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SHQHOLWLDQ�NDUHQD�PHQXUXW�SHQJDPDWDQ�SHQHOLWL�NHSXDVDQ�NHUMD�GL�SHUXVDKDDQ�

LQL�GLSHQJDUXKL�ROHK�EXGD\D�RUJDQLVDVL�

:DNWX� \DQJ� GLODNVDQDNDQ� GDODP� SHQHOLWLDQ� EHUODQJVXQJ� VHODPD� HPSDW

EXODQ� WHUKLWXQJ PXODL� EXODQ� $SULO ����� VDPSDL� GHQJDQ� EXODQ� -XOL ������

3HQHOLWL�GDSDW�PHPIRNXVNDQ�GLUL�GDODP�SHQHOLWLDQ�GDODP�ZDNWX�WHUVHEXW�NDUHQD�

ZDNWX� WHUVHEXW� PHUXSDNDQ� ZDNWX� \DQJ� VDQJDW� HIHNWLI� GDQ� H:DNWX� WHUVHEXW�

PHUXSDNDQ� ZDNWX� \DQJ� HIHNWLI� GDQ� HILVLHQ� EDJL� SHQHOLWL� XQWXN� PHODNXNDQ�

SHQHOLWLDQ�VHKLQJJD�SHQHOLWL�GDSDW�PHPIRNXVNDQ�GLUL�SDGD�SHQHOLWLDQ�
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VXUYHL \DLWX�PHQGDSDWNDQ�GDWD�\DQJ�VHEHQDUQ\D�VHVXDL�IDNWD�VHFDUD�ODQJVXQJ�

GDUL� VXPEHU� \DQJ� EHUVDQJNXWDQ� GHQJDQ� SHQGHNDWDQ� UHJUHVL�� 'DWD� \DQJ�
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��$UDK +XEXQJDQ DQWDU�GXD�YDULDEHO

&� 3RSXODVL�GDQ�6DPSOLQJ

0HQXUXW� 6XJL\RQR� �������3RSXODVL� DGDODK� JHQHUDOLVDVL� \DQJ� WHUGLUL� GDUL�

REMHN� DWDX� VXEMHN� \DQJ� PHPSXQ\DL� NXDOLWDV� GDQ� NDUDNWHULVWLN� WHUWHQWX� \DQJ�

GLWHWDSNDQ�ROHK�SHQHOLWL�XQWXN�GLSHODMDUL�GDQ�NHPXGLDQ GLWDULN�NHVLPSXODQQ\D�

-XPODK�SRSXODVL�GDUL�SHQHOLWLDQ� LQL� DGDODK� VHOXUXK�NDU\DZDQ�37�22/& SDGD�
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VDPSHO� DGDODK� EDJLDQ� GDUL� SRSXODVL� 0DND� VDPSHO� \DQJ� DNDQ� GLDPELO� GDODP�
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6XPEHU��GDWD�GLRODK�ROHK�SHQHOLWL
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%XGD\D� RUJDQLVDVL� DGDODK� SHPDNQDDQ� EHUVDPD� VHOXUXK� DQJJRWD�

RUJDQLVDVL�\DQJ�EHUNDLWDQ�GHQJDQ�QLODL��NH\DNLQDQ��WUDGLVL�GDQ�FDUD�EHUSLNLU�

XQLN� \DQJ� GL\DNLQL�� GLVLNDSL�� GLDQXW� GDQ� GLODNVDQDNDQ� VHEDJDL� SHGRPDQ�

RUJDQLVDVL� \DQJ� PHPEHGDNDQ� RUJDQLVDVL� VDWX� GDUL� RUJDQLVDVL� \DQJ� ODLQ��

GDODP�XVDKD�SHQFDSDLDQ�WXMXDQ�SHUXVDKDDQ�\DQJ�WHODK�GLWHWDSNDQ�
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'DODP�SHQHOLWLDQ�LQL��EXGD\D�RUJDQLVDVL�PHUXSDNDQ�GDWD�SULPHU�\DQJ�

GLGDSDW� PHODOXL� SHQJXNXUDQ� \DQJ� GLSHUROHK� GDUL� UHVSRQGHQ� GHQJDQ�

PHQJJXQDNDQ� NXHVLRQHU� \DQJ� EHULVL� EXWLU� SHUWDQ\DDQ�PHQJHQDL� LQGLNDWRU�
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3URVHV�YDOLGDVL�GLODNXNDQ�GHQJDQ�PHQJDQDOLVLV�GDWD�XML�FRED�LQVWUXPHQ

\DLWX YDOLGLWDV�EXWLU�GHQJDQ�PHQJJXQDNDQ�NRHILVLHQ�NRUHODVL�DQWDU�VNRU�EXWLU�
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LQVWUXPHQ ILQDO�XQWXN�PHQJXNXU�YDULDEHO EXGD\D�RUJDQLVDVL�

�� .HSXDVDQ�.HUMD

D� 'HILQLVL�.RQVHSWXDO

.HSXDVDQ� NHUMD� DGDODK� HYDOXDVL� LQGLYLGX� VHFDUD� NHVHOXUXKDQ� \DQJ�

PHQJJDPEDUNDQ�VHVHRUDQJ�SHUDVDDQ�VHVHRUDQJ�DWDV�VLNDS�VHQDQJ�DWDX�WLGDN�
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UHOLDELOLWDV� GHQJDQ� PHQJJXQDNDQ� XML� UHOLDELOLWDV� \DNQL� $OSKD� &URQEDFK�

5XPXV�$OSKD�&URQEDFK��\DLWX�

UL� ቂ
௞

௞ିଵ
ቃ ቂͳ െ

σௌ௜ð

ௌ௧ð
ቃ

.HWHUDQJDQ�

UL ��5HOLDELOLWDV�LQVWUXPHQ

N ��%DQ\DN�EXWLU�SHUQ\DWDDQ��\DQJ�YDOLG�

�6L� ��-XPODK�YDULDQV�VNRU�EXWLU

6W� ��9DULDQ�VNRU�WRWDO

9DULDQ�EXWLU LWX� VHQGLUL�GDSDW�GLSHUROHK�GHQJDQ�PHQJJXQDNDQ� UXPXV�

VHEDJDL�EHULNXW�

��ଶ ൌ ଶ݅ܺߑ݊ െ ሺ݅ܺߑሻଶ

݊ሺ݊ െ ͳሻ

6HGDQJNDQ�YDULDQ WRWDO�GLFDUL�PHQJJXQDNDQ UXPXV�VHEDJDL�EHULNXW��

��ଶ ൌ ଶݐܺߑ݊ െ ሺݐܺߑሻଶ

݊ሺ݊ െ ͳሻ

.HWHUDQJDQ�

6L� ��9DULDQV�EXWLU

�;L ��-XPODK�EXWLU�VRDO
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�;W ��-XPODK�EXWLU�VRDO�WRWDO

�;W� ��-XPODK�GDUL�KDVLO�NXDGUDW�WRWDO�VRDO

�;L� ��-XPODK�EXWLU�VRDO�\DQJ�GLNXDGUDWNDQ

Q ��%DQ\DNQ\D�VXE\HN�SHQHOLWLDQ

7DEHO�,,,��
7DEHO�,QWHUSUHWDVL

1LODL�5HOLDELOLWDV ,QWHUSUHWDVL

������± ����� 6DQJDW�7LQJJL

������± ����� 7LQJJL

������± ����� &XNXS

������± ����� 5HQGDK

������± ����� 6DQJDW�5HQGDK

%HUGDVDUNDQ�KDVLO�SHUKLWXQJDQ��GLGDSDWNDQ� U VHEHVDU���������+DO�

LQL�PHQXQMXNNDQ�EDKZD�NRHILVLHQ� UHOLDELOLWDV WHV�WHUPDVXN�GDODP�NDWHJRUL�

������� ± �������� PDND� LQVWUXPHQ GLQ\DWDNDQ� PHPLOLNL� UHOLDELOLWDV� \DQJ�

VDQJDW� WLQJJL�� 'HQJDQ� GHPLNLDQ� GDSDW� GLNDWDNDQ� EDKZD� LQVWUXPHQ \DQJ�

EHUMXPODK� ��� EXWLU� SHUWDQ\DDQ� LQLODK� \DQJ� DNDQ� GLJXQDNDQ� VHEDJDL�

LQVWUXPHQ ILQDO�XQWXN�PHQJXNXU�YDULDEHO EXGD\D�RUJDQLVDVL��������

(� 7HNQLN�$QDOLVLV�'DWD

7HNQLN� DQDOLVLV� GDWD� GLODNXNDQ GHQJDQ� PHQJDQDOLVLV� GDWD�� GLODNXNDQ�

HVWLPDVL�SDUDPHWHU�PRGHO�UHJUHVL�\DQJ�DNDQ�GLJXQDNDQ��3HQJRODKDQ�GDWD�GDODP�

SHQHOLWLDQ� LQL� PHQJJXQDNDQ� SURJUDP� 0LFURVRIW� ([FHO� YHUVL� ������ $GDSXQ�

ODQJNDK�ODQJNDK�GDODP�PHQJDQDOLVLV�GDWD�DGDODK�VHEDJDL�EHULNXW�
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�� 8ML�5HJUHVL�6HGHUKDQD

8ML�UHJUHVL�GLODNXNDQ�XQWXN�PHQGDSDWNDQ�KXEXQJDQ�IXQJVLRQDO DQWDUD�

GXD�YDULDEHO DWDX�OHELK�XQWXN�PHQGDSDWNDQ�SHQJDUXK�DQWDU�YDULDEHO EHEDV�

GHQJDQ� YDULDEHO WHULNDW�� $GDSXQ� UXPXV� XQWXN� SHUKLWXQJDQ� SHUVDPDDQ�

UHJUHVL�OLQHDU�VHGHUKDQD�DGDODK�VHEDJDL�EHULNXW��

Ǔ  �D��E;

.HWHUDQJDQ�

< � 9DULDEHO�WHULNDW

; � 9DULDEHO�EHEDV

D ��.RQVWDQWD�UHJUHVL

E ��.RHILVLHQ�UHJUHVL

$GDSXQ�XQWXN�PHQFDUL�SHUVDPDDQ�UHJUHVL�GLSHUJXQDNDQ�UXPXV�

D� ���¦<L���¦;Lð��± �¦;L���¦;L<L� E� ���Q��¦;L<L�± �¦;L� �¦<L�

Q��¦;Lð�� �¦;L�ð Q����¦ ;Lð�� �¦;L�ð

.HWHUDQJDQ�

�< ��-XPODK�VNRU�<

�; ��-XPODK�VNRU�;

Q ��-XPODK�VDPSHO

D� ��.RQVWDQWD�UHJUHVL

E� ��.RHILVLHQ�UHJUHVL

�� 8ML�3HUV\DUDWDQ�$QDOLVLV

8ML�SHUV\DUDWDQ�DQDOLVLV GDODP�SHQHOLWLDQ�LQL�EHUIXQJVL�XQWXN�PHQJXML�

DSDNDK�JDODW�WDNVLUDQ�UHJUHVL�<�DWDV�;�EHUGLVWULEXVL�QRUPDO�DWDX�WLGDN�
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D� 8ML�1RUPDOLWDV

8ML� QRUPDOLWDV� EHUWXMXDQ� XQWXN� PHQJHWDKXL� DSDNDK� GDWD�

EHUGLVWULEXVL QRUPDO� DWDX� WLGDN�� 0HWRGH� SHQJXMLDQ� QRUPDOLWDV� SDGD�

SHQHOLWLDQ� LQL� DGDODK� GHQJDQ� PHQJJXQDNDQ� XML /LOLHIRUV� GDQ� 1RUPDO�

3UREDELOLW\�3ORW�SDGD�WDUDI�VLJQLILNDQ��D�� �������GHQJDQ�PHQJJXQDNDQ�

UXPXV�VHEDJDL�EHULNXW��

/R� �_�)���=L���± 6���=L���_

.HWHUDQJDQ�

)��=L� ��3HOXDQJ�DQJND�EDNX

6��=L� ��3URSRUVL�DQJND EDNX

/�R ��/�REVHUYDVL��KDUJD�PXWODN�WHUEHVDU�

+LSRWHVLV�6WDWLVWLN�

+R ��UHJUHVL�<�DWDV�;�EHUGLVWULEXVL�QRUPDO

+D ��UHJUHVL�<�DWDV�;�EHUGLVWULEXVL�WLGDN�QRUPDO

.ULWHULD� SHQJDPELODQ� NHSXWXVDQ� XML� QRUPDOLWDV� GHQJDQ�

PHQJJXQDNDQ�XML�/LOLHIRUV DGDODK�MLND�/KLWXQJ���/WDEHO� PDND�GDWD�GLVHEXW�

EHUGLVWULEXVL� QRUPDO�� 6HEDOLNQ\D� MLND� /KLWXQJ� �� /WDEHO PDND� GDWD� WLGDN�

EHUGLVWULEXVL�QRUPDO�

E� 8ML�/LQHDULWDV

8ML� OLQHDULWDV� GLJXQDNDQ� XQWXN�PHQJHWDKXL� DSDNDK�PRGHO� UHJUHVL�

EHUJDQGD� SDGD� SHQHOLWLDQ EHUVLIDW� OLQHDU� DWDX� WLGDN� VHFDUD� VLJQLILNDQ��

9DULDEHO GLNDWDNDQ�PHPLOLNL�KXEXQJDQ�\DQJ�OLQHDU�DSDELOD�)KLWXQJ���)WDEHO�
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�� 8ML�+LSRWHVLV

D� 8ML�.HEHUDUWLDQ�5HJUHVL

8ML� NHEHUDUWLDQ� UHJUHVL� GLODNXNDQ� XQWXN� PHQJHWDKXL� DSDNDK�

KXEXQJDQ�YDULDEHO SUHGLFWRU��;��GHQJDQ�YDULDEHO NULWHULXP��<��EHUDUWL�

VHFDUD�VLJQLILNDQ�DWDX�WLGDN�

E� 8ML�.RHILVLHQ�.RUHODVL

8QWXN�PHPEXNWLNDQ�DSDNDK� WHUGDSDW� SHQJDUXK� DQWDUD� YDULDEHO ;�

GDQ� YDULDEHO <�� PDND� SHUOX� GLODNXNDQ� XML� NRHILVLHQ� NRUHODVL�

PHQJJXQDNDQ� UXPXV� NRHILVLHQ� NRUHODVL� SURGXFW�PRPHQW GDUL� 3HDUVRQ�

GHQJDQ�UXPXV�VHEDJDL�EHULNXW�

U[\� �
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� � � �^ ` � � � �^ `���� <<�Q;;�Q

<;;<�Q

6�66�6

66�6

.HWHUDQJDQ�

U[\ ���.RHILVLHQ�NRUHODVL�SURGXFW�PRPHQW

Q ���-XPODK�UHVSRQGHQ�

¦; ���-XPODK�VNRU�YDULDEHO�;

¦< ���-XPODK�VNRU�YDULDEHO�<�

¦;� ���-XPODK�NXDGUDW�VNRU�YDULDEHO�;

¦<� ���-XPODK�NXDGUDW�VNRU�YDULDEHO�<
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F� 8ML�.HEHUDUWLDQ�.RUHODVL��8ML�W�

8QWXN� PHQJHWDKXL� WLQJNDW� VLJQLILNDQVL� NRHILVLHQ� NRUHODVL� DQWDUD�

YDULDEHO ;� GHQJDQ� YDULDEHO <� GDSDW� PHQJJXQDNDQ� XML� W� VHEDJDL� DODW�

SHQJXNXUQ\D��.ULWHULD�SHQJXMLDQQ\D DGDODK�+R�GLWHULPD�DSDELOD�WKLWXQJ���

WWDEHO�� VHGDQJNDQ� +R� GLWRODN� DSDELOD� WKLWXQJ� �� WWDEHO�� .RUHODVL� VLJQLILNDQ�

DSDELOD�+L�GLWHULPD�

����

�

U

QU
WKLWXQJ

�

�
 

.HWHUDQJDQ�

W�KLWXQJ� ��VNRU�VLJQLILNDQVL�NRHILVLHQ�NRUHODVL

U ��NRHILVLHQ�NRUHODVL�SURGXFW�PRPHQW

Q ��EDQ\DNQ\D�VDPSHO���GDWD

+LSRWHVLV�6WDWLVWLN��

+R ��ȡ� �

+L� ��ȡ! �

.ULWHULD�3HQJXMLDQ��

+R GLWRODN� MLND� WKLWXQJ!� WWDEHO GDQ +R GLWHULPD� MLND� WKLWXQJ�� WWDEHO�� EHUDUWL�

.RHILVLHQ�NRUHODVL�VLJQLILNDQ�MLND�WKLWXQJ!�WWDEHO

+DO�LQL�GLODNXNDQ�SDGD�WDUDI�VLJQLILNDQ������GHQJDQ�GHUDMDW�NHEHEDVDQ�

�'.�� �Q����'HQJDQ�GHPLNLDQ�GDSDW�GLVLPSXONDQ�DQWDUD�YDULDEHO�;�GDQ�

<�WHUGDSDW�KXEXQJDQ�\DQJ�SRVLWLI�
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�� .RHILVLHQ�'HWHUPLQDVL

8QWXN�PHQJHWDKXL VHEHUDSD� EHVDU� SHQJDUXK� YDULDEHO ;� GHQJDQ� <��

PDND�GDSDW�PHQJJXQDNDQ XML�NRHILVLHQ�GHWHUPLQDVL��

.'� �U[\�[�����

.HWHUDQJDQ�

.' ��.RHILVLHQ�GHWHUPLQDVL

U[\� ��.RHILVLHQ�NRUHODVL�SURGXFW�PRPHQW


