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6800$5<
7KLV�SDSHU�JLYHV�DQ�LQWURGXFWRU\�RYHUYLHZ�RI�FRQVWUDLQW�VDWLVIDFWLRQ�DQG�LOOXVWUDWHV�LWV�UHOHYDQFH�WR�
EXVLQHVV�PRGHOOLQJ��&RQVWUDLQW�VDWLVIDFWLRQ�LQYROYHV�DVVLJQLQJ�YDOXHV��RIWHQ�IURP�ILQLWH�GRPDLQV��WR�D�
JLYHQ� VHW�RI�YDULDEOHV�� VDWLVI\LQJ�D�VHW�RI�FRQVWUDLQWV��ZKLFK�FRXOG�WDNH�DUELWUDU\�IRUP��&RQVWUDLQW�
6DWLVIDFWLRQ� LV� D� JHQHUDO� SUREOHP� WKDW� DSSHDUV� LQ�PDQ\� FRPPHUFLDO� DSSOLFDWLRQV��7KH� WHFKQRORJ\�
KDV� PDWXUHG� DQG� LW� VXSSRUWV� D� PXOWL�PLOOLRQ� 3RXQGV� EXVLQHVV�� ,Q� WKLV� SDSHU�� ZH� SURYLGH� D� EULHI�
VXUYH\� RQ� EDVLF� FRQVWUDLQW� VDWLVIDFWLRQ� WHFKQLTXHV�� :H� WKHQ� XVH� DQ� H[DPSOH� WR� LOOXVWUDWH� KRZ�
EXVLQHVV� SURFHVVHV� FDQ� EH� PRGHOOHG� ZLWK� FRQVWUDLQWV�� 7KLV� OHDGV� WR� WKH� GHILQLWLRQ� RI� WKH� 2SHQ�
&RQVWUDLQW� 6DWLVIDFWLRQ� 3UREOHP�� D� EUDQFK� RI� FRQVWUDLQWV� UHVHDUFK�� )LQDOO\�� ZH� VHW� WKH� UHVHDUFK�
DJHQGD�E\�LGHQWLI\LQJ�VRPH�RI�WKH�LPSRUWDQW�DUHDV�LQ�2SHQ�&RQVWUDLQHG�2SWLPL]DWLRQ�UHVHDUFK� %\�
PRGHOOLQJ�EXVLQHVV�SUREOHPV�DV�FRQVWUDLQW�VDWLVIDFWLRQ�SUREOHPV��RQH�PD\�OHDUQ�IURP�D�ZLGH UDQJH�
RI�WHFKQLTXHV�IURP�FRQVWUDLQW�SURJUDPPLQJ�UHVHDUFK���

.(<�:25'6��FRQVWUDLQW�VDWLVIDFWLRQ��FRQVWUDLQHG�RSWLPL]DWLRQ��EXVLQHVV�PRGHOOLQJ
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�� ,QWURGXFWLRQ�±�:KDW�LV�&RQVWUDLQW�6DWLVIDFWLRQ"
0DQ\� SUREOHPV� FDQ� EH� FDVW� DV�&RQVWUDLQW� 6DWLVIDFWLRQ� 3UREOHPV >7VDQJ� ������ )UHXGHU� 	�0DFNZRUWK�
����@�� $� FRQVWUDLQW� VDWLVIDFWLRQ� SUREOHP� LQYROYHV� DVVLJQLQJ� YDOXHV� WR� YDULDEOHV�� VDWLVI\LQJ� D� VHW� RI�
FRQVWUDLQWV��ZKLFK�PD\�WDNH�DUELWUDU\�IRUP��VXFK�DV�GDWDEDVHV�RU�IXQFWLRQV���)RU�FRQYHQLHQFH��ZH�FDOO�WKH�
DVVLJQPHQW�RI D�YDOXH�Y� WR�D�YDULDEOH�[ D� ODEHO��GHQRWHG�E\��[��Y!��$�VHW�RI�ODEHOV��RQH�IRU�HDFK�GLVWLQFW�
YDULDEOH��WRJHWKHU�LV�FDOOHG�D�FRPSRXQG�ODEHO��GHQRWHG�E\���[���Y�!��[���Y�!�«�[N��YN!���0RUH�IRUPDOO\��D�
&RQVWUDLQW�6DWLVIDFWLRQ�3UREOHPV LV�GHILQHG�DV�D�WULSOH�>7VDQJ�����@�

�=��'��&�
ZKHUH�=�LV�D�VHW�RI�YDULDEOHV��'�LV�D�IXQFWLRQ�WKDW�PDSV�HDFK�YDULDEOH�LQ�=�WR�D�GRPDLQ��ZKLFK�LV�D�VHW�RI�
YDOXHV� RI� DUELWUDU\� W\SH� �VXFK� DV� LQWHJHUV�� SHRSOH�� GD\V� RI� WKH� ZHHN��� ,Q� PRVW� FRQVWUDLQW� VDWLVIDFWLRQ�
UHVHDUFK�� GRPDLQV� DUH� ILQLWH��&� LV� D� VHW� RI� FRQVWUDLQWV��(DFK� FRQVWUDLQW�F LQ�&� UHVWULFWV� WKH� YDOXHV� WKDW� D�
VXEVHW�RI�YDULDEOHV�6�LQ�=�PD\�WDNH�VLPXOWDQHRXVO\��F PDSV�HDFK�FRPSRXQG�ODEHO�IRU�6�WR�WUXH��VDWLVILHG��
RU�IDOVH��XQVDWLVILHG���$Q�H[DPSOH�RI�D�FRQVWUDLQW�LV�³WKH�VXP�RI [��\�DQG�]�PXVW�EH�DQ�HYHQ�QXPEHU´��7KH�
WDVN�LV�WR�ILQG�D�FRPSRXQG�ODEHO�IRU�DOO�YDULDEOHV�LQ�=��VXFK�WKDW�DOO�FRQVWUDLQWV�LQ�&�DUH�VDWLVILHG��6XFK�D�
FRPSRXQG�ODEHO�LV�FDOOHG�D�VROXWLRQ�WXSOH��,Q�VRPH�SUREOHPV��VRPH�VROXWLRQV�DUH�EHWWHU�WKDQ�RWKHUV��,Q�WKDW�
FDVH��WKH�FRQVWUDLQW�VDWLVIDFWLRQ�SUREOHP�LV�H[WHQGHG�WR�D�FRQVWUDLQHG�RSWLPLVDWLRQ�SUREOHP�

�=��'��&��I�
ZKHUH��=��'��&��LV�D�VWDQGDUG�FRQVWUDLQW�VDWLVIDFWLRQ�SUREOHP�DQG�I LV�D�IXQFWLRQ�WKDW�PDSV�HYHU\�FRPSRXQG�
ODEHO�WR�D�QXPHULFDO�YDOXH��7KH�WDVN�LV�WR�ILQG�D�VROXWLRQ�WXSOH�WKDW�PD[LPL]HV�RU�PLQLPL]HV�I��
&RQVWUDLQW�VDWLVIDFWLRQ�LV�D�YHU\�JHQHUDO�SUREOHP��,Q�UHVHDUFK��FRQVWUDLQW�SURJUDPPLQJ�SOD\V�D�FHQWUDO�SDUW�
LQ� ORJLF� SURJUDPPLQJ� >0DUULRWW� ����@�� 0DQ\� WUDGLWLRQDO� RSHUDWLRQDO� UHVHDUFK� SUREOHPV�� VXFK DV� WKH�
WUDYHOOLQJ� VDOHVPDQ� SUREOHP�� YHKLFOH� URXWLQJ� SUREOHP�� FDQ� EH� FDVW� DV� FRQVWUDLQW� VDWLVIDFWLRQ� SUREOHPV�
>9RXGRXULV�������.LOE\�HW�DO�����@��2WKHU�H[DPSOH�DSSOLFDWLRQV�DUH��&RQVWUDLQW�SURJUDPPLQJ�LV�D�PXOWL�
PLOOLRQ�3RXQGV�EXVLQHVV��6\VWHPV�VXFK�DV�,/2*�>3XJHW�����@�DQG�(&/L36H�>/HYHU�HW�DO�����@�KDYH�EHHQ�
DSSOLHG� WR� D� YDULHW\� RI� DSSOLFDWLRQV�� VXFK� DV� UHVRXUFH� DOORFDWLRQ�� FDU� PDQXIDFWXULQJ�� VWDII� WLPHWDEOLQJ��
DLUOLQH�VFKHGXOLQJ�DQG�VDWHOOLWH�WDVNV�VFKHGXOLQJ��&RQVWUDLQW�WHFKQRORJ\�KDV�EHHQ�XVHG�E\�FRPSDQLHV�VXFK�
DV�%ULWLVK�7HOHFRP��%ULWLVK�$LUZD\��)UHQFK�5DLOZD\��&DWKD\�3DFLILF�DQG�3RUW�RI�6LQJDSRUH��
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�� %DVLF�&RQVWUDLQW�6DWLVIDFWLRQ�7HFKQLTXHV��DQ�2YHUYLHZ
$� ODUJH� QXPEHU� RI� WHFKQLTXHV� KDYH� EHHQ� LQYHQWHG� IRU� FRQVWUDLQW� VDWLVIDFWLRQ�� ,Q� WKLV� VHFWLRQ�� ZH� VKDOO�
LQWURGXFH�VRPH�RI�WKHP��&RQVWUDLQW�VROYLQJ�WHFKQLTXHV�FDQ�EH�FODVVLILHG�LQWR�WKUHH�FDWHJRULHV��

�D� 3UREOHP�UHGXFWLRQ ± WR�UHGXFH�WKH�JLYHQ�SUREOHP�WR�RQH�WKDW�LV�KRSHIXOO\�HDVLHU�WR�VROYH�
�E� 6HDUFK ± WR�DFWLYHO\�ORRN�IRU�VROXWLRQ�WXSOHV��HLWKHU�V\VWHPDWLFDOO\ RU�VWRFKDVWLFDOO\�
�F� 6ROXWLRQ�V\QWKHVLV ± WR�EXLOG�XS�WKH�VHW�RI�DOO�VROXWLRQV�V\VWHPDWLFDOO\��

0RVW�ZRUN�VR�IDU�IDOOV�LQWR�WKH�SUREOHP�UHGXFWLRQ DQG�VHDUFK FDWHJRULHV��ZKLFK�ZLOO�EH�HODERUDWHG�LQ�WKH�
IROORZLQJ�VXE�VHFWLRQV�
���� 3UREOHP�5HGXFWLRQ�LQ�&RQVWUDLQW� 6DWLVIDFWLRQ�
3UREOHP�UHGXFWLRQ EXLOGV�RQ�WKH�LGHD�RI�FRQVWUDLQW�SURSDJDWLRQ��$�YDOXH�LV�UHGXQGDQW LI�LW�LV�SURYDEOH�WKDW�
LW�ZLOO�DSSHDU�LQ�QR�VROXWLRQV��3UREOHP�UHGXFWLRQ�DWWHPSWV�WR�DFKLHYH�WKH�IROORZLQJ�JRDOV�

�D� 7R�UHPRYH�UHGXQGDQW�YDOXHV� IURP�GRPDLQV��ZLWK� WKH�KRSH� WR� UHGXFH� WKH�SUREOHP�WR�RQH�WKDW� LV�
HDVLHU�WR�VROYH��SDUWO\�EHFDXVH�WKH�UHPDLQLQJ�SUREOHP�LV�VPDOOHU�LQ�VL]H�

�E� 7R� WLJKWHQ� FRQVWUDLQWV�� VR� WKDW� FRQVWUDLQWV� FDQ�EH� SURSDJDWHG�PRUH�HIIHFWLYHO\� LQ� WKH� UHPDLQLQJ�
SUREOHP

�F� 7R�SURYH�WKDW�QR�VROXWLRQV�H[LVW��KHQFH�QR�PRUH�HIIRUW�VKRXOG�EH�ZDVWHG��
$V�DQ�H[DPSOH��OHW�XV�DVVXPH�WKDW�RQH�LV�JLYHQ�WKH�IROORZLQJ�FRQVWUDLQW�VDWLVIDFWLRQ�SUREOHP�

9DULDEOHV��[��\��]
'RPDLQV��DOO�WKUHH�YDULDEOHV�KDYH�WKH�VDPH�GRPDLQ�^����������`
&RQVWUDLQWV��[���\�DQG�\���]��

,I�ZH� IRFXV�RQ� WKH�FRQVWUDLQW�[���\��ZH� VKDOO� VHH� WKDW���PD\�EH� UHPRYHG�IURP�WKH�GRPDLQ�RI�[��7KLV� LV�
EHFDXVH�LI�[�WDNHV�WKH�YDOXH����QR�YDOXH�LQ�WKH�GRPDLQ�RI�\�ZRXOG�VDWLVI\�WKLV�FRQVWUDLQW��,Q�WKLV�FDVH��ZH�
VD\�WKDW�WKH�ODEHO��[���!�KDV�QR�VXSSRUW IURP�\���6LPLODUO\����FDQ�EH�UHPRYHG�IURP�WKH�GRPDLQ�RI�\�DV�LW�
KDV�QR�VXSSRUW�IURP�[�LQ�WKH�FRQVWUDLQW�[���\��$W�WKLV�SRLQW��WKH�GRPDLQV�RI�WKH�YDULDEOHV�DUH�UHGXFHG�WR�

9DULDEOHV 'RPDLQV[ ^�������`\ ^�������`] ^����������`
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7KH� LGHD� RI� UHPRYLQJ� XQVXSSRUWHG YDOXHV� LV� VLPSOH��+RZHYHU�� SURSDJDWLQJ� FRQVWUDLQWV� HIILFLHQWO\� LV� IDU�
IURP�VWUDLJKWIRUZDUG��)ROORZLQJ�IURP�WKH�DERYH�H[DPSOH��WKH�FRQVWUDLQW�\���]�ZLOO�HQDEOH�RQH�WR�UHPRYH���
IURP�WKH�GRPDLQ�RI�\�DQG�ERWK���DQG���IURP�WKH�GRPDLQ�RI�]��OHDYLQJ�RQH�ZLWK�WKH IROORZLQJ�GRPDLQV�

9DULDEOHV 'RPDLQV[ ^�������`\ ^����`] ^����`
1RZ�WKDW�WKH�YDOXH���KDV�EHHQ�UHPRYHG�IURP�WKH�GRPDLQ�RI�\���[���!�ORVHV�LWV�VXSSRUW�IURP�\��7KHUHIRUH��
FRQVWUDLQWV�PXVW�EH�UH�FKHFNHG�UHSHDWHGO\�XQWLO�QR�PRUH�UHGXQGDQW�YDOXHV�DUH�IRXQG�
7KH�DERYH�H[DPSOH�VKRZV�D�SUREOHP�UHGXFWLRQ�VWUDWHJ\�WKDW�PDLQWDLQV�D�SURSHUW\�FDOOHG�DUF�FRQVLVWHQF\
LQ�WKH�UHPDLQLQJ�SUREOHP��,Q�JHQHUDO��E\�LQYHVWLQJ�PRUH�WLPH�LQ�FRPSXWDWLRQ��RQH�PD\�GHWHFW�DQG�UHPRYH�
PRUH�UHGXQGDQW�YDOXHV��$�ODUJH�DPRXQW�RI�HIIRUW�KDV�EHHQ�VSHQW�WR�ILQG�DOJRULWKPV�WR�SURSDJDWH�FRQVWUDLQWV�
HIILFLHQWO\��H�J��VHH�>7VDQJ�����@��
,Q�IDFW��UHPRYLQJ�UHGXQGDQW�YDOXHV�LV�QRW�WKH�RQO\�ZD\�WR�UHGXFH�WKH�SUREOHP��$QRWKHU�ZD\�RI�UHGXFLQJ�D�
SUREOHP� LV� WR� WLJKWHQ�FRQVWUDLQWV��)RU�H[DPSOH�� IURP� WKH�FRQVWUDLQWV�[���\�DQG�\���]� WRJHWKHU��RQH�PD\�
FUHDWH�WKH�FRQVWUDLQW�[���]�± ���7KLV�PD\�EH�XVHG�WR�WLJKWHQ�DQ\�H[LVWLQJ�FRQVWUDLQW�EHWZHHQ�[�DQG�]��ZKLFK�
PD\�EH�XVHIXO�XQGHU�FHUWDLQ�FLUFXPVWDQFHV�>%RUUHWW�����@�
3UREOHP�UHGXFWLRQ�DORQH�GRHV�QRW�QRUPDOO\ SURGXFH�VROXWLRQV��WKRXJK�LW�PD\�KHOS�WR�ILQG�VROXWLRQV�PRUH�
HIILFLHQWO\�WKURXJK�VHDUFKLQJ��,Q�WKH�QH[W�VHFWLRQ��ZH�VKDOO�H[SODLQ�KRZ�WKLV�FRXOG�EH�GRQH�
���� &RPSOHWH�6HDUFK�0HWKRGV
7KH� PDMRULW\� RI� UHVHDUFK� LQ� FRQVWUDLQW� VDWLVIDFWLRQ� IRFXVHV� RQ� EDFNWUDFNLQJ� VHDUFK�� 2QH� YDULDEOH� [ LV�
SLFNHG�DW�D�WLPH��(DFK�YDOXH�Y LV�H[DPLQHG�LQ�WXUQ��WR�VHH�LI��[��Y!�WRJHWKHU�ZLWK�DOO�WKH�ODEHOV�FRPPLWWHG�
WR�VR�IDU�VDWLVI\�DOO� WKH�UHOHYDQW�FRQVWUDLQWV��7KH�VHDUFK�EDFNWUDFNV�LI�DOO�YDOXHV�KDYH�EHHQ�H[DPLQHG�DQG�
FRQFOXGHG� QRQYLDEOH�� ,I� QHHGHG�� WKH� VHDUFK� HQXPHUDWHV� DOO� FRPELQDWLRQV� RI� ODEHOV� IRU� DOO� YDULDEOHV��
7KHUHIRUH��VROXWLRQV�ZLOO�EH�IRXQG�LI�WKH\�H[LVW��KHQFH�WKHVH�PHWKRGV�DUH�FRPSOHWH��
9DULRXV� WHFKQLTXHV� KDYH� EHHQ� GHYHORSHG� WR� HQKDQFH� EDFNWUDFN� VHDUFK�� 7KH\� H[SORLW� WKH� QDWXUH� RI�
FRQVWUDLQW� VDWLVIDFWLRQ� >7VDQJ�����@��6RPH�RI�VXFK� WHFKQLTXHV�DUH�GHVFULEHG�EHORZ�� ,W� LV�ZRUWK�SRLQWLQJ�
RXW�WKDW��D��WKLV�LV�QRW�PHDQW�WR�EH�DQ�H[KDXVWLYH�OLVW��DQG��E��WKHVH�WHFKQLTXHV�PD\�ZRUN�WRJHWKHU�
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�� /RRNDKHDG�VHDUFK
$IWHU�FRPPLWWLQJ�WR�HDFK�ODEHO��WKH�UHPDLQLQJ�SUREOHP�LV�UHGXFHG�XVLQJ�WKH�SULQFLSOHV�GHVFULEHG�
DERYH�� 3UREOHP� UHGXFWLRQ� KHOSV� WR� GHWHFW� GHDG�HQGV� HDUO\�� VR� DV� QRW� WR� ZDVWH� VHDUFK� HIIRUW�
>+DUDOLFN�	�(OOLRWW� ����@�� /RRNDKHDG� H[SORLWV� WKH� IDFW� WKDW� DOO� FRQVWUDLQWV� DUH�ZHOO� GHILQHG� LQ
FRQVWUDLQW�VDWLVIDFWLRQ�SUREOHPV��,Q�JHQHUDO�WHUPV��PRUH�FRPSXWDWLRQ�OHDGV�WR�PRUH�SURSDJDWLRQ��
ZKLFK�OHDGV�WR�HDUOLHU�GHWHFWLRQ�RI�GHDG�HQG��2QH�KDV�WR�ILQG�D�EDODQFH�EHWZHHQ�WKH�FRPSXWDWLRQ�
FRVW�DQG�WKH�EHQHILW�IURP�SUREOHP�UHGXFWLRQ�

�� /HDUQLQJ�ZKLOH�VHDUFKLQJ
$QRWKHU�FODVV�RI�VHDUFK�VWUDWHJ\�LV�WR�DQDO\VH�WKH�FXOSULWV�ZKHQ�GHDG�HQGV�DUH�HQFRXQWHUHG��7KLV�
DOORZV�RQH�WR�EDFNWUDFN�SDVW�LUUHOHYDQW�ODEHOV��DQG�UHYLVH�WKRVH�ODEHOV�WKDW�OHDG�WR�WKH�GHDG�HQG��,Q�
DGGLWLRQ�� RQH� PD\� UHFRUG� FRPELQDWLRQV� RI� YDULDEOH� DVVLJQPHQWV�� FDOOHG� ³QR� JRRGV´�� ZKLFK�
WRJHWKHU� DUH� NQRZQ� WR� OHDG� WR� GHDG�HQGV� �H�J�� VHH� >'HFKWHU� ����@� DQG�1R�JRRG� %DFNPDUNLQJ
>5LFKDUGV�HW�DO�����@���/HDUQLQJ�LQ�WKLV�IRUP�KHOSV�DYRLGLQJ�UH�GLVFRYHU\�RI�QR�JRRGV�UHSHDWHGO\��
/HDUQLQJ� H[SORLWV� WKH� IDFW� WKDW DOO� FKRLFHV� �ZKLFK� DUH� GLFWDWHG� E\� WKH� GRPDLQV�� DUH� IL[HG� DQG�
NQRZQ�LQ�DGYDQFH�LQ�FRQVWUDLQW�VDWLVIDFWLRQ�

�� +HXULVWLFV�IRU�RUGHULQJ�YDULDEOHV�DQG�YDOXHV
,W�LV�FRPPRQO\�EHOLHYHG�WKDW��LQ�FRQVWUDLQW�VDWLVIDFWLRQ��VHDUFK�HIILFLHQF\�LV�VLJQLILFDQWO\�DIIHFWHG�
E\�WKH�RUGHU�LQ�ZKLFK�WKH�YDULDEOHV�DUH�RUGHUHG��2QH�ZLGHO\�XVHG�KHXULVWLF�LV�WR�ODEHO�WKH�YDULDEOH�
WKDW�KDV�WKH�VPDOOHVW�GRPDLQ�QH[W��7KLV�KHXULVWLF�ZRUNV�HVSHFLDOO\�ZHOO�ZLWK�SUREOHP�UHGXFWLRQ��
ZKHUH�DWWHPSWV�DUH�PDGH� WR� UHGXFH� WKH�GRPDLQV�RI� WKH�XQODEHOOHG�YDULDEOHV�DIWHU�FRPPLWWLQJ�WR�
HDFK�ODEHO�>+DUDOLFN�	�(OOLRWW�����@���6HDUFK�HIILFLHQF\�LV�DOVR�DIIHFWHG�E\�WKH�RUGHU�LQ�ZKLFK�WKH�
YDOXHV�DUH�RUGHUHG��(IIHFWLYH�YDOXH�RUGHULQJ�KHXULVWLFV�RIWHQ�FRPHV�IURP�GRPDLQ�NQRZOHGJH��H�J��
SUHIHUHQFH���

���� 6WRFKDVWLF�FRQVWUDLQW�VDWLVIDFWLRQ�PHWKRGV
$�FRPSOHWH�VHDUFK�PHWKRG�ZLOO�ILQG�D�VROXWLRQ�ZKHQHYHU�RQH�H[LVWV��JLYHQ�HQRXJK�WLPH��,Q�UHDOLW\��WLPH�LV�
DOZD\V�OLPLWHG��7KH�FRPELQDWRULDO�H[SORVLRQ�SUREOHP SUHYHQWV�FRPSOHWH�PHWKRGV�IURP�ILQGLQJ�VROXWLRQV�
ZLWKLQ�WKH�WLPH�DYDLODEOH��6WRFKDVWLF�PHWKRGV�VDFULILFH�FRPSOHWHQHVV�IRU�VSHHG�>)UHXGHU�HW�DO�����@��+LOO�
FOLPELQJ� DOJRULWKPV� VXFK� DV�0LQ�FRQIOLFW� +HXULVWLF� 5HSDLU� >0LQWRQ� ����@�� *6$7� >6HOPDQ� HW DO ������
����@� DQG�&/6� >3UHVWZLFK� ����@� KDYH� EHHQ� GHVLJQHG� IRU� FRQVWUDLQW� VDWLVIDFWLRQ��*(1(7�ZDV� D� QHXUDO�
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QHWZRUN�DSSURDFK�VSHFLILFDWLRQV�GHVLJQHG�IRU�FRQVWUDLQW�VDWLVIDFWLRQ�>:DQJ�	�7VDQJ�������'DYHQSRUW�HW�
DO�����@��
+LOO�FOLPELQJ�DOJRULWKPV�PD\�VHWWOH�LQ�ORFDO�RSWLPD��0HWD�KHXULVWLF�PHWKRGV��VXFK�DV�6LPXODWHG�$QQHDOLQJ�
>.LUNSDWULFN�HW�DO�����@��7DEX�6HDUFK�>*ORYHU�����@��*XLGHG�/RFDO�6HDUFK�>9RXGRXULV�����@�DQG�*HQHWLF�
$OJRULWKPV�>+ROODQG�����@�ZHUH�GHVLJQHG�IRU�HVFDSLQJ�ORFDO�RSWLPD��7KHVH�DUH�JHQHUDO�DOJRULWKPV�ZKLFK�
PD\� EH� DSSOLHG� WR� D�ZLGH� UDQJH� RI� GRPDLQV� EH\RQG� FRQVWUDLQW� VDWLVIDFWLRQ��'HWDLOV� RI� WKHP�ZLOO� QRW� EH�
GHVFULEHG�KHUH��VHH��H�J��>5HHYHV�����@��
�� &RQVWUDLQW�EDVHG�%XVLQHVV�3URFHVVHV�0RGHOOLQJ
���� 'LVWULEXWHG�&RQVWUDLQW�6DWLVIDFWLRQ��D�%XVLQHVV�6FHQDULR�
%XVLQHVV�RSHUDWLRQV�DUH�VXEMHFW�WR�ORWV�RI�FRQVWUDLQWV��)RU�H[DPSOH��LQ D�VXSHUPDUNHW�EXVLQHVV��LQGLYLGXDO�
VWRUHV�KDYH�WR�ILOO�WKHLU�VKHOYHV�ZLWK�JRRGV�IURP�YDULRXV�VXSSOLHUV��(DFK�VWRUH�NHHSV�LWV�VWRFN�OHYHO�RI�HDFK�
LWHP� DFFRUGLQJ� WR� LWV� VL]H�� VKDUH� RI� VKHOI� VSDFH�� VDOHV� IRUHFDVW�� UHSODFHPHQW� OHDG�WLPH�� HWF�� 7KH� VWRUH�
PDQDJHU� KDV� WR� QHJRWLDWH�� ZLWK� VRPH� IOH[LELOLW\�� ZLWK� WKH� GHOLYHU\� GHSDUWPHQW� RQ� WKH� WLPLQJ� RI� HDFK�
GHOLYHU\��7KH�RSHQLQJ�KRXUV�DQG�WKH�VWDIILQJ�OHYHO�DUH�FRQVWUDLQWV�WR�EH�WDNHQ�LQWR�FRQVLGHUDWLRQ��7KH�VWRUH�
PDQDJHU�PD\�DOVR�KDYH� WR�QHJRWLDWH�ZLWK� WKH�VXSSOLHUV RU� WKH�FHQWUDO�ZDUHKRXVH�RQ� WKH�TXDQWLW\�RI�HDFK�
LWHP�WR�EH�GHOLYHUHG��7KH�WDVN�RI�WKH�VWRUH�PDQDJHU�LV�WR�PD[LPL]H�LWV�SURILW��VXEMHFW�WR�LWV�FRQVWUDLQWV��7KLV�
SUREOHP�PD\�EH�IRUPXODWHG�DV�D�FRQVWUDLQW�VDWLVIDFWLRQ�RU�D�FRQVWUDLQHG�RSWLPL]DWLRQ�SUREOHP��
7KH�WUDQVSRUWDWLRQ�GHSDUWPHQW��WKH�VXSSOLHUV�DQG�WKH�FHQWUDO�ZDUHKRXVH�ZLOO�DOO�KDYH�WKHLU�RZQ�FRQVWUDLQWV�
DQG� REMHFWLYH� IXQFWLRQV� WR� RSWLPL]H�� )RU� SUDFWLFDO� UHDVRQV�� LW� LV� RIWHQ� LPSUDFWLFDO� IRU� HDFK� VWRUH� RU�
GHSDUWPHQW� WR�SURYLGH� WKH�RWKHU�SDUWLHV��ZKHWKHU� WKH�PDQDJHPHQW�RU� WKH�VXSSOLHUV��ZLWK�IXOO� LQIRUPDWLRQ�
RQ�LWV�RZQ�FRQVWUDLQWV��7KLV�PD\�EH�GXH�WR�FRPSOH[LW\�RU�WKH�G\QDPLF�QDWXUH�RI�WKH�VLWXDWLRQ��(DFK�VWRUH��
GHSDUWPHQW�RU�VXSSOLHU�KDV�WR�VROYH�LWV�FRQVWUDLQW�VDWLVIDFWLRQ�SUREOHP�ZLWKRXW�FRPSOHWH�NQRZOHGJH��7KH�
SUREOHP�FDQQRW�EH�RSWLPL]HG�FHQWUDOO\��
���� 2SHQ�&RQVWUDLQW�6DWLVIDFWLRQ
0DQ\� SUDFWLFDO� FRQVWUDLQW� VDWLVIDFWLRQ� WHFKQLTXHV�� VXFK� DV�)RUZDUG�&KHFNLQJ >+DUDOLFN�	�(OOLRWW� ����@�
DQG�0$& >6DELQ� 	� )UHXGHU� ����@�� GHSHQG� RQ� FRQVWUDLQW� SURSDJDWLRQ�� 7KH� SUREOHP� GHVFULEHG� DERYH�
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LQYROYHV�YDULDEOHV�EH\RQG�D�FRQVWUDLQW�SUREOHP�VROYHU¶V�FRQWURO��6RPH�FRQVWUDLQWV�DUH�DOVR�XQNQRZQ�WR�WKH�
SUREOHP�VROYHU��:H�VKDOO�GHILQH�VXFK�SUREOHPV�DV�2SHQ�&RQVWUDLQW�6DWLVIDFWLRQ�3UREOHPV DV�IROORZV�

�=��'��&��(�
+HUH� �=�� '�� &�� LV D� VWDQGDUG� FRQVWUDLQW� VDWLVIDFWLRQ� SUREOHP� DV� GHILQHG� DERYH�� (� LV� D� VHW� RI� H[WHUQDO�
FRQVWUDLQWV��(DFK�H[WHUQDO� FRQVWUDLQW�H LQ�(�DSSOLHV� WR�D�VXEVHW�RI�YDULDEOHV�6� LQ�=��H PDSV�D�FRPSRXQG�
ODEHO�IRU�6�WR�WUXH�LI�WKLV�FRPSRXQG�ODEHO�VDWLVILHV�WKH�H[WHUQDO�FRQVWUDLQW�WKDW�H LPSOHPHQWV��2SHUDWLRQDOO\��
FKHFNLQJ�WKLV�FRQVWUDLQW�PD\�LQYROYH�FRPPXQLFDWLQJ�ZLWK�DQRWKHU�DJHQW��
���� 1HDU�RSWLPDO�VROXWLRQV�DUH�SUHIHUUHG
2SHQ�&RQVWUDLQW�6DWLVIDFWLRQ�3UREOHPV�FDQ�EH�H[WHQGHG�WR�2SHQ�&RQVWUDLQHG�2SWLPLVDWLRQ�3UREOHPV�

�=��'� &��(��I�
ZKHUH�I PDSV�HYHU\�FRPSRXQG�ODEHO�WR�D�QXPHULFDO�YDOXH��7KH�WDVN�LV�WR�PD[LPL]H�RU�PLQLPL]H�I�
0DQ\� WHFKQLTXHV� LQ� FRQVWUDLQW� VDWLVIDFWLRQ� DUH� GHVLJQHG� WR� ILQG� VROXWLRQV� WKDW� VDWLVI\� FRQVWUDLQWV�� 7KHVH�
LQFOXGH�PRVW� FRPSOHWH� VHDUFK�PHWKRGV� VXFK�DV�)RUZDUG�&KHFNLQJ >+DUDOLFN�	�(OOLRWW�����@�DQG�0$&�
>6DELQ�	�)UHXGHU� ����@� DQG� VWRFKDVWLF�PHWKRGV� VXFK� DV�*6$7� >6HOPDQ� HW� DO� ������ ����@� DQG�*(1(7
>:DQJ�	�7VDQJ�������'DYHQSRUW�HW�DO�����@��,Q�PDQ\�EXVLQHVV�SURFHVVHV�PRGHOOLQJ�SUREOHPV��LQFOXGLQJ�
WKH�VFHQDULR�GHVFULEHG�DERYH��RQH�KDV�DQ�REMHFWLYH�IXQFWLRQ�WR�RSWLPL]H��,Q�VRPH�GRPDLQV��LI�QHDU�RSWLPDO�
VROXWLRQV�DUH�PXFK�HDVLHU� WR� ILQG��ZKLFK�LV�QRUPDOO\�WKH�FDVH�� WKHQ�RQH�PD\�EH�SUHSDUHG�WR�DFFHSW�QHDU�
RSWLPDO�VROXWLRQV�
���� 2SHQ�&RQVWUDLQW�6DWLVIDFWLRQ�0RGHOV
2QH�FRXOG�GHILQH�DQ�2SHQ�&RQVWUDLQW�6DWLVIDFWLRQ�0RGHO WR�PRGHO�WKH�EXVLQHVV�SURFHVVHV�RI�DQ�DJHQW�

�=��'��&��(��I��$J��(W$��&3�
ZKHUH�

� �=��'��&��(��I��LV�DQ�2SHQ�&RQVWUDLQHG�2SWLPL]DWLRQ�3UREOHPV�
� $J�LV�D�VHW�RI $JHQWV��VRPH�YDULDEOHV�LQ�=�DUH�VKDUHG�ZLWK�RWKHU�DJHQWV��
� (W$��D�IXQFWLRQ�WKDW�PDSV�HYHU\�H[WHUQDO�FRQVWUDLQW�H LQ�(�WR�DQ�DJHQW�LQ�$J��(W$��(�Æ $J�
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� &RPPXQLFDWLRQ�SURWRFRO �&3���ZKLFK�FRPSULVHV�
R &RPPXQLFDWLRQ� WLPLQJ�� L�H�� ZKHQ DQ� DJHQW� VKRXOG� FRPPXQLFDWH� ZLWK� DQRWKHU�� )RU�

H[DPSOH�� D� VHUYLFH� GHSDUWPHQW� �H�J�� WUDQVSRUWDWLRQ��PD\� SD\� D� SDVVLYH� UROH�� ,W� ZRXOG�
RQO\� IRUPXODWH� LWV� 2SHQ� &RQVWUDLQHG� 2SWLPL]DWLRQ� 3UREOHP� DIWHU� LW� UHFHLYHV� DQ� RUGHU�
IURP� RWKHU� GHSDUWPHQWV�� 7KHQ� LW� ZLOO� QHJRWLDWH� YDOXHV� IRU� WKH� VKDUHG� YDULDEOHV� �H�J��
GHOLYHU\�WLPH���

R &RQVWUDLQWV� UHVROXWLRQ� SURWRFRO�� 2QH� PXVW� DOVR� GHILQH� WKH� SURWRFRO� IRU� UHVROYLQJ�
FRQVWUDLQWV��)RU�H[DPSOH��LQ�VRPH�RUJDQL]DWLRQV��DJHQW�$�PD\�KDYH�KLJKHU�SULRULW\�WKDQ�
DJHQW�%�LQ�DVVLJQLQJ�YDOXHV�WR�WKHLU�VKDUHG�YDULDEOHV��DJHQW�%�PD\�RQO\�UHMHFW�WKH�YDOXHV�
SURSRVHG�E\�$�LI�WKH\�YLRODWH�KDUG�FRQVWUDLQWV�LQ�%��

7KH�FRPPXQLFDWLRQ�SURWRFRO�PD\�EH�VSHFLILHG�YHUEDOO\�UDWKHU�WKDQ�PDWKHPDWLFDOO\��
�� 5HVHDUFK�$UHDV�LQ�2SHQ�&RQVWUDLQW�6DWLVIDFWLRQ
5HVHDUFK�LQ�GLVWULEXWHG�FRQVWUDLQW�VDWLVIDFWLRQ�VWDUWHG�RYHU�D�GHFDGH�DJR�>3URVVHU ������/XR�HW�DO�����@��
7KH�LPSRUWDQFH�RI�FRQVWUDLQW�VDWLVIDFWLRQ�LQ�DJHQW�WHFKQRORJ\�KDV�EHHQ�UHFRJQL]HG�IRU�VRPH�WLPH�><RNRR�
HW�DO�����@��5HVHDUFKHUV�LQ�WKH�GLVWULEXWHG�DUWLILFLDO�LQWHOOLJHQFH��'$,��FRPPXQLW\�IRFXV�RQ�DVSHFWV�VXFK�DV�
FRPPXQLFDWLRQ�� VRPH� DVVXPH� WKDW� LQGLYLGXDO� FRQVWUDLQW�VROYHUV� XVH� VWDQGDUG� FRQVWUDLQW� SURJUDPPLQJ�
DOJRULWKPV�>'XUIHH�����@��,Q�WKH�FRQVWUDLQW�VDWLVIDFWLRQ�FRPPXQLW\��<RNRR�LQYHQWHG�HIILFLHQW�DOJRULWKPV�
IRU� GLVWULEXWHG� FRQVWUDLQW� VDWLVIDFWLRQ� ><RNRR� ����@�� +RZHYHU�� KH� DVVXPHG� YHU\� QDwYH� FRPPXQLFDWLRQ�
DOJRULWKPV��7HO�>����@�LQWURGXFHG�D�GLVWULEXWHG�$&���FRQVWUDLQW�SURSDJDWLRQ�DOJRULWKP��ZLWK�WKH�6XSSRUW�
/LVW´� UHPRYHG�� 7KH� UHVXOW� RI� WKLV� LV� WKDW� DJHQWV� PXVW� EURDGFDVW� WR� DOO� RWKHU� DJHQWV�� LQVWHDG� RI�
FRPPXQLFDWLQJ�WR�WKH�UHOHYDQW�DJHQWV�RQO\��
:H� DUJXH� WKDW� D� VWDQG�DORQH� FRQVWUDLQW� VROYHU� VKRXOG� EH� YHU\� GLIIHUHQW� IURP� D� FRQVWUDLQW� VROYHU� LQ� D�
GLVWULEXWHG�HQYLURQPHQW��7KH�ODWWHU�GRHV�QRW�QHFHVVDULO\�NQRZ�DQ\�RI�WKH�FRQVWUDLQWV�KHOG�E\�RWKHU�DJHQWV��
7KH� VLWXDWLRQ� FRXOG� EH�PRUH� FRPSOH[ LI� HDFK� DJHQW� KDV� LWV� RZQ� �QRW� QHFHVVDULO\� FRPSDWLEOH�� JRDOV�� $�
FRQVWUDLQW�VROYHU�VKRXOG�� IRU�H[DPSOH�� UHPHPEHU�WKH�UHVXOWV�RI�SUHYLRXV�FRPPXQLFDWLRQV�DQG�SUHGLFW� WKH�
SRVVLELOLW\� RI� FHUWDLQ� YDOXHV� EHLQJ� DFFHSWDEOH� E\� RWKHU� DJHQWV�� � 7KH� 2SHQ� &RQVWUDLQHG� 2SWLPL]DWLRQ�
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3UREOHP�LV�PRUH�FRPSOH[� WKDQ�D�VWDQGDUG�&RQVWUDLQHG�2SWLPL]DWLRQ�3UREOHP��,Q�WKH�IROORZLQJ�VHFWLRQV��
ZH�KLJKOLJKW�VRPH�RI�WKH�UHVHDUFK�DUHDV�WKDW�UHTXLUH�VSHFLDO�DWWHQWLRQ�
���� 0RGHOOLQJ
0RGHOOLQJ� LV� WKH� NH\� WR� &RQVWUDLQW� 6DWLVIDFWLRQ� >)UHXGHU� ������ %RUUHWW� 	� 7VDQJ� ����@�� 7KLV� LV� QR�
H[FHSWLRQ� IRU�2SHQ�&RQVWUDLQW�6DWLVIDFWLRQ�DQG�2SHQ�&RQVWUDLQHG�2SWLPL]DWLRQ��7KH�TXHVWLRQV� WKDW�RQH�
PXVW� DVN� DUH�� ZKLFK� DJHQW� DUH� ZH� PRGHOOLQJ"�:KDW� VKRXOG� EH� PRGHOOHG� DV� YDULDEOHV"�:KDW� DUH� WKHLU�
GRPDLQV"� :KDW� DUH� WKH� FRQVWUDLQWV"� :KDW� DUH� WKH� REMHFWLYH� IXQFWLRQV"� :KDW� LV� WKH� FRPPXQLFDWLRQ�
SURWRFRO"� $QVZHUV� WR� WKHVH� TXHVWLRQV� GHWHUPLQH� ZKHWKHU� WKH� SUREOHP� FDQ� EH� WDFNOHG� E\� FRQVWUDLQW�
VDWLVIDFWLRQ�WHFKQLTXHV��,W�DOVR�KDV�VLJQLILFDQW�LQIOXHQFH�RQ�KRZ�HIILFLHQW�WKLV�SUREOHP�FDQ�EH�VROYHG��DV�LW�
LV�WKH�FDVH�IRU�VWDQGDUG�FRQVWUDLQW�VDWLVIDFWLRQ�SUREOHPV��7KH�GHILQLWLRQ�RI�WKH�FRPPXQLFDWLRQ�SURWRFRO�LV�
SDUWLFXODUO\� UHOHYDQW� WR� WKH� PDQDJHPHQW� RI� D� FRPSDQ\�� ZKR� ZRXOG� ZDQW� WR� XVH� WKH� SURWRFRO� WR� KHOS�
DFKLHYLQJ�WKH�FRPSDQ\�JRDOV�
���� 7DNLQJ�&RPPXQLFDWLRQ�&RVW�LQWR�&RQVLGHUDWLRQ�
2SHQ�&RQVWUDLQW� 6DWLVIDFWLRQ� 3UREOHPV�GLIIHU� IURP� VWDQGDUG� FRQVWUDLQW� VDWLVIDFWLRQ�SUREOHPV� LQ� WKH�ZD\�
WKDW�FKHFNLQJ�FRQVWUDLQWV�LQ�(�QRUPDOO\�LQYROYHV�FRPPXQLFDWLRQ�ZLWK�RWKHU�V\VWHPV��6XFK�FRPPXQLFDWLRQV�
DUH�QRUPDOO\�FRVWO\�LQ�WHUPV�RI�WLPH�DQG�WKHUHIRUH�VKRXOG�EH�NHSW�WR�D�PLQLPDO��
7KHUH�PD\�EH�KDUG�FRQVWUDLQWV�UHVWULFWLQJ�WKH�PD[LPXP�DPRXQW�RI�WLPH�LWHUDWLRQV�WKDW�DJHQWV�PD\�WDNH�WR�
DJUHH�RQ�ODEHOV��,Q�RWKHU�RFFDVLRQV��WKH�REMHFWLYH�IXQFWLRQ�PD\�EH�DXJPHQWHG�E\�WKH�WLPH�WKDW�LW�WDNHV�WR�
DUULYH�DW�D�GHFLVLRQ�± WKH�PRUH�WLPH�LW�WDNHV�WR�DUULYH�DW�D�GHFLVLRQ��WKH�KLJKHU�WKH�FRVW�PD\�EH��5HVHDUFK�
UHODWHG�WR�VXFK�VLWXDWLRQ�FDQ�EH�IRXQG�LQ�WKH�OLWHUDWXUH��H�J��.RUI¶V�5HDO�WLPH�,'$
�>����@�
���� $OJRULWKPV�
,Q� 2SHQ� &RQVWUDLQW� 6DWLVIDFWLRQ� 3UREOHPV�� RQH� FDQQRW� IXOO\� SURSDJDWH� FRQVWUDLQWV� WR� DOO� WKH� YDULDEOHV�
ZLWKRXW� LQFXUULQJ� KLJK� FRPPXQLFDWLRQ� FRVWV�� +RZHYHU�� SDUWLDO� FRQVWUDLQW� SURSDJDWLRQ VKRXOG� VWLOO� EH�
FRQVLGHUHG��0RUH�UHVHDUFK�LV�QHHGHG�LQ�HIIHFWLYH�DQG�HIILFLHQW�SDUWLDO�FRQVWUDLQW�SURSDJDWLRQ�DOJRULWKPV��
$QRWKHU�SUDFWLFDO�VWUDWHJ\� LQ� WKH� OLWHUDWXUH� LV� WR� UHFRUG�FRPELQDWLRQV�RI�YDULDEOH�DVVLJQPHQWV��FDOOHG�³QR�
JRRGV´��ZKLFK� WRJHWKHU�DUH�NQRZQ� WR� OHDG� WR�GHDG�HQGV��7KH�DSSOLFDWLRQ�RI�VXFK�VWUDWHJLHV��IRU�H[DPSOH�
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1R�JRRG�%DFNPDUNLQJ >5LFKDUGV�HW�DO�����@��WR�2SHQ�&RQVWUDLQW�6DWLVIDFWLRQ�3UREOHPV�VKRXOG�EH�ORRNHG�
DW�PRUH�FDUHIXOO\��
$�FODVV�RI�SRSXODWLRQ�EDVHG� VWRFKDVWLF� DOJRULWKPV FDOOHG�(VWLPDWLRQ�2I�'LVWULEXWLRQ�$OJRULWKPV �('$V��
>0XHOHQEHLQ�HW�DO�������/DUUDQDJD�	�/R]DQR�����@�KDV�EHHQ�DGRSWHG�LQ�PDQ\�RSWLPL]DWLRQ�SUREOHPV��$QW�
&RORQ\�2SWLPL]DWLRQ �$&2��PHWKRGV� >'RULJR�����@�FRXOG�EH� UHJDUGHG�DV� DQ�('$�DOJRULWKP�IRU�JUDSK�
SUREOHPV�� 7KH� DSSOLFDWLRQ� RI� ('$V� WR� 2SHQ� &RQVWUDLQHG� 2SWLPL]DWLRQ� 3UREOHPV� GHVHUYHV� FORVH�
LQYHVWLJDWLRQ��
���� 5HOLDELOLW\
7KURXJK� FRPPXQLFDWLRQ�� D� FRQVWUDLQW� VROYHU� PD\� OHDUQ� WKDW� VRPH� YDOXHV� VWDQG� EHWWHU� FKDQFH� RI� EHLQJ�
DFFHSWHG�E\�RWKHU� DJHQWV��7KHVH�YDOXHV� VKRXOG�EH�SUHIHUUHG� WR� WKRVH�ZKLFK�KDYH�EHHQ� UHMHFWHG��)UHXGHU�
DQG� KLV� WHDP� KDYH� FRQGXFWHG� SUHOLPLQDU\� UHVHDUFK� LQ� UHOLDELOLW\� LQ� FRQVWUDLQW� VDWLVIDFWLRQ� >(DWRQ� HW� DO�
����@��7KHLU�ZRUN� IRFXVHV� RQ�G\QDPLF�SUREOHPV��ZKHUH� VRPH� IHDVLEOH� VROXWLRQV� LQ� WKH�FXUUHQW�SUREOHP�
PD\�EHFRPH� LQIHDVLEOH�ZKHQ� WKH�SUREOHP� LV� FKDQJHG��7KHLU�ZRUN�PD\�VKHG�VRPH� OLJKW�RQ� WKLV� UHVHDUFK�
DVSHFW�RI�2SHQ�&RQVWUDLQW�2SWLPL]DWLRQ��('$V�PHQWLRQHG�DERYH�KDV�EHHQ�DSSOLHG�WR�LQFUHPHQWDO�OHDUQLQJ�
>%DOXMD�����@��ZKLFK�LV�KLJKO\�UHOHYDQW�WR�YDOXH�VHOHFWLRQ�LQ�WKH�2SHQ�&RQVWUDLQHG�2SWLPL]DWLRQ�3UREOHP�
KHUH��
�� &RQFOXVLRQ�
&RQVWUDLQW� VDWLVIDFWLRQ� LV� D� JHQHUDO� SUREOHP�� &RQVWUDLQW� SURJUDPPLQJ� KDV� IRXQG� DSSOLFDWLRQV� LQ� PDQ\�
FRPPHUFLDO� GRPDLQV�� ,Q� WKLV� SDSHU��ZH�KDYH�GHILQHG� WKH�2SHQ�&RQVWUDLQW�6DWLVIDFWLRQ�3UREOHP�DQG� WKH�
2SHQ� &RQVWUDLQHG� 2SWLPL]DWLRQ� 3UREOHP�� LQ� ZKLFK� VRPH� YDULDEOHV� DQG� FRQVWUDLQWV� DUH� QRW� ZLWKLQ� WKH�
SUREOHP�VROYHU¶V�FRQWURO��%\�PRGHOOLQJ�EXVLQHVV�SURFHVVHV�DV�2SHQ�&RQVWUDLQHG�2SWLPL]DWLRQ�3UREOHPV��
RQH� RSHQV� RQHVHOI� WR� D� KXJH� ERG\� RI� WHFKQLTXHV� LQ� WKH� FRQVWUDLQWV� OLWHUDWXUH��:H� KDYH� VHW� WKH� UHVHDUFK�
DJHQGD�E\�LGHQWLI\LQJ�VRPH�RI�WKH�LPSRUWDQW�DUHDV�LQ�2SHQ�&RQVWUDLQHG�2SWLPL]DWLRQ�UHVHDUFK��
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$FNQRZOHGJHPHQW
7KH� FRQVWUDLQW� VDWLVIDFWLRQ� SURMHFW� LV� SDUWLDOO\� VXSSRUWHG� E\� (365&� JUDQWV�*5�+��������*5�-��������
*5�/������ DQG� *5�0������ DV� ZHOO� DV� WKH� 5HVHDUFK� 3URPRWLRQ� )XQG�� 8QLYHUVLW\� RI� (VVH[�� 0DQ\�
FROOHDJXHV�DQG�VWXGHQWV�DW�8QLYHUVLW\�RI�(VVH[�KDYH�FRQWULEXWHG�WR�WKLV�SURMHFW��,Q�SDUWLFXODU��,�ZRXOG�OLNH�
WR� WKDQN� &KDQJ�:DQJ�� -LP� 'RUDQ�� -RKQ� )RUG�� 3DXO� 6FRWW�� 7HUU\� :DUZLFN�� $QGUHZ�'DYHQSRUW�� $OYLQ�
.ZDQ��&KULV�9RXGRXULV��-DPHV�%RUUHWW��7XQJ�OHQJ�/DX��-LQ�/L��3DWULFN�0LOOV�DQG�0DWKLDV�.HUQ�
5HIHUHQFHV
�� %DOXMD��6��3RSXODWLRQ�%DVHG�,QFUHPHQWDO�/HDUQLQJ��$�0HWKRG�IRU�,QWHJUDWLQJ�*HQHWLF�6HDUFK�%DVHG�IXQFWLRQ� 2SWLPLVDWLRQ� DQG� &RPSHWLWLYH� /HDUQLQJ�� 7HFKQLFDO� 5HSRUW�� &DUQHJLH� 0HOORQ� 8QLYHUVLW\�������� %RUUHWW��-�(���)RUPXODWLRQ�VHOHFWLRQ�IRU�FRQVWUDLQW�VDWLVIDFWLRQ�SUREOHPV��D�KHXULVWLF�DSSURDFK��3K'�7KHVLV��'HSDUWPHQW�RI�&RPSXWHU�6FLHQFH��8QLYHUVLW\�RI�(VVH[��&ROFKHVWHU��8.�������� %RUUHWW�� -�(��	�7VDQJ�� (�3�.���$� FRQWH[W� IRU� FRQVWUDLQW� VDWLVIDFWLRQ� SUREOHP� IRUPXODWLRQ� VHOHFWLRQ��&RQVWUDLQWV��9RO����1R������������������� 'DYHQSRUW�� $��� 7VDQJ�� (�3�.��� :DQJ�� &�-�� 	� =KX�� .��� *(1(7�� D� FRQQHFWLRQLVW� DUFKLWHFWXUH� IRU�VROYLQJ�FRQVWUDLQW� VDWLVIDFWLRQ�SUREOHPV�E\� LWHUDWLYH� LPSURYHPHQW��3URF�����WK�1DWLRQDO�&RQIHUHQFH�IRU�$UWLILFLDO�,QWHOOLJHQFH��$$$,������������������ 'HFKWHU�� 5��� (QKDQFHPHQW� VFKHPHV� IRU� FRQVWUDLQW� SURFHVVLQJ�� EDFNMXPSLQJ�� OHDUQLQJ�� DQG� FXWVHW�GHFRPSRVLWLRQ��$UWLILFLDO�,QWHOOLJHQFH��9RO�����1R������������������� 'RULJR��0���$QW�&RORQ\�2SWLPLVDWLRQ�� LQ��&RUQH��'���'RULJR��0���	�*ORYHU��)���HGV���1HZ�,GHDV� LQ�2SWLPL]DWLRQ��0F*UDZ�+LOO��/RQGRQ��������� 'XUIHH�� (�+���'LVWULEXWHG� SUREOHP� VROYLQJ� DQG� SODQQLQJ�� LQ�:HLVV��*�� �HG���0XOWLDJHQW� V\VWHPV�� D�PRGHUQ�DSSURDFK�WR�GLVWULEXWHG�DUWLILFLDO�LQWHOOLJHQFH��0,7�3UHVV����������������� (DWRQ�� 3�6��� )UHXGHU�� (�&�� 	� :DOODFH�� 5�-��� &RQVWUDLQWV� DQG� DJHQWV�� FRQIURQWLQJ� LJQRUDQFH�� $,�0DJD]LQH��9RO�����1R����6XPPHU�������������� )UHXGHU��(�&��	�0DFNZRUWK��$����HG����&RQVWUDLQW�EDVHG�UHDVRQLQJ��0,7�3UHVV��������� )UHXGHU�� (�&��� 'HFKWHU�� 5��� *LQVEHUJ�� 0��� 6HOPDQ�� %�� 	� 7VDQJ�� (��� 6\VWHPDWLF� YHUVXV� VWRFKDVWLF�FRQVWUDLQW� VDWLVIDFWLRQ��3DQHO�3DSHU�� LQ�0HOOLVK��&�� �HG����3URF�����WK� ,QWHUQDWLRQDO�-RLQW�&RQIHUHQFH�RQ�$,��0RQWUHDO��&DQDGD��$XJXVW�������������������� )UHXGHU�� (�&���0RGHOLQJ�� WKH� ILQDO� IURQWLHU�� 7KH� )LUVW� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 7KH� 3UDFWLFDO�$SSOLFDWLRQ�RI�&RQVWUDLQW�7HFKQRORJLHV�DQG�/RJLF�3URJUDPPLQJ��3$&/3���/RQGRQ��$SULO������������
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