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$%675$&7
%DFNJURXQG��0DQ\�KHDOWK� RUJDQL]DWLRQV� SD\� KLJK�DWWHQWLRQ� WR

PHGLFDWLRQ� VDIHW\�� EHFDXVH�PHGLFDWLRQ� HUURUV� OHDG� WR� KDUP

DQG� ILQDQFLDO� ORVV��3UHVFULELQJ� HUURU� DV� SDUW� RI� PHGLFDWLRQ

HUURU� FRXOG� KDYH�EHHQ� SUHYHQWHG��0DQ\� LQWHUYHQWLRQV� DUH� GH�

YHORSHG� WR� SUHYHQW� SUHVFULELQJ� HUURUV�� RQH� RI�ZKLFK� LV� WKH

HOHFWURQLF�SUHVFULELQJ�V\VWHP��6LQFH� ����� WKLV�KRVSLWDO�DOUHDG\

LPSOHPHQWHG� WKH� HOHFWURQLF�SUHVFULELQJ� V\VWHP�EXW� QRW�DOO� SK\�

VLFLDQV� KDYH�XVHG� WKH�V\VWHP� \HW�

2EMHFWLYH��7R� GHVFULEH� WKH� XVH�RI� HOHFWURQLF�SUHVFULELQJ� V\V�

WHP� WR� LPSURYH�PHGLFDWLRQ� VDIHW\� WKURXJK� UHGXFLQJ� SUHVFULE�

LQJ�HUURU�� WR�DQDO\VH� RWKHU� IDFWRUV� FDXVLQJ�SUHVFULELQJ� HUURUV�

DQG� WR� HYDOXDWH�SK\VLFLDQV� DFFHSWDQFH� RI� WKH� HOHFWURQLF� SUH�

VFULELQJ� V\VWHP�

0HWKRGV�� 3UHVFULSWLRQV�ZHUH� FROOHFWHG� IURP�DPEXODWRU\� SD�

WLHQWV� UHFHLYLQJ� WZR� GUXJ� MHQLVV� RU�PRUH��3UHVFULELQJ� HUURUV

IURP� HOHFWURQLF� DQG� QRQ�HOHFWURQLF� SUHVFULSWLRQV�ZHUH� LGHQWL�

ILHG� DQG�FRPSDUHG�� DQG� �2GGV� UDWLR�ZHUH�FDOFXODWHG��$FFHS�

WDQFH� RI� WKH� HOHFWURQLF� SUHVFULELQJ�V\VWHP�ZDV� REWDLQHG� IURP

LQ�GHSWK� LQWHUYLHZ�DQG� TXHVWLRQQDLUH�

5HVXOW�� ,QFRPSOHWH�SUHVFULSWLRQ�ZDV�VLJQLILFDQWO\� KLJKHU� LQ� WKH

QRQ�HOHFWURQLF�WKDQ�WKH�HOHFWURQLF�SUHVFULELQJ��25����������&,

������������ ZKLOH� LOOHJLEOH� SUHVFULSWLRQ�ZDV� VLJILFDQWO\� IRXQG� LQ

��� DPRQJ� WKH� WKH� QRQ�HOHFWURQLF� SUHVFULSWLRQ��'UXJ� LQWHUDF�

WLRQV� DQG�RWKHU� HUURUV�VXFK� DV� LPSURSHU� GUXJ�VHOHFWLRQ�� SROL�

SKDUPDF\� DQG�XQXVXDO� GRVDJH� UHVXOWHG� IURP� FOLQLFDO� GHFLVLRQ�

PDNLQJ�HUURUV� FRXOG�QRW� EH� UHGXFHG� E\�HOHFWURQLF� SUHVFULSWLRQ�

2WKHU� IDFWRUV� LQIOXHQFLQJ�SUHVFULELQJ�HUURUV� ZHUH� SURIHVVLRQDO

EDFNJURXQG��DJH�JURXS�RI�WKH�SDWLHQWV��FRPSRXQGLQJ�GUXJ�DQG

SROLSKDUPDF\��0RUH� WKDQ� ����SK\VLFLDQV� DJUHHG�DQG� VWURQJO\

SHUFHLYHG�HDVH� RI�XVH� DQG� EHQHILWV� RI� HOHFWURQLF� SUHVFULELQJ�

&RQFOXVLRQ�� 7KH� HOHFWURQLF� SUHVFULSWLRQ� UHGXFHG� SUHVFULE�

LQJ�HUURUV� GXH� WR� WKH�ZULWLQJ� SURFHVV�� ZKLOH�DGGLWLRQDO� VXSSRUW

V\VWHPV� DQG� FOLQLFDO� SKDUPDF\� LQWHUYHQWLRQV� DUH� QHHGHG� WR

UHGXFH�SUHVFULELQJ� HUURUV� GXH�FOLQLFDO� GHFLVLRQ�PDNLQJ� WR� LP�

SURYH�PHGLFDWLRQ� VDIHW\��3HUFHLYHG� EHQHILWV� LQIOXHQFHG� XWLOL]D�

WLRQ�RI� HOHFWURQLF�SUHVFULELQJ� JUHDWHU� WKDQ� SHUFHLYHG� HDVH� RI

XVH�

.H\ZRUGV��PHGLFDWLRQ� HUURU��SUHVFULELQJ�HUURU�� HOHFWURQLF� SUH�

VFULELQJ

$%675$.
/DWDU� EHODNDQJ�� 0HGLFDWLRQ� VDIHW\� EDQ\DN� PHQGDSDW

SHUKDWLDQ� WLQJJL� GDUL� RUJDQLVDVL� NHVHKDWDQ� GXQLD�� WHUXWDPD

NDUHQD�GDPSDN� \DQJ� GLDNLEDWNDQ� ROHK�PHGLFDWLRQ� HUURU�� EDLN

ILQDQVLDO�PDXSXQ�NOLQLN��3UHVFULELQJ�HUURU� VHEDJDL� EDJLDQ� GDUL

PHGLFDWLRQ�HUURU�PHUXSDNDQ� NHMDGLDQ�\DQJ� VHKDUXVQ\D� GDSDW

GLFHJDK�� %DQ\DN� LQWHUYHQVL� WHODK� GLNHPEDQJNDQ� XQWXN

PHQFHJDK�SUHVFULELQJ� HUURU�� DQWDUD� ODLQ�GHQJDQ� VLVWHP� UHVHS

HOHNWURQLN��'L�56� WHPSDW� SHQHOLWLDQ�� WLGDN� VHPXD�GRNWHU� WHODK

PHPDQIDDWNDQ�VLVWHP�\J�VXGDK�GLLPSOHPHQWDVLNDQ�VHMDN�WDKXQ

�����

7XMXDQ��0HODNXNDQ� NDMLDQ� WHUKDGDS� SHUDQ� UHVHS� HOHNWURQLN

GDODP�PHPLQLPDONDQ� SRWHQVL� NHMDGLDQ� SUHVFULELQJ� HUURU�

PHQJDQDOLVLV� IDNWRU�IDNWRU�\DQJ� EHUSHQJDUXK� WHUKDGDS�NHMDGLDQ

SUHVFULELQJ� HUURU�� VHUWD� PHQJHYDOXDVL� SHUVHSVL� GDQ

SHPDQIDDWDQ� UHVHS� HOHNWURQLN�ROHK� GRNWHU�

0HWRGH��3HQHOLWLDQ� GHVNULSWLI� LQL�GLODNXNDQ� GHQJDQ�PHQJDPELO

GDWD� UHVHS� UDZDW� MDODQ� �UHVHS� HOHNWURQLN� GDQ� UHVHS� QRQ�

HOHNWURQLN��XQWXN�PHQJHYDOXDVL�SUHVFULELQJ�HUURU��'DWD�GLDQDOLVLV

VHFDUD� GHVNULSWLI � XQWXN� LGHQWLILNDVL� PDFDP�NHVDODKDQ� GDQ

GLODNXNDQ�XML�VWDWLVWLN�GHQJDQ�2GGV�UDWLR��:DZDQFDUD�PHQGDODP

NHSDGD�GRNWHU� GLODNXNDQ�XQWXN�PHQJHWDKXL�SHQHULPDDQ�GRNWHU

WHUKDGDS� LPSOHPHQWDVL� VLVWHP� UHVHS� HOHNWURQLN�

+DVLO��.HWLGDNOHQJNDSDQ�SHQXOLVDQ�UHVHS�GMHQLVXNDQ�OHELK�WLQJJL

VHFDUD� EHUPDNQD� SDGD� UHVHS� QRQ�HOHNWURQLN� GLEDQGLQJNDQ

UHVHS� HOHNWURQLN� �25� ���������&,� ������������ 7XOLVDQ� WLGDN

WHUEDFD� VHFDUD� EHUPDNQD� KDQ\D� GMHQLVXNDQ� SDGD� UHVHS� QRQ�

HOHNWURQLN�SDGD� ��� UHVHS��5LVLNR� NHMDGLDQ� LQWHUDNVL�REDW� GDQ

DGDQ\D�NHVDODKDQ� \DQJ� ODLQ� EHUXSD�SHPLOLKDQ� REDW� WLGDN� WHSDW�

SROLIDUPDVL�GDQ�GRVLV�WLGDN�OD]LP�WLGDN�EHUNXUDQJ�GHQJDQ�UHVHS

HOHNWURQLN�� )DNWRU�IDNWRU� ODLQ� \DQJ�PHPSHQJDUXKL� SUHVFULELQJ

HUURU�DGDODK� ODWDU� EHODNDQJ�SURIHVL� GRNWHU��XVLD� SDVLHQ��DGDQ\D

UDFLNDQ� GDQ� MXPODK� MHQLV� REDW� GDODP� UHVHS�� /HELK�GDUL� ���

GRNWHU�VHWXMX� GDQ�VDQJDW�VHWXMX� WHUKDGDS� SHUVHSVL�NHPXGDKDQ

GDQ� SHUVHSVL� PDQIDDW� UHVHS� HOHNWURQLN�

.HVLPSXODQ�� 5HVHS� HOHNWURQLN� EHUSHUDQ� PHQXUXQNDQ

SUHVFULELQJ�HUURU� WHUXWDPD�DNLEDW� SURVHV�SHQXOLVDQ�� VHGDQJNDQ

XQWXN�PHQXUXQNDQ� NHVDODKDQ� DNLEDW�SHQJDPELODQ� NHSXWXVDQ

GRNWHU� SHUOX� SHQDPEDKDQ� VLVWHP� SHQGXNXQJ�GDQ� LQWHUYHQVL

IDUPDVL�NOLQLN� XQWXN�PHQLQJNDWNDQ�PHGLFDWLRQ� VDIHW\�� 3HUVHSVL

PDQIDDW� VLVWHP� SHUHVHSDQ� HOHNWURQLN� OHELK� PHPSHQJDUXKL

SHQJJXQDDQ� VLVWHP�SHUHVHSDQ� HOHNWURQLN� GLEDQGLQJ� SHUVHSVL

NHPXGDKDQ�

.DWD� NXQFL��PHGLFDWLRQ� HUURU�� SUHVFULELQJ� HUURU�� UHVHS

HOHNWURQLN

3(1*$17$5

%DQ\DN�RUJDQLVDVL� NHVHKDWDQ�PHPIRNXVNDQ

SHUKDWLDQ�SDGD�PHGLFDWLRQ�VDIHW\��7KH�,QVWLWXWH�RI

0HGLFLQH���,20��PHODSRUNDQ�EDKZD���������GDUL

PHGLFDWLRQ�HUURU� DGDODK� NHMDGLDQ�\DQJ� GDSDW�GL�

FHJDK�ï�/DSRUDQ�GDUL�EHEHUDSD�QHJDUD�PHQXQMXNNDQ

EDKZD�PHGLFDWLRQ�HUURU�PHPEHULNDQ�GDPSDN�\DQJ
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EHVDU�WHUKDGDS�DQJND�NHPDWLDQ��DQJND�NHVDNLWDQ

GDQ�PHQLQJNDWQ\D�ELD\D�SHUDZDWDQ���6XDWX�SHQH�

OLWLDQ�PHQJLGHQWLILNDVL������GDUL�NHMDGLDQ�DGYHUVH

GUXJ�HYHQWV� GLDQJJDS�PHQMDGL� SHQ\HEDE�SDVLHQ

GLUDZDW�LQDS��

0HGLFDWLRQ�HUURU�VHFDUD�OXDV�GLDUWLNDQ�VHEDJDL

DGDQ\D�NHVDODKDQ�GDODP�SHUHVHSDQ��NHVDODKDQ�GD�

ODP�GLVSHQVLQJ��NHVDODKDQ�PHGLFDWLRQ�DGPLQLVWUD�

WLRQ��GDQ�NHVDODKDQ�PRQLWRULQJ���0HGLFDWLRQ�HUURU

GLGHILQLVLNDQ�SXOD�VHEDJDL�NHJDJDODQ�GDODP�SURVHV

SHQJREDWDQ�\DQJ�PHQJDUDK�DWDX�PHPLOLNL�SRWHQVL

XQWXN�PHQJDNLEDWNDQ�NHUXJLDQ�GDQ�PHPEDKD\DNDQ

SDVLHQ��

1DWLRQDO�&RRUGLQDWLQJ�&RXQFLO�IRU�0HGLFDWLRQ

(UURU�5HSRUWLQJ�DQG�3UHYHQWLRQ��1&&�0(53��PHQGH�

ILQLVLNDQ�PHGLFDWLRQ�HUURU�DGDODK�VXDWX�NHMDGLDQ�\DQJ

GDSDW� GLFHJDK�� \DQJ� GDSDW�PHQ\HEDENDQ� DWDX

PHQJDUDK�NHSDGD�SHQJJXQDDQ�REDW�\DQJ�WLGDN�WHSDW

DWDX�PHPEDKD\DNDQ�SDVLHQ��SHQJREDWDQ�LWX�GLEHUL�

NDQ�GDODP�SHQJDZDVDQ�SHOD\DQDQ�NHVHKDWDQ�\DQJ

SURIHVLRQDO��SDVLHQ�DWDX�NRQVXPHQ��.HMDGLDQ�WHUVH�

EXW� GDSDW� WHUNDLW� GHQJDQ� SUDNWLN� SURIHVL�� SURGXN

SHOD\DQDQ�NHVHKDWDQ��SURVHGXU�GDQ�VLVWHP��WHUPD�

VXN�SHUHVHSDQ��0HGLFDWLRQ�(UURU�GLNDWHJRULNDQ�GDODP

HPSDW�WLQJNDW�NHSDUDKDQ�\DQJ�WHUGLUL�GDUL�VHPELODQ

NDWHJRUL�$�,��

�$PHULFDQ�6RFLHW\� RI� +RVSLWDO� 3KDUPDFLVWV

�$6+3��PHQJHORPSRNNDQ�WLSH�PHGLFDWLRQ�HUURU�EHU�

GDVDUNDQ�SURVHV�GDODP�SHQJJXQDDQ�REDW��PHGLFD�

WLRQ�XVH�V\VWHP��\DQJ�GLEHGDNDQ�VHFDUD�SUDNWLV�GD�

ODP�EHEHUDSD�WLSH��\DQJ�VDODK�VDWX�GL�DQWDUDQ\D

DGDODK�SUHVFULELQJ�HUURU��3UHVFULELQJ�HUURU�GLGHILQLVL�

NDQ�VHEDJDL�NHVDODKDQ�SHPLOLKDQ�REDW��.HVDODKDQ

GDSDW�EHUXSD�GRVLV��MXPODK��LQGLNDVL��GDQ�NRQWUDLQGL�

NDVL�SHQJREDWDQ��

0HQJLQJDW�EDQ\DNQ\D�GHILQLVL�SUHVFULELQJ�HUURU�

VHEXDK�SHQHOLWLDQ�PHQ\LPSXONDQ�EDKZD�GHILQLVL�SUH�

VFULELQJ�HUURU�DGDODK�³6HEXDK�NHVDODKDQ�UHVHS�\DQJ

EHUPDNQD�VHFDUD�NOLQLV�\DQJ�WHUMDGL��NDUHQD������NHVD�

ODKDQ�SHQJDPELODQ�NHSXWXVDQ�SHUHVHSDQ������NHVD�

ODKDQ�GDODP�SURVHV�SHQXOLVDQ�UHVHS�VHKLQJJD�PXQJ�

NLQ�EHUSHQJDUXK�WHUKDGDS�HIHNWLYLWDV�GDQ�ZDNWX�SHQJ�

REDWDQ�GDQ�PHQLQJNDWNDQ�ULVLNR�MLND�GLEDQGLQJNDQ

SHQJREDWDQ�SDGD�XPXPQ\D´��

-XPODK�PDFDP�REDW�\DQJ�EHUOHELKDQ�GDODP�VD�

WX�UHVHS��SROLIDUPDVL��MXJD�EHUNRQWULEXVL�WHUKDGDS

ULVLNR�WHUMDGLQ\D�PHGLFDWLRQ�HUURU�DWDX�DGYHUV�GUXJ

UHDFWLRQ����-XPODK�REDW�\DQJ�GLWHULPD�SDVLHQ�DNDQ

PHPSHQJDUXKL�WLPEXOQ\D�ULVLNR�VHFDUD�EHUPDNQD

�S���������-XPODK�NHMDGLDQ�DGYHUVH�GUXJ�HYHQWV�SHU

SDVLHQ�PHQLQJNDW�����VHWLDS�SHQDPEDKDQ�REDWQ\D��

5DFLNDQ�REDW�MXJD�EHUSRWHQVL�WHUKDGDS�DGDQ\D

PHGLFDWLRQ�HUURU��0HUDFLN�REDW�DGDODK�SHQJHUWLDQ�OD�

PD�GDUL�VXDWX�SUDNWLN�NHIDUPDVLDQ�GDODP�PHQFDP�

SXU��PHQJNRPELQDVLNDQ�DWDX�PHQJXEDK�]DW�SHPED�

ZD�PHQMDGL�REDW�\DQJ�GLEXDW�XQWXN�SDVLHQ�WHUWHQWX

VHVXDL�NHEXWXKDQ��7LGDN�VHSHUWL�KDOQ\D�SDGD�REDW

MDGL�\DQJ�GLSURGXNVL�ROHK�SDEULN�IDUPDVL��\DQJ�GLEXDW

GHQJDQ�VWDQGDU�NHDPDQDQ��NHJXQDQDDQ��GRVLV��NXD�

OLWDV�GDQ�NHPXUQLDQ�GDUL�NRPSRVLVL�SURGXN�PHODOXL

DSOLNDVL�REDW�EDUX�GDUL�)RRG�DQG�'UXJ�$GPLQLVWUD�

WLRQ� �)'$���2EDW� UDFLNDQ�PHPSXQ\DL� OLPD� ULVLNR

\DLWX��VXESRWHQVL��VXSHUSRWHQVL��NRQWDPLQDVL��RYHU

PHGLNDVL��GDQ�PHGLFDWLRQ�UHSODFHPHQW���

)DNWRU�GRNWHU�SHQXOLV�UHVHS�MXJD�WXUXW�EHUSHQJD�

UXK��7HQGHQVL�NHVDODKDQ�SHUHVHSDQ�GDUL�KDVLO�SHQH�

OLWLDQ�SDGD�UHVHS�HOHNWURQLN�GDQ�QRQ�HOHNWURQLN�PH�

QXQMXNNDQ�EDKZD�UHVHS�GRNWHU�MXQLRU�PHPSXQ\DL

WHQGHQVL�NHVDODKDQ�OHELK�EHVDU�GDUL�SDGD�UHVHS�GRNWHU

VHQLRU���

6HMXPODK�LQWHUYHQVL�WHODK�GLNHPEDQJNDQ�GDODP

XSD\D�SHQFHJDKDQ�NHMDGLDQ�PHGLFDWLRQ�HUURU��<DQJ

WHUSLOLK�GL�DQWDUDQ\D�DGDODK�LQWHUYHQVL�NRPSXWHULVDVL�

\DLWX�LPSOHPHQWDVL�UHVHS�HOHNWURQLN����&RPSXWHUL]HG

3K\VLFLRQ�2UGH�(QWU\��&32(��DWDX�UHVHS�HOHNWURQLN

PHPEHULNDQ�NHSDVWLDQ�SHPEDFDDQ�GDQ�NHOHQJNDSDQ

UHVHS��PHPEHULNDQ�LQIRUPDVL�PHQJHQDL�REDW�\DQJ

DNDQ�GLEHULNDQ��GRVLV��FDUD�SHPEHULDQ�GDQ�IUHNXHQVL

\DQJ�GLVDUDQNDQ��6LVWHP�LQL�SDGD�DZDOQ\D�EHUWXMXDQ

XQWXN�PHQJXUDQJL�PHGLFDWLRQ�HUURU�GHQJDQ�PHQLQJ�

NDWNDQ�NHPXGDKDQ�SHPEDFDDQ�UHVHS�GDQ�PHQJX�

UDQJL�NHWLGDNOHQJNDSDQ�LQIRUPDVL�GDODP�UHVHS��6DDW

LQL�EDQ\DN�VLVWHP�UHVHS�HOHNWURQLN�GLOHQJNDSL�GHQJDQ

PHGLFDWLRQ� GHFLVLRQ� VXSSRUW�� \DLWX� VLVWHP� \DQJ

PHPEDQWX�SHOD\DQDQ�NHVHKDWDQ�PHQJKLQGDUL�NHMDGL�

DQ�PHGLFDWLRQ�HUURU�GDQ�DGYHUVH�GUXJ�HYHQWV���

'DUL�SHQHOLWLDQ�WHUKDGDS�UHVHS�SDVLHQ�UDZDW�LQDS�

VHEXDK�UHYLHZ�DWDV�WLJD�EHODV�KDVLO�SHQHOLWLDQ��WXMXK

GL�DQWDUDQ\D�DGDODK�SHQHOLWLDQ�\DQJ�PHPEDQGLQJNDQ

SUHVFULELQJ�HUURUV�VHEHOXP�GDQ�VHVXGDK�LPSOHPHQ�

WDVL�UHVHS�HOHNWURQLN��+DVLOQ\D�PHQXQMXNNDQ������

SUHVFULELQJ�HUURUV�VHEHOXP�LPSOHPHQWDVL�GDQ�PHQMDGL

�����SUHVFULELQJ�HUURUV�VHWHODK�LPSOHPHQWDVL�UHVHS

HOHNWURQLN��+DO�LQL�PHQXQMXNNDQ�SHUDQ�UHVHS�HOHN�

WURQLN�\DQJ�FXNXS�EHVDU�GDODP�PHQXUXQNDQ�SUHVFULE�

LQJ�HUURUV����3HQHOLWLDQ�PHQJHQDL�SUHVFULELQJ�HUURU

SDGD�SDVLHQ�UDZDW�MDODQ�GLODNXNDQ�GHQJDQ�PHPEDQ�

GLQJNDQ�SUHVFULELQJ�HUURU�SDGD�UHVHS�HOHNWURQLN�GDQ

UHVHS�\DQJ�GLWXOLV�PDQXDO��.HVDODKDQ�SDGD�UHVHS

HOHNWURQLN�VHEHVDU�������VHGDQJNDQ�SDGD� UHVHS

\DQJ�GLWXOLV�PDQXDO�VHEHVDU��������'L�$PHULND��EDUX

VHNLWDU�����56� WHODK�PHQJJXQDNDQ� UHVHS�HOHN�

WURQLN��PHVNLSXQ�SHQHOLWLDQ�GHILQLWLI�PDVLK�WHUXV�GLOD�

NXNDQ�GDQ�SURSRUVLQ\D�VHPDNLQ�EHUWDPEDK��'RNWHU�

GRNWHU�\DQJ�PHQJJXQDNDQ�UHVHS�HOHNWURQLN�MXJD�VD�

QJDW�UHQGDK��3DGDKDO�UHVHS�HOHNWURQLN�PHUXSDNDQ
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VDODK�VDWX�DSOLNDVL�\DQJ�SDOLQJ�EHUPDQIDDW�GDUL�UH�

NDP�PHGLV�HOHNWURQLN�WHUXWDPD�XQWXN�SDVLHQ�UDZDW

MDODQ����3HQHOLWLDQ�WHUKDGDS�GRNWHU�GL�6ZHGLD�ROHK

+HOOVWURP�HW�DO�����PHQXQMXNNDQ�EDKZD�PD\RULWDV�UHV�

SRQGHQ�PHQJDQJJDS�VLVWHP�UHVHS�HOHNWURQLN�PXGDK

GLJXQDNDQ��������UHVHS�HOHNWURQLN�PHPEXDW�SHOD�

\DQDQ�PHQMDGL�OHELK�EDLN�������GDQ�PHQJKHPDW

ZDNWX�SHOD\DQDQ�������GLEDQGLQJNDQ�GHQJDQ�UHVHS

\DQJ�GLWXOLV�PDQXDO�

7XMXDQ�SHQHOLWLDQ�LQL�DGDODK�PHODNXNDQ�NDMLDQ

WHUKDGDS�SHUDQ�UHVHS�HOHNWURQLN�GDODP�PHGLFDWLRQ

VDIHW\�SUDFWLFH��PHODNXNDQ�DQDOLVLV�IDNWRU�IDNWRU�ODLQ

\DQJ�EHUSHQJDUXK�WHUKDGDS�SUHVFULELQJ�HUURU�GDQ

PHQJHYDOXDVL�SHQHULPDDQ�GRNWHU�WHUKDGDS�LPSOHPHQ�

WDVL�VLVWHP�UHVHS�HOHNWURQLN�

%$+$1�'$1�&$5$

3HQHOLWLDQ�LQL�PHUXSDNDQ�SHQHOLWLDQ�GHVNULSWLI�

\DQJ�GLODNXNDQ�GL�56�'DQXUD��EXNDQ�QDPD�VHEHQDU�

Q\D���VHEXDK�56�VZDVWD�GL�-DNDUWD�SXVDW�GHQJDQ

NDSDVLWDV�����WHPSDW�WLGXU�GDQ�%HG�2FFXSDQF\�5DWH

�%25��VHNLWDU������5HUDWD�UHVHS�\DQJ�GLOD\DQL�GL

IDUPDVL�DGDODK�����UHVHS�SHU�KDUL��QDPXQ�EHOXP

VHPXD�PHQJJXQDNDQ�UHVHS�HOHNWURQLN�NDUHQD�WLGDN

VHPXD�GRNWHU�PDX�PHQJJXQDNDQ�UHVHS�HOHNWURQLN�

3RSXODVL�SHQHOLWLDQ�LQL�GLDPELO�GDUL�UHVHS�UDZDW

MDODQ��WHUGLUL�GDUL�SRSXODVL�UHVHS�HOHNWURQLN�GDQ�UHVHS

WXOLVDQ�WDQJDQ��QRQ�HOHNWURQLN���-XPODK�MHQLV�REDW

\DQJ�GLDPELO�PHQMDGL�VDPSHO�DGDODK�\DQJ�WHUGDSDW

OHELK�GDUL�VDWX�MHQLV�REDW�VLVWHPLN�GDODP�VDWX�UHVHS

SDVLHQ��%HVDU�VDPSHO�GLKLWXQJ�GHQJDQ�UXPXV�SHUKL�

WXQJDQ�VDPSHO�SURSRUVL�GXD�SRSXODVL��S��DGDODK

SURSRUVL�NHORPSRN�UHVHS�HOHNWURQLN�GDQ�S��DGDODK

SURSRUVL�UHVHS�QRQ�HOHNWURQLN��%HVDU�VDPSHO�DGDODK

����UHVHS�SHU�SRSXODVL�

3UHVFULELQJ�HUURU�GLLGHQWLILNDVL�ELOD�DGD�NHWLGDN�

OHQJNDSDQ��LQWHUDNVL�REDW��WXOLVDQ�WLGDN�WHUEDFD��SH�

PLOLKDQ�REDW�WLGDN�WHSDW�\DLWX�REDW�EHQWXN�JUDQXO�DWDX

FKHZDEOH�\DQJ�VHKDUXVQ\D�WLGDN�GLUDFLN��GDQ�DQWL�

ELRWLN�\DQJ�VHKDUXVQ\D�WLGDN�GLUDFLN�EHUVDPD�REDW

VLPSWRPDWLN�ODLQ��REDW�JDQGD��GDQ�GRVLV�\DQJ�WLGDN

OD]LP�VHEDJDLPDQD�GLVDUDQNDQ��'DWD�GLDQDOLVLV�VH�

FDUD�GLVNULSWLI�GDQ�PHQJJXQDNDQ�XML�VWDWLVWLN�GDODP

7DEHO��[��XQWXN�PHQGDSDWNDQ�QLODL�25�GHQJDQ����

&,�

+$6,/�'$1�3(0%$+$6$1

5HVHS�GLSHUROHK�GDUL�����SDVLHQ�GHQJDQ�WRWDO

�����UHVHS��7DEHO�����GHQJDQ�MXPODK�SDVLHQ�GHQJDQ

UHVHS�HOHNWURQLN�GDQ�QRQ�HOHNWURQLN�\DQJ�VHLPEDQJ�

6HEDJLDQ�EHVDU�UHVHS�EHULVL�����MHQLV�REDW��REDW�QRQ�

UDFLNDQ��GLWXOLV�ROHK�GRNWHU�VSHVLDOLV�VHUWD�GLUHVHSNDQ

XQWXN�SDVLHQ�GHZDVD�

7DEHO� ��� �.DUDNWHULVWLN� 5HVHS

.DUDNWHU�UHVHS� -XPODK�SDVLHQ� -XPODK�5��

-HQLV�UHVHS�
(OHNWURQLN� ���� �������� ���� �������
1RQ�HOHNWURQLN� ���� �������� ����� �������

-XPODK�MHQLV�REDW�
����-HQLV�REDW� ���� �������� ����� �������
!���MHQLV�REDW� ���� �������� ���� �������

-HQLV�REDW�
5DFLNDQ� ���� �������� ���� ������
7LGDN�UDFLNDQ� ���� �������� ����� �������

'RNWHU�SHQXOLV�UHVHS�

'RNWHU�XPXP� ���� �������� ���� �������
'RNWHU�6SHVLDOLV� ���� �������� ����� �������
'RNWHU�JLJL� ��� ������� ��� ������

.HORPSRN�XPXU�SDVLHQ�
$QDN�� ���� �������� ���� �������

'HZDVD��!���WDKXQ� ���� �������� ����� �������
-XPODK ��� ����

%HUGDVDUNDQ�MXPODK�SDVLHQ�PDXSXQ�MXPODK�UH�

VHS��SUHVFULELQJ�HUURU�GMHQLVXNDQ�OHELK�WLQJJL�SDGD

UHVHS�QRQ�HOHNWURQLN��\DLWX�SDGD�VHMXPODK�����SD�

VLHQ�GDQ�SDGD�����UHVHS��7DEHO�����%HUGDVDUNDQ�MXP�

ODK�SDVLHQ��SUHVFULELQJ�HUURU�SDGD�UHVHS�QRQ�HOHN�

WURQLN�GMHQLVXNDQ�PHOHELKL�MXPODK�UHVHSQ\D���������

NDUHQD�GDODP�UHVHS�VDWX�SDVLHQ�PXQJNLQ�WHUGDSDW

OHELK�GDUL�VDWX�SUHVFULELQJ�HUURU��8UXWDQ�WHUWLQJJL�EDLN

SDGD�UHVHS�HOHNWURQLN�PDXSXQ�QRQ�HOHNWURQLN�DGDODK

NHWLGDNOHQJNDSDQ�SHQXOLVDQ�UHVHS��GLLNXWL�GHQJDQ

LQWHUDNVL��SDGD�UHVHS�HOHNWURQLN��GDQ�WXOLVDQ�WLGDN

WHUEDFD��SDGD�UHVHS�QRQ�HOHNWURQLN���%HUGDVDUNDQ

MXPODK�UHVHS��SUHVFULELQJ�HUURU�WHUWLQJJL�EDLN�SDGD

UHVHS�HOHNWURQLN�PDXSXQ�UHVHS�QRQ�HOHNWURQLN�DGDODK

NHWLGDNOHQJNDSDQ�SHQXOLVDQ��GLLNXWL�GHQJDQ�LQWHUDNVL

REDW��SDGD�VHPXD�NHORPSRN�UHVHS��GDQ�UHVHS�WLGDN

WHUEDFD�SDGD�NHORPSRN�UHVHS�QRQ�HOHNWURQLN��6H�

GDQJNDQ�SUHVFULELQJ�HUURU�\DQJ� OHELK�WLQJJL�SDGD

UHVHS�HOHNWURQLN�GLEDQGLQJ�UHVHS�QRQ�HOHNWURQLN�WHU�

GDSDW�SDGD�YDULDEHO�SHPLOLKDQ�REDW�WLGDN�OHQJNDS�

YDULDEHO�REDW�JDQGD��GDQ�YDULDEHO�GRVLV�WLGDN�OD]LP�

$SDELOD�GLNHORPSRNNDQ�PHQMDGL�GXD�NHORPSRN

NDWHJRUL�SUHVFULELQJ�HUURU��PDND�GDSDW�GLEDJL�PHQMDGL

SUHVFULELQJ�HUURU�\DQJ�GLVHEDENDQ�ROHK�SURVHV�SHQX�

OLVDQ�UHVHS�GDQ�\DQJ�GLVHEDENDQ�ROHK�NHVDODKDQ

SHQJDPELODQ�NHSXWXVDQ��.HVDODKDQ�\DQJ�WHUPDVXN

GDODP�SURVHV�SHQXOLVDQ�UHVHS�DGDODK�NHWLGDNOHQJ�

NDSDQ�GDQ�UHVHS�WLGDN�WHUEDFD��VHGDQJNDQ�NHVDODK�

DQ�SHQJDPELODQ�NHSXWXVDQ�PHQFDNXS�LQWHUDNVL�REDW�

SHPLOLKDQ�REDW�WLGDN�WHSDW��REDW�JDQGD�GDQ�GRVLV

WLGDN�OD]LP��.HMDGLDQ�NHVDODKDQ�SURVHV�SHQXOLVDQ

UHVHS�GXD�NDOL�OHELK�EHVDU�GLEDQGLQJNDQ�NHVDODKDQ

SHQJDPELODQ�NHSXWXVDQ�

3UHVFULELQJ�HUURU�\DQJ�VHPXOD�WHUGLUL�GDUL�HQDP

YDULDEHO�GLNHORPSRNNDQ�PHQMDGL�HPSDW�YDULDEHO�GD�

ODP�DQDOLVLV��\DLWX�UHVHS�WLGDN�OHQJNDS��DGD�LQWHUDNVL

REDW��UHVHS�WLGDN�WHUEDFD�GDQ�HUURU�\DQJ�ODLQ��\DQJ
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PHQJJDEXQJNDQ�WLJD�YDULDEHO�\DLWX�SHPLOLKDQ�REDW

WLGDN�WHSDW��REDW�JDQGD�GDQ�GRVLV�WLGDN�OD]LP��

7DEHO� ���3UHVFULELQJ�(UURU�%HUGDVDUNDQ�-HQLV� 5HVHS

(OHNWURQLN�YHUVXV� � 1RQ�(OHNWURQLN

%HUGDVDUNDQ�
-XPODK�5��

5��
SDGD�
51(�

�Q ������

5��
SDGD�
5(�

�Q ����

S� 25� ����&,�

.HWLGDNOHQJNDSDQ� � � � � �
7LGDN�OHQJNDS� ���� ����

����� �����
/�������

/HQJNDS� ���� ����� 8�������

,QWHUDNVL�REDW� � � � � �
$GD�LQWHUDNVL� ���� ����

����� �����
/�������

7LGDN�DGD�LQWHUDNVL� ���� ����� 8�������
7LGDN�WHUEDFD� � �
7LGDN�WHUEDFD� ��� ���

����� ;ð��������
�7HUEDFD � ���� ����
$GD�HUURU�\DQJ�ODLQ� �

� �
$GD�� ��� ���

����� �����
/�������

�7LGDN�DGD�� � ���� ���� 8������

3UHVFULELQJ�HUURU��EHUXSD�NHWLGDNOHQJNDSDQ�UH�

VHS�GDQ�UHVHS�WLGDN�WHUEDFD�VHFDUD�EHUPDNQD�GMHQL�

VXNDQ�OHELK�WLQJJL�SDGD�UHVHS�QRQ�HOHNWURQLN��51(�

GLEDQGLQJNDQ�SDGD�UHVHS�HOHNWURQLN��5(���.HWLGDN�

OHQJNDSDQ�UHVHS�GMHQLVXNDQ�OHELK�WLQJJL�SDGD�UHVHS

QRQ�HOHNWURQLN������GDUL������UHVHS��GLEDQGLQJNDQ

SDGD�UHVHS�HOHNWURQLN������GDUL�����UHVHS��GHQJDQ

25�����������&,����������������$GDSXQ�UHVHS�WLGDN

WHUEDFD�WHQWXQ\D�KDQ\D�GMHQLVXNDQ�SDGD�UHVHS�QRQ�

HOHNWURQLN�����GDUL������UHVHS���7LGDN�GMHQLVXNDQ�SHU�

EHGDDQ�EHUPDNQD�SDGD�SHUHVHSDQ�HOHNWURQLN�GDQ

QRQ�HOHNWURQLN�SDGD�LQWHUDNVL�REDW�GDQ�NHVDODKDQ

\DQJ�ODLQ�

'RQ\DL�HW�DO�����PHODNXNDQ�SHQHOLWLDQ�GHQJDQ

KDVLO�\DQJ�VHUXSD��EDLN�VHEHOXP�GDQ�VHWHODK�UHVHS

HOHNWURQLN��'MHQLVXNDQ�EDKZD�VHEDJLDQ�EHVDU�NHVD�

ODKDQ�UHVHS�EHUDVDO�GDUL�SURVHV�SHQXOLVDQ��7RWDO�SUH�

VFULELQJ�HUURU�VHWHODK�GLWHUDSNDQQ\D�UHVHS�HOHNWURQLN

EHUNXUDQJ�KLQJJD�VHSDUXKQ\D��%HUEHGD�GHQJDQ�\DQJ

GLODNXNDQ�SHQHOLWL��SHQHOLWLDQ�'RQ\DL�HW�D��O��� MXJD

PHODNXNDQ� LQWHUYHQVL� IDUPDVL� NOLQLN�� ,QWHUYHQVL

IDUPDVL�NOLQLN�PHQXUXQNDQ�SUHVFULELQJ�HUURU�KDPSLU

GXD�NDOL�OLSDW�EDLN�VHEHOXP�PDXSXQ�VHWHODK�UHVHS

HOHNWURQLN��3HQJDUXK�LQWHUYHQVL�IDUPDVL�NOLQLN�WHUKD�

GDS� SHPLOLKDQ� GRVLV�PHQMDGL� EHUNXUDQJ� VHWHODK

SHQJJXQDDQ�UHVHS�HOHNWURQLN���

6HGDQJNDQ�'HYLQH�HW�DO�����VHODLQ�GDSDW�PHQX�

UXQNDQ�NHWLGDNOHQJNDSDQ�GDQ�UHVHS�\DQJ�WLGDN�WHUED�

7DEHO� ���3UHVFULELQJ�(UURU� \DQJ� 'MHQLVXNDQ

�
(OHNWURQLN� 1RQ�HOHNWURQLN�

%HUGDVDUNDQ��MXPODK�SDVLHQ��� Q� ����� ���� Q� ����� ����
3UHVFULELQJ�HUURU� ���� ������� ���� ��������

7LGDN�OHQJNDS� ���� ������� ���� �������
$GD�,QWHUDNVL� ��� ������� ��� �������
7XOLVDQ�WLGDN�WHUEDFD� �� ������ ��� �������
3HPLOLKDQ�REDW�WGN�WHSDW� ��� ������ ��� ������

2EDW�JDQGD� �� ������ �� ������
'RVLV�WLGDN�OD]LP� �� ������ �� ������

%HUGDVDUNDQ��MXPODK�5���� Q� ����� ���� Q� ������ ����
3UHVFULELQJ�HUURU� ���� ������� ���� �������

7LGDN�OHQJNDS� ���� ������� ���� �������
$GD�,QWHUDNVL� ���� ������� ���� �������
7XOLVDQ�WLGDN�WHUEDFD� �� ������ ��� �������
3HPLOLKDQ�REDW�WGN�WHSDW� ��� ������ ��� ������
2EDW�JDQGD� �� ������ �� ������

'RVLV�WLGDN�OD]LP� �� ������ �� ������

7DEHO� ��� 3UHVFULELQJ� (UURU� %HUGDVDUNDQ� .HORPSRN� 3URIHVL� 'RNWHU�

'RNWHU�6SHVLDOLV�9HUVXV� 'RNWHU�8PXP�'DQ�'RNWHU� *LJL

%HUGDVDUNDQ�MXPODK�5�� �
5����

'RNWHU�6SHVLDOLV� �

�Q� ������

5��'RNWHU�
�XPXP�	�JLJL� �

�Q� �����
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.HWLGDNOHQJNDSDQ�
7LGDN�OHQJNDS � ����� ����

����� �����
/�������

/HQJNDS � ����� ����� 8�������
,QWHUDNVL�REDW�

$GD�LQWHUDNVL � ����� ����
����� �����

/�������
7LGDN�DGD�LQWHUDNVL� � ����� ����� 8�������

7LGDN�WHUEDFD�
7LGDN�WHUEDFD � ���� ��� �����

������������;ð��������
�7HUEDFD � ������ ����� �

$GD�HUURU�\DQJ�ODLQ�
$GD� � ���� ���

����� �����
/�������

7LGDN�DGD� ����� ���� 8������
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FD�VHFDUD�EHPDNQD��MXJD�PDPSX�PHQXUXQNDQ�NHMD�

GLDQ�LQWHUDNVL�REDW�VDPSDL������3HUEHGDDQ�LQL�ROHK

NDUHQD�VLVWHP�GLOHQJNDSL�MXJD�GHQJDQ�FOLQLFDO�GHFL�

VLRQ�VXSSRUW��\DQJ�PDPSX�PHPEHULNDQ�UHNRPHQGDVL

WHUKDGDS�DGDQ\D�LQWHUDNVL�REDW��VHNDOLSXQ�UHNRPHQ�

GDVL�WHUVHEXW�GDSDW�GLWHULPD�DWDXSXQ�GLWRODN�ROHK

GRNWHU��'HPLNLDQ� SXOD�SHQHOLWLDQ� \DQJ�GLODNXNDQ

6KDZDKQD�HW�DO�����PDPSX�PHQXUXQNDQ�NHVDODKDQ

SHQJDPELODQ�NHSXWXVDQ�GRNWHU�KLQJJD��������:DODX�

SXQ�WLGDN�WHUVHGLD�VLVWHP�DOHUW�DGDQ\D�LQWHUDNVL�REDW�

GDWDEDVH�GLOHQJNDSL�GHQJDQ�QDPD�REDW��EHQWXN�VH�

GLDDQ��GRVLV�VHGLDDQ�\DQJ�WHUVHGLD��DGYHUVH�GUXJ

UHDFWLRQ��NRQWUDLQGLNDVL�GDQ�LQWHUDNVL�REDW�

3DGD� HPSDW�YDULDEHO�SUHVFULELQJ� HUURU� \DQJ

GLDQDOLVLV��GMHQLVXNDQ�UHVHS�\DQJ�GLWXOLV�ROHK�GRNWHU

VSHVLDOLV� OHELK� WLQJJL� GLEDQGLQJNDQ� GHQJDQ� \DQJ

GLWXOLV�ROHK�GRNWHU�XPXP�GDQ�GRNWHU�JLJL��+DO� LQL

PXQJNLQ�GLVHEDENDQ�NDUHQD�GRNWHU�XPXP�GDQ�GRN�

WHU�JLJL�OHELK�EDQ\DN�PHQJJXQDNDQ�UHVHS�HOHNWURQLN

GLEDQGLQJNDQ�GHQJDQ�GRNWHU�VSHVLDOLV��3HQHOLWLDQ�ODLQ

\DQJ�PHQJHORPSRNNDQ�SUHVFULELQJ�HUURU�PHQXUXW

NHORPSRN�GRNWHU��GRNWHU�NHOXDUJD�GDQ�GRNWHU�SUDNWLN

XPXP��GLODNXNDQ�$O�.KDMDO�HW�DO�����3UHVFULELQJ�HUURU

GMHQLVXNDQ�OHELK�EDQ\DN�SDGD�UHVHS�\DQJ�GLWXOLV�ROHK

GRNWHU�NHOXDUJD���������GLEDQGLQJNDQ�GHQJDQ�UHVHS

GRNWHU�SUDNWLN�XPXP�����������

)DNWRU�ODLQ�\DQJ�GLDQDOLVLV�SHQJDUXKQ\D�WHUKD�

GDS�NHMDGLDQ�SUHVFULELQJ�HUURU�DGDODK�NHORPSRN�XPXU

SDVLHQ��DQDN�GDQ�GHZDVD���7DEHO����

+DVLO�DQDOLVLV�PHQXQMXNNDQ�EDKZD�SUHVFULELQJ

HUURU�SDGD�YDULDEHO�NHWLGDNOHQJNDSDQ�GMHQLVXNDQ�OHELK

WLQJJL�SDGD�UHVHS�SDVLHQ�DQDN�����GDUL�����UHVHS�

GLEDQGLQJNDQ�SDGD�SDVLHQ�GHZDVD������GDUL�����

UHVHS��GHQJDQ�25�����������&,�������������3DGD

YDULDEHO�DGDQ\D�LQWHUDNVL�REDW�GMHQLVXNDQ�MXJD�OHELK

WLQJJL�SDGD�UHVHS�SDVLHQ�DQDN�����GDUL�����UHVHS�

GLEDQGLQJNDQ�SDGD�UHVHS�SDVLHQ�GHZDVD������GDUL

������GHQJDQ�25�����������&,�������������'HPLNLDQ

SXOD�OHELK�WLQJJL�SDGD�NHORPSRN�SDVLHQ�DQDN�XQWXN

YDULDEHO�DGDQ\D�HUURU�\DQJ�ODLQ��SHPLOLKDQ�REDW�WLGDN

WHSDW��REDW�JDQGD�GDQ�GRVLV�WLGDN�OD]LP��GHQJDQ�25

������ �����&,� ������������� 1DPXQ� VHEDOLNQ\D

GMHQLVXNDQ�OHELK�WLQJJL�SDGD�UHVHS�SDVLHQ�GHZDVD

����GDUL�������GLEDQGLQJNDQ�SDGD�UHVHS�SDVLHQ�DQDN

��� GDUL������ SDGD�YDULDEHO� WXOLVDQ� WLGDN� WHUEDFD�

NDUHQD�GRNWHU�DQDN�OHELK�EDQ\DN�PHQJJXQDNDQ�UHVHS

HOHNWURQLN�

6HEDOLNQ\D�GDUL�KDVLO�VHEXDK�SHQHOLDQ��\DQJ

SHUQDK� GLODNXNDQ� VHEHOXPQ\D��PHGLFDWLRQ� HUURU

VHGLNLW� OHELK�NHFLO�SDGD�DQDN�DQDN�GDQ�UHPDMD�GL

EDZDK�XVLD����WDKXQ�VHEDQ\DN�������GLEDQGLQJNDQ

\DQJ�GMHQLVXNDQ�SDGD��RUDQJ�GHZDVD��VDPD�DWDX

OHELK�GDUL����WDKXQ��VHEDQ\DN���������

,QWHUDNVL�REDW�VHEDJDL�VDODK�VDWX�SUHVFULELQJ

HUURU� VHFDUD�EHUPDNQD�GLSHQJDUXKL�ROHK�DGDQ\D

UDFLNDQ�GDQ�MHQLV�REDW�OHELK�GDUL�HPSDW�VHSHUWL�GL�

WXQMXNNDQ�SDGD�7DEHO����3DGD�SHQHOLWLDQ�\DQJ�GLOD�

NXNDQ�0RXUD�HW�DO��MXJD�PHQJNDLWNDQ�DQWDUD�SHOXDQJ

7DEHO� ��� 3UHVFULELQJ�(UURU�%HUGDVDUNDQ� .HORPSRN�8PXU� 3DVLHQ� �5HVHS� 3DVLHQ�$QDN� YHUVXV� 'HZDVD�

%HUGDVDUNDQ�MXPODK�5�� �
5��3DVLHQ�$QDN�
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5��3DVLHQ�'HZDVD����������

�Q� �������
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7LGDN�WHUEDFD�

7LGDN�WHUEDFD � ��� ����
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/�������
�7HUEDFD � ����� ������ 8�������
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7DEHO� ��� � 3HOXDQJ� .HMDGLDQ� ,QWHUDNVL� 2EDW�0HQXUXW� -HQLV�2EDW� 5DFLNDQGDQ� -HQLV�2EDW�/HELK�'DUL�(PSDW

%HUGDVDUNDQ�MXPODK�SDVLHQ�
$GD������������

LQWHUDNVL�REDW�

�Q �����

7LGDN�DGD�
LQWHUDNVL�REDW�

�Q �����

3� 25� ����&,�

$GDQ\D�UDFLNDQ�
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����� ���� �
��������� �

7LGDN�DGD�UDFLNDQ� ��� ����� �
-XPODK�MHQLV�REDW�
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����� ���� �

��������� �
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LQWHUDNVL�REDW�GHQJDQ�SROLIDUPDVL��GHQJDQ�KDVLO�OHELK

WLQJJL� �25������� GDQ� EHUPDNQD� VHFDUD� VWDWLVWLN

�S����������

3HQHOLWLDQ�WHUKDGDS�UHVHS�UDFLNDQ�GDUL�GXD�EHODV

DSRWHN�GL�.RWD�<RJ\DNDUWD�PHQ\LPSXONDQ�EDKZD

UHVHS�UDFLNDQ�EHQWXN�VHGLDDQ�SDGDW��VHUEXN�DWDX

VHUEXN�GLEXDW�NDSVXO��PHUXSDNDQ�EHQWXN�VHGLDDQ

\DQJ�SDOLQJ�VHULQJ�GLWXOLV��3HUPDVDODKDQ�\DQJ�SDO�

LQJ�VHULQJ�WLPEXO���������DGDODK�SHQJJHUXVDQ�EHUED�

JDL�EHQWXN�VHGLDDQ�WDEOHW��3HQJJHUXVDQ�SHUDFLNDQ

\DQJ�PHQLPEXONDQ�PDVDODK�WHUMDGL�SDGD�EHQWXN�VH�

GLDDQ�WDEOHW�VDOXW�������NDSOHW���������GXOFHW��������

FKHZDEOH� ������ VHGLDDQ� PHQJDQGXQJ� HQVLP

����������GDQ�VXVWDLQHG�UHOHDVH����������2EDW�SDWHQ

������OHELK�EDQ\DN�GLWXOLV�GDODP�UHVHS�UDFLNDQ�GDUL

SDGD�REDW�JHQHULN���

6HSDURK�GRNWHU�PHQMDZDE�VHWXMX�GDQ�VDQJDW

VHWXMX�WHUKDGDS�SHUVHSVL�NHPXGDKDQ�GDQ�PDQIDDW

LPSOHPHQWDVL�UHVHS�HOHNWURQLN��7DEHO����

3DGD�SHQHOLWLDQ�ODLQ�PHQJHQDL�NHSXDVDQ�SHQJ�

JXQD�UHVHS�HOHNWURQLN��PD\RULWDV�GRNWHU�PHQ\DWDNDQ

SXDV�GDQ�VDQJDW�SXDV�GHQJDQ�VLVWHP�UHVHS�HOHN�

WURQLN��0HUHND�PHQ\DWDNDQ�EDKZD�UHVHS�HOHNWURQLN

PHPXQJNLQNDQ�PHPEXDW� UHVHS��PHOLKDW� ULZD\DW

SHQJREDWDQ�SDVLHQ�VHEHOXPQ\D��GDQ�PHQJXEDK�UH�

VHS��/HELK�GDUL�����GRNWHU�SXDV�GHQJDQ�GHWHNVL

SUHVFULELQJ�HUURUV�GDQ�GDSDW�PHQHULPD�DOHUW�XQWXN

LQWHUDNVL�REDW�GDQ�DOHUJL�REDW����3HQHOLWLDQ�5RGULJXH]
HW�DO�����PHQJDFX�SDGD�WHRUL�7HFKQRORJ\�$FFHSWDQFH

0RGHO�ROHK�'DYLV�\DQJ�PHOLEDWNDQ�GRNWHU�GDQ�SHUD�

ZDW�PHQGDSDWNDQ�KDVLO�EDKZD�SHUVHSVL�NHPXGDKDQ

WLGDN�PHQGXNXQJ�SHQJJXQDDQ�VLVWHP�UHVHS�HOHNWUR�

QLN��$NDQ�WHWDSL�SHUVHSVL�NHJXQDDQ�VHFDUD�EHUPDNQD

PHQGXNXQJ�SHQJJXQDDQ�VLVWHP�UHVHS�HOHNWURQLN�

.(6,038/$1

5HVHS�HOHNWURQLN�EHUSHUDQ�PHQXUXQNDQ�NHMDGLDQ

SUHVFULELQJ� HUURU�� 3HUDQ� WHUVHEXW� WHUXWDPD� SDGD

7DEHO� ��� 3HPDQIDDWDQ�5HVHS� (OHNWURQLN�%HUGDVDUNDQ� -HQLV�'RNWHU� 6SHVLDOLV�9HUVXV� 'RNWHU�8PXP�'DQ� 'RNWHU

*LJL��'DQ� %HUGDVDUNDQ�-HQLV� .HORPSRN�8PXU� 3DVLHQ�$QDN�9HUVXV� 'HZDVD

%HUGDVDUNDQ��MXPODK�5��
5(�

�Q� ������
51(��

�Q� �������
S� 25� ����&,�

.HORPSRN�SURIHVL�GRNWHU�
'RNWHU�8PXP�	�'RNWHU�*LJL� ����� ����

����� ������
�����������

'RNWHU�6SHVLDOLV� ����� �����
.HORPSRN�XPXU�SDVLHQ�
3DVLHQ�$QDN� ����� �����

����� �����
���������

3DVLHQ�'HZDVD������������������������������� ���� �����

3HPDQIDDWDQ�UHVHS�HOHNWURQLN�VHFDUD�EHUPDNQD

OHELK�WLQJJL�SDGD�GRNWHU�XPXP�GLEDQGLQJNDQ�GRNWHU

VSHVLDOLV��GDQ�SDGD�UHVHS�SDVLHQ�DQDN�GLEDQGLQJNDQ

UHVHS�SDVLHQ�GHZDVD��%HULNXW�DGDODK�SHUQ\DWDDQ

GRNWHU�WHQWDQJ�PDQIDDW�UHVHS�HOHNWURQLN�
�³L\D�MHODV� LWX��WXOLVDQ� MDGL�PXGDK�GLEDFD��ULVLNR

NHVDODKDQ� MDGL� OHELK� NHFLO�� MDGL� OHELK� DPDQ�

WHUXWDPD�PDVDODK� ULVLNR� VDODK� EDFD�´

�³���OHELK�PHPEDQWX�NDODX� EXNX�VWDWXV� �VDPELO

GRNWHU� PHQXQMXN� GRNXPHQ� UHNDP� PHGLV

\DQJ�DGD�GL� DWDV�PHMD�� EHOXP�VDPSDL�� NDGDQJ

NDQ�SDVLHQ� NH�56� WLGDN�KDQ\D�NH� VDWX�GRNWHU�

MDGL� VD\D� VXGDK� ELVD� OLKDW� ULZD\DW� REDW�REDW

VHEHOXPQ\D�´

%HOXP�WHUVHGLDQ\D�VLVWHP�\DQJ�GDSDW�PHQJHWDKXL

DGDQ\D�LQWHUDNVL�GDODP�UHVHS�\DQJ�GLWXOLVNDQ�VHFDUD

HOHNWURQLN�GLSHUWDQ\DNDQ�ROHK�VHRUDQJ�GRNWHU�\DQJ

GLZDZDQFDUD� \DQJ� WLGDN� PHQJJXQDNDQ� UHVHS

HOHNWURQLN��VHSHUWL�XQJNDSDQ�EHULNXW� LQL��³������NDODX
\DQJ� NLWD� SXQ\D� NDQ� QJJDN� DGD� ELDU� ELVD� WDKX� DGD

LQWHUDNVL��SDWLHQW� VDIHW\� KDQ\D� GDUL� WXOLVDQ��PHUHND� MDGL

QJJDN� VDODK� EDFD�� WDSL� NDQ�QJJDN� FXNXS� LWX�´

NHVDODKDQ�\DQJ�GLVHEDENDQ�ROHK�SURVHV�SHQXOLVDQ�

\DLWX�NHWLGDNOHQJNDSDQ�SHQXOLVDQ�GDQ�DWDX�UHVHS

WLGDN�WHUEDFD��3DGD�SHQHOLWLDQ�LQL�ULVLNR�WHUMDGLQ\D

LQWHUDNVL�REDW��SHPLOLKDQ�REDW�\DQJ�WLGDN�WHSDW��REDW

JDQGD�GDQ�GRVLV�\DQJ�WLGDN�OD]LP�WLGDN�GDSDW�EHU�

NXUDQJ�GHQJDQ�UHVHS�HOHNWURQLN��'HQJDQ�SHQDPEDK�

DQ�VLVWHP�SHQGXNXQJ�UHVHS�HOHNWURQLN�VHSHUWL�SHP�

EDWDVDQ�REDW�\DQJ�VHKDUXVQ\D�WLGDN�GLUDFLN��SHUL�

QJDWDQ�WHUKDGDS�DGDQ\D�SROLIDUPDVL�DWDX�WDQGD�DGD�

Q\D�LQWHUDNVL�REDW�PDND�GDSDW�PHQXUXQNDQ�SUHVFULE�

LQJ�HUURU�\DQJ�GLVHEDENDQ�NDUHQD�NHVDODKDQ�SHQJ�

DPELODQ�NHSXWXVDQ�GRNWHU�

)DNWRU�IDNWRU�ODLQ��NHORPSRN�SURIHVL�GRNWHU��NH�

ORPSRN�XPXU�SDVLHQ��DGDQ\D�UDFLNDQ�GDQ�DGDQ\D

SROLIDUPDVL��WXUXW�PHPSHQJDUXKL�NHMDGLDQ�SUHVFULE�

LQJ�HUURU��'LVDUDQNDQ�DJDU�GLODNXNDQ�LQWHUYHQVL�IDUPD�

VL�NOLQLN�XQWXN�OHELK�PHQLQJNDWNDQ�PHGLFDWLRQ�VDIHW\�

3HUVHSVL�DNDQ�PDQIDDW�GDQ�NHPXGDKDQ�PHPSH�

QJDUXKL�SHPDQIDDWDQ�VLVWHP�UHVHS�HOHNWURQLN��'LKD�

UDSNDQ�GHQJDQ�SHQDPEDKDQ�VLVWHP�XQWXN�PHQLQJ�

NDWNDQ�PDQIDDW�UHVHS�HOHNWURQLN��DNDQ�PHQGRURQJ

SDUD�GRNWHU�PHPDQIDDWNDQ�VLVWHP�UHVHS�HOHNWURQLN�
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�� .RKQ�/��&RUULJDQ�-��'RQDOGVRQ�0��7R�(UU� LV

+XPDQ��%XLOGLQJ�D�6DIHU�+HDOWK�6\VWHP��(GL�

WLRQ��1DWLRQDO�$FDGHP\�3UHVV�:RVKLQJWRQ��'&�

�����

�� (VODPL�6��+DQQD�$$�.DL]H�51��(YDOXDWLRQ�RI

2XWSDWLHQW�&RPSXWHUL]HG�3K\VLFLDQ�0HGLFDWLRQ

2UGHU�(QWU\�6\VWHPV��$�6\VWHPDWLF�5HYLHZ��-

$P�0HG�,QIRUP�$VVRF������������������

�� 2QGHU�*��3HGRQH�&��/DQGL�)��&HVDUL�0��9HGRYD

&'��%HUQDEHL�5��*DPEDVVL�*��$GYHUV�'UXJ

5HDFWLRQV�DV�&DXVH�RI�+RVSLWDO�$GPLVVLRQV�

5HVXOWV�IURP�WKH�,WDOLDQ�*URXS�RI�3KDUPDFR�

HSLGHPLRORJ\�LQ�WKH�(OGHUO\��*,)$���-$*6�������

����������

�� $PHULFDQ�6RFLHW\�RI�+RVSLWDO�3KDUPDFLVW��$6+3

*XLGOLQHV�RQ�3UHYHQWLQJ�0HGLFDWLRQ�HUURUV�LQ

+RVSLWDO��$P�-�+RVS�3KDUP�����������������

�� $URQVRQ�-.��0HGLFDWLRQ�HUURUV��GHILQLWLRQV�DQG

FODVVLILFDWLRQ��%ULWLVK�-RXUQDO�RI�&OLQLFDO�3KDU�

PDFRORJ\������������������

�� 1DWLRQDO�&RRUGLQDWLQJ�&RXQFLO�IRU�0HGLFDWLRQ

(UURU� 5HSRUWLQJ� DQG� 3UHYHQWLRQ�� �KWWS���

ZZZ�QFFPHUS�RUJ���>���1RY�����@

�� 'HDQ�%��%DUEHU�1��6FKDFKWH�0��:KDW�LV�SUHVFUL�

ELQJ�HUURU"��4XDO�+HDOWK�FDUH���������������

�� 5DPEKDGH�6��&KDNDUERUW\�$��6KULYDVWDYD�$��3DWLO

8.��5DPEKDGH�$���$�6XUYH\�RQ�3RO\SKDUPDF\

DQG�8VH�RI�,QDSSURSULDWH�0HGLFDWLRQV��7R[LFRO�

RJ\�,QWHUQDWLRQDO���������������

�� *DQGKL�7.��:HLQJDUW�61��%RUXV�-��6HJHU�$&�

3HWHUVRQ� -�� %XUGLFN� (�� 6HJHU� '/�� 6KX� .�

)HGHULFR�)��/HDSH�//��%DWHV�':��$GYHUVH�'UXJ

(YHQWV�LQ�$PEXODWRU\�&DUH��7KH�1HZ�(QJODQG

-RXUQDO�RI�0HGLFLQH������������������

��� %RRGRR�-0��&RPSRXQGLQJ�3UREOHPV�DQG�&RP�

SRXQGLQJ�&RQIXVLRQ��)HGHUDO�5HJXODWLRQ�RI�&RP�

SRXQGHG�'UXJ�3URGXFWV�DQG�WKH�)'$0$�&LU�

FXLW�6SOLW��$PHULFDQ�-RXUQDO�RI�/DZ�	�0HGL�

FLQH����������������

��� 6KDZDKQD�5��5DKPDQ�1��$KPDG�0��'HEUD\�0�

<OLSHUWWXOD�0��'HFOHYHV�;��(OHFWURQLF�SUHVFULE�

LQJ�UHGXFHV�SUHVFULELQJ�HUURU�LQ�SXEOLF�KRVSL�

WDOV��-RXUQDO�RI�&OLQLFDO�1XUVLQJ��������������

���

��� .DXVKDO�5��%DWHV�':��,QIRUPDWLRQ�WHFKQRORJ\

DQG�PHGLFDWLRQ�VDIHW\��ZKDW�LV�WKH�EHQHILW"�4XDO

6DI�+HDOWK�&DUH���������������

��� .DQQU\�-��(IIHFW�RI�(�3UHVFULELQJ�6\VWHPV�RQ

3DVLHQW�VDIHW\��0RXQW�6LQDL�-RXUQDO�RI�0HGL�

FLQH����������������

��� 5HFNPDQQ�0+��:HVWEURRN�-,��.RK�<��/R�&�'D\

52��'RHV�&RPSXWHUL]HG�3URYLGHU�2UGHU�(QWU\

5HGXFH�3UHVFULELQJ�HUURUV�IRU�+RVSLWDO�,QSDWLHQV"

$�6\VWHPLN�5HYLHZ��-�$P�0HG�,QIRUP�$VVRF�

���������������

��� *DQGKL�7.��:HLQJDUW�61��6HJHU�$&��%RUXV�-�

%XUGLFN�(��3RRQ�(*��/HDSH�//��%DWHV�'DYLG

:��2XWSDWLHQW�3UHVFULELQJ�HUURUV�DQG�WKH�LP�

SDFW�RI�&RPSXWHUL]HG�3UHVFULELQJ��-�*(1�,1�

7(51�0('����������������

��� &ODVVHQ�'&��$YHU\�$-�%DWHV�':��(YDOXDWLRQ

DQG�&HUWLILFDWLRQ�RI�&RPSXWHUL]HG�2UGHU�(QWU\

6\VWHPV��-�$P�0HG�,QIRUP�$VVRF������������

���

��� +HOOVWURP�/��:DHUQ�.��0RQWHOLXV�(��$VWUDQG�%�

5\GEHUJ�7��3HWHUVRQ�*��3K\VLFLDQV¶�DWWLWXGHV

WRZDUGV�H3UHVFULELQJ�±�HYDOXDWLRQ�RI�D�6ZHGLVK

IXOO�VFDOH� LPSOHPHQWDWLRQ�� %0&� 0HGLFDO

,QIRUPDWLFV�DQG�'HFLVVLRQ�0DNLQJ�����������

��� 'RQ\DL� 3��2¶*UDG\�.�� -DFNOLQ�$�� %DUEHU� 1�

)UDQNOLQ�%'���7KH�HIIHFWV�RI�HOHNWURQLF�SUHVFULE�

LQJ� RQ� WKH� TXDOLW\� RI� SUHVFULELQJ��%U� -� &OLQ

3KDUPDFRO����������������

��� 'HYLQH�(%��+DQVHQ�51��:LOVRQ�1RUWRQ�-/��/DZ�

OHVV�10�� )LVN�$:��%ORXJK��'.��0DUWLQ�'3�

6XOLYDQ�6'��7KH�LPSDFW�RI�FRPSXWUL]HG�SURYLGHU

RUGHU�HQWU\�RQ�PHGLFDWLRQ�HUURUV�LQ�PXOWLVSH�

FLDOW\�JURXS�SUDFWLFH��-�$P�0HG�,QIRUP�$VVRF�

��������������

��� $O�.KDMDO�.$-��$O�$QVDUL�70��'DPDQKRUL�$++�

6HTXHLUD�53��(YDOXDWLRQ�RI�GUXJ�XWLOL]DWLRQ�DQG

SUHVFULELQJ�HUURUV�LQ�LQIDQWV��$�SULPDU\�FDUH�SUH�

VFULSWLRQ�EDVHG� VWXG\��+HDOWK�3ROLF\�� �����

����������ZZZ�HOVHYLHU�FRP�ORFDWH�KHDOWKSRO�

��� &DVVLG\�1��'XJJDQ�(��:LOOLDPV�'-3��7UDFH\

-$��7KH�HSLGHPLRORJ\�DQG�W\SH�RI�PHGLFDWLRQ

HUURUV�UHSRUWHG�WR�WKH�1DDWLRQDO�3RLVRQV�,QIRU�

PDWLRQ�&HQWUH�RI�,UHODQG��&OLQLFDO�7R[LFRORJ\�

���������������

��� 0RXUD��&��$FXUFLR�)��%HOR�)��'UXJ�'UXJ�,QWHUDF�

WLRQV�$VVRFLDWHG�ZLWK�/HQJWK�RI�6WD\�DQG�&RVW

RI � +RVSLWDO L]HG�� -� 3KDUP� 3KDUPDFHXW

6FL������������������

��� :LHG\DQLQJVLK�&��2HWDUL���7LQMDXDQ�WHUKDGDS

EHQWXN� VHGLDDQ� REDW�� NDMLDQ� UHVHS�UHVHS� GL

DSRWHN�.RWDPDGLD�<RJ\DNDUWD��0DMDODK�)DUPDVL

,QGRQHVLD�����������������

��� 7DQ�:6��3KDQJ�-6.��7DQ�/.��(YDOXDWLQJ�8VHU

6DWLVIDFWLRQ�ZLWK� DQ�(OHFWURQLF� 3UHVFULSWLRQ

6\VWHP�LQ�D�3ULPDU\�&DUH�*URXS��$QQDOV�$FDG�

HP\�RI�0HGLFLQH�6LQJDSSRUH�����������������

��� 5RGULJXH]�7(��/R]DQR�30��$ORQVR�05��$FFHS�

WDQFH�RI�(�3UHVFULSWLRQV�DQG�$XWRPDWHG�0HGL�

FDWLRQ�0DQDJHPHQW�6\VWHPV�LQ�+RVSLWDO��$Q

([WHQVLRQ�RI�WKH�7HFKQRORJ\�$FFHSWDQFH�0RGHO�

-RXUQDO�RI�,QIRUPDWLRQ�6\VWHPV���������������


