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7KH� WDVN� RI� LPDJH� LQGH[LQJ� ZLWKLQ� VHPDQWLFDOO\�
PHDQLQJIXO� FDWHJRULHV� UHPDLQV�D�YHU\�FKDOOHQJLQJ� WDVN� LQ�
WKH� GRPDLQ� RI� FRQWHQW�EDVHG� LPDJH� UHWULHYDO��7KH� VRXUFH�
RI� WKLV�SUREOHP�OLHV�ZLWKLQ� WKH�DPRXQW�RI�LQIRUPDWLRQ�ZH�
GUDZ�IURP�HDFK�LPDJH�DQG�WKH�ZD\�ZH�H[WUDFW�LW��WKHUHIRUH�
WKH� FKRLFH� RI� WKH� GHVFULSWRUV� WR� XVH� LV� D� YHU\� LPSRUWDQW�
VWHS�LQ�WKH�GHVLJQ�RI�D�FODVVLILHU���

,Q� WKLV� SDSHU� ZH� SUHVHQW� D� FLW\�QRQ�FLW\� FODVVLILHU�
EDVHG�RQ�D�VSHFLILFDOO\�GHVLJQHG�GHVFULSWRU�ZKLFK�LV�EDVHG�
RQ� D� YDULDQW� RI�+RXJK� WUDQVIRUP�FDOOHG� ³)DVW� FRQQHFWLYH�
+RXJK� WUDQVIRUP´� ZKLFK� DOORZV� XV� WR� GHDO� ZLWK� OLQH�
GHWHFWLRQ� HIILFLHQWO\�� +HUH� WKH� SXUSRVH� LV� WR� XVH� DV� IHZ�
JRRG� GHVFULSWRUV� DV� SRVVLEOH� WR� DYRLG� KLJK� GLPHQVLRQ�
IHDWXUHV� YHFWRUV� ZKLFK� LQFUHDVH� FRPSXWLQJ� WLPH�
GUDPDWLFDOO\��
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7KH� ZHOO� NQRZQ� ³VHPDQWLF� JDS´� SUHVHQWV� XV� ZLWK� D�
SUREOHP� WKDW� FDOOV� IRU� PRUH� DQG� PRUH� ZRUNDURXQGV� LQ�
RUGHU�WR�VLPXODWH�WKH�KXPDQ�DELOLW\�WR�LQWHUSUHW�LPDJHV��,I�
ZH� ZDQW� WR� FODVVLI\� GDWD� LQWR� D� EURDG� FDWHJRU\� VXFK� DV�
µFLW\VFDSHV¶� ZH� KDYH� WR� XVH� LQIRUPDWLRQ� GHGXFHG� IURP�
DSSURSULDWH� ORZ� OHYHO�GHVFULSWRUV� WKHPVHOYHV�GUDZQ�IURP�
HPSLULF�REVHUYDWLRQV��)RU�LQVWDQFH��WKH�WDVN�RI�LGHQWLI\LQJ�
FLW\VFDSHV� KDV� DOUHDG\� EHHQ� WDFNOHG� E\� 9DLOD\D� HW� DO��
EDVLQJ� RQ� WKH� SUHVHQFH� RI� VWURQJ� YHUWLFDO� DQG� KRUL]RQWDO�
HGJHV�UHSRUWHG�LQ�DQ�HGJH�GLUHFWLRQ�KLVWRJUDP�DQG�D�HGJH�
FRKHUHQFH�KLVWRJUDP�>���@��:KLOH�ZH�FDQ�DVVXPH�WKLV�LV�DQ�
LQWHUHVWLQJ� SURSHUW\�� WKLV� FULWHULRQ� ODFNV� DFFXUDF\� DV� RQ�
RQH� VLGH� IRUHVW�SLFWXUHV�FDQ�VKRZ�VLPLODU�HGJH�SURSHUWLHV�
DQG�� RQ� WKH� RWKHU� VLGH�� FLW\� SLFWXUHV� FDQ� EH� GLVWRUWHG� E\�
SHUVSHFWLYH�RU�LQFOXGH�VRPH�WUHHV�ZKLFK�ZLOO�LQGXFH�PXFK��
QRLVH�LQ�WKHVH�KLVWRJUDPV��$FWXDOO\�WKHVH�GHWHFWLRQ�FULWHULD�
VHHP�WR�ZRUN�ZHOO�RQ�SURIHVVLRQDO�FLW\�SLFWXUHV�ZLWK�YHU\�
OLWWOH�QRLVH��

$OWKRXJK� WKH� FULWHULRQ� VHHPV� DGDSWHG� WR� RXU�
SUREOHP�� WKH� GHVFULSWRU� XVHG� KHUH� ODFNV� GLVFULPLQDWLQJ�
LQIRUPDWLRQ� DQG� UREXVWQHVV�� 0RUHRYHU�� EHFDXVH� SLFWXUHV�
YDU\� LQ� VFDOH� DQG� EXLOGLQJV� KDYH� GLIIHUHQW� DUFKLWHFWXUHV�
DQG� FRORUV�� WKH� XVXDO� FRORU�WH[WXUH� GHVFULSWRU� GRHV� QRW�
SURYLGH�HQRXJK�GLVFULPLQDWLQJ�SRZHU�LQ�WKLV�FDVH��

+RXJK� WUDQVIRUP� LV� D� ZHOO� NQRZQ� WRRO� LQ� LPDJH�
SURFHVVLQJ��DQG�KDV�EHHQ�XVHG�IRU�VWUDLJKW�HGJH�GHWHFWLRQ�
IRU� D� YHU\� ORQJ� WLPH� >�@�� ,Q� WKLV� SDSHU� ZH� SUHVHQW� D�
FLW\�QRQ�FLW\�FODVVLILHU�XVLQJ�VHJPHQWV�GHWHFWHG�E\�+RXJK�
WUDQVIRUP� DV� D� EDVH� ORZ� OHYHO� GHVFULSWRU� DQG� ZH� ZLOO�
GLVFXVV�WKH�YDULRXV�FKRLFHV�PDGH�LQ�WKH�HODERUDWLRQ�RI�WKLV�
FODVVLILHU�� EHFDXVH� LW� DOVR� DOORZV� H[WUDFWLQJ� SRVLWLRQ�
LQIRUPDWLRQ� IURP� VHJPHQWV�� VSDWLDO� ORFDOL]DWLRQ� VKRXOG�
QRWLFHDEO\� LQFUHDVH� WKH� UREXVWQHVV� RI� WKH� GHWHFWRU�� :H�
LQWURGXFH�WKLV�GHVFULSWRU�DV�RXU�JRDO�KHUH�ZLOO�EH�WR�XVH�DV�
OLWWOH�IHDWXUHV�DV�SRVVLEOH�LQ�RUGHU�ERWK�WR�GHPRQVWUDWH�LWV�
HIIHFWLYHQHVV�DQG�GHFUHDVH�SURFHVVLQJ�WLPH��

:H� ZLOO� ILUVW� GHVFULEH� LQ� GHWDLO� WKH� YDULDQW� RI� WKH�
+RXJK�WUDQVIRUP�ZH�XVHG� WKHUH�DQG�WKH�ZD\�ZH�FKRVH�WR�
LQWHUSUHW� WKH�GDWD� LW�SURYLGHG��7KHQ�ZH�ZLOO�GLVFXVV�VRPH�
RWKHU� DVSHFWV� RI� WKH� FODVVLILHU�� ,QGHHG�� ZKLOH� WKH�
LQIRUPDWLRQ� H[WUDFWHG� IURP� OLQH� VHJPHQWV� VKRXOG� EH� WKH�
PDLQ� GLVFULPLQDWLQJ� IHDWXUH�� ZH� DOVR� GHFLGHG� WR� SHUIRUP�
FRDUVH�FRORU�VHJPHQWDWLRQ�SULRU�WR�OLQH�VHJPHQW�H[WUDFWLRQ�
EHFDXVH� LW� DOORZV� GHDOLQJ� PRUH� HIILFLHQWO\� ZLWK�
KHWHURJHQLF� LPDJHV� �VXFK�DV�D�FLW\�SLFWXUH�VKRZLQJ�VRPH�
WUHHV� LQ� WKH� IRUHJURXQG��� :H� WKHQ� DOVR� DGGHG� D� VLPSOH�
FRORU�IHDWXUH�WR�RXU�FODVVLILHU�LQ�RUGHU�WR�KDQGOH�YHJHWDWLRQ�
PRUH� HIILFLHQWO\�� 'DWD� GUDZQ� IURP� WKHVH� IHDWXUHV� LV�
SURFHVVHG� E\� D� IHHG� IRUZDUG� WZR� OD\HU� QHXUDO� QHWZRUN�
ZKLFK�SURYLGHV�D�FODVVLILFDWLRQ�GHFLVLRQ��

)LQDOO\�ZH�ZLOO�SURYLGH�DQ�HYDOXDWLRQ�RI�WKH�GHYLVHG�
FODVVLILHU� DQG� WDON� DERXW� LWV� SHUIRUPDQFHV� UHJDUGLQJ�
FRPSXWLQJ� WLPH� DQG� DFFXUDF\� DV� ZHOO� DV� IXWXUH� ZRUN�
SODQQHG�RQ�WKLV�VXEMHFW���
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�����)URP�+RXJK�WUDQVIRUP�WR�)DVW�&RQQHFWLYH�+RXJK�
7UDQVIRUP�
%DVLF� +RXJK� WUDQVIRUP� KDV� PDQ\� IODZV�� LQIOXHQFH� RI�
LVRODWHG� SL[HOV� DQG� FRPSXWLQJ� WLPH� UHTXLUHPHQWV� EHLQJ�
DPRQJ�WKH�ELJJHVW�QRWLFHDEOH�SUREOHPV��

�%HQ�7]YL� DQG� 6DQGOHU� >�@� SURSRVHG� D� FRPELQDWRU\�
DSSURDFK� WKDW� OHVVHQV� WKH� LQIOXHQFH� RI� LVRODWHG� SL[HOV� E\�
ILUVW� SURFHVVLQJ� LPDJH� EORFNV�� 5HJDUGLQJ� SURFHVVLQJ�
VSHHG�� ;X� >�@� WKHQ�.lOYLlLQHQ>�@>�@� KDYH� SURSRVHG� QHZ�
YDULDQWV�RI�WKH�+RXJK�WUDQVIRUP�LQ�RUGHU�WR�DGGUHVV�WKHVH�



LVVXHV��FRPSXWLQJ�WLPH�ZDV�UHGXFHG�E\�XVLQJ�D�UDQGRPO\�
FKRVHQ�VXEVHW�RI�HGJH�SL[HOV��

%DVLQJ� RQ� WKHVH� WHFKQLTXHV�� PRUH� YDULDQWV� �DV�
UHIHUHQFHG�LQ�VXUYH\V�E\�/HDYHUV�>�@�DQG�,OOLQJZRUWK�>�@��
ZHUH� SURSRVHG� LQ� RUGHU� WR� XVH� +RXJK� WUDQVIRUP� WR�
SHUIRUP� OLQH� VHJPHQW� GHWHFWLRQ�� +RZHYHU�� LQ� WHUPV� RI�
VSHHG� DQG� UREXVWQHVV� WR� QRLVH�� WKHVH� PHWKRGV� VWLOO� IDOO�
VKRUW�RI�H[SHFWDWLRQV�ZKHQ�ZH�QHHG�SURFHVVLQJ�YLGHRV�RU�D�
ODUJH�QXPEHU�RI�FRQVXPHU�SKRWRJUDSKV�IRU�H[DPSOH��7KLV�
OHG�WR�GHYHORSLQJ�RXU�QHZ�PHWKRG�FDOOHG�³)DVW�FRQQHFWLYH�
+RXJK� 7UDQVIRUP´� LQ� RUGHU� WR� PDWFK� WKHVH� QHHGV� >��@��
2XU� PHWKRG� XVHV� +RXJK� VSDFH� WR� GHWHUPLQH� ORFDO�
FRQQHFWLYLW\�UDWKHU�WKDQ�XVLQJ�LW�DV�DQ�DFFXPXODWRU�VSDFH��
:H�ZLOO�QRZ�H[SODLQ�WKH�PHFKDQLVPV�RI�WKLV�PHWKRG��
�����)DVW�&RQQHFWLYH�+RXJK�7UDQVIRUP�
:H� DLPHG� WR� DGGUHVV� WKH� SUHYLRXVO\� PHQWLRQHG� IODZV�
XVLQJ� ERWK� D� ORFDO� DSSURDFK�DQG�GLPLQLVKLQJ� WKH�QHHG� WR�
XVH� FRVWO\� SULPLWLYHV�� )LUVW� LQ� RUGHU� WR� SURFHVV� OLQH�
VHJPHQWV�� ZH� FKRRVH� WR� VHDUFK� VHTXHQWLDOO\� HGJH� SRLQWV�
ZKLFK� DUH� SRWHQWLDO� VHJPHQW� VWDUWLQJ� SRLQWV�� LQ� WKDW�
SXUSRVH�ZH�VWDUW�IURP�WKH�RULJLQ�SRLQW�RI� WKH�HGJH�LPDJH�
DQG� ZH� VFDQ� LW� E\� LQFUHPHQWLQJ� [� DQG� WKHQ� \�� )RU� HDFK�
HGJH� SRLQW�ZH�ZLOO� GHWHFW� WKH� ORQJHVW� FRUUHVSRQGLQJ� OLQH�
VHJPHQWV�DQG�FOHDU�LW�DIWHUZDUGV�LQ�RUGHU�WR�PDNH�VXUH�ZH�
GR�QRW�SURFHVV�WKH�VDPH�VHJPHQW�WZLFH���

:KHQ�DQ�HGJH�SL[HO�LV�GHWHFWHG��ZH�QHHG�WR�VFDQ�DOO�
SRVVLEOH� GLUHFWLRQV� ST d�� �� LQ� HDFK� GLUHFWLRQ�ZH�ZLOO�
VHDUFK� IRU� HGJH� SRLQWV� FRQWULEXWLQJ� WR� RXU� OLQH� VHJPHQW��
WKLV� WUDQVODWHV� WKH� FRQQHFWLYLW\� RI� WKH� SRLQWV� RI� WKH�
VHJPHQW���

7KH� SULQFLSOH� LV� DV� IROORZV�� ZH� H[SORUH� HDFK�
GLUHFWLRQ� T�XQWLO� QR� PRUH� FRQWULEXWLQJ� HGJH� SL[HOV� DUH�
IRXQG��H[SORUDWLRQ�RI�QHLJKERXUKRRG�LV�DQ�LPSRUWDQW�SDUW�
RI� WKH� GHWHFWLRQ� SURFHVV� DV� LW� FDQ� SURYH� YHU\� WLPH�
FRQVXPLQJ�� +HUH� ZH� ZLOO� VHDUFK� IRU� FRQWULEXWLQJ�
QHLJKERXU� HGJH� SL[HOV� E\� LQFUHPHQWLQJ� HLWKHU� [� RU� \�
FRRUGLQDWH� �GHSHQGLQJ� RQ� T�� VHH� EHORZ�� DQG� WKHQ�
FDOFXODWLQJ� WKH� RWKHU� FRRUGLQDWH� E\� XVLQJ� WULJRQRPHWULF�
IRUPXODH��)RU�LQVWDQFH�WKH�FRRUGLQDWHV�RI�WKH�QHLJKERXU�WR�
FKHFN� DW� VWHS� Q� DUH� DV� IROORZV� �(� GHVLJQDWHV� WKH� LQWHJHU�
SDUW�IXQFWLRQ���
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7KHVH� UHODWLYH� FRRUGLQDWHV� ZLOO� EH� SUH�FRPSXWHG� IRU�
GLVFUHWH� YDOXHV� RI� T�DQG� WKXV� DOORZ� KDYLQJ� RQO\� DUUD\�
UHIHUHQFH�RSHUDWLRQV�IRU�ORFDO�HGJH�SL[HO�VHDUFK��:H�WKHQ�
FOHDU�WKH�ORQJHVW�VHJPHQW�WR�DYRLG�SURFHVVLQJ�LW�WZLFH�DQG�
VWRUH� LW� LI� LW� LV� ORQJHU� WKDQ� D� VSHFLILHG� WKUHVKROG�� 7KHVH�
SURFHVVHV� PDNH� WKLV� YDULDQW� RI� +RXJK� 7UDQVIRUP�
SDUWLFXODUO\� IDVW��$� VWXG\�RI� LWV�FRPSOH[LW\� LQGHHG� VKRZV�
WKH� QXPEHU� RI� LWHUDWLRQV� LV� DOPRVW� RI� OLQHDU� FRPSOH[LW\�
UHJDUGLQJ�WKH�QXPEHU�RI�HGJH�SL[HOV��LW�LV�QRW�UHDOO\�OLQHDU�
WKRXJK�� DV� PRUH� HGJH� SL[HOV� LQGLUHFWO\� LQFUHDVH� WKH�
LWHUDWLRQV�QHFHVVDU\�WR�SHUIRUP�WKH�ORFDO�GHWHFWLRQ�SURFHVV�
DV� VHJPHQWV�EHFRPH� ORQJHU���7HVWLQJ�PDGH� LQ� >��@� VKRZ�
WKDW� IDVW� FRQQHFWLYH�+RXJK� WUDQVIRUP� SHUIRUPV� ��� WLPHV�
IDVWHU�WKDQ�5DQGRPL]HG�+RXJK�WUDQVIRUP��
�����)DVW�+RXJK�7UDQVIRUP�DV�D�EDVH�GHVFULSWRU�
%\�XVLQJ�WKH�)DVW�&RQQHFWLYH�+RXJK�WUDQVIRUP�RQ�DQ�HGJH�
LPDJH� REWDLQHG� ZLWK� D� 6REHO� ILOWHU�� ZH� JHW� D� OLVW� RI�
GHWHFWHG�OLQH�VHJPHQWV�HDFK�LGHQWLILHG�E\�LWV�OHQJWK��RULJLQ�
SRLQW� DQG� GLUHFWLRQ�� $V� FLW\VFDSHV� VKRZ� YHU\� LPSRUWDQW�
YDULDWLRQV�ERWK�LQ�VFDOH�DQG�LQ�EXLOGLQJ�VL]H��ZH�GHFLGH�WR�
WDNH� VHJPHQW� OHQJWK� LQWR� DFFRXQW� RQO\� LQ� RUGHU� WR� ILOWHU�
³QRLVH´� VHJPHQWV� JHQHUDWHG�� IRU� H[DPSOH�� E\� HGJH�
WKLFNQHVV��(DFK�VHJPHQW�ZDV�WKHUHIRUH�FKDUDFWHUL]HG�E\�LWV�
RULHQWDWLRQ� DQG� WKH� SRVLWLRQ� RI� LWV� RULJLQ� ZKLFK� ZH�
WUDQVODWH� LQWR� WKH� GLVWDQFH� WR� WKH� XSSHU� OHIW� FRUQHU�RI� WKH�
LPDJH�LQ�RUGHU�WR�ZRUN�LQ�D�ORZHU�GLPHQVLRQ�VSDFH���

%\� XVLQJ� D� YHU\� EDVLF� FOXVWHULQJ� DOJRULWKP�� ZH�
GHWHUPLQH� WKH� PDLQ� VHJPHQW� RULHQWDWLRQV� ZLWKLQ� HDFK�
UHJLRQ��7KHVH�RULHQWDWLRQV�DUH�XVHG�WR�GHWHUPLQH�D�UHZDUG�
FRHIILFLHQW� ZKLFK� LV� GHWHUPLQHG� E\� D� VHW� RI� *DXVVLDQ�
FXUYHV� FHQWHUHG� RQ� WKH� GLUHFWLRQV�ZH� DUH� VHHNLQJ�� 7KHVH�
*DXVVLDQ� ILOWHUV�ZLOO� WKXV� SURGXFH� DQ� RXWSXW� RI� �� IRU� WKH�
GLUHFWLRQV�ZH�H[SHFW�WR�ILQG�LQ�D�FLW\VFDSH��QDPHO\���������
DQG�������:H�GHILQH�WKH�YDULDQFH�RI�HDFK�*DXVVLDQ�ILOWHU�
HPSLULFDOO\� DV� D� FRPSURPLVH� EHWZHHQ� GLVFULPLQDWLQJ�
SRZHU�DQG�WROHUDQFH�WR�GHIRUPDWLRQV�E\�SHUVSHFWLYH����

(DFK� JURXS� RI� VHJPHQWV� LV� GHWHUPLQHG� QRW� RQO\�
DFFRUGLQJ� WR� LWV� RULHQWDWLRQ� EXW� DOVR� E\� XVLQJ� D� VSDWLDO�
ORFDOL]DWLRQ� IHDWXUH�� ,WV� SXUSRVH� LV� WR� KDQGOH� VHSDUDWHO\�
JURXSV�RI�VHJPHQWV�WKDW�ZHUH�GUDZQ�IURP�GLIIHUHQW�VSDWLDO�
ORFDWLRQV�DV�ZHOO�DV� WR�GLVFDUG�VHJPHQWV�ZKLFK�ZRXOG�EH�
ZHOO�RULHQWHG�EXW�FRPH�DOO�IURP�WKH�VDPH�SODFH��W\SLFDOO\�
SURGXFHG� E\� WKLFN� HGJHV� DQG�RU� SRRU� TXDOLW\� SLFWXUHV���
7KH� LGHD� LV� WR� FRQVLGHU� WKDW� D� FLW\VFDSH�ZLOO� KDYH� VPDOO�
SDWFKHV� RI� VHJPHQWV� RULHQWHG� LQ� WKH� VDPH� KRUL]RQWDO� RU�
YHUWLFDO�GLUHFWLRQV��%\�SURFHVVLQJ�HDFK�JURXS�RI�VHJPHQWV��
ZH� SURGXFH� D� YDOXH� EHWZHHQ� �� DQG� �� ZKLFK� HVWLPDWHV�



ZKHWKHU�WKH�HGJH�VHJPHQWV�JURXS�VKRXOG�EH�FRQVLGHUHG�DV�
³FLW\�HGJHV´�RU�QRW���

7KH�YDULRXV�YDOXHV�SURGXFHG�LQ�WKH�VDPH�UHJLRQ�DUH�
FODVVLILHG� LQWR� WKUHH� FDWHJRULHV� ZKLFK� SURGXFH� WKUHH�
LQGLFDWRUV� IRU� WKH� UHJLRQ�� RQH� IRU� WKH� HYDOXDWHG� YHUWLFDO�
OLQHV�� RQH� IRU� WKH� KRUL]RQWDO� OLQHV� DQG� RQH� IRU� WKH� OLQHV�
LGHQWLILHG� DV� ³QRLVH´�� 7KLV� VHW� RI� YDOXHV� UHSUHVHQWV� WKH�
RXWSXW�RI�WKH�GHVFULSWRU�IRU�WKLV�UHJLRQ��

���&/$66,),(5�'(6,*1�
�����&RDUVH�FRORU�VHJPHQWDWLRQ�
$IWHU� D� ILUVW� WHVWLQJ� SKDVH� ZH� VHH� WKDW� RXU� FODVVLILHU�
LGHQWLILHV� TXLWH� ZHOO� WKH� HGJHV� SURSHUWLHV� ZH� ZLVKHG� WR�
H[WUDFW�� <HW� VRPH� LPDJHV� VWLOO� SRVH� VRPH� SUREOHPV�� IRU�
H[DPSOH� WKH� SUHVHQFH� RI� WUHHV� RU� RWKHU� RFFOXVLRQ�
SKHQRPHQD� �D� SHGHVWULDQ� ZDONLQJ� LQ� IURQW� WKH� EXLOGLQJ��
JHQHUDWH�PXFK�XQZDQWHG�QRLVH��,I�ZH�FKRVH�WR�LJQRUH�WKH�
SUREOHP�� ZH� ZLOO� KDYH� WR� WROHUDWH� PRUH� DQG� PRUH�
³SDUDVLWH´�HGJHV�DQG�WKXV�ZHDNHQ�RXU�FODVVLILHU��7R�DYRLG�
WKLV� ZH� GHFLGHG� WR� SHUIRUP� D� FRORU� VHJPHQWDWLRQ� SKDVH�
ILUVW�� LWV�SXUSRVH�ZDV�WR�JHQHUDWH�UHJLRQV� ODUJH�HQRXJK�WR�
FRQWDLQ� ZKROH� EXLOGLQJV� VR� WKDW� ZH� FRXOG� H[WUDFW� OLQHV�
VHJPHQWV� LQ� HDFK� RI� WKHVH� UHJLRQV� DQG� GLVFDUG� DV� PXFK�
XQZDQWHG� GDWD� DV� SRVVLEOH� EHIRUH� DSSO\LQJ� +RXJK�
WUDQVIRUP�� 7KLV� DOVR� PHDQW� ZH� KDG� WR� DYRLG� RYHU�
VHJPHQWDWLRQ�DV�PXFK�DV�SRVVLEOH��

2XU� VHJPHQWDWLRQ� DOJRULWKP� KDG� WR� EH� D� JRRG�
FRPSURPLVH� EHWZHHQ� VSHHG� DQG� HIILFLHQF\� DV� ZHOO� DV�
HQVXUH� WKH� FUHDWLRQ� RI� JURXSV� FRQVLVWLQJ� RI� FRQQHFWHG�
SL[HOV�RQO\��:H�WKXV�FKRVH�FRORU�VWUXFWXUH�FRGH�DOJRULWKP�
EDVHG�RQ�D�PHUJH�DQG�VSOLW� UHJLRQ�EXLOGLQJ�SURFHVV� >��@��
$ORQJ� ZLWK� GHILQLQJ� WKUHVKROGV� LQ� RUGHU� WR� JHW� ODUJHU�
UHJLRQV��ZH�ZDQWHG�WR�KDYH�D�FRORU�VSDFH�WKDW�ZRXOG�DOORZ�
XV� ERWK� WR� XVH� (XFOLGLDQ� PHWULFV� DQG� WR� LJQRUH� WKH�
OLJKWQHVV� FRPSRQHQW� �WR� DYRLG�� DV� PXFK� DV� SRVVLEOH���
VSOLWWLQJ�D�UHJLRQ�EHFDXVH�RI�D�VKDGRZ���7KHVH�QHFHVVLWLHV�
OHG� XV� WR� FKRRVH� &,(�/DE� FRORU� VSDFH� DQG� WDNH� LQWR�
DFFRXQW� RQO\� ³D´� DQG� ³E´� FRPSRQHQWV�� 7KLV� VSDFH� EHLQJ�
FORVH�WR�SHUFHSWXDO�KRPRJHQHLW\��XVLQJ�(XFOLGLDQ�GLVWDQFH�
IRU� FRORU�PHUJLQJ� OHDGV� WR� YLVXDOO\� VDWLVI\LQJ� UHVXOWV��%\�
VHWWLQJ� ODUJH� WKUHVKROG� YDOXHV� LQ� WKH� &6&� DOJRULWKP�� ZH�
REWDLQHG�WKH�FRDUVH�VHJPHQWDWLRQ�ZH�ZHUH�ORRNLQJ�IRU���
�����%DVLF�FRORU�IHDWXUH�
%\� DGGLQJ� FRORU� VHJPHQWDWLRQ� ZH� FRXOG� KDQGOH�
KHWHURJHQHRXV� LPDJHV�PXFK�EHWWHU��+RZHYHU��ZH�QRWLFHG�
WKDW� D� VSHFLILF� FDWHJRU\� RI� LPDJHV� VWLOO� KDG� WKH� FODVVLILHU�
IDLO� V\VWHPDWLFDOO\� ZLWK� VRPH� SLFWXUHV� FRQWDLQLQJ�
YHJHWDWLRQ��:KLOH� VHJPHQWDWLRQ� DQG�QRLVH� ILOWHULQJ� DYRLG�
FRQVLGHULQJ� LVRODWHG� DUWLILFLDO� VWUXFWXUHV� DV� FLWLHV�� LW� GRHV�
QRW� SUHYHQW� IDOVH� SRVLWLYHV� IURP� VRPH� VSHFLILF� SLFWXUHV��
,QGHHG�� VFHQHULHV� VXFK� DV� DUWLILFLDO� IRUHVWV� RU� FORVH� VKRWV�

RQ� JUDVV� ILHOGV� SUHVHQW� VWURQJ� YHUWLFDO� OLQHV�� VRPH�
KRUL]RQWDO�OLQHV�DQG�YHU\�OLWWOH�QRLVH��,Q�WKLV�FDVH�WKH�EHVW�
GLVFULPLQDWLQJ� FULWHULRQ� DSSHDUHG� WR� EH� FRORU�� ZH� WKXV�
GHFLGHG� WR�DGG�D�YHU\� VLPSOH�FRORU� IHDWXUH� WR� RXU� UHJLRQ�
IHDWXUH�YHFWRUV����

$V�ZH�VDLG�HDUOLHU�RXU�SXUSRVH�LV�WR�LQWHJUDWH�DV�IHZ�
IHDWXUHV� DV� SRVVLEOH�DQG�NHHS� WKHP�DV� VLPSOH�DV�SRVVLEOH�
DV�ZHOO��7KHUHIRUH�ZH�XVHG�D� VLJPRLG� IX]]\�PHPEHUVKLS�
IXQFWLRQ� WR� PDS� D� FRHIILFLHQW� EHWZHHQ� �� DQG� �� WR� WKH�
GLVWDQFH� EHWZHHQ� WKH� UHJLRQ� FRORU� DQG� D� UHIHUHQFH� JUHHQ�
WDNHQ� ZLWKLQ� ODE� VSDFH�� 7KH� SDUDPHWHUV� RI� WKH� VLJPRLG�
ZHUH�GHWHUPLQHG�WKURXJK�H[SHULPHQWDO�PHDVXUHV�WDNHQ�RQ�
SLFWXUHV� UHSUHVHQWDWLYH� RI� YDULRXV� VHDVRQV� DQG� OLJKWLQJ�
FRQGLWLRQV��
�����&ODVVLILHU�VWUXFWXUH�DQG�WUDLQLQJ�
7R� FKDUDFWHUL]H� D� UHJLRQ�� ZH� WKXV� XVH� D� IRXU� GLPHQVLRQ�
IHDWXUH� YHFWRU� FRPSRVHG� RI� YDOXHV� EHWZHHQ� �� DQG� ���$V�
LQGLFDWHG�DERYH��WKUHH�RI�WKHVH�DUH�GUDZQ�IURP�WKH�+RXJK�
WUDQVIRUP��HYDOXDWLRQ�RI�YHUWLFDO�OLQHV��KRUL]RQWDO�OLQHV�DQG�
QRLVH�� WKH� IRXUWK� YDOXH� EHLQJ� JLYHQ� E\� WKH� FRORU� IHDWXUH��
7KHVH�IRXU�YDOXHV�DUH�XVHG�DV�LQSXW�IRU�D�IHHG�IRUZDUG�WZR�
OD\HU� QHXUDO� QHWZRUN� WUDLQHG� E\� EDFN� SURSDJDWLRQ�� 7ZR�
RXWSXWV� UHVSHFWLYHO\� SURGXFH� DQ� HYDOXDWLRQ� IRU� FLW\VFDSH�
DQG�QRQ�FLW\VFDSH���

7UDLQLQJ� RI� WKH� QHWZRUN� LV� PDGH� WKURXJK� PDQXDO�
DQQRWDWLRQ� RI� HDFK� UHJLRQ� RI� HDFK� LPDJH� RI� WKH� WUDLQLQJ�
VHW�� WKH� V\VWHP� VKRZV� HDFK� UHJLRQ� ZLWK� WKH� GHWHFWHG�
VHJPHQWV� DQG� DVNV� WKH� XVHU� ZKHWKHU� WKLV� GDWD� VKRXOG�
LQGXFH�FODVVLILFDWLRQ�LQWR�FLW\VFDSH�QRQ�FLW\VFDSH�RU�LI�WKLV�
LQIRUPDWLRQ� LV� LUUHOHYDQW��7KLV�ZD\�ZH� LQWHJUDWH�QHJDWLYH�
IHHGEDFN� LQ� WKH� OHDUQLQJ� SURFHVV� ZKLFK� DOORZV� GUDZLQJ�
PRUH� LQIRUPDWLRQ� IURP� VPDOOHU� WUDLQLQJ� VHWV��2II� FRXUVH��
WUDLQLQJ�VHWV�VKRXOG�EH�DV�ODUJH�DV�SRVVLEOH��

'HFLVLRQ� IRU� HDFK� UHJLRQ� LV� WKHQ� WDNHQ� E\� VLPSO\�
FRPSDULQJ�WKH�WZR�RXWSXWV��WKHLU�FORVHQHVV�JLYLQJ�DQ�LGHD�
RI�WKH�FRQILGHQFH�LQ�WKH�UHVXOW��:H�DUELWUDULO\�GHILQHG�WKDW�
D�FLW\VFDSH�ZDV�DQ�LPDJH�ZKRVH�VXUIDFH�ZDV�FRYHUHG�E\�DW�
OHDVW�����RI�FLW\�UHJLRQV��
���3(5)250$1&(�(9$/8$7,21��',6&866,21�

$1'�)8785(�:25.�
�����3HUIRUPDQFH�HYDOXDWLRQ�
1RW� VXUSULVLQJO\�� WKH� FODVVLILHU� SURGXFHG� YHU\� JRRG�
GHWHFWLRQ�UHVXOWV�IRU�KLJK�TXDOLW\�SURIHVVLRQDO�FLW\�LPDJHV��
KRZHYHU� RXU� SXUSRVH� KHUH� ZDV� WR� DGGUHVV� WKH� SUREOHPV�
SRVHG� E\� FRQVXPHU� SLFWXUHV�ZKLFK� LQFOXGHG�PRVW� RI� WKH�
WLPH�³SDUDVLWH´�HOHPHQWV�VXFK�DV�WUHHV�RU�SHGHVWULDQV��:H�
WKXV� FRQVWLWXWHG� D� FRUSXV� RI� ����ZHE� LPDJHV�ZKLFK�� IRU�
WKH� PRVW� SDUW�� ZHUH� VSHFLILFDOO\� FKRVHQ� WR� LQFOXGH� WKRVH�
SRVVLEOH� VRXUFHV� IRU� HLWKHU� IDOVH� GHWHFWLRQ� RU� IDOVH�
UHMHFWLRQV��7KH� WUDLQLQJ�VHW�XVHG�D�VHSDUDWH�VHW�RI����FLW\�



LPDJHV� DQG� ��� QRQ�FLW\� LPDJHV��:H�DUH�SODQQLQJ� IXUWKHU�
WHVWLQJ�ZLWK�ELJJHU�GDWDEDVHV�EXW� IRU�QRZ�ZH�DUH�ODFNLQJ�
PDWHULDO�IRU�D�PRUH�FRPSUHKHQVLYH�EHQFKPDUN��
2YHU� WKH� ���� LPDJHV�� RXU� FODVVLILHU� LGHQWLILHV� ���� RI�
FLW\VFDSHV� FRUUHFWO\� DQG� LQGH[HV� ���� RI� QRQ�FLW\VFDSHV�
FRUUHFWO\�� 8VLQJ� &�� FRGH� DQG� ZLWKRXW� LQWHQVLYH�
RSWLPL]DWLRQV�� LW� WDNHV� DERXW� �V� RQ� D� ���� PE� ���� *+]�
3HQWLXP� ,9� WR� SURFHVV� D� ���[���� SLFWXUH�� 7\SLFDO� IDOVH�
UHMHFWLRQV� LQFOXGH� FLW\VFDSHV� FRQWDLQLQJ� RGGO\� VKDSHG�
EXLOGLQJV� DQG�SLFWXUHV�ZLWK� LOO�GHILQHG� HGJHV��1RWLFHDEO\�
SLFWXUHV� ZLWK� ³EXUQW´� �L�H�� FRPSOHWHO\� ZKLWH�� VNLHV� VKRZ�
DOPRVW�QR�HGJHV�EHWZHHQ�VN\�DQG�EXLOGLQJV��7KLV� ODFN�RI�
KRUL]RQWDO� HGJH� VRPHWLPHV� FDXVHG� WKH� LPDJH� WR� EH�
GLVFDUGHG�� )DOVH� GHWHFWLRQV� PRVWO\� LQFOXGH� PDQ�PDGH�
VWUXFWXUHV�VXFK�DV�LVRODWHG�KRXVHV�DQG�ZDOOV��
�����'LVFXVVLRQ�RQ�UHVXOWV�
2XU� HYDOXDWLRQ� VKRZHG� WKDW� VHJPHQWV� GHWHFWHG� XVLQJ�
+RXJK�WUDQVIRUP�DUH�D�YLDEOH�ORZ�OHYHO�GHVFULSWRU�DQG�DQ�
LPSURYHPHQW� RYHU� SUHYLRXV� RQHV� VXFK� DV� WKH� HGJH�
KLVWRJUDP��&RQVLGHULQJ�WKH�FODVVLILHU�LWVHOI�� WKHUH�DUH�QRZ�
PDQ\�DUHDV�ZHUH�UHVXOWV�FDQ�EH�LPSURYHG��

3RRU� SHUIRUPDQFH� KDV� EHHQ� UHSRUWHG� RQ� VQRZ\�
ODQGVFDSHV�IRU�H[DPSOH�� WKLV� LV�PDLQO\�GXH� WR�WKH�PHWULFV�
XVHG� LQ� WKH� FRORU� VHJPHQWDWLRQ� SURFHVV�� LQGHHG� LJQRULQJ�
WKH� ³/´� FRPSRQHQW� LQ� &,(�/DE� FRORU� VSDFH� SRVHV� D�
SUREOHP�ZKHQ�WKHUH�LV�D�ODUJH�DPRXQW�RI�ZKLWH�DQG�JUD\�RU�
EODFN� LQ� WKH� LPDJH� DV� ³D´� DQG� ³E´� FRPSRQHQWV� DUH�
XQGHILQHG� IRU� EODFN� JUD\� DQG� ZKLWH� ZKLFK� PHDQV� WKRVH�
YHU\�GLIIHUHQW�³FRORUV´�ZLOO�PHUJH�LQ�D�VLQJOH�UHJLRQ��:H�
PXVW� DOVR� QRWLFH� WKDW� FXUUHQWO\� �DQG�QRW� VXUSULVLQJO\�� WKH�
V\VWHP�GRHV�QRW�WHOO�FLW\VFDSHV�IURP�LQGRRU�LPDJHV��

:H� DOVR� QRWLFHG� WKDW� VPDOOHU�� SRRU� TXDOLW\� LPDJHV�
PD\� KDYH� VRPH� FRQIXVH� HGJHV� ZKLFK� JHQHUDWH� VRPH�
SDUDVLWH�VHJPHQWV��7KLV�ZRXOG�UHTXLUH�VRPH�SULRU�ILOWHULQJ�
ZKLOH�SURFHVVLQJ�HGJH��
�����)XWXUH�ZRUN�
7KH�SXUSRVH�RI�WKLV�ZRUN�ZDV�WR�YDOLGDWH�WKH�XVH�RI�+RXJK�
WUDQVIRUP� DV� D� ORZ� OHYHO� GHVFULSWRU�� :H� QRZ� DLP� WR�
LPSURYH�HIILFLHQF\�E\�WKH�DGGLWLRQ�RI�RWKHU�IHDWXUHV�VXFK�
DV�D�PRUH�FRPSOH[�FRORU�IHDWXUH�DQG�DOVR�D�WH[WXUH�IHDWXUH��
$OWKRXJK� WKH� XVHIXOQHVV� RI� WH[WXUH� LQ� FLW\VFDSH�
FKDUDFWHUL]DWLRQ� LV� GRXEWIXO� �EHFDXVH� RI� WKH� DPRXQW�
YDULDWLRQV� LQ� VFDOH�� DQG� DUFKLWHFWXUH��� LW� ZRXOG� GHILQLWHO\�
SURYH� XVHIXO� IRU� WKH� SXUSRVH� RI� GHWHFWLQJ� VN\�� JUDVV� RU�
URDGV� LQ� RUGHU� WR� KHOS� ZLWK� WKH� DIRUHPHQWLRQHG�
LQGRRU�RXWGRRU�GHWHFWLRQ�SUREOHP��<HW�ZH�ZLOO�WU\�WR�NHHS�
GLPHQVLRQDOLW\�DV�ORZ�DV�SRVVLEOH��
7KH� FRORU� VHJPHQWDWLRQ� DOJRULWKP� DOVR� GLG� QRW� JLYH� IXOO�
VDWLVIDFWLRQ� UHJDUGLQJ� ERWK� FRPSXWLQJ� WLPH� DQG� WKH�
QHFHVVLW\� WR� GHILQH� WKUHVKROGV� IRU� HDFK� SLFWXUH�� :H�
WKHUHIRUH�SODQ�RQ�GHVLJQLQJ�D�IDVWHU�DGDSWLYH�DOJRULWKP��

$V� IDU� DV�+RXJK� WUDQVIRUP� LV� FRQFHUQHG��SRRU�TXDOLW\�RI�
LPDJHV�VRPHWLPHV�JHQHUDWH�WKLFNHU�HGJHV�DQG�WKXV�SDUDVLWH�
VHJPHQW� GHWHFWLRQV�� WKH� XVH� RI�&DQQ\�(GJH� GHWHFWRU� DQG�
IXUWKHU�LPDJH�ILOWHULQJ�VKRXOG�WKXV�EH�GRQH��
$W�ODVW�WKH�GHFLVLRQ�DQG�OHDUQLQJ�SURFHVV�LV�DOVR�VXEMHFW�WR�
LPSURYHPHQW�� ZH� SODQ� RQ� LQWURGXFLQJ� DFWLYH� OHDUQLQJ�
SURFHGXUHV� LQ� RUGHU� WR� DOORZ� IRU� ELJJHU� WUDLQLQJ� VHWV�
ZLWKRXW� LQFUHDVLQJ� WKH� GDWD� DQQRWDWLRQ� WLPH� WRR�
GUDPDWLFDOO\��7KH�LQFUHDVHG�VL]H�RI�WKH�WUDLQLQJ�VHW�VKRXOG�
DOORZ�JHWWLQJ�ULG�RI�HPSLULFDO�IRUPXODH�XVHG�WR�VHOHFW�DQG�
HYDOXDWH�VHJPHQW�RULHQWDWLRQV��
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