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'HVLJQ�DQG�,QWHJUDWLRQ�RI�&RPSRQHQWV�IRU�6LWH�6SHFLILF�&RQWURO�RI�)HUWLOL]HU�$SSOLFDWLRQ

7KHVLV�:DJHQLQJHQ�8QLYHUVLW\���:LWK�UHI����:LWK�VXPPDULHV�LQ�(QJOLVK�DQG�'XWFK

,6%1�������������;

.H\ZRUGV��3UHFLVLRQ�$JULFXOWXUH��6LWH�6SHFLILF�$JULFXOWXUH��*OREDO�3RVLWLRQLQJ�6\VWHP�

*36��)HUWLOL]HU�$SSOLFDWLRQ��,QIRUPDWLRQ�6\VWHP�

$EVWUDFW

6SDWLDO�DQG�WHPSRUDO�YDULDELOLW\�LQ�VRLO��FURS�DQG�FOLPDWH�FKDUDFWHULVWLFV�UHVXOWV�LQ�QRQ

RSWLPDO�XVH�RI�IHUWLOL]HUV�ZKHQ�WKH�DSSOLFDWLRQ�UDWH�LV�NHSW�FRQVWDQW�ZLWKLQ�DJULFXOWXUDO

ILHOGV��&RPSRQHQWV�WR�DGDSW�WKH�IHUWLOL]HU�UDWH�WR�VLWH�VSHFLILF�FRQGLWLRQV�DUH�LGHQWLILHG�DQG

GLVFXVVHG��2QH�RI�WKH�EDVLF�FRPSRQHQWV�LV�SRVLWLRQLQJ��ERWK�IRU�GDWD�DFTXLVLWLRQ�DQG�IRU

VLWH�VSHFLILF�FRQWURO��D�UHOLDEOH�DQG�DFFXUDWH�SRVLWLRQLQJ�GHYLFH�KDV�WR�EH�DYDLODEOH��)RU�D

FRUUHFW�GHVFULSWLRQ�RI�WKH�VSDWLDO�YDULDELOLW\�RI�VRLO�SURSHUWLHV�RIWHQ�PDQ\�VDPSOHV�DUH

UHTXLUHG��7KH�SRVVLELOLW\�WR�UHGXFH�WKH�QXPEHU�RI�VRLO�VDPSOHV�E\�PHDQV�RI�FRUUHODWLRQ

ZLWK�UHFRUGHG�SORXJK�GUDXJKW�LV�SUHVHQWHG��1H[W�WR�GDWD�UHFRUGLQJ��VLWH�VSHFLILF�FRQWURO

RI� D� IHUWLOL]HU� VSUHDGHU� LV� GLVFXVVHG�� 1RW� MXVW� DGDSWLRQ� RI� IHUWLOL]HU� UDWH� WR� ORFDO

UHTXLUHPHQWV�EXW�DOVR�UHFRUGLQJ�RI�DSSOLHG�IHUWLOL]HU�DPRXQW�LV�LPSRUWDQW��&DOFXODWLRQ�RI

WKH� UHTXLUHG�DPRXQW�RI� IHUWLOL]HU� LV�EDVHG�RQ� LQIRUPDWLRQ� IURP�GLIIHUHQW� VRXUFHV��7R

DFFRPPRGDWH�WKLV�GDWD�H[FKDQJH��DQ�LQIRUPDWLRQ�PRGHO�IRU�SURFHVVLQJ�RI�VSDWLDO�DQG

WHPSRUDO� GDWD� LV� SUHVHQWHG�� )LHOG� H[SHULPHQWV� ZHUH� FRQGXFWHG� WR� HYDOXDWH� WKH

FRPSRQHQWV�DQG�GHWHUPLQH�WKH�UHTXLUHG�VSDWLDO�VFDOH�RI�RSHUDWLRQ��7R�GHVFULEH�WKH�VRLO

YDULDELOLW\��D�JULG�ZLWK�D�FHOO�VL]H�RI���E\���PHWHU�ZDV�QHFHVVDU\��7KH�SRVLWLRQLQJ�V\VWHP

ZDV�VXIILFLHQWO\�DFFXUDWH�EXW�WKH�LPSOHPHQWV�IRU�WKH�DSSOLFDWLRQ�RI�IHUWLOL]HU�KDG�WR�EH

PRGLILHG�WR�YDU\�DSSOLFDWLRQ�UDWH�WKDW�SUHFLVH�



6XPPDU\

7KH� VSDWLDO� DQG� WHPSRUDO� YDULDELOLW\�� DV� SUHVHQW� LQ� VRLO�� FURS� DQG� FOLPDWH�� UHVXOWV� LQ

GLIIHUHQFHV� LQ� XWLOL]DWLRQ� RI� QXWULHQWV� DQG� LQ� WKH� QHHG� IRU� FXOWLYDWLRQ� DFWLYLWLHV�

7UDGLWLRQDOO\��WKH�VSDWLDO�UHVROXWLRQ�IRU�FXOWLYDWLRQ�DFWLYLWLHV�LV�HTXDO�WR�WKH�VL]H�RI�WKH

ILHOGV��:LWK�UHFHQW�WHFKQRORJLFDO�GHYHORSPHQWV�VXFK�DV�VDWHOOLWH�EDVHG�SRVLWLRQLQJ�DQG

DXWRPDWHG� FRQWURO� V\VWHPV� LW� LV� SRVVLEOH� WR� LQFUHDVH� WKH� VSDWLDO� UHVROXWLRQ�� ,Q� WKLV

DSSURDFK�� ZLWKLQ�ILHOG� YDULDELOLW\� LV� QRW� QHJOHFWHG� EXW� LQVWHDG� XVHG� DV� D� VRXUFH� RI

LQIRUPDWLRQ��7KH�FRQFHSW�EHKLQG�WKLV�DSSURDFK�LV�WKDW�WKH�DYDLODELOLW\�RI�PRUH�GHWDLOHG

LQIRUPDWLRQ�OHDGV�WR�D�PRUH�DFFXUDWH�IDUPLQJ�PHWKRG�UHVXOWLQJ�LQ�QR�RU�PLQLPDO�HPLVVLRQ

RI�PLQHUDOV� DQG�DJURFKHPLFDOV� WR� WKH� HQYLURQPHQW��7KH�DEVWUDFW� IRUPXODWLRQ�RI� WKLV

FRQFHSW�DOUHDG\�VKRZV�WKDW�IRU�D�VXFFHVVIXO�LPSOHPHQWDWLRQ��FRRSHUDWLRQ�EHWZHHQ�VHYHUDO

GLVFLSOLQHV� LV� QHFHVVDU\�� ,W� PLJKW� VWDUW� ZLWK� WHFKQRORJ\� WKDW� RIIHUV� FHUWDLQ� WRROV� RU

SRVVLELOLWLHV�EXW�WKH�DSSOLFDWLRQV�GHSHQG�RQ�WKH�NQRZOHGJH�RQ�WKH�LQWHUDFWLRQV�EHWZHHQ

VRLO��FURS�DQG�FOLPDWH�DQG�RI�WKH�DELOLW\�LQ�WKH�IDUPLQJ�V\VWHP�WR�XWLOL]H�WKLV�NQRZOHGJH�

7KLV�UHVHDUFK�IRFXVHV�RQ�WKH�GHYHORSPHQW�DQG�HYDOXDWLRQ�RI�D�V\VWHP�IRU�VLWH�VSHFLILF

DSSOLFDWLRQ�RI�IHUWLOL]HU��$�QXPEHU�RI�FRPSRQHQWV�WKDW�DUH�UHTXLUHG�IRU�WKH�GHILQLWLRQ�RI

D�VLWH�VSHFLILF� IHUWLOL]HU�DGYLFH�DQG� IRU� WKH�HYDOXDWLRQ�RI�FURS�QXWULHQW�HIILFLHQF\�DQG

OHDFKLQJ�DUH��SRVLWLRQLQJ�V\VWHPV��VRLO�FKDUDFWHUL]DWLRQ��FURS�VWDWXV�PRQLWRULQJ�DQG�FURS

\LHOG� GHWHUPLQDWLRQ�� FRQWURO� RI� IHUWLOL]HU� DSSOLFDWLRQ� DQG� SURFHVVLQJ� RI� VSDWLDO� DQG

WHPSRUDO� GDWD�� 7KH� FHQWUDO� LVVXH�ZLWK� VHYHUDO� RI� WKHVH� FRPSRQHQWV� LV�� ´ZKDW� VSDWLDO

UHVROXWLRQ�LV�UHTXLUHG�WR�GHVFULEH�DQG�DGGUHVV�WKH�YDULDELOLW\�FRUUHFWO\"µ�

3RVLWLRQLQJ�V\VWHPV�WKDW�FRPELQH�D�QXPEHU�RI�GLVWDQFH�WR�EHDFRQ�PHDVXUHPHQWV�DUH

FRPPRQ�SUDFWLFH��:KHQ�VDWHOOLWHV�DUH�XVHG�DV�EHDFRQV�LW�PLJKW�KDSSHQ�WKDW�FDOFXODWLRQ

RI�D�ORFDWLRQ�IDLOV�ZKHQ�VDWHOOLWHV�DUH�QRW�LQ�OLQH�RI�VLJKW�RU�WKDW�WKH�DFFXUDF\�GHJUDGHV

ZKHQ�VDWHOOLWH�FRQVWHOODWLRQ�LV�QRW�RSWLPDO��,W�LV�WKHUHIRUH�LPSRUWDQW�WKDW�D�SRVLWLRQLQJ

V\VWHP�WKDW�KDV�WR�JXDUDQWHH�FRQWLQXRXV�SRVLWLRQ�XSGDWHV�DOVR�XVHV�LQIRUPDWLRQ�IURP

RWKHU�VHQVRUV��7KH�UHOLDELOLW\�DQG�WKH�DFFXUDF\�RI�WKH�SRVLWLRQ�PHDVXUHPHQWV�LQFUHDVH

ZKHQ�GULYLQJ�VSHHG�DQG�KHDGLQJ�DUH�FRPELQHG�ZLWK�GLVWDQFH�WR�VDWHOOLWH�PHDVXUHPHQWV



E\�PHDQV�RI�D�.DOPDQ�ILOWHU�

'HWHUPLQDWLRQ�RI�WKH�VSDWLDO�YDULDELOLW\�LQ�VRLO�FKDUDFWHULVWLFV�UHTXLUHV�D�ODUJH�QXPEHU

RI�VRLO�VDPSOHV��7KLV�QXPEHU�FDQ�EH�UHGXFHG�ZKHQ�FRUUHODWHG�PHDVXUHPHQWV�ZLWK�D�ODUJH

UHVROXWLRQ�DUH�DYDLODEOH�ZLWK�OHVV�HIIRUW��$Q�H[DPSOH�LV�WKH�FRUUHODWLRQ�EHWZHHQ�VSHFLILF

SORXJK�GUDXJKW�DQG�FOD\�FRQWHQW� LQ�WKH�WRS�VRLO� OD\HU��2Q�D���KD�VL]H�UHVHDUFK�ILHOG�

LQIRUPDWLRQ�RQ�VSHFLILF�SORXJK�GUDXJKW�FRXOG�UHGXFH�WKH�QXPEHU�RI�VRLO�VDPSOHV�IURP���

SHU�KD�WR����SHU�KD�ZKLOH�WKH�SUHGLFWLRQ�HUURU�IRU�FOD\�FRQWHQW�LQFUHDVHG�E\�����

2QH�RI�WKH�FDXVHV�RI�LQDFFXUDWH�DSSOLFDWLRQ�RI�IHUWLOL]HU�DUH�DSSOLFDWLRQ�HUURUV�GXH�WR

LQFRUUHFW�FDOLEUDWLRQ�RI�WKH�IHUWLOL]HU�IORZ�FRQWURO�GHYLFH��$GMXVWPHQW�RI�WKLV�FDOLEUDWLRQ

FDQ� EH� DXWRPDWHG� E\�PHDQV� RI� G\QDPLF� ZHLJKLQJ� RI� WKH� IHUWLOL]HU� GHFUHDVH� GXULQJ

IHUWLOL]HU�VSUHDGLQJ��$QRWKHU�EHQHILW�RI�WKLV�V\VWHP�LV�WKDW�WKH�DFWXDO�DSSOLHG�DPRXQW�RI

IHUWLOL]HU� FDQ� EH� ORJJHG�� ,Q� FDVH� RI� LQFRUUHFW� GRVLQJ�� WKLV� FDQ� EH� FRUUHFWHG� GXULQJ

VXFFHHGLQJ�DSSOLFDWLRQV�

3URFHVVLQJ�RI�D�ODUJH�DPRXQW�RI�GDWD�LV�FXUUHQWO\�RQH�RI�WKH�PDMRU�ERWWOHQHFNV�LQ�WKH

SUHFLVLRQ� DJULFXOWXUH� FRQFHSW�� &RPELQDWLRQ� RI� EDVLF� VWUXFWXUHV� IURP� JHRJUDSKLF

LQIRUPDWLRQ�V\VWHPV��*,6��ZLWK�HQWLWLHV�YDOLG�IRU�IDUP�PDQDJHPHQW�DUH�UHTXLUHG�WR�EXLOG

DQ�LQIRUPDWLRQ�V\VWHP�FDSDEOH�RI�ERWK�KDQGOLQJ�VSDWLDO�GDWD�DQG�SURFHVVLQJ�GDWD�IURP

IDUP� DFWLYLWLHV�� 8VLQJ� WKH� XQLILHG� PRGHOOLQJ� ODQJXDJH� �80/�� D� SURWRW\SH� RI� DQ

LQIRUPDWLRQ�V\VWHP�LV�SUHVHQWHG�

$�QXPEHU�RI�IDFWRUV�SOD\�D�UROH�ZKHQ�WKH�VSDWLDO�UHVROXWLRQ�DQG�DFFXUDF\�LV�GHWHUPLQHG�

$�SUDFWLFDO�FRQVLGHUDWLRQ�LV�WKH�DFFXUDF\�RI�DYDLODEOH�SRVLWLRQLQJ�V\VWHPV�DQG�WKH�ZRUNLQJ

ZLGWK�RI�WKH�DYDLODEOH�LPSOHPHQWV��:LWK�UHJDUG�WR�SRVLWLRQLQJ�V\VWHPV���WR���P�GHYLDWLRQ

LV�FRPPRQ�SUDFWLFH�DOWKRXJK�WHFKQLFDOO\�D�GHYLDWLRQ�RI�PD[LPDOO\�D�FRXSOH�RI�FHQWLPHWHUV

LV��DFKLHYDEOH��7KH�ZRUNLQJ�ZLGWK�RI�LPSOHPHQW�WHQGV�WR�EH�ODUJHU��1HYHUWKHOHVV��IRU

SUHFLVLRQ� DJULFXOWXUH�� VPDOOHU�� LQGLYLGXDOO\� FRQWUROODEOH� VHFWLRQV� DUH� QHFHVVDU\�� 7KH

GHYHORSPHQWV� LQ� LPSOHPHQW�DXWRPDWLRQ�JR� LQ� WKLV�GLUHFWLRQ��7KH�PRUH� IXQGDPHQWDO

GHWHUPLQDWLRQ� RI� VSDWLDO� UHVROXWLRQ� VKRXOG� EH� EDVHG� XSRQ� VRLO� DQG� FURS� DQDO\VLV�

0HDVXUHPHQWV�FDUULHG�RXW�RQ�WKH�UHVHDUFK�ILHOG�LQGLFDWHG�WKDW�D�VSDWLDO�UHVROXWLRQ�RI���E\

��PHWHU�ZDV�DGHTXDWH�WR�GHVFULEH�WKH�YDULDWLRQ�



6DPHQYDWWLQJ

'H� UXLPWHOLMNH� HQ� WHPSRUHOH� YDULDELOLWHLW�� DDQZH]LJ� LQ� ERGHP�� JHZDV� HQ� NOLPDDW�

UHVXOWHHUG� LQ� YHUVFKLOOHQ� LQ� GH� EHQXWWLQJ� YDQ� PHVWVWRIIHQ� HQ� LQ� GH� EHKRHIWH� DDQ

JHZDVYHU]RUJHQGH� PDDWUHJHOHQ�� 7UDGLWLRQHHO� LV� GH� UXLPWHOLMNH� UHVROXWLH� ZDDUPHH

JHZDVYHU]RUJHQGH�PDDWUHJHOHQ�XLWJHYRHUG�ZRUGHQ�JHOLMN�DDQ�GH�JURRWWH�YDQ�GH�SHUFHOHQ�

0HW� EHKXOS� YDQ� WHFKQLVFKH� RQWZLNNHOLQJHQ� ]RDOV� SODDWVEHSDOLQJ� RS� EDVLV� YDQ

VDWHOOLHWVLJQDOHQ�HQ�KHW�WRHSDVVHQ�YDQ�JHDXWRPDWLVHHUGH�UHJHOV\VWHPHQ�LV�KHW�PRJHOLMN

GH� UXLPWHOLMNH� UHVROXWLH� WH� YHUKRJHQ��0HW� GH]H� DDQSDN�ZRUGW� GH� YDULDELOLWHLW� ELQQHQ

SHUFHOHQ�QLHW�JHQHJHHUG�PDDU�MXLVW�DOV�LQIRUPDWLHEURQ�EHQXW��+HW�LGHH�DFKWHU�GH]H�DDQSDN

LV�GDW�PHW�JHGHWDLOOHHUGHUH�LQIRUPDWLH�GH�EHGULMIVYRHULQJ�QDXZNHXULJHU�XLWJHYRHUG�NDQ

ZRUGHQ� HQ� GDW� KLHUGRRU� XLWVSRHOLQJ� RI� HPLVVLH� YDQ� PLQHUDOHQ� HQ

JHZDVEHVFKHUPLQJVPLGGHOHQ� WH� PLQLPDOLVHUHQ� LV�� 'H� EUHGH� IRUPXOHULQJ� YDQ� GH]H

JHGDFKWH�JHHIW�DO�DDQ�GDW�YRRU�HHQ�VXFFHVYROOH�XLWZHUNLQJ�HHQ�JHwQWHJUHHUGH�DDQSDN

QRRG]DNHOLMN� LV��(QHU]LMGV� LV�KHW� WHFKQRORJLH�GLH�EHSDDOGH�PRJHOLMNKHGHQ�ELHGW�PDDU

DQGHU]LMGV�LV�GH�WRHSDVVLQJ�DIKDQNHOLMN�YDQ�NHQQLV�YDQ�GH�LQWHUDFWLHV�WXVVHQ�ERGHP��JHZDV

HQ�NOLPDDW�HQ�YDQ�GH�UXLPWH�ELQQHQ�GH�EHGULMIVYRHULQJ�RP�GH]H�NHQQLV�WH�EHQXWWHQ�

,Q�GLW�RQGHU]RHN�OLJW�GH�QDGUXN�RS�GH�RQWZLNNHOLQJ�HQ�HYDOXDWLH�YDQ�HHQ�V\VWHHP�YRRU�KHW

SODDWV�VSHFLILHN�WRHGLHQHQ�YDQ�NXQVWPHVW��(QNHOH�FRPSRQHQWHQ�GLH�QRRG]DNHOLMN�]LMQ�YRRU

KHW�RSVWHOOHQ�YDQ�HHQ�SODDWV�VSHFLILHN�VWLNVWRI�EHPHVWLQJVDGYLHV�HQ�KHW�NXQQHQ�HYDOXHUHQ

YDQ�GH�VWLNVWRI�EHQXWWLQJ�F�T��XLWVSRHOLQJ�]LMQ��SODDWVEHSDOLQJ��ERGHPNDUDNWHULVHULQJ�

JHZDVWRHVWDQGVEHSDOLQJ�HQ�JHZDVRSEUHQJVWPHWLQJ��UHJHOLQJ�YDQ�NXQVWPHVWGRVHULQJ�HQ

KHW� YHUZHUNHQ�YDQ� UXLPWHOLMNH� HQ� WHPSRUHOH�JHJHYHQV��'H� FHQWUDOH� YUDDJ�ELM� GLYHUVH

FRPSRQHQWHQ�LV��´ZHONH�UXLPWHOLMNH�UHVROXWLH�LV�QRRG]DNHOLMN�RP�GH�YDULDWLH�FRUUHFW�WH

EHVFKULMYHQ"µ�

9RRU�SODDWVEHSDOLQJ�LV�KHW�FRPELQHUHQ�YDQ�DIVWDQGHQ�WHQ�RS]LFKWH�YDQ�PHHUGHUH�EDNHQV

HHQ� JDQJEDUH� PHWKRGH�� :DQQHHU� VDWHOOLHWHQ� DOV� EDNHQV� JHEUXLNW� ZRUGHQ� NDQ� KHW

YRRUNRPHQ�GDW�EHUHNHQLQJ�YDQ�HHQ�SRVLWLH�IDDOW�GRRUGDW�VDWHOOLHWHQ�QLHW�¶LQ�]LFKW·�]LMQ�RI

GDW�GH�QDXZNHXULJKHLG�DIQHHPW�GRRUGDW�GH�VDWHOOLHW�FRQVWHOODWLH�QLHW�RSWLPDDO�LV��9RRU

JHEUXLN� ELM� EHZHUNLQJHQ� GLH� HHQ� JHJDUDQGHHUGH� SODDWVEHSDOLQJ� QRGLJ� KHEEHQ� LV� KHW

GDDURP�YDQ�EHODQJ�LQIRUPDWLH�YDQ�DQGHUH�VHQVRUHQ�WH�EHQXWWHQ��'H�EHWURXZEDDUKHLG�HQ



GH� QDXZNHXULJKHLG� YDQ� GH� SODDWVEHSDOLQJ� YHUEHWHUHQ�ZDQQHHU� GH� ULMVQHOKHLG� HQ� GH

ULMULFKWLQJ�YDQ�KHW�ZHUNWXLJ�GRRU�PLGGHO�YDQ�HHQ�.DOPDQ�ILOWHU�JHFRPELQHHUG�ZRUGW�PHW

GH�DIVWDQGPHWLQJ�WRW�VDWHOOLHWHQ�

%HSDOLQJ�YDQ�UXLPWHOLMNH�YDULDWLH�LQ�ERGHPNDUDNWHULVWLHNHQ�YHUJW�HHQ�JURRW�DDQWDO

ERGHPPRQVWHUV��'LW�DDQWDO�LV�WH�UHGXFHUHQ�ZDQQHHU�JHFRUUHOHHUGH�JHJHYHQV�HHQYRXGLJHU

HQ�PHW� KRJHUH� UHVROXWLH� WH� YHUNULMJHQ� ]LMQ�� (HQ� YRRUEHHOG� LV� GH� FRUUHODWLH� WXVVHQ� GH

WUHNNUDFKW�WLMGHQV�KHW�SORHJHQ�HQ�KHW�NOHLJHKDOWH�LQ�GH�ERXZYRRU��2S�HHQ���KD�JURRW

RQGHU]RHNVSHUFHHO� NRQ� PHW� LQIRUPDWLH� RYHU� GH� SORHJZHHUVWDQG� KHW� DDQWDO

ERGHPPRQVWHUV�YDQ����SHU�KD�WRW����SHU�KD�JHUHGXFHHUG�ZRUGHQ�ZDDUELM�GH�NOHLJHKDOWH

YRRUVSHOOLQJVIRXW�PHW�����WRHQDP�

(pQ� YDQ� GH� RRU]DNHQ� YDQ� KHW� RQQDXZNHXULJ� WRHGLHQHQ� YDQ� NXQVWPHVW� ]LMQ

GRVHULQJVIRXWHQ� GRRU� RQMXLVWH� FDOLEUDWLH� YDQ� KHW� GRVHHUPHFKDQLVPH� YDQ� GH

NXQVWPHVWVWURRLHU�� 'H]H� FDOLEUDWLH� LV� WH� DXWRPDWLVHUHQ� GRRU� G\QDPLVFK�� WLMGHQV� KHW

VWURRLHQ��GH�JHZLFKWVDIQDPH�GH�EHSDOHQ��%LMNRPHQG�YRRUGHHO�LV�GDW�GH�GDDGZHUNHOLMN

YHUVWURRLGH�KRHYHHOKHLG� YDVWJHOHJG� NDQ�ZRUGHQ� ]RGDW� HYHQWXHOH� DIZLMNLQJHQ�ELM� HHQ

YROJHQGH�EHPHVWLQJ�WH�FRUULJHUHQ�]LMQ�

+HW�YHUZHUNHQ�YDQ�GH�JURWHUH�KRHYHHOKHLG�JHJHYHQV�LV�RS�GLW�PRPHQW�ppQ�YDQ�GH

ODVWLJVWH�SXQWHQ�DDQ�KHW�SUHFLVLH�ODQGERXZ�FRQFHSW��+HW�FRPELQHUHQ�YDQ�GH�WHFKQRORJLH

DFKWHU�JHRJUDILVFKH�LQIRUPDWLH�V\VWHPHQ��*,6��PHW�HQWLWHLWHQ�XLW�GH�EHGULMIVYRHULQJ�YDQ

HHQ�ODQGERXZEHGULMI�LV�QRRG]DNHOLMN�RP�HHQ�LQIRUPDWLH�V\VWHHP�WH�ERXZHQ�GDW�]RZHO�PHW

UXLPWHOLMNH�JHJHYHQV�RP�NDQ�JDDQ�DOV�GDWD�YDQ�GH�EHZHUNLQJHQ�NDQ�YHUZHUNHQ��0HW

EHKXOS�YDQ�GH�PRGHOOHHUWDDO�80/��8QLILHG�0RGHOOLQJ�/DQJXDJH��LV�HHQ�FRQFHSW�YDQ�HHQ

GHUJHOLMN�LQIRUPDWLH�V\VWHHP�XLWJHZHUNW�

%LM�GH�EHSDOLQJ�YDQ�GH�UXLPWHOLMNH�UHVROXWLH�HQ�QDXZNHXULJKHLG�YDQ�GH]H�FRPSRQHQWHQ

VSHOHQ�HHQ�DDQWDO�IDFWRUHQ�HHQ�URO��(HQ�SUDNWLVFKH�EHSHUNLQJ�LV�LQ�HHUVWH�LQVWDQWLH�GH

QDXZNHXULJKHLG�YDQ�EHVFKLNEDUH�SODDWVEHSDOLQJVWHFKQLHNHQ�HQ�GH�ZHUNEUHHGWH�YDQ�GH

JHEUXLNWH�ZHUNWXLJHQ��9RRU�GH�SODDWVEHSDOLQJ�JHOGW�GDW���WRW���PHWHU�DIZLMNLQJ�VWDQGDDUG

LV�PDDU�GDW�WHFKQLVFK�HHQ�DIZLMNLQJ�YDQ�PD[LPDDO�HQNHOH�FHQWLPHWHUV�KDDOEDDU�LV��'H

ZHUNEUHHGWH�YDQ�ZHUNWXLJHQ�WHQGHHUW�EUHGHU�WH�ZRUGHQ��9RRU�SUHFLVLH�ODQGERXZ�LV�HFKWHU

KHW�DDQWDO�HQ�GH�EUHHGWH�YDQ�GH�LQGLYLGXHHO�DDQ�WH�VWXUHQ�HOHPHQWHQ�YDQ�EHODQJ��+LHUYRRU

JHOGW� GDW� GRRU� GH� WRHQHPHQGH�ZHUNWXLJ� DXWRPDWLVHULQJ� GH�PRJHOLMNKHGHQ� YRRU� HHQ

KRJHUH�UXLPWHOLMNH�UHVROXWLH�WRHQHPHQ��'H�PHHU�IXQGDPHQWHOH�EHSDOLQJ�YDQ�GH�YHUHLVWH

UXLPWHOLMNH�YDULDWLH�PRHW�YDQXLW�GH�ERGHP�HQ�JHZDV�DQDO\VHV�NRPHQ��9RRU�PHWLQJHQ

XLWJHYRHUG� RS� KHW� RQGHU]RHNVSHUFHHO� EOHHN� HHQ� UXLPWHOLMNH� UHVROXWLH� YDQ� �� ELM� �� P

YROGRHQGH�RP�GH�YDULDWLH�WH�EHVFKULMYHQ�


