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(ú]DPDQOÕ %R\XW� ùHNLO YH 7RSRORML 2SWLPL]DV\RQXQGD %LU 9HNLO 0RGHO 2ODUDN <DSD\
6LQLU $÷ODUÕ´ EDúOÕNOÕ WH]LPLQ |]J�Q ELU oDOÕúPD ROGX÷XQX� WH] oDOÕúPDPÕQ W�P
DúDPDODUÕQGD ELOLPVHO HWLN LONH YH NXUDOODUD X\JXQ GDYUDQGÕ÷ÕPÕ� WH]LPGH YHUGL÷LP ELOJLOHUL�
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0HWDVH]JLVHO \|QWHPOHU� EDVLWOLNOHUL YH JUDG\DQVÕ] KDUHNHW RSHUDW|UOHUL QHGHQL\OH
RSWLPL]DV\RQ SUREOHPOHULQGH RSWLPXPD \DNÕQ o|]�POHU VD÷OD\DQ PRGHUQ \|QWHPOHU RODUDN
SRS�OHU KDOH JHOPLúWLU� gWH \DQGDQ� RSWLPXPD \DNÕQ ELU o|]�P EXOPDN LoLQ oR÷XQOXNOD oRN
ID]OD VD\ÕGD WDVDUÕP DGD\ÕQÕQ GH÷HUOHQGLULOPHVLQL JHUHNWLUPHNWHGLUOHU� 3RS�ODV\RQ WDEDQOÕ
PHWDVH]JLVHOOHULQ \DSÕVDO RSWLPL]DV\RQGD |QHPOL |Oo�GH EDúDUÕOÕ ROGX÷X L\L ELOLQPHNWHGLU�
%LU \DSÕVDO RSWLPL]DV\RQ V�UHFL VÕUDVÕQGD� KHU ELU DGD\� GLNNDWH DOÕQDQ \DSÕVDO NÕVÕWODPDODUÕ
NDUúÕOD\ÕS NDUúÕODPDGÕ÷ÕQÕQ EHOLUOHQHELOPHVL LoLQ ELU \DSÕVDO DQDOL] \D]ÕOÕPÕQD J|QGHULOLU�
6RQXo RODUDN� EX RSWLPL]DV\RQ V�UHFL� J�Q�P�]�Q JHOLúPLú ELOJLVD\DUOÕ KHVDSODPD
WHNQRORMLOHULQGH ELOH SUREOHPLQ ER\XWXQD YH NDUPDúÕNOÕ÷ÕQD ED÷OÕ RODUDN KHVDSODPD
DoÕVÕQGDQ SDKDOÕ YH ]DPDQ DOÕFÕGÕU� <DSD\ 6LQLU $÷Õ WDEDQOÕ YHNLO PRGHO� NDUPDúÕN
SUREOHPOHULQ GR÷UXVDO ROPD\DQ \DSÕODUÕQÕ \DNDOD\DELOLU YH oRN ID]OD KHVDSODPD oDEDVÕ
ROPDGDQ VRQ GHUHFH ]RU SUREOHPOHUGH ELOH KDVVDV \DSÕVDO DQDOL] WDKPLQOHUL
VD÷OD\DELOPHNWHGLU� %X WH] oDOÕúPDVÕQGD� \DSÕVDO RSWLPL]DV\RQ V�UHoOHULQLQ KHVDSODPD
PDOL\HWOHULQL D]DOWPDN LoLQ <DSD\ 6LQLU $÷Õ WDEDQOÕ YHNLO GHVWHNOL ELU RSWLPL]DV\RQ
SURVHG�U� VXQXOPDNWDGÕU� 6D\ÕVDO GHQH\OHU� SRS�OHU �o NDIHV VLVWHP SUREOHPL �]HULQGH Hú
]DPDQOÕ ER\XW� úHNLO YH WRSRORML RSWLPL]DV\RQX �]HULQGHQ JHUoHNOHúWLULOPLúWLU� gQHULOHQ
YHNLO PRGHO GHVWHNOL \DSÕVDO RSWLPL]DV\RQ SURVHG�U�� ROD÷DQ PHWDVH]JLVHO RSWLPL]DV\RQ
V�UHFL LOH HOGH HGLOHQ VRQXoODUOD NDUúÕODúWÕUÕOPÕú YH VXQXODQ \|QWHPLQ SHUIRUPDQVÕ
WDUWÕúÕOPÕúWÕU�

$QDKWDU .HOLPHOHU� <DSÕVDO 2SWLPL]DV\RQ� <DSD\ 6LQLU $÷ODUÕ� 9HNLO 0RGHO�
0HWDVH]JLVHOOHU� .DIHV 6LVWHPOHU
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7KH PHWDKHXULVWLFV KDYH EHFRPH SRSXODU DV PRGHUQ PHWKRGV WKDW SURYLGH
QHDU�RSWLPXP VROXWLRQV WR WKH RSWLPL]DWLRQ SUREOHPV EHFDXVH RI WKHLU VLPSOLFLW\ DQG
JUDGLHQW�IUHH PRYHPHQW RSHUDWRUV� 2Q WKH RWKHU KDQG� WKH\ PRVWO\ UHTXLUH HYDOXDWLRQ RI D
VLJQLILFDQW QXPEHU RI GHVLJQ FDQGLGDWHV WR ORFDWH D QHDU�RSWLPDO VROXWLRQ� ,W LV ZHOO NQRZQ
WKDW SRSXODWLRQ�EDVHG PHWDKHXULVWLFV DUH VLJQLILFDQWO\ VXFFHVVIXO LQ VWUXFWXUDO RSWLPL]DWLRQ�
'XULQJ D VWUXFWXUDO RSWLPL]DWLRQ SURFHVV� HDFK FDQGLGDWH LV VHQW WR D VWUXFWXUDO DQDO\VLV
VRIWZDUH WR GHWHUPLQH ZKHWKHU LW VDWLVILHV WKH FRQVLGHUHG VWUXFWXUDO FRQVWUDLQWV� $V D UHVXOW�
WKHVH RSWLPL]DWLRQ SURFHVV LV FRPSXWDWLRQDOO\ H[SHQVLYH DQG WLPH FRQVXPLQJ GHSHQGLQJ RQ
WKH VL]H DQG FRPSOH[LW\ RI WKH SUREOHP HYHQ LQ WRGD\¶V DGYDQFHG VRIW FRPSXWLQJ
WHFKQRORJLHV� 7KH DUWLILFLDO QHXUDO QHWZRUN EDVHG VXUURJDWH DVVLVWDQFH LV DEOH WR FDSWXUH
QRQOLQHDU VWUXFWXUHV RI FRPSOH[ SUREOHPV DQG SURYLGH VHQVLWLYH HVWLPDWHV HYHQ LQ H[WUHPHO\
GLIILFXOW SUREOHPV ZLWKRXW WRR PXFK FRPSXWDWLRQDO HIIRUW� 7KLV VWXG\ SUHVHQWV DQ
RSWLPL]DWLRQ SURFHGXUH ZLWK DQ DUWLILFLDO QHXUDO QHWZRUN�EDVHG VXUURJDWH DVVLVWDQFH WR
UHGXFH WKH FRPSXWDWLRQDO FRVW RI WKH VWUXFWXUDO RSWLPL]DWLRQ SURFHVVHV� 1XPHULFDO
H[SHULPHQWV ZHUH SHUIRUPHG RQ WKH SRSXODU WKUHH WUXVV SUREOHPV E\ VLPXOWDQHRXV VL]H�
VKDSH DQG WRSRORJ\ RSWLPL]DWLRQ� 7KH SURSRVHG VXUURJDWH PRGHO�DVVLVWDQW VWUXFWXUDO
RSWLPL]DWLRQ SURFHGXUH LV FRPSDUHG ZLWK WKH UHVXOWV REWDLQHG E\ WKH SXUH PHWDKHXULVWLF
RSWLPL]DWLRQ SURFHVV DQG WKH SHUIRUPDQFH RI WKH SUHVHQWHG PHWKRG LV GLVFXVVHG�

.H\ZRUGV� 6WUXFWXUDO 2SWLPL]DWLRQ� $UWLILFLDO 1HXUDO 1HWZRUNV� 6XUURJDWH� 0HWDKHXULVWLFV�
7UXVVHV
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��� 6XQXODQ 9HNLO 0RGHO $NÕú ùHPDVÕ � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 6XQXODQ 9HNLO 0RGHO <6$ 0LPDULVL � � � � � � � � � � � � � � � � � � � � � � � ��

��� 2Q dXEXNOX .DIHV 6LVWHP � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 2Q dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � 9HNLO 0RGHOVL] 2SWLPXP
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��� 2Q dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � 7RSODQDQ 9HUL <�]GHVL � ��
��� 2Q dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � øWHUDV\RQ 6D\ÕVÕ � � � � ��
��� 2Q dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � (÷LWLP 2.+ � � � � � � ��
��� 2Q dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � 7HVW 2.+ � � � � � � � ��
��� 2Q dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � 7HVW � (÷LWLP 2.+ � � � ��
���� 2Q dXEXNOX .DIHV 6LVWHP� 9HNLO 0RGHO 3HUIRUPDQV 6RQXoODUÕ � � � � � � � � � ��
���� 2Q EHú dXEXNOX .DIHV 6LVWHP � � � � � � � � � � � � � � � � � � � � � � � � � � ��
���� 2Q %Hú dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � 9HNLO 0RGHOVL]

2SWLPXP 6RQXoODU �D� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
���� 2Q EHú dXEXNOX .DIHV 6LVWHP� %XOXQDQ 2SWLPXP ùHNLO YH 7RSRORML � � � � � � ��
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���� 2Q %Hú dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � 9HNLO 0RGHOVL]
2SWLPXP 6RQXoODU �E� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� 2Q EHú dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � 7RSODQDQ 9HUL <�]GHVL ��
���� 2Q EHú dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � øWHUDV\RQ 6D\ÕVÕ � � ��
���� 2Q EHú dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � (÷LWLP 2.+ � � � � ��
���� 2Q EHú dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � 7HVW 2.+ � � � � � ��
���� 2Q EHú dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � 7HVW � (÷LWLP 2.+ � ��
���� 2Q EHú dXEXNOX .DIHV 6LVWHP� 9HNLO 0RGHO 3HUIRUPDQV 6RQXoODUÕ � � � � � � � ��
���� 2WX] GRNX] dXEXNOX .DIHV 6LVWHP � � � � � � � � � � � � � � � � � � � � � � � � ��
���� 2WX] 'RNX] dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � 9HNLO 0RGHOVL]

2SWLPXP 6RQXoODU �D� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
���� 2WX] GRNX] dXEXNOX .DIHV 6LVWHP� %XOXQDQ 2SWLPXP ùHNLO YH 7RSRORML � � � ��
���� 2WX] 'RNX] dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � 9HNLO 0RGHOVL]

2SWLPXP 6RQXoODU �E� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
���� 2WX] GRNX] dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � 7RSODQDQ 9HUL

<�]GHVL � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
���� 2WX] GRNX] dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � øWHUDV\RQ 6D\ÕVÕ ��
���� 2WX] GRNX] dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � (÷LWLP 2.+ � ��
���� 2WX] GRNX] dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � 7HVW 2.+ � � � ��
���� 2WX] GRNX] dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � 7HVW � (÷LWLP 2.+ ��
���� 2WX] GRNX] dXEXNOX .DIHV 6LVWHP� 9HNLO 0RGHO 3HUIRUPDQV 6RQXoODUÕ � � � � � ��



[LLL

dø=(/*(/(5 'ø=ø1ø

dL]HOJH 6D\ID

��� 2Q dXEXNOX .DIHV 0HWDVH]JLVHO 2SWLPL]DV\RQ 6RQXoODUÕ �6RQPH]� ����� � � � ��

��� gUQHN (÷LWLP 9HUL 6HWL � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� gOoHNOHQPLú (÷LWLP 9HUL 6HWL � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� gUQHN 3UREOHP <6$ +DWDODUÕ � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 9HNLO 0RGHO LoLQ .XOODQÕFÕ 7DUDIÕQGDQ 7DQÕPODQDFDN 3DUDPHWUHOHU � � � � � � � ��

��� 2Q dXEXNOX .DIHV�9HNLO <6$ $NWLYDV\RQ )RQNVL\RQODUÕ �g]EDúDUDQ� ����� � � ��
��� 2Q dXEXNOX .DIHV 6LVWHP 7DVDUÕP 3DUDPHWUHOHUL � � � � � � � � � � � � � � � � ��
��� 2Q dXEXNOX .DIHV %R\XW� ùHNLO YH 7RSRORML 2SWLPL]DV\RQX LoLQ 5HIHUDQV 6RQXoODU ��
��� 2Q EHú dXEXNOX .DIHV 6LVWHP 7DVDUÕP 3DUDPHWUHOHUL � � � � � � � � � � � � � � ��
��� 2Q EHú dXEXNOX .DIHV %R\XW� ùHNLO YH 7RSRORML 2SWLPL]DV\RQX LoLQ 5HIHUDQV

6RQXoODU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 2WX] GRNX] dXEXNOX .DIHV 6LVWHP 7DVDUÕP 3DUDPHWUHOHUL � � � � � � � � � � � � ��
��� 2WX] dXEXNOX .DIHV %R\XW� ùHNLO YH 7RSRORML 2SWLPL]DV\RQX LoLQ 5HIHUDQV
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*HQHO RODUDN P�KHQGLVOLN X\JXODPDODUÕQGD WDVDUÕPODUÕQ P�PN�Q ROGX÷XQFD \�NVHN
SHUIRUPDQVOÕ YH PDOL\HWOHULQ RODELOGL÷LQFH D] ROPDVÕ DPDoODQPDNWDGÕU� *�Q�P�]
P�KHQGLVOLN WDVDUÕPODUÕQÕQ JHQHOLQGH ROGX÷X JLEL øQúDDW 0�KHQGLVOL÷L¶QLQ DOW
GLVLSOLQOHULQGHQ ELUL RODQ <DSÕVDO 0�KHQGLVOLN WDVDUÕPODUÕQGD GD QLKDL DPDo� P�PN�Q RODQ
RSWLPXP WDVDUÕPD XODúPD\D oDOÕúPDNWÕU� <DSÕ 0�KHQGLVOL÷L� KHVDSODPD \|QWHPOHUL YH
WDVDUÕP \DNODúÕPODUÕ J|] |Q�QH DOÕQGÕ÷ÕQGD oRN ID]OD GHQHPH JHUHNWLUHQ YH ]DPDQ DODQ
NDUPDúÕN ELU V�UHFL NDSVDPDNWD� SUREOHPOHULQ o|]�P�QGH P�KHQGLV WDUDIÕQGDQ EHQLPVHQHQ
JHOHQHNVHO \DNODúÕPODU� DQFDN ELUNDo VÕQÕUOÕ GHQHPH VRQXFXQGD VXQXODQ� o|]�POHULQ HQ L\L
ROGX÷X YDUVD\ÕPÕQD GD\DQPDNWDGÕU� 7DVDUODQDFDN \DSÕ NDUPDúÕNODúWÕNoD JHOHQHNoL
GHQHPH�\DQÕOPD \|QWHPOHUL� P�KHQGLVL HNRQRPLN o|]�POHUGHQ EHNOHQLOGL÷L �]HUH ELU KD\OL
X]DNODúWÕUPDNWDGÕU� 'L÷HU P�KHQGLVOLN GLVLSOLQOHULQGH GH ROGX÷X JLEL <DSÕ 0�KHQGLVOL÷L�
JHOHQHNVHO KHVDSODPD WHNQLNOHULQLQ \HWHUVL] NDOGÕ÷Õ NDUPDúÕN SUREOHPOHUOH GROXGXU� *HUoHN
G�Q\DGD \DSÕ WDVDUÕP SUREOHPOHUL� JHQLú DUDPD X]D\ODUÕ� ELUoRN WDVDUÕP GH÷LúNHQOHUL
LoHUPHVL� GR÷UXVDO ROPD\DQ DPDo YH NÕVÕW IRQNVL\RQODUÕQGDQ ND\QDNOÕ RODUDN� SUREOHPOHULQ
RSWLPXP WDVDUÕPODUÕQÕQ EXOXQPDVÕ ]RU YH NDUPDúÕN ELU KDOH JHOPHNWHGLU� 2SWLPXPD \DNÕQ
VD\ÕODELOHFHN� X\JXQ o|]�POHU� oRN ID]OD GHQHPH�\DQÕOPD JHUHNWLUHQ YH oR÷X ]DPDQ
DQDOLWLN RODUDN ELU PRGHO ROXúWXUXODELOVH ELOH� WHNUDUOÕ YH NDUPDúÕN PDWHPDWLNVHO PRGHOOHULQ
DQDOLWLN RODUDN KHVDSODQPDVÕQÕ JHUHNWLUPHNWHGLU� +HVDSODPDOÕ \|QWHPOHU� IL]LNVHO ROD\ODUÕ
WDQÕPOD\DQ PDWHPDWLNVHO PRGHOOHUL VD\ÕVDO RODUDN o|]PHN LoLQ NXOODQÕODQ ELOJLVD\DU WDEDQOÕ
\|QWHPOHUGLU� *�Q�P�]GH oR÷XQOXNOD� \DSÕODUÕQ WDVDUÕP SUREOHPOHULQLQ o|]�P�QGH
�JHQHOOLNOH VH]JLVHO DQDOLWLN o|]�POHULQ PHYFXW ROPDGÕ÷Õ GXUXPODUGD� IDUNOÕ NRúXOODU DOWÕQGD
NDUPDúÕN \DSÕVDO VLVWHPOHULQ GDYUDQÕú WDKPLQOHULQL \DSPDN LoLQ KHVDSODPDOÕ \|QWHPOHUGHQ
ELUL RODQ 6RQOX (OHPDQODU $QDOL]L NXOODQÕOPDNWDGÕU�

<DSÕVDO SUREOHPOHULQ RSWLPDO o|]�POHULQLQ DUDQPDVÕ DGÕQD VÕNOÕNOD RSWLPDOOLN LONHVL
YH PDWHPDWLNVHO SURJUDPODPD WHNQLNOHUL NXOODQÕOPÕúWÕU� 2SWLPDOOLN LONHVL� RSWLPDO WDVDUÕPÕQ
|QFHGHQ EHOLUOHQHQ NRúXOODUÕQ NDUúÕODQPDVÕ JHUHNWL÷LQL YDUVD\DU� 2SWLPDOOLN LONHVLQLQ
DNVLQH� ELOJLVD\DUOÕ KHVDSODPD WHNQRORMLVL YH SDUDOHO SURJUDPODPDGDNL JHOLúPHOHU J|] |Q�QH
DOÕQGÕ÷ÕQGD� PDWHPDWLNVHO SURJUDPODPD WHNQLNOHUL� EX SUREOHPOHULQ o|]�P�QGH GDKD HWNLOL
DUDoODU RODUDN |Q SODQD oÕNPDNWDGÕU� *HQHO RODUDN OLWHUDW�U LQFHOHQGL÷LQGH KHU LNL \|QWHP GH
GDKD oRN EDVLW WDVDUÕP VHQDU\RODUÕ �]HULQGH GHQHQPLúWLU� dRNOX \�N GD÷ÕOÕPODUÕ� WDVDUÕP
VSHVLILNDV\RQODUÕ YH ELUoRN NÕVÕW J|] |Q�QH DOÕQGÕ÷ÕQGD \DSÕVDO WDVDUÕP SUREOHPOHUL
NDUPDúÕNODúWÕNoD EX \|QWHPOHU RSWLPXP WDVDUÕPODUÕQ RUWD\D oÕNDELOPHVL LoLQ \HWHUVL]
NDOPDNWDGÕU �$KUDUL YG�� ������ *HUoHN G�Q\D \DSÕVDO P�KHQGLVOLN SUREOHPOHULQGH oRN
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VD\ÕGD WDVDUÕP GH÷LúNHQL EXOXQPDNWD YH GR÷UXVDO ROPD\DQ DPDo IRQNVL\RQODUÕ YH NÕVÕWODUÕQ
\DQÕ VÕUD \�NVHN ER\XWOXOXN� PXOWLPRGDOLWH YH GÕúE�NH\ ROPD\DQ E|OJHOHU SUREOHPOHULQ
NDUPDúÕNOÕ÷ÕQÕ DUWWÕUPDNWDGÕU �&KDUDODPSDNLV YH 7VLDWDV� ������ (PQL\HWWHQ WDYL]
YHULOPHGHQ� HNRQRPLN \DSÕ WDVDUÕPODUÕQÕQ RUWD\D oÕNDELOPHVL ³<DSÕVDO 2SWLPL]DV\RQ´
GLVLSOLQLQLQ NRQXVX ROPDNOD ELUOLNWH� EX GLVLSOLQ VRQ \ÕOODUGD JHQHO RODUDN� JHOLúPLú
ELOJLVD\DUOÕ KHVDSODPD \|QWHPOHULQLQ NXOODQÕOGÕ÷Õ� \DSÕVDO RSWLPL]DV\RQ DOJRULWPDODUÕ YH
\HQL RSWLPL]DV\RQ WHNQLNOHULQLQ JHOLúWLULOPHVL LOH LOJLOHQLU� 7DVDUÕP YH KHVDSODPD
\|QWHPOHULQLQ NDUPDúÕNOÕ÷Õ J|] |Q�QH DOÕQGÕ÷ÕQGD� KDWD \DSPD RODVÕOÕ÷ÕQÕQ YH KHVDSODPD
PDOL\HWOHULQLQ D]DOWÕOPDVÕ� HNRQRPLN WDVDUÕPODUÕQ RUWD\D oÕNDUÕODELOPHVLQLQ VD÷ODQPDVÕ LoLQ
ELOJLVD\DU GHVWHNOL KHVDSODPD \|QWHPOHULQLQ JHOLúLPLQH RODQ JHUHNVLQLPLQ JLGHUHN DUWWÕ÷Õ ELU
V�UHFH JLUGL÷LPL] DoÕNWÕU� %X V�UHo� ELOJLVD\DU WHNQRORMLVLQGH \DSÕODQ E�\�N DWÕOÕPODUÕQ
VRQXFXQGD� ELOJLVD\DUOÕ KHVDSODPD \|QWHPOHULQLQ JHOLúPHVL LOH� <DSÕ 0�KHQGLVOL÷L DODQÕQÕQ
oRN GLVLSOLQOL NDUDNWHULQL DUDúWÕUDQ YH WDVDUÕP V�UHoOHULQL GHVWHNOH\HQ \HQL PHWRWODUÕ
LoHUPHNWHGLU�

.DIHV VLVWHPOHU� V�UHNOL \�NOHU DOWÕQGD G�÷�POHUH ED÷ODQDQ� EDVPD YH\D oHNPH
JHULOPHOHULQH PDUX] NDODQ GR÷UXVDO HOHPDQODUGDQ ROXúDQ LNL YH\D �o ER\XWOX \DSÕODUGÕU�
.DIHV VLVWHPOHU N|SU�OHU� X]XQ DoÕNOÕNOÕ oDWÕODU YH LOHWLP NXOHOHUL JLEL GDKD ELUoRN \DSÕGD
\D\JÕQ RODUDN NXOODQÕODQ YH PHNDQLN |]HOOLNOHUL� LPDODW NROD\OÕNODUÕ JLEL DUWÕODUÕQGDQ GROD\Õ
\DSÕ P�KHQGLVOL÷LQGH \D\JÕQ RODUDN WHUFLK HGLOPHNWHGLUOHU� *HOHQHNVHO RODUDN NDIHV \DSÕ
RSWLPL]DV\RQX� EHOLUOL NÕVÕWODUÕQ VD÷ODQPDVÕ úDUWÕ LOH� D÷ÕUOÕN� X\JXQOXN YH \HU GH÷LúWLUPH JLEL
DPDo IRQNVL\RQ GH÷HUOHULQLQ RSWLPXPD \DNÕQVDPDVÕ LoLQ X\JXQ \DSÕVDO WDVDUÕP
GH÷LúNHQOHULQLQ DUDQPDVÕ �DUDPD X]D\Õ� V�UHFLQL NDSVDPDNWDGÕU� /LWHUDW�UGHNL NDIHV \DSÕ
RSWLPL]DV\RQX LoLQ RUWDN NÕVÕWODU� NLQHPDWLN VWDELOLWH� JHULOPH� \HU GH÷LúWLUPH YH EXUNXOPD
\�N�G�U� DQFDN IUHNDQV NÕVÕWODPDODUÕQÕ GD GLNNDWH DODQ ED]Õ oDOÕúPDODU \DSÕOPÕúWÕU �7HFKDVHQ
YG�� ������ %LU NDIHV VLVWHP \DSÕVÕQGD NXOODQÕODQ PDO]HPH PLNWDUÕQÕQ� \DSÕQÕQ D÷ÕUOÕ÷Õ YH
PDOL\HWL LOH GR÷UXGDQ LOLúNLOL ROGX÷X YDUVD\ÕPÕQGDQ \ROD oÕNDUDN� NDIHV VLVWHPLQ WDVDUÕP
YHULPOLOL÷L LoLQ NDIHV \DSÕ D÷ÕUOÕ÷ÕQÕQ PLQLPL]H HGLOPHVL \DNODúÕPÕ NXOODQÕODELOLU �&DPS YH
%LFKRQ� ������

7�P EX NDIHV \DSÕ WDVDUÕP SUREOHPOHULQLQ NHQGLOHUL\OH LOLúNLOL EHOLUOL ELU
NDUPDúÕNOÕ÷Õ YDUGÕU� %X� PHYFXW GH÷LúNHQOHULQ VD\ÕVÕQD �DUDPD X]D\Õ� YH DPDo
IRQNVL\RQXQXQ NDUPDúÕNOÕ÷Õ YH NÕVÕWODU QHGHQL\OH |QHULOHQ ELU o|]�P�Q X\JXQ ROPDPD
RODVÕOÕ÷ÕQD ED÷OÕ RODELOLU� <DSÕVDO RSWLPL]DV\RQXQ LOJLOL DODQODUÕQGDQ ELUL RODQ NDIHV
\DSÕODUÕQ� IDUNOÕ WDVDUÕP GXUXPODUÕ LoLQ ���� \ÕOÕQGDQ EX \DQD ELUoRN RSWLPL]DV\RQ \|QWHPL
JHOLúWLULOPLú YH \D\JÕQ RODUDN NXOODQÕOPÕúWÕU �6RQPH]� ������ .DIHV \DSÕODU� WDVDUÕP
GH÷LúNHQOHULQH J|UH ER\XW� úHNLO YH WRSRORML RSWLPL]DV\RQX RODUDN HOH DOÕQDELOLU� .ÕVDFD
WRSRORML RSWLPL]DV\RQX JHUHNVL] GR÷UXVDO HOHPDQODUÕ YH G�÷�P QRNWDODUÕQÕQ VLVWHPGHQ
NDOGÕUÕOPDVÕ YH\D JHUHNOL RODQODUÕQ PXKDID]D HGLOPHVL� ER\XW RSWLPL]DV\RQX HOHPDQODUÕQ
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NHVLW DODQODUÕ \DQL ER\XWODQGÕUÕOPDVÕ� úHNLO RSWLPL]DV\RQX LVH GR÷UXVDO HOHPDQODUÕQ
ED÷ODQGÕ÷Õ G�÷�P QRNWDODUÕQÕQ X\JXQ WRSRORML\L ROXúWXUDFDN ELoLPGH EHOLUOL NRRUGLQDWODUGD
ROPDVÕ LOH LOJLOHQLU� g]HOOLNOH WRSRORML RSWLPL]DV\RQX KHVDSODPD DoÕVÕQGDQ oRN PDOL\HWOL ELU
V�UHo RODUDN GH÷HUOHQGLULOLU o�QN� WRSRORMLGHNL N�o�N ELU YDU\DV\RQ ELOH HOHPDQ
NXYYHWOHULQGH |QHPOL GH÷LúLNOLNOHUH QHGHQ RODELOLU� $\UÕFD DUDPD VÕUDVÕQGD NLQHPDWLN RODUDN
NDUDUVÕ] ELUoRN \DSÕ �UHWLOHELOLU� .LQHPDWLN RODUDN VWDELO ROPD\DQ NDUDUVÕ] YH JHoHUVL]
\DSÕODU� WRSRORML RSWLPL]DV\RQXQ |Q�QGHNL HQ WHPHO HQJHOOHUGLU YH EX QHGHQOH oRN VD\ÕGD
LVWHQPH\HQ VRQOX HOHPDQODU DQDOL]LQGHQ NDoÕQPDN LoLQ WRSRORMLQLQ L\L ELU úHNLOGH
WDQÕPODQPDVÕ YH YHULPOL ELU úHNLOGH RSWLPL]DV\RQ V�UHFLQGH NXOODQÕOPDVÕ JHUHNPHNWHGLU
�6DYVDQL YG�� ������ /LWHUDW�UGH JHOHQHNVHO RODUDN NDIHV VLVWHPOHULQ RSWLPL]DV\RQODUÕ�
oHúLWOL WHNQLNOHU YH\D \DNODúÕPODUOD EHOLUOL JUXSODPDODU YH\D VÕUDODUOD \DSÕOPÕúWÕU� <LQH GH
ELU WDVDUÕPFÕQÕQ Hú ]DPDQOÕ RODUDN �o WDVDUÕP GH÷LúNHQL W�U�Q� �WRSRORML� úHNLO YH ER\XW�
RSWLPL]H HGHELOPHVLQLQ GDKD HWNLOL ROGX÷X EXOXQPXúWXU �7HFKDVHQ YG�� ������ (ú]DPDQOÕ
WRSRORML� úHNLO YH ER\XW RSWLPL]DV\RQX� WHN DúDPDOÕ �Hú ]DPDQOÕ� ELU V�UHo ROGX÷XQGDQ GDKD
RSWLPXPD \DNÕQ VRQXoODU YHUPHVLQH UD÷PHQ� oRN DúDPDOÕ RSWLPL]DV\RQ \DNODúÕPODUÕQGDQ
GDKD ID]OD KHVDSODPD oDEDVÕ JHUHNWLULU�

.DIHV \DSÕODUÕQ WDVDUÕP SUREOHPOHULQLQ RSWLPXP VRQXoODUÕQD XODúDELOPHN LoLQ
JUDG\DQ WDEDQOÕ JHOHQHNVHO RSWLPL]DV\RQ \|QWHPOHUL \HWHUVL] NDOPDNWD� oR÷X ]DPDQ ORNDO
E|OJHOHUGH WDNÕODUDN RSWLPXP GH÷HUOHUGHQ X]DN VRQXoODU YHUPHNWHGLU �3KROGHH YH %XUHHUDW�
������ 6RQ \ÕOODUGD |QHULOHQ SRS�ODV\RQ WDEDQOÕ PHWDVH]JLVHO DOJRULWPDODU JOREDO o|]�POHUH
\DNÕQVDPDGD� JUDG\DQ WDEDQOÕ RSWLPL]DV\RQ PHWRWODUÕQD NÕ\DVOD� oRN GDKD EDúDUÕOÕGÕU �6RX]D
YG�� ������ %DVLW RODVÕOÕN YH LVWDWLVWLNVHO \|QWHPOHUOH ]HQJLQOHúWLULOPLú HYULP LONHOHUL� V�U�
]HNkVÕ YH\D GL÷HU IL]LNVHO IHQRPHQOHUGHQ HVLQOHQLOHQ PHWDVH]JLVHO DOJRULWPDODUÕQ� JHUoHN
G�Q\D P�KHQGLVOLN SUREOHPOHULQLQ RSWLPDO o|]�P�Q� DUDPDGD PRGHOOHPH NROD\OÕ÷Õ
VD÷ODGÕ÷Õ YH L\L VRQXoODU YHUGL÷L ELOLQPHNWHGLU �&KDUDODPSDNLV YH 7VLDWDV� ������ dHúLWOL
NDUPDúÕN RSWLPL]DV\RQ SUREOHPOHULQLQ o|]�P�QGH PHWDVH]JLVHOOHU� JUDG\DQ WDEDQOÕ
\|QWHPOHUGHQ IDUNOÕ RODUDN� GHWHUPLQLVWLN ROPDPDVÕ� W�UHY YH JUDG\DQ ELOJLVL
JHUHNWLUPHPHVL JLEL |]HOOLNOHULQGHQ GROD\Õ SRS�OHU KDOH JHOPLúWLU �'HJHUWHNLQ YG�� ������
0HWDVH]JLVHO DOJRULWPDODU� KHU GXUXPGD IDUNOÕ ELU QLKDL o|]�PH XODúÕOPDVÕQÕ VD÷OD\DQ
RODVÕOÕNVDO JHoLú LONHOHULQL NXOODQPDNWD ROXS EX GXUXP oRN J�oO� YH VD÷ODP DUDPD
PHNDQL]PDODUÕQD \RO DoPDNWDGÕU �6RQPH]� ������

0HWDVH]JLVHO DOJRULWPDODUÕQ HQ X\JXQ WDVDUÕP o|]�POHUL YDVÕWDVÕ LOH DUDQPDVÕ
SRS�ODV\RQ RODUDN DGODQGÕUÕOÕU� 2SWLPL]DV\RQ V�UHFL� EHOLUOL ELU DGD\Õ YH\D DGD\ODUÕ LoHUHQ
LON SRS�ODV\RQXQ UDVWJHOH RODUDN DWDQPDVÕ\OD EDúODU� .DIHV VLVWHPOHULQ� PHWDVH]JLVHO
RSWLPL]DV\RQ DOJRULWPDODUÕ LOH RSWLPXP o|]�POHUH XODúÕOPDVÕ V�UHFLQGH� LVWHQLOHQ NÕVÕWODUÕQ
EHOLUOHQHELOPHVL LoLQ SRS�ODV\RQGDNL DGD\ o|]�POHU� VWDWLN DQDOL]OHULQ \DSÕODFD÷Õ ELU VRQOX
HOHPDQODU o|]�F�V�QH J|QGHULOPHNWHGLU� 6RQUDVÕQGD V�UHo WDVDUÕP o|]�POHULQLQ UDVWJHOH ELU
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VÕUD LOH J�QFHOOHQPHVLQL YH L\LOHúWLULOPHVLQL LoHUPHNWHGLU� %HOLUOL ELU LWHUDV\RQ VD\ÕVÕQD
XODúÕOGÕ÷ÕQGD YH\D DUWÕN KHUKDQJL ELU JHOLúPH J|]OHQPHGL÷LQGH RSWLPL]DV\RQ V�UHFL GXUXU�

3RS�ODV\RQXQ L\LOHúWLULOPHVL V�UHFLQGH� KHU ELU LWHUDV\RQGD DGD\ODUÕQ NÕVÕWODUÕ
VD÷OD\ÕS VD÷ODQPDGÕ÷ÕQÕQ NRQWURO� DPDFÕ\OD GHIDODUFD 6RQOX (OHPDQODU o|]�F�V�
oD÷ÕUÕOGÕ÷ÕQGDQ GROD\Õ� \DSÕODQ DQDOL] VD\ÕODUÕ LOH ELUOLNWH KHVDSODPD PDOL\HWOHULQLQ E�\�N
|Oo�GH DUWWÕ÷Õ J|U�OPHNWHGLU� 2SWLPL]DV\RQ UXWLQL VÕUDVÕQGD JHUHNOL RODQ DPDo IRQNVL\RQ
GH÷HUOHQGLUPHOHULQLQ PLNWDUÕQD NDUúÕOÕN JHOHQ VRQOX HOHPDQ DQDOL]OHULQLQ VD\ÕVÕ KHVDSODPD
V�UHVLQL HWNLOHGL÷L LoLQ |]HOOLNOH KHVDSODPD PDOL\HWOHULQL \�NVHN RUDQGD DUWWÕUDQ ELU
IDNW|UG�U �0�OOHU YH .ODVKRUVW� ������ <DSÕVDO ELU SUREOHPLQ NDUPDúÕNOÕ÷ÕQÕ HWNLOH\HQ ELU
GL÷HU IDNW|U� IDUNOÕ GH÷LúNHQOHULQ NDUÕúÕPÕGÕU �$KUDUL YG�� ������ %XQODU� D\UÕN� V�UHNOL YH
PDQWÕNVDO GH÷LúNHQOHUL LoHULU� .DIHV \DSÕODUÕQ WDVDUÕP GXUXPODUÕ YH SUREOHPLQ W�U�QH J|UH�
JHQLú DUDPD X]D\ODUÕ YH oRN VD\ÕGD WDVDUÕP GH÷LúNHQOHUL GH EDUÕQGÕUPDODUÕ VHEHEL\OH
KHVDSODPD PDOL\HWOHUL ELU KD\OL \�NVHNWLU �7DODWDKDUL YG�� ������ 6RQ \ÕOODUGD JHOLúHQ
ELOJLVD\DU WHNQRORMLOHULQH SDUDOHO RODUDN� ELOJLVD\DUOÕ KHVDSODPD PHWRWODUÕQÕQ KÕ] YH
SHUIRUPDQVÕQGD E�\�N JHOLúLP VD÷ODQPDVÕQD UD÷PHQ� EX NDGDU oRN DGD\ÕQ GH÷HUOHQGLULOGL÷L
EX V�UHo� RSWLPL]H HGLOHQ \DSÕ\D ED÷OÕ RODUDN D\ODU V�UHELOPHNWHGLU�

+HVDSODPD PDOL\HWOHULQLQ EX GHQOL ID]OD ROPDVÕ RSWLPDO WDVDUÕPODUÕQ RUWD\D
NRQPDVÕQGD E�\�N ELU HQJHO WHúNLO HWPHNWHGLU� 7DVDUÕP V�UHoOHULQGH HNRQRPLN o|]�POHUH
XODúPDN ELU KD\OL ]DPDQ DOPDNWD� HNRQRPLN o|]�POHUGHQ X]DNODúÕOPDNWDGÕU� %X KHVDSODPD
\�NOHULQLQ D]DOWÕOPDVÕ DGÕQD GHWHUPLQLVWLN VRQOX HOHPDQODU KHVDSODPD PRGHOLQL VLP�OH HGHQ�
PRGHO JLUGLOHULQH ED÷OÕ RODUDN YHULOHQ oÕNWÕ GH÷HUOHULQH WXWDUOÕ WDKPLQVHO FHYDSODU �UHWHQ�
YHNLO PRGHO RODUDN ELOLQHQ ELU NHVWLULP PRGHOL VXQXOPXúWXU� gQHULOHQ YHNLO PRGHO oRN
VD\ÕGD LWHUDV\RQGDQ ROXúDQ� KHVDSODPD PDOL\HWOHUL ID]OD RODQ RSWLPL]DV\RQ V�UHoOHULQGHNL
NÕVÕWODUÕQ EHOLUOHQPHVL LoLQ SRS�ODV\RQGDNL KHU ELU DGD\ÕQ J|QGHULOGL÷L� VRQOX HOHPDQODU
DQDOL] DUDFÕQÕQ YHUGL÷L oÕNWÕODUÕ NDEXO HGLOHELOLU ELU úHNLOGH WDKPLQ HWPHNWHGLU� 2SWLPDO
o|]�POHUH \DNÕQVDPDN LoLQ oRN ID]OD DGD\ÕQ EX V�UHFH JLUPHVL LOH ELUOLNWH V�UHFLQ
JHUoHNOHúHFH÷L ELOJLVD\DUODU LoLQ oRN ID]OD EHOOHN YH LúOHPFL J�F� JHUHNWLUGL÷LQGHQ GROD\Õ EX
DQDOL] VD\ÕODUÕQÕ D]DOWDFDN ELU YHNLO PRGHO WHNQL÷L |QHULOPLúWLU�

9HNLO RODUDN� <DSD\ 6LQLU $÷ODUÕ LOH ROXúWXUXOPXú GR÷UXVDO ROPD\DQ ELU UHJUHV\RQ
PRGHOL WDVDUODQPÕúWÕU� <DSD\ 6LQLU $÷ODUÕ� LQVDQ EH\QLQGH |÷UHQPH\L VD÷OD\DQ EL\RORMLN
VLQLU VLVWHPLQLQ oDOÕúPD SUHQVLELQLQ VLP�OH HGLOGL÷L ELU PRGHOGLU �%DOODO YH 6KHU� ������
<DSD\ =HNk¶QÕQ DOW GDOODUÕQGDQ RODQ 0DNLQH g÷UHQPHVL \|QWHPOHULQGHQ ELUL RODQ <DSD\
6LQLU $÷ODUÕ LOH ROXúWXUXOPXú 5HJUHV\RQ WDKPLQ PRGHOOHULQLQ� <DSÕ 0�KHQGLVOL÷L¶QGHNL
NDUPDúÕN SUREOHPOHULQ� GR÷UXVDO ROPD\DQ \DSÕODUÕQÕ \DNDOD\DELOGL÷L YH VRQ GHUHFH J�o
WDKPLQOHUL ELOH KDVVDV ELU úHNLOGH VD÷OD\DELOGL÷L NDQÕWODQPÕúWÕU �&KRX YG�� ������ <DSD\
6LQLU $÷ODUÕ WDEDQOÕ PRGHOOHULQ KHUKDQJL ELU P�KHQGLVOLN SUREOHPLQL o|]PHGHNL EDúDUÕVÕQGD�
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H÷LWLP LoLQ VXQXODQ YHUL |UQHNOHUL\OH |÷UHQPHVL YH JLUGL YH oÕNWÕODU DUDVÕQGDNL LOLúNLOHU
ELOLQPHGL÷LQGH �.DUD .XWX� YH\D IL]LNVHO DQODPÕQ DoÕNODQPDVÕQÕQ ]RU ROGX÷X GXUXPODUGD
ELOH YHULOHU DUDVÕQGDNL LQFH IRQNVL\RQHO LOLúNLOHUL \DNDOD\DUDN� oÕNWÕ RODUDN NDEXO HGLOHELOLU
\DNODúÕN WDKPLQVHO GH÷HUOHU �UHWPHVL \DWPDNWDGÕU �3UD\RJR YG�� ������

<DSD\ 6LQLU $÷ODUÕQÕQ YHNLO RODUDN NXOODQÕOGÕ÷Õ EX PRGHO VD\HVLQGH SRS�ODV\RQ
WDEDQOÕ 0HWDVH]JLVHO DOJRULWPDODUÕQ KHVDSODPD PDOL\HWOHULQLQ G�ú�U�OHUHN� RSWLPL]DV\RQ
V�UHoOHULQLQ NÕVDOWÕOPDVÕ YH LOJLOL DODQODUGD NXOODQÕOPDVÕ\OD ELUOLNWH GDKD NDUPDúÕN
SUREOHPOHULQ GDKD D] ]DPDQ YH G�ú�N PDOL\HWOHUOH o|]�OHELOPHVL DPDoODQPÕúWÕU� gQHULOHQ
YHNLO PRGHO LOH� 6RQOX (OHPDQODU DQDOL]L JLEL KHVDSODPD PHWRGRMLOHULQLQ VLP�OH HGLOGL÷L EX
YH EXQXQ JLEL W�P DODQODUGDNL RSWLPL]DV\RQ SUREOHPOHUL LoLQ NXOODQÕODELOLU ROPDVÕ YH
PHWDVH]JLVHOOHULQ KHVDSODPD PDOL\HWOHULQLQ G�ú�U�OPHVL LOH KHP ]DPDQGDQ E�\�N RUDQGD
WDVDUUXI HOGH HGLOPHVL� KHP GH �ONHPL]H HNRQRPLN YH WHNQRORMLN DQODPGD NDWNÕ VD÷ODQPDVÕ
DPDoODQPDNWDGÕU�

+HVDSODPD oDEDVÕQÕQ D]DOWÕOPDVÕ LOH PHYFXW LúOHPFL YH KHVDSODPD J�F� RUWDODPD
RODQ NLúLVHO ELOJLVD\DUODUGD ELOH EX V�UHoOHULQ PDNXO V�UHOHUH G�ú�U�OPHVL DPDoODQPDNWDGÕU�
%X VD\HGH RSWLPL]DV\RQ DODQÕQGDNL oDOÕúPDODUÕQ LOJLOL KHUNHVLQ \DSDELOHFH÷L ELU V�UHFH
G|Q�úW�U�OHUHN� HNRQRPLN YH J�YHQLOLU o|]�POHU JHOLúWLULOHELOPHVLQLQ |Q�Q�Q DoÕODELOPHVL
VD÷ODQDFDNWÕU� <DSÕ P�KHQGLVOL÷L LoLQ JHOLúWLULOHQ ELOJLVD\DU \D]ÕOÕPODUÕQGD ND\GD GH÷HU ELU
RSWLPL]DV\RQ PRG�O�QH UDVWODQPDPDNWDGÕU� 6XQXODQ YHNLO PRGHOLQ LVWHQLOHQ KHGHIOHUH
XODúPDVÕ KDOLQGH YHNLO PRGHO LOH <DSÕ P�KHQGLVOL÷L LoLQ KD]ÕUODQDQ ELOJLVD\DU GHVWHNOL
WDVDUÕP \D]ÕOÕPODUÕQD RSWLPL]DV\RQ PRG�O� HNOHQHELOHFH÷L ILNUL ROXúPDNWDGÕU� %|\OHFH�
�ONHPL]GH RSWLPDO WDVDUÕPODUÕQ \D\JÕQODúDFD÷Õ YH �ONH HNRQRPLVLQH |QHPOL ELU NDWNÕGD
EXOXQXODFD÷Õ G�ú�Q�OPHNWHGLU� 8FX] YH HPQL\HWOL NRQXW� Lú\HUL YE� \DSÕODUÕQ LQúD
HGLOHELOPHVLQL VD÷OD\DUDN �ONHPL] YH G�Q\D HNRQRPLVLQH J|]OH J|U�O�U NDWNÕODU
VD÷ODQDELOHFHNWLU�

øOJLOL WH] oDOÕúPDVÕQGD YHULP YH SHUIRUPDQV NDUúÕODúWÕUÕOPDODUÕQÕQ \DSÕODELOPHVL
DGÕQD oHúLWOL NDIHV VLVWHP SUREOHPOHUL �]HULQGH� |QHULOHQ <DSD\ 6LQLU $÷Õ WDEDQOÕ YHNLO
PRGHO LOH Hú ]DPDQOÕ ER\XW� úHNLO YH WRSRORML RSWLPL]DV\RQX \DSÕOPÕú YH GHQH\ VRQXoODUÕ
NDUúÕODúWÕUÕODUDN� WDUWÕúÕOPÕúWÕU� 'HQH\ VRQXoODUÕQÕQ NDUPDúÕN RSWLPL]DV\RQ SUREOHPOHUL LoLQ
X\JXODQDELOLUOL÷L LUGHOHQPLú YH RSWLPL]DV\RQ KHVDSODPD PDOL\HWOHULQLQ YH V�UHOHULQLQ
D]DOWÕOPDVÕ DGÕQD QLVSHWHQ EDúDUÕOÕ VD\ÕODELOHFHN VRQXoODUD XODúÕOPÕúWÕU�
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3DSDGUDNDNLV YG� ������ µ(YULP 6WUDWHMLOHULQL YH 6LQLU $÷ODUÕQÕ .XOODQDUDN <DSÕVDO
2SWLPL]DV\RQ¶ EDúOÕNOÕ oDOÕúPDODUÕQGD� VHoLOHQ WHVW SUREOHPOHUL �]HULQGH 0HWDVH]JLVHO
RODUDN (YULPVHO 6WUDWHML DOJRULWPDVÕQÕ X\JXOD\DUDN WHNUDUOÕ RSWLPL]DV\RQ SURVHG�UOHULQLQ
KHVDSODPD \�NOHULQL D]DOWPDN LoLQ 6RQOX (OHPDQODU $QDOL]OHUL¶QLQ WDKPLQOHULQL \DSDQ
<DSD\ 6LQLU $÷Õ WDEDQOÕ ELU 5HJUHV\RQ PRGHOL VXQDU� %R\XW YH úHNLO RSWLPL]DV\RQXQX D\UÕ
RODUDN HOH DOÕU� ùHNLO RSWLPL]DV\RQXQX� PHUNH]L NHVPH VRUXQX RODQ NDUH SODN SUREOHPL
�]HULQGH GHYDPOÕ GH÷LúNHQOHUOH� ER\XW RSWLPL]DV\RQXQX LVH DOWÕ YH \LUPL DOWÕ NDWOÕ X]D\
oHUoHYH SUREOHPOHUL �]HULQGH NDUúÕODúWÕUPDOÕ RODUDN LQFHOHPLúWLU� <DSD\ 6LQLU $÷Õ PRGHOLQLQ
H÷LWLPL YH WHVWL LoLQ YHUL VHWLQLQ DUDPD X]D\ÕQGDQ QDVÕO VHoLOPHVL JHUHNWL÷LQH GDLU YHULPOL ELU
\|QWHP GH |QHULU� 3UREOHPOHUGHNL NÕVÕWODUÕQ EHOLUOHQPHVL DPDFÕ LOH 6RQOX (OHPDQODU
DQDOL]LQLQ WDKPLQOHULQL \DSDFDN <DSD\ 6LQLU $÷Õ PRGHO YH SDUDPHWUHOHULQLQ SUREOHP W�U�QH
J|UH VSHVLILN RODUDN VHoLOGL÷L J|U�O�U� 3DSDGUDNDNLV YH /DJDURV ������ µ<DSÕVDO
RSWLPL]DV\RQ LoLQ \XPXúDN KHVDSODPD PHWRGRORMLOHUL¶ EDúOÕNOÕ oDOÕúPDODUÕ 3DSDGUDNDNLV
YG� ������¶GHNL oDOÕúPDQÕQ GHYDPÕ úHNOLQGH J|U�OHELOLU� <DSD\ 6LQLU $÷ODUÕQÕQ YHNLO RODUDN
NXOODQÕOGÕ÷Õ (YULPVHO 6WUDWHML DOJRULWPDVÕQÕ WHNUDUOÕ GHWHUPLQLVWLN RSWLPL]DV\RQ
SURVHG�UOHULQLQ KHVDSODPD \�NOHULQL D]DOWPDN LoLQ GDKD |QFH VXQGXNODUÕ \DNODúÕPÕ
JHOLúWLUHUHN� \DSÕQÕQ GD\DQÕPÕ LOH LOJLOL HN RODVÕOÕN NÕVÕWODPDODUÕQÕ GD GLNNDWH DODUDN
J�YHQLOLUOLN WDEDQOÕ \DSÕVDO RSWLPL]DV\RQ SUREOHPOHUL LoLQ GH ELU \DNODúÕP JHOLúWLULUOHU�
'HWHUPLQLVWLN NÕVÕWODPD NRQWURO�Q� \D GD J�YHQLOLUOL÷H GD\DOÕ RSWLPL]DV\RQ GXUXPODUÕQGD
KHP GHWHUPLQLVWLN KHP GH RODVÕOÕNVDO NÕVÕWODPD NRQWUROOHULQL JHUoHNOHúWLUPHN LoLQ H÷LWLPOL
ELU <DSD\ 6LQLU $÷Õ NXOODQÕOÕU� <DSD\ 6LQLU $÷Õ� J�YHQLOLUOL÷H GD\DOÕ \DSÕVDO RSWLPL]DV\RQ
V�UHoOHULQGH� J�YHQLOLUOLN DQDOL]LQLQ GR÷DVÕQGD EXOXQDQ \DNODúÕPODU YH 0RQWH &DUOR
6LP�ODV\RQX¶QXQ �0&6� JHUHNWLUGL÷L ]DPDQ DOÕFÕ WHNUDUOÕ DQDOL]OHULQ WXWDUOÕ WDKPLQOHULQL
\DSPDN �]HUH ELU YHNLO PRGHO RODUDN J|UHY \DSDU� +HU 0RQWH &DUOR 6LP�ODV\RQX LoLQ
<DSD\ 6LQLU $÷Õ� VHoLOHQ JHOHQHNVHO HODVWRSODVWLN DQDOL]OHUGHQ HOGH HGLOHQ PHYFXW ELOJLOHU
NXOODQÕODUDN H÷LWLOLU� 6ÕQÕU GXUXP DQDOL]L YHULOHUL� <DSD\ 6LQLU $÷Õ¶QÕ H÷LWPHN LoLQ NXOODQÕODQ
JLULú YH oÕNÕú oLIWOHULQL HOGH HWPHN LoLQ LúOHQLU� (÷LWLOHQ <DSD\ 6LQLU $÷Õ GDKD VRQUD IDUNOÕ
WHPHO UDVWJHOH GH÷LúNHQ N�PHOHUL QHGHQL\OH NULWLN \�N IDNW|U�Q� WDKPLQ HWPHN LoLQ
NXOODQÕOÕU� 7HVW SUREOHPOHULQLQ VRQXoODUÕ LQFHOHQGL÷LQGH |QHULOHQ KHU LNL SURVHG�U�Q
GR÷DVÕQGDQ GROD\Õ WDKPLQOHU YH NHVLQ DQDOL] GH÷HUOHUL DUDVÕQGD KDWD LoHUPHVLQGHQ GROD\Õ
NÕVÕW LKODOOHULQLQ |Q�QH JHoPHN YH <DSD\ 6LQLU $÷ÕQÕ WDKPLQOHULQLQ HWNLQOL÷LQLQ DUWWÕUÕOPDVÕ
DGÕQD WHVW YHULOHULQGHNL KDWDODU �]HULQGHQ ELU G�]HOWPH \DNODúÕPÕ X\JXODQGÕ÷Õ GLNNDW
oHNLFLGLU�



�

1JX\HQ YH 9X ������ µ+HVDSODPDOÕ <DSÕVDO 2SWLPL]DV\RQ LoLQ 'HULQ g÷UHQPH¶
EDúOÕNOÕ oDOÕúPDODUÕQGD \DSÕVDO RSWLPL]DV\RQGD X\JXQ PRGHOOHQPLú <DSD\ 6LQLU $÷ODUÕ¶QÕQ
6RQOX (OHPDQODU DQDOL]LQLQ \HULQH oRN WXWDUOÕ WDKPLQVHO GH÷HUOHU �UHWHELOHFH÷LQL YH
NXOODQÕODELOHFH÷LQL J|VWHUPLúOHUGLU� <DSÕODQ oDOÕúPDGD <DSD\ 6LQLU $÷ODUÕ LOH ROXúWXUXODQ
WHN NDWPDQOÕ YH oRN NDWPDQOÕ GHULQ |÷UHQPH PRGHOL LoLQ X\JXQ PLPDUL� oHúLWOL DNWLYDV\RQ
IRQNVL\RQODUÕQÕ LoHUHQ H÷LWLP SDUDPHWUHOHUL YH PRGHO RSWLPL]H HGLFLOHUOH� �� oXEXNOX���
oXEXNOX� �� oXEXNOX YH ��� oXEXNOX WHVW SUREOHPOHULQGH X\JXODQPÕú YH VRQXoODU 6RQOX
(OHPDQODU DQDOL]OHUL \HULQH <DSD\ 6LQLU $÷ODUÕ¶QÕQ NXOODQÕODELOLUOL÷LQL J|VWHUPLúWLU�
dDOÕúPDGD NXOODQÕODQ <DSD\ 6LQLU $÷Õ PRGHOLQLQ H÷LWLP YH WHVW YHULOHULQLQ VDELW WRSODP
WHNQL÷L NXOODQÕODUDN �UHWLOPHVL� 6RQOX (OHPDQODU DQDOL]LQLQ oRN GHID oD÷UÕOPDVÕQÕ LoHUPHNWH
YH KHVDSODPD PDOL\HWOHULQL DUWWÕUPDVÕQGDQ ND\QDNOÕ RODUDN |QHULOHQ PRGHOLQ DPDFÕQD WHUV
G�úPHNWHGLU�

/HH YG� ������ ¶<DSÕVDO 0�KHQGLVOLN LoLQ 'HULQ g÷UHQPH¶QLQ $UND 3ODQ %LOJLOHUL¶
EDúOÕNOÕ oDOÕúPDODUÕQGD <DSÕVDO 0�KHQGLVOLN¶WH 6RQOX (OHPDQODU DQDOL]OHULQL VLP�OH HWPHN
LoLQ NXOODQÕODFDN 'HULQ g÷UHQPH PRGHOLQLQ WDKPLQVHO GH÷HUOHULQLQ WXWDUOÕOÕ÷ÕQÕ YH PRGHO
SHUIRUPDQVÕQÕQ DUWWÕUÕOPDVÕQD \|QHOLN �� oXEXNOX NDIHV VLVWHP �]HULQGH oHúLWOL GHQH\OHU
JHUoHNOHúWLUPLúOHUGLU� %HOLUOL H÷LWLP SDUDPHWUHOHUL YH L\LOHúWLUPHOHU VXQXOPXú� oHúLWOL
$NWLYDV\RQ )RQNVL\RQODUÕ� RSWLPL]DV\RQ WHNQLNOHUL YH IDUNOÕ DUD NDWPDQ VD\ÕODUÕ LOH HOGH
HWLNOHUL VRQXoODUÕ NDUúÕODúWÕUPDOÕ RODUDN SD\ODúPÕúODUGÕU� <DSÕVDO 0�KHQGLVOLN¶WH� 'HULQ
g÷UHQPH PRGHOL �]HULQGH \DSÕODFDN oHúLWOL WHNQLNOHU YH \DNODúÕPODUOD oHúLWOL \DSÕVDO
SUREOHPOHU �]HULQGH GDKD HWNLOL ELU úHNLOGH NXOODQÕODELOHFH÷LQL J|VWHUPLúOHUGLU� $QFDN LOJLOL
oDOÕúPDGD |QHULOHQ PRGHOOHU EDVLW ELU NDIHV VLVWHP WHVW SUREOHPL RODQ �� dXEXNOX .DIHV
6LVWHP �]HULQGH WHVW HGLOPLú� IDUNOÕ WHVW SUREOHPOHUL �]HULQGH PRGHOOHULQ HWNLQOL÷LQH YH\D
JHQHOOHúWLULOHELOHFH÷LQH GDLU ELU ELOJL\H UDVWODQPDPÕúWÕU�

0RWH YH .XPDU ������ µdHOLN <DSÕODU¶ÕQ øON 7DVDUÕPÕ LoLQ <DSD\ 6LQLU $÷Õ
.XOODQÕPÕ¶ EDúOÕNOÕ oDOÕúPDODUÕQGD WDVDUÕP YH DQDOL] G|QJ�OHULQLQ VD\ÕVÕQÕ |QHPOL |Oo�GH
D]DOWPDN YH SUDWLN KXVXVODU YH GL÷HU WDVDUÕP NÕVÕWODPDODUÕ LOH X\JXODQDELOLU ELU o|]�PH
XODúPDN LoLQ dHOLN <DSÕODU¶ÕQ LON WDVDUÕPÕQGD <DSD\ 6LQLU $÷ODUÕ NXOODQPDNWÕUODU� <DSD\
6LQLU $÷ODUÕ WDUDIÕQGDQ WDKPLQ HGLOHQ oÕNWÕODU� WDVDUÕPGD ELU EDúODQJÕo QRNWDVÕ RODUDN
NXOODQÕODELOPHNWHGLU� dDOÕúPDQÕQ NDSVDPÕ� ELU D\DNWDQ \�NOHQHQ EDVÕQo DOWÕQGDNL ELU DoÕ
NHVLWLQLQ LON WDVDUÕPÕQÕ WDKPLQ HWPHN LoLQ ELU <DSD\ 6LQLU $÷ODUÕ JHOLúWLUPH\L LoHUPHNWHGLU�
<DSD\ 6LQLU $÷Õ PLPDULVL ELU JLUGL� ELU DUD NDWPDQ YH ELU oÕNWÕ NDWPDQÕQGDQ ROXúPDNWDGÕU�
*LULú NDWPDQÕQGD VÕUDVÕ\OD WDVDUÕP JHQLúOL÷L� WDVDUÕP \�N� YH OLPLW QDULQOLN RUDQÕ GH÷HUL
�KL/r� RODUDN �o JLUGL GH÷HUL EXOXQPDNWDGÕU� NHVLWLQ JHQLúOLN �b� YH NDOÕQOÕN �t� oÕNWÕ
GH÷HUOHUL RODUDN DOÕQPÕúWÕU� <DSD\ 6LQLU $÷ODUÕ oÕNWÕ YHULOHUL V�UHNOL GH÷LúNHQOHU YH\D D\UÕN
GH÷LúNHQOHU RODUDN HOH DOÕQDUDN SUREOHP LoLQ DoÕ NHVLWLQLQ ER\XWXQX WDKPLQ HWPHN �]HUH D\UÕ
D\UÕ G�ú�Q�OP�ú� EX VHEHSOH 5HJUHV\RQ YH VÕQÕIODQGÕUPD \DNODúÕPODUÕ LoLQ LNL IDUNOÕ PRGHO



�

EHOLUOHQPLúWLU� 6�UHNOL GH÷LúNHQOHU LoLQ 5HJUHV\RQ YH D\UÕN GH÷LúNHQOHU LoLQ 6ÕQÕIODQGÕUPD
PRGHOL G�ú�Q�OP�ú YH LNL PRGHOLQ SHUIRUPDQV NDUúÕODúWÕUPDODUÕ \DSÕOPÕúWÕU� <DSD\ 6LQLU
$÷ODUÕ¶QÕQ RSWLPDO o|]�POHUL \DQVÕWDQ DUDPD X]D\ÕQGDQ HOGH HGLOHQ YHULOHU NXOODQÕODUDN
H÷LWLOPLú ROPDVÕ NRúXOX\OD� JOREDO RSWLPXP WDVDUÕP o|]�POHULQH \DNÕQ o|]�POHU
EXODELOPHN LoLQ <DSD\ 6LQLU $÷ODUÕ¶QÕQ NXOODQÕODELOHFH÷L VRQXFXQD YDUPÕúODUGÕU�

.UHPSVHU YG� ������ µ<DSÕVDO 2SWLPL]DV\RQ 3UREOHPOHUL LoLQ 9HNLO 0RGHOOHU
7DUDIÕQGDQ 'HVWHNOHQHQ 'LIHUDQVL\HO (YULP¶ EDúOÕNOÕ oDOÕúPDODUÕQGD RSWLPL]DV\RQ
SUREOHPOHULQGH SRS�OHU RODUDN NXOODQÕODQ SRS�ODV\RQ WDEDQOÕ 0HWDVH]JLVHO¶OHUGHQ ELUL RODQ
'LIHUDQVL\HO (YULP¶LQ KHVDSODPD DoÕVÕQGDQ SDKDOÕ SUREOHPOHUGH JHQHO SHUIRUPDQVÕQÕQ
L\LOHúWLULOPHVL LoLQ (Q <DNÕQ .RPúXOXN WHNQLNOHUL YH 'R÷UXVDO 5HJUHV\RQ WHNQL÷LQL LoHUHQ
ELU YHNLO PRGHO \DNODúÕPÕ |QHUPLúOHUGLU� .XOODQÕODQ 0HWDVH]JLVHO¶LQ IDUNOÕ ROPDVÕ YH YHNLO
PRGHO LoLQ IDUNOÕ ELU 0DNLQH g÷UHQPHVL \DNODúÕPÕ VXQXOPDVÕQD UD÷PHQ WH] NRQXVX RODUDN
VXQXODQ YHNLO PRGHOLQ DPDFÕQD EHQ]HU ELU SUREOHPH LúDUHW HWPHNWHGLU� $\QÕ úHNLOGH NDIHV
\DSÕODUÕQ D÷ÕUOÕN PLQLPL]DV\RQXQX |QHULOHQ SURVHG�U�Q SHUIRUPDQVÕQÕ GH÷HUOHQGLUPHN LoLQ
NXOODQPÕúWÕU� %XUDGD VXQXODQ YHNLO GHVWHNOL 'LIHUDQVL\HO (YULP WHNQLNOHUL� IDUNOÕ YDU\DQWODU
NXOODQDQ 'LIHUDQVL\HO (YULP¶LQ VWDQGDUW V�U�POHUL\OH NDUúÕODúWÕUÕOPÕúWÕU� 'HQH\OHU� EHQ]HU
úHNLOGH� V�UHNOL YH D\UÕN WDVDUÕP GH÷LúNHQOHULQH VDKLS EHú WHVW SUREOHPLQL LoHUHQ� DOWÕ IDUNOÕ
RSWLPL]DV\RQ SUREOHPLQGHQ ROXúPDNWDGÕU� dDOÕúPDGDNL RSWLPL]DV\RQ V�UHoOHULQGH YHNLO
PRGHOLQ �UHWWL÷L DGD\ODUÕQ HQ L\LVLQLQ 6RQOX (OHPDQODU DQDOL]LQH J|QGHULOPHVL YH
GH÷HUOHQGLULOPHVL\OH ELUOLNWH JHUHNVL] KHVDSODPD PDOL\HWOHULQLQ G�ú�U�OPHVLQLQ |QHPOL
ROGX÷X G�ú�Q�OPHNWHGLU�

.DYHK YG� ������ µ*HQHWLN DOJRULWPD YH 6LQLU $÷ODUÕ .XOODQÕODUDN øOHWLP
.XOHOHULQLQ 2SWLPXP 7DVDUÕPÕ¶ EDúOÕNOÕ oDOÕúPDODUÕQGD LOHWLP NXOHOHULQLQ Hú ]DPDQOÕ úHNLO�
ER\XW YH WRSRORML RSWLPL]DV\RQX V�UHoOHULQGH WDVDUÕP ELOLQPH\HQOHULQLQ VD\ÕVÕQÕ D]DOWPDN
YH DQDOL]OHUGH ]DPDQ�\R÷XQ PDWULVOHULQLQ WHUV oHYULOPHVL LKWL\DFÕQÕ RUWDGDQ NDOGÕUPDN LoLQ
(QHUML <|QHWLPL YH .XYYHW <|QWHPL¶QL ELUOHúWLUHQ ELU KHVDSODPD \DNODúÕPÕ
JHOLúWLUPLúOHUGLU� 2SWLPL]DV\RQ V�UHFLQL JHUoHNOHúWLUPHN �]HUH *|o *HQHWLN
$OJRULWPDVÕ¶QÕQ NXOODQÕOGÕ÷Õ oDOÕúPDGD� |QHULOHQ KHVDSODPD \DNODúÕPÕ\OD ELUOLNWH NXOODQÕODQ
*HQHWLN $OJRULWPD� VÕQÕUOÕ VD\ÕGD HOHPDQD VDKLS NXOHOHULQ RSWLPXP WDVDUÕPODUÕQGD
EDúDUÕOÕGÕU� $QFDN X\JXODPDGD NDUúÕODúÕODQ ELUoRN XQVXUX E�Q\HVLQGH EDUÕQGÕUDQ� oRN
HOHPDQOÕ LOHWLP NXOHOHULQLQ DQDOL]OHULQGH KHVDSODPD KÕ]Õ \HWHUVL] NDOPÕú YH ]DPDQ ]DPDQ
\HUHO RSWLPXPGD VÕNÕúPÕúWÕU� *OREDO RSWLPXPD \DNÕQ o|]�POHUH XODúPDN YH DQDOL]
VD\ÕODUÕQÕQ D]DOWÕOPDVÕ LoLQ <DSD\ 6LQLU $÷ODUÕ¶QÕQ |]HOOHúPLú ELU PRGHOL RODQ 5DG\DO %D]OÕ
øOHUL %HVOHPHOL 6LQLU $÷Õ NXOODQÕOPDVÕ |QHULOPLúWLU� 6HoLOHQ VLQLU D÷Õ EXODQÕN ELU \RUXPOD\ÕFÕ
RODUDN oDOÕúPDNWD YH V|]� HGLOHQ SUREOHPGH JLUGL YHULOHULQH X\JXQ RODUDN VSHVLILN oÕNWÕ
GH÷HUOHUL �UHWWL÷L LoLQ WHUFLK HGLOPLúWLU� (÷LWLP YHULOHUL EDúODQJÕoWD QHVLOGHNL DGD\
o|]�POHULQ NHVLQ DQDOL]OHULQLQ JHUoHNOHúWLULOGL÷L *HQHWLN $OJRULWPD LOH RSWLPL]DV\RQ V�UHFL
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ER\XQFD WRSODQPDNWDGÕU� <HWHUOL H÷LWLP YHULVLQLQ WRSODQPDVÕ\OD 5DG\DO %D]OÕ øOHUL
%HVOHPHOL 6LQLU $÷Õ H÷LWLOPHNWH YH VRQUDVÕQGD YHNLO RODUDN GHYUH\H JLUHUHN DQDOL]
VRQXoODUÕQD \DNODúÕN WDKPLQOHU �UHWPHNWHGLU� 6�UHo ER\XQFD 5DG\DO %D]OÕ øOHUL %HVOHPHOL
6LQLU $÷Õ WDUDIÕQGDQ MHQHUDV\RQXQ N�o�N ELU \�]GHVL NHVLQ DQDOL]H J|QGHULOLU YH DPDo
IRQNVL\RQXQXQ QHVLOGHNL DGD\ODUÕQ RUWDODPDVÕQGDNL VDSPDGDQ \ROD oÕNDUDN PRGHOLQ
YHULPOLOL÷L WDNLS HGLOPHNWHGLU� 0RGHO YHULPOLOL÷L NDEXO HGLOHELOLU ELU \�]GHQLQ DúD÷ÕVÕQD
G�úW�÷�QGH D÷ H÷LWLPL WHNUDUODQÕU� %X \DNODúÕPOD VRQUDNL QHVLOOHULQ WXWDUOÕ WDKPLQOHUL LoLQ
PRGHOLQ DUDPD X]D\ÕQÕ NDSVDPDVÕ YH HQWHUSRODV\RQ \HWHQH÷LQL ND]DQGÕUÕOPDVÕ D\UÕFD GLNNDW
oHNLFLGLU� %HQ]HU ELU D÷ H÷LWLP \DNODúÕPÕ LOJLOL WH] NRQXVX RODUDN VXQXODQ YHNLO PRGHOLQ
RSWLPL]DV\RQ V�UHFLQGH GH X\JXODQPÕúWÕU�

<X YG� ������ µ9HNLO 'HVWHNOL +L\HUDUúLN 3DUoDFÕN 6�U� 2SWLPL]DV\RQX¶ EDúOÕNOÕ
oDOÕúPDODUÕQGD WH] NRQXVX RODUDN VXQXODQ o|]�P \DNODúÕPÕQD EHQ]HU RODUDN� SUREOHPOHULQ
JOREDO RSWLPXPODUÕQÕQ EXOXQPDVÕQGD 0HWDVH]JLVHO RSWLPL]DV\RQ DOJRULWPDODUÕQÕQ X\JXQOXN
GH÷HUOHQGLUPHOHULQLQ X]XQOX÷XQGDQ ND\QDNOÕ RODUDN KHVDSODPD PDOL\HWOHULQLQ \�NVHN
ROPDVÕ YH JHUoHN G�Q\D SUREOHPOHULQGH SUDWLNWH X\JXODQDPDPDVÕ SUREOHPLQH o|]�P RODUDN
<DSD\ 6LQLU $÷Õ WDEDQOÕ ELU YHNLO PRGHO |QHUPLúOHUGLU� 6WDQGDUW 3DUoDFÕN 6�U�
2SWLPL]DV\RQX DOJRULWPDVÕQGDQ YH ELU 6RV\DO g÷UHQPH 3DUoDFÕN 6�U� RSWLPL]DV\RQ
DOJRULWPDVÕQGDQ ROXúDQ \�NVHN ER\XWOX SUREOHPOHU LoLQ YHNLO GHVWHNOL KL\HUDUúLN 3DUoDFÕN
6�U� L\LOHúWLULFLVL JHOLúWLUPLúOHUGLU� %XUDGD 3DUoDFÕN 6�U� 2SWLPL]DV\RQX YH YHNLO GHVWHNOL
KL\HUDUúLN 3DUoDFÕN 6�U� 2SWLPL]DV\RQX� DUDPD DODQÕQÕ NHúIHWPHN YH NXOODQPDN LoLQ
ELUOLNWH oDOÕúÕU YH Hú ]DPDQOÕ RODUDN YHNLO PRGHOLQ N�UHVHO YH \HUHO SHUIRUPDQVÕQÕ
L\LOHúWLUPHNWHGLU� 9HNLOOHULQ \|QHWLPLQGHNL X\JXQOX÷XQXQ \DQÕQGD NDUPDúÕN RSWLPL]DV\RQ
SUREOHPOHULQLQ N�UHVHO RSWLPXP GH÷HUOHULQL \DNDODPDGD oRN X\JXQ ROGXNODUÕQÕ
G�ú�QG�NOHUL *DXVVLDQ 6�UHFL¶QLQ �*3� KLSHUSDUDPHWUHOHULQLQ RSWLPL]H HGLOPHVLQLQ oRN
]DPDQ DOÕFÕ RODELOHFH÷LQL G�ú�QG�NOHULQGHQ GROD\Õ YHNLO RODUDN PHYFXW V�U�Q�Q DUDGÕ÷Õ
E|OJHGHNL X\JXQOXN IRQNVL\RQXQXQ JOREDO SURILOLQH \DNODúÕUNHQ� GL÷HU \DQGDQ X\JXQOXN
RUWDPÕQÕQ \HUHO D\UÕQWÕODUÕQÕ |÷UHQHELOGL÷L LoLQ 5DG\DO %D]OÕ øOHUL %HVOHPHOL 6LQLU $÷Õ¶QÕ
WHUFLK HWPLúOHUGLU� 5DG\DO %D]OÕ øOHUL %HVOHPHOL 6LQLU $÷Õ PRGHOLQLQ ROXúWXUXOPDVÕ LoLQ /DWLQ
+LSHUN�S gUQHNOHPHVLQL NXOODQDUDN DUDPD X]D\ÕQGDQ SRS�ODV\RQ E�\�NO�÷�QGHQ GDKD
ID]OD DGD\ODUÕ LoHUHQ ELU EDúODQJÕo o|]�P� ROXúWXUXOPXú YH WDP X\JXQOXN IRQNVL\RQX LOH
DGD\ODU GH÷HUOHQGLULOHUHN EX GH÷HUOHU DUDVÕQGDQ HQ L\L µ1¶ WDQHVL VHoLOHUHN EX DGD\ODU
DUDVÕQGDQ GD \LQHOHQPHPLú HQ L\L µ3¶ NDGDUÕ DOÕQDUDN 5DG\DO %D]OÕ øOHUL %HVOHPHOL 6LQLU $÷Õ
PRGHOL H÷LWLOPLúWLU� dDOÕúPDGD JHQHOOHúWLULOPLú ELU 5DG\DO %D]OÕ øOHUL %HVOHPHOL 6LQLU $÷Õ
PRGHOLQLQ GHWD\ODUÕ SD\ODúÕOPDPÕúWÕU� gQHULOHQ YHNLO GHVWHNOL KL\HUDUúLN 3DUoDFÕN 6�U� LOH
5DG\DO %D]OÕ øOHUL %HVOHPHOL 6LQLU $÷Õ¶QLQ HQ L\L DGD\ODUÕ EXOXQPXú YH EX DGD\ODU WDP
X\JXQOXN IRQNVL\RQX LOH X\JXQOXN GH÷HUOHUL EXOXQDUDN ELU OLVWHGH WRSODQPÕúWÕU� /LVWHGHNL
GH÷HUOHULQ GH÷LúLPOHULQH J|UH 5DG\DO %D]OÕ øOHUL %HVOHPHOL 6LQLU $÷Õ PRGHOLQLQ
J�QFHOOHQPHVL LOH D÷ÕQ WDKPLQ \HWHQH÷LQLQ SHUIRUPDQVÕ YH PRGHOLQ NDSVD\ÕFÕOÕ÷Õ
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DUWWÕUÕOPÕúWÕU� 7HVW SUREOHPOHUL �]HULQGH VXQXODQ PRGHO LOH \DSÕODQ RSWLPL]DV\RQ V�UHoOHUL
ER\XQFD V�U�GHNL SDUoDFÕNODUÕQ X\JXQOX÷XQXQ YHNLO PRGHO LOH WDKPLQ HGLOLS \DOQÕ]FD HQ
L\LOHULQ X\JXQOXN IRQNVL\RQX LOH GH÷HUOHQGLULOHUHN 3DUoDFÕN 6�U� 2SWLPL]DV\RQX¶QXQ
�]HULQGHNL KHVDSODPD \�N�Q�Q D]DOWÕOGÕ÷Õ SD\ODúÕOPÕúWÕU�

7DVKDNRUL YH $GHOL ������¶QLQ µ6LQLU 'LQDPL÷L 0RGHOL .XOODQÕODUDN 6R÷XN
ùHNLOOHQGLULOPLú dHOLN 8]D\ <DSÕODUÕQÕQ 2SWLPXP 7DVDUÕPÕ¶ EDúOÕNOÕ oDOÕúPDODUÕQGD
WDVDUÕPODUÕQGD GR÷UXVDO ROPD\DQ� NDUPDúÕN NXUDOODU YH V�UHNVL] NÕVÕWODU EXOXQGXUDQ UHVPL
ELU RSWLPL]DV\RQ \DNODúÕPÕ ROPDGDQ HQ HNRQRPLN NHVLWOHULQ VHoLPLQLQ QHUHGH\VH LPNDQVÕ]
RODUDN GH÷HUOHQGLULOGL÷L� WLFDUL RODUDN WHPLQ HGLOHELOHQ VR÷XN úHNLOOHQGLULOPLú NHVLWOHUGHQ
�UHWLOPLú X]D\ NDIHVOHULQ RSWLPXP WDVDUÕPÕ LoLQ $GHOL YH 3DUN¶ÕQ SDWHQWOL KLEULW &31�Q|UDO
GLQDPLN PRGHOL �$%'� 3DWHQW ���������� �� (\O�O ����� �$GHOL YH 3DUN� ����� 3DUN YH
$GHOL� ������ $PHULNDQ 'HPLU YH dHOLN (QVWLW�V� �$,6,� VSHVLILNDV\RQXQD X\JXQ RODUDN
X\DUODQPÕúWÕU� dDOÕúPDGD PRGHOLQ� P�NHPPHO \DNÕQVDPD VRQXoODUÕQD VDKLS ���� �\HOL
E�\�N ELU \DSÕ GD GDKLO ROPDN �]HUH� X]XQ DoÕNOÕNOÕ WLFDUL ELQDODUGD oDWÕ \DSÕODUÕ RODUDN
\D\JÕQ RODUDN NXOODQÕODQ ELUNDo X]D\ NDIHV NLULúL LoLQ PLQLPXP D÷ÕUOÕN WDVDUÕPÕQÕ EXOPDN
LoLQ NXOODQÕOGÕ÷Õ EHOLUWLOPLúWLU� %X oDOÕúPD <DSD\ 6LQLU $÷ODUÕ WDEDQOÕ ELU RSWLPL]DV\RQ
PRGHOLQ GLUHN RODUDN JHUoHN G�Q\D NDIHV VLVWHP SUREOHPOHULQH X\DUODQDELOPHVL DGÕQD
|QHPOL ELU oDOÕúPD RODUDN J|U�OPHNWHGLU�

'X YG� ������ µ<DSÕ 7DVDUÕP 3UREOHPOHUL LoLQ +LSHUSDUDPHWUH 2SWLPL]DV\RQXQXQ
0DNLQH g÷UHQLPL 0RGHOOHUL h]HULQGHNL (WNLVLQL $QODPDN¶ EDúOÕNOÕ oDOÕúPDODUÕQGD <DSÕ
0�KHQGLVOL÷L¶QGH 6RQOX (OHPDQODU VLP�ODV\RQODUÕQÕ NXOODQDUDN WDVDUÕP
GH÷HUOHQGLUPHOHULQLQ KHVDSODPD PDOL\HWLQL D]DOWPDN LoLQ� ELOJLVD\DU GHVWHNOL P�KHQGLVOLN
WDVDUÕPÕQGD WDVDUÕP GH÷LúNHQOHUL DUDVÕQGDNL NDUPDúÕN LOLúNLOHUL YH E�\�N YHUL N�PHOHULQGHQ
JHOHQ \DQÕWODUÕ |÷UHQPH \HWHQHNOHUL QHGHQL\OH YHNLO PRGHOOHU RODUDN NXOODQÕODQ 0DNLQH
g÷UHQPHVL 5HJUHV\RQ PRGHOOHULQLQ KLSHUSDUDPHWUHOHULQ RSWLPDO GH÷HUOHULQL DUDPDN LoLQ ELU
\DNODúÕP |QHULOPHNWHGLU� *DXVV 6�UHo 5HJUHV\RQX� 'HVWHN 9HNW|U 0DNLQHOHUL �690��
5DVWJHOH 2UPDQ 5HJUHV\RQX �5)5� YH <DSD\ 6LQLU $÷Õ �<6$� ROPDN �]HUH YHNLO RODUDN
VÕNOÕNOD NXOODQÕODQ G|UW 0DNLQH g÷UHQPHVL DOJRULWPDODUÕQÕQ RSWLPXP KLSHUSDUDPHWUHOHUL�
\DSÕ WDVDUÕPÕ RSWLPL]DV\RQXQXQ G|UW NDUúÕODúWÕUPDOÕ RODUDN WHVW HGLOPLú� YHNLO PRGHOOHULQ
GR÷UXOX÷X� VD÷ODPOÕ÷Õ YH KHVDSODPD PDOL\HWOHUL �]HULQGHNL HWNLVL DUDúWÕUÕOPÕúWÕU�
+LSHUSDUDPHWUH RSWLPL]DV\RQX WDUDIÕQGDQ \DSÕODQ L\LOHúWLUPHOHULQ� oHúLWOL NDUPDúÕNOÕNODUD
VDKLS VSHVLILN SUREOHPOHUH ED÷OÕ ROGX÷X EHOLUOHQPLúWLU� +LSHUSDUDPHWUH RSWLPL]DV\RQX
SHUIRUPDQVÕ� NDUÕúÕN GH÷LúNHQOHU YH J|UHFH GDKD \�NVHN ER\XWOX WDVDUÕP DODQÕ LOH NDUPDúÕN
SUREOHPOHU HOH DOÕQÕUNHQ VDELW ROPDPDNWDGÕU� +LSHUSDUDPHWUHOHULQ D\DUODQPDVÕQGDQ |QFHNL
YH VRQUDNL H÷LWLP PDOL\HWOHUL GH WHN ELU H÷LWLP V�UHFL LOH GH÷HUOHQGLULOPHNWHGLU� 5DVWJHOH
2UPDQ 5HJUHV\RQX �5)5�¶QXQ DUGÕQGDQ <DSD\ 6LQLU $÷ODUÕ¶QÕQ H÷LWLP V�UHVLQLQ�
KLSHUSDUDPHWUH RSWLPL]DV\RQXQD NDUúÕ HQ \�NVHN KDVVDVL\HWL J|VWHUGL÷L WHVSLW HGLOPLúWLU�
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*HQHO RODUDN KLSHUSDUDPHWUH RSWLPL]DV\RQX YDVÕWDVÕ\OD G�ú�N KDWD LOH 0DNLQH g÷UHQPHVL
DOJRULWPDODUÕ WDEDQOÕ YHNLO PRGHOOHULQ JHOLúWLULOHELOHFH÷L NDUúÕODúWÕUPDOÕ WHVW VRQXoODUÕ LOH
SD\ODúÕOPÕúWÕU� +LSHUSDUDPHWUHOHULQ GR÷UXGDQ KD]ÕU 0DNLQH g÷UHQPHVL DOJRULWPD SDNHWOHUL
WDUDIÕQGDQ VD÷ODQDQ YDUVD\ÕODQ GH÷HUOHUOH YH\D GHQHPH \DQÕOPD\D GD\DQDQ GH÷HUOHUOH
EHOLUOHQPHVL \HULQH EX KLSHUSDUDPHWUHOHULQ RSWLPL]DV\RQX LoLQ JHQHO ELU \DNODúÕP
|QHULOPHVL DoÕVÕQGDQ |QHPOL ELU oDOÕúPD RODUDN J|U�OPHNWHGLU�

dHúLWOL NÕVÕWODU LoHUHQ RSWLPL]DV\RQ SUREOHPOHULQGH \DSÕODQ H÷LWLPLQ YHULPLQH ED÷OÕ
RODUDN KDWD IRQNVL\RQX ´0XWODN )DUN´ YH\D ´2UWDODPD .DUHVHO +DWD´ VHoLOGL÷LQGH� KHGHI
oÕNWÕODU YH YHNLOLQ WDKPLQ HWWL÷L oÕNWÕODU DUDVÕQGD ELU IDUN RODFDNWÕU� %LU RSWLPL]DV\RQ
V�UHFLQGH VDGHFH YHNLOLQ oÕNWÕ RODUDN �UHWWL÷L WDKPLQVHO oÕNWÕODUÕQ NXOODQÕOPDVÕ KHP NÕVÕW
LKODOOHULQH VHEHS RODFDN KHP GH NXOODQÕODQ RSWLPL]DV\RQ DOJRULWPDVÕQÕ RSWLPDOGHQ X]DN
VRQXoODUD J|W�UHFHNWLU� %X VRUXQD FHYDS DUD\DQ /HH YG� ������ µ.ÕVÕWOÕ <DNODúÕN
2SWLPL]DV\RQ LoLQ *HUL <D\ÕOÕP 6LQLU $÷ODUÕQÕQ 0HWDPRGHOOHPHVLQGH 7�UHY YH *HQHWLN
$OJRULWPD 7DEDQOÕ <|QWHPOHU¶ EDúOÕNOÕ oDOÕúPDODUÕQGD \DNODúÕN RSWLPDO o|]�P�Q NÕVÕWODPD
IL]LELOLWHVLQL VD÷OD\DQ *HUL <D\ÕOÕP 6LQLU $÷Õ �*6$� WDEDQOÕ ELU YHNLO PRGHO |QHUPLúOHUGLU�
0RGHO ELU GÕú FH]D IRQNVL\RQX \DNODúÕPÕ LOH IRUP�OH HGLOPLú� KHGHI oÕNWÕODU YH \DNODúÕN
oÕNWÕODU DUDVÕQGDNL HúLWVL]OLN LOLúNLOHUL HNOHQHUHN NÕVÕW IRQNVL\RQXQD HNOHQHFHN úHNLOGH
GH÷LúWLULOPLúWLU� %|\OHFH YHNLOLQ �UHWWL÷L oÕNWÕ GH÷HUOHULQGHQ ND\QDNODQDQ NÕVÕW LKODOOHULQLQ
|Q�QH JHoPH\H oDOÕúPÕúODUGÕU� gQHULOHQ \DNODúÕP VWDQGDUW ELU �� oXEXN NDIHV SUREOHPL
�]HULQGH LQFHOHQPLúWLU� $\UÕFD |QHULOHQ JHUL \D\ÕOÕP VLQLU D÷Õ �*6$� PLPDULVLQLQ D÷GDNL
NDWPDQODU DUDVÕQGDNL DUD ED÷ODQWÕ D÷ÕUOÕNODUÕQÕ EHOLUOHPHN LoLQ KHP W�UHY WDEDQOÕ \|QWHP
KHP GH *HQHWLN $OJRULWPD �*$� ROPDN �]HUH LNL \DNODúÕPOD RSWLPL]H HGLOPLú YH
SDUDPHWUHOHULQ RSWLPL]DV\RQX LoLQ NDUúÕODúWÕUPDOÕ VRQXoODUÕ SD\ODúÕOPÕúWÕU�

/DJDURV YH 3DSDGUDNDNLV ������ µ<DSÕVDO 2SWLPL]DV\RQGD .XOODQÕODQ 6LQLU
$÷ODUÕQÕQ g÷UHQPH ø\LOLúWLUPHVL¶ EDúOÕNOÕ oDOÕúPDODUÕQGD \DSÕVDO RSWLPL]DV\RQ V�UHFL LoLQ
NXOODQGÕNODUÕ (YULP 6WUDWHMLOHUL �(6�¶QLQ 6RQOX (OHPDQODU LOH WHNUDUOÕ ]DPDQ DOÕFÕ \DSÕVDO
DQDOL]OHUGHQ ND\QDNOÕ KHVDSODPD PDOL\HWOHULQL D]DOWPDN LoLQ <DSD\ 6LQLU $÷ODUÕQÕQ YHNLO
RODUDN NXOODQÕOGÕ÷Õ KLEULW ELU PRGHO |QHUPLúOHUGLU� $\UÕFD JHOHQHNVHO RODUDN NXOODQÕODQ øOHUL
%HVOHPHOL <DSD\ 6LQLU $÷Õ PLPDULOHULQLQ� NXOODQÕODQ DNWLYDV\RQ IRQNVL\RQXQXQ N|W�
|]HOOLNOHULQGHQ GROD\Õ N|W� NRúXOOX -DFRELDQ 0DWULVOHUL �UHWPHVLQLQ PXKWHPHOOL÷LQH
GH÷LQHUHN� EX WLS N|W� NRúXOODQGÕUPD\D ELUoRN X\JXODPDGD UDVWODQGÕ÷ÕQGDQ D÷ H÷LWLPLQLQ
SHUIRUPDQVÕQÕQ� |÷UHQPH V�UHFL VÕUDVÕQGD X\JXQ úHNLOGH J�QFHOOHQPLú ELU ND]DQo
SDUDPHWUHVL LOH X\DUODQDELOLU ELU 6LJPRLG $NWLYDV\RQ )RQNVL\RQX LOH D÷ SHUIRUPDQVÕQÕ
L\LOHúWLUPH\L DPDoOD\DQ ELU PHWRGRORML GH VXQPXúODUGÕU� <DSD\ 6LQLU $÷Õ WDKPLQOHULQLQ
NDOLWHVL� <DSD\ 6LQLU $÷Õ¶QÕQ NRúXOODQGÕUPDVÕQÕ L\LOHúWLUPHN LoLQ |QHULOHQ \DNODúÕPÕQ
KHVDSODPD DYDQWDMODUÕQÕQ J|VWHULOGL÷L� (6 LOH RSWLPL]H HGLOPLú �o \DSÕVDO WDVDUÕP
SUREOHPLQGH DUDúWÕUÕOPÕúWÕU� <DSD\ 6LQLU $÷Õ WDEDQOÕ \DSÕVDO DQDOL] VDGHFH \DNODúÕN VRQXoODU
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YHUHELOGL÷L LoLQ |]HOOLNOH NÕVÕWODUÕQ WDKPLQ GH÷HUOHULQLQ� DU]X HGLOHQ YH DU]X HGLOPH\HQ
E|OJHOHUL E|OHQ VÕQÕUD \DNÕQ ROGX÷X GXUXPODUGD� RUWD\D oÕNDELOHFHN WXWDUVÕ] WDKPLQOHUL
|QOHPHN LoLQ oÕNWÕ GH÷HUOHULQGH ELU G�]HOWPH \DSÕOPDVÕ |QHULOPHNWHGLU� %X QHGHQOH <DSD\
6LQLU $÷ODUÕ NRQILJ�UDV\RQXQXQ PDNVLPXP WHVW KDWDVÕQD EHQ]HU úHNLOGH L]LQ YHULOHQ
NÕVÕWODPD GH÷HUOHULQLQ ELU ´G�]HOWPHVL´ JHUoHNOHúWLULOPLúWLU� 0DNVLPXP WHVW KDWDVÕ� WHVW
YHULOHUL DUDVÕQGD oÕNWÕ GH÷HUOHULQLQ HQ E�\�N RUWDODPD KDWDVÕ RODUDN DOÕQPÕú� WDKPLQ HGLOHQ
GH÷HUOHU� QRUPDO \DSÕVDO DQDOL]GHQ HOGH HGLOHQ GH÷HUOHUGHQ GDKD N�o�N ROGX÷XQGD�
NÕVÕWODPDODUÕQ L]LQ YHULOHQ GH÷HUOHUL� <DSD\ 6LQLU $÷ODUÕ NRQILJ�UDV\RQXQXQ PDNVLPXP WHVW
KDWDVÕQD J|UH D]DOWÕOPÕú YH EX \DNODúÕPÕQ NÕVÕW LKODOOHULQH VHEHEL\HW YHUGL÷L YH WH] NRQXVX
RODUDN VXQXODQ oDOÕúPDGD <DSD\ 6LQLU $÷ODUÕ GH÷HUOHULQLQ 6RQOX (OHPDQODU WDKPLQOHULQGH
E|\OH ELU \DNODúÕPOD� KHUKDQJL ELU úHNLOGH \HU YHULOPHGL÷L EHOLUWLOPHOLGLU�

0HVVQHU ������ µ3HUL\RGLN <DSÕODUÕQ 0HNDQLN g]HOOLNOHUL LoLQ (YULúLPOL 6LQLU $÷Õ
7DEDQOÕ 9HNLO 0RGHOOHU¶ EDúOÕNOÕ oDOÕúPDVÕQGD SHUL\RGLN NRPSR]LWOHULQ HWNLOL PHNDQLN
|]HOOLNOHULQL KHVDSODPDN LoLQ (YULúLPVHO <DSD\ 6LQLU $÷Õ PRGHOLQL NXOODQPDNWDGÕU� 9HNLO
PRGHO RODUDN J|U�QW� WDQÕPD V�UHoOHUL LoLQ |]HOOHúPLú (YULúLPVHO <DSD\ 6LQLU $÷Õ
PRGHOLQLQ NXOODQÕOPDVÕ DoÕVÕQGDQ |]J�Q ELU oDOÕúPD RODUDN QLWHOHQGLULOHELOLU� øOJLOL
oDOÕúPDGD (YULúLPOL 6LQLU $÷Õ¶QÕQ� SHUL\RGLN NRPSR]LWOHULQ PHNDQLN |]HOOLNOHULQL |QJ|UHQ
GDKD \DYDú WDP o|]�POHQPLú VLP�ODV\RQODU LoLQ KÕ]OÕ ELU YHNLO PRGHO RODUDN KL]PHW
HGHELOHFH÷L YXUJXODQPDNWDGÕU� %LoLPVHO RODUDN LQFHOHQGL÷LQGH (YULúLPOL 6LQLU $÷Õ ELU
J|U�QW� 5HJUHV\RQ SUREOHPL RODUDN SHUL\RGLN \DSÕODUÕQ HWNLQ PHNDQLN |]HOOLNOHULQLQ
EHOLUOHQPHVLQL VD÷ODPDNWDGÕU� <DSÕQÕQ LNLOL %LWPDS J|U�QW�V� RODUDN WDQÕPODPDVÕ
YHULOGL÷LQGH� PRGHO KRPRMHQOHúWLULOPLú� SHUL\RGLN VLVWHPLQ PHNDQLN |]HOOLNOHULQL HWNLOL ELU
ELoLPGH WDKPLQ HGHELOPHNWHGLU� $QFDN EX YHNLO PRGHOL ROXúWXUPDQÕQ KHVDSODPD
PDOL\HWLQH� H÷LWLP YHULWDEDQÕQÕ ROXúWXUPD PDOL\HWL KDNLPGLU� $PDo� SHUL\RGLN \DSÕODUÕQ
HWNLQ |]HOOLNOHULQL KHVDSODPDN LoLQ KÕ]OÕ YHNLO ELU PRGHO VXQPDNWÕU DQFDN D÷ÕQ H÷LWLPL LoLQ �
PLO\RQ YHUL �UHWLOPLú YH EX YHUL VHWLQLQ �UHWLOPHVL LoLQ 6RQOX (OHPDQODU VLP�ODV\RQXQXQ
GHIDODUFD oD÷ÕUÕOPDVÕ LOH KHVDSODPD PDOL\HWOHULQLQ ELU KD\OL DUWWÕ÷Õ GLNNDW oHNPHNWHGLU� <LQH
GH oDOÕúPDGD GD EHOLUWWL÷L �]HUH D\QÕ YHNLO PRGHOLQ ELUGHQ ID]OD X\JXODPDGD
NXOODQÕODELOPHVL� H÷LWLP YHULOHULQLQ �UHWLOPHVLQLQ PDOL\HWLQLQ DPRUWLVPDQD WDEL WXWXOPDVÕQÕ
VD÷OD\DELOLU� 2UWD\D oÕNDQ YHNLO PRGHOLQ� WHUV SUREOHPOHUL o|]PHN LoLQ \HWHULQFH GR÷UX
ROGX÷X J|U�OP�ú DQFDN PRGHO GR÷UXOX÷XQX L\LOHúWLUHELOHFHN YH JHUHNOL H÷LWLP YHULWDEDQÕQÕQ
ER\XWXQX D]DOWDELOHFHN PHNDQLN SUREOHPOHU LoLQ X]PDQODúPÕú JHOLúWLULOPLú D÷
WRSRORMLOHULQLQ EHOLUOHQPHVLQLQ JHUHNOL ROGX÷X J|U�OP�úW�U�

.DOOLRUDV YG� ������ µ'HULQ g÷UHQPH <ROX\OD +Õ]ODQGÕUÕOPÕú 7RSRORML
2SWLPL]DV\RQX¶ EDúOÕNOÕ oDOÕúPDODUÕQGD o|]�POHUL VRQ GHUHFH ]DPDQ DOÕFÕ RODQ WRSRORML
RSWLPL]DV\RQ SUREOHPOHULQL o|]PHN DPDFÕ\OD &H]DODQGÕUPDOÕ .DWÕ ø]RWURSLN 0DO]HPH
KHVDSODPD YHULPOLOL÷LQL DUWWÕUPDN LoLQ 'HULQ øQDQo $÷ODUÕ HQWHJUH HGLOPLú ELU \DNODúÕP
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JHOLúWLUPLúOHUGLU� 7RSRORML RSWLPL]DV\RQ SURVHG�U�Q� KÕ]ODQGÕUPD\Õ DPDoOD\DQ EX
oDOÕúPDGD� GHULQ |÷UHQPH\H GD\DQDQ \HQL ELU LNL DúDPDOÕ PHWRGRORML |QHULOPLúWLU�
&H]DODQGÕUPDOÕ .DWÕ ø]RWURSLN 0DO]HPH � WRSRORML RSWLPL]DV\RQ SUREOHPLQLQ o|]�P� LoLQ
L\L ELOLQHQ ELU \DNODúÕP RODUDN GH÷HUOHQGLULOGL÷LQGHQ� |]HOOLNOH� WRSRORML RSWLPL]DV\RQ
SUREOHPOHULQL o|]PHN LoLQ 'HULQ øQDQo $÷ODUÕ� &H]DODQGÕUPDOÕ .DWÕ ø]RWURSLN 0DO]HPH
\DNODúÕPÕQD HQWHJUH HGLOPLúWLU� $\UÕQWÕOÕ RODUDN� 'HULQ øQDQo $÷ODUÕ� QLKDL VRQXFX LOH
&H]DODQGÕUPDOÕ .DWÕ ø]RWURSLN 0DO]HPH \DNODúÕPÕQÕQ LON \LQHOHPHOHUL ER\XQFD DODQÕQ KHU
6RQOX (OHPDQÕQÕQ \R÷XQOXN GH÷HUOHUL DUDVÕQGDNL GDKD \�NVHN GHUHFHOL ED÷ODQWÕODUÕQÕ
NHúIHWPHN LoLQ NXOODQÕOPÕúWÕU� 'HULQ øQDQo $÷ODUÕ� ELUNDo D\UÕNODúWÕUPD X\JXOD\DQ LNL WLSLN
WRSRORML RSWLPL]DV\RQX WHVW |UQH÷L NXOODQÕODUDN ROXúWXUXODQ LNL H÷LWLP YHUL N�PHVL �]HULQGH
H÷LWLOPLúWLU� (÷LWLOHQ D÷ GDKD VRQUD� |QHULOHQ PHWRGRORMLQLQ SHUIRUPDQVÕQÕQ YH VD÷ODPOÕ÷ÕQÕQ
H÷LWLP SDUDPHWUHOHUL� GLNNDWH DOÕQDQ YHUL N�PHOHUL YH VÕQÕIODQGÕUPD W�U� DoÕVÕQGDQ WHVW
HGLOGL÷L oHúLWOL �% YH �% WRSRORML RSWLPL]DV\RQX WHVW |UQHNOHULQH X\JXODQPÕúWÕU� dDOÕúPDQÕQ
LKWL\DoODUÕ GR÷UXOWXVXQGD \DSÕODQ WHVWOHUGHQ KDUHNHWOH� |QHULOHQ PHWRGRORMLQLQ H÷LWLP YH
VÕQÕIODQGÕUPD LoLQ NXOODQÕODQ SDUDPHWUHOHU YH YHUL VHWOHULQGHQ ED÷ÕPVÕ] RODUDN KHU GXUXPGD
&H]DODQGÕUPDOÕ .DWÕ ø]RWURSLN 0DO]HPH \|QWHPLQL KÕ]ODQGÕUPDGD EDúDUÕOÕ ROGX÷X
J|]OHPOHQPLúWLU�

6KDULIL YG� ������ µ+�FUHVHO dHOLN ,�.LULúOHULQ <DQDO %XUXOPD %XUNXOPD 'D\DQÕPÕ
'H÷HUOHQGLUPHVL LoLQ 6LQLU $÷ODUÕ¶ EDúOÕNOÕ oDOÕúPDODUÕQGD <DQDO %XUXOPD %XUNXOPDVÕ¶QD
PDUX] NDODQ +�FUHVHO dHOLN .LULú¶OHULQ KDVDU \�NOHULQL WDKPLQ HWPHN LoLQ PRGHOOHQPLú
<DSD\ 6LQLU $÷Õ¶QD GD\DOÕ \HQL ELU IRUP�O |QHULOPLúWLU� gQHULOHQ IRUP�O� <DQDO %XUXOPD
%XUNXOPDVÕ DOWÕQGD oHOLN K�FUHVHO NLULúOHULQ GD\DQÕP NDSDVLWHVLQLQ WDKPLQOHULQL
LoHUPHNWHGLU� +�FUHVHO dHOLN .LULú¶LQ HQLQH NHVLW |]HOOLNOHUL� GDLUHVHO K�FUHQLQ oDSÕ� LNL
ELWLúLN K�FUHQLQ PHUNH] oL]JLOHUL DUDVÕQGDNL ERúOXN� \�N YH PHVQHW NRQXPODUÕ DUDVÕQGDNL
ERúOXN� oHOL÷LQ WLSL YH QDULQOL÷L JLEL JLUGL SDUDPHWUHOHUL LOH VLQLU D÷Õ PRGHOL NXOODQÕODUDN
H÷LWLOPLúWLU� <DQDO EXUXOPD EXUNXOPD GD\DQÕPÕQÕ HWNLOH\HELOHFHN W�P SDUDPHWUHOHU GLNNDWH
DOÕQDUDN SUDWLN ELU IRUP�O GH÷HUOHQGLULOPH\H oDOÕúÕOPÕúWÕU� +HUELU JLULú SDUDPHWUHOHULQLQ
WXWDUOÕOÕ÷ÕQÕ EHOLUOHPHN LoLQ *DUVRQ $OJRULWPDVÕ �*DUVRQ� ����� NXOODQÕODUDN ELU GL]L
GX\DUOÕOÕN DQDOL]L GH JHUoHNOHúWLULOPLúWLU� gQHULOHQ WDVDUÕP IRUP�O�Q� +�FUHVHO dHOLN
.LULú¶OHULQ GD\DQÕPÕQÕQ DOWÕQGD \DWDQ IL]LNVHO GDYUDQÕúÕ \DNDODPD \HWHQH÷LQH VDKLS ROGX÷X
J|VWHULOPLúWLU� 'DKD VRQUD |QHULOHQ IRUP�O LOH $YXVWUDO\D 6WDQGDUWÕ¶QGDQ �$6����� HOGH
HGLOHQ WDKPLQOHU DUDVÕQGD ELU NDUúÕODúWÕUPD \DSÕOPÕúWÕU� 6RQXoODU� |QHULOHQ IRUP�O�Q $6����
WDVDUÕP NÕODYX]ODUÕQGDQ GDKD GR÷UX WDKPLQOHU HOGH HWWL÷LQH GDLU ED]Õ NDQÕWODU VXQPDNWDGÕU�

1LXWWD YG� ������ dDUSÕúPD\D GD\DQÕNOÕ WDVDUÕPGD N|W� WDVDUODQPÕú SUREOHPOHU LoLQ
\HQL ELU \DNODúÕP RODUDN ¶6�UHNVL] 7HSNLOHUH 6DKLS <DSÕODUÕQ 7DVDUÕP 2SWLPL]DV\RQXQGD
9HNLO 0RGHOOHPH¶ EDúOÕNOÕ oDOÕúPDODUÕQGD DUWDQ KHVDSODPD J�F�\OH� \DSÕVDO WDVDUÕP
RSWLPL]DV\RQXQGD JHoLFL GR÷UXVDO ROPD\DQ GDYUDQÕúODUD PDUX] NDODQ oDUSÕúPD\D GD\DQDNOÕ
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\DSÕODUÕQ HWNLOL YH YHULPOL ELU úHNLOGH WDVDUODQDELOPHVL LoLQ \HQL ELU YHNLO PRGHOOHPH WHNQL÷L
|QHUPLúOHUGLU� 7LSLN N�UHVHO YHNLO PRGHOOHULQ X\JXODQDELOLUOL÷LQLQ� NULWLN V�UHNVL]OLNOHU
PHYFXW ROGX÷XQGD VÕQÕUOÕ ROPDVÕ SUREOHPLQGHQ \ROD oÕNDUDN VLVWHP IRQNVL\RQODUÕQGD E�\�N
GH÷LúLNOLNOHUH QHGHQ RODQ WDVDUÕP GH÷LúNHQOHULQH LOLúNLQ \DQÕWODUGDNL V�UHNVL]OLNOHU HOH
DOÕQPÕúWÕU� %XUDGD V�UHNVL]OLNOHULQ VD\ÕVÕQÕ YH WDVDUÕP DODQÕQGDNL NRQXPODUÕQÕ EHOLUOHPHN
LoLQ ELU \|QWHP JHOLúWLULOPLúWLU� %X \|QWHP� V�UHNVL]OLNOHULQ YDUOÕ÷ÕQÕ� VD\ÕVÕQÕ YH NRQXPXQX
YH EXQODUÕQ \DSÕVDO WDVDUÕP RSWLPL]DV\RQ V�UHFLQH HQWHJUDV\RQXQX WDQÕPODPDNWDGÕU� 6D\Õ
YH NRQXPGDNL V�UHNVL]OLNOHULQ EHOLUOHQPHVL� KHU V�UHNOL DOW DODQÕQ \HUHO ELU YHNLO PRGHOOH
WDKPLQ HGLOPHVLQL VD÷ODU� 9HNLO WDEDQOÕ WDVDUÕP RSWLPL]DV\RQX NXOODQÕOÕUNHQ� KHVDSODPD
HIRUXQX D]DOWPDN LoLQ \DQÕWODU \DNODúÕN GH÷HUOHUOH GH÷LúWLULOPHNWHGLU� 6LVWHP LúOHYOHUL� \DQL
KHGHIOHU YH NÕVÕWODPDODU DUWÕN YHNLOOHU WDUDIÕQGDQ YHULOPHNWHGLU� 6�UHNVL]OLNOHU RUWD\D
oÕNWÕ÷ÕQGD� DWODPDODU DUDVÕQGDNL DOW DODQODUÕ \DNODúÕN RODUDN EHOLUOHPHN LoLQ oRNOX ELU
\DNODúÕP NXOODQÕOPÕúWÕU� +HU \LQHOHPHGH� RSWLPL]DV\RQ DOJRULWPDVÕ� VLVWHPLQ DPDoODUÕQÕQ YH
NÕVÕWODPDODUÕQÕQ GH÷HUOHQGLULOGL÷L WDVDUÕP DODQÕQGD \HQL ELU WDVDUÕP WDQÕPODU� $\QÕ V�UHNOL DOW
HWNL DODQÕQGDNL |UQHNOHU N�PHOHQLU YH V�UHNVL]OLNOHUL EXOPDN LoLQ 6ÕQÕIODQGÕUPD ELU 'HVWHN
9HNW|U 0DNLQHVL DOJRULWPDVÕ LOH \DSÕOPDNWDGÕU� 'HVWHN 9HNW|U 0DNLQHVL LOH DLW ROXQDQ
VÕQÕIODU WDQÕPODQDUDN� \HQL QRNWDODU �]HULQGH WDKPLQOHU \DSÕODELOPHNWHGLU� %XUDGDNL DPDo�
D\QÕ V�UHNOL DOW DODQÕQ |UQHNOHULQL D\QÕ VÕQÕID N�PHOHPHNWLU� 'HVWHN 9HNW|U 0DNLQHVL¶QL
6ÕQÕIODQGÕUPD LoLQ NXOODQÕOPDVÕQGDNL DPDo� VÕQÕIODU DUDVÕQGDNL VÕQÕUODUÕ EHOLUOHPHN YH VRQXo
RODUDN V�UHNVL]OLNOHULQ \HULQL EXOPDNWÕU� 6RQ RODUDN� YHNLO WDEDQOÕ ELU WDVDUÕP RSWLPL]DV\RQX
JHUoHNOHúWLULOPHNWHGLU� %LU JHoPHOL V�UHNVL]OL÷L J|VWHUHQ LNL oXEXNOX ELU NDIHV NLULúOH
EDúOD\DUDN� EX \|QWHPLQ EX W�U V�UHNVL]OLNOHUL KHVDED NDWWÕ÷Õ YH |QHULOHQ \|QWHPLQ� V�UHNOL
DOW X]D\ODUÕQ V�UHNVL]OLNOHULQL YH \HUHO \DNODúÕPODUÕQÕ EXODELOGL÷L J|VWHULOPLúWLU� 6RQXoODU
LQFHOHQGL÷LQGH \HUHO \DNODúÕPODUÕQ oRN GDKD GR÷UX ELU \DQÕW \�]H\L VD÷ODGÕ÷Õ YH EXQD
NDUúÕOÕN \DQOÕú RSWLPXP SUREOHPLQGHQ NDoÕQÕOPDVÕQÕQ \DQÕQGD \HUHO \DNODúÕPOÕ ELU YHNLO
PRGHO \DNODúÕPÕ\OD ELUOLNWH KHVDSODPD PDOL\HWOHULQLQ |QHPOL RUDQODUGD D]DOWÕODELOHFH÷L
VXQXOPXúWXU�

6X YG� ������ µ.DUPDúÕN 0�KHQGLVOLN <DSÕVDO *�YHQLOLUOL÷L $QDOL]L LoLQ *DXVV
6�UHo 7DEDQOÕ 'LQDPLN 9HNLO 0RGHO¶ DGOÕ oDOÕúPDODUÕQGD JHQHOOLNOH GR÷UXVDO ROPD\DQ
NDUPDúÕN ELU P�KHQGLVOLN \DSÕVÕQÕQ SHUIRUPDQV J�YHQLOLUOL÷LQLQ� 6RQOX (OHPDQODU
DQDOL]LFJLEL ]DPDQ DOÕFÕ ELU ELOJLVD\DUOÕ KHVDSODPD V�UHFL GH÷HUOHQGLUPHVLQGHQ ND\QDNOÕ
RODUDN E�\�N |OoHNOL NDUPDúÕN P�KHQGLVOLN \DSÕODUÕQGD JHOHQHNVHO J�YHQLOLUOLN \|QWHPOHULQL
NXOODQÕUNHQ KHVDSODPD YHULPOLOL÷L YH NHVLQOL÷LQL ELUOHúWLUPHQLQ ]RUOX÷XQGDQ EDKVHGLOPLúWLU�
<DSÕVDO VLVWHPOHULQ o|NPH RODVÕOÕ÷ÕQÕQ WDKPLQL LoLQ �o NODVLN \|QWHPGHQ ELUL RODUDN %LULQFL
'HUHFHGHQ *�YHQLOLUOLN <|QWHPL �%'*<� YH\D øNLQFL 'HUHFHGHQ *�YHQLOLUOLN <|QWHPL
�ø'*<� \HULQH SHUIRUPDQV IRQNVL\RQODUÕ� ER\XWODUÕ YH\D UDVWJHOH GH÷LúNHQOHULQ GD÷ÕOÕPODUÕ
úHNOLQGH |]HO JHUHNVLQLPOHULQLQ ROPDPDVÕQGDQ GROD\Õ 0RQWH &DUOR 6LP�ODV\RQX �0&6�
WHUFLK HGLOPLúWLU� 3UDWLNWH� P�KHQGLVOLN \DSÕODUÕQÕQ o|NPH RODVÕOÕ÷Õ JHQHOOLNOH ROGXNoD N�o�N



��

ROGX÷XQGDQ� GR÷UXOX÷X VD÷ODPDN LoLQ 0&6 WDUDIÕQGDQ oRN VD\ÕGD QXPXQH ROXúWXUXOPDVÕ
JHUHNWL÷LQGHQ� EX JLEL GXUXPODUGD WHN ELU DQDOL] LoLQ \�NVHN KHVDSODPD PDOL\HWL ROGXNoD
HQJHOOH\LFL KDOH JHOHELOGL÷LQGHQ \DSÕVDO J�YHQLOLUOLN DQDOL]L LoLQ ELU YHNLO PRGHO
\DNODúÕPÕ\OD EX \�NVHN KHVDSODPD PDOL\HWOHULQLQ G�ú�U�OPHVL DPDoODQPÕúWÕU� 3HUIRUPDQV
IRQNVL\RQXQXQ GH÷HULQL GR÷UX ELU úHNLOGH GH÷HUOHQGLUPHN LoLQ YHNLO PRGHO RODUDN 3ROLQRP
7DEDQOÕ <DQÕW <�]H\L PRGHOOHUL� <DSD\ 6LQLU $÷ODUÕ� 5DG\DO 7HPHO )RQNVL\RQX� .ULJLQJ YH
'HVWHN 9HNW|U 0DNLQHVL JLEL WHNQLNOHULQ \HULQH L\L SHUIRUPDQVÕ YH DU]X HGLOHQ DQDOLWLN
|]HOOLNOHUL QHGHQL\OH� *DXVVLDQ 6�UHFL �*6� WHUFLK HGLOPLúWLU� .DUPDúÕN SHUIRUPDQV
IRQNVL\RQODUÕ LoLQ o|NPH RODVÕOÕ÷ÕQÕ GH÷HUOHQGLUPHN YH GLQDPLN ELU VWUDWHML NXOODQDUDN
*DXVVLDQ 6�UHo 5HJUHV\RQX �*65� LOH 0RQWH &DUOR 6LP�ODV\RQX¶QX �0&6� ELUOHúWLUHQ
GLQDPLN ELU YHNLO PRGHO JHOLúWLULOPLúWLU� %X \|QWHPGH� ELUNDo EDúODQJÕo H÷LWLP |UQH÷L
DOÕQPÕú� DUGÕQGDQ� LON H÷LWLP |UQHN YHUL WDEDQÕQD HNOHQHUHN \HQL ELU QRNWD RODUDN KHU
\LQHOHPHOL DGÕPGD (Q 2ODVÕ 1RNWD¶\Õ �(21� GH÷HUOHQGLUPHN LoLQ \LQHOHPHOL ELU V�UHo YH
GLQDPLN ELU VWUDWHML L]OHQPLúWLU� *DXVVLDQ 6�UHo 5HJUHV\RQX YHNLO PRGHOL� VWUDWHML WDUDIÕQGDQ
J�QFHOOHQPLú YH GLQDPLN RODUDN G�]HOWLOPLúWLU� (N RODUDN� ELU 0RQWH &DUOR SRS�ODV\RQXQXQ
HQ \�NVHN RUWDN RODVÕOÕN \R÷XQOXN QRNWDVÕQÕ EXOPDN LoLQ (Q 2ODVÕ 1RNWD¶\Õ RODVÕOÕNVDO ELU
úHNLOGH GH÷HUOHQGLUPHN LoLQ \HQL ELU \DNODúÕP |QHULOPLúWLU� d|NPH RODVÕOÕ÷Õ� *65 YHNLO
PRGHOL VD\HVLQGH� KHU \LQHOHPHOL DGÕPGD KHUKDQJL ELU ID]OD 6RQOX (OHPDQODU $QDOL]L
ROPDNVÕ]ÕQ 0&6 WDUDIÕQGDQ KÕ]OD WDKPLQ HGLOPLúWLU� *65 YHNLO PRGHOLQ |QJ|U�V� VD\HVLQGH
DúÕUÕ KHVDSODPD\D JHUHN NDOPDGDQ (Q 2ODVÕ 1RNWD EHOLUOHQLU� %X QHGHQOH� ELU H÷LWLP |UQH÷L�
SHUIRUPDQV LúOHYLQH \DSÕODQ oD÷UÕ VD\ÕVÕQGD FLGGL ELU D]DOPD\OD VRQXoODQDQ ELU 6RQOX
(OHPDQ $QDOL]L DQODPÕQD JHOPHNWHGLU� gQHULOHQ \DNODúÕPÕ GR÷UXODPDN LoLQ OLWHUDW�UGHQ
IDUNOÕ NDUPDúÕNOÕNODUD VDKLS G|UW WHVW SUREOHPL LQFHOHQPLúWLU� '*65 WDEDQOÕ 0&6� KDWD
RODVÕOÕ÷ÕQÕQ GR÷UXOX÷XQXQ 0&6¶QLQNLQH oRN \DNÕQ ROGX÷X YH LúOHY oD÷UÕODUÕQÕQ VD\ÕVÕ
ROGXNoD D] ROGX÷X LoLQ EX GXUXPODUÕQ KHSVLQGH L\L SHUIRUPDQV J|VWHUPHNWH ROGX÷X
VXQXOPXúWXU� *35� H÷LWLP |UQHNOHULQLQ ELOJLVLQL WDP RODUDN NXOODQDQ RODVÕOÕNVDO ELU WDKPLQ
PHNDQL]PDVÕQD GD\DQGÕ÷ÕQGDQ� '*65 WDEDQOÕ 0&6¶QLQ LON H÷LWLP |UQHNOHULQGHQ E�\�N
|Oo�GH HWNLOHQPHGL÷L GH J|U�OPHNWHGLU� gQHULOHQ \|QWHPLQ \�NVHN 6RQOX (OHPDQ $QDOL]L
KHVDSODPD PDOL\HWL RODQ NDUPDúÕN P�KHQGLVOLN \DSÕODUÕQÕQ J�YHQLOLUOLN SUREOHPOHULQLQ KÕ]OÕ
o|]�P� LoLQ NXOODQÕODELOHFH÷L SD\ODúÕOPÕúWÕU�

<DSÕVDO VLVWHPOHULQ WDVDUÕP RSWLPL]DV\RQX JHQHOOLNOH \LQHOHPHOL� ]DPDQ DOÕFÕGÕU YH
WDVDUÕPFÕQÕQ ELOJLVL LOH VÕQÕUOÕGÕU� %X QHGHQOH� EX W�U SUREOHPOHUGHQ NDoÕQPDN LoLQ KÕ]OÕ ELU
WDVDUÕP RSWLPL]DV\RQ úHPDVÕ DU]X HGLOLU� 'HPLUNDQ YG� ������ µ6LQLU $÷ODUÕ .XOODQÕODUDN
<DSÕVDO 'H÷LúLNOLNOHULQ +Õ]OÕ 'H÷HUOHQGLULOPHVL LoLQ <HQL %LU 7DVDUÕP <DNODúÕPÕ¶ EDúOÕNOÕ
oDOÕúPDODUÕQGD KHVDSODPD DoÕVÕQGDQ \R÷XQ DQDOL] LoHUHQ \DSÕVDO VLVWHPOHULQ YHULPOL
NDYUDPVDO WDVDUÕPÕ LoLQ LNL WDVDUÕP PHWRGRORMLVLQL VXQPDNWD YH E�W�QOHúWLUPHNWHGLU� <DSÕVDO
GH÷LúLNOL÷H WDEL WXWXODQ \DSÕQÕQ \HQLGHQ DQDOL]L LoLQ RULMLQDO VLVWHPLQ )UHNDQV &HYDS
)RQNVL\RQODUÕQÕ �)&)� NXOODQÕU� 2ULMLQDO \DSÕQÕQ PRGDO DQDOL]L� JHUHNOL VHUEHVWOLN
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GHUHFHOHULQGH DOÕP GH÷HUOHULQL HOGH HWPHN LoLQ \DOQÕ]FD ELU NH] JHUoHNOHúWLULOLU� 'DKD VRQUD�
RULMLQDO VLVWHPLQ NDEXOOHULQL YH \DSÕQÕQ GH÷LúHQ NÕVPÕQÕQ 'LQDPLN 5LMLWOLN 0DWULVLQL �'50�
NXOODQDUDN� GH÷LúWLULOPLú VLVWHPLQ NDEXOOHULQL KHVDSODPDN LoLQ <DSÕVDO 0RGLILNDV\RQ
<|QWHPL �<0<� NXOODQÕOÕU� 7�P \DSÕQÕQ \HQLGHQ DQDOL]L <DSÕVDO 0RGLILNDV\RQ <|QWHPL
�<0<� NXOODQÕODUDN RUWDGDQ NDOGÕUÕODELOLU� %X oDOÕúPDGD NXOODQÕODQ \|QWHP� RULMLQDO )UHNDQV
&HYDS )RQNVL\RQODUÕQÕ �)&)� YH HNOHQHQ \DSÕQÕQ GLQDPLN VHUWOL÷LQL NXOODQPDNWDGÕU�
0DWULVLQ WHUVLQH oHYULOPHVL� \DOQÕ]FD RULMLQDO \DSÕGDQ JHQHOOLNOH GDKD D] VHUEHVWOLN
GHUHFHVLQH VDKLS RODQ GH÷LúWLULOPLú E|OJH LoLQ JHUoHNOHúWLULOLU� $OÕFÕODU úHNOLQGH KHVDSODQDQ
)UHNDQV &HYDS )RQNVL\RQODUÕ �)&)�� RULMLQDO \DSÕQÕQ WDP DOÕFÕODUÕ NXOODQÕOGÕ÷Õ V�UHFH
NHVLQGLU� <DSÕVDO 0RGLILNDV\RQ <|QWHPL �<0<�� KHU GH÷LúLNOLN LoLQ KHU VHIHULQGH \HQL ELU
WDP \DSÕ\Õ DQDOL] HWPH\H NÕ\DVOD VLVWHPLQ \DQÕWÕQÕ oRN GDKD KÕ]OÕ YHUPHVLQH UD÷PHQ� <DSÕVDO
0RGLILNDV\RQ <|QWHPL¶QGHNL �<0<� KHVDSODPD V�UHVL� DOÕPODUÕQ KHVDSODQGÕ÷Õ VHUEHVWOLN
GHUHFHOHULQLQ VD\ÕVÕQGDQ ROXPVX] ELU úHNLOGH HWNLOHQLU� $\UÕFD� EX LúOHP ELUoRN NH]
WHNUDUODQGÕ÷ÕQGD� |]HOOLNOH GH GH÷LúHQ \DSÕQÕQ WDVDUÕP SDUDPHWUHOHUL RSWLPL]H HGLOLUNHQ�
<DSÕVDO 0RGLILNDV\RQ <|QWHPL �<0<� KHVDSODPDODUÕ ROGXNoD X]XQ ]DPDQ DODELOLU� 0HYFXW
oDOÕúPD� <DSÕVDO 0RGLILNDV\RQ <|QWHPL �<0<� oDOÕúWÕUPDODUÕ DUDFÕOÕ÷Õ\OD \HWHUOL VLQLU D÷Õ
H÷LWLP YHULVL HOGH HGLOGL÷LQGH <DSD\ 6LQLU $÷ODUÕ WHNQL÷LQLQ WDVDUÕP V�UHFLQH
X\JXODQDELOHFH÷LQL J|VWHUPHNWHGLU�

%X \DNODúÕPGDQ \ROD oÕNDUDN øNL IDUNOÕ WHVW oDOÕúPDVÕ VXQXOPDNWDGÕU� øON WHVW
oDOÕúPDVÕQGD JLUGLOHU VWLIQHULQ NRQXPX RODUDN VHoLOLUNHQ� LNLQFL WHVW oDOÕúPDVÕQGD EX
VWLIQHULQ JHQLúOL÷L RODUDN DOÕQPÕúWÕU� (÷LWLP VHWLQLQ oÕNWÕODUÕ� LOJLOL PRGLILNDV\RQD VDKLS
VLVWHPLQ )UHNDQV &HYDS )RQNVL\RQODUÕ �)&)� H÷ULOHUL RODUDN VHoLOPLúWLU� <DSÕQÕQ \DQÕWÕ� ELU
<DSD\ 6LQLU $÷ODUÕ PRGHOLQLQ H÷LWLPL \ROX\OD KHU IUHNDQVWD HOGH HGLOLU YH EX PRGHOOHU
\DSÕQÕQ W�P VSHNWUXP GDYUDQÕúÕQÕ ROXúWXUPDN LoLQ ELUOHúWLULOLU� +HU LNL WHVW oDOÕúPDVÕQGD GD
JLUGL�oÕNWÕ VHWOHULQL KD]ÕUODPDN LoLQ <DSÕVDO 0RGLILNDV\RQ <|QWHPL �<0<� \DNODúÕPÕ
NXOODQÕOPÕúWÕU� ø\L ELU JHQHOOHPH\H XODúPDN LoLQ ELU VLQLU D÷ÕQÕ H÷LWPHN� \HWHUOL VD\ÕGD
JLUGL�oÕNWÕ VHWL JHUHNWLULU� *LULú YH oÕNÕú NDWPDQODUÕQÕQ ER\XWX� JLULú YH oÕNÕú SDUDPHWUH
GL]LOHULQLQ ER\XWXQD J|UH EHOLUOHQLU� $QFDN� JL]OL NDWPDQODUÕQ VD\ÕVÕ YH EXQODUÕQ LoLQGH
NXOODQÕODFDN Q|URQODUÕQ PLNWDUÕ� SUREOHPLQ LKWL\DoODUÕQD ED÷OÕ RODUDN GHQHPH�\DQÕOPD
\ROX\OD EHOLUOHQPLúWLU� dRN VD\ÕGD D÷ \DSÕVÕ �]HULQGH oDOÕúWÕNWDQ VRQUD� KHU ELUL \HWHUOL
VD\ÕGD Q|URQ LoHUHQ JLULú YH oÕNÕú NDWPDQÕ DUDVÕQD �o JL]OL NDWPDQ \HUOHúWLUPHN� <DSÕVDO
0RGLILNDV\RQ <|QWHPL �<0<� WHNQL÷LQLQ WDKPLQOHUL\OH HQ L\L NRUHODV\RQX VD÷ODGÕ÷Õ
J|U�OP�úW�U�

<DSÕVDO 0RGLILNDV\RQ <|QWHPL �<0<�� PRGLILNDV\RQ DQD ELOJLVD\DU \DSÕVÕQÕQ GDKD
N�o�N ELU E|O�P�QGH JHUoHNOHúWLULOLUVH HWNLOL ELU DUDoWÕU YH VLQLU D÷ÕQÕ H÷LWPHN LoLQ YHUL
KD]ÕUODPD DGÕPÕQÕ EDVLWOHúWLULU YH KÕ]ODQGÕUÕU� $UGÕQGDQ� <DSD\ 6LQLU $÷ODUÕ WHNQL÷L� ELUoRN
WDVDUÕP \LQHOHPHVLQLQ oRN KÕ]OÕ ELU úHNLOGH JHUoHNOHúWLULOHELOPHVL LoLQ H÷LWLPVL] NRúXOODU LoLQ



��

VLVWHPLQ WHSNLVLQL WDKPLQ HWPHN LoLQ NXOODQÕODELOLU� <DSÕVDO 0RGLILNDV\RQ <|QWHPL �<0<��
VLQLU D÷Õ \DNODúÕPÕ LOH HQWHJUH HGLOGL÷LQGH� GH÷LúWLULOPLú VLVWHP \DQÕWÕQÕ WDKPLQ HWPHN LoLQ
GDKD HWNLOL YH GDKD KÕ]OÕ ELU DUDo HOGH HGLOHELOLU� gQHULOHQ HQWHUSRODV\RQ úHPDVÕ\OD
ELUOHúWLULOHQ KHU LNL \|QWHPLQ GH VLVWHP SHUIRUPDQVÕQÕ L\LOHúWLUPHN LoLQ PRGLILNDV\RQODU
JHUHNWL÷LQGH \DSÕQÕQ GLQDPLN WHSNLVLQL WDKPLQ HWPHGH oRN YHULPOL oDOÕúWÕ÷Õ J|]OHPOHQPLúWLU�
0RGHO� �o NDWPDQOD ELOH� LQFHOHQHQ \DSÕ \DSÕVDO GH÷LúLNOLNOHUH PDUX] NDOGÕ÷ÕQGD WDVDUÕP
\LQHOHPHOHULQLQ LúOHP V�UHVLQL D]DOWDELOGL� *HOHFHNWHNL oDOÕúPDODUGD <DSD\ 6LQLU $÷ODUÕ
PRGHOL JHOLúWLULOHELOLU YH IDUNOÕ \DSÕODU LoLQ GDKD LOHUL oDOÕúPDODU \DSÕODELOLU� $QFDN EX \D]ÕGD
VXQXODQ LNL YDND oDOÕúPDVÕ� VLVWHP SHUIRUPDQVÕQÕ L\LOHúWLUPHN LoLQ PRGLILNDV\RQODU
JHUHNWL÷LQGH \DSÕODUÕQ GLQDPLN WHSNLVLQL WDKPLQ HWPHN LoLQ <DSD\ 6LQLU $÷ODUÕ¶QÕQ <DSÕVDO
0RGLILNDV\RQ <|QWHPLQH �<0<� HQWHJUH HGLOHELOHFH÷LQL J|VWHUPHNWHGLU�

,P YH 3DUN ������ µ3DUoDFÕN 6�U�V� 2SWLPL]DV\RQX� 9HNLO 0RGHOOHU YH %D\HV
øVWDWLVWLNOHUL .XOODQÕODUDN 6WRNDVWLN <DSÕVDO 2SWLPL]DV\RQ¶ EDúOÕNOÕ PDNDOHOHULQGH� 3DUoDFÕN
6�U�V� 2SWLPL]DV\RQX �362�� YHNLO PRGHOOHU YH %D\HV øVWDWLVWLNOHUL¶QL NXOODQDUDN \DSÕVDO
RSWLPL]DV\RQ SUREOHPOHULQL o|]PHN LoLQ ELU \|QWHPH RGDNODQPDNWDGÕU� 362� JOREDO
RSWLPXPX EXOPDN LoLQ WDVDUODQPÕú UDVWJHOH�VWRNDVWLN ELU DUDPD DOJRULWPDVÕGÕU� $QFDN� 362�
JUDG\DQ WDEDQOÕ RSWLPL]DV\RQD NÕ\DVOD ELUoRN GH÷HUOHQGLUPH\H LKWL\Do GX\DU� %X� 362¶QXQ
\DSÕVDO RSWLPL]DV\RQXQ DQDOL] PDOL\HWOHULQL DUWWÕUGÕ÷Õ DQODPÕQD JHOLU� 6WRNDVWLN
RSWLPL]DV\RQGD KHVDSODPD PDOL\HWOHULQL G�ú�UPHQLQ \|QWHPOHULQGHQ ELUL GH YHNLO PRGHO
WHNQLNOHULQL NXOODQPDNWÕU� %X oDOÕúPDGD� \DQÕW \�]H\L \|QWHPL �<<<� YH .ULJLQJ GDKLO
ROPDN �]HUH YHNLO PRGHOOHU NXOODQÕOPÕúWÕU� 9HNLO PRGHOOHU NXOODQÕOGÕ÷ÕQGD� NHVLQ GH÷HUOHU LOH
\DNODúÕN GH÷HUOHU DUDVÕQGD ED]Õ KDWDODU YDUGÕU� %X KDWDODU� RSWLPXP GH÷HUOHULQ
J�YHQLOLUOL÷LQL D]DOWÕU YH YHNLO PRGHOOHU NXOODQPDQÕQ JHUoHNoL \DNODúÕPÕQÕ RUWDGDQ NDOGÕUÕU�
%X oDOÕúPDGD� GDKD J�YHQLOLU VRQXoODU HOGH HWPHN LoLQ %D\HV øVWDWLVWLNOHUL NXOODQÕOPÕúWÕU�
6WRNDVWLN <DSÕVDO 2SWLPL]DV\RQ LoLQ YHNLO PRGHOOHU YH %D\HV LVWDWLVWLNOHUL NXOODQÕODUDN
|QHULOHQ \|QWHPLQ HWNLQOL÷LQL GR÷UXODPDN YH GR÷UXODPDN LoLQ LNL VD\ÕVDO |UQHN �]HULQGH
RSWLPL]H HGLOPLúWLU� 9HNLO PRGHOOHU ROXúWXUPDN LoLQ |UQHN YHULOHUH LKWL\Do YDUGÕU YH
J�YHQLOLU ELU \DNODúÕP IRQNVL\RQX HOGH HWPHN LoLQ |QHPOLGLUOHU� %X QHGHQOH� EX oDOÕúPDGD�
WDVDUÕP GH÷LúNHQOHULQLQ VLP�ODV\RQ QRNWDODUÕQÕ ROXúWXUPDN LoLQ ELU GHQH\ WDVDUÕPÕ RODUDN
0HUNH]L %LOHúLN 7DVDUÕP NXOODQÕOPÕúWÕU�

+DMHOD YH %HUNH ������ µ<DSÕVDO $QDOL] YH 7DVDUÕPGD 1|UREL\RORMLN +HVDSODPD
0RGHOOHUL¶ EDúOÕNOÕ oDOÕúPDODUÕQGD \DSÕVDO DQDOL] YH WDVDUÕPGD VLQLUVHO KHVDSODPD
VWUDWHMLOHULQLQ URO�Q� LQFHOHU� dDOÕúPDQÕQ WHPHO RGDN QRNWDVÕ� VWDWLN \DSÕVDO DQDOL]OHULQ
WDKPLQL LoLQ <DSD\ 6LQLU $÷ODUÕ¶QÕQ NXOODQÕOPDVÕGÕU� %X W�U PRGHOOHU� \HQLGHQ DQDOL] LoLQ
KHVDSODPD DoÕVÕQGDQ YHULPOL \HWHQHNOHU VD÷ODU YH VD\ÕVDO RSWLPXP WDVDUÕPGD X\JXODPD LoLQ
X\JXQ J|U�QPHNWHGLU� %X oDOÕúPDGD EHQLPVHQHQ 'HQHWLPOL g÷UHQPH WHNQLNOHULQH |]HO
YXUJX \DSÕODUDN� VLQLUVHO KHVDSODPD \DNODúÕPÕQD JHQHO ELU EDNÕú VXQXOXU� 6D\ÕVDO GR÷UXOXN



��

YH YHULPOLOLNOH LOJLOL RODQ EX W�U |÷UHQPH VWUDWHMLOHULQLQ |]HOOLNOHUL� WHPVLOL \DSÕVDO
RSWLPL]DV\RQ SUREOHPOHUL ED÷ODPÕQGD LQFHOHQLU� <DNODúÕP� \DSÕVDO DQDOL] PRG�O�Q� ELU
<DSD\ 6LQLU $÷Õ PRGHOL\OH GH÷LúWLUPH\L DPDoODPDNWDGÕU� 7HPHO \DNODúÕP� VWDWLN \DSÕVDO
DQDOL]GH LVWHQHQ \HU GH÷LúWLUPH\L YH\D JHULOPH WHSNLVLQL EHOLUOHPHGH NXOODQÕODQ \�NOHPH�\HU
GH÷LúWLUPH LOLúNLOHULQL J|VWHUPHN LoLQ EX W�U D÷ODUÕ H÷LWPHNWLU� %|\OH ELU PRGHO� \DSÕVDO ELU
WDVDUÕP VHQDU\RVXQGD HOHPDQ NHVLW ER\XWODUÕ RODELOHQ ELU GL]L JLUGL GH÷LúNHQLQL NDEXO HGHU YH
ELU oÕNWÕ RODUDN RSWLPL]DV\RQ V�UHFLQGH NXOODQÕOPDN �]HUH GDYUDQÕúVDO WHSNL GH÷HUOHULQGHQ
ROXúDQ ELU YHNW|U VD÷ODU� øNL D\UÕ <DSD\ 6LQLU $÷Õ PRGHOL EDVLW ELU \DSÕVDO SUREOHP �]HULQGH
WHVW HGLOLU� <DSÕVDO DQDOL] SUREOHPLQGHNL WHPHO |]HOOLNOHULQ WDQÕPODQPDVÕQÕQ G�] IRQNVL\RQHO
ED÷ODQWÕ D÷ODUÕQÕQ H÷LWLPLQGH |QHPOL ROGX÷X J|VWHULOPLúWLU� %X W�U D÷ODUGD |÷UHQPH
RUDQÕQÕQ� |]HOOLNOH E�\�N SUREOHPOHU LoLQ JL]OL NDWPDQODUD VDKLS D÷ODUGDQ oRN GDKD L\L
ROGX÷XQD GDLU ELU JHQHOOHPH \DSÕOPÕúWÕU� $QFDN PHYFXW oDOÕúPDQÕQ WDULKL YH \DSÕVDO
SUREOHPOHU ED]ÕQGDNL NÕVÕWOÕ oDOÕúPDODU GLNNDWH DOÕQGÕ÷ÕQGD GDKD VRQUD EX JHQHOOHPHQLQ
\DQOÕú ROGX÷X J|U�OHFHNWLU� *LUGL�oÕNWÕ NDWPDQODUÕQGDQ ROXúDQ G�] IRQNVL\RQHO VLQLU
D÷ODUÕQÕQ \DSÕVDO SUREOHPOHULQ GR÷UXVDO ROPD\DQ |]HOOLNOHULQL \DNDODPDGD LVWHQLOHQ
SHUIRUPDQVÕ J|VWHUPHGL÷L YH SUREOHP NDUPDúÕNODúWÕNoD oRN NDWPDQOÕ ELU <DSD\ 6LQLU
$÷ÕQÕQ� JL]OL NDWPDQ VD\ÕODUÕQÕQ DUWWÕUÕOPDVÕ\OD IRQNVL\RQHO RODUDN SUREOHPLQ NDUPDúÕN
\DSÕVÕQÕ GDKD L\L \DNDODGÕNODUÕ J|U�OPHNWHGLU� 'L÷HU ELU WDUDIWDQ VRQXoODU LQFHOHQGL÷LQGH
GR÷DVÕ JHUH÷L <DSD\ 6LQLU $÷ODUÕ WDUDIÕQGDQ ROXúWXUXODQ WDKPLQ GH÷HUOHUL LOH JHUoHN DQDOL]
GH÷HUOHUL DUDVÕQGD KDWDODU RODFD÷ÕQGDQ \DSÕVDO RSWLPL]DV\RQ SUREOHPOHULQLQ o|]�P�QGH
GLUHN RODUDN <6$ NXOODQÕOPÕú YH SUREOHP ED]ÕQGD NÕVÕW LKODOOHULQLQ ROGX÷X J|U�OP�úW�U�

3RS�ODV\RQ WDEDQOÕ 0HWDVH]JLVHOOHU LOH \DSÕVDO RSWLPL]DV\RQ V�UHoOHUL X\JXQOXN�
NÕVÕWODU YH \DSÕVDO WHSNLOHULQ WHNUDUOÕ GH÷HUOHQGLULOPHVLQL LoHUPHVLQGHQ GROD\Õ \�NVHN
KHVDSODPD YH ]DPDQ PDOL\HWL \DUDWWÕ÷Õ DoÕNWÕU� %X \�NVHN KHVDSODPD YH ]DPDQ
PDOL\HWOHULQLQ G�ú�U�OPHVL LoLQ� �6ULQLYDV YH 5DPDQMDQH\XOX� ������ µ*HQHWLN $OJRULWPDODU
YH <DSD\ 6LQLU $÷ODUÕ .XOODQÕODUDN .|SU� 7DEOL\HOHULQLQ 2SWLPXP 7DVDUÕPÕ LoLQ (QWHJUH
%LU <DNODúÕP¶ EDúOÕNOÕ oDOÕúPDODUÕQGD� \DSÕVDO WDVDUÕP RSWLPL]DV\RQXQGD X\JXQOXN YH
NÕVÕWODPD LKODOOHULQLQ GH÷HUOHQGLULOPHVLQGH \DSÕVDO WHSNLOHULQ WDKPLQL LoLQ <DSD\ 6LQLU
$÷ODUÕ NXOODQPÕúODUGÕU� 0RGHOLQ |]HOOLNOH E�\�N YH NDUPDúÕN SUREOHPOHULQ o|]�POHULQGH�
KHVDSODPD ND\QDNODUÕQGD |QHPOL |Oo�GH WDVDUUXI VD÷OD\DFD÷Õ SD\ODúÕOPÕúWÕU� øOJLOL
oDOÕúPDGD� 7�NLULúOL N|SU� WDEOL\HOHULQLQ RSWLPDO WDVDUÕPÕ LoLQ <DSD\ 6LQLU $÷Õ LOH ED÷ODQWÕOÕ
RODUDN *HQHWLN $OJRULWPD LOH ELU RSWLPL]DV\RQ SURVHG�U� VXQXOPXúWXU� 1|URJHQHWLN RODUDN
DWIHGLOHQ KLEULW ELU PRGHO \DNODúÕPÕ LOH RSWLPL]DV\RQ V�UHFLQLQ SHUIRUPDQVÕQÕ HWNLOH\HQ
|QHPOL IDNW|UOHUGHQ ELULQLQ X\JXQ <DSD\ 6LQLU $÷ODUÕ PLPDULVLQLQ YH H÷LWLP VHWLQLQ
VHoLOPHVL ROGX÷X EHOLUWLOLU� $QFDN RSWLPL]DV\RQ V�UHFLQGH <DSD\ 6LQLU $÷ODUÕ¶QÕQ
JHQHOOHPH \HWHQH÷L YH WDKPLQ SHUIRUPDQVÕ SD\ODúÕOPDPÕúWÕU� ho NDWPDQOÕ ELU LOHUL EHVOHPHOL
JHUL \D\ÕOÕPOÕ <DSD\ 6LQLU $÷Õ� oHúLWOL N|SU� WDEOL\HVL NRQILJ�UDV\RQODUÕQD YH DoÕNOÕNODUÕQD
NDUúÕOÕN JHOHQ IDUNOÕ YHUL VHWOHUL LOH H÷LWLOPLúWLU� .|SU� WDEOL\HVL NRQILJ�UDV\RQ
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SDUDPHWUHOHULQLQ ELU YHNW|U�QGHQ ROXúDQ JLUGL YHULOHUL� ER\XQD NLULúOHULQ X]XQOX÷X� JHQLúOL÷L�
GHULQOL÷L� VD\ÕVÕ YH DUDOÕ÷Õ� oDSUD] NLULúOHULQ DUDOÕ÷Õ� YE� LNHQ LVWHQHQ oÕNWÕ YHULOHUL PDNVLPXP
PRPHQW YH NHVPH NXYYHWL RODUDN EHOLUOHQPLúWLU� <DSD\ 6LQLU $÷ODUÕ GR÷UXODPDVÕ� H÷LWLP
VHWOHULQGHQ IDUNOÕ RODQ WHVW YHUL VHWOHUL NXOODQÕODUDN J|VWHULOPLúWLU� (÷LWLOPLú <DSD\ 6LQLU
$÷ODUÕ¶QÕQ NDEXO HGLOHELOLU KDWD WROHUDQVÕ LoLQGH JLULú YH oÕNÕú PRGHOOHULQL HúOHúWLUHELOGL÷L YH
D÷D \HQL ELU WHVW YHUL VHWL VD÷ODQGÕ÷ÕQGD WDVDUÕP \DQÕWODUÕQÕ WXWDUOÕ ELU úHNLOGH WDKPLQ
HGHELOGL÷L J|]OHPOHQPLúWLU� <DSD\ 6LQLU $÷ÕQÕQ 0DNVLPXP 7DVDUÕP 0RPHQWOHUL¶QL YH
.HVPH .XYYHWOHUL¶QL GR÷UX ELU úHNLOGH WDKPLQ HGHELOGL÷L� WDKPLQGHNL KDWDQÕQ oR÷X
GXUXPGD ��¶GHQ D] ROGX÷X SD\ODúÕOPDNWDGÕU� 9HNLO PRGHO RODUDN VHoLOPLú <DSD\ 6LQLU
$÷ODUÕ WDEDQOÕ *HQHWLN $OJRULWPD LOH RSWLPXP o|]�PH \DNÕQVDPDQÕQ SHUIRUPDQVOÕ ROGX÷X
YH KHVDSODPD V�UHVLQL |QHPOL |Oo�GH D]DOWWÕ÷Õ VXQXOPXúWXU�
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��� 2SWLPXP 7DVDUÕP <DNODúÕPÕ

.DIHV \DSÕODU� V�UHNOL \�NOHU DOWÕQGD G�÷�POHUH ED÷ODQDQ� EDVPD YH\D oHNPH
JHULOPHOHULQH PDUX] NDODQ GR÷UXVDO HOHPDQODUGDQ ROXúDQ LNL YH\D �o ER\XWOX \DSÕODUGÕU�
.DIHV 6LVWHPOHU N|SU�OHU� X]XQ DoÕNOÕNOÕ oDWÕODU YH LOHWLP NXOHOHUL JLEL GDKD ELUoRN \DSÕGD
\D\JÕQ RODUDN NXOODQÕODQ YH PHNDQLN |]HOOLNOHUL� LPDODW NROD\OÕNODUÕ JLEL DUWÕODUÕQGDQ GROD\Õ
\DSÕ P�KHQGLVOL÷LQGH \D\JÕQ RODUDN WHUFLK HGLOPHNWHGLUOHU �3KROGHH YH %XUHHUDW� ������

.DIHV 6LVWHP WDVDUÕPODUÕ ELU NDUDU YHUPH SUREOHPL RODUDN HOH DOÕQDELOLU� .DIHV
6LVWHPOHULQ WDVDUÕP V�UHoOHULQGH |QFHOOLNOH VLVWHPLQ PDWHPDWLNVHO RODUDN PRGHOOHQPHVL
JHUHNPHNWHGLU� .DUDU YHUPH SUREOHPOHUL� YHULOHQ VÕQÕUODPDODU DOWÕQGD SUREOHPLQ NDOLWHVLQL
WHPVLO HGHQ ELU DPDo IRQNVL\RQX GH÷HULQLQ PLQLPXP YH\D PDNVLPXP RODFDN úHNLOGH
PRGHOOHQPHVLQL JHUHNWLULU� $PDo IRQNVL\RQX JHQHOOLNOH \DSÕQÕQ WRSODP PDOL\HWLQL YH\D
PDO]HPH PDOL\HWLQL HQ D]D LQGLUJHPHN RODUDN NDEXO HGLOLU� *HQHO RODUDN P�KHQGLVOLN
WDVDUÕPODUÕQÕQ P�PN�Q ROGX÷XQFD \�NVHN SHUIRUPDQVOÕ YH J�YHQOL ROPDVÕ� PDOL\HWOHULQLQ
LVH RODELOGL÷LQFH G�ú�N ROPDVÕ DPDoODQPDNWDGÕU� %LU .DIHV 6LVWHP \DSÕVÕQGD NXOODQÕODQ
PDO]HPH PLNWDUÕQÕQ� \DSÕQÕQ D÷ÕUOÕ÷Õ YH PDOL\HWL LOH GR÷UXGDQ LOLúNLOL ROGX÷X YDUVD\ÕPÕQGDQ
\ROD oÕNDUDN� .DIHV 6LVWHP¶LQ WDVDUÕP YHULPOLOL÷LQL |OoPHN LoLQ EX \DNODúÕP NXOODQÕODELOLU
�&DPS YH %LFKRQ� ������ .DUDU GH÷LúNHQOHUL� NXOODQÕODFDN ELU ND\QD÷ÕQ PLNWDUÕQÕ YH\D ED]Õ
IDDOL\HWOHULQ VHYL\HVLQL WHPVLO HGHU� .DUDU GH÷LúNHQOHUL NDIHV HOHPDQODUÕQ NHVLW |]HOOLNOHUL
RODUDN DOÕQÕUODU� <DSÕ D÷ÕUOÕ÷ÕQÕQ PLQLPL]H HGLOPHVL VHoLOHQ PDO]HPH YH GR÷UXVDO
HOHPDQODUÕQ NHVLW YH ER\XWODUÕQD ED÷OÕGÕU� %LU NDUDU YHUPH SUREOHPLQLQ o|]�P�QGH
WDVDUÕPFÕQÕQ VD÷ODPDVÕ JHUHNHQ NÕVÕWODU RODUDN DGODQGÕUÕODQ EHOLUOL VÕQÕUODPDODU YDUGÕU�
*HUoHN G�Q\DGD NDUDU SUREOHPOHULQGH EX NÕVÕWODU KHU ]DPDQ EXOXQPDNWDGÕU� *HUoHN G�Q\D
P�KHQGLVOLN WDVDUÕPODUÕ ELUoRN NÕVÕW LoHUPHNWH YH ELUoRN NÕVÕW DOWÕQGD SHUIRUPDQV YH
J�YHQOLNWHQ |G�Q YHUPHGHQ HQ D] PDOL\HWOH WDVDUÕPODUÕQ \DSÕOPDVÕ DPDoODQPDNWDGÕU� .DIHV
6LVWHPLQ X\JXODQDQ \�NOHU DOWÕQGD GDYUDQÕúÕQGDQ ND\QDNOÕ RODUDN \DSÕGD� JHULOPHOHU YH
GHSODVPDQODU ROXúDFDNWÕU� .DIHV 6LVWHP¶LQ \�N WDúÕPD NDSDVLWHVLQH J|UH JHULOPH YH
GHSODVPDQ GH÷HUOHULQH ELU VÕQÕUODPD JHWLULOLU� EX VÕQÕU GH÷HUOHUH J|UH JHULOPH YH GHSODVPDQ
NÕVÕWODUÕ DOÕQÕUODU� %LU NDUDU YHUPH SUREOHPLQLQ RSWLPXP o|]�P�� NDUDU YHUPH
SUREOHPLQGHNL DPDo IRQNVL\RQX HQ Xo GH÷HULQH XODúDFDN YH SUREOHPLQ NÕVÕWODUÕ NDUúÕODQDFDN
úHNLOGH NDUDU GH÷LúNHQOHULQLQ HQ L\L GH÷HUOHULQL WDQÕPODU� 7DVDUÕP V�UHoOHUL P�KHQGLVLQ
WHFU�EH YH VH]JLOHULQH J|UH úHNLOOHQHQ YH o|]�OPHVL JHUHNHQ ELUoRN SUREOHPL EHUDEHULQGH
JHWLUPHNWHGLU� gUQH÷LQ KHU ELU HOHPDQÕQ NHVLWLQLQ PHYFXW �� SURILOGHQ VHoLOPHVL JHUHNHQ
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EDVLW ELU �� oXEXNOX .DIHV 6LVWHP¶LQ WRSODP 4210 RODVÕ VHoHQH÷L YDUGÕU �1JX\HQ YH 9X�
������ %|\OH ELU SUREOHP LoLQ GHQHPH�\DQÕOPD \|QWHPL P�PN�Q GH÷LOGLU� 0�KHQGLV
WDUDIÕQGDQ SUREOHPOHUH JHWLULOHQ o|]�POHU ELUNDo GHQHPH YH \DQÕOPD LOH RSWLPXPD \DNÕQ
ROGX÷X YDUVD\ÕPÕQD GD\DQPDNWD� EX WDVDUÕPODU SHUIRUPDQV� J�YHQOLN YH\D PDOL\HW
DoÕVÕQGDQ EHNOHQLOHQL NDUúÕOD\DPDPDNWDGÕU�

.DIHV 6LVWHPOHU¶LQ RSWLPL]DV\RQX YHULOHQ NÕVÕW YH\D NÕVÕWODUÕQ VD÷ODQPDVÕ úDUWÕ\OD�
ER\XW� úHNLO YH WRSRORML RSWLPL]DV\RQX ROPDN �]HUH �o DQD EDúOÕN DOWÕQGD WRSODQDELOLU� %R\XW
RSWLPL]DV\RQX \DSÕVDO HOHPDQODUÕQ NHVLW DODQODUÕ \DQL ER\XWODQGÕUÕOPDVÕ LOH LOJLOHQLU�
2SWLPDO WDVDUÕP SUREOHPOHULQLQ ER\XWODQGÕUÕOPDVÕQGD WDVDUÕP GH÷LúNHQOHUL� NDIHV
HOHPDQODUÕQ NHVLW DODQODUÕ JLEL 6RQOX (OHPDQODU PRGHOL\OH LOLúNLOL ER\XWODQGÕUPD
SDUDPHWUHOHULGLU� .HVLW DODQODUÕQÕQ \D V�UHNOL \D GD D\UÕN GH÷HUOHU RODUDN PHYFXW ROGX÷X
YDUVD\ÕOÕU �5DMDQ� ������

ùHNLO RSWLPL]DV\RQX LVH GR÷UXVDO HOHPDQODUÕQ ED÷ODQGÕ÷Õ G�÷�P QRNWDODUÕQÕQ X\JXQ
NRRUGLQDWODUGD ROPDVÕ LOH LOJLOHQLU� <DSÕQÕQ úHNOLQLQ GH÷LúPHVLQH L]LQ YHULOGL÷LQGH� JHQHOOLNOH
JHOLúWLULOPLú ELU WDVDUÕP HOGH HGLOHELOLU� 7DVDUÕP SUREOHPOHULQGH� \DSÕQÕQ úHNOLQLQ� WDVDUÕP
GH÷LúNHQOHUL RODUDN DOÕQDQ EHOLUOHQHQ G�÷�POHULQ G�÷�P NRRUGLQDWODUÕ JLEL VÕQÕUÕ WDQÕPOD\DQ
SDUDPHWUHOHULQ NXOODQÕPÕ \ROX\OD YH\D GROD\OÕ RODUDN VHoLP \ROX\OD GH÷LúPHVLQH L]LQ YHULOLU �

7RSRORML RSWLPL]DV\RQX JHUHNVL] GR÷UXVDO HOHPDQODUÕ YH G�÷�P QRNWDODUÕQÕQ
VLVWHPGHQ NDOGÕUÕOPDVÕ YH\D JHUHNOL RODQODUÕQ PXKDID]D HGLOPHVLQL LIDGH HGHU� .DIHVOHU JLEL
D\UÕN \DSÕODU LoLQ 7RSRORML� \DOQÕ]FD G�÷�POHULQ ELUELULQH QDVÕO ED÷ODQDFD÷ÕQÕ GH÷LO� D\QÕ
]DPDQGD NDo G�÷�P�Q \HUOHúWLULOHFH÷L YH D\UÕFD EXQODUÕQ QDVÕO GHVWHNOHQHFH÷L DQODPÕQD
JHOLU� 7DVDUÕP GH÷LúNHQOHUL RODUDN �\H ED÷ODQWÕ YH GHVWHN NRúXOODUÕQÕQ VHoLPL� GÕúE�NH\
ROPD\DQ YH V�UHNVL] ELU WDVDUÕP DODQÕQD \RO DoDU� %XQXQ \DQÕQGD JHULOPH� GHSODVPDQ YH
NLQHPDWLN VWDELOLWH NÕVÕWODPDODUÕQÕQ GD VRQXo HWNLVL 7RSRORML 2SWLPL]DV\RQX¶QX GDKD ]RU
KDOH JHWLUHUHN SUREOHPLQ NDUPDúÕNOÕ÷ÕQÕ DUWWÕUPDNWDGÕU �7HMDQL YG�� ����� 6DYVDQL YG��
������

%X RSWLPL]DV\RQ W�UOHULQLQ WDVDUÕP GH÷LúNHQOHUL D\UÕN YH\D V�UHNOL RODELOLU� %R\XW�
WRSRORML YH\D úHNLO RSWLPL]DV\RQXQGD \DSÕQÕQ WHN ELU \|Q� �.DYHK YH 7DODWDKDUL� �����
:DQJ YG�� ����� 'HJHUWHNLQ YG�� ������ KHU ELU \|Q�Q VÕUD\OD HOH DOÕQGÕ÷Õ oRN VHYL\HOL ELU
\DNODúÕP �0LJXHO YG�� ����� YH\D LNL YH\D GDKD ID]OD \|Q�Q ELUOLNWH HOH DOÕQGÕ÷Õ Hú]DPDQOÕ
ELU \DNODúÕP �0RUWD]DYL YH 7R÷DQ� ����� 1RLOXEODR YH %XUHHUDW� ����� $KUDUL YG�� �����
HOH DOÕQDELOLU� <LQH GH ELU WDVDUÕPFÕQÕQ D\QÕ DQGD �o WDVDUÕP GH÷LúNHQL W�U�Q� RSWLPL]H
HGHELOPHVLQLQ GDKD HWNLOL ROGX÷X EXOXQPXúWXU� %X� (ú]DPDQOÕ ùHNLO� %R\XW YH 7RSRORML
WDVDUÕPÕ RODUDN DGODQGÕUÕOÕU �7HFKDVHQ YG�� ������
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<DSÕVDO 2SWLPL]DV\RQ¶XQ NXOODQÕOPDVÕ\OD WDVDUÕP V�UHFLQL ELU NDUDU YHUPH SUREOHPL
RODUDN IRUP�OH HWPHN YH PHYFXW PDWHPDWLNVHO RSWLPL]DV\RQ WHNQLNOHULQL NXOODQDUDN
RSWLPXP o|]�P� HOGH HWPHN P�PN�Q KDOH JHOPLúWLU �6DND YG�� ������ <DSÕVDO
RSWLPL]DV\RQGD |QFHOLNOH 0DWHPDWLNVHO 3URJUDPODPD �03� YH 2SWLPDOOLN .ULWHUL �2.�
\|QWHPOHULQH EDúYXUXOPXúWXU �)HXU\ YH *HUDGLQ� ������ 0DWHPDWLNVHO 3URJUDPODPD¶GD
SUREOHPOHULQ DOW SUREOHPOHUH D\UÕOPDVÕ \DNODúÕPÕ YDUGÕU� 0DWHPDWLNVHO 3URJUDPODPD
WHNQLNOHUL .DIHV 6LVWHP¶OHULQ <DSÕVDO 2SWLPL]DV\RQX¶QGD NXOODQÕúOÕ GH÷LOGLU� %X WHNQLNOHU
DPDo IRQNVL\RQX YH NÕVÕWODUÕQ JUDG\DQ KHVDSODPDODUÕQÕ JHUHNWLUPHNWHGLU� 0DWHPDWLNVHO
3URJUDPODPD \DNODúÕPÕ LOH \DSÕVDO RSWLPL]DV\RQ SUREOHPOHULQGH JHOHQHNVHO RODUDN JUDG\DQ
WDEDQOÕ RSWLPL]DV\RQ DOJRULWPDODUÕ NXOODQÕOPÕú DQFDN ORNDO E|OJHOHUGH WDNÕODUDN JOREDO
RSWLPXPGDQ ELU KD\OL X]DN o|]�POHU VXQGXNODUÕ YH KHVDSODPD PDOL\HWOHULQLQ GH ELU KD\OL
ID]OD ROGX÷X J|U�OP�úW�U� +DWWD ED]Õ SUREOHPOHUGH NÕVÕW IRQNVL\RQODUÕ V�UHNOL ROPDPDNWD YH
JUDG\DQODU PHYFXW ROPDPDNWDGÕU� 'L÷HU ELU WDUDIWDQ 0DWHPDWLNVHO 3URJUDPODPD WHNQLNOHUL
ELU .DIHV 6LVWHP¶GHNL NHVLWOHUL V�UHNOL GH÷LúNHQOHU RODUDN YDUVD\PDNWDGÕU� $QFDN EX NHVLWOHU
D\UÕN GH÷LúNHQOHU RODELOPHNWH YH ELU OLVWHGHQ VHoLOHELOPHNWHGLU� $\UÕFD EX WHNQLNOHU
RSWLPL]DV\RQ V�UHFLQGHNL LWHUDV\RQODUÕQ EDúODWÕODELOPHVL LoLQ o|]�P YHNW|U�Q�Q LON
WDKPLQLQL JHUHNPHNWHGLU� (÷HU LON WDVDUÕP QRNWDVÕ RSWLPXP o|]�PGHQ X]DN VHoLOLUVH YH
WDVDUÕP SUREOHPLQLQ ELUNDo \HUHO RSWLPXPX YDUVD� 0DWHPDWLNVHO 3URJUDPODPD
DOJRULWPDVÕQÕQ RSWLPXP o|]�P RODUDN \HUHO RSWLPXPODUGDQ ELUL LOH VRQXoODQPDVÕ GDKD
RODVÕGÕU� %D]HQ LON WDVDUÕP QRNWDVÕ L\L ELU WDKPLQ GH÷LOVH RSWLPXPD \DNÕQ KHUKDQJL ELU
o|]�P HOGH HGLOPH\HELOPHNWHGLU� %X |]HOOLNOHULQGHQ GROD\Õ .DIHV 6LVWHPOHU¶LQ
RSWLPL]DV\RQ V�UHoOHULQGH PDWHPDWLNVHO SURJUDPD WHNQLNOHUL \HWHUVL] NDOPDNWD� \DOQÕ]FD
EDVLW SUREOHPOHULQ RSWLPXP o|]�POHULQH \DNODúPDGD EDúDUÕOÕ ROGXNODUÕ J|U�OPHNWHGLU�

2SWLPDOOLN .ULWHUL \|QWHPOHULQGH� RSWLPXP WDVDUÕP YDUVD\ÕPODUÕQD GD\DOÕ RODUDN�
EDVLW |]\LQHOHPH IRUP�OOHUL �UHWLOPHNWH YH RSWLPXP WDVDUÕPD XODúPDN LoLQ JHUHNOL LWHUDV\RQ
VD\ÕVÕ� WDVDUÕP SUREOHPLQGHNL WDVDUÕP GH÷LúNHQOHULQLQ VD\ÕVÕ\OD LOLúNLOL ROPDPDNWDGÕU�
$QFDN EX \DNODúÕP� V�UHNOL WDVDUÕP GH÷LúNHQL YDUVD\ÕPÕQÕQ \DSÕOPDVÕ NRúXOX\OD� SUDWLN
\DSÕODUÕQ RSWLPXP úHNLOGH WDVDUODQPDVÕQÕ VD÷OD\DELOPHNWHGLU� øON |QFH V�UHNOL WDVDUÕP
GH÷LúNHQL YDUVD\ÕPÕ D\UÕN GH÷LúNHQOHUH VDKLS .DIHV 6LVWHPOHU¶LQ RSWLPXP WDVDUÕPODUÕQGD
EDúDUÕOÕ RODPDPDNWDGÕU� (N RODUDN� X\JXQ ELU EDúODQJÕo WDVDUÕP QRNWDVÕQÕQ VHoLOPHVL GH
JHUHNOLGLU YH EX DOJRULWPDODUÕQ SHUIRUPDQVÕ VHoLOHQ LON WDVDUÕP QRNWDVÕQD ED÷OÕGÕU� *HQHO
RODUDN� 0DWHPDWLNVHO 3URJUDPODPD WHNQLNOHUL YH\D 2SWLPDOOLN .ULWHUL \DNODúÕPÕ NDIHV
\DSÕODUÕQ RSWLPL]DV\RQX LoLQ LKWL\DoODUÕ NDUúÕOD\DPDPÕúWÕU�

6RQ G|QHPOHUGH |QHULOHQ SRS�ODV\RQ WDEDQOÕ 0HWDVH]JLVHO 2SWLPL]DV\RQ
$OJRULWPDODUÕ� RODVÕOÕNVDO JHoLú LONHOHULQL NXOODQDUDN� 2SWLPDOOLN .ULWHUL YH\D 0DWHPDWLNVHO
3URJUDPODPD WHNQLNOHULQH J|UH JUDG\DQ YH W�UHY ELOJLVL JHUHNWLUPHPHOHULQGHQ GROD\Õ ORNDO
E|OJHOHUGH WDNÕOPDGDQ JOREDO RSWLPXPD \DNÕQVDPDGD ELU KD\OL EDúDUÕOÕ ROPXúODUGÕU�



��

��� 0HWDVH]JLVHO $OJRULWPDODU LOH 2SWLPL]DV\RQ 6�UHoOHUL
YH .DUúÕODúÕODQ 3UREOHPOHU

0DWHPDWLNVHO SURJUDPODPD DOJRULWPDODUÕQÕQ RSWLPXP o|]�POHUH \DNODúÕPODUÕQGD
ELU UDVWJHOHOLN EXOXQPDPDNWDGÕU� %X QHGHQOH 'HWHUPLQLVWLN 2SWLPL]DV\RQ 7HNQLNOHUL RODUDN
GD ELOLQLUOHU� %X \|QWHPOHUGH� D\QÕ LON WDVDUÕP QRNWDVÕ LOH EDúODQÕUVD D\QÕ QLKDL o|]�PH
XODúÕOÕU� 'L÷HU WDUDIUDQ PHWDVH]JLVHOOHU� RSWLPXP DUD\ÕúODUÕQGD RODVÕOÕNVDO JHoLú NXUDOODUÕQÕ
NXOODQÕUODU YH EHOLUOL KDUHNHW RSHUDW|UOHUL YDVÕWDVÕ\OD RSWLPXP DUD\ÕúÕQGD ELU UDVWJHOHOLN
EXOXQPDNWDGÕU� %X GD DOJRULWPDQÕQ KHU oDOÕúWÕUÕOÕúÕQGD IDUNOÕ ELU QLKDL o|]�PH XODúÕOPDVÕQD
VHEHS ROPDNWDGÕU� %X QHGHQOH PHWDVH]JLVHOOHU 6WRNDVWLN 2SWLPL]DV\RQ 7HNQLNOHUL RODUDN GD
ELOLQLUOHU� 0HWDVH]JLVHO \|QWHPOHU� JHOHQHNVHO ROPD\DQ VWRNDVWLN DUDPD YH RSWLPL]DV\RQ
\|QWHPOHUL ROXS� NRPELQDWRU\DO RSWLPL]DV\RQ SUREOHPOHULQLQ o|]�P�Q�Q EXOXQPDVÕQGD
oRN X\JXQ YH HWNLOLGLUOHU� $PDo IRQNVL\RQX YH NÕVÕWODPDODUÕQ JUDG\DQ ELOJLVLQH YH\D
GÕúE�NH\OL÷LQH LKWL\Do GX\PD]ODU� $\UÕFD� DPDo IRQNVL\RQX LOH NÕVÕWODU DUDVÕQGD DoÕN ELU
PDWHPDWLNVHO LOLúNL\H LKWL\Do \RNWXU� 0HWDVH]JLVHO DOJRULWPDODUÕQ WHPHO |]HOOLNOHUL� DUDPD
V�UHFLQL \|QOHQGLUHQ GR÷DGDQ� VRV\DO N�OW�UGHQ� EL\RORMLGHQ YH\D IL]LN \DVDODUÕQGDQ DOÕQDQ
EHOLUOL VWUDWHMLOHUL WDNOLW HWPHOHULGLU� $PDoODUÕ� N�UHVHO RSWLPXP ROPDVD GD RSWLPDOH \DNÕQ
o|]�POHU EXOPDN LoLQ EX \|QHWLP PHNDQL]PDODUÕQÕ NXOODQDUDN DUDPD X]D\ÕQÕ YHULPOL ELU
úHNLOGH DUDúWÕUPDNWÕU� 0HWDVH]JLVHO WHNQLNOHU \DNODúÕN WHNQLNOHUGLU YH HOGH HGLOHQ RSWLPXP
o|]�P�Q JOREDO o|]�P ROGX÷XQD GDLU PDWHPDWLNVHO ELU NDQÕW \RNWXU� $QFDN� SUREOHPH |]J�
GH÷LOGLUOHU YH KHP V�UHNOL KHP GH D\UÕN WDVDUÕP GH÷LúNHQOHUL\OH SUDWLN P�KHQGLVOLN WDVDUÕP
RSWLPL]DV\RQ SUREOHPOHULQLQ o|]�POHULQL HOGH HWPHGH oRN YHULPOL YH VD÷ODP ROGXNODUÕ
NDQÕWODQPÕúWÕU �6DND YG�� ������

*UDG\DQ WDEDQOÕ ELU RSWLPL]DV\RQ \|QWHPL NXOODQÕOGÕ÷ÕQGD� RSWLPL]DV\RQ V�UHFLQLQ
HQ oRN ]DPDQ DODQ NÕVPÕ� KHU LNL GXUXPGD GD� W�P PDWHPDWLNVHO SURJUDPODPD RSWLPL]DV\RQ
\|QWHPOHULQLQ |QHPOL ELU ELOHúHQL RODQ GX\DUOÕOÕN DQDOL]L DúDPDVÕQD D\UÕOPÕúWÕU� gWH \DQGDQ�
RODVÕOÕNVDO DUDPD\D GD\DOÕ NRPELQDWRU\DO RSWLPL]DV\RQ \|QWHPOHULQLQ X\JXODQPDVÕ� JUDG\DQ
ELOJLVLQH LKWL\Do GX\PD] YH EX QHGHQOH� KHVDSODPD DoÕVÕQGDQ SDKDOÕ RODQ GX\DUOÕOÕN DQDOL]L
DGÕPÕQÕ X\JXODPDNWDQ NDoÕQÕU�

7�P SRS�ODV\RQ WDEDQOÕ PHWDVH]JLVHO DOJRULWPDODUÕQ LNL RUWDN |]HOOL÷L YDUGÕU�
%LULQFLVL� KHU \LQHOHPHGH DPDo IRQNVL\RQ GH÷HUOHULQL L\LOHúWLUPHN LoLQ LON WDVDUÕP YH
V�UHoWHQ EDúODPDODUÕGÕU� <LQHOHPH V�UHFL� PDNVLPXP \LQHOHPH VD\ÕVÕ YH\D LúOHY
GH÷HUOHQGLUPHOHUL RODELOHQ VRQODQGÕUPD NULWHUOHULQL NDUúÕOD\DQD NDGDU JHUoHNOHúWLULOLU
�6RQPH]� ������ *HQHO RODUDN SRS�ODV\RQ WDEDQOÕ 0HWDVH]JLVHO 2SWLPL]DV\RQ
$OJRULWPDODUÕ¶QÕQ DNÕú úHPDVÕ ùHNLO ���¶WH J|VWHULOPLúWLU�



��

ùHNLO ���� 3RS�ODV\RQ 7DEDQOÕ 0HWDVH]JLVHOOHULQ *HQHO $NÕú ùHPDVÕ �&KRQJ YG�� �����

0HWDVH]JLVHO DOJRULWPDODUÕQ oR÷X� JHOHQHNVHO RODUDN SRS�ODV\RQ RODUDN DGODQGÕUÕODQ
ELU JUXS WDVDUÕP o|]�P�Q� NXOODQDUDN RSWLPXPX DUDU� 2SWLPL]DV\RQ SURVHG�U�� JHQHOOLNOH
UDVWJHOH ROXúWXUXODQ ELU EDúODQJÕo SRS�ODV\RQX LOH EDúODU� 7DVDUÕP o|]�POHULQLQ
SRS�ODV\RQX GDKD VRQUD JHQHOOLNOH UDQGRPL]DV\RQOD LOJLOL ED]Õ |]HO KHVDSODPD LúOHPOHUL LOH
J�QFHOOHQLU YH\D JHOLúWLULOLU� 2SHUDW|UOHU� DUDPDGD \R÷XQODúWÕUPD YH oHúLWOHQGLUPH HOGH
HWPHN LoLQ ROXúWXUXOXU YH NXOODQÕOÕU� 3RS�ODV\RQ� ELU VRQODQGÕUPD NULWHUL NDUúÕODQDQD NDGDU
LWHUDWLI RODUDN L\LOHúWLULOLU� 0HWDVH]JLVHOOHU� IRQNVL\RQ W�UHYOHULQL NXOODQPDGÕNODUÕQGDQ� ELU
SRS�ODV\RQGD ELUNDo LWHUDV\RQ LoLQ GDKD ID]OD L\LOHúWLUPH EXOXQPDGÕ÷ÕQGD YH\D PDNVLPXP
IRQNVL\RQ GH÷HUOHQGLUPHVL VD\ÕVÕQD XODúÕOGÕ÷ÕQGD RSWLPL]DV\RQ SURVHG�U� GXUGXUXOXU�
0HWDVH]JLVHOOHUOH RSWLPL]DV\RQ \|QWHPL� KHPHQ KHPHQ KHU W�UO� RSWLPL]DV\RQX o|]PHN
LoLQ NXOODQÕODELOLU �3KROGHH YH %XUHHUDW� ������

0HWDVH]JLVHO 2SWLPL]DV\RQ $OJRULWPDODUÕ DUDVÕQGD PXKWHPHOHQ HQ \D\JÕQ NXOODQÕODQ
+ROODQG ������¶ÕQ oDOÕúPDVÕQGD VXQXODQ *HQHWLN $OJRULWPDODU �*$�¶GÕU� *$¶ODUGD� X\JXQ
PXWDV\RQ� oDSUD]ODPD YH VHoLP RSHUDW|UOHUL NXOODQÕODUDN ELU ELUH\ SRS�ODV\RQX JHOLúWLULOLU�
'DUZLQ¶LQ GR÷DO VHoLOLP YH HQ X\JXQ RODQÕQ KD\DWWD NDOPDVÕ LONHOHULQH GD\DOÕ RODUDN� JHOHFHN
QHVLOOHUH XPXW YHULFL JHQHWLN ELOJL \D\ÕOÕU YH RSWLPL]DV\RQ VRUXQXQD o|]�POHU VXQDU� *$¶ODUÕQ
NDIHVOHULQ ER\XW RSWLPL]DV\RQX X\JXODQPDVÕ 5DMDQ ������� %DOOLQJ YG� ������� .DYHK YG�
������¶WH EXOXQDELOLU�



��

%LU EDúND SRS�OHU RSWLPL]DV\RQ \|QWHPL %HQ]HWLPOL 7DYODPD $OJRULWPDVÕ¶GÕU�
<�NVHN HQHUMLOL GXUXPGD RODQ YH NDGHPHOL RODUDN PLQLPXP HQHUML VHYL\HOHULQH VR÷XWXODQ
IL]LNVHO VLVWHPOHULQ WDYODPD V�UHFLQGHQ HVLQOHQPLúWLU� %X V�UHo LON RODUDN �.LUNSDWULFN YG��
����� WDUDIÕQGDQ ELU RSWLPL]DV\RQ DOJRULWPDVÕ RODUDN IRUP�OH HGLOPLúWLU� .DIHVOHULQ ER\XW
RSWLPL]DV\RQX LoLQ ELU %HQ]HWLPOL 7DYODPD X\JXODPDVÕ /DPEHUWL ������¶GH EXOXQDELOLU�

*HHP YG� ������ WDUDIÕQGDQ |QHULOHQ +DUPRQL $UDPD NRPELQDWRU\DO RSWLPL]DV\RQ
SUREOHPOHULQL o|]PHN LoLQ P�]LV\HQOHULQ HQVWU�PDQODUÕQÕQ SHUGHOHULQL GR÷DoODPD \DSDUNHQ
DUDGÕNODUÕ KDUPRQLGHQ LOKDP DOPÕúWÕU� %X DOJRULWPD D\QÕ ]DPDQGD NDIHV VLVWHPOHULQ ER\XW
RSWLPL]DV\RQX LoLQ GH NXOODQÕOPÕúWÕU �'HJHUWHNLQ� ����� /HH YH *HHP� ������

6�U� =HNDVÕ DOJRULWPDODUÕ NDWHJRULVLQGH .DUDERJD YH %DVWXUN ������� EDO DUÕODUÕQÕQ
\L\HFHN DUDPD GDYUDQÕúÕQGDQ HVLQOHQHQ VWRNDVWLN ELU DOJRULWPD RODQ <DSD\ $UÕ .RORQLVL
DOJRULWPDVÕQÕ |QHUPLúOHUGLU� .DIHVOHULQ ER\XW RSWLPL]DV\RQX LoLQ ELU <DSD\ $UÕ .RORQLVL
X\JXODPDVÕ 6RQPH] ������¶GH EXOXQDELOLU�

$\QÕ NDWHJRULGH 3DUoDFÕN 6�U� 2SWLPL]DV\RQX� HYULPVHO ELU DYDQWDM VXQDQ GDYUDQÕú
NDOÕSODUÕ �UHWHQ �\HOHU DUDVÕQGD ELOJLQLQ VRV\DO SD\ODúÕPÕQD GD\DQÕU� .HQQHG\ YH (EHUKDUW
������ WDUDIÕQGDQ WDQÕWÕODQ \|QWHP� KDUHNHW HGHQ SDUoDFÕNODUÕQ KÕ]ODUÕQÕ D\DUOD\DUDN WDVDUÕP
X]D\ÕQÕ DUDúWÕUÕU� .DIHVOHULQ ER\XW RSWLPL]DV\RQX LoLQ ELUoRN 3DUoDFÕN 6�U� 2SWLPL]DV\RQX
X\JXODPDVÕ OLWHUDW�UGH EXOXQDELOLU �7DODWDKDUL YG�� ����� 'LPRX YH .RXPRXVLV� ����� 3HUH]
YH %HKGLQDQ� ������
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ùHNLO ���� 2Q dXEXNOX .DIHV 6LVWHP
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6XQXODQ YHNLO PRGHO GHVWHNOL RSWLPL]DV\RQ WHNQL÷LQGH NXOODQÕODQ -D\D DOJRULWPDVÕ
9HQNDWD 5DR ������ WDUDIÕQGDQ LON NH] WDQÕWÕOPÕúWÕU� 3RS�ODV\RQ WDEDQOÕ ELU PHWDVH]JLVHO
ROPDVÕQÕQ \DQÕ VÕUD GL÷HU SRS�ODV\RQ ED]OÕ PHWDVH]JLVHOOHUGHQ IDUNOÕ RODUDN oRN VD\ÕGD
VSHVLILN NRQWURO SDUDPHWUHVL LoHUPHPHNWHGLU� <DOQÕ]FD ³3RS�ODV\RQ 6D\ÕVÕ´ YH ³ø]LQ 9HULOHQ
$QDOL] 6D\ÕVÕ´ SDUDPHWUH RODUDN WDQÕPODQÕU� 6RQXo RODUDN� -D\D DOJRULWPDVÕQGD \DOQÕ]FD EX
LNL SDUDPHWUHQLQ NXOODQÕOPDVÕ RSWLPXP o|]�POHULQ DUDQPDVÕQGD PHWDVH]JLVHOLQ
VD÷ODPOÕ÷ÕQÕ DUWWÕUPDNWDGÕU� -D\D DOJRULWPDVÕ� SRS�ODV\RQGDNL KHU ELU DGD\ÕQ HQ L\L o|]�PH
\DNODúÕOPDVÕ YH HQ N|W� VRQXoWDQ X]DNODúWÕUÕOPDVÕ SUHQVLELQH GD\DQPDNWDGÕU� /LWHUDW�UGH
.DIHV 6LVWHPOHU¶LQ RSWLPL]DV\RQX LoLQ -D\D DOJRULWPDVÕ X\JXODPDVÕ 'HJHUWHNLQ YG� ¶QLQ
����������� oDOÕúPDODUÕQGD EXOXQDELOLU�

'R÷DGDQ LOKDP DODQ PHWDVH]JLVHOOHU� oRNOX KHGHIOHU� NDUÕúÕN WDVDUÕP GH÷LúNHQOHUL
W�UOHUL� DPDo IRQNVL\RQODUÕQÕQ G�ú�N G�]HQOLOL÷L� oRN VD\ÕGD GR÷UXVDO ROPD\DQ |UW�N
NÕVÕWODPDODU YH SDKDOÕ YH�YH\D J�YHQLOPH] JUDG\DQODU WDUDIÕQGDQ VXQXODQ ]RUOXNODUÕQ
�VWHVLQGHQ JHOPH\H \DUGÕPFÕ RODELOLU� %XQXQOD ELUOLNWH� JHQHOOLNOH oRN VD\ÕGD X\JXQOXN YH
NÕVÕWODPD GH÷HUOHQGLUPHVL JHUHNWLULUOHU� gUQH÷LQ RQ oXEXNOX NDIHV VLVWHP SUREOHPLQLQ
�ùHNLO ����� ER\XW RSWLPL]DV\RQX LoLQ oHúLWOL PHWDVH]JLVHOOHULQ SHUIRUPDQV NDUúÕODúWÕUPDODUÕ
dL]HOJH ���¶GH VXQXOPXúWXU� dL]HOJH ��� LQFHOHQGL÷LQGH �� oXEXNOX� EDVLW ELU ER\XW
RSWLPL]DV\RQX SUREOHPL LoLQ ELOH� NÕVÕW LKODOOHULQLQ EHOLUOHQHELOPHVL DGÕQD �� ELQ FLYDUÕQGD
6RQOX (OHPDQODU o|]�F�V�Q�Q oD÷ÕUÕOGÕ÷Õ J|U�OPHNWHGLU� 0HYFXW VLP�ODV\RQ PRGHOOHULQLQ
ER\XWX YH NDUPDúÕNOÕ÷Õ QHGHQL\OH� JHQHOOLNOH E�\�N KHVDSODPD V�UHOHUL JHUHNPHNWHGLU�

dL]HOJH ���� 2Q dXEXNOX .DIHV 0HWDVH]JLVHO 2SWLPL]DV\RQ 6RQXoODUÕ �6RQPH]� �����
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��� 9HNLO 0RGHO

*HQHOOLNOH RSWLPDO WDVDUÕP V�UHFL� WDVDUÕPFÕ YH\D P�KHQGLV WDUDIÕQGDQ LON
o|]�POHULQ YDUVD\ÕOPDVÕ\OD EDúODU� øON o|]�P� WDVDUÕP NÕVÕWODPDODUÕQÕ NDUúÕOD\DQ ELU GL]L
\LQHOHPH LoHUHQ \DNODúÕN o|]�POHU �UHWPHN LoLQ NXOODQÕOÕU� %X V�UHo� RSWLPDO o|]�PH
XODúPDN LoLQ IDUNOÕ EDúODQJÕo o|]�POHUL LOH ELUGHQ oRN NH] WHNUDUODQPDNWDGÕU� %LUGHQ ID]OD
o|]�P RODELOHFH÷L LoLQ ED]HQ WDVDUÕPFÕQÕQ ELOJL ELULNLPL YH JHoPLú GHQH\LPOHULQH
GD\DQDUDN HQ NDEXO HGLOHELOLU o|]�PH NDUDU YHUPHVL JHUHNLU� 0DOL\HW IRQNVL\RQXQX YH
PDO]HPH PHYFXGL\HWL� \DSÕP NROD\OÕ÷Õ YE� RSWLPL]DV\RQ LoLQ SUDWLN KXVXVODUÕ IRUP�OH
HWPHN� GL÷HU WDUDIWDQ LQVDQ VH]JLOHULQL YH JHoPLú GHQH\LPOHUL LIDGH HWPHN LoLQ ELOGLULP
NXUDOODUÕ ROXúWXUPDN ]RUGXU� 0DWHPDWLNVHO 3URJUDPODPD YH 2SWLPDOOLN NULWHUOHUL
\DNODúÕPODUÕQÕQ \DOQÕ]FD V�UHNOL GH÷LúNHQOHUGHQ ROXúDQ YH ELUNDo NÕVÕW LoHUHQ� EDVLW
VD\ÕODELOHFHN RSWLPL]DV\RQ SUREOHPOHULQGH EDúDUÕOÕ RODELOGL÷L YH NDUPDúÕN JHUoHN G�Q\D
P�KHQGLVOLN SUREOHPOHUL LoLQ X\JXQ \DNODúÕPODU ROPDGÕNODUÕ J|U�OP�úW�U �%NQ]� %|O�P
�����

0HWDVH]JLVHO DOJRULWPDODU� DPDo IRQNVL\RQODUÕQÕQ DQDOLWLN YH W�UHYOHQHELOLU ROPDVÕQÕ
JHUHNWLUPHGL÷L YH GDKD L\L N�UHVHO DUDPD NDELOL\HWLQH VDKLS ROGXNODUÕQGDQ GROD\Õ \DSÕODUÕQ
RSWLPXP WDVDUÕPODUÕQGD EDúDUÕ LOH X\JXODQPÕúODUGÕU� $QFDN� PHWDVH]JLVHO ELU DOJRULWPDQÕQ
QHUHGH\VH RSWLPDO ELU o|]�P� EXOPDVÕ LoLQ JHQHOOLNOH oRN VD\ÕGD X\JXQOXN GH÷HUOHQGLUPHVL
JHUHNLU� %X X\JXQOXN GH÷HUOHQGLUPHVL \DQL WDVDUÕP KHGHIOHULQLQ SHUIRUPDQVÕ� .DIHV
6LVWHPOHU¶LQ KHVDSODPD PDOL\HWOHUL ELU KD\OL ID]OD RODQ 6RQOX (OHPDQODU DQDOL]OHUL LOH
JHUoHNOHúWLULOLU� 3RS�ODV\RQ WDEDQOÕ PHWDVH]JLVHO DOJRULWPDODUGD RSWLPL]DV\RQ V�UHoOHUL
LWHUDWLI ELU L\LOHúWLUPH V�UHFL� RSWLPXPD \DNÕQ VRQXoODU LoLQ L\LOHúWLULOHQ SRS�ODV\RQGDNL KHU
ELU DGD\ÕQ X\JXQOXN GH÷HUOHQGLUPHVLQL JHUHNWLUPHNWHGLU� %X VHEHSOH� JHUoHN G�Q\DGD
\D\JÕQ RODUDN J|U�OHQ JHQLú DUDPD X]D\ODUÕ YH ELUoRN NÕVÕW LoHUHQ KHVDSODPD DoÕVÕQGDQ
SDKDOÕ SUREOHPOHUH X\JXODQPDODUÕ E�\�N ELU ]RUOXN ROXúWXUPDNWDGÕU� %X SDKDOÕ KHVDSODPD
PDOL\HWOHUL ELU KD\OL ID]OD YH ]DPDQ DODQ V�UHoOHUL KDILIOHWPHN LoLQ VLP�ODV\RQ DQDOL]L YH\D
IL]LNVHO GHQH\OHULQ \HULQL DODFDN YHNLO GHVWHNOL RSWLPL]DV\RQ WHNQRORMLVL JHOLúWLULOPLúWLU �<X
YG�� ������

6LVWHPGHNL \DSÕVDO HOHPDQODUÕQ GDYUDQÕúODUÕQÕ YH WDVDUÕP SHUIRUPDQVODUÕQÕ
KHVDSODPDN \HULQH WDKPLQ HWPHN� YHNLO PRGHOOHPH YH\D PHWD�PRGHOOHPH RODUDN ELOLQLUOHU�
9HNLO PRGHOOHU� VÕQÕUOÕ ELU YHUL N�PHVLQGHQ WDVDUÕP GH÷LúNHQOHULQLQ V�UHNOL LúOHYLQL



��

EHOLUOH\HUHN WDVDUÕP KHGHIOHULQH \DNODúÕUODU �1RXUEDNKVK YG�� ������ %X PRGHOOHU�
KHVDSODPD PDOL\HWLQL D]DOWPDN LoLQ P�KHQGLVOLN WDVDUÕPÕ YH RSWLPL]DV\RQXQGD \D\JÕQ
RODUDN NXOODQÕOPDNWDGÕU� *HUoHN PRGHOH \DNODúPDN LoLQ WDVDUÕP YH\D VLP�ODV\RQ YHUL
N�PHOHULQGHQ UHJUHV\RQ \ROX\OD ELU YHNLO PRGHO NXUXOXU� %X YHNLO PRGHOOHULQ NXUXOPD
\DNODúÕPODUÕ LoLQ oHúLWOL WHNQLNOHU LoHUHQ 2QJ YG� ������¶QLQ LOJLOL oDOÕúPDODUÕ LQFHOHQHELOLU�
9HNLO PRGHOOHU� HN VLP�ODV\RQODU oDOÕúWÕUPDGDQ \HQL WDVDUÕP DOWHUQDWLIOHULQLQ \DQÕWODUÕQÕ
WDKPLQ HWPHQLQ YHULPOL ELU \ROXQX VD÷ODPDNWDGÕU �'X YG�� ������ $\UÕFD YHNLO PRGHOOHU�
VÕQÕUOÕ DQDOL] oDOÕúPDODUÕQGDQ HOGH HGLOHQ YHULOHUH GD\DOÕ VLP�ODV\RQODUGDQ oRN GDKD NÕVD ELU
V�UH LoLQGH VRQXoODUÕ WDKPLQ HWPHN LoLQ NXOODQÕODELOLUOHU �)RUUHVWHU YG�� ������ 6WRNDVWLN
DOJRULWPDODU NXOODQDQ SDKDOÕ RSWLPL]DV\RQ \|QWHPOHUL\OH LOJLOL RODUDN� KHVDSODPD oDEDVÕ
E�\�N |Oo�GH D]DOWÕODELOLU� E|\OHFH GDKD ID]OD WDVDUÕP GH÷LúNHQL LoHUHQ GDKD NDUPDúÕN
SUREOHPOHUH L]LQ YHULOLU YH KDWWD \�NVHN KHVDSODPD oDEDVÕ JHUHNWLUHQ SUREOHPOHULQ
RSWLPL]DV\RQX VD÷ODQÕU �)DQJ YG�� ������

����¶GD ³0DNLQH g÷UHQLPL´ WHULPL LON RODUDN <DSD\ ]HNDQÕQ |QF�OHULQGHQ $UWKXU
6DPXHO WDUDIÕQGDQ WDQÕWÕOPÕúWÕU� %X WHUPLQRORML� NHOLPHQLQ WDP DQODPÕ\OD� DoÕNoD
SURJUDPODQPDGDQ |÷UHQPH \HWHQH÷L DQODPÕQD JHOPHNWHGLU �6DPXHO� ������ 0DNLQH
|÷UHQLPL X\JXODPDODUÕQÕQ ED]Õ |UQHNOHUL� 'HQHWLPOL g÷UHQPH� <DUÕ 'HQHWLPOL g÷UHQPH�
'HQHWLPVL] g÷UHQPH� 'HULQ g÷UHQPH YH 3HNLúWLUPHOL g÷UHQPH¶GLU� 0DNLQH g÷UHQLPL� ELU
DOJÕOD\ÕFÕ LOH EDúODPÕú YH GHULQ |÷UHQPH\H GR÷UX HYULOPLúWLU� 0DNLQH g÷UHQLPL
DOJRULWPDODUÕ� WDVDUÕP GH÷LúNHQOHUL DUDVÕQGDNL NDUPDúÕN LOLúNLOHUL YH E�\�N YHUL
N�PHOHULQGHQ JHOHQ \DQÕWODUÕ |÷UHQPH \HWHQHNOHUL QHGHQL\OH YHNLO PRGHOOHU RODUDN
X\JXODQPDNWDGÕU �'X YG�� ������ %X WHNQLNOHU DUDVÕQGD <DSD\ 6LQLU $÷Õ �/HH YG�� �����
6DQWDQD *RPHV YH %HFN� ����� <X YG�� ����� 6KDULIL YG�� ������ 'HVWHN 9HNW|U 0DNLQHOHUL
�+DQQD� ����� *XR YH %DL� ������ 5DG\DO 7HPHOOL IRQNVL\RQ �2QJ YG�� ����� 'HQJ� �����
=KRX YG�� ����� YH *DXVV 6�UHFL �.ULJLQJ� �6X YG�� ����� (FKDUG YG�� ����� .D\PD]�
����� HQ EHOLUJLQ YH \D\JÕQ RODUDN NXOODQÕODQ WHNQLNOHUGLU�

��� <DSD\ 6LQLU $÷Õ gUQH÷L

<DSD\ 6LQLU $÷Õ �<6$�� LQVDQ EH\QLQLQ YH VLQLU VLVWHPLQLQ LúOHYLQL WDNOLW HWPH\H
oDOÕúDQ ELU <DSD\ =HNk ELoLPLGLU� %H\LQ JLEL EL\RORMLN VLQLU VLVWHPOHULQLQ ELOJL\L LúOHPH
ELoLPLQGHQ LOKDP DODQ ELU ELOJL LúOHPH SDUDGLJPDVÕ RODUDN WDQÕPODQDELOLU� +D\NLQ ������¶H
J|UH� ELU <6$� LQVDQ EH\QLQLQ EHOLUOL ELU LOJLOHQLOHQ J|UHYL \HULQH JHWLUPHVL\OH D\QÕ úHNLOGH
oDOÕúPDN �]HUH �UHWLOPLú NDUúÕODúWÕUÕODELOLU ELU PDNLQH RODUDN WDQÕPODQPÕúWÕU�

%LU SUREOHP LoLQ DQDOLWLN YH\D GHQH\VHO ELU PRGHO JHOLúWLUPHN ED]Õ GXUXPODUGD
X\JXODQDELOLU ROVD GD� oR÷X JHOLúPLú V�UHo oRN \|QO�G�U YH EX QHGHQOH GDKD D] JHQHO� GDKD



��

JHUoHNoL YH DQDOLWLN PRGHOOHUGHQ GDKD XFX] PRGHOOHUH LKWL\Do GX\XOXU� <6$¶ODU� JHOHQHNVHO
WHNQLNOHULQ NHVLQ NXUDOODUOD PRGHOOHQPHVLQLQ oRN NDUPDúÕN ROGX÷X IL]LNVHO ELU VLVWHPLQ�
|U�QW� WDQÕPD YH\D VLP�ODV\RQXQX JHUHNWLUHQ X\JXODPDODU LoLQ oRN NXOODQÕúOÕ DUDoODUGÕU
�6ZLQJOHU� ������ <6$ WDEDQOÕ PRGHOOHULQ KHUKDQJL ELU P�KHQGLVOLN SUREOHPLQL o|]PHGHNL
EDúDUÕVÕQGD� H÷LWLP LoLQ VXQXODQ YHUL |UQHNOHUL\OH |÷UHQPHVL� JLUGL YH oÕNWÕODU DUDVÕQGDNL
LOLúNLOHU ELOLQPHGL÷LQGH �.DUD .XWX 3UREOHPOHU� YH\D IL]LNVHO DQODPÕQ DoÕNODQPDVÕQÕQ ]RU
ROGX÷X GXUXPODUGD ELOH YHULOHU DUDVÕQGDNL LQFH IRQNVL\RQHO LOLúNLOHUL \DNDOD\DUDN� oÕNWÕ
RODUDN NDEXO HGLOHELOLU \DNODúÕN WDKPLQVHO GH÷HUOHU �UHWPHVL \DWPDNWDGÕU �3UD\RJR YG��
������

9HNLO PRGHO LoLQ NXOODQÕODQ <6$ LoLQ H÷LWLP |UQHNOHUL VD\ÕVÕ QH NDGDU D]VD� 6RQOX
(OHPDQODU DQDOL]OHULQLQ VD\ÕVÕ R NDGDU D] RODFDNWÕU� %X QHGHQOH� YHNLO PRGHOL D] DQFDN
\HWHUOL VD\ÕGD YHUL �]HULQGHQ H÷LWPHN� 6RQOX (OHPDQODU DQDOL]OHULQLQ oD÷UÕ VD\ÕVÕQÕ HWNLOL ELU
úHNLOGH D]DOWDELOLU �6X YG�� ������ %LU <6$ PLPDULVLQLQ |÷UHQPH SURVHG�U�Q�Q EDúDUÕVÕQÕ
\|QHWHQ |QHPOL ELU IDNW|U� H÷LWLP VHWLQLQ VHoLPLGLU� (÷LWLP DOJRULWPDVÕ RODUDN VHoLOHQ *HUL
<D\ÕOÕP $OJRULWPDVÕ¶QÕQ WDWPLQ HGLFL VRQXoODU YHUPHVL LoLQ� HNVLNVL] \DSÕVDO DQDOL]OHUGHQ
HOGH HGLOHQ oÕNWÕ YHULOHUL\OH ELUOLNWH� X]D\GD G�]J�Q ELU úHNLOGH GD÷ÕOPÕú \HWHUOL VD\ÕGD JLUGL
YHULVLQH LKWL\Do YDUGÕU� 8\JXQ úHNLOGH H÷LWLOPLú ELU <DSD\ 6LQLU $÷Õ¶QÕQ EDúOÕFD DYDQWDMÕ�
NDEXO HGLOHELOLU ELU \DNODúÕN o|]�P �UHWPHN LoLQ |QHPVL] ELU KHVDSODPD oDEDVÕ
JHUHNWLUPHVLGLU �3DSDGUDNDNLV YG�� ������ 0RGHO ELU NH] H÷LWLOGLNWHQ VRQUD� YHNLO PRGHO�
6RQOX (OHPDQODU VLP�ODV\RQXQGDQ oRN GDKD KÕ]OÕGÕU� $\QÕ YHNLO PRGHO ELUGHQ ID]OD
X\JXODPDGD NXOODQÕODELOLUVH� H÷LWLP YHULOHULQLQ �UHWLOPHVLQLQ PDOL\HWL DPRUWLVPDQD WDEL
WXWXODELOLU� %X GXUXPGD YHNLO \DNODúÕP� |]HOOLNOH QLVSHWHQ NROD\FD SDUDPHWUHOHQGLULOHELOHQ
SUREOHPOHU ROPDN �]HUH� P�KHQGLVOLN SUDWL÷LQGH \D\JÕQ RODUDN LOJL GX\XODQ YH\D \D\JÕQ
RODQ SUREOHPOHUH X\JXQGXU �'X YG�� ������

5RJHUV ������� \DSÕVDO DQDOL] \DSPDN LoLQ <6$¶\Õ X\JXODPÕú YH \|QHUJHOHU
JHOLúWLUPLúWLU� <6$¶QÕQ 0DWHPDWLNVHO 2SWLPL]DV\RQ WHNQLNOHULQGHQ oRN GDKD KÕ]OÕ
oDOÕúWÕ÷ÕQÕ J|VWHUPLúWLU� <DSD\ =HND¶QÕQ DOW GDOODUÕQGDQ RODQ 0DNLQH g÷UHQPHVL
WHNQLNOHULQGHQ ELUL RODQ <6$ LOH ROXúWXUXOPXú 5HJUHV\RQ WDKPLQ PRGHOOHULQLQ� <DSÕ
0�KHQGLVOL÷L¶QGHNL NDUPDúÕN SUREOHPOHULQ� GR÷UXVDO ROPD\DQ \DSÕODUÕQÕ \DNDOD\DELOGL÷L YH
VRQ GHUHFH J�o WDKPLQOHUL ELOH KDVVDV ELU úHNLOGH VD÷OD\DELOGL÷L NDQÕWODQPÕúWÕU �&KRX YG��
������

6XQXODQ YHNLO PRGHO dRN .DWPDQOÕ <DSD\ 6LQLU $÷Õ |UQH÷L ROXS� 6RQOX (OHPDQODU
DQDOL]OHULQLQ G|QG�UG�÷� VRQXoODUÕQ VD\ÕVDO WDKPLQOHULQL JHUoHNOHúWLULOHELOPHVL LoLQ
'HQHWLPOL g÷UHQPH¶QLQ DOW GDOODUÕQGDQ ELUL RODQ 5HJUHV\RQ PRGHOL RODUDN WDVDUODQPÕúWÕU�
9HNLO RODUDN NXOODQÕODFDN <6$� PDWHPDWLNVHO PRGHO YH GDYUDQÕúÕQÕQ DQODúÕODELOLU ROPDVÕ



��

dL]HOJH ���� gUQHN (÷LWLP 9HUL 6HWL

'HQH\ 1R x1 x2 f

� � � ��

� � � �

� � � �

DGÕQD VRQUDNL DOW NRQX EDúOÕ÷Õ DOWÕQGDNL E|O�POHUGH EDVLW ELU 5HJUHV\RQ SUREOHPL �]HULQGH
VÕUDVÕ\OD DoÕNODQDFDNWÕU�

����� gUQHN (÷LWLP 9HUL 6HWLQLQ +D]ÕUODQPDVÕ

gUQHN SUREOHP LoLQ VD\ÕVDO ELU GHQH\ \DSÕOGÕ÷Õ YDUVD\ÕOPÕúWÕU� øNL IDUNOÕ JLUGL GH÷HUL
�x1�x2� DOÕQDUDN� GHQH\ VRQXFXQGD EX JLUGLOHUH J|UH ELU oÕNWÕ GH÷HUL �f � �UHWLOGL÷L
YDUVD\ÕOPÕúWÕU� %X GHQH\ � NH] WHNUDUODQPÕú YH HOGH HGLOHQ JLUGL YH oÕNWÕ GH÷HUOHULQGHQ ELU
YHUL VHWL ROXúWXUXOPXúWXU �dL]HOJH �����

9HUL VHWLQLQ WDPDPÕ <6$¶QÕQ JLUGL �x1�x2� YH oÕNWÕ �f � GH÷HUOHUL DUDVÕQGDNL
IRQNVL\RQHO LOLúNL\L |÷UHQHELOPHVL LoLQ H÷LWLP YHUL VHWL RODUDN DOÕQPÕúWÕU� gUQHN SUREOHP
LoLQ <6$¶QÕQ PDWHPDWLNVHO PRGHO YH DUND SODQÕQÕQ DoÕNODQDELOPHVL DGÕQD EDVLW ELU
UHJUHV\RQ SUREOHPL RODUDN WDVDUODQPÕúWÕU� <6$¶QÕQ YHULOHQ JLUGL YH oÕNWÕ GH÷HUOHUL
DUDVÕQGDNL IRQNVL\RQHO LOLúNL\L \DNDODPDVÕ EHNOHQPHNWHGLU� 9HUL VHWLQGHNL JLUGL YH oÕNWÕ
GH÷HUOHUL �dL]HOJH ����� DUDODUÕQGDNL PDWHPDWLNVHO PRGHOLQ ELOLQPHGL÷L YDUVD\ÕPÕ\OD �����¶H
J|UH KHVDSODQPÕúWÕU�

f(x1, x2) = x2
1 − x1x2 + 3 �����

(÷LWLP YHUL VHWLQGH EXOXQPD\DQ x1 YH x2 JLUGL GH÷HUOHUL H÷LWLOPLú <6$ PRGHOLQH JLUGL
RODUDN YHULOHFHN YH <6$¶QÕQ f oÕNWÕ GH÷HULQL WDKPLQ HWPHVL EHNOHQHFHNWLU� x1 YH x2 JLUGL
GH÷HUOHUL LOH ���¶H J|UH JHUoHN f oÕNWÕ GH÷HUL KHVDSODQPÕúWÕU� %|\OHFH ����� YDVÕWDVÕ\OD
<6$¶QÕQ WDKPLQOHUL LOH JHUoHN oÕNWÕ GH÷HUOHUL DUDVÕQGDNL KDWDODU EXOXQDELOPHNWH YH <6$
WDKPLQ SHUIRUPDQVÕ |Oo�OHELOPHNWHGLU�



��

����� gUQHN <DSD\ 6LQLU $÷Õ 7DVDUÕPÕ

<DSD\ 6LQLU $÷Õ �<6$� NÕVDFD� EL\RORMLN RODUDN Q|URQODUGDQ YH EX Q|URQODUÕ
ED÷OD\DQ VLQDSVODUGDQ HVLQOHQLOPLú ED÷ODQWÕODUGDQ ROXúDQ ELU KHVDSODPD PRGHOLGLU� <6$
PRGHOL 'HQHWLPOL g÷UHQPH 5HJUHV\RQ PRGHOL RODUDN WDVDUODQPÕúWÕU� %LU YH\D GDKD oRN DUD
NDWPDQGDQ ROXúDQ <6$ PRGHOOHULQH dRN .DWPDQOÕ <DSD\ 6LQLU $÷Õ YH\D 'HULQ g÷UHQPH
PRGHOL RODUDN ELOLQPHNWHGLU� gUQHN <6$ PRGHOL JLUGL YH oÕNWÕ NDWPDQODUÕQÕQ \DQÕQGD ELU
DUD NDWPDQD VDKLSWLU �ùHNLO ����� $UD NDWPDQ VD\ÕVÕ DUWWÕNoD SUREOHPOHULQ NDUPDúÕNOÕ÷ÕQD
ED÷OÕ RODUDN GR÷UXVDO ROPD\DQ LOLúNLOHULQ |÷UHQPH SHUIRUPDQVÕ DUWPDNWDGÕU�

ùHNLO ���� dRN .DWPDQOÕ <6$ gUQH÷L

ùHNLO ���¶GH NDWPDQODU UHQNOL GDLUHVHO HOHPDQODU RODUDN úHPDWL]H HGLOHQ Q|URQODUGDQ YH
KHUELU Q|URQX ELUELULQH ED÷OD\DQ VLQDSVODUGDQ HVLQOHQLOPLú ED÷ODQWÕ HOHPDQODUÕQGDQ
ROXúPDNWDGÕU� gUQHN ELU Q|URQ GHWD\Õ ùHNLO ���¶GH úHPDWL]H HGLOPLúWLU� X1 YH X2

JLUGLOHULQLQ DUD NDWPDQ LoLQGHNL NÕUPÕ]Õ Q|URQ HOHPDQD D÷ÕUOÕNODUÕ YDVÕWDVÕ\OD
ED÷ODQPDNWDGÕU �W1,W2�� 6LQLU K�FUHVLQH JHOHQ ELOJLOHU� JLUGLOHU �]HULQGHQ Q|URQ
oHNLUGH÷LQH XODúPDGDQ |QFH JHOGLNOHUL ED÷ODQWÕODUÕQ D÷ÕUOÕ÷Õ\OD oDUSÕODUDN Q|URQ oHNLUGH÷LQH
LOHWLOLU �Xi,Wi�� %X VD\HGH JLUGLOHULQ �UHWLOHFHN oÕNWÕ �]HULQGHNL HWNLVL D\DUODQDELOPHNWHGLU�
%X D÷ÕUOÕNODUÕQ GH÷HUOHUL SR]LWLI� QHJDWLI YH\D VÕIÕU RODELOLU� $÷ÕUOÕ÷Õ VÕIÕU RODQ JLUGLOHULQ oÕNWÕ
�]HULQGH KHUKDQJL ELU HWNLVL ROPDPDNWDGÕU� *LUGL GH÷HUOHUL Q|URQD JHOGLNWHQ VRQUD Q|URQ
LoLQGHNL WRSODPD IRQNVL\RQX ����� YDVÕWDVÕ LOH KHVDSODQÕU�

X =
2∑

i=1

(XiWi) �����



��

ùHNLO ���� <6$ 1|URQ 'HWD\Õ

+HVDSODQDQ X GH÷HUL GDKD VRQUD DNWLYDV\RQ IRQNVL\RQXQD JLUGL RODUDN JHOLU� $NWLYDV\RQ
IRQNVL\RQX K�FUH\H JHOHQ QHW JLUGL\L LúOH\HUHN Q|URQ K�FUHVLQGH EX JLUGL\H NDUúÕ �UHWLOHFHN
oÕNWÕ GH÷HULQL EHOLUOHU� $NWLYDV\RQ IRQNVL\RQX ROPD\DQ ELU Q|URQ K�FUHVL GR÷UXVDO ELU \DSÕ
J|VWHULU� 1|URQ K�FUHVLQLQ NDUPDúÕN SURPOHPOHULQ GR÷UXVDO ROPD\DQ \DSÕODUÕQÕ |÷UHQPH
NDELOL\HWL DNWLYDV\RQ IRQNVL\RQODUÕ WDUDIÕQGDQ VD÷ODQPDNWDGÕU� <6$ PRGHOL LoLQ SUREOHPLQ
\DSÕVÕQD J|UH WHUFLK HGLOHELOHFHN ELU oRN DNWLYDV\RQ IRQNVL\RQX EXOXQPDNWDGÕU� 'R÷UXVDO
ROPD\DQ DNWLYDV\RQ VHoLPOHUL PRGHOLQ oHúLWOL YHULOHUOH JHQHOOHúWLUPHVLQL YH\D X\DUODQPDVÕQÕ
NROD\ODúWÕUPDNWDGÕU� <DSÕODQ WHVWOHUGH VXQXODQ YHNLO PRGHO LoLQ \DSÕVDO SUREOHPOHULQ
NDUPDúÕN GR÷UXVDO ROPD\DQ \DSÕODUÕQÕ \DNDODPD NRQXVXQGD GDKD L\L SHUIRUPDQV VHUJLOHGL÷L
G�ú�Q�OHQ ¶6ZLVK¶ DNWLYDV\RQ IRQNVL\RQX� |WH \DQGDQ NDUúÕODúWÕUPD \DSÕODELOPHVL DGÕQD
¶5H/8¶ YH EXQODUÕQ DUD NDWPDQODUGD X\JXODQDFDN úHNLOGH NRPELQDV\RQODUÕ VHoLOPLúWLU�

gUQHN SUREOHP LoLQ $NWLYDV\RQ )RQNVL\RQX RODUDN ùHNLO ���¶GH JUDIL÷L VXQXODQ
´6LJPRLG´ IRQNVL\RQX WHUFLK HGLOPLúWLU� *UDILN LQFHOHQGL÷LQGH 6LJPRLG IRQNVL\RQXQXQ
WRSODP JLUGLOHUH J|UH 0 LOH 1 DUDVÕQGD oÕNWÕ GH÷HUOHUL �UHWWL÷L J|U�OPHNWHGLU� g]HOOLNOH oÕNWÕ
RODUDN RODVÕOÕNVDO WDKPLQOHULQ JHUHNWL÷L PRGHOOHU LoLQ JLUGL GH÷HUOHULQL � LOH � DUDVÕQGDNL
RODVÕOÕN GH÷HUOHULQH LQGLUJHPHNWHGLU�

Y = Sigmoid (X)

=
1

1 + e−X

�����

6LJPRLG )RQNVL\RQX� GR÷UXVDO ELU IRQNVL\RQ ROPDPDVÕ GROD\ÕVÕ\OD� Q|URQXQ� SUREOHPLQ
GR÷UXVDO ROPD\DQ \DSÕVÕQÕ \DNDODPDNWD EDúDUÕOÕGÕU� gUQHN SUREOHPLQ o|]�P DGÕPODUÕQÕQ



��

ùHNLO ���� 6LJPRLG $NWLYDV\RQ )RQNVL\RQX *UDIL÷L

VRQUDNL DúDPDODUÕQGD� JHUoHN oÕNWÕ YH WDKPLQOHU DUDVÕ KDWDQÕQ PLQLPL]H HGLOPHVL LoLQ EX
IRQNVL\RQXQ H÷LPLQGHQ \DUDUODQÕODFDNWÕU� %X VHEHSOH W�UHYL NROD\ KHVDSODQDELOLU RODQ EX
DNWLYDV\RQ IRQNVL\RQX WHUFLK HGLOPLúWLU� %|\OHFH <6$¶QÕQ PDWHPDWLNVHO PRGHOLQLQ GDKD
DQODúÕODELOLU RODFD÷Õ G�ú�Q�OPHNWHGLU� 6RQUDNL DúDPDGD Q|URQGD HOGH HGLOHQ oÕNWÕ GH÷HUL
�Y �� GL÷HU Q|URQD LOHWLOPHN �]HUH Q|URQ K�FUHVLQGHQ oÕNPDNWDGÕU�

����� 9HUL gQ øúOHPH gUQH÷L

ùHNLO ���¶WH 6LJPRLG IRQNVL\RQXQXQ JUDIL÷L LQFHOHQGL÷LQGH� JLUGL GH÷HUOHUL SR]LWLI
\|QGH E�\�G�NoH YH QHJDWLI \|QGH N�o�OG�NoH 6LJPRLG IRQNVL\RQXQ H÷LPL VÕIÕUD
\DNODúPDNWDGÕU� $NWLYDV\RQ IRQNVL\RQXQ W�UHYL H÷LPL YHUPHNWHGLU� 6RQUDNL DGÕPODUGD
DoÕNODQDFD÷Õ �]HUH� H÷LPLQ VÕIÕUD \DNÕQ ROPDVÕ <6$ H÷LWLPLQGH Q|URQXQ H÷LWLP NDELOL\HWLQL
G�ú�UPHNWHGLU� 'L÷HU WDUDIWDQ 6LJPRLG IRQNVL\RQX JLUGL GH÷HUOHUL LoLQ � LOH � DUDOÕ÷ÕQGD
GH÷HUOHU �UHWPHNWHGLU� %X VHEHSOH H÷LWLP VHWLPL]GHNL W�P YHULOHULQ NHQGL DUDODUÕQGD
PDNVLPXP GH÷HUH J|UH � LOH � DUDOÕ÷ÕQD |OoHNOHQPHVL <6$ H÷LWLPL LoLQ X\JXQ ELU \DNODúÕP
RODFDNWÕU �dL]HOJH �����



��

dL]HOJH ���� gOoHNOHQPLú (÷LWLP 9HUL 6HWL

'HQH\ 1R x1/12 x2/12 f/12

� ���� ����� �

� ����� ����� �����

� ����� ����� �����

����� gUQHN 3UREOHP <DSD\ 6LQLU $÷Õ (÷LWLPL

gOoHNOHQPLú YHUL VHWLQGHNLX1 YHX2 GH÷HUOHUL� ùHNLO ���¶GDNL <6$ PLPDULVLQH JLUGL
RODUDN YHULOHFHNWLU� $QFDN |QFHVLQGH *LUGL .DWPDQÕ LOH $UD .DWPDQ DUDVÕQGDNL Q|URODQODUÕQ
ED÷ODQGÕ÷Õ D÷ÕUOÕN GH÷HUOHUL [−1, 1] DUDVÕQGDQ UDVWJHOH RODUDN ���¶GHNL JLEL EHOLUOHQPLúWLU�

Wgirdi−ara =

(
W11 W21

W12 W22

)
=

(
0, 3653 0, 8725

0, 3541 −0, 8641

)
�����

$\QÕ úHNLOGH $UD .DWPDQÕ LOH dÕNÕú .DWPDQÕ DUDVÕQGDNL Q|URODQODUÕQ ED÷ODQGÕ÷Õ D÷ÕUOÕN
GH÷HUOHUL [−1, 1] DUDVÕQGDQ UDVWJHOH RODUDN ���¶GHNL JLEL EHOLUOHQPLúWLU�

Wara−cikti =
(
W11 W21

)
=
(
0, 7311 −0, 6047

)
�����

%|\OHFH |UQHN SUREOHPLQ <DSD\ 6LQLU $÷Õ PRGHOL ELULQFL DúDPD VRQXQGD ùHNLO ���¶GH
J|VWHULOGL÷L JLEL ROPXúWXU�

*LUGL .DWPDQÕ¶QGDNL Q|URQODU DNWLYDV\RQ IRQNVL\RQX LOH LúOHPH WDEL WXWXOPD]ODU�
'Õú G�Q\DGDQ JLUGL NDWPDQÕQGDNL � YH � QXPDUDOÕ Q|URQODUD JHOHQ JLUGL GH÷HUOHUL JLULú
NDWPDQÕQGDNL Q|URQODUGD oÕNWÕ RODUDN DOÕQÕUODU� *LULú NDWPDQÕQGD EX V�UHoWHQ VRQUD <6$
úHPDVÕ ùHNLO ���¶GH J|VWHULOGL÷L JLEL ROPDNWDGÕU�



��

ùHNLO ���� %LULQFL $úDPD <6$ PRGHOL

ùHNLO ���� %LULQFL $úDPD <6$ *LULú .DWPDQÕ

$UD NDWPDQGDNL � QXPDUDOÕ YH � QXPDUDOÕ Q|URQD JHOHQ JLUGL GH÷HUOHUL ���¶GH PDWULV
VLVWHPL NXOODQÕODUDN KHVDSODQÕU�

Xara =

(
W11 W21

W12 W22

) (
X1

girdi

X2
girdi

)

=

(
0, 3653 0, 8725

0, 3541 −0, 8641

) (
0, 75

0, 667

)

=

(
0, 8557

−0, 3105

)

�����



��

6RQUDVÕQGD DUD NDWPDQGDNL � YH � QXPDUDOÕ Q|URQODUD LOHWLOHQ GH÷HUOHU 6LJPRLG DNWLYDV\RQ
IRQNVL\RQXQGDQ JHoLULOGLNWHQ VRQUD ���¶GHNL PDWULV HOGH HGLOLU�

Oara = Sigmoid(Xara) =

(
0, 7018

0, 4230

)
�����

*LULú NDWPDQÕQGD YH DUD NDWPDQGD EX V�UHoWHQ VRQUD <6$ úHPDVÕ ùHNLO ���¶GH J|VWHULOGL÷L
JLEL ROPDNWDGÕU�

ùHNLO ���� %LULQFL $úDPD <6$ *LUGL�$UD .DWPDQ 'HWD\Õ

dÕNWÕ NDWPDQÕQGDNL � QXPDUDOÕ Q|URQD JHOHQ JLUGL GH÷HUL DúD÷ÕGDNL PDWULV VLVWHPL
NXOODQÕODUDN KHVDSODQÕU�

Xcikti =
(
W cikti

11 W cikti
21

) (
X1

ara

X2
ara

)

=
(
0, 7311 −0, 6047

) (
0, 7018

0, 4230

)

= 0, 2573

�����



��

<LQH oÕNWÕ NDWPDQÕQGDNL � QXPDUDOÕ Q|URQD JLUHQ GH÷HU 6LJPRLG DNWLYDV\RQ IRQNVL\RQXQGDQ
JHoLULOGLNWHQ VRQUD DúD÷ÕGDNL PDWULV HOGH HGLOLU�

Ocikti = 0, 564 �����

7�P LOHUL EHVOHPH DGÕPODUÕQGDQ VRQUD <6$ úHPDVÕ ùHNLO ���¶GH J|VWHULOGL÷L JLEL ROPDNWDGÕU�

ùHNLO ���� %LULQFL $úDPD <6$ *LUGL�$UD .DWPDQ 'HWD\Õ

����� *HUL <D\ÕOÕP $OJRULWPDVÕ LOH +DWD 'D÷ÕOÕPÕ

<XNDUÕGD KHU ELU NDWPDQGDNL JLUGLOHUL YH oÕNWÕODUÕ KHVDSOD\DUDN HQ VRQ oÕNWÕ
NDWPDQÕQGDNL Q|URQGDQ WDKPLQ GH÷HUL RODQ� ������ RODUDN KHVDSODQPÕúWÕU� 9HUL VHWLQGH ��
GHQH\ VRQXFXQGD oÕNWÕQÕQ� I  ��� ROPDVÕ EHNOHQLU� *HUoHN GH÷HU LOH KHVDSODQDQ WDKPLQ
GH÷HUL DUDVÕQGDNL IDUN KDWD\Õ YHUPHNWHGLU� %X KDWD\Õ <6$¶GD *HUL <D\ÕOÕP $OJRULWPDVÕ LOH
KHU ELU NDWPDQGDNL Q|URQ HOHPDQÕQ ED÷ODQWÕ D÷ÕUOÕNODUÕ RUDQÕQGD KDWD\D QDVÕO HWNL HWWLNOHUL
KHVDSODQDFDNWÕU� gQFHOLNOH JHUoHN GH÷HU LOH <6$ WDKPLQLQ DUDVÕQGDNL IDUN LOH ���� LOH KDWD
GH÷HUL KHVDSODQÕU

Hatacikis = f −Ocikis = 1, 0− 0, 564

= 0, 436
������



��

6RQUDVÕQGD JHUL \D\ÕOÕP \DNODúÕPÕ LOH oÕNWÕ GH÷HULQGHNL KDWD DUD NDWPDQGDNL Q|URQODUD
����¶GH J|VWHULOGL÷L JLEL DNWDUÕOÕU�

Hataara−cikti =
(
W11 W21

)T
Hatacikis

=
(
0, 7311 −0, 6047

)T (
0, 436

)

=

(
0, 319

−0, 264

)

������

6RQUDVÕQGD JHUL \D\ÕOÕP \DNODúÕPÕ LOH DUD NDWPDQ Q|URQODUÕQGDNL KDWDODU JLUGL
NDWPDQGDNL Q|URQODUD ����¶GH J|VWHULOGL÷L JLEL DNWDUÕOÕU�

Hatagiris−ara =

(
W11 W21

W12 W22

)T

Hataara

=

(
0, 365 0.873

0, 354 −0, 864

)T (
0, 319

−0, 264

)

=

(
0, 023

0, 507

)

������

6RQ GXUXPGD <6$ úHPDVÕQGD KHU �� GHQH\ JLUGL YH oÕNWÕ GH÷HUOHULQLQ H÷LWLPH
NDWÕOPDVÕ\OD UDVWJHOH RODUDN YHULOHQ D÷ÕUOÕN GH÷HUOHULQGHQ KDQJL D÷ÕUOÕN GH÷HUOHULQLQ QH NDGDU
KDWD\D HWNL HWWLNOHUL KHVDSODQPÕúWÕU �ùHNLO �����

����� *HUL <D\ÕOÕP $OJRULWPDVÕ LOH +DWD 2SWLPL]DV\RQX

gUQHN SUREOHPGH YHUL VHWLQGHNL \DOQÕ] �� GHQH\ YHULVL LOH LúOHP DGÕPODUÕ J|VWHULOPLúWLU�
'L÷HU GHQH\ YHULOHUL LoLQ D\QÕ LúOHP DGÕPODUÕ X\JXODQPÕú YH oHúLWOL <6$ KDWDODUÕ dL]HOJH
���¶WH SD\ODúÕOPÕúWÕU�

dL]HOJH ���¶WH J|U�OG�÷� JLEL � IDUNOÕ YHUL ELUOHúLPLQLQ IDUNOÕ IDUNOÕ JLUGL YH oÕNWÕ
GH÷HUOHUL KHVDSODQÕS VRQUDVÕQGD KDWD GH÷HUOHUL EXOXQGX÷XQGD oL]HOJHGHNL LOJLOL VRQXoODUD



��

ùHNLO ���� <6$ *HUL <D\ÕOÕP +DWD ùHPDVÕ

dL]HOJH ���� gUQHN 3UREOHP <6$ +DWDODUÕ

X1 X2 f Ocikis f −Ocikis |f −Ocikis| (f −Ocikis)
2

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

1

3

3∑

i=1

Hatalari ����� ����� �����

XODúÕOPÕúWÕU� 'LUHNW RODUDN EHNOHQHQ GH÷HU LOH KHVDSODQDQ GH÷HU DUDVÕQGDNL IDUN QHJDWLI GH
RODELOHFH÷LQGHQ GROD\Õ N�P�ODWLI WRSODPODUÕ VÕIÕU RODELOLU� EX GD <6$ H÷LWLPLQGH KDWD
\RNPXú JLEL ELU \DQÕOJÕ\D VHEHS ROXU� 'LUHNW PXWODN KDWD GH÷HUOHULQLQ RUWDODPDVÕQÕQ
DOÕQPDVÕ� LúDUHWOHULQ J|UPH]GHQ JHOLQHUHN LúOHP \DSÕOPDVÕQD YH <6$ H÷LWLP SHUIRUPDQVÕ
NRQXVXQGD \DQÕOWÕFÕ ELU \DNODúÕPD VHEHS ROXU� *UDG\DQ øQLú DOJRULWPDVÕ YDVÕWDVÕ LOH KDWDODU
PLQLPL]H HGLOHFH÷LQGHQ� (Q L\L \DNODúÕP� 2UWDODPD .DUHVHO +DWDODU¶ÕQ DOÕQPDVÕGÕU�

%|\OHFH <DSD\ 6LQLU $÷Õ LoLQ KDWD GH÷HUL �OKH�� EHNOHQHQ oÕNWÕ GH÷HUL LOH WDKPLQVHO
oÕNWÕ GH÷HUL DUDVÕQGDNL IDUNÕQ NDUHVL NDGDU ROPDNWD YH YHUL VHWLQGH EXOXQDQ YHUL VD\ÕVÕQD J|UH
RUWDODPDVÕ DOÕQPDNWDGÕU �������

OKH =
1

n

n∑

i=1

(fi −Ociktii)
2 ������



��

(úLWOLN LQFHOHQLUVH ������ DPDFÕQ KDWD\Õ PLQLPL]H HWPHN ROGX÷X J|] |Q�QH
DOÕQGÕ÷ÕQGD OKH GH÷HULQLQ D]DOWÕOPDVÕ LoLQ HúLWOL÷LQ VD÷ WDUDIÕQGDNL f − Ok GH÷HULQLQ
D]DOWÕOPDVÕ JHUHNWL÷L DoÕNWÕU� %HNOHQHQ oÕNWÕ GH÷HUL YH KHVDSODQDQ oÕNWÕ GH÷HUL Wij D÷ÕUOÕN
GH÷HUOHULQLQ GH÷LúWLULOPHVL LOH P�PN�Q ROPDNWDGÕU� %XQXQ LoLQ <6$ H÷LWLPLQGH VRQUDNL
E|O�PGH DoÕNODQDFDN RODQ� JUDG\DQ WDEDQOÕ ELU RSWLPL]DV\RQ DOJRULWPDVÕ RODQ *UDG\DQ øQLú
<|QWHPL NXOODQÕODFDNWÕU�

������� *UDG\DQ øQLú .DYUDPÕ

gUQH÷LQ y = (x − 4)2 + 3 JLEL ELU IRQNVL\RQ LoLQ y ¶QLQ x ¶H J|UH PLQLPXP ROGX÷X
QRNWD\Õ \DQL \HUHO PLQLPXPXPXQ EXOXQDFD÷Õ YDUVD\ÕPÕ\OD *UDG\DQ øQLú <|QWHPL ùHNLO
���¶GD úHPDWL]H HGLOPH\H oDOÕúÕOPÕúWÕU�

ùHNLO ���� *UDG\DQ øQLú gUQH÷L

%X IRQNVL\RQ EDVLW ELU IRQNVL\RQ ROGX÷XQGDQ \ ¶QLQ PLQLPXP ROGX÷X [ QRNWDVÕ
IRQNVL\RQXQ H÷LPLQLQ \DQL W�UHYLQLQ VÕIÕU ROGX÷X [ GH÷HULQGH VD÷ODQPDNWDGÕU� %X
IRQNVL\RQGD \HUHO PLQLPXP YH JOREDO PLQLPXP QRNWDODUÕQÕQ D\QÕ QRNWD ROGX÷X DoÕNWÕU�
$QFDN EXQXQ ELOLQPHGL÷L YH EX IRQNVL\RQXQ JUDIL÷L NRQXVXQGD KHUKDQJL ELU ILNLU VDKLEL
ROXQPDGÕ÷Õ� JUDIL÷LQ ùHNLO ���¶GDNL JLEL ROGX÷X YDUVD\ÕOPÕúWÕU� *UDG\DQ øQLú �'HUHFHOL
$]DOPD�� ELU IRQNVL\RQXQ PLQLPXPXQXQ EXOXQPDVÕ LoLQ ELULQFL PHUWHEHGHQ \LQHOHPHOL ELU
RSWLPL]DV\RQ DOJRULWPDVÕGÕU� (÷LP LQLúLQL NXOODQDUDN \HUHO PLQLPXP ELU QRNWD EXOPDN LoLQ�
JHoHUOL QRNWDGDNL IRQNVL\RQXQ JUDG\DQÕQÕQ QHJDWLIL\OH RUDQWÕOÕ DGÕPODU DWÕOÕU� %XQXQ \HULQH
JUDG\DQÕQ SR]LWLIL LOH RUDQWÕOÕ RODUDN DGÕPODU DWÕOGÕ÷ÕQGD� EX GXUXP IRQNVL\RQX \HUHO
PDNVLPXPD \DNODúWÕUPDNWDGÕU� <DQL H÷LPLQ QHJDWLI ROGX÷X \HUGH DGÕPODU DWÕOGÕ÷ÕQGD
PLQLPXPD \DNODúÕOÕUNHQ� [ GH÷HUOHULQLQ DUWWÕ÷Õ J|U�OPHNWHGLU� ùHNLO ��� VXQXODQ JUDILNWHNL



��

NÕUPÕ]Õ GDLUHQLQ ROGX÷X QRNWDGD EXOXQXOGX÷X DQFDN JUDIL÷LQ WDP RODUDN QHUHVLQGH
ROXQGX÷XQXQ ELOLQPHGL÷L� UDVWJHOH ELU [ GH÷HUL �]HULQGH ROXQGX÷X YDUVD\ÕPÕ\OD� α GH÷HUL
NDGDU DGÕP DWÕOGÕ÷ÕQGD \HQL [ GH÷HUL NRQXPX ����¶WHNL JLEL KHVDSODQPDNWDGÕU�

xyeni = xeski − α
∂y

∂x
������

%X úHNLOGH IRQNVL\RQGD� \HQL [ GH÷HUOHULQL \HULQH \D]DUDN \HUHO PLQLPXP QRNWDVÕQD DGÕP
DGÕP \DNODúÕOÕU YH IRQNVL\RQXQ \ GH÷HULQLQ DUWPD\D EDúODGÕ÷Õ VRQ QRNWDGDQ |QFHNL \HQL [
GH÷HUL� EX IRQNVL\RQXQ PLQLPXP ROGX÷X [ QRNWDVÕQÕ YHUPHNWHGLU�

ùHNLO ����� *UDG\DQ øQLú 'HWD\

%X \DNODúÕPOD <6$ KDWDODUÕ *UDG\DQ øQLú $OJRULWPDVÕ NXOODQÕODUDN NDGHPHOL RODUDN
D]DOWÕOPDNWDGÕU �ùHNLO ������ $÷ÕUOÕNODUD ED÷OÕ KDWD IRQNVL\RQX ELUoRN GH÷LúNHQ EDUÕQGÕUPDNWD
YH GDKD NDUPDúÕN ELU \DSÕGD ROGX÷X LoLQ EHONL GH ELUoRN \HUHO PLQLPXP YH \HUHO PDNVLPXP
QRNWDVÕ EXOXQPDNWDGÕU� *UDG\DQ øQLú $OJRULWPDVÕ NXOODQÕOPDGÕ÷Õ WDNGLUGH KDWD WHN ELU \HUHO
PLQLPXPGD WDNÕOÕU YH RQGDQ GDKD N�o�N ELU \HUHO PLQLPXP QRNWDVÕ ROGX÷X WDNWLUGH EX QRNWD
NDoÕUÕODUDN� LVWHQLOHQ KDWD GH÷HUOHUL \DNDODQDPDGÕ÷Õ LoLQ <6$ |÷UHQLPL EDúDUÕVÕ] ROPDNWDGÕU�
<DSD\ 6LQLU $÷Õ .DUHVHO +DWDVÕQÕ YHUHQ HúLWOLN ����¶WH VXQXOPXúWXU�

KH = (f −Ocikti)
2 ������



��

%X HúLWOL÷LQ ������ W�UHYL ����¶GD J|VWHULOPLú ROXS KHUKDQJL ELUW D÷ÕUOÕN GH÷HULQGHNL
H÷LPL YHUPHNWHGLU�

∂E

∂Wjk
=

∂

∂Wcikis

1

2
(f −Ocikis)

2

∂E

∂Wjk
=

∂E

∂Ocikis

∂Ocikis

∂Wjk

∂E

∂Wjk
= −(f −Ocikis)

∂Ocikis

∂Wjk

∂E

∂Wjk
= −(f −Ocikis)

∂

∂Wjk
Sigmoid (

∑

j

Wjk Oj)

∂E

∂Wjk
= −

(
f −Ocikis

)
Sigmoid

(∑

j

Wjk Oj

)

(
1− Sigmoid

(∑

j

Wjk Oj

)) ∂

∂Wjk

(∑

j

Wjk Oj

)

∂E

∂Wjk
= −

(
f −Ocikis

)
Sigmoid

(∑

j

Wjk Oj

)

(
1− Sigmoid

(∑

j

Wjk Oj

))
Oj

������

6RQXo RODUDN KDWDQÕQ D÷ÕUOÕ÷D J|UH W�UHYL ����¶GDNL HúLWOLN \DUGÕPÕ\OD EXOXQXU� (úLWOLNWHNL α
GH÷HUL |÷UHQPH RUDQÕ ROPDN �]HUH *UDG\DQ øQLú ¶H X\DUODQGÕ÷ÕQGD ����¶GHNL JLEL
ROPDNWDGÕU�

Wjkyeni
= Wjkeski − α

∂E

∂Wjk

= Wjkeski + α ej Sigmoid
(∑

j

Wjk Oj

)

(
1− Sigmoid

(∑

j

Wjk Oj

))
Oj

������



��

����¶GHNL HúLWOLN JHQHO RODUDN IRUP�OL]H HGLOGL÷LQGH LON DGÕPGD KDWDQÕQ RSWLPL]H HGLOPHVL
LoLQ D÷ÕUOÕ÷ÕQ QH NDGDU GH÷LúWLULOPHVL JHUHNWL÷LQL YHUHQ HúLWOLN ���� ROGX÷X JLEL IRUP�OL]H
HGLOHELOLU�

∆Wjk =

(
α ej Sigmoid(Ok)

(
1− Sigmoid(Ok)

))
. (Oj)

T ������

������� $UD .DWPDQ LOH dÕNWÕ .DWPDQ $÷ÕUOÕN *�QFHOOHPHVL

<6$ H÷LWLPL LoLQ LúOHPOHU PDWULV VLVWHPL\OH \DSÕOPÕúWÕU� *UDG\DQ øQLú $OJRULWPDVÕ
LOH D÷ÕUOÕNODUD ED÷OÕ KDWD IRQNVL\RQXQXQ PLQLPL]H HGLOHELOPHVL LoLQ |÷UHQPH RUDQÕ GH÷HUL
α = 0.5 DOÕQDUDN� LON D÷ÕUOÕN J�QFHOOHPHVL \DSÕOPÕú YH \HQL D÷ÕUOÕN GH÷HUOHUL ����¶D J|UH
EXOXQPXúWXU�

∆Wjk =

(
α ej Sigmoid(Ok)

(
1− Sigmoid(Ok)

))
. (Oj)

T

=

(
0, 5 0, 436 Sigmoid(0, 564)

(
1− Sigmoid(0, 564)

))
.

(
0, 035

0, 024

)T

=

(
0, 0087

0, 0052

)

Wjkyeni = Wjkeski +∆W

=

(
0, 731

−0, 605

)
+

(
0, 035

0, 024

)

=

(
0, 766

−0, 581

)

������



��

������� *LUGL .DWPDQÕ LOH $UD .DWPDQ $÷ÕUOÕN *�QFHOOHPHVL

∆Wjk = α ej Sigmoid(Ok)
(
1− Sigmoid(Ok)

)
(Oj)

T

=

(
0, 5

(
0, 319

−0, 264

)
Sigmoid

(
0, 702

0, 423

)

(
1− Sigmoid

(
0, 702

0, 423

)))
.

(
0, 75

0, 667

)T

=

(
0.027 0.024

−0.024 −0.021

)

Wjkyeni = Wjkeski +∆W

=

(
0.365 0.872

0.354 −0.864

)
+

(
0.027 0.024

−0.024 −0.021

)

=

(
0.392 0.896

0.330 −0.886

)

������

gUQHN UHJUHV\RQ SUREOHPL �]HULQGH <6$ H÷LWLPL LON GHQH\ VRQXoODUÕQD J|UH
\DSÕOPÕú YH D÷ÕUOÕNODU *UDG\DQ øQLú \|QWHPLQH J|UH J�QFHOOHQPLúWLU� 5DVWJHOH VHoLOHQ LON
D÷ÕUOÕNODU H÷LWLP DOJRULWPDVÕ \DUGÕPÕ\OD RSWLPL]H HGLOPLúWLU� *�QFHOOHQHQ D÷ÕUOÕN
GH÷HUOHUL\OH� \DSÕOGÕ÷Õ YDUVD\ÕODQ KHU ELU GHQH\LQ JLUGL GH÷HUOHULQH J|UH <6$ WDKPLQOHUL
\DSÕOPÕú YH JHUoHN oÕNWÕ GH÷HUOHUL LOH ROXúWXUGX÷X .DUHVHO +DWD¶ODU J�QFHOOHQPLú \HQL
KDWDODU HOGH HGLOPLúWLU� 6RQXFD EDNÕOGÕ÷ÕQGD KDWDQÕQ \DNODúÕN RODUDN ����� D]DOGÕ÷Õ
J|U�OPHNWHGLU� 'DKD ID]OD YHULQLQ EXOXQGX÷X NDUPDúÕN SUREOHPOHUGH <6$ H÷LWLPL
\DSÕOGÕ÷ÕQGD KDWDQÕQ PLQLPL]H HGLOPHVL YH YHUL VHWLQLQ WHNUDU WHNUDU LWHUDWLI ELU úHNLOGH
H÷LWLPH VRNXOPDVÕ EHONL \�] EHONL ELQOHUFH NH] D\QÕ úHNLOGH EX LúOHPLQ WHNUDUÕQÕ
JHUHNWLUPHNWHGLU�



��

<HQL $÷ÕUOÕN GH÷HUOHUL ����¶H J|UH KHVDSODQPÕúWÕU�

Xara =

(
W11yeni W21yeni

W12yeni W22yeni

)
.

(
Xgirdi1

Xgirdi2

)

=

(
0.372 0.878

0.348 −0.869

)
.

(
0.75

0.667

)
=

(
0.891

−0.343

)

Oara = Sigmoid
(
Xara

)
=

(
0, 709

0, 415

)

Xcikti =
(
W11yeni W21yeni

)
.

(
Oara1

Oara2

)

=
(
0, 74 −0, 599

)
.

(
0, 704

0, 421

)
= 0, 276

Ocikti = Sigmoid
(
Xcikti

)
= 0, 566

������

dÕNWÕ NDWPDQÕQGDNL \HQL KDWD GH÷HUL ����¶\H J|UH KHVDSODQPÕúWÕU�

Hatayenicikti = f −Okyeni

= 1.0− 0.566

= 0, 434

∆Hata = Hatayenicikti −Hataeskicikti

∆Hata = 0.434− 0.436

∆Hata = −0.002

������
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3\WKRQ� QHVQH \|QHOLPOL� \RUXPODPDOÕ� PRG�OHU YH HWNLOHúLPOL \�NVHN VHYL\HOL ELU
SURJUDPODPD GLOLGLU� 3\WKRQ¶GD EHOLUOL DPDoODU LoLQ \D]ÕOPÕú ELUoRN KD]ÕU N�W�SKDQH
EXOXQPDNWD� E|\OHFH DUDúWÕUPDFÕ WDVDUÕPÕQD RGDNODQDUDN KÕ]OÕFD SURWRWLSOHU
�UHWHELOPHNWHGLU� $UDúWÕUPD YH GHQH\OHULQ YHULPOL ELU úHNLOGH \DSÕODELOPHVL� ELOLPVHO
DUDúWÕUPDODUGD NXOODQÕPÕQÕ \D\JÕQODúWÕUPÕúWÕU �2OLSKDQW� ������ %X |]HOOLNOHULQGHQ GROD\Õ
VXQXODQ YHNLO PRGHO YH W�P DOJRULWPD SURJUDPODPDODUÕ LoLQ 3\WKRQ SURJUDPODPD GLOL WHUFLK
HGLOPLúWLU�

2SHQ6HHV� DoÕN ND\QDN NRGOX \DSÕVDO DQDOL]OHULQ \DSÕOGÕ÷Õ ELU ELOJLVD\DU \D]ÕOÕPÕGÕU�
<DSÕODUÕQ VRQOX HOHPDQODU DQDOL]L YH JHRWHNQLN GHSUHP P�KHQGLVOL÷L SUREOHPOHULQLQ o|]�P�
LoLQ NXOODQÕOPDNWDGÕU� 2SHQ6HHV3\ LVH EX 6RQOX (OHPDQODU o|]�F�V�Q�Q 3\WKRQ YDVÕWDVÕ LOH
\RUXPODQDELOPHVLQH RODQDN VD÷OD\DQ ELU N�W�SKDQHGLU YH GL÷HU W�P N�W�SKDQHOHU JLEL
3\WKRQ¶D HQWHJUH HGLOHUHN Lú DNÕúÕQD GDKLO HGLOHELOLU �=KX YG�� ������ gQHULOHQ YHNLO PRGHO
LoLQ VRQOX HOHPDQODU o|]�F�V� RODUDN 2SHQ6HHV3\ N�W�SKDQHVL NXOODQÕOPÕúWÕU�

7HQVRUIORZ� 3\WKRQ¶GD \RUXPODQDELOHQ DoÕN ND\QDN NRGOX ELU PDNLQH |÷UHQPHVL
N�W�SKDQHVLGLU� øoLQGH oHúLWOL UHJUHV\RQ� VÕQÕIODQGÕUPD YH N�PHOHPH DOJRULWPDODUÕQÕ
EDUÕQGÕUÕU� 6XQXODQ YHNLO PRGHO LoLQ LOJLOL PDNLQH |÷UHQPHVL N�W�SKDQHVLQGH� <DSD\ 6LQLU
$÷ODUÕQGDQ ROXúDQ� GR÷UXVDO ROPD\DQ ELU 5HJUHV\RQ PRGHOL SURJUDPODQPÕúWÕU�

'HWD\ODUÕ %|O�P ���¶GH YHULOHQ� (ú]DPDQOÕ %R\XW� ùHNLO YH 7RSRORML 2SWLPL]DV\RQX
LoLQ SRS�ODV\RQ WDEDQOÕ ELU PHWDVH]JLVHO RODQ -D\D DOJRULWPDVÕ NXOODQÕOPÕúWÕU� 2SWLPL]DV\RQ
V�UHFLQH GDKLO HGLOHFHN <DSD\ 6LQLU $÷Õ PRGHOL� X\JXODQDFDN YHNLO PRGHO VWUDWHMLVL YH
GHWD\ODUÕ %|O�P ���¶GH D\UÕQWÕOÕ RODUDN VXQXOPXúWXU�

��� -$<$ $OJRULWPDVÕ LOH (ú =DPDQOÕ %R\XW� ùHNLO YH
7RSRORML 2SWLPL]DV\RQX

%LU NDIHV \DSÕQÕQ RSWLPXP WDVDUÕPÕ V�UHFLQGH ER\XW� úHNLO YH WRSRORML RSWLPL]DV\RQX
Hú ]DPDQOÕ RODUDN HOH DOÕQDUDN RSWLPL]DV\RQ SURVHG�U� -D\D DOJRULWPDVÕ LOH
JHUoHNOHúWLULOHFHNWLU� -D\D DOJRULWPDVÕ SRS�ODV\RQ WDEDQOÕ ELU PHWDVH]JLVHO ROPDVÕQÕQ \DQÕ
VÕUD GL÷HU SRS�ODV\RQ ED]OÕ PHWDVH]JLVHOOHUGHQ IDUNOÕ RODUDN oRN VD\ÕGD VSHVLILN NRQWURO



��

SDUDPHWUHVL LoHUPHPHNWHGLU� <DOQÕ]FD ³3RS�ODV\RQ %R\XWX´ YH ³ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ´
SDUDPHWUH RODUDN WDQÕPODQÕU �9HQNDWD 5DR� ������ 6RQXo RODUDN� -D\D DOJRULWPDVÕQGD
\DOQÕ]FD EX LNL SDUDPHWUHQLQ NXOODQÕOPDVÕ RSWLPXP o|]�POHULQ DUDQPDVÕQGD�
PHWDVH]JLVHOLQ VD÷ODPOÕ÷ÕQÕ DUWWÕUPDNWDGÕU �'HJHUWHNLQ YG�� ������ -D\D DOJRULWPDVÕ�
SRS�ODV\RQGDNL KHU ELU DGD\ÕQ HQ L\L o|]�PH \DNODúÕOPDVÕ YH HQ N|W� VRQXoWDQ
X]DNODúWÕUÕOPDVÕ SUHQVLELQH GD\DQPDNWDGÕU�

gQFHOLNOH 7RSRORML 2SWLPL]DV\RQX LoLQ \DSÕVDO HOHPDQÕQ YDUOÕ÷Õ DUDúWÕUÕODFDNWÕU�
%R\XW RSWLPL]DV\RQX LoLQ SUREOHPLQ W�U�QH YH GH÷LúNHQOHUL VD\ÕVÕQD J|UH� YDU RODQ \DSÕVDO
HOHPDQODUÕQ NHVLW DODQODUÕQÕQ �A�� úHNLO RSWLPL]DV\RQX LoLQVH \DSÕVDO HOHPDQODUÕQ ED÷ODQGÕ÷Õ
G�÷�POHULQ NRRUGLQDW GH÷HUOHUL DOÕQDUDN �ξ� WDVDUÕP GH÷LúNHQL YHNW|U� ���¶GH J|VWHULOGL÷L
JLEL VHoLOPLúWLU�

X = {A1, A2, ...Am, ξ1, ξ2, ..ξn} �����

*HUoHNOHúWLULOHFHN RSWLPL]DV\RQ SURVHG�U�QGH EDVLWoH JHQHO DPDo PHYFXW W�P NÕVÕWODUÕQ
VD÷ODQDUDN� NDIHV VLVWHPLQ D÷ÕUOÕ÷ÕQÕQ P�PN�Q ROGX÷XQFD PLQLPL]H HGLOPHVLGLU� (÷HU
\DSÕGD ELU HOHPDQ YDUVD� RQXQ NHVLW DODQÕQGDQ \ROD oÕNDUDN KHU ELU NHVLW DODQÕQÕQ EHOLUOL
NÕVÕWODUÕ VD÷OD\DFDN úHNLOGH RSWLPXP GH÷HUOHULQH XODúÕOÕU E|\OHFH VLVWHP WRSODP D÷ÕUOÕ÷Õ
P�PN�Q ROGX÷XQFD PLQLPL]H HGLOLU� %XQXQ LoLQ� RSWLPXP �m� DGHW NHVLW DODQÕQD �A� J|UH�
D÷ÕUOÕN GH÷HULW (x) ��� LOH KHVDSODQPDNWDGÕU�

W (x) =
m∑

i=1

kiAiρiLi �����

Ai : .HVLW $ODQÕ

Li : .RRUGLQDW GH÷HUOHULQH J|UH NHVLW X]XQOX÷X

ρi : g]J�O $÷ÕUOÕN

6XQXODQ \DNODúÕPGD X\JXQ WRSRORMLQLQ EHOLUOHQHELOPHVL LoLQ \DSÕ HOHPDQÕQÕQ YDUOÕ÷Õ YH\D
\RNOX÷XQXQ D÷ÕUOÕN GH÷HULQLQ KHVDSODQPDVÕQGDNL HWNLVL� WDVDUÕP YHNW|U�QGH NULWLN DODQ
Akritik = 0.5 VHoLOHUHN ���¶H J|UH EHOLUOHQPHNWHGLU�

ki =






0, Ai < 0.5

1, Ai ≥ 0.5
�����
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-D\D LOH (ú]DPDQOÕ %R\XW úHNLO YH 7RSRORML 2SWLPL]DV\RQX LoLQ NDIHV VLVWHPGH UHIHUDQV
DOÕQDQ NÕVÕWODU ���¶WH J|VWHULOPLúWLU�

G1 : .LQHPDWLN 6WDELOLWH .RQWURO�

G2 : 'HSODVPDQ .ÕVÕWODUÕ� |δj| ≤ |δmaks
j |

G3 : %DVPD�dHNPH *HULOPH .ÕVÕWODUÕ� |kiσi| ≤ |σmaks
i |

G4 : %R\XW .ÕVÕWODUÕ





'HYDPOÕ 'H÷LúNHQOHU� Akritik

i ≤ Ai ≤ Aust
i

$\UÕN 'H÷LúNHQOHU� Ai = {a1, a2, ..., anp}

G5 : ùHNLO .ÕVÕWODUÕ� ξaltj ≤ ξj ≤ ξustj

�����

����� %DúODQJÕo 3RS�ODV\RQXQ %HOLUOHQPHVL

-$<$ DOJRULWPDVÕQÕQ GH÷HUOHQGLUHFH÷L EDúODQJÕo SRS�ODV\RQXQXQ ER\XWX �Npop� YH
GXUPD NULWHUL RODUDN L]LQ YHULOHQ DQDOL] VD\ÕVÕ �NA� EHOLUOHQLU � 2OXúWXUXODQ KHU ELU WDVDUÕP
YHNW|U� -$<$ DOJRULWPDVÕQGD KHU ELU DGD\Õ WHPVLO HWPHNWHGLU� gUQH÷LQ SRSXODV\RQ ER\XWX
Npop = 5 VHoLOPHVL LOH HOGH HGLOHQ SRSXODV\RQ ���¶GDNL JLELGLU�

Pop =

∣∣∣∣∣∣∣∣∣∣∣∣

A11 A12 ...A1m ξ11 ξ12 ...ξ1n

A21 A22 ...A2m ξ21 ξ22 ...ξ2n

A31 A32 ...A3m ξ31 ξ32 ...ξ3n

A41 A42 ...A4m ξ41 ξ42 ...ξ4n

A51 A52 ...A5m ξ51 ξ52 ...ξ5n

∣∣∣∣∣∣∣∣∣∣∣∣

�����

+HU ELU DGD\� WDVDUÕPFÕ WDUDIÕQGDQ EHOLUOHQHQ ���¶H J|UH ER\XW NÕVÕWODUÕ �G5� RODUDN
NHVLW DODQODUÕQÕQ YH úHNLO NÕVÕWODUÕ �G6� RODUDN G�÷�POHULQ NRRUGLQDW GH÷HUOHULQLQ DOW YH �VW
VÕQÕUODUÕQD J|UH UDVWJHOH RODUDN DWDQÕU� 7RSRORML RSWLPL]DV\RQX LoLQ ���¶H J|UH
Aalt = Akritik − (Aust − Akritik) NHVLW DODQÕ DOW OLPLW GH÷HUL KHVDSODQDUDN {Aalt, Aust}
GH÷HUOHUL DUDVÕQGDQ UDVWJHOH RODUDN VHoLOLU� 'H÷LúNHQ W�U� V�UHNOL LVH Akritik GH÷HULQLQ
�VW�QGHNL HOHPDQODU YDU NDEXO HGLOHUHN NHVLW DODQODUÕ RODUDN EX GH÷HUOHU DOÕQÕU YH EDúODQJÕo
SRS�ODV\RQX EHOLUOHQLU� (÷HU NHVLW DODQODUÕ D\UÕN GH÷LúNHQOHUGHQ ROXúX\RUVD EX UDVWJHOH
VHoLOLP OLVWHGHNL HOHPDQ VD\ÕVÕQD J|UH D\QÕ \DNODúÕPOD DOW YH �VW OLPLWOHULQ ROXúWXUXOPDVÕQÕ
YH EX DUDOÕNWD UDVWJHOH VHoLOHQ VD\ÕODUÕQ HQ \DNÕQ WDP VD\Õ\D \XYDUODQPDVÕQÕ LoHULU� 3R]LWLI
WDP VD\ÕODU DOÕQDUDN� OLVWHGH D\QÕ VD\Õ\D NDUúÕOÕN JHOHQ NHVLW DODQÕ LOJLOL HOHPDQD DWDQÕU YH
EDúODQJÕo SRS�ODV\RQX EHOLUOHQLU �ùHNLO ��� � �����
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%DúODQJÕo SRS�ODV\RQXQX EHOLUOH
%|O�P������

.ÕVÕW LKODOOHULQL KHVDSOD
%|O�P������

<HQL DGD\ODUÕ EHOLUOH
%|O�P������

.ÕVÕW LKODOOHULQL KHVDSOD
%|O�P �����

<HQL DGD\ODU
|QFHNLOHUGHQ L\L PL"

%|O�P������

6(
$

%
|O�P

������

<HQL DGD\Õ DO (VNL DGD\Õ WXW

NA¶\D
XODúÕOGÕ PÕ"

6�UHFL VRQODQGÕU
%|O�P������

(YHW +D\ÕU

(YHW

+D\ÕU

ùHNLO ���� -$<$ 2SWLPL]DV\RQ $NÕú ùHPDVÕ

����� 6RQOX (OHPDQODU $QDOL]L LOH .ÕVÕW øKODOOHULQLQ +HVDSODQPDVÕ

*HQHO RODUDN SRS�ODV\RQ WDEDQOÕ PHWDVH]JLVHOOHUOH RSWLPL]DV\RQ V�UHoOHULQGH NÕVÕW
LKODOOHULQLQ EHOLUOHQHELOPHVL V�UHFL SRS�ODV\RQXQ V�UHNOL L\LOHúWLULOPHVLQL NDSVDPDNWDGÕU�
%X LWHUDWLI V�UHoWH KHU ELU SRS�ODV\RQGDNL KHU ELU DGD\ÕQ NÕVÕW LKODOOHULQLQ EHOLUOHQHELOPHVL
LoLQ 6RQOX (OHPDQODU o|]�F�V�QGH DQDOL]OHULQLQ JHUoHNOHúWLULOPHVL JHUHNPHNWHGLU�
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2SWLPXP o|]�POHUH \DNÕQVDPDN LoLQ EX NDGDU oRN DGD\ÕQ GH÷HUOHQGLULOGL÷L EX V�UHo
J�Q�P�]�Q ELOJLVD\DUOÕ KHVDSODPD WHNQRORMLOHULQGH ELOH ]DPDQ DODQ YH oRN PDOL\HWOL ELU
V�UHoWLU� %|O�P ���¶GH D\UÕQWÕOÕ RODUDN DoÕNODQDFDN RODQ LOJLOL \|QWHP� EX E|O�PGH \DSÕVDO
DQDOL]OHULQ \DSÕOGÕ÷Õ VRQOX HOHPDQODU o|]�F�V�Q�Q G|QG�UG�÷� VRQXoODUÕQ oR÷X \HULQH
WDKPLQVHO NHVWLULPOHUGH EXOXQDUDN� 6RQOX (OHPDQODU DQDOL]OHULQLQ D÷ÕU KHVDSODPD \�N�Q�
KDILIOHWHFHN ELU YHNLO RODUDN J|UHY \DSDFDNWÕU�

���¶GHNL G1, G2, G3 NÕVÕWODUÕQÕQ NRQWURO� LoLQ SRS�ODV\RQGDNL KHU ELU DGD\ WDVDUÕP
YHNW|U�QH J|UH LúOHQHQ \DSÕVDO VLVWHP VRQOX HOHPDQODU DQDOL]LQH J|QGHULOLU� $QDOL]LQ
G|QG�UG�÷� GHSODVPDQ �δ�� JHULOPH �σ� YHNW|UOHUL NÕVÕW LKODOLQGHQ ND\QDNOÕ GDKD VRQUD
DoÕNODQDFDN RODQ ED÷OÕ GL÷HU SDUDPHWUH GH÷HUOHUL� WDVDUÕP YHNW|U�Q�Q VRQXQD ���¶GD
HNOHQPLú YH \HQL ELU X ′ oRN ER\XWOX OLVWHVL HOGH HGLOPLúWLU�

X
′
= {A1, A2, ...Am, ξ1, ξ2, ..ξn,Wpen,W,∆Pδ,∆Pσ, δij, σij} �����

6RQOX HOHPDQODU DQDOL]LQGH |QFHOLNOH NLQHPDWLN VWDELOLWH NRQWURO� �G1� \DSÕODQ
DGD\ODU H÷HU VWDELO GH÷LOOHU LVH 6RQOX (OHPDQODU o|]�F�V� ELU KDWD PHVDMÕ G|QG�U�U� 6WDELO
ROPDGÕ÷Õ WHVSLW HGLOHQ VLVWHPOHU LoLQ� X ′¶GH W�P SDUDPHWUHOHUH ���¶GH J|VWHULOGL÷L �]HUH
\�NVHN GH÷HUOHU DWDQÕU� %|\OHFH -$<$ DOJRULWPDVÕ GR÷DVÕ JHUH÷L EX o|]�POHUL oRN N|W�
o|]�POHU RODUDN QLWHOHQGLUGL÷LQGHQ� NLQHPDWLN RODUDN VWDELO ROPD\DQ EX DGD\ODU
RSWLPL]DV\RQ V�UHFLQGH X]DNODúWÕUÕOPDNWDGÕU�

Xunstab = {A1, A2, ...Am, ξ1, ξ2, ..ξn, 1e100, 1e100, 1e100, 1e100, 1e100, 1e100} �����

.LQHPDWLN RODUDN VWDELO RODQ DGD\ODU LoLQ VRQOX HOHPDQODU o|]�F�V� GHSODVPDQ δij YH JHULOPH
σij YHNW|UOHULQL G|QG�UPHNWHGLU� 'HSODVPDQ GH÷HUOHUL ���¶GHNL G2 NÕVÕWÕQÕ DúWÕNODUÕQGD ���¶H
J|UH FH]DODQGÕUÕOÕU�

∆Pδ =

∑m
i=1

|δi|
δmaks − 1

m
�����

*HULOPH GH÷HUOHUL ���¶GHNL G3 NÕVÕWÕQÕ DúWÕNODUÕQGD ���¶D J|UH FH]DODQGÕUÕOÕU�

∆Pσ =

∑n
k=1

|σk|
σmaks − 1

n
�����
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<DSÕVDO VLVWHPGH DúÕODQ NÕVÕWODU GDKD |QFH ���¶GH KHVDSODQDQ VLVWHP D÷ÕUOÕ÷Õ �]HULQGHQ
FH]DODQGÕUÕOPDNWDGÕU� &H]DOÕ D÷ÕUOÕN ���� ¶WH J|VWHULOGL÷L JLEL KHVDSODQPDNWDGÕU�

Wpen = W (X)(∆Pδ +∆Pσ)
2 ������

%|\OHFH EDúODQJÕoWDQ L\LOHúWLULOPLú KHU SRS�ODV\RQD NDGDU KHU ELU DGD\ LoLQ X
′ oRN ER\XWOX

OLVWHVLQGHNL W�P GH÷HUOHU EX E|O�PGH VXQXOGX÷X JLEL KHVDSODQÕU YH SRS�ODV\RQGDNL WDVDUÕP
YHNW|UOHULQLQ KHU ELUL \HULQH EX oRN ER\XWOX OLVWHOHU ND\GHGLOLU �ùHNLO ��� � �����

����� -$<$ LOH <HQL $GD\ODUÕQ %HOLUOHQPHVL

%|O�P �����¶GH ����¶GD KHVDSODQDQ FH]DOÕ D÷ÕUOÕN GH÷HUOHULQH J|UH -$<$
DOJRULWPDVÕQÕQ \HQL DGD\ODUÕ EHOLUOH\HELOPHVL LoLQ SRS�ODV\RQGDNL HQ L\L �best� YH HQ N|W�
�worst� DGD\ODU EHOLUOHQLU� <HQL DGD\ODU |QFHNL DGD\ODUD J|UH -$<$ DOJRULWPDVÕQÕQ KDUHNHW
RSHUDW|U� YDVÕWDVÕ\OD ����¶GH J|VWHULOGL÷L JLEL KHVDSODQPDNWDGÕU�

jt+1
i = jti + r1(best

t
i − |jti |)− r2(worst

t
i − |jti |) ������

ji� t�LWHUDV\RQGD� LOJLOL SRS�ODV\RQGDNL DGD\ o|]�POHU �j� DUDVÕQGDNL� i�WDVDUÕP GH÷LúNHQLQL�
best YH wost VÕUDVÕ LOH SRS�ODV\RQ LoHULVLQGHNL HQ L\L YH HQ N|W� DGD\ODUÕ� VRQ RODUDN r1 YH r2
LVH i� WDVDUÕP GH÷LúNHQL LoLQ � LOH � DUDVÕQGD DWDQPÕú UDVWJHOH NHVLUOL VD\ÕVDO GH÷HUOHUL WHPVLO
HWPHNWHGLU� +DUHNHW RSHUDW|U�QGHNL r1(bestti−|jti |) LIDGHVL DOJRULWPD\Õ HQ L\L DGD\ o|]�POHUH
\DNODúWÕUÕUNHQ� r2(worstti− |jti |) LIDGHVL LVH DGD\ODUÕ HQ N|W� o|]�POHUGHQ X]DNODúWÕUPDNWDGÕU�

<HQL �UHWLOHQ DGD\ODU LoLQ ���¶GHNL G4, G5 NÕVÕWODUÕQÕQ NRQWURO� \DSÕOPDOÕGÕU� (÷HU EX
NÕVÕWODU DúÕOÕ\RUVD GHSODVPDQ YH JHULOPH GH÷HUOHULQGH DOW YH �VW VÕQÕU G�]HOWPHOHUL X\JXODQPDVÕ
JHUHNPHNWHGLU� $OW YH �VW VÕQÕU NÕVÕWODUÕQÕ DúDQ W�P GH÷HUOHU DOW YH �VW VÕQÕUODUD HúLWOHQPHOLGLU�
%|\OHFH \HQL DGD\ODUGDQ ROXúDQ \HQL ELU SRS�ODV\RQ HOGH HGLOLU� <HQL SRS�ODV\RQ LoLQ VRQUDNL
DGÕP RODQ %|O�P �����¶GH EHOLUWLOHQ VRQOX HOHPDQODU DQDOL]L LOH NÕVÕW LKODOOHULQLQ KHVDSODQPDVÕ
DGÕPÕ WHNUDU X\JXODQPDOÕGÕU �ùHNLO ��� � �����

����� 3RS�ODV\RQGDNL $GD\ODUÕQ .DUúÕODúWÕUÕOPDVÕ

-$<$ DOJRULWPDVÕ KDUHNHW RSHUDW|U� YDVÕWDVÕ LOH �UHWLOHQ SRS�ODV\RQGDNL KHU ELU \HQL
DGD\ÕQ NÕVÕW LKODOOHUL %|O�P �����¶GH ����¶GD KHVDSODQDQ FH]DOÕ D÷ÕUOÕN GH÷HUOHULQH J|UH
|QFHNL SRS�ODV\RQXQ KHU ELU DGD\Õ\OD NDUúÕODúWÕUÕOÕU� (÷HU \HQL DGD\ÕQ FH]DOÕ D÷ÕUOÕN GH÷HUL
|QFHNL DGD\GDQ GDKD D] LVH EX DGD\ GDKD L\L ELU DGD\ RODUDN |QFHNL DGD\ÕQ \HULQL DOÕU� (÷HU
\HQL DGD\ |QFHNL DGD\GDQ GDKD ID]OD D÷ÕUOÕN GH÷HULQH VDKLSVH� |QFHNL DGD\ÕQ D÷ÕUOÕN GH÷HUL
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GDKD D] ROGX÷X LoLQ L\L ELU DGD\ RODUDN SRS�ODV\RQGD WXWXOPD\D GHYDP HGLOLU�
8QXWXOPDPDOÕGÕU NL NÕVÕW LKODOOHUL \DSDQ KHU ELU DGD\� NÕVÕWÕ QH NDGDU LKPDO HWWL÷LQH J|UH
FH]DODQGÕUÕOPÕú YH QRUPDO VLVWHP D÷ÕUOÕ÷ÕQGDQ GDKD \�NVHN ELU D÷ÕUOÕNPÕú JLEL DNÕúD GDKLO
HGLOPLúWLU� %|\OHFH EX DGD\ODU \�NVHN D÷ÕUOÕN GH÷HUOHULQGHQ GROD\Õ RSWLPXPGDQ X]DN
VRQXoODU RODUDN -$<$ DOJRULWPDVÕ WDUDIÕQGDQ RSWLPL]DV\RQ V�UHFLQGH X]DNODúWÕUÕODFDNWÕU
�ùHNLO ��� � �����

����� 2SWLPL]DV\RQ 6�UHFLQLQ 6RQODQGÕUÕOPDVÕ

6RQODQGÕUPD NULWHUL ø]LQ 9HULOHQ $QDOL] VD\ÕVÕ �NA� RODUDN EHOLUOHQPLúWLU� øWHUDWLI
RODUDN LOHUOH\HQ RSWLPL]DV\RQ V�UHFLQGH NÕVÕW LKODOOHULQLQ EHOLUOHQGL÷L %|O�P ����� 6RQOX
(OHPDQODU o|]�F�V�Q�Q� RSWLPL]DV\RQ V�UHFL ER\XQFD WRSODPGD QH NDGDU oD÷ÕUÕODFD÷ÕQÕ
EHOLUOH\HQ ELU SDUDPHWUHGLU� +HU ELU LWHUDV\RQGD oD÷ÕUÕODQ WRSODP 6RQOX (OHPDQODU o|]�F�V�
VD\ÕVÕ� ø]LQ 9HULOHQ $QDOL] VD\ÕVÕ �NA� GH÷HULQGHQ D] LVH VRQ SRS�ODV\RQXQ NÕVÕW LKODOOHULQLQ
EHOLUOHQGL÷L DGÕPD G|Q�O�U� 7�P V�UHo VRQXFXQGD oD÷ÕUÕODQ WRSODP VRQOX HOHPDQODU
o|]�F�V� VD\ÕVÕ NA GH÷HULQH XODúWÕ÷ÕQGD RSWLPL]DV\RQ V�UHFL GXUGXUXOXU YH VRQ
SRS�ODV\RQGDNL HQ L\L DGD\ RSWLPXP VRQXo RODUDN ND\GHGLOLU �ùHNLO �����

��� 9HNLO 0RGHO 2ODUDN 'HULQ g÷UHQPH 6WUDWHMLVL

%X E|O�PGH -$<$ LOH Hú ]DPDQOÕ ER\XW� úHNLO YH WRSRORML RSWLPL]DV\RQX V�UHoOHUL
LoHULVLQGH JHUoHNOHúHQ KHU ELU G|QJ�GH RSWLPXP VRQXoODUD \DNÕQVDPDN LoLQ %|O�P �����¶GH
EDKVHGLOHQ 6RQOX (OHPDQODU DQDOL]OHULQLQ SDKDOÕ YH ]DPDQ DOÕFÕ KHVDSODPD PDOL\HWOHULQLQ
G�ú�U�OPHVLQL DPDoOD\DQ dRN .DWPDQOÕ <DSD\ 6LQLU $÷Õ WDEDQOÕ ELU YHNLO PRGHO \DNODúÕPÕ
VXQXOPXúWXU� 6XQXODQ YHNLO GHVWH÷L LOH RSWLPL]DV\RQ \DNODúÕPÕ� LNL ID]OÕ ELU V�UHo RODUDN
EHOLUOHQPLúWLU� øON ID]GD� VHoLOHQ PHWDVH]JLVHO DOJRULWPD LOH RSWLPL]DV\RQ V�UHFL %|O�P
�����¶GHNL JLEL JHUoHNOHúLUNHQ� EX V�UHoWH EHOLUOL ELU DQDOL] GH÷HULQH NDGDU <DSD\ 6LQLU
$÷ÕQÕQ H÷LWLPL LoLQ� JLUGL GH÷HUOHUL YH EX JLUGL GH÷HUOHULQH J|UH 6RQOX (OHPDQODU
o|]�F�V�Q�Q G|QG�UG�÷� oÕNWÕ GH÷HUOHUL YHUL RODUDN WRSODQPDNWDGÕU� øNLQFL ID]GD \LQH
VHoLOHQ PHWDVH]JLVHO DOJRULWPD V�UHFL \�U�W�U� DQFDN WDVDUÕP DGD\ODUÕQÕQ GH÷HUOHQGLULOPHVL
\�N�Q�Q oR÷X 6RQOX (OHPDQODU o|]�F�V� \HULQH <DSD\ 6LQLU $÷Õ WDUDIÕQGDQ �UHWLOHQ
WDKPLQOHU GR÷UXOWXVXQGD D]DOWÕOÕU� 6XQXODQ YHNLO PRGHO GHVWHNOL RSWLPL]DV\RQ V�UHFL LoLQ
ùHNLO ���¶GH DNÕú úHPDVÕ SD\ODúÕOPÕú ROXS� PHWRGXQ KHU ELU DGÕPÕ VÕUDVÕ YH D\UÕQWÕODUÕ LOH EX
DNÕú úHPDVÕQD J|UH VXQXOPXúWXU�

����� )$=�� 3DUDPHWUHOHULQ %HOLUOHQPHVL

)$=��¶LQ EDúÕQGD NXOODQÕFÕ WDUDIÕQGDQ WDQÕPODQDFDN SDUDPHWUHOHU dL]HOJH ���¶GH
NÕVDFD DoÕNODQPÕúWÕU� 0HWDVH]JLVHO LoLQ SRS�ODV\RQGD GH÷HUOHQGLULOHFHN DGD\ VD\ÕVÕQÕQ
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N ≥ NA rp1

N  �

N  N��

N ≥ kNA(1−rP1)
ntr

N ≥ NA(1− rP1)

(YHW

+D\ÕU

+D\ÕU

(YHW

)$=��

)$=��

(YHW

+D\ÕU

6( o|]�F�V� LOH
NÕVÕW LKODOOHUL�

<6$ H÷LWLPL LoLQ
YHUL WRSODPD

%|O�P �����������

3RS�ODV\RQ
J�QFHOOH
%|O�P
�����

NA, NPop

rP1, nRun, ntr

EHOLUOH�
%|O�P �����

%DúODQJÕo SRS�
<HQL DGD\ODU
%|O�P ����� �

�����

.ÕVÕWODUÕ <6$
LOH

WDKPLQ HW
%|O�P �����

<6$¶\Õ H÷LW
%|O�P �����

mPop ROXúWXU
%|O�P �����

(Q L\L YH HQ N|W�
o|]�P� 6(

o|]�F�V�QH \ROOD�
YHUL VHWLQH HNOH
%|O�P �����

mPop LOH
NDUúÕODúWÕU
J�QFHOOH

%|O�P �����

mPop HQ L\L
DGD\

RSWLPXP
%|O�P �����

%ø7øù

%$ù/$1*,d

ùHNLO ���� 6XQXODQ 9HNLO 0RGHO $NÕú ùHPDVÕ

NXOODQÕFÕ WDUDIÕQGDQ EHOLUOHQGL÷L SRS�ODV\RQ E�\�NO�÷� �Npop�� )$=��¶GH �UHWLOHFHN YHULQLQ
GD÷ÕOÕPÕQÕ HWNLOH\HFH÷L LoLQ |QHPOLGLU� 6XQXODQ YHNLO PRGHO LOH YHNLO ROPDGDQ \�U�W�OHQ
RSWLPL]DV\RQ V�UHoOHULQLQ NDo NH] GHQHQHFH÷LQL YH VRQXoODUÕQ NDUúÕODúWÕUPDOÕ RODUDN
WXWDUOÕOÕ÷ÕQÕQ NRQWURO HGLOHELOPHVLQL WDP VD\Õ RODUDN WDQÕPODQDQ nRun SDUDPHWUHVL
VD÷ODPDNWDGÕU� )D]��¶GH -$<$ DOJRULWPDVÕ WDUDIÕQGDQ \�U�W�OHQ RSWLPL]DV\RQ V�UHFL LoLQ
WRSODP L]LQ YHULOHQ DQDOL] VD\ÕVÕQÕQ �NA�� NXOODQÕFÕ WDUDIÕQGDQ EHOLUOHQHQ rP1 RUDQÕQD J|UH�



��

dL]HOJH ���� 9HNLO 0RGHO LoLQ .XOODQÕFÕ 7DUDIÕQGDQ 7DQÕPODQDFDN 3DUDPHWUHOHU

$oÕNODPD 3DUDPHWUH
<DSÕODFDN RSWLPL]DV\RQ GHQHPHVL VD\ÕVÕ nRun

)D]�� LoLQ D\UÕODFDN VRQOX HOHPDQODU DQDOL]L
�� LOH � DUDVÕQGD GH÷LúHQ RUDQ�

rP1

)D]��¶GH \DSÕODFDN <DSD\ 6LQLU $÷Õ H÷LWLPL
VD\ÕVÕ

ntr

3RS�ODV\RQ ER\XWX Npop

ø]LQ YHULOHQ DQDOL] VD\ÕVÕ NA

rP1 ∗ NA NDGDUOÕN DQDOL] NÕVPÕ YHNLOVL] RODUDN PHWDVH]JLVHO WDUDIÕQGDQ JHUoHNOHúWLULOLU� %X
V�UHoWH <6$ WDEDQOÕ YHNLO PRGHOLQ EDúODQJÕo H÷LWLPL LoLQ 6RQOX (OHPDQODU DQDOL]OHULQGHQ
HOGH HGLOHQ YHULOHU WRSODQPDNWDGÕU� )D]��¶GH NDo DQDOL]GH ELU <6$ PRGHOLQLQ H÷LWLPLQLQ
\DSÕODFD÷ÕQÕ EHOLUOH\HQ NXOODQÕFÕ WDQÕPOÕ ntr SDUDPHWUHVL�YHNLO PRGHOLQ WDKPLQOHULQLQ
JHQHOOHúWLULOHELOPHVL YH IDUNOÕ JLUGL GH÷HUOHULQLQ WXWDUOÕ WDKPLQOHUL \DQL D÷ SHUIRUPDQVÕQÕQ
RSWLPL]DV\RQ V�UHFL ER\XQFD DUWWÕUÕOPDVÕ LoLQ WDQÕPODQPÕúWÕU �ùHNLO �����

����� )$=�� 6( d|]�F�V� LOH .ÕVÕW øKODOOHULQLQ +HVDSODQPDVÕ YH <6$
(÷LWLPL LoLQ 9HUL 7RSODQPDVÕ

)D]��¶GH VXQXODQ <6$ WDEDQOÕ YHNLO PRGHO KHQ�] GHYUH\H JLUPHPLúWLU� -$<$
DOJRULWPDVÕ LOH RSWLPL]DV\RQ V�UHFL NXOODQÕFÕ WDUDIÕQGDQ EHOLUOHQHQ rP1 RUDQÕQD J|UH�
rP1 ∗ NA DQDOL]H NDGDU ùHNLO ���¶GHNL DNÕú úHPDVÕQD J|UH GHYDP HWPHNWHGLU� $QFDN %|O�P
����� GHWD\ODUÕ SD\ODúÕODQ� 6RQOX (OHPDQODU DQDOL]OHUL LOH NÕVÕWODUÕQ EHOLUOHQPHVL DGÕPÕQGD
RSWLPL]DV\RQ ER\XQFD WDVDUÕP GH÷LúNHQOHULQLQ JLUGL RODUDN YHULOGL÷L YH 6RQOX (OHPDQODU
o|]�F�V� WDUDIÕQGDQ NÕVÕW GH÷HUOHULQLQ oÕNWÕ RODUDN G|QG�U�OG�÷� GH÷HUOHU WRSODQDUDN ELU YHUL
VHWL ROXúWXUXOXU�

7DVDUÕP GH÷LúNHQOHUL ��� GDKD |QFH VXQXOPXú ROXS NHVLW DODQODUÕQGDQ YH SUREOHPH
J|UH VSHVLILN RODUDN EHOLUOHQPLú G�÷�P NRRUGLQDW GH÷HUOHULQGHQ ROXúPDNWDGÕU� %X GH÷HUOHU
GDKD VRQUD SDUDPHWUH YH PRGHO GHWD\ODUÕ %|O�P �����¶WH SD\ODúÕODFDN RODQ <DSD\ 6LQLU
$÷Õ¶QÕQ ����¶GH JLUGL GH÷HUOHUL RODUDN EHOLUOHQPLúWLU�

Xegitim = {A1, A2, ..., ξ1, ξ2, ..ξn} ������
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<6$¶QÕQ SHUIRUPDQVOÕ WDKPLQOHU �UHWPHVL H÷LWLP YHULOHULQLQ \HWHUOL ID]ODOÕNWD ROPDVÕ
YH SUREOHPLQ DUDPD X]D\ÕQGDQ VHoLOHFHN YHULOHULQ WXWDUOÕOÕ÷Õ LOH \DNÕQGDQ LOJLOLGLU� (÷LWLP
YHULOHULQLQ WXWDUOÕ VHoLPOHUL LoLQ ELU limPen SDUDPHWUHVL EHOLUOHQPLúWLU� <DOQÕ]FD EX
SDUDPHWUHGH EHOLUOHQHQ GH÷HULQ DOWÕQGD FH]D GH÷HULQH VDKLS YHULOHU H÷LWLP YHUL VHWLQH
HNOHQHFHNWLU� 6XQXODQ PHYFXW PHWRW 6( DQDOL]OHULQLQ D]DOWÕOPDVÕQD \|QHOLN ELU DPDFD
KL]PHW HWPHVL VHEHEL\OH YHUL WRSODQPDVÕ DúDPDVÕQGD ID]ODFD 6( DQDOL]L \DSÕOPDVÕ
JHUHNPHNWHGLU� %X DQDOL] VD\ÕODUÕQÕQ DUWPDVÕQÕQ |Q�QH JHoHELOPHN DGÕQD WDVDUÕP
YHNW|U�QGH NHVLW DODQODUÕQÕQ �Ai� D\UÕN YH NRRUGLQDW GH÷HUOHULQLQ �ξj� V�UHNOL GH÷LúNHQOHU
ROGX÷X NDIHV VLVWHP RSWLPL]DV\RQ SUREOHPOHULQGH YHUL W�UHWLOPHVL \ROOXQD JLGLOPLúWLU�
gUQH÷LQ ����¶WH � D\UÕN YH � V�UHNOL GH÷LúNHQGHQ ROXúDQ ELU JLUGL NDWPDQÕ NXOODQDUDN � DGHW
oÕNWÕ GH÷HUOHULQLQ WDKPLQL LoLQ ELU <DSD\ 6LQLU $÷Õ ROXúWXUXOPXúWXU�

$\UÕN 'H÷LúNHQOHU︷ ︸︸ ︷
0.000, 4.000, 17.000, 9.000︸ ︷︷ ︸

.HVLW $ODQODUÕ

6�UHNOL 'H÷LúNHQOHU︷ ︸︸ ︷
728.11, 455.62︸ ︷︷ ︸
'�÷�P .RRUGLQDWODUÕ

dÕNWÕODU︷ ︸︸ ︷
δij σij︸ ︷︷ ︸

'HSODVPDQODU � *HULOPHOHU

������

$\UÕN GH÷LúNHQOHUGHQ LONLQLQ ELU WRSRORML YHULVL VDNODGÕ÷Õ G�ú�Q�OP�úW�U� %X GXUXPGD � YH
QHJDWLI W�P GH÷HUOHU �¶Õ WHPVLO HWWL÷L LoLQ �¶ÕQ DOW� RUWD YH �VW VÕQÕUODUÕ LúOHQPLúWLU� ����¶WHNL
KDP YHUL \HULQH� \XYDUODQGÕ÷ÕQGD D\QÕ D\UÕN GH÷LúNHQH J|W�UHQ DOW� RUWD YH �VW VÕQÕUODUÕ
NXOODQÕS V�UHNOL GH÷LúNHQOHUL ROGX÷X JLEL EÕUDNDUDN HOGH HGLOHQ ����¶WH � YHUL� H÷LWLP YHULVL
RODUDN HNOHQPLúWLU�

$\UÕN 'H÷LúNHQOHU︷ ︸︸ ︷
í0.500, 3.500, 16.500, 8.500︸ ︷︷ ︸

.HVLW $ODQODUÕ

6�UHNOL 'H÷LúNHQOHU︷ ︸︸ ︷
728.11, 455.62︸ ︷︷ ︸
'�÷�P .RRUGLQDWODUÕ

dÕNWÕODU︷ ︸︸ ︷
δij σij︸ ︷︷ ︸

'HSODVPDQODU � *HULOPHOHU

$\UÕN 'H÷LúNHQOHU︷ ︸︸ ︷
0.000, 4.000, 17.000, 9.000︸ ︷︷ ︸

.HVLW $ODQODUÕ

6�UHNOL 'H÷LúNHQOHU︷ ︸︸ ︷
728.11, 455.62︸ ︷︷ ︸
'�÷�P .RRUGLQDWODUÕ

dÕNWÕODU︷ ︸︸ ︷
δij σij︸ ︷︷ ︸

'HSODVPDQODU � *HULOPHOHU

$\UÕN 'H÷LúNHQOHU︷ ︸︸ ︷
0.499, 4.499, 17.499, 9.499︸ ︷︷ ︸

.HVLW $ODQODUÕ

6�UHNOL 'H÷LúNHQOHU︷ ︸︸ ︷
728.11, 455.62︸ ︷︷ ︸
'�÷�P .RRUGLQDWODUÕ

dÕNWÕODU︷ ︸︸ ︷
δij σij︸ ︷︷ ︸

'HSODVPDQODU � *HULOPHOHU

������

hUHWLOHQ YHULQLQ UDVWJHOH ���¶L LOH \XNDUÕGD EHOLUWLOHQ úHNLOGH YHUL LFDW HGLOLU YH H÷LWLP
YHULVL OLVWHVLQGHNL KHU YHUL LFDW HGLOHQ � YHUL LOH GH÷LúWLULOLU� %|\OHFH <6$ 0.70∗3∗N DGHW YHUL
LOH H÷LWLOPLú RODFDNWÕU� hUHWLOHQ YHULQLQ JHUL NDODQ ���¶X LOH GH H÷LWLOHQ <6$ WHVW HGLOHFHNWLU�
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6RQUDNL DGÕPODU -$<$ DOJRULWPDVÕQÕQ YHNLO PRGHO ROPDGDQ LúOHGL÷L ROD÷DQ V�UHoOH
D\QÕ JHUoHNOHúPHNWHGLU� )$=��¶LQ W�P DGÕPODUÕ YH LOJLOL E|O�POHU LoLQ 6XQXODQ 9HNLO 0RGHO
$NÕú ùHPDVÕ �%NQ]� ùHNLO ���� LQFHOHQHELOLU�

����� )$=��¶\H +D]ÕUOÕN YH $QD 3RS�ODV\RQ 2OXúWXUXOPDVÕ

-$<$ LOH RSWLPL]DV\RQ YH YHUL WRSODPD V�UHFLQLQ JHUoHNOHúWL÷L )$=��� 6RQOX
(OHPDQODU DQDOL]OHULQLQ WRSODPÕQÕQ� rP1 ∗ NA DQDOL]H XODúPDVÕ\OD VRQD HUPHNWHGLU� )$=��
DúDPDVÕQD JHoPHGHQ |QFH EX RSWLPL]DV\RQ V�UHFL VRQXQGD HOGH HGLOHQ L\LOHúWLULOPLú VRQ
SRS�ODV\RQ� DQD SRS�ODV\RQ �mPop� RODUDN ND\GHGLOLU� )$=�� DúDPDVÕQGD� YHNLO PRGHOLQ
WDKPLQOHUL� EX UHIHUDQV SRS�ODV\RQ LOH NDUúÕODúWÕUÕODUDN J�QFHOOHQHFHNWLU� )$=�� DúDPDVÕQD
JHoLOPHGHQ |QFH� )$=�� VRQXFXQGD HOGH HGLOPLú 6RQOX (OHPDQODU DQDOL]OHULQGHQ WRSODQPÕú
YHULOHU YH L\LOHúWLULOPLú VRQ SRS�ODV\RQ� DQD SRS�ODV\RQ �mPop� RODUDN ND\GHGLOPLúWLU
�%NQ]� ùHNLO �����

����� )$=�� 9HNLO 2ODUDN 6HoLOHQ <DSD\ 6LQLU $÷Õ 0RGHOL YH (÷LWLPL

9HNLOLQ VRQUDNL DGÕPGD 6( DQDOL]LQLQ G|QG�UG�÷� VRQXoODUÕQ WXWDUOÕ WDKPLQOHULQL
JHUoHNOHúWLUHELOPHVL LoLQ VXQXODQ <6$ PRGHOL H÷LWLOLU� 6XQXODQ PHWRWWDNL <6$ PRGHO YH
NXOODQÕODQ SDUDPHWUHOHULQ GHWD\ODUÕQÕQ EX E|O�PGH SD\ODúÕOPDVÕ X\JXQ EXOXQPXúWXU� øOJLOL
GHWD\ODUD JHoPHGHQ |QFH <6$ LOH LOJLOL WHRULN ELOJL HNVLNOL÷L ROGX÷X G�ú�Q�O�\RUVD�
|QFHOLNOH <6$¶QÕQ oDOÕúPD SUHQVLEL YH PRGHO WDVDUÕPÕ LoLQ JHQHO ELOJLOHUL LoHUHQ %|O�P
���¶QLQ LQFHOHQPHVL |QHULOPHNWHGLU�

6XQXODQ <6$ PRGHOLQGH � DGHW JL]OL NDWPDQ NXOODQÕOPÕúWÕU �ùHNLO �����
2SWLPL]DV\RQ SUREOHPOHULQLQ NDUPDúÕNOÕ÷Õ J|] |Q�QH DOÕQGÕ÷ÕQGD NXOODQÕODQ � DGHW JL]OL
NDWPDQÕQ EX SUREOHPOHULQ GR÷UXVDO ROPD\DQ \DSÕODUÕQÕ EDúDUÕ\OD \DNDODGÕ÷Õ WHVSLW
HGLOPLúWLU� *L]OL NDWPDQ QXPDUDODUÕ JLULú NDWPDQÕ WDUDIÕQGDQ EDúODPDN �]HUH� JL]OL
NDWPDQODUGDNL Q|URQ VD\ÕVÕ ����¶WH KHVDSODQPÕúWÕU�

nHi = 2(I +O) +

⌊
− i− 1

5
(2I +O)

⌉
������

nI YH nO JLULú YH oÕNÕú NDWPDQODUÕQGDNL Q|URQ VD\ÕODUÕGÕU� nHi LVH i� JL]OL NDWPDQÕQ Q|URQ
VD\ÕVÕQD LúDUHW HWPHNWHGLU� 6XQXODQ <6$PLPDULVLQGH � JL]OL NDWPDQ NXOODQÕODFD÷Õ LoLQ i� � LOH
� DUDVÕQGD ELU VD\ÕGÕU� % & RSHUDW|U�Q�Q JHQHO RODUDN ELU VD\Õ\Õ DúD÷Õ YH\D \XNDUÕ \XYDUODGÕ÷Õ
KDWÕUODWÕOPDOÕGÕU�
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*LUGL .DWPDQÕ �� $UD .DWPDQ �� $UD .DWPDQ �� $UD .DWPDQ �� $UD .DWPDQ �� $UD .DWPDQ dÕNWÕ .DWPDQÕ

A1

A2

A3

ξj

b0 b0 b0 b0 b0 b0

H(1)
1

H(1)
k

H(2)
1 H(3)

1 H(4)
1 H(5)

1

H(2)
l H(3)

n H(4)
r H(5)

t

δ1

δ2

δ3

σm

ùHNLO ���� 6XQXODQ 9HNLO 0RGHO <6$ 0LPDULVL

<6$ PLPDULVLQGH KHU ELU NDWPDQGDNL Q|URQODUGD DNWLYDV\RQ IRQNVL\RQODUÕ RODUDN
¶6ZLVK¶ YH ¶/HDN\ 5H/8¶ VHoLOPLúWLU� /HDN\ 5H/8 IRQNVL\RQODUÕQÕQ QHJDWLI GH÷HU H÷LPL
α = 0.01 RODUDN DOÕQPÕúWÕU� $NWLYDV\RQ IRQNVL\RQX VHoLPLQLQ <6$ PRGHO SHUIRUPDQVÕ LoLQ
|QHPOL ROGX÷X G�ú�Q�OPHNWHGLU� )DUNOÕ SUREOHPOHU LoLQ KHU ELU Q|URQGD IDUNOÕ
NRPELQDV\RQODUÕ WHVW HGLOPLú YH VRQXoODU %|O�P ���¶GH SD\ODúÕOPÕúWÕU�

hUHWLOHQ YHUL VHWL EHNOHQPH\HQ � D\NÕUÕ �RXWOLHU� YHULOHU LoHUPH\HFH÷LQGHQ ³0LQ�0D[
6FDOLQJ´ YHUL |OoHNOHPH \|QWHPL WHUFLK HGLOPLú YH YHULOHU � LOH � DUDVÕQGD |OoHNOHQPLúWLU�

xnorm
i =

xi − xmin

xmaks − xmin
������

%XUDGD xmaks YH xmin LOJLOL JLUGL V�WXQX LoLQ YHUL VHWLQGH VXQXODQ HQ E�\�N YH HQ N�o�N
GH÷HUOHUGLU� xi YH xnorm

i LVH LOJLOL JLUGL V�WXQXQGDNL i� JHUoHN YH QRUPDOL]H HGLOPLú
�|OoHNOHQPLú� GH÷HUOHUGLU� .XOODQÕODQ DNWLYDV\RQ IRQNVL\RQODUÕ KHGHI �oÕNWÕ� GH÷HUOHULQL � LOH
� DUDVÕQD LQGLUJHGL÷LQGHQ |W�U� KHGHI �oÕNWÕ� GH÷HUOHUL |OoHNOHQPH\HFHNWLU�

(÷LWLPGH� D] EHOOHN JHUHNVLQLPL RODQ ELULQFL GHUHFHGHQ JUDG\DQODU JHUHNWLUHQ YHULPOL
VWRNDVWLN KDWD RSWLPL]DV\RQX LoLQ ¶$GDP¶ DOJRULWPDVÕ NXOODQÕOÕU� *HQHO RODUDN� $GDP¶ÕQ
PDNLQH |÷UHQLPL DODQÕQGDNL oRN oHúLWOL GÕúE�NH\ ROPD\DQ RSWLPL]DV\RQ SUREOHPOHULQGH



��

VD÷ODP YH oRN X\JXQ ROGX÷X J|U�OP�úW�U� $GDP SDUDPHWHUOHUL LoLQ WDQÕWÕOGÕ÷Õ PDNDOHGH
oR÷X PDNLQH |÷UHQPHVL X\JXODPDVÕ LoLQ X\JXQ ROGX÷X EHOLUWLOHQ GH÷HUOHU RODUDN α = 0.001�
β1 = 0.9 � β2  ����� YH ε = 10í8 VHoLOPLúWLU �.LQJPD YH %D� ������

+DWD IRQNVL\RQX RODUDN� 2UWDODPD.DUHVHO +DWD �2.+� NXOODQÕOPÕúWÕU� (úLWOLN ����¶GD�
n oÕNWÕ VD\ÕVÕQÕ� ytarget KHGHI GH÷HUL� ypredicted LVH <6$¶QÕQ WDKPLQ HWWL÷L GH÷HUL J|VWHULU�

OKS =
1

n

n∑

i=1

(ytargeti − ypredictedi )2 ������

(÷LWLP GHYDP HGHUNHQ 100� NH] 2UWDODPD .DUHVHO +DWD GH÷HULQGH KHUKDQJL ELU L\LOHúPH
J|]OHQPL\RUVD H÷LWLP VRQODQGÕUÕOÕU �%NQ]� ùHNLO �����

����� )$=�� .ÕVÕW øKODOOHULQLQ 9HNLO <6$ LOH 7DKPLQL

9HNLO PRGHO RODUDN VXQXODQ <6$ H÷LWLPL VRQUDVÕ H÷LWLP YHUL VHWLQLQ ���¶X LOH H÷LWLP
SHUIRUPDQVÕ WHVW HGLOPLúWLU� )$=�� KD]ÕUOÕN HYUHVLQGH �%NQ]� %|O�P ������ ND\GHGLOHQ DQD
SRS�ODV\RQ �mPop�� )$=�� VRQXFXQGD ND\GHGLOPLú VRQ SRS�ODV\RQGXU� $QD SRS�ODV\RQ
�mPop� \HQL DGD\ODU YH |QFHNL DGD\ODUÕQ NDUúÕODúWÕUÕOPDVÕ LoLQ Pop GH÷LúNHQLQH DQD
SRS�ODV\RQXQ ELU NRS\DVÕ RODUDN DWDQÕU� Pop¶GDQ -$<$ DOJRULWPDVÕQÕQ KDUHNHW RSHUDW|U�
YDVÕWDVÕ LOH \HQL DGD\ODU �UHWLOPLúWLU �%NQ]� %|O�P ������� <HQL DGD\ODUÕQ NÕVÕW LKODOOHUL
KHVDSODQÕUNHQ 6( o|]�F�V�Q�Q G|QG�UG�÷� VRQXoODU \HULQH� H÷LWLOPLú YHNLO <6$ WDKPLQOHUL
DOÕQÕU� %|\OHFH W�P SRS�ODV\RQGDNL DGD\ODUÕQ KHVDSODPD \�N�� PDOL\HWOL RODQ 6( o|]�F�V�
\HULQH YHNLO WDUDIÕQGDQ WDKPLQVHO RODUDN KHVDSODQPDNWDGÕU� <HQL DGD\ODUGDQ ROXúDQ \HQL
SRS�ODV\RQ� %|O�P �����¶GHNL JLEL Pop SRS�ODV\RQX LOH NDUúÕODúWÕUÕOÕU YH Pop J�QFHOOHQLU�
9HNLO <6$ LOH WDKPLQ HGLOHQ� GHSODVPDQ �δij� YH JHULOPH �σij� GH÷HUOHUL� NHVLQ GH÷HUOHUH
\DNÕQ DQFDN KDWDOÕ NHVWLULPVHO VRQXoODU G|QG�UPHNWHGLU� $GD\ODUÕQ NÕVÕW LKODOOHULQLQ YHNLOLQ
G|QG�UG�÷� KDWDOÕ WDKPLQVHO GH÷HUOHUOHUOH EHOLUOHQPHVL RSWLPXP VRQXoODUGDQ X]DN YH
WXWDUVÕ] VRQXoODUD VHEHS RODELOPHNWHGLU� %X VHEHSOH YHNLOLQ� 6( o|]�F�V� \HULQH
G|QG�UG�÷� KDWDOÕ WDKPLQVHO VRQXoODU� VRQUDNL DGÕP RODQ� %|O�P ����� VXQXODQ PHWRWOD
GH÷HUOHQGLULOPHNWHGLU�

9HNLO PRGHO SHUIRUPDVÕQÕQ NDUúÕODúWÕUPDOÕ WHVWOHULQLQ \DSÕODELOPHVL YH YHNLO PRGHO
WDKPLQOHUL LOH 6( DQDOL]OHULQLQ NHVLQ VRQXoODUÕ DUDVÕQGDNL KDWDODUÕQ LVWDWLVWLNVHO RODUDN
GH÷HUOHQGLULOHELOPHVL LoLQ SRS�ODV\RQXQ �Pop� WDPDPÕ V�UHFL NRQWURO HWPHN DPDFÕ\OD VRQOX
HOHPDQODU o|]�F�V� WDUDIÕQGDQ GH÷HUOHQGLULOHUHN contPop GH÷LúNHQLQH DWDQÕU �%NQ]� ùHNLO
�����
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����� )$=�� 9HNLO 0RGHO 7DKPLQOHULQLQ 6( LOH 'H÷HUOHQGLULOPHVL
<DNODúÕPÕ

3RS�ODV\RQGDNL �Pop� HQ L\L YH HQ N|W� DGD\ODU YH SRS�ODV\RQGD NDoÕQFÕ VÕUDGDNL
DGD\ODUD NDUúÕOÕN JHOGLNOHUL �LQGHNV QXPDUDODUÕ� ND\GHGLOLU� (Q L\L YH HQ N|W� DGD\ 6(
o|]�F�V�QH \ROODQDUDN� EX LNL DGD\ÕQ NÕVÕW LKODOOHUL KHVDSODQÕU� $UWÕN SRS�ODV\RQGD �Pop��
<6$¶QÕQ HQ L\L YH HQ N|W� ROGX÷XQX LGGLD HWWL÷L DGD\ODUÕQ JHUoHN GH÷HUOHQGLUPH YHULOHUL
EXOXQPDNWDGÕU� gUQH÷LQ HQ L\L YH HQ N|W� DGD\ODUÕQ VÕUDVÕ\OD SRS�ODV\RQGDNL �� YH ���
DGD\ODU ROGXNODUÕ YDUVD\ÕPÕQGDQ \ROD oÕNDUDN� SRS�ODV\RQGDNL �Pop�� �� DGD\ DQD
SRS�ODV\RQGDNL �mPop� �� DGD\ LOH� EHQ]HU úHNLOGH SRS�ODV\RQGDNL �Pop� ��� DGD\� DQD
SRS�ODV\RQGDNL �mPop� ��� DGD\ LOH NDUúÕODúWÕUÕODUDN DQD SRS�ODV\RQ J�QFHOOHQLU�
3RS�ODV\RQGDNL �� YH ��� DGD\ODU ����¶GH VXQXODQ \DNODúÕPOD YHUL �UHWLOHUHN <6$¶QÕQ
WHNUDU H÷LWLOHUHN� JHQHOOHPH \HWHQH÷LQLQ YH SHUIRUPDQVÕQÕQ DUWWÕUÕOPDVÕ LoLQ H÷LWLP YHUL
VHWLQH HNOHQLU �ùHNLO �����

����� )$=�� 9HNLO 0RGHO LOH 2SWLPL]DV\RQ 6�UHFLQLQ 6RQODQGÕUÕOPDVÕ

2SWLPL]DV\RQ V�UHFL ER\XQFD KHU ELU LWHUDV\RQGD WRSODP 6( WDUDIÕQGDQ
JHUoHNOHúWLULOHQ DQDOL] VD\ÕVÕ �N �� dL]HOJH ���¶GH SD\ODúÕOPÕú RODQ NXOODQÕFÕ SDUDPHWUHOHULQH
J|UH NA (1 − rP1) DQDOL] VD\ÕVÕQD XODúPDGÕ÷Õ WDNWLUGH RSWLPL]DV\RQ V�UHFL GHYDP
HWPHNWHGLU� .XOODQÕFÕ WDUDIÕQGDQ EHOLUOHQHQ� ntr SDUDPHWUHVLQH J|UH NDo DQDOL]GH ELU <6$
H÷LWLPL \DSÕODFD÷ÕQÕQ NRQWURO� ����¶H J|UH \DSÕOÕU� (÷HU DQDOL] VD\ÕVÕ �N � EX GH÷HUGHQ
E�\�N YH\D HúLWVH <6$ H÷LWLOPHNWH YH k GH÷HUL KHU ELU LWHUDV\RQGD ELU DUWWÕUÕOPDNWDGÕU�
N�o�NVH %|O�P �����¶WH DoÕNODQDQ DGÕPD G|Q�OPHNWHGLU�

Nkontrol =k
NA (1− rP1)

ntr
������

6( WDUDIÕQGDQ JHUoHNOHúWLULOHQ DQDOL] VD\ÕVÕ �N �� NA (1− rP1) DQDOL] VD\ÕVÕQD XODúÕU YH\D EX
DQDOL] VD\ÕVÕ DúÕOÕUVD DQD SRS�ODV\RQGDNL �mPop� HQ L\L DGD\ RSWLPXP VRQXo RODUDN VXQXOXU
�%NQ]� ùHNLO �����
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��� 9HNLO 0RGHO LOH (ú]DPDQOÕ %R\XW� ùHNLO YH 7RSRORML
2SWLPL]DV\RQX 'HQH\OHUL

����� 7HVW 3UREOHPOHUL YH 9HNLO 0RGHOVL] 6RQXoODU

'HQH\OHULQ \DSÕODFD÷Õ �VÕUDVÕ\OD ��� ��� �� oXEXN�� SRS�OHU �o NDIHV VLVWHP SUREOHPL
WDQÕWÕOPÕú �%NQ]� %|O�P ������ ������ ������ YH VXQXODQ \DNODúÕPÕQ JHUoHNoL ELU
NDUúÕODúWÕUPDVÕ LoLQ� EX SUREOHPOHU �]HULQGH PHWDVH]JLVHO RODUDN VHoLOHQ -D\D DOJRULWPDVÕ
YDVÕWDVÕ LOH |QFHOLNOH YHNLO PRGHOLQ GHYUHGH ROPDGÕ÷Õ Hú ]DPDQOÕ ER\XW� úHNLO YH WRSRORML
RSWLPL]DV\RQX JHUoHNOHúWLULOPLúWLU� $\UÕFD YHNLO PRGHOLQ GHYUHGH ROPDGÕ÷Õ RSWLPL]DV\RQ
VRQXoODUÕQÕQ WXWDUOÕOÕ÷ÕQÕQ J|]OHQHELOPHVL DGÕQD OLWHUDW�UGH D\QÕ SUREOHPOHU �]HULQGH
\DSÕOPÕú oDOÕúPDODUÕQ UHIHUDQV RSWLPXP VRQXoODUÕ LOH NDUúÕODúWÕUÕOPÕúWÕU �%NQ]� %|O�P
���������������� ���������

����� <6$ (÷LWLP 'HQH\OHUL

9HNLO RODUDN G�ú�Q�OHQ <6$ H÷LWLPLQLQ SHUIRUPDQVÕQD HWNL HGHELOHFH÷L G�ú�Q�OHQ
oHúLWOL SDUDPHWUHOHUOH KHU ELU SUREOHP �]HULQGH ED÷ÕPVÕ] GHQH\OHU JHUoHNOHúWLULOPLúWLU �%NQ]�
%|O�P �������� �������� ��������� 6RQUDVÕQGD JHUoHNOHúWLULOHFHN YHNLO PRGHO \DNODúÕPÕ
GHQH\OHUL LoLQ <6$ H÷LWLP SDUDPHWUHOHUL EX GHQH\OHUGH HOGH HGLOHQ ELOJLOHU ÕúÕ÷ÕQGD
VHoLOPLúWLU� 'HQH\ VRQXoODUÕQGDQ HOGH HGLOHQ JUDILN GHWD\ODUÕ DúD÷ÕGD OLVWHOHQPLúWLU�

ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � 9HUL 7RSODQPD <�]GHVL� 9HNLO RODUDN EHOLUOHQHQ <6$¶QÕQ WHVW
SUREOHPOHUL LoLQ L]LQ YHULOHQ DQDOL] VD\ÕODUÕQD J|UH 6( DQDOL]OHULQLQ G|QG�UG�÷� DGD\ODUGDQ
EHOLUOL ELU FH]D GH÷HULQLQ DOWÕQGDNL DGD\ODU H÷LWLP YHUL VHWLQH GDKLO HGLOPLú� .LQHPDWLN RODUDN
VWDELO ROPD\DQ YH EHOLUOL ELU FH]D GH÷HULQLQ �VW�QGH GH÷HUH VDKLS RODQ DGD\ODUÕQ� H÷LWLP YHUL
VHWLQGH J�U�OW�\H YH H÷LWLP X]D\ÕQÕQ JHQLúOHPHVL\OH YHNLO <6$ WDKPLQOHULQGH E�\�N
VDSPDODUD VHEHS ROGX÷X J|]OHQPLúWLU� %X VHEHSOH EX DGD\ODU� YHNLO <6$¶QÕQ H÷LWLP VHWLQH
GDKLO HGLOPHPLú YH EX VHEHSOH EX IDNW|U�Q HWNLOHULQLQ WHVWOHUL LoLQ /LPLW &H]D �limPen�
SDUDPHWUHVL EHOLUOHQPLúWLU� 6HoLOHQ KHU ELU /LPLW &H]D �limPen� SDUDPHWUHVL\OH
������������� ø]LQ YHULOHQ DQDOL] VD\ÕVÕQD J|UH 6( DQDOL]OHULQGHQ WRSODQDQ YHUL \�]GHVL
JUDILNOHUL VXQXOPXúWXU �%NQ]� ùHNLO ���� ����� ������

ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � øWHUDV\RQ� 7HVW SUREOHPOHULQGH L]LQ YHULOHQ DQDOL] VD\ÕODUÕQD
J|UH WRSODQDQ YHUL LOH YHNLO <6$¶QÕQ H÷LWLPL JHUoHNOHúWLULOPLúWLU� (÷LWLP KHU ELU DUD
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NDWPDQGD X\JXODQDQ DNWLYDV\RQ IRQNVL\RQODUÕQÕQ H÷LWLP SHUIRUPDQVÕQD HWNLVLQL
GH÷HUOHQGLUPHN �]HUH� ELU NRPELQDV\RQX RODUDN WHVW HGLOPLúWLU� .XOODQÕODQ DNWLYDV\RQ
IRQNVL\RQODUÕ dL]HOJH ���¶GH VXQXOPXúWXU� (÷LWLP EHOLUOL ELU LWHUDV\RQ GH÷HULQH XODúÕU YH
2UWDODPD .DUHVHO +DWD� $GDP DOJRULWPDVÕ LOH RSWLPL]H HGLOLU� %HOLUOL ELU EDúDUÕ \�]GHVL
\DNDODQGÕ÷ÕQGD YH DUWÕN ELU JHOLúPH J|]OHQPHGL÷LQGH <6$ H÷LWLPL RWRPDWLN RODUDN
VRQODQGÕUÕOPDNWDGÕU� %XUDGD YHNLO <6$ H÷LWLPLQGH EDKVHGLOHQ LWHUDV\RQ WHULPLQLQ øQJLOL]FH
¶(SRFK¶ WHULPLQH NDUúÕOÕN JHOGL÷L KDWÕUODWÕOPDOÕGÕU� 6HoLOHQ KHU ELU /LPLW &H]D �limPen�
SDUDPHWUHVL\OH ����� ���� ���� L]LQ YHULOHQ DQDOL] VD\ÕVÕQD J|UH LWHUDV\RQ GH÷HUOHUL JUDILNOHUL
VXQXOPXúWXU� �%NQ]� ùHNLO ���� ����� ������

ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � (÷LWLP 2.+� 6HoLOHQ OLP3HQ SDUDPHWUHOHULQH ED÷OÕ RODUDN
ø]LQ YHULOHQ DQDOL] VD\ÕODUÕQD J|UH 6( DQDOL]OHULQGHQ UDVWJHOH WRSODQDQ YHULOHULQ ���¶L LOH
<6$ H÷LWLPL \DSÕOPÕú YH H÷LWLPLQ VRQD HUGL÷L LWHUDV\RQ VD\ÕODUÕQGD <6$ H÷LWLP
SHUIRUPDQVÕQÕQ� |Oo�OHELOPHVL DGÕQD 2UWDODPD .DUHVHO +DWDODU ND\GHGLOPLúWLU� 6HoLOHQ KHU
ELU /LPLW &H]D �limPen� SDUDPHWUHVL\OH ������������� ø]LQ YHULOHQ DQDOL] VD\ÕVÕQD J|UH
(÷LWLP 2.+ GH÷HUOHUL JUDILNOHUL VXQXOPXúWXU �%NQ]� ùHNLO ���� ����� ������

ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � 7HVW 2.+� 6HoLOHQ limPen SDUDPHWUHOHULQH ED÷OÕ RODUDN ø]LQ
YHULOHQ DQDOL] VD\ÕODUÕQD J|UH <6$¶QÕQ GDKD |QFH NDUúÕODúPDGÕ÷Õ 6( DQDOL]OHULQGHQ UDVWJHOH
WRSODQDQ YHULOHULQ ���¶X WHVW YHULVL RODUDN DOÕQPÕúWÕU� %X YHULOHU H÷LWLOPLú <6$¶\D JLUGL
RODUDN YHULOPLú YH JHUoHN GH÷HUOHUL LOH WHVW YHULOHUL LoLQ 2UWDODPD .DUHVHO +DWD¶ODUÕ
ND\GHGLOPLúWLU� %|\OHFH GDKD |QFH J|UPHGL÷L YHULOHUOH <6$¶QÕQ SHUIRUPDQV
GH÷HUOHQGLUPHVL \DSÕOPÕúWÕU� 6HoLOHQ KHU ELU /LPLW &H]D �limPen� SDUDPHWUHVL\OH ����� ����
���� ø]LQ YHULOHQ DQDOL] VD\ÕVÕQD J|UH 7HVW 2.+ GH÷HUOHUL JUDILNOHUL VXQXOPXúWXU �%NQ]�
ùHNLO ���� ����� ������

ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � 7HVW 2.+�(÷LWLP 2.+� 6HoLOHQ OLP3HQ SDUDPHWUHOHULQH
ED÷OÕ RODUDN ø]LQ YHULOHQ DQDOL] VD\ÕODUÕQD J|UH ND\GHGLOHQ 7HVW 2UWDODPD .DUHVHO +DWD¶ODUÕ
LOH (÷LWLP 2UWDODPD .DUHVHO +DWD¶ODUÕ RUDQODQPÕú YH ELU SHUIRUPDQV WXWDUOÕOÕN RUDQÕ
|Oo�OP�úW�U� 7HN EDúÕQD H÷LWLP YH\D WHVW 2.+ GH÷HUOHUL <6$¶QÕQ SHUIRUPDQVÕ KDNNÕQGD
ILNLU YHUPH\HELOLU� <6$ PRGHOLQGH ID]OD X\XP \D GD \HWHUVL] X\XP RODELOPHNWHGLU�
2EMHNWLI ELU SHUIRUPDQV GH÷HUL LoLQ EX GH÷HULQ ��� LOH ��� DUDVÕQGD ROPDVÕ <6$¶QÕQ YHNLO
RODUDN EDúDUÕOÕ NDEXO HGLOHELOHFH÷LQL J|VWHUPHNWHGLU� 6HoLOHQ KHU ELU /LPLW &H]D �limPen�
SDUDPHWUHVL\OH ����� ���� ���� ø]LQ YHULOHQ DQDOL] VD\ÕVÕQD J|UH 7HVW 2.+�(÷LWLP 2.+
RUDQODUÕ JUDILNOHUL VXQXOPXúWXU �%NQ]� ùHNLO ���� ����� ������
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dL]HOJH ���� 2Q dXEXNOX .DIHV�9HNLO <6$ $NWLYDV\RQ )RQNVL\RQODUÕ �g]EDúDUDQ� �����

��$5$
.$70$1

��$5$
.$70$1

��$5$
.$70$1

��$5$
.$70$1

��$5$
.$70$1

5H/8 /HDN\ 5H/8 /HDN\ 5H/8 /HDN\ 5H/8 /HDN\ 5H/8 /HDN\ 5H/8
6ZLVK 6ZLVK 6ZLVK 6ZLVK 6ZLVK 6ZLVK
6ZLVK�5H/8 6ZLVK /HDN\ 5H/8 6ZLVK /HDN\ 5H/8 6ZLVK

5H/8�6ZLVK
/HDN\ 5H/8 6ZLVK /HDN\ 5H/8 6ZLVK /HDN\ 5H/8

����� 9HNLO 0RGHO 3HUIRUPDQV 6RQXoODUÕ

VXQXODQ <DSD\ 6LQLU $÷Õ WDEDQOÕ YHNLO PRGHO WHNQL÷L LOH �o NDIHV VLVWHP SUREOHPL
�]HULQGH (ú ]DPDQOÕ %R\XW� ùHNLO YH 7RSRORML RSWLPL]DV\RQX GHQH\OHUL \DSÕOPÕúWÕU� ø]LQ
YHULOHQ DQDOL] VD\ÕVÕ ���� RODUDN VÕQÕUODQGÕUÕOPÕú YH KHU ELU RSWLPL]DV\RQ V�UHFL ED÷ÕPVÕ]
RODUDN �� NH] WHNUDUODQDDUDN EXOXQDQ HQ L\L� HQ N|W� YH RUWDODPD DPDo GH÷HUOHUL LoLQ WHVW
HGLOPLúWLU� 3RS�ODV\RQ VD\ÕVÕ �Npop�� �� RODUDN EHOLUOHQPLúWLU� +HU ELU DUD NDWPDQGD ¶6ZLVK¶
DNWLYDV\RQ IRQNVL\RQX WHUFLK HGLOPLúWLU� +HU ELU WHVW SUREOHPLQGH YHNLO PRGHOLQ LNDPHW
HWPHGL÷L VRQXoODU LOH VXQXODQ YHNLO PRGHO WHNQL÷L LVWDWLVWLNL RODUDN NDUúÕODúWÕUÕODUDN VRQXoODU
SD\ODúÕOPÕúWÕU �%NQ]� %|O�P �������� �������� ���������

9HNLO 0RGHO 3HUIRUPDQVÕ� 6XQXODQ YHNLO PRGHO LOH RSWLPL]DV\RQ V�UHoOHULQLQ� )$=�� LoLQ
EHOLUOHQHQ rP1 SDUDPHWUHOHULQH �%NQ]� %|O�P ���� YH VXQXODQ YHNLO PRGHO LoLQ EHOLUOHQHQ
WRSODP L]LQ YHULOHQ DQDOL] VD\ÕODUÕQD �NA� J|UH YHNLO PRGHOLQ GHYUHGH ROPDGÕ÷Õ -D\D
DOJRULWPDVÕ LOH EHOLUOHQHQ RSWLPXP D÷ÕUOÕN GH÷HUOHUL NDUúÕODúWÕUÕODUDN ED÷ÕO D÷ÕUOÕN GH÷HUOHUL
YH ED÷ÕO YDU\DV\RQ NDWVD\ÕODUÕ SD\ODúÕOPÕúWÕU� 7RSODP L]LQ YHULOHQ DQDOL] VD\ÕVÕQD J|UH
VXQXODQ YHNLO PRGHO LOH JHUoHNOHúWLULOHQ RSWLPL]DV\RQ V�UHFL VRQXFXQGD HOGH HGLOHQ VRQ
SRS�ODV\RQGD J|]OHQHQ HQ L\L D÷ÕUOÕN GH÷HULQLQ� D\QÕ L]LQ YHULOHQ DQDOL] VD\ÕVÕQD GHQN
JHOHFHN úHNLOGH YHNLOVL] RODUDN JHUoHNOHúWLULOHQ RSWPL]DV\RQ V�UHFLQLQ VRQXFXQD
RUDQODQPDVÕ\OD HQ L\L ED÷ÕO DPDo GH÷HUL EXOXQPXúWXU ������

NWbest
=

W best
sur

W best
�����

%X RUDQÕQ �¶GHQ N�o�N ROPDVÕ YHNLO PRGHOLQ VRQ SRS�ODV\RQGD EXOXQDQ HQ L\L DGD\ÕQ
SHUIRUPDQVÕQÕQ YHNLOLQ GHYUHGH ROPDGÕ÷Õ PRGHOGHQ GDKD L\L ROGX÷XQX� E�\�N ROPDVÕ LVH
YHNLO PRGHOLQ GHYUHGH ROPDGÕ÷Õ ROD÷DQ RSWLPL]DV\RQ V�UHFLQLQ GDKD YHULPOL ROGX÷XQX
J|VWHUPHNWHGLU�



��

7RSODP L]LQ YHULOHQ DQDOL] VD\ÕVÕQD J|UH VXQXODQ YHNLO PRGHO LOH JHUoHNOHúWLULOHQ
RSWLPL]DV\RQ V�UHFL VRQXFXQGD HOGH HGLOHQ VRQ SRS�ODV\RQGD J|]OHQHQ HQ N|W� D÷ÕUOÕN
GH÷HULQLQ� YHNLO PRGHO GHYUHGH ROPDGDQ RODUDN JHUoHNOHúWLULOHQ RSWPL]DV\RQ V�UHFLQLQ
VRQXFXQD RUDQODQPDVÕ\OD HQ N|W� ED÷ÕO DPDo GH÷HUL EXOXQPXúWXU ������

NWworst =
Wworst

sur

Wworst
�����

%X RUDQÕQ �¶GHQ N�o�N ROPDVÕ YHNLO PRGHOLQ VRQ SRS�ODV\RQGDNL HQ N|W� DGD\ÕQ DPDo
IRQNVL\RQXQ YHNLOLQ GHYUHGH ROPDGÕ÷Õ PHWDVH]JLVHOGHQ GDKD N�o�N ROGX÷XQX� E�\�N ROPDVÕ
LVH YHNLO PRGHOLQ� YHNLO GHVWHNVL] PHWDVH]JLVHOGHQ NXOODQÕPÕQÕQ GDKD GDKD YHULPVL]
ROGX÷XQX J|VWHUPHNWHGLU�

µW =

∑Npop

i=1
W i

sur

W i
0

Npop

�����

9HNLO PRGHO LOH JHUoHNOHúWLULOHQ RSWLPL]DV\RQ VRQXFXQGD HOGH HGLOHQ VRQ SRS�ODV\RQGDNL
W�P DGD\ODUÕQ DPDo GH÷HUOHULQLQ RUWDODPDVÕQÕQ� YHNLOLQ GHYUHGH ROPDGÕ÷Õ -D\D
RSWLPL]DV\RQX VRQXFXQGD EXOXQDQ DPDo GH÷HUOHULQH RUDQÕ RUWDODPD ED÷ÕO DPDo GH÷HULQL
YHUPHNWHGLU� %|\OHFH YHNLO PRGHOOH EXOXQDQ SRS�ODV\RQXQ JUDILNWHNL PHUNH]L H÷LOLPL
EXOXQDELOLU ������

%D÷ÕO 9DU\DV\RQ NDWVD\ÕVÕ� NDUúÕODúWÕUÕODQ LNL GH÷HULQ RODVÕOÕN GD÷ÕOÕPÕ LoLQ ELU
QRUPDOL]H HGLOPLú LVWDWLVWLNVHO \D\ÕOPD |Oo�OHULQLQ RUDQÕ RODUDN DOÕQPÕúWÕU� %XUDGD J|UHOL ELU
NDUúÕODúWÕUPD LoLQ YHNLO PRGHOLQ GHYUHGH ROGX÷X DPDo GH÷HULQH J|UH YDU\DV\RQ NDWVD\ÕVÕQÕQ�
YHNLO PRGHOLQ GHYUHGH ROPDGÕ÷Õ RSWLPL]DV\RQ V�UHoOHULQGHNL DPDo GH÷HUOHULQH J|UH
YDU\DV\RQ NDWVD\ÕVÕQD RUDQÕ RODUDN DOQPÕúWÕU� +HU LNL RSWLPL]DV\RQ V�UHoOHULQGH EXOXQDQ
DPDo IRQNVL\RQX GH÷HULQLQ RUWDODPD\D J|UH IDUNOÕOÕNODUÕQÕQ GHUHFHVLQL YH RUWDODPD\D J|UH
QH NDGDU GH÷LúWL÷LQL |OoPHN DPDFÕ\OD VXQXOPXúWXU ������

cvekilv

c0v
=

σWvekil
µW0

σW0 µWvekil

�����

9HNLO PRGHOOH GHVWH÷L LOH \DSÕODQ �� RSWLPL]DV\RQ GHQHPHVL LoLQ D÷ÕUOÕN GH÷HUOHULQLQ
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dL]HOJH ���� 2Q dXEXNOX .DIHV 6LVWHP 7DVDUÕP 3DUDPHWUHOHUL

7DVDUÕP 3DUDPHWUHOHUL 'H÷HU
(ODVWLVLWH 0RG�O� 104 ksi

g]J�O $÷ÕUOÕN 0.1 lb/in3

ø]LQ 9HULOHQ %DVÕQo *HULOPHVL 25 ksi

ø]LQ 9HULOHQ dHNPH *HULOPHVL 25 ksi

ø]LQ 9HULOHQ 'LNH\ <HUGH÷LúWLUPH 2 in

VWDQGDUW VDSPDVÕ EXOXQPXú �σWvekil
� YH EXOXQDQ D÷ÕUOÕN GH÷HUOHULQLQ RUWDODPDVÕQD �µWvekil�

RUDQODQDUDN YDU\DV\RQ NDWVD\ÕVÕ EXOXQPXúWXU �cvekilv �� $\QÕ úHNLOGH YHNLO PRGHOLQ GHYUHGH
ROPDGÕ÷Õ VWDQGDUW �� RSWLPL]DV\RQ GHQHPHVL VRQUDVÕQGD D÷ÕUOÕN GH÷HUOHULQLQ VWDQGDUW
VDSPDVÕ EXOXQPXú �σW0� YH EXOXQDQ D÷ÕUOÕN GH÷HUOHULQLQ RUWDODPDVÕQD �µW0� RUDQODQDUDN
EXOXQDQ YDU\DV\RQ NDWVD\ÕVÕQD �c0v� RUDQODQPÕúWÕU� %X RUDQÕQ �¶GHQ N�o�N ROPDVÕ RUWDODPD
YHNLO PRGHOVL] D÷ÕUOÕN GH÷HUOHULQH \DNÕQ VRQXoODUÕQ HOGH HGLOGL÷L DQODPÕQD JHOPHNWHGLU�
�¶GHQ E�\�N GH÷HUOHUGH DPDo GH÷HULQLQ RUWDODPD\D \DNÕQ ROPDVÕ LVWHQLUVH YHNLO PRGHO
GHVWH÷LQH JHUHN ROPDGÕ÷Õ DQODúÕOPDOÕGÕU�

��� �� dXEXNOX .DIHV 6LVWHP 'HQH\OHUL

����� �� dXEXNOX .DIHV 6LVWHP 3UREOHPL

3UREOHP� WDPVD\Õ YH V�UHNOL WDVDUÕP GH÷LúNHQOHULQL D\QÕ DQGD HOH DOGÕ÷Õ LoLQ NDUPD
GH÷LúNHQOL Hú ]DPDQOÕ úHNLO� ER\XW YH WRSRORML RSWLPL]DV\RQX SUREOHPL RODUDN HOH DOÕQPÕúWÕU�
0DO]HPH |]HOOLNOHUL (ODVWLVLWH 0RG�O� �E� YH g]J�O $÷ÕUOÕN �ρ� VÕUD\OD 104 ksi YH 0.1

lb/in3 RODUDN DOÕQPÕúWÕU� 2Q oXEXNOX NDIHV VLVWHPLQ \�NOHPH GXUXPX 3 YH 5 G�÷�POHULQLQ
KHU LNLVLQGH P = 1000000 lb¶GLU �ùHNLO �����

ùHNLO RSWLPL]DV\RQX LoLQ� RQ oXEXNOX NDIHV VLVWHPGH �ùHNLO ���� 1 G�÷�P� RULMLQ
ROPDN �]HUH� �o �VW G�÷�P�Q �2, 4, 6� GLNH\ NRRUGLQDWODUÕQÕQ 180 in LOH 1000 in DUDVÕQGD
KDUHNHW HWPHVLQH L]LQ YHULOPHNWHGLU �0LJXHO YG�� ������ .RRUGLQDW GH÷HUOHUL EX DUDOÕNWD
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V�UHNOL GH÷LúNHQOHU RODUDN DOÕQPDNWDGÕU� %R\XW RSWLPL]DV\RQX LoLQ NHVLW DODQODUÕ ���¶WH LOJLOL
oDOÕúPDGD YHULOHQ �� D\UÕN GH÷LúNHQ DUDVÕQGDQ VHoLOPLúWLU �5DMDQ� ������

(1.62, 1.80, 2.38, 2.62, 2.88, 3.09, 3.13, 3.38, 3.63, 3.84, 3.87, 4.18, 4.49, 4.80,

4.97, 5.12, 5.74, 7.22, 7.97, 11.5, 13.5, 13.9, 14.2, 15.5, 16.0, 13.9, 14.2, 15.5,

13.9, 14.2, 15.5, 16.0, 18.8, 19.9, 22.0, 22.9, 26.5, 30.0, 33.5)

�����

%X WHVW SUREOHPLQLQ Hú ]DPDQOÕ úHNLO� ER\XW YH WRSRORML RSWLPL]DV\RQX GDKD |QFH �5DMDQ�
����� YH �%DOOLQJ YG�� ����� WDUDIÕQGDQ *HQHWLN $OJRULWPD� �0DUWLQL� ����� WDUDIÕQGDQ�
+DUPRQL $UDPDVÕ $OJRULWPDVÕ� �0LJXHO YG�� ����� WDUDIÕGDQ $WHúE|FH÷L $OJRULWPDVÕ
NXOODQÕODUDN JHUoHNOHúWLULOPLúWLU� +HU ELU oDOÕúPDQÕQ VRQXoODUÕ dL]HOJH ��� ¶GH SD\ODúÕOPÕúWÕU�

1

2
4 10

1 5

2 3 7 8

6 9

360 in

4 6

360 in

360
in

P

5

P

3

ùHNLO ���� 2Q dXEXNOX .DIHV 6LVWHP

2Q oXEXNOX NDIHV VLVWHPLQ úHNLO� ER\XW YH WRSRORML RSWLPL]DV\RQX Hú ]DPDQOÕ RODUDN
YHNLO PRGHO GHYUHGH ROPDGDQ� -D\D DOJRULWPDVÕ NXOODQÕODUDN JHUoHNOHúWLULOPLúWLU �%NQ]�
%|O�P �����

������� �� dXEXN 7HVW 3UREOHPL øoLQ 9HNLO 0RGHOVL] 6RQXoODU

2SWLPL]DV\RQ GHQHPHVL VD\ÕVÕ �nRun�� 20 RODUDN EHOLUOHQPLúWLU� gQFHVLQGH
RSWLPL]DV\RQ V�UHVLQFH JHUoHNOHúWLULOHQ� 10000 DQDOL]H NDGDU RODQ V�UHoWH� �� RSWLPL]DV\RQ



��

dL]HOJH ���� 2Q dXEXNOX .DIHV %R\XW� ùHNLO YH 7RSRORML 2SWLPL]DV\RQX LoLQ 5HIHUDQV
6RQXoODU

6RQXoODU �5DMDQ�
�����

�%DOOLQJ
YG�� �����

�0DUWLQL�
�����

�0LJXHO
YG�� �����

$QDOL] 6D\ÕVÕ ���� ������ ���� �����
$÷ÕUOÕN �lb� ���� ���� ���� ����
2UWDODPD $÷ÕUOÕN �lb� � � � ����

GHQHPHVL VRQXoODUÕ SD\ODúÕOPÕú� GHQHPH VRQXoODUÕ DUDVÕQGD EXOXQDQ LOJLOL L]LQ YHULOHQ DQDOL]
VD\ÕODUÕQD �NA�� J|UH VRQ SRS�ODV\RQGDNL HQ RSWLPXPD \DNÕQ DGD\D DLW HQ L\L D÷ÕUOÕN
GH÷HUOHUL PDYL UHQN LOH� RSWLPXPGDQ HQ X]DN DGD\ODUÕQ� HQ N|W� D÷ÕUOÕN GH÷HUOHUL LVH NÕUPÕ]Õ
UHQN LOH J|VWHULOPLúWLU �ùHNLO �����

ùHNLO ���� 2Q dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � 9HNLO 0RGHOVL] 2SWLPXP
6RQXoODU �D�

2Q ELQLQFL DQDOL] VRQXFXQGD EXOXQDQ HQ L\L ER\XW� úHNLO YH WRSRORML �ùHNLO ���� ��
GHQHPHGH ND\GHGLOPLúWLU� %XOXQDQ HQ L\L D÷ÕUOÕN GH÷HUL KHUKDQJL ELU NÕVÕW LKODOL ROPDGDQ
W0 = 2697.6 lb YH HQ L\L YH HQ N|W� RUWDODPD D÷ÕUOÕN GH÷HUL W µ

0 = 2712.77 lb RODUDN
EXOXQPXúWXU�
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ùHNLO ���� 2Q dXEXNOX .DIHV 6LVWHP� 2Q ELQ $QDOL] 6RQXFX 2SWLPXP ùHNLO YH 7RSRORML

9HNLO PRGHO GHYUHGH ROPDGDQ RSWLPL]DV\RQ V�UHFL 250000 DQDOL]H NDGDU GHYDP
HWWLULOPLú YH VRQXoODU SD\ODúÕOPÕúWÕU �ùHNLO ����� 25000 DQDOL]GHQ VRQUD DPDo GH÷HUL ELUD]
GDKD RSWLPXPD \DNODúÕUNHQ� HQ L\L YH HQ N|W� DGD\ODUÕQ DPDo GH÷HUOHULQGH |QHPOL ELU
GH÷LúLP J|]OHQPHPLúWLU �%NQ]� %|O�P �������

ùHNLO ���� 2Q dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � 9HNLO 0RGHOVL] 2SWLPXP
6RQXoODU �E�
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2Q dXEXNOX .DIHV 6LVWHP LoLQ YHNLO PRGHO GHYUHGH ROPDGDQ JHUoHNOHúWLULOHQ
RSWLPL]DV\RQ V�UHoOHULQLQ UHIHUDQV VRQXoODUOD �%NQ]� dL]HOJH ���� NDUúÕODúWÕUÕOGÕ÷ÕQGD WXWDUOÕ
ROGXNODUÕ YH EX WHVW SUREOHPL LoLQ OLWHUDW�UGH RSWLPXP RODUDN VXQXODQ VRQXoODUD oRN \DNÕQ
VRQXoODU HOGH HGLOGL÷L J|U�OPHNWHGLU� 6XQXODQ <6$ WDEDQOÕ YHNLO PRGHO LOH VRQXoODUÕQ
NDUúÕODúWÕUÕOPDVÕ YH SHUIRUPDQV |Oo�P� LoLQ YHNLO PRGHO GHYUH\H DOÕQPDGDQ JHUoHNOHúWLULOHQ
RSWLPL]DV\RQ V�UHoOHULQLQ WXWDUOÕ VRQXoODU YHUPHVL |QHPOLGLU� gQFHOLNOH EXQGDQ VRQUDNL
E|O�POHUGH VXQXODQ PHWRWWD )$=�� V�UHFLQGH YHULQLQ WRSODQPDVÕ YH YHNLO <6$¶QÕQ H÷LWLP
SHUIRUPDQVÕ LUGHOHQHFHN �%NQ]� %|O�P ������ YH oHúLWOL SDUDPHWUHOHULQ EX H÷LWLPL QDVÕO
HWNLOHGL÷L VXQXODUDN WDUWÕúDODFDNWÕU� 6XQXODQ PHWRW 2Q dXEXNOX .DIHV 6LVWHP SUREOHPLQGH
WHVW HGLOPLú YH VRQXoODUOD ELUOLNWH YHNLO PRGHOLQ SHUIRUPDQVÕ LUGHOHQPLúWLU �%NQ]� %|O�P
�������

������� �� dXEXN 7HVW 3UREOHPL øoLQ <6$ (÷LWLP 3HUIRUPDQVÕ

2Q oXEXNOX NDIHV VLVWHP LoLQ YHNLOLQ H÷LWLPLQGH WRSODQDFDN YHULOHULQ |QFHOLNOH /LPLW
&H]D GH÷HUL �limPen� SDUDPHWUHVL VÕUD\OD 1.0, 0.5, 0.1 RODUDN DOÕQPÕú YH 6( DQDOL]OHULQH
\ROODQDQ DGD\ODUÕQ EX /LPLW &H]D GH÷HUOHULQLQ DOWÕQGD RODQ DGD\ODU H÷LWLP VHWLQH DOÕQPDN
�]HUH WRSODQPÕúWÕU�

9HULOHULQ limPen SDUDPHWUHVLQH ED÷OÕ� WRSODQPD \�]GHOHULQLQ L]LQ YHULOHQ DQDOL]
VD\ÕVÕQD J|UH GH÷LúLPOHUL JUDIL÷L ùHNLO ���¶WH VXQXOPXúWXU�

/LPLW &H]D �limPen� SDUDPHWUHVLQH ED÷OÕ RODUDN KHU ELU L]LQ YHULOHQ DQDOL]GH WRSODQDQ
YHUL\H J|UH H÷LWLPLQ VRQODQGÕ÷Õ LWHUDV\RQ GH÷HUOHULQLQ JUDIL÷L ùHNLO ���¶GD VXQXOPXúWXU�

6HoLOHQ /LPLW &H]D �limPen� SDUDPHWUHOHULQH ED÷OÕ� DUD NDWPDQODUGD NXOODQÕODFDN
$NWLYDV\RQ )RQNVL\RQODUÕ¶QÕQ ø]LQ 9HULOHQ $QDOL] �NA� VD\ÕODUÕQD J|UH (÷LWLP 2UWDODPD
.DUHVHO +DWD �OKH� ¶ODUÕ JUDILNOHUL ùHNLO ���¶GH VXQXOPXúWXU�

6HoLOHQ /LPLW &H]D �limPen� SDUDPHWUHOHULQH ED÷OÕ� DUD NDWPDQODUGD NXOODQÕODFDN
$NWLYDV\RQ )RQNVL\RQODUÕ¶QÕQ ø]LQ 9HULOHQ $QDOL] �NA� VD\ÕODUÕQD J|UH 7HVW 2UWDODPD
.DUHVHO +DWD �OKH�¶ODUÕ JUDILNOHUL ùHNLO ���¶GH VXQXOPXúWXU�

6HoLOHQ /LPLW &H]D �limPen� SDUDPHWUHOHULQH ED÷OÕ� DUD NDWPDQODUGD NXOODQÕODFDN
$NWLYDV\RQ )RQNVL\RQODUÕ¶QÕQ ø]LQ 9HULOHQ $QDOL] �NA� VD\ÕODUÕQD J|UH 7HVW�(÷LWLP
2UWDODPD .DUHVHO +DWD �OKH� RUDQODUÕ JUDILNOHUL ùHNLO ���¶GD VXQXOPXúWXU�
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�D� OLP3HQ  ��� �g]EDúDUDQ� ����� �E� OLP3HQ  ���

�F� OLP3HQ  ���

ùHNLO ���� 2Q dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � 7RSODQDQ 9HUL <�]GHVL

������� �� dXEXN 7HVW 3UREOHPL øoLQ 9HNLO 0RGHO 3HUIRUPDQVÕ

(Q L\L ED÷ÕO DPDo GH÷HULQLQ �¶GHQ N�o�N ROPDVÕ YHNLO PRGHOLQ SHUIRUPDQVÕQÕQ
YHNLOVL] PRGHOGHQ YHULPOL ROGX÷XQX� E�\�N ROPDVÕ LVH YHNLO PRGHO GHVWHNVL] PHWDVH]JLVHOLQ
YHULPOL ROGX÷XQX J|VWHUPHNWHGLU� 2Q dXEXNOX .DIHV 6LVWHP LoLQ rP1 GH÷HULQLQ ��� RODUDN
EHOLUOHQGL÷L ����� DQDOL]GH HQ L\L ED÷ÕO DPDo GH÷HUL J|]OHQPLúWLU�

(Q N|W� ED÷ÕO DPDo GH÷HULQLQ �¶GHQ N�o�N ROPDVÕ YHNLO PRGHOLQ SHUIRUPDQVÕQÕQ
YHNLO GHVWHNVL] PHWDVH]JLVHOGHQ YHULPOL ROGX÷X� E�\�N ROPDVÕ LVH YHNLO GHVWHNVL]
PHWDVH]JLVHOLQ YHULPOL ROGX÷X DQODPÕQD JHOPHNWHGLU� 2Q dXEXNOX .DIHV 6LVWHP LoLQ rP1

GH÷HULQLQ ��� RODUDN EHOLUOHQGL÷L ���� DQDOL]GH HQ N|W� ED÷ÕO DPDo GH÷HUL J|]OHQPLúWLU�
6RQXoODU LQFHOHQGL÷LQGH SUREOHPLQ YHNLO PRGHOLQ GHYUHGH ROGX÷X RSWLPL]DV\RQ
VRQXoODUÕQÕQ EHOLUOL SDUDPHWUH YH DQDOL] VD\ÕODUÕQGD HQ N|W� DGD\ODUGD ND\GD GH÷HU ELU
L\LOHúPH\H VHEHS ROGX÷X YH VRQ SRS�ODV\RQX L\LOHúWLUGL÷L V|\OHQHELOLU�



��

�D� OLP3HQ  ��� �E� OLP3HQ  ���

�F� OLP3HQ  ���

ùHNLO ���� 2Q dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � øWHUDV\RQ 6D\ÕVÕ

�D� OLP3HQ  ��� �g]EDúDUDQ� ����� �E� OLP3HQ  ��� �F� OLP3HQ  ���

ùHNLO ���� 2Q dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � (÷LWLP 2.+

9HNLO PRGHO LOH JHUoHNOHúWLULOHQ RSWLPL]DV\RQ VRQXFXQGD HOGH HGLOHQ VRQ
SRS�ODV\RQGDNL W�P DGD\ODUÕQ DPDo GH÷HUOHULQLQ RUWDODPDVÕQÕQ YHNLO GHVWHNVL] -D\D
DOJRULWPDVÕ VRQXFXQGD EXOXQDQ DPDo GH÷HUOHULQLQ RUDQÕ RUWDODPD ED÷ÕO DPDo GH÷HULQL



��

�D� OLP3HQ  ��� �g]EDúDUDQ� ����� �E� OLP3HQ  ��� �F� OLP3HQ  ���

ùHNLO ���� 2Q dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � 7HVW 2.+

�D� OLP3HQ  ��� �g]EDúDUDQ� ����� �E� OLP3HQ  ���

�F� OLP3HQ  ���

ùHNLO ���� 2Q dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � 7HVW � (÷LWLP 2.+

YHUPHNWHGLU� %|\OHFH YHNLO PRGHOOH EXOXQDQ SRS�ODV\RQXQ JUDILNWHNL PHUNH]L H÷LOLPL
EXOXQDELOLU� 2UWDODPD ED÷ÕO DPDo GH÷HUOHULQH EDNÕOGÕ÷ÕQGD )$=��¶GH WRSODP L]LQ YHULOHQ
DQDOL] VD\ÕVÕQÕQ ��� ROGX÷X GXUXPGD YH EX DQDOL]OHULQ ���¶L H÷LWLP YHULVLQLQ WRSODQPDVÕ



��
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1.68 1.46 1.15 1.

1.72 1.28 1.16 1.06
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Ba��l Varyasyon Katsay�s�

ùHNLO ����� 2Q dXEXNOX .DIHV 6LVWHP� 9HNLO 0RGHO 3HUIRUPDQV 6RQXoODUÕ

LoLQ NXOODQÕOGÕ÷ÕQGD YHNLO PRGHOLQ SRS�ODV\RQXQ JHQHOLQGH RSWLPXP o|]�PH YHNLOLQ
GHYUHGH ROPDGÕ÷Õ V�UHoWHQ GDKD SHUIRUPDQVOÕ \DNODúWÕ÷Õ L]LQ YHULOHQ ��� DQDOL]GH
SHUIRUPDQVÕQ G�úW�÷� YH GDKD \�NVHN DQDOL] VD\ÕODUÕQGD HQ ID]OD YHNLO PRGHOLQ ROPDGÕ÷Õ
RSWLPL]DV\RQ V�UHFL NDGDUOÕN ELU SHUIRUPDQV VHUJLOHGL÷L J|U�OPHNWHGLU�

%D÷ÕO YDU\DV\RQ NDWVD\ÕVÕ RUDQÕQ �¶GHQ N�o�N ROPDVÕ YHNLO PRGHO GHVWH÷L LOH RUWDODPD
YHNLO PRGHOLQ GHYUHGH ROPDGÕ÷Õ D÷ÕUOÕN GH÷HUOHULQH \DNÕQ VRQXoODUÕQ HOGH HGLOGL÷L DQODPÕQD
JHOPHNWHGLU� ��� DQDOL]GH rP1 SDUDPHWUHVLQLQ ��� RODUDN VHoLOGL÷L GXUXPGD ED÷ÕO YDU\DV\RQ
NDWVD\ÕVÕ HQ L\L GH÷HUL YHUPLúWLU� %D÷ÕO YDU\DV\RQ NDWVD\ÕVQÕQ �¶LQ DOWÕQGD ROGX÷X L]LQ YHULOHQ



��

DQDOL] VD\ÕODUÕ YH rP1 SDUDPHWUHOHUL GH÷HUOHULQGH YHNLO PRGHOLQ \DUDUOÕ RODELOHFH÷L� �¶GHQ
E�\�N GH÷HUOHUGH DPDo GH÷HULQLQ RUWDODPD\D \DNÕQ ROPDVÕ LVWHQLUVH YHNLO PRGHO GHVWH÷LQH
JHUHN ROPDGÕ÷Õ J|U�OPHNWHGLU�

��� �� dXEXNOX .DIHV 6LVWHP 'HQH\OHUL

����� �� dXEXNOX .DIHV 6LVWHP 3UREOHPL

3UREOHP� WDPVD\Õ YH V�UHNOL WDVDUÕP GH÷LúNHQOHULQL D\QÕ DQGD HOH DOGÕ÷Õ LoLQ NDUPD
GH÷LúNHQOL Hú ]DPDQOÕ úHNLO� ER\XW YH WRSRORML RSWLPL]DV\RQX SUREOHPL RODUDN HOH DOÕQPÕúWÕU�
0DO]HPH |]HOOLNOHUL (ODVWLVLWH 0RG�O� �E� YH g]J�O $÷ÕUOÕN �ρ� VÕUD\OD 104 ksi YH 0.1

lb/in3 RODUDN DOÕQPÕúWÕU� 2Q EHú oXEXNOX NDIHV VLVWHPLQ GLNH\ \�NOHPH GXUXPX �� G�÷�PGH
P = 10000 lb¶GLU �ùHNLO ������ ø]LQ YHULOHQ JHULOPH GH÷HUL 25 ksi¶GLU�%R\XW RSWLPL]DV\RQX
LoLQ �� NHVLW DODQÕ YH úHNLO RSWLPL]DV\RQX LoLQ 3, 4, 5, 6 G�÷�POHULQLQ x, y NRRUGLQDWODUÕ� 7, 8
G�÷�POHULQLQ y NRRUGLQDWODUÕ WDVDUÕP GH÷LúNHQOHUL RODUDN DOÕQPÕúWÕU� 4 YH 6 NRRUGLQDWODUÕ
VÕUDVÕ\OD 3 YH 5 NRRUGLQDW GH÷HUOHULQH HúLWWLU ������

(x4 = x3, x6 = x5, y3, y4, y5, y6, y7, y8) �����

.HVLW DODQODUÕ� WRSRSORML RSWLPL]DV\RQX LoLQ ^−30, 31` GH÷HUOHUL DUDVÕQGDQ UDVWJHOH RODUDN
DOÕQPÕú YH UDVWJHOH GH÷HUOHUH J|UH �� D\UÕN GH÷LúNHQ ����� DUDVÕQGDQ VHoLOPLúWLU �0LJXHO YG��
������

(0.111, 0.141, 0.174, 0.220, 0.270, 0.287, 0.347, 0.440, 0.539, 0.954, 1.081,

1.174, 1.333, 1.488, 1.764, 2.142, 2.697, 2.800, 3.131, 3.565, 3.813, 4.805,

5.952, 6.572, 7.192, 8.525, 9.300, 10.850, 13.330, 14.290, 17.170, 19.180)

�����

ùHNLO RSWLPL]DV\RQX LoLQ G�÷�P QRNWDODUÕ NRRUGLQDW NÕVÕW DUDOÕNODUÕ ���¶GH YHULOPLúWLU�

− 20 ≤ y3 ≤ 20

100 ≤ x4 = x3 ≤ 140

100 ≤ y4 ≤ 140

− 20 ≤ y5 ≤ 20

220 ≤ x6 = x5 ≤ 260

100 ≤ y6 ≤ 140

20 ≤ y7 ≤ 60

50 ≤ y8 ≤ 90

�����
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ùHNLO ����� 2Q EHú dXEXNOX .DIHV 6LVWHP

dL]HOJH ���� 2Q EHú dXEXNOX .DIHV 6LVWHP 7DVDUÕP 3DUDPHWUHOHUL

7DVDUÕP 3DUDPHWUHOHUL 'H÷HU
(ODVWLVLWH 0RG�O� 104 ksi

g]J�O $÷ÕUOÕN 0.1 lb/in3

ø]LQ 9HULOHQ %DVÕQo *HULOPHVL 25 ksi

ø]LQ 9HULOHQ dHNPH *HULOPHVL 25 ksi

ø]LQ 9HULOHQ 'LNH\ <HUGH÷LúWLUPH 2 in

%X WHVW SUREOHPLQLQ Hú ]DPDQOÕ úHNLO� ER\XW YH WRSRORML RSWLPL]DV\RQX GDKD |QFH 7DQJ
YG�� ����¶WH YH:X YH &KRZ� ����¶WH *HQHWLN $OJRULWPD LOH� 0LJXHO YG�� ����¶WH $WHúE|FH÷L
$OJRULWPDVÕ LOH JHUoHNOHúWLULOPLúWLU �dL]HOJH �����

2Q EHú oXEXNOX NDIHV VLVWHPLQ úHNLO� ER\XW YH WRSRORML RSWLPL]DV\RQX Hú ]DPDQOÕ
RODUDN YHNLO PRGHO GHYUHGH ROPDGDQ� -D\D DOJRULWPDVÕ NXOODQÕODUDN JHUoHNOHúWLULOPLúWLU
�%NQ]� %|O�P �����



��

dL]HOJH ���� 2Q EHú dXEXNOX .DIHV %R\XW� ùHNLO YH 7RSRORML 2SWLPL]DV\RQX LoLQ 5HIHUDQV
6RQXoODU

6RQXoODU :X YH
&KRZ�
����

7DQJ YG��
����

0LJXHO
YG�� ����

$QDOL] 6D\ÕVÕ � ���� ����
$÷ÕUOÕN �lb� ������� ����� �����
2UWDODPD $÷ÕUOÕN �lb� � ����� �

������� �� dXEXN 7HVW 3UREOHPL øoLQ 9HNLO 0RGHOVL] 6RQXoODU

2SWLPL]DV\RQ GHQHPHVL VD\ÕVÕ nRun� 20 RODUDN EHOLUOHQPLúWLU� gQFHVLQGH
RSWLPL]DV\RQ V�UHVLQFH JHUoHNOHúWLULOHQ� 10000 DQDOL]H NDGDU RODQ V�UHoWH� 20 RSWLPL]DV\RQ
GHQHPHVL VRQXoODUÕ SD\ODúÕOPÕú� GHQHPH VRQXoODUÕ DUDVÕQGD EXOXQDQ LOJLOL L]LQ YHULOHQ DQDOL]
VD\ÕODUÕQD �NA�� J|UH VRQ SRS�ODV\RQGDNL HQ RSWLPXPD \DNÕQ DGD\D DLW HQ L\L D÷ÕUOÕN
GH÷HUOHUL PDYL UHQN LOH� RSWLPXPGDQ HQ X]DN DGD\ODUÕQ� HQ N|W� D÷ÕUOÕN GH÷HUOHUL LVH NÕUPÕ]Õ
UHQN LOH J|VWHULOPLúWLU �ùHNLO ������

ùHNLO ����� 2Q %Hú dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � 9HNLO 0RGHOVL]
2SWLPXP 6RQXoODU �D�



��

%XOXQDQ HQ L\L ER\XW� úHNLO YH WRSRORML �ùHNLO ������ ��GHQHPHGH ND\GHGLOPLúWLU�
%XOXQDQ HQ L\L D÷ÕUOÕN GH÷HUL KHUKDQJL ELU NÕVÕW LKODOL ROPDGDQ W0 71.5 lb YH HQ L\L YH HQ
N|W� RUWDODPD D÷ÕUOÕN GH÷HULWµ0 80.1 lb RODUDN EXOXQPXúWXU �ùHNLO ������

ùHNLO ����� 2Q EHú dXEXNOX .DIHV 6LVWHP� %XOXQDQ 2SWLPXP ùHNLO YH 7RSRORML

9HNLO PRGHO GHYUHGH ROPDGDQ RSWLPL]DV\RQ V�UHFL 250000 DQDOL]H NDGDU GHYDP
HWWLULOPLú YH VRQXoODU SD\ODúÕOPÕúWÕU �ùHNLO ������ 250000 DQDOL] VRQXFXQGD RSWLPXPD HQ
\DNÕQ GH÷HUH XODúÕOPÕú� HQ L\L YH HQ N|W� DGD\ODUÕQ DPDo GH÷HUOHULQGH |QHPOL ELU GH÷LúLP
J|]OHQPHPLúWLU�

2Q EHú dXEXNOX .DIHV 6LVWHP LoLQ YHNLO PRGHO GHYUHGH ROPDGDQ JHUoHNOHúWLULOHQ
RSWLPL]DV\RQ V�UHoOHULQLQ UHIHUDQV VRQXoODUOD �%NQ]� dL]HOJH ���� NDUúÕODúWÕUÕOGÕ÷ÕQGD WXWDUOÕ
ROGXNODUÕ YH EX WHVW SUREOHPL LoLQ ���� DQDOL] LoLQ SD\ODúÕODQ UHIHUDQV VRQXoODUOD
NDUúÕODúWÕUÕOGÕ÷ÕQGD OLWHUDW�UGH RSWLPXP RODUDN VXQXODQ VRQXoODUD \DNÕQ VRQXoODU HOGH
HGLOGL÷L J|U�OPHNWHGLU� 6XQXODQ <6$ WDEDQOÕ YHNLO PRGHO LOH VRQXoODUÕQ NDUúÕODúWÕUÕOPDVÕ YH
SHUIRUPDQV |Oo�P� LoLQ YHNLO PRGHO GHYUH\H DOÕQPDGDQ JHUoHNOHúWLULOHQ RSWLPL]DV\RQ
V�UHoOHUL LoLQ WXWDUOÕ VRQXoODUÕQ HOGH HGLOPHVL |QHPOLGLU� gQFHOLNOH EXQGDQ VRQUDNL
E|O�POHUGH VXQXODQ PHWRWWD )$=�� V�UHFLQGH YHULQLQ WRSODQPDVÕ YH YHNLO <6$¶QÕQ H÷LWLP
SHUIRUPDQVÕ LUGHOHQHFHN YH oHúLWOL SDUDPHWUHOHULQ EX H÷LWLPL QDVÕO HWNLOHGL÷L VXQXODUDN
WDUWÕúDODFDNWÕU� 6XQXODQ PHWRW� 2Q EHú dXEXNOX .DIHV 6LVWHP SUREOHPLQGH WHVW HGLOPLú YH
HOGH HGLOHQ VRQXoODUOD ELUOLNWH YHNLO PRGHOLQ SHUIRUPDQVÕ LUGHOHQPLúWLU�
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ùHNLO ����� 2Q %Hú dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � 9HNLO 0RGHOVL]
2SWLPXP 6RQXoODU �E�

������� �� dXEXN 7HVW 3UREOHPL øoLQ <6$ (÷LWLP 3HUIRUPDQVÕ

2Q EHú oXEXNOX NDIHV VLVWHP LoLQ YHNLOLQ H÷LWLPLQGH WRSODQDFDN YHULOHULQ |QFHOLNOH
/LPLW &H]D GH÷HUL �limPen� SDUDPHWUHVL VÕUD\OD 1.0, 0.5, 0.1 RODUDN EHOLUOHQPLú YH 6(
DQDOL]OHULQH \ROODQDQ DGD\ODUÕQ EX /LPLW &H]D GH÷HUOHULQLQ DOWÕQGD RODQ DGD\ODU H÷LWLP VHWLQH
DOÕQPDN �]HUH WRSODQPÕúWÕU�

9HULOHULQ limPen SDUDPHWUHVLQH ED÷OÕ� WRSODQPD \�]GHOHULQLQ L]LQ YHULOHQ DQDOL]
VD\ÕVÕQD J|UH GH÷LúLPOHUL JUDIL÷L ùHNLO ����¶WH VXQXOPXúWXU�

/LPLW &H]D �limPen� SDUDPHWUHVLQH ED÷OÕ RODUDN KHU ELU L]LQ YHULOHQ DQDOL]GH WRSODQDQ
YHUL\H J|UH H÷LWLPLQ VRQODQGÕ÷Õ LWHUDV\RQ JUDIL÷L ùHNLO ����¶GD VXQXOPXúWXU�

6HoLOHQ /LPLW &H]D �limPen� SDUDPHWUHOHULQH ED÷OÕ� DUD NDWPDQODUGD NXOODQÕODFDN
$NWLYDV\RQ )RQNVL\RQODUÕ¶QÕQ ø]LQ 9HULOHQ $QDOL] �NA� VD\ÕODUÕQD J|UH (÷LWLP 2UWDODPD
.DUHVHO +DWD �OKH� ¶ODUÕ JUDILNOHUL ùHNLO ����¶GH VXQXOPXúWXU�

6HoLOHQ /LPLW &H]D �limPen� SDUDPHWUHOHULQH ED÷OÕ� DUD NDWPDQODUGD NXOODQÕODFDN
$NWLYDV\RQ )RQNVL\RQODUÕ¶QÕQ ø]LQ 9HULOHQ $QDOL] �NA� VD\ÕODUÕQD J|UH 7HVW 2UWDODPD
.DUHVHO +DWD �OKH�¶ODUÕ JUDILNOHUL ùHNLO ����¶GH VXQXOPXúWXU�
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�D� OLP3HQ  ��� �g]EDúDUDQ� ����� �E� OLP3HQ  ���

�F� OLP3HQ  ���

ùHNLO ����� 2Q EHú dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � 7RSODQDQ 9HUL <�]GHVL

6HoLOHQ /LPLW &H]D �limPen� SDUDPHWUHOHULQH ED÷OÕ� DUD NDWPDQODUGD NXOODQÕODFDN
$NWLYDV\RQ )RQNVL\RQODUÕ¶QÕQ ø]LQ 9HULOHQ $QDOL] �NA� VD\ÕODUÕQD J|UH 7HVW�(÷LWLP
2UWDODPD .DUHVHO +DWD �OKH� RUDQODUÕ JUDILNOHUL ùHNLO ����¶GH VXQXOPXúWXU�

������� �� dXEXN 7HVW 3UREOHPL øoLQ 9HNLO 0RGHO 3HUIRUPDQVÕ

2Q EHú oXEXNOX .DIHV 6LVWHP SUREOHPL LoLQ VXQXODQ YHNLO PRGHOLQ �%NQ]� ùHNLO ����
SHUIRUPDQV GH÷HUOHQGLUPHVL LoLQ LVWDWLVWLNL VRQXoODU SD\ODúÕOPÕúWÕU �ùHNLO ������

(Q L\L ED÷ÕO DPDo GH÷HUL RUDQÕQ �¶GHQ N�o�N ROPDVÕ YHNLO PRGHOLQ RSWLPXP GH÷HUH
\DNODúPDGD D\QÕ DQDOL] VD\ÕODUÕQGD YHNLOVL] JHUoHNOHúWLULOHQ RSWLPL]DV\RQ V�UHFLQGHQ
YHULPOL ROGX÷XQX� E�\�N ROPDVÕ LVH VXQXODQ YHNLO PRGHOLQ NXOODQÕPÕQÕQ YHULPOL ROPDGÕ÷ÕQÕ
LúDUHW HWPHNWHGLU� 2Q EHú dXEXNOX .DIHV 6LVWHP LoLQ rP1 GH÷HULQLQ KHU GH÷HUL LoLQ
NA = 1250 DQDOL] GH÷HUOHUL LoLQ YHULPOL ROGX÷X J|U�OPHNWHGLU� (Q L\L ED÷ÕO DPDo GH÷HUL
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�D� OLP3HQ  ��� �E� OLP3HQ  ���

�F� OLP3HQ  ���

ùHNLO ����� 2Q EHú dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � øWHUDV\RQ 6D\ÕVÕ

�D� OLP3HQ  ��� �g]EDúDUDQ� ����� �E� OLP3HQ  ��� �F� OLP3HQ  ���

ùHNLO ����� 2Q EHú dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � (÷LWLP 2.+

LoLQ HQ L\L SHUIRUPDQV GH÷HUOHULQLQ 2Q EHú oXEXNOX WHVW SUREOHPLQGH ROGX÷X J|U�OP�úW�U
�ùHNLO ������
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�D� OLP3HQ  ��� �g]EDúDUDQ� ����� �E� OLP3HQ  ��� �F� OLP3HQ  ���

ùHNLO ����� 2Q EHú dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � 7HVW 2.+

�D� OLP3HQ  ��� �g]EDúDUDQ� ����� �E� OLP3HQ  ���

�F� OLP3HQ  ���

ùHNLO ����� 2Q EHú dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � 7HVW � (÷LWLP 2.+

(Q N|W� ED÷ÕO DPDo GH÷HULQLQ �¶GHQ N�o�N ROPDVÕ YHNLO PRGHOLQ SHUIRUPDQVÕQÕQ
SRS�ODV\RQGDNL HQ N|W� DGD\ÕQ L\LOHúWLULOPHVLQGH YHNLOLQ GHYUHGH ROPDGÕ÷Õ PRGHOGHQ GDKD
YHULPOL ROGX÷XQX� E�\�N ROPDVÕ LVH VXQXODQ YHNLO PRGHOLQ NXOODQÕPÕQÕQ YHULPOL ROPDGÕ÷ÕQÕ
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Ba��l Varyasyon Katsay�s�

ùHNLO ����� 2Q EHú dXEXNOX .DIHV 6LVWHP� 9HNLO 0RGHO 3HUIRUPDQV 6RQXoODUÕ

LúDUHW HWPHNWHGLU� 2Q EHú dXEXNOX .DIHV 6LVWHP LoLQ rP1 GH÷HULQLQ ��� RODUDN EHOLUOHQGL÷L
L]LQ YHULOHQ DQDOL] GH÷HUL ���� ROGX÷XQGD HQ N|W� ED÷ÕO DPDo GH÷HUL YH YHNLO PRGHO LOH
��¶OLN ELU L\LOHúPH J|]OHQPLúWLU� $QFDN JHQHO RODUDN HQ N|W� ED÷ÕO DPDo GH÷HUOHUL LoLQ
YHNLO PRGHOLQ YHULPOL ROPDGÕ÷Õ J|U�OPHNWHGLU �ùHNLO ������

2UWDODPD ED÷ÕO DPDo GH÷HUOHULQH EDNÕOGÕ÷ÕQGD 2Q EHV oXEXNOX NDIHV VLVWHPGH YHNLO
PRGHOLQ NXOODQÕOPDVÕQD JHUHN ROPDGÕ÷Õ oÕNPDNWDGÕU �ùHNLO ������
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%D÷ÕO YDU\DV\RQ NDWVD\ÕVÕQÕQ �¶GHQ N�o�N ROPDVÕ RUWDODPD YHNLO PRGHOVL] D÷ÕUOÕN
GH÷HUOHULQH \DNÕQ VRQXoODUÕQ HOGH HGLOGL÷L DQODPÕQD JHOPHNWHGLU� %D÷ÕO YDU\DV\RQ
NDWVD\ÕVQÕQ �¶LQ DOWÕQGD ROGX÷X L]LQ YHULOHQ DQDOL] VD\ÕODUÕ YH rP1 SDUDPHWUHOHULQH J|UH
YHNLO PRGHOLQ NXOODQÕODELOHFH÷LQL J|VWHUPHNWHGLU� �¶GHQ E�\�N GH÷HUOHUGH DPDo GH÷HULQLQ
RUWDODPD\D \DNÕQ ROPDVÕ LVWHQLUVH YHNLO PRGHO GHVWH÷LQH JHUHN ROPDGÕ÷Õ DQODPÕQD
JHOPHNWHGLU� %X SUREOHP LoLQ RUWDODPD D÷UÕOÕN GH÷HUOHULQH XODúPDN LoLQ YHNLO GHVWH÷LQLQ
YHULPVL] ROGX÷X G�ú�Q�OPHNWHGLU�

��� �� dXEXNOX .DIHV 6LVWHP 'HQH\OHUL

����� �� dXEXNOX .DIHV 6LVWHP 3UREOHPL

3UREOHP� �� oXEXN YH �� G�÷�PGHQ ROXúPDNWD� \DOQÕ]FD V�UHNOL WDVDUÕP
GH÷LúNHQOHULQL HOH DOGÕ÷Õ LoLQ V�UHNOL GH÷LúNHQOL Hú ]DPDQOÕ úHNLO� ER\XW YH WRSRORML
RSWLPL]DV\RQX SUREOHPL RODUDN HOH DOÕQPDNWDGÕU� 0DO]HPH |]HOOLNOHUL (ODVWLVLWH 0RG�O� �E�
YH g]J�O $÷ÕUOÕN �ρ� VÕUD\OD 104 ksi YH 0.1 lb/in3 RODUDN DOÕQPÕúWÕU� 2WX] GRNX] oXEXNOX
NDIHV VLVWHPLQ �� � YH �� G�÷�POHUGH GLNH\ \�NOHPH GXUXPX P = −20000 lb¶GLU �ùHNLO
������

(y7, x2 = −x12, y2 = −y12, x4 = x9, y4 = y9, x5 = x10, y5 = y10) �����

ø]LQ YHULOHQ EDVPD YH oHNPH JHULOPHOHUL GH÷HUL 25 ksi� GHSODVPDQ NÕVÕWÕ KHU ELU G�÷�P LoLQ
2 in¶GLU �dL]HOJH ����� 7DVDUÕP GH÷LúNHQOHUL� úHNLO RSWLPL]DV\RQX LoLQ EHOLUOHQHQ G�÷�P
NRRUGLQDWODUÕ ��� GLNNDWH DOÕQDUDN� DUDPD X]D\ÕQGDQ >−120in, 120in@ V�UHNOL GH÷LúNHQOHUL
DUDVÕQGDQ UDVWJHOH VHoLOPLú� WRSRORML YH ER\XW RSWLPL]DV\RQX LoLQ NHVLW DODQODUÕ NDIHV
VLVWHPLQ VLPHWULVLQGHQ GROD\Õ �� DGHW �A1, ...A21� RODFDN úHNLOGH DUDPD X]D\ÕQGDQ
>�����������@ �in2� GH÷HUOHUL DUDVÕQGDVÕQGDQ ��� in2 YH �VW�QGHNL NHVLW DODQODUÕ YDU RODUDN
NDEXO HGLOHFHN úHNLOGH VHoLOPLúWLU�

%X WHVW SUREOHPLQLQ Hú ]DPDQOÕ úHNLO� ER\XW YH WRSRORML RSWLPL]DV\RQX GDKD |QFH�
$KUDUL YG�� ����¶GH� (YULP 6WUDWHMLVL LOH� 0LJXHO YG�� ����¶WH� $WHúE|FH÷L $OJRULWPDVÕ LOH�
:X YH 7VHQJ� ����¶GD� dRN 3RS�ODV\RQOX 'LIHUDQVL\HO (YULP LOH� /XK YH /LQ� ����¶GH
3DUoDFÕN 6�U�V� $OJRULWPDVÕ LOH� 'HE YH *XODWL� ����¶GH *HQHWLN $OJRULWPD LOH
JHUoHNOHúWLULOPLúWLU �dL]HOJH �����
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ùHNLO ����� 2WX] GRNX] dXEXNOX .DIHV 6LVWHP

dL]HOJH ���� 2WX] GRNX] dXEXNOX .DIHV 6LVWHP 7DVDUÕP 3DUDPHWUHOHUL

7DVDUÕP 3DUDPHWUHOHUL 'H÷HU
(ODVWLVLWH 0RG�O� 104 ksi

g]J�O $÷ÕUOÕN 0.1 lb/in3

ø]LQ 9HULOHQ %DVÕQo *HULOPHVL 25 ksi

ø]LQ 9HULOHQ dHNPH *HULOPHVL 25 ksi

ø]LQ 9HULOHQ 'LNH\ <HUGH÷LúWLUPH 2 in

2WX] GRNX] dXEXNOX.DIHV VLVWHPLQ úHNLO� ER\XW YH WRSRORML RSWLPL]DV\RQX Hú ]DPDQOÕ
RODUDN YHNLO PRGHO GHYUHGH ROPDGDQ� -D\D DOJRULWPDVÕ NXOODQÕODUDN JHUoHNOHúWLULOPLúWLU �%NQ]�
%|O�P �����

������� �� dXEXN 7HVW 3UREOHPL øoLQ 9HNLO 0RGHOVL] 6RQXoODU

2SWLPL]DV\RQ GHQHPHVL VD\ÕVÕ nRun� 20 RODUDN EHOLUOHQPLúWLU� gQFHVLQGH
RSWLPL]DV\RQ V�UHVLQFH JHUoHNOHúWLULOHQ� 50000 DQDOL]H NDGDU RODQ V�UHoWH� 20 RSWLPL]DV\RQ
GHQHPHVL VRQXoODUÕ SD\ODúÕOPÕú� GHQHPH VRQXoODUÕ DUDVÕQGD EXOXQDQ LOJLOL L]LQ YHULOHQ DQDOL]
VD\ÕODUÕQD �NA�� J|UH VRQ SRS�ODV\RQGDNL HQ RSWLPXPD \DNÕQ DGD\D DLW HQ L\L D÷ÕUOÕN



��

dL]HOJH ���� 2WX] dXEXNOX .DIHV %R\XW� ùHNLO YH 7RSRORML 2SWLPL]DV\RQX LoLQ 5HIHUDQV
6RQXoODU

6RQXoODU $KUDUL
YG��
����

0LJXHO
YG��
����

:X YH
7VHQJ�
����

/XK
YH /LQ�
����

'HE YH
*XODWL�
����

$QDOL] 6D\ÕVÕ ����� ����� ������ ������ ������
$÷ÕUOÕN �lb� ������ ������ ������ ������ ������

GH÷HUOHUL PDYL UHQN LOH� RSWLPXPGDQ HQ X]DN DGD\ODUÕQ� HQ N|W� D÷ÕUOÕN GH÷HUOHUL LVH NÕUPÕ]Õ
UHQN LOH J|VWHULOPLúWLU �ùHNLO ������

ùHNLO ����� 2WX] 'RNX] dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � 9HNLO 0RGHOVL]
2SWLPXP 6RQXoODU �D�

%XOXQDQ HQ L\L ER\XW� úHNLO YH WRSRORML �ùHNLO ������ ���GHQHPHGH ND\GHGLOPLúWLU�
%XOXQDQ HQ L\L D÷ÕUOÕN GH÷HUL KHUKDQJL ELU NÕVÕW LKODOL ROPDGDQ Wµ0 192.7 lb RODUDN
EXOXQPXúWXU �ùHNLO ������



��

ùHNLO ����� 2WX] GRNX] dXEXNOX .DIHV 6LVWHP� %XOXQDQ 2SWLPXP ùHNLO YH 7RSRORML

9HNLO PRGHO GHYUHGH ROPDGDQ RSWLPL]DV\RQ V�UHFL 55000 DQDOL]H NDGDU GHYDP
HWWLULOPLú YH VRQXoODU SD\ODúÕOPÕúWÕU �ùHNLO ������ 55000 DQDOL] VRQXFXQGD RSWLPXPD HQ
\DNÕQ GH÷HUH XODúÕOPÕú� HQ L\L YH HQ N|W� DGD\ODUÕQ DPDo GH÷HUOHULQGH |QHPOL ELU GH÷LúLP
J|]OHQPHPLúWLU�

ùHNLO ����� 2WX] 'RNX] dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � 9HNLO 0RGHOVL]
2SWLPXP 6RQXoODU �E�



��

2WX] GRNX] dXEXNOX .DIHV 6LVWHP LoLQ YHNLO PRGHO GHYUHGH ROPDGDQ
JHUoHNOHúWLULOHQ RSWLPL]DV\RQ V�UHoOHULQLQ UHIHUDQV VRQXoODUOD �%NQ]� dL]HOJH ����
NDUúÕODúWÕUÕOGÕ÷ÕQGD WXWDUOÕ ROGXNODUÕ YH EX WHVW SUREOHPL LoLQ ����� DQDOL] LoLQ SD\ODúÕODQ
UHIHUDQV VRQXoODUOD NDUúÕODúWÕUÕOGÕ÷ÕQGD OLWHUDW�UGH RSWLPXP RODUDN VXQXODQ VRQXoODUD \DNÕQ
VRQXoODU HOGH HGLOGL÷L J|U�OPHNWHGLU� 6XQXODQ <6$ WDEDQOÕ YHNLO PRGHO LOH VRQXoODUÕQ
NDUúÕODúWÕUÕOPDVÕ YH SHUIRUPDQV |Oo�P� LoLQ YHNLO PRGHO GHYUH\H DOÕQPDGDQ JHUoHNOHúWLULOHQ
RSWLPL]DV\RQ V�UHoOHUL LoLQ WXWDUOÕ VRQXoODUÕQ HOGH HGLOPHVL |QHPOLGLU� gQFHOLNOH EXQGDQ
VRQUDNL E|O�POHUGH VXQXODQ PHWRWWD YHNLO <6$¶QÕQ H÷LWLP SHUIRUPDQVÕ LUGHOHQHFHN YH
oHúLWOL SDUDPHWUHOHULQ EX H÷LWLPL QDVÕO HWNLOHGL÷L VXQXODUDN WDUWÕúDODFDNWÕU� 6XQXODQ PHWRW
D\UÕFD� 2WX] GRNX] dXEXNOX .DIHV 6LVWHP SUREOHPLQGH WHVW HGLOPLú YH HOGH HGLOHQ
VRQXoODUOD ELUOLNWH YHNLO PRGHOLQ SHUIRUPDQVÕ LUGHOHQPLúWLU�

������� �� dXEXN 7HVW 3UREOHPL øoLQ <6$ (÷LWLP 3HUIRUPDQVÕ

2Q oXEXNOX NDIHV VLVWHP LoLQ YHNLOLQ H÷LWLPLQGH WRSODQDFDN YHULOHULQ |QFHOLNOH /LPLW
&H]D GH÷HUL �limPen� SDUDPHWUHVL VÕUD\OD 1.0, 0.5, 0.1 RODUDN EHOLUOHQPLú YH 6( DQDOL]OHULQH
\ROODQDQ DGD\ODUÕQ� EX /LPLW &H]D GH÷HUOHULQLQ DOWÕQGD RODQ DGD\ODU H÷LWLP VHWLQH DOÕQPDN
�]HUH WRSODQPÕúWÕU� 9HULOHULQ limPen SDUDPHWUHVLQH ED÷OÕ� WRSODQPD \�]GHOHULQLQ L]LQ YHULOHQ
DQDOL] VD\ÕVÕQD J|UH GH÷LúLPOHUL JUDIL÷L ùHNLO ����¶WH VXQXOPXúWXU�

/LPLW &H]D �limPen� SDUDPHWUHVLQH ED÷OÕ RODUDN KHU ELU L]LQ YHULOHQ DQDOL]GH WRSODQDQ
YHUL\H J|UH H÷LWLPLQ VRQODQGÕ÷Õ LWHUDV\RQ JUDIL÷L ùHNLO ����¶GD VXQXOPXúWXU�

6HoLOHQ /LPLW &H]D �limPen� SDUDPHWUHOHULQH ED÷OÕ� DUD NDWPDQODUGD NXOODQÕODFDN
$NWLYDV\RQ )RQNVL\RQODUÕ¶QÕQ ø]LQ 9HULOHQ $QDOL] �NA� VD\ÕODUÕQD J|UH (÷LWLP 2UWDODPD
.DUHVHO +DWD �OKH� ¶ODUÕ JUDILNOHUL ùHNLO ����¶GH VXQXOPXúWXU�

6HoLOHQ /LPLW &H]D �limPen� SDUDPHWUHOHULQH ED÷OÕ� DUD NDWPDQODUGD NXOODQÕODFDN
$NWLYDV\RQ )RQNVL\RQODUÕ¶QÕQ ø]LQ 9HULOHQ $QDOL] �NA� VD\ÕODUÕQD J|UH 7HVW 2UWDODPD
.DUHVHO +DWD �OKH�¶ODUÕ JUDILNOHUL ùHNLO ����¶GH VXQXOPXúWXU�

6HoLOHQ /LPLW &H]D �limPen� SDUDPHWUHOHULQH ED÷OÕ� DUD NDWPDQODUGD NXOODQÕODFDN
$NWLYDV\RQ )RQNVL\RQODUÕ¶QÕQ ø]LQ 9HULOHQ $QDOL] �NA� VD\ÕODUÕQD J|UH 7HVW�(÷LWLP
2UWDODPD .DUHVHO +DWD �OKH� RUDQODUÕ JUDILNOHUL ùHNLO ����¶GH VXQXOPXúWXU�

������� �� dXEXN 7HVW 3UREOHPL øoLQ 9HNLO 0RGHO 3HUIRUPDQVÕ

(Q L\L ED÷ÕO DPDo GH÷HUL RUDQÕQ �¶GHQ N�o�N ROPDVÕ YHNLO PRGHOLQ RSWLPXP GH÷HUH
\DNODúPDGD D\QÕ DQDOL] VD\ÕODUÕQGD YHNLOVL] JHUoHNOHúWLULOHQ RSWLPL]DV\RQ V�UHFLQGHQ
YHULPOL ROGX÷XQX� E�\�N ROPDVÕ LVH VXQXODQ YHNLO PRGHOLQ NXOODQÕPÕQÕQ YHULPOL ROPDGÕ÷ÕQÕ



��

�D� OLP3HQ  ��� �E� OLP3HQ  ���

�F� OLP3HQ  ���

ùHNLO ����� 2WX] GRNX] dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � 7RSODQDQ 9HUL
<�]GHVL

LúDUHW HWPHNWHGLU� 2WX] GRNX] dXEXNOX .DIHV 6LVWHP LoLQ rP1 GH÷HULQLQ ��� YH ��� ROGX÷X
GH÷HUOHUGH EHOLUOL L]LQ YHULOHQ DQDOL] GH÷HUOHULQGH PDNVLPXP �� YHULP VD÷ODGÕ÷Õ
J|U�OPHNWHGLU� øOJLOL SHUIRUPDQV JUDIL÷L LQFHOHQGL÷LQGH SRS�ODV\RQGDNL HQ L\L DGD\ODUÕQ
L\LOHúWLULOPHVLQGH \HWHUOL YHULPL VD÷ODPDGÕ÷Õ V|\OHQHELOLU�

(Q N|W� ED÷ÕO DPDo GH÷HULQLQ �¶GHQ N�o�N ROPDVÕ YHNLO PRGHOLQ SHUIRUPDQVÕQÕQ
SRS�ODV\RQGDNL HQ N|W� DGD\ÕQ L\LOHúWLULOPHVLQGH YHNLOLQ GHYUHGH ROPDGÕ÷Õ PRGHOGHQ GDKD
YHULPOL ROGX÷XQX� E�\�N ROPDVÕ LVH VXQXODQ YHNLO PRGHOLQ NXOODQÕPÕQÕQ YHULPOL ROPDGÕ÷ÕQÕ
LúDUHW HWPHNWHGLU� 2WX] GRNX] dXEXNOX .DIHV 6LVWHP LoLQ VXQXODQ YHNLO PRGHOLQ HQ XPXW
YDGHGHQ VRQXoODUÕ HQ N|W� ED÷ÕO DPDo GH÷HULQGH J|]OHQPHNWHGLU� 9HNLO PRGHOLQ GHYUHGH
ROPDGÕ÷Õ ROD÷DQ RSWLPL]DV\RQ V�UHFLQH J|UH GDKD RSWLPXPD \DNÕQ DGD\ODUÕQ ROGX÷X ELU VRQ
SRS�ODV\RQ YH JHQHO RODUDN ���¶D NDGDU GDKD RSWLPXP ELU VRQ SRS�ODV\RQ J|]OHQPLúWLU�
3UREOHPLQ WHVW NDIHV VLVWHP SUREOHPOHUL DUDVÕQGDNL HQ NDUPDúÕN SUREOHP ROGX÷X
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�D� OLP3HQ  ��� �E� OLP3HQ  ���

�F� OLP3HQ  ���

ùHNLO ����� 2WX] GRNX] dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � øWHUDV\RQ 6D\ÕVÕ

�D� OLP3HQ  ��� �E� OLP3HQ  ��� �F� OLP3HQ  ���

ùHNLO ����� 2WX] GRNX] dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � (÷LWLP 2.+

KDWÕUODWÕOPDOÕGÕU� 9HNLO PRGHOLQ VÕQÕUOÕ DQDOL]OHUH L]LQ YHULOHQ YH VHUW NÕVÕWODUÕQ ROGX÷X
SUREOHPOHUGH SUREOHPLQ E�\�NO�÷�Q�Q DUWPDVÕ\OD ELUOLNWH PHWDVH]JLVHOLQ ROD÷DQ
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�D� OLP3HQ  ��� �E� OLP3HQ  ��� �F� OLP3HQ  ���

ùHNLO ����� 2WX] GRNX] dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � 7HVW 2.+

�D� OLP3HQ  ��� �E� OLP3HQ  ���

�F� OLP3HQ  ���

ùHNLO ����� 2WX] GRNX] dXEXNOX .DIHV 6LVWHP� ø]LQ 9HULOHQ $QDOL] 6D\ÕVÕ � 7HVW � (÷LWLP
2.+

RSWLPXPXPX DUDPD V�UHFLQGH NXOODQÕODQ PHWDVH]JLVHOL RSWLPXPD \DNÕQ QRNWDODUD WDúÕGÕ÷Õ
oÕNDUÕPÕ \DSÕODELOLU�



��
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En Kötü Ba��l Amaç De�eri

1.26 1.1 1.08 1.01

1.27 1.16 1.05 1.03

1.27 1.1 1.07 1.03

1.29 1.17 1.09 1.03
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Ortalama Ba��l Amaç De�eri

0.67 0.69 0.71 0.63

0.75 0.57 0.5 0.59
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Ba��l Varyasyon Katsay�s�

ùHNLO ����� 2WX] GRNX] dXEXNOX .DIHV 6LVWHP� 9HNLO 0RGHO 3HUIRUPDQV 6RQXoODUÕ

%D÷ÕO DPDo GH÷HUL LOH YHNLO PRGHO YDVÕWDVÕ\OD EXOXQDQ SRS�ODV\RQXQ JUDILNWHNL
PHUNH]L H÷LOLPL EXOXQDELOLU� 2UWDODPD ED÷ÕO DPDo GH÷HUOHULQH EDNÕOGÕ÷ÕQGD 2Q EHV oXEXNOX
NDIHV VLVWHPGH YHNLO PRGHOLQ NXOODQÕOPDVÕQD JHUHN ROPDGÕ÷Õ oÕNDUÕPÕ \DSÕODELOLU�

%D÷ÕO 9DU\DV\RQ NDWVD\ÕVÕ GH÷HULQLQ �¶GHQ N�o�N ROPDVÕ RUWDODPD YHNLO PRGHOVL]
D÷ÕUOÕN GH÷HUOHULQH \DNÕQ VRQXoODUÕQ HOGH HGLOGL÷L DQODPÕQD JHOPHNWHGLU� %D÷ÕO YDU\DV\RQ
NDWVD\ÕVQÕQ �¶LQ DOWÕQGD ROGX÷X L]LQ YHULOHQ DQDOL] VD\ÕODUÕ YH rP1 SDUDPHWUHOHULQH J|UH
YHNLO PRGHOLQ NXOODQÕODELOHFH÷LQL J|VWHUPHNWHGLU� �¶GHQ E�\�N GH÷HUOHUGH DPDo GH÷HULQLQ
RUWDODPD\D \DNÕQ ROPDVÕ LVWHQLUVH YHNLO PRGHO GHVWH÷LQH JHUHN ROPDGÕ÷Õ J|U�OPHNWHGLU�



��

2WX] GRNX] oXEXNOX NDIHV VLVWHP ED÷ÕO YDU\DV\RQ NDWVD\ÕVÕ GH÷HUOHUL LQFHOHQGL÷LQGH� EX
GH÷HUOHULQ JHQHO RODUDN �¶GHQ N�o�N ROGXNODUÕ J|U�OPHNWH� DPDo GH÷HULQLQ RUWDODPD\D
\DNÕQ GH÷HUOHU YHUGL÷L VRQXFX oÕNPDNWDGÕU� %|\OHFH YHNLO PRGHOLQ NXOODQÕPÕQÕQ WHVW
SUREOHPOHUL DUDVÕQGDNL HQ NDUPDúÕN NDIHV VLVWHPGH� YHULPOL ROGX÷X V|\OHQHELOLU�



��

�� 6218d 9( g1(5ø/(5

9HNLO PRGHOOH \DSÕODQ GHQH\OHU VRQXFXQGD �o SRS�OHU NDIHV VLVWHP SUREOHPLQLQ
VRQXoODUÕ LQFHOHQPLú YH XODúÕODQ VRQXoODU YH |QHULOHU DúD÷ÕGD PDGGHOHU KDOLQGH VÕUDODQPÕúWÕU�

� 6XQXODQ YHNLO GHVWHNOL RSWLPL]DV\RQ WHNQL÷LQLQ� LKODOLQH NHVLQOLNOH L]LQ YHULOPH\HQ
VÕNÕ NÕVÕWODUÕQ ROGX÷X RSWLPL]DV\RQ SUREOHPOHULQGH HWNLOL ROPDGÕ÷Õ J|U�OP�úW�U� g]HOOLNOH
GL÷HU 0DNLQH g÷UHQPH WHNQLNOHUL\OH ELUOLNWH <DSD\ 6LQLU $÷Õ LOH NHVWLULP PRGHOOHULQLQ YHNLO
RODUDN GHVWHNOHQGL÷L RSWLPL]DV\RQ V�UHoOHULQGH� NÕVÕW LKODOOHULQLQ EHOLUOHQPHVL 6RQOX
(OHPDQODU DQDOL]OHULQLQ WDKPLQOHULQL LoHUPHNWHGLU� 'R÷DVÕ JHUH÷L <6$ WDKPLQOHUL� NÕVÕW
LKODOOHULQLQ KHVDSODPDODUÕ LoLQ NXOODQÕODQ 6RQOX (OHPDQODU DQDOL]OHULQLQ G|QG�UG�÷� JHUoHN
GH÷HUOHUOH DUDODUÕQGD ELU KDWD SD\Õ EXOXQGXUPDNWDGÕU �$oÕNJ|] YH g]EDúDUDQ� ������ %X
KDWD� <DSD\ 6LQLU $÷Õ¶QÕQ H÷LWLP SHUIRUPDQVODUÕQD J|UH N�o�N RODELOLU DQFDN \LQH GH 6(
DQDOL]OHULQLQ \DNODúÕN VRQXoODUÕQÕ G|QG�UG�NOHULQGHQ� NÕVÕW LKODOOHUL ROPDVD ELOH
PHWDVH]JLVHOLQ EX LKODOOHUL YDUPÕú JLEL DOJÕODPDVÕQD YH RSWLPL]DV\RQ V�UHFLQL \DQÕOWÕFÕ ELU
GDYUDQÕúD V�U�NOH\HUHN RSWLPXP QRNWDODUGDQ X]DNODúÕOPDVÕQD VHEHS RODELOPHNWHGLU�

� 6XQXODQ YHNLO PRGHO WHNQL÷LQLQ LúOHP YH KHVDSODPD J�F�Q�Q EHOLUOL ELU \HWHUOLOLNWH
ROPDGÕ÷Õ� VÕNÕ NÕVÕWODU LoHUHQ SUREOHPOHULQ RSWLPL]DV\RQ V�UHoOHULQGH VRQ GHUHFH NXOODQÕúOÕ
ROGX÷X J|U�OP�úW�U� ø]LQ YHULOHQ DQDOL] VD\ÕVÕ SUREOHPLQ NDUPDúÕNOÕ÷ÕQD J|UH EHOLUOL ELU
DQDOL] VD\ÕVÕQÕ JHoHPL\RUVD� VHoLOHQ PHWDVH]JLVHO VRQXoODUÕ DUDPD X]D\ÕQGD L\L QRNWDODUD
V�U�NOH\HFHN ROPDVÕQD UD÷PHQ RSWLPDO VRQXoODUÕ NHúIHGHFHN NDGDU oRN DQDOL]H L]LQ
YHULOPHGL÷LQGHQ RSWLPDOGHQ X]DN VRQXoODUOD NDUúÕODúÕODELOPHNWHGLU� %XUDGD YHNLO PRGHOLQ
VRQXoODUÕQ L\LOHúWLULOPHVLQH� DUDPD X]D\ÕQGD V�UHFLQ RSWLPXPD \DNÕQ QRNWDODUD
WDúÕQDELOPHVLQH \DUGÕPFÕ ROGX÷X oÕNDUÕPÕ \DSÕODELOLU�

� 9HNLO PRGHOOHULQ SHUIRUPDQVODUÕQÕQ SUREOHPH |]J� ROGX÷X J|U�OP�úW�U� gUQH÷LQ ��
dXEXNOX .DIHV 6LVWHP SUREOHPLQGH VRQ SRS�ODV\RQGDNL HQ L\L VRQXoODUGD oRN ID]OD L\LOHúPH
J|]OHQLUNHQ� |]HOOLNOH �� dXEXNOX .DIHV 6LVWHP SUREOHPLQGH VRQ SRS�ODV\RQGD HQ N|W�OHULQ
L\LOHúWL÷L� YHNLO PRGHO WDUDIÕQGDQ SRS�ODV\RQXQ GDKD RSWLPXPD \DNÕQ QRNWDODUD WDúÕQGÕ÷Õ YH
YHULPOL ELU RSWLPL]DV\RQ PHNDQL]PDVÕQD \RO DoWÕ÷Õ oÕNDUÕPÕ \DSÕODELOLU� +HQ�] YHNLO PRGHOLQ
L\LOHúWLUPH PHNDQL]PDVÕ LOH DODNDOÕ JHQHOOHPH \DSÕODELOHFHN \HWHUOL ELOJL WRSODQDPDPÕú YH
oDOÕúPDODUÕQ EX NDSVDPGD JHQLúOHWLOPHVL JHUHNPHNWHGLU�

� %X WH] oDOÕúPDQÕQ VRQXFX RODUDN RUWDODPDODUÕQ EHOLUOL ELU \DNODúÕPOD L\LOHúWLULOLS�
L\LOHúWLULOHPH\HFH÷L \D GD SUREOHPLQ NDUPDúÕNOÕ÷ÕQD ED÷OÕ RODUDN RSWLPL]DV\RQ V�UHFLQGH
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L\LOHúWLUPHQLQ WDP RODUDN QH\H J|UH \DSÕOGÕ÷Õ� HQ L\L VRQXoODUÕQ KDQJL SDUDPHWUHOHUH ED÷OÕ
RODUDN L\LOHúWLULOLS L\LOHúWLULOHPH\HFH÷LQH GDLU NHVLQ EXOJXUD UDVWODQPDPÕúWÕU� %XQXQ LoLQ
GHQH\OHULQ YH HWNL SDUDPHWUHOHULQLQ ÕúÕQGD GHQH\OHULQ NDSVDPÕQÕQ JHQLúOHWLOPHVL
JHUHNPHNWHGLU� 6XQXODQ YHNLO� RSWLPXP o|]�POHULQ DUDQPDVÕQGD ROD÷DQ PHWDVH]JLVHOLQ
DUDPD PHNDQL]PDVÕQGD N|W�OHúWLUPH \DSPD]� HQ N|W� LKWLPDO D\QÕ EÕUDNPDNWDGÕU� %X WH]
oDOÕúPDVÕQGD VXQXODQ YHNLO PRGHOLQ ROD÷DQ RSWLPL]DV\RQ V�UHFLQGH \DUDWWÕ÷Õ GHVWHN
PHNDQL]PDVÕ KDNNÕQGD D\QÕ úHNLOGH JHQHOOHPHOHU \DSÕODPD] DQFDN YHULPOL ELU \DNODúÕP
ROGX÷X DoÕNWÕU�

� %�\�N |OoHNOL \DSÕODUÕ LoHUHQ JHUoHN G�Q\D SUREOHPOHUL �]HULQGH GDKD NDSVDPOÕ
GHQH\OHU \DSÕOPDGDQ VXQXODQ YHNLO PRGHOLQ WDP LúOHUOL÷L LOH DODNDOÕ ELU úH\ V|\OHPHN
P�PN�Q RODPDPÕúWÕU� �������� dXEXNOX .DIHV SUREOHPOHUGH L\L SHUIRUPDQV J|VWHUGL÷L
GXUXPODU YH\D JHQHO RODUDN PHWDVH]JLVHOLQ SHUIRUPDQVÕQÕ HWNLOHPHGL÷L GXUXPODU ROPDVÕQD
UD÷PHQ \D]DU VXQXODQ YHNLO PRGHOLQ GDKD E�\�N |OoHNOL SUREOHPOHUGH GDKD ID]OD
KLVVHGLOHFH÷L J|U�ú�QGH ROXS LOHULNL oDOÕúPDODUÕQ NDSVDPÕQÕ EX GR÷UXOWXGD JHQLúOHWHFHNWLU�

� 9HNLO <6$ LoLQ YHUL WRSODQPDVÕ VÕUDVÕQGD EHOLUOL ELU FH]DGDQ GDKD E�\�N FH]D\D
VDKLS DGD\ODUÕQ H÷LWLP VHWLQH DOÕQPDPDVÕ ILNUL EDúDUÕOÕ ROPXúWXU� 2SWLPL]DV\RQ VRQXoODUÕQÕ
OLP3HQ  �¶GHQ E�\�N DOÕQPDPDVÕ RSWLPL]DV\RQ VRQXFXQGD HQ L\L YH HQ N|W� DGD\ODUÕQ
L\LOHúPHVLQL VD÷ODPÕúWÕU�

� 0HWDVH]JLVHOLQ YHNLO PRGHO ROPDNVÕ]ÕQ RSWLPL]DV\RQ V�UHFLQL \�U�WW�÷� <6$
H÷LWLPL LoLQ H÷LWLP YHULOHULQLQ WRSODQPDVÕ DúDPDVÕQGD� PHWDVH]JLVHOLQ RSWLPXPD \DNÕQ
DGD\ODUÕ EXOPDGD J|VWHUGL÷L RSWLPL]DV\RQ GDYUDQÕúÕQÕQ YHULOHULQ WRSODQPD GDYUDQÕúÕ\OD
SDUDOHO ROGX÷X J|U�OP�úW�U�

� øKODOLQH L]LQ YHULOHELOHQ \XPXúDN NÕVÕWODU LOH oDOÕúPDODU \DSÕODUDN GDKD E�\�N |OoHNOL
\DSÕVDO RSWLPL]DV\RQ SUREOHPOHUL �]HULQGH VXQXODQ YHNLO PRGHOLQ EX GXUXPGDNL LúOHYVHOOL÷L
WHVW HGLOPHOL YH oDOÕúPDODUÕQ NDSVDPÕ DUWWÕUÕOPDOÕGÕU� 6XQXODQ YHNLO PRGHO WHNQL÷LQLQ \XPXúDN
NÕVÕWODUGD ELU KD\OL HWNLOL RODELOHFH÷L G�ú�Q�OPHNWHGLU�
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$GHOL� +� YH 3DUN� +� 6� ����� 2SWLPL]DWLRQ RI VSDFH VWUXFWXUHV E\ QHXUDO G\QDPLFV� 1HXUDO
1HWZRUNV ���� ���±���� '2,� Ry X RyRe f y3Nj @ ey3yUN8 V yyyke @ p� 85/� ?iiTb ,
ff/QBXQ`;fRyXRyRefy3Nj@ey3yUN8Vyyyke@p�

$KUDUL� $�� $WDL� $� $� YH 'HE� .� ����� 6LPXOWDQHRXV WRSRORJ\� VKDSH DQG VL]H
RSWLPL]DWLRQ RI WUXVV VWUXFWXUHV E\ IXOO\ VWUHVVHG GHVLJQ EDVHG RQ HYROXWLRQ VWUDWHJ\�
(QJLQHHULQJ 2SWLPL]DWLRQ ����� ����±����� ,661� ��������� '2,�
RyXRy3yfyjy8kR8sXkyR9XN9dNdk�

$oÕNJ|]� 7� YH g]EDúDUDQ� +� ����� 1XPHULFDO H[SHULPHQWV RQ VXUURJDWH�DVVLVWHG
RSWLPL]DWLRQ RI D SODQDU WUXVV� �WK ,QWHUQDWLRQDO &RQJUHVV RQ (QJLQHHULQJ� $UFKLWHFWXUH
DQG 'HVLJQ� ���±����

%DOODO� 7� 0� YH 6KHU� :� '� ����� $UWLILFLDO QHXUDO QHWZRUN IRU WKH VHOHFWLRQ RI EXLOGDEOH
VWUXFWXUDO V\VWHPV� (QJLQHHULQJ� &RQVWUXFWLRQ DQG $UFKLWHFWXUDO 0DQDJHPHQW ����� ���±
���� ,661� ��������� '2,� RyXRRy3fyNeNNN3yjRy93NNdN�

%DOOLQJ� 5� -�� %ULJJV� 5� 5� YH *LOOPDQ� .� ����� 0XOWLSOH 2SWLPXP 6L]H�6KDSH�7RSRORJ\
'HVLJQV IRU 6NHOHWDO 6WUXFWXUHV 8VLQJ D *HQHWLF $OJRULWKP� -RXUQDO RI 6WUXFWXUDO
(QJLQHHULQJ ������ ����±����� ,661� ���������� '2,�
RyXRyeRfU�b+2Vydjj@N998UkyyeVRjk,dURR83V�

&DPS� &� 9� YH %LFKRQ� %� -� ����� 'HVLJQ RI 6SDFH 7UXVVHV 8VLQJ $QW &RORQ\ 2SWLPL]DWLRQ�
-RXUQDO RI 6WUXFWXUDO (QJLQHHULQJ ������ ���±���� ,661� ���������� '2,� RyXRyeRf
U�b+2Vydjj@N998Ukyy9VRjy,8Ud9RV�

&KDUDODPSDNLV� $� (� YH 7VLDWDV� *� &� ����� &ULWLFDO (YDOXDWLRQ RI 0HWDKHXULVWLF $OJRULWKPV
IRU :HLJKW 0LQLPL]DWLRQ RI 7UXVV 6WUXFWXUHV� )URQWLHUV LQ %XLOW (QYLURQPHQW ��2FWREHU�
�±��� ,661� ��������� '2,� RyXjj3Nf7#mBHXkyRNXyyRRj�

&KRQJ� +�� <$3� +� -�� 7DQ� 6�� <DS� .� YH :RQJ� 6� ����� $GYDQFHV RI PHWDKHXULVWLF
DOJRULWKPV LQ WUDLQLQJ QHXUDO QHWZRUNV IRU LQGXVWULDO DSSOLFDWLRQV� 6RIW &RPSXWLQJ� '2,�
RyXRyydfbyy8yy@ykR@y833e@x�

https://doi.org/10.1016/0893-6080(95)00026-v
https://doi.org/10.1016/0893-6080(95)00026-v
https://doi.org/10.1016/0893-6080(95)00026-v
https://doi.org/10.1080/0305215X.2014.947972
https://doi.org/10.1108/09699980310489979
https://doi.org/10.1061/(asce)0733-9445(2006)132:7(1158)
https://doi.org/10.1061/(asce)0733-9445(2004)130:5(741)
https://doi.org/10.1061/(asce)0733-9445(2004)130:5(741)
https://doi.org/10.3389/fbuil.2019.00113
https://doi.org/10.1007/s00500-021-05886-z
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&KRX� -��6�� &KRQJ� :� .� YH %XL� '��.� ����� 1DWXUH�,QVSLUHG 0HWDKHXULVWLF 5HJUHVVLRQ
6\VWHP� 3URJUDPPLQJ DQG ,PSOHPHQWDWLRQ IRU &LYLO (QJLQHHULQJ $SSOLFDWLRQV� -RXUQDO
RI &RPSXWLQJ LQ &LYLO (QJLQHHULQJ ����� ��������� ,661� ���������� '2,� RyXRyeRf
U�b+2V+TXRN9j@893dXyyyy8eR�

'HE� .� YH *XODWL� 6� ����� 'HVLJQ RI WUXVV�VWUXFWXUHV IRU PLQLPXP ZHLJKW XVLQJ JHQHWLF
DOJRULWKPV� )LQLWH (OHPHQWV LQ $QDO\VLV DQG 'HVLJQ ����� ���±���� ,661� �������;�
'2,� RyXRyRefayRe3@3d9sUyyVyyy8d@j�

'HJHUWHNLQ� 6� 2�� /DPEHUWL� /� YH 8JXU� ,� %� ����� 'LVFUHWH VL]LQJ�OD\RXW�WRSRORJ\
RSWLPL]DWLRQ RI WUXVV VWUXFWXUHV ZLWK DQ DGYDQFHG -D\D DOJRULWKP� $SSOLHG 6RIW
&RPSXWLQJ -RXUQDO ��� ���±���� ,661� ��������� '2,�
Ry X RyRe f D X �bQ+ X kyRN X yj X y83� 85/�
?iiTb,ff/QBXQ`;fRyXRyRefDX�bQ+XkyRNXyjXy83�

'HJHUWHNLQ� 6� ����� ,PSURYHG KDUPRQ\ VHDUFK DOJRULWKPV IRU VL]LQJ RSWLPL]DWLRQ RI WUXVV
VWUXFWXUHV� &RPSXWHUV 	 6WUXFWXUHV ������ ���±���� '2,� RyXRyRefDX+QKTbi`m+X
kyRRXRyXykk� 85/� ?iiTb,ff/QBXQ`;fRyXRyRefDX+QKTbi`m+XkyRRXRyXykk�

'HJHUWHNLQ� 6�� /DPEHUWL� /� YH8JXU� ,� ����� 6L]LQJ� OD\RXW DQG WRSRORJ\ GHVLJQ RSWLPL]DWLRQ
RI WUXVV VWUXFWXUHV XVLQJ WKH -D\D DOJRULWKP� $SSOLHG 6RIW &RPSXWLQJ ��� ���±���� '2,�
RyXRyRefDX�bQ+XkyRdXRyXyyR� 85/� ?iiTb,ff/QBXQ`;fRyXRyRefDX�bQ+XkyRdX
RyXyyR�

'HPLUNDQ� 2�� 2OFHURJOX� (�� %DVGRJDQ� ,� YH g]J�YHQ� +� 1� ����� $ 1HZ 'HVLJQ
$SSURDFK IRU 5DSLG (YDOXDWLRQ RI 6WUXFWXUDO 0RGLILFDWLRQV 8VLQJ 1HXUDO 1HWZRUNV�
-RXUQDO RI 0HFKDQLFDO 'HVLJQ ������ '2,� Ry X RRR8 f R X 9ykjR8e� 85/�
?iiTb,ff/QBXQ`;fRyXRRR8fRX9ykjR8e�

'HQJ� -� ����� 6WUXFWXUDO UHOLDELOLW\ DQDO\VLV IRU LPSOLFLW SHUIRUPDQFH IXQFWLRQ XVLQJ UDGLDO
EDVLV IXQFWLRQ QHWZRUN� ,QWHUQDWLRQDO -RXUQDO RI 6ROLGV DQG 6WUXFWXUHV ��������� ����±
����� '2,� RyXRyRefDXBDbQHbi`Xkyy8Xy8Xy88� 85/� ?iiTb,ff/QBXQ`;fRyX
RyRefDXBDbQHbi`Xkyy8Xy8Xy88�

https://doi.org/10.1061/(asce)cp.1943-5487.0000561
https://doi.org/10.1061/(asce)cp.1943-5487.0000561
https://doi.org/10.1016/S0168-874X(00)00057-3
https://doi.org/10.1016/j.asoc.2019.03.058
https://doi.org/10.1016/j.asoc.2019.03.058
https://doi.org/10.1016/j.compstruc.2011.10.022
https://doi.org/10.1016/j.compstruc.2011.10.022
https://doi.org/10.1016/j.compstruc.2011.10.022
https://doi.org/10.1016/j.asoc.2017.10.001
https://doi.org/10.1016/j.asoc.2017.10.001
https://doi.org/10.1016/j.asoc.2017.10.001
https://doi.org/10.1115/1.4023156
https://doi.org/10.1115/1.4023156
https://doi.org/10.1016/j.ijsolstr.2005.05.055
https://doi.org/10.1016/j.ijsolstr.2005.05.055
https://doi.org/10.1016/j.ijsolstr.2005.05.055
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'LPRX� &� .� YH .RXPRXVLV� 9� .� ����� 5HOLDELOLW\�%DVHG 2SWLPDO 'HVLJQ RI 7UXVV
6WUXFWXUHV 8VLQJ 3DUWLFOH 6ZDUP 2SWLPL]DWLRQ� -RXUQDO RI &RPSXWLQJ LQ &LYLO
(QJLQHHULQJ ����� ���±���� '2,� RyXRyeRfU�b+2Vy33d@ j3yRUkyyNVkj,kURyyV�
85/� ?iiTb,ff/QBXQ`;fRyXRyeRfU�b+2Vy33d@j3yRUkyyNVkj,kURyyV�

'X� ;�� ;X� +� YH =KX� )� ����� 8QGHUVWDQGLQJ WKH (IIHFW RI +\SHUSDUDPHWHU 2SWLPL]DWLRQ
RQ 0DFKLQH /HDUQLQJ 0RGHOV IRU 6WUXFWXUH 'HVLJQ 3UREOHPV� &RPSXWHU�$LGHG 'HVLJQ
���� ������� '2,� RyXRyRefDX+�/XkykRXRyjyRj� 85/� ?iiTb,ff/QBXQ`;fRyX
RyRefDX+�/XkykRXRyjyRj�

(FKDUG� %�� *D\WRQ� 1� YH /HPDLUH� 0� ����� $.�0&6� $Q DFWLYH OHDUQLQJ UHOLDELOLW\ PHWKRG
FRPELQLQJ .ULJLQJ DQG 0RQWH &DUOR 6LPXODWLRQ� 6WUXFWXUDO 6DIHW\ ����� ���±���� '2,�
RyXRyRefDXbi`mb�72XkyRRXyRXyyk� 85/� ?iiTb,ff/QBXQ`;fRyXRyRefDX
bi`mb�72XkyRRXyRXyyk�

)DQJ� -�� 6XQ� *�� 4LX� 1�� .LP� 1� +� YH /L� 4� ����� 2Q GHVLJQ RSWLPL]DWLRQ IRU VWUXFWXUDO
FUDVKZRUWKLQHVV DQG LWV VWDWH RI WKH DUW� 6WUXFWXUDO DQG 0XOWLGLVFLSOLQDU\ 2SWLPL]DWLRQ
����� ����±����� '2,� RyXRyydfbyyR83@yRe@R8dN@v� 85/� ?iiTb,ff/QBXQ`;fRyX
RyydfbyyR83@yRe@R8dN@v�

)HXU\� &� YH *HUDGLQ� 0� ����� 2SWLPDOLW\ FULWHULD DQG PDWKHPDWLFDO SURJUDPPLQJ LQ
VWUXFWXUDO ZHLJKW RSWLPL]DWLRQ� &RPSXWHUV 	 6WUXFWXUHV ���� �±��� '2,�
Ry X RyRe f yy98 @ dN9NUd3 V NyR88 @ 9� 85/�
?iiTb,ff/QBXQ`;fRyXRyRefyy98@dN9NUd3VNyR88@9�

)RUUHVWHU� $� ,� -�� 6REHVWHU� $� YH .HDQH� $� -� ����� (QJLQHHULQJ 'HVLJQ YLD 6XUURJDWH
0RGHOOLQJ � $ 3UDFWLFDO *XLGH�:LOH\� ,±;9,,,� �±���� ,6%1� ������������������

*DUVRQ� *� '� ����� ,QWHUSUHWLQJ 1HXUDO�1HWZRUN &RQQHFWLRQ:HLJKWV� $, ([SHUW ���� ��±���
,661� ����������

*HHP� =� :�� .LP� -� +� YH /RJDQDWKDQ� *� ����� $ 1HZ +HXULVWLF 2SWLPL]DWLRQ $OJRULWKP�
+DUPRQ\ 6HDUFK� 6,08/$7,21 ����� ��±��� '2,� RyXRRddfyyjd89NdyRydeyykyR�
85/� ?iiTb,ff/QBXQ`;fRyXRRddfyyjd89NdyRydeyykyR�

https://doi.org/10.1061/(asce)0887-3801(2009)23:2(100)
https://doi.org/10.1061/(asce)0887-3801(2009)23:2(100)
https://doi.org/10.1016/j.cad.2021.103013
https://doi.org/10.1016/j.cad.2021.103013
https://doi.org/10.1016/j.cad.2021.103013
https://doi.org/10.1016/j.strusafe.2011.01.002
https://doi.org/10.1016/j.strusafe.2011.01.002
https://doi.org/10.1016/j.strusafe.2011.01.002
https://doi.org/10.1007/s00158-016-1579-y
https://doi.org/10.1007/s00158-016-1579-y
https://doi.org/10.1007/s00158-016-1579-y
https://doi.org/10.1016/0045-7949(78)90155-4
https://doi.org/10.1016/0045-7949(78)90155-4
https://doi.org/10.1177/003754970107600201
https://doi.org/10.1177/003754970107600201
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*XR� =� YH %DL� *� ����� $SSOLFDWLRQ RI /HDVW 6TXDUHV 6XSSRUW 9HFWRU0DFKLQH IRU 5HJUHVVLRQ
WR 5HOLDELOLW\ $QDO\VLV� &KLQHVH -RXUQDO RI $HURQDXWLFV ����� ���±���� '2,� RyXRyRef
bRyyy@NjeRUy3Veyy3k@8� 85/� ?iiTb,ff/QBXQ`;fRyXRyRefbRyyy@NjeRUy3V
eyy3k@8�

+DMHOD� 3� YH %HUNH� /� ����� 1HXURELRORJLFDO FRPSXWDWLRQDO PRGHOV LQ VWUXFWXUDO DQDO\VLV DQG
GHVLJQ�&RPSXWHUV 	 6WUXFWXUHV ����� ���±���� '2,� RyXRyRefyy98@dN9NUNRVNyRd3@
Q� 85/� ?iiTb,ff/QBXQ`;fRyXRyRefyy98@dN9NUNRVNyRd3@Q�

+DQQD� 6� ����� ,QGXFWLYH PDFKLQH OHDUQLQJ RI RSWLPDO PRGXODU VWUXFWXUHV� (VWLPDWLQJ
VROXWLRQV XVLQJ VXSSRUW YHFWRU PDFKLQHV� $UWLILFLDO ,QWHOOLJHQFH IRU (QJLQHHULQJ 'HVLJQ�
$QDO\VLV DQG 0DQXIDFWXULQJ ����� ���±���� '2,� Ry X RyRd f by3Nyyey9ydyyyjkd�
85/� ?iiTb,ff/QBXQ`;fRyXRyRdfby3Nyyey9ydyyyjkd�

+D\NLQ� 6� 6� ����� 1HXUDO QHWZRUNV DQG OHDUQLQJ PDFKLQHV� 7KLUG� 8SSHU 6DGGOH 5LYHU� 1-�
3HDUVRQ (GXFDWLRQ�

+ROODQG� -� +� ����� $GDSWDWLRQ LQ 1DWXUDO DQG $UWLILFLDO 6\VWHPV� VHFRQG HGLWLRQ� ����� $QQ
$UERU� 0,� 8QLYHUVLW\ RI 0LFKLJDQ 3UHVV�

,P� -� YH 3DUN� -� ����� 6WRFKDVWLF VWUXFWXUDO RSWLPL]DWLRQ XVLQJ SDUWLFOH VZDUP RSWLPL]DWLRQ�
VXUURJDWH PRGHOV DQG %D\HVLDQ VWDWLVWLFV� &KLQHVH -RXUQDO RI $HURQDXWLFV ����� ���±����
'2,� RyXRyRefDX+D�XkyRkXRkXykk� 85/� ?iiTb,ff/QBXQ`;fRyXRyRefDX+D�X
kyRkXRkXykk�

.DOOLRUDV� 1� $�� .D]DNLV� *� YH /DJDURV� 1� '� ����� $FFHOHUDWHG WRSRORJ\ RSWLPL]DWLRQ E\
PHDQV RI GHHS OHDUQLQJ� 6WUXFWXUDO DQG 0XOWLGLVFLSOLQDU\ 2SWLPL]DWLRQ ����� ����±�����
'2,� RyXRyydfbyyR83@yky@yk898@x� 85/� ?iiTb,ff/QBXQ`;fRyXRyydfbyyR83@
yky@yk898@x�

.DUDERJD� '� YH %DVWXUN� %� ����� 2Q WKH SHUIRUPDQFH RI DUWLILFLDO EHH FRORQ\ �$%&�
DOJRULWKP� $SSOLHG 6RIW &RPSXWLQJ ���� ���±���� '2,�
Ry X RyRe f D X �bQ+ X kyyd X y8 X yyd� 85/�
?iiTb,ff/QBXQ`;fRyXRyRefDX�bQ+XkyydXy8Xyyd�

https://doi.org/10.1016/s1000-9361(08)60082-5
https://doi.org/10.1016/s1000-9361(08)60082-5
https://doi.org/10.1016/s1000-9361(08)60082-5
https://doi.org/10.1016/s1000-9361(08)60082-5
https://doi.org/10.1016/0045-7949(91)90178-o
https://doi.org/10.1016/0045-7949(91)90178-o
https://doi.org/10.1016/0045-7949(91)90178-o
https://doi.org/10.1017/s0890060407000327
https://doi.org/10.1017/s0890060407000327
https://doi.org/10.1016/j.cja.2012.12.022
https://doi.org/10.1016/j.cja.2012.12.022
https://doi.org/10.1016/j.cja.2012.12.022
https://doi.org/10.1007/s00158-020-02545-z
https://doi.org/10.1007/s00158-020-02545-z
https://doi.org/10.1007/s00158-020-02545-z
https://doi.org/10.1016/j.asoc.2007.05.007
https://doi.org/10.1016/j.asoc.2007.05.007


��

.$<1$./$5 'ø=ø1ø �GHYDP�

.DYHK� $�� *KROLSRXU� <� YH 5DKDPL� +� ����� 2SWLPDO 'HVLJQ RI 7UDQVPLVVLRQ 7RZHUV 8VLQJ
*HQHWLF $OJRULWKP DQG 1HXUDO 1HWZRUNV� ,QWHUQDWLRQDO -RXUQDO RI 6SDFH 6WUXFWXUHV �����
�±��� '2,� RyXRkeyfykeej8Ry3d38j9kydj� 85/� ?iiTb,ff/QBXQ`;fRyXRkeyf
ykeej8Ry3d38j9kydj�

.DYHK� $� YH 7DODWDKDUL� 6� ����� 6L]H RSWLPL]DWLRQ RI VSDFH WUXVVHV XVLQJ %LJ %DQJ±%LJ
&UXQFK DOJRULWKP� &RPSXWHUV 	 6WUXFWXUHV ��������� ����±����� '2,� RyXRyRefDX
+QKTbi`m+XkyyNXy9XyRR� 85/� ?iiTb,ff/QBXQ`;fRyXRyRefDX+QKTbi`m+XkyyNX
y9XyRR�

.D\PD]� ,� ����� $SSOLFDWLRQ RI NULJLQJ PHWKRG WR VWUXFWXUDO UHOLDELOLW\ SUREOHPV� 6WUXFWXUDO
6DIHW\ ����� ���±���� '2,� RyXRyRefDXbi`mb�72Xkyy9XyNXyyR� 85/� ?iiTb,
ff/QBXQ`;fRyXRyRefDXbi`mb�72Xkyy9XyNXyyR�

.HQQHG\� -� YH (EHUKDUW� 5� ����� 3DUWLFOH VZDUP RSWLPL]DWLRQ� 3URFHHGLQJV RI ,&11¶�� �
,QWHUQDWLRQDO &RQIHUHQFH RQ 1HXUDO 1HWZRUNV� YROXPH �� ����±���� YRO��� '2,� RyX
RRyNfA*LLXRNN8X933Ne3�

.LQJPD� '� 3� YH %D� -� ����� $GDP� $ 0HWKRG IRU 6WRFKDVWLF 2SWLPL]DWLRQ� DU;LY� R9RkX
eN3y (+bXG:)�

.LUNSDWULFN� 6�� *HODWW� &� '� YH 9HFFKL� 0� 3� ����� 2SWLPL]DWLRQ E\ 6LPXODWHG $QQHDOLQJ�
6FLHQFH ��������� ���±���� ,661� ���������� '2,� RyXRRkefb+B2M+2XkkyX98N3X
edR� HSULQW� ?iiTb,ffb+B2M+2Xb+B2M+2K�;XQ`;f+QMi2Mifkkyf98N3fedRX7mHHX
T/7� 85/� ?iiTb,ffb+B2M+2Xb+B2M+2K�;XQ`;f+QMi2Mifkkyf98N3fedR�

.UHPSVHU� (�� %HUQDUGLQR� +� 6�� %DUERVD� +� -� YH /HPRQJH� $� &� ����� 'LIIHUHQWLDO
HYROXWLRQ DVVLVWHG E\ VXUURJDWH PRGHOV IRU VWUXFWXUDO RSWLPL]DWLRQ SUREOHPV�
&LYLO�&RPS 3URFHHGLQJV ���� �±��� ,661� ��������� '2,� RyX9kyjf++TXRyyX9N�

/DJDURV� 1� '� YH 3DSDGUDNDNLV� 0� ����� /HDUQLQJ LPSURYHPHQW RI QHXUDO QHWZRUNV XVHG LQ
VWUXFWXUDO RSWLPL]DWLRQ� $GYDQFHV LQ (QJLQHHULQJ 6RIWZDUH ����� �±��� '2,� RyXRyRef
byNe8@NNd3UyjVyyRRk@R� 85/� ?iiTb,ff/QBXQ`;fRyXRyRefbyNe8@NNd3UyjV
yyRRk@R�

https://doi.org/10.1260/026635108785342073
https://doi.org/10.1260/026635108785342073
https://doi.org/10.1260/026635108785342073
https://doi.org/10.1016/j.compstruc.2009.04.011
https://doi.org/10.1016/j.compstruc.2009.04.011
https://doi.org/10.1016/j.compstruc.2009.04.011
https://doi.org/10.1016/j.compstruc.2009.04.011
https://doi.org/10.1016/j.strusafe.2004.09.001
https://doi.org/10.1016/j.strusafe.2004.09.001
https://doi.org/10.1016/j.strusafe.2004.09.001
https://doi.org/10.1109/ICNN.1995.488968
https://doi.org/10.1109/ICNN.1995.488968
https://arxiv.org/abs/1412.6980
https://arxiv.org/abs/1412.6980
https://doi.org/10.1126/science.220.4598.671
https://doi.org/10.1126/science.220.4598.671
https://science.sciencemag.org/content/220/4598/671.full.pdf
https://science.sciencemag.org/content/220/4598/671.full.pdf
https://science.sciencemag.org/content/220/4598/671
https://doi.org/10.4203/ccp.100.49
https://doi.org/10.1016/s0965-9978(03)00112-1
https://doi.org/10.1016/s0965-9978(03)00112-1
https://doi.org/10.1016/s0965-9978(03)00112-1
https://doi.org/10.1016/s0965-9978(03)00112-1


��

.$<1$./$5 'ø=ø1ø �GHYDP�

/DPEHUWL� /� ����� $Q HIILFLHQW VLPXODWHG DQQHDOLQJ DOJRULWKP IRU GHVLJQ RSWLPL]DWLRQ RI
WUXVV VWUXFWXUHV� &RPSXWHUV 	 6WUXFWXUHV ��������� ����±����� '2,�
Ry X RyRe f D X +QKTbi`m+ X kyy3 X yk X yy9� 85/�
?iiTb,ff/QBXQ`;fRyXRyRefDX+QKTbi`m+Xkyy3XykXyy9�

/HH� -�� -HRQJ� +� YH .DQJ� 6� ����� 'HULYDWLYH DQG *$�EDVHG PHWKRGV LQ PHWDPRGHOLQJ RI
EDFN�SURSDJDWLRQ QHXUDO QHWZRUNV IRU FRQVWUDLQHG DSSUR[LPDWH RSWLPL]DWLRQ� 6WUXFWXUDO
DQG 0XOWLGLVFLSOLQDU\ 2SWLPL]DWLRQ ����� ��±��� '2,� RyXRyydfbyyR83@yyd@yRRy@t�
85/� ?iiTb,ff/QBXQ`;fRyXRyydfbyyR83@yyd@yRRy@t�

/HH� .� 6� YH *HHP� =� :� ����� $ QHZ VWUXFWXUDO RSWLPL]DWLRQ PHWKRG EDVHG RQ WKH
KDUPRQ\ VHDUFK DOJRULWKP� &RPSXWHUV 	 6WUXFWXUHV �������� ���±���� '2,�
Ry X RyRe f D X +QKTbi`m+ X kyy9 X yR X yyk� 85/�
?iiTb,ff/QBXQ`;fRyXRyRefDX+QKTbi`m+Xkyy9XyRXyyk�

/HH� 6�� +D� -�� =RNKLURYD� 0�� 0RRQ� +� YH /HH� -� ����� %DFNJURXQG ,QIRUPDWLRQ RI 'HHS
/HDUQLQJ IRU 6WUXFWXUDO (QJLQHHULQJ� $UFKLYHV RI &RPSXWDWLRQDO 0HWKRGV LQ (QJLQHHULQJ
����� ���±���� '2,� RyXRyydfbRR3jR@yRd@Nkjd@y� 85/� ?iiTb,ff/QBXQ`;fRyX
RyydfbRR3jR@yRd@Nkjd@y�

/XK� *� &� YH /LQ� &� <� ����� 2SWLPDO GHVLJQ RI WUXVV�VWUXFWXUHV XVLQJ SDUWLFOH VZDUP
RSWLPL]DWLRQ� &RPSXWHUV DQG 6WUXFWXUHV ��������� ����±����� ,661� ��������� '2,�
Ry X RyRe f D X +QKTbi`m+ X kyRR X y3 X yRj� 85/�
?iiT,ff/tX/QBXQ`;fRyXRyRefDX+QKTbi`m+XkyRRXy3XyRj�

0DUWLQL� .� ����� +DUPRQ\ 6HDUFK 0HWKRG IRU 0XOWLPRGDO 6L]H� 6KDSH� DQG 7RSRORJ\
2SWLPL]DWLRQ RI 6WUXFWXUDO )UDPHZRUNV� -RXUQDO RI 6WUXFWXUDO (QJLQHHULQJ �������
����±����� ,661� ���������� '2,� RyXRyeRfU�b+2VbiXRN9j@89RtXyyyyjd3�

0HVVQHU� 0� &� ����� &RQYROXWLRQDO 1HXUDO 1HWZRUN 6XUURJDWH 0RGHOV IRU WKH 0HFKDQLFDO
3URSHUWLHV RI 3HULRGLF 6WUXFWXUHV� -RXUQDO RI 0HFKDQLFDO 'HVLJQ ������ '2,� RyXRRR8f
RX9y98y9y� 85/� ?iiTb,ff/QBXQ`;fRyXRRR8fRX9y98y9y�

https://doi.org/10.1016/j.compstruc.2008.02.004
https://doi.org/10.1016/j.compstruc.2008.02.004
https://doi.org/10.1007/s00158-007-0110-x
https://doi.org/10.1007/s00158-007-0110-x
https://doi.org/10.1016/j.compstruc.2004.01.002
https://doi.org/10.1016/j.compstruc.2004.01.002
https://doi.org/10.1007/s11831-017-9237-0
https://doi.org/10.1007/s11831-017-9237-0
https://doi.org/10.1007/s11831-017-9237-0
https://doi.org/10.1016/j.compstruc.2011.08.013
http://dx.doi.org/10.1016/j.compstruc.2011.08.013
https://doi.org/10.1061/(asce)st.1943-541x.0000378
https://doi.org/10.1115/1.4045040
https://doi.org/10.1115/1.4045040
https://doi.org/10.1115/1.4045040
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0LJXHO� /� )� )�� /RSH]� 5� +� YH 0LJXHO� /� )� )� ����� 0XOWLPRGDO VL]H� VKDSH� DQG
WRSRORJ\ RSWLPLVDWLRQ RI WUXVV VWUXFWXUHV XVLQJ WKH )LUHIO\ DOJRULWKP� $GYDQFHV LQ
(QJLQHHULQJ 6RIWZDUH ��� ��±��� ,661� ��������� '2,�
Ry X RyRe f D X �/p2M;bQ7i X kyRk X RR X yye� 85/�
?iiT , f f /t X /QB X Q`; f Ry X RyRe f D X �/p2M;bQ7i X kyRk X RR X yye?iiTb ,
ffHBMFBM;?m#X2Hb2pB2`X+QKf`2i`B2p2fTBBfayNe8NNd3RkyyR8je�

0RUWD]DYL� $� YH 7R÷DQ� 9� ����� 6LPXOWDQHRXV VL]H� VKDSH� DQG WRSRORJ\ RSWLPL]DWLRQ RI
WUXVV VWUXFWXUHV XVLQJ LQWHJUDWHG SDUWLFOH VZDUP RSWLPL]HU� 6WUXFWXUDO DQG
0XOWLGLVFLSOLQDU\ 2SWLPL]DWLRQ ����� ���±���� '2,� RyXRyydfbyyR83@yRe@R99N@d�
85/� ?iiTb,ff/QBXQ`;fRyXRyydfbyyR83@yRe@R99N@d�

0RWH� + YH .XPDU� 6� 5� 6� ����� 8VH RI $UWLILFLDO 1HXUDO 1HWZRUN IRU ,QLWLDO GHVLJQ RI
VWHHO VWUXFWXUHV� ,23&RQIHUHQFH 6HULHV� 0DWHULDOV 6FLHQFH DQG (QJLQHHULQJ ���� �������
'2,� RyXRy33fRd8d@3NNtfeeyfRfyRkye9� 85/� ?iiTb,ff/QBXQ`;fRyXRy33f
Rd8d@3NNtfeeyfRfyRkye9�

0�OOHU� 7� (� YH .ODVKRUVW� (� YDQ GHU� ����� $ TXDQWLWDWLYH FRPSDULVRQ EHWZHHQ VL]H�
VKDSH� WRSRORJ\ DQG VLPXOWDQHRXV RSWLPL]DWLRQ IRU WUXVV VWUXFWXUHV� /DWLQ $PHULFDQ
-RXUQDO RI 6ROLGV DQG 6WUXFWXUHV ������ ����±����� ,661� ��������� '2,�
RyXR8NyfRedN@d3k8jNyy�

1JX\HQ� 7��+� YH 9X� $��7� ����� 8VLQJ 1HXUDO 1HWZRUNV DV 6XUURJDWH 0RGHOV LQ
'LIIHUHQWLDO (YROXWLRQ 2SWLPL]DWLRQ RI 7UXVV 6WUXFWXUHV� &RPSXWDWLRQDO &ROOHFWLYH
,QWHOOLJHQFH� 6SULQJHU ,QWHUQDWLRQDO 3XEOLVKLQJ� ���±���� '2,�
Ry X Ryyd f Nd3 @ j @ yjy @ ejyyd @ k n Rk� 85/�
?iiTb,ff/QBXQ`;fRyXRyydfNd3@j@yjy@ejyyd@knRk�

1LXWWD� &� %��:HKUOH� (� -�� 'XGGHFN� )� YH %HOLQJDUGL� *� ����� 6XUURJDWH PRGHOLQJ LQ GHVLJQ
RSWLPL]DWLRQ RI VWUXFWXUHV ZLWK GLVFRQWLQXRXV UHVSRQVHV� 6WUXFWXUDO DQG0XOWLGLVFLSOLQDU\
2SWLPL]DWLRQ ����� ����±����� '2,� RyXRyydfbyyR83@yR3@RN83@d� 85/� ?iiTb,
ff/QBXQ`;fRyXRyydfbyyR83@yR3@RN83@d�

https://doi.org/10.1016/j.advengsoft.2012.11.006
http://dx.doi.org/10.1016/j.advengsoft.2012.11.006%20https://linkinghub.elsevier.com/retrieve/pii/S0965997812001536
http://dx.doi.org/10.1016/j.advengsoft.2012.11.006%20https://linkinghub.elsevier.com/retrieve/pii/S0965997812001536
https://doi.org/10.1007/s00158-016-1449-7
https://doi.org/10.1007/s00158-016-1449-7
https://doi.org/10.1088/1757-899x/660/1/012064
https://doi.org/10.1088/1757-899x/660/1/012064
https://doi.org/10.1088/1757-899x/660/1/012064
https://doi.org/10.1590/1679-78253900
https://doi.org/10.1007/978-3-030-63007-2_12
https://doi.org/10.1007/978-3-030-63007-2_12
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1RLOXEODR� 1� YH %XUHHUDW� 6� ����� 6LPXOWDQHRXV 7RSRORJ\� 6KDSH� DQG 6L]LQJ 2SWLPLVDWLRQ
RI 3ODQH 7UXVVHV ZLWK $GDSWLYH *URXQG )LQLWH (OHPHQWV 8VLQJ 02($V� 0DWKHPDWLFDO
3UREOHPV LQ (QJLQHHULQJ ����� �±�� '2,� RyXRR88fkyRjf3j3Ryk� 85/� ?iiTb,ff
/QBXQ`;fRyXRR88fkyRjf3j3Ryk�

1RXUEDNKVK� 0�� ,UL]DUU\� -� YH +D\PDNHU� -� ����� *HQHUDOL]DEOH VXUURJDWH PRGHO IHDWXUHV
WR DSSUR[LPDWH VWUHVV LQ �' WUXVVHV� (QJLQHHULQJ $SSOLFDWLRQV RI $UWLILFLDO ,QWHOOLJHQFH
��� ��±��� '2,� RyXRyRefDX2M;�TT�BXkyR3XyRXyye� 85/� ?iiTb,ff/QBXQ`;fRyX
RyRefDX2M;�TT�BXkyR3XyRXyye�

2OLSKDQW� 7� (� ����� 3\WKRQ IRU VFLHQWLILF FRPSXWLQJ� &RPSXWLQJ LQ 6FLHQFH DQG
(QJLQHHULQJ ���� ��±��� ,661� ��������� '2,� Ry X RRyN f J*a1 X kyyd X 83� 85/�
?iiT,ffB222tTHQ`2XB222XQ`;f/Q+mK2Mif9Reyk8yf�

2QJ� <� 6�� 1DLU� 3� %� YH .HDQH� $� -� ����� (YROXWLRQDU\ RSWLPL]DWLRQ RI FRPSXWDWLRQDOO\
H[SHQVLYH SUREOHPV YLD VXUURJDWH PRGHOLQJ� $,$$ -RXUQDO ����� ���±���� 85/� ?iiTb,
ff2T`BMibXbQiQMX�+XmFfkk9kRf�

g]EDúDUDQ� +� ����� 2YHUDOO 3HUIRUPDQFH 2I $UWLILFLDO 1HXUDO 1HWZRUNV $V 6XUURJDWH
0RGHOV )RU 6WUXFWXUDO 2SWLPL]DWLRQ� �WK ,QWHUQDWLRQDO &RQJUHVV RQ (QJLQHHULQJ�
$UFKLWHFWXUH DQG 'HVLJQ� ���±����

3DSDGUDNDNLV� 0� YH /DJDURV� 1� '� ����� 6RIW FRPSXWLQJ PHWKRGRORJLHV IRU VWUXFWXUDO
RSWLPL]DWLRQ� $SSOLHG 6RIW &RPSXWLQJ ���� ���±���� '2,�
Ry X RyRe f bR8e3 @ 9N9eUyj V yyy9y @ R� 85/�
?iiTb,ff/QBXQ`;fRyXRyRefbR8e3@9N9eUyjVyyy9y@R�

3DSDGUDNDNLV� 0�� /DJDURV� 1� '� YH 7VRPSDQDNLV� <� ����� 6WUXFWXUDO RSWLPL]DWLRQ XVLQJ
HYROXWLRQ VWUDWHJLHV DQG QHXUDO QHWZRUNV� &RPSXWHU 0HWKRGV LQ $SSOLHG 0HFKDQLFV DQG
(QJLQHHULQJ �������� ���±���� '2,� Ry X RyRe f byy98 @ d3k8UNd V yykR8 @ e� 85/�
?iiTb,ff/QBXQ`;fRyXRyRefbyy98@d3k8UNdVyykR8@e�

3DUN� +� 6� YH $GHOL� +� ����� 'LVWULEXWHG 1HXUDO '\QDPLFV $OJRULWKPV IRU 2SWLPL]DWLRQ
RI /DUJH 6WHHO 6WUXFWXUHV� -RXUQDO RI 6WUXFWXUDO (QJLQHHULQJ ������ ���±���� '2,� RyX

https://doi.org/10.1155/2013/838102
https://doi.org/10.1155/2013/838102
https://doi.org/10.1155/2013/838102
https://doi.org/10.1016/j.engappai.2018.01.006
https://doi.org/10.1016/j.engappai.2018.01.006
https://doi.org/10.1016/j.engappai.2018.01.006
https://doi.org/10.1109/MCSE.2007.58
http://ieeexplore.ieee.org/document/4160250/
https://eprints.soton.ac.uk/22421/
https://eprints.soton.ac.uk/22421/
https://doi.org/10.1016/s1568-4946(03)00040-1
https://doi.org/10.1016/s1568-4946(03)00040-1
https://doi.org/10.1016/s0045-7825(97)00215-6
https://doi.org/10.1016/s0045-7825(97)00215-6
https://doi.org/10.1061/(asce)0733-9445(1997)123:7(880)
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RyeRfU�b+2Vydjj@N998URNNdVRkj,dU33yV� 85/� ?iiTb,ff/QBXQ`;fRyXRyeRf
U�b+2Vydjj@N998URNNdVRkj,dU33yV�

3HUH]� 5� YH %HKGLQDQ� .� ����� 3DUWLFOH VZDUP DSSURDFK IRU VWUXFWXUDO GHVLJQ RSWLPL]DWLRQ�
&RPSXWHUV 	 6WUXFWXUHV ��������� ����±����� '2,� RyXRyRefDX+QKTbi`m+XkyyeX
RyXyRj� 85/� ?iiTb,ff/QBXQ`;fRyXRyRefDX+QKTbi`m+XkyyeXRyXyRj�

3KROGHH� 1� YH %XUHHUDW� 6� ����� &RPSDUDWLYH SHUIRUPDQFH RI PHWD�KHXULVWLF DOJRULWKPV
IRU PDVV PLQLPLVDWLRQ RI WUXVVHV ZLWK G\QDPLF FRQVWUDLQWV� $GYDQFHV LQ (QJLQHHULQJ
6RIWZDUH ��� �±��� ,661� ��������� '2,� RyXRyRefDX�/p2M;bQ7iXkyR9Xy9Xyy8�
85/� ?iiT,ff/tX/QBXQ`;fRyXRyRefDX�/p2M;bQ7iXkyR9Xy9Xyy8�

3UD\RJR� '�� &KHQJ� 0� <�� :X� <� :� YH 7UDQ� '� +� ����� &RPELQLQJ PDFKLQH OHDUQLQJ
PRGHOV YLD DGDSWLYH HQVHPEOH ZHLJKWLQJ IRU SUHGLFWLRQ RI VKHDU FDSDFLW\ RI UHLQIRUFHG�
FRQFUHWH GHHS EHDPV� (QJLQHHULQJ ZLWK &RPSXWHUV ����� ����±����� ,661� ���������
'2,� RyXRyydfbyyjee@yRN@yyd8j@r� 85/� ?iiTb,ff/QBXQ`;fRyXRyydfbyyjee@
yRN@yyd8j@r�

5DMDQ� 6� '� ����� 6L]LQJ� 6KDSH� DQG 7RSRORJ\ 'HVLJQ 2SWLPL]DWLRQ RI 7UXVVHV 8VLQJ
*HQHWLF $OJRULWKP� -RXUQDO RI 6WUXFWXUDO (QJLQHHULQJ ������� ����±����� ,661�
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6DPXHO� $� /� ����� 6RPH VWXGLHV LQ PDFKLQH OHDUQLQJ XVLQJ WKH JDPH RI FKHFNHUV� ,%0
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