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9RRUZRRUG�

'H]H�VFULSWLH�LV�GH�VFKULIWHOLMNH�YHUVODJOHJJLQJ�YDQ�PLMQ�DIVWXGHHURQGHU]RHN�YRRU�GH�RSOHLGLQJ�
*HRGHVLH� DDQ� GH� 7HFKQLVFKH� 8QLYHUVLWHLW� 'HOIW�� +HW� RQGHU]RHN� LV� XLWJHYRHUG� ELM� GH�
0HHWNXQGLJH� 'LHQVW� �0'�� YDQ� 5LMNVZDWHUVWDDW�� ,Q� GH� ORRS� YDQ� ����� ]DO� GH]H� GLHQVW�
¦$GYLHVGLHQVW�*HR�LQIRUPDWLH�HQ�,&7§��$*,��JDDQ�KHWHQ���
�
+HODDV�VWDDW�GH]H�VFULSWLH�YRO�PHW�QLHW�1HGHUODQGVH�ZRRUGHQ�DOV�IX]]\��N�QHDUHVW�QHLJKERXUV�
FODVVLILFDWLH� HQ� UHPRWH�VHQVLQJ�EHHOG�� ,N�KHE�HU�EHZXVW� YRRU�JHNR]HQ�GH]H�ZRRUGHQ�QLHW� WH�
YHUWDOHQ�� RPGDW� GH� WHNVW� DQGHUV� RQGXLGHOLMN� ]RX� ZRUGHQ� YRRU� HHQLHGHU� GLH� KHOHPDDO�
YHUWURXZG�LV�PHW�GH]H�WHUPHQ���
�
*UDDJ� ZLO� LN� GH� 0HHWNXQGLJH� 'LHQVW� EHGDQNHQ� YRRU� GH� JHERGHQ� RQGHU]RHNVIDFLOLWHLWHQ��
8LWHUDDUG� EHQ� LN� RRN� DDQ� HQNHOH� PHQVHQ� GDQN� YHUVFKXOGLJG�� LQ� GH� HHUVWH� SODDWV� DDQ�
GU��LU��%�*�+��*RUWH� �78�'HOIW��� 5�:�/��-RUGDQV� �0'�� HQ� SURI�� GU��LU��0�*��9RVVHOPDQ� �78�
'HOIW��YRRU�KXQ�EHJHOHLGLQJ��,Q�GH�WZHHGH�SODDWV�ZLO�LN�LU��)��.HQVHODDU��GUV��(�+��.ORRVWHUPDQ��
GUV��5��GH�/DQJH��GU��.��6FKPLGW��SURI��GU��$�.��6NLGPRUH��LU��(�0�-��9DHVVHQ��GUV��0�6��GH�:DDO�
HQ�GH�EHZRQHUV�YDQ�+XL]H�[�GDNMH�EHGDQNHQ�YRRU�KXQ�DGYLH]HQ�RI�SUDNWLVFKH�KXOS��
�
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6DPHQYDWWLQJ�

$DQOHLGLQJ�

'H� 0HHWNXQGLJH� 'LHQVW� GRHW� YRRU� 5LMNVZDWHUVWDDW� RQGHU]RHN� QDDU� VHPL�DXWRPDWLVFKH�
LQWHUSUHWDWLH� YDQ� UHPRWH�VHQVLQJ�EHHOGHQ�RP�GH�SURGXFWLYLWHLW� HQ�PHW�QDPH�GH�REMHFWLYLWHLW�
YDQ�GH�YHJHWDWLHNDUWHULQJ�WH�YHUEHWHUHQ��(U�GRHQ�]LFK�KLHUELM�WZHH�SUREOHPHQ�YRRU��7HQ�HHUVWH�
OLMNHQ�ELM� YHUJHOLMNLQJ�YDQ� WZHH�DI]RQGHUOLMNH� FODVVLILFDWLHV�GRRU� WRHYDOOLJKHGHQ�YHUDQGHULQJHQ�
RS� WH� WUHGHQ� GLH� LQ� ZHUNHOLMNKHLG� JHHQ� YHUDQGHULQJHQ� ]LMQ�� +HW� WZHHGH� SUREOHHP� LV� GDW�
JHOHLGHOLMNH�YHUDQGHULQJHQ�YDQ�PHQJYHUKRXGLQJHQ�YDQ�NODVVHQ�QLHW�RI�SDV�ODDW�]LFKWEDDU�]LMQ��
RPGDW�GH]H�YDDN�JHHQ�DDQOHLGLQJ�JHYHQ� WRW� FODVVLILFDWLH� LQ� HHQ�DQGHUH�NODVVH��'H�RSORVVLQJ�
YRRU�GH]H�WZHH�SUREOHPHQ�ZRUGW�JH]RFKW�LQ�KHW�JHEUXLNHQ�YDQ�IX]]\�WHFKQLHNHQ��
(HQ� DQGHU� SUREOHHP� LV� GDW� DXWRPDWLVFKH� FODVVLILFDWLH� YDQ� QDWXXUOLMNH� YHJHWDWLH� UHGHOLMN�
PRHL]DDP�LV��GDDU�GH�YHUVFKLOOHQGH�NODVVHQ�YDDN�VSHFWUDDO�ODVWLJ�WH�RQGHUVFKHLGHQ�]LMQ��'DDURP�
LV� KHW� ZHQVHOLMN� JHEUXLN� WH� PDNHQ� YDQ� K\SHUVSHFWUDOH� VFDQQHUV� HQ� ZRUGW� HU� JH]RFKW� QDDU�
QLHXZH� WHFKQLHNHQ� GLH� RS� HHQ� VOLPPHUH� PDQLHU� FODVVLILFHUHQ�� GRRU� ELMYRRUEHHOG� JHEUXLN� WH�
PDNHQ�YDQ�H[SHUWNHQQLV�RI�UXLPWHOLMNH�VDPHQKDQJ��

'RHOVWHOOLQJ�

'RHO� YDQ� KHW� DIVWXGHHUSURMHFW� LV� WH� RQGHU]RHNHQ� LQ� KRHYHUUH� KHW� JHEUXLN� YDQ� HHQ� IX]]\�
FODVVLILFDWLH� YDQ� K\SHUVSHFWUDOH� EHHOGHQ� PHW� EHKXOS� YDQ� HHQ� SUREDELOLVWLVFKH� VHJPHQWDWLH�
>*RUWH� ����@� YHUEHWHULQJ� JHHIW� WHQ� RS]LFKWH� YDQ� HHQ� FULVS�� SL[HOJHZLM]H� FODVVLILFDWLH� YRRU�
PRQLWRULQJ�YDQ�QDWXXUOLMNH�YHJHWDWLH��(U�ZRUGW�YHUZDFKW�GDW�SUREDELOLVWLVFKH�VHJPHQWDWLH�HHQ�
YHUEHWHULQJ�JHHIW�RPGDW�GH]H�PHWKRGH�QDDVW�GH�VSHFWUDOH�HLJHQVFKDSSHQ�RRN�UHNHQLQJ�KRXGW�
PHW� GH� UXLPWHOLMNH� NHQPHUNHQ� YDQ� GH� WHUUHLQ�HHQKHGHQ�� 'H� SUREDELOLVWLVFKH� VHJPHQWDWLH�
PHWKRGH� LV� RQWZLNNHOG� YRRU� PXOWLVSHFWUDOH� GDWD� YDQ� DJUDULVFKH� JHELHGHQ�� 1DWXXUOLMNH�
YHJHWDWLH� JURHLW� QLHW� ]R� JHVWUXFWXUHHUG� DOV� FXOWXXUJHZDVVHQ�� PDDU� RRN� QLHW� OXNUDDN� GRRU�
HONDDU��'DDURP�ZRUGW�RRN�YRRU�QDWXXUOLMNH�YHJHWDWLH�HHQ�YHUEHWHULQJ�YDQ�GH�FODVVLILFDWLH�GRRU�
VHJPHQWDWLH�YHUZDFKW��

:HUNZLM]H�

'H�JHYROJGH�ZHUNZLM]H�EHKHOVW�KHW�WRHSDVVHQ�YDQ�GH�SUREDELOLVWLVFKH�VHJPHQWDWLHPHWKRGH�RS�
K\SHUVSHFWUDOH� EHHOGHQ� YDQ� QDWXXUOLMNH� YHJHWDWLH�� $DQYXOOHQG� LV� HHQ� EHNQRSW� OLWHUDWXXU�
RQGHU]RHN� XLWJHYRHUG�� +HW� RSHUDWLRQDOLVHUHQ� HQ� DDQSDVVHQ� YDQ� VRIWZDUH� YHUJW� YHHO� WLMG��
'DDUGRRU� OLJW� GH�QDGUXN� YDQ�KHW� DIVWXGHHURQGHU]RHN�RS�KHW� XLWEUHLGHQ�YDQ�SUREDELOLVWLVFKH�
VHJPHQWDWLH� YRRU� WRHSDVVLQJ� RS� K\SHUVSHFWUDOH� EHHOGHQ� YDQ� QDWXXUOLMNH� YHJHWDWLH� HQ� KHW�
SURJUDPPHUHQ�KLHUYDQ���
7LMGHQV�KHW�RQGHU]RHN�RQWVWRQG�KHW�LGHH�YRRU�HHQ�QLHXZH�PHWKRGH�YRRU�IX]]\�WUDLQLQJ�YRRU�
PD[LPXP�OLNHOLKRRG�FODVVLILFDWLH�� 8LWHLQGHOLMN� LV� HU� YRRU� N�QHDUHVW�QHLJKERXUV�FODVVLILFDWLH�
JHNR]HQ� LQ� SODDWV� YDQ� HHQ� PD[LPXP�OLNHOLKRRG�FODVVLILFDWLH�� 'DDURP� LV� GH� IX]]\� WUDLQLQJV�
PHWKRGH�DOOHHQ�EHVFKUHYHQ�HQ�QLHW�WRHJHSDVW���

'DWD�

+HW� JHEUXLNWH� EHHOGPDWHULDDO� LV� LQJHZRQQHQ� PHW� KHW� +\0DS�V\VWHHP� �+\SHUVSHFWUDO�
0DSSLQJ� 6\VWHP��� 'LW� LV� HHQ� K\SHUVSHFWUDOH� VFDQQHU� YRRU� LQ� HHQ� YOLHJWXLJ� GLH� ���� EDQGHQ�
RSQHHPW��+LHUPHH� LV�GH�NZHOGHU�YDQ�6FKLHUPRQQLNRRJ�RSJHQRPHQ��'H�UXLPWHOLMNH� UHVROXWLH�
YDQ�GH�EHHOGHQ�LV�����PHWHU��
9RRU�GH�WUDLQLQJ�HQ�YDOLGDWLH�YDQ�GH�FODVVLILFDWLH�LV�JHEUXLN�JHPDDNW�YDQ�����WLMGHQV�YHOGZHUN�
LQJHZRQQHQ� YHOGRSQDPHQ�� 'H]H� YHOGRSQDPHQ� ]LMQ� RQJHYHHU� KDOI� RP� KDOI� JHVSOLWVW� LQ�
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WUDLQLQJVVDPSOHV� HQ� YDOLGDWLHVDPSOHV�� 7LMGHQV� KHW� RQGHU]RHN� ]LMQ� YLHU� YHUVFKLOOHQGH� NODVVHQ�
LQGHOLQJHQ� YRRU� GH� YHOGRSQDPHQ� JHEUXLNW��+HW� RSVWHOOHQ� YDQ� GH]H� LQGHOLQJHQ� LV� KDQGPDWLJ�
JHVFKLHG��KLHUGRRU�]LMQ�GH]H�UHGHOLMN�VXEMHFWLHI��'LW�UHVXOWHHUW�LQ�NODVVHQ�PHW�HHQ�UHODWLHI�JURWH�
VSHFWUDOH�RYHUODS��

)X]]\�WUDLQLQJ�YRRU�PD[LPXP�OLNHOLKRRG�FODVVLILFDWLH�

'H�PHHVWH� EHVWDDQGH� WHFKQLHNHQ� KHEEHQ� SXUH� SL[HOV� QRGLJ� YRRU� GH� WUDLQLQJ��'LW�PDDNW� GH�
WUDLQLQJ�YRRU�QDWXXUOLMNH�YHJHWDWLH�ODVWLJ��:DQW�GRRU�KHW�YRRUNRPHQ�YDQ�YHHO�PL[HG�SL[HOV� LV�
KHW� PRHLOLMN� RP� YROGRHQGH� SXUH� WUDLQLQJVVDPSOHV� WH� YLQGHQ�� +HW� JHEUXLN� YDQ� ELMQD� SXUH�
WUDLQLQJVVDPSOHV� LV� VXERSWLPDDO��+LHUELM�ZRUGW�QDPHOLMN� HHQ�GHHO� YDQ�GH�JHVFKDWWH� VSUHLGLQJ�
YDQ� HHQ� NODVVH� QLHW� YHURRU]DDNW� GRRU� GH�QDWXXUOLMNH�YDULDWLH� LQ� KHW� VSHFWUXP�YDQ�GLH� NODVVH��
PDDU�GRRU�GH�PDWH�ZDDULQ�DDQGHOHQ�YDQ�DQGHUH�NODVVHQ�DDQZH]LJ�]LMQ��'H�RSORVVLQJ�YRRU�HHQ�
JHEUHN�DDQ�SXUH�WUDLQLQJVVDPSOHV�PRHW�JH]RFKW�ZRUGHQ�LQ�KHW�VFKDWWHQ�YDQ�SXUH�VSHFWUD�XLW�
PL[HG� WUDLQLQJVVDPSOHV�� )�� :DQJ� >����@� VWHOW� HHQ� PHWKRGH� YRRU� ZDDUELM� HHQ� JHZRJHQ�
JHPLGGHOGH�HQ�HHQ�JHZRJHQ�HPSLULVFKH��FR�YDULDQWLH�ZRUGHQ�EHUHNHQG��PHW�GH�IUDFWLH�YDQ�GH�
EHWUHIIHQGH�NODVVH�DOV�JHZLFKW��'H]H�SURFHGXUH�OHLGW�HFKWHU�QLHW�WRW�]XLYHUH�VFKDWWLQJHQ�YRRU�
GH�VSHFWUD�YDQ�GH�SXUH�NODVVHQ��
0HW�EHKXOS�YDQ�GH�YHUHIIHQLQJVWKHRULH�HQ�NDQVPRGHOVFKDWWLQJ�LV�KHW�ZHO�PRJHOLMN�HHQ�IX]]\�
PD[LPXP�OLNHOLKRRG�WUDLQLQJ�XLW�WH�YRHUHQ�GLH�XLW�PL[HG�SL[HOV�VSHFWUD�YDQ�SXUH�NODVVHQ�VFKDW�
]RQGHU� V\VWHPDWLVFKH� IRXW�� 9RRUGHHO� YDQ� IX]]\� WUDLQLQJ� LV� GDW� PHHU� SL[HOV� LQ� KHW� EHHOG�
EUXLNEDDU�]LMQ�YRRU� WUDLQLQJ��+LHUGRRU� LV�KHW�PRJHOLMN�RP�KHWHURJHQH�JHELHGHQ� WH�JHEUXLNHQ�
YRRU�WUDLQLQJ�RI�RP�GH�WUDLQLQJVVDPSOHV�RS�UDQGRP�SODDWVHQ�LQ�WH�ZLQQHQ��9RRUZDDUGH�YRRU�
KHW�JHEUXLN�YDQ�GH]H�PHWKRGH�YRRU�IX]]\�WUDLQLQJ�LV�GDW�PHQ�EHVFKLNW�RYHU�VFKDWWLQJHQ�YDQ�
GH�NODVVHQDDQGHOHQ�YDQ�GH�PL[HG�WUDLQLQJVSL[HOV�HQ�GDW�GH�NODVVHQ�LQ�HHQ�SL[HO�VSHFWUDDO�OLQHDLU�
YHUPHQJG�]LMQ��2P�GH�EUXLNEDDUKHLG�YDQ�IX]]\�WUDLQLQJ�YRRU�PD[LPXP�OLNHOLKRRG�FODVVLILFDWLH�
WH� EHRRUGHOHQ� YHUGLHQW� KHW� DDQEHYHOLQJ� RP� GH�PHWKRGH� WH� WHVWHQ� RS� HHQ� EHHOG� ZDDUYRRU�
WLMGHQV�YHOGZHUN�GH�NODVVHQDDQGHOHQ�YDQ�IX]]\�WUDLQLQJVVDPSOHV�]LMQ�YDVWJHVWHOG��

3UREDELOLVWLVFKH�VHJPHQWDWLH�

3UREDELOLVWLVFKH�VHJPHQWDWLH�EHVWDDW�XLW�HHQ�LQWHJUDWLH�YDQ�EHHOGVHJPHQWDWLH�HQ��FODVVLILFDWLH��
'H�FODVVLILFDWLH�YLQGW�SODDWV�RS�JURQG�YDQ�GH�IRUPXOH�YDQ�%D\HV��'H�D�SULRUL�NDQV�RS�HHQ�NODVVH�
LQ�GH]H�IRUPXOH�ZRUGW�YDDN�YRRU�DOOH�NODVVHQ�JHOLMNJHKRXGHQ��RP�GH�FODVVLILFDWLH�QLHW�WH�YHHO�WH�
VWXUHQ� LQ� GH� ULFKWLQJ� YDQ� GH� PHHVW� YRRUNRPHQGH� NODVVHQ�� %LM� SUREDELOLVWLVFKH� VHJPHQWDWLH�
ZRUGW�KLHU� MXLVW�ZHO�JHEUXLN�YDQ�JHPDDNW��'H�PHWKRGH�VFKDW�GH]H�NDQV� ORNDDO�XLW�KHW�EHHOG�
PHW�EHKXOS�YDQ�KHW�UHVXOWDDW�YDQ�HHQ�VWDWLVWLVFKH�FODVVLILFDWLHPHWKRGH��'RRU�GH]H�NDQV�ORNDDO�
WH�VFKDWWHQ�NDQ�GH�FODVVLILFDWLH�YHUEHWHUW�ZRUGHQ��+HW�LV�ELMYRRUEHHOG�ZDDUVFKLMQOLMNHU�GDW�HHQ�
JHHO�SL[HO� LQ�HHQ�JHHO�YHOG� WDUZH�GDQ�JUDV� LV�� WHUZLMO�HHQ�]HOIGH�JHHO�SL[HO� LQ�HHQ�JURHQ�YHOG�
ZDDUVFKLMQOLMNHU� �YHUGURRJG�� JUDV� GDQ� WDUZH� LV�� +LHUYRRU� LV� HHQ� RSGHOLQJ� YDQ� KHW� EHHOG� LQ�
VHJPHQWHQ� QRGLJ��ZDDUELM� GH� VHJPHQWHQ� ]R� YHHO�PRJHOLMN� VDPHQYDOOHQ�PHW� WHUUHLQREMHFWHQ�
]RGDW�HU�VOHFKWV�ppQ�RI�HQNHOH�NODVVHQ�SHU�VHJPHQW�DDQZH]LJ�]LMQ���
'H� JHEUXLNWH� VHJPHQWDWLHPHWKRGH� YRHJW� RS� EDVLV� YDQ� GH� VSHFWUDOH� NHQPHUNHQ� YDQ� GULH�
EDQGHQ�DDQJUHQ]HQGH�SL[HOV� VDPHQ� WRW�VHJPHQWHQ��3L[HOV�ZRUGHQ�VDPHQJHYRHJG� LQGLHQ�GH�
(XFOLGLVFKH�DIVWDQG� LQ�GH�IHDWXUHVSDFH�WXVVHQ�GH�SL[HOV�NOHLQHU� LV�GDQ�HHQ�GUHPSHOZDDUGH�HQ�
GH��FR�YDULDQWLHV�YDQ�GH�JHFUHsHUGH�VHJPHQWHQ�QLHW�JURWHU�ZRUGHQ�GDQ�HHQ�DQGHUH�GUHPSHO�
ZDDUGH�� (HQ�SUREOHHP� LV� GDW� KHW� RQGXLGHOLMN� LV�ZHONH�GUHPSHOZDDUGH�GH�EHVWH� VHJPHQWDWLH�
RSOHYHUW��%RYHQGLHQ�LV�YRRU�YHUVFKLOOHQGH�GHOHQ�YDQ�KHW�EHHOG�HHQ�DQGHUH�GUHPSHOZDDUGH�KHW�
EHVWH��'H�RSORVVLQJ�KLHUYRRU�LV�KHW�PDNHQ�YDQ�HHQ�VHJPHQWDWLHSLUDPLGH�GRRU�WH�VHJPHQWHUHQ�
PHW� RSORSHQGH� GUHPSHOZDDUGHQ�� 9HUYROJHQV� ZRUGHQ� XLW� GH� YHUVFKLOOHQGH� QLYHDXV� YDQ� GH�
SLUDPLGH�VHJPHQWHQ�JHVHOHFWHHUG��RS�EDVLV�YDQ�GH�NODVVHQDDQGHOHQ�LQ�GH�VHJPHQWHQ��+LHUYRRU�
PRHWHQ�YRRU�GH�JHKHOH�SLUDPLGH�GH�NODVVHQDDQGHOHQ�SHU�VHJPHQW�JHVFKDW�ZRUGHQ��ZDDUYRRU��
GH�PHWKRGH�YRRU�KHW�VFKDWWHQ�YDQ�GH�D�SULRUL�NDQVHQ�RS�GH�NODVVHQ�JHEUXLNW�ZRUGW��(U�ZRUGHQ�
VHJPHQWHQ�JHVHOHFWHHUG�PHW�]R�PLQ�PRJHOLMN�NODVVHQ��$OV�HU�PHHUGHUH�NDQGLGDWHQ�]LMQ�ZRUGHQ�
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]R�JURRW�PRJHOLMNH� VHJPHQWHQ�JHNR]HQ��RPGDW�GH� VFKDWWLQJHQ�YDQ�GH�D�SULRUL� NDQVHQ�YRRU�
JURWH�VHJPHQWHQ�QDXZNHXULJHU�]LMQ��

&RQFOXVLHV�

9RRU� GH� JHEUXLNWH� EHHOGHQ� HQ� ELMEHKRUHQGH� YHOGJHJHYHQV� JHHIW� GH� N�QHDUHVW�QHLJKERXUV�
FODVVLILFDWLH� GH� EHVW� JHVFKDWWH� NDQVHQ� DOV� LQYRHU� YRRU� GH� SUREDELOLVWLVFKH� VHJPHQWDWLH�� 9RRU�
WRHSDVVLQJ� YDQ� SUREDELOLVWLVFKH� VHJPHQWDWLH� RS� K\SHUVSHFWUDOH� EHHOGHQ� YDQ� QDWXXUOLMNH�
YHJHWDWLH�PHW�HHQ�EHSHUNW�DDQWDO�WUDLQLQJVVDPSOHV�]LMQ�WZHH�DDQSDVVLQJHQ�JHGDDQ��7HQ�HHUVWH�
LV� HU� JHNR]HQ� YRRU� HHQ� LPSOHPHQWDWLH� YDQ� GH� N�QHDUHVW�QHLJKERXUV�FODVVLILFDWLH� GLH� K\SHU�
VSHFWUDOH�GDWD�NDQ�YHUZHUNHQ��7HQ� WZHHGH� LV�KHW� VHJPHQWVHOHFWLHFULWHULXP�]R�DDQJHSDVW�GDW�
GH� YRRUNHXU� QLHW� ODQJHU� DOOHHQ� QDDU� SXUH� VHJPHQWHQ� XLW� JDDW��PDDU� GDW� HU� JHVWUHHIG�ZRUGW�
QDDU�VHJPHQWHQ�PHW�]R�PLQ�PRJHOLMN�NODVVHQ���
3UREDELOLVWLVFKH� VHJPHQWDWLH� JHHIW� HHQ� OLFKWH� YHUEHWHULQJ� YDQ� GH� RYHUDOO�DFFXUDF\� YDQ� GH�
FODVVLILFDWLH��'H]H�YHUEHWHULQJ� LV� DIKDQNHOLMN� YDQ�GH� NODVVHQLQGHOLQJ��'H�JURRWVWH� YHUEHWHULQJ�
WUHHGW� RS� ELM� HHQ� LQGHOLQJ� LQ� �� NODVVHQ� �QLYHDX� ����ZDDUELM� GH� RYHUDOO�DFFXUDF\� YDQ� �������
QDDU� ������� VWLMJW�� 'H� LQGHOLQJ� PHW� GH� NOHLQVWH� YHUEHWHULQJ� KHHIW� ��� NODVVHQ� �QLYHDX� ����
+LHUYRRU�VWHHJ�GH�RYHUDOO�DFFXUDF\�YDQ��������QDDU���������+HW�LV�RQGXLGHOLMN�ZDDURP�GH�
YHUEHWHULQJ�GRRU�SUREDELOLVWLVFKH� VHJPHQWDWLH� VOHFKWV�NOHLQ� LV��'LW�NDQ�DDQ�GH�GDWD� OLJJHQ�RI�
DDQ�GH�SUREDELOLVWLVFKH�VHJPHQWDWLHPHWKRGH��+HW�HHUVWH�NDQ�YHURRU]DDNW�ZRUGHQ�GRRU�HHQ�WH�
JURWH�VSHFWUDOH�RYHUODS�WXVVHQ�GH�NODVVHQ��PDDU�KHW�NDQ�RRN�OLJJHQ�DDQ�HHQ�WH�ODJH�UXLPWHOLMNH�
UHVROXWLH�YDQ�KHW�EHHOG�RI�KHW�JHULQJH�DDQWDO�WUDLQLQJVVDPSOHV��'DW�GH�VHJPHQWVHOHFWLH�YDQ�GH�
SUREDELOLVWLVFKH�VHJPHQWDWLHPHWKRGH�HHQ�WH�JURWH�YRRUNHXU�KHHIW�YRRU�SXUH�VHJPHQWHQ��RRN�
DOV�GH]H�KHHO�NOHLQ�]LMQ��NDQ�RRN�HHQ�RRU]DDN�]LMQ���

$DQEHYHOLQJHQ�

2S�GH� HHUVWH� SODDWV� ]RX� RQGHU]RFKW�PRHWHQ�ZRUGHQ�ZDW� GH� RRU]DDN� LV� GDW� GH� YHUEHWHULQJ�
GRRU� SUREDELOLVWLVFKH� VHJPHQWDWLH� VOHFKWV� NOHLQ� LV�� HQ� KRH� KHW� NRPW� GDW� YHHO� HUJ� NOHLQH�
VHJPHQWHQ� JHVHOHFWHHUG� ZRUGHQ�� 'RRU� KHW� WRHSDVVHQ� YDQ� SUREDELOLVWLVFKH� VHJPHQWDWLH� RS�
DQGHUH�GDWD�NDQ�JHYHULILHHUG�ZRUGHQ�RI�GH�GDWD�KHW�SUREOHHP�]LMQ��'RRU�JHEUXLN� WH�PDNHQ�
YDQ� HHQ� KDQGPDWLJ� JHGHILQLHHUGH� VHJPHQWDWLH� ]RX� JHFRQWUROHHUG� NXQQHQ� ZRUGHQ� RI� GH�
VHJPHQWVHOHFWLHPHWKRGH�GH�RRU]DDN�LV��
9HUGHU� LV� KHW� VWHUN� DDQ� WH� UDGHQ� RP� HHQ� PHWKRGH� WH� RQWZHUSHQ� ZDDUPHH� HHQ� IX]]\�
FODVVLILFDWLH�JHYDOLGHHUG�NDQ�ZRUGHQ��
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6XPPDU\�

,QWURGXFWLRQ�

7KH�6XUYH\�'HSDUWPHQW��0HHWNXQGLJH�'LHQVW�� LQYHVWLJDWHV�VHPL�DXWRPDWHG�LQWHUSUHWDWLRQ�RI�
UHPRWH� VHQVLQJ� LPDJHV� IRU� 5LMNVZDWHUVWDDW� WR� LPSURYH� WKH� HIILFLHQF\� DQG� HVSHFLDOO\� WKH�
REMHFWLYLW\� RI� LWV� YHJHWDWLRQ� PDSSLQJ�� 7KLV� VKRZV� WZR� SUREOHPV�� )LUVW�� WKHUH� VHHP� WR� EH�
GLIIHUHQFHV�ZKHQ�FRPSDULQJ�WZR�VXFFHVVLYH�FODVVLILFDWLRQV�WKDW�DUH�FDXVHG�E\�FKDQFH��QRW�E\�
UHDO� FKDQJHV�� 7KH� VHFRQG� SUREOHP� LV� WKDW� JUDGXDO� FKDQJHV� LQ� PL[LQJ� SURSRUWLRQV� RI� WZR�
FODVVHV�DUH�GHWHFWHG�QRW�DW�DOO�RU�WRR�ODWH��EHFDXVH�WKH\�RIWHQ�JLYH�QR�FDXVH�IRU�FODVVLILFDWLRQ�LQ�
DQRWKHU�FODVV��7KH�VROXWLRQ�WR�WKHVH�WR�SUREOHPV�LV�H[SHFWHG�WR�EH�IRXQG�LQ�IX]]\�FODVVLILFDWLRQ�
PHWKRGV��
$QRWKHU�SUREOHP�LV�WKH�SRRU�VSHFWUDO�GLVWLQFWLRQ�EHWZHHQ�FODVVHV�RI�QDWXUDO�YHJHWDWLRQ��ZKLFK�
FRPSOLFDWHV�DXWRPDWHG�FODVVLILFDWLRQ��7KHUHIRUH�RQH�GHVLUHV�WKH�XVH�RI�K\SHUVSHFWUDO�VFDQQHUV�
DQG� UHVHDUFKHV� WKH� XVH� RI� QHZ� VPDUW� FODVVLILFDWLRQ�PHWKRGV� WKDW� IRU� LQVWDQFH�PDNH� XVH� RI�
H[SHUW�NQRZOHGJH�RU�VSDWLDO�VWUXFWXUHV��

2EMHFWLYH�

7KH� REMHFWLYH� RI� WKLV� PDVWHU� WKHVLV� LV� WR� LQYHVWLJDWH� WR� ZKDW� H[WHQG� WKH� XVH� RI� IX]]\�
FODVVLILFDWLRQ� E\� PHDQV� RI� SUREDELOLVWLF� VHJPHQWDWLRQ� >*RUWH� ����@� JLYHV� DQ� LPSURYHPHQW�
FRPSDUHG� WR� FULVS� SL[HO�E\�SL[HO� FODVVLILFDWLRQ� IRU� PRQLWRULQJ� RI� QDWXUDO� YHJHWDWLRQ�� $Q�
LPSURYHPHQW� E\� SUREDELOLVWLF� VHJPHQWDWLRQ� LV� H[SHFWHG� EHFDXVH� WKLV� PHWKRG� WDNHV� LQWR�
DFFRXQW�VSDWLDO�FKDUDFWHULVWLFV�RI�WKH�ILHOG�REMHFWV��3UREDELOLVWLF�VHJPHQWDWLRQ�LV�GHYHORSHG�RQ�
PXOWLVSHFWUDO�GDWD�RI�DJULFXOWXUDO�DUHDV��1DWXUDO�YHJHWDWLRQ�GRHV�QRW�JURZ�WKDW�VWUXFWXUHG�DV�
FXOWLYDWHG� FURSV�� EXW� LW� LV� QRW� FRPSOHWHO\� UDQGRP� HLWKHU�� +HQFH�� DQ� LPSURYHPHQW� RI� WKH�
FODVVLILFDWLRQ�E\�VHJPHQWDWLRQ�LV�H[SHFWHG�IRU�QDWXUDO�YHJHWDWLRQ�WRR��

0HWKRGRORJ\�

7KH�XVHG�PHWKRG�FRQVLVWHG�RI� WKH�DSSOLFDWLRQ�RI� WKH�SUREDELOLVWLF� VHJPHQWDWLRQ�PHWKRG�RQ�
K\SHUVSHFWUDO� LPDJHV� RI� QDWXUDO� YHJHWDWLRQ�� $GGLWLRQDOO\�� D� EULHI� OLWHUDWXUH� UHVHDUFK� ZDV�
H[HFXWHG��$V�WKH�GHYHORSPHQW�DQG�PRGLILFDWLRQ�RI�VRIWZDUH�WDNH�D�ORW�RI�WLPH��WKLV�UHVHDUFK�LV�
IRFXVHG� RQ� WKH� H[WHQVLRQ� RI� SUREDELOLVWLF� VHJPHQWDWLRQ� IRU� DSSOLFDWLRQ� RQ� K\SHUVSHFWUDO�
LPDJHV�RI�QDWXUDO�YHJHWDWLRQ��DQG�SURJUDPPLQJ�WKLV��
'XULQJ� WKH� UHVHDUFK� WKH� LGHD� DURVH� IRU� D� QHZ� PHWKRG� RI� IX]]\� WUDLQLQJ� IRU� PD[LPXP�
OLNHOLKRRG�FODVVLILFDWLRQ��$V�LW�ZDV�GHFLGHG�WR�XVH�N�QHDUHVW�QHLJKERXUV�FODVVLILFDWLRQ�LQVWHDG�RI�
PD[LPXP�OLNHOLKRRG�FODVVLILFDWLRQ�LQ�WKH�HQG��WKH�IX]]\�WUDLQLQJ�PHWKRG�LV�RQO\�GHVFULEHG��DQG�
KDV�QRW�EHHQ�DSSOLHG��

'DWD�

7KH� XVHG� LPDJHV� DUH� DFTXLUHG� E\� WKH� +\0DS� �+\SHUVSHFWUDO� 0DSSLQJ�� V\VWHP�� 7KLV� LV� D�
K\SHUVSHFWUDO�DLUERUQH�VFDQQHU�WKDW�UHFRUGV�����EDQGV��7KLV�VFDQQHU�LV�XVHG�WR�DFTXLUH�WKH�VDOW�
PDUVK�RQ�WKH�'XWFK�)ULHVLDQ�,VODQG�6FKLHUPRQQLNRRJ�ZLWK�D�VSDWLDO�UHVROXWLRQ�RI�����PHWHUV��
)RU�WUDLQLQJ�DQG�YDOLGDWLRQ�RI�WKH�FODVVLILFDWLRQ�����ILHOG�SORWV�DUH�XVHG�ZKLFK�ZHUH�DFTXLUHG�
GXULQJ� ILHOGZRUN�� 7KHVH� KDYH� EHHQ� VSOLW� DERXW� ILIW\� ILIW\� LQ� D� VHW� RI� WUDLQLQJ� VDPSOHV� DQG�
YDOLGDWLRQ�VDPSOHV��,Q�WKLV�VWXG\�IRXU�GLIIHUHQW�GLYLVLRQV�LQ�FODVVHV�DUH�XVHG��7KH�DSSRLQWPHQW�
RI�WKHVH�GLYLVLRQV�LV�PDGH�PDQXDOO\��ZKLFK�PDNHV�WKHP�TXLWH�VXEMHFWLYH��7KLV�UHVXOWV�LQ�FODVVHV�
ZLWK�UDWKHU�ODUJH�VSHFWUDO�RYHUODSV���
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)X]]\�WUDLQLQJ�IRU�PD[LPXP�OLNHOLKRRG�FODVVLILFDWLRQ�

0RVW�H[LVWLQJ�PHWKRGV�QHHG�SXUH�SL[HOV� IRU� WUDLQLQJ��ZKLFK� FRPSOLFDWHV� WUDLQLQJ� IRU�QDWXUDO�
YHJHWDWLRQ�� %HFDXVH� RI� WKH� RFFXUUHQFH� RI� PDQ\� PL[HG� SL[HOV� LW� LV� GLIILFXOW� WR� REWDLQ� D�
VXIILFLHQWO\� ODUJH� QXPEHU� RI� SXUH� WUDLQLQJ� VDPSOHV�� 7KH� XVH� RI� DOPRVW� SXUH� VDPSOHV� LV� QRW�
DGYLVDEOH�� 7KHVH� FDXVH� WKH� HVWLPDWHG� YDULDQFH� WR� EH� FRPSRVHG� SDUWO\� E\� WKH� GHJUHH� RI�
RFFXUUHQFH�RI�RWKHU�FODVVHV��LQVWHDG�RI�WKH�QDWXUDO�YDULDWLRQ�LQ�WKH�VSHFWUXP�RI�WKH�FODVV��7KH�
VROXWLRQ� IRU� WKH� ODFN� RI� SXUH� WUDLQLQJ� VDPSOHV� LV� WR� EH� IRXQG� LQ� WKH� XVH� RI�PL[HG� SL[HOV� WR�
HVWLPDWH� WKH� VSHFWUD� RI� SXUH� FODVVHV�� )�� :DQJ� >����@� VXJJHVWV� D� PHWKRG� WR� FDOFXODWH� D�
ZHLJKWHG�DYHUDJH�DQG��FR�YDULDQFH�E\�XVLQJ�WKH�IUDFWLRQ�RI�D�FODVV�DV�WKH�ZHLJKW��7KLV�PHWKRG�
GRHV�QRW�JLYH�DQ�XQELDVHG�HVWLPDWLRQ�RI�WKH�VSHFWUD�RI�WKH�SXUH�FODVVHV��
,W�LV�SRVVLEOH�WR�H[HFXWH�DQ�XQELDVHG�PD[LPXP�OLNHOLKRRG�WUDLQLQJ�WKDW�HVWLPDWHV�SXUH�VSHFWUD�
RXW� RI�PL[HG� SL[HOV� E\� XVLQJ� WKH� DGMXVWPHQW� WKHRU\� DQG� SUREDELOLW\�PRGHO� HVWLPDWLRQ�� 7KH�
DGYDQWDJH�RI�IX]]\�WUDLQLQJ�LV�WKDW�PRUH�SL[HOV� LQ�WKH�LPDJH�FDQ�EH�XVHG�IRU�WUDLQLQJ��ZKLFK�
HQDEOHV� WKH� XVH� RI� KHWHURJHQHRXV� DUHDV� IRU� WUDLQLQJ� RU� UDQGRP� VDPSOLQJ�� 7KHUH� DUH� WZR�
FRQGLWLRQV�RQ�WKLV�IX]]\�WUDLQLQJ�PHWKRG��)LUVW��RQH�QHHGV�WR�KDYH�HVWLPDWLRQV�RI�WKH�IUDFWLRQV�
RI�WKH�FODVVHV�IRU�WKH�PL[HG�WUDLQLQJ�VDPSOHV��6HFRQGO\��WKH�VSHFWUD�RI�WKH�PL[HG�SL[HOV�VKRXOG�
EH�D�OLQHDU�PL[WXUH�RI�WKH�FRPSRVLQJ�FODVVHV��,Q�RUGHU�WR�WHVW�WKH�XWLOLW\�RI�IX]]\�WUDLQLQJ�IRU�
PD[LPXP� OLNHOLKRRG�FODVVLILFDWLRQ�� LW� LV� UHFRPPHQGHG� WR� DSSO\� WKH�PHWKRG� WR� DQ� LPDJH� IRU�
ZKLFK�FODVV�IUDFWLRQV�RI�WKH�WUDLQLQJ�VDPSOHV�KDYH�EHHQ�GHWHUPLQHG�GXULQJ�ILHOGZRUN��

3UREDELOLVWLF�VHJPHQWDWLRQ�

3UREDELOLVWLF� VHJPHQWDWLRQ� LV� DQ� LQWHJUDWLRQ� RI� LPDJH� VHJPHQWDWLRQ� DQG� FODVVLILFDWLRQ�� 7KH�
FODVVLILFDWLRQ�LV�FDUULHG�RXW�DFFRUGLQJ�WR�%D\HV�IRUPXOD��7KH�SULRU�SUREDELOLWLHV�RI�D�FODVV�LQ�WKLV�
IRUPXOD�DUH�QRUPDOO\�NHSW�HTXDO�IRU�DOO�FODVVHV��VR�WKH�FODVVLILFDWLRQ�LV�QRW�IDYRXUHG�WRR�PXFK�
WRZDUGV�WKH�SUHYDLOLQJ�FODVVHV��3UREDELOLVWLF�VHJPHQWDWLRQ��KRZHYHU��GRHV�GR�WKLV��7KH�PHWKRG�
HVWLPDWHV� WKLV�SUREDELOLW\� ORFDOO\�RQ�WKH�EDVLV�RI� WKH� LPDJH�XVLQJ�WKH� UHVXOW�RI�D�SUREDELOLVWLF�
IX]]\� FODVVLILFDWLRQ�� %\� HVWLPDWLQJ� WKLV� SUREDELOLW\� ORFDOO\� LW©V� SRVVLEOH� WR� LPSURYH� WKH�
FODVVLILFDWLRQ��$�\HOORZ�SL[HO�LQ�D�\HOORZ�ILHOG�IRU�LQVWDQFH�LV�PRUH�OLNHO\�WR�EH�ZKHDW�WKDQ�JUDVV��
ZKLOH�WKH�VDPH�\HOORZ�SL[HO�LQ�D�JUHHQ�ILHOG�LV�PRUH�OLNHO\�WR�EH��SDUFKHG��JUDVV�WKDQ�ZKHDW��
7R�HVWLPDWH�WKH�ORFDO�SULRU�SUREDELOLWLHV�D�VXEGLYLVLRQ�RI�WKH�LPDJH�LQ�VHJPHQWV�LV�QHHGHG�� LQ�
ZKLFK�VHJPHQWV�FRLQFLGH�ZLWK�ILHOG�REMHFWV�DV�PXFK�DV�SRVVLEOH��6R�RQO\�RQH�RU�D�IHZ�FODVVHV�
DUH�SUHVHQW�SHU�VHJPHQW���
7KH� DSSOLHG� VHJPHQWDWLRQ�PHWKRG�PHUJHV� DGMDFHQW� SL[HOV� WR� VHJPHQWV� RQ� WKH� EDVLV� RI� WKH�
VSHFWUDO� FKDUDFWHULVWLFV� RI� WKUHH� EDQGV�� 3L[HOV� DUH� PHUJHG� LI� WKH� (XFOLGHDQ� GLVWDQFH� LQ� WKH�
IHDWXUH� VSDFH� EHWZHHQ� WKH� SL[HOV� LV� VPDOOHU� WKDQ� D� WKUHVKROG�� DQG� WKH� �FR�YDULDQFHV� RI� WKH�
FUHDWHG� VHJPHQW� LV� VPDOOHU� WKDW� DQRWKHU� WKUHVKROG�� ,W©V� QRW� FOHDU�� KRZHYHU��ZKLFK� WKUHVKROG�
JLYHV�WKH�EHVW�VHJPHQWDWLRQ��0RUHRYHU��WKH�EHVW�WKUHVKROG�VHHPV�WR�YDU\�IRU�GLIIHUHQW�DUHDV�LQ�
WKH�LPDJH��7KH�VROXWLRQ�WR�WKLV�LV�EXLOGLQJ�D�VHJPHQWDWLRQ�S\UDPLG�E\�VHJPHQWLQJ�WKH�LPDJH�
ZLWK�LQFUHDVLQJ�WKUHVKROGV��1H[W��VHJPHQWV�DUH�VHOHFWHG�IURP�GLIIHUHQW�OHYHOV�RI�WKH�S\UDPLG��
RQ� WKH� EDVLV� RI� WKH� FODVV� SURSRUWLRQV� LQ� WKH� VHJPHQWV�� 7R� GR� WKLV�� FODVV� SURSRUWLRQV� SHU�
VHJPHQW�DUH�QHHGHG�IRU�WKH�HQWLUH�S\UDPLG��ZKLFK�DUH�DFTXLUHG�E\�WKH�HVWLPDWLRQ�PHWKRG�IRU�
WKH�SULRU�SUREDELOLWLHV��7KH�VHJPHQWV�ZLWK�DV� IHZ�DV�SRVVLEOH�FODVVHV�DUH� VHOHFWHG�� ,I� WKHUH� LV�
PRUH�WKDQ�RQH�FDQGLGDWH��WKH�ODUJHVW�VHJPHQW�LV�VHOHFWHG��EHFDXVH�WKH�HVWLPDWHV�RI�WKH�SULRU�
SUREDELOLWLHV�DUH�PRUH�DFFXUDWH�IRU�ODUJH�VHJPHQWV��

&RQFOXVLRQV�

)RU� WKH� XWLOLVHG� LPDJH� DQG� DFFRPSDQ\LQJ� ILHOG� GDWD� WKH� N�QHDUHVW� QHLJKERXUV� FODVVLILFDWLRQ�
JLYHV� WKH� EHVW� HVWLPDWHG� SUREDELOLWLHV� DV� LQSXW� IRU� SUREDELOLVWLF� VHJPHQWDWLRQ�� 7ZR�
PRGLILFDWLRQV� ZHUH� FDUULHG� RXW� IRU� DSSO\LQJ� SUREDELOLVWLF� VHJPHQWDWLRQ� RQ� K\SHUVSHFWUDO�
LPDJHV� RI� QDWXUDO� YHJHWDWLRQ� ZLWK� D� OLPLWHG� QXPEHU� RI� WUDLQLQJ� VDPSOHV�� )LUVW�� DQ�
LPSOHPHQWDWLRQ� RI� N�QHDUHVW� QHLJKERXUV� FODVVLILFDWLRQ� WKDW©V� DEOH� WR� GHDO�ZLWK� K\SHUVSHFWUDO�
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GDWD� LV�DGRSWHG��6HFRQGO\�� WKH�VHJPHQW�VHOHFWLRQ�UXOHV�DUH�DGDSWHG� LQ�D�ZD\�WKDW�QR� ORQJHU�
RQO\�SXUH�VHJPHQWV�DUH�SUHIHUUHG��EXW�VHJPHQWV�ZLWK�DV�OHDVW�FODVVHV�DV�SRVVLEOH�DUH�DLPHG�IRU��
3UREDELOLVWLF� VHJPHQWDWLRQ� JLYHV� D� VOLJKW� LPSURYHPHQW� LQ� WKH� RYHUDOO� DFFXUDF\� RI� WKH�
FODVVLILFDWLRQ��7KH�UDWH�RI�LPSURYHPHQW�GHSHQGV�RQ�WKH�XVHG�GLYLVLRQ�LQ�FODVVHV��7KH�PD[LPXP�
LPSURYHPHQW� RFFXUUHG�ZLWK� D� GLYLVLRQ� LQ� �� FODVVHV� �OHYHO� ���� 7KH� RYHUDOO� DFFXUDF\� LQFUHDVHG�
IURP��������WR���������7KH�GLYLVLRQ�ZLWK�WKH�PLQLPXP�LPSURYHPHQW�KDV����FODVVHV��OHYHO�
���� +HUH� WKH� RYHUDOO� DFFXUDF\� LQFUHDVHG� IURP� ������� WR� �������� ,W� LV� XQFOHDU� ZK\� WKH�
LPSURYHPHQWV� DUH�TXLWH� VPDOO�� 7KH�GDWD�RU� WKH�SUREDELOLVWLF� VHJPHQWDWLRQ�PHWKRG�FRXOG�EH�
WKH�FDXVH��7KH�GDWD�FDQ�FDXVH�WKLV�E\�D�WRR�ODUJH�VSHFWUDO�RYHUODS�RI�WKH�FODVVHV��EXW�DOVR�E\�D�
WRR� ORZ� VSDWLDO� UHVROXWLRQ� RU� E\� WRR� IHZ� WUDLQLQJ� VDPSOHV�� $� WRR� ODUJH� SUHIHUHQFH� IRU� SXUH�
VHJPHQWV� �HYHQ� ZKHQ� WKHVH� DUH� UHDOO\� VPDOO�� LQ� WKH� VHJPHQW� VHOHFWLRQ� RI� WKH� SUREDELOLVWLF�
VHJPHQWDWLRQ�PHWKRG�FRXOG�DOVR�FDXVH�WKLV��

5HFRPPHQGDWLRQV�

,Q�WKH�ILUVW�SODFH�WKH�FDXVH�RI�WKH�PLQRU�LPSURYHPHQW�E\�SUREDELOLVWLF�VHJPHQWDWLRQ�VKRXOG�EH�
H[DPLQHG�� DV� ZHOO� DV� WKH� UHDVRQ� IRU� WKH� VHOHFWLRQ� RI� PDQ\� VPDOO� VHJPHQWV�� %\� DSSO\LQJ�
SUREDELOLVWLF�VHJPHQWDWLRQ�RQ�RWKHU�GDWD�LW�FRXOG�EH�YHULILHG�ZKHWKHU�WKH�GDWD�LV�WKH�SUREOHP��
%\�XVLQJ�D�PDQXDOO\�GHILQHG�VHJPHQWDWLRQ�LW�FRXOG�EH�FKHFNHG�ZKHWKHU�WKH�VHJPHQW�VHOHFWLRQ�
PHWKRG�LV�WKH�FDXVH��
)XUWKHUPRUH�� WKH� GHVLJQ� RI� D� PHWKRG� WR� YDOLGDWH� D� IX]]\� FODVVLILFDWLRQ� FRXOG� EH� VWURQJO\�
UHFRPPHQGHG��
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���,QOHLGLQJ�

�����$DQOHLGLQJ��

(pQ�YDQ�GH�WDNHQ�YDQ�5LMNVZDWHUVWDDW�LV�GH�YHUGHGLJLQJ�YDQ�GH�1HGHUODQGVH�NXVW�WHJHQ�GH�]HH��
,Q�NXVWJHELHGHQ� OLJJHQ�YDDN�ZDDUGHYROOH�QDWXXUJHELHGHQ�]RDOV�NZHOGHUV��'LW�]LMQ�EHJURHLGH��
]RXWH� RI� EUDNNH� JHELHGHQ� RS� GH� JUHQV� YDQ� ODQG� HQ� ]HH� �]LH� ILJXXU� ������ 6LQGV� GH�PLGGHO�
HHXZHQ�]LMQ�GRRU�KHW�ERXZHQ�YDQ�GLMNHQ��WHQ�EHKRHYH�YDQ�YHLOLJKHLG�HQ�ODQGERXZJURQG��YHHO�
NZHOGHUV�YHUORUHQ�JHJDDQ��'H�ODDWVWH�GHFHQQLD�LV�HFKWHU�HHQ�RQWZLNNHOLQJ�RS�JDQJ�JHNRPHQ�
ZDDUELM�PHQ�GH�QDWXXU�PHHU�YULM�ODDW��9RRUZDDUGH�LV�QDWXXUOLMN�GDW�GH�YHLOLJKHLG�YDQ�KHW�ODQG�
JHZDDUERUJG�EOLMIW��'DDURP� LV�PRQLWRULQJ�YDQ�GH�QDWXXUOLMNH�SURFHVVHQ�JHERGHQ��RPGDW�GLH�
HHQ� LQGLFDWLH�JHYHQ�YRRU�WHUUHLQYHUDQGHULQJ��+LHUGRRU�KHHIW�5LMNVZDWHUVWDDW�RRN�HHQ�QDWXXU�
EHKHHUWDDN���
9RRU� PRQLWRULQJ� YDQ� GH� 1HGHUODQGVH� NZHOGHUV� YHUYDDUGLJW� GH� 0HHWNXQGLJH� 'LHQVW� YDQ�
5LMNVZDWHUVWDDW� YHJHWDWLHNDDUWHQ� GRRU� YLVXHOH� LQWHUSUHWDWLH� YDQ� IDOVH�FRORXU�OXFKWIRWR©V��
+RHZHO� GH]H� PHWKRGH� HIIHFWLHI� LV� ZRUGW� HU� RQGHU]RHN� JHGDDQ� QDDU� VHPL�DXWRPDWLVFKH�
LQWHUSUHWDWLH� YDQ� UHPRWH�VHQVLQJ�EHHOGHQ�RP�GH�SURGXFWLYLWHLW� HQ�PHW�QDPH�GH�REMHFWLYLWHLW�
YDQ�GH�YHJHWDWLHNDUWHULQJ�WH�YHUEHWHUHQ�>6NLGPRUH�H�D�������EO]���@���
�
'H� JHEUXLNHOLMNH� JHDXWRPDWLVHHUGH� PHWKRGHQ� YRRU� YHJHWDWLHFODVVLILFDWLH� ]LMQ� HFKWHU� QLHW� ]R�
JHVFKLNW�YRRU�PRQLWRULQJ�YDQ�NOHLQH�RI�JHOHLGHOLMNH�YHUDQGHULQJHQ�>-DQVVHQ������EO]����@���(U�
GRHQ� ]LFK� QDPHOLMN� WZHH� SUREOHPHQ� YRRU�� 7HQ� HHUVWH� OLMNHQ� ELM� YHUJHOLMNLQJ� YDQ� WZHH�
DI]RQGHUOLMNH� FODVVLILFDWLHV� YHUDQGHULQJHQ�RS� WH� WUHGHQ�GLH� HLJHQOLMN� JHHQ�YHUDQGHULQJHQ� ]LMQ��
PDDU�ZDDU�GRRU�HHQ�QHW�LHWV�DQGHUH�EHPRQVWHULQJ�YDQ�PL[HG�SL[HOV�HQ�DQGHUH�WRHYDOOLJKHGHQ�
YHUVFKLOOHQGH�NODVVHQ�WRHJHNHQG�ZRUGHQ�DDQ�RYHUHHQNRPVWLJH�SL[HOV��+HW�WZHHGH�SUREOHHP�LV�
GDW�JHOHLGHOLMNH�YHUDQGHULQJHQ�YDQ�PHQJYHUKRXGLQJHQ�QLHW�RI�SDV� ODDW� ]LFKWEDDU�]LMQ��RPGDW�
GH]H�YDDN�JHHQ�DDQOHLGLQJ�JHYHQ�WRW�FODVVLILFDWLH�LQ�HHQ�DQGHUH�NODVVH���
'H� RSORVVLQJ� YRRU� GH]H� SUREOHPHQ� ZRUGW� JH]RFKW� LQ� KHW� JHEUXLNHQ� YDQ� IX]]\� WHFKQLHNHQ��
+LHUELM�ZRUGHQ�PHQJVHOV�YDQ�GH�YHJHWDWLHNODVVHQ�YHURQGHUVWHOG��GLW� LQ� WHJHQVWHOOLQJ� WRW�FULVS�
FODVVLILFDWLHV�ZDDUELM�VOHFKWV�ppQ�NODVVH�SHU�HOHPHQW�EHSDDOG�ZRUGW��+RHZHO�HHUGHUH�SURMHFWHQ�
YDQ� GH�0HHWNXQGLJH� 'LHQVW� YDQ� 5LMNVZDWHUVWDDW� DO� JHEUXLN� PDDNWHQ� YDQ� IX]]\� WHFKQLHNHQ�
>'URHVHQ�����@�RQWEUHHNW�HU�QRJ�HHQ�RSHUDWLRQHHO�IX]]\�FODVVLILFDWLHSURJUDPPD��
(HQ� DQGHU� SUREOHHP� LV� GDW� DXWRPDWLVFKH� FODVVLILFDWLH� YDQ� QDWXXUOLMNH� YHJHWDWLH� WDPHOLMN�
PRHL]DDP�LV��GDDU�GH�YHUVFKLOOHQGH�NODVVHQ�YDDN�VSHFWUDDO�ODVWLJ�WH�RQGHUVFKHLGHQ�]LMQ��'DDURP�
LV� KHW� ZHQVHOLMN� JHEUXLN� WH� PDNHQ� YDQ� K\SHUVSHFWUDOH� VFDQQHUV� HQ� ZRUGW� HU� JH]RFKW� QDDU�
QLHXZH� WHFKQLHNHQ� GLH� RS� HHQ� VOLPPHUH� PDQLHU� FODVVLILFHUHQ�� GRRU� ELMYRRUEHHOG� JHEUXLN� WH�
PDNHQ�YDQ�H[SHUWNHQQLV�RI�UXLPWHOLMNH�VDPHQKDQJ���
�

� �
)LJXXU������.ZHOGHU�RS�6FKLHUPRQQLNRRJ�
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�����'RHOVWHOOLQJ��

'RHO� YDQ� KHW� DIVWXGHHUSURMHFW� LV� WH� RQGHU]RHNHQ� LQ� KRHYHUUH� KHW� JHEUXLN� YDQ� HHQ� IX]]\�
FODVVLILFDWLH� YDQ� K\SHUVSHFWUDOH� EHHOGHQ� PHW� EHKXOS� YDQ� HHQ� SUREDELOLVWLVFKH� VHJPHQWDWLH�
>*RUWH� ����@� YHUEHWHULQJ� JHHIW� WHQ� RS]LFKWH� YDQ� HHQ� FULVS�� SL[HOJHZLM]H� FODVVLILFDWLH� YRRU�
PRQLWRULQJ�YDQ�QDWXXUOLMNH�YHJHWDWLH��
�
(U� ZRUGW� YHUZDFKW� GDW� SUREDELOLVWLVFKH� VHJPHQWDWLH� HHQ� YHUEHWHULQJ� JHHIW� RPGDW� GH]H�
PHWKRGH�QDDVW�GH�VSHFWUDOH�HLJHQVFKDSSHQ�RRN�UHNHQLQJ�KRXGW�PHW�GH�UXLPWHOLMNH�NHQPHUNHQ�
YDQ� GH� WHUUHLQ�HHQKHGHQ�� 3UREDELOLVWLVFKH� VHJPHQWDWLH� JHEUXLNW� KLHUYRRU� HHQ� LQWHJUDWLH� YDQ�
EHHOGVHJPHQWDWLH� HQ� �FODVVLILFDWLH�� 'H� VHJPHQWDWLH� YHUGHHOW� HHQ� EHHOG� LQ� DDQHHQJHVORWHQ�
JURHSHQ�SL[HOV��+LHUELM�LV�KHW�GH�EHGRHOLQJ�GDW�GH]H�RYHUHHQNRPHQ�PHW�WHUUHLQREMHFWHQ��]RGDW�
HU�VOHFKWV�ppQ�RI�HQNHOH�NODVVHQ�SHU�VHJPHQW�DDQZH]LJ�]LMQ��(HQ�VWDWLVWLVFKH�IX]]\�FODVVLILFDWLH�
SHU�SL[HO�YRRU]LHW�GH]H� VHJPHQWHQ�YDQ�HHQ�VFKDWWLQJ�YDQ�GH�NODVVHQDDQGHOHQ��'H� LQWHJUDWLH�
]RUJW�HUYRRU�GDW�]R�KRPRJHHQ�PRJHOLMNH�VHJPHQWHQ�JHYRUPG�ZRUGHQ��9HUYROJHQV�NXQQHQ�GH�
NODVVHQDDQGHOHQ� SHU� VHJPHQW� JHEUXLNW� ZRUGHQ� RP� GH� VWDWLVWLVFKH� IX]]\� FODVVLILFDWLH� YDQ� GH�
SL[HOV�ELQQHQ�KHW�VHJPHQW�WH�YHUEHWHUHQ���
'H�SUREDELOLVWLVFKH�VHJPHQWDWLHPHWKRGH�LV�RQWZLNNHOG�YRRU�PXOWLVSHFWUDOH�GDWD�YDQ�DJUDULVFKH�
JHELHGHQ�� 'DW� KHW� RQGHUVFKHLGHQ� YDQ� REMHFWHQ� LQ� DJUDULVFKH� JHELHGHQ� GH� FODVVLILFDWLH�
YHUEHWHUW�� OLJW� YRRU� GH� KDQG�� 'H� YHUVFKLOOHQGH� JHZDVVHQ� VWDDQ� QDPHOLMN� PHHVWDO� RS�
DI]RQGHUOLMNH�DNNHUV��1DWXXUOLMNH�YHJHWDWLH�JURHLW�QLHW�]R�JHVWUXFWXUHHUG��PDDU�RRN�QLHW�OXNUDDN�
GRRU� HONDDU�� &RPSRQHQWHQ� YDQ� QDWXXUOLMNH� ODQGVFKDSSHQ� NXQQHQ� UHDOLVWLVFK� ZRUGHQ�
JHPRGHOOHHUG� DOV� HHQ� PR]DwHN� YDQ� VFKHUS� EHJUHQVGH� UXLPWHOLMNH� REMHFWHQ� PHW� JUDGXHHO�
YDULsUHQGH�LQWHUQH�YHOGHQ�>'URHVHQ�����@��'DDURP�ZRUGW�RRN�YRRU�QDWXXUOLMNH�YHJHWDWLH�HHQ�
YHUEHWHULQJ� YDQ� GH� FODVVLILFDWLH� GRRU� VHJPHQWDWLH� YHUZDFKW�� 2P� GH� JUDGXHHO� YDULsUHQGH�
LQWHUQH�YHOGHQ�DFFXUDDW�WH�EHVFKULMYHQ�LV�IX]]\�FODVVLILFDWLH�EHQRGLJG��+HW�JHEUXLN�YDQ�K\SHU�
VSHFWUDOH�LQ�SODDWV�YDQ�PXOWLVSHFWUDOH�GDWD�LV�ZHQVHOLMN�RPGDW�GH]H�H[WUD�LQIRUPDWLH�JHHIW��
�
5DQGYRRUZDDUGHQ�HQ�XLWJDQJVSXQWHQ�
(U�LV�JHNR]HQ�RP�JHEUXLN�WH�PDNHQ�YDQ�+\0DS�EHHOGHQ�YDQ�KHW�NZHOGHUJHELHG�RS�RRVWHOLMN�
6FKLHUPRQQLNRRJ��'H]H� EHHOGHQ� ]LMQ� HHQPDOLJ� RSJHQRPHQ�� $OV� JHYROJ� KLHUYDQ� ]DO� KHW� QLHW�
PRJHOLMN�]LMQ�RP�XLWVSUDNHQ�WH�GRHQ�RYHU�KHW�DQDO\VHUHQ�YDQ�PXOWL�WHPSRUHOH�GDWD��'DDU�KHW�
ZHO�KHW�GRHO�YDQ�PRQLWRULQJ�LV�RP�YHUDQGHULQJHQ�LQ�GH�WLMG�WH�EHVFKULMYHQ�LV�GLW�HHQ�RQGHUZHUS�
YRRU�HYHQWXHHO�YHUYROJRQGHU]RHN��
'H]H� ]HOIGH�+\0DS�EHHOGHQ� ]LMQ� HHUGHU� JHEUXLNW� YRRU� KHW� RSVWHOOHQ�YDQ�HHQ� H[SHUWV\VWHHP�
GDW� ELM� KHW� ,7&� �,QWHUQDWLRQDO� ,QVWLWXWH� IRU� *HR�,QIRUPDWLRQ� 6FLHQFH� DQG� (DUWK�2EVHUYDWLRQ��
(QVFKHGH�� LV� RQWZLNNHOG� LQ� VDPHQZHUNLQJ�PHW� GH�0'� >6NLGPRUH� H�D�� ����@�� %LM� GLW� H[SHUW�
V\VWHHP�ZRUGW�HU�QHW�DOV�ELM�SUREDELOLVWLVFKH�VHJPHQWDWLH�HHQ�IX]]\�FODVVLILFDWLH�YHUNUHJHQ�GRRU�
GH�NDQVHQ�RS�GH�YHUVFKLOOHQGH�NODVVHQ� WH�EHUHNHQHQ��%LM�KHW�H[SHUWV\VWHHP�YHUEHWHUHQ�H[WUD�
NDQVHQ�RS�JURQG�YDQ�DDQYXOOHQGH�JHJHYHQV��]RDOV�KRRJWH�ERYHQ�]HHQLYHDX�RI�NDONJHKDOWH�LQ�
GH�JURQG�� KHW� UHVXOWDDW��'H�SUREDELOLVWLVFKH� VHJPHQWDWLH�PDDNW� JHHQ�JHEUXLN� YDQ�GHUJHOLMNH�
DDQYXOOHQGH� LQIRUPDWLH��PDDU� YDQ�GH� UXLPWHOLMNH� VDPHQKDQJ�RP�H[WUD� NDQVHQ� WH� EHUHNHQHQ�
GLH�KHW�UHVXOWDDW�WH�YHUEHWHUHQ��
+HW�FRPPHUFLsOH�SURJUDPPD�H&RJLQLWLRQ��YDQ�'HILQLHQV�,PDJLQJ��JHEUXLNW�RRN�HHQ�LQWHJUDWLH�
YDQ�EHHOGVHJPHQWDWLH�HQ��FODVVLILFDWLH��(U� LV�JHNR]HQ�RP�RQGDQNV�KHW�EHVWDDQ�YDQ�HHQ�NDQW�
HQ�NODDU� SURJUDPPD� DOV� H&RJLQLWLRQ� WRFK� KHW� QRJ� QLHW� XLWRQWZLNNHOGH� SURJUDPPD� YRRU�
SUREDELOLVWLVFKH� VHJPHQWDWLH� WH�JHEUXLNHQ��'H�HHUVWH� UHGHQ�KLHUYRRU� LV�GDW�KHW�RQGXLGHOLMN� LV�
ZDW� H&RJQLWLRQ� SUHFLHV� GRHW� RPGDW� GLW� RP� EHGULMIVWHFKQLVFKH� UHGHQHQ� JHKHLP� JHKRXGHQ�
ZRUGW�� (HQ� WZHHGH� UHGHQ� LV�GDW� H&RJLQLWLRQ�GH�YHUNUHJHQ� VHJPHQWHQ� FODVVLILFHHUW�RS�JURQG�
YDQ�KHW�JHPLGGHOGH�VSHFWUXP�YDQ�GDW�VHJPHQW��WHUZLMO�SUREDELOLVWLVFKH�VHJPHQWDWLH�GH�VSHFWUD�
YDQ�DOOH�SL[HOV�LQ�RJHQVFKRXZ�QHHPW�YRRU�KHW�FODVVLILFHUHQ�YDQ�HHQ�VHJPHQW��
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�����:HUNZLM]H�

'H�JHYROJGH�ZHUNZLM]H�EHKHOVW�KHW�WRHSDVVHQ�YDQ�GH�SUREDELOLVWLVFKH�VHJPHQWDWLHPHWKRGH�RS�
GH�K\SHUVSHFWUDOH�EHHOGHQ�YDQ�6FKLHUPRQQLNRRJ��+LHUYRRU� ]LMQ�GH�&�SURJUDPPD©V� HQ�EDVK�
VFULSWV�GLH�GRRU�%��*RUWH�JHVFKUHYHQ�]LMQ�JHEUXLNW�� ,Q�YHHO�JHYDOOHQ�PRHVWHQ�GH]H�DDQJHSDVW�
ZRUGHQ� YRRU� ]H� WRHSDVEDDU� ZDUHQ� YRRU� K\SHUVSHFWUDOH� GDWD� RI� YRRU� QDWXXUOLMNH� YHJHWDWLH��
9HUGHU� ]LMQ� DDQYXOOHQGH� URXWLQHV� JHVFKUHYHQ�HQ� ]LMQ� GH� ORVVH� URXWLQHV� DDQ� HONDDU� JHNRSSHOG�
]RGDW�GH�JHKHOH�SURFHGXUH�PHW�HHQ�HQNHO�FRPPDQGR�XLWJHYRHUG�NDQ�ZRUGHQ���
'H]H�ZHUN]DDPKHGHQ�]LMQ� DDQJHYXOG�PHW�HHQ�EHVWXGHULQJ�YDQ�GH�EHVFKLNEDUH�GDWD�HQ�HHQ�
EHNQRSW� OLWHUDWXXURQGHU]RHN�� 7LMGHQV� KHW� OLWHUDWXXURQGHU]RHN� RQWVWRQG� KHW� LGHH� YRRU� HHQ�
QLHXZH�PHWKRGH�YRRU�IX]]\�WUDLQLQJ�YRRU�PD[LPXP�OLNHOLKRRG�FODVVLILFDWLH��'H]H�PHWKRGH�LV�
JHSURJUDPPHHUG�� +RHZHO� HHQ� WHVW� DDQJDI� GDW� GH� PHWKRGH� ]RX� NXQQHQ� ZHUNHQ�� LV� GH]H�
XLWHLQGHOLMN� QLHW� LQ� KHW� FODVVLILFDWLHSURJUDPPD� RSJHQRPHQ�� 'H� UHGHQ� GDDUYRRU� LV� GDW�
XLWHLQGHOLMN� QLHW� PD[LPXP�OLNHOLKRRG�FODVVLILFDWLH� PDDU� N�QHDUHVW�QHLJKERXUV�FODVVLILFDWLH�
JHEUXLNW� LV��%RYHQGLHQ�EOHHN�GH�JHEUXLNWH�GDWD�YDQ�6FKLHUPRQQLNRRJ�]LFK�QLHW�]R�YRRU�IX]]\�
WUDLQLQJ�WH�OHQHQ��
+HW�RSHUDWLRQDOLVHUHQ�HQ�DDQSDVVHQ�YDQ�VRIWZDUH�YHUJW�YHHO�WLMG��'DDUGRRU�OLJW�GH�QDGUXN�YDQ�
KHW�DIVWXGHHURQGHU]RHN�RS�KHW�XLWEUHLGHQ�YDQ�GH�SUREDELOLVWLVFKH� VHJPHQWDWLHPHWKRGH�YRRU�
WRHSDVVLQJ�RS�GH�+\0DS�EHHOGHQ�YDQ�6FKLHUPRQQLNRRJ�HQ�KHW�SURJUDPPHUHQ�KLHUYDQ��+HW�
RQGHU]RHN� LV� DIJHVORWHQ�PHW� HHQ� DDQWDO� H[SHULPHQWHQ��+LHUELM� LV� YRRU� YHUVFKLOOHQGH�NODVVHQ�
LQGHOLQJHQ�GH�DDQJHSDVWH�PHWKRGH�YDQ�SUREDELOLVWLVFKH�VHJPHQWDWLH�XLWJHYRHUG�HQ�YHUJHOHNHQ�
PHW�FODVVLILFDWLH�]RQGHU�SUREDELOLVWLVFKH�VHJPHQWDWLH��

�����/HHVZLM]HU�

,Q�KRRIGVWXN���]DO�HHUVW�DFKWHUJURQGLQIRUPDWLH�JHJHYHQ�ZRUGHQ�RYHU�PL[HG�SL[HOV�HQ� IX]]\�
FODVVLILFDWLH�� 9HUYROJHQV� ]XOOHQ� LQ� KRRIGVWXN� �� GH�+\0DS�EHHOGHQ� HQ� GH� GDDUELM� EHKRUHQGH�
YHOGJHJHYHQV� ZDDU� GH� PHWKRGH� RS� JHWHVW� LV� EHVFKUHYHQ� ZRUGHQ�� ,Q� KRRIGVWXN� �� ZRUGW�
EHVSURNHQ� KRH� LQ� KHW� JHYDO� YDQ� IX]]\� YHOGJHJHYHQV� GH� WUDLQLQJ� YRRU�PD[LPXP�OLNHOLKRRG�
FODVVLILFDWLH� HU� XLW� ]RX� PRHWHQ� ]LHQ�� 'H� SUREDELOLVWLVFKH� VHJPHQWDWLH� ZRUGW� LQ� KRRIGVWXN� ��
EHKDQGHOG��DOVPHGH�GH�JHPDDNWH�DDQSDVVLQJ�YRRU�QDWXXUOLMNH�YHJHWDWLH��'H�NHX]H�YRRU�HHQ�
FODVVLILFDWLHPHWKRGH� YRRU� KHW� VFKDWWHQ� YDQ� GH� QRRG]DNHOLMNH� NDQVHQ� ZRUGW� LQ� KRRIGVWXN� ��
JHPDDNW�� 'H� UHVXOWDWHQ� YDQ� GH� WRHSDVVLQJ� YDQ� SUREDELOLVWLVFKH� VHJPHQWDWLH� ZRUGHQ�
JHsYDOXHHUG�LQ�KRRIGVWXN����&RQFOXVLHV�HQ�DDQEHYHOLQJHQ�QDDU�DDQOHLGLQJ�YDQ�KHW�RQGHU]RHN�
]LMQ�WHQVORWWH�WH�YLQGHQ�LQ�KRRIGVWXN�����
'H� UHVXOWDWHQ� YDQ� GH� WRHSDVVLQJ� YDQ� SUREDELOLVWLVFKH� VHJPHQWDWLH� RS� GH� EHHOGHQ� YDQ�
6FKLHUPRQQLNRRJ�]LMQ�WH�YLQGHQ�LQ�ELMODJH����,Q�ELMODJH���LV�HHQ�KDQGOHLGLQJ�YRRU�KHW�JHEUXLNWH�
SURJUDPPD�YRRU�SUREDELOLVWLVFKH�VHJPHQWDWLH�RSJHQRPHQ��
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���0L[HG�SL[HOV�HQ�IX]]\�FODVVLILFDWLH��

�����0L[HG�SL[HOV�

(HQ� GLJLWDDO� EHHOG� LV� RSJHERXZG� XLW� SL[HOV��ZHONH� YRRUJHVWHOG�ZRUGHQ� DOV� YLHUNDQWH� EHHOG�
YODNMHV��GLH�LQ�HHQ�UHJHOPDWLJ�JULG�KHW�YROOHGLJH�RSSHUYODN�EHGHNNHQ��'H�VSHFWUDOH�LQIRUPDWLH�
YDQ�HHQ�SL[HO� LV�DINRPVWLJ�XLW�HHQ�JHELHG�GDW�EHGHNW�ZRUGW�GRRU�GH�¦LQVWDQWHQHRXV� ILHOG�RI�
YLHZ§� �,)29�� YDQ� GH� VHQVRU�� 'H� WUDGLWLRQHOH� PHWKRGHQ� YRRU� KHW� FODVVLILFHUHQ� YDQ� UHPRWH�
VHQVLQJ�EHHOGHQ� NHQQHQ� RS� JURQG� YDQ� GH]H� VSHFWUDOH� LQIRUPDWLH� DDQ� LHGHU� SL[HO� ppQ� NODVVH�
WRH��,Q�YHHO�JHYDOOHQ�LV�KHW�HFKWHU�]R�GDW�LQ�GH�ZHUNHOLMNKHLG�GLH�KHW�SL[HO�EHVFKULMIW�QLHW�VOHFKWV�
ppQ� NODVVH� YRRU� NRPW�� (HQ� SL[HO� ZDDULQ� LQ� PHHU� RI� PLQGHUH� PDWH� WZHH� RI� PHHU� NODVVHQ�
YRRUNRPHQ�� ZRUGW� HHQ� PL[HG� SL[HO� JHQRHPG�� (U� NXQQHQ� YLHU� W\SHQ� PL[HG� SL[HOV�
RQGHUVFKHLGHQ�ZRUGHQ� RS� JURQG� YDQ� GH� RRU]DDN� YDQ� GH� DDQZH]LJKHLG� YDQ�PHHU� GDQ� ppQ�
NODVVH�>)LVKHU������EO]�����@��
D�� *UHQV�WXVVHQ�WZHH�RI�PHHU�NODVVHQ��ELMY��HHQ�ERVUDQG���
E�� *HOHLGHOLMNH�RYHUJDQJ�WXVVHQ�NODVVHQ��ELMY��¦HFRWRQH§���
F�� /LQHDLUH�VXESL[HO�REMHFWHQ��ELMY��HHQ�ZHJ���
G�� .OHLQH�VXESL[HO�REMHFWHQ��ELMY��HHQ�KXLV�RI�ERRP���
�

�D�� �E�� �F�� �G��
)LJXXU������'H�YLHU�W\SHQ�YDQ�PL[HG�SL[HOV�>)LVKHU������EO]�����@��

�
+HW� LV�QLHW�PHWHHQ�KHOHPDDO�GXLGHOLMN�ZDW�KHW�RYHUJDQJVSL[HO� �W\SH�E��QX�HLJHQOLMN� LQKRXGW��
)LVKHU� >�����EO]�����@�]HJW�GDW�KLHU�VSUDNH� LV�YDQ�HHQ�RYHUJDQJ��LQWHUJUDGH�� WXVVHQ�FHQWUDOH�
FRQFHSWHQ� YDQ� NDUWHHUEDUH� IHQRPHQHQ�� +HW� OLMNW� HU� GXV� RP� WH� JDDQ� GDW� LQ� GH� DQGHUH� GULH�
JHYDOOHQ�GH�JUHQV�WXVVHQ�GH�NODVVHQ�LQ�GH�ZHUNHOLMNKHLG�ZHO�GXLGHOLMN�LV��PDDU�GDW�GH]H�ELM�W\SH�
E�LQ�KHW�WHUUHLQ�RRN�RQGXLGHOLMN�LV��'DW�KDQJW�HFKWHU�QRJDO�DI�YDQ�GH�VFKDDO�ZDDURS�MH�NLMNW��$OV�
MH�PDDU�JHQRHJ� LQ]RRPW� �ZRUGW�GH�VFKHUSH�JUHQV�YDQ�HHQ�ERV��ZHJ�RI�]HOIV�KXLV�YDDJ��(HQ�
SXQW�RI�JUHQV�KHHIW�HHQ�JHRPHWULVFKH�SUHFLVLH�ZDDUPHH�MH�KHP�LQ�KHW�WHUUHLQ�NXQW�DDQZLM]HQ��
'LW�ZRUGW�LQ�GH�ODQGPHHWNXQGH�GH�LGHDOLVDWLHSUHFLVLH�JHQRHPG���
:DW�PHW�HHQ�EHSDDOGH�UXLPWHOLMNH�UHVROXWLH�QRJ�HHQ�EHSDDOG�W\SH�PL[HG�SL[HO�LV��NDQ�ELM�HHQ�
KRJHUH�RI� ODJHUH� UHVROXWLH�ZHO�HHQV�HHQ�DQGHU� W\SH�]LMQ��(HQ�YRRUEHHOG�KLHUYDQ� LV�HHQ�JUHQV�
WXVVHQ�ERV�HQ�KHL��GLH�ELM�SL[HOV�YDQ������PHWHU�JUHQVSL[HOV��W\SH�D��KHHIW��%LM�SL[HOV�YDQ�����
PHWHU� NDQ� GH� ERVUDQG� ZHO� HHQV� QLHW� ]R� VFKHUS� PHHU� EOLMNHQ� WH� ]LMQ�� GRRU� HHQ� ODQJ]DDP�
DIQHPHQGH�GLFKWKHLG�YDQ�GH�ERPHQ��,Q�GH�RYHUJDQJV]RQH�NRPHQ�GDQ�SL[HOV�YDQ�W\SH�E�YRRU��
%LM�SL[HOV�YDQ����PHWHU�NDQ�ppQ�DI]RQGHUOLMNH�ERRP�HHQ�VXESL[HO�REMHFW�]LMQ��W\SH�G���%LM�SL[HOV�
YDQ���PHWHU�NDQ�GH�JUHQV�WXVVHQ�HHQ�ERRP�HQ�GH�KHL�ZHHU�HHQ�SL[HO�YDQ�W\SH�D�RSOHYHUHQ��
%RYHQVWDDQG� YRRUEHHOG� LOOXVWUHHUW� RRN� GDW�PL[HG� SL[HOV� QLHW� ORV� VWDDQ� YDQ� NODVVHQGHILQLWLHV��
:DQW�ELM�ZHONH�GLFKWKHLG�YDQ�ERPHQ�LV�HU�QRJ�VSUDNH�YDQ�ERV"�:DW�MH�LQ�KHW�WUDLQLQJVVWDGLXP�
YDQ�HHQ�FODVVLILFDWLH�EHQRHPW�DOV�SXXU�ERV��EHSDDOW�ZDW�SXUH�HQ�ZDW�PL[HG�SL[HOV�]LMQ��
(HQ� UHPRWH�VHQVLQJ�EHHOG� ]DO� DOWLMG� HHQ� FRPELQDWLH� YDQ�SXUH�HQ�PL[HG�SL[HOV�EHYDWWHQ��+HW�
DDQWDO� PL[HG� SL[HOV� LV� DIKDQNHOLMN� YDQ� GH� UXLPWHOLMNH� FRPSOH[LWHLW� YDQ� GH� ZHUNHOLMNKHLG�� GH�
UXLPWHOLMNH�UHVROXWLH�HQ�GH�JHEUXLNWH�NODVVHQGHILQLWLHV���



���

�����)X]]\�FODVVLILFDWLH�

0L[HG�SL[HOV�]LMQ�HHQ�FRPSOLFDWLH�ELM�FODVVLILFDWLH��&ODVVLILFDWLHPHWKRGHQ�GLH�DOOH�SL[HOV�RS�JURQG�
YDQ�HHQ�EHVOLVUHJHO�LQ�ppQ�YDQ�GH�NODVVHQ�LQGHOHQ��ZRUGHQ�FULVS�RI�KDUGH�FODVVLILFDWLHPHWKRGHQ�
JHQRHPG�� 'H]H� GHILQLsUHQ� HHQGXLGLJ�ZDW� QRJ� WRW� ZHONH� NODVVH� EHKRRUW� HQ�ZDW� QLHW�PHHU��
6RPV� LV�KHW�HFKWHU�EHWHU�RP�GH�YDDJKHLG�QLHW�ZHJ� WH�ZHUNHQ��PDDU�GH]H� WH�EHKRXGHQ� �]LH�
SDUDJUDDI������ GRRU� KHW� SL[HO� LQ� PHHU� RI� PLQGHUH� PDWH� LQ� WH� GHOHQ� LQ� PHHUGHUH� NODVVHQ��
0HWKRGHQ�GLH�GLW�GRHQ�ZRUGHQ�IX]]\�FODVVLILFDWLHPHWKRGHQ�JHQRHPG���
+HW�ZRRUG�IX]]\�EHWHNHQW�]RYHHO�DOV�YDDJ��'H�RRUVSURQJ�YDQ�GH�WHUP�OLJW�ELM�GH� LQWURGXFWLH�
YDQ� IX]]\� VHWV� DOV� JHQHUDOLVDWLH� YDQ� GH� %RROHDDQVH� ORJLFD�� +LHUELM� KRHIW� HHQ� EHZHULQJ� QLHW�
ODQJHU� MXLVW� RI� RQMXLVW� WH� ]LMQ�� RIWHZHO� �� RI� ���PDDU� NDQ� GH]H� RRN� DOOH�ZDDUGHQ� GDDUWXVVHQ�
DDQQHPHQ��1DDVW�GDW�IX]]\�YDDJ�EHWHNHQW��LV�KHW�LQ�KHW�JHYDO�YDQ�IX]]\�FODVVLILFDWLH�RRN�HHQ�
EHHWMH� HHQ� YDJH� WHUP�� HU�ZRUGW� QLHW� DOWLMG� KHW]HOIGH� RQGHU� YHUVWDDQ�� ,Q� GH]H� VFULSWLH� ]DO� GH�
YROJHQGH�GHILQLWLH�JHEUXLNW�ZRUGHQ���

�
(HQ� IX]]\�FODVVLILFDWLH� LV�HHQ� FODVVLILFDWLH�ZDDUELM�HHQ�REMHFW�QLHW� LQ� VOHFKWV� ppQ�NODVVH�
LQJHGHHOG� NDQ� ZRUGHQ�� PDDU� LQ� PHHU� RI� PLQGHUH� PDWH� WRW� PHHUGHUH� NODVVHQ� NDQ�
EHKRUHQ��XLWJHGUXNW�LQ�HHQ�ZDDUGH�SHU�NODVVH���

�
'LW� LV�HHQ�YULM�UXLPH�GHILQLWLH�YRRU�IX]]\�FODVVLILFDWLH��+HW�NRPW�HU�RS�QHHU�GDW�DOOH�PHWKRGHQ�
GLH�QLHW�FULVS�]LMQ��IX]]\�]LMQ���
�
(HQ�DDQ� IX]]\� FODVVLILFDWLH� YHUZDQWH� WHUP� LV� VXESL[HOFODVVLILFDWLH��2RN�ELM� VXESL[HOFODVVLILFDWLH�
ZRUGW�HHQ�SL[HO� LQJHGHHOG� LQ�PHHUGHUH�NODVVHQ��+LHUELM�JDDW�KHW�HFKWHU�RP�KHW�VFKDWWHQ�YDQ�
DDQGHOHQ�YDQ�GH�YHUVFKLOOHQGH�NODVVHQ��7HUZLMO�ELM�IX]]\�FODVVLILFDWLH�GH�ZDDUGHQ�SHU�NODVVH�QLHW�
DOWLMG�DOV�DDQGHOHQ�JHwQWHUSUHWHHUG�PRJHQ�ZRUGHQ��+HW�NDQ�ELMYRRUEHHOG�RRN�RP�GH�NDQV�RS�
HHQ� NODVVH� JDDQ� RI� GH� PDWH� YDQ� OLGPDDWVFKDS�� )X]]\� FODVVLILFDWLH� LV� YROJHQV� ERYHQVWDDQGH�
GHILQLWLH� GXV� HHQ� UXLPHU� EHJULS� GDQ� VXESL[HOFODVVLILFDWLH�� 'LW� QHHPW� HFKWHU� QLHW� ZHJ� GDW� HU�
JHSRRJG� NDQ� ZRUGHQ� RP� XLW� HHQ� IX]]\� FODVVLILFDWLH� PHW� NDQVHQ� SHU� NODVVH� DDQGHOHQ� DI� WH�
OHLGHQ��(U�]LMQ�QDPHOLMN�GULH�PHWKRGHQ�YRRU�VXESL[HOFODVVLILFDWLH�>(DVWPDQ�HQ�/DQH\�����@��
��$DQGHOHQ�VFKDWWHQ�XLWJDDQGH�YDQ�OLQHDLUH�YHUPHQJLQJ�YDQ�GH�VSHFWUD�YDQ�SXUH�NODVVHQ��
��+HW�DI]RQGHUOLMN�WUDLQHQ�YRRU�YHUVFKLOOHQGH�PHQJYHUKRXGLQJHQ���
��$DQGHOHQ�DIOHLGHQ�XLW�HHQ�IX]]\�FODVVLILFDWLH��

�����/LQHDLUH�YHUPHQJLQJ�YDQ�VSHFWUD�

6RPPLJH� PHWKRGHQ� YRRU� VXESL[HOFODVVLILFDWLH� JDDQ� XLW� YDQ� OLQHDLUH� YHUPHQJLQJ� YDQ� GH�
VSHFWUD��+HW� VSHFWUXP�YDQ�HHQ�PL[HG�SL[HO�PHW�KDOI�NODVVH���HQ�KDOI�NODVVH��� OLJW�GDQ� LQ�GH�
IHDWXUHVSDFH� SUHFLHV� WXVVHQ� GH� VSHFWUD� YDQ� GH� NODVVHQ� �� HQ� �� LQ�� 9RRU� SL[HOV� ZDDULQ� WZHH�
NODVVHQ� QDDVW� RI� GRRU� HONDDU� YRRUNRPHQ� ]RQGHU� HONDDUV� UHIOHFWLH� WH� EHwQYORHGHQ� LV� GH]H�
DDQQDPH� WHUHFKW�� (U� ]LMQ� HFKWHU� RRN�PL[HG� SL[HOV�PHW� QLHW�OLQHDLU� YHUPHQJGH� VSHFWUD�� 9RRU�
PLQHUDOHQ� PRHW� YRRU� GH� YHUNODULQJ� KLHUYDQ� �RS� PROHFXXOQLYHDX�� JHNHNHQ� ZRUGHQ� QDDU� GH�
LQWHUDFWLH� YDQ� GH�PDWHULDOHQ�PHW� RSYDOOHQG� OLFKW� >&ODUN� ����� SDUDJUDDI� ���@��2S� KHW� HHUVWH�
JH]LFKW�]RX�JHVWHOG�NXQQHQ�ZRUGHQ�GDW� LQ�KHW�JHYDO�YDQ�YHJHWDWLH�GLW� VRRUW� ]DNHQ�]LFK�QLHW�
YRRU�GRHQ��2QGHUVWDDQG�YRRUEHHOG�WRRQW�HFKWHU�DDQ�GDW�QLHW�]RQGHU�PHHU�ZDDU�LV��'LW�EHWUHIW�
HHQ�GXLGHOLMNH�VLWXDWLH��PDDU�GHUJHOLMNH�HIIHFWHQ�NXQQHQ�]LFK�RRN�PLQGHU�RSYDOOHQG�YRRUGRHQ��
�

9RRUEHHOG�
'H�YHUKRXGLQJ�YDQ�ERPHQ�HQ�VWUXLNHQ� LV� LQ� ILJXXU����D�KHW]HOIGH�DOV� LQ� ILJXXU����E��
7RFK� ]DO� KHW� VSHFWUXP� YDQ� ILJXXU� ���E� PHHU� RS� GDW� YDQ� ERPHQ� OLMNHQ� GDQ� KHW�
VSHFWUXP�YDQ�ILJXXU����D��$OV�YHUYROJHQV�HHQ�VFKDWWLQJ�JHPDDNW�]RX�ZRUGHQ�YDQ�GH�



� �

DDQGHOHQ�ERPHQ�HQ�VWUXLNHQ�]RX�GH]H�YRRU�ILJXXU����D�HHQ�DQGHU�UHVXOWDDW�JHYHQ�GDQ�
YRRU�ILJXXU����E��

�

�D�� � �E��
)LJXXU����D��(HQ�VLWXDWLH�GLH�OHLGW�WRW�HHQ�OLQHDLUH�YHUPHQJLQJ�YDQ�GH�VSHFWUD�YDQ�GH�
SXUH�NODVVHQ��E��(HQ�VLWXDWLH�GLH�OHLGW�WRW�HHQ�QLHW�OLQHDLUH�YHUPHQJLQJ�YDQ�GH�VSHFWUD�
YDQ�GH�SXUH�NODVVHQ��
�

0HW� UHPRWH� VHQVLQJ� LV� GLW� SUREOHHP� QLHW� RS� WH� ORVVHQ�� 'H� JHEUXLNHU� ]DO� LQGLHQ� KLM� UHPRWH�
VHQVLQJ�ZLO�JHEUXLNHQ�YRRU�GH�NDUWHULQJ�PRHWHQ�DFFHSWHUHQ�GDW�GHUJHOLMNH�HIIHFWHQ�]LFK�YRRU�
GRHQ�HQ�GDW�GXV�ILJXXU����D�SHU�GHILQLWLH�HHQ�DQGHUH�YHUKRXGLQJ�JHHIW�GDQ����E��'H�JHEUXLNHU�
PRHW�HQLJH�YRRU]LFKWLJKHLG�EHWUDFKWHQ�ELM�KHW� LQWHUSUHWHUHQ�YDQ�GH�YHUKRXGLQJHQ�GLH�XLW�GH�
UHPRWH�VHQVLQJ�GDWD�JHVFKDW�ZRUGHQ��'H]H�NRPHQ�QDPHOLMN�QLHW�DOWLMG�RYHUHHQ�PHW�GH�PDQLHU�
ZDDURS�KLM�JHZHQG�LV�RYHU�YHUKRXGLQJHQ�WH�GHQNHQ��
�
(HQ�YROJHQG�SXQW�YDQ�DDQGDFKW�YRRU�GH�DDQQDPH�YDQ�OLQHDLUH�YHUPHQJLQJ�YDQ�VSHFWUD�LV�KHW�
HIIHFW�YDQ�GH�VHQVRU��'H�,)29��LQVWDQWHQHRXV�ILHOG�RI�YLHZ��LV�LQ�ZHUNHOLMNKHLG�PHHVWDO�FLUNHO�
YRUPLJ�� LQ�WHJHQVWHOOLQJ�WRW�KHW�SL[HO�GDW�DOV�YLHUNDQW�ZHHUJHJHYHQ�ZRUGW��'DDUQDDVW�QHPHQ�
VRPPLJH� VHQVRUHQ�PHHU� OLFKW� RS� LQ� KHW�PLGGHQ� YDQ� GH� ,)29� GDQ� DDQ� GH� UDQG�� %LM� DQGHUH�
VHQVRUHQ�KHEEHQ�GH�,)29�RYHUODS�PHW�GLH�YDQ�DDQJUHQ]HQGH�SL[HOV��RI�HU�]LMQ�VWXNNHQ�YDQ�KHW�
WHUUHLQ�ELQQHQ�JHHQ�HQNHO�,)29�YDOOHQ��+HW�HIIHFW�YDQ�GH�UHIOHFWLH�YDQ�HHQ�GHHO�YDQ�GH�,)29�
RS�GH�JHUHJLVWUHHUGH�ZDDUGH�YRRU�GH�SL[HO�LV�RQGXLGHOLMN��]HNHU�DOV�GH]H�UHIOHFWLH�VWHUN�DIZLMNW�
YDQ�GLH�YDQ�GH�UHVW�YDQ�GH�,)29�>)LVKHU������EO]�����@���
+RHZHO�HU�GXV�YHUVFKLOOHQGH�RRU]DNHQ�PRJHOLMN�]LMQ�YRRU�QLHW�OLQHDLUH�YHUPHQJLQJ�YDQ�VSHFWUD��
]DO� HU� LQ� GH]H� VFULSWLH� LQ� KRRIGVWXN� �� XLWJHJDDQ� ZRUGHQ� YDQ� OLQHDLU� VDPHQJHVWHOGH� PL[HG�
SL[HOV�� 0HQ� PRHW� HFKWHU� LQ� GH� JDWHQ� KRXGHQ�� GDW� QDDVW� PHHWUXLV� HQ� KHW� HIIHFW� YDQ� GH�
DWPRVIHHU�HU�VSUDNH�NDQ�]LMQ�YDQ�V\VWHPDWLVFKH�HIIHFWHQ�DOV�JHYROJ�YDQ�QLHW�OLQHDLULWHLW��
�
�



���
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���%HVFKULMYLQJ�YDQ�KHW�VWXGLHJHELHG�HQ�GH�GDWD�

�����6WXGLHJHELHG�

6FKLHUPRQQLNRRJ�LV�HHQ�YDQ�GH�1HGHUODQGVH�:DGGHQHLODQGHQ��RQWVWDDQ�GRRU�GH�GHSRVLWLH�YDQ�
VHGLPHQW�XLW�GH�5LMQ��/DQJV�GH�QRRUG��HQ�ZHVWNXVW�EHYLQGHQ�]LFK�GXLQHQ��2P�GH�SROGHU��PHW�
DJUDULVFK� JHELHG� HQ� KHW� GRUS� 6FKLHUPRQQLNRRJ�� WH� EHVFKHUPHQ�� ZRUGHQ� GH� GXLQHQ� RS� GH�
ZHVWHOLMNH�KHOIW�YDQ�KHW�HLODQG�NXQVWPDWLJ�YHUVWHUNW�HQ� OLJW�HU� ODQJV�GH�]XLGNXVW�HHQ�]HHGLMN��
2S� KHW� RRVWHOLMN� GHHO� YDQ� KHW� HLODQG� NDQ� GH� ]HH� GRRU� RSHQLQJHQ� LQ� GH� GXLQHQULM� HQ� GH�
DIZH]LJKHLG� YDQ� HHQ� ]HHGLMN� KHW� ODQG� ELQQHQ� GULQJHQ�� +HW� GDDU� JHOHJHQ� QDWXXUJHELHG�� GDW�
YRRU�KHW�JURRWVWH�JHGHHOWH�XLW�NZHOGHU�EHVWDDW��LV�KHW�RQGHUZHUS�YDQ�GLW�RQGHU]RHN��(U�LV�YRRU�
GLW�JHELHG�JHNR]HQ�RPGDW�KLHUYDQ�K\SHUVSHFWUDOH�EHHOGHQ�EHVFKLNEDDU�ZDUHQ� LQ�FRPELQDWLH�
PHW�YHOGJHJHYHQV���
�

�
� )LJXXU������/RFDWLH�YDQ�KHW�VWXGLHJHELHG�

�����%HHOGPDWHULDDO��

+HW� JHEUXLNWH� EHHOGPDWHULDDO� �]LH� ILJXXU� ����� LV� LQJHZRQQHQ� PHW� KHW� +\0DS�V\VWHHP�
�+\SHUVSHFWUDO�0DSSLQJ� 6\VWHP��� 'LW� LV� HHQ� K\SHUVSHFWUDOH� ZKLVNEURRP�VFDQQHU� � � DFURVV�
WUDFN�VFDQQHU��YRRU�LQ�HHQ�YOLHJWXLJ��'H�VWURRNEUHHGWH�ZRUGW�EHSDDOG�GRRU�GH�RSHQLQJVKRHN��
YDQ� GH� VFDQQHU� ������� KLHUELQQHQ�ZRUGHQ� ���� SL[HOV� RSJHQRPHQ��'H� VFDQQHU� RQGHUVFKHLGW�
����EDQGHQ�YDQ���������QP�EUHHG� LQ�KHW�JROIOHQJWH�LQWHUYDO�YDQ�����QP�WRW������QP�PHW�
HHQ�UDGLRPHWULVFKH�UHVROXWLH�YDQ����ELWV��������JULMVZDDUGHQ���'H�UXLPWHOLMNH�UHVROXWLH�YDQ�GH�
VFDQQHU�LV�DIKDQNHOLMN�YDQ�GH�YOLHJKRRJWH�HQ��VQHOKHLG�DOVPHGH�GH�LQWHJUDWLHWLMG�YDQ�GH�VHQVRU���
'H�YOXFKW�YRQG�SODDWV�RS����PHL� LQ�������(U�]LMQ�YLHU�VWURNHQ�JHYORJHQ�LQ�RRVW�ZHVWULFKWLQJ��
'H� YOLHJKRRJWH� YDQ� FD�� �����PHWHU� UHVXOWHHUGH� LQ� HHQ� VWURRNEUHHGWH� YDQ� HHQ� NOHLQH� WZHH�
NLORPHWHU� HQ�HHQ�SL[HOJURRWWH�YDQ� ]R©Q�����ELM� ����PHWHU��+HW�'/5� �'HXWVFKHV�=HQWUXP� I�U�
/XIW�� XQG� 5DXPIDKUW�� KHHIW� GH� DEVROXWH� HQ� UHODWLHYH� RULsQWHULQJ� YDQ� GH� VWURNHQ� HQ� GH�
JHRPHWULVFKH�FRUUHFWLHV��JHR�UHIHUHQWLH��EHSDDOG�PHW�EHKXOS�YDQ�GLIIHUHQWLsOH�*36�PHWLQJHQ�
HQ� RULsQWDWLHZDDUQHPLQJHQ� LQ� KHW� YOLHJWXLJ�� 'H� UHVXOWHUHQGH� JHRPHWULVFKH� SUHFLVLH� YDQ� GH�
EHHOGHQ� LV� QLHW� JHNZDQWLILFHHUG�� PDDU� GH� VWDQGDDUGDIZLMNLQJ� LV� ]HNHU� JURWHU� GDQ� HHQ� SL[HO�
>6NLGPRUH� H�D�� ����� EO]�� �����@��'LW�PDDNW� KHW� WRHSDVVHQ� YDQ� HHQ� IX]]\� WUDLQLQJVPHWKRGH�
�]LH�KRRIGVWXN����RS�GH]H�EHHOGHQ�RQPRJHOLMN��'LW�ZHUG�HFKWHU�SDV�WLMGHQV�KHW�VFKULMYHQ�YDQ�
KRRIGVWXN���GXLGHOLMN��



����

'H]H� +\PDS�EHHOGHQ� ]LMQ� HHUGHU� JHEUXLNW� YRRU� KHW� H[SHUWV\VWHHP� GDW� ELM� KHW� ,7&� LQ�
VDPHQZHUNLQJ�PHW�GH�0'�RQWZLNNHOG�LV�>6NLGPRUH�H�D������@��7LMGHQV�KHW�RQGHU]RHN�GDW� LQ�
GH]H� VFULSWLH� EHVFKUHYHQ� ZRUGW�� ]LMQ� HFKWHU� GH� QLHW� JHRPHWULVFK� JHWUDQVIRUPHHUGH� EHHOGHQ�
JHEUXLNW�� :HO� LV� HU� JHEUXLN� JHPDDNW� YDQ� GH� YHOGJHJHYHQV� GLH� YRRU� GLW� H[SHUWV\VWHHP�
YHU]DPHOG�]LMQ���
�

�
)LJXXU������&RPSRVLWLH�YDQ�GH�YLHU�+\0DS�VWURNHQ��'H�EDQGHQ�������HQ����JHEUXLNW��
UHVXOWHUHQG�LQ�HHQ�UHGHOLMN�QDWXXUJHWURXZH�DIEHHOGLQJ�YDQ�GH�NOHXUHQ���

�
2P� HHQYRXGLJ� JHEUXLN� WH� NXQQHQ�PDNHQ� YDQ� WUDLQLQJVVDPSOHV� LQ� DOOH� VWURNHQ� ]LMQ� GH� YLHU�
VWURNHQ� DFKWHU� HONDDU� JHSODNW�� UHVXOWHUHQG� LQ� ppQ� EHHOG� YDQ� ������ ELM� ���� SL[HOV� �]LH�
ILJXXU�������2PGDW�GH�VRIWZDUH�DOOHHQ�EDQGHQ�PHW�ppQ�E\WH�SHU�SL[HO�DDQ�NDQ��]LMQ�EDQGHQ�
YDQ�WZHH�E\WHV�SHU�SL[HO�WHUXJJHEUDFKW�QDDU�ppQ�E\WH�SHU�SL[HO��+LHUYRRU�LV�JHEUXLN�JHPDDNW�
YDQ� HHQ� VWUHWFKPHWKRGH�� 2P� QLHW� WH� YHHO� UDGLRPHWULVFKH� UHVROXWLH� GRRU� XLWVFKLHWHUV� WH�
YHUOLH]HQ��]LMQ�GH�SL[HOV�PHW�GH�ODDJVWH�HQ�GH�KRRJVWH�UHIOHFWLHV�UHVSHFWLHYHOLMN�RS�GH�ZDDUGHQ�
��HQ�����JHVWHOG��'LW�LV�JHGDDQ�YRRU�GH�SL[HOV�GLH�LQ�KHW�FXPXODWLHYH�KLVWRJUDP�RQGHU�GH����
RI�ERYHQ�GH�����YDOOHQ��'H]H�VWUHWFK�LV�SHU�EDQG�DI]RQGHUOLMN�XLWJHYRHUG��PDDU�YRRU�DOOH�YLHU�
GH� VWURNHQ� WHJHOLMN�� +LHUGRRU� YHUDQGHUW� GH� VSHFWUDOH� VLJQDWXXU� YDQ� GH� NODVVHQ�� =RODQJ� GH�
WUDLQLQJVVDPSOHV�XLW�KHW�WH�FODVVLILFHUHQ�EHHOG�JHKDDOG�ZRUGHQ��KHHIW�GLW�HFKWHU�JHHQ�LQYORHG�
RS� GH� FODVVLILFDWLH�� +HW� YRRUGHHO� YDQ� HHQ� VWUHWFK� SHU� EDQG� LV� GDW� KHW� VSHFWUDOH� RQGHUVFKHLG�
WXVVHQ� GH� NODVVHQ� ]R� JRHG�PRJHOLMN� EHZDDUG� EOLMIW� ELM� KHW� WHUXJEUHQJHQ� QDDU� ppQ� E\WH� SHU�
SL[HO��
��

�
)LJXXU������'H�DDQ�HONDDU�JHSODNWH�VWURNHQ����������HQ����

�����9HOGJHJHYHQV��

9RRU�GH�WUDLQLQJ�HQ�YDOLGDWLH�YDQ�GH�FODVVLILFDWLH�LV�JHEUXLN�JHPDDNW�YDQ�GH�YHOGJHJHYHQV�GLH�
LQ�PHL�HQ� MXQL�YDQ�KHW� MDDU�YDQ�GH�EHHOGRSQDPH� LQJHZRQQHQ�]LMQ�� ,Q� WRWDDO�ZHUGHQ�RS�����
SODDWVHQ� LQ� KHW� YHOG� YHJHWDWLHJHJHYHQV� YHU]DPHOG� �YHOGRSQDPHSODDWVHQ��� 'H]H� RSQDPHQ�
EHVWRQGHQ�XLW�JHELHGMHV�YDQ�YLMI�ELM�YLMI�PHWHU�ZDDU�GH�YHJHWDWLHVDPHQVWHOOLQJ� LV�EHSDDOG��'H�
SRVLWLHV� YDQ� GH� RSQDPHQ� ]LMQ� LQJHPHWHQ� PHW� EHKXOS� YDQ� GLIIHUHQWLsOH� *36�� 'H�
RSQDPHSODDWVHQ�]LMQ�PLQ�RI�PHHU�UDQGRP�YHUGHHOG�RYHU�KHW�QDWXXUJHELHG��(U�LV�LQ�KHW�WHUUHLQ�
JH]RFKW�QDDU�JHELHGMHV�GLH�UHSUHVHQWDWLHI�]LMQ�YRRU�HHQ�EHSDDOGH�YHJHWDWLHNODVVH��HQ�KHW�OLHIVW�
]R�GDW�GH�GLUHFWLH�RPJHYLQJ�YDQ�KHW�RSQDPHJHELHG�RRN�WRW�GLH�NODVVH�EHKRRUW���
(U�]LMQ�WZHH�W\SHQ�YHOGRSQDPHQ�LQJHZRQQHQ��JHZRQH�YHOGRSQDPHQ�HQ�VQHOOH�YHOGRSQDPHQ��
9RRU�GH�����JHZRQH�YHOGRSQDPHQ�]LMQ�JHGHWDLOOHHUGH�VRRUWHQVDPHQVWHOOLQJ�HQ�RSSHUYODNWH�



� ��

VFKDWWLQJHQ�YDQ�GH�DDQZH]LJH�VRRUWHQ�EHSDDOG��%LM�����YDQ�GH]H�JHZRQH�YHOGRSQDPHQ�]LMQ�
YHOGVSHFWURPHWHUPHWLQJHQ�XLWJHYRHUG��9RRU�GH�����VQHOOH�YHOGRSQDPHQ�]LMQ�DOOHHQ�GH�VDPHQ�
VWHOOLQJ�HQ�GH�RSSHUYODNWHVFKDWWLQJHQ�EHSDDOG�YDQ�GH�GRPLQHUHQGH�VRRUWHQ�HQ�YDQ�GH�VRRUWHQ�
GLH� YDQ� EHODQJ� ]LMQ� YRRU� KHW� YDVWVWHOOHQ� YDQ� KHW� YHJHWDWLHW\SH� �LQGLFDWRU� VSHFLHV���
%RYHQVWDDQGH�LQIRUPDWLH�LV�RQWOHHQG�DDQ�6NLGPRUH�H�D��>�����EO]����@��
�
'H�YHOGRSQDPHQ�PRHWHQ�JHEUXLNW�ZRUGHQ�YRRU�]RZHO�KHW�WUDLQHQ�YDQ�GH�FODVVLILFDWLH�DOV�KHW�
YDOLGHUHQ�YDQ�KHW�UHVXOWDDW��+LHUYRRU�]LMQ�GH�YHOGRSQDPHQ�JHVSOLWVW�LQ�HHQ�WUDLQLQJVVHW�HQ�HHQ�
YDOLGDWLHVHW��RRN�ZHO�WHVWVHW���$OV�WUDLQLQJVVDPSOHV�]LMQ�GH�JHZRQH�YHOGRSQDPHQ�JHEUXLNW�HQ�
YRRU� GH� YDOLGDWLH� GH� VQHOOH� YHOGRSQDPHQ�� 'H]H� ZRUGHQ� DOV� YROGRHQGH� RQDIKDQNHOLMN�
EHVFKRXZG��
9RRU�GH�NODVVHQ�VWUDQG�HQ�ZDWHU�]LMQ�QDXZHOLMNV�RI�JHHQ�YHOGRSQDPHQ�JHPDDNW��RPGDW�GH]H�
GXLGHOLMN�LQ�KHW�EHHOG�KHUNHQEDDU�]LMQ��'H�VDPSOHV�YRRU�GH]H�NODVVHQ�]LMQ�GDQ�RRN�LQ�KHW�EHHOG�
RSJHJHYHQ��9RRU�EHLGH�NODVVHQ�LV�HHQ�JURHS�YDQ����DDQHHQJHVORWHQ�SL[HOV�DDQJHZH]HQ�YRRU�
GH� WUDLQLQJVVHW��2S� HHQ�DQGHUH� ORFDWLH� HQ� LQ� HHQ� DQGHUH� VWURRN� ]LMQ� YRRU� EHLGH�NODVVHQ� HHQ�
JURHS�YDQ�HYHQHHQV����SL[HOV�DDQJHZH]HQ�YRRU�GH�YDOLGDWLH��
�
2P�GH�ORFDWLHV�YDQ�GH�YHOGRSQDPHSODDWVHQ�LQ�KHW�EHHOG�WH�YLQGHQ�LV�GH�LQYHUVH�JHRPHWULVFKH�
WUDQVIRUPDWLH� WRHJHSDVW� RS� GH� *36�FR|UGLQDWHQ� YDQ� GH� YHOGRSQDPHQ�� ]RGDW� EHHOG�
FR|UGLQDWHQ�YRRU�GH�RQJHWUDQVIRUPHHUGH�EHHOGHQ�YHUNUHJHQ�ZHUGHQ��9HUPRHGHOLMN�DOV�JHYROJ�
YDQ� GH� JURWH� VWDQGDDUGDIZLMNLQJ� YRRU� GH� JHRPHWULVFKH� SUHFLVLH� YDQ� KHW� EHHOG� NZDPHQ� GH�
EHHOGVSHFWUD� YDQ� HHQ� DDQWDO� YHOGRSQDPHQ� QLHW� RYHUHHQ�PHW� GH� YHOGJHJHYHQV��'DDURP� ]LMQ�
DOOH� YHOGRSQDPHQ� KDQGPDWLJ� JHFRQWUROHHUG� HQ� LQGLHQ� PRJHOLMN� JHFRUULJHHUG� GRRU� HHQ�
DDQJUHQ]HQG� SL[HO� DOV� KHW� MXLVWH� WH� LGHQWLILFHUHQ�� 'LW� WLMGURYHQGH� ZHUN� ZDV� JHOXNNLJ� DO�
XLWJHYRHUG�WHQ�EHKRHYH�YDQ�KHW�H[SHUWV\VWHHP��
3XQWHQ� GLH� LQ� GH� RYHUODS� YDQ� WZHH� VWURNHQ� YDOOHQ� ]LMQ� VOHFKWV� LQ� ppQ� VWURRN� WHUXJJH]RFKW��
7LMGHQV�GH�FODVVLILFDWLH�PHW�GH�PHWKRGH�GLH�LQ�GH]H�UDSSRUWDJH�EHVFKUHYHQ�ZRUGW��EOHHN�YRRU�
HHQ� DDQWDO� YDQ� GH]H� SXQWHQ� QLHW� KHW� MXLVWH� VWURRNQXPPHU� JHUHJLVWUHHUG� WH� ]LMQ�� 'LW�
RSHQEDDUGH�]LFK�GRRUGDW�KHW�ZDG�DOV�YHJHWDWLH�JHFODVVLILFHHUG�ZHUG��0HW�EHKXOS�YDQ�GH�*36�
FR|UGLQDWHQ�NRQGHQ�GH]H�SXQWHQ�HHQYRXGLJ�JHwGHQWLILFHHUG�ZRUGHQ�HQ�NRQ�GH� MXLVWH� VWURRN�
EHSDDOG�ZRUGHQ���
�

� �
� )LJXXU������,QZLQQHQ�YDQ�GH�YHOGJHJHYHQV�
�

�����.ODVVHQLQGHOLQJ�

'H�YHOGRSQDPHQ�]LMQ�LQJHGHHOG�LQ����VXEW\SHQ��'H]H�VXEW\SHQ�NXQQHQ�YHUYROJHQV�LQ�NODVVHQ�
VDPHQJHYRHJG� ZRUGHQ�� 7LMGHQV� KHW� RQGHU]RHN� ]LMQ� YLHU� YHUVFKLOOHQGH� NODVVHQLQGHOLQJHQ�
JHEUXLNW�� 'ULH� GDDUYDQ� ]LMQ� GRRU� ODQGVFKDSVHFRORRJ�+��.ORRVWHUPDQ� JHNR]HQ� RS� JURQG� YDQ�
YHUVFKLOOHQGH�PDWH�YDQ�DJJUHJDWLH��]LH�RQGHUVWDDQGH�WDEHO����
�



����

�

.ODVVHQLQGHOLQJHQ�PHW�YHUVFKLOOHQGH�PDWH�YDQ�DJJUHJDWLH�

1LYHDX��� 1LYHDX��� 1LYHDX��� 6XEW\SHQ�

.DOH�JURQG�HQ�LMOH�YHJHWDWLH�� .DOH�JURQG�HQ�LMOH�YHJHWDWLH�� .DOH�JURQG�HQ�LMOH�YHJHWDWLH��� ������� ���	�
� �
�

3LRQLHUNZHOGHU� 6DOLFRUQLD�6XDHGD�YHJHWDWLH� 6DOLFRUQLD��KLJK�FRYHU���� ��� �
�

� � 6DOLFRUQLD�6XDHGD��� � � � �
� � 6XDHGD�/LPRQLXP��� � � � �
/DJH�NZHOGHU� 3XFFLQHOOLD�YHJHWDWLH� 3XFFLQHOOLD�6DOLFRUQLD�/LPRQLXP���  � ���  � � �
� � 3XFFLQHOOLD�*ODX[���  � � �  �  �
� /LPRQLXP�YHJHWDWLH� /LPRQLXP��� � � � �
� +DOLPLRQH�YHJHWDWLH� +DOLPLRQH��� � � ��� � � � �
0LGGHOKRJH�NZHOGHU� -XQFXV�JHU��YHJHWDWLH� -XQFXV�6XDHGD�/LPRQLXP��� � � ��� � � � �
� � -XQFXV�)HVWXFD��� � � � � � �  �
� )HVWXFD�YHJHWDWLH� )HVWXFD��� � � ��� � � � �
� � $UWHPLVLD��� � � ������� �
� -XQFXV�PDU��YHJHWDWLH� -XQFXV�PDU���� ���
� �������
� �

�

� (O\PXV�YHJHWDWLH� (O\PXV��� ����� ��������� �
�

+RJH�NZHOGHU� 3RWHQWLOOD�YHJHWDWLH� 3RWHQWLOOD�-XQFXV��� ���
� �
�

� � $JURVWLV�3RWHQWLOOD��� ���
� �������
� � �	�����  �
� 6DJLQD�YHJHWDWLH� 6DJLQD�$UPHULD��� � � � � �
2YHUJDQJ�GXLQ�NZHOGHU� 2YHUJDQJ�GXLQ�NZHOGHUYHJ�� 2YHUJDQJ�GXLQ�NZHOGHU� �  � ����� � � ���	� � � � �
'XLQ� 'XLQ� 'XLQ� � �
6WUDQG� 6WUDQG� 6WUDQG� � �
:DWHU� :DWHU� :DWHU� �
�
�
'H�YLHUGH�LQGHOLQJ�GLH�JHEUXLNW� LV�KHHIW�GH]HOIGH�NODVVHQ�DOV�YRRU�KHW�H[SHUWV\VWHHP�JHEUXLNW�
]LMQ��]LH�RQGHUVWDDQGH�WDEHO���
�

.ODVVHQLQGHOLQJ�]RDOV�JHEUXLNW�LQ�6NLGPRUH�H�D��>����@�

1DDP� $INRUWLQJ�

:DWHU��� � �! #"�$ �
.DOH�JURQG�HQ�LMOH�YHJHWDWLH��� �!��$ "�% &�'��!&(��) * �
6XDHGD�6DOLFRUQLD�YHJHWDWLH��� &�+�&(� �
6DOLFRUQLD�/LPRQLXP�YHJHWDWLH��� &(�-,/. 0 �
/LPRQLXP�YHJHWDWLH��� ,/. 0 �
3XFFLQHOOLD�YHJHWDWLH��� 1 +��2� �
+DOLPLRQH�YHJHWDWLH��� 34��) �
)HVWXFD�$UWHPLVLD�YHJHWDWLH��� 56"(78 :9;$  #" �
-XQFXV�6XDHGD�/LPRQLXP�YHJHWDWLH��� < +�=�&�+��-,/. 0 �
-XQFXV�$UWULSOH[�)HVWXFD�YHJHWDWLH��� < +�=�94 >$856"(7 �
)HVWXFD�YHJHWDWLH��� 56"(78 �
-XQFXV�PDU��YHJHWDWLH��� < +�=�? �
(O\PXV�YHJHWDWLH��� @/) A �
$JURVWLV�YHJHWDWLH��� 9CBD$ E-7 �
$JURVWLV�/RWXV�YHJHWDWLH��� 9CBD$ E-72,6E� �
6DJLQD�$UPHULD�YHJHWDWLH��� &(�(B�9;$:0 �
'XLQYRHW��� �F+-=�"!G#E�E� �
'XLQ��� �F+-=�" �
6WUDQG��� �!"(�(�/H �
�
�
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+HW� LQGHOHQ� YDQ� GH� YHOGRSQDPHQ� LQ� VXEW\SHQ� HQ� KHW� VDPHQYRHJHQ� YDQ� GH]H� VXEW\SHQ� LQ�
NODVVHQ�]LMQ�FODVVLILFDWLHV�RS�]LFK]HOI��+HW�RSVWHOOHQ�YDQ�GH]H�LQGHOLQJHQ�LV�KDQGPDWLJ�JHVFKLHG��
KLHUGRRU�]LMQ�GH]H�UHGHOLMN�VXEMHFWLHI��'H�VXEW\SHQ�]LMQ�RS�]LFK]HOI�QDPHOLMN�RRN�ZHHU�PHQJVHOV�
YDQ�YHUVFKLOOHQGH�SODQWHQVRRUWHQ��ZDDUELM�ppQ�VRRUW� LQ�PHHUGHUH� VXEW\SHQ�YRRU�NDQ�NRPHQ��
'LW�UHVXOWHHUW�LQ�NODVVHQ�PHW�HHQ�UHODWLHI�JURWH�VSHFWUDOH�RYHUODS��



����
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���)X]]\�WUDLQLQJ�YRRU�PD[LPXP�OLNHOLKRRG�FODVVLILFDWLH�

7UDLQLQJ� LV�GH�HHUVWH� VWDS�YDQ�HHQ�VXSHUYLVHG� FODVVLILFDWLH��+HW�GRHO�YDQ�GH� WUDLQLQJ� LV�RS� WH�
JHYHQ�ZHONH� NODVVHQ� HU� RQGHUVFKHLGHQ� GLHQHQ� WH� ZRUGHQ�� HQ�ZDW� GH� NHQPHUNHQ� YDQ� GH]H�
NODVVHQ�]LMQ��2P�DDQ�GH� VSHFWUDOH�NHQPHUNHQ�YDQ�GH�NODVVHQ� WH�NRPHQ�ZRUGW�ELM�YHJHWDWLH�
FODVVLILFDWLH� PHHVWDO� JHHQ� JHEUXLN� JHPDDNW� YDQ� EHNHQGH� VSHFWUD� XLW� HHQ� ELEOLRWKHHN�� 'H�
DWPRVIHULVFKH�RPVWDQGLJKHGHQ�HQ�KHW�JURHLVWDGLXP�YDQ�GH�YHJHWDWLH�WHQ�WLMGH�YDQ�GH�RSQDPH�
EHwQYORHGHQ� GH� VSHFWUD� QDPHOLMN� VWHUN�� 'DDURP� ZRUGHQ� YRRU� LHGHUH� NODVVH� HHQ� DDQWDO�
UHSUHVHQWDWLHYH�SL[HOV�LQ�KHW�EHHOG�DOV�WUDLQLQJVVDPSOHV�JHVHOHFWHHUG��

�����$DQOHLGLQJ�

'H�PHHVWH� EHVWDDQGH� WHFKQLHNHQ� KHEEHQ� SXUH� SL[HOV� QRGLJ� YRRU� GH� WUDLQLQJ��'LW�PDDNW� GH�
WUDLQLQJ�YRRU�IX]]\�FODVVLILFDWLH�YDQ�QDWXXUOLMNH�YHJHWDWLH�ODVWLJ��:DQW�GH�UHGHQ�RP�YRRU�IX]]\�
FODVVLILFDWLH� WH� NLH]HQ� LV� MXLVW� GDW�PHQ� XLW� HUYDULQJ�ZHHW� GDW� HU� ELM� QDWXXUOLMNH� YHJHWDWLH� YHHO�
PL[HG� SL[HOV� LQ� KHW� WHUUHLQ� YRRUNRPHQ�� +LHUGRRU� ZRUGW� KHW� PRHLOLMN� RP� YROGRHQGH� SXUH�
WUDLQLQJVVDPSOHV�WH�YLQGHQ���
(HQ� YDQ� GH� PRJHOLMNKHGHQ� RP� GLW� SUREOHHP� KHW� KRRIG� WH� ELHGHQ� LV� ELMQD� SXUH� SL[HOV� WH�
JHEUXLNHQ� YRRU� GH� WUDLQLQJ�� (U� ]LMQ� ]HOIV� PHWKRGHQ� RP� GH� SXXUVWH� SL[HOV� LQ� HHQ� EHHOG� WH�
YLQGHQ�� GRRU� WH� ]RHNHQ� QDDU� XLWHUVWHQ� LQ� GH� IHDWXUHVSDFH� ]RDOV� GH� 3L[HO� 3XULW\� ,QGH[� �33,��
>(19,� 7XWRULDOV� ����� EO]�� ���@�� +HW� JHEUXLN� YDQ� ELMQD� SXUH� WUDLQLQJVVDPSOHV� LV� HFKWHU�
VXERSWLPDDO��+LHUELM�ZRUGW�QDPHOLMN�HHQ�GHHO�YDQ�GH�JHVFKDWWH�VSUHLGLQJ�YDQ�HHQ�NODVVH�QLHW�
YHURRU]DDNW�GRRU�GH�QDWXXUOLMNH�YDULDWLH� LQ�KHW� VSHFWUXP�YDQ�GLH�NODVVH��PDDU�GRRU�GH�PDWH�
ZDDULQ�HU�DDQGHOHQ�YDQ�DQGHUH�NODVVHQ�DDQZH]LJ�]LMQ��%LM�FULVS�FODVVLILFDWLH�]DO�GLW�QLHW�]R�VQHO�
WRW�SUREOHPHQ�OHLGHQ��RPGDW�YRRU�GH�PHHVWH�SL[HOV�GH�PHHVW�ZDDUVFKLMQOLMNH�NODVVH�QRJ�VWHHGV�
GH�JRHGH�NODVVH�]DO�]LMQ��%LM�IX]]\�FODVVLILFDWLH�ZLO�PHQ�HFKWHU�GH�NDQVHQ��RI�HHQ�DQGHUH�IX]]\�
ZDDUGH�� DOV� HLQGUHVXOWDDW� JHYHQ� HQ� GLH� ]XOOHQ� RS� GH]H� PDQLHU� HHQ� V\VWHPDWLVFKH� IRXW�
EHYDWWHQ��
�
�

9RRUEHHOG�
6WHO�� ZH� ZLOOHQ� GH� NODVVHQ� ERV� HQ� KHL� RQGHUVFKHLGHQ��:H� YHURQGHUVWHOOHQ� GDW� GH]H�
EHLGH� HHQ�JHOLMNH� VSUHLGLQJ�KHEEHQ�HQ�GDW� GH�EDQGHQ�RQGHUOLQJ�RQJHFRUUHOHHUG� ]LMQ��
�]LH�ILJXXU��������

�

�
)LJXXU� ����� )HDWXUHVSDFH�PHW� SXUH� VDPSOHV� YDQ�GH� NODVVH� KHL� HQ� VOHFKWV� GHHOV� SXUH�
VDPSOHV�YDQ�GH�NODVVH�ERV���



����

9RRU�GH�WUDLQLQJ�YDQ�GH�NODVVH�KHL�EHVFKLNNHQ�ZH�RYHU����SXUH�VDPSOHV��PDDU�YRRU�GH�
NODVVH�ERV�JHEUXLNHQ�ZH����SXUH�VDPSOHV�HQ����VDPSOHV�ZDDU�����KHL�LQ�YRRU�NRPW��
,Q�GDW�JHYDO�]DO�GH�JHVFKDWWH�VSUHLGLQJ��GH�HOOLSV�LQ�ILJXXU������YDQ�GH�NODVVH�ERV�JURWHU�
]LMQ� GDQ� GH� ZHUNHOLMNH� �GH� FLUNHO��� +LHUGRRU� ]DO� HHQ� SL[HO� PHW� KDOI� ERV� HQ� KDOI� KHL��
JHFODVVLILFHHUG�ZRUGHQ�DOV�]LMQGH�PHHU�ERV�GDQ�KHL��

�
'H�RSORVVLQJ� YRRU� HHQ�JHEUHN� DDQ� SXUH� WUDLQLQJVVDPSOHV�PRHW� QLHW� JH]RFKW�ZRUGHQ� LQ� KHW�
JHEUXLN�YDQ�ELMQD�SXUH�VDPSOHV�DOVRI�GH]H�SXXU�]LMQ��PDDU�LQ�KHW�VFKDWWHQ�YDQ�SXUH�VSHFWUD�XLW�
PL[HG� WUDLQLQJVVDPSOHV�� ,Q� GH� LGHDOH� VLWXDWLH� ]LMQ� GH� WUDLQLQJ�� GH� FODVVLILFDWLH� HQ� GH� YDOLGDWLH�
IX]]\�>)RRG\�����@���

�����1LHXZH�PHWKRGH�YRRU�IX]]\�WUDLQLQJ�

%LM�PD[LPXP�OLNHOLKRRG�FODVVLILFDWLH�ZRUGW�YRRU�LHGHUH�NODVVH�XLW�GH�WUDLQLQJVVHW�GH�JHPLGGHOGH�
JULMVZDDUGH�SHU�VSHFWUDOH�EDQG�EHUHNHQG�HQ�GH�VSUHLGLQJ�HQ�FRUUHODWLH�PHW�GH�DQGHUH�EDQGHQ��
+LHUELM� ZRUGW� GH� QRUPDOH� YHUGHOLQJ� YHURQGHUVWHOG�� +RH� NXQQHQ� GH]H� NHQPHUNHQ� JHVFKDW�
ZRUGHQ�PHW� PL[HG� SL[HOV"� )��:DQJ� >����@� VWHOW� HHQ�PHWKRGH� YRRU� ZDDUELM� HHQ� JHZRJHQ�
JHPLGGHOGH�HQ�HHQ�JHZRJHQ�HPSLULVFKH��FR�YDULDQWLH�ZRUGHQ�EHUHNHQG��PHW�GH�IUDFWLH�YDQ�GH�
EHWUHIIHQGH�NODVVH�DOV�JHZLFKW��'H]H�SURFHGXUH�OHLGW�HFKWHU�QLHW�WRW�]XLYHUH�VFKDWWLQJHQ�YRRU�
GH�VSHFWUD�YDQ�GH�SXUH�NODVVHQ�>(DVWPDQ�HQ�/DQH\������EO]������@��'H�QLHW�SXUH� WUDLQLQJV�
VDPSOHV� WUHNNHQ� QDPHOLMN� �RQGDQNV� KXQ� ODJHUH� JHZLFKW�� KHW� JHZRJHQ� JHPLGGHOGH� LQ� GH�
ULFKWLQJ�YDQ�GH�QLHW�SXUH�VSHFWUD���
(HQ� DQGHUH� PDQLHU� RP� PL[HG� SL[HOV� DOV� WUDLQLQJVVDPSOHV� WH� JHEUXLNHQ� JDDW� XLW� YDQ� KHW�
DI]RQGHUOLMN� WUDLQHQ� YRRU� YHUVFKLOOHQGH� PHQJYHUKRXGLQJHQ�� +LHUYRRU� ]LMQ� HFKWHU� WUDLQLQJV�
VDPSOHV� YRRU� DOOH� WH� RQGHUVFKHLGHQ� YHUKRXGLQJHQ� EHQRGLJG�� +LHUYRRU� ]RXGHQ� HUJ� YHHO�
WUDLQLQJVVDPSOHV�QRGLJ�]LMQ�ZDW�]HHU�RPYDQJULMN�YHOGZHUN�PHW�]LFK�PHH�]RX�EUHQJHQ��
,Q� GH]H� SDUDJUDDI� ZRUGW� GDDURP� HHQ� QLHXZH� PHWKRGH� EHVFKUHYHQ� ZDDUPHH� ]XLYHUH�
VFKDWWLQJHQ� YDQ� SXUH� VSHFWUD� HQ� KXQ� �FR�YDULDQWLH� YHUNUHJHQ� NXQQHQ� ZRUGHQ� XLW� PL[HG�
WUDLQLQJVVDPSOHV�� +LHUELM� ZRUGW� XLWJHJDDQ� YDQ� OLQHDLUH� YHUPHQJLQJ� YDQ� GH� VSHFWUD� �]LH�
SDUDJUDDI�������9RRU�GH�JULMVZDDUGH�YDQ�HHQ�PL[HG�SL[HO�JHOG�GDQ��
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9ROJHQV� ERYHQVWDDQG� PRGHO� OLJJHQ� LQ� GH� IHDWXUHVSDFH� SXQWHQ� PHW� YHUVFKLOOHQGH� PHQJ�
YHUKRXGLQJHQ�YDQ�WZHH�NODVVHQ�RS�HHQ�UHFKWH�OLMQ�WXVVHQ�GH�SXQWHQ�YDQ�GH�WZHH�SXUH�VSHFWUD�
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0HW�EHKXOS�YDQ�GH�NOHLQVWHNZDGUDWHQYHUHIIHQLQJ�NDQ�GDQ�HHQ�VFKDWWLQJ�YDQ�GH�SXUH�VSHFWUD�
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NOHLQVWHNZDGUDWHQYHUHIIHQLQJ� JHOLQHDULVHHUG� PRHWHQ� ZRUGHQ�� 'H� JHOLQHDULVHHUGH�
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'RRU� HHQ� DDQWDO� PDDO� GH� XLWNRPVW� DOV� QLHXZH� EHQDGHUGH� ZDDUGH� WH� JHEUXLNHQ�� NDQ� HHQ�
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)LJXXU� ����� )HDWXUHVSDFH�PHW� NOHLQVWHNZDGUDWHQVFKDWWLQJ� YDQ� WZHH� SXUH� VSHFWUD� XLW�
YLMI�PL[HG�SL[HOV��'H�SHUFHQWDJHV�JHYHQ�KHW�DDQGHHO�YDQ�ppQ�NODVVH�ZHHU��KHW�DDQGHHO�
YDQ�GH�DQGHUH�NODVVH�LV������PLQ�GLW�SHUFHQWDJH��

�
(U� LV� YHURQGHUVWHOG� GDW� GH� NODVVHQDDQGHOHQ� ]R� LQJHZRQQHQ� ]LMQ� GDW� ]H� YRRU� LHGHU� WUDLQLQJV�
VDPSOH� VDPHQ� �� JHYHQ�� 'DDURP� LV� KHW� DDQGHHO� YDQ� GH� NODVVH� K � YRRU� LHGHU� VDPSOH� JHHQ�
RQDIKDQNHOLMNH� ZDDUQHPLQJ� HQ� LV� GH]H� QLHW� RSJHQRPHQ� LQ� GH� ZDDUQHPLQJVYHUJHOLMNLQJHQ��
:DQQHHU� GH� DDQGHOHQ� QLHW� DOWLMG� VDPHQ� �� JHYHQ�� LV� KHW� DDQGHHO� YDQ� NODVVH� K � � ZHO� HHQ�
RQDIKDQNHOLMNH�ZDDUQHPLQJ��PDDU� QRJ� VWHHGV� JHHQ�RQDIKDQNHOLMNH� RQEHNHQGH�� ,Q� GDW� JHYDO�
NRPW�HU�YRRU�LHGHU�WUDLQLQJVVDPSOH� is �ppQ�ZDDUQHPLQJVYHUJHOLMNLQJ�ELM��
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+HW� RQGHUNHQQHQ� YDQ� GH� DDQZH]LJKHLG� YDQ� HHQ� RQEHNHQGH� NODVVH� LV� LQ� SULQFLSH� PRJHOLMN��
'H]H�]RX�GDQ�RRN�JHVFKDW�PRHWHQ�ZRUGHQ��=HHU�ZDDUVFKLMQOLMN� LV�HFKWHU�GH�YHURQGHUVWHOOLQJ�
YDQ�HHQ�QRUPDOH�YHUGHOLQJ�YRRU�GH]H�RQEHNHQGH�NODVVH�RQWHUHFKW���
�
'H�FRYDULDQWLHPDWUL[�YDQ�GH�VFKDWWLQJ�YDQ�GH�RQEHNHQGHQ� x̂ �NDQ�EHUHNHQG�ZRUGHQ�PHW��
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'LW� LV� ZDW� DQGHUV� GDQ� GH� VSUHLGLQJ� YDQ� GH� SXUH� VSHFWUD� GLH� LQ� GH� YROJHQGH� VXESDUDJUDDI�
JHVFKDW�ZRUGW�� ,Q�KHW�JHYDO�YDQ�SXUH�SL[HOV� ODDW�GLW�YHUVFKLO� ]LFK�HHQYRXGLJHU�XLWOHJJHQ��'H�
VSUHLGLQJ�YDQ�GH�SXUH�VSHFWUD�GLH� LQ�GH�YROJHQGH�VXESDUDJUDDI�JHVFKDW�ZRUGW�� LV�GH�YDULDWLH�
GLH� YRRUNRPW� LQ� KHW� VSHFWUXP� YDQ� SL[HOV� YDQ� HHQ� NODVVH�� 'LW� LV� GH� �FR�YDULDQWLH� YDQ� GH�
ZDDUQHPLQJHQ� � yQ ��� 'H� FRYDULDQWLHPDWUL[� YDQ� GH� RQEHNHQGHQ� � xQ ˆ �� JHHIW� DDQ�PHW�ZHONH�
SUHFLVLH�GH�RQEHNHQGHQ� �R�D��GH�YHUZDFKWLQJVZDDUGH�YDQ�GH�SXUH� VSHFWUD��EHSDDOG�NXQQHQ�
ZRUGHQ�XLW�GH�ZDDUQHPLQJHQ���

�������9DULDQWLHFRPSRQHQWHQPRGHOVFKDWWLQJ�YDQ�SXUH�VSHFWUD�

9RRU� HHQ� PD[LPXP�OLNHOLKRRG�FODVVLILFDWLH� LV� RRN� GH� VSUHLGLQJ� YDQ� GH� VSHFWUD� QRGLJ� YRRU�
FODVVLILFDWLH�� 1RUPDDO� JHVSURNHQ� ZRUGW� HHQ� VFKDWWLQJ� YDQ� KHW� NDQVPRGHO� YRRU� HHQ� NODVVH�
YHUNUHJHQ�PHW�GH�IRUPXOH�YRRU�GH�HPSLULVFKH��FR�YDULDQWLH��
�
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%LM�KHW�EHSDOHQ�YDQ�SXUH�VSHFWUD�XLW�PL[HG�SL[HOV�LV�GH]H�IRUPXOH�QLHW�PHHU�WRHUHLNHQG��,Q�GDW�
JHYDO�PRHW� GH�PHHU� DOJHPHQH�PHWKRGH� YDQ� YDULDQWLHFRPSRQHQWHQPRGHOVFKDWWLQJ� JHEUXLNW�
ZRUGHQ�� QHW� ]RDOV� GH� IRUPXOH� YRRU� KHW� JHPLGGHOGH� YHUYDQJHQ� PRHVW� ZRUGHQ� YRRU� HHQ�
NOHLQVWHNZDGUDWHQVFKDWWLQJ��2QGHU� EHSDDOGH� RPVWDQGLJKHGHQ� OHLGHQ� GH� DOJHPHQH� IRUPXOHV�
YDQ� GH� NOHLQVWHNZDGUDWHQYHUHIIHQLQJ� HQ� GH� YDULDQWLHFRPSRQHQWHQPRGHOVFKDWWLQJ� WRW� GH�
YHUHHQYRXGLJGH�IRUPXOHV�YDQ�JHPLGGHOGH�HQ�HPSLULVFKH��FR�YDULDQWLH���
%LM� YDULDQWLHFRPSRQHQWHQPRGHOVFKDWWLQJ�� ]RDOV� EHVFKUHYHQ� LQ� 9HUKRHI� >����� EO]�� �����@��
ZRUGW� GH� FRYDULDQWLHPDWUL[� yQ � JHVFKUHYHQ� DOV� GH� JHZRJHQ� VRP�YDQ� P � FRPSRQHQWHQ� pQ �
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$DQJH]LHQ� yQ �� GLH� EHSDDOG� ZRUGW�� RRN� LQ� GH� IRUPXOH� YRRU� plN � YRRUNRPW�� ]DO� PHQ� RYHU�
EHQDGHUGH�ZDDUGHQ�YRRU�GH��FR�YDULDQWLHIDFWRUHQ�PRHWHQ�EHVFKLNNHQ��+LHUYRRU�NDQ�KHW]HOIGH�
NDQVPRGHO�JHEUXLNW�ZRUGHQ�GDW�YRRU�GH�YHUHIIHQLQJ�YHURQGHUVWHOG�LV��'H�EHUHNHQLQJ�]DO�GDQ�
LWHUDWLHI�PRHWHQ�SODDWVYLQGHQ��ZDDUELM� YRRU� HONH� LWHUDWLHVWDS�GH�EHQDGHUGH�ZDDUGHQ�ZRUGHQ�
YHUEHWHUG���
�
2SVWHOOHQ�YDQ�KHW�PRGHO�
,Q� SULQFLSH� NXQQHQ� GH� FRPSRQHQWHQ� pQ � RS� YHHO� PDQLHUHQ� JHNR]HQ� ZRUGHQ�� 1LHW� LHGHUH�
NHX]H�LV�HFKWHU�HYHQ�]LQYRO��:H�ZLOOHQ��QHW�DOV�ELM�GH�DDQZH]LJKHLG�YDQ�SXUH�WUDLQLQJVVDPSOHV��
GH�VSUHLGLQJ�YDQ�GH�SXUH�VSHFWUD�VFKDWWHQ��'DDURP�PRHW�GH�FRYDULDQWLHPDWUL[�YDQ�HHQ�VDPSOH�
PHW�HHQ�ZLOOHNHXULJH�PHQJYHUKRXGLQJ�XLWJHGUXNW�ZRUGHQ�DOV�IXQFWLH�YDQ�GH�FRYDULDQWLHPDWUL[�
YDQ�GH�SXUH�VSHFWUD��
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'H� WHUPHQ� GLH� GH� FRUUHODWLH� WXVVHQ� GH� NODVVHQ� EHVFKULMYHQ� ]LMQ�ZHJJHODWHQ�� RPGDW� GH]H� ELM�
FULVS�PD[LPXP�OLNHOLKRRG�WUDLQLQJ�RRN�QLHW�JHVFKDW�ZRUGHQ��'LW�]LMQ�WHUPHQ�GLH�GH�FRYDULDQWLH�
YDQ�GH�JULMVZDDUGHQ� YDQ� ppQ�EDQG� �RI� WZHH� YHUVFKLOOHQGH�EDQGHQ�� WXVVHQ� WZHH�NODVVHQ� ]LMQ�
XLWGUXNNHQ��]RDOV�
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WH� NLH]HQ� FRPSRQHQWHQ� pQ �� :DQQHHU� ZH� HYHQYHHO� SDUDPHWHUV� YDQ� GH� VSUHLGLQJ� ZLOOHQ�
VFKDWWHQ� DOV� ELM� JHZRQH� PD[LPXP�OLNHOLKRRG�WUDLQLQJ�� ]DO� YRRU� LHGHUH� YDULDQWLH� HQ� LHGHUH�
FRYDULDQWLH� HHQ� FRPSRQHQW� RSJHVWHOG� PRHWHQ� ZRUGHQ�� 'LW� UHVXOWHHUW� LQ� 21
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YDULDQWLH� YRRU� GH� ZDDUQHPLQJHQ� YDQ� GH� NODVVHQDDQGHOHQ� JHVFKDW� ZRUGHQ�� +RHZHO� GH]H�
ZDDUQHPLQJHQ� JHFRUUHOHHUG� ]RXGHQ� NXQQHQ� ]LMQ�� ]XOOHQ� KLHU� JHHQ� IDFWRUHQ� YRRU� JHVFKDW�
ZRUGHQ��
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'H� WHUPHQ�DOV�JHYROJ�YDQ�GH�FRUUHODWLH� WXVVHQ�GH�NODVVHQ�]LMQ�ZHGHURP�ZHJJHODWHQ��
2P�KHW�PRGHO�FRPSOHHW�WH�NULMJHQ�ZRUGHQ�RRN�YDULDQWLHV�YRRU�GH�ZDDUQHPLQJHQ�YDQ�
GH�NODVVHQDDQGHOHQ�JHVFKDW��HYHQWXHOH�FRYDULDQWLHV�]LMQ�YHUZDDUORRVG��

�
1HW� DOV� ELM� FULVS� WUDLQLQJ� YRRU� PD[LPXP�OLNHOLKRRG�FODVVLILFDWLH� PRHWHQ� HU� ZHO� YROGRHQGH�
WUDLQLQJVVDPSOHV�EHVFKLNEDDU�]LMQ�RP�DOOH� �FR�YDULDQWLHV� WH� VFKDWWHQ��(HQ�QHJDWLHYH� VFKDWWLQJ�
YRRU�HHQ�YDULDQWLHIDFWRU�GXLGW�PHHVWDO�RS�HHQ�VOHFKW�JHNR]HQ�PRGHO�RI�WH�ZHLQLJ�VDPSOHV��'H�
SUHFLVLH� YDQ� GH� JHVFKDWWH� IDFWRUHQ� LV� QDPHOLMN� DIKDQNHOLMN� YDQ� GH� RYHUWDOOLJKHLG�� 'H�
FRYDULDQWLHPDWUL[�YDQ�GH�JHVFKDWWH��FR�YDULDQWLHV�NDQ�EHUHNHQG�ZRUGHQ�PHW��
�

1
ˆ 2 −= NQσ � PHW��� ( )1 1spoorpq y A p y A qN Q P Q Q P Q− ⊥ − ⊥= �

�
'LW�JHHIW�GH�SUHFLVLH�ZDDUPHH�GH�SUHFLVLH�JHVFKDW�LV��

�������,WHUDWLH�

'H�NDQVPRGHOVFKDWWLQJ�ZRUGW�XLWJHYRHUG�QD�GH�YHUHIIHQLQJ��+HW�UHVXOWDDW�YDQ�GH�YHUHIIHQLQJ�
LV�QDPHOLMN�QRGLJ�YRRU�GH�NDQVPRGHOVFKDWWLQJ��2PGDW�KHW� UHVXOWDDW� YDQ�GH�YHUHIIHQLQJ�RRN�
DIKDQNHOLMN� LV�YDQ�KHW�YHURQGHUVWHOGH�NDQVPRGHO�]DO�HHQ� LWHUDWLH�XLWJHYRHUG�PRHWHQ�ZRUGHQ��
'LW�LV�HHQ�GHUGH�LWHUDWLH�GLH�RYHU�GH�WZHH�HHUGHUJHQRHPGH�LWHUDWLHV�XLWJHYRHUG�PRHW�ZRUGHQ��
�
�
� ,WHUDWLH�ELM�GH�YHUHIIHQLQJ�YRRU�QLHW�OLQHDLULWHLW�
� ,WHUDWLH�ELM�GH�NDQVPRGHOVFKDWWLQJ�YRRU�GH�DIKDQNHOLMNKHLG�YDQ�GH�LQYRHU�YDQ�GH�XLWYRHU�
�

�����([SHULPHQW�

'H�PHWKRGH�YRRU�IX]]\�WUDLQLQJ�LV�JHWHVW�GRRU�HHQ�H[SHULPHQW�XLW�WH�YRHUHQ��2P�KLHUELM�DDQ�
PL[HG�SL[HOV�PHW�HHQ�EHNHQGH�NODVVHQYHUGHOLQJ�WH�NRPHQ��]LMQ�HHQ�EHHOG�HQ�HHQ�ELMEHKRUHQG�
UDVWHUEHVWDQG�PHW�YHOGJHJHYHQV�JURYHU�JHUHVDPSOHG��+HW�JHEUXLNWH�EHHOG�LV�HHQ�GHHO�YDQ�HHQ�
RSQDPH�XLW������YDQ�GH�/DQGVDW�7KHPDWLF�0DSSHU��'LW�EHHOG�PHW�SL[HOV�YDQ����ELM����PHWHU�
EHVODDW�HHQ�JHELHG�URQG�%LGGLQJKXL]HQ�LQ�)OHYRODQG��]LH�ILJXXU����D���'H�EDQGHQ������HQ���]LMQ�
JHEUXLNW�� 9RRU� GLW� H[SHULPHQW� ]LMQ� DOOHHQ� GH� GULH� PHHVW� YRRUNRPHQGH� JHZDVVHQ� JHEUXLNW��
WDUZH��DDUGDSSHOV�HQ�VXLNHUELHWHQ��]LH�ILJXXU����E���
�

�
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�D�� �E��
)LJXXU����D��/DQGVDW�EHHOG��EDQGHQ����URRG������JURHQ��HQ����EODXZ���E��5DVWHUEHVWDQG�
PHW�YHOGJHJHYHQV��NODVVHQ�WDUZH��URRG���DDUGDSSHOV��JURHQ���VXLNHUELHWHQ��EODXZ���

�
=RZHO�KHW� /DQGVDW�EHHOG�DOV�KHW� UDVWHUEHVWDQG�PHW�YHOGJHJHYHQV� ]LMQ�JHUHVDPSOHG�PHW�HHQ�
IDFWRU�DFKW��,Q�HONH�EDQG�YDQ�KHW�EHHOG�LV�SHU�JHELHGMH�YDQ���ELM���SL[HOV�GH�JHPLGGHOGH�JULMV�
ZDDUGH�JHQRPHQ�� UHVXOWHUHQG� LQ�GULH�QLHXZH�EDQGHQ�PHW�SL[HOV�YDQ�����ELM�����PHWHU� �]LH�
ILJXXU� ���D��� ,Q� KHW� UDVWHUEHVWDQG� YDQ� GH� YHOGJHJHYHQV� ]LMQ� SHU� JHELHGMH� YDQ� ��� SL[HOV� GH�
DDQGHOHQ�YDQ�GH�GULH�NODVVHQ�EHUHNHQG��]LH�ILJXXU����E���
�

�D�� �E��
)LJXXU����D��*HUHVDPSOHG�/DQGVDW�EHHOG�DOVRI�KHW�LV�RSJHQRPHQ�GRRU�HHQ�VHQVRU�PHW�
JURWHUH�SL[HOV��E��*HUHVDPSOHG�UDVWHUEHVWDQG�PHW�YHOGJHJHYHQV�PHW�GH�RSSHUYODNWH�
DDQGHOHQ�YDQ�GH�GULH�JHZDVVHQ�DOV�URRG��JURHQ�HQ�EODXZ���
�

'RRUGDW�HU�LQ�GH�RULJLQHOH�YHOGJHJHYHQV�PHHU�NODVVHQ�DDQZH]LJ�]LMQ�GDQ�WDUZH��DDUGDSSHOV�HQ�
VXLNHUELHWHQ� ]LMQ� QLHW� DOOH� JHUHVDPSOHGH� SL[HOV� EUXLNEDDU� YRRU� IX]]\� WUDLQLQJ�� 9RRU� FULVS�
WUDLQLQJ�]LMQ�HFKWHU�QRJ�PLQGHU�VDPSOHV�EHVFKLNEDDU��(U�]LMQ�����SL[HOV�ZDDULQ�GH�GULH�NODVVHQ�
VDPHQ�PHHU�GDQ�����EHGHNNHQ�HQ�PDDU����SL[HOV�ZDDU�ppQ�NODVVH�����EHGHNW��]LH�ILJXXU�
������

�

�D�� �E��
)LJXXU����D��9RRU�FULVS�WUDLQLQJ�EUXLNEDUH�JHUHVDPSOHGH�SL[HOV��E��9RRU�IX]]\�WUDLQLQJ�
EUXLNEDUH�JHUHVDPSOHGH�SL[HOV��

�
'H� KHOIW� YDQ� GH� YHOGJHJHYHQV� ����� YDQ� GH� SL[HOV� XLW� ILJXXU� ���E�� LV� JHEUXLNW� YRRU� IX]]\�
WUDLQLQJ� RS� KHW� JHUHVDPSOHGH� EHHOG��'H]H� LV� YHUJHOHNHQ�PHW� FULVS� WUDLQLQJ� RS� GH� SL[HOV� XLW�
ILJXXU� ���� LQ� KHW� RQJHUHVDPSOHGH� EHHOG�� 'H� YHUNUHJHQ� VSHFWUD� HQ� KXQ� FRYDULDQWLHPDWULFHV�
ZDUHQ� YHUVFKLOOHQG�� 'H� RYHUDOO�DFFXUDFLHV� YDQ� FODVVLILFDWLHV� YRRU� IX]]\� HQ� FULVS� JHVFKDWWH�
VSHFWUD�ODJHQ�HFKWHU�EHLGH�URQG�GH�����HQ�YHUVFKLOGHQ�VOHFKWV�HQNHOH�SURFHQWHQ��

�



����

�
� )LJXXU������9RRU�FULVS�WUDLQLQJ�JHEUXLNWH�RQJHUHVDPSOHGH�SL[HOV��
�

+HW�JULMVZDDUGHEHUHLN�YDQ�KHW�EHHOG� LV��������'H�IX]]\�JHVFKDWWH�JHPLGGHOGHQ�YDQ�GH�SXUH�

NODVVHQ� YHUVFKLOOHQ� SHU� EDQG� FD�� ���� PHW� GH� VSHFWUD� EHSDDOG� XLW� ILJXXU� ���E�� 'H� GRRUVQHH�

VWDQGDDUGDIZLMNLQJ� YDQ� GH]H� VFKDWWLQJHQ� ˆb Cj k
χσ � LV� ������ +HW� YHUVFKLO� LQ� GH� JHVFKDWWH�

JHPLGGHOGH�JULMVZDDUGHQ�LV�GXV�]R©Q�GULH�NHHU�GH�VWDQGDDUGDIZLMNLQJ��'H�VSHFWUD�EHSDDOG�XLW�

ILJXXU�����YHUVFKLOGHQ�HFKWHU�RRN�FD������PHW�GH�VSHFWUD�EHSDDOG�XLW� ILJXXU����E��HQ�FD������

PHW�GH�IX]]\�JHVFKDWWH�VSHFWUD��%OLMNEDDU�LV�GH�DIZLMNLQJ�WRFK�QLHW�]R�XLW]RQGHUOLMN�JURRW��

'H�JHVFKDWWH�VSUHLGLQJ��VWDQGDDUGDIZLMNLQJ��LQ�HHQ�EDQG�YRRU�HHQ�NODVVH� ˆ
b Cj k

χσ �LV�]R©Q������'H�

VWDQGDDUGDIZLMNLQJ�YDQ�GH]H�JHVFKDWWH�VWDQGDDUGDIZLMNLQJ� ˆ
b Cj kχσσ � LV� ]R©Q�������'H�VSUHLGLQJ�

JHVFKDW�XLW�ILJXXU����D�LV�]R©Q������'LW�NRPW�GXV�RYHUHHQ�PHW�IX]]\�JHVFKDWWH�VSUHLGLQJ��

�

'H�VWDQGDDUGDIZLMNLQJ�ZDDUPHH�GH�NODVVHQDDQGHOHQ�LQ�GH�YHUHIIHQLQJ�EHSDDOG�ZRUGHQ�
Ĉ sk i

f
σ �

LV� FD�� ������� 'H� VFKDWWLQJ� YDQ� GH� PHHWSUHFLVLH� �VWDQGDDUGDIZLMNLQJ�� ZDDUPHH� GH�

¦ZDDUQHPLQJHQ§� YDQ� GH� NODVVHQDDQGHOHQ� JHGDDQ� ]LMQ� ˆ
C sk i

fσ � LV� PHW� KHW� YDULDQWLH�

FRPSRQHQWHQPRGHO�JHVFKDW�RS��������'H�SUHFLVLH��VWDQGDDUGDIZLMNLQJ��ZDDUPHH�GH]H�PHHW�

SUHFLVLH�JHVFKDW�LV� ˆ fC sk i
σσ �EHGUDDJW���������

�

2PGDW� HU� JHHQ� EHSHUNLQJ� LV� RSJHJHYHQ� YRRU� KHW� LQWHUYDO� ZDDUELQQHQ� GH� IUDFWLHV� PRHWHQ�

YDOOHQ��ZRUGHQ�RRN�HQNHOH�NODVVHQDDQGHOHQ�JHVFKDW�HQ�GLH�NOHLQHU�]LMQ�GDQ���RI�JURWHU�GDQ����

'H�YHUVW�EXLWHQ�KHW�LQWHUYDO�JHOHJHQ�VFKDWWLQJ�ZDV��������:DQQHHU�KHW�]HNHU�]RX�]LMQ�GDW�GH�

PL[HG� SL[HOV� YROOHGLJ� VDPHQJHVWHOG� ]LMQ� XLW� GH� GULH� JHZDVVHQ�� LV� GLW� QLHW� JRHG�� %LM� GLW�

H[SHULPHQW�LV�HFKWHU�WRW����SURFHQW�YDQ�HHQ�RQEHNHQGH�NODVVH�LQ�HHQ�PL[HG�SL[HO�WRHJHVWDDQ��

'DDURP�]LMQ�VFKDWWLQJHQ�WRW�HHQ�WLHQGH�NOHLQHU�GDQ���RI�JURWHU�GDQ���QLHW�YHUZRQGHUOLMN��+RH�

GH�YHUHIIHQLQJ�XLWJHYRHUG�NDQ�ZRUGHQ�PHW�HHQ�YRRUZDDUGHQ�GDW�GH�NODVVHQDDQGHOHQ�WXVVHQ���

HQ���OLJJHQ��]RX�RQGHU]RFKW�PRHWHQ�ZRUGHQ���
�

$OV� D� SULRUL�ZDDUGHQ� YRRU� KHW� NDQVPRGHO� ]LMQ�
b Cj k

o
χσ �  � ���� HQ�

C sk i

o
fσ  � ����� JHQRPHQ��'H�

LQYORHG� YDQ� GLW� DDQJHQRPHQ� NDQVPRGHO� EOLMNW� JHULQJ� WH� ]LMQ�� %LM� DQGHUH� ZDDUGHQ� ]RDOV�

UHVSHFWLHYHOLMN� ���� HQ� ����� YHUVFKLOGHQ� GH� JHVFKDWWH� VSHFWUD� PLQGHU� GDQ� �����:DQQHHU� KHW�

EHQDGHUGH�NDQVPRGHO�HFKWHU�WH�YHHO�DIZLMNW��FRQYHUJHHUW�GH�PHWKRGH�HHQ�YHUNHHUGH�NDQW�RS��

%LM�GH�D�SULRUL�ZDDUGHQ�YDQ�UHVSHFWLHYHOLMN�����HQ������UHVXOWHHUGH�GLW�LQ�VWDQGDDUGDIZLMNLQJHQ�

YRRU�GH�JULMVZDDUGHQ�YDQ�����%RYHQGLHQ� OHNHQ�GH�JHVFKDWWH�SXUH�VSHFWUD� LQ�GH�YHUVWH�YHUWH�

QLHW�PHHU�RS�GLH�YDQ�GH�ELMQD�SXUH�VDPSOHV��GH�DIZLMNLQJHQ�OLHSHQ�LQ�GH�WLHQWDOOHQ��
�

'H�YRRUJHVWHOGH�QLHXZH�PHWKRGH�YRRU�IX]]\�WUDLQLQJ�EOLMNW�WH�NXQQHQ�ZHUNHQ��2I�GH�PHWKRGH�

RRN�LQ�GH�SUDNWLMN�HHQ�YHUEHWHULQJ�NDQ�JHYHQ��]RX�XLW�YHUGHU�RQGHU]RHN�PRHWHQ�EOLMNHQ��



� ��

�����%HVFKRXZLQJ�HQ�DDQEHYHOLQJHQ�

,Q�GLW�KRRIGVWXN�LV�EHVFKUHYHQ�RS�ZHONH�ZLM]H�XLW�PL[HG�SL[HOV�GH�SXUH�VSHFWUD�JHVFKDW�NXQQHQ�
ZRUGHQ� LQFOXVLHI� KXQ� VSUHLGLQJ�� ]RGDW� YHUYROJHQV� HHQ� PD[LPXP�OLNHOLKRRG�FODVVLILFDWLH�
XLWJHYRHUG�NDQ�ZRUGHQ�DOVRI�HU�ZHO�SXUH�VDPSOHV�EHVFKLNEDDU�ZDUHQ���
(HQ�YRRUGHHO�YDQ�GH]H�PHWKRGH� LV�GDW�GH]H�VFKDWWLQJHQ�JHHIW�]RQGHU�V\VWHPDWLVFKH�IRXW�DOV�
JHYROJ� YDQ� KHW� JHEUXLN� YDQ� ELMQD� SXUH� WUDLQLQJVVDPSOHV�� (HQ� WZHHGH� YRRUGHHO� LV� GDW�PHHU�
SL[HOV� LQ� HHQ� EHHOG� EUXLNEDDU� ]LMQ� DOV� WUDLQLQJVVDPSOH�� 'LW� EUHQJW� YHUVFKLOOHQGH� QLHXZH�
PRJHOLMNKHGHQ�PHW�]LFK�PHH��(pQ�PRJHOLMNKHLG�LV�KHOH�JHELHGHQ��RQGDQNV�KHWHURJHQLWHLW��YRRU�
WUDLQLQJ� WH� JHEUXLNHQ��ZDDUGRRU� VQHO�PHHU� VDPSOHV� YHUNUHJHQ� NXQQHQ�ZRUGHQ�� (HQ� DQGHUH�
PRJHOLMNKHLG� LV� WUDLQLQJVVDPSOHV�RS� UDQGRP�SODDWVHQ� LQ� WH�ZLQQHQ��ZDW�GH� UHSUHVHQWDWLYLWHLW�
ZHOOLFKW�WHQ�JRHGH�NRPW��
(HQ�QDGHHO� LV�GDW�YRRU�DOOH� WUDLQLQJVVDPSOHV�GH� IUDFWLHV�YDQ�GH�YHUVFKLOOHQGH�NODVVHQ�EHNHQG�
PRHWHQ� ]LMQ��:DQQHHU� GH]H� NODVVHQDDQGHOHQ� LQ� KHW� YHOG� LQJHZRQQHQ�ZRUGHQ�� EHWHNHQW� GLW�
ERYHQGLHQ� GDW� GH� WUDLQLQJVVDPSOHV� PHW� YROGRHQGH� SUHFLVLH� LQ� KHW� EHHOG� WHUXJJHYRQGHQ�
PRHWHQ�NXQQHQ�ZRUGHQ��(HQ�HYHQWXHHO� WZHHGH�QDGHHO� LV�GDW�HU�QLHW� ODQJHU�HHQ�HHQYRXGLJH�
ULFKWOLMQ�WH�JHYHQ�LV�YRRU�KHW�DDQWDO�VDPSOHV�GDW�EHQRGLJG�LV�YRRU�HHQ�JRHGH�EHVFKULMYLQJ�YDQ�
GH� NODVVHQ�� +HW� EHQRGLJGH� DDQWDO� LV� QDPHOLMN� QLHW� ODQJHU� DOOHHQ� DIKDQNHOLMN� YDQ� KHW� DDQWDO�
NODVVHQ� HQ� EDQGHQ�PDDU� RRN� YDQ� GH� NODVVHQYHUKRXGLQJHQ� YDQ� GH� VDPSOHV��0HW� ELMQD� SXUH�
VDPSOHV�]XOOHQ�HU�PLQGHU�QRGLJ�]LMQ�GDQ�PHW�VDPSOHV�YDQ�DOOH�YHUKRXGLQJHQ��,Q�KHW�JHYDO�GDW�
DOOH� VDPSOHV� GH]HOIGH� PHQJYHUKRXGLQJ� KHEEHQ� LV� KHW� ]HOIV� RQPRJHOLMN� RP� SXUH� VSHFWUD� WH�
VFKDWWHQ�� 'H� FRYDULDQWLHPDWULFHV� YDQ� GH� VSHFWUD� xQˆ � HQ� YDQ� GH� �FR�YDULDQWLHV� σ̂Q � ]LMQ� HHQ�
PDDW�YRRU�GH�NZDOLWHLW�YDQ�GH�EHVFKULMYLQJ�YDQ�GH�SXUH�NODVVHQ��
�
8LWHLQGHOLMN� LV� HU� YRRU� HHQ� N�QHDUHVW�QHLJKERXUV�FODVVLILFDWLH� JHNR]HQ� LQ� SODDWV� YDQ� HHQ�
PD[LPXP�OLNHOLKRRG�FODVVLILFDWLH��]LH�SDUDJUDDI�������'DDURP�LV�GH�EHVFKUHYHQ�PHWKRGH�YRRU�
IX]]\� PD[LPXP�OLNHOLKRRG�WUDLQLQJ� QLHW� YHUGHU� RQGHU]RFKW�� 9RRU� WRHSDVVLQJ� YDQ� GH]H�
PHWKRGH�]LMQ�HQLJH�DDQEHYHOLQJHQ�YRRU�YHUGHU�RQGHU]RHN�WH�JHYHQ��
- (U�LV�DDQJHWRRQG�GDW�GH�PHWKRGH�]RX�NXQQHQ�ZHUNHQ��PDDU�QRJ�QLHW�RI�GH]H�LQ�EHSDDOGH�
VLWXDWLHV� RRN�EHWHU� LV��+LHUYRRU� LV� HHQ� DDQYXOOHQG� H[SHULPHQW� QRGLJ�RS� HHQ�EHHOG�ZDDUYRRU�
FULVS� WUDLQLQJ� QLHW� PRJHOLMN� LV� HQ� ZDDUYRRU� WLMGHQV� YHOGZHUN� GH� NODVVHQDDQGHOHQ� YDQ� IX]]\�
WUDLQLQJVVDPSOHV�YDVWJHVWHOG�]LMQ��
- 'H� FRUUHODWLH� WXVVHQ�GH�NODVVHQ� LV� VWHHGV� YHUZDDUORRVG��9HUGHU� RQGHU]RHN� ]RX�XLW�PRHWHQ�
ZLM]HQ� RI� GH]H� FRUUHODWLH� DDQZH]LJ� LV� HQ� RI� KHW� YHUZDDUOR]HQ� RI� MXLVW� VFKDWWHQ� YDQ� GH]H�
FRUUHODWLH� EHWHUH� UHVXOWDWHQ� JHHIW�� 2RN� DQGHUH� PRJHOLMNH� YDULDWLHV� LQ� KHW� RSVWHOOHQ� YDQ� KHW�
YDULDQWLHFRPSRQHQWHQPRGHO�]RXGHQ�RQGHU]RFKW�NXQQHQ�ZRUGHQ��
- :HOOLFKW� LV� KHW�PRJHOLMN�GH� IRUPXOHV� YRRU� GH�NDQVPRGHOVFKDWWLQJ� WH� YHUHHQYRXGLJHQ� YRRU�
GH]H� WRHSDVVLQJ� �QHW� ]RDOV� GH� JHEUXLNHOLMNH� IRUPXOH� YRRU� GH� HPSLULVFKH� �FR�YDULDQWLH� HHQ�
YHUHHQYRXGLJLQJ�LV���%LM�YHHOYXOGLJ�JHEUXLN�YDQ�GH]H�PHWKRGH�YRRU�IX]]\�WUDLQLQJ�]RX�KHW�GH�
PRHLWH�ZDDUG�NXQQHQ�]LMQ�GLW�XLW�WH�]RHNHQ��
- 7HQVORWWH� LV�KHW� WRHSDVVHQ�YDQ�GH� WRHWVLQJVWKHRULH� DDQ� WH�EHYHOHQ�� )RXWH� VDPSOHV� NXQQHQ�
LPPHUV�JURWH� LQYORHG�KHEEHQ�RS�GH�JHVFKDWWH�VSHFWUD�HQ��FR�YDULDQWLHV��%RYHQGLHQ�NDQ�GDQ�
RRN� KHW� YHURQGHUVWHOGH� �NDQV�PRGHO� JHWRHWVW� ZRUGHQ�� ]RDOV� GH� OLQHDLUH� YHUPHQJLQJ� HQ� GH�
QRUPDOH�YHUGHOLQJ�YDQ�GH�SXUH�VSHFWUD���
�



����
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���3UREDELOLVWLVFKH�VHJPHQWDWLH�

3UREDELOLVWLVFKH�VHJPHQWDWLH�>*RUWH�����@�EHVWDDW�XLW�HHQ�LQWHJUDWLH�YDQ�EHHOGVHJPHQWDWLH�HQ�
�FODVVLILFDWLH��'H�FODVVLILFDWLH�YLQGW�SODDWV�RS�JURQG�YDQ�GH�IRUPXOH�YDQ�%D\HV��SDUDJUDDI�������
0HW�EHKXOS�YDQ�KHW�UHVXOWDDW�YDQ�HHQ�VWDWLVWLVFKH�FODVVLILFDWLHPHWKRGH��SDUDJUDDI������ZRUGHQ�
ORNDOH� D� SULRUL� NDQVHQ� RS� GH� NODVVHQ� JHVFKDW� �SDUDJUDDI� ������ 'H]H� ORNDOH� D� SULRUL� NDQVHQ�
NXQQHQ� YHUYROJHQV� JHEUXLNW� ZRUGHQ� RP� GH� FODVVLILFDWLH� WH� YHUEHWHUHQ�� +LHUYRRU� LV� HHQ�
RSGHOLQJ�YDQ�KHW�EHHOG� LQ�VHJPHQWHQ�QRGLJ��ZDDUELM�GH�VHJPHQWHQ�]R�YHHO�PRJHOLMN�VDPHQ�
YDOOHQ�PHW�WHUUHLQREMHFWHQ��SDUDJUDDI�������,Q�GLW�KRRIGVWXN�]DO�GH�WKHRULH�YDQ�SUREDELOLVWLVFKH�
VHJPHQWDWLH� EHVFKUHYHQ� ZRUGHQ�� (HQ� KDQGOHLGLQJ� YRRU� KHW� JHEUXLNWH� SURJUDPPD� LV�
RSJHQRPHQ�LQ�ELMODJH����

�����&ODVVLILFDWLH�

+HW�GRHO�YDQ�HHQ�FODVVLILFDWLH�LV�KHW�LQGHOHQ�YDQ�REMHFWHQ�LQ�NODVVHQ��%LM�UHPRWH�VHQVLQJ�LV�KHW�
JHEUXLNHOLMN�RP�SHU�SL[HO�WH�FODVVLILFHUHQ��PDDU�RRN�JURHSHQ�SL[HOV��VHJPHQWHQ��]LMQ�PRJHOLMNH�
REMHFWHQ�YRRU�FODVVLILFDWLH��(U� ]LMQ�YHHO�YHUVFKLOOHQGH�PHWKRGHQ�RQWZLNNHOG�PHW�DOOHPDDO�KXQ�
YRRU��HQ�QDGHOHQ��9DQ�EHODQJ�ELM�GLW�RQGHU]RHN�LV�GDW�GH�PHWKRGH�SHU�SL[HO��GH�NDQV�RS�LHGHUH�
NODVVH� PRHW� JHYHQ�� 'LW� LV� QDPHOLMN� QRRG]DNHOLMN� DOV� LQYRHU� YRRU� GH� SUREDELOLVWLVFKH�
VHJPHQWDWLH��'DDUQDDVW�PRHW�GH�PHWKRGH�LQVWDDW�]LMQ�RP�K\SHUVSHFWUDOH�GDWD�WH�FODVVLILFHUHQ���
&ODVVLILFDWLHPHWKRGHQ�GLH�GH�NDQV�RS� LHGHUH�NODVVH�EHUHNHQHQ�RP�GH�NODVVH�PHW�GH�JURRWVWH�
NDQV�WH�VHOHFWHUHQ�ZRUGHQ�VWDWLVWLVFKH�FODVVLILFDWLHPHWKRGHQ�JHQRHPG��(U�]LMQ�RRN�FODVVLILFDWLH�
PHWKRGHQ�GLH�RS�DQGHUH�JURQGHQ�FODVVLILFHUHQ��:DQQHHU�QLHW�GH�NODVVH�PHW�GH�KRRJVWH�NDQV��
PDDU�GH�NDQV��SHU�NODVVH�DOV�XLWYRHU�ZRUGW�JHJHYHQ��ZRUGW�HHQ�IX]]\�VWDWLVWLVFKH�FODVVLILFDWLH�
SHU�SL[HO�YHUNUHJHQ��'H]H�IX]]\�FODVVLILFDWLH�]RX�DOV�HLQGUHVXOWDDW�JHEUXLNW�NXQQHQ�ZRUGHQ��%LM�
GLW� RQGHU]RHN� GLHQW� GH]H� HFKWHU� DOV� LQYRHU� YRRU� GH� YROJHQGH� VWDS� LQ� GH� SUREDELOLVWLVFKH�
VHJPHQWDWLH��QDPHOLMN�KHW�EHSDOHQ�YDQ�GH�NODVVHQDDQGHOHQ�SHU�VHJPHQW��]LH�SDUDJUDDI��������

�������)RUPXOH�YDQ�%D\HV��

(HQ�VWDWLVWLVFKH�FODVVLILFDWLHPHWKRGH�EHSDDOW�SHU�SL[HO�GH�PHHVW�ZDDUVFKLMQOLMNH�NODVVH��+LHUYRRU�
PRHW�GH�NDQV�RS�LHGHUH�NODVVH�EHNHQG�]LMQ��'H]H�NDQV�GDW�HHQ�SL[HO� p �PHW�IHDWXUHYHFWRU� pχ �
WRW�NODVVH� k �EHKRRUW��NDQ�EHUHNHQG�ZRUGHQ�PHW�GH�IRUPXOH�YDQ�%D\HV���
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PHW�� )|( pkCP χ � D�SRVWHULRUL�NDQV�RS�HHQ�NODVVH��

)|( kp CP χ � FRQGLWLRQHOH�NDQV�RS�HHQ�IHDWXUHYHFWRU��

)( kCP �� D�SULRUL�NDQV�RS�HHQ�NODVVH��

)( pP χ �� NDQV�RS�HHQ�IHDWXUHYHFWRU��

�
�

9RRUEHHOG�
'H� IRUPXOH� YDQ� %D\HV� ODDW� ]LFK� DDQ� GH� KDQG� YDQ� ILJXXU� ���� HHQYRXGLJ� XLWOHJJHQ��
+LHULQ�LV�VFKHPDWLVFK�HHQ�JHELHG�ZHHUJHJHYHQ�PHW�HHQ�NZDUW�KXL]HQ��HHQ�NZDUW�ERV�
HQ� HHQ�KHOIW� JUDV�� ,Q� HHQ� UHPRWH�VHQVLQJ�EHHOG�YDQ�GLW� JHELHG� ]LMQ� GH�SL[HOV� YDQ�GH�
KXL]HQ�DOOHPDDO�URRG��GH�SL[HOV�YDQ�KHW�ERV�]LMQ�DOOHPDDO�JURHQ��PDDU�GH�SL[HOV�YDQ�KHW�
JUDV�]LMQ�YRRU�GULH�NZDUW�JURHQ�HQ�YRRU�HHQ�YLHUGH�JHHO��0HW�GH�IRUPXOH�YDQ�%D\HV�NDQ�
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EHUHNHQG�ZRUGHQ�ZDW� �GH�NDQV� LV�GDW�HHQ�JURHQ�SL[HO�JUDV� LV��'H]H�NDQV� LV�QDPHOLMN�
JHOLMN�DDQ�GH�NDQV�RS�JURHQ�JUDV��PDDO�GH�NDQV�RS�JUDV��JHGHHOG�GRRU�GH�NDQV�RS�HHQ�
JURHQ�SL[HO��
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,Q�ILJXXU�����LV�WH�]LHQ�GDW�GULH�YLMIGH�YDQ�DOOHV�ZDW�JURHQ�LV�LQGHUGDDG�JUDV�LV��
�

�
�)LJXXU������*HELHG�PHW�×�KXL]HQ��×�ERV�HQ�Ö�JUDV��ZDDUYDQ�×�JHHO�HQ�Ø�JURHQ����

�
(HQ� FODVVLILFDWLHPHWKRGH� RS� JURQG� YDQ� GH� IRUPXOH� YDQ� %D\HV� JHHIW� GH� EHVW� PRJHOLMNH�
FODVVLILFDWLH��RQGHU�YRRUZDDUGH�GDW�DOOH� W\SHQ�IRXWHQ�HYHQ�RQJHZHQVW�]LMQ��+LHUYRRU�PRHWHQ�
QDWXXUOLMN� GH� WHUPHQ� LQ� GH� IRUPXOH� YDQ� %D\HV� QDXZNHXULJ� EHSDDOG�ZRUGHQ�� +RH� GH]H� GULH�
NDQVHQ�EHUHNHQG�ZRUGHQ��]DO�KLHURQGHU�EHVFKUHYHQ�ZRUGHQ��
�
'H� NDQV� RS� HHQ� IHDWXUHYHFWRU� )( pP χ � ZRUGW� YDDN� EXLWHQ� EHVFKRXZLQJ� JHODWHQ� ELM� FULVS�
FODVVLILFDWLHV��RPGDW�GH]H�YRRU�DOOH�NODVVHQ�JHOLMN�LV�HQ�GXV�JHHQ�LQYORHG�KHHIW�RS�GH�EHVOLVVLQJ�
ZHONH�GH�PHHVW�ZDDUVFKLMQOLMNH�LV��%LM�HHQ�IX]]\�FODVVLILFDWLH�GLH�NDQVHQ�DOV�XLWYRHU�JHHIW�LV�GH]H�
NDQV�LV�HFKWHU�ZHO�YDQ�EHODQJ��'H�NDQV�RS�HHQ�EHSDDOGH�IHDWXUHYHFWRU�NDQ�QLHW�JRHG�EHSDDOG�
ZRUGHQ�XLW�KHW�DDQWDO�NHHU�GDW�GH]H�LQ�KHW�EHHOG�YRRU�NRPW��2PGDW�HU�YHHO�PHHU�PRJHOLMNH�
IHDWXUHYHFWRUHQ�]LMQ�GDQ�HU�LQ�HHQ�EHHOG�DDQZH]LJ�]LMQ��LV�HHQ�EHHOG�KLHUYRRU�QDPHOLMN�HHQ�WH�
NOHLQH�VWHHNSURHI��'H�NDQV�RS�HHQ�IHDWXUHYHFWRU�NDQ�GDDURP�EHWHU�EHUHNHQG�ZRUGHQ�PHW��
�
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�
'RRU�KHW�WRHSDVVHQ�YDQ�GH]H�IRUPXOH�ZRUGW�GH�VRP�YDQ�GH�D�SRVWHULRUL�NDQVHQ�YRRU�HHQ�SL[HO�
JHOLMN� DDQ� ��� 'DDURP� ZRUGW� GLW� RRN� ZHO� QRUPDOLVDWLH� YDQ� GH� NDQVHQ� JHQRHPG�� 2RN�
ERYHQVWDDQGH�IRUPXOH�NDQ�WRHJHOLFKW�ZRUGHQ�DDQ�GH�KDQG�YDQ�ILJXXU������
�
'H�D�SULRUL�NDQV�RS�HHQ�NODVVH� )( kCP �ZRUGW�YDDN�YRRU�DOOH�NODVVHQ�JHOLMNJHKRXGHQ��RP�GH�
FODVVLILFDWLH� QLHW� WH� YHHO� WH� VWXUHQ� LQ� GH� ULFKWLQJ� YDQ� GH� PHHVW� YRRUNRPHQGH� NODVVHQ�� %LM�
SUREDELOLVWLVFKH�VHJPHQWDWLH�ZRUGW�KLHU�MXLVW�ZHO�JHEUXLN�YDQ�JHPDDNW��'RRU�GH]H�NDQV�ORNDDO�
WH�VFKDWWHQ�NDQ�GH�FODVVLILFDWLH�YHUEHWHUG�ZRUGHQ��]LH�SDUDJUDDI�������
�
'H� FRQGLWLRQHOH� NDQV� RS� HHQ� IHDWXUHYHFWRU� )|( kp CP χ � YRUPW� GH� NHUQ� YDQ� HHQ� VWDWLVWLVFKH�
FODVVLILFDWLHPHWKRGH��9HUVFKLOOHQGH�FODVVLILFDWLHPHWKRGHQ�VFKDWWHQ�GH]H�NDQV�RS�YHUVFKLOOHQGH�
PDQLHUHQ��]LH�YROJHQGH�SDUDJUDDI����
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�������&RQGLWLRQHOH�NDQV�RS�HHQ�IHDWXUHYHFWRU��

,Q� GH]H� VXESDUDJUDDI� ]XOOHQ� HQNHOH� FODVVLILFDWLHPHWKRGHQ� EHVFKUHYHQ� ZRUGHQ�� ZDDUPHH� GH�
NDQV� )|( kp CP χ � EHUHNHQG� NDQ�ZRUGHQ�� (HUVW� ]XOOHQ� GH�PD[LPXP�OLNHOLKRRG�FODVVLILFDWLH� HQ�
WZHH� DIJHOHLGH� PHWKRGHQ� EHKDQGHOG� ZRUGHQ�� YHUYROJHQV� GH� N�QHDUHVW�QHLJKERXUV�
FODVVLILFDWLH��(U�]LMQ�QRJ�YHHO�PHHU�PRJHOLMNH�PHWKRGHQ�HQ�WXVVHQYRUPHQ��9RRU�GLW�RQGHU]RHN�
]LMQ�HFKWHU�DOOHHQ�GH]H�YLHU�PHWKRGHQ�RYHUZRJHQ���
�
0D[LPXP�OLNHOLKRRG�FODVVLILFDWLH��
,Q� KHW� WUDLQLQJVVWDGLXP� YDQ� HHQ� PD[LPXP�OLNHOLKRRG�FODVVLILFDWLH� ZRUGHQ� XLW� GH� WUDLQLQJV�
VDPSOHV�GH�NODVVHQJHPLGGHOGHQ�HQ��VSUHLGLQJ�EHSDDOG��XLWJDDQGH�YDQ�GH�QRUPDOH�YHUGHOLQJ��
'LW� JHEHXUW�PHW� GH� IRUPXOHV� YRRU� KHW� JHPLGGHOGH� HQ� GH� HPSLULVFKH� �FR�YDULDQWLH� �]LH� VXE�
SDUDJUDDI���������&ULVS�FODVVLILFDWLH�YLQGW�SODDWV�RS�JURQG�YDQ�GH�PD[LPDOH�ZDDUVFKLMQOLMNKHLG�
�]LH� ILJXXU� ������ 'H� FRQGLWLRQHOH� NDQV� RS� HHQ� IHDWXUHYHFWRU� NDQ� EHUHNHQG� ZRUGHQ�PHW� GH�
IRUPXOH��
�
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)LJXXU� ����� 0D[LPXP�OLNHOLKRRG�FODVVLILFDWLH�� 'H� FRQGLWLRQHOH� NDQV� RS� GH� IHDWXUH�
YHFWRU�YDQ�KHW�SL[HO� p �LV�KHW�JURRWVW�YRRU�NODVVH����

�
0LQLPXP�GLVWDQFH�FODVVLILFDWLH��

,Q� KHW� WUDLQLQJVVWDGLXP� YDQ� PLQLPXP�GLVWDQFH�FODVVLILFDWLH� ZRUGHQ� XLW� GH� WUDLQLQJVVDPSOHV�

DOOHHQ� GH� NODVVHQJHPLGGHOGHQ� EHSDDOG�� &ULVS� FODVVLILFDWLH� YLQGW� SODDWV� RS� JURQG� YDQ� GH�

PLQLPDOH� (XFOLGLVFKH� DIVWDQG� LQ� GH� IHDWXUHVSDFH� �]LH� ILJXXU� ������ 0LQLPXP�GLVWDQFH�

FODVVLILFDWLH� LV� HHQ� QLHW�VWDWLVWLVFKH� FODVVLILFDWLHPHWKRGH�� PDDU� HU� NXQQHQ� NDQVHQ� EHUHNHQG�

ZRUGHQ� XLW� GH� (XFOLGLVFKH� DIVWDQGHQ� PHW� HHQ� YHUHHQYRXGLJGH� YHUVLH� YDQ� ERYHQVWDDQGH�

IRUPXOH��+LHUYRRU�PRHW�
kC

Qχ �YHUYDQJHQ�ZRUGHQ�GRRU�HHQ�HHQKHLGVPDWUL[��JHVFKDDOG�PHW�ppQ�

YDULDQWLHIDFWRU� 2
Eσ �YRRU�DOOH�NODVVHQ�HQ�DOOH�EDQGHQ���
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�
)LJXXU������0LQLPXP�GLVWDQFH�FODVVLILFDWLH��'H�FRQGLWLRQHOH�NDQV�RS�GH�IHDWXUHYHFWRU�
YDQ�KHW�SL[HO� p �LV�KHW�JURRWVW�YRRU�NODVVH����

�
'LW� NRPW� RYHUHHQ� PHW� HHQ� PD[LPXP�OLNHOLKRRG�FODVVLILFLDWLH� ZDDUELM� DOOH� NODVVHQ� JHOLMN�
JHVSUHLG� ]LMQ�� GH� NODVVHQ� LQ� HONH� EDQG� GH]HOIGH� VSUHLGLQJ� KHEEHQ� HQ� GH� EDQGHQ� QLHW�
JHFRUUHOHHUG�]LMQ��
�
6SHFWUDO�DQJOH�PDSSHU�
,Q� KHW� WUDLQLQJVVWDGLXP� YDQ� HHQ� FODVVLILFDWLH� PHW� GH� VSHFWUDO� DQJOH� PDSSHU� ZRUGHQ� XLW� GH�
WUDLQLQJVVDPSOHV�GH�NODVVHQJHPLGGHOGHQ�EHSDDOG��&ULVS�FODVVLILFDWLH�YLQGW�SODDWV�RS�JURQG�YDQ�
GH�PLQLPDOH� VSHFWUDOH�KRHN� LQ�GH� IHDWXUHVSDFH� �]LH� ILJXXU�������'H�VSHFWUDO�DQJOH�PDSSHU� LV�
HHQ� YHUHHQYRXGLJLQJ� YDQ� PLQLPXP�GLVWDQFH�FODVVLILFDWLH�� (U� ]LMQ� WZHH� XLWJDQJVSXQWHQ� GLH�
DDQOHLGLQJ�JHYHQ�WRW�GH]H�YHUHHQYRXGLJLQJ��7HQ�HHUVWH�KHOSW�GH�LQWHQVLWHLW�YDQ�HHQ�SL[HO�QLHW�
YHHO� ELM� KHW� RQGHUVFKHLGHQ� YDQ� YHUVFKLOOHQGH� NODVVHQ�� 7HQ� WZHHGH� YHURRU]DNHQ� LQWHQVLWHLW�
YHUVFKLOOHQ�ELQQHQ�HHQ�NODVVH��ELMYRRUEHHOG�GRRU�RQJHOLMNPDWLJH�EHOLFKWLQJ��YHHO�KHWHURJHQLWHLW��
'DDURP�ZRUGW�YHURQGHUVWHOG�GDW�KHW�EHWHU�LV�GH�DIVWDQG�WRW�GH�RRUVSURQJ�EXLWHQ�EHVFKRXZLQJ�
WH�ODWHQ�ELM�FODVVLILFDWLH��
2RN� GH� VSHFWUDO� DQJOH� PDSSHU� LV� HHQ� QLHW�VWDWLVWLVFKH� FODVVLILFDWLHPHWKRGH�� PDDU� RRN� PHW�
EHKXOS�KLHUYDQ�NDQ�JHSUREHHUG�ZRUGHQ�NDQVHQ�WH�EHSDOHQ��%LM�KHW�H[SHUWV\VWHHP�>6NLGPRUH�
H�D������@�ZRUGW�GLW�ELMYRRUEHHOG�JHGDDQ�GRRU���JHGHHOG�GRRU�GH�KRHN� WH�QHPHQ��+HW�]RX�
ZHOOLFKW�EHWHU�]LMQ�RP�HHQ�DDQJHSDVWH�YHUVLH�YDQ�ERYHQVWDDQGH�IRUPXOH�WH�JHEUXLNHQ��
�

�
)LJXXU������6SHFWUDO�DQJOH�PDSSHU��'H�FRQGLWLRQHOH�NDQV�RS�GH�IHDWXUHYHFWRU�YDQ�KHW�
SL[HO� p �LV�KHW�JURRWVW�YRRU�NODVVH����
�

N�1HDUHVW�QHLJKERXUV�FODVVLILFDWLH�
,Q� KHW� WUDLQLQJVVWDGLXP� YDQ� N�QHDUHVW�QHLJKERXUV�FODVVLILFDWLH� ZRUGHQ� GH� WUDLQLQJVVDPSOHV�
DOOHHQ� JHODEHOG� PHW� HHQ� NODVVH�� N�1HDUHVW�QHLJKERXUV�FODVVLILFDWLH� LV� QDPHOLMN� HHQ� QLHW�
SDUDPHWULVFKH� FODVVLILFDWLHPHWKRGH�� 'LW� KRXGW� LQ� GDW� HU� JHHQ� SDUDPHWHUV� DOV� NODVVHQ�
JHPLGGHOGH�RI��FR�YDULDQWLHV�JHVFKDW�ZRUGHQ��%HODQJULMN�JHYROJ�KLHUYDQ�LV�GDW�GH]H�PHWKRGH�
YRRU�KHW�VFKDWWHQ�YDQ�GH�NDQVHQ�QLHW�XLWJDDW�YDQ�GH�QRUPDOH�YHUGHOLQJ��]RGDW�RRN�YRRU�QLHW�
QRUPDDO� YHUGHHOGH� NODVVHQ� NDQVHQ�JHVFKDW� NXQQHQ�ZRUGHQ��'H]H�PHWKRGH�JDDW� XLW� YDQ�GH�
GLFKWVWELM]LMQGH� N� WUDLQLQJVVDPSOHV� LQ� GH� IHDWXUHVSDFH� URQG� HHQ� WH� FODVVLILFHUHQ� SL[HO� �]LH�
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ILJXXU������� %LM� FULVS� FODVVLILFDWLH� ZRUGW� GH� NODVVH� WRHJHNHQG� ZDDUYDQ� KHW� ODEHO� KHW� YDDNVW�
YRRUNRPW� RQGHU� GH]H� N� VDPSOHV�� 'H� NDQV� RS� HHQ� NODVVH� LV� SURSRUWLRQHHO� PHW� KHW� DDQWDO�
WUDLQLQJVVDPSOHV� YDQ� HHQ� NODVVH� ELM� GH]H� N� QHDUHVW� QHLJKERXUV�� :DQQHHU� HU� WLMGHQV� KHW�
WUDLQLQJVVWDGLXP�QLHW�YRRU�DOOH�NODVVHQ�HYHQ�YHHO�VDPSOHV�RSJHJHYHQ�]LMQ��]DO�GH�NDQV�RS�HHQ�
NODVVH�PHW�PHHU�VDPSOHV�WH�KRRJ�JHVFKDW�ZRUGHQ��+LHUYRRU�PRHW�JHFRUULJHHUG�ZRUGHQ�GRRU�
WH�GHOHQ�GRRU�KHW�DDQWDO�VDPSOHV�YDQ�GLH�NODVVH���
�
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PHW��
iCn � KHW�DDQWDO�WUDLQLQJVVDPSOHV�YRRU�NODVVH� i �RQGHU�GH�N�QHDUHVW�QHLJKERXUV��

iCN � KHW�WRWDDO�DDQWDO�WUDLQLQJVVDPSOHV�YRRU�NODVVH� i �
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��
)LJXXU� ����� N�1HDUHVW�QHLJKERXUV�FODVVLILFDWLH�PHW� N ���'H� FRQGLWLRQHOH� NDQV� RS� GH�
IHDWXUHYHFWRU�YDQ�KHW�SL[HO� p �LV�KHW�JURRWVW�YRRU�NODVVH�����

�
'H�NHX]H�YRRU�ppQ�YDQ�GH�PHWKRGHQ� LV�HUJ�DIKDQNHOLMN�YDQ�GH�WRHSDVVLQJ��'H�HQH�PHWKRGH�
OHHQW� ]LFK�PHHU� YRRU� HHQ� EHSDDOG� W\SH� GDWD� GDQ� HHQ� DQGHUH�PHWKRGH��'H� NHX]H� YRRU� HHQ�
FODVVLILFDWLHPHWKRGH�YRRU�GH�6FKLHUPRQQLNRRJ�GDWD�ZRUGW�JHPDDNW�LQ�KRRIGVWXN����

�������/RNDOH�D�SULRUL�NDQVHQ�

'H�D�SULRUL� NDQV�RS�HHQ�NODVVH� )( kCP �ZRUGW� YRRU� FODVVLILFDWLHV� YDDN�YRRU�DOOH�NODVVHQ�JHOLMN�
JHKRXGHQ�� (QHU]LMGV� JHEHXUW� GLW� RPGDW� GH]H� NDQVHQ� RQEHNHQG� ]LMQ�� HU� ZRUGW� MXLVW�
JHFODVVLILFHHUG� RP� WH� EHSDOHQ� ZDDU� ZHONH� NODVVHQ� DDQZH]LJ� ]LMQ�� $QGHU]LMGV� ZLO� PHQ� GH�
FODVVLILFDWLH� QLHW� WH� YHHO� VWXUHQ� LQ� GH� ULFKWLQJ� YDQ� GH� PHHVW� YRRUNRPHQGH� NODVVHQ�� RPGDW�
DQGHUV� NODVVHQ� GLH� ZHLQLJ� YRRUNRPHQ� QDXZHOLMNV� QRJ� JHYRQGHQ� ]RXGHQ� ZRUGHQ�� $� SULRUL�
NDQVHQ�GLH�YRRU� KHW� JHKHOH� EHHOG� JHOGHQ�JHYHQ�GDQ�RRN� VOHFKWV� HHQ� OLFKWH� YHUEHWHULQJ��$OV�
GH]H� NDQV� HFKWHU� ORNDDO� EHNHQG� LV�� NXQQHQ� ZHO� IOLQNH� YHUEHWHULQJHQ� YHUNUHJHQ� ZRUGHQ��
:DQQHHU�GH�NODVVHQ�QDPHOLMN�LQ�DQGHUH�RQGHUOLQJH�YHUKRXGLQJHQ�LQ�GH�VHJPHQWHQ�YRRUNRPHQ�
GDQ� LQ�KHW� WRWDOH�EHHOG�� ]XOOHQ�GH�D�SULRUL� NDQVHQ�GH�FODVVLILFDWLH�JHPLGGHOG�ZDW�PHHU� LQ�GH�
JRHGH�ULFKWLQJ�VWXUHQ��+HW�PDDNW�KLHUELM�QLHW�XLW�RI�GH�NODVVHQ�ELQQHQ�HHQ�VHJPHQW�ZHO�RI�QLHW�
UXLPWHOLMN� JHVFKHLGHQ� ]LMQ�� 'LW� ]RX� GDDURP� GH� FODVVLILFDWLH� YDQ� VFKHUS� EHJUHQVGH� UXLPWHOLMNH�
REMHFWHQ� PHW� JUDGXHHO� YDULsUHQGH� LQWHUQH� YHOGHQ� LQ� QDWXXUOLMNH� YHJHWDWLH� ZHO� HHQV� NXQQHQ�
YHUEHWHUHQ��

�
9RRUEHHOG�
:DQQHHU�KHW�OLQNHU�VHJPHQW�LQ�ILJXXU�����JHFODVVLILFHHUG�ZRUGW�PHW�GH�D�SULRUL�NDQVHQ�

)( AkkerCP  ������HQ� )( BosCP  ������NDQ�HHQ�KRJHUH�RYHUDOO�DFFXUDF\�YHUZDFKW�ZRUGHQ�
GDQ�ELM�JHOLMNH�D�SULRUL�NDQVHQ��+HW]HOIGH�JHOGW�YRRU�KHW�UHFKWHU�VHJPHQW�DOV� )( AkkerCP  �
�����HQ� )( BosCP  ������JHEUXLNW�ZRUGHQ�>*RUWH������EO]����@��
�
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�
)LJXXU������7ZHH�VHJPHQWHQ�PHW�YHUVFKLOOHQGH�NODVVHQDDQGHOHQ���

�
/RNDOH� D� SULRUL� NDQVHQ� NXQQHQ� HHQ� RSORVVLQJ� YRUPHQ� YRRU� VSHFWUDOH� RYHUODS� YDQ� NODVVHQ�
>*RUWH������EO]����@��'H�D�SULRUL�NDQV�KHOSW�GDQ�QDPHOLMN�ELM�KHW�PDNHQ�YDQ�GH�JRHGH�NHX]H��
9RRUDO�ZDQQHHU�GH�NODVVHQ�PHW�GH�VSHFWUDOH�RYHUODS� LQ�YHUVFKLOOHQGH�VHJPHQWHQ�YRRUNRPHQ�
]DO�GLW�JRHG�ZHUNHQ��PDDU�RRN�DOV�]H�GRRU�HONDDU�LQ�HHQ�VHJPHQW�YRRUNRPHQ�]DO�HHQ�ORNDOH�D�
SULRUL�NDQV�GH�FODVVLILFDWLH�JHPLGGHOG�YDNHU�GH�JRHGH�NHX]H�ODWHQ�PDNHQ��
��

9RRUEHHOG��
9HUGURRJG�JUDV�NDQ�QHW�]R�JHHO�]LMQ�DOV�WDUZH��ZDDUGRRU�HHQ�VSHFWUDOH�RYHUODS�EHVWDDW�
WXVVHQ�GH�NODVVHQ�JUDV�HQ�WDUZH��(HQ�JHHO�SL[HO�]DO� LQ�KHW�DOJHPHHQ�ZDW�YDNHU�WDUZH�
GDQ�JUDV�]LMQ��(HQ�JHHO�SL[HO�LQ�HHQ�JURHQ�VHJPHQW�LV�HFKWHU�ZDDUVFKLMQOLMN�JUDV��WHUZLMO�
HHQ�]HOIGH�JHHO�SL[HO�LQ�HHQ�JHHO�VHJPHQW�ZDDUVFKLMQOLMN�WDUZH�LV���
2S�KHW�PRPHQW�GDW� HU� VHJPHQWHQ� ]RXGHQ�]LMQ�PHW�HHQ�PHQJVHO� YDQ�JUDV� HQ� WDUZH�
ZRUGW�GLW�PRHLOLMNHU�WH�EHSDOHQ��,Q�DJUDULVFKH�JHELHGHQ�NRPW�LHWV�GHUJHOLMNV�QDXZHOLMNV�
YRRU��PDDU�ELM�QDWXXUOLMNH�YHJHWDWLH�ZHO��$OV�GH�YHUKRXGLQJ�YDQ�JUDV�HQ�WDUZH� ORNDDO�
EHNHQG�LV��]XOOHQ�GH�D�SULRUL�NDQVHQ�HU�YRRU�]RUJHQ�GDW�GH�FODVVLILFDWLH�HHUGHU�YRRU�GH�
PHHVW�YRRUNRPHQGH�NODVVH�NLHVW��'LW�YHUEHWHUW�GH�FODVVLILFDWLH��

�
2P�HHQ�FODVVLILFDWLH�WH�YHUEHWHUHQ�PHW�EHKXOS�YDQ� ORNDOH�D�SULRUL�NDQVHQ��PRHW�HU�DDQ�WZHH�
YRRUZDDUGHQ�YROGDDQ�ZRUGHQ�>*RUWH������EO]����@��0HQ�PRHW�EHVFKLNNHQ�RYHU���
��� (HQ� RSGHOLQJ� LQ� VHJPHQWHQ� ]RGDW� YHUVFKLOOHQGH� NODVVHQYHUKRXGLQJHQ� YHUNUHJHQ�ZRUGHQ�

�]LH�KRRIGVWXN�����
��� 6FKDWWLQJHQ�YRRU�GH�NODVVHQDDQGHOHQ�LQ�GH�VHJPHQWHQ��GLH�JHEUXLNW�NXQQHQ�ZRUGHQ�DOV�D�

SULRUL�NDQVHQ� )( kCP ��]LH�YROJHQGH�VXESDUDJUDDI���

�������,WHUDWLHI�VFKDWWHQ�YDQ�ORNDOH�NDQVHQ�

/RNDOH�D�SULRUL�NDQVHQ�NXQQHQ�GH�FODVVLILFDWLH�YHUEHWHUHQ��3UREOHHP�LV�GDW�GH]H�D�SULRUL�NDQVHQ�
PHHVWDO�QLHW�EHNHQG�]LMQ��+HW�]DO�RYHU�KHW�DOJHPHHQ�JHHQ�RSWLH�]LMQ�GH]H�JHJHYHQV�LQ�KHW�YHOG�
LQ�WH�ZLQQHQ��'LW�OHYHUW�QDPHOLMN�]R�YHHO�YHOGZHUN�RS�GDW�KHW�YRRUGHHO�YDQ�UHPRWH�VHQVLQJ�WHQ�
RS]LFKWH�YDQ�KHW�NDUWHUHQ�PLGGHOV�YHOGZHUN�WHQLHWJHGDDQ�]RX�NXQQHQ�ZRUGHQ���
�
+HW� LV� HFKWHU� PRJHOLMN� RP� GH� ORNDOH� D� SULRUL� NDQVHQ� WH� VFKDWWHQ� XLW� HHQ� DXWRPDWLVFKH�
FODVVLILFDWLH� YDQ� KHW� UHPRWH�VHQVLQJ�EHHOG�� +LHUYRRU� LV� HHQ� JHZRQH� %D\HVLDDQVH� FODVVLILFDWLH�
QRGLJ�GLH�DOV�XLWYRHU�GH�NDQVHQ�JHHIW��=RDOV� LQ�SDUDJUDDI�����EHVFKUHYHQ�LV��ZRUGW�KLHUELM�GH�
NDQV� )|( kp CP χ � JHVFKDW��'H]H� � NDQVHQ�ZRUGHQ�� RPGDW� GH� YHUKRXGLQJHQ�QRJ�QLHW�EHNHQG�
]LMQ�� YHUPHQLJYXOGLJG� PHW� D� SULRUL� NDQVHQ� )( kCP � GLH� YRRU� DOOH� NODVVHQ� JHOLMNJHKRXGHQ�
ZRUGHQ�� 9HUYROJHQV� ZRUGW� HU� JHQRUPDOLVHHUG� ]RGDW� HU� D� SRVWHULRUL� NDQVHQ� )|( pkCP χ �
RQWVWDDQ��
(HQ� GHUJHOLMNH� D� SRVWHULRUL� NDQV�� ELMYRRUEHHOG� )|( 1 pCP χ  � ����� �� EHWHNHQW� GDW� DOV� HU� ����
SL[HOV�PHW�IHDWXUHYHFWRU� pχ �]LMQ��HU�ZDDUVFKLMQOLMN�YLHU�WRW�NODVVH���]XOOHQ�EHKRUHQ��:DQQHHU�
ZH�LQ�LHGHU�VHJPHQW�SHU�NODVVH�GH�VRP�RYHU�DOOH�D�SRVWHULRUL�NDQVHQ�EHUHNHQHQ��OHYHUW�GDW�HHQ�
RSSHUYODNWHVFKDWWLQJ� SHU� NODVVH� LQ� GDW� VHJPHQW� RS� >'XGD� HQ� +DUW� ����� LQ� *RUWH� �����



� ��

EO]����@��:DQQHHU� ZH� GH]H� RSSHUYODNWHVFKDWWLQJHQ� GHOHQ� GRRU� GH� VHJPHQWJURRWWH� ZRUGHQ�
NODVVHQDDQGHOHQ�YRRU�GDW�VHJPHQW�YHUNUHJHQ��'H]H�NODVVHQDDQGHOHQ�NXQQHQ�JHEUXLNW�ZRUGHQ�
DOV� ORNDOH�D�SULRUL� NDQVHQ��9RRU�JURWH� VHJPHQWHQ� ]XOOHQ�GH�DDQGHOHQ�QDXZNHXULJHU� ]LMQ�GDQ�
YRRU�NOHLQH�VHJPHQWHQ��RPGDW�]H�RS�EDVLV�YDQ�PHHU�SL[HOV�EHSDDOG�]LMQ���
�
'H�IRUPXOH�YRRU�GH�D�SULRUL�NDQV�RS�HHQ�NODVVH�LQ�HHQ�VHJPHQW�LV��
�
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�
PHW�� N �KHW�DDQWDO�SL[HOV�LQ�KHW�VHJPHQW��
�
'H�]R�YHUNUHJHQ�D�SULRUL�NDQVHQ�]XOOHQ�HHQ�IRXW�EHYDWWHQ�GRRUGDW�HU�YRRU�KHW�EHSDOHQ�KLHUYDQ�
XLWJHJDDQ� LV�YDQ�JHOLMNH�D�SULRUL�NDQVHQ�RS�DOOH�NODVVHQ��+HW�]DO�HFKWHU�EHWHU�]LMQ�RP�GH]H�WH�
JHEUXLNHQ�GDQ�WH�YHURQGHUVWHOOHQ�GDW�DOOH�NODVVHQ�LQ�DOOH�VHJPHQWHQ�JHOLMNH�DDQGHOHQ�KHEEHQ��
'LW�JHHIW�GH�PRJHOLMNKHLG�RP�GH� ORNDOH�D�SULRUL�NDQVHQ� LWHUDWLHI� WH�VFKDWWHQ��'H�YRRUZDDUGH�
KLHUYRRU�LV�GDW�ZDQQHHU�GH�JHEUXLNWH�D�SULRUL�NDQVHQ�HHQ�EHQDGHULQJ�]LMQ��GH�JHVFKDWWH�D�SULRUL�
NDQVHQ�QDXZNHXULJHU�]LMQ�GDQ�GH�HHUVWH�EHQDGHULQJ��'DW�DDQ�GH]H�YRRUZDDUGH�YROGDDQ�ZRUGW�
LV� EHZH]HQ�GRRU�*RUWH� >�����EO]�� �����@�YRRU� GH� VFKDWWLQJ�YDQ�QLHW�SDUDPHWULVFKH� D� SULRUL�
NDQVHQ��'H�LWHUDWLH�SURFHGXUH�]LHW�HU�DOV�YROJW�XLW��
�
,WHUDWLHSURFHGXUH��
��� ,QLWLDOLVHHU�GH�D�SULRUL�NDQVHQ��ELMYRRUEHHOG�DOOHPDDO� K1 ���
��� 3DV� GH� IRUPXOH� YDQ� %D\HV� WRH��9HUPHQLJYXOGLJHQ�PHW� GH� D� SULRUL� NDQVHQ��1RUPDOLVHUHQ�

YDQ�GH�NDQVHQ��
��� 1HHP� YRRU� LHGHUH� NODVVH� GH� VRP� RYHU� GH� SL[HOV� SHU� VHJPHQW�� 'HHO� GRRU� GH� VHJPHQW�

JURRWWH��'LW�JHHIW�YHUEHWHUGH�D�SULRUL�NDQVHQ��
��� *D�QDDU�����
�
'H�JHVFKDWWH�ORNDOH�D�SULRUL�NDQVHQ�NXQQHQ�JHEUXLNW�ZRUGHQ�RP�GH�IRUPXOH�YDQ�%D\HV�WRH�WH�
SDVVHQ�� ]RGDW� HHQ� YHUEHWHUGH� SL[HOJHZLM]H� VWDWLVWLVFKH� IX]]\� FODVVLILFDWLH� YHUNUHJHQ� ZRUGW��
1DWXXUOLMN� NXQQHQ� QRJ� IRXWHQ� JHPDDNW� ZRUGHQ�� VRPV� ]HOIV� RS� SODDWVHQ� ZDDU� GDW� ]RQGHU�
ORNDOH�D�SULRUL�NDQVHQ�ZHO�JRHG�JLQJ��2YHU�KHW�JHKHOH�EHHOG�]DO�GH�FODVVLILFDWLH�HU�HFKWHU�EHWHU�
YDQ�ZRUGHQ��PLWV�GH�NDQVHQ� )|( kp CP χ ��ZDDUXLW�GH�D�SULRUL�NDQVHQ�EHSDDOG�]LMQ��NORSSHQ���

�����6HJPHQWDWLH�

'H�VHJPHQWHQ��ZDDU�GH�ORNDOH�D�SULRUL�NDQVHQ�YRRU�JHVFKDW�ZRUGHQ��NXQQHQ�RS�YHUVFKLOOHQGH�
PDQLHUHQ�YHUNUHJHQ�ZRUGHQ��ELMYRRUEHHOG�XLW�DGGLWLRQHOH�JHJHYHQV��=HOIV�HHQ�FODVVLILFDWLH�PHW�
SRVWFRGHJHELHGHQ�DOV�VHJPHQWHQ�NDQ�VXFFHVYRO�]LMQ�>*RUWH������EO]����@��2PGDW�DGGLWLRQHOH�
JHJHYHQV�QLHW�DOWLMG�EHVFKLNEDDU�]LMQ�LV�KHW�ZHQVHOLMN�GDW�RRN�GH�RSGHOLQJ�XLW�GH�EHHOGHQ�]HOI�
JHKDDOG�ZRUGW�GRRU�PLGGHO�YDQ�EHHOGVHJPHQWDWLH��'RHO�YDQ�]R©Q�VHJPHQWDWLH�LV�KHW�EHHOG�WH�
YHUGHOHQ� LQ� DDQHHQJHVORWHQ� JURHSHQ� SL[HOV� RS� JURQG� YDQ� KXQ� VSHFWUDOH� NHQPHUNHQ�� +HW� LV�
KLHUELM�GH�EHGRHOLQJ�GDW�GH� VHJPHQWHQ�]RYHHO�PRJHOLMN�FRUUHVSRQGHUHQ�PHW� WHUUHLQREMHFWHQ��
7HUUHLQREMHFWHQ� ]XOOHQ� QDPHOLMN� RYHU� KHW� DOJHPHHQ� EHVWDDQ� XLW� ppQ� RI� HQNHOH� NODVVHQ��
ZDDUGRRU�KHW�JHEUXLN�YDQ�D�SULRUL�NDQVHQ�KHW�PHHVW�HIIHFWLHI�LV��

�������6HJPHQWDWLHSLUDPLGH�

'H� PHWKRGH� YRRU� EHHOGVHJPHQWDWLH� JDDW� XLW� YDQ� KHW� VDPHQYRHJHQ� YDQ� UHJLR©V� �UHJLR�
PHUJLQJ�� JHEDVHHUG� RS� ]RJHQDDPGH� TXDGWUHHV��+HW� EOLMNW� GDW� GLW� YRRU� DJUDULVFKH� JHELHGHQ�
JRHGH�UHVXOWDWHQ�HQ�UHODWLHI�NRUWH�UHNHQWLMGHQ�JHHIW�>*RUWH������EO]����@���



����

�
(HQ� TXDGWUHH� LV� HHQ� PHWKRGH� RP� UDVWHUGDWD� RS� WH� VODDQ� �]LH� ILJXXU� ������ +LHUELM� ZRUGHQ�
]RJHQDDPGH�OHDYHV�RQGHUVFKHLGHQ�GLH�HHQ�ZDDUGH�KHEEHQ��+HW�YHUVFKLO�PHW�SL[HOV� LV�GDW�GH�
OHDYHV�YHUVFKLOOHQGH�JURRWWHV�NXQQHQ�KHEEHQ�� �'H�JURRWWH�YDQ�HHQ� OHDI�ZRUGW�EHSDDOG�GRRU�
KHW� QLYHDX�� (HQ� OHDI� LQ� KHW� ODDJVWH� QLYHDX� LV� ]R� JURRW� DOV� ppQ� SL[HO�� LQ� LHGHU� KRJHU� QLYHDX�
EHVODDW�HHQ�OHDI�YLHU�OHDYHV�XLW�KHW�QLYHDX�GDDURQGHU��(HQ�TXDGWUHH�EHVWDDW�XLW�WZHH�EHVWDQGHQ�
HHQ� TWO�EHVWDQG� PHW� GDDULQ� KHW� QLYHDX� YDQ� GH� OHDYHV� � HQ� HHQ� TWY�EHVWDQG� PHW� GDDULQ� GH�
ZDDUGHQ�YDQ�GH�OHDYHV���
%LM� TXDGWUHHV� KRHIW� LQ� JHELHGHQ�PHW� GH]HOIGH� SL[HOZDDUGH� GH]H�ZDDUGH� QLHW� YRRU� HON� SL[HO�
DI]RQGHUOLMN�RSJHVODJHQ�WH�ZRUGHQ��+HW�JURWH�YRRUGHHO�YDQ�TXDGWUHHV�LV�HFKWHU�QLHW�]R]HHU�GH�
GDWDFRPSUHVVLH�� PDDU� KHW� JHEUXLN� YDQ� SURJUDPPD©V� GLH� GLUHFW� PHW� TXDGWUHHV� ZHUNHQ��
3URJUDPPD©V� GLH� TXDGWUHHV� JHEUXLNHQ� ]RQGHU� GH]H� HHUVW� WH� FRQYHUWHUHQ� QDDU� HHQ� UDVWHU�
EHVWDQG� NXQQHQ� DDQ]LHQOLMN� VQHOOHU� ]LMQ� GDQ� SURJUDPPD©V� GLH� PHW� UDVWHUEHVWDQGHQ� ZHUNHQ��
'DDURP�ZRUGHQ�YRRU�GH�VHJPHQWDWLH�GH�EHHOGHQ�QDDU�TXDGWUHHV�JHFRQYHUWHHUG��HQ�SDV�DDQ�
KHW� HLQG� YDQ� GH� SUREDELOLVWLVFKH� VHJPHQWDWLHSURFHGXUH� ZRUGHQ� GH� UHVXOWDWHQ� ZHHU�
JHFRQYHUWHHUG�QDDU�UDVWHUEHVWDQGHQ��
�

�D���� �E��
)LJXXU����D��5DVWHUVWUXFWXXU��E��4XDGWUHH�VWUXFWXXU�>*RUWH������EO]����@��

�
+HW�SURJUDPPD�JHEUXLNW�GULH�EDQGHQ�YRRU�GH�VHJPHQWDWLH��'H�VHJPHQWDWLHPHWKRGH�YRHJW�RS�
JURQG� YDQ� GH]H� GULH� EDQGHQ� UHFXUVLHI� DDQJUHQ]HQGH� OHDYHV� HQ� UHJLR©V� VDPHQ� WRW� UHJLR©V�
LQGLHQ��
��� 'H� (XFOLGLVFKH� DIVWDQG� LQ� GH� IHDWXUHVSDFH� WXVVHQ� WZHH� NDQGLGDWHQ� NOHLQHU� LV� GDQ� HHQ�

GUHPSHOZDDUGH� 1d ��
��� 'H�YDULDQWLH�YDQ�GH�SL[HOZDDUGHQ�LQ�HONH�EDQG�YDQ�KHW�VDPHQJHYRHJGH�VHJPHQW��DOVPHGH�

GH�FRYDULDQWLHV� WXVVHQ�GH�EDQGHQ� LQ�GDW�VHJPHQW��QLHW�JURWHU�ZRUGHQ�GDQ�HHQ�GUHPSHO�
ZDDUGH� 2d ���

�
'H]H� WZHH� GUHPSHOZDDUGHQ� ZRUGHQ� VDPHQ� XLW� ppQ� GUHPSHOZDDUGH� d � EHSDDOG�� 2PGDW�
�FR�YDULDQWLHV� NZDGUDWLVFK� ]LMQ� LV� GH� GUHPSHO� 2d � JHGHILQLHHUG� DOV� KHW� NZDGUDDW� YDQ� d �� 'H�
YHUKRXGLQJ�WXVVHQ� 1d �HQ� 2d �LV�HQLJV]LQV�ZLOOHNHXULJ��,Q�KHW�JHEUXLN�LV�JHEOHNHQ�GDW�HHQ�IDFWRU�
��LQ�RQGHUVWDDQGH�IRUPXOH�UHGHOLMN�JRHGH�UHVXOWDWHQ�JHHIW���
�

dd ⋅= 31 � HQ� 2
2 dd = �

�
/HDYHV�HQ�UHJLR©V�JUHQ]HQ�DDQ�HONDDU�ZDQQHHU�]H�HHQ�JHPHHQVFKDSSHOLMNH�UDQG�KHEEHQ��,HGHU�
SL[HO� KHHIW� GDDUPHH� YLHU� EXUHQ� �]LH� ILJXXU� ������'H�=�VFDQ�YROJRUGH� �]LH� ILJXXU� �����ZDDULQ�
JHSUREHHUG�ZRUGW� RP� OHDYHV� HQ� UHJLR©V� VDPHQ� WH� YRHJHQ�� LV� YDQ� LQYORHG� RS� KHW� UHVXOWDDW��
+LHUGRRU� RQWVWDDQ� KRHNLJ� JHYRUPGH� VHJPHQWHQ�� 2P� GLW� WH� YRRUNRPHQ� NDQ� HU� LWHUDWLHI�
JHVHJPHQWHHUG�ZRUGHQ�PHW� HHQ� JHOHLGHOLMN� WRHQHPHQGH� GUHPSHOZDDUGH�� ,Q� GH� HHUVWH� VWDS�
ZRUGHQ� OHDYHV� VDPHQJHYRHJG� YROJHQV� ERYHQVWDDQGH� UHJHOV� PHW� HHQ� ODJH� GUHPSHOZDDUGH��
9HUYROJHQV�ZRUGHQ�LQ�GH�WZHHGH�VWDS�PHW�HHQ�QHW�LHWV�KRJHUH�GUHPSHOZDDUGH�GH�LQ�VWDS�ppQ�
RQWVWDQH� VHJPHQWHQ� VDPHQJHYRHJG�� YROJHQV� GH]HOIGH� ERYHQVWDDQGH� UHJHOV�� %LM� LHGHUH�
YROJHQGH�VWDS�ZRUGW�GH�GUHPSHOZDDUGH�YHUGHU�YHUKRRJG��
�



� ��

�
)LJXXU������'H�YLHU�DDQJUHQ]HQGH�SL[HOV�YDQ�HHQ�SL[HO��
�
�

�
)LJXXU������9RRUEHHOG�YDQ�GH�=�VFDQ�YROJRUGH�>*RUWH������EO]����@��

�
+HW�LWHUDWLHI�VHJPHQWHUHQ�PHW�RSORSHQGH�GUHPSHOZDDUGH�OHYHUW�HHQ�VHJPHQWDWLHSLUDPLGH�RS��
ZDDUELM� LHGHUH� GUHPSHOZDDUGH� HHQ� QLYHDX� YDQ� GH� SLUDPLGH� JHHIW�� �]LH� ILJXXU� ������� ,Q� GH�
KRJHUH�ODJHQ�YDQ�GH�SLUDPLGH�]LMQ�HU�PLQGHU�VHJPHQWHQ�HQ�]LMQ�GH�VHJPHQWHQ�JURWHU��RPGDW�
KHW�DJJUHJDWLHV�]LMQ�YDQ�GH�NOHLQHUH�VHJPHQWHQ�LQ�HHQ�ODJHU�QLYHDX��(ON�VHJPHQW�KHHIW�GDDURP�
LQ� LHGHU� KRJHU� QLYHDX� ppQ� VXSHUVHJPHQW�� WHUZLMO� KHW� LQ� LHGHU� ODJHU� QLYHDX� PHHUGHUH�
VXEVHJPHQWHQ�NDQ�KHEEHQ��8LW�GH]H�VHJPHQWDWLHSLUDPLGH�NDQ�HHQ�JHZHQVW�QLYHDX�JHNR]HQ�
NDQ�ZRUGHQ���
�

�D���� �E���� �F���
)LJXXU�������6HJPHQWDWLHSLUDPLGH�PHW�GULH�QLYHDXV�D��E�HQ�F�>*RUWH������EO]����@���
�

%LM�GH�VHJPHQWDWLH�RQWVWDDQ�RS�GH�JUHQ]HQ�YDQ�JURWH�VHJPHQWHQ�VRPV�NOHLQH�VHJPHQWHQ�YDQ�
ppQ� SL[HO�� 'LW� ]LMQ� PL[HG� SL[HOV� GLH� WH� YHUVFKLOOHQG� ]LMQ� RP� ELM� ppQ� YDQ� GH� WZHH� JURWHUH�
VHJPHQWHQ� WRHJHYRHJG� WH� ZRUGHQ�� 1DGHHO� YDQ� GH]H� NOHLQH� VHJPHQWHQ� LV� GDW� ]H�
RQQDXZNHXULJH� D� SULRUL� NDQVHQ� ]XOOHQ�JHYHQ��+HW� LV� HFKWHU� GH� YUDDJ�RI�KHW�ZHQVHOLMN� LV� RP�
GHUJHOLMNH� SL[HOV� DDQ� HHQ� JURRW� VHJPHQW� WRH� WH� YRHJHQ�� 'LW� ]RX� GDW� VHJPHQW� DOOHHQ� PDDU�
YHUYXLOHQ��'H�PDWH�ZDDULQ�NOHLQH�VHJPHQWHQ�DDQ�HHQ�JURRW�VHJPHQW�ZRUGHQ�WRHJHYRHJG� LV�
DIKDQNHOLMN�YDQ�GH�YHUKRXGLQJ� 1d �HQ� 2d ��,Q�EHSDDOGH�VLWXDWLHV�NDQ�GDDURP�HHQ�ZDW�KRJHUH�RI�
ODJHUH�IDFWRU�GDQ���LQ�ERYHQVWDDQGH�IRUPXOH�JHSUHIHUHHUG�ZRUGHQ��

�������6HJPHQWVHOHFWLH�

(HQ� SUREOHHP� LV� GDW� KHW� RQGXLGHOLMN� LV� ZHON� QLYHDX� XLW� GH� SLUDPLGH� GH� EHVWH� VHJPHQWDWLH�
RSOHYHUW��(Q�DOV�HHQ�UHGHOLMN�QLYHDX�JHYRQGHQ�LV��]XOOHQ�LQ�VRPPLJH�JHELHGHQ�LQ�KHW�EHHOG�GH�
VHJPHQWHQ� WH� JURRW� NXQQHQ� ]LMQ�� WHUZLMO� LQ� DQGHUH� GHOHQ� MXLVW� QRJ� WH� NOHLQH� VHJPHQWHQ�
DDQZH]LJ�]LMQ��(HQ�VHJPHQW�ZDDULQ�ELMYRRUEHHOG�WZHH�NODVVHQ�YRRUNRPHQ�LV�WH�JURRW�DOV�KHW�
RSJHVSOLWVW�]RX�NXQQHQ�ZRUGHQ�LQ�WZHH�VHJPHQWHQ�PHW�DOOHEHL�PDDU�ppQ�NODVVH��(HQ�VHJPHQW�
YDQ�PDDU�HHQ�SDDU�SL[HOV� LV� WH�NOHLQ�DOV�DDQJUHQ]HQGH�VHJPHQWHQ�GH]HOIGH�NODVVHQ�EHYDWWHQ���
'H� RSORVVLQJ� KLHUYRRU� LV� KHW� VHOHFWHUHQ� YDQ� VHJPHQWHQ� XLW� YHUVFKLOOHQGH� QLYHDXV� YDQ� GH�
SLUDPLGH�� RS� EDVLV� YDQ� GH� NODVVHQDDQGHOHQ�� 'H]H� NODVVHQDDQGHOHQ� ZRUGHQ� YRRU� GH� JHKHOH�
VHJPHQWDWLHSLUDPLGH� EHSDDOG� �]RDOV� EHVFKUHYHQ� LV� LQ� SDUDJUDDI� ������ *RUWH� >����� EO]�� ��@�

VHOHFWHHUW�DOOH�SXUH�VHJPHQWHQ� S �ZDDUYRRU�JHOGW���
�

( ) ( )super( ): n( ) 1 : n( ) 1T SS S T∈= ∧ ∀ ≠ �

�



����

HQ�DOOH�JHPHQJGH�VHJPHQWHQ�ZDDUYRRU�JHOGW��
�

( ) ( ) ( ) ( )super( ) sub( ) super( ) sub( ): n( ) 1 : n( ) 1 : n( ) 1 : n( ) 1T S T S T S U TS S T T U∈ ∈ ∈ ∈≠ ∧ ∀ ≠ ∧ ∀ ≠ ∧ ∀ ∃ = �

�
PHW�� super( )S �VXSHUVHJPHQWHQ�YDQ� S �LQ�DOOH�ERYHQOLJJHQGH�QLYHDXV���
� sub( )S �VXEVHJPHQWHQ�YDQ� S �LQ�DOOH�RQGHUOLJJHQGH�QLYHDXV���
� n( )S �DDQWDO�NODVVHQ�LQ�VHJPHQW� S ��
�
'LW�NRPW�HU�RS�QHHU�GDW��LQGLHQ�PRJHOLMN��SXUH�VHJPHQWHQ�JHVHOHFWHHUG�ZRUGHQ��$OOHHQ�ZDDU�
GDW� QLHW�PRJHOLMN� LV�ZRUGHQ�KHWHURJHQH� VHJPHQWHQ�JHVHOHFWHHUG�� ,Q� EHLGH�JHYDOOHQ�JDDW� GH�
YRRUNHXU�XLW�QDDU�]R�JURRW�PRJHOLMNH�VHJPHQWHQ����

�������1LHXZH�PHWKRGH�YRRU�VHJPHQWVHOHFWLH�

+RHZHO� GLW� JRHG�ZHUNW� YRRU� DJUDULVFKH� JHELHGHQ��ZHUG� ELM� GLW� RQGHU]RHN� YHUZDFKW� GDW� GLW�
YRRU�QDWXXUOLMNH�YHJHWDWLH�PLVVFKLHQ�QLHW�]R�VXFFHVYRO�]RX�]LMQ��(U�]RXGHQ�QDPHOLMN�ZHO�HHQV�
ZHLQLJ�SXUH� VHJPHQWHQ�JHYRQGHQ�NXQQHQ�ZRUGHQ��PHW�DOV� UHVXOWDDW�KHOH�JURWH�KHWHURJHQH�
VHJPHQWHQ��=XONH�JURWH�VHJPHQWHQ�]XOOHQ�QHW�DOV�D�SULRUL�NDQVHQ�YRRU�KHW�JHKHOH�EHHOG�VOHFKWV�
ZHLQLJ�YHUEHWHULQJ�JHYHQ��2PGDW� GH� VHOHFWLH� QLHW� LQ� HHQ�RSHUDWLRQHHO� SURJUDPPD�YHUZHUNW�
ZDV��LV�GDDURP�HHQ�DQGHUH�VHOHFWLHUHJHO�JHSURJUDPPHHUG��+LHUELM�ZRUGHQ�DOOH�VHJPHQWHQ� S �
JHVHOHFWHHUG�ZDDUYRRU�JHOGW���
�

( ) ( )sub( ) super( ) sub( ): : n( ) n( ) : n( ) n( )T S T S U TS T S U T∈ ∈ ∈∀ ≥ ∧ ∀ ∃ < �

�
'H]H� IRUPXOH� FRQWUROHHUW� LQ� WZHH� VWDSSHQ� RI� HHQ� VHJPHQW� JHVHOHFWHHUG�PRHW�ZRUGHQ��+HW�
HHUVWH�GHHO�YDQ�GH�IRUPXOH�]RUJW�HU�YRRU�GDW�HU�JHHQ�VXEVHJPHQWHQ�]LMQ�PHW�PLQGHU�NODVVHQ��
,Q� GDW� JHYDO� ]RXGHQ� GLH� QDPHOLMN� JHVHOHFWHHUG� PRHWHQ� ZRUGHQ�� ,Q� GH� WZHHGH� VWDS� ZRUGW�
JHNHNHQ�RI�HU�JHHQ�VXSHUVHJPHQWHQ�]LMQ�GLH�EHWHU�JHVHOHFWHHUG�]RXGHQ�NXQQHQ�ZRUGHQ��(HQ�
VXSHUVHJPHQW�LV�EHWHU�DOV�GLW�VXSHUVHJPHQW�HYHQYHHO�RI�PLQGHU�NODVVHQ�KHHIW�GDQ�DO�]LMQ�HLJHQ�
VXEVHJPHQWHQ���
'LW�NRPW�HU�RS�QHHU�GDW�GH�VHJPHQWHQ�PHW�]R�PLQ�PRJHOLMN�NODVVHQ�JHVHOHFWHHUG�ZRUGHQ��$OV�
HU�PHHUGHUH�NDQGLGDWHQ�]LMQ�ZRUGHQ�]R�JURRW�PRJHOLMNH�VHJPHQWHQ�JHNR]HQ��]LH�ILJXXU��������
�

�� �� �� �

�� �� �� �� �� ↑�
�� �� �� �� �� �� �� �� QLYHDXV�

)LJXXU� ������ 6FKHPDWLVFKH� ZHHUJDYH� YDQ� HHQ� VHJPHQWDWLHSLUDPLGH� PHW� LQ� LHGHU�
VHJPHQW�KHW�DDQWDO�DDQZH]LJH�NODVVHQ��'H�JHVHOHFWHHUGH�VHJPHQWHQ�]LMQ�JHPDUNHHUG�

�
,Q� ppQ� EHSDDOGH� VLWXDWLH� QHHPW� GH]H� VHOHFWLHPHWKRGH� HHQ� YUHHPGH� EHVOLVVLQJ�� (HQ� JURRW�
VHJPHQW� PHW� PDDU� HHQ� SDDU� NODVVHQ�� GDW� LQ� ppQ� YDQ� GH� VXEVHJPHQWHQ� ppQ� NODVVH� PLQGHU�
KHHIW�� ]DO� QLHW� JHVHOHFWHHUG�ZRUGHQ�� ,Q� SODDWV� GDDUYDQ� ]XOOHQ�PHHUGHUH� NOHLQHUH� VHJPHQWHQ�
JHVHOHFWHHUG�ZRUGHQ��]LH�ILJXXU��������:DQQHHU�GLW�YHHO�HUJ�NOHLQH�VHJPHQWMHV�]RXGHQ�]LMQ��LV�
GLW� HLJHQOLMN� RQZHQVHOLMN�� RPGDW� GLW� RQQDXZNHXULJH� D� SULRUL� NDQVHQ� RS� ]DO� OHYHUHQ�� 'LW� NDQ�
HQLJV]LQV�WHJHQJHJDDQ�ZRUGHQ�GRRU�GH�IXQFWLH� n( )S �LHWV�DDQ�WH�SDVVHQ��+HW�SURJUDPPD�ELHGW��
QDPHOLMN�GH�PRJHOLMNKHLG�RP�NOHLQH�DDQGHOHQ�YDQ�HHQ�NODVVH��XLWJHGUXNW�LQ�HHQ�IUDFWLH�YDQ�KHW�
VHJPHQW�RI�HHQ�DDQWDO�SL[HOV��WH�YHUZDDUOR]HQ��+LHUPHH�NDQ�GH�JURRWWH�YDQ�GH�JHVHOHFWHHUGH�
VHJPHQWHQ�LHWV�EHwQYORHG�ZRUGHQ��'H]H�YHUZDDUOR]LQJ�LV�DOOHHQ�YDQ�LQYORHG�RS�KHW�VHOHFWHUHQ�
YDQ�GH�VHJPHQWHQ��9RRU�KHW�EHSDOHQ�YDQ�GH�ORNDOH�D�SULRUL�NDQVHQ�YLQGW�JHHQ�YHUZDDUOR]LQJ�
SODDWV���
�
�



� ��

�� �

�� �� ↑�
�� �� �� �� QLYHDXV�

)LJXXU� ������ 6FKHPDWLVFKH� ZHHUJDYH� YDQ� HHQ� VHJPHQWDWLHSLUDPLGH� PHW� LQ� LHGHU�
VHJPHQW�KHW�DDQWDO�DDQZH]LJH�NODVVHQ��'H�JHVHOHFWHHUGH�VHJPHQWHQ�]LMQ�JHPDUNHHUG��

�����%HVFKRXZLQJ�HQ�DDQEHYHOLQJHQ�

%LM�GH�SUREDELOLVWLVFKH�VHJPHQWDWLH�ZRUGW�XLWJHJDDQ�YDQ�HHQ�IX]]\�VWDWLVWLVFKH�FODVVLILFDWLH��GLH�
RS�JURQG�YDQ�DOOH�EDQGHQ�GH�NDQVHQ�RS�GH�YHUVFKLOOHQGH�NODVVHQ�EHUHNHQW��'DDUQDDVW�ZRUGW�
HHQ� VHJPHQWDWLHSLUDPLGH� JHPDDNW� RS� JURQG� YDQ� GULH� EDQGHQ��9HUYROJHQV�ZRUGHQ� YRRU� GH�
JHKHOH� SLUDPLGH� GH� NODVVHQDDQGHOHQ� SHU� VHJPHQW� EHSDDOG�� 8LW� YHUVFKLOOHQGH� ODJHQ� YDQ� GH�
SLUDPLGH�ZRUGHQ�VHJPHQWHQ�JHVHOHFWHHUG�PHW�]R�PLQ�PRJHOLMN�NODVVHQ��'H�NODVVHQDDQGHOHQ�
YDQ�GH�JHVHOHFWHHUGH�VHJPHQWHQ�NXQQHQ�JHEUXLNW�ZRUGHQ�DOV�D�SULRUL�NDQVHQ��RP�RS�JURQG�
YDQ�GH�IRUPXOH�YDQ�%D\HV�GH�HHUVWH�FODVVLILFDWLH�WH�YHUEHWHUHQ��]LH�ILJXXU��������
�
(LJHQOLMN�ZRUGHQ�HU�GULH�IX]]\�FODVVLILFDWLHV�JHPDDNW��
- )X]]\�FODVVLILFDWLH�SHU�SL[HO��GH�NDQV�RS�LHGHUH�NODVVH���
- )X]]\�FODVVLILFDWLH�SHU�VHJPHQW��HHQ�RSSHUYODNWHDDQGHHO�SHU�NODVVH����
- 9HUEHWHUGH�IX]]\�FODVVLILFDWLH�SHU�SL[HO��GH�NDQV�RS�LHGHUH�NODVVH����
�
'RRU�GH�PD[LPDOH�NDQV��RI�KHW�JURRWVWH�RSSHUYODNWHDDQGHHO��WH�VHOHFWHUHQ��ZRUGHQ�GULH�FULVS�
FODVVLILFDWLHV�YHUNUHJHQ��'H�YHUEHWHUGH� IX]]\�HQ�FULVS�FODVVLILFDWLHV�]LMQ�GH�EHVWH�FODVVLILFDWLHV��
9RRU�PRQLWRULQJ�]RX�HFKWHU�RRN�GH�YRRUNHXU�JHJHYHQ�NXQQHQ�ZRUGHQ�DDQ�HHQ�YDQ�GH�DQGHUH�
FODVVLILFDWLHV���
'RRUGDW�GH�VHJPHQWVJHZLM]H�IX]]\�FODVVLILFDWLH�EHSDDOG�LV�RS�EDVLV�YDQ�PHHUGHUH�SL[HOV�LV�GH]H�
PLQGHU�JHYRHOLJ�YRRU�PHHWUXLV�GDQ�HHQ�SL[HOJHZLM]H�IX]]\�FODVVLILFDWLH��9RRUZDDUGH�KLHUYRRU�LV�
QDWXXUOLMN�GDW�GH�VHJPHQWHQ�QLHW�WH�NOHLQ�]LMQ��'H]H�DDQGHOHQ�SHU�VHJPHQW�OHQHQ�]LFK�GDDURP�
ZHOOLFKW� EHWHU� YRRU� PRQLWRULQJ� YDQ� JHOHLGHOLMNH� YHUDQGHULQJHQ� GDQ� HHQ� SL[HOJHZLM]H�
FODVVLILFDWLH�� 2P� WH� YRRUNRPHQ� GDW� YRRUQDPHOLMN� YHUVFKLOOHQ� WHQ� JHYROJH� YDQ� HHQ� DQGHUH�
VHJPHQWDWLH� WH� ]LHQ� ]LMQ�� ]RX� EHVORWHQ� NXQQHQ� ZRUGHQ� RP� YRRU� DOOH� EHHOGHQ� GH]HOIGH�
VHJPHQWDWLH�WH�JHEUXLNHQ���
(pQ� YDQ� GH� YRRUGHOHQ� YDQ� SUREDELOLVWLVFKH� VHJPHQWDWLH� LV� GDW� VSHFWUDOH� RYHUODS� YDQ� NODVVHQ�
HHQ�PLQGHU�JURRW�SUREOHHP�LV�GDQ�ELM�HHQ�SL[HOJHZLM]H�FODVVLILFDWLH��'DW�ZLO�HFKWHU�QLHW�]HJJHQ�
GDW� GLW� DOOH� SUREOHPHQ� RSORVW�� %LM� VSHFWUDOH� RYHUODS� ]DO� QDPHOLMN� RRN� KHW� VFKDWWHQ� YDQ� GH� D�
SULRUL�NDQVHQ�PRHLOLMNHU�]LMQ��:DQQHHU�ELM�KHW�VFKDWWHQ�YDQ�GH�D�SULRUL�NDQVHQ�RS�GH�NODVVHQ�LQ�
HHQ�VHJPHQW�HHQ�IRXW�JHPDDNW�ZRUGW��]DO�GLW�JURWH�JHYROJHQ�KHEEHQ�YRRU�GH�FODVVLILFDWLH�YDQ�
GH�SL[HOV�ELQQHQ�GDW�VHJPHQW��
�

'H�YHUVFKLOOHQGH�NDQVHQ�LQ�GH�IRUPXOH�YDQ�%D\HV�PRHWHQ�RS�KHW]HOIGH�JHELHG�YDQ�WRHSDVVLQJ�

]LMQ�� 'H� NDQVHQ� ( | )p kP Cχ � HQ� ( )kP C � ]LMQ� GLW� HFKWHU� QLHW�� 'H� NDQV� ( )kP C � ZRUGW� ORNDDO�

EHSDDOG�WHUZLMO� ( | )p kP Cχ �XLW�GH�WUDLQLQJVVHW�EHSDDOG�ZRUGW�YRRU�KHW�JHKHOH�EHHOG��:DQQHHU�

GH]H� NDQV� WRFK� JHEUXLNW� ZRUGW� LQ� FRPELQDWLH� PHW� GH� ORNDOH� ( )kP C � ZRUGW� LPSOLFLHW�

YHURQGHUVWHOG� GDW� GH�ZDDUGHQ� GLH� YRRU� KHW� JHKHOH� EHHOG� JHOGHQ� RRN� ORNDDO� YDQ� WRHSDVVLQJ�

]LMQ��'LW�LV�QLHW�DOWLMG�WHUHFKW��]LH�YRRUEHHOG����
�

9RRUEHHOG�
'H�NDQV�RS�HHQ�JHHO�SL[HO��JHJHYHQ�GDW�KHW�HHQ�JUDVSL[HO�LV��]DO�LQ�KHW�DOJHPHHQ��YRRU�
KHW� JHKHOH� EHHOG�� NOHLQ� ]LMQ�� /RNDDO� NDQ� GH]H� NDQV� GDDU� HFKWHU� YDQ� DIZLMNHQ�� ,Q� HHQ�
YHOG� GDW� HHQ� DQGHUH�ERGHPVRRUW� KHHIW� GLH� VQHOOHU� WRW� YHUGURJLQJ� OHLGW��ZDDUGRRU� GLW�
KHOH� YHOG� �ELMQD�� JHKHHO� XLW� JHHO� JUDV� EHVWDDW�� LV� GH]H� NDQV� YHHO� JURWHU�� ,Q� KHW� OLQNHU�



����

VHJPHQW�LQ�ILJXXU������LV�GH�NDQV� ( | )P Geel Gras ���WHUZLMO�GH]H�NDQV�YRRU�KHW�JHKHOH�
JHELHG�

�

� � �LV��
�

�
)LJXXU�������*HELHG�PHW�WZHH�VHJPHQWHQ��(HQ�JHHO�VHJPHQW�PHW�JUDV�HQ�WDUZH�HQ�HHQ�
JURHQ�VHJPHQW�PHW�DOOHHQ�JUDV��

�
*RUWH� >�����EO]�������@�EHVFKULMIW� HHQ�PHWKRGH�ZDDUPHH�RRN�GH�FRQGLWLRQHOH�NDQV�RS�HHQ�
IHDWXUHYHFWRU�ORNDDO�JHVFKDW�NDQ�ZRUGHQ��'H]H�PHWKRGH�LV�HFKWHU�DOOHHQ�WRHSDVEDDU�ZDQQHHU�
PHQ�RYHU�HUJ�YHHO� WUDLQLQJVVDPSOHV�EHVFKLNW��2PGDW�GDW�ELM�GLW�RQGHU]RHN�QLHW�KHW�JHYDO� LV��
ZRUGW�HU�YDQ�XLWJHJDDQ�GDW�GH�NDQVHQ�GLH�YRRU�KHW�JHKHOH�EHHOG�EHSDDOG�]LMQ�RRN�ORNDDO�YDQ�
WRHSDVVLQJ�]LMQ��
�
'H�UHNHQWLMG�YDQ�KHW�SURJUDPPD�NDQ�RSORSHQ�WRW����XXU��'LW�]RX�QRJ�LHWV�YHUEHWHUG�NXQQHQ�
ZRUGHQ�GRRU�KHW�SURJUDPPD�HIILFLsQWHU�WH�PDNHQ��ELMYRRUEHHOG�GRRU�HHQ�WRHWV�RS�VLJQLILFDQWLH�
ELM� GH� LWHUDWLHYH� VFKDWWLQJ�YDQ�GH�D�SULRUL�NDQVHQ� WRH� WH�YRHJHQ��2RN�]RX�KHW� VFKULMYHQ�YDQ�
&�SURJUDPPD©V�LQ�SODDWV�YDQ�GH�EDVK�VFULSWV�HHQ�YHUEHWHULQJ�NXQQHQ�JHYHQ���
�
+HW�SURJUDPPD�JHEUXLNW�GULH�EDQGHQ�YRRU�GH�VHJPHQWDWLH��%LM�GDWD�PHW�PHHU�EDQGHQ�LV�KHW�
ZHQVHOLMN� GDW� GH� LQIRUPDWLH� XLW� DOOH� EDQGHQ� JHEUXLNW� ZRUGW�� +HW� SURJUDPPD� ]RX� KLHUYRRU�
DDQJHSDVW� PRHWHQ� ZRUGHQ�� 'LW� LV� XLW� WLMGVRYHUZHJLQJ� QLHW� JHGDDQ�� 'H� UHJHOV� YRRU� KHW�
VDPHQYRHJHQ�YDQ�OHDYHV�HQ�UHJLR©V�]RXGHQ�GDQ�RRN�JHZLM]LJG�PRHWHQ�ZRUGHQ��,Q�LHGHU�JHYDO�
PRHW� GH� YHUKRXGLQJ� WXVVHQ� GH� WZHH� GUHPSHOZDDUGHQ� GDQ� DDQJHSDVW� ZRUGHQ� DDQ� GH�
WRHQHPHQGH�VSHFWUDOH�DIVWDQGHQ� LQ�HHQ�PHHUGLPHQVLRQDOH�IHDWXUHVSDFH��:DQQHHU�GH�GULH�WH�
JHEUXLNHQ� EDQGHQ� JRHG� JHNR]HQ� ZRUGHQ�� RI� ZDQQHHU� ELMYRRUEHHOG� GH� HHUVWH� GULH�
FRPSRQHQWHQ� YDQ� HHQ� SULQFLSDO�FRPSRQHQWV�DQDO\VH� �3&$�� ZRUGHQ� JHQRPHQ�� JHHIW� GLW�
ZDDUVFKLMQOLMN�HHQ�QHW�]R�JRHGH�VHJPHQWDWLH��
$IJH]LHQ�KLHUYDQ� LV�GH�HQLJH�QRRG]DNHOLMNH�DDQSDVVLQJ��YRRU�KHW�JHEUXLN�YDQ�K\SHUVSHFWUDOH�
EHHOGHQ� YRRU� SUREDELOLVWLVFKH� VHJPHQWDWLH�� KHW� EHSDOHQ� YDQ� NDQVHQ� RS� GH� YHUVFKLOOHQGH�
NDQVHQ�� 'RRU� KHW� UHODWLHI� JURWH� DDQWDO� EDQGHQ� WHQ� RS]LFKWH� YDQ� KHW� DDQWDO� VDPSOHV� LV� KHW�
PRHLOLMN� GH]H� NDQVHQ� WH� VFKDWWHQ� �]LH� SDUDJUDDI� ������ 'LW� SUREOHHP� RQGHUYLQGW� LHGHUH�
VWDWLVWLVFKH�FODVVLILFDWLHPHWKRGH�GLH�RS�K\SHUVSHFWUDOH�EHHOGHQ�WRHJHSDVW�ZRUGW��
�
�
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� �
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�
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SHU�SL[HO�

YHUEHWHUGH��
IX]]\�FODVVLILFDWLH��

SHU�SL[HO�

�
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SHU�VHJPHQW�

�
)LJXXU�������6FKHPD�YDQ�GH�SUREDELOLVWLVFKH�VHJPHQWDWLH��

�



����

�



� ��

���&RQGLWLRQHOH�NDQV�RS�HHQ�IHDWXUHYHFWRU�

,Q� KHW� YRULJH� KRRIGVWXN� �VXESDUDJUDDI� ������� ]LMQ� HQNHOH� PHWKRGHQ� EHVSURNHQ� YRRU� KHW�
VFKDWWHQ�YDQ�GH�FRQGLWLRQHOH�NDQV�RS�HHQ� IHDWXUHYHFWRU� ( | )p kP Cχ �� ,Q�GLW�KRRIGVWXN�]DO�GH�
NHX]H� YRRU� ppQ� YDQ� GH]H� VFKDWWLQJVPHWKRGHQ� JHPRWLYHHUG� ZRUGHQ�� 9DQ� EHODQJ� LV� GDW� GH�
PHWKRGH�UHDOLVWLVFKH�NDQVHQ�VFKDW�YRRU�GH�JHEUXLNWH�K\SHUVSHFWUDOH�EHHOGHQ�HQ�HHQ�EHSHUNWH�
KRHYHHOKHLG�YHOGJHJHYHQV��'DDURP�PRHW�GH]H�QLHW�WH�JHYRHOLJ�]LMQ�YRRU�GH�RYHUWUDLQLQJ�

�����2YHUWUDLQLQJ�

9HHO� FODVVLILFDWLHPHWKRGHQ�� ZDDURQGHU� PD[LPXP�OLNHOLKRRG�FODVVLILFDWLH� HQ� N�QHDUHVW�
QHLJKERXUV�FODVVLILFDWLH��NXQQHQ�ODVW�KHEEHQ�YDQ�GH�]RJHQDDPGH�FXUVH�RI�GLPHQVLRQDOLW\�>-DLQ�
HQ�:DOOHU�������'XLQ������HQ�YDQ�2WWHUORR�HQ�<RXQJ������LQ�+RHNVWUD������SDUDJUDDI����@��
'LW� LV�KHW�YHUVFKLMQVHO�GDW�GH�FODVVLILFDWLH� VOHFKWHU�SUHVWHHUW�GRRU�KHW� WRHYRHJHQ�YDQ� IHDWXUHV�
�EDQGHQ�� ELM� JHOLMN� HHQ� DDQWDO� WUDLQLQJVVDPSOHV� �]LH� ILJXXU� ������ %LM� KHW� JHEUXLN� YDQ�
K\SHUVSHFWUDOH�GDWD�NDQ�GLW�]LFK�DO�VQHO�YRRUGRHQ��
��

�
)LJXXU� ����� &XUVH� RI� GLPHQVLRQDOLW\�� 9RRU� HHQ� YDVW� DDQWDO� WUDLQLQJVVDPSOHV� ]DO� GH�
FODVVLILFDWLHIRXW� YDQ� HHQ� FODVVLILFDWLHPHWKRGH� XLWHLQGHOLMN� WRHQHPHQ� ZDQQHHU� KHW�
DDQWDO�IHDWXUHV�ZRUGW�YHUKRRJG�>+RHNVWUD������SDUDJUDDI����@��

�
'H�YHUVOHFKWHULQJ�ZRUGW�YHURRU]DDNW�GRRUGDW�ELM�KHW�JHEUXLN�YDQ�YHHO�IHDWXUHV�GH�FODVVLILFDWLH�
PHWKRGH� ]LFK� PHHU� JDDW� DDQSDVVHQ� DDQ� GH� UXLV� LQ� GH� WUDLQLQJVVHW�� %LM� YDOLGDWLH� PHW� GH�
WUDLQLQJVVHW�OLMNW�KHW�WRHYRHJHQ�YDQ�IHDWXUHV�GDQ�YHUEHWHULQJ�WH�JHYHQ��PDDU�ELM�YDOLGDWLH�PHW�
HHQ�RQDIKDQNHOLMNH�WHVWVHW�EOLMNW�GLW�QLHW�KHW�JHYDO�WH�]LMQ��'DW�KHW�WRHYRHJHQ�YDQ�H[WUD�IHDWXUHV�
�HQ�GXV� LQIRUPDWLH�YRRU�GH� WUDLQLQJ�� VRPV� WRFK�HHQ�YHUVOHFKWHULQJ�JHHIW�� LV�GH� UHGHQ�GDW�GLW�
RRN� ZHO� RYHUWUDLQLQJ� JHQRHPG� ZRUGW�� +HW� RQGHUVWDDQGH� YRRUEHHOG� PRHW� KHW� YHUVFKLMQVHO�
HQLJV]LQV�YHUKHOGHUHQ��
�

9RRUEHHOG�
:H�EHVFKRXZHQ�GH�VLWXDWLH�PHW�WZHH�NODVVHQ�� J �IHDWXUHV�HQ� 1J + �WUDLQLQJVVDPSOHV��
,HGHUH� FODVVLILFDWLHPHWKRGH� OHYHUW� XLWHLQGHOLMN� HHQ� EHVOLVVLQJVJUHQV� GLH� GH�
J �GLPHQVLRQDOH�IHDWXUHVSDFH�RSGHHOW��'H�HHQYRXGLJVWH�EHVOLVVLQJVJUHQV�LV�HHQ�OLQHDLUH�
GHHOUXLPWH�PHW�GLPHQVLH� 1J − ��]LH�ILJXXU�������,Q�KHW�JHYDO� 1J + �WUDLQLQJVVDPSOHV�NDQ�
]HOIV� HHQ� FODVVLILFDWLHPHWKRGH� PHW� ]R©Q� HHQYRXGLJH� JUHQV� GH]H� ]R� NLH]HQ� GDW� GH�
WUDLQLQJVVDPSOHV� SHUIHFW� LQ� GH� WZHH� NODVVHQ� RSJHGHHOG� ZRUGHQ�� 9DOLGDWLH� RS� GH�
WUDLQLQJVGDWD� ]RX� HHQ� RYHUDOO�DFFXUDF\� YDQ� ����� JHYHQ�� GH� FODVVLILFDWLHPHWKRGH� LV�
YROOHGLJ�DDQJHSDVW�DDQ�GH�UXLV�LQ�GH�WUDLQLQJVVHW��
�
�
�



����

�

�
�
)LJXXU������,Q�HHQ���GLPHQVLRQDOH�IHDWXUHVSDFH�NXQQHQ���VDPSOHV�JHVFKHLGHQ�ZRUGHQ�
GRRU� HHQ� SXQW�� ,Q� HHQ� ��GLPHQVLRQDOH� IHDWXUHVSDFH� NXQQHQ� �� VDPSOHV� JHVFKHLGHQ�
ZRUGHQ� GRRU� HHQ� OLMQ�� ,Q� HHQ� ��GLPHQVLRQDOH� IHDWXUHVSDFH� NXQQHQ� �� VDPSOHV�
JHVFKHLGHQ�ZRUGHQ�GRRU�HHQ�YODN���
�

+HW�EOLMNW�GDW�HHQ�FODVVLILFDWLHPHWKRGH�GXV�HQLJV]LQV�PRHW�JHQHUDOLVHUHQ�RP�JRHGH�UHVXOWDWHQ�
RS�WH�OHYHUHQ��:DQQHHU�GH�RYHUWDOOLJKHLG�WH�NOHLQ�ZRUGW�ZRUGHQ�GH�UHVXOWDWHQ�VOHFKWHU��
�
(HQ�UHPHGLH�WHJHQ�RYHUWUDLQLQJ�LV�KHW�YHUKRJHQ�YDQ�KHW�DDQWDO�VDPSOHV��PDDU�YDDN�LV�GDW�QLHW�
PRJHOLMN��'LW�]RX�QDPHOLMN�]HHU�RPYDQJULMN�YHOGZHUN�YHUHLVHQ��(HQ�DQGHUH�RSWLH�LV�HHQ�DQGHUH�
FODVVLILFDWLHPHWKRGH� WH� NLH]HQ� GLH� PLQGHU� JHYRHOLJ� YRRU� RYHUWUDLQLQJ� LV�� ,Q� KHW� JHYDO� YDQ�
SDUDPHWULVFKH� FODVVLILFDWLHPHWKRGHQ� ]LMQ� GLW� ELMYRRUEHHOG� PHWKRGHQ� GLH� PLQGHU� SDUDPHWHUV�
VFKDWWHQ�� (HQ� GHUGH� PRJHOLMNH� RSORVVLQJ� LV� IHDWXUH�UHGXFWLH�� 'RRU� JHEUXLN� WH� PDNHQ� YDQ�
PLQGHU�EDQGHQ�NDQ�RYHUWUDLQLQJ�YRRUNRPHQ�ZRUGHQ�HQ�ZRUGHQ�GH�UHVXOWDWHQ�EHWHU��'LW� OLMNW�
YUHHPG�ZDQW�GH�LQIRUPDWLH�LQ�GH�QLHW�JHEUXLNWH�EDQGHQ�ZRUGW�ZHJJHJRRLG��'H�NXQVW�LV�GDQ�
RRN� RP� KHW� DDQWDO� EDQGHQ� ]R� WH� UHGXFHUHQ� GDW� HU� ]R� YHHO� PRJHOLMN� YDQ� GH� LQIRUPDWLH�
EHKRXGHQ� ZRUGW�� (U� ]LMQ� WZHH� YHUVFKLOOHQGH� VWUDWHJLHsQ� YRRU� IHDWXUH�UHGXFWLH�� QDPHOLMN�
IHDWXUH�VHOHFWLH�HQ�IHDWXUH�H[WUDFWLH��%LM�VHOHFWLH�ZRUGW�HHQ�GHHO�YDQ�GH�EDQGHQ�JHVHOHFWHHUG�
YRRU�GH�FODVVLILFDWLH��GH�RYHULJHQ�ZRUGHQ�QLHW�JHEUXLNW��%LM�H[WUDFWLH�ZRUGHQ�QLHXZH�EDQGHQ�
JHYRUPG�PHW�GDDULQ�]RYHHO�PRJHOLMN�LQIRUPDWLH�YDQ�DOOH�EDQGHQ��
�
(QNHOH�PRJHOLMNH�PHWKRGHQ�YRRU�IHDWXUH�UHGXFWLH���
- 3ULQFLSDO�FRPSRQHQWV�DQDO\VH��3&$���
- +HW�JHPLGGHOGH�YDQ�PHHUGHUH�EDQGHQ�QHPHQ���
- 6HOHFWLH�YDQ�EDQGHQ�RS�JURQG�YDQ�H[SHUWNHQQLV��
- 6HOHFWLH�YDQ�EDQGHQ�RS�JURQG�YDQ�VWDWLVWLVFK�EHSDDOGH�LQIRUPDWLH�LQKRXG�YDQ�GH�EDQGHQ��

�����.HX]H�YRRU�HHQ�VFKDWWLQJVPHWKRGH�

+HW�HQLJH�FULWHULXP�YRRU�HHQ�JHVFKLNWH�PHWKRGH�YRRU�KHW�VFKDWWHQ�YDQ�GH�FRQGLWLRQHOH�NDQV�
RS� HHQ� IHDWXUHYHFWRU� LV� GDW� GH]H� UHDOLVWLVFKH� NDQVHQ� PRHW� VFKDWWHQ�� 'LW� PRHW� EOLMNHQ� XLW�
YHUEHWHUGH�FODVVLILFDWLHUHVXOWDWHQ�ELM�WRHSDVVLQJ�YDQ�SUREDELOLVWLVFKH�VHJPHQWDWLH��,Q�KHW�JHYDO�
YDQ� GH� JHEUXLNWH� GDWD� LV� KHW� YDQ� EHODQJ� GDW� GH� VFKDWWLQJVPHWKRGH� JHVFKLNW� LV� YRRU� K\SHU�
VSHFWUDOH�EHHOGHQ�HQ�PDDU�HHQ�EHSHUNW�DDQWDO�WUDLQLQJVVDPSOHV�SHU�NODVVH��'DDURP�PRHW�GH]H�
QLHW�WH�JHYRHOLJ�]LMQ�YRRU�RYHUWUDLQLQJ���
�
,Q� HHUVWH� LQVWDQWLH� LV� HU� YDQ� XLWJHJDDQ� GDW� PD[LPXP�OLNHOLKRRG�FODVVLILFDWLH� JHEUXLNW� ]RX�
ZRUGHQ�YRRU�KHW�VFKDWWHQ�YDQ�GH�NDQVHQ��(HQ�SUREOHHP�GDW�GDQ�RSJHORVW�]RX�PRHWHQ�ZRUGHQ�
LV� KRH� HU� YRRU� K\SHUVSHFWUDOH� GDWD� JHWUDLQG� NDQ� ZRUGHQ�� 9RRU� PD[LPXP�OLNHOLKRRG�
FODVVLILFDWLH�]LMQ�QDPHOLMN�WXVVHQ�GH����HQ�����WUDLQLQJVVDPSOHV�SHU�EDQG�SHU�NODVVH�EHQRGLJG�
>*RUWH� ����� EO]�� ��@�� 2QGDQNV� KHW� XLWYRHULJH� YHOGZHUN� ]LMQ� GH� ���� WUDLQLQJVVDPSOHV�
KRRJVWHQV� YROGRHQGH� YRRU� KHW� EHVFKULMYHQ� YDQ� HHQ� VWXN� RI� �� NODVVHQ� LQ� HHQ� SDDU� EDQGHQ��
+RHZHO� FULVS� PD[LPXP�OLNHOLKRRG�FODVVLILFDWLH� PHW� NODVVHQLQGHOLQJ� QLYHDX� �� �]LH� SDUDJUDDI�
�����RS���EDQGHQ�QRJ�UHGHOLMN�JRHGH�UHVXOWDWHQ�JDI��EOHHN�KHW�WRHSDVVHQ�YDQ�SUREDELOLVWLVFKH�
VHJPHQWDWLH� PHW� GH� EHUHNHQGH� NDQVHQ� GH� UHVXOWDWHQ� WH� YHUVOHFKWHUHQ� LQ� SODDWV� YDQ� WH�
YHUEHWHUHQ�� 'LW� GXLGW� HU� RS� GDW� GH� EHUHNHQGH� NDQVHQ� QLHW� MXLVW� ]LMQ�� 'LW� NDQ� YHURRU]DDNW�
ZRUGHQ� GRRU� HHQ� WHNRUW� DDQ� WUDLQLQJVVDPSOHV� RI� GRRUGDW� GH� NODVVHQ� QLHW� QRUPDDO� YHUGHHOG�



� ��

]LMQ��'LW�ODDWVWH�]RX�RYHULJHQV�QLHW�YHUZRQGHUOLMN�]LMQ�RPGDW�GH���NODVVHQ�VDPHQJHVWHOG�]LMQ�XLW�
PHHUGHUH�YHJHWDWLHW\SHQ��6DPHQJHVWHOGH�NODVVHQ�]LMQ�PHHVWDO�QLHW�QRUPDDO�YHUGHHOG��]HOIV�QLHW�
DOV�GH�VDPHQVWHOOHQGH�GHOHQ�GDW�ZHO�]LMQ���
�
+HW� RQGHUVFKHLGHQ� YDQ�PLQGHU� GDQ� �� NODVVHQ� OHYHUW� QLHW� YROGRHQGH� HFRORJLVFKH� LQIRUPDWLH�
PHHU�RS��%LM�KHW�JHEUXLN�YDQ�PLQGHU�GDQ�GULH�EDQGHQ�EHVWDDW�HU�]HNHU�RQYROGRHQGH�VSHFWUDDO�
RQGHUVFKHLG�WXVVHQ�GH�NODVVHQ��+HW�YHUZHUYHQ�YDQ�PHHU�WUDLQLQJVVDPSOHV�LV�RRN�QLHW�PRJHOLMN��
'H� HQLJH�RSWLH� RP�RYHUWUDLQLQJ� WH� YRRUNRPHQ�GLH� GDQ�QRJ�RYHUEOLMIW� LV� KHW� NLH]HQ� YDQ� HHQ�
DQGHUH� FODVVLILFDWLHPHWKRGH� GLH� ELMYRRUEHHOG� HHQ� NOHLQHU� DDQWDO� SDUDPHWHUV� EHSDDOW� YRRU� GH�
EHVFKULMYLQJ�YDQ�GH�NODVVHQ��
�
'H�VWDWLVWLVFKH�FODVVLILFDWLH�RS�JURQG�YDQ�PLQLPXP�GLVWDQFH�FODVVLILFDWLH��]RDOV�LQ�VXESDUDJUDDI�
������ LV�EHVFKUHYHQ��VFKDW�VOHFKWV�HHQ�JHPLGGHOGH�SHU�NODVVH�HQ�ppQ�YDULDQWLH� LQ�DOOH�EDQGHQ�
YRRU� DOOH� NODVVHQ��+LHUGRRU� ]LMQ� DDQ]LHQOLMN�PLQGHU� VDPSOHV� QRGLJ�� (QNHOH�H[SHULPHQWHQ�PHW�
PLQLPXP�GLVWDQFH�FODVVLILFDWLH� JDYHQ� HFKWHU� QRJ� VOHFKWHUH� UHVXOWDWHQ� GDQ� PD[LPXP�
OLNHOLKRRG�FODVVLILFDWLH��%OLMNEDDU�LV�GH�VFKDDUVWH�YDQ�VDPSOHV�QLHW�GH�EHSHUNHQGH�IDFWRU��PDDU�LV�
GH�YHURQGHUVWHOOLQJ�YDQ�JHOLMNH� VSUHLGLQJ�YRRU�DOOH�EDQGHQ�HQ�NODVVHQ�QLHW� MXLVW��2SPHUNHOLMN�
ZDV�GDW�HU�ZHO�YULM�UHGHOLMNH�FULVS�FODVVLILFDWLHV�YHUNUHJHQ�ZHUGHQ�ZDQQHHU�HU�HHUVW�YHHO�NODVVHQ�
ZHUGHQ�RQGHUVFKHLGHQ�HQ�GH]H�QD�GH�FODVVLILFDWLH�ZHUGHQ�VDPHQJHYRHJG���
�
$DQJH]LHQ� GH� VSHFWUDO� DQJOH� PDSSHU� QRJ� ZHHU� HHQ� YHUGHUH� VLPSOLILFDWLH� YDQ� PD[LPXP�
OLNHOLKRRG�FODVVLILFDWLH� LV� GDQ�PLQLPXP�GLVWDQFH�FODVVLILFDWLH�� NDQ� YHUZDFKW�ZRUGHQ� GDW� GH]H�
JHHQ� YHUEHWHULQJ� ]DO� JHYHQ�� %LM� KHW� H[SHUWV\VWHHP� >6NLGPRUH� H�D�� ����@� LV� HU� HFKWHU� PHW�
VXFFHV�JHEUXLN�JHPDDNW�YDQ�GH�VSHFWDO�DQJOH�PDSSHU��1X�EOLMNW�KHW�]R�WH�]LMQ�GDW�KLHUELM�JHHQ�
VSHFWUDO�DQJOH�PDSSHU�PHW�NODVVHQJHPLGGHOGHQ�LV�XLWJHYRHUG��PDDU�PHW�LHGHU�WUDLQLQJVVDPSOH�
DOV� DSDUWH� NODVVH�� 1D� GH� FODVVLILFDWLH� ZRUGHQ� DO� GH]H� NODVVHQ� GDQ� VDPHQJHYRHJG� WRW� GH�
JHZHQVWH�NODVVHQLQGHOLQJ��'LW�EOLMNW�EHWHUH� UHVXOWDWHQ�WH�JHYHQ�GDQ�KHW�JHEUXLN�YDQ�NODVVHQ�
JHPLGGHOGHQ���
�
9RRU�PD[LPXP�OLNHOLKRRG�FODVVLILFDWLH�PHW�PHHU�GDQ���NODVVHQ�]LMQ�YRRU�GH�6FKLHUPRQQLNRRJ�
GDWD�GXV�WH�ZHLQLJ�VDPSOHV�EHVFKLNEDDU��'H���NODVVHQ�YDQ�KHW�HHUVWH�QLYHDX�YDQ�GH�NODVVHQ�
LQGHOLQJ� �]LH� SDUDJUDDI� ����� ]LMQ� QLHW� QRUPDDO� YHUGHHOG� RI� HU� ]LMQ� PHHU� VDPSOHV� QRGLJ� YRRU�
PD[LPXP�OLNHOLKRRG�WUDLQLQJ��'H�PLQLPXP�GLVWDQFH�FODVVLILFDWLH�HQ�GH�VSHFWUDO�DQJOH�PDSSHU�
JHEUXLNHQ�WH�ZHLQLJ�SDUDPHWHUV�RP�GH�NODVVHQ�JRHG�WH�EHVFKULMYHQ��:DQQHHU�HFKWHU�HHUVW�YHHO�
NODVVHQ�RQGHUVFKHLGHQ�ZRUGHQ�GLH�QD�GH�FODVVLILFDWLH�VDPHQJHYRHJG�ZRUGHQ�WRW�HHQ�NODVVHQ�
LQGHOLQJ�PHW�PLQGHU�NODVVHQ��ZRUGHQ�EHWHUH�UHVXOWDWHQ�YHUNUHJHQ��'H]H�ZLM]H�YDQ�FODVVLILFHUHQ�
LV�HHQ�VRRUW�N�QHDUHVW�QHLJKERXUV�FODVVLILFDWLH�PHW�N ���(HQ�EHODQJULMN�QDGHHO�YDQ�N�JHOLMN�DDQ�
�� NLH]HQ� LV� GDW� HHQ� GHUJHOLMNH� FODVVLILFDWLHPHWKRGH� HUJ� JHYRHOLJ� LV� YRRU� IRXWLHYH� WUDLQLQJV�
VDPSOHV��%RYHQGLHQ�NXQQHQ�HU�ELM�N ��DOOHHQ�NDQVHQ�EHUHNHQG�ZRUGHQ�DOV�RRN�QRJ�HHQV�GH�
DIVWDQG�RI�KRHN�LQ�RJHQVFKRXZ�ZRUGW�JHQRPHQ��ZDDUGRRU�HHQ�VRRUW�WXVVHQYRUP�RQWVWDDW���
2PGDW� *RUWH� >����@� PHW� VXFFHV� HHQ� N�QHDUHVW�QHLJKERXUV�FODVVLILFDWLH� WRHJHSDVW� KHHIW� LV�
EHVORWHQ�RP�RRN�ELM�GLW�RQGHU]RHN�GH]H�FODVVLILFDWLHPHWKRGH�WH�JHEUXLNHQ�YRRU�KHW�VFKDWWHQ�
YDQ�GH�FRQGLWLRQHOH�NDQV�RS�HHQ�IHDWXUHYHFWRU���

�����N�1HDUHVW�QHLJKERXUV�FODVVLILFDWLH��

(U� ]LMQ� YHUVFKLOOHQGH� PDQLHUHQ� RP� HHQ� N�QHDUHVW�QHLJKERXUV�FODVVLILFDWLH� WH� LPSOHPHQWHUHQ��
(pQ�PHWKRGH�LV�HHQ�DOJRULWPH�LQ�GH�IHDWXUHVSDFH�WH�ODWHQ�]RHNHQ�QDDU�WUDLQLQJVVDPSOHV�LQ�GH�
QDELMKHLG� YDQ� KHW� WH� FODVVLILFHUHQ� SL[HO�� +LHUELM� ZRUGW� JHOHLGHOLMN� GH� VWUDDO� YDQ� KHW� WH�
GRRU]RHNHQ� JHELHG� RSJHYRHUG� WRWGDW� N� VDPSOHV� JHYRQGHQ� ]LMQ�� 'H]H� PHWKRGH� LV� JHEUXLNW�
GRRU�*RUWH�>����@�HQ�LV�]HHU�JHVFKLNW�YRRU�WRHSDVVLQJHQ�PHW�YHHO�WUDLQLQJVVDPSOHV�HQ�ZHLQLJ�
GLPHQVLHV��%LM�YHHO�GLPHQVLHV�ZRUGW�GH]H�PHWKRGH�HFKWHU�]HHU�UHNHQLQWHQVLHI��'DDURP�LV�ELM�GLW�



����

RQGHU]RHN� JHNR]HQ� YRRU� HHQ� SURJUDPPD� PHW� HHQ� DQGHUH� LPSOHPHQWDWLH�� 'LW� SURJUDPPD�
EHUHNHQW�YRRU�HHQ� WH� FODVVLILFHUHQ�SL[HO�GH�DIVWDQGHQ� LQ�GH� IHDWXUHVSDFH�QDDU� DOOH� WUDLQLQJV�
VDPSOHV��RP�YHUYROJHQV�GH�GLFKWVWELM]LMQGH�N�VDPSOHV�WH�VHOHFWHUHQ��8LWHUDDUG�ZHUNW�GLW�DOOHHQ�
JRHG� ELM� HHQ� QLHW� WH� JURRW� DDQWDO� WUDLQLQJVVDPSOHV�� PDDU� HHQ� JURRW� DDQWDO� GLPHQVLHV� JHHIW�
JHHQ� RQDFFHSWDEHO� ODQJH� UHNHQWLMGHQ��+HW� JHEUXLNWH� SURJUDPPD� LV� RQGHUGHHO� YDQ� GH�$11�
SURJUDPPDELEOLRWKHHN� �$SSUR[LPDWH� 1HDUHVW� 1HLJKERXU��� 'H]H� SURJUDPPDELEOLRWKHHN� LV�
RQWZLNNHOG� ELM� GH� 8QLYHUVLWHLW� YDQ� 0DU\ODQG� >0RXQW� ����@�� +HW� SURJUDPPD� ELHGW� GH�
PRJHOLMNKHLG�RP�GH�UHNHQWLMG�WH�YHUNRUWHQ�GRRU�KHW�VOHFKWV�HHQ�EHQDGHULQJ��DSSUR[LPDWH��WH�
ODWHQ�JHYHQ��'H]H�RSWLH�LV�HFKWHU�QLHW�JHEUXLNW��
��
1HW� ]RDOV� DQGHUH� FODVVLILFDWLHPHWKRGHQ� KHHIW� GH� N�QHDUHVW�QHLJKERXUV�FODVVLILFDWLHPHWKRGH��
]RYHHO� PRJHOLMN� VDPSOHV� QRGLJ�� 2YHUWUDLQLQJ� NDQ� QDPHOLMN� RRN� ELM� N�QHDUHVW�QHLJKERXUV�
FODVVLILFDWLH�RSWUHGHQ�>+RHNVWUD� ������SDUDJUDDI����@�� ,Q�KHW�NDGHU�YDQ�GLW�RQGHU]RHN� LV�QLHW�
XLWJH]RFKW� LQ� ZHONH� PDWH� ]LFK� GLW� ELM� GH� 6FKLHUPRQQLNRRJ�GDWD� YRRUGRHW�� N�1HDUHVW�
QHLJKERXUV�FODVVLILFDWLH� PHW� $11� JDI� HFKWHU� RQGDQNV� KHW� EHSHUNWH� DDQWDO� WUDLQLQJVVDPSOHV�
UHGHOLMNH� UHVXOWDWHQ�� 'H� NDQVHQ� ZDUHQ� JRHG� JHQRHJ� RP� SUREDELOLVWLVFKH� VHJPHQWDWLH� GH�
UHVXOWDWHQ�WH�ODWHQ�YHUEHWHUHQ��]LH�KRRIGVWXN�����

�������.HX]H�YRRU�N�

'H�FODVVLILFDWLHIRXW�YDQ�HHQ�N�QHDUHVW�QHLJKERXUV�FODVVLILFDWLH�LV�DIKDQNHOLMN�YDQ�GH�NHX]H�YRRU�
N��]LH�ILJXXU�������'H�FODVVLILFDWLHIRXW�EOLMNW�ELM�KHW�YHUKRJHQ�YDQ�N�HHUVW�DI�WH�QHPHQ�WRW�HHQ�
RSWLPXP��RP�YHUYROJHQV�ZHHU�WRH�WH�QHPHQ�ULFKWLQJ�HHQ�PD[LPDOH�ZDDUGH��&ODVVLILFDWLH�PHW�
N�JHOLMN�DDQ� N ��KHW�WRWDDO�DDQWDO�WUDLQLQJVVDPSOHV��LV�JHOLMN�DDQ�FODVVLILFDWLH�YROJHQV�GH�D�SULRUL�
NDQVHQ��$OV�YXLVWUHJHO�YRRU�GH�RSWLPDOH�NHX]H�JHOGW��N� N≈ �>'XLQ�����@���
�

�
)LJXXU� ����� 7\SLVFK� JHGUDJ� YDQ� GH� N�QHDUHVW�QHLJKERXUV�FODVVLILFDWLHIRXW� ELM�
YHUVFKLOOHQGH�NHX]HV�YRRU�N�>'XLQ�����@��

�
+HW�LV�GXLGHOLMN�GDW�N�QLHW�JURWHU�JHNR]HQ�PRHW�ZRUGHQ�GDQ�KHW�DDQWDO�WUDLQLQJVVDPSOHV�YDQ�GH�
NODVVHQ�PHW�GH�PLQVWH�WUDLQLQJVVDPSOHV��%LM�KHW�VFKDWWHQ�YDQ�NDQVHQ�PRHW�N�]HNHU�RRN�QLHW�WH�
NOHLQ�JHNR]HQ�ZRUGHQ��GDDU�GH�PDWH�YDQ�GHWDLO�ZDDUPHH�GH�NDQVHQ�EHSDDOG�NXQQHQ�ZRUGHQ�
DIKDQNHOLMN�YDQ�N�LV��9RRU�FULVS�FODVVLILFDWLH� LV�GH�NHX]H�N ��ZHO�PRJHOLMN��PHW�DOV�QDGHHO�GDW�
GH]H�GH�FODVVLILFDWLH�HUJ�JHYRHOLJ�PDDNW�YRRU�IRXWLHYH�WUDLQLQJVVDPSOHV��'H�H[DFWH�NHX]H�YDQ�N�
EOLMNW�QLHW�]R�HUJ�YDQ�LQYORHG�RS�KHW�UHVXOWDDW�WH�]LMQ�>*RUWH������EO]����@��

�������)X]]\�WUDLQLQJ�YRRU�N�QHDUHVW�QHLJKERXUV�FODVVLILFDWLH�

,Q� KRRIGVWXN� �� LV� HHQ� QLHXZH� IX]]\� WUDLQLQJVPHWKRGH� YRRU�PD[LPXP�OLNHOLKRRG�FODVVLILFDWLH�
JHwQWURGXFHHUG��+HW�LV�RRN�PRJHOLMN�RP�GH�N�QHDUHVW�QHLJKERXUV�FODVVLILFDWLHPHWKRGH�]R�DDQ�
WH�SDVVHQ�GDW�GH]H�JHEUXLN�NDQ�PDNHQ�YDQ�IX]]\�WUDLQLQJVVDPSOHV��2PGDW�LQPLGGHOV�JHEOHNHQ�
ZDV�GDW�IX]]\�WUDLQLQJ�YRRU�GH�EHVFKLNEDUH�YHOGZHUNGDWD�QLHW�]R�]LQQLJ�ZDV�� LV�GLW�QLHW�PHHU�
XLWJHYRHUG��'RRU�GH�JHULQJH�SUHFLVLH�YDQ�GH�JHRPHWULVFKH�WUDQVIRUPDWLH�YDQ�KHW�EHHOG�LV�KHW�
QDPHOLMN� RQPRJHOLMN� H[DFW� KHW� MXLVWH� SL[HO� LQ� KHW� EHHOG� WH� LGHQWLILFHUHQ�� +LHUGRRU� ]XOOHQ� GH�
NODVVHQDDQGHOHQ� GLH� XLW� KHW� YHOGZHUN� EHSDDOG�ZRUGHQ� QLHW� RYHUHHQNRPHQ�PHW� GH� NODVVHQ�
DDQGHOHQ� LQ� KHW� WUDLQLQJVSL[HO�� 'RRUGDW� � ERYHQGLHQ� QDDU� ]R� SXXU�PRJHOLMNH� VDPSOHV� LQ� KHW�



� ��

WHUUHLQ� JH]RFKW� ZDV�� YDOW� HU� YDQ� IX]]\� WUDLQLQJ� PHW� GH]H� GDWD� QLHW� YHHO� YHUEHWHULQJ� WH�
YHUZDFKWHQ���
*H]LHQ�GH� YRRUGHOHQ�GLH� KHW� JHEUXLN� YDQ� IX]]\� WUDLQLQJVVDPSOHV�PHW� ]LFK�PHH� ]RX� NXQQHQ�
EUHQJHQ�]RX�GLW�HHQ�RQGHUZHUS�YRRU�YHUGHU�RQGHU]RHN�NXQQHQ�]LMQ��7H�GHQNHQ�YDOW�DDQ�HHQ�
PHWKRGH�ZDDUELM�QHW�DOV�ELM�JHZRQH�N�QHDUHVW�QHLJKERXUV�FODVVLILFDWLH��]LH�VXESDUDJUDDI��������
YRRU� HHQ� WH� FODVVLILFHUHQ� SL[HO� GH� GLFKWVWELM]LMQGH� N� WUDLQLQJVVDPSOHV� LQ� GH� IHDWXUHVSDFH�
JHVHOHFWHHUG� ZRUGHQ�� 9DQ� GH]H� VDPSOHV� PRHWHQ� GH� DDQGHOHQ� YDQ� GH� YHUVFKLOOHQGH� NODVVHQ�
EHNHQG� ]LMQ�� GRRUGDW� ]H� ELMYRRUEHHOG� WLMGHQV� YHOGZHUN� EHSDDOG� ]LMQ�� 9HUYROJHQV� ZRUGHQ� GH�
NODVVHQDDQGHOHQ� RYHU� GH� N� WUDLQLQJVVDPSOHV� SHU� NODVVH� RSJHWHOG��'DQ�ZRUGW� SHU� NODVVH� HHQ�
ZDDUGH�YHUNUHJHQ��YHUJHOLMNEDDU�PHW�KHW�DDQWDO�QHLJKERXUV�ELM�JHZRQH�N�QHDUHVW�QHLJKRXUV�
FODVVLILFDWLH��'H]H�ZDDUGHQ�NXQQHQ�RS�GH�QRUPDOH�PDQLHU�JHEUXLNW�ZRUGHQ�YRRU�KHW�EHSDOHQ�
YDQ� NDQVHQ�� 'LW� OHYHUW� HHQ� IX]]\� FODVVLILFDWLH� SHU� SL[HO� RS�� YHUNUHJHQ� XLW� IX]]\� WUDLQLQJV�
VDPSOHV�� 2QGHU]RFKW� ]RX� PRHWHQ� ZRUGHQ� RI� GLW� JRHGH� VFKDWWLQJHQ� YDQ� GH� NDQVHQ� RS� GH�
NODVVHQ�]LMQ���

�����%HVFKRXZLQJ�HQ�DDQEHYHOLQJHQ�

%LM� KHW� JHEUXLN� YDQ� K\SHUVSHFWUDOH� GDWD� RQWVWDDW� KHW� JHYDDU� RS� RYHUWUDLQLQJ�� 'H� EHVWH�
PHWKRGH� YRRU� KHW� VFKDWWHQ� YDQ�GH� FRQGLWLRQHOH�NDQV� RS� HHQ� IHDWXUHYHFWRU� EOLMNW� N�QHDUHVW�
QHLJKERXUV�FODVVLILFDWLH� WH� ]LMQ�� 'H]H� JHHIW� YRRU� GH� 6FKLHUPRQQLNRRJ�GDWD� UHGHOLMNH�
FODVVLILFDWLHUHVXOWDWHQ��GLH�JRHG�JHQRHJ�]LMQ�RP�SUREDELOLVWLVFKH�VHJPHQWDWLH�GH�FODVVLILFDWLH�WH�
GRHQ�YHUEHWHUHQ��
�
*H]LHQ� GH� PRJHOLMNH� YRRUGHOHQ� YDQ� KHW� JHEUXLN� YDQ� IX]]\� WUDLQLQJVVDPSOHV� YHUGLHQW� KHW�
DDQEHYHOLQJ�RP�YHUGHU�RQGHU]RHN�WH�GRHQ�QDDU�KHW�JHEUXLN�YDQ�IX]]\�WUDLQLQJVVDPSOHV�YRRU�
N�QHDUHVW�QHLJKERXUV�FODVVLILFDWLH��
�
+HW� JHEUXLNWH� SURJUDPPD� YRRU� N�QHDUHVW�QHLJKERXUV�FODVVLILFDWLH� LV� ppQ� YDQ� GH� RQGHUGHOHQ�
YDQ� GH� $11�SURJUDPPDELEOLRWKHHN�� 'LW� SURJUDPPD� KHHIW� WHNVWEHVWDQGHQ� QRGLJ� YRRU� GH�
LQYRHU�� 'DDURP� ]LMQ� YRRU� GLW� RQGHU]RHN� GH� UDVWHUEHVWDQGHQ� YDQ� GH� EDQGHQ� HQ� WUDLQLQJV�
VDPSOHV�JHFRQYHUWHHUG�YDQ�E\WHEHVWDQGHQ�QDDU�WHNVWEHVWDQGHQ��'RRU�GH�JURWH�GDWD�RPYDQJ�
YDQ� GH� EHHOGHQ� NRVW� GLW� YHHO� WLMG��+HW� SURJUDPPD� ]RX� DDQ]LHQOLMN� YHUVQHOG� NXQQHQ�ZRUGHQ�
ZDQQHHU� PHW� EHKXOS� YDQ� GH� ELEOLRWKHHN� HHQ� SURJUDPPD� JHVFKUHYHQ� ]RX� ZRUGHQ� GDW�
UHFKWVWUHHNV�E\WHEHVWDQGHQ�LQ�NDQ�OH]HQ���
�
�



����



� ��

���(YDOXDWLH�

,Q� GLW� KRRIGVWXN� ]DO� GH� SUREDELOLVWLVFKH� VHJPHQWDWLH� RS� GH� 6FKLHUPRQQLNRRJ�GDWD� JHWHVW�
ZRUGHQ��2S�EDVLV�YDQ�GH�YDOLGDWLH�YDQ�GH�UHVXOWDWHQ�]XOOHQ�FRQFOXVLHV�JHWURNNHQ�ZRUGHQ�RYHU�
GH� WRHSDVEDDUKHLG� YDQ� SUREDELOLVWLVFKH� VHJPHQWDWLH� RS� GH� K\SHUVSHFWUDOH� EHHOGHQ� YDQ�
QDWXXUOLMNH�NZHOGHUYHJHWDWLH�RS�6FKLHUPRQQLNRRJ��

�����9DOLGDWLH��

'H� YHOGJHJHYHQV� EHVWDDQ� XLW� ���� JHZRQH� YHOGRSQDPHQ� HQ� ���� VQHOOH� YHOGRSQDPHQ� �]LH�
SDUDJUDDI�������9RRU�WUDLQLQJ�]LMQ�GH�JHZRQH�YHOGRSQDPHQ�JHEUXLNW�HQ�YRRU�GH�YDOLGDWLH�GH�
VQHOOH� YHOGRSQDPHQ�� 0HW� EHKXOS� YDQ� GH� YDOLGDWLHVDPSOHV� ]LMQ� YRRU� GH� FULVS� FODVVLILFDWLHV�
FRQIXVLRQPDWULFHV� EHSDDOG�� +RH� HHQ� IX]]\� FODVVLILFDWLH� JHYDOLGHHUG� ]RX� PRHWHQ� ZRUGHQ� LV�
RQGXLGHOLMN��9RRU�GH�KDQG� OLJW�GDW�YRRU�JRHGH�YDOLGDWLH�YDQ�HHQ�IX]]\�FODVVLILFDWLH�RRN�IX]]\�
YDOLGDWLHVDPSOHV� QRGLJ� ]RXGHQ� ]LMQ�� +RH� KLHUPHH� JHYDOLGHHUG� ]RX� PRHWHQ� ZRUGHQ� LV�
RQGHUZHUS� YRRU� HYHQWXHHO� DDQYXOOHQG� �OLWHUDWXXU�� RQGHU]RHN�� 'DDURP� ]XOOHQ� GH� IX]]\�
FODVVLILFDWLHV� EHRRUGHHOG�ZRUGHQ� RS� EDVLV� YDQ� GH� YDOLGDWLH� YDQ� GH� FULVS� FODVVLILFDWLHV�� � 'H]H�
FULVS�FODVVLILFDWLHV�]LMQ�QDPHOLMN�YHUNUHJHQ�GRRU�GH�NODVVH�PHW�GH�JURRWVWH�NDQV�RI�DDQGHHO�XLW�
GH�IX]]\�FODVVLILFDWLH�WH�VHOHFWHUHQ��
�
%LM� KHW� XLWJHYRHUGH� H[SHULPHQW� LV� SUREDELOLVWLVFKH� VHJPHQWDWLH� WRHJHSDVW� RS� GH�
6FKLHUPRQQLNRRJ�GDWD� PHW� YHUVFKLOOHQGH� NODVVHQLQGHOLQJHQ�� 'H� JHEUXLNWH� LQGHOLQJHQ� ]LMQ�
QLYHDX� ��� �� HQ� �� HQ� GH� LQGHOLQJ� XLW� 6NLGPRUH� H�D�� >����@� �]LH� SDUDJUDDI� ������ 9RRU� GH�
N�QHDUHVW�QHLJKERXUV�FODVVLILFDWLH�]RX�YROJHQV�GH�YXLVWUHJHO��]LH�VXESDUDJUDDI��������PHW�����
WUDLQLQJVVDPSOHV� HHQ� N� JHNR]HQ�PRHWHQ�ZRUGHQ� YDQ� ����2PGDW� WZHH� NODVVHQ� LQ� QLYHDX� ��
HFKWHU�PDDU���WUDLQLQJVVDPSOHV�KHEEHQ��]RX�N�HFKWHU�RRN�QLHW�JURWHU�JHNR]HQ�PRJHQ�ZRUGHQ�
GDQ����$OV�FRPSURPLV�LV�GDDURP�N ��JHEUXLNW��9RRU�GH�VHJPHQWDWLH�]LMQ�GH�EDQGHQ�������HQ�
���JHEUXLNW��RPGDW�GH]H�RQJHYHHU�RYHUHHQNRPHQ�PHW�GH�NOHXUHQ�YDQ�GH�IDOVH�FRORXU�OXFKW�
IRWR©V� GLH� JHEUXLNW� ZRUGHQ� YRRU� YLVXHOH� LQWHUSUHWDWLH�� 'H� JHKDQWHHUGH� GUHPSHOZDDUGHQ� d �
YRRU�GH�VHJPHQWDWLHSLUDPLGH�]LMQ����������������������������������������������������HQ�����]LH�
SDUDJUDDI� �������� 'H� YHUZDDUOR]LQJ� YDQ� NOHLQH� NODVVHQDDQGHOHQ� YRRU� KHW� EHSDOHQ� YDQ� KHW�
DDQWDO� NODVVHQ� LQ� HHQ� VHJPHQW� LV� YDVWJHVWHOG� RS� HHQ� IUDFWLH� YDQ� KHW� VHJPHQW�� ����� 'H]H�
YHUZDDUOR]LQJ�LV�DOOHHQ�YDQ�LQYORHG�RS�GH�VHJPHQWDWLH��]LH�VXESDUDJUDDI���������
%LM�KHW�FODVVLILFHUHQ�YDQ�ppQ�EHHOG�YDQ�DOOH�YLHU�GH�VWURNHQ�VDPHQ������PLOMRHQ�SL[HOV��]LH�ILJXXU�
�����NXQQHQ�PD[LPDDO����EDQGHQ�JHEUXLNW�ZRUGHQ��%LM�PHHU�EDQGHQ�ZRUGW�ppQ�YDQ�GH�WHNVW�
EHVWDQGHQ�YRRU�KHW�$11�FODVVLILFDWLHSURJUDPPD�JURWHU�GDQ�WZHH�*LJDE\WH��'HUJHOLMNH�JURWH�
EHVWDQGHQ� NXQQHQ� ELM� KHW� JHEUXLNWH� EHVWXULQJVV\VWHHP� QLHW� GRRU� DOOH� SURJUDPPD©V� PHHU�
QRUPDDO�YHUZHUNW�ZRUGHQ��'LW�KDG�HHQYRXGLJ�RP]HLOG�NXQQHQ�ZRUGHQ�GRRU�GH�VWXNNHQ�ZDG�
YDQ�GH�VWURNHQ�DI�WH�NQLSSHQ��$DQJH]LHQ�ELM�JHEUXLN�YDQ�DOOH�����EDQGHQ�ZDDUVFKLMQOLMN�WRFK�
RYHUWUDLQLQJ� ]RX� RSWUHGHQ�� LV� KHW� H[SHULPHQW� XLWJHYRHUG� RS� ��� EDQGHQ�� +LHUYRRU� ]LMQ� GH�
HHUVWH����EDQGHQ�JHEUXLNW��ZDDUELM�GH�EDQGHQ��������������HQ����RYHUJHVODJHQ�]LMQ��RPGDW�
GH]H� HHQ� QRJDO� VOHFKWH� VLJQDDO�UXLVYHUKRXGLQJ� KHEEHQ� �]LH� ILJXXU� ������ 'LW� LV� HHQ� QRJDO�
DUELWUDLUH� NHX]H�� :DQQHHU� HU� YHUGHU� RQGHU]RHN� JHGDDQ� ]RX� ZRUGHQ� QDDU� GH� PDWH� ZDDULQ�
RYHUWUDLQLQJ�]LFK�YRRUGRHW�YHUGLHQW�KHW�DDQEHYHOLQJ�GDW�KLHUELM�RRN�QDJHJDDQ�ZRUGW�ZDW�GH�
EHVWH�PHWKRGH�YRRU�IHDWXUH�UHGXFWLH�LV��]LH�SDUDJUDDI��������
�



����

�
)LJXXU������6SHFWUD�YDQ�WZHH�ZLOOHNHXULJH�SL[HOV��

�����5HVXOWDWHQ�

'H�YDOLGDWLH�YDQ�GH�UHVXOWDWHQ�ODDW�HHQ�YHUEHWHULQJ�]LHQ�GRRU�KHW�JHEUXLN�YDQ�SUREDELOLVWLVFKH�
VHJPHQWDWLH�WHQ�RS]LFKWH�YDQ�FULVS�N�QHDUHVW�QHLJKERXUV�FODVVLILFDWLH��]LH�RQGHUVWDDQGH�WDEHO���
*HGHWDLOOHHUGH�UHVXOWDWHQ�]RDOV�ILJXUHQ�HQ�FRQIXVLRQPDWULFHV�]LMQ�WH�YLQGHQ�LQ�ELMODJH�����
�

.ODVVHQLQGHOLQJ�2YHUDOO�DFFXUDF\�

QLYHDX���
��NODVVHQ�

QLYHDX���
���NODVVHQ�

QLYHDX���
���NODVVHQ�

XLW�6NLGPRUH�
H�D��>����@�
���NODVVHQ�

N�QHDUHVW�QHLJKERXUV�FODVVLILFDWLH� ������� ������� ������� �������
SUREDELOLVWLVFKH�VHJPHQWDWLH� ������� ������� ������� �������

�
7HU� YHUJHOLMNLQJ� ZRUGW� LQ� RQGHUVWDDQGH� WDEHO� GH� NZDOLWHLW� YDQ� HQNHOH� DQGHUH� FODVVLILFDWLH�
PHWKRGHQ�JHJHYHQ�>6NLGPRUH�H�D�������EO]����@��
�

2YHUDOO�DFFXUDF\�

IDOVH�FRORXU�OXFKWIRWR�LQWHUSUHWDWLH�GRRU�RSHUDWHXU� ����
WXVVHQYRUP�YDQ�VSHFWUDO�DQJOH�PDSSHU�HQ���QHDUHVW�QHLJKERXU�FODVVLILFDWLH�� ����
H[SHUWV\VWHHP�� ����

�
N�1HDUHVW�QHLJKERXUV�FODVVLILFDWLH� OLMNW� HHQ� IOLQNH�YHUEHWHULQJ�RS� WH� OHYHUHQ� WHQ�RS]LFKWH�YDQ�
GH�����RYHUDOO�DFFXUDF\�GLH�PHW�GH�VSHFWDO�DQJOH�PDSSHU�JHKDDOG�LV�LQ�6NLGPRUH�H�D��>����@��
(U� ]LMQ� HFKWHU� HQNHOH� YHUVFKLOOHQ� LQ� GH� JHEUXLNWH� GDWD� GLH� GH� YHUJHOLMNLQJ� EHPRHLOLMNHQ�� 7HQ�
HHUVWH�]LMQ� LQ�6NLGPRUH�H�D��>����@�GH��JHRPHWULVFK�JHFRUULJHHUGH�EHHOGHQ�JHEUXLNW� LQ�SODDWV�
YDQ�GH�RQJHFRUULJHHUGH��9HUGHU� ]LMQ� LQ� 6NLGPRUH� H�D�� >����@� GH�EDQGHQ�QLHW� WHUXJJHEUDFKW�
YDQ� �� QDDU� �� E\WH� HQ� ]LMQ� DOOH� ���� EDQGHQ� JHEUXLNW� LQ� SODDWV� YDQ� DOOHHQ� GH� HHUVWH� ���� (HQ�
ODDWVWH�HQ�EHODQJULMN�YHUVFKLO� LV�GDW� LQ�6NLGPRUH�H�D�� >����@�YRRU�GH�NODVVHQ�ZDWHU�HQ�VWUDQG�
EHLGH� VOHFKWV� �� VDPSOHV� JHEUXLNW� ZRUGHQ�� %LM� GH� N�QHDUHVWQHLJKERXUV�FODVVLILFDWLH� YRRU� GH�
SUREDELOLVWLVFKH�VHJPHQWDWLH�]LMQ�YRRU�EHLGH�NODVVHQ����VDPSOHV�JHEUXLNW��2PGDW�GH�NODVVHQ�
ZDWHU�HQ�VWUDQG�JRHG�JHFODVVLILFHHUG�ZRUGHQ�WUHNW�GLW�GH�RYHUDOO�DFFXUDF\�HUJ�RPKRRJ���
:DQQHHU� YRRU� KHW� YHUVFKLO� LQ� KHW� DDQWDO� VDPSOHV� YRRU�ZDWHU� HQ� VWUDQG�JHFRUULJHHUG�ZRUGW��
NRPW�GH�RYHUDOO�DFFXUDF\�YRRU�N�QHDUHVW�QHLJKERXUV�FODVVLILFDWLH�XLW�RS��������HQ�GH�RYHUDOO�
DFFXUDF\� YRRU� SUREDELOLVWLVFKH� VHJPHQWDWLH� RS� �������� 2PGDW� N�QHDUHVW�QHLJKERXUV�
FODVVLILFDWLH� GDQ� VOHFKWHUH� �FULVS�� UHVXOWDWHQ� JHHIW� GDQ� GH� PDQLHU� ZDDURS� LQ� 6NLGPRUH� H�D��
>����@� GH� VSHFWUDO� DQJOH� PDSSHU� JHEUXLNW� ZRUGW�� EOLMIW� GH� RYHUDOO�DFFXUDF\� RRN� QD�
SUREDELOLVWLVFKH�VHJPHQWDWLH�QRJ�RQGHU�GH�������



� ��

�����&RQFOXVLHV�HQ�DDQEHYHOLQJHQ�

'DW� GH� RYHUDOO�DFFXUDF\� YDQ� N�QHDUHVW�QHLJKERXUV�FODVVLILFDWLH� RQGHU� GH� ���� EOLMIW�� ]RX�
YHURRU]DDNW� NXQQHQ� ZRUGHQ� GRRU� KHW� JHEUXLN� YDQ� DQGHUH� GDWD� GDQ� 6NLGPRUH� H�D�� >����@�
�PLQGHU�EDQGHQ�HQ�HHQ�ODJHUH�UDGLRPHWULVFKH�UHVROXWLH���(HQ�DQGHUH�PRJHOLMNH�RRU]DDN�LV�GDW�
N�QHDUHVW�QHLJKERXUV�FODVVLILFDWLH��GRRU�HHQ�JURWHUH�JHYRHOLJKHLG�YRRU�RYHUWUDLQLQJ��PHHU�ODVW�
KHHIW�YDQ�KHW�JHULQJH�DDQWDO�WUDLQLQJVVDPSOHV��2QGHU]RFKW�]RX�NXQQHQ�ZRUGHQ�RI�GH�WXVVHQ�
YRUP�YDQ�VSHFWUDO�DQJOH�PDSSHU�HQ���QHDUHVW�QHLJKERXU�FODVVLILFDWLH�GLH�6NLGPRUH�H�D��>����@�
JHEUXLNHQ�QLHW� DOOHHQ�EHWHUH� FULVS� UHVXOWDWHQ�RSOHYHUW��PDDU�RI�GH�NDQVHQ�RRN�JRHG�JHQRHJ�
]LMQ�RP�WH�JHEUXLNHQ�YRRU�SUREDELOLVWLVFKH�VHJPHQWDWLH��
�
+RHZHO� KHW� WRHSDVVHQ� YDQ� SUREDELOLVWLVFKH� VHJPHQWDWLH� HHQ� YHUEHWHULQJ� JHHIW� WHQ� RS]LFKWH�
YDQ�DOOHHQ�N�QHDUHVW�QHLJKERXUV�FODVVLILFDWLH�� LV�GH]H�YHUEHWHULQJ� VOHFKWV� NOHLQ��:DW�RSYDOW� LV�
GDW� LQ�VRPPLJH�JHELHGHQ�HUJ�YHHO�NOHLQH�SXUH�VHJPHQWHQ�JHVHOHFWHHUG�]LMQ��*URWH�GHOHQ�YDQ�
GH�NZHOGHU�ZRUGHQ�EHGHNW�PHW�NOHLQH�VHJPHQWHQ�YDQ���WRW���SL[HOV�JURRW��WHUZLMO� LQ�DQGHUH�
GHOHQ�YDQ�GH�NZHOGHU�VHJPHQWHQ�YRRUNRPHQ�YDQ�KRQGHUGHQ�SL[HOV�JURRW��]LH�ILJXXU�������'LW�
ZDV�RRN�GH�UHGHQ�RP�YRRU�HHQ�YHUZDDUOR]LQJVIUDFWLH�YDQ�����WH�NLH]HQ��=RQGHU�YHUZDDUOR]LQJ�
ZHUGHQ� HU� QRJ� PHHU� NOHLQH� VHJPHQWHQ� JHVHOHFWHHUG� HQ� YLHO� GH� RYHUDOO�DFFXUDF\� YDQ� GH�
FODVVLILFDWLH�RQJHYHHU���SURFHQW�ODJHU�XLW��%LM�KHW�JHEUXLN�YDQ�ppQ�JRHG�JHNR]HQ�QLYHDX�XLW�GH�
VHJPHQWDWLHSLUDPLGH� ]LMQ� GH� UHVXOWDWHQ� ELMQD� HYHQ� JRHG� DOV� ELM� VHOHFWLH� YDQ� VHJPHQWHQ� XLW�
PHHUGHUH� QLYHDXV�� 'LW� GRHW� YHUPRHGHQ� GDW� GH� VHJPHQWVHOHFWLH� QLHW� RSWLPDDO� LV�� $DQ� GH�
DDQSDVVLQJHQ� LQ� GH�PHWKRGH� OLJW� KHW� QLHW� ZDQW� RS� DJUDULVFK� JHELHG� ZRUGW� ZHO� HHQ� JRHGH�
VHJPHQWDWLH�YHUNUHJHQ��:DDU�KHW�ZHO�GRRU�YHURRU]DDNW�ZRUGW�]RX�XLW�DDQYXOOHQG�RQGHU]RHN�
PRHWHQ�EOLMNHQ��0RJHOLMNH�RRU]DNHQ�]LMQ��
- 7H� ODJH� NZDOLWHLW� YDQ� GH� JHVFKDWWH� NDQVHQ� PHW� GH� N�QHDUHVW�QHLJKERXUV�FODVVLILFDWLH��
YHURRU]DDNW�GRRU�RYHUWUDLQLQJ� �DOV�JHYROJ�YDQ�KHW�JHEUXLN�YDQ�K\SHUVSHFWUDOH�GDWD�ELM�HHQ�
JHULQJ�DDQWDO�WUDLQLQJVVDPSOHV���

- 'H�DDQZH]LJKHLG�YDQ�JURWH�VSHFWUDOH�RYHUODS� WXVVHQ�NODVVHQ��DO�GDQ�QLHW�YHURRU]DDNW�GRRU�
IRXWLHYH�WUDLQLQJVVDPSOHV�DOV�JHYROJ�YDQ�JHRPHWULVFKH�RQQDXZNHXULJKHLG��

- 7H�ODJH�UXLPWHOLMNH�UHVROXWLH�YDQ�GH�EHHOGHQ�WHQ�RS]LFKWH�YDQ�GH�REMHFWJURRWWH��
- (HQ�WH�JURWH�YRRUNHXU�YDQ�GH�VHJPHQWVHOHFWLHPHWKRGH�YRRU�SXUH�VHJPHQWHQ��ZDDUGRRU�HHQ�
JURRW� IX]]\� JHELHG� GRRU� NOHLQH� SXUH� VWXNMHV� GDDUELQQHQ� ZRUGW� RSJHGHHOG� LQ� YHOH� NOHLQH�
VHJPHQWHQ��

�

�
)LJXXU������'HWDLO�YDQ�GH� VHJPHQWDWLH�YRRU�NODVVHQLQGHOLQJ�QLYHDX���� ,HGHU� VHJPHQW�
KHHIW�HHQ�UDQGRP�NOHXU���

��
:DQQHHU�GH�RRU]DDN�WH�YHUKHOSHQ�LV��]DO�GH�RYHUDOO�DFFXUDF\�YDQ�SUREDELOLVWLVFKH�VHJPHQWDWLH�
]HHU�ZDDUVFKLMQOLMN�GH�����RYHUWUHIIHQ��=R©Q�VWHUNH�YHUEHWHULQJ�DOV�KHW�H[SHUWV\VWHHP�EHUHLNW��



����

]DO�QLHW�EHKDDOG�ZRUGHQ��PDDU�HHQ� LQWHUHVVDQWH�YHUEHWHULQJ�]RX�GDQ�]HNHU�PRJHOLMN�PRHWHQ�
]LMQ�� ,Q� GDW� JHYDO� ]DO� GH� JHDXWRPDWLVHHUGH� FODVVLILFDWLH� GRRU� SUREDELOLVWLVFKH� VHJPHQWDWLH�
�]RQGHU�KHW�WRHYRHJHQ�YDQ�H[WUD�LQIRUPDWLH��PLQVWHQV�]R�QDXZNHXULJ�]LMQ�DOV�LQWHUSUHWDWLH�YDQ�
IDOVH�FRORXU�OXFKWIRWR©V� GRRU� HHQ� RSHUDWHXU�� +HW� YRRUGHHO� YDQ� SUREDELOLVWLVFKH� VHJPHQWDWLH�
WHQ� RS]LFKWH� YDQ� GH� KXLGLJH� SURGXFWLHPHWKRGH� YDQ� YHJHWDWLHNDDUWHQ� ]RX� ]LMQ� GDW�
DXWRPDWLVFKH�FODVVLILFDWLH�REMHFWLHYHU�LV�HQ�HHQ�IX]]\�FODVVLILFDWLH�RSOHYHUW��
'H� YUDDJ� ]RX� JHVWHOG� NXQQHQ� ZRUGHQ� ZDW� GH� ZDDUGH� LV� YDQ� HHQ� YHJHWDWLHNDDUW� PHW� HHQ�
RYHUDOO�DFFXUDF\� YDQ� RQGHU� GH� ����� 9RRU� KHW� GHWHFWHUHQ� YDQ� YHUDQGHULQJHQ� LV� HHQ�
FODVVLILFDWLH�PHW�HHQ�GHUJHOLMNH� ODJH�QDXZNHXULJKHLG�HLJHQOLMN�RQJHVFKLNW��=RX�KHW�QLHW�EHWHU�
]LMQ�RP�PLQGHU�NODVVHQ�WH�RQGHUVFKHLGHQ�RI�GH�NODVVHQ�]R�WH�NLH]HQ�GDW�]H�VSHFWUDDO�EHWHU�WH�
RQGHUVFKHLGHQ� ]LMQ"� � +LHUYRRU� ]RXGHQ� RRN� PLQGHU� XLWYRHULJ� YHOGZHUN� QRGLJ� ]LMQ�� ZDW� KHW�
PRJHOLMN� PDDNW� RP� PHHU� WUDLQLQJVVDPSOHV� LQ� WH� ZLQQHQ�� +LHUGRRU� ]RX� HHQ� FODVVLILFDWLH�
YHUNUHJHQ� NXQQHQ� ZRUGHQ� PHW� ZHOLVZDDU� PLQGHU� HFRORJLVFKH� LQIRUPDWLH�� PDDU� PHW� HHQ�
QDXZNHXULJKHLG� GLH� KRRJ� JHQRHJ� LV� RP� PHW� YROGRHQGH� ]HNHUKHLG� YHUDQGHULQJHQ� YDVW� WH�
VWHOOHQ���
�
2QGDQNV� GH�PDWLJH� FODVVLILFDWLHUHVXOWDWHQ�� EOLMNW�SUREDELOLVWLVFKH� VHJPHQWDWLH� JOREDDO� DDQ�GH�
YHUZDFKWLQJHQ� WH�YROGRHQ�GRRU�HHQ�YHUEHWHULQJ�YDQ�GH�N�QHDUHVW�QHLJKERXUV�FODVVLILFDWLH� WH�
JHYHQ��
�
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���&RQFOXVLHV�HQ�DDQEHYHOLQJHQ�

,Q� GLW� KRRIGVWXN� ]XOOHQ� GH� EHODQJULMNVWH� FRQFOXVLHV� HQ� DDQEHYHOLQJHQ� XLW� KHW� XLWJHYRHUGH�
RQGHU]RHN� EHVFKUHYHQ� ZRUGHQ�� +LHUELM� ZRUGW� RQGHUVFKHLG� JHPDDNW� WXVVHQ� FRQFOXVLHV� HQ�
DDQEHYHOLQJHQ� WHQ� DDQ]LHQ� YDQ� IX]]\� WUDLQLQJ� YRRU� PD[LPXP�OLNHOLKRRG�FODVVLILFDWLH�
�KRRIGVWXN���� HQ�KHW� WRHSDVVHQ�YDQ�SUREDELOLVWLVFKH� VHJPHQWDWLH�RS�K\SHUVSHFWUDOH�EHHOGHQ�
YDQ�QDWXXUOLMNH�YHJHWDWLH��

�����)X]]\�WUDLQLQJ�YRRU�PD[LPXP�OLNHOLKRRG�FODVVLILFDWLH�

&RQFOXVLHV�
0HW� EHKXOS� YDQ� GH� YHUHIIHQLQJVWKHRULH� HQ� NDQVPRGHOVFKDWWLQJ� LV� KHW� PRJHOLMN� HHQ� IX]]\�
PD[LPXP�OLNHOLKRRG�WUDLQLQJ�XLW�WH�YRHUHQ�GLH�XLW�PL[HG�SL[HOV�VSHFWUD�YDQ�SXUH�NODVVHQ�VFKDW�
]RQGHU� V\VWHPDWLVFKH� IRXW�� 9RRUGHHO� YDQ� IX]]\� WUDLQLQJ� LV� GDW� PHHU� SL[HOV� LQ� KHW� EHHOG�
EUXLNEDDU�]LMQ�YRRU� WUDLQLQJ��+LHUGRRU� LV�KHW�PRJHOLMN�RP�KHWHURJHQH�JHELHGHQ� WH�JHEUXLNHQ�
YRRU�WUDLQLQJ�RI�RP�GH�WUDLQLQJVVDPSOHV�RS�UDQGRP�SODDWVHQ�LQ�WH�ZLQQHQ��9RRUZDDUGH�YRRU�
KHW�JHEUXLN�YDQ�GH]H�PHWKRGH�YRRU�IX]]\�WUDLQLQJ�LV�GDW�PHQ�EHVFKLNW�RYHU�VFKDWWLQJHQ�YDQ�
GH�NODVVHQDDQGHOHQ�YDQ�GH�PL[HG�WUDLQLQJVSL[HOV�HQ�GDW�GH�NODVVHQ�LQ�HHQ�SL[HO�VSHFWUDDO�OLQHDLU�
YHUPHQJG�]LMQ���
�
$DQEHYHOLQJ�
2P�GH�EUXLNEDDUKHLG�YDQ�IX]]\�WUDLQLQJ�YRRU�PD[LPXP�OLNHOLKRRG�FODVVLILFDWLH�WH�EHRRUGHOHQ�
YHUGLHQW�KHW�DDQEHYHOLQJ�RP�GH�PHWKRGH�WH� WHVWHQ�RS�HHQ�EHHOG�ZDDUYRRU�WLMGHQV�YHOGZHUN�
GH�NODVVHQDDQGHOHQ�YDQ�IX]]\�WUDLQLQJVVDPSOHV�]LMQ�YDVWJHVWHOG��

�����3UREDELOLVWLVFKH�VHJPHQWDWLH�

&RQFOXVLHV�
3UREDELOLVWLVFKH� VHJPHQWDWLH� LV� WRHJHSDVW� RS� GH� K\SHUVSHFWUDOH� +\0DS�EHHOGHQ� YDQ� GH�
QDWXXUOLMNH�NZHOGHUYHJHWDWLH�RS�6FKLHUPRQQLNRRJ��9RRU�GH]H�EHHOGHQ�HQ�ELMEHKRUHQGH�YHOG�
JHJHYHQV�� PHW� HHQ� EHSHUNW� DDQWDO� VDPSOHV� SHU� NODVVH�� JHHIW� GH� N�QHDUHVW�QHLJKERXUV�
FODVVLILFDWLH�YDQ�GH�$11�VRIWZDUH�GH�EHVW�JHVFKDWWH�NDQVHQ�DOV�LQYRHU�YRRU�GH�SUREDELOLVWLVFKH�
VHJPHQWDWLH�� 'H]H� VFKDWWLQJHQ� ]LMQ� EHWHU� GDQ� GLH� PHW� PD[LPXP�OLNHOLKRRG�FODVVLILFDWLH��
PLQLPXP�GLVWDQFH�FODVVLILFDWLH�RI�VSHFWUDO�DQJOH�PDSSHU�EHSDDOG�ZRUGHQ���
�
9RRU� WRHSDVVLQJ�YDQ�SUREDELOLVWLVFKH� VHJPHQWDWLH�RS�K\SHUVSHFWUDOH�EHHOGHQ�YDQ�QDWXXUOLMNH�
YHJHWDWLH�PHW�HHQ�EHSHUNW�DDQWDO�WUDLQLQJVVDPSOHV�]LMQ�WZHH�DDQSDVVLQJHQ�JHGDDQ��7HQ�HHUVWH�
LV� HU� JHNR]HQ� YRRU� HHQ� LPSOHPHQWDWLH� YDQ� GH� N�QHDUHVW�QHLJKERXUV�FODVVLILFDWLH� GLH� K\SHU�
VSHFWUDOH�GDWD�NDQ�YHUZHUNHQ��7HQ� WZHHGH� LV�KHW� VHJPHQWVHOHFWLHFULWHULXP�]R�DDQJHSDVW�GDW�
GH� YRRUNHXU� QLHW� ODQJHU� DOOHHQ� QDDU� SXUH� VHJPHQWHQ� XLW� JDDW��PDDU� GDW� HU� JHVWUHHIG�ZRUGW�
QDDU�VHJPHQWHQ�PHW�]R�PLQ�PRJHOLMN�NODVVHQ��+LHUGRRU�KHHIW�ELMYRRUEHHOG�HHQ�VHJPHQW�PHW�
WZHH�NODVVHQ�GH�YRRUNHXU�ERYHQ�HHQ�VHJPHQW�PHW�GULH�NODVVHQ���
�
3UREDELOLVWLVFKH� VHJPHQWDWLH� JHHIW� HHQ� OLFKWH� YHUEHWHULQJ� YDQ� GH� RYHUDOO�DFFXUDF\� YDQ� GH�
FODVVLILFDWLH��'H]H�YHUEHWHULQJ� LV� DIKDQNHOLMN� YDQ�GH� NODVVHQLQGHOLQJ��'H�JURRWVWH� YHUEHWHULQJ�
WUHHGW� RS� ELM� HHQ� LQGHOLQJ� LQ� �� NODVVHQ� �QLYHDX� ���� 'H� RYHUDOO�DFFXUDF\� VWLMJW� KLHUYRRU� YDQ�
�������QDDU���������'H� LQGHOLQJ�PHW�GH�NOHLQVWH�YHUEHWHULQJ�KHHIW����NODVVHQ� �QLYHDX�����
+LHUYRRU�VWHHJ�GH�RYHUDOO�DFFXUDF\�YDQ��������QDDU����������
�



����

+HW�LV�RQGXLGHOLMN�ZDDURP�GH�YHUEHWHULQJ�GRRU�SUREDELOLVWLVFKH�VHJPHQWDWLH�VOHFKWV�NOHLQ�LV��'LW�
NDQ� DDQ� GH� GDWD� OLJJHQ� RI� DDQ� GH� SUREDELOLVWLVFKH� VHJPHQWDWLHPHWKRGH�� (HQ� PRJHOLMNH�
RRU]DDN�DOV�JHYROJ�YDQ�GH�GDWD�LV�GH�VSHFWUDOH�RYHUODS�WXVVHQ�GH�NODVVHQ��PDDU�RRN�HHQ�WH�ODJH�
UXLPWHOLMNH�UHVROXWLH�YDQ�KHW�EHHOG�RI�KHW�JHULQJH�DDQWDO�WUDLQLQJVVDPSOHV�NDQ�GH�RRU]DDN�]LMQ��
'DW� GH� VHJPHQWVHOHFWLH� YDQ� GH� SUREDELOLVWLVFKH� VHJPHQWDWLHPHWKRGH� HHQ� WH� JURWH� YRRUNHXU�
KHHIW�YRRU�SXUH�VHJPHQWHQ��RRN�DOV�GH]H�KHHO�NOHLQ�]LMQ��NDQ�RRN�HHQ�RRU]DDN�]LMQ���
�
$DQEHYHOLQJHQ�
2S�GH� HHUVWH� SODDWV� ]RX� RQGHU]RFKW�PRHWHQ�ZRUGHQ�ZDW� GH� RRU]DDN� LV� GDW� GH� YHUEHWHULQJ�
GRRU� SUREDELOLVWLVFKH� VHJPHQWDWLH� VOHFKWV� NOHLQ� LV�� HQ� KRH� KHW� NRPW� GDW� YHHO� HUJ� NOHLQH�
VHJPHQWHQ� JHVHOHFWHHUG� ZRUGHQ�� 'RRU� KHW� WRHSDVVHQ� YDQ� SUREDELOLVWLVFKH� VHJPHQWDWLH� RS�
DQGHUH�GDWD�NDQ�JHYHULILHHUG�ZRUGHQ�RI�GH�GDWD�KHW�SUREOHHP�]LMQ��'RRU�JHEUXLN� WH�PDNHQ�
YDQ� HHQ� KDQGPDWLJ� JHGHILQLHHUGH� VHJPHQWDWLH� ]RX� JHFRQWUROHHUG� NXQQHQ� ZRUGHQ� RI� GH�
VHJPHQWVHOHFWLHPHWKRGH�GH�RRU]DDN�LV��
�
9HUGHU� LV� KHW� ZHQVHOLMN� RP� WH� EHSDOHQ� LQ� ZHONH� PDWH� RYHUWUDLQLQJ� �]LH� SDUDJUDDI� ����� ]LFK�
YRRUGRHW� ELM� N�QHDUHVW�QHLJKERXUV�FODVVLILFDWLH�� ,Q� KHW� JHYDO� GDW� RYHUWUDLQLQJ� ]LFK� YRRUGRHW�
PRHW�HHQ�PHWKRGH�JHNR]HQ�ZRUGHQ�RP�GLW�WH�YRRUNRPHQ��
�
7HQ� GHUGH� LV� KHW� VWHUN� DDQ� WH� UDGHQ� RP� HHQ� YDOLGDWLHPHWKRGH� WH� RQWZHUSHQ�ZDDUPHH� HHQ�
IX]]\�FODVVLILFDWLH�JHYDOLGHHUG�NDQ�ZRUGHQ��
�
$DQYXOOHQG� RQGHU]RHN� QDDU� EHWHUH� PHWKRGHQ� GDQ� N�QHDUHVW�QHLJKERXUV�FODVVLILFDWLH� RP�
NDQVHQ� RS� NODVVHQ� XLW� K\SHUVSHFWUDOH� GDWD� WH� VFKDWWHQ� ]RX� ZHQVHOLMN� ]LMQ�� (pQ� YDQ� GH� WH�
RQGHU]RHNHQ� PHWKRGH� KLHUYRRU� LV� KHW� EHSDOHQ� YDQ� NDQVHQ� XLW� GH� VSHFWUDOH� KRHN� QDDU� KHW�
GLFKWVWELM]LMQGH�WUDLQLQJVVDPSOH�]RDOV�YRRU�KHW�H[SHUWV\VWHHP�>6NLGPRUH�H�D������@�JHGDDQ�LV��
�
7HQVORWWH� ]RX� RYHUZRJHQ� NXQQHQ� ZRUGHQ� RP� KHW� H[SHUWV\VWHHP� HQ� SUREDELOLVWLVFKH�
VHJPHQWDWLH� WH� LQWHJUHUHQ�GRRU�GH�NDQVHQ�GLH�KHW�H[SHUWV\VWHHP�EHSDDOG� WH�JHEUXLNHQ�YRRU�
SUREDELOLVWLVFKH�VHJPHQWDWLH��
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/LWHUDWXXU�

�>&ODUN� ����@� 5�1�� &ODUN�� ¦6SHFWURVFRS\� RI� 5RFNV� DQG� 0LQHUDOV�� DQG� 3ULQFLSOHV� RI�
6SHFWURVFRS\§�� ,Q�� $�� 5HQF]� �UHGDFWHXU���0DQXDO� RI� 5HPRWH� 6HQVLQJ�� 1HZ� <RUN�� -RKQ�
:LOH\�DQG�6RQV����������

�
>'URHVHQ�����@�:��'URHVHQ��6SDWLDO�PRGHOOLQJ�DQG�PRQLWRULQJ�RI�QDWXUDO� ODQGVFDSHV��:LWK�

FDVHV� LQ� WKH� $PVWHUGDP� :DWHUZRUNV� 'XQHV�� 3URHIVFKULIW� /DQGERXZXQLYHUVLWHLW�
:DJHQLQJHQ��������

�
>'XLQ� ����@� 5�3�:�� 'XLQ�� +DQGRXWV� 3DWWHUQ� UHFRJQLWLRQ� FRXUVH� WQ������ 7HFKQLVFKH�

8QLYHUVLWHLW�'HOIW��$IGHOLQJ�7HFKQLVFKH�1DWXXUNXQGH��������
IWS���IWS�SK�WQ�WXGHOIW�QO�SXE�ERE�35B&RXUVH�KDQGRXWV�VKHHWVB��QRY��BFRORU�SGI�
%H]RFKW�QRYHPEHU�������

�
>(DVWPDQ�HQ�/DQH\�����@�-�5��(DVWPDQ�HQ�5�0��/DQH\��¦%D\HVLDQ�6RIW�&ODVVLILFDWLRQ�IRU�6XE�

3L[HO� $QDO\VLV�� $� &ULWLFDO� (YDOXDWLRQ§�� 3KRWRJUDPPHWULF� (QJLQHHULQJ� 	� 5HPRWH� 6HQVLQJ��
MDDUJDQJ�����QU�������������EO]�������������

�
>(19,�7XWRULDOV�����@�(19,�7XWRULDOV��YHUVLRQ������%HWWHU�6ROXWLRQV�&RQVXOWLQJ��������
�
>)LVKHU�����@�3��)LVKHU��¦7KH�SL[HO��D�VQDUH�DQG�D�GHOXVLRQ§��,QWHUQDWLRQDO�-RXUQDO�RI�5HPRWH�

6HQVLQJ��MDDUJDQJ�����QU������������EO]�����������
�
>)RRG\�����@�*�0��)RRG\��¦7KH�FRQWLQXXP�RI�FODVVLILFDWLRQ�IX]]\QHVV�LQ�WKHPDWLF�PDSSLQJ§��

3KRWRJUDPPHWULF�(QJLQHHULQJ�	�5HPRWH�6HQVLQJ��MDDUJDQJ�����QU������������EO]�����������
�
>*RUWH� ����@� %�*�+�� *RUWH�� 3UREDELOLVWLF� VHJPHQWDWLRQ� RI� UHPRWHO\� VHQVHG� LPDJHV�� 3URHI�

VFKULIW�/DQGERXZXQLYHUVLWHLW�:DJHQLQJHQ�HQ�,7&��������
�
>+RHNVWUD�����@�$��+RHNVWUD��*HQHUDOLVDWLRQ�LQ�)HHG�)RUZDUG�1HXUDO�&ODVVLILHUV��3URHIVFKULIW�

7HFKQLVFKH�8QLYHUVLWHLW�'HOIW��������
�
>-DQVVHQ�����@�-�$�0��-DQVVHQ��0RQLWRULQJ�RI�VDOW�PDUVK�YHJHWDWLRQ�E\�VHTXHQWLDO�PDSSLQJ��

3URHIVFKULIW�8QLYHUVLWHLW�YDQ�$PVWHUGDP�HQ�0HHWNXQGLJH�'LHQVW�YDQ�5LMNVZDWHUVWDDW��������
�
>0RXQW�����@�'�0��0RXQW��$11�3URJUDPPLQJ�0DQXDO��8QLYHUVLW\�RI�0DU\ODQG��������
�
>6NLGPRUH�H�D������@�$�.��6NLGPRUH��.��6FKPLGW��+��.ORRVWHUPDQ��/��.XPDU�HQ�+��YDQ�2RVWHQ��

+\SHUVSHFWUDO�LPDJHU\�IRU�FRDVWDO�ZHWODQG�YHJHWDWLRQ�PDSSLQJ��%HOHLGV&RPPLVVLH�5HPRWH�
6HQVLQJ��0HHWNXQGLJH�'LHQVW�YDQ�5LMNVZDWHUVWDDW��������

�
>7HXQLVVHQ�����@�3�-�*��7HXQLVVHQ��0DWKHPDWLVFKH�JHRGHVLH�,��JH�����,QOHLGLQJ�YHUHIIHQLQJV�

WKHRULH��&ROOHJHGLFWDDW�7HFKQLVFKH�8QLYHUVLWHLW�'HOIW��)DFXOWHLW�GHU�*HRGHVLH���������
�
>9HUKRHI� ����@� +�0�(�� 9HUKRHI�� *HRGHWLVFKH� 'HIRUPDWLH� $QDO\VH� �JH������ &ROOHJHGLFWDDW�

7HFKQLVFKH�8QLYHUVLWHLW�'HOIW��)DFXOWHLW�GHU�*HRGHVLH���������
�
>:DQJ� ����@� )�� :DQJ�� ¦)X]]\� VXSHUYLVHG� FODVVLILFDWLRQ� RI� UHPRWH� VHQVLQJ� LPDJHV§�� ,(((�

7UDQVDFWLRQV�RQ�*HRVFLHQFH�DQG�5HPRWH�6HQVLQJ��MDDUJDQJ�����QU������������EO]�����������
�
�



����
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%LMODJH����&ODVVLILFDWLHUHVXOWDWHQ�

,Q� GH]H� ELMODJH� ]LMQ� HQNHOH� UHVXOWDWHQ� RSJHQRPHQ� YDQ� GH� WRHSDVVLQJ� YDQ� SUREDELOLVWLVFKH�
VHJPHQWDWLH� RS� GH� 6FKLHUPRQQLNRRJ�GDWD� �]LH� KRRIGVWXN� ����+LHUYRRU� ]LMQ� GH� RQGHUVWDDQGH�
SDUDPHWHUV�JHEUXLNW���
�
�� .ODVVHQLQGHOLQJHQ��QLYHDX������HQ���HQ�6NLGPRUH��]LH�SDUDJUDDI�������
�� N�1HDUHVW�QHLJKERXUV�FODVVLILFDWLH��N ���
��'UHPSHOZDDUGHQ�YRRU�GH�VHJPHQWDWLHSLUDPLGH��������������������������������������������������
���HQ������

��'H�YHUZDDUOR]LQJ�YDQ�NOHLQH�NODVVHQDDQGHOHQ�YRRU�KHW�EHSDOHQ�YDQ�KHW�DDQWDO�NODVVHQ�LQ�HHQ�
VHJPHQW��IUDFWLH������]LH�SDUDJUDDI����������

�� ���EDQGHQ��QXPPHU���WRW�HQ�PHW����HQ�QXPPHU����WRW�HQ�PHW�����
�
�
�
�
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�

�
�

)LJXXU� %����� &ULVS� N�QHDUHVW�QHLJKERXUV�FODVVLILFDWLH� YDQ� VWURNHQ� �� HQ� �� YRRU� NODVVHQLQGHOLQJ� QLYHDX����2SYDOOHQG� LV� GH� RYHUJDQJ� WXVVHQ�
VWURRN���HQ���DOV�JHYROJ�YDQ�UDGLRPHWULVFKH�YHUVFKLOOHQ�WXVVHQ�GH�VWURNHQ��
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.ODVVHQLQGHOLQJ�QLYHDX���

&ULVS�N�QHDUHVW�QHLJKERXUV�FODVVLILFDWLH�
��]LH�ILJXXU�%�����
�
=HOIV�ELM�GLW�EHSHUNW�DDQWDO�NODVVHQ�WUHGHQ�QRJ�UHODWLHI�YHHO�FODVVLILFDWLHIRXWHQ�RS��(U�YLQGW�IOLQNH�
YHUZDUULQJ�SODDWV� WXVVHQ�GH�NODVVHQ�PLGGHOKRJH�����HQ�KRJH�NZHOGHU� �����:DW�¦PLGGHOKRJH�
NZHOGHU§�LV��ZRUGW�YDDN�JHFODVVLILFHHUG�DOV�KRJH�NZHOGHU��'XLQ�����ZRUGW�YDDN�DOV�¦RYHUJDQJ�
GXLQ� NZHOGHU§� ���� JHFODVVLILFHHUG�� 7HUZLMO� GH� NODVVH� ¦NDOH� JURQG� HQ� LMOH� YHJHWDWLH§� ���� ELMQD�
DOWLMG� DOV� SLRQLHUNZHOGHU� ���� JHFODVVLILFHHUG� ZRUGW�� 2SYDOOHQG� LV� GDW� GH� NODVVHQ� ZDDU� YHHO�
VDPSOHV�YRRU�]LMQ�EHWHU�JHFODVVLILFHHUG�ZRUGHQ��
�
&RQIXVLRQPDWUL[��
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�
/HJHQGD�YRRU�FULVS�FODVVLILFDWLHV�YDQ�NODVVHQLQGHOLQJ�QLYHDX���
�� � .DOH�JURQG�HQ�LMOH�YHJHWDWLH��
�� � 3LRQLHUNZHOGHU�
�� � /DJH�NZHOGHU�
�� � 0LGGHOKRJH�NZHOGHU�
�� � +RJH�NZHOGHU�
�� � 2YHUJDQJ�GXLQ�NZHOGHU�
�� � 'XLQ�
�� � 6WUDQG�
�� � :DWHU�
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)LJXXU�%�����&ULVS�FODVVLILFDWLH�SHU�VHJPHQW�YDQ�VWURNHQ���HQ���YRRU�NODVVHQLQGHOLQJ�QLYHDX����(HQ�GXLGHOLMN�YHUVFKLO�PHW�ILJXXU�%����LV�GDW�
GH]H�FODVVLILFDWLH�HHQ�PLQGHU�UXL]LJH�NDDUW�RSOHYHUW��
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.ODVVHQLQGHOLQJ�QLYHDX����

&ULVS�FODVVLILFDWLH�SHU�VHJPHQW��
��]LH�ILJXXU�%������
�
'H� NODVVHQ� PLGGHOKRJH� NZHOGHU� ���� HQ� ¦RYHUJDQJ� GXLQ� NZHOGHU§� ���� ZRUGHQ� EHWHU�
JHFODVVLILFHHUG� GDQ� ELM� FULVS� N�QHDUHVW�QHLJKERXUV�FODVVLILFDWLH�� +RJH� NZHOGHU� ���� KHHIW�
GDDUHQWHJHQ� MXLVW� HHQ� KRJHUH� FODVVLILFDWLHIRXW�� 'H� RYHULJH� NODVVHQ� ZRUGHQ� HYHQ� JRHG�
JHFODVVLILFHHUG��RI�QHW�LHWV�EHWHU��ppQ�VDPSOH��JHFODVVLILFHHUG��
�
&RQIXVLRQPDWUL[��
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/HJHQGD�YRRU�FULVS�FODVVLILFDWLHV�YDQ�NODVVHQLQGHOLQJ�QLYHDX���
�� � .DOH�JURQG�HQ�LMOH�YHJHWDWLH��
�� � 3LRQLHUNZHOGHU�
�� � /DJH�NZHOGHU�
�� � 0LGGHOKRJH�NZHOGHU�
�� � +RJH�NZHOGHU�
�� � 2YHUJDQJ�GXLQ�NZHOGHU�
�� � 'XLQ�
�� � 6WUDQG�
�� � :DWHU�
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)LJXXU�%�����&ULVS�FODVVLILFDWLH�PHW�SUREDELOLVWLVFKH�VHJPHQWDWLH�YDQ�VWURNHQ���HQ���YRRU�NODVVHQLQGHOLQJ�QLYHDX����7HQ�RS]LFKWH�YDQ�ILJXXU�
%����NRPW�LQ�VRPPLJH�JHELHGHQ�LHWV�YDQ�GH�UXLV�XLW�ILJXXU�%����LQ�GH]H�FODVVLILFDWLH�WHUXJ��,Q�DQGHUH�JHELHGHQ�EOLMIW�GH]H�DIZH]LJ��
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.ODVVHQLQGHOLQJ�QLYHDX����
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%LMODJH����+DQGOHLGLQJ�YRRU�GH�SURJUDPPDWXXU�

9RRU� KHW� RQGHU]RHN� LV� JHEUXLN� JHPDDNW� YDQ� GH� SUREDELOLVWLVFKH�VHJPHQWDWLH�VRIWZDUH� GLH�
RQWZLNNHOG� LV�GRRU�%��*RUWH��EHVWDDQGH�XLW�&�SURJUDPPD©V�HQ�EDVK�VFULSWV��9HHO�RQGHUGHOHQ�
]LMQ� HFKWHU� YRRU�GLW�RQGHU]RHN�DDQJHSDVW��9HUGHU� ]LMQ� DDQYXOOHQGH�SURJUDPPD©V�JHVFKUHYHQ�
HQ� ]LMQ� DI]RQGHUOLMNH� SURJUDPPD©V� VDPHQ� LQ� HHQ� VFULSW� RSJHQRPHQ�� 'DDUQDDVW� LV� YRRU� GLW�
RQGHU]RHN�QRJ�JHEUXLN�JHPDDNW�YDQ�HHQ�FODVVLILFDWLHSURJUDPPD��$11��GDW�RQWZLNNHOG�LV�ELM�
GH� 8QLYHUVLWHLW� YDQ� 0DU\ODQG�� 7HQVORWWH� ZRUGHQ� QRJ� HQNHOH� VWDQGDDUG� XQL[�SURJUDPPD©V�
JHEUXLNW� ]RDOV� SDVWH� HQ� [Y�� ,Q� GH]H� ELMODJH� ]DO� KHW� JHEUXLN� EHVFKUHYHQ� ZRUGHQ� YDQ� GH�
SURJUDPPDWXXU� GLH� QRGLJ� LV� RP� GH� UHVXOWDWHQ� WH� UHSURGXFHUHQ�� 'H� FXUVLHI� JHGUXNWH�
FRPPDQGR©V�ZRUGHQ�WRHJHOLFKW�LQ�GH�JHOLMNQDPLJH�SDUDJUDDI���

5HFKWHQ�

3UREDELOLVWLVFKH�VHJPHQWDWLH��SUREVHJ��
$XWHXUV�� %�*�+��*RUWH��
� -��/HVSDUUH�
&RS\ULJKW��,7&��(QVFKHGH�
� 0'��'HOIW�
� 78�'HOIW��'HOIW��
�
$SSUR[LPDWH�QHDUHVW�QHLJKERXUV��$11��
$XWHXUV�� '�0��0RXQW�
� 6��$U\D�
&RS\ULJKW��8QLYHUVLWHLW�YDQ�0DU\ODQG��&ROOHJH�3DUN��96��

,QVWDOOHUHQ�

'H�&�SURJUDPPD©V��EDVK�VFULSWV�HQ�WHVW�GDWD�]LMQ�WH�YLQGHQ�LQ�GH�PDS��SUREVHJ�����9DQ�GH�&�
SURJUDPPD©V�LQ�GH�PDS��DQQ��LV�DOOHHQ�DQQBVDPSOH�EHQRGLJG��.RSLHHU�DOOH�EHVWDQGHQ�QDDU�
HHQ�JHZHQVWH�ORFDWLH��&RPSLOHHU�LQGLHQ�QRGLJ�DOOH�&�SURJUDPPD©V���F���ELMYRRUEHHOG�PHW�JFF��
9HUJHHW� QLHW� KHW� UHFKW� RS� XLWYRHUHQ� LQ� WH� VWHOOHQ� PHW� KHW� FRPPDQGR� FKPRG�� HQ� LQGLHQ�
JHZHQVW�GH�PDS�PHW�GH�SURJUDPPD©V�RS�WH�QHPHQ�LQ�GH��SURILOH���

*HEUXLN�

'H� VRIWZDUH� JHEUXLNW� KHW� GDWDIRUPDDW� YDQ� ,/:,6� ����� YRRU� EHHOGHQ� HQ� WDEHOOHQ�� ,Q� GLW�
IRUPDDW�EHVWDDW�HHQ�EHHOG�XLW� WZHH�EHVWDQGHQ�SHU�EDQG��HHQ�GDWDEHVWDQG�PHW�ppQ�RI�PHHU�
E\WHV� SHU� SL[HO� ��PSG�� HQ� HHQ� KHDGHU�EHVWDQG� PHW� LQIRUPDWLH� ]RDOV� KHW� DDQWDO� ULMHQ� HQ�
NRORPPHQ� ��PSL��� +HW� DDQWDO� ULMHQ� HQ� NRORPPHQ� NDQ� RSJHYUDDJG� ZRUGHQ� PHW� KHW�
FRPPDQGR� PSL� >QDDP@� QO� QF�� 'H� PSG�EHVWDQGHQ� NXQQHQ� YHUYDDUGLJG� ZRUGHQ� GRRU� GH�
PHHVWH� EHHOGYHUZHUNLQJVSURJUDPPD©V� RI� YHUNUHJHQ� ZRUGHQ� GRRU� HHQ� EDQG�VHTXHQWLDO�
EHVWDQG���EVT�LQ�(UGDV�,PDJLQH��LQ�VWXNNHQ�WH�NQLSSHQ��'H�PSL�EHVWDQGHQ�NXQQHQ�JHPDDNW�
ZRUGHQ� PHW� KHW� SURJUDPPD� PDNHPSL� >QDDP@� >�NRO@� >�ULM@� >�E\WH@�� 2PGDW� GH]H� PSL�
EHVWDQGHQ� YRRU� DOOH� EDQGHQ� JHOLMN� ]LMQ�� NDQ� HU� ppQ� PHW� PDNHPSL� JHPDDNW� ZRUGHQ� HQ�
JHNRSLHHUG�ZRUGHQ�YRRU�GH�DQGHUH�EDQGHQ���
'H�VRIWZDUH�NDQ�DOOHHQ�EHVWDQGHQ�PHW�ppQ�E\WH�SHU�SL[HO�DDQ��(HQ�XLW]RQGHULQJ�KLHURS�]LMQ�
VHJPHQWDWLHEHVWDQGHQ�� :DQQHHU� GH� WH� JHEUXLNHQ� GDWD� XLW� WZHH� E\WHV� ���� ELWV�� SHU� SL[HO�
EHVWDDW�PRHW�GH]H�WHUXJJHEUDFKW�ZRUGHQ�WRW�ppQ�E\WH����ELW��SHU�SL[HO���



����

'H�WUDLQLQJVJHJHYHQV�PRHWHQ�RRN�DDQJHOHYHUG�ZRUGHQ�LQ�GH�YRUP�YDQ�HHQ�UDVWHUEHVWDQG�LQ�
GLW�IRUPDDW���PSG���PSL��PHW�HYHQ�YHHO�ULMHQ�HQ�NRORPPHQ�DOV�GH�EHHOGHQ��'H�SL[HOZDDUGHQ�
LQ�GLW�UDVWHUEHVWDQG�JHYHQ�KHW�NODVVHQQXPPHU�ZHHU��ZDDUELM�RQJHWUDLQGH�SL[HOV�GH�ZDDUGH���
NULMJHQ�� =R©Q� UDVWHUEHVWDQG� PHW� WUDLQLQJVJHJHYHQV� NDQ� JHPDDNW� ZRUGHQ� LQ� HHQ� EHHOG�
YHUZHUNLQJVSURJUDPPD� QDDU� NHX]H�� +HW� NDQ� RRN� XLW� HHQ� WHNVWEHVWDQG� YHUYDDUGLJG�ZRUGHQ�
PHW� KHW� SURJUDPPD� FKSL[� >LQ@� >XLW@� >WHNVWEHVWDQG@�� +LHUYRRU� KHE� MH� HHQ� OHHJ� EHHOG� HQ� HHQ�
WHNVWEHVWDQG� QRGLJ�� +HW� OHJH� EHHOG� NDQ� YHUNUHJHQ� ZRUGHQ� PHW� GH� EHHOGFDOFXODWRU� PT�
>XLW@� §>EHHOG@�§�� ,Q� KHW� WHNVWEHVWDQG� YRRU� FKSL[� PRHWHQ� GH� EHHOGFR|UGLQDWHQ� HQ� GH�
NODVVHQQXPPHUV�YDQ�GH�WUDLQLQJVVDPSOHV�VWDDQ��
��%\WH� EHHOGHQ� NXQQHQ� DIJHEHHOG� ZRUGHQ� PHW� KHW� FRPPDQGR� VKRZ� >EHHOG@�� (HQ� NOHXU�
FRPSRVLWLH� YDQ� PHHUGHUH� EDQGHQ� NDQ� ZHHUJHJHYHQ� ZRUGHQ� PHW� KHW� FRPPDQGR� VKRZFF�
>EHHOG�@� >EHHOG�@� >EHHOG�@�� (HQ� UDVWHUEHVWDQG� NDQ� DIJHEHHOG� ZRUGHQ�PHW� VKRZ�� PDDU� GDQ�
]XOOHQ� GH� NODVVHQQXPPHUV� DOV� JULMVZDDUGHQ� ZHHUJHJHYHQ� ZRUGHQ�� (U� NDQ� RRN� JHEUXLN�
JHPDDNW�ZRUGHQ�YDQ�HHQ�OHJHQGD��GRRU�DI�WH�EHHOGHQ�PHW�KHW�FRPPDQGR�FROGLVS�>OHJHQGD@�
>EHHOG@��+LHUYRRU�LV�HHQ�OHJHQGDEHVWDQG���FRO��QRGLJ��'LW�NDQ�JHPDDNW�ZRUGHQ�LQ�HHQ�WHNVW�
HGLWRU�]RDOV�QHGLW��%LM�]RZHO�KHW�JHEUXLN�YDQ�VKRZ��VKRZFF�DOV�FROGLVS�ZRUGW�KHW�SURJUDPPD�
[Y�JHEUXLNW�YRRU�KHW�ZHHUJHYHQ��'LW�SURJUDPPD�KHHIW�RRN�PRJHOLMNKHGHQ�RP�GH�NOHXUHQ�WH�
PDQLSXOHUHQ��LQ�WH�]RRPHQ�H�G���SUREHHU�GH�H�WRHWV�HQ�GH�UHFKWHU�PXLVNQRS���
�
'H� SUREDELOLVWLVFKH� VHJPHQWDWLH� EHVWDDW� XLW� HHQ� LQWHJUDWLH� YDQ� FODVVLILFDWLH� HQ� VHJPHQWDWLH��
2PGDW� YRRU� YHUVFKLOOHQGH� W\SHQ� EHHOGHQ� HQ� WUDLQLQJVJHJHYHQV� YHUVFKLOOHQGH� FODVVLILFDWLH�
PHWKRGHQ� ZHQVHOLMN� ]LMQ�� LV� GH� FODVVLILFDWLH� QLHW� LQ� KHW� SURJUDPPD� YRRU� SUREDELOLVWLVFKH�
VHJPHQWDWLH� RSJHQRPHQ�� 2PGDW� KHW� SURJUDPPD� YRRU� SUREDELOLVWLVFKH� VHJPHQWDWLH� GH�
UHVXOWDWHQ�YDQ�GH�FODVVLILFDWLH�QRGLJ�KHHIW��PRHW�GH�FODVVLILFDWLH�HHUVW�XLWJHYRHUG�ZRUGHQ��%LM�GH�
VRIWZDUH�]LW�KHW�FODVVLILFDWLHSURJUDPPD�DQQFODVV�>EHVWDQGHQOLMVW�EHVWDQG@��
��
+HW� SURJUDPPD� DQQFODVV� KHHIW� HHQ� WHNVWEHVWDQGMH� QRGLJ� ZDDULQ� GH� EHVWDQGVQDPHQ�
JHVSHFLILFHHUG�ZRUGHQ�YDQ�KHW�UDVWHUEHVWDQG�PHW�WUDLQLQJVJHJHYHQV�HQ�GH�EHHOGHQ�YDQ�GH�WH�
JHEUXLNHQ�EDQGHQ��'LW�]RJHQDDPGH�EHVWDQGHQOLMVW�EHVWDQG���LQ��NDQ�JHPDDNW�ZRUGHQ�LQ�HHQ�
WHNVWHGLWRU���
$QQFODVV� JHEUXLNW� KHW� SURJUDPPD� DQQBVDPSOH�� 9RRUGDW� DQQBVDPSOH� DDQJHURHSHQ� NDQ�
ZRUGHQ��ZRUGHQ�HHUVW�GH�MXLVWH�W\SHQ�LQYRHUEHVWDQGHQ�JHPDDNW��'H�ZLM]H�ZDDURS�GLW�JHEHXUW��
LV� HFKWHU� QLHW� KHHO� HIILFLsQW��9RRUDO� GH� URXWLQH�DVF�DQQT� LV� HUJ� WUDDJ�ELM�PHHU� GDQ� HHQ�SDDU�
EDQGHQ�� 'DDURP� ]LMQ� HU� YRRU� EHSDDOGH� KRHYHHOKHGHQ� EDQGHQ� ���� HQ� ���� VSHFLDOH� VQHOOHUH�
YDULDQWHQ� JHPDDNW�� 'H]H� ZRUGHQ� DXWRPDWLVFK� JHEUXLNW� ZDQQHHU� HHQ� GHUJHOLMNH� YDULDQW�
DDQZH]LJ�LV���
+HW�LV�RRN�PRJHOLMN�RP�PHW�HHQ�EHHOGYHUZHUNLQJVSURJUDPPD�QDDU�NHX]H�GH�FODVVLILFDWLH�XLW�WH�
YRHUHQ��9RRUZDDUGH�KLHUYRRU�LV�GDW�GH]H�PHWKRGH�YRRU�LHGHUH�NODVVH�HHQ�NDQV�RSOHYHUW��'H]H�
NDQVHQ�]XOOHQ�GDQ�DDQJHOHYHUG�PRHWHQ�ZRUGHQ�DOV�HHQ�EHHOG�SHU�NODVVH��PHW�GH]HOIGH�QDDP�
DOV�KHW�EHVWDQGHQOLMVW�EHVWDQG���LQ���PHW�DFKWHUYRHJLQJ�YDQ�SG�HQ�KHW�NODVVHQQXPPHU���
�
1D� KHW� VFKDWWHQ� YDQ� GH� EHQRGLJGH� NDQVHQ� PHW� KHW� FODVVLILFDWLHSURJUDPPD� NDQ� GH�
SUREDELOLVWLVFKH�VHJPHQWDWLH�XLWJHYRHUG�ZRUGHQ�PHW�KHW�SURJUDPPD�SUREVHJ�>EHVWDQGHQOLMVW�
EHVWDQG@�� 9RRU� SUREVHJ� LV� HHQ� WZHHGH� EHVWDQGHQOLMVW�EHVWDQG� ��LQS�� QRGLJ� PHW� GH]HOIGH�
QDDP� DOV� GLH� JHEUXLNW� LV� YRRU� KHW� FODVVLILFDWLHSURJUDPPD�� ,Q� GLW� WHNVWEHVWDQG� ZRUGHQ� GH�
QDPHQ� JHVSHFLILFHHUG� YDQ� KHW� UDVWHUEHVWDQG� YRRU� YDOLGDWLH� HQ� YDQ� GH� EDQGHQ� GLH� JHEUXLNW�
ZRUGHQ� YRRU� GH� VHJPHQWDWLH�� (QNHOH� LQVWHOOLQJHQ� YRRU� KHW� SURJUDPPD� SUREVHJ�� =RDOV� GH�
GUHPSHOZDDUGHQ� YRRU� GH� VHJPHQWDWLHSLUDPLGH�� NXQQHQ� JHZLM]LJG� ZRUGHQ� LQ� KHW� VFULSW�
SUREVHJ� PHW� EHKXOS� YDQ� HHQ� WHNVWHGLWRU�� 9DQ� EHODQJ� LV� GDW� GH]H� GUHPSHOZDDUGHQ� ]RYHHO�
PRJHOLMN�LQ�KHW�LQWHUYDO�JHNR]HQ�ZRUGHQ��ZDDUELQQHQ�YRRU�KHW�EHWUHIIHQGH�EHHOG�QLHW�WH�YHHO�
RI�WH�ZHLQLJ�VHJPHQWHQ�JHYRUPG�ZRUGHQ��
�
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+HW� SURJUDPPD� SUHVHJ� >QDDP@� >VHJPHQWDWLH@� >WHVW@� GRHW� KHW]HOIGH� DOV� KHW� SURJUDPPD�
SUREVHJ�� +HW� YHUVFKLO� LV� GDW� GLW� SUHVHJ� HHQ� ]HOI� RS� WH� JHYHQ� VHJPHQWDWLH� JHEUXLNW�� (HQ�
VHJPHQWDWLHEHVWDQG� LV� HHQ� UDVWHUEHVWDQG� ��PSG�� �PSL�� ZDDULQ� DOOH� SL[HOZDDUGHQ� HHQ�
VHJPHQWQXPPHU�ZHHUJHYHQ��,HGHU�VHJPHQW�PRHW�HHQ�XQLHN�QXPPHU�KHEEHQ��2P�PHHU�GDQ�
���� VHJPHQWHQ� DDQ� WH� NXQQHQ�� KHEEHQ� GH� VHJPHQWEHVWDQGHQ� �� E\WHV� SHU� SL[HO�� =R©Q�
VHJPHQWDWLHEHVWDQG� NDQ� JHPDDNW� ZRUGHQ� XLW� HHQ� ��E\WH�EHVWDQG� ]RQGHU� XQLHNH� QXPPHUV�
PHW�KHW�FRPPDQGR�PDNHVHJ�>EHHOG@�>VHJPHQWDWLH@��
�
�
(QNHOH�RSPHUNLQJHQ�RYHU�GH�SURJUDPPD©V�DQQFODVV�HQ�SUREVHJ��
�

• $OOH� QRUPDOH� XLWYRHU� RS� KHW� VFKHUP� EHJLQW� PHW� HHQ� YHUWLFDOH� VWUHHS� �� _� ��� ,HGHUH� DQGHUH�
PHGHGHOLQJ�RS�KHW�VFKHUP�GXLGW�HU�RS�GDW�HU� LHWV�PLV�JDDW��RI�GDW�ELM�ppQ�YDQ�GH�HHUGHUH�
GHOHQ�YDQ�KHW�SURJUDPPD�LHWV�PLV�JHJDDQ�LV��

�

• +HW� SURJUDPPD�NDQ� EHWHU� QLHW� WHJHOLMNHUWLMG�PHHUGHUH� NHUHQ� XLWJHYRHUG�ZRUGHQ��9RRU� GH�
PHHVWH� GHOHQ� YDQ� KHW� SURJUDPPD� LV� GLW� JHHQ� SUREOHHP�� PDDU� EHSDDOGH� GHOHQ� ]RXGHQ�
�WLMGHOLMNH�� EHVWDQGHQ� PHW� GH]HOIGH� QDDP� NXQQHQ� JDDQ� PDNHQ� ZDDUELM� GH� ppQ� GH� DQGHU�
RYHUVFKULMIW��

�

• +HW�SURJUDPPD�KHHIW�YHHO�YULMH�VFKLMIUXLPWH�QRGLJ�YRRU�WLMGHOLMNH�EHVWDQGHQ�GLH�DDQ�KHW�HLQG�
YDQ� KHW� SURJUDPPD�ZHHU� YHUZLMGHUG�ZRUGHQ��'LW� NDQ� RSORSHQ� WRW� ���*LJDE\WH� YRRU� ����
PLOMRHQ�SL[HOV�����EDQGHQ�HQ����NODVVHQ��

�

• 'H�UHNHQWLMG�NDQ�DDQ]LHQOLMN�]LMQ��YDQ�FD����PLQXWHQ�YRRU�HHQ�EHHOG�PHW����GXL]HQG�SL[HOV����
EDQGHQ�HQ���NODVVHQ�WRW�UXLP����XXU�YRRU�����PLOMRHQ�SL[HOV�����EDQGHQ�HQ����NODVVHQ��

�

• (U� ]LMQ� YHUVFKLOOHQGH� EHSHUNLQJHQ� YRRU� KHW� JHEUXLN� YDQ� KHW� SURJUDPPD� YRRU� JURWH�
KRHYHHOKHLG� GDWD�� (pQ� UHGHQ� LV� GDW� HU� JHHQ� �WLMGHOLMNH�� EHVWDQGHQ� JURWHU� GDQ� �� *LJDE\WH�
JHPDDNW�PRJHQ�ZRUGHQ��2S�HHQ����ELW�V\VWHHP�NXQQHQ�EHVWDQGHQ�JURWHU� GDQ��

� �

� E\WHV�
QDPHOLMN�QLHW�GRRU�DOOH�SURJUDPPD©V�YHUZHUNW�ZRUGHQ��$QQFODVV�NDQ�GDDURP�DOOHHQ�GDWD�DDQ�
ZDDUYRRU�JHOGW���
�

312)14( ≤+⋅⋅ JN �

�
PHW�� N �KHW�DDQWDO�SL[HOV�

� J � KHW�DDQWDO�EDQGHQ�
�
(HQ�DQGHUH� UHGHQ� LV�GDW� LQ� VRPPLJH� URXWLQHV�HHQ�PD[LPXP�DDQWDO� VHJPHQWHQ��NODVVHQ�RI�
EDQGHQ�JHGHFODUHHUG�LV��2RN�RP�DQGHUH�UHGHQHQ�NXQQHQ�HU�EHSHUNLQJHQ�]LMQ�YRRU�EHSDDOGH�
URXWLQHV��'H�PD[LPD�ZDDU�KHW�SURJUDPPD�WRW�RS�KHGHQ�YRRU�JHEUXLNW�LV�]LMQ��
�
����������� SL[HOV�
����������� VHJPHQWHQ�
� ��� NODVVHQ�
� ���� EDQGHQ�
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�
>WUDLQ@�
�











�

>EDQG�@�
>EDQG�@�
>EDQG�@�

����M�
>EDQGJ@�

>WHVW@�

>QDDP@�LQ� � � >QDDP@�LQS�
� � �

�
�

�

DQQFODVV�
RI�SURJUDPPD�QDDU�NHX]H�

� �

� � � �
�
�

>QDDP@SG��

M �
>QDDP@SGK�

� �

� � � SUREVHJ�

VHJPHQWHUHQ�
FODVVLILFHUHQ�

�
�
�

� � �

� � � UHVXOWDWHQ�
�
)LJXXU�%����� 6FKHPD�YDQ�KHW� JHEUXLN�YDQ�GH�SURJUDPPDWXXU��0HW� >QDDP@�GH�QDDP�
YDQ�GH�EHVWDQGHQOLMVW�EHVWDQGHQ��

5HVXOWDWHQ�

'H� UHVXOWDWHQ� YDQ� GH� SUREDELOLVWLVFKH� VHJPHQWDWLH�ZRUGHQ� RSJHVODJHQ� LQ� GH�PDS�ZDDU� KHW�
FRPPDQGR�JHJHYHQ�LV��'LW�]LMQ�]HV�FODVVLILFDWLHV��HHQ�FULVS�HQ�IX]]\�FODVVLILFDWLH�RS�JURQG�YDQ�
NDQVGLFKWKHGHQ� �SG��� D� SULRUL� NDQVHQ� SHU� VHJPHQW� �SULRU�� HQ� D� SRVWHULRUL� NDQVHQ� �SRVW��� 'H�
FULVS�FODVVLILFDWLHV�EHVWDDQ�XLW�HHQ�UDVWHUEHVWDQG�PHW�KHW�NODVVHQQXPPHU�DOV�SL[HOZDDUGH��'H�
IX]]\� FODVVLILFDWLHV� EHVWDDQ� XLW� HHQ� UDVWHUEHVWDQG� SHU� NODVVH�� ,Q� GLW� UDVWHUEHVWDQG� SHU� NODVVH�
JHYHQ�GH�SL[HOZDDUGHQ�GH�NDQV�RS�GH]H�NODVVH�ZHHU��YHUPHQLJYXOGLJG�PHW�������'DDUQDDVW�
ZRUGHQ� QRJ� WHNVWEHVWDQGHQ� PHW� FRQIXVLRQPDWULFHV� JHPDDNW� HYHQDOV� HQNHOH� VHJPHQWDWLH�
EHVWDQGHQ��
2QGHUVWDDQGH� OLMVW� EHVFKULMIW� GH� LQKRXG� YDQ� GH� EHVWDQGHQ� GLH� KHW� UHVXOWDDW� ]LMQ� YDQ� GH�
SUREDELOLVWLVFKH� VHJPHQWDWLH�� +LHULQ� LV� >QDDP@� GH� EHVWDQGVQDDP� YDQ� GH� EHVWDQGHQOLMVW�
EHVWDQGHQ���LQ�HQ��LQS���
�
>QDDP@SG� &ULVS�FODVVLILFDWLH�RS�JURQG�YDQ�GH�PD[LPDOH�NDQV�SHU�SL[HO�]RQGHU�

SUREDELOLVWLVFKH�VHJPHQWDWLH��
>QDDP@SULRU� &ULVS� FODVVLILFDWLH� RS� JURQG� YDQ� GH� PD[LPDOH� D� SULRUL� NDQV� SHU�

VHJPHQW�
>QDDP@SRVW�� &ULVS�FODVVLILFDWLH�RS�JURQG�YDQ�GH�PD[LPDOH�D�SRVWHULRUL� NDQV�SHU�

SL[HO�
�



� ��

>QDDP@SG>QU�@� )X]]\� FODVVLILFDWLH�� UDVWHUEHVWDQG�PHW� GH� FRQGLWLRQHOH� NDQV� RS� HHQ�
IHDWXUHYHFWRU�SHU�SL[HO�]RQGHU�SUREDELOLVWLVFKH�VHJPHQWDWLH�YRRU�GH�
NODVVH�>QU�@�

>QDDP@SULRU>QU�@� )X]]\�FODVVLILFDWLH��UDVWHUEHVWDQG�PHW�D�SULRUL�NDQV�SHU�VHJPHQW�YRRU�
GH�NODVVH�>QU�@�

>QDDP@SRVW>QU�@� )X]]\�FODVVLILFDWLH��UDVWHUEHVWDQG�PHW�D�SRVWHULRUL�NDQV�SHU�SL[HO�YRRU�
GH�NODVVH�>QU�@�

�
>QDDP@VHJOYO>QU�@� 6HJPHQWDWLHEHVWDQG�YDQ�SLUDPLGHQLYHDX�>QU�@�
>QDDP@VHJ� 6HJPHQWDWLHEHVWDQG�YDQ�GH�JHVHOHFWHHUGH�VHJPHQWHQ�
>QDDP@QXPEHURIFODVVHV� 5DVWHUEHVWDQG� PHW� KHW� DDQWDO� NODVVHQ� SHU� VHJPHQW� �QD�

YHUZDDUOR]LQJ�YDQ�NOHLQH�NODVVHQDDQGHOHQ��
�
>QDDP@SG�PDW� 7HNVWEHVWDQG��FRQIXVLRQPDWUL[�YDQ�>QDDP@SG�
>QDDP@SULRU�PDW� 7HNVWEHVWDQG��FRQIXVLRQPDWUL[�YDQ�>QDDP@SULRU�
>QDDP@SRVW�PDW� 7HNVWEHVWDQG��FRQIXVLRQPDWUL[�YDQ�>QDDP@SRVW�
�
0HW� GH� EHHOGFDOFXODWRU�PT� �DOOHHQ� JHVFKLNW� YRRU� ��E\WH� EHVWDQGHQ�� NDQ� GHVJHZHQVW� H[WUD�
XLWYRHU�JHPDDNW�ZRUGHQ��]RDOV�HHQ�FULVS�FODVVLILFDWLH�YDQ�DOOHHQ�GH�VHJPHQWHQ�PHW�PDDU�ppQ�
NODVVH�� (HQ� FRQIXVLRQPDWUL[� YDQ� HHQ� FODVVLILFDWLH� NDQ� EHSDDOG� ZRUGHQ�PHW� KHW� SURJUDPPD�
FRPSDUH� >WHVW@� >FODVV@�� 'H� VHJPHQWDWLHEHVWDQGHQ� NXQQHQ� ZHHUJHJHYHQ� ZRUGHQ� PHW� KHW�
FRPPDQGR� VKRZVHJ� >VHJPHQWDWLH@�� +LHUYRRU� ZRUGW� HHQ� ��E\WHYHUVLH� YDQ� KHW� VHJPHQWDWLH�
EHVWDQG�JHPDDNW��ZDDULQ�VHJPHQWQXPPHUV�QLHW�PHHU�XQLHN�]LMQ��1�%���KHW�NDQ�JHEHXUHQ�GDW�
WZHH�DDQJUHQ]HQGH�VHJPHQWHQ�GDQ�KHW]HOIGH�QXPPHU�NULMJHQ��

&RPPDQGR©V�

+LHURQGHU� VWDDQ� EHVFKULMYLQJHQ� YDQ� GH� YHUVFKLOOHQGH� FRPPDQGR©V�� 7HQ]LM� H[SOLFLHW� YHUPHOG�
PRHWHQ�EHVWDQGVQDPHQ�]RQGHU�H[WHQVLH�RSJHJHYHQ�ZRUGHQ��
�
DQQFODVV�>EHVWDQGHQOLMVW�EHVWDQG@�>N@�
� >EHVWDQGHQOLMVW�EHVWDQG@�GH�QDDP�YDQ�KHW�EHVWDQGHQOLMVW�EHVWDQG�YRRU�FODVVLILFDWLH���LQ��
� >N@�KHW�DDQWDO�QHDUHVW�QHLJKERXUV�
�
FKSL[�>LQ@�>XLW@�>WHNVWEHVWDQG@�
� >LQ@�GH�QDDP�YDQ�KHW�WH�ZLM]LJHQ�UDVWHUEHVWDQG���PSG���PSL��
� >XLW@�GH�QDDP�YDQ�KHW�WH�PDNHQ�UDVWHUEHVWDQG���PSG���PSL��
� >WHNVWEHVWDQG@�GH�QDDP�YDQ�KHW�WHNVWEHVWDQG�YRRU�FKSL[�LQFOXVLHI�H[WHQVLH�
�
FROGLVS�>OHJHQGD@�>EHHOG@�
� >OHJHQGD@�GH�QDDP�YDQ�KHW�OHJHQGDEHVWDQG���FRO��
� >EHHOG@�GH�EHVWDQGVQDDP�YDQ�KHW�ZHHU�WH�JHYHQ�EHHOG���PSG���PSL��
�
FRPSDUH�>WUDLQ@�>FODVV@�
� >WUDLQ@�QDDP�YDQ�KHW�UDVWHUEHVWDQG�PHW�WUDLQLQJVJHJHYHQV�
� >FODVV@�QDDP�YDQ�KHW�UDVWHUEHVWDQG�PHW�GH�FODVVLILFDWLH�
�
PDNHPSL�>QDDP@�>�NRO@�>�ULM@�>�E\WH@�
� >QDDP@�GH�QDDP�YDQ�KHW�WH�PDNHQ�PSL�EHVWDQG�
� >�NRO@�KHW�DDQWDO�NRORPPHQ�
� >�ULM@�KHW�DDQWDO�ULMHQ�
� >�E\WH@�KHW�DDQWDO�E\WHV�SHU�SL[HO�



����

PDNHVHJ�>EHHOG@�>VHJPHQWDWLH@�
� >EHHOG@�QDDP�YDQ�EHVWDQG�YRRU�VHJPHQWDWLH���PSG���PSL��
� >VHJPHQWDWLH@�QDDP�YDQ�KHW�WH�PDNHQ�VHJPHQWDWLHEHVWDQG�
�
PSL�>QDDP@�QO�QF��
� >QDDP@�GH�QDDP�YDQ�KHW�PSL�EHVWDQG�
�
PT�>XLW@� §>EHZHUNLQJ���>EHHOG�@��>EHHOG�@��@§�
� >XLW@�QDDP�YDQ�KHW�WH�PDNHQ�EHVWDQG���PSG���PSL��

>EHHOG�@� HQ� >EHHOG�@� GH� EHVWDQGVQDPHQ� YDQ� GH� WH� JHEUXLNHQ� EHHOGHQ� ���E\WH� �PSG��
�PSL��

9RRUEHHOGHQ��
� PT�>XLW@� §>EHHOG�@>EHHOG�@����§�
� PT�>XLW@� §LI�>EHHOG�@ >EHHOG�@�������§�
� �
SUHVHJ�>QDDP@�>VHJPHQWDWLH@�>WHVW@�
� >QDDP@�QDDP�YDQ�GH�EHVWDQGHQ�JHPDDNW�GRRU�DQQFODVV��H[FOXVLHI�SG��
� >VHJPHQWDWLH@�QDDP�YDQ�KHW�VHJPHQWDWLHEHVWDQG���PSG���PSL��
� >WHVW@�GH�QDDP�YDQ�KHW�UDVWHUEHVWDQG�YRRU�YDOLGDWLH���PSG���PSL��
�
SUREVHJ��>EHVWDQGHQOLMVW�EHVWDQG@�

>EHVWDQGHQOLMVW�EHVWDQG@� GH� QDDP� YDQ� KHW� EHVWDQGHQOLMVW�EHVWDQG� YRRU� SUREDELOLVWLVFKH�
VHJPHQWDWLH���LQS��

�
VKRZ�>EHHOG@�
� >EHHOG@�GH�EHVWDQGVQDDP�YDQ�KHW�ZHHU�WH�JHYHQ�EHHOG���PSG���PSL��
�
VKRZFF�>EDQG�@�>EDQG�@�>EDQG�@�

>EDQG�@�� >EDQG�@�HQ� >EDQG�@�GH�EHVWDQGVQDPHQ�YDQ�GH�ZHHU� WH�JHYHQ�EDQGHQ� ��PSG��
�PSL��

�
VKRZVHJ�>VHJPHQWDWLH@�
� >VHJPHQWDWLH@�VHJPHQWDWLHEHVWDQG�
�

7HNVWEHVWDQGHQ�

/HJHQGDEHVWDQG���FRO��

UHG�� JUHHQ�� EOXH�����
�� �� ��
>5�@� >*�@� >%�@�

���M � ���M �� ���M �
>5K@� >*K@� >%K@�
�

>5�@� �� >5K@� GH�URRGZDDUGHQ�WXVVHQ���HQ������YRRU�NODVVH���WRW�HQ�PHW�K�
>*�@��� >*K@�GH�JURHQZDDUGHQ�WXVVHQ���HQ������YRRU�NODVVH���WRW�HQ�PHW�K�
>*�@��� >*K@�GH�EODXZZDDUGHQ�WXVVHQ���HQ������YRRU�NODVVH���WRW�HQ�PHW�K�
�
�
�
�
�
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7HNVWEHVWDQG�YRRU�FKSL[��ZLOOHNHXULJH�H[WHQVLH���

>F�@�� >U�@� >Y�@�

��M � ��M � ��M �
>F1@� >U1@� >Y1@�
�

>F�@� �� >F1@� GH�NRORPQXPPHUV�YDQ�GH�WH�ZLM]LJHQ�SL[HOV���WRW�HQ�PHW�1�
>U�@� �� >U1@� GH�ULMQXPPHUV�YDQ�GH�WH�ZLM]LJHQ�SL[HOV���WRW�HQ�PHW�1�
>Y�@� �� >Y1@� GH�SL[HOZDDUGHQ�YDQ�GH�WH�ZLM]LJHQ�SL[HOV���WRW�HQ�PHW�1�
1�%���+HW�SL[HO�LQ�GH�OLQNHU�ERYHQKRHN�KHHIW�NRORP��HQ�ULMQXPPHU���
�
�
%HVWDQGHQOLMVW�EHVWDQG�YRRU�FODVVLILFDWLH���LQ��

>WUDLQ@�
>EDQG�@�

����M �
>EDQGJ@�
�

>WUDLQ@�GH�QDDP�YDQ�KHW�UDVWHUEHVWDQG�PHW�WUDLQLQJVJHJHYHQV���PSG���PSL��
>EDQG�@���>EDQGJ@�GH�EHVWDQGVQDPHQ�YDQ�GH�EDQGHQ���PSG���PSL��
�
�
%HVWDQGHQOLMVW�EHVWDQG�YRRU�SUREDELOLVWLVFKH�VHJPHQWDWLH���LQS��

>WHVW@�
>EDQG�@�
>EDQG�@�
>EDQG�@�
�

>WHVW@�GH�QDDP�YDQ�KHW�UDVWHUEHVWDQG�YRRU�YDOLGDWLH���PSG���PSL��
>EDQG�@��>EDQG�@�HQ�>EDQG�@�GH�EHVWDQGVQDPHQ�YDQ�GH�GULH�EDQGHQ���PSG���PSL��
�
�
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6\PEROHQ�

2QGHUVWDDQGH�OLMVW�EHYDW�DOOH�V\PEROHQ�GLH�QLHW�ELM�LHGHU�JHEUXLN�WRHJHOLFKW�ZRUGHQ���
�

...o � %HQDGHUGH�ZDDUGH�YRRU���

A � 0DWUL[��YHUEDQG�WXVVHQ x∆ �HQ� y∆ �

( )A � )XQFWLH��YHUEDQG�WXVVHQ x �HQ� y �

jb � %DQG� j �

kC � .ODVVH� k �

d � 'UHPSHOZDDUGH� ZDDUXLW� WZHH� DQGHUH� GUHPSHOZDDUGHQ� 1d � HQ� 2d � YRRU� GH�

VHJPHQWDWLH�EHUHNHQG�ZRUGHQ�

k iC sf � )UDFWLH�YDQ�NODVVH� k �LQ�VDPSOH� i �

J � $DQWDO�EDQGHQ�

K � $DQWDO�NODVVHQ�

�N� $DQWDO�QHLJERXUV�YRRU�N�QHDUHVW�QHLJKERXUV�FODVVLILFDWLH�

AP⊥ � 1 1 1( )T T
y yI A A Q A A Q− − −− ⋅ �

)( kCP �� .DQV� GDW� HHQ�SL[HO� WRW� NODVVH� k � EHKRRUW�� RQJHDFKW� GH� IHDWXUHYHFWRU� YDQ�KHW�

SL[HO��D�SULRUL�NDQV�RS�HHQ�NODVVH��

)|( pkCP χ � .DQV�GDW�HHQ�SL[HO� p �PHW�IHDWXUHYHFWRU� pχ �WRW�NODVVH� k �EHKRRUW��D�SRVWHULRUL�

NDQV�RS�HHQ�NODVVH��

)( pP χ � .DQV�GDW�HHQ�SL[HO�HHQ�IHDWXUHYHFWRU� pχ �KHHIW�

)|( kp CP χ � .DQV�GDW�HHQ�SL[HO� p �YDQ�NODVVH� k �HHQ�IHDWXUHYHFWRU� pχ �KHHIW��FRQGLWLRQHOH�

NDQV�RS�HHQ�IHDWXUHYHFWRU��

Q � �&R�YDULDQWLHPDWUL[��

is � 6DPSOH� i �

x � 9HFWRU�PHW�RQEHNHQGHQ�

x̂ � .OHLQVWHNZDGUDWHQRSORVVLQJ�YRRU� x �

y � 9HFWRU�PHW�ZDDUQHPLQJHQ�

σ̂ � .OHLQVWHNZDGUDWHQRSORVVLQJ�YRRU�GH�YHFWRU�PHW��FR�YDULDQWLHIDFWRUHQ�

kjCbχ � *HPLGGHOGH�JULMVZDDUGH�YRRU�EDQG� j �YDQ�NODVVH� k �

ijsbχ � *ULMVZDDUGH�YRRU�EDQG� j �YDQ�VDPSOH� i �

kCχ � *HPLGGHOGH�IHDWXUHYHFWRU�YDQ�NODVVH� k �

pχ � )HDWXUHYHFWRU�YDQ�SL[HO� p �
�
�
�
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+\0DS�EHHOG�6FKLHUPRQQLNRRJ�VWURNHQ���HQ���


