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UHIOHNVL� \DQJ� DNDQ� PHPSHQJDUXKL� SHUXEDKDQ� HQHUJL�
JHORPEDQJ� GL� SDQWDL�� (QHUJL� JHORPEDQJ� PHPSXQ\DL�
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3HQXOLV�.RUHVSRQGHQVL 



��� Jurnal Teknik Sipil 

$QDOLVD�7HJDQJDQ�0RRULQJ�SDGD�)ORDWLQJ�%UHDNZDWHU��� 

Diterima 15 Oktober 2020, Direvisi 10 September 2021, Diterima untuk dipublikasikan 7 Desember 2021 

Copyright      2021 Diterbitkan oleh Jurnal Teknik Sipil ITB, ISSN 0853-2982, DOI: 10.5614/jts.2021.28.3.6 

LQL�PHUXSDNDQ�DVSHN�\DQJ�SDOLQJ�PHQDQWDQJ�EDJL�SDUD�
DKOL� UHND\DVD� SDQWDL�� %DQ\DN� JDULV� SDQWDL� GL� GXQLD�
PHQJKDGDSL�PDVDODK�GH-VWDELOLVDVL�SDQWDL� DNLEDW�HURVL�
PDXSXQ�VHGLPHQWDVL��.HGXD�IDNWRU�LQL�PHUXSDNDQ�DQFDPDQ�
EDJL�SRWHQVL�GDHUDK�SDQWDL�DNLEDW�WHUJDQJJXQ\D�VXPEHUGD\D�
GDQ� NHND\DDQ� SHVLVLU�� VHUWD� DNWLYLWDV� NRPHUVLDO� GL�
GDHUDK� SHVLVLU� VHSHUWL� SDULZLVDWD�� DTXDNXOWXU��
SHUXPDKDQ�� EDNDX�� SDQWDL� EHUSDVLU�� LQIUDVWUXNWXU��
WDPEDN�GDQ� ODQ-ODLQ��6HODLQ� LWX� SHQMDODUDQ�JHORPEDQJ�
\DQJ� WLQJJL� MXJD� GDSDW� PHPSHQJDUXKL� WDPEDW� NDSDO�
GDQ� DNWLYLWDV� ERQJNDU� PXDW� GL� SHODEXKDQ�� .RQGLVL�
JHORPEDQJ� ODXW� \DQJ� WHQDQJ� VDQJDW� GLEXWXKNDQ� DJDU�
DNWLYLWDV�GL�SHODEXKDQ�GDSDW�EHUMDODQ�GHQJDQ�ODQFDU�� 

%UHDNZDWHU� WLSH� UXEEOHPRXQG� DWDX� FDLVVRQ�
PHQDZDUNDQ� NHXQJJXODQ� GDODP� PHUHGDP� HQHUJL�
JHORPEDQJ� \DQJ� VDQJDW� EDLN� GDQ� WHODK� EDQ\DN�
GLJXQDNDQ� �5RVH�� ������� 0HVNLSXQ� GHPLNLDQ�� WLSH�
SHUOLQGXQJDQ�SDQWDL�LQL�PHQMDGL�WLGDN�HNRQRPLV�XQWXN�
NRQGLVL�SHUDLUDQ�SDQWDL�\DQJ�UHODWLI�FXUDP��GDODP��GDQ�
EHURPEDN�EHVDU�NDUHQD�ELD\D�NRQVWUXNVLQ\D�DNDQ�QDLN�
VHFDUD� GUDVWLV� �)RXVHUW�� �������'L� VDPSLQJ� LWX�� SDQWDL�
\DQJ� FXUDP� UDWD-UDWD� PHPSXQ\DL� NRQGLVL� GDVDU� ODXW�
WLGDN�UDWD�GDQ� MHOHN� VHKLQJJD�PHPSHQJDUXKL�VWDELOLWDV�
VWUXNWXU�� VHUWD� WHUMDGL� SHUXEDKDQ� VLUNXODVL� DOLUDQ� DLU�
\DQJ� GDSDW� � PHQJDNLEDWNDQ� HURVL� GDQ� VHGLPHQWDVL� GL�
GDHUDK� VHNLWDUQ\D�� 3UR\HN� UHND\DVD� SDQWDL� VHULQJNDOL�
EHUGDPSDN� WHUKDGDS� HNRVLVWHP� DODPL� GDQ� NHUXVDNDQ�
OLQJNXQJDQ�\DQJ�PXQJNLQ�DNDQ�PHPSHUEXUXN�NHDGDDQ�
EDJL� JHQHUDVL� PHQGDWDQJ�� .RQGLVL� LQL� PHPEXWXKNDQ�
UHYROXVL� VROXVL� WHNQLV� \DQJ� OHELK� UDPDK� GHQJDQ�
PHQGRURQJ� SHQ\HGLDDQ� WHNQLV�� OLQJNXQJDQ� GDQ�
HNRQRPL�\DQJ�VHKDW�GDQ�EHUNHODQMXWDQ�� 

)ORDWLQJ� %UHDNZDWHU� �)%:�� PHQDZDUNDQ� WLQJNDW�
SHUOLQGXQJDQ�\DQJ�GLEXWXKNDQ�VDDW�EHNHUMD�GL�SHUDLUDQ�
\DQJ�OHELK�GDODP�GHQJDQ�WHUSDDQ�GD\D�DODP�\DQJ�OHELK�
NXDW� GDULSDGD� MHQLV� EUHDNZDWHU� NRQYHQVLRQDO�� )%:�
PHQJJXQDNDQ� NRQVHS� UHIOHNVL�� GLVLSDVL� GDQ�
WUDQVIRUPDVL� XQWXN� PHQJXUDQJL� HQHUJL� JHORPEDQJ��
VHKLQJJD� GDSDW� PHOHPDKNDQ� JHORPEDQJ� GDWDQJ� NH�
WLQJNDW� \DQJ� GDSDW� GLWHULPD� �0RUH\�� ������� )%:�
DGDODK� VWUXNWXU� WHUDSXQJ� SDGD� VDUDW� WHUEDWDV� GDQ�
EHUJDQWXQJ�SDGD�LQWHUDNVL�VWUXNWXU�EDQJXQDQ�GL�EDJLDQ�
DWDV�NRORP�DLU��)%:�PHPSXQ\DL�EHEHUDSD�NHXQWXQJDQ�
�0F&DUQH\�� ������ )RXVHUW�� ������� \DNQL�� D�� )%:�
GDSDW�GHQJDQ�PXGDK�GLSLQGDKNDQ�GDQ�OD\RXWQ\D�GDSDW�
GLDWXU� XODQJ� NDUHQD� NHPDPSXDQ� WUDQVSRUWDVL� GDQ�
IOHNVLELOLWDV�GDODP�GHVDLQ��E��)%:�GDSDW�GLDSOLNDVLNDQ�
XQWXN� NRQGLVL� WDQDK� GL� GDVDU� ODXW� \DQJ� MHOHN� GHQJDQ�
VLVWHP�PRRULQJ�� F�� )%:� WLGDN�PHQJJDQJJX� VLUNXODVL�
DLU��WUDQVSRUWDVL�VHGLPHQ�GDQ�PLJUDVL�LNDQ��G��6LUNXODVL�
DUXV� \DQJ� UHQGDK� GL� EUHDNZDWHU� NRQYHQVLRQDO� DNDQ�
PHQJDNLEDWNDQ� DNXPXODVL� NRQVHQWUDVL� VHGLPHQ� SDGD�
GDHUDK� WHUVHEXW�� GDQ� H�� ZDNWX� NRQVWUXNVL� UHODWLI�
VLQJNDW�� )%:� MXJD� PHQDZDUNDQ� DOWHUQDWLI� � ELD\D�
NRQVWUXNVL� \DQJ� UHQGDK� GDQ� HNRQRPLV� MLND�
GLEDQGLQJNDQ� GHQJDQ� EUHDNZDWHU� NRQYHQVLRQDO��
WHUXWDPD� SDGD� NHGDODPDQ� SHUDLUDQ� OHELK� GDUL� ����P�
�+DOHV�� ������� 7HUOHSDV� GDUL� IXQJVL� XWDPD� VHEDJDL�
SHUHGDP� JHORPEDQJ�� )%:� GDSDW� GLJXQDNDQ� XQWXN�
EHUIXQJVL� VHEDJDL�ZDONZD\�� KDELWDW� ODXW�� WHPERN� ODXW�
GDQ� GHUPDJD� NDSDO�� 6HODLQ� NHXQWXQJDQ� )%:� MXJD�
PHQLPEXONDQ� EHEHUDSD� NHOHPDKDQ� \DQJ�
PHPEXWXKNDQ� SHUWLPEDQJDQ� HYDOXDVL� \DQJ� DNXUDW��

'HVDLQ�GDQ�SHQJHPEDQJDQ�)%:�XQWXN�ZLOD\DK�SHVLVLU�
PHUXSDNDQ�WDQWDQJDQ�EHVDU�EDJL�LQVL\XU�WHNQLN���'LVDLQ�
)%:� KDUXV� GLDSOLNDVLNDQ� VHFDUD� KDWL-KDWL� VHVXDL�
NRQGLVL� ORNDVL� GHQJDQ� DQDOLVLV� SHUXEDKDQ� JHORPEDQJ��
%HEHUDSD� NHOHPDKDQ� WHUPDVXN� NHWHUEDWDVDQ� XQWXN�
SDQMDQJ�IHWFK�\DQJ�SHQGHN��XPXU�VWUXNWXU���-���WDKXQ�
GDQ� DGD� VHEDJLDQ� GDUL� JHORPEDQJ� GDWDQJ� \DQJ�
GLWUDQVPLVLNDQ� �0RUH\�� ������� +DOHV� �������
PHQ\DWDNDQ�EDKZD�NHWLGDNSDVWLDQ�GDODP�EHVDUQ\D�GDQ�
MHQLV� \DQJ� GLWHUDSNDQ� SDGD� VLVWHP�� GDQ� NXUDQJQ\D�
LQIRUPDVL� ELD\D� SHUDZDWDQ�� +DO� LQL� GDODP� SUDNWLN�
GHVDLQ� DNDQ� PHQLQJNDWNDQ� ELD\D� SUR\HN�� .HOHPDKDQ�
XWDPD�)%:�DGDODK�VWUXNWXU�LQL�VHODOX�EHUJHUDN�VHEDJDL�
UHVSRQV�WHUKDGDS�DNVL�JHORPEDQJ��VHKLQJJD�DNDQ�OHELK�
UHQWDQ�WHUKDGDS�NHOHODKDQ�VWUXNWXU�� 

)%:� GLXVXONDQ�� GLUDQFDQJ� GDQ� GLEDQJXQ� GDODP�
EHUEDJDL� EHQWXN�� SDGD� WDKXQ� ����-DQ�� -RQHV� ��������
1HFH�GDQ�5LFKH\���������5LFKH\�GDQ�1HFH��������GDQ�
$GHH� GNN� ������� PHQFDWDW� OHELK� GDUL� ��� NRQILJXUDVL�
)%:� EHUEHGD� WHODK� GLUDQFDQJ�� +DOHV� �������
PHQJNODVLILNDVLNDQ� )%:� LQL� EHUGDVDUNDQ� NHVDPDDQ�
JHRPHWULV� GDQ� IXQJVLRQDOQ\D� PHQMDGL� ��� NDWHJRUL��
.HPXGLDQ�� 0F&DUWQH\� ������� PHPLVDKNDQ� PHUHND�
PHQMDGL� �� NDWHJRUL� XPXP� EHUGDVDUNDQ� EHQWXN� GDQ�
NLQHUMDQ\D�WHUKDGDS�UHGDPDQ�WLQJJL�JHORPEDQJ��\DNQL��
WLSH�ER[��SRQWRRQ��PDW��GDQ�WHWKHUHG�IORDW��6HODQMXWQ\D�
3,$1&� ������� PHQJNODVLILNDVLNDQ� )%:� EHUGDVDUNDQ�
NDUDNWHULVNWLN� UHIOHNVL� GDQ� GLVLSDVL� PHQMDGL� ��
NRQILJXUDVL�� \DNQL� SRQWRRQ�� PDW�� IUDPH� GDQ� WHWKHUHG��
6LVWHP� UHIOHNVL� DNDQ� EHUNRQWULEXVL� SDOLQJ� GRPLQDQ�
GDODP�PHUHGDP�JHORPEDQJ��VHGDQJNDQ�VLVWHP�GLVLSDVL�
DNDQ� PHQJKDQFXUNDQ� HQHUJL� JHORPEDQJ� PHODOXL� HIHN�
YLVFRXV�GDQ�WXUEXOHQVL��5XRO��������PHQHOLWL�HODVWLVLWDV�
WDOL� PRRULQJ� XQWXN� SRQWRQ� GHQJDQ� NHPLULQJDQ� NDEHO�
���� VDPSDL� ����� %OXPEHU� GDQ� &R[� ������� PHODNXNDQ�
HNSHULPHQ�GL�ZDYH� IOXPH�GHQJDQ�EHUEDJDL�NRQILJXUDVL�
�EHQWXN� ER[�� 7� GDQ� FDWDPDUDQ��� %HUGDVDUNDQ�
SHQHOLWLDQQ\D� GLSHUROHK� NXUYD� NRHILVLHQ� WUDQVPLVL� GDQ�
EHEDQ� JHORPEDQJ� KRUL]RQWDO� PDNVLPXP�� 6DQQDVLUDM�
GNN� ������� PHQ\DWDNDQ� EDKZD� NRQILJXUDVL� WDOL�
PRRULQJ� SDGD� HOHYDVL� PXND� DLU� PHQJKDVLONDQ� JD\D�
PRRULQJ�OHELK�UHQGDK�GDULSDGD�NRQILJXUDVL�PRRULQJ�GL�
EDZDK� VWUXNWXU� GHQJDQ� VXVXQDQ� WDOL� PHQ\LODQJ�� %KDW�
������� PHODNXNDQ� HNVSHULPHQ� WHQWDQJ� WHJDQJDQ�
PRRULQJ� SDGD� )%:� WLSH� SRQWRQ� JDQGD� GHQJDQ�
PHQJJXQDNDQ� ORDG� FHOO�� 1HHODPDQL� GDQ� 5DMHQGUDQ�
�����D������E���IRNXV�PHQHOLWL�)%:�EHUEHQWXN�WLSH-7�
GDQ�WLSH-A��.DUDNWHULVWLN�WUDQVPLVL��UHIOHNVL�GDQ�GLVLSDVL�
HQHUJL� GLXML� GHQJDQ� HNSHULPHQ� PRGHO� ILVLN� SDGD�
JHORPEDQJ� UHJXOHU� GDQ� JHORPEDQJ� DFDN�� .RHILVLHQ�
WUDQVPLVL�VHFDUD�XPXP�PHQXUXQ�GHQJDQ�PHQLQJNDWQ\D�
NHFXUDPDQ� JHORPEDQJ� GDQ� PHQLQJNDWQ\D� NHGDODPDQ�
DLU� UHODWLI� G�/�� .HGXD� )%:� GLWHPXNDQ� SHUEHGDDQ�
GLVLSDVL� \DQJ� VDQJDW� HILVLHQ� GDUL� HQHUJL� JHORPEDQJ�
GDWDQJ�� 3HUEDQGLQJDQ� NLQHUMD� KLGURGLQDPLV� WLSH-A� GDQ�
WLSH-7� PHQXQMXNNDQ� EDKZD� )%:� WLSH-7� OHELK� EDLN�
GDULSDGD� WLSH-A� VHNLWDU� ��-����� 'RQJ� GNN� �������
PHODNXNDQ� VWXGL� HNSHULPHQ� SDGD� �-WLSH� )%:�� \DNQL�
EHQWXN� ER[�� GRXEOH-ER[� GDQ� ERDUG-QHW�� .RHILVLHQ�
WUDQVPLVL� JHORPEDQJ� GLXML� SDGD� �-WLSH� )%:� SDGD�
JHORPEDQJ� UHJXOHU� GHQJDQ� GDQ� WDQSD� NHFHSDWDQ� DUXV��
+DVLOQ\D� PHQXQMXNNDQ� EDKZD� )%:� WLSH� ERDUG-QHW�
DGDODK� WLSH� VWUXNWXU� \DQJ� VHGHUKDQD� GDQ� PXUDK� GDQ�
GDSDW� GLDSOLNDVLNDQ� XQWXN� DTXDNXOWXU� GL� SHUDLUDQ�
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GDODP�� .RXWDQGRV� GNN� ������� PHQJXML� �� EXDK�
NRQILJXUDVL� )%:�� \DNQL� WLSH� VLQJOH-IL[HG�� WLSH� VLQJOH�
IL[HG�SDGD�JHUDNDQ�KHDYH��WLSH�VLQJOH�IL[HG�)%:�GHQJDQ�
SODW� GL� GHSDQQ\D� �NHGDS� GDQ� EHUSRUL�� GDQ� WLSH� GRXEOH�
IL[HG�� +DVLO� SHQHOLWLDQ� PHQXQMXNNDQ� EDKZD� SODW� \DQJ�
WHUSDVDQJ�GL�GHSDQ�)%:�VHFDUD�VLJQLILNDQ�PHQLQJNDWNDQ�
HILVLHQVL� VWUXNWXU�� 6XMDQWRNR� GNN� �����D�� PHQJXML�
WHJDQJDQ� PRRULQJ� SDGD� )%:� EHQWXN� JHUJDML� EHUSRUL��
WHQ\DWD� GLNHWDKXL� WHJDQJDQ� PRRULQJ� EHUEDQGLQJ� � OXUXV�
GHQJDQ�VXGXW�PRRULQJ�GDQ�WHJDQJDQ�PRRULQJ�SDGD�)%:�
WLSH� LQL� QLODLQ\D� OHELK� NHFLO� WHUKDGDS� WLSH� SRQWRQ�� 3DGD�
WDKXQ�\DQJ�VDPD�6XMDQWRNR�GNN������E��MXJD�PHQJDOLVLV�
JHUDNDQ� )%:� MHQLV� LQL�� GLSHUROHK� 5HVSRQV� $PSOLWXGH�
2SHUDWRUV� �5$2�� VXUJH�� SLWFK� GDQ� \DZ� VDQJDW� NHFLO�
EDKNDQ�KDPSLU�PHQGHNDWL�QRO��$OWHUQDWLI�SHQJHPEDQJDQ�
)%:�\DQJ� ODLQ� \DNQL� WLSH� WDPEDW� GDQ� WHUSDQFDQJ� WHODK�
GLODNXNDQ� H[SHULPHQ� ROHK� VXMDQWRNR� GNN� ��������
WUDQVPLVL� GDQ� UHIOHNVL� JHORPEDQJ� GLSHQJDUXKL� ROHK�
NRQILJXUDVL��OHEDU�VWUXNWXU�)%:��GDQ�VXGXW�PRRULQJ�� 

3HQJXMLDQ� )%:� VHODLQ� VHFDUD� HNSHULPHQWDO�� SHULODNX�
)%:� MXJD� WHODK� GLWHOLWL� VHFDUD� QXPHULN�� %HEHUDSD�
SHQHOLWL� GLDQWDUDQ\D�� )XJX]]D� GDQ� 1DWDOH� �������
PHPEDQJXQ� PRGHO� OLQLHU� JDEXQJDQ�� \DNQL� SHUJHUDNDQ�
VWUXNWXU� GDQ� GLIUDNVL� JHORPEDQJ� XQWXN�PHQJJDPEDUNDQ�
)%:� WLSH� ER[� SDGD� JHORPEDQJ� UHJXOHU�� +DVLO� PRGHO�
QXPHULN� PHQXQMXNNDQ� NHVHVXDLDQ� GHQJDQ� XML� PRGHO�
ILVLN��6DQQDVLUDM�GNN��������PHQJXML�PRGHO�QXPHULN��-'�
XQWXN� PHQJHYDOXDVL� NRHILVLHQ� GDQ� JD\D� KLGURGLQDPLV�
SDGD� JHORPEDQJ� GDWDQJ� GDUL� EHUEDJDL� DUDK� SDGD� )%:�
WLSH� SRQWRQ�� +DVLOQ\D� GLGDSDWNDQ� EDKZD� PRGHO� �-'�
GDSDW� GLDSOLDVLNDQ� XQWXN� PHQJXML� PDVDODK� LQWHUDNVL�
JHORPEDQJ�GDQ�VWUXNWXU��5DKPDQ�GNN��������PHODNXNDQ�
YHULILNDVL�PRGHO�QXPHULN�GHQJDQ�HNSHULPHQ�XQWXN�)%:�
WLSH� UHFWDQJXODU�� +DVLOQ\D� PHUHSUHVHQWDVLNDQ� HOHYDVL�
PXND� DLU� GL� ORNDVL� \DQJ� EHUEHGD� SDGD� VLVL� RIIVKRUH� GDQ�
RQVKRUH�� GLVSODVHPHQ� GLQDPLV� SDGD� VWUXNWXU� WHUDSXQJ��
*D\D� \DQJ� WHUMDGL� SDGD� PRRULQJ� OLQH�� NRHILVLHQ�
KLGURGLQDPLV� VWUXNWXU� �WUDQVPLVL�� UHIOHNVL� GDQ� GLVLSDVL��
GLEDQGLQJNDQ� GHQJDQ� KDVLO� HNSHULPHQ�� *HVUDKD� �������
PHPEXNWLNDQ� VWXGL� QXPHULN� GDQ� HNSHULPHQ� SDGD� )%:�
UHFWDQJXODU� GHQJDQ� GXD� VLVL� YHUWLNDO� NH� EDZDK� �)%:�
WLSH-Ȇ�� GDQ� GDSDW� GLWXQMXNNDQ� SDGD� JHORPEDQJ�
PHQ\XGXW� WHUKDGDS� VWUXNWXU�� WUDQVPLVL� JHORPEDQJ�
WHUWLQJJL� WHUMDGL� MLND� GLEDQGLQJNDQ� GHQJDQ� )%:�
UHFWDQJXODU��.DMLDQ�EHEDQ�HNVWUHP�\DQJ�WHUMDGL�GL�ODXWDQ�
SDGD�)%:�MXJD�WHODK�GLWHOLWL�ROHK�&R[�GNN��������XQWXN�
PHQJXML� NLQHUMD� )%:� WLSH�ER[� SDGD� JHORPEDQJ� UHJXOHU�
GDQ� DFDN�� \DNQL� WUDQVPLVL�� UHIOHNVL� GDQ� GLVLSDVL�
JHORPEDQJ�� JHUDNDQ� GDQ� VWDELOLWDV� VWUXNWXU� DNLEDW� JD\D�
JHORPEDQJ�� 5XRO� GDQ� 0DUWLQHOOL� ������� PHQHOLWL�
SHUEHGDDQ� WLSH� PRRULQJ� OLQH� SDGD� )%:� WLSH-Ȇ�� \DNQL�
SHUEHGDDQ� WHJDQJDQ� GDQ� SLOH� SDGD� UDQWDL�� 2EVHUYDVL�
GLIRNXVNDQ� SDGD� WUDQVPLVL� JHORPEDQJ�� EHEDQ� PRRULQJ�
OLQH� GDQ� EHEDQ� NHMXW� SDGD� UDQWDL��0DUWLQHOOL� GNN� �������
PHQJXML� NLQHUMD� )%:� WLSH-Ȇ� SDGD� JHORPEDQJ� GDWDQJ�
GHQJDQ�EHUEDJDL�DUDK��6HPDNLQ�PHQLQJNDW� VXGXW�GDWDQJ�
JHORPEDQJ� DNDQ� PHQXUXQNDQ� WUDQVPLVL�� JD\D� PRRULQJ�
DNLEDW� EHEDQ� NHMXW�KHQWDNDQ� SDGD� UDQWDL� PHQXUXQ�� GDQ�
JD\D�LNDWDQ�DNDQ�VHGLNLW�PHQLQJNDW�� 

6HFDUD� XPXP� )%:� PHUHGXNVL� JHORPEDQJ� PHODOXL�
PHNDQLVPH�UHIOHNVL��PHQJKDQFXUNDQ�JHUDNDQ�SDUWLNHO�DLU�
GDQ� UHGDPDQ� YLVNRVLWDV�� .HWLND� JHORPEDQJ� PHQJHQDL�
VWUXNWXU�� HQHUJL� DNDQ� GLSDQWXONDQ�� GLKDPEXUNDQ� GDQ�

PHQ\HEDENDQ� JHUDNDQ� VWUXNWXU� WHUVHEXW�� *HUDNDQ�
VWUXNWXU� \DQJ� GLLQGXNVL� WHUVHEXW� DNDQ� PHQJKDVLONDQ�
JHORPEDQJ�GDQ�JHUDNDQQ\D�DNDQ�GLWHQWXNDQ�ROHK�VLVWHP�
PRRULQJ�� 0HQXUXW� 7VLQNHU� �������� DVSHN� IXQGDPHQWDO�
GDUL� GHVDLQ� )%:� DGD� HPSDW� MHQLV�� \DNQL� GD\D� DSXQJ�
GDQ� VWDELOLWDVQ\D�� NRHILVLHQ� WUDQVPLVL�� JD\D� PRRULQJ��
GDQ� GHVDLQ� VWUXNWXUDO� LWX� VHQGLUL�� 6HEDJDL� VWUXNWXU�
WHUDSXQJ�� )%:� PHPEXWXKNDQ� VLVWHP� PRRULQJ� XQWXN�
PHQMDJD�VWUXNWXU�DJDU�WHWDS�SDGD�SRVLVLQ\D��2OHK�NDUHQD�
LWX�� SHUKLWXQJDQ� \DQJ� DNXUDW� WHUKDGDS� JD\D� LQL� DGDODK�
DVSHN� SHQWLQJ� GDODP� SHUDQFDQJDQ�� %DKNDQ� IXQJVL� GDUL�
EUHDNZDWHU� DNDQ� WLGDN�EHNHUMD� DSDELOD� VLVWHP�PRRULQJ�
JDJDO� XQWXN� PHQMDJD� )%:� EHNHUMD� WHWDS� SDGD�
WHPSDWQ\D�� 6HODLQ� LWX�� NDUDNWHULVWLN� VLVWHP� PRRULQJ�
PHPLOLNL� GDPSDN� ODQJVXQJ� SDGD� NLQHUMD� WUDQVPLVL�
JHORPEDQJ� GDQ� GHVDLQ� VWUXNWXU� EUHDNZDWHU�� 3DGD�
SHQHOLWLDQ� LQL� DNDQ� GLWHOLWL� SHQJDUXK� WDOL�PRRULQJ�SDGD�
)%:� WLSH� JHUJDML� GDQ� SRQWRQ� GHQJDQ� H[SHULPHQ��
3HUPXNDDQ�)%:�VWXGL� LQL�GLUDQFDQJ�EHUEHQWXN�JHUJDML�
\DQJ� EHUIXQJVL� XQWXN� PHQJKDQFXUNDQ� JHORPEDQJ�
GDWDQJ� VHKLQJJD� GDSDW� PHUHGDP� HQHUJL� JHORPEDQJ�
VHFDUD� VLJQLILNDQ�� 3HQJXMLDQ� )%:� GLODNXNDQ� GHQJDQ�
VNHQDULR�� WLQJJL� JHORPEDQJ� �+V��� SHULRGH� JHORPEDQJ�
�7���NHGDODPDQ�DLU��G���GDQ�VXGXW�PRRULQJ��q�� 

���0HWRGRORJL 

����3HUVLDSDQ�SHUFREDDQ 

3HQHOLWLDQ�LQL�GLODNXNDQ�GDODP�ZDYH�IOXPH�GXD�GLPHQVL�
GL� /DERUDWRULXP� HQHUJL� GDQ� OLQJNXQJDQ� ODXW�� ,QVWLWXW�
7HNQRORJL� 6HSXOXK� 1RYHPEHU� 6XUDED\D�� :DYH� IOXPH�
PHPLOLNL� XNXUDQ� SDQMDQJ� ����P�� OHEDU� ���P� GDQ�
NHGDODPDQ� ���P� �*DPEDU� ���� 'DODP� SHQHOLWLDQ� LQL��
NHWLQJJLDQ�DLU�GLDWXU�XQWXN�PHQ\HVXDLNDQ�GHQJDQ�VNDOD�
PRGHO� \DQJ� GLSLOLK�� 3HPEDQJNLW� JHORPEDQJ� WLSH�
SOXQJHU� GLSDVDQJ� GL� VDODK� VDWX� XMXQJ� ZDYH� IOXPH��
EHUIXQJVL� PHPEDQJNLWNDQ� JHORPEDQJ� LUUHJXODU� DWDX�
UHJXODU� \DQJ� GLDWXU� ROHK� NRPSXWHU� NHQGDOL� XQWXN�
PHUHNDP� GDWD� GDUL� ZDYH� SUREH� GDQ� XQWXN� PHQJDWXU�
LQSXW�GDWD�WLQJJL�GDQ�SHULRGH�JHORPEDQJ�VHEHOXP�ZDYH�
JHQHUDWRU�PXODL�EHNHUMD��$JDU� WLGDN� WHUMDGL�JHORPEDQJ�
SDQWXO�� GL� XMXQJ� ZDYH� IOXPH� GLSDVDQJ� DVRUEHU� XQWXN�
PHQ\HUDS�HQHUJL�JHORPEDQJ�� 

3DGD� VDDW� HNVSHULPHQ� DODV� GDVDU� GLVHW� VHWLQJJL� ��� FP�
GHQJDQ� VORSH� ����� DJDU� NHWLQJJLDQ� DLU� VHVXDL� UHQFDQD�
SHQJXMLDQ� VHKLQJJD� JHORPEDQJ� WLGDN� SHFDK� NHWLND�
PHQJHQDL� DODV� WHUVHEXW�� %HUGDVDUNDQ� GLPHQVL� IDVLOLWDV�
ZDYH� IOXPH� GDQ� NRQGLVL� JHORPEDQJ� \DQJ� GLXML��
GLJXQDNDQ� VNDOD� ����� DJDU� WHUFDSDL� NHVDPDDQ� VHFDUD�

*DPEDU����:DYH�IOXPH 
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JHRPHWULN� GHQJDQ� SURWRWLSH�� +DVLO� SHQVNDODDQ� PRGHO�
VHFDUD�OHQJNDS�VHSHUWL�WHUOLKDW�SDGD�7DEHO��� 

0RGHO�)%:�WLSH�SRQWRQ�GDQ�JHUJDML�GDODP�SHQJXMLDQ�
LQL� VHSHUWL� GLWXQMXNNDQ� SDGD� *DPEDU� ��� GLEXDW� GDUL�
PDWHULDO� � SRO\ODFWLF� DFLG�� GHQJDQ� PHPSHUKDWLNDQ�
NHNXDWDQ�� SURVHV� SHPEXDWDQQ\D�� GDQ� NHWHUVHGLDDQ� GL�
SDVDUDQ�� 0RGHO� GLEXDW� GHQJDQ� VNDOD� \DQJ� WHODK�
GLWHWDSNDQ� VHEHOXPQ\D� GDQ� NDOLEUDVL� GLODNXNDQ� XQWXN�
PHQJHFHN� GLVWULEXVL�PDVVD� SDGD�PRGHO� WHUVHEXW�� -DUL-
MDUL� JLUDVL� GDQ� SXVDW�PDVVD� �FHQWUH� RI� JUDYLW\�� VWUXNXU�
GLJXQDNDQ� VHEDJDL�DFXDQ�XQWXN�PHQHQWXNDQ�GLVWULEXVL�
PDVVD�WHUVHEXW��6HODLQ�LWX�GD\D�DSXQJ��ERX\DQF\��\DQJ�
GLXNXU� GHQJDQ� XNXUDQ� GUDIW� �����P�� MXJD� GLWLQMDX�
XQWXN�PHQJHWDKXL�VHOXUXK�PDVVD�PRGHO��0RGHO�DNXUDW�
MLND� WHODK� WHUNDOLEUDVL�GHQJDQ�EDWDV� WROHUDQVL���SHUVHQ��
0DWHULDO� WDOL� PRRULQJ� GLJXQDNDQ� MHQLV� \DQJ� VDPD�
GHQJDQ� SURWRWLSH� \DLWX� SRO\HWK\OHQH�� -HQLV� WDOL� LQL�
PHPSXQ\DL�VLIDW�HODVWLV��NXDW�GDQ�OHELK�ULQJDQ�GDULSDGD�
UDQWDL� EDMD�� 7DOL� 0RRULQJ� SDGD� SHQJXMLDQ� LQL�
EHUGLDPHWHU� ���� PP� EHUGDVDUNDQ� VNDOD� PRGHO� GDQ�
NHWHUVHGLDDQ� MHQLV� WHUVHEXW� GL� SDVDUDQ� GHQJDQ�
VSHNVLILNDVL�EHUDW������NJ����P��EUHDNLQJ�VWUHQJWK�����
N1��9DQ�'HU�/HH�������� 

3HUDODWDQ�SHQJXMLDQ�ZDYH�SUREH� GLWHPSDWNDQ�PLQLPDO�
VDWX� NDOL� SDQMDQJ� JHORPEDQJ� GDUL� XMXQJ� VWUXNWXU� DJDU�
WLGDN� WHUSHQJDUXK� ROHK� JHORPEDQJ� UHIOHNVL� �*RGD��
������� 7HJDQJDQ� PRRULQJ� GLXNXU� GHQJDQ�
PHQJJXQDNDQ�ORDG�FHOO�\DQJ�GLOHQJNDSL�GHQJDQ�VWUDLQ�
JXDJH��$SDELOD� ORDG�FHOO�GLEHULNDQ� WDULNDQ�VHVXDL�DUDK�
NHUMD�� ORDG� FHOO� DNDQ� WHUMDGL� GHIRUPDVL� VHFDUD�
PLNURVNRSLV� SDGD� VWUDLQ� JDXJH�� 'HIRUPDVL� LQL�
PHQ\HEDENDQ� WHJDQJDQ� OLVWULN�\DQJ�EHUXEDK-XEDK�GDQ�
GDSDW� GLEDFD� GHQJDQ� PRGXO� HOHNWURQLN� +;�����
7HJDQJDQ� WDGL� DNDQ� GLWHULPD� ROHK� PLFURFRQWUROOHU�

$UGXLQR�812�GDQ�GLWHULPD�ROHK�3&�/DSWRS��*DPEDU�
���� 3HUDODWDQ� ORDG� FHOO� GLOHWDNDQ� GL� EDZDK� PHQ\DWX�
GHQJDQ�DQFKRU��*DPEDU����� 

����.DOLEUDVL�$ODW�8ML 

������.DOLEUDVL�ZDYH�SUREH 

.DOLEUDVL� GLNHUMDNDQ� GHQJDQ� PHQGDWD� OHWDN� WLWLN� QRO�
SDGD� ZDYH� SUREH� GL� EHEHUDSD� WLWLN� SDGD� NRQGLVL� DLU�
WHQDQJ�� /DQJNDK� SHUWDPD� NDOLEUDVL� DGDODK�
PHQHPSDWNDQ�XMXQJ�ZDYH�SUREH�NH�GDODP�ZDYH�IOXPH�
SDGD�NRQGLVL��DLU�WHQDQJ�KLQJJD�PHQ\HQWXK�SHUPXNDDQ�
DLU�� VHKLQJJD� SDGD� NRPSXWHU� NHQGDOL� DNDQ� PXQFXO�
DQJND� \DQJ� EHUXEDK-XEDK�� %HUGDVDUNDQ� DQJND� \DQJ�
EHUXEDK-XEDK� WHUVHEXW�� GLDPELO� UDWD-UDWD� DQJND� \DQJ�
VHULQJ� PXQFXO�� NHPXGLDQ� FDWDW� DQJND� WHUVHEXW� XQWXN�
PHZDNLOL� WLWLN� �� �XMXQJ� ZDYH� SUREH��� /DQJNDK�
VHODQMXWQ\D� \DLWX� XODQJL� VHSHUWL� ODQJNDK� SHUWDPD��
QDPXQ� SHQHPSDWDQ� ZDYH� SUREH� SDGD� EHEHUDSD�
NHGDODPDQ� GDUL� XMXQJ�ZDYH� SUREH� NH� SHUPXNDDQ� DLU��
$QJND�NDOLEUDVL�SDGD�ZDYH�SUREH�\DQJ�GLGDSDWNDQ�GDUL�
SHUFREDDQ�LQL�GLWXQMXNNDQ�SDGD�*DPEDU����3URVHV�LQL�
GLODNXNDQ�VHEHOXP�GDQ�VHVXGDK�H[SHULPHQ� 

������.DOLEUDVL�ORDG�FHOO 

(NVSHULPHQ�PRGHO�)%:�LQL�PHQJJXQDNDQ���EXDK�ORDG�
FHOO� XQWXN� PHQJXNXU� WHJDQJDQ� PRRULQJ�� /RDG� FHOO�

7DEHO����'LPHQVL�PRGHO�)%: 

'LPHQVL�)%: 3URWRWLSH 0RGHO 

3DQMDQJ��/��P� �� ���� 

/HEDU��%��P� � ���� 

7LQJJL��+��P� 
'UDIW��GI��P� 
)UHHERDUG��KI��P� 

� 
� 
� 

���� 
���� 
���� 

7DEHO����9DULDEHO�GDWD�OLQJNXQJDQ 

'LPHQVL 3URWRWLSH 0RGHO 

7LQJJL�JHORPEDQJ��+V�P� ������������� ���������������� 

3HULRGH�JHORPEDQJ��7�GHW� �������������� ������������� 

.HGDODPDQ�DLU��K��P� 
6XGXW�0RRULQJ��T��GHJ� 

���������������� 
���������� 

���������������� 
���������� 

*DPEDU����'HVDLQ�PRGHO�IORDWLQJ�EUHDNZDWHU�WLSH����������������
D��SRQWRRQ�GDQ�E��JHUJDML 

*DPEDU����5DQJNDLDQ�VLVWHP�SHQJXNXU�WHJDQJDQ�PRRULQJ 

*DPEDU����3RVLVL�ORDG�FHOO 

*DPEDU����5HJUHVL�OLQHDU�NDOLEUDVL�ZDYH�SUREH 
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PHPSXQ\DL� NHPDPSXDQ� EHEDQ� PDNVLPXP� �� NJ��
/DQJNDK� DZDO� SHUOX� GLODNXNDQ� GHQJDQ� PHQJXNXU� XODQJ�
EHEDQ� GDUL� WLPEDO� ���� JU�� ���JU�� ���JU�� GDQ� ����� JU��
PHQJJXQDNDQ� WLPEDQJDQ� HOHNWURQLN� GDQ� QHUDFD� RKDXV�
XQWXN� PHPDVWLNDQ� EHVDU� PDVVD� SDGD� WLDS� WLPEDO�� XQWXN�
PHQJHWDKXL� EHUDW� EHEDQ� ULLO� WHUVHEXW�� KDVLO� SHQJXNXUDQ�
WLPEDO�WHUVHEXW�\DQJ�DNDQ�GLMDGLNDQ�DFXDQ��7LPEDO�GLLNDW�
GDQ� GLJDQWXQJNDQ� SDGD� SRVLVL� EHEDV� WHUKXEXQJ� NH� ORDG�
FHOO� GDQ� KDVLOQ\D� DNDQ� WHUEDFD� SDGD� OD\DU�� 6HWLDS� ORDG�
FHOO��GLXML�VHEDQ\DN���NDOL�GDQ�UDWD-UDWD�KDVLO�XML�WHUVHEXW�
PHZDNLOL� KDVLO� NDOLEUDVLQ\D�� $QJND� NDOLEUDVL� SDGD� ORDG�
FHOO� \DQJ� GLGDSDWNDQ� GDUL� SHUFREDDQ� GLWXQMXNNDQ� SDGD�
*DPEDU� ��� EHUGDVDUNDQ� SHUVDPDDQ� UHJUHVL� OLQLHU� \DQJ�
GLSHUROHK�� EHVDU� EHEDQ� \DQJ� GLEDFD� ROHK� ORDG� FHOO�
GLPDVXNNDQ� NHGDODP� SHUVDPDDQ� WHUVHEXW� VHEDJDL� [��
VHKLQJJD�GLNHWDKXL�QLODL�\��EHEDQ�VHEHQDUQ\D��� 

������3HODNVDQDDQ�SHQJXMLDQ 

7DKDSDQ� SHODNVDQDDQ� SHQJXMLDQ� PRGHO� )%:� GLODNXNDQ�
VHVXDL� GHQJDQ� UHQFDQD� \DQJ� WHODK� GLEXDW�� SHQJXMLDQ�
GLODNXNDQ�VDWX�NDOL�XQWXN�VHWLDS�MHQLV�YDULDVL�GDODP�VDWX�
NDOL�UXQQLQJ�VHODPD�����GHWLN��0RGHO�)%:�GLXML�GHQJDQ�
YDULDVL�VXGXW�PRRULQJ������-�������NHGDODPDQ�DLU�����-����
FP��� WLQJJL� JHORPEDQJ� ��� –� �� FP�� GDQ� SHULRGH�
JHORPEDQJ������-������GHW��VHSHUWL�GLQ\DWDNDQ�SDGD�7DEHO�
�� GLDWDV�� 3HQJXMLDQ� LQL� EHUWXMXDQ� XQWXN� PHQJHWDKXL�
HIHNWLYLWDV� )%:� SDGD� VHWLDS� WLSH� SDGD� EHUEDJDL� GDWD�
OLQJNXQJDQ� GLDWDV� WHUKDGDS� EHVDUQ\D� WHJDQJDQ�PRRULQJ��
VHKLQJJD� GDSDW� GLNHWDKXL� YDULDVL� \DQJ� PHPEHULNDQ�
WHJDQJDQ� WHUNHFLO� DNLEDWQ\D� MHQLV� WDOL� PRRULQJ� \DQJ�

GLSHUOXNDQ� DNDQ� VHPDNLQ� HIHNWLI� GDQ� HILVLHQ�� -HQLV�
JHORPEDQJ� \DQJ� GLJXQDNDQ� DGDODK� LUUHJXODU� GHQJDQ�
VSHNWUXP� -216:$3� GDQ� PHQJJXQDNDQ� NRQILJXUDVL�
)%:�VDWX� ODSLV��0RGHO�)%:�GLVXVXQ�GDQ�GLWHPSDWNDQ�
GDODP�ZDYH�IOXPH�VHSHUWL�GLWXQMXNNDQ�SDGD�*DPEDU��� 

���+DVLO�(NSHULPHQ 

����$QDOLVD�GLPHQVL 

$QDOLVD�GLPHQVL�GLJXQDNDQ�DFXDQ�XQWXN�PHQ\HGHUKDQNDQ�
GDODP�SURVHV�DQDOLVLV�GDWD�GDUL�KDVLO� HNVSHULPHQ��+DVLO�
GDUL� DQDOLVD� GLPHQVL� DGDODK� ELODQJDQ� WDN� EHUGLPHQVL�
\DQJ� GLJXQDNDQ� VHEDJDL� DFXDQ� GDODP� PHQDPSLONDQ�
KDVLO� HNVSHULPHQ�� $QDOLVLV� WHJDQJDQ� PRRULQJ� )%:�
GLSHQJDUXKL�ROHK�EHEHUDSD�YDULDEHO��\DLWX� 

 

'LPDQD�� 7P� WHJDQJDQ� WDOL� PRRULQJ� �1��� +V� WLQJJL�
JHORPEDQJ� VLJQLILNDQ� �P���7� SHULRGH�JHORPEDQJ� �GHW���
GI�GUDIW��P���K�NHGDODPDQ�DLU��P��GDQ�T�VXGXW�PRRULQJ���
$QDOLVLV� GLPHQVL� XQWXN�SHQJXMLDQ�PRGHO� LQL� GLJXQDNDQ�
DGDODK� PHWRGH� PDWUL[�� � 3DGD� PHWRGH� LQL� SHPLOLKDQ�
YDULDEHO� \DQJ� PHZDNLOL� WLDS� GLPHQVL� VHEDJDL� YDULDEHO�
LQGHSHQGHQ�� \DNQL� GLPHQVL� SDQMDQJ� >/@� GLZDNLOL� ROHK�
+V�� GLPHQVL� ZDNWX� >7@� GLZDNLOL� ROHK� 7� SHULRGH�
JHORPEDQJ��GDQ�>0@�GLZDNLOL�ROHK�ȡ��6HKLQJJD�7P��7��GI��
G�VHEDJDL�YDULDEHO�GHSHQGHQ�SDGD�ɩ���ɩ���ɩ���GDQ�ɩ��GDQ�
GLSHUROHK�ELODQJDQ�WDN�EHUGLPHQVL�� 

*DPEDU����5HJUHVL�OLQHDU�NDOLEUDVL�ORDG�FHOO *DPEDU����/D\RXW�SHQJXMLDQ�)%:�GDODP�ZDYH�IOXPH 

𝑇𝑚 =  ∅ ൣ𝐻𝑠 ,𝑇,𝑑𝑓 , ℎ,𝜃,𝜌,𝑔൧ ��� 

*DPEDU����7HJDQJDQ�WDOL�SDGD�PRGHO�)%:�WLSH�JHUJDML���G ���FP��T ��� 
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����      
  

6HODQMXWQ\D� GLODNXNDQ� VLVWHP� FRPSRXQGLQJ� SDGD�
ELODQJDQ� WDN� EHUGLPHQVL�� VHKLQJJD� PHQJKDVLONDQ�
SHUVDPDDQ� WDN� EHUGLPHQVL� EDUX� VHSHUWL� EHULNXW� \DQJ�
PHQMDGL�SDUDPHWHU�\DQJ�GLXML�GDODP�SHQHOLWLDQ�LQL��\DNQL� 

  

����$QDOLVLV�KDVLO�SHQJXMLDQ 

%HUGDVDUNDQ� SHQJXMLDQ� PRGHO� )%:� WLSH� JHUJDML�
GLGDSDWNDQ�QLODL�WHJDQJDQ�\DQJ�GLFDWDW�WLDS�GDWD�VHODPD�
���� GHWLN��'DWD� \DQJ� GLKDVLONDQ� EHUXSD� GDWD� WHJDQJDQ�
\DQJ� WHODK� GLNRQYHUVL� NH� GDODP� VDWXDQ� NLORJUDP� �NJ��
GHQJDQ� VRIWZDUH� (OFGKRRP� /&� 0RQLWRU� \DQJ� GLEXDW�
GHQJDQ� RSHQ� VRXUFH� 9LVXDO� 6WXGLR� ������ $GD� HPSDW�
ORDG� FHOO� \DQJ� GLJXQDNDQ� VHKLQJJD� WHUGDSDW� HPSDW�
NRORP�GDWD�WHJDQJDQ�PRRULQJ�VHFDUD�EHUVDPDDQ�XQWXN�
ZDNWX� SHUHNDPDQ� GDWD� VHWLDS� ���� GHWLN�� &RQWRK�
UHNDPDQ� GDWD� WHJDQJDQ� PRRULQJ� WHUOLKDW� SDGD� GDODP�
*DPEDU��� 

%HUGDVDUNDQ� GDWD� KDVLO� SHQJXMLDQ� PRGHO� ILVLN� )%:�
WHUHNDP�GDWD�WHJDQJDQ�PRRULQJ��GDWD�WHUVHEXW�GLVDMLNDQ�
GHQJDQ� JUDILN� \DQJ� GLEDJL� EHUGDVDUNDQ� EHEHUDSD�
NULWHULD��\DLWX�SHQJDUXK�NHGDODPDQ�DLU��SHQJDUXK�VXGXW�
PRRULQJ�� GDQ� MXJD� SHUEDQGLQJDQ� PRGHO� )%:� WLSH�
JHUJDML� GDQ� SRQWRQ�� 'DWD� \DQJ� WHUFDWDW� SDGD� JUDILN�
DGDODK� UDWD-UDWD� GDUL� WHJDQJDQ� PRRULQJ� PDNVLPXP�
SDGD� ORDG�FHOO���GDQ���\DQJ�EHUDGD�SDGD�SRVLVL�GHSDQ�
VWUXNWXU� �RIIVKRUH��� NDUHQD� WDOL� PRRULQJ� LQL� DNDQ�
PHQHULPD�JD\D�JHORPEDQJ�\DQJ�SDOLQJ�EHVDU� 

����� 3HUEDQGLQJDQ� WHJDQJDQ�PRRULQJ� HNVSHULPHQ�
 GHQJDQ�WHRULWLV� 

3HUKLWXQJDQ� VHFDUD� WHRULWLV� GLODNXNDQ� XQWXN� PHOLKDW�
DSDNDK� KDVLO� GDUL� SHQJXMLDQ� \DQJ� GLODNXNDQ� VXGDK�
WHSDW���3HUKLWXQJDQ��LQL�GLODNXNDQ�VHEDJDL�SHUEDQGLQJDQ�
KDVLO� HNVSHULPHQ� \DQJ� WHODK� GLODNXNDQ�� 3HQJHFHNDQ�
WHURULWLV�GLODNXNDQ�SDGD�WLSH�SRQWRQ��0HQXUXW�)DOWLQVHQ�
�������GLSHUOXNDQ�NRPSRQHQ�KRUL]RQWDO�GDUL� WHJDQJDQ�
PRRULQJ� XQWXN� PHQJHWDKXL� WHJDQJDQ� WRWDOQ\D�� 3DGD�
SHQHOLWLDQ� LQL�� GLDVXPVLNDQ� EDKZD� NRPSRQHQ�
KRUL]RQWDO� EHUXSD� JD\D� JHORPEDQJ�� *D\D� JHORPEDQJ�
VHEDJDL� NRPSRQHQ� KRUL]RQWDO� GDODP� SHUKLWXQJDQ�
WHJDQJDQ� PRRULQJ� GLJXQDNDQ� SHUVDPDDQ� 0RULVRQ��
\DNQL� WRWDO� JD\D� JHORPEDQJ� VHEDJDL� MXPODK� GDUL� GXD�

JD\D� \DNQL� JD\D� GUDJ� GDQ� JD\D� LQHUVLD� �'HDQ� GDQ�
'DOU\PSOH�� ������� %HUGDVDUNDQ� VWDQGDU� GHVDLQ�
SHODEXKDQ� 2&',� �������� EHVDU� NRHILVLHQ� GUDJ� GDQ�
NRHILVLHQ� LQHUVLD� DGDODK� �� GDQ� ������ 3DGD� VWXGL� LQL�
SHUEDQGLQJDQ� WHRULWLV� VHEDJDL� FRQWRK� VWXGL� KDQ\D�
GLODNXNDQ� SDGD� )%:� WLSH� SRQWRQ� GHQJDQ� VXGXW�
PRRULQJ� ���� GDQ� KDVLOQ\D� GLWDPSLONDQ� SDGD�*DPEDU�
��� %HUGDVDUNDQ� JDPEDU� WHUVHEXW� WHUOLKDW� HNVSHULPHQ�
SDGD� NHGDODPDQ� DLU� ��� FP� EHUVHVXDLDQ� GHQJDQ�
SHUKLWXQJDQ� WHRULWLV� )DOWLQVHQ� ������� GHQJDQ�PRRULQJ�
MHQLV� FDWHQDU\�� NDUHQD� SDGD� NHGDODPDQ� DLU� WHUVHEXW�
WHJDQJDQ� PRRULQJ� OHELK� ORRVH� GLEDQGLQJNDQ� VDDW�
NRQGLVL� PRRULQJ� VLVWHP� WDXW�� � 3DGD� PRRULQJ� NRQGLVL�
WDXW��G ����FP�GDQ����FP��SHUOX�GLODNXNDQ�SHPRGHODQ�
QXPHULN�� VHKLQJJD� OHELK� PHQJJDPEDUNDQ� IHQHPRQD�
\DQJ�WHUMDGL�� 

������3HQJDUXK�NHGDODPDQ�DLU 

'DWD�\DQJ�WHODK�WHUHNDP�GDUL�KDVLO�XML�PRGHO�ILVLN�\DQJ�
GLODNXNDQ� GHQJDQ� EHEHUDSD� YDULDVL� NHGDODPDQ� DLU���
PHQJKDVLONDQ� QLODL� WHJDQJDQ� PRRULQJ� \DQJ� FXNXS�

*DPEDU�����7HJDQJDQ�PRRULQJ�)%:�GHQJDQ�YDULDVL�
NHGDODPDQ�DLU�SDGD�T ��� 

*DPEDU�����7HJDQJDQ�PRRULQJ�)%:�GHQJDQ�YDULDVL�
NHGDODPDQ�DLU�SDGD�T ��� 

*DPEDU�����7HJDQJDQ�PRRULQJ�)%:�GHQJDQ�YDULDVL�
NHGDODPDQ�DLU�SDGD�T ��� 
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*DPEDU�����3HUEDQGLQJDQ�PRGHO�)%:�H[SHULPHQ�GDQ�
WHRULWLV�SDGD�NHGDODPDQ�DLU���G ���FP 
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EHUYDULDVL�� 3HQJXMLDQ� LQL� VHEDJDL� VLPXODVL� SDVDQJ� GDQ�
VXUXW�DLU� ODXW��6DDW�SHQJXMLDQ�SDQMDQJ� WDOL�PRRULQJ�\DQJ�
GLJXQDNDQ� WHWDS� PHQJLNXWL� SDQMDQJ� WDOL� VDDW� NRQGLVL�
SDVDQJ� �G ��� FP��� 3DQMDQJ� WDOL� KDQ\D� EHUXEDK� NHWLND�
WHUMDGL�SHUXEDKDQ�VXGXW�PRRULQJ� VDMD��3DQMDQJ� WDOL� \DQJ�
WLGDN� GLUXEDK� PHQJLNXWL� YDULDVL� NHGDODPDQ� LQL�
PHQ\HEDENDQ� NHWHJDQJDQ� WDOL� LNXW� EHUXEDK�
PHQ\HVXDLNDQ� NHGDODPDQ� DLU� \DQJ� GLJXQDNDQ�� � 'DSDW�
GLNDWDNDQ�� NHGDODPDQ�DLU����PHUXSDNDQ�NRQGLVL�GLPDQD�
WHUMDGL�WDOL�PRRULQJ�VLVWHP�WDXW��GDQ�NHGDODPDQ�DLU����FP�
PHUXSDNDQ�NRQGLVL�GLPDQD�PRRULQJ�SDOLQJ�ORRVH��*UDILN�
SHUEDQGLQJDQ� KXEXQJDQ� WHJDQJDQ� PRRULQJ� GDQ� ZDYH�
VWHHSQHVV� �+V�J7

��� � WHUKDGDS� YDULDVL� NHGDODPDQ� DLU� GDUL�
)%:�WLSH�JHUJDML�GLWXQMXNNDQ�SDGD�*DPEDU���-��� 

.RQGLVL�SHUEHGDDQ�NHWHJDQJDQ�WDOL�LQL�PHPEXDW�WHJDQJDQ�
\DQJ�GLDODPL�MXJD�EHUEHGD��.RQGLVL�WDOL�PRRULQJ�\DQJ�OHELK�
NDNX�DNDQ�PHPEHULNDQ�UHVSRQ�WHJDQJDQ�\DQJ�OHELK�EHVDU�
NDUHQD� JHUDNDQ� )%:� OHELK� WHUEDWDV� VHKLQJJD� JD\D�
JHORPEDQJ� \DQJ� PHQJKDQWDP� VWUXNWXU� VHSHQXKQ\D�
GLWDKDQ� ROHK� WDOL� PRRULQJ�� 6HGDQJNDQ� SDGD� NRQGLVL�
PRRULQJ�\DQJ� OHELK� ORRVH� �VXUXW���JD\D�JHORPEDQJ�DNDQ�
WHUOHELK� GDKXOX� PHPEXDW� )%:� EHUJHUDN� VHEHOXP�
DNKLUQ\D� WHUWDKDQ� ROHK� WDOL� PRRULQJ�� .RQGLVL� WHUVHEXW�
MXJD� GLGXNXQJ� ROHK� KDVLO� SHQJXMLDQ� GLPDQD� NHGDODPDQ�
DLU����FP�PHPLOLNL� WHJDQJDQ�\DQJ� OHELK� WLQJJL�GDULSDGD�
NHGDODPDQ�DLU����FP�GDQ����FP�� 

3DGD� SHQJXMLDQ� )%:� WLSH� JHUJDML� GLGDSDWNDQ� WHJDQJDQ�
PRRULQJ�WHUEHVDU�WHUMDGL�SDGD�NHGDODPDQ�DLU����FP�SDGD�
VXGXW� PRRULQJ� ����� ����� GDQ� ���� VHFDUD� EHUWXUXW� WXUXW�
DGDODK� ����� 1�� ����� 1�� GDQ� ����� 1�� %HUGDVDUNDQ�
SHUEDQGLQJDQ� NHWLJD� JUDILN� WHUVHEXW�� GLGDSDWNDQ� EDKZD�
SDGD�NHGDODPDQ�DLU����FP�PHPLOLNL�QLODL�WHJDQJDQ�OHELK�
NHFLO�GDULSDGD�QLODL� WHJDQJDQ�SDGD�NHGDODPDQ�DLU����FP�
SDGD� VXGXW� PRRULQJ� ����� ����� GDQ� ���� DGDODK� VHEHVDU�
�������� �������� GDQ� �������� 6HGDQJNDQ�� SDGD�
NHGDODPDQ�DLU����FP�MXJD�PHPLOLNL�QLODL� WHJDQJDQ�OHELK�
NHFLO�GDULSDGD�QLODL� WHJDQJDQ�SDGD�NHGDODPDQ�DLU����FP�
SDGD� VXGXW� PRRULQJ� ����� ����� GDQ� ���� VHFDUD� EHUWXUXW�
WXUXW� DGDODK� �������� �������� GDQ� �������� VHKLQJJD�
EHUGDVDUNDQ� NHWLJD� JUDILN� WHUVHEXW� GDSDW� GLVLPSXONDQ�
EDKZD�QLODL�WHJDQJDQ�PRRULQJ�GDQ�ZDYH�VWHHSQHVV�VDOLQJ�
EHUEDQGLQJ� OXUXV�� 6HODLQ� LWX�� NHGDODPDQ� DLU� MXJD� VDOLQJ�
EHUEDQGLQJ� OXUXV� WHUKDGDS� QLODL� WHJDQJDQ� PRRULQJ��
VHPDNLQ� EHVDU� NHGDODPDQ� DLU�� VHPDNLQ� EHVDU� MXJD� QLODL�
WHJDQJDQ�PRRULQJ�\DQJ�WHUMDGL��$UWLQ\D�SDGD�NRQGLVL�ODXW�
VHEHQDUQ\D�� VDDW� SDVDQJ� PDND� WHJDQJDQ� PRRULQJ� DNDQ�
PHQJDODPL� WHJDQJDQ� WHUEHVDU�� 6HEDOLNQ\D� SDGD� NRQGLVL�
VXUXW�� )%:� DNDQ� PHQJDODPL� WHJDQJDQ� PRRULQJ� \DQJ�
OHELK� NHFLO�� 1DPXQ� NRQGLVL� SDVDQJ� VXUXW� LQL� MXJD� DNDQ�
PHPSHQJDUXKL�SRVLVL�)%:�VHFDUD�KRUL]RQWDO��PDND�SHUOX�
DQDOLVD� OHELK� ODQMXW� GHQJDQ� PRGHO� QXPHULN� DWDX�
H[SHULPHQ� XQWXN� PHQJHWDKXL� EHVDU� SHUSLQGDKDQ� SRVLVL�
)%:� VHFDUD� KRUL]RQWDO�� 6HKLQJJD� DQDOLVD� WHJDQJDQ�
PRRULQJ� GDSDW� VHFDUD� PHQ\HOXUXK� GLODNXNDQ� EDLN�
SHUSLQGDKDQ�YHUWLNDO�GDQ�KRUL]RQWDO� 

������3HQJDUXK�VXGXW�PRRULQJ 

6HODLQ�SHQJDUXK�NHGDODPDQ�DLU��SDGD�XML�PRGHO� ILVLN� LQL�
MXJD� GLODNXNDQ� YDULDVL� VXGXW� PRRULQJ�� *UDILN�
SHUEDQGLQJDQ� KXEXQJDQ� QLODL� WHJDQJDQ� PRRULQJ� GDQ�
SDUDPHWHU� WDN� EHUGLPHQVL�� ZDYH� VWHHSQHVV� WHUKDGDS�
YDULDVL�VXGXW�PRRULQJ�GDUL�)%:�WLSH�JHUJDML�GLWXQMXNNDQ�

SDGD� *DPEDU� ��-���� %HUGDVDUNDQ� NHWLJD� JUDILN�
WHUVHEXW�GDSDW�GLNHWDKXL�EDKZD�QLODL� WHJDQJDQ�PRRULQJ�
WHUEHVDU� WHUMDGL� SDGD� VXGXW� PRRULQJ� ���� SDGD� VHPXD�
YDULDVL�NHGDODPDQ�DLU��3DGD�VXGXW�PRRULQJ�����PHPLOLNL�
QLODL� WHJDQJDQ� OHELK�NHFLO�GDULSDGD�QLODL� WHJDQJDQ�SDGD�
VXGXW� PRRULQJ� ���� VHEHVDU� �������� �������� GDQ�
�������SDGD�NHGDODPDQ�DLU����FP�����FP��GDQ����FP��
3DGD� VXGXW�PRRULQJ� ���� MXJD� PHPLOLNL� QLODL� WHJDQJDQ�
OHELK�NHFLO�GDULSDGD�QLODL� WHJDQJDQ�SDGD�VXGXW�PRRULQJ�
����SDGD�NHGDODPDQ�DLU����FP�����FP��GDQ����FP�DGDODK�
�������� �������� GDQ� ������� VHFDUD� EHUWXUXW� WXUXW��
6HKLQJJD�� GDSDW� GLVLPSXONDQ� EDKZD� EHVDU� VXGXW�
PRRULQJ� VDOLQJ� EHUEDQGLQJ� WHUEDOLN� WHUKDGDS� QLODL�
WHJDQJDQ� PRRULQJ�� DUWLQ\D� VHPDNLQ� EHVDU� VXGXW�
PRRULQJ�� PDND� VHPDNLQ� NHFLO� QLODL� WHJDQJDQ�PRRULQJ�
\DQJ�WHUMDGL� 

+DO� SHQHOLWLDQ� LQL� VHMDODQ� GHQJDQ� HNVSHULPHQ� \DQJ�
GLODNXNDQ� ROHK� :HL� GNN� ������� SDGD� EHUEDJDL� VXGXW�
PXODL� GDUL� VXGXW� ��ၨ�� ��ၨ�� ��ၨ�� GDQ� KLQJJD� VXGXW� ��ၨ��
'DUL� SHQJXMLDQ� WHUVHEXW� GLNHWDKXL� EDKZD� WHUMDGL�
SHQLQJNDWDQ� WHJDQJDQ� PRRULQJ� NHWLND� VXGXW� PRRULQJ�

*DPEDU�����+XEXQJDQ�WHJDQJDQ�PRRULQJ�)%:�GHQJDQ�
SDUDPHWHU�JHORPEDQJ�SDGD�G ����FP 

*DPEDU�����+XEXQJDQ�WHJDQJDQ�PRRULQJ�)%:�GHQJDQ�
SDUDPHWHU�JHORPEDQJ�SDGD�G ����FP 

*DPEDU�����+XEXQJDQ�WHJDQJDQ�PRRULQJ�)%:�GHQJDQ�
SDUDPHWHU�JHORPEDQJ�SDGD�G ����FP 
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EHUNXUDQJ� GDUL� ��ၨ� KLQJJD� �ၨ� NKXVXVQ\D� SDGD� VDDW�
VXGXW�PRRULQJ� GLEDZDK� ��ၨ��0HQXUXW� 7VLQNHU� �������
PHVNLSXQ�VXGXW���ၨ�PHQJKDVLONDQ�KDVLO�WHUEDLN�GHQJDQ�
QLODL� WHJDQJDQ� PRRULQJ� SDOLQJ� NHFLO�� QDPXP� SHUOX�
GLOLKDW� ODJL� GDUL� DVSHN� SHQWLQJ� ODLQQ\D� \DLWX� GDUL� VHJL�
VWDELOLWDV�� NHPDPSXDQ� )%:� PHUHGDP� JHORPEDQJ��
EDKNDQ� KLQJJD� DVSHN� HNRQRPL�� 6XGXW� ��ၨ� PXQJNLQ�
GDSDW� PHPEHULNDQ� QLODL� WHJDQJDQ� PRRULQJ� WHUHQGDK��
QDPXQ� GLVLVL� ODLQ� MXJD�PHQJKDVLONDQ� JHUDNDQ� VWUXNWXU�
\DQJ�NXUDQJ�VWDELO��+DO�LQL�VHVXDL�GHQJDQ�NDMLDQ���:HL�
GNN�� �������� GLPDQD� JHUDNDQ� VZD\�� KHDYH�� GDQ� UROO�
FHQGHUXQJ� WLQJJL� NHWLND� VXGXW� PRRULQJ� EHVDU�
GLJXQDNDQ�� WHUXWDPD� NHWLND� VXGXWQ\D� PHQFDSDL� ��ၨ��
%HUGDVDUNDQ� XML� PRGHO� LQL� GDSDW� GLUDQJNXP� EDKZD�
ZDODXSXQ�VXGXW�PRRULQJ�\DQJ�NHFLO�GDSDW�PHQJRQWURO�
JHUDNDQ� VWUXNWXU� GHQJDQ� OHELK� EDLN�� QDPXQ� WHJDQJDQ�
PRRULQJ� \DQJ� GLKDVLONDQ� EHVDU�� 6HODLQ� LWX�� GDUL� VHJL�
SHUHGDPDQ� JHORPEDQJ� SHUOX� GLNDML� ODJL� NDUHQD�
EDJDLPDQDSXQ� WXMXDQ� XWDPD� )%:� DGDODK� XQWXN�
PHUHGDP� JHORPEDQJ� GDQ� PHOLQGXQJL� GDHUDK� GL�
EHODNDQJQ\D�GDUL�VHUDQJDQ�JHORPEDQJ�� 

������3HUEDQGLQJDQ�WLSH�)%: 

+DVLO�XML�PRGHO�ILVLN�)%:�GLODNXNDQ�SDGD�WLSH�JHUJDML�
GDQ�SRQWRQ�VHEDJDLPDQD�GLWXQMXNNDQ�SDGD�*DPEDU���
-����3DGD�NHGXD�WLSH�)%:�WHUVHEXW�WHUGDSDW�SHUEHGDDQ�
WHJDQJDQ� SDGD� VHWLDS� VNHQDULR� SHQJXMLDQ�� +DVLO�
OHQJNDS�SHUEDQGLQJDQ�GLWDPSLONDQ�GDODP�7DEHO���� 

+DVLO� LQL� PHQXQMXNNDQ� QLODL� WHJDQJDQ� PRRULQJ� )%:�
WLSH�JHUJDML�SDGD�NHGDODPDQ�DLU����FP�����FP��GDQ����
FP��PHPLOLNL� WHJDQJDQ�WHUNHFLO� WHUKDGDS�WLSH�SRQWRRQ��
\DNQL� SDGD� NRQGLVL� VXGXW� PRRULQJ� ����� GHQJDQ�
SHUVHQWDVH�EHUWXUXW�WXUXW�VHEHVDU�����������������GDQ�
��������6HGDQJNDQ�� SDGD� VXGXW�PRRULQJ����� GDQ� ����
GL� VHWLDS� NHGDODPDQ� DLU�� PHPLOLNL� SHUVHQWDVH� \DQJ�
EHUEHGD-EHGD�� 3DGD� NHGDODPDQ� DLU� ��� FP�GDQ� ��� FP��
SHUVHQWDVH� SHUEHGDDQ� WHJDQJDQ� PRRULQJ� WHUEHVDU�
WHUMDGL� SDGD� VXGXW� PRRULQJ� ����� VHGDQJNDQ� SDGD�
NHGDODPDQ� DLU� ��� FP�� SHUVHQWDVH� SHUEHGDDQ� WHJDQJDQ�
PRRULQJ�WHUEHVDU�WHUMDGL�SDGD�VXGXW�PRRULQJ����� 

)%:�WLSH�JHUJDML�SDGD�VHWLDS�VNHQDULR�SHQJXMLDQ�VHODOX�
PHPLOLNL� QLODL� WHJDQJDQ� PRRULQJ� \DQJ� OHELK� EHVDU�
GDULSDGD� WLSH� SRQWRRQ� NDUHQD� OXDV� SHUPXNDDQ� ELGDQJ�
WLSH�JHUJDML� OHELK�OXDV�GDULSDGD�WLSH�SRQWRRQ��+DVLO� LQL�
EHUVHVXDLDQ� GHQJDQ� SHQHOLWLDQ� 'HDQ� GDQ� 'DOU\PSOH�

�������GLPDQD� OXDV�SHUPXNDDQ�ELGDQJ�VWUXNWXU� VDQJDW�
EHUSHQJDUXK� WHUKDGDS� JD\D� GUDJ� \DQJ� WHUMDGL� GDQ�
EHUEDQGLQJ�OXUXV�WHUKDGDS�EHVDUQ\D�WHJDQJDQ�PRRULQJ��
%KDW��������MXJD�PHQ\DWDNDQ�EDKZD��������GDUL�WRWDO�
VNHQDULR�SHQJXMLDQ��PRGHO�EHQWXN� UHFWDQJXODU�GHQJDQ�
OXDV�SHUPXNDDQ�WHUFHOXS��������P��PHPLOLNL�WHJDQJDQ�
OHELK� EHVDU� GDULSDGD� EHQWXN� FLUFXODU� GHQJDQ� OXDV�
SHUPXNDDQ�WHUFHOXS��������P�� 

7DEHO��� 3HUVHQWDVH�SHUEHGDDQ�WHJDQJDQ�PRRULQJ�)%:�
 WLSH�JHUJDML�GDQ�SRQWRQ 

1R .HGDODPDQ�
DLU��FP� 

6XGXW�PRRULQJ�
�GHJ� 

3HUEHGDDQ�WHJDQJDQ�
WLSH�JHUJDML�WKG������
SRQWRQ���� 
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*DPEDU�����3HUEDQGLQJDQ�WHJDQJDQ�PRRULQJ�)%:�WLSH�
JHUJDML�WHUKDGDS�SRQWRQ��G ��FP��T ��R 

*DPEDU�����3HUEDQGLQJDQ�WHJDQJDQ�PRRULQJ�)%:�WLSH�
JHUJDML�WHUKDGDS�SRQWRQ��G ��FP��T ��R 
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0HVNLSXQ� NHVHOXUXKDQ� KDVLO� SHQJXMLDQ� ILVLN� )%:�
PHPLOLNL� WHJDQJDQ�PRRULQJ� \DQJ� OHELK� EHVDU� SDGD� WLSH�
JHUJDML�� QDPXQ� UHGDPDQ� JHORPEDQJ� \DQJ� WHUMDGL� MXJD�
EHVDU�� DUWLQ\D� JHORPEDQJ� WUDQVPLVL� VHPDNLQ� NHFLO�
GLEDQGLQJNDQ� GHQJDQ� EHQWXN� SRQWRQ�� +DO� LQL�� ELVD�
PHQMDGL�VXDWX�SHUWLPEDQJDQ�GDODP�GHVDLQ�GDQ�SHPLOLKDQ�

SURSHUWLHV� GDODP� SHPEXDWDQ� )%:� VHVXDL� NHEXWXKDQ�
\DQJ�GLLQJLQNDQ� 

���.HVLPSXODQ 

3DGD� ULVHW� LQL� WHODK� EHUKDVLO� GLUDQFDQJ� )%:� EHQWXN�
JHUJDML�XQWXN�GLODNXNDQ�H[SHULPHQWDO�XQWXN�PHQJHWDKXL��
WHJDQJDQ�PRRULQJ� SDGD� VWUXNWXU� WHUVHEXW�� %HUGDVDUNDQ�
KDVLO� SHNSHULPHQ� PRGHO� ILVLN� )%:� WLSH� JHUJDML� GDQ�
SRQWRQ�GL�ZDYH�IOXPH�XQWXN�PHQJXML�WHJDQJDQ�PRRULQJ�
SDGD�EHUEDJDL�YDULDVL�NHGDODPDQ�DLU�GDQ�VXGXW�PRRULQJ�
GDSDW�GLVLPSXONDQ�VHEDJDL�EHULNXW�� 

�� 6HPDNLQ� WLQJJL� NHGDODPDQ� DLU�PDND� VHPDNLQ� EHVDU�
WHJDQJDQ� PRRULQJ� \DQJ� WHUMDGL�� +DO� LQL� WHUMDGL�
NDUHQD� SHUEHGDDQ� NHWHJDQJDQ� WDOL� LQL� PHPEXDW�
WHJDQJDQ� \DQJ� GLDODPL� MXJD� EHUEHGD�� .RQGLVL� WDOL�
PRRULQJ� \DQJ� OHELK� NDNX� DNDQ�PHPEHULNDQ� UHVSRQ�
WHJDQJDQ�\DQJ�OHELK�EHVDU�NDUHQD�JHUDNDQ�)%:�OHELK�
WHUEDWDV� VHKLQJJD� JD\D� JHORPEDQJ� \DQJ�PHQJKDQWDP�
VWUXNWXU� VHSHQXKQ\D� GLWDKDQ� ROHK� WDOL� PRRULQJ��
6HGDQJNDQ� SDGD� NRQGLVL�PRRULQJ� \DQJ� OHELK� ORRVH�
�VXUXW��� JD\D� JHORPEDQJ� DNDQ� WHUOHELK� GDKXOX�
PHPEXDW�)%:�EHUJHUDN�VHEHOXP�DNKLUQ\D� WHUWDKDQ�
ROHK� WDOL�PRRULQJ�� .RQGLVL� WHUVHEXW� MXJD� GLGXNXQJ�
ROHK� KDVLO� SHQJXMLDQ� GLPDQD� NHGDODPDQ� DLU� ��� FP�
PHPLOLNL� WHJDQJDQ� PRRULQJ� ����-����1�� \DQJ� OHELK�
WLQJJL�GDULSDGD�NHGDODPDQ�DLU����FP�GDQ����FP� 

�� 6HPDNLQ� EHVDU� VXGXW�PRRULQJ�PDND� VHPDNLQ� NHFLO�
WHJDQJDQ�PRRULQJ�\DQJ�WHUMDGL��'HQJDQ�YDULDVL�VXGXW�
PRRULQJ� \DLWX� ��ၨ�� ��ၨ�� GDQ� ��ၨ�� GLNHWDKXL� EDKZD�
WHJDQJDQ�PRRULQJ�WHUEHVDU�WHUMDGL�SDGD�VXGXW�PRRULQJ�
��ၨ� GHQJDQ� EHVDU� WHJDQJDQ� PRRULQJ� ���-���� 1��
0HVNLSXQ� VXGXW� PRRULQJ� \DQJ� NHFLO� ���ၨ�� GDSDW�
PHQJRQWURO� JHUDNDQ� VWUXNWXU� GHQJDQ� OHELK� EDLN��
QDPXQ� WHJDQJDQ� PRRULQJ� \DQJ� GLKDVLONDQ� EHVDU��
6HODLQ� LWX�� GDUL� VHJL� SHUHGDPDQ� JHORPEDQJ� SHUOX�
GLNDML� ODJL� NDUHQD� WXMXDQ� XWDPD� )%:� DGDODK� XQWXN�
PHUHGDP� JHORPEDQJ� GDQ� PHOLQGXQJL� GDHUDK� GL�
EHODNDQJQ\D�GDUL�VHUDQJDQ�JHORPEDQJ� 

�� )%:� WLSH� JHUJDML�PHPLOLNL� QLODL� WHJDQJDQ�PRRULQJ�
\DQJ� OHELK� EHVDU� GDULSDGD� WLSH� SRQWRQ� SDGD� VHWLDS�
VNHQDULR� XML�� KDO� LQL� WHUMDGL� NDUHQD� OXDV� SHUPXNDDQ�
ELGDQJ� \DQJ� WHJDN� OXUXV� DUDK� JHORPEDQJ� GDWDQJ�
SDGD� WLSH� JHUJDML� OHELK� OXDV� GDULSDGD� WLSH� SRQWRQ��
3DGD� YDULDVL� VXGXW�PRRULQJ� ��ၨ�� ��ၨ�� GDQ� ��ၨ� )%:�
WLSH� JHUJDML� GDSDW� PHQDLNNDQ� WHJDQJDQ� PRRULQJ�
VHFDUD�EHUWXUXW-WXUXW�VHEHVDU�������-�������������-
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�������� GDQ� �����-������� GDULSDGD� WLSH� SRQWRQ�
SDGD�NHGDODPDQ�DLU����FP�����FP��GDQ����FP� 

�� 0HVNLSXQ� NHVHOXUXKDQ� KDVLO� SHQJXMLDQ� ILVLN� )%:�
PHPLOLNL� WHJDQJDQ�PRRULQJ�SDGD� WLSH�JHUJDML�\DQJ�
OHELK�EHVDU�GDUL�SRQWRQ��QDPXQ�UHGDPDQ�JHORPEDQJ�
\DQJ� WHUMDGL� MXJD� EHVDU�� DUWLQ\D� JHORPEDQJ�
WUDQVPLVL� VHPDNLQ� NHFLO� GLEDQGLQJNDQ� GHQJDQ�
EHQWXN� SRQWRQ�� +DO� LQL�� ELVD� PHQMDGL� VXDWX�
SHUWLPEDQJDQ� GDODP� GHVDLQ� GDQ� SHPLOLKDQ�
SURSHUWLHV� GDODP� SHPEXDWDQ� )%:� VHVXDL�
NHEXWXKDQ�\DQJ�GLLQJLQNDQ� 

�� 6HEDJDL� SHQ\HPSXUQDDQ� SHQHOLWLDQ� LQL� SHUOX�
GLWHODDK� SHUXEDKDQ� SRVLVL� )%:� VHFDUD� KRUL]RQWDO�
EDLN� GHQJDQ� QXPHULN� PDXSXQ� HNVSHULPHQ��
VHKLQJJD�DQDOLVD�WHJDQJDQ�PRRULQJ�GDSDW�GLODNXNDQ�
VHFDUD� PHQ\HOXUXK� EDLN� SHUSLQGDKDQ� YHUWLNDO� GDQ�
KRUL]RQWDO� 

8FDSDQ�7HULPD�.DVLK 

3HQXOLV� PHQ\DPSDLNDQ� WHULPD� NDVLK� NHSDGD�
.HPHQULVWHNGLNWL� ,QGRQHVLD� GDQ� 'LUHNWRUDW� 3HQHOLWLDQ�
GDQ� 3HQJDEGLDQ�0DV\DUDNDW� �'530�� ,76� \DQJ� WHODK�
PHPEHULNDQ� EDQWXDQ� SHQGDQDDQ� GDODP� VWXGL� LQL��
8FDSDQ� WHULPD�NDVLK� MXJD�GLVDPSDLNDQ�NHSDGD� WHNQLVL�
GDQ�VHPXD�SLKDN�\DQJ�EHUNRQWULEXVL�VHKLQJJD�SDSHU�LQL�
GDSDW�GLVHOHVDLNDQ� 

'DIWDU�3XVWDND 

$GHH�� %�+��� 5LFKH\�� (�3��� &KULVWHQVHQ�� '�5��� ������
)ORDWLQJ� %UHDNZDWHU� )LHOG� $VVHVVPHQW�
3URJUDP�� )ULGD\� +DUERU�� :DVKLQJWRQ��
7HFKQLFDO� 5HSRUW� ��-���� 8�6�� $UP\�� &RUSV� RI�
(QJLQHHUV�� &RDVWDO� (QJLQHHULQJ� 5HVHDUFK�
&HQWHU��)RUW�%HOYRLU� 

%KDW��6���������3HUIRUPDQFH�RI�7ZLQ-3RQWRRQ�)ORDWLQJ�
%UHDNZDWHUV��0DVWHU�7KHVLV��7KH�8QLYHUVLW\�RI�
%ULWLVK�&ROXPELD��&DQDGD� 

%OXPEHUJ�� *��� &R[�� 5��� ������ )ORDWLQJ� %UHDNZDWHU�
3K\VLFDO� 0RGHO� 7HVWLQJ� IRU� 0DULQD�
$SSOLFDWLRQV��%XOOHWLQ�����3,$1&�-�$,3&1 

&R[�� 5��� &RJKODQ�� ,��� .HUU\�� &��� ������ )ORDWLQJ�
%UHDNZDWHU� 3HUIRUPDQFH� LQ� ,UUHJXODU� :DYHV�
:LWK� 3DUWLFXODU� (PSKDVLV� 2Q� :DYH�
7UDQVPLVVLRQ� DQG� 5HIOHFWLRQ�� (QHUJ\�
'LVVLSDWLRQ�� 0RWLRQ�� DQG� 5HVWUDLQLQJ� )RUFHV��
,Q�� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� &RDVWDO�
6WUXFWXUHV��9RO��������–��� 

'HDQ��5��*��GDQ�5��$��'DOU\PSOH��������:DWHU�:DYH�
0HFKDQLFV� IRU� (QJLQHHUV� DQG� 6FLHQWLVWV�� 1HZ�
<RUN��:RUOG�6FLHQWLILF� 

'RQJ�� *�+��� =KHQJ�� <�1��� /L�� <�&��� 7HQJ�� %��� *XDQ��
&�7��� /LQ�� '�)��� ������ ([SHULPHQWV� 2Q� :DYH�
7UDQVPLVVLRQ� &RHIILFLHQWV� RI� )ORDWLQJ�
%UHDNZDWHUV��2FHDQ�(QJLQHHULQJ��9RO����� ���-
���� 

)DOWLQVHQ�� 2�� 0�� ������ 6HD� /RDGV� RQ� 6KLSV� DQG�
2IIVKRUH�6WUXFWXUHV��8.��&DPEULGJH�8QLYHUVLW\�
3UHVV� 

)XJD]]D�� 0��� 1DWDOH�� /��� ������ (QHUJ\� /RVVHV� DQG�
)ORDWLQJ� %UHDNZDWHU� 5HVSRQVH�� -RXUQDO� RI�
:DWHUZD\�� 3RUW�� &RDVWDO� DQG� 2FHDQ�
(QJLQHHULQJ��9RO������1R�������–���� 

)RXVHUW�� 0�:��� ������ )ORDWLQJ� %UHDNZDWHU�� $�
7KHRUHWLFDO� 6WXG\� RI� D� '\QDPLF� :DYH�
$WWHQXDWLQJ� 6\VWHP�� 0DVWHU� 7KHVLV�� 'HOIW�
8QLYHUVLW\�RI�7HFKQRORJ\ 

*HVUDKD��0�5��� ������ $QDO\VLV� RI� ɉ� 6KDSHG� )ORDWLQJ�
%UHDNZDWHU� LQ� 2EOLTXH�:DYHV��$SSOLHG� 2FHDQ�
5HDVHUFK��9RO�����1R�������-����� 

*RGD��<���������5DQGRP�6HDV�DQG�'HVLJQ�RI�0DULWLPH�
6WUXFWXUH��8QLYHUVLW\�RI�7RN\R�3UHVV��-DSDQ� 

+DOHV�� /�=��� ������)ORDWLQJ�%UHDNZDWHU�� 6WDWH� RI� 7KH�
$UW�/LWHUDWXUH�5HYLHZ��7HFKQLFDO��5HSRUW�1R����
-��� 8�6�� $UP\� &RDVWDO� (QJLQHHULQJ� 5HVHDUFK�
&HQWHU��)RUW�%HOYRLU� 

-RQHV�� '�%��� ������ 7UDQVSRUWDEOH� %UHDNZDWHUV� -� D�
6XUYH\� RI� &RQFHSWV�� 7HFKQLFDO� 5HSRUW� 5-�����
8�6�� 1DY\� &LYLO� (QJLQHHULQJ� /DERUDWRU\�� 3RUW�
+XHQHPH� 

.RXWDQGRV��(���3ULQRV��3���*LURQHOOD��;���������)ORDWLQJ�
%UHDNZDWHUV�8QGHU�5HJXODU�DQG�,UUHJXODU�:DYH�
)RUFLQJ�� 5HIOHFWLRQ� DQG� 7UDQVPLVVLRQ�
&KDUDFWHULVWLFV��-RXUQDO�RI�+\GUDXOLF�5HVHDUFK��
9RO������1R��������–���� 

0DUWLQHOOL�� /��� 5XRO�� 3��� =DQXWWLJK�� %��� ������ :DYH�
%DVLQ� ([SHULPHQWV� 2Q� )ORDWLQJ� %UHDNZDWHUV�
:LWK� 'LIIHUHQW� /D\RXWV�� $SSOLHG� 2FHDQ�
5HVHDUFK�9RO�����1R�������–���� 

0F&DUWQH\��%��/���������)ORDWLQJ�%UHDNZDWHU�'HVLJQ��
-RXUQDO�RI�:DWHUZD\��3RUW��&RDVWDO�DQG�2FHDQ�
(QJLQHHULQJ��9RO�������1R�������-���� 

0RUH\�� %��� ������ )ORDWLQJ� %UHDNZDWHU� 3UHGLFWLRQ�
7KHLU� 3HUIRUPDQFH�� 0DVWHU� 7KHVLV�� 0HPRULDO�
8QLYHUVLW\�RI��1HZIRXQGODQG��&DQDGD� 

1HFH��5��(���5LFKH\��(�� 3��� ������:DYH�7UDQVPLVVLRQ�
7HVWV�RI�)ORDWLQJ�%UHDNZDWHU�IRU�2DN�+DUERXU��
:DWHU�5HVRXUFHV�6HULHV�7HFK��5HSRUW� ����'HS��
RI�&LYLO�DQG�(QY��(QJ���8QLY��RI�:DVKLQJWRQ� 

1HHODPDQL��6���5DMHQGUDQ��5�������D��:DYH�,QWHUDFWLRQ�
:LWK�A-7\SH�%UHDNZDWHUV��2FHDQ�(QJLQHHULQJ��
9RO�����1R��������–����� 

1HHODPDQL��6���5DMHQGUDQ��5�������E��:DYH�,QWHUDFWLRQ�
:LWK�7-7\SH�%UHDNZDWHUV��2FHDQ�(QJLQHHULQJ��
9RO�����1R�������–���� 

2&',�� 7KH� 2YHUVHDV� &RDVWDO� $UHD� 'HYHORSPHQW�
,QVWLWXWH� RI� -DSDQ�� ������ 7HFKQLFDO� 6WDQGDUGV�
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DQG�&RPPHQWDULHV�RI�3RUW�DQG�+DUERXU�)DFLOLWLHV�
LQ�-DSDQ��-DSDQ��'DLNRXVKD�3ULQWLQJ�&R���/WG� 

3,$1&�� ������ )ORDWLQJ� EUHDNZDWHU�� $� SUDFWLFDO� JXLGH�
IRU� GHVLJQ� DQG� FRQVWUXFWLRQ�� 5HSRUW� RI� ZRUNLQJ�
JURXS� QR�� ��� RI� WKH� SHUPDQHQW� FRPPLWWHH� ,,��
6XSSOHPHQW�WR�%XOHWLQ�����%UXVVHO�� 

5DKPDQ�� 0�$��� 0L]XWDQL�� 1��� .DZDVDNL�� .��� ������
1XPHULFDO�0RGHOLQJ�RI��'\QDPLF�5HVSRQVHV�DQG�
0RRULQJ� )RUFHV� RI� 6XEPHUJHG� )ORDWLQJ�
%UHDNZDWHU��&RDVWDO�(QJLQHHULQJ��9RO�����1R�����
���-���� 

5LFKH\�� (�3��� 1HFH�� 5�(��� ������ )ORDWLQJ� %UHDNZDWHUV��
6WDWH� RI� 7KH� $UW�� 3URFHHGLQJV� RI� � WKH� )ORDWLQJ�
%UHDNZDWHUV� &RQIHUHQFH�� 8QLYHUVLW\� RI� 5KRGH�
,VODQG��.LQJVWRQ���-��� 

5RRVH�� -��� ������ 'HYHORSPHQW� RI� $Q� ([FHO� %DVHG�
&DOFXODWLRQ� 7RRO� WR� $VVHVV� 7KH� +\GUDXOLF�
3HUIRUPDQFH� RI� 5XEEOH�0RXQG�%UHDNZDWHUV� DQG�
9HUWLFDO� 6HDZDOOV�� 0DVWHU� 7KHVLV�� *KHQW�
8QLYHUVLW\� 

5XRO�� 3��� ������ )ORDWLQJ� %UHDNZDWHUV� LQ� 6PDOO� %DVLQV��
,Q�� ,QWHUQDWLRQDO� 6\PSRVLXP� RQ� 0DULWLPH�
6WUXFWXUHV�LQ�WKH�0HGLWHUUDQHDQ�6HD� 

5XRO��3���0DUWLQHOOL��/���������:DYH�)OXPH�,QYHVWLJDWLRQ�
2Q� 'LIIHUHQW� 0RRULQJ� 6\VWHPV� IRU� )ORDWLQJ�
%UHDNZDWHUV�� ,Q�� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ�
&RDVWDO�6WUXFWXUHV��1R�������–���� 

6DQQDVLUDM��6��$���6XQGDU��9���6XQGDUDYDGLYHOX��5���������
0RRULQJ� )RUFHV� DQG� 0RWLRQ� 5HVSRQVHV� RI�
3RQWRRQ-7\SH� )ORDWLQJ� %UHDNZDWHUV�� -RXUQDO� RI�
2FHDQ�(QJLQHHULQJ��9RO������1R�������–��� 

6XMDQWRNR�� 'MDWPLNR�� (�%��� :DUGKDQD�� :��� $UPRQR��
+�'��� 6KROLKLQ�� $OL�� 0�)�� ����D�� ([SHULPHQWDO�
6WXG\� RQ� WKH� (IIHFW� RI� 0RRULQJ� $QJOH� 2Q�
0RRULQJ� 7HQVLRQ� RI� 3RURXV� 6DZ� 7\SH� )ORDWLQJ�
%UHDNZDWHU��3URFHHGLQJ� RI� 7KH� �WK� ,QWHUQDWLRQDO�
6HPLQDUV� RQ� 2FHDQ� DQG� &RDVWDO� (QJLQHHULQJ��
(QYLURQPHQWDO� DQG� 1DWXUDO� 'LVDVWHU�
0DQDJHPHQW�� 6XUDED\D�� ,QGRQHVLD��1RY� �-��� ��-
��� 

6XMDQWRNR�� 'MDWPLNR�� (�%��� :DUGKDQD�� :��� $UPRQR��
+�'��� :DK\XGL�� ����E�� '\QDPLF� %HKDYLRU�
$QDO\VLV� RI� 3RURXV� 6DZ� )ORDWLQJ� %UHDNZDWHU�
8QGHU� 5HJXODU� :DYHV�� 3URFHHGLQJ� RI� 7KH� �WK�
,QWHUQDWLRQDO� 6HPLQDUV� RQ� 2FHDQ� DQG� &RDVWDO�
(QJLQHHULQJ��(QYLURQPHQWDO�DQG�1DWXUDO�'LVDVWHU�
0DQDJHPHQW��6XUDED\D��,QGRQHVLD��1RY��-������-
���� 

6XMDQWRNR��:DUGKDQD��:���'MDWPLNR��(��%���$UPRQR��+��
'��� 3XWUR�� :�� 6��� $OPX]DNL�� 5�� +��� ������ 6WXGL�
.DUDNWHULVNWLN� *HORPEDQJ� 3DGD� )ORDWLQJ�
%UHDNZDWHU�7LSH�7HUSDQFDQJ�GDQ�7DPEDW��-XUQDO�
7HNQLN�+LGUDXOLN��9RO�����1R������-��� 

7VLQNHU�� *�� 3��� ������0DULQH� 6WUXFWXUHV� (QJLQHHULQJ��
6SHFLDOL]HG� $SSOLFDWLRQ�� 1HZ� <RUN�� $Q�
,QWHUQDWLRQDO�7KRPVRQ�3XEOLVKLQJ�&RPSDQ\� 

9DQ�'HU� /HH��*��� ������0RRULQJ� OLQH� -�'<1((0$��
6.��� +LJK� PRGXOXV� 3RO\HWK\OHQH�� 5RSH�
)DFWRU\��KWWSV���VWRUH�PVVGHIHQFH�FRP�URSHV����-
J-YDQ-GHU-OHH-PRRULQJ-OLQH-G\QHHPDU-VN��-KLJK
-PRGXOXV-SRO\�HWK\OHQH-URSHV�KWPO 

:HL�� 3��� /�� .�� +R�� GDQ� 0�� 1RULPL�� ������ (IIHFW� RI�
0RRULQJ� $QJOH� RQ� WKH� ,QWHUDFWLRQV� %HWZHHQ�
:DYHV�DQG�)ORDWLQJ�%UHDNZDWHU��3URFHHGLQJV�RI�
WKH� �WK� ,QWHUQDWLRQDO� &RQIHUHQFH� &RDVWDO�
6WUXFWXUHV��9RO��������-����� 
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