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��� 0HWRGH�*HROLVWULN

*HROLVWULN DGDODK� VDODK� VDWX� PHWRGH JHRILVLND� \DQJ� GLGDVDUNDQ� SDGD� SHQHUDSDQ�

NRQVHS� NHOLVWULNDQ� SDGD� PDVDODK� NHEXPLDQ�� 7XMXDQQ\D� DGDODK� XQWXN�

PHPSHUNLUDNDQ� VLIDW� NHOLVWULNDQ�PHGLXP� DWDX� IRUPDVL� EDWXDQ� EDZDK SHUPXNDDQ�

WHUXWDPD� NHPDPSXDQQ\D� XQWXN� PHQJKDQWDUNDQ� DWDX� PHQJKDPEDW� OLVWULN�

�NRQGXNWLYLWDV�DWDX�UHVLVWLYLWDV� �/HJJHW��������

3DGD PHWRGH�JHROLVWULN�UHVLVWLYLWDV��DUXV�OLVWULN�GLLQMHNVLNDQ�NH GDODP�EXPL�PHODOXL�

GXD� HOHNWURGD� DUXV� �&��� .HPXGLDQ� EHGD� SRWHQVLDO� GLXNXU� PHODOXL� GXD� HOHNWURGD�

SRWHQVLDO��3���'HQJDQ�DGDQ\D�DOLUDQ�DUXV�OLVWULN�WHUVHEXW�PDND�DNDQ�PHQLPEXONDQ�

WHJDQJDQ� OLVWULN� GDODP� WDQDK�� 7HJDQJDQ� OLVWULN� \DQJ� WHUMDGL� GL� SHUPXNDDQ� WDQDK�

GLXNXU�GHQJDQ�PHQJJXQDNDQ�PXOWLPHWHU�\DQJ�GLKXEXQJNDQ�GHQJDQ�GXD�HOHNWURGD�

SRWHQVLDO��3��

5HVLVWLYLWDV�GLWHQWXNDQ�GDUL�VXDWX�WDKDQDQ�MHQLV�VHPX�\DQJ�GLKLWXQJ�GDUL�SHQJXNXUDQ�

SHUEHGDDQ� SRWHQVLDO DQWDUD� HOHNWURGD� \DQJ� GLWHPSDWNDQ� GL� EDZDK� SHUPXNDDQ��

3HQJXNXUDQ�VXDWX�EHGD�SRWHQVLDO�DQWDUD�GXD�HOHNWURGD�VHEDJDL�KDVLO�GXD�HOHNWURGD�

ODLQ�SDGD�WLWLN�& \DLWX�WDKDQDQ�MHQLV�GL�EDZDK�SHUPXNDDQ�WDQDK�GL�EDZDK�HOHNWURGD

�7RRG��������

*DPEDU���� .RQILJXUDVL�HOHNWURGD�SDGD�PHWRGH�JHROLVWULN��7RRG�������
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����� 6LIDW�.HOLVWULNDQ %DWXDQ

%DWXDQ�DGDODK�PLQHUDO�\DQJ�PHPSXQ\DL�GD\D�KDQWDU�OLVWULN�GDQ�KDUJD�WDKDQDQ�MHQLV�

WHUWHQWX�� %DWXDQ� \DQJ� VDPD� EHOXP� WHQWX� PHPSXQ\DL� WDKDQDQ� MHQLV \DQJ� VDPD��

6HEDOLNQ\D� KDUJD� UHVLVWLYLWDV� \DQJ� VDPD� ELVD� GLPLOLNL� ROHK� EDWXDQ�EDWXDQ� \DQJ�

EHUEHGD��KDO�LQL�WHUMDGL�NDUHQD�QLODL�UHVLVLWLYLWDV�DWDX�WDKDQDQ�MHQLV�EDWXDQ�PHPLOLNL�

UHQWDQJ�QLODL�\DQJ�ELVD�VDOLQJ�WXPSDQJ WLQGLK��

6LIDW�NHOLVWULNDQ�EDWXDQ�DGDODK�NDUDNWHULVWLN�GDUL�EDWXDQ MLND GLDOLUNDQ�DUXV�OLVWULN�NH�

GDODPQ\D�� $UXV� OLVWULN� LQL� GDSDW� EHUDVDO� GDUL� DODP� LWX� VHQGLUL� \DQJ� GLDNLEDWNDQ�

WHUMDGLQ\D� NHWLGDNVHLPEDQJDQ� DWDXSXQ� DUXV� OLVWULN� \DQJ� VHQJDMD� GLPDVXNNDQ� NH�

GDODP EDWXDQ�WHUVHEXW�

0HQXUXW �7HOIRUG��GNN�������� GLJRORQJNDQ�WLJD�PDFDP�DOLUDQ�DUXV�OLVWULN�GL�GDODP�

EDWXDQ�GDQ�PLQHUDO�\DLWX�

�� .RQGXNVL�6HFDUD�(OHNWURQLN

.RQGXNVL� LQL� WHUMDGL� MLND�EDWXDQ�DWDX�PLQHUDO�PHPSXQ\DL�EDQ\DN� HOHNWURQ�EHEDV�

VHKLQJJD� DUXV� OLVWULN� GLDOLUNDQ� GDODP� EDWXDQ� DWDX�PLQHUDO� ROHK� HOHNWURQ�HOHNWURQ�

EHEDV� WHUVHEXW��$UXV� OLVWULN� LQL� GLSHQJDUXKL� ROHK� VLIDW� DWDX� NDUDNWHULVWLN�PDVLQJ�

PDVLQJ�EDWXDQ�\DQJ�GLOHZDWLQ\D� 6DODK�VDWX�VLIDW�DWDX�NDUDNWHULVWLN�EDWXDQ�DGDODK�

UHVLVWLYLWDV� �WDKDQDQ� MHQLV��� 6HPDNLQ� EHVDU� QLODL� UHVLVWLYLWDV� VXDWX� EDKDQ� PDND�

VHPDNLQ�VXOLW�EDKDQ�WHUVHEXW�PHQJKDQWDUNDQ�OLVWULN��%HJLWX�SXOD�VHEDOLNQ\D�DSDELOD�

QLODL� UHVLVWLYLWDVQ\D� UHQGDK� PDND� DNDQ� VHPDNLQ� PXGDK� EDKDQ� WHUVHEXW�

PHQJKDQWDUNDQ�DUXV�OLVWULN��

*DPEDU���� 6LOLQGHU�NRQGXNWRU �7HOIRUG� GNN��������

-LND�GLWLQMDX�VLOLQGHU�NRQGXNWRU�GHQJDQ�SDQMDQJ�/��OXDV�SHQDPSDQJ�$� GDQ�UHVLVWDQVL�

5��PDND�GDSDW�GLUXPXVNDQ�
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'LPDQD� ߩ DGDODK� UHVLVWLYLWDV� �WDKDQDQ� MHQLV�� ��P��� / DGDODK� SDQMDQJ� VLOLQGHU�

NRQGXNWRU� �P��� $ DGDODK� OXDV� SHQDPSDQJ� VLOLQGHU� NRQGXNWRU� �P���� 5 DGDODK�

UHVLVWDQVL�����

6HGDQJNDQ�PHQXUXW�KXNXP�2KP��UHVLVWDQVL�5 GLUXPXVNDQ�

ܴ ൌ
௏

ூ
�����

'LPDQD�5 DGDODK�UHVLVWLYLWDV������9 DGDODK�EHGD�SRWHQVLDO��YROW���, DGDODK�NXDW�DUXV

�DPSHUH��

'DUL�NHGXD�UXPXV�WHUVHEXW�GLGDSDWNDQ�QLODL�UHVLVWLYLWDV��ߩ��VHEHVDU�

ߩ ൌ
௏஺

ூ௅
�����

%DQ\DN�RUDQJ�VHULQJ�PHQJJXQDNDQ�VLIDW�NRQGXNWLYLWDV��ı��EDWXDQ�\DQJ�PHUXSDNDQ�

NHEDOLNDQ�GDUL�UHVLVWLYDV��ߩ� GHQJDQ�VDWXDQ�RKP�P�

ߪ ൌ
ଵ

ఘ
ൌ

ூ௅

௏஺
ൌ ቀ

ூ

஺
ቁ ቀ

௅

௏
ቁ ൌ

௃

ா
�����

'LPDQD�- DGDODK�UDSDW�DUXV��DPSHUH�P����( DGDODK�PHGDQ�OLVWULN��YROW�P��

�� .RQGXNVL�6HFDUD�(OHNWUROLWLN

%DWXDQ� ELDVDQ\D� EHUVLIDW� SRURXV GDQ�PHPLOLNL� SRUL�SRUL� \DQJ� WHULVL� ROHK� IOXLGD��

WHUXWDPD� DLU�� %DWXDQ�EDWXDQ� WHUVHEXW� PHQMDGL� NRQGXNWRU� HOHNWUROLWLN�� GLPDQD�

NRQGXNVL�DUXV�OLVWULN�GLEDZD�ROHK�LRQ�LRQ�HOHNWUROLWLN�GDODP�DLU�

.RQGXNWLYLWDV�GDQ�UHVLVWLYLWDV�EDWXDQ�SRURXV EHUJDQWXQJ�SDGD�YROXPH�GDQ�VXVXQDQ�

SRULQ\D�� .RQGXNWLYLWDV� DNDQ� VHPDNLQ� EHVDU� MLND� NDQGXQJDQ� DLU� GDODP� EDWXDQ�

EHUWDPEDK�EDQ\DN��VHEDOLNQ\D�UHVLVWLYLWDV�DNDQ�VHPDNLQ�EHVDU�MLND�NDQGXQJDQ�DLU�

GDODP�EDWXDQ�EHUNXUDQJ�

0HQXUXW�SHUVDPDDQ�$UFKLH�

௘ߩ ൌ ௪ߩ௠ܵି௡ି׎ܽ �����
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௘ߩ DGDODK� UHVLVWLYLWDV�EDWXDQ� ��P�׎�� DGDODK�SRURVLWDV��6�DGDODK� IUDNVL�SRUL�SRUL�

\DQJ� EHULVL� DLU GDQ� ௪ߩ DGDODK� UHVLVWLYLWDV� DLU�� VHGDQJNDQ� D� P� GDQ� Q� DGDODK�

NRQVWDQWD��P�GLVHEXW�MXJD�IDNWRU�VHPHQWDVL�

�� .RQGXNVL�6HFDUD�'LHOHNWULN

.RQGXNVL�LQL�WHUMDGL�SDGD�EDWXDQ�\DQJ�PHPSXQ\DL�HOHNWURQ�EHEDV�VHGLNLW�EDKNDQ�

WLGDN� DGD� VDPD� VHNDOL�� .DUHQD� DGDQ\D� SHQJDUXK� PHGDQ� OLVWULN� GDUL� OXDU�� PDND�

HOHNWURQ�HOHNWURQ� GDODP� DWRP� EDWXDQ� GLSDNVD� EHUSLQGDK� GDQ� EHUNXPSXO� WHUSLVDK�

GHQJDQ� LQWLQ\D�� VHKLQJJD� WHUMDGL�SRODULVDVL��3HULVWLZD� LQL� VDQJDW�EHUJDQWXQJ�SDGD�

NRQVWDQWD�GLHOHNWULN�EDWXDQ�\DQJ�EHUVDQJNXWDQ �+HQGUDMD\D�GDQ $ULI��������

����� 3RWHQVLDO�/LVWULN�3DGD�%XPL

3RWHQVLDO� OLVWULN� DODP� DWDX� SRWHQVLDO� GLUL� GLVHEDENDQ� DGDQ\D� WHUMDGL� NHJLDWDQ�

HOHNWURNLPLD�PHNDQLN��)DNWRU�SHQJRQWURO�GDUL�VHPXD�NHMDGLDQ�LQL�DGDODK�DLU�WDQDK��

3RWHQVLDO� LQL�EHUDVRVLDVL�GHQJDQ�SHODSXNDQ�PLQHUDO�SDGD�ERGL�VXOILGD��SHUEHGDDQ�

VLIDW� EDWXDQ� �NDQGXQJDQ� PLQHUDO�� SDGD� NRQWDN� JHRORJL�� NHJLDWDQ� ELROHNWULN� GDUL�

PDWHUL�RUJDQLN�NRURVL��JUDGLHQ�WHUPDO�GDQ�JUDGLHQ�WHNDQDQ��3RWHQVLDO�DODP�LQL�GDSDW�

GLNHORPSRNNDQ�PHQMDGL���\DLWX�

�� 3RWHQVLDO�(OHNWURNLQHWLN

3RWHQVLDO�LQL�GLVHEDENDQ�ELOD�VXDWX�ODUXWDQ�EHUJHUDN�PHODOXL�VXDWX�SLSD�NDSLOHU�

DWDX�PHGLXP�\DQJ�EHUSRUL�

�� 3RWHQVLDO�'LIIXVL

3RWHQVLDO�LQL�GLVHEDENDQ�ELOD�WHUMDGL�SHUEHGDDQ�PRELOLWDV�GDUL�LRQ�GDODP�ODUXWDQ�

\DQJ�PHPSXQ\DL�NRQVHQWUDVL�EHUEHGD�

�� 3RWHQVLDO�1HUXVW

3RWHQVLDO�LQL�WLPEXO�ELOD�VXDWX�HOHNWURGD�GLPDVXNNDQ�NH�GDODP�ODUXWDQ�KRPRJHQ�

�� 3RWHQVLDO�0LQHUDOLVDVL

3RWHQVLDO� LQL� WLPEXO� ELOD� GXD� HOHNWURGD� ORJDP� GLPDVXNNDQ� NHGDODP� ODUXWDQ�

KRPRJHQ�
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����� 'DVDU�3HUXPXVDQ�3RWHQVLDO�*HROLVWULN�0HWRGH�5HVLVWLYLWDV

%XPL�GLDVXPVLNDQ�VHEDJDL�PHGLXP�\DQJ�KRPRJHQ�LVRWURSLV GLSHUOLKDWNDQ�SHUMDODQ�

DUXV�\DQJ�NRQWLQX�SDGD�PHGLXP�EXPL�VHSHUWL SDGD�*DPEDU�����

*DPEDU����0HGLXP�KRPRJHQ�LVRWURSLV�GLDOLUL�OLVWULN �+HQGUDMD\D�GDQ�$ULI�������

-LND�݀ܣԦ DGDODK�HOHPHQ�OXDV�GDQܬ�Ԧ DGDODK�NHUDSDWDQ�DUXV�OLVWULN�PDND�EHVDUQ\D�DUXV�

OLVWULN��,��GLUXPXVNDQ�

݈݀ ൌܬԦǤ Ԧܣ݀ ����D�

6HGDQJNDQ� PHQXUXW� KXNXP� 2KP� PHQJKXEXQJNDQ� UDSDW� DUXV� Ԧܬ �GDODP�

DPSHUH�PHWHU���GHQJDQ�PHGDQ� OLVWULNܧ�ሬԦ �GDODP�YROW�PHWHU��\DQJ�GLWLPEXONDQQ\D�

GLUXPXVNDQ�VHEDJDL�EHULNXW�

ሬԦܧ ൌ Ԧܬߪ ����E�

'LPDQDߪ� DGDODK�NRQGXNWLYLWDV��GDODP�VLHPHQV�PHWHU���'DODP�EHQWXN�\DQJ�LGHQWLN�

GHQJDQ�KXNXP�2KP�XQWXN�UDQJNDLDQ�OLVWULN�VHGHUKDQD��9 ,5���SHUVDPDDQ�����E��

GDSDW�GLWXOLVNDQ�VHEDJDL�

ሬԦܧ ൌ
௃റ

ఘ
����F�

-LND�PHGDQ�OLVWULN�PHUXSDNDQ�JUDGLHQ SRWHQVLDO�� ሬܸറ� PDND

ሬԦܧ ൌ െ׏ሬሬറܸ �����

റܬ ൌ െ׏ߩሬሬറܸ �����
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-LND�GL�GDODP�PHGLXP�\DQJ�GLOLQJNXSL�ROHK�SHUPXNDDQ�$ WLGDN� WHUGDSDW� VXPEHU�

DUXV�PDND��

׬ Ԧܬ
̱

஺
Ǥ Ԧܣ݀ ൌ Ͳ �����

0HQXUXW� WHRUHPD *DXVV�� LQWHJUDO� YROXPH� GDUL� GLYHUJHQVL� DUXV� \DQJ� NHOXDU� GDUL�

YROXPH��9��\DQJ�GLOLQJNXSL�SHUPXNDDQ�$ DGDODK�VDPD�GHQJDQ�MXPODK�WRWDO�PXDWDQ�

\DQJ� DGD� GL� GDODPQ\D� �UXDQJ� 9 \DQJ� GLOLQJNXSL� ROHK� SHUPXNDDQ� WHUWXWXS� $�

WHUVHEXW���VHKLQJJD��

׬ ൫׏ሬሬറǤ Ԧ൯ܸ݀ܬ ൌ Ͳ
̱

଴
������

$NLEDWQ\D�

ሬሬറǤ׏ Ԧܬ ൌ െ׏ሬሬറǤ ൫׏ߪሬሬറܸ൯ ൌ Ͳ ������

Ǥߪሬሬറ׏ ሬሬറܸ׏ ൅ ଶܸ׏ߪ ൌ Ͳ ������

-LND�NRQGXNWLYLWDV�OLVWULN�PHGLXP��ߪ��NRQVWDQ�PDND�VXNX�SHUWDPD�SDGD�EDJLDQ�NLUL�

SHUVDPDDQ��������EHUQLODL�QRO�VHKLQJJD�GLGDSDW�SHUVDPDDQ�/DSODFH�DWDX�SRWHQVLDO�

EHUVLIDW�+DUPRQLN �+HQGUDMD\D�GDQ $ULI��������

ଶܸ׏ ൌ Ͳ ������

'DODP�NRRUGLQDW�EROD�SHUVDPDDQ�/DSODFH�GDSDW�GLWXOLV�VHEDJDL�EHULNXW�
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ଵ

௥మୱ୧୬మఏ

డమ௏

డమ׎మ
ൌ Ͳ

$QJJDSDQ�EXPL�VHEDJDL�PHGLXP�KRPRJHQ LVRWURSLV�GLPDQD�EXPL�PHPLOLNL�VLPHWUL�

EROD�� VHKLQJJD� SRWHQVLDO� 9� PHUXSDNDQ� IXQJVL� MDUDN� �U�� VDMD�� 0DND� SHUVDPDDQ�

SRWHQVLDO�GDODP�EXPL�EHUEHQWXN�

ܸ ൌ ሺܸ௥ሻ ������

ௗమ௏ሺೝሻ

ௗ௥మ
൅

ଶ

௥

ௗ௏ሺೝሻ

ௗ௥
ൌ Ͳ ������

ሺܸ௥ሻ ൌ
஼భ

௥
൅ ଶܥ ������

'HQJDQܥ�ଵGDQܥ�ଶ DGDODK�NRQVWDQWD�VHPEDUDQJ��8QWXN�PHQHQWXNDQ�NHGXD�NRQVWDQWD�

WHUVHEXW� GLWHUDSNDQ� V\DUDW� EDWDV� \DQJ� KDUXV� GLSHQXKL� SRWHQVLDO� ሺܸ௥ሻ \DLWX�� XQWXN�
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MDUDN��U��WDN�WHUKLQJJD��U  �a��DWDX�MDUDN�\DQJ�VDQJDW�MDXK�� ሺܸ௥՜ஶሻ ൌ Ͳ VHKLQJJDܥ�ଶ

 ���GDQ�SHUVDPDDQ��������PHQMDGL�

ሺܸ௥ሻ ൌ
஼భ

௥
������

ሺܸ௥ሻ DGDODK�YROXPHܥ��ଵDGDODK�QLODL�NRQVWDQWD�GDQݎ� DGDODK�MDUDN�

����� 6DWX�7LWLN�$UXV�GL�3HUPXNDDQ

6XPEHU� DUXV� OLVWULN� WLWLN�\DQJ�GLSHUPXNDDQ�EXPL� DNDQ�PHUDPEDW�NH� VHJDOD� DUDK�

VHFDUD UDGLDO�EHUEHQWXN�VHWHQJDK�SHUPXNDDQ�EROD�GLSHUOLKDWNDQ SDGD *DPEDU����

VHKLQJJD� MXPODK� DUXV� \DQJ� NHOXDU�PHODOXL� SHUPXNDDQ� EROD�$ \DQJ� EHUMDUL�MDUL� U�

DGDODK�

ܫ ൌ ܬଶݎߨʹ �����D�

ܫ ൌ ଶݎߨʹ ቀെ
ଵ
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డ௏

డ௥
ቁ �����E�

ܫ ൌ ߨʹ
ଵ

ఘ
ଵܥ �����F�

6HKLQJJD�

ଵܥ ൌ
ூఘ

ଶగ
������

0DND�SHUVDPDDQ�SRWHQVLDO�OLVWULN�GDSDW�GLUXPXVNDQ�

ሺܸ௥ሻ ൌ
ூఘ

ଶగ௥
������

ߩ ൌ ݎߨʹ
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'HQJDQߩ� DGDODK�QLODL�UHVLVWLYLWDV�EDKDQ��EHQGD�GDODP�VDWXDQ��P �7HOIRUG��GNN���

������
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*DPEDU���� 6DWX�WLWLN�DUXV�GL�SHUPXNDDQ��7HOIRUG��GNN��������

����� 'XD�7LWLN�$UXV�GL�3HUPXNDDQ

'XD�HOHNWURGD�XQWXN�PHQJDOLUNDQ�DUXVܥ�ଵ GDQ ଶܥ EHGD�SRWHQVLDOQ\D�GLXNXU�DQWDUD���

WLWLN�GHQJDQ�GXD�HOHNWURGD�SRWHQVLD� ଵܲ GDQ� ଶܲ��$SDELOD�WHUGDSDW�HOHNWURGD�DUXV ଵܥ

\DQJ�WHUOHWDN�SDGD�SHUPXNDDQ�VXDWX�PHGLXP�KRPRJHQ��WHUDQJNDL�GHQJDQ�HOHNWURGD�

DUXV ଶܥ GDQ�GLDQWDUDQ\D�DGD�GXD�HOHNWURGD�SRWHQVLDO� ଵܲ GDQ ଶܲ \DQJ�GLEXDW�GHQJDQ�

MDUDN�WHUWHQWX�GLSHUOLKDWNDQ�SDGD�*DPEDU �����PDND�SRWHQVLDO�\DQJ�EHUDGD�GL�GHNDW�

WLWLN�HOHNWURGD�WHUVHEXW�ELVD�GLSHQJDUXKL�ROHK�NHGXD�HOHNWURGD�DUXV��2OHK�NDUHQD�LWX�

SRWHQVLDO ଵܲ \DQJ�GLVHEDENDQ�DUXV�GLܥ�ଵ GHQJDQ�PHPDVXNNDQ�QLODL U�IXQJVL�MDUDN�

GLDWDV�SDGD�3HUVDPDDQ���������PDND�SRWHQVLDO�GL�WLWLN ଵܲ DGDODK

*DPEDU���� 'XD�WLWLN�DUXV�GL�SHUPXNDDQ �7HOIRUG��GNN��������

௉ܸభ ൌ
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௥మ
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ଵݎ GDQ� ଶݎ DGDODK� MDUDN� HOHNWURGD� SRWHQVLDO� ଵܲWHUKDGDS� HOHNWURGD�HOHNWURGD� DUXV��

VHGDQJNDQ�SRWHQVLDO�GL�WLWLN� ଶܲ DGDODK�

௉ܸమ ൌ
ఘூ

ଶగ
ሺ
ଵ

௥య
െ

ଵ

௥ర
ሻ ������
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ଷݎ GDQ� ସݎ DGDODK� MDUDN� SRWHQVLDO� ଶܲ WHUKDGDS� HOHNWURGD�HOHNWURGD� DUXV�� 6HOLVLK�

SRWHQVLDO�DQWDUD���WLWLN�LWX��

οܸ ൌ ௉ܸభ െ ௉ܸమ ������

6HKLQJJD�

οܸ ൌ
ఘூ

ଶగ
ቂቀ

ଵ

௥భ
െ

ଵ

௥మ
ቁ െ ቀ

ଵ

௥య
െ

ଵ

௥ర
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%HUGDVDUNDQ�SHUVDPDDQ�������������GDQ ������PDND�EHVDUQ\D�WDKDQDQ�MHQLV�VHPX�

DGDODK

௔ߩ ൌ
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'LPDQD�� οܸ  � EHGD�SRWHQVLDO�DQWDUD� ଵܲ GDQ� ଶܲ �YROW�

,�  EHVDUQ\D�DUXV�\DQJ�GLLQMHNVLNDQ�PHODOXL�HOHNWURGDܥ�ଵ GDQܥ�ଶ

�DPSHUH�

ଵݎ  � MDUDN�DQWDUDܥ�ଵ GDQ� ଵܲ �PHWHU�

ଶݎ  � MDUDN�DQWDUDܥ�ଶ GDQ� ଶܲ �PHWHU�

ଷݎ  � MDUDN�DQWDUDܥ�ଵ GDQ� ଶܲ �PHWHU�

ସݎ  � MDUDN�DQWDUDܥ�ଶ GDQ� ଶܲ �PHWHU�

ܭ ൌ ߨʹ ቀ
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ିଵ

������

'LPDQD ܭ DGDODK� IDNWRU� JHRPHWUL� \DQJ� EHUGLPHQVL� SDQMDQJ� �PHWHU��� \DLWX� OHWDN�

NHGXD�HOHNWURGD�SRWHQVLDO�WHUKDGDS�OHWDN�NHGXD�HOHNWURGD�DUXV�PHPSHQJDUXKL�EHVDU�

EHGD�SRWHQVLDO�WHUKDGDS�OHWDN�NHGXD�HOHNWURGD�DUXV��+HQGUDMD\D�GDQ�$ULI��������

����� .RQVHS�5HVLVWLYLWDV�6HPX

0HWRGH�LQL�GLDVXPVLNDQ�EDKZD�EXPL�PHPSXQ\DL�VLIDW�KRPRJHQ�LVRWURSLV���'HQJDQ�

DVXPVL� LQL�� UHVLVWLYLWDV�\DQJ� WHUXNXU�PHUXSDNDQ� UHVLVWLYLWDV� VHEHQDUQ\D�GDQ� WLGDN�

WHUJDQWXQJ� DWDV� VSDVL� HOHNWURGD�� 3DGD� NHQ\DWDDQQ\D�� EXPL� WHUGLUL� DWDV� ODSLVDQ�

ODSLVDQ�GHQJDQ�ȡ \DQJ�EHUEHGD�EHGD�VHKLQJJD�SRWHQVLDO�\DQJ�WHUXNXU�PHUXSDNDQ�

SHQJDUXK�GDUL�ODSLVDQ�ODSLVDQ�WHUVHEXW��0DND�KDUJD�UHVLVWLYLWDV�\DQJ�WHUXNXU�EXNDQ�



��

PHUXSDNDQ�KDUJD�UHVLVWLYLWDV�XQWXN�VDWX�ODSLVDQ�VDMD��KDO�LQL�WHUXWDPD�XQWXN�VSDVL�

HOHNWURGD�\DQJ�OHEDU�

ఈߩ ൌ
௄ο௏

ூ
������

'HQJDQ�ȡD PHUXSDNDQ�UHVLVWLYLWDV�VHPX�\DQJ�EHUJDQWXQJ�SDGD�VSDVL�HOHNWURGD��'DQ�

VHEDOLNQ\D� XQWXN� NDVXV� WDN� KRPRJHQ�� EXPL� GLDVXPVLNDQ� EHUODSLV�ODSLV� GHQJDQ�

PDVLQJ�PDVLQJ� ODSLVDQ�PHPSXQ\DL� KDUJD� UHVLVWLYLWDV� \DQJ� EHUEHGD�� 5HVLVWLYLWDV�

VHPX�PHUXSDNDQ� UHVLVWLYLWDV� GDUL� VXDWX� PHGLXP� ILNWLI� KRPRJHQ� \DQJ� HNXLYDOHQ�

GHQJDQ� PHGLXP� EHUODSLV� \DQJ� GLWLQMDX�� 6HEDJDL� FRQWRK� PHGLXP� EHUODSLV� \DQJ�

GLWLQMDX�PLVDOQ\D�WHUGLUL�GDUL�GXD�ODSLV�\DQJ�PHPSXQ\DL�UHVLVWLYLWDV�\DQJ�EHUEHGD�

�ȡ� GDQ�ȡ���GLDQJJDS�VHEDJDL�PHGLXP�VDWX� ODSLV�KRPRJHQ�\DQJ�PHPSXQ\DL�VDWX�

KDUJD�UHVLVWLYLWDV�\DLWX�UHVLVWLYLWDV�VHPX�ȡD��GHQJDQ�NRQGXNWDQVL�ODSLVDQ�ILNWLI�VDPD�

GHQJDQ�MXPODK�NRQGXNWDQVL�PDVLQJ�PDVLQJ�ODSLVDQ�ıI  �ı��ı� �5DKPDZDWL��������

*DPEDU����0HGLXP�EHUODSLV�GHQJDQ�YDULDVL�UHVLVWLYLWDV �5DKPDZDWL�������

����� 5HVLVWLYLWDV�%DWXDQ

'DUL� VHPXD� VLIDW� ILVLND� EDWXDQ� GDQ� PLQHUDO�� UHVLVWLYLWDV� PHPSHUOLKDWNDQ� YDULDVL�

KDUJD�\DQJ�VDQJDW�EDQ\DN��.RQGXNWRU�ELDVDQ\D�GLGHILQLVLNDQ�VHEDJDL EDKDQ�\DQJ�

PHPLOLNL�UHVLVWLYLWDV�NXUDQJ�GDUL������P��VHGDQJNDQ�LVRODWRU�PHPLOLNL�UHVLVWLYLWDV�

OHELK�GDUL������P��'DQ�VHODLQ�LWX�DGD�EDKDQ�VHPLNRQGXNWRU��'L�GDODP�NRQGXNWRU�

EHULVL�EDQ\DN�HOHNWURQ�EHEDV�GHQJDQ�PRELOLWDV�\DQJ�VDQJDW�WLQJJL��6HGDQJNDQ�SDGD�

VHPLNRQGXNWRU�� MXPODK� HOHNWURQ� EHEDVQ\D� OHELK� VHGLNLW�� ,VRODWRU� GLFLULNDQ� ROHK�

LNDWDQ�LRQLF�VHKLQJJD�HOHNWURQ�HOHNWURQ�YDOHQVL�WLGDN�EHEDV�EHUJHUDN �7HOIRUG��GNN���

������

%HUGDVDUNDQ�KDUJD�UHVLVWLYLWDV�OLVWULNQ\D��EDWXDQ� GDQ�PLQHUDO�GDSDW�GLNHORPSRNNDQ�

PHQMDGL�WLJD NDWHJRUL��\DLWX�



��

�� .RQGXNWRU�EDLN ������ ��ȡ ��� �P

�� .RQGXNRU�SHUWHQJDKDQ ��� ��ȡ �������P

�� ,VRODWRU ��ȡ !������P

9DULDVL� UHVLVWLYLWDV� EHUEDJDL� EDKDQ� GDQ� PLQHUDO� EXPL� GLWXQMXNNDQ� GDODP� WDEHO�

GLEDZDK�

7DEHO���� 7DKDQDQ�MHQLV�EHEHUDSD�EDKDQ �6DQWRVR������

%DKDQ 5HVLVLWLYDV���P�
8GDUD��GLPXND�EXPL� ��[�����± ��[����

$LU
'LVWLODVL
3HUPXNDDQ
7DPEDQJ
/DXW

��[�����

��[�����±���

�� ± ��[����

��
7HPEDJD

0XUQL
%LMLK

����[������

���
%HVL

0XUQL
0HWHRULW�

�����

��[������

0LQHUDO
.DOVLW
*DOHQD
0DJQHWLF
3LULW
.ZDUVD
%DWXJDUDP
%HOHUDQJ

����[������

������± ����
������± ���
������± �
��[������

����±���

�����±����

%DWXDQ
*UDQLW
*DEUR
*QHLVV
6NLV
%DWX JDPSLQJ
%DWXSDVLU
6HUSLK
/HPSXQJ�GDQ�WDQDK

��[�����±���

����±���

��[�����±���

����± ��[����

��[�����± ��[����

����±���

��[�����±���

����±���



��

7DEHO���� 5HVLVWLYLWDV�EDWXDQ�VHGLPHQ��7HOIRUG��GNN��������

%DWXDQ 5HVLVWLYLWDV���P�

&RQVROLGDWHG�VKDOHV �VHUSLKDQ�JDEXQJDQ�
$UJLOLWHV
.RQJORPHUDW
%DWXSDVLU
%DWX JDPSLQJ
8QFRQVROLGDWHG� ZHW� FOD\ �OHPSXQJ� EDVDK� WLGDN�
JDEXQJDQ�
/HPSXQJ
$OOXYLXP�GDQ�SDVLU
2LO�VDQGV

���± ��[����

���± ��[����

��[���� ± ���

��± ����[����

���± ���

��

�± ���
��± ���
�± ���

����� 0HWRGH�(OHFWULFDO�5HVLVWLYLW\�7RPRJUDSK\

0HWRGH�(OHFWULFDO�5HVLVWLYLW\�7RPRJUDSK\ �(57� PHUXSDNDQ�PHWRGH�\DQJ�GDSDW�

PHQJXNXU�VLIDW�NHOLVWULNDQ�PDWHULDO�GL�EDZDK�SHUPXNDDQ�\DQJ�GLGDVDUNDQ�SDGD�QLODL�

UHVLVWLYLWDV� PDWHULDO� GHQJDQ� FDUD� PHQJLQMHNVLNDQ� DUXV� OLVWULN� GDQ� PHQJXNXU�

SRWHQVLDOQ\D�GL�SHUPXNDDQ�WHUVHEXW �3HUEUL\DQWR��������

0HWRGH� (OHFWULFDO� 5HVLVWLYLW\� 7RPRJUDSK\ �(57� PHPLOLNL� EHEHUDSD� SROD�

SHQJXNXUDQ�DWDX�MHQLV�NRQILJXUDVL�\DQJ�GLJXQDNDQ�XQWXN�PHQXQMDQJ�GDODP�VLVWHP�

SHQJDPELODQ�GDWD��'DODP�KDO� LQL� MHQLV�NRQILJXUDVL�\DQJ�VHULQJ�GLJXQDNDQ�DGDODK�

NRQILJXUDVL�:HQQHU��6FKOXPEHUJHU��'LSROH�'LSROH��3ROH�'LSROH KLQJJD�SHUSDGXDQ�

DQWDUD� GXD� MHQLV� NRQILJXUDVL� \DNQL� .RQILJXUDVL� :HQQHU�6FKOXPEHUJHU �/RNH��

������

������� .RQILJXUDVL�:HQQHU�6FKOXPEHUJHU

0HWRGH� (57 NRQILJXUDVL� ZHQQHU�VFKOXPEHUJHU PHUXSDNDQ� JDEXQJDQ� DQWDUD�

NRQILJXUDVL�ZHQQHU GDQ�VFKOXPEHUJHU��.RQILJXUDVL�LQL�GLJXQDNDQ�GDODP�HNVSORUDVL�

\DQJ�VLIDWQ\D�UHODWLI�GDQJNDO��:HQQHU�6FKOXPEHUJHU DGDODK�VDODK�VDWX�NRQILJXUDVL�

SDOLQJ� XPXP� GLJXQDNDQ� XQWXN� VXUYHL� UHVLVWLYLWDV� �'��.HGDODPDQ� UDWD�UDWD� SDGD�

NRQILJXUDVL� LQL� ���� OHELK� EHVDU� GDUL� NRQILJXUDVL� ZHQQHU�� .RQILJXUDVL� ZHQQHU�

VFKOXPEHUJHU MXJD�PHPLOLNL� FDNXSDQ�KRUL]RQWDO VHGLNLW� OHELK�EDLN�GLEDQGLQJNDQ�

GHQJDQ� NRQILJXUDVL� ZHQQHU�� &DNXSDQ� GDWD� KRUL]RQWDO VHGLNLW� OHELK� OHEDU� GDUL�

NRQILJXUDVL�ZHQQHU��WDSL�MXPODK�GDWD�\DQJ�GLSHUROHK�OHELK�VHGLNLW�GDUL�NRQILJXUDVL�



��

GLSROH�GLSROH��'HQJDQ�GHPLNLDQ�NRQILJXUDVL�ZHQQHU�VFKOXPEHUJHU�VDOLQJ�PHQXWXSL�

NHOHPDKDQ�PDVLQJ�PDVLQJ�NRQILJXUDVL �7HOIRUG��GNN�����������

.RQILJXUDVL�ZHQQHU�VFKOXPEHUJHU DGDODK� NRQILJXUDVL� GHQJDQ� DWXUDQ� MDUDN� VSDVL�

\DQJ� WHWDS� GHQJDQ� IDNWRU� Q XQWXN� NRQILJXUDVL ZHQQHU�VFKOXPEHUJHU� GHQJDQ�

SHUEDQGLQJDQ�MDUDN�DQWDUD�HOHNWURGD�&��&��GHQJDQ�VSDVL�DQWDUD�3��3���6HKLQJJD�

MLND�MDUDN�DQWDU�HOHNWURGD�SRWHQVLDO�3��GDQ�3��DGDODK�D� PDND�MDUDN�DQWDU�HOHNWURGD�

DUXV��&��GDQ�&���DGDODK��QD�D��3URVHV�SHQHQWXDQ�UHVLVWLYLWDV�PHQJJXQDNDQ���EXDK�

HOHNWURGD�\DQJ�GLOHWDNNDQ�GDODP�VHEXDK�JDULV� OXUXV� )DNWRU�JHRPHWUL�NRQILJXUDVL�

ZHQQHU�VFKOXPEHUJHU GDSDW� GLVXEVWLWXVL� GDUL� QLODL� MDUDN� VSDVL� HOHNWURGD� SDGD�

*DPEDU ��� NH�SHUVDPDDQ���������VHKLQJJD�GLSHUROHK�IDNWRU�JHRPHWULN�.�VHEDJDL�

EHULNXW�

ܭ ൌ ሺ݊݊ߨ ൅ ͳሻܽ ������

*DPEDU���� 3HQJDWXUDQ�HOHNWURGD�NRQILJXUDVL�ZHQQHU�VFKOXPEHUJHU �7HOIRUG��GNN���
�����

������� .RQILJXUDVL�'LSROH�GLSROH

0HWRGH�JHROLVWULN�NRQILJXUDVL�GLSROH�GLSROH GDSDW�GLWHUDSNDQ�XQWXN PHQGDSDWNDQ�

JDPEDUDQ� EDZDK� SHUPXNDDQ� SDGD� REMHN� \DQJ SHQHWUDVLQ\D UHODWLI� OHELK� GDODP��

0HWRGH�LQL�VHULQJ�GLJXQDNDQ�GDODP�VXUYHL�VXUYHL�UHVLVWLYLWDV�NDUHQD�UHQGDKQ\D�HIHN�

HOHNWURPDJQHWLN�\DQJ�GLWLPEXONDQ�DQWDUD VLUNXLW�DUXV�GDQ�SRWHQVLDO �/RNH��������



��

6XVXQDQ�HOHNWURGD�NRQILJXUDVL�GLSROH�GLSROH GDSDW�GLOLKDW�SDGD�*DPEDU����� 6SDVL�

DQWDUD� GXD� HOHNWURGD� DUXV� GDQ� HOHNWURGD� SRWHQVLDO� VDPD� \DLWX D�� .RQILJXUDVL� LQL

PHPSXQ\DL�IDNWRU�ODLQ�\DLWX Q \DQJ�PHUXSDNDQ UDVLR MDUDN�DQWDUD�HOHNWURGDܥ�ଵ GDQ�

ଵܲ NHܥ�ଶ ± ଵܥ DWDX� ଵܲ ± ଶܲ GHQJDQ�MDUDN�SLVDK D�

3HQJXNXUDQ� LQL� GLODNXNDQ� GHQJDQ� PHPLQGDKNDQ� HOHNWURGD� SRWHQVLDO� SDGD VXDWX�

SHQDPSDQJ�GHQJDQ�HOHNWURGD�DUXV�WHWDS��NHPXGLDQ�SHPLQGDKDQ�HOHNWURGD�DUXV SDGD�

VSDVL Q EHULNXWQ\D� GLLNXWL� ROHK� SHPLQGDKDQ� HOHNWURGD� SRWHQVLDO� VHSDQMDQJ

SHQDPSDQJ� VHWHUXVQ\D� KLQJJD� SHQJXNXUDQ� HOHNWURGD� DUXV� WLWLN� WHUDNKLU� SDGD�

SHQDPSDQJ�

*DPEDU���� (OHNWURGD�DUXV�GDQ�SRWHQVLDO�NRQILJXUDVL�GLSROH�GLSROH �5H\QROGV�������

)DNWRU�JHRPHWUL�SDGD�NRQILJXUDVL�HOHNWURGD�GLSROH�GLSROH EHUGDVDUNDQ SHUVDPDDQ�
������ DGDODK

ܭ ൌ ߨʹ ቀ
ଵ

௡௔
െ

ଵ

௔ା௡௔
െ

ଵ

௔ା௡௔
൅

ଵ

ଶ௔ା௡௔
ቁ
ିଵ

������

ܭ ൌ ߨʹ ቀ
ଵ

௡௔
െ

ଶ

௔ା௡௔
൅

ଵ

ଶ௔ା௡௔
ቁ
ିଵ

������

ܭ ൌ ሺͳ݊ܽߨ ൅ ݊ሻሺʹ ൅ ݊ሻ ������

��� 7HRUL�,QYHUVL

3URVHV� LQYHUVL� DGDODK� VXDWX� SURVHV� SHQJRODKDQ� GDWD� ODSDQJDQ� \DQJ� PHOLEDWNDQ�

WHNQLN�SHQ\HOHVDLDQ�PDWHPDWLND�GDQ�VWDWLVWLN XQWXN�PHQGDSDWNDQ� LQIRUPDVL�\DQJ�

EHUJXQD� PHQJHQDL� GLVWULEXVL� VLIDW� ILVLV� EDZDK� SHUPXNDDQ �6XSUL\DQWL�� ������

7XMXDQ�GDUL�LQYHUVL�DGDODK�PHPSHUROHK�SHPRGHODQ�KDVLO�REVHUYDVL�\DQJ�PHUXSDNDQ�

SURVHV� WU\� DQG� HUURU GHQJDQ� PHODNXNDQ� PRGLILNDVL� SDGD� SDUDPHWHU� SHPRGHODQ�

VHKLQJJD� GLGDSDWNDQ� NHFRFRNDQ� DQWDUD� GDWD SHUKLWXQJDQ� LQYHUVL� GDWD� ODSDQJDQ�

�*UDQGLV��������



��

0RGHO�LQYHUVL�GDSDW�GLPRGLILNDVL�VHFDUD�LWHUDVL�VHKLQJJD�UHVSRQ�PRGHO�PHQ\HUXSDL�

KDVLO�SHQJXNXUDQ��'DWD WHUXNXU�GDSDW�GLWXOLV�GDODP�YHNWRU�NRORP�\ VHEDJDL�EHULNXW�

ݕ ൌ ଵǡݕሺ݉݋݈݋݇ ଶǡݕ ǥ ǡ ௠ሻݕ ������

'LPDQD�P� DGDODK� EDQ\DNQ\D� SHQJXNXUDQ��5HVSRQ�PRGHO� I�GDSDW� GLWXOLV� VHEDJDL�

EHULNXW�

݂ ൌ ሺ݉݋݈݋݇ ଵ݂ǡ ଶ݂ǡ ǥ ǡ ௠݂ሻ ������

3DGD�QLODL�GDWD�UHVLVWLYLWDV�PHQJJXQDNDQ�ORJDULWPD�GDUL�QLODL�WUXH�UHVLVWLYLW\ XQWXN�

KDVLO� SHQJXNXUDQ� UHVSRQ� PRGHO� GDQ� SDUDPHWHU� PRGHO�� 3DUDPHWHU� PRGHO� GDSDW�

GLUHSUHVHQWDVLNDQ�ROHK�YHNWRU�T VHEDJDL�EHULNXW�

ݍ ൌ ଵǡݍሺ݉݋݈݋݇ ଶǡݍ ǥ ǡ ௡ሻݍ ������

'LPDQD�Q�PHUXSDNDQ�EDQ\DNQ\D�SDUDPHWHU�PRGHO��+DVLO�SHQJXNXUDQ�GDQ�UHVSRQ�

PRGHO�PHPLOLNL�SHUEHGDDQ�GDODP�YHNWRU�J VHEDJDL�EHULNXW�

݃ ൌ ݕ െ ݂ ������

0HWRGH� RSWLPDVL� OHDVW� VTXDUH�PHPRGLILNDVL�PRGHO� DZDO� KLQJJD� MXPODK� NXDGUDW�

NHVDODKDQ� (� GDUL� VHOLVLK� DQWDUD� UHVSRQ� PRGHO� GDQ� KDVLO� SHQJXNXUDQ�� ( GDSDW�

GLUXPXVNDQ�VHEDJDL�EHULNXW�

ܧ ൌ ݃௧݃ ������

3HUVDPDDQ�*DXVV±1HZWRQ�GLJXQDNDQ�XQWXN�PHQJXUDQJL�NHVDODKDQ�GL�SHUVDPDDQ�

�������GDQ�XQWXN�PHQHQWXNDQ�SHUXEDKDQ�GDODP SDUDPHWHU�PRGHO�\DQJ�VHKDUXVQ\D�

GDSDW�PHQJXUDQJL�MXPODK�NXDGUDW�NHVDODKDQ�

݅ݍοܬ்ܬ ൌ ்݃ܬ ������

'LPDQD�¨T DGDODK�YHNWRU�SHUXEDKDQ SDUDPHWHU�PRGHO��GDQ�-�DGDODK�WXUXQDQ�SDUVLDO�

SDGD�0DWULNV�-DFRELDQ��(OHPHQ�0DWULNV�-DFRELDQ GLSHUROHK�VHEDJDL�EHULNXW�

௜௝ܬ ൌ
డ௙೔

డ௙ೕ
������

3HUVDPDDQ� �������PHQJJDPEDUNDQ�SHUXEDKDQ�PRGHO�SDGD� UHVSRQ�PRGHO�NH�L� �LWK

SDUDPHWHU�PRGHO��\DQJ�GLVHEDENDQ�ROHK�SHUXEDKDQ�SDUDPHWHU�PRGHO�NH�M �MWK PRGHO�



��

SDUDPHWHU��� 6HWHODK� PHODNXNDQ� SHUKLWXQJDQ� YHNWRU� SHUXEDKDQ� SDUDPHWHU�� PDND�

GLGDSDWNDQ� VHEXDK� PRGHO� EDUX� \DQJ� GLSHUROHK� GDUL� SHUVDPDDQ� ������� VHEDJDL�

EHULNXW�

௞ାଵݍ ൌ ௞ݍ ൅ ο௤௞ ������

3DGD�DSOLNDVLQ\D��SHUVDPDDQ�NXDGUDW� WHUNHFLO� VHGHUKDQD�SHUVDPDDQ� ������� MDUDQJ�

GLJXQDNDQ�SDGD�SURVHV�LQYHUVL�JHRILVLND��.DGDQJ�MLND�LQSXW�PRGHO�DZDO�\DQJ�WLGDN�

LGHDO��PRGHO�VHODQMXWQ\D�DNDQ�MDXK�GDUL�\DQJ�GLKDUDSNDQ�NDUHQD�PHPLOLNL�QLODL�\DQJ�

WLGDN� UHDOLVWLV�� 6DODK� VDWX� PHWRGH� XQWXN� PHQJKLQGDUL� PDVDODK� WHUVHEXW� DGDODK�

GHQJDQ�PHQJJXQDNDQ PRGLILNDVL�0DUTXDUGW�/HYHQEHUJ XQWXN�SHUVDPDDQ�*DXVV�

1HZWRQ \DQJ�GDODP�EHQWXN�SHUVDPDDQ��������VHEDJDL�EHULNXW�

ܬ்ܬ� ൅ ௞ݍሻοܫߣ ൌ ்݃ܬ ������

, PHUXSDNDQ�PDWULNV� LGHQWLWDV�� Ȝ PHUXSDNDQ� IDNWRU� SHQJDOL�� DWDX� VHULQJ� GLVHEXW�

IDNWRU�GDPSLQJ��0HWRGH�*DXVV�KDQGDO�GDODP�LQYHUVL�UHVLVWLYLW\�VRXQGLQJ��QDPXQ�

NHWLND�MXPODK�SDUDPDWHU�PRGHO�VDQJDW�EDQ\DN��VHSHUWL�PRGHO�LQYHUVL��'�DWDX��'�

DNDQ�WHUMDGL NHQGDOD��VHSHUWL�GLVWULEXVL�QLODL�UHVLVWLYLWDV \DQJ�WLGDN�PHQJJDPEDUNDQ�

NRQGLVL� VHEHQDUQ\D�� 6ROXVL� GDUL�PDVDODK� LQL�� SHUVDPDDQ� NXDGUDW� WHUNHFLO�*DXVV�

1HZWRQ GLPRGLILNDVL�VHKLQJJD�GDSDW�PHPLQLPDONDQ�YDULDVL�VSDVLDO�SDGD�SDUDPHWHU�

SDUDPHWHU�PRGHO�WHUVHEXW��0HWRGH�NXDGUDW�WHUNHFLO�VPRRWKQHVV�FRQVWUDLQW WHUGDSDW�

GDODP�EHQWXN�SHUVDPDDQ��������VHEDJDL�EHULNXW�

ሺܬ்ܬ ൅ ௞ݍሻοܨߣ ൌ ்݃ܬ െ ௞ݍܨߣ ������

ܨ ൌ ܽ௫ܥ௫
௫ܥ் ൅ ܽ௬ܥ௬

௬ܥ் ൅ ܽ௭ܥ௭
௭ܥ் ������

'LPDQD�&[��&\��GDQ�&] PHUXSDNDQ�PDWULNV�SDGD�DUDK�[��\��]�

0HWRGH�LQL�GLJXQDNDQ�XQWXN�PHQJKDVLONDQ�PRGHO�YDULDVL�UHVLVWLYLWDV \DQJ�VPRRWK��

QDPXQ�EHUODNX�MLND�UHVLVWLYLWDV EDZDK�SHUPXNDDQ�\DQJ�VHEHQDUQ\D�EHUVLIDW�KDOXV�

GDQ� JUDGDVL�� %HEHUDSD� NDVXV�� NRQGLVL� JHRORJL� GL� VXDWX� GDHUDK� KDPSLU� KRPRJHQ�

WHWDSL� GHQJDQ� EDWDV�EDWDV� ODSLVDQ� \DQJ� WDMDP�� 6ROXVL� XQWXN� NDVXV� WHUVHEXW��

SHUVDPDDQ������� GDSDW�GLPRGLILNDVL�XQWXN�PHPLQLPDONDQ�SHUXEDKDQ�\DQJ�DEVROXW�

SDGD� QLODL� UHVLVWLYLWDV�� VHKLQJJD� GDSDW�PHPEHULNDQ� KDVLO�PRGHO� \DQJ� OHELK� EDLN��



��

0HWRGH� LQL� GLNHQDO� VHEDJDL� PHWRGH� LQYHUVL� EORN�� VHKLQJJD� PHQMDGL� SHUVDPDDQ�

�������

ሺܬ்ܬ ൅ ௞ݍ௥ሻοܨߣ ൌ ௗ்ܴ݃ܬ െ ௞ݍ௥ܨߣ ������

ܨ ൌ ܽ௫ܥ௫
்ܴ௠ܥ௫ ൅ ܽ௬ܥ௬

்ܴ௠ܥ௬ ൅ ܽ௭ܥ௭
்ܴ௠ܥ௭ ������

5G�GDQ�5PPHUXSDNDQ�ZHLJKWLQJ�PDWULNV��VHKLQJJD�HOHPHQ�± HOHPHQ�GDWD�\DQJ�WLGDN�

VHVXDL�GLEHUL�ERERW \DQJ�VDPD�GDODP�SURVHV�LQYHUVL�

��� 0HWRGH�:HOO�/RJJLQJ

/RJJLQJ DGDODK�SHQJXNXUDQ�VDWX�DWDX�OHELK�NXDQWLWDV�ILVLN�GL�GDODP�DWDX�GL�VHNLWDU�

OXEDQJ�VXPXU�UHODWLI�WHUKDGDS�NHGDODPDQ�VXPXU�DWDX WHUKDGDS�ZDNWX�DWDX�NHGXDQ\D��

.DWD� ORJJLQJ EHUDVDO� GDUL NDWD� %DKDVD� ,QJJULV� �ORJ�� \DQJ� EHUDUWL� FDWDWDQ� DWDX�

UHNDPDQ��'DWD��ZLUHOLQH ORJV��GLDPELO�GL�GDODP�VXPXU�PHPDNDL�DODW�\DQJ�GLVHEXW�

�ORJJLQJ WRRO��� GLWUDQVPLVLNDQ� OHZDW� NDEHO� NRQGXNWRU� OLVWULN� �ZLUHOLQH�� NH� DWDV�

SHUPXNDDQ�XQWXN�GLUHNDP�GDQ�GLRODK �6DPSHUXUX��������

:HOO� ORJJLQJ PHUXSDNDQ�SHUHNDPDQ�NDUDNWHULVWLN�GDUL VXDWX�IRUPDVL�EDWXDQ�\DQJ�

GLSHUROHK� PHODOXL� SHQJXNXUDQ� SDGD� VXPXU� ERU� �(OOLV� GNN��� ������� 'DWD� \DQJ�

GLKDVLONDQ�GLVHEXW�VHEDJDL�ZHOO� ORJ��%HUGDVDUNDQ�SURVHV�NHUMDQ\D�� ORJJLQJ GLEDJL�

PHQMDGL�GXD MHQLV� \DLWX�ZLUHOLQH�ORJJLQJ GDQ�ORJJLQJ�ZKLOH GULOOLQJ�ERU �(OOLV��GNN���

������� :LUHOLQH� ORJJLQJ GLODNXNDQ� NHWLND� SHPERUDQ� WHODK� EHUKHQWL� GDQ�

PHQJJXQDNDQ�NDEHO�VHEDJDL�DODW�XQWXN�PHQWUDQVPLVLNDQ�GDWD��3DGD�ORJJLQJ�ZKLOH�

GULOOLQJ��ORJJLQJ GDSDW GLODNXNDQ EHUVDPDDQ�GHQJDQ�SHPERUDQ��/RJJLQJ MHQLV LQL�

WLGDN� PHQJJXQDNDQ� NDEHO� XQWXN PHQWUDQVPLVLNDQ GDWD�� � 6DDW� LQL� ORJJLQJ� ZKLOH

GULOOLQJ OHELK�EDQ\DN�GLJXQDNDQ�NDUHQD�OHELK�SUDNWLV�

'DODP�PHOHQJNDSL�GDWD�JHRILVLND�ORJ GDUL�OXEDQJ�ERU�\DQJ�WHODK VHOHVDL GLSHUOXNDQ

VXDWX� UDQJNDLDQ SUREH �MXJD� GLNHQDO� VHEDJDL� SHUNDNDV� DWDX� VRXQGHV��� -HQLV�

WDQJJDSDQ� SDGD� SUREH GDODP� PHQJXNXU� VLQDU� JDPPD� DODPL� WHUJDQWXQJ SDGD�

NRPSRVLVL�NLPLD�EDWXDQQ\D��%DWXDQ�VHUSLK EHULVL�SRWDVVLXP±EHDULQJ PLQHUDO�WDQDK�

OLDW�GDQ�VHMXPODK�XUDQLXP NHFLO��WKRULXP GDQ�KDVLO�UXQWXKDQQ\D��$NLEDWQ\D�SUREH�

ORJJLQJ VLQDU� JDPPD� PHUHVSRQ� SDOLQJ� NXDW NH� EDWXVHUSLK� �VKDOHVWRQH�� GDQ�

EDWXOHPSXQJ��FOD\VWRQH���5HVSRQ�EHUNXUDQJ�NHWLND�LVL�GDUL�EDWXDQ VHUSLK�EHUNXUDQJ�

PHODOXL�VLOWVWRQH GDQ�EDWXSDVLU�NRWRU��%DWXSDVLU�XPXPQ\D�PHPLOLNL�WLQJNDW SDOLQJ�



��

UHQGDK� GDUL� UDGLDVL JDPPD� DODPL� 3HPDQFDUDQ� UDGLDVL� JDPPD� DODPL� PDPSX�

PHQGHWHNVL�ODSLVDQ SHUPHDEHO GDQ�LPSHUPHDEHO �'DUOLQJ��������

0HWRGH�:HOO�/RJJLQJ GDSDW�GLLOXVWUDVLNDQ�VHSHUWL�\DQJ�WHUOLKDW�SDGD�*DPEDU�����

*DPEDU���� 3HQJXNXUDQ�ZHOO�ORJJLQJ �'DUOLQJ�������

:HOO�/RJJLQJ�GDSDW�GLODNXNDQ�GHQJDQ�GXD FDUD�GDQ�EHUWDKDS��\DLWX�

�� 2SHQKROH�/RJJLQJ

2SHQKROH� /RJJLQJ� LQL� PHUXSDNDQ� NHJLDWDQ� ORJJLQJ� \DQJ� GLODNXNDQ� SDGD�

VXPXU�OXEDQJ�ERU�\DQJ�EHOXP�GLODNXNDQ�SHPDVDQJDQ�FDVLQJ��3DGD�XPXPQ\D�WDKDS�

LQL�VHPXD�MHQLV�ORJ�GDSDW�GLODNXNDQ�

�� &DVHGKROH�/RJJLQJ

&DVHGKROH� /RJJLQJ� PHUXSDNDQ� NHJLDWDQ� ORJJLQJ� \DQJ� GLODNXNDQ� SDGD�

VXPXU�OXEDQJ� ERU� \DQJ� VXGDK� GLNHUMDNDQ SHPDVDQJDQ� FDVLQJ�� 3DGD� WDKDSDQ� LQL�

KDQ\D� ORJ� WHUWHQWX� \DQJ� GDSDW� GLODNXNDQ� DQWDUD� ODLQ� DGDODK� ORJ� *DPPD� 5D\��

&DOLSHU��105��GDQ�&%/�

3DUDPHWHU�SDUDPHWHU� VLIDW� EDWXDQ� XWDPD� \DQJ� GLXNXU� PHOLSXWL� WHPSHUDWXU��

UHVLVLWLYLWDV�� GHQVLWDV�� SRURVLWDV�� SHUPHDELOLWDV� GDQ� VHEDJDLQ\D� \DQJ WHUJDPEDU�

GDODP�EHQWXN�NXUYD�NXUYD�ORJ��6LIDW�VLIDW�GDVDU�EDWXDQ�\DQJ�WHUJDPEDU�GDODP�NXUYD�

ORJ�GLSHUOXNDQ�XQWXN�PHQJKLWXQJ �+DUVRQR��������



��

D� .DSDVLWDV�NHPDPSXDQ�EDWXDQ�PHQDPSXQJ�IOXLGD�

E� -XPODK�IOXLGD�GDODP�EDWXDQ�WHUVHEXW�

F� .HPDPSXDQ�IOXLGD�PHQJDOLU�GDUL�EDWXDQ�NH�OXEDQJ�VXPXU�ERU�

*DPEDU����� 6NHPDWLN�GLDJUDP�SHQJDWXUDQ�ZLUHOLQH�ORJ PRGHUQ �5LGHU�������

����� 7LSH�7LSH�/RJ

/RJ DGDODK�VXDWX�JUDILN�NHGDODPDQ��GDODP�ZDNWX��GDUL�VXDWX�VHW�\DQJ�PHQXQMXNNDQ�

SDUDPHWHU� ILVLN�� \DQJ� GLXNXU� VHFDUD� EHUNHVLQDPEXQJDQ� GDODP� VHEXDK� VXPXU�

�+DUVRQR�� ������� $GD� �� WLSH� DWDX� MHQLV� ORJ \DQJ� ELDVDQ\D� GLJXQDNDQ� GDODP�

LQWHUSUHWDVL��\DLWX�

x /RJ OLVWULN��WHUGLUL�GDUL�ORJ 63��6SRQWDQHRXV�3RWHQWLDO���GDQ�ORJ UHVLVWLYLWDV�

x /RJ UDGLRDNWLI� WHUGLUL�GDUL�ORJ *5��*DPPD�5D\���ORJ SRURVLWDV��ORJ GHQVLWDV�GDQ�

ORJ QHXWURQ�

x /RJ DNXVWLN�EHUXSD�ORJ 6RQLF�

x /RJ�&DOLSHU

3DGD�SHQHOLWLDQ�NDOL�LQL�MHQLV� ORJJLQJ \DQJ�GLJXQDNDQ�LDODK�ORJ OLVWULN��/RJ OLVWULN�

PHUXSDNDQ� VXDWX� MHQLV� ORJ \DQJ� GLJXQDNDQ� XQWXN� PHQJXNXU� VLIDW� NHOLVWULNNDQ�



��

EDWXDQ��\DLWX�UHVLVWLYLWDV�DWDX�WDKDQDQ�MHQLV�EDWXDQ�GDQ�SRWHQVLDO�GLUL�GDUL�EDWXDQ��

$GDSXQ�MHQLV�ORJ OLVWULN \DQJ�GLJXQDNDQ�SDGD�SHQHOLWLDQ�LQL�DGDODK�VHEDJDL�EHULNXW�

�� /RJ�6SRQWDQHRXV�3RWHQVLDO �63�

/RJ 63 DGDODK UHNDPDQ SHUEHGDDQ�SRWHQVLDO OLVWULN DQWDUD�HOHNWURGD GL�SHUPXNDDQ

GHQJDQ HOHNWURGD \DQJ WHUGDSDW GL�OXEDQJ ERU�\DQJ�EHUJHUDN�QDLN�WXUXQ� $JDU 63

GDSDW EHUIXQJVL PDND OXEDQJ KDUXV GLLVL ROHK OXPSXU NRQGXNWLI� /RJ 63 GLJXQDNDQ�

XQWXN�

D� ,GHQWLILNDVL ODSLVDQ�SHUPHDEHO�

E� 0HQFDUL� EDWDV�EDWDV� ODSLVDQ� SHUPHDEHO� GDQ� NRUHODVL� DQWDU� VXPXU� EHUGDVDUNDQ�

ODSLVDQ�WHPSDW�SHQHOLWLDQ�

F� 0HQHQWXNDQ�QLODL�UHVLVWLYLWDV�DLU�IRUPDVL��5Z��

G� 0HPEHULNDQ�LQGLNDVL�NXDOLWDWLI�ODSLVDQ�VHUSLK�

3DGD� ODSLVDQ�VHUSLK� �VKDOH���NXUYD�63�XPXPQ\D�EHUXSD�JDULV� OXUXV�\DQJ�GLVHEXW�

JDULV�GDVDU�VHUSLK��VHGDQJNDQ�SDGD�IRUPDVL�SHUPHDEHO�NXUYD�63�PHQ\LPSDQJ�GDUL�

JDULV�GDVDU�VHUSLK�GDQ�PHQFDSDL�JDULV�NRQVWDQ�SDGD�ODSLVDQ�SHUPHDEHO�\DQJ�FXNXS�

WHEDO��\DLWX�JDULV�SDVLU��3HQ\LPSDQJDQ�63�GDSDW�NH�NLUL�DWDX�NH�NDQDQ�WHUJDQWXQJ�

SDGD�NDGDU�JDUDP�DLU�IRUPDVL�GDQ�ILOWUDVL�OXPSXU �5LGHU��������

*DPEDU����� 5HVSRQ ORJ 63 �5LGHU�������



��

/RJ 63�KDQ\D�GDSDW�PHQXQMXNNDQ�ODSLVDQ�SHUPHDEHO QDPXQ�WLGDN�GDSDW�PHQJXNXU�

KDUJD� DEVROXW GDUL� SHUPHDELOLWDV� PDXSXQ� SRURVLWDV� GDUL� VXDWX� IRUPDVL� /RJ 63�

VDQJDW�GLSHQJDUXKL�ROHK�EHEHUDSD�SDUDPHWHU� VHSHUWL�UHVLVWLYLWDV�IRUPDVL��DLU�OXPSXU�

SHPERUDQ��NHWHEDODQ�IRUPDVL�GDQ�VDOLQLWDV�DLU�IRUPDVL� 6HKLQJJD�MLND�VDOLQLWDV�DLU�

IRUPDVL� GDODP� ODSLVDQ� OHELK� EHVDU� GDUL� VDOLQLWDV� OXPSXU� PDND� NXUYD� 63� DNDQ�

EHUNHPEDQJ�QHJDWLI��GDQ� MLND� VDOLQLWDV� DLU� IRUPDVL�GDODP� ODSLVDQ� OHELK�NHFLO�GDUL�

VDOLQLWDV�OXPSXU�PDND�NXUYD�63�DNDQ�EHUNHPEDQJ�SRVLWLI��'DQ�DSDELOD�VDOLQLWDV�DLU�

IRUPDVL GDODP�ODSLVDQ�VDPD�GHQJDQ�VDOLQLWDV�OXPSXU�PDND�GHIOHNVL�NXUYD�63�DNDQ�

PHQXQMXNNDQ�JDULV�OXUXV�VHEDJDLPDQD�SDGD�VKDOH �$VTXLWK��������

�� /RJ�5HVLVWLYLWDV

5HVLVWLYLWDV�DWDX�WDKDQDQ�MHQLV�VXDWX�EDWXDQ�DGDODK VXDWX�NHPDPSXDQ�EDWXDQ�XQWXN�

PHQJKDPEDW�MDODQQ\D�DUXV�OLVWULN�\DQJ�PHQJDOLU�PHODOXL�EDWXDQ�WHUVHEXW��'DUOLQJ��

������ 1LODL� UHVLVWLYLWDV� UHQGDK� DSDELOD� EDWXDQ� PXGDK� XQWXN� PHQJDOLUNDQ� DUXV�

OLVWULN�� VHGDQJNDQ�QLODL UHVLVWLYLWDV� WLQJJL DSDELOD�EDWXDQ� VXOLW� XQWXN�PHQJDOLUNDQ�

DUXV�OLVWULN� /RJ UHVLVWLYLWDV GLJXQDNDQ�XQWXN�PHQGHWHUPLQDVL�]RQD�KLGURNDUERQ GDQ�

]RQD�DLU��\DQJ�PHQJLQGLNDVLNDQ�]RQD�SHUPHDEHO�GHQJDQ�PHQGHWHUPLQDVL�SRURVLWDV�

UHVLVWLYLWDV�� NDUHQD�EDWXDQ�GDQ�PDWULN� WLGDN�NRQGXNWLI��PDND�NHPDPSXDQ�EDWXDQ�

XQWXN�PHQJKDQWDUNDQ�DUXV�OLVWULN�WHUJDQWXQJ�SDGD�IOXLGD�GDQ�SRUL�



��

*DPEDU����� .RQWUDV�NDUDNWHULVWLN�UHVROXVL�ODSLVDQ�GDUL�DODW�UHVLVWLYLWDV �5LGHU�������

8QWXN�WXMXDQ�JHRORJL��ORJ UHVLVWLYLWDV�\DQJ�GLJXQDNDQ�KDUXV�GLNHWDKXL�NHPDPSXDQ�

UHVROXVLQ\D�� /RJ PLFURWRRO PHPEHULNDQ� UHVROXVL� VDQJDW� EDLN� XQWXN� LGHQWLILNDVL�

ODSLVDQ�JHRORJL��/DWHURORJ�PDPSX�PHPEHULNDQ�JDPEDUDQ�ODSLVDQ�SDGD�VNDOD�\DQJ�

WHSDW� XQWXN� PHQXQMXNNDQ� LQGLNDVL� EDWDV� ODSLVDQ�� WHWDSL� SHQJJXQDDQQ\D� KDUXV�

GLJXQDNDQ�GDQ�GLNRUHODVLNDQ�GHQJDQ�ORJ ODLQQ\D��/RJ LQGXNVL�PHPEHULNDQ�UHVROXVL�

EDWDV� ODSLVDQ�\DQJ�VDQJDW�EXUXN� WHWDSL�SDGD VDDW�\DQJ�VDPD�VHPXD�HIHN� ODSLVDQ�

GLUDWD�UDWD�VHGHPLNLDQ�UXSD�XQWXN�PHPEXDW�WUHQG OLWRORJL�PHQRQMRO��.HWLND�VXDWX

IRUPDVL� GL� ERU�� DLU� OXPSXU� SHPERUDQ DNDQ� PDVXN� NH� GDODP� IRUPDVL�� VHKLQJJD�

PHPEHQWXN ]RQD�\DQJ�WHULQYDVL�

��� +LGURJHRORJL

+LGURJHRORJL�DGDODK�FDEDQJ�GDUL�LOPX�JHRORJL�\DQJ�PHPSHODMDUL�NHEHUDGDDQ�GDQ�

NDUDNWHULVWLN�DLU WDQDK�VHUWD�KXEXQJDQ�LQWHUDNVLQ\D�WHUKDGDS�EDWXDQ��,QWHUDNVL�GDSDW�

EHUXSD� LQWHUDNVL� ILVLN�� NLPLD� DWDX� JDEXQJDQ� GDUL� NHGXDQ\D�� +LGURJHRORJL�

PHUXSDNDQ� VXDWX� VWXGL� LQWHUDNVL� DQWDUD�PDWHULDO�PDWHULDO� JHRORJL� EHVHUWD� SURVHV�

SURVHVQ\D�� GHQJDQ� DLU�� NKXVXVQ\D DLU� WDQDK �+HQGD\DQD�� ������� +LGURJHRORJL�

PHUXSDNDQ�EDJLDQ�GDUL�KLGURORJL�\DQJ�PHPSHODMDUL�SHQ\HEDUDQ�GDQ�SHUJHUDNDQ�DLU�



��

WDQDK�GDODP�GL�WDQDK�GDQ�EDWXDQ�GL�NHUDN�EXPL��XPXPQ\D�DGDODK�DNXLIHU���6HFDUD�

XPXP�KLGURJHRORJL�PHPSHODMDUL� WHQWDQJ� DLU� WDQDK�� 6HODLQ�PHPSHODMDUL� DLU� \DQJ�

EHUDGD� GL� GDODP� WDQDK�GDQ EDWXDQ�� KLGURJHRORJL� MXJD�PHPEDKDV� DLU� SHUPXNDDQ��

'DODP�PHPSHODMDUL�DLU� EDLN�DLU�\DQJ�EHUDGD�GL�GDODP�PDXSXQ�GL�SHUPXNDDQ�WDQDK�

GDQ�EDWXDQ��VHODOX�EHUNDLWDQ�GHQJDQ�NOLPDWRORJL��+DO�LQL�GLVHEDENDQ�NDUHQD�VLNOXV�

KLGURORJL� SDGD� GDVDUQ\D� PHOLEDWNDQ� LNOLP�� FXDFD� GDQ� KXMDQ�� +LGURJHRORJL

PHPEDKDV�NOLPDWRORJL��NKXVXVQ\D�SDGD�VDDW�PHPSHODMDUL�WHQWDQJ�SHUWLPEDQJDQ�DLU�

\DQJ� DGD� GL� VXDWX� GDHUDK DWDX�GLNHQDO� GHQJDQ�QHUDFD� DLU �5ROLD� GDQ�6XUDQGRQR��

������

����� $NXLIHU �$TXLIHU�

$NXLIHU�DGDODK�ODSLVDQ�EDWXDQ�GLEDZDK�SHUPXNDDQ�WDQDK�\DQJ�PHQJDQGXQJ�DLU�GDQ�

GDSDW�GLUHPEHVL�DLU �6DSLLH��GNN����������$NXLIHU�VHULQJ�SXOD�GLVHEXW�ZDGXN�DLU�DWDX�

IRUPDVL�EDWXDQ�SHPEDZD�DLU��$GD�EHUEDJDL�IRUPDVL�JHRORJL�\DQJ�GDSDW�EHUIXQJVL�

VHEDJDL�DNXLIHU��)RUPDVL�JHRORJL� WHUVHEXW�DGDODK�HQGDSDQ�DOXYLDO��EDWX JDPSLQJ��

EDWXDQ�YXONDQLN��EDWXSDVLU�VHUWD�EDWXDQ�EHNX�GDQ�EDWXDQ�PHWDPRUI �7RRG���������

6HNLWDU ����DLU�WDQDK�WHUGDSDW�SDGD�HQGDSDQ�DOXYLDO�\DQJ�PHUXSDNDQ�EDKDQ�OHSDV�

VHSHUWL�SDVLU�GDQ�NHULNLO��

0HQXUXW �.RGRDWLH�� ����� EHUGDVDUNDQ� OLWRORJLQ\D� DNXLIHU GDSDW� GLEHGDNDQ�

PHQMDGL�HPSDW PDFDP��\DLWX�

�� $NXLIHU�%HEDV�DWDX�$NXLIHU�7LGDN�7HUWHNDQ��8QFRQILQHG�$TXLIHU�

$NXLIHU�EHEDV�DGDODK�DLU�WDQDK�GDODP�DNXLIHU�WHUWXWXS�GHQJDQ�ODSLVDQ�LPSHUPHDEOH��

GDQ� PHUXSDNDQ� DNXLIHU� \DQJ� PHPSXQ\DL� PXND� DLU� WDQDK�� $NXLIHU� EHEDV� LQL�

PHUXSDNDQ� DNXLIHU� MHQXK� DLU� �VDWXUDWHG��� /DSLVDQ� SHPEDWDVQ\D� \DQJ�PHUXSDNDQ�

DNXLWDU��KDQ\D�SDGD�EDJLDQ�EDZDK GDQ�WLGDN�DGD�SHPEDWDV�DTXLWDUG GL�ODSLVDQ�DWDV

GLNDUHQDNDQ EDWDV�GL�ODSLVDQ�DWDV�EHUXSD�PXND�DLU�WDQDK��-DGL�SHUPXNDDQ�DLU�WDQDK�

EHEDV�DGDODK�EDWDV�DQWDUD�]RQH \DQJ�MHQXK�GHQJDQ�DLU� WDQDK�GDQ�]RQH \DQJ�HURVL�

�WDN�MHQXK��GL�DWDV�]RQH \DQJ�MHQXK��

�� $NXLIHU�%RFRU��/HDNDJH�$TXLIHU�

$NXLIHU�ERFRU�DGDODK�VXDWX�DNXLIHU�GLPDQD�DLU� WDQDK� WHUNHNDQJ�GL�EDZDK� ODSLVDQ�

\DQJ�VHWHQJDK�NHGDS�DLU�VHKLQJJD�DNXLIHU�GLVLQL�WHUOHWDN�DQWDUD�DNXLIHU�EHEDV�GDQ�

DNXLIHU�WHUNHNDQJ�



��

�� $NXLIHU�0HOD\DQJ��3HUFKHG�$TXLIHU�

$NXLIHU�PHOD\DQJ�DGDODK�MLND�GL�GDODP�]RQD�HURVL�WHUEHQWXN�VHEXDK�DNXLIHU�GL DWDV�

ODSLVDQ� LPSHUPHDEOH� $NXLIHU�PHOD\DQJ� LQL� WLGDN� GDSDW� GLMDGLNDQ� VHEDJDL� VXDWX�

XVDKD� SHQJHPEDQJDQ� DLU� WDQDK�� NDUHQD� PHPSXQ\DL� YDULDVL� SHUPXNDDQ� DLU� GDQ�

YROXPHQ\D \DQJ�NHFLO�

�� $NXLIHU�7HUWHNDQ��&RQILQHG�$TXLIHU�

$NXLIHU� WHUWHNDQ�DGDODK� DNXLIHU�GLPDQD�DLU� WDQDK�\DQJ� WHUOHWDN�GL EDZDK� ODSLVDQ�

NHGDS� DLU� �LPSHUPHDEOH�� GDQ�PHPSXQ\DL� WHNDQDQ� OHELK� EHVDU� GDULSDGD� WHNDQDQ�

DWPRVIHU��$LU�\DQJ�PHQJDOLU��QR�IOX[��SDGD�ODSLVDQ�SHPEDWDVQ\D��NDUHQD�FRQILQHG�

DTXLIHU PHUXSDNDQ� DNXLIHU� \DQJ� MHQXK� DLU� \DQJ� GLEDWDVL� ROHK� ODSLVDQ� DWDV� GDQ�

EDZDKQ\D�

����� $NXLNOXG��$TXLFOXGH��

6XDWX� ODSLVDQ�� IRUPDVL�DWDX�NHORPSRN� IRUPDVL� VDWXDQ�JHRORJL�\DQJ� LPSHUPHDEOH

GHQJDQ� QLODL� KLGUDXOLN� \DQJ� VDQJDW� NHFLO� VHKLQJJD� WLGDN� PHPXQJNLQNDQ� DLU�

PHOHZDWLQ\D��'DSDW�GLNDWDNDQ�MXJD�ODSLVDQ�SHPEDWDV�DWDV�GDQ�EDZDK�VXDWX�DNXLIHU�

WHUWHNDQ��

����� $NXLWDU��$TXLWDUG��

6XDWX� ODSLVDQ�� IRUPDVL� DWDX� NHORPSRN� IRUPDVL� VDWXDQ� JHRORJL� \DQJ� SHUPHDEOH�

GHQJDQ�QLODL�NRQGXNWLYLWDV�KLGUROLN�NHFLO�QDPXQ�PDVLK�PHPXQJNLQNDQ�DLU�PHOHZDWL�

ODSLVDQ� LQL� ZDODXSXQ� GHQJDQ� JHUDNDQ� ODPEDW�� 'DSDW� GLNDWDNDQ� MXJD� PHUXSDNDQ�

ODSLVDQ�SHPEDWDV�DWDV�GDQ�EDZDK�GDUL�VHPL FRQILQHG�XQFRILQHG�DTXLIHU�

��� +XEXQJDQ�5HVLVWLYLWDV�GHQJDQ�$NXLIHU

$GD� IDNWRU� \DQJ� PHPSHQJDUXKL� KXEXQJDQ DQWDUD QLODL� UHVLVWLYLWDV� GHQJDQ� MHQLV�

EDWXDQ�PHQXUXW �'DXOD\������� \DLWX�

�� %DWXDQ� VHGLPHQ� \DQJ� OHSDV� PHPSXQ\DL� QLODL� UHVLVWLYLWDV� \DQJ� OHELK� UHQGDK�

GLEDQGLQJNDQ�GHQJDQ�EDWXDQ VHGLPHQ \DQJ�NRPSDN��%DWXDQ�\DQJ�PHQJDQGXQJ�

DLU�DNDQ�OHELK�UHQGDK�QLODL�UHVLVWLYLWDVQ\D�

�� 3RURVLWDV�EDWXDQ��%DWXDQ�\DQJ�WLGDN�SRURXV PHPSXQ\DL�QLODL�UHVLVWLYLWDV�OHELK�

WLQJJL�GDUL�EDWXDQ�\DQJ�SRURXV�



��

�� S+� DLU� GL� GDODP� URQJJD� EDWXDQ�� %DWXDQ� \DQJ� DVDP� GHQJDQ� QLODL� UHVLVWLYLWDV�

UHQGDK�PHQXQMXNNDQ�S+�UHQGDK�

�� 1LODL� UHVLVWLYLWDV�EDWXDQ�DNDQ�EHUYDULDVL� EHUGDVDUNDQ� OLQJNXQJDQ�SHQJHQGDSDQ�

VHWHPSDW�

�� 1LODL� UHVLVWLYLWDV� GDSDW� EHUEHGD� VHFDUD�PHQFRORN�� WLGDN� VDMD� GDUL� VDWX� ODSLVDQ�

NHODSLVDQ�\DQJ�ODLQ�WHWDSL�GDODP�VDWX�ODSLVDQ�EDWXDQ�

�� 7HPSHUDWXU� DLU� OHELK� UHQGDK� �VHJDU�� PHPSXQ\DL� QLODL� UHVLVWLYLWDV� WLQJJL�

GLEDQGLQJNDQ�WHPSHUDWXU�DLU�WLQJJL��DLU�SDQDV��

�� 3HUPHDELOLWDV DGDODK�NHVDQJJXSDQ�EDWXDQ�XQWXN�PHORORVNDQ�IOXLGD��

�� 3RURVLWDV�EDWXDQ�DGDODK�XNXUDQ�GDUL�UXDQJ�NRVRQJ�GL�DQWDUD�PDWHULDO�GHQJDQ�

SHUEDQGLQJDQ�DQWDUD�YROXPH�URQJJD�GHQJDQ�YROXPH�EDWXDQ�VHOXUXKQ\D�9Y�97�[�

������


