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'LVWULEXVL� EDQWXDQ� NHPDQXVLDDQ� GDQ� HYDNXDVL� NRUEDQ�
PHQMDGL�SHUKDWLDQ�XWDPD�VHWHODK�WHUMDGL�EHQFDQD��NDUHQD�
KDO� WHUVHEXW� VDQJDW� GLSHUOXNDQ� XQWXN� PHQJKLQGDUL�
EHUWDPEDKQ\D� NRUEDQ� MLZD� DNLEDW� ODPEDWQ\D� HYDNXDVL�
PDXSXQ� EDQWXDQ� \DQJ� WHUODPEDW� WLED� �$KPDGL� HW� DO���
�������6HODLQ� LWX��XQWXN�PHQJLULPNDQ�EDQWXDQ�PDXSXQ�
PHODNXNDQ� HYDNXDVL�� MDULQJDQ� MDODQ�ELDVDQ\D�EHUWLQGDN�
VHEDJDL� IDNWRU� NHQGDOD� NDUHQD� MDULQJDQ� MDODQ� WHODK�
WHUSXWXV� DWDX� WLGDN� GDSDW� GLODOXL� �dHOLN�� ������� 2OHK�
NDUHQD� LWX�� VHMXPODK� SHQHOLWLDQ� WHODK� GLXVXONDQ� XQWXN�
PHQDQJDQL� PDVDODK� LQL�� \DQJ� VHFDUD� XPXP� GLEDJL�
PHQMDGL� GXD� SHUVSHNWLI� XWDPD�� \DLWX� SHUVSHNWLI� SUD-
EHQFDQD� �PLV��� SHUVLDSDQ� GDQ� PLWLJDVL�� GDQ� SHUVSHNWLI�
SDVFD-EHQFDQD� �PLV��� UHVSRQVH� GDQ� UHFRYHU\���
3HUVSHNWLI� SHUWDPD� EHUNRQVHQWUDVL� SDGD� SURVHV�
LGHQWLILNDVL� HOHPHQ� MDULQJDQ� NULWLV� GDODP� UDQJND�
PHPSHUNXDW� MDULQJDQ� WUDQVSRUWDVL�PHQJKDGDSL�EHQFDQD�
�1DJDH� HW� DO��� ������� 6HPHQWDUD� LWX�� SHUVSHNWLI� NHGXD�
EHUKXEXQJDQ�GHQJDQ�SHQDQJDQDQ�VLWXDVL�SDVFD�EHQFDQD�
GDODP� UDQJND� PHPXOLKNDQ� NHDGDDQ� EDLN� XQWXN�
NHEXWXKDQ� MDQJND� SHQGHN� �L�H��� UHVSRQVH�� PDXSXQ�
MDQJND�SDQMDQJ��L�H���UHFRYHU\���=KHQ�HW�DO���������� 
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$EVWUDN 

7HUSXWXVQ\D� MDULQJDQ� MDODQ� SDGD� XPXPQ\D� PHQMDGL� IDNWRU� NHQGDOD� XWDPD� GDODP� GLVWULEXVL� EDQWXDQ� VHWHODK�
WHUMDGLQ\D�EHQFDQD��2OHK�NDUHQDQ\D�SHQJHPEDQJDQ�PRGHO� WHUNDLW�SHPXOLKDQ��L�H��� UHVWRUDVL�� MDULQJDQ� MDODQ� WHODK�
PHQGDSDWNDQ�SHUKDWLDQ� OHELK�GDUL�EDQ\DN�SHQHOLWL��0DNDODK� LQL� NHPXGLDQ�PHQJXVXONDQ�PRGHO� UHVWRUDVL� MDULQJDQ�
MDODQ� GHQJDQ�PHQJLQWHJUDVLNDQ� NRQVHS� NRQHNWLYLWDV� GDSHQ� DOJRULWPD�+XQJDULDQ��.RQVHS� NRQHNWLYLWDV� GLJXQDNDQ�
XQWXN� PHPSULRULWDVNDQ� MDODQ� WHUGDPSDN� \DQJ� LQJLQ� GLSHUEDLNL� ROHK� WLP� UHVWRUDVL�� 6HPHQWDUD� LWX�� DOJRULWPD�
+XQJDULDQ�GLJXQDNDQ�XQWXN�PHODNXNDQ�SHQXJDVDQ�WLP�UHVWRUDVL�VHFDUD�OHELK�HILVLHQ��+DVLO�HNVSHULPHQ�QXPHULNDO�
PHQJLQGLNDVLNDQ� EDKZD� PRGHO� UHVWRUDVL� \DQJ� GLXVXONDQ� PDPSX� PHPXOLKNDQ� MDULQJDQ� MDODQ� VHFDUD� OHELK� FHSDW�
GHQJDQ�ELD\D�\DQJ�OHELK�PXUDK� 

.H\ZRUGV��0RGHO�UHVWRUDVL��MDULQJDQ�MDODQ��DOJRULWPD�KXQJDULDQ��NRQHNWLYLWDV��GLVWULEXVL�EDQWXDQ�� 

$EVWUDFW 

7KH�GLVUXSWLRQ�RI�URDG�QHWZRUN�EHFRPHV�WKH�SULPDU\�FRQVWUDLQW�IRU�UHOLHI�GLVWULEXWLRQ�DIWHU�D�GLVDVWHU��ZKLFK�LV�WKHQ�
GULYHQ�D�FRQVLGHUDEOH�GHYHORSPHQW�RI�WKH�UHVWRUDWLRQ�PRGHO��7KLV�SDSHU�WKHQ�GLVFXVVHV�D�YDULDQW�RI�WKH�UHVWRUDWLRQ�
PRGHO� E\� LQWHJUDWLQJ� WKH� FRQQHFWLYLW\� FRQFHSW� DQG� WKH� +XQJDULDQ� $OJRULWKP�� 7KH� FRQQHFWLYLW\� FRQFHSW� SOD\V� DQ�
HVVHQWLDO�UROH�LQ�SULRULWL]LQJ�WKH�GLVUXSWHG�URDG�WR�EH�UHSDLUHG��LQ�ZKLFK�WKH�+XQJDULDQ�$OJRULWKP�LV�HPSOR\HG�IRU�
HIILFLHQWO\� DVVLJQLQJ� WKH� UHVWRUDWLRQ� WHDP�� 7KH� QXPHULFDO� H[SHULPHQW� VKRZV� WKDW� WKH� SURSRVHG� UHVWRUDWLRQ�PRGHO�
SURYLGHV�D�PRUH�HIILFLHQW�UHVXOW�LQ�WHUPV�RI�WKH�UHTXLUHG�WLPH�DQG�FRVW�IRU�IXOO\�UHVWRULQJ�WKH�GLVUXSWHG�URDG�� 

.H\ZRUGV��5HVWRUDWLRQ�PRGHO��URDG�QHWZRUN��KXQJDULDQ�DOJRULWKP��FRQQHFWLYLW\��UHOLHI�GLVWULEXWLRQ� 

7HUOHSDV� GDUL� SHQWLQJQ\D� SHUHQFDQDDQ� SUD-EHQFDQD��
GDPSDN�EHQFDQD�LWX�VHQGLUL�WLGDN�GDSDW�GLKLQGDUL��\DQJ�
NHPXGLDQ� PHPRWLYDVL� VHPDNLQ� EDQ\DNQ\D� VWXGL� SDGD�
SHUVSHNWLI� SDVFD-EHQFDQD�� 6WXGL� SDVFD-EHQFDQD� VHFDUD�
WUDGLVLRQDO� XPXPQ\D� WHUEDJL� DWDV� EHEHUDSD� WLSH�
SHUPDVDODKDQ�� GLDQWDUDQ\D� PDVDODK� ODVW-PLOH�
GLVWULEXWLRQ� �5DEWD� HW� DO��� ������� SHUPDVDODKDQ�
SHPLOLKDQ� ORNDVL� IDVLOLWDV�GLVWULEXVL� �5\X�HW�DO����������
GDQ�PDVDODK�SHPXOLKDQ�UHVWRUDVL�MDULQJDQ��0DWLV]LZ�HW�
DO��� ������� 0DVDODK� SHPXOLKDQ� EHUNDLWDQ� GHQJDQ�
SHQXJDVDQ� WLP� UHVWRUDVL�SHUEDLNDQ� �EHVHUWD�
SHUDODWDQQ\D�� XQWXN� PHPSHUEDLNL� LQIUDVWXNWXU� SDGD�
MDULQJDQ� WUDQVSRUWDVL� \DQJ� WHUGDPSDN� EHQFDQD��
.HOXDUDQ� XWDPD� \DQJ� GLKDVLONDQ� EHUXSD� SHQMDGZDODQ�
RSWLPDO� WLP� SHUEDLNDQ� XQWXN� PHPXOLKNDQ� VHFHSDWQ\D�
MDULQJDQ�MDODQ� 

.RQHNWLYLWDV� MDULQJDQ� MDODQ� PHQMDGL� SDUDPHWHU� ODLQ�
\DQJ�GLDQJJDS�SHQWLQJ�VHWHODK� WHUMDGL�EHQFDQD��NDUHQD�
GLDQJJDS� EHUSHUDQ� VHEDJDL� GDVDU� XQWXN� PHQ\HGLDNDQ�
HYDNXDVL��UHVSRQ�GDUXUDW��GDQ�RSHUDVL�SHPXOLKDQ��$OWD\�
	� *UHHQ�� ������� .RQHNWLYLWDV� MDULQJDQ� SDGD� DZDOQ\D��
EDQ\DN� GLSHODMDUL� GDODP� NRQWHNV� MDULQJDQ� WUDQVSRUWDVL�
XGDUD� �:HL� HW� DO��� ������� VHUWD� � MDULQJDQ� DQJNXWDQ�
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XPXP� �+DGDV� 	� 5DQMLWNDU�� ������� 6HODLQ� LWX�� DGD�
EHEHUDSD� XSD\D� XQWXN� PHPDVXNNDQ� NRQVHS�
NRQHNWLYLWDV� MDULQJDQ� MDODQ�� PHVNLSXQ� GDODP� NDVXV�
EHQFDQD�EHOXP�GLHNVSORUDVL�VHFDUD�VLVWHPDWLV��=KRX�HW�
DO����������6WXGL�NRQHNWLYLWDV�\DQJ�PHPSHUWLPEDQJNDQ�
EHQFDQD� XPXPQ\D� GLODNXNDQ� GDODP� SHUVSHNWLI� SUD-
EHQFDQD��3HHWD�HW�DO����������6HGLNLW� VHNDOL�VWXGL� WHODK�
GLODNXNDQ�GDODP�KDO�SHUVSHNWLI�SDVFD�EHQFDQD��$NEDUL�
	�6DOPDQ���������0DNDODK�LQL�NHPXGLDQ�PHPDVXNNDQ�
NRQVHS� NRQHNWLYLWDV� NH�PRGHO� UHVWRUDVL� MDULQJDQ� MDODQ�
VHEDJDL� SDQGXDQ� SUDNWLV� WLP� SHUEDLNDQ� XQWXN�
PHPXOLKNDQ�MDULQJDQ�MDODQ�� 

0HQ\DWXNDQ�NRQVHS�\DQJ�GLEDKDV�GL�DWDV��PDNDODK�LQL�
NHPXGLDQ� PHPEDKDV� WLJD� WLQJNDW� NHSXWXVDQ� \DQJ�
EHUEHGD�� \DLWX�� NHSXWXVDQ� WHUNDLW� SHPLOLKDQ� MDODQ�
SULRULWDV� \DQJ� KDUXV� GLSHUEDLNL�� SHQXJDVDQ� WLP�
SHUEDLNDQ� NH� MDODQ� WHUGDPSDN� \DQJ� GLSLOLK�� GDQ�
SHPLOLKDQ� UXWH� RSHUDVLRQDO� WHUSHQGHN� \DQJ� DNDQ�
GLNXQMXQJL� ROHK� WLP� SHUEDLNDQ� GHQJDQ� PHQJKLQGDUL�
MDODQ� UXVDN�� .HUXVDNDQ� MDODQ� DNLEDW� EHQFDQD�
GLPRGHONDQ�GDODP�SHUVSHNWLI�VLPSXO�\DQJ�WLGDN�KDQ\D�
VHFDUD�WHNQLV�OHELK�PXGDK�GLWDQJDQL��DNDQ�WHWDSL�GDSDW�
PHQJJDPEDUNDQ� VHFDUD� OXDV� EHUEDJDL� JDQJJXDQ�
LQIUDVWUXNWXU�� PLVDOQ\D�� GHEULV� GL� MDODQ� DWDXSXQ�� MDODQ�
WHUSXWXV�� 

.HSXWXVDQ� GDODP� UHVWRUDVL� MDULQJDQ� MDODQ� NHPXGLDQ�
GLUXPXVNDQ� GDODP� NHUDQJND� SHPRGHODQ� PDWHPDWLND�
EHUEDVLV� RSWLPDVL�� 0RGHO� LQL� PHQJLQWHJUDVLNDQ� WLGDN�
KDQ\D�NRQVHS�NRQHNWLYLWDV�DNDQ� WHWDSL� MXJD�$OJRULWPD�
+XQJDULDQ� \DQJ� GLNHQDO� PDPSX� PHQ\HOHVDLNDQ�
SHUPDVDODKDQ� SHQXJDVDQ� VHFDUD� RSWLPDO� SDGD� EDQ\DN�
NDVXV� GLELGDQJ� NHUHND\DVDDQ�� 6HODLQ� LWX�� DSOLNDELOLWDV�
GDUL� PRGHO� GLLQYHVWLJDVL� SDGD� MDULQJDQ� MDODQ� \DQJ�
WHUGDPSDN�PHODOXL�HNVSHULPHQ�QXPHULNDO� 

���0RGHO�2SWLPDVL 

0RGHO� RSWLPDVL� UHVWRUDVL� MDULQJDQ� MDODQ� EHUWXMXDQ�
XQWXN� PHPLQLPDONDQ� WRWDO� ELD\D� \DQJ� GLEXWXKNDQ�
XQWXN� PHQXJDVNDQ� WLP� UHVWRUDVL� GDODP� PHPXOLKNDQ�
VHPXD�VLPSXO�\DQJ�WHUGDPSDN��L�H���3HUVDPDDQ������� 

 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
  
   
   
   
  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

� WRWDO� ZDNWX� NHUMD� WLP� UHVWRUDVL-U� XQWXN�
 PHPXOLKNDQ�VHOXUXK�VLPSXO�WHUGDPSDN� 
� XQLW� ELD\D� \DQJ� GLEXWXKNDQ� XQWXN� PHQXJDVNDQ�
 WLP�UHVWRUDVL�GDODP�VDWXDQ�ZDNWX�WHUWHQWX� 
� YDULDEHO� ELQHU� \DQJ� PHQJLQGLNDVLNDQ� EDKZD�
 VLPSXO-L�WHODK�GL�SXOLKNDQ� 
� YDULDEHO� ELQHU� \DQJ� PHQJLQGLNDVLNDQ� DSDNDK�
 VLPSXO-L� WHODK� GLSXOLKNDQ� ROHK� WLP� UHVWRUDVL-U�
 SDGD�VXDWX�ZDNWX-W�WHUWHQWX� 
� ZDNWX�XQWXN�PHUHVWRUDVL�VLPSXO�UXVDN-L� 
� YDULDEOH� ELQHU� \DQJ� PHQJLQGLNDVLNDQ� DSDNDK�
 VLPSXO�WHUGDPSDN-L�GDSDW�EHURSHUDVL�SDGD�ZDNWX-W� 

' � MXPODK�WRWDO�VLPSXO�\DQJ�WHUGDPSDN� 
� VHW� GDUL� VLPSXO� \DQJ� WHUGDPSDN� EHQFDQD� \DQJ�
 WLGDN�WLGDN�GDSDW�GLOHZDWL��EHURSHUDVL�� 

)XQJVL� NHQGDOD� XQWXN� PHUHVWRUDVL� MDODQ� GLWXQMXNNDQ�
ROHK� 3HUVDPDDQ� ���� KLQJJD� ����� 3HUVDPDDQ� ����
PHPDVWLNDQ�EDKZD�VLPSXO-L�GLUHVWRUDVL�ROHK�WLP-U�SDGD�
VXDWX� ZDNWX-W� WHUWHQWX�� 3HUVDPDDQ� ���� PHQ\DNLQNDQ�
EDKZD� WLP-U� KDQ\D� GDSDW� EHNHUMD� SDGD� VDWX� ORNDVL�
VLPSXO� WHUGDPSDN� GDODP� VXDWX� ZDNWX-W� WHUWHQWX��
3HUVDPDDQ� ����PHQJDUDQVL� EDKZD� MLND� VLPSXO-L� WHODK�
EHURSHUDVL��PDND� LWX� GLODNXNDQ� VHOXUXKQ\D� ROHK� WLP-U��
6HPHQWDUD� LWX�� 3HUVDPDDQ� ���� PHPDVWLNDQ� EDKZD�
VLPSXO-L�GDSDW� EHURSHUDVL� MLND�ZDNWX� \DQJ�GLEXWXKNDQ�
XQWXN�PHUHVWRUDVL�WHODK�WHUSHQXKL��.RQVHS�\DQJ�VHUXSD�
GLEHULNDQ� SDGD� 3HUVDPDDQ� ���� GHQJDQ� PHQJDPELO�
SHUVSHNWLI� SDGD� WLP-U�� GLPDQD� WLP-U� WLGDN� GDSDW�
PHQ\HOHVDLNDQ� SURVHV� UHVWRUDVL� VHEHOXP� ZDNWX� \DQJ�
GLEXWXKNDQ�� 3HUVDPDDQ� ���� PHPDVWLNDQ� EDZDK�
VHOXUXK�VLPSXO�WHUGDPSDN�KDUXV�GLSXOLKNDQ� 

6HODQMXWQ\D�� XQWXN� PHQXJDVNDQ� WLP� SHUEDLNDQ�� SDUD�
SHPDQJNX�NHSHQWLQJDQ�PHPHQXKL�WLJD�OHYHO�NHSXWXVDQ�
\DQJ� EHUEHGD�� \DLWX�� PHPLOLK� VLPSXO� SULRULWDV��
PHQHWDSNDQ� GDQ� PHQMDGZDONDQ� WLP� SHUEDLNDQ� NH�
LQIUDVWUXNWXU� \DQJ� GLSLOLK�� GDQ� PHPXWXVNDQ� UXWH�
RSHUDVLRQDO� WHUSHQGHN� \DQJ� KDUXV� GLNXQMXQJL� GHQJDQ�
PHQJKLQGDUL� VLPSXO� WHUGDPSDN� �OLKDW�*DPEDU� ���� 'L�
VLVL�ODLQ�WLP�SHUEDLNDQ�PHPLOLNL�NHWHUEDWDVDQ�GDODP�KDO�
MXPODK� GDQ� NDSDVLWDV�� \DQJ� PHPDNVD� SDUD� SHPDQJNX�
NHSHQWLQJDQ� XQWXN� PHQXJDVNDQ� PHUHND� GHQJDQ�
ELMDNVDQD�GL�VLPSXO�SULRULWDV��6LPSXO�GDSDW�GLSHULQJNDW�
GDODP� EHEHUDSD� FDUD�� PLVDOQ\D�� VLPSXO� SULRULWDV�
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GLWHQWXNDQ�EHUGDVDUNDQ� MDUDN�PHUHND�GDUL� SXVDW� EDQWXDQ�
�L�H���GHSRW���6LPSXO�SULRULWDV�GDSDW�SXOD�EXDW�EHUGDVDUNDQ�
WLQJNDW� NHSHQWLQJQ\D� WHUKDGDS� MDULQJDQ�� 0DNDODK� LQL�
NHPXGLDQ� PHQJXVXONDQ� XQWXN� PHPDVXNNDQ� NRQVHS�
NRQHNWLYLWDV� XQWXN� PHPEXDW� GDIWDU� VLPSXO� SULRULWDV��
.DUHQD� JDQJJXDQ� SDGD� VLPSXO� GL� MDULQJDQ� MDODQ� GHQJDQ�
WLQJNDW�NRQHNWLYLWDV�WHUWLQJJL�DNDQ�VDQJDW�PHPSHQJDUXKL�
VHOXUXK�MDULQJDQ��GDQ�NDUHQDQ\D��SHUOX�VHJHUD�GLSXOLKNDQ�� 

3DUDPHWHU� NRQHNWLYLWDV� GLJXQDNDQ� XQWXN� PHQJXNXU�
GHUDMDW� GDUL� VLPSXO� NH� MDOXU� WHUSHQGHN� SDGD� MDULQJDQ�
MDODQ�� 1DPXQ�� GDODP� KDO� GLVWULEXVL� EHQFDQD� EDQWXDQ��
KDQ\D� GLSHUKDWLNDQ� NHWHUKXEXQJDQ� GDUL� SXVDW� EDQWXDQ�
GHSRW� NH� ORNDVL� SHQJXQJVLDQ� �L�H��� VKHOWHU��� 8QWXN�
PHQJKLWXQJ� SDUDPHWHU� NRQHNWLYLWDV�� SHUWDPD-WDPD�
GLJXQDNDQ� DOJRULWPD� 'LMNVWUD¶V� �'LMNVWUD�� ������ XQWXN�
PHQJKDVLONDQ� MDOXU� WHUSHQGHN� DQWDUD� VKHOWHU� GDQ� GHSRW��
.HPXGLDQ� IUDNVL� GDUL� VLPSXO� \DQJ� WHUJDQJJX� GLKLWXQJ�
GHQJDQ�PHPEDJL�MXPODK�NHPXQFXODQ�VLPSXO�GDODP�MDOXU�
WHUSHQGHN�GHQJDQ�MXPODK�SDVDQJDQ�\DQJ�GLHYDOXDVL� 

0LVDOQ\D��MLND�DGD�HPSDW�SDVDQJ�VKHOWHU�\DQJ�GLHYDOXDVL��
GDQ���GDUL�PHUHND�SHUJL�PHODOXL�VLPSXO-L�\DQJ�WHUJDQJJX��
0DND� QLODL� IUDNVL� VLPSXO�-L� �L�H��� � � � �� DGDODK� ��·�������
�L�H��� � � � �  ������� 3HUKLWXQJDQ� IUDNVL� LQL� GLXODQJ� XQWXN�
VHWLDS� VLPSXO� \DQJ� WHUJDQJJX�� 'DODP� NDVXV� VLPSXO�
WHUJDQJJX� \DQJ� WLGDN� PXQFXO� GL� MDOXU� WHUSHQGHN��
GLWHWDSNDQ�QLODL� IUDNVL� VLPSXO� VHEDJDL� DQJND�EHVDU� �H�J���
������ ������ 

*DPEDU����,OXVWUDVL�SHUJHUDNDQ�WLP�UHVWRUDVL�PHQXMX� 
VLPSXO�WHUGDPSDN 

3URVHV� LQL� VHODQMXWQ\D� GLJXQDNDQ� VHEDJDL� IDNWRU�
SHPERERWDQ� XQWXN� PHPEDQJXQ� PDWULNV� ELD\D�
SHQXJDVDQ�WLP�UHVWRUDVL��.DUHQD�SHQXJDVDQ�WLP�UHVWRUDVL�
NH� VLPSXO� \DQJ� WHUJDQJJX�GDSDW�PHOLEDWNDQ�NRPELQDVL�
\DQJ�EHUEHGD��PDNDODK� LQL�PHPDVXNNDQ� VHFDUD�DGDSWLI��
$ORJULWPD� +XQJDULDQ� XQWXN� PHQ\HOHVDLNDQ�
SHUPDVDODKDQ�SHQXJDVDQ�GDQ�SHQMDGZDODQ�WLP�UHVWRUDVL�
�.XKQ��������0XQNUHV���������/DQJNDK-ODQJNDK�XPXP�
XQWXN� PHQHUDSNDQ� WHNQLN� VROXVL� NHPXGLDQ� GLMHODVNDQ�
VHEDJDL�EHULNXW� 

,QLVLDOLVDVL 

7DEHO����0DWULN�SHQXJDVDQ�WLP�UHVWRUDVL 

  � « 
 

« 
 

� 
 
« 

 
« 

 

«
 

«
 

  

«
 

  

«
 

  « 
 
« 

 

«
 

«
 

  

«
 

  

«
 

  
« 

 
« 

 

/DQJNDK-� 

+LWXQJ� ELD\D� SHQXJDVDQ� WLP� �L�H��� � � � � � ��PHQJJXQDNDQ�
SHUVDPDDQ�EHULNXW 

     
 

 

 ����ZDNWX�PLQLPXP�\DQJ�GLEXWXKNDQ�ROHK�WLP-U�
XQWXN� PHPRELOLVDVL� GDUL� GHSR-L� PHQXMX� VLPSXO�
WHUGDPSDN-M� GHQJDQ� PHQJKLQGDUL� VLPSXO� \DQJ� WLGDN�
EHURSHUDVL� 

��QLODL�IUDNVL�GDUL�VLPSXO-L 

��VHW�GDUL�VLPSXO�GHSRW� 

/DQJNDK�� 

*XQDNDQ� $OJRULWPD� +XQJDULDQ� XQWXN� PHQ\HOHVDLNDQ�
SHUPDVDODKDQ� RSWLPDVL� �.XKQ�� ������0XQNUHV�� �������
$OJRULWPD� +XQJDULDQ� PHUXSDNDQ� PHWRGH� XQWXN�
PHQ\HOHVDLNDQ�SHUPDVDODKDQ� SHQXJDVDQ�GHQJDQ� WXMXDQ�
XQWXN� PHPLQLPXPNDQ� WRWDO� ELD\D� SHQXJDVDQ�� 3DGD�
PDNDODK� LQL�� ELD\D� GLDQJJDS� VHEDJDL� ZDNWX� \DQJ�
GLEXWXKNDQ� XQWXN� PHUHVWRUDVL� MDULQJDQ� VHUWD� ZDNWX�
PRELOLVDVLQ\D� GHQJDQ� PHQJNRQVLGHUDVLNDQ� SHUDQDQ�
NRQHNWLYLWDV� VLPSXO� �OLKDW� SHUVDPDDQ� ������ 6HKLQJJD�
DOJRULWPD� LQL� DNDQ� PHQHWDSNDQ� VHFDUD� VLVWHPDWLV� WLP�
\DQJ� DNDQ� GLWXJDVNDQ� SDGD� VLPSXO� \DQJ� WHUGDPSDN��
3HQXJDVDQ� WLP� GLDQJJDS� RSWLPXP� WRWDO� ELD\D�
SHQXJDVDQ�PHQFDSDL�QLODL�WHUNHFLO��+DVLO�GDUL�$OJRULWPD�
+XQJDULDQ� GLJXQDNDQ� XQWXN� PHQXJDVNDQ� WLP-U� SDGD�
VLPSXO-L� � KLQJJD� DNKLU� GDUL� SURVHV� UHVWRUDVL� �OLKDW�
3HUVDPDDQ�����GDQ������ 

/DQJNDK�� 

3HUEDKDUXL� MXPODK� WLP� \DQJ� WHUVHGLD� GDQ� NDQGLGDW�
VLPSXO�� $WXU� W W���� MLND� W� NXUDQJ� GDUL� Ĳ� ODQMXW� NH�
ODQJNDK����MLND�WLGDN�SURVHV�EHUDNKLU�� 

���(NVSHULPHQ�1XPHULNDO 

8QWXN� PHQ\HOLGLNL� SHQHUDSDQ� PRGHO�� PDNDODK� LQL�
NHPXGLDQ�PHQJJXQDNDQ� MDULQJDQ� MDODQ� VHGHUKDQD�\DQJ�

$WXU�W ���EXDW�PDWULNV�SHQXJDVDQ�GHQJDQ�GLPHQVL 
��������������������������������PHQXQMXNDQ�VHW�GDUL�NDQGLDW�VLPSXO 
�\DQJ�DNDQ�GLUHVWRUDVL�������������PHQJLOXVWUDVLNDQ�MXPODK�
WLP� UHVWRUDVL� \DQJ� WHUVHGLD� SDGD� ZDNWX-W� WHUWHQWX���
7HPSDWNDQ�VLPSXO�NDQGLGDW�SDGD�EDULV�DWDV�PDWULN�GDQ�
WLP�\DQJ�WHUVHGLD�SDGD�NRORP�SHUWDPD��7DEHO���� 

��� 
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WHUGDPSDN�EHQFDQD��-DULQJDQ�MDODQ�WHUVHEXW�GLOHQJNDSL�
ROHK� ��� VLPSXO� GDQ� ��� UXDV�� $QJJDS� EDKZD� MDULQJDQ�
MDODQ� WHUVHEXW� WHUGDPSDN� SXLQJ-SXLQJ� �L�H�� GHEULV��
DNLEDW� WVXQDPL� \DQJ� PHPDNVD� WLP� UHVWRUDVL� XQWXN�
PHPEHUVLKNDQ� SXLQJ-SXLQJ� WHUVHEXW�� .RQGLVL� LQL�
NHPXGLDQ� GLZDNLOL� ROHK� VLPSXO-D� KLQJJD� VLPSXO-DI�
�OLKDW�*DPEDU�����6LPSXO�WHUGDPSDN�PHPLOLNL�YROXPH�
GHEULV� \DQJ� EHUDJDP� PXODL� GDUL� ���� P�� KLQJJD� ����
P��\DQJ�GL-JHQHUDWH�VHFDUD�DFDN�SDGD�UHQWDQJ�YROXPH�
WHUVHEXW��.HPDPSXDQ�WLP�XQWXN�PHQ\LQJNLUNDQ�GHEULV�
GDUL� MDODQ� GLGDVDUNDQ� NHSDGD� NDSDVLWDV� SURGXNVL� SHU�
XQLW�WLP�UHVWRUDVL��\DQJ�GLKLWXQJ�GHQJDQ�PHQJJXQDNDQ�
NDSDVLWDV� DODW� EHUDW� GDODP� PHQDQJDQL� GHEULV�� 'DODP�
FRQWRK� SDGD� PDNDODK� LQL�� GLDQJJDS� NDSDVLWDV� WLP�
UHVWRUDVL�VHWDUD�GHQJDQ�DODW�EHUDW�GHQJDQ�SURGXNWLILWDV�
��� P�� SHU� MDP�� 1LODL� SURGXNWLILWDV� LQL� GDSDW�
GLVHVXDLNDQ� GHQJDQ� NHWHUVHGLDDQ� DODW� EHUDW� \DQJ� DGD�
VDDW�SURVHV�UHVWRUDVL�� 

%HUGDVDUNDQ� NHSDGD� MDULQJDQ� XMLFRED�� NLQHUMD� GDUL�
PRGHO� \DQJ� GLXVXONDQ� NHPXGLDQ� GLLQYHVWLJDVL�� 7DKDS�
SHUWDPD�DGDODK�PHPEDQGLQJNDQ�NLQHUMD�PRGHO�GHQJDQ�
GDQ� WDQSD� PHPDVXNNDQ� IXQJVL� NRQHNWLYLWDV� \DQJ�
GLZDNLOL� ROHK� QLODL� IUDNVL� SDGD� 3HUVDPDDQ� �����
*DPEDU� �� PHPEHULNDQ� LOXVWUDVL� EDKZD� GHQJDQ�
PHQJJXQDNDQ� MXPODK� WLP� UHVWRUDVL� \DQJ� VDPD� �L�H��� ��
WLP��� PRGHO� \DQJ� PHPDVXNNDQ� IXQJVL� NRQHNWLYLWDV�
PDPSX� PHUHVWRUDVL� VHOXUXK� VLPSXO� WHUGDPSDN� OHELK�
FHSDW��L�H������MDP��GLEDQGLQJNDQ�GHQJDQ�PRGHO�WDQSD�
IXQJVL� NRQHNWLYLWDV� �L�H��� ��� MDP��� 6HFDUD� VSHVLILN��
LQWHJUDVL� IXQJVL� NRQHNWLYLWDV� PDPSX� PHSHUFHSDW�
ZDNWX�WHUEXND�DNVHV�KLQJJD������OHELK�FHSDW��.RQGLVL�
LQL�PHPEHULNDQ�LOXVWUDVL�PDQIDDW�SHQJJDEXQJDQ�IXQJVL�
NRQHNWLYLWDV�GDODP�PRGHO�UHVWRUDVL�MDODQ� 

(NVSHULPHQ� QXPHULNDO� VHODQMXWQ\D� GLODNXNDQ� GHQJDQ�
PHQJLQYHVWLJDVL�MXPODK�WLP�RSWLPDO�XQWXN�PHUHVWRUDVL�
MDULQJDQ� MDODQ� WHUVHEXW�� 7HUGDSDW� �� DOWHUQDWLI� XWDPD�

*DPEDU����-DULQJDQ�\DQJ�GL�XMLFRED 

*DPEDU����3HUEDQGLQJDQ�ZDNWX�UHVWRUDVL�XQWXN�PRGHO�
GHQJDQ�GDQ�WDQSD�IXQJVL�NRQHNWLYLWDV 

*DPEDU����3HUEDQGLQJDQ�ZDNWX�UHVWRUDVL�GHQJDQ�YDULDVL�
MXPODK�WLP 

7DEHO����%LD\D�SHQXJDVDQ�WLP�UHVWRUDVL�GHQJDQ�YDULDVL�
MXPODK�WLP 

-XPODK��
7LP 

:DNWX�.HUMD�7LP�NH-��MDP� %LD\D�7LP��
�-XWD�5S�� � � � � � 7RWDO 

� �� �� �� �� �� ��� ������ 

� �� �� �� �� � ��� ������ 

� �� �� �� � � ��� ������ 

� �� �� � � � ��� ������ 

GDODP�SURVHV� HYDOXDVL� LQL�� \DLWX�PHQXJDVNDQ� �� WLP�� ��
WLP�� �� WLP�� �� WLP�� GDQ� �� WLP� VHFDUD� EHUVDPDDQ� XQWXN�
PHUHVWRUDVL�VHOXUXK�MDULQJDQ�MDODQ�WHUGDPSDN� 

*DPEDU� �� PHPEHULNDQ� LOXVWUDVL� ZDNWX� \DQJ�
GLEXWXKNDQ� XQWXN� PHPXOLKNDQ� VHPXD� VLPSXO�
WHUGDPSDN� EHUGDVDUNDQ� MXPODK� WLP� UHVWRUDVL� \DQJ�
GLWXJDVNDQ�� %HUGDVDUNDQ� NHSDGD� *DPEDU� �� GDSDW�
GLNHWDKXL� SHQXJDVDQ� �� WLP� GDSDW� PHPEHULNDQ� ZDNWX�
UHVWRUDVL� \DQJ� OHELK� EDLN� GLEDQGLQJNDQ� DOWHUQDWLI�
ODLQQ\D�� 0HVNLSXQ� GDODP� NRQWHNV� HILVLHQVL� NHUMD� GDQ�
ELD\D� SHQXJDVDQ�� SHQXJDVDQ� �� WLP� XQWXN� PHUHVWRUDVL�
MDULQJDQ�MDODQ�WHUOLKDW�OHELK�EDLN�GLEDQGLQJNDQ�ODLQQ\D��
3HQXJDVDQ� GHQJDQ� MXPODK� �� WLP� GDSDW� PHUHVWRUDVL�
VHPXD�VLPSXO� WHUGDPSDN�GDODP�ZDNWX���� MDP��VHGLNLW�
OHELK� ODPD� GLEDQGLQJNDQ� SHQXJDVDQ� �� WLP� VHFDUD�
EHUVDPDDQ��L�H������MDP��� 

6HODLQ� LWX� GHQJDQ� PHQJDQJJDS� EDKZD� XQLW� ELD\D� WLP�
UHVWRUDVL� DGDODK� 5S�� ���������� SHU� MDP�� %LD\D� LQL�
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7DEHO����-DGZDO�WLP�GDQ�GXUDVL�UHVWRUDVL�VLPSXO 

7DEHO����:DNWX�WHUEXND�DNVHV�GDUL�GHSRW�NH�VKHOWHU 

3DVDQJDQ�6LPSXO� :DNWX�WHUKXEXQJ��MDP�NH-�� 

'HSRW����GDQ�6KHOWHU-� �� 

'HSRW����GDQ�6KHOWHU�-�� �� 

'HSRW����GDQ�6KHOWHU�-�� �� 

PHQFDNXS� ELD\D� KRQRU� SHNHUMD�� VHZD� DODW� EHUDW�� EDKDQ�
EDNDU� GDQ� DVXUDQVL� NHVHKDWDQ�� \DQJ� GDSDW� GLVHVXDLNDQ�
GHQJDQ�NDUDNWHULVWLN�ELD\D�GL� VDDW� EHQFDQD�SDGD�NRQGLVL�
DNWXDO�� 2OHK� NDUHQDQ\D�� MLND�PHOLKDW� VHFDUD� WRWDO� ELD\D��
SHQXJDVDQ� WLP� EHUMXPODK� �� GDSDW� PHPEHULNDQ� ELD\D�
\DQJ� MDXK� OHELK� VHGLNLW� GLEDQGLQJNDQ� SHQXJDVDQ� �� WLP�
VHFDUD� EHUVDPDDQ� �OLKDW�7DEHO� ���� 6HFDUD� VSHVLILN�� SDGD�
FRQWRK� NDVXV� \DQJ� GLWDQJDQL�� VROXVL� \DQJ� GLEHULNDQ�
GHQJDQ� PHQJJXQDNDQ� WLP� EHUMXPODK� �� PDPSX�
PHQXUXQNDQ� ELD\D� UHVWRUDVL� KLQJJD� �����GHQJDQ�ZDNWX�
UHVWRUDVL����OHELK�ODPD�GLEDQGLQJNDQ�SHQXJDVDQ���WLP� 

0RGHO� UHVWRUDVL� LQL� GDSDW� SXOD� GLJXQDNDQ� XQWXN�
PHQ\XVXQ�MDGZDO�WLP�UHVWRUDVL�XQWXN�PHPXOLKNDQ�VLPSXO�
WHUGDPSDN�� 7DEHO� �� PHPEHULNDQ� LOXVWUDVL� GDUL�
SHQMDGZDODQ� XUXWDQ� VLPSXO� \DQJ� KDUXV� GLSHUEDLNL� ROHK�
PDVLQJ-PDVLQJ�WLP�UHVWRUDVL� 

(YDOXDVL� NLQHUMD� WLP� UHVWRUDVL� GDSDW� SXOD� GLODNXNDQ�
GHQJDQ� PHODNXNDQ� HODERUDVL� ZDNWX� \DQJ� GLEXWXKNDQ�
XQWXN� PHQJKXEXQJNDQ� GHSRW� GHQJDQ� VKHOWHU�� 6KHOWHU-��
WHUKXEXQJ� GHQJDQ� GHSRW� SDGD� MDP� NH-���� VHPHQWDUD�
VKHOWHU-���GDQ���� WHUKXEXQJ�SDGD� MDP�NH-���GDQ�NH-����
3DGD� VDDW� VKHOWHU-��� WHUKXEXQJ�� MXPODK� VLPSXO� \DQJ�
GLSHUEDLNL� EDUX�PHQFDSDL� ����GDUL� MXPODK� VLPSXO� \DQJ�
WHUGDPSDN�� .RQGLVL� LQL� PHPEHULNDQ� JDPEDUDQ� EDKZD�
SHQJJXQDDQ�NRQVHS�QLODL� IUDNVL�XQWXN�PHUDQNLQJ�VLPSXO�
SULRULWDV� PHPEHULNDQ� GDPSDN� SRVLWLI� WHUKDGDS�
WHUEXNDQ\D�DNVHV�NH�VKHOWHU� 

���.HVLPSXODQ 

0DNDODK� LQL� PHPEDKDV� PRGHO� RSWLPDVL� XQWXN� UHVWRUDVL�
MDULQJDQ�MDODQ�\DQJ�WHUGDPSDN�EHQFDQD��DGDSXQ�EHEHUDSD�
NHVLPSXODQ�\DQJ�GDSDW�GLSHUROHK�DGDODK� 

�� 0RGHO�\DQJ�GLXVXONDQ�PHQFDNXS�SURVHV�SHQJDPELODQ�
NHSXWXVDQ� DWDV� WLJD� OHYHO� NHSXWXVDQ� \DQJ� EHUEHGD��
\DLWX�� SHPLOLKDQ� VLPSXO� WHUGDPSDN� SULRULWDV� \DQJ�
KDUXV� GLSHUEDLNL�� SHQXJDVDQ� WLP� SHUEDLNDQ� NH� VLPSXO�
MDODQ� WHUGDPSDN�� GDQ� NHSXWXVDQ� SHPLOLKDQ� UXWH�
WHUSHQGHN�\DQJ�DNDQ�GLNXQMXQJL�ROHK�WLP�SHUEDLNDQ�� 

�� .RQVHS� NRQHNWLYLWDV� GLJDEXQJNDQ� GDODP� PRGHO�
UHVWRUDVL� XQWXN� PHPLOLK� VLPSXO� SULRULWDV�� GLPDQD�
$OJRULWPD� +XQJDULDQ� WXUXW� GLLQWHJUDVLNDQ� XQWXN�
PHQXJDVNDQ�WLP�UHVWRUDVL�VHFDUD�HILVLHQ� 

�� +DVLO� HNVSHULPHQ� QXPHULNDO� PHQXQMXNNDQ� EDKZD�
PRGHO� UHVWRUDVL� \DQJ� GLXVXONDQ� PDPSX�
PHQ\HOHVDLNDQ�SHUPDVDODKDQ�UHVWRUDVL� MDULQJDQ�MDODQ�
VHFDUD� HILVLHQ� \DQJ� WHUOLKDW� GDUL� ZDNWX� \DQJ� OHELK�
FHSDW�GHQJDQ�ELD\D�\DQJ�OHELK�PXUDK� 

�� 3HQJJXQDDQ� NRQVHS� NRQHNWLYLWDV� GL� GDODP� VHFDUD�
VSHVLILN�EHUKDVLO�GDODP�PHPDQGX�WLP�UHVWRUDVL�XQWXN�
PHQHQWXNDQ� VLPSXO� SULRULWDV�� VHPHQWDUD� $OJRULWPD�
+XQJDULDQ� EHUSHUDQ� GDODP� PHQJDORNDVLNDQ� WLP�
VHFDUD� HILVLHQ�� ,QWHJUDVL� NHGXD� SHQGHNDWDQ� LQL�
NHGDODP� VDWX�PRGHO� UHVWURUDVL� \DQJ� EHUSHUDQ� GDODP�
PHQXUXQNDQ� ZDNWX� GDQ� ELD\D� UHVWRUDVL� VHODLQ�
PHPSHUFHSDW�SHPEXNDDQ�DNVHV�NH�ORNDVL�WHUGDPSDN� 

��� 8VXODQ� PHWRGH� \DQJ� GDSDW� PHPEHULNDQ� KDVLO� \DQJ�
OHELK� HILVLHQ�� PHPLOLNL� SRWHQVL� XQWXN� GLWHUDSNDQ�
GDODP� GLVWULEXVL� EDUDQJ� EDQWXDQ� EHQFDQD� PHODOXL�
SHUFHSDWDQ�SHPEXNDDQ�DNVHV�NH�ZLOD\DK� WHUGDPSDN��
3DGD�UHQFDQD�SHQHOLWLDQ�VHODQMXWQ\D��PHWRGH�LQL�DNDQ�
GLWHUDSNDQ� NHSDGD� MDULQJDQ� DNWXDO� GHQJDQ�
PHQJJXQDNDQ� LQSXW� KDVLO� GDWD� ODSDQJDQ� GDODP�
UDQJND� PHQJXML� DSOLNDELOLWDV� PDXSXQ� SHUIRUPD� GDUL�
PRGHO�SDGD�NRQGLVL�Q\DWD�� 

���8FDSDQ�7HULPD�.DVLK 

3HQHOLWLDQ�LQL�GLGXNXQJ�ROHK�+LEDK�3HQHOLWLDQ�,7%������
\DQJ� GLGDQDL� PHODOXL� /HPEDJD� 3HQHOLWLDQ� GDQ�
3HQJDEGLDQ�0DV\DUDNDW�,7%� 

���'DIWDU�3XVWDND 

$KPDGL�� 0��� 6HLIL�� $��� 	� 7RRWRRQL�� %�� �������� $�
KXPDQLWDULDQ� ORJLVWLFV� PRGHO� IRU� GLVDVWHU� UHOLHI�
RSHUDWLRQ� FRQVLGHULQJ� QHWZRUN� IDLOXUH� DQG�
VWDQGDUG� UHOLHI� WLPH�� $� FDVH� VWXG\� RQ� 6DQ�
)UDQFLVFR�GLVWULFW��7UDQVSRUWDWLRQ�5HVHDUFK�3DUW�
(��/RJLVWLFV�DQG�7UDQVSRUWDWLRQ�5HYLHZ���������
–�����KWWSV���GRL�RUJ���������M�WUH������������ 

$NEDUL�� 9��� 	� 6DOPDQ�� )�� 6�� �������� 0XOWL-YHKLFOH�
V\QFKURQL]HG�DUF�URXWLQJ�SUREOHP�WR�UHVWRUH�SRVW
-GLVDVWHU� QHWZRUN� FRQQHFWLYLW\�� (XURSHDQ�
-RXUQDO� RI� 2SHUDWLRQDO� 5HVHDUFK�� �������� ���–
�����KWWSV���GRL�RUJ���������M�HMRU������������ 

$OWD\��1���	�*UHHQ��:��*����������25�06�UHVHDUFK�LQ�
GLVDVWHU� RSHUDWLRQV� PDQDJHPHQW�� (XURSHDQ�
-RXUQDO� RI� 2SHUDWLRQDO� 5HVHDUFK�� �������� ���–
�����KWWSV���GRL�RUJ���������M�HMRU������������ 

dHOLN��0�� ��������1HWZRUN� UHVWRUDWLRQ� DQG� UHFRYHU\� LQ�
KXPDQLWDULDQ� RSHUDWLRQV�� )UDPHZRUN�� OLWHUDWXUH�
UHYLHZ�� DQG� UHVHDUFK� GLUHFWLRQV�� 6XUYH\V� LQ�
2SHUDWLRQV�5HVHDUFK�DQG�0DQDJHPHQW�6FLHQFH��
������� ��–���� KWWSV���GRL�RUJ���������
M�VRUPV������������ 

'LMNVWUD�� (�� :�� �������� $� QRWH� RQ� WZR� SUREOHPV� LQ�
FRQQH[LRQ�ZLWK�JUDSKV��1XPHULVFKH�0DWKHPDWLN��

.HWHUDQJDQ 
8UXWDQ�NH- 

� � � � � � � � � �� �� 

7LP�� 
6LPSXO DH DE [ DF DG R V W S G F 
'XUDVL � � � � � � � � � � �� 

7LP�� 
6LPSXO DI \ ] X M 

  
'XUDVL � � � � �� 

7LP�� 
6LPSXO Y O T P J K I L H E 

  
'XUDVL � � � � � � � � � � 

7LP�� 
6LPSXO DD Z U Q N D 

  
'XUDVL � � � � � �� 
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������ ���–����� KWWSV���GRL�RUJ�������������-
�������������-� 

+DGDV�� <��� 	� 5DQMLWNDU�� 3�� �������� 0RGHOLQJ� SXEOLF-
WUDQVLW� FRQQHFWLYLW\� ZLWK� VSDWLDO� TXDOLW\-RI-
WUDQVIHU� PHDVXUHPHQWV�� -RXUQDO� RI� 7UDQVSRUW�
*HRJUDSK\�� ���� ���–����� KWWSV���
GRL�RUJ���������M�MWUDQJHR������������ 

.XKQ�� +��:�� �������� 7KH� +XQJDULDQ�0HWKRG� IRU� WKH�
$VVLJQPHQW�3UREOHP��1DYDO�5HVHDUFK�/RJLVWLFV�
4XDUWHUO\� %DQQHU�� ���–���� ��–���� KWWSV���
GRL�RUJ���������&%2����������������� 

0DWLV]LZ��7��&���0XUUD\��$��7���1RO]��3��&���6HPHW��)���
'RHUQHU��.��)���/X��&��&���<LQJ��.��&���&KHQ��+��
-��� 0D\D� 'XTXH�� 3�� $��� 'ROLQVND\D�� ,�� 6���
6|UHQVHQ�� .��� ,ORJOX�� 6��� $OEHUW�� /�� $���
0RUVKHGORX�� 1��� *RQ]iOH]�� $�� '��� %DUNHU�� .���
+X��6���+DQ��&���'RQJ��=��6���«�0RKD\PDQ\��
$��6����������2SWLPDO�VFKHGXOLQJ�RI�HPHUJHQF\�
URDGZD\� UHSDLU� DQG� VXEVHTXHQW� UHOLHI�
GLVWULEXWLRQ�� (XURSHDQ� -RXUQDO� RI� 2SHUDWLRQDO�
5HVHDUFK�� ������ ��–���� KWWSV���GRL�RUJ���������
M�HMRU������������ 

0XQNUHV��-����������$OJRULWKPV�IRU�WKH�DVVLJQPHQW�DQG�
WUDQVSRUWDWLRQ�SUREOHPV��-RXUQDO�RI� WKH�6RFLHW\�
IRU� ,QGXVWULDO� DQG� $SSOLHG� 0DWKHPDWLFV�� ������
��–��� 

1DJDH�� 7��� )XMLKDUD�� 7���	�$VDNXUD��<�� ��������$QWL-
VHLVPLF� UHLQIRUFHPHQW� VWUDWHJ\� IRU� DQ� XUEDQ�
URDG�QHWZRUN��7UDQVSRUWDWLRQ�5HVHDUFK�3DUW�$��
3ROLF\� DQG� 3UDFWLFH�� ������� ���–����� KWWSV���
GRL�RUJ���������M�WUD������������ 

3HHWD��6���6LEHO�6DOPDQ��)���*XQQHF��'���	�9LVZDQDWK��
.����������3UH-GLVDVWHU�LQYHVWPHQW�GHFLVLRQV�IRU�
VWUHQJWKHQLQJ� D� KLJKZD\� QHWZRUN�� &RPSXWHUV�
DQG� 2SHUDWLRQV� 5HVHDUFK�� �������� ����–������
KWWSV���GRL�RUJ���������M�FRU������������ 

5DEWD�� %��� :DQNP�OOHU�� &��� 	� 5HLQHU�� *�� �������� $�
GURQH� IOHHW� PRGHO� IRU� ODVW-PLOH� GLVWULEXWLRQ� LQ�
GLVDVWHU�UHOLHI�RSHUDWLRQV��,QWHUQDWLRQDO�-RXUQDO�
RI� 'LVDVWHU� 5LVN� 5HGXFWLRQ�� ���$XJXVW� �������
���–����� KWWSV���GRL�RUJ���������
M�LMGUU������������ 

5\X�� 6��� &KHQ�� $��� 	� &KRL�� .�� �������� 6ROYLQJ� WKH�
VWRFKDVWLF� PXOWL-FODVV� WUDIILF� DVVLJQPHQW�
SUREOHP� ZLWK� DV\PPHWULF� LQWHUDFWLRQV�� URXWH�
RYHUODSSLQJ��DQG�YHKLFOH�UHVWULFWLRQV��,Q�-RXUQDO�
RI� $GYDQFHG� 7UDQVSRUWDWLRQ� �9RO�� ���� ,VVXH� ���
SS�����–������KWWSV���GRL�RUJ���������DWU����� 

:HL�� 3��� &KHQ�� /��� 	� 6XQ�� '�� �������� $OJHEUDLF�
FRQQHFWLYLW\� PD[LPL]DWLRQ� RI� DQ� DLU�
WUDQVSRUWDWLRQ� QHWZRUN�� 7KH� IOLJKW� URXWHV¶�
DGGLWLRQ�GHOHWLRQ� SUREOHP�� 7UDQVSRUWDWLRQ�
5HVHDUFK�3DUW�(��/RJLVWLFV�DQG�7UDQVSRUWDWLRQ�
5HYLHZ�� ���� ��–���� KWWSV���GRL�RUJ���������
M�WUH������������ 

=KHQ��/���;X��=���:DQJ��.���	�'LQJ��<����������0XOWL-
SHULRG� \DUG� WHPSODWH� SODQQLQJ� LQ� FRQWDLQHU�
WHUPLQDOV�� 7UDQVSRUWDWLRQ� 5HVHDUFK� 3DUW� %��
0HWKRGRORJLFDO�� ���� ���–����� KWWSV���
GRL�RUJ���������M�WUE������������ 

=KRX�� <��� :DQJ�� -��� 	� 6KHX�� -�� %�� �������� 2Q�
FRQQHFWLYLW\� RI� SRVW-HDUWKTXDNH� URDG� QHWZRUNV��
7UDQVSRUWDWLRQ�5HVHDUFK�3DUW�(��/RJLVWLFV� DQG�
7UDQVSRUWDWLRQ�5HYLHZ������'HFHPEHU���������
–����KWWSV���GRL�RUJ���������M�WUH������������ 


