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$%675$.

7XOLVDQ�LQL�PHPEDKDV PHQJHQDL SHQHUDSDQ�NHQGDOL�IXOO�VWDWH�IHHGEDFN�XQWXN VWDELOLVDVL�
SRVLVL� EROD SDGD VLVWHP�EDOO� DQG�EHDP�3HQJXMLDQ GLODNXNDQ�GHQJDQ� WLJD� VNHPD \DLWX�
VLPXODVL� SDGD� VRIWZDUH� KDUGZDUH�LQ�WKH�/RRS� �+,/�� GLPDQD SHQJHQGDOL�
PLNURNRQWUROHU� GLJXQDNDQ� XQWXN� PHQJHQGDOLNDQ� YLUWXDO� SODQW \DQJ� EHUXSD� PRGHO�
PDWHPDWLV�NHQGDOLDQ�\DQJ�GLMDODQNDQ�SDGD�VRIWZDUH�VLPXODVL� VHUWD�LPSOHPHQWDVL�SDGD�
UHDO�SODQW�\DQJ�EHUXSD�VHW�XS�VLVWHP EDOO�DQG�EHDP�+DVLO�SHQJXMLDQ�PHQXQMXNNDQ�EDKZD�
NHWLJD�VNHPD�SHQJXMLDQ�PHQJKDVLONDQ�GLQDPLND�\DQJ�VHUXSD�GDODP�PHQVWDELONDQ�VLVWHP�
EDOO� DQG� EHDP GHQJDQ� VWHDG\� VWDWH� HUURU� WHUEHVDU ����� FP� SDGD� VNHPD� UHDO� SODQW�
.HVHVXDLDQ� KDVLO� SDGD VNHPD +,/ PHQXQMXNNDQ SRWHQVLQ\D� XQWXN� GLJXQDNDQ� GDODP
SHQJXMLDQ�GDQ�SHQJHPEDQJDQ�VXDWX�DOJRULWPD�NHQGDOL��

.DWD�.XQFL��%DOO�DQG�%HDP��)XOO�6WDWH�)HHGEDFN��+DUGZDUH�LQ�7KH�/RRS��+,/���

,�3(1'$+8/8$1

6LVWHP�EDOO�DQG�EHDP PHUXSDNDQ�SURWRWLSH�VHGHUKDQD�\DQJ�GDSDW�GLJXQDNDQ�XQWXN�

PHUHSUHVHQWDVLNDQ�PDVDODK�PDVDODK�\DQJ�EHUKXEXQJDQ�GHQJDQ�NHQGDOL�NHVHWLPEDQJDQ�

DWDX�VWDELOLVDVL�VXDWX�VLVWHP��VHEDJDL�FRQWRK��NHVHWLPEDQJDQ�KRUL]RQWDO�SHVDZDW�SDGD�

VDDW� PHQGDUDW�� 6LVWHP� EDOO� DQG� EHDP WHUGLUL� GDUL� NRQILJXUDVL� PRWRU� GDQ� JHDU� \DQJ�

GLKXEXQJNDQ�GHQJDQ�EDWDQJ�\DQJ�NHPLULQJDQQ\D

DNDQ�EHUXEDK�NHWLND�PRWRU�EHUJHUDN��7XMXDQ�GDUL�VLVWHP�LQL�DGDODK�PHQJHQGDOLNDQ�EROD�

\DQJ� EHUJHUDN� EHEDV� GL� SHUPXNDDQ� EDWDQJ� DJDU� WHWDS� EHUDGD� SDGD� SRVLVL� WHUWHQWX

PHVNLSXQ�DGD�JDQJJXDQ�\DQJ�GLEHULNDQ�SDGD�VLVWHP�

+LQJJD� VDDW� LQL�� WHODK�EDQ\DN�GLODNXNDQ�SHQHOLWLDQ��PXODL� GDUL�NRQWURO�NODVLN�� QRQ�

OLQHDU��KLQJJD�NHQGDOL�EHUEDVLV�NHFHUGDVDQ�EXDWDQ��PHQJHQDL�SHQJHPEDQJDQ�DOJRULWPD�
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XQWXN�PHQDQJDQL�PDVDODK�VWDELOLVDVL�SDGD�VLVWHP�EDOO�DQG�EHDP��6HEDJDL�FRQWRK��SDGD�

�0XVWDID������� PHPEDKDV�PHQJHQDL�SHQJHQGDOLDQ�VLVWHP�EDOO�DQG�EHDPPHQJJXQDNDQ�

3,'� EHUEDVLV� PLNURNRQWUROHU� GDQ� �%DVFL�� ����� PHPEDKDV� PHQJHQDL SHQJJXQDDQ�

PHWRGH�VOLGLQJ�PRGH�VHEDJDL�SHQJHQGDOL�VLVWHP�EDOO�DQG�EHDP� -XJD�PHWRGH� ODLQQ\D�

GLWHUDSNDQ�VHSHUWL�SDGD��0HKHGL�������� 3DGD�SHQHOLWLDQ�LQL�GLODNXNDQ�SHUDQFDQJDQ�GDQ�

LPSOHPHQWDVL� NHQGDOL� IXOO� VWDWH� IHHGEDFN SDGD�+DUGZDUH� LQ� WKH� ORRS� �+,/�� VLPXODWRU�

VLVWHP�EDOO�DQG�EHDP��3HQJHQGDOL� IXOO� VWDWH� IHHGEDFN GHQJDQ�PHWRGH�SROH�SODFHPHQW

GLSLOLK� GHQJDQ� DODVDQ� NHPXGDKDQ GDODP� SHUDQFDQJDQ� NHQGDOL� \DQJ� GLGDVDUNDQ� SDGD�

SHUIRUPDQVL�\DQJ�GLLQJLQNDQ��+DO�LQL�GLNDUHQDNDQ�PHWRGH�LQL�PHQJJXQDNDQ�SHQGHNDWDQ�

SHPRGHODQ�VWDWH�VSDFH VHKLQJJD�VLVWHP�GLQDPLND�RUGH�EHUDSDSXQ�GDSDW�GLWLQMDX�PHQMDGL�

SHUVDPDDQ�GLIHUHQVLDO�RUGH�VDWX��)UDQNOLQ����������:LOOLDP���������&RQWRK�SHQHUDSDQ�

PHWRGH�LQL�WHUGDSDW�SDGD��0DJDML�������� �6KDPVKLUL��������

3HUWLPEDQJDQ�XWDPD�SHQJJXQDDQ�+,/�VLPXODWRU�DGDODK�XQWXN�PHPLQLPDOLVLU�NHUXVDNDQ�

VLVWHP� \DQJ� GLVHEDENDQ� SURVHV� SHQJXMLDQ� \DQJ� EHUXODQJ�� 6HODLQ� LWX�� SURVHV�

SHQJHPEDQJDQ� DOJRULWPD�� SDGD� VLVWHP� +,/�� \DQJ� GLODNXNDQ� VHFDUD� ODQJVXQJ� SDGD�

(OHFWULF� &RQWURO� 8QLW �(&8��PHQMDGLNDQ� KDVLO� SHUDQFDQJDQ� NHQGDOL� GDSDW� ODQJVXQJ�

GLLPSOHPHQWDVLNDQ�SDGD�VLVWHP�ULLO� WDQSD�SHUOX�EDQ\DN�SHUXEDKDQ� &RQWRK�SHQHUDSDQ�

PHWRGH�LQL�WHUGDSDW�SDGD��0XOND����������0XQR]�+HUQDQGH]����������.XXVLVWR��������

,,�0(72'( 3(1(/,7,$1

%DJLDQ�LQL�PHPEDKDV�PHQJHQDL�PHWRGH�SHQHOLWLDQ�\DQJ�WHUGLUL�GDUL� OLPD ODQJNDK�

\DQJ�GLJXQDNDQ�GDODP�PHQ\XVXQ�SHQHOLWLDQ�

��� 3HPRGHODQ�6LVWHP�%DOO�DQG�%HDP

6LVWHP�EDOO�DQG�EHDP�PHUXSDNDQ�VXDWX�DODW�SHUDJD�\DQJ�WHUGLUL�GDUL�VHEXDK�EDORN�

SDQMDQJ� \DQJ� NHPLULQJDQQ\D� GDSDW� GLDWXU� ROHK� PRWRU� HOHNWULN�� GDQ� EROD� \DQJ� GDSDW�

EHUJHUDN�PHQJLNXWL�NHPLULQJDQ�EDORN�
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*DPEDU���� 5DQFDQJDQ�VLVWHP�EDOO�DQG�EHDP

'HQJDQ�PHQJJXQDNDQ�PHWRGH�/DJUDQJH��GLGDSDWNDQ�SHUVDPDDQ�EHULNXW�
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/LQHDULVDVL�SHUVDPDDQ�GL�DWDV�SDGD�ȕ ���VHKLQJJD�
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+XEXQJDQ�DQWDUD�VXGXW�EHDP GHQJDQ�VXGXW�PRWRU�VHUYR�
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.HPXGLDQ�VXEVWLWXVL�SHUVDPDDQ�����NH�SHUVDPDDQ�����PHQJKDVLONDQ�
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3HUVDPDDQ�GLDWDV�GLWUDQVIRUPDVL�NH�EHQWXN�ODSODFH�VHKLQJJD�GLGDSDW�IXQJVL�DOLK�VLVWHP�

EDOO�DQG�EHDP \DLWX�
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%HUGDVDUNDQ� PHNDQLND VLVWHP� EDOO� DQG� EHDP� GHQJDQ� QLODL�QLODL� SDUDPHWHU

SHPRGHODQ�J� �������P�V���G� �����P�GDQ�/� ������P�VHUWD�EROD�GLDQJJDS�VHEDJDL�EROD�

EHURQJJD��PDND�SHPRGHODQ�VWDWH�VSDFH VLVWHP�EDOO�DQG�EHDP�VHEDJDL�EHULNXW�

ܣ ൌ ቂ
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%HULNXW�UHSUHVHQWDVL�NHQGDOLDQ��YLUWXDO�SODQW��\DQJ�VLPXODVLNDQ�SDGD�VRIWZDUH 6LPXOLQN�

.HWHUDQJDQ�
Ě͗�ƉĂŶũĂŶŐ�ƚĂŶŐĂŶ�ŽĨĨƐĞƚ�;ŵͿ͘
ƌ͗�ũĂƌĂŬ�ďŽůĂ�;ŵͿ
>͗�ƉĂŶũĂŶŐ�ďĞĂŵ�;ŵͿ
:ď͗�DŽŵĞŶ�ŝŶĞƌƐŝĂ�ďŽůĂ�;ŬŐ͘ŵϮͿ
ɴ͗�ƐƵĚƵƚ�ďĞĂŵ�;����ȚͿ
ɽ͗�ƐƵĚƵƚ�ŵŽƚŽƌ�ƐĞƌǀŽ�;�Ț�Ϳ
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*DPEDU���� 3HPRGHODQ�YLUWXDO�SODQW SDGD�VRIWZDUH�6LPXOLQN

��� 3HUDQFDQJDQ�.HQGDOL�)XOO�6WDWH�)HHGEDFN

)XOO� VWDWH� IHHGEDFN� DGDODK�PHWRGH� \DQJ� GLJXQDNDQ� GDODP� WHRUL� VLVWHP� NRQWURO��

3HQJHUMDDQ�PHWRGH� IXOO� VWDWH� IHHGEDFN� DGDODK� EHUGDVDUNDQ� SDGD�PHWRGH� GHVDLQ� VWDWH�

VSDFH��7XMXDQ�GDUL�PHWRGH�IXOO�VWDWH�IHHGEDFN DGDODK�PHPXQJNLQNDQ�XQWXN�PHQHWDSNDQ�

VDWX�VHW�SROH XQWXN�VLVWHP�FORVHG�ORRS \DQJ�DNDQ�VHVXDL�GHQJDQ�UHVSRQ�GLQDPLV�\DQJ�

PHPXDVNDQ��3DGD�GDVDUQ\D�� IXOO�VWDWH�IHHGEDFN�DNDQ�PHQJDVXPVLNDQ�VHPXD�YDULDEHO�

XQWXN�PHQMDGL�IHHGEDFN� $NDQ�WHWDSL��NHWLND�DGD�VDODK�VDWX�YDULDEHO�\DQJ�WLGDN�WHUVHGLD��

PDND�\DQJ�KDUXV�GLODNXNDQ�DGDODK�PHUDQFDQJ�VWDWH�HVWLPDWRU��)XQJVL�VWDWH�HVWLPDWRU�

DGDODK�XQWXN�PHPSHUNLUDNDQ�QLODL�GDUL�YDULDEHO�\DQJ�WLGDN�WHUVHGLD�WHUVHEXW�EHUGDVDUNDQ�

QLODL�SHQJXNXUDQ�VHQVRU�GDUL�RXWSXW�VLVWHP�NRQWURO �)UDQNOLQ����������:LOOLDP��������

3DGD� VDDW� DNDQ� PHUDQFDQJ� PHWRGH� IXOO� VWDWH� IHHGEDFN� WHUOHELK� GDKXOX� KDUXV�

PHQJHWDKXL� LQSXW�� RXWSXW�� GDQ� VWDWH� PHODOXL� SHUKLWXQJDQ� VWDWH� VSDFH� \DLWX� GHQJDQ�

PHPEXDW� SHPRGHODQ� PDWHPDWLNDQ\D� GDQ� NHPXGLDQ� DNDQ� GLQ\DWDNDQ� GDODP� EHQWXN�

YHNWRU�

ᓃሺݐሻ ൌ ሻݐሺݔܣ  ሻ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘;ϭϭͿݐሺݑܤ

ሻݐሺݕ ൌ ሻݐሺݔܥ  ሻ͙͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘;ϭϮͿݐሺݑܦ

ሻݐሺݑ ൌ െݔܭሺݐሻ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘;ϭϯͿ

ᓃሺݐሻ ൌ ሺܣ െ ሻ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘;ϭϰͿݐሺݔሻܭܤ

%HUGDVDUNDQ�SHUVDPDDQ�GLDWDV��ᓃሺݐሻ PHUXSDNDQ�VWDWHݑ��ሺݐሻ PHUXSDNDQ�LQSXW�GDQݕ�ሺݐሻ

PHUXSDNDQ�RXWSXW��6HGDQJNDQܭ� PHUXSDNDQ�JDLQ�VWDWH�IHHGEDFN��6HEHOXP�PHQFDUL�QLODL�

ܭ KDUXV� GLSHULNVD� WHUOHELK� GDKXOX� NHWHUNHQGDOLDQ� GDUL� NHVHOXUXKDQ� VLVWHP� \DLWX�

PHPEXNWLNDQ�MXPODK�RUGH�GDUL�VLVWHP�GDQ��UDQN�SDGD�VLVWHP�MXPODKQ\D�VDPD �)UDQNOLQ��
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��������:LOOLDP�������� %HUGDVDUNDQ�SHUVDPDDQ�$FNHUPDQ��EHULNXW�DGDODK�SHUVDPDDQ�

XQWXN�PHQFDUL�QLODLܭ� �

ܭ ൌ ሾͲ ͳሿ ଵᢥௗିܿܯ ሺܣሻ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘;ϭϱͿ

ĚŝŵĂŶĂ� DĐ� ŵĂƚƌŝŬƐ� ŬĞƚĞƌŬĞŶĚĂůŝĂŶ� ĚĂŶ�ᢥௗ ���������� ���������� ��������������

������Ǧ���� ���������������Ǥ

%HULNXW�PHNDQLVPH�SURVHV�NHUMD�SHQJHQGDOL�\DQJ�GLODNXNDQ�ROHK�SHQJHQGDOL�GLJLWDO�
�$UGXLQR����

6WDUW

6HW�3RLQW

)HHGEDFN 3HPEDFDDQ�$'&

0HQMDODQNDQ�$OJRULWPD�
3HQJRQWUODQ

0HQJLULPNDQ�6LQ\DO�
.HQGDOL

6WRS

%HUKHQWL"

3:0

*DPEDU���� 'LDJUDP�$OLU�SURVHV�SHQJHQGDOLDQ�

3URVHV�SHQJHQGDOLDQ�GLDZDOL�GHQJDQ�SHPEDFDDQ�QLODL� UHIHUHQVL� �VHW�SRLQW��GDQ�VLQ\DO�

XPSDQ� EDOLN� �IHHGEDFN�� PHODOXL� SLQ� $'&�� 3URVHV� VHODQMXWQ\D� DGDODK� PHQMDODQNDQ�

DOJRULWPD� NHQGDOL�� 3DGD� WDKDS� LQL�� QLODL� VHW� SRLQW� GDQ� IHHGEDFN GLJXQDNDQ� XQWXN�

PHQJKLWXQJ� VLQ\DO� NHQGDOL� \DQJ� QDQWLQ\D� GLNLULPNDQ� XQWXN�PHQJDWXU� NLQHUMD� YLUWXDO�

SODQW�NHQGDOLDQ�ULLO��

��� 6LPXODVL�+,/

+,/� DGDODK� WHNQLN� \DQJ� PHPXQJNLQNDQ� GLJXQDNDQ� XQWXN� SHQJHPEDQJDQ� GDQ�

SHQJXMLDQ�VLVWHP�NRQWURO�\DQJ�UXPLW��6LVWHP \DQJ�GLUDQFDQJ�WHUOHELK�GDKXOX�GLODNXNDQ�

VLPXODVL�VHEHOXP�GLWHUDSNDQ�SDGD�VLVWHP�VHVXQJJXKQ\D�XQWXN�PHQJKLQGDUL�HUURU�\DQJ�

GDSDW�PHQJDNLEDWNDQ NHUXVDNDQ� SDGD� VLVWHP� VHVXQJJXKQ\D��+,/� � VDQJDW� EHUJXQD� GL�

ELGDQJ� DNDGHPLN� GDQ� LQGXVWUL�� +,/� GDSDW� PHPEDQWX� PHUDQFDQJ� VLVWHP� DJDU� VWDELO�

GHQJDQ� KDVLO� \DQJ� DNXUDW� GDQ� SUHVLVL�� � 6LPXODVL� LQL� EHUVLIDW UHDO�WLPH GHQJDQ�

PHPEXWXKNDQ�SHPRGHODQ�PDWHPDWLV�GDUL�SODQW�DVOLQ\D�WDQSD�PHPEXWXKNDQ�ZXMXG�DVOL�

GDUL� NHQGDOLDQ�� VHODLQ� LWX� +,/� MXJD� GDSDW� GLJXQDNDQ� XQWXN� PHQJXML� NHVHOXUXKDQ�
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KDUGZDUH� SDGD� VLPXODWRU� VHEHOXP� GLDSOLNDVLNDQ� SDGD� VLVWHP� \DQJ� DVOL �0XQR]�

+HUQDQGH]��������

3HQJJXQDDQ� +,/� GDSDW� PHQLQJNDWNDQ SDUDPHWHU� NHVHODPDWDQ� GDQ PHQXUXQNDQ�

ULVLNR� NHUXVDNDQ� VLVWHP� NDUHQD� VHPXD� WHV� GLODNXNDQ� VHFDUD� YLUWXDO� \DQJ� GDSDW�

EHUSHQJDUXK� SDGD EHUEDJDL� KDO� VHSHUWL� ELD\D�� HILVLHQVL�� GDQ� ZDNWX� SHQJHPEDQJDQ�

SURGXN \DQJ�GLXML�

*DPEDU���PHUXSDNDQ�NRQILJXUDVL�VLVWHP�+,/�\DQJ�DNDQ�GLUDQFDQJ��'DODP�VLVWHP�

LQL� NRQWUROHU� \DQJ� GLJXQDNDQ� DGDODK�$UGXLQR� GDQ� SODQW� \DQJ� GLJXQDNDQ�PHUXSDNDQ�

YLUWXDO�SODQW \DQJ�GLMDODQNDQ�SDGD�VRIWZDUH 6LPXOLQN�0DWODE�

*DPEDU���� 'LDJUDP�EORN�VLVWHP�+,/�

��� 8ML�.HQGDOL�VHFDUD�6LPXODVL

3DGD� EDJLDQ� LQL� SHQJXMLDQ� VLVWHP� GLODNXNDQ VHFDUD� VLPXODVL�� 5HIHUHQVL� SRVLVL�

VWHDG\� VWDWH EROD� GLDWXU� GHQJDQ SRWHQVLRPHWHU�� +DVLO� SHQJXMLDQ� VHODQMXWQ\D�PHQMDGL�

SDUDPHWHU�NHVHVXDLDQ�SHUDQFDQJDQ�NHQGDOL�NDUHQD�SHQJXMLDQ�GLODNXNDQ�DGD�UXDQJ�NHUMD�

\DQJ�LGHDO��6NHPD�SHQJXMLDQ VHFDUD�VLPXODVL�GDSDW�GLOLKDW�SDGD�*DPEDU����

��� 8ML�.HQGDOL�+DUGZDUH�LQ�WKH�ORRS �+,/�

3HQJXMLDQ� \DQJ�NHGXD�PHQJJXQDNDQ� VNHPD� VLPXODVL�+,/��3DGD� VNHPD� VLPXODVL�

+,/��$UGXLQR�GLJXQDNDQ�XQWXN�PHQMDODQNDQ�DOJRULWPD�NHQGDOL�XQWXN�PHQJHQGDOLNDQ�

YLUWXDO� SODQW� \DQJ� GLMDODQNDQ� SDGD� VRIWZDUH VLPXODVL�� 6NHPD� SHQJXMLDQ� GHQJDQ�

PHQJJXQDNDQ�VNHPD�VLPXODVL�+,/�GDSDW�GLOLKDW�SDGD�*DPEDU����

��� 8ML�.HQGDOL�SDGD�5HDO�3ODQW

3HQJXMLDQ� \DQJ� WHUDNKLU� GLODNXNDQ�PHQJJXQDNDQ� VNHPD� UHDO� SODQW�� 3DGD� VNHPD�

SHQJXMLDQ� LQL�� $UGXLQR� GLJXQDNDQ� XQWXN� PHQMDODQNDQ� DOJRULWPD� NHQGDOL� XQWXN�

PHQJHQGDOLNDQ�UHDO�SODQW�\DQJ�WHODK�GLUDQFDQJ��6NHPD�SHQJXMLDQ�GHQJDQ�PHQJJXQDNDQ�

UHDO�SODQW GDSDW�GLOLKDW�SDGD�*DPEDU����
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*DPEDU���� 6NHPD�SHQJXMLDQ�NHQGDOL�VHFDUD�VLPXODVL

*DPEDU���� 6NHPD�SHQJXMLDQ�NHQGDOL�VHFDUD�+,/

�D��

*DPEDU���� �D��5HDOLVDVL�VLVWHP�EDOO�DQG�EHDP���E��6NHPD�SHQJXMLDQ�NHQGDOL�VHFDUD�UHDO�SODQW

,,,�+$6,/�'$1�3(0%$+$6$1�

%HUGDVDUNDQ� SHQGHNDWDQ� SHUIRUPDQVL� VLVWHP� RUGH� GXD VHUWD� SHUIRUPDQVL� KDVLO�

SHQJHQGDOLDQ�\DQJ�GLLQJLQNDQ�DGDODK�VLVWHP�PHPSXQ\DL�UHGDPDQ�XQGHUGDPSHG�GHQJDQ�
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PDNVLPXP� RYHUVKRRW� ���� GDQ� VHWWOLQJ� WLPH� �� GHWLN�� PDND� GLGDSDW� QLODL� NRQVWDQWD�

SHQJHQGDOL�VHEDJDL�EHULNXW�

ܭ ൌ ሾെʹǤͻͺͺ െ ͳǤͶʹ ሿ

�����3HQJXMLDQ�.HQGDOL�)XOO�6WDWH�)HHGEDFN�SDGD�6LVWHP�%DOO�DQG�%HDP

3DGD�EDJLDQ�LQL�DNDQ�GLWDPSLONDQ�VLQ\DO�KDVLO�SHQJXMLDQ�XQWXN�VHWLDS�PHNDQLVPH�

VLPXODVL��6LQ\DO�NHOXDUDQ�VLVWHP�\DQJ�GLDPDWL�DGDODK�VLQ\DO�SRVLVL�GDQ�NHFHSDWDQ�EROD�

7DEHO�����*UDILN�KDVLO�SHQJXMLDQ�NHWLJD�VNHPD�VLPXODVL

^ŝŵƵůĂƐŝ

,/>

ZĞĂů�
WůĂŶƚ

���� 3HPEDKDVDQ�+DVLO�3HQJXMLDQ

6LQ\DO� NHOXDUDQ� GDUL� NHWLJD� VNHPD� SHQJXMLDQ� PHQXQMXNNDQ� EDKZD� WUHQG GDUL�

NHWLJDQ\D�VHUXSD��+DO� LQL�PHQJLQGLNDVLNDQ�EDKZD�PRGHO�PDWHPDWLV� \DQJ�GLGDSDWNDQ�

YDOLG� DWDX� EHUKDVLO� PHUHSUHVHQWDVLNDQ� GLQDPLND� NHQGDOLDQ� ULLO�� 6HODQMXWQ\D� DNDQ�

GLODNXNDQ�SHQJDPDWDQ�SHUIRUPDQVL�VLVWHP�KDVLO�SHQJHQGDOLDQ��%HULNXW�PHUXSDNDQ�WDEHO�

SHUEDQGLQJDQ�VLPXODVL��+,/��UHDO�SODQW�VHFDUD�FORVHG�ORRS�

7DEHO�����'DWD�KDVLO�SHQJXNXUDQ�SDUDPHWHU UHVSRQV�VLVWHP�SDGD�VHWLDS�NRQGLVL�DZDO

3DUDPHWHU .RQGLVL�DZDO 6LPXODVL +,/ 5HDO�SODQW

6WHDG\�VWDWH

�� FP

�����FP �������FP ������FP

2YHUVKRRW ���� � ����� � ����� �

6HWWOLQJ�WLPH ���� V ����� V ����� V

6WHDG\�VWDWH

� FP

�����FP �������FP ������FP

2YHUVKRRW ���� � ����� � ����� �

6HWWOLQJ�WLPH ���� V ����� V ����� V
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6WHDG\�VWDWH

�� FP

������FP �������FP �������FP

2YHUVKRRW ���� � ����� � ����� �

6HWWOLQJ�WLPH ���� V ����� V ����� V

6WHDG\�VWDWH

��� FP

������FP �������FP �������FP

2YHUVKRRW ���� � ����� � ���� �

6HWWOLQJ�WLPH ���� V ����� V ����� V

8QWXN�PHPSHUPXGDK�DQDOLVLV�KDVLO�SHUFREDDQ��VHOXUXK�GDWD�KDVLO�SHUFREDDQ�GLWDPSLONDQ�

GDODP�EHQWXN�UDWD�UDWD�XQWXN�VHWLDS�SDUDPHWHU��SHUIRUPDQVL��

7DEHO�����5HVXPH�SHUIRUPDQVL�VLVWHP�SDGD�VHWLDS�VNHPD�SHQJXMLDQ

3DUDPHWHU
6DUDQD�3HQJXMLDQ

6LPXODVL +,/ 5HDO SODQW

(UURU�6WHDG\�VWDWH �������FP �������FP �����FP

0D[LPXP�2YHUVKRRW ����� ������ ������

6HWWOLQJ�WLPH �����V �����V ����V

+DVLO� SHUFREDDQ�PHQXQMXNNDQ� EDKZD� VHOXUXK� SHUIRUPDQVL� SDGD� VNHPD�+,/� GDQ�

UHDO� KDUGZDUH OHELK� UHQGDK� GLEDQGLQJNDQ� GHQJDQ� VNHPD� VLPXODVL�� 6DODK� VDWX� IDNWRU�

\DQJ�GLGXJD�PHQMDGL�SHQ\HEDEQ\D�DGDODK�DGDQ\D�EDWDVDQ�PHNDQLN�GDQ�NHQGDOD�WHNQLV�

SDGD� SHUDQFDQJDQ� UHDO� SODQW� \DQJ� PHQ\HEDENDQ� NHQGDOLDQ� WLGDN� EHNHUMD� VHSHUWL�

VHPHVWLQ\D��)DNWRU�ODLQ�\DQJ PXQJNLQ�WHUMDGL�DGDODK�SHQJJXQDDQ�ORZ�FRVW�(&8 \DQJ�

PHQ\HEDENDQ� DGDQ\D� SHQXQGDDQ� �GHOD\�� DNLEDW� ZDNWX� SHPURVHVDQ� GDWD� GDQ� SURVHV�

WUDQVIHU�GDWD�PHQ\HEDENDQ�SHQXUXQDQ�SHUIRUPDQVL�VLVWHP NKXVXVQ\D�VHWWOLQJ�WLPH SDGD�

VNHPD�VLPXODVL�+,/�

,9�.(6,038/$1

'DUL�KDVLO�SHQHOLWLDQ�GDSDW�GLDPELO�EHEHUDSD�NHVLPSXODQ�VHEDJDL�EHULNXW�

ϭ͘ <ĞŶĚĂůŝ� ĨƵůů� ƐƚĂƚĞ� ĨĞĞĚďĂĐŬ ŵĞŶŐŚĂƐŝůŬĂŶ� ƌĞƐƉŽŶ� ǇĂŶŐ� ƐĞƌƵƉĂ� ĚĂůĂŵ� ŵĞŶƐƚĂďŝůŬĂŶ�

ƐŝƐƚĞŵ�ďĂůů�ĂŶĚ�ďĞĂŵ ƉĂĚĂ�ƐĞůƵƌƵŚ�ƐŬĞŵĂ�ƉĞŶŐƵũŝĂŶ�ǇĂŶŐ�ĚŝůĂŬƵŬĂŶ ĚĞŶŐĂŶ�ŶŝůĂŝ�ĞƌƌŽƌ�

ƐƚĞĂĚǇ�ƐƚĂƚĞ ƚĞƌďĞƐĂƌ�Ϭ͕ϭϵ�Đŵ�ƉĂĚĂ�ƐŬĞŵĂ�ƐŝŵƵůĂƐŝ�ƌĞĂů�ƉůĂŶƚ͘�
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Ϯ͘ ^ŬĞŵĂ� ƐŝŵƵůĂƐŝ� ;ƐŽĨƚǁĂƌĞͿ� ŵĞŶŐŚĂƐŝůŬĂŶ� ƉĞƌĨŽƌŵĂŶƐŝ� ǇĂŶŐ� ƉĂůŝŶŐ� ďĂŝŬ͘� ,Ăů� ŝŶŝ�

ĚŝƐĞďĂďŬĂŶ�ŬĂƌĞŶĂ�ƉĂĚĂ�ƐŬĞŵĂ�ƐŝŵƵůĂƐŝ͕�ƐŝƐƚĞŵ�ďĞŬĞƌũĂ�ƉĂĚĂ�ŬŽŶĚŝƐŝ� ŝĚĞĂů�ĚĂŶ� ůŝŶĞĂƌ�

ƐĞŚŝŶŐŐĂ�ƚŝĚĂŬ�ƚĞƌƉĞŶŐĂƌƵŚ�ŽůĞŚ�ŬĞŶĚĂůĂͲŬĞŶĚĂůĂ�ƚĞŬŶŝƐ�ǇĂŶŐ�ŵƵŶŐŬŝŶ�ƚĞƌũĂĚŝ͘�

ϯ͘ <ĞƐĞƐƵĂŝĂŶ�ŚĂƐŝů�ƉĞŶŐĞŶĚĂůŝĂŶ�ƉĂĚĂ�ƐŬĞŵĂ�,/>�ŵĞŶƵŶũƵŬŬĂŶ�ƉŽƚĞŶƐŝ�ǇĂŶŐ�ŚĂƌƵƐ�ƚĞƌƵƐ�

ĚŝŬĞŵďĂŶŐŬĂŶ� ƵŶƚƵŬ� ŵĞŶƵŶũĂŶŐ� ƉĞŶŐŐƵŶĂĂŶŶǇĂ� ĚĂůĂŵ� ƉƌŽƐĞƐ� ƉĞŶŐĞŵďĂŶŐĂŶ� ĚĂŶ�

ƉĞŶŐƵũŝĂŶ�ĂůŐŽƌŝƚŵĂ�ŬĞŶĚĂůŝ�ĚĞŶŐĂŶ�ƐĞŐĂůĂ�ŬĞůĞďŝŚĂŶ�ǇĂŶŐ�ƚŝĚĂŬ�ĚŝĚĂƉĂƚŬĂŶ�ƉĂĚĂ�ƐŬĞŵĂ�

ůĂŝŶ͘

'$)7$5�3867$.$

&DQ��.DDQ� %DVFL��$EGXOODK� ������3RVLWLRQ�&RQWURO�RI�D�%DOO�%HDP�([SHULPHQWDO�6HWXS�%DVHG�
RQ�6OLGLQJ�0RGH�&RQWUROOHU�� ,QWHUQDWLRQDO� -RXUQDO�RI�$SSOLHG�0DWKHPDWLFV��(OHFWURQLFV�DQG�
&RPSXWHUV��6SHFLDO ,VVXH��������

)UDQNOLQ��*HQH�)��3RZHOO��-�'DYLG� 1DHQL�$EEDV�(PDPL��������)HHGEDFN�&RQWURO�RI�'LQDPLV�
6\VWHPV� &DQDGD�

.XXVLVWR�� $NL�� ����� +DUGZDUH� LQ� 7KH� /RRS� 7HVW� 6HWXS� IRU� %DWWHU\ 0DQDJHPHQW� 6\VWHPV�
)LQODQGLD��7DPSHUH�8QLYHUVLW\�

0DJDML��1��$��'DQ�,VD���$�8�/DZDQ� ������'HVDLQ�RI�)XOO�6WDWH�)HHGEDFN�&RQWUROOHU�IRU�,QYHUWHG�
SHQGXOXP� 1LJHUFRQ� 1LJHULD��%D\HUR�8QLYHUVLW\�

0��0HKHGL�� 8��0�� $O�6DJJDI�� 5��0DQVRXUL� 0�� %HWWD\HE� ������ 7ZR� GHJUHHV� RI� IUHHGRP�
IUDFWLRQDO� FRQWUROOHU� GHVLJQ�� $SSOLFDWLRQ� WR� WKH� EDOO� DQG� EHDP� V\VWHP� 0HDV�� -�� ,QW��0HDV��
&RQIHG�

0XOND��9LSODY��������+DUGZDUH�LQ�7KH�/RRS�$UFKLWHFWXUH�IRU�D�'&�0RWRU��,QJJULV��8QLYHUVLW\�
RI�+XGGHUVILHOG�

*��$��0XQR]�+HUQDQGH]��6��3��0DQVRRU��'��,��������-RQHV +DUGZDUH�LQ�WKH�/RRS�6LPXODWLRQ�
LQ�0RGHOOLQJ�DQG�&RQWUROOLQJ�+\GURSRZHU�3ODQWV��/RQGRQ��6SULQJHU�

0XVWDID�6DDG� ��0RKDPPHG�.KDOIDOODK� �������'HVLJQ�DQG� ,PSOHPHQWDWLRQ�RI�DQ�(PEHGGHG�
%DOO�EHDP�&RQWUROOHU�8VLQJ�3,'�$OJRULWKP���8QLYHUVDO�-RXUQDO�RI�&RQWURO�DQG�$XWRPDWLRQ�����
����������� ����'RL�����������XMFD�������������

6KDPVKLUL��5DPLQ��:DQ�,VKDN�:DQ�,VPDLO��0RQD�0RUDGL������� )XOO�6WDWH�)HHGEDFN�&RQWUROOHU�
IRU� $� 7UDFWRU� $FWLYH� 6XVSHQVLRQ�� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� $JULFXOWXUDO� DQG� )RRG�
(QJLQHHULQJ� 0DOD\VLD�

:LOOLDPV��5REHUW�/��'RXJODV��$��/DZUHQFH� ����� /LQHDU�VWDWH�VSDFH�FRQWURO�V\VWHPV��&DQDGD�


