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$EVWUDN

(QHUJL�OLVWULN�DGDODK�VXDWX�HQHUJL�\DQJ�VXGDK�PHQMDGL�NHEXWXKDQ�SRNRN�VHWLDS�PDV\DUDNDW��GDQ�NHEXWXKDQ�

XQWXN� OLVWULN�VHPDNLQ�EHVDU�GDQ�ELD\D�MXJD�VHPDNLQ�WLQJJL��'DPSDN�GDUL�SHPDNDLDQ�HQHUJL�\DQJ�FXNXS�EHVDU�

DNDQ�PHQJDNLEDWNDQ�NULVLV�WHUKDGDS�HQHUJL�OLVWULN��0DND�GDUL�LWX�VDODK�VDWX�FDUD�XQWXN�PHQJXUDQJL�NULVLV�HQHUJL�

OLVWULN� DGDODK� GHQJDQ�PHODNXNDQ� SHQJKHPDWDQ� HQHUJL� OLVWULN�� 3HUPDVDODKDQQ\D� DGDODK� PDVDODK� ELD\D� \DQJ�

GLWDQJJXQJ� ROHK� SHODQJJDQ� NDUHQD� WDULI� GDVDU� OLVWULN� \DQJ� VHPDNLQ� PHQLQJNDW�� 7XMXDQ� SHQHOLWLDQ� LQL� XQWXN�

PHQFDUL� VROXVL� EDJDLPDQD� PHQJXUDQJL� ELD\D� UHNHQLQJ� OLVWULN� SHU� N:K�� 3DGD� SHQJXMLDQ� 6WRSNRQWDN GHQJDQ�

(OHNWURGH�52' VHODPD��� MDP�N:K DGDODK� ����KDVLO� SHUKLWXQJDQ�N:KPHWHU� VHGDQJNDQ�SHQJXMLDQ�6WRSNRQWDN�

WDQSD�(OHNWURGH�52' VHODPD���MDP�N:K�DGDODK�����KDVLO�SHUKLWXQJDQ�N:KPHWHU��'DODP�VDWX KDUL�GXDEHODV MDP�

DGDODK ���[���MDP� ����N:K GDQ����[���MDP� ������N:K� 'HQJDQ�DVXPVLNDQ�KDUJD�5S�������� SHU N:K GDODP

GD\D� ���� 9$� PDND� KDVLOQ\D� GLNDOLNDQ� VDWX EXODQ�� PDND� PHQXQMXNNDQ KDVLO� SHUKLWXQJDQ� EHUEHGD� DQWDUD

6WRSNRQWDN PHQJJXQDNDQ�(OHNWURGH�52' GHQJDQ�6WRSNRQWDN WDQSD�PHQJJXQDNDQ�(OHNWURGH�52' GHQJDQ�VHOLVLK�

KDUJD� 5S����������� GDODP� VDWX EXODQ�� -DGL� SHQJJXQDDQ� 6WRSNRQWDN� GHQJDQ�(OHNWURGH� 52' VHODLQ� VHEDJDL�

SHQJDPDQ�GDSDW�PHQJKHPDW�DWDX�PHQXUXQNDQ�ELD\D�UHNHQLQJ�OLVWULN�VHKLQJJD�OHELK�HNRQRPLV�

.DWD .XQFL � 6WRSNRQWDN� (OHNWURGH�52'� 5HJLVWHU

$EVWUDFW

(OHFWULFDO�HQHUJ\�LV�DQ�HQHUJ\�WKDW�KDV�EHFRPH�D�VWDSOH�RI�HYHU\�VRFLHW\��DQG�WKH�QHHG�IRU�HOHFWULFLW\�LW�VHOI�LV�

JHWWLQJ�ELJJHU�DQG�WKH�FRVW�LV�DOVR�KLJK�EHWWHU��7KH�LPSDFW�RI�HQHUJ\�FRQVXPSWLRQ�LV�ELJ�HQRXJK�WKHQ�OHDG�WR�D�

FULVLV�RQ�HOHFWULFDO�HQHUJ\��7KXV�RQH�ZD\�WR�UHGXFH�WKH�HQHUJ\�FULVLV�LV�WR�PDNH�HQHUJ\�VDYLQJV�RI�HOHFWULFLW\��7KH�

SUREOHPV�WKDW�WKHUH�DUH�SUREOHPV�LQFXUUHG�E\�FXVWRPHUV�DV�WKH�EDVLF�HOHFWULFLW\�WDULII�LQFUHDVHV��7KH�SXUSRVH�RI�

WKLV� VWXG\� WR� ILQG�D�VROXWLRQ�KRZ�WR� UHGXFH�HOHFWULF�ELOO�N:K�� ,Q� WKH� WHVW� VRFNHW�ZLWK� WKH�52'�(OHFWURGH� IRU���

KRXUV�N:K�DUH�����UHDG�FDOFXODWLRQ�N:K�PHWHUV�ZKLOH�WHVWLQJ�WKH�RXWOHW�ZLWKRXW�52'�(OHFWURGH IRU���KRXUV�N:K�

DUH�����UHDG�FDOFXODWLRQ�N:K�PHWHUV��:LWKLQ�RQH�GD\�WZHOIWK KRXUV�WKHQ����[���KRXUV� ����N:K�DQG����[���KRXUV�

 ������N:K��,Q�7KH�RQH�N:K�DVVXPHG�SULFH�RI�5S�������� LQ�WKH������9$�WKHQ�WKH�UHVXOW�PXOWLSOLHG�E\�RQH�PRQWK��

WKHQ�WKH�UHVXOWV�RI�WKHVH�FDOFXODWLRQV�VKRZ�GLIIHUHQW�UHVXOWV��WKH�RXWOHW�XVLQJ�WKH�52'�(OHFWURGH LQWR�WKH�RXWOHW�

ZLWKRXW�XVLQJ�52'�(OHFWURGH�ZLWK�D�SULFH�GLIIHUHQFH�RI� 5S���������� LQ�RQH�PRQWKV��6R�WKH�XVH�RI�VRFNHW�ZLWK�

5RGV�(OHFWURGH�FDQ�VDYH�RU�ORZHU�WKH�FRVW�RI�HOHFWULFLW\�ELOOV� DQG�DW�WKH�VDPH�WLPH�FDQ�DOVR�EH�D�VDIHW\�

.H\ZRUGV � 6RFNHW� 52'�(OHFWURGH� 5HJLVWHU
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���� /DWDU�%HODNDQJ

(QHUJL� OLVWULN�VXGDK�PHQMDGL�VDODK�VDWX�

NHEXWXKDQ�SRNRN�EDJL�PDV\DUDNDW��'DPSDN�

SHPDNDLDQ� HQHUJL� \DQJ� FXNXS� EHVDU�

PHQJDNLEDWNDQ� WLPEXO� NULVLV� HQHUJL� OLVWULN��
6DODK� VDWX� � FDUD� PHQJXUDQJL� NULVLV� HQHUJL�

OLVWULN� DGDODK� GHQJDQ� PHODNXNDQ�

SHQJKHPDWDQ�HQHUJL�OLVWULN�

3HUPDVDODKDQ� � � SDGD� � � SHPDNDLDQ���

WHQDJD���OLVWULN�DGDODK�EDJDLPDQD�VROXVL�ROHK�

SLKDN� SHODQJJDQ� � GDODP� � PHPLQLPDOLVLU��

ELD\D HQHUJL� OLVWULN� � GDUL� WDULI� GDVDU� OLVWULN�

\DQJ� VHPDNLQ�PHQLQJNDW� %HEHUDSD�SHQHOLWL�

PHQ\DWDNDQ� EDKZD� VLVWHP� SHQWDQDKDQ�

GLSHUOXNDQ�XQWXN�PHQJXUDQJL�NHERFRUDQ�DUXV�

OLVWULN��PHQGDSDWNDQ�WDKDQDQ�NRQWDN�NH WDQDK�

VHNHFLO� PXQJNLQ� GDQ� EHUIXQJVL� VHEDJDL�

SHQJDPDQ�

���� 7XMXDQ

7XMXDQ� GDUL� SHQHOLWLDQ� DGDODK� XQWXN�

PHQFDUL� VROXVL�EDJDLPDQD� FDUD�PHQXUXQNDQ�

WDJLKDQ� ELD\D HQHUJL OLVWULN� EDJL� SLKDN�

SHODQJJDQ� SDGD� VHWLDS� EXODQQ\D� DJDU� OHELK�

UHQGDK� GDUL� ELD\D� WDJLKDQ� UHNHQLQJ� OLVWULN�

SDGD� XPXPQ\D� GDQ� PHPEXNWLNDQ� EDKZD�
VWRSNRQWDN� GL� SDVDQJ� SHQWDQDKDQ� GHQJDQ�

(OHNWURGH� 52' GDSDW� PHQXUXQNDQ� ELD\D�

WDJLKDQ� OLVWULN�VHWLDS�EXODQQ\D��.DUHQD�SDGD�

XPXPQ\D�SHODQJJDQ�XQWXN� NHODV�PHQHQJDK�

NH EDZDK� SHUXPDKDQ� VHGHUKDQD�

PHQJDEDLNDQ� GHQJDQ� DGDQ\D� SHQWDQDKDQ��



���������

NDUHQD�GLDQJJDS�WLGDN�DGD�IXQJVL� ODLQ�VHODLQ�

XQWXN� PHQJDOLUNDQ� DUXV� JDQJJXDQ� LWX�

PHQJDOLU� NH� WDQDK� VHEDJDL� DNLEDW� LVRODVL�

SHUDODWDQ�\DQJ�WLGDN�EHUIXQJVL�GHQJDQ�EDLN�

�� 7(25,�'$6$5

����6LVWHP�3HQWDQDKDQ

6LVWHP�SHQWDQDKDQ�JURXQGLQJ�V\VWHP�

DGDODK� VLVWHP� SHQJDPDQDQ� WHUKDGDS�

SHUDQJNDW \DQJ PHQJJJXQDNDQ� OLVWULN�

VHEDJDL� VXPEHU� WHQDJD�� GDUL� ORQMDNDQ� OLVWULN�

XWDPDQ\D� SHWLU�� 6LVWHP� SHQWDQDKDQ�

GLJDPEDUNDQ�VHEDJDL�KXEXQJDQ�DQWDUD�VXDWX�

SHUDODWDQ� DWDX� VLUNLW� OLVWULN� GHQJDQ� EXPL�

%HVDU� LPSHGDQVL� SHQWDQDKDQ� WHUVHEXW�

GLSHQJDUXKL� ROHK� EDQ\DN� IDNWRU� EDLN� IDNWRU�

LQWHUQDO� DWDX� HNVWHUQDO�� $GDSXQ )DNWRU�

LQWHUQDO� >�@

D� 'LPHQVL� NRQGXNWRU� SHQWDQDKDQ��

GLDPHWHU�DWDX�SDQMDQJQ\D�

E� 5HVLVWLYLWDV�UHODWLI WDQDK�

F� .RQILJXUDVL�V\VWHP�SHQWDQDKDQ�
'DQ�DGDSXQ�)DNWRU�HNVWHUQDO�PHOLSXWL��

D� %HQWXN� DUXVQ\D� SXOVD�� VLQXVRLGDO��

VHDUDK�

E� )UHNZHQVL� \DQJ� PHQJDOLU� NH� GDODP�

VLVWHP�SHQWDQDKDQ

7XMXDQ� XWDPD� SHQWDQDKDQ� DGDODK�

PHQFLSWDNDQ�MDOXU�\DQJ�WDKDQDQ�UHQGDK�ORZ�

LPSHGDQFH� WHUKDGDS�SHUPXNDDQ�EXPL�XQWXN�

JHORPEDQJ� OLVWULN� GDQ� WUDQVLHQW� YROWDJH��

3HQHUDQJDQ��DUXV�OLVWULN��FLUFXLW�VZLWFKLQJ GDQ�

HOHFWURVWDWLF� GLVFKDUJH� DGDODK� SHQ\HEDE�

XPXP� GDUL� DGDQ\D� VHQWDNDQ� OLVWULN� DWDX�

WUDQVLHQW� YROWDJH�� 6LVWHP� SHQWDQDKDQ� \DQJ�

HIHNWLI� DNDQ� PHPLQLPDONDQ� HIHN� WHUVHEXW�

7XMXDQ�V\VWHP�SHQWDQDKDQ� >��@

D� 0HPEDWDVL�EHVDUQ\D�WHJDQJDQ�WHUKDGDS�

EXPL� DJDU� EHUDGD� GDODP� EDWDVDQ� \DQJ�

GLSHUEROHKNDQ

E� 0HQ\HGLDNDQ�MDOXU�EDJL�DOLUDQ�DUXV�\DQJ�

GDSDW� PHPEHULNDQ� GHWHNVL� WHUMDGLQ\D�

KXEXQJDQ� \DQJ� WLGDN� GLNHKHQGDNL�

DQWDUD� NRQGXNWRU� V\VWHP� GDQ� EXPL��

'HWHNVL� LQL� DNDQ� PHQJDNLEDWNDQ�

EHURSHUDVLQ\D� SHUDODWDQ� RWRPDWLV� \DQJ

PHP�XWXVNDQ� VXSODL� WHJDQJDQ� GDUL�

NRQGXNWRU�WHUVHEXW��

.DUDNWHULVWLN�VLVWHP�SHQWDQDKDQ�\DQJ�HIHNWLI�
>�@

D� 7HUHQFDQD�GHQJDQ�EDLN��VHPXD�NRQHNVL�

\DQJ� WHUGDSDW� SDGD� VLVWHP� KDUXV�

PHUXSDNDQ� NRQHNVL� \DQJ� VXGDK�

GLUHQFDQDNDQ� VHEHOXPQ\D� GHQJDQ�

NDLGDK�WHUWHQWX�

E� 9HULILNDVL� VHFDUD� YLVXDO� GDSDW�

GLODNXNDQ�

F� 0HQJKLQGDUNDQ� JDQJJXDQ� \DQJ� WHUMDGL�

SDGD�DUXV�OLVWULN�GDUL�SHUDQJNDW�

G� 6HPXD� NRPSRQHQ�PHWDO� KDUXV� GLWDKDQ�

ROHK� VLVWHP�SHQWDQDKDQ��GHQJDQ� WXMXDQ�

XQWXN� PHPLQLPDONDQ� DUXV� OLVWULN�

PHODOXL�PDWHULDO�\DQJ�EHUVLIDW�NRQGXNWLI�

SDGD�SRWHQVLDO�OLVWULN�\DQJ�VDPD�

���� %DJLDQ�\DQJ�'LWDQDKNDQ

'DODP�LQVWDODVL�OLVWULN�DGD�HPSDW�EDJLDQ�

\DQJ� KDUXV� GLWDQDKNDQ� DWDX� GLEXPLNDQ�

(PSDW�EDJLDQ�GDUL�LQVWDODVL�OLVWULN�

D� 6HPXD�EDJLDQ�LQVWDODVL�\DQJ�WHUEXDW�GDUL�

ORJDP� �SHQJKDQWDU� OLVWULN�� GDQ� GHQJDQ�
PXGDK� ELVD� GLVHQWXK�PDQXVLD�� +DO� LQL�

SHUOX� DJDU� SRWHQVLDO� GDUL� ORJDP� \DQJ�

PXGDK� GLVHQWXK� PDQXVLD� VHODOX� VDPD�

GHQJDQ� SRWHQVLDO� WDQDK� �EXPL�� WHPSDW�

PDQXVLD� EHUSLMDN� VHKLQJJD� WLGDN�

EHUEDKD\D� EDJL� PDQXVLD� \DQJ�
PHQ\HQWXKQ\D�

E� %DJLDQ� SHPEXDQJDQ� PXDWDQ� OLVWULN�

�EDJLDQ� EDZDK�� GDUL� OLJKWQLQJ� DUUHVWHU��

+DO� LQL� GLSHUOXNDQ� DJDU� OLJKWQLQJ�

DUUHVWHU� GDSDW� EHUIXQJVL� GHQJDQ� EDLN��

\DLWX� PHPEXDQJ� PXDWDQ� OLVWULN� \DQJ�

GLWHULPDQ\D� GDUL� SHWLU� NH� WDQDK� �EXPL��

GHQJDQ�ODQFDU�

F� .DZDW�SHWLU�\DQJ�DGD�SDGD�EDJLDQ�DWDV�

VDOXUDQ� WUDQVPLVL�� .DZDW� SHWLU� LQL�

VHVXQJJXKQ\D� MXJD� EHUIXQJVL� VHEDJDL�

OLJKWQLQJ�DUUHVWHU��.DUHQD�OHWDNQ\D�\DQJ�

DGD� GL� VHSDQMDQJ� VDOXUDQ� WUDQVPLVL��

PDND�VHPXD�NDNL�WLDQJ�WUDQVPLVL�KDUXV�

GLWDQDKNDQ�DJDU�SHWLU�\DQJ�PHQ\DPEDU�

NDZDW� SHWLU� GDSDW� GLVDOXUNDQ� NH� WDQDK�

GHQJDQ�ODQFDU�PHODOXL�NDNL�WLDQJ�VDOXUDQ�

WUDQVPLVL�

G� 7LWLN�QHWUDO�GDUL�WUDQVIRUPDWRU�DWDX�WLWLN�

QHWUDO�GDUL�JHQHUDWRU��+DO�LQL�GLSHUOXNDQ�

GDODP�NDLWDQ�GHQJDQ�NHSHUOXDQ�SURWHNVL�

NKXVXVQ\D�\DQJ�PHQ\DQJNXW�JDQJJXDQ�

KXEXQJ� WDQDK�� 'DODP� SUDNWLN��

GLLQJLQNDQ� DJDU� WDKDQDQ� SHQWDQDKDQ�

GDUL� WLWLN�WLWLN� SHQWDQDKDQ� WHUVHEXW� GL�

DWDV� WLGDN� PHOHELKL� �� RKP�� 6HFDUD�

WHRUHWLV�� WDKDQDQ� GDUL� WDQDK� DWDX� EXPL�

DGDODK�QRO�NDUHQD�OXDV�SHQDPSDQJ�EXPL�



WDN� WHUKLQJJD�� 7HWDSL� NHQ\DWDDQQ\D�

WLGDN� GHPLNLDQ�� DUWLQ\D� WDKDQDQ�

SHQWDQDKDQ� QLODLQ\D� WLGDN� QRO�� +DO� LQL�

WHUXWDPD� GLVHEDENDQ� ROHK� DGDQ\D�

WDKDQDQ� NRQWDN� DQWDUD� DODW� SHQWDQDKDQ�

GHQJDQ� WDQDK� GL� PDQD� DODW� WHUVHEXW�

GLSDVDQJ��GDODP�WDQDK��

6\DUDW�VLVWHP�SHQWDQDKDQ�\DQJ�HIHNWLI��

D� 0HPEXDW� MDOXU� LPSHGDQVL� UHQGDK� NH�

WDQDK� XQWXN� SHQJDPDQ� SHUVRQLO� GDQ�

SHUDODWDQ� GHQJDQ� PHQJJXQDNDQ�

UDQJNDLDQ�\DQJ�HIHNWLI�

E� 'DSDW� PHODZDQ� GDQ� PHQ\HEDUNDQ�

JDQJJXDQ� EHUXODQJ� GDQ� DUXV� DNLEDW�

VXU\D�KXEXQJ�

F� 0HQJJXQDNDQ� EDKDQ� WDKDQ� NRURVL�

WHUKDGDS� EHUEDJDL� NRQGLVL� NLPLDZL�

WDQDK�� XQWXN� PHPDVWLNDQ� NRQWLQXLWDV�

SHQDPSLODQ� VHSDQMDQJ� XPXU� SHUDODWDQ�

\DQJ�GLOLQGXQJL�

G� 0HQJJXQDNDQ� V\VWHP� PHNDQLN� \DQJ�

NXDW� QDPXQ� PXGDK� GDODP� SHUDZDWDQ�

GDQ�SHUEDLNDQ�ELOD�WHUMDGL�NHUXVDNDQ�

'DODP�V\VWHP�SHQWDQDKDQ� VHPDNLQ�

NHFLO� QLODL� WDKDQDQ� PDND� VHPDNLQ� EDLN�

WHUXWDPD� XQWXN� SHQJDPDQDQ� SHUVRQDO� GDQ�

SHUDODWDQ�� EHEHUDSD� SDWRNDQ� VWDQGDU \DQJ�

WHODK� GLVHSDNDWL� DGDODK� EDKZD� VDOXUDQ�

WUDQPLVL� VXEVWDVLRQ� KDUXV� GLUHQFDQDNDQ�

VHGHPLNLDQ� UXSD� VHKLQJJD� QLODL� WDKDQDQ�

GLJXQDNDQ�SDGD�DSOLNDVL�GDWD�GDQ�PDNVLPXP�

KDUJD� WDKDQDQ

JHGXQJ�� .LVL�NLVL� SHQWDQDKDQ� WHUJDQWXQJ�
SDGD�NHUMD�JDQGD�GDQ�SDVDN�\DQJ�WHUKXEXQJ��

'DUL�VHJL�EHVDUQ\D�QLODL�WDKDQDQ�EDKDQ�\DQJ�

GLSDNDL� SDVDN� WLGDN� PHQJXUDQJL� EHVDU�

WDKDQDQ� SHQWDQDKDQ� VLVWHP� QDPXQ�

PHPSXQ\DL� IXQJVL� WHUVHQGLUL� \DQJ� SHQWLQJ��

%DKDQQ\D� VHQGLUL� PHPSXQ\DL� KDUJD�
LPSHGDQVL� DZDO� EHEHUDSD� NDOL� OHELK� WLQJJL�

GDULSDGD� KDUJD� WDKDQDQQ\D� WHUKDGDS� WDQDK�

SDGD� IUHNZHQVL� UHQGDK�� %DKDQ� SHQWDQDKDQ�

GLPDNVXGNDQ�XQWXN�PHQJRQWURO�GDODP�EDWDV�

DPDQ� VHVXDL� SHUDODWDQ� \DQJ� GLJXQDNDQ��

VHGDQJNDQ�SDVDN DGDODK 5RG VHGHUKDQD��KDO�

LQL� SHQ\HEDE� XWDPD� MDWXKQ\D� WDKDQDQ� WDQDK�

GDODP� JUDGLHQW� WHJDQJDQ� \DQJ� WLQJJL� SDGD�

SHUPXNDDQ�SDVDN��6HEDJDL�DNLEDW�GDUL�VLIDW�LQL�

PDND�SDVDN�KDUXV�GLWHPSDWNDQ�GLGHNDW� DWDX�

VHNLWDU� EDQJXQDQ� VWDWLRQ�� 'DODP� VDOXUDQ�

WHJDQJDQ� WLQJJL ����� N9�� WDKDQDQ�

PDNVLPDOQ\D����2KP�PDVLK�GDSDW�GLWROHUDQVL�

GDQ� GDODP� VDOXUDQ� GLVWULEXVL� �������� N9��

GLSLOLK� WDKDQDQ� ��� 2KP�� %HEHUDSD� PHWRGH�

\DQJ� GDSDW� GLJXQDNDQ� XQWXN� PHQXUXQNDQ�

QLODL�WDKDQDQ�SHQWDQDKDQ�DQWDUD�ODLQ�GHQJDQ�

D� 6LVWHP 5RG 3DUDUHO

E� 6LVWHP� SDVDN� WDQDP� GDODP� GHQJDQ�

EHEHUDSD� SDVDN� GDQ� GLSHUODNXNDQ�

WHUKDGDS�NRQGLVL�NLPLDZL�WDQDK�
F� 'HQJDQ� PHQJJXQDNDQ� SHODW� WDQDP��

SHQJKDQWDU� WDQDP�� GDQ� EHWRQ� UDQJND�

EDMD�\DQJ�VHFDUD�OLVWULN�WHUKXEXQJ�

���� .RQWDN�7DQDK

%DJLDQ� ODLQ�GDUL� VLVWHP�KXEXQJDQ�

SHQWDQDKDQ� \DLWX� WDQDK� LWX� VHQGLUL� GLPDQD�

NRQWDN� DQWDUD� WDQDK� GHQJDQ� SDVDN� \DQJ�

WHUWDQDP� KDUXV� FXNXS� OXDV� VHKLQJJD� QLODL�

WDKDQDQ� GDUL� MDOXU� DUXV� \DQJ� PDVXN� DWDX�

PHOHZDWL� WDQDK� PDVLK� GDODP� EDWDV� \DQJ�

GLSHUNHQDQNDQ� XQWXN� SHQJJXQDDQ� WHUWHQWX��

+DPEDWDQ�MHQLV�WDQDK�\DQJ DNDQ�PHQHQWXNDQ�

WDKDQDQ� SHQWDQDKDQ� \DQJ� GLSHQJDUXKL� ROHK�

EHEHUDSD�IDNWRU�\DQJ�PHOLSXWL��

D� 7HPSHUDWXU�WDQDK

E� %HVDUQ\D�DUXV�\DQJ�PHOHZDWL

F� .DQGXQJDQ�DLU�GDQ�EDKDQ�NLPLD�\DQJ�DGD�

GDODP�WDQDK

G� .HOHPEDEDQ�WDQDK

H� &XDFD

7DKDQDQ� GDUL� MDOXU� WDQDK� LQL� UHODWLI

UHQGDK� GDQ� WHWDS� VHSDQMDQJ� WDKXQ�� 8QWXN�

PHPDKDPL�WDKDQDQ�WDQDK�KDUXV�UHQGDK��GDSDW�

GHQJDQ�PHQJJXQDNDQ�KXNXP�2KP� >�@
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'LPDQD � ( WHJDQJDQ�VDWXDQ�YROW��,

DUXV� VDWXDQ� DPSHUH GDQ�5 WDKDQDQ� VDWXDQ�

RKP

5HVLVWDQVL DUXV� PHOHZDWL� VLVWHP�

(OHNWURGD�WDQDK�PHPSXQ\DL���NRPSRQHQ��

D� 7DKDQDQ�SDVDN�VHQGLUL�GDQ�VDPEXQJDQ�

E� 7DKDQDQ� NRQWDN� DQWDUD� SDVDN� GHQJDQ�

WDQDK�GLVHNLWDU�

F� 7DKDQDQ�WDQDK�VHNHOLOLQJ�

3DVDN�WDQDK� 5RG PHWDO��VWUXNWXU�GDQ�

SHUDODWDQ� ODLQ� ELDVD� GLJXQDNDQ� XQWXN�

HOHNWURGD� WDQDK� VHODLQ� LWX� XPXPQ\D�

XNXUDQQ\D�EHVDU�VHKLQJJD� WDKDQDQQ\D�GDSDW�

WHUDEDLNDQ� WHUKDGDS� WDKDQDQ� NHVHOXUXKDQ�

VLVWHP� SHQWDQDKDQ�� $SDELOD� SDVDN� GLWDQDP�

OHELK� GDODP� NH� WDQDK� PDND� WDKDQDQ� DNDQ�

EHUNXUDQJ�� QDPXQ� EHUWDPEDKQ\D� GLDPHWHU�

SDVDN�VHFDUD�PDWHULDO�WLGDN�DNDQ�PHQJXUDQJL�
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