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'HPHQVVLPXODWRU 
-RQDV�+ROVE N��VHOYVW QGLJ�NRQVXOHQW�LQGHQ�IRU� OGUH-��GHPHQV-�RJ�WHNQRORJLRPUnGHW� 

 

. UH�O VHU�–�MHJ�HU�EOHYHW�EHGW�RP�DW�VNULYH�HQ�NRUW�
DUWLNHO�RP�GHQ�GHPHQVVLPXODWRU��MHJ�EUXJHU�L�PLQ�XQ�
GHUYLVQLQJ�RJ�IRUWVDW�XGYLNOHU�Sn��'HPHQVVLPXODWR�
UHQ�KDU�Y UHW�HW�O¡EHQGH�SURMHNW�IRU�PLJ�GH�VLGVWH�
V\Y�nU��RJ�GHW�HU�GHUIRU�OLGW�VY UW�DW�VWUXNWXUHUH�VNUL�
YHW�KHU�PHG�HQ�NODVVLVN�EDJJUXQG��UHVXOWDW�RJ�NRQ�
NOXVLRQ�–�L�VWHGHW�VNULYHU�MHJ�GHW�VRP�HQ�NURQRORJLVN�
SURFHV� 
 
'HW�KHOH�VWDUWHGH�L������KYRU�MHJ�VNXOOH�ODYH�HQ�ZRUN�
VKRS�IRU�HUJRWHUDSHXWVWXGHUHQGH�Sn�3+�0HWURSRO�
RPKDQGOHQGH�GHPHQV��-HJ�VSXUJWH�GH�VWXGHUHQGH��
KYDG�GH�JRGW�NXQQH�W QNH�VLJ�DW�O UH��RJ�GHU�Q YQ�
WH�GH�EODQGW�DQGHW��DW�GHW�NXQQH�Y UH�VS QGHQGH�DW�
In�HW�LQGEOLN�L��KYRUGDQ�GHW�RSOHYHV�DW�KDYH�HQ�GH�
PHQVOLGHOVH��'HW�¡QVNH�EOHY�VLGGHQGH�Sn�PLQ�QHWKLQ�
GH��RJ�MHJ�JLN�HIWHUI¡OJHQGH�L�JDQJ�PHG�DW�XQGHUV¡�
JH��KYRUGDQ�MHJ�NXQQH�ODYH�HQ�VLPXODWLRQ�DI�DW�KDYH�
GHPHQV��� 
 
0LW�I¡UVWH�IRUV¡J�Sn�DW�VLPXOHUH�RSOHYHOVHU�YHG�GH�
PHQV��YDU�YLD�HQ�´GU¡PPHUHMVH´��KYRU�GH�VWXGHUHQGH�
VNXOOH�IRUHVWLOOH�VLJ�IRUVNHOOLJH�VFHQDULHU��5DPPHQ�
YDU�HQ�PLQHWXU��KYRU�GH�VWXGHUHQGH�PLVWHGH�I UGLJ�
KHGHU��MR�O QJHUH�GH�NRP�QHG�L�PLQHQ��6LPXODWLRQHQ�
EHVWRG�L�DW�P UNH�HIWHU�Sn�HJHQ�NURS��KYRUGDQ�GH�
YLOOH�KDYH�GHW�PHG�DW�PLVWH�RULHQWHULQJHQ��PXOLJKH�
GHQ�IRU�DW�NRPPXQLNHUH�VDPW�DW�XGI¡UH�DNWLYLWHWHU� 
 
'H�VWXGHUHQGH�EHVNUHY�GHUHV�I¡OHOVHU��VDPW�KYRUGDQ�
GH�PHQWH��GH�YLOOH�UHDJHUH�–�QRJOH�DJJUHVVLYW�DQGUH�
RSJLYHQGH�RJ�HQ�PDVVH�PLGW�LPHOOHP��3n�GHQ�PnGH�
ILN�GH�HQ�NURSVOLJ�RSOHYHOVH�DI�GHQ�XGDGUHDJHUHQGH�
DGI UG��GHU�MR�YDU�HQ�QDWXUOLJ�UHDNWLRQ�Sn�GHQ�VLWXDWL�
RQ��GH�YDU�L��OLJHVRP�PHQQHVNHU�PHG�GHPHQV���0LW�
I¡UVWH�IRUV¡J�PHG�VLPXODWLRQ�JDY�PLJ�EORG�Sn�WDQ�
GHQ��RJ�L������VWDUWHGH�MHJ�DUEHMGHW�PHG�DW�ODYH�HQ�
HJHQWOLJ�GHPHQVVLPXODWRU�� 
 
/LGW�RP�VLPXODWLRQVPHWRGHQ�-�GHW�HU�HQ�HIIHNWLY�PnGH�
DW�JLYH�SHUVRQHU�RSOHYHOVHU�RJ�HUIDULQJHU�PHG�V\J�
GRP�RJ�V UOLJH�VLWXDWLRQHU�L�HW�NRQWUROOHUHW�RJ�VLNNHUW�
PLOM¡��'HW�JLYHU�HQ�DQGHQ�PXOLJKHG�IRU�DW�VNDEH�HU�
NHQGHOVHU�RJ�IRUDQNUH�YLGHQ�HQG�DOPLQGHOLJ�XQGHUYLV�
QLQJ��WLO�SnU¡UHQGH�HOOHU�SOHMHSHUVRQDOH��'HU�KDU�O Q�
JH�Y UHW�´ OGUHVLPXODWRUHU´��´IHGPHGUDJWHU´��´.2/�
VLPXODWRU´�RJ�´*LJWVLPXODWRU´��(Q�W\SLVN�VLPXODWLRQ�YLO�
VWDUWH�PHG�HQ�EULHILQJ��KYRU�HQ�PRGHUDWRU�HOOHU�XQ�

GHUYLVHU�LQWURGXFHUHU�WLO�VLPXODWRUHQ��RJ�HYW��J¡U�RS�
P UNVRP�Sn��KYDG�PDQ�V UOLJW�VNDO�O JJH�P UNH�
WLO�YHG�VLPXODWLRQHQ��+HUHIWHU�IRUHJnU�DISU¡YQLQJ�DI�
VLPXODWRUHQ��RJ�HIWHUI¡OJHQGH�ODYHV�HQ�GHEULHILQJ��
GHU�RIWH�HU�HQ�IRUP�IRU�RSVDPOLQJ�HOOHU�IHHGEDFN�Sn�
RSOHYHOVHQ�PHG�VLPXODWRUHQ��'D�MHJ�VWDUWHGH�PLW�DU�
EHMGH�PHG�VLPXODWRUHQ�L�������YDU�GHU�IOHUH�HNVHP�
SOHU�Sn�GHPHQVVLPXODWRUHU��RJ�GHU�NRPPHU�VWDGJ�
IOHUH�WLO���0LQ�OLVWH�HU�LNNH�IXOGNRPPHQ��PHQ�JLYHU�HW�
LQGWU\N�DI�GH�IRUVNHOOLJH�W\SHU�DI�VLPXODWRUHU��GHU�HU�
WLOJ QJHOLJH� 
$� ,�(QJODQG�KDU�$O]KHLPHU�8.�XGYLNOHW�HQ�JUDWLV�

95-DSS��VRP�YLVHU�HQ�LQWHUDNWLY�ILOP�RP��KYRU�
GDQ�GHW�NDQ�RSOHYHV�LNNH�DW�JHQNHQGH�WLQJ�
VDPW�JOHPPH��KYDG�PDQ�KDU�JDQJ�L��0DQ�I¡O�
JHU�HQ� OGUH�GDPH��GHU�VNDO�N¡EH�LQG�RJ�KDYH�
EHV¡J�DI�VLQ�GDWWHU�RJ�RSOHYHU�KHQGHV�WDQNHU�
RJ�IRUYLUULQJ�L�GH�IRUVNHOOLJH�DNWLYLWHWHU��DSS�HQ�
HU�JUDWLV��XGYLNOHW�IRU�$O]KHLPHU�8.¶V�DSS�WLO�LRV�
RJ�DQGURLG�RJ�KHGGHU��$�:DON�WKURXJK�GHPHQ�
WLD�� 

%� 'HQ�LQGXVWULHOOH�GHVLJQHU�'L�3HQJV�HNVDPHQV�
SURMHNW�IUD������YDU�HQ�PDVNH��GHU�IRUYU QJHU�
ELOOHGHU�RJ�O\G�UHDOWLPH��RJ�GHUPHG�NDQ�JLYH�HQ�
RSOHYHOVH�DI�DW�KDYH�V\QV-�RJ�K¡UHIRUVW\UUHOVHU��
JLYH�NRQFHQWUDWLRQVEHVY U�RJ�SnYLUNH�DUEHMGV�
KXNRPPHOVHQ��'HUPHG�JLYHU�GHQ�HQ�RSOHYHOVH�
DI��KYRUGDQ�GHW�L�IRUVNHOOLJH�RPJLYHOVHU�NDQ�RS�
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OHYHV�DW�KDYH�QRJOH�DI�GH�V\PSWRPHU��GHU�NDQ�
RSVWn�YHG�HQ�GHPHQVOLGHOVH� 

&� ,�+ROODQG�XGYLNOHGH�GH�L������HQ�PL[HG�YLUWXHO�
UHDOLW\�VLPXODWRU��'HW�HU�HQ�UHW�RPIDWWHQGH�GH�
PHQVVLPXODWRU��GHU�KHGGHU�,QWR�G¶PHQWLD��,�
VRPPHUHQ������EOHY�GHQ�RYHUVDW�WLO�GDQVN��RJ�
GHW�HU�QX�PXOLJW�DW�SU¡YH�GHQ�-�GHQ�VWnU�YHG�
6268��VW�L�cUKXV��RJ�HU�HW�EHV¡J�Y UG��KYLV�
PDQ�HU�Sn�GH�NDQWHU��6LPXODWLRQHQ�LQGHKROGHU�
HQ�FDVH��VRP�PDQ�NDQ�WU GH�LQG�L�RJ�RSOHYH�
Sn�HJHQ�NURS��'HU�HU�IRNXV�Sn�EnGH�NRJQLWLYH�
RJ�DIIHNWLYH�SUREOHPVWLOOLQJHU�YHG�GHPHQV��(Q�
DI�VLPXODWLRQHUQH�IRUHJnU�L�HW�N¡NNHQ��KYRU�GHW�
HU�PXOLJW�DW�E\WWH�UXQGW�Sn�VNDEHQH��N¡OHVNDE�
RJ�N¡NNHQVNDEH���KYLONHW�EHVY UOLJJ¡U�DW�ILQGH�
GHW��GHU�VNDO�EUXJHV��VDPW�NRPPXQLNDWLRQ�PHG�
HQ�SHUVRQ�YLD�HQ�LQWHUDNWLY�VN UP
�LQWRGPHQWLD�FRP�� 

'� ,�86$�KDU�SOHMHKMHPPHW�0RUQLQJ�3RLQWH�6HQLRU�
/LYLQJ�ODYHW�HQ�YLUWXHO�JXLGH��GHU�NDQ�VLPXOHUH�
RSOHYHOVHQ�DI�DW�KDYH�$O]KHLPHUV�GHPHQV��6L�
PXODWRUHQ�IRUYU QJHU�O\G�RJ�SnYLUNHU�GHOWDJHU�
QH�PHG�VHQVRULVNH�LQSXW��GHU�QHGV WWHU�GHUHV�
NRQFHQWUDWLRQ�RJ�DUEHMGVKXNRPPHOVH�–�GHOWD�
JHUHQ�InU�LQIRUPDWLRQHU�RP�RSJDYHU��GHU�VNDO�
XGI¡UHV�Sn����PLQXWWHU��%UXJHUHQ�SnI¡UHV�GHU�
HIWHU�K¡UHWHOHIRQHU�PHG�VW¡M��EULOOHU�PHG�VO¡UHW�
V\Q��JXPPLKDQGVNHU�PHG�VDPPHQWDSHGH�ILQJ�
UH��EDUH�W HU�L�VNR�KYRU�GHU�OLJJHU�HQ�P¡QW�L�
KYHU��2SJDYHUQH�IRUHJnU�L�HQ�VWDQGDUGEROLJ�Sn�
SOHMHFHQWHUHW��GHU�HU�GHGLNHUHW�WLO�VLPXODWLRQHQ��
RJ�GHOWDJHUQH�VNDO�GHUHIWHU�XGI¡UH�GDJOLJGDJV�
RSJDYHU�VnVRP�UHGH�VHQJ��ILQGH�W¡M�IUHP�R�OLJQ� 

(� <DQNHH�/HH��GHU�HU�LQQRYDW¡U�RJ�GHVLJQHU��KDU�
XGYLNOHW�HQ�XGVWLOOLQJ��GHU�JLYHU�HQ�VDQVHOLJ�RS�
OHYHOVH�DI��KYRUGDQ�GHW�NDQ�Y UH�DW�KDYH�HQ�
GHPHQVOLGHOVH��8GVWLOOLQJHQ�EOHY�XGYLNOHW�WLO�
EUXJ�IRU�EHERHUH�L�+RQJ�.RQJ�RJ�VNXOOH�LQIRU�
PHUH�ORNDOEHIRONQLQJHQ��PHQ�XGVWLOOLQJHQ�YDU�L�
�����IRUEL�'DQPDUN�L�IRUELQGHOVH�PHG�GHPHQV�
XJHQ� 

 
(JQH�HUIDULQJHU�PHG�GHPHQVVLPXODWLRQ 
'HW�VLJHU�VLJ�VHOY��DW�HQ�GHPHQVVLPXODWRU�LNNH�SU �
FLVW�NDQ�YLVH��KYRUGDQ�HQ�GHPHQVWLOVWDQG�RSOHYHV��
PHQ�GHQ�NDQ�JLYH�HQ�NURSVOLJ�RSOHYHOVH�DI��KYRUGDQ�
GHW�HU�DW�PLVWH�QRJOH�DI�GH�I UGLJKHGHU��VRP�PHQQH�
VNHU�PHG�GHPHQV�RJVn�PLVWHU��%nGH�SnU¡UHQGH��
VXQGKHGVSHUVRQDOH�RJ�VWXGHUHQGH�KDU�KDIW�JDYQ�DI�
DW�P UNH�RJ�VH��KYRUGDQ�GHW�HU�DW�PLVWH�NRJQLWLYH�
I UGLJKHGHU�NRPELQHUHW�PHG�GHQ�NURSVOLJH�RSOHYHO�
VH�DI�DW�EHJ\QGH�DW�VYHGH��EOLYH�LUULWDEHO�HOOHU�RSJL�
YHQGH�VDPW�GHQ�HIWHUI¡OJHQGH�WU WKHG�XGPDWWHWKHG��
GHU�RSVWnU�YHG�RYHUVWLPXOHULQJ�DI�VDQVHUQH� 

6LPXODWRUHQ�HU�L�¡MHEOLNNHW�PRELO�RJ�I\OGHU�LNNH�PHUH�
HQG�HQ�OLOOH�IO\WWHNDVVH��'HQ�EHVWnU�DI�HQ�DUNLWHNWODP�
SH�PHG�OHGODPSH��O\G�GHU�VNLIWHU�IDUYH���DUEHMGVKDQG�
VNHU�PHG�IRUVNHOOLJH�GXSSHU��HQ�VLGGHSXGH�PHG�KnU�
GH�NORGVHU�L�RJ�HW�KHDGVHW�PHG�VRUW�VQDN�L�ORRS��'HO�
WDJHUQH�SU¡YHU�VLPXODWRUHQ�L�JUXSSHU�DI�WR�HOOHU�WUH��
'HQ��GHU�KDU�LI¡UW�VLJ�VLPXODWRUHQ��VNDO�I¡UVW�ODYH�HQ�
SUDNWLVN�RSJDYH�RJ�GHUHIWHU�VYDUHU�Sn�VS¡UJVPnO�
�LQVSLUHUHW�DI�0RFD�WHVW���(IWHU�HQGW�VLPXODWLRQ�UHIOHN�
WHUHU�JUXSSHQ�RYHU�NYDOLWHWHQ�DI�RSJDYHO¡VQLQJHQ�RJ�
VYDUHQH�IUD�PRFD�WHVWHQ�VDPW�VLPXODQWHQV� QGUHGH�
DGI UG�� 
 
9LGHUH�DUEHMGH 
-HJ�VDPDUEHMGHU�L�¡MHEOLNNHW�PHG�,7-XQLYHUVLWHWHW�
RPNULQJ�DW�XGYLNOH�HQ�WHNQRORJLVN�´VPDUW´�XGJDYH�DI�
GHPHQVVLPXODWRUHQ��0nOHW�HU�DW�ODYH�HQ�VLPXODWRU��
GHU�NDQ�WLOSDVVH�GH�VHQVRULVNH�VWLPXOL�WLO�GHQ�HQNHOWH��
Vn�GHU�RSQnV�HW�NRJQLWLYW�RYHUORDG��.RUW�IRUWDOW�Vn�Sn�
YLUNHV�KLSSRFDPSXV�YHG�&RJQLWLYH�2YHUORDG��KYLONHW�
NDQ�PHGI¡UH�NRUWYDULJH�WHJQ�Sn�QHGVDW�DUEHMGVKX�
NRPPHOVH��RULHQWHULQJ��NRQFHQWUDWLRQ�RJ�VSURJOLJH�
I UGLJKHGHU��6LPXODWRUHQ�VNDO�XQGHUYHMV�RYHUYnJH�
IRUV¡JVSHUVRQHQ�RJ�VDPOH�GDWD��Vn�GHQ�NDQ�JLYH�
IHHGEDFN�WLO�EUXJHUQH��RPNULQJ�KYDG�GHU�YDU�VY UW��
KYRUGDQ�GHUHV�VYHG�YDUPH� QGUHGH�VLJ��RJ�KYLONH�
V\PSWRPHU�GH�YLVWH�WHJQ�Sn�YHG�VLPXODWLRQHQ� 
� 
'HQ�I¡UVWH�0RFK�XS�HU�NODU�LQGHQ�MXO��RJ�YL�VDWVHU�Sn�
DW�KDYH�HQ�SURWRW\SH�NODU�L�VOXWQLQJHQ�DI������ 
 
+DU�,�\GHUOLJHUH�VS¡UJVPnO�WLO�VLPXODWRUHQ��HU�,�YHO�
NRPQH�WLO�DW�NRQWDNWH�PLJ�Sn�MRQDV#KROVEDHN�GN� 
HOOHU�O\WWH�WLO�SRGFDVW�RP�GHPHQVVLPXODWRU�Sn�� 
KWWS���KROVEDHN�GN�SRGFDVWV� 

 


