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3URWRWLSH�6LVWHP�.HQGDOL�6XKX�GDQ�.HOHPEDEDQ�.DQGDQJ�$\DP�

%URLOHU�PHODOXL�%O\QN�6HUYHU�EHUEDVLV�$QGURLG 

)LWUL�3XVSDVDUL���,PDP�)DKUXUUR]L���7ULDV�3ULPD�6DW\D���*DOLK�6HW\DZDQ�����������������

0XKDPPDG�5LITL�$O�)DX]DQ� 

 
��'HSDUWHPHQ�7HNQLN�(OHNWUR�GDQ�,QIRUPDWLND�6HNRODK�9RNDVL�� 

8QLYHUVLWDV�*DGMDK�0DGD��<RJ\DNDUWD��,QGRQHVLD 

 


�3HQXOLV�3HQDQJJXQJMDZDE��(-PDLO��ILWUL�SXVSDVDUL#XJP�DF�LG��)LWUL�3XVSDVDUL�� 

$%675$. 

$\DP�EURLOHU�PHUXSDNDQ�KHZDQ� WHUQDN� \DQJ�PHPLOLNL�FLUL�NKDV�SHUWXPEXKDQ�\DQJ�

FHSDW�GDQ�SHUWXPEXKDQQ\D�GLSHQJDUXKL�ROHK�VXKX� OLQJNXQJDQ��.DQGDQJ�PHUXSDNDQ�

VDODK� VDWX� EDJLDQ� GDUL� PDQDMHPHQ� WHUQDN� D\DP� EURLOHU� \DQJ� VDQJDW� SHQWLQJ� XQWXN��

GLSHUKDWLNDQ��WHUXWDPD�PHQJHQDL�VXKX�GDQ�NHOHPEDEDQ��7XMXDQ�SHQHOLWLDQ�LQL�DGDODK�

PHPEXDW� SURWRWLSH� VLVWHP� SHQJXNXUDQ� EHVDUDQ� ILVLV� EHUXSD� SHQJDWXUDQ� GDQ�����������

SHQJXNXUDQ� � VXKX� GDQ� NHOHPEDEDQ� VHFDUD� RWRPDWLV� SDGD� NDQGDQJ� D\DP� EURLOHU�����

EHUEDVLV� DQGURLG� XQWXN� PHPXGDKNDQ� PRQLWRULQJ�� 3DGD� SHQHOLWLDQ� LQL� VHQVRU� \DQJ�

GLJXQDNDQ� XQWXN� PHQJXNXU� VXKX� GDQ� NHOHPEDEDQ� GDODP� VLVWHP� PRQLWRULQJ� LQL�����

DGDODK� VHQVRU� '+7���� VHGDQJNDQ� VHEDJDL� SHQJHQGDOLQ\D� GLJXQDNDQ�$UGXLQR�'XH��

.HWLND�VHQVRU�'+7���PHPEDFD�GDWD��PDND�$UGXLQR�DNDQ�PHUHNDP�GDQ�PHPSURVHV�

GDWD� WHUVHEXW��'DWD� SHQJXNXUDQ� GDSDW� GLVLPSDQ�GDODP�EHQWXN�GDWDEDVH�\DQJ�GDSDW�

GLWDPSLONDQ�SDGD�KDODPDQ�DSOLNDVL�%O\QN��EHUEDVLV�DQGURLG� 

������ 

.DWD�.XQFL���6XKX��.HOHPEDEDQ��'+7����$UGXLQR�GXH��$QGURLG�� 
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$%675$&7 

%URLOHU� FKLFNHQV� DUH� OLYHVWRFN� WKDW� KDYH� D� FKDUDFWHULVWLF� WKDW� LV� IDVW� JURZWK� DQG� LWV�

JURZWK�LV�LQIOXHQFHG�E\�WKH�WHPSHUDWXUH�RI�WKH�HQYLURQPHQW��&DJH�LV�RQH�SDUW�RI�WKH�

PDQDJHPHQW� RI� EURLOHU� FKLFNHQV� ZKLFK� LV� YHU\� LPSRUWDQW�� HVSHFLDOO\� UHJDUGLQJ�

WHPSHUDWXUH�DQG�KXPLGLW\��7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�PDNH�D�SURWRW\SH�RI�WKH�

SK\VLFDO�PHDVXUHPHQW�V\VWHP�LQ�WKH�IRUP�RI�VHWWLQJ�DQG�PHDVXULQJ�WHPSHUDWXUH�DQG�

KXPLGLW\� DXWRPDWLFDOO\� LQ� DQ� $QGURLG-EDVHG� EURLOHU� FKLFNHQ� FRRS� WR� IDFLOLWDWH�

PRQLWRULQJ�� ,Q� WKLV� VWXG\� WKH� VHQVRUV�XVHG� WR�PHDVXUH� WHPSHUDWXUH� DQG� KXPLGLW\� LQ�

WKH� PRQLWRULQJ� V\VWHP� DUH� '+7��� VHQVRUV�� ZKLOH� $UGXLQR� 'XH� LV� XVHG� DV� WKH�

FRQWUROOHU�� :KHQ� WKH� '+7��� VHQVRU� UHDG� WKH� GDWD�� WKH� $UGXLQR� ZLOO� UHFRUG� DQG�

SURFHVV�WKH�GDWD��0HDVXUHPHQW�GDWD�FDQ�EH�VWRUHG�LQ�WKH�IRUP�RI�D�GDWDEDVH�WKDW�FDQ�

EH�GLVSOD\HG�RQ�%O\QN�DSS�EDVHG�RQ�$QGURLG�� 

 

.H\ZRUGV��7HPSHUDWXUH��+XPLGLW\��'+7����$UGXLQR�GXH��$QGURLG� 

�� 3HQGDKXOXDQ 

3HUPDVDODKDQ� WLQJJLQ\D� VXKX�����������

OLQJNXQJDQ� GDSDW�PHQJDNLEDWNDQ� D\DP�

PHQJDODPDL� VWUHV� GLNDUHQDNDQ� D\DP�

WHUJRORQJ�GDODP�KHZDQ� EHUGDUDK� SDQDV�

\DQJ�WLGDN�PHPSXQ\DL�NHOHQMDU�NHULQJDW�

VHUWD� KDPSLU� VHOXUXK� WXEXKQ\D� WHUWXWXS�

EXOX��.RQGLVL�VHSHUWL�LQL�PHQJDNLEDWNDQ�

WHUQDN� XQJJDV� GDODP� NRQGLVL� SDQDV�

PHQJDODPL� NHVXOLWDQ� XQWXN� PHPEXDQJ�

SDQDV� WXEXKQ\D� NH� OLQJNXQJDQ�� +DO���

WHUVHEXW� EHUGDPSDN� SDGD� SURGXNWLYLWDV�

GDQ� EDKNDQ� GDSDW� EHUXMXQJ� SDGD�������

NHPDWLDQ� 

%HUGDVDUNDQ� ODWDU� EHODNDQJ� GL� DWDV��

GLSHUOXNDQ� VXDWX� SHUDQJNDW� \DQJ�������

EHUIXQJVL� XQWXN� PHPDQWDX� WLQJNDW����

VXKX� �NHOHPEDEDQ� GL� GDODP� NDQGDQJ�

D\DP�EURLOHU��6LVWHP�GDODP�SURWRWLSH�LQL�

GLKDUDSNDQ� GDSDW� PHPEHULNDQ� VROXVL�

EDJL� SHWHUQDN� GDODP� PHQJXUDQJL�������

NHPDWLDQ� GDQ� NHUXJLDQ� GDODP�������

SURGXNWLYLWDV�D\DP�WHUQDN�EURLOHU�� 

3DGD�SHQHOLWLDQ�LQL��VHQVRU�VXKX�GDQ�

NHOHPEDEDQ�\DQJ�GLJXQDNDQ�DGDODK�WLSH�

'+7��� �*DPEDU� ���� GHQJDQ� NHOXDUDQ�

GDODP� EHQWXN� VLQ\DO� GLJLWDO�� 6HQVRU�

'+7��� LQL� PHPLOLNL� SHQJDWXUDQ� VXKX�

GDQ� NHOHPEDEDQ� \DQJ� WHUNDOLEUDVL� GDQ�

PHPLOLNL�NHVWDELODQ�MDQJND�SDQMDQJ�>�@�� 

6HQVRU� '+7� ��� PHPLOLNL� UDQJH�

SHQJXNXUDQ�VXKX��Û�VDPSDL���Û��GDQ����

–� � �����5+� �5HODWLYH�+XPLGLW\�� XQWXN�

SHQJXNXUDQ�NHOHPEDEDQ��GHQJDQ�DNXUDVL�

SHQJXNXUDQ� VXKX� ��Û&� GDQ� ���� 5+��

SDGD�SHQJXNXUDQ�NHOHPEDEDQ�>�@�� 
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*DPEDU����6HQVRU�'+7�� 

 
3HPURJUDPDQ� GDQ� EDJLDQ� SHUDQJNDW�

NHUDV� VHQVRU� VXKX� GDQ� NHOHPEDEDQ��

EHULQWHUDNVL� GHQJDQ� DUGXLQR� 'XH�����

$UGXLQR� '8(� DGDODK� SDSDQ��������

PLNURNRQWUROHU� \DQJ� WHUGLUL� GDUL�����

FRPSLOHU� EDKDVD� SHPRJUDPDQ� VWDQGDU�

GDQ� VHEXDK� ERRW� ORDGHU� \DQJ���

GLHNVHNXVL� GDODP� PLFURNRQWUROOHU��

3ODWIRUP�HOHNWURQLN�LQL�PHPLOLNL����SLQ�

LQSXW� ��RXWSXW�GLJLWDO����� LQSXW�DQDORJ��

��8$57�����0+]�FORFN��NRQHNVL�86%�

27*� \DQJ� PDPSX�� �� '$&�� �� 7:,��

FRORNDQ� OLVWULN�� KHDGHU� 63,�� KHDGHU�

-7$*�� WRPERO� UHVHW�GDQ� WRPERO�KDSXV�

>�@� 

*DPEDU����$UGXLQR�'XH�PLFURFRQWURO�
OHU�ERDUG�>�@ 

 
6HODLQ� VHQVRU�� SDGD� VLVWHP� SHUDQJNDW�

NHUDV�LQL�MXJD�WHUGDSDW�PRGXO�(63�����

\DQJ� PHUXSDNDQ� FKLS� \DQJ� GL����������

GDODPQ\D�VXGDK�WHUPDVXN�SURVHVRU�GDQ�

PHPRUL� VHEDJDL� 7UDQVFHLYHU� XQWXN�

PHODNXNDQ�NRQHNVL�SDGD� MDULQJDQ�ZLIL��

0RGXO� LQL� PHQWUDQVPLVLNDQ� KDVLO�

EDFDDQ� VHQVRU� \DQJ� WHODK� GLRODK�������

DUGXLQR� 'XH� GLNLULPNDQ� NH� SODWIRUP�

,R7�WKLQJVERDUG�>�@� 

3ODWIRUP� ,R7� \DQJ� GLJXQDNDQ� XQWXN�

PHQJHQGDOLNDQ� GDQ� PHPDQWDX� VLVWHP�

NHUMD� KDUGZDUH� \DQJ� WHODK� WHUKXEXQJ�

NH� DQGURLG� DGDODK� DSOLNDVL� %O\QN�

�*DPEDU� ���� $SOLNDVL� LQL� VDQJDW�

PHPEDQWX� GDODP� VLVWHP� WHOHPHWUL��

DQWDUD� ODLQ� SHQJRQWURODQ� MDUDN� MDXK��

PHQDPSLONDQ�GDWD�GDUL�PDVLQJ-PDVLQJ�

VHQVRU� \DQJ� WHUKXEXQJ�� PHQ\LPSDQ�

GDWD�� PHPEHUL� WDQGD�QRWLILNDVL�� GDQ�

ODLQ-ODLQ�>�@� 

*DPEDU� ���.RPSRQHQ�XWDPD�SODWIRUP�

>�@ 

 
���%DKDQ�GDQ�0HWRGH� 

6HFDUD� XPXP� SURWRW\SH� VLVWHP��

WHOHPHWUL� GDODP� SHQHOLWLDQ� LQL� WHUEDJL�

PHQMDGL� �� EDJLDQ� �� KDUGZDUH� GDQ���

VRIWZDUH�� *DPEDU� �� PHQXQMXNNDQ���

EDJLDQ� SHUWDPD� \DLWX� DUVLWHNWXU� � KDUG�

ZDUH� \DQJ� PHQXQMXNNDQ� VHQVRU� \DQJ�

GLNRQWURO� ROHK�$UGXLQR� GDQ� KDVLO� SHQ�

JXNXUDQ� DNDQ� GLDNVHV� PHQJJXQDNDQ�

PRGXO� JVP� DWDX� URXWHU� \DQJ� GLSDVDQJ�

GL�NDQGDQJ�D\DP�EURLOHU�� 
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*DPEDU����7DKDSDQ�3HQHOLWLDQ 

 
 

*DPEDU����3HPURVHVDQ�'DWD 

 

 

*DPEDU����$UVLWHNWXU�+DUGZDUH 

 

3DGD� EDJLDQ� NHGXD� \DLWX� VRIWZDUH�����

PHOLEDWNDQ� VLVWHP� WHOHPHWUL� \DQJ� GDSDW�

GLDNVHV� PHODOXL� DQGURLG� GHQJDQ�

PHQJJXQDNDQ� VHUYHU� %O\QN�� 'DWD� LQL��

MXJD�PHUXSDNDQ�GDWD�UHDOWLPH�GDUL�VHQVRU

-VHQVRU� \DQJ� DGD� SDGD� NDQGDQJ� EURLOHU��

'LDJUDP� DOLU� WDKDSDQ� SHQHOLWLDQ� VHSHUWL�

SDGD�*DPEDU��� 

 

���+DVLO�GDQ�3HPEDKDVDQ� 

+DVLO� SHQJXNXUDQ� VHQVRU� VHODPD� SHQ�

JXMLDQ� GL� NDQGDQJ� D\DP� EURLOHU�PHQXQ�

MXNNDQ� VHGLNLW� SHUEHGDDQ� DQWDUD� VHQVRU�

VDWX� GHQJDQ� \DQJ� ODLQ�� +DO� WHUVHEXW�

GLNDUHQDNDQ� SHQHPSDWDQ� VHQVRU� VXKX�

GDQ� NHOHPEDEDQ� VDWX� GHQJDQ� \DQJ� ODLQ�

NDPL� EHUL� MDUDN� ��� PHWHU� �GHQJDQ� WRWDO�

SDQMDQJ�NDQGDQJ�D\DP�EURLOHU����PHWHU���

*DPEDU� �� DGDODK� GDWD� KDVLO� XML� FRED�

SHPURVHVDQ�GDWD�EHUEDVLV� DUGXLQR�� VHEH�

OXP� GLKXEXQJNDQ� NH� VHUYHU� DSOLNDVL�

%O\QN� 

DƵůĂŝ 

/ŶĐůƵĚĞ�ůŝďƌĂƌǇ͕�/ŶŝƐŝĂůŝƐĂƐŝ�ƐĞŶƐŽƌ�
�Śƚϭϭ 

�ĂĐĂ�^ĞŶƐŽƌ��Śƚϭϭ 

dĞƌŚƵďƵŶŐ�ĚĂŶ�
ƚĞƌďĂĐĂ͍ 

�ĂƚĂ�ƐƵŚƵ�ĚĂŶ�ŬĞůĞŵďĂďĂŶ 

^ŝŵƉĂŶ�ŬĞ�ĚĂƚĂ�ďĂƐĞ 

ƐĞůĞƐĂŝ 
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 ���8FDSDQ�7HULPD�.DVLK 

7HULPD� .DVLK� NHSDGD� SLKDN� 6HNRODK�

9RNDVL� 8*0� \DQJ� WHODK� PHPEDQWX�

GDODP�SHQGDQDDQ�SHQHOLWLDQ�LQL� 

 

���5HIHUHQVL� 

�� ')5RERW����������'+7���7HPSHUD�

WXUH� DQG� +XPLGLW\� 6HQVRU� �6.8��

')5������� KWWS���

ZZZ�GIURERW�FRP�ZLNL�LQGH[�SKS�

'+7��B7HPSHUDWXUHBDQGB+XPLGLW

\B6HQVRUB�6.8�B')5�������

ĸ:HEVLWH 

�� KWWSV���ZZZ�PRXVHU�FRP�GV�������

'+7��-7HFKQLFDO-'DWD-6KHHW-

7UDQVODWHG-9HUVLRQ-��������SGI��

ĸ:HEVLWH 

�� /��%LWMRND��0��1GMH��$��7��%RXP���-��

6RQJ-0DQJXHOOH���������,PSOHPHQ�

WDWLRQ� RI� TXDGUDWLF� G\QDPLF� PDWUL[�

FRQWURO�RQ�DUGXLQR�GXH�$50�FRUWH[

-0��PLFURFRQWUROOHU� ERDUG�� -RXUQDO�

RI� (QJLQHHULQJ� 7HFKQRORJ\�� �

�������-�����ĸ-RXUQDO 

�� KWWS���ZZZ�IDUQHOO�FRP�

GDWDVKHHWV���������SGIĸ:HEVLWH 

�� 6�6XQLWKD� �������� 'LVWDQFH� 0HDV�

XUHPHQW� XVLQJ� 8OWUDVRQLF� 6HQVRU�

DQG� 1RGH0&8�� ,QWHUQDWLRQDO� 5H�

VHDUFK� -RXUQDO� RI� (QJLQHHULQJ� DQG�

7HFKQRORJ\�� ������ ����-������

ĸ-RXUQDO 

�� KWWSV���GRFV�EO\QN�FF�ĸ:HEVLWH 

6HWLDS� VHQVRU� PHQJLULP� GDWD� \DQJ��������

GLWDQJNDS�ROHK�SURWRW\SH�VLVWHP�WHOHPHWUL�

�DQGURLG���+DVLO�GDWD�VXKX�PHODOXL�DSOLNDVL�

%O\QN�GDSDW�GLOLKDW�SDGD�*DPEDU����6XKX�

GL� NDQGDQJ� D\DP� EURLOHU� PHQXQMXNNDQ�

GDWD� UDWD-UDWD� ����Û� FHOFLXV�� 6HGDQJNDQ�

KDVLO� GDWD� VHQVRU� NHOHPEDEDQ����������

PHQXQMXNNDQ� UDWD-UDWD������5+� �5HODWLYH�

+XPLGLW\��� 

 

 

 

 

 

 

 

 

 

 

 

*DPEDU����7DPSLODQ�3URWRWLSH�6LVWHP� 

 
���6LPSXODQ� 

%HUGDVDUNDQ� SHQHOLWLDQ� GDQ� SHPEDKDVDQ�

\DQJ� WHODK� GLODNXNDQ�� GLSHUROHK� NHV�

LPSXODQ�EDKZD� WHODK�EHUKDVLO� GLEXDW�SUR�

WRW\SH� VLVWHP� WHOHPHWUL� SHQJXNXUDQ� EH�

VDUDQ� VXKX� GDQ� NHOHPEDEDQ� NDQGDQJ�

D\DP� EURLOHU�PHODOXL� DSOLNDVL� %O\QN� EHU�

EDVLV�DQGURLG�� 


