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6WUXNWXUQH�UD]OLNH�PH_X
VFDOH�IUHH�PRGHOLPD

9HOLNL�EURM�IHQRPHQD�L]�VYDNRGQHYQRJ�CLYRWD�VH�PR�
CH�RSLVDWL�SULPHQRP�PRGHOD�PUHCD��3UYRELWQR�MH�VPD�
WUDQR�GD�VX�UHDOQH�PUHCH�QDMEROMH�RSLVDQH�UDQGRP
PUHCDPD�� DOL� SURYHURP� QMLKRYLK� NDUDNWHULVWLND
XRaHQH�VX�ELWQH�UD]OLNH��,VSRVWDYLOR�VH�GD�VH�QDMYH`L
EURM�UHDOQLK�PUHCD�SRQD^D�NDR�VFDOH�IUHH�PUHCH��8
RYRP�UDGX�VPR�LVSLWLYDOL�RVRELQH�VFDOH�IUHH�PUHCD
JHQHULVDQLK�SR�UD]OLaLWLP�PRGHOLPD��=D�VYDNL�PRGHO
VPR�SUHEURMDYDOL�^HVW�SRYH]DQLK�SRGVWUXNWXUD��IRU�
PLUDQLK�RG�aHWLUL�aYRUD��L�XSRUH_LYDOL�LK�VD�RVWDOLP
PRGHOLPD��7DNR_H��XSRUH_LYDOL� VPR� L�PUHCH� LVWRJ
PRGHOD��DOL�]D�UD]OLaLWH�SDUDPHWUH��3RNX^DOL�VPR�GD
XWYUGLPR�NDNR�VH�L�QD�NRML�QDaLQ�PHQMD�EURM�SRG�
VWUXNWXUD�X�]DYLVQRVWL�RG�PRGHOD�SR�NRMHP�MH�JHQH�
ULVDQD�PUHCD�L�VDPLK�SDUDPHWDUD�PRGHOD�

8YRG
0UHCD�SUHGVWDYOMD�VNXS�aYRURYD�L�YH]D�NRMH�SRV�

WRMH�L]PH_X�QMLK��1HNH�]QDaDMQH�VWUXNWXUH�X�VYDNRG�
QHYQRP�CLYRWX�VH�PRJX�RNDUDNWHULVDWL�NDR�PUHCH�
.DR�QDMWLSLaQLML�SULPHU�PRCHPR�X]HWL�:::��JGH
VYDND�VWUDQLFD�SUHGVWDYOMD�aYRU��D�OLQNRYL�ND�GUXJLP
VWUDQLFDPD�YH]H�L]PH_X�QMLK��0UHCRP�MH�PRJX`H
SUHGVWDYLWL�L�VDUDGQMX�PH_X�JOXPFLPD��JGH�JOXPFL
SUHGVWDYOMDMX�aYRURYH��D�YH]D�L]PH_X�QMLK�SRVWRML�DNR
VX�JOXPLOL�X�LVWRP�ILOPX��2YDNYLK�SULPHUD�LPD
PQRJR��PUHCDPD�VH�PRJX�PRGHOLUDWL�NRQWDNWL�PH_X
OMXGLPD��LQWHUDNFLMH�PH_X�SURWHLQLPD��NRDXWRUVWYD�X
QDXaQLP�UDGRYLPD�LWG��'D�EL�VH�ODN^H�RSLVDOH�L�REMDV�
QLOH�SRMDYH�NRG�RYDNYLK�PUHCD�X�VYDNRGQHYLFL�
]DSRaHWD�VX�QMLKRYD�GHWDOMQLMD�LVWUDCLYDQMD��3UYRELWQR
MH�VPDWUDQR�GD�VX�UHDOQH�PUHCH�QDMEROMH�RSLVDQH
PRGHORP�UDQGRP�PUHCD��7R�VX�PUHCH�X�NRMLPD�MH
YH]D�L]PH_X�VYDND�GYD�aYRUD�SRGMHGQDNR�YHURYDWQD

L�VYL�aYRURYL�LPDMX��X�SURVHNX��SULEOLCQR�LVWL�EURM
YH]D��5D]QLP�LVWUDCLYDQMLPD�L�SURYHURP�NDUDNWHULV�
WLND��XRaHQH�VX�ELWQH�UD]OLNH�L]PH_X�UHDOQLK�L�UDQGRP
PUHCD��,VSRVWDYLOR�VH�GD�VH�QDMYH`L�EURM�UHDOQLK
PUHCD�PRCH�EROMH�RSLVDWL�PRGHORP�VFDOH�IUHH�PUHCH
�$OEHUW��%DUDEDVL��������6SHFLILaQRVW�RYLK�PUHCD�MH
SRVWRMDQMH�SUHIHUHQFLMDOQLK�aYRURYD��7R�VX�aYRURYL
NRML�LPDMX�PQRJR�YL^H�YH]D�VD�RVWDWNRP�PUHCH�QHJR
RVWDOL��1MLK�LPD�PDOR��SD�VH�YH`L�GHR�PUHCH�VDVWRML
RG�aYRURYD�NRML�VX�SRYH]DQL�WHN�VD�QHNROLNR�YH]D�L
WR�QDMaH^`H�VD�QHNLP�SUHIHUHQFLMDOQLP�aYRURP��3UL
DQDOL]L�PUHCD�SRVPDWUD�VH�L�]DYLVQRVW�EURMD�aYRURYD
RG�VWHSHQD�aYRUD��NRMD�VH�MR^�QD]LYD�L�UDVSRGHOD
SRYH]DQRVWL��6WHSHQ�aYRUD�SUHGVWDYOMD�EURM�YH]D�NR�
MLPD�MH�RQ�SRYH]DQ�VD�GUXJLP�aYRURYLPD�X�PUHCL��=D
VFDOH�IUHH�PUHCH�NDUDNWHULVWLaQR�MH�GD�UDVSRGHOD
SRYH]DQRVWL�RSDGD�SR�VWHSHQRP�]DNRQX��2YD�]DYLV�
QRVW�SULND]DQD�MH�QD�VOLFL����5DGL�SUHJOHGQRVWL�RYD
GLVWULEXFLMD�VH�XJODYQRP�SUHGVWDYOMD�QD�ORJ�ORJ

0LOR^�6UH`NRYL`���������>DEDF��'ULQVND����
XaHQLN����UD]UHGD�0DWHPDWLaNH�JLPQD]LMH�X
%HRJUDGX
1LNROD�9HOLaNRYL`���������%HRJUDG��%XOHYDU
$912-�D��������XaHQLN����UD]UHGD�(7>�®1LNROD
7HVOD¯�X�%HRJUDGX
0(1725��0DULQD�5DGXOD^NL��VWXGHQW�)L]LaNRJ
IDNXOWHWD�X�%HRJUDGX

6OLND����'LVWULEXFLMD�SRYH]DQRVWL�]D�VFDOH�IUHH�PUHCH
)LJXUH����&RQQHFWLYLW\�GLVWULEXWLRQ�IRU�VFDOH�IUHHQHWZRUNV
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JUDILNX��QD�NRMRM�MH�OLQHDUQD��8�RYRP�UDGX�VPR�JHQ�
HULVDOL�VFDOH�IUHH�PUHCH�NRULVWH`L�WUL�UD]OLaLWD�PRGHOD�
%DUDEDVL�$OEHUW��$OEHUW��%DUDEDVL��������UDQGRP
ZDON��(YDQV��6DUDPDNL�������L�PRGHO�NRSLUDQMD
�KWWS���HQ�ZLNLSHGLD�RUJ����=D�VYDNX�JHQHULVDQX
PUHCX�SUHEURMDYDOL�VPR�EURM�SRYH]DQLK�SRGVWUXNWXUD
IRUPLUDQLK�RG�aHWLUL�aYRUD��3RGVWUXNWXUH�SUHGVWDYOMDMX
ELOR�NRMD�aHWLUL�aYRUD�X�PUHCL�PH_XVREQR�SRYH]DQD
QD�MHGDQ�RG�^HVW�QDaLQD�SULND]DQLK�QD�VOLFL����6YH
RVWDOH�VWUXNWXUH�NRMH�VH�PRJX�IRUPLUDWL�RG�aHWLUL
aYRUD�PRJX�VH�VYHVWL�QD�QHNX�RG�RYLK�̂ HVW�VWUXNWXUD�
5DGL�SULND]LYDQMD�RGQRVD�PH_X�SRMHGLQLK�SRGVWUXN�
WXUD�XYRGLPR�VSHNWDU�PUHCH��NRML�SUHGVWDYOMD�]DYLV�
QRVW�EURMD�SRGVWUXNWXUD�RG�QMLKRYRJ�UHGQRJ�EURMD��8
GDOMHP�UDGX�`H�VYDND�SRGVWUXNWXUD�ELWL�REHOHCHQD
EURMHP�NDR�QD�VOLFL���
%DUDED^L�$OEHUW�PRGHO

3UYL�PRGHO�]D�JHQHULVDQMH�VFDOH�IUHH�PUHCD�NRML
VPR�NRULVWLOL�MH�%DUDEDVL�$OEHUW��%$��PRGHO��$OEHUW�
%DUDEDVL��������3UHPD�RYRP�PRGHOX��VFDOH�IUHH
PUHCD�VH�JHQHUL^H�QD�VOHGH`L�QDaLQ��NUH`X`L�RG�PDORJ
EURMD�VOXaDMQR�SRYH]DQLK�aYRURYD�Q��VD�YHURYDWQR�
`RP�SRYH]DQRVWL�S���X�VYDNRP�NRUDNX�GRGDMHPR
aYRU�VD�P�≤�Q���QRYLK�YH]D��NRMH�̀ H�ELWL�SRYH]DQH�VD

aYRURYLPD�NRML�VX�YH`�SULVXWQL�X�VLVWHPX���3ULOLNRP
ELUDQMD�VD�NRMLP�RG�SRVWRMH`LK�aYRURYD�X�PUHCL�̀ H�VH
SRYH]DWL�QRYL�aYRU��SRGUD]XPHYDPR�GD�YHURYDWQR`D
YH]LYDQMD�3�NL��]D�aYRU�L�]DYLVL�RG�VWHSHQD�WRJ�aYRUD
NL�NDR�X�IRUPXOL�����
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3RVOH�W�NRUDND�GRELMDPR�PUHCX�VD�1� �W�P���Q�
aYRURYD��7RNRP�YUHPHQD��SRaHWQD�UDQGRP�PUHCD
HYROXLUD�X�VFDOH�IUHH�PUHCX��.RG�RYDNR�JHQHULVDQLK
PUHCD�UDVSRGHOD�SRYH]DQRVWL�VH�SRQD^D�NDR�VWHSHQR
RSDGDMX`D�IXQNFLMD�VD�NRHILFLMHQWRP�γ� ����$OEHUW�HW
DO���������2YDNR�JHQHULVDQD�PUHCD�LPD�GLVWULEXFLMX
SRYH]DQRVWL�NDR�QD�VOLFL���

5DQGRP�ZDON�PRGHO
'UXJL�PRGHO�NRML�VPR�NRULVWLOL�]D�JHQHULVDQMH

VFDOH�IUHH�PUHCD�MH�PRGHO�UDQGRP�ZDON��(YDQV�
6DUDPDNL� ������� *HQHULVDQMH� PUHCH� SR� RYRP
PRGHOX�NUH`H�RG�UDQGRP�PUHCH�SURL]YROMQH�YHOLaLQH�
3RWRP�VH�VOXaDMQR��SR�XQLIRUPQRM�UDVSRGHOL��L]DEHUH
P�aYRURYD�L]�PUHCH��1DNRQ�WRJD�VH��SROD]H`L�RG�L]�
DEUDQRJ�aYRUD��VOXaDMQR�ELUD�QHNL�QMHJRY�VXVHG��]D�

6OLND����3RGVWUXNWXUH
)LJXUH����6XEVWUXFWXUHV

6OLND����'LVWULEXFLMD�SRYH]DQRVWL�]D�VFDOH�IUHH�PUHCHJHQHULVDQX�SR�%DUDED^L�$OEHUW�PRGHOX

)LJXUH����&RQQHFWLYLW\�GLVWULEXWLRQ�IRU�D�VFDOH�IUHHQHWZRUN�JHQHUDWHG�DFFRUGLQJ�WR�WKH�%DUDEDVL�$OEHUWPRGHO

6OLND����'LVWULEXFLMD�SRYH]DQRVWL�]D�VFDOH�IUHH�PUHCHJHQHULVDQH�SR�UDQGRP�ZDON�PRGHOX
)LJXUH����&RQQHFWLYLW\�GLVWULEXWLRQ�IRU�VFDOH�IUHHQHWZRUNV�JHQHUDWHG�DFFRUGLQJ�WR�WKH�UDQGRP�ZDON�PRGHO
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WLP�VH�RYDM�SRVWXSDN�SRQRYL�]D�L]DEUDQRJ�VXVHGD�L
RYD�SURFHGXUD�L]YU^L�O�SXWD�SUL�aHPX�MH�O�XQDSUHG
]DGDQL�SULURGDQ�EURM��2YDM�SRVWXSDN�VH�]RYH�UDQGRP
ZDON�� 3RQDYOMDMX`L� SRVWXSDN� ]D� VYH� L]DEUDQH
aYRURYH��GRELMDPR�P�QRYLK�aYRURYD�L]�PUHCH��NRML
VH�QDOD]H�QD�NUDMX�VYDNRJ�UDQGRP�ZDON�D��1HR�
SKRGQR�MH�L]DEUDWL�MR^�MHGDQ�aYRU�NRML�̀ H�ELWL�SRYH]DQ
VD�NUDMQMLP�aYRURYLPD�GRELMHQLK�UDQGRP�ZDON�RP
�QMLK�P���7DM�VH�aYRU�LOL�ELUD�L]�PUHCH��VOXaDMQR��SR
XQLIRUPQRM�UDVSRGHOL��LOL�VH�GRGDMH�NDR�QRYL�aYRU�
3DUDPHWDU�H�SUHGVWDYOMD�YHURYDWQR`X�GD�VH�XYHGH
QRYL�aYRU�X�PUHCX�GRN�MH����¬�H��YHURYDWQR`D�GD�VH
L]DEHUH� SRVWRMH`L� aYRU� L]� PUHCH�� 'LVWULEXFLMD
SRYH]DQRVWL�PUHCH�JHQHULVDQH�SR�RYRP�PRGHOX�GDWD
MH�QD�VOLFL���
0RGHO�NRSLUDQMD

7UH`L�PRGHO�NRML�VPR�NRULVWLOL�QLMH�RSLVDQ�QL�MHG�
QLP� UDGRP�� ,GHMD� MH� SURQD_HQD� QD� ,QWHUQHWX
�KWWS���HQ�ZLNLSHGLD�RUJ����2YDM�PRGHO�WDNR_H�SR�
GUD]XPHYD�SRaHWQX�UDQGRP�PUHCX�JGH�VH�]DWLP�X
VYDNRM�LWHUDFLML�GRGDMH�QRYL�aYRU��6D�NRMLP�`H�aYR�
URYLPD�X�PUHCL�ELWL�SRYH]DQ�QRYL�aYRU�VH�RGUH_XMH
WDNR�^WR�VH�VOXaDMQR��XQLIRUPQRP�UDVSRGHORP��L]D�
EHUH�SRVWRMH`L�aYRU�L�RGUH_HQL�SURFHQDW�QMHJRYLK
YH]D�SUHVOLND�QD�QMHJD��.ROLNL�`H�VH�SURFHQDW�YH]D
SUHVOLNDWL�MH�SDUDPHWDU�VDPRJ�PRGHOD�L�]DGDMH�VH�QD
SRaHWNX��D�SUHGVWDYOMHQ�MH�YHURYDWQR`RP�S�GD�VH
QHND�YH]D�L]DEHUH��>WR�MH�YH`L�SDUDPHWDU�S��YH`L�MH
SURFHQDW�YH]D�NRMH�̀ H�VH�LVNRSLUDWL�L�REUQXWR��2YDNR

JHQHULVDQD�PUHCD�LPD�GLVWULEXFLMX�SRYH]DQRVWL�NDR
QD�VOLFL���

6LPXODFLMD
8�VLPXODFLML�MH�VYDNL�aYRU�X�PUHCL�QXPHULVDQ�UH�

GQLP�EURMHP��0UHCD�MH�SUHGVWDYOMHQD�NDR�QL]�GXCLQH
1��JGH�MH�1�EURM�aYRURYD��6YDNL�HOHPHQW�WRJ�QL]D�SR�
ND]XMH�QD�QRYL�QL]�X�NRMHP�VX�]DSLVDQL�VYL�aYRURYL
VD�NRMLPD�MH�RQ�SRYH]DQ��3R^WR�YH]H�QLVX�XVPHUHQH�
VYDND�YH]D�`H�ELWL�GYDSXW�]DSLVDQD��SUYL�SXW�`H�aYRU
;�LPDWL�QD�VSLVNX�aYRU�<��D�GUXJL�SXW�̀ H�aYRU�<�LPDWL
QD�VSLVNX�aYRU�;��8�VDPRM�VLPXODFLML�MH�PRJX`H
RGUHGLWL�SR�NRP�PRGHOX�`H�VH�JHQHULVDWL�PUHCD�L�]D
NRMH�SDUDPHWUH��1D�NUDMX�VYDNH�VLPXODFLMH�VH�GREL�
MDMX�GYD�L]OD]QD�IDMOD��8�MHGQRP�VH�QDOD]L�GLVWULEXFLMD
SRYH]DQRVWL��D�X�GUXJRP�VSHNWDU�PUHCH�

5H]XOWDWL
3UYL�PRGHO�NRML�VPR�NRULVWLOL�MH�%DUDED^L�$OEHUW�

1D�VOLFL���VH�PRCH�YLGHWL�VSHNWDU�]D�PUHCX�JHQHUL�
VDQX�SR�RYRP�PRGHOX��3RVPDWUDOL�VPR�NDNR�VH�PH�
QMD�EURM�VYDNH�SRGVWUXNWXUH�X�]DYLVQRVWL�RG�YHOLaLQH
PUHCH��RGQRVQR�QD�NRML�QDaLQ�HYROXFLMD�PUHCH�XWLaH
QD�EURM�SRGVWUXNWXUD��6YL�RVWDOL�SDUDPHWUL�X�VLPXODFLML
VX�ELOL�NRQVWDQWQL��1D�VOLFL���MH�SULND]DQD�]DYLVQRVW�]D
SRGVWUXNWXUX����3ULPHWLOL�VPR�GD�MH�RYD�]DYLVQRVW�OL�
QHDUQD��3URYHURP�]D�RVWDOH�VWUXNWXUH�XWYUGLOL�VPR�GD�L
]D�QMLK�YDCL�OLQHDUQD�]DYLVQRVW��^WR�]QDaL�GD�VH�EURM

6OLND����'LVWULEXFLMD�SRYH]DQRVWL�]D�VFDOH�IUHH�PUHCHJHQHULVDQH�PRGHORP�NRSLUDQMD
)LJXUH����&RQQHFWLYLW\�GLVWULEXWLRQ�IRU�VFDOH�IUHHQHWZRUNV�JHQHUDWHG�DFFRUGLQJ�WR�WKH�FRS\�PRGHO

6OLND����6SHNWDU�VFDOH�IUHH�PUHCH�JHQHULVDQH�SR%DUDED^L�$OEHUW�PRGHOX
)LJXUH����6SHFWUXP�GLVWULEXWLRQ�IRU�D�VFDOH�IUHH�QHWZRUNJHQHUDWHG�DFFRUGLQJ�WR�WKH�%DUDEDVL�$OEHUW�PRGHO
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VYDNH�SRGVWUXNWXUH�OLQHDUQR�SRYH`DYD�WRNRP�HYROX�
FLMH�PUHCH��=DWLP�VPR�SURYHULOL�GD�OL�MH�RYD�]DYLV�
QRVW�OLQHDUQD�]D�GUXJH�SDUDPHWUH��0HQMDOL�VPR�UDQLMH
RSLVDQL�SDUDPHWDU�P��NRML�SUHGVWDYOMD�EURM�YH]D�NRMH�VH
GRGDMX�VYDNRP�QRYRP�aYRUX��,VSRVWDYOMD�VH�GD�VH�SUL�
OLNRP� SURPHQH� SDUDPHWUD�P� OLQHDUQD� ]DYLVQRVW
RGUCDYD��=DWLP�VPR�MH�ILWRYDOL�IXQNFLMRP�I�[�� �D���E[�
3RVPDWUDOL�VPR�]DYLVQRVW�NRHILFLMHQWD�SUDYFD�RYRJ
ILWD�RG�SDUDPHWUD�P��7D�]DYLVQRVW�VH�PRCH�YLGHWL�QD
VOLFL���]D�SRGVWUXNWXUX����6D�RYRJ�JUDILND�VH�PRCH
]DNOMXaLWL�GD�SULOLNRP�SRYH`DQMD�SDUDPHWUD�P�UDVWH�L
NRHILFLMHQW�SUDYFD��7R�MH�L�ORJLaQD�SRVOHGLFD��]QDMX`L
GD�SDUDPHWDU�P�GLUHNWQR�XWLaH�QD�SURVHaDQ�EURM�YH]D

X�PUHCL��=DWLP�VPR�]D�JHQHULVDQMH�PUHCD�aLML�VPR
VSHNWDU�RGUH_LYDOL�NRULVWLOL�UDQGRP�ZDON�PRGHO��1D
VOLFL���VH�PRCH�YLGHWL�VSHNWDU�]D�PUHCX�JHQHULVDQX
SR�RYRP�PRGHOX��3RVPDWUDOL�VPR�NDNR�VH�PHQMD
EURM�VYDNH�SRGVWUXNWXUH�X�]DYLVQRVWL�RG�YHOLaLQH
PUHCH��WM��QMLKRYX�SURPHQX�WRNRP�HYROXFLMH�PUHCH�
6YL�RVWDOL�SDUDPHWUL�VLPXODFLMH�VX�ELOL�NRQVWDQWQL��1D
VOLFL����MH�SULND]DQD�]DYLVQRVW�]D�SRGVWUXNWXUX���
3ULPHWLOL�VPR�WDNR_H�GD�MH�L�RYD�]DYLVQRVW�OLQHDUQD�
NDR�L�NRG�SUHWKRGQRJ�PRGHOD��'DOMRP�SURYHURP�]D

6OLND����=DYLVQRVW�EURMD�SRGVWUXNWXUH���RG�YHOLaLQHPUHCH
)LJXUH����'HSHQGHQFH�RI�VXEVWUXFWXUH���QXPEHU�RQQHWZRUN�VL]H

6OLND����=DYLVQRVW�NRHILFLMHQWD�SUDYFD�RG�SDUDPHWUD�P
)LJXUH����'HSHQGHQFH�RI�WKH�GLUHFWLRQ�FRHIILFLHQW�RQ�PSDUDPHWHU

6OLND����=DYLVQRVW�EURMD�SRGVWUXNWXUD�RG�QMLKRYRJUHGQRJ�EURM�]D�PUHCX�JHQHULVDQX�SR�UDQGRP�ZDONPRGHOX

)LJXUH����'HSHQGHQFH�RI�WKH�QXPEHU�RI�VXEVWUXFWXUHVRQ�WKHLU�RUGLQDO�QXPEHU��IRU�D�QHWZRUN�JHQHUDWHGDFFRUGLQJ�WR�WKH�UDQGRP�ZDON�PRGHO

6OLND�����=DYLVQRVW�EURMD�SRGVWUXNWXUH���RG�YHOLaLQHPUHCH
)LJXUH�����'HSHQGHQFH�RI�VXEVWUXFWXUH���QXPEHU�RQQHWZRUN�VL]H
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RVWDOH�VWUXNWXUH�XWYUGLOL�VPR�GD�L�]D�QMLK�YDCL
OLQHDUQD�]DYLVQRVW��7R�]QDaL�GD�VH�EURM�VYDNH�SRG�
VWUXNWXUH�OLQHDUQR�SRYH`DYD�WRNRP�HYROXFLMH�PUHCH�
=DWLP�VPR�SURYHULOL�NDNR�VH�PHQMD�EURM�SRGVWUXNWXUD
X�]DYLVQRVWL�RG�YHOLaLQH�PUHCH��DOL�]D�L]PHQMHQH
SDUDPHWUH��0HQMDOL�VPR�UDQLMH�RSLVDQL�SDUDPHWDU�H
NRML�SUHGVWDYOMD�YHURYDWQR`X�GD�VH�L]DEHUH�QRYL�aYRU
NRML�`H�VH�SRYH]DWL�VD�aYRURYLPD�L]DEUDQLP�UDQGRP
ZDON�RP��,VSRVWDYOMD�VH�GD�VH�SULOLNRP�QMHJRYH
SURPHQH�OLQHDUQD�]DYLVQRVW�RGUCDYD��=DWLP�VPR�MH
ILWRYDOL�IXQNFLMRP�I�[�� �D���E�[��3RVPDWUDOL�VPR
]DYLVQRVW�NRHILFLMHQWD�SUDYFD�RG�SDUDPHWUD�H��7D

]DYLVQRVW�VH�PRCH�YLGHWL�QD�VOLFL����]D�SRGVWUXNWXUX
���6D�RYRJ�JUDILND�VH�PRCH�]DNOMXaLWL�GD�SULOLNRP
SRYH`DQMD�SDUDPHWUD�H�RSDGD�NRHILFLMHQW�SUDYFD��7R
MH�L�ORJLaQD�SRVOHGLFD��]QDMX`L�GD�SDUDPHWDU�H�SUHG�
VWDYOMD�RGQRV�GRGDYDQMD�QRYLK�L�NRUL^`HQMD�VWDULK
aYRURYD��L�QMHJRYLP�SRYH`DQMHP�VH�VPDQMXMH�XNXSDQ
EURM�YH]D�X�PUHCL��1DNRQ�LVSLWLYDQMD�RVRELQD�PUHCD
JHQHULVDQLK�SR�SUHWKRGQD�GYD�PRGHOD��LVWH�VPR�SUR�
YHUDYDOL�L�QD�PUHCDPD�JHQHULVDQLP�PRGHORP�NRSL�
UDQMD��1D�VOLFL����MH�SULND]DQ�VSHNWDU�]D�PUHCX
JHQHULVDQX�SR�RYRP�PRGHOX��.DR�L�X�SUHWKRGQLP
PRGHOLPD��SRVPDWUDOL�VPR�NDNR�VH�PHQMD�EURM�VYDNH
SRGVWUXNWXUH�X�]DYLVQRVWL�RG�YHOLaLQH�PUHCH�L�QD�WDM
QDaLQ�SRVPDWUDOL�NDNR�QD�QMLKRY�EURM�XWLaH�QMHQD

6OLND�����=DYLVQRVW�NRHILFLMHQWD�SUDYFD�RG�SDUDPHWUD�H
)LJXUH�����'HSHQGHQFH�RI�WKH�GLUHFWLRQ�FRHIILFLHQW�RQ�HSDUDPHWHU

6OLND�����=DYLVQRVW�EURMD�SRGVWUXNWXUD�RG�QMLKRYRJUHGQRJ�EURMD�]D�PUHCX�JHQHULVDQX�SR�PRGHOX�NRSLUDQMD

)LJXUH�����'HSHQGHQFH�RI�WKH�QXPEHU�RI�VXEVWUXFWXUHVRQ�WKHLU�RUGLQDO�QXPEHU��IRU�D�QHWZRUN�JHQHUDWHGDFFRUGLQJ�WR�WKH�FRS\�PRGHO

6OLND�����=DYLVQRVW�EURMD�SRGVWUXNWXUH���RG�YHOLaLQHPUHCH
)LJXUH�����'HSHQGHQFH�RI�VXEVWUXFWXUH���QXPEHU�RQQHWZRUN�VL]H

6OLND�����=DYLVQRVW�NRHILFLMHQWD�SUDYFD�RG�SDUDPHWUD�S
)LJXUH�����'HSHQGHQFH�RI�WKH�GLUHFWLRQ�FRHIILFLHQW�RQ�SSDUDPHWHU
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HYROXFLMD��6YL�RVWDOL�SDUDPHWUL�VLPXODFLMH�VX�ELOL�NRQ�
VWDQWQL��1D�VOLFL����VH�PRCH�YLGHWL�WD�]DYLVQRVW�]D
SRGVWUXNWXUX����.DR�L�X�SUHWKRGQLP�VOXaDMHYLPD�
SULPHWLOL�VPR�GD�MH�RYD�]DYLVQRVW�OLQHDUQD��]ERJ�aHJD
VPR�MH�ILWRYDOL�IXQNFLMRP�I�[�� � �D���E[��3URYHURP
]D�RVWDOH�VWUXNWXUH�L�RYGH�VPR�XVWDQRYLOL�GD�]D�VYDNX
RG�QMLK�YDCL�OLQHDUQD�]DYLVQRVW��L]�aHJD�VOHGL�GD�EURM
SRGVWUXNWXUD�OLQHDUQR�UDVWH�WRNRP�HYROXFLMH�PUHCH�
1DNRQ�WRJD�VPR�SURYHULOL�GD�OL�MH�WD�]DYLVQRVW
OLQHDUQD�L�]D�GUXJH�SDUDPHWUH��0HQMDOL�VPR�SDUD�
PHWDU�S�NRML�SUHGVWDYOMD�SURFHQDW�YH]D�NRMH�`H�VH
NRSLUDWL�QD�QRYL�aYRU��8WYUGLOL�VPR�GD�VH�L�SUL
SURPHQL�S�OLQHDUQD�]DYLVQRVW�RGUCDYD��DOL�VH�NRHILFL�
MHQW�SUDYFD�WDNRGH�PHQMD�NDR�L�NRG�RVWDOLK�PRGHOD�
=DYLVQRVW�NRHILFLMHQWD�SUDYFD�RG�SDUDPHWUD�S�PRCH
VH�YLGHWL�QD�VOLFL����]D�SRGVWUXNWXUX����6D�RYRJ
JUDILND�VH�PRCH�]DNOMXaLWL�GD�SULOLNRP�SRYH`DQMD
SDUDPHWUD�S�NRHILFLMHQW�SUDYFD�UDVWH��=QDMX`L�GD�S�X
RYRP�PRGHOX�SUHGVWDYOMD�SURFHQDW�YH]D�NRMH�̀ H�QRYL
aYRU�GRELWL��RYDNDY�]DNOMXaDN�MH�ORJLaDQ�

=DNOMXaDN
3RNX^DOL�VPR�GD�QD_HPR�UD]OLNH�L�VOLaQRVWL�X

EURMX�SRGVWUXNWXUD�VD�aHWLUL�WDaNH��.DGD�VDPR
YL]XHOQR�SRVPDWUDPR�VSHNWUH��PRCHPR�SULPHWLWL
UD]OLNX�L]PH_X�GYD�JHQHULVDQD�UD]OLaLWLP�PRGHORP�
$OL��QLVPR�XVSHOL�GD�QD�QHNL�QDaLQ�NYDQWLILNXMHPR�WX
UD]OLNX�L�QDSUDYLPR�QHNX�YUVWX�DOJRULWPD�NRML�`H
QDP�RGJRYRULWL�QD�SLWDQMH�NRMHP�PRGHOX�QD^D�UHDOQD
PUHCD�QDMYL^H�RGJRYDUD��8VWDQRYLOL�VPR�GD�VH�EURM
VYLK�VWUXNWXUD�OLQHDUQR�SRYH`DYD�VD�SRUDVWRP�PUHCH�
3RaHWQL�SDUDPHWUL�XWLaX�VDPR�QD�NRHILFLMHQW�SUDYFD
WH�OLQHDUQH�]DYLVQRVWL��RGQRVQR�EU]LQX�SRYH`DQMD��

=DKYDOQRVW��=DKYDOMXMHPR�VH�QD^HP�PHQWRUX
0DULQL�5DGXOD^NL�NRMD�QDP�MH�SRPRJOD�RNR�LGHMH�]D
SURMHNDW�L�XVPHUDYDOD�QD^H�LVWUDCLYDQMH�QD�SUDYL�SXW�
7DNR_H��]DKYDOMXMHPR�VH�,VWUDCLYDaNRM�VWDQLFL�3HW�
QLFD�^WR�QDP�YH`�GXJL�QL]�JRGLQD�RPRJX`DYD�L
SRPDCH�X�L]UDGL�SURMHNDWD��

/LWHUDWXUD
$OEHUW�5��DQG�%DUDEDVL�$��/��������6WDWLVWLFDO0HFKDQLFV�RI�&RPSOH[�1HWZRUNV��5HYLHZV�RI0RGHUQ�3K\VLFV��������
$OEHUW�5���-HRQJ�+��DQG�%DUDEDVL�$��/�������7KH�GLDPHWHU�RI�WKH�ZRUOG�ZLGH�ZHE��1DWXUH���������
(YDQV�7��6��DQG�6DUDPDNL�-��3��������)UHH1HWZRUNV�IURP�6HOI�2UJDQLVDWLRQ��3K\VLFDO5HYLHZ�(�����������
KWWS���HQ�ZLNLSHGLD�RUJ�ZLNL�6FDOH�IUHH�QHWZRUNV

0LOR^�6UH`NRYL`�DQG�1LNROD�9HOLaNRYL`
6WUXFWXUDO�'LIIHUHQFHV�EHWZHHQ
6FDOH�IUHH�0RGHOV

$�ODUJH�QXPEHU�RI�SKHQRPHQD�IURP�HYHU\GD\
OLIH�FDQ�EH�GHVFULEHG�XVLQJ�PRGHOV�RI�QHWZRUNV��,W
XVHG�WR�EH�FRQVLGHUHG�WKDW�UHDO�QHWZRUNV�DUH�EHVW�GH�
VFULEHG�XVLQJ�UDQGRP�QHWZRUNV��KRZHYHU�PDMRU�GLI�
IHUHQFHV�ZHUH�QRWLFHG�ZKHQ�WKHLU�FKDUDFWHULVWLFV
ZHUH�FRPSDUHG��,W�WXUQHG�RXW�WKDW�PRVW�UHDO�QHWZRUNV
EHKDYH�VLPLODUO\�WR�6FDOH�IUHH�QHWZRUNV��,Q�WKLV�SD�
SHU�WKH�SURSHUWLHV�RI�6FDOH�IUHH�QHWZRUNV�JHQHUDWHG
DFFRUGLQJ�WR�YDULRXV�PRGHOV�ZHUH�H[DPLQHG��)RU
HDFK�PRGHO�VL[�FRQQHFWHG�VXEVWUXFWXUHV��IRUPHG
IURP�IRXU�QRGHV��ZHUH�FRXQWHG�DQG�WKHQ�FRPSDUHG
EHWZHHQ�PRGHOV��$OVR��WKH�QXPEHU�RI�WKHVH�VXEVWUXF�
WXUHV�ZHUH�FRPSDUHG�IRU�GLIIHUHQW�SDUDPHWHUV�RI�WKH
VDPH�PRGHO��7KH�SXUSRVH�RI�WKLV�ZRUN�ZDV�WR�LQYHV�
WLJDWH�WKH�QXPEHU�RI�HDFK�VXEVWUXFWXUH�GHSHQGV�RQ
WKH�PRGHO�XVHG�IRU�JHQHUDWLQJ�WKH�QHWZRUN�DQG�RQ
WKH�SDUDPHWHUV�RI�WKH�PRGHO�LWVHOI�
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