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<DQJ EHUWDQGD WDQJDQ GL EDZDK LQL�
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7XJDV DNKLU GHQJDQ MXGXO�

0(5$.,7 %$/2. 0(1**81$.$1 $5 �$8*0(17('

5($/,7<�

0HQ\DWDNDQ EDKZD VHOXUXK NRPSRQHQ GDQ LVL GDODP WXJDV DNKLU LQL DGDODK KDVLO NDU\D

VD\D VHQGLUL� $SDELOD GLNHPXGLDQ KDUL WHUEXNWL DGD EHEHUDSD EDJLDQ GDUL NDU\D LQL DGDODK

EXNDQ KDVLO NDU\D VHQGLUL� WXJDV DNKLU \DQJ GLDMXNDQ VHEDJDL KDVLO NDU\D VHQGLUL LQL VLDS

GLWDULN NHPEDOL GDQ VLDS PHQDQJJXQJ UHVLNR GDQ NRQVHNXHQVL DSDSXQ�

'HPLNLDQ VXUDW SHUQ\DWDDQ LQL GLEXDW� VHPRJD GDSDW GLSHUJXQDNDQ VHEDJDLPDQD PHVWLQ\D�

<RJ\DNDUWD� � 1RYHPEHU ����

� $NUD %LPD .LQG\ �
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$OKDPGXOLOODK� VHJDOD SXML EDJL $OODK 6:7 \DQJ WHODK PHPEHULNDQ UDKPDW GDQ KLGD\DK�

1\D VHKLQJJD NDU\D \DQJ VHGHUKDQD LQL GDSDW GLVHOHVDLNDQ GHQJDQ EDLN� 6D\D SHUVHPEDKNDQ

NDU\D LQL NHSDGD�

�� .HGXD RUDQJ 7XD VD\D� \DQJ WHODK PHPELPELQJ� PHQGRDNDQ� GDQ PHPEHULNDQ

GXNXQJDQ NHSDGD VD\D� 7DQSD GXNXQJDQ PHUHND VD\D WLGDN ELVD GLVLQL VHNDUDQJ�

6HPRJD GHQJDQ NDU\D LQL GDSDW PHZXMXGNDQ VHEDJLDQ GDUL FLWD�FLWD GDQ KDUDSDQ

NHGXD RUDQJ WXD�

�� 7HPDQ�WHPDQ VHSHUMXDQJDQ LQIRUPDWLND 8,, DQJNDWDQ ����� WHUXWDPD PHUHND \DQJ

PDVXN EHUVDPD VD\D GL NHODV ( SDGD DZDO VHPHVWHU �� \DQJ WHODK EHUMXDQJ EHUVDPD

PXODL GDUL DZDO PDVXN NXOLDK KLQJJD VHNDUDQJ�
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$VVDODPX¶DODLNXP ZDUDKPDWXOODKL ZDEDUDNDWXK

$OOKDPGXOLODK� VHJDOD SXML V\XNXU NHSDGD $OODK 6:7 \DQJ WHODK PHOLPSDKNDQ UDKPDW

GDQ KLGD\DKQ\D VHKLQJJD SHQXOLV GDSDW PHQ\HOHVDLNDQ ODSRUDQ WXJDV DNKLU \DQJ EHUMXGXO

³0HUDNLW EDORN PHQJJXQDNDQ $5 �$XJPHQWHG 5HDOLW\�´�

/DSRUDQ LQL GLVXVXQ XQWXN PHPHQXKL WXJDV DNKLU JXQD VHEDJDL V\DUDW XQWXN

PHQ\HOHVDLNDQ SHQGLGLNDQ SDGD 3URJUDP 6DUMDQD LQIRUPDWLND 8QLYHUVLWDV ,VODP ,QGRQHVLD�

3HQXOLV PHQ\DGDUL ODSRUDQ LQL WLGDN VHOHVDL WDQSD GXNXQJDQ GDQ PRWLYDVL GDUL EHEHUDSD SLKDN�

2OHK NDUHQD LWX� SHQXOLV LQJLQ PHQ\DPSDLNDQ XFDSDQ WHULPDNDVLK NHSDGD �

�� .HGXD 2UDQJ WXD VD\D

�� ,EX 1XU :LMD\DQLQJ 5DKD\X 6�.RP�� 0�&V VHODNX VHEDJDL '3$ VD\D \DQJ PHPELPELQJ

VD\D GDUL DZDO VHPHVWHU

�� ,EX $UULH .XUQLDZDUGKDQL� 0�.RP� 6�6L VHODNX VHEDJDL GRVHQ SHPELPELQJ \DQJ PDX

PHQHULPD GDQ PHPELPELQJ VD\D XQWXN PHQXOLV VNULSVL LQL

�� %DSDN GDQ ,EX GRVHQ 3URJUDP 6WXGL LQIRUPDWLND� \DQJ WHODK PHPEHULNDQ LOPX VHODPD

SHQXOLV NXOLDK GL 8QLYHUVLWDV ,VODP ,QGRQHVLD�

�� 7HPDQ�WHPDQ .HODV (� \DQJ WHODK EHUMXDQJ EHUVDPD PXODL GDUL DZDO KLQJJD DNKLU NXOLDK

�� 7HPDQ�WHPDQ LQIRUPDWLND GDQ VHJDOD SLKDN� \DQJ WHODK PHPEHULNDQ GRD PDXSXQ

GXNXQJDQ�

6HPRJD GDUL KDVLO SHQHOLWLDQ WXJDV DNKLU LQL GDSDW EHUPDQIDDW EDJL VHOXUXK SLKDN JXQD

PHZXMXGNDQ EDQJVD \DQJ WHUGHSDQ GDODP WHNQRORJL� $PLQ�

<RJ\DNDUWD� � 1RYHPEHU ����

� $NUD %LPD .LQG\�
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0HUDNLW PHQXUXW .DPXV %HVDU %DKDVD ,QGRQHVLD �.%%,� DUWLQ\D ³PHQ\XVXQ GDQ

PHQJJDEXQJNDQ EDJLDQ�EDJLDQ PRELO� SHUDKX� PHVLQ� GDQ VHEDJDLQ\D VDPSDL GDSDW EHUIXQJVL

GHQJDQ EDLN´� 3HUDNLWDQ GLPXODL DSDELOD RE\HN VXGDK VLDS XQWXN GLSDVDQJ GDQ EHUDNKLU ELOD

RE\HN WHUVHEXW WHODK EHUJDEXQJ VHFDUD VHPSXUQD�

'L ]DPDQ \DQJ PRGHUQ LQL� PHUDNLW EXNDQ KDQ\D VHNHGDU SHNHUMDDQ \DQJ GLODNXNDQ

KDQ\D XQWXN PHQFDUL QDINDK� VXGDK EDQ\DN RUDQJ� EDLN GDUL NDODQJDQ PXGD PDXSXQ NDODQJDQ

WXD� \DQJ PHPLOLNL KREL PHUDNLW VHEDJDL FDUD XQWXN UHODNVDVL VDPELO PHQJLVL ZDNWX OXDQJ

PHUHND� :DODXSXQ VHEDJDL FDUD XQWXN UHODNVDVL� PDVLK EDQ\DN MXJD RUDQJ \DQJ PHQJDODPL

NHVXOLWDQ NHWLND PHUDNLW GLNDUHQDNDQ LQVWUXNVL XQWXN PHUDNLW GLWDPSLONDQ PDVLK EHUVLIDW �

'LPHQVL GDQ EHQGD�KDO \DQJ GLUDNLW EHUVLIDW � 'LPHQVL

3DGD SHUDQFDQJDQ DSOLNDVL LQL� SHQXOLV PHQJJXQDNDQ WHNQRORJL $5 �$XJPHQWHG 5HDOLW\�

EHUEDVLV DQGURLG VHEDJDL DSOLNDVL XQWXN PHPEDQWX PHPSHUPXGDK SHUDNLWDQ� 3HQXOLV PHPLOLK

XQLW\ VHEDJDL HQJLQH�Q\D GLNDUHQDNDQ XQLW\ EHUVLIDW RSHQ�VRXUFH DWDX JUDWLV� GDQ GLNDUHQDNDQ

VXGDK EDQ\DN DSOLNDVL \DQJ PHQJJXQDNDQ XQLW\ VHEDJDL HQJLQH�Q\D� EDLN GDUL GHYHORSHU LQGLH

KLQJJD GHYHORSHU WHUNHQDO VHSHUWL 8ELVRIW� 3HUDQFDQJDQ VLVWHP LQL SHQXOLV PHQJJXQDNDQ

0HWRGH:DWHUIDOO XQWXN PHWRGH SHQJHPEDQJDQQ\D�

.DWD NXQFL� PHUDNLW� %DORN� $5� � 'LPHQVL� PHWRGH ZDWHUIDOO
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*ORVDULXP PHPXDW GDIWDU NDWD WHUWHQWX \DQJ GLJXQDNDQ GDODP ODSRUDQ GDQ

PHPEXWXKNDQ SHQMHODVDQ� PLVDOQ\D NDWD VHUDSDQ \DQJ EHOXP OD]LP GLJXQDNDQ� &RQWRK

SHQXOLVDQQ\D VHSHUWL GL EDZDK LQL�

$5 $XJPHQWHG 5HDOLW\� WHNQRORJL \DQJ PHPSHUROHK SHQJJDEXQJDQ

VHFDUD ZDNWX Q\DWD WHUKDGDS NRQWHQ GLJLWDO \DQJ GLEXDW ROHK

NRPSXWHU GHQJDQ GXQLD Q\DWD�

&RPSLOH SURVHV XQWXN PHQJXEDK EHUNDV NRGH SURJUDP GHQJDQ EHUNDV ODLQ

\DQJ WHUNDLW PHQMDGL EHUNDV \DQJ VLDS XQWXN GLHNVHNXVL ROHK

VLVWHP RSHUDVL VHFDUD ODQJVXQJ�

'HEXJ ODQJNDK XQWXN PHQHOXVXUL NHVDODKDQ NRGH SURJUDP�

+8' +HDGV XS 'LVSOD\� 6XDWX WDPSLODQ WUDQVSDUDQ \DQJ PHQ\DMLNDQ

GDWD WDQSD PHQJKDUXVNDQ SHQJJXQD XQWXN PHOLKDW WHUODOX

PHQXQGXN�PHOLKDW LQVWUXPHQ PHUHND SDGD XPXPQ\D

/HJR VHMHQLV DODW SHUPDLQDQ ERQJNDK SODVWLN NHFLO� %RQJNDK�ERQJNDK

LQL VHUWD NHSLQJDQ ODLQ ELVD GLVXVXQ PHQMDGL PRGHO DSD VDMD�

32& 3URRI RI &RQFHSW� SURJUDP XQWXN PHODNXNDQ YDOLGDVL NRQVHS DWDX

LGH GDUL VHJL IXQJVLRQDO� SHQHUDSDQ� WHNQLV DWDX PHWRGH VHEXDK

SHUDQJNDW OXQDN�

8VHU SHQJJXQD DSOLNDVL

:DWHUIDOO PHWRGH SHQJHPEDQJDQ SHUDQJNDW OXQDN�

https://id.wikipedia.org/wiki/Permainan
https://id.wikipedia.org/wiki/Plastik
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*DPEDU ��� WDPSLODQ $5 NHWLND VXGDK PXQFXO VWHS ��������������������������������������������������������������� ��

*DPEDU ��� WDPSLODQ $5 NHWLND VXGDK PXQFXO � MHQLV EDORN ������������������������������������������������� ��

*DPEDU ��� WDPSLODQ $5 NHWLND VXGDK GL VWHS DNKLU ��������������������������������������������������������������� ��

*DPEDU ���� 0RGXO $5 XQWXN VFHQH LQL ��������������������������������������������������������������������������������� ��

*DPEDU ���� 6FULSW XQWXN $5 7DS 7R 3ODFH 2EMHFW ��������������������������������������������������������������� ��

*DPEDU ���� .RPSRQHQ LVL $5 6HVVLRQ 2ULJLQ ������������������������������������������������������������������������

*DPEDU ���� 6FULSW XQWXN REMHN $5 DJDU EHNHOLS�NHOLS ��������������������������������������������������������� ��

*DPEDU ���� 7DPSLODQ LQVSHFW VDODK VDWX REMHN GHQJDQ VFULSW �������������������������������������������������

*DPEDU ���� +DVLO SHQJXMLDQ 6(4��������������������������������������������������������������������������������������������
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3(1'$+8/8$1

��� /DWDU %HODNDQJ

0HUDNLW PHQXUXW .DPXV %HVDU %DKDVD ,QGRQHVLD �.%%,� DUWLQ\D ³PHQ\XVXQ GDQ

PHQJJDEXQJNDQ EDJLDQ�EDJLDQ PRELO� SHUDKX� PHVLQ� GDQ VHEDJDLQ\D VDPSDL GDSDW EHUIXQJVL

GHQJDQ EDLN´� 3HUDNLWDQ GLPXODL DSDELOD RE\HN VXGDK VLDS XQWXN GLSDVDQJ GDQ EHUDNKLU ELOD

RE\HN WHUVHEXW WHODK EHUJDEXQJ VHFDUD VHPSXUQD� 3HUDNLWDQ MXJD GDSDW GLDUWLNDQ

SHQJJDEXQJDQ DQWDUD EDJLDQ \DQJ VDWX WHUKDGDS EDJLDQ \DQJ ODLQ DWDX SDVDQJDQQ\D� 3DGD

SULQVLSQ\D SHUDNLWDQ� GDODP PDQXIDNWXU� WHUGLUL GDUL PHPDVDQJ VHPXD EDJLDQ�EDJLDQ

NRPSRQHQ PHQMDGL VXDWX SURGXN� SURVHV SHQJHQFDQJDQ� SURVHV LQVSHNVL GDQ SHQJXMLDQ

IXQJVLRQDO� SHPEHULDQ QDPD DWDX ODEHO� SHPLVDKDQ KDVLO SHUDNLWDQ \DQJ EDLN GDQ KDVLO

SHUDNLWDQ \DQJ EXUXN� VHUWD SHQJHSDNDQ GDQ SHQ\LDSDQ XQWXN SHPDNDLDQ DNKLU�

3HUDNLWDQ PHUXSDNDQ SURVHV NKXVXV ELOD GLEDQGLQJNDQ GHQJDQ SURVHV PDQXIDNWXU

ODLQQ\D� PLVDOQ\D SURVHV SHUPHVLQDQ �IUDLV� EXEXW� ERU� GDQ JHULQGD� GDQ SHQJHODVDQ \DQJ

VHEDJLDQ SHODNVDQDDQQ\D KDQ\D PHOLSXWL VDWX SURVHV VDMD� 6HKLQJJD SHUDNLWDQ XQWXN VHEXDK

SURGXN GDSDW GLNDWDNDQ VHEDJDL KDO \DQJ WLGDN PXGDK DSDELOD SURGXN WHUVHEXW PHPLOLNL

NRPSOHNVLWDV \DQJ WLQJJL� .RPSOHNVLWDV SURGXN EHUNDLWDQ HUDW GHQJDQ VWUXNWXU GDQ XUXWDQ

SHUDNLWDQQ\D� +DO ODLQ \DQJ PHQ\HEDENDQ VXOLWQ\D PHUDNLW DGDODK GLNDUHQDNDQ LQVWUXNVL \DQJ

WHUVHGLD PDVLK EHUEHQWXN � 'LPHQVL ��'� VHGDQJNDQ REMHN \DQJ DNDQ GLUDNLW EHUEHQWXN �

'LPHQVL ��'�� 6HKLQJJD SHUDNLW PHPHUOXNDQ IRNXV OHELK XQWXN PHQFHUQD LQVWUXNVL WHUVHEXW�

%DKNDQ GDODP EHEHUDSD NDVXV VL SHUDNLW \DQJ VXGDK PHOHZDWNDQ EHEHUDSD ODQJNDK PHOHZDWL

VDWX EDJLDQ \DQJ VHKDUXVQ\D VXGDK WHUSDVDQJ� \DQJ PHQ\HEDENDQ VL SHUDNLW KDUXV NHPEDOL

PHQJXODQJ NH ODQJNDK GLPDQD GLD PHOHZDWNDQ SHPDVDQJDQ VXDWX EDJLDQ�

0HQLQJNDWNDQ NHVDGDUDDQ VSDVLDO� PDLQDQ NRQVWUXNVL VHSHUWL OHJR EHUSHUDQ SHQWLQJ

VHEDJDL PHWDIRUD XQWXN SULQVLS LOPLDK� NHWHUDPSLODQ VSDVLDO� GDQ EDNDW PDWHPDWLND

�(LVHQEHUJ� ����� -LURXW� 1HZFRPEH ����� 0DUWLQ� ����� 7UDF\� ������ 3HQLQJNDWDQ NLQHUMD

SHPDLQ PDLQDQ NRQVWUXNVL GDODP KDO ZDNWX PHPEDQJXQ GDQ MXPODK NHVDODKDQ NHWLND PHUDNLW

EHUNRQWULEXVL SDGD SHPEHODMDUDQ SHPDLQ VHFDUD NHVHOXUXKDQ�%LVNMDHU GDQ &KULVWHQVHQ� ����� �

.LQHUMD VDQJDW EHUJDQWXQJ SDGD LQVWUXNVL \DQJ PHPDQGX SURVHV NRQVWUXNVL� $GD GXD WXJDV

XWDPD GDODP PHUDQFDQJ LQVWUXNVL� ��� PHUHQFDQDNDQ XUXWDQ RSHUDVL SHUDNLWDQ DJDU PXGDK
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GLSDKDPL GDQ GLLNXWL ROHK SHQJJXQD� GDQ ��� PHQ\DMLNDQ RSHUDVL SHUDNLWDQ GHQJDQ MHODV

GDODP VHUDQJNDLDQ GLDJUDP�$JUDZDOD� 3KDQ� +HLVHU� HW DO�� ������

3UR\HN SHUDNLWDQ GDQ NRQVWUXNVL EHVDU VHPDNLQ NRPSOHNV� 'DODP EHEHUDSD WDKXQ

WHUDNKLU�:RRG GDQ $VKWRQ� ������ VHW /(*2 MXJD PHQMDGL OHELK NRPSOHNV�/LQGVWURP� ������

6HPHQWDUD LWX� DXJPHQWHG UHDOLW\ �$5� GDSDW PHQDPSLONDQ JDPEDU GLJLWDO SDGD WDPSLODQ

GXQLD Q\DWD SHQJJXQD� \DQJ EHUSRWHQVL PHQJXQWXQJNDQ PDQXIDNWXU� NRQVWUXNVL EDQJXQDQ�

GDQ SHUDNLWDQ VXNX FDGDQJ VHFDUD VLJQLILNDQ� $5 WHODK GLSHODMDUL VHEDJDL DODW SHQGLGLNDQ GDQ

SHQHOLWLDQ �&KHQ� /LDR� &KX� ������ GDODP PHQJDMDU WXJDV PHVLQ GHQJDQ LQWHUDNVL VSDVLDO

EHUEDQWXDQ $5 �&DR� 4LDQ� :DQJ� HW DO�� ������ GDQ GDODP SHQHOLWLDQ PDVDODK GHVDLQ WDWD

UXDQJ GDQ SHUHQFDQDDQ NRWD GHQJDQ PHPSUR\HNVLNDQ YLVXDOLVDVL GDWD NH PRGHO /(*2

.DUHQD SRWHQVL DXJPHQWHG UHDOLW\ \DQJ VLJQLILNDQ XQWXN PHQJXQWXQJNDQ PDQXIDNWXU�

NRQVWUXNVL EDQJXQDQ� GDQ SHUDNLWDQ NRPSRQHQ� SUR\HN LQL EHUWXMXDQ XQWXN PHQ\HOLGLNL GDQ

PHQJHPEDQJNDQ PHWRGH LQVWUXNVL EHUEDVLV $5 GDQ PHPYDOLGDVL ILWXU ODQMXWDQQ\D� VHSHUWL

DNXUDVL SHQGDIWDUDQ \DQJ WLQJJL GDQ REMHN UHDOLVWLV� � RNOXVL WDQJDQ� XQWXN PHPXQJNLQNDQ

SHUDNLWDQ NRPSRQHQ NHFLO� GLZDNLOL ROHK PDLQDQ NRQVWUXNVL GDODP VWXGL LQL� OHJR�

��� 5XPXVDQ 0DVDODK

%HUGDVDUNDQ PDVDODK \DQJ WHODK GLVDPSDLNDQ SDGD ODWDU EHODNDQJ PDND GDSDW GLDPELO

UXPXVDQ PDVDODK \DLWX EDJDLPDQD PHQJHPEDQJNDQ VLVWHP \DQJ PDPSX PHPXGDKNDQ

SHUDNLW GDODP PHOLKDW LQVWUXNVL GHQJDQ IRUPDW � 'LPHQVL PHQJJXQDNDQ $5

��� %DWDVDQ 0DVDODK
%DWDVDQ PDVDODK GDODP SHQJHPEDQJDQ DODW EDQWX LQL DGDODK �

D� 2EMHN \DQJ DNDQ GLUDNLW DGDODK /HJR

E� )RNXV SHUDNLWDQ LQL DGDODK PHUDNLW PHQJJXQDNDQ $5 GHQJDQ PHQJJXQDNDQ VPDUWSKRQH

EHUNDPHUD EHUEDVLV DQGURLG�

F� +DQ\D DGD � PRGHO \DQJ GLJXQDNDQ SDGD DSOLNDVL

��� 7XMXDQ 3HQHOLWLDQ
7XMXDQ 3HQHOLWLDQ LQL DGDODK PHPEXNWLNDQ EDKZD $5 GDSDW EHUSRWHQVL XQWXN

PHPXGDKNDQ VXDWX LQGLYLGX GDODP PHUDNLW�
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��� 0DQIDDW 3HQHOLWLDQ
'HQJDQ DGDQ\D SHQJHPEDQJDQ LQL� WHQWXQ\D DNDQ PHPEHULNDQ PDQIDDW EDJL

SHQJJXQDQ\D� %HULNXW PHUXSDNDQ PDQIDDW GDUL SHQHOLWLDQ LQL�

D� 0HPEDQWX SHQJJXQD XQWXN PHUDNLW EDORN VXVXQ VHVXDL LQVWUXNVL

E� 0HPEXNWLNDQ EDKZD $5 PHPLOLNL SRWHQVL \DQJ EHVDU GDODP ELGDQJ PDQXIDNWXULQJ

��� 0HWRGRORJL 3HQHOLWLDQ
%HULNXW DGDODK ODQJNDK�ODQJNDK \DQJ DNDQ GLODNXNDQ XQWXN PHQJHPEDQJNDQ DODW EDQWX

WHUVHEXW �

D� 2EVHUYDVL

6HEHOXP PHODNXNDQ SHUDQFDQJDQ� DNDQ GLODNXNDQ SURVHV REVHUYDVL SDGD SURVHV

SHUDNLWDQ REMHN �' XQWXN PHQJHWDKXL EDJLDQ�EDJLDQ PDQD VDMD \DQJ WHUGDSDW NHQGDOD�

E� 3HUDQFDQJDQ

'DODP PHUDQFDQJ $5� WHUGDSDW EHEHUDSD SLOLKDQ PHWRGH SUDQFDQJDQ� \DLWX 0DUNHU�

EDVHG 7UDFNLQJ� 0DUNHUOHVV $5� 0RWLRQ 7UDFNLQJ� )DFH 7UDFNLQJ� *36 7UDFNLQJ� GDQ

�' 2EMHFW 7UDFNLQJ� 0HWRGH PDUNHU�EDVHG WUDFNLQJ GLSLOLK GHQJDQ SHUWLPEDQJDQ EDKZD

SURJUDP LQL PDVLK GDODP WDKDS SURWRW\SH� PDND OHELK PXGDK XQWXN GLNHPEDQJNDQ

GHQJDQ PHQJJXQDNDQ PDUNHU WHUOHELK GDKXOX

F� 3HQJHPEDQJDQ

3HQJHPEDQJDQ DODW EDQWX SHUDNLWDQ REMHN �' DNDQ PHQJJXQDNDQ VRIWZDUH 8QLW\�' GDQ

QDQWLQ\D DODW EDQWX \DQJ VXGDK MDGL DNDQ GLWHUDSNDQ SDGD VLVWHP RSHUDVL $QGURLG�

G� 3HQJXMLDQ

7DKDS SHQJXMLDQ DGDODK WDKDS XQWXN PHQJXML DODW EDQWX \DQJ GLEXDW� 3HUPDLQDQ /HJR

DNDQ GLMDGLNDQ VHEDJDL FRQWRK NDVXV SURVHV SHUDNLWDQ EDORN PHQJJXQDNDQ $XJPHQWHG

5HDOLW\� 0HUDNLW /HJR WHUEXNWL PHPLOLNL VHEXDK WLQJNDW NHVXOLWDQ WHUVHQGLUL EDJL SDUD

SHUDNLW

��� 6LVWHPDWLND 3HQXOLVDQ

6LVWHPDWLND SHQXOLVDQ ODSRUDQ EHUJXQD XQWXN PHPXGDKNDQ GDODP PHPDKDPL ODSRUDQ

SHQHOLWLDQ LQL� 6HFDUD JDULV EHVDU� VLVWHPDWLND SHQXOLVDQ ODSRUDQ SHQHOLWLDQ LQL WHUGLUL GDUL �

EDJLDQ SRNRN� \DLWX�
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%DE LQL EHULVL XUDLDQ WHQWDQJ ODWDU EHODNDQJ VWXGL NDVXV \DQJ GLDQJND� UXPXVDQ PDVDODK�

EDWDVDQ PDVDODK� VHUWD WXMXDQ GDQ PDQIDDW GDUL SHQHOLWLDQ \DQJ GLODNXNDQ VHUWD PHPXDW

VLVWHPDWLND SHQXOLVDQ \DQJ PHQJJDPEDUNDQ VHFDUD VLQJNDW VWUXNWXU SHQXOLVDQ ODSRUDQ�

E�%$% ,, /$1'$6$1 7(25, '$1 7,1-$8$1 3867$.$

%DE LQL PHPXDW XUDLDQ WHRUL GDQ WLQMDXDQ GDUL SHQHOLWLDQ \DQJ VXGDK SHUQDK GLODNXNDQ

VHEHOXPQ\D WHQWDQJ SHQJHPEDQJDQ VLVWHP $XJHPHQWHG 5HDOLW\

F�%$% ,,, $1$/,6,6 '$1 3(5$1&$1*$1

%DE LQL PHPXDW XUDLDQ VHUWD PHWRGH \DQJ GLJXQDNDQ XQWXN SHQJHPEDQJDQ DSOLNDVL

G�%$% ,9 +$6,/ '$1 3(0%$+$6$1

%DE LQL PHPEHULNDQ XUDLDQ PHQJHQDL KDVLO GDQ SHPEDKDVDQ GDUL SHQJHPEDQJDQ PHUDNLW

EDORN PHQJJXQDNDQ $XJPHQWHG 5HDOLW\

H�%$% 9 .(6,038/$1 '$1 6$5$1

%DJLDQ LQL PHPEHULNDQ XUDLDQ NHVLPSXODQ \DQJ PHUXSDNDQ UDQJNXPDQ GDUL KDVLO

SHQLOLWLDQ SHQJJXQDDQ $XJPHQWHG 5HDOLW\ VHEDJDL SDQGXDQ SHUDNLWDQ EDORN� NHPXGLDQ

WHUGDSDW VDUDQ \DQJ SHUOX GLSHUKDWLNDQ EHUGDVDUNDQ NHWHUEDWDVDQ GDQ DVXPVL \DQJ GLEXDW

EHUGDVDUNDQ SURVHV \DQJ WHODK GLODOXL VHEHOXPQ\D�
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� %$% ,,
/$1'$6$1 7(25,

��� 7HNQRORJL $XJPHQWHG 5HDOLW\

3DGD SHUNHPEDQJDQ WHNQRORJL \DQJ VXGDK EHUNHPEDQJ SHVDW� GLPDQD MLND

GLEDQGLQJNDQ NHWLND NRPSXWHU EDUX VDMD GLWHPXNDQ� NRPSXWHU KDQ\D PHQHULPD LQSXW GDODP

EHQWXN QRPRU GDQ KDQ\D GDSDW PHQJ�RXWSXW GDODP QRPRU VDMD� VHNDUDQJ LQSXW NRPSXWHU

VXGDK GDODP EHQWXN YLVXDO�JDPEDU GDQ RXSXW�Q\D MXJD GDODP EHQWXN YLVXDO�JDPEDU� VDODK

VDWX FRQWRKQ\D DGDODK WHNQRORJL $XJPHQWHG 5HDOLW\ \DQJ MXJD DNDQ GLEDKDV VHFDUD VLQJNDW

SDGD WXOLVDQ LQL�

0HQXUXW 7LP 6ZHHQH\ �&(2 (SLF *DPHV� $5 DGDODK VHVXDWX UHYROXVL WHNQRORJL

WHUEHVDU \DQJ EDNDO WHUMDGL GL GDODP ZDNWX GHNDW� GLD PHQJDWDNDQ EDKZD NHPXQJNLQDQ GDODP

�� WDKXQ NH GHSDQ NLWD �PDQXVLD� WLGDN DNDQ PHPEXWXKNDQ ODJL \DQJ QDPDQ\D PRQLWRU

VHSHUWL WHOHYLVL� NRPSXWHU� EDKNDQ VPDUWSKRQH� 'LD PHQJDWDNDQ MLND WHNQRORJL $5 VXGDK

PDWDQJ� PDND \DQJ NLWD EXWXKNDQ KDQ\DODK NDFDPDWD \DQJ GDSDW PHQDPSLONDQ WDPSLODQ

DSDSXQ \DQJ VXGDK WHUKXEXQJ GHQJDQ SHUDQJNDW \DQJ NLWD EXWXKNDQ� ³NLWD WLGDN EXWXK WHOHYLVL

EHVDU�EHVDUDQ MLND VXGDK DGD WDPSLODQ SDV GL GHSDQ PDWD NLWD VHPXD GHQJDQ PHQJJXQDNDQ

NDFDPDWD $5´ XMDU 7LP 6ZHHQH\� NHWLND PHPEHULNDQ VHEXDK SLGDWR GL &KLQDMR\ WUDGH VKRZ

\DQJ EHUORNDVLNDQ GL 6KDQJKDL� &LQD� SDGD WDKXQ ���� VLODP� 'LD MXJD PHQJDWDNDQ SDGD

SLGDWR WHUVHEXW EDKZD NXDOLWDV JUDILN GDODP JDPH DNDQ WHUXV PHQLQJNDW KLQJJD VXDWX VDDW

JUDILN WHUVHEXW DNDQ WHUOLKDW VHSHUWL DVOL� GDQ MLND JUDILN WHUVHEXW GLSDGXNDQ GHQJDQ WHNQRORJL

$5 NHPXQJNLQNDQ EHVDU NLWD WLGDN DNDQ GDSDW PHPEHGDNDQ LOXVL GHQJDQ UHDOLWD NHWLND

PHQJJXQDNDQ NDFDPDWD $5 GL PDVD GHSDQ �7DNDKDVKL� ������

7LP &RRN �&(2 $SSOH� MXJD PHQ\DWDNDQ EDKZD GLD WLGDN VDEDU XQWXN PHOLKDW

SHUNHPEDQJDQ WHNQRORJL $5 PDWDQJ� GLD PHQ\DWDNDQ EDKZD $5 DNDQ PHQMDGL ³WHNQRORJL

SRNRN´ SDGD PDVD GHSDQ� ³$5 PHPXQJNLQNDQ LQGLYLGX XQWXN KDGLU GL GXQLD Q\DWD WDQSD

WHUWXWXS�WHUSRWRQJ GHQJDQ VHNLWDUQ\D� GDQ MXJD PHPEHULNDQ SHQLQJNDWDQ WHUKDGDS NHKLGXSDQ

VHKDUL�KDUL´�:RQJ� ������

0DUN =XFNHUEHUJ �&(2 )DFHERRN� EDKNDQ PHQJDWDNDQ EDKZD ³MLND WHNQRORJL $5

VHSHQXKQ\D VXGDK PDWDQJ� PXQJNLQ NLWD ELVD PHQJKLODQJNDQ EHEHUDSD IXUQLWXU ILVLN VHNDUDQJ

VHSHUWL WHOHYLVL� PXQJNLQ MXJD EHEHUDSD EHQGD ILVLN VHSHUWL VPDUWSKRQH DNDQ PHQMDGL VDQJDW
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NHFLO KLQJJD \DQJ NLWD EXWXKNDQ KDQ\DODK FKLS XQWXN PHQJKXEXNDQ SHUDQJNDW WHUVHEXW NH

NDFDPDWD $5 NLWD� ZDODXSXQ PXQJNLQ EXWXK ZDNWX PLQLPDO �� WDKXQ ODJL´�5REHUWVRQ� �����

$XJPHQWHG UHDOLW\ VHEDJDL SHQJJDEXQJDQ EHQGD�EHQGD Q\DWD GDQ PD\D GL OLQJNXQJDQ

Q\DWD� EHUMDODQ VHFDUD LQWHUDNWLI GDODP� ZDNWX Q\DWD� GDQ WHUGDSDW LQWHJUDVL DQWDUEHQGD GDODP

WLJD GLPHQVL� \DLWX EHQGD PD\D WHULQWHJUDVL GDODP GXQLD Q\DWD� 3HQJJDEXQJDQ EHQGD Q\DWD

GDQ PD\D GLPXQJNLQNDQ GHQJDQ WHNQRORJL WDPSLODQ \DQJ VHVXDL� LQWHUDNWLYLWDV GLPXQJNLQNDQ

PHODOXL SHUDQJNDW�SHUDQJNDW LQSXW WHUWHQWX�GDQ LQWHJUDVL \DQJ EDLN PHPHUOXNDQ SHQMHMDNDQ

\DQJ HIHNWLI� $5 DGDODK VHEXDK YDULDVL GDUL OLQJNXQJDQ YLUWXDO DWDX 9LUWDO 5HDOLW\ �95��

7HNQRORJL OLQJNXQJDQ YLUWXDO�95 PHPXQJNLQNDQ SHQJJXQD XQWXN EHQDU�EHQDU PDVXN NH

GDODP OLQJNXQJDQ VLQWHVLV�EXDWDQ� WHWDSL NHWLND PDVXN NH GDODP OLQJNXQJDQ VLQWHVLV WHUVHEXW�

SHQJJXQD WLGDN GDSDW PHQJHWDKXL VHNHOLOLQJ OLQJNXQJDQ DVOLQ\D� 6HEDOLNQ\D $5 PHPXQJNLQ

SHQJJXQD XQWXN PHOLKDW OLQJNXQJDQ VHNLWDUQ\D GHQJDQ EHEHUDSD REMHN YLUWXDO GL

VHNHOLOLQJQ\D� PDND GDSDW GLVLPSXONDQ EDKZD $5 EXNDQ PHQJJDQWLNDQ UHDOLWDV� WHWDSL KDQ\D

PHQ�VXSOHPHQ UHDOLWDV �$]XPD� 5RQDOG� �����

0LOJUDP GDQ .LVKLQR ������ PHUXPXVNDQ NHUDQJND NHPXQJNLQDQ SHQJJDEXQJDQ GDQ

SHOHEXUDQ GXQLD Q\DWD GDQ GXQLD PD\D NH GDODP VHEXDK NRQWLQXXP YLUWXDOLWDV� 6LVL \DQJ

SDOLQJ NLUL DGDODK OLQJNXQJDQ Q\DWD \DQJ KDQ\D EHULVL EHQGD Q\DWD� GDQ VLVL SDOLQJ NDQDQ

DGDODK OLQJNXQJDQ PD\D \DQJ EHULVL EHQGD PD\D �0LOJUDP� .LVKLQR�

*DPEDU ��� .RQWLQXXP YLUWXDOLWDV ROHK 0LOJUDP GDQ .LVKLQR ������

'DODP UHDOLWDV WHUWDPEDK� \DQJ OHELK GHNDW NH VLVL NLUL� OLQJNXQJDQ EHUVLIDW Q\DWD GDQ

EHQGD EHUVLIDW PD\D� VHPHQWDUD GDODP DXJPHQWHG YLUWXDOLW\ DWDX YLUWXDOLWDV WHUWDPEDK� \DQJ

OHELK GHNDW NH VLVL NDQDQ� OLQJNXQJDQ EHUVLIDW PD\D GDQ EHQGD EHUVLIDW Q\DWD� 5HDOLWDV

WHUWDPEDK GDQ YLUWXDOLWDV WHUWDPEDK GLJDEXQJNDQ PHQMDGL PL[HG UHDOLW\ DWDX UHDOLWDV

FDPSXUDQ�

3HQJJXQD KDUXV PHQJLQWHJUDVLNDQ SDGDQJDQ GXQLD Q\DWD \DQJ GLDPDWL PHODOXL PDWD

\DQJ WLGDN WHUWXWXS GHQJDQ SHQFLWUDDQ JUDILV \DQJ GLSUR\HNVLNDQ NHSDGD PDWD \DQJ VDWXQ\D�
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1DPXQ� NHWLND GLJXQDNDQ PHQXWXSL NHGXD PDWD� SHQJJXQD PHPSHUVHSVLNDQ GXQLD Q\DWD

PHODOXL UHNDPDQ \DQJ GLWDQJNDS ROHK NDPHUD� 6HEXDK NRPSXWHU NHPXGLDQ PHQJJDEXQJNDQ

UHNDPDQ DWDV GXQLD Q\DWD WHUVHEXW GHQJDQ SHQFLWUDDQ JUDILV XQWXN PHQFLSWDNDQ UHDOLWDV

WHUWDPEDK \DQJ GLGDVDUNDQ SDGD UHNDPDQ�

$SDELOD JDPEDU UHNDPDQ GLJXQDNDQ XQWXN PHQDQJNDS NHDGDDQ GXQLD Q\DWD� $XJPHQWHG

5HDOLW\ GDSDW GLDPDWL PHQJJXQDNDQ VLVWHP EHUEDVLV OD\DU� 6LVWHP EHUEDVLV OD\DU GDSDW

PHPSUR\HNVLNDQ JDPEDU NHSDGD SHQJJXQD PHQJJXQDNDQ OD\DU SUR\HNVL� 7DPSLODQ EHUEDVLV

OD\DU LQL MXJD WHODK GLDSOLNDVLNDQ NHSDGD SHUDQJNDW JHQJJDP� 3DGD SHUDQJNDW�SHUDQJNDW

JHQJJDP LQL WHUGDSDW WDPSLODQ OD\DU /&' GDQ NDPHUD� 3HUDQJNDW JHQJJDP LQL EHUIXQJVL

VHSHUWL MHQGHOD DWDX NDFD SHPEHVDU \DQJ PHQDPEDKNDQ EHQGD�EHQGD PD\D SDGD WDPSLODQ

OLQJNXQJDQ Q\DWD \DQJ GLWDQJNDS NDPHUD�

3HQJDSOLNDVLDQ WHNQRORJL $XJPHQWHG 5HDOLW\ GL PDV\DUDNDW EXNDQ�ODK VXDWX KDO \DQJ

EDUX� VXGDK EDQ\DN NDODQJDQ� SHNHUMDDQ� KLQJJD SHUXVDKDDQ� PXODL GDUL SHUXVDKDDQ

PXOWLPHGLD VHSHUWL JRRJOH KLQJJD SHUXVDKDDQ \DQJ EHNHUMD SDGD ELGDQJ PLOLWHU� \DQJ VHGDQJ

PHODNXNDQ ULVHW XQWXN PHPDWDQJNDQ WHNQRORJL $5� EDKNDQ EHEHUDSD VXGDK PHQJJXQDNDQ

GDQ PHQHUDSNDQ WHNQRORJL LQL NH GDODP ELGDQJ PHUHND PDVLQJ�PDVLQJ�

+DO LQL GLNDUHQDNDQ GHQJDQ PHQHUDSNDQ WHNQRORJL $XJPHQWHG 5HDOLW\ NH ELGDQJ

PHUHND PDVLQJ�PDVLQJ� PHUHND GDSDW PHQDPEDKNDQ KDO�KDO SHQWLQJ VHVXDL NHEXWXKDQ

PHUHND� VHSHUWL PHPSHUOXDV SHUVHSVL SHQJJXQD GHQJDQ PHPEHULNDQ JDPEDUDQ \DQJ OHELK

OXDV NHSDGD SHQJJXQD�

+LQJJD ODSRUDQ LQL GLWXOLV� FRQWRK SHQJDSOLNDVLDQ $5 PXWDNKLU \DQJ VXGDK UHOHYDQ�

WHUNHQDO� EDKNDQ PHQMDGL VXDWX EDJLDQ \DQJ SHQWLQJ GDODP VHEXDK VLVWHP DGDODK KHOP \DQJ

GJXQDNDQ ROHK SLORW SHVDZDW PLOLWHU� PHUHND PHQJDSOLNDVLNDQ WHNQRORJL $XJPHQWHG 5HDOLW\

GHQJDQ FDUD PHQ\DPEXQJNDQ NRPSXWHU SHVDZDW PHUHND NH NDFD KHOP PHUHND OD\DNQ\D

+8' �+HDGV�8S 'LVSOD\�� GHQJDQ EHJLQL PHUHND GDSDW PHOLKDW WDPSLODQ SDUDPHWHU SHVDZDW

PHUHND EDKNDQ PHPELGLN WDUJHW PHUHND GHQJDQ WDPSLODQ \DQJ VXGDK WHUSDQFDU GL NDFD KHOP

PHUHND WDQSD KDUXV PHQROHK NH DWDV NHEDZDK VHSHUWL SLORW SHVDZDW NRPHUVLDO SDGD XPXPQ\D�
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*DPEDU ��� 7DPSLODQ KHOP GDQ +8' \DQJ GLJXQDNDQ SLORW PLOLWHU

&RQWRK SHQJDSOLNDVLDQ $5 GL ELGDQJ QRQ�PLOLWHU�VLSLO DGDODK JDPH VPDUWSKRQH

WHUNHQDO \DQJ EHUMXGXO ³3RNHPRQ *2´� *DPH LQL PHQJJXQDNDQ *36 GDQ NDPHUD� *DPH

WHUVHEXW PHPEHULNDQ LOXVL WHUKDGDS XVHU EDKZD VHRODK�RODK WHUGDSDW PRQVWHU�PRQVWHU GL

GDHUDK VHNLWDU XVHU GDQ PHUHND KDUXV PHQJJXQDNDQ VPDUWSKRQH PHUHND XQWXN PHOLKDW

PRQVWHU�PRQVWHU \DQJ EHUDGD GL VHNLWDU PHUHND�

*DPEDU ��� *DPH 3RNHPRQ *2



�

��� &RQWRK SHQJDSOLNDVLDQ $XJPHQWHG 5HDOLW\ XQWXN PHUDNLW /HJR
6HEHOXP PHQXOLV ODSRUDQ LQL� VHMDXK LQL SHQXOLV PHQHPXNDQ � SHQHOLWLDQ ODLQ GHQJDQ

PHQJJXQDNDQ PHWRGH \DQJ EHUEHGD� WHWDSL GHQJDQ WXMXDQ \DQJ VDPD \DLWX PHQFRED XQWXN

PHQJLQWHUJUDVLNDQ WHNQRORJL $5 GHQJDQ /HJR� %HULNXW DGDODK SHQMHODVDQ VLQJNDWQ\D �

$� %5,&.[$5
%5,&.[$5 DGDODK VHEXDK DSOLNDVL \DQJ PHQJJXQDNDQ PDUNHU ILVLNDO XQWXN PHQJHWDKXL

SRVLVL /HJR \DQJ DNDQ GLUDNLW� NHPXGLDQ PHPEHULNDQ LQVWUXNVLQ\D GL VPDUWSKRQH

SHQJJXQD GHQJDQ EHQWXN ED\DQJDQ YLUWXDO SRVLVL OHJR \DQJ GLWDPSLONDQ GL OD\DU

*DPEDU ��� 7DPSLODQ %5,&.[$5
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%� $5*2
$5*2 DGDODK VHEXDK DSOLNDVL GLPDQD XVHU WLGDN KDQ\D KDUXV PHPLOLNL VPDUWSKRQH� WHWDSL

MXJD .LQHFW �3HUDQJNDW NHUDV EHUEHQWXN ZHEFDP \DQJ GLJXQDNDQ XQWXN PHPDLQNDQ JDPH

$5 NRQVRO ;%2; ���� \DQJ VXGDK WHUKXEXQJ NH VPDUWSKRQH XVHU PHQJJXQDNDQ MDULQJDQ

QLUNDEHO� 0HUHND PHQJJXQDNDQ FDUD GLPDQD .LQHFW WHUVHEXW PHQGHWHNVL /HJR \DQJ VXGDK

DGD WHUWDQJNDS GL NDPHUD� NHPXGLDQ PHPSURVHV GDQ PHQJLULP LQIRUPDVLQ\D NH

VPDUWSKRQH XVHU� NHPXGLDQ VPDUWSKRQH XVHU WHUVHEXW PHQDPSLONDQ LQVWUXNVL \DQJ VXGDK GL

GHWHNVL GDQ GLSURVHV ROHK NLQHFW WHUVHEXW�

*DPEDU ��� %HEHUDS WDPSLODQ $5*2

��� 0HWRGH:DWHUIDOO

0HWRGH :DWHUIDOO PHUXSDNDQ PHWRGH SHQJHPEDQJDQ SHUDQJNDW OXQDN \DQJ WHUPDVXN

GDODP PRGHO 6'/& �6RIWZDUH 'HYHORSPHQW /LIH &\FOH� �LQG� .DUDPELU� ������ 7DKDSDQ \DQJ

DGD SDGD PHWRGH LQL DGD � WDKDSDQ \DLWX�
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D� $QDOLVLV

7DKDSDQ DQDOLVLV PHUXSDNDQ WDKDSDQ XQWXN PHQJHWDKXL GDWD�LQIRUPDVL \DQJ GLEXWXKNDQ

XQWXN SHQJHPEDQJDQ SHUDQJNDW OXQDN� 7DKDSDQ LQL PHPLOLNL WXMXDQ XQWXN PHQJHWDKXL

LQIRUPDVL VHSHUWL SHUPDVDODKDQ GDUL VWXGL NDVXV \DQJ GLDPELO GHQJDQ DFXDQ OLWHUDWXU DWDX

VWXGL SXVWDND \DQJ SHUQDK GLODNXNDQ VHEHOXPQ\D�

E� 'HVDLQ

7DKDSDQ GHVDLQ PHUXSDNDQ WDKDSDQ XQWXN PHUDQFDQJ SHUDQJNDW OXQDN XQWXN

PHPEHULNDQ JDPEDUDQ SHUDQJNDW OXQDN \DQJ DNDQ GLEXDW� 7DKDSDQ LQL PHPLOLNL WXMXDQ

XQWXN PHPEHULNDQ JDPEDUDQ VHEHOXP GLODNXNDQ LPSOHPHQWDVL VHKLQJJD VDDW SDGD WDKDS

LPSOHPHQWDVL GDSDW PHQJKDVLONDQ VRIWZDUH \DQJ WHUVWUUXNWXU GDQ PHPLOLNL NHPXGDKDQ

NHWLND EHVRN GLODNXNDQ SHQJHPEDQJDQ ODQMXWDQ�

F� ,PSOHPHQWDVL

7DKDSDQ LPSOHPHQWDVL PHUXSDNDQ WDKDSDQ XQWXN PHZXMXGNDQ GDUL GHVDLQ \DQJ WHODK

GLEXDW SDGD WDKDSDQ VHEHOXPQ\D� 7DKDSDQ LQL DNDQ PHZXMXGNDQ VRIWZDUH GHQJDQ FDUD

PHQ\XVXQ NRGH SURJUDP \DQJ NHPXGLDQ DNDQ GLNRPSLODVL PHQMDGL DSOLNDVL \DQJ VLDS

XQWXN GLRSHUDVLNDQ�

G� 3HQJXMLDQ

7DKDSDQ SHQJXMLDQ PHUXSDNDQ SURVHV XQWXN PHQJXML DSOLNDVL \DQJ WHODK GLEXDW XQWXN

PHQJXNXU NHVHVXDLDQ IXQJVLRQDOLWDV DWDXSXQ NHEXWXKDQ VLVWHP� +DVLO GDUL WDKDSDQ LQL

PHUXSDNDQ FDWDWDQ \DQJ KDUXV GLSHUEDLNL SDGD SHQJHPEDQJDQ VHODQMXWQ\D�

H� 3HPHOLKDUDDQ�0DLQWHQDQFH

7DKDSDQ PDLQWHQDQFH�SHPHOLKDUDDQ PHUXSDNDQ SURVHV SHUEDLNDQ NRGH SURJUDP GDUL

FDWDWDQ \DQJ GLGDSDWNDQ VDDW WDKDS SHQJXMLDQ� 3HUEDLNDQ NRGH SURJUDP \DQJ GLPDNVXG

DGDODK PHPSHUEDLNL VHEXDK EXJ�NHVDODKDQ DWDX FDWDWDQ SHQDPEDKDQ \DQJ GLGDSDWNDQ

VDDW WDKDS SHQJXMLDQ�

7DKDSDQ GDUL PHWRGH :DWHUIDOO LQL GDSDW GLJDPEDUNDQ VHSHUWL EHQWXN DLU WHUMXQ� 8QWXN

OHELK MHODVQ\D GDSDW GLOLKDW SDGD *DPEDU ����
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*DPEDU ��� 7DKDSDQ 0HWRGH:DWHUIDOO

��� 8VDELOLW\ 7HVWLQJ

6HFDUD XPXP� 8VDELOLW\ PHQJDFX SDGD VHMDXK PDQD XVHU GDSDW EHODMDU GDQ

PHQJJXQDNDQ VXDWX SURGXN XQWXN PHQFDSDL WXMXDQQ\D GDQ VHMDXK PDQD NHSXDVDQ XVHU GDODP

PHQJJXQDNDQ SURGXN WHUVHEXW �6DQWRVR� ������ 0HQXUXW 1LHOVHQ� XVDELOLW\ PHPLOLNL �

NRPSRQHQ SHQWLQJ \DLWX�

D� /HDUQDELOLW\� 6HEHUDSD PXGDK EDJL SHQJJXQD XQWXN PHQ\HOHVDLNDQ WXJDV�WXJDV GDVDU VDDW

SHUWDPD NDOL PHUHND PHQHPXNDQ GHVDLQ"

E� (IILFLHQF\� 6HWHODK SHQJJXQD PHPSHODMDUL GHVDLQ� VHEHUDSD FHSDW PHUHND GDSDW

PHODNXNDQ WXJDV"

F� 0HPRUDELOLW\� .HWLND SHQJJXQD NHPEDOL NH GHVDLQ VHWHODK SHULRGH WLGDN

PHQJJXQDNDQQ\D� VHEHUDSD PXGDK PHUHND GDSDW PHPEDQJXQ NHPEDOL NHPDKLUDQ"

G� (UURUV� %HUDSD EDQ\DN NHVDODKDQ \DQJ GLODNXNDQ SHQJJXQD� VHEHUDSD SDUDK NHVDODKDQ LQL�

GDQ VHEHUDSD PXGDK PHUHND SXOLK GDUL NHVDODKDQ"

H� 6DWLVIDFWLRQ� 6HEHUDSD PHQ\HQDQJNDQ PHQJJXQDNDQ GHVDLQ"

3DGD SHQHOLWLDQ LQL LQL� SHQXOLV DNDQ PHQJJXQDNDQ GXD PHWRGH SHQJXMLDQ \DLWX 6(4 �6LQJOH

(DVH 4XHVWLRQ� GDQ 686 �6\VWHP 8VDELOLW\ 7HVWLQJ��

����� 6LQJOH (DVH 4XHVWLRQ �6(4�
6LQJOH (DVH 4XHVWLRQ �6(4� DGDODK SHQJXMLDQ LQL GLJXQDNDQ XQWXN PHQJXNXU

NHPXGDKDQ \DQJ GLUDVDNDQ SHQJJXQD VHWHODK PHQ\HOHVDLNDQ VHPXD VNHQDULR�WDVN \DQJ
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GLEHULNDQ �6DXUR 	 /HZLV� -DPHV� ������ 6(4 LQL PHPEHULND EHEHUDSD NHXQWXQJDQ DQWDUD

ODLQ�

D�0HPEDQGLQJNDQ EDJLDQ�EDJLDQ DQWDUPXND VLVWHP \DQJ GLDQJJDS SDOLQJ EHUPDVDODK�

E�.DUHQD EDUX VDMD VHOHVDL� WXJDV \DQJ GLEHULNDK PDVLK VHJDU GDODP LQJDWDQ

SHQJJXQD�VHKLQJJD LD GDSDW PHPEHULNDQ LQGLNDVL \DQJ MHODV WHQWDQJ VLNDSQ\D WHUKDGDS

SHQJDODPDQWHUVHEXW

����� 6\VWHP 8VDELOLW\ 6FDOH �686�
6\VWHP 8VDELOLW\ 6FDOH �686� DGDODK VDODK VDWX VXUYHL \DQJ GDSDW GLJXQDNDQ XQWXN

PHQLODL NHJXQDDQ GDUL EHUEDJDL SURGXN DWDX OD\DQDQ� 0HQXUXW %DQJRU GNN� DGD EHEHUDSD

NDUDNWHULVWLN 686 \DQJ PHPEXDW SHQJJXQDDQQ\D PHQDULN �%DQJRU� 6WDII� .RUWXP� 0LOOHU� 	

6WDII� ������ 3HUWDPD� LQL KDQ\D WHUGLUL GDUL VHSXOXK SHUQ\DWDDQ� VHKLQJJD UHODWLI FHSDW GDQ

PXGDK EDJL SHVHUWD VWXGL XQWXN PHQ\HOHVDLNDQ GDQ XQWXN DGPLQLVWUDWRU XQWXN VNRU� .HGXD�

LQL DGDODK QRQSURSULHWDU\� VHKLQJJD KHPDW ELD\D XQWXN GLJXQDNDQ GDQ GDSDW GLQLODL VDQJDW

FHSDW� VHJHUD VHWHODK VHOHVDL� .HWLJD� 686 DGDODK WHNQRORJL DJQRVWLN� \DQJ EHUDUWL GDSDW

GLJXQDNDQ ROHK VHNHORPSRN EHVDU SUDNWLVL NHJXQDDQ XQWXN PHQJHYDOXDVL KDPSLU VHPXD MHQLV

DQWDUPXND SHQJJXQD� WHUPDVXN VLWXV :HE� WHOHSRQ VHOXOHU� VLVWHP UHVSRQV VXDUD LQWHUDNWLI

�,95� �NHGXDQ\D QDGD VHQWXK�� GDQ XFDSDQ�� DSOLNDVL 79� GDQ EDQ\DN ODJL� 7HUDNKLU� KDVLO

VXUYHL DGDODK VNRU WXQJJDO� EHUNLVDU GDUL � KLQJJD ���� GDQ UHODWLI PXGDK GLSDKDPL ROHK

EHUEDJDL RUDQJ GDUL GLVLSOLQ LOPX ODLQ \DQJ EHNHUMD GDODP WLP SUR\HN�

8QWXN PHQJKLWXQJ KDVLO SHQJXMLDQ 686� VHPXD GDWD UHVSRQGHQ DNDQ GLKLWXQJ GDQ

GLXUXWNDQ EHUGDVDUNDQ PDVLQJ�PDVLQJ DVSHN� .HPXGLDQ DNDQ GLJXQDNDQ 6NDOD /LNHUW XQWXN

PHQJKLWXQJ NHVHVXDLDQ VLVWHP� 5XPXV SHQJKLWXQJDQ GLKLWXQJ VHSHUWL SDGD SHUVDPDDQ ������

������ ������ GDQ ������

���������� 
����� ൌ ݅ݔ െ ͳ � ��� �

���������� 
���� ൌ ͷ െ ݅ݔ � ��� �

��� ����� ൌ ����� 
����  ����� 
����� � ��� �

����� ൌ �������� ൈ ʹǡͷ � ��� �

6HWHODK GLGDSDWNDQ VNRU SHQJXMLDQ� KDVLO WHUVHEXW NHPXGLDQ GLUDWD�UDWD� 'LNXWLS GDUL

%DQJRU� EHUGDVDUNDQ KDVLO UDWD�UDWD WHUVHEXW GDSDW GLNHORPSRNDQ PHQMDGL EHEHUDSD NHORPSRN



��

�%DQJRU HW DO�� ������ 3HQJHORPSRNDQ SDGD KDVLO SHQJXMLDQ 686 LQL GDSDW GLOLKDW SDGD

*DPEDU ����

*DPEDU ��� 6\VWHP 8VDELOLW\ 6FDOH 6FRUH
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� %$% ,,,
$1$/,6,6 '$1 3(5$1&$1*$1

��� $QDOLVLV
7DKDS DQDOLVLV VLVWHP GLJXQDNDQ XQWXN PHPDKDPL VHJDOD NHEXWXKDQ VLVWHP \DQJ DNDQ

GLEXDW� 3DGD WDKDS LQL DNDQ GLEDJL PHQMDGL EHEHUDSD EDJLDQ \DLWX� SHQJXPSXODQ GDWD� DQDOLVLV

SHQJJXQD VLVWHP� GDQ SHUDQJNDW OXQDN \DQJ GLJXQDNDQ�

����� 3HQJXPSXODQ 'DWD

3DGD WDKDS LQL� SHQXOLV PHODNXNDQ SHQJXPSXODQ GDWD JXQD PHQJHWDKXL NHEXWXKDQ

VLVWHP \DQJ DNDQ GLEXDW� 6HWHODK LWX SHQXOLV DNDQ PHODNXNDQ EHEHUDSD DQDOLVLV XQWXN

PHQGDSDWNDQ IXQJVLRQDOLWDV VHUWD DNWRU � 8VHU \DQJ DNDQ EHULQWHUDNVL GHQJDQ VLVWHP� 3DGD

SHQJXPSXODQ GDWD LQL SHQXOLV DNDQ PHODNXNDQ REVHUYDVL VHFDUD ODQJVXQJ NH WHPDQ�WHPDQ

SHQXOLV GDQ PHOLKDW VHEHUDSD WDQJJDS PHUHND PHUDNLW�PH\XVXQ OHJR WHUVHEXW PHQMDGL VXDWX

EHQWXN \DQJ GL LQVWUXNVLNDQ ROHK SHQXOLV� 6HVXGDK PHODNXNDQ REVHUYDVL� SHQXOLV MXJD

PHODNXNDQ SHQJKLWXQJDQ ZDNWX�WLPHU GDQ ZDZDQFDUD XQWXN PHQDQ\DNDQ NHQGDOD DSD VDMD

\DQJ PHUHND WHPXNDQ NHWLND PHUDNLW�PH\XVXQ OHJR WHUVHEXW�

����� $QDOLVLV 3HQJJXQD 6LVWHP � $NWRU

3DGD DQDOLVLV LQL� SHQXOLV PHPEDJL GXD DNWRU� \DLWX $NWRU LQWHUQDO GDQ $NWRU HNVWHUQDO�

$NWRU LQWHUQDO PHUXSDNDQ $NWRU LQWHUQDO PHUXSDNDQ DNWRU \DQJ WHUPDVXN GDODP EDJLDQ

VHEXDK VLVWHP� VHGDQJNDQ $NWRU HNVWHUQDO DGDODK DNWRU \DQJ EXNDQ EDJLDQ GDUL VHEXDK VLVWHP�

$NWRU HNVWHUQDO \DQJ SDGD VLVWHP GLVLQL DGDODK 8VHU \DQJ PHQJJXQDNDQ DSOLNDVL WHUVHEXW�

8VHU DGDODK SHQJJXQD \DQJ PHQJRSHUDVLNDQ DSOLNDVL WHUVHEXW PHODOXL VPDUWSKRQH PHUHND�

%HULNXW SHQMHODVDQ PDVLQJ�PDVLQJ DNWRU �

D�8VHU

8VHU DGDODK SHQJJXQD \DQJ PHQJRSHUDVLNDQ DSOLNDVL WHUVHEXW PHODOXL VPDUWSKRQH

PHUHND� +DO \DQJ GDSDW GLODNXNDQ ROHK DNWRU LQL VHEDJDL EHULNXW�

�� 8VHU GDSDW PHOLKDW LQVWUXNVL�LQVWUXNVL OHJR \DQJ WHUVHGLD GL GDODP DSOLNDVL LQL

�� 8VHU GDSDW PHPLOLK VDWX LQVWUXNVL� NHPXGLDQ PHQJJDQWL NH LQVWUXNVL ODLQ MLND VXGDK

VHOHVDL GHQJDQ LQVWUXNVL \DQJ PHUHND SLOLK DZDO
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����� $QDOLVLV 8VHFDVH 'LDJUDP
3DGD DQDOLVLV VHEHOXPQ\D WHODK GLGDSDWNDQ DNWRU \DQJ WHUOLEDW GDQ IXQJVLRQDOLWDV DWDX

SHUDQ VHWLDS DNWRU� 'DUL SHUDQ PDVLQJ�PDVLQJ DNWRU QDQWLQ\D DNDQ GLEXDW XVHFDVH GLDJUDP�

8VHFDVH GLDJUDP LQL DNDQ PHPEDQWX GDODP PHQJHWDKXL IXQJVLRQDOLWDV SDGD PDVLQJ�PDVLQJ

DNWRU \DQJ GLODNXNDQ SDGD VLVWHP LQL�

3DGD XVHFDVH GLDJUDP LQL KDQ\D WHUOLEDW � DNWRU� \DLWX DNWRU HNVWHUQDO � 8VHU� $NWRU LQL

QDQWLQ\D DNDQ GLEHUL 6PDUWSKRQH EHULVL DSOLNDVL XQWXN NHPXGLDQ GLEHUL LQVWUXNVL GDODP

PHQJJXQDNDQQ\D� 8QWXN OHELK MHODVQ\D GDSDW GLOLKDW SDGD *DPEDU ����

*DPEDU ��� 8VHFDVH 'LDJUDP PHUDNLW EDORN PHQJJXQDNDQ $5

����� .HEXWXKDQ 3HUDQJNDW /XQDN \DQJ GLJXQDNDQ

$SOLNDVL LQL WHQWXQ\D PHPEXWXKNDQ SHUDQJNDW OXQDN GDODP SHPEXDWDQQ\D� .HEXWXKDQ

SHUDQJNDW OXQDN \DQJ GLJXQDNDQ XQWXN PHPEDQJXQ DSOLNDVL LQL VHSHUWL SHQJXQDDQ IUDPHZRUN�

OLEUDU\� PDXSXQ WRROV� 'DIWDU NHEXWXKDQ SHUDQJNDW OXQDN SDGD VLVWHP LQL GLMHODVNDQ SDGD

7DEHO ����

7DEHO ��� 'DIWDU .HEXWXKDQ 3HUDQJNDW /XQDN

1R� 1DPD -HQLV .HWHUDQJDQ
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�� 0LFURVRIW 9LVXDO 6WXGLR

��������

7RROV 6DODK VDWX WH[W HGLWRU \DQJ ULQJDQ GDQ

PHPLOLNL EDQ\DN ILWXU XQWXN

PHPEDQJXQ VFULSW FRGH SURJUDP�

� 8QLW\ +XE /LEUDU\ /LEUDU\ \DQJ PHPXQJNLQ XVHU

PHQJDNVHV XQLW\ GDQ PHPEXND SURMHFW

\DQJ WHUVLPSDQ GLGDODP PHPRUL�

EHNHUMD OD\DNQ\D VHSHUWL ODXQFKHU�

GLNDUHQDNDQ XQLW\ PHPEXWXKNDQ

ODXQFKHU WHUOHELK GDKXOX� WLGDN ELVD

UXQ ODQJVXQJ�

�� 8QLW\ ��������I� ����

ELW�

)UDPHZRUN 6HEXDK )UDPHZRUN \DQJ EHUVLIDW

RSHQVRXUFH GDQ GLNHPEDQJNDQ GDUL

EDKDVD &� GDQ &�� XQWXN PHPEDQJXQ

VHEXDK DSOLNDVL�

�� %OHQGHU ����� 7RROV 6HEXDK SHUDQJNDW OXQDN \DQJ

PHPXQJNLQNDQ 8QLW\ XQWXN PHUHQGHU

REMHN �' GDQ PHPEDFD REMHN �' GHQJDQ

IRUPDW �REM

�� 0LFURVRIW (GJH 7RROV 6HEXDK SHUDQJNDW OXQDN XQWXN

PHQJDNVHV ZHEVLWH WHUWHQWX�

� 19,',$ JUDSKLF GULYHU

������

7RROV 3HUDQJNDW OXQDN XQWXN

PHQJKXEXQJNDQ *38 �*UDSKLF

3URFHVVLQJ 8QLW� NH &38 �&HQWUDO

3URFHVVLQJ 8QLW� SHQXOLV DJDU 8QLW\

GDSDW EHNHUMD GDQ PHQMDGLNDQ DSOLNDVL

GDUL IRUPDW \DQJ KDQ\D GDSDW GLEDFD

ROHK XQLW\ PHQMDGL IRUPDW \DQJ GDSDW

GLEDFD ROHK DQGURLG

� 0LFURVRIW 9LVXDO &��

���������

UHGLVWULEXWDEOH �[���

)UDPHZRUN LQWHJUDWHG GHYHORSPHQW HQYLURQPHQW

�,'(� \DQJ GLJXQDNDQ XQWXN PHPEXDW

DSOLNDVL :LQGRZV GDODP EDKDVD

SHPURJUDPDQ &� &��� GDQ &���&/,

� )XVLRQ��� 7RROV 6HEXDK SHUDQJNDW OXQDN \DQJ
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PHPXQJNLQNDQ XVHU XQWXN PHPEHQWXN

REMHN �' GDODP IRUPDW �VWO \DQJ

NHPXGLDQ QDQWL DNDQ GLFRQYHUW NH

EHQWXN �REM

��� 'HVDLQ
3DGD WDKDSDQ GHVDLQ LQL DNDQ GLEXDW EHEHUDSD GHVDLQ VHEDJDL UDQFDQJDQ VHEHOXP

PHODNXNDQ LPSOHPHQWDVL� 'HVDLQ \DQJ DNDQ GLEXDW SDGD WDKDSDQ LQL DQWDUD ODLQ� GHVDLQ

SURWRWLSH� GHVDLQ GLDJUDP DNWLYLWDV GDQ UDQFDQJDQ SHQJXMLDQ VLVWHP�

����� 'HVDLQ 3URWRWLSH

3DGD WDKDS GHVDLQ SURWRWLSH� SHQXOLV PHODNXNDQ ORZ�ILGHOLW\ SURWRW\SLQJ \DLWX SURWRWLSH

VHFDUD JDPEDUDQ NDVDU \DQJ EHOXP VHSHQXKQ\D PHQ\DPDL GDUL KDVLO SHQJHPEDQJDQ QDQWLQ\D�

3HQJJXQDDQ ORZ�ILGHOLW\ SURWRW\SLQJ NDUHQD UHSUHVHQWDVL EHUZXMXG \DQJ FHSDW GDQ PXGDK GDUL

NRQVHS \DQJ GLEXDW�

3DGD GHVDLQ SURWRWLSH SHUWDPD LQL� SHQXOLV PHODNXNDQ SURWRWLSH VHOXUXK DSOLNDVL DJDU

PHQGDSDWNDQ JDPEDUDQ EDJDLPDQD QDQWLQ\D DOXU NHUMD DSOLNDVL WHUVHEXW�

D� 7DPSLODQ KDODPDQ XWDPD

+DODPDQ LQL DGDODK WDPSLODQ NHWLND XVHU SHUWDPD NDOL PHPEXND DSOLNDVL� GLVLQL

KDQ\D DGD � WRPERO \DLWX VWDUW GDQ TXLW�7RPERO DWDV GLJXQDNDQ XQWXN PHODQMXWNDQ

ODQJNDKVHODQMXWQ\D� VHGDQJNDQ WRPERO EDZDK GLJXQDNDQ XQWXN PHQXWXS DSOLNDVL�

'HVDLQ GDUL WDPSLODQ LQL GDSDW GLOLKDW SDGD *DPEDU ��� �NLUL�

E� 7DPSLODQ KDODPDQ PHPLOLK LQVWUXNVL

+DODPDQ LQL DGDODK WDPSLODQ VHVXGDK XVHU PHPHQFHW WRPERO VWDUW� SDGD KDODPDQ LQL

XVHU GDSDW PHPLOLK LQVWUXNVL GDUL \DQJ WHUVHGLD VHVXDL OHJR \DQJ LQJLQ PHUHND

UDNLW�'HVDLQ  �GDUL WDPSLODQ LQL GDSDW GLOLKDW SDGD *DPEDU ��� �NDQDQ�



��

*DPEDU ��� 3URWRWLSH KDODPDQ /RJLQ *DPEDU ��� 3URWRWLSH KDODPDQ SHPLOLKDQ

F� 7DPSLODQ KDODPDQ PHUDNLW

+DODPDQ LQL DGDODK WDPSLODQ MLND XVHU VXGDK PHPLOLK VDODK VDWX OHJR \DQJ PHUHND LQJLQ

UDNLW� GLVLQL DGD WRPERO ³KRPH´ XQWXN NHPEDOL� ³UHVHW´ XQWXN PHQJXODQJ� GDQ WRPERO SDQDK

NDQDQ XQWXN VWHS VHODQMXWQ\D DWDX WRPERO SDQDK NLUL XQWXN NHPEDOL NH VWHS VHEHOXPQ\D�

'HVDLQ GDUL WDPSLODQ LQL GDSDW GLOLKDW SDGD *DPEDU ���
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*DPEDU ��� 3URWRWLSH KDODPDQ PHUDNLW

����� 'HVDLQ 'LDJUDP $NWLYLWDV
'HVDLQ GLDJUDP $NWLYLWDV PHPEDQWX GDODP LQIRUPDVL SURVHV \DQJ WHUMDGL SDGD

SHUDQFDQJDQ VLVWHP� 0DVLQJ�PDVLQJ XVHUFDVH SDGD XVHFDVH GLDJUDP DNDQ GLEXDW GLDJUDP

$NWLYLWDV� %HULNXW PHUXSDNDQ GLDJUDP $NWLYLWDV PDVLQJ�PDVLQJ XVHFDVH�

D� 0HQJLNXWL LQVWUXNVL

3DGD GLDJUDP LQL� XVHU GDSDW PHPLOLK LQVWUXNVL OHJR PDQD \DQJ PHUHND LQJLQ WDPSLONDQ�

3HUWDPD XVHU PHPLOLK GDQ PHQFRFRNNDQ OHJR VHVXDL GHQJDQ \DQJ PHUHND PLOLNL� DSDELOD

WLGDN DGD \DQJ FRFRN PDND XVHU ELVD PHPLOLK NHPEDOL� ODOX H[LW XQWXN PHQXWXS DSOLNDVL�

.HWLND PHOLKDW LQVWUXNVL XVHU GDSDW NHPEDOL NH KRPH XQWXN PHQJJDQWL LQVWUXNVL DWDX UHVHW

XQWXN PHQJXODQJ LQVWUXNVL GDUL DZDO� 8QWXN OHELK MHODVQ\D GDSDW GLOLKDW SDGD *DPEDU ���



��

*DPEDU ��� 'LDJUDP $NWLYLWDV 0HQJLNXWL ,QVWUXNVL

����� 5DQFDQJDQ 3HQJXMLDQ 6LVWHP
3DGD UDQFDQJDQ SHQJXMLDQ VLVWHP LQL� SHQXOLV DNDQ PHQ\XVXQ SHUWDQ\DDQ JXQD

PHQMDZDE UXPXVDQ PDVDODK \DQJ WHODK GLWXOLV SDGD %DE , \DLWX EDJDLPDQD PHQJHPEDQJNDQ

DSOLNDVL \DQJ PDPSX PHPXGDKNDQ GDODP PHQ\XVXQ OHJR ROHK DFWRU� 8QWXN PHQMDZDE

UXPXVDQ PDVDODK WHUVHEXW DNDQ GLODNXNDQ PHWRGH SHQJXMLDQ \DLWX 8VDELOLW\ 7HVWLQJ�

8VDELOLW\ 7HVWLQJ DNDQ GLODNVDQDNDQ 6(4 �6LQJOH (DVH 4XHVWLRQ�

D� 6(4 �6LQJOH (DVH 4XHVWLRQ�

3HQJXMLDQ 6(4 LQL GLJXQDNDQ XQWXN PHQJXNXU NHPXGDKDQ SHQJJXQDDQ DSOLNDVL�

6HEHOXP GLEHULNDQ SHUWDQ\DDQ� VHPXD DFWRU VXGDK PHUDNLW GHQJDQ PHQJJXQDNDQ DSOLNDVL

GDQ GL REVHUYDVL GDQ GL WLPHU ROHK SHQXOLV� GLNDUHQDNDQ SHQXOLV PHQLODL FDUD LQL OHELK

SUDNWLNDO GDQ HIHNWLI� 6HVXGDK LWX NHGXD DFWRU GLEHULNDQ SHUWDQ\DDQ WHQWDQJ IXQJVLRQDOLWDV GDQ



��

NHQGDOD VHODPD PHUDNLW GDQ PHQJJXQDNDQ DSOLNDVL WHUVHEXW� 6XVXQDQ IXQJVLRQDOLWDV \DQJ

GLXMLNDQ SDGD SHQJXMLDQ 6(4 LQL GDSDW GLOLKDW SDGD 7DEHO ���

7DEHO ��� 'DIWDU )XQJVL 6NHQDULR 6(4

.RGH )XQJVL 1DPD )XQJVL 7XJDV

)�� 0HPEXND DSOLNDVL 0HPEXND DSOLNDVL GL VPDUWSKRQH

)�� 6WDUW 0HPHQFHW WRPERO VWDUW� GDQ EXNDQ TXLW

)�� 0HPLOLK LQVWUXNVL 0HQFRFRNDQ OHJR \DQJ DNDQ GL UDNLW

GHQJDQ LQVWUXNVL \DQJ VXGDK WHUVHGLD GL

GDODP DSOLNDVL

)�� 0HQJLNXWL ,QVWUXNVL 0HODNXNDQ SHUDNLWDQ VDPELO

PHQJJXQDNDQ LQVWUXNVL GL DSOLNDVL

)�� 0HQXWXS $SOLNDVL 0HQJHPEDOLNDQ WDPSLODQ OD\DU

VPDUWSKRQH NH KRPHVFUHHQ�VHPXOD

VHVXGDK PHQJJXQDNDQ GDQ PHQJLNXWL

DSOLNDVL KLQJJD OHJR \DQJ GLUDNLW VHOHVDL

6HWLDS IXQJVL XQWXN SHQJXMLDQ 6(4 GLEHULNDQ SLOLKDQ MDZDEDQ GHQJDQ PHQJJXQDNDQ

VNDOD OLNHUW ��� \DLWX� VDQJDW VXOLW� VXOLW� WLGDN PXGDK� FXNXS� WLGDN VXOLW� PXGDK� GDQ VDQJDW

PXGDK� 6NDOD WHUVHEXW DNDQ PHPEDQWX SHQXOLV GDODP PHQDULN NHVLPSXODQ VHWHODK GLODNXNDQ

SHQJXMLDQ�

E� 686 �6\VWHP 8VDELOLW\ 6FDOH�

3HQJXMLDQ 686 LQL GLJXQDNDQ XQWXN PHQJXML NLQHUMD XVDELOLW\ GDUL VLVWHP LQL� %HQWXN

GDUL SHQJXMLDQ LQL DNDQ GLEXDW �� SHUWDQ\DDQ \DQJ DNDQ GLEHULNDQ VNDOD ��� SDGD SHQLODLDQQ\D�

3HUWDQ\DDQ JDQMLO PHUXSDNDQ NDOLPDW SRVLWLI VHGDQJNDQ SHUWDQ\DDQ JHQDS PHUXSDNDQ NDOLPDW

QHJDWLI� .HPXGLDQ WDEHO SHQ\DWDDQ NXHVLRQHU SHQJXMLDQ 686 GDSDW GLOLKDW SDGD SDGD 7DEHO

����



��

7DEHO ��� 7DEHO 3HQ\DWDDQ 3HQJXMLDQ 686

1R� 3HUQ\DWDDQ
1LODL

$ % & ' (

��
6D\D PXQJNLQ DNDQ VHULQJ PHQJJXQDNDQ DSOLNDVL

LQL

��
6D\D UDVD DGD ILWXU GDODP DSOLNDVL \DQJ FXNXS

PHUHSRWNDQ

�� 6D\D PHUDVD PXGDK PHQJJXQDNDQ DSOLNDVL LQL

��
6D\D VHSHUWLQ\D DNDQ PHPEXWXKNDQ EDQWXDQ DJDU

ELVD ODQFDU PHQJJXQDNDQ DSOLNDVL LQL

��
6D\D UDVD ILWXU�ILWXU GLDSOLNDVL VXGDK WHULQWHJUDVL

GHQJDQ EDLN

��
6D\D PHQHPXNDQ KDO \DQJ WLGDN NRQVLVWHQ GDODP

DSOLNDVL LQL

��
6D\D EHUILNLU EDKZD SHQJJXQD DNDQ VDQJDW FHSDW

ELVD PHQJJXQDNDQ DSOLNDVL LQL

�� 6D\D SLNLU DSOLNDVL LQL WHUODOX VXOLW XQWXN GLSDNDL

�� 6D\D PHUDVD Q\DPDQ PHQJJXQDNDQ DSOLNDVL LQL

���
6D\D KDUXV EHODMDU EDQ\DN KDO VHEHOXP GDSDW

PHPDKDPL DSOLNDVL LQL

.HPXGLDQ XQWXN SHQJDPELODQ VDPSHO DNDQ GLJXQDNDQ WHNQLN 3XUSRVLYH 6DPSOLQJ�

7HNQLN LQL DNDQ PHQJDPELO UHVSRQGHQ GHQJDQ PHQHQWXNDQ NULWHULD WHUWHQWX� 6DPSHO \DQJ

PHPHQXKL NULWHULD LDODK VHEDJDL EHULNXW �

D� 'LQLODL VXGDK GDSDW PHQJJXQDNDQ VPDUWSKRQH WDQSD PDVDODK

E� 'LQLODL VXGDK PHQJHUWL GDODP PHQJLNXWL LQVWUXNVL PHUDNLW

F� 'LQLODL WLGDN PHPLOLNL PDVDODK GDODP SVLNRPRWRU GDQ SHQGHQJDUDQ

8QWXN PHODNXNDQ SHQJXMLDQ LQL� SHQXOLV DNDQ PHODNXNDQ EHEHUDSD WDKDSDQ VHEHOXP

GLEDJLNDQ NXLVLRQHU� 0XOD�PXOD� SHQXOLV DNDQ PHPEHULNDQ PDVLQJ�PDVLQJ DNWRU VDWX�SHUVDWX

VHW OHJR WDQSD LQVWUXNVL� GLPDQD PHUHND KDQ\D PHQGHQJDUNDQ LQVWUXNVL OLVDQ GDUL SHQXOLV

XQWXN PHUDNLW� VHWHODK LWX SHQXOLV NHPXGLDQ SHQXOLV PHQJXODQJL ODJL PHPEHULNDQ OHJR� WHWDSL

NDOL LQL GHQJDQ JDPEDUDQ LQVWUXNVL GDQ PHQ\XUXK DNWRU PHODNXNDQ KDO \DQJ VDPD� 7HUDNKLU



��

SHQXOLV PHQJXODQJL ODJL ODQJNDK VHEHOXPQ\D WHWDSL NDOL LQL DNWRU GLEHULNDQ VPDUWSKRQH

GHQJDQ DSOLNDVL \DQJ GL XML� 6HWHODK PHQGDSDWNDQ GDWD� SHQXOLV DNDQ PHQJKLWXQJ GDQ

PHQJHFHN KDVLO GDUL SHQJXMLDQ LQL GHQJDQ VNDOD /LNHUW \DQJ WHODK GLMHODVNDQ SDGD %DE ,,�



��

� %$% ,9
+$6,/ '$1 3(0%$+$6$1

��� ,PSOHPHQWDVL 6LVWHP

8QWXN PHQJLPSOHPHQWDVL DSOLNDVL LQL� XVHU FXNXS PHQJLQVWDOO $3. DSOLNDVLQ\D GL

VPDUWSKRQH EHUEDVLV DQGURLG PHUHND� NHPXGLDQ PHUHND FXNXS PHQMDODQNDQ DSOLNDVL \DQJ

VXGDK GL LQWDOO GL VPDUWSKRQH PHUHND� %HULNXW DGDODK SHQMHODVDQ GDUL PDVLQJ�PDVLQJ WDPSLODQ

\DQJ WHUGDSDW GDODP DSOLNDVL WHUVHEXW �

����� 7DPSLODQ +RPH
3DGD WDPSLODQ +RPH LQL� KDQ\D WHUGDSDW GXD WRPERO \DLWX PHQX GDQ H[LW� 6HVXDL GHQJDQ

DWXUDQ SHPLOLKDQ ZDUQD� ZDUQD NXQLQJ GL WRPERO PHQX GLSLOLK VHEDJDL ZDUQD \DQJ

PHQXQMXNNDQ VHVXDWX� VHGDQJNDQ ZDUQD PHUDK GL WRPERO H[LW GLSLOLK VHEDJDL ZDUQD XQWXN

PHPSHULQJDWL� GLNDUHQDNDQ WRPERO H[LW DGDODK WRPERO XQWXN PHQXWXS DSOLNDVL� GDQ SHQXOLV

EHUKDUDS GHQJDQ LQL PDND WLGDN DGD XVHU GL PDVD GHSDQ \DQJ DNDQ PHQJJXQDNDQ DSOLNDVL LQL�

\DQJ VDODK�WLGDN VHQJDMD PHPHQFHW WRPERO PHUDK NHWLND EDUX VDMD PHQMDODQNDQ DSOLNDVL LQL�

0HQX KRPH VXGDK GLVLVLSNDQ VFULSW XQWXN PHQJRQWURO SHUSLQGDKDQ VFHQH VHNDOLJXV

XQWXN PHQXWXS DSOLNDVL WDQSD KDUXV PHPHQFHW WRPERO EDFN�NHPEDOL GL VPDUWSKRQH \DQJ GL

VLVLSNDQ GL WRPERO H[LW� GLPDQD KRPH DGDODK SDUHQW� VHGDQJNDQ PHQX GDQ H[LW DGDODK

FKLOGUHQ� %HULNXW DGDODK VFULSW KRPH WHUVHEXW �



��

XVLQJ 6\VWHP�&ROOHFWLRQV�
XVLQJ 6\VWHP�&ROOHFWLRQV�*HQHULF�
XVLQJ 8QLW\(QJLQH�
XVLQJ 8QLW\(QJLQH�6FHQH0DQDJHPHQW�

SXEOLF FODVV +RPH � 0RQR%HKDYLRXU
^

SXEOLF YRLG 3OD\JDPH��
^

6FHQH0DQDJHU�/RDG6FHQH�6FHQH0DQDJHU�*HW$FWLYH6FHQH���EXLOG,QGH[� ���
`

SXEOLF YRLG 4XLW*DPH ��
^

'HEXJ�/RJ��48,7���
$SSOLFDWLRQ�4XLW���

`
`
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*DPEDU ��� 6FULSW XQWXN WDPSLODQ KRPH�

*DPEDU ��� 7DPSLODQ +RPH *DPEDU ��� +RPH VHEDJDL SDUHQW



��

����� 7DPSLODQ 0HQX

3DGD WDPSLODQ PHQX \DQJ VHEHOXPQ\D GLDNVHV GDUL GDUL WDPSLODQ KRPH� WHUGDSDW WRPERO

GHQJDQ QDPD LQVWUXNVL EHVHUWD JDPEDUQ\D GDQ MXJD WRPERO EDFN XQWXN NHPEDOL NH WDPSLODQ

KRPH� 'L WDPSLODQ LQL NHWLND XVHU PHPHQFHW VDODK VDWX WRPERO VHODLQ WRPERO EDFN� PDND XVHU

DNDQ PHQDPSLONDQ WDPSLODQ VHODQMXWQ\D� \DLWX WDPSLODQ $5 VHVXDL GHQJDQ LQVWUXNVL \DQJ

VXGDK PHUHND SLOLK� 6HGDQJNDQ WRPERO EDFN KDQ\D GLVLVLSNDQ FRPPDQG XQWXN PHQ�KLGH

WDPSLODQ PHQX GDQ NHPEDOL PHPXQFXO WDPSLODQ KRPH� 6HPXD WRPERO LQVWUXNVL VXGDK

GLVLVLSNDQ VFULSW GDUL KRPH VHSHUWL GL JDPEDU ��� XQWXN PHPDQJJLO VFHQH \DQJ VHVXDL GHQJDQ

JDPEDU WRPERO�

*DPEDU ��� 7DPSLODQ 0HQX



��

����� 7DPSLODQ $5
3DGD WDPSLODQ LQL� XVHU PHPDQJJLO VFHQH VHVXDL LQVWUXNVL \DQJ PHUHND SLOLK

VHEHOXPQ\D GL WDPSLODQ PHQX�

$ZDOQ\D KDQ\D DGD � WRPERO SDGD WDPSLODQ LQL�EHULNXW DGDODK SHQMHODVDQ PDVLQJ�PDVLQJ

WRPERO �

D� 7RPERO +RPH � 7RPERO \DQJ EHUEHQWXN UXPDK \DQJ WHUOHWDN GL VXGXW DWDV

NDQDQ�GLJXQDNDQ XQWXN NHPEDOL NH WDPSLODQ PHQX

E� 7RPERO 5HVHW � 7RPERO \DQJ EHUEHQWXN OLQJNDUDQ KDPSLU SHQXK WHUOHWDN GL GL VXGXW

DWDV NLUL DGDODK WRPERO UHVHW� GLPDQD XVHU ELVD ODQJVXQJ NHPEDOL GDUL ODQJNDK �

GHQJDQ VDWX WRPERO

F� 7RPERO 1H[W � 7RPERO \DQJ EHUEHQWXN SDQDK PHQXQMXN NH NDQDQ� WHUOHWDN GL VXGXW

EDZDK NDQDQ� WRPERO LQL EHUIXQJVL XQWXN PHODQMXWNDQ NH VWHS VHODQMXWQ\D

*DPEDU ��� WDPSLODQ DZDO $5
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8QWXN WRPERO KRPH VHQGLUL� WHUGDSDW VFULSW GL GDODPQ\D XQWXN PHQJXEDK VFHQH GDUL

WDPSLODQ $5 NHPEDOL NH WDPSLODQ PHQX� EHULNXW LVL VFULSWQ\D �
XVLQJ 6\VWHP�&ROOHFWLRQV�
XVLQJ 6\VWHP�&ROOHFWLRQV�*HQHULF�
XVLQJ 8QLW\(QJLQH�
XVLQJ 8QLW\(QJLQH�6FHQH0DQDJHPHQW�

SXEOLF FODVV %DFN � 0RQR%HKDYLRXU
^

YRLG 6WDUW��
^

`

YRLG 8SGDWH��
^

`

SXEOLF YRLG %DFN+RPH��
^

6FHQH0DQDJHU�/RDG6FHQH��+RPH���
`

`

*DPEDU ��� 6FULSW XQWXN WDPSLODQ KRPH

.HWLND XVHU PHPHQFHW WRPERO QH[W� PDND DNDQ PXQFXO EHEHUDSD HOHPHQ EDUX� EHULNXW

DGDODK SHQMHODVDQ PDVLQJ�PDVLQJ HOHPHQ EDUX WHUVHEXW �

D� 7RPERO 3UHYLRXV � 7RPERO \DQJ EHUEHQWXN SDQDK PHQXQMXN NH NLUL� WHUOHWDN GL VXGXW

EDZDK NLUL� WRPERO LQL EHUIXQJVL XQWXN NHPEDOL NH VWHS VHEHOXPQ\D

E� 6WHS &RXQWHU � %HUEHQWXN DQJND GL GDODP SHUVHJL SXWLK \DQJ WHUOHWDN GLDQWDUD WRPERO QH[W

GDQ WRPERO SUHYLRXV� DQJND LQL PHUXSDNDQ LQGLNDVL XVHU VHGDQJ EHUDGD GL VWHS NH�EHUDSD

F� ,QVWUXNVL $5 � $GDODK EDJLDQ EHUNHOLS�NHOLS GL WHQJDK OD\DU� EDJLDQ \DQJ VHNDUDQJ VHGDQJ

GLWDPSLONDQ EHUNHOLS�NHOLS DGDODK EDJLDQ \DQJ GLKDUDSNDQ XQWXN XVHU PHQJLNXWLQ\D



��

*DPEDU ��� WDPSLODQ $5 NHWLND VXGDK PXQFXO VWHS

6HLULQJ XVHU PHQJLNXWL VWHS SHU VWHS� EDJLDQ LQVWUXNVL $5 PHQMDGL � EDJLDQ EHUEHGD� \DLWX

EDJLDQ \DQJ EHUNHOLS �GL JDPEDU EHUZDUQD KLMDX� GDQ EDJLDQ \DQJ WLGDN EHNHOLS �GL JDPEDU

EHUZDUQD NXQLQJ�� ZDUQD \DQJ EHUEHGD LQL EHUWXMXDQ DJDU XVHU WLGDN ELQJXQJ GDODP

PHQJLNXWL LQVWUXNVL GDQ PHQJHWDKXL PDQD \DQJ VXGDK WHUSDVDQJ GDQ PDQD \DQJ EHOXP�DNDQ

GLSDVDQJ�
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*DPEDU ��� WDPSLODQ $5 NHWLND VXGDK PXQFXO � MHQLV EDORN

.HWLND XVHU VXGDK PHQFDSDL DNKLU VWHS� PDND WRPERO QH[W DNDQ KLODQJ� LQVWUXNVL $5 MXJD

VXGDK WLGDN DGD ODJL \DQJ EHUNHOLS�NHLS� GDQ VWHS FRXQWHU EHUXEDK PHQMDGL ORJR FKHFNOLVW

\DQJ PHQJLQGLNDVLNDQ EDKZD WLGDN DGD ODJL VWHS VHODQMXWQ\D� 'LVLQL XVHU ELVD PHODNXNDQ �

SLOLKDQ� \DLWX PHPHQFHW WRPERO UHVHW XQWXN NHPEDOL PHQJXODQJ GDUL DZDO� NHPEDOL NH

WDPSLODQ PHQX GHQJDQ PHPHQFHW WRPERO UXPDK� DWDX NHPEDOL NH EHEHUDSD VWHS VHEHOXPQ\D

GHQJDQ PHPHQFHW WRPERO SUHYLRXV�
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*DPEDU ��� WDPSLODQ $5 NHWLND VXGDK GL VWHS DNKLU

8QWXN VFHQH LQVWUXNVL $5 VHQGLUL� VFHQH LQL VXGDK GLSDVDQJ PRGXO XQWXN PHUHQGHU GDQ

PHQJJXQDNDQ $5� VHSHUWL $5 VHVVLRQ RULJLQ GDQ $5 FDPHUD�

*DPEDU ���� 0RGXO $5 XQWXN VFHQH LQL

'LNDUHQDNDQ $5 6HVVLRQ RULJLQ SDGD GDVDU VHEXDK KDQ\D REMHFW� PDND GLEXWXKNDQ

NRPSRQHQ XQWXN PHQGXNXQJ EDJLDQ $5 WHUVHEXW� EHULNXW DGDODK EHEHUDSD NRPSRQHQ \DQJ

WHUGDSDW GL $5 6HVVLRQ WHUVHEXW EHVHUWD SHQMHODVDQQ\D �
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D� $5 6HVVLRQ 2ULJLQ � 6FULSW \DQJ EHUIXQJVL XQWXN PHQJJXQDNDQ $5 \DQJ NHPXGLDQ

GLKXEXQJNDQ GHQJDQ $5 FDPHUD DJDU DSOLNDVL GDSDW PHQJDNVHV NDPHUD

E� $5 3ODQH 0DQDJHU � 6ULSW \DQJ EHUIXQJVL XQWXN PHQGHWHNVL ELGDQJ YHUWLNDO PDXSXQ

ELGDQJ KRUL]RQWDO� 'LVLQL SHQXOLV PHPEXDW VFULSW LQL KDQ\D PHQGHWHNVL ELGDQJ KRUL]RQWDO

VDMD

F� $5 5D\FDVW 0DQDJHU � 6FULSW \DQJ EHUIXQJVL DJDU REMHN $5 �GDODP KDO LQL� LQVWUXNVL $5�

WHWDS EHUDGD GL VDWX WHPSDW GHQJDQ FDUD PHQGHWHNVL FDKD\D \DQJ WHUWDQJNDS GL NDPHUD

GDQ PHQFRFRNNDQ SRVLVLQ\D

G� $5 7DS 7R 3ODFH 2EMHFW � 6FULSW \DQJ EHNHUMD EHUVDPD GHQJDQ $5 5D\FDVW 0DQDJHU�

GLPDQD VFULSW LQL GDSDW PHQJHVDPSLQJNDQ WXMXDQ $5 5D\FDVW PDQDJHU XQWXN PHQMDJD

SRVLVL REMHN $5 GL VDWX WHPSDW� GDSDW GLJHVHU GHQJDQ FDUD XVHU PHQ\HQWXK GL OD\DU

VPDUWSKRQH GLPDQD REMHN WHUVHEXW LQJLQ GLSLQGDKNDQ� %HULNXW DGDODK LVL VFULSW �
XVLQJ 6\VWHP�&ROOHFWLRQV�
XVLQJ 6\VWHP�&ROOHFWLRQV�*HQHULF�
XVLQJ 8QLW\(QJLQH�
XVLQJ 8QLW\(QJLQH�;5�$5)RXQGDWLRQ�

SXEOLF FODVV $5&RQWUROOHU � 0RQR%HKDYLRXU
^

SXEOLF *DPH2EMHFW 0\2EMHFW�
SXEOLF $55D\FDVW0DQDJHU 5D\FDVW0DQDJHU�

SULYDWH YRLG 8SGDWH��
^

LI �,QSXW�WRXFK&RXQW ! � 		 ,QSXW�*HW7RXFK����SKDVH   
7RXFK3KDVH�%HJDQ�

^
/LVW�$55D\FDVW+LW! WRXFKHV  QHZ /LVW�$55D\FDVW+LW!���

5D\FDVW0DQDJHU�5D\FDVW�,QSXW�*HW7RXFK����SRVLWLRQ� WRXFKHV�
8QLW\(QJLQH�;5�$56XEV\VWHPV�7UDFNDEOH7\SH�3ODQHV��

LI �WRXFKHV�&RXQW ! ��
*DPH2EMHFW�,QVWDQWLDWH�0\2EMHFW� WRXFKHV>�@�SRVH�SRVLWLRQ�

WRXFKHV>�@�SRVH�URWDWLRQ��
`

`



��

`

*DPEDU ���� 6FULSW XQWXN $5 7DS 7R 3ODFH 2EMHFW

*DPEDU ���� .RPSRQHQ LVL $5 6HVVLRQ 2ULJLQ

'LNDUHQDNDQ XQLW\ WLGDN DGD FRPPDQG XQWXN PHPEXDW REMHN $5 PHQMDGL NHODS�NHOLS�

PDND GL GDODP VFHQH WHUGDSDW � VHW REMHN $5� VDWX EHUNHOLS GDQ VDWX WLGDN� GLPDQD GL VHWLDS
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VWHS PHUHND DNDQ EHUJDQWLDQ XQWXN PXQFXO VHVXDL VWHS� %HULNXW DGDODK VFULSW \DQJ GLVLVLSNDQ

GL VHW REMHN $5 DJDU REMHN WHUVHEXW EHUNHOLS�NHOLS �

XVLQJ 8QLW\(QJLQH�

SXEOLF FODVV %OLQN � 0RQR%HKDYLRXU
^

SXEOLF &RORU VWDUW&RORU  &RORU�JUHHQ�
SXEOLF &RORU HQG&RORU  &RORU�EODFN�
>5DQJH��� ���@
SXEOLF IORDW VSHHG  ��

5HQGHUHU UHQ�

YRLG $ZDNH��
^

UHQ  *HW&RPSRQHQW�5HQGHUHU!���
`

YRLG 8SGDWH��
^

UHQ�PDWHULDO�FRORU  &RORU�/HUS�VWDUW&RORU� HQG&RORU�
0DWKI�3LQJ3RQJ�7LPH�WLPH  VSHHG� ����

`
`

*DPEDU ���� 6FULSW XQWXN REMHN $5 DJDU EHNHOLS�NHOLS

.HPXGLDQ� GL VHWLDS REMHN OHJR GLVLVLSNDQ VFULSW EOLQN WHUVHEXW NH EDJLDQ NRPSRQHQQ\D�

VHWHODK GLVLVLSNDQ EDUX ZDUQD NHODS�NHOLS GDSDW GLVHVXDLNDQ VHVXDL NHLQJLQDQ GHQJDQ

PHQJJDQWL VWDUW FRORU GDQ HQG FRORU



��

*DPEDU ���� 7DPSLODQ LQVSHFW VDODK VDWX REMHN GHQJDQ VFULSW EOLQN



��

��� 3HQJXMLDQ 6LVWHP

3DGD SHQJXMLDQ LQL GLODNXNDQ XQWXN PHQJXNXU VHEHUDSD EHVDU VLVWHP GDSDW

PHQ\HOHVDLNDQ UXPXVDQ PDVDODK� 3HQJXMLDQ LQL GLODNXNDQ VHFDUD RIIOLQH GHQJDQ FDUD

REVHUYDVL VHFDUD ODQJVXQJ SDGD WDQJJDO �� 1RYHPEHU ����� 3HQJXMLDQ LQL PHPLONL �

EDJLDQ VHSHUWL SDGD UDQFDQJDQ SHQJXMLDQ \DLWX� NXHVLRQHU 6(4 GDQ NXHVLRQHU 686�

3DGD SHQJXMLDQ LQL WHODK GLLVL ROHK � UHVSRQGHQ�

D� +DVLO 3HQJXMLDQ 6(4 �6LQJOH (DVH 4XHVWLRQ�

+DVLO SHQJXMLDQ 6(4 DNDQ GLUDQJNXP SDGD VHWLDS IXQJVL \DQJ GLXMLNDQ� 6HWLDS VNHQDULR

IXQJVL \DQJ GLDMXNDQ GDSDW GLOLKDW SDGD %DE ,,, \DLWX SDGD 7DEHO ���� 0DNVXG GDUL VNDOD

\DQJ GLJXQDNDQ SDGD SHQJXMLDQ LQL \DLWX � PHUXSDNDQ VDQJDW VXVDK GDQ � PHUXSDNDQ

VDQJDW PXGDK�� +DVLO SHQJXMLDQ 6(4 NHVHOXUXKDQ LQL GDSDW GLOLKDW SDGD *DPEDU ����

*DPEDU ���� +DVLO SHQJXMLDQ 6(4

3DGD SHQJLVLDQ VHWLDS UHVSRQGHQ WHUOLKDW VNRU SDOLQJ NHFLO EHUVNDOD �� +DO LWX ELVD

GLNDWDNDQ VHWLDS DNWRU WLGDN EHJLWX PHQGDSDWNDQ NHVXVDKDQ GDSDW PHQMDODQNDQ VHWLDS IXQJVL

\DQJ DGD�



��

E� +DVLO 3HQJXMLDQ 686 �6\VWHP 8VDELOLW\ 6FDOH�

'DUL KDVLO SHQJXMLDQ 686 LQL� SHQXOLV PHUHNDS GDWD GDUL KDVLO NXHVLQRHU \DQJ

GLVHEDU� .HPXGLDQ GDUL KDVLO WHUVHEXW DNDQ GLKLWXQJ XQWXN PHQFDUL QLODL

NHVHOXUXKDQ GDUL VLVWHP \DQJ WHODK GLEXDW� +DVLO UHNDSDGD XQWXN SHQJXMLDQ 686 LQL

GDSDW GLOLKDW SDGD 7DEHO ���

7DEHO ��� 7DEHO 5HNDSLWXODVL .XHVLRQHU 686

1R� 5HVSRQGHQ
3HUWDQ\DDQ

� � � � � � � � � ��

�� 5HVSRQGHG $ � � � � � � � � � �

�� 5HVSRQGHG % � � � � � � � � � �

�� 5HVSRQGHG & � � � � � � � � � �

�� 5HVSRQGHG ' � � � � � � � � � �

�� 5HVSRQGHG ( � � � � � � � � � �

�� 5HVSRQGHG ) � � � � � � � � � �

�� 5HVSRQGHG * � � � � � � � � � �

'DUL KDVLO UHNDSLWXODVL SDGD 7DEHO ���� NHPXGLDQ SHQXOLV PHODNXNDQ SHUKLWXQJDQ

PHQJJXQDNDQ SHUVDPDDQ ���� +DVLO GDUL SHUKLWXQJDQ WHUVHEXW NHPXGLDQ GLPDVXNNDQ NHGDODP

WDEHO� 7DEHO NHOROD KDVLO GDUL SHQJXMLDQ 686 LQL GDSDW GLOLKDW SDGD 7DEHO ����

7DEHO ��� +DVLO 3HUKLWXQJDQ 686

1R� 5HVSRQGHQ
3HUWDQ\DDQ

6XE
WRWDO

6XE
WRWDO [
���

� � � � � � � � � ��

�� 5HVSRQGHQ $ � � � � � � � � � � �� ��

�� 5HVSRQGHQ % � � � � � � � � � � �� ��

�� 5HVSRQGHQ & � � � � � � � � � � �� ��

�� 5HVSRQGHQ ' � � � � � � � � � � �� ����

�� 5HVSRQGHQ ( � � � � � � � � � � �� ��

�� 5HVSRQGHQ ) � � � � � � � � � � �� ��

�� 5HVSRQGHQ * � � � � � � � � � � �� ����



��

1R� 5HVSRQGHQ
3HUWDQ\DDQ

6XE
WRWDO

6XE
WRWDO [
���

� � � � � � � � � ��

1LODL 5DWD�5DWD $NKLU ������

%HUGDVDUNDQ KDVLO SHUKLWXQJDQ SDGD 7DEHO ��� \DQJ WHODK GLEXDW� GLGDSDWNDQ VNRU GHQJDQ

FDUD PHQMXPODK VHPXD VXE WRWDO GDUL WLDS UHVSRQGHQ �QLODL SHUWDQ\DDQ ��QLODL SHUWDQ\DDQ

��QLODL SHUWDQ\DDQ ��QLODL SHUWDQ\DDQ ��QLODL SHUWDQ\DDQ ��QLODL SHUWDQ\DDQ ��QLODL

SHUWDQ\DDQ ��QLODL SHUWDQ\DDQ ��QLODL SHUWDQ\DDQ ��QLODL SHUWDQ\DDQ ��� [ ��� NHPXGLDQ

GLEDJL �� PDND �

�6XE WRWDO UHVSRQGHQ $ � ������������������� ��

�6XE WRWDO UHVSRQGHQ % � ������������������� ��

�6XE WRWDO UHVSRQGHQ & � ������������������� ��

�6XE WRWDO UHVSRQGHQ ' � ������������������� ��

�6XE WRWDO UHVSRQGHQ ( � ������������������� ��

�6XE WRWDO UHVSRQGHQ ) � ������������������� ��

�6XE WRWDO UHVSRQGHQ * � ������������������� ��

NHPXGLDQ WLDS VXE WRWDO [ ���� GLMXPODKNDQ VHPXD GDQ DNKLUQ\D GLEDJL � XQWXN PHQGDSDWNDQ

QLODL UDWD�UDWD DNKLU �
���[��������[��������[��������[��������[��������[��������[����


ൌ ͺͲ�ͷͷ�ͷ�ʹǤͷ�ͻͲ�Ͷͷ�ͷʹǤͷ
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'LGDSDWNDQ QLODL UDWD�UDWD DNKLU VHEHVDU ������� PDND �PHUXMXN NH JDPEDU ��� 6\VWHP

8VDELOLW\ 6FDOH 6FRUH GL KDODPDQ ��� GDSDW GLVLPSXONDQ EDKZD VLVWHP LQL EHUDGD SDGD QLODL

PDUJLQDO KLJK DFFHSWDEOH DWDX PDUMLQDO�EDWDVDQ WLQJJL GDSDW GLWHULPD�

/DOX GHQJDQ PHPEDQGLQJNDQ WRWDO VNRU SHUWDQ\DDQ SRVLWLI �SHUWDQ\DDQ EHUQRPRU JDQMLO�

GHQJDQ SHUWDQ\DDQ QHJDWLI �SHUWDQ\DDQ EHUQRPRU JHQDS� DNDQ GLGDSDWNDQ �

�VNRU WRWDO SHUWDQ\DDQ � � ������������� ��

�VNRU WRWDO SHUWDQ\DDQ � � ������������� ��

�VNRU WRWDO SHUWDQ\DDQ � � ������������� ��

�VNRU WRWDO SHUWDQ\DDQ � � ������������� ��

�VNRU WRWDO SHUWDQ\DDQ � � ������������� ��

�VNRU WRWDO SHUWDQ\DDQ � � ������������� ��

�VNRU WRWDO SHUWDQ\DDQ � � ������������� ��
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�VNRU WRWDO SHUWDQ\DDQ � � ������������� ��

�VNRU WRWDO SHUWDQ\DDQ � � ������������� ��

�VNRU WRWDO SHUWDQ\DDQ �� � ������������� ��

0DND NHWLND GLMXPODKNDQ� GLGDSDWNDQ QLODL WRWDO SHUWDQ\DDQ JDQMLO VHEHVDU

�������������� ��� VHGDQJNDQ QLODL WRWDO SHUWDQ\DDQ JHQDS VHEHVDU �������������� ���

'HQJDQ LQL PDND GLGDSDWNDQ EDKZD SHUWDQ\DDQ SRVLWLI PHPLOLNL WRWDO QLODL \DQJ OHELK EHVDU

GLEDQGLQJ WRWDO QLODL SHUWDQ\DDQ QHJDWLI�

0DND GDUL � GDWD SHQJXMLDQ GLDWDV� GLGDSDWNDQ � NHVLPSXODQ SRVLWLI \DQJ GDSDW GLJXQDNDQ

XQWXN PHQ\LPSXONDQ EDKZD VLVWHP LQL PDPSX PHPXGDKNDQ SHUDNLW GDODP PHOLKDW LQVWUXNVL

GHQJDQ IRUPDW � 'LPHQVL PHQJJXQDNDQ $5�
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��� .HVLPSXODQ
%HUGDVDUNDQ GDUL KDVLO SHQHOLWLDQ \DQJ GLODNXNDQ ROHK SHQXOLV� PDND GLGDSDWNDQ

NHVLPSXODQ VHEDJDL EHULNXW �

D� %HUGDVDUNDQ KDVLO 6(4 GDQ 686� GDSDW GLVLPSXONDQ EDKZD $5 GDSDW GLMDGLNDQ PHGLXP

PHQDPSLONDQ LQVWUXNVL XQWXN PHPEDQWX SHUDNLWDQ VXDWX RE\HN

E� %HUGDVDUNDQ KDVLO 6(4 GDQ 686� GDSDW GLVLPSXONDQ MXJD EDKZD $5 VHEDJDL PHGLXP

OHELK PHPSHUPXGDK SHQJJXQDNDQ GDODP PHQJLNXWL LQVWUXNVL� GLEDQGLQJ LQVWUXNVL GHQJDQ

PHGLXP WUDGLVLRQDO VHSHUWL ERRNOHW DWDX OLVDQ

��� 6DUDQ

%HUGDVDUNDQ GDUL LPSOHPHQWDVL GDQ SHQJXMLDQ VLDSOLNDVL LQL� VLVWHP \DQJ GLNHPEDQJNDQ

PDVLK PHPLOLNL NHNXUDQJDQ� 8QWXN LWX SHUOX GLODNXNDQ SHQJHPEDQJDQ OHELK ODQMXW GHQJDQ

EHEHUDSD VDUDQ VHEDJDL EHULNXW �

D� 0HPSHUEDLNL VFULSW $5 XQWXN PHQGHWHNVL ELGDQJ GDWDU

E� 0HQDPEDKNDQ NRPSOHNVLWDV LQVWUXNVL



��

� '$)7$5 3867$.$

$JUDZDOD� 0�� 3KDQ� '�� +HLVHU� -�� +D\PDNHU� -�� .OLQJQHU� -�� +DQUDKDQ� 3�� 7YHUVN\� %�

������� 'HVLJQLQJ HIIHFWLYH VWHS�E\�VWHS DVVHPEO\ LQVWUXFWLRQV� $&0 7UDQV *UDSK

�72*� 9RO � ����±���

$]XPD� 7�� 5RQDOG�� ������� $ 6XUYH\ RI $XJPHQWHG 5HDOLW\� 0DOLEX�+XJKHV 5HVHDUFK

/DERUDWRULHV

%LVNMDHU� $/�� &KULVWHQVHQ� 00�� ������� 'HVLJQLQJ GLJLWDO LQWHUDFWLYH LQVWUXFWLRQV IRU

FKLOGUHQ¶V FRQVWUXFWLRQ SOD\� 3URFHHGLQJV RI WKH ��WK (XURSHDQ FRQIHUHQFH RQ FRJQLWLYH

HUJRQRPLFV�

&DR� <�� 4LDQ� ;�� :DQJ� 7�� /HH� 5�� +XR� .�� 5DPDQL� .�� ������� $Q H[SORUDWRU\ VWXG\ RI

DXJPHQWHG UHDOLW\ SUHVHQFH IRU WXWRULQJ PDFKLQH WDVNV� 3URFHHGLQJV RI WKH ���� &+,

FRQIHUHQFH RQ KXPDQ IDFWRUV LQ FRPSXWLQJ V\VWHPV� �±��

&KHQ� =5�� /LDR� &-�� &KX� &K�� ������� $Q DVVHPEO\ JXLGDQFH V\VWHP RI WRX NXQJ EDVHG RQ

DXJPHQWHG UHDOLW\� ���±���� 3URF &DDGULD

(LVHQEHUJ� 0� ������� 0LGGOH 7HFK� EOXUULQJ WKH GLYLVLRQ EHWZHHQ KLJK DQG ORZ WHFK LQ

HGXFDWLRQ� 7KH GHVLJQ RI FKLOGUHQ¶V WHFKQRORJ\� ���±����

-LURXW� --�� 1HZFRPEH� 16�� ������� %XLOGLQJ EORFNV IRU GHYHORSLQJ VSDWLDO VNLOOV� HYLGHQFH

IURP D ODUJH� UHSUHVHQWDWLYH 86 VDPSOH� ���±����

/LQGVWURP� 0� ������� 6PDOO GDWD� WKH WLQ\ FOXHV WKDW XQFRYHU KXJH WUHQGV� 0DUWLQ¶V 3UHVV� 6W

0DUWLQ� &9� ������� 8VDELOLW\ RI SLFWRULDO WR\ DVVHPEO\ LQVWUXFWLRQV IRU \RXQJ FKLOGUHQ

�8QSXEOLVKHG GRFWRUDO GLVVHUWDWLRQ�� %ODFNVEXUJ� 9LUJLQLD SRO\WHFKQLF ,QVWLWXWH DQG 6WDWH

8QLYHUVLW\

0LOJUDP� 3�� .LVKLQR� )�� $XJPHQWHG UHDOLW\� D FODVV RI GLVSOD\V RQ WKH UHDOLW\�YLUWXDOLW\

FRQWLQXXP

5REHUWVRQ� $� ������� 0DUN =XFNHUEHUJ VD\V DXJPHQWHG UHDOLW\ JODVVHV DUH 
ZKDW ZH
UH

WU\LQJ WR JHW WR
� 7KH 9HUJH� 'LDNVHV GDUL

KWWS���ZZZ�WKHYHUJH�FRP��������������������PDUN�]XFNHUEHUJ�IDFHERRN�I��YLUWXDO�

DXJPHQWHG�UHDOLW\�JODVVHV ���

7DNDKDVKL� '� ������� (SLF
V JUDSKLFV JXUX 7LP 6ZHHQH\ SUHGLFWV DXJPHQWHG UHDOLW\ ZLOO

HOLPLQDWH PRQLWRUV DQG WYV� 9HQWXUH%HDW� GLDNVHV GDUL

http://www.theverge.com/2016/4/12/11415366/mark-zuckerberg-facebook-f8-virtual-
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KWWSV���YHQWXUHEHDW�FRP�JDPHV�HSLFV�JUDSKLFV�JXUX�WLP�VZHHQH\�SUHGLFWV�DXJPHQWHG�

UHDOLW\�ZLOO�HOLPLQDWH�GLVSOD\�VFUHHQV�

7UDF\� '0� ������� 7R\V� VSDWLDO DELOLW\� DQG VFLHQFH DQG PDWKHPDWLFV DFKLHYHPHQW� $UH WKH\

5HODWHG" ����±���

:RQJ� 5� ������� 7LP &RRN WKLQNV DXJPHQWHG UHDOLW\ LV D 
ELJ LGHD OLNH WKH VPDUWSKRQH
�

0DVKDEOH� 'LDNVHV GDUL KWWSV���PDVKDEOH�FRP�DUWLFOH�WLP�FRRN�DXJPHQWHG�UHDOLW\�

RSSRUWXQLW\�DSSOH

https://venturebeat.com/games/epics-graphics-guru-tim-sweeney-predicts-augmented-
https://venturebeat.com/games/epics-graphics-guru-tim-sweeney-predicts-augmented-
https://mashable.com/article/tim-cook-augmented-reality-
https://mashable.com/article/tim-cook-augmented-reality-
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