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VLVWHPD�X�0LQRULW\�JDPH

0LQRULW\�JDPH�MH�PRGHO�NRML�QD�RVQRYX�SURVWLK�SUDYLOD�JHQHUL^H�YHRPD�NRSOHNVQD
SRQD^DQMD��D�IXQNFLRQL^H�SR�SULQFLSX�GD�VX�SREHGQLFL�RQL�NRML�VX�X�PDQMLQL��QD
SULQFLSX�SRQXGH�L�SRWUDCQMH��NRML�VH�VUH`H�L�QD�EHU]L��8�RYRP�UDGX�MH�LVSLWLYDQD
HILNDVQRVW�RYRJ�PRGHOD�X�]DYLVQRVWL�RG�NRPSHWLFLMH�DJHQDWD��'RELMHQR�MH�GD�MH
FHR�VLVWHP�HILNDVQLML�XNROLNR�VH�L]EDFXMX�DJHQWL��VWUDWHJLMH��L]DEUDQL�QD�UDQGRP��D
QH�QDMOR^LML��2YR�QDYRGL�QD�]DNOMXaDN�GD�VX�DJHQWL��QH�XVSH^QL�MHGLQR�X�RGQRVX
QD�GUXJH�DJHQWH�

���8YRG
0LQRULW\�JDPH��0*���&KDOOHW��=KDQJ�������MH�FHOXODUQL�DXWRPDW�WM�

PRGHO�NRML�QD�RVQRYX�SURVWLK�SUDYLOD�JHQHUL^H�YHRPD�VORCHQH�REUDVFH
SRQD^DQMD�VLVWHPD��2Q�IXQNFLRQL^H�SR�SULQFLSX�®LVSODWLYLMH�MH�ELWL�X�PDQ�
MLQL¯��NRML�VH�PRCH�XRaLWL�QD�EHU]L��7R�RGJRYDUD�WUCL^WX�QD�NRPH�MH�GRVWX�
SDQ�VDPR�MHGDQ�SURL]YRG��]D�NRML�VH�DJHQWL�RGOXaXMX�GD�OL�`H�GD�JD�NXSXMX
LOL�SURGDMX��8NROLNR�VH�YL^H�QMLK�RGOXaL�GD�SURGDMX�QHJR�GD�NXSXMX��RQGD
`H�]ERJ�NRQNXUHQFLMH�FHQD�SURL]YRGD�ELWL�QLCD��^WR�RGJRYDUD�RQLPD�NRML
NXSXMX�SURL]YRG��WM��RQLPD�NRML�VX�X�RYRP�VOXaDMX�X�PDQMLQL��

0RGHO�VH�]DVQLYD�QD�DJHQWLPD�NRML�X�VYDNRP�NRUDNX��LWHUDFLML��ELUDMX
MHGQX�RG�GYH�VWUDQH�L�SURILWLUDMX��GRELMDMX�SRHQ��XNROLNR�VWUDQD�NRMX�VX�L]�
DEUDOL�EXGH�PDOREURMQLMD��%URM�DJHQDWD�MH�1�¬�QHSDUDQ��NDNR�EL�QD�MHGQRM
VWUDQL�XYHN�ELR�YH`L�EURM�DJHQDWD�QHJR�QD�GUXJRM��1D�SRaHWNX�VH�DJHQWLPD
GRGHOMXMH�VHW�RG�6�³ ����QD�VOXaDMDQ�QDaLQ�L]DEUDQLK��VWUDWHJLMD�QD�RVQRYX
NRMLK�DJHQW�GRQRVL�RGOXNX�QD�NRMX�VWUDQX�`H�RWL`L��'D�EL�DJHQW�PRJDR�GD
NRULVWL�VWUDWHJLMH�PRUD�GD�SDPWL�0�SUHWKRGQLK�RSFLMD�NRMH�VX�SREHGLOH��^WR
]RYHPR�PHPRULMRP�DJHQWD��1HND�VX�RSFLMH�]D�NRMH�VH�RGOXaXMH�DJHQW��
�NXSL��L����SURGDM���-HGQD�VWUDWHJLMD�VDGUCL�VYH�PRJX`H�NRPELQDFLMH�SREH�
GQLaNLK�RSFLMD�GXCLQH�0�L�]D�VYDNX�RG�QMLK�RSFLMX�]D�NRMX�VH�DJHQW�RSUH�
GHOMXMH�X�VOXaDMX�GD�VH�X�SUHGKRGQLK�0�LWHUDFLMD�MDYLOD�ED^�WD�NRPELQDFLMD
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LVKRGD��QSU��]D�0� ���VWUDWHJLMD�NDCH��DNR�MH�SUHWKRGQR�VWDQMH�VLVWHPD�ELOR
����L]DEHUL�RSFLMX����LOL�DNR�MH�ELOR�����L]DEHUL���LWG��6NXS�RG�6�RYDNYLK
VWUDWHJLMD�aLQL�VHW�VWUDWHJLMD�MHGQRJ�DJHQWD��8�VYDNRM�LWHUDFLML��VWUDWHJLML�VH
GRGDMH�SR�MHGDQ�YLUWXHOQL�SRHQ�XNROLNR�EL�DJHQW�SREHGLR��WM��ELR�X�PDQMLQL�
GD�MH�X�SUHWKRGQRP�NUXJX�NRULVWLR�WX�VWUDWHJLMX��$JHQW�NRULVWL�RQX
VWUDWHJLMX�NRMD�LPD�QDMYL^H�YLUWXHOQLK�SRHQD��8NROLNR�MH�YL^H�WDNYLK
VWUDWHJLMD��RQGD�QD�VOXaDMDQ�QDaLQ�ELUD�MHGQX��-HGQD�RG�VWUDWHJLMD�]D�GXCLQX
PHPRULMH�DJHQWD�0� ���L]JOHGD�RYDNR�

VLJQDO� ��� ��� ��� ��� ��� ��� ��� ���
SUHGLNFLMD� � � � � � � � �
3UL�LJUDQMX�0LQRULW\�JDPH�PRJX�VH�GHVLWL�GYH�HNVWUHPQH�VLWXDFLMH�

3UYD�MH�GD�VDPR�MHGDQ�DJHQW�RGDEHUH�MHGQX�VWUDQX��D�GD�VYL�RVWDOL�RGX�QD
GUXJX��2YR�MH�NDWDVWURIDOQR��MHU�WDGD�FHR�VLVWHP�GRELMD�VDPR�MHGDQ�SRHQ�
'UXJL�HNVWUHPQL�VOXaDM�MH�GD��1�¬������DJHQDWD�RGH�QD�MHGQX��D��1�������
QD�GUXJX�VWUDQX�¬�WDGD�FHR�VLVWHP�GRELMD�PDNVLPDODQ�EURM�SRHQD��^WR
R]QDaDYD�VDYU^HQR�VWDQMH�VLVWHPD�L�RGOLaQX�NRRUGLQDFLMX�PH_X�DJHQWLPD�X
FLOMX�SRVWL]DQMD�^WR�YH`HJ�EURMD�SRHQD��'DNOH��^WR�MH�EURM�DJHQDWD�MHGQH�RS�
FLMH�EOLCL��1�±�������WR�MH�EURM�SRHQD�NRMH�MH�FHR�VLVWHP�GRELR�YH`L��WM�
VLVWHP�MH�HILNDVQLML�

2SLVDQL�VLVWHP�QD]LYD�VH�%DVLF�0LQRULW\�JDPH��RVQRYQD�YHU]LMD��L
QMHJRYD�HILNDVQRVW�VH�QDOD]L�L]PH_X�RYD�GYD�HNVWUHPD�L�]DYLVL�RG�EURMD
VWUDWHJLMD�NRMH�SRVHGXMH�VYDNL�DJHQW�6��L�YHOLaLQH�PHPRULMH�0��8�FLOMX�SR�
YH`DQMD�HILNDVQRVWL�VLVWHPD�QDSUDYOMHQH�VX�L�UD]QH�PRGLILNRYDQH�YHU]LMH�
NRG�NRMLK�VLVWHP�QH�XaL�VDPR�SUHNR�YLUWXHOQLK�SRHQD��QHJR�LPD�PRJX`QRVW
L�GD�PHQMD�VNXS�VWUDWHJLMD��7DNYH�VX�YHU]LMH�'DUYLQL]PD�L�5HNRPELQDFLMH�

'DUYLQL]DP�YHU]LMD��&KDOOHW��=KDQJ�������VH�]DVQLYD�QD�]DNRQX�SUL�
URGQRJ�RGDELUD��SR�NRPH�VH�QDMOR^LML�DJHQW�]DPHQMXMH�NORQRP�QDMEROMHJ�
WM��SHULRGLaQR�SRVOH�VYDNLK�/�LWHUDFLMD��QDMOR^LMHP�DJHQWX�VH�EUL^H�VHW
VWUDWHJLMH�L�]DPHQMXMH�VHWRP�VWUDWHJLMD�QDMEROMHJ�DJHQWD��V�WLP�GD�VH�YLUWXHO�
QLP�SRHQLPD�WLK�VWUDWHJLMD�SRVWDYOMDMX�QD�QXOX��GRN�VWYDUQL�SRHQL�DJHQWD
RVWDMX�QHSURPHQMHQL�

6OLND���5HNRPELQDFLMDVWUDWHJLMD

)LJXUH���
6WUDWHJ\�UHFRPELQDWLRQ
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8�YHU]LML�5HNRPELQDFLMH��6\VL�$KR�HW�DO��������VH�QH�L]EDFXMX�L�NOR�
QLUDMX�FHOL�DJHQWL��YH`�VH�VYDNRP�DJHQWX�RPRJX`DYD�GD�PRGLILNXMH�VYRM�VHW
VWUDWHJLMD�NDNR�EL�VH�^WR�EROMH�SULODJRGLR�XVORYLPD�LJUH��0RGLILNRYDQMH�VWUD�
WHJLMD�VH�YU^L�QD�VOLaDQ�QDaLQ�QD�NRML�VH�JHQL�X�KURPR]RPX�UHNRPELQXMX��SD
VH�VWRJD�L�]RYH�UHNRPELQDFLMD��3HULRGLaQR�SRVOH�VYDNLK�/�LWHUDFLMD�RQL
DJHQWL�NRML�VH�QDOD]H�PH_X�)�SURFHQDWD�QDMOR^LMLK�PRGLILNXMX�VYRMH�VWUD�
WHJLMH��$JHQW�ELUD�GYH�VWUDWHJLMH�VD�QDMYL^H�YLUWXHOQLK�SRHQD�L�UD]PHQMXMH�SUYLK
.�ELWRYD�VWUDWHJLMD��JGH�MH�.�VOXaDMDQ�EURM�L]PH_X���L��0�−����1RYRQDVWDOH
VWUDWHJLMH�VH�SUHSLVXMX�QD�PHVWR�QDMJRULK�VWUDWHJLMD��DOL�SULWRP�]DGUCDYDMX�QML�
KRYH�YLUWXHOQH�SRHQH��,]JOHG�UHNRPELQDFLMH�VWUDWHJLMD�GDW�MH�QD�VOLFL���

���0HWRG
8�VYDNRM�LWHUDFLML�0*�D��MHGDQ�GHR�DJHQDWD�L]DEHUH�MHGQX�RSFLMX��D

RVWDWDN�GUXJX��%URM�DJHQDWD�NRML�VH�RSUHGHOLR�]D�RSFLMX���RVFLOXMH�RNR�YUHG�
QRVWL��1���������>WR�VX�PDQMH�RVFLODFLMH�WR�MH�VLVWHP�HILNDVQLML��.DR�PHUD
HILNDVQRVWL�VLVWHPD�X]HWD�MH�VWDQGDUGQD�GHYLMDFLMD�EURMD�DJHQDWD�QD�MHGQRM�VWUDQL
SR^WR�VH�XVSRVWDYL�VWDELOQR�VWDQMH��WM��RVFLODFLMH�GRVWLJQX�VWDOQX�DPSOLWXGX�

,VSLWLYDQD�MH�HILNDVQRVW�UD]OLaLWLK�PRGHOD�X�]DYLVQRVWL�RG�YHOLaLQH
PHPRULMH�L�EURMD�VWUDWHJLMD�X�VHWX��

8�FLOMX�QDODCHQMD�^WR�HILNDVQLMHJ�PRGHOD��PRGLILNRYDQD�MH�'DUYLQL]DP
YHU]LMD�QD�GYD�QDaLQD��8�SUYRM�VX�XPHVWR�QDMOR^LMLK�L]EDFLYDQL�UDQGRP
DJHQWL��D�X�GUXJRM�SURVHaQL��$QDORJQD�PRGLILNDFLMD�MH�XUD_HQD�L�X�YHU]LML
5HNRPELQDFLMH��JGH�VX�XPHVWR�QDMOR^LMLK�L]EDFLYDQH�X�SUYRP�VOXaDMX�UDQ�
GRP�VWUDWHJLMH��D�X�GUXJRP�SURVHaQH��,VSLWLYDQR�MH�NDNR�RYH�PRGLILNDFLMH
XWLaX�QD�HILNDVQRVW�DOJRULWPD�

6LPXODFLMH�VX�SX^WDQH�]D���������GR���������LWHUDFLMD��L�EURM�DJHQDWD�MH
ELR�ILNVLUDQ�QD�1� ������D�EURM�LWHUDFLMD�SRVOH�NRMLK�VH�PRGLILNXMX�VWUDWHJLMH
/� ������,VSLWLYDQH�VX�]DYLVQRVWL�HILNDVQRVWL�VLVWHPD��VWDQGDUGQH�GHYLMDFLMH
EURMD�DJHQDWD��RG�EURMD�VWUDWHJLMD�6�L�YHOLaLQH�PHPRULMH�0��=D�VYDNL�VHW�SDUD�
PHWDUD�L]YU^HQR�MH�SR���PHUHQMD��D�SULND]DQL�UH]XOWDWL�VX�XVUHGQMHQL�

���5H]XOWDWL
�����9UHPHQVND�HYROXFLMD

1D�VOLFL��������SULND]DQD�MH�YUHPHQVND�HYROXFLMD�UD]OLaLWLK�YHU]LMD�0*�
D�]D�ILNVLUDQH�SDUDPHWUH��EURM�DJHQDWD�1� ������YHOLaLQD�PHPRULMH�0� ���
EURM�VWUDWHJLMD�X�VHWX�6� ����L�NULWLaQL�SURFHQDW�QDMOR^LMLK�)� �����

3ULPH`XMH�VH�GD�NRG�QHNLK�YHU]LMD�VWDQGDUGQD�GHYLMDFLMD�EU]R�RSDGD�L
VWDELOL]XMH�VH�QD�QHNRM�PDQMRM�YUHGQRVWL��GRN�NRG�GUXJLK�RVWDMH�VYH�YUHPH
NRQVWDQWQD��6�RE]LURP�GD�MH�VWDQGDUGQD�GHYLMDFLMD�PHUD�HILNDVQRVWL�VLVWHPD�
QD�VOHGH`LP�JUDILFLPD�VLVWHPDWVNL�MH�LVSLWLYDQD�]DYLVQRVW�ILQDOQH�VWDQGDUGQH
GHYLMDFLMH�RG�SDUDPHWDUD�]D�UD]OLaLWH�YHU]LMH�DOJRULWPD�
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1D�NUDMX�MHGQH�HYROXFLMH�RGUH_HQL�VX�QDMOR^LML��QDMEROML�L�SURVHaQL
DJHQW��SD�MH�XQD]DG�SUD`HQR�NROLNR�VH�EURM�QMLKRYLK�SRHQD�UD]OLNRYDR�X�RG�
QRVX�QD�SURVHN�X�VYDNRP�WUHQXWNX��5H]XOWDWL�VX�SULND]DQL�QD�VOLFL�������
�����'DUYLQL]DP

=D�ILNVLUDQX�YUHGQRVW�PHPRULMH�0� ���PHUHQH�VX�VWDQGDUGQH�GHYL�
MDFLMH�EURMD�DJHQDWD�]D�RSFLMX���X�]DYLVQRVWL�RG�EURMD�VWUDWHJLMD�6�NRMH
SRVHGXMH�VYDNL�DJHQW��JGH�MH�6�X]LPDOR�YUHGQRVWL�RG���GR�����1D�JUDILNX
RYH�]DYLVQRVWL��VOLND��������VH�PRCH�SULPHWLWL�GD�HILNDVQRVW�VLVWHPD�RSDGD
V�SRYH`DQMHP�EURMD�VWUDWHJLMD�NRMLP�DJHQWL�UDVSRODCX�]D�UDQGRP�L�VWDQG�
DUGQX�YHU]LMX��GRN�]D�SURVHaQX�RVFLOXMH�RNR�QHNH�NRQVWDQWQH�YUHGQRVWL�

'DOMH�MH�]D�ILNVLUDQL�EURM�VWUDWHJLMD�6� ����PHUHQD�]DYLVQRVW�XVSH^QR�
VWL�VLVWHPD�RG�YHOLaLQH�PHPRULMH�DJHQDWD�0��NRMD�MH�YDULUDOD�RG���GR����
1D�GRELMHQRP�JUDILNX��VOLND���������VH�SULPH`XMH�GD�HILNDVQRVW�VLVWHPD
UDVWH�VD�SRYH`DQMHP�PHPRULMH�GR�QHNH�JUDQLFH��]D�VWDQGDUGQX�YHU]LMX
0� ����UDQGRP�YHU]LMX�0� ��±��L�SURVHaQX�YHU]LMX�0� ��±���SRVOH�aHJD
RSDGD��

6OLND�������9UHPHQVND�HYROXFLMDUD]OLaLWLK�0*�YHU]LMD�
'DUYLQL]DP
�1� ������0� ���L6� ����
D�¬�UDQGRP�YHU]LMDE�¬�VWDQGDUGQD�YHU]LMDF�¬�SURVHaQD�YHU]LMD�
5HNRPELQDFLMD�1� ������0� ���6� ����L�)� ����G�¬�SURVHaQD�YHU]LMD
H�¬�UDQGRP�YHU]LMDI�¬�VWDQGDUGQD�YHU]LMD

)LJXUH��������
7LPH�HYROXWLRQ�RIGLIIHUHQW�0*�YHUVLRQV�
'DUZLQLVLP�1� ������0� ���DQG
6� ����D�¬�UDQGRP�YHUVLRQE�¬�VWDQGDUG�YHUVLRQ
F�¬�DYHUDJH�YHUVLRQ
5HFRPELQDWLRQ�1� ������0� ���6� ����DQG�)� ����G�¬�DYHUDJH�YHUVLRQH�¬�UDQGRP�YHUVLRQI�¬�VWDQGDUG�YHUVLRQ
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�����5HNRPELQDFLMD�
=D�ILNVLUDQX�YUHGQRVW�PHPRULMH�0� ���L�NULWLaQL�SURFHQDW�DJHQDWD�NRML

YU^H�UHNRPELQDFLMX�)� �����PHUHQD�MH�HILNDVQRVW�VLVWHPD�X�]DYLVQRVWL�RG
EURMD�VWUDWHJLMD�6��NRML�MH�X]LPDR�YUHGQRVWL�RG���GR�����1D�JUDILNX��VOLND
�������VH�SULPH`XMH�GD�X�UDQGRP�YHU]LML�5HNRPELQDFLMH�HILNDVQRVW�UDVWH�VD
SRYH`DQMHP�EURMD�VWUDWHJLMD�NRMH�SRVHGXMH�VYDNL�DJHQW��GRN�X�VWDQGDUGQRM
L�SURVHaQRM�RSDGD��DOL�X�SURVHaQRM�PQRJR�VSRULMH��=D�6� ���RYH�YHU]LMH�VX
LGHQWLaQH��DOJRULWPL�SRVWDMX�MHGQDNL���]D�6� ���VH�YUOR�PDOR�UD]OLNXMX��D�WHN
]D�6�³ ���QMLKRYH�UD]OLNH�GROD]H�GR�L]UDCDMD�

=DWLP�MH�]D�ILNVLUDQL�EURM�VWUDWHJLMD�6� ����L�NULWLaQL�SURFHQDW�)� ����
PHUHQD�]DYLVQRVW�HILNDVQRVWL�VLVWHPD�X�RGQRVX�QD�YHOLaLQX�PHPRULMH�DJHQDWD
0��9HOLaLQD�PHPRULMH�MH�YDULUDOD�RG���GR�����1D�JUDILNX�RYH�]DYLVQRVWL��VOLND
��������VH�SULPH`XMH�GD�X�UDQGRP�L�SURVHaQRM�YHU]LML�HILNDVQRVW�RSDGD�VD
SRYH`HQMHP�PHPRULMH�GR�QHNH�JUDQLFH��X�RYRP�VOXaDMX�0� �����D�]DWLP
SRaLQMH�GD�UDVWH��GRN�MH�X�VWDQGDUGQRM�YHU]LML�REUQXWR�¬�GR�JUDQLFH�0� ��
HILNDVQRVW�UDVWH��D�]DWLP�SRaLQMH�GD�RSDGD��3ULPH`XMH�VH�GD�VH�]D�RYDM�VHW
SDUDPHWDUD�SURVHaQD�L�UDQGRP�YHU]LMD�YHRPD�PDOR�UD]OLNXMX�

���'LVNXVLMD
1D�VOLFL��������SULPH`XMH�VH�GD�VH�SRVOH�L]YHVQRJ�YUHPHQD�L]GYDMDMX

QDEROML�L�QDMOR^LML�DJHQWL�NRML�WDNYL�RVWDMX�GR�NUDMD��
�����'DUYLQL]DP

.DR�^WR�MH�SUHWKRGQR�UHaHQR��QD�VOLFL��������VH�PRCH�SULPHWLWL�GD�HIL�
NDVQRVW�VLVWHPD�RSDGD�V�SRYH`DQMHP�EURMD�VWUDWHJLMD�NRMLP�DJHQWL�UDVSRODCX

6OLND��������*UDILN�]DYLVQRVWLUD]OLNH�EURMD�SRHQD
RG�SURVHND�]DQDMJRUHJ��QDMEROMHJ�LSURVHaQRJ�DJHQWD�RG
YUHPHQD��¬�QDMEROML���¬�SURVHaQL��¬�QDMJRUL

)LJXUH��������7LPH�GHSHQGHQFH�RI
WKH�SRLQW�QXPEHU�IRUWKH�EHVW��WKH�ZRUVWDQG�WKH�DYHUDJH�DJHQW
��¬�EHVW��¬�DYHUDJH��¬�ZRUVW
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]D�VWDQGDUGQX�L�UDQGRP�YHU]LMX��GRN�]D�SURVHaQX�RVFLOXMH�RNR�QHNH�NRQVW�
DQWQH�YUHGQRVWL��2YR�VH�PRCH�REMDVQLWL�WLPH�^WR�DJHQWL��NDGD�LPDMX�YHOLNL
EURM�VWUDWHJLMD��aH^`H�LK�PHQMDMX��^WR�GRYRGL�GR�PDQMH�XVSH^QRVWL�VYDNRJ
DJHQWD��D�VDPLP�WLP�L�FHORJ�VLVWHPD��9H`�MH�SRND]DQR�GD�MH�XVSHK�DJHQWD
REUQXWR�VUD]PHUDQ�IUHNYHQFLML�PHQMDQMD�VWUDWHJLMH�NRMX�NRULVWL��&KDOOHW�
=KDQJ�������

6OLND��������=DYLVQRVW�VWDQGDUGQHGHYLMDFLMH�σ�EURMD
DJHQDWD�]D�RSFLMX���RGEURMD�VWUDWHJLMD�NRMHSRVHGXMH�DJHQW�6�]D
VWDQGDUGQX��UDQGRP�LSURVHaQX�YHU]LMX
'DUYLQL]PD
)LJXUH�������'HSHQGHQFH�RI�WKHVWDQGDUG�GHYLDWLRQ�σ�RIWKH�QXPEHU�RI�DJHQWV
IRU�RSWLRQ���RQ�WKHQXPEHU�RI�VWUDWHJLHV�6IRU�WKH�VWDQGDUG�����
UDQGRP�����DQG�DYHUDJH����YHUVLRQ�RI'DUZLQLVP��ZKHUH�WKH
QXPEHU�RI�DJHQWV1� �����DQG�PHPRU\VL]H�0� ��

6OLND��������=DYLVQRVW�VWDQGDUGQHGHYLMDFLMH�σ�EURMD
DJHQDWD�]D�RSFLMX��RG�EURMD�VWUDWHJLMDNRMH�SRVHGXMH�DJHQW
6�]D�VWDQGDUGQX�UDQGRP�L�SURVHaQXYHU]LMX�'DUYLQL]PD

)LJXUH�������'HSHQGHQFH�RI�WKHVWDQGDUG�GHYLDWLRQ�σ
RI�WKH�QXPEHU�RIDJHQWV�IRU�RSWLRQ��RQ�WKH�PHPRU\�VL]H
0�IRU�WKH�VWDQGDUG�����UDQGRP�����DQG
DYHUDJH�����YHUVLRQRI�'DUZLQLVP��ZKHUHWKH�QXPEHU�RI�DJHQWV1� �����DQG�WKHQXPEHU�RI�VWUDWHJLHV6� ���
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1D�VOLFL��������SULPH`XMH�VH�GD�HILNDVQRVW�VLVWHPD�UDVWH�VD�SRYH`DQMHP
PHPRULMH�GR�QHNH�JUDQLFH��SRVOH�aHJD�SRaLQMH�GD�RSDGD��'DNOH��SRVWRML�RS�
WLPDOQD�GXCLQD�PHPRULMH��6D�SRUDVWRP�PHPRULMH�SRYH`DYD�VH�L�DJHQWRYD
PRJX`QRVW�SUHGYL_DQMD��DOL�SRVOH�RGUH_HQH�YUHGQRVWL�RQ�NDR�GD�LPD�YL^DN
LQIRUPDFLMD��

%LWQR�MH�SULPHWLWL�X�RED�RYD�VOXaDMD��VOLND��������L�VOLND��������GD�MH
HILNDVQRVW�UDQGRP�L�SURVHaQH�YDULMDQWH�]QDWQR�YH`D�X�RGQRVX�QD�VWDQG�
DUGQX��7R�]QDaL�GD�VLVWHP�SRVWLCH�EROMH�VWDQMH�DNR�YUHPHQRP�L]�QMHJD
L]EDFXMHPR�VOXaDMQR�L]DEUDQH�LOL�SURVHaQH�DJHQWH�]DPHQMXMX`L�LK�NORQRYLPD
QDMEROMLK��QHJR�DNR�WR�LVWR�UDGLPR�VD�QDMOR^LMLP�DJHQWLPD��2YR�PRCGD
GHOXMH�QHORJLaQR��DOL�X�RYRP�PRGHOX��NDNR�VPR�JD�X�VWDUWX�GHILQLVDOL��XV�
SHK�DJHQDWD�MH�UHODWLYQD�VWYDU��MHU�VX�RQL�XRVWDORP�GRELOL�SRHQH�L�ELOL�X
PDQMLQL�ED^�]ERJ�WRJD�^WR�VX�RVWDOL�DJHQWL�RWL^OL�QD�GUXJX�VWUDQX�

'DNOH��L]EDFLYDQMHP�QDMJRULK�DJHQDWD�VPDQMXMHPR�UHODWLYQX�PR`�QDM�
EROMLK��GROD]L�GR�VXNRED�̂ WR�QHJDWLYQR�XWLaH�QD�HILNDVQRVW�VLVWHPD��5DQGRP
L]EDFLYDQMH� VPDQMXMH� YHURYDWQR`X� VXNRED�� MHU� VD� SRGMHGQDNRP
YHURYDWQR`RP�PRCH�L]EDFLWL�ELOR�NRJ�aODQD�VLVWHPD��SD�MH�VDPLP�WLP�L�UDQ�
GRP�YHU]LMD�HILNDVQLMD��,]EDFLYDQMHP�SURVHaQLK�DJHQDWD�VH�QH�PHQMD
PH_XVREQL�RGQRV�DJHQDWD��SD�MH�VDPLP�WLP�L�RYD�YHU]LMD�HILNDVQLMD�
�����5HNRPELQDFLMD�

6�RE]LURP�GD�MH�VLVWHP�HILNDVQLML�̂ WR�PDQMH�DJHQW�PHQMD�VWUDWHJLMH��&KDO�
OHW��=KDQJ��������D�SUL�UHNRPELQDFLMDPD�VYH�VWUDWHJLMH�WHCH�GD�SRVWDQX
MHGQD��WM��UD]OLND�PH_X�VWUDWHJLMDPD�VH�VPDQMXMH�WRNRP�YUHPHQD��6\VL�$KR�HW
DO���������WH�MH�YHU]LMD�5HNRPELQDFLMH�XVSH^QLMD�RG�RVQRYQH�YHU]LMH�

6OLND��������*UDILN�]DYLVQRVWLVWDQGDUGQH�GHYLMDFLMH
σ�EURMD�DJHQDWD�]DRSFLMX���RG�EURMDVWUDWHJLMD�NRMHSRVHGXMH�DJHQW�6�]DVWDQGDUGQX��UDQGRP�L
SURVHaQX�YHU]LMX5HNRPELQDFLMH

)LJXUH�������'HSHQGHQFH�RI�WKH
VWDQGDUG�GHYLDWLRQ�σRI�WKH�QXPEHU�RIDJHQWV�IRU�RSWLRQ��RQ�WKH�QXPEHU�RIVWUDWHJLHV�6�IRU�WKH
VWDQGDUG������UDQGRP����DQG�DYHUDJH����YHUVLRQ�RI
5HFRPELQDWLRQ�ZKHUH�WKH�QXPEHU�RIDJHQWV�1� �����
PHPRU\�VL]H�0� ���DQG�SHUFHQW�RI�WKHZRUVW�SHUIRUPLQJDJHQWV�)� ����
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1D�VOLFL��������VH�SULPH`XMH�GD�X�UDQGRP�YHU]LML�5HNRPELQDFLMH�HIL�
NDVQRVW�UDVWH�VD�SRYH`DQMHP�EURMD�VWUDWHJLMD�NRMH�SRVHGXMH�VYDNL�DJHQW��^WR
MH�VXSURWQR�X�RGQRVX�QD�'DUYLQL]DP�YHU]LMX�L�VWDQGDUGQX�YHU]LMX��^WR�]QDaL
GD�VH�NRG�UDQGRP�YHU]LMH�MDYOMD�QHNL�GRGDWQL�HIHNDW�NRML�GRYRGL�GR�WRJD
GD�VH�RYD�YHU]LMD�GUXJDaLMH�SRQD^D�

1D�VOLFL��������VH�SULPH`XMH�GD�X�UDQGRP�YDULMDQWL�HILNDVQRVW�RSDGD�VD
SRYH`DQMHP�PHPRULMH�GR�QHNH�JUDQLFH��0� �����D�]DWLP�SRaLQMH�GD�UDVWH��2S�
WLPDOQD�GXCLQD�PHPRULMH�SRVWRML�VDPR�]D�VWDQGDUGQX�YHU]LMX�5HNRPELQDFLMH�
GRN�NRG�UDQGRP�L�SURVHaQH�YHU]LMH�WDNYD�GXCLQD�PHPRULMH�QH�SRVWRML�

8RaDYD�VH�GD�VX�UDQGRP�L�SURVHaQD�YHU]LMD�5HNRPELQDFLMH�HILNDVQLMH
RG�VWDQGDUGQH�YHU]LMH�

���=DNOMXaDN
,DNR�YUOR�MHGQRVWDYDQ�VLVWHP��0LQRULW\�JDPH�JHQHUL^H�YHRPD�VORCHQH

REUDVFH�SRQD^DQMD��9HRPD�YDCQD�aLQMHQLFD�MH�WR�GD�QDMYL^H�SRORYLQD�DJH�
QDWD�PRCH�GD�SURILWLUD�X�VYDNRP�NUXJX��2GDWOH�SURL]LOD]L�GD�VX�WL�DJHQWL
NRML�VX�SREHGLOL�X�QHNRP�NUXJX�WR�XUDGLOL�]DKYDOMXMX`L�JXELWNX�YH`LQH��D
QH�QH]DYLVQR�RG�RVWDOLK��3D�PRCHPR�]DNOMXaLWL�GD�VX�DJHQWL�XVSH^QL�VDPR
X�RGQRVX�QD�GUXJH�DJHQWH�L�DNR�ELVPR�HOLPLQLVDOL�OR^H�DJHQWH�L]�LJUH�
XPHVWR�GD�VH�SREROM^D��FHR�VLVWHP�`H�GD�SURSDGD��UHODWLYQL�UDQJ�QDMEROMLK
RSDGD���2YR�VH�QDMEROMH�SRND]DOR�X�YHU]LMDPD�'DUYLQL]PD�L�5HNRPELQDFLMH�
JGH�MH�YDULMDQWD�X�NRMRM�VPR�L]EDFLYDOL�UDQGRP�DJHQWH�ELOD�GRVWD�XVSH^QLMD
RG�YHU]LMH�X�NRMRM�VPR�L]EDFLYDOL�QDMJRUH��'D�NRPSHWLFLMD�SRVWRML�L�QD
QLYRX�VWUDWHJLMD�SRND]XMX�LVSLWLYDQMD�X�53$��5HFRPELQDWLRQ�ZLWK�SDUHQWV
DOLYH��YHU]LML��JGH�MH�WDNR_H�UDQGRP�YDULMDQWD�ELOD�]QDWQR�XVSH^QLMD�RG
VWDQGDUGQH�

6OLND��������*UDILN�]DYLVQRVWLVWDQGDUGQH�GHYLMDFLMH
σ�EURMD�DJHQDWD�]DRSFLMX���RG�YHOLaLQHPHPRULMH�0�]D
VWDQGDUGQX��UDQGRP�LSURVHaQX�YHU]LMX5HNRPELQDFLMH

)LJXUH�������'HSHQGHQFH�RI�WKHVWDQGDUG�GHYLDWLRQ�σ
RI�WKH�QXPEHU�RIDJHQWV�IRU�RSWLRQ��RQ�WKH�PHPRU\�VL]H
0�IRU�WKH�VWDQGDUG�����UDQGRP�����DQGDYHUDJH�����YHUVLRQRI�5HFRPELQDWLRQ�ZKHUH�WKH�QXPEHU�RIDJHQWV�1� �����QXPEHU�RI�VWUDWHJLHV6� �����DQG�SHUFHQWRI�WKH�ZRUVWSHUIRUPLQJ�DJHQWV
)� ����
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/LWHUDWXUD
&KDOOHW�'���=KDQJ�<�&��������(PHUJHQFH�RI�&RRSHUDWLRQ�DQG�2UJDQL]D�WLRQ�LQ�DQ�(YROXWLRQDU\�*DPH��3K\VLFD�$����������
6\VL�$KR�0���&KDNUDERUWL�$���.DVNL�.��������6HDUFKLQJ�IRU�JRRG�VWUDWH�JLHV�LQ�DGDSWLYH�PLQRULW\�JDPHV��3K\VLFDO�5HYLHZ�(������������

'UDJROMXE�(O�0H]HQL�DQG�#LYRUDG�/D]DUHYL`
,QIOXHQFH�RI�&RPSHWLWLRQ�RQ�6\VWHP�(IILFLHQF\�LQ�0LQRULW\
*DPH

0LQRULW\�JDPH�LV�D�PRGHO�WKDW�XVHV�VLPSOH�UXOHV�WR�JHQHUDWH�YHU\�FRP�
SOH[�EHKDYLRUV��DQG�LWV�PDLQ�SULQFLSOH�LV�WKDW�PLQRULW\�ZLQV��OLNH�WKH�VXSSO\
DQG�GHPDQG�UXOH�ZKLFK�LV�RIWHQ�VHHQ�RQ�WKH�PDUNHW��,Q�WKLV�SDSHU�ZH�H[�
DPLQHG�KRZ�FRPSHWLWLRQ�EHWZHHQ�DJHQWV�HIIHFWV�WKH�PRGHO�HIILFLHQF\�DQG
KRZ�WKH�VXFFHVV�RI�DQ�DJHQW�HIIHFWV�WKH�HIILFLHQF\�RI�WKH�ZKROH�V\VWHP��,W
LV�H[SHFWHG�WKDW�ZKHQ�ZH�NLOO�WKH�ZRUVW�DJHQWV��WKH�V\VWHP�EHFRPHV�PRUH
HIILFLHQW��EHFDXVH�WKH�DYHUDJH�DJHQW�HIILFLHQF\�KDV�JURZQ��+RZHYHU��LW�ZDV
IRXQG�WKDW�WKH�HIILFLHQF\�GHFUHDVHV�LQVWHDG�RI�LQFUHDVLQJ��7KLV�QRW�RQO\�UH�
ODWHV�WR�WKH�HQWLUH�DJHQWV±�V\VWHP��EXW�DOVR�WR�HDFK�VHSDUDWH�DJHQW�VWUDWHJ\�
,Q�HDFK�URXQG�XS�WR�RQH�KDOI�RI�WKH�DJHQWV�FDQ�SURILW��7KHUHIRUH��WKH�DJHQWV
ZLQ�WKH�URXQG�WKDQNV�WR�WKH�ORVV�RI�WKH�PDMRULW\��QRW�XQUHODWHG�WR�RWKHU
DJHQWV��:H�FDQ�FRQFOXGH�WKDW�DJHQWV�DUH�VXFFHVVIXO�RQO\�UHODWHG�WR�HDFK
RWKHU��7KLV�ZDV�EHVW�VHHQ�LQ�WKH�'DUZLQLVP�DQG�5HFRPELQDWLRQ�YHUVLRQV�
ZKHUH�WKH�FDVH�ZKHQ�ZH�NLOOHG�UDQGRP�DJHQWV�ZDV�PRUH�HIILFLHQW�WKDQ�WKH
FDVH�ZKHQ�ZH�NLOOHG�WKH�ZRUVW�RQHV��,Q�WKH�53$��5HFRPELQDWLRQ�ZLWK�SDU�
HQWV�DOLYH��YHUVLRQ�ZH�FDQ�VHH�WKDW�WKHUH�LV�DOVR�FRPSHWLWLRQ�EHWZHHQ
VWUDWHJLHV��DQG�UDQGRP�YHUVLRQ�LV�DOVR�PRUH�HIILFLHQW�WKDQ�WKH�VWDQGDUG�RQH�
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