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7KH� WKHPH� RI� WKLV� ZRUNVKRS� LV� DUWLILFLDO� SHUFHSWLRQ�� ,Q� WKLV� SDSHU� ZH� ZLOO� DUJXH� WKDW� WKH�
HFRORJLFDO�IXQFWLRQ�RI�SHUFHSWLRQ�LV�WR�VHUYH�GHFLVLRQ�PDNLQJ��,I�WKLV�LV�VR�WKH�PHFKDQLVPV�FKRVHQ�WR�
LPSOHPHQW� SHUFHSWLRQ�� LQ� QDWXUDO� RU� DUWLILFLDO� V\VWHPV��ZLOO� EH� FRQVWUDLQHG� E\� WKH� UHTXLUHPHQWV� RI�
GHFLVLRQ�PDNLQJ�DQG�WKHRULHV�RI�GHFLVLRQ�PDNLQJ�ZLOO�LQHYLWDEO\�LQIOXHQFH�WKHRULHV�RI�SHUFHSWLRQ��,Q�
ZKDW� IROORZV�ZH�ZLOO� ORRN�DW�GHFLVLRQ�PDNLQJ� IURP�ZKDW�ZH�KRSH� LV�D�QHZ�SHUVSHFWLYH��DSSO\LQJ�
FRQFHSWV� DQG� WHFKQLTXHV� GHYHORSHG� E\� ZKDW� ZH� ZLOO� FDOO� ³QHZ� DUWLILFLDO� LQWHOOLJHQFH´�� :H� ZLOO�
EHJLQ��LQ�3DUW���RI�WKH�SDSHU��ZLWK�D�UHYLHZ�RI�WUDGLWLRQDO��³QRUPDWLYH´�WKHRULHV�RI�GHFLVLRQ�PDNLQJ�
DQG�RI� WKH�PRXQWLQJ�ERG\�RI�H[SHULPHQWDO�HYLGHQFH��VKRZLQJ�WKH�LQDGHTXDF\�RI� WKHVH�WKHRULHV�� ,Q�
3DUW� �� ZH� ZLOO� RXWOLQH� DQ� DOWHUQDWLYH� HFRORJLFDO�ELRORJLFDO� YLHZ� RI� GHFLVLRQ�PDNLQJ�� LQVSLUHG� E\�
FRPSXWHU� PRGHOV� IURP� WKH� ILHOGV� RI� ³$UWLILFLDO� 1HXUDO� 1HWZRUNV´�� ³$UWLILFLDO� (YROXWLRQ´� DQG�
³(YROXWLRQDU\�5RERWLFV��)LQDOO\�� LQ�SDUW����ZH�ZLOO�EULHIO\�H[DPLQH�KRZ�IDU�WKLV�QHZ�YLHZ�PD\�EH�
FRQVLGHUHG�WR�EH�ELRORJLFDOO\�UHDOLVWLF�DQG�H[DPLQH�VRPH�RI�WKH�SRVVLEOH�FRQVHTXHQFHV�IRU�WKHRULHV�
RI�SHUFHSWLRQ�DQG�RI�LQGLYLGXDO�SHUFHSWLYH�V\VWHPV��
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7UDGLWLRQDO� WKHRULHV� RI� GHFLVLRQ�PDNLQJ� KDYH� WKHLU� URRWV� LQ� FODVVLFDO� DQG� QHR�FODVVLFDO�
HFRQRPLFV� DQG� DUH� HVVHQWLDOO\� QRUPDWLYH� LQ� QDWXUH� >6KDILU� 	� 7YHUVN\�� ����@��7KH� JRDO� RI� WKHVH�
WKHRULHV� LV� WR� GHVFULEH� KRZ� UDWLRQDO� GHFLVLRQ�PDNHUV� VKRXOG� WDNH� WKHLU� GHFLVLRQV� DQG� WR� SUHVFULEH�
FULWHULD�IRU�ZKDW�VKRXOG��DQG�VKRXOG�QRW�EH�FRQVLGHUHG��DV�UDWLRQDO�EHKDYLRU���

7KH� WKHRU\� RI� GHFLVLRQ�PDNLQJ� KDV� EHHQ� WUDGLWLRQDOO\� IRUPXODWHG� DV� D� ³WKHRU\� RI� UDWLRQDO�
FKRLFH´�� ,Q� WKLV� YLHZ� D� UDWLRQDO� GHFLVLRQ�PDNHU� ³VFRUHV´� WKH� H[SHFWHG� FRQVHTXHQFHV� RI� D� VHW� RI�
DOWHUQDWLYH� SROLFLHV�� 3ROLFLHV� OHDGLQJ� WR� IDYRXUDEOH� RXWFRPHV� UHFHLYH� D� KLJK� VFRUH� DQG� SROLFLHV�
OHDGLQJ� WR�XQIDYRXUDEOH�RXWFRPHV� D� ORZ�RQH��:KHQ�DOO�SRVVLEOH�SROLFLHV�KDYH�EHHQ�H[DPLQHG� WKH�
GHFLVLRQ�PDNHU�PDNHV�D�UDWLRQDO�FKRLFH��FKRRVLQJ�WKH�SROLF\�ZLWK�WKH�KLJKHVW�VFRUH���

7KLV�YLHZ�RI�GHFLVLRQ�PDNLQJ�KDV�D�QXPEHU�RI�LPSOLFDWLRQV��,Q�SDUWLFXODU��
� 5DWLRQDO� FKRLFHV� DUH� EDVHG�� E\� GHILQLWLRQ�� RQ� REMHFWLYH� IDFWV�� WKH\� VKRXOG� WKHUHIRUH� EH�

GHVFULSWLRQ�LQYDULDQW���*LYHQ�D�VHW�RI�SRVVLEOH�SROLFLHV�DQG�WKHLU�NQRZQ�FRQVHTXHQFHV�WZR�
UDWLRQDO�GHFLVLRQ�PDNHUV��ZLWK�WKH�VDPH�SUHIHUHQFHV��VKRXOG�FDOFXODWH�WKH�VDPH�VFRUHV�DQG�
DUULYH�DW�WKH�VDPH�GHFLVLRQ��UHJDUGOHVV�RI�WKH�ZD\�LQ�ZKLFK�WKH�SUREOHP�LV�IRUPXODWHG��



� 3UHIHUHQFHV�VKRXOG�H[KLELW�WUDQVLWLYLW\��LI�D�GHFLVLRQ�PDNHU�SUHIHUV�SROLF\�$�WR�SROLF\�%�DQG�
SROLF\�%�WR�SROLF\�&�VKH�VKRXOG�SUHIHU�SROLF\�$�WR�SROLF\�&��

&ODVVLFDO� H[SHULPHQWV� FRQGXFWHG� GXULQJ� WKH� ����V� DQG� ����V�� KDYH� VKRZQ� WKDW� WKHVH�
SUHGLFWLRQV�DUH�IDOVH��

,Q� RQH� H[SHULPHQW� >7YHUVN\� 	� .DKQHPDQ�� ����@� WZR� JURXSV� RI� YROXQWHHUV� ZHUH� DVNHG� WR�
FRQVLGHU�DOWHUQDWLYH�SODQV�WR�ILJKW�D�YLUDO�HSLGHPLF�H[SHFWHG�WR�FDXVH�����FDVHV�RI�D�SRWHQWLDOO\�IDWDO�
GLVHDVH��7KH�ILUVW�JURXS�ZDV�WROG�WKDW�3ROLF\�$�ZRXOG�VDYH�����OLYHV�ZKHUHDV�3ROLF\�%�ZRXOG�HLWKHU�
FRPSOHWHO\� IDLO�� OHDGLQJ� WR� ���� GHDWKV�� RU� SURYH� ����� HIIHFWLYH�� VDYLQJ� DOO� ���� SDWLHQWV�� � 7KH�
PDMRULW\�RI�YROXQWHHUV�LQ�WKLV�JURXS�FKRVH�3ROLF\�$��

7KH�VHFRQG�JURXS�RI�YROXQWHHUV�ZDV�WROG�WKDW�ZLWK�3ROLF\�$�WKHUH�ZRXOG�EH�����GHDWKV��SROLF\�
%�ZDV�GHVFULEHG�LQ�WKH�VDPH�ZD\�DV�IRU�WKH�ILUVW�JURXS��7KLV�VHFRQG�JURXS�FKRVH�3ROLF\�%���

,Q� UHDOLW\� WKH� WZR� SROLFLHV� DUH� LGHQWLFDO��:LWK� ���� FDVHV� WZR� KXQGUHG� VXFFHVVHV� LPSO\� IRXU�
KXQGUHG�GHDWKV�DQG�YLFH�YHUVD���7KH�GLIIHUHQFH�LQ�WKH�UHDFWLRQ�RI�WKH�WZR�JURXSV�VHHPV�WR�GHSHQG�RQ�
WKH� GLIIHUHQW� ZD\V� LQ� ZKLFK� WKH� SUREOHP� LV� IRUPXODWHG�� 7KLV� LV� D� FOHDU� YLRODWLRQ� RI� GHVFULSWLRQ�
LQYDULDQFH��

$� VHFRQG� FODVVLF� H[SHULPHQW� WHVWHG� WKH� SUHGLFWLRQ� RI� WUDQVLWLYLW\� >7YHUVN\� ����@�� +HUH�
YROXQWHHUV� ZHUH� DVNHG� WR� VLPXODWH� WKH� VHOHFWLRQ� RI� FDQGLGDWHV� IRU� DGPLVVLRQ� WR� XQLYHUVLW\�� 7KH�
VHOHFWLRQ�ZDV� WR�EH�EDVHG�RQ�FDQGLGDWHV¶�VFRUHV� IRU� LQWHOOLJHQFH��PHQWDO�VWDELOLW\�DQG�VRFLDO�VNLOOV��
7KH� H[SHULPHQW� ZDV� GHVLJQHG� VR� WKDW� FDQGLGDWH� %� UHFHLYHG� D� KLJKHU� VFRUH� IRU� LQWHOOLJHQFH� WKDQ�
FDQGLGDWH�$�� FDQGLGDWH�&�KDG� D� KLJKHU� VFRUH� WKDQ� FDQGLGDWH�%� DQG� VR� RQ��ZKHUHDV� WKH� VFRUHV� IRU�
VWDELOLW\� DQG� VRFLDO� VNLOOV� VKRZHG� WKH� RSSRVLWH� WUHQG� ZLWK� WKH� ORZHVW� VFRUHV� JRLQJ� WR� (� DQG� WKH�
KLJKHVW�WR�$��

'XULQJ�WKH�H[SHULPHQW�FDQGLGDWHV�ZHUH�SUHVHQWHG�WZR�DW�D�WLPH�DQG�YROXQWHHUV�ZHUH�DVNHG�WR�
LQGLFDWH�ZKLFK�RI�WKH�WZR�FDQGLGDWHV�WKH\�ZRXOG�VHOHFW��,Q�JHQHUDO�YROXQWHHUV�VKRZHG�D�SUHIHUHQFH�
IRU�KLJK�VWDELOLW\�DQG�JRRG�VRFLDO�VNLOOV��$�ZDV�SUHIHUUHG�WR�%��%�WR�&��&�WR�'�DQG�'�WR�(��:KHQ�
KRZHYHU�WKH�YROXQWHHUV�ZHUH�DVNHG�WR�FKRRVH�EHWZHHQ�$�DQG�(�D�ODUJH�PDMRULW\�FKRVH�(��+HUH�DJDLQ�
WKH�H[SHULPHQW�VKRZHG�WKDW�UHDO�KXPDQ�GHFLVLRQ�PDNHUV�IDLO�WR�VDWLVI\�WKH�SUHGLFWLRQV�RI�WKH�WKHRU\�
RI�UDWLRQDO�FKRLFH��LQ�WKLV�FDVH�WKH�SUHGLFWLRQ�RI�WUDQVLWLYLW\��

3V\FKRORJLVWV� KDYH� SUHVHQWHG� D� QXPEHU� RI� WKHRULHV� WR� H[SODLQ� WKH� FRQIOLFW� EHWZHHQ� WKH�
SUHGLFWLRQV�RI�QRUPDWLYH�WKHRU\�DQG�REVHUYHG�EHKDYLRU��6R�FDOOHG�³3URVSHFW�7KHRU\´��IRU�LQVWDQFH��
>.DKQHPDQ�	�7YHUVN\������@�DUJXHV�WKDW�GHFLVLRQ�PDNHUV�WHQG�WR�LJQRUH�VPDOO�GLIIHUHQFHV��L�H��WKH�
UHODWLYHO\�VPDOO�GLIIHUHQFHV�LQ�WKH�LQWHOOLJHQFH�VFRUHV�RI�$�DQG�%��%�DQG�&�HWF���PDNLQJ�WKHLU�FKRLFHV�
RQ�WKH�EDVLV�RI�PDMRU�GLIIHUHQFHV��VXFK�DV�WKH�ODUJH�GLIIHUHQFH�LQ�WKH�LQWHOOLJHQFH�VFRUHV�RI�$�DQG�(���
$� QXPEHU� RI� DOWHUQDWLYH� H[SODQDWLRQV� KDYH� DOVR� EHHQ� RIIHUHG�� 7KHVH� H[SODQDWLRQV� DUH� WKHRULHV� RI�
LPSHUIHFW�UDWLRQDOLW\���+XPDQ�EHLQJV��ZH�DUH�DVNHG�WR�EHOLHYH��DUH�QRW�FOHYHU�HQRXJK�RU�GR�QRW�KDYH�
HQRXJK�LQIRUPDWLRQ�WR�DFKLHYH�WKH�KLJKHU�UDWLRQDOLW\�RI�WKH�HFRQRPLVW��
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)URP� D� ELRORJLFDO� RU� DQ� HFRORJLFDO� YLHZSRLQW� D� ³UDWLRQDO´� GHFLVLRQ�PDNLQJ� SURFHGXUH� LV� D�
SURFHGXUH��ZKLFK��ZKHQ�DSSOLHG�UHSHDWHGO\��EHQHILWV�WKH�UHSURGXFWLYH�ILWQHVV�RI�WKH�GHFLVLRQ�PDNHU��
,Q�ZKDW� IROORZV�ZH�XVH� WKHRUHWLFDO�DQG�H[SHULPHQWDO� UHVXOWV� IURP�³1HZ�$UWLILFLDO� ,QWHOOLJHQFH´� WR�
VXJJHVW� WKDW� WKHUH� H[LVW� RUJDQLVPV� ZKRVH� GHFLVLRQ�PDNLQJ� LV� SHUIHFWO\� UDWLRQDO� LQ� WKLV� ELRORJLFDO�
VHQVH�\HW�ZKRVH�EHKDYLRU�IDLOV�WR�VDWLVI\�WKH�SUHGLFWLRQV�RI�WKH�WKHRU\�RI�UDWLRQDO�FKRLFH��7KLV�LQ�WXUQ�
OHDGV�XV�WR�UHFRQVLGHU�RXU�GHILQLWLRQ�RI�UDWLRQDO�EHKDYLRU��

$V�D� WKRXJKW�H[SHULPHQW�� LPDJLQH� WKH�GHVLJQ�RI� WZR�$UWLILFLDO�1HXUDO�1HWZRUNV��7KH�ILUVW�RI�
WKHVH� QHWZRUNV� LV� GHVLJQHG� WR� UHSURGXFH� WKH� SUHGLFWHG� EHKDYLRU� RI� YROXQWHHUV� RQ� WKH� ³VWXGHQW�
VHOHFWLRQ´�WDVN�GHVFULEHG�HDUOLHU��WKH�VHFRQG�QHWZRUN�LV�GHVLJQHG�WR�UHSURGXFH�WKHLU�DFWXDO��REVHUYHG�
EHKDYLRU��



7KH� WDVN� RI� UHSURGXFLQJ� WKH�
SUHGLFWHG�EHKDYLRU� LV�D� VLPSOH�RQH��$Q\�
DOJRULWKP� ZKLFK� FRPSXWHV� D� VLQJOH�
YDOXHG� VFRUH� IRU� HDFK� VWXGHQW� DV� D�
IXQFWLRQ�RI�KHU�LQWHOOLJHQFH��VWDELOLW\�DQG�
VRFLDO� VNLOOV� ZLOO� DXWRPDWLFDOO\�
GHPRQVWUDWH� WUDQVLWLYLW\�� ,I� WKH� UHVXOWV�RI�
WKH� WHVWV� DUH� FRGHG� DV� LQWHJHUV� ZLWK�
PD[LPXP� YDOXH� N� HYHQ� WKH� PRVW�
FRPSOH[� VFRULQJ� IXQFWLRQ� FDQ� EH�
UHSUHVHQWHG�DV�D� ORRN�XS�WDEOH�ZLWK� �N �HQWULHV��$SSO\LQJ�D�QXPEHU�RI�VLPSOLI\LQJ�DVVXPSWLRQV�ZH�
FDQ�PRGHO�RXU�QHWZRUN�DV�WKH�³VLQJOH�OD\HU�SHUFHSWURQ´�GHSLFWHG�LQ�)LJXUH����

0RGHOOLQJ� WKH� DFWXDO� EHKDYLRU�
LV� UDWKHU� PRUH� FRPSOH[�� +HUH� WKH�
VHOHFWRU�KDV� WR�FRPSDUH�FRXSOHV� �RU�
RWKHU� JURXSLQJV�� RI� VWXGHQWV�� � 7KH�
QHWZRUN� ZLOO� WKHUHIRUH� UHTXLUH� �DW�
OHDVW�� WZLFH� DV� PXFK� LQSXW�
�LQWHOOLJHQFH�� VWDELOLW\�� VRFLDO� VNLOOV�
IRU� VWXGHQW��� LQWHOOLJHQFH�� VWDELOLW\��
VRFLDO� VNLOOV� IRU� VWXGHQW���� )RU� DQ�
DUELWUDU\� VFRULQJ� V\VWHP� WKLV�
UHTXLUHV�D�ORRN�XS�WDEOH�RI��DW�OHDVW��

�N HQWULHV�� ,I� ZH� WU\� DQG� WUDLQ� D�
QHWZRUN� WR� UHSURGXFH� WKH� EHKDYLRU�
REVHUYHG� LQ� WKH� ODERUDWRU\� ZH�
GLVFRYHU� WKDW� WKH� SUREOHP� LV� QRW�

³OLQHDUO\� VHSDUDEOH´�DQG�FDQQRW�EH� UHVROYHG�E\�D� VLQJOH� OD\HU�SHUFHSWURQ�� �7KH�VLPXODWLRQ�RI�QRQ�
WUDQVLWLYH� FKRLFHV� UHTXLUHV� WKH� NLQG� RI�PXOWL�OD\HU� QHWZRUN� VKRZQ� LQ� )LJXUH� ��� 8QH[SHFWHGO\�ZH�
GLVFRYHU� WKDW�³LPSHUIHFW� UDWLRQDOLW\´� LV�KDUGHU� WR�PRGHO� WKDQ� WKH�³SHUIHFW� UDWLRQDOLW\´�SUHGLFWHG�E\�
WKH� WKHRU\�RI� UDWLRQDO� FKRLFH��:K\��RQH�DVNV�� VKRXOG�QDWXUH�FKRRVH�D�FRPSOH[�VROXWLRQ�ZLWK�SRRU�
SHUIRUPDQFH�ZKHQ�WKHUH�H[LVWV�D�VLPSOHU�VROXWLRQ�ZKLFK�ZRXOG�ZRUN�EHWWHU"��2WKHU�ZRUN�LQ�³1HZ�
$UWLILFLDO�,QWHOOLJHQFH´�PD\�KHOS�WR�SURYLGH�DQ�DQVZHU���

7KH� FRQFHSWXDO� URRWV� RI� $UWLILFLDO� 1HXUDO� 1HWZRUNV� DUH� JURXQGHG� LQ� DQ� ³LQIRUPDWLRQ�
SURFHVVLQJ´�YLHZ�RI�FRJQLWLRQ��1HXUDO�QHWZRUNV�WDNH�DQ�LQSXW�DQG�SURFHVV�WKLV�LQSXW�WR�SURGXFH�DQ�
RXWSXW�>5XPHOKDUW�	�0F/HOODQG������@���0RUH�UHFHQW�ZRUN�LQ�WKH�³1HZ�$UWLILFLDO�,QWHOOLJHQFH´�KDV�
WHQGHG��RQ�WKH�RWKHU�KDQG��WR�WDNH�DQ�HFRORJLFDO�VWDQFH��FRQVLGHULQJ�QRW�MXVW�WKH�QHXUDO�QHWZRUN�EXW�
WKH� ZD\� LQ� ZKLFK� RUJDQLVPV� LQWHUDFW� ZLWK� WKH� HQYLURQPHQW� >&ODUN�� ������ 3DULVL�� ����@�� ,Q� WKLV�
LQWHUDFWLRQ� WKH� RQO\� GDWD�ZKLFK� WKH� RUJDQLVP� FDQ� XVH� LV� WKH� GDWD� SURYLGHG� E\� LWV� VHQVRUV�� 6HQVRU�
LQSXW�GHSHQGV�RQ�WKH�SRVLWLRQ�RI�WKH�RUJDQLVP�DQG�WKXV�RQ�LWV�RZQ�DFWLRQV��2UJDQLVPV�WDNH�DQ�HJR�
FHQWULF�YLHZ�RI�WKHLU�HQYLURQPHQW��UDWLRQDO�EHKDYLRU�FRQVLVWV�LQ�PDNLQJ�WKH�EHVW�SRVVLEOH�XVH�RI�WKLV�
YLHZ��

(FRORJLFDO�PRGHOV� UDLVH�D�VHULHV�RI�QHZ�LVVXHV� IRU�PRGHOV�RI�FRJQLWLRQ�DQG�GHFLVLRQ�PDNLQJ��
2QH� RI� WKHVH� LV� WKH� LVVXH� RI� VR�FDOOHG� ³3HUFHSWXDO� $OLDVLQJ´� >1ROIL�� ����@�� ,Q� DQ� HFRORJLFDOO\�
JURXQGHG�PRGHO�GLIIHUHQW�HQYLURQPHQWDO� VLWXDWLRQV�� UHTXLULQJ�GLIIHUHQW�GHFLVLRQV�E\� WKH�RUJDQLVP��
PD\�� DW� D� SDUWLFXODU� PRPHQW�� JHQHUDWH� LGHQWLFDO� LQSXW� WR� WKH� RUJDQLVP¶V� VHQVRUV�� $� ODUJH� REMHFW��
YLHZHG�IURP�D�GLVWDQFH��PD\��IRU�H[DPSOH��SURGXFH�WKH�VDPH�LPDJH�RQ�WKH�UHWLQD�DV�D�VPDOOHU�REMHFW�
YLHZHG� IURP� FORVHU� WR��7KLV� KDV� LPSOLFDWLRQV� IRU� RXU� WKHRULHV� RI� GHFLVLRQ�PDNLQJ�� ,Q�SDUWLFXODU� LW�
PHDQV� WKDW� IRU� D� SK\VLFDO� RUJDQLVP�� LQKDELWLQJ� D� SK\VLFDO� HQYLURQPHQW� WKHUH� H[LVWV� QR� VLPSOH�
PDSSLQJ� IURP� LQSXW� WR�RXWSXW�FDSDEOH�RI�SURGXFLQJ�ELRORJLFDOO\�RSWLPDO�EHKDYLRU��$�ELRORJLFDOO\�
RSWLPDO� GHFLVLRQ�PDNLQJ� PHFKDQLVP� KDV� WR� EH� FRQWH[W�VHQVLWLYH�� WR� UHDFW� LQ� GLIIHUHQW� ZD\V� DW�
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)LJXUH� ��� 'HVLJQ� IRU� D� QHXUDO� QHWZRUN� GLVSOD\LQJ� WKH
SUHGLFWHG�EHKDYLRU�RQ�WKH�³VWXGHQW�VHOHFWLRQ´�WDVN�



GLIIHUHQW� WLPHV��7KLV� OHDGV�WR�QHZ�TXHVWLRQV��+RZ�FDQ�ZH��RU�QDWXUH��GHVLJQ�DQ�DGDSWLYH�GHFLVLRQ�
PDNLQJ�PHFKDQLVP"�:KDW�DUH� OLNHO\� WR�EH� WKH�FKDUDFWHULVWLFV�RI�VXFK�D�V\VWHP"�+HUH�DJDLQ�³1HZ�
$UWLILFLDO�,QWHOOLJHQFH´�FDQ�SURYLGH�XV�ZLWK�XVHIXO�LQVLJKW���

7KH�GHFLVLRQ�PDNLQJ�FDSDELOLWLHV�RI�QDWXUDO�RUJDQLVPV�DUH�WKH�IUXLW�RI�DQ�HYROXWLRQDU\�SURFHVV��
³1HZ�$UWLILFLDO�,QWHOOLJHQFH´�KDV�SURGXFHG�PRGHOV�ZKLFK�VLPXODWH�WKLV�SURFHVV�WR�HYROYH�³DUWLILFLDO�
RUJDQLVPV´�ZLWK�VSHFLILF�FRJQLWLYH�DELOLWLHV�>+ROODQG��������0LWFKHOO�����@���7KLV�ZRUN�KDV�PDGH�LW�
SRVVLEOH�WR�XQGHUVWDQG�VRPH�RI�WKH�FRQVWUDLQWV�ZKLFK�DSSO\�WR�HYROXWLRQDU\�SURFHVVHV��2QH�RI�WKHVH�
FRQVWUDLQWV� LV� WKDW� HYROXWLRQ� LV� QHFHVVDULO\� SURFHHGV� ³VWHS� E\� VWHS´�� � ,Q� RXU� H[SHULPHQWV�ZH� KDYH�
GLVFRYHUHG� WKDW� LW� LV� LPSRVVLEOH� WR�HYROYH�D�FRPSOH[�EHKDYLRU� LQ�D�VLQJOH�VWHS��7KH�PRVW�HIIHFWLYH�
VWUDWHJ\�LV�WR�HYROYH�UHODWLYHO\�VPDOO�PRGXOHV��ZLWK�UHODWLYHO\�VLPSOH�EHKDYLRUV��DQG�WKHQ�WR�HYROYH�
FRQQHFWLRQV��EHWZHHQ�WKHVH�PRGXOHV�VR�DV�WR�SURGXFH�PRUH�FRPSOH[��HPHUJHQW�EHKDYLRUV��$�VHFRQG�
FRQVWUDLQW� LV� WKH�QHHG�IRU� UHGXQGDQF\�� � ,Q�ZRUN�FXUUHQWO\� LQ�SURJUHVV�ZH�VKRZ�WKDW�SRSXODWLRQV�RI�
DUWLILFLDO� RUJDQLVPV� HYROYH� PRVW� HIIHFWLYHO\� ZKHQ� LQGLYLGXDO� RUJDQLVPV� LQ� WKH� SRSXODWLRQ� DUH�
³UHGXQGDQW´�� WKDW� LV�ZKHQ� WKH\� LQFOXGH�PDQ\�PRUH� FRPSRQHQWV� WKDQ� DUH� VWULFWO\�QHHGHG� WR�GR� WKH�
MRE��/DVW�EXW�QRW�OHDVW�H[SHULPHQWHUV�KDYH�GHPRQVWUDWHG�WKDW�HYROXWLRQ�ZRUNV�PRVW�HIIHFWLYHO\�ZKHQ�
LW� LV� FRPELQHG� ZLWK� OHDUQLQJ�� '�� )ORUHDQR� RI� ()/� /DXVDQQH� >)ORUHDQR� 	� 8U]HODL�� ����@�� IRU�
H[DPSOH�� KDV� SURGXFHG� PRGHOV� ZKLFK� XVH� HYROXWLRQ� WR� GHVLJQ� WKH� OHDUQLQJ� UXOHV� IRU� LQGLYLGXDO�
V\QDSVHV�DOORZLQJ�WKH�ZHLJKWV�RI�WKH�V\QDSVHV�WR�FKDQJH�FRQWLQXRXVO\�GXULQJ�LQWHUDFWLRQV�EHWZHHQ�
WKH�RUJDQLVP�DQG�WKH�HQYLURQPHQW��

3XWWLQJ� WKHVH� FRQVWUDLQWV� WRJHWKHU� ZH� FDQ� GHULYH� D� QXPEHU� RI� FRQVHTXHQFHV� IRU� D� WKHRU\� RI�
GHFLVLRQ�PDNLQJ�� �7KH� UHTXLUHPHQW� WKDW�HYROXWLRQ�VKRXOG�SURFHHG�³VWHS�E\�VWHS´� LPSOLHV� WKDW� LW� LV�
YHU\�KDUG�WR�HYROYH�ELJ��FRPSOH[�UXOHV�LQ�D�VLQJOH�VWHS�DQG�WKDW�LW�LV�HDVLHU�WR�HYROYH�KLHUDUFKLHV�RI�
VLPSOH� UXOHV�� SHUKDSV�ZLWK� FRPSOH[� HPHUJHQW� SURSHUWLHV�� 7KH� UHTXLUHPHQW� IRU� UHGXQGDQF\�PHDQV�
WKDW�D�V\VWHP�JRYHUQHG�E\�D�ODUJH��IXQFWLRQDOO\�LQHIILFLHQW��VHW�RI�UXOHV��ZLOO�KDYH�D�JUHDWHU�DELOLW\�WR�
DGDSW� WR�D�FKDQJLQJ�HQYLURQPHQW� WKDQ�D� VPDOOHU��PRUH�HIILFLHQW� V\VWHP��0RVW� LPSRUWDQW�RI�DOO� WKH�
UHTXLUHPHQW�IRU� OHDUQLQJ�VLJQLILHV� WKDW�HIIHFWLYH�GHFLVLRQ�PDNLQJ�SURFHGXUHV�KDYH�WR�EH�FDSDEOH�RI�
FKDQJLQJ�RYHU�WLPH�±�SHUKDSV�RQ�D�YHU\�UDSLG�WLPH�VFDOH��,Q�VKRUW�D�³ELRORJLFDOO\�UDWLRQDO´�GHFLVLRQ�
PDNLQJ� V\VWHP� VKRXOG� PDNH� LWV� GHFLVLRQV� XVLQJ� ODUJH� QXPEHUV� RI� VLPSOH� UXOHV� EDVHG� RQ� ³ORFDO�
LQSXW´��LW�VKRXOG��ZKDW�LV�PRUH�KDYH�WKH�DELOLW\�WR�FKDQJH�LWV�UXOHV�UDSLGO\�LQ�UHVSRQVH�WR�FKDQJHV�LQ�

)LJXUH����'HWRXU�EHKDYLRU�

)LJXUH� ��� 6ROXWLRQV� WR� WKH� GHWRXU� SUREOHP� E\� DQ�
DUWLILFLDOO\�HYROYHG�RUJDQLVP�

�



FRQWH[W��6\VWHPV�ZKLFK�PHHW�WKHVH�FULWHULD�DUH�OLNHO\�WR�EHQHILW�IURP�DQ�LPSRUWDQW�VLGH�HIIHFW��,W�LV�
SUHFLVHO\�WKLV�NLQG�RI�V\VWHP�ZKLFK�LV� OLNHO\�WR�SURYH�PRVW�UREXVW�ZKHQ�IDFHG�ZLWK�HQYLURQPHQWDO�
FKDQJH��

7ZR� H[DPSOHV� FDQ� KHOS� WR� LOOXVWUDWH� WKH� NLQG� RI� UREXVW� GHFLVLRQ�PDNLQJ� V\VWHP� ZKLFK�
HYROXWLRQ�FDQ�SURGXFH��7KH�ILUVW�RI�WKHVH�V\VWHPV��GHYHORSHG�E\�RQH�RI�WKH�DXWKRUV��LQ�FROODERUDWLRQ�
ZLWK� 2�� 0LJOLQR�� >:DONHU� 	� 0LJOLQR�� ����@� LV� D� V\VWHP� GHVLJQHG� WR� VLPXODWH� VR�FDOOHG� GHWRXU�
EHKDYLRU�ZKHQ�DQ�DQLPDO��VHH�)LJXUH����WKH�DQLPDO�³GHWRXUV´�URXQG�DQ�REVWDFOH�LQ�RUGHU�WR�UHDFK�D�
WDUJHW���,Q�WKH�H[SHULPHQW�WKH�DXWKRUV�³HYROYHG´�D�SRSXODWLRQ�RI�DUWLILFLDO�RUJDQLVPV�ZLWK�WKH�DELOLW\�
WR�SHUIRUP�WKH�WDVN��7KH�EHKDYLRU�RI�D�W\SLFDO�RUJDQLVP�LV�VKRZQ�LQ�)LJXUH����7KLV�EHKDYLRU�FDQ�EH�
VXPPDUL]HG�LQ�WKUHH�UXOHV��

� �0DLQ��0RYH� IRUZDUG� WXUQLQJ� ILUVW� FORFNZLVH� �VORZO\�� DQG� WKHQ� DQWL�FORFNZLVH� �PRUH�
UDSLGO\���

� �7D[LV��2Q�YLVXDO�FRQWDFW�ZLWK�WDUJHW�WXUQ�VKDUSO\�WRZDUGV�WKH�WDUJHW��5HWXUQ�WR�0DLQ�
� �:DOO�IROORZLQJ��,I�OHIW�SUR[LPLW\�VHQVRUV�DFWLYH�WXUQ�ULJKW��,I�ULJKW�VHQVRUV�DFWLYH�WXUQ�

OHIW��0RYH�IRUZDUGV�XQWLO�REVWDFOH�RXW�RI�YLHZ��5HWXUQ�WR�0DLQ�
$W�QR�WLPH�LQ�WKLV�H[SHULPHQW�GRHV�WKH�³DQLPDO´�KDYH�D�FRPSOHWH�YLHZ�RI�LWV�HQYLURQPHQW��DW�

QR� WLPH� WKHUHIRUH� LV� LW� LQ� D� SRVLWLRQ� WR� HYDOXDWH� WKH� FRQVHTXHQFHV� RI� LWV� IXWXUH� DFWLRQV�� 7KH�
LQIRUPDWLRQ�XVHG�E\� WKH�RUJDQLVP�FRPHV�FRPSOHWHO\� IURP�LWV�VHQVRUV�DQG�GHSHQGV�QRW� MXVW�RQ� WKH�
REMHFWLYH�FKDUDFWHULVWLFV�RI�HQYLURQPHQW�EXW�DOVR�RQ�WKH�DQLPDO¶V�SRVLWLRQ�ZLWKLQ�WKH�HQYLURQPHQW��
7KLV� LQ� WXUQ� GHSHQGV� RQ� WKH� DQLPDO¶V� SUHYLRXV� DFWLRQV��7KH� ³UDWLRQDOLW\´� RI� WKH� DQLPDOV� EHKDYLRU�
GHULYHV�� LQ� WKH� ODVW� DQDO\VLV�� IURP� FRPSOH[� LQWHUDFWLRQV� EHWZHHQ� H[WUHPHO\� VLPSOH� UXOHV�� ZKLFK�
JXDUDQWHH�WKDW�WKH�GHWRXU�ZLOO�IXQFWLRQ�UREXVWO\�LQ�D�EURDG�UDQJH�RI�GLIIHUHQW�HQYLURQPHQWV��

7KH� VHFRQG�H[DPSOH�RI� HYROYHG� UDWLRQDOLW\� LV� EDVHG�RQ� WKH�ZRUN�E\�'��)ORUHDQR�� UHIHUUHG� WR�
HDUOLHU�LQ�WKLV�SDSHU��,Q�WKLV�H[SHULPHQW�>)ORUHDQR�	�8U]HODL������@�)ORUHDQR�HYROYHG�DQ�³DUWLILFLDO�
PRXVH´� ZLWK� WKH� DELOLW\� WR� VROYH� D� VLPSOH�� FRQWH[W�VHQVLWLYH� GHFLVLRQ� SUREOHP�� 7KH� ³PRXVH´�
LQKDELWHG� WKH� HQYLURQPHQW� VKRZQ� LQ� )LJXUH� ��� ,Q� WKLV�
HQYLURQPHQW� WKH� GDUN� JUH\� DUHD� ZDV� OLW� E\� DQ� HOHFWULF� OLJKW�
FRQWUROOHG�E\�D�VZLWFK��WKH�VPDOO�UHFWDQJOH�DW�WKH�ERWWRP�RI�WKH�
GLDJUDP���7KH�PRXVH�ZDV� UHZDUGHG� IRU� WKH� DPRXQW�RI� WLPH� LW�
VSHQW�LQ�WKH�LOOXPLQDWHG�DUHD�ZKHQ�WKH�OLJKW�ZDV�RQ��:KHQ�WKH�
OLJKW�ZDV�RII� WKH�RSWLPDO�EHKDYLRU� IRU� WKH�PRXVH�ZDV� WR�JR� WR�
WKH� VZLWFK� DQG� VZLWFK� LW� RQ�� ZKHQ� LW� ZDV� RQ� WKH� RSWLPDO�
EHKDYLRU� ZDV� WR� JR� WR� WKH� LOOXPLQDWHG� DUHD� DQG� VWD\� WKHUH��
)ORUHDQR� VXFFHVVIXOO\� HYROYHG�PLFH�ZLWK� WKH�DELOLW\� WR� UDSLGO\�
FKDQJH� WKHLU� GHFLVLRQ� UXOHV� DV� WKH� FRQWH[W� UHZDUGHG� GLIIHUHQW�
EHKDYLRUV��7KH�UHVXOW�LV�WKH�EHKDYLRU�LOOXVWUDWHG�LQ�WKH�GLDJUDP��
)RU� WKHVH�PLFH� WKH�PDSSLQJ� EHWZHHQ� LQSXW� DQG� RXWSXW�ZDV� D�
G\QDPLF�RQH���'HFLVLRQ�PDNLQJ�ZDV�DGDSWLYH��

%HDULQJ� LQ�PLQG� WKH�QHHG� WR�XVH� VLPSOH��PXOWLSOH��KLJKO\�
DGDSWLYH� UXOHV� RI� GHFLVLRQ�PDNLQJ�ZH� FDQ� QRZ� WU\� DQG�PRGHO�
DQ�LGHDO�VWXGHQW�VHOHFWRU��$VVXPLQJ�WKDW�WKH�VHOHFWRU¶V�JRDO�LV�WR�
SURGXFH� D� IXQFWLRQDO�� SURGXFWLYH� DFDGHPLF� FRPPXQLW\� LW� LV�
HDV\�WR�VHH�WKDW�WKH�DSSOLFDWLRQ�RI�D�VWDWLF�VHW�RI�GHFLVLRQ�UXOHV�
LV�OLNHO\�WR�SURYH�FRXQWHU�SURGXFWLYH��,I�DOO�VWXGHQWV�DUH�FKRVHQ�
XVLQJ� WKH� VDPH� FULWHULD� WKH� UHVXOW� LV� OLNHO\� WR� EH� D� ³PRQR�
FXOWXUH´� RI� YHU\� VLPLODU� VWXGHQWV� DOO� RI� ZKRP� ZLOO� EH� YHU\�
LQWHOOLJHQW��RU�YHU\�VWDEOH�RU�YHU\�VRFLDEOH��DFFRUGLQJ�WR�WKH�DFWXDO�GHFLVLRQ�UXOHV�FKRVHQ��$�UDWLRQDO�
GHFLVLRQ�PDNLQJ� SURFHGXUH� VKRXOG�� RQ� WKH� RWKHU� KDQG�� GLVSOD\� DGDSWLYLW\�� ,I�� IRU� H[DPSOH�� WKH�
FXUUHQW�UXOHV�DUH�SURGXFLQJ�DQ�RYHU�FRQFHQWUDWLRQ�RI�YHU\�LQWHOOLJHQW��XQVWDEOH��XQVRFLDEOH�VWXGHQWV�
WKH�VHOHFWLRQ�FULWHULD�VKRXOG�VKLIW�VR�DV�WR�LQFUHDVH�WKH�LQSXW�RI�VWDEOH�LQGLYLGXDOV�ZLWK�EHWWHU�VRFLDO�
VNLOOV��7KH�VNLOOHG�GHFLVLRQ�PDNHU�ZLOO��LQ�SUDFWLFH��DSSO\�PDQ\�GLIIHUHQW�UXOHV�DGDSWHG�WR�SDUWLFXODU�

)LJXUH� ��� &RQWH[W�VHQVLWLYH� GHFLVLRQ�
PDNLQJ�ZLWK�DQ�DUWLILFLDO�PRXVH�



FLUFXPVWDQFHV�� ,Q� D� SXUHO\� VWDWLF� ODERUDWRU\� VHWWLQJ� WKH� DSSOLFDWLRQ� RI� VXFK� UXOHV� PD\� QRW� PHHW�
DEVWUDFW�FULWHULD�IRU�SHUIHFW�UDWLRQDOLW\���$�GHFLVLRQ�PDNHU��WDNLQJ�KHU�GHFLVLRQV�LQ�WKLV�ZD\��LV�OLNHO\�
KRZHYHU� WR� EH� IDU� PRUH� DGDSWDEOH� DQG� WR� SURGXFH� IDU� EHWWHU� ORQJ�WHUP� UHVXOWV� WKDQ� D� FROOHDJXH��
DSSO\LQJ�D�VLQJOH�PHFKDQLFDO�VFRULQJ�V\VWHP��

�� &21&/86,216��7+(25,(6�2)�'(&,6,21�0$.,1*�$1'�3(5&(37,21�

2Q� WKH�EDVLV�RI�ZKDW�KDV�EHHQ�VDLG� VR� IDU� LW� FDQ�EH�DUJXHG� WKDW� WKH�DSSOLFDWLRQ�RI� WUDGLWLRQDO�
FULWHULD� IRU� UDWLRQDOLW\� LV� OLNHO\� WR� SURGXFH� HFRORJLFDOO\� VXE�RSWLPDO� GHFLVLRQ�PDNLQJ�� ,I� WKLV� LV� VR�
DGDSWLYLW\� LV� D� IXQGDPHQWDO� DVSHFW� RI� ³UDWLRQDO´� GHFLVLRQ�PDNLQJ� DQG� WKH� ³LPSHUIHFW� UDWLRQDOLW\´�
REVHUYHG�LQ�WKH�ODERUDWRU\�LV�D�V\PSWRP�QRW�RI�LQVXIILFLHQW�LQWHOOLJHQFH�RU�LPSHUIHFW�LQIRUPDWLRQ�EXW�
RI�DQ�DUWLILFLDOO\�VWDWLF�WHVW�HQYLURQPHQW�ZKHUH�DGDSWLYLW\�LV�RI�XQXVXDOO\�ORZ�YDOXH��

$�G\QDPLF�WKHRU\�RI�UDWLRQDOLW\�DQG�RI�GHFLVLRQ�PDNLQJ�KDV�LPSRUWDQW�LPSOLFDWLRQV�IRU�WKHRULHV�
RI�SHUFHSWLRQ��7KH�JRDO�RI�³WUDGLWLRQDO�WKHRULHV´��VXFK�DV�WKRVH�SURSRVHG�E\�0DUU�>0DUU������@��LV�WR�
EXLOG� V\VWHPV� ZLWK� WKH� FDSDELOLW\� WR� FRQVWUXFW� D� FRPSOHWH�� REMHFWLYH� UHSUHVHQWDWLRQ� RI� H[WHUQDO�
UHDOLW\�� ,Q� WKLV� IUDPHZRUN�SHUFHSWLRQ� LV� VHHQ�DV�D�FRPSXWDWLRQ�JHQHUDWLQJ�D�KLJK� OHYHO�³V\PEROLF´�
UHSUHVHQWDWLRQ�RI�UHDOLW\�IURP�ORZ�OHYHO�VHQVRULDO�LQSXW���

,Q�DQ�HFRORJLFDOO\�JURXQGHG�WKHRU\�RI�SHUFHSWLRQ�RQ�WKH�RWKHU�KDQG�WKH�JRDO�RI�SHUFHSWLRQ�LV�WR�
VXSSRUW�ELRORJLFDOO\�UDWLRQDO�EHKDYLRU�DQG�WKH�JHQHUDWLRQ�RI�UDWLRQDO�EHKDYLRU�LV�VHHQ�DV�DQ�RQ�JRLQJ�
SURFHVV� LQYROYLQJ� FRQWLQXDO� DGDSWDWLRQ� WR� FRQWH[W� YLD� WKH� XVH�RI�PXOWLSOH�� UHGXQGDQW�� YHU\� VLPSOH�
FRPSXWDWLRQDO� UXOHV�� 7KH� NLQG� RI� WKHRULHV� SURGXFHG� E\� UHVHDUFKHUV� VXFK� DV� 0DUU�� RU� WUDGLWLRQDO�
WKHRULVWV� LQ� WKH� ILHOG� RI� $UWLILFLDO� 1HXUDO� 1HWZRUNV� DVVXPH� WKDW� SHUFHSWLRQ� LV� HVVHQWLDOO\� D� VWDWLF�
FRPSXWDWLRQ��7UDQVODWHG�LQWR�QHXUR�ELRORJLFDO�WHUPV�WKLV�PHDQV�WKDW�LQIRUPDWLRQ�LV�WUDQVPLWWHG�IURP�
QHXURQ�WR�QHXURQ�E\�QHXUR�WUDQVPLWWHU�UHOHDVH�DFURVV�V\QDSVHV��2QFH�D�QHWZRUN�KDG�EHHQ�³WUDLQHG´�
V\QDSVHV�ZHUH�WDNHQ�WR�EH�VWDWLF��3HUFHSWLYH�VXE�V\VWHPV�RI�WKH�EUDLQ�DFW�DV�D�FRPSXWHUV�FDOFXODWLQJ�
RXWSXW� IURP� WKH� PRWRU� V\VWHP� DV� D� IXQFWLRQ� RI� VHQVRULDO� LQSXW�� 0RUH� UHFHQW� ELRORJLFDO� UHVHDUFK�
VKRZV�KRZHYHU�WKDW�WKLV�YLHZ�LV�D�VHULRXV�GLVWRUWLRQ�RI�UHDOLW\��(YHQ�H[WUHPHO\�SULPLWLYH�ELRORJLFDO�
DQLPDOV� GLVSOD\� D� VXUSULVLQJ� GHJUHH� RI� V\QDSWLF� SODVWLFLW\�� 'XULQJ� WKH� OLIH� RI� WKH� RUJDQLVP� WKH�
VWUHQJWKV� RI� V\QDSVHV� FKDQJH� FRQWLQXRXVO\� RQ� D� QXPEHU� RI� GLIIHUHQW� WLPH� VFDOHV�� WKH� SDWWHUQ� RI�
WUDQVPLVVLRQ�RI�LQIRUPDWLRQ�EHWZHHQ�QHXURQV�LV�VXEMHFW�WR�FRQWLQXDO�PRGLILFDWLRQ�YLD�WKH�DFWLRQ�RI�D�
ODUJH� IDPLO\� RI� QHXUR�PRGXODWRUV� ZKLFK� LQKLELW� RU� H[FLWH� WKH� DFWLRQ� RI� SDUWLFXODU� QHXUDO� FLUFXLWV�
>.DW]�� ����@�� 7KH� ELRORJLFDO� HYLGHQFH� VXSSRUWV� WKH� FRQFHSW� RI� SHUFHSWLRQ� DV� D� G\QDPLF� V\VWHP�
VHUYLQJ�HFRORJLFDO�JRDOV��7KH�FKDOOHQJH�WRGD\�LV�WR�WUDQVODWH�WKLV�SRLQW�RI�YLHZ�LQWR�FRQFUHWH�WKHRULHV�
DQG�PRGHOV�ZKLFK�FDQ�SURYLGH�LQVSLUDWLRQ�ERWK�IRU�WKH�ELRORJLVW�DQG�WKH�HQJLQHHU��

5()(5(1&(6�

&ODUN��$����������%HLQJ�WKHUH��SXWWLQJ�EUDLQ��ERG\�DQG�WKH�ZRUOG�7RJHWKHU�$JDLQ��0,7�3UHVV�

)ORUHDQR��'��	�8U]HODL�� -�� ��������(YROXWLRQ� RI�1HXUDO�&RQWUROOHUV�ZLWK�$GDSWLYH�6\QDSHVHV� DQG�
&RPSDFW�*HQHWLF�(QFRGLQJ�LQ�/HFWXUH�1RWHV�LQ�$UWLILFLDO�,QWHOOLJHQFH�������$GYDQFHV�LQ�$UWLILFLDO�
/LIH��6SULQJHU�9HUODJ�

+ROODQG��-�+����������$GDSWDWLRQ�LQ�1DWXUDO�DQG�$UWLILFLDO�6\VWHPV��0,7�3UHVV�

.DKQHPDQ�� '�� 	� 7YHUVN\�� $� �������� 3URVSHFW� 7KHRU\�� DQ� DQDO\VLV� RI� GHFLVLRQ� XQGHU� ULVN��
(FRQRPHWULFD�������������

.DW]��3�6�����������%H\RQG�QHXURWUDQVPLVVLRQ��2[IRUG�8QLYHUVLW\�3UHVV�



0DUU��'����������9LVLRQ��:�+��)UHHPDQ�DQG�&RPSDQ\�

0LWFKHOO��0����������$Q�,QWURGXFWLRQ�WR�*HQHWLF�$OJRULWKPV��0,7�3UHVV�

1ROIL�� 6�� �������� $GDSWDWLRQ� DV� D� PRUH� SRZHUIXO� WRRO� WKDQ� GHFRPSRVLWLRQ� DQG� LQWHJUDWLRQ� LQ� 7��
)RJDUW\� DQG� *�� 9HQWXULQL� �HGV��� 3URFHHGLQJV� RI� WKH� :RUNVKRS� RQ� (YROXWLRQDU\� 0DFKLQHU\� DQG�
0DFKLQH�/HDUQLQJ����WK� ,QWHUQDWLRQDO�&RQIHUHQFH�RQ�0DFKLQH�/HDUQLQJ��8QLYHUVLW\�RI�%DUL�� ,WDO\��
�DYDLODEOH�DW�KWWS���NDQW�LUPNDQW�UP�FQU�LW�QROILSXE�KWP��

3DULVL��'����������0HQWH��L�QXRYL�PRGHOOL�GHOOD�YLWD�DUWLILFLDOH��,O�0XOLQR�

5XPHOKDUW� '��� 0F/HOODQG� -�/� HW� DO��� �������� 3DUDOOHO� 'LVWULEXWHG� 3URFHVVLQJ�� H[SORUDWLRQV� LQ� WKH�
PLFURVWUXFWXUH�RI�FRJQLWLRQ��0,7�3UHVV�

6KDPLU��(��	�7YHUVN\��$�����������'HFLVLRQ�0DNLQJ�LQ�6PLWK�(��	�2VKHUVRQ�'�1���$Q�,QYLWDWLRQ�WR�
&RJQLWLYH�6FLHQFH��7KLQNLQJ��9ROXPH����0,7�3UHVV�

7YHUVN\��$����������,QWUDQVLWLYLW\�RI�3UHIHUHQFHV��3V\FKRORJLFDO�5HYLHZ������������

7YHUVN\�� $��� 	� .DKQHPDQ�� '�� �������� 7KH� IUDPLQJ� RI� GHFLVLRQV� DQG� WKH� SV\FKRORJ\� RI� FKRLFH��
6FLHQFH���������������

:DONHU��5��	�0LJOLQR��2�����������5HSOLFDWLQJ�([SHULPHQWV�LQ�³'HWRXU�%HKDYLRU´�ZLWK�$UWLILFLDOO\�
(YROYHG�5RERWV��DQ�$�/LIH�$SSURDFK�WR�&RPSDUDWLYH�3V\FKRORJ\�


