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DMDODK� , OPLDK� 'LQDPLND�

0.HUDMLQDQ�GDQ�%DWLN�WHUELW�GXD�

NDOL� GDODP� VHWDKXQ�� \DLWX�

EXODQ� -XQL� GDQ� 'HVHPEHU�� VHEDJDL�

ZDKDQ� SHQLQJNDWDQ� DSUHVLDVL� LOPLDK�

XQWXN� SHMDEDW� IXQJVLRQDO� %DODL� %HVDU�

.HUDMLQDQ� GDQ� %DWLN� GDODP� ELGDQJ�

SHQHO L W LDQ� GDQ� SHQJHPEDQJDQ�

NHUDMLQDQ�GDQ�EDWLN�GDODP�DVSHN�EDKDQ�

EDNX�� SHUHND\DVDDQ� WHNQRORJL�� SURVHV�

SURGXNVL�� SHQDQJDQDQ� OLPEDK� GDQ�

GHVDLQ�� 5HGDNVL� PHQHULPD� SHQXOLVDQ�

DUWLNHO� LOPLDK� WHRULWLV�� ODSRUDQ� NHJLDWDQ�

OLWEDQJ� GDQ� DUWLNHO� WLQMDXDQ� GL� ELGDQJ�

NHUDMLQDQ�GDQ�EDWLN�

-XUQDO�2QOLQH��HMRXUQDO�NHPHQSHULQ�JR�LG�GNE
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0DMDODK�LOPLDK�'.%�NDOL� LQL� WHUGLUL�GDUL�VHPELODQ� � MXGXO�WXOLVDQ�\DLWX�3UHGLNVL�$GVRUSVL�=DW�

:DUQD�0HWLOHQH�%LUX�SDGD�.DUERQ$NWLI�0HQJJXQDNDQ�0DFKLQH�/HDUQLQJ�3HQJHPEDQJDQ�

0RWLI�.HPEDQJ�7XUL�GDQ�.RL�XQWXN�,QRYDVL�%DWLN�GL�.HOXUDKDQ�7XUL�.RWD�%OLWDU��3HPEDJLDQ�

.HUMD� %HUGDVDUNDQ�*HQGHU� SDGD� 6HQWUD�*HUDEDK�'HVD� 3DJHODUDQ�0DODQJ� -DZD�7LPXU��

3HUDQFDQJDQ� 7LQGDNDQ� 0LWLJDVL� 5LVLNR� %HUGDVDUNDQ� 3URVHV%LVQLV� 'DODP� 5DQWDL� 3DVRN�

,QGXVWUL� %DWLN�6WXGL� .DVXV�� .RPSDUDVL� *D\D� 9LVXDO� 'DQ� 0DNQD� SDGD� 'HVDLQ� %DWLN�

7LJD1HJHUL�'DUL�6ROR��/DVHP��3HNDORQJDQ��%DWDQJ��'DQ�&LUHERQ��(OHNWURNRDJXODVL�/LPEDK�

,QGXVWUL�6DUXQJ�7HQXQ�'HQJDQ�(OHNWURGD�$O�]Q�'LVXVXQ�6HUL��3HPEXDWDQ�6LVWHP�'HVDLQ�

,QWHUDNWLI� 8QWXN� 2UQDPHQ� SDGD� %DWLN� 3ROD� 6HPHQ�� $QDOLVLV� 3HQ\HUDSDQ� 7HQDJD� .HUMD�

(NRQRPL�.UHDWLI�6XEVHNWRU�.UL\D��GDQ�=DW�:DUQD�$ODPL�%HUEDVLV�/LPEDK�6DEXW�.HODSD�0XGD�

�&RFR�1XFLIHUD��XQWXN�3HZDUQDDQ�.DLQ�%DWLN

'LQDPLND�.HUDMLQDQ�GDQ�%DWLN��0DMDODK�,OPLDK�VHODLQ�WHODK�WHUDNUHGLWDVL�ROHK�.HPHQULVWHNGLNWL�

GDODP�.DWHJRUL�6���.DPL�MXJD�PHPSHUEDLNL�WDPSLODQ�OD\RXW�QDVNDK�\DQJ�OHELK�VHJDU�GDQ�

PHQDULN� GLVDPSLQJ� WHUXV�PHQDPEDK� UHYLHZHU�PLWUD� EHVWDUL� XQWXN�PHQLQJNDWNDQ� NXDOLWDV�

WXOLVDQ�\DQJ�GLWHUELWNDQ�GDODP�PDMDODK�LOPLDK�LQL��'LKDUDSNDQ�0DMDODK�,OPLDK�'.%�LQL�GDSDW�

EHUPDQIDDW�EDJL�NDODQJDQ�LQGXVWUL�GDQ�PHQMDGL�EDKDQ�SHQJHWDKXDQ�ROHK�NDODQJDQ�SHQHOLWL�

GDQ�PDV\DUDNDW�XPXP�

3XML�V\XNXU�NDPL�SDQMDWNDQ�NH�KDGLUDW�7XKDQ�<0(�VHKLQJJD�SHQ\XVXQDQ�0DMDODK� ,OPLDK�

'LQDPLND�.HUDMLQDQ�GDQ�%DWLN��'.%��9ROXPH�����1R����-XQL������GDSDW�WHUZXMXG�GHQJDQ�

EDLN�

0DMDODK�,OPLDK�'.%�LQL�GLPDNVXGNDQ�VHEDJDL�SHQXQMDQJ�NUHDWLYLWDV�SHMDEDW�IXQJVLRQDO�GDQ�

NDU\DZDQ�%DODL�%HVDU�.HUDMLQDQ�GDQ�%DWLN�GDODP�SHQXOLVDQ�LOPLDK��
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%DODL�3HQHOLWLDQ�7HNQRORJL�%DKDQ�$ODP��/HPEDJD�,OPX�
3HQJHWDKXDQ�,QGRQHVLD��-OQ��<RJ\D���:RQRVDUL�NP������
*DGLQJ��3OD\HQ��*XQXQJNLGXO��',<
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3HPDQIDDWDQ�WHNQRORJL�LQIRUPDVL�GDODP�PHQJXUDQJL�NHJLDWDQ�
HNVSHULPHQ�GL�ODERUDWRULXP�VHPDNLQ�PHQLQJNDW��3HPDQIDDWDQ�
WHNQRORJL�LQIRUPDVL�DNDQ�PHQJKHPDW�EDKDQ��ZDNWX�GDQ�ELD\D��
VHUWD� PHQJXUDQJL� UHVLNR� EDKD\D� \DQJ� PXQJNLQ� WLPEXO� MLND�
GLODNXNDQ� HNVSHULPHQ� VHFDUD� ODQJVXQJ�� 6DODK� VDWX� WHNQRORJL�
LQIRUPDVL�\DQJ�VHGDQJ�EHUNHPEDQJ�DGDODK�PDFKLQH�OHDUQLQJ��
3HQHOLWLDQ�LQL�EHUWXMXDQ�XQWXN�PHQJHWDKXL�XQMXN�NHUMD�PRGHO�
PDFKLQH�OHDUQLQJ�GDODP�PHPSUHGLNVL�DGVRUSVL�PHWLOHQH�ELUX�
SDGD� NDUERQ� DNWLI�� GDWD� VHW� DGVRUSVL� PHWLOHQH� ELUX�
PHQJJXQDNDQ� NDUERQ� DNWLI� ELML� DOSXNDW� GLEDJL� PHQMDGL� GDWD�
ODWLKDQ� GDQ� GDWD� XML�� GDWD� VHW� WHUVHEXW� NHPXGLDQ� GLJXQDNDQ�
XQWXN� PHQJXML� SHUIRUPD� PRGHO� PDFKLQH� OHDUQLQJ� �QHXUDO�
QHWZRUNV��VXSSRUW�YHFWRU�PDFKLQHV��UDQGRP�IRUHVW��GDQ�OLQHDU�

UHJUHVVLRQ��PHQJJXQDNDQ�PHWRGH�6WUDWLILHG����IROG�

&URVV�YDOLGDWLRQ��0RGHO�QHXUDO�QHWZRUN�PHUXSDNDQ�
PRGHO�PDFKLQH� OHDUQLQJ� WHUEDLN� XQWXN�PHPSUHGLNVL� SURVHV�
DGVRUSVL�PHWLOHQH�ELUX�SDGD�NDUERQ�DNWLI�GLEDQGLQJNDQ�GHQJDQ�
PRGHO� 690�� 5DQGRP� )RUHVW� PDXSXQ� UHJUHVL� OLQLHU� GHQJDQ�
SHUIRUPD�SUHGLNVL�WHUEDLN�SDGD�GDWD�ODWLKDQ�PDXSXQ�GDWD�XML��

1LODL�06(���������506(��������0$(�������GDQ�5��

������SDGD�GDWD�ODWLKDQ�GDQ�SDGD�GDWD�XML�
QLODL�06(�����H�����506(����������0$(���������GDQ�5��
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%DWLN�.HPEDQJ�7XUL�GDUL�.DPSXQJ�:LVDWD�.HPEDQJ�7XUL�%OLWDU�
PHQMDGL� VDODK� VDWX�SURGXN�XQJJXODQ�ZLVDWD�.RWD�%OLWDU� VHMDN�
GLUHVPLNDQ� WDKXQ�������0RWLI�NHPEDQJ� WXUL�� LNDQ�NRL�� VHUWD�
NHQGDQJ�PHQMDGL�FLUL�NKDV�EDWLN�.HPEDQJ�7XUL��3URVHV�NUHDVL�
VWLODVL�GDQ�NRPSRVLVL�PRWLI�EDWLN�GL�.HOXUDKDQ�7XUL� WHUELODQJ�
PDVLK�VHGHUKDQD�GHQJDQ�PHQJJXQDNDQ�WHNQLN�SROD�PRWLI�VDWX�
ODQJNDK� GDQ� NDUDNWHU� ZDUQD� EHOXP�PHPLOLNL� NRQVHS� ZDUQD�
\DQJ� GDSDW� PHPSUHVHQWDVLNDQ� FLUL� NKDV� PRWLI� EDWLN� GDUL�
.DPSXQJ�%DWLN�.HPEDQJ�7XUL��0HWRGH�\DQJ�GLJXQDNDQ�XQWXN�
SHQHOLWLDQ�LQL�DGDODK�PHWRGH�NXDOLWDWLI�GDQ�NXDQWLWDWLI�GHQJDQ�
SHQJXPSXODQ�GDWD�PHODOXL�REVHUYDVL�ODSDQJDQ�GDQ�ZDZDQFDUD�
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.DWD�.XQFL��DGVRUSVL��NDUERQ�DNWLI��PDFKLQH�OHDUQLQJ��
PHWLOHQ�ELUX

HPDLO��PRULQWDURVDQGLQL#WHONRPXQLYHUVLW\�DF�LG

8QLYHUVLWDV�7HONRP��-DODQ�7HOHNRPXQLNDVL�1R���%RMRQJVRDQJ��
%DQGXQJ

HPDLO��P�DIDIKDV\LP\��������#VWXGHQWV�XP�DF�LG

GHQJDQ�SHUDMLQ�GL�.DPSXQJ�%DWLN�7XUL��6HODQMXWQ\D��GLODNXNDQ�
HNVSHULPHQ�EHUXSD� HNVSORUDVL� SHQJRODKDQ� VWLODVL�� SHQJRODKDQ�
PRWLI� VHWHQJDK� ODQJNDK�� GDQ� HNVSORUDVL� ZDUQD�� +DVLO� GDUL�
SHQHOLWLDQ� LQL� DGDODK� GXD� NUHDVL� PRWLI� GDQ� ZDUQD� \DQJ� OHELK�
GLQDPLV�GHQJDQ�VWLODVL�GDQ�NRPSRVLVL�EDUX�SDGD�%DWLN�.HPEDQJ�
7XUL�%OLWDU��.RPSRVLVL�SROD�PRWLI�VHWHQJDK�ODQJNDK�GDQ�SROD�VDWX�
ODQJNDK� UHIOHNVL� VLPHWUL�� VHUWD� NRQVHS� ZDUQD� EDUX�� VHKLQJJD�
WHUFLSWDQ\D�NDUDNWHU�PRWLI�GDQ�ZDUQD�\DQJ�GLPLOLNL�.DPSXQJ�
%DWLN� .HPEDQJ� 7XUL�� 3HQJRODKDQ� PRWLI� LQL� VHEDJDL� XSD\D�
SHQJHPEDQJDQ�.DPSXQJ�%DWLN�.HPEDQJ�7XUL�VHUWD�PHQDPEDK�
HVWHWLND�GDODP�SHQJHPEDQJDQ�SROD�PRWLI�EDWLN�%OLWDU�NKXVXVQ\D�
GL�.HOXUDKDQ�7XUL�

.DWD�.XQFL��EDWLN��EOLWDU��LQRYDVL��NHPEDQJ�WXUL��PRWLI�
NHUDMLQDQ�

�
3HQJDMDU�0DJLVWHU�.HJXUXDQ�6HQL�5XSD��8QLYHUVLWDV�1HJHUL�
0DODQJ��-O��6HPDUDQJ�1R����0DODQJ

3(0%$*,$1�.(5-$�%(5'$6$5.$1�*(1'(5�
3$'$�6(175$�*(5$%$+�'(6$�3$*(/$5$1�
0$/$1*�-$:$�7,085

$UWLNHO�LQL�PHQJNDML�WHQWDQJ�SHPEDJLDQ�NHUMD�SURGXNVL�JHUDEDK�
GL�'HVD�3DJHODUDQ�0DODQJ�-DZD�7LPXU��'HVD�3DJHODUDQ�DGDODK�
VDODK� VDWX� VHQWUD� SURGXNVL� JHUDEDK� WUDGLVLRQDO�� 3URGXNVL�
JHUDEDK��SDGD�ZDNWX�ODPSDX�PHUXSDNDQ�LQGXVWUL�UDN\DW�\DQJ�
SHQWLQJ� GDODP�PHQ\DQJNDO� NHKLGXSDQ� ULWXDO� GDQ� VRVLDO�� 3ROD�
NHUMD� SHUDMLQ� JHUDEDK� GL� 'HVD� 3DJHODUDQ� PHPLOLNL� NHXQLNDQ�
NKXVXV��\DLWX�ODNL�ODNL�GDQ�ZDQLWD�LNXW�WHUOLEDW�GDODP�SURGXNVL��
3HPEDJLDQ� NHUMD� PHUHND� PHPLOLNL� LPSOLNDVL� VRVLDO� NXOWXUDO��
7XMXDQ�SHQHOLWLDQ� LQL�PHQJXQJNDS�GDQ�PHQGHVNULSVLNDQ�SROD�
NHUMD� EHUGDVDUNDQ� JHQGHU�� DQWDUD� ODNL�ODNL� GDQ� ZDQLWD��
3HPEDJLDQ�LWX�EHUSHQJDUXK�SDGD�MHQLV�SURGXNVL�JHUDEDK�\DQJ�
GLKDVLONDQ��0HWRGH�SHQHOLWLDQ�IXQJVLRQDO�VWUXNWXUDO��GDWD�\DQJ�
GLNXPSXONDQ�DGDODK�NDWD�NDWD�GDQ�WLQGDNDQ�PDV\DUDNDW�SHODNX�
GHQJDQ� FDUD� ZDZDQFDUD�� REVHUYDVL�� GDQ� NDMLDQ� GRNXPHQ��
3HQHOXVXUDQ� GDWD� DZDO� PHQJJXQDNDQ� UXMXNDQ� QDUDVXPEHU�
NXQFL��6XWULVQR�����WK��VDODK�VHRUDQJ�SHUDMLQ�WUDGLVLRQDO�\DQJ�
UHVSRQVLI� WHUKDGDS� SURJUHVLYLWDV� SURGXNVL� VHEDJDL� SURGXN�
NRPHUVLDO�� GDQ�<DWPRQR� ���� WK�� .HWXD� 3DJX\XEDQ� 3HUDMLQ�
*HUDEDK� 3DJHODUDQ�� 2EVHUYDVL� PHPSHUWLPEDQJNDQ� SROD�
LQWHUDNVL�VRVLDO��KXEXQJDQ�NHNHUDEDWDQ��GDQ�VLVWHP�SHPEDJLDQ�
NHUMD�� $QDOLVLV� GDWD� PHQJJXQDNDQ� LQWHUSUHWDWLI�� +DVLO� NDMLDQ�
PHQXQMXNDQ������SHPEDJLDQ�JHQHWLN�GDQ�SURGXN�JHUDEDK������
SURGXNVL�JHUDEDK�PHPLOLNL�PDNQD�NHVHLPEDQJDQ�SHUDQ��GDQ�����
SURGXN� JHUDEDK� PHQMDGL� NRPSOHPHQWHU� RSRVLVLRQDO� DQWDUD�
SHUDQ�ZDQLWD�GDQ�ODNL�ODNL�

� �
0XKDPPDG�$IDI�+DV\LP\ �GDQ��5REE\�+LGDMDW
''&�����

�
0DKDVLVZD�0DJLVWHU�.HJXUXDQ�6HQL�5XSD��8QLYHUVLWDV�1HJHUL�
0DODQJ��-O��6HPDUDQJ�1R����0DODQJ

'LQDPLND�.HUDMLQDQ�GDQ�%DWLN��0DMDODK�,OPLDK��-XQL������9RO��
����1R�����+DO���������

.DWD�.XQFL��JHUDEDK��SROD�NHUMD��JHQGHU��NHVHLPEDQJDQ�
VRVLDO

� �ñ
(YL�<XOLDZDWL ��GDQ�,GD�.XVQDZDWL�7MDKMDQL
�
,QVWLWXW�7HNQRORJL�$GKL�7DPD�6XUDED\D��-O��$ULHI�5DKPDQ�
+DNLP�1R�������6XUDED\D�������

''&�������



HPDLO��HYL\XOLD���#JPDLO�FRP���
LGD�WMDKDMDQL#XQLY��VE\�DF�LG

&KULVWLQH�&ODXGLD�/XNPDQ��6DQG\�5LVPDQWRMR��GDQ�-HVVO\Q�
9DOHVND

'LQDPLND�.HUDMLQDQ�GDQ�%DWLN��0DMDODK�,OPLDK��-XQL�
�����9RO������1R�����+DO���������

�
8QLYHUVLWDV����6XUDED\D��-O��0D\MHQG�6XQJNRQR�1R������
6XUDED\D������

3(5$1&$1*$1�7,1'$.$1�0,7,*$6,�5,6,.2�
%(5'$6$5.$1�3526(6�%,61,6�'$/$0�5$17$,�
3$62.�,1'8675,�%$7,.��678',�.$686

.HWLGDNSDVWLDQ�\DQJ�WHUMDGL�SDGD�GXQLD�ELVQLV��VHSHUWL�WHUMDGLQ\D�
SDQGHPL�� JHPSD�� GDQ� NULVLV� HNRQRPL�� EHUGDPSDN� SDGD�
JDQJJXDQ� XVDKD� WHUPDVXN� SDGD� 8VDKD� 0LNUR� .HFLO� GDQ�
0HQHQJDK� �80.0��� 3HUDMLQ� .DPSRHQJ� %DWLN� -HWLV� \DQJ�
PHUXSDNDQ�SHODNX�LQGXVWUL�NUHDWLI�PHQDQJNDO�GDPSDN�SDQGHPL�
&RYLG����GHQJDQ�PHQJHOROD�SRWHQVL�NHMDGLDQ�ULVLNR��7XMXDQ�GDUL�
SHQHOLWLDQ�LQL�DGDODK�PHQJLGHQWLILNDVL�GDQ�PHQJHYDOXDVL�ULVLNR�
GL� VHSDQMDQJ� VXSSO\� FKDLQ� LQGXVWUL� EDWLN� WXOLV� PHQJJXQDNDQ�
PHWRGH� 6XSSO\� &KDLQ� 5LVN� 0DQDJHPHQW�� � 0HWRGH� LQL�
PHQJHPEDQJNDQ�NHUDQJND�NHUMD�WLJD�IDVH�\DLWX��IDVH�LGHQWLILNDVL�
ULVLNR�� SHQLODLDQ� ULVLNR�GDQ�PLWLJDVL� ULVLNR�� �3RWHQVL� NHMDGLDQ�
ULVLNR� GLLGHQWLILNDVL� SDGD� NHVHOXUXKDQ� SURVHV� ELVQLV� VHVXDL�
PRGHO�6&25������� �.HPXGLDQ�GHQJDQ�SHQHOXVXUDQ�PHODOXL�
ULVN�HIIHFW�GDQ�ULVN�FDXVH�PHODOXL�PHWRGH�)DLOXUH�0RGH�(IIHFW�
DQG�&ULWLFDOLW\�$QDO\VLV�GDSDW�GLNHWDKXL�ULVN�FDXVH�\DQJ�EHUDGD�
SDGD�NDWHJRUL��DFFHSW��WROHUDEOH�DWDX�XQDFFHSW�� �3HUDQFDQJDQ�
DNVL� PLWLJDVL� VHEDJDL� WXMXDQ� DNKLU� SHQHOLWLDQ� GLUDQFDQJ�
PHQJJXQDNDQ� PHWRGH� +RXVH� RI� 5LVN� �� �+25� ���� � +DVLO�
SHQJHORODDQ�ULVLNR�SDGD�.DPSRHQJ�%DWLN�-HWLV�WHULGHQWLILNDVL����
SRWHQVL�NHMDGLDQ� ULVLNR�\DQJ� WHUMDGL�SDGD�NHVHOXUXKDQ�SURVHV�
SODQ�� VRXUFH�� PDNH�� GHOLYHU�� UHWXUQ� GDQ� HQDEOH�� � .HPXGLDQ�
GHQJDQ� PHWRGH� )DLOXUH� 0RGH� (IIHFW� DQG� $QDO\VLV� GDQ�
&ULWLFDOLW\�$QDO\VLV� GLSHUROHK� WXMXK� ULVN� FDXVH� SDGD� NDWHJRUL�
XQDFFHSWDEOH���3HUDQFDQJDQ�DNVL�PLWLJDVL�GHQJDQ�PHWRGH�+25�
��XQWXN�PHQJDQWLVLSDVL� ULVN�FDXVH� WHUVHEXW�PHQJKDVLONDQ����
DNVL�PLWLJDVL��GHQJDQ�PHQHWDSNDQ�VWDQGDU�PLQLPDO�EDKDQ�EDNX�
VHEDJDL�DNVL�PLWLJDVL�SULRULWDV�SHUWDPD�

.DWD�.XQFL��EDWLN��PLWLJDVL��PDQDMHPHQ�ULVLNR��UDQWDL�SDVRN

''&���������

'LQDPLND�.HUDMLQDQ�GDQ�%DWLN��0DMDODK�,OPLDK��-XQL�
�����9RO������1R�����+DO���������

8QLYHUVLWDV�.ULVWHQ�0DUDQDWKD��-DODQ�6XU\D�6XPDQWUL�QRPRU�
���%DQGXQJ
HPDLO��FKULVWLQHFODXGLDOXNPDQ#JPDLO�FRP

.203$5$6,�*$<$�9,68$/�'$1�0$.1$�3$'$�
'(6$,1�%$7,.�7,*$�1(*(5,�'$5,�62/2��/$6(0��
3(.$/21*$1��%$7$1*��'$1�&,5(%21

%DWLN�7LJD�1HJHUL�PHUXSDNDQ� EDWLN� SHVLVLUDQ� \DQJ�PHPLOLNL�
NHXQLNDQ�GDODP�SURVHV�SURGXNVLQ\D��'L�PDVD�DZDO�\DNQL�WDKXQ�
�����DQ�� EDWLN� LQL� PHQJDODPL� SURVHV� SHQFHOXSDQ� SHZDUQD�
DODPL�GL�EHUEDJDL�NRWD��PHUDK�GL�/DVHP��ELUX�GL�3HNDORQJDQ��GDQ�
FRNHODW�GL�6ROR��+DVLOQ\D�DGDODK�EDWLN�\DQJ�PHQDPSLONDQ�PHUDK�
JHWLK�SLWKLN��ELUX�LQGLJR��GDQ�FRNHODW�VRJD�GHQJDQ�PRWLI�KDVLO�
GDUL� NHWLJD� GDHUDK� WHUVHEXW�� 6DDW� LWX� %DWLN� 7LJD� 1HJHUL�
PHUXSDNDQ�KDVLO�NRODERUDVL�NUHDWLI�SDUD�VHQLPDQ�EDWLN�GL�WLJD�
VHQWUD� EDWLN� \DQJ�PHQDPSLONDQ� NHEHUDJDPDQ� EXGD\D� YLVXDO��

''&�����

'HQJDQ� GLWHPXNDQQ\D� SHZDUQD� VLQWHWLN�� SURVHV� SHQFHOXSDQ�
GDSDW�GLODNXNDQ�GL�VDWX�WHPSDW�VDMD��VHKLQJJD�LVWLODK�%DWLN�7LJD�
1HJHUL�VHULQJ�KDQ\D�PHUXMXN�SDGD�EDWLN�\DQJ�PHPLOLNL���ZDUQD�
�PHUDK�� ELUX�� FRNHODW�� GHQJDQ� PRWLI� KDVLO� KLEULGLVDVL� EDWLN�
SHVLVLUDQ�GDQ�EDWLN�NHUDWRQ��6HODLQ�GL�6ROR��%DWLN�7LJD�1HJHUL�
GLSURGXNVL�SXOD�GL�/DVHP��3HNDORQJDQ��%DWDQJ��GDQ�&LUHERQ��
0HQJLQJDW� VDDW� LQL� HNVLVWHQVL� %DWLN�7LJD�1HJHUL�PXODL� NULWLV��
SHUOX�GLEXDW�NDMLDQ�\DQJ�EHUWXMXDQ�XQWXN�PHPHWDNDQ�YDULDVL�
JD\D�YLVXDO�EHVHUWD�PDNQD�\DQJ�WHUVLUDW�SDGD�GHVDLQ�EDWLN�\DQJ�
EHUDVDO� GDUL� GDHUDK�GDHUDK� WHUVHEXW�� 3HQHOLWLDQ� \DQJ� EHUVLIDW�
NXDOLWDWLI� GDQ� GHVNULSWLI� LQL� PHQJJXQDNDQ� SHQGHNDWDQ�
FRPSRVLWLRQDO� LQWHUSUHWDWLRQ� XQWXN� PHQJDQDOLVLV� JD\D� YLVXDO�
%DWLN�7LJD�1HJHUL�GDUL�PDVLQJ�PDVLQJ�NRWD��GDQ�VHPLRWLND�XQWXN�
PHQJDQDOLVLV� PDNQD� NRQRWDWLIQ\D�� 3XUSRVLYH� VDPSOH� DGDODK�
%DWLN�7LJD� 1HJHUL� \DQJ� PHPLOLNL� FLUL� NKDV� JD\D� YLVXDO� GDUL�
PDVLQJ�PDVLQJ� GDHUDK�� +DVLO� DQDOLVLV�PHQJXQJNDSNDQ� YDULDVL�
JD\D�YLVXDO�GLVHEDENDQ�ROHK�SHUEHGDDQ�NRQGLVL�VRVLDO�EXGD\D�GDUL�
PDVLQJ�PDVLQJ�GDHUDK�

(OHNWURNRDJXODVL�PHUXSDNDQ�WHNQRORJL�SHQJRODKDQ�OLPEDK�FDLU�
PHQJJXQDNDQ�WHJDQJDQ�OLVWULN��(OHNWURNRDJXODVL�PHPDQIDWNDQ�
SULQVLS�HOHNWURNLPLD�XQWXN�PHQJHQGDSNDQ�EHUEDJDL�SHQJRWRU�
GL� GDODP� OLPEDK� EDLN� EDKDQ� RUJDQLN� PDXSXQ� DQRUJDQLN��
3HQHOLWLDQ� LQL� EHUWXMXDQ� XQWXN� PHQJHWDKXL� SHQJDUXK� YDULDVL�
MDUDN� HOHNWURGD� GDQ� ZDNWX� SURVHV� HOHNWURNRDJXODVL� WHUKDGDS�
SHUVHQ�UHPRYDO�&2'��766�GDQ�LQWHQVLWDV�ZDUQD��3DGD�SHQHOLWLDQ�
LQL�GLJXQDNDQ�HOHNWURGD�$O�=Q�GHQJDQ�XNXUDQ���FP�[���FP�GDQ�
UHDNWRU�HOHNWURNRDJXODVL�EHUXNXUDQ����FP�[����FP�[����FP��
-DUDN� HOHNWURGD� SDGD� SURVHV� HOHNWURNRDJXODVL� LQL� GLYDULDVLNDQ�
\DLWX�SDGD�MDUDN������GDQ���FP��:DNWX�SURVHV�\DQJ�GLJXQDNDQ�
\DLWX�VHODPD��������������������GDQ�����PHQLW��7HJDQJDQ�OLVWULN�
GDODP�SURVHV�HOHNWURNRDJXODVL� \DQJ�GLJXQDNDQ����YROW��+DVLO�
SHQHOLWLDQ�PHQXQMXNNDQ�SHUVHQ�UHPRYDO�&2'�GDQ� LQWHQVLWDV�
WHUWLQJJL� SDGD� ODPD�ZDNWX� HOHNWURNRDJXODVL� ����PHQLW� \DLWX�
������� GDQ� �������� VHGDQJNDQ� XQWXN� SHUVHQ� UHPRYDO�766�
ODPD�ZDNWX�HOHNWURNRDJXODVL� WHUEDLN�SDGD�����PHQLW� VHEHVDU�
��������-DUDN�DQWDU�HOHNWURGD�WHUEDLN�XQWXN�SDUDPHWHU�SHUVHQ�
UHPRYDO�&2'��766��GDQ�LQWHQVLWDV�ZDUQD�DGD�SDGD�MDUDN���FP�

'LQDPLND�.HUDMLQDQ�GDQ�%DWLN��0DMDODK�,OPLDK��-XQL������9RO��
����1R�����+DO���������

.DWD�.XQFL��

� �
(UOLQGD�1LQJVLK ��<XVWLD�:XODQGDUL�0LU]D\DQWL ��$FKPDG�

� �
&KXVQXQ�1L¶DP ��'LWD�$XOLD�)DMULQ ��GDQ�0RKDPPDG�$QGUL�

�
,PDPL ð

��

�
-XUXVDQ�7HNQLN�.LPLD��,,QVWLWXW�7HNQRORJL�$GKL�7DPD�
6XUDED\D��-DODQ�$ULHI�5DKPDQ�+DNLP�QR������6XUDED\D������

HPDLO��HUOLQGDQLQJVLK��#LWDWV�DF�LG

(/(.752.2$*8/$6,�/,0%$+�,1'8675,�6$581*�
7(181�'(1*$1�(/(.752'$�$O�=Q�',68681�6(5,�

�
-XUXVDQ�7HNQLN�/LQJNXQJDQ��,QVWLWXW�7HNQRORJL�$GKL�7DPD�
6XUDED\D��-DODQ�$ULHI�5DKPDQ�+DNLP�QR������6XUDED\D������

.DWD�.XQFL���HOHNWURNRDJXODVL��OLPEDK��VDUXQJ�WHQXQ��$O�=Q��
6HUL�

�Y

',1$0,.$�.(5$-,1$1�'$1�%$7,.��0$-$/$+�,/0,$+
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YL

''&���������
1XJURKR�$JXV�+DU\RQR�GDQ�:LGL�+DSVDUL

-O��:DKLGLQ�1R�������<RJ\DNDUWD������

3URJUDP�6WXGL�,QIRUPDWLND��)DNXOWDV�7HNQRORJL�,QIRUPDVL�
8QLYHUVLWDV�.ULVWHQ�'XWD�:DFDQD

HPDLO��QXJURKR#VWDII�XNGZ�DF�LG�

HPDLO��GUDJRQVSLULWB�#\DKRR�FRP��
DNKPDG�VXVDQWR#XJP�DF�LG�

$1$/,6,6�3(1<(5$3$1�7(1$*$�.(5-$�(.2120,�
.5($7,)�68%6(.725�.5,<$

3(0%8$7$1�6,67(0�'(6$,1�,17(5$.7,)�8178.�
251$0(1�3$'$�%$7,.�32/$�6(0(1
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'LQDPLND�.HUDMLQDQ�GDQ�%DWLN��0DMDODK�,OPLDK��-XQL�
�����9RO������1R�����+DO����������

.DWD�.XQFL���SROD�VHPHQ��VLVWHP�GHVDLQ�LQWHUDNWLI��GHVDLQ�
EDWLN

�-RKDQ�0DUVXGLDUVRð�GDQ�$NPDG�$NEDU�6XVDQWRñ�

7KH�ULFKQHVV�RI�WKH�EDWLN�SDWWHUQ�LQFOXGHV�WKUHH�DVSHFWV��QDPHO\�
DHVWKHWLF�� IXQFWLRQDO�� DQG� KLVWRULFDO�� ,QQRYDWLRQV� LQ� WKH�
GHYHORSPHQW� RI� EDWLN� SDWWHUQV� SOD\� DQ� LPSRUWDQW� UROH��
,QQRYDWLRQ�LV�QHHGHG�LQ�EDWLN�LQGXVWU\�WRGD\�ZLWKRXW�OHDYLQJ�WKH�
WUDGLWLRQDO� YDOXHV�� %DWLN� LQGXVWU\� FDQ� EH� LPSURYHG� E\� XVLQJ�
LQIRUPDWLRQ�WHFKQRORJ\�LQ�EDWLN�GHVLJQ�LQQRYDWLRQ��7KLV�DSSOLHG�
HQJLQHHULQJ�DLPV�WR�EXLOG�D�FRPSXWHU�V\VWHP�WKDW�FDQ�SURGXFH�
%DWLN� 6HPHQ� GHVLJQV� LQWHUDFWLYHO\��7KH�PHWKRGV� XVHG� LQ� WKH�
V\VWHP� HQJLQHHULQJ� DUH� (YROXWLRQDU\� &RPSXWDWLRQ� DQG�
0DWKHPDWLFDO�&RPSXWDWLRQ�WR�SURGXFH�%DWLN�6HPHQ�SDWWHUQV�
GLJLWDOO\��(YROXWLRQDU\�&RPSXWDWLRQ�LV�LPSOHPHQWHG�ZLWK�WKH�
OHYHO�RI�DEVWUDFWLRQ�RI�WKH�JHQRW\SH�DQG�SKHQRW\SH�VSDFHV�ZLWK�
/HZRQWLQ� PDSSLQJ�� 7KH� HQJLQHHULQJ� VWDJH� EHJLQV� ZLWK�
REVHUYDWLRQV�WR�ILQG�WKH�JHQHV�IRUPLQJ�%DWLN�6HPHQ��7KH�JHQHV�
DUH�IRUPXODWHG�LQWR�D�PDWKHPDWLFDO�PRGHO�ZLWK�WKH�UHTXLUHG�
SDUDPHWHUV��7KH�REWDLQHG�JHQHV�DUH�VWRUHG�LQ�D�GDWDEDVH��7KDW�
GDWD� FDQ� EH�PDSSHG� WR� IRUP� D� SKHQRW\SH� RI� %DWLN� 6HPHQ��
3KHQRW\SH� FDQ� EH� GHYHORSHG� RU� FRPELQHG� ZLWK� RWKHU�
SKHQRW\SH�WR�SURGXFH�D�SRSXODWLRQ�RI�%DWLN�6HPHQ��7KHUH�DUH���
W\SHV�RI�SRSXODWLRQ�OD\RXWV�LQ�WKLV�V\VWHP��7KH�GHVLJQ�UHVXOWV�
REWDLQHG�IURP�WKLV�HQJLQHHULQJ�DUH�VWRUHG�LQ�WKH�GDWDEDVH�

'LQDPLND�.HUDMLQDQ�GDQ�%DWLN��0DMDODK�,OPLDK��-XQL�
�����9RO������1R�����+DO���������

ð%DODL�%HVDU�.HUDMLQDQ�GDQ�%DWLN��-O�.XVXPDQHJDUD�1R���
<RJ\DNDUWD
ñ8QLYHUVLWDV�*DGMDK�0DGD�)DNXOWDV�(NRQRPLND�GDQ�%LVQLV��
-OQ��6RVLR�+XPDQLRUD�1R����%XODNVXPXU��<RJ\DNDUWD�

6XEVHNWRU� NUL\D� WHUPDVXN�SHQ\XPEDQJ�3'%�NHWLJD� WHUEHVDU�
GDUL� LQGXVWUL� HNRQRPL� NUHDWLI� VHODLQ� VXEVHNWRU� NXOLQHU� GDQ�
VXEVHNWRU� IDVKLRQ�� 1DPXQ�� SHUWXPEXKDQ� WHQDJD� NHUMD� SDGD�
HNRQRPL� NUHDWLI� VXE� VHNWRU� NUL\D� MXVWUX� PHQJDODPL�
SHUWXPEXKDQ� \DQJ� QHJDWLI� GLEDQGLQJNDQ� VXE� VHNWRU� ODLQQ\D��
'HQJDQ�DGDQ\D�SHPDVDODKDQ�WHUVHEXW�SHQHOLWLDQ�LQL�GLWXMXNDQ�
XQWXN� PHQJDQDOLVLV� IDNWRU�IDNWRU� \DQJ� PHPSHQJDUXKL�
SHQ\HUDSDQ� WHQDJD� NHUMD� HNRQRPL� NUHDWLI� VXE� VHNWRU� NUL\D��
)DNWRU�IDNWRU� \DQJ� GLDQDOLVLV� VHEDJDL� YDULDEHO� LQGHSHQGHQ�
DGDODK� XSDK�� RXWSXW� GDQ� LQYHVWDVL� SDGD� YDULDEOH� GHSHQGHQ�
SHQ\HUDSDQ� WHQDJD� NHUMD� LQGXVWUL� EHVDU� GDQ� PHQHQJDK� GDUL�
HNRQRPL�NUHDWLI�VXEVHNWRU�NUL\D�EHUGDVDUNDQ�GDWD�SDQHO�XQWXN�
SHULRGH������������3HQHOLWLDQ�LQL�PHQJJXQDNDQ�PHWRGH�SDQHO�

.DWD�.XQFL��VDEXW�NHODSD�PXGD��]DW�ZDUQD�DODPL��VXKX�
HNVWUDNVL��UDVLR�HNVWUDNVL��NDLQ�EDWLN

''&������������

HPDLO��DJXVK#NHPHQSHULQ�JR�LG��ULGZDQBLH#XLL�DF�LG��
VKROHK�PDPXQ#XLL�DF�LG�

'LQDPLND�.HUDMLQDQ�GDQ�%DWLN��0DMDODK�,OPLDK��-XQL������9RO��
����1R�����+DO�����������

�
8QLYHUVLWDV�,VODP�,QGRQHVLD��-DODQ�.DOLXUDQJ�.0�����
<RJ\DNDUWD

6DEXW�NHODSD�PXGD�PHUXSDNDQ�VDODK�VDWX�OLPEDK�VXPEHU�GD\D�
DODP�\DQJ�GDSDW�GLPDQIDDWNDQ�VHEDJDL�]DW�ZDUQD�DODPL�NDUHQD�
PHPLOLNL� VHQ\DZD� DNWLI� VHEDJDL� GRQRU� SHPEDZD� ZDUQD��
.HWHUVHGLDDQ� OLPEDK� VDEXW� NHODSD� PXGD�� NKXVXVQ\D� GL�
OLQJNXQJDQ�SDUD�SHQMXDO�HV�NHODSD�PXGD�GL�<RJ\DNDUWD��FXNXS�
WLQJJL� GDQ� VHODPD� LQL� EHOXP� GLPDQIDDWNDQ� GHQJDQ� RSWLPDO��
7XMXDQ�SHQHOLWLDQ�LQL�XQWXN�PHQJHWDKXL�DUDK�ZDUQD�GDQ�NXDOLWDV�
ZDUQD�\DQJ�GLKDVLONDQ�GDUL�HNVWUDN�OLPEDK�VDEXW�NHODSD�PXGD�
NXOLW�KLMDX�XQWXN�SHZDUQDDQ�SDGD�NDLQ�EDWLN��0HWRGH�SHQHOLWLDQ�
LQL� DGDODK� HNVSHULPHQ� NXDOLWDWLI� GHQJDQ� PHODNXNDQ� YDULDVL�
NRQVHQWUDVL�UDVLR�ODUXWDQ�HNVWUDNVL�VDEXW�NHODSD�PXGD�NXOLW�KLMDX�
GHQJDQ�SHODUXW�DLU�����GDQ�������YDULDVL�VXKX�HNVWUDNVL���&�GDQ�
����&��9DULDVL�ZDNWX� HNVWUDNVL� �� GDQ��� MDP��+DVLO� SHQHOLWLDQ�
GLSHUROHK� HNVWUDN� VDEXW� NHODSD� PXGD� NXOLW� KLMDX� VDQJDW� EDLN�
VHEDJDL�]DW�ZDUQD�DODPL�XQWXN�SHZDUQDDQ�NDLQ�EDWLN��QLODL�XML�
NHWXDDQ�ZDUQD�.�6�WHUWLQJJL��������GDUL�SHUODNXDQ�YDULDVL�UDVLR�

HNVWUDNVL������VXKX����È�GDQ�ZDNWX���MDP��QLODL�XML�NHWDKDQDQ�

OXQWXU�ZDUQD�SDGD�SHQFXFLDQ����È�UDWD�UDWD�����NDWHJRUL�EDLN��
QLODL�XML�EHGD�ZDUQD�/
D
E
�GDQ�KDVLO�SHQJDPDWDQ�YLVXDO�SDGD�
SDQWRQH�FRORU�ZDUQD�\DQJ�GLKDVLONDQ�EURZQ�FRUN�GDQ�FUHDP�WDQ�
\DQJ� PHQJDQGXQJ� XQVXU� DUDK� ZDUQD� NHPHUDKDQ� GDQ�
NHNXQLQJDQ��

GDWD�GLQDPLV�)LUVW�'LIIHUHQFH�*HQHUDOL]HG�0HWKRG�RI�0RPHQWV�
�)'�*00��$UHODQR�%RQG�\DQJ�EHUVLIDW�GLQDPLV�\DQJ�DUWLQ\D�
GLPDQD�YDULDEHO�GHSHQGHQ�WLGDN�KDQ\D�WHUJDQWXQJ�GDUL�YDULDEHO�
HNVRJHQ�VDMD�WHWDSL�MXJD�GDUL�ODJ�YDULDEHO�GHSHQGHQ��'DUL�KDVLO�
DQDOLVLV� GDSDW� GLNHWDKXL� IDNWRU� RXWSXW�PHPEHULNDQ� SHQJDUXK�
QHJDWLI�VLJQLILNDQ�SDGD�SHQ\HUDSDQ�WHQDJD�NHUMD��)DNWRU�LQYHVWDVL�
GLNHWDKXL� PHPLOLNL� SHQJDUXK� SRVLWLI� VLJQLILNDQ� WHUKDGDS�
SHQ\HUDSDQ�WHQDJD�NHUMD��6HPHQWDUD�IDNWRU�XSDK�JDML�GLNHWDKXL�
WLGDN� PHPLOLNL� SHQJDUXK� VLJQLILNDQ� SDGD� SHQ\HUDSDQ� WHQDJD�
NHUMD�HNRQRPL�NUHDWLI�VXEVHNWRU�NUL\D�

.DWD�.XQFL��HNRQRPL�NUHDWLI��*00�$UHOODQR�%RQG��NUL\D��
SDQHO�GDWD�GLQDPLV��WHQDJD�NHUMD

� �
$JXV�+DHUXGLQ ��0��5LGZDQ�$QGL�3XUQRPR ��GDQ�6KROHK�

�
0D¶PXQ
�
%DODL�%HVDU�.HUDMLQDQ�GDQ�%DWLN��-DODQ�.XVXPDQHJDUD�1R����
<RJ\DNDUWD

=$7�:$51$�$/$0,�%(5%$6,6�/,0%$+�6$%87�
.(/$3$�08'$��&2&2�18&,)(5$��8178.�
3(:$51$$1�.$,1�%$7,.
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HPDLO���WULK���#OLSL�JR�LG

3UHGLFWLRQ�RI�0HWK\OHQH�%OXH�'\H�$GVRUSWLRQ�RQ�
$FWLYDWHG�&DUERQ�8VLQJ�0DFKLQH�/HDUQLQJ

7UL�+DGL�-DWPLNR
%DODL�3HQHOLWLDQ�7HNQRORJL�%DKDQ�$ODP��/HPEDJD�,OPX�
3HQJHWDKXDQ�,QGRQHVLD��-OQ��<RJ\D���:RQRVDUL�NP������
*DGLQJ��3OD\HQ��*XQXQJNLGXO��',<

''&�����

'LQDPLND�.HUDMLQDQ�GDQ�%DWLN��0DMDODK�,OPLDK��-XQH�
�����9RO������1R�����SDJHV�������

7KH� XVH� RI� LQIRUPDWLRQ� WHFKQRORJ\� WR� UHGXFH� H[SHULPHQWDO�
DFWLYLWLHV� LQ� WKH� ODERUDWRU\� LV� LQFUHDVLQJ�� 8WLOL]DWLRQ� RI�
LQIRUPDWLRQ� WHFKQRORJ\�ZLOO� VDYH�PDWHULDOV�� WLPH�� DQG�FRVWV��
DQG� ZLOO� UHGXFH� WKH� ULVN� RI� GDQJHU� WKDW� PD\� DULVH� LI� WKH�
H[SHULPHQW� LV� FDUULHG� RXW� GLUHFWO\��2QH� RI� WKH� LQIRUPDWLRQ�
WHFKQRORJLHV�WKDW�LV�GHYHORSLQJ�LV�PDFKLQH�OHDUQLQJ��7KLV�VWXG\�
DLPV� WR� GHWHUPLQH� WKH� SHUIRUPDQFH� RI� D� PDFKLQH� OHDUQLQJ�
PRGHO� LQ� SUHGLFWLQJ� WKH� DGVRUSWLRQ� RI� PHWK\OHQH� EOXH� RQ�
DFWLYDWHG� FDUERQ�� 0HWK\OHQH� EOXH� DGVRUSWLRQ� GDWD� VHW� IURP�
SUHYLRXV�UHVHDUFK�ZDV�GLYLGHG�LQWR�WUDLQLQJ�GDWD�DQG�WHVW�GDWD��
7KLV�GDWD�XVHG� WR� WHVW� WKH�SHUIRUPDQFH�RI�PDFKLQH� OHDUQLQJ�
PRGHOV��QHXUDO�QHWZRUNV��VXSSRUW�YHFWRU�PDFKLQHV��UDQGRP�
IRUHVW��DQG�OLQHDU�UHJUHVVLRQ��XVLQJ�WKH�6WUDWLILHG����IROG�&URVV�
YDOLGDWLRQ�PHWKRG��1HXUDO�QHWZRUN�PRGHO�LV�WKH�EHVW�PDFKLQH�
OHDUQLQJ�PRGHO�IRU�SUHGLFWLQJ�WKH�PHWK\OHQH�EOXH�DGVRUSWLRQ�
SURFHVV�RQ�DFWLYDWHG�FDUERQ�FRPSDUHG�WR�690��5DQGRP�)RUHVW�
DQG� OLQHDU� UHJUHVVLRQ� PRGHOV� ZLWK� WKH� EHVW� SUHGLFWLYH�
SHUIRUPDQFH�RQ�ERWK�WUDLQLQJ�DQG�WHVW�GDWD��7KH�506(�YDOXH�
ZDV�������DQG�5��ZDV�������LQ�WKH�WUDLQLQJ�GDWD�DQG�RQ�WKH�WHVW�
GDWD�WKH�506(�YDOXH�ZDV�����H����DQG�5��ZDV��������

.H\ZRUGV��DFWLYDWHG�FDUERQ��DGVRUSWLRQ��PDFKLQH�OHDUQLQJ��
PHWK\OHQH�EOXH�

''&���������

7HONRP�8QLYHUVLW\�� -DODQ�7HOHNRPXQLNDVL�1R���%RMRQJVRDQJ��
%DQGXQJ

'LQDPLND�.HUDMLQDQ�GDQ�%DWLN��0DMDODK�,OPLDK��-XQH������9RO��
����1R�����SDJHV��������

0RULQWD�5RVDQGLQL��-HQJ�2HWDUL��DQG�1RILWD�6DUL

7KH� LQDXJXUDWLRQ� RI�.HPEDQJ�7XUL� %OLWDU� WRXULVP� YLOODJH� LQ�
����� KDV� PDGH� .HPEDQJ�7XUL� %DWLN� RQH� RI� WKH� H[FHOOHQW�
WRXULVP�SURGXFWV�RI�%OLWDU�5HJHQF\��7XUL�IORZHUV��NRL�ILVK��DQG�
�NHQGDQJ��DUH�FKDUDFWHULVWLF�RI�WKH�.HPEDQJ�7XUL�EDWLN�PRWLI��
&UHDWLQJ�VW\ODWLRQV�DQG�WKH�FRPSRVLWLRQ�RI�EDWLN�PRWLIV�LQ�7XUL�
9LOODJH�LV�VWLOO�VLPSOH�XVLQJ�D�RQH�VWHS�PRWLI�SDWWHUQ�WHFKQLTXH��
7KH�FRORU�FKDUDFWHUV�GR�QRW�\HW�KDYH�D�FRORU�FRQFHSW�WKDW�FDQ�
SUHVHQW� .HPEDQJ� 7XUL� %DWLN� 9LOODJH
V� FKDUDFWHULVWLF� EDWLN�
PRWLIV��7KH�UHVHDUFK�PHWKRG�XVHG�IRU�WKLV�UHVHDUFK�LV�TXDOLWDWLYH�
DQG� TXDQWLWDWLYH� PHWKRGV� E\� FROOHFWLQJ� GDWD� WKURXJK� ILHOG�
REVHUYDWLRQV� DQG� LQWHUYLHZV� ZLWK� WKH� .HPEDQJ�7XUL� %DWLN�
9LOODJH� DUWLVDQ�� 7KHQ� FRQGXFW� H[SHULPHQWV� WR� H[SORUH�
VW\OL]DWLRQ� SURFHVVLQJ�� KDOI�VWHS�PRWLI� SURFHVVLQJ�� DQG� FRORU�
H[SORUDWLRQ��7KLV�UHVHDUFK�DLPV�WR�SURGXFH�SDWWHUQ�FUHDWLRQV�

.HPEDQJ�7XUL� DQG�.RL�0RWLI�'HYHORSPHQW� IRU�7KH�
%DWLN�,QQRYDWLRQ�RQ�.HOXUDKDQ�7XUL�%OLWDU�&LW\

HPDLO��PRULQWDURVDQGLQL#WHONRPXQLYHUVLW\�DF�LG

ZLWK� PRUH� G\QDPLF� PRWLIV� DQG� FRORUV� ZLWK� QHZ� VW\OHV� DQG�
FRPSRVLWLRQV�LQ�%DWLN�.HPEDQJ�7XUL�%OLWDU��7KH�GHVLJQ�RQ�WKH�
DUUDQJHPHQW� ZLWK� WKH� KDOI�VWHS� DQG� V\PPHWU\� UHIOHFWLRQ�
SDWWHUQ�DQG�WKH�FRORU�FRQFHSW�FRXOG�GHYHORS�DQG�DGG�DHVWKHWLFV�
LQ�WKH�GHYHORSPHQW�RI�WKH�%OLWDU�EDWLN�SDWWHUQ��HVSHFLDOO\�LQ�7XUL�
9LOODJH�

''&�����
� �

0XKDPPDG�$IDI�+DV\LP\ �DQG��5REE\�+LGDMDW
�
6WXGHQW�DW�0DJLVWHU�.HJXUXDQ�6HQL�5XSD��0DODQJ�6WDWH�
8QLYHUVLW\��-O��6HPDUDQJ�1R����0DODQJ

HPDLO��P�DIDIKDV\LP\��������#VWXGHQWV�XP�DF�LG

.H\ZRUGV��EDWLN��EOLWDU��LQQRYDWLRQ��NHPEDQJ�WXUL��PRWLI

:RUN�'LVWULEXWLRQ�%DVHG�RQ�*HQGHU�DW�*HUDEDK�
&HQWHU��3DJHODUDQ�9LOODJH��0DODQJ��(DVW�-DYD

�
/HFWXUHU�DW�0DJLVWHU�.HJXUXDQ�6HQL�5XSD��0DODQJ�6WDWH�
8QLYHUVLW\���-O��6HPDUDQJ�1R����0DODQJ

'LQDPLND�.HUDMLQDQ�GDQ�%DWLN��0DMDODK�,OPLDK��-XQH�
�����9RO������1R�����SDJHV��������

7KLV� DUWLFOH� LV� LQWHQGHG� WR� GLVFXVV� DERXW� ODERXU� GLYLVLRQ� RI�
SRWWHU\� SURGXFWLRQ� DW� 3DJHODUDQ� 9LOODJH�� 0DODQJ�� (DVW� -DYD��
3DJHODUDQ�LV�RQH�RI�WUDGLWLRQDO�SRWWHU\�SURGXFWLRQ�FHQWHU��7KH�
SURGXFWLRQ� RI� SRWWHU\� LQ� WKH� SDVW�� ZDV� DQ� HVVHQWLDO� FRWWDJH�
LQGXVWU\� WR� VXVWDLQ� ULWXDO� DQG� VRFLDO� OLYHV�� 7KH� SRWWHUV� DW�
3DJHODUDQ�KDV�XQLTXH�ZRUN�SDWWHUQ��ZKLFK�PHQ�DQG�ZRPHQ�JHW�
LQYROYHG�LQ�WKH�SRWWHU\�SURGXFWLRQ��7KHLU� ODERXU�GLYLVLRQ�KDV�
VRFLDO�DQG�FXOWXUDO�LPSOLFDWLRQ��7KLV�VWXG\�LV�DLPHG�WR�LQYHVWLJDWH�
DQG� GHVFULEH� WKH� ZRUN� SDWWHUQ� EDVHG� RQ� JHQGHU�� PHQ� DQG�
ZRPHQ��7KH� GLYLVLRQ� KDV� LQIOXHQFH� RQ� WKH� UHVXOW� RI� SRWWHU\�
SURGXFWLRQ��%\�HPSOR\LQJ�VWUXFWXUDO�DQG�IXQFWLRQDO�DSSURDFK��
WKH�GDWD�ZHUH�LQ�WKH�IRUP�RI�ZRUGV�DQG�LOOXVWUDWLRQ�RI�WKH�SHRSOH�
DFWLRQ� FROOHFWHG� E\� LQWHUYLHZ�� REVHUYDWLRQ�� DQG� OLWHUDWXUH�
UHYLHZ��7KH�ILUVW�GDWD�ZHUH�WDNHQ�IURP�6XWULVQR�����\HDUV�ROG���
RQH�RI�WUDGLWLRQDO�SRWWHUV�ZKR�LV�UHVSRQVLYH�WRZDUGV�SURJUHVVLYH�
SURGXFWLRQ� IRU� PDQXIDFWXULQJ� FRPPHUFLDO� SURGXFWV�� DQG�
<DWPRQR� ���� \HDUV� ROG�� WKH� FKLHI� RI� 3DJHODUDQ� 3RWWHUV�
$VVRFLDWLRQ��7KH�REVHUYDWLRQ� WRRN� VRFLDO� LQWHUDFWLRQ�SDWWHUQ��
IDPLO\� UHODWLRQVKLS�� DQG� ODERXU� GLYLVLRQ� V\VWHP� LQWR�
FRQVLGHUDWLRQ��7KH�GDWD�ZHUH�DQDO\]HG�E\�LQWHUSUHWDWLRQ�DQG�WKH�
UHVXOW� VKRZV�� ���� WKH� JHQHWLF� GLVWULEXWLRQ� DQG� WKH� SRWWHU\�
SURGXFWV������WKH�SRWWHU\�SURGXFWLRQ�KDV� OLQH�EDODQFLQJ�UROH��
DQG�����WKH�SRWWHU\�SURGXFWV�DUH�WKH�FRPSOHPHQWDU\�RSSRVLWLRQ�
IRU�WKH�UROH�RI�ZRPHQ�DQG�PHQ�

�
$GKL�7DPD�,QVWLWXWH�7HFKQRORJ\�LQ�6XUDED\D��-O��$ULHI�5DKPDQ�
+DNLP�1R�������6XUDED\D�������

''&�������
� �

(YL�<XOLDZDWL �DQG�,GD�.XVQDZDWL�7MDKMDQL

'HVLJQ�RI�5LVN�0LWLJDWLRQ�$FWLRQ�%DVHG�RQ�%XVLQHVV�

�
���8QLYHUVLW\�LQ�6XUDED\D��-O��0D\MHQG�6XQJNRQR�1R������
6XUDED\D������

.H\ZRUGV���SRWWHU\��ZRUN�SDWWHUQ��JHQGHU��VRFLDO�EDODQFH�

HPDLO��HYL\XOLD���#JPDLO�FRP���
LGD�WMDKDMDQL#XQLY��VE\�DF�LG
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0DUDQDWKD�&KULVWLDQ�8QLYHUVLW\��-DODQ�6XU\D�6XPDQWUL�QRPRU�
���%DQGXQJ

''&���������

7KH�&RPSDULVRQ�RI�9LVXDO�6W\OH�DQG�0HDQLQJ�LQ�
%DWLN�7LJD�1HJHUL�'HVLJQV�IURP�6ROR��/DVHP��
3HNDORQJDQ��%DWDQJ��DQG�&LUHERQ

HPDLO��FKULVWLQHFODXGLDOXNPDQ#JPDLO�FRP

%DWLN�7LJD�1HJHUL�LV�SHVLVLUDQ�EDWLN�ZKRVH�SURGXFWLRQ�LV�XQLTXH��
,Q�WKH�HDUO\�\HDUV�RI�����¶V��WKH�SURFHVV�RI�G\HLQJ�ZDV�FDUULHG�
RXW�E\�YDULRXV�FLWLHV��UHG�LQ�/DVHP��EOXH�LQ�3HNDORQJDQ��EURZQ�
LQ�6ROR��7KH�EDWLN�KDV�µJHWLK�SLWKLN¶�UHG��LQGLJR�EOXH��VRJD�EURZQ�
FRORUV�DQG�K\EULGLW\�PRWLI�IURP�WKHVH�UHJLRQV��$W�WKDW�WLPH��WKLV�
EDWLN�ZDV�WKH�UHVXOW�RI�FUHDWLYH�FROODRUDWLRQ�RI�EDWLN�DUWLVWV�WKDW�
GLVSOD\HG�YLVXDO�FXOWXUDO�GLYHUVLW\��7KH�GLVFRYHU\�RI�V\QWKHWLF�
G\HV�PDNHV�WKH�SURFHVV�FDQ�EH�GRQH�LQ�RQH�SODFH�VR�WKDW�WKH�
WHUP�%DWLN�7LJD�1HJHUL�QRZ�UHIHUV�RQO\� WR�EDWLN��ZKLFK�KDV�
WKUHH�FRORUV�DQG�K\EULGLW\�PRWLIV�RI�SHVLVLUDQ�DQG�NHUDWRQ��7KLV�
EDWLN�LV�DOVR�SURGXFHG�LQ�6ROR��/DVHP��3HNDORQJDQ��%DWDQJ��DQG�

.H\ZRUGV��EDWLN��PLWLJDWLRQ��ULVN�PDQDJHPHQW��VXSSO\�
FKDLQ��

&KULVWLQH�&ODXGLD�/XNPDQ��6DQG\�5LVPDQWRMR��GDQ�-HVVO\Q�
9DOHVND

'LQDPLND�.HUDMLQDQ�GDQ�%DWLN��0DMDODK�,OPLDK��-XQH�
�����9RO������1R�����SDJHV��������

7KH�XQFHUWDLQW\�WKDW�RFFXUV�LQ�WKH�EXVLQHVV�ZRUOG��VXFK�DV�WKH�
RFFXUUHQFH�RI�SDQGHPLFV��HDUWKTXDNHV��DQG�HFRQRPLF�FULVHV��
KDV� DQ� LPSDFW� RQ� EXVLQHVV� GLVUXSWLRQV�� LQFOXGLQJ� IRU�0LFUR��
6PDOO��DQG�0HGLXP�(QWHUSULVHV� �060(V���7KH�FUDIWVPHQ�RI�
.DPSRHQJ� %DWLN� -HWLV�� ZKLFK� DUH� FUHDWLYH� LQGXVWU\� SOD\HUV��
FRXQWHUDFW�WKH�LPSDFW�RI�WKH�&RYLG����SDQGHPLF�E\�PDQDJLQJ�
SRWHQWLDO�ULVN�HYHQWV��7KH�SXUSRVH�RI�WKLV�VWXG\�LV�WR�LGHQWLI\�DQG�
HYDOXDWH�ULVNV�DORQJ�WKH�VXSSO\�FKDLQ�RI�WKH�EDWLN�LQGXVWU\�XVLQJ�
WKH�6XSSO\�FKDLQ�5LVN�0DQDJHPHQW�PHWKRG�� �$�7KUHH�SKDVHG�
IUDPHZRUN�ZDV�GHYHORSHG�WR�FRPSOHWH�WKH�ULVN�SUREOHP�LQ�WKLV�
UHVHDUFK��WKHVH�SKDVHV�DUH��ULVN�LGHQWLILFDWLRQ��ULVN�DVVHVVPHQW��
DQG� ULVN� PLWLJDWLRQ�� 5LVN� HYHQWV� SRWHQWLDO� ZHUH� LGHQWLILHG�
WKURXJKRXW�WKH�EXVLQHVV�PRGHO�DFFRUGLQJ�WR�WKH�6&25������
PRGHO��$IWHUZDUG��ZLWK�LQYHVWLJDWLRQ�XVLQJ�ULVN�HIIHFW�DQG�ULVN�
FDXVH�WKURXJK�IDLOXUH�PRGH�HIIHFW�DQG�FULWLFDOLW\�DQDO\VLV��ULVN�
FDXVH�RQ�WKH��DFFHSW��WROHUDEOH��DQG�XQDFFHSW�FDWHJRU\�FRXOG�EH�
NQRZQ��0LWLJDWLRQ�DFWLRQ�SODQQLQJ�DV�WKH�UHVHDUFK¶V�HQG�JRDO�LV�
DUUDQJHG� XVLQJ�+RXVH� RI� 5LVN� ��PHWKRG��7KH� UHVXOW� RI� ULVN�
PDQDJHPHQW� RQ� .DPSRHQJ� %DWLN� -HWLV� LGHQWLILHG� ��� ULVN�
SRWHQWLDO� HYHQWV� WKURXJKRXW� WKH�SODQ�� VRXUFH��PDNH��GHOLYHU��
UHWXUQ�� DQG� HQDEOH� WKH� SURFHVV�� 6XEVHTXHQWO\�� XVLQJ� )DLOXUH�
0RGH�(IIHFW� DQG�$QDO\VLV� DQG�&ULWLFDOLW\�$QDO\VLV� VHYHQ� ULVN�
FDXVHV�RQ�XQDFFHSWDEOH�FDWHJRU\�ZHUH�GLVFRYHUHG��0LWLJDWLRQ�
DFWLRQ�SODQQLQJ�XVLQJ�WKH�+RXVH�RI�5LVN���PHWKRG�UHVXOWHG�LQ����
PLWLJDWLRQ� DFWLRQV� WR� SUHYHQW� ULVN� FDXVH�� ZLWK� SURYLGH�
PLQLPXP� VWDQGDUGV� RI� UDZ� PDWHULDOV� DV� WKH� SULRULWL]HG�
PLWLJDWLRQ�

3URFHVV�LQ�WKH�6XSSO\�FKDLQ�RI�WKH�%DWLN�,QGXVWU\��$�
&DVH�6WXG\
'LQDPLND�.HUDMLQDQ�GDQ�%DWLN��0DMDODK�,OPLDK��-XQH�
�����9RO������1R�����SDJHV��������

HPDLO��HUOLQGDQLQJVLK��#LWDWV�DF�LG

HPDLO��QXJURKR#VWDII�XNGZ�DF�LG

''&�����

(OHFWURFRDJXODWLRQ�LV�D�ZDVWHZDWHU�WUHDWPHQW�WHFKQRORJ\�XVLQJ�
HOHFWULF� YROWDJH�� (OHFWURFRDJXODWLRQ� XWLOL]HV� HOHFWURFKHPLFDO�
SULQFLSOHV�WR�SUHFLSLWDWH�YDULRXV�LPSXULWLHV�LQ�WKH�ZDVWH��RUJDQLF�
DQG�LQRUJDQLF�PDWHULDOV��7KLV�VWXG\�DLPV�WR�GHWHUPLQH�WKH�HIIHFW�
RI� YDULDWLRQV� LQ� HOHFWURGH� GLVWDQFH� DQG� WLPH� RI� WKH�
HOHFWURFRDJXODWLRQ�SURFHVV�RQ�WKH�SHU�FHQW�UHPRYDO�RI�&2'��
766�DQG�FRORU�LQWHQVLW\��7KLV�VWXG\�XVHV�$O�=Q�HOHFWURGHV�ZLWK���
FP�[���FP�DQG�DQ�HOHFWURFRDJXODWLRQ�UHDFWRU�RI����FP�[����FP�[�
���FP��7KH�HOHFWURGH�GLVWDQFH�LQ�WKLV�HOHFWURFRDJXODWLRQ�SURFHVV�
ZDV�YDULHG��QDPHO\�DW�D�OHQJWK�RI������DQG���FP��7KH�SURFHVVLQJ�
WLPH�XVHG�LV��������������������DQG�����PLQXWHV��7KH�HOHFWULF�
YROWDJH�XVHG�LQ�WKH�HOHFWURFRDJXODWLRQ�SURFHVV�LV����YROWV��7KH�
UHVXOWV� VKRZHG� WKDW� WKH� SHU� FHQW� UHPRYDO� RI� &2'� DQG� WKH�
KLJKHVW� LQWHQVLW\� DW� ���� PLQXWHV� RI� HOHFWURFRDJXODWLRQ� ZDV�
�������DQG���������ZKLOH�IRU�WKH�SHU�FHQW�RI�766�UHPRYDO��WKH�
EHVW�HOHFWURFRDJXODWLRQ�WLPH�ZDV�����PLQXWHV�DW���������7KH�
EHVW�GLVWDQFH�EHWZHHQ� WKH�HOHFWURGHV� IRU�SHUFHQW� UHPRYDO�RI�
&2'��766��DQG�FRORU�LQWHQVLW\�SDUDPHWHUV�ZDV�DW���FP��

&LUHERQ��&RQVLGHULQJ�WKDW�H[LVWHQFH�RI�7LJD�1HJHUL�%DWLN�KDV�
EHJXQ�WR�EH�FULWLFDO�� UHVHDUFK� LV�QHHGHG�WR�PDS�YDULDWLRQV� LQ�
YLVXDO� VW\OH� DQG� PHDQLQJV��7KLV� VWXG\� XVHV� D� FRPSRVLWLRQDO�
LQWHUSUHWDWLRQ�DSSURDFK�WR�DQDO\]H�WKH�YLVXDO�VW\OH�RI�EDWLN�IURP�
HDFK� FLW\� DQG� VHPLRWLFV� WR� DQDO\]H� V\PEROLF� PHDQLQJV��
3XUSRVLYH� VDPSOHV� DUH� %DWLN�7LJD�1HJHUL� WKDW� KDV� GLVWLQFWLYH�
YLVXDO� VW\OH� RI� HDFK� UHJLRQ�� 7KH� DQDO\VLV� UHVXOWV� UHYHDOHG�
YDULDWLRQV� LQ� YLVXDO� VW\OH� FDXVHG� E\� GLIIHUHQFHV� LQ� WKH� VRFLR�
FXOWXUDO�FRQGLWLRQV�RI�HDFK�UHJLRQ��

.H\ZRUGV��EDWLN�WLJD�QHJHUL��FRPSDULVRQ�RI�YLVXDO�VW\OH�DQG�
PHDQLQJ��VRFLR�FXOWXUDO�FRQGLWLRQ

�
-XUXVDQ�7HNQLN�/LQJNXQJDQ��,QVWLWXW�7HNQRORJL�$GKL�7DPD�
6XUDED\D��-DODQ�$ULHI�5DKPDQ�+DNLP�QR������6XUDED\D������

'LQDPLND�.HUDMLQDQ�GDQ�%DWLN��0DMDODK�,OPLDK��-XQH�
�����9RO������1R�����SDJHV��������

(OHFWURFRDJXODWLRQ�RI��:RYHQ�*ORYHV�,QGXVWU\�:DVWH�
XVLQJ�6HULDO�$O�=Q�(OHFWURGHV

�
-XUXVDQ�7HNQLN�.LPLD��,,QVWLWXW�7HNQRORJL�$GKL�7DPD�
6XUDED\D��-DODQ�$ULHI�5DKPDQ�+DNLP�QR������6XUDED\D������

� �
(UOLQGD�1LQJVLK ��<XVWLD�:XODQGDUL�0LU]D\DQWL ��$FKPDG�

� �
&KXVQXQ�1L¶DP ��'LWD�$XOLD�)DMULQ ��GDQ�0RKDPPDG�$QGUL�

�
,PDPL

.H\ZRUGV��HOHFWURFRDJXODWLRQ��ZDVWH��ZRYHQ�JORYHV��$O�=Q��
6HULDO

''&���������
1XJURKR�$JXV�+DU\RQR�GDQ�:LGL�+DSVDUL
6WXG\�3URJUDP�RI�,QIRUPDWLFV��,QIRUPDWLRQ�7HFKQRORJ\�
)DFXOW\��'XWD�:DFDQD�&KULVWLDQ�8QLYHUVLW\�
-O��:DKLGLQ�1R�������<RJ\DNDUWD������

,QWHUDFWLYH�'HVLJQ�6\VWHP�IRU�2UQDPHQW�RI�%DWLN�
6HPHQ�3DWWHUQ
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.H\ZRUGV��VHPHQ�SDWWHUQ��LQWHUDFWLYH�GHVLJQ�V\VWHP��EDWLN�
GHVLJQ

7KH�ULFKQHVV�RI�WKH�EDWLN�SDWWHUQ�LQFOXGHV�WKUHH�DVSHFWV��QDPHO\�
DHVWKHWLF�� IXQFWLRQDO�� DQG� KLVWRULFDO�� ,QQRYDWLRQV� LQ� WKH�
GHYHORSPHQW� RI� EDWLN� SDWWHUQV� SOD\� DQ� LPSRUWDQW� UROH��
,QQRYDWLRQ�LV�QHHGHG�LQ�EDWLN�LQGXVWU\�WRGD\�ZLWKRXW�OHDYLQJ�WKH�
WUDGLWLRQDO� YDOXHV�� %DWLN� LQGXVWU\� FDQ� EH� LPSURYHG� E\� XVLQJ�
LQIRUPDWLRQ�WHFKQRORJ\�LQ�EDWLN�GHVLJQ�LQQRYDWLRQ��7KLV�DSSOLHG�
HQJLQHHULQJ�DLPV�WR�EXLOG�D�FRPSXWHU�V\VWHP�WKDW�FDQ�SURGXFH�
%DWLN� 6HPHQ� GHVLJQV� LQWHUDFWLYHO\��7KH�PHWKRGV� XVHG� LQ� WKH�
V\VWHP� HQJLQHHULQJ� DUH� (YROXWLRQDU\� &RPSXWDWLRQ� DQG�
0DWKHPDWLFDO�&RPSXWDWLRQ�WR�SURGXFH�%DWLN�6HPHQ�SDWWHUQV�
GLJLWDOO\��(YROXWLRQDU\�&RPSXWDWLRQ�LV�LPSOHPHQWHG�ZLWK�WKH�
OHYHO�RI�DEVWUDFWLRQ�RI�WKH�JHQRW\SH�DQG�SKHQRW\SH�VSDFHV�ZLWK�
/HZRQWLQ� PDSSLQJ�� 7KH� HQJLQHHULQJ� VWDJH� EHJLQV� ZLWK�
REVHUYDWLRQV�WR�ILQG�WKH�JHQHV�IRUPLQJ�%DWLN�6HPHQ��7KH�JHQHV�
DUH�IRUPXODWHG�LQWR�D�PDWKHPDWLFDO�PRGHO�ZLWK�WKH�UHTXLUHG�
SDUDPHWHUV��7KH�REWDLQHG�JHQHV�DUH�VWRUHG�LQ�D�GDWDEDVH��7KDW�
GDWD� FDQ� EH�PDSSHG� WR� IRUP� D� SKHQRW\SH� RI� %DWLN� 6HPHQ��
3KHQRW\SH� FDQ� EH� GHYHORSHG� RU� FRPELQHG� ZLWK� RWKHU�
SKHQRW\SH�WR�SURGXFH�D�SRSXODWLRQ�RI�%DWLN�6HPHQ��7KHUH�DUH���
W\SHV�RI�SRSXODWLRQ�OD\RXWV�LQ�WKLV�V\VWHP��7KH�GHVLJQ�UHVXOWV�
REWDLQHG�IURP�WKLV�HQJLQHHULQJ�DUH�VWRUHG�LQ�WKH�GDWDEDVH�

'LQDPLND�.HUDMLQDQ�GDQ�%DWLN��0DMDODK�,OPLDK��-XQH�
�����9RO������1R�����SDJHV��������

''&�����

�&HQWHU�)RU�+DQGLFUDIW�DQG�%DWLN��-O�.XVXPDQHJDUD�1R���
<RJ\DNDUWD
��)DFXOW\�RI�(FRQRPLFV�DQG�%XVVLQHVV��*DGMDK�0DGD�
8QLYHUVLW\��-OQ��6RVLR�+XPDQLRUD�1R����%XODNVXPXU��
<RJ\DNDUWD�
HPDLO��GUDJRQVSLULWB�#\DKRR�FRP��
DNKPDGBVXVDQWR#XJP�DF�LG

$QDO\VLV�2I�/DERU�$EVRUSWLRQ�2I�&UHDWLYH�(FRQRP\�
2I�&UDIW�6XEVHFWRU

� �
-RKDQ�0DUVXGLDUVR �GDQ�$NPDG�$NEDU�6XVDQWR

'LQDPLND�.HUDMLQDQ�GDQ�%DWLN��0DMDODK�,OPLDK��-XQH�
�����9RO������1R�����SDJHV���������

7KH� FUDIW� VXEVHFWRU� LV� WKH� WKLUG� ODUJHVW� FRQWULEXWRU� WR�*'3�
IURP�WKH�FUHDWLYH�HFRQRP\�LQGXVWU\�LQ�DGGLWLRQ�WR�WKH�FXOLQDU\�
VXEVHFWRU�DQG�WKH�IDVKLRQ�VXEVHFWRU��+RZHYHU��ODERU�JURZWK�LQ�
WKH� FUHDWLYH� HFRQRP\�� WKH� FUDIW� VXEVHFWRU�� H[SHULHQFHG�
QHJDWLYH�JURZWK�FRPSDUHG� WR�RWKHU� VXEVHFWRUV��*LYHQ� WKHVH�
SUREOHPV�� WKLV� UHVHDUFK� DLPHG� DW� DQDO\]LQJ� WKH� IDFWRUV� WKDW�
LQIOXHQFH�WKH�DEVRUSWLRQ�RI�FUHDWLYH�HFRQRP\�ODERU�LQ�WKH�FUDIW�
VXE�VHFWRU��7KH� IDFWRUV� WKDW� ZHUH� DQDO\]HG� DV� LQGHSHQGHQW�
YDULDEOHV�ZHUH�ZDJHV��RXWSXW�DQG�LQYHVWPHQW�LQ�WKH�GHSHQGHQW�
YDULDEOH� RI� DEVRUSWLRQ� RI� ODUJH� DQG�PHGLXP�VL]HG� LQGXVWULDO�
ZRUNHUV�IURP�WKH�FUDIW�VXE�VHFWRU�EDVHG�RQ�SDQHO�GDWD�LQ�WKH�
���������� SHULRG��7KLV� VWXG\� XVHV� WKH� G\QDPLF� SDQHO� GDWD�
PHWKRG�)LUVW�'LIIHUHQFH�*HQHUDOL]HG�0HWKRG�RI�0RPHQWV��)'�
*00��$UHODQR�%RQG�ZKLFK�LV�G\QDPLF��ZKLFK�PHDQV�WKDW�WKH�
GHSHQGHQW� YDULDEOH� GRHV� QRW� RQO\� GHSHQG� RQ� H[RJHQRXV�
YDULDEOHV�EXW�DOVR�RQ�WKH�ODJ�RI�WKH�GHSHQGHQW�YDULDEOH��)URP�WKH�
UHVXOWV�RI�WKH�DQDO\VLV��LW�FDQ�EH�VHHQ�WKDW�WKH�RXWSXW�IDFWRU�KDV�D�
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VLJQLILFDQW� QHJDWLYH� HIIHFW� RQ� HPSOR\PHQW��7KH� LQYHVWPHQW�
IDFWRU� LV� NQRZQ� WR� KDYH� D� VLJQLILFDQW� SRVLWLYH� HIIHFW� RQ�
HPSOR\PHQW��0HDQZKLOH��WKH�ZDJH�VDODU\�IDFWRU�LV�NQRZQ�WR�
KDYH�QR�VLJQLILFDQW�HIIHFW�RQ�WKH�DEVRUSWLRQ�RI�FUHDWLYH�HFRQRP\�
ODERU�LQ�WKH�FUDIW�VXE�VHFWRU�

� �
$JXV�+DHUXGLQ ��0��5LGZDQ�$QGL�3XUQRPR ��GDQ�6KROHK�

�
0D¶PXQ
�
&HQWHU�IRU�+DQGLFUDIW�DQG�%DWLN��-DODQ�.XVXPDQHJDUD�1R����
<RJ\DNDUWD

<RXQJ�FRFRQXW�FRLU�LV�D�ZDVWH�RI�QDWXUDO�UHVRXUFHV�WKDW�FDQ�EH�
XVHG�DV�D�QDWXUDO�G\H�EHFDXVH�LW�KDV�DQ�DFWLYH�FRPSRXQG�DV�D�
FRORU� FDUULHU�� 7KH� DYDLODELOLW\� RI� \RXQJ� FRFRQXW� FRLU� ZDVWH�
HVSHFLDOO\�LQ�WKH�HQYLURQPHQW�RI�\RXQJ�FRFRQXW�LFH�VHOOHUV�LQ�
<RJ\DNDUWD�LV�TXLWH�KLJK�DQG�VR�IDU�KDV�QRW�EHHQ�XVHG�RSWLPDOO\��
7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�GHWHUPLQH�WKH�FRORU�GLUHFWLRQ�
DQG�TXDOLW\�RI�WKH�FRORU�SURGXFHG�IURP�WKH�H[WUDFW�RI�\RXQJ�
JUHHQ�FRFRQXW�FRLU�ZDVWH�IRU�G\HLQJ�EDWLN�IDEULF��7KLV�UHVHDUFK�
PHWKRG� LV� D� TXDOLWDWLYH� H[SHULPHQW� E\� YDULDWLRQ� WKH�
FRQFHQWUDWLRQ�UDWLR�RI�WKH�H[WUDFWLRQ�VROXWLRQ�JUHHQ�FRFRQXW�
FRLU� ZLWK� ZDWHU� VROYHQW� ���� DQG� ������ WKH� H[WUDFWLRQ�
WHPSHUDWXUH���� DQG�����RFHOFLXV� �� WKH�H[WUDFWLRQ� WLPH�RI���
KRXUV� DQG� �� KRXUV��7KH� UHVXOWV� REWDLQHG� WKDW� \RXQJ� JUHHQ�
FRFRQXW�KXVN�H[WUDFW�ZDV�YHU\�JRRG�DV�D�QDWXUDO�G\H�IRU�G\HLQJ�
EDWLN�IDEULF��WKH�KLJKHVW�.�6�FRORU�DJLQJ�WHVW�YDOXH�ZDV��������
IURP�WKH�YDULDWLRQ�RI�WKH�H[WUDFWLRQ�UDWLR������WKH�WHPSHUDWXUH�
ZDV����RFHOFLXV�DQG�WKH�WLPH�ZDV���KRXUV��WKH�YDOXH�RI�WKH�FRORU�
IDVWQHVV� WHVW�RQ�ZDVKLQJ����RFHOFLXV� DQ� DYHUDJH�RI�����JRRG�
FDWHJRULHV��WKH�YDOXH�RI�WKH�FRORU�GLIIHUHQFH�WHVW�LV�/
��D
��E
�
DQG�WKH�UHVXOWV�RI�YLVXDO�REVHUYDWLRQV�RQ�WKH�FRORU�SDQWRQH�FRORU�
SURGXFHG� E\� EURZQ� FRUN� DQG� FUHDP� WDQ� ZKLFK� FRQWDLQ�
HOHPHQWV�RI�FRORU�GLUHFWLRQ�UHG�DQG�\HOORZ��

7KH�1DWXUDO�'\H�%DVHG�2Q�<RXQJ�&RFRQXW�&RLU�
:DVWH�)RU�%DWLN�)DEULF�'\HLQJ

HPDLO��DJXVK#NHPHQSHULQ�JR�LG��ULGZDQBLH#XLL�DF�LG��
VKROHK�PDPXQ#XLL�DF�LG��

.H\ZRUGV��\RXQJ�FRFRQXW�FRLU��QDWXUDO�G\HV��H[WUDFWLRQ�
WHPSHUDWXUH��H[WUDFWLRQ�UDWLR��EDWLN�IDEULF

''&������������

.H\ZRUGV��UDIW��FUHDWLYH�HFRQRP\��G\QDPLF�GDWD�SDQHO��
*00�$UHOODQR�%RQG��ODERU

�
,QGRQHVLDQ�,VODPLF�8QLYHUVLW\�-DODQ�.DOLXUDQJ�.0�����
<RJ\DNDUWDD�

�

'LQDPLND�.HUDMLQDQ�GDQ�%DWLN��0DMDODK�,OPLDK��-XQH�
�����9RO������1R�����SDJHV����������

9ROXPH������1R����-XQH�����



[


