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(HQ� FRPSXWHUWHFKQLHN� GLH� JHEUXLNW� ZRUGW� RP� SDWURQHQ� LQ� GDWD� WH� YLQGHQ� HQ� YRRUVSHOOLQJHQ� WH
GRHQ�RYHU�GH�XLWNRPVW�YDQ�HHQ�EHSDDOG�JHYDO���/HUHQ��LV�OLFKW�PLVOHLGHQG��DDQJH]LHQ�GH�FRPSXWHU
QLHW� RS� GH]HOIGH� PDQLHU� OHHUW� DOV� GH� PHQV�� ,Q� SODDWV� GDDUYDQ� LV� GH� FRPSXWHU� LQ� VWDDW
RYHUHHQNRPVWHQ� HQ� YHUVFKLOOHQ� LQ� GH� GDWD� WH� YLQGHQ� GRRU� KHW� KHUKDDOGHOLMN� DDQSDVVHQ� YDQ� GH
SDUDPHWHUV��YDDN��WUDLQLQJ��JHQRHPG���:DQQHHU�GH�LQJHYRHUGH�GDWD�YHUDQGHUHQ��YHUDQGHUHQ�RRN
GH�UHVXOWDWHQ��ZDW�EHWHNHQW�GDW�GH�FRPSXWHU�QLHXZH�SDWURQHQ�OHHUW�GHWHFWHUHQ��'LW�ZRUGW�EHUHLNW
GRRU� HHQ� ZLVNXQGLJH� IRUPXOH� WRH� WH� SDVVHQ� RS� JURWH� KRHYHHOKHGHQ� LQJHYRHUGH� GDWD� RP� HHQ
RYHUHHQNRPVWLJ�UHVXOWDDW�WH�YHUNULMJHQ��'LW�ZRUGW�LQ�PHHU�GHWDLO�EHVFKUHYHQ�LQ�GH�YROJHQGH�VHFWLH�
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$OV�HHQ�PHQV�NDQ�LGHQWLILFHUHQ�KRH�HHQ�$,��RI�PDFKLQDDO�OHHUV\VWHHP�WRW�HHQ�EHSDDOGH�EHVOLVVLQJ�LV
JHNRPHQ��RI�NDQ�YHUNODUHQ�ZDDURP�KHW�]LFK�RS�HHQ�EHSDDOGH�PDQLHU�KHHIW�JHGUDJHQ��GDQ�NDQ�KHW
V\VWHHP� DOV� LQWHUSUHWHHUEDDU� RPVFKUHYHQ� ZRUGHQ�� ,QWHUSUHWHHUEDDUKHLG� NDQ� RRN� EHWUHNNLQJ
KHEEHQ�RS�GH�WUDQVSDUDQWLH�YDQ�GH�SURFHVVHQ�YROJHQV�ZHONH�KHW�V\VWHHP�RQWZLNNHOG�LV�
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'DWDVHWV� RI� JHJHYHQVVHWV� GLH� RPYDQJULMN� ]LMQ�� YDDN� JURWH� KRHYHHOKHGHQ� RSVODJ� YHUHLVHQ�� HQ
HQRUPH� KRHYHHOKHGHQ� NZDQWLWDWLHYH� JHJHYHQV� EHYDWWHQ� GLH� JHEUXLNW� NXQQHQ� ZRUGHQ� RP
SDWURQHQ�RI� WUHQGV�DDQ�KHW� OLFKW� WH�EUHQJHQ��'H�GDWD�GLH� LQ�GH]H�JURWH�GDWDVHWV� ]LMQ�RSJHQRPHQ
NXQQHQ�XLWHHQORSHQ�TXD� W\SH� �EY��JHWDOOHQ��ZRRUGHQ��EHHOGHQ��HQ�NXQQHQ�RIZHO� VSHFLILHN�GLHQHQ
YRRU� HHQ� EHSDDOG� GRHO� HQ� LQ� HHQ� WDEHOYRUP� ]LWWHQ� �JHVWUXFWXUHHUG��� RI� DOJHPHHQ� HQ� JHYDULHHUG
�RQJHVWUXFWXUHHUG��]LMQ�

)0&�8&3,&/�"*�4:45&.&/ 

$/*25,70(
(HQ�UHNHQNXQGLJ�SURFHV�RI�HHQ�UHHNV�UHJHOV�GLH�ZRUGHQ�XLWJHYRHUG�RP�HHQ�EHSDDOG�SUREOHHP�RS
WH�ORVVHQ��0HHVWDO�ZRUGW�HHQ�FRPSXWHU�JHEUXLNW�RP�FRPSOH[H�DOJRULWPHV�XLW�WH�YRHUHQ��PDDU�HHQ
PHQV� NDQ� GLW� HYHQ]HHU�� ELMYRRUEHHOG� GRRU� HHQ� UHFHSW� WH� YROJHQ� RI� HHQ� ZLVNXQGLJH� IRUPXOH� WH
JHEUXLNHQ�RP�HHQ�YHUJHOLMNLQJ�RS�WH�ORVVHQ�

3(562216*(*(9(16
*HJHYHQV� GLH� NXQQHQ� ZRUGHQ� JHEUXLNW� RP� HHQ� SHUVRRQ� WH� LGHQWLILFHUHQ�� 9RRUEHHOGHQ� YDQ
SHUVRRQVJHJHYHQV� ]LMQ�RQGHU�PHHU�YRRU��HQ�DFKWHUQDDP��DGUHV�� ORFDWLHJHJHYHQV�HQ�YRUPHQ�YDQ
LGHQWLILFDWLH��EY��SDVSRRUW��QDWLRQDOH�LGHQWLWHLWVNDDUW��

'$7$:(7(16&+$3
(HQ�JHELHG�GDW�HOHPHQWHQ�XLW� YHUVFKLOOHQGH�GLVFLSOLQHV�RPYDW��ZDDURQGHU� FRPSXWHUZHWHQVFKDS�
ZLVNXQGH��VWDWLVWLHN�HQ�VRFLDOH�ZHWHQVFKDSSHQ��HQ�GDW�LQ�KHW�DOJHPHHQ�JHULFKW�LV�RS�KHW�H[WUDKHUHQ
YDQ�LQ]LFKWHQ�HQ�SDWURQHQ�XLW�GDWDVHWV�RP�HHQ�VSHFLILHNH�YUDDJ�WH�EHDQWZRRUGHQ�RI�HHQ�VSHFLILHN
SUREOHHP�RS�WH�ORVVHQ�

ņň
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�Ѵ�ou;mv� |;� om7;u�o;h;m� _o;� ;;m� h-7;u� �-m� 0bm7;m7;� ;m� mb;|Ŋ0bm7;m7;� f�ub7bv1_;� bmv|u�l;m|;m� _;|
om|�;urķ� 7;� om|�bhh;Ѵbm]� ;m� _;|� ];0u�bh� �-m� ��Ŋ|;1_moѴo]b;࣓m� h-m� -=v|;ll;m� or� l;mv;mu;1_|;mķ
7;lo1u-|b;�;m�7;� u;1_|vv|--|ķ� ];�;m��;�;;uv|�;;m��b|;;m�;||bm]��-m� |;1_mbv1_;�0-vbv1om1;r|;mķ� |�r;v
l-1_bm--Ѵ�Ѵ;u;m�;m�7;�v|-7b-��-m�7;���ŊѴ;�;mv1�1Ѵ�vĺ

$57,),&,�/(�,17(//,*(17,(��$,�
,Q�GH�DIJHORSHQ�GHFHQQLD�LV�$,�RS�YHOH�PDQLHUHQ�JHGHILQLHHUG��PDDU�YRRU�GH]H�EURFKXUH�KRXGHQ�ZH
KHW�ELM�HHQ�GHILQLWLH�GLH�EHVFKULMIW�ZDW�KHW�GRHW��G�Z�]��ZHONH�URO�KHW�VSHHOW�LQ�GH�PHQVHOLMNH�ZHUHOG�
$,�V\VWHPHQ� ]LMQ� DOJRULWPLVFKH� PRGHOOHQ� GLH� FRJQLWLHYH� RI� ZDDUQHPHQGH� IXQFWLHV� LQ� GH� ZHUHOG
XLWYRHUHQ� GLH� YRRUKHHQ� YRRUEHKRXGHQ� ZDUHQ� DDQ� GHQNHQGH�� EHRRUGHOHQGH� HQ� UHGHQHUHQGH
PHQVHQ�

ƕ



+HW�GRHO�YDQ�RQJHVXSHUYLVHHUG� OHUHQ��XQVXSHUYLVHG
OHDUQLQJ��LV�GDW�KHW�V\VWHHP�]HOI�SDWURQHQ�LQ�GH�GDWD
LGHQWLILFHHUW�� WHUZLMO� JHVXSHUYLVHHUG� OHUHQ� HHQ
SURFHV� LV� YDQ� KHW� LQ� NDDUW� EUHQJHQ� YDQ� YHUEDQGHQ
WXVVHQ�GDWDSXQWHQ��]RDOV�ELM�GH�YHUJHOLMNLQJ�YDQ�WZHH
EHHOGHQ�ZDDUELM�GH�REMHFWHQ�RS�GH�HQH�UHHGV�

2S�EDVLV�YDQ�GH]H�YRRUEHHOGHQ�]LMQ�0/�PRGHOOHQ�LQ�VWDDW�SDWURQHQ�WH�LGHQWLILFHUHQ�GLH�LQSXW��RI�LQYRHUGDWD�DDQ
RXWSXWGDWD�RI� UHVXOWDWHQ�NRSSHOHQ��'HUJHOLMNH�0/�PRGHOOHQ�NXQQHQ�GH]H�SDWURQHQ�YHUYROJHQV� UHSURGXFHUHQ
GRRU� JHEUXLN� WH� PDNHQ� YDQ� GH� WLMGHQV� GH� WUDLQLQJ� YHUILMQGH� UHJHOV� RP� RS� GLH� PDQLHU� QLHXZH� LQSXWGDWD� WH
WUDQVIRUPHUHQ� LQ� FODVVLILFDWLHV� RI� YRRUVSHOOLQJHQ�� (HQ� NODVVLHN� YRRUEHHOG� YDQ� JHVXSHUYLVHHUG� OHUHQ� LV� KHW
JHEUXLN�YDQ�YHUVFKLOOHQGH�YDULDEHOHQ��]RDOV�GH�DDQZH]LJKHLG�YDQ�ZRRUGHQ�DOV��ORWHULM��RI��MH�KHEW�JHZRQQHQ��
RP�WH�YRRUVSHOOHQ�RI�HHQ�H�PDLO�DO�GDQ�QLHW�DOV�VSDP�PRHW�ZRUGHQ�JHFODVVLILFHHUG��*HVXSHUYLVHHUG�OHUHQ�NDQ�GH
YRUP�DDQQHPHQ�YDQ�HHQ�FODVVLILFDWLH��]RDOV�GH�YRRUVSHOOLQJ�GDW�HHQ�H�PDLO�DO�GDQ�QLHW�VSDP�LV��RI�YDQ�UHJUHVVLH�
ZDDUELM�GH�UHODWLH�WXVVHQ�LQSXWYDULDEHOHQ�HQ�HHQ�GRHOYDULDEHOH�ZRUGW�EHSDDOG��/LQHDLUH�UHJUHVVLH�HQ�FODVVLILFDWLH
]LMQ�GH�HHQYRXGLJVWH�YRUPHQ�YDQ�JHVXSHUYLVHHUG�OHUHQ��PDDU�DQGHUH�JHVXSHUYLVHHUGH�PRGHOOHQ��]RDOV�ÍVXSSRUW
YHFWRU�PDFKLQHVÎ�HQ�ÍUDQGRP�IRUHVWVÎ��ZRUGHQ�RRN�YDDN�WRHJHSDVW�

]LMQ� JH±GHQWLILFHHUG�� %LM� RQJHVXSHUYLVHHUG� OHUHQ�ZRUGHQ� SDWURQHQ� HQ� VWUXFWXUHQ� JH±GHQWLILFHHUG� GRRU� KHW
PHWHQ� YDQ� GH� GLFKWKHLG� RI� GH� RYHUHHQNRPVWHQ� YDQ� GDWDSXQWHQ� LQ� GH� GDWDVHW�� (HQ� YHHO� YRRUNRPHQGH
WRHSDVVLQJ�YDQ�RQJHVXSHUYLVHHUG�OHUHQ�LV�FOXVWHUHQ��'DDUELM�RQWYDQJW�KHW�PRGHO�RQJHODEHOGH�LQYRHUGDWD�HQ
EHSDDOW� KHW� RYHUHHQNRPVWHQ�HQ� YHUVFKLOOHQ� WXVVHQ�GH�GDWDSXQWHQ��ZDW� UHVXOWHHUW� LQ� FOXVWHUV� RS�EDVLV� YDQ
JHOLMNVRRUWLJH� NHQPHUNHQ�� GLH� EHODQJULMNH� IDFWRUHQ� ]LMQ� ELM� KHW� FDWHJRULVHUHQ� YDQ� GH� LQYRHUGDWD�� ,Q� KHW
ERYHQVWDDQGH�YRRUEHHOG�RQWYDQJW�KHW�PRGHO�YHUVFKLOOHQGH�VRRUWHQ�IUXLW��GLHUHQ��HHQ�EORHP�HQ�HHQ�ERRP��2S
EDVLV�YDQ�HLJHQVFKDSSHQ�GLH�XQLHN�]LMQ�YRRU�HON�YDQ�GH�FDWHJRULH­Q��NDQ�FOXVWHULQJ�GLHUHQ�� IUXLW�HQ�SODQWHQ
VFKHLGHQ� LQ� GULH� DI]RQGHUOLMNH� FOXVWHUV�� 'LPHQVLRQDOLWHLWVUHGXFWLH� LV� HHQ� DQGHUH� YRUP� YDQ� OHUHQ� ]RQGHU
WRH]LFKW�

0RGHOOHQ� YRRU� JHVXSHUYLVHHUG� OHUHQ� �VXSHUYLVHG
OHDUQLQJ��ZRUGHQ�JHWUDLQG�RS�GDWDVHWV�GLH�JHODEHOGH
GDWD� EHYDWWHQ��'H]H�PRGHOOHQ� �OHUHQ�� DDQ� GH� KDQG
YDQ� WDOULMNH� YRRUEHHOGHQ� GLH� ZRUGHQ� JHEUXLNW� RP
KHW� DOJRULWPH� WH� WUDLQHQ� ELM� KHW� DIVWHPPHQ� YDQ
LQSXWYDULDEHOHQ�� L�H�� GH� LQJHYRHUGH� GDWD� �YDDN
NHQPHUNHQ� JHQRHPG��� RS� JHZHQVWH� RXWSXWV� �RRN
GRHOYDULDEHOHQ�RI�ODEHOV�JHQRHPG���

40035&/�."$)*/""-�-&3&/
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ZRUGW��$IKDQNHOLMN�YDQ�KHW�VXFFHV�RI�IDOHQ�YDQ�GH]H�JHQRPHQ�VWDSSHQ��ZRUGHQ�]LM�EHORRQG�RI�EHVWUDIW��'H]H
�DJHQWHQ��]LMQ�JHSURJUDPPHHUG�RP�KXQ�VWDSSHQ�]R�WH�NLH]HQ�GDW�KXQ�EHORQLQJ�PD[LPDDO�LV��=LM��OHUHQ��YDQ
EHORQLQJHQ�HQ�PLVOXNNLQJHQ�XLW�KHW�YHUOHGHQ��YHUEHWHUHQ�GRRU�YDOOHQ�HQ�RSVWDDQ��HQ�NXQQHQ
ODQJHWHUPLMQVWUDWHJLH­Q�RQWZLNNHOHQ�RP�KXQ�EHORQLQJ�LQ�KHW�DOJHPHHQ�WH�PD[LPDOLVHUHQ�LQ�SODDWV�YDQ�DOOHHQ
QDDU�KXQ�YROJHQGH�VWDS�WH�NLMNHQ��9RRUEHHOGHQ�YDQ�EHNUDFKWLJLQJVOHUHQ�]LMQ�WHUXJ�WH�YLQGHQ�LQ�GH
RQWZLNNHOLQJ�YDQ�DXWRQRPH�YRHUWXLJHQ��]HOIULMGHQGH�DXWR
V���%HNUDFKWLJLQJVOHUHQ�ZRUGW�JHEUXLNW�RP�GH
SUHVWDWLHV�YDQ�KHW�YRHUWXLJ�LQ�HHQ�JHVLPXOHHUGH�RPJHYLQJ�WH�YHUEHWHUHQ��GRRU�KHW�WH�WHVWHQ�RS�]DNHQ�DOV�GH
UHDFWLH�RS�YHUNHHUVFRQWUROHV�HQ�YHUVQHOOLQJ��'RRU�GH]H�LQWHUDFWLHV�PHW�GH�JHVLPXOHHUGH�RPJHYLQJ�ZRUGHQ
GH�EHNUDFKWLJLQJVOHUHQGH�ÍDJHQWHQÎ�JHVWUDIW�GDQ�ZHO�EHORRQG�RS�EDVLV�YDQ�GH�YROWRRLLQJ�YDQ�GH�WDDN�
ZDDUGRRU�GH�WRHNRPVWLJH�SUHVWDWLH�YDQ�KHW�YRHUWXLJ�EH±QYORHG�ZRUGW�


�7QǤ�'Y*#*>#T8�Q�>
%LM� EHNUDFKWLJLQJVOHUHQ� �UHLQIRUFHPHQW� OHDUQLQJ�
OHUHQ�PRGHOOHQ� HHUGHU� RS� EDVLV� YDQ� KXQ� LQWHUDFWLHV
PHW�HHQ�YLUWXHOH�RI�UH­OH�RPJHYLQJ�GDQ�RS�EDVLV�YDQ
EHVWDDQGH� GDWD�� %HNUDFKWLJLQJVOHUHQGH� �DJHQWHQ�
]RHNHQ� HHQ� RSWLPDOH� PDQLHU� RP� HHQ� WDDN� WH
YROEUHQJHQ�GRRU�HHQ�UHHNV�VWDSSHQ�WH�QHPHQ�GLH�GH
NDQV�PD[LPDOLVHUHQ�GDW�GLH�WDDN�YROEUDFKW�

Ɩ
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�uo0Ѵ;;lv|;ѴѴbm]

'DWD�H[WUDFWLH�RI��YHUNULMJLQJ

'DWD�$QDO\VH

�;m�ruof;1||;-l�lo;|� �-m-=�_;|�0;]bm�0;vѴbvv;m��-|�7;�7o;Ѵv|;ѴѴbm];m��-m�_;|�ruof;1|� �bfmĺ
$-h;m� bm�7;�;� =-v;�h�mm;m�0;v|--m��b|� _;|�0;|u;hh;m��-m�0;Ѵ-m]_;00;m7;mķ��b|�o;u;m��-m
;==;1|0;oou7;Ѵbm];mķ� _;|� bm� h--u|� 0u;m];m� �-m� 0;Ѵ-m]ubfh;� =-v;v� 0bmm;m� _;|� ruof;1|ķ� o=� ;;m
0;oou7;Ѵbm]� �-m� lb77;Ѵ;m� ;m� 1-r-1b|;b|;m� 0bmm;m� _;|� |;-l� o=� 7;� ou]-mbv-|b;ĺ� �;m� ��Ŋ
ruof;1||;-l� 0;vѴbv|� 0bf�oou0;;Ѵ7� o=� _;|� -Ѵ� 7-m� mb;|� ;;m� ��Ŋ|o;r-vvbm]� �-Ѵ� ];0u�bh;m� bm� ;;m
-]u-ubv1_;� v;||bm]� ol� |;� �oouvr;ѴѴ;m��;Ѵh;� �;Ѵ7;m� 7;� �oѴ];m7;� �bf=� f--u��--uv1_bfmѴbfh� �oou
-hh;u0o����-|0--u� ��ѴѴ;m� �bfmķ� ;m��-|�7;�lo];Ѵbfh;�];�-vor0u;m]v|� �-Ѵ� �bfmĺ�	;�;�rѴ-mmbm]
v|;Ѵ|�_;|�ruof;1||;-l�bm�v|--|�m-�|;�7;mh;m�o�;u�7;�;|_bv1_;ķ�vo1b--ѴŊ;1omolbv1_;ķ�f�ub7bv1_;
;m�|;1_mbv1_;�-vr;1|;mķ�-Ѵ�ou;mv�lb77;Ѵ;m�|;�bm�;v|;u;m�bm�7;�om|�bhh;Ѵbm]��-m�_;|�v�v|;;lĺ

�;m� ruof;1||;-l� lo;|� 0;r-Ѵ;m� �;Ѵh� ruo0Ѵ;;l� _�m� lo7;Ѵ� �-Ѵ� 0;_-m7;Ѵ;mķ� ;m� �;Ѵh;
bm�o;u7-|-� mo7b]� �bfm� ;m� �oou� �;Ѵh� 7o;Ѵĺ� �;|� |;-l� lo;|� 7;� ;|_bv1_;� ;m� f�ub7bv1_;
blrѴb1-|b;v��-m�_;|�];0u�bh��-m�7;�7-|-�bm�o�;u�;]bm]�m;l;m�;m�;;m�]uom7b];�0;v1_ubf�bm]
];�;m� �-m� 7;� 0;7o;Ѵ7;� ;m� om0;7o;Ѵ7;� ];�oѴ];m� �-m� _;|� ];0u�bhĺ� �;|� |;-l� _;;=|
0bf�oou0;;Ѵ7�0;r--Ѵ7�7-|�_;|�o�;uho;r;Ѵ;m7;�|_;l-��-m�_;|�ruof;1|�];�-vor0u;m]v|;m��-Ѵ
�bfmĺ� 	;�;� ru;1b;�;u;� =oul�Ѵ;ubm]� _;Ѵr|� ol� ;;m� vr;1b=b;h;� �u--]� |;� b7;m|b=b1;u;m� 7b;
--m];h--u|� h-m� �ou7;m� l;|� 0;_�Ѵr� �-m� 7-|-� ;m� h-m� �;u�;h;u;m� 7-|� _;|� u;v�Ѵ|--|� bm
o�;u;;mv|;llbm]� bv� l;|� ;|_bv1_;� ;m� f�ub7bv1_;� o�;u�;]bm];mķ� �o-Ѵv� 0bo7b�;uvb|;b|� o=
Ѵ-m7];0u�bhĺ

'LW�VWDGLXP�RPYDW�GH�SURFHVVHQ�YDQ�GDWDYHU]DPHOLQJ�PHW�KHW�RRJ�RS�KHW�SUREOHHP�LQ�NZHVWLH�
'DWD�H[WUDFWLH�NDQ�YLD�ÍZHE�VFUDSLQJÎ�RI�GDWDUHJLVWUDWLH�YLD�HQTX¬WHV�RI�VRRUWJHOLMNH�PHWKRGHQ�
WHUZLMO�YRRU�GDWDYHUNULMJLQJ�HHQ�EHURHS�NDQ�ZRUGHQ�JHGDDQ�RS�ZHWWHOLMNH�RYHUHHQNRPVWHQ�RP
UHHGV� EHVWDDQGH� GDWDVHWV� WH� YHUNULMJHQ�� ,Q� RQV� YRRUEHHOG� KHHIW� KHW� WHDP� EHVORWHQ� GDW� KXQ
SUREOHHP�KHW�EHSDOHQ�YDQ�IDFWRUHQ�]DO� LQKRXGHQ�GLH�YDQ�EHODQJ�]LMQ�YRRU�KHW�YRRUVSHOOHQ�YDQ
JHZDVRSEUHQJVWHQ� LQ� HHQ� EHSDDOG� ODQGERXZVHL]RHQ�� =LM� EHVOXLWHQ� GDWD� RS� WH� YUDJHQ� ELM� HHQ
RYHUKHLGVLQVWDQWLH�HQ�ELM�ODQGERXZFR¸SHUDWLHV��GLH�EHLGH�ZHWWHOLMNH�RYHUHHQNRPVWHQ�YHUHLVHQ
YRRU�KHW�GHOHQ�YDQ�GDWD�

�m�7b|�v|-7b�l�h-m�_;|�ruof;1||;-l�0;]bmm;m�l;|�7;�bmvr;1|b;��-m�7;�7-|-ņ];];�;mvĺ�	b|
�-Ѵ� bm�7;�;;uv|;�rѴ--|v�;;m�_o];�l-|;��-m��;uh;mm;m7;�7-|-Ŋ-m-Ѵ�v;� Ő�	��Ŋ���rѴou-|ou�
	-|-��m-Ѵ�vbvő�bm_o�7;mĺ��	��ol�-|�_;|�0;]ubfr;m��-m�7;�v-l;mv|;ѴѴbm]��-m�7;�7-|-�7oou
lb77;Ѵ��-m��bv�-Ѵbv-|b;�;m�v-l;m�-||;m7;�v|-|bv|b;h;mĺ��mh;Ѵ;��u-];m�bm�7;�;�=-v;�h�mm;m
�bfmĹ� �bfm� ;u� om|0u;h;m7;� 7-|-� Őom�oѴѴ;7b];� 7-|-őķ� �b|v1_b;|;uv� Őom�;u�-1_|;� 7-|-őķ
om;�;m�b1_|b];� hѴ-vv;m� Őom;�;m�b1_|b];� 7-|-őķ� o=� bv� ;u� 1ouu;Ѵ-|b;ĵ� �;|� |;-l� l--h|
0bf�oou0;;Ѵ7��bv�-Ѵbv-|b;v�ol�bm�b1_|�|;�hubf];m�bm��-h;m��o-Ѵv�7;��;u7;Ѵbm]��-m�];�-v|�r;m
o�;u�0o;u7;ubf;mķ��;;uvolv|-m7b]_;7;mķ�r�Ŋ�--u7;m��-m�7;�0o7;lķ�m--v|�_;|�0;]ubfr;m
�-m�;�;m|�;;Ѵ�om|0u;h;m7;�7-|-ĺ
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0RGHOVHOHFWLH�HQ��7UDLQLQJ

7HVWHQ�HQ�9DOLGHUHQ�YDQ�KHW�0RGHO

0RGHOUDSSRUWHULQJ�

	;� �oou�;u�;uhbm]v=-v;� bv� �--h� _;|�l;;v|� |bf7uo�;m7;� om7;u7;;Ѵ� �-m� 7;� om|�bhh;Ѵbm]v=-v;
�-m� 7;� ��ŊѴ;�;mv1�1Ѵ�vĺ� (oou�;u�;uhbm]� ol�-|� |-h;m� �o-Ѵv� ľ7-|-� 1Ѵ;-mbm]Ŀ� Ő_;|
_;u=oul-||;u;m�o=��;u�bf7;u;m��-m�om�oѴѴ;7b];�bm=oul-|b;ő�;m�ľ7-|-��u-m]Ѵbm]Ŀ�Ő_;|�ol�;||;m
�-m�7-|-�bm�;;m�=oul--|�7-|�0;�ou7;uѴbfh�bv��oou�_;|�lo7;ѴѴ;u;mőķ�m--v|�-m7;u;�ruo1;vv;m�7b;
0bf7u-];m�--m�_;|�|u-bmbm]vruo1;v��-m�_;|�lo7;Ѵĺ�$bf7;mv�7;��oou�;u�;uhbm]�l;uh;m�7;�Ѵ;7;m
�-m�_;|� |;-l�0bf�oou0;;Ѵ7�or�7-|�7;�r�Ŋmb�;-�v��-m�7;�0o7;l��o�;Ѵ� -Ѵv�m�l;ub;h;�;m�-Ѵv
|;hv|v|ubm]�7-|-�0;_-m7;Ѵ7��ou7;m�ķ��-|�ruo0Ѵ;l;m��o���;uoou�-h;m�0bf�_;|��b|�o;u;m��-m�_;|
lo7;Ѵĺ�,bf�0;vѴ�b|;m�7--uol�-ѴѴ;�r�Ŋmb�;-�v��-m�7;�0o7;l�_;|�;Ѵ=7;�7-|-|�r;�|;�l-h;m�7oou
7;�|;hv|v|ubm]�7-|-�ol�|;��;||;m�m--u�m�l;ub;h;�7-|-ĺ

0RGHOOHQ� PRHWHQ� VSHFLILHN� JHVHOHFWHHUG� ZRUGHQ� YRRU� KHW� SUREOHHP� GDW� LQ� GH� RQWZHUSIDVH� ZHUG
YDVWJHVWHOG��0RGHO�W\SHV� YDUL­UHQ� LQ� FRPSOH[LWHLW�� ELM� GH�PRGHOVHOHFWLH�ZRUGHQ� HFKWHU� RRN� DQGHUH
IDFWRUHQ�LQ�DDQPHUNLQJ�JHQRPHQ��]RDOV�KHW�W\SH�GDWD��GH�KRHYHHOKHLG�HQ�GH�EHVFKLNEDDUKHLG�HUYDQ�
0RGHOOHQ� GLH� QLHW� YROGRHQGH� FRPSOH[� ]LMQ�� ORSHQ� KHW� ULVLFR� RS� ÍXQGHUILWWLQJÎ� � � ]LM� KRXGHQ
RQYROGRHQGH�UHNHQLQJ�PHW�GH�GDWD���9RRUYHUZHUNWH�GDWDZRUGHQ�JHVSOLWVW�LQ�WUDLQLQJV��HQ�WHVWVHWV�RP
ÍRYHUILWWLQJÎ� WH� YRRUNRPHQ�� Í2YHUILWWLQJÎ� GRHW� ]LFK� YRRU� ZDQQHHU� KHW� PRGHO� GH� WUDLQLQJVGDWD� WH
QDXZNHXULJ�ZHHUVSLHJHOW�HQ�QLHW� LQ�VWDDW� LV�QLHXZH���RQJH]LHQH��GDWD� LQ�WH�SDVVHQ�RP�QDXZNHXULJH
YRRUVSHOOLQJHQ� WH� GRHQ� YRRU� LQSXWGDWD� GLH� QLHW� LQ� GH� WUDLQLQJVVHW� ]DWHQ�� 7UDLQLQJVGDWD� ZRUGHQ
JHEUXLNW� RP� GH� SDUDPHWHUV� YDQ� KHW� JHVHOHFWHHUGH� PRGHO� WH� YHUILMQHQ�� $OV� YRRUEHHOG� YDQ
PRGHOVHOHFWLH� KHHIW� KHW� SURMHFWWHDP� EHVORWHQ� HHQ� OLQHDLU� UHJUHVVLHPRGHO� WH� JHEUXLNHQ� RP� DDQ� GH
KDQG�YDQ�GDWD�XLW�KHW�YHUOHGHQ�WRHNRPVWLJH�JHZDVRSEUHQJVWHQ�WH�YRRUVSHOOHQ��0HQ�ZLOGH�HHQ�PRGHO
GDW�LQWHUSUHWHHUEDDU�ZDV�RP�GH�UHVXOWDWHQ�YROOHGLJ�WH�NXQQHQ�YHUNODUHQ��GDDURP�ZDV�GH�NHX]H�YRRU
HHQ�HHQYRXGLJH�WHFKQLHN�DOV�OLQHDLUH�UHJUHVVLH�ORJLVFK�

1D�GH�WUDLQLQJ�ZRUGW�KHW�PRGHO�DIJHVWHOG�HQ�JHWHVW�PHW��RQJH]LHQH��GDWD��9DOLGDWLHVHWV�ZRUGHQ
JHEUXLNW�RP�DVSHFWHQ�YDQ�KHW�PRGHO�RS�KRJHU�QLYHDX�DDQ�WH�SDVVHQ��]RDOV�K\SHUSDUDPHWHUV�GLH
EHSDOHQ�KRH�KHW�PRGHO� OHHUW��HQ�ZRUGHQ�YDDN�JHFUH­HUG�GRRU�GH�GDWDVHW�DDQYDQNHOLMN� LQ�GULH
GHOHQ� RS� WH� VSOLWVHQ�� ELMYRRUEHHOG� ���� WUDLQLQJVGDWD�� ���� WHVWGDWD� HQ� ���� YDOLGDWLHGDWD�
7LMGHQV�GH�YDOLGDWLH�NXQQHQ�HOHPHQWHQ�YDQ�GH�DUFKLWHFWXXU�YDQ�KHW�PRGHO�ZRUGHQ�JHZLM]LJG�RP
GH� SUHVWDWLHV� YDQ� KHW� PRGHO� WH� EH±QYORHGHQ�� ,Q� RQV� YRRUEHHOG� UHDOLVHHUW� KHW� WHDP� ELM� KHW
XLWYRHUHQ�YDQ�KHW�PRGHO�GDW�KHW�DDQWDO�YDULDEHOHQ�LQ�KHW�PRGHO�WRW�ÍRYHUILWWLQJÎ�OHLGW��+HW�WHDP
EHVOXLW�GDQ�HHQ�UHJXODULVDWLHWHUP��HHQ�PHWKRGH�RP�GH�IRXW�YDQ�KHW�PRGHO�WH�YHUPLQGHUHQ��WRH
WH�YRHJHQ�RP�RQEHODQJULMNH�YDULDEHOHQ�WH�YHUZLMGHUHQ��+HW�PRGHO�ZRUGW�YHUYROJHQV�JHWHVW�RS
RQEHNHQGH� GDWD� RP� GH� WRHSDVVLQJ� LQ� GH� HFKWH� ZHUHOG� QD� WH� ERRWVHQ� HQ� GH� SUHVWDWLHV� HQ
QDXZNHXULJKHLG�WH�EHYHVWLJHQ�

1DGDW�KHW�WHDP�KHW�PRGHO�KHHIW�JHWUDLQG��JHYDOLGHHUG�HQ�JHWHVW��PRHW�GH�HYDOXDWLH�YDQ�KHW�PRGHO��PHW
LQEHJULS� YDQ� GLYHUVH� SUHVWDWLH�� HQ� HIIHFWPHWLQJHQ��� VDPHQ� PHW� JHGHWDLOOHHUGH� LQIRUPDWLH� RYHU� GH
ZRUNIORZ�YDQ�KHW�PRGHO��ZRUGHQ�RSJHVWHOG�RP�WUDQVSDUDQWH�GLVFXVVLHV�RYHU�GH�RXWSXW�YDQ�KHW�PRGHO
EHWHU� WH� RQGHUVWHXQHQ�� 2P� GH� RQWZLNNHOLQJVIDVH� DI� WH� URQGHQ�� OHJW� KHW� WHDP� ELMYRRUEHHOG� GLYHUVH
SUHVWDWLHPHWLQJHQ�YDQ�KXQ�PRGHO� YDVW�� VDPHQ�PHW�GH�SURFHVVHQ�RP� WRW�GH�KXLGLJH� LWHUDWLH� YDQ�KHW
PRGHO�WH�NRPHQ��PHW�LQEHJULS�YDQ�GH�YRRUYHUZHUNLQJ�HQ�GH�EHVOLVVLQJ�RP�LQ�GH�IDVH�YDQ�KHW�WHVWHQ�HQ
YDOLGHUHQ�YDQ�KHW�PRGHO�UHJXODULVDWLH�WRH�WH�YRHJHQ�
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,PSOHPHQWDWLH�YDQ�KHW�0RGHO

2SOHLGLQJ�YDQ�JHEUXLNHUV

7RH]LFKW

%LMZHUNHQ�RI�$IYRHUHQ

'H�YROJHQGH�IDVH�YDQ�GH�$,�OHYHQVF\FOXV�RPYDW�GH�LQ]HW�YDQ�KHW�JHWUDLQGH�PRGHO�LQ�GH�HFKWH
ZHUHOG��'RRU�HHQ�GRHOWUHIIHQGH�LPSOHPHQWDWLH�NDQ�KHW�PRGHO� LQ�HHQ�JURWHU�V\VWHHP�ZRUGHQ
RSJHQRPHQ�� 1LHXZH� GDWD� ZRUGHQ� GRRU� KHW� JH±PSOHPHQWHHUGH� PRGHO� YHUZHUNW� RP� KHW
EHRRJGH� GRHO� WH� EHUHLNHQ�� GDW� LQ� GH� RQWZHUSIDVH� LV� EHSDDOG�� 2QV� $,�SURMHFWWHDP� XLW� KHW
YRRUEHHOG�KHHIW�EHVORWHQ�GDW�KXQ�PRGHO�YRRU�JHZDVRSEUHQJVW�NODDU�LV�YRRU�JHEUXLN��=H�NLH]HQ
HUYRRU�RP�KHW�EHVFKLNEDDU�WH�PDNHQ�YRRU�YHUVFKLOOHQGH�ODQGERXZFR¸SHUDWLHV�HQ�YUDJHQ�KHQ
RP�KHW�RS�KXQ�GDWD�WRH�WH�SDVVHQ�RP�WH�]LHQ�RI�KHW�EUXLNEDUH�LQ]LFKWHQ�RSOHYHUW�

'H�JHEUXLNHUV�YDQ�KHW�V\VWHHP�PRHWHQ�ZRUGHQ�RSJHOHLG�RP�GH�ORJLFD�YDQ�KHW�V\VWHHP
WH�EHJULMSHQ��RP�GH�EHVOLVVLQJHQ�HUYDQ�LQ�JHZRQH�WDDO�WH�NXQQHQ�XLWOHJJHQ�DDQ�GHJHQHQ
YRRU�ZLH� GH� EHVOLVVLQJHQ� ]LMQ� EHVWHPG�� HQ� RP�HHQ�RQDIKDQNHOLMN� HQ� RQEHYRRURRUGHHOG
RRUGHHO� WH� NXQQHQ� YHOOHQ� RYHU� GH� NZDOLWHLW�� EHWURXZEDDUKHLG� HQ� ELOOLMNKHLG� YDQ� GH
RXWSXWGDWD� YDQ� KHW� V\VWHHP��1DGDW� KHW� WHDP�ELMYRRUEHHOG� VSHFLILHNH� JHEUXLNHUV� LQ� GH
ODQGERXZVHFWRU� KHHIW� RSJHOHLG� LQ� KHW� JHEUXLN� YDQ� KXQ�PRGHO�� ]XOOHQ� GH]H� JHEUXLNHUV
YHUVODJ� XLWEUHQJHQ� RYHU� GH� YUDDJ� RI� ]LM� KHW� V\VWHHP� QXWWLJ�� EHWURXZEDDU� HQ� DFFXUDDW
YLQGHQ��QDDVW�DQGHUH�PHHWFULWHULD�

1DGDW�KHW�PRGHO�GRRU�KHW� WHDP� LV� JH±PSOHPHQWHHUG��PRHW�KHW�ZRUGHQ�JHFRQWUROHHUG�RP
HUYRRU�WH�]RUJHQ�GDW�KHW�QRJ�VWHHGV�KHW�JHZHQVWH�GRHO�GLHQW��GDW�KHW�RS�YHUDQWZRRUGH�ZLM]H
HQ�ELQQHQ�KHW�EHRRJGH� WRHSDVVLQJVJHELHG�ZRUGW�JHEUXLNW�� HQ�GDW�KHW� UHDJHHUW�RS�QLHXZH
RPVWDQGLJKHGHQ�LQ�GH�SUDNWLMN��+HW�WHDP�PHUNW�ELMYRRUEHHOG�GDW�HHQ�QLHXZH�YDULDEHOH�RP
GH�ZDWHUNZDOLWHLW�WH�PHWHQ�GRRU�HHQ�QRUPDOLVDWLH�LQVWHOOLQJ�LV�YULMJHJHYHQ��'LW�]RX�NXQQHQ
OHLGHQ�WRW�HHQ�JHEUHN�DDQ�VWDQGDDUGLVHULQJ�LQ�GH�GDWD��DDQJH]LHQ�KHW�JHHQ�RRUVSURQNHOLMNH
YDULDEHOH�ZDV�GLH�GHHO�XLWPDDNWH�YDQ�GH�UHHNV�WUDLQLQJVGDWD��=LM�EHVOXLWHQ�GH]H�ZLM]LJLQJ�LQ
KHW�PRGHO� RS� WH� QHPHQ� RP� LQ� RYHUHHQVWHPPLQJ� WH� EOLMYHQ�PHW� GH� ODQGERXZQRUPHQ� HQ� �
SUDNWLMNHQ�

1D� YHUORRS� YDQ� WLMG� NDQ� KHW� PRGHO� DDQ� GRHOWUHIIHQGKHLG� LQERHWHQ�� ]RGDW� KHW
WRH]LFKWKRXGHQGH� WHDP� HHUGHUH� VWDGLD� YDQ� GH� RQWZLNNHOLQJVIDVH�� ZDDURQGHU
PRGHOVHOHFWLH� HQ� �RSOHLGLQJ�� RSQLHXZ� PRHW� EHNLMNHQ�� $OV� HU� PHHU� LQJULMSHQGH
ZLM]LJLQJHQ� QRGLJ� ]LMQ�� PRHW� KHW� V\VWHHP� PRJHOLMN� ZRUGHQ� DIJHYRHUG�� HQ� GLHQW� KHW
RQWZHUSSURFHV�PHW�GH�SURMHFWSODQQLQJ�RSQLHXZ�RSJHVWDUW�WH�ZRUGHQ��+HW�WHDP�XLW�RQV
YRRUEHHOG�KHHIW�KHW�PRGHO�YHUVFKHLGHQH�PDOHQ�PRHWHQ�KHUWUDLQHQ�RS�EDVLV�YDQ�QLHXZH
YDULDEHOHQ�HQ�QLHW�JHVWDQGDDUGLVHHUGH�GDWDVHWV��=LM�EOLMYHQ�KHW�PRGHO�RSYROJHQ�WHUZLMO
]LM�DOWHUQDWLHYH�RSWLHV�RYHUZHJHQ��ZDDURQGHU�GH�RQWZLNNHOLQJ�YDQ�HHQ�QLHXZ�V\VWHHP�
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ZDQQHHU� KHW�ZRUGW� JH±PSOHPHQWHHUG� LQ� FRQWH[WHQ�PHW� HHQ

JURWH� LPSDFW�� ]RDOV� KHW� VWUDIUHFKW�� 'H� FRPSOH[LWHLW� HQ� GH

RQGRRU]LFKWLJKHLG�YDQ�$,�V\VWHPHQ�NXQQHQ�HHQ�EHOHPPHULQJ

YRUPHQ�YRRU�KHW�UHFKW�RS�HHQ�HHUOLMN�SURFHV��PHW�LQEHJULS�YDQ

KHW�UHFKW�RS�SURFHGXUHOH�JHOLMNKHLG��ZDDUELM�HHQ�SDUWLM�GLH�KHW

YRRUZHUS�LV�YDQ�HHQ�DOJRULWPLVFK�EHVOXLW��GH�UHGHQHULQJ�QDDU

EHKRUHQ�NDQ�RQGHU]RHNHQ�HQ�EHWZLVWHQ��+RHZHO�KHW�JHEUXLN

YDQ�$,�LQ�GH]H�FRQWH[W�ZLOOHNHXU�HQ�GLVFULPLQHUHQG�RSWUHGHQ

NDQ� YHUPLQGHUHQ�� NXQQHQ� UHFKWHUOLMNH� EHVOLVVLQJHQ� GLH� GRRU

$,� ZRUGHQ� RQGHUVWHXQG� RI� JH±QIRUPHHUG�� HHQ� QHJDWLHYH

LQYORHG�KHEEHQ�RS�GH�MXULVSUXGHQWLH�HQ�GH�RQDIKDQNHOLMNKHLG

YDQ� GH� UHFKWHUOLMNH� PDFKW�� 'DDURP� PRHWHQ� GH� MXVWLWL­OH

DFWRUHQ�YROGRHQGH� LQ]LFKW�KHEEHQ� LQ�GH�$,�GLH�]LM� JHEUXLNHQ

RP�HUYRRU�WH�]RUJHQ�GDW�]LM�YHUDQWZRRUGLQJ�DI�NXQQHQ�OHJJHQ
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$OOH� LQGLYLGXHQ� ]LMQ� LQKHUHQW� HQ� RQVFKHQGEDDU� ZDDUGLJ� RS� JURQG� YDQ� KXQ� KRHGDQLJKHLG� DOV� PHQV�
0HQVHQ� PRHWHQ� ZRUGHQ� EHKDQGHOG� DOV� PRUHOH� VXEMHFWHQ�� HQ� QLHW� DOV� REMHFWHQ� GLH� DOJRULWPLVFK� WH
EHRRUGHOHQ�RI�WH�PDQLSXOHUHQ�]LMQ�
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0HQVHQ�PRHWHQ�LQ�VWDDW�ZRUGHQ�JHVWHOG�RP�RS�HHQ�JH±QIRUPHHUGH�HQ�DXWRQRPH�PDQLHU�WH�EHSDOHQ�RI�
ZDQQHHU�HQ�KRH�$,�V\VWHPHQ�ZRUGHQ�JHEUXLNW��'H]H�V\VWHPHQ�PRJHQ�QLHW�ZRUGHQ�JHEUXLNW�RP�PHQVHQ
WH�FRQGLWLRQHUHQ�RI�WH�FRQWUROHUHQ��PDDU�PRHWHQ�MXLVW�KXQ�YHUPRJHQV�YHUULMNHQ�
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'H� I\VLHNH� HQ�PHQWDOH� LQWHJULWHLW� YDQ� GH�PHQV� HQ� GH� GXXU]DDPKHLG� YDQ� GH� ELRVIHHU�PRHWHQ�ZRUGHQ
EHVFKHUPG�� HQ� HU� PRHWHQ� DDQYXOOHQGH� YRRU]RUJVPDDWUHJHOHQ� ZRUGHQ� JHQRPHQ� RP� NZHWVEDUHQ� WH
EHVFKHUPHQ�� $,�V\VWHPHQ� PRJHQ� JHHQ� QHJDWLHYH� LQYORHG� KHEEHQ� RS� KHW� PHQVHOLMN� ZHO]LMQ� RI� GH
JH]RQGKHLG�YDQ�GH�SODQHHW�
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$OOH�PHQVHQ�KHEEHQ�KHW� UHFKW�RS�QRQ�GLVFULPLQDWLH� HQ�KHW� UHFKW�RS� JHOLMNKHLG� HQ� JHOLMNH�EHKDQGHOLQJ
YRRU� GH� ZHW�� $,�V\VWHPHQ�PRHWHQ� ]R� ZRUGHQ� RQWZRUSHQ� GDW� ]LM� HHUOLMN�� ELOOLMN� HQ� LQFOXVLHI� ]LMQ� LQ� GH
SRVLWLHYH�HIIHFWHQ�HQ�LQ�GH�VSUHLGLQJ�YDQ�GH�ULVLFR
V�

53"/41"3"/5*&�&/�6*5-&(#""3)&*%�7"/�"*�4:45&.&/
:DQQHHU� HHQ� SURGXFW� RI� GLHQVW� JHEUXLN� PDDNW� YDQ� HHQ� $,�V\VWHHP�� PRHW� KLHURYHU� RSHQ� ZRUGHQ
JHFRPPXQLFHHUG�DDQ�GH�EHWURNNHQ�SHUVRQHQ��2RN�PRHW�]LQYROOH�LQIRUPDWLH�ZRUGHQ�YHUVWUHNW�RYHU�GH
DFKWHUOLJJHQGH�UHGHQHQ�YDQ�GH�RXWSXW�YDQ�KHW�$,�V\VWHHP�
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+HW� RQWZHUS� HQ� KHW� JHEUXLN� YDQ� $,�V\VWHPHQ� GLH� JHEDVHHUG� ]LMQ� RS� GH� YHUZHUNLQJ� YDQ
SHUVRRQVJHJHYHQV��PRHWHQ�KHW�UHFKW� �RS�KHW�SULY«��HQ�JH]LQVOHYHQ�ZDDUERUJHQ��PHW� LQEHJULS�YDQ�KHW
UHFKW� YDQ� KHW� LQGLYLGX� RP� ]LMQ� HLJHQ� GDWD� WH� EHKHUHQ�� *H±QIRUPHHUGH�� YULMZLOOLJH� HQ� RQGXEEHO]LQQLJH
WRHVWHPPLQJ�PRHW�GDDUELM�HHQ�URO�VSHOHQ�
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$OOH� SHUVRQHQ� GLH� EHWURNNHQ� ]LMQ� ELM� KHW� RQWZHUS� HQ� GH� LQ]HW� YDQ� $,�V\VWHPHQ� PRHWHQ� WHU
YHUDQWZRRUGLQJ� ZRUGHQ� JHURHSHQ� ZDQQHHU� WRHSDVVHOLMNH� UHFKWVQRUPHQ� ZRUGHQ� JHVFKRQGHQ� RI
ZDQQHHU� HLQGJHEUXLNHUV� RI� DQGHUHQ� RQJHUHFKWYDDUGLJGH� VFKDGH� ZRUGW� EHURNNHQG�� 'LHJHQHQ� GLH� GH
QHJDWLHYH�JHYROJHQ�RQGHUYLQGHQ��PRHWHQ�HHQ�HIIHFWLHYH�PRJHOLMNKHLG�WRW�YHUKDDO�KHEEHQ��
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7UDQVSDUDQWH� HQ� LQFOXVLHYH� WRH]LFKWPHFKDQLVPHQ� PRHWHQ� HUYRRU� ]RUJHQ� GDW� GH� GHPRFUDWLVFKH
EHVOXLWYRUPLQJVSURFHVVHQ��KHW�SOXUDOLVPH��GH�WRHJDQJ�WRW�LQIRUPDWLH��GH�DXWRQRPLH�HQ�GH�HFRQRPLVFKH
HQ�VRFLDOH�UHFKWHQ�ZRUGHQ�EHVFKHUPG�LQ�GH�FRQWH[W�YDQ�KHW�RQWZHUS�HQ�KHW�JHEUXLN�YDQ�$,�V\VWHPHQ�
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$,�V\VWHPHQ�PRJHQ�HHQ� HHUOLMN� SURFHV� HQ�GH�RQDIKDQNHOLMNKHLG� HQ�RQSDUWLMGLJKHLG� YDQ�GH� UHFKWHUOLMNH
PDFKW�QLHW�RQGHUPLMQHQ��'DDUWRH�PRHWHQ�GH� WUDQVSDUDQWLH��GH� LQWHJULWHLW�HQ�GH�ELOOLMNKHLG�YDQ�GDWD�HQ
YHUZHUNLQJVPHWKRGHQ�ZRUGHQ�JHZDDUERUJG�
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2QWZLNNHODDUV
YDQ�V\VWHPHQ

7RH]LFKWKRXGHUV��
RS�V\VWHPHQ

"DUPS

([SORLWDQWHQ�HQ
JHEUXLNHUV�YDQ

V\VWHPHQ

2QDIKDQNHOLMNH� WRH]LFKWVRUJDQHQ�� ]RDOV� GHVNXQGLJHQFRPPLVVLHV�� VHFWRUDOH
WRH]LFKWKRXGHUV� RI� DXGLWRUV� XLW� GH� SULYDWH� VHFWRU�� PRHWHQ� GXLGHOLMN
JH±GHQWLILFHHUGH� � EHODQJKHEEHQGHQ� GLH� GH� JHYROJHQ� RQGHUYLQGHQ� YDQ� GH
SUDNWLVFKH� WRHSDVVLQJ� YDQ� $,�� YHUWHJHQZRRUGLJHQ� HQ� DDQ� KHQ� YHUDQWZRRUGLQJ
DIOHJJHQ��(U�PDJ�HYHQZHO�QLHW�ZRUGHQ�YHUZDFKW�GDW�KXQ�WDNHQSDNNHW�DOOH�RS�$,�
V\VWHPHQ�RPYDW�

2QWZLNNHODDUV�LQ�GH�SULYDWH�HQ�SXEOLHNH�VHFWRU�NXQQHQ�GH�QDOHYLQJ�RQGHUVWHXQHQ
GRRU� EHOHLGVPDDWUHJHOHQ� WH� QHPHQ� GLH� GH� ]LFKWEDDUKHLG� YHUJURWHQ� YDQ� ZDDU
GHUJHOLMNH� WHFKQRORJLH­Q� ZRUGHQ� LQJH]HW� �EY�� GRRU� RYHUKHLGVFRQWUDFWHQ� WH
SXEOLFHUHQ�� RI� GRRU� RSHQEDUH� UHJLVWHUV� RI� PHOGLQJVV\VWHPHQ� RS� WH� ]HWWHQ��
*HVWDQGDDUGLVHHUGH� LQVWUXPHQWHQ� YRRU� LQWHUQH� DXGLWV� HQ� ]HOI�FHUWLILFHULQJ
KHEEHQ�KXQ�EHSHUNLQJHQ��PDDU�NXQQHQ�RRN�KHOSHQ�

*RHG� JH±QIRUPHHUGH� H[SORLWDQWHQ� HQ� JHEUXLNHUV� YDQ� $,� JHQHUHUHQ� YUDDJ� HQ
NXQQHQ� GH]H� LQNRRSPDFKW� JHEUXLNHQ� RP� DDQELHGHUV� HQ� YHUNRSHUV� YDQ� $,�
WRHSDVVLQJHQ�HUWRH�DDQ� WH� ]HWWHQ�KHW� WRHNRPVWLJ�ZHWJHYHQG�NDGHU�QD� WH� OHYHQ�
'LW� JHOGW� LQ� KHW� ELM]RQGHU� YRRU� GH� RYHUKHLGVVHFWRU� HQ� ]LMQ� DDQ]LHQOLMNH
LQNRRSPDFKW�
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2P�HUYRRU�WH�]RUJHQ�GDW�KHW�RQWZHUS��GH�RQWZLNNHOLQJ�HQ�KHW�JHEUXLN�YDQ�$,�V\VWHPHQ
QLHW� LQ� VWULMG� ]LMQ�PHW�PHQVHQUHFKWHQ�� LV� KHW� YDQ� FUXFLDDO� EHODQJ� GDW� RUJDQLVDWLHV� GH
QRGLJH� ]RUJYXOGLJKHLG� EHWUDFKWHQ�� +HW� JHEUXLN� YDQ� HIIHFWEHRRUGHOLQJHQ� LV� HHQ
SUDNWLVFKH� PDQLHU� RP� QDGHOLJH� JHYROJHQ� YRRU� GH� PHQVHQUHFKWHQ� GLH� NXQQHQ
YRRUWYORHLHQ�XLW�KHW�JHEUXLN�YDQ�$,�V\VWHPHQ��WH� LGHQWLILFHUHQ��YRRUNRPHQ��EHSHUNHQ
HQ� YHUDQWZRRUGHQ�� (IIHFWLHI� JHEUXLN� YDQ� HIIHFWEHRRUGHOLQJHQ� ]DO� DIKDQJHQ� YDQ� GH
JHEUXLNWH� VRFLDDO�HFRQRPLVFKH� LQGLFDWRUHQ� HQ� YHU]DPHOGH� GDWD�� =R� NDQ� HHQ
HIIHFWEHRRUGHOLQJ�ELMYRRUEHHOG�LQ]LFKW�JHYHQ�LQ�ZHONH�LPSDFW�HHQ�$,�V\VWHHP�KHHIW�RS
LQGLYLGXHHO� ZHO]LMQ�� YRONVJH]RQGKHLG�� YULMKHLG�� WRHJDQNHOLMNKHLG� YDQ� LQIRUPDWLH�
VRFLDDOHFRQRPLVFKH�RQJHOLMNKHLG��PLOLHXGXXU]DDPKHLG��HQ]RYRRUW�

$XGLWLQJ�

5HJHOPDWLJH� DXGLWV� GRRU� RQDIKDQNHOLMNH�� GHVNXQGLJH� LQVWDQWLHV� GLH� YHUDQWZRRUGHOLMN
]LMQ� YRRU� KHW� WRH]LFKW� RS� HHQ� EHSDDOGH� VHFWRU� �EY�� JH]RQGKHLGV]RUJ�� RI� HHQ� EHSDDOG
GRPHLQ� �EY�� DXWRQRPH� YRHUWXLJHQ�� NXQQHQ� GH� RYHUJDQJ� QDDU� HHQ� WUDQVSDUDQWHU� HQ
YHUDQWZRRUGHOLMNHU�JHEUXLN�YDQ�$,�V\VWHPHQ�YHUJHPDNNHOLMNHQ�

5HJHOOXZH�]RQHV��UHJXODWRU\�VDQGER[HV�
+HW� JHEUXLN� YDQ� UHJHOOXZH� ]RQHV�� EHWHU� JHNHQG� DOV� UHJXODWRU\� VDQGER[HV�� ELHGW
JHPDFKWLJGH� EHGULMYHQ� GH�PRJHOLMNKHLG� RP�RS�$,�V\VWHPHQ�� GLH� QLHW� GRRU� GH� KXLGLJH
UHJHOJHYLQJ�ZRUGHQ�EHVFKHUPG��RS�HHQ�YHLOLJH�HQ�JHFRQWUROHHUGH�PDQLHU��G�Z�]��ELQQHQ
HHQ� VDQGER[�� WH� WHVWHQ�� +HW� JHEUXLN� YDQ� UHJXODWRU\� VDQGER[HV� NDQ� GH� VQHOKHLG
ZDDUPHH�GHUJHOLMNH�SURGXFWHQ�RI� V\VWHPHQ�RS�GH�PDUNW�NRPHQ��KHOSHQ�YHUNRUWHQ�HQ
GH�NRVWHQ�YRRU�GH�RUJDQLVDWLH�YHUODJHQ��GRRU�LQQRYDWLH�RS�HHQ�JHFRQWUROHHUGH�PDQLHU
WH�RQGHUVWHXQHQ�

'XH�GLOLJHQFH�PEW�PHQVHQUHFKWHQ

&HUWLILFDWLH�HQ�NZDOLWHLWVODEHOV

6WDQGDDUGHQHQ� FHUWLILFHULQJVPHFKDQLVPHQ� ZRUGHQ� RS� UXLPH� VFKDDO� JHEUXLNW� DOV
LQGLFDWRUHQ�YRRU�YHLOLJKHLG�HQ�NZDOLWHLW�HQ�]RXGHQ�NXQQHQ�ZRUGHQ�XLWJHEUHLG�WRW�$,�
V\VWHPHQ��EY��FHUWLILFHULQJ�GDW�HHQ�EHSDDOG�V\VWHHP�H[WHQVLHI�JH­YDOXHHUG�HQ�JHWHVW�LV�
RS�EDVLV�YDQ�LQGXVWUL­OH�QRUPHQ���+HW�WRHSDVVLQJVJHELHG�YDQ�GHUJHOLMNH�UHJHOLQJHQ�NDQ
EHWUHNNLQJ� KHEEHQ� RS� GH� SURGXFWHQ� HQ� V\VWHPHQ� ]HOI� RI� RS� GH� RUJDQLVDWLHV� GLH
YHUDQWZRRUGHOLMN�]LMQ�YRRU�GH�RQWZLNNHOLQJ�YDQ�GH�SURGXFWHQ�RI�V\VWHPHQ�

=RGUD� $,�V\VWHPHQ� ]LMQ� LQJHYRHUG�� PRHW� GH� ZHUNLQJ� HUYDQ� YRRUWGXUHQG� ZRUGHQ
JHFRQWUROHHUG�RP�HUYRRU�WH�]RUJHQ�GDW�GH�IXQFWLRQDOLWHLW�YDQ�KHW�V\VWHHP�EOLMIW�YROGRHQ
DDQ�GH�YHUZDFKWLQJHQ��+HW�PRQLWRULQJVSURFHV�NDQ�ZRUGHQ�JHDXWRPDWLVHHUG�RP�HUYRRU
WH�]RUJHQ�GDW�DIZLMNLQJHQ�LQ�GH�IXQFWLRQDOLWHLW�YDQ�HHQ�RS�$,�V\VWHHP�]R�YURHJ�PRJHOLMN
ZRUGHQ� RSJHVSRRUG� HQ� DDQJHSDNW�� +HW� JHEUXLN� YDQ� JHDXWRPDWLVHHUGH� PRQLWRULQJ
EUHQJW�HFKWHU�RRN�ULVLFR
V�PHW�]LFK�]RDOV�KHW�PRJHOLMN�YHUOLHV�YDQ�PHQVHOLMN�WRH]LFKW�RI
GH�VNLOOLQJ�YDQ�SURIHVVLRQHOH�KDQGKDYLQJVFRQWUROHXUV�

9RRUWGXUHQGH��JHDXWRPDWLVHHUGH�PRQLWRULQJ

ƒƓ



0170-(.&$)"/*4.&/
�--v|�0o�;m];mo;l7;�l;1_-mbvl;m��bfm�;u�7b�;uv;�u;Ѵ;�-m|;�or�oѴ]l;1_-mbvl;m�;m�
Ŋl--|u;];Ѵ;mĺ� �;m� �oou0;;Ѵ7� bv� _;|� ];0u�bh� �-m� om-=_-mh;Ѵbfh;� 7;vh�m7b];m1ollbvvb;v� 7b;
0;Ѵ-v|�h�mm;m��ou7;m�l;|�_;|� |o;�b1_|�or�7;� |;m�b|�o;uѴ;]]bm]�;m�7--7�;uh;Ѵbfh�];0u�bh��-m
f�ub7bv1_;� bmv|u�l;m|;m�Ő0�ĺ�;;m��;u7u-]ő�o=�lomb|oubm]��-m�7;�l--|v1_-rr;Ѵbfh;�];�oѴ];m��-m
��Ŋv�v|;l;mĺ� ,o-Ѵv� _b;u0o�;m� bv� or];l;uh|ķ� 0;|;h;m|� _;|� =;b|� 7-|� ��Ŋv�v|;l;m� l;;u7;u;
f�ubv7b1|b;v�ol�-||;m�7-|�bm|;um-|bom-Ѵ;�v-l;m�;uhbm]��;u;bv|��-Ѵ��bfmĺ�(b-�m;|�;uh;m�|�vv;m�7;
�;u7u-]vѴ�b|;m7;�v|-|;m�h-m��;7;u�bf7v;�0bfv|-m7�;m�v-l;m�;uhbm]�bm�v|u-=Ŋ�o=�0�u];uѴbfh;��-h;m
�ou7;m�0;�ou7;u7ĺ

�;|� 0;�ou7;u;m� ;m� �;urѴb1_|� v|;ѴѴ;m� �-m� ru-h|bv1_;� l;1_-mbvl;mķ� �o-Ѵv� _b;u0o�;m� ];mo;l7ķ
7b;m|� rѴ--|v� |;� �bm7;m� bm� v-l;m_-m]� l;|� 0u;7;u;ķ� om7;uv|;�m;m7;� bmb|b-|b;�;mķ� |;m;bm7;� _;|
ro|;m|b;;Ѵ� ;u�-m� |;� l-�bl-Ѵbv;u;mĺ� ,o� �bfm� bm�;v|;ubm];m� bm� 7b]b|-Ѵ;� ];Ѵ;||;u7_;b7� ;m� 7;
om|�bhh;Ѵbm]� �-m� �--u7b]_;7;m� 0bf� om|�bhh;Ѵ--uvķ� 0;Ѵ;b7vl-h;uv� ;m� �;|];�;uv� 0;Ѵ-m]ubfh;
�oou�--u7;m� �oou� 7;� ;==;1|b�b|;b|� �-m� ;;m� f�ub7bv1_� h-7;uĺ� ��r;u|bv;1;m|u-� �bfm� ]o;7
];rovb|bom;;u7� ol� 7;�;� 0u;7;u;� bmb|b-|b;�;m� |;� om7;uv|;�m;m� 7oou� ;;m� r;ul-m;m|;� 7b-Ѵoo]ķ
v-l;m�;uhbm]�;m��b|�bvv;Ѵbm]��-m�0;v|�ru-1|b1;v�|�vv;m�-1|ou;m�or�m-|bom--Ѵ�;m�bm|;um-|bom--Ѵ
mb�;-��|;�=-1bѴb|;u;mĺ

ƒƔ



ņŏ $0/$-64*&
�m� 7;�;� 0uo1_�u;� _;00;m��bf� ];|u-1_|� 7;� 0;Ѵ-m]ubfhv|;� ;Ѵ;l;m|;m� �-m� 7;��--Ѳ0--u_;b7vv|�7b;
�-m�������|;�bm|uo7�1;u;mķ�;m�_;00;m��bf��-1_|;u]uom7bm=oul-|b;��;uv|u;h|�o�;u�7;�|;1_mbv1_;
-vr;1|;m��-m����;m�7;��;u�;�;m�u;Ѵ-|b;� |�vv;m�l;mv;mu;1_|;mķ�7;lo1u-|b;�;m�7;� u;1_|vv|--|ĺ
)bf�_or;m�7-|�7b|�l-|;ub--Ѵ�h-m�=�m];u;m�-Ѵv�;;m�voou|�vrubm]rѴ-mh��oou�;;m��bm�oѴѴ;�u;=Ѵ;1|b;�or
7;��oou�b|�b1_|;m��oou�;;m� f�ub7bv1_�h-7;u��oou���ķ� bm�o�;u;;mv|;llbm]�l;|�7;�0-h;mv�7b;�7;
!--7��-m���uor-�-Ѵ�l;;u�7-m�;;m�_-Ѵ�;�;;����b|�;|�or�_;|��Ѵ-h��-m�l;mv;mu;1_|;mķ�7;lo1u-|b;
;m� 7;� u;1_|vv|--|ĺ��l� 7;�;� |u-mv=oul;u;m7;� ;m� v|;;7v� hu-1_|b];u��ou7;m7;� |;1_moѴo]b;� |;m
0;_o;�;��-m��o�;Ѵ�7;�0�u];uv�-Ѵv�7;�v-l;mѴ;�bm]�bm�0u;7;��bm�or�_;|�f�bv|;�vroou�|;��;||;mķ��bfm
]o;7� ];ठm=oul;;u7;ķ� �bvbom-bu;� 0;Ѵ;b7v�oulbm]� ;m� �ou]��Ѵ7b];� -m|b1br;u;m7;� u;=Ѵ;1|b;� �;u;bv|ĺ
	;��--Ѳ0--u_;b7vv|�7b;� ;m� 7;�;� om7;uv|;�m;m7;� bm|uo7�1|b;� 0b;7;m� 7;� ;;uv|;� v|-rr;m� bm� 7b;
ub1_|bm]ĺ

��� _;|� �;uh� �-m� ������ 7;� =-v;� �-m� u--7rѴ;]bm]� �-m� 0;Ѵ-m]_;00;m7;m� ;m� o�|u;-1_� bm]--|ķ
lo;|� �ou7;m� 0;m-7u�h|� 7-|� 7;� h�-Ѵb|;b|� ;m� _;|� v�11;v� �-m� 7;�;� 0;Ѵ-m]ubfh;� bmvr-mmbm]� m�
��ѴѴ;m�-=_-m];m��-m�7;��bfv_;b7�;m�7;�bm�b1_|;m��-m�;;m��o�0u;;7�;m�bm1Ѵ�vb;=�lo];Ѵbfh;�]uo;r
7;;Ѵm;l;uvĺ�	;�7;lo1u-|bv1_;�v|�ubm]��-m�|;1_moѴo]b;�;m�|;1_moѴo]b;0;Ѵ;b7��oul|�7;�h;um��-m
_;|� l;mv];ub1_|;� ;m� �--u7;m];7u;�;m� r;uvr;1|b;=� 7-|� l;mv;mu;1_|;mķ� 7;lo1u-|b;� ;m� 7;
u;1_|vv|--|� bm�;;m� 1;m|u-Ѵ;�rovb|b;�rѴ--|v|�ol�7;� |o;holv|��-m����0;Ѵ;b7�;m�7b]b|-Ѵ;� bmmo�-|b;
l;;u�bm�_;|�-Ѵ];l;;m��oul�|;�];�;mĺ��;|�bv�bm�=;b|;�-ѴѴ;;m�7oou�lb77;Ѵ��-m�0u;7;�=;;70-1h�;m
hub|b;h�7-|�7;�v|;l��-m�7;�0;|uohh;m�bm7b�b7�;m�;m�];l;;mv1_-rr;m�m--u�0;_ou;m�h-m��ou7;m
];_oou7� ;m� bm� -1_|� h-m� �ou7;m� ];mol;mĺ� �ѴѴ;;m� 7oou� ];�;|;mv�oѴ� o�;uѴ;]� l;|� 7;
0;Ѵ-m]_;00;m7;m� h-m� 7;� ;u�-ubm]� 7b;� �bf� _;00;m� or];7--m� 7;� 0-vbv� �oul;m� �oou� 7b|
];�-l;mѴbfh;�v|u;�;m�m--u�7;�om|�bhh;Ѵbm]��-m�;;m�7��u�--l�|;1_moѴo]bv1_�;1ov�v|;;l�7-|�7;
0Ѵo;b��-m�7;�v-l;mѴ;�bm]��-m�lou];m��--u0ou]|ĺ

ƒѵ



9HUDQWZRRUGLQJ�� 9HUDQWZRRUGLQJ� NDQ� ZRUGHQ� RSJHVSOLWVW� LQ� WZHH� VXEFRPSRQHQWHQ�
YHUDQWZRRUGLQJVSOLFKW� HQ� FRQWUROHHUEDDUKHLG�� 9HUDQWZRRUGLQJVSOLFKW� YHUZLMVW� QDDU� GH
WRWVWDQGEUHQJLQJ� YDQ� HHQ� RQRQGHUEURNHQ� NHWHQ� YDQ�PHQVHOLMNH� YHUDQWZRRUGHOLMNKHLG� LQ� GH� JHKHOH
ZRUNIORZ�URQGRP�$,�SURMHFWHQ��+HW�YHUHLVW�RRN�GDW�YHUNODULQJHQ�HQ�UHFKWYDDUGLJLQJHQ�YDQ�]RZHO�GH
LQKRXG� YDQ� DOJRULWPLVFK� RQGHUVWHXQGH� EHVOLVVLQJHQ� DOV� GH� SURFHVVHQ� DFKWHU� GH� RQWZLNNHOLQJ� HUYDQ
GRRU�EHYRHJGH�PHQVHOLMNH�DXWRULWHLWHQ�ZRUGHQ�DDQJHERGHQ�LQ�GXLGHOLMNH��EHJULMSHOLMNH�HQ�FRKHUHQWH
WDDO�� &RQWUROHHUEDDUKHLG� ]LHW� RS� GH� ZLM]H� ZDDURS� RQWZLNNHODDUV� HQ� JHEUXLNHUV� YDQ� $,�V\VWHPHQ
YHUDQWZRRUGHOLMN� NXQQHQ� ZRUGHQ� JHKRXGHQ�� 'LW� DVSHFW� YDQ� YHUDQWZRRUGLQJ� ]LHW� RS� ]RZHO� GH
YHUDQWZRRUGHOLMNKHLG�YRRU�RQWZLNNHOLQJ�HQ�JHEUXLN�DOV�YRRU�GH��UHVXOWDWHQ�

$OJRULWPH��(HQ�DOJRULWPH�LV�HHQ�SURFHGXUH�PHW�LQVWUXFWLH�RYHU�KRH�HHQ�UHHNV�VWDSSHQ�JHQRPHQ�GLHQW
WH�ZRUGHQ�RP��HHQ�EHSDDOGH�RXWSXW�WH�JHQHUHUHQ��(HQ�UHFHSW�NDQ�ELMYRRUEHHOG�ZRUGHQ�EHVFKRXZG�DOV
HHQ� DOJRULWPH� GDW� LQVWUXFWLHV� JHHIW� YRRU� � LQSXWGDWD� �L�H�� GH� LQJUHGL­QWHQ�� HQ� KHW� FUH­UHQ� YDQ� HHQ
RXWSXW� �EY�� HHQ� FDNH��� ,Q� KHW� JHYDO� YDQ�PDFKLQDDO� OHUHQ� LV� KHW� DOJRULWPH� QRUPDDO� JH]LHQ� HHQ� UHHNV
LQVWUXFWLHV�GLH�GH�VRIWZDUH�GH�RSGUDFKW�JHYHQ�PHW�JHEUXLN�YDQ�HHQ�GDWDVHW��L�H��GH�LQSXW��HHQ�PRGHO�WH
RQWZLNNHOHQ�RI�HHQ�RQGHUOLJJHQG�SDWURRQ�WH�RQWGHNNHQ��L�H��GH�RXWSXW�KHW�UHVXOWDDW��

$OJRULWPLVFKH�DXGLWV��(U�EHVWDDQ�YHUVFKLOOHQGH�EHQDGHULQJHQ�YDQ�DOJRULWPLVFKH�DXGLWV��GLH�YDUL­UHQ
YDQ� GH� JHULFKWH� EHRRUGHOLQJ� YDQ� HHQ� V\VWHHP� DDQ� GH� KDQG� YDQ� HHQ� ]HNHUH�PDDWVWDI� �EY��PDWH� YDQ
YRRULQJHQRPHQKHLG�RI� ÊELDVË��WRW�HHQ�EUHGHUH�EHQDGHULQJ�GLH�]LFK�IRFXVW�RS�GH�YUDDJ�RI�KHW�V\VWHHP
YROGRHW�DDQ�HHQ�UHHNV�QRUPHQ�RI�DDQ�HHQ�EHSDDOGH�UHJHOJHYLQJ��+RHZHO�DOJRULWPLVFKH�DXGLWV�PHHVWDO
GRRU�SURIHVVLRQDOV�ZRUGHQ�XLWJHYRHUG�PHW�KHW�RRJ�RS�HHQ�RQDIKDQNHOLMNH�EHRRUGHOLQJ��ZRUGHQ�]H�RRN
GRRU� MRXUQDOLVWHQ�� DFDGHPLFL� HQ� DFWLYLVWHQ� JHEUXLNW� DOV� HHQ� PLGGHO� RP� PHHU� WUDQVSDUDQWLH� HQ
YHUDQWZRRUGLQJ�WH�YHUZH]HQOLMNHQ�

*HDXWRPDWLVHHUGH� EHVOLVVLQJ��(HQ� JHDXWRPDWLVHHUGH� EHVOLVVLQJ� LV� GH� VHOHFWLH� YDQ� HHQ� DFWLH� RI� HHQ
DDQEHYHOLQJ� GLH� ZRUGW� JHPDDNW� PHW� EHKXOS� YDQ� UHNHQNXQGLJH� SURFHVVHQ�� *HDXWRPDWLVHHUGH
EHVOLVVLQJHQ�YHUEHWHUHQ�RI�YHUYDQJHQ�KHW�EHVOXLWYRUPLQJVSURFHV�GDW�JHZRRQOLMN�DOOHHQ�GRRU�PHQVHQ
ZRUGW� XLWJHYRHUG�� 0HHVWDO� ]LMQ� JHDXWRPDWLVHHUGH� EHVOLVVLQJHQ� YRRUVSHOOLQJHQ� RYHU� SHUVRQHQ� RI
RPVWDQGLJKHGHQ�LQ�GH�ZHUHOG�GLH�]LMQ�DIJHOHLG�YDQ�HHQ�PHW�PDFKLQH�OHDUQLQJ�XLWJHYRHUGH�DQDO\VH�YDQ
GDWD� RYHU� JHEHXUWHQLVVHQ� XLW� KHW� YHUOHGHQ� HQ� GH� JHOLMNHQLV� GDDUYDQ� PHW� HHQ� EHSDDOGH� UHHNV
YRRURSJHVWHOGH�RPVWDQGLJKHGHQ�

*HDXWRPDWLVHHUG�EHVOLVV\VWHHP��(HQ�JHDXWRPDWLVHHUG�EHVOLVV\VWHHP��$'6��RQGHUVWHXQW�RI�YHUYDQJW
PHQVHOLMNH� EHVOXLWYRUPLQJ� GRRU� JHEUXLN� WH�PDNHQ� YDQ� UHNHQNXQGLJH� SURFHVVHQ� RP� DQWZRRUGHQ� RS
YUDJHQ� WH�SURGXFHUHQ�� LQ� GH� YRUP�YDQ� � FODVVLILFDWLHV� �EY�� MD�� QHH��PDQQHOLMN�� YURXZHOLMN�� QRQ�ELQDLUH�
NZDDGDDUGLJ��JRHGDDUGLJ��RI�VFRUHV� �EY��PDWH�YDQ�NUHGLHWZDDUGLJKHLG�� ULVLFR�RS�KHW�YRRUNRPHQ�YDQ
PLVGULMYHQ�� YRRUVSHOGH� WXPRUJURHL��� 'H� PHHVWH� JHDXWRPDWLVHHUGH� EHVOLVV\VWHPHQ� SURGXFHUHQ
YRRUVSHOOLQJHQ� RYHU� SHUVRQHQ� RI� RPVWDQGLJKHGHQ� PHW� EHKXOS� YDQ� PDFKLQDDO� OHUHQ� HQ� DQGHUH
UHNHQNXQGLJH� ORJLFD� GRRU� GH�ZDDUVFKLMQOLMNKHLG� WH� EHUHNHQHQ� GDW� DDQ� HHQ� EHSDDOGH� YRRUZDDUGH� LV
YROGDDQ��

ņō #*+-"(&/

#*+-"(&����(-044"3*6.
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*HZRRQOLMN� ZRUGW� HHQ� JHDXWRPDWLVHHUG� EHVOLVV\VWHHP� �JHWUDLQG�� RS� KLVWRULVFKH� GDWD�� ZDDUELM� ZRUGW
JH]RFKW� QDDU� SDWURQHQ� WXVVHQ� GDWDSXQWHQ� �EY�� GH� UHODWLH� WXVVHQ� GH� EDURPHWHUVWDQG�� GH
RPJHYLQJVWHPSHUDWXXU� HQ� GH� VQHHXZYDO��� (HQ� JHDXWRPDWLVHHUGH� EHVOLVVLQJ� ZRUGW� JHQRPHQ� GRRU
EHNHQGH� SDWURQHQ� WH� YHUJHOLMNHQ� PHW� EHVWDDQGH� LQSXWV� RP� LQ� WH� VFKDWWHQ� KRH� QDXZ� ]H� ELM� HONDDU
DDQVOXLWHQ� �EY�� HHQ� ZHHUVYRRUVSHOOLQJ� RS� EDVLV� YDQ� GH� JHOLMNHQLV� WXVVHQ� GH� NOLPDDWPHWLQJHQ� YDQ
YDQGDDJ�HQ�GLH�XLW� KHW� YHUOHGHQ���9RRUEHHOGHQ�YDQ�JHDXWRPDWLVHHUGH�EHVOLVV\VWHPHQ� ]LMQ� DOJRULWPHQ
GLH�NUHGLHWVFRUHV�EHUHNHQHQ�HQ�ELRPHWULVFKH�KHUNHQQLQJVV\VWHPHQ�GLH�LQGLYLGXHOH�SHUVRQHQ�WUDFKWHQ
WH�LGHQWLILFHUHQ�RS�EDVLV�YDQ�I\VLHNH�NHQPHUNHQ��]RDOV�JHODDWVWUHNNHQ�

9RRULQJHQRPHQKHLG� GRRU� DXWRPDWLVHULQJ�� 9RRULQJHQRPHQKHLG� GRRU� DXWRPDWLVHULQJ� LV� HHQ

SV\FKRORJLVFK�YHUVFKLMQVHO�GDW�]LFK�NDQ�YRRUGRHQ�ZDQQHHU�GH�JHEUXLNHUV�YDQ�HHQ�$,�V\VWHHP�GH�RXWSXW

YDQ�KHW�V\VWHHP�QHJHUHQ�RI�WH�QDXZ�YROJHQ��RI�QLHW�LQ�VWDDW�]LMQ�GH�EHWURXZEDDUKHLG�YDQ�GH�EHVOLVVLQJHQ

HQ�XLWNRPVWHQ�YDQ�KHW�V\VWHHP�RS�SDVVHQGH�ZLM]H�WH�EHRRUGHOHQ�ZHJHQV�WHFKQRORJLVFKH�YRRURRUGHOHQ�

=R� NDQ� GH� JHEUXLNHU� D�� WH� YHHO� RS� KHW� V\VWHHP� JDDQ� YHUWURXZHQ�� ZDDUGRRU� KLM� RQQDXZNHXULJH

YRRUVSHOOLQJHQ�RI�FODVVLILFDWLHV�QLHW�RSPHUNW��RI�E��ZDQWURXZLJ�ZRUGHQ�WHJHQRYHU�KHW�V\VWHHP�HQ�KHW�WH

ZHLQLJ�JHEUXLNHQ��RQGDQNV�KHW�IHLW�GDW�KHW�ELM�EHSDDOGH�WDNHQ�EHWHU�NDQ�SUHVWHUHQ�GDQ�GH�JHEUXLNHU�]HOI�

'DWDVHW�� (HQ� GDWDVHW� LV� HHQ� EHVWDQG� PHW� LQIRUPDWLH� GDW� EHVWDDW� XLWHHQ� YHU]DPHOLQJ� PHWLQJHQ� RI
ZDDUQHPLQJHQ��YDVWJHOHJG� LQ�HHQ�UHHNV�ULMHQ�HQ�NRORPPHQ��(ONH�ULM�NRPW�RYHUHHQ�PHW�HHQ� LQGLYLGX�RI

HHQ� REMHFW� GDW� NDQ�ZRUGHQ� EHVFKUHYHQ� DDQ� GH� KDQG� YDQ� HHQ� UHHNV� JHUHJLVWUHHUGH�ZDDUGHQ� YRRU� HON

NHQPHUN� GDW� GRRU� GH� UHHNV� NRORPPHQ� ZRUGW� ZHHUJHJHYHQ�� %LMYRRUEHHOG�� GH� YROJHQGH� GDWDVHW

YHUWHJHQZRRUGLJW� HHQ� UHHNV� PHWLQJHQ� YRRU� SDWL­QWHQ� LQ� HHQ� ILFWLHYH� GRNWHUVSUDNWLMN�� ZDDUELM� HONH

SDWL­QW�HHQ�XQLHN�LGHQWLILFHHUEDDU�SDWL­QWQXPPHU�KHHIW�

3URFHGXUHOH� JHOLMNKHLG��3URFHGXUHOH� JHOLMNKHLG� EHKHOVW� KHW� YHUHLVWH� YRRU� HHQ� SHUVRRQ� RP� HHQ
HHUOLMN�SURFHV�WH�NULMJHQ��3URFHGXUHOH�JHOLMNKHLG�NRPW�LQ�GH�PHQVHQUHFKWHQ�WRW�XLWLQJ�LQ�KHW�UHFKW

RS�HHQ�EHKRRUOLMNH�YHUGHGLJLQJ��PHW�LQEHJULS�YDQ�KHW�UHFKW�RS�MXULGLVFKH�ELMVWDQG�HQ�KHW�UHFKW�RP

JHWXLJHQ�RS�WH�URHSHQ�HQ�DDQ�HHQ�NUXLVYHUKRRU�WH�RQGHUZHUSHQ��:DQQHHU�ELM�GH�VWUDIYHUYROJLQJ

JHEUXLN� ZRUGW� JHPDDNW� YDQ� $,�WHFKQRORJLH­Q�� NDQ� GH� SURFHGXUHOH� JHOLMNKHLG� LQKRXGHQ� GDW� GH

IXQFWLHV�HQ�GH�ZHUNLQJ�HUYDQ�NXQQHQ�ZRUGHQ�JH±QWHUSUHWHHUG�HQ�EHWZLVW�

8LWOHJEDDUKHLG��1DXZ�YHUERQGHQ�PHW�WUDQVSDUDQWLH��LV�GH�XLWOHJEDDUKHLG�YDQ�HHQ�$,�V\VWHHP���GH
PDWH�LV�ZDDULQ�GH�SURFHVVHQ�HQ�GH�ORJLFD�DFKWHU�GH�UHVXOWDWHQ�YDQ�KHW�V\VWHHP�GRRU�PHQVHOLMNH

JHEUXLNHUV�NXQQHQ�ZRUGHQ�EHJUHSHQ��'LW�NDQ�RQGHU�PHHU�LQKRXGHQ�GH�PDWH�ZDDULQ�GH�LQQHUOLMNH

ZHUNLQJ� YDQ� KHW� PRGHO� LQ� JHZRQH� WDDO� NDQ� ZRUGHQ� RPJH]HW�� RP� EHWHUH� EHVOXLWYRUPLQJ� HQ

YHUWURXZHQ�WH�EHYRUGHUHQ�

,Q�KHW�ERYHQVWDDQGH�YRRUEHHOG�ZRUGHQ�DOOHHQ�GH�HHUVWH���SDWL­QWHQ�JHWRRQG��HQ�ZRUGHQ�VOHFKWV

��NHQPHUNHQ�JHUHJLVWUHHUG��0HGLVFKH�GDWDVHWV�NXQQHQ�HFKWHU�HQRUP�]LMQ��QLHW�DOOHHQ�ZDW�EHWUHIW

KHW� DDQWDO� SDWL­QWHQ�� PDDU� RRN� ZDW� EHWUHIW� GH� PRJHOLMNH� ZDDUGHQ� GLH� JHUHJLVWUHHUG� ZRUGHQ�

%RYHQGLHQ� LV� HU� YRRU� SDWL­QW� �������� JHHQ� UHJLVWUDWLH� YDQ� ]LMQ� JHZLFKW�� 2QWEUHNHQGH� GDWD

YRUPHQ�HHQ�EHODQJULMNH�XLWGDJLQJ�YRRU�PDFKLQDDO� OHUHQ��HQ�NXQQHQ�GH�QDXZNHXULJKHLG�YDQ�KHW

RQWZLNNHOGH�PRGHO�EH±QYORHGHQ�

�
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%LOOLMNKHLG�5HFKWYDDUGLJKHLG�� %LOOLMNKHLG� NDQ� RS� YHOH� PDQLHUHQ� ZRUGHQ� JHGHILQLHHUG�� +HW� NDQ
ZRUGHQ� XLWJHGUXNW� DOV� GH� PDWH� ZDDULQ� HHQ� $,�V\VWHHP� GH� LQYORHG� YDQ� ELDV� LQ� GH� LQSXW� RS� GH

XLWNRPVWHQ�EHYRUGHUW�RI�YRRUNRPW�2PGDW�GH�OHYHQVF\FOXV�YDQ�$,��PHW�LQEHJULS�YDQ�GH�EHVOLVVLQJ

RP�$,�WH�JHEUXLNHQ��LQ�HONH�IDVH�ZRUGW�EH±QYORHG�GRRU�PHQVHOLMNH�NHX]HV��ZRUGW�GH�ELOOLMNKHLG�YDQ

$,�EHSDDOG�GRRU�GH�PHQVHOLMNH�YRRULQJHQRPHQKHLG�HQ�GH�LQYORHG�GDDUYDQ�RS�ZDW�$,�GRHW�HQ�ZLH

HU� ZHO� RI� JHHQ� YRRUGHOHQ� YDQ� RQGHUYLQGW�� ,Q� GH� FRQWH[W� YDQ� $,� YHUHLVW� KHW� ZDDUERUJHQ� YDQ

ELOOLMNKHLG� GDW� DDQGDFKW� ZRUGW� EHVWHHG� DDQ� GH� JHEUXLNWH� GDWD�� KHW� DOJHPHQH� RQWZHUS� YDQ� KHW

V\VWHHP��GH�UHVXOWDWHQ�YDQ�KHW�JHEUXLN�HUYDQ��HQ�GH�EHVOLVVLQJHQ�RYHU�GH�LPSOHPHQWDWLH�HUYDQ�

%LOOLMNKHLG�YDQ�GH�GDWD�KRXGW� LQ�GDW�GH�GRRU�$,� JHEUXLNWH�GDWDVHWV�YROGRHQGH� UHSUHVHQWDWLHI
]LMQ�YRRU�GH�SRSXODWLH��YDQ�KRJH�NZDOLWHLW�HQ�UHOHYDQWLH�]LMQ��GDW�GH�NHX]HV�GLH�LQLWLHHO�KHEEHQ

JHOHLG�WRW�KHW�YHU]DPHOHQ�YDQ�GH�GDWD�ZRUGHQ�RQGHU]RFKW�RS�YRRULQJHQRPHQKHLG��HQ�GDW�GH

GDWD�FRQWUROHHUEDDU�]LMQ�

%LOOLMNKHLG�ELM�KHW�RQWZHUS�EHWHNHQW�GDW�GH�DFWLYLWHLWHQ�YDQ�GH�V\VWHHPRQWZHUSHUV�GRRUGDFKW
HQ�ZHORYHUZRJHQ� ]LMQ�� HQ� UHNHQLQJ� KRXGHQ�PHW� GH�PRJHOLMNH� YRRULQJHQRPHQKHLG� YDQ� KHW

RQWZLNNHOLQJVWHDP�� %LOOLMNKHLG� ELM� KHW� RQWZHUSHQ� YHUHLVW� HHQ� HYDOXDWLH� YDQ� GH� DOJHPHQH

SUREOHHPVWHOOLQJ�HQ�KHW�JHNR]HQ�UHVXOWDDW��GH�VHOHFWLH�HQ�KHW�EHKHHU�YDQ�GH�JHEUXLNWH�GDWD�

GH� VHOHFWLH� YDQ� NHQPHUNHQ�� HQ� GH� YUDDJ� RI� YRRU� OHGHQ� YDQ� YHUVFKLOOHQGH� JURHSHQ� HQ

LGHQWLWHLWHQ� YHUJHOLMNEDUH� UHVXOWDWHQ� ZRUGHQ� EHUHLNW�� .RUWRP�� RQWZHUSHUV� PRHWHQ� HUYRRU

]RUJHQ� GDW� GH� V\VWHPHQ� GLH� ]H� SURGXFHUHQ� QLHW� ELMGUDJHQ� WRW� RQJHZHQVWH� VRFLDOH

RPVWDQGLJKHGHQ�� ]RDOV� VFKDGHOLMNH� GLVFULPLQDWLH�� XLWSXWWLQJ� YDQ� KXOSEURQQHQ�� RI

RQGHUGUXNNHQGH�PDFKWVVWUXFWXUHQ�

%LOOLMNKHLG� YDQ� GH� UHVXOWDWHQ� LV� HHQ� EHRRUGHOLQJ� YDQ� GH� YUDDJ� RI� GH� EHVOLVVLQJHQ� RI� DQGHUH
UHVXOWDWHQ�GLH�GRRU�$,�ZRUGHQ�JHSURGXFHHUG�UHFKWYDDUGLJ�HQ�HHUOLMN�]LMQ��HQ�UHVXOWHUHQ�LQ�HHQ

UHFKWYDDUGLJH� YHUGHOLQJ� YDQ� UHFKWHQ�� SOLFKWHQ� HQ� SXEOLHNH� JRHGHUHQ�� %LOOLMNKHLG� YDQ� GH

UHVXOWDWHQ�EHKHOVW�RRN�HHQ�HYDOXDWLH�YDQ�GH�ZDDUGHQ�GLH�GRRU�KHW�JHEUXLN�YDQ�$,�EHYRUGHUG

RI�YHUKLQGHUG�ZRUGHQ�

:H�NXQQHQ�GH�ELOOLMNKHLG�YDQ�HHQ�$,�V\VWHHP�RRN�EHRRUGHOHQ�RS�EDVLV�YDQ�GH�SHUVSHFWLHYHQ

YDQ� GH� EHODQJKHEEHQGHQ� GLH� KHW� JHEUXLN� EH±QYORHGHQ� RI� GRRU� KHW� JHEUXLN� ]HOI� EH±QYORHG

ZRUGHQ�� (ON� $,�V\VWHHP� KHHIW� HHQ� DQGHUH� HQ� SRWHQWLHHO� YHUDQGHUHQGH� JURHS

EHODQJKHEEHQGHQ��$OJHPHQH�FDWHJRULH­Q�]LMQ�VXEMHFWHQ��JHEUXLNHUV��HQ�VDPHQOHYLQJHQ�

2P�GH�ELOOLMNKHLG� WHQ�DDQ]LHQ�YDQ�GH� VXEMHFWHQ� YDVW� WH� VWHOOHQ��NXQQHQ�ZH�RQV�DIYUDJHQ�RI�GH
SHUVRRQ� GLH� KHW� YRRUZHUS� LV� YDQ� HHQ� EHVOLVVLQJ� RI� DFWLH� GLH� ZRUGW� JHQRPHQ� GRRU� RI

RQGHUVWHXQG� GRRU� HHQ� $,�V\VWHHP�� KHW� SURFHV� HQ� KHW� UHVXOWDDW� DOV� JHUHFKWYDDUGLJG� HQ

OHJLWLHP�HUYDDUW��2P�GH�UHFKWYDDUGLJKHLG�HQ�OHJLWLPLWHLW�YDVW�WH�VWHOOHQ��PRHW�GH�EHWURNNHQH

ZHOOLFKW�ZHWHQ�KRH�GH�EHVOLVVLQJ�RI�GH�DFWLH�WRW�VWDQG�LV�JHNRPHQ�HQ�ZHONH�IDFWRUHQ�WRW�HHQ

DQGHU�UHVXOWDDW�KDGGHQ�NXQQHQ�OHLGHQ��EY��HHQ�ZHUYLQJVDOJRULWPH�ZLMVW�HHQ�VROOLFLWDQW�DI��ZDW

NDQ� ZRUGHQ� YHUNODDUG� GRRU� DDQ� WH� WRQHQ� GDW� GH� VROOLFLWDQW� HHQ� VSHFLILHN� JHQRHPGH

YDDUGLJKHLG�RI�NZDOLILFDWLH�RQWEUHHNW���(HQ�VXEMHFW�PRHW�RRN�EHURHS�NXQQHQ�DDQWHNHQHQ�DOV

KLM� KHW� QLHW� HHQV� LV� PHW� KHW� UHVXOWDDW� �HHQ� VROOLFLWDQW� PRHW� ELMYRRUEHHOG� DDQYXOOHQGH

LQIRUPDWLH�NXQQHQ�YUDJHQ�RI�GH�QDXZNHXULJKHLG�YDQ�KHW�ZHUYLQJVDOJRULWPH�LQ�WZLMIHO�NXQQHQ

WUHNNHQ�WHJHQRYHU�HHQ�PHQV�PHW�GH�EHYRHJGKHLG�RP�KHW�UHVXOWDDW�WH�ZLM]LJHQ��



'H� ELOOLMNKHLG� YDQ� GH� XLWYRHUGHUV� NDQ� XLWJHGUXNW� ZRUGHQ� GRRU� PLGGHO� YDQ� PDDWUHJHOHQ� RP
YHUDQWZRRUGLQJ�DI�WH�OHJJHQ��]RDOV�DXGLW��HQ�HYDOXDWLHSURFHVVHQ��'H�XLWYRHUGHUV�KHEEHQ�GH�WDDN
HUYRRU� WH� ]RUJHQ� GDW� $,�V\VWHPHQ� WUDQVSDUDQW� HQ� LQWHUSUHWHHUEDDU� ]LMQ� YRRU� GLHJHQHQ� GLH� ]H
JHEUXLNHQ�HQ�YRRU�ZLH�GDW�JHEUXLN�JHYROJHQ�KHHIW��9RRUDIJDDQG�DDQ�HQ�WLMGHQV�KHW�JHEUXLN�YDQ�$,
PRHWHQ� GH� XLWYRHUGHUV� UHNHQLQJ� KRXGHQ� PHW� GH� VRFLDOH�� HFRQRPLVFKH� HQ� SROLWLHNH� HIIHFWHQ�
ZDDUELM�]LM�QLHW�DOOHHQ�RRJ�PRHWHQ�KHEEHQ�YRRU�GH�YHUZDFKWH�YRRUGHOHQ�YDQ�$,��PDDU�RRN�YRRU
KHW� RSWUHGHQ� HQ� KHW� ULVLFR� YDQ� VFKDGH� HQ� YRRU� ZLH� GLH� GUDDJW�� =R� NDQ� GH� LQYRHULQJ� YDQ� HHQ
FULPLQHHO� VWUDIEHSDOLQJVDOJRULWPH� OHLGHQ� WRW� PHHU� FRQVLVWHQWLH� LQ� GH� UHFKWVSUDDN� HQ�RI� GH
EHVOXLWYRUPLQJ� VWURRPOLMQHQ�� +HW]HOIGH� V\VWHHP� NDQ� HFKWHU� RRN� GLVFULPLQHUHQGH� XLWNRPVWHQ
UHSURGXFHUHQ�� ]RDOV� ZDQQHHU� JHNOHXUGH� PHQVHQ� ODQJHUH� VWUDIIHQ� KHEEHQ� JHNUHJHQ� YRRU
YHUJHOLMNEDUH�YHURRUGHOLQJHQ�GDQ�EODQNHQ�LQ�ODQGHQ�PHW�HHQ�EODQNH�PHHUGHUKHLG��DOV�JHYROJ�YDQ
HHQ� NHQPHUN� LQ� KHW� RQWZHUS� RI� GH� GDWD� GLH� KHW� JHEUXLNW��:DQQHHU� GHUJHOLMNH� SUREOHPHQ� ]LFK
YRRUGRHQ� PRHW� GH� IXQFWLRQHOH� QDXZNHXULJKHLG� RI� HIILFL­QWLH� �LQGLHQ� DDQZH]LJ�� YDQ� GH� $,�
WRHSDVVLQJ� WHU]LMGH� ZRUGHQ� JHVFKRYHQ� HQ� PRHWHQ� KHW� RQWZHUS� YDQ� KHW� DOJRULWPH� HQ� PRGHO
JURQGLJ� ZRUGHQ� JH­YDOXHHUG�� PHW� LQEHJULS� YDQ� GH� EHVOLVVLQJ� RI� KHW� DO� GDQ� QLHW� PRHW� ZRUGHQ
JHEUXLNW�
�0DDWVFKDSSHOLMNH�UHFKWYDDUGLJKHLG�LV�HHQ�EUHGHU�SXQW�YDQ�]RUJ��(HQ�V\VWHHP�ZDDUYDQ�KHW�JHEUXLN
SRWHQWL­OH� JHYROJHQ� KHHIW� YRRU� GH� UHFKWHQ� YDQ� LQGLYLGXHQ�� JURHSHQ� HQ�RI� GH� ULFKWLQJ� YDQ� GH
VDPHQOHYLQJ��YHUHLVW�QDXZOHWWHQGH�DDQGDFKW�YDQ�GH�PHQV�HQ�HHQ�RSHQ�GLVFXVVLH�RYHU�KHW�JHEUXLN
HUYDQ��%HOHLGVPDNHUV��DFDGHPLFL�HQ�DFWLYLVWHQ�KHEEHQ�GH�WDDN�RP�VWUDWHJLH­Q�HQ�DFWLHV�YRRU�WH
VWHOOHQ� HQ� WH� EHNULWLVHUHQ� GLH� JHULFKW� ]LMQ� RS� KHW� EHYRUGHUHQ� YDQ� KHW� DOJHPHHQ� ZHO]LMQ� HQ� GH
VRFLDOH� UHFKWYDDUGLJKHLG��:DQQHHU�$,�ZRUGW�JHEUXLNW� LQ�GH�SULYDWH�RI�GH�SXEOLHNH� VHFWRU� �RI� LQ
EHLGH� GRRU� SXEOLHN�SULYDWH� VDPHQZHUNLQJ��� NDQ� KHW� ELMGUDJHQ� DDQ� KHW� LQ� VWDQG� KRXGHQ� RI� MXLVW
DDQYHFKWHQ�YDQ�EHVWDDQGH�VRFLDOH��HFRQRPLVFKH�HQ�SROLWLHNH�YHUKRXGLQJHQ�

*HQHUDOLVHHUEDDUKHLG�� 9DQ� HHQ� PRGHO� ZRUGW� JH]HJG� GDW� KHW� JHQHUDOLVHHUEDDU� LV� ZDQQHHU� KHW
GRHOWUHIIHQG�LV�RYHU�HHQ�UXLP�VSHFWUXP�YDQ�LQSXWGDWD�GLH�GH�HFKWH�ZHUHOG�ZHHUVSLHJHOHQ��HQ�LQ�HHQ
UXLP� VSHFWUXP� YDQ� RSHUDWLRQHOH� FRQWH[WHQ�� ,QGLHQ� HHQ� PRGHO� QLHW� YROGRHQGH� JHWUDLQG� LV� RS
UHSUHVHQWDWLHYH�GDWD��]DO�KHW�ZDDUVFKLMQOLMN�VOHFKWV� LQ�EHSHUNWH�PDWH�JHQHUDOLVHHUEDDU�]LMQ�ZDQQHHU
KHW�LQ�GH�HFKWH�ZHUHOG�ZRUGW�LQJH]HW�

,QWHOOHFWXHOH� HLJHQGRP�� ,QWHOOHFWXHOH� HLJHQGRP� �,(�� EHWUHIW� GH� ZHWWHOLMNH� EHVFKHUPLQJ� YDQ
YRRUWEUHQJVHOHQ�YDQ�GH�PHQVHOLMNH�JHHVW��SURGXFWHQ�YDQ�FUHDWLHI�ZHUN��'H�EHNHQGVWH� LQWHOOHFWXHOH
HLJHQGRPVUHFKWHQ�]LMQ�DXWHXUVUHFKWHQ��RFWURRLHQ��PHUNHQ�HQ�EHGULMIVJHKHLPHQ��$XWHXUVUHFKW�LV�HHQ
YRUP�YDQ� LQWHOOHFWXHOH�HLJHQGRP�GLH�KHW�UHFKW�YDQ�GH�PDNHU�EHVFKHUPW�RP�GH�YUXFKWHQ�WH�NXQQHQ
SOXNNHQ� YDQ� HHQ� RULJLQHHO� ZHUN� ]RDOV� HHQ� URPDQ�� PX]LHNVWXN� RI� VFKLOGHULM�� (HQ� RFWURRL� LV� HHQ
H[FOXVLHYH�PDDU�LQ�GH�WLMG�EHSHUNWH�OLFHQWLH�RP�YRRUGHHO�WH�KDOHQ�XLW�GH�XLWYLQGLQJ�HQ�RQWGHNNLQJ�YDQ
QLHXZH� HQ� QXWWLJH� ZHUNZLM]HQ�� PDFKLQHV�� SURGXFWLH�DUWLNHOHQ� RI� VDPHQVWHOOLQJHQ� YDQ� PDWHULH�
9RRUEHHOGHQ�]LMQ�QLHXZH�JHQHHVPLGGHOHQ�HQ�WHFKQRORJLH­Q�YRRU�]HOIULMGHQGH�DXWR
V��0HW�HHQ�PHUN
NDQ�HHQ�EHGULMI� ]LFK�KHW�JHEUXLN�YRRUEHKRXGHQ�YDQ�HHQ�ZRRUG��QDDP�� V\PERRO�RI�DSSDUDDW��RI�HHQ
FRPELQDWLH� GDDUYDQ�� GDW� ]LMQ� JRHGHUHQ� LGHQWLILFHHUW� HQ� RQGHUVFKHLGW� YDQ� GRRU� DQGHUHQ
JHSURGXFHHUGH� JRHGHUHQ�� (HQ� YRRUEHHOG� LV� GH� QDDP� �7ZLWWHU�� HQ� GH� ELMEHKRUHQGH� ORJR
V� GLH� KHW
EHNHQGH�VRFLDDO�PHGLD�SODWIRUP�RS�XQLHNH�ZLM]H�LGHQWLILFHUHQ�HQ�RQGHUVFKHLGHQ��

$,�PRHW� DOGXV� RQGHUZRUSHQ�ZRUGHQ� DDQ� HHQ� RSHQ� HQ� LQFOXVLHYH� HYDOXDWLH� YDQ� ]LMQ� URO� LQ� GH]H
YHUKRXGLQJHQ�� HQ� ]LM� GLH� EHWURNNHQ� ]LMQ� ELM� KHW� RQWZHUS� HQ� GH� WRHSDVVLQJ� HUYDQ� PRHWHQ
YHUDQWZRRUGLQJ� DIOHJJHQ�YRRU�KXQ�NHX]HV��8LWHLQGHOLMN� LV� KHW� JHEUXLN� YDQ�$,�� QHW� DOV� HON� DQGHU
LQVWUXPHQW�� DOOHHQ� DDQYDDUGEDDU� LQGLHQ�GLW� EHWHUH� OHYHQVRPVWDQGLJKHGHQ�NDQ� FUH­UHQ�HQ� JHHQ
VFKDGH�YHURRU]DDNW�
�

ƓƏ



ƓƐ

0RGHO��(HQ�PRGHO�LV�KHW�HLQGUHVXOWDDW�YDQ�GH�WRHSDVVLQJ�YDQ�HHQ�DOJRULWPH�RS�HHQ�UHHNV�LQSXWGDWD
�RI� YDULDEHOHQ��RP�HHQ�YRRUVSHOOHQGH�RI� LQIRUPDWLHYH�RXWSXW�ZDDUGH� WH�YHUNULMJHQ��*HZRRQOLMN� LV
HHQ� PRGHO� HHQ� IRUPHOH� �ZLVNXQGLJH�� PDSSLQJIXQFWLH� ZDDUPHH� ZRUGW� EHRRJG� GH� RQGHUOLJJHQGH
SURFHVVHQ� ZHHU� WH� JHYHQ�� HQ� GH� LQWHUDFWLHV� GDDUWXVVHQ�� GLH� ZRUGHQ� YHURQGHUVWHOG� DDQOHLGLQJ� WH
JHYHQ� WRW� HHQ� YHUEDQG� WXVVHQ� GH� ZDDUJHQRPHQ� LQSXWGDWD� HQ� GH� RXWSXW� YDQ� KHW� DOJRULWPH�� +HW
YROJHQGH� HHQYRXGLJH� PRGHO� ]RX� ELMYRRUEHHOG� GH� UHODWLH� NXQQHQ� ZHHUJHYHQ� WXVVHQ� HHQ� UHHNV
LQSXWYDULDEHOHQ�� ]RDOV� GH� JURRWWH� YDQ� HHQ� RQURHUHQG� JRHG� �[���� KHW� DDQWDO� VODDSNDPHUV� �[���� GH
OHHIWLMG�YDQ�KHW�RQURHUHQG�JRHG��[����HQ�HHQ�RXWSXWYDULDEHOH��\���GLH�GH�SULMV�ZHHUJHHIW��+LHU�ZRUGHQ
GH� FR­IILFL­QWHQ� RI� SDUDPHWHUV� YDQ� GH� [�YDULDEHOHQ� JHEUXLNW� DOV� JHZLFKWHQ� GLH� DDQJHYHQ� KRH
EHODQJULMN�HON�YDQ�GH�LQSXWYDULDEHOHQ�LV��JHEDVHHUG�RS�GH�PDWH�ZDDULQ�]H�\�EH±QYORHGHQ��'H�WDDN�YDQ
KHW�OHUHQGH�DOJRULWPH�]RX�HU�LQ�GLW�JHYDO�XLW�EHVWDDQ�RP�GH�ZDDUGHQ�YRRU�HONH�SDUDPHWHU�WH�YLQGHQ
GLH�GH�ZHUNHOLMNH�KXL]HQSULMV� LQ�GH�WUDLQLQJVGDWD�QDXZNHXULJ�YRRUVSHOOHQ��+HW�UHVXOWHUHQGH�PRGHO
]RX� GDQ� JHEUXLNW� NXQQHQ� ZRUGHQ� RP� GH� SULM]HQ� YDQ� QLHXZH� KXL]HQ� WH� VFKDWWHQ�� GLH� QLHW� LQ� GH
RRUVSURQNHOLMNH�GDWDVHW�ZDUHQ�RSJHQRPHQ�

3URSRUWLRQDOLWHLW�� 3URSRUWLRQDOLWHLW� LV� HHQ� UHFKWVEHJLQVHO� GDW� YHUZLMVW� QDDU� KHW� LGHH� GDW� HHQ
UHFKWYDDUGLJ� UHVXOWDDW� PRHW� ZRUGHQ� EHUHLNW� RS� HHQ� PDQLHU� GLH� HYHQUHGLJ� LV� PHW� GH� NRVWHQ�� GH
FRPSOH[LWHLW� HQ� GH� EHVFKLNEDUH� PLGGHOHQ�� ,Q� GH]HOIGH� ]LQ� NDQ� KHW� RRN� ZRUGHQ� JHEUXLNW� DOV� HHQ
HYDOXDWLHI� EHJULS�� ]RDOV� LQ� KHW� JHJHYHQVEHVFKHUPLQJVUHFKW�� ZDDU� KHW� LQKRXGW� GDW� HQNHO
SHUVRRQVJHJHYHQV�PRJHQ�ZRUGHQ�YHU]DPHOG�GLH�QRRG]DNHOLMN�HQ�WRHUHLNHQG�]LMQ�YRRU�KHW�GRHO�YDQ
GH�YHUZHUNLQJ�

5HSUHVHQWDWLYLWHLW��'H�GDWD�GLH�LQ�KHW�DOJRULWPH�ZRUGHQ�JHEUXLNW��ZHHUVSLHJHOHQ�GH�HFKWH�ZHUHOG��,V
GH� JHNR]HQ� VWHHNSURHI� UHSUHVHQWDWLHI� YRRU� GH� NHQPHUNHQ� GLH� LQ� GH� DOJHPHQH� EHYRONLQJ�ZRUGHQ
DDQJHWURIIHQ"�9RRUEHHOGHQ�YDQ�QLHW�UHSUHVHQWDWLYLWHLW�YLQGHQ�ZH�ELM�GH�JURRWVWH�EHHOGGDWDEDQNHQ
WHUXJ�� GLH� YDDN�ZRUGHQ� VDPHQJHVWHOG�GRRU�PHQVHQ� LQ� HHQ�NOHLQ� DDQWDO� ODQGHQ�� (HQ� ]RHNRSGUDFKW
QDDU��EUXLGVMXUN�� LQ�HHQ�W\SLVFKH�GDWDEDQN�PHW�DIEHHOGLQJHQ�NDQ�GH�KXZHOLMNVNOHGLM�YDQ�YHOH�QLHW�
ZHVWHUVH�FXOWXUHQ�QLHW�DOWLMG�LGHQWLILFHUHQ�

6RFLDDO�WHFKQLVFK�V\VWHHP��(HQ�VRFLR�WHFKQLVFK�V\VWHHP� LV�HHQ�V\VWHHP�GDW�PHQVHOLMN� �RI� VRFLDDO�
JHGUDJ� NRSSHOW� DDQ� KHW� IXQFWLRQHUHQ� YDQ� HHQ� WHFKQLVFK� V\VWHHP�� HQ� GDDUELM� DDQOHLGLQJ� JHHIW� WRW
QLHXZH� �HQ� RSNRPHQGH�� IXQFWLHV� GLH� QRFK� WRW� GH� PHQVHOLMNH� QRFK� WRW� GH� WHFKQLVFKH� HOHPHQWHQ
KHUOHLGEDDU� ]LMQ�� 'RRU� LQ� WH� JULMSHQ� LQ� PHQVHOLMNH� JHGUDJLQJHQ�� DWWLWXGHV�� RI� KXQ� UHODWLHV� PHW� GH
ZHUHOG�� KHUVWUXFWXUHHUW� KHW� WHFKQLVFKH� V\VWHHP� PHQVHOLMN� JHGUDJ�� +HW� VRFLDDO�WHFKQLVFKH
SHUVSHFWLHI�LV�HU�HHQ�GDW�UHNHQLQJ�KRXGW�PHW�GH�PHQVHOLMNH�YHUODQJHQV�RI�GRHOHQ�GLH�HHQ�WHFKQRORJLH
EHRRJW�WH�EHUHLNHQ��RI�GRHW�EHUHLNHQ�

(HQ�EHGULMIVJHKHLP�LV�HONH�LQIRUPDWLH�GLH�JHEUXLNW�NDQ�ZRUGHQ�ELM�GH�H[SORLWDWLH�YDQ�HHQ�EHGULMI�RI
DQGHUH� RQGHUQHPLQJ� HQ� GLH� YROGRHQGH� ZDDUGHYRO� HQ� JHKHLP� LV� RP� HHQ� IHLWHOLMN� RI� SRWHQWLHHO
HFRQRPLVFK�YRRUGHHO�RS�WH�OHYHUHQ�WHQ�RS]LFKWH�YDQ�DQGHUHQ��]RDOV�KHW�UHFHSW�YRRU�&RFD�&ROD�
�

$,�DDQEHYHOLQJVV\VWHPHQ�ELMYRRUEHHOG�� GLH� YDDN� WH� YLQGHQ� ]LMQ� RS� UHWDLO��� YLGHR�� HQ� VRFLDOH�PHGLD
ZHEVLWHV��]LMQ�VRFLDDO�WHFKQLVFK�RPGDW�]H�EHGRHOG�]LMQ�RP�GRRU�GH�EHKHHUGHUV�YDQ�GH�VLWH�JHZHQVW
JHGUDJ� WH�SURGXFHUHQ�� ]RDOV� ODQJHUH�EH]RHNWLMGHQ�HQ�RI�GH�DDQNRRS�YDQ�JRHGHUHQ��(HQ�DOJRULWPH
YRRU� PDFKLQDDO� OHUHQ� RS� HHQ� VLWH� YRRU� KHW� GHOHQ� YDQ� YLGHR
V� DQDO\VHHUW� KHW� NLMNJHGUDJ� YDQ
GXL]HQGHQ�RI�PLOMRHQHQ�JHEUXLNHUV�HQ�GRHW� DDQEHYHOLQJHQ�DDQ�NLMNHUV�RS�EDVLV� YDQ�KXQ�JHOLMNHQLV
PHW� HHQ� VRRUWJHOLMNH� VXEVHW� YDQ� JHEUXLNHUV�� 'LW� LV� HHQ� VRFLDDO�WHFKQLVFK� V\VWHHP�� YHUPLWV� KHW
DIKDQNHOLMN�LV�YDQ�NHQQLV�RYHU�GH�NLMNHUV�HQ�RPGDW�KHW�GRHO�HUYDQ�LV�GH�DDQGDFKW�YDQ�GH�NLMNHUV�YRRU
GH�YLGHR
V�]R�ODQJ�PRJHOLMN�YDVW�WH�KRXGHQ��ZDW�UHFODPH�LQNRPVWHQ�RSOHYHUW�



6RIW� ODZ�� 6RIW� ODZ� YHUZLMVW� QDDU� EHOHLGV�� HQ� UHJXOHULQJVLQVWUXPHQWHQ� � GLH� DFWLH� DIGZLQJHQ� RI
EHSHUNHQ� ]RQGHU� GH� NUDFKW� YDQ� RYHUKHLGVVDQFWLHV� RI� �VWUDIIHQ�� 9RRUEHHOGHQ� YDQ� VRIW� ODZ� ]LMQ
�EHVW� SUDFWLFHV�� HQ� HWKLVFKH� �RI� GHRQWRORJLVFKH�� ULFKWVQRHUHQ� GLH� GRRU� EHGULMYHQ� HQ
KDQGHOVYHUHQLJLQJHQ� ZRUGHQ� RSJHVWHOG�� ,Q� VRPPLJH� EHURHSHQ�� ]RDOV� GH� DGYRFDWXXU� HQ� GH
JH]RQGKHLGV]RUJ��LV�VRIW�ODZ�KHW�JHKHHO�YDQ�HWKLVFKH�SUDNWLMNHQ�GLH�YHUHLVW�]LMQ�YRRU�FHUWLILFHULQJ�
6FKHQGLQJ� YDQ� GH� PHGLVFKH� HWKLHN� NDQ� OHLGHQ� WRW� KHW� YHUOLHV� YDQ� GH� YHUJXQQLQJ� RP� GH
JHQHHVNXQGH� XLW� WH� RHIHQHQ�� 'H� EHVWUDIIHQGH� ZHUNLQJ� YDQ� GH]H� UHJHOV� RS� GHJHQHQ� GLH� HUDDQ
RQGHUZRUSHQ�]LMQ�� YDULHHUW��'H�$VVRFLDWLRQ�RI�&RPSXWLQJ�0DFKLQHU\� �$&0��KHHIW�ELMYRRUEHHOG
HHQ��&RGH�RI�(WKLFV�DQG�3URIHVVLRQDO�&RQGXFW��GLH�GRRU�KDDU� OHGHQ�PRHW�ZRUGHQ�QDJHOHHIG��(U
]LMQ� HFKWHU� JHHQ� YRRUJHVFKUHYHQ� VDQFWLHV� HQ� JHHQ� V\VWHHP� YDQ� EHUHFKWLQJ� YRRU� OHGHQ� YDQ� GH
YHUHQLJLQJ�GLH�GH� FRGH�RYHUWUHGHQ�� 6RIW� ODZ�NDQ�RRN� LQJH]HW�ZRUGHQ�RP�YLD�SRVLWLHYH�SULNNHOV
RYHUKHLGVEHOHLG� WH� UHDOLVHUHQ�� 'HQN� DDQ� EHODVWLQJNUHGLHWHQ� YRRU� SURGXFHQWHQ� YDQ� �JURHQH�
WHFKQRORJLH­Q�� ZDDUPHH� EHSDDOGH� SURGXFWLHNHX]HV� ZRUGHQ� JHVWLPXOHHUG�� PDDU� QLHW
DIJHGZRQJHQ�

7UDLQHQ�7HVWHQ�YDQ�GDWD��2P�HHQ�PRGHO�WH�ERXZHQ�HQ�HUYRRU�WH�]RUJHQ�GDW�KHW�DFFXUDDW�LV��]DO
HHQ�GDWDVHW�GRRUJDDQV�ZRUGHQ�RSJHVSOLWVW� LQ� WZHH�NOHLQHUH� VHWV�� WUDLQLQJVGDWD�HQ� WHVWGDWD��'H
WUDLQLQJVGDWD�ZRUGHQ�JHEUXLNW�RP�KHW�PRGHO�LQ�HHUVWH�LQVWDQWLH�WH�RQWZLNNHOHQ��GRRU�GH�GDWD�LQ
HHQ�DOJRULWPH�LQ�WH�YRHUHQ��=RGUD�KHW�PRGHO�LV�JHWUDLQG��ZRUGW�KHW�JHWHVW�RS�GH�UHVWHUHQGH�GDWD�
+HW�GRHO�YDQ�KHW�RSVSOLWVHQ�YDQ�GH�GDWD�RS�GH]H�PDQLHU� LV�HUYRRU�WH�]RUJHQ�GDW�KHW�PRGHO�NDQ
JHQHUDOLVHUHQ� QDDU� QLHXZH� RPJHYLQJHQ�� DDQJH]LHQ� GH� YHU]DPHOGH� GDWD� VOHFKWV� HHQ� NOHLQH
VWHHNSURHI�YDQ�GH�WRWDOH�SRSXODWLH�]XOOHQ�YHUWHJHQZRRUGLJHQ��$OV�DOOH�GDWD�ZHUGHQ�JHEUXLNW�RP
KHW� PRGHO� WH� WUDLQHQ�� EHVWDDW� KHW� ULVLFR� YDQ� RYHUILWWLQJ�� ZDW� UHVXOWHHUW� LQ� HHQ� PRGHO� GDW� JRHG
SUHVWHHUW� YRRU� GH� RRUVSURQNHOLMNH� GDWDVHW�� PDDU� VOHFKW� ELM� QLHXZHUH� GDWD�� +HW� WHVWHQ� YDQ� HHQ
PRGHO� PHW� �RQJH]LHQH�� GDWD� VWHOW� GDWD�ZHWHQVFKDSSHUV� RRN� LQ� VWDDW� RP� XQGHUILWWLQJ� WH
LGHQWLILFHUHQ�� L�H��ZDQQHHU�GH�PDSSLQJIXQFWLH�YDQ�HHQ�PRGHO�QLHW�VWUDN�JHQRHJ�RS�GH�YHUGHOLQJ
YDQ�GDWD�SDVW�HQ�GDDUGRRU�QLHW� LQ�VWDDW� LV�RP�QDXZNHXULJ�GH�FRPSOH[H�SDWURQHQ�ZHHU�WH�JHYHQ
GLH�KHW�SUREHHUW�WH�FODVVLILFHUHQ�RI�WH�YRRUVSHOOHQ�

7UDQVSDUDQWLH�� 'H� WUDQVSDUDQWLH� YDQ� $,�V\VWHPHQ� NDQ� EHWUHNNLQJ� KHEEHQ� RS� YHUVFKLOOHQGH
NHQPHUNHQ��]RZHO�YDQ�KXQ�LQQHUOLMNH�ZHUNLQJ�HQ�JHGUDJLQJHQ��DOV�YDQ�GH�V\VWHPHQ�HQ�SURFHVVHQ
GLH� KHQ� RQGHUVWHXQHQ��:H� NXQQHQ� VWHOOHQ� GDW� HHQ� $,�V\VWHHP� WUDQVSDUDQW� LV� DOV� NDQ� ZRUGHQ
QDJHJDDQ�KRH�KHW� LV�RQWZRUSHQ��RQWZLNNHOG�HQ�WRHJHSDVW��'LW�NDQ�RQGHU�PHHU� LQKRXGHQ�GDW�GH
GDWD�ZRUGHQ�JHUHJLVWUHHUG�GLH�]LMQ�JHEUXLNW�RP�KHW�V\VWHHP�WH�WUDLQHQ��RI�GDW�GH�SDUDPHWHUV�YDQ
KHW�PRGHO� GDW� GH� LQSXW� �EY�� HHQ� DIEHHOGLQJ�� RP]HW� LQ� HHQ� RXWSXW� �EY�� HHQ� EHVFKULMYLQJ� YDQ� GH
REMHFWHQ� LQ� GH� DIEHHOGLQJ�� ZHUGHQ� ELMJHKRXGHQ�� +HW� NDQ� HFKWHU� RRN� EHWUHNNLQJ� KHEEHQ� RS
UXLPHUH�SURFHVVHQ��]RDOV�GH�YUDDJ�RI�HU�MXULGLVFKH�EHOHPPHULQJHQ�]LMQ�GLH�LQGLYLGX­Q�YHUKLQGHUHQ
WRHJDQJ�WH�YHUNULMJHQ�WRW�LQIRUPDWLH�GLH�QRGLJ�NDQ�]LMQ�RP�YROOHGLJ�WH�EHJULMSHQ�KRH�KHW�V\VWHHP
IXQFWLRQHHUW��EY��EHSHUNLQJHQ�LQ�YHUEDQG�PHW�LQWHOOHFWXHOH�HLJHQGRP��

$OV� VRFLDDO�WHFKQLVFK� NXQQHQ� ZH� RRN� GLH� V\VWHPHQ� EHVFKULMYHQ� ZDDUYDQ� KHW� EHVWDDQ�� GH
XLWYRHULQJ�RI�GH�HIIHFWHQ�JHYROJHQ�KHEEHQ�YRRU�GH�PHQVHOLMNH�SROLWLHNH��HFRQRPLVFKH�RI�VRFLDOH
YHUKRXGLQJHQ��%HZDNLQJVV\VWHPHQ�GLH� GRRU� UHFKWVKDQGKDYLQJVLQVWDQWLHV� JHEUXLNW�ZRUGHQ� ]LMQ
ELMYRRUEHHOG� VRFLDDO�WHFKQLVFK�RPGDW�KXQ� LQYRHULQJ�HQ�JHEUXLN�SROLWLHNH�GLPHQVLHV�KHEEHQ��GH
JHVHOHFWHHUGH� GRHOZLWWHQ� YDQ� SROLWLHWRH]LFKW� ZRUGHQ� DFXWHU� JHWURIIHQ� GDQ� DQGHUHQ� GRRU� KHW
JHEUXLN�YDQ�VXUYHLOODQFH�WHFKQRORJLH­Q��JHEDVHHUG�RS�GH�KLVWRULVFKH�NHX]HV�GLH�GRRU�RYHUKHGHQ
HQ�UHFKWVKDQGKDYHUV�]LMQ�JHPDDNW��9DQXLW�GLW�VRFLDDO�WHFKQLVFKH�SHUVSHFWLHI�VSHOHQ�VXUYHLOODQFH�
WHFKQRORJLH­Q�HHQ�URO�LQ�GH�UHODWLHV�WXVVHQ�PHQVHQ�HQ�GH�PDFKWVFHQWUD�LQ�GH�VDPHQOHYLQJ�
�
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9HUGUDJ���������������������
9HUZHUNLQJ�YDQ�JHYRHOLJH�JHJHYHQV�NDQ�DOOHHQ�ZRUGHQ�WRHJHVWDDQ�LQGLHQ�SDVVHQGH
ULFKWVQRHUHQ�DDQZH]LJ�]LMQ�
(ON�LQGLYLGX�KHHIW�KHW�UHFKW�WH�ZHWHQ�ZDW�KHW�GRHO�LV�YDQ�GH�YHUZHUNLQJ�YDQ�]LMQ�JHJHYHQV�
'DDUQDDVW�KHHIW�KLM�UHFKW�RS�UHFWLILFDWLH�HQ�NHQQLVQHPLQJ�ZDQQHHU�JHJHYHQV�ZRUGHQ
YHUZHUNW�LQ�VWULMG�PHW�GH�EHSDOLQJHQ�YDQ�KHW�YHUGUDJ
7UDQVSDUDQWLH��HYHQUHGLJKHLG��YHUDQWZRRUGLQJ��HIIHFWEHRRUGHOLQJHQ�HQ�UHVSHFW�YRRU�SULYDF\
E\�GHVLJQ�ZRUGHQ�LQJHYRHUG
,QGLYLGXHQ�PRJHQ�QLHW�ZRUGHQ�RQGHUZRUSHQ�DDQ�EHVOXLWHQ�GLH�XLWVOXLWHQG�JHQRPHQ�ZRUGHQ
RS�EDVLV�YDQ�JHDXWRPDWLVHHUGH�JHJHYHQVYHUZHUNLQJ�]RQGHU�GDW�UHNHQLQJ�ZRUGW�JHKRXGHQ
PHW�SHUVRRQOLMNH�VWDQGSXQWHQ
�-XULGLVFK�NDGHU�JHERXZG�URQG�KHW�9HUGUDJ�EOLMIW�YROOHGLJ�YDQ�WRHSDVVLQJ�RS�$,�WHFKQRORJLH�
]RGUD�GH�YHUZHUNWH�JHJHYHQV�ELQQHQ�GH�UHLNZLMGWH�YDQ�KHW�9HUGUDJ�YDOOHQ��
*HPRGHUQLVHHUG�9HUGUDJ������DDQJHQRPHQ�LQ�������5LFKWVQRHUHQ�LQ]DNH�GH�EHVFKHUPLQJ
YDQ�SHUVRRQVJHJHYHQV�YDQ�NLQGHUHQ�LQ�HHQ�RQGHUZLMVFRQWH[W�ZHUGHQ�LQ�QRYHPEHU�����
DDQJHQRPHQ

6WHOW��GH�IXQGDPHQWHOH�EHJLQVHOHQ�YDQ�GH�NLQGHUUHFKWHQ�LQ�HHQ�RQGHUZLMVFRQWH[W�HQ
ELMVWDQG�DDQ�ZHWJHYHUV�HQ�EHOHLGVPDNHUV��YHUZHUNLQJVYHUDQWZRRUGHOLMNHQ�HQ�GH
LQGXVWULH�RP�GH]H�UHFKWHQ�WH�KDQGKDYHQ��YDVW�

�����%HVFKHUPLQJ�YDQ�SHUVRRQVJHJHYHQV

9HUGUDJ�LQ]DNH�GH�EHVWULMGLQJ�YDQ�VWUDIEDUH�IHLWHQ�YHUERQGHQ�PHW�HOHNWURQLVFKH�QHWZHUNHQ
��9HUGUDJ�YDQ�%RHGDSHVW��������

2PYDW�GH��VWUDIEDDUVWHOOLQJ�YDQ�LQEUHXNHQ�WHJHQ�HQ�GRRU�PLGGHO�YDQ�FRPSXWHUV��DOVRRN
SURFHGXUHOH�EHYRHJGKHGHQ�RP�F\EHUFULPLQDOLWHLW�WH�RQGHU]RHNHQ�HQ�HOHNWURQLVFK�EHZLMV
YHLOLJ�WH�VWHOOHQ��

0LVGULMYHQ�RPYDWWHQ��PDDU�]LMQ�QLHW�EHSHUNW�WRW��LQEUHXNHQ�RS�KHW�DXWHXUVUHFKW�
FRPSXWHUJHUHODWHHUGH�IUDXGH��NLQGHUSRUQRJUDILH�HQ�LQEUHXNHQ�RS�HHQ
EHYHLOLJLQJVQHWZHUN
+HW�RQGHU]RHN�RPYDW�HHQ�UHHNV�EHYRHJGKHGHQ�HQ�SURFHGXUHV��ZDDURQGHU�KHW
RQGHUVFKHSSHQ�HQ�GRRU]RHNHQ�YDQ�FRPSXWHUQHWZHUNHQ

'H�KRRIGGRHOVWHOOLQJ�LV��KHW�YRHUHQ�YDQ�HHQ�JHPHHQVFKDSSHOLMN�VWUDIUHFKWHOLMN�EHOHLG�GDW
JHULFKW�LV�RS�GH�EHVFKHUPLQJ�YDQ�GH�VDPHQOHYLQJ�WHJHQ�F\EHUFULPLQDOLWHLW��LQ�KHW�ELM]RQGHU
GRRU�PLGGHO�YDQ�SDVVHQGH�ZHWJHYLQJ�HQ�LQWHUQDWLRQDOH�VDPHQZHUNLQJ��
+HW�JUHQVRYHUVFKULMGHQGH�NDUDNWHU�YDQ�GLJLWDOH�QHWZHUNHQ�YHUHLVW�HHQ�JHFR¸UGLQHHUGH
LQWHUQDWLRQDOH�LQVSDQQLQJ�RP�PLVEUXLN�YDQ�WHFKQRORJLH­Q�DDQ�WH�SDNNHQ
'ULH�GRHOVWHOOLQJHQ�YDQ�KHW�YHUGUDJ�

�+DUPRQLVHUHQ�YDQ�GH�QDWLRQDOH�VWUDIUHFKWHOLMNH�HOHPHQWHQ�YDQ�LQEUHXNHQ�HQ�GH
GDDUPHH�VDPHQKDQJHQGH�EHSDOLQJHQ�RS�KHW�JHELHG�YDQ�F\EHUFULPLQDOLWHLW��
�+HW�YRRU]LHQ�LQ�ELQQHQODQGVH�VWUDISURFHVUHFKWHOLMNH�EHYRHJGKHGHQ�GLH�QRGLJ�]LMQ�YRRU
KHW�RQGHU]RHNHQ�HQ�YHUYROJHQ�YDQ�GHUJHOLMNH�LQEUHXNHQ��DOVPHGH�YDQ�DQGHUH�VWUDIEDUH
IHLWHQ�GLH�]LMQ�JHSOHHJG�GRRU�PLGGHO�YDQ�HHQ�FRPSXWHUV\VWHHP�RI�ZDDUYDQ�KHW
EHZLMVPDWHULDDO�]LFK�LQ�HOHNWURQLVFKH�YRUP�EHYLQGW��

�����&\EHUFULPLQDOLWHLW�
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'LW�DDQYXOOHQGH�UHIHUHQWLHPDWHULDDO�LV�JHFRQVROLGHHUG�XLW�+RRIGVWXN���YDQ�GH�+DDOEDDUKHLGVVWXGLH�
'H�QXPPHULQJ�NRPW�RYHUHHQ�PHW�GLH�LQ�GH�+DDOEDDUKHLGVVWXGLH�



��2S]HWWHQ�YDQ�HHQ�VQHO�HQ�GRHOWUHIIHQG�V\VWHHP�YRRU�LQWHUQDWLRQDOH�VDPHQZHUNLQJ��

9HUNODULQJ�RYHU�GH�PDQLSXODWLHYH�YHUPRJHQV�YDQ�DOJRULWPLVFKH�SURFHVVHQ�������
9HHO�LQGLYLGXHQ�]LMQ�]LFK�QLHW�EHZXVW�YDQ�GH�JHYDUHQ�YDQ�H[SORLWDWLH�YDQ�GDWD
&RPSXWHUJHVWXXUGH�PLGGHOHQ�YHUVWHUNHQ�EHVWDDQGH�YRUPHQ�YDQ�GLVFULPLQDWLH�GRRU
LQGLYLGXHQ�LQ�FDWHJRULH­Q�WH�VRUWHUHQ
+HW�&RPLW«�YDQ�0LQLVWHUV�YHVWLJW�GH�DDQGDFKW�RS��GH�WRHQHPHQGH�GUHLJLQJ�GLH�XLWJDDW�YDQ
GLJLWDOH�WHFKQRORJLH­Q�YRRU�KHW�UHFKW�YDQ�PHQVHQ�RP�RQDIKDQNHOLMN�YDQ�JHDXWRPDWLVHHUGH
V\VWHPHQ�HHQ�PHQLQJ�WH�YRUPHQ�HQ�EHVOLVVLQJHQ�WH�QHPHQ��
'H�EHODQJULMNVWH�EHGUHLJLQJHQ�]LMQ�PLFUR�WDUJHWLQJ��KHW�LGHQWLILFHUHQ�YDQ�NZHWVEDDUKHGHQ�HQ
GH�KHUFRQILJXUDWLH�YDQ�VRFLDOH�RPJHYLQJHQ
+HW�&RPLW«�JHHIW�GLYHUVH�DDQEHYHOLQJHQ�RP�GH]H�EHGUHLJLQJHQ�DDQ�WH�SDNNHQ��ZDDURQGHU�
PDDU�QLHW�EHSHUNW�WRW��KHW�RYHUZHJHQ�YDQ�ELMNRPHQGH�EHVFKHUPHQGH�PDDWUHJHOHQ�GLH�]LFK
FRQFHQWUHUHQ�RS�GH�JHYROJHQ�YDQ�JHULFKW�JHEUXLN�YDQ�WHFKQRORJLH­Q��KHW�LQLWL­UHQ�YDQ�RSHQ�
JH±QIRUPHHUGH�HQ�LQFOXVLHYH�SXEOLHNH�GHEDWWHQ�RYHU�GH�JUHQV�WXVVHQ�WRHODDWEDUH
EH±QYORHGLQJ�HQ�RQDDQYDDUGEDUH�PDQLSXODWLH��KHW�PRQGLJHU�PDNHQ�YDQ�JHEUXLNHUV�GRRU
PLGGHO�YDQ�HHQ�JURWHU�SXEOLHN�EHZXVW]LMQ�HQ�KHW�EHYRUGHUHQ�YDQ�GLJLWDOH�JHOHWWHUGKHLG�

�����:HUN]DDPKHGHQ�RS�KHW�JHELHG�YDQ�DOJRULWPLVFKH�V\VWHPHQ

$DQEHYHOLQJ�RYHU�GH�JHYROJHQ�YDQ�DOJRULWPLVFKH�V\VWHPHQ�YRRU�GH�PHQVHQUHFKWHQ�������
/LGVWDWHQ�ZRUGW�JHDGYLVHHUG�KXQ�ZHWJHYHQGH�NDGHUV��EHOHLG�HQ�HLJHQ�SUDNWLMNHQ�WH�KHU]LHQ
RP�HUYRRU�WH�]RUJHQ�GDW�GH�DDQVFKDI��KHW�RQWZHUS�HQ�GH�RQWZLNNHOLQJ�YDQ�DOJRULWPLVFKH
V\VWHPHQ�QLHW�LQ�VWULMG�]LMQ�PHW�GH�PHQVHQUHFKWHQ
�0HQVHQUHFKWHQ�GLH�YDDN�ZRUGHQ�JHVFKRQGHQ�GRRU�GH�LQ]HW�YDQ�DOJRULWPLVFKH�V\VWHPHQ
RPYDWWHQ��PDDU�]LMQ�QLHW�EHSHUNW�WRW��KHW�UHFKW�RS�HHQ�HHUOLMN�SURFHV��KHW�UHFKW�RS�SULYDF\�HQ
JHJHYHQVEHVFKHUPLQJ��KHW�UHFKW�RS�YULMKHLG�YDQ�JHGDFKWH��JHZHWHQ�HQ�JRGVGLHQVW��KHW�UHFKW
RS�YULMKHLG�YDQ�PHQLQJVXLWLQJ��KHW�UHFKW�RS�YULMKHLG�YDQ�YHUJDGHULQJ��KHW�UHFKW�RS�JHOLMNH
EHKDQGHOLQJ��HQ�HFRQRPLVFKH�HQ�VRFLDOH�UHFKWHQ���
'DDUQDDVW�ZRUGW�DDQEHYROHQ�GDW�/LGVWDWHQ�UHJHOPDWLJ��LQFOXVLHI�HQ�WUDQVSDUDQW�RYHUOHJ
SOHJHQ�PHW�GH�UHOHYDQWH�EHODQJKHEEHQGHQ��ZDDUELM�GH�QDGUXN�OLJW�RS�GH�VWHP�YDQ�NZHWVEDUH
JURHSHQ�
'H]H�DDQEHYHOLQJ�RPYDW�GLYHUVH�YHUSOLFKWLQJHQ�YRRU�VWDWHQ�PHW�EHWUHNNLQJ�WRW�GH
EHVFKHUPLQJ�HQ�EHYRUGHULQJ�YDQ�PHQVHQUHFKWHQ�HQ�IXQGDPHQWHOH�YULMKHGHQ�LQ�GH�FRQWH[W
YDQ�DOJRULWPLVFKH�V\VWHPHQ��RQGHU�PHHU�RS�KHW�YODN�YDQ�ZHWJHYLQJ��WUDQVSDUDQWLH�
YHUDQWZRRUGLQJ�HQ�GRHOWUHIIHQGH�UHFKWVPLGGHOHQ��YRRU]RUJVPDDWUHJHOHQ��HQ]�

06,�$87�9HUDQWZRRUGHOLMNKHLG�HQ�$,��(HQ�RQGHU]RHN�QDDU�GH�LPSOLFDWLHV�YDQ�JHDYDQFHHUGH
GLJLWDOH�WHFKQRORJLH­Q��ZDDURQGHU�$,�V\VWHPHQ��YRRU�KHW�FRQFHSW�YDQ�YHUDQWZRRUGHOLMNKHLG
ELQQHQ�HHQ�PHQVHQUHFKWHQNDGHU�������

'LW�UDSSRUW�VFKHWVW�ZDW�$,�LV�HQ�KRH�WDDNVSHFLILHNH�WHFKQRORJLH­Q�ZHUNHQ��HQ�VFKHWVW
EHGUHLJLQJHQ�HQ�VFKDGH�GLH�JHSDDUG�JDDQ�PHW�JHDYDQFHHUGH�GLJLWDOH�WHFKQRORJLH­Q��HQ�HHQ
UHHNV��YHUDQWZRRUGHOLMNKHLGVPRGHOOHQ��YRRU�GH�QDGHOLJH�JHYROJHQ�YDQ�$,�V\VWHPHQ
'H�EHODQJULMNVWH�DDQEHYHOLQJHQ�XLW�GLW�UDSSRUW�]LMQ��HIIHFWLHYH�HQ�OHJLWLHPH�PHFKDQLVPHQ�GLH
PHQVHQUHFKWHQVFKHQGLQJHQ�]XOOHQ�YHUKLQGHUHQ�HQ�YRRUNRPHQ���EHOHLGVNHX]HV�PHW
EHWUHNNLQJ�WRW�YHUDQWZRRUGHOLMNKHLGVPRGHOOHQ�YRRU�$,�V\VWHPHQ��RQGHUVWHXQLQJ�YDQ
WHFKQLVFK�RQGHU]RHN�PHW�EHWUHNNLQJ�WRW�GH�EHVFKHUPLQJ�YDQ�PHQVHQUHFKWHQ�HQ
�DOJRULWPLVFKH�DXGLWV���HQ�GH�DDQZH]LJKHLG�YDQ�OHJLWLHPH�EHVWXXUVPHFKDQLVPHQ�YRRU�GH
EHVFKHUPLQJ�YDQ�PHQVHQUHFKWHQ�LQ�KHW�GLJLWDOH�WLMGSHUN
'LHJHQHQ�GLH�GLJLWDOH�WHFKQRORJLH­Q�RQWZLNNHOHQ�HQ�LPSOHPHQWHUHQ��NXQQHQ�GDW�QLHW�GRHQ
]RQGHU�YHUDQWZRRUGHOLMNKHLG���]LM�PRHWHQ�WHU�YHUDQWZRRUGLQJ�ZRUGHQ�JHURHSHQ�YRRU
QDGHOLJH�JHYROJHQ
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(XURSHHV�(WKLVFK�+DQGYHVW�RYHU�KHW�JHEUXLN�YDQ�$,�LQ�JHUHFKWHOLMNH�V\VWHPHQ�HQ�KXQ�RPJHYLQJ
������

,Q�GLW�KDQGYHVW�ZRUGHQ�YLMI�JURQGEHJLQVHOHQ�XLWHHQJH]HW��ZDDURQGHU�UHVSHFW�YRRU
IXQGDPHQWHOH�UHFKWHQ��QRQ�GLVFULPLQDWLH��NZDOLWHLW�HQ�YHLOLJKHLG��WUDQVSDUDQWLH�
RQSDUWLMGLJKHLG�HQ�UHFKWYDDUGLJKHLG��HQ��RQGHU�FRQWUROH�YDQ�GH�JHEUXLNHU��
'H�PHHVWH�WRHSDVVLQJHQ�YDQ�$,�RS�MXVWLWLHHO�JHELHG�EOLMNHQ�LQ�GH�SULYDWH�VHFWRU�WH�OLJJHQ��
�FRPPHUFL­OH�LQLWLDWLHYHQ�JHULFKW�RS�YHU]HNHULQJVPDDWVFKDSSLMHQ��MXULGLVFKH�GLHQVWHQ�
DGYRFDWHQ�HQ�SDUWLFXOLHUHQ��
(QNHOH�PRJHOLMNH�WRHSDVVLQJHQ�YDQ�$,�LQ�HHQ�JHUHFKWHOLMNH�FRQWH[W�]LMQ�YHUEHWHULQJ�YDQ�GH
MXULVSUXGHQWLH��WRHJDQJ�WRW�KHW�UHFKW�HQ�KHW�FUH­UHQ�YDQ�QLHXZH�VWUDWHJLVFKH�LQVWUXPHQWHQ
$QGHUH�WRHSDVVLQJHQ�GLH�DDQ]LHQOLMNH�PHWKRGRORJLVFKH�YRRU]RUJVPDDWUHJHOHQ�YHUHLVHQ�
RPYDWWHQ�KHW�RSVWHOOHQ�YDQ�VFKDOHQ��GH�RQGHUVWHXQLQJ�YDQ�DOWHUQDWLHYH�PDDWUHJHOHQ�YRRU
JHVFKLOOHQEHVOHFKWLQJ�LQ�EXUJHUOLMNH�]DNHQ��RQOLQH�JHVFKLOOHQEHVOHFKWLQJ�LQ�GH
SUHFRQWHQWLHX]H�IDVH��ZDQQHHU�HHQ�ODWHU�EHURHS�ELM�GH�UHFKWHU�PRJHOLMN�EOLMIW���RI�GH
LGHQWLILFDWLH�YDQ�GH�SODDWV�ZDDU�VWUDIEDUH�IHLWHQ�ZRUGHQ�JHSOHHJG

�����:HUN]DDPKHGHQ�RS�KHW�JHELHG�YDQ�MXVWLWLH
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(XURSHHV�&RPLW«�LQ]DNH�'HPRFUDWLH�HQ�*RYHUQDQFH��&''*�
:HUNW�PRPHQWHHO�DDQ�HHQ�VWXGLH�RYHU�GH�LPSDFW�YDQ�GLJLWDOH�WUDQVIRUPDWLH�RS�GHPRFUDWLH�HQ
JRYHUQDQFH

&RPPLVVLH�YDQ�9HQHWL­��%HJLQVHOHQ�YRRU�HHQ�JURQGUHFKWHQFRQIRUP�JHEUXLN�YDQ�GLJLWDOH
WHFKQRORJLH­Q�LQ�YHUNLH]LQJVSURFHGXUHV�������

%HQDGUXNW�DFKW�EHJLQVHOHQ�YRRU�KHW�JHEUXLN�YDQ�GLJLWDOH�WHFKQRORJLH­Q�ELM�YHUNLH]LQJHQ�LQ
RYHUHHQVWHPPLQJ�PHW�GH�PHQVHQUHFKWHQ
'H]H�DFKW�EHJLQVHOHQ��LQ�KHW�GRFXPHQW�LQ�GHWDLO�EHVFKUHYHQ��]LMQ��

����'H�EHJLQVHOHQ�YDQ�YULMKHLG�YDQ�PHQLQJVXLWLQJ�GLH�HHQ�UREXXVW�SXEOLHN�GHEDW
LPSOLFHUHQ��PRHWHQ�ZRUGHQ�YHUWDDOG�QDDU�GH�GLJLWDOH�RPJHYLQJ��LQ�KHW�ELM]RQGHU�WLMGHQV
YHUNLH]LQJHQ��
����7LMGHQV�YHUNLH]LQJHQ�PRHW�HHQ�EHYRHJG�RQSDUWLMGLJ�RUJDDQ�]RDOV�HHQ�NLHVUDDG�RI�HHQ
JHUHFKWHOLMN�RUJDDQ�GH�EHYRHJGKHLG�NULMJHQ�RP�SULYDWH�EHGULMYHQ�WH�YHUSOLFKWHQ�GXLGHOLMN
RPVFKUHYHQ�LQKRXG�YDQ�GHUGHQ�YDQ�KHW�LQWHUQHW�WH�YHUZLMGHUHQ���RS�EDVLV�YDQ�NLHVZHWWHQ
HQ�LQ�RYHUHHQVWHPPLQJ�PHW�LQWHUQDWLRQDOH�QRUPHQ��
����7LMGHQV�YHUNLH]LQJHQ�PRHWHQ�KHW�RSHQ�LQWHUQHW�HQ�GH�QHWQHXWUDOLWHLW�ZRUGHQ
EHVFKHUPG��
����3HUVRRQVJHJHYHQV�PRHWHQ�GRHOWUHIIHQG�ZRUGHQ�EHVFKHUPG��LQ�KHW�ELM]RQGHU�WLMGHQV
GH�FUXFLDOH�SHULRGH�YDQ�YHUNLH]LQJHQ��
����'H�LQWHJULWHLW�YDQ�YHUNLH]LQJHQ�PRHW�ZRUGHQ�EHZDDUG�GRRU�PLGGHO�YDQ�SHULRGLHN
KHU]LHQH�UHJHOV�HQ�YRRUVFKULIWHQ�LQ]DNH�SROLWLHNH�UHFODPH�HQ�GH�YHUDQWZRRUGHOLMNKHLG
YDQ�WXVVHQSHUVRQHQ�RS�KHW�LQWHUQHW���
����'H�LQWHJULWHLW�YDQ�YHUNLH]LQJHQ�PRHW�ZRUGHQ�JHZDDUERUJG�GRRU�GH�VSHFLILHNH
LQWHUQDWLRQDOH�UHJHOJHYLQJ�DDQ�WH�SDVVHQ�DDQ�GH�QLHXZH�WHFKQRORJLVFKH�FRQWH[W�HQ�GRRU
LQVWLWXWLRQHOH�FDSDFLWHLWHQ�WH�RQWZLNNHOHQ�RP�F\EHUGUHLJLQJHQ�WH�EHVWULMGHQ��
����+HW�LQWHUQDWLRQDOH�VDPHQZHUNLQJVNDGHU�HQ�GH�SXEOLHN�SULYDWH�VDPHQZHUNLQJ�PRHWHQ
ZRUGHQ�YHUVWHUNW���
����'H�LQYRHULQJ�YDQ�]HOIUHJXOHULQJ�PRHW�ZRUGHQ�EHYRUGHUG��

�����:HUN]DDPKHGHQ�RS�KHW�JHELHG�YDQ�JRHG�EHVWXXU�HQ�YHUNLH]LQJHQ



$DQEHYHOLQJ�&0�5HF��������YDQ�KHW�&RPLW«�YDQ�0LQLVWHUV�EHWUHIIHQGH�KHW�YRRUNRPHQ�HQ
EHVWULMGHQ�YDQ�VHNVLVPH

'H�DDQEHYHOLQJ�VWHOW�GDW�HU�PDDWUHJHOHQ�PRHWHQ�ZRUGHQ�JHQRPHQ�RP�VHNVLVPH�WH
YRRUNRPHQ�HQ�WH�EHVWULMGHQ��HQ�EHYDW�WHYHQV�HHQ�RSURHS�RP�HHQ�SHUVSHFWLHI�YDQ
JHQGHUJHOLMNKHLG�WH�LQWHJUHUHQ�LQ�DOOH�ZHUN]DDPKHGHQ�LQ�YHUEDQG�PHW�$,��HQ�WHJHOLMNHUWLMG
PDQLHUHQ�WH�YLQGHQ�RP�GH�JHQGHUNORRI�HQ�VHNVLVPH�WH�KHOSHQ�HOLPLQHUHQ

(XURSHVH�&RPPLVVLH�WHJHQ�UDFLVPH�HQ�LQWROHUDQWLH��(&5,����'LVFULPLQDWLH��DUWLILFL­OH�LQWHOOLJHQWLH
HQ�DOJRULWPLVFKH�EHVOXLWYRUPLQJ�������

$,�WRHSDVVLQJHQ�ZHWHQ��DDQ�GH�KXLGLJH�ZHWWHQ�WH�RQWVQDSSHQ���+HW�PHUHQGHHO�YDQ�GH
ZHWJHYLQJ�RPWUHQW�QRQ�GLVFULPLQDWLH�KHHIW�DOOHHQ�EHWUHNNLQJ�RS�VSHFLILHNH�EHVFKHUPGH
NHQPHUNHQ��(U�]LMQ�DQGHUH�YRUPHQ�YDQ�GLVFULPLQDWLH�GLH�QLHW�JHFRUUHOHHUG�]LMQ�PHW
EHVFKHUPGH�NHQPHUNHQ��PDDU�GLH�WRFK�VRFLDOH�RQJHOLMNKHLG�NXQQHQ�YHUVWHUNHQ
+HW�LGHH�YDQ�VHFWRUVSHFLILHNH�UHJHOV�YRRU�GH�EHVFKHUPLQJ�YDQ�ELOOLMNKHLG�HQ�PHQVHQUHFKWHQ
RS�KHW�JHELHG�YDQ�$,�ZRUGW�YRRUJHVWHOG��DDQJH]LHQ�YHUVFKLOOHQGH�VHFWRUHQ�YHUVFKLOOHQGH
ZDDUGHQ�HQ�SUREOHPHQ�YHUHLVHQ
9RRU�HHQ�EHSDDOGH�VHFWRU�IRUPXOHHUW�(&5,�YHUVFKLOOHQGH�YUDJHQ�GLH�EHDQWZRRUG�PRHWHQ
ZRUGHQ�

��:HONH�UHJHOV�]LMQ�YDQ�WRHSDVVLQJ�LQ�GH]H�VHFWRU��HQ�ZDW�]LMQ�GH�DFKWHUOLJJHQGH
EHZHHJUHGHQHQ"�
�+RH�ZRUGW�RI�NDQ�$,�EHVOXLWYRUPLQJ�LQ�GH]H�VHFWRU�JHEUXLNW�ZRUGHQ��HQ�ZDW�]LMQ�GH
ULVLFR
V"��
�0RHW�GH�ZHW�ZRUGHQ�YHUEHWHUG�LQ�KHW�OLFKW�YDQ�$,�EHVOXLWYRUPLQJ��JHOHW�RS�GH
EHZHHJUHGHQHQ�YRRU�GH�UHJHOV�LQ�GH]H�VHFWRU"�

�����:HUN]DDPKHGHQ�RS�KHW�JHELHG�YDQ�JHQGHUJHOLMNKHLG�HQ�QRQ�GLVFULPLQDWLH

Ɠѵ

$DQEHYHOLQJ�&0�5HF���������YDQ�KHW�&RPLW«�YDQ�0LQLVWHUV�RYHU�GH�RQWZLNNHOLQJ�HQ
EHYRUGHULQJ�YDQ�GLJLWDDO�EXUJHUVFKDSVRQGHUZLMV

1RGLJW�/LGVWDWHQ�XLW�UHJHOJHYHQGH�EHOHLGVPDDWUHJHOHQ�LQ]DNH�GLJLWDDO
EXUJHUVFKDSVRQGHUZLMV�YDVW�WH�VWHOOHQ��DOOH�UHOHYDQWH�EHODQJKHEEHQGHQ�WH�EHWUHNNHQ�ELM�KHW
RQWZHUS��GH�XLWYRHULQJ�HQ�GH�HYDOXDWLH�YDQ�ZHWJHYLQJ��EHOHLG�HQ�SUDNWLMNHQ�RS�KHW�JHELHG
GLJLWDDO�EXUJHUVFKDSVRQGHUZLMV��HQ�GH�GRHOWUHIIHQGKHLG�YDQ�KHW�QLHXZH�EHOHLG�HQ�QLHXZH
SUDNWLMNHQ�WH�HYDOXHUHQ
%HQDGUXNW�KHW�EHODQJ�YDQ��KHW�LQ�VWDDW�VWHOOHQ�YDQ�EXUJHUV�RP�GH�YDDUGLJKHGHQ�HQ
FRPSHWHQWLHV�WH�YHUZHUYHQ�YRRU�HHQ�GHPRFUDWLVFKH�FXOWXXU��GRRU�KHQ�LQ�VWDDW�WH�VWHOOHQ�GH
XLWGDJLQJHQ�HQ�ULVLFR
V�DDQ�WH�JDDQ�GLH�YRRUWYORHLHQ�XLW�GH�GLJLWDOH�RPJHYLQJ�HQ�RSNRPHQGH
WHFKQRORJLH­Q��

6WXXUJURHS�YRRU�RQGHUZLMVEHOHLG�HQ��SUDNWLMN��&'33(��
9HUNHQW�GH�LPSOLFDWLHV�YDQ�KHW�JHEUXLN�YDQ�$,�LQ�RQGHUZLMVRPJHYLQJHQ

(XULPDJHV�HQ�GH�5DDG�YDQ�(XURSD���Í(QWHULQJ�WKH�QHZ�SDUDGLJP�RI�DUWLILFLDO�LQWHOOLJHQFH�DQG
VHULHVÎ�������

6WXGLH�RYHU�GH�LPSDFW�YDQ�YRRUVSHOOHQGH�WHFKQRORJLH­Q�HQ�$,�RS�GH�DXGLRYLVXHOH�VHFWRU
,Q�GLW�GRFXPHQW�ZRUGW�KHW�JHEUXLN�YDQ�DUWLILFL­OH�LQWHOOLJHQWLH�LQ�GH�DXGLRYLVXHOH�VHFWRU
DDQJHPHUNW�DOV��HHQ�SRWHQWLHHO�JHYDDU�YRRU�GH�GLYHUVLWHLW�YDQ�GH�LQKRXG�HQ�GH�YULMH�WRHJDQJ
WRW�LQIRUPDWLH�YDQ�GH�EXUJHUV�YDQ�GH�OLGVWDWHQ��
(U�ZRUGHQ�YLMI�VORW�DDQEHYHOLQJHQ�JHGDDQ��JDDQGH�YDQ��(XULPDJHV�HHQ�PDQGDDW�JHYHQ�RP
EHNZDDPKHLG�RS�KHW�JHELHG�YDQ�6HULHV�RS�WH�ERXZHQ���WRW��KDQGHOVYRRUZDDUGHQ�YRRU�GH
SURGXFWLH�YDQ�VHULHV�LQ�GH�OLGVWDWHQ�YRRUVWHOOHQ�GLH�JH±QVSLUHHUG�]LMQ�RS�LQWHUQDWLRQDOH�JRHGH
SUDNWLMNHQ�HQ�VDPHQZHUNLQJ�DDQPRHGLJHQ��HQ��KHW�SXEOLHN�EHZXVW]LMQ�YDQ�GH�JHYROJHQ�YDQ
$,�LQ�GH�DXGLRYLVXHOH�VHFWRU�YHUJURWHQ��

�����:HUN]DDPKHGHQ�RS�KHW�JHELHG�YDQ�RQGHUZLMV�HQ�FXOWXXU



(HQ�DQGHUH�DDQEHYHOLQJ�LV�GDW�GH�5DDG�YDQ�(XURSD�GH�RSULFKWLQJ�]RX�RYHUZHJHQ�YDQ�HHQ
�EHVWXXUVRUJDDQ�YRRU�HHQ�$,�FHUWLILFHULQJ�YRRU�GH�PHGLD��

7HFKQRORJLVFKH�FRQYHUJHQWLH��DUWLILFL­OH�LQWHOOLJHQWLH�HQ�PHQVHQUHFKWHQ�������
5RHSW�RS�WRW�HHQ�LPSOHPHQWDWLH�YDQ��HHQ�HFKWH�ZHUHOGZLMGH�LQWHUQHW�JRYHUQDQFH�GLH�QLHW
DIKDQNHOLMN�LV�YDQ�SULYDWH��EHODQJHQJURHSHQ�RI�VOHFKWV�HHQ�KDQGYRO�VWDWHQ��
'DDUQDDVW�URHSW�GH�9HUJDGHULQJ�KHW�&RPLW«�YDQ�0LQLVWHUV�RS�RP�

�GH�PRGHUQLVHULQJ�YDQ�KHW�9HUGUDJ�WRW�EHVFKHUPLQJ�YDQ�SHUVRQHQ�PHW�EHWUHNNLQJ�WRW�GH
JHDXWRPDWLVHHUGH�YHUZHUNLQJ�YDQ�SHUVRRQVJHJHYHQV�DI�WH�URQGHQ�
�HHQ�NDGHU�YDVW�WH�VWHOOHQ�YRRU�]RZHO�RQGHUVWHXQHQGH�WHFKQRORJLH­Q�DOV�]RUJURERWV�LQ�GH
6WUDWHJLH�����������YDQ�GH�5DDG�YDQ�(XURSD�LQ]DNH�LQFOXVLH�YDQ�SHUVRQHQ�PHW�HHQ
KDQGLFDS���

'H�9HUJDGHULQJ�ZLMVW�RRN�QRJPDDOV�RS�KHW�EHODQJ�YDQ�YHUDQWZRRUGLQJ�HQ
YHUDQWZRRUGHOLMNKHLG�YDQ�$,�V\VWHPHQ�GLH�ELM�PHQVHQ�JHSODDWVW�ZRUGHQ��KHW�LQIRUPHUHQ�YDQ
KHW�SXEOLHN�RYHU�KHW�JHQHUHUHQ�HQ�YHUZHUNHQ�YDQ�KXQ�SHUVRRQVJHJHYHQV��HQ�KHW�HUNHQQHQ
YDQ�UHFKWHQ�LQ�YHUEDQG�PHW�GH�HHUELHGLJLQJ�YDQ�KHW�SULY«��HQ�JH]LQVOHYHQ��QDDVW�DQGHUH
YRRUJHVWHOGH�ULFKWVQRHUHQ

��UDSSRUWHQ�RYHU�$,�]LMQ�GRRU�GH�3DUOHPHQWDLUH�9HUJDGHULQJ�DDQJHQRPHQ�PHW�RQGHUZHUSHQ
YDUL­UHQG�YDQ�GHPRFUDWLVFK�EHVWXXU�WRW�GLVFULPLQDWLH�HQ�GH�MXULGLVFKH�DVSHFWHQ�YDQ�DXWRQRPH
YRHUWXLJHQ�
1RRG]DDN�YDQ�GHPRFUDWLVFK�EHVWXXU�YDQ�DUWLILFL­OH�LQWHOOLJHQWLH�������

'H�9HUJDGHULQJ�EHYHHOW�KHW�YROJHQGH�DDQ�
�'H�XLWZHUNLQJ�YDQ�HHQ�MXULGLVFK�ELQGHQG�LQVWUXPHQW�GDW�DUWLILFL­OH�LQWHOOLJHQWLH�UHJHOW����
�(UYRRU�]RUJHQ�GDW�HHQ�GHUJHOLMN�MXULGLVFK�ELQGHQG�LQVWUXPHQW�JHEDVHHUG�LV�RS�HHQ
DORPYDWWHQGH�DDQSDN��GH�KHOH�OHYHQVF\FOXV�YDQ�$,�V\VWHPHQ�RPYDW��JHULFKW�LV�WRW�DOOH
EHODQJKHEEHQGHQ��HQ�PHFKDQLVPHQ�EHYDW�RP�GH�WHQXLWYRHUOHJJLQJ�YDQ�GLW�LQVWUXPHQW�WH
ZDDUERUJHQ��

�����:HUN]DDPKHGHQ�YDQ�GH�3DUOHPHQWDLUH�9HUJDGHULQJ�YDQ�GH�5DDG�YDQ�(XURSD

Ɠƕ

'H�YRRUEHUHLGLQJ�YDQ��6PDUW�FLWLHV��GH�XLWGDJLQJHQ�YRRU�GH�GHPRFUDWLH��LV�DDQ�GH�JDQJ�HQ�]DO�LQ
GH�WZHHGH�KHOIW�YDQ������ZRUGHQ�XLWJHEUDFKW

�����:HUN]DDPKHGHQ�YDQ�KHW�&RQJUHV�YDQ�/RNDOH�HQ�5HJLRQDOH�2YHUKHGHQ�YDQ�GH�5DDG�YDQ
(XURSD

$UWLILFL­OH�LQWHOOLJHQWLH�XLWSDNNHQ�����VWDSSHQ�WHU�EHVFKHUPLQJ�YDQ�GH�PHQVHQUHFKWHQ�������
)RUPXOHHUW�DDQEHYHOLQJHQ�RP�QHJDWLHYH�JHYROJHQ�YDQ�$,�V\VWHPHQ�YRRU�GH�PHQVHQUHFKWHQ
WH�YHU]DFKWHQ�RI�WH�YRRUNRPHQ
*HHIW�SUDNWLVFKH�DDQEHYHOLQJHQ�PHW����DFWLHJHELHGHQ��PHQVHQUHFKWHQ�HIIHFWEHRRUGHOLQJHQ�
RSHQEDUH�UDDGSOHJLQJHQ��QRUPHQ�RPWUHQW�PHQVHQUHFKWHQ�LQ�GH�SULYDWH�VHFWRU��LQIRUPDWLH�HQ
WUDQVSDUDQWLH��RQDIKDQNHOLMN�WRH]LFKW��QRQ�GLVFULPLQDWLH�HQ�JHOLMNKHLG��JHJHYHQVEHVFKHUPLQJ
HQ�SULYDF\��YULMKHLG�YDQ�PHQLQJVXLWLQJ��YULMKHLG�YDQ�YHUJDGHULQJ�HQ�YHUHQLJLQJ��HQ�KHW�UHFKW�RS
ZHUN��YHUKDDOVPRJHOLMNKHGHQ��HQ�KHW�EHYRUGHUHQ�YDQ�NHQQLV�HQ�EHJULS�YDQ�$,
(U�ZRUGW�HHQ�FKHFNOLVW�EHVFKLNEDDU�JHPDDNW�RP�GH�DDQEHYHOLQJHQ�LQ�KHW�GRFXPHQW�WH�NXQQHQ
RSHUDWLRQDOLVHUHQ

������:HUN]DDPKHGHQ�YDQ�GH�&RPPLVVDULV�YRRU�GH�5HFKWHQ�YDQ�GH�0HQV�



5DDG�YDQ�(XURSD�6WUDWHJLH�YRRU�GH�-HXJGVHFWRU������������
5RHSW�RS�WRW�HHQ�YHUEHWHULQJ�YDQ�GH�LQVWLWXWLRQHOH�DQWZRRUGHQ�RS�QLHXZH�NZHVWLHV
�ZDDURQGHU�$,��GLH�YDQ�LQYORHG�]LMQ�RS�GH�UHFKWHQ�YDQ�MRQJHUHQ�HQ�KXQ�RYHUJDQJ�QDDU
YROZDVVHQKHLG
'H�GULH�EHODQJULMNVWH�DDQGDFKWVSXQWHQ�YDQ�GH�VWUDWHJLH�YRRU������]LMQ�

�+HW�YHUEUHGHQ�YDQ�GH�SDUWLFLSDWLH�YDQ�MRQJHUHQ���
�'H�WRHJDQJ�YDQ�MRQJHUHQ�WRW�UHFKWHQ�YHUVWHUNHQ��
�'H�NHQQLV�YDQ�MRQJHUHQ�YHUGLHSHQ�

$QGHUH�WKHPDWLVFKH�SULRULWHLWHQ�]LMQ�RQGHU�PHHU�KHW�YHUJURWHQ�YDQ�GH�FDSDFLWHLW�YRRU
SDUWLFLSDWLHYH�GHPRFUDWLH��EHOHLGVYRHULQJ�PHW�EHWURNNHQKHLG�YDQ�GLYHUVH�JURHSHQ�MRQJHUHQ�
KHW�YHUVWHUNHQ�YDQ��GH�FDSDFLWHLWHQ��GH�GDDGNUDFKW�HQ�KHW�OHLGHUVFKDS�YDQ�MRQJHUHQ�RP
JHZHOG�WH�YRRUNRPHQ��FRQIOLFWHQ�RP�WH�EXLJHQ�HQ�HHQ�FXOWXXU�YDQ�YUHGH�RS�WH�ERXZHQ�����
QDDVW�YHUVFKLOOHQGH�DQGHUH�SULRULWHLWHQ

+DDOEDDUKHLGVVWXGLH�RYHU�HHQ�WRHNRPVWLJ�LQVWUXPHQW�YDQ�GH�5DDG�YDQ�(XURSD�LQ]DNH�DUWLILFL­OH
LQWHOOLJHQWLH�HQ�VWUDIUHFKW�������

(HQ�ZHUNJURHS�YDQ�KHW�&'3&�KHHIW�LQ�GHFHPEHU������GH�RSGUDFKW�JHNUHJHQ��HHQ
KDDOEDDUKHLGVVWXGLH�XLW�WH�YRHUHQ�ZDDULQ�GH�UHLNZLMGWH�HQ�GH�EHODQJULMNVWH�HOHPHQWHQ�YDQ
HHQ�WRHNRPVWLJ�LQVWUXPHQW�YDQ�GH�5DDG�YDQ�(XURSD�RYHU�$,�HQ�VWUDIUHFKW��ELM�YRRUNHXU�HHQ
YHUGUDJ��ZRUGHQ�YDVWJHVWHOG�
2QGHU]RHNW�GH�PRJHOLMNKHGHQ�YDQ�GH�5DDG�YDQ�(XURSD�RP�KHW�SDG�WH�HIIHQHQ�YRRU�HHQ
LQWHUQDWLRQDDO�MXULGLVFK�LQVWUXPHQW�LQ]DNH�$,�HQ�VWUDIUHFKW�HQ�VWHOW��RS�EDVLV�YDQ�GH
DQWZRRUGHQ�YDQ�GH�OLGVWDWHQ�RS�YUDJHQOLMVWHQ�RYHU�$,�HQ�VWUDIUHFKW��GH�EHODQJULMNVWH
HOHPHQWHQ�YDVW�YDQ�HHQ�LQWHUQDWLRQDDO�LQVWUXPHQW�YDQ�GH�5DDG�YDQ�(XURSD�LQ]DNH�$,�HQ
VWUDIUHFKW
,GHQWLILFHHUW�YLHU�GRHOVWHOOLQJHQ�YDQ�KHW�UHFKWVLQVWUXPHQW�

�+HW�WRW�VWDQG�EUHQJHQ�YDQ�HHQ�LQWHUQDWLRQDDO�NDGHU�YRRU�GH�RQWZLNNHOLQJ�YDQ�QDWLRQDOH
ZHWJHYLQJ�LQ]DNH�VWUDIUHFKWHOLMNH�YUDDJVWXNNHQ�LQ�YHUEDQG�PHW�$,��LQ�KHW�ELM]RQGHU�LQ�GH
FRQWH[W�YDQ�DXWRPDWLVHULQJ�YDQ�YRHUWXLJHQ��
�/LGVWDWHQ�DDQPRHGLJHQ�MXULGLVFKH�XLWGDJLQJHQ�RS�KHW�JHELHG�YDQ�VWUDIUHFKW�HQ�$,�DDQ�WH
SDNNHQ�YLD�ZHWJHYLQJ��JHVWHXQG�RS�JHPHHQVFKDSSHOLMNH�QRUPDWLHYH�EHJLQVHOHQ�
�$QWLFLSHUHQ�RS�UHHGV�JHFRQVWDWHHUGH�EHZLMVSUREOHPHQ�HQ�DQGHUH�MXULGLVFKH�SUREOHPHQ
LQ�YHUEDQG�PHW�VWUDIUHFKWHOLMNH�DDQVSUDNHOLMNKHLG�HQ�$,��HQ�]RUJHQ�YRRU�HHUOLMNH
SURFHVEHJLQVHOHQ�HQ�GRHOWUHIIHQGH�LQWHUQDWLRQDOH�VDPHQZHUNLQJ�RS�GLW�JHELHG��HQ
�*DUDQGHUHQ�GDW�$,�V\VWHPHQ�ZRUGHQ�RQWZLNNHOG�LQ�RYHUHHQVWHPPLQJ�PHW�GH
IXQGDPHQWHOH�UHFKWHQ�GLH�GRRU�GH�LQVWUXPHQWHQ�YDQ�GH�5DDG�YDQ�(XURSD�ZRUGHQ
EHVFKHUPG��

&RQFOXVLH�YDQ�GH�VWXGLH���KHW�EHUHLNHQ�YDQ�RYHUHHQVWHPPLQJ�RYHU�JHPHHQVFKDSSHOLMNH
QRUPHQ�YRRU�HHQ�GXLGHOLMNH�HQ�FRUUHFWH�WRHZLM]LQJ�YDQ�PRJHOLMNH�VWUDIUHFKWHOLMNH
YHUDQWZRRUGHOLMNKHLG�HQ�YRRU�KHW�YHUGXLGHOLMNHQ�YDQ�GDDUPHH�YHUEDQG�KRXGHQGH
SURFHGXUHOH�NZHVWLHV�HQ�PRJHOLMNH�LPSOLFDWLHV�YRRU�GH�PHQVHQUHFKWHQ��PRHW�HHQ
JH]DPHQOLMNH�LQVSDQQLQJ�]LMQ�YDQ�DFWRUHQ�XLW�GH�SXEOLHNH�HQ�GH�SULYDWH�VHFWRU��]RGDW�GH
WHFKQRORJLH�]LFK�PHW�VXFFHV�NDQ�RQWZLNNHOHQ�RS�HHQ�ZLM]H�GLH�GH�JURQGEHJLQVHOHQ�YDQ�RQ]H
EXUJHUOLMNH�VDPHQOHYLQJ�HHUELHGLJW��

������:HUN]DDPKHGHQ�YDQ�GH�5DDG�YDQ�(XURSD�RS�KHW�JHELHG�YDQ�MHXJG]DNHQ

������:HUN]DDPKHGHQ�YDQ�GH�(XURSHHV�&RPPLVVLH�YRRU�VWUDIUHFKWHOLMNH�YUDDJVWXNNHQ��&'3&�
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