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$EVWUDFW

6WLPXODQW�LV�RQH�RI�PHDQV�WR�LQFUHDVH�
ODWH[� SURGXFWLRQ� LQ� UXEEHU� SODQW�� 6WLPXODQW�
XVDJH� ZLWKRXW� FRQVLGHULQJ� WKH� FORQH�
FKDUDFWHULVWLFV� FDQ� OHDG� WR� SK\VLRORJLFDO�
IDWLJXH��7KLV�VWXG\�DLPHG�DW�GHWHUPLQLQJ�WKH�
HIIHFW� RI� VWLPXODQW� FRQFHQWUDWLRQ� RQ� ODWH[�
SK\VLRORJ\�LQ�VHYHUDO�FORQHV��7KLV�VWXG\�ZDV�
FDUULHG�RXW�LQ��3URPRWLRQ�SORW�DUHD��33���������
SODQWHG�LQ������LQ�WKH�([SHULPHQWDO�*DUGHQ�RI�
6XQJHL� 3XWLK� 5HVHDUFK� &HQWHU�� $� 1HVWHG�
'HVLJQ�DSSOLHG�ZLWK� WKH� ILUVW� WUHDWPHQW�ZDV�
FORQHV��,55������,55������,55������,55������
3%�����DQG�%30������7KH�VHFRQG�WUHDWPHQW�
ZDV� VWLPXODQW� FRQFHQWUDWLRQV� FRQVLVWHG� RI�
WKUHH� OHYHOV� L�H�� 6�� �ZLWKRXW� VWLPXODQW��� 6��
�HWKHSKRQ��������DQG�6���HWKHSKRQ������7KH�
UHVXOWV�VKRZHG�WKDW�LQFUHDVLQJ�WKH�VWLPXODQWV�
FRQFHQWUDWLRQ�FDQ�LQFUHDVH�\LHOG��WKLRO�FRQWHQW�
DQG� LQRUJDQLF� SKRVSKDWH�� EXW� GHFUHDVH� GU\�
UXEEHU�FRQWHQW�DQG�VXFURVH�FRQWHQW��3OXJJLQJ�
LQGH[�ZDV�VLJQLILFDQWO\�DIIHFWHG�E\�VWLPXODQW�
FRQFHQWUDWLRQ�DQG�LQWHUDFWLRQ�EHWZHHQ�FORQHV�
DQG�VWLPXODQWV��2I�WKH�VL[�FORQHV�WHVWHG��,55�
�����,55������DQG�%30����KDG�KLJK�UHVSRQVH�
WR�VWLPXODQW��FODVVLILHG�DV�UHVSRQVLYH�FORQHV��
:KLOH�,55������,55�����DQG�3%�����KDG�ORZ�
UHVSRQVH�� FODVVLILHG� DV� OHVV� UHVSRQVLYH�
FORQHV�

.H\ZRUGV��6WLPXODQWV��SK\VLRORJ\�RI��ODWH[

$EVWUDN

6WLPXODQ� PHUXSDNDQ� VDODK� VDWX�
XSD\D�PHQLQJNDWNDQ�SURGXNVL� ODWHNV�SDGD�
WDQDPDQ�NDUHW��3HQJJXQDDQ�VWLPXODQ�WDQSD�
PHPSHUKDWLNDQ� NDUDNWHU LVW LN� NORQ�
PHQ\HEDENDQ�NHOHODKDQ�ILVLRORJL��3HQHOLWLDQ�
LQL� EHUWXMXDQ� PHQJHWDKXL� SHQJDUXK�
NRQVHQWUDVL� VWLPXODQ� WHUKDGDS� ILVLRORJL�
ODWHNV� SDGD� EHEHUDSD� NORQ�� � 3HQHOLWLDQ� LQL�
GLODNXNDQ� GL� .HEXQ� 3HUFREDDQ� %DODL�
3HQHOLWLDQ�6XQJHL�3XWLK�GL�DUHDO�SORW�SURPRVL�
�33�������� 77� ������ 5DQFDQJDQ� 3HWDN�
7HUVDUDQJ� GLJXQDNDQ� GDODP� SHQHOLWLDQ� LQL�
GHQJDQ�SHUODNXDQ�SHUWDPD�DGDODK�MHQLV�NORQ�
�,55������,55������,55������,55������3%�����
GDQ� %30� ����� 3HUODNXDQ� NHGXD� DGDODK�
NRQVHQWUDVL� VWLPXODQ� WHUGLUL� GDUL� WLJD� WDUDI�
\DLWX� 6�� �WDQSD� VWLPXODQ��� 6�� �HWKHSRQ�
�������GDQ�6���HWKHSRQ������+DVLO�SHQHOLWLDQ�
PHQXQMXNNDQ� SHQLQJNDWDQ� NRQVHQWUDVL�
VWLPXODQ� GDSDW� PHQLQJNDWNDQ� SURGXNVL��
NDGDU� WKLRO� GDQ� NDGDU� IRVIDW� DQRUJDQLN��
WHWDSL�PHQXUXQNDQ�NDGDU�NDUHW�NHULQJ��GDQ�
NDGDU�VXNURVD��,QGHNV�SHQ\XPEDWDQ�VDQJDW�
Q\DWD� GLSHQJDUXKL� ROHK� NRQVHQWUDVL�
VWLPXODQ� GDQ� LQWHUDNVL� DQWDUD� NORQ� GDQ�
VWLPXODQ��'DUL�NHHQDP�NORQ�\DQJ�GLXML��NORQ�
,55� ����� ,55� ����� GDQ� %30� ��� WHUJRORQJ�
UHVSRQVLI� WHUKDGDS� VWLPXODQ�� VHPHQWDUD�
NORQ�,55������,55�����GDQ�3%�����NXUDQJ�
UHVSRQVLI��

�
.DWD�NXQFL���6WLPXODQ��ILVLRORJL�ODWHNV
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$WPLQLQJVLK��1DSLWXSXOX�GDQ�6LUHJDU
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3URGXNVL� WLQJJL� WLGDN� OHSDV� GDUL�
VLVWHP�HNVSORLWDVL�\DQJ�VHVXDL�EDJL�WDQDPDQ�
NDUHW�� .RPELQDVL� VLVWHP� HNVSORLWDVL� \DQJ�
PHPSHQJDUXKL� LQWHQVLWDV� HNVSORLWDVL�
DGDODK� SDQMDQJ� LULVDQ� VDGDS� ����6� DWDX�
���6���IUHNXHQVL�VDGDS��G����G���DWDX�G�����
GDQ� VWLPXODQ� �FDUD�� GRVLV�� GDQ� IUHNXHQVL�
DSOLNDVL�� \DQJ� PHQHQWXNDQ� WLQJNDW�
SURGXNVL� WDQDPDQ� �6XPDUPDGML�� �������
$NDQ� WHWDSL�� GDODP� XSD\D� PHQLQJNDWNDQ�
SURGXNVL� SDUD� SHNHEXQ� OHELK� VHULQJ�
P H Q J J X Q D N D Q � V W L P X O D Q � � W D Q S D �
PHPSHUKDWLNDQ� LQWHQVLWDV� HNVSORLWDVL��+DO�
LQL� FXNXS� EHUDODVDQ� NDUHQD� SHQJJXQDDQ�
VWLPXODQ� OHELK� FHSDW� GDQ� HILVLHQ� XQWXN�
PHQLQJNDWNDQ�SURGXNVL��

3HQJJXQDDQ� HWKHSRQ� GLGXJD�
PHQLQJNDWNDQ� LQIOXNV� DLU� GDODP� VLVWHP�
SHPEXOXK� ODWHNV� �3DNLDQDWKDQ��+DULGDV��	�
G
$X]DF���������PHQVWDELONDQ�OXWRLG��-DFRE��
3UHYRW��	�.HNZLFN��������GDQ�PHQ\HEDENDQ�
ODWHNV� PHQJDOLU� OHELK� ODPD� VHWHODK�
SHQ\DGDSDQ�� �$OLUDQ�ODWHNV�GLWHQWXNDQ�ROHK�
EHVDUQ\D� WHNDQDQ� WXUJRU�� WUDQVIHU� DLU� GDUL�
IORHP� NH� SHPEXOXK� ODWHNV�� GDQ� SURVHV�
NRDJXODVL� ODWHNV� �-DFRE��3UHYRW��	�.HNZHK��
�������6WLPXODQ�HWHSRQ�GDSDW�PHQ\HEDENDQ�
VLWRVRO� PHQMDGL� DONDOLQ� GDQ� EHUSHQJDUXK�
WHUKDGDS� VWDELOLWDV� NDUHW� VHKLQJJD� NDUHW�
W L G D N � F H S D W � P H Q J J XP S D O � � M L N D �
GLNRPELQDVLNDQ� VXSODL� DLU� \DQJ� PHPDGDL�
PHQ\HEDENDQ� DOLUDQ� ODWHNV� OHELK� ODPD�
�7LVWDPD��������

0DVDODK� \DQJ� VHULQJ� WHUMDGL� DGDODK�
NDGDQJ� NDOD� SHQLQJNDWDQ� NRQVHQWUDVL� GDQ�
IUHNXHQVL � DSO LNDVL � VW LPXODQ� W LGDN�
PHPSHUKDWLNDQ� VLIDW� NORQQ\D�� -LND� KDO� LQL�
WHUMDGL� GDODP� MDQJND� ZDNWX� \DQJ� ODPD�
GLNKDZDWLUNDQ� DNDQ� PHPLFX� FHNDPDQ�
ILVLRORJL� WDQDPDQ�� 5HVSRQ� PDVLQJ�PDVLQJ�
NORQ� WHUKDGDS� VWLPXODQ� EHUEHGD�EHGD� GDQ�
GDSDW� GLOLKDW� GDUL� NRQGLVL� ILVLRORJLQ\D��
.HOHODKDQ�VHFDUD� ILVLRORJL� \DQJ�GLVHEDENDQ�
ROHK� LQWHUDNVL� \DQJ� NRPSOHNV� DQWDUD�
VHQVLWLILWDV� NORQ� GDQ� LQWHQVLWDV� HNVSORLWDVL�
MDXK� OHELK� EHUSHQJDUXK� GLEDQGLQJNDQ�
GHQJDQ� NHW LGDNVH LPEDQJDQ� IDNWRU �
OLQJNXQJDQ��'DV�HW�DO���������

$QDOLVLV� VLIDW� ILVLRORJL� WDQDPDQ�
PHUXSDNDQ� SHQGHNDWDQ� \DQJ� EHUJXQD�
XQWXN� PHQHQWXNDQ� NHVHKDWDQ� WDQDPDQ��
SRWHQVL� SURGXNVL�� PDXSXQ� ZDNWX� EXND�

VDGDS� �5DFKPDZDQ�	� 6XPDUPDGML�� ������� �
$QDOLVLV�VLIDW�ILVLRORJL�LQL�DQWDUD�ODLQ�PHOLSXWL�
NDGDU� VXNURVD�� NDGDU� IRVIDW� DQRUJDQLN��
NDGDU� WKLRO�� NDGDU� PDJQHVLXP�� S+� ODWHNV��
NDGDU� NDUHW� NHULQJ� �...��� GDQ� LQGHNV�
NHUXVDNDQ�OXWRLG��-DFRE�HW�DO�����������7KDQ��
6LYDNXPDU�� GDQ� :RQJ� ������� PHPEDJL�
NDUDNWHU� ILVLRORJL� ODWHNV� VHFDUD� XPXP�
PHQMDGL� GXD�� \DLWX� NDUDNWHU� \DQJ�
EHUKXEXQJDQ� GHQJDQ� DOLUDQ� ODWHNV� GDQ�
UHJHQHUDVL�ODWHNV��

G
3HQJHWDKXDQ� NDUDNWHU� ILVLRORJL�

WDQDPDQ�NDUHW�VDQJDW�GLSHUOXNDQ�VHMDN�DZDO�
SHUDNLWDQ� VXDWX� NORQ��'HQJDQ�PHQJHWDKXL�
WLSRORJL� NORQ� EHUEDVLV� ILVLRORJL�� PDND�
SHPDQHQDQ� ODWHNV� GLKDUDSNDQ� GDSDW�
GLODNXNDQ� VHFDUD� RSWLPDO� VHVXDL� SRWHQVL�
NORQ�WHUVHEXW��3HQHOLWLDQ�LQL�EHUWXMXDQ�XQWXN�
PHQJHWDKXL�UHVSRQ�VHFDUD�ILVLRORJL�EHEHUDSD�
NORQ� VHMDN� DZDO� SHUDNLWDQ� GL� SORW� SURPRVL�
NORQ� ,55� VHUL� ���� SDGD� EHEHUDSD� WDUDI�
NRQVHQWUDVL� VWLPXODQ�� +DVLO� SHQHOLWLDQ� LQL�
GLKDUDSNDQ� GDSDW� PHPEHULNDQ� LQIRUPDVL�
NDUDNWHU� ILVLRORJL� GHQJDQ� OHELK� WHUSHULQFL�
VDDW� NORQ� GLOHSDV� \DQJ� GDSDW� GLMDGLNDQ�
SHGRPDQ� GDODP� SHQJDOLDQ� SURGXNVL� DJDU�
SRWHQVL�SURGXNVL�PDNVLPDO�WHUJDOL�

%$+$1�'$1�0(72'(

3HQHOLWLDQ� LQL� GLODNXNDQ� GL� .HEXQ�
3HUFREDDQ� %DODL� 3HQHOLWLDQ� 6XQJHL� 3XWLK�
SDGD� DUHDO� SORW� SURPRVL� �33�������� WDKXQ�
WDQDP� ����� SDGD� EXODQ� -XOL� ����� KLQJJD�
EXODQ� )HEUXDUL� ������ 3HQHOLWLDQ� LQL�
PHQJJXQDNDQ�5DQFDQJDQ�3HWDN�7HUVDUDQJ�
�1HVWHG� 'HVLJQ�� PRGLILNDVL� GHQJDQ� GXD�
SHUODNXDQ�� GLPDQD� IDNWRU� NHGXD� GDQ�
XODQJDQ� WHUVDUDQJ� SDGD� IDNWRU� SHUWDPD�� �
)DNWRU� SHUWDPD� DGDODK� SHUODNXDQ� NORQ�
WDQDPDQ�NDUHW�WHUGLUL�GDUL�HQDP�MHQLV�NORQ�
\DLWX��,55������,55������3%������%30�����
,55� ����� GDQ� ,55� ����� )DNWRU� NHGXD�
PHUXSDNDQ� NRQVHQWUDVL� VWLPXODQ� �HWHSRQ��
\DQJ�WHUGLUL�GDUL�WLJD�WDUDI�\DLWX��NRQWURO�DWDX�
WDQSD�VWLPXODQ��6����NRQVHQWUDVL� �VWLPXODQ�
HWKHSRQ�������6���(7��������GDQ�NRQVHQWUDVL��
VWLPXODQ�HWHSRQ�����6���(7�������%LOD�GDODP�
SHQJXMLDQ�VLGLN�UDJDP�GLSHUROHK�SHUODNXDQ�
EHUSHQJDUXK�Q\DWD�DWDX�VDQJDW�Q\DWD��PDND�
GLODNXNDQ�XML� MDUDN�'XQFDQ�0XOWLSOH�5DQJH�
7HVW��'1057���0RQWRJRPHU\���������

G3HQ\DGDSDQ� GLODNXNDQ� SDGD� ����
OLQJNDUDQ� EDWDQJ� WDQDPDQ� �6���� GL� SDQHO�

��



3HQJDUXK�.RQVHQWUDVL�6WLPXODQ�7HUKDGDS�)LVLRORJL�/DWHNV�%HEHUDSD�.ORQ�7DQDPDQ�.DUHW�
�+HYHD�EUDVLOLHQVLV�0XHOO��$UJ��

VDGDS� %2��� VHWLDS� �� KDUL� VHNDOL� �G����
3HQJJXQDDQ� VWLPXODQ� HWKHSRQ� GLODNXNDQ�
VHVXDL�WDUDI�GHQJDQ�FDUD�JURRYH�DSSOLFDWLRQ�� �
)UHNXHQVL�SHPEHULDQ�VWLPXODQ����NDOL�GDODP�
��WDKXQ�GDQ�LQWHUYDO�SHPEHULDQ�VWLPXODQ���
PLQJJX�VHNDOL��3DGD�VDDW�JXJXU�GDXQ�\DLWX�
SDGD� DNKLU � EXODQ� )HEUXDU L � �����
SHQJJXQDDQ�VWLPXODQ�GLKHQWLNDQ��6WLPXODQ�
\DQJ� GLJXQDNDQ� EHUEDKDQ� DNWLI� HWKHSRQ�
\DQJ� ODQJVXQJ� GDSDW� GLJXQDNDQ� WDQSD�
SHQJHQFHUDQ�GHQJDQ�NRQVHQWUDVL������GDQ�
����0HUN�GDJDQJ�1HZ��7H[�����3$�GDQ���3$��

6HWLDS� NORQ� GLEHULNDQ� NHWLJD� WDUDI�
SHUODNXDQ� VWLPXODQ� VHKLQJJD� WHUGDSDW� ���
NRPELQDVL� SHUODNXDQ�� VHWLDS� SHUODNXDQ�
GLXODQJ���NDOL�GDQ�GDODP���VDWXDQ�SHUFREDDQ�
WDQDPDQ� WHUGLUL� GDUL� �� WDQDPDQ� NDUHW�� �
'HQJDQ� GHPLNLDQ�� WHJDNDQ� NDUHW� \DQJ�
GLEXWXKNDQ�VHEDQ\DN���[���[���[��� �����
WDQDPDQ� DWDX� VHNLWDU� ��� SRKRQ�NORQ�� �
3HPLOLKDQ�WDQDPDQ�FRQWRK�GLGDVDUNDQ�GDUL�
WLQJNDW� KRPRJHQLWDVQ\D� \DQJ� PHOLSXWL� OLOLW�
EDWDQJ��WDMXN��WLGDN�WHUVHUDQJ�SHQ\DNLW�DNDU�
PDXSXQ � SHQ\DN L W � E LGDQJ � VDGDS � �
3HQJDPDWDQ� GLODNXNDQ� WHUKDGDS� SHXEDK�
SURGXNVL��.DGDU�.DUHW�.HULQJ��...��ODWHNV��
LQGHNV� SHQ\XPEDWDQ�� S+�� NDGDU� VXNURVD��
NDGDU� IRVIDW� DQRUJDQLN�� GDQ� NDGDU� WKLRO��
3HQJDPDWDQ� WHUKDGDS� VHPXD� SHXEDK�
GLODNXNDQ� VHWLDS� EXODQ� NHFXDOL� SHXEDK�
SURGXNVL��

3HQJDPDWDQ� SURGXNVL� GLODNXNDQ�
VHWLDS� SHQ\DGDSDQ� GHQJDQ� PHQLPEDQJ�
ODWHNV� GDQ� OXPS� PDQJNRN� SRKRQ� FRQWRK��
'DWD� SURGXNVL� \DQJ� GLJXQDNDQ� DGDODK�
SURGXNVL� NHULQJ� �JUDP�SRKRQ�VDGDS� DWDX�
J�S�V��� 3URGXNVL� NHULQJ� GLSHUROHK� GHQJDQ�
PHQJDOLNDQ� SURGXNVL� EDVDK� �ODWHNV� GDQ�
OXPS�� GHQJDQ� ...� SDGD� VHWLDS� EXODQQ\D��
'DWD� SURGXNVL� NHULQJ� GLDNXPXODVL� VHODPD�
SHQHOLWLDQ�NHPXGLDQ�GLEDJL�GHQJDQ� MXPODK�
SRKRQ� SDGD� VHWLDS� VDWXDQ� SHUFREDDQ� GDQ�
GLEDJL�GHQJDQ�WRWDO�KDUL�VDGDS��3HQJXNXUDQ�
...� GLODNXNDQ� GHQJDQ� PHQJDPELO� ���� J�
VDPSHO�ODWHNV�GDUL�VHWLDS�VDWXDQ�SHUFREDDQ��
6HEDQ\DN����J�GLWLPEDQJ�GDUL�����J�VDPSHO�
\DQJ�GLDPELO��NHPXGLDQ�GLWDPEDKNDQ�DVDP�
IRUPDW� ���� KLQJJD� ODWHNV� PHQJJXPSDO�� �
/DWHN� \DQJ� PHQJJXPSDO� GLJLOLQJ� GL� PHVLQ�
SHQJJLOLQJ� OXPS� \DQJ� GLDOLUL� DLU� KLQJJD�
PHPEHQWXN� OHPEDUDQ� WLSLV�� 6HWHODK� LWX�
GLNHULQJNDQ� GL� RYHQ� VHODPD� �� [� ��� MDP�
GHQJDQ� VXKX� ���&� KLQJJD� ERERW� NRQVWDQ��
...� GLXNXU� GHQJDQ� PHWRGH� JUDYLPHWUL�
EHUGDVDUNDQ�SHUEDQGLQJDQ���ERERW�NHULQJ�

GHQJDQ� ERERW� EDVDK�� 3HQJXNXUDQ� S+�
GLODNXNDQ� ODQJVXQJ� SDGD� ODWHNV� VDPSHO�
GHQJDQ� PHQJJXQDNDQ� S+� PHWHU� SRUWDEOH��
DTXD�3DO�7HVWHU��0HUN�7UDQV�,QVWUXPHQW�

3 HQJXNXUDQ � NDGD U � VXN URVD �
PHQJJXQDNDQ� 0HWRGH� $QWKURQH� �'LVFKH��
�������'HKLGUDVL�VXNURVD�GDODP�DVDP�VXOIDW�
SHNDW� �+ 62 � ����� GDQ� SHPDQDVDQ� DNDQ�� �

PHPEHULNDQ�WXUXQDQ�IXUIXUDO�\DQJ�EHUHDNVL�
GHQJDQ� DQWKURQH� PHQJKDVLONDQ� UHDNVL�
EHUZDUQD� ELUX� \DQJ� VHODQMXWQ\D� GLXNXU�
DEVRUEDQQ\D� GHQJDQ� VSHNWURIRWRPHWHU�
%HFNPDQ�'8�����SDGD�SDQMDQJ�JHORPEDQJ�
�£�� ���� QP�� 3HQJXNXUDQ� NDGDU� IRVIDW�
DQRUJDQLN� GLXNXU� EHUGDVDUNDQ� SULQVLS�
SHQJLNDWDQ� ROHK� DPRQLXP� PROLEGDW��
NHPXGLDQ�WHUHGXNVL�ROHK�)H62 �GDODP�UHDNVL��

DVDP�� VHKLQJJD� PHQMDGL� ZDUQD� ELUX� \DQJ�
NHPXGLDQ� GLXNXU� DEVRUEDQQ\D� GHQJDQ�
VSHNWURIRWRPHWHU�SDGD�£�����QP��7DXVVN\�	�
6KRUU�� ������� 3HQJXNXUDQ� NDGDU� WKLRO�
GLODNXNDQ� EHUGDVDUNDQ� SULQVLS� UHDNVLQ\D�
GHQJDQ� DVDP� GLWKLRELV�QLWUREHQ]RDW�
�'717%�� XQWXN� PHPEHQWXN� 7KLRELV�
QLWUREHQ]RDW� �71%�� \DQJ� EHUZDUQD� NXQLQJ�
\DQJ� WHUDEVRUEVL� SDGD� £ � ���� QP�
PHQJJXQDNDQ�VSHNWURIRWRPHWHU�

+$6,/�'$1�3(0%$+$6$1

3URGXNVL�.HULQJ�

.RQVHQWUDVL� VWLPXODQ� GDQ� NORQ�
EHUSHQJDUXK� Q\DWD� WHUKDGDS� SURGXNVL�
NHULQJ� \DQJ� GLSHUROHK�� 3URGXNVL� WHUWLQJJL�
GLSHUROHK� SDGD� NRQVHQWUDVL� 6�� PHQFDSDL�
������J�S�V��7DEHO�����6HPHQWDUD�SURGXNVL�
WHUHQGDK� WHUGDSDW� SDGD� SHUODNXDQ� 6���
6HEDJLDQ� NORQ� PHQXQMXNNDQ� EDKZD�
SHQLQJNDWDQ� NRQVHQWUDVL� GDUL� NRQWURO� NH�
SHUODNXDQ�HWHSRQ������GDQ�����PHPEHULNDQ�
SHQJDUXK� \DQJ� OHELK� EHVDU� WHUKDGDS�
SHQLQJNDWDQ�SURGXNVL�

'DUL� *DPEDU� �� GDSDW� GLOLKDW�
SHQJDUXK� SHPEHULDQ� NRQVHQWUDVL� VWLPXODQ�
SDGD� VHWLDS� NORQ� WHUKDGDS� SHQLQJNDWDQ�
SURGXNVL�� %LOD� GLEDQGLQJNDQ� GHQJDQ�
SURGXNVL� NRQWURO�� SHQLQJNDWDQ� SURGXNVL�
WHUWLQJJL�DNLEDW�SHUODNXDQ�VWLPXODQ�WHUGDSDW�
SDGD� NORQ� ,55� ���� GDQ� ,55� ����� �
3HQLQJNDWDQ� SURGXNVL� NHGXD� NORQ� LQL�
PHQFDSDL�����GDQ�����SDGD�SHUODNXDQ�6��
�(7� ������� SDGD� SHUODNXDQ� 6�� �(7� ����
PHQFDSDL������GDQ������GL�DWDV�SURGXNVL�

��



NRQWURO�� 3HQLQJNDWDQ� LQL� PHQJLQGLNDVLNDQ�
EDKZD� NHGXD� NORQ� PHPSXQ\DL� UHVSRQ�
SHQLQJNDWDQ�SURGXNVL�\DQJ�WLQJJL�WHUKDGDS�
SHPEHULDQ� VWLPXODQ�� 5HVSRQ� SHQLQJNDWDQ�
SURGXNVL� WHUHQGDK� DNLEDW� SHUODNXDQ�
VWLPXODQ� �6�� GDQ� 6��� GLEDQGLQJ� NRQWURO�
������� J�S�V�� WHUGDSDW� SDGD� NORQ� 3%� ����
\DLWX� ������ GDQ� ������ ������� J�S�V� GDQ�
������J�S�V���6HPHQWDUD�XQWXN�NORQ�,55�VHUL�
����� NORQ� ,55� ���� PHPLOLNL� UHVSRQ� \DQJ�
UHQGDK� GHQJDQ� SUHVHQWDVH� NHQDLNDQ�
SURGXNVL�DGDODK��������6���GDQ���������6���
GL�DWDV�NRQWURO��������J�S�V��

3HQHOLWLDQ�-HWUUR�GDQ�6LPRQ��������
PHODSRUNDQ� EDKZD� SHPEHULDQ� VWLPXODQ�
HWHSRQ�GHQJDQ�NRQVHQWUDVL�������GDQ������
SDGD� NORQ� 3%� ���� VDDW� DZDO� VDGDS��
PHPEHULNDQ� SHQLQJNDWDQ� SURGXNVL� Q\DWD�

SDGD� VDDW� WDKXQ� SHUWDPD� SHQ\DGDSDQ��
6HPHQWDUD� SDGD� WDKXQ� NHGXD�� VWLPXODQ�
WLGDN�Q\DWD�WHUKDGDS�SHQLQJNDWDQ�SURGXNVL�
NORQ�3%������+HUOLQDZDWL�GDQ�.XVZDQKDGL�
�������MXJD�PHODSRUNDQ�EDKZD�NORQ�3%�����
PHPSXQ\DL� PHWDEROLVPH� WLQJJL� VHKLQJJD�
KDQ\D� FXNXS� GLODNXNDQ� SHOXNDDQ� XQWXN�
PHQJDNWLINDQ� PDWDEROLVPH� VHO� ODWHNV��
VHGDQJNDQ� VWLPXODQ� KDQ\D� EHUIXQJVL�
XQWXN� PHQJXUDQJL� DGDQ\D� KDPEDWDQ�
DOLUDQ�

6WLPXODVL� HWKHSRQ� SDGD� WDQDPDQ�
NDUHW�SDGD�GDVDUQ\D�DGDODK�SURVHV�GDUL�OXDU�
�HNVRJHQXV�� \DQJ� GLJXQDNDQ� XQWXN�
PHQLQJNDWNDQ�SURGXNVL�GL�DWDV�QRUPDO�SDGD�
VDDW� SHQ\DGDSDQ� �3UL\DGDUVKDQ�� ������� �
6XPDUPDGML� ������� PHQ\HEXWNDQ� WHUGDSDW�
GXD�MDOXU�XWDPD�SHUDQ�HWLOHQ�PHQLQJNDWNDQ�

*DPEDU����3URGXNVL��J�S�V��WLDS�NORQ�SDGD�WLJD�NRQVHQWUDVL�VWLPXODQ�
)LJXUH���� <LHOG��J�W�W��RI�HDFK�FORQH�RQ�WKUHH�FRQFHQWUDWLRQV�RI�VWLPXODQWV

3HUODNXDQ �
7UHDWPHQWV �

3URGXNVL��J�S�V� �
<LHOG��J�W�W� �

.RQVHQWUDVL��VWLPXODQ� �
6���.RQWURO�

�
������F

�
6���(7������

�
������E

�
6���(7����

�
������D

�

�
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J�W�WG ��JUDP�WUHH�WDSSLQJ

$WPLQLQJVLK��1DSLWXSXOX�GDQ�6LUHJDU

��



SURGXNVL� \DLWX� PHQLQJNDWNDQ� ELRVLQWHVLV�
NDUHW� GDQ� PHPSHUSDQMDQJ� ODPD� DOLUDQ�
ODWHNV�� 6HFDUD� VHOXOHU� DSOLNDVL� HWLOHQ�
HNVRJHQRV�PHQLQJNDWNDQ� HWLOHQ� HQGRJHQXV�
GL�GDODP�VHO�VHO�SHPEXOXK�ODWHNV��,QGXNVL�LQL�
EHUNDLWDQ� GHQJDQ� SHQLQJNDWDQ� ELRVLQWHVLV�
HWLOHQ��:DQJ��/L��	�(FNHU��������

.DGDU�.DUHW�.HULQJ��...��/DWHNV�

G .DGDU� NDUHW� NHULQJ� �...�� ODWHNV�
VDQJDW�Q\DWD�GLSHQJDUXKL�ROHK�NRQVHQWUDVL�
VWLPXODQ� SDGD� VHPXD� NORQ� \DQJ� GLDPDWL�
�7DEHO�����1LODL�...�SDGD�SHUODNXDQ�6��OHELK�
UHQGDK� GLEDQGLQJNDQ� GHQJDQ� SHUODNXDQ�
ODLQQ\D�� 5HUDWD� SHQXUXQDQ� ...� DNLEDW�
SHUODNXDQ�VWLPXODQ�6��PHQFDSDL�����\DLWX�
GDUL�QLODL�...�VHEHVDU��������SDGD�NRQWURO�
PHQMDGL� �������� 6HPHQWDUD� SHQXUXQDQ�
...� SDGD� SHUODNXDQ� 6�� PHQFDSDL� �����
3HQLQJNDWDQ� NRQVHQWUDVL � VW LPXODQ�
PHQXUXQNDQ�QLODL�...�KDPSLU�SDGD�VHPXD�
NORQ�\DQJ�GLDPDWL�

3HPEHULDQ� VWLPXODQ� SDGD� NHHQDP�
NORQ�WDQDPDQ�NDUHW�PHQXUXQNDQ�...�SDGD�
VHPXD�NORQ�GHQJDQ�WLQJNDW�SHQXUXQDQ�QLODL�
\DQJ� EHUEHGD� �*DPEDU� ���� 5HVSRQ�
SHQXUXQDQ� ...� WHUJRORQJ� WLQJJL� MLND� !���
VHSHUWL�SDGD�NORQ�,55������3%������GDQ�%30�
���� VHGDQJNDQ� NHWLJD� NORQ� \DQJ� ODLQQ\D�
VHSHUWL� ,55� ����� ,55� ����� GDQ� ,55� ����
PHPLOLNL� UHVSRQ� SHQXUXQDQ� ...� \DQJ�
UHQGDK��6HFDUD�XPXP�NORQ�,55�����PHPLOLNL�
...�\DQJ�WHUWLQJJL�SDGD�VHWLDS�NRQVHQWUDVL�
VWLPXODQ�GHQJDQ�WLQJNDW�UHVSRQ�SHQXUXQDQ�
...�\DQJ�UHQGDK��'LOLKDW�GDUL�SURGXNVL�GDQ�
...�\DQJ�WHWDS�WLQJJL�PHQDQGDNDQ�EDKZD�
NDQGXQJDQ�NDUHW��SROLLVRSUHQD��GDODP�NORQ�
LQL� VDQJDW� WLQJJL� VHKLQJJD� SHQXUXQDQQ\D�
WLGDN� GLSHQJDUXKL� ROHK� NRQVHQWUDVL�
VWLPXODQ�

G3HQXUXQDQ� NDGDU� NDUHW� NHULQJ�
WHUVHEXW� VHMDODQ� GHQJDQ� KDVLO� SHQHOLWLDQ�
3DNLDQDQWKDQ�HW�DO��������\DQJ�PHQ\DWDNDQ�
EDKZD� SHQJJXQDDQ� HWKHSRQ� GLGXJD�

*DPEDU����.DGDU�NDUHW�NHULQJ�WLDS�NORQ�SDGD�NHWLJD�NRQVHQWUDVL�VWLPXODQ�
)LJXUH���� 'U\�UXEEHU�FRQWHQW�RI�HDFK�FORQH�WR�WKH�WKUHH�FRQFHQWUDWLRQV�RI�VWLPXODQWV�
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PHQLQJNDWNDQ� LQIOXNV� DLU� GDODP� VLVWHP�
SHPEXOXK� ODWHNV�� 6WLPXODQ� VDQJDW�
EHUKXEXQJDQ� GHQJDQ� NHVHLPEDQJDQ�
NDUDNWHU� ILVLRORJL� \DQJ� VDQJDW� NRPSOHNV�
GDODP�SHPEHQWXNDQ�SDUWLNHO�NDUHW��$SOLNDVL�
VWLPXODQ�PHUDQJVDQJ�WHUMDGLQ\D�SHQXUXQDQ�
...� GDODP� ODWHNV� PHQ\HEDENDQ� DOLUDQ�
ODWHNV� OHELK� ODQFDU� VHKLQJJD� LQGHNV�
SHQ\XPEDWDQ�PHQMDGL�UHQGDK��6XPDUPDGML�
������� PHQ\DWDNDQ� EDKZD� SHUODNXDQ�
VWLPXODQ� SDGD� NRQGLVL� WHUWHQWX� GDSDW�
PHQJDNWLYDVL� UHJHQHUDVL� ODWHNV� DQWDUD� GXD�
VDGDSDQ� GDQ� GLDQWDUDQ\D� NHPXQJNLQDQ�
GLSHQJDUXKL� ROHK� IDNWRU� ILVLRORJL� ODWHNV�
VHSHUWL�...��,QGHNV�3HQ\XPEDWDQ��,3���S+��
NDGDU�VXNURVD��NDGDU�IRVIDW�DQRUJDQLN��3L���
GDQ�NDGDU�WKLRO�

,QGHNV�3HQ\XPEDWDQ��,3�

3HQLQJNDWDQ� NRQVHQWUDVL� VWLPXODQ�
VDQJDW� Q\DWD� PHQXUXQNDQ� QLODL� ,3� SDGD�
VHPXD� NORQ� \DQJ� GLDPDWL�� 5HVSRQ�
SHQXUXQDQ� ,3� WLQJJL� �!����� DNLEDW�
SHUODNXDQ�VWLPXODQ�EHUWXUXW�WXUXW�WHUGDSDW�
SDGD�NORQ�%30�����,55������,55�����GDQ�3%�
�����6HPHQWDUD�UHVSRQ�SHQXUXQDQ�,3�\DQJ�
UHQGDK� ������� WHUGDSDW�SDGD� ,55�����GDQ�
,55� ����6HPDNLQ� WLQJJL� NRQVHQWUDVL�
VWLPXODQ�\DQJ�GLEHULNDQ�VHPDNLQ�NHFLO�QLODL�

,3� NHFXDOL� SDGD�NORQ� ,55����� �*DPEDU�����
3DGD� NORQ� LQL�� SHPEHULDQ� NRQVHQWUDVL�
VWLPXODQ�6��WLGDN�Q\DWD�PHQXUXQNDQ�QLODL�
,3�� +DO� LQL� GLPXQJNLQNDQ� NDUHQD� VHFDUD�
ILVLRORJLV� WDQDPDQ� WHUJDQJJX� VHKLQJJD�
LQGHNV� SHQ\XPEDWDQ� MDULQJDQ� SHPEXOXK�
ODWHNV� PHQMDGL� PHQLQJNDW� NHPEDOL��
*XQDVHUDND�� 1XJDZHOD�� 'H� &RVWD�� GDQ�
$WWDQD\DNH� ������� PHQJHPXNDNDQ� EDKZD�
SHPEHULDQ� VWLPXODQ� HWHSRQ� VHEHVDU� �����
SDGD� EHEHUDSD� JHQRWLSH� WDQDPDQ� NDUHW�
PHPEHULNDQ� SHQJDUXK� SHQXUXQDQ� ,3�

,QGHNV� SHQ\XPEDWDQ� VDQJDW� HUDW�
EHUNDLWDQ� GHQJDQ� SURGXNVL� NDUHQD�
PHQFHUPLQNDQ� ODPD� DOLUDQ� ODWHNV�� -LND�
LQGHNV� SHQ\XPEDWDQ� WLQJJL� EHUDUWL� ODPD�
DOLUDQ� ODWHNV� SHQGHN� DWDX� FHSDW� EHUKHQWL�
PHQJDOLU��6HMDODQ�GHQJDQ�-DFRE�HW�DO��������
\DQJ� PHQ\DWDNDQ� EDKZD� IDNWRU� SHPEDWDV�
SURGXNVL� ODWHNV� DGDODK� ODPDQ\D� DOLUDQ�
ODWHNV� VHWHODK� VDGDS�GDQ� UHJHQHUDVL� ODWHNV�
GLDQWDUD� GXD� SHQ\DGDSDQ�� ,3� \DQJ� UHQGDK�
PHPLFX� DOLUDQ� ODWHNV� \DQJ� OHELK� ODPD�
VHKLQJJD�SURGXNVL�ODWHNV�\DQJ�NHOXDU�WLQJJL���
'LODSRUNDQ� ROHK� 6XPDUPDGML� ������� SDGD�
NORQ�$YURV�������%30�����35������55,0������
*7� ��� %30� ��� 35� ����� GDQ� /&%� ������ ,3�
EHUNRUHODVL� QHJDWLI� GDODP� DUWL� SHQLQJNDWDQ�
SURGXNVL�DNWXDO�GLWDQGDL�GHQJDQ�SHQXUXQDQ�

.HWHUDQJDQ��UHPDUNV�
$QJND�\DQJ�GLLNXWL�KXUXI�\DQJ�VDPD�SDGD�NRORP�\DQJ�VDPD�PHQXQMXNNDQ�WLGDN�EHUEHGD�Q\DWD�SDGD�WDUDI�
VLJQLILNDVL���
)LJXUHV�IROORZHG�E\�WKH�VDPH�OHWWHU�LQ�WKH�VDPH�FROXPQ�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW�DW���

*DPEDU����,QGHNV�SHQ\XPEDWDQ�NHHQDP�NORQ�SDGD�NHWLJD�WDUDI�NRQVHQWUDVL�VWLPXODQ
)LJXUH����3OXJJLQJ�LQGH[�RI�VL[�FORQHV�ZLWK�WKUHH�OHYHO�RI�FRQFHQWUDWLRQV�RI�VWLPXODQW
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,3�SDGD�VHPXD�NORQ�\DQJ�GLXML�NHFXDOL�%30���
GDQ� /&%� ������ ,QGHNV� SHQ\XPEDWDQ�
PHPSXQ\DL� NRUHODVL� SRVLWLI� GHQJDQ� ...��
VHPDNLQ� WLQJJL� ...� ODWHNV� PDND� VHPDNLQ�
WLQJJL� QLODL� ,3�� 6XPDUPDGML� �������
PHQ\DWDNDQ� EDKZD� QLODL� ,3� GDQ� ...�
EHUNDLWDQ� GHQJDQ� ODPD� DOLUDQ� ODWHNV��
3HQJDPDWDQ� GL� ODSDQJDQ� PHQXQMXNNDQ�
EDKZD� SHUODNXDQ� VWLPXODVL� WHUEXNWL�
PHPSHUSDQMDQJ�ZDNWX�DOLUDQ�ODWHNV�PHQMDGL�
�����MDP�GLEDQGLQJNDQ�NRQWURO�\DQJ�KDQ\D�
����MDP�

'HUDMDW�.HDVDPDQ��S+��/DWHNV

� 'HUDMDW� NHPDVDPDQ� �S+�� GLGXJD�
EHUSHUDQ� SHQWLQJ� GDODP� SHQLQJNDWDQ�
SURGXNVL� NDUHQD� GDSDW� PHQJHQGDOLNDQ�
EHUEDJDL� DNWLYLWDV� HQ]LP� GL� GDODP� VHO��
0HVNLSXQ� VHFDUD� VWDWLVWLN� S+� KDQ\D�
GLSHQJDUXKL�ROHK�NORQ��VHGDQJNDQ�VWLPXODQ�
WLGDN�PHPEHULNDQ�SHQJDUXK�Q\DWD��*DPEDU�
���� 1DPXQ� VHFDUD� XPXP�� SHQLQJNDWDQ�
NRQVHQWUDVL� VWLPXODQ� PHQJDNLEDWNDQ�
VHGLNLW� NHQDLNDQ� S+� SDGD� EHEHUDSD� NORQ�
WHWDSL� GL\DNLQL� PHWDEROLVPH� VHO� GDODP�
SHPEXOXK� ODWHNV� VXGDK� EHUXEDK�� 6HMDODQ�
GHQJDQ� KDVLO� SHQHOLWLDQ� 7LVWDPD� �������
SHUXEDKDQ�S+�VHGLNLW�VDMD�GDSDW�PHQJXEDK�
DNWLYLWDV� VXDWX� HQ]LP� PHQMDGL� OHELK� NXDW�
DWDX�PHQMDGL�OHELK�UHQGDK��EDKNDQ�WHUKHQWL�
VDPD� VHNDOL�� 6WLPXODQ� HWHSRQ� GDSDW�
PHQ\HEDENDQ� VLWRVRO� PHQMDGL� DONDOLQ� GDQ�
EHUSHQJDUXK� WHUKDGDS� VWDELOLWDV� NDUHW�
VHKLQJJD�NDUHW�WLGDN�FHSDW�PHQJJXPSDO�MLND�
GLNRPELQDVLNDQ� VXSODL� DLU� \DQJ� PHPDGDL�
PHQ\HEDENDQ�DOLUDQ�ODWHNV�OHELK�ODPD�

+DVLO� SHQHOLWLDQ� VHMDODQ� GHQJDQ�
6XPDUPDGML��������\DQJ�PHODSRUNDQ�EDKZD�
QLODL�S+�ODWHNV�GLSHQJDUXKL�VHFDUD�Q\DWD�ROHK�
LQWHUDNVL� NORQ� GDQ� PXVLP�� GDQ� WLGDN�
GLSHQJDUXKL� VHFDUD� Q\DWD� ROHK� SHUODNXDQ�
VWLPXODQ�� -DFRE� HW� DO� ������� PHQ\DWDNDQ�
EDKZD� ELRVLQWHVLV� ODWHNV� EHUKXEXQJDQ�
GHQJDQ�DONDOLVDVL�VLWRVRO�ROHK�$73DVH�SRPSD�
SURWRQ�� GDQ� SLURIRVIDWDVH� SRPSD� SURWRQ�
PHPEUDQ� OXWRLG�� VHUWD� GLNHQGDOLNDQ� ROHK�
UHJXODVL�S+�GDQ�NRPSRVLVL�LRQ�GDODP�VLWRVRO�
VHO�SHPEXOXK�ODWHNV�� �/HELK�ODQMXW�7LVWDPD�
�������PHQMHODVNDQ�EDKZD�HWLOHQ�HNVRJHQXV�
PHQJLQGXNVL� SHQLQJNDWDQ� S+� VHO�VHO�
SHPEXOXK�ODWHNV�OHELK�DONDOLQ�GHQJDQ�FDUD�
PHQJDNWLINDQ�+�$73DVH�GL�PHPEUDQ�OXWRLG���
(Q]LP�LQL�PHQJDOLUNDQ�LRQ�+��GDUL�VLWRVRO�NH�
GDODP� OXWRLG� DWDX� YDNXROD�� � +DO� LQL� \DQJ�
PHQ\HEDENDQ� VLWRVRO� PHQMDGL� DONDOLQ�
VHKLQJJD�PHQLQJNDWNDQ� DNWLYLWDV� EHEHUDSD�
HQ] LP�HQ] LP� G L � M D OXU � PHYD ORQDW � � �
3HQLQJNDWDQ�DNWLYLWDV�HQ]LP�HQ]LP�WHUVHEXW�
PHQ\HEDENDQ� ELRVLQWHVLV� NDUHW� PHQMDGL�
PHQLQJNDW�

.DGDU�6XNURVD

G% LRV LQ W H V L V � G L DZD O L � G HQJDQ �
SHPHFDKDQ� � DVLPLODW� KDVLO� IRWRVLQWHVLV�
EHUXSD� VXNURVD� PHQMDGL� JOXNRVD�� 'DODP�
SHPEXOXK� ODWHNV� WHUGDSDW� VDNDULGD� GDODP�
EHQWXN� VXNURVD� GDQ� VHQ\DZD� LQL� \DQJ�
PHUXSDNDQ� SUHNXUVRU� XQWXN� VLQWHVLV�
SDUWLNHO�NDUHW��FLV�����SROLLVRSUHQD����6LQWHVLV�
LVRSUHQD� WHUVHEXW� PHPHUOXNDQ� UHDNVL�
JOLNROLVLV�JOXNRVD�GDUL�VXNURVD�\DQJ�GLSHFDK�
ROHK� LQYHUWDVH� GDQ� SHPEHQWXNDQ� HQHUJL�

*DPEDU����1LODL�S+�NH�HQDP�NORQ�SDGD�NHWLJD�WDUDI�NRQVHQWUDVL�VWLPXODQ
)LJXUH����S+�YDOXH�RI�VL[�FORQHV�ZLWK�WKUHH�OHYHOV�RI�FRQFHQWUDULRQ�RI�VWLPXODQW
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ELRNLPLD��.DGDU�VXNURVD�\DQJ�WHUXNXU�GDODP�
ODWHNV� PHUXSDNDQ� VHOLVLK� DQWDUD� LQIOXNV�
VXNURVD� GHQJDQ� EDQ\DNQ\D� VXNURVD� \DQJ�
GLJXQDNDQ� XQWXN� PHWDEROLVPH� ODWHNV�
�6XPDUPDGML�� ������� 6WLPXODQ� Q\DWD�
PHQXUXQNDQ� NDGDU� VXNURVD�� SHUODNXDQ�
NRQWURO� PHPSXQ\DL� NDGDU� VXNURVD� OHELK�
WLQJJL�GLEDQGLQJNDQ�SHUODNXDQ�VWLPXODQ�6��
GDQ� 6�� NHFXDOL� SDGD� NORQ� ,55� ����� 3DGD�
VHEDJLDQ� NORQ�� NDGDU� VXNURVD� SDGD�
SHUODNXDQ� 6�� OHELK� UHQGDK� GLEDQGLQJNDQ�
SHUODNXDQ�6���*DPEDU����

3HQLQJNDWDQ� NRQVHQWUDVL� VWLPXODQ�
SDGD� NORQ� ,55� ���� MXVWUX� PHQLQJNDWNDQ�
VXNURVD�� 3HQLQJNDWDQ� NDGDU� VXNURVD� SDGD�
SHUODNXDQ�6��PHQFDSDL������������P0��GDQ�
������������P0��GLEDQGLQJNDQ�NRQWURO�\DLWX�
�����P0�

6H F D U D � XPXP� S HQ L Q JND W DQ �
NRQVHQWUDVL� VWLPXODQ� PHQ\HEDENDQ�
SHQXUXQDQ�VXNURVD�SDGD�VHPXD�NORQ��+DO�
LQL�PHQXQMXNNDQ�EDKZD�SHUODNXDQ�HWKHSRQ�
FHQGHUXQJ� PHQJXUDQJL� NHWHUVHGLDDQ�
VXNURVD�NDUHQD�VHEDJLDQ�EHVDU�WHODK�GLXEDK�
PHQMDGL� SDUWLNHO� NDUHW�� 6HFDUD� VSHVLILN��
SHQLQJNDWDQ� LQL� GLPXQJNLQNDQ� WHUMDGL�
NDUHQD�VWLPXODQ�PHPLFX�GLVWULEXVL�DVLPLODW�
NH� MDULQJDQ� SHPEXOXK� ODWHNV� VHPDNLQ�
EDQ\DN��KDO� LQL�GLGXNXQJ�GHQJDQ�NDGDU�3L�
\DQJ�WLQJJL�GDQ�,3�WHUHQGDK��...�OHELK�WLQJJL�
GLEDQGLQJ�SHUODNXDQ�6��DWDX�6��� �6HMDODQ�
GHQJDQ� 6XPDUPDGML� ������� SHUODNXDQ�
HWKHSRQ� FHQGHUXQJ� PHQXUXQNDQ� NDGDU�
VXNURVD� SDGD� NORQ� $9526� ����� GDQ�
NHWHUVHGLDDQ�VXNURVD�OHELK�WLQJJL�SDGD�NORQ�
%30�����7LQJJLQ\D�NDGDU�VXNURVD�WHUVHEXW�

PHQFHUPLQNDQ�DGDQ\D�LQIOXNV�VXNURVD�\DQJ�
WLQJJL� XQWXN� GLJXQDNDQ� GDODP� UHJHQHUDVL�
ODWHNV�\DQJ�WHUEXNWL�GHQJDQ�NDGDU�...�NORQ�
WHUVHEXW� WHUJRORQJ� WLQJJL�� .ORQ� ,55� ����
PHPLOLNL� NDGDU� VXNURVD� GDQ�...� WHUWLQJJL�
GLEDQGLQJNDQ�NORQ�ODLQQ\D��

3HQLQJNDWDQ� NRQVHQWUDVL� VWLPXODQ�
SDGD� NORQ� ,55� ���� MXVWUX� PHQLQJNDWNDQ�
VXNURVD�� 3HQLQJNDWDQ� NDGDU� VXNURVD� SDGD�
SHUODNXDQ�6��PHQFDSDL������������P0��GDQ�
������������P0��GLEDQGLQJNDQ�NRQWURO�\DLWX�
�����P0�

.DGDU�)RVIDW�$QRUJDQLN��3L�
G

6 W L P X O D Q � V D Q J D W � Q \ D W D �
PHQLQJNDWNDQ� NDGDU� IRVIDW� DQRUJDQLN� �3L��
GDODP� ODWHNV� SDGD� VHPXD� NORQ� \DQJ� GLXML��
3HUODNXDQ� NRQVHQWUDVL� VWLPXODQ� 6��
PHPEHULNDQ� SHQJDUXK� \DQJ� WHUEDLN�
GLEDQGLQJNDQ�GHQJDQ�NRQVHQWUDVL�VWLPXODQ�
6�� GDQ� 6�� �*DPEDU� ���� 6HFDUD� XPXP�
SHQLQJNDWDQ�NDGDU�3L�WHUWLQJJL�WHUGDSDW�SDGD�
NORQ� ,55� ����� ,55� ����� GDQ� ,55� ����� � � � � � � � �
+DO�LQL�PHQJLQGLNDVLNDQ�EDKZD�NHWLJD�NORQ�
WHUVHEXW�UHVSRQVLI�WHUKDGDS�VWLPXODQ��

'DODP� SURVHV� UHJHQHUDVL� ODWHNV��
SHPHFDKDQ� VXNURVD� PHQMDGL� JOXNRVD� GDQ�
SURVHV� VHODQMXWQ\D� KLQJJD� WHUEHQWXN�
SDUWLNHO� NDUHW� VDQJDW� PHPHUOXNDQ� HQHUJL�� �
.DQGXQJDQ� IRVIDW� DQRUJDQLN� �3L�� GDSDW�
GLMDGLNDQ� LQGLNDWRU� WHUKDGDS� HQHUJL� GDQ�
PHWDEROLVPH� ODWHNV�� � 6XPDUPDGML� GDQ�
7LVWDPD��������PHQ\DWDNDQ�EDKZD�NDGDU�3L�
PHQJDPEDUNDQ� NHWHUVHGLDDQ� HQHUJL� SDGD�
VHO�VHO� SHPEXOXK� ODWHNV� XQWXN� PHQJXEDK�

*DPEDU���� .DGDU�VXNURVD�NHHQDP�NORQ�SDGD�NHWLJD�WDUDI�NRQVHQWUDVL�VWLPXODQ
)LJXUH���� 6RFURVH�FRQWHQW�RI�VL[�FORQHV�ZLWK�WKUHH�OHYHO�RI�FRQFHQWUDWLRQV�RI�VWLPXODQW

$WPLQLQJVLK��1DSLWXSXOX�GDQ�6LUHJDU
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*DPEDU����.DGDU�3L�NHHQDP�NORQ�SDGD�NHWLJD�WDUDI�NRQVHQWUDVL�VWLPXODQ
)LJXUH����3L�FRQWHQW�RI�VL[�FORQHV�ZLWK�WKUHH�OHYHOV�RI�FRQFHQWUDWLRQ�RI�VWLPXODQW

VXNURVD� PHQMDGL� SDUWLNHO� NDUHW�� .LVDUDQ�
RSWLPDO�NDGDU�3L�DGDODK�������P0��VHKLQJJD�
DSDELOD� WDQDPDQ� PHPSXQ\DL� NDGDU� 3L�
NXUDQJ� GDUL� ��� P0� PHWDEROLVPH� PHQMDGL�
NXUDQJ� WHWDSL� MLND� OHELK� WLQJJL�GDUL����P0�
EHUDUWL�WDQDPDQ�PHQJDODPL�RYHU�HNVSORLWDVL�
DWDX� VHUDQJDQ� SHQ\DNLW� �G
$X]DF�� �������
'DUL� KDVLO� SHQJDPDWDQ�� UDWD�UDWD� NDGDU� 3L�
VHWLDS�SHUODNXDQ�DQWDUD�ODLQ�NRQWURO��������
P0��� 6�� ������� P0�� GDQ� 6�� ������� P0��� �
%HUGDVDUNDQ� XUDLDQ� GL� DWDV� SHUODNXDQ� 6��
VXGDK� EHUSRWHQVL� WHUMDGL� RYHU� HNVSORLWDVL��
$NDQ� WHWDSL�� VDPSDL� VHMDXK�PDQD�GDPSDN�
QHJDWLI�EHOXP�GLNHWDKXL�VHFDUD�SDVWL�

&KDQWXPD�� 7KDQLVDZD\DQJNXUD��
.DVHPVDS��*RKHW�� GDQ� 7KDOHU� ������� VHUWD�
6LOSL� HW� DO� ������� PHODSRUNDQ� EDKZD�
SHQJJXQDDQ� VWLPXODQ� VHFDUD� Q\DWD�
PHPSHQJDUXKL�SHUSDQMDQJDQ�DWDX�OXDV�DUHD�
ELGDQJ�VDGDS�\DQJ�DNWLI��3L�WLQJJL���6HPDNLQ�
WLQJJL� WLQJNDW� VWLPXODQVLD� PDND� VHPDNLQ�
SDQMDQJ� SDQHO� VDGDS� \DQJ� PHPLOLNL�
PHWDEROLVPH�ODWHNV�DNWLI�� �0DVXNQ\D�HWLOHQ�
HNVRJHQXV� \DQJ� EHUDVDO� GDUL� VWLPXODQ�
HWHSRQ� NH� GDODP� VHO� PHQJLQGXNVL� GHQJDQ�
FHSDW� GDQ� PHQDQGDL� SHUXEDKDQ� DGHQLODW�
�$GHQRVLQ� 0RQRSRVSKDW� � $GHQRVLQ�
'ZLSRVSKDW�� GDQ� $GHQRVLQ� 7ULSRVSKDW��
GDODP� ODWHNV� �7LVWDPD�� ������� � 6DDW� 3L�
UHQGDK��ELRVLQWHVLV�ODWHNV�WHUKDPEDW�DNLEDW�
WLGDN� DGDQ\D� VXSODL� HQHUJL�� � 6HPHQWDUD�
NDGDU� 3L� \DQJ� WLQJJL� PHQJLQGLNDVLNDQ�
DNWLIQ\D�PHWDEROLVPH� ODWHNV�PHQ\HEDENDQ�

ELRVLQWHVLV� SDUWLNHO� NDUHW� EHUMDODQ� RSWLPDO�
VHUWD� SHQXUXQDQ� LQGHNV� SHQ\XPEDWDQ�
VHKLQJJD� DOLUDQ� ODWHNV� OHELK� ODPD�

�
.DGDU�7KLRO��5�6+�
G

.DGDU� WKLRO� SDGD� NORQ� ,55� ����
������0�� WHUWLQJJL� GLEDQGLQJNDQ� GHQJDQ�
NORQ� ODLQQ\D�� VHGDQJNDQ� NDGDU� WKLRO�
WHUHQGDK� SDGD� NORQ� ,55� ���� GDQ� ,55� ����
�������0���3HUODNXDQ�NRQVHQWUDVL�VWLPXODQ�
6�� PHPSXQ\DL� NDGDU� WKLRO� SDOLQJ� WLQJJL�
GLEDQGLQJNDQ�GHQJDQ�NRQVHQWUDVL�VWLPXODQ�
6�� GDQ� 6��� .DGDU� WKLRO� WHUWLQJJL� WHUGDSDW�
SDGD�NRPELQDVL�SHUODNXDQ�,55�����GHQJDQ�
NRQVHQWUDVL� VWLPXODQ� 6�� GDQ� WHUHQGDK�
WHUGDSDW� SDGD� NORQ� ,55� ���� GHQJDQ�
NRQVHQWUDVL� VWLPXODQ� 6�� �*DPEDU� ����
.HQDLNDQ� NDGDU� WKLRO� SDGD� SHUODNXDQ� 6��
PHQFDSDL� ���� GL� DWDV� NRQWURO�� VHGDQJNDQ�
NHQDLNDQ� NDGDU� WKLRO� SDGD� SHUODNXDQ� 6,�
PHQFDSDL����GL�DWDV�NRQWURO� �6���� �'DODP�
GLDJQRVLV�ODWHNV��SHQJXNXUDQ�NDGDU�VXNURVD�
GDQ�3L�DNDQ�OHELK�HIHNWLI�ELOD�GLNRPELQDVLNDQ�
GHQJDQ� SHQJXNXUDQ� NDGDU� WKLRO�� NDUHQD�
PHQFHUPLQNDQ�NDSDVLWDV�VLVWHP�SHPEXOXK�
ODWHNV� GDODP� PHQJKDGDSL� PHNDQLVPH�
SHQXDDQ��*RKHW�HW�DO���������� �.HWHUVHGLDDQ�
WKLRO� GDODP� ODWHNV� SHQWLQJ� EDJL� WDQDPDQ�
NDUHQD� IXQJVLQ\D� VHEDJDL� DNWLYDWRU� HQ]LP�
GDQ� EHUKXEXQJDQ� GHQJDQ� VWDELOLWDV�
PHPEUDQ� OXWRLG� XQWXN� PHPSHUSDQMDQJ�
ODPD�DOLUDQ�ODWHNV��6XPDUPDGML��7LVWDPD��	�
6LVZDQWR��������

3HQJDUXK�.RQVHQWUDVL�6WLPXODQ�7HUKDGDS�)LVLRORJL�/DWHNV�%HEHUDSD�.ORQ�7DQDPDQ�.DUHW�
�+HYHD�EUDVLOLHQVLV�0XHOO��$UJ��

��



*DPEDU����.DGDU�WKLRO�NHHQDP�NORQ�SDGD�NHWLJD�WDUDI�NRQVHQWUDVL�VWLPXODQ
)LJXUH����7KLRO�FRQWHQW�RI�VL[�FORQHV�ZLWK�WKUHH�OHYHO�RI�FRQFHQWUDWLRQV�RI�VWLPXODQW

7K LR O � PHPL O L N L � N HPDPSXDQ �
PHPSURWHNVL� RUJDQHO� VXEVHOXOHU� GDQ�
NHPDPSXDQ� PHQDQJNDS� PROHNXO� RNVLJHQ�
WRNVLN�� �0ROHNXO�LQL�PHQ\HEDENDQ�NHOHWLKDQ�
VHO� SHPEXOXK� ODWHNV� VHKLQJJD� PHPLFX�
NHULQJ� DOXU� VDGDS�� � 0HQXUXW� 6XPDUPDGML�
GDQ� 7LVWDPD� ������� NDQGXQJDQ� WLRO� \DQJ�
RSWLPDO�EHUNLVDU���������P0�� �3HQLQJNDWDQ�
LQWHQVLWDV� HNVSORLWDVL� EHUSHQJDUXK� SDGD�
SHQLQJNDWDQ� NDGDU� WKLRO�� WHWDSL� MLND�
LQWHQVLWDV�HNVSORLWDVL�EHUOHELKDQ�NDGDU�WKLRO�
PHQMDGL�UHQGDK�NHPEDOL���

G'DWD�PHQXQMXNNDQ�NDGDU�WKLRO�SDGD�
NHHQDP� NORQ� GDQ� NHWLJD� SHUODNXDQ�
PHPSXQ\DL� QLODL� GL� EDZDK� WLWLN� RSWLPDO�
\DNQL� EHUNLVDU� � ���������� P0�� � 1LODL� LQL�
PHQXQMXNNDQ� EDKZD� NRQGLVL� WDQDPDQ�
GLNKDZDWLUNDQ� VXGDK� PHOHPDK� DNLEDW�
SHUODNXDQ� SHQ\DGDSDQ� \DQJ� GLODNXNDQ�
VHEHOXPQ\D�� +DO� LQL� GLGXNXQJ� GDUL�
SHQJDPDWDQ� SUD� SHUODNXDQ� WHUKDGDS�
SHXEDK� LQL�� GLGDSDW� EDKZD� VHEHOXP�
SHUODNXDQ�NDGDU�WKLRO�GDODP�ODWHNV�NHHQDP�
NORQ�EHUNLVDU�����������P0�

7K L R O � PHPL O L N L � N HPDPSXDQ �
PHPSURWHNVL� RUJDQHO� VXEVHOXOHU� GDQ�
NHPDPSXDQ� PHQDQJNDS� PROHNXO� RNVLJHQ�
WRNVLN�� �0ROHNXO�LQL�PHQ\HEDENDQ�NHOHWLKDQ�
VHO� SHPEXOXK� ODWHNV� VHKLQJJD� PHPLFX�
NHULQJ� DOXU� VDGDS�� � 0HQXUXW� 6XPDUPDGML�
GDQ� 7LVWDPD� ������� NDQGXQJDQ� WKLRO� \DQJ�
RSWLPDO�EHUNLVDU���������P0�� �3HQLQJNDWDQ�
LQWHQVLWDV� HNVSORLWDVL� EHUSHQJDUXK� SDGD�

SHQLQJNDWDQ� NDGDU� WKLRO�� WHWDSL� MLND�
LQWHQVLWDV�HNVSORLWDVL�EHUOHELKDQ��NDGDU�WKLRO�
PHQMDGL�UHQGDK�NHPEDOL���

G'DWD�PHQXQMXNNDQ�NDGDU�WKLRO�SDGD�
NHHQDP� NORQ� GDQ� NHWLJD� SHUODNXDQ�
PHPSXQ\DL� QLODL� GL� EDZDK� WLWLN� RSWLPDO�
\DNQL� EHUNLVDU� � ���������� P0�� 1LODL� LQL�
PHQXQMXNNDQ� EDKZD� NRQGLVL� WDQDPDQ�
GLNKDZDWLUNDQ� VXGDK� PHOHPDK� DNLEDW�
SHUODNXDQ� SHQ\DGDSDQ� \DQJ� GLODNXNDQ�
VHEHOXPQ\D�� +DO� LQL� GLGXNXQJ� GDUL�
SHQJDPDWDQ� SUD� SHUODNXDQ� WHUKDGDS�
SHXEDK� LQL�� GLGDSDW� EDKZD� VHEHOXP�
SHUODNXDQ�NDGDU� WLRO� GDODP� ODWHNV�NHHQDP�
NORQ�EHUNLVDU�����������P0�

.(6,038/$1�

5HVSRQ� VHWLDS� NORQ� WHUKDGDS�
VWLPXODQ�EHUEHGD�EHGD��VHFDUD�XPXP�NORQ�
\DQJ�UHVSRQVLI�DQWDUD�ODLQ�,55������,55������
GDQ� %30� ���� VHGDQJNDQ� \DQJ� NXUDQJ�
UHVSRQVLI�DGDODK�,55������,55�����GDQ�3%�
����� 6WLPXODQ� EHUSHQJDUXK� WHUKDGDS�
SHQLQJNDWDQ�NDGDU�3L�GDQ�NDGDU�WKLRO��VHUWD�
SHQXUXQDQ� QLODL� ,3�� ...�� NDGDU� VXNURVD��
VHUWD�WLGDN�EHUSHQJDUXK�WHUKDGDS�S+�ODWHNV��
3HQLQJNDWDQ� NRVHQWUDVL� VWLPXODQ� \DQJ�
GLDSOLNDVLNDQ�SDGD�WDQDPDQ�PHQ\HEDENDQ�
VHPDNLQ�EHVDU�SHQLQJNDWDQ�SURGXNVL��NDGDU�
3L� GDQ� NDGDU� WKLRO�� VHUWD� PHQ\HEDENDQ�
VHPDNLQ�EHVDU�SHQXUXQDQ�WHUKDGDS�SHXEDK�
,3��...��GDQ�NDGDU�VXNURVD�

$WPLQLQJVLK��1DSLWXSXOX�GDQ�6LUHJDU

��



3HQJXMLDQ� VLIDW� ILVLRORJL� OHELK� ODQMXW�
GDSDW� GLODNXNDQ� GHQJDQ�PRGLILNDVL� VLVWHP�
VDGDS�WHUXWDPD�SDGD�NORQ�,55�VHUL�����\DQJ�
SRWHQVLDO�\DLWX�,55�����GDQ�,55�����

'$)7$5�3867$.$

&KDQWXPD�� 3��� 7KDQLVDZD\DQJNXUD�� 6���
.DVHPVDS��3���*RKHW��(���	�7KDOHU��3��
�������� 'LVWULEXWLRQ� SDWWHUQV� RI� ODWH[�
VXFURVD� DQG� FRQFXUUHQW� PHWDEROLF�
DFWLYLW\�DW�WKH�WUXQN�OHYHO�ZLWK�GLIIHUHQW�
WDSSLQJ�V\VWHP�DQ�LQ�ODWH[�SURGXFWLRQ�
EDUN� RI� +HYHD� EUDVLOLHQVLV�� -RXUQDO�
.DVHWVDUW��1DW��6FL������������������

G
$X]DF��-����������+LVWRULFDO�DFFRXQW��,Q�-��
G·$X]DF�� -�� /�� -DFRE�� 	� +�� &KHUWLQ��
G
$X]DF��-���-DFRE��-�/���	�&KUHVWLQ��+��
3K\VLRORJ\� RI� 5XEEHU� 7UHH� /DWH[��
)ORULGD��86��&5&�3UHVV�

'DV�� *��� $ODP�� %��� 5DM�� 6��� 'H\�� 6�� .���
6HWKXUDM�� 0�� 5��� 	� 6HQ�0DQGL�� 6��
�������� 2YHU�H[SORLWDWLRQ� DVVRFLDWHG�
FKDQJH� LQ� IUHH� UDGLFDOV� DQG� LWV�
VFDYHQJHUV� LQ� +HYHD� EUDVLOLHQVLV�� -�
5XEE��5HV��������������

'LVFKH�� =�� 0�� �������� &DUERK\GUDWH�
&KHPLVWU\�9RO����1HZ�<RUN��86��$FDG�
3UHVV��

*RKHW��(���'LDQ��.���3UHYRW��-��&���2ERXD\HED��
6���.HOL��-��=���G
DX]DF��-���	�-DFRE��-��/��
��������7KH�UHODWLRQVKLS�EHWZHHQ�ODWH[�
VXJDU�FRQWHQW��WKH�PHWDEROLF�DFWLYLW\�RI�
WKD� ODWH[� EHDULQJ� V\VWHP� DQG� WKH�
SURGXFWLRQ� SRWHQWLDO� RI� +HYHD�
EUDVLOLHQVLV� FORQHV�� 3URFHHGLQJV� RI�
,55'%� 6\PSRVLD� RQ� 1DWXUDO� 5XEEHU�
�+HYHD�EUDVLOLHQVLV���S����������+R�&KL�
0LQK�&LW\��9LHWQDP��,55'%�

*XQDVHUDND��+��.��/��.���1XJDZHOD��(��$���'H�
&RVWD��:��$��-��0���	�$WWDQD\DNH��'��3��
6�� 7�� *�� �������� 3RVVLELOLW\� RI� HDUO\�
FRPPHQFHPHQW� RI� WDSSLQJ� LQ� UXEEHU�
�+HYHD� EUDVLOLHQVLV�� XVLQJ� GLIIHUHQW�
JHQRW\SHV� DQG� WDSSLQJ� V\VWHP�� ([SO��
$ J U L F � � � � � � � � � � � � � � � ' R L � �
��������6�����������������

+HUOLQDZDWL�� (��� 	� .XVZDQKDGL�� ��������
$NWLYLWDV�PHWDEROLVPH� EHEHUDSD� NORQ�

NDUHW� SDGD� EHUEDJDL� IUHNXHQVL� VDGDS�
GDQ�VWLPXODVL��-XUQDO�3HQHOLWLDQ�.DUHW��
���������������

-DFRE��-��/���3UHYRW��-��&���	�.HNZLFN��5��*��2��
�������� *HQHUDO� PHWDEROLVP� +HYHD�
EUDVLOLHQVLV�ODWH[��,Q�G
$X]DF��-���-DFRE��
	�+��&KHUWLV��3K\VLRORJ\�RI�5XEEHU�7UHH�
/DWH[��)ORULGD��86��&5&�3UHVV��

-DFRE�� -�� /��� 3UHYRW�� -�� &��� /DFURWWH�� 5���
&OHPHQW��$��� 6LVZDQWR��	�G
$X]DF�� -��
�������� 6WUHVV� SK\VLRORJ\�� HWK\OHQH�
HIIHFW�RQ� ODWLFLIHURXV�V\VWHP�RI�+HYHD�
EUDVLOLHQVLV�� 3URFHHGLQJ� RI� ,55'%�
$QQXDO� 0HHWLQJ�� -DNDUWD�� ,QGRQHVLD��
,55'%��

-DFRE��-��/���3UHYRW��-��&��/DFURWH��5���*RKHW��
(��� &OHPHQW�� $���*DOORLV�� 5��� -RHW�� 7���
3XMDGH�5HQDXG�� 9��� 	� G
$X]DF�� -��
��������/HV�PHFDQLPHV�ELRORJLTXHV�GH�
OD�SURGXFWLRQ�GH�FDXWFKRXF�SDU�+HYHD�
EUDVLOLHQVLV�3ODQWDWLRQ��5HFKHUFKH�DQG�
'HYHORSSPHQW�������������

-HWUUR��1��1���	�6LPRQ��*��0����������(IIHFWV�
RI� ��FKORURHWK\OSKRVSKRQLF� DFLG�
IRUPXODWLRQV� DV� \LHOV� VWLPXODQWV� RQ�
+HYHD�EUDVLOLHQVLV��$IULFDQ� -RXUQDO� RI�
%LRWHFKQRORJ\�� ������ ��������� 'RL��
��������$-%���������������

0RQWRJRPHU\�� '�� &�� �������� 'HVLJQ� DQG�
WK

$QDO\VLV� RI� ([SHULPHQWV�� � (GLWLRQ��
$UL]RQD��86��$UL]RQD�6WDWH�8QLYHUVLW\�

3DNLDQDWKDQ��6��:���+DULGDV��*���	�G
$X]DF��
-����������:DWHU�UHODWLRQ�RQ�ODWH[�IORZ��
3����������,Q��-��G·$X]DF��-�/�-DFRE��	�
+�� &KHUWLQ�� 3K\VLRORJ\� RI� 5XEEHU�
7UHH/DWH[��)ORULGD��86��&5&�3UHVV��

3UL\DGDUVKDQ��3��0��������%LRORJ\�RI�+HYHD�
5XEEHU��2[IRUGVKLUH��8QLWHG�.LQJGRP��
&$%�,QWHUQDWLRQDO��

5DFKPDZDQ�� $��� 	� 6XPDUPDGML�� ��������
.DMLDQ�NDUDNWHU�ILVLRORJL�GDQ�VLIDW�NDUHW�
NORQ� 3%� ����PHQMHODQJ� EXND� VDGDS��
-XUQDO�3HQHOLWLDQ�.DUHW����������������

6LOSL�� 3��� &KDQWXPD�� 3��� .DVHPVDS�� 3���
7KDOHU�� 3��� 7KDQLVDZD\DQJNXUD�� 6���
/DFRLQWH��$���$PHJOLR��7���	�*RKHW��(��
�������� 6XNURVD� DQG� PHWDEROLVP�

3HQJDUXK�.RQVHQWUDVL�6WLPXODQ�7HUKDGDS�)LVLRORJL�/DWHNV�%HEHUDSD�.ORQ�7DQDPDQ�.DUHW�
�+HYHD�EUDVLOLHQVLV�0XHOO��$UJ��

��



GLVWULEXWLRQ� SDWWHUQ� LQ� WKH� ODWLFHV� RI�
WKUHH�+HYHD�EUDVLOLHQVLV�FORQHV��HIIHFW�
RI�WDSSLQJ�DQG�VWLPXODWLRQ�RQ�WKH�WUHH�
WUXQN��-RXUQDO�5XEEHU�5HVHDUFK��������
��������

6XPDUPDGML�� �������� 5HVSRQ� .DUDNWHU�
ILVLRORJL�GDQ�SURGXNVL�ODWHNV�EHEHUDSD�
NORQ�WDQDPDQ�NDUHW�WHUKDGDS�VWLPXODVL�
HWLOHQ� �'LVHUWDVL��� ,QVWLWXW� 3HUWDQLDQ�
%RJRU��,QGRQHVLD��

6XPDUPDGML�� �������� 6LVWHP� HNSORLWDVL�
WDQDPDQ� NDUHW � \DQJ� VSHVL I LN �
GLVNULPLQDWLI��:DUWD� 3XVDW� 3HQHOLWLDQ�
.DUHW����������������

6XPDUPDGML�� �������� $SOLNDVL� HWHIRQ� SDGD�
WDQDPDQ� NDUHW� GLOLKDW� GDUL� VHJL�
SURGXNVL� ODWHNV� GDQ� SHPEHQWXNDQ�
HWLOHQ�MDULQJDQ�NXOLW��-XUQDO�3HQHOLWLDQ�
.DUHW�����������������

6XPDUPDGML��	�7LVWDPD��5����������'HVNULSVL�
NORQ� NDUHW� EHUGDVDUNDQ� NDUDNWHU�
ILVLRORJL� ODWHNV� XQWXN� PHQHWDSNDQ�
VLVWHP�HNVSORLWDVL�\DQJ�VHVXDL��-XUQDO�
3HQHOLWLDQ�.DUHW����������������

6XPDUPDGML�� 7LVWDPD�� 5��� 	� 6LVZDQWR��
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