMHP�VH�PU�9HVQL�6WDQNRY�
-RYDQRYL`��DVLVWHQWX�30)�D�X�1L^X�QD�NRULVQLP
VDYHWLPD�L�VYHVWUDQRM�SRPR`L�SUXCHQRM�SUL�L]UDGL
RYRJ�UDGD��7DNR_H�CHOLP�GD�VH�]DKYDOLP�%LOMDQL
$UVL`�QD�SRGU^FL�L�SRPR`L�X�WRNX�UHDOL]DFLMH�RYRJ
UDGD�

/LWHUDWXUD
%DUUHU�5��0��������=HROLWH�DQG�&OD\�0LQHUDOV�DV6RUEHQWV�DQG�0ROHFXODU�6HDYHV��1HZ�<RUN�$FDGHPLF�3UHVV
%D[HQGDOH�-��+��������8�$GYDQFHV�LQ�&DWDO\VLV,9��SULUHGLOL�:��*��)UDQFHEXUJ��9��7�.RPDUHZVN\�DQG�$��.��5LHGDO���1HZ�<RUN�$FDGHPLF�3UHVV
%UHFN�'��:��������=HROLWH�PROHFXODU�VLHYHV��1HZ<RUN��-RKQ�:LOH\�DQG�VRQV�
'DYLHV�&��:���7KRPDV�*��*��������-��&KHP�6RF�������
'HQL`�0��������.DWDOLWLaNR�UD]ODJDQMHYRGRQLN�SHURNVLGD�X�SULVXVWYX�]HROLWD�$L]PHQMHQRJ�MRQLPD�EDNUD��,,���3HWQLaNH�VYHVNH���������
'RQGXU�9��������+HPLMVND�NLQHWLND��%HRJUDG�)DNXOWHW�]D�IL]LaNX�KHPLMX
'RQGXU�9��������=HROLWL��+HPLMVND�aLWDQND�SULUHGLR�#LYRUDG�AHNRYL`���%HRJUDG��=DYRG�]DXGCEHQLNH�L�QDVWDYQD�VUHGVWYD��VWU����������
(O�6KHLNK�0��<���$VKPZD\�)��0���6DOHP�,��$��=DNL�$��%��������=��3K\V��&KHPLH���������������
)LOLSRYL`�,���/LSDQRYL`�6��������2S`D�LDQRUJDQVND�KHPLMD�,,��=DJUHE��1DXaQD�NQMLJD
*ODVQHU�$��������-��&KHP��6RF������
*OHVWRQ�6��������8GCEHQLN�IL]LaNH�KHPLMH�%HRJUDG��1DXaQD�NQMLJD�
*RXOG�(��6�������1HRUJDQVNH�UHDNFLMH�L�VWUXNWXUD�%HRJUDG��1DXaQD�NQMLJD
+D\DNDZD�.���1DNDPXUD�6��������%XOOHWLQ�RI�WKH&KHPLFDO�6RFLHW\�RI�-DSDQ�����������
-DFREV�3��$��������&DUERQLRJHQLF�$FWLYLW\�RI=HROLWHV��1HZ�<RUN��(OVHYLHU�6FLHQWLILF�3XEOLVKLQJ&RPSDQ\�
0HORU��������0RGHUQD�QHRUJDQVND�KHPLMD�%HRJUDG��1DXaQD�NQMLJD�
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0RRL�-���6HHOZRRG�3��:��������-��$P��&KHP�6RF�����������
1MHJRYDQ�9��1��������2VQRYL�KHPLMH��%HRJUDG�1DXaQD�NQMLJD
5DJVGDOH�5��2���9DQGHUKRRIW�-��&���=LSS�$��3�������6PDOO�6FDOH�.LQHWLF�6WXG\�RI�WKH�&DWDO\]HG'HFRPSRVLWLRQ�RI�+\GURJHQ�3HUR[LGH��-��&KHP�(GX�����������
7KH�&KHPLFDO�6RFLHW\��������3URJUHVV�RI�7KH6L[WK�,QWHUQDWLRQDO�&RQJUHVV�RQ�&DWDO\VLV�/RQGRQ��%XUOLQJWRQ�+RXVH
3HFHY�7���3HURYL`�-��������7LWULPHWULMVNH�PHWRGHDQDOL]H��1L^��30)

0DULMD�'HQL`
7KH�&DWDO\WLF�'HFRPSRVLWLRQ�RI
+\GURJHQ�3HUR[LGH�LQ�3UHVHQFH�RI
=HROLWH�$�([FKDQJHG�ZLWK�WKH
$PPRQLD�&RPSOH[�RI�&RSSHU��,,��

+\GURJHQ�SHUR[LGH�LV�ERWK�DQ�R[LGDWLYH�DQG�D
UHGXFWLYH�DJHQW�DQG�EHFDXVH�RI�WKHVH�FKDUDFWHULVWLFV
LW�LV�ZLGHO\�XVHG��2QH�RI�WKH�PRVW�LPSRUWDQW�UHDFWL�
RQV�RI�K\GURJHQ�SHUR[LGH�LV�WKH�GLVSURSRUWLRQ�ZKHUH
ZDWHU�DQG�PROHFXODU�R[\JHQ��ZKLFK�R[LGL]HV�YDULRXV
RUJDQLF�DQG�LQRUJDQLF�FRPSRXQGV��DUH�PDGH�

��+�2��→����+�2���2�
7KH�GLVSURSRUWLRQ�RI�K\GURJHQ�SHUR[LGH�RFFXUV

YHU\�VORZO\�DW�URRP�WHPSHUDWXUH�EHFDXVH�RI�WKH
JUHDW�DFWLYDWLRQ�HQHUJ\��(D�!�����N-�PRO���EXW�DGG�
LQJ�D�FDWDO\VW�FRXOG�DFFHOHUDWH�LW��6RPH�RI�WKH�PRVW
IUHTXHQWO\�XVHG�FDWDO\VWV�LQ�WKH�UHDFWLRQ�RI�K\GURJHQ
SHUR[LGH�GHFRPSRVLWLRQ�DUH�LRQV�RI�KDORJHQV��LR�
GDWHV��VDOWV�RI�LURQ��VDOWV�RI�FRSSHU��FKURPDWHV��SHU�
PDQJDQDWHV��YDQDGDWHV��FRPSOH[HV�RI�WUDQVLWLRQ
PHWDOV��DQG�FRSSHU�DOXPLQXP�R[LGHV��3KRWRFKHPLFDO
GHFRPSRVLWLRQ��GHFRPSRVLWLRQ�ZLWK�LRQL]HG�LUUDGLD�
WLRQ��ZLWK�HQ]\PHV��PLQHUDOV��HWF��DUH�DOVR�XVHG�

'XULQJ�WKH�ODVW�IHZ�\HDUV��]HROLWHV��FU\VWDOOLQH
K\GURXV�DOXPRVLOLFDWHV�RI�SRURXV�WKUHH�GLPHQVLRQDO
VWUXFWXUHV��KDYH�EHFRPH�RQH�RI�WKH�PRVW�SURVSHFWLYH
FDWDO\VWV�

,Q�WKLV�ZRUN�WKH�FDWDO\WLF�HIIHFW�RI�]HROLWHV�$�H[�
FKDQJHG�ZLWK�WKH�DPPRQLD�FRPSOH[�RI�FRSSHU��,,�
RQ�WKH�GHFRPSRVLWLRQ�RI�K\GURJHQ�SHUR[LGH�DV�WKH

QHZ�FDWDO\VW�IRU�WKLV�UHDFWLRQ�ZDV�VXUYH\HG��7KH�ILUVW
SDUW�RI�WKH�SURFHVV�ZDV�WKH�LRQ�H[FKDQJH�RI�]HROLWH
$�ZLWK�WKH�DPPRQLD�FRPSOH[�RI�FRSSHU��,,���7KH�LRQ
H[FKDQJH�RI�]HROLWH�$�ZLWK�WKH�DPPRQLD�FRPSOH[
RI�FRSSHU��,,��ZDV�GRQH�LQ�WZR�GLIIHUHQW�ZD\V��GLUHFW
LRQ�H[FKDQJH�RI�]HROLWH�$�ZLWK�WKH�VROXWLRQ�RI
[&X�1+���]����$�[&X�1+���]�����DQG�LRQ�H[FKDQJH
RI�]HROLWH�$�ZLWK�&X���LRQV�DQG�WKHQ�ZLWK�WKH�VROX�
WLRQ�RI�DPPRQLD��&X$�1+����7KH�SHUFHQWDJHV�RI
LRQ�H[FKDQJH�IRU�]HROLWH�$�[&X�1+���]��DQG�]HROLWH
&X$�1+��DUH��������DQG���������UHVSHFWLYHO\�
7KH�FRORUV�RI�]HROLWHV�LQ�ERWK�FDVHV�WXUQHG�IURP
ZKLWH�WR�EOXH�DIWHU�WKH�LRQ�H[FKDQJH�

+\GURJHQ�SHUR[LGH�GHFRPSRVHV�VORZO\�DW�URRP
WHPSHUDWXUH��7KH�GHFRPSRVLWLRQ�RI�K\GURJHQ�SHUR[�
LGH�ZDV�REVHUYHG�IRU����KRXUV��'XULQJ�WKDW�SHULRG
������RI�K\GURJHQ�SHUR[LGH�GHFRPSRVHG��'HQL`
������

)LUVW��WKH�FDWDO\WLF�DIIHFW�RI�H[FKDQJHG�]HROLWH�RQ
WKH�GHFRPSRVLWLRQ�RI�K\GURJHQ�SHUR[LGH�ZDV�LQYHV�
WLJDWHG��%RWK�H[FKDQJHG�]HROLWHV�FDWDO\]H�WKH�GHFRP�
SRVLWLRQ� RI� K\GURJHQ� SHUR[LGH�� EXW� ]HROLWH
$�[&X�1+���]���LV�PRUH�HIIHFWLYH�WKDQ�&X$�1+�
EHFDXVH�LW�GHFRPSRVHG�WKH�VDPH�TXDQWLW\�RI�K\GUR�
JHQ�SHUR[LGH�IRU����PLQ�DV�WKH�ODWHU�IRU����PLQ�
7KHUHIRUH��ZH�GHFLGHG�WR�REVHUYH�WKH�GHFRPSRVLWLRQ
RI�K\GURJHQ�SHUR[LGH�LQ�WKH�SUHVHQFH�RI�]HROLWH
$�[&X�1+���]����,W�ZDV�GHFLGHG�WR�XVH�ILYH�GLIIHU�
HQW�LQLWLDO�FRQFHQWUDWLRQV�RI�K\GURJHQ�SHUR[LGH�LQ�RU�
GHU�WR�REVHUYH�LWV�GHFRPSRVLWLRQ�LQ�WKH�SUHVHQFH�RI
WKH�FKRVHQ�PRGLILHG�FDWDO\VW��,W�ZDV�QRWLFHG�WKDW�WKH
TXDQWLW\�RI�K\GURJHQ�SHUR[LGH�GHFUHDVHV�PRUH�WKDQ
����GXULQJ���KRXU�IRU�DOO�LQLWLDO�FRQFHQWUDWLRQV�

,Q�WKH�ODVW�VWDJH��WKH�FDWDO\WLF�HIIHFWV�RI�]HROLWH
$�[&X�1+���]���DQG�&X$�ZHUH�FRPSDUHG��'HQL`
�������7KH�GHFRPSRVLWLRQV�RI�K\GURJHQ�SHUR[LGH�LQ
WKH�SUHVHQFH�RI�&X$�DQG�$�[&X�1+���]���VKRZ�D
VLPLODU�WUHQG��VR�LW�FDQ�EH�GHGXFHG�WKDW�WKHVH�WZR
]HROLWHV�KDYH�WKH�VDPH�FDWDO\WLF�HIILFLHQF\�RQ�WKH
PHQWLRQHG�UHDFWLRQ�

'XULQJ�WKH�UHDFWLRQ��D�FKDQJH�RI�FRORU�ZDV�QR�
WLFHG��ZKLFK�LV�WKH�VLJQ�RI�WKH�DSSHDUDQFH�RI�WKH�LQ�
WHUPHGLDWH��WKH�FKHPLFDO�FKDQJH�LQ�WKH�V\VWHP�DQG
WKH�FRPSOLFDWHG�PHFKDQLVP�RI�WKH�GHFRPSRVLWLRQ�RI
K\GURJHQ�SHUR[LGH��7KLV�ZDV�FRQILUPHG�GXULQJ�RXU
DWWHPSW�WR�ILQG�DW�OHDVW�D�URXQG�UDWH�HTXDWLRQ�IRU�WKLV
SURFHVV��7KH�RUGHU�RI�WKH�UHDFWLRQ�FDOFXODWHG�E\�WKH
PHWKRG�RI�LQLWLDO�UDWHV�LV�����DQG�UDWH�FRQVWDQW��
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N� �����⋅�����PRO�GP���¬Q�V¬�J¬���
1R�LQWHJHU�YDOXH�RI�WKH�RUGHU�RI�WKH�UHDFWLRQ�LV�DQ�LQ�
GLFHV�RI�WKH�FRPSOLFDWHG�PHFKDQLVP�RI�WKH�UHDFWLRQ�
ZKLFK�ZDV�VXSSRVHG�EDVHG�RQ�WKH�NLQHWLF�FXUYHV��7KH
UDWH�FRQVWDQW�ZDV�FDOFXODWHG�E\�XVLQJ�WKH�LQFOLQDWLRQ�RI
WKH�VWUDLJKW�OLQH�¬�OQ�F� �I��W���DVVXPLQJ�WKDW�LW�LV�D
ILUVW�RUGHU�UHDFWLRQ��7KH�IDFW�WKDW�GLIIHUHQW�YDOXHV�RI
UDWH�FRQVWDQW�ZHUH�REWDLQHG�XVLQJ�GLIIHUHQW�LQLWLDO�FRQ�
FHQWUDWLRQV�RI�K\GURJHQ�SHUR[LGH�LQGLFDWHV�WKH�GHSHQG�

HQFH�RI�WKH�UDWH�FRQVWDQW�RQ�WKH�LQLWLDO�FRQFHQWUD�
WLRQV�RI�WKH�UHDFWDQWV��DQG�DOVR�WKH�FRPSOLFDWHG
PHFKDQLVP�RI� WKH� UHDFWLRQ�

7KH�REWDLQHG�UHVXOWV�VKRZ�WKH�DFFHOHUDWHG�GH�
FRPSRVLWLRQ�RI�K\GURJHQ�SHUR[LGH�LQ�WKH�SUHVHQFH�RI
WKH�LRQ�H[FKDQJHG�]HROLWH�DQG�FRQILUP�WKH�K\SRWKH�
VLV�WKDW�WKH�DSSHDUDQFH�RI�WUDQVLWLRQ�PHWDO�FRPSOH[
LQWULQVLFDOO\�GRHV�QRW�FKDQJH�WKH�NLQHWLF�SDUDPHWHUV
RI�WKH�SURFHVV�
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