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DGBSDWULD#\DKRR�FRP� 

7KLV� UHVHDUFK�GHVFULEHG� WKH�DSSOLFDWLRQ�RI�HPHUJ\�DQDO\VLV� WR�HYDOXDWH� WKH�VXVWDLQDELO�

LW\�RI�VPDOO�VFDOH�ILVKHULHV�DFWLYLWLHV��$Q�DGYDQWDJH�RI�HPHUJ\�DQDO\VLV�LV�WKH�DELOLW\�WR�TXDQWLI\�

HQYLURQPHQWDO� DQG� HFRQRPLF� LQSXWV� DQG� RXWSXWV� RQ� D� FRPPRQ�EDVLV�� ,Q� WKLV� VWXG\��ZH� FRQ�

VWUXFWHG�HPHUJ\�DFFRXQWV�IRU�WKH�VPDOO�VFDOH�)LVKHULHV�DFWLYLWLHV�LQ�&LODFDS�'LVWULFW��7KH�UHVXOW�

RI�(<5�YDOXH�LQGLFDWHV�WKDW�VPDOO-VFDOH�ILVKLQJ�DFWLYLWLHV�GR�QRW�FRQWULEXWH�WR�WKH�EDODQFHG�GH�

YHORSPHQW�RI�UHJLRQDO�HFRQRP\��7KH�YDOXH�RI�WKH�(/5�LV�YHU\�KLJK��VKRZLQJ�WKH�ODUJH�QXPEHU�

RI�VPDOO-VFDOH�ILVKHUPHQ�WR� WKH� LQWHQVLW\�RI�WKH�XVH�RI� ILVKLQJ�JHDU��7KH�FRPSDULVRQ�EHWZHHQ�

WKH�UHVXOWV�RI�WKH�HPHUJ\�HQYLURQPHQWDO�EXUGHQ��(6,��ILVKLQJ�DFWLYLWLHV�E\�VPDOO-VFDOH�ILVKHU�

PHQ�LQ�&LODFDS�UHJHQF\�SRWHQWLDOO\�XQVXVWDLQDEOH�� 

.H\ZRUGV��(PHUJ\�DQDO\VLV��VXVWDLQDEOH�HYDOXDWLRQ���VPDOO�VFDOH�ILVKHULHV 

3HQHOLWLDQ�LQL�PHQMHODVNDQ�SHQHUDSDQ�DQDOLVLV�HPHUJ\�XQWXN�PHQJHYDOXDVL�NHEHUODQMXWDQ�

NHJLDWDQ� SHULNDQDQ� VNDOD� NHFLO�� .HXQWXQJDQ� GDUL� DQDOLVLV� HPHUJ\� DGDODK� NHPDPSXDQ� XQWXN�

PHQJXNXU� LQSXW� OLQJNXQJDQ� GDQ� HNRQRPL� GDQ� RXWSXW� VHFDUD� XPXP�� 'DODP� VWXGL� LQL�� NDPL�

PHUDQFDQJ� DNXQ� HPHUJ\� XQWXN� NHJLDWDQ� SHULNDQDQ� VNDOD� NHFLO� GL� .DEXSDWHQ� &LODFDS�� +DVLO�

QLODL� (<5� PHQXQMXNNDQ� EDKZD� NHJLDWDQ� SHQDQJNDSDQ� LNDQ� VNDOD� NHFLO� WLGDN� PHPEHULNDQ�

NRQWULEXVL� WHUKDGDS� SHUNHPEDQJDQ� VHLPEDQJ� HNRQRPL� UHJLRQDO�� 1LODL� (/5� VDQJDW� WLQJJL��

PHQXQMXNNDQ�VHMXPODK�EHVDU�QHOD\DQ�VNDOD�NHFLO�GHQJDQ� LQWHQVLWDV�SHQJJXQDDQ�DODW� WDQJNDS��

3HUEDQGLQJDQ� DQWDUD� KDVLO� GDUL� EHEDQ� OLQJNXQJDQ� HPHUJ\� �(6,�� NHJLDWDQ� SHQDQJNDSDQ� LNDQ�

ROHK�QHOD\DQ�VNDOD�NHFLO�GL�.DEXSDWHQ�&LODFDS�EHUSRWHQVL�WLGDN�EHUNHODQMXWDQ� 

.DWD�NXQFL��$QDOLVLV�HPHUJ\��HYDOXDVL�EHUNHODQMXWDQ��SHULNDQDQ�VNDOD�NHFLO 

$%675$&7 

$%675$. 
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6XPEHU� GD\D� SHULNDQDQ� PHUXSDNDQ� VDODK� VDWX� DVHW� DODPLDK� \DQJ� GDSDW�

GLHNVWUDNVL� XQWXN� PHPEHULNDQ� PDQIDDW� EDJL� NHKLGXSDQ� PDQXVLD�� EDLN� PDQIDDW� GDUL�

DVSHN�HNRORJL�� HNRQRPL�PDXSXQ�VRVLDO��6HEDJDL� VXPEHUGD\D� \DQJ�GDSDW�SXOLK��PDND�

GDODP�SHPDQIDDWDQ�VXPEHU�GD\D�SHULNDQDQ�GLEXWXKNDQ�VXDWX�WLQGDNDQ�\DQJ�ELMDNVDQD��

DJDU�VXPEHU�GD\D�WLGDN�PHQJDODPL�NHUXVDNDQ�DWDX�NHSXQDKDQ�� 

(NVWUDNVL� VXPEHU� GD\D� SHULNDQDQ� PHUXSDNDQ� DNWLYLWDV� HNRQRPL� \DQJ�

PHQJJXQDNDQ� LQSXW� VHSHUWL� WHQDJD� NHUMD�� NDSDO�� PHVLQ�� EDKDQ� EDNDU� GDQ� VHEDJDLQ\D��

.RPSRQHQ�LQSXW�LQL�PHPEXWXKNDQ�ELD\D�GDODP�SHQ\HGLDDQQ\D��1HOD\DQ�VHEDJDL�DJHQ�

HNRQRPL� \DQJ� EHUVLIDW� UDVLRQDO� GHQJDQ� WXMXDQ� HNRQRPL� WHQWXQ\D� DNDQ�

PHPDNVLPXPNDQ� PDQIDDW� \DQJ� GLSHUROHK� GDODP� PHQJHNVWUDNVL� VXPEHU� GD\D�

SHULNDQDQ� WHUVHEXW�� 2OHK� NDUHQD� LWX� QHOD\DQ� GDSDW� GLNDWDNDQ� WHODK�PHODNXNDQ� SURVHV�

SURGXNVL�\DQJ�GLODNXNDQ�PHODOXL�SURVHV�WUDQVIRUPDVL�LQSXW��VXPEHU�GD\D�SHULNDQDQ�GDQ�

PDQIDDW�HNRQRPL�� 

3URVHV�SURGXNVL� LQLODK�\DQJ�NHPXGLDQ�DNDQ�PHPSHQJDUXKL�SULODNX�QHOD\DQ�GDQ�

GLQDPLND�VXPEHU�GD\D� LNDQ��3ULODNX�QHOD\DQ�GDODP�PHPDQIDDWNDQ�VXPEHU�GD\D� LNDQ�

GDQ� GLQDPLND� NHEHUDGDDQ� VXPEHU� GD\D� LNDQ�PHUXSDNDQ�KXEXQJDQ� WLPEDO� EDOLN� \DQJ�

VDOLQJ� PHPSHQJDUXKL�� 3ROD� SHPDQIDDWDQ� \DQJ� WLGDN� WHUNHQGDOL� DNDQ� PHQLPEXONDQ�

WHNDQDQ� WHUKDGDS�VLVWHP�HNRORJL��GDODP�KDO� LQL�DGDODK�VXPEHU�GD\D� LNDQ��6HEDOLNQ\D��

MLND�VXPEHU�GD\D�LNDQ�PHQJDODPL�GHSOHVL��PDND�QHOD\DQ�WLGDN�GDSDW�PHPDNVLPDONDQ�

PDQIDDW�HNRQRPL�\DQJ�PHQMDGL�WXMXDQQ\D�GDODP�PHPHQXKL�NHEXWXKDQ�KLGXS�� 

3HQJHORDDQ�VXPEHU�GD\D�SHULNDQDQ�GLWXMXNDQ�XQWXN�PHQHQWXNDQ�DORNDVL�VXPEHU�

GD\D� \DQJ� PHQMDPLQ� NHEHUODQMXWDQ� SURGXNVL� VXPEHUGD\D� GDQ� WXMXDQ-WXMXDQ� SHP�

EDQJXQDQ� SHULNDQDQ� ODLQQ\D� �)$2�� ������� 6HLULQJ� GHQJDQ� SHUNHPEDQJDQQ\D� PDND�

WXMXDQ�SHQJHORODDQ�GDSDW�GLEHGDNDQ�PHQMDGL���NDWHJRUL��\DLWX�\DQJ�EHURULHQWDVL�SDGD���

�L�� DVSHN� ELRORJL�� �LL�� DVSHN� HNRQRPL�� �LLL�� DVSHN� VRVLDO�� GDQ� �LY�� DVSHN� UHNUHDVL�

�0XUGL\DQWR�� �������'DUL� SLOLKDQ� WXMXDQ� \DQJ� DGD�PXQJNLQ� VDMD� EHEHUDSD� MHQLV� SHUL�

NDQDQ�KDQ\D�PHQHNDQNDQ�SDGD�VDWX�DWDX�GXD� WXMXDQ�VDMD��DNDQ� WHWDSL�SDGD�XPXPQ\D�

SHUOX�PHQJXVDKDNDQ�WHUFLSWDQ\D�NHVHLPEDQJDQ�\DQJ�EDLN�DQWDUD�EHUEDJDL�WXMXDQ�WHUVH�

EXW��'HQJDQ�GHPLNLDQ� WXMXDQ�SHQJHORODDQ�SHULNDQDQ�SHUOX�PHPSHUWLPEDQJNDQ� WXMXDQ�

HNRQRPL�\DQJ�EHUNDLWDQ�GHQJDQ�NRQGLVL�HNRQRPL��WXMXDQ�VRVLDO�EHUNDLWDQ�GHQJDQ�NHVH�

MDKWHUDDQ�QHOD\DQ�GDQ�WXMXDQ�SHPHOLKDUDDQ�OLQJNXQJDQ�\DQJ�EHUNDLWDQ�GHQJDQ�WLQJNDW�

,�� 3(1'$+8/8$1 
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SHPDQIDDWDQ�VXPEHUGD\D� \DQJ�GLLULQJL�GHQJDQ�SHPHOLKDUDDQ� OLQJNXQJDQ�SHUDLUDQ�VH�

EDJDL�KDELWDW�VXPEHUGD\D�SHULNDQDQ�WHUVHEXW� 

$QDOLVLV�HPHUJ\�DGDODK�EHQWXN�DQDOLVLV�HQHUJL�\DQJ�PHQJXNXU�QLODL�LQSXW�VXPEHU�

GD\D� DODP� GDQ� HNRQRPL� VHFDUD� XPXP� XQWXN�PHQGDSDWNDQ� NRQWULEXVL� DODP� WHUKDGDS�

DNWLYLWDV� SHUHNRQRPLDQ� PDQXVLD� �2GXP�� ������� (PHUJ\� VXU\D� GLJXQDNDQ� XQWXN�

PHQHQWXNDQ�QLODL� SHNHUMDDQ�PDQXVLD�GDQ� OLQJNXQJDQ�GDODP�VLVWHP� VHFDUD�EHUVDPDDQ�

XQWXN� PHQJHWDKXL� MXPODK� DNKLU� GDUL� HQHUJL� VXU\D� \DQJ� GLEXWXKNDQ� GDODP�

PHQJKDVLONDQ�VHWLDS�EDUDQJ�GDQ�MDVD��2OHK�NDUHQD�LWX�DQDOLVLV�HPHUJ\�PHUXSDNDQ�DODW�

\DQJ�GDSDW�GLJXQDNDQ�XQWXN�PHQLODL�NHEHUODQMXWDQ�VLVWHP�SHQDQJNDSDQ�LNDQ��$VXPVL�

GDVDU�GDUL�DQDOLVLV�HPHUJ\�DGDODK�EDKZD�NRQWULEXVL�VXPEHU�GD\D�GDODP�VXDWX�DNWLYLWDV�

HNRQRPL�VHEDQGLQJ�GHQJDQ� MXPODK� WRWDO� HQHUJL�GDUL� VDWX� MHQLV� \DQJ�GLJXQDNDQ�XQWXN�

PHQJKDVLONDQ�VXDWX�SURGXN��%URZQ�GDQ�+HUHQGHHQ���������$VXPVL�LQL�GLGDVDUNDQ�SD�

GD� NHQ\DWDDQ� EDKZD� VHSDQMDQJ�ZDNWX�� DNWLYLWDV� \DQJ� WHUMDGL� VHFDUD� VHOHNWLI� GDQ� EHU�

WDKDS�WHODK�PHQJXEDK�VWUXNWXU�GDQ�IXQJVL�VXDWX�VLVWHP�VHKLQJJD�NRPSRQHQQ\D�GLSHU�

WDKDQNDQ� PHODNXNDQ� DNWLYLWDV� \DQJ� VHWDUD� GHQJDQ� DNWLYLWDV� \DQJ� GLSHUOXNDQ� XQWXN�

PHQJKDVLONDQ�VXDWX�SURGXN���&DPSEHOO�������� 

%HUGDVDUNDQ� KDO� GL� DWDV��PDND� WXMXDQ� DQDOLVLV� NHEHUODQMXWDQ� SHPDQIDDWDQ� VXP�

EHUGD\D�LNDQ�ROHK�QHOD\DQ�VNDOD�NHFLO�PHODOXL�SHQGHNDWDQ�DQDOLVLV�HPHUJ\�DGDODK�XQWXN�

PHOLKDW� VXGDK� VHMDXK�PDQD� YDULDEHO� GDODP� DVSHN� HNRORJL�PHPEHULNDQ� GDPSDN� DWDX�

SHQJDUXK�WHUKDGDS�NHJLDWDQ�SHULNDQDQ�VNDOD�NHFLO�SDGD�VDDW�LQL�PDXSXQ�GL�PDVD�GDWDQJ�

GDQ� VHEDOLNQ\D� VXGDK� VHEHUDSD� EHVDU� WHNDQDQ� DNWLYLWDV� QHOD\DQ� WHUKDGDS� VXPEHUGD\D�

SHULNDQDQ��� 

/RNDVL� SHQHOLWLDQ� DGDODK�GL�ZLOD\DK�SHVLVLU�.DEXSDWHQ�&LODFDS� \DQJ�PHQFDNXS�

NHFDPDWDQ�SHVLVLU�GL�.DEXSDWHQ�&LODFDS��GHQJDQ�REMHN�SHQHOLWLDQ� WHUGDSDW�GL�7HPSDW�

3HOHODQJDQ� ,NDQ� �73,�� VHEDJDL� VHQWUD� QHOD\DQ� VNDOD� NHFLO�� :DNWX� SHQHOLWLDQ� GLO�

DNVDQDNDQ�SDGD�6HSWHPEHU������VDPSDL�GHQJDQ�)HEUXDUL������ 

$QDOLVLV� 6LQWHVLV� (PHUJ\�� 7DKDSDQ� \DQJ� XPXP� GLJXQDNDQ� XQWXN�PHODNXNDQ�

DQDOLVLV� VLVQWHVLV� HPHUJ\� GLPXODL� GDUL� PHQGHILQLVLNDQ� EDWDV� VLVWHP� GHQJDQ�

PHQJJXQDNDQ� GLDJUDP� VLVWHP� HQHUJL� XQWXN� PHQJJDPEDUNDQ� ILWXU� VLVWHP�� LQSXW� GDQ�

RXWSXW��/DQJNDK�EHULNXWQ\D�PHPEXDW�VHEXDK�WDEHO�\DQJ�PHUDQJNXP�QLODL-QLODL�HPHUJ\�

GDUL�VWRN�VLVWHP�GDQ�DOLUDQ��6WRN�GDQ�DOLUDQ�GLNRQYHUVL�GDUL�XQLW�HQHUJL�DWDX�PDVVD�\DQJ�

,,�� 0(72'(/2*,�3(1(/,7,$1 




�������s{���ä�s��
����trsv 
�v�o]�]���u��PÇ��l�À]����v�o�Ç�v��l�o��l��]o� 

,�o îò� 

VHWDUD�GHQJDQ�PHQJJXQDNDQ�NRHILVLHQ�HPHUJ\� WUDQVIRUPLW\��.HEHUODQMXWDQ� VLVWHP� LQL�

NHPXGLDQ� GDSDW� GLHYDOXDVL� GHQJDQ�PHQJJXQDNDQ� VHMXPODK� LQGLNDWRU� HPHUJ\� �9RRUD�

GDQ� 7KULIW�� ������� %HULNXW� DGDODK� EHEHUDSD� PHWRGH� DQDOLVLV� VLQWHVLV� HPHUJ\� \DQJ�

PHQJLNXWL�IRUPDW�\DQJ�GLEHULNDQ�ROHK�2GXP���������� 

�� %DWDVDQ� VLVWHP�\DQJ�GLGHILQLVLNDQ� VHEDJDL�GDHUDK� \DQJ�GLJXQDNDQ�XQWXN�SURGXNVL�

VHFDUD�NHVHOXUXKDQ�GDQ�XQWXN�VXEVLWHP�LQGLYLGX��ELGDQJ�PDQDMHPHQ���'LPHQVL�GDUL�

EDWDVDQ�LQL�DGDODK�GDODP�ZDNWX�VDWX�WDKXQ�� 

�� 6HPXD�VXPEHU�HQHUJL�XWDPD�GDQ�VXPEHU�GD\D�PDWHULDO�\DQJ�PHQJDOLU�GDQ�\DQJ�WHU�

VLPSDQ� GL� GDODP� VLVWHP� GLLGHQWLILNDVL� GDQ� GLWDEXODVL�PHQJJXQDNDQ� EDKDVD� VLVWHP�

HQHUJL�GDQ�NXDQWLWDV�GLFDWDW�GDQ�GLNRQYHUVL�PHQMDGL�XQLW�HQHUJL��-RXOH���XQLW�PDVVD�

�JUDP��DWDX�XQLW�PRQHWHU�� 

�� %HUEDJDL� VXPEHU� GD\D� \DQJ�PHQJDOLU� EDLN� \DQJ� GLXNXU� VHFDUD� ODQJVXQJ� DWDX� GL�

SHUNLUDNDQ�GDUL� FDWDWDQ� SURGXNVL�� FDWDWDQ� NHXDQJDQ�GDQ� GDWD� \DQJ� WHUVHGLD��8QWXN�

PHPSHUROHK� QLODL� HPHUJ\� GDUL� DUXV� VXPEHU� GD\D�� MXPODKQ\D� GLWDEXODVL� GDQ�

GLNDOLNDQ�GHQJDQ�WUDQVIRUPDVL�\DQJ�VHVXDL�GDUL�EHUEDJDL�OLWHUDWXU�\DQJ�WHUVHGLD��� 

7DEHO�HYDOXDVL�HPHUJ\��+DVLO�DQDOLVLV�HPHUJ\�GLVDMLNDQ�GDODP�GXD�EHQWXN�\DLWX�

EHQWXN�GLDJUDP�GDQ�WDEHO��$QDOLVLV�PHQJJXQDNDQ�WDEHO�PHUXSDNDQ�GDWD�DOLUDQ�GDQ�FD�

GDQJDQ� SHQ\LPSDQDQ� \DQJ� GLXEDK�PHQMDGL� XQLW� HPHUJ\� GDQ� NHPXGLDQ� GLMXPODKNDQ�

XQWXN�PHQJKDVLONDQ�DOLUDQ�HPHUJ\�WRWDO�GDODP�VLVWHP�� 

0HQJKLWXQJ� QLODL� HPHUJ\�� 6HWHODK� WDEHO� \DQJ� PHQJHYDOXDVL� VHPXD� PDVXNDQ�

GLSHUROHK�� VHODQMXWQ\D� QLODL-QLODL� HPHUJ\� XQLW� SURGXN� GDSDW� GLKLWXQJ�� 2XWSXW� DWDX�

SURGXN� GLHYDOXDVL� GDODP� XQLW� HQHUJL�� H[HUJ\�� DWDX� PDVVD�� NHPXGLDQ� LQSXW� HPHUJ\�

GLMXPODKNDQ� GDQ� QLODL� XQLW� HPHUJ\� XQWXN� SURGXN� GLKLWXQJ� GHQJDQ�PHPEDJL� HPHUJ\�

ROHK�XQLW�RXWSXW���'HQJDQ�GHPLNLDQ��DGDQ\D�HYDOXDVL�HPHUJ\�PHQJKDVLONDQ�QLODL�HPHU�

J\�XQLW�EDUX��%URZQ�GDQ�8OJLDWL���������%HEHUDSD�SHUEHGDDQ�\DQJ�GLEXDW�XQWXN�PHP�

EHGDNDQ� DOLUDQ� HQHUJL� VXPEHU� GD\D� VHSHUWL� \DQJ� GLMHODVNDQ� ROHK� 2GXP� GDQ� 2GXP�

�������GLDQWDUDQ\D�DGDODK�� 

D� $OLUDQ�WHUEDUXNDQ��5�� 

E� $OLUDQ�WDN�WHUEDUXNDQ��1�� 

F� $OLUDQ�XPSDQ�EDOLN��)� 

'DWD�DOLUDQ�HQHUJL�VHWHODK�GLWDEXODVL�GDQ�GLVHVXDLNDQ�VHODQMXWQ\D�GLWUDQVIRUPDVL��

6HMXPODK� HPHUJ\� EHUEDVLV� UDVLR� GDQ� LQGHNV� GLKLWXQJ�� +DVLO� DJUHJDW� GDUL� LQGLNDWRU-
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LQGLNDWRU�\DQJ�GLGDSDW�DNDQ�VDQJDW�PHPEDQWX�GDODP�LQWHUSUHWDVL�GDODP�DQDOLVLV��,QGL�

NDWRU�XWDPD�\DQJ�GLJXQDNDQ�GDODP�DQDOLVLV� LQL�GLGHILQLVLNDQ�VHEDJDL�EHULNXW� �8OJLDWL�

GDQ�%URZQ�������2GXP��������� 

D� 3HUEDQGLQJDQ� KDVLO� HPHUJ\� �(<5�� DGDODK� UDVLR� GDUL� HPHUJ\� RXWSXW� �<�� GLEDJL�

GHQJDQ� HPHUJL� LQSXW� �)��� 3HUEDQGLQJDQ� KDVLO� HPHUJ\� GDUL� VHWLDS� RXWSXW� \DQJ�

GLKDVLONDQ�DGDODK�XNXUDQ�GDUL�EHUDSD�EDQ\DN�SURVHV�\DQJ�DNDQ�PHPEHULNDQ�NRQWUL�

EXVL�WHUKDGDS�SHUHNRQRPLDQ�������� 

 (<5 <�) ............................................................................................... ���� 

E�� 5DVLR�EHEDQ�OLQJNXQJDQ��(/5��DGDODK�UDVLR�HPHUJL�WLGDN�WHUEDUXNDQ��1��GDQ�HPHUJL�

LPSRU� �)�� XQWXN� HPHUJ\� WHUEDUXNDQ� �5��� ,QL� PHUXSDNDQ� LQGLNDWRU� GDUL� MXPODK�

WHNDQDQ�GDUL�SURVHV�SURGXNVL�SDGD�OLQJNXQJDQ�VHWHPSDW��������� 

 (/5� �)�5 .............................................................................................. ���� 

F�  ,QGHNV�NHEHUODQMXWDQ�HPHUJ\��(6,��PHUXSDNDQ�XNXUDQ�KDVLO�GDQ�NHEHUODQMXWDQ�\DQJ�

PHQJDVXPVLNDQ�EDKZD� IXQJVL� WXMXDQ�XQWXN�NHEHUODQMXWDQ�DGDODK�XQWXN�PHQGDSDW�

NDQ�UDVLR�KDVLO�WHUWLQJJL�SDGD�EHEDQ�OLQJNXQJDQ�WHUHQGDK������������� 

 (6,� �(<5�(/5� ................................................................................... ����� 

$QDOLVLV�LQL�GLGDVDUNDQ�SDGD�WHRUL�VLVWHP�HNRORJL�\DQJ�GLNHPEDQJNDQ�VHODPD�WLJD�

GHNDGH�WHUDNKLU�ROHK�+W��2GXP��2GXP��������2GXP���������������2GXP����������2G�

XP���������PHQMHODVNDQ�EDJDLPDQD�NRQVHS�HPHUJ\�GDSDW�GLJXQDNDQ�VHEDJDL�GDVDU�XQ�

WXN�SHQGHNDWDQ�QHUDFD�OLQJNXQJDQ�\DQJ�PHQJXNXU�GDQ�PHQJHYDOXDVL�NRQWULEXVL�UHODWLI�

WHUKDGDS�NRQGLVL�ULLO�\DQJ�WHUEHQWXN�GDUL�OLQJNXQJDQ�GDQ�HNRQRPL��2GXP��������MXJD�

PHQMHODVNDQ�GHILQLVL�NRQGLVL�ULLO�VHEDJDL��³����LV�SURGXFHG�DQG�PDLQWDLQHG�E\�ZRUN�SUR�

FHVVHV�IURP�WKH�HQYLURQPHQW���´��VHGDQJNDQ�HPHUJ\�GLGHILQLVLNDQ�VHEDJDL�³����DYDLODEOH�

HQHUJ\�RI�RQH�NLQG�SUHYLRXVO\�UHTXLUHG�GLUHFWO\�RU�LQGLUHFWO\�WR�PDNH�D�SURGXFW�RU�VHU�

YLFH���´�� � 6HODQMXWQ\D� MXJD� GLJXQDNDQ� YDULDQ� HPHUJ\�� \DQJ� GLVHEXW� HPHUJ\� VXU\D� VH�

EDJDL� XQLW� XNXUDQ� XWDPD�� (PHUJ\� VXU\D� GLGHILQLVLNDQ� ROHK� 2GXP� ������� VHEDJDL��

³���WKH� DYDLODEOH� VRODU� HQHUJ\� XVHG� XS� GLUHFWO\� DQG� LQGLUHFWO\� WR� PDNH� D� VHUYLFH� RU�

SURGXFW�� ,WV� XQLW� LV� WKH� VRODU� HPMRXOH� �DEEUHYLDWHG� VHM�´�� 6HGDQJNDQ�PHQXUXW�9RRUD�

GDQ� �7KULIW� �������HPHUJ\�DGDODK�HNVSUHVL�GDUL� MXPODK�HQHUJL�\DQJ�GLJXQDNDQ�GDODP�

SURVHV�NHUMD�\DQJ�PHQJKDVLONDQ�EDUDQJ�GDQ�MDVD�GDODP�VDWXDQ�HQHUJL�� 

,,,�� +$6,/�'$1�3(0%$+$6$1 
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,�o îô� 

$JUHJDVL�VLVWHP�NHEHUODQMXWDQ�SHULNDQDQ�VNDOD�NHFLO�PHQJDPEDUNDQ�SURVHV�DOLUDQ�

HQHUJL�\DQJ�VDOLQJ�EHULQWHUDNVL�SDGD�SURGXNVL�SHULNDQDQ�VNDOD�NHFLO�GL�.DEXSDWHQ�&L�

ODFDS�� 3DGD� VLVWHP� GLDJUDP� PHQXQMXNNDQ� EDJLDQ� XWDPD� GDUL� DOLUDQ� HQHUJL� GHQJDQ�

PHQJJXQDNDQ� EDKDVD� V\VWHP� HQHUJ\� �&KHQ�� HW� DO��� ������� $QDOLVLV� VLQWHVLV� HPHUJ\�

SURGXNVL�SHULNDQDQ�GDODP�SHQHOLWLDQ�LQL�PHQJJXQDNDQ�GDWD�UDWD-UDWD�WDKXQ�����-������

EDLN� LWX� XQWXN� VXPEHUGD\D� WHUEDUXNDQ�� VXPEHUGD\D� \DQJ� GLEHOL�� GDQ� RXWSXW� \DQJ�

GLKDVLONDQ�� 7DEHO� �� PHQXQMXNNDQ� DOLUDQ� HQHUJL� \DQJ� PDVXN� \DQJ� WHUGLUL� GDUL� VXP�

EHUGD\D� WHUEDUXNDQ�� VXPEHUGD\D� \DQJ� GLEHOL�� HQHUJL� WHQDJD� NHUMD� VHUWD� DOLUDQ� HQHUJL�

SURGXNVL�SHULNDQDQ�\DQJ�WHODK�GLLGHQWLILNDVL�GDQ�GLVDMLNDQ�SDGD�*DPEDU���� 

*DPEDU����6LVWHP�$OLUDQ�(PHUJ\�GDODP�3URGXNVL�3HULNDQDQ�GL�.DEXSDWHQ�&LODFDS 

1LODL�DOLUDQ�GDUL�VHWLDS�HQHUJL�\DQJ�DGD�GLKLWXQJ�EHUGDVDUNDQ�VDWXDQ�EDNX��MRXOH��

VHM�-��VHM�\U���1LODL�GDUL�DOLUDQ�LQL�GLNDOLNDQ�GHQJDQ�QLODL�GDUL�NRHILVLHQ�WUDQVIRUPDVL�XQ�

WXN�PHQJKLWXQJ�NXDQWLWDV�HPMRXOH�VXU\D�GDUL�PDVLQJ-PDVLQJ�DOLUDQ�HQHUJL��%HUGDVDUNDQ�

KDVLO� SHUKLWXQJDQ� HYDOXDVL� VLWHVLV� HPHUJ\� GDODP� SURVHV� 3URGXNVL� SHULNDQDQ� ROHK� QH�

OD\DQ�VNDOD�NHFLO�GL�.DEXSDWHQ�&LODFDS�GLSHUROHK�KDVLO�VHEDJDLPDQD�7DEHO��� 

7DEHO����(YDOXDVL�VLQWHVLV�HPHUJ\�SURGXNVL�SHULNDQDQ�GL�.DEXSDWHQ�&LODFDS� 

  
,WHP 8QLW 

'DWD 7UDQVIRUPLW\ $FXDQ (0(5*< 

  �XQLW�WDKXQ� �VHM�XQLW�   �VHM�WDKXQ� 

6XPEHUGD\D�GDSDW�SXOLK��5�      

�� 0DWDKDUL - ������[����� �   ������[����� 

�� $QJLQ - ������[���� �����[���� D ������[����� 

,QSXW�\DQJ�GLED\DU��)�       

�� 7HQDJD�NHUMD��/� - ������[����� �����[���� E ������[����� 

�� %%0��3� - ������[����� �����[���� E ������[����� 

�� %LD\D�RSHUDVLRQDO��2&� 5S ������[���� �����[���� F ������[����� 

�� %LD\D�PRGDO��&&� 5S ������[���� �����[���� F ������[����� 

2XWSXW��-�       

�� 3URGXNVL�8GDQJ - �����[�����     

�� 1LODL�7DQJNDSDQ - �����[�����      

.HWHUDQJDQ����D�2GXP�HW�DO����������E��%URZQ�DQG�%DUGL����������F��%DVWLRQRQL��HW�DO�������� 



 

,�o îõ� 

W���]�U�����oX 

6XPEHUGD\D� GDSDW� SXOLK� �5HQHZDEOH� UHVRXUFHV���9DULDEHO� LQSXW� VXPEHUGD\D�

GDSDW�SXOLK�\DQJ�PHPSHQJDUXKL�SURGXNVL�SHULNDQDQ�DGDODK�PDWDKDUL�GDQ�DQJLQ��6LQDU�

PDWDKDUL� PHUXSDNDQ� VXPEHU� HQHUJL� EDJL� VHOXUXK�PDNKOXN� KLGXS�� 3DGD� SHUDLUDQ� ODXW�

VLQDU�PDWDKDUL� EHUSHUDQ� GDODP� SURVHV� IRWRVLQWHVLV� XQWXN�PHQJKDVLONDQ� RNVLJHQ� \DQJ�

GDSDW�GLPDQIDDWNDQ�RUJDQLVPH�SHUDLUDQ�GDUL�EHUEDJDL�OHYHO�UDQWDL�PDNDQDQ�VHSHUWL�SK\�

WRSODQNWRQ��2UJDQLVPH� LQL�EHUSHUDQ�VHEDJDL�SURGXVHU�XWDPD�GDODP�UDQWDL�PDNDQDQ�GL�

SHUDLUDQ��6HGDQJNDQ�VXPEHUGD\D�DQJLQ�EHUSHQJDUXK�WHUKDGDS�DNWLILWDV�SHQDQJNDSDQ�GL�

ODXW�� NDUHQD�PHPSHQJDUXKL� WHUMDGLQ\D� DUXV� PDXSXQ� JHORPEDQJ�� VHEDJDL� EDJLDQ� GDUL�

HQHUJL�SHQGRURQJ�DWDX�SHPEDWDV�SHUJHUDNDQ�SHUDKX�GL�SHUDLUDQ�� 

1LODL� HPHUJ\� \DQJ� GLKDVLONDQ� GDUL� SHUKLWXQJDQ� UDGLDVL�PDWDKDUL� DGDODK� VHEHVDU�

����(���� VHM�WDKXQ� GHQJDQ� QLODL� WUDQVIRUPLW\� �� VHM�XQLW� �2GXP�� ������ 2GXP� HW� DO���

������%URZQ�GDQ�8OJLDWL���������1LODL�DOLUDQ�HQHUJL�PDWDKDUL�LQL�GLGDVDUNDQ�SDGD�GDWD�

OXDVDQ� DUHD�� QLODL� LQVRODVL� �LQWHQVLWDV� UDGLDVL� SHQ\LQDUDQ� PDWDKDUL�� GDQ� QLODL� DOEHGR�

GHQJDQ�SHUVDPDDQ�VHEDJDL�EHULNXW����(PHUJ\�0DWDKDUL �$UHD�[�,QVRODVL�[���-$OEHGR��[�

WUDQVIRUPLW\�� /XDV� SHUDLUDQ� .DEXSDWHQ� &LODFDS� PHQFDSDL� ����� NP�� GDQ� LQWHQVLWDV�

SHQ\LQDUDQ�PDWDKDUL�GL� ,QGRQHVLD�XQWXN�NDZDVDQ�%DUDW� ,QGRQHVLD�EHUNLVDU�VHNLWDU�����

N:K�P��KDUL�GHQJDQ�YDULDVL�EXODQDQ�VHNLWDU������1LODL�LQL�OHELK�UHQGDK�GLEDQGLQJ�GLV�

WULEXVL�SHQ\LQDUDQ�\DQJ�WHUMDGL�GL�,QGRQHVLD�7LPXU�\DQJ�PHQFDSDL�����N:K�P��KDUL�� 

8QWXN� LQSXW� VXPEHUGD\D�DQJLQ� MXJD�PHUXSDNDQ� DJUHJDVL�GDUL�GDWD� OXDVDQ��GHQ�

VLWDV� XGDUD� GDQ� UDWD-UDWD� NHFHSDWDQ� DQJLQ� VHODPD� �� WDKXQ� GDODP� SHULRGH� ����-������

GHQJDQ�SHUVDPDDQ���(PHUJ\�$QJLQ� �$UHD�[�GHQVLW\�[�GUDJ�FRHI�[��ZLQG�YHO���[�WLPH�[�

WUDQVIRUPLW\�� 'HQJDQ� UDWD-UDWD� NHFHSDWDQ� DQJLQ� GDODP� �� WDKXQ� VHEHVDU� ����� NQRW�

�%0.*�&LODFDS��������DWDX�VHWDUD�GHQJDQ�������P�GHWLN�PDND�SHUKLWXQJDQ�QLODL�HPHU�

J\�DQJLQ�PHQFDSDL�����(����VHM�XQLW�� 

6XPEHUGD\D� \DQJ� GLED\DU�� ,QSXW� VXPEHUGD\D� \DQJ� GLED\DU� �SXUFKDVHG� UH�

VRXUFHV�� EHUSHQJDUXK� SDGD� DNWLILWDV� SHQDQJNDSDQ� LNDQ� ROHK� SHULNDQDQ� VNDOD� NHFLO� GL�

&LODFDS��8QWXN�GDSDW�PHODNVDQDNDQ�RSHUDVL�SHQDQJNDSDQ� LNDQ��GLEXWXKNDQ�GXNXQJDQ�

WHQDJD�NHUMD��WHUVHGLDQ\D�EDKDQ�EDNDU�PLQ\DN��%%0���GDQ�ELD\D�RSHUDVLRQDO��7HUXWDPD�

VHNDOL�WHQWXQ\D�VXGDK�GLNHOXDUNDQQ\D�ELD\D�PRGDO�XQWXN�PHPEHOL�SHUDKX��DODW�WDQJNDS�

GDQ�SHUOHQJNDSDQ�ODLQQ\D�\DQJ�GLEXWXKNDQ�GDODP�RSHUDVL�SHQDQJNDSDQ�LNDQ� 

$NWLILWDV�SHQDQJNDSDQ�LNDQ�ROHK�SHULNDQDQ�VNDOD�NHFLO�GL�.DEXSDWHQ�&LODFDS�GLO�

DNXNDQ�GHQJDQ�PHQJJXQDNDQ�SHUDKX�PRWRU�WHPSHO�ROHK�VDWX�DWDX�GXD�RUDQJ�QHOD\DQ��
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1LODL�HQHUJL�XQWXN�WHQDJD�NHUMD�GDODP�RSHUDVL�SHQDQJNDSDQ�DGDODK�VHEHVDU�����(����-�

GHQJDQ� QLODL� WUDQVIRUPDVL� VHEHVDU� ����(���� VHM�-�� \DQJ� GLKLWXQJ� EHUGDVDUNDQ� ELD\D�

SHQJHOXDUDQ�XQWXN�PHODXW�GLNDOL�UDWD-UDWD�3'5%�VXE�VHNWRU�SHULNDQDQ�WDKXQ�����-�����

GLEDJL�GHQJDQ�QLODL�PHWDEROLVPH�HQHUJL�XQWXN�WHQDJD�NHUMD�SHU�WDKXQ�VHEHVDU�����(����

-�WDKXQ��+DGHP�������� 

,QSXW�VXPEHUGD\D�ODLQQ\D�\DQJ�GLDQJJDS�EHUSHQJDUXK�GDODP�RSHUDVL�SHQDQJND�

SDQ� LNDQ�ROHK�SHULNDQDQ� VNDOD�NHFLO� GL�.DEXSDWHQ�&LODFDS�DGDODK�SHQJJXQDDQ�%%0��

.RQVXPVL�UDWD-UDWD�%%0�VHWLDS�WDKXQ�GLKLWXQJ�EHUGDVDUNDQ�YROXPH�NRQVXPVL�UDWD-UDWD�

WDKXQDQ�MHQLV�NDSDO�GLEDZDK���*7�GDQ�UDWD-UDWD�MXPODK�NDSDO�\DQJ�EHURSHUDVL�GDODP���

WDKXQ�VHUWD� UDWD-UDWD�KDUJD�%%0�SHU� OLWHU��1LODL� HQHUJL� \DQJ�GLSHUROHK�DGDODK�VHEHVDU�

����(����-�GHQJDQ�QLODL�WUDQVIRUPDVL�PHQJDFX�SDGD�%URZQ�GDQ�%DUGL��������VHEHVDU�

���(����VHM�-� 

6HODQMXWQ\D�ELD\D�RSHUDVLRQDO�PHUXSDNDQ� LQSXW� \DQJ�GLEXWXKNDQ�GDODP�RSHUDVL�

SHQDQJNDSDQ�GLKLWXQJ�EHUGDVDUNDQ�ELD\D�RSHUDVLRQDO�\DQJ�GLNHOXDUNDQ�GDODP�UDWD-UDWD�

VHWLDS�WULS�SDGD�NXUXQ�ZDNWX�����-������6HGDQJNDQ�QLODL� WUDQVIRUPDVL�PHQJDFX�SDGD�

%DVWLRQRQL��������VHEHVDU�����(�����VHKLQJJD�GLSHUROHK�QLODL�HQHUJL�ELD\D�RSHUDVLRQDO�

VHEHVDU����(����-��8QWXN�QLODL�ELD\D�PRGDO�DGDODK�ELD\D�\DQJ�GLNHOXDUNDQ�XQWXN�SHP�

EHOLDQ�SHUDKX��DODW�WDQJNDS�GDQ�SHUDODWDQ�ODLQQ\D��GHQJDQ�PDVD�SDNDL�PHQFDSDL���WDKXQ�

GDQ�QLODL�WUDQVIRUPDVL�MXJD�PHQJDFX�SDGD�%DVWLRQRQL���������VHKLQJJD�GLSHUROHK�QLODL�

HQHUJL�ELD\D�PRGDO�VHEHVDU�����(���� 

2XWSXW��2XWSXW�\DQJ�GLKDVLONDQ�EHUXSD�SURGXNVL�KDVLO�WDQJNDSDQ�GLSHUROHK�GDUL�

GDWD�SURGXNVL�XGDQJ�VHEDJDL�WDUJHW�WDQJNDSDQ�XWDPD�EDJL�QHOD\DQ�VNDOD�NHFLO�GL�NDEX�

SDWHQ 

,QGHNV� HPHUJ\�� 8QWXN� PHPEDQGLQJNDQ� KDVLO� HYDOXDVL� HPHUJ\�� VHODQMXWQ\D�

GLJXQDNDQ� LQGHNV� HPHUJ\�� ,QGHNV� HPHUJ\� GLVXVXQ� GHQJDQ� PHQMXPODKNDQ� PDVLQJ-

PDVLQJ�NHORPSRN�LQSXW�HPHUJ\�\DQJ�GDSDW�SXOLK�GHQJDQ�NHORPSRN�LQSXW�HPHUJ\�\DQJ�

GLED\DU�� 6HODQMXWQ\D� EDUX� GLKLWXQJ� 5DVLR� KDVLO� HPHUJ\�� UDVLR� EHEDQ� OLQJNXQJDQ� GDQ�

LQGHNV�NHEHUODQMXWDQ�HPHUJ\�VHEDJDLPDQD�GLVDMLNDQ�SDGD�7DEHO��� 



 

,�o ïí� 

W���]�U�����oX 

5DVLR� KDVLO� HPHUJ\� �(QYLURQPHQWDO� <LHOG� 5DWLR��� (QYLURQPHQWDO� <LHOG�5DWLR�

�(<5��PHUXSDNDQ� WRWDO� QLODL� HPHUJ\� GLEDJL� GHQJDQ� HPHUJ\� WDN� WHUEDUXNDQ� GDQ� WRWDO�

LQSXW�\DQJ�GLEHOL��HFRQRPLF�LQSXW���(<5�PHUXSDNDQ�LQGLNDWRU�GDUL�SURVHV�KDVLO�HPHUJ\�

ORNDO� GDQ� SURVHV� WHUVHEXW� PHQJDPEDUNDQ� SURVHV� HNVSORLWDVL� VXPEHUGD\D� ORNDO�� 1LODL�

WHUHQGDK�GDUL�(<5�DGDODK����\DQJ�PHQXQMXNNDQ�EDKZD�VXDWX�SURVHV�\DQJ�VDPD�GHQJDQ�

HPHUJ\� \DQJ� WHUVHGLD� GDQ� GLDQJJDS� WLGDN� EHUNRQWULEXVL� GDODP�PHQJHNVSORLWDVL� VXDWX�

VXPEHUGD\D�ORNDO���(<5�OHELK�GDUL���DWDX�NXUDQJ�GDUL���WLGDN�PHPEHULNDQ�HPHUJ\�EHU�

VLK�\DQJ�VLJQLILNDQ�EDJL�SHUHNRQRPLDQ�GDQ�KDQ\D�PHPSURVHV�VXPEHUGD\D�ORNDO�\DQJ�

WHUVHGLD�� .LVDUDQ� QLODL� (<5� DQWDUD� �� GDQ� �� PHUXSDNDQ� HQHUJL� VHNXQGHU� GDQ� PHP�

EHULNDQ�NRQWULEXVL�\DQJ�VHLPEDQJ�WHUKDGDS�SHUHNRQRPLDQ��1LODL�(<5�!��PHQXQMXNNDQ�

VXPEHU�HQHUJL�SULPHU�GDQ�PHPLOLNL�PDQIDDW�GDQ�EHUNRQWULEXVL�WHUKDGDS�SHUHNRQRPLDQ�

�%URZQ�GDQ�8OJLDWL������������D���8OJLDWL�GDQ�%URZQ��������&DR�GDQ�)DQJ��������GD�

ODP� � =KDQJ� HW� DO��� ������� 1LODL� LQGHNV� LQL� PHQXQMXNNDQ� VHEHUDSD� HILVLHQ� VLVWHP�

PHQJJXQDNDQ�VXPEHUGD\D�ORNDO�\DQJ�WHUVHGLD��.DUHQD�HPHUJ\�WRWDO�DGDODK�MXPODK�GDUL�

VHPXD�PDVXNDQ�HPHUJ\�ORNDO�PDND�WHUOLKDW�EDKZD�VHPDNLQ�WLQJJL�HPHUJ\�VXPEHUGD\D�

ORNDO� DNDQ� EHUGDPSDN� WHUKDGDS� VHPDNLQ� WLQJJLQ\D� NRQWULEXVL� HPHUJ\� ORNDO� WHUKDGDS�

VLVWHP�SURGXNVL�SHULNDQDQ 

1LODL�(<5�SDGD�VLVWHP�SURGXNVL�SHULNDQDQ�GL�.DEXSDWHQ�&LODFDS�VHEHVDU������

VHM�\U��KDO�LQL�PHQJLQGLNDVLNDQ�EDKZD�NHJLDWDQ�SHULNDQDQ�VNDOD�NHFLO�GL�&LODFDS�WLGDN�

PHPEHULNDQ�NRQWULEXVL�\DQJ�VHLPEDQJ�WHUKDGDS�SHUNHPEDQJDQ�SHUHNRQRPLDQ�GDHUDK��

'HQJDQ�PHPEDQGLQJNDQ�QLODL�(<5��PDND�GDSDW�GLSDKDPL�NHPDPSXDQ�NRPSHWLVL�DWDX�

PDQIDDW�HNRQRPL�GDUL�VXPEHUGD\D��1LODL�UHQGDK�(<5�PHQXQMXNNDQ�NHPDPSXDQ�NRP�

SHWLVL�OHPDK�GDQ�PDQIDDW�HNRQRPL�\DQJ�UHQGDK�NHWLND�VXPEHUGD\D�GLNHPEDQJNDQ��3D�

GD� QLODL� (<5� \DQJ� OHELK� WLQJJL� PHQXQMXNNDQ� NHPDPSXDQ� NRPSHWLVL� \DQJ� NXDW� GDQ�

PDQIDDW�HNRQRPL�\DQJ�WLQJJL��� 

5DVLR� EHEDQ� OLQJNXQJDQ� �(QYLURQPHQWDO� /RDGLQJ� 5DWLR��� (QYLURQPHQWDO�

/RDGLQJ�5DWLR��(/5��DGDODK�VHEXDK�SHQGHNDWDQ�XQWXN�PHQJDNVHV�GD\D�GXNXQJ�VLVWHP�

1R� 1DPD�,QGHNV (NVSUHVL 
-XPODK� 

�VHM�WDKXQ� 

�� 7RWDO�(PHUJ\��VHM�WDKXQ� < 5�) �����(��� 

�� $OLUDQ�(PHUJ\�GDSDW�SXOLK��VHM�NP��WDKXQ� 5 �����(��� 

�� 7RWDO�(PHUJ\�\DQJ�GLED\DUNDQ ) ��/�3�2&�&& �����(��� 

�� 5DVLR�+DVLO�(PHUJ\��(<5� <�) ���� 

�� 5DVLR�%HEDQ�/LQJNXQJDQ��(/5� )�5 ������ 

�� ,QGHNV�.HEHUODQMXWDQ�(PHUJ\��(6,� (<5�(/5 ������ 

7DEHO����,QGHNV�(PHUJ\�3URGXNVL�3HULNDQDQ�GL�.DEXSDWHQ�&LODFDS 
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SURGXNVL��%URZQ�GDQ�8OJLDWL���������(/5�DGDODK�UDVLR�MXPODK�HPHUJ\�VXPEHUGD\D�WDN�

WHUEDUXNDQ�GDQ�VXPEHUGD\D�\DQJ�GLEHOL�GHQJDQ�HPHUJ\�VXPEHUGD\D�WHUEDUXNDQ��1LODL�

(<5�PHUXSDNDQ�LQGLNDWRU�WHNDQDQ�VXDWX�SURVHV�SDGD�HNRVLVWHP�ORNDO�GDQ�GDSDW�GLDQJ�

JDS�VHEDJDL�XNXUDQ�GDUL�VWUHVV�HNRVLVWHP�DNLEDW�DNWLYLWDV�SURGXNVL��%URZQ�GDQ�8OJLDWL���

����������D���8OJLDWL�GDQ�%URZQ�������� 

'DUL�KDVLO�HYDOXDVL�HPHUJ\�SHULNDQDQ�VNDOD�NHFLO�GL�.DEXSDWHQ�&LODFDS�PHQXQ�

MXNNDQ�EDKZD�KDVLO�(/5�VHEHVDU�����VHM�\U��1LODL� LQL� WHUPDVXN�VDQJDW� WLQJJL��KDO� LQL�

EHUKXEXQJDQ� HUDW� GHQJDQ� EHVDUQ\D� MXPODK� QHOD\DQ� VNDOD� NHFLO� GHQJDQ� LQWHQVLWDV�

SHQJJXQDDQ�DODW�WDQJNDS�\DQJ�FXNXS�WLQJJL�GDQ�GDPSDN�GDUL�DNWLYLWDV�LQL�VXGDK�PHP�

SHUOLKDWNDQ� GDPSDN� \DQJ� FXNXS� � VLJQLILNDQ� WHUKDGDS� � OLQJNXQJDQ�� 9DVVDOR�� HW� DO���

�������PHQMHODVNDQ�EDKZD�QLODL�LQGHNV�LQL�WLQJJL�SDGD�VLVWHP�GHQJDQ�WLQJNDW�WHNQRORJL�

WLQJJL�DWDX�GHQJDQ�NDWD�ODLQ�VHPDNLQ�WLQJJL�WLQJNDW�WHNQRORJL�\DQJ�GLJXQDNDQ�DNDQ�EHU�

SHQJDUXK�WHUKDGDS�WLQJJLQ\D�EHEDQ�OLQJNXQJDQ��� 

1LODL�(/5����PHQXQMXNNDQ�GDPSDN�WHUKDGDS�OLQJNXQJDQ�UHQGDK�DWDX�PHPLOLNL�

DUHD� \DQJ� OXDV� XQWXN� SURVHV� PHQFDLUNDQ� GDPSDN� \DQJ� GLWLPEXONDQ� WHUKDGDS� OLQJ�

NXQJDQ��.HWLND�(/5!��� DUWLQ\D� EHEDQ� DWDX� GDPSDN� WHUKDGDS� OLQJNXQJDQ� WLQJJL� GDQ�

NHWLND���(/5����GDPSDNQ\D�GLDQJJDS�VHLPEDQJ��8QWXN�QLODL�(/5�\DQJ�VDQJDW�WLQJJL�

PDVXNDQ�DOLUDQ� VXPEHUGD\D� WHUEDUXNDQ� DWDX� LQSXW� \DQJ�GLEHOL�PHQGRPLQDVL��PHQXQ�

MXNNDQ� EDKZD� LQSXW� WHUEDUXNDQ� ORNDO� WLGDN� FXNXS� XQWXN�PHPDVRN� NHEXWXKDQ� SURVHV�

GDUL� VXDWX� VLVWHP�� ,QGHNV� LQL� DNDQ� WLQJJL�XQWXN� VLVWHP�GHQJDQ�NRQVXPVL� VXPEHUGD\D�

WDN�WHUEDUXNDQ�WLQJJL�DWDX�GHQJDQ�HPLVL�WLQJJL��%URZQ�GDQ�8OJLDWL������������D��&DR�

GDQ�)DQJ�������GDODP�=KDQJ�HW�DO���������� 

,QGHNV�NHEHUODQMXWDQ�HPHUJ\��(PHUJ\�6XVWDLQDELOLW\�,QGH[���(PHUJ\�6XVWDLQ�

DELOLW\�,QGH[��(6,��PHUXSDNDQ�XNXUDQ�SHUEDQGLQJDQ�GDUL�KDVLO�HPHUJ\��(<5��WHUKDGDS�

EHEDQ�OLQJNXQJDQ��(/5���8NXUDQ�LQL�PHQJDVXPVLNDQ�EDKZD�IXQJVL�GDUL�WXMXDQ�NHEHU�

ODQMXWDQ� DGDODK� XQWXN� PHQGDSDWNDQ� SHUEDQGLQJDQ� SURGXNVL� \DQJ� WLQJJL� GHQJDQ�

PHPLQLPDONDQ� EHEDQ� WHUKDGDS� OLQJNXQJDQ� �%URZQ� GDQ� 8OJLDWL�� ������ 6LFKH�� HW� DO���

������ 

(6,���PHQMDGL� LQGLNDVL� GDUL� NRQVXPHQ�� SURGXN� DWDX� SURVHV�� (6,!��PHQJLQGL�

NDVLNDQ� EDKZD� SURGXN� PHPLOLNL� NRQWULEXVL� EHUVLK� WHUKDGDS� PDV\DUDNDW�� %HUNDLWDQ�

GHQJDQ� HNRQRPL� (6,��� EHULQGLNDVL� WHUKDGDS� RULHQWDVL� NRQVXPHQ� VXDWX� VLVWHP� \DQJ�

VDQJDW�EHUNHPEDQJ��6HPHQWDUD�XQWXN�(6,!���EHULQGLNDVL�WHUKDGDS�SHUHNRQRPLDQ�\DQJ�
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EHOXP�EHUNHPEDQJ��VHGDQJNDQ�NLVDUDQ�(6,�DQWDUD���GDQ����PHUXSDNDQ�LQGLNDVL�VXDWX�

QHJDUD� DWDX� VLVWHP� VHGDQJ�EHUNHPEDQJ��0HQXUXW�&DR�GDQ� )HQJ� ������� \DQJ�GLNXWLS�

ROHK�=KDQJ��HW�DO��� �������������EDKZD�QLODL�(6,���PHQXQMXNNDQ�EDKZD�SURGXN�GDQ�

SURVHV�VXDWX�VLVWHP�WLGDN�EHUNHODQMXWDQ��1LODL�VXDWX�VLVWHP�GHQJDQ���(6,���PHQXQMXN�

NDQ�EDKZD�VLVWHP�SURGXNVL�DWDX�VXDWX�SURVHV�PHPLOLNL�NHEHUODQMXWDQ�GDQ�EHUNRQWULEXVL�

WHUKDGDS�SHUHNRQRPLDQ�XQWXN�MDQJND�PHQHQJDK��GDQ�SURGXN�DWDX�SURVHV�GHQJDQ�(6,!��

GDSDW�GLDQJJDS�EHUNHODQMXWDQ�MDQJND�SDQMDQJ� 

'DUL� KDVLO� SHUEDQGLQJDQ� DQWDUD� QLODL� KDVLO� HPHUJ\� GHQJDQ� EHEDQ� OLQJNXQJDQ�

GLGDSDWNDQ� QLODL� VHEHVDU� ������� VHM�\U� �7DEHO� ���� (6,��� PHQMDGL� LQGLNDVL� GDUL� NRQ�

VXPHQ��SURGXN�DWDX�SURVHV��'HQJDQ�QLODL�(6,��������VHM�\U��LQL�PHQJLQGLNDVLNDQ�EDK�

ZD�NHJLDWDQ�SHQDQJNDSDQ�LNDQ�EHUSRWHQVL�WLGDN�EHUNHODQMXWDQ��� 

%HUGDVDUNDQ�KDVLO� DQDOLVLV� GDQ�SHPEDKDVDQ�GL� DWDV�GDSDW�GLVLPSXONDQ� WHUKDGDS�

NHEHUODQMXWDQ� NHJLDWDQ� SHULNDQDQ� VNDOD� NHFLO� GL� SHUDLUDQ� SHVLVLU� .DEXSDWHQ� &LODFDS��

%HUGDVDUNDQ� QLODL� (<5� SDGD� VLVWHP� SURGXNVL� SHULNDQDQ� GL� .DEXSDWHQ� &LODFDS�

PHQJLQGLNDVLNDQ�EDKZD� NHJLDWDQ�SHULNDQDQ� VNDOD� NHFLO� WLGDN�PHPEHULNDQ� NRQWULEXVL�

\DQJ� VHLPEDQJ� WHUKDGDS�SHUNHPEDQJDQ�SHUHNRQRPLDQ�GDHUDK�� 6HODQMXWQ\D� EHUGDVDU�

NDQ�QLODL�(/5�\DQJ�VDQJDW� WLQJJL��PHQXQMXNNDQ�EHVDUQ\D� MXPODK�QHOD\DQ�VNDOD�NHFLO�

GHQJDQ�LQWHQVLWDV�SHQJJXQDDQ�DODW�WDQJNDS�\DQJ�FXNXS�WLQJJL�GDQ�GDPSDN�GDUL�DNWLYL�

WDV� LQL� VXGDK�PHPSHUOLKDWNDQ� GDPSDN� \DQJ� FXNXS� � VLJQLILNDQ� WHUKDGDS� � OLQJNXQJDQ�

VHUWD� KDVLO� SHUEDQGLQJDQ� DQWDUD� QLODL� KDVLO� HPHUJ\� GHQJDQ� EHEDQ� OLQJNXQJDQ� �(6,��

NHJLDWDQ�SHQDQJNDSDQ�LNDQ�ROHK�QHOD\DQ�VNDOD�NHFLO�GL�.DEXSDWHQ�&LODFDS�EHUSRWHQVL�

WLGDN�EHUNHODQMXWDQ��.RQWULEXVL�GDUL� OLQJNXQJDQ�GDQ�HNRQRPL�KDUXV�GLHYDOXDVL�VHFDUD�

NXDQWLWDWLI� VHFDUD� XPXP�PHQJJXQDNDQ� HPHUJ\�� (YDOXDVL� HNRQRPL� VHPDWD� WLGDN� ELVD�

PHQDQJNDS�QLODL�VHEHQDUQ\D�GDUL�MDVD�OLQJNXQJDQ�DWDX�PRGDO�DODP� 

%DVWLRQRQL��6�GDQ�0DUFKHWWLQL��1���������(WKDQRO�3URGXFWLRQ�IURP�%LRPDVV��$QDO\VLV�

RI�3URFHVV�(IILFLHQF\�DQG�6XVWDLQDELOLW\��%LRPDVV�DQG�%LRHQHUJ\��9RO������1R����

SS����-���� 

%URZQ�07��8OJLDWL�6��������(QF\FORSHGLD�RI�HQHUJL���$�HQYLURQPHQWDO�DFFRXQW�

LQJ��(PHUJ\�DQG�HQYLURQPHQWDO�GHFLVLRQ�PDNLQJ��-RKQ�:LOH\�	�6RQV��1HZ�

<RUN� 

%URZQ�� � 0�7�� � 	� �+HUHQGHHQ�� �5�$��� � ������ � (PERGLHG� � HQHUJ\� � DQDO\VLV� � DQG��

,9�� .(6,038/$1�'$1�6$5$1 

9,�� '$)7$5�3867$.$ 
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(0(5*<��DQDO\VLV��� D�FRPSDUDWLYH� YLHZ��(FRORJLFDO�(FRQRPLFV�����SS�����-

���� 

%URZQ�� 0�7�� DQG� (�� %DUGL�� ������ +DQGERRN� RI� (PHUJ\� (YDOXDWLRQ� )ROLR� ���

(PHUJ\� RI� (FRV\VWHPV�� &HQWHU� IRU� (QYLURQPHQWDO� 3ROLF\�� 8QLYHUVLW\� RI�

)ORULGD��*DLQHVYLOOH����S 

%URZQ��0�7���8OJLDWL��6���������(PHUJ\-EDVHG�LQGLFHV�DQG�UDWLRV�WRHYDOXDWH�VXV�

WDLQDELOLW\�� PRQLWRULQJ� HFRQRPLHV� DQG� WHFKQRORJ\� WRZDUG� HQYLURQPHQWDOO\�

VRXQG�LQQRYDWLRQ��(FRO��(QJ�������������±��� 

&DPSEHOO���'����������3URSRVDO��IRU��LQFOXGLQJ��ZKDW��LV��YDOXDEOH��WR��HFRV\VWHPV��LQ��

HQYLURQPHQWDO�DVVHVVPHQWV��(QYLURQPHQWDO�6FLHQFH�DQG�7HFKQRORJ\����������-

������� 

&KHQ�+��&KHQ�-��/XR�=��/Y�=KXZX��������(PHUJ\�HYDOXDWLRQ�RI�WKH�QDWXUDO�YDOXH�RI�

ZDWHU�UHVRXUFHV�LQ�&KLQHVH�ULYHUV��6SULQJHU�VFLHQFH�%XVLQHVV�0HGLD��//&��(QYL�

URQPHQWDO�PDQDJHPHQW���������-����� 

)$2�� ������ 0DQDJLQJ� ILVKLQJ� FDSDFLW\�� $� 5HYLHZ� RI� 3ROLF\� DQG� 7HFKQLFDO� LVVXHV��

)$2�7HFKQLFDO�3DSHUV������)$2��5RPH�����S� 

+DGHQ�$&��������(PHUJ\�$QDO\VLV�RI� IRRG�SURGXFWLRQ�DW�6	6�KRPHVWHDG� IDUP�6	6�

FHQWHU�IRU�VXVWDLQDEOH�DJULFXOWXUH������/RSH]�6RXQG�5G��/RSH]�,VODQG��:$�86$ 

0XUGL\DQWR��%��������3HODEXKDQ�3HULNDQDQ��)DNXOWDV�3HULNDQDQ�	�,OPX�.HODXWDQ�,3%��

%RJRU�� 

2GXP�+7��2GXP�(&��������0RGHOOLQJ�IRU�DOO�VFDOHV��$Q�LQWURGXFWLRQ�V\VWHP�VLPXOD�

WLRQ��8QLYHUVLW\�RI��)ORULGD��$FDGHPLF�3UHVV��6DQ�'LHJR��&DOLIRUQLD� 

2GXP��+�7�� � ������ � 6\VWHPV� (FRORJ\�� � -RKQ�:LOH\��1<�� ���� SS�� � UHYLVHG� LQ� �������

(FRORJLFDO� DQG�*HQHUDO� 6\VWHPV�� $Q� ,QWURGXFWLRQ� WR� 6\VWHPV� (FRORJ\�� � 8QLY��

3UHVV�RI�&ROR���3�2��%R[������1LZRW�������� 

2GXP�� +�7�� � ������ � (QYLURQPHQWDO� $FFRXQWLQJ�� (PHUJ\� DQG� 'HFLVLRQ� 0DNLQJ�� � -��

:LOH\��1<������SDJHV���,6%1-���-�����-� 

2GXP��+�7��	�2GXP��(�&���������7KH�(QHUJ\�%DVLV� IRU�0DQ�DQG�1DWXUH��0F*UDZ-

+LOO��1HZ�<RUN� 

2GXP�� +�7��� ������(QYLURQPHQW�� 3RZHU� DQG� 6RFLHW\�� -RKQ�:LOH\� 	�6RQV� ,QF��1HZ�

<RUN� 

2GXP�� +�7��� ������ 6HOI-2UJDQL]DWLRQ�� 7UDQVIRUPLW\�� DQG� ,QIRUPDWLRQ�� 6FLHQFH�� �����

SS������-����� 

2GXP�� +�7��� %URZQ�� 0�7�� 	� 8OJLDWL���6��� ������ (FRV\VWHPV��DV� (QHUJHWLF��6\V�

WHPV�� ,Q� -¡UJHQVHQ�� 6�(���0�OOHU��)����HGV���+DQGERRN�RI�(FRV\VWHPV�7KHRULHV�

DQG�0DQDJHPHQW��/HZLV�3XEOLVKHUV��/RQGRQ� 

6LFKH�-�5��$JRVWLQKR�)��2UWHJD�(��5RPHLUR�$��������6XVWDLQDELOLW\�RI��QDWLRQV�E\�LQGL�

FHV�� FRPSDUDWLYH� VWXG\� EHWZHHQ� HQYLURQPHQWDO� VXVWDLQDELOLW\� LQGH[�� HFRORJLFDO�

IRRWSULQW�DQG�WKH�HPHUJ\�SHUIRUPDQFH�LQGLFHV���(OVHYLHU��(FRORJ\�HFRQRPLFV������

���-������ 

8OJLDWL��� 6���	��%URZQ���0�7���� �������0RQLWRULQJ�� SDWWHUQV�� RI��VXVWDLQDELOLW\�� LQ��
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QDWXUDO��DQG��PDQ-PDGH�HFRV\VWHPV��(FRORJLFDO�0RGHOOLQJ������SS����-��� 

9DVVDOR� 3�� %DVWLDQRQL� 6��%HLVR� ,��5LGROIL�5�� )DELDQR�0�� ������ (PHUJ\� DQDO\VLV�

IRU�WKH�HQYLURQPHQWDO�VXVWDLQDELOLW\�RI�DQ�LQVKRUH�ILVK�IDUPLQJ�V\VWHP��(OVH�

YLHU��(FRORJLFDO�LQGLFDWRUV��������-����� 

9RRUD��9��DQG�7KULIW�&��������8VLQJ�HPHUJ\�WR�YDOXH��HFRV\VWHP�JRRGV�DQG�VHUYLFHV��

,QWHUQDWLRQDO�LQVWLWXWH�IRU�VXVWDLQDEOH�GHYHORSPHQW��:LQQLSHJ��0DQLWRED�&DQDGD 

�=KDQJ�;�HW�DO���������(PHUJ\�HYDOXDWLRQ�RI�WKH�LPSDFW�RI�ZDVWH�H[FKDQJHV�RQ�WKH��������

VXVWDLQDELOLW\� RI� LQGXVWULDO� V\VWHPV�� (OVHYLHU�� (FRORJLFDO� HQJLQHHULQJ�� ����

���-���� 

=KDQJ�;��'HQJ�6��:X�-��-LDQJ�:��������$�VXVWDLQDELOLW\�DQDO\VLV�RI�D�PXQLFLSDO�

VHZDJH� WUHDWPHQW� HFRV\VWHP� EDVHG� RQ� HPHUJ\�� (OVHYLHU�� (FRORJLFDO� HQJL�

QHHULQJ���������-����� 


