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$�IXQFWLRQ�GHFRPSRVLWLRQ�PHWKRG�IRU

GHYHORSPHQW�RI�KLHUDUFKLFDO

PXOWL�DWWULEXWH�GHFLVLRQ�PRGHOV

0DUNR�%RKDQHF��PDUNR�ERKDQHF#LMV�VL�
-RåHI�6WHIDQ�,QVWLWXWH��/MXEOMDQD��6ORYHQLD

%ODå�=XSDQ��EOD]�]XSDQ#LMV�VL�
-RåHI�6WHIDQ�,QVWLWXWH

,YDQ�%UDWNR��LYDQ�EUDWNR#QLQXUWD�IUL�XQL�OM�VL�
)DFXOW\�RI�&RPSXWHU�DQG�,QIRUPDWLRQ�6FLHQFHV��/MXEOMDQD��DQG�-RåHI�6WHIDQ�,QVWLWXWH

%RMDQ�&HVWQLN��ERMDQ�FHVWQLN#LMV�VL�
7HPLGD��G�R�R���/MXEOMDQD��DQG�-RåHI�6WHIDQ�,QVWLWXWH

6XPPDU\

:H� SUHVHQW� D� QRYHO� PHWKRG� IRU� WKH� GHYHORSPHQW� RI� KLHUDUFKLFDO� PXOWL�DWWULEXWH

GHFLVLRQ� PRGHOV� IURP� D� JLYHQ� XQVWUXFWXUHG� VHW� RI� GHFLVLRQ� H[DPSOHV�� 7KH� PHWKRG

GHYHORSV�D�KLHUDUFKLFDO� VWUXFWXUH�E\�GLVFRYHULQJ�QHZ�DJJUHJDWH�DWWULEXWHV�DQG� WKHLU

GHVFULSWLRQV�� (DFK� QHZ� DJJUHJDWH� DWWULEXWH� LV� GHVFULEHG� E\� DQ� H[DPSOH� VHW� ZKRVH

FRPSOH[LW\� LV� ORZHU� WKDQ� WKH� FRPSOH[LW\� RI� WKH� LQLWLDO� VHW�� 7KH� PHWKRG� LV� EDVHG� RQ

IXQFWLRQ� GHFRPSRVLWLRQ�� 0RGHOV� FDQ� EH� GHYHORSHG� HLWKHU� ZLWK� RU� ZLWKRXW� KXPDQ

LQWHUDFWLRQ�� 7KH� PHWKRG� LV� H[SHULPHQWDOO\� HYDOXDWHG� RQ� D� UHDO�ZRUOG� KRXVLQJ� ORDQV

DOORFDWLRQ� SUREOHP�� 7KLV� FDVH� VWXG\� VKRZV� WKDW� WKH� GHFRPSRVLWLRQ� FDQ� GLVFRYHU� D

PHDQLQJIXO�DQG�WUDQVSDUHQW�GHFLVLRQ�PRGHO�RI�KLJK�FODVVLILFDWLRQ�DFFXUDF\��:H�VKRZ

WKDW� KXPDQ� DVVLVWDQFH� KDV� D� SRVLWLYH� HIIHFW� RQ� ERWK� WKH� FRPSUHKHQVLELOLW\� DQG

FODVVLILFDWLRQ�DFFXUDF\�

.H\ZRUGV�� PXOWL�DWWULEXWH� GHFLVLRQ� PDNLQJ�� KLHUDUFKLFDO� PRGHOV�� IXQFWLRQ

GHFRPSRVLWLRQ��GLVFRYHU\��GDWD�GULYHQ�PRGHOLQJ��GDWD�PLQLQJ

�� ,QWURGXFWLRQ
,Q�GHFLVLRQ�VXSSRUW�V\VWHPV��ZH�XVH�PRGHOV�WR�SUHGLFW�WKH�RXWFRPH�RI�GHFLVLRQ�FKRLFHV

ZH� PLJKW� PDNH� �0DOODFK� ����� )RU� PXOWL�DWWULEXWH� GHFLVLRQ� SUREOHPV�� L�H��� GHFLVLRQ�

PDNLQJ� VLWXDWLRQV� LQ� ZKLFK� WKH� DOWHUQDWLYHV� DUH� GHVFULEHG� E\� VHYHUDO� DWWULEXWHV� WKDW

FDQQRW� EH� RSWLPL]HG� VLPXOWDQHRXVO\�� ZH� GHYHORS� PXOWL�DWWULEXWH� GHFLVLRQ� PRGHOV�

0RVW�FRPPRQO\�� VXFK�PRGHOV�DUH�GHYHORSHG� LQ� D�KLHUDUFKLFDO� IDVKLRQ�� VWDUWLQJ� IURP

VRPH� JHQHUDO� EXW� LPSUHFLVH� JRDO� VWDWHPHQW�� ZKLFK� LV� JUDGXDOO\� UHILQHG� LQWR� PRUH

SUHFLVH� VXE� DQG� VXE�VXE� JRDOV� �6WHZDUW� ����� $� W\SLFDO� H[DPSOH� RI� WKLV� DSSURDFK� LV

6DDW\¶V������$QDO\WLF�+LHUDUFK\�3URFHVV�

7KH� GHYHORSPHQW� RI� KLHUDUFKLFDO� PXOWL�DWWULEXWH� GHFLVLRQ� PRGHOV� LV� GLIILFXOW�

HVSHFLDOO\�ZKHQ� WKH� GHFLVLRQ� SUREOHP� LWVHOI� LV� GLIILFXOW� DQG� LQYROYHV� VHYHUDO� WHQV� RI

DWWULEXWHV��,Q�PRVW�FDVHV��WKH�PRGHOV�DUH�GHYHORSHG�PDQXDOO\�LQ�D�WLUHVRPH�DQG�OHQJWK\

SURFHVV� LQ� ZKLFK� WKH� GHVLJQHUV� �GHFLVLRQ� DQDO\VWV�� GHFLVLRQ� PDNHUV�� H[SHUWV�
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NQRZOHGJH�HQJLQHHUV��XVH� WKHLU�NQRZOHGJH�DERXW� WKH�SUREOHP�DQG�HPSOR\� WKHLU� VNLOO

DQG� H[SHULHQFH�� 2Q� WKH� RWKHU� KDQG�� WKH� FRPSXWHUV� QRZDGD\V� SURYLGH� UHODWLYHO\

LQH[SHQVLYH�DQG�DYDLODEOH�PHDQV�WR�FROOHFW�GDWD��DQG�WKHUH�LV�D�JURZLQJ�YROXPH�RI�GDWD

DERXW�GHFLVLRQV�DOUHDG\�PDGH��7KLV�GDWD�PD\�FRQWDLQ�XVHIXO� LQIRUPDWLRQ�IRU�GHFLVLRQ

VXSSRUW��GLVFRYHU\�RI�XQGHUO\LQJ�SULQFLSOHV��DQG�GLIIHUHQW�DQDO\VLV�WDVNV�

,Q� WKLV� SDSHU� ZH� SURSRVH� D� PHWKRG� WKDW� GHYHORSV� D� KLHUDUFKLFDO� PXOWL�DWWULEXWH

GHFLVLRQ�PRGHO� XVLQJ� GHFLVLRQ� H[DPSOHV� WKDW� PD\� EH� WDNHQ� HLWKHU� IURP� DQ� H[LVWLQJ

GDWDEDVH� RI� SDVW� GHFLVLRQV�� RU� SURYLGHG� H[SOLFLWO\� E\� WKH� GHFLVLRQ�PDNHU�� (DFK

H[DPSOH�LV�GHVFULEHG�E\�D�VHW�RI�DWWULEXWHV�DQG�LWV�XWLOLW\��7KH�PHWKRG�LV�UHVWULFWHG�WR

GHFLVLRQ�SUREOHPV�ZLWK�QRPLQDO�DWWULEXWHV�DQG�XWLOLW\��*LYHQ�DQ�LQLWLDO�VHW�RI�H[DPSOHV�

WKH�PHWKRG�GHYHORSV�D�FRUUHVSRQGLQJ�PRGHO�LQ�WHUPV�RI�D�KLHUDUFK\�RI�DWWULEXWHV�DQG

WKHLU�GHILQLWLRQV��7KH�GHYHORSPHQW�SURFHHGV�HLWKHU�ZLWK�RU�ZLWKRXW�KXPDQ�LQWHUDFWLRQ�

7KH�SURSRVHG�PHWKRG� LV�EDVHG�RQ� IXQFWLRQ�GHFRPSRVLWLRQ��DQ�DSSURDFK�RULJLQDOO\

GHYHORSHG� IRU� WKH� GHVLJQ� RI� GLJLWDO� FLUFXLWV� �$VKHQKXUVW� ����&XUWLV� ����� /HW� D� VHW� RI

GHFLVLRQ� H[DPSOHV� (� � ZLWK� DWWULEXWHV� ; ¨[ � �É�[ � Î� DQG� XWLOLW\� YDULDEOH� \� SDUWLDOO\

UHSUHVHQW� D� XWLOLW\� IXQFWLRQ� \ )�;��� 7KH� JRDO� LV� WR� GHFRPSRVH� WKLV� IXQFWLRQ� LQWR

\ *�$�+�%����ZKHUH�$�DQG�%�DUH�VXEVHWV�RI�DWWULEXWHV�VXFK�WKDW�$½% ;��DQG�IXQFWLRQV

*� DQG�+� DUH�SDUWLDOO\� UHSUHVHQWHG�E\� VHWV� RI� H[DPSOHV�( � � DQG�(� �� UHVSHFWLYHO\��7KH

WDVN�RI�GHFRPSRVLWLRQ�LV�WR�GHWHUPLQH�( � �DQG�(� �VR�WKDW�WKHLU�FRPSOH[LW\��GHWHUPLQHG

E\�VRPH�FRPSOH[LW\�PHDVXUH��LV��LI�SRVVLEOH��ORZHU�WKDQ�WKDW�RI�(� ��DQG�VR�WKDW�( � �DQG

(� � DUH� FRQVLVWHQW� ZLWK� (� �� 6XFK� D� GHFRPSRVLWLRQ� DOVR� GLVFRYHUV� D� QHZ� DJJUHJDWH

DWWULEXWH� �KHUHDIWHU� UHIHUUHG� WR� DV� FRQFHSW�� F +�%��� 6LQFH� WKH� GHFRPSRVLWLRQ� FDQ� EH

DSSOLHG� UHFXUVLYHO\� RQ�( � � DQG�(� �� WKH� UHVXOW� LQ� JHQHUDO� LV� D�KLHUDUFK\� FRQVLVWLQJ� RI

DWWULEXWHV� �WHUPLQDO� QRGHV�� DQG� FRQFHSWV� �LQWHUQDO� QRGHV��� )RU� HDFK� FRQFHSW� LQ� WKH

KLHUDUFK\�� WKHUH� LV� D� FRUUHVSRQGLQJ� VHW� RI� H[DPSOHV� �VXFK� DV�(� �� WKDW� GHVFULEHV� WKH

GHSHQGHQF\�RI�WKDW�FRQFHSW�RQ�LWV�LPPHGLDWH�GHVFHQGDQWV�LQ�WKH�KLHUDUFK\�

&HQWUDO�WR�HDFK�GHFRPSRVLWLRQ�VWHS�LV�WKH�VHOHFWLRQ�RI�D�SDUWLWLRQ�RI�DWWULEXWHV�;�WR

VHWV�$� DQG�%��7KLV� LV�JXLGHG�E\�D�SDUWLWLRQ�VHOHFWLRQ�PHDVXUH� WKDW� DVVHVVHV� WKH� MRLQW

FRPSOH[LW\�RI� WKH� UHVXOWLQJ�( � � DQG�(� �� 7KH� GHFRPSRVLWLRQ� VHOHFWV� WKH� SDUWLWLRQ� WKDW

PLQLPL]HV� WKLV� PHDVXUH�� $OWKRXJK� VXFK� GHFRPSRVLWLRQ� FDQ� EH� FRPSOHWHO\

DXWRQRPRXV��WKH�FRPSUHKHQVLELOLW\�RI�WKH�GLVFRYHUHG�VWUXFWXUH�PD\�EH�LPSURYHG�LI�WKH

XVHU�LV�LQYROYHG�LQ�WKH�SDUWLWLRQ�VHOHFWLRQ�SURFHVV��IHZ�EHVW�SDUWLWLRQV�DUH�SUHVHQWHG�WR

WKH�XVHU��ZKR�VHOHFWV� WKH�EHVW� FDQGLGDWH�DQG�DVVLJQV�D� ODEHO� WR� WKH�QHZ�FRQFHSW��:H

UHIHU�WR�VXFK�DQ�DSSURDFK�DV�VXSHUYLVHG�GHFRPSRVLWLRQ�

7KH� GHFRPSRVLWLRQ� DLPV� DW� WKH� GLVFRYHU\� RI� ���� GHFLVLRQ� PRGHO� KLHUDUFK\�� ���

PHDQLQJIXO� FRQFHSWV�� DQG� ���� VPDOO� DQG�PDQDJHDEOH� VHWV� RI� H[DPSOHV� WKDW� GHVFULEH

HDFK� FRQFHSW� LQ� WKH� PRGHO�� 7KH� GHFRPSRVLWLRQ� PHWKRG� DOVR� KDV� D� JHQHUDOL]DWLRQ

SURSHUW\��DQG�WKH�REWDLQHG�KLHUDUFKLFDO�PRGHO�FDQ�EH�XVHG� WR�FODVVLI\� �HYDOXDWH��QHZ

DOWHUQDWLYHV�� :KHQ� XVHG� LQ� WKH� VXSHUYLVHG� PRGH�� WKH� PHWKRG� DVVLVWV� WKH� GHFLVLRQ�

PDNHU�LQ�UHFRJQL]LQJ�DQG�RUJDQL]LQJ�WKH�FRQFHSWV�HPEHGGHG�LQ�GDWD��VR�LW�FDQ�DOVR�EH

UHJDUGHG�DV�D�GDWD�PLQLQJ�WRRO�

7KH�SDSHU�LV�RUJDQL]HG�DV�IROORZV��6HFWLRQ���GHVFULEHV�WKH�GHFRPSRVLWLRQ�PHWKRG�

,Q� VHFWLRQ� ��� WKH� PHWKRG� LV� H[SHULPHQWDOO\� HYDOXDWHG� RQ� D� UHDO�ZRUOG� SUREOHP� RI

KRXVLQJ�ORDQV�DOORFDWLRQ��7KH�LVVXHV�VSHFLILFDOO\�DGGUHVVHG�DUH��FRPSUHKHQVLELOLW\��WKH

EHQHILW�RI�XVHU
V�LQWHUDFWLRQ�LQ�WKH�GHFRPSRVLWLRQ�SURFHVV��DQG�FODVVLILFDWLRQ�DFFXUDF\

RI�WKH�GHYHORSHG�PRGHO��6HFWLRQ���RYHUYLHZV�WKH�UHODWHG�ZRUN��7KH�SDSHU�LV�FRQFOXGHG

E\�D�VXPPDU\�DQG�SRVVLEOH�GLUHFWLRQV�RI�IXUWKHU�ZRUN�
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��'HFRPSRVLWLRQ�PHWKRG
7KLV�VHFWLRQ�GHVFULEHV�WKH�GHFRPSRVLWLRQ�PHWKRG��)LUVW��D�VLQJOH�VWHS�GHFRPSRVLWLRQ�LV

SUHVHQWHG�ZKLFK��JLYHQ�D�VHW�RI�GHFLVLRQ�H[DPSOHV�(� ��GHFRPSRVHV�LW�WR�FRQVLVWHQW�VHWV

( � � DQG�(� �� 7KLV� LV� IROORZHG� E\� WKH� GHVFULSWLRQ� RI� RYHUDOO� GHFRPSRVLWLRQ� DOJRULWKP

WKDW��JLYHQ�DQ�LQLWLDO�VHW�RI�H[DPSOHV��LWHUDWLYHO\�DSSOLHV�WKH�VLQJOH�VWHS�GHFRPSRVLWLRQ

WR� GHULYH� D� KLHUDUFK\� RI� FRQFHSWV��(DFK� FRQFHSW� LQ� WKH� KLHUDUFK\� LV� GHVFULEHG� E\� LWV

RZQ�VHW�RI�H[DPSOHV�� ,Q�HDFK� LWHUDWLRQ�� WKH�GHFRPSRVLWLRQ�DOJRULWKP�DOVR�GHDOV�ZLWK

WKH�SUREOHP�RI�DWWULEXWH�VHOHFWLRQ�

���� 6LQJOH�VWHS�GHFRPSRVLWLRQ

7KH�FRUH�RI�WKH�GHFRPSRVLWLRQ�DOJRULWKP�LV�D�VLQJOH�VWHS�GHFRPSRVLWLRQ�ZKLFK��JLYHQ

D� VHW� RI� H[DPSOHV� (� � WKDW� SDUWLDOO\� VSHFLILHV� D� IXQFWLRQ� \ )�;��� DQG� D� SDUWLWLRQ� RI

DWWULEXWHV�;�WR�VHWV�$�DQG�%��GHQRWHG�$|%���GHFRPSRVHV�)�LQWR�\ *�$�F��DQG�F +�%��

7KLV�LV�GRQH�E\�FRQVWUXFWLQJ�VHWV�RI�H[DPSOHV�( � �DQG�(� �WKDW�SDUWLDOO\�VSHFLI\�*�DQG

+��UHVSHFWLYHO\��;�LV�D�VHW�RI�DWWULEXWHV�[ � �É�[ � ��DQG�F�LV�D�QHZ�FRQFHSW��7KH�SDUWLWLRQ

$|%�LV�FRPSRVHG�RI�D�IUHH�VHW�$�DQG�ERXQG�VHW�%�VXFK�WKDW�$½% ;�DQG�$�% »��( �

DQG�(� �DUH�GHYHORSHG�LQ�WKH�GHFRPSRVLWLRQ�SURFHVV�DQG�DUH�QRW�SUHGHILQHG�LQ�DQ\�ZD\�

/HW�XV�GHVFULEH�WKH�VLQJOH�VWHS�GHFRPSRVLWLRQ�E\�DQ�H[DPSOH��6XSSRVH�WKHUH�LV�D�VHW

(� �7DEOH����WKDW�SDUWLDOO\�GHVFULEHV�D�IXQFWLRQ�\ )�[ � �[ � �[ � ���ZKHUH�[ � ��[ � ��DQG�[ � �DUH

DWWULEXWHV�DQG�\� LV� WKH� WDUJHW�FRQFHSW��7KH�YDULDEOHV�\��[ � ��DQG�[ � � FDQ� WDNH� WKH�YDOXHV

OR��PHG��KL��DQG�[ � �FDQ�WDNH�WKH�YDOXHV�OR��KL�

7DEOH����6HW�RI�H[DPSOHV�(� �WKDW�SDUWLDOO\�GHVFULEHV�WKH�IXQFWLRQ�\ )�[ � �[ � �[ � ��
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6XSSRVH� WKDW� ZH� ZDQW� WR� GHULYH� ( � � DQG� (� � IRU� WKH� DWWULEXWH� SDUWLWLRQ

$|% ¨[ � Î|¨[ � �[ � Î��)RU� WKLV�SXUSRVH�� WKH�LQLWLDO�VHW�RI�H[DPSOHV� LV�ILUVW�UHSUHVHQWHG�E\�D

SDUWLWLRQ� PDWUL[�� ZKLFK� LV� D� WDEXODU� UHSUHVHQWDWLRQ� RI� (� � ZLWK� DOO� FRPELQDWLRQV� RI

YDOXHV�RI�DWWULEXWHV�LQ�$�DV�URZ�ODEHOV�DQG�RI�%�DV�FROXPQ�ODEHOV��(DFK�H[DPSOH�IURP

(� � KDV� LWV� FRUUHVSRQGLQJ� HQWU\� LQ� WKH� PDWUL[�� 3DUWLWLRQ� PDWUL[� HQWULHV� ZLWK� QR

FRUUHVSRQGLQJ�H[DPSOH� LQ�(� �DUH�GHQRWHG�E\� µ�¶�DQG� WUHDWHG�DV�D�GRQ
W�FDUH��)RU�RXU
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H[DPSOH�VHW��7DEOH����DQG�WKH�DERYH�DWWULEXWH�SDUWLWLRQ��WKH�SDUWLWLRQ�PDWUL[�LV�JLYHQ�LQ

7DEOH���

(DFK�FROXPQ�LQ�WKH�SDUWLWLRQ�PDWUL[�GHQRWHV�WKH�EHKDYLRU�RI�)�ZKHQ�WKH�DWWULEXWHV

LQ� WKH� ERXQG� VHW� DUH� FRQVWDQW�� &ROXPQV� WKDW� H[KLELW� WKH� VDPH� EHKDYLRU�� L�H��� KDYH

SDLUZLVH� HTXDO� URZ� HQWULHV� RU� DW� OHDVW� RQH� URZ� HQWU\� LV� D� GRQ
W�FDUH�� DUH� FDOOHG

FRPSDWLEOH� DQG� FDQ�EH� ODEHOHG�ZLWK� WKH� VDPH�YDOXH�RI�F�� )RU� LQVWDQFH�� WKH� ILUVW� WZR

FROXPQV�LQ�7DEOH���DUH�FRPSDWLEOH��WKHLU�HQWULHV�LQ�WKH�ILUVW�URZ�DUH�HTXDO��DQG�DW�OHDVW

RQH�HQWU\�LV�µ�¶�LQ�WKH�UHPDLQLQJ�URZV�

7KH�VLQJOH�VWHS�GHFRPSRVLWLRQ�DLPV�DW�GHULYLQJ�WKH�QHZ�FRQFHSW�YDULDEOH�F�KDYLQJ

WKH�VPDOOHVW�VHW�RI�SRVVLEOH�YDOXHV��)RU�WKDW�SXUSRVH��ZH�FRQVWUXFW�DQ� LQFRPSDWLELOLW\

JUDSK� ZKRVH� YHUWLFHV� FRUUHVSRQG� WR� SDUWLWLRQ� PDWUL[� FROXPQV�� 7ZR� YHUWLFHV� DUH

FRQQHFWHG�LI�WKH�FRUUHVSRQGLQJ�FROXPQV�DUH�LQFRPSDWLEOH��7R�ILQG�WKH�YDOXHV�RI�F��WKH

LQFRPSDWLELOLW\� JUDSK� LV� FRORUHG�� WKH� FRORULQJ� ZLOO� DVVLJQ� GLIIHUHQW� ODEHOV� WR� WKH

YHUWLFHV�WKDW�UHSUHVHQW�PXWXDOO\�LQFRPSDWLEOH�FROXPQV��ZKLOH�WKH�FRPSDWLEOH�FROXPQV

PD\�VKDUH�WKH�VDPH�FRORU�

$Q� RSWLPDO� FRORULQJ� LGHQWLILHV� WKH� PLQLPDO� QXPEHU� RI� JURXSV� RI� PXWXDOO\

FRPSDWLEOH�FROXPQV��7KLV�QXPEHU�LV�FDOOHG�FROXPQ�PXOWLSOLFLW\�DQG�GHQRWHG�E\�n�$|%��

&ROXPQ�PXOWLSOLFLW\�HTXDOV�WR�WKH�ORZHVW�QXPEHU�RI�SRVVLEOH�YDOXHV�WR�EH�XVHG�IRU�WKH

QHZ�FRQFHSW�YDULDEOH�F��6LQFH�RSWLPDO�JUDSK�FRORULQJ�LV�DQ�13�KDUG�SUREOHP��ZH�XVH�D

KHXULVWLF� PHWKRG� RI� SRO\QRPLDO� FRPSOH[LW\� �3HUNRZVNL��HW�DO������� )RU� RXU� H[DPSOH

SDUWLWLRQ�PDWUL[��WKH�LQFRPSDWLELOLW\�JUDSK�LV�JLYHQ�LQ�)LJXUH����1RWH�WKDW�WKUHH�FRORUV

DUH�UHTXLUHG�WR�FRORU�WKLV�JUDSK�

�

OR�OROR�OR

PHG�OR

OR�KL
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KL�KL
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� �

�

)LJXUH����,QFRPSDWLELOLW\�JUDSK�ZLWK�DVVLJQHG�FRORUV��ODEHOV�

IRU�WKH�SDUWLWLRQ�PDWUL[�IURP�7DEOH���

$IWHU�WKH�FRORULQJ�RI�WKH�LQFRPSDWLELOLW\�JUDSK��HDFK�FROXPQ�RI�WKH�SDUWLWLRQ�PDWUL[

LV�DVVLJQHG�D�ODEHO��ZKLFK�FRUUHVSRQGV�WR�DQ�DEVWUDFW�YDOXH�RI�WKH�QHZ�FRQFHSW�YDULDEOH

F��)URP�VXFK�DQ�DQQRWDWHG�SDUWLWLRQ�PDWUL[�� WKH�QHZ�VHWV�( � � DQG�(� � FDQ�EH�GHULYHG�

)RU�(� �� WKH�DWWULEXWH�VHW� LV�%��(DFK�FROXPQ�LQ�SDUWLWLRQ�PDWUL[�LV�DQ�H[DPSOH� LQ�(� � �

7KH�ODEHO��FRORU��RI�WKH�FROXPQ�EHFRPHV�WKH�FODVV�YDOXH�RI�WKDW�H[DPSOH�

( � � LV� GHULYHG� DV� IROORZV�� )RU� HDFK� YDOXH� RI� F� DQG� FRPELQDWLRQ� RI� YDOXHV� RI

DWWULEXWHV� LQ� $�� \ *�$�F�� LV� GHWHUPLQHG� E\� ORRNLQJ� IRU� DQ� H[DPSOH� H � �(� � LQ� WKH

FRUUHVSRQGLQJ�URZ�DQG�LQ�DQ\�FROXPQ�ODEHOHG�ZLWK�WKH�YDOXH�RI�F��,I�VXFK�DQ�H[DPSOH

H[LVWV��LW�LV�LQFOXGHG�LQ�( � �XVLQJ�WKH�DWWULEXWHV�$½{F}�DQG�FODVV�\ )�H � ��
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)LJXUH��D�VKRZV�( � � DQG�(� � IRU� WKH�GHFRPSRVLWLRQ�RI�7DEOH����1RWH� WKDW� WKH�QHZ

VHWV�DUH�OHVV�FRPSOH[�WKDQ�WKH�LQLWLDO�VHW�(� ��DQG�DUH�WKXV�PXFK�HDVLHU�WR�LQWHUSUHW��LW�LV

HDV\� WR� VHH� WKDW� F� FRUUHVSRQGV� WR�PLQ�[ � �[ � �� DQG� \� WR� PD[�[ � �F��� 7KH� FRUUHVSRQGLQJ

LQWHUSUHWDWLRQ�RI�WKH�WKUHH�SRVVLEOH�YDOXHV�RI�F�LV��� OR��� PHG��� KL�

7KHUH�H[LVW�WZR�RWKHU�QRQ�WULYLDO�SDUWLWLRQV�RI�WKH�VDPH�DWWULEXWH�VHW��¨[ � Î|¨[ � �[ � Î�DQG

¨[ � Î|¨[ � �[ � Î�� 7KH� FRUUHVSRQGLQJ� GHFRPSRVLWLRQV� DUH� VKRZQ� LQ� )LJXUHV� �E� DQG� �F�

UHVSHFWLYHO\�� &RPSDUHG� WR� WKH� GHFRPSRVLWLRQ� XVLQJ� WKH� SDUWLWLRQ� ¨[ � Î|¨[ � �[ � Î�� WKH\

UHVXOW�LQ�RYHUDOO�ODUJHU�VHWV�( � �DQG�(� �DQG�LQWURGXFH�LQWHUPHGLDWH�FRQFHSWV�ZLWK�PRUH

YDOXHV����DQG����UHVSHFWLYHO\��LQVWHDG�RI�����0RUHRYHU��WKH�UHVXOWLQJ�VHWV�DUH�KDUGHU�WR

LQWHUSUHW��$PRQJ� WKH� WKUHH�DWWULEXWH�SDUWLWLRQV� LW� LV� WKHUHIRUH�SUHIHUDEOH� WR�GHFLGH� IRU

WKH�ILUVW�RQH�
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)LJXUH����7KUHH�GLIIHUHQW�GHFRPSRVLWLRQV�RI��7DEOH���

7KH�GHFRPSRVLWLRQ�DOJRULWKP�KDV�D�JHQHUDOL]DWLRQ�SURSHUW\��(DFK�XQGHILQHG�HQWU\

�µ�¶�� RI� WKH� SDUWLWLRQ�PDWUL[� LQ� URZ� D� DQG� FROXPQ� E� LV� JHQHUDOL]HG� LI� WKHUH� H[LVWV� D

FRUUHVSRQGLQJ�H[DPSOH�H � �WKDW�EHORQJV�WR�WKH�VDPH�URZ�D�DQG�WR�D�FROXPQ�ODEHOHG�ZLWK

WKH�VDPH�ODEHO�DV�FROXPQ�E��)RU�H[DPSOH��WKH�HQWU\�LQ�URZ�KL�DQG�FROXPQ�¨OR�KLÎ�LQ

7DEOH� �� LV� JHQHUDOL]HG� WR� KL� EHFDXVH� WKH� FROXPQ� ¨OR�KLÎ� KDV� WKH� VDPH� ODEHO� DV

FROXPQV�¨OR�ORÎ�DQG�¨KL�ORÎ�

6LQJOH�VWHS�GHFRPSRVLWLRQ�FDQ�DOVR�EH�XVHG� WR�GHWHFW� UHGXQGDQW�DWWULEXWHV��/HW�DQ

LQLWLDO�VHW�RI�DWWULEXWHV�;�EH�SDUWLWLRQHG� WR�% ¨[� Î�DQG�$ ;?¨[� Î�� ,I�n�$|%� ��� WKHQ� WKH

FRUUHVSRQGLQJ�IXQFWLRQ�F +�[� ��LV�FRQVWDQW��DQG�WKH�DWWULEXWH�[� �FDQ�EH�UHPRYHG�IURP

WKH�VHW�RI�H[DPSOHV�

���� 2YHUDOO�GHFRPSRVLWLRQ�PHWKRG

*LYHQ� D� VHW� RI� H[DPSOHV�(� � WKDW� SDUWLDOO\� GHILQHV� D� XWLOLW\� IXQFWLRQ� \ )�;��� ZKHUH

; ¨[ � �É�[ � Î���LW�LV�SDUWLFXODUO\�LPSRUWDQW�WR�ILQG�DQ�DSSURSULDWH�DWWULEXWH�SDUWLWLRQ�$|%

RI�WKH�VHW�;� IRU� WKH�VLQJOH�VWHS�GHFRPSRVLWLRQ��$V�LOOXVWUDWHG�LQ� WKH�SUHYLRXV�VHFWLRQ�

WKH� SDUWLWLRQ� VHOHFWLRQ� FDQ� DIIHFW� ERWK� WKH� FRPSOH[LW\� DQG� FRPSUHKHQVLELOLW\� RI� WKH
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UHVXOWLQJ�H[DPSOH� VHWV��=XSDQ� �����SURSRVHG� VHYHUDO�SDUWLWLRQ� VHOHFWLRQ�PHDVXUHV� RI

ZKLFK� LQ� WKLV� SDSHU�ZH�PHQWLRQ� DQG�XVH� RQO\� WKH� VLPSOHVW� RQH�� FROXPQ�PXOWLSOLFLW\

n�$|%���,Q�WKLV�FDVH��WKH�GHFRPSRVLWLRQ�PHWKRG�IDYRUV�WKH�DWWULEXWH�SDUWLWLRQV�WKDW�\LHOG

WKH�LQWHUPHGLDWH�FRQFHSWV�ZLWK�WKH�VPDOOHVW�VHWV�RI�SRVVLEOH�YDOXHV��)RU�RXU�H[DPSOH�

WKLV� FULWHULRQ�SUHIHUV� WKH�GHFRPSRVLWLRQ� IURP�)LJXUH� �D��ZKLFK� LQGHHG� UHVXOWV� LQ� WKH

VLPSOHVW�DQG�PRVW�FRPSUHKHQVLEOH�GHVFULSWLRQ�RI�WKH�WDUJHW�FRQFHSW�

7R� OLPLW� WKH� WLPH� FRPSOH[LW\� RI� WKH� PHWKRG�� ZH� SURSRVH� WR� FRQVLGHU� RQO\� WKH

SDUWLWLRQV�ZLWK� VPDOO� ERXQG� VHWV�� ,Q� WKH� FDVH� VWXG\�SUHVHQWHG� LQ� VHFWLRQ���� SDUWLWLRQV

ZLWK�RQO\�WZR�RU�WKUHH�DWWULEXWHV�LQ�WKH�ERXQG�VHWV�ZHUH�LQYHVWLJDWHG��6XFK�D�FRQVWUDLQW

UHVXOWV�LQ�LQWHUPHGLDWH�FRQFHSWV�ZLWK�RQO\�D�IHZ�DWWULEXWHV��ZKLFK�PD\�KDYH�D�SRVLWLYH

HIIHFW�RQ�FRPSUHKHQVLELOLW\�DQG�WKH�VL]H�RI�JHQHUDWHG�VHWV�RI�H[DPSOHV�

,Q� WKLV� SDSHU� ZH� DGYRFDWH� IRU� WKH� LQWHUDFWLRQ� RI� WKH� XVHU� WKURXJKRXW� WKH

GHFRPSRVLWLRQ�SURFHVV��*LYHQ�DQ� LQLWLDO� VHW�RI� H[DPSOHV�� DOO� FDQGLGDWH�SDUWLWLRQV� DUH

H[DPLQHG�DQG�WKRVH�ZLWK�WKH�EHVW�SDUWLWLRQ�VHOHFWLRQ�PHDVXUH�DUH�SUHVHQWHG�WR�WKH�XVHU�

7KH�XVHU�WKHQ�GHFLGHV�IRU�WKH�PRVW�IDYRUDEOH�SDUWLWLRQ��L�H���WKH�SDUWLWLRQ�ZKRVH�ERXQG

VHW� FRQVLVWV� RI� LQWHU�UHODWHG� DWWULEXWHV� WKDW� FDQ� FRQVWLWXWH� D� PHDQLQJIXO� LQWHUPHGLDWH

FRQFHSW��7KH�VHOHFWHG�SDUWLWLRQ�LV�XVHG�E\�WKH�VLQJOH�VWHS�GHFRPSRVLWLRQ�WR�GHULYH�WZR

QHZ� VHWV� RI� ORZHU� FRPSOH[LW\�� 7KHVH� WZR� VHWV� DUH� WKHQ� IXUWKHU� LQYHVWLJDWHG� IRU

GHFRPSRVLWLRQ��7R�IXUWKHU�HQJDJH�WKH�XVHU�LQ�WKH�GHFRPSRVLWLRQ�SURFHVV��ZH�OHW�WKHP

GHFLGH�ZKHWKHU�RU�QRW�WR�GHFRPSRVH�D�JLYHQ�VHW�RI�H[DPSOHV�

%HFDXVH� RI� XVHU
V� LQYROYHPHQW� LQ� SDUWLWLRQ� VHOHFWLRQ� DQG� VHOHFWLRQ� RI� WKH� VHWV� WR

GHFRPSRVH��ZH�UHIHU�WR�VXFK�D�SURFHVV�WR�DV�VXSHUYLVHG�GHFRPSRVLWLRQ��&RPSDUHG�WR

XQVXSHUYLVHG� GHFRPSRVLWLRQ� �=XSDQ�� HW� DO�� ����� ZH� H[SHFW� EHWWHU� FRPSUHKHQVLELOLW\�

HVSHFLDOO\�LQ�WKH�FDVHV�ZKHQ�WKH�LQLWLDO�H[DPSOHV�VSDUVHO\�FRYHU�WKH�DWWULEXWH�VSDFH�

���� ,PSOHPHQWDWLRQ

7KH�GHFRPSRVLWLRQ�PHWKRG�LV�LPSOHPHQWHG�LQ�WKH�&�ODQJXDJH�DV�D�V\VWHP�FDOOHG�+,17

�+LHUDUFK\� ,1GXFWLRQ�7RRO���7KH� V\VWHP� UXQV�RQ� VHYHUDO�81,;�SODWIRUPV�� LQFOXGLQJ

+3�8;��6*,�,ULV��DQG�6XQ26��7KH�GHILQLWLRQ�RI�GRPDLQ�QDPHV�DQG�H[DPSOHV��DQG�WKH

JXLGDQFH�RI�WKH�GHFRPSRVLWLRQ�LV�PDQDJHG�E\�D�VFULSW�ODQJXDJH�

��([SHULPHQWDO�HYDOXDWLRQ��KRXVLQJ�ORDQV�DOORFDWLRQ
([SHULPHQWDO� HYDOXDWLRQ� RI� WKH�PHWKRG�ZDV� FDUULHG� RXW� XVLQJ� D� UHDO�ZRUOG� GDWDEDVH

XVHG�LQ�D�PDQDJHPHQW�GHFLVLRQ�VXSSRUW�V\VWHP�IRU�DOORFDWLQJ�KRXVLQJ�ORDQV��%RKDQHF�

HW� DO������� 7KLV� V\VWHP� ZDV� GHYHORSHG� IRU� WKH� +RXVLQJ� )XQG� RI� WKH� 5HSXEOLF� RI

6ORYHQLD�DQG�XVHG�VLQFH������LQ����IORDWV�RI�ORDQV�ZLWK�D�WRWDO�YDOXH�RI�DSSUR[LPDWHO\

���PLOOLRQ�(&8�

,Q� HDFK� IORDW�� WKH� EDVLF� SUREOHP� LV� WR� DOORFDWH� WKH� DYDLODEOH� IXQGV� WR� DSSOLFDQWV�

7\SLFDOO\�� WKHUH� DUH� VHYHUDO� WKRXVDQGV� RI� DSSOLFDQWV� DQG� WKHLU� UHTXHVWHG� DPRXQW

H[FHHGV�WKH�DYDLODEOH�ILQDQFLDO�UHVRXUFHV��7KHUHIRUH��WKH�DSSOLFDQWV�PXVW�EH�UDQNHG�LQ

D� SULRULW\� RUGHU� IRU� WKH� GLVWULEXWLRQ� RI� UHVRXUFHV� LQ� DFFRUGDQFH� ZLWK� WKH� FULWHULD

SUHVFULEHG�LQ�WKH�WHQGHU��(DFK�DSSOLFDQW�LV�UDQNHG�LQWR�RQH�RI�ILYH�SULRULW\�FODVVHV��7KH

FULWHULD�PD\�YDU\�IURP�WHQGHU�WR�WHQGHU��EXW�W\SLFDOO\�LQFOXGH�

��� DSSOLFDQW
V�KRXVLQJ�FRQGLWLRQV�LQ�WHUPV�RI�WKH�RZQHUVKLS�DQG�VXLWDELOLW\�RI�SUHVHQW

KRXVLQJ��WKH�ZD\�RI�VROYLQJ�WKHLU�SUREOHP��DQG�WKH�VWDJH�RI�VROYLQJ�

��� DSSOLFDQW
V�VWDWXV�LQ�WHUPV�RI�HDUQLQJV��HPSOR\PHQW�DQG�WKH�QXPEHU�RI�FKLOGUHQ�

��� VRFLDO�DQG�KHDOWK�FRQGLWLRQV�
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,Q�WKH�V\VWHP��WKH�HYDOXDWLRQ�RI�ORDQ�SULRULW\�LV�FDUULHG�RXW�E\�D�KLHUDUFKLFDO�PXOWL�

DWWULEXWH�PRGHO�ZKRVH�VWUXFWXUH�LV�SUHVHQWHG�LQ�)LJXUH����)RU�HDFK�LQWHUQDO�FRQFHSW�LQ

WKH�VWUXFWXUH��WKHUH�LV�D�GHFLVLRQ�UXOH�GHILQHG�IRU�WKH�DJJUHJDWLRQ�RI�FRQFHSWV��%RWK�WKH

VWUXFWXUH�DQG�WKH�UXOHV�ZHUH�GHYHORSHG�PDQXDOO\�E\�WKH�H[SHUWV�XVLQJ�D�PXOWL�DWWULEXWH

GHFLVLRQ�PDNLQJ�VKHOO�'(;��%RKDQHF��5DMNRYLþ�����
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)LJXUH����2ULJLQDO�PRGHO�VWUXFWXUH�IRU�KRXVLQJ�ORDQV�DOORFDWLRQ�

)RU�WKH�HYDOXDWLRQ�RI�WKH�GHFRPSRVLWLRQ�PHWKRG��ZH�WRRN�DSSOLFDQWV
�GDWD�IURP�RQH

RI�WKH�IORDWV�FDUULHG�RXW�LQ�������7KHUH�ZHUH������DSSOLFDQWV�LQ�WKDW�IORDW��,Q�DGGLWLRQ

WR�VRPH�JHQHUDO�GDWD��VXFK�DV�WKH�QDPH�DQG�DGGUHVV�RI�WKH�DSSOLFDQW��HDFK�GDWD�UHFRUG

FRQWDLQHG����WZR�WR�ILYH�YDOXHG�DWWULEXWHV�WKDW�ZHUH�HVVHQWLDO�IRU�WKH�GHWHUPLQDWLRQ�RI

ORDQ� SULRULW\�� 'XH� WR� WKH� GLVFUHWHQHVV� RI� DWWULEXWHV�� WKH� ����� UHFRUGV� SURYLGHG� ���

XQLTXH�H[DPSOHV��7KHVH�H[DPSOHV�FRYHU�RQO\������RI�WKH�FRPSOHWH�DWWULEXWH�VSDFH�

7KH� SULPDU\� JRDO� RI� WKH� H[SHULPHQWDO� HYDOXDWLRQ� ZDV� WR� WU\� WR� UHFRQVWUXFW� WKH

RULJLQDO�GHFLVLRQ�PRGHO�XVLQJ�RQO\�WKH�DYDLODEOH�DSSOLFDQWV¶�GDWD��VXSSOHPHQWHG�E\�WKH

DOUHDG\�NQRZQ�GHFLVLRQV�DERXW�WKHLU�ORDQ�SULRULW\��)RU�WKLV�SXUSRVH��HDFK�H[DPSOH�ZDV

FODVVLILHG�E\�WKH�RULJLQDO�HYDOXDWLRQ�PRGHO�DQG�WKH�UHVXOWLQJ�XQVWUXFWXUHG�GDWDEDVH�ZDV

VXEPLWWHG� WR� WKH� GHFRPSRVLWLRQ� PHWKRG�� %RWK� XQVXSHUYLVHG� DQG� VXSHUYLVHG

GHFRPSRVLWLRQV�ZHUH�FDUULHG�RXW��7KH�UHVXOWLQJ�PRGHOV�ZHUH�LQWHUSUHWHG��FRPSDUHG�WR

WKH� RULJLQDO� RQH�� DQG� DQDO\]HG� LQ� WHUPV� RI� FRPSUHKHQVLELOLW\� DQG� FODVVLILFDWLRQ

DFFXUDF\��)LQDOO\�� WKH�JHQHUDOL]DWLRQ�TXDOLW\�RI� WKH�PHWKRG�ZDV� DVVHVVHG�E\� D� FURVV�

YDOLGDWLRQ�PHWKRG�

���� 6XSHUYLVHG�GHFRPSRVLWLRQ

,Q� WKH� ILUVW� VWDJH� RI� WKH� DQDO\VLV�� WKH� DWWULEXWHV� ZHUH� WHVWHG� IRU� UHGXQGDQF\�� 7KH

DWWULEXWHV�FXOWBKLVW�DQG�ILQBVRXUFHV�ZHUH�IRXQG�UHGXQGDQW�DQG�UHPRYHG�IURP

WKH� GDWDEDVH�� 7KH� UHDVRQ� IRU� UHGXQGDQF\� LV� WKDW� WKHVH� WZR� DWWULEXWHV� DIIHFW� WKH� ORDQ

SULRULW\� RQO\� XQGHU� VRPH� YHU\� VSHFLDO� FLUFXPVWDQFHV�� ZKLFK� GLG� QRW� RFFXU� LQ� WKH

GDWDEDVH�� )RU� H[DPSOH�� FXOWBKLVW� DSSOLHV� RQO\� WR� UHQHZLQJ� D� KRXVH� WKDW� LV� D

FXOWXUDO�RU�KLVWRULFDO�PRQXPHQW��DQG�WKHUH�ZHUH�QR�VXFK�KRXVHV�LQ�WKDW�IORDW�

7KH� UHVXOWLQJ� VHW� RI� H[DPSOHV� ZDV� H[DPLQHG� IRU� GHFRPSRVLWLRQ�� $OO� SRVVLEOH

SDUWLWLRQV�ZLWK�ERXQG�VHWV�RI���RU���DWWULEXWHV�ZHUH�H[DPLQHG��)URP�WKHVH��DFFRUGLQJ

WR� WKH� SDUWLWLRQ� VHOHFWLRQ�PHDVXUH� �FROXPQ�PXOWLSOLFLW\�n���+,17� SURSRVHG� RQO\� WKH

EHVW� FDQGLGDWHV�ZLWK�n ���$PRQJ� WKH� ���� SRVVLEOH� ERXQG� VHWV� RI� �� DWWULEXWHV�� WKHUH

ZHUH����ERXQG�VHWV�WKDW�PLQLPL]HG�FROXPQ�PXOWLSOLFLW\�
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VXLWDE����DGYDQWDJH�HPSOR\HG HDUQLQJV�HPSOR\HG�IDPLO\
DGYDQWDJH�VWDJH�����HPSOR\HG HDUQLQJV�FKLOGUHQ�KHDOWK
DGYDQWDJH�HPSOR\HG��KHDOWK HPSOR\HG�FKLOGUHQ�KHDOWK
DGYDQWDJH�HPSOR\HG��IDPLO\ HPSOR\HG�KHDOWK���IDPLO\
HDUQLQJV��HPSOR\HG��FKLOGUHQ HPSOR\HG�KHDOWK���DJH
HDUQLQJV��HPSOR\HG��KHDOWK

$PRQJ�WKHVH��LW�ZDV�FRQVLGHUHG�E\�WKH�GRPDLQ�H[SHUW�WKDW�WKH�XQGHUOLQHG�ERXQG�VHW�LV

WKH� PRVW� IDYRUDEOH� DV� LW� FRQVWLWXWHV� WKH� FRPSUHKHQVLEOH� LQWHUPHGLDWH� FRQFHSW� RI

DSSOLFDQWV
�FXUUHQW�VWDWXV��7KH�UHVXOWLQJ�FRQFHSW�VWUXFWXUH�LV�JLYHQ�LQ�)LJXUH��E�
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�D��XQVWUXFWXUHG�GDWDVHW

�E��QHZ�FRQFHSW��VWDWXV

�F��SUHVHQW�DQG�VRFLDO

�G��ILQDO�VWUXFWXUH

)LJXUH����(YROYLQJ�FRQFHSW�VWUXFWXUH�IRU�KRXVLQJ�DOORFDWLRQ�GHFLVLRQ�PRGHO�

1H[W��WKH�QHZ�VHW�RI�H[DPSOHV�GHVFULELQJ�WKH�FRQFHSW�KRXVLQJ�ZDV�H[DPLQHG��,Q

D�VLPLODU�IDVKLRQ��WKUHH�EHVW�FDQGLGDWH�ERXQG�VHWV�ZHUH�FRQVLGHUHG�DPRQJ�WKH�WRWDO�RI

���SRVVLEOH�SDUWLWLRQV�
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RZQHUVKLS�VXLWDE����DGYDQWDJH
VXLWDE����DGYDQWDJH�VWDJH
KHDOWK����IDPLO\����DJH

$JDLQ��WKH�PRVW�IDYRUDEOH�ERXQG�VHW�LV�XQGHUOLQHG��ZKLFK�ZDV�UHFRJQL]HG�DV�VRFLDO�DQG

KHDOWK� FRQGLWLRQ� RI� WKH� DSSOLFDQW� DQG� IRUPHG� D� QHZ� ��YDOXHG� LQWHUPHGLDWH� FRQFHSW

VRFLDO�

7KH�GHFRPSRVLWLRQ�SURFHVV�FRQWLQXHG�VLPLODUO\� UHVXOWLQJ� LQ� LQWHUPHGLDWH�FRQFHSWV

SUHVHQW� �VXLWDELOLW\� RI� DSSOLFDQW
V� SUHVHQW� KRXVLQJ�� DQG� KRXVH� �RYHUDOO� KRXVLQJ

FRQGLWLRQV���2YHUDOO��WKH�SURFHVV�UHVXOWHG�LQ�D�FRQFHSW�VWUXFWXUH�SUHVHQWHG�LQ�)LJXUH��G�

$SDUW� IURP� WKH� WZR� H[FOXGHG� UHGXQGDQW� DWWULEXWHV�� WKH� UHVXOWLQJ� FRQFHSW� VWUXFWXUH� LV

YHU\�VLPLODU�WR�WKH�VWUXFWXUH�DFWXDOO\�XVHG�LQ�WKH�PDQDJHPHQW�GHFLVLRQ�VXSSRUW�V\VWHP

WR� GHWHUPLQH� ORDQ� SULRULW\�� 7KXV�� ZKHQ� HYDOXDWHG� E\� WKH� GRPDLQ� H[SHUW�� WKH

UHFRQVWUXFWLRQ�ZDV�FRQVLGHUHG�VXFFHVVIXO�

,Q�HDFK�GHFRPSRVLWLRQ�VWHS��WKH�VHOHFWLRQ�RI�WKH�PRVW�IDYRUDEOH�ERXQG�VHW�PD\�QRW

EH� VWUDLJKWIRUZDUG�� ,Q� RXU� FDVH�� WKLV�ZDV� HVSHFLDOO\� WUXH� IRU� WKH� ILUVW� GHFRPSRVLWLRQ

VWHS�� ZKHUH� WKH� QXPEHU� RI� FDQGLGDWH� SDUWLWLRQV� ZDV� TXLWH� KLJK�� 7KH� WHFKQLTXH� ZH

HPSOR\HG� ZDV� D� JUDGXDO� HOLPLQDWLRQ� RI� OHVV� IDYRUDEOH� SDUWLWLRQV�� +RZHYHU�� LQ� WKH

IROORZLQJ�GHFRPSRVLWLRQ�VWHSV�WKH�QXPEHU�RI�FDQGLGDWH�ERXQG�VHWV�ZDV�VXEVWDQWLDOO\

ORZHU��ZKLFK�PDGH�WKH�VHOHFWLRQ�HDVLHU��7KH�GHFUHDVHG�QXPEHU�RI�FDQGLGDWHV�ZDV�GXH

WR�WKH�ORZHU�QXPEHU�RI�DWWULEXWHV�DQG�EHWWHU�FRYHUDJH�RI�WKH�DWWULEXWH�VSDFH�

���� 8QVXSHUYLVHG�GHFRPSRVLWLRQ

7R� DVVHVV� WKH� EHQHILW� RI� XVHU¶V� LQWHUDFWLRQ� LQ� WKH� GHFRPSRVLWLRQ� SURFHVV�� ZH� XVHG

+,17� LQ� XQVXSHUYLVHG� PRGH� WKDW� DXWRPDWLFDOO\� GLVFRYHUHG� WKH� FRQFHSW� VWUXFWXUH

�)LJXUH� ����:KHQ� WKLV� ZDV� DVVHVVHG� E\� WKH� H[SHUW�� LW� ZDV� IRXQG� WKDW� LQ� DGGLWLRQ� WR

VXEWUHHV� WKDW�ZHUH� LGHQWLFDO� RU� VLPLODU� WR� WKH� RQHV� LQ� WKH� RULJLQDO�PRGHO�� VRPH� OHVV

LQWXLWLYH� LQWHUPHGLDWH� FRQFHSWV� ZHUH� GHYHORSHG�� )RU� H[DPSOH�� WKH� XQVXSHUYLVHG

GHFRPSRVLWLRQ� FRPELQHG� HPSOR\HG� DQG� KHDOWK� LQWR� F��� ZKLFK� ZDV� IRXQG

GLIILFXOW�WR�EH�LQWHUSUHWHG�DV�D�XVHIXO�FRQFHSW��7KHUHIRUH��WKH�RYHUDOO�VROXWLRQ�ZDV�QRW

DV�VDWLVIDFWRU\�DV�WKH�RQH�REWDLQHG�E\�VXSHUYLVHG�GHFRPSRVLWLRQ�
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)LJXUH����0RGHO�VWUXFWXUH�GHYHORSHG�E\�XQVXSHUYLVHG�GHFRPSRVLWLRQ�
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���� ,QWHUSUHWDWLRQ�RI�PRGHOV

7KH� VHWV� RI� H[DPSOHV� WKDW� GHVFULEH� WKH� FRQFHSWV� LQ� WKH� UHVXOWLQJ� VWUXFWXUH� DUH

FRQVLGHUDEO\� OHVV� FRPSOH[� WKDQ� WKH� LQLWLDO� RQH�� ZKLOH� WKH� LQLWLDO� VHW� FRQWDLQV� ���

H[DPSOHV��WKH�PRVW�FRPSOH[�UHVXOWLQJ�VHW��KRXVLQJ��KDV�RQO\����H[DPSOHV��DQG�DOO

WKH�UHPDLQLQJ�VHWV� LQFOXGH�OHVV� WKDQ����H[DPSOHV�� ,Q� WRWDO�� WKH� UHVXOWLQJ�GHFRPSRVHG

VHWV�LQFOXGH�RQO\�����H[DPSOHV��ZKLFK�LV�D�FRQVLGHUDEOH�UHGXFWLRQ�LQ�FRPSDULVRQ�ZLWK

WKH�LQLWLDO�VHW��,Q�DGGLWLRQ��WKH�GHFRPSRVHG�VHWV�XVH�VLJQLILFDQWO\�OHVV�DWWULEXWHV�

,Q� WKH� LQWHUSUHWDWLRQ� RI� WKH� UHVXOWLQJ� VHWV� LW� ZDV� REVHUYHG� WKDW� DOO� ZHUH� TXLWH

FRPSUHKHQVLEOH��)RU�H[DPSOH��HYHQ�IURP�WKH�UDZ�VHW�LW�ZDV�HDV\�WR�VHH�WKDW�VWDWXV

GHSHQGV�PRQRWRQLFDOO\�RQ�HDUQLQJV��HPSOR\HG��DQG�FKLOGUHQ��$Q�HYHQ�EHWWHU

LQWHUSUHWDWLRQ� ZDV� SURYLGHG� E\� D� VHW� RI� WRROV� ZLWKLQ�'(;� �%RKDQHF�� 5DMNRYLþ� ����

ZKLFK� LQFOXGH� GHFLVLRQ� UXOH� LQGXFWLRQ� PHWKRGV� DQG� YLVXDOL]DWLRQ� WRROV� �5DMNRYLþ�

%RKDQHF� ����� )RU� DOO� VHWV� RI� H[DPSOHV� LW� ZDV� IRXQG� RXW� WKDW� WKH\� UHOHYDQWO\� DQG

FRQVLVWHQWO\�ZLWK�WKH�H[SHUW
V�H[SHFWDWLRQV�UHSUHVHQW�WKH�GLVFRYHUHG�FRQFHSWV�

���� &URVV�YDOLGDWLRQ

7KH� JHQHUDOL]DWLRQ� TXDOLW\� RI� GHFRPSRVLWLRQ� ZDV� DVVHVVHG� E\� ���IROG� FURVV

YDOLGDWLRQ�� 7KH� LQLWLDO� VHW� RI� H[DPSOHV�ZDV� VSOLW� WR� ��� VXEVHWV�� DQG� ��� H[SHULPHQWV

ZHUH�SHUIRUPHG�WDNLQJ�D�VLQJOH�VXEVHW�DV�D�WHVW�VHW�DQG�WKH�H[DPSOHV�LQ�WKH�UHPDLQLQJ

VXEVHWV�DV�D� WUDLQLQJ�VHW��+,17�XVHG�HLWKHU� WKH� VWUXFWXUH�DV�GHYHORSHG�DERYH� �)LJXUH

�G��RU�ZDV�XVHG� LQ� WKH�XQVXSHUYLVHG�PRGH�RQ� WKH� WUDLQLQJ�VHWV� �L�H�������RI�RULJLQDO

GDWD��� )RU� FRPSDULVRQ�� ZH� KDYH� DOVR� XVHG� &����� D� PDFKLQH� OHDUQLQJ� SURJUDP� WKDW

LQGXFHV�GHFLVLRQ�WUHHV�IURP�H[DPSOHV��4XLQODQ�����DQG�LV�FRQVLGHUHG�D�VWDWH�RI�WKH�DUW

JHQHUDOL]DWLRQ� WRRO� LQ�PDFKLQH� OHDUQLQJ��1RWH�� KRZHYHU�� WKDW�&���� GRHV� QRW� GHYHORS

KLHUDUFKLFDO�GHFLVLRQ�PRGHOV��5DWKHU��LW�XVHV�D�GLIIHUHQW�UHSUHVHQWDWLRQ��GHFLVLRQ�WUHHV�

DQG�GRHV�QRW�H[SOLFLWO\�GHYHORS�QHZ�FRQFHSWV�

7KH� REWDLQHG� FODVVLILFDWLRQ� DFFXUDFLHV� �7DEOH���� FOHDUO\� LQGLFDWH� WKDW� IRU� WKLV

SUREOHP� WKH� GHFRPSRVLWLRQ� RXWSHUIRUPHG� &����� ,W� LV� IXUWKHU� HYLGHQW� WKDW� WKH

VXSHUYLVHG�PHWKRG�UHVXOWHG�LQ�D�FODVVLILHU�WKDW�ZDV�VXSHULRU�WR�WKDW�GHYHORSHG�ZLWKRXW

XVHU
V� LQWHUDFWLRQ��+RZHYHU�� LW� KDV� WR� EH� QRWHG� WKDW� WKH� WHVWLQJ� GRPDLQ� LV�� GXH� WR� LWV

RULJLQDO�KLHUDUFKLFDO�VWUXFWXUH��ELDVHG�WRZDUGV�+,17�

7DEOH����&ODVVLILFDWLRQ�DFFXUDFLHV�LQ���E\����IROG�FURVV�YDOLGDWLRQ�

+,17��GHYHORSHG�VWUXFWXUH� +,17��XQVXSHUYLVHG� &���

���������� ���������� ����������

��5HODWHG�ZRUN
7KH� SUREOHP� RI� FULWHULD� LGHQWLILFDWLRQ� DQG� WKHLU� VWUXFWXULQJ� LQ� WHUPV� RI� D� GHFLVLRQ

PRGHO� LV� FHQWUDO� WR� PXOWL�DWWULEXWH� GHFLVLRQ� PDNLQJ� �.HHQH\�� 5DLIID� ����� GHFLVLRQ

DQDO\VLV��3KLOOLSV������DQG�UHODWHG�ILHOGV��7KH�UHVHDUFK�UHSRUWHG�KHUH�ZDV�PRWLYDWHG�E\

D�SUDFWLFDO�QHHG�IRU�D�PHWKRG�WKDW�ZRXOG�DXWRPDWH�DQG�RU�DVVLVW�WKH�GHFLVLRQ�PDNHU�LQ

GHYHORSLQJ� D� PXOWL�DWWULEXWH� PRGHO� IURP� GHFLVLRQ� H[DPSOHV�� 7KH� UHSUHVHQWDWLRQ� RI

GHFLVLRQ�PRGHOV�GHYHORSHG�E\�WKH�SURSRVHG�PHWKRG�FORVHO\� UHVHPEOHV� WKDW�XVHG� LQ�D

PXOWL�DWWULEXWH�GHFLVLRQ�VXSSRUW�H[SHUW�V\VWHP�VKHOO�'(;��%RKDQHF��5DMNRYLþ�����

7KH�GHFRPSRVLWLRQ�PHWKRG�LV�EDVHG�RQ�WKH�IXQFWLRQ�GHFRPSRVLWLRQ�DSSURDFK�WR�WKH

GHVLJQ� RI� GLJLWDO� FLUFXLWV� E\� $VKHQKXUVW� ����� DQG� &XUWLV� ������ 7KHLU� DSSURDFK� ZDV

UHFHQWO\�DGYDQFHG�E\�3HUNRZVNL��HW�DO��������/XED�������DQG�5RVV��HW�DO��������*LYHQ�D
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%RROHDQ� IXQFWLRQ� SDUWLDOO\� VSHFLILHG� E\� D� WUXWK� WDEOH�� WKHLU� PHWKRGV� DLP� WR� GHULYH

VZLWFKLQJ�FLUFXLWV�RI�ORZ�FRPSOH[LW\�

7KH� SUREOHP� RI� GHYHORSLQJ� KLHUDUFKLFDO� PRGHOV� IURP� H[DPSOHV� KDV� EHHQ� DOVR

VWXGLHG�ZLWKLQ�PDFKLQH�OHDUQLQJ��7KHUH��WKH�GHFRPSRVLWLRQ�DSSURDFK�ZDV�ILUVW�XVHG�E\

6DPXHO� ����� LQ� FKHFNHUV� SOD\LQJ� SURJUDPV�� +LV�PHWKRGV� UHOLHG� RQ� D� JLYHQ� FRQFHSW

VWUXFWXUH� EXW� OHDUQHG� WKH� FRUUHVSRQGLQJ� IXQFWLRQV� IURP� WKH� WUDLQLQJ� VHWV�� $QRWKHU

WHFKQLTXH�WKDW�XVHV�D�SUHGHILQHG�VWUXFWXUH��NQRZQ�DV�VWUXFWXUHG�LQGXFWLRQ��0LFKLH�����

ZDV�LQGHSHQGHQWO\�GHYHORSHG�E\�6KDSLUR������DQG�RULJLQDOO\�XVHG�IRU�WKH�FODVVLILFDWLRQ

RI�D�IDLUO\�FRPSOH[�FKHVV�HQGJDPH��,W�ZDV�VKRZQ�WKDW�WKH�REWDLQHG�VROXWLRQV�ZHUH�ERWK

FRPSUHKHQVLEOH�DQG�RI�KLJK�FODVVLILFDWLRQ�DFFXUDF\�

7KH�PHWKRG�SUHVHQWHG�LQ�WKLV�SDSHU�LV�WKXV�FORVHO\�UHODWHG�WR�WKUHH�SULPDU\�UHVHDUFK

DUHDV�� LW� VKDUHV� WKH� PRWLYDWLRQ� ZLWK� PXOWL�DWWULEXWH� GHFLVLRQ� PDNLQJ� DQG� VWUXFWXUHG

LQGXFWLRQ�� ZKLOH� WKH� FRUH� RI� WKH� PHWKRG� LV� EDVHG� RQ� $VKHQKXUVW�&XUWLV� IXQFWLRQ

GHFRPSRVLWLRQ�� ,Q� FRPSDULVRQ� ZLWK� UHODWHG� ZRUN�� WKLV� SDSHU� LV� RULJLQDO� LQ� WKH

IROORZLQJ� DVSHFWV�� DGDSWDWLRQ� RI� WKH� IXQFWLRQ� GHFRPSRVLWLRQ� DSSURDFK� WR� WKH

GHYHORSPHQW� RI� PXOWL�DWWULEXWH� GHFLVLRQ� PRGHOV�� QHZ� PHWKRG� IRU� KDQGOLQJ� PXOWL�

YDOXHG� DWWULEXWHV�� VXSHUYLVHG� GHFRPSRVLWLRQ�� HPSKDVLV� RQ� JHQHUDOL]DWLRQ� HIIHFWV� RI

GHFRPSRVLWLRQ��SD\LQJ�VWURQJ�DWWHQWLRQ�WR� WKH�GLVFRYHU\�RI�PHDQLQJIXO�FRQFHSWV��DQG

H[SHULPHQWDO�HYDOXDWLRQ�RQ�D�UHDO�ZRUOG�GHFLVLRQ�SUREOHP�

��&RQFOXVLRQ
$�QRYHO�PHWKRG�IRU�WKH�GHYHORSPHQW�RI�KLHUDUFKLFDO�PXOWL�DWWULEXWH�GHFLVLRQ�PRGHOV�LV

SURSRVHG�� 8VLQJ� DQ� XQVWUXFWXUHG� VHW� RI� GHFLVLRQ� H[DPSOHV�� WKH� PHWKRG� GHYHORSV� D

KLHUDUFKLFDO� VWUXFWXUH� RI� FRQFHSWV� DQG� WKHLU� GHILQLWLRQV�� 7KH� UHVXOWLQJ� PRGHO

JHQHUDOL]HV�WKH�GHFLVLRQ�H[DPSOHV�DQG�FDQ�VHUYH�IRU�WKH�HYDOXDWLRQ�RI�QHZ�DOWHUQDWLYHV�

7KH�PHWKRG�LV�LPSOHPHQWHG�LQ�D�V\VWHP�FDOOHG�+,17�

7KH� GHYHORSPHQW� RI� PRGHOV� FDQ� EH� FDUULHG� RXW� HLWKHU� DXWRQRPRXVO\� RU� LQ� WKH

LQWHUDFWLRQ�ZLWK� WKH�GHFLVLRQ�PDNHU�� ,Q� WKH� ODWWHU� FDVH�� WKH�PHWKRG� WXUQV� LQWR� D�GDWD�

PLQLQJ� WRRO� IRU� GDWD� VWUXFWXULQJ� DQG� DQDO\VLV�� WKH� GHFRPSRVLWLRQ� DVVLVWV� LQ� WKH

LGHQWLILFDWLRQ�RI�FRQFHSWV��RUJDQL]LQJ�WKHP�LQWR�D�KLHUDUFK\�DQG�GHULYLQJ�WKH�FRQFHSW

UHSUHVHQWDWLRQV�E\�H[DPSOH�VHWV�� ,Q� WKLV�SURFHVV�� WKH�RULJLQDO�GDWD� VHW� LV�GHFRPSRVHG

LQWR�D�QXPEHU�RI�OHVV�FRPSOH[�GDWD�VHWV�WKDW�DUH�HDVLHU�WR�LQWHUSUHW�DQG�DQDO\]H�

:H�KDYH�DVVHVVHG� WKH�DSSOLFDELOLW\�RI� WKH�DSSURDFK� LQ�D� UHDO�ZRUOG�KRXVLQJ� ORDQV

DOORFDWLRQ� SUREOHP�� ,W� ZDV� GHPRQVWUDWHG� WKDW� WKH� PHWKRG� ZDV� DEOH� WR� UHFRQVWUXFW

DOPRVW�FRPSOHWHO\�WKH�³ULJKW´�GHFLVLRQ�PRGHO�WKDW�ZDV�DYDLODEOH�IRU�WKLV�SUREOHP��7KH

UHFRQVWUXFWLRQ� ZDV� FDUULHG� RXW� XVLQJ� ���� GLVWLQFW� GHFLVLRQ� H[DPSOHV� WDNHQ� IURP� D

GDWDEDVH�RI�DSSOLFDQWV��$OWKRXJK�WKHVH�H[DPSOHV�VSDUVHO\�FRYHUHG�WKH�DWWULEXWH�VSDFH�

WKH�PHWKRG�VXFFHHGHG�LQ�GHULYLQJ�D�PRGHO�RI�KLJK�FRPSUHKHQVLELOLW\�DQG�FODVVLILFDWLRQ

DFFXUDF\�� 7KH� FRPSDULVRQ� RI� PRGHOV� GHYHORSHG� E\� VXSHUYLVHG� DQG� XQVXSHUYLVHG

GHFRPSRVLWLRQ� UHYHDOHG� WKDW� KXPDQ� DVVLVWDQFH� KDG� D� SRVLWLYH� HIIHFW� RQ� ERWK� WKH

FRPSUHKHQVLELOLW\� DQG� FODVVLILFDWLRQ� DFFXUDF\�� ,W� ZDV� IXUWKHU� VKRZQ� WKDW� WKH

GHFRPSRVLWLRQ�LV�D�JRRG�JHQHUDOL]HU�DQG�IRU�WKLV�SUREOHP�RXWSHUIRUPHG�D�VWDWH�RI�WKH�

DUW�LQGXFWLRQ�WRRO�&����

7KH�GHFRPSRVLWLRQ�DSSURDFK�DV�SUHVHQWHG�LQ�WKLV�SDSHU�LV�OLPLWHG�WR�FRQVLVWHQW�VHWV

RI� H[DPSOHV�XVLQJ�GLVFUHWH� DWWULEXWHV� DQG�XWLOLW\��+RZHYHU�� UHFHQWO\�GHYHORSHG�QRLVH

DQG� XQFHUWDLQW\� KDQGOLQJ� PHFKDQLVPV� �=XSDQ� ����� DQG� DQ� DSSURDFK� WR� KDQGOH

FRQWLQXRXVO\�YDOXHG� DWWULEXWHV� �'HPãDU�� HW� DO������ ZLOO� HQDEOH� +,17� WR� EH� XVHG� LQ

PRUH�JHQHUDO�PRGHO�GHYHORSLQJ�WDVNV�WKDW�DUH�SODQQHG�IRU�WKH�IXWXUH�
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$QRWKHU�LPSRUWDQW�LVVXH�IRU�IXUWKHU�ZRUN�LV�UHODWHG�WR�WKH�LQWHUSUHWDWLRQ�RI��GHULYHG

H[DPSOH�VHWV��&XUUHQWO\��HDFK�FRQFHSW�LQ�WKH�GHYHORSHG�GHFLVLRQ�PRGHO�LV�GHILQHG�E\�D

VHW�RI�H[DPSOHV��ZKRVH�LQYHVWLJDWLRQ�DQG�LQWHUSUHWDWLRQ�LV� OHIW� WR� WKH�GHFLVLRQ�PDNHU�

8QOHVV�WKH�VHW�LV�SDUWLFXODUO\�VPDOO��VXFK�DQ�LQWHUSUHWDWLRQ�PD\�EH�GLIILFXOW��UHVXOWLQJ�LQ

D� OHVV� FRPSUHKHQVLEOH� GHFLVLRQ� PRGHO�� )RUWXQDWHO\�� WKHUH� LV� D� QXPEHU� RI� H[LVWLQJ

PHWKRGV� WKDW� FRXOG� EH� XVHG� WR� DVVLVW� LQ� WKH� LQWHUSUHWDWLRQ�� IRU� H[DPSOH� UHJUHVVLRQ�

PDFKLQH�OHDUQLQJ�DQG�YLVXDOL]DWLRQ��:H�ZLOO�DWWHPSW�WR�H[WHQG�WKH�SURSRVHG�DSSURDFK

E\�D�V\VWHPDWLF�VHOHFWLRQ�RI�VXFK�LQWHUSUHWDWLRQ�PHWKRGV�DQG�FRUUHVSRQGLQJO\�HQKDQFH

+,17¶V�FDSDELOLWLHV�

��5HIHUHQFHV
5��/��$VKHQKXUVW���������7KH�GHFRPSRVLWLRQ�RI�VZLWFKLQJ�IXQFWLRQV��7HFKQLFDO�UHSRUW��%HOO�/DERUDWRULHV

%/��������S�����±����

0��%RKDQHF��%��&HVWQLN��DQG�9��5DMNRYLþ���������$�PDQDJHPHQW�GHFLVLRQ�VXSSRUW�V\VWHP�IRU�DOORFDWLQJ

KRXVLQJ� ORDQV�� ,Q� 3��+XPSUH\V�� /��%DQQRQ��$��0F&RVK�� DQG� 3��0LJOLDUHVH�� HGLWRUV�� ,PSOHPHQWLQJ

6\VWHP�IRU�6XSSRUWLQJ�0DQDJHPHQW�'HFLVLRQV��S����±����&KDSPDQ�	�+DOO��/RQGRQ�

0��%RKDQHF� DQG� 9��5DMNRYLþ� �������� '(;�� $Q� H[SHUW� V\VWHP� VKHOO� IRU� GHFLVLRQ� VXSSRUW�� 6LVWHPLFD�

������S�����±����

+��$��&XUWLV���������$�1HZ�$SSURDFK�WR�WKH�'HVLJQ�RI�6ZLWFKLQJ�)XQFWLRQV��9DQ�1RVWUDQG��3ULQFHWRQ�

1�-�

-��'HPãDU�� %��=XSDQ�� 0��%RKDQHF�� DQG� ,��%UDWNR� �������� &RQVWUXFWLQJ� LQWHUPHGLDWH� FRQFHSWV� E\

GHFRPSRVLWLRQ� RI� UHDO� IXQFWLRQV�� ,Q�0��YDQ�6RPHUHQ� DQG�*��:LGPHU�� HGLWRUV��0DFKLQH� /HDUQLQJ�

(&0/�����S����±�����6SULQJHU�9HUODJ�

5��/��.HHQH\� DQG� +��5DLIID� �������� 'HFLVLRQV� ZLWK� 0XOWLSOH� 2EMHFWLYHV�� 3UHIHUHQFHV� DQG� 9DOXH

7UDGHRIIV��:LOH\�

7��/XED� �������� 'HFRPSRVLWLRQ� RI� PXOWLSOH�YDOXHG� IXQFWLRQV�� ,Q� ��
� �

� ,QWO��6\PSRVLXP� RQ� 0XOWLSOH�

9DOXHG�/RJLF��S�����±�����%ORRPLJWRQ��,QGLDQD�

(��*��0DOODFK���������8QGHUVWDQGLQJ�'HFLVLRQ�6XSSRUW�6\VWHPV�DQG�([SHUW�6\VWHPV��,UZLQ�

'��0LFKLH� �������� 3UREOHP� GHFRPSRVLWLRQ� DQG� WKH� OHDUQLQJ� RI� VNLOOV�� ,Q� 1��/DYUDþ� DQG� 6��:UREHO�

HGLWRUV�� 0DFKLQH� /HDUQLQJ�� (&0/����� 1RWHV� LQ� $UWLILFLDO� ,QWHOOLJHQFH� ����� S����±���� 6SULQJHU�

9HUODJ�

$��3HUNRZVNL��7��/XED��6��*U\JLHO��3��%XUNH\��0��%XUQV��1��,OLHY��0��.ROVWHUHQ��5��/LVDQNH��5��0DOYL�

=��:DQJ�� +��:X�� )��<DQJ�� 6��=KRX�� DQG� -��6��=KDQJ� �������� 8QLILHG� DSSURDFK� WR� IXQFWLRQDO

GHFRPSRVLWLRQV� RI� VZLWFKLQJ� IXQFWLRQV�� 7HFKQLFDO� UHSRUW�� :DUVDZ� 8QLYHUVLW\� RI� 7HFKQRORJ\� DQG

(LQGKRYHQ�8QLYHUVLW\�RI�7HFKQRORJ\�

/��'��3KLOOLSV���������'HFLVLRQ�DQDO\VLV�DQG�LWV�DSSOLFDWLRQV�LQ�LQGXVWU\��,Q�*��0LWUD��HGLWRU��&RPSXWHU

$VVLVWHG�'HFLVLRQ�0DNLQJ��S�����±�����(OVHYLHU��1RUWK�+RODQG��

-��5��4XLQODQ���������&�����3URJUDPV�IRU�0DFKLQH�/HDUQLQJ��0RUJDQ�.DXIPDQQ�3XEOLVKHUV�

9��5DMNRYLþ� DQG�0��%RKDQHF� �������� 'HFLVLRQ� VXSSRUW� E\� NQRZOHGJH� H[SODQDWLRQ�� ,Q� +��*��6RO� DQG

-��9HFVHQ\L��HGLWRUV��(QYLURQPHQWV�IRU�6XSSRUWLQJ�'HFLVLRQ�3URFHVVHV��S����±����1RUWK�+ROODQG�

7��'��5RVV��0��-��1RYLVNH\��'��$��*DGG��DQG�-��$��*ROGPDQ���������3DWWHUQ�WKHRUHWLF�IHDWXUH�H[WUDFWLRQ

DQG� FRQVWUXFWLYH� LQGXFWLRQ�� ,Q� 3URF��0/�&2/7� 
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