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%DE�,,, 0HWRGRORJL�3HQHOLWLDQ�

,,,�� 7DKDSDQ�3HQHOLWLDQ�

3HQHOLWLDQ� LQL� GLODNXNDQ� GHQJDQ� PHWRGH� NXDQWLWDWLI�� 0HQXUXW� &UHVVZHOO� ��������

WHUGDSDW� EHEHUDSD� WDKDSDQ� SHQHOLWLDQ� \DQJ� GLPXODL� GDUL� UDQFDQJDQ� SHQHOLWLDQ��

PHQHQWXNDQ�SRSXODVL�GDQ�VDPSHO��LQVWUXPHQ�SHQHOLWLDQ��YDULDEHO�SHQHOLWLDQ�KLQJJD�

DQDOLVLV�KDVLO��

5DQFDQJDQ� SHQHOLWLDQ� \DQJ� WHSDW� GLODNXNDQ� VHWHODK� PHQJHWDKXL� WXMXDQ� GDUL�

SHQHOLWLDQ�WHUVHEXW��'HQJDQ�PHQJHWDKXL�WXMXDQ�GDUL�SHQHOLWLDQ�\DQJ�DNDQ�GLODNXNDQ��

SHPEDKDVDQ� GL� GDODPQ\D� DNDQ� OHELK� WHUSHULQFL� GDQ� MHODV��'HQJDQ�PHQJJXQDNDQ�

UDQFDQJDQ�SHQHOLWLDQ�\DQJ�WHSDW�PDND�VDPSHO�\DQJ�GLDPELO�DNDQ�PHZDNLOL�SRSXODVL��

'HQJDQ�GHPLNLDQ��NHVLPSXODQ�GDSDW�GLWDULN� WHUNDLW�EHEHUDSD�NDUDNWHULVWLN�� VLNDS��

DWDX�SHULODNX�SRSXODVL�WHUVHEXW��6HODLQ�LWX��UDQFDQJDQ�SHQHOLWLDQ�DNDQ�PHQHQWXNDQ�

LQVWUXPHQ�SHQHOLWLDQ�DWDX�PHWRGH�SHQJDPELODQ�GDWD�\DQJ�WHSDW�XQWXN�GLWHUDSNDQ�NH�

GDODP� SHQHOLWLDQ� WHUVHEXW�� $GDSXQ� HPSDW� MHQLV�PHWRGH� SHQJXPSXODQ� GDWD� \DLWX�

NXHVLRQHU��ZDZDQFDUD��WLQMDXDQ�GDWD�SULPHU��GDQ�REVHUYDVL�WHUVWUXNWXU��

3HQHQWXDQ�SRSXODVL�GDQ�VDPSHO�SDGD�VXDWX�SHQHOLWLDQ�EHUWXMXDQ�XQWXN�PHQJHWDKXL�

GDUL� PDQD� GDWD� EHUDVDO� GDQ� VHEHUDSD� DNXUDW� GDWD� WHUVHEXW�� 3URVHV� PHQHQWXNDQ�

SRSXODVL�GDQ�VDPSHO�SDGD�VXDWX�SHQHOLWLDQ�\DLWX�VHEDJDL�EHULNXW��

x 0HQJLGHQWLILNDVL�SRSXODVL�\DQJ�DNDQ�GLWHOLWL�GHQJDQ�PHQFDQWXPNDQ�XNXUDQ�

SRSXODVL�WHUVHEXW�MLND�XNXUDQ�SRSXODVL�GDSDW�GLWHQWXNDQ��

x 0HQJLGHQWLILNDVL� MHQLV� SHQJDPELODQ� VDPSHO� SDGD� SRSXODVL� WHUWHQWX��

3HQJDPELODQ� VDPSHO� LQL� GDSDW� GLODNXNDQ� GHQJDQ� FDUD� VLQJOH� VWDJH� �VDWX�

WDKDS��PDXSXQ�PXOWL�VWDJH��OHELK�GDUL�VDWX�WDKDS���GDQ�

x 0HQHQWXNDQ�MXPODK�VDPSHO�\DQJ�DNDQ�GLWHOLWL��

,QVWUXPHQ� SHQHOLWLDQ� EHUJXQD� XQWXN� PHPSHUROHK� GDWD�� ,QVWUXPHQ� SHQHOLWLDQ� LQL�

GDSDW�EHUXSD�LQVWUXPHQ�\DQJ�GLUDQFDQJ�XQWXN�SHQHOLWLDQ�WHUWHQWX��LQVWUXPHQ�\DQJ�

GLXEDK��DWDX�LQVWUXPHQ�VHFDUD�XWXK�\DQJ�GLRODK�ROHK�SHQHOLWL�ODLQ��,QVWUXPHQ�\DQJ�
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GLJXQDNDQ�SDGD�XPXPQ\D�EHUXSD�NXHVLRQHU��+DO� LQL�EHUJXQD�XQWXN�PHPSHUROHK�

VXDWX�QLODL��

6HODLQ�LWX��XML�YDOLGLWDV�GDQ�XML�UHOLDELOLWDV�GLODNXNDQ�XQWXN�PHQJKDVLONDQ�VXDWX�QLODL�

WHUWHQWX�� 8ML� YDOLGLWDV� EHUJXQD� XQWXN� PHQXQMXNNDQ� VHEHUDSD� EHUJXQD� VHWLDS�

LQVWUXPHQ�\DQJ�GLJXQDNDQ��6HPHQWDUD�XML�UHOLDELOLWDV�EHUJXQD�XQWXN�PHQXQMXNNDQ�

VHEHUDSD�NRQVLVWHQ�LQVWUXPHQ�\DQJ�GLJXQDNDQ��

9DULDEHO�SHQHOLWLDQ�GLEXDW�DJDU�UHVSRQGHQ�GDSDW�GHQJDQ�PXGDK�PHPDKDPL�WXMXDQ�

GDUL� SHQHOLWLDQ� \DQJ� GLODNXNDQ� ROHK� SHQHOLWL�� 9DULDEHO� SHQHOLWLDQ� GLEDJL�PHQMDGL�

\DLWX�YDULDEHO�LQGHSHQGHQ�GDQ�YDULDEHO�GHSHQGHQ��

9DULDEHO� GHSHQGHQ� DGDODK� YDULDEHO� \DQJ� WHUSHQJDUXK� ROHK� YDULDEHO� LQGHSHQGHQ��

6HGDQJNDQ�YDULDEHO�LQGHSHQGHQ�DGDODK�QLODL�SHQWLQJ�\DQJ�GLNRQWURO�ROHK�SHQHOLWL��

6HEDJDL� FRQWRK�� YDULDEHO� GHSHQGHQ� \DQJ� GLJXQDNDQ� DGDODK� ³DGDQ\D� FLFLODQ�

SHPED\DUDQ� NHSDGD� VXENRQWUDNWRU�´� 9DULDEHO� LQGHSHQGHQ� \DQJ� GLJXQDNDQ� \DLWX�

IUHNXHQVL� NHMDGLDQ� �VHEHUDSD� VHULQJ� YDULDEHO� GHSHQGHQ� WHUVHEXW� WHUMDGL��� 'HQJDQ�

GHPLNLDQ�� SDGD� SHQHOLWLDQ� LQL� GLODNXNDQ� SHQJXNXUDQ� WHUKDGDS� IUHNXHQVL� NHMDGLDQ�

GDUL� IDNWRU� ³DGDQ\D� FLFLODQ� SHPED\DUDQ� NHSDGD� VXENRQWUDNWRU´� WHUNDLW� VHEHUDSD�

VHULQJ�IDNWRU�WHUVHEXW�WHUMDGL���

$QDOLVLV� KDVLO� EHUJXQD� XQWXN� PHQJJDPEDUNDQ� SURVHGXU� XQWXN� PHPSURVHV� GDQ�

PHQJDQDOLVLV�GDWD��$QDOLVLV�KDVLO�GDSDW�GLODNXNDQ�VHWHODK�GDWD�WHUNXPSXO�GDQ�GLRODK�

GHQJDQ�PHQJJXQDNDQ�PHWRGH�WHUWHQWX��'HQJDQ�GHPLNLDQ��NHVLPSXODQ�GDSDW�GLWDULN�

VHWHODK�KDVLO�GDUL�SHQHOLWLDQ�GLSHUROHK�GDQ�WHUOLKDW�SROD�WHUWHQWX�GL�GDODPQ\D���

,,,�� 5DQFDQJDQ�3HQHOLWLDQ�3HPED\DUDQ�%HUV\DUDW

3HQHOLWLDQ� GDSDW� GLODNXNDQ� GHQJDQ�PHQJJXQDNDQ� MHQLV� NXDQWLWDWLI� GDQ� NXDOLWDWLI�

�%DãNDUDGD� 	� .RURQLRV�� ������� -HQLV� SHQHOLWLDQ� NXDQWLWDWLI� PHQGHILQLVLNDQ�

KXEXQJDQ�DQWDUD�YDULDEHO�GDQ�NRQVWDQWD�GDODP�EHQWXN�LQSXW�QXPHULN�WHUWHQWX��1LODL�

WHUVHEXW� GLPDVXNNDQ� NH� GDODP� VXDWX� UXPXV� PDWHPDWLV� VHKLQJJD� PHQJKDVLONDQ�

RXWSXW� \DQJ� VSHVLILN� �%RUGHQV�	� $EERWW�� ������� 6HPHQWDUD� SHQHOLWLDQ� NXDOLWDWLI�
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GLQ\DWDNDQ�GDODP�LVWLODK�YHUEDO�GDQ�EXNDQ�PDWHPDWLV��2OHK�NDUHQD�LWX��SHQHOLWLDQ�

LQL� GLODNXNDQ� GHQJDQ� PHQJJXQDNDQ� MHQLV� NXDQWLWDWLI� \DQJ� GLSHUROHK� GDUL� KDVLO�

SHQJLVLDQ�NXHVLRQHU��

*DPEDU�,,,���7DKDSDQ�3HQHOLWLDQ��

,,,�� 3HQJHPEDQJDQ�.XHVLRQHU�

3HQHOLWLDQ� LQL�EHUWXMXDQ�XQWXN�PHPSHUROHK�KDVLO�IUHNXHQVL�NHMDGLDQ�UDWD�UDWD�GDUL�

VHWLDS� YDULDEHO� GDQ� GDPSDN� \DQJ� WLPEXO�� %HUGDVDUNDQ� GDWD� VHNXQGHU� \DQJ�

GLSHUROHK�� WHUGDSDW� ��� IDNWRU� SHQ\HEDE� DWDX� YDULDEHO� \DQJ� DNDQ� GLWHODDK�

VHEDJDLPDQD�SDGD�7DEHO�,,����)DNWRU�IDNWRU�WHUVHEXW�GLRODK�GHQJDQ�PHQJJXQDNDQ�

OLNHUW�VFDOH�\DQJ�EHUWXMXDQ�XQWXN�PHPSHUROHK�IUHNXHQVL�\DQJ�PHQ\DWDNDQ�VHEHUDSD�

VHULQJ�VHWLDS�IDNWRU�WHUVHEXW�WHUMDGL��

0HQXUXW� $OOHQ� 	� 6HDPDQ� �������� /LNHUW� VFDOH� PHUXSDNDQ� SHUDQJNDW� \DQJ�

GLJXQDNDQ�XQWXN�VXUYHL��GLPDQD�UHVSRQGHQ�GLEHULNDQ�SLOLKDQ�EHUXSD�SHULQJNDW�GDUL�

\DQJ� WHUHQGDK�KLQJJD� WHUWLQJJL� GHQJDQ�PHQJJXQDNDQ� OLPD�DWDX� WXMXK� WLQJNDW��'L�

GDODP� SHQHOLWLDQ� LQL� UHVSRQGHQ� GLEHULNDQ� EHEHUDSD� SLOLKDQ� MDZDEDQ� \DQJ� VHVXDL�

0XODL

5DQFDQJDQ3HQHOLWLDQ

3HQHQWXDQ�3RSXODVL�GDQ�6DPSHO

3HQJHPEDQJDQ�.XHVLRQHU
�.XHVLRQHU�3HQ\HEDE�3HPED\DUDQ�
%HUV\DUDW
�$QDOLVLV�'DPSDN�\DQJ�GLDNLEDWNDQ

$

$

3HQJDPELODQ�
'DWD

$QDOLVLV�+DVLO
�8ML�9DOLGLWDV
�8ML�5HOLDELOLWDV
�$QDOLVLV�)UHNXHQVL�
.HMDGLDQ�6HWLDS�)DNWRU
�$QDOLVLV�'DPSDN

6HOHVDL
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�GHQJDQ�PHPLOLK�QLODL�GDUL���VDPSDL����GLPDQD���EHUDUWL�WLGDN�SHUQDK����MDUDQJ����

WHUNDGDQJ����VHULQJ�GDQ���VHODOX���&RQWRK�GDSDW�GLOLKDW�SDGD�7DEHO�,,,���EHULNXW��

7DEHO�,,,����&RQWRK�.XHVLRQHU�XQWXN�0HPSHUROHK�)UHNXHQVL�.HMDGLDQ�

1R� )DNWRU�3HQ\HEDE
)UHNXHQVL�.HMDGLDQ�SHU�7DKXQ�

7LGDN�
SHUQDK�

-DUDQJ 7HUNDGDQJ 6HULQJ 6HODOX

�� �� �� �� ��
� )DNWRU��

�� )DNWRU��� � � � � �

« «
��� )DNWRU���� � � � � �

6HODLQ� NXHVLRQHU� WHUNDLW� IUHNXHQVL� NHMDGLDQ� GDUL� VHWLDS� IDNWRU� SHQ\HEDE�� WHUGDSDW�

SXOD� NXHVLRQHU�\DQJ�GLNHPEDQJNDQ�XQWXN�PHQJHWDKXL�GDPSDN�GDUL� VHWLDS� IDNWRU�

SHQ\HEDE�� 3HPLOLKDQ� GDPSDN�GDPSDN� WHUVHEXW� GLSHUROHK� GDUL� GDWD� VHNXQGHU��

3HUWDQ\DDQ�SDGD�NXHVLRQHU�LQL�UHVSRQGHQ�GLPLQWD�XQWXN�PHQXQMXNNDQ�GDPSDN�DSD�

VDMD�\DQJ�GLDNLEDWNDQ�GDUL�VHWLDS�YDULDEHO��3DGD�NRORP�³GDPSDN�\DQJ�GLDNLEDWNDQ´�

WHUGDSDW�SLOLKDQ�EHUXSD�JDQJJXDQ�DUXV�NDV��NLQHUMD�PHQXUXQ��VHQJNHWD�DQWDU�SLKDN�

GDQ�NHEDQJNUXWDQ��6HWLDS�UHVSRQGHQ�GLSHUEROHKNDQ�PHPLOLK�OHELK�GDUL�VDWX�MDZDEDQ�

GDPSDN� \DQJ� GLDNLEDWNDQ�� 6HODLQ� LWX�� UHVSRQGHQ� GLSHUEROHKNDQ� XQWXN� WLGDN�

PHQXQMXNNDQ� MDZDEDQ� GDPSDN� \DQJ� GLDNLEDWNDQ�� +DO� LQL� GLNDUHQDNDQ� WHUGDSDW�

VHEDJLDQ� UHVSRQGHQ�\DQJ�PHQJDODPL�GDPSDN� OHELK�GDUL� VDWX�� GDQ� VHEDJLDQ� WLGDN�

PHQJDODPL�GDPSDN�DSDSXQ�GDUL�EHEHUDSD�YDULDEHO�WHUVHEXW��&RQWRK�NXHVLRQHU�LQL�

GDSDW�GLOLKDW�SDGD�7DEHO�,,,���EHULNXW��

7DEHO�,,,����&RQWRK�.XHVLRQHU�XQWXN�0HPSHUROHK�'DPSDN�\DQJ�'LDNLEDWNDQ�GDUL�
6HWLDS�)DNWRU�3HQ\HEDE�

1R��
)DNWRU�

3HQ\HEDE�

'DPSDN�\DQJ�'LDNLEDWNDQ�

*DQJJXDQ�
$UXV�.DV�

.LQHUMD�
0HQXUXQ�

6HQJNHWD�
$QWDU�
3LKDN�

.HEDQJNUXWDQ�

�� )DNWRU��� ��

�� )DNWRU��� � � � �

«� «� � � � �
�� )DNWRU���
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$GDSXQ� YDULDEHO� \DQJ� PHQJJDPEDUNDQ� IDNWRU� SHQ\HEDE� \DLWX� YDULDEHO� ;�� GDQ�

YDULDEHO�\DQJ�PHQ\DWDNDQ�GDPSDN�\DLWX�9DULDEHO�<��

*DPEDU�,,,���+XEXQJDQ�$QWDUD�9DULDEHO��

,,,�� 3HQJDPELODQ�'DWD�

3HQJXPSXODQ� GDWD� EHUJXQD� XQWXN� PHPSHUROHK� LQIRUPDVL�LQIRUPDVL� \DQJ� WHUNDLW�

GHQJDQ�SHPED\DUDQ�EHUV\DUDW�NHSDGD�VXENRQWUDNWRU�SHPDVRN��,QIRUPDVL�LQIRUPDVL�

WHUNDLW�GDSDW�GLSHUROHK�GDUL�VXPEHU�\DQJ�PHUXSDNDQ�KDVLO�GDUL�SHQJLVLDQ�NXLVLRQHU�

ROHK�VXENRQWUDNWRU�SHPDVRN��2OHK�NDUHQD�LWX��SHQJXPSXODQ�GDWD�GLODNXNDQ�GHQJDQ�

SHQ\HEDUDQ� NXHVLRQHU� NHSDGD� SDUD� VXENRQWUDNWRU� VHFDUD� ODQJVXQJ� GDQ� VXUDW�

PHQ\XUDW��

,,,�� $QDOLVLV�+DVLO�

0HQXUXW�:DKLGPXUQL� ������� ODQJNDK�DQDOLVLV� DWDX� SHQJRODKDQ�GDWD�GHQJDQ�FDUD�

SHQJLVLDQ� NXHVLRQHU�� \DLWX� GHQJDQ� PHQFDWDW� DQJND�DQJND� DWDX� NDWD�NDWD� \DQJ�

EHUNDLWDQ��GHQJDQ�WRSLN�SHQHOLWLDQ��3DGD�SHQHOLWLDQ�LQL�WHUGDSDW�GXD�MHQLV�SHUWDQ\DDQ��

\DLWX� WHUNDLW� IUHNXHQVL� NHMDGLDQ� GDUL� IDNWRU� SHQ\HEDE� SHPED\DUDQ� EHUV\DUDW� GDQ�

GDPSDN�\DQJ�GLDNLEDWNDQ�GDUL�SHPED\DUDQ�EHUV\DUDW��$QDOLVLV�\DQJ�SHUWDPD�NDOL�

GLODNXNDQ�\DLWX�DQDOLVLV�IUHNXHQVL�UDWD�UDWD�GDQ�VHWHODKQ\D�DQDOLVLV�GDPSDN�GHQJDQ�

PHQJJXQDNDQ�PRGXV��

,,,�����$QDOLVLV�)UHNXHQVL�.HMDGLDQ�GDUL�)DNWRU�3HQ\HEDE�

6HEHOXP�GLODNXNDQ�DQDOLVLV�IUHNXHQVL�UDWD�UDWD�SHUOX�GLODNXNDQ�XML�YDOLGLWDV�GDQ�XML�

UHOLDELOLWDV��8ML� YDOLGLWDV�PHUXSDNDQ� SHQJXMLDQ� WLQJNDW� NHDQGDODQ� GDQ� NHDEVDKDQ�

<��

<��

<��

<��

;��

;��

«�

;���
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DODW�XNXU�\DQJ�GLJXQDNDQ��GDQ�YDULDEHO�GDSDW�GLNDWDNDQ�YDOLG�DSDELOD�DODW�XNXU�\DQJ�

GLJXQDNDQ�GDSDW�PHQJXNXU�DSD�\DQJ�VHKDUXVQ\D�GLXNXU��-DQWL���������

8ML�YDOLGLWDV�GLODNXNDQ�GHQJDQ�PHPEDQGLQJNDQ�QLODL�U�KLWXQJ��DWDX�GLVHEXW� MXJD�

QLODL�FRUUHFWHG�LWHP�±�WRWDO�FRUUHODWLRQ�SDGD�RXWSXW�&URQEDFK�DOSKD��GHQJDQ�QLODL�U�

WDEHO�XQWXN�GHJUHH�RI� IUHHGRP� �GI�� �1�±����GDODP�KDO� LQL�1�PHUXSDNDQ� MXPODK�

VDPSHO��3DGD�SHQHOLWLDQ�LQL�MXPODK�VDPSHO��UHVSRQGHQ��\DQJ�GLJXQDNDQ�\DLWX�1� �

���GDQ�EHVDU�GI�GDSDW�GLKLWXQJ����±��� ����GDQ�Į� ������DWDX�����'HQJDQ�GHPLNLDQ��

GLSHUROHK�QLODL�U�WDEHO�XQWXN�XML�VLJQLILNDQVL�GXD�DUDK�VHEHVDU��������VHEDJDLPDQD�

SDGD� /DPSLUDQ�� -LND� U� KLWXQJ� OHELK� EHVDU� GDUL� U� WDEHO� GDQ� EHUQLODL� SRVLWLI�� DWDX�

WLQJNDW� VLJQLILNDQVL�NHVDODKDQ� �� �����PDND� VHWLDS� SHUWDQ\DDQ� �YDULDEHO�� WHUVHEXW�

GLQ\DWDNDQ�YDOLG� �-DQWL���������'HQJDQ�NDWD� ODLQ�� MLND�U�KLWXQJ� OHELK�NHFLO�GDUL�U�

WDEHO� PDND� YDULDEHO� WLGDN� GDSDW� GLNDWDNDQ� YDOLG�� 8ML� UHDELOLWDV� GDSDW� GLODNXNDQ�

VHWHODK�KDVLO�XML�YDOLGLWDV�GLSHUROHK��

5HOLDELOLWDV� EHUDUWL� VHMDXK� PDQD� KDVLO� VXDWX� SHQJXNXUDQ� GDSDW� GLSHUFD\D��

0DWRQGDQJ� ������� PHQJDWDNDQ� EDKZD� VHWLDS� KDVLO� SHQJXNXUDQ� GDSDW� GLSHUFD\D�

DSDELOD� WHODK� GLODNVDQDNDQ� SHQJXNXUDQ� EHEHUDSD� NDOL� WHUKDGDS� NHORPSRN� VXEMHN�

\DQJ�VDPD��GDQ�GLSHUROHK�KDVLO�SHQJXNXUDQ�\DQJ�UHODWLI�VDPD��

%HUGDVDUNDQ�EXNX�NDU\D�'MDDOL���������0DWRQGDQJ��������PHQJDWDNDQ�EDKZD�XML�

UHOLDELOLWDV� GDSDW� GLODNXNDQ� GHQJDQ� SHQGHNDWDQ� &URQEDFK� $OSKD�� \DLWX� VHEDJDL�

EHULNXW��

ݎ ൌ ቀ
݊

݊ െ ͳ
ቁ ൈ ቆͳ െ

σߪ
ଶ

௧ߪ
ଶ ቇ ,,,��

.HWHUDQJDQ��

ݎ �������ൌ�.RHILVLHQ�UHOLDELOLWDV�

݊��������� ൌ�%DQ\DNQ\D�SHUWDQ\DDQ�DWDX�YDULDEHO�

ݎ ��������ൌ�.RHILVLHQ�UHOLDELOLWDV��&URQEDFK�$OSKD��

σߪ
ଶ ���ൌ�-XPODK�YDULDQV�VNRU�VHWLDS�LWHP�
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௧ߪ
ଶ �������ൌ�9DULDQV�WRWDO�

8ML�UHOLDELOLWDV�MXJD�GLODNXNDQ�GHQJDQ�PHPEDQGLQJNDQ�QLODL�U�KLWXQJ��DWDX�GLVHEXW�

MXJD�QLODL�FRUUHFWHG�LWHP�±�WRWDO�FRUUHODWLRQ�SDGD�RXWSXW�&URQEDFK�DOSKD��GHQJDQ�

QLODL�U� WDEHO� XQWXN�GHJUHH�RI� IUHHGRP� �GI�� �1�±���� GDODP�KDO� LQL�1�PHUXSDNDQ�

MXPODK� VDPSHO�� 3DGD� SHQHOLWLDQ� LQL� MXPODK� VDPSHO� �UHVSRQGHQ�� \DQJ� GLJXQDNDQ�

\DLWX�1� ����GDQ�EHVDU�GI�GDSDW�GLKLWXQJ����±��� ����GDQ�Į� ������DWDX�����'HQJDQ�

GHPLNLDQ�� GLSHUROHK� QLODL� U� WDEHO� XQWXN� XML� VLJQLILNDQVL� GXD� DUDK� VHEHVDU� �������

VHEDJDLPDQD�SDGD�/DPSLUDQ����-LND�U�KLWXQJ�OHELK�EHVDU�GDUL�U�WDEHO�GDQ�EHUQLODL�

SRVLWLI��DWDX�WLQJNDW�VLJQLILNDQVL�NHVDODKDQ��������PDND�VHWLDS�SHUWDQ\DDQ��YDULDEHO��

WHUVHEXW�GLQ\DWDNDQ�YDOLG��-DQWL���������

$QDOLVLV�IUHNXHQVL�NHMDGLDQ�GLODNXNDQ�GHQJDQ�PHQJKLWXQJ�QLODL�UDWD�UDWD�GDUL�VHWLDS�

IDNWRU�SHQ\HEDE�GHQJDQ�PHQJJXQDNDQ�UXPXV�,,,����

ݎ݇ܵ ܽݐܴܽ െ ܽݐܽݎ ൌ
ሺͳ ൈ �ሻ  ሺʹ ൈ �ሻ  ሺ͵ ൈ �ሻ  ሺͶ ൈ �ሻ  ሺͷ ൈ �ሻ

ሺ�  �  �  �  �ሻ

,,,���

6NRU�UDWD�UDWD�IUHNXHQVL�NHMDGLDQ�GDUL�VHWLDS�YDULDEHO�EHUJXQD�XQWXN�PHQJKDVLONDQ�

VXDWX�QLODL�\DQJ�PHZDNLOL�VHOXUXK�QLODL�SDGD�VNDOD��$SDELOD�QLODL�OHELK�EHVDU�GDUL���

PHQ\DWDNDQ�GDWD�WHUVHEXW�³QHWUDO´�KLQJJD�³VDQJDW�SRVLWLI´��VHPHQWDUD�QLODL�GL�EDZDK�

�� PHQ\DWDNDQ� EDKZD� GDWD� WHUVHEXW� EHUXSD� ³QHJDWLI´� KLQJJD� ³VDQJDW� QHJDWLI´�

�'HFNHU�� ������� 'DODP� KDOQ\D� IUHNXHQVL� NHMDGLDQ� \DLWX� $� PHUXSDNDQ� MXPODK�

UHVSRQGHQ� \DQJ� PHQMDZDE� ³WLGDN� SHUQDK´�� %� XQWXN� UHVSRQGHQ� GHQJDQ� MDZDEDQ�

³MDUDQJ´��&�PHZDNLOL�UHVSRQGHQ�GHQJDQ�SLOLKDQ�³WHUNDGDQJ´��'�PHPLOLK�³VHULQJ´�

GDQ�(�PHQMDZDE�³VHODOX´��

7DEHO�,,,����6NDOD�LQWHUYDO�
5HQWDQJ�1LODL� )UHNXHQVL� 5HQWDQJ�3HUVHQWDVH�

����[���� -DUDQJ ��� ������
����[���� 7HUNDGDQJ ���� ������
����[���� 6HULQJ ���� ������
����[���� 6HODOX ���� ����



��

6HWHODK� KDVLO� IUHNXHQVL� NHMDGLDQ� GLWHPXNDQ�� GDWD� \DQJ� WHODK� GLSHUROHK� SHUOX�

GLODNXNDQ� LQWHUSUHWDVL�� ,QWHUSUHWDVL� GDWD� GLODNXNDQ� GHQJDQ� WXMXDQ� DJDU� SHPEDFD�

PHPDKDPL�PDNVXG�GDUL�KDVLO�\DQJ�WHODK�GLSHUROHK��3DGD�SHQHOLWLDQ�LQL��LQWHUSUHWDVL�

GDWD� \DQJ� GLJXQDNDQ� \DLWX� GHQJDQ� PHQJJXQDNDQ� GHVNWLSVL� QDUDWLI�� 'HQJDQ�

GHPLNLDQ��GDWD�\DQJ�WHODK�GLSHUROHK�GDSDW�GLODNXNDQ�XML�YDOLGLWDV�GDQ�XML�UHDELOLWDV��

,,,�����$QDOLVLV�'DPSDN�\DQJ�'LDNLEDWNDQ�GDUL�)DNWRU�3HQ\HEDE�

$QDOLVLV� GDPSDN� EHUWXMXDQ� XQWXN� PHQJHWDKXL� GDPSDN� \DQJ� GLDNLEDWNDQ� GDUL�

SHPED\DUDQ�EHUV\DUDW� WHUKDGDS�VXENRQWUDNWRU��3HUWDQ\DDQ�GL� WDKDS� LQL�UHVSRQGHQ�

GLPLQWD�XQWXN�PHQXQMXNNDQ�GDPSDN�DSD�VDMD�\DQJ�GLDNLEDWNDQ�GDUL�VHWLDS�YDULDEHO��

3DGD�NRORP�³GDPSDN�\DQJ�GLDNLEDWNDQ´�WHUGDSDW�SLOLKDQ�EHUXSD�JDQJJXDQ�DUXV�NDV��

NLQHUMD�PHQXUXQ��VHQJNHWD�DQWDU�SLKDN�GDQ�NHEDQJNUXWDQ���

6HWLDS�UHVSRQGHQ�GLSHUEROHKNDQ�PHQXQMXNNDQ�OHELK�GDUL�VDWX�MDZDEDQ�GDPSDN�\DQJ�

GLDNLEDWNDQ�� 6HODLQ� LWX�� UHVSRQGHQ� GLSHUEROHKNDQ� XQWXN� WLGDN� PHQXQMXNNDQ�

MDZDEDQ� GDPSDN� \DQJ� GLDNLEDWNDQ�� +DO� LQL� GLNDUHQDNDQ� WHUGDSDW� VHEDJLDQ�

UHVSRQGHQ�\DQJ�PHQJDODPL�GDPSDN�OHELK�GDUL�VDWX��GDQ�VHEDJLDQ�WLGDN�PHQJDODPL�

GDPSDN�DSDSXQ�GDUL�EHEHUDSD�YDULDEHO�WHUVHEXW��2OHK�NDUHQD�LWX��DQDOLVLV�GDPSDN�

\DQJ�GLDNLEDWNDQ�GDUL�VHWLDS�IDNWRU�SHQ\HEDE�GLODNXNDQ�GHQJDQ�PHPSHUROHK�QLODL�

PRGXV�DWDX�QLODL�\DQJ�SDOLQJ�EDQ\DN�PXQFXO�GDUL�VHWLDS�YDULDEHO��1LODL�PRGXV�GDUL�

GDPSDN� GLJXQDNDQ� XQWXN�PHPSHUPXGDK� GDODP� SHQHQWXDQ� GDPSDN� EHUDUWL� \DQJ�

GLSHQJDUXKL�ROHK�VHWLDS�IDNWRU�SHQ\HEDE��


