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6LPXODVL�'LQDPLND�0ROHNXOHU�.XDQWXP�GDUL�'HQVLWDV�0XDWDQ�
3ODVPD�XQWXN�6LVWHP�6HGHUKDQD� 

$OEHUW�=LFNR�-RKDQQHV� 

 
3URJUDP�6WXGL�)LVLND��)DNXOWDV�6DLQV�GDQ�7HNQLN��8QLYHUVLWDV�1XVD�&HQGDQD��

-O�$GL�6XFLSWR-3HQIXL��.RWD�.XSDQJ��1XVD�7HQJJDUD�7LPXU��,QGRQHVLD� 
 

3HQXOLV�3HQDQJJXQJMDZDE�(-PDLO�����]LFNRMRKDQQHV#VWDI�XQGDQD�DF�LG 

$%675$. 

3HPRGHODQ� DE-LQLWLR� 'LQDPLND�0ROHNXOHU� .XDQWXP� GDUL� GHQVLWDV� PXDQWDQ� SODVPD�

WHODK� WHODK� GLODNXNDQ�� 0HWRGH� \DQJ� GLJXQDNDQ� DGDODK� 'LQDPLND� 0ROHNXOHU� &DU-

3DUULQHOOR�� GLPDQD� PHWRGH� LQL� GDSDW� PHQVLPXODVLNDQ� SHUJHUDNDQ� GLQDPLV� GDUL�

HOHNWURQ� GDQ� LRQ� SDGD� VXDWX� WHPSHUDWXU� UDWD-UDWD�� 3HQHOLWLDQ� LQL� EHUWXMXDQ��

PHQVLPXODVLNDQ� SHUXEDKDQ� GHQVLWDV� PXDWDQ� GDUL� NOXVWHU� DWRP� +LGURJHQ� GDQ� DWRP�

2NVLJHQ� ���� DWRP�� SDGD� WHPSHUDWXU� ����� .�� +DVLO� PHQXQMXNNDQ� GHQVLWDV� PXDWDQ�

VHWHODK� SHUXEDKDQ� ZDNWX� ������ SV� XQWXN� VHWLDS� NOXVWHU� PHQJDODPL� SHUXEDKDQ�

EDQGZLGWK� GLVWULEXVL� GHQVLWDV�� 8QWXN� NOXVWHU� +� VHEHVDU� ������ ERKU-��� NOXVWHU� +-2�

����� +� -� ���� 2�� VHEHVDU� ������ ERKU-�� GDQ� NOXVWHU� 2� VHEHVDU� -������ ERKU-���

3HUXEDKDQ�LQL�PHQXQMXNNDQ�VHEDUDQ�GHQVLWDV�GLSHQJDUXKL�ROHK�MHQLV�LRQ�SODVPD� 

.DWD� .XQFL� ��'LQDPLND�0ROHNXOHU�.XDQWXP��3ODVPD��'HQVLWDV�PXDWDQ��'LQDPLND�

0ROHNXO�&DU-3DUULQHOOR� 

$%675$&7 

7KH� DE-LQLWLR�4XDQWXP�0ROHFXODU�'\QDPLFV�PRGHOLQJ� RI� SODVPD� FKDUJH� GHQVLW\� LV�

SHUIRUPHG��7KH�0HWKRG�XVHG�LQ�WKLV�UHVHDUFK�LV�&DU-3DUULQHOOR�0ROHFXODU�'\QDPLFV��

ZKLFK� LV� FDQ� VLPXODWH� WKH� G\QDPLFV� RI� HOHFWURQV� DQG� LRQV� DW� VRPH� DYHUDJH��������������

WHPSHUDWXUH��7KLV�UHVHDUFK�SXUSRVH�LV�WR�VLPXODWH�WKH�FKDQJH�LQ�FKDUJH�GHQVLW\�RI�+L�

GURJHQ�DQG�2[\JHQ�DWRP�FOXVWHU������DWRPV��DW�WKH�DYHUDJH�WHPSHUDWXUH������.��7KH�

UHVXOWV� VKRZ� WKH� FKDUJH� GHQVLW\� DIWHU� WLPH� GLIIHUHQFH� ������ SV� IRU� HDFK� FOXVWHUV��������

H[SHULHQFH�FKDQJH�LQ�EDQGZLGWK��)RU�+�FOXVWHU�LV�������ERKU-���+-2�FOXVWHU������+�-�

����2�� � LV�������ERKU-�� DQG�2�FOXVWHU� LV� -������ERKU-���7KLV�FKDQJH�VKRZV� WKDW� WKH�

GHQVLW\�GLVWULEXWLRQ�LV�LQIOXHQFHG�E\�WKH�W\SHV�RI�SODVPD�LRQV�� 

.H\ZRUGV���4XDQWXP�0ROHFXODU�'\QDPLFV��3ODVPD��&KDUJH�'HQVLW\��&DU-��3DUULQHOOR�

0ROHFXODU�'\QDPLFV� 
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�� 3HQGDKXOXDQ 

3ODVPD� GDODP� LOPX� ILVLND� DGDODK�

NHDGDDQ� IDVH� PDWHUL� NHHPSDW� VHWHODK��

SDGDW�� FDLU�� GDQ� JDV�� 8UXWDQ� LQL�

GLGDVDUNDQ� ROHK� HQHUJL� GDUL� SDUWLNHO-

SDUWLNHO� SHQ\XVXQ� PDWHUL�� 6HPDNLQ�

WLQJJL� HQHUJL� \DQJ� GLPLOLNL� VHWLDS�

SDUWLNHO� GDODP� PDWHUL� PDND� VHPDNLQ�

WLQJJL� NHFHSDWDQ� GDQ� WHPSHUDWXUQ\D��

3ODVPD� PHUXSDNDQ� PDWHUL� GDODP�

NHDGDDQ� JDV� \DQJ� WHULRQLVDVL� ROHK���

HQHUJL� WLQJJL� VHKLQJJD� LRQ� GDQ���������

HOHNWURQ� WHUEHQWXN� GL� GDODPQ\D�������

%HEHUDSD� FRQWRK� PDWHUL� SODVPD� LQL�

DGDODK� PDWDKDUL�� ELQWDQJ�� SHWLU��������

LRQRVIHU�� DSL�� ODPSX� QHRQ�� OD\DU� SODV�

PD�VHUWD�SODVPD�IXVL�QXNOLU� 

3ODVPD� VXGDK� VHULQJ� GLWHOLWL� NDUHQD�

FDNXSDQQ\D� \DQJ� OXDV� GLEHUEDJDL����

ELGDQJ� >�����@�� 'DODP� PHPSHODMDUL��

SODVPD� DGD� SDUDPHWHU� \DQJ� VHULQJ�

PHQMDGL� DFXDQ� \DLWX� GHQVLWDV� GDQ����

WHPSHUDWXU�� 'HQVLWDV� GDUL� SODVPD�

EHUNLVDU� GDUL� ����� SDUWLNHO�FF� VDPSDL�

GHQJDQ� GLEDZDK� GHQVLWDV� GDUL� PDWHUL�

SDGDW� \DLWX� ����� SDUWLNHO�FF�� 8QWXN�

WHPSHUDWXU� EHUNLVDU� ���� a���� H9�

����a����.�� >�@��6HFDUD� WHRULWLV�NHGXD�

QLODL� LQL� EHUDGD� SDGD� GDHUDK� PDWHUL��

SDGDW� KDQJDW� DWDX�ZDUP� GHQVH�PDWWHU�

�:0'��� ³+DQJDW´� EHUDUWL� WHPSHUDWXU�

GDODP� NLVDUDQ� ���� a� ���� .�� ³3DGDW´�

EHUDUWL� GHQVLWDV� GLDQWDUD� ����� a� �����

SDUWLNHO�FF�� 

�3DGD� GDHUDK� :0'� SODVPD� GDSDW�

GLWHPSDWL�ROHK�DWRP��PROHNXO��HOHNWURQ��

LRQ� DWDX� JDEXQJDQ� GDUL� GXD� DWDX� OHELK�

LRQ� �GLPPHU�� WULPPHU�� GOO��� 6HPXD� LVL�

GDUL�SODVPD�LQL�EHUJHUDN�VHFDUD�GLQDPLV�

GDQ� GDSDW� EHULQWHUDNVL� VDWX� VDPD� ODLQ��

2OHK� NDUHQD� LWX� GDODP� PHPSHODMDUL�

SODVPD�FRFRN�PHQJJXQDNDQ�SHPRGHODQ�

VLPXODVL�GLQDPLND�PROHNXOHU��� 

6LPXODVL� GLQDPLND� PROHNXOHU�

SODVPD� VHFDUD�XPXP�VDQJDW�NRPSOHNV�

GDQ�PHOLEDWNDQ�EDQ\DN�SDUWLNHO�>�����@��

SDGD� SHQHOLWLDQ� LQL� KDO� WHUVHEXW�

GLVHGHUKDQDNDQ� GHQJDQ�

PHQVLPXODVLNDQ� VLVWHP�\DQJ� MHQLV�GDQ�

MXPODK� SDUWLNHO� OHELK� VHGLNLW�� /HELK�

ODQMXW� SHPRGHODQ� VLPXODVL� SDGD�

SHQHOLWLDQ� LQL� EHUWXMXDQ� XQWXN� PHOLKDW�

SHUXEDKDQ� GHQVLWDV� PXDWDQ� �HOHNWURQ��

GDUL� SODVPD� NKXVXV� SDGD� WHPSHUDWXU�

�����.�� 

 

���0HWRGH�3HUKLWXQJDQ 

�����6LPXODVL�'LQDPLND�0ROHNXOHU� 

&DU-�3DUULQHOOR 

'LQDPLND� 0ROHNXOHU� &DU-

3DUULQHOOR� �'0-&3�� DGDODK� VXDWX�

PHWRGH� XQWXN� PHQVLPXODVLNDQ�

SHUJHUDNDQ�HOHNWURQ�GDQ�LRQ�SDGD�VXDWX�

WHPSHUDWXU� UDWD-UDWD�� 0HWRGH� LQL�

PHQJJXQDNDQ� SHUKLWXQJDQ� HQHUJL� WRWDO�

DE-LQLWLR� GDUL� 7HRUL� )XQJVLRQDO� 5DSDW�

(OHNWURQ� �'HQVLW\� IXQFWLRQDO� 7KHRU\��

DWDX� ')7� >�@�� 0HWRGH� LQL�
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0HWRGH� LQL� PHQJJXQDNDQ� SHUKLWXQJDQ�

HQHUJL� WRWDO� DE-LQLWLR� GDUL� 7HRUL�

)XQJVLRQDO� 5DSDW� (OHNWURQ� �'HQVLW\�

IXQFWLRQDO� 7KHRU\�� DWDX� ')7� >�@��

0HWRGH� LQL� PHPSHUVLQJNDW� ZDNWX�

NRPSXWDVL�� 2OHK� NDUHQD� LWX� PHWRGH�

'0-&3�EDQ\DN�GLSDNDL�XQWXN�VLPXODVL�

GLQDPLND�PROHNXOHU� 

0HWRGH� '0-&3� PHQJJXQDNDQ� GXD�

MHQLV�PDVVD� GHQJDQ� GLQDPLND�PDVLQJ-

PDVLQJ�� � <DLWX� PDVVD� LRQ� GDQ� PDVVD�

ILNWLI� HOHNWURQ�� 'HUDMDW� NHEHEDVDQ�

HOHNWURQ� GLPLVDONDQ� VHEDJDL� VXDWX�

PDVVD� ILNWLI� �� VHKLQJJD� HOHNWURQ��

EHUJHUDN� GHQJDQ� GLQDPLND� WHUVHQGLUL��

6HKLQJJD� RUELWDO� HOHNWURQ� GDQ� SRVLVL�

LRQ� GLYDULDVLNDQ� VHFDUD� EHUVDPD-VDPD�

XQWXN� PHQFDSDL� NHVHWLPEDQJDQ� DWDX�

HQHUJL� PLQLPXP�� /DJUDQJLDQ� GDUL�

VLVWHP� EHUJXQD� XQWXN� PHQFDUL� HQHUJL�

PLQLPXP� GDQ� VLPXODVL� GLQDPLND�

PROHNXOHU� 

'DODP�SHUKLWXQJDQ�HQHUJL�PLQLPXP�

GLJXQDNDQ� ')7� � \DLWX� SHUVDPDDQ�

RUELWDO� HOHNWURQ� .RKQ-6KDP� \DQJ�

EHQWXNQ\D� PLULS� SHUVDPDDQ�

6FKU|GLQJHU�VHEDJDL�EHULNXW�� 

������� ����
��� 

%DJLDQ� SHUWDPD� GDUL� SHUVDPDDQ� ����

DGDODK� EDJLDQ� HQHUJL� NLQHWLN�� EDJLDQ�

NHGXD� DGDODK� HQHUJL� SRWHQVLDO� WRWDO�

� GDQ� EDJLDQ� NHWLJD� � DGDODK�

HQHUJL� WRWDO� VLVWHP�RUELWDO� HOHNWURQ��'L�

GDODP� ')7� HQHUJL� SRWHQVLDO� WRWDO�

WHUGLUL�GDUL�WLJD�EDJLDQ�\DLWX�� 

������ ����
��� 

�6HWHODK� HQHUJL� HOHNWURQ� PLQLPXP�

GLODQMXWNDQ� NH� SHQJJXQDDQ� SHUVDPDDQ�

JHUDN� GLQDPLND� PROHNXOHU� GLPDQD�

XQWXN�LRQ�DGDODK�� 

��������
��� 

GDQ�XQWXN�HOHNWURQ�ILNWLI�DGDODK�� 

����������
��� 

GLPDQD� �  � PDVVD� LRQ��  SRVLVL�

LRQ�� �  PDVVD� ILNWLI� HOHNWURQ��

 RUELWDO� HOHNWURQ� NH� -N�� �  �

PDWULNV�SDUDPHWHU�SHQJDOL�ODJUDQJH�� 

3HPEDKDVDQ�OHELK�ULQFL�WHQWDQJ�PHWRGH�

LQL�GDSDW�GLOLKDW�SDGD�WXOLVDQ�'LSRMRQR��

+�.��>�@� 

 

�����/DQJNDK�SHUKLWXQJDQ 

3ODVPD� \DQJ� GLVLPXODVLNDQ� SDGD�

SHUKLWXQJDQ� LQL� GLEDWDVL� XQWXN� SODVPD� 

DWRP� KLGURJHQ� GDQ� RNVLJHQ� \DQJ�

WHUFLSWD� SDGD� WHPSHUDWXU� ����� .��

/DQJNDK� SHUWDPD� SDGD� VLPXODVL� LQL�

DGDODK� PHPRGHONDQ� VLVWHP� DWRP��

6LVWHP� \DQJ� GLJXQDNDQ� SHQHOLWLDQ� LQL�
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 DGDODK� VXDWX� VLVWHP� VHGHUKDQD� \DQJ�

WHUGLUL� GDUL� NOXVWHU� DWRP� SDGD� NRWDN�

SHUVHJL� EHUXNXUDQ� ����� ǖ-�� GHQJDQ�

V\DUDW� EDWDV� SHULRGLN�� GLPDQD� GHQJDQ�

V\DUDW� EDWDV� LQL� DWRP� \DQJ� PHOHZDWL�

GLQGLQJ�DNDQ�PXQFXO�NHPEDOL�GLVLVL�ODLQ�

NRWDN� DWDX� GHQJDQ� NDWD� ODLQ� GHQVLWDV�

VLVWHP�DNDQ�WHWDS�WHUMDJD��NRQVWDQ��� 

3DGD� SHUKLWXQJDQ� GLJXQDNDQ� �� MHQLV�

DWRP�EHUEHGD�\DNQL�DWRP�+LGURJHQ��+��

GDQ� DWRP� 2NVLJHQ� �2�� GDQ� EHUMXPODK�

WRWDO� ��� DWRP�� 6LVWHP� ��� DWRP� LQL�

GLYDULDVLNDQ� GHQVLWDVQ\D� DQWDUD� ����� J�

FF� GDQ� ����� J�FF�� 'LPDQD� ����� J�FF�

XQWXN�VLVWHP�GHQJDQ����DWRP�EHUXSD�+�

GDQ������J�FF�XQWXN����DWRP�EHUXSD�2��

VHGDQJNDQ� XQWXN� SHPEDQGLQJ�

GLJXQDNDQ� VLVWHP� ���� DWRP� +� GDQ� 2�

GHQJDQ� GHQVLWDV� VHEHVDU� ����� J�FF��

.RQYHUVL� GHQVLWDV� LQL� GDODP� EHQWXN�

GHQVLWDV� HOHNWURQ� GDQ� LRQ� GLWXQMXNNDQ�

XQWXN�VHWLDS�VLPXODVL�GDSDW�GLOLKDW�SDGD�

WDEHO�� 6HODLQ� LWX� SHQJJXQDDQ� VLVWHP� LQL�

EHUWXMXDQ� PHQJKHPDW� ZDNWX� VLPXODVL�

GDQ�PHQGHNDWL�VLVWHP�SODVPD�DVOL�\DQJ�

NRPSOHNV� GHQJDQ� VXDWX� VLVWHP�

VHGHUKDQD�� 6HWHODK� GLODNXNDQ�

SHPRGHODQ� VLVWHP� DWRP�� ODQJNDK�

EHULNXWQ\D� GDODP� VLPXODVL� LQL� DGDODK�

PHPLQLPDONDQ� HQHUJL� GDUL� HOHNWURQ� NH�

NHDGDDQ� HQHUJL� GDVDU� GHQJDQ� ')7��

.HPXGLDQ� GLODQMXWNNDQ� GHQJDQ�

SHUKLWXQJDQ� GHQJDQ� PHWRGH� '0-&3��

6HPXD� SHUKLWXQJDQ� GLDWDV� DNDQ�

PHQJJXQDNDQ� VRIWZDUH� RSHQ-VRXUFH�

4XDQWXP�(VVSUHVVR�DWDX�4(�\DLWX�FS�[�

>�@�� 6HGDQJNDQ� XQWXN� PHQDPSLONDQ�

KDVLO� SHUKLWXQJDQ� GLJXQDNDQ� ;FU\VGHQ�

>��@� 

 

������,QSXW�4( 

3HUKLWXQJDQ� GHQJDQ� VRIWZDUH� 4(�

GLSHUOXNDQ�EHEHUDSD� LQSXW�XWDPD�\DNQL�

MHQLV� GDQ� SRVLVL� DWRP�� EHQWXN� GDQ�

XNXUDQ� NLVL� VHUWD� MHQLV� SRWHQVLDO� VHPX��

3DGD� SHUKLWXQJDQ� LQL� GLWHQWXNDQ� MHQLV�

DWRP�DGDODK�+�GDQ�2��VHUWD�EHQWXN�NLVL�

DGDODK�NXELN�GHQJDQ�SDQMDQJ�NLVL����ǖ��

3RWHQVLDO� VHPX� \DQJ� GLJXQDNDQ� DGDODK�

**$�%HFNH-/HH-<DQJ-3DUU��%/<3��� 

 6HODLQ� LWX� SHUKLWXQJDQ� '0-&3�

PHPHUOXNDQ� SHQHQWXDQ� QLODL� PDVVD�

VHPX�� SDGD� SHUKLWXQJDQ� GLJXQDNDQ�

PDVVD� VHPX� VHEHVDU� ���� VDWXDQ� PDVD�

DWRP� �DWRPLF� PDVV� XQLW�� DWDX� DPX��

7LGDN�OXSD�GLPDVXNNDQ�QLODL�WHPSHUDWXU�

�����.� 

7DEHO����7DEHO�GHQVLWDV�SODVPD�GDUL�HOHNWURQ�GDQ�LRQ 

EŽ :ĞŶŝƐ��ƚŽŵ 
:ƵŵůĂŚ�ƟĂƉ�
�ƚŽŵ 

�ĞŶƐŝƚĂƐ�ĞůĞŬƚƌŽŶ�
;ĐĐ-ϯͿ 

�ĞŶƐŝƚĂƐ�/ŽŶ�;ĐĐ-

ϯͿ 
ϭ , ,-ϭϬ ϭ͕ϬϬ�ǆ�ϭϬϮϮ  ϭ͕ϬϬ�ǆ�ϭϬϮϮ 

Ϯ K K-ϭϬ ϴ͕ϬϬ�ǆ�ϭϬϮϮ ϭ͕ϬϬ�ǆ�ϭϬϮϮ 

ϯ ,��ĚĂŶ�K ,-ϱ�͕�K-ϱ ϰ͕ϱϬ�ǆ�ϭϬϮϮ ϭ͕ϬϬ�ǆ�ϭϬϮϮ 
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���+DVLO�GDQ�3HPEDKDVDQ 

+DVLO� VLPXODVL� '0-&3� GDSDW� GLOLKDW�

SDGD�JDPEDU���GDQ����*DPEDU���GDQ���

PHQXQMXNNDQ� KDVLO� VLPXODVL� SDGD�

NHDGDDQ�DZDO��ZDNWX�W� ���SV���NHDGDDQ�

PHQHQJDK���W� �������SV���GDQ�NHDGDDQ�

DNKLU��W� �������SV�� 

*DPEDU� �� PHQXQMXNNDQ� LVRVXUIDFH� ��

GLPHQVL� GDUL� GHQVLWDV� PXDWDQ�� 1LODL�

LVRVXUIDFH� LQL� GLDPELO� SDGD� QLODL� �����

ERKU-�� DWDX� ������ ǖ-�� ,VRVXUIDFH� LQL�

PHQJLQGLNDVLNDQ� ODSLVDQ� GHQVLWDV�

HOHNWURQ�SDGD�VXDWX�SHUPXNDDQ�EHUQLODL�

VDPD�� 7HUOLKDW� � GLJDPEDU� � SDGD�

NHDGDDQ� DZDO� VHPXD� NOXVWHU� WHUOLKDW�

WLGDN�MDXK�EHUEHGD��KDO�LQL�GLNDUHQDNDQ�

SRVLVL� DZDO� LRQ� DGDODK� VDPD� \DQJ�

EHUEHGD� KDQ\D� MHQLV� DWRPQ\D�� 7HUOLKDW�

GLVWULEXVL�GHQVLWDV�HOHNWURQ�LRQ�+�OHELK�

NHFLO� GDUL� GHQVLWDV� DWRP� 2�� KDO� LQL�

VHVXDL� GHQJDQ� WHRUL� GLPDQD� DWRP� 2�

PHQJDQGXQJ� OHELK� EDQ\DN� HOHNWURQ�

GDULSDGD� DWRP� +�� 6HODQMXWQ\D� SDGD�

NHDGDDQ� PHQHQJDK� WHUOLKDW� KDO� \DQJ�

PLULS� GLVHPXD� NOXVWHU� \DLWX� VHEDUDQ�

GHQVLWDV� HOHNWURQ� EHUNXPSXO� GLWHQJDK�

UXDQJ�� 6HGDQJNDQ� SDGD� NHDGDDQ� DNKLU�

SRVLVL� LRQ-LRQ� XQWXN� NOXVWHU� DWRP� +�

WHUVHEDU� NH� VHOXUXK� UXDQJ�� VHKLQJJD�

VHEDUDQ�GHQVLWDV�HOHNWURQ�PHQ\HEDU�NH�

VXGXW-VXGXW� UXDQJ� PHPEXDW� EDJLDQ�

WHQJDK� UXDQJ� PHQMDGL� NRVRQJ�� +DO�

EHUEHGD� XQWXN� NOXVWHU� DWRP�+-2� VHUWD�

NOXVWHU� DWRP� 2�� SRVLVL� DNKLU� LRQ-LRQ�

PDVLK� EHUNXPSXO� GLWHQJDK� UXDQJ� GDQ�

PHPEHQWXN� GDHUDK� VHEDUDQ� GHQVLWDV�

HOHNWURQ� \DQJ� FXNXS� EHVDU� GLEDJLDQ�

WHQJDK�� 3DGD� NHGXD� NOXVWHU� LQL� LRQ-LRQ�

FHQGHUXQJ� WHUOLKDW� OHELK� WHULNDW� GDQ�

VXOLW� PHQ\HEDU�� +DO� PHQDULN� ODLQQ\D�

WHUOLKDW� SDGD� NOXVWHU� DWRP� +�� LRQ� +�

WHUOLKDW� PHQ\HEDU� VHFDUD� EHUSDVDQJDQ��

7HUEHQWXN� LNDWDQ� GLPHU� DQWDUD� LRQ� +�

VDWX�GHQJDQ�ODLQQ\D�� 

6HODQMXWQ\D�JDPEDU���PHQXQMXNNDQ�

SROD� NRQWXU� LVROLQH� �� GLPHQVL��

3HUXEDKDQ� LVROLQH� GLEDJL� PHQMDGL� ��

GDHUDK� SHZDUQDDQ� GHQJDQ� XUXWDQ�

ZDUQD� SHODQJL� GDQ� GDODP� VNDOD�

ORJDULWPLN�� GLPDQD� ZDUQD� PHUDK�

PHQXQMXNNDQ� QLODL� GHQVLWDV� WHUNHFLO�

�PHQGHNDWL� QRO�� GDQ� VHEDOLNQ\D�ZDUQD�

XQJX� QLODL� GHQVLWDV� WHUEHVDU� �OHELK�

EHVDU�DWDX�VDPD�GHQJDQ��������ERKU-�����

3ROD� NRQWXU� LQL� GLDPELO� SDGD� ELGDQJ�

SHUPXNDDQ��<=��=;�GDQ�;<��SDGD�WLJD�

ODSLVDQ� \DLWX� ODSLVDQ� DWDV�� WHQJDK� GDQ�

EDZDK� VHUWD� SDGD� WLJD� ZDNWX� \DQJ�

EHUEHGD� DZDO�� PHQHQJDK� GDQ� DNKLU��

+DVLO� � NRQWXU� LQL�PHPSHUMHODV� DQDOLVLV�

SDGD� JDPEDU� ��� WHUOLKDW� SDGD� NHDGDDQ�

DZDO�� PHQHQJDK� GDQ� DNKLU� �NHFXDOL�

XQWXN� NOXVWHU� DWRP� +� SDGD� NHDGDDQ�

DNKLU�� SROD� NRQWXU� ZDUQD� ELUX-XQJX�

VHEDJDL� GDHUDK� GHQJDQ� QLODL� GHQVLWDV�

EHVDU� WHUOLKDW� OHELK� EDQ\DN� WHUNXPSXO�

SDGD� ODSLVDQ� WHQJDK�� 6HGDQJNDQ�XQWXN�

NOXVWHU� DWRP� +� SDGD� NHDGDDQ� DNKLU�

SROD�NRQWXU�ELUX-XQJX�WHUVHEDU�GLVHWLDS�

ODSLVDQ�� 
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'DUL� KDVLO� SHUKLWXQJDQ� GLSHUROHK� MXJD�

SHUXEDKDQ� OHEDU�SLWD� �EDQGZLGWK��VHEDUDQ�

GHQVLWDV� PXDWDQ� HOHNWURQ� GDUL� NHDGDDQ�

DZDO� NH� NHDGDDQ� EHULNXWQ\D�� +DVLO� LQL�

GDSDW� GLOLKDW� SDGD� JDPEDU� ��� 7HUOLKDW�

XQWXN� +� GDQ� +-2� EHUWDPEDK� OHEDU�

VHGDQJNDQ�XQWXN�2�EHUNXUDQJ�� 

*DPEDU����,VRVXUIDFH��-GLPHQVL�GHQVLWDV�PXDWDQ�HOHNWURQ�SDGD�LRQ�XQWXN�SHUPXNDDQ������ERKU-���SDGD�WLJD�

NHDGDDQ�ZDNWX�VLPXODVL�EHUEHGD�DZDO�W� ���SV��PHQHQJDK�W� �������SV��GDQ�DNKLU�W� �������SV�� 

6HOLVLK�SHUXEDKDQ� GDUL� NHDGDDQ� DZDO� NH�

NHDGDDQ�DNKLU�+�VHEHVDU�������ERKU-���+-

2� VHEHVDU� ������ ERKU-�� GDQ� XQWXN� 2�

VHEHVDU� -������ ERKU-��� � 1LODL� LQL�

PHQXQMXNNDQ� VHEDUDQ� GHQVLWDV� HOHNWURQ�

VDQJDW� GLSHQJDUXKL� MHQLV� LRQ� DWRP�

SODVPDQ\D�� 
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W� ���SV W� �������SV�SV W� �������SV�SV 

ĂͿ 

z� 

 

�y������ƚŽŵ�,��� 

 

yz 

'HQVLWDV�HOHNWURQ��ERKU-�� 

ďͿ 

z� 

 

�y������ƚŽŵ�,K��� 

 

yz 

ĐͿ 

z� 

 

�y������ƚŽŵ�K� 

 

yz 

*DPEDU����,VROLQHV��-GLPHQVL�GHQVLWDV�HOHNWURQ��ERKU-���SDGD�LRQ�XQWXN�SHUPXNDDQ��XQWXN�WLJD�ELGDQJ�<=��

=;��GDQ�;<��GHQJDQ�WLJD�ODSLVDQ�EHUEHGD�EDZDK��WHQJDK�GDQ�DWDV�GDUL�NLUL�NH�NDQDQ�EHUWXUXW-WXUXW���VHUWD�WLJD�

NHDGDDQ�ZDNWX�VLPXODVL�EHUEHGD�DZDO�W ��SV��PHQHQJDK�W ������SV��GDQ�DNKLU�W ������SV��.OXVWHU�DWRP�+�

�D���.OXVWHU�JDEXQJDQ�DWRP�+-2�GHQJDQ�FDPSXUDQ������E���.OXVWHU�DWRP�2��F��� 

(OHNWURQ� GDODP� SHUJHUDNDQQ\D� EHUXVDKD�

PHQFDUL� VXDWX� QLODL� VHWLPEDQJ� DWDX� QLODL�

HQHUJL�PLQLPXP�GDUL�SRVLVL�DZDOQ\D��SDGD�

NOXVWHU� +� GDQ� +-2� HOHNWURQ� FHQGHUXQJ�

EHUJHUDN�PHQ\HEDU�XQWXN�VHWLPEDQJ��QLODL�

EDQGZLGWK� VHEDUDQ� GHQVLWDV� HOHNWURQ�

EHUWDPEDK�OHEDU���VHGDQJNDQ�XQWXN�NOXVWHU�

2� HOHNWURQ� OHELK� FHQGHUXQJ� EHUJHUDN�

PHQJXPSXO� �QLODL� EDQGZLGWK� VHEDUDQ�

GHQVLWDV�HOHNWURQ�EHUWDPEDK�NHFLO��� 

���6LPSXODQ 

3HUXEDKDQ� GHQVLWDV� � PXDWDQ� HOHNWURQ�

SDGD� VLVWHP� GDSDW� GLVLPXODVLNDQ� GHQJDQ�

EDLN� PHQJJXQDNDQ� PHWRGH� '0-&3��

3HUJHUDNDQ� LRQ� VHUWD� SHUXEDKDQ� VHEDUDQ�

GHQVLWDV� PXDWDQ� HOHNWURQ� SDGD�

WHPSHUDWXU� ����� .� GDSDW� WHUOLKDW� MHODV�

SDGD� VLVWHP� VHGHUKDQD� LQL�� 'DUL� KDVLO�

LVRVXUIDFHV�GDQ� LVROLQHV�HOHNWURQ��NOXVWHU�

+� EHUJHUDN� OHELK� EHEDV� VHGDQJNDQ�
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4XDQWXP� 0ROHFXODU� '\QDPLFV�

6LPXODWLRQV� RI�+RW��'HQVH�+\GURJHQ��

3K\VLFDO�5HYLHZ�(����������-����� 

�� .DKDQH��6���������4XDQWXP�0ROHFXODU�

'\QDPLFV� 6LPXODWLRQV� RI� :DUP�

'HQVH� /L� 3ODVPD�� 2SHQ� -RXUQDO� RI�

0RGHOOLQJ� DQG� 6LPXODWLRQ� �� ��� ���-

���� 

�� 'LSRMRQR�� +�.�������� 6LPXODVL�

'LQDPLND� 0RNHNXO� �6HEXDK�

3HQJDQWDU��� GL� GDODP� 3URVLGLQJ�

6HPLQDU�1DVLRQDO�+DPEXUDQ�1HXWURQ�

GDQ� 6LQDU-;� NH� ��� ��-���� 6HUSRQJ��

,661�����-���� 

�� *LDQQR]]L�� 3��� $QGUHXVVL�� 2���

%UXPPH�� 7��� %XQDX��2���1DUGHOOL��0��

%��� &DODQGUD�� 0��� ���� 	� &RORQQD�� 1��

�������� $GYDQFHG� FDSDELOLWLHV� IRU�

PDWHULDOV� PRGHOOLQJ� ZLWK� 4XDQWXP�

(635(662� -RXUQDO� RI� 3K\VLFV��

&RQGHQVHG�0DWWHU� ���������������� 

�� .RNDOM��$�� ��;&U\6'HQ� -� D�1HZ�3UR�

JUDP�IRU�'LVSOD\LQJ�&U\VWDOOLQH�6WUXF�

WXUHV�DQG�(OHFWURQ�'HQVLWLHV� �������-��

0RO��*UDSKLFV�0RGHOOLQJ��������-����� 

HOHNWURQ� SDGD� NOXVWHU� +-2� GDQ� 2�

FHQGHUXQJ� OHELK� VXOLW� EHUJHUDN� GDQ�

WHULNDW�� WHUOLKDW� SDGD� NHDGDDQ� DNKLU�

NHGXD�NOXVWHU�WHUVHEXW��\DQJ�WHUNXPSXO�

GL� WHQJDK� UXDQJ�� %HULNXWQ\D� GDUL� QLODL�

EDQGZLGWK� VHEDUDQ� GHQVLWDV� HOHNWURQ��

NOXVWHU�+�GDQ�+-2�HOHNWURQ�FHQGHUXQJ�

EHUJHUDN� PHQ\HEDU� XQWXN� VHWLPEDQJ�

�QLODL� EHUWDPEDK� EHVDU�� VHGDQJNDQ�

XQWXN� NOXVWHU� 2� HOHNWURQ� OHELK�

FHQGHUXQJ� EHUJHUDN� PHJXPSXO� �QLODL�

VHPDNLQ� NHFLO��� -HQLV� LRQ� SODVPD�

PHPSHQJDUXKL� JHUDN� HOHNWURQ� VHUWD�

SHQ\HEDUDQQ\D�� 

 
���5HIHUHQVL 

�� 0LORVKHYVN\��*���	�+DVVDQHLQ��$��

�������� 4XDQWXP� 0RGHOLQJ� RI�

(OHFWURQLF� &KDUJH� 'HQVLW\� LQ�

:DUP� 'HQVH� 0DWWHU� ,(((�

7UDQVDFWLRQV� RQ� 3ODVPD�

6FLHQFH� ������������-����� 

�� &ROOLQV�� /��� .ZRQ�� ,��� .UHVV�� -���

7URXOOLHU��1��DQG�/\QFK��'���������

4XDQWXP� 0ROHFXODU� '\QDPLFV�

*DPEDU����%DQGZLGWK�VHEDUDQ�GHQVLWDV�HOHNWURQ��ERKU-���GDUL�

NHDGDDQ�DZDO�NH�NHDGDDQ�EHULNXWQ\D� 




