
3526,',1*��6HPLQDU�7HNQRORJL�.HEXPLDQ�GDQ�.HODXWDQ�,��6(0,7$1�,������
,QVWLWXW�7HNQRORJL�$GKL 7DPD�6XUDED\D��6XUDED\D��,QGRQHVLD�����$JXVWXV������

(67,0$6,�680%(5'$<$�%,-,+�1,.(/�/$7(5,7�'(1*$1�0(72'(
,19(56(�',67$1&(�:(,*+7,1*�3$'$�37��+(1*-$<$�0,1(5$/,1'2�.$%��

0252:$/,

$QV\DUXOODK>���@� 1XUNKDPLP>�@� $QGL�,OKDP�6DPDQODQJL>�@

>�@8QLYHUVLWDV�3HPEDQJXQDQ�1DVLRQDO�³9HWHUDQ´�<RJ\DNDUWD�
-O��6:.�QR������/LQJNDU�8WDUD��&RQGRQJFDWXU��.HF��'HSRN��6OHPDQ��',<

>�@ 8QLYHUVLWDV�3HMXDQJ�5HSXEOLN�,QGRQHVLD�0DNDVVDU
-O��%DUXJD�5D\D�$QWDQJ��0DNDVVDU

$QV\DUXOODK���#JPDLO�FRP

$%675$.

'DODP�PHODNXNDQ�SHQDPEDQJDQ� FDGDQJDQ� QLNHO� ODWHULW�PDND�GLSHUOXNDQ� HVWLPDVL� WHUOHELK�GDKXOX�XQWXN�GDSDW�
PHQJKLWXQJ�YROXPH�VXPEHUGD\D�WHUVHEXW�VHKLQJJD�GDSDW PHQHQWXNDQ�NHODQJVXQJDQ�VXDWX�WDPEDQJ��3HQHOLWLDQ�LQL�
EHUWXMXDQ� XQWXN� PHQJHWDKXL� SRWHQVL� QLNHO� ODWHULW� EHUGDVDUNDQ� PHWRGH� HVWLPDVL� VXPEHUGD\D�� 0HWRGH� \DQJ�
GLJXQDNDQ�\DLWX�PHWRGH�,QYHUVH�'LVWDQFH�:HLJKWLQJ �,':��GHQJDQ�PHQJJXQDNDQ�SHUEDQGLQJDQ�UDGLXV�SHQFDULDQ�
�6HDUFK�5DGLXV���������������GDQ����PHWHU�GHQJDQ�MDUDN�WLWLN�ERU����PHWHU�GDQ�,QYHUVH�'LVWDQFH�3RZHU��,'3��\DQJ�
GLJXQDNDQ� \DLWX� ,'6� �,QYHUVH� 'LVWDQFH� 6TXDUHG�� +DVLO� SHQHOLWLDQ� PHQXQMXNDQ� UDGLXV� SHQFDULDQ� ����� PHWHU�
GHQJDQ�IDNWRU�SDQJNDW����,QYHUVH�'LVWDQFH�6TXDUH��PHPLOLNL�NHWHOLWLDQ�\DQJ�OHELK�EDLN�GLEDQGLQJNDQ�GHQJDQ�����
���� GDQ� ���PHWHU� GHQJDQ� ��������7RQ� GHQJDQ�&R*���� ���3HQ\HEDEQ\D� DGDODK� NDQGXQJDQ� QLNHO� \DQJ� WLGDN�
KRPRJHQ�DWDX�WLGDN�PHUDWD�SDGD�GDHUDK�SHQHOLWLDQ�VHKLQJJD�NXUDQJ�FRFRN�GLJXQDNDQ�VHDUFK�UDGLXV GDQ�,'3�\DQJ�
EHVDU�XQWXN�PHQJKLQGDUL�WHUMDGLQ\D�LQWHUSRODVL�\DQJ�EHUOHELKDQ��RYHU�HVWLPDWH���7RSRJUDIL�\DQJ�WLGDN�EHUDWXUDQ�
MXJD�VDQJDW�EHUSHQJDUXK�SDGD�LQWHUSRODVL��VDQJDW�FRFRN�DSDELOD�PHWRGH�LQL�GLJXQDNDQ�SDGD�WRSRJUDIL�ODQGDL�NDUHQD�
FDUD�LQWHUSRODVL�GDWD�VHFDUD�OLQHDU��)DNWRU�ODLQ�MXJD�WHUJDQWXQJ�SDGD�MDUDN�WLWLN�VDPSHO��SDGD��ORNDVL�SHQHOLWLDQ�LQL�
MDUDN�WLWLN�ERU����PHWHU�GDQ�VHDUFK UDGLXV�\DQJ�GLSLOLK�\DLWX VWHQJDK�GDUL�MDUDN�WLWLN�ERU�\DLWX������

.DWD�.XQFL���HVWLPDVL VXPEHUGD\D��PHWRGH�,':��QLNHO�ODWHULWH

$%675$&7

,Q�PLQLQJ�ODWHULWH�QLFNHO�UHVHUYHV��DQ�HVWLPDWH�LV�QHHGHG�LQ�DGYDQFH WR�EH�DEOH�WR�FDOFXODWH�WKH�YROXPH�RI�WKHVH�
UHVRXUFHV�VR�DV�WR�GHWHUPLQH�WKH�YLDELOLW\�RI�D�PLQH� 7KLV�VWXG\�DLPV�WR�GHWHUPLQH�WKH�SRWHQWLDO�RI�ODWHULWH�QLFNHO�
EDVHG�RQ�WKH�UHVRXUFH�HVWLPDWLRQ�PHWKRG� 7KH�PHWKRG�XVHG�LV�WKH�PHWKRG�RI�,QYHUVH�'LVWDQFH�:HLJKWLQJ��,':��
E\�XVLQJ�D�FRPSDULVRQ�RI�WKH�VHDUFK�UDGLXV���������������DQG����PHWHUV�ZLWK�D�GULOO�SRLQW�GLVWDQFH�RI����PHWHUV�DQG�
,QYHUVH�'LVWDQFH�3RZHU��,'3��XVHG��QDPHO\�,'6��,QYHUVH�'LVWDQFH�6TXDUHG�� 7KH�UHVXOWV�VKRZHG�D�VHDUFK�UDGLXV�
RI������PHWHUV�ZLWK D�SRZHU�GLVWDQFH�RI����,'6��KDYLQJ�EHWWHU�DFFXUDF\�FRPSDUHG�WR���������DQG����PHWHUV�ZLWK�
��������WRQV�ZLWK�&R*���� �� 7KH�UHDVRQ�LV�WKDW�WKH�QLFNHO�FRQWHQW�LV�QRW�KRPRJHQHRXV�RU�XQHYHQ�LQ�WKH�VWXG\�
DUHD�VR�LW� LV�QRW�VXLWDEOH�WR�XVH�D�ODUJH�VHDUFK�UDGLXV�DQG�,'3�WR�DYRLG�H[FHVVLYH�LQWHUSRODWLRQ� �RYHU�HVWLPDWH��
,UUHJXODU�WRSRJUDSK\�LV�DOVR�YHU\�LQIOXHQWLDO�RQ�LQWHUSRODWLRQ��LW�LV�YHU\�VXLWDEOH�LI�WKLV�PHWKRG�LV�XVHG�RQ�VORSLQJ�
WRSRJUDSK\�EHFDXVH�RI�WKH�ZD\�RI�LQWHUSRODWLQJ�GDWD�OLQHDUO\� 2WKHU�IDFWRUV�DOVR�GHSHQG�RQ�WKH�GLVWDQFH�RI�WKH�
VDPSOH�SRLQW��DW�WKLV�UHVHDUFK�ORFDWLRQ�WKH�GLVWDQFH�RI�WKH�GULOO�SRLQW�LV����PHWHUV�DQG�WKH�FKRVHQ�VHDUFK�UDGLXV�LV�
KDOI�RI�WKH�GLVWDQFH�RI�WKH�GULOO�SRLQW�ZKLFK�LV������

.H\ZRUGV� UHVRXUFH�HVWLPDWLRQ��,':�PHWKRG��QLFNHO�ODWHULWH

3(1'$+8/8$1

37��+HQJMD\D�0LQHUDOLQGR�PHUXSDNDQ�VDODK�VDWX�
SHUXVDKDDQ� \DQJ� EHUJHUDN� GLELGDQJ� SHUWDPEDQJDQ�
ORJDP�NKXVXVQ\D�QLNHO�ODWHULW��/DQJNDK�SHQFDGDQJDQ�
LQL� GLODNXNDQ� NDUHQD� SHUXVDKDDQ� WHODK� PHODNXNDQ�
SURVHV�UHVHDUFK�RI�UHVRXUFHV VHFDUD�VLVWHPDWLV�VHSHUWL�
HNVSORUDVL� GHWDLO�� \DQJ� PDQD� SDGD� SURVHV� LQL� WHODK�
GLNHWDKXL� VHFDUD� ULQFL� GDWD�GDWD� SHQWLQJ� PHQJHQDL�
VHPXD� WLWLN� \DQJ� WHODK� GLODNXNDQ� ROHK� WLP� VXUYH\RU�
XQWXN� VHODQMXWQ\D� GLODNXNDQ� SURVHV� HVWLPDVL�
FDGDQJDQ�� 0HQJLQJDW� SHQWLQJQ\D� SHPRGHODQ�
FDGDQJDQ�PDND�SHUXVDKDDQ�PXWODN�XQWXN�PHODNXNDQ�
HVWLPDVL� WHUOHELK� GDKXOX� XQWXN� PHQJHWDKXL� VHEDUDQ�
VHUWD�GDSDW�VHFDUD� ODQJVXQJ�PHOLKDW�PRGHO�FDGDQJDQ�

\DQJ� WHUGDSDW� GLEDZDK� WDQDK� PHODOXL� SHQJJXQDDQ�
$SOLNDVL�7DPEDQJ�GDODP�KDO�LQL�6XUSDF������ NDUHQD�
LWX�SHQHOLWLDQ�LQL�GLWLWLN�EHUDWNDQ�SDGD�OLQJNXS�HVWLPDVL�
VXPEHUGD\D��$GDSXQ�WXMXDQ�SDGD�SHQHOLWLDQ�LQL�DGDODK�
0HQJLGHQWLILNDVL�SHQ\HEDUDQ�OXEDQJ�ERU�SDGD�GDHUDK�
SHQHOLWLDQ�GDQ�PHQJHWDKXL�EHVDU�YROXPH��VHUWD�WRQDVH�
1LNHO� /DWHULWH� GDUL� SHQDNVLUDQ� NDGDU� \DQJ�
GLKDVLONDQ�ROHK� 0HWRGH� ,QYHUVH� 'LVWDQFH� :HLJKWLQJ�
�,':� 3DGD�GDHUDK�SHQHOLWLDQ� 8QWXN�PHQ\HOHVDLNDQ�
PDVDODK� GL� DWDV� PDND� SHUOX� GLODNXNDQ� SHQHOLWLDQ�
GHQJDQ� MXGXO� �� (VWLPDVL� 6XPEHUGD\D� %LMLK� 1LNHO��
/DWHULWH�'HQJDQ�0HWRGH�,QYHUVH�'LVWDQFH�:HLJKWLQJ
3DGD� 37�� +HQJMD\D� 0LQHUDOLQGR� .DEXSDWHQ�
0RURZDOL�
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.$-,$1�3867$.$

/RNDVL�GDQ�.HVDPSDLDQ�'DHUDK

/RNDVL� ,MLQ� 8VDKD� 3HUWDPEDQJDQ� 37�� +HQJMD\D�
0LQHUDOLQGR WHSDWQ\D� EHUDGD� GL� 'HVD� 7DQJRID� GDQ�
3XQJNHX��.HFDPDWDQ�%XQJNX�3HVLVLU��GDQ�'HVD�%HWH�
%HWH�� .HFDPDWDQ� %DKRGRSL�� .DEXSDWHQ� 0RURZDOL��
3URSLQVL�6XODZHVL�7HQJDK��3HUMDODQDQ�PHQXMX�ORNDVL�
NRQVHVL� LQL� GDSDW� GL� WHPSXK� GDUL� NRWD-DNDUWD��
SHUMDODQDQ� GLDZDOL� GHQJDQ� SHQHUEDQJDQ� GDUL� -DNDUWD�
PHQXMX� NRWD�.HQGDUL�� \DQJ� GLWHUXVNDQ� GHQJDQ� MDODQ�
GDUDW�VHODPD�����MDP��KLQJJD�NH�'HVD�7DQJRID�

*DPEDU����/HWDN�.RQVHVL�37��+HQJMD\D�0LQHUDOLQGR

.RQGLVL�0RUIRORJL�

0RUIRORJL� GDHUDK� SHQHOLWLDQ� PHUXSDNDQ� PRUIRORJL�
GHQJDQ�NHOHUHQJDQ�WRSRJUDIL�EHUYDULDVL�GDUL����± �����
7HUEHQWXNQ\D�VXGXW�GDQ�SROD�NHOHUHQJDQ�SDGD�VHWLDS�
NODVLILNDVL� PHPLOLNL� NDLWDQ� HUDW� WHUKDGDS� LQWHQVLWDV�
SURVHV� GDUL� NRQGLVL� �� IDNWRU�� \DLWX� ZDNWX�� MHQLV�
PDWHULDO��VWUXNWXU�JHRORJL��VHUWD�LNOLP�

'HQJDQ� GHPLNLDQ�� NHORPSRN GHUDMDW� NHOHUHQJDQ�
GDUL�VXDWX�EHQWDQJ�DODP�PHPLOLNL�SHUDQ�NRQWURO�GDODP�
SHPEHQWXNDQ�SHODSXNDQ�VXDWX�EDWXDQ��GL�PDQD�SDGD�
NRQGLVL±NRQGLVL�WHUWHQWX�GHUDMDW�NHOHUHQJDQ�GDUL�VXDWX�
ZLOD\DK�DNDQ�PHQJRQWURO�VLUNXODVL�DLU�EHVHUWD�UHDJHQ±
UHDJHQ� ODLQQ\D� DSDNDK� DNDQ PHQMDGLNDQ� DLU� VHEDJDL�
DOLUDQ� SHUPXNDDQ� �VXUIDFHUXQ� RII�� DWDXNDK� DLU� DNDQ�
PHUHVDS� NH� GDODP� ODSLVDQ� WDQDK� �LQILOWUDVL�� \DQJ�
VHODQMXWQ\D�DNDQ�PHQGXNXQJ�SURVHV�SURVHV�SHODSXNDQ�
EDWXDQ�GL�GDODPQ\D��

3DGD�GDHUDK�\DQJ�ODQGDL��NHPLULQJDQ����± ������PDND�
DLU� DNDQ EHUJHUDN� SHUODKDQ�ODKDQ� VHKLQJJD�
PHPSXQ\DL� NHVHPSDWDQ� XQWXN� PHODNXNDQ� LQILOWUDVL�
GDQ�PHQJDGDNDQ�SHQHWUDVL�\DQJ�OHELK�GDODP�PHODOXL�
UHNDKDQ�UHNDKDQ�EDWXDQ��

'DODP� NDLWDQQ\D� WHUKDGDS� SHPEHQWXNDQ� ELMLK� QLNHO��
SHODSXNDQ� EDWXDQ� EHULNXW� UHDJHQQ\D� PHUXSDNDQ�
PHGLD� OHDFKLQJ GDQ� HQULFKPHQW NDUHQD� 1L� VHEDJDL�
HOHPHQ�\DQJ�EHEDV�GDQ�NDUHQD�JUDYLWDVL�PDND�WHUMDGL�
SHQJND\DDQ� SDGD� ]RQD� SHODSXNDQ� EDWXDQ� EDJLDQ�
EDZDK��VXSHUJHQH���'HQJDQ�GHPLNLDQ�PDND�ZLOD\DK�
GHQJDQ�NHOHUHQJDQ�UHQGDK�DNDQ�PHQFHUPLQNDQ�VXDWX�

NHDGDDQ� GLPDQD� SHODSXNDQ� GDSDW� WHUNRQVHQWUDVL�
GHQJDQ�EDLN�GDQ�PHQJKDVLONDQ�]RQD�ODWHULW�\DQJ�WHEDO�
GDQ� PHPXQJNLQNDQ� WHUMDGLQ\D� VHNXHQ� ODWHULW� \DQJ�
OHQJNDS��

*HRORJL�'DHUDK�3HQHOLWLDQ

'DHUDK� SHQHOLWLDQ� GDUL� KDVLO� SHQJDPDWDQ� 6XUYH\�
*HRORJL� EDQ\DN� GLMXPSDL� EORN�EORN�VSRW� DUHD� \DQJ�
PHUXSDNDQ� ]RQD� ODWHULW�� GHQJDQ� NHWHEDODQ� UDWD�UDWD�
����PHWHU��.HQDPSDNDQ�ODWHULW�VHFDUD�YLVXDO�WHUXWDPD�
GDUL� VLVL� ZDUQD� SHUPXNDDQ� PHPLOLNL� SHUXEDKDQ�
SHUXEDKDQ�\DQJ�FXNXS�GUDVWLV��KDO� LQL�VHEDJDL�DNLEDW�
DGDQ\D�SHUEHGDDQ�GHUDMDW� VHUSHQWLQLVDVL� SDGD�EDWXDQ�
XOWUDPDILN�GL�ZLOD\DK�WHUVHEXW��6HGDQJNDQ�NHEHUDGDDQ�
PLQHUDO� EHDULQJ� QLNHO� VHSHUWL� JDUQLHULWH� GDQ�
FKU\VRSKDV� EHUDGD� SDGD� UHNDK�UHNDK� EDWXDQ�ERXOGHU�
GDQ�PHPEHQWXN�]RQD� VHUWD� MDOXU�MDOXU� WHUWHQWX�GDODP�
VDWX� VDWXDQ� ]RQD� YHLQ�� .RQGLVL� LQL� PHQ\HEDENDQ�
WLQJJLQ\D� NDQGXQJDQ� VLOLFD� �6L2���� 6HEDJDL�
UHSUHVHQWDWLIQ\D��.RQGLVL�LQL�GDSDW�GL�OLKDW�SDGD�OHUHQJ�
VHSDQMDQJ� MDODQ� WUDQV� 6XODZHVL� \DQJ� PHOLQWDVL�
:LOD\DK�,83�3URGXNVL�37��+HQJMD\D�0LQHUDOLQGR�

3DGD� EORN�EORN� WHUVHEXW� VXGDK� GLODNXNDQ� SHPERUDQ�
GHWDLO�GHQJDQ JULG�����P�± ���P��WHUGDSDW�VLQJNDSDQ�
VDSUROLW� \DQJ� FXNXS� PH\DNLQNDQ�� DGDQ\D� LQGLNDVL�
PLQHUDO�PLQHUDO�JDUQLHULWH�\DQJ�EHUNHPEDQJ�NH�DUDK�
XWDUD� GDQ� VHOHELKQ\D� SHUNHPEDQJDQ� NHDUDK� WLPXU��
WHUMDGL�SHUXEDKDQ�NXDOLWDV�PHQMDGL�EDWXDQ�XOWUDPDILN�
�VHUSHQWLQLW��\DQJ�PDVLK�IUHVK�

%HUGDVDUNDQ� KDVLO� SHQJJDOLDQ� WHVSLW� SDGD� %ORFN� %��
PDND� UDWD±UDWD� NHGDODPDQ� ODWHULW� \DQJ� GLSHUROHK�
DQWDUD� �� � �� P�� /LWKRORJL� \DQJ� GLGDSDWNDQ� PDVLK�
)HUUXJLQRXV� VDSUROLWH�� +DO� LQL� GLVHEDENDQ� NRQGLVL�
EDWXDQ� SHULGRWLW� \DQJ� WHUVHUSHQWLQLVDVL� PHPLOLNL�
WLQJNDW� VHUSHQWLQLVDVL� \DQJ� EHUEHGD�EHGD� VHKLQJJD�
PHQJKDVLONDQ�SURILO�ODWHULWH�\DQJ�EHUYDULDVL�

+LGURORJL�

.DMLDQ� KLGURORJL� LQL� VDQJDW� SHQWLQJ�� PHOLKDW� DNDQ�
EDQ\DN� PXQFXOQ\D� PDVDODK� SHQDPEDQJDQ� NDUHQD�
IDNWRU� \DQJ� VHULQJ� PHQJDEDLNDQ� SROD� GDQ� VLVWHP�
KLGURORJL� LWX� VHQGLUL�� $LU� WDPEDQJ� GLVDPSLQJ� GDSDW�
PHUXJLNDQ� DNWLILWDV� SHQDPEDQJDQ� DNLEDW� DLU� WDQDK�
DWDX� DLU� OLPSDVDQ�� WHWDSL� GLVLVL� ODLQ� EDQ\DN� SXOD�
PDQIDDWQ\D�� .RQWURO� WHUKDGDS� DLU� WDPEDQJ� PHQMDGL�
SHQWLQJ� DUWLQ\D� NHWLND� SHUXVDKDDQ� LQJLQ�
PHPDQIDDWNDQQ\D� VHRSWLPDO� PXQJNLQ�� 3DGD�
KDNHNDWQ\D� NHUXJLDQ� DNLEDW� DLU� WDPEDQJ� GDSDW�
GLHOLPLQLU� GHQJDQ� SUHGLNVL� \DQJ� DNXUDW� PHODOXL�
SHUNHPEDQJDQ� GDQ� GDWD� PDVD� ODOX� WHQWDQJ� NDUDNWHU�
FXUDK�KXMDQ�GL�VXDWX�WHPSDW�

7HUGDSDW� GXD� FDUD� SHQJHQGDOLDQ� DLU� \DQJ� VXGDK�
WHUODQMXU�PDVXN� NH� GDODP� IURQW� SHQDPEDQJDQ�� \DLWX�
GHQJDQ� VLVWHP� NRODP� WHUEXND� �VXPS�� DWDX�PHPEXDW�
SDULWDQ�GDQ�PHPEXDW�DGLW��6LVWHP�SHQ\DOLUDQ�GHQJDQ�
PHPEXDW� NRODP� WHUEXND� GDQ� SDULWDQ� ELDVDQ\D� LGHDO�
GLWHUDSNDQ�SDGD�WDPEDQJ�RSHQ�FDVW�DWDX�NXDUL��NDUHQD�
GDSDW� PHPDQIDDWNDQ� JUDYLWDVL� XQWXN� PHQJDOLUNDQ�
DLUQ\D�GDQ�EDJLDQ�SXQFDN�DWDX�ORNDVL�\DQJ�OHELK�WLQJJL�
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NH�WHPSDW�\DQJ�UHQGDK��3RPSD�\DQJ�GLJXQDNDQ�SDGD�
SRVLVL�LQL�OHELK�HILVLHQ��HIHNWLI�GDQ�KHPDW�HQHUJL��3DGD�
WDPEDQJ�RSHQ�SLW�SHQJJXQDDQ�SRPSD�PHQMDGL�VDQJDW�
YLWDO� XQWXN� PHQDLNNDQ� DLU� GDQ� GDVDU� WDPEDQJ� NH�
SHUPXNDDQ� GDQ� NHUMD� SRPSD� SXQ� FXNXS� EHUDW��
.DGDQJ�NDGDQJ� WLGDN�FXNXS�GLJXQDNDQ�KDQ\D���XQLW�
SRPSD�� WHWDSL� KDUXV� EHEHUDSD� SRPSD� \DQJ�
GLKXEXQJNDQ� VHQ� XQWXN�PHPEDQWX� GD\D� GRURQJ� GDQ�
GDVDU� VDPSDL� SHUPXNDDQ�� $UWLQ\D� XQVXU� ELD\D�
SHPRPSDDQ KDUXV�PHQGDSDWNDQ�SHUKDWLDQ�

0(72'(�3(1(/,7,$1

7HNQLN�3HQJXPSXODQ�GDWD�SDGD�SHQHOLWLDQ�LQL�\DLWX�
GHQJDQ�PHQJJXQDNDQ�GDWD�SULPHU�GDQ�GDWD�VHNXQGHU��
7HNQLN� LQL� PHQXQWXW� DGDQ\D SHQJDPDWDQ� GDUL� VL�
SHQHOLWL�� 'DWD� \DQJ� GLDPELO�PHUXSDNDQ� GDWD�PHQWDK�
\DQJ� GLDPELO GDUL� KDVLO� 3HPERUDQ� GDQ� KDVLO� VXUYH\�
ODSDQJDQ� NHPXGLDQ� GLPDVXNNDQ� NHGDODP� PLFURVRIW�
H[FHO GHQJDQ� IRUPDW� FRPPD� VHSDUDWHG� YDOXHV� �FVY��
\DQJ�PHQGXNXQJ�SURJUDP�DSOLNDVL� VXUSDF�GDODP�KDO�
LQL� 6XUSDF� ������ 'DWD� \DQJ� VXGDK� GLGDSDWNDQ�
NHPXGLDQ�DNDQ�GLRODK�GDUL�GDWD�H[FHO�GHQJDQ�IRUPDW�
FRPPD�VHSDUDWHG�YDOXHV��FVY��GDQ�VHODQMXWQ\D�GLRDK�
GHQJDQ� 6RIWZDUH� 6XUSDF� ������� 'DWD� � LQL� GLEDJL�
PHQMDGL�HPSDW�EDJLDQ��\DLWX�

D� 'DWD� VXUYHL� \DQJ� EHULVL� GDWD� SRVLVL�NRUGLQDW�
OXEDQJ�ERU�EHUXSD�1RUWKLQJ��(DVWLQJ��GDQ�HOHYDVL

E� 'DWD�DVVD\�\DQJ�EHULVL�LQIRUPDVL�PHQJHQDL�NDGDU�
SDGD�WLDS�WLDS�LQWHUYDO�NHGDODPDQ�WHUWHQWX�VHVXDL�
GHQJDQ�DQDOLVLV�NDGDU�\DQJ�GLODNXNDQ�

F� 'DWD�JHRORJL�EHULVL� LQIRUPDVL�OLWKRORJL�SDGD�WLDS�
WLWLN�ERU�

G� 'DWD�FROODU�EHULVL�LQIRUPDVL�PHQJHQDL�WRWDO�GHSWK��
GLS��D]LPXWK�

H� 'DWD�WRSRJUDIL

'DWD� GLDWDV� DNDQ� GLPDVXNNDQ� NHGDODP� VRIWZDUH�
6XUSDF������ GDQ�ODQJNDK�DZDO�\DQJ�GLODNXNDQ�DGDODK�
PHPEXDW� GDWDEDVH� GULOOKROH NHPXGLDQ� SHPEXDWDQ�
%ORN�PRGHO��GDQ�WDKDS�WHUDNKLU�DGDODK�WDKDS�HVWLPDVL�
GHQJDQ� PHQJJXQDNDQ� � PHWRGH� ,QYHUVH� 'LVWDQFH�
:HLJKWLQJ� �,':� PDND� DNDQ� GLNHWDKXL� FDGDQJDQ�
GDODP�GDHDK�SHQHOLWLDQ�

+$6,/�'$1�3(0%$+$6$1
'DWD�8WDPD
'DWD�ERU��GDWD�FROODU�

%DVLV�GDWD�PHUXSDNDQ�VXDWX�KDO�\DQJ�VDQJDW�SHQWLQJ�
GDODP� NHJLDWDQ� SHQDNVLUDQ� FDGDQJDQ� VXDWX� EDKDQ�
JDOLDQ�� NDUHQD� EDVLV� GDWD� GDSDW� GLJXQDNDQ� VHEDJDL�
LQSXW� GDWD� XQWXN� PHQJHWDKXL� SRWHQVL� EDKDQ� JDOLDQ�
WHUVHEXW�� ,QIRUPDVL�GDVDU�EDVLV� GDWD� XQWXN�SHQHOLWLDQ�
GLSHUROHK� GDUL� NHJLDWDQ� SHPERUDQ� HNVSORUDVL� \DQJ�
GLODNXNDQ� ROHK� 37�� +HQJMD\D� 0LQHUDOLQGR� GHQJDQ�
NHGDODPDQ� EHUIDULDVL�� 6HGDQJNDQ� DQDOLVD NDGDU� GDUL�
FRQWR� \DQJ� GLSHUROHK� GDUL� SHPERUDQ� GLODNXNDQ� WLDS�
VDWX�PHWHU�NHGDODPDQ�FRQWR�WHUVHEXW�

%DVLV�GDWD�LQL�GLSHUOXNDQ�XQWXN�PHODNXNDQ�LPSRUW�GDWD�
NHGDODP�SURJUDP�VXUSDF��������\DLWX�SHUDQJNDW�OXQDN�
DWDX� SURJUDP� XQWXN� PHODNXNDQ� SHQJRODKDQ� GDWD�
VHFDUD VWDWLVWLN�GDQ�HVWLPDVL�FDGDQJDQ�GHQJDQ�0HWRGH�
,QYHUV� 'LVWDQFH� :HLJKWLQJ SDGD� VXDWX� VXSSRUW� ��
GLPHQVL�\DQJ�PHUXSDNDQ�PRGHO�GDUL�GDWD�\DQJ�GLRODK��
%DVLV�GDWD�\DQJ�GLJXQDNDQ�GDODP�SHQHOLWLDQ�LQL�GLEDJL�
PHQMDGL�GXD�EDJLDQ��\DLWX��

D� 'DWD�7RSRJUDIL�\DQJ�EHULVL�GDWD�SRVLVL�NRRUGLQDW�
OXEDQJ�ERU�EHUXSD�QRUWLQJ��HDVWLQJ GDQ�HOHYDVL�

E� 'DWD� NDGDU� �DVVD\�� \DQJ� EHULVL� LQIRUPDVL�
PHQJHQDL� NDGDU� SDGD� WLDS�WLDS� LQWHUYDO�
NHGDODPDQ�WHUWHQWX�VHVXDL�GHQJDQ�DQDOLVD�NDGDU�
\DQJ�GLODNXNDQ�

F� %DVLV� GDWD� \DQJ� DNDQ� GLRODK� GHQJDQ� SURJUDP�
VXUSDF� ������ GLEXDW� GHQJDQ� DSOLNDVL� PLFURVRIW�
RIILFH� H[FHO GHQJDQ� IRUPDW� FRPPD� VHSSDUDWHG
YDOXH �FVY��� +DO� LQL� GLPDNVXGNDQ� XQWXN�
PHPSHUPXGDK� SURVHV� SHQJRODKDQ� GDWD� NDUHQD�
SURVHV� LPSRUW GDWD� SDGD� SURJUDP� VXUSDF� �������
XPXPQ\D� GDODP� EHQWXN� FRPPD� VHSSDUDWHG
YDOXH �FVY��

,PSRUW� GDWD� DGDODK� SURVHV� SHPDVXNDQ� EDVLV� GDWD��
�GDWD�FROODU��GDWD�JHRORJL��GDWD�VXUYH\�GDQ�GDWD�NDGDU�
QLNHO�1L�� NHGDODP�SURJUDP�VXUSDF��������+DVLO�GDUL�
LPSRUW�GDWD�\DLWX�ILOH�\DQJ�EHUXSD�WDPSLODQ�VHEDUDQ�
OXEDQJ� ERU� VHFDUD� �� GLPHQVL�� $SDELOD� WHUMDGL�
NHVDODKDQ� VDDW� SHPDVXNDQ� GDWD�� PDND� GDWD� GDSDW�
GLSHUEDLNL�NHPEDOL�EHUGDVDUNDQ�EDVLV�GDWD�\DQJ�WHODK�
GLYHULILNDVL�GHQJDQ�IDOLGDVL�GDWD�NHPXGLDQ�GLODNXNDQ�
LPSRUW� GDWD� NHPEDOL�� 3DGD� GDHUDK� SHQHOLWLDQ��
SHPERRUDQ�GLODNXNDQ�GHQJDQ�MDUDN�DQWDU�OXEDQJ�ERU�
���PHWHU�

'DWD�JHRORJL

'DWD� LQL� ODQJVXQJ� GLDPELO� SDGD� DUVLS� SHUXVDKDDQ�
VHKLQJJD� SHQXOLV� GDSDW� PHQFDQWXPNDQ� VHFDUD�
ODQJVXQJ�GDQ�SHQ\HOHVDLDQ� ODSRUDQ� LQL��'DWD�JHRORJL�
LQLODK� \DQJ�PHPEHULNDQ� JDPEDUDQ� XPXP�PHQJHQDL�
NRQGLVL� XPXP� GDHUDK� SHQHOLWLDQ�� WLQMDXDQ� ORNDVL�
SHQHOLWLDQ� VHUWD� VHPXD� GDWD�GDWD� \DQJ� GLDQJJDS�
PHPEDQWX�GDODP�SHQ\HOHVDLDQ�VNULSVL�LQL��2OHK�VHEDE�
LWX� SHQXOLV� EHUXVDKD� VHPDNVLPDO� PXQJNLQ� XQWXN�
PHQJXPSXONDQ� GDWD� JHRORJL� PHQJHQDL� GDHUDK�
SHQHOLWLDQ�

'DWD�VXUYH\�

,QL� GLSHUROHK� ODQJVXQJ� GDUL� KDVLO� VXUYH\� GLODSDQJDQ�
\DQJ� GLODNXNDQ� ROHK� WLP� VXUYH\RU� SHUXVDKDDQ� \DQJ�
NHPXGLDQ�WHODK�GLODNXNDQ�SHQJHFHNDQ�VHFDUD�EHUNDOD�
ROHK� WLP� WHUVHEXW� VHKLQJJD� GDWD� DEVROXW� PHQJHQDL�
ORNDVL� \DQJ� PHQMDGL� GDHUDK� SHQHOLWLDQ�� 'DWD� LQL�
GLPDNVXGNDQ� XQWXN� PHPEDQWX� GDODP� SHUKLWXQJDQ�
FDGDQJDQ� GHQJDQ� PHQJJXQDNDQ� DSOLNDVL� SURJUDP�
WDPEDQJ�\DQJ�PDQD�GDODP�KDO�LQL�VXUSDF�������
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*DPEDU��� 3ROD�SHQ\HEDUDQ�OXEDQJ�ERU�SDGD�EORN�%�

'DODP� PHODNXNDQ� SURVHV� HVWLPDVL�� WHUOHELK� GDKXOX�
GLEXDWNDQ� PRGHO� EORN�� 6LVWHP� PRGHO� EORN� VHFDUD�
NHVHOXUXKDQ� � PHUXSDNDQ� VXSSRUW� JHRPHWUL� XQWXN�
PHODNXNDQ� SHQDNVLUDQ� QLODL� NDGDU� 1L� SDGD� PDVLQJ�
PDVLQJ�EORN�HVWLPDVL� VXPEHUGD\D��0RGHO�EORN�\DQJ�
GLJXQDNDQ�GDODP�HVWLPDVL�VXPEHUGD\D�HQGDSDQ�QLNHO�
ODWHULW� DNDQ� DNDQ� EHUXSD� EORN� �� GLPHQVL�� GLPDQD�
PHPLOLNL� GLPHQVL� SDQMDQJ�� OHEDU� GDQ� WLQJJL�� WHUGLUL�
GDUL�JULG DWDX�FHOO \DQJ� OHELK�NHFLO� GDQ� NHVHOXUXKDQ�
PRGHO� EORN� \DQJ� GLEXDW� KDUXV� PHOLQJNXSL� VHPXD�
OXEDQJ�ERU�

*DPEDU� �� &RQVWUDLQV� 7RSRJUDIL� 6XPEHU� 'D\D�
0LQHUDO�SDGD�%ORN�%�

0RGHO�EORN�LQL�GLEXDW�GHQJDQ�XNXUDQ�EORN�GDUL�XQLW�
XQLW� EORN� PRGHO� \DLWX� ��[��[�� PHWHU�� GLPDQD�
NRRUGLQDW� DZDO� VLVWHP� PRGHO� EORN� SDGD� SURJUDP�
VXUSDF� ����� GLPXODL� SDGD� NRRUGLQDW� WLWLN� WHUEDZDK�
SDOLQJ� NLUL� �ORZHU� OHIW� FRUQHU� GDUL�PRGHO� EORN� \DQJ�
DNDQ GLEXDW��

(VWLPDVL�GDQ�SHQDNVLUDQ�NDGDU�HQGDSDQ�QLNHO�ODWHULW�LQL�
GLODNXNDQ�GHQJDQ�EDQWXDQ�SURJUDP�VXUSDF������ SDGD�
]RQD�6DSUROLW��+DL�LQL�GLNDUHQDNDQ�]RQD�LQL�PHPLOLNL�
NDQGXQJDQ�QLNHO�\DQJ�EHUSRWHQVL�XQWXN GLHNVSORLWDVL��
$GDSXQ� FXW� RII� *UDGH �&R*�� \DQJ� GLJXQDNDQ� \DLWX�
NDGDU� 1L� �� ���� �� GHQJDQ� GHQVLWDV� ���� WRQ�P� ��
(VGWLPDVL� LQL� GLODNXNDQ� EHUGDVDUNDQ� KDVLO� ORJ� ERU�
GHQJDQ� PHQJJXQDNDQ� GDHUDK� SHQJDUXK� KRUL]RQWDO�
WHUEHVDU� ����� PHWHU� GDQ� GDHUDK� SHQJDUXK� YHUWLNDO� �

PHWHU� \DQJ� VHVXDL� EHUGDVDUNDQ� UDQFDQJDQ�
SHQDPEDQJDQ�

3DUDPHWHU�GDODP�7DNVLUDQ

3URVHV� SHQDNVLUDQ� NDGDU� GHQJDQ� PHQJJXQDNDQ�
0HWRGH� ,QYHUV� 'LVWDQFH� :HLJKWLQJ SDGD� 3URJUDP�
6XUSDF� ������ GLODNXNDQ� GHQJDQ� SDUDPHWHU�SDUDPHWHU�
VHEDJDL�EHULNXW��

D� 3HUEDQGLQJDQ� GHQJDQ� VHDUFDK� UDGLXV ������ ����
���� GDQ� ��� PHWHU� VHUWD� PLQLPXP� QXPEHU� RI�
VDPSOH DGDODK��

E� -XPODK� GDWD� PDNVLPXP� GDWD� \DQJ� GLJXQDNDQ�
VHEDQ\DN����GDWD�GHQJDQ�MXPODK�GDWD�PLQLPXP�
��GDWD�

F� $UHD� SHQFDULDQ� GDWD� �VHDUFK� UDGLXV�� EHUEHQWXN�
HOLSVRLG GHQJDQ�UDGLXV�KRUL]RQWDO�SHQFDULDQ�GDWD�
�����PHWHU�GDQ�YHUWLNDO�GLVWDQFH���PHWHU

G� 3RZHU�GLVWDQFH \DQJ�GLJXQDNDQ��EHUQLODL��

'DUL�KDVLO�SHUEDQGLQJDQ�GLDWDV�EHUGDVDUNDQ�NDVXV�
SHQHOLWLDQ��GDSDW�GLNHWDKXL�EDKZD�VHDUFK�UDGLXV��������
GDQ� ��� NXUDQJ� WHSDW� NDUHQD� WHUMDGL� SHQDNVLUDQ� \DQJ�
EHUOHELKDQ� PHQJDNLEDWNDQ� RYHU� HVWLPDWH� \DLWX� 'ULOO�
KROH�\DQJ�WLGDN�PHPLOLNL�GDWD�VDSUROLW�WHWDSL�WHUGDSDW�
EORN�� GDODP� KDO� LQL� SDGD� ]RQD� EHGURFN�� 6HKLQJJD�
GLJXQDNDQ�VHDUFK�UDGLXV������PHWHU�DWDX�ò�GDUL�MDUDN�
DQWDU�ERU��

+DVLO�(VWLPDVL

7DEHO� ��� +DVLO� HVWLPDVL� VXPEHUGD\D� QLNHO� ODWHULWH�
PHQJJXQDNDQ� 6XUSDF� ������ GHQJDQ� PHWRGH� ,QYHUVH�
'LHWDQFH�:HLJKWLQJ

=
RUH�
7\SH

9ROXPH 7RQQHV 1L

�������!������ � ���� ���� ����
6XE�7RWDO ���� ���� ����

�������!������ � ���� ���� ����
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6XE�7RWDO ���� ���� ����
�������!������ � ���� ���� ����
6XE�7RWDO ���� ���� ����

�������!������ � ���� ����� ����
6XE�7RWDO ���� ����� ����

�������!������ � ���� ����� ����
6XE�7RWDO ���� ����� ����

�������!������ � ���� ���� ����
� ���� ���� ����

6XE�7RWDO ���� ���� ����
�������!������ � ���� ���� ����

� ���� ���� ����
� ���� ���� ���

6XE�7RWDO ���� ����� ����
�������!������ � ���� ���� ����

� ���� ���� ����
6XE�7RWDO ���� ���� ���

�������!������ � ���� ���� ���

6XE�7RWDO ���� ���� ���
�������!������ � ���� ���� ����
6XE�7RWDO ���� ���� ����

�������!������ � ���� ���� ����
6XE�7RWDO ���� ���� ����

�������!������ � ���� ���� ����
6XE�7RWDO ���� ���� ����

�������!������ � ���� ���� ����
6XE�7RWDO ���� ���� ����

�������!������ � ���� ���� ���
6XE�7RWDO ���� ���� ���

�������!������ � ���� ���� ���
6XE�7RWDO ���� ���� ���

�������!������ � ���� ���� ����
6XE�7RWDO ���� ���� ����

�������!������ � ���� ���� ����
6XE�7RWDO ���� ���� ����
*UDQG�7RWDO ����� ������ ����

'ĂŵďĂƌ�ϰ͗�DŽĚĞů��ůŽŬ��ŶĚĂƉĂŶ��ŝũŝŚ�EŝŬĞů�;ϯ�Ϳ�ƉĂĚĂ��ůŽŬ��ϭ

.HOHELKDQ 3HQDNVLUDQ��2YHU�(VWLPDWH��

.HOHELKDQ SHQDNVLUDQ� \DQJ� GLPDNVXG� DGDODK� GDWD�
\DQJ�GLWDNVLU�GHQJDQ�SDUDPHWHU� UDGLXV�SHQFDULDQ�����
��� GDQ� ��� PHWHU� GHQJDQ� PHQJJXQDNDQ� DSOLNDVL�
VRIWZDUH� VXUSDF� ������ PHPLOLNL� HVWLPDVL� \DQJ�
EHUOHELKDQ�VHSHUWL�JDPEDU�GL�EDZDK�LQL��

*DPEDU�� ��.HOHELKDQ�3HQDNVLUDQ��RYHU�HVWLPDWH�

.(6,038/$1

%HUGDVDUNDQ� KDVLO� SHQHOLWLDQ� \DQJ� WHODK� SHQXOLV�
ODNXNDQ��PDND�GDSDW�GLVLPSXONDQ�EDKZD�MXPODK�SROD�
SHQ\HEDUDQ� WLWLN� ERU� \DQJ� WHUGDSDW� SDGD� GDHUDK�
SHQHOLWLDQ�\DLWX����GDWD�GHQJDQ� MDUDN�VSDVL����PHWHU�
GHQJDQ� ORLWKRORJL� /LPRQLW�� 6DSUROLW�� &RUHVWRQH� GDQ�
%HGURFN GHQJDQ�PHWRGH�,':�GDQ�VHDUFK�UDGLXV�\DQJ�
GLSLOLK� \DLWX� ����� PHWHU PHPLOLNL� MXPODK� \DQJ�
GLGDSDWNDQ� GHQJDQ� VWDQGDU� &R*� ��� � VHEHVDU�
��������7RQ�

6$5$1�

'DODP�SHQJDPELODQ� GDWD� WRSRJUDIL�� SHQJXNXUDQ� GDQ�
SHQJDPELODQ� GDWD� KDUXV� DNXUDW�� KDO� LQL� GLODNXNDQ�
NDUHQD SDGD� VDDW� SHPEXDWDQ� GDWDEDVH� SDGD�
SHUKLWXQJDQ� VXPEHUGD\D� GLEXWXKNDQ� GDWD� DZDO�
WRSRJUDIL� VHKLQJJD�GDWD� \DQJ�GLJXQDNDQ� WDQSD�KDUXV�
PDODNXNDQ�GUDJ� WHUOHELK�GDKXOX��+DO� LQL� MXJD� VDQJDW�
EHUSHQJDUXK�SDGD�UDQFDQJDQ�SHQDPEDQJDQ�

3DGD�GDHUDK� SHQHOLWLDQ� VHEDLNQ\D� XQWXN�PHQJKLWXQJ�
6XPEHUGD\D�QLNHO�ODWHULWH�PHQJJXQDNDQ�PHWRGH�,':�
KDUXV�PHQJJXQDNDQ�VHDUFK�UDGLXV�ò�GDUL�VSDVL�ERU�GDQ�
,'6� XQWXN� PHQJKLQGDUL� WHUMDGLQ\D� HVWLPDVL� \DQJ�
EHUOHELKDQ��RYHU�HVWLPDWH��
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8&$3$1�7(5,0$.$6,+

3HQXOLV� PHQJXFDSNDQ� WHULPDNVLK� NHSDGD� VHOXUXK�
SLPSLQDQ� VHUWD� NDU\DZDQ� 37�+HQJMD\D� 0LQHUDOLQGR�
\DQJ�WHODK�PHPEHULNDQ�NHVHPSDWDQ�XQWXN�PHODNXNDQ�
SHQHOLWLDQ�� 3HQXOLV� MXJD� PHQJXFDSNDQ� WHULPDNDVLK�
SDGD� GRVHQ� SHPELPELQJ� \DQJ� WHODK� PHQJDMDUL� GDQ�
PHPELPELQJ�VHODPD�SURVHV�SHQHOLWLDQ�

'$)7$5�3867$.$

$NUDP�� 0XKDPPDG� $UULMDO�� GNN�� ������ 3HPRGHODQ�
(QGDSDQ� 1LNHO� /DWHULW� PHQJJXQDNDQ� 6RIWZDUH�
6XUSDF� 3DGD� 37�� &LSWD� 0DQGLUL� 3HUNDVD�
.DEXSDWHQ� 0RURZDOL� 3URSLQVL� 6XODZHVL� WHQJDK�
8QLYHUVLWDV�0XVOLP�,QGRQHVLD�� 0DNDVVDU

$V\¶DUL�� 0XKDPPDG� $PULO�� ������ *HRORJL� GDQ�
(VWLPDVL 6XPEHUGD\D�1LNHO�ODWHULW�GHQJDQ�PHWRGH�
,':��,QYHUVH�'LVWDQFH�:HLJKW��GDQ�.ULJLQJ�SDGD�
'DHUDK� EDKRGRSL� .DEXSDWHQ� 0RURZDOL� 3URSLQVL�
6XODZHVL�7HQJDK� -XUQDO�,QWHNQD���<RJ\DNDUWD

&DK\DQL�� :LZL�� ������ 3HPRGHODQ� &DGDQJDQ� 1LNHO�
/DWHULWH� GHQJDQ� $SOLNDVL� 6XUSDF� ������ MXUQDO�
SHUWDPEDQJDQ� -XUXVDQ� 7HNQLN� 3HUWDPEDQJDQ�
8QLYHUVLWDV� 3HMXDQJ� 5HSXEOLN� ,QGRQHVLD� ��
0DNDVVDU

+DUWPDQ�� +�� /��� ������ 60(� 0LQLQJ� (QJLQHHULQJ�
+DQGERRN� �� QG� HGLWLRQ� YROXPH� ��� 6RFLHW\� )RU�
0LQLQJ�� 0HWDOOXUJ\� $QG� ([SORUDWLRQ�� ,QF��
/LWWOHWRQ� &RORUDGR

.&0,�� ������ .RGH� 3HODSRUDQ� +DVLO� (NVSORUDVL��
6XPEHUGD\D� 0LQHUDO� GDQ� &DGDQJDQ� %LMLK�
,QGRQHVLD

/DWLI�� $�� $��� ������ 6WXGL� 3HUEDQGLQJDQ� 0HWRGH�
1HDUHVW� 1HLJKERXUKRRG� 3RLQW� �113��� ,QYHUVH�
'LVWDQFH� :HLJKWHG� �,':�� GDQ� .ULJLQJ� SDGD�
3HUKLWXQJDQ�&DGDQJDQ�1LNHO�/DWHULW�

0DVXDUD�� $��� ������ (YDOXDVL� NDGDU� SURGXNVL� QLNHO�
ODWHULW��+DO���± ����37��$QWDP�7EN��<RJ\DNDUWD

0XVWLND�� � 5LPD�� GNN�� ������ (VWLPDVL� 6XPEHUGD\D�
1LNHO� /DWHULW� GHQJDQ� PHWRGH� ,QYHUVH� 'LVWDQFH�
ZHLJKWLQJ� �,':�� 3DGD� 37�9DOH� ,QGRQHVLD�7EN��
.HFDPDWDQ� 1XKD� 3URSLQVL� 6XODZHVL� 6HDWDQ��
0DNDVVDU


