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,QWHUQHW�2I�7KLQJV

,QGUD�:LMD\D���5DGLW\D�6HWLDZDQ���0XKDPPDG�,TEDO�'DQLVZDUD���0RKWDU�<XQLDQWR�
�8QLYHUVLWDV�6HEHODV�0DUHW

&RUUHVSRQGLQJ�DXWKRU��LQGUD��MD\D#JPDLO�FRP

$EVWUDN� 0L�PHUXSDNDQ� VDODK� VDWX�PDNDQDQ� \DQJ� GLVXNDL� ROHK�PDV\DUDNDW� ,QGRQHVLD��
3RWHQVL� EDKD\D� PL� GDSDW� WHUMDGL� NHWLND� DGDQ\D� SHQ\HOHZHQJDQ� VHSHUWL� SHQJJXQDDQ�
IRUPDOLQ�GDODP�SHJDZHWDQQ\D��)RUPDOLQ�\DQJ�PHUXSDNDQ�VHQ\DZD�WHUVXVXQ�DWDV�NDUERQ��
KLGURJHQ�� GDQ� RNVLJHQ� GHQJDQ� UXPXV� &+�2� PHPLONL� HIHN� PHQ\HEDENDQ� LULWDVL�
WHQJJRURNDQ��KLGXQJ��PDWD��NXOLW�GDQ�DVPD�KLQJJD�NDQNHU�SDGD�VDOXUDQ�SHUQDIDVDQ�GDQ�
SHQFHUQDDQ�ELODWHUPLQXP�GDODP�NRQVHQWUDVL�WLQJJL��'HWHNWRU� IRUPDOLQ�SDGD�PL�EHUEDVLV�
ILEHU�RSWLN�GDQ� LQWHUQHW�RI� WKLQJV PHQMDGL� VDODK�VDWX�DODW�GDODP�SHQGHWHNVLDQ� IRUPDOLQ��
'HWHNWRU�LQL EHUSULQVLS�SDGD�SHQJJXQDDQ�ILEHU�RSWLN�GDODP�SHQGHWHNVLDQ�IRUPDOLQ�SDGD�
VDPSHO��+DVLO�NRQVHQWUDVL�\DQJ�GLSHUROHK�DNDQ�GLWDPSLONDQ�SDGD�2/('�VHUWD�GLNLUPNDQ�
PHQXMX�VPDUWKSKRQH PHODOXL�EDQWXDQ�VLVWHP� LQWHUQHW�RI� WKLQJV��+DVLO�GHVDLQ���GLPHQVL�
GDUL�DODW�GDSDW�GLEXDW�GDQ�EHJLWX�SXOD�SURVHV�SHQJJXQDDQ�DODW�WHUVHEXW�

���3HQGDKXOXDQ�
0L�PHQMDGL� VDODK� VDWX� PDNDQDQ� \DQJ� GLVXNDL� ROHK�PDV\DUDNDW� ,QGRQHVLD�� ,WX� GLGXNXQJ�

ROHK�GDWD�$VRVLDVL�0L�,QVWDQ�'XQLD��:RUOG�,QVWDQW�1RRGOH�$VVRFLDWLRQ��\DQJ�PHQHUDQJNDQ�EDKZD�
,QGRQHVLD�PHQHPSDWL�XUXWDQ�NHGXD�XQWXN�NDWHJRUL�QHJDUD�GHQJDQ�NRQVXPVL�PL�LQVWDQ�WHUEDQ\DN�GL�
GXQLD� GL� DQWDUD� QHJDUD� ± QHJDUD� \DQJ� PHQMDGL� DQJJRWD� DVRVLDVL� WHUVHEXW� GHQJDQ� DQJND� VHEHVDU�
������� MXWD� VDMLDQ�PL� >�@� $QJND� \DQJ� WLQJJL� LWX� DNDQ�PHQMDGL� EHQFDQD� NHWLND� DGD� EDKD\D� \DQJ�
GLVHQJDMD� GLDGDNDQ� XQWXN� PL�� $UWLQ\D�� DGD� SRWHQVL� EDKD\D� \DQJ� WLQJJL� GL� EDOLN� DQJND� WHUVHEXW�
ZDODXSXQ�PL� \DQJ�GLVHEXWNDQ� DGDODK�PL� LQVWDQ�� 6DODK� VDWX� SRWHQVL� EDKD\D� SDGD�PL� \DQJ� VHULQJ�
GLEHULWDNDQ�DGDODK� DGDQ\D� WDPEDKDQ� IRUPDOLQ�SDGD�PL��2OHK�NDUHQD� LWX�� WLQGDNDQ�XQWXN� ODQJNDK�
SUHYHQWLI� SHUOX� GLODNXNDQ��'HWHNWRU� IRUPDOLQ� SDGD�PL� EHUEDVLV� ILEHU� RSWLN� GDQ� LQWHUQHW� RI� WKLQJV�
PHQMDGL� DOWHUQDWLI� XQWXN� ODQJNDK� SUHYHQWLI� WHUVHEXW�� 7HQWX�� GHWHNWRU� LWX� GLOHQJNDSL� GHQJDQ�
NHOHELKDQ�\DQJ�PHPEXDWQ\D�XQJJXO�NHWLPEDQJ�GHWHNWRU�IRUPDOLQ�\DQJ�VXGDK�DGD�

6DODK�VDWX�SURGXN�VHUXSD�\DQJ�DGD�VDDW� LQL�DGDODK�GHWHNWRU�IRUPDOLQ�EHUEDVLV� LQVWUXPHQW�
HOHFWURQLF�QRVH >�@��1DPXQ��NHNXUDQJDQ�\DQJ�DGD�SDGDQ\D�DGDODK�DGDQ\D�NHPXQJNLQDQ�QRLVH DWDX�
JDQJJXDQ�\DQJ�WHUMDGL�DNLEDW�LQWHUIHUHQVL�HOHNWURPDJQHWLN�SDGD�VHQVRU�\DQJ�GLJXQDNDQ��6HODLQ�LWX��
GHWHNWRU� LWX� SXQ� WLGDN� VSHVLILN� GLJXQDNDQ� XQWXN� DQDOLVLV� NXDQWLWDWLI� IRUPDOLQ� SDGD� PL�� %HUEHGD�
GHQJDQ� VHQVRU� \DQJ� GLJXQDNDQ� GDODP� GHWHNWRU� SDGD� SDSHU� LQL�� LD� PHQJJXQDNDQ� ILEHU� RSWLN� GDQ�
EHUIRNXV�SDGD�SHQGHWHNVLDQ�IRUPDOLQ�SDGD�PL��$ODVDQ�GDUL�SHQJJXQDDQ�VHQVRU�GHQJDQ�EDKDQ�ILEHU�
RSWLN�DGDODK�NDUHQD� ILEHU�RSWLN� WLGDN�GLSHQJDUXKL�ROHK� LQWHUIHUHQVL�HOHNWURPDJQHWLN� >�@� 'HWHNWRU�
LQL�MXJD�DNDQ�GLOHQJNDSL�GHQJDQ�VLVWHP� LQWHUQHW�RI� WKLQJV�VHKLQJJD�WHUGDSDW�PRGXO�WUDQVPLVL�GDWD�
KDVLO�DQDOLVLV�NXDOLWDWLI�GDQ�NXDQWLWDWLI�IRUPDOLQ�NH�DSOLNDVL�VPDUWSKRQH DJDU�GDWD�WHUVHEXW�WHUFDWDW�
VHFDUD�GLJLWDO�GDQ�WHUVLPSDQ�GL�GDODP�VPDUWSKRQH�

���0HWRGH�3HODNVDQDDQ
���� 0HWRGH�

3DGD� WDKDS� DZDO� SHODNVDQDDQ� GLODNXNDQ� GHQJDQ�PHQGHILQLVLNDQ� NHUDQJND� NHUMD� GDUL� VHEXDK�
VLVWHP��PHQHQWXNDQ�EDJLDQ�EDJLDQ� DODW� GHWHNWRU��PHPEXDW�GHVDLQ���GLPHQVL�GDUL� EDJLDQ�EDJLDQ� DODW��
VHUWD�PHODNXNDQ�SHQJJDEXQJDQ�GHVDLQ��'HVDLQ���GLPHQVL� DODW�GLEXDW�GHQJDQ�PHQJJXQDNDQ� VRIWZDUH
EOHQGHU���������
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�����0HNDQLVPH�6LVWHP�.HUMD�$ODW
$ODW�PXODL�EHNHUMD�GHQJDQ�PHQHPEDNNDQ�VLQDU�ODVHU�NH�ILEHU�RSWLN��6HWHODK�LWX��LQWHQVLWDV�VLQDU�

ODVHU�\DQJ�PHODOXL�VDPSHO�PL�EHUIRUPDOLQ�DNDQ�PHQJDODPL�SHQXUXQDQ�VHGDQJNDQ�LQWHQVLWDV�VLQDU�ODVHU�
\DQJ� WLGDN� PHODOXL VDPSHO� PL� EHUIRUPDOLQ� WLGDN� DNDQ� PHQJDODPL� SHQXUXQDQ�� .HPXGLDQ�� SKRWRFHOO�
DNDQ�PHQGHWHNVL�VLQDU�ODVHU�\DQJ�WHODK�PHOHZDWL�NHGXD�WLSH�VDPSHO��.DUHQD�SKRWRFHOO�WHUSDVDQJ�SDGD�
DUGXLQR��DUGXLQR�DNDQ�PHODNXNDQ�DQDOLVLV�GDWD�EHUGDVDUNDQ�PDVXNDQ�GDUL�SKRWRFHOO�\DQJ�EHUXSD�VLQDU�
ODVHU��7HUDNKLU��KDVLO�DQDOLVLV�GDWD�DNDQ�GLWDPSLONDQ�GL�,�&�/&'��7DN�KDQ\D�LWX��KDVLO�DQDOLVLV�GDWD�LWX�
DNDQ�GLNLULPNDQ�NH�DSOLNDVL�VPDUWSKRQH�DJDU�GDWD�GDSDW�WHUVLPSDQ

0XODL

$UGXLQR PHQJDQDOLVLV
GDWD

+DVLO DQDOLVLV GDWD GLWDPSLONDQ
GL ,�& /&' GDQ GLNLULPNDQ NH
DSOLNDVL SDGD VPDUWSKRQH

6HOHVDL

6LQDU ODVHU GHQJDQ LQWHQVLWDV
WHUWHQWX GLWHULPD ROHK ILEHU RSWLN

,QWHQVLWDV VLQDU ODVHU \DQJ PHODOXL
VDPSHO PL EHUIRUPDOLQ PHQJDODPL

SHQXUXQDQ

,QWHQVLWDV VLQDU ODVHU \DQJ WLGDN PHODOXL
VDPSHO PL EHUIRUPDOLQ WLGDN PHQJDODPL

SHQXUXQDQ

3KRWRFHOO PHQGHWHNVL
VLQDU GDWDQJ

*DPEDU��� )ORZFKDUW PHNDQLVPH�NHUMD DODW

���+DVLO�GDQ�'LVNXVL�
0L� GDSDW� GLDUWLNDQ� VHEDJDL� KHODL� DGRQDQ� WLSLV� SDQMDQJ� GDUL� NRPELQDVL� WHOXU�� WHSXQJ�� GDQ� DLU�

\DQJ�GLPDVDN�>�@�3URGXN�LQL�PHQMDGL�PDNDQDQ�SRNRN�GL�EHUEDJDL�QHJDUD�$VLD�>�@��0HQXUXW�SHQHOLWLDQ�
>�@������J�PL�NHULQJ�GL�SDVDUDQ�PHPSXQ\DL�NRPSRVLVL������J�SURWHLQ�������J�NDUERKLGUDW������J�OHPDN��
����PJ�NDOLXP��������PJ��QDWULXP�������ȝJ�VHOHQLXP��GDQ�VHGLNLW�NDQGXQJDQ�ODLQ��'DODP�SHQJDZHWDQ�
SURGXN� LQL� EHEHUDSD� RNQXP� PHQJJXQDNDQ� IRUPDOLQ� VHEDJDL� EDKDQ� GDVDUQ\D�� )RUPDOLQ� VHQGLUL�
PHUXSDNDQ� FDLUDQ� GHQJDQ�NDQGXQJDQ� ������� IRUPDOGHKLG� \DQJ� WHUODUXW� GDODP�DLU� >�@�� )RUPDOGHKLG�
PHUXSDNDQ�VHQ\DZD�VHGHUKDQD�\DQJ�WHUVXVXQ�GDUL�DWRP�NDUERQ��KLGURJHQ�GDQ�RNVLJHQ�GHQJDQ�UXPXV�
PROHNXO�&+�2�EHUXSD�JDV�WLGDN�EHUZDUQD�\DQJ�EHUEDX�PHQ\HQJDW�SDGD�VXKX�UXDQJ�>�@��.HJXQDDQ�GDUL�
IRUPDOLQ� DQWDUD� ODLQ� VHEDJDL� EDKDQ� SHQJDZHW�� GHVLQIHNWDQ�� NRVPHWLN�� GDQ� SURVHV� LQGXVWUL� NHUWDV >�@��
)RUPDOLQ� GDSDW� PHQ\HEDENDQ� NDQNHU� SDGD� VDOXUDQ� SHUQDSDVDQ� GDQ� VDOXUDQ� SHQFHUQDDQ� DSDELOD�
WHUPLQXP� GDODP� NRQVHQWUDVL� WLQJJL >�@�� (IHN� ODLQ� GDUL� IRUPDOLQ� EHUXSD� LULWDVL� WHQJJRURNDQ�� KLGXQJ��
PDWD��NXOLW�GDQ�DVPD�ELOD�WHUKLUXS��)RUPDOGHKLG�SDGD�IRUPDOLQ�\DQJ�WHUVHUDS�WXEXK�GLXEDK�ROHK�HQ]LP�
SDGD�HULWURVLW�PHQMDGL� IRUPDW�\DQJ�PHQ\HEDENDQ� LNDWDQ�VLODQJ�DQWDUD�DVDP�QXNOHDW�GDQ�DVDP�DPLQR�
\DQJ�EHUVLIDW�PHPDWLNDQ� VHO� >��@� 3HQGHWHNVLDQ� IRUPDOLQ� LQL�GDSDUW� GLODNXNDQ� GHQJDQ�PHQJJXQDNDQ�
ILEHU�RSWLN�

)LEHU�RSWLN�PHUXSDNDQ�VHUDW�WUDQVSDUDQ�\DQJ�IOHNVLEHO�GDUL�JHODV�DWDX�SODVWLN�EHUNXDOLWDV�WLQJJL�
GHQJDQ� PDWHULDO� VLOLND� \DQJ� ELDVD� PHPSXQ\DL� WDPEDKDQ� ORJDP� RNVLGD� XQWXN� PHQLQJNDWNDQ� LQGHNV�
UHIUDNWLI� >��@�� 3HQHUDSDQ� VHQVRU� ILEHU� RSWLN� VXGDK�EHUNHPEDQJ� NH� EHUEDJDL� ELGDQJ� VHSHUWL� LQWHQVLWDV�
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FDKD\D��DQDOLVLV�NLPLD��NRQVHQWUDVL�]DW�GDQ�VHEDJDLQ\D�>��@��0HGLD�VHQVRU�PHQMDGL�SHQHUDSDQ�NRQVHS�
UDPEDWDQ��VHUDSDQ��GDQ SHPDQWXODQ�JHORPEDQJ�>��@��6LVWHP�GHWHNVL�ILEHU�RSWLN�SDGD�XPXPQ\D�WHUGLUL�
GDUL� VXPEHU� FDKD\D�� ILEHU� RSWLN�� HOHPHQ� SHQJLQGHUDDQ�� GDQ� GHWHNWRU� >��@�� 6HQVRU� ILEHU� RSWLN� GDSDW�
GLJXQDNDQ� XQWXN� PHQGHWHNVL� EHUDJDP� VHQ\DZD� NLPLD� >��@�� &DKD\D� SDGD� ILEHU� RSWLN� DNDQ� PHQXMX�
ODUXWDQ� DWDX� EDKDQ� \DQJ�GLSDQWXONDQ� NHPEDOL�PHODOXL� ILEHU� RSWLN� XQWXN�PHQGHWHNVL� WHJDQJDQ� RXWSXW�
>��@��,QWHUDNVL�DNDQ�WHUMDGL�DSDELOD�FDKD\D�\DQJ�GLWHUXVNDQ�PHODOXL�ILEHU�RSWLN�PHQJHQDL�ODUXWDQ�>��@��
)UDNVL�VDPSHO�SDGD�ODUXWDQ�DQDOLW�\DQJ�GLNHQDL ODQJVXQJ�GHQJDQ�ILEHU�RSWLN�DNDQ�PHQJHQDL�SHUPXNDDQ�
GDQ�WHUMDGL�UHIUDNVL�FDKD\D�>��@��&DKD\D�\DQJ�GLUHIUDNVL�DQDORJ�GHQJDQ�MXPODK�IUDNVL�VDPSHO��

6HQVRU�SHQGHWHNVL�EDKDQ�NLPLD�\DQJ� LGHDO�KDUXV� VDQJDW� VHQVLWLI�KLQJJD�NRQVHQWUDVL�SSP�GDQ�
SSE��PHPLOLNL�VHOHNWLYLWDV�WLQJJL�WHUKDGDS�VDWX�MHQLV�DQDOLW�WHUWHQWX��GDQ�WDKDQ�WHUKDGDS�YDULDVL�NXDQWLWDV�
OLQJNXQJDQ� ILVLN� VHSHUWL� VXKX� GDQ� WHNDQDQ� >��@� ,GHQWLILNDVL� VLIDW� DEVRUSVL� NDUDNWHULVWLN� GDUL� VHEXDK�
PDWHULDO� VHEDJDL� IXQJVL�GDUL� SDQMDQJ�JHORPEDQJ�GDSDW�GLJXQDNDQ�XQWXN�PHQJHWDKXL�NHKDGLUDQ�VXDWX�
VHQ\DZD� >��@�� 8QWXN� SHQJXNXUDQ� WHUGLVWULEXVL�� EDFNVFDWWHUHG� LQWHQVLW\� SURILOH GLXNXU� VDDW�
PHQJJXQDNDQ� VXDWX� SDQMDQJ� JHORPEDQJ� WUDQVPLVL� SDGD� VSHNWUXP� DEVRUSVL� GDUL� VHQ\DZD� WHUVHEXW��
6XDWX� SHQXUXQDQ� �ORFDO� SRZHU� GURS��PHQXQMXNNDQ� DGDQ\D� VDPSHO� GDQ� MXPODK� SHUXEDKDQQ\D� VHVXDL�
GHQJDQ� NRQVHQWUDVL� >��@� 3DGD� VDDW� VHEXDK� EHUNDV� FDKD\D� PHQJHQDL� SHUEDWDVDQ� PHGLXP� FRUH� GDQ�
FODGGLQJ WHUPRGLILNDVL�� PDND� DNDQ� WHUGDSDW� PHGDQ� \DQJ� ERFRU� PHQHPEXV� PHGLXP� FODGGLQJ� GDQ�
PHOHPDK� VHFDUD� HNVSRQHQVLDO VHEDJDL� IXQJVL� MDUL�MDUL� >��@� 1LODL� LQWHQVLWDV� JHORPEDQJ� ,�]�� \DQJ�
PHOXUXK�VHFDUD�HNVSRQHQVLDO�GLWXOLVNDQ�GDODP�SHUVDPDDQ�PDWHPDWLV�VHEDJDL�EHULNXW��

í��H[Sܫ �ݖ�, �

'LPDQD�,� GDQ�GS DGDODK�LQWHQVLWDV�EHUNDV�FDKD\D�GDWDQJ�GDQ�NHGDODPDQ�SHQHWUDVL�GDUL�PHGDQ�
HYDQHVFHQW� >��@� 1LODL� SHUXEDKDQ� LQWHQVLWDV� LQL� \DQJ� NHPXGLDQ� DNDQ� GLJXQDNDQ� GDODP� PHQHQWXNDQ�
MXPODK�NRQVHQWUDVL�IRUPDOLQ�SDGD�VDPSHO��+DVLO�GHVDLQ���GLPHQVL�DODW�GHWHNWRU�LQL�\DLWX�

*DPEDU����'HVDLQ�SURWRWLSH�'HIRRO

&DUD�NHUMD�SHQJJXQDDQ�DODW�GHWHNWRU�LQL�\DLWX��
D� 0L�VDPSHO�GLODUXWNDQ�WHUOHELK�GDKXOX�PHQMDGL�ODUXWDQ�VDPSHO�
E� /DUXWDQ�VDPSHO�GLPDVXNNDQ�NH�GDODP�EDJLDQ�NXYHW�WHPSDW�VDPSHO�
F� 7RPERO�VZLWFK GLWHNDQ�XQWXN�PHQ\DODNDQ�DODW��
G� $ODW�DNDQ�PXODL�PHPEDFD�NRQVHQWUDVL�VDPSHO�\DQJ�NHPXGLDQ�DNDQ�GLWDPSLONDQ�GL�2/('�
H� +DVLO�NRQVHQWUDVL�\DQJ�GLWDPSLONDQ�GL�2/('�DNDQ�GLNLULPNDQ�PHQXMX�VPDUWKSKRQH PHODOXL�

EDQWXDQ�VLVWHP�LQWHUQHW�RI�WKLQJV GDQ�DNDQ GLVLPSDQ�GL�GDWDEDVH�
I� 6HWHODK�SHQJXMLDQ�VHOHVDL��WRPERO�VZLWFK GLWHNDQ�NHPEDOL�XQWXN�PHPDWLNDQ�DODW�
J� /DUXWDQ�VDPSHO�NHPXGLDQ�GLEXDQJ�GDUL�DODW�GHQJDQ�PHPEXND�OXEDQJ�EDJLDQ�EDZDK�GDUL�WHPSDW�

VDPSHO�GDQ�WHPSDW�VDPSHO�GLEHUVLKNDQ�NHPEDOL�GHQJDQ�DNXDGHV�XQWXN SHQJJXQDDQ�VHODQMXWQ\D�
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���.HVLPSXODQ�
'HWHNWRU� IRUPDOLQ� SDGD� PL� EHUEDVLV� ILEHU� RSWLN� GDQ� LQWHUQHW� RI� WKLQJV GDSDW� GLEXDW� GHQJDQ�

PHQJDQGDONDQ� SULQVLS� NHUMD� ILEHU� RSWLN�� )LEHU� RSWLN� EHUIXQJVL� VHEDJDL� VHQVRU� GDUL� IRUPDOLQ�� GHQJDQ�
PHQJJXQDNDQ� NRQWDN� DQWDUD� VLQDU� \DQJ� PHODOXL� ILEHU� RSWLN� GHQJDQ� ODUXWDQ� VDPSHO�� .RQWDN� LQL�
PHQJDNLEDWNDQ�SHUXEDKDQ�LQWHQVLWDV�ODVHU�\DQJ�NHPXGLDQ�DNDQ�GLDQDOLVD�ROHK�VLVWHP�GDQ�GLWDPSLONDQ�
SDGD�2/('�VHUWD�GLNLULPNDQ�PHQXMX�VPDUWKSKRQH PHODOXL�EDQWXDQ�VLVWHP�LQWHUQHW�RI�WKLQJV�

���5HIHUHQVL�
>�@� :RUOG� ,QVWDQW� 1RRGOHV� $VVRFLDWLRQ�� ������ *OREDO� 'HPDQG� IRU� ,QVWDQW� 1RRGOHV�� 2VDND�� :RUOG�

,QVWDQW� 1RRGOHV� $VVRFLDWLRQ�� KWWSV���LQVWDQWQRRGOHV�RUJ�HQ�QRRGOHV�PDUNHW�KWPO �GLDNVHV� SDGD� ���
6HSWHPEHU�������

>�@�6D¶GL\DK��+���5HJHLVWD��)���6\DKZDO��$��-���GDQ�<DWPR��$��+��������'LJLWDO�)RUPDOGHK\GH�0HWHU´�
,QRYDVL�3HQGHWHNVL�.DQGXQJDQ�)RUPDOLQ�&HSDW�'DQ�$NXUDW�'HQJDQ�7HNQRORJL�%HUEDVLV�,QVWUXPHQ�
(OHFWURQLF�1RVH��3URVLGLQJ�(OHNWURQLN �H�3URFHHGLQJV��3,01$6�3URJUDP�.UHDWLYLWDV�0DKDVLVZD�
.DUVD�&LSWD��3.0�.&���'LWMHQ�'LNWL�.HPGLNEXG�5,��-DNDUWD�

>�@� 2OLYHUR�� 0�� �� *�� 3HUURQH�� $�� 9DOODQ�� DQG� '�� 7RVL�� ������ &RPSDUDWLYH� 6WXG\� RI� )LEHU� %UDJJ�
*UDWLQJV�DQG�)LEHU�3RODULPHWULF�6HQVRUV�IRU�6WUXFWXUDO�+HDOWK�0RQLWRULQJ�RI�&DUERQ�&RPSRVLWHV��
$GYDQFHV�LQ�2SWLFDO�7HFKQRORJLHV���������������������

>�@�6LNDQGHU��0���0DOLN��$���.KDQ��0�6�*���4XUUDWXO�DLQ���GDQ�.KDQ��5�*���������,QVWDQW�1RRGOH��DUH�
7KH\�5HDOO\�*RRG�IRU�+HDOWK"�$�5HYLHZ��(OHFWURQLF�-RXUQDO�RI %LRORJ\�����������������

>�@�$QJJUDHQL��5��DQG�6DSXWUD��'���������3K\VLFRFKHPLFDO�FKDUDFWHULVWLFV�DQG�VHQVRULDO�SURSHUWLHV�RI�
GU\�QRRGOH�VXSSOHPHQWHG�ZLWK�XQULSH�EDQDQD�IORXU��)RRG�5HVHDUFK����������������

>�@�=KDQJ��1��DQG�0D��*���������1RRGOHV��WUDGLWLRQDOO\�DQG�WRGD\��-RXUQDO�RI�(WKQLF�)RRGV�����������
>�@�&KHXQJ��$�)�3��DQG�/DP��'�6�&���������)RUPDOLQ��D�IRUPDOGHK\GH�DQDORJXH��&DQ�-�2SKWKDOPRO��

�����������
>�@� ,PPDFXODWH�� -�� DQG� -DPLOD�� 3�� ������ 4XDOLW\ FKDUDFWHULVWLFV� LQFOXGLQJ� IRUPDOGHK\GH� FRQWHQW LQ�

VHOHFWHG� 6HD� IRRGV� RI� 7XWLFRUQ�� VRXWKHDVW� FRDVW� RI� ,QGLD�� ,QWHUQDWLRQDO� )RRG� 5HVHDUFK� -RXUQDO��
���������������

>�@� 0DPXQ�� 0�$�$��� 5DKPDQ�� 0�$��� =DPDQ�� 0�.��� )HUGRXVL�� =��� DQG� 5H]D�� 0�$��� ������
7R[LFRORJLFDO� HIIHFW�RI� IRUPDOLQ� DV� IRRG�SUHVHUYDWLYHRQ�NLGQH\�DQG� OLYHU� WLVVXHV� LQ�PLFH�PRGHO��
-RXUQDO�RI�(QYLURQPHQWDO�6FLHQFH��7R[LFRORJ\�DQG�)RRG�7HFKQRORJ\��������������

>��@�-DLQ��6�5���1DKDU��3�6��� DQG�%DLJ��0�0���������6WXG\�RI�)RUPDOLQ�7R[LFLW\� LQ�0%%6�6WXGHQWV��
,QWHUQDWLRQDO�-RXUQDO�RI�6FLHQFH�DQG�5HVHDUFK����������������

>��@�6RXP\D�DQG�6LQJK��6���������)LEHU�2SWLF�&RPPXQLFDWLRQ�LQ�&RPSXWHU�1HWZRUNLQJ�DQG�6HFXULW\��
,QWHUQWLRQDO�-RXUQDO�RI�(OHFWULFDO��(OHFWURQLFV�DQG�'DWD�&RPPXQLFDWLRQ��������������
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