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��� .HUDQJND�3HQHOLWLDQ

3HQHOLWLDQ�LQL�GLODNXNDQ�VHFDUD�VLVWHPDWLV�VHVXDL�GHQJDQ�WDKDSDQ�\DQJ�DGD�

GLEDZDK�LQL�XQWXN�PHODNXNDQ�VWXGL�NDUDNWHULVWLN�OLPEDK�%��.OLQLN�NHFDQWLNDQ�

;��GL�'�,�<RJ\DNDUWD��GDSDW�GLOLKDW�SDGD�GLDJUDP�EHULNXW�

*DPEDU����� 6NHPD�3HQHOLWLDQ
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��� /RNDVL�3HQHOLWLDQ

6DPSHO�GLDPELO�GDUL�.OLQLN�.HFDQWLNDQ�;�GL�'�,�<RJ\DNDUWD�GHQJDQ�GXD�����

ORNDVL�NOLQLN�NHFDQWLNDQ� 3HQQJDPELODQ�VDPSHO�GLODNXNDQ�VHEDQ\DN�GXD�NDOL�GHQJDQ�

GXUDVL�XQWXN��� ORNDVL�VHODPD���KDUL�EHUWXUXW�WXUXW��8ML� ODERUDWRULXP GLODNXNDQ�GL�

/DERUDWRULXP� 7HNQLN� /LQJNXQJDQ�� )DNXOWDV� 7HNQLN� 6LSLO� GDQ� 3HUHQFDQDDQ��

8QLYHUVLWDV� ,VODP� ,QGRQHVLD�� 3HQJXMLDQ� VDPSHO� GLODNXNDQ� GDUL� WDQJJDO� ���0DUHW�

������ ���$SULO������

����2EMHN�3HQHOLWLDQ

6DPSHO� SDGD� SHQHOLWLDQ� LQL� GLDPELO� GDUL� .OLQLN� .HFDQWLNDQ� ;�� '�,�

<RJ\DNDUWD�GLPDQD VDPSHO�WHUGLUL�GDUL�OLPEDK�%��EDKDQ�KDELV�SDNDL��/LPEDK�%��

WHUNRQWDPLQDVL�GDQ� /LPEDK� ,QIHNVLXV� 6DPSHO� XML� GLDPELO� GHQJDQ�PHQJJXQDNDQ�

PHWRGH� UDQGRP� VDPSOLQJ� GLPDQD� VHWLDS� VDPSHO� PHPLOLNL� SHOXDQJ� \DQJ� VDPD�

VHEDJDL� VDPSHO�� 6DPSHO� GDUL� VHWLDS� ORNDVL� GLDPELO� VHFDUD� DFDN� NDUHQD� HOHPHQ�

SRSXODVL�EHUVLIDW�KRPRJHQ��6DPSHO�\DQJ�GLXML�PHQJJDPEDUNDQ�UHSUHVHQWDWLYH�GDUL�

NHVHOXUXKDQ�MHQLV�VDPSHO�\DQJ�DGD��6DPSHO�XML�WHUGLUL�DWDV����MHQLV�OLPEDK�%��DQWDUD�

ODLQ��VSRQV��WLVX��ODWH[��ZDGDK�EHNDV�EXEXN�PDVNHU��MDUXP�DNXSXQWXU��MDUXP�VXQWLN��

PDVNHU�� ZDGDK� EHNDV� VHUXP�� ZDGDK� EHNDV� REDW�� GDQ� NRQVWUDFWRU� 6DPSHO� XML�

NHPXGLDQ� GLSLVDKNDQ� EHUGDVDUNDQ� MHQLVQ\D� PHQXUXW� 3HUDWXUDQ� 0HQWHUL� 1R�� ���

WDKXQ� ����� WHQWDQJ� WDWDFDUD� GDQ� SHUV\DUDWDQ� WHNQLV� SHQJHORODDQ� OLPEDK� %�� GDUL�

IDVLOLWDV�SHOD\DQDQ�NHVHKDWDQ�

����-HQLV�3HQHOLWLDQ

3HQHOLWLDQ� LQL� PHQJJXQDNDQ� DQDOLVD� NXDQWLWDWLI�� 3HQGHNDWDQ� NXDQWLWDWLI�

NDUHQD� WHUGDSDW� XML� ODERUDWRULXP� NDUDNWHULVWLN� OLPEDK� %�� .OLQLN� .HFDQWLNDQ� ;

GHQJDQ� PHWRGH� *UDYLPHWUL�� -HQLV� SHQHOLWLDQ� \DQJ� GLJXQDNDQ� DGDODK� SHQHOLWLDQ�

GHVNULSWLI�NXDOLWDWLI�GHQJDQ�SHQGHNDWDQ� HNSHULPHQWDO� ODERUDWRULXP��3HQHOLWLDQ� LQL�

WHUPDVXN� MXJD� NHGDODP� SHQHOLWLDQ� GHVNULSWLI� DQDOLWLV� NDUHQD� EHUWXMXDQ� XQWXN�

PHODNXNDQ�GHVNULSVL�GDQ�PHPEHULNDQ�SHQLODLDQ�WHUKDGDS�KDVLO�GDWD�DQDOLVLV�\DQJ�
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GLSUROHK�\DQJ�NHPXGLDQ�PHQHQWXNDQ�DOWHUQDWLI WHNQLN�SHQJRODKDQ�\DQJ�VHVXDL�GDQ�

SHOXDQJ�:W(� 6HKLQJJD�GDODP�SHQHOLWLDQ�LQL�PHQJJXQDNDQ�PL[�PHWKRG� 3HQJXNXUDQ�

SUR[LPDWH�GDQ�QLODL�NDORU EHUGDVDUNDQ�EXNX� LQWHJUDWHG�VROLG�ZDVWH�PDQDJHPHQW��

%HULNXW�DGDODK�VNHPD�DQDOLVLV�SHQHOLWLDQ�\DQJ�GLODNXNDQ��

*DPEDU����� $OXU�$QDOLVLV�'DWD

����-HQLV�'DWD

������'DWD�6HNXQGHU

'DODP�SHQHOLWLDQ�LQL�GDWD�VHNXQGHU�\DQJ�GLPDNVXG�OLWHUDWXU�WHUNDLW�

NDUDNWHULVWLN� GDQ� WHNQRORJL� SHQJRODKDQ� OLPEDK� PHGLV�� /LWHUDWXU� LQL�

GLJXQDNDQ�VHEDJDL�GDVDU�GDODP�SHQ\XVXQDQ�DOWHUQDWLI�WHNQRORJL�SHQJRODKDQ��

6HODLQ� LWX�� OLWHUDWXU� ODLQ� \DQJ� GLPDNVXG� DGDODK� SHQHOLWLDQ�PHQJHQDL�:W(�

GLPDQD�GDWD� SHQHOLWLDQ� GLJXQDNDQ�XQWXN� SHQ\XVXQDQ�NRQVHS�:W( OLPEDK�
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NOLQLN� NHFDQWLNDQ� ;� GL� '�,� <RJ\DNDUWD�� /LWHUDWXU� \DQJ� GLJXQDNDQ� GDSDW�

GLOLKDW�SDGD�EDJLDQ�GDIWDU�SXVWDND�ODSRUDQ�LQL��

6HODLQ� OLWHUDWXU� EHUXSD� EXNX�� MXUQDO�� DUWLNHO�� DWDXSXQ� NRQIHUHQVL��

GLJXQDNDQ� MXJD� UHJXODVL� WHUNDLW� SHQJHORODDQ� OLPEDK�%��PHGLV�� 3HUDWXUDQ�

\DQJ�GLPDNVXG�DGDODK�3HUDWXUDQ�0HQWHUL�/LQJNXQJDQ�+LGXS�1R�����7DKXQ�

�����PHQJHQDL�WDWD�FDUD�GDQ�SHUV\DUDWDQ�WHNQLV�SHQJHORODDQ�OLPEDK�%��GDUL�

IDVLOLWDV�SHOD\DQDQ�NHVHKDWDQ�GDQ�3HUDWXUDQ 0HQWHUL�/LQJNXQJDQ�+LGXS�1R��

�� WDKXQ� ���� PHQJHQDL� EDNX� PXWX� HPLVL� XVDKD� GDQ�DWDX� NHJLDWDQ�

SHQJRODKDQ�VDPSDK�VHFDUD�WHUPDO��5HJXODVL�LQL�GLMDGLNDQ�DFXDQ�GDVDU�GDODP�

SHQ\XVXQDQ� DOWHUQDWLI� SHQJRODKDQ� GDQ� SHOXDQJ� :W(� VXVXDL� GHQJDQ�

NDUDNWHULVWLN�OLPEDK�%��KDVLO�XML�ODERUDWRULXP��

������'DWD�3ULPHU

$� 3UR[LPDWH�$QDO\VLV

�� .DGDU�$LU�

8ML� NDGDU� DLU� PHQJJXQDNDQ� PHWRGH� *UDYLPHWUL�� 0HWRGH�

*UDYLPHWUL�DGDODK�PHWRGH�PHQHQWXNDQ�NXDQWLWDV� VXDWX�]DW�GHQJDQ�

FDUD� PHQJXNXU� EHUDW� NRPSRQHQ� GDODP� NHDGDDQ� PXUQL� VHWHODK�

SHPLVDKDQ��3HQJXMLDQ�PHQJDFX�NHSDGD�PHWRGH�SHQJXMLDQ�NDGDU�DLU�

ROHK� 'DPDQKXUL�� $GDSXQ� SURVHGXU� NHUMDQ\D� GDSDW� GLOLKDW� SDGD�

EDJLDQ�ODPSLUDQ�ODSRUDQ�LQL��

.DGDU�DLU�GLKLWXQJ�GHQJDQ�PHQJJXQDNDQ�SHUVDPDDQ�EHULNXW�

.DGDU�DLU����� �
ሺ௖ି௔ሻ

ሺ௕ି௔ሻ

����� �����

.DGDU�NHULQJ����� �������� ��NDGDU�DLU� �����

.HWHUDQJDQ�

D��EHUDW�FDZDQ�NRVRQJ��JU�



��

E��EHUDW�FDZDQ�NRVRQJ���EHUDW�FRQWRK�XML�VHEHOXP�GLRYHQ��JU�

F��EHUDW�FDZDQ�NRVRQJ���EHUDW�FRQWRK�XML�VDPSDK�VHWHODK�GL�RYHQ�

�JU�

�'DPDQKXUL�	�3DGPL�������

�� .DGDU�9RODWLO GDQ�$EX

3ULQVLS� \DQJ� GLJXQDNDQ� GDODP� XML� NDGDU� YRODWLOH� LQL� DGDODK�

VDPSDK�GLSDQDVNDQ�SDGD�WHPSHUDWXU�GLPDQD�EDJLDQ�YRODWLOH�OLPEDK�

%��DNDQ�GLSLMDUNDQ�GDQ�PHQJXS��$GDSXQ�SURVHGXU�NHUMDQ\D�WHUGDSDW�

SDGD�ODPSLUDQ�ODSRUDQ�LQL� 0HWRGH�SHQJXMLDQ�NDGDU�YRODWLOH�GDQ�DEX�

EHUGDVDUNDQ� VWDQGDUW� PHWKRG� ����� (� WHQWDQJ� SURVHGXU� SHQJXMLDQ�

ODERUDWRULXP�IL[HG�DQG�YRODWLOH�VROLG�

.DGDU�9RODWLO�GDQ�$EX�GDSDW�GLKLWXQJ�GHQJDQ�SHUVDPDDQ�EHULNXW�

��.DGDU�9RODWLO�� �
ሺ஺ି௕ሻ

ሺ஺ି஻ሻ

����� �����

��.DGDU�$EX� ������ � ��.DGDU�9RODWLO�� �����

.HWHUDQJDQ�

$��ZHLJKW�RI�GULHG�UHVLGXH�GLVN

E��ZHLJKW�RI�UHVLGXH�GLVN�DIWHU�IXUQDFH

%��ZHLJKW�RI�GLVN

�6WDQGDUW�0HWKRG ����(�

�� )L[HG &DUERQ�

.DUERQ� WHWDS� �IL[HG� FDUERQ�� DGDODK� ]DW� \DQJ� WLGDN� PHQJXDS� GDQ�

WHUVLVD� VHWHODK� NDQGXQJDQ� NDGDU� DLU�� NDGDU� YRODWLOH� GDQ� NDGDU� DEX�

GLKLODQJNDQ��.DUERQ�WHWDS� LQL�PHUXSDNDQ�NDUERQ�EHEDV�\DQJ� WLGDN� WHULNDW�

GHQJDQ� HOHPHQ� ODLQ�� )L[HG� FDUERQ�PHUXSDNDQ� DQDOLVLV� \DQJ� WLGDN� GDSDW�

GLODNXNDQ�GL�XML�ODERUDWRULXP��+DVLO�SHUKLWXQJDQ�GDQ�SHQJDPDWDQ�GLGDSDWDQ�

GDUL�SHQJXMLDQ�SUR[LPDWH�DQDO\VLV� ODLQQ\D��
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.DGDU�)L[HG�&DUERQ�GLKLWXQJ�GHQJDQ�SHUVDPDDQ�EHULNXW�

%HUDW�NHULQJ� �NDGDU�IL[HG�FDUERQ���NDGDU�DEX �����

�'DPDQKXUL�	�3DGPL�������

�� 1LODL�.DORU

3HQJXNXUDQ�GL� ODERUDWRULXP�GHQJDQ�%RPE�&DORULPHWHU�� 3URVHGXU�

NHUMD� \DQJ� GLJXQDNDQ� GDODP� SHQHOLWLDQ� LQL� PHQJDFX� NHSDGD VWDQGDUW�

RSHUDVLRQDO�SURVHGXU�DODW�ERP�NDORULPHWHU� ,.$�&�� 3ULQVLS�NHUMD�DODW�LQL�

DGDODK�PHQJXNXU�NDORU�GDUL�KDVLO� UHDNVL�SHPEDNDUDQ�DWDX�SHQJRNVLGDVLDQ�

VDPSHO�\DQJ�VHPSXUQD��2� EHUOHELK��GDODP�VXDWX�VHQ\DZD��6DPSHO�GLOWHNDQ�

GDODP� VHEXDK� WDEXQJ� \DQJ� EHULVL RNVLJHQ� \DQJ� WHUFHOXS� GDODP� WDEXQJ�

SHQ\HUDS�NDORU��6DPSHO� DNDQ�GLEDNDU�ROHK�DSL� OLVWULN�\DQJ� WHUSDVDQJ�GDUL�

NDZDW�ORJDP�GLGDODP�WDEXQJ�EDMD�\DQJ�WHEDO�GDQ�NHGDS�XGDUD��6HFDUD�OHELK�

ULQFL�GLMHODVNDQ�SDGD�ODPSLUDQ�ODSRUDQ�LQL��6HEXDK�NDORULPHWHU�SHPEDNDUDQ�

PHQJXNXU�SDQDV�\DQJ�WLPEXO�GDUL�SHPEDNDUDQ��6DPSHO�GLWLPEDQJ�NH�GDODP�

SHPEXOXK� SHQFHUQDDQ� GDQ� GLLVL� GHQJDQ� RNVLJHQ� ���� EDU��� 3URVHV�

SHPEDNDUDQ�GLPXODL�PHODOXL�VXDWX�SHUFLNDQ�SHQJDSLDQ�3HUFREDDQ�EHUDNKLU�

NHWLND�VDPSHO�VHSHQXKQ\D�GLEDNDU��'HQJDQ�PHQJXNXU�NHQDLNDQ�VXKX��QLODL�

NDORU� VDPSHO� DWDX� QLODL� NDORU� GDSDW� GLKLWXQJ� %RP� NDORULPHWHU� MHQLV� LQL�

PHQ\DULQJ� GHQJDQ� UHVLVWDQVL� KDORJHQ�� 5XDQJ� SHPEDNDUDQ� WHUDNWLYDVL�

NDWDOLWLN��WDKDQ�KDORJHQ�&������GLUDQFDQJ�NKXVXV�XQWXN�SHPEDNDUDQ�VDPSHO�

\DQJ�PHQJDQGXQJ�KDORJHQ�GDQ VXOIXU��!�����

����0HWRGH�$QDOLVLV�'DWD

1LODL� NDORU� GLGDSDW� GDUL� SHUKLWXQJDQ� SHUVDPDDQ� SUR[LPDWH� DQDO\VLV��

GLMDEDUNDQ�GLEDZDK�LQL��
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x 3HUVDPDDQ�SUR[LPDWH�$QDO\VLV �9HVLOLQG��:RUUHOO��	�5HLQKDUW���������

%WX�OE� �����$���������% �����

%WX�OE� �����'�± ���: �����

'LPDQD���

$� �)UDNVL�YRODWLOH��IUDNVL�GDUL�PDWHUL�NHULQJ�\DQJ�KLODQJ�SDGD�����GHUDMDW�

&HOFLXV

%� �)L[HG�&DUERQ

'� �)UDNVL�YRODWLOH��GDUL�PDWHUL�NHULQJ�\DQJ�KLODQJ�SDGD�����GHUDMDW�&HOFLXV

:� �IUDNVL�DLU

+DVLO�SHQJXMLDQ�ODERUDWRULXP�DNDQ�GL�DQDOLVLV�PHQJJXQDNDQ�PHWRGH�

NXDQWLWDWLI�VHVXDL�GHQJDQ�WHRUL�SHQJXMLDQ�PDVLQJ�PDVLQJ�PHWRGH�SHQJXMLDQ��

'DWD� KDVLO� ODERUDWRULXP� GLVDMLNDQ� GDODP� EHQWXN� WDEHO� GDQ� JUDILN� XQWXN�

NHPXGLDQ�GLDQDOLVLV�PHQJJXQDNDQ�VWDWLVWLND�GHVNULSWLI�NXDOLWDWLI��1LODL�NDORU�

GDUL�PDVLQJ�PDVLQJ�MHQLV�OLPEDK�%��NOLQLN�NHFDQWLNDQ�GLMDGLNDQ�GDWD�GDVDU�

GDODP� SHQ\XVXQDQ� NRQVHS� :W(�� 6HPHQWDUD� LWX�� XQWXN� DOWHUQDWLYH�

SHQJRODKDQ�GLEDKDV�EHUGDVDUNDQ�QLODL�NDORU�GDQ�KDVLO�SHQJXMLDQ�SUR[LPDWH�

DQDO\VLV \DQJ� WHODK� GLEDQGLQJNDQ� GHQJDQ� VWXGL� OLWHUDWXUH� GHQJDQ�

PHQJJXQDNDQ�PHWRGH�VNRULQJ�PXOWL�NULWHULD�DQDOLVLV�


