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0HWRG�]D�DQDOL]X�GLVWULEXFLMH�RULMHQWDFLMD�JDONVLMD��SUHGORCHQ�RG�VWUDQH�+DZOH\�	

3HHEOHV���������SULPHQMHQ�MH�QD�MDWR�JDODNVLMD�&RPD�%HUHQLFHV��$EHOO��������X

FLOMX�XWYU_LYDQMD�HYHQWXDOQH�DQL]RWURSQH�UDVSRGHOH��3ULPHQRP�VWDWLVWLaNLK�WHVWRYD

¬�χ��WHVWD��WHVWD�DXWRNRUHODFLMD�L�)XULMHRYRJ�WHVWD�LVSLWDQD�MH�GLVWULEXFLMD�SR]�
LFLRQLK� XJORYD� JDODNVLMD��'DW� MH� L� JHQHUDOQL� RSLV� MDWD� L� QMHJRYH� HYROXFLMH�� VD

RVYUWRP�QD�SRVWRMDQMH�SRGVWUXNWXUD��8�WRP�VYHWOX��DQDOL]D�MH�L]YU^HQD�QDG�QHN�

ROLNR�UD]OLaLWLK�VWUXNWXUD�SURQD_HQLK�X�SROMX�MDWD��5H]XOWDWL�SRND]XMX�SULVXVWYR�DQL�

]RWURSLMH��QDURaLWR�L]UDCHQH�X�YH`LP�VWUXNWXUDPD��8�FLOMX�LVSLWLYDQMD�YDOLGQRVWL�GR�

ELMHQLK� UH]XOWDWD�� SULND]DQD� MH� UDVSRGHOD� LQNOLQDFLMD� JDODNVLMD� X� MDWX� L� GDWD

GLVNXVLMD�R�QHGRVWDFLPD�SULPHQMHQRJ�PHWRGD�

8YRG

1DMQRYLMD�LVWUDCLYDQMD�QD�SROMX�YDQJDODNWLaNH�DVWURQRPLMH�XND]XMX�QD
L]YHVQX�SUDYLOQRVW�NDGD�MH�X�SLWDQMX�UDVSRUHG�L�RULMHQWDFLMD�JDODNVLMD�X�MD �
WLPD��5H]XOWDWL�VLPXODFLMD�HYROXFLMH�NRVPLaNLK�VWUXNWXUD��X�]DYLVQRVWL�RG
NRVPROR^NLK�VFHQDULMD��SUHGYL_DMX�UD]OLaLWX�UDVSRGHOX�XJORYQRJ�PRPHQWD�
WM��RULMHQWDFLMH�JDODNVLMD��2YR�VH�PDQLIHVWXMH�NUR]�UD]OLaLWH�REOLNH�XUH_HQR �
VWL�JDODNVLMD�X�MDWLPD�L�VXSHUMDWLPD��9H`LQD�NODVLaQLK�NRVPROR^NLK�VFHQDULMD
SUHGYL_DMX�VOXaDMQX�UDVSRGHOX�RVD�JDODNVLMD��GRN�X�QRYLMLP�WHRULMDPD�XSUD �
YR�SRVWRMDQMH�DQL]RWURSQH�GLVWULEXFLMH�GRELMD�QD�]QDaDMX��3UHPD�MHGQRM�RG
WHRULMD��RVH�JDODNVLMD�X�MDWX�LPDMX�WHQGHQFLMX�ND�QRUPDOL�QD�UDYDQ�MDWD��RG �
QRVQR�VXSHUMDWD��2]HUQR\�������(IVWLDWKLRX�	�6LON�������SUHPD��*RG �
ORZVNL��������3R�GUXJRP�PRGHOX��SDN��UDYQL�JDODNVLMD�VX�SUHWHCQR
QRUPDOQH�QD�UDYDQ�MDWD��6KDQGDULQ�������'RURVKNHYLFK�HW�DO��������SUHPD�
*RGORZVNL��������-R^�MHGDQ��QHGDYQR�SUHGORCHQL�VFHQDULR��W]Y��®PRGHO
MHCD¯��SUHGYL_D�GD�VX�RVH�URWDFLMD�JDODNVLMD�PDKRP�XVPHUHQH�ND�FHQWUX�MDWD
�LELG����5H]XOWDWL�GRVDGD^QMLK�LVWUDCLYDQMD�QH�LVNOMXaXMX�QL�MHGDQ�RG�RYLK
PRGHOD��3RND]DOR�VH��QDLPH��GD�VH�QDaLQ�RULMHQWLVDQMD�RVD�JDODNVLMD�PHQMD
RG�MDWD�GR�MDWD��GRN�VH�SRND]DWHOML�L]RWURSQH�GLVWULEXFLMH�MDYOMDMX�XJODYQRP
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X�VOXaDMX�QHGRVWDWND�LOL�YLVRNH�NRQWDPLQDFLMH�SRGDWDND��7DNR_H��MR^�XYHN
QLMH�UD]MD^QMHQR�GD�OL�MH�RYD�DQL]RWURSLMD�SRVOHGLFD�JOREDOQLK�LOL�ORNDOQLK
HIHNDWD�

2GUH_LYDQMH�]DNRQLWRVWL�NRMH�YODGDMX�PH_X�JDODNVLMDPD�X�MDWLPD�L�VX�
SHUMDWLPD�YHRPD�MH�]QDaDMQR��MHU�SUHGVWDYOMD�XYRG�X�SR]QDYDQMH�VWUXNWXUD
IRUPLUDQLK�QD�UDQRP�VWXSQMX�HYROXFLMH�JDODNVLMD�L�MDWD�JDODNVLMD��6WRJD�VH
RYLP�LVWUDCLYDQMLPD�SRVYH`XMH�VYH�YH`D�SDCQMD��0H_XWLP��QHGRVWDFL�SRWUH�
EQLK�SRGDWDND�R�PRUIROR^NLP�WLSRYLPD�SRMHGLQDaQLK�JDODNVLMD��UHODWLYQR
PDOL�EURM�L]PHUHQLK�FUYHQLK�SRPDND�L�YHOLNH�JUH^NH�SUL�RGUH_LYDQMX�SR]�
LFLRQRJ�XJOD�L�LQNOLQDFLMH�JDODNVLMH�GRYRGH�X�SLWDQMH�SRX]GDQRVW�RGJRYD�
UDMX`LK�VWDWLVWLaNLK�DQDOL]D�

3RVWRMH�GYD�RVQRYQD�PHWRGD�]D�LVSLWLYDQMH�RULMHQWDFLMH�JDODNVLMD��3UYL�
VWDULML�PHWRG��+DZOH\�	�3HHEOHV�������SUHPD��*RGORZVNL��������SUL�DQDO�
L]L�RULMHQWDFLMH�X]LPD�X�RE]LU�VDPR�SR]LFLRQL�XJDR�JDODNVLMH��XJDR�L]PH_X
SUDYFD�ND�VHYHUQRP�QHEHVNRP�SROX�L�SULYLGQH�RVH�JDODNVLMH�X�HNYDWRUVNRP
NRRUGLQDWQRP�VLVWHPX���1D�RYDM�QDaLQ�VH�SRX]GDQL�SRGDFL�GRELMDMX�VDPR
]D�JDODNVLMH�NRMH�SULEOLCQR�OHCH�X�UDYQL�YL]XUH��W]Y��HGJH�RQ�JDODNVLMH���GRN
VH�]D�RVWDOH�JDODNVLMH�GRELMDMX�QHVLJXUQL�SRGDFL��-HGDQ�RG�QDaLQD�GD�VH�RYDM
QHGRVWDWDN�SUHYD]L_H�ELR�EL�GD�VH�WDNYH�JDODNVLMH�QH�X]LPDMX�X�RE]LU�SUL
DQDOL]L��0H_XWLP��NDNR�QMLK� LPD�GDOHNR�YL^H�RG�HGJH�RQ�JDODNVLMD�
SRVWDYOMD�VH�SLWDQMH�R�YDOLGQRVWL�RYDNR�GRELMHQLK�UH]XOWDWD��'UXJL��QDSUHG�
QLML�PHWRG��-DDQLVWH�	�6DDU�������������SUHPD��*RGORZVNL�������SRVPDWUD
MDWR�NDR�WURGLPHQ]LRQDOQL�REMHNDW�L�SUL�DQDOL]L�RULMHQWDFLMH�X]LPD�X�RE]LU�
SRUHG�SR]LFLRQRJ�XJOD��L�LQNOLQDFLMX�JDODNVLMH��QDJLE�UDYQL�JDODNVLMH�X�RG�
QRVX�QD�SUDYDF�YL]XUH���3ULPHQRP�RYRJ�PHWRGD��NRRUGLQDWH�L�RULMHQWDFLRQL
XJORYL�JDODNVLMD�VH�WUDQVIRUPL^X�X�ORNDOQL�NRRUGLQDWQL�VLVWHP�MDWD��1D�WDM
QDaLQ�X�LVSLWLYDQMX�RULMHQWDFLMH�XaHVWYXMH�GDOHNR�YH`L�EURM�JDODNVLMD�VD�SR�
GDFLPD�EOLCLP�UHDOQRP�VOXaDMX��^WR�GDMH�YH`L�EURM�SRX]GDQLMLK�UH]XOWDWD��

2YDM�UDG�LPD�]D�FLOM�GD�SULPHQL�VWDULML�PHWRG�]D�DQDOL]X�GLVWULEXFLMH
RULMHQWDFLMD�JDODNVLMD��+DZOH\�	�3HHEOHV��QD�MDWR�&RPD�%HUHQLFHV��'DW�MH
L�RVYUW�QD�HYROXFLMX�MDWD�L�QMHJRYH�SRGVWUXNWXUH�L�XNUDWNR�RSLVDQL�VWDWLVWLaNL
WHVWRYL�NRML�VX�SULPHQMHQL�X�DQDOL]L�UDVSRGHOH�SR]LFLRQLK�XJORYD�JDODNVLMD
QD�UD]OLaLWH�VWUXNWXUH�X�RNYLUX�MDWD��5DGL�LVSLWLYDQMD�YDOLGQRVWL�UH]XOWDWD�GR�
ELMHQLK�RYLP�PHWRGRP��SULND]DQD�MH�L�UDVSRGHOD�LQNOLQDFLMD�JDODNVLMD�

2SLV�MDWD�&RPD�%HUHQLFHV

(NYDWRUVNH�NRRUGLQDWH�MDWD�JDODNVLMD�&RPD�%HUHQLFHV��$EHOO�������VX

α� ���K��P��V���L�δ� ����R��±��±±��-�������2QR�VSDGD�X�ERJDWD�MDWD��^WR
JD��X�SRJOHGX�YHOLaLQH�X]RUND��aLQL�L]X]HWQR�SRYROMQLP�]D�VWDWLVWLaNX�DQD�
OL]X��5D]OLaLWLP�LVWUDCLYDQMLPD�RYRJ�MDWD��QSU��PDSLUDQMH�UDVSRGHOH�JXVWLQH
L�;�]UDaHQMD��SRND]DQR�MH�GD�MH�RQR�VORCHQ�VLVWHP�RG�QHNROLNR�PDQMLK
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VWUXNWXUD��3RG�SRMPRP�VWUXNWXUH�RYGH�VH�SRGUD]XPHYD�VNXS�JDODNVLMD�NRML
VH�L]GYDMD�X�RNYLUX�MDWD��QSU��SRGMDWR���^WR�MH�QDMaH^`H�SRVOHGLFD�UDQLMHJ
VDPRVWDOQRJ�UD]YRMD��

1D�PDSL�UDVSRGHOH�JXVWLQH��VOLND����SULND]DQ�MH�XCL�UHJLRQ�MDWD��X
NRPH�VH�MDVQR�XRaDYDMX�SRGVWUXNWXUH��8�VDPRP�MH]JUX�VX�R]QDaHQH�GYH
GRPLQDQWQH�JDODNVLMH��1*&������L�1*&�������6PDWUD�VH�GD�MH�QD�UDQLMHP
VWDGLMXPX�HYROXFLMH�MDWD�&RPD�%HUHQLFHV�GR^OR�GR�LQWHJUDFLMH�GYD�MDWD�VD
FHQWUDOQLP�GRPLQDQWQLP�JDODNVLMDPD�1*&�������RVQRYQD�FHQWUDOQD�JDODN�
VLMD�MDWD��L�1*&�������3UL�WRPH�MH�1*&������HMHNWRYDQD�L]�MH]JUD�]D�
MHGQLaNRJ�MDWD��DOL�VH�VPDWUD�GD�`H�X�NDVQLMLP�VWDGLMXPLPD�UD]RMD�MDWD�RYH
GYH�JDODNVLMH�IRUPLUDWL�MHGQX�FHQWUDOQX�GRPLQDQWQX�JDODNVLMX��&ROOHVV�	
'XQQ��������1D�VOLFL���XRaOMLYR�MH�MR^�MHGQR�SRGMDWR�VD�GRPLQDQWQRP
JDODNVLMRP�1*&���������±�MXJR]DSDGQR�RG�FHQWUD�MDWD��&KXUD]RY�HW�DO�
�������9HUXMH�VH�GD�MH�RQR�SUR^OR�NUR]�FHQWDU�MDWD��NUH`X`L�VH�GXC�ILOD�
PHQWD�9HOLNL�]LG��ND�MDWX�$EHOO�������DOL�L�GD�`H�GR`L�GR�SURPHQH�VPHUD
NUHWDQMD�L�GR�SRQRYQH�LQWHJUDFLMH�RYRJ�SRGMDWD�VD�MH]JURP�MDWD�&RPD�%HU�
HQLFHV��&ROOHVV�	�'XQQ�������

6OLND����

0DSD�UDVSRGHOH
JXVWLQH�MDWD�&RPD
%HUHQLFHV��3UHX]HWR
VD��
KWWS���JXPE\�VSD�XPQ�
HGX�NULHVVOHU�LPDJHV�

D�����G�JLI

)LJXUH����

'HQVLW\�PDS�RI�WKH
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0HWRG

3ULVWXS�UH^DYDQMX�SUREOHPD�RULMHQWDFLMH�JDODNVLMD�X�MDWLPD�MH�VWDWLVWL�

aNL��^WR�SRGUD]XPHYD�SRUH_HQMH�UH]XOWDWD�GRELMHQLK�SRVPDWUDQMHP�VD�SRV�

WRMH`LP�WHRULMVNLP�PRGHORP�MDWD�JDODNVLMD��1D�RYDM�QDaLQ�VH�SURYHUDYD

LVSUDYQRVW�PRGHOD��GD�EL�VH�RQ��XNROLNR�VH�SRNDCH�NDR�QHLVSUDYDQ

]DPHQLR�QHNLP�NRML�YL^H�RGJRYDUD�HPSLULMVNLP�UH]XOWDWLPD��8�RYRP

VOXaDMX��WHRULMVNL�PRGHO�MH�MDWR�VD�L]RWURSQRP�UDVSRGHORP�RULMHQWDFLMD

JDODNVLMD�
8]RUDN�JDODNVLMD�NRMLP�MH�UDVSRODJDQR�SUHX]HW�MH�L]�NDWDORJD�JDODNVLMD

X�MDWX�&RPD�%HUHQLFHV��*RGZLQ�HW�DO���������8�QMHPX�VX�SUHGVWDYOMHQH

�����JDODNVLMH�GR�JUDQLaQH�PDJQLWXGH�E���� �����X�SROMX�YHOLaLQH������NYD�

GUDWQD�VWHSHQD��^WR�MH�RPRJX`LOR�DQDOL]X�L�^LUHJ�L�XCHJ�UHJLRQD�MDWD�
3UH�SULPHQH�VWDWLVWLaNLK�WHVWRYD��L]�X]RUND�NRML�MH�DQDOL]LUDQ�XNORQMHQH

VX�JDODNVLMH�NRMH�QH�SULSDGDMX�SRVPDWUDQRP�MDWX��=DSUDYR��QDMWDaQLML�UH]XO�

WDWL�EL�VH�GRELOL�RGVWUDQMLYDQMHP�JDODNVLMD�VD�UDGLMDOQLP�EU]LQDPD�L]QDG

RGUH_HQRJ�QLYRD��^WR�EL�HOLPLQLVDOR�L]�X]RUND�VYH�SR]DGLQVNH�REMHNWH�

1DCDORVW��X�NDWDORJX�NRMLP�MH�UDVSRODJDQR�GDWH�VX�UDGLMDOQH�EU]LQH�]D�YUOR

PDOL�EURM�JDODNVLMD��VYHJD�������8VOHG�WRJD��X�VYUKX�GHNRQWDPLQDFLMH�X]R�

UND��NRUL^`HQ�MH�DOWHUQDWLYQL�PHWRG�®SRYU^LQVNH�JXVWLQH¯��*RGORZVNL��OLaQD

NRPXQLNDFLMD���2YDM�PHWRG�VH�]DVQLYD�QD�SUHWSRVWDYFL�GD�VD�SRUDVWRP�JX�

VWLQH�RGUH_HQH�REODVWL�YLGQRJ�SROMD�UDVWH�L�YHURYDWQR`D�GD�JDODNVLMH�WH�REOD�

VWL�SULSDGDMX�MDWX��*DODNVLMH�X�X]RUNX�VX�UD]YUVWDQH�X�SUDYRXJDRQH�RGHOMNH�

X�]DYLVQRVWL�RG�VYRMLK�NRRUGLQDWD��D�]DWLP�VX�RGVWUDQMHQL�RQL�RGHOMFL�NRML

VX�VDGUCDOL�PDQML�EURM�JDODNVLMD�RG�SURVHaQRJ��1DNRQ�WRJD�VX��QD�RVQRYX

YL]XHOQH�SURFHQH��XNORQMHQL�L�RQL�RGHOMFL�]D�NRMH�VH��LDNR�VX�LPDOL

RGJRYDUDMX`L�EURM�JDODNVLMD��QLMH�PRJOR�WYUGLWL�GD�SULSDGDMX�MDWX��MHU�VX�ELOL

VXYL^H�XGDOMHQL�RG�JODYQLQH�JDODNVLMD��7UHED�QDSRPHQXWL�GD�X]RUDN�GRELMHQ

SULPHQRP�RYRJ�PHWRGD�QH�SUHGVWDYOMD�MDWR��YH`�UHSUH]HQWDWLYQL�VNXS�JDODN�

VLMD�NRMLP�VH�DSURNVLPLUD�MDWR��
3RVPDWUDMX`L�RYDNR�GRELMHQ�X]RUDN��VOLND�����YL]XHOQRP�SURFHQRP�L

VOXCH`L�VH�SRVWRMH`LP�PDSDPD�JXVWLQH�L�;�]UDaHQMD��XRaHQH�VX�UD]OLaLWH

VWUXNWXUH�X�RNYLUX�MDWD��QD�NRMH�VX�SULPHQMHQL�VWDWLVWLaNL�WHVWRYL��GD�EL�VH

LVSLWDOR�GD�OL�SRVWRMH�SUDYLOQRVWL�SR�SLWDQMX�RULMHQWDFLMH�JDODNVLMD�X�RNYLUX

QMLK��WM��QD�ORNDOQRP�QLYRX��6WUXNWXUD�$�SUHGVWDYOMD�X]RUDN�^LUHJ�UHJLRQD

MDWD��GRELMHQ�QDNRQ�HOLPLQLVDQMD�SR]DGLQVNLK�REMHNDWD��GRN�VWUXNWXUX�%�aLQH

MH]JUD�VYD�WUL�SRGMDWD��VD�FHQWUDOQLP�JDODNVLMDPD�1*&�������1*&������

1*&�������L�KDOR�RNR�QMLK��8�RNYLUX�VWUXNWXUH�%�UD]OLNXMX�VH�SRGMDWD�%�

�SRGUXaMH�RNR�1*&������L�1*&�������L�%���UHJLRQ�X�RNROLQL�1*&�������

7UHWLUDMX`L�VYDNX�RG�RYLK�VWUXNWXUD�NDR�SRVHEQR�MDWR��QD�QMLK�VX�SULPHQMHQL

VWDWLVWLaNL�WHVWRYL�
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8]�WR��]D�VYDNX�RG�QDYHGHQLK�VWUXNWXUD��L]UDaXQDW�MH�VRSVWYHQL�SR]�
LFLRQL�XJDR��UDGL�SRUH_HQMD�VD�WHQGHQFLMDPD�SR]LFLRQLK�XJORYD�JDODNVLMD�X
QMLPD��3R]LFLRQL�XJDR�SRMHGLQDaQH�VWUXNWXUH��ϑV

���PHUHQ�X�GLUHNWQRP�VPHUX
RG�SUDYFD�ND�VHYHUQRP�QHEHVNRP�SROX�GR�JODYQH�RVH�VWUXNWXUH�GRELMHQ�MH
PHWRGRP�QDMPDQMLK�NYDGUDWD��NRULVWH`L�NRRUGLQDWH�JDODNVLMD�NDR�SDUDPHWUH
GYRGLPHQ]LRQDOQH�GLVWULEXFLMH��3UDYD�GRELMHQD�RYLP�SRVWXSNRP�X]HWD�MH�]D
JODYQX�RVX�SRVPDWUDQH�VWUXNWXUH��VOLND�����

'D�EL�VH�LVSLWDOD�UDVSRGHOD�SR]LFLRQLK�XJORYD�NRUL^`HQD�VX�WUL�VWDWL�
VWLaND�WHVWD��+DZOH\�	�3HEEOHV�������SUHPD��*RGORZVNL�������¬�χ��WHVW�
)XULMHRY�WHVW�L�WHVW�DXWRNRUHODFLMD��3UL�DQDOL]L��JDODNVLMH�MDWD�SRGHOMHQH�VX�X
Q� ����XJORYQLK�VHNWRUD��X�]DYLVQRVWL�RG�PHUH�SR]LFLRQRJ�XJOD��X�SUYRP
VHNWRUX�VX�JDODNVLMH�VD�XJORYLPD��R��R��X�GUXJRP��R���R�LWG���2YD�SRGHOD
VH�SRND]DOD�]DGRYROMDYDMX`RP�V�RE]LURP�QD�XRELaDMHQX�YHOLaLQX�X]RUDND
NRML�VH�UD]PDWUDMX��*RGORZVNL�������

8]HY^L�X�RE]LU�aLQMHQLFX�GD�RYL�WHVWRYL��XVOHG�EURMQLK�QHGRVWDWDND�NR�
UL^`HQRJ�PHWRGD��GDMX�YUOR�QHVLJXUQH�UH]XOWDWH��D�X�FLOMX�SURFHQH�YDOLGQRVWL
GRELMHQLK�UH]XOWDWD��DQDOL]LUDQD�MH�L�GLVWULEXFLMD�LQNOLQDFLMD�JDODNVLMD��0H�
_XWLP��LQNOLQDFLMD�QLMH�MHGQR]QDaQR�GHILQLVDQD��*HQHUDOQR��RQD�SUHGVWDYOMD
QDJLE�UDYQL�JDODNVLMH�X�RGQRVX�QD�SUDYDF�YL]XUH��DOL�QMHQR�UDaXQDQMH�MR^
XYHN�QLMH�MDVQR�SUHFL]LUDQR��7UHQXWQR�QDM^LUH�SULKYD`HQL�PHWRG�MHVWH�GD�VH
LQNOLQDFLMD�JDODNVLMH��L���SRVPDWUDQD�NDR�XJDR�L]PH_X�UDYQL�JDODNVLMH�L�UD�
YQL�QRUPDOQH�QD�SUDYDF�YL]XUH��UDaXQD�SR�+RORPEHUJRYRP�REUDVFX��*RG�
ORZVNL�������

FRV�L�=�T
��−�TR�

��−�TR�
��

6OLND����

5HSUH]HQWDWLYQL
X]RUDN�JDODNVLMD
NRMLP�MH
DSURNVLPLUDQR�MDWR�
VD�R]QDaHQLP
SRGVWUXNWXUDPD�
3UDYD�GRELMHQD
PHWRGRP�QDMPDQMLK

NYDGUDWD�X]HWD�MH�]D
RVX�VWUXNWXUH�$�

)LJXUH����

7KH�VDPSOH�RI
JDOD[LHV�UHSUHVHQWLQJ

WKH�FOXVWHU��ZLWK
PDUNHG�VXEVWUXFWXUHV�
7KH�VWUDLJKW�OLQH

REWDLQHG�E\�WKH
OHDVW�VTXDUH�PHWKRG

LV�WDNHQ�DV�WKH�PDLQ
D[H�RI�WKH�VWUXFWXUH�$�
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JGH�T�SUHGVWDYOMD�RGQRV�SULYLGQLK�GXCLQD�RVD�JDODNVLMH�T� �E�D��RYGH�VX�D
L�E�SULYLGQH�GXCLQH�YHOLNH�L�PDOH�RVH�JDODNVLMH���D�TR�VWDQGDUGQX�YUHGQRVW
RYRJ�RGQRVD��]D�NRMX�VH�QDMaH^`H�X]LPD�TR ������2YD�VWDQGDUGQD�YUHGQRVW
SUHGVWDYOMD��]DSUDYR��RGQRV�SULYLGQLK�GXCLQD�PDOH�L�YHOLNH�RVH�HGJH�RQ�JD�
ODNVLMH��]ERJ�SULEOLCQR�HOLSWLaQRJ�REOLND�WLSLaQH�JDODNVLMH�

1DCDORVW��X�NDWDORJX�NRMLP�MH�UDVSRODJDQR��*RGZLQ�HW�DO��������JUH�
^ND�SUL�PHUHQMX�YUHGQRVWL�T�MH�YHOLND��L]QRVL�������^WR�GDMH�L]X]HWQR�YHOLNH
JUH^NH�]D�LQNOLQDFLMH�L�XVORYOMDYD�VXYL^H�JUXEX�SRGHOX�QD�VHNWRUH��6WRJD�VH
SULPHQD�VWDWLVWLaNLK�WHVWRYD�QD�UDVSRGHOX�LQNOLQDFLMD�JDODNVLMD�SRND]DOD�QH�
DGHNYDWQRP��8VOHG�WRJD��RYD�DQDOL]D�VH�VYHOD�QD�MHGQRVWDYQR�XWYU_LYDQMH
WHQGHQFLMD�RYLK�XJORYD��QD�RVQRYX�JUDILND�UDVSRGHOH��GRN�MH�SRWSXQD�VWD�
WLVWLaND�DQDOL]D�XUD_HQD�QDG�UDVSRGHORP�SR]LFLRQLK�XJORYD�

6WDWLVWLaNL�WHVWRYL�UDVSRGHOH�RULMHQWDFLMD�JDODNVLMD

1HND�1�SUHGVWDYOMD�XNXSDQ�EURM�JDODNVLMD�X�SRVPDWUDQRM�VWUXNWXUL��1N
¬�EURM�JDODNVLMD�VD�RULMHQWDFLMRP�X�N�WRP�XJORYQRP�VHNWRUX��1R�¬�SURVHaDQ
EURM�JDODNVLMD�X�XJORYQRP�VHNWRUX��NRMLP�VH�DSURNVLPLUD�RaHNLYDQL�EURM�JD�
ODNVLMD�X�VOXaDMX�L]RWURSQH�UDVSRGHOH�L�TN�¬�VUHGQMX�PHUX�XJOD�VHNWRUD��2YH
YUHGQRVWL� ILJXUL^X� X� VWDWLVWLaNLP� WHVWRYLPD�� RYGH� SULPHQMHQLP� ]D
XWYU_LYDQMH�HYHQWXDOQLK�SUDYLOQRVWL�X�UDVSRGHOL�SR]LFLRQLK�XJORYD�JDODNVLMD�

χ��WHVW�VH�NRULVWL�NDR�SRND]DWHOM�JOREDOQH�PHUH�DQL]RWURSLMH�X�SRVPD�
WUDQRP�VLVWHPX��0HUD�RGVWXSDQMD�SRVPDWUDQH�UDVSRGHOH�RG�WHRULMVNH��L]RW�

URSQH�UDVSRGHOH��RGUH_HQD�MH�χ��VWDWLVWLNRP

χ��=�∑�

N=�

Q

(1N�−�1R)��
1R

��

7HVW�]D����VWHSHQL�VORERGH��^WR�RGJRYDUD�SRGHOL�QD����VHNWRUD��]D�QLYR
]QDaDMQRVWL�RG������GDMH�NULWLaQX�YUHGQRVW�χ��VWDWLVWLND���������GRN�MH�]D
QLYR�]QDaDMQRVWL�RG������WD�YUHGQRVW�L]QRVL��������

7HVW�DXWRNROHUDFLMD�RGUH_XMH�PHUX�NRUHODFLMH�L]PH_X�EURMD�JDODNVLMD�X
VXVHGQLP�XJORYQLP�VHNWRULPD��.RUHODFLMD�MH�RGUH_HQD�IRUPXORP

&�=�∑�

N=�

Q
(1N�−�1R)�(1R�−�1N+�)

1R

VD�VWDQGDUGQRP�GHYLMDFLMRP

σ(&)�=�√Q

NRMD�X�RYRP�VOXaDMX��Q� ����VHNWRUD��L]QRVL�σ�&�� ����8�VOXaDMX�RaHNL�
YDQH��L]RWURSQH�UDVSRGHOH�RULMHQWDFLRQLK�XJORYD��NRUDODFLMD�MH�MHGQDND�QXOL�
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D�XNROLNR�MH�&�YDQ�LQWHUYDOD��¬��σ����σ���VWHSHQ�UL]LND�VD�NRMLP�PRCHPR
WYUGLWL�GD�MH�SRVPDWUDQD�GLVWULEXFLMD�DQL]RWURSQD�PDQML�MH�RG�������8
VOXaDMX�GD�MH�&�YDQ�LQWHUYDOD��¬��σ����σ��VWHSHQ�UL]LND�MH�PDQML�RG�������

)XULMHRY�WHVW�DSURNVLPLUD�HPSLULMVNX��UHDOQX�GLVWULEXFLMX�QDMEROMRP
PRJX`RP�IXQNFLMRP�]D�]DGDWL�EURM�SDUDPHWDUD��D�SRWRP�LVSLWXMH�WX�IXQN�

FLMX��5D]YRMHP�X�)XULMHRY�UHG�GRELMDPR�SDUDPHWUH�GLVWULEXFLMH�∆�LL��JGH�MH

L� �������NRML�RSLVXMX�QDMEROMX�IXQNFLMX�NRMRP�VH�DSURNVLPLUD�UDVSRGHOD�WHV�
WLUDQLK�XJORYD�X�MDWX��3UHGORCHQR�MH�GD�VH�VDPR�GYD�QDM]QDaDMQLMD�NRHILFL�

MHQWD��∆����L�∆�����SUYL�)XULMHRY�PRG��X]LPDMX�X�RE]LU��*RGORZVNL��������

2YR�MH�REUD]ORCHQR�QH]QDWQR�PDOLP�UD]OLNDPD�GRELMHQLK�YUHGQRVWL�]D�QD�

M]QDaDMQLML�NRHILFLMHQW�∆����NDGD�VH�X]LPD�X�RE]LU�SUYL�PRG��GYD�QD�

M]QDaDMQLMD�NRHILFLMHQWD��L�RED�PRGD��VYD�aHWLUL�NRHILFLMHQWD���8]LPDMX`L�X
RE]LU�VDPR�SUYL�)XULHRY�PRG��VWYDUQD�GLVWULEXFLMD�1N�MH�DSURNVLPLUDQD�NDR

1(ϑN)�=�1R�(��+�∆����FRV�ϑN�+�∆����VLQ�ϑN)�

.RHILFLMHQWL�∆����L�∆����VX��RGDYGH��RGUH_HQL�IRUPXODPD

∆����=�
�

∑�

N=�

Q

FRV���ϑN

�×�∑�

N=�

Q

(1N�−�1R)�FRV��ϑN

∆����=�
�

∑�

N=�

Q

VLQ���ϑN

�×�∑�

N=�

Q

(1N�−�1R)�VLQ��ϑN�

3R^WR�VX�YHNWRUL�∆����L�∆����PH_XVREQR�QRUPDOQL��DPSOLWXGD�RGVWXSD�

QMD�RG�L]RWURSLMH�MHGQDND�MH

∆��=�(∆���
� �+�∆���

� )�
�
���

GRN�VWDQGDUGQD�GHYLMDFLMD�RYH�DPSOLWXGH�L]QRVL�

σ�(∆��)�=�√�
�
Q�1R

��

9HURYDWQR`D�GD�MH�YUHGQRVW�DPSOLWXGH�X�VOXaDMX�L]RWURSQH�UDVSRGHOH
YH`D�RG�GRELMHQH�GDWD�MH�L]UD]RP�

3�!∆����=�H[S�(−�
Q

�
�1R�∆��

� )�
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5H]XOWDWL�L�GLVNXVLMD

3UL�DQDOL]L�UDVSRGHOH�SR]LFLRQLK�XJORYD�χ��WHVWRP��WDEHOD����GRELMHQL

UH]XOWDWL�SRND]XMX�QDMPDQMX�YHURYDWQR`X�L]RWURSLMH��S����������X�QDMYH`RM

SRVPDWUDQRM�VWUXNWXUL��VWUXNWXUD�$���7DNR_H��X�RNYLUX�VWUXNWXUH�%�NRQVWD�

WRYDQD�MH�]QDaDMQD�DQL]RWURSLMD��S�����������GRN�VH�WR�QH�PRCH�WUYUGLWL�]D

SRGMDWD�%��L�%���JGH�MH�YHURYDWQR`D�L]RWURSLMH�YH`D��S�!�������
5H]XOWDWL�GRELMHQL�WHVWRP�DXWRNRUHODFLMD��WDEHOD����VX�X�VNODGX�VD�UH�

]XOWDWLPD�χ��WHVWD��3RQRYR�MH�QDMMDaD�DQL]RWURSLMD�XWYU_HQD�X�VWUXNWXUL�$

�S�����������=QDaDMQR�RGVWXSDQMH�RG�L]RWURSLMH�SURQD_HQR�MH�L�X�VWUXNWXUL

%��JGH�MH�&�WDNR_H�YH`H�RG��σ��8�SRGMDWX�%��NRQVWDWRYDQD�MH�QH^WR�YH`D
YHURYDWQR`D�L]RWURSLMH��S����������D�X�SRGMDWX�%��GLVWULEXFLMD�SR]LFLRQLK

XJORYD�MH�YHRPD�EOLVND�L]RWURSQRM��&�MH�PDQMH�RG�σ��
,�)XULMHRY�WHVW�MH�GDR�YHRPD�VOLaQH�UH]XOWDWH��WDEHOD�����8�VWUXNWXUDPD

$�L�%�QD_HQD�YHURYDWQR`D�L]RWURSLMH�L]QRVL�S� ��������GRN�MH�DQL]RWURSLMD

VODELMD�X�PDQMLP�VWUXNWXUDPD��QDURaLWR�X�%���JGH�MH�S� �������2YDNYL�UH�

]XOWDWL�VH�PRJX�RaHNLYDWL�NDGD�DQL]RWURSLMD�QLMH�L]UDCHQD�X�PDQMLP�VWUXN�

WXUDPD�SRMHGLQDaQR��^WR�JRYRUL�R�QHGRYROMQR�VDPRVWDOQRP�UD]YRMX�SRGMDWD

X�RNYLUX�SRVPDWUDQRJ�MDWD��2YR�VH�PRCH�SURWXPDaLWL�SRVWRMDQMHP�XUH_HQH

RULMHQWDFLMH�JDODNVLMD�QD�QLYRX�YH`LK�VWUXNWXUD��^WR�LGH�X�SULORJ�WHRULML�GD�MH

DQL]RWURSLMD�SRVOHGLFD�JOREDOQLK�HIHNDWD��0H_XWLP��RYDNYH�]DNOMXaNH�MH

YUOR�QH]DKYDOQR�L]YRGLWL��MHU�VX�GRVDGD^QMD�LVWUDCLYDQMD�SRND]DOD�GD�SRVWRMH

YHOLNH�UD]OLNH�X�SRJOHGX�XUH_HQRVWL�L]PH_X�UD]OLaLWLK�MDWD�

7DEHOD����5H]XOWDWL�VWDWLVWLaNLK�WHVWRYD�GLVWULEXFLMH�SR]LFLRQLK�XJORYD

6WUXNWXUD 1 ϑ�[~]� χ� & ∆��� σ(∆��) 3�!∆���

$ ���� ��� ������ ������ ����� ����� �����
% ���� �� ������ ������ ����� ����� �����
%� ��� �� ������ ����� ����� ����� �����
%� ��� �� ������ ¬����� ����� ����� �����

5H]XOWDWL�GRELMHQL�RYLP�PHWRGRP�QH�QXGH�LQIRUPDFLMH�R�WHQGHQFLMDPD

RULMHQWDFLMD�JDODNVLMD�X�RGQRVX�QD�UDYDQ�L�FHQWDU�MDWD��,SDN��QD�JUDILNX�UDV�

SRGHOH�SR]LFLRQLK�XJORYD�X�VWUXNWXUL�$��VOLND�����PRCH�VH�MDVQR�XRaLWL�GD

SRVWRML�WHQGHQFLMD�RYLK�XJORYD�ND�YUHGQRVWLPD�L]PH_X���~�L����~��̂ WR�PRCH

ELWL�SRYH]DQR�VD�SR]LFLRQLP�XJORP�FHOH�VWUXNWXUH��ϑV� ����~���7DNR_H�

XRaOMLYH�VX�L�PH_XVREQR�YHRPD�EOLVNH�YUHGQRVWL�SR]LFLRQLK�XJORYD�VDPLK

VWUXNWXUD��WDEHOD�����^WR�PRCH�ELWL�MR^�MHGDQ�SRND]DWHOM�QMLKRYH�MDNH

SRYH]DQRVWL��
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1D�SULPHUX�RYRJ�MDWD�PRJX�VH�MDVQR�YLGHWL�QHGRVWDFL�SULPHQMHQRJ
PHWRGD��1D�JUDILNX�UDVSRGHOH�LQNOLQDFLMD�JDODNVLMD��VOLND����SULPHWDQ�MH
PDOL�EURM�HGJH�RQ�JDODNVLMD��NDR�L�WHQGHQFLMD�LQNOLQDFLMD�ND�YUHGQRVWLPD�L]�
PH_X���~�L���~��2YR�VYDNDNR�JRYRUL�R�QHSRX]GDQRVWL�GRELMHQLK�UH]XOWDWD�
MHU�MH�L]JXEOMHQ�ELWDQ�HOHPHQW�RULMHQWDFLMH��7DNR_H��SRGDFL�R�SR]LFLRQLP
XJORYLPD�YH`LQH�JDODNVLMD�VH�QH�PRJX�VPDWUDWL�SRX]GDQLP��]ERJ�RWHCDQRJ
PHUHQMD��6�GUXJH�VWUDQH��MDVQR�MH�YLGOMLYD�L�DQL]RWURSQD�GLVWULEXFLMD�LQNOL�
QDFLMD��^WR�MH�MR^�MHGDQ�SRND]DWHOM�QHVOXaDMQH�UDVSRGHOH�RULMHQWDFLMD�JDODN�
VLMD�X�MDWLPD�

6OLND����

5DVSRGHOD�EURMD
JDODNVLMD�SR
VHNWRULPD�SR]LFLRQRJ
XJOD�X�VWUXNWXUL�$�
,]RWURSQL�VOXaDM
SULND]DQ�MH
LVSUHNLGDQRP�SUDYRP
OLQLMRP��D�®JODWND

DSURNVLPDFLMD¯
LVWDaNDQRP�OLQLMRP�

)LJXUH����

'LVWULEXWLRQ�RI
JDOD[LHV�LQ�SRVLWLRQ

DQJOH�ELQV�LQ
VWUXFWXUH�$��7KH�FDVH
RI�UDQGRP�DOLJQPHQW

LV�UHSUHVHQWHG�E\�D
GDVKHG�OLQH�DQG�WKH

VPRRWK�DSUR[LPDWLRQ
E\�D�GRWWHG�OLQH�

6OLND����

5DVSRGHOD�JDODNVLMD
SR�LQNOLQDFLMDPD�X
VWUXNWXUL�$�
,QNOLQDFLMD�L �
RGJRYDUD�IDFH�RQ
JDODNVLML��D�L� ���
HGJH�RQ�JDODNVLML�
7HRUHWVND�UDVSRGHOD

MH�SUHGVWDYOMHQD
LVSUHNLGDQRP�SUDYRP
OLQLMRP�

)LJXUH����

'LVWULEXWLRQ�RI�JDOD[\
LQFOLQDWLRQV�LQ
VWUXFWXUH�$��*DOD[LHV
VHHQ�IDFH�RQ�KDYH�L �
DQG�WKRVH�VHHQ�HGJH
RQ�KDYH�L� �����7KH

WKHRUHWLFDO
GLVWULEXWLRQ�LV
SUHVHQWHG�E\�D�GDVKHG

OLQH
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=DNOMXaDN

8]RUDN�JDODNVLMD�L]�SROMD�MDWD�&RPD�%HUHQLFHV�SRGHOMHQ�MH�QD�QHNR�
OLNR�UD]OLaLWLK�VWUXNWXUD�X�NRMLPD�MH�LVSLWDQD�UDVSRGHOD�RULMHQWDFLMD�JDODNVLMD�
5H]XOWDWL�GRELMHQL�VWDWLVWLaNLP�WHVWRYLPD�XND]XMX�QD�DQL]RWURSQX�UDVSRGHOX
SR]LFLRQLK�XJORYD�X�MDWX��2YR�VYDNDNR�SRGUCDYD�VFHQDULMH�IRUPLUDQMD�MDWD
NRML�SUHGYL_DMX�RGUH_HQH�SUDYLOQRVWL�X�RULMHQWDFLML�JDODNVLMD��1D�RVQRYX�R�
YLK�UH]XOWDWD�PRJX`H�MH�]DNOMXaLWL�GD�MH�RGVWXSDQMH�RG�L]RWURSLMH�MDaH�L]�
UDCHQR�X�YH`LP�VWUXNWXUDPD��^WR�EL�PRJOR�GD�JRYRUL�R�]QDWQLMHP�XWLFDMX
RVWDWND�VLVWHPD�QD�RYD�SRGMDWD��=DSUDYR��PRCH�VH�UH`L�GD�RYRP�DQDOL]RP
QLVX�SURQD_HQL�GRND]L�]D�SRVWRMDQMH�L]UDCHQLMLK�VDPRVWDOQLK�SRGVWUXNWXUD�
'RGX^H��UH]XOWDWL�GRELMHQL�NRUL^`HQMHP�RYRJ��XSUR^`HQRJ�PHWRGD��QH�PRJX
VH�VPDWUDWL�SRX]GDQLP��MHU�RQ�UD]PDWUD�VDPR�SURMHNFLMX�MDWD�QD�UDYDQ�QRU�
PDOQX�QD�SUDYDF�YL]XUH��6WRJD�L]�QMLK�QH�EL�WUHEDOR�L]YRGLWL�SUHWHQFLR]QLMH
]DNOMXaNH��,SDN��XNROLNR�VH�SULPHQRP�RYRJ�PHWRGD�SRNDCH�SRVWRMDQMH�DQL�
]RWURSLMH�X�QHNRM�VWUXNWXUL��L]YHVQR�MH�GD�`H�VH�RQD�NRQVWDWRYDWL�L�NDGD�VH
MDWR�SRVPDWUD�NDR�WURGLPHQ]LRQDOQL�REMHNDW��SD�VH�RVQRYQL�]DNOMXaDN�R�SRV�
WRMDQMX�DQL]RWURSLMH�PRCH�VPDWUDWL�YDOLGQLP�

5DVSRGHOD�LQNOLQDFLMD�XND]XMH�QD�QHSRX]GDQRVW�UH]XOWDWD�GRELMHQLK
SULPHQMHQLP�PHWRGRP��3R]LFLRQL�XJDR�QH�PRCH�RSLVDWL�RULMHQWDFLMX�JDODN�
VLMH�EH]�LQNOLQDFLMH��7DNR_H��SRGDWDN�R�SR]LFLRQRP�XJOX�JDODNVLMH�MH�SRVH�
EQR�QHVLJXUDQ�X�VOXaDMX�NDGD�MH�LQNOLQDFLMD�PDQMD��WM��JDODNVLMD�YL^H
IDFH�RQ�

=D�EXGX`D�LVWUDCLYDQMD�ELOR�EL�LQWHUHVDQWQR�SULPHQLWL�QDSUHGQLML�PHWRG
�-DDQLVWH�	�6DDU�������������SUHPD��*RGORZVNL�������QD�MDWR�&RPD�%HU�
HQLFHV�L�XSRUHGLWL�UH]XOWDWH�GRELMHQH�NRUL^`HQMHP�GYDMX�UD]OLaLWLK�PHWRGD�
7DNYR�LVWUDCLYDQMH�EL�ELOR�NRULVQR�L]�YL^H�UD]ORJD��1DLPH��SRVWRML�YHOLNL
EURM�UDGRYD�NRML�DQDOL]LUDMX�UDVSRGHOX�RULMHQWDFLMD�JDODNVLMD�X�UD]OLaLWLP
VWUXNWXUDPD��D�SULWRP�NRULVWH�VWDULML��RYGH�SULPHQMHQL�PHWRG��3RUH_HQMH�UH�
]XOWDWD�GRELMHQLK�WLP�L�QDSUHGQLMLP�PHWRGRP�EL�PRJOR�UD]MDVQLWL�NRQVWD�
WRYDQMH�L]RWURSLMH�X�DQDOL]LUDQLP�VWUXNWXUDPD�NRG�QHNLK�DXWRUD��7DNR_H�
VDPD�SULPHQD�QDSUHGQLMH�PHWRGH�QD�MDWR�&RPD�%HUHQLFHV�EL�GDOD�L�L]YHVWDQ
EURM�QRYLK�LQIRUPDFLMD��NRMH�VWDULML��RYGH�SULPHQMHQL�PHWRG�QH�QXGL��^WR�EL
RPRJX`LOR�GHWDOMQLMX�DQDOL]X�VWUXNWXUH�MDWD�

=DKYDOQRVW��1LNROL�%RCLQRYL`X�QD�LGHML�]D�FHORNXSQL�SURMHNDW��SURIH�
VRUX�:ORG]LPLHU]X�*RGORZVNRP�VD�-DJHORQVNRJ�XQLYHU]LWHWD�X�.UDNRYX�
3ROMVND��QD�VYHVUGQRM�SRPR`L�X�WRNX�UDGD�L�REH]EH_LYDQMX�OLWHUDWXUH�L
%UDQLVODYX�6DYL`X�QD�QHVHELaQRM�SRPR`L�X�]DYU^QRM�ID]L�UDGD�
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/LWHUDWXUD

%DLHU��)��:���*RGORZVNL��:���0DF*LOOLYUD\�+��7��������6XEVWUXFWXUHV
DQG�JDOD[\�RULHQWDWLRQV�LQ�FOXVWHUV�¬�,��7KH�&OXVWHU�$EHOO������$VWURQRP\
DQG�DVWURSK\VLFV���������������

&KXUD]RY��(���)RUPDQ��:���*LOIDQRY��0���+DQN�'RQQHOO\��5���-RQHV��&��
0DUNHYLWFK��0��������$�KRW�VSRW�LQ�&RPD��7KH�$VWURSK\VLFDO�-RXUQDO�
�����������

&ROOHVV��0���'XQ��$��0��������6WUXFXUH�DQG�GLQDPLFV�RI�WKH�&RPD�FOXV�
WHU��7KH�$VWURSK\VLFDO�-RXUQDO��������������

AHUQH��-���3HWHUVRQ��-�%��������7HVWV�IRU�DOLJQPHQW�RI�JDOD[\�SRVLWLRQ�DQ�
JOHV�ZLWKLQ�D�VKHHW�RI�JDOD[LHV��7KH�$VWURQRPLFDO�-RXUQDO��������������

'RURVKNHYLFK�$�*���6DDU�(��0���6KDQGDULQ�6�)��������,Q�7KH�/DUJH
6FDOH�6WUXFWXUH�RI�WKH�8QLYHUVH���HG��0��6��/RQJDLU�DQG�-��(LQDVWR���,$8�
6\PS��1R������'��5HLGHO��'RUGUHFKW��S������

(IVWLDWKLRX�*���6LON�-��������7KH�IRUPDWLRQ�RI�JDOD[LHV��)XQGDP��&RVPLF
3K\V�������

*RGORZVNL��:��������*DODFWLF�RULHQWDWLRQ�ZLWKLQ�WKH�/RFDO�6XSHUFOXVWHU�
015$6���������������

*RGORZVNL��:��������6RPH�DVSHFWV�RI�WKH�JDODFWLF�RULHQWDWLRQ�ZLWKLQ�WKH
/RFDO�6XSHUFOXVWHU��015$6�������������

*RGORZVNL��:���2VWURZVNL��0��������,QYHVWLJDWLRQ�RI�JDODFWLF�DOLJQPHQW
LQ�/6&�JDOD[\�FOXVWHUV��015$6�������������

*RGZLQ��-��*���0HWFDOIH��1���3HDFK��-��9��������7KH�&RPD�&OXVWHU���,��$
FDWDORJXH�RI�PDJQLWXGHV��FRORXUV��HOOLSWLFLWLHV�DQG�SRVLWLRQ�DQJOHV�IRU
�����JDOD[LHV�LQ�WKH�ILHOG�RI�&RPD�FOXVWHU��015$6��������������

+DZOH\�'�/���3HHEOHV��3�-�(��������$-���������

-DDQLVWH�-���6DDU�(��������,Q�7KH�/DUJH�6FDOH�6WUXFWXUH�RI�WKH�8QLYHUVH�
�HG��0��6��/RQJDLU�DQG�-��(LQDVWR���,$8�6\PS��1R������'��5HLGHO��'RU�
GUHFKW��S������

2]HUQR\�/�0��������,Q�7KH�/DUJH�6FDOH�6WUXFWXUH�RI�WKH�8QLYHUVH���HG�
0��6��/RQJDLU�DQG�-��(LQDVWR���,$8�¬�6\PS��1R������'��5HLGHO��'RU�
GUHFKW��S������

3OLRQLV��0��������3RVLWLRQ�DQJOHV�DQG�DOLJQPHQW�RI�FOXVWHUV�RI�JDOD[LHV�
7KH�$VWURSK\VLFDO�-RXUQDO�6XSSOHPHQW�6HULHV�������������

6KDQGDULQ�6��)��������$VWURQRPLFKHVNLM�=KXUQDO����������
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6U_DQ�.HaD�DQG�0DULMD�9ODML`

*DODFWLF�2ULHQWDWLRQ�DQG�6XEVWUXFWXUHV�LQ�WKH�&RPD�&OXVWHU

�0RVW�RI�WKH�FODVVLFDO�JDOD[\�FOXVWHU�IRUPDWLRQ�VFHQDULRV�SUHGLFW�D
UDQGRP�DOLJQPHQW�RI�JDOD[\�URWDWLRQDO�D[HV��+RZHYHU��WKHUH�DUH�WKUHH�PDLQ
PRGHUQ�WKHRULHV�GHVFULELQJ�WKH�ZD\�JDOD[LHV�LQ�FOXVWHUV�DOLJQ��$FFRUGLQJ
WR�WKH�ILUVW�WKHRU\��2]HUQR\�������(IVWLDWKLRX�	�6LON�������WKH�URWDWLRQDO
D[HV�RI�JDOD[LHV�WHQG�WR�EH�SHUSHQGLFXODU�WR�WKH�PDMRU�SODQH�RI�WKH�ODUJH
VFDOH�VWUXFWXUH��,Q�WKH�VHFRQG�PRGHO��6KDQGDULQ�������'RURVKNHYLFK� HW�DO�
������JDOD[\�SODQHV�DQG�WKH�SODQHV�RI�WKH�FOXVWHUV�DUH�DUUDQJHG�SHUSHQ �
GLFXODU�WR�HDFK�RWKHU��7KH�WKLUG�SRVVLELOLW\��UHFHQWO\�SURSRVHG�®KHGJHKRJ¯
PRGHO�SUHGLFWV�D�WHQGHQF\�IRU�JDOD[\�URWDWLRQDO�D[HV�WR�EH�GLUHFWHG�WRZDUGV
WKH�FHQWHU�RI�WKH�FOXVWHU��7KHUH�LV�DOVR�D�TXHVWLRQ�ZKHWKHU�WKH�DQLVRWURS\
LV�GXH�WR�JOREDO�RU�ORFDO�HIIHFWV��3UHYLRXV�VWXGLHV�IRXQG�QR�HYLGHQFH�IRU
H[FOXGLQJ�DQ\�RI�WKHVH�WKHRULHV��+RZHYHU��UDQGRP�DOLJQPHQW�RI�JDOD[\
D[HV�RFFXUV�RQO\�LQ�FDVHV�RI�DEVHQFH�RI�GDWD�RU�JUHDW�FRQWDPLQDWLRQ�E\
EDFNJURXQG�REMHFWV�

7KHUH�DUH�WZR�PDLQ�PHWKRGV�IRU�VWXG\LQJ�JDODFWLF�RULHQWDWLRQ��7KH
ILUVW�DSSURDFK��+DZOH\�	�3HHEOHV�������DFFRUGLQJ�WR��*RGORZVNL������
WDNHV�LQWR�DFFRXQW�RQO\�WKH�SRVLWLRQ�DQJOH�RI�HDFK�JDOD[\��WKH�DQJOH�EHHW �
ZHQ�WKH�GLUHFWLRQ�WRZDUG�WKH�QRUWK�SROH�DQG�WKH�REVHUYHG�JDOD[\�PDLQ
D[H���7KLV�PHWKRG�\LHOGV�UHOLDEOH�LQIRUPDWLRQ�RQO\�IRU�JDOD[LHV�VHHQ�HGJH�
RQ��EXW�QRW�IRU�WKRVH�VHHQ�IDFH�RQ�RU�QHDUO\�IDFH�RQ��7KH�VHFRQG��PRVW�UH �
FHQW�PHWKRG��-DDQLVWH�	�6DDU�������DFFRUGLQJ�WR��*RGORZVNL�������WDNHV
LQWR�DFFRXQW�QRW�RQO\�WKH�SRVLWLRQ�DQJOH��EXW�DOVR�WKH�LQFOLQDWLRQ�WR�GH �
VFULEH�WKH�UHDO�RULHQWDWLRQ�RI�D�SDUWLFXODU�JDOD[\��8VLQJ�WKLV�PHWKRG��WKH
FRRUGLQDWHV�DQG�RULHQWDWLRQ�DQJOHV�RI�JDOD[LHV�DUH�EHLQJ�WUDQVIRUPHG�LQWR
D�QHZ�FRRUGLQDWH�V\VWHP��EDVHG�RQ�WKH�PDLQ�SODQH�RI�WKH�FOXVWHU��RU�VX �
SHUFOXVWHU���7KLV�JLYHV�PXFK�PRUH�UHOLDEOH�UHVXOWV�LQ�WKH�DQDO\VLV�SURFHVV�

7KH�ROGHU�PHWKRG�XVHG�IRU�H[DPLQLQJ�JDOD[\�RULHQWDWLRQV�LQ�FOXVWHUV
�+DZOH\�	�3HHEOHV�������DFFRUGLQJ�WR��*RGORZVNL�������ZDV�SUHVHQWHG
DQG�DSSOLHG�WR�WKH�&RPD�FOXVWHU��7KH�VDPSOH�RI�JDOD[LHV�ZDV�REWDLQHG
IURP�*RGZLQ�HW�DO����������7KH�EDFNJURXQG�REMHFWV�ZHUH�HOLPLQDWHG�XVLQJ
WKH�®VXUIDFH�GHQVLW\¯�PHWKRG��VXJJHVWHG�E\�*RGORZVNL��SHUVRQDO�FRPPX �
QLFDWLRQ���7KUHH�VWDWLVWLFDO�WHVWV�ZHUH�DSSOLHG�WR�WKH�GHFRQWDPLQDWHG�VDP �

SOH��WKH�χ��WHVW��DXWRFRUUHODWLRQ�DQG�)RXULHU�WHVW��7KH�DLP�ZDV�WR�ILQG

QRQ�UDQGRP�DOLJQPHQW�RI�JDOD[\�SRVLWLRQ�DQJOHV��&RQFHUQLQJ�WKH�FRPSOH[ �
LW\�RI�WKH�&RPD�FOXVWHU�VWUXFWXUH��WKH�PHWKRG�ZDV�DSSOLHG�WR�IRXU�GLIIHUHQW
VWUXFWXUHV�IRXQG�LQ�WKH�REVHUYHG�ILHOG��)LJXUH�����7KH�VWUXFWXUH�$�UHSUH �
VHQWV�WKH�ZLGH�UHJLRQ�RI�WKH�FOXVWHU��DQG�WKH�VWUXFWXUH�%�UHSUHVHQWV�WKH�FHQ �
WUDO�SDUW�RI�WKH�REVHUYHG�UHJLRQ��7KHUH�ZHUH�DOVR�WZR�VXEFOXVWHUV
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GLVWLQJXLVKHG�ZLWKLQ�WKH�VWUXFWXUH�%��VWUXFWXUH�%���UHSUHVHQWLQJ�WKH�UHJLRQ
DURXQG�WKH�WZR�GRPLQDQW�JDOD[LHV�RI�WKH�&RPD�FOXVWHU��1*&������DQG
1*&�������DQG�VWUXFWXUH�%���UHSUHVHQWLQJ�WKH�VXEFOXVWHU�DURXQG�1*&
������0RUHRYHU��IRU�HDFK�RI�WKHVH�VWUXFWXUHV��WKH�SRVLWLRQ�DQJOH�ZDV�FDO�
FXODWHG�XVLQJ�WKH�OHDVW�VTXDUH�PHWKRG��WDNLQJ�WKH�FRRUGLQDWHV�RI�WKH�JDOD[�
LHV�DV�SDUDPHWHUV�RI�WKH�GLVWULEXWLRQ��7KH�VWUDLJKW�OLQH�REWDLQHG�E\�WKLV
PHWKRG�ZDV�WDNHQ�DV�WKH�REVHUYHG�VWUXFWXUH�PDLQ�D[H��)LJXUH�����7KH�GLV�
WULEXWLRQ�RI�JDOD[\�LQFOLQDWLRQV�ZDV�DOVR�SUHVHQWHG�LQ�RUGHU�WR�WHVW�WKH�YD�
OLGLW\�RI�WKH�REWDLQHG�UHVXOWV�

7KH�VWDWLVWLFDO�WHVWV�VKRZ�SUHVHQFH�RI�DQLVRWURSLF�GLVWULEXWLRQ��ZKLFK
LV�WKH�PRVW�VLJQLILFDQW�LQ�ODUJHU�VWUXFWXUHV��7KH�VWURQJHVW�DQLVRWURS\�LV�GH�
WHFWHG�LQ�VWUXFWXUHV�$�DQG�%��,Q�VWUXFWXUH�%��WKH�SRVVLELOLW\�RI�DQ�LVRWURSLF
GLVWULEXWLRQ�LV�VRPHZKDW�ODUJH��ZKLOH�LQ�VWUXFWXUH�%��WKH�UHVXOWV�VKRZ�WKDW
WKH�GLVWULEXWLRQ�LV�QHDUO\�LVRWURSLF��7KLV�SRLQWV�WR�D�YHU\�ORZ�OHYHO�RI�LQ�
GHSHQGHQW�HYROXWLRQ�RI�WKHVH�VXEVWUXFWXUHV�ZLWKLQ�WKH�FOXVWHU�DV�D�ZKROH�
7KHUH�LV�DOVR�D�VLJQLILFDQW�H[FHVV�RI�SRVLWLRQ�DQJOHV�EHWZHHQ���~�DQG����~
�)LJXUH�����ZKLFK�FRXOG�EH�UHODWHG�WR�WKH�SRVLWLRQ�DQJOH�RI�WKH�VWUXFWXUH�$

�ϑV� ����~���7KH�SRVLWLRQ�DQJOHV�RI�WKH�IRXU�VWUXFWXUHV�DUH�DOVR�YHU\�FORVH

WR�HDFK�RWKHU��7KXV��WKH�REWDLQHG�UHVXOWV�VKRZ�QR�FOHDU�HYLGHQFH�RI�VXE�
FOXVWHULQJ�LQ�WKH�&RPD�FOXVWHU�

7KH�GLVWULEXWLRQ�RI�WKH�JDODFWLF�LQFOLQDWLRQV��)LJXUH����VKRZV�WKDW�WKH
DSSOLHG�PHWKRG�JLYHV�YHU\�XQFHUWDLQ�UHVXOWV��7KHUH�LV�D�YHU\�VPDOO�QXPEHU
RI�HGJH�RQ�JDOD[LHV��ZKLFK�OLPLWV�YDOLGLW\�RI�WKH�REWDLQHG�UHVXOWV��7KH�PD�
MRULW\�RI�WKH�REVHUYHG�JDOD[LHV�KDYH�LQFOLQDWLRQV�EHWZHHQ���~�DQG���~��7KLV
VKRZV�WKDW�QRW�HYHQ�WKH�SRVLWLRQ�DQJOH�GDWD�REWDLQHG�IURP�WKH�FDWDORJXH
DUH�UHOLDEOH��)XUWKHUPRUH��WKH�SRVLWLRQ�DQJOH�LWVHOI�FDQ�QRW�GHVFULEH�WKH�RUL�
HQWDWLRQ�RI�D�SDUWLFXODU�JDOD[\��EHFDXVH�WKH�LQFOLQDWLRQ�LV�DQ�HTXDOO\�LP�
SRUWDQW�HOHPHQW�RI�WKH�RULHQWDWLRQ��$OO�WKLV�OHDGV�WR�D�FRQFOXVLRQ�WKDW�WKH
DSSOLHG�PHWKRG�JLYHV�YHU\�XQFHUWDLQ�UHVXOWV��+RZHYHU��LI�DQLVRWURS\�LV�GH�
WHFWHG�XVLQJ�WKLV�PHWKRG��LQ��'�SURMHFWLRQ���LW�ZLOO�SUREDEO\�EH�REWDLQHG
LQ�WKH��'�VLWXDWLRQ��7KHUHIRUH��LW�LV�MXVWLILDEOH�WR�FODLP�WKH�H[LVWHQFH�RI
DQLVRWURS\�LQ�WKH�&RPD�FOXVWHU�

7KH�UHVHDUFK�FRXOG�EH�FRQWLQXHG�E\�DSSO\LQJ�WKH�QHZHU�PHWKRG��-DDQ�
LVWH�	�6DDU�������DFFRUGLQJ�WR��*RGORZVNL�������WR�WKH�&RPD�FOXVWHU��7KH
FRPSDUDVLRQ�RI�WKH�UHVXOWV�REWDLQHG�E\�WKH�WZR�PHWKRGV�ZRXOG�EH�LQWHU�
HVWLQJ��$OVR��WKH�DSSOLFDWLRQ�RI�WKH�PRVW�UHFHQW�PHWKRG�WR�WKH�&RPD�FOXVWHU
ZRXOG�JLYH�PRUH�UHOLDEOH�LQIRUPDWLRQ��ZKLFK�ZRXOG�HQDEOH�D�PRUH�FRP�
SOHWH�VWXG\�RI�WKH�FOXVWHU�VWUXFWXUH�
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