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$EVWUDN  

.RQVWUXNVL�PHUXSDNDQ� VDODK� VDWX� LQGXVWUL� \DQJ�PHPEHULNDQ� NRQWULEXVL� VHFDUD� VLJQLILNDQ� WHUKDGDS� SHUWXPEXKDQ�
HNRQRPL�VXDWX�QHJDUD��6HEXDK�SUR\HN�NRQVWUXNVL�GLNDWDNDQ�EHUKDVLO�DSDELOD�GDODP�SHODNVDQDDQQ\D�PHPHQXKL�WLJD�
NRPSRQHQ�\DNQL�ELD\D��ZDNWX��GDQ�PXWX��.RPSRQHQ�ELD\D�GLJXQDNDQ�XQWXN�VWXGL�NHOD\DNDQ�GDQ�SHPLOLKDQ�GHVDLQ�
\DQJ� RSWLPDO� GDODP� VHEXDK� SUR\HN� NRQVWUXNVL�� .HWLGDN� DNXUDWDQ� GDODP� PHQJDQDOLVD� ELD\D� NRQVWUXNVL� GDSDW�
PHPEHULNDQ� HIHN�QHJDWLI�SDGD� VHOXUXK�SURVHV� NRQVWUXNVL� GDQ� VHPXD�SLKDN� \DQJ� WHUOLEDW��3HQHOLWLDQ� LQL� EHUWXMXDQ�
XQWXN� PHQJDQDOLVD� GLQDPLND� KDUJD� EDKDQ� SDGD� SUR\HN� NRQVWUXNVL�� 7DKDSDQ� PHWRGH� \DQJ� GLODNXNDQ� GDODP�
SHQHOLWLDQ� LQL� \DLWX� GHQJDQ� PHQJLGHQWLILNDVL� KXEXQJDQ� VHEDE� DNLEDW� DQWDU� YDULDEHO� GDODP� PHQJDQDOLVD� KDUJD�
EDKDQ�� 'DUL� KDVLO� VLPXODVL� GLSHUROHK� DQDOLVD� VHFDUD� JUDILV� PHODOXL� NHOXDUDQ� PRGHO�� 9DOLGDVL� PRGHO� GLODNXNDQ�
GHQJDQ� PHPEDQGLQJNDQ� EDVH� PRGHO� GHQJDQ� VHEXDK� VNHQDULR�� +DVLO� SHUKLWXQJDQ� DQDOLVD� VHQVLWLYLWDV� GDUL�
SHUEDQGLQJDQ� PHPSHUROHK� QLODL� PHDQ� FRPSDULVRQ� �� ��� GDQ� YDULDVL� DPSOLWXGR� HUURU� YDULDQFH� �� ���� \DQJ�
PHQJLQGLNDVLNDQ�NHYDOLGDQ�PRGHO�\DQJ�GLXVXONDQ��'HQJDQ�NHDNXUDVLDQ�WHUVHEXW�GLKDUDSNDQ�GDSDW�PHQJDNRPRGDVL�
VHJDOD�NHPXQJNLQDQ�DGDQ\D�SHQ\LPSDQJDQ�\DQJ�DNDQ�WHUMDGL�GLPDVD�GHSDQ�WHUPDVXN�IDNWRU�UHVLNR��VHKLQJJD�GDSDW�
PHQFLSWDNDQ� VLVWHP� \DQJ� VHVXDL� GHQJDQ� NLQHUMD� \DQJ� GLLQJLQNDQ� GDQ� VXPEHU� GD\D� \DQJ� GLJXQDNDQ� OHELK� HIHNWLI�
VHUWD�HILVLHQ�GDODP�UDQJND�PHQFDSDL�VDVDUDQ�SUR\HN��.DWD-NDWD�.XQFL��+DUJD�EDKDQ��GLQDPLN��SUR\HN�NRQVWUXNVL� 

$EVWUDFW 

&RQVWUXFWLRQ�LV�DQ�LQGXVWU\�WKDW�FRQWULEXWHV�VLJQLILFDQWO\�WR�D�FRXQWU\
V�HFRQRPLF�JURZWK��$�FRQVWUXFWLRQ�SURMHFW�LV�
VDLG�WR�EH�VXFFHVVIXO�LI�LW�IXOILOOV�WKUHH�FRPSRQHQWV��QDPHO\�FRVW��WLPH�DQG�TXDOLW\��7KH�FRVW�FRPSRQHQW�LV�XVHG�IRU�D�
IHDVLELOLW\� VWXG\�DQG� WKH�RSWLPDO� GHVLJQ� VHOHFWLRQ� LQ�D� FRQVWUXFWLRQ�SURMHFW�� ,QDFFXUDF\� LQ�DQDO\]LQJ� FRQVWUXFWLRQ�
FRVWV� FDQ� KDYH� D� QHJDWLYH� HIIHFW� RQ� WKH� HQWLUH� FRQVWUXFWLRQ� SURFHVV� DQG� DOO� SDUWLHV� LQYROYHG�� 7KLV� VWXG\� DLPV� WR�
DQDO\]H�WKH�G\QDPLFV�RI�PDWHULDO�SULFHV�LQ�FRQVWUXFWLRQ�SURMHFWV��7KH�PHWKRG�XVHG�LQ�WKLV�UHVHDUFK�LV�WR�LGHQWLI\�WKH�
FDXVDO� UHODWLRQVKLS� EHWZHHQ� YDULDEOHV� LQ� DQDO\]LQJ� WKH� SULFH� RI� PDWHULDOV�� )URP� WKH� VLPXODWLRQ� UHVXOWV� REWDLQHG�
JUDSKLFDO� DQDO\VLV� WKURXJK� WKH� PRGHO� RXWSXW�� 0RGHO� YDOLGDWLRQ� LV� GRQH� E\� FRPSDULQJ� WKH� EDVH� PRGHO� ZLWK� D�
VFHQDULR��7KH�UHVXOWV�RI�WKH�FDOFXODWLRQ�RI�WKH�VHQVLWLYLW\�DQDO\VLV�IURP�WKH�FRPSDULVRQ�REWDLQHG�D�PHDQ�FRPSDULVRQ�
YDOXH�RI������DQG� WKH�DPSOLWXGH�YDULDWLRQ�YDOXH�RI� WKH�YDULDQFH�HUURU�������ZKLFK� LQGLFDWHV� WKH�YDOLGLW\�RI� WKH�
SURSRVHG�PRGHO��:LWK�WKLV�DFFXUDF\�LW�LV�H[SHFWHG�WR�EH�DEOH�WR�DFFRPPRGDWH�DOO�SRVVLEOH�GHYLDWLRQV�WKDW�ZLOO�RFFXU�
LQ�WKH�IXWXUH�LQFOXGLQJ�ULVN�IDFWRUV��VR�DV�WR�FUHDWH�D�V\VWHP�WKDW�LV�LQ�DFFRUGDQFH�ZLWK�WKH�GHVLUHG�SHUIRUPDQFH�DQG�
WKH�UHVRXUFHV�XVHG�PRUH�HIIHFWLYHO\�DQG�HIILFLHQWO\�LQ�RUGHU�WR�DFKLHYH�SURMHFW�JRDOV� 
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���3HQGDKXOXDQ 

,QGXWUL� NRQVWUXNVL� PHUXSDNDQ� VDODK� VDWX� LQGXVWUL� \DQJ�
PHPEHULNDQ� NRQWULEXVL� VHFDUD� VLJQLILNDQ� WHUKDGDS�
SHUWXPEXKDQ� HNRQRPL� VXDWX� QHJDUD� �0XULH�� �������
6HEXDK� SUR\HN� NRQVWUXNVL� GLNDWDNDQ� EHUKDVLO� DSDELOD�
GDODP�SHODNVDQDDQQ\D�PHPHQXKL�WLJD�NRPSRQHQ�\DNQL�
ELD\D�� ZDNWX� GDQ� PXWX��� %LD\D� GDODP� SHODNVDQDDQ�
SUR\HN� KDUXV� GLUHQFDQDNDQ� VHGHPLNLDQ� UXSD� VHKLQJJD�
PDPSX� PHQJDNRPRGLU� VHOXUXK� NHEXWXKDQ� VHODPD�
SUR\HN� EHUODQJVXQJ� QDPXQ� WHWDS� PHPHJDQJ� D]DV�
HILVLHQVL� GDQ� GDSDW� GLSHUWDQJJXQJMDZDENDQ� �3URMHFW�
0DQDJHPHQW� ,QVWLWXWH�� ������� 6HPDNLQ� ULQFL� LWHP�
SHNHUMDDQ� \DQJ� GLDQDOLVD� PDND� NHWHSDWDQ� MDGZDO� \DQJ�
GLVXVXQ� DNDQ� VHPDNLQ� PHQGHNDWL� NRQGLVL� ODSDQJDQ�
�$O]DKUDQL�DQG�(PVOH\�������� 

3HPELD\DDQ�SUR\HN�PHUXSDNDQ�VDODK�VDWX�LWHP�SHQWLQJ�
GDODP� SHQ\HOHQJJDUDQ� SHNHUMDDQ� NRQVWUXNVL� �0HVVDK��
GNN� ������� 8QWXN� LWX� GLSHUOXNDQ� UDQFDQJDQ� VHEXDK�

VLVWHP� LQIRUPDVL� ELD\D� SUR\HN� XQWXN� PHQGXNXQJ�
SHPELD\DDQ� SUR\HN� VHFDUD� NHVHOXUXKDQ�� 3HQJJXQDDQ�
EDKDQ�PDWHULDO�SDGD�HOHPHQ-HOHPHQ�VWUXNWXU�NRQVWUXNVL�
WHUVHEXW� GLGRPLQDVL� ROHK� SHQJJXQDDQ� EHWRQ� EHUWXODQJ�
KLQJJD� EHUNRQWULEXVL� VHEHVDU� ���� GDUL� WRWDO� ELD\D�
EDQJXQDQ��*DQ��HW�DOO������� 

6HODLQ� LWX� VWUXNWXU� EHWRQ� EHUWXODQJ� PHUXSDNDQ� VDODK�
VDWX�MHQLV�NRQVWUXNVL�GHQJDQ�WLQJNDW�NRQVXPVL�WDKXQDQ�
PHQGHNDWL� VHNLWDU� ��� PLOLDU� WRQ� �0LOOHU�� ������� 2OHK�
NDUHQD� LWX� SHQWLQJ� XQWXN� PHQJRSWLPDONDQ� GHVDLQ�
EDQJXQDQ� EHWRQ� GDODP� PHQLQJNDWNDQ� NHOHVWDULDQ�
OLQJNXQJDQ� GDQ� HILVLHQVL� ELD\D� NRQVWUXNVL�� 6HEDJLDQ�
EHVDU� VWXGL� PHQJHPEDQJNDQ� EHUEDJDL� MHQLV� PHWRGH�
XQWXN�PHPLQLPDONDQ� ELD\D� VWUXNWXUDO� EDQJXQDQ� �/HH��
HW� DOO� ������� 6LVWHP� SHPELD\DDQ� SUR\HN� PHUXSDNDQ�
VLVWHP� LQIRUPDVL� \DQJ� GLUDQFDQJ� XQWXN� PHPXGDKNDQ�
EDJL� SHQJJXQD� �SLKDN� SHPLOLN� SUR\HN�� SHPHJDQJ�
DQJJDUDQ� PDXSXQ� SHODNVDQD�� NRQWUDNWRU�� GDODP�
SHODNVDQDDQ�NHJLDWDQ�SHPEDQJXQDQ� 
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%HEHUDSD� SHQHOLWLDQ� PHQJHQDL� PHWRGH� GDQ� VLVWHP�
SHUKLWXQJDQ� ELD\D� SHNHUMDDQ� NRQVWUXNVL� WHODK�
GLODNXNDQ�� $QDOLVD� KDUJD� VDWXDQ� SHNHUMDDQ� EHWRQ�
GHQJDQ� PHQJJXQDNDQ� SHUEDQGLQJDQ� DQDOLVLV� 61,� GDQ�
DQDOLVLV� %2:� SDGD� NRORP� EHWRQ� EHUWXODQJ�� 'HQJDQ�
VHLULQJ� EHUNHPEDQJQ\D� WHNQRORJL� DQDOLVLV�%2:� SHUOX�
GLWLQMDX� NHPEDOL� GLNDUHQDNDQ� DODW� EDQWX� \DQJ�
GLJXQDNDQ� ROHK� SHNHUMD� VHODPD� PHODNXNDQ� SHNHUMDDQ�
VXGDK� MDXK� OHELK� PDMX� �$UUXDQ�� GNN� ������� 3DGD�
SHUKLWXQJDQ� GDQ� DQDOLVD� SHUEDQGLQJDQ� KDUJD� VDWXDQ�
SHNHUMDDQ�EHWRQ�EHUWXODQJ�GHQJDQ�PHWRGH�DQDOLVLV�61,�
GDQ� DQDOLVD� VRIWZDUH� 06�� 3URMHFW� WHODK� GLODNXNDQ��
$GDQ\D� SHUEHGDDQ� \DQJ� FXNXS� VLJQLILNDQ� DQWDUD�
PHWRGH� 61,� GDQ� VLPXODVL� VRIWZDUH� SDGD� SHUKLWXQJDQ�
EDKDQ�� WHQDJD� NHUMD�� GDQ� DODW� DNLEDW� SHQJDUXK�PHWRGH�
SHODNVDQDDQ�GL�ODSDQJDQ��6XNDPWR��GNN������� 

.RPELQDVL� PHWRGH� *HQHWLF� $OJRULWKP� �*$�� GDQ�
2SWLPDOO\� &ULWHULD� �2&�� GLWHUDSNDQ� GDODP� ELD\D�
SHNHUMDDQ� EHWRQ� EHUWXODQJ� �*DQ�� HW� DOO� �������
+RIPH\HU�� HW� DOO� ������� 0RGLILNDVL� IRUPXODVL�
PDWHPDWLND� GDQ� SHPRGHODQ� SDUDPHWULN� SHQWLQJ�
GLODNXNDQ� XQWXN� PHQHQWXNDQ� KXEXQJDQ� DQWDUD�
YDULDEHO�� 2SWLPDOLVDVL� ELD\D� GHQJDQ� VNHQDULR� EHUEHGD�
GLWHUDSNDQ� XQWXN� PHQJXML� NHPDPSXDQ� PHWRGH� SDGD�
NRQGLVL�VLWH�GDQ�UHJXODVL�\DQJ�EHUEHGD��0HWRGH�VLVWHP�
GLQDPLN� SHUWDPD� NDOL� GLWHUDSNDQ� SDGD� SHUPDVDODKDQ�
PDQDMHPHQ� VHSHUWL� IOXNWXDVL� LQYHQWRUL�� NHWLGDNVWDELODQ�
WHQDJD� NHUMD�� GDQ� SHQXUXQDQ� SDQJVD� SDVDU� VXDWX�
SHUXVDKDDQ��1DPXQ�XQWXN�VDDW�LQL�WHODK�GLNHPEDQJNDQ�
DSOLNDVL� PHWRGH� VLVWHP� GLQDPLN� LQL� XQWXN� EHUEDJDL�
ELGDQJ� WHUPDVXN� ELGDQJ� LOPX� WHNQLN�� 3HQGHNDWDQ�
VLVWHP� GLQDPLN� XQWXN� PHPDKDPL� SHULODNX�� NDUHQD�
GHQJDQ� GLSDKDPLQ\D� SHULODNX� VLVWHP�� GDSDW�
GLNHPEDQJNDQ�EHEHUDSD�DOWHUQDWLI�VNHQDULR�\DQJ�GDSDW�
PHQLQJNDWNDQ�NLQHUMD�VLVWHP� 

%HUGDVDUNDQ� ODWDU� EHODNDQJ� WHUVHEXW�� SHQHOLWLDQ� LQL�
EHUIRNXV�SDGD�SHPRGHODQ�ELD\D�EDKDQ�SHNHUMDDQ�EHWRQ�
EHUWXODQJ� \DQJ� GLSHQJDUXKL� ELD\D� ODQJVXQJ� GDQ� WLGDN�
ODQJVXQJ�EHUEDVLV�VLVWHP�GLQDPLN��$GDQ\D�FDXVDO�ORRS�
JUDSK� GDSDW� GLDQDOLVD� OHELK� FHSDW� KXEXQJDQ� VHEDE�
DNLEDW� \DQJ� WHUMDGL� DQWDU� YDULDEHO� GDQ� DQDOLVD�
VHQVLWLYLWDV� VLVWHP� GLQDPLN� \DQJ� PHODOXL� VNHQDULR�
PRGHO� GDSDW� PHQJDNRPRGDVL� VHJDOD� NHPXQJNLQDQ�
\DQJ�DNDQ�WHUMDGL�GLPDVD�GHSDQ�WHUPDVXN�IDNWRU�UHVLNR�
GL� PDVD� DNDQ� GDWDQJ� VHKLQJJD� GDSDW� GLXSD\DNDQ�
EHEHUDSD� KDO� \DQJ� GDSDW� PHPLQLPDONDQ� UHVLNR�
VHKLQJJD�WHUFLSWD�VLVWHP�VHVXDL�NLQHUMD�\DQJ�GLLQJLQNDQ�
GDQ�SHQJJXQDDQ�VXPEHU�GD\D�\DQJ�HIHNWLI�VHUWD�HILVLHQ�
GDODP� UDQJND� PHQFDSDL� VDVDUDQ� VHEXDK� SUR\HN�
NRQVWUXNVL� 

���7LQMDXDQ�3XVWDND 

%LD\D� VHEDJDL� VDODK� VDWX� NRPSRQHQ� SHQWLQJ� GDODP�
SHODNVDQDDQ� SUR\HN� NRQVWUXNVL� VHKLQJJD� PHPHUOXNDQ�
SHUHQFDQDDQ� \DQJ� PDWDQJ� VHKLQJJD� GDSDW� PHQFDSDL�
HILVLHQVL�� HIHNWLILWDV� GDQ� DNXQWDELOLWDV� SHQJJXQDDQ�
DQJJDUDQ� VHFDUD� RSWLPDO� GDODP� SHODNVDQDDQ� SUR\HN��
+DUJD�VDWXDQ�SHNHUMDDQ�WHUGLUL�DWDV�ELD\D�ODQJVXQJ�GDQ�
ELD\D� WLGDN� ODQJVXQJ�� .RPSRQHQ� ELD\D� ODQJVXQJ�
WHUGLUL� DWDV� XSDK�� EDKDQ� GDQ� DODW�� %LD\D� ODQJVXQJ�
DGDODK� ELD\D� \DQJ� VHFDUD� ODQJVXQJ� PHPSHQJDUXKL�
SHQFDSDLDQ�SUR\HN�\DQJ� WHUGLUL�DWDV�ELD\D�XSDK��ELD\D�

EDKDQ�� GDQ� ELD\D� DODW� NHUMD� \DQJ� VHFDUD� ODQJVXQJ�
EHUSHQJDUXK�SDGD�WXMXDQ�SHODNVDQDDQ�SHNHUMDDQ��8QWXN�
NRPSRQHQ� ELD\D� WLGDN� ODQJVXQJ� DGDODK� ELD\D� \DQJ�
KDUXV� GLNHOXDUNDQ� GDODP� XSD\D� PHQXQMDQJ�
SHODNVDQDDQ� SHNHUMDDQ� WHUGLUL� DWDV� ELD\D� XPXP�
�RYHUKHDG�� GDQ� NHXQWXQJDQ� VHVXDL� NHWHQWXDQ� \DQJ�
EHUODNX�� 

%LD\D� WDN� ODQJVXQJ� GLVLQL� WHUPDVXN� SDMDN-SDMDN� \DQJ�
KDUXV� GLED\DUNDQ� GDODP� SHODNVDQDDQ� NHJLDWDQ�
SHPEDQJXQDQ�� %HVDU� ELD\D� XPXP� GDQ� NHXQWXQJDQ�
GLWHQWXNDQ� GHQJDQ� SHUWLPEDQJDQ� DQWDUD� ODLQ� WLQJNDW�
VXNX�EXQJD��WLQJNDW�LQIODVL��RYHUKHDG�NDQWRU�SXVDW�GDQ�
ODSDQJDQ� VHUWD� UHVLNR� LQYHVWDVL�� 6HFDUD� XPXP� ELD\D�
WLGDN� ODQJVXQJ� GLWHWDSNDQ� WLGDN� OHELK� GDUL� �����
2YHUKHDG� DGDODK� ELD\D� \DQJ� GLSHUKLWXQJNDQ� VHEDJDL�
ELD\D� RSHUDVLRQDO� GDQ� SHQJHOXDUDQ� ELD\D� NDQWRU� SXVDW�
\DQJ� EXNDQ� GDUL� ELD\D� SHQJDGDDQ�� ELD\D� PDQDMHPHQ��
DNXQWDQVL��SHODWLKDQ�GDQ�DXGLWLQJ��SHUL]LQDQ��UHJLVWUDVL��
ELD\D� LNODQ�� KXPDV� GDQ� SURPRVL� GDQ� ODLQ� VHEDJDLQ\D�
�3URMHFW�0DQDJHPHQW�,QVWLWXWH�������� 

+DUJD�VDWXDQ�SHNHUMDDQ��+63��VHWLDS�PDWD�SHPED\DUDQ�
PHUXSDNDQ� OXDUDQ� �RXWSXW�� \DQJ� GLSHUROHK� PHODOXL�
VXDWX� SURVHV� SHUKLWXQJDQ� GDQ� PDVXNDQ-PDVXNDQ��
'DODP� KDO� LQL�� PDVXNDQ� \DQJ� GLPDNVXG� DQWDUD� ODLQ�
EHUXSD� DVXPVL�� XUXWDQ� SHNHUMDDQ�� VHUWD� SHQJJXQDDQ�
XSDK��EDKDQ�GDQ�DODW��+DUJD�VDWXDQ�GDVDU�XSDK��EDKDQ��
GDQ� DOD� DNDQ� PHQHQWXNDQ� KDUJD� VDWXDQ� SHNHUMDDQ��
%HUGDVDUNDQ� PDVXNDQ� WHUVHEXW� GLODNXNDQ� SHUKLWXQJDQ�
XQWXN�PHQHQWXNDQ�NRHILVLHQ�EDKDQ�� NRHILVLHQ� DODW� GDQ�
NRHILVLHQ� XSDK� WHQDJD� NHUMD� \DQJ� GLVDMLNDQ� SDGD�
*DPEDU� �� WHQWDQJ� VWUXNWXU� DQDOLVLV� +DUJD� 6DWXDQ�
3HNHUMDDQ��+63��� 

6LVWHP�GLQDPLN�SHUWDPD�NDOL� GLSHUNHQDONDQ�ROHK� -��:�
)RUUHVWHU� SDGD� WDKXQ� ������ PHUXSDNDQ� VXDWX� PHWRGH�
SHPHFDKDQ� PDVDODK-PDVDODK� NRPSOHNV� \DQJ� WLPEXO�
NDUHQD� DGDQ\D� NHFHQGHUXQJDQ� VHEDE� DNLEDW� GDUL�
EHUEDJDL� PDFDP� YDULDEHO� GL� GDODP� VLVWHP�� 'DVDU�
PHWRGRORJL�GDUL�VLVWHP�GLQDPLN�DGDODK�DQDOLVLV� VLVWHP�
GLPDQD� VXDWX� VLVWHP� GLDUWLNDQ� VHEDJDL� VHSHUDQJNDW�
HOHPHQ� \DQJ� VDOLQJ� EHULQWHUDNVL� VDWX� VDPD� ODLQ� \DQJ�
PHQFRED� XQWXN� PHQMHODVNDQ� SHULODNX� GDUL� EHUEDJDL�
WLQGDNDQ� GDODP� VHEDJLDQ� V\VWHP� �'DUPRQR�� �������
6LVWHP� GLQDPLN� PHQJJDPEDUNDQ� SHUXEDKDQ� VLVWHP�
WHUKDGDS� ZDNWX� �)LVKZLFN�� ������� .HOHELKDQ� VLVWHP�
GLQDPLN� GLEDQGLQJNDQ� GHQJDQ� PHWRGH� VLPXODVL� \DQJ�
ODLQ�DGDODK� 

*DPEDU����6WUXNWXU�DQDOLVLV�KDUJD�VDWXDQ�SHNHUMDDQ��+63� 
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D� 6DQJDW� FRFRN� XQWXN� PHPDKDPL� SHULODNX�� NDUHQD�
GHQJDQ� GLSDKDPLQ\D� SHULODNX� VLVWHP�� GDSDW�
GLNHPEDQJNDQ�EHEHUDSD�DOWHUQDWLI�VNHQDULR�\DQJ�GDSDW�
PHQLQJNDWNDQ�NLQHUMD�V\VWHP� 

E� 'DSDW�PHQJDQDOLVD�VHFDUD�OHELK�FHSDW�KXEXQJDQ�VHEDE�
DNLEDW� \DQJ� WHUMDGL� DQWDU� YDULDEHO� PRGHO� GHQJDQ�
DGDQ\D� IDVLOLWDV� FDXVDO� ORRS� JUDSK� GDQ� PHODOXL�
VNHQDULR� PRGHO� \DQJ� GDSDW� PHQJDNRPRGDVL� VHJDOD�
NHPXQJNLQDQ� \DQJ� DNDQ� WHUMDGL� GLPDVD� GHSDQ�
WHUPDVXN�IDNWRU�UHVLNR�GL�PDVD�DNDQ�GDWDQJ� 

3DGD� SHQHOLWLDQ� VHEHOXPQ\D� PHQMHODVNDQ� EDKZD� EHWRQ�
EHUWXODQJ�OHELK�HIHNWLI�GLJXQDNDQ�SDGD�NRQVWUXNVL�GHQJDQ�
EHQWDQJ�EDORN�\DQJ�WLGDN�WHUODOX�SDQMDQJ�VHKLQJJD�FRFRN�
XQWXN� NRQVWUXNVL� JHGXQJ�� (VWLPDVL� DQJJDUDQ� ELD\D�
SHNHUMDDQ� EHWRQ� EHUWXODQJ� GLDQDOLVD� GHQJDQ�
PHPEDQGLQJNDQ�PHWRGH�61,� GDQ�6RIWZDUH�06�3URMHFW��
+DVLO� \DQJ� GLSHUROHK� SDGD� SHQHOLWLDQ� EDKZD� WHUGDSDW�
SHUEHGDDQ� ELD\D� SHNHUMDDQ� EHWRQ� EHUWXODQJ� GLNDUHQDNDQ�
SHODNVDQDDQ� PHWRGH� SHNHUMDDQ� GLODSDQJDQ� \DQJ�
GLSHQJDUXKL� SHUKLWXQJDQ� EDKDQ�� WHQDJD� NHUMD�� GDQ� DODW�
�6XNDPWR��GNN������� 

3HQHOLWLDQ� ODLQ� PHQMHODVNDQ� SHNHUMDDQ� NRQVWUXNVL� \DQJ�
WLGDN� GLGXNXQJ� ROHK� NRPSHWHQVL� \DQJ� EDLN� GDUL� WHQDJD�
NHUMD� GDQ� EDKDQ� \DQJ� EHUPXWX�� PDND� WLGDN� DNDQ�
PHPEHULNDQ� KDVLO� \DQJ� PDNVLPDO�� 0HWRGH� SHQHOLWLDQ�
\DQJ� GLJXQDNDQ� GHQJDQ� PHQJDQDOLVD� NRHIHVLHQ� KDUJD�
VDWXDQ�WHQDJD�NHUMD�GL�ODSDQJDQ�GHQJDQ�PHPEDQGLQJNDQ�
DQDOLVLV� 61,� GDQ� %2:� SDGD� SHNHUMDDQ� NRORP� EHWRQ���
SDGD� SHNHUMDDQ� NRORP� EHWRQ� EHUWXODQJ��'HQJDQ�PHWRGH�
ZRUN� VDPSOLQJ�GLGDSDWNDQ� QLODL� NRHILVLHQ� DQDOLVLV� KDUJD�
VDWXDQ� WHQDJD� NHUMD� VHEDJDL� EHULNXW�� ������ 2+� WXNDQJ�
GDQ� ������2+� SHNHUMD�� SDGD� SHNHUMDDQ� EHNLVWLQJ�� ������
2+� WXNDQJ� GDQ� ������ 2+� SHNHUMD�� SDGD� SHNHUMDDQ�
SHPEHVLDQ��'DUL�KDVLO�DQDOLVD�GLVLPSXONDQ�EDKZD�DORNDVL�
ELD\D� DODW� EDQWX� SHUOX� GL� HYDOXDVL� GDQ� GLWLQMDX� NHPEDOL�
GLNDUHQDNDQ�VHLULQJ�EHUNHPEDQJQ\D�WHNQRORJL��PDND�DODW�
EDQWX� \DQJ� GLJXQDNDQ� SHNHUMD� NRQVWUXNVL� PHQJDODPL�
SHUNHPEDQJDQ�FXNXS�SHVDW��$UUXDQ��GNN������� 

3HQHOLWLDQ� ODQMXWDQ� EHUIRNXV� SDGD� LQGHNV� ELD\D� \DQJ�
EHUSHQJDUXK� WHUKDGDS� EHVDUQ\D� KDUJD� VDWXDQ� SHNHUMDDQ�
NRQVWUXNVL�� ,QGHNV� ELD\D� \DQJ� GLJXQDNDQ� XPXPQ\D�
PHQJJXQDNDQ� 61,�� 'HQJDQ� PHPSHUKLWXQJNDQ� DQDOLVD�
LQGHNV� ELD\D� SHNHUMDDQ� EHWRQ� EHUWXODQJ� GHQJDQ�
PHQJJXQDNDQ� PHWRGH� 61,� ����-����� GDQ� ODSDQJDQ�
GLSHUROHK�EHVDUQ\D� LQGHNV� WHQDJD�NHUMD� ODSDQJDQ� DGDODK�
�������PDQGRU�� ������� NHSDOD� WXNDQJ�� �������� WXNDQJ��
GDQ� ������� SHNHUMD� XQWXN� PHPDVDQJ� �P�� EHNLVWLQJ��
������� PDQGRU�� ������� NHSDOD� WXNDQJ�� ������� WXNDQJ��
GDQ� ������� SHNHUMD� XQWXN� SHNHUMDDQ� ��� NJ� SHPEHVLDQ��
GDQ� ������� PDQGRU�� ������� NHSDOD� WXNDQJ�� �������
WXNDQJ�� GDQ� ������� SHNHUMD� XQWXN� PHPEXDW� �P�� EHWRQ��
,QGHNV� WHUVHEXW� GLJXQDNDQ� GDODP� DQDOLVLV� SURVHQWDVH�
SHUEHGDDQ� LQGHNV� WHQDJD� NHUMD� DNLEDW� SHQJDUXK�
SHQJDODPDQ�NHUMD�\DQJ�EHUXODQJ��MDUDN�ORNDVL�SHPEHOLDQ�
EDKDQ�� GRPLVLOL� SHNHUMD� OXDU� GDHUDK�ORNDO�� SHUXEDKDQ�
MXPODK�WHQDJD��GDQ�SHQHUDSDQ�VKLIW��-LQMLH��HW�DOO������� 

6WXGL� PHQJHQDL� RSWLPDVL� EHQWXN� GDQ� GHVDLQ� EDQJXQDQ�
NRQVWUXNVL� WHODK� GLODNVDQDNDQ� GHQJDQ� WXMXDQ� XQWXN�
PHPLQLPDONDQ� WRWDO� NRQVXPVL� EDKDQ� \DQJ� GLJXQDNDQ��
$QDOLVD� ELD\D� EHWRQ� EHUWXODQJ� PHQJJXQDNDQ� DQDOLVD�

UHJUHVL� GHQJDQ� PHPDVXNNDQ� SHQJDUXK� UDVLR� PDWHULDO�
EDMD�GDQ�EHWRQ�GLWHUDSNDQ�SDGD�EDVHPHQW�VWUXFWXUH�GDQ�
VXSHUVWUXFWXUH��'LSHUROHK�KDVLO�IRUPXODVL�UHJUHVL�DNLEDW�
SHQJDUXK� SDUDPHWHU� SHUXEDKDQ� WLQJJL� JHGXQJ� )��  �
�����D��������)�� �-�����D�������D-�������VHGDQJNDQ�
DNLEDW� SHUXEDKDQ� OHEDU� EDQJXQDQ� )��  � �����D��������
)��  �����D�������� GLPDQD� )��YROXPH� EHWRQ��� )��
�YROXPH� WXODQJDQ� EHVL��� D� �UDVLR� +�%�� �-LQMLH�� HW� DOO�
������ 

'HVDLQ� GDQ� RSWLPDOLVDVL� VWUXNWXU� EDQJXQDQ� MXJD�
GLDQDOLVD� SDGD� SHQHOLWLDQ� EHULNXWQ\D� \DLWX�PHQMHODVNDQ�
EDKZD� SHNHUMDDQ� EHWRQ� EHUWXODQJ� PHPEXWXKNDQ�
NRODERUDVL� \DQJ� HIHNWLI� GDUL� VHPXD� SHPDQJNX�
NHSHQWLQJDQ� GDQ� PHOLEDWNDQ� NHDKOLDQ� WHNQLV� PDXSXQ�
QRQ� WHNQLV�� 3HQHOLWLDQ� WHUVHEXW� PHQJJXQDNDQ� LQWHJUDVL�
4XDOLW\� )XQFWLRQ� 'HYHORSPHQW� �4)'��� GHQJDQ�
PHQJHPEDQJNDQ� PRGHO� SDUWLVLSDWLI� VLVWHPDWLV� \DQJ�
PHPDQIDDWNDQ� %XLOGLQJ� ,QIRUPDWLRQ� 0RGHOOLQJ� �%,0��
SDGD� WHNQLN� SHQJXPSXODQ� GDWD� GDQ� SHQJDPELODQ�
NHSXWXVDQ�� 'LVLPSXONDQ� SHQWLQJQ\D� SHPEHUODNXDQ�
VNHQDULR�NHSXWXVDQ�DNWXDO�XQWXN�PHQJXML�NHUDQJND�\DQJ�
GLXVXONDQ� GDQ� PHQ\HOLGLNL� NHPDPSXDQQ\D� SDGD� ELD\D�
EDQJXQDQ�EHWRQ�EHUWXODQJ��(OHIWKHULDGLV��HW�DOO������� 

3HQGHNDWDQ� RSWLPDVL� WRSRORJL� GDQ� NRPSRQHQ�
NRQVWUXNWLI�GHVDLQ�VWUXNWXUDO�GLWHOLWL� OHELK� ODQMXW�GHQJDQ�
PHQJJXQDNDQ� NRPELQDVL�*HQHWLF� $OJRULWKP� �*$�� GDQ�
2SWLPDOO\� &ULWHULD� �2&�� GLWHUDSNDQ� GDODP� DQDOLVD�
SHUKLWXQJDQ� ELD\D� VWUXNWXU� EHWRQ� EHUWXODQJ� �+RIPH\HU��
HW� DOO� ������� 6WXGL� ODQMXWDQ� PHQJHQDL� RSWLPDOLVDVL�
GHVDLQ� VWUXNWXU� EHWRQ� EHUWXODQJ� WHODK� GLEDKDV��
+XEXQJDQ� DQWDUD� RSWLPDOLVDVL� HOHPHQ� VWUXNWXU� GDQ�
SHQJDWXUDQ� WRSRORJL� VDQJDW� LQWHUDNWLI�� VHKLQJJD�SHQWLQJ�
GLODNXNDQ� SHQGHNDWDQ� VLVWHP� XQWXN� HILVLHQVL� ELD\D�
VWUXNWXU� EHWRQ� EHUWXODQJ�� 3HPRGHODQ� SDUDPHWULN�
GLWHUDSNDQ� XQWXN� PHQHQWXNDQ� KXEXQJDQ� DQWDU�
SDUDPHWHU�� 'HQJDQ� SHQGHNDWDQ� VWRFKDVWLF� *HQHWLF�
$OJRULWKP� �*$�� GDQ� D� JUDGLHQW-EDVHG� 2SWLPDOO\�
&ULWHULD��2&��WHFKQLTXH��SHUOXQ\D�PRGLILNDVL�IRUPXODVL�
PDWHPDWLND� WHUNDLW� NRQGLVL� VLWH� GDQ� NHELMDNDQ�
SHUV\DUDWDQ�\DQJ�EHUEHGD��*DQ�������� 

-LND� GLNDML� GDUL� SHQHOLWLDQ� WHUGDKXOX�� SHQHOLWLDQ� LQL�
PHPLOLNL� EHEHUDSD� SHUEHGDDQ� GHQJDQ� SHQHOLWLDQ�
VHEHOXPQ\D�\DLWX�� 

D� 0HWRGH� \DQJ� GLJXQDNDQ� XQWXN� SHQHOLWLDQ� LQL�
EHUEDVLV� VLVWHP� GLQDPLN�� GLPDQD� SHQHOLWL�
VHEHOXPQ\D�PHQJJXQDNDQ�PHWRGH� ODLQ� VHSHUWL�61,��
%2:�� DQDOLVD� UHJUHVL�� *HQHWLF� $OJRULWKP� �*$���
2SWLPDOO\� &ULWHULD� �2&��� GDQ�%XOLGLQJ� ,QIRUPDWLRQ�
0RGHOOLQJ��%,0��� 

E� 0HPSHUKLWXQJNDQ� EHVDUQ\D� SHQJDUXK� KXEXQJDQ�
DQWDUD� ELD\D� ODQJVXQJ� GDQ� WLGDN� ODQJVXQJ� WHUKDGDS�
ELD\D� SHNHUMDDQ� EHWRQ� EHUWXODQJ�� GLPDQD� SHQHOLWLDQ�
WHUGDKXOX�EHOXP�PHPSHUKLWXQJNDQ�KXEXQJDQ�WLPEDO�
EDOLN�ELD\D-ELD\D�WHUVHEXW�VHFDUD�UHDOWLPH�� 

F� 3HQHOLWLDQ� LQL� PHQJJXQDNDQ� YDULDEHO� \DQJ� OHELK�
NRPSUHKHQVLI� VHUWD� PHPIRNXVNDQ� SDGD� YDULDEHO�
\DQJ�EHUSHQJDUXK�ODQJVXQJ�GDQ�WLGDN�ODQJVXQJ�SDGD�
ELD\D� SHNHUMDDQ� EHWRQ� EHUWXODQJ� VHPHQWDUD� SDGD�
SHQHOLWLDQ� VHEHOXPQ\D� YDULDEHO� \DQJ� GLJXQDNDQ�
PDVLK�SDUVLDO��� 
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���0HWRGRORJL�3HQHOLWLDQ 

'DVDU�PHWRGRORJL�GDUL�SHPRGHODQ�VLVWHP�GLQDPLN�SDGD�
SHQHOLWLDQ� LQL� DGDODK� DQDOLVLV� VLVWHP� GLPDQD� VXDWX�
VLVWHP� GLDUWLNDQ� VHEDJDL� VHSHUDQJNDW� HOHPHQ� \DQJ�
VDOLQJ�EHULQWHUDNVL�VDWX�VDPD�ODLQ�\DQJ�PHQFRED�XQWXN�
PHQMHODVNDQ� SHULODNX� GDUL� EHUEDJDL� WLQGDNDQ� GDODP�
VHEDJLDQ� VLVWHP� \DQJ� WHUEDJL� GDODP�EHEHUDSD� WDKDSDQ�
\DLWX�PHOLSXWL���� 

����3HQGHILQLVLDQ�VLVWHP� 

7DKDSDQ� SHQGHILQLVDQ� VLVWHP� PHUXSDNDQ� WDKDS�
LGHQWLILNDVL� GDQ� GHILQLVL� SHUPDVDODKDQ�� 7DKDS� XQWXN�
PHQ\DWDNDQ�NRPSRQHQ-�NRPSRQHQ�\DQJ�WHUPDVXN�GDQ�
WLGDN� WHUPDVXN� GDODP� SHPRGHODQ� VLVWHP�� VHKLQJJD�
SHULODNX� \DQJ� GLSHODMDUL� WLPEXO� NDUHQD� LQWHUDNVL� GDUL�
NRPSRQHQ-NRPSRQHQ�GL�GDODP�VLVWHP� 

����.RQVHSWXDOLVDVL�VLVWHP 

.RQVHSWXDOLVDVL� VLVWHP� GLDZDOL� GHQJDQ� LGHQWLILNDVL�
NRPSRQHQ� DWDX� YDULDEHO� \DQJ� WHUOLEDW� GDODP�
SHPRGHODQ��9DULDEHO-YDULDEHO�WHUVHEXW�NHPXGLDQ�GLFDUL�
LQWHUDNVLQ\D�VDWX�VDPD�ODLQ�6HSHUWL�GLSHUOLKDWNDQ�GDODP�
*DPEDU���NRQVHSWXDOLVDVL�VLVWHP�PHQJJXQDNDQ�UDJDP�
PHWRGH� VHSHUWL� GLDJUDP� VHEDE� DNLEDW� �FDXVDWLF�
GLDJUDP�� GDQ� GLDJUDP� NRWDN� SDQDK� �VWRFN� IORZ�
GLDJUDP�� 

����)RUPXODVL�PRGHO 

0HUXPXVNDQ� KXEXQJDQ� DQWDU� NRPSRQHQ-NRPSRQHQ�
PRGHO�� )RUPXODVL�PRGHO� GLODNXNDQ� WHUKDGDS� YDULDEHO-
YDULDEHO� \DQJ� VDOLQJ� EHUKXEXQJDQ� GDODP� GLDJUDP��
0RGHO� GLIRUPXODVLNDQ� GHQJDQ� SHUVDPDDQ-SHUVDPDDQ�
PDWHPDWLND� GHQJDQ� YDULDEHO-YDULDEHO� VHSHUWL� OHYHO��
UDWH��DX[LOLDU\�� NRQVWDQWD�GDQ�DUURZ� VHEDJDL� NRQHNWRU�
DQWDU� YDULDEHO��.HPXGLDQ� IRUPXODVL�� SHUXPXVDQ� GDSDW�
GLPDVXNNDQ�GDODP�YDULDEHO� WHUVHEXW� NHPXGLDQ� WLQJJDO�
NLWD� UXQQLQJ�PRGHOQ\D� XQWXN�PHQGDSDWNDQ�KDVLO�� -LND�
WLGDN� WHUGDSDW� SHUPDVDODKDQ� GDODP� VLVWHP� \DQJ� NLWD�
VXVXQ�� DUWLQ\D� EDKZD� IRUPXODVL-IRUPXODVL� \DQJ�
GLLVLNDQ�GDODP�YDULDEHO-YDULDEHO�WHUNDLW�WHODK�GLODNXNDQ�
GHQJDQ�EHQDU� 

����3HQJDPELODQ�GDWD 

,GHQWLILNDVL� GDWD� \DQJ� GLSHUOXNDQ� ROHK� PRGHO� VHVXDL�
GHQJDQ�WXMXDQ�SHPEXDWDQ�PRGHO��$QDOLVLV�NRQGLVL�\DQJ�

PHPSHQJDUXKL� VLVWHP� SHPELD\DDQ� SUR\HN� \DQJ�
PHQ\HGLDNDQ�GDWD�NXDQWLWDWLI�GLJXQDNDQ�GDODP�PRGHO��
3HQJXPSXODQ�GDWD�VHNXQGHU�GLODNXNDQ�GHQJDQ�PHWRGH�
IRFXV�JURXS�GLVFXVVLRQ��)*'��GHQJDQ�'LQDV�3HNHUMDDQ�
8PXP�GDQ�3HUXPDKDQ�5DN\DW� 

����6LPXODVL�PRGHO 

6LPXODVL� PRGHO� GLODNXNDQ� XQWXN� PHPDKDPL� SURVHV�
VLVWHP�� PHPEXDW� DQDOLVLV� GDQ� SHUDPDODQ� SHULODNX�
JHMDOD� DWDX� SURVHV� WHUVHEXW� GL� PDVD� GHSDQ� 'DODP�
SHQ\XVXQDQ� PRGHO� SHUOX� GLVHVXDLNDQ� GHQJDQ� MHQLV�
EDKDVD�SHPURJUDPDQ�VLPXODVL�\DQJ�DNDQ�GLJXQDNDQ� 

����9HULILNDVL�PRGHO 

)RUPXODVL�� SHUXPXVDQ� \DQJ� WHODK� GLPDVXNNDQ� GDODP�
YDULDEHO� WHUVHEXW� NHPXGLDQ� UXQQLQJ� PRGHOQ\D� XQWXN�
PHQGDSDWNDQ� KDVLO�� -LND� WLGDN� WHUGDSDW� SHUPDVDODKDQ�
GDODP� VLVWHP� \DQJ� NLWD� VXVXQ�� DUWLQ\D� NLWD� VXGDK�
PHODNXNDQ� YHULILNDVL� WHUKDGDS� PRGHO� \DQJ� GLEXDW��
3DGD� SHQJXMLDQ� YHULILNDVL� GLJXQDNDQ� REMHN� SHQHOLWLDQ�
SDGD� �� SUR\HN� KLJK� ULVH� EXLOGLQJ� %801� NRQVWUXNVL��
XQWXN� PHPDVWLNDQ� EDKZD� IRUPXODVL-IRUPXODVL� \DQJ�
GLLVLNDQ�GDODP�YDULDEHO-YDULDEHO�WHUNDLW�VXGDK�DNXUDW� 

����9DOLGDVL�PRGHO 

7DKDS�VHODQMXWQ\D�DGDODK�VLPXODVL�WHUKDGDS�PRGHO�GDQ�
PHODNXNDQ� YDOLGDVL� PRGHO� \DQJ� MXJD� DNDQ�
PHQLPEXONDQ� XPSDQ� EDOLN� WHUKDGDS� SHPDKDPDQ�
VLVWHP�� 6HGDQJNDQ� YDOLGDVL� PRGHO� GLODNXNDQ� XQWXN�
PHQJHWDKXL� NHVHVXDLDQ� DQWDUD� KDVLO� VLPXODVL� GHQJDQ�
JHMDOD�DWDX�SURVHV�WHUKDGDS�FDVH�\DQJ�VDPD�� 

+DVLO�YDOLGDVL� LQL�NHPXGLDQ�DNDQ�PHQLPEXONDQ�SURVHV�
SHUEDLNDQ� GDQ� UHIRUPXODVL� PRGHO�� 3DGD� DNKLUQ\D�
GLODNXNDQ� DQDOLVLV� NHELMDNDQ� SDGD� PRGHO� \DQJ� WHODK�
YDOLG�GHQJDQ�GXD�FDUD�SHQJXMLDQ�\DLWX� 

D��3HUEDQGLQJDQ�5DWD-5DWD��0HDQ�&RPSDULVRQ� 

� 

'LPDQD�� 
 QLODL�UDWD�UDWD�GDWD �  ߥ
  � QLODL�UDWD�UDWD�KDVLO�VLPXODVL 
0RGHO�GLDQJJDS�YDOLG�ELOD�(������ 

E� 3HUEDQGLQJDQ�9DULDVL�$PSOLWXGR����(UURU�
9DULDQFH� 

 

'LPDQD� 

6V�  � 6WDQGDUG�GHYLDVL�PRGHO 
6D�  � 6WDQGDUG�GHYLDVL�GDWD 
0RGHO�GLDQJJDS�YDOLG�ELOD�(������� 

����6NHQDULRVDVL 

6HWHODK�PRGHO� YDOLG�PDND� ODQJNDK� VHODQMXWQ\D� DGDODK�
PHPEXDW� EHEHUDSD� VNHQDULR� �HNVSHULPHQ�� XQWXN�
PHPSHUEDLNL� NLQHUMD� VLVWHP� VHVXDL� GHQJDQ� NHLQJLQDQ��

*DPEDU����.RQVHSWXDOLVDVL�VLVWHP 

𝐸1 =  
| 𝑆ҧ − 𝐴ҧ | 

𝐴ҧ
 ��� 

𝐸2 =  
| Ss − Sa |

𝑆𝑎
 ��� 

𝑆ҧ 
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6NHQDULRVDVL�PHUXSDNDQ�XML�FRED�SDGD�PRGHO�\DQJ�WHODK�
GLVXVXQ�GHQJDQ� WXMXDQ�XQWXN�PHOLKDW�NLQHUMD�GDUL�VLVWHP�
WHUKDGDS� SHUXEDKDQ� \DQJ� DGD�� 7HUGDSDW� GXD� MHQLV�
VNHQDULRVDVL�GDODP�PRGHO� \DNQL� VNHQDULR�SDUDPHWHU�GDQ�
VNHQDULR� VWUXNWXU�� 6NHQDULR� SDUDPHWHU� DGDODK� VNHQDULR�
\DQJ� GLODNXNDQ� SDGD� SDUDPHWHU-SDUDPHWHU� \DQJ� DGD�
GDODP�PRGHO�\DQJ�WHODK�GLVXVXQ�� 

6NHQDULR� SDUDPHWHU� WLGDN� PHUXEDK� VWUXNWXU� PRGHO�
PDXSXQ� YDULDEHO� GDODP� PRGHO�� 6HGDQJNDQ� VNHQDULR�
VWUXNWXU� DGDODK� SHUXEDKDQ� \DQJ� GLODNXNDQ� SDGD� PRGHO�
DZDO� �EDVH� PRGHO�� GHQJDQ� PHQDPEDKNDQ� DWDX�
PHQJXUDQJL�YDULDEHO�� 

$GDSXQ� GLDJUDP� DOLU� GDUL� EHEHUDSD� WDKDSDQ� \DQJ� WHODK�
GLMHODVNDQ�WHUVHEXW�GLDWDV�GLSHUOLKDWNDQ�GDODP�*DPEDU���
EHULNXW�LQL� 

���+DVLO�GDQ�3HPEDKDVDQ 

�����&DXVDWLF�GLDJUDP 

'LDJUDP� NDXVDWLN� PHQXQMXNNDQ� KXEXQJDQ� VHEDE� DNLEDW�
GLDQWDUD� YDULDEHO-YDULDEHO� \DQJ� WHODK� WHUGHILQLVL� GDQ�
SHQJDUXKQ\D� DSDNDK� DNDQ� PHPEHUL� GDPSDN� SRVLWLI��
NHPDMXDQ�� SHQLQJNDWDQ� GLDQWDUD� NRPSRQHQ� \DQJ� VDOLQJ�
EHUNDLWDQ� DWDX� PHPEHULNDQ� GDPSDN�� SHUXEDKDQ� VHFDUD�
QHJDWLI�SHQXUXQDQ��&DXVDWLF�GLDJUDP�XQWXN�VLVWHP�KDUJD�
EDKDQ�SHNHUMDDQ�EHWRQ�EHUWXODQJ�VHSHUWL�GDODP�*DPEDU��� 

3DGD� GLDJUDP� NDXVDWLN� SDGD� UDWH� KDUJD� EDKDQ�
GLSHQJDUXKL�ROHK�EHEHUDSD�IDNWRU�GLDQWDUD�\DLWX�� 

D� 9DULDEHO�,QIODVL 
 ,QIODVL� DGDODK� LQGLNDWRU� XQWXN� PHOLKDW� WLQJNDW�

SHUXEDKDQ��GDQ�GLDQJJDS�WHUMDGL�MLND�SURVHV�NHQDLNDQ�
KDUJD�EHUODQJVXQJ�WHUXV�PHQHUXV�GDQ�VDOLQJ�SHQJDUXK�
PHPSHQJDUXKL�� 

9DULDEHO� LQIODVL� PHPLOLNL� GXD� SHUDQ� GDODP� PRGHO�
SHPELD\DDQ� SUR\HN�� \DNQL� VHEDJDL� SHPLFX�
PHQLQJNDWQ\D� KDUJD� EDKDQ� PDWHULDO� GDQ� MXJD� KDUJD�
DODW� NHUMD� GDUL� KDUJD� VDWXDQ� GDVDU� PDVLQJ-PDVLQJ��
7LQJNDW� LQIODVL� \DQJ� GLJXQDNDQ� GDODP� NDMLDQ� LQL�
DGDODK�LQIODVL�\DQJ�WHUMDGL�GDODP�UHQWDQJ�WDKXQ�����-
����� 

E� 3HUWXPEXKDQ�HNRQRPL 
3HUWXPEXKDQ� HNRQRPL� WXUXW� PHPSHQJDUXKL� KDUJD�
EDKDQ�PDWHULDO� GDQ� KDUJD� DODW� NHUMD�� 6HSHUWL� KDOQ\D�
LQIODVL�PDND�SHUWXPEXKDQ�HNRQRPL�GLDQDOLVD�GDODP�
UHQWDQJ�WDKXQ������–������ 

*DPEDU����'LDJUDP�$OLU�3HQHOLWLDQ 

*DPEDU����&DXVDWLF�GLDJUDP�VLVWHP�KDUJD�EDKDQ�SHNHUMDDQ�EHWRQ�EHUWXODQJ 
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F� ,QGHNV�+DUJD�%DKDQ�3RNRN 
,QGHNV� KDUJD� %DKDQ� 3RNRN�PHPEHULNDQ� SHQJDUXK�
SDGD� WLQJNDW� NRQVXPVL� SHQGXGXN� VHKLQJJD�
PHPSHQJDUXKL� LQGHNV� ELD\D� KLGXS�� %HUVDPD-VDPD�
GHQJDQ� LQGHNV� WLQJNDW� NHPDNPXUDQ� SHQGXGXN�
PDND� LQGHNV� KDUJD� EDKDQ� SRNRN� WXUXW�
PHPSHQJDUXKL�EHVDUDQ�XSDK�SHNHUMD�NRQVWUXNVL� 

������6WRFN�IORZ�GLDJUDP 

-LND�GDODP�FDXVDWLF�GLDJUDP��NLWD�KDQ\D�PHQGDSDWNDQ�
KXEXQJDQ� VHEDE� DNLEDW� DQWDU� YDULDEOH� \DQJ� EHUNDLWDQ��
SDGD�VWRFN�IORZ�GLDJUDP�PDPSX�PHQXQMXNNDQ�NHSDGD�
NLWD� YDULDEHO-YDULDEHO� \DQJ� NLWD� GHILQLVLNDQ� DSDNDK�
WHUJRORQJ� SDGD� OHYHO�� UDWH� DWDX� DX[LOLDU\� VHKLQJJD�
PHPXGDKNDQ� NLWD� XQWXN� PHODNXNDQ� SURVHV� VLPXODVL��
3DGD�PRGHO�SUHGLNVL�KDUJD�EDKDQ�XQWXN�GLDJUDP�VWRFN�
IORZ�GLSHUOLKDWNDQ�SDGD�*DPEDU��� 

�����)RUPXODVL�PRGHO 

7DKDS�IRUPXODVL�PRGHO�DGDODK�PHPEHULNDQ�SHUVDPDDQ
-SHUVDPDDQ� PDWHPDWLN� XQWXN� PHUHSUHVHQWDVLNDQ�
KXEXQJDQ� DQWDU� YDULDEHO� \DQJ� DGD� GDODP� VLVWHP� \DQJ�
GLVXVXQ�� $QDOLVLV� NRQGLVL� \DQJ� PHPSHQJDUXKL� VLVWHP�
SHPELD\DDQ�SUR\HN�\DQJ�PHQ\HGLDNDQ�GDWD�NXDQWLWDWLI�
GLJXQDNDQ�GDODP�PRGHO� 

�����9HULILNDVL�PRGHO 

6HWHODK� SHUVDPDDQ-SHUVDPDDQ� PDWHPDWLV� GLPDVXNNDQ�
GDODP� PRGHO� PDND� PRGHO� GDSDW� GLUXQQLQJ� XQWXN�
PHOLKDW� DSDNDK� KDVLO� SHUVDPDDQ� PRGHO� PDVLK�
PHQJDODPL� NHQGDOD� DWDX� HUURU�� 3URVHV� LQL� GLVHEXW�
YHULILNDVL� PRGHO�� +DVLO� YHULILNDVL� PRGHO� GDSDW� GLOLKDW�
GDODP�*DPEDU���� 

�����9DOLGDVL�PRGHO 

6HODQMXWQ\D� DSDELOD� PRGHO� WHODK� WHUYHULILNDVL� PDND�
GLODNXNDQ�SURVHV�YDOLGDVL�PRGHO��6HEDJDL�FRQWRK�XQWXN�
SURVHV� YDOLGDVL� GLDPELO� FRQWRK� EDKDQ� EDQJXQDQ� SDGD�
SHNHUMDDQ�EHWRQ�EHUWXODQJ�\DLWX�KDUJD�EDKDQ�XQWXN�EHVL�
EHWRQ���� 

6HVXDL� GHQJDQ� EUHDNGRZQ� DNWLYLWDV� SUR\HN� \DQJ�
GLXUDLNDQ� VHFDUD� OHELK� GHWDLO� VHEHOXPQ\D� PDND� XQWXN�

SURVHV�YDOLGDVL�GLDPELO�GDWD�XUDLDQ�ELD\D�EDKDQ��3URVHV�
YDOLGDVL� \DQJ� GLODNXNDQ� DGDODK� DQDOLVD� VHQVLWLYLWDV�
GQHJDQ� PHPEDQGLQJNDQ� GDWD� KDUJD� EDKDQ� EDQJXQDQ�
EHVL� EHWRQ� \DQJ� GLSHUROHK� GDUL� GDWD� VHNXQGHU� GHQJDQ�
KDUJD�EDKDQ�SDGD�EDVH�PRGHO� 

$QDOLVD� VHQVLWLYLWDV� GLSHUROHK� GHQJDQ�
PHPSHUKLWXQJNDQ� QLODL� PHDQ� GDQ� VWDQGDUG� GHYLDVL�
KDUJD� EDKDQ� SHNHUMDDQ� EHWRQ� EHUWXODQJ�� 'DUL� KDVLO�
SHUKLWXQJDQ�GLGDSDWNDQ�0HDQ�&RPSDULVRQ�(�� �������
GDQ�9DULDVL�$PSOLWXGR�(UURU�9DULDQFH�(�� ������� 

0XODL� GDUL� NRQGLVL� VWDQGDU� SHUHQFDQDDQ� SHPELD\DDQ�
SUR\HN� KLQJJD� SUHGLNVL� -� SUHGLNVL� \DQJ� PXQJNLQ�
PHPSHQJDUXKL� ELD\D� SUR\HN� VHSHUWL� DGDQ\D�
NHWHUODPEDWDQ� NHGDWDQJDQ� EDKDQ� PDWHULDO�� 7DEHO� ��
PHQ\DMLNDQ� SHUEDQGLQJDQ� QLODL� (�� GDQ� (�� GDUL� KDVLO�
SHUKLWXQJDQ� KDUJD� EDKDQ� GDWD� VHNXQGHU� GDQ� EDVH�
PRGHO�� 

�����6NHQDULR�GDQ�KDVLO�VLPXODVL�PRGHO 

6HWHODK� EDVH� PRGHO� WHUYHULILNDVL� GHQJDQ� EDLN� VHUWD�
YDOLGDVL� PRGHO� WHODK� GLODNXNDQ� VHKLQJJD� PRGHO� \DQJ�
GLVXVXQ� WHODK� VHVXDL� GHQJDQ� WXMXDQ� SHPEXDWDQ� VLVWHP�
PDND� ODQJNDK� VHODQMXWQ\D� \DQJ� GLODNXNDQ� DGDODK�
VNHQDULRVDVL� 

'DODP� SHODNVDQDDQ� SHNHUMDDQ� NRQVWUXNVL� EHUEDJDL�
NHPXQJNLQDQ� GDODP� SHODNVDQDDQ� SUR\HN� VDQJDW�

*DPEDU����6WRFN�IORZ�VLVWHP�KDUJD�EDKDQ�SHNHUMDDQ�EHWRQ�EHUWXODQJ 

*DPEDU����+DVLO�YHULILNDVL�PRGHO 
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7DEHO����3HUEDQGLQJDQ�QLODL�(��GDQ�(��DQWDUD�PRGHO�KDUJD�EDKDQ�GHQJDQ�KDUJD�EHVL�EHWRQ 

*DPEDU����*UDILN�WUHQ�KDUJD�EHVL�EHWRQ 

PXQJNLQ� WHUMDGL� PHQJLQJDW� VLIDW� SUR\HN� \DQJ� VDQJDW�
NRPSOHNV�� 6DODK� VDWXQ\D� DGDODK� NHGDWDQJDQ� PDWHULDO�
SUR\HN�GL�ORNDVL�PHQJDODPL�NHWHUODPEDWDQ�� 

.HWHUODPEDWDQ� LQL� GDSDW� PHPEHULNDQ� GDPSDN� SDGD�
SHPELD\DDQ� SUR\HN� VHFDUD� PHQ\HOXUXK�� GLPDQD�

*DPEDU����&DXVDWLF�GLDJUDP�VNHQDULR� 
NHWHUODPEDWDQ�PDWHULDO 

NHWHUODPEDWDQ� PDWHULDO� LQL� PHPEDZD� SHQJDUXK� SDGD�
SHNHUMD� \DQJ� WHWDS� KDUXV�PHQGDSDWNDQ� XSDK�ZDODXSXQ�
WLGDN� EHNHUMD� NDUHQD� NHVDODKDQ� WLGDN� WHUOHWDN� SDGD�
SHNHUMD�� 6HODLQ� LWX� NHWHUODPEDWDQ� LQL� PHPEDZD�
SHQJDUXK� SDGD� DORNDVL� UHVLNR� SHQDOWL� \DQJ� DNDQ�
GLWHULPD� DNLEDW� NHWHUODPEDWDQ� ZDNWX� SHODNVDQDDQ�
SUR\HN�� 

6HPHQWDUD� DSDELOD� NLWD� EHUELFDUD� NHXQWXQJDQ� � PDND��
NHWHUODPEDWDQ��LQL��DNDQ��EHUDNLEDW��SDGD��EHUNXUDQJQ\D�
QLODL� NHXQWXQJDQ� \DQJ� GLSHUROHK� DNLEDW� DGDQ\D�
SHQLQJNDWDQ� ELD\D� UHVLNR� \DQJ� KDUXV� GLWDQJJXQJ� OHELK�
EHVDU�� 3HUXEDKDQ� VWUXNWXU� PRGHO� GLVDMLNDQ� GDODP�
*DPEDU���&DXVDWLF�'LDJUDP�6NHQDULR�.HWHUODPEDWDQ�
0DWHULDO� GDQ� *DPEDU� �� 6WRFN� )ORZ� 6NHQDULR�
.HWHUODPEDWDQ� 0DWHULDO�� 3HUXEDKDQ� VWUXNWXU� PRGHO�
SDGD� SHQHOLWLDQ� LQL� GLSHQJDUXKL� ROHK� IDNWRU� NHUXJLDQ�
NHWHUODPEDWDQ�GDQ�SHQDOWL�NHWHUODPEDWDQ� 

���.HVLPSXODQ 

�� 'HQJDQ� KDVLO� VLPXODVL� GHQJDQ� QLODL� 0HDQ�
&RPSDULVRQ� (��  � ������ GDQ� 9DULDVL� $PSOLWXGR�
(UURU� 9DULDQFH� (��  � ������ \DQJ� GLMDODQNDQ� VHUWD�
SUHGLNVL-SHUGLNVL� \DQJ� PXQJNLQ� WHUMDGL� PDND�

'DWD��+DUJD�%HVL�%HWRQ������-����� 0RGHO�XQWXN�+DUJD�%DKDQ 
7DKXQ +DUJD��5S��%DWDQJ� [�-�PHDQ �[-PHDQ�� +DUJD��5S��%DWDQJ� [�-�PHDQ �[-PHDQ�� 
���� ��������� ����������� �������������� ��������� ����������� �������������� 
���� ��������� ����������� �������������� ��������� ����������� �������������� 
���� ��������� ����������� �������������� ��������� ����������� �������������� 
���� ��������� ����������� �������������� ��������� ����������� �������������� 
���� ��������� ����������� �������������� ��������� ���������� ������������� 
���� ��������� ���������� ������������� ��������� ���������� ������������� 
���� ��������� �������� ������������ ��������� �������� ������������ 
���� ��������� �������� ������������� ��������� �������� ������������� 
���� ��������� ��������� �������������� ��������� ��������� �������������� 
���� ��������� ��������� �������������� ��������� ��������� �������������� 
���� ��������� ��������� �������������� ��������� ��������� �������������� 
���� ��������� ��������� �������������� ���������� ��������� �������������� 
���� ����������   ���������������� ���������� ���������� ���������������� 

0HDQ ���������� 6' ��������� ��������� 6' ��������������� 

    (� �����   (� ����� 

*DPEDU����6WRFN�IORZ�VNHQDULR�NHWHUODPEDWDQ�PDWHULDO 
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SHUHQFDQD� GDSDW� PHPEXDW� VHEXDK� NHSXWXVDQ�
SHUHQFDQDDQ� SHPELD\DDQ� \DQJ� GLQLODL� GDSDW�
PHPEHULNDQ� RSWLPDVL� ELD\D� SUR\HN� \DQJ� SDOLQJ�
VHVXDL� GHQJDQ� NHEXWXKDQ� SHUHQFDQD� DQJJDUDQ�
VHSHUWL�PRGLILNDVL� DQWDUD� SHQJJXQDDQ� WHQDJD� NHUMD�
ORNDO� QRQ� ORNDO� GDODP� SURSRUVL� WHUWHQWX�� GDQ� MLND�
GLDVXPVLNDQ� WHUMDGL� PDVDODK� NHWHUODPEDWDQ�
NHGDWDQJDQ� PDWHULDO� PDND� XSD\D� RSWLPDVL�
NHXQWXQJDQ� GDSDW� GLPDNVLPDONDQ� GHQJDQ�
PHQJJXQDNDQ�WHQDJD�NHUMD�ORNDO�� 

�� 3HUWLPEDQJDQ-SHUWLPEDQJDQ� NHSXWXVDQ� LQL� \DQJ�
GDSDW� GLMDGLNDQ� GDVDU� EDJL� SHUHQFDQD� DQJJDUDQ�
XQWXN� PHQGDSDWNDQ� KDVLO� \DQJ� PDNVLPDO�� +DVLO�
SHPRGHODQ� VLVWHP� SHPELD\DDQ� SUR\HN� \DQJ�
GLODNXNDQ� PHPEHULNDQ� SHUEDQGLQJDQ� KDVLO��
%HUGDVDUNDQ� SDGD� KDVLO� SHUEDQGLQJDQ� PRGHO� DZDO�
GDQ� VNHQDULR� \DQJ� GLODNXNDQ� PDND� GDSDW� WHUOLKDW�
EDKZD�WHUMDGL�SHQLQJNDWDQ�ELD\D�SUR\HN��0XODL�GDUL�
NRQGLVL� VWDQGDU� SHUHQFDQDDQ� SHPELD\DDQ� SUR\HN�
KLQJJD� SUHGLNVL� -� SUHGLNVL� \DQJ� PXQJNLQ�
PHPSHQJDUXKL� ELD\D� SUR\HN� VHSHUWL� DGDQ\D�
NHWHUODPEDWDQ�NHGDWDQJDQ�EDKDQ�PDWHULDO�� 

�� 3HUXEDKDQ�IDNWRU-IDNWRU�\DQJ�GDSDW�PHPSHQJDUXKL�
KDUJD�EDKDQ�GL�ODSDQJDQ�GDSDW�GL�VLPXODVLNDQ�SDGD�
DQDOLVD� GLQDPLN� VHKLQJJD� SUHGLNVL� KDUJD� EDKDQ�
GDSDW�GLXSGDWH�VHFDUD�UHDOWLPH�� 

'DIWDU�3XVWDND 

$UUXDQ�� $�� %�� )�� 6RPSLH�� 0RFKWDU� 6LEL�� 3LQJNDQ�
3UDWDVLV����������$QDOLVLV�NRHILVLHQ�KDUJD�VDWXDQ�
WHQDJD� NHUMD� GL� ODSDQJDQ� GHQJDQ�
PHPEDQGLQJNDQ�DQDOLVLV�61,�GDQ�DQDOLVLV�%2:�
SDGD� SHPEHVLDQ� GDQ� EHNLVWLQJ� NRORP�� -XUQDO�
6LSLO� 6WDWLN� 9RO��� 1R��� ���-���� ,661�� ����-
����� 

$O]DKUDQL�� -�� ,�� GDQ� (PVOH\�� 0�� :�� �������� ³7KH�
LPSDFW�RI�FRQWUDFWRUV¶�DWWULEXWHV�RQ�FRQVWUXFWLRQ�
SURMHFW� VXFFHVV�� $� SRVW� FRQVWUXFWLRQ�
HYDOXDWLRQ´�� ,QWHUQDWLRQDO� -RXUQDO� RI� 3URMHFW�
0DQDJHPHQW�� ������� ���-����GRL�KWWS���G[�GRL��
RUJ���������M�LMSURPDQ������������ 

'DUPRQR�� 5�� ������� 3HPRGHODQ� 6\VWHP� '\QDPLFV�
SDGD� 3HUHQFDQDDQ� 3HQDWDDQ� 5XDQJ� .RWD���
-DNDUWD��*UDVLQGR� 

)�� 0XULH�� ³%XLOGLQJ� VDIHW\� -� $Q� LQWHUQDWLRQDO�
SHUVSHFWLYH�´� ,QW�� -�� 2FFXS�� (QYLURQ�� +HDOWK��
YRO������QR�����SS���–��������� 

)LVKZLFN�� 3�� ������� +DQGERRN� RI� '\QDPLF� 6\VWHP�
0RGHOLQJ��1HZ�<RUN�&KDSPDQ�	�+DOO�&5& 

+�� +RIPH\HU�� 0�� 6FKHYHQHOV�� 6�� %RRQVWUD�� 7KH�
JHQHUDWLRQ� RI� KLHUDUFKLF� VWUXFWXUHV� YLD� UREXVW�
�'� WRSRORJ\� RSWLPLVDWLRQ�� $GY�� (QJ�� ,QIRUP��
��� ���������–����KWWSV���GRL�RUJ���������M�DHL��
������������ 

-LQMLH�� 0�� 4LQJ[XDQ�� 6�� =KLMLDQ�� +�� �������� 2SWLPDO�
'HVLJQ� RI� 7DOO� 5HVLGHQWLDO� %XLOGLQJZLWK� 5&�
6KHDU� :DOO� DQG� ZLWK� 5HFWDQJXODU� /D\RXW��

,QWHUQDWLRQDO� -RXUQDO� RI� +LJK-� 5LVH� %XLOGLQJV��
9RO����1R�������-��� 

0HVVDK�� <�� $��� 6LQD�� '�� $�� 7�� GDQ�0DQXEXOX�� $�� &��
��������$QDOLVD� ,QGHNV�%LD\D�8QWXN� 3HNHUMDDQ�
%HWRQ� %HUWXODQJ� 'HQJDQ�0HQJXQDNDQ�0HWRGH�
61,� ����-����� GDQ� /DSDQJDQ� �� -XUQDO� 7HNQLN�
6LSLO��9RO�,,�1R��� 

3URMHFW�0DQDJHPHQW� ,QVWLWXWH�� ��������$� JXLGH� WR� WKH�
SURMHFW� PDQDJHPHQW� ERG\� RI� NQRZOHGJH�
�30%2.�� JXLGH��� --� )LIWK� HGLWLRQ�� 1HZWRZQ�
6TXDUH��3$��30,� 

6��(OHIWKHULDGLV��3��'XIIRXU��'��0XPRYLF�3DUWLFLSDWRU\�
GHFLVLRQ-VXSSRUW� PRGHO� LQ� WKH� FRQWH[W� RI�
EXLOGLQJ�VWUXFWXUDO�GHVLJQ�HPEHGGLQJ�%,0�ZLWK�
4)'�� $GY�� (QJ�� ,QIRUP�� ��� ������� ���–
����KWWSV���GRL�RUJ���������M�DHL������������ 

6�$��0LOOHU��$��+RUYDWK�� 3�-�0��0RQWHLUR�� ,PSDFWV� RI�
ERRPLQJ� FRQFUHWH� SURGXFWLRQ� RQ� ZDWHU�
UHVRXUFHV� ZRUOGZLGH�� 1DWXUH� 5HVHDUFK�
6XVWDLQDELOLW\�&RPPXQLW\�� KWWSV���VXVWDLQDELOLW\�
FRPPXQLW\�QDWXUH�FRP�XVHUV�� �����-VDEELH-�����
DPLOOHU�SRVWV������-LPSDFWVRI-ERRPLQJ-
FRQFUHWH-SURGXFWLRQ-RQ-ZDWHU-UHVRXUFHV-
ZRUOGZLGH��������DFFHVVHG����0DUFK������� 

6�,��/HH��-�6��%DH��<�6��&KR��(IILFLHQF\�DQDO\VLV�RI�6HW-
EDVHG� 'HVLJQ� ZLWK� VWUXFWXUDO� EXLOGLQJ�
LQIRUPDWLRQ� PRGHOLQJ� �6-%,0�� RQ� KLJK-ULVH�
EXLOGLQJ� VWUXFWXUHV�� $XWRP�� &RQVWU�� ��� �������
��–���KWWSV���GRL�RUJ����������DXWFRQ������������� 

6XNDPWR�� $�� 4�� (O� 8QDV��� 6�� +DV\LP�� 0�� +�� ��������
$QDOLVD� SHUEDQGLQJDQ� KDUJD� VDWXDQ� SHNHUMDDQ�
EHWRQ� EHUWXODQJ� EHUGDVDUNDQ� 61,� GDQ� VRIWZDUH�
06�3URMHFW��-XUQDO�7HNQLN�6LSLO 

9�-�/��*DQ��&�0��&KDQ��.�7��7VH��-�&�3��&KHQJ��,�0�&��
/R��6XVWDLQDELOLW\�DQDO\VHV�RI�HPERGLHG�FDUERQ�
DQG� FRQVWUXFWLRQ� FRVW� LQ� KLJK-ULVH� EXLOGLQJV�
XVLQJ� GLIIHUHQW� PDWHULDOV� DQG� VWUXFWXUDO� IRUPV��
+.,(� 7UDQV�� ��� ������� ���–����KWWSV���
GRL�RUJ�����������������;��������������� 


