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WRQD� PHQMD� VD� YUHPHQRP� QHRSKRGQR� MH� L]DaXQDWL
EU]LQX� PLNURIRQD�� RGQRVR� SURMHNFLMX� WH� EU]LQH� QD
SUDYDF�QHSRNUHWQL�]YXaQLN�¬�SRNUHWQL�PLNURIRQ�L�QD�RV�
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RPRJX`DYD�GD�VLPXOLUDPR�FHR�HNVSHULPHQW�L�GD�RQGD
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L]QDG�QMHJD�KDUPRQLMVNL�RVFLOXMH�OHYR�GHVQR�PRCHPR
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$SDUDWXUX�aLQH�UDaXQDU��IXQNFLMVNL�JHQHUDWRU�

SLH]R�]YXaQLN�L�NODWQR�VD�NRQGHQ]DWRUVNLP�PLNUR�
IRQRP��7RQ�MH�VQLPDQ�X�:LQGRZV�SURJUDPX�6RXQG
5HFRUGHU��2EUDGD�VQLPDND�YU^HQD�MH�X�SURJUDPVNRP
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6LJQDO�JHQHUDWRU�HPLWXMH�WRQ�RGUH_HQH�IUHNYHQ�
FLMH�SUHNR�PDORJ�]YXaQLND�L�PLNURIRQRP�JD�VQLPD�
PR�QD�UDaXQDUX��=YXaQLN�MH�ILNVLUDQ�LVSRG�NDEOD�VD
PLNURIRQRP�NRML�VH�QDOD]L�QHNROLNR�FHQWLPHWDUD
L]QDG�QMHJD��8NROLNR�PLNURIRQ�PLUXMH�UDaXQDU�EHOHCL
MHGQX�LVWX�YUHGQRVW�WRNRP�YUHPHQD��VOLND��D���0H_X�
WLP��XNROLNR�PLNURIRQ�L]YHGHPR�L]�UDYQRWHCQRJ�SR�
ORCDMD�L�SXVWLPR�GD�RVFLOXMH�L]QDG�]YXaQLND�MDYOMD�VH
'RSOHURY�HIHNDW��MHU�VH�VDGD�PLNURIRQ��SULMHPQLN�
NUH`H�X�RGQRVX�QD�]YXaQLN��L]YRU���7DGD�IUHNYHQFLMD
VQLPOMHQRJ�VLJQDOD�SUDYLOQR�RVFLOXMH�RNR�RGDEUDQH
YUHGQRVWL��VOLND��E��
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NODWQD��NDEO�VD�PLNURIRQRP�MH�GRGDWQR�RSWHUH`HQ
PDOLP�WHJRP�GD�EL�VRSVWYHQH�RVFLODFLMH�®QLWL¯�ELOH
^WR�PDQMH�L]UDCHQH��8SRUH_LYDQ�MH�SHULRG�RYDNR�NRQ�
VWUXLVDQRJ�NODWQD�VD�YUHGQR^`X�NRMX�GDMH�PRGHO��=D
NODWQR�GXCLQH��¬��P��NRMH�VX�NRUL^`HQH�X�RYRP�HN�
VSHULPHQWX��RGVWXSDQMH�VH�MDYOMD�WHN�QD�GUXJRM�GHFL�
PDOL��∆7� ������V���^WR�MH�VDVYLP�]DGRYROMDYDMX`H�
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3UH�SRaHWND�HNVSHULPHQWD�ELOR�MH�SRWUHEQR�RGUH�
GLWL�XVORYH��IUHNYHQFLMX��X�NRMLPD�MH�XRS^WH�PRJX`H
L]GYRMLWL�]YXN�PLNURIRQD�RG�RVWDOLK�^XPRYD�X�ODER�
UDWRULML��]DWLP�L�GXCLQX�L�DPSOLWXGX�RVFLORYDQMD�®PLN�
URIRQVNRJ�NODWQD¯�NRMH�QH�RGVWXSDMX��SUHYL^H��RG
WHRULMVNRJ�PRGHOD��NDR�L�RSWLPDOQX�GXCLQX�WUDMDQMD
VQLPND�NRML�EL�SUXCLR�GRYROMQR�LQIRUPDFLMD��D�RSHW
QH�EL� ®XRaLR¯�SULJX^HQRVW�RVFLORYDQMD��.RQWUROQLP
VQLPFLPD�VD�UD]OLaLWLP�SRaHWQLP�XVORYLPD�QD^OL�VPR
QDMSRYROMQLMH�XVORYH�

3UYR�MH�VQLPOMHQ�WRQ��WM��VLJQDO�JHQHUDWRUD�NDGD
PLNURIRQ�PLUXMH��VOLND��D��GD�ELVPR�SURYHULOL
IUHNYHQFLMX�NRMX�HPLWXMH�]YXaQLN�L�QD�WDM�QDaLQ�NDOL�
EULVDOL�DSDUDWXUX��=DWLP�MH�VQLPDQ�VLJQDO�VD�PLNUR�
IRQRP�NRML�RVFLOXMH�SRG�XVORYLPD�NRMH�NRQWUROL^HPR
�VOLND��E��

6YD�PHUHQMD�VX�YU^HQD�X�ODERUDWRULML�JGH�MH�WHP�
SHUDWXUD�L]QRVLOD�PDQMH�YL^H�NRQVWDQWQLK����&��9UHG�
QRVW�EU]LQH�]YXND��.DGHOEXUJ��5DSDML`�������X�GDWLP
XVORYLPD�MH�����P�V�

2EUDGD�SRGDWDND�QD�UDaXQDUX
3URJUDPL�]D�XaLWDYDQMH�SRGDWDND��VLPXODFLMX�L�IL�

WRYDQMH�SLVDQL�VX�X�SURJUDPVNRP�RNUXCHQMX�0$7�
/$%��2YGH�MH�GDW�VDPR�NUDWDN�RSLV�
2aLWDYDQMH�VQLPOMHQH�IUHNYHQFLMH�VDVSHNWURJUDPD

(NVSHULPHQW�VH�]DYU^DYD�VQLPDQMHP�]YXND��WM�
RVFLODFLMD�JHQHULVDQRJ�WRQD�X��ZDY�IRUPDWX��6LJQDO
NRML�VH�UHJLVWUXMH�SUHNR�PLNURIRQD�X�0$7/$%�MH
SULND]DQ�NDR�QXPHULaNL�QL]�XUH_HQLK�GYRMNL��1DPD
MH�SRWUHEDQ�VDPR�LQWHQ]LWHW�]YXND�NRML�SULPD�PLNUR�
IRQ��7DM�QL]�LQWHQ]LWHWD�SRVPDWUDPR�X�IUHNYHQWQRP
GRPHQX�L�WDNR�YLGLPR�NDUDNWHULVWLaQH�IUHNYHQFLMH�L
QMLKRYH�RVFLODFLMH��(IHNDW�RVFLODFLMD�VH�QDMEROMH�YLGL
L]�SURPHQH�)XULMHRYRJ�WUDQVIRUPD�X�]DYLVQRVWL�RG
YUHPHQD��VSHNWURJUDPD�

6SHFJUDP�MH�MHGQD�RG�0DWODERYLK�XJUD_HQLK�IXQ�
NFLMD�DODWD�]D�REUDGX�VLJQDOD�L�SUHGVWDYOMD��0$7�
/$%�8VHU±V�*XLGH��0DWKZRUNV��)XULMHRY�WUDQVIRUP
�HQJ��WLPH�GHSHQGHQW�)RXULHU�WUDQVIRUP��VLJQDOD�V�X
]DYLVQRVWL�RG�YUHPHQD��1D�RYDM�QDaLQ�VLJQDO�GHOLPR
QD�NUDWNH�YUHPHQVNH�LQWHUYDOH��UHGD�����V��L�QDOD]LPR
DPSOLWXGH�QMLKRYLK�)XULMHRYLK�WUDQVIRUPD��D�]D�VYDNL
RG�RYLK�LQWHUYDOD�L]GYDMDPR�IUHNYHQFLMX�QDMYH`HJ�LQ�
WHQ]LWHWD��WM��IUHNYHQFLMX�NRMD�RGJRYDUD�WRQX�NRML�SRWLaH
RG�]YXaQLND�

3RaHWQD�ID]D��1D�JUDILNX�$��VOLND����MH�SULND]DQ
LQWHQ]LWHW�VLJQDOD�X�]DYLVQRVWL�RG�YUHPHQD�V� �I�W��
0DNVLPDOQL�LQWHQ]LWHW�VLJQDOD�RGJRYDUD�WUHQXFLPD
NDGD�MH�PLNURIRQ�QDMEOLCH�]YXaQLNX��RGQRVQR�NDGD�MH
NODWQR�X�QDMQLCHP�SRORCDMX�

'D�ELVPR�SUHFL]QR�L]GYRMLOL�PDNVLPXPH�SRVPD�
WUD`HPR�YUKRYH��V�!�������RGQRVQR�QMLKRYH�NYDGUDWH
�V�!������� �I�W���GD�ELVPR�LK�UD]GYRMLOL�RG�RVWDOLK
ORNDOQLK�PDNVLPXPD��

1D�JUDILNX�%��VOLND����XRaDYD�VH�GD�MH�YUHPHQVNL
WUHQXWDN�∆W�RG�SRaHWND�PHUHQMD�GR�SUYRJ�PDNVLPX�
PD�GUXJDaLML�RG�UD]PDND�L]PH_X�RVWDOLK�PDNVLPXPD
�NRML�L]QRVL�7����7�¬�SHULRG�RVFLORYDQMD�NODWQD���3R�
aHWQD�ID]D�RGUH_HQD�MH�NDR�α�=�ω�⋅�


7
��−�∆�W

��

6OLND����$�¬�,QWHQ]LWHW�VLJQDOD�X�]DYLVQRVWL�RG�YUHPHQD�%�¬�.YDGUDW�LQWHQ]LWHWD�VLJQDOD��YH`HJ�RG������X]DYLVQRVWL�RG�YUHPHQD�
)LJXUH����$�¬�6LJQDO�LQWHQVLW\�GHSHQGLQJ�RQ�WLPH�%�¬�6TXDUH�RI�VLJQDO�LQWHQVLW\��ODUJHU�WKDQ�����GHSHQGLQJ�RQ�WLPH��

=%251,.�5$'29$����� ),=,.$��• ����



6LPXODFLMD�HNVSHULPHQWD
0DWHPDWLaNL�PRGHO�RYRJ�HNVSHULPHQWD�RSLVDQ�MH

X�XYRGX��3DUDPHWUL�NRML�RGUH_XMX�IXQNFLMX�����[R��O�L
K�RaLWDYDMX�VH�GLUHNWQR��D�α� L�νR�X]�SRPR`�SUH�
WKRGQR�RSLVDQRJ�DOJRULWPD��

=D�VYDNL�]YXN�NRML�UHJLVWUXMH�PLNURIRQ�EHOHCL�VH
X�SULEOLCQR���������YUHGQRVWL�LQWHQ]LWHWD�]YXND��EU]LQD
X]RUNRYDQMD��RGQRVQR�EURM�X]RUDND�X�MHGQRM�VHNXQGL
NRML�X�RYRP�VOXaDMX�L]QRVL������N+]��SXWD����V�NROL�
NR�RWSULOLNH�WUDMH�VQLPDN���
2EUDGD�UH]XOWDWD�XSRUH_LYDQMHPVLPXODFLMH�L�HNVSHULPHQWD�

,PDPR�HNVSHULPHQWDOQX�IUHNYHQFLMX�L�IUHNYHQ�
FLMX�NRMX�GDMH�VLPXODFLMD�]D�LVWH�SRaHWQH�XVORYH��X
RGUH_HQLP�WUHQXFLPD��NUDWNLP�YUHPHQVNLP�LQWHU�
YDOLPD���1DV�LQWHUHVXMH�VXPD�NYDGUDWD�UD]OLND�RYLK
GYHMX�IUHNYHQFLMD�]D�VYH�LQWHUYDOH�YUHPHQD��6��9UHG�
QRVW�VLPXOLUDQH�IUHNYHQFLMH��IXQNFLMH������]DYLVL�RG
SDUDPHWUD�F��SUHWSRVWDYOMHQH�EU]LQH�]YXND���9DULUDQ�
MHP�RYRJ�SDUDPHWUD�GRELMDMX�VH�UD]OLaLWH�YUHGQRVWL�6�
3RVPDWUDMPR�JUDILN�6 I�F���=D�F�L]�SUHWSRVWDYOMHQRJ
LQWHUYDOD�YUHGQRVWL�]D�EU]LQX�]YXND�X�YD]GXKX������
����P�V��JUDILN�LPD�REOLN�SDUDEROH��NRMD�GRVWLCH
PLQLPXP�QD�WRP�LQWHUYDOX��0LQLPXP�IXQNFLMH
RGJRYDUD�EU]LQL�]YXND�X�QD^HP�HNVSHULPHQWX��7DM
PLQLPXP�PRCHPR�RGUHGLWL�ILWRYDQMHP�GRELMHQLK
YUHGQRVWL�QD�NYDGUDWQX�IXQNFLMX�
*UH^ND�PHWRGH

.DNR�ELVPR�SURFHQLOL�XNXSQX�JUH^NX�RYDNR�L]PH�
UHQH�YUHGQRVWL�]D�EU]LQX�]YXND��JUH^ND�PHUHQMD�MH
SURFHQMLYDQD�QD�YL^H�QDaLQD��

����.DR�XNXSQL�HIHNDW�SRMHGLQDaQLK�JUH^DND�PHU�
HQMD�YHOLaLQD�NRMH�RSLVXMX�SRaHWQH�XVORYH��O�
G��[R��νR�L�α��¬�JUH^ND�∆�F���2QD�QDP�SRND�
]XMH�NROLNR�JUH^ND�PHUHQMD�QHNRJ�RG�SRaHWQLK
XVORYD�GRSULQRVL�NRQDaQRM�JUH^FL�UH]XOWDWD�

����.DR�JUH^ND�RGUH_LYDQMD�PLQLPXPD�IXQNFLMH
6� �I�F��¬�JUH^ND�∆�F��

����.DR�SURVHaQD�YUHGQRVW�RGVWXSDQMD�IUHNYHQ�
FLMH�RaLWDQH�VD�VSHNWURJUDPD�RG�RQH�NRMD�MH
]DGDWD�JHQHUDWRURP�VLJQDOD�¬�∆�F���2YR�QDP
JRYRUL�NROLNR�JUH^LPR�SUL�VDPRP�RaLWDYDQMX
IUHNYHQFLMH�WRQD�VD�VSHNWURJUDPD��3RND]DOR
VH�GD�VH�RGUH_HQL�SRaHWQL�XVORYL��SUH�VYHJD�QL�
VND�IUHNYHQFLMD��D�]DWLP�L�VXYL^H�NUDWNR�NODWQR�
]QDWQR�XYH`DYDMX��

5H]XOWDWL�L�GLVNXVLMD
(NVSHULPHQW�MH��X�RSWLPDOQLP�XVORYLPD��NRMH

VPR�SUHWKRGQR�XWYUGLOL��SRQRYOMHQ�YL^H�SXWD��=D�LOXV�
WUDFLMX�MH�L]GYRMHQ�VDPR�MHGDQ��6���VQLPDN�L�VYL�UH]XO�
WDWL�RGQRVH�VH�QD�QMHJD��3RGDFL�R�RVWDOLP�VQLPFLPD
QDOD]H�VH�X�WDEHOL���

7DEHOD����3RGDFL�R�VQLPFLPD�X�RSWLPDOQLP�
XVORYLPD
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νR�¬�RVQRYQD�IUHNYHQFLMDO�¬�DPSOLWXGD
α�¬�SRaHWQD�ID]DF�¬�EU]LQD�]YXND
∆�F��¬�XNXSQL�HIHNDW�SRMHGLQDaQLK�JUH^DND�������PHUHQMD�YHOLaLQD�NRMH�RSLVXMX�SRaHWQH�XVORYH
∆�F��¬�JUH^ND�GRELMHQD�ILWRYDQMHP
∆�F��¬�SURVHaQD�YUHGQRVW�VWDQGDUGQH�GHYLMDFLMHU�¬�NRHILFLMHQW�NRUHODFLMH

,]PHUHQD�GXCLQD�NODWQD�L]QRVL�O� �����±���FP��D
YLVLQD�]YXaQLND�X�RGQRVX�QD�QDMQLCL�SRORCDM�PLNURIRQD
G� �����±�����FP��D�DPSOLWXGH�RVFLORYDQMD�[R� ����±��
FP��2VQRYQD�IUHNYHQFLMD�JHQHUDWRUD�νR� ��������+]�L
SRaHWQD�ID]D�α� ������UDG�

=D�GDWL�VQLPDN�VPR�GRELOL�GD�EU]LQD�]YXND�L]�
QRVL�F� �����P�V�

*UH^ND�MH�SURFHQMHQD�QD�YL^H�QDaLQD��
∆F�� ����P�V
∆F�� ���P�V
∆F�� ���P�V
3ULPHQMHQD�PHWRGD�GDMH�YUHGQRVW�EU]LQH�]YXND

NRMD�VH�VD�WDEOLaQLP�YUHGQRVWLPD�VODCH�GR�QD�����
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1D�JUH^NH�VX�X�QDMYH`RM�PHUL�XWLFDOL�JUH^ND�DSUR�
NVLPDFLMH��RGQRVQR�RGVWXSDQMH�UHDOQRJ�RG�WHRULMVNRJ
PRGHOD��PDVD�NDEOD�QLMH�]DQHPDUOMLYD�X�RGQRVX�QD
PDVX�WHJRYD��WDNR_H��RVFLODFLMH�NODWQD�QLVX�PDOH
NDNR�WR�DSURNVLPDFLMD�]DKWHYD���RWSRU�YD]GXKD��NRG
QH^WR�GXCLK�VQLPDND�MDVQR�VH�XRaDYD�VPDQMHQMH�DP�
SOLWXGH�WRNRP�YUHPHQD��L�SURSUDWQH�RVFLODFLMH�NODWQD
�RQH�X�KRUL]RQWDOQRM�UDYQL���NDR�^XPL�XVOHG�QH�
VDYU^HQRVWL�LQVWUXPHQDWD�L�UH]RQDQFLMH��

6LPXODFLMRP�HNVSHULPHQWD�QD�UDaXQDUX�WHVWLUDQD
MH�RVHWOMLYRVW�UH]XOWDWD�QD�WDaQRVW�VD�NRMRP�VPR
RGUH_LYDOL�SRMHGLQDaQH�SDUDPHWDUH��3RND]DOR�VH�GD
QD�JUH^NX�X�QDMYH`RM�PHUL�XWLaX�YLVLQD�PLNURIRQD��X
RGQRVX�QD�]YXaQLN�X�QDMQLCHP�SRORCDMX��L�DPSOLWXGH�
SD�MH�QMLK�SRWUHEQR�PHULWL�VD�^WR�YH`RP�WDaQR^`X�

2SWLPDOQL�XVORYL�WDNR_H�VX�WHVWLUDQL�QD�UDaXQDUX�
0RCH�VH�]DNOMXaLWL�VOHGH`H�

.ODWQR�YH`H�GXCLQH�®UD]YODaL¯�IXQNFLMX�����SR�[�
RVL��D�YH`D�IUHNYHQFLMD�L�DPSOLWXGD�RVFLORYDQMD�NODWQD
SR�\�RVL�L�VDPLP�WLP�RPRJX`DYDMX�EROMH�UH]XOWDWH��

8]�WR��YL^D�IUHNYHQFLMD�RPRJX`XMH�SUHFL]QLMH
L]GYDMDQMH�ELWQLK�WRQRYD�VD�VSHNWURJUDPD��QD�VOLFL��
XSRUH_HQL�VX�VQLPFL�VLJQDOD�RG���N+]�L����N+]���8]
QDMYH`X�EU]LQX�X]RUNRYDQMD�RG�������X]RUDND�X�VH�

6OLND����6SHNWURJUDPL�VQLPOMHQRJ�VLJQDOD�NDGDPLNURIRQ�PLUXMH��$��L�NDGD�RVFLOXMH��%��
)LJXUH����6SHFWURJUDPV�RI�VLJQDO�UHFRUGHG�ZKLOH�WKHPLFURSKRQH�ZDV�LGOH��$��DQG�GXULQJ�RVFLOODWLRQV��%��

6OLND����6QLPOMHQD�L�RaHNLYDQD�IUHNYHQFLMD�

)LJXUH����5HFRUGHG�DQG�H[SHFWHG�IUHTXHQF\�

6OLND����=DYLVQRVW�NYDGUDWD�VWDQGDUGQH�GHYLMDFLMH�6�RGEU]LQH�]YXND�
)LJXUH����'HSHQGDQFH�RI�WKH�VTXDUH�RI�VWDQGDUGGHYLDWLRQ�6�IURP�WKH�VSHHG�RI�VRXQG�
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NXQGL�QLMH�ELOR�PRJX`H�SUHFL]QR�REUDGLWL�VQLPNH
IUHNYHQFLMH�YH`H�RG����N+]��

9UHPHQVNL�LQWHUYDOL�NRMH�NRULVWLPR�]D�SUDYOMHQMH
VSHNWRJUDPD�EL�WUHEDOR�GD�EXGX�^WR�NUD`L�MHU�WDNR
LPDPR�EROMX�YUHPHQVNX�UH]ROXFLMX��1DCDORVW��NUDWNL
LQWUHYDOL�LPDMX�NUDWDN�QL]�LQWHQ]LWHWD�NRMH�EL�WUHEDOR
SUHWYRULWL�X�)XULMHRY�WUDQVIRUP��SD�WDNR�GRELMDPR
OR^X�IUHNYHQWQX�UH]ROXFLMX��2YGH�EL�WUHEDOR�QD`L
NRPSURPLV�]D�UH]ROXFLMX�SR�YUHPHQVNRM�L�IUHNYHQW�
QRM�RVL�

9HOLaLQD�G��YLVLQD�PLNURIRQD��VDPR�®LVNRVL¯�IXQ�
NFLMX��VPDQMHQMHP�RYH�YHOLaLQH�PRJOR�EL�VH�GRELWL�QD
SUHFL]QRVWL��DOL�WDGD�GROD]H�GR�L]UDCDMD�KRUL]RQWDOQH
RVFLODFLMH�NODWQD�

3URGXCDYDQMHP�WUDMDQMD�VQLPDND�GROD]L�GR�L]UD�
CDMD�SULJX^HQMH�NRMH�X�VLPXODFLML�QLVPR�X]HOL�X�RE]LU�

.RQWUROQL�VQLPFL�VD�GXCLQDPD�NODWQD�RG��¬��P�
IUHNYHQFLMDPD����¬������+]��YLVLQDPD�PLNURIRQD
�¬���FP�L�VQLPFLPD��¬���V�SRWYU_XMX�RYH�SUHWSR�
VWDYNH�

=DNOMXaDN�
*ODYQD�SUHGQRVW�RYH�PHWRGH�MH�^WR�QH�]DKWHYD

VNXS�L�NRPSOLNRYDQ�HNVSHULPHQW��,DNR�QH^WR�VORCHQL�
MD�DQDOL]D��PRCH�VH�XUDGLWL�QD�ELOR�NRP�3&�UDaXQDUX�

.DNR�MH�HNVSHULPHQWDOQL�GHR�RYRJ�PHWRGD�YUOR
MHGQRVWDYDQ��ELOR�EL�LQWHUHVDQWQR�LVSLWDWL�NROLNR�EL�VH
SRYH`DQMHP�GXCLQH�NODWQD��DPSOLWXGH��IUHNYHQFLMH��D
VPDQMHQMHP�WUDMDQMD�VQLPND�PRJOD�SREROM^DWL�QMH�
JRYD�HILNDVQRVW�

=DKYDOQRVW��#HOHOD�ELK�GD�VH�]DKYDOLP�PHQWRUX
6U_DQX�9HUEL`X�QD�LGHML�L�NRULVQLP�SUHGOR]LPD��NDR
L�,VWUDCLYDaNRM�VWDQLFL�3HWQLFD��=DKYDOQRVW�GXJXMHP�L
'UDJDQX�$`LPRYL`X�L�%UDQLPLUX�$FNRYL`X�EH]�NRMLK
EL�HNVSHULPHQWDOQL�GHR�RYRG�UDGD�ELR�QHL]YRGOMLY�

/LWHUDWXUD
.DGHOEXUJ�1���5DSDML`�9��������)L]LND���%HRJUDG��.UXJ
.RML`�0���0L`XQRYL`�0��������7HRULMD�RVFLODFLMD�%HRJUDG��1DXaQD�NQMLJD
0$7/$%�8VHU±V�*XLGH
0DWKZRUNV��'RVWXSQR�QD�KWWS���ZZZ�PDWKZRUNV�FRP�DFFHVV�KHOSGHVN�KHOS�SGIBGRF�VLJQDO�VLJQDOBWE�SGI

3HWUD�6WRMVDYOMHYL`
$�0HWKRG�IRU�0HDVXULQJ�WKH�6SHHG
RI�6RXQG

7KH�VSHHG�RI�VRXQG�ZDV�PHDVXUHG�E\�XVLQJ�D
VLPSOH��EXW�QRQVWDQGDUG�PHWKRG��$OO�PHWKRGV�IRU
PHDVXULQJ�WKH�VSHHG�RI�VRXQG�DUH�EDVHG�HLWKHU�RQ
HFKR�RU�UHVRQDQFH��WKLV�PHWKRG�XVHV�DQRWKHU�FKDUDF�
WHULVWLF�RI�DFRXVWLF�ZDYHV��WKH�'RSSOHU�HIIHFW��7KH
DGYDQWDJH�RI�WKLV�PHWKRG�LV�D�YHU\�VLPSOH�DQG�FKHDS

6OLND����6SHNWURJUDPL�VQLPDND�VD�UD]OLaLWRPIUHNYHQFLMRP��$�¬���N+]��%�¬����N+]�
)LJXUH����6SHFWURJUDPV�RI�UHFRUGLQJV�ZLWK�GLIIHUHQWIUHTXHQFLHV��$�¬���N+]��%�¬����N+]�

�����• ��3(71,A.(�69(6.(��� '(2��,



H[SHULPHQW�WKDW�FDQ�EH�SHUIRUPHG�LQ�HYHU\�VFKRRO
ODERUDWRU\��7KH�GDWD�DQDO\VLV�LV�PRUH�FRPSOH[��EXW
UHTXLUHV�RQO\�D�PRGHUQ�3&��7KH�DLP�RI�WKLV�SDSHU�LV
WR�ILQG�RSWLPDO�FRQGLWLRQV�IRU�WKH�H[SHULPHQW�DQG�WR
WHVW�WKLV�PHWKRG�

7KH�SDSHU�FRQVLVWV�RI�WZR�SDUWV��ILQGLQJ�RSWLPDO
FRQGLWLRQV�IRU�WKH�H[SHULPHQW�DQG�WKH�H[SHULPHQW�LWVHOI
DQG�±FRPSXWHU�ZRUN±��WKDW�LV�UHDGLQJ�GDWD�IURP�VSHFWUR�
JUDPV�DQG�QXPHULFDO�VLPXODWLRQ�

$�SHQQGXOXP�ZLWK�D�PLFURSKRQH�RQ�LWV�IUHH�HQG
ZDV�RVFLODWLQJ�DERYH�D�VPDOO�VSHDNHU��ZKLOH�WKH�VSHDNHU
HPLWWHG�VRXQGV�RI�FHUWDLQ�IUHTXHQF\��%HFDXVH�RI�WKH�UHOD�
WLYH�PRYLQJ�EHWZHHQ�VSHDNHU�DQG�PLFURSKRQH��WKH
'RSSOHU�HIIHFW�RFFXUHG��7KXV�WKH�IUHTXHQF\�WKDW�ZDV
UHJLVWHUHG�E\�WKH�PLFURSKRQH�DOVR�RVFLODWHG�

:H�PDGH�D�QXPHULFDO�VLPXODWLRQ�RI�WKH�H[SHUL�
PHQW��7KH�SHQQGXOXP�LQ�WKH�H[SHULPHQW�ZDV�DSUR[L�
PDWHG�WR�WKH�PDWKHPDWLFDO�RQH��7KH�RVFLODWLRQV�RI
IUHTXHQF\��UHJLVWHUHG�E\�WKH�PLFURSKRQH��DUH�D�IXQF�
WLRQ�RI�SHQQGXOXP�OHQJWK��SHULRG�DQG�WKH�DPSOLWXGH
RI�RVFLODWLRQV��WKH�GLVWDQFH�EHWZHHQ�PLFURSKRQH�DQG
SHQQGXOXP��VRXQG�IUHTXHQF\�E\�VSHDNHU�DQG��RI�
FRXUVH��WKH�VSHHG�RI�VRXQG��)RU�GLIIHUHQW�VSHHGV�RI
VRXQG�LQ�WKH�VLPXODWLRQ��ZH�FRPSDUHG�WKH�H[SHUL�
PHQWDO�RVFLODWLRQV�ZLWK�WKH�RQHV�LQ�WKH�VLPXODWLRQ�
7KH�PLQLPDO�GHYLDWLRQ�EHWZHHQ�WKRVH�WZR�LV�RE�
WDLQHG�ZKHQ�WKH�VXSSRVHG�VSHHG�LV�FORVHVW�WR�WKH�UHDO
VSHHG�RI�VRXQG�LQ�WKH�ODERUDWRU\�

7KH�DFFXUDF\�RI����ZDV�DFKLHYHG�
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