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'$)7$5�3867$.$

$EG�(OPRWDDO�� +�$�� ������ �))7� YHUVXV� OHDVW� VTXDUH� FROORFDWLRQ� WHFKQLTXHV� IRU�

JUDYLPHWULF�JHRLG�GHWHUPLQDWLRQ�LQ�(J\SW���-RXUQDO�RI�$SSOLHG�*HRSK\VLFV������

��������

cJUHQ�� -�� ������ �7KH� DQDO\WLFDO� FRQWLQXDWLRQ� ELDV� LQ� JHRLG� GHWHUPLQDWLRQ� XVLQJ�

SRWHQWLDO�FRHIILFLHQWV�DQG�WHUUHVWULDO�JUDYLW\�GDWD���-RXUQDO�RI�*HRGHV\����������

�����

cJUHQ��-��GDQ�6M|EHUJ��/�(���������������&RPSDULVRQ�RI�VRPH�PHWKRGV�IRU�PRGLI\LQJ�

6WRNH
V� IRUPXOD� LQ� WKH�*2&(� HUD��� �QG� ,QWHUQDWLRQDO�*2&(�8VHU�:RUNVKRS��

,WDO\�

%DMUDFKDU\D��6��������³7HUUDLQ�(IIHFW�RQ�*HRLG�'HWHUPLQDWLRQ´��8&*(�5HSRUWV��1R��

�������KDO�������

%DVXNL��6���������,OPX�XNXU�WDQDK���<RJ\DNDUWD��*DGMDK�0DGD�8QLYHUVLW\�3UHVV�

%RKOLQJ��*������D�� �,QWURGXFWLRQ� WR�JHRVWDWLVWLFV�DQG�YDULRJUDP�DQDO\VLV�� >2QOLQH@��

.DQVDV� *HRORJLFDO� 6XUYH\�� GLDNVHV� PHODOXL��

KWWSV���SHRSOH�NX�HGX�aJERKOLQJ�FSH��������@�

%RKOLQJ��*������E���.ULJLQJ��>2QOLQH@��.DQVDV�*HRORJLFDO�6XUYH\��GLDNVHV�PHODOXL��

KWWS���SHRSOH�NX�HGX�aJERKOLQJ�FSH��� ����@�

'DZRG��*�0���0RKDPHG��+�)��GDQ�,VPDLO��6�6���������(YDOXDWLRQ�DQG�DGDSWDWLRQ�RI�

WKH�(*0�����JHRSRWHQWLDO�PRGHO�DORQJ�WKH�1RUWKHUQ�1LOH�9DOOH\��(J\SW��FDVH�

VWXG\���-RXUQDO�RI�6XUYH\LQJ�(QJLQHHULQJ�������������

'XPURQJFKDL�� 3��� ������ ³$VVHVVPHQW� RI� *UDYLW\� 5HTXLUHPHQWV� IRU� 3UHFLVH� *HRLG�

'HWHUPLQDWLRQ�LQ�7KDLODQG´��9RO����

(URO�� %�� GDQ� dHOLN�� 5�1�� ������ �0RGHOOLQJ� ORFDO� *36�/HYHOOLQJ� JHRLG� ZLWK� WKH�

DVVHVVPHQW�RI�LQYHUVH�GLVWDQFH�ZHLJKWLQJ�DQG�JHRVWDWLVWLFDO�NULQJLQJ�PHWKRGV���

,6356�&RQJUHVV��-XO\���������,VWDQEXO��7XUNH\�

(VKDJK�� 0�� ������ �&RPSOHPHQWDU\� VWXGLHV� LQ� VDWHOOLWH� JUDYLW\� JUDGLRPHWU\���

3RVWGRFWRUDO��'LVHUWDWLRQ��5R\DO�,QVWLWXWH�RI�7HFKQRORJ\�

(ZLQJ��&�(��GDQ�0LWFKHOO��0�0���������,QWURGXFWLRQ�WR�JHRGHV\���1HZ�<RUN��(OVHYLHU�

)HDWKHUVWRQH�� :�(��� .LUE\�� -�)��� .HDUVOH\�� $�+�:�� GDQ� *LOOLODQG�� -�5�� ������ �7KH�
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$86*HRLG��� JHRLG� PRGHO� RI� $XVWUDOLD�� GDWD� WUHDWPHQW�� FRPSXWDWLRQV�� DQG�

FRPSDULVRQV�ZLWK�*36�/HYHOOLQJ�GDWD���-RXUQDO�RI�*HRGHV\��������������

)RUVEHUJ�5���������*UDYLW\�)LHOG�7HUUDLQ�(IIHFW�&RPSXWDWLRQ�E\�))7��%XOO�*HRGHV\��

����+DO ����������

)RUVEHUJ��5��������$�VWXG\�RI�WHUUDLQ�UHGXFWLRQV��GHQVLW\�DQRPDOLHV�DQG�JHRSK\VLFDO�

LQYHUVLRQ�PHWKRGV�LQ�JUDYLW\�ILHOG�PRGHOLQJ��5HSRUW�1R�������'HSW��RI�*HRGHWLF�

6FLHQFH�DQG�6XUYH\LQJ��7KH�2KLR�6WDWH�8QLYHUVLW\��&RORPEXV��2KLR�

)RUVEHUJ��5���2OHVHQ��$���*LGVNHKDXJ��$���0H\HU��8��GDQ�7LPPHQ��/���������$LUERUQH�

JHRLG�GHWHUPLQDWLRQ���(DUWK�3ODQHWV�6SDFH���������������

)RUVEHUJ�� 5�� GDQ� 7VFKHUQLQJ�� &�&�� ������ �*5$962)7�� *HRGHWLF� *UDYLW\� )LHOG�

0RGHOOLQJ�3URJUDPV���1DWLRQDO�6SDFH�,QVWLWXWH�

)RUVEHUJ� 5� �HW�DO��������$Q�RYHUYLHZ�PDQXDO�IRU�WKH�*5$962)7�*HRGHWLF�*UDYLW\�

)LHOG 0RGHOOLQJ� 3URJUDP� GLDNVHV� PHODOXL�

KWWS���FFW�JI\�NX�GN�SXEOBFFW�FFW�����SGI� WDQJJDO��� $JXVWXV �����

)UHHGHQ��:���0LFKHO��9��GDQ�1XW]��+���������6DWHOOLWH�WR�VDWHOOLWH�WUDFNLQJ�DQG�VDWHOOLWH�

JUDYLW\�JUDGLRPHWU\��DGYDQFHG�WHFKQLTXHV�IRU�KLJK�UHVROXWLRQ�JHRSRWHQWLDO�ILHOG�

GHWHUPLQDWLRQ����-RXUQDO�RI�(QJLQHHULQJ�0DWKHPDWLFV������������

)RWRSRXORV�� *��� .RWVDNLV�� &�� GDQ� 6LGHULV�� 0�*�� ������ ³+RZ� $FFXUDWHO\� &DQ� :H�

'HWHUPLQH� 2UWKRPHWULF� +HLJKW� 'LIIHUHQFHV� )URP� *36� $QG� *HRLG� 'DWD"´��

-RXUQDO�RI�6XUYH\LQJ�(QJLQHHULQJ������������

*DEULHO��%���2YLGLX��ù��GDQ�5RGLFD��%����������RQVLGHUDWLRQV�UHJDUGLQJ�WKH�XVH�RI�UHDO�

WLPH�NLQHPDWLFV 57.�PHWKRGV��WKH�5RPDQLDQ�SRVLWLRQ�GHWHUPLQDWLRQ�V\VWHPV�DQG�

*166�WHFKQRORJ\�LQ��'�ODQG�VXUYH\V���*HRGHVLF�(QJLQHHULQJ�-RXUQDO����������

����

*HUVWHQHFNHU��&���/DXIHU��*���6WHLQHFN��'���7LHGH��'��GDQ�:UREHO��%���������9DOLGDWLRQ�

RI�'LJLWDO�(OHYDWLRQ�0RGHO� DURXQG�0HUDSL�9ROFDQR�� -DYD�� ,QGRQHVLD���1DWXUDO�

+D]DUGV�DQG�(DUWK�6\VWHP�6FLHQFHV�������������

*UDIDUHQG�� (�:�� ������ �:KDW� LV� D� JHRLG"�� GDODP� *HRLG� DQG� LWV� JHRSK\VLFDO�

LQWHUSUHWDWLRQV��8QLWHG�6WDWHV�RI�$PHULFD��&5&�3UHVV�

+HLVNDQHQ�� :�$�� GDQ� 0RULW]�� +�� ������ �3K\VLFDO� JHRGHV\��� 6DQ� )UDQVLVFR�� :�+��
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)UHHPDQ�DQG�&RPSDQ\�

+HOLDQL��/�6���)XNXGD��<��GDQ�7DNHPRWR��6���������6LPXODWLRQ�RI�WKH�,QGRQHVLD�ODQG�

JUDYLW\�GDWD�XVLQJ�D�GLJLWDO�WHUUDLQ�PRGHO�GDWD���(DUWK�3ODQHWV�6SDFH�����������

+HUFHJ��0�� GDQ�.QXGVHQ�� 3� ������*2&(� LQ� RFHDQ�PRGHOOLQJ�SRLQW�PDVV�PHWKRG�

DSSOLHG�RQ�*2&(�JUDYLW\�JUDGLHQWV�GDODP�'HQPDUN��7��8��R���HG����'HQPDUN�

+LGD\DW��5DPGKDQ����������³3HQJDUXK�YDULDVL�GHJUHH�*00�WHUKDGDS�NHWHOLWLDQ�JHRLG�

ORNDO��VWXGL�NDVXV�',<�´��6NULSVL����8*0

+XDQJ�� 2�� ������ �7HUUDLQ� FRUUHFWLRQV� IRU� JUDYLW\� JUDGLRPHWU\��� 7KH� 2KLR� 6WDWH�

8QLYHUVLW\�

-DQVVHQ��9���*ULQWHU��7��GDQ�5REHUWV��&�������� �&DQ�57.�*36�EH�XVHG� WR� LPSURYH�

FDGDVWUDO�LQIUDVWUXFWXUH"���(QJLQHHULQJ�-RXUQDO������������

-HNHOL�� &�� ������ �+HLJKWV�� WKH� JHRSRWHQWLDO�� DQG� YHUWLFDO� GDWXPV��� 7KH� 2KLR� 6WDWH�

8QLYHUVLW\�

.DKDU��-���������*HRGHVL���%DQGXQJ��,QVWLWXW�7HNQRORJL�%DQGXQJ�

.DVHQGD��$�� ������+LJK� 3UHFLVLRQ�*HRLG� IRU�0RGHUQL]DWLRQ� RI�+HLJKW� 6\VWHPV� LQ�

,QGRQHVLD��6FKRRO�RI�6XUYH\LQJ�DQG�6SDWLDO�,QIRUPDWLRQ�6\VWHPV��8QLYHUVLW\�RI�

1HZ�6RXWK�ZDOHV�6\GQH\�16:��$XVWUDOLD�

.LDPHKU�� 5�� GDQ� 6M|EHUJ�� /�(�� ������ �(IIHFW� RI� WKH� 6570� JOREDO� '(0� RQ� WKH�

GHWHUPLQDWLRQ�RI�D�KLJK�UHVROXWLRQ�JHRLG�PRGHO��D�FDVH�VWXG\�LQ�,UDQ���-RXUQDO�RI�

*HRGHV\��������������

.OHHV�� 5�� GDQ� 3UXWNLQ�� ,�� ������ �7KH� FRPELQDWLRQ� RI� *166�OHYHOOLQJ� GDWD� DQG�

JUDYLPHWULF��TXDVL���JHRLG�KHLJKWV�LQ�WKH�SUHVHQFH�RI�QRLVH���-RXUQDO�RI�*HRGHV\��

������������

0nUWHQVVRQ�� 6��*�� ������ ³+HLJKW� GHWHUPLQDWLRQ� E\�*36��$FFXUDF\�ZLWK� UHVSHFW� WR�

GLIIHUHQW� JHRLG� PRGHOV� LQ� 6ZHGHQ´�� ,Q� ;;,,� ),*� ,QWHUQDWLRQDO� &RQJUHVV��

:DVKLQJWRQ��'&��86$��$SULO���������������������

0DLVRQ��.LUEDQL�6�%���GDQ�:DK\XGL��������³6WUXNWXU�EDZDK�SHUPXNDDQ�LQWUXVL�EDWXDQ�

EHNX�GL�3DUDQJWULWLV��3DQWDL�6HODWDQ�<RJ\DNDUWD�GLWLQMDX�GDUL GDWD�DQRPDOL�PHGDQ�

JUDYLWDVL´��7HVLV��3URJUDP�6WXGL�,OPX�)LVLND��)DNXOWDV�0,3$��8QLYHUVLWDV�*DGMDK�

0DGD�

0DUWLQ��$���$QTXHOD��$�%���3DGLQ��-��GDQ�%HUQH��-�/���������$ELOLW\�RI�WKH�(*0�����
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KLJK� GHJUHH� JHRSRWHQWLDO�PRGHO� WR� FDOFXODWH� D� ORFDO� JHRLG�PRGHO� LQ� 9DOHQFLD��

(DVWHUQ�6SDLQ���6WXG\�*HRSK\V��*HRGHV\��������������

1DYUDWLO�� *�� GDQ� 8QJHU�� (��0�� ������ �5HTXLUHPHQWV� RI� �'� FDGDVWUH� IRU� KHLJKW�

V\VWHPV���&RPSXWHUV��(QYLURQPHQW��DQG�8UEDQ�6\VWHPV������������

3DLO��5��GDQ�3ODQN��*���������$VVHVVPHQW�RI� WKUHH�QXPHULFDO�VROXWLRQ�VWUDWHJLHV� IRU�

JUDYLW\�ILHOG�UHFRYHU\�IURP�*2&(�VDWHOOLWH�JUDYLW\�JUDGLRPHWU\�LPSOHPHQWHG�RQ�

D�SDUDOOHO�SODWIRUP���-RXUQDO�RI�*HRGHV\��������������

3DYOLV��1��.���GNN��������7KH�'HYHORSPHQW�DQG�(YDOXDWLRQ�RI�7KH�(DUWK�*UDYLWDWLRQDO�

0RGHO�������(*0�������-RXUQDO�RI�*HRSK\VLFDO�5HVHDUFK�9RO�����������

5HGG\�� -�� ������ �7KH� LQWHJUDWLRQ� RI� &256� QHWZRUNV� DQG� WKH� FDGDVWUH� DQG� LWV�

DSSOLFDWLRQ�LQ�16:��$XVWUDOLD���),*�&RQJUHVV��$SULO���������6\GQH\��$XVWUDOLD�

5DNDSXUL�� *� DQG� HW� DO�� ����� ³�3HPRGHODQ� *HRLG� /RNDO� 8QLYHUVLWDV� 'LSRQHJRUR�

6HPDUDQJ����-XUQDO���81',3

5HJX]]RQL�� 0�� ������ �)URP� WKH� WLPH�ZLVH� WR� VSDFH�ZLVH� *2&(� REVHUYDEOHV���

$GYDQFHV�LQ�*HRVFLHQFHV�������������

6FKZDU]��.�3���6LGHULV��0�*��GDQ�)RUVEHUJ��5���������7KH�8VH�RI�))7�7HFKQLTXHV�LQ�

3K\VLFDO�*HRGHV\���*HRSK\V��-RXUQDO�,QWHUQDWLRQDO���������������

6HUSDV�� -�*�� GDQ� -HNHOL�� &�� ������ �/RFDO� JHRLG� GHWHUPLQDWLRQ� IURP� DLUERUQH� YHFWRU�

JUDYLPHWU\���-RXUQDO�RI�*HRGHV\��������������

6LGHULV��0�*���������*HRLG�DQG�LWV�JHRSK\VLFDO�LQWHUSUHWDWLRQ��GDODP�5HJLRQDO�JHRLG�

GHWHUPLQDWLRQ��8QLWHG�6WDWHV�RI�$PHULFD��&5&�3UHVV�

6M|EHUJ�� /�(�� ������ �$� GLVFXVVLRQ� RQ� WKH� DSSUR[LPDWLRQV� PDGH� LQ� WKH� SUDFWLFDO�

LPSOHPHQWDWLRQ� RI� WKH� UHPRYH�FRPSXWH�UHVWRUH� WHFKQLTXH� LQ� UHJLRQDO� JHRLG�

PRGHOOLQJ���-RXUQDO�RI�*HRGHV\�

6M|EHUJ�� /�(�� ������ �7KH� WRSRJUDSKLF� ELDV� E\� DQDO\WLFDO� FRQWLQXDWLRQ� LQ� SK\VLFDO�

JHRGHV\���-RXUQDO�RI�*HRGHV\��������������

6ROWDQSRXU��$���1DKDYDQGFKL��+��GDQ�*KD]DYL��.���������5HFRYHU\�RI�PDULQH�JUDYLW\�

DQRPDOLHV� IURP� (56��� (56��� DQG� (QYLVDW� VDWHOOLWH� DOWLPHWU\� GDWD� IRU� JHRLG�

FRPSXWDWLRQV�RYHU�1RUZD\���6WXG\�*HRSK\V��*HRGHV\��������������

6XPDU\R��3DUVHQR�GDQ�+HOLDQL��/�6���������'LNWDW�JHRGHVL�ILVLV���<RJ\DNDUWD��-XUXVDQ�

7HNQLN�*HRGHVL�)DNXOWDV�7HNQLN��8QLYHUVLWDV�*DGMDK�0DGD�
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6\DIDULDQW\�� $�� 1�� ������ ³3HQJDUXK� OXDVDQ� GDQ� LQWHUYDO� GDWD� JD\D� EHUDW� WHUKDGDS�

NHWHOLWLDQ�PRGHO�JHRLG�UHJLRQDO��VWXGL�NDVXV�SURYLQVL�'�,��<RJ\DNDUWD�´��6NULSVL��

8*0�

7HOIRUG�� 0�:��� /�3�� *HOGDUW�� 5�(�� 6KHULII�� GDQ� '�$�� .H\V�� �����´$SSOLHG� ��

*HRSK\VLFV´��&DPEULGJH 8QLYHUVLW\�3UHVV��/RQGRQ�

7RUJH��:���������*HRGHV\���1HZ�<RUN��:DOWHU�GH�*UX\WHU��

7ULDUDKPDGKDQD�� %�� ������ �(YDOXDVL� PRGHO� JHRSRWHQVLDO� JOREDO� *2&(� WHUKDGDS�

NHWHOLWLDQ�JHRLG�ORNDO��VWXGL�NDVXV�GL�3XODX�-DZD����6DUMDQD��6NULSVL��8QLYHUVLWDV�

*DGMDK�0DGD�

9DQLFHN�� 3�� GDQ� .UDNLZVN\�� (�-�� ������ �*HRGHV\�� 7KH� &RQFHSWV��� 1HZ� <RUN��

1RUWK+ROODQG�3XEOLVKLQJ�&RPSDQ\�

:HOOHQKRI�� +�� GDQ�0RULW]�� +�� ������ �3K\VLFDO� JHRGHV\��� $XVWULD�� 6SULQJHU�9HUODJ�

:LHQ�

:LGMDMDQWL��1�����������6WDWLVWLN�GDQ�7HRUL�.HVDODKDQ��'LNWDW��-XUXVDQ�7HNQLN�*HRGHVL��

)DNXOWDV�7HNQLN��8QLYHUVLWDV�*DGMDK�0DGD��<RJ\DNDUWD�

:LUDQDWD��+��������³3HPRGHODQ�JHRLG�ORNDO�'�,��<RJ\DNDUWD�VHEDJDL�LQWHJUDVL�DQWDUD�

VLVWHP�WLQJJL�ORNDO�GDQ�JOREDO��VHUWD� LQWHJUDVL�DQWDUD�GDWD�WLQJJL�GL�GDUDW�GDQ�GL�

SHUDLUDQ�´��7HVLV��-XUXVDQ�7HNQLN�*HRGHVL��)DNXOWDV�7HNQLN��8QLYHUVLWDV�*DGMDK�

0DGD��<RJ\DNDUWD�
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