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+HOPLQWKLDVLV VDOXUDQ FHUQD SDGD VDSL SHUDK

/LOL =DOL]DU

3URJUDP 6WXGL 3HWHUQDNDQ� )DNXOWDV 3HUWDQLDQ GDQ 3HWHUQDNDQ

8QLYHUVLWDV 0XKDPPDGL\DK 0DODQJ

&RUUHVSRQGHQ DXWKRU� OLOL]DOL]DUWKDKLU#\DKRR�FRP

$%675$&7� 7KH SXUSRVH RI WKLV UHVHDUFK ZDV WR ILQG RXW SUHYDOHQFH DQG WKH UDWHV RI

KHOPLQWKV LQIHFWLRQ DQG WKH NLQG RI WKH KHOPLQWV RQ GDLU\ FRZV WKDW ZDV EHORQJLQJ

.8%( 0DMX 0DSDQ &RRSHUDWLYH LQ -DEXQJ� 0DODQJ� $ WRWDO RI ��� GDLU\ FRZV RQ IDUPV

ZDV LQYHVWLJDWHG IRU WKH SRVVLELOLW\ RI D ZRUP LQIHFWLRQ� ,QGLFDWLRQV RI ZRUP LQIHFWLRQV

ZDV EDVHG RQ IDHFDO ZRUP HJJ GLVFRYHU\ XVLQJ IORDWLQJ PHWKRG XVLQJ VDWXUDWHG VDOW

VROXWLRQ IRU QHPDWRGH DQG FHVWRGH ZRUPV DQG VHGLPHQWDWLRQ PHWKRGV IRU WKH

H[DPLQDWLRQ RI ZRUPV WUHPDWRGHV� ([DPLQDWLRQ RI WKH QXPEHU RI ZRUP¶V HJJV XVH :KLW

ORFN FKDPEHUV WRRO� 6WRRO H[DPLQDWLRQ ZDV GRQH LQ WKH /DERUDWRU\ RI $QLPDO +HDOWK

EHORQJ WR WKH 'HSDUWPHQW RI $QLPDO +XVEDQGU\ (DVW -DYD 3URYLQFH LQ WKH GLVWULFW RI

3DNLV 0DODQJ� 7KH VDPSOH H[DPLQDWLRQ ZDV GRQH LQ � �WKUHH� WLPHV UHSHWLWLRQ�7KH

UHVXOWV VKRZHG WKHUH DUH � �WZR� W\SHV RI ZRUP HJJV� QHPDWRGH W\SH 6WURQJ\ORLG VS DQG

7UHPDWRGHV W\SH )DVFLROD VS� 7KH SUHYDOHQFH RI 6WURQJ\ORLG LQIHFWLRQ LQ FDWWOH LV ODUJH

HQRXJK WKDW LV HTXDO WR ����� SHUFHQW ��� RI ��� GDLU\ FRZV�� :KLOH WKH SUHYDOHQFH RI

WKH LQIHFWHG FDWWOH )DVFLROD VS RQO\ ����� SHUFHQW ��� RI ��� GDLU\ FRZV�� 7KH UDWH RI

LQIHFWLRQ RU PHDQ QXPEHU RI HJJV SHU JUDP RI IHFHV RI 6WURQJ\ORLG DQG )DVFLROD VS DUH

RQO\ ���� DQG ���� SHU KHDG RI FDWWOH� 7KH HIIRUWV IRU ZRUP PHGLFDWLRQ UHJXODUO\

FRQGXFWHG E\ WKH &RRSHUDWLYH KDV EHHQ DEOH WR UHGXFH WKH SUHYDOHQFH RI WKH GLVHDVH DQG

WKH UDWHV RI LQIHFWLRQ�

.H\ZRUGV � FRRSHUDWLYH� FRZV� SUHYDOHQFH� ZRUP LQIHFWLRQ

3(1'$+8/8$1

.HUXJLDQ DNLEDW LQIHNVL SDUDVLW

NKXVXVQ\D FDFLQJ SDGD WHUQDN GL

,QGRQHVLD VDQJDW EHVDU� +DO LQL DNLEDW

FDFLQJ SDUDVLW PHQ\HUDS ]DW�]DW PDNDQDQ�

PHQJKLVDS GDUDK �FDLUDQ WXEXK� DWDX

PDNDQ MDULQJDQ WXEXK WHUQDN� &DFLQJ

SDUDVLW MXJD PHQ\HEDENDQ NHUXVDNDQ

SDGD VHO�VHO HSLWHO XVXV VHKLQJJD GDSDW

PHQXUXQNDQ NHPDPSXDQ XVXV GDODP

SURVHV SHQFHUQDDQ GDQ SHQ\HUDSDQ ]DW�]DW

PDNDQDQ VHUWD SURGXNVL HQ]LP�HQ]LP

\DQJ EHUSHUDQDQ GDODP SURVHV

SHQFHUQDDQ� 6HODLQ LWX EHUNXPSXOQ\D

SDUDVLW GDODP MXPODK EHVDU GL XVXV DWDX

ODPEXQJ WHUQDN GDSDW PHQ\HEDENDQ

SHQ\XPEDWDQ DWDX REVWUXNVL VHKLQJJD

SURVHV SHQFHUQDDQ PDNDQDQ WHUJDQJJX�

*DQJJXDQ DNLEDW FDFLQJ SDGD VDSL

SHUDK GDSDW PHQ\HEDENDQ SHQXUXQDQ

SURGXNVL VXVX SDGD WHUQDN GHZDVD GDQ

KDPEDWDQ SHUWXPEXKDQ SDGD WHUQDN PXGD�

6HODLQ LWX DNLEDW LQIHNVL FDFLQJ SDUDVLW

PHQ\HEDENDQ NRQGLVL WXEXK WHUQDN

PHQXUXQ VHKLQJJD GDSDW PHQJJDJDONDQ

YDNVLQDVL GDQ PHPXQJNLQNDQ WLPEXOQ\D

EHUEDJDL SHQ\DNLW ODLQ VHSHUWL EDNWHULDO�

YLUDO PDXSXQ SDUDVLW ODLQQ\D�
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3HWHUQDNDQ VDSL SHUDK XPXPQ\D

WHUJDEXQJ GDODP VXDWX NRSHUDVL�

3HUKDWLDQ GDQ SHQJHWDKXDQ NRSHUDVL

WHUKDGDS SHQ\DNLW FDFLQJ �KHOPLQWKLDVLV�

VDOXUDQ FHUQD DNDQ PHPSHQJDUXKL WLQJJL

UHQGDKQ\D NDVXV LQIHNVL FDFLQJ SDGD VDSL

SHUDK GL NHORPSRN WHUQDN GL ZLOD\DK

NRSHUDVL WHUVHEXW�

3HQHOLWLDQ LQL GLODNXNDQ XQWXN

PHQJHWDKXL VHEHUDSD EHVDU SUHYDOHQVL GDQ

GHUDMDW LQIHNVL FDFLQJ \DQJ PHQ\HUDQJ GL

SHWHUQDNDQ VDSL SHUDK \DQJ WHUJDEXQJ

GDODP .RSHUDVL 8VDKD %HUVDPD �.8%(�

0DMX 0DSDQ GL .HFDPDWDQ -DEXQJ�

0$7(5, '$1 0(72'(

6HEDQ\DN ��� HNRU VDSL SHUDK GL

SHWHUQDNDQ \DQJ WHUJDEXQJ GL .RSHUDVL

.8%( GL -DEXQJ .DEXSDWHQ 0DODQJ

GLWHOLWL WHUKDGDS NHPXQJNLQDQ DGDQ\D

LQIHNVL FDFLQJ� ,QGLNDVL DGDQ\D LQIHNVL

FDFLQJ EHUGDVDUNDQ GLWHPXNDQQ\D WHOXU

FDFLQJ SDGD IHVHV GHQJDQ PHPDNDL

PHWRGH DSXQJ XQWXN FDFLQJ QHPDWRGD

GDQ FHVWRGD GHQJDQ PHQJJXQDNDQ ODUXWDQ

JDUDP MHQXK GDQ PHWRGH VHGLPHQWDVL

XQWXN SHPHULNVDDQ FDFLQJ WUHPDWRGD�

3HPHULNVDDQ MXPODK WHOXU FDFLQJ

PHPDNDL DODW KLWXQJ

:KLWORFN�3HPHULNVDDQ IHVHV GLODNXNDQ GL

/DERUDWRULXP 837 .HVHKDWDQ +HZDQ

PLOLN 'LQDV 3HWHUQDNDQ 3URSLQVL -DZD

7LPXU GL .HFDPDWDQ 3DNLV

0DODQJ�3HPHULNVDDQ VDPSHO GLODNXNDQ �

�WLJD� NDOL XODQJDQ� 9DULDEHO \DQJ GLDPDWL

GDODP SHQHOLWLDQ LQL DGDODK SUHYDOHQVL

LQIHNVL FDFLQJ GDQ GHUDMDW LQIHNVL �GLOLKDW

GDUL MXPODK WHOXU FDFLQJ WLDS JUDP

WLQMD�77*7�� 0HWRGH SHQHOLWLDQ LQL

PHQJJXQDNDQ VXUYHL GHQJDQ SRUSRVLYH

VDPSOLQJ GHQJDQ NULWHULD VDSL \DQJ

GLDPELO VDPSHO IHVHVQ\D DGDODK VDSL

EHWLQD ODNWDVL �� 8ODQJDQ SHQJDPDWDQ

VDPSHO � �WLJD� NDOL�

+$6,/ '$1 3(0%$+$6$1

0HQXUXW 5RQRKDUGMR 	 1DUL

������� PHQJLQJDW NRQGLVL OLQJNXQJDQ

,QGRQHVLD PHQJXQWXQJNDQ EDJL SDUDVLW

PDND SHWHUQDNDQ GL ,QGRQHVLD WLGDN GDSDW

PHPEHEDVNDQ GLUL GDUL LQIHNVL PDKOXN

WHUVHEXW� 6DWULMD HW DO� ������ EHUSHQGDSDW

EDKZD LNOLP WURSLV GL ,QGRQHVLD \DQJ

KDQJDW GDQ EDVDK PHPEHULNDQ NRQGLVL

\DQJ PHQJXQWXQJNDQ EDJL SHUNHPEDQJDQ

WHOXU GDQ NHWDKDQDQ KLGXS ODUYD GDQ WHOXU

LQIHNWLI FDFLQJ GL DODP� )DNWRU FXDFD GL

.DEXSDWHQ 0DODQJ FXNXS PHQGXNXQJ

KLGXS FDFLQJ� .DEXSDWHQ 0DODQJ

PHPLOLNL VXKX EHUNLVDU DQWDUD ������&

GHQJDQ NHOHPEDEDQ DQWDUD ����� SHUVHQ�

.RQGLVL WHUVHEXW FRFRN GHQJDQ NHEXWXKDQ

KLGXS WHOXU FDFLQJ GDQ ODUYD GL

OLQJNXQJDQ�

3DGD 7DEHO � KDVLO SHPHULNVDDQ

WHUKDGDS IHVHV PHPSHUOLKDWNDQ VDSL SHUDK

WHULQIHNVL � MHQLV FDFLQJ \DLWX FDFLQJ MHQLV

QHPDWRGD �FDFLQJ JLOLJ� GDQ WUHPDWRGD

�FDFLQJ SLSLK�� .HGXD MHQLV FDFLQJ LQL

WHUPDVXN \DQJ FXNXS VHULQJ GLWHPXNDQ

SDGD VDSL EDLN VDSL SHUDK PDXSXQ VDSL

SRWRQJ� +DO WHUVHEXW VDPD GHQJDQ KDVLO

SHQHOLWLDQ (UZLQ� .DPDO GDQ 5XVGLDQD

������ GL 5XPDK 3RWRQJ +HZDQ �53+�

GL 3DOHPEDQJ PHQXQMXNNDQ EDKZD

SHQJDPDWDQ SDGD �� VDPSHO IHVHV VDSL�

GLGDSDWNDQ WHOXU FDFLQJ KDQ\D \DQJ

EHUDVDO GDUL GXD NHORPSRN FDFLQJ SDUDVLW

WHUVHEXW� 3HQHOLWLDQ 7DQWUL GNN ������ GL

53+ .RWD 3RQWLDQDN .DOLPDQWDQ %DUDW

PHQXQMXNNDQ EDKZD LQIHNVL QHPDWRGD

GDQ WUHPDWRGD OHELK WLQJJL GDULSDGD

FHVWRGD�

7DEHO � PHPSHUOLKDWNDQ VDSL

SHUDK WHULQIHNVL FDFLQJ SDUDVLW DQJJRWD

RUGR 6WURQJ\ORLG GDUL VXSHUIDPLOL

7ULFKRVWURQJ\ORLGHD� &DFLQJ WHUVHEXW

PHUXSDNDQ SDUDVLW SDOLQJ SHQWLQJ SDGD

VDSL� GRPED GDQ UXPLQDQVLD ODLQQ\D�

&DFLQJ GHZDVD DQJJRWD

7ULFKRVWURQJ\ORLGHD PHQJHOXDUNDQ WHOXU

\DQJ GLVHEXW ³WHOXU WLSH 6WURQJ\ORLG´

\DLWX WHOXU GHQJDQ PHPEUDQ OXDU \DQJ

WLSLV GDQ KDQ\D EHEHUDSD VDMD VHO Q\D

\DQJ WHODK PHQJDODPL SHPEHODKDQ

VHEHOXP GLNHOXDUNDQ GDUL WXEXK� ROHK



-� ,OPX�,OPX 3HWHUQDNDQ �� ����� ± �

'2, � ���������XE�MLLS��������������� �

NDUHQD LWX GLVHEXW FDFLQJ 6WURQJ\ORLG

�1REOH HW DO� ������

$QJJRWD GDUL FDFLQJ GHQJDQ WHOXU

MHQLV 6WURQJ\ORLG WHUVHEXW LQL FXNXS

EDQ\DN� &DFLQJ +DHPRQFKXV

VS�&RRSHULD VS�7ULFKRVWURQJ\OXV VS GDQ

2VWHUWDJLD RVWHUWDJL PHUXSDNDQ FRQWRK

GDUL MHQLV FDFLQJ WHUVHEXW GHQJDQ GDQ

GDSDW PHQ\HEDENDQ SURGXNWLYLWDV WHUQDN

PHQXUXQ VHKLQJJD PHUXJLNDQ VHFDUD

HNRQRPL �6RXOVE\�������

5DWD�UDWD SUHYDOHQVL WHUQDN \DQJ

WHUVHUDQJ LQIHNVL 6WURQJ\ORLG FXNXS EHVDU

\DLWX VHEHVDU ����� SHUVHQ ��� GDUL ���

HNRU�� 6LNOXV KLGXS FDFLQJ MHQLV LQL \DQJ

ODQJVXQJ GDQ WLGDN PHPHUOXNDQ LQDQJ

DQWDUD PHPSHUPXGDK NHEHUODQJVXQJDQ

SDUDVLW WHUVHEXW GL DODP� 6HWHODK WHOXU

FDFLQJ GLNHOXDUNDQ GDUL UHNWXP EHUVDPD

GHQJDQ IHVHV PDND WHOXU DNDQ

EHUNHPEDQJ PHQMDGL ODUYD GL OLQJNXQJDQ�

6HWHODK PHQFDSDL VWDGLXP ODUYD LQIHNWLI�

DSDELOD ODUYD WHUVHEXW WHUPDNDQ NDUHQD

PHQHPSHO GL UXPSXW PDND ODUYD LQIHNWLI

DNDQ PHQHWDV GL VDOXUDQ FHUQD GDQ

EHUNHPEDQJ PHQMDGL FDFLQJ GHZDVD GL

GDODP WXEXK WHUQDN VDSL�

3UHYDOHQVL WHUQDN \DQJ WHUVHUDQJ

LQIHNVL )DVFLROD VS KDQ\D ����� SHUVHQ�

OHELK NHFLO GDULSDGD 6WURQJ\ORLG� +DO LQL

NHPXQJNLQDQ EHVDU NDUHQD VLNOXV KLGXS

FDFLQJ )DVFLROD VS OHELK UXPLW GDULSDGD

6WURQJ\ORLG� &DFLQJ )DVFLROD VS

PHPHUOXNDQ LQDQJ DQWDUD EHUXSD VLSXW�

7HOXU FDFLQJ WHUVHEXW NHOXDU EHUVDPD

IHVHV GDQ GDUL WHOXU \DQJ PHQHWDV NHOXDU

PLUDVLGLXP \DQJ DNDQ PDVXN NH GDODP

WXEXK VLSXW�0LUDVLGLXP GL GDODP WXEXK

VLSXW EHUNHPEDQJ PHQMDGL VSRURNLVWD�

VSRURNLVWD DNDQ PHQJKDVLONDQ UHGLD GDQ

UHGLD DNDQ EHUNHPEDQJ GDQ PHQJKDVLONDQ

VHUNDULD� 6HUNDULD DNDQ NHOXDU GDUL VLSXW

GDQ PHUXSDNDQ IDVH LQIHNWLI� $SDELOD

WLGDN VHJHUD WHUPDNDQ ROHK VDSL� PDND

VHUNDULD DNDQ PHQJNLVWD GDQ PHQHPSHO

SDGD UXPSXW�WDQDPDQ DLU� ,QIHNVL WHUMDGL

SDGD ZDNWX WHUQDN PLQXP DLU \DQJ

PHQJDQGXQJ PHWDVHUNDULD DWDX PHPDNDQ

UXPSXW�WDQDPDQ DLU \DQJ PHQJDQGXQJ

PHWDVHUNDULD �.XVXPDPLKDUGMD� ������

7DEHO �� 3UHYDOHQVL ��� GDQ UDWDDQ MXPODK WHOXU FDFLQJ SDGD VDSL SHUDK

-HQLV 7HOXU

�.HODV�

-XPODK

6DPSHO �Q�

�HNRU�

8ODQJDQ

-XPODK 6DSL

\DQJ

7HULQIHNVL

�HNRU�

3UHYDOHQVL

���

5DWDDQ -XPODK

7HOXU &DFLQJ

�EXWLU�JU IHVHV�

WURQJ\ORLG

�1HPDWRGD�
���

� �� ����� ����

� �� ����� ����

� �� ����� ����

5DWDDQ �� ����� ����

)DVFLROD VS

�7UHPDWRGD�
���

� �� ����� �

� �� ����� ����

� �� ����� �

5DWDDQ �� ����� ����

 'DWD GLRODK

3UHYDOHQVL WHUQDN \DQJ WHUVHUDQJ

)DVFLROD VS SDGD SHQHOLWLDQ LQL OHELK

UHQGDK GDUL SUHYDOHQVL LQIHNVL FDFLQJ

WHUVHEXW SDGD WHUQDN VDSL SRWRQJ \DQJ

GLVHPEHOLK GL 53+ 6DPDULQGD \DQJ

PHQFDSDL ������ �-XVPDOGL GDQ 6DSXWUD�

������ 3XUZDQWD HW DO ������� MXJD

PHODSRUNDQ SUHYDOHQVL )DVFLROD VS FXNXS

WLQJJL \DLWX PHQFDSDL ������ ��� GDUL ��

HNRU� SDGD VDSL %DOL� 'HPLNLDQ MXJD
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PHQXUXW 0ROOR\ HW DO ������� SUHYDOHQVL

WHUQDN \DQJ WHUVHUDQJ )DVFLROD VS SDGD

VDSL SRWRQJ GL $XVWUDOLD PHQFDSDL ������

3HUEHGDDQ WHUVHEXW ELVD GLVHEDENDQ

NDUHQD DGDQ\D SHUEHGDDQ NHNHEDODQ

WHUKDGDS LQIHNVL FDFLQJ WHUVHEXW� DGDQ\D

NHELDVDDQ VDSL SRWRQJ GLJHPEDODNDQ GDQ

DGDQ\D SHUEHGDDQ EDQJVD DWDX MHQLV

WHUQDN �7DVDZDU HW DO� ������ 6HODLQ LWX

GDHUDK GDWDUDQ UHQGDK GHQJDQ EDQ\DN

ZLOD\DK \DQJ VHULQJ WHUJHQDQJ DLU GDQ

GLWHPXNDQ VLSXW \DQJ PHUXSDNDQ VHEDJDL

LQDQJ DQWDUD )DVFLROD VS PHPEHUL

SHOXDQJ \DQJ OHELK EHVDU XQWXN WHUMDGLQ\D

LQIHNVL FDFLQJ WHUVHEXW� )DNWRU ODLQ SDGD

NHELDVDDQ SHWHUQDN \DQJ PHPEHULNDQ

UXPSXW \DQJ PDVLK EDVDK GL SDJL KDUL

WDQSD GLOD\XNDQ WHUOHELK GDKXOX

PHPSHUWLQJJL NHPXQJNLQDQ WHUMDGLQ\D

LQIHNVL FDFLQJ�

'HUDMDW LQIHNVL DWDX UDWDDQ MXPODK

WHOXU FDFLQJ SHU JUDP IHVHV WHUPDVXN

UHQGDK� 5DWDDQ MXPODK WHOXU FDFLQJ SHU

JUDP WLQMD XQWXN FDFLQJ 6WURQJ\ORLG

KDQ\D ���� SHU HNRU WHUQDN� +DO LQL

NDUHQD .RSHUDVL �.8%(� 0DMX 0DSDQ

.HFDPDWDQ -DEXQJ .DEXSDWHQ 0DODQJ

UXWLQ PHPEHULNDQ REDW FDFLQJ VHWLDS ���

EXODQ VHNDOL GHQJDQ MHQLV REDW FDFLQJ

�DQWHOPLQWLN� \DQJ PHQJDQGXQJ SLSHUD]LQ�

3LSHUD]LQ PHUXSDNDQ REDW \DQJ HIHNWLI

XQWXN FDFLQJ 1HPDWRGD WHUPDVXN

NHORPSRN 6WURQJ\ORLG� 3LSHUD]LQ

PHQ\HEDENDQ NHOXPSXKDQ RWRW FDFLQJ

VHKLQJJD FDFLQJ PXGDK GLNHOXDUNDQ ROHK

JHUDNDQ SHULVWDOWLN XVXV �%M¡UQ� ������

:DODXSXQ XSD\D .RSHUDVL

WHUVHEXW VXGDK HIHNWLI GDODP PHQXUXQNDQ

GHUDMDW LQIHNVL FDFLQJ� QDPXQ GDODP

SHPDNDLDQ DQWHOPLQWLN VHEDLNQ\D WLGDN

WHUXV PHQHUXV PHQJJXQDNDQ MHQLV REDW

\DQJ VDPD NDUHQD DNDQ PHUDQJVDQJ

WHUMDGLQ\D UHVLVWHQVL� 0HQXUXW %M¡UQ

������ GDQ 5LGZDQ HW DO �������

IUHNXHQVL SHPEHULDQ DQWHOPLQWLN GHQJDQ

MHQLV \DQJ VDPD GDODP MDQJND ODPD GDSDW

PHQ\HEDENDQ WHUMDGLQ\D UHVLVWHQVL FDFLQJ

WHUKDGDS DQWHOPLQWLN WHUVHEXW� 'HPLNLDQ

MXJD KDVLO SHQHOLWLDQ =DOL]DU ������ GDQ

=DOL]DU GDQ 6DWULMD ������� SDGD WHUQDN

ODLQ �D\DP SHWHOXU� PHPSHUOLKDWNDQ

EDKZD HILNDVL SLSHUD]LQ GDQ DOEHQGD]ROH

KDQ\D PHQFDSDL �� SHUVHQ �WLGDN HIHNWLI�

GDQ �� SHUVHQ �NXUDQJ HIHNWLI�� 7LGDN

WHUWXWXS NHPXQJNLQDQ EDKZD VXDWX VDDW

SDGD VDSL SHUDK GL ,QGRQHVLD MXJD GDSDW

WHUMDGL UHVLVWHQVL FDFLQJ WHUKDGDS

DQWHOPLQWLN \DQJ GLEHULNDQ� PHQJLQJDW

SROD SHPEHULDQ REDW GHQJDQ MHQLV \DQJ

VDPD GDODP MDQJND ODPD� 2OHK NDUHQD LWX

GLSHUOXNDQ PHWRGH ODLQ GDODP XSD\D

SHQJHQGDOLDQ SHQ\DNLW NHFDFLQJDQ SDGD

WHUQDN VHODLQ DQWHOPLQWLN�

0HQXUXW GD 6LOYD HW DO �������

XQWXN PHQDQJXODQJL LQIHNVL FDFLQJ SDGD

WHUQDN \DQJ GLJHPEDODNDQ VHEDLNQ\D

GLODNXNDQ URWDVL SDGDQJ SHQJJHPEDODDQ

GDQ SHPEHULDQ VXSOHPHQWDVL QXWULVL�

3HWHUQDNDQ VDSL SHUDK GL ,QGRQHVLD

XPXPQ\D GLNDQGDQJNDQ WLGDN

GLJHPEDODNDQ� XSD\D SHQFHJDKDQ

SHQ\DNLW FDFLQJ GDSDW GLODNXNDQ GHQJDQ

PHPEHULNDQ UXPSXW \DQJ GLSRWRQJ SDGD

VLDQJ KDUL� NDUHQD DSDELOD GLSRWRQJ SDGD

SDJL KDUL ODUYD FDFLQJ PDVLK EHUDGD GL

EDJLDQ DWDV �SXFXN� UXPSXW VHKLQJJD

SDGD ZDNWX UXPSXW GLVDELW ODUYD WHUVHEXW

GDSDW WHUEDZD NH NDQGDQJ GDQ WHUPDNDQ

ROHK VDSL�6HODLQ LWX PHQMDJD VDQLWDVL

NDQGDQJ DJDU VHODOX GDODP NHDGDDQ

EHUVLK GLKDUDSNDQ GDSDW PHQJXUDQJL

LQIHNVL FDFLQJ�

0HQXUXW 9HUFUX\VVH HW DO� �������

SHQJJXQDDQ DQWHOPLQWLN VHEDLNQ\D

PHQJJXQDNDQ REDW \DQJ PHPSXQ\DL

HILNDVL �� SHUVHQ DWDX OHELK� 3HPDNDLDQ

DQWHOPLQWLN \DQJ PHPSXQ\DL HILNDVL \DQJ

UHQGDK GDSDW PHPLFX WHUMDGLQ\D

UHVLVWHQVL�$GDQ\D NHPXQJNLQDQ WHODK

WHUMDGL UHVLVWHQVL WHUVHEXW VDQJDW

PHUXJLNDQ SHWHUQDN NDUHQD EHUDUWL REDW

\DQJ GLEHULNDQ NXUDQJ HIHNWLI ODJL GDODP

PHQJHQGDOLNDQ SHQ\DNLW VHKLQJJD

SURGXNWLYLWDV WHUQDN WHWDS UHQGDK GDQ

LQFRPHQ\D PHQXUXQ�
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7DEHO �� 3UHYDOHQVL LQIHNVL WHOXU FDFLQJ WXQJJDO GDQ FDPSXUDQ

,QIHNVL 7XQJJDO � &DPSXUDQ
6DPSOH 6DSL �Q�

�HNRU�

5DWDDQ 6DSL

7HULQIHNVL �HNRU�

3UHYDOHQVL

���

7XQJJDO �6WURQJ\ORLG DWDX

)DVFLROD VDMD� �� �����

&DPSXUDQ �6WURQJ\ORLG �

)DVFLROD� Q ��� � ����

7LGDN 7HULQIHNVL �� �����

-XPODK ��� ���

$QWHOPLQWLN SLSHUD]LQ WLGDN

HIHNWLI XQWXN FDFLQJ 7UHPDWRGD VHSHUWL

)DVFLROD VS� .RSHUDVL .8%( 0DMX

0DSDQ PHPEHULNDQ DQWHOPLQWLN

SLSHUD]LQ VHKLQJJD WLGDN GDSDW

PHPEXQXK FDFLQJ )DVFLROD VS� 1DPXQ

SUHYDOHQVL GDQ GHUDMDW LQIHNVL FDFLQJ

WHUVHEXW OHELK UHQGDK GDUL FDFLQJ MHQLV

6WURQ\ORLG� +DO LQL WHUXWDPD DNLEDW

XQWXN PHOHQJNDSL VLNOXV KLGXSQ\D�

FDFLQJ )DVFLROD PHPHUOXNDQ LQDQJ

DQWDUD EHUXSD VLSXW� 6HGDQJNDQ VLSXW

WHUVHEXW XPXPQ\D KDQ\D GLWHPXNDQ

GLWHPXNDQ GL ODKDQ \DQJ DGD DLUQ\D

PLVDOQ\D GL VDZDK DWDX GL SDGDQJ

UXPSXW GHNDW VXQJDL�NDOL \DQJ VHULQJ

EDQMLU� :LOD\DK .DEXSDWHQ 0DODQJ

GHQJDQ GDWDUDQ WLQJJL GDQ WHPSDW

PHQDQDP UXPSXW \DQJ XPXPQ\D MDXK

GDUL VHORNDQ�VXQJDL PHQJXUDQJL SHOXDQJ

PLUDVLGLXP XQWXN EHUWHPX GHQJDQ VLSXW�

+DO WHUVHEXW PHQ\HEDENDQ LQIHNVL

)DVFLRORVLV GL .DEXSDWHQ 0DODQJ OHELK

VHGLNLW GDULSDGD 6WURQJ\ORLGRVLV� 3DGD

7DEHO �� WHUOLKDW EDKZD MXPODK WHUQDN

\DQJ WHULQIHNVL GHQJDQ WHOXU FDFLQJ

WXQJJDO �6WURQJ\ORLG DWDX )DVFLROD VDMD�

OHELK EDQ\DN GDULSDGD LQIHNVL FDPSXUDQ�

+DO LWX PHQXQMXNNDQ EDKZD LQIHNVL

FDPSXUDQ DQWDUD FDFLQJ MHQLV

6WURQJ\ORLG GDQ )DVFLROD VS OHELK VXOLW

WHUMDGL� NHPXQJNLQDQ EHVDU DNLEDW VLNOXV

KLGXS )DVFLROD VS \DQJ OHELK NRPSOHNV�

.(6,038/$1

3HWHUQDNDQ VDSL SHUDK DQJJRWD

.RSHUDVL �.8%(� 0DMX 0DSDQ GL

.HFDPDWDQ -DEXQJ .DEXSDWHQ 0DODQJ

WHULQIHNVL FDFLQJ MHQLV 6WURQJ\ORLG GDQ

)DVFLROD VS GHQJDQ SUHYDOHQVL GDQ

GHUDMDW LQIHNVL \DQJ ULQJDQ� 8SD\D

SHQJREDWDQ \DQJ UXWLQ GLEHULNDQ ROHK

.RSHUDVL WHODK PDPSX PHQXUXQNDQ

SUHYDOHQVL WHUQDN \DQJ WHUVHUDQJ GDQ

GHUDMDW LQIHNVL FDFLQJ�

'LKDUDSNDQ WLGDN PHQJJXQDNDQ

MHQLV REDW FDFLQJ \DQJ VDPD WHUXV

PHQHUXV GDODP MDQJND \DQJ ODPD XQWXN

PHQFHJDK WHUMDGLQ\D UHVLVWHQVL�

8&$3$1 7(5,0$ .$6,+

7HULPD NDVLK \DQJ VHEHVDU�

EHVDUQ\D GLVDPSDLNDQ NHSDGD

8QLYHUVLWDV 0XKDPPDGL\DK 0DODQJ

DWDV GDQD NRPSHWLWLI %ORFNJUDQW

3HQHOLWLDQ \DQJ GLEHULNDQ XQWXN

PHPELD\DL SHQHOLWLDQ LQL�

'$)7$5 3867$.$

'D 6LOYD� %� -��&3 5DQJHO� $+ GD

)RQVHFD DQG -3* 6RDUHV������

*DVWURLQWHVWLQDO +HOPLQWKV LQ

&DOYHV DQG &RZV LQ 2UJDQLF

0LON 3URGXFWLRQ 6\VWHP�

5HY�%UDV� 3DUDVLWRO�9HW��

-DERWLFDEDO�9RO � ���������

(UZLQ 1�� .DPDO 0� GDQ 5XVGLDQD

$������� ,GHQWLWDV -HQLV 7HOXU

&DFLQJ 3DUDVLW 8VXV 3DGD

7HUQDN 6DSL �%RV VS�� GDQ
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.HUEDX �%XVEDOXV VS�� GL 5XPDK

3RWRQJ +HZDQ 3DOHPEDQJ�

-XUQDO 3HQHOLWLDQ� 8QLYHUVLWDV

6ULZLMD\D� 6XPDWUD 8WDUD� +DO

�����

-XVPDOGL GDQ 6DSXWUD� <� �����

3UHYDOHQVL ,QIHNVL &DFLQJ +DWL

�)DVFLROD KHSDWLFD� SDGD 6DSL

3RWRQJ GL 5XPDK 3RWRQJ +HZDQ

6DPDULQGD� -XUXVDQ %LRORJL

)0,3$ 8QLYHUVLWDV

0XODZDUPDQ� %LRSURVSHN� 9RO�

� ���� �����

.XVXPDPLKDUGMD 6������ 3DUDVLW GDQ

3DUDVLWRVLV SDGD +HZDQ 7HUQDN

GDQ +HZDQ 3LDUDDQ GL

,QGRQHVLD� %RJRU� 3XVDW $QWDU

8QLYHUVLWDV %LRWHNQRORJL ,QVWLWXW

3HUWDQLDQ %RJRU�

0ROOR\� -� %��*�5� $QGHUVRQ� 7�,�

)OHWKHU� -� /DQGPDQQ DQG

%�&�.QLJKW� ����� (YDOXDWLRQ RI

D FRPPHUFLDOO\ DYDLODEOH

HQ]\P�OLQNHG LPPXQRVRUEHQW

DVVD\ IRU GHWHFWLQJ DQWLERGLHV WR

)DVFLROD KHSDWLFD DQG )DVFLROD

JRJDQWLFD LQ FDWWOH� VKHHS DQG

EXIIDORHV LQ $XVWUDOLD�

9HW�3DUDVLWRO�� �����������

1REOH (5�� *$ 1REOH�� *$ 6FKDG� $-

0DF,QQHV� ����� 3DUDVLWRORJ\�

7KH %LRORJ\ RI $QLPDO 3DUDVLWHV�

�WK(GLWLRQ�3KLODGHOSKLD� /HD 	

)HELJHU����SS�

3XUZDQWD�,VPD\D 153 GDQ

%XUKDQ������ 3HQ\DNLW &DFLQJ

+DWL �)DVFLRORVLV� SDGD 6DSL %DOL

GL 3HUXVDKDDQ 'DHUDK 5XPDK

3RWRQJ +HZDQ �53+� .RWD

0DNDVDU� -XUQDO $JULVLVWHP 9RO

� ���� �����

5LGZDQ <�� 6DWULMD )� 1RYLDQWL (�

5HWQDQL (%� 7LXULD 5� �����

5HVLVWHQVL +DHPRQFKXV

FRQWRUWXV WHUKDGDS $OEHQGD]RO

SDGD 3HWHUQDNDQ 'RPED GL

%RJRU� 3URVLGLQJ ,QWHUQDWLRQDO

6HPLQDU RI 6RLO 7UDQVPLWWHG

+HOPLQWK GDQ 6HPLQDU 1DVLRQDO

3HUNXPSXODQ 3HPEHUDQWDVDQ

3HQ\DNLW 3DUDVLWLN ,QGRQHVLD�

%DOL ����� )HEUXDUL �����

5RQRKDUGMR 3� 1DUL -� ����� %HEHUDSD

0DVDODK 3HQ\DNLW 8QJJDV GL

,QGRQHVLD� 'L GDODP� ,OPX GDQ

,QGXVWUL 3HUXQJJDVDQ� 6HPLQDU

3HUWDPD� ����� 0HL �����

&LVDUXD� %RJRU� ,QGRQHVLD� 3XVDW

3HQHOLWLDQ GDQ 3HQJHPEDQJDQ

3HWHUQDNDQ� KOP �����

6DWULMD )� 5LGZDQ <� 5HWQDQL (%� �����

3HUEDQGLQJDQ (ILNDVL %HUEDJDL

%HQWXN 6HGLDDQ 2EDW &DFLQJ

$OEHQGD]RO WHUKDGDS &DFLQJ

+DHPRQFKXV &RQWRUWXV GDQ

7ULFKRVWURQJ\OXV VSS SDGD

'RPED� 0DNDODK 6HPLQDU

6WUDWHJL 3HPDQIDDWDQ

$QWHOPLQWLN XQWXN 3HQJHQGDOLDQ

.HFDFLQJDQ SDGD 7HUQDN� ��

)HEUXDUL ����� %RJRU�

6RXOVE\� (-/� ����� +HOPLQWKV�

$UWKURSRGV DQG 3URWR]RD RI

'RPHVWLFDWHG $QLPDOV� �WK (G�

3KLODGHOSLD� /HD DQG )HELJHU�

7DQWUL 1�7UL 5LPD 6 GDQ 6LWL .KRWLPDK�

����� 3UHYDOHQVL GDQ ,QWHQVLWDV

7HOXU &DFLQJ 3DUDVLW 3DGD )HVHV

6DSL �%RV VS� GL 5XPDK 3RWRQJ

+HZDQ �53+� NRWD 3RQWLDQDN

NDOLPDQWDQ %DUDW� -XUQDO

3URWRELRQW 9RO � ���� �������

7DVDZDU =�� 8� 0LQLU� &�6� +D\DW DQG

0�+� /DVKDUL� ����� 7KH

3UHYDOHQFH RI )DVFLROD KHSDWLFD

LQ *RDWV $URXQG 0XOWDQ�

3DNLVWDQ 9HW� -������� ���

9HUFUX\VVH -� +ROGVZRUWK 3� /HWRQMD 7�

&RQGHU *� +DPDPRWR .� 2NDQR

.� 5HKEHLQ� ����� ,QWHUQDWLRQDO

+DUPRQLVDWLRQ RI $QWKHOPLQWLF

(IILFDF\ JXLGHOLQH �3DUW���

9HWHULQDU\ 3DUDVLWRORJ\ ����

�������

=DOL]DU /� )DGMDU 6DWULMD� ����� 'DPSDN

SHUEHGDDQ 'RVLV ,QIHNVL
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$VFDULGLD JDOOL GDQ

3HPEHULDQ 3LSHUD]LQH WHUKDGDS

-XPODK &DFLQJ GDQ %HUDW %DGDQ

$\DP 3HWHOXU� $QLPDO

3URGXFWLRQ� -XUQDO 3URGXNVL

7HUQDN �WHUDNUHGLWDVL� ����������

���

=DOL]DU� /� ����� 'DPSDN 3HUEHGDDQ

'RVLV ,QIHNVL $VFDULGLD JDOOL

'DQ 3HPEHULDQ $OEHQGD]RO

WHUKDGDS -XPODK &DFLQJ 'DQ

%RERW +LGXS $\DP 3HWHOXU�

-XUQDO 6DLQWHN �����������,661

1R ���������


