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&KDSWHU� �

7KH� *LYH�DQG�7DNH� EHWZHHQ� 1DWXUDO� DQG

+XPDQ� /DQJXDJH� 3URFHVVLQJ

&RPSXWHU� VFLHQWLVWV��QHXURVFLHQWLVWV��DQG� OLQJXLVWV�KDYH�EHHQ�VHSDUDWHO\�ZRUNLQJ�RQ�GLVFRYHULQJ�

WKH�QHFHVVDU\�PHFKDQLVPV�IRU�ODQJXDJH�SURFHVVLQJ��$FFRUGLQJ�WR�&KRPVN\¶V�WKHRU\�RI�8QLYHUVDO�

*UDPPDU��&KRPVN\���������RXU�EUDLQV�DUH�EXLOW�ZLWK�D�QDWXUDO�VHW�RI�VWUXFWXUDO�UXOHV�IRU�ODQJXDJH��

OLNH� WKH�DELOLW\� WR�GLVWLQJXLVK�QRXQV� IURP�YHUEV��6LQFH� WKHQ��KRZHYHU��RWKHUV�KDYH�FULWLFL]HG� WKH�

H[LVWHQFH� RI� 8QLYHUVDO� *UDPPDU� DQG� KDYH� K\SRWKHVL]HG� WKDW� LQ�VWHDG� RI� KDYLQJ� DQ� LQQDWH�

PHFKDQLVP�IRU�FDWHJRUL]LQJ�ZRUGV�LQWR�GL↵HUHQW�SDUWV�RI�VSHHFK��RXU�DFTXLVLWLRQ�RI�ODQJXDJH�PD\�

EH�H[SODLQHG�E\�SUREDELOLVWLF�PRGHOV��&KDUWHU��������

:KLOH� ZH¶UH� VWLOO� QRW� VXUH� H[DFWO\� ZKLFK� PHFKDQLVPV� DUH� UHVSRQVLEOH� IRU� KXPDQ� ODQJXDJH�

SURFHVVLQJ�� WKHUH� KDV� EHHQ� JUHDW� SURJUHVV� LQ� REVHUYLQJ� WKH� KLJK�OHYHO� QHXURQDO� FLUFXLWU\� WKDW�LV�

LQYROYHG� ZLWK� LW�� 3HUKDSV� FORVHO\� H[DPLQLQJ� WKH� EUDLQ� FRXOG� KHOS� H[SODLQ� KRZ� LW� SURFHVVHV�

ODQJXDJH�� 'HYHORSHG� LQ� WKH� ����V�� HOHFWURFRUWLFRJUDSK\� �H&R*�� PRQLWRUV� EUDLQ� DFWLYLW\� E\�

SODFLQJ�HOHFWURGHV�GLUHFWO\�RQ�WKH�VXUIDFH�RI�WKH�EUDLQ�� 7KHQ�LQ�WKH�����V��IXQFWLRQDO�PDJQHWLF
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UHVRQDQFH�LPDJLQJ��I05,��R↵HUHG�D�OHVV�REWUXVLYH�DSSURDFK�ZKLFK�XVHV�PDJQHWV�WR�ORFDWH�UHJLRQV�

LQ�WKH�EUDLQ�XQGHUJRLQJ�LQFUHDVHG�PHWDEROLVP��7KHVH�WHFKQRORJLHV�PDNH�LW�SRVVLEOH�WR�REVHUYH�WKH�

G\QDPLF�QHXURQDO�SDWWHUQV�LQYROYHG�ZLWK�ODQJXDJH�SURFHVVLQJ��DOEHLW�LQ�D�QRLV\�ZD\�

$� SDUDOOHO� SUREOHP� WR� XQGHUVWDQGLQJ� KXPDQ� ODQJXDJH� SURFHVVLQJ� LV� WKDW� RI� XQGHUVWDQGLQJ�

QDWXUDO� ODQJXDJH� SURFHVVLQJ� �1/3�²FRPSXWHU� WDVNV� OLNH� WUDQVODWLRQ�� DXWR�FRPSOHWLRQ�� DQG�

VXPPDUL]DWLRQ�ZKHUH� FRPSXWHUV�PDQLSXODWH� RXU� KXPDQ� ODQJXDJH�� /LNH� WKH� SURJUHVV� VHHQ�ZLWK�

EUDLQ�LPDJLQJ��1/3�WRR�KDV�H[SHULHQFHG�UHPDUNDEOH�DGYDQFHPHQWV�RYHU�WKH�SDVW�IHZ�\HDUV��6RPH�

EUHDN�WKURXJK�GLVFRYHULHV�LQFOXGH�WKH�:RUG�YHF�HPEHGGLQJV��0LNRORY���������ZKLFK�PDS�ZRUGV�

LQWR� D� UHODWLYHO\� ORZ� GLPHQVLRQDO� VSDFH�� WKH� 7UDQVIRUPHU� PRGHO� �9DVZDQL�� ������� ZKLFK� XVHV�

DWWHQWLRQ� PHFKDQLVPV� WR� DFKLHYH� VWDWH�RI�WKH�DUW� SHUIRUPDQFH� DW� PDFKLQH� WUDQVODWLRQ�� DQG� WKH�

%LGLUHFWLRQDO� (QFRGHU� 5HSUHVHQWDWLRQV�� DOVR� NQRZQ� DV� %(57�� �'HYOLQ�� ������ ZKLFK� SHUIRUPV�

PXOWLSOH� 1/3� WDVNV� ZLWK� PLQLPDO� PRGL¿FDWLRQV� WR� LWV� DUFKLWHFWXUH�� <HW� GHVSLWH� WKHVH� UHFHQW�

VXFFHVVHV��1/3�VWLOO�KDV�QRW� UHDFKHG�KXPDQ�SHUIRUPDQFH��&RPSXWHUV�FDQQRW�JR�EH\RQG�SDWWHUQ�

UHFRJQLWLRQ�WR�WUXO\�FRPSUHKHQG�D�WH[W�DQG�IRUPXODWH�LW�LQWR�D�QDUUDWLYH�

&UDFNLQJ�QDWXUDO�DQG�KXPDQ�ODQJXDJH�SURFHVVLQJ�DUH�GL�FXOW�IRU�WKH�VDPH�UHDVRQ��ZH�KDYHQ¶W�

GLVFRYHUHG�WKH�PDFKLQHU\�WKDW�LV�QHFHVVDU\�IRU�PDVWHULQJ�ODQJXDJH��$W�¿UVW�JODQFH��WU\LQJ�WR�VROYH�

WKHVH�SUREOHPV�PD\�VHHP�OLNH�D�&DWFK�����LI�ZH�NQHZ�KRZ�WKH�EUDLQ�SURFHVVHG�ODQJXDJH��WKHQ�ZH�

FRXOG� GHVLJQ� DQ� $,� WKDW� GRHV� LW� LQ� D� VLPLODU� ZD\�� &RQYHUVHO\�� LI� ZH� KDG� D� EUDLQ�OLNH� $,� WKDW�

PDWFKHG�KXPDQ�SHUIRUPDQFH�LQ�ODQJXDJH��WKHQ�ZH�FRXOG�DQDO\]H�WKH�FRP�SXWDWLRQV�LQ�RXU�PRGHO��

DQG�WHVW�ZKHWKHU�WKH�EUDLQ�FRPSXWHV�LQ�D�VLPLODU�PDQQHU��%XW�ZKDW�LI�SHUKDSV�WKH�WZR�SUREOHPV�

ZHUH�DFWXDOO\�V\PELRWLF��DQG�WKDW�VROYLQJ�WKHP�VLPXOWDQHRXVO\
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)LJXUH� ����� 1/3� DQG�+/3� DUH� V\PELRWLF�

PD\�EH� HDVLHU� WKDQ� VROYLQJ� WKHP� LQGHSHQGHQWO\"� :KDW� LI� LW�ZHUH� SRVVLEOH� WR� EULGJH� WKH� JDS�

EHWZHHQ� WKHVH� WZR�SXUVXLWV"

,W� DSSHDUV� OLNH� DUWL¿FLDO� LQWHOOLJHQFH� DQG� EUDLQ� LPDJLQJ� DUH�PDWXULQJ� WR� D� FULWLFDO� SRLQW�� DQG�

LQGHHG�� WKLV� PDWXUDWLRQ� KDV� LQVSLUHG� WKH� XOWLPDWH� VFRSH� RI� WKLV� HQGHDYRU�� WR� EXLOG� DQ� $,� WKDW�

PDWFKHV� KXPDQ� SHUIRUPDQFH� DW� ODQJXDJH� E\� UHYHUVH� HQJLQHHULQJ� WKH� EUDLQ� E\�ZD\� RI� DUWL¿FLDO�

QHXUDO�QHWZRUNV��DQG�DW� WKH�VDPH� WLPH�� WR�EHWWHU�XQGHUVWDQG� WKH�EUDLQ�E\�FRQYHUWLQJ� WKH�RSDTXH�

SDWWHUQV�IURP�EUDLQ�LPDJLQJ�GDWD�LQWR�PRUH�FRQFUHWH�FRPSXWDWLRQV�YLD�DUWL¿FLDO�QHXUDO�QHWZRUNV�

,W¶V� WULFN\�WR�XQGHUVWDQG�KRZ�WKH�EUDLQ�SURFHVVHV�ODQJXDJH�EHFDXVH�ZH�KDYH�VXFK�DQ�RSDTXH�

YLHZ�RI� LW�� I05,�DQG�H&R*�GDWD�RQO\� VKRZ� WKH�FROOHFWLRQV�RI�QHXURQV� WKDW�¿UH� LQ� D�JLYHQ� WLPH�

SHULRG�� 7KH\� GRQ¶W� H[SODLQ� ZKDW� WKRVH� QHXURQV� DFWXDOO\� FRPSXWH²WKDW� SDUW� LV� VWLOO� D� P\VWHU\��

6LQFH� GHHS� OHDUQLQJ� LV� H[FHSWLRQDOO\� JRRG� DW� SDWWHUQ� UHFRJQLWLRQ�� RQH� DSSURDFK� WR� EHJLQ�

LQWHUSUHWLQJ�WKH�QHXURQDO�SDWWHUQV�LQ�WKH�EUDLQ�LV�WR�¿QG�D�QHXUDO�QHWZRUN�WKDW�FDQ�VRPHKRZ�PLPLF�

WKHP��:KDW� LI� WKH�EUDLQ¶V�PHFKDQLVPV� IRU� ODQJXDJH�ZHUH� DFWXDOO\�KLGLQJ� LQ�SODLQ� VLJKW�� LI� WKH\�

ZHUH�FRQFHDOHG�LQVLGH�WKH�EUDLQ�LPDJLQJ�GDWD�DQG�WKH�VLJQDO�LV�VR�VXEWOH�RU�FRPSOH[�WKDW�ZH�FDQ¶W�

HDVLO\�¿QG�LW"�,I�D�QHXUDO�QHWZRUN¶V�DFWLYLW\�VRPHKRZ�DOLJQHG�YHU\�FORVHO\�ZLWK�WKH�SDWWHUQV�LQ�WKH�

EUDLQ�GDWD��WKHQ�SHUKDSV�WKH�QHWZRUN�ZRXOG�EH�SHUIRUPLQJ�D
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)LJXUH� ����� 2YHUYLHZ� IRU� GLVFRYHULQJ� EUDLQ�OLNH� FRPSXWDWLRQV�

FRPSXWDWLRQ�WKDW�UHVHPEOHV�WKDW�RI�WKH�EUDLQ�� :H�FRXOG�WKHQ�ORRN�DW�WKH�FRPSXWDWLRQDO�JUDSK�RI�

WKLV� ³EUDLQ�OLNH´� QHXUDO� QHWZRUN�� DQG� H[SOLFLWO\� VHH� WKH� RSHUDWLRQV� LW� XVHV�� 7KH� QHWZRUN�

ZRXOG� EH� OLNH� D� GHFRGHU�� FRQYHUWLQJ� WKH� EUDLQ� LPDJLQJ� GDWD� LQWR� D� QHWZRUN� DUFKLWHFWXUH�

ZKRVH� FRPSXWDWLRQV� DUH� PRUH� FRQFUHWH� DQG� DSSDUHQW�� 7KH� QHWZRUN� ZRXOG� LQWHUSUHW� DQG� JLYH�

PHDQLQJ� WR� WKH�RWKHUZLVH� LQFRPSUHKHQVLEOH�SDWWHUQV� LQ� WKH�EUDLQ� LPDJLQJ�GDWD�� ,Q� WKLV�ZD\��ZH�

FDQ� OHYHUDJH�$,� WR� EHWWHU� XQGHUVWDQG�KXPDQ� ODQJXDJH�SURFHVVLQJ�

2Q� WKH� RWKHU� KDQG�� ZH� FDQ� OHYHUDJH� EUDLQ� LPDJLQJ� GDWD� WR� GHYHORS� D� EHWWHU� 1/3� PRGHO��

8QGHU� QRUPDO� FLUFXPVWDQFHV�� WKH� DGXOW� KXPDQ� EUDLQ� FRQWDLQV� DOO� RI� WKH� PHFKDQLVPV� WKDW� DUH�

QHFHVVDU\� IRU� PDVWHULQJ� ODQJXDJH�� ,Q� IDFW�� RXU� EUDLQV� DUH� VR� JRRG� DW� SDUVLQJ�� HQFRGLQJ�� DQG�

LQWHUSUHWLQJ� ODQJXDJH�� WKDW� ZH� FDQ� RIWHQ� XQGHUVWDQG� D� WH[W� HYHQ� ZKHQ� LW� FRQWDLQV� JUDPPDWLFDO�

HUURUV�� )RU� LQVWDQFH�� ZH� FDQ� EH� IDLUO\� FHUWDLQ� WKDW�� ³,FH� FUHDP� ,� ZDQWV´� VKRXOG� DFWXDOO\� EH
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³,�ZDQW�LFH�FUHDP�´�:KDW�LI�ZH�FRXOG�XVH�I05,�RU�H&R*�GDWD�WR�EXLOG�DQ�$,�PRGHO�WKDW�SURFHVVHV�

ODQJXDJH�ZLWK� WKH� VDPH� UREXVWQHVV� WKDW� RXU� EUDLQV� KDYH"�:H� FRXOG� ERRW�VWUDS� R↵� RI� WKH� EUDLQ�

LPDJLQJ�GDWD�WR�GHYHORS�DQ�$,�WKDW�LV�RSWLPL]HG�IRU�ODQJXDJH��7KH�SURFHVV�IRU�¿QGLQJ�WKLV�$,�LV�

WKH�VDPH�DV�EHIRUH��¿QG�DQ�DUWL¿FLDO�QHXUDO�QHWZRUN�WKDW�LV�DV�EUDLQ�OLNH�DV�SRVVLEOH��'DWD�ZRXOG�

ÀRZ�WKURXJK�WKH�QHWZRUN¶V�DUFKLWHFWXUH�LQ�D�ZD\�WKDW�VRPHKRZ�UHSOLFDWHV�WKH�QHXURQDO�SDWWHUQV�RI�

WKH�EUDLQ��%\�RSWLPL]LQJ�D�QHXUDO�QHWZRUN�WR�EH�DV�EUDLQ�OLNH�DV�SRVVLEOH��ZH�PD\�FRQVHTXHQWO\�

XQFRYHU�WKH�VLJQDO�ZKLFK�LV�KLGGHQ�LQ�WKH�EUDLQ�LPDJHV��DQG�FUHDWH�D�QHWZRUN�WKDW�LV�UHDOO\�JRRG�DW�

ODQJXDJH�

7KH�UHVW�RI� WKLV� WKHVLV�GHVFULEHV�D�PHWKRG�IRU�GLVFRYHULQJ�EUDLQ�OLNH�FRPSXWDWLRQV�LQ�QHX�UDO�

QHWZRUNV�� &KDSWHU� �� GHWDLOV� WKH� SURFHVV� RI� JHQHUDWLQJ� DQG� WUDLQLQJ� D� ODUJH� DQG� GLYHUVH�

FROOHFWLRQ�RI�QHXUDO�QHWZRUNV��&KDSWHU���GLVFXVVHV� WKH� WDVNV�� GDWDVHWV�� DQG�DUFKLWHFWXUH� VFRU�LQJ�

IXQFWLRQ� IRU� EUDLQ�OLNHQHVV�� DQG� &KDSWHU� �� GHVFULEHV� D� PHWKRG� IRU� GLVFRYHULQJ� WKH� PRVW�EUDLQ�

OLNH� VXE�DUFKLWHFWXUHV�ZLWKLQ� WKH� FROOHFWLRQ�RI�PRGHOV�
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&KDSWHU� �

*HQHUDWLQJ� $UFKLWHFWXUHV

���� 5HSUHVHQWLQJ� DQ� DUFKLWHFWXUH

$Q�DUFKLWHFWXUH�FDQ�EH�GH¿QHG�XVLQJ�D�GLUHFWHG�JUDSK��(DFK�QRGH�LV�DVVLJQHG�DQ�RSHUDWLRQ��ZKLFK�

LV�DSSOLHG�WR�WKH�RXWSXW�RI�LWV�SDUHQW�QRGH��)RU�H[DPSOH��WKH�RSHUDWLRQ�FRXOG�EH�DGGLQJ�WZR�LQSXWV�

WRJHWKHU��7KH� HGJHV�RI� WKH�JUDSK� H[SODLQ�KRZ� WKH�GDWD�ÀRZ� WKURXJK� WKH�JUDSK�� ,Q�SDUWLFXODU�� LI�

WKHUH� LV� DQ� HGJH� IURP� QRGH� $� WR� QRGH� %�� WKHQ� WKH� RXWSXW� RI� $� LV� IHG� DV� WKH� LQSXW� WR� %�� 7KH�

JUDSKLFDO� UHSUHVHQWDWLRQ� LV�KXPDQ�UHDGDEOH�DQG� WKXV�XVHIXO� IRU�ZKHQ�SHRSOH�ZLVK� WR�XQGHUVWDQG�

WKH�VWUXFWXUH�RI�WKH�DUFKLWHFWXUH��$GGLWLRQDOO\��FRPSXWHU�OLEUDULHV�IRU�GHHS�OHDUQLQJ��OLNH�3\7RUFK�

DQG�7HQVRUÀRZ��XVH�WKH�JUDSKLFDO�UHSUHVHQWDWLRQV�IRU�GH¿QLQJ�WKH�DUFKLWHFWXUHV�

:H�FDQ�FRQYHUW�WKLV�JUDSKLFDO�UHSUHVHQWDWLRQ�LQWR�D�VWULQJ�UHSUHVHQWDWLRQ��ZKLFK�LV�KHOSIXO�IRU�

SHUIRUPLQJ� DQDO\VLV� ODWHU� RQ�� %HFDXVH� WKH� VWULQJ� UHSUHVHQWDWLRQ� GRHVQ¶W� QHHG� SRLQWHUV�� LW�XVHV�

OHVV� PHPRU\� WKDQ� WKH� JUDSKLFDO� UHSUHVHQWDWLRQ�� 6HH� )LJXUH� ���� IRU� DQ� H[DPSOH� RI� KRZ� WR�

FRQYHUW� EHWZHHQ� WKH� JUDSKLFDO� DQG� VWULQJ� UHSUHVHQWDWLRQV�
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)LJXUH� ����� $Q� H[DPSOH� DUFKLWHFWXUH� UHSUHVHQWHG� DV� ���� D� VWULQJ�� DQG� ���� D� JUDSK�� 1RWLFH� WKDW� LW�LV�
HDVLHU� WR� VHH� KRZ�GDWD�PRYHV� WKURXJK� WKH� JUDSKLFDO� UHSUHVHQWDWLRQ�

���� 2EMHFWLYH�� DQ� DEXQGDQW� DQG� GLYHUVH� FROOHFWLRQ� RI

DUFKLWHFWXUHV

2XU�REMHFWLYH�LV�WR�¿QG�QHWZRUNV�ZLWK�KLJK�EUDLQ�VFRUHV²EXW�KRZ"�2QH�DSSURDFK�PD\�EH�WR�ORRN�

DW�H[LVWLQJ�DUFKLWHFWXUHV�IRU�1/3�WKDW�SHUIRUP�ZHOO�RQ�WKH�WDVN�WKH\�DUH�GHVLJQHG�IRU��)RU�H[DPSOH��

ZH�FRXOG�VFRUH� WKH�7UDQVIRUPHU�PRGHO� IRU�EUDLQ�OLNHQHVV�EHFDXVH� LW�KDV�D�KLJK�%/(8�VFRUH� IRU�

WUDQVODWLRQ��3HUKDSV�DFFXUDWH�PRGHOV�IRU�1/3�DOVR�KDYH�KLJK�EUDLQ�VFRUHV��7KXV��ZH�FRXOG�FROOHFW�

D�ORW�RI�H[LVWLQJ�1/3�PRGHOV�WKDW�KDYH�VWDWH�RI�WKH�DUW�SHUIRUPDQFH�DQG�PHDVXUH�KRZ�EUDLQ�OLNH�

WKH\�DUH��+RZHYHU�� WKLV� DSSURDFK� LV� UHVWULFWLYH��2QH�RI�RXU�JRDOV� LV� WR�XVH� WKH�EUDLQ�OLNHQHVV� WR�

FUHDWH�EHWWHU�$,��%XW�LI�WKH�DQDO\VLV�LV�OLPLWHG�WR�RQO\�FRQVLGHULQJ�H[LVWLQJ�PRGHOV��WKHQ�ZH�ZRQ¶W�

GLVFRYHU� QHZ� FRPSXWDWLRQV� WKDW� LPSURYH� WKH� FXUUHQW� UHJLPH�� ,I�ZH� LQVWHDG� JHQHUDWHG� D� GLYHUVH�

FROOHFWLRQ�RI�DUFKLWHFWXUHV��ZH�LQFUHDVH�WKH�FKDQFHV�RI�GLVFRYHULQJ�D�QHZ��VXFFHVVIXO�FRPSXWDWLRQ��

$QRWKHU�SUREOHP�ZLWK�RQO\�FRQVLGHULQJ�H[LVWLQJ�1/3�PRGHOV�LV�WKDW�RXU�DQDO\VLV�ZRXOG�QRW�EH�DV�

VWDWLVWLFDOO\�ULJRURXV��,Q�RUGHU�IRU�D�FRPSXWDWLRQ�WR�EH�VLJQL¿FDQWO\�EUDLQ�OLNH��LW
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PXVW� DSSHDU� LQ� QXPHURXV� PRGHOV� DQG� FRQWH[WV�� :H� ZRXOG� QRW� EH� VXUH� ZKHWKHU� WKH� FRPSX�

WDWLRQ� DFWXDOO\� SURGXFHV� KLJKHU� EUDLQ� VFRUHV�� RU� ZKHWKHU� LW� GLG� LQ� WKDW� SDUWLFXODU� FRQWH[W��2XU�

FROOHFWLRQ� RI� DUFKLWHFWXUHV� PXVW� EH� ODUJH� HQRXJK� WKDW� PDQ\� RI� WKH� FRPSXWDWLRQV� DSSHDU� LQ�

PXOWLSOH�PRGHOV�

���� 5DQGRPO\� VDPSOLQJ� DUFKLWHFWXUHV

7KLV� VHFWLRQ� SUHVHQWV� RQH� DSSURDFK� IRU� JHQHUDWLQJ� D� ODUJH� FROOHFWLRQ� RI� DUFKLWHFWXUHV� ZLWK�

ÀH[LELOLW\�LQ�WKH�VHW�RI�RSHUDWLRQV�WKDW�WKH\�LQFOXGH��7KH�DSSURDFK�LV�FDOOHG�DUFKLWHFWXUH�VDPSOLQJ��

DQG�WKH�¿UVW�VWHS�LQYROYHV�GH¿QLQJ�D�VHW�RI�RSHUDWLRQV�WKDW�WKH�DUFKLWHFWXUHV�PD\�LQFOXGH��1H[W��WKH�

VDPSOHU�UDQGRPO\�JHQHUDWHV�DQG�HYDOXDWHV�DUFKLWHFWXUHV�IURP�WKDW�VHW�RI�RSHUDWLRQV��,Q�WKLV�ZD\��

ZH�PD\� FUHDWH� D� ODUJH� DQG� GLYHUVH� FROOHFWLRQ� RI� QHXUDO� QHWZRUN� DUFKLWHFWXUHV�� 7R� IRFXV� RQ� WKH�

H↵HFW�WKDW�WKH�DUFKLWHFWXUH�KDV�RQ�EUDLQ�OLNHQHVV��ZH�NHHS�DOO�K\SHU�SDUDPHWHUV��OLNH�WKH�OHDUQLQJ�

UDWH�DQG�KLGGHQ�VL]H��FRQVWDQW�DFURVV�DOO�WKH�PRGHOV��7KLV�ZD\��LI�D�VXE�DUFKLWHFWXUH�DSSHDU�LQ�PRUH�

WKDQ�RQH�PRGHO��WKH�FRPSDULVRQ�LV�PRUH�GLUHFW��:H�NQRZ�WKDW�LI�WKH�VFRUHV�DUH�GL↵HUHQW��WKHQ�LW¶V�

EHFDXVH�RI�WKH�DUFKLWHFWXUH�

������ 7KH� DUFKLWHFWXUH� VSDFH

7KH� DUFKLWHFWXUH� VSDFH� LV� DQ� DEVWUDFW� VSDFH� LQ�ZKLFK� HDFK� SRLQW� UHSUHVHQWV� DQ� DUFKLWHFWXUH�� )RU�

H[DPSOH�� SHUKDSV� RQH� SRLQW� LQ� WKH� VSDFH� LV� DQ� /670�� DQG� DQRWKHU� SRLQW� LV� WKH� 7UDQVIRUPHU�

DUFKLWHFWXUH��$Q�DUFKLWHFWXUH�VSDFH�LV�GH¿QHG�E\�D�VHW�RI�RSHUDWLRQV��DQG�D�FRQVWUDLQW�RQ�WKH�VL]H�RI�

WKH�DUFKLWHFWXUHV�

5HFDOO� WKDW� RXU� JRDO� IRU� XVLQJ� DUFKLWHFWXUH� VDPSOLQJ� LV� WR� KDYH� DV� PXFK� YDULHW\� DQG
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GLYHUVLW\�LQ�WKH�DUFKLWHFWXUHV�DV�SRVVLEOH��$Q�REYLRXV�ZD\�WR�DFKLHYH�GLYHUVLW\�LV�IRU�WKH�VSDFH�WR�

FRQWDLQ�PDQ\� RSHUDWLRQV�� ,I� WKH� DUFKLWHFWXUH� VSDFH� LV� ULFKHU� DQG� LV� GH¿QHG� E\�PRUH� RSHUDWLRQV��

WKHQ�ZH� LQFUHDVH� WKH� OLNHOLKRRG� WKDW� WKH� VSDFH� FRQWDLQV� DQ� DUFKLWHFWXUH�ZLWK� D�KLJK�EUDLQ� VFRUH��

6RPH� RI� WKH� RSHUDWLRQV� PLJKW� ZRUN� YHU\� ZHOO� DQG� SURGXFH� YHU\� EUDLQ�OLNH� PRGHOV�� DQG� RWKHU�

RSHUDWLRQV�ZRQ¶W�ZRUN�DV�ZHOO�DQG�ZLOO�SURGXFH�PRGHOV�WKDW�DUH�QRW�YHU\�EUDLQ�OLNH��2Q�WKH�RQH�

KDQG�� WKH� ODUJHU� WKH� DUFKLWHFWXUH� VSDFH� EHFRPHV�� WKH� IHZHU� DVVXPSWLRQV�ZH�PDNH� DERXW�ZKDW� D�

EUDLQ�OLNH�PRGHO�VKRXOG�ORRN�OLNH��,W�DSSHDUV�OLNH�LW¶V�EHWWHU�WR�KDYH�D�ODUJHU�DQG�PRUH�GLYHUVH�VHW�

RI�RSHUDWLRQV�

+RZHYHU��WKDW�LV�QRW�WKH�FDVH��,W�LV�FULWLFDO�WR�FKRRVH�WKH�FRUUHFW�DUFKLWHFWXUH�VSDFH�WR�VDPSOH�

IURP��:H�PXVW�SLFN�WKH�ULJKW�RSHUDWLRQV�DQG�WKH�ULJKW�QXPEHU�RI�RSHUDWLRQV��7KH�SUREOHP�LV�WKDW�LI�

ZH�KDYH�WRR�PDQ\�RSHUDWLRQV��WKHQ�RXU�DUFKLWHFWXUH�VSDFH�EHFRPHV�VR�ELJ�WKDW�ZH�FDQ¶W�SRVVLEOH�

H[SORUH�HQRXJK�RI� LW��7KH� ODUJHU� WKH�DUFKLWHFWXUH�VSDFH�EHFRPHV�� WKH� OHVV� OLNHO\� LW� LV� IRU�D�JLYHQ�

RSHUDWLRQ�RU�VXE�DUFKLWHFWXUH� WR�DSSHDU� LQ�PXOWLSOHV�DUFKLWHFWXUHV� WKDW�ZH�VDPSOH��7KDW�PDNHV� LW�

PRUH�GL�FXOW� WR�GR�D�VWDWLVWLFDOO\�VLJQL¿FDQFH�DQDO\VLV�� ,GHDOO\�ZH¶G�OLNH� WKH�VXE�DUFKLWHFWXUH� WR�

VKRZ�XS�LQ�DV�PDQ\�PRGHOV�DV�SRVVLEOH��7KHUHIRUH��WKHUH�LV�D�VWURQJ�WHQVLRQ�EHWZHHQ�KDYLQJ�OHVV�

ELDV��DQG�SRWHQWLDOO\�PRUH�EUDLQ�OLNH�PRGHOV���DQG�KDYLQJ�OHVV�VWDWLVWLFDO�ULJRU�LQ�RXU�¿QDO�DQDO\VLV�

������ 2SHUDWRUV

,Q�RXU�FDVH��ZH�FKRRVH�WKH�IHZHVW�RSHUDWLRQV�QHFHVVDU\�WR�VDPSOH�DUFKLWHFWXUHV�WKDW�DUH�NQRZQ�WR�

KDYH�KLJK�SHUIRUPDQFH� LQ�1/3�� OLNH� WKH�*58��/670�DQG�7UDQVIRUPHU�PRGHOV�� 6HH�)LJXUH������

7KH� VHW� RI� IXQFWLRQV� LV� ^OD\HU� QRUP�� 5H/8�� WDQK�� VRIWPD[`�� $QG� WKH� VHW� RSHUDWRUV� LV
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)LJXUH� ����� *58�DQG�/670�DUFKLWHFWXUHV�

^DGG��PXOW��00�� VFDOH�� JDWH��� FRQFDW`�ZKHUH�

• $GG�[�� \�� DGGV� YHFWRUV� [� DQG�\�

• 0XOW�[�� \�� FRPSXWHV� D� FRPSRQHQW�ZLVH�PXOWLSOLFDWLRQ�RI� [� DQG�\�

• 00�[�� FRPSXWHV�:[���E�� IRU� VRPH�ZHLJKW�PDWUL[�:� DQG�ELDV� E�

• 6FDOH�[�� VFDOHV� [� E\� WKH� VTXDUH� URRW� RI� LWV� OHQJWK�

• *DWH��[��\��I���FRPSXWHV�WKH�ZHLJKWHG�VXP�ı�I��[�����íı�I���\��ZKHUH�ı�LV�WKH�VLJPRLG�

IXQFWLRQ�

• &RQFDW�[�� \�� FRQFDWHQDWHV� YHFWRUV� [� DQG�\��
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&KDSWHU� �

(YDOXDWLQJ� $UFKLWHFWXUHV

:H� WUDLQ� RXU� PRGHOV� IRU� ODQJXDJH� PRGHOLQJ�� WUDQVODWLRQ�� DQG� VXPPDUL]DWLRQ�� *LYHQ� VRPH�

VHTXHQFH�RI�ZRUGV��WKH�JRDO�RI�ODQJXDJH�PRGHOLQJ�LV�WR�SUHGLFW�WKH�QH[W�ZRUG�LQ�WKH�VHTXHQFH��,Q�

SDUWLFXODU��JLYHQ�WKH�VHTXHQFH�RI�Q�ZRUGV�Z���Z�����ZQí���ZH�ZLVK�WR�OHDUQ�D�GLVWULEXWLRQ�RYHU�WKH�

ZRUGV� LQ� RXU� YRFDEXODU\� VR� WKDW�ZH�PD\� SUHGLFW� WKH� IROORZLQJ�ZRUG�ZQ�� 7KH� VRXUFH� GDWDVHW� LV�

VRPH� FRUSXV�� IRU� H[DPSOH� D� FROOHFWLRQ� RI� ERRNV� RU� DUWLFOHV�� $QG� WKH� WDUJHW� GDWDVHW� LV� MXVW� WKH�

VRXUFH�GDWD�VKLIWHG�RYHU�E\�RQH�ZRUG��7KHQ�WKH�GDWD�DUH�DOLJQHG�IRU�SUHGLFWLQJ�WKH�IROORZLQJ�ZRUG��

%HFDXVH�HDFK�LQSXW�ZRUG�KDV�D�FRUUHVSRQGLQJ�RXWSXW��WKH�PRGHO�RQO\�KDV�DQ�HQFRGHU�

8QOLNH� ODQJXDJH� PRGHOLQJ�� VHTXHQFH�WR�VHTXHQFH� WUDQVODWLRQ� QHHGV� ERWK� DQ� HQFRGHU� DQG�

GHFRGHU�� 7KH� JRDO� RI� WUDQVODWLRQ� LV� WR� WUDQVODWH� IURP� D� VRXUFH� ODQJXDJH� WR� D� WDUJHW� ODQJXDJH��

7KH� GDWDVHW� FRQVLVWV� RI� D� FRUSXV� RI� ELOLQJXDO� VHQWHQFH� SDLUV�� OLNH� D� FROOHFWLRQ� RI� (QJOLVK�

VHQWHQFHV� DV� WKH� VRXUFH� DQG� WKHLU� FRUUHVSRQGLQJ�*HUPDQ� WUDQVODWLRQV� DV� WKH� WDUJHW�

/LNH� WUDQVODWLRQ�� VXPPDUL]DWLRQ� XVHV� D� VHTXHQFH�WR�VHTXHQFH� PRGHO� ZLWK� DQ� HQFRGHU� DQG�

GHFRGHU�� 7KH� JRDO� RI� VXPPDUL]DWLRQ� LV� WR� FRQGHQVH� D� WH[W� LQWR� IHZHU� ZRUGV� DQG� WR� GLVWLOO

19



LW� WR� WKH� SRLQW�� 7KH� GDWDVHW� LV� D� FRUSXV� RI� IXOO� OHQJWK� GRFXPHQWV� DV� WKH� VRXUFH�� DQG� WKHLU�

FRUUHVSRQGLQJ� VXPPDULHV� DW� WKH� WDUJHW�

���� 'DWDVHWV

������ :07

,Q� RUGHU� WR� PDNH� D� PRUH� GLUHFW� FRPSDULVRQ�� ZH� XVH� WKH� :07� GDWDVHW� IRU� ERWK� ODQJXDJH�

PRGHOLQJ� DQG� WUDQVODWLRQ�� ,Q� SDUWLFXODU�� PDFKLQH� WUDQVODWLRQ� XVHV� WKH� (QJOLVK� VHQWHQFHV� DV�WKH�

VRXUFH� DQG� WKH� *HUPDQ� VHQWHQFHV� DV� WKH� WDUJHW�� 2Q� WKH� RWKHU� KDQG�� ODQJXDJH� PRGHOLQJ�XVHV�

WKH� (QJOLVK� VHQWHQFHV� DV� WKH� VRXUFH� DQG� WKH� VDPH� VHQWHQFHG� VKLIWHG� E\� RQH� DV� WKH� WDUJHW��:H�

XVH� WKH� :07��� WUDLQLQJ� GDWD� FRQVLVWLQJ� RI� ���� PLOOLRQ� VHQWHQFHV� SDLUV�� 7KH� FRPSOHWH�

YRFDEXODU\�VL]H�IRU�WKH�(QJOLVK�VHQWHQFHV�LV�����PLOOLRQ�ZRUGV��DQG�����PLOOLRQ�IRU�WKH�*HUPDQ�

ZRUGV�

������ &11�'DLO\�0DLO

:H� XVH� WKH� &11� DQG� 'DLO\� 0DLO� GDWDVHW� IRU� VXPPDUL]DWLRQ�� ,W� FRQWDLQV� QHZV� DUWLFOHV� IURP�

&11� DQG� 'DLO\�0DLO�� DQG� WKHLU� FRUUHVSRQGLQJ� VXPPDULHV� ZKLFK� ZHUH� KXPDQ� JHQHUDWHG�� 7KH�

VXPPDULHV� ZHUH� ZULWWHQ� DV� EXOOHW� SRLQWV�� EXW� ZH� WUHDW� HDFK� RQH� DV� D� VHQWHQFH�� 7KHUH� DUH�

�������� VXPPDU\� SDLUV� LQ� WKH� WUDLQLQJ� VHW�� ������� LQ� WKH� YDOLGDWLRQ� VHW�� DQG� ������� LQ� WKH� WHVW�

VHW�� 7KH� DYHUDJH� VRXUFH� GRFXPHQW� KDV� ���� ZRUGV� DQG� ��� VHQWHQFHV�� 7KH� DYHUDJH� VXPPDU\�

FRQWDLQV����ZRUGV�DQG����� VHQWHQFHV�� 7KH�GDWDVHW� LV� UHOHDVHG� LQ� WZR�YHUVLRQV�� RQH�NHHSV�DOO�RI�

WKH�HQWLW\�QDPHV��ZKLOH�WKH�RWKHU�KDV�UHSODFHG�LQIUHTXHQWO\�RFFXUULQJ�ZRUGV�ZLWK�LQWHJHU�LGV�
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���� 0HDVXULQJ� D� QHXUDO� QHW� IRU� EUDLQ�OLNHQHVV

%HIRUH�ZH�FDQ�PHDVXUH�D�PRGHO�IRU�³EUDLQ�OLNHQHVV�´�ZH�¿UVW�PXVW�GH¿QH�ZKDW�WKDW�HYHQ�PHDQV��

+RZ�GR�ZH�TXDQWLWDWLYHO\�VFRUH�D�QHXUDO�QHWZRUN�IRU�KRZ�EUDLQ�OLNH�LWV�FRPSXWDWLRQV�DUH��DW�WDVNV�

OLNH�ODQJXDJH�PRGHO��WUDQVODWLRQ�DQG�VXPPDUL]DWLRQ"�&HUWDLQO\�H[LVWLQJ�1/3�DFFXUDF\�VFRUHV��OLNH�

WKH� %/(8� RU� 5RXJH� VFRUHV�� ZLOO� QRW� ZRUN� IRU� EUDLQ�OLNHQHVV�� 7KH� %/(8� VFRUH� VSHFL¿FDOO\�

PHDVXUHV�WKH�TXDOLW\�RI�WUDQVODWLRQ�IURP�RQH�ODQJXDJH�WR�DQRWKHU��DQG�WKH�5RXJH�VFRUH�HYDOXDWHV�

WKH�DFFXUDF\�RI�VXPPDUL]LQJ� ODUJHU� WH[WV� LQWR�VPDOOHU�VQLSSHWV��7KHVH�PHDVXUHV�DUH�QRW�VXLWDEOH�

IRU�FDSWXULQJ�WKH�VLPLODULW\�EHWZHHQ�I05,�SDWWHUQV�DQG�QHXUDO�QHWZRUN�DFWLYLW\��:H�QHHG�WR�GH¿QH�

D�QHZ�VFRUH�LI�ZH�ZDQW�WR�EH�DEOH�WR�TXDQWLWDWLYHO\�VFRUH�QHXUDO�QHWZRUNV�IRU�EUDLQ�OLNHQHVV�

������ &KDOOHQJHV

$W�¿UVW�JODQFH��LW¶V�QRW�HQWLUHO\�FOHDU�KRZ�WR�GR�WKDW��2Q�WKH�RQH�KDQG��QHXUDO�QHWZRUNV�DUH�GH¿QHG�

E\�D�FROOHFWLRQ�RI�RSHUDWLRQV��DQG�D�JUDSKLFDO�VWUXFWXUH�WKDW�H[SODLQV�KRZ�WKRVH�RSHUDWLRQV�LQWHUDFW�

ZLWK� HDFK� RWKHU�� 2Q� WKH� RWKHU� KDQG�� EUDLQ� DFWLYLW\� GDWD� DUH� LQ� WKH� IRUP� RI� I05,� LPDJHV� �RU�

YROXPHV���ZKHUH�HDFK�LPDJH�LV�FRPSRVHG�IURP�D�VHW�RI��'�SL[HOV��RU�YR[HOV��ZKLFK�PHDVXUH�WKH�

EUDLQ�DFWLYLW\� LQ� WKDW�SDUW�RI� WKH�EUDLQ��6RPHKRZ�ZH�PXVW�¿QG�D�VLPLODULW\�VFRUH�EHWZHHQ� WKHVH�

WZR�GL↵HUHQW�GRPDLQV�

:KDW� PDNHV� WKH� SUREOHP� HYHQ� WRXJKHU� LV� WKDW� RXU� I05,� GDWD� DUH� FDSWXUHG� ZKLOH� SDUWLF�

LSDQWV� ZHUH� OLVWHQLQJ� WR� VWRULHV�� 7KH� EUDLQ� LPDJHV� GHSLFW� EUDLQ� DFWLYLW\� IRU� OLVWHQLQJ� FRPSUH�

KHQVLRQ�� %XW�ZKDW� LI�ZH�ZDQW� WR�PHDVXUH� WKH� EUDLQ�OLNHQHVV� RI� D� QHXUDO� QHWZRUN� WUDLQHG� IRU� D�

WDVN�RWKHU� WKDQ� OLVWHQLQJ�FRPSUHKHQVLRQ�� OLNH� WUDQVODWLRQ�RU�VXPPDUL]DWLRQ"� ,W� LV�YHU\� OLNHO\
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WKDW�WKH�QHXURQDO�DFWLYLW\�FKDQJHV�GHSHQGLQJ�RQ�WKH�WDVN��7KH�EUDLQ�DFWLYLW\�IRU�WUDQVODWLRQ�RU�

VXPPDUL]DWLRQ�SUREDEO\�ORRNV�GL↵HUHQW�IURP�WKDW�RI�OLVWHQLQJ�FRPSUHKHQVLRQ�

,GHDOO\�� WKH� WDVN� XVHG� ZKLOH� FROOHFWLQJ� WKH� I05,� GDWD� VKRXOG� EH� WKH� VDPH� WDVN� WKDW� WKH�

QHXUDO� QHWZRUN� LV� WUDLQHG� IRU�� 7KDW� ZRXOG� EH� D� IDLUHU� FRPSDULVRQ�� 8QIRUWXQDWHO\�� IRU� QRZ��

WKH� I05,� GDWD� DUH� OLPLWHG� WR� OLVWHQLQJ� FRPSUHKHQVLRQ�� DQG� LW� LV� H[SHQVLYH� WR� FROOHFW� HQRXJK�

QHZ�GDWD� IRU� RWKHU� WDVNV�

������ $� TXDQWLWDWLYH� DSSURDFK

:H�SURSRVH� DSSO\LQJ� WKH�*HQHUDOL]HG�/LQHDU�0RGHO� �*/0���ZKLFK� LV� DQ� H[WHQVLRQ�RI� RUGLQDU\�

OLQHDU� UHJUHVVLRQ� �2/5��� 7KH� GL↵HUHQFH� EHWZHHQ� WKHP� LV� WKDW� */0� DOORZV� WKH� HUURU� WHUPV� WR�

IROORZ� D� GLVWULEXWLRQ� GL↵HUHQW� IURP� WKH�*DXVVLDQ� GLVWULEXWLRQ�� 7KH�*/0�PRGHO� OHDUQV� D� VHW� RI�

ZHLJKWV�WR�PDS�IURP�QHXUDO�QHWZRUN�DFWLYDWLRQV�WR�I05,�YR[HO�LQWHQVLWLHV��,I�WKH�SUHGLFWHG�YR[HO�

LQWHQVLW\�LV�FORVH�WR�WKH�DFWXDO�LQWHQVLW\��WKHQ�WKH�PRGHO�KDV�D�KLJK�EUDLQ�VFRUH��WKH�QHXUDO�QHWZRUN�

DFWLYDWLRQV� DUH� FDSDEOH� RI� H[SODLQLQJ� WKH� EUDLQ� SDWWHUQV� IRXQG� LQ� WKH� I05,�GDWD�� DQG� WKXV� WKHUH�

H[LVWV�DQ�DOLJQPHQW�EHWZHHQ�WKH�SDWWHUQV�LQ�WKH�I05,�GDWD�DQG�WKH�QHXUDO�QHWZRUN�DFWLYDWLRQV��7KH�

VLJQDO�WKDW�SDVVHV�WKURXJK�WKH�QHXUDO�QHWZRUN�LV�SUHGLFWLYH�RI�WKH�VLJQDO�LQ�WKH�EUDLQ�LPDJHV�

+RZHYHU�� QRZ� VXSSRVH�ZH�ZDQW� WR�PHDVXUH� WKH� EUDLQ� VFRUH� RI� D� QHXUDO� QHWZRUN� WKDW� GRHV�

WUDQVODWLRQ²ZKLFK�LV�GL↵HUHQW�IURP�WKH�OLVWHQLQJ�FRPSUHKHQVLRQ�WDVN�WKDW�WKH�SDUWLFLSDQWV�GLG�LQ�

WKH�I05,��:H�EHJLQ�E\�QRUPDOO\�WUDLQLQJ�WKH�QHWZRUN�XVLQJ�VRPH�WUDLQLQJ�VHW�IRU�WUDQVODWLRQ��7KH�

QHWZRUN�RSWLPL]HV� LWV�ZHLJKWV�VR�DV� WR�PD[LPL]H� LWV�DFFXUDF\�RQ� WKH� WHVW�VHW��2QFH� WKH�QHWZRUN�

FRPSOHWHV�WUDLQLQJ��ZH¶G�OLNH�WR�HYDOXDWH�LW�IRU�EUDLQ�OLNHQHVV��)LUVW�
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ZH� LQSXW� WKH� VDPH�ZRUGV� WKDW� WKH� SDUWLFLSDQWV� KHDUG� LQ� WKH� I05,� LQWR� WKH� QHXUDO� QHWZRUN�� )RU�

LQVWDQFH��VXSSRVH�WKDW�DW�RQH�SRLQW�WKH�SDUWLFLSDQW�KHDUG�WKH�IROORZLQJ�VHQWHQFH��³$�PDQ�ZDONV�WR�

WKH�VWRUH�´�:H�JURXS�WKH�ZRUGV�LQWR�SDLUV�DQG�FRQYHUW�WKHP�LQWR�HPEHGGLQJV��7KHVH�HPEHGGLQJV�

DUH� WKHQ� IHG� DV� LQSXW� WR� WKH� QHWZRUN�� 7KLV� ZD\�� DOWKRXJK� WKH� WDVNV� PD\� EH� GL↵HUHQW�� ZH� VWLOO�

REVHUYH� WKH� QHWZRUN� DQG� WKH� EUDLQ� DFWLYLW\� RQ� WKH� VDPH� LQSXW�� DQG� WKHUH� LV� D� PRUH� GLUHFW�

FRPSDULVRQ�IRU�DSSO\LQJ�*/0�

���� 8WLOL]LQJ� FRPSXWHU� FOXVWHUV

$QRWKHU�FKDOOHQJH�ZLWK�WUDLQLQJ�DQG�HYDOXDWLQJ�D�ODUJH�FROOHFWLRQ�RI�DUFKLWHFWXUHV�LV�WKDW�LW�WDNHV�D�

ORW� RI� FRPSXWDWLRQ� SRZHU� WR� JHQHUDWH� DQG� HYDOXDWH� DOO� RI� WKHP�� $W� WKH� YHU\� OHDVW�� WKH� PRGHOV�

VKRXOG�EH� WUDLQHG�RQ�D� FRPSXWHU�ZLWK� D�*UDSKLFV�3URFHVVLQJ�8QLW� �*38���ZKLFK� VSHHGV�XS� WKH�

ODUJH�PDWUL[�PXOWLSOLFDWLRQV� E\� XS� WR� DQ� RUGHU� RI�PDJQLWXGH��<HW� HYHQ�ZLWK� D�*38�� WUDLQLQJ� D�

QHXUDO�QHWZRUN�RQ�D�ODUJH�GDWDVHW�LV�VWLOO�VORZ��)RU�:07��LW�FDQ�WDNHV�XS�WR�D�ZHHN�WR�WUDLQ�HYHQ�D�

VLQJOH� DUFKLWHFWXUH�� 1DLYHO\� JHQHUDWLQJ� DQG� WUDLQLQJ� RQH� PRGHO� DIWHU� WKH� RWKHU� RQ� D� SHUVRQDO�

FRPSXWHU� FRXOG� WDNH� \HDUV� WR� FUHDWH� D� FROOHFWLRQ� RI�PRGHOV� WKDW� LV� ODUJH� HQRXJK� IRU� VLJQL¿FDQW�

H[SORUDWLRQ�DQG�VWDWLVWLFDO�DQDO\VLV�

7R�KHOS�ZLWK�WKLV�SUREOHP��ZH�XVH�UHPRWH�FRPSXWHU�FOXVWHUV�WR�JHQHUDWH�DQG�WUDLQ�WKH�PRGHOV��

$�UHPRWH�FRPSXWHU�FOXVWHU�LV�FRPSULVHG�RI�D�FROOHFWLRQ�RI�FRPSXWHUV��RU�QRGHV��WKDW�DUH�PDQDJHG�

E\�D�GLUHFWRU��$�XVHU�PD\�FRPPXQLFDWH�ZLWK�WKH�GLUHFWRU�XVLQJ�D�6HFXUH�6KHOO��66+��VHVVLRQ��,I�

WKH� FOXVWHU� XVHV� WKH� 6LPSOH� /LQX[� 8WLOLW\� IRU� 5HVRXUFH� 0DQDJHPHQW� �6/850�� ZRUNORDG�

PDQDJHU��WKHQ�WKH�XVHU�PD\�VSHFLI\�WKH�UHVRXUFHV�KH�UHTXLUHV��IRU�H[DP�SOH�WKH�PHPRU\�DQG�WLPH�

OLPLWV��7KHQ�WKH�GLUHFWRU�DOORFDWHV�D�FRPSXWH�QRGH�ZKLFK�¿WV�WKH
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XVHUV� VSHFL¿FDWLRQV�� RU� UHMHFWV� WKH� UHTXHVW� LI� D� QRGH�ZLWK� WKRVH� VSHFL¿FDWLRQV� GR� QRW� H[LVW�� %\�

WUDLQLQJ� RXU� PRGHOV� RQ� PXOWLSOH� QRGHV� DW� RQFH�� ZH� PD\� SDUDOOHOL]H� WKH� WUDLQLQJ�� DQG� WUDLQ� D�

GL↵HUHQW�DUFKLWHFWXUH�RQ�HDFK�QRGH�VLPXOWDQHRXVO\�

2QH� FOXVWHU� ZH� XVH� LV� WKH� *RRJOH� &ORXG� &RPSXWH� (QJLQH�� 7KH� &RPSXWH� (QJLQH� SURYLGHV�

YLUWXDO�PDFKLQHV� WKDW� UXQ�ZLWKLQ�*RRJOH¶V� GDWD� FHQWHUV�� 7KH�GDWD� FHQWHUV� DUH� ORFDWHG� DFURVV�WKH�

JOREH�� DQG� *RRJOH� OHWV� WKH� XVHU� SLFN� ZKLFK� FHQWHU� WR� XVH�� :H� FKRVH� 0RQFNV� &RUQHU�

6RXWK� &DUROLQD� �XV�HDVW��� VLQFH� LW� ZDV� JHRJUDSKLFDOO\� FORVHVW� WR� XV� DQG� WKHUHIRUH� SURYLGHG�

WKH� EHVW� QHWZRUN� ODWHQF\�� 7KH� 6RXWK� &DUROLQD� GDWD� FHQWHU� KDV� 19,',$� 7HVOD� 3��� 9�����

3����� DQG� .��� *38V�� ZLWK� XS� WR� ���� *%� RI� DYDLODEOH� PHPRU\� �*RRJOH�� ������� *RRJOH¶V�

&RPSXWH� (QJLQH� LV� VR� DWWUDFWLYH� EHFDXVH� WKHUH� LV� QR� XSSHU� OLPLW� RQ� WKH� QXPEHU� RI� QRGHV�

ZH� FDQ� UHTXHVW� DW� RQFH�� 7KHUHIRUH�� E\� GHSOR\LQJ� DQ� DXWR�VFDOLQJ� FOXVWHU� ZH� PD\� WUDLQ� RXU�

PRGHOV� DFURVV� KXQGUHG� RU� WKRXVDQGV� RI� QRGHV� DQG� KLJKO\� SDUDOOHOL]H� WKH� DUFKLWHFWXUH� VDPSOLQJ��

8QIRUWXQDWHO\�� KRZHYHU�� XVLQJ� *RRJOH¶V� &RPSXWH� (QJLQH� FDQ� EH� H[SHQVLYH� DV� ZH� PXVW� SD\�

SHU� VHFRQG�RI� FRPSXWLQJ�

,QVWHDG��IRU�DQ�DQQXDO�IHH��WKH�RWKHU�FOXVWHU�ZH�XVH�LV�2SHQPLQG��ZKLFK�LV�DFFHVVLEOH�WR�0,7¶V�

0F*RYHUQ� ,QVWLWXWH� IRU� %UDLQ� 5HVHDUFK�� ,W� LV� ORFDWHG� LQ� +RO\RNH�� 0DVVDFKXVHWWV� DW� WKH�

0DVVDFKXVHWWV�*UHHQ�+LJK�3HUIRUPDQFH�&RPSXWHU�&HQWHU�DQG�KDV�D�GLUHFW�¿EHU�OLQN�WR�0,7��7KH�

FOXVWHU�FRQWDLQV�ERWK�&38V�DQG�*38V�RI�XS�WR����FRUHV��0RVW�RI�WKH�QRGHV�KDYH�����*%�RI�5$0��

ZLWK�RQH�FRQWDLQLQJ���7%�RI�5$0��8QOLNH�WKH�*RRJOH�&ORXG�&RPSXWH�(QJLQH��2SHQPLQG�XVHUV�

SD\�DQ�DQQXDO�IHH��7KHUHIRUH�WKH�FOXVWHU�ZDV�DQ�DWWUDFWLYH�RSWLRQ�IRU�UXQQLQJ�RXU�FRGH�

7KH�WUDGH�R↵��KRZHYHU��LV�WKDW�XQOLNH�WKH�*RRJOH�&ORXG�&RPSXWH�(QJLQH��ZKLFK�DOORZV�LWV�XVHUV�

WR�UHTXHVW�DV�PDQ\�QRGHV�DV�WKH�OLNH��ZH�FRXOG�RQO\�UHTXHVW�XS�WR����QRGHV�DW�RQFH
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RQ�2SHQPLQG�� 7KLV�PDGH�2SHQPLQG�PRUH� DWWUDFWLYH� HFRQRPLFDOO\� DQG� OHVV� DWWUDFWLYH� IURP�D�

UXQ�WLPH�SHUVSHFWLYH�
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&KDSWHU� �

'LVFRYHULQJ�,QÀXHQWLDO

6XE�$UFKLWHFWXUHV

5HFDOO� WKH� SURJUHVV� VR� IDU�� ZH� KDYH� JHQHUDWHG� DQG� WUDLQHG� D� YDULHW\� RI� QHXUDO� QHWZRUNV�� DQG�

KDYH� HYDOXDWHG� WKHP� IRU� EUDLQ�OLNHQHVV�� 7KH� PRGHOV� KDYH� D� GLVWULEXWLRQ� RI� VFRUHV�� VRPH� DUH�

PRUH� EUDLQ�OLNH� WKDQ� RWKHUV�� $W� WKLV� SRLQW�� WKRXJK�� ZH� DUH� VWLOO� OHIW� ZRQGHULQJ� H[DFWO\� ZK\�

VRPH� PRGHOV� SHUIRUP� EHWWHU� WKDQ� RWKHUV�� :KDW� LV� LW� DERXW� WKH� KLJK�VFRUHUV� WKDW� HQFRXUDJHV�

EHWWHU� SHUIRUPDQFH"� $UH� WKHUH� FRPSXWDWLRQV� WKDW� VHHP� UHVSRQVLEOH"

���� 3UREOHP� VWDWHPHQW

7R� LOOXVWUDWH� WKH� LGHD� PRUH� FRQFUHWHO\�� FRQVLGHU� WKH� IROORZLQJ� WR\� H[DPSOH� ZLWK� WKUHH� PRGHOV�

UHSUHVHQWHG�LQ�WKHLU�VWULQJ�IRUP��$GG�[��[��ZKLFK�DGGV�YDULDEOH�[�WR�LWVHOI��7KLV�PRGHO�KDV�D�EUDLQ�

OLNHQHVV�VFRUH�RI�����$GG�[��\��ZKLFK�DGGV�YDULDEOH�[�WR�YDULDEOH�\��,W�KDV�D�VFRUH�����$QG�¿QDOO\�

0XOW�[��[���ZKLFK�FRPSXWHV�DQ�HOHPHQW�ZLVH�PXOWLSOLFDWLRQ�EHWZHHQ�[�DQG�LWVHOI�
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6XSSRVH�LW�VFRUHG�����$OWKRXJK�HDFK�RI�WKHVH�QHWZRUNV�KDV�D�XQLTXH�DUFKLWHFWXUH�RYHUDOO��WKHUH�DUH�

SODFHV�ZKHUH� WKH\�RYHUODS� DQG�KDYH� FRPPRQ� VXE�DUFKLWHFWXUHV��)RU� LQVWDQFH�� WKH�¿UVW� WZR�ERWK�

DGG� [� WR� DQRWKHU� YDULDEOH�� %\� H\H�� LW� VHHPV� OLNH� WKH� VXE�DUFKLWHFWXUH� RI� DGGLQJ� [� WR� DQRWKHU�

YDULDEOH�PD\�HQFRXUDJH�WKH�PRGHOV�WR�VFRUH�KLJKHU��7KH�¿UVW�WZR�DUFKLWHFWXUHV�LQFOXGH�WKDW�VXE�

DUFKLWHFWXUH��DQG�WKH\�VFRUHG�PRUH�WKDQ�GRXEOH�WKH�WKLUG�

%XW�LW�LV�GL�FXOW�WR�VD\�ZLWK�FRQ¿GHQFH��3HUKDSV�WKH�VLJQDO�LV�QRLV\��DQG�ZH�GRQ¶W�KDYH�HQRXJK�

GDWD�� 7KH� DUFKLWHFWXUHV� LQFOXGH� PRUH� FRPSRQHQWV� WKDQ� MXVW� WKH� ³$GG´� VXE�DUFKLWHFWXUH� ZH� DUH�

FRQVLGHULQJ��VR�PD\EH�WKH�PRGHO¶V�VFRUH�LV�GHWHUPLQHG�E\�VRPH�RWKHU�VXE�DUFKLWHFWXUH��,W�LV�FOHDU�

WKDW� WKH� VLJQDO� LV� QRLV\�EHFDXVH� WKH� VDPH� VXE�DUFKLWHFWXUH� DSSHDUV� LQ� WZR�PRGHOV�ZLWK�GL↵HUHQW�

VFRUHV�

2XU�REMHFWLYH�LV�WR�XVH�WKH�FROOHFWLRQ�RI�PRGHOV�ZH¶YH�DOUHDG\�JHQHUDWHG�WR�DSSUR[LPDWH�D�VXE�

DUFKLWHFWXUH¶V� VFRUHV� GHVSLWH� WKH� QRLVH�� DQG� UHWXUQ� WKH� VXE�DUFKLWHFWXUHV� ZLWK� WKH� KLJKHVW�

SHUIRUPDQFH��&ULWLFDOO\��D�PRGHO¶V�VFRUH�LV�GHWHUPLQHG�VROHO\�E\�LWV�DUFKLWHFWXUH��EHFDXVH�DOO�RWKHU�

K\SHU�SDUDPHWHUV� DUH� ¿[HG�� DQG� WKH� WUDLQLQJ� DQG� WHVW� VHWV� DUH� WKH� VDPH�� 7KXV�� LQ� HVVHQFH�� RXU�

REMHFWLYH� LV� WR� GLVFRYHU� ³LQÀXHQWLDOO\� KLJK´� �RU� ³LQÀXHQWLDOO\� ORZ´�� FRPSXWD�WLRQV� ZLWKLQ� WKH�

DUFKLWHFWXUHV²VXE�DUFKLWHFWXUHV�WKDW�DUH�VWDWLVWLFDOO\�DVVRFLDWHG�ZLWK�RQO\�WKH�KLJKHVW�VFRULQJ��RU�

ORZHVW�VFRULQJ��PRGHOV��%HORZ��ZH�LQWURGXFH�WKH�'HWHFWLYH�0HWKRG�IRU�GLVFRYHULQJ�WKH�LQÀXHQWLDO�

VXE�DUFKLWHFWXUHV�WKDW�DSSHDU�WR�SHUVXDGH�D�PRGHO¶V�VFRUH�WR�EH�DPRQJ�WKH�PRVW�H[WUHPH��:H�FDOO�

WKHVH�WKH�LQÀXHQWLDO�VXE�DUFKLWHFWXUHV�
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)LJXUH� ����� 1HXUDO� QHWZRUN� DV� D� EODFN�ER[� VFRULQJ� IXQFWLRQ�� $� QHXUDO� QHWZRUN� FDQ� EH� WUDLQHG� WR�
SUHGLFW� DQ� DUFKLWHFWXUH¶V� VFRUH�� +RZHYHU�� WKH� VFRULQJ� IXQFWLRQ� LW� OHDUQV� LV� QRW� H[WUDFWDEOH� RU�
UHSURGXFLEOH�

���� 2EMHFWLYH�� D� PHWKRG� WKDW� LV� H[WUDFWDEOH�� UHSURGXFLEOH��DQG�
H[WHQVLYH

2QH� DSSURDFK� IRU� OHDUQLQJ� WKH� LQÀXHQWLDO� VXE�DUFKLWHFWXUHV� LV� WR� WUDLQ� D� QHXUDO� QHWZRUN� WKDW�

SUHGLFWV� D� PRGHO¶V� VFRUH� JLYHQ� LWV� DUFKLWHFWXUH� DV� LQSXW�� DV� VKRZQ� LQ� )LJXUH� ����� 7KH� QHWZRUN�

OHDUQV� D� VFRULQJ� IXQFWLRQ��ZKLFK�PDSV� IURP�DQ� DUFKLWHFWXUH� WR� LWV� SUHGLFWHG� VFRUH��7KLV�PHWKRG�

ZDV� GRQH� E\� 6FKULPSI� �6FKULPSI�� ������� 7KH� SUREOHP� ZLWK� WKLV� DSSURDFK� LV� WKDW� HYHQ� LI� WKH�

QHWZRUN� HQGV� XS� OHDUQLQJ� DQ� DFFXUDWH� VFRULQJ� IXQFWLRQ�� LW� LV� GL�FXOW� WR� H[WUDFW� WKH� QHWZRUN¶V�

NQRZOHGJH�� 7KHUH� LV� QR� ULJRURXV� ZD\� WR� H[SUHVV� ZKDW� WKH� QHWZRUN� KDV� OHDUQHG� LQWR� D� IRUPDO�

IXQFWLRQ� ZLWK� YDULDEOHV�� )XUWKHUPRUH�� HYHQ� LI� ZH� FRXOG� H[WUDFW� WKH� VFRULQJ� IXQFWLRQ� IURP� WKH�

QHWZRUN��ZH�ZRXOG�VWLOO�EH� OHIW�ZRQGHULQJ�KRZ� WKH�QHWZRUN� OHDUQHG� WKH�VFRULQJ� IXQFWLRQ�� ,I�ZH�

WUDLQHG�WKH�QHWZRUN�DJDLQ��LW�LV�YHU\�OLNHO\�WKDW�WKH�IXQFWLRQ�ZRXOG�FKDQJH��)RU�WKRVH�UHDVRQV��WKH�

QHXUDO� QHWZRUN� DSSURDFK� LV� WRR� PXFK� RI� D� EODFN�ER[��:H� ZRXOG� OLNH� RXU� UHVXOWV� WR� EH� HDVLO\�

H[WUDFWDEOH�DQG�UHSURGXFLEOH�

$QRWKHU�PRUH�H[SOLFLW�DSSURDFK�IRU�GLVFRYHULQJ�LQÀXHQWLDO�RSHUDWLRQV�ZRXOG�EH�WR�GLVFRYHU�HGJHV��

RU�SDLUV�RI�RSHUDWLRQV��WKDW�FRQVLVWHQWO\�DSSHDU�LQ�KLJK�VFRULQJ�PRGHOV��7KLV�PHWKRG
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KDV� D� VWRUDJH� UHTXLUHPHQW� WKDW� LV� OLQHDU� LQ� WKH� QXPEHU� RI� HGJHV�� KRZHYHU� ZH� GRQ¶W� OLNH� WKLV�

DSSURDFK�EHFDXVH�ZH�DUH�LQWHUHVWHG�LQ�¿QGLQJ�ODUJHU�LQÀXHQWLDO�VXE�DUFKLWHFWXUHV��:H�EHOLHYH�WKDW�

LPSRUWDQW�FRPSXWDWLRQV�PD\�KDSSHQ�DW�D�VFDOH� ODUJHU� WKDQ�D�VLQJOH�HGJH��)RU� LQVWDQFH�� WKH�EDVLF�

FHOOV� LQ� WKH� 7UDQVIRUPHU�PRGHO� FRQWDLQ� IRXU� RU� ¿YH� RI� RXU� RSHUDWLRQV��2QO\� FRQVLGHULQJ� HGJHV�

ZRXOG� OLPLW� WKH� QXPEHU� RI� RSHUDWLRQV� WR� WZR�� DQG� WKH� DQDO\VLV� LV� OLPLWHG� WR� YHU\� VLPSOH�

FRPSXWDWLRQV�DQG�ZRXOG�QRW�EH�YHU\�H[WHQVLYH�

7KH� IROORZLQJ�VXE�VHFWLRQ� LQWURGXFHV�D�PHWKRG� IRU�¿QGLQJ� LQÀXHQWLDO� VXE�DUFKLWHFWXUHV�ZLWK�

LQVSLUDWLRQ� IURP� WKH� FRPELQDWRULDO� EDQGLWV� SUREOHP� DQG� WKH� ZHLJKWHG� PDMRULW\� DO�JRULWKP�

�/LWWOHVWRQH���������7KH�PHWKRG�H[WHQGV�WKH�HGJH�DSSURDFK�DQG�DQDO\]HV�ODUJHU�FRPSXWDWLRQV�E\�

FRQVLGHULQJ� VXE�DUFKLWHFWXUHV� ZLWK�PXOWLSOH� HGJHV� DQG� RSHUDWLRQV�� LQVWHDG� RI� VLQJOH� HGJHV�ZLWK�

WZR� RSHUDWLRQV�� 7KHUHIRUH�� ZH� WUDGHR↵� D� ODUJHU� PHPRU\� UHTXLUHPHQW� IRU� D� PRUH� H[WUDFWDEOH��

UHSURGXFLEOH�� DQG� H[WHQVLYH� DQDO\VLV�

���� 7KH�'HWHFWLYH� 0HWKRG

7KH�PHWKRG�DVVXPHV�WKDW�HDFK�VXE�DUFKLWHFWXUH�KDV�D�JURXQG�WUXWK�EUDLQ�VFRUH��ZKLFK�LV�WKH�YDOXH�

WKDW�DQ�DUFKLWHFWXUH�VFRUHV�LI�LW�LQFOXGHV�WKDW�VXE�DUFKLWHFWXUH��7KH�QXPEHU�RI�VDPSOHV�IURP�ZKLFK�

WR�DSSUR[LPDWH�WKH�JURXQG�WUXWK�VFRUH�LV�WKH�QXPEHU�RI�PRGHOV�WKDW�WKH�VXE�DUFKLWHFWXUH�DSSHDUV�

LQ�� )RU� LQVWDQFH�� LI� D� VXE�DUFKLWHFWXUHV� DSSHDUV� LQ� WHQ�PRGHOV�� WKHQ� WKHUH� DUH� WHQ� VDPSOHV�� 7KH�

DOJRULWKP¶V�REMHFWLYH�LV�WR�DSSUR[LPDWH�D�VXE�DUFKLWHFWXUH¶V�JURXQG�WUXWK�EUDLQ�VFRUH�IURP�D�VHW�RI�

OLPLWHG� DQG� QRLV\� VDPSOHV�� DQG� WR� UHWXUQ� WKH� DSSUR[LPDWLRQV�ZKLFK� DUH� VWDWLFDOO\� VLJQL¿FDQW� RI�

EHLQJ�LQÀXHQWLDO�

7KH�LQÀXHQWLDO�VXE�DUFKLWHFWXUHV�UHWXUQHG�E\�WKH�PHWKRG�DUH�XVHIXO�IRU�WZR�PDLQ�UHDVRQV�
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)LUVW�� WKH\�KHOS�H[SODLQ�ZKLFK�FRPSXWDWLRQV�KDYH�KLJKHU�VFRUH��7KH�PHWKRG�UHWXUQV� WKH�VLPSOHVW�

VXE�DUFKLWHFWXUHV�WKDW�DUH�VWDWLVWLFDOO\�DVVRFLDWHG�ZLWK�RQO\�WKH�KLJKHVW��RU�ORZHVW��VFRULQJ�PRGHOV��

7KH�PRGHOV�DUH�WULPPHG�WR�WKHLU�PRVW�EUDLQ�OLNH�FRPSRQHQWV��EULQJLQJ�WKH�HVVHQWLDO�FRPSXWDWLRQV�

IURQW�DQG�FHQWHU��$OVR��EHFDXVH� WKH�VXE�DUFKLWHFWXUHV�DUH�FRPSRVHG�RI� IHZHU�RSHUDWLRQV� WKDQ� WKH�

PRGHO�DV�D�ZKROH��LW�LV�HDVLHU�WR�LQWHUSUHW�WKHLU�FRPSXWDWLRQV�IRU�D�GHHSHU�PHDQLQJ��7KLV�SRWHQWLDO�

LV� SDUWLFXODUO\� LQWHUHVWLQJ� LQ� WKH� FRQWH[W� RI� PRGHOV� ZLWK� KLJK� EUDLQ� VFRUHV�� 7KH� VHFRQG� UHDVRQ�

UHWXUQHG� VXE�DUFKLWHFWXUHV� DUH� XVHIXO� LV� IRU� GH¿QLQJ� WKH� DUFKLWHFWXUH� VSDFH� LQ� WKH� IXWXUH�� ,Q�

SDUWLFXODU��ZH�PD\�XSGDWH�WKH�DUFKLWHFWXUH�VSDFH�WR�LQFOXGH�WKH�LQÀXHQWLDO�VXE�DUFKLWHFWXUHV�DV�XQLW�

RSHUDWLRQV��7KDW�ZD\��ZH�ELDV�WKH�VSDFH�WR�LQFOXGH�RSHUDWLRQV�WKDW�KDYH�EHHQ�VKRZQ�WR�ZRUN�ZHOO��

DQG�JHQHUDWH�KLJKHU�VFRULQJ�PRGHOV�LQ�IXWXUH�DUFKLWHFWXUH�VDPSOLQJV�

������ 0HWKRG� GHVFULSWLRQ

/LNH� D� WDOHQW� GHWHFWLYH�� WKH�PHWKRG� FRQVLGHUV� WKH� SHUIRUPDQFH� RI� HYHU\� FDQGLGDWH� VXE�

DUFKLWHFWXUH��DQG� VHOHFWV� WKH� VHW� WKDW� LW� KDV� GHWHUPLQHG� DUH� UHPDUNDEOH�� 7KH� SURFHVV� EHJLQV�

E\� LWHUDWLQJ�WKURXJK� WKH� PRGHOV�� DQG� IRU� HDFK� RQH�� HQXPHUDWLQJ� DOO� RI� LWV� VXE�

DUFKLWHFWXUHV�� 5HFDOO� WKH�DVVXPSWLRQ� WKDW� WKH� VXE�DUFKLWHFWXUH¶V� JURXQG�WUXWK� VFRUH� LV� WKH�

VFRUH� RI� WKH� PRGHO� LW� DS�SHDUV� LQ�� 7KXV�� ZH� PDS� HDFK� VXE�DUFKLWHFWXUH� WR� D� OLVW� RI� DOO�

WKH� PRGHO� VFRUHV� WKDW� WKH�VXE�DUFKLWHFWXUH� DSSHDUV� LQ�� 7KH� OLVW� FROOHFWV� DOO� RI� WKH� REVHUYHG�

EUDLQ� VFRUHV� IRU� WKDW� VXE�DUFKLWHFWXUH�� 6HH�)LJXUH� ����

1RZ� WKDW� WKH� GDWD� DUH� RUJDQL]HG� LQWR� D�PDS� IURP� VXE�DUFKLWHFWXUHV� WR� OLVWV� RI� VFRUHV�� ZH�PXVW�

DSSUR[LPDWH�D�EUDLQ�VFRUH�IURP�HDFK�OLVW�DQG�WHVW�LW�IRU�VWDWLVWLFDO�VLJQL¿FDQFH��:H
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DSSUR[LPDWH�VXE�DUFKLWHFWXUH¶V�L�JURXQG�WUXWK�VFRUH�E\�WKH�PHDQ�RI�LWV�OLVW���L��:H�UHTXLUH�WKDW�OLVWV�

FRQWDLQ�DW� OHDVW�Q� VDPSOHV�� DQG�XVH�D� W�WHVW� WR� WHVW�ZKHWKHU� WKH� VXE�DUFKLWHFWXUH� LV� LQÀXHQWLDO�� ,Q�

SDUWLFXODU��ZH�WHVW�WZR�K\SRWKHVHV�IRU�HDFK�L��¿UVW��ZKHWKHU��L�LV�LQ�WKH�WRS�S��RI�VFRUHUV��ZKHWKHU�

LW¶V� LQÀXHQWLDOO\� KLJK��� $QG� VHFRQG�� ZKHWKHU� �L� LV� LQ� WKH� ERWWRP� S�RI� VFRUHUV� �ZKHWKHU� LW¶V�

LQÀXHQWLDOO\�ORZ���7KH�YDOXH�RI�S�VHWV�D�WKUHVKROG�VFRUH�IRU�D�PRGHO�WR�EH�FRQVLGHUHG�LQÀXHQWLDO�

%HFDXVH� ZH� PXVW� WHVW� WZR� K\SRWKHVHV� IRU� HDFK� VXE�DUFKLWHFWXUH�� LW� LV� GDQJHURXV� WR� XVH� DQ�

XQDGMXVWHG�S�YDOXH��7KH�UHVXOWV�ZRXOG�OLNHO\�LQFOXGH�PDQ\�IDOVH�SRVLWLYHV��,Q�RUGHU�WR�UHGXFH�WKH�

QXPEHU� RI� IDOVH� SRVLWLYHV�� ZH� XVH� WKH� +ROP�%RQIHUURQL� FRUUHFWLRQ�� ,I� WKH� DGMXVWHG� S�YDOXH� LV�

VPDOOHU�WKDQ�Į� �������WKH�FRUUHVSRQGLQJ�VXE�DUFKLWHFWXUH�LV�LQÀXHQWLDO��DQG�ZH�NHHS�LW�IRU�IXUWKHU�

HYDOXDWLRQ�

)LQDOO\�� EHFDXVH� ZH� HQXPHUDWH� DOO� SRVVLEOH� VXE�DUFKLWHFWXUHV�� LW� LV� OLNHO\� WKDW� PDQ\� RI� WKH�

LQÀXHQWLDO�VXE�DUFKLWHFWXUHV�DUH�WKHPVHOYHV�VXE�DUFKLWHFWXUHV�RI�HDFK�RWKHU��)RU�H[DPSOH��VXSSRVH�

$GG�[��[��DQG�$GG�[����DUH�ERWK�LQÀXHQWLDO�VXE�DUFKLWHFWXUHV��ZKHUH�³�´�LQGLFDWHV�WKDW�WKH�SRVLWLRQ�

PD\�EH�¿OOHG�E\�DQ\�YDULDEOH��1RWLFH�WKDW�$GG�[��[��LV�MXVW�D�VSHFLDO�FDVH�RI�$GG�[�����,I�$GG�[����

LV�LQÀXHQWLDO��WKHQ�$GG�[��[��LV�DOVR�LQÀXHQWLDO��1RWLFH�WKDW�LW�LV�VWURQJHU�WR�NQRZ�WKDW�$GG�[����LV�

LQÀXHQWLDO�WKDQ�LW�LV�WR�NQRZ�$GG�[��[��LV�LQÀXHQWLDO��7R�UHWXUQ�WKH�LQÀXHQWLDO�VXE�DUFKLWHFWXUHV�LQ�

WKHLU�VLPSOHVW�DQG�VWURQJHVW�IRUP��ZH�RUJDQL]H�WKHP�LQWR�WZR�WUHHV��RQH�IRU�WKH�LQÀXHQWLDOO\�KLJK�

DQG� WKH� RWKHU� IRU� WKH� LQÀXHQWLDOO\� ORZ� VXE�DUFKLWHFWXUHV��(DFK� QRGH� LQ� WKH� WUHH� LV� DQ� LQÀXHQWLDO�

VXE�DUFKLWHFWXUH�� DQG� WKHUH� LV� DQ� HGJH� IURP� VXE�DUFKLWHFWXUH�� WR� VXE�DUFKLWHFWXUH�� LI� VXE�

DUFKLWHFWXUH��LV�D�VXE�DUFKLWHFWXUH�RI�VXE�DUFKLWHFWXUH���7KH�OHDYHV�RI�WKHVH�WUHH�DUH�WKH�VHW�RI�VXE�

DUFKLWHFWXUHV�ZH�UHWXUQ�

/HW¶V� VHH�KRZ� WKH�'HWHFWLYH�0HWKRG�ZRUNV�RQ� WKH�YHU\� VLPSOH� H[DPSOH� LQ�)LJXUH������ ,Q� WKH
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)LJXUH� ����� 7KH�'HWHFWLYH�0HWKRG� RQ� D� WR\� H[DPSOH�� ����'HSLFWV� WKH� VHW� RI� VFRUHG� DUFKLWHFWXUHV� IURP� D�
UDQGRP�VDPSOLQJ������6KRZV�WKH�PDS�IURP�HQXPHUDWHG�VXE�DUFKLWHFWXUHV�WR�OLVWV�RI�WKH�PRGHO�VFRUHV�WKH\�
DSSHDU�LQ������&DOFXODWHV�WKH�OLVWV¶�PHDQV��L��VWDQGDUG�GHYLDWLRQV�ıL�DQG�OHQJWKV�QL��DQG�WHVWV�IRU�LQÀXHQWLDO�
VXE�DUFKLWHFWXUHV������2UJDQL]HV�LQÀXHQWLDO�VXE�DUFKLWHFWXUHV�LQWR�D�WUHH��&KLOG�QRGHV�DUH�VXE�DUFKLWHFWXUHV�
RI�WKHLU�SDUHQW�
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WRS�OHIW�FRUQHU��GLDJUDP���VKRZV�D�FROOHFWLRQ�RI�DUFKLWHFWXUHV�DQG�WKHLU�FRUUHVSRQGLQJ�VFRUHV�RQ�D�

JLYHQ�WDVN��$UFKLWHFWXUH���VFRUHG����DQG�KDV�WZR�RSHUDWLRQV��$�DQG�%��$UFKLWHFWXUH���VFRUHG����DQG�

RQO\�KDV�RSHUDWLRQ�$��1H[W��LQ�GLDJUDP����ZH�HQXPHUDWH�HYHU\�VXE�DUFKLWHFWXUH�LQ�WKH�FROOHFWLRQ��

$UFKLWHFWXUH���KDV�WKUHH�VXE�DUFKLWHFWXUHV��$��%��DQG�$%��ZKLOH�$UFKLWHFWXUH���RQO\�KDV�$��7KHQ��

HDFK� VXE�DUFKLWHFWXUH� LV� PDSSHG� WR� D� OLVW� RI� HYHU\� DUFKLWHFWXUH� VFRUH� WKDW� WKH� VXE�DUFKLWHFWXUH�

DSSHDUV�LQ��,Q�SDUWLFXODU��$�DSSHDUV�LQ�$UFKLWHFWXUHV���DQG����DQG�WKHUHIRUH�LV�PDSSHG�WR�VFRUHV���

DQG� ��� 6LPLODUO\�� VXE�DUFKLWHFWXUH� %� RQO\� DSSHDUV� LQ� $UFKLWHFWXUH� ��� DQG� VR� LV� PDSSHG� MXVW� WR�

$UFKLWHFWXUH� �¶V� VFRUH�� 1H[W�� LQ� GLDJUDP� �� ZH� FDOFXODWH� WKH� PHDQV�� VWDQGDUG� GHYLDWLRQV�� DQG�

OHQJWKV� RI� WKH� OLVWV�� DQG� SHUIRUP� D� W�WHVW� XVLQJ� WKH�+ROP�%RQIHUURQL� FRUUHFWLRQ� WR� FKHFN�ZKLFK�

VXE�DUFKLWHFWXUHV� DUH� KLJK�SHUIRUPLQJ� ZLWK� VWDWLVWLFDO� VLJQL¿FDQFH�� 6XSSRVH� DOO� WKUHH� DUH�

VWDWLVWLFDOO\� VLJQL¿FDQW�� DQG� WKHUHIRUH� WKH\� DUH� DOO� LQÀXHQWLDO�� )LQDOO\�� WKH� LQÀXHQWLDO� VXE�

DUFKLWHFWXUHV�DUH�DUUDQJHG�LQWR�D�WUHH��ZKHUH�FKLOG�QRGHV�DUH�VXE�DUFKLWHFWXUHV�RI�WKHLU�SDUHQWV�

������ 6SDFH� UHTXLUHPHQWV

$V�SUHYLRXVO\�DUJXHG��ZH�WUDGH�R↵�D�PRUH� WKRURXJK�VHDUFK�RI� LQÀXHQWLDO�VXE�DUFKLWHFWXUHV�IRU�D�

ODUJHU� VWRUDJH� UHTXLUHPHQW�� LW� LV� OLQHDU� LQ� WKH� QXPEHU� RI� DUFKLWHFWXUHV� LQ� WKH� FROOHFWLRQ�� EXW�

H[SRQHQWLDO�LQ�WKH�VL]H�RI�HDFK�DUFKLWHFWXUH��,Q�RUGHU�WR�DSSUR[LPDWH�WKH�H[SHFWHG�QXPEHU�RI�VXE�

DUFKLWHFWXUHV�7� WKDW� WKH�PHWKRG�JHQHUDWHV��ZH�PD\� WKLQN�RI� WKH� DUFKLWHFWXUH� DV� D� WUHH�� DQG� WKHQ�

FRXQW� WKH� WRWDO�QXPEHU�RI� FRQWLJXRXV� VXEWUHHV� LW� KDV��/HW� WKH� OHDI�EH�RQ� OHYHO���RI� WKH� WUHH�� WKH�

OHDYHV¶�SDUHQWV�DUH�RQ�OHYHO����DQG�VR�RQ��VHH�)LJXUH������

6XSSRVH� WKH� DUFKLWHFWXUHV� LQ� WKH� FROOHFWLRQ�KDYH� DQ� DYHUDJH�RI�Q�QRGHV��ZKHUH� HDFK�QRGH
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)LJXUH� ����� $Q� DYHUDJH� DUFKLWHFWXUH� IRU�PHPRU\� FDOFXODWLRQV��ZLWK� E� ��� DQG� Q� ����� 7KH� OHDI� LV�RQ�
OHYHO� ��

KDV� DQ� DYHUDJH� EUDQFKLQJ� IDFWRU� RI� E�� /HW� WG� EH� WKH� QXPEHU� RI� VXEWUHHV� WKDW� DUH� URRWHG� DW�D�

QRGH� RQ� OHYHO� G� RI� WKH� JUDSK�� ,Q� H[SHFWDWLRQ�� WKHUH� DUH� EG� QRGHV� RQ� HDFK� OHYHO�� :H� PD\

FKRRVH� WR� HLWKHU� LQFOXGH� RU� H[FOXGH� HDFK� QRGH�� EXW�ZH�PD\� QRW� H[FOXGH� DOO� RI� WKHP� EHFDXVH

WKH� VXEWUHHV�PXVW� EH� FRQWLJXRXV�� 7KXV��ZH�PD\� VROYH� IRU� WG� UHFXUVLYHO\� DV�

WG� ���E�í���WG���

7KH�EDVH�FDVH� LV� IRU� OHDI�QRGHV�� WOHDI� � WORJE�Q�� ����VLQFH�D� OHDI�FRQVLVWV�RI�RQO\�D�VLQJOH�QRGH��

1RWLFH� WKDW� WG� VROYHV� H[SOLFLWO\� DV� WG�  � ��E� í� ��ORJE�Q�íG�� 6LQFH� WKHUH� DUH� EG� QRGHV� RQ� OHYHO� G�� WKH�

H[SHFWHG�QXPEHU�RI�FRQWLJXRXV�VXEWUHHV�IURP�RQH�DUFKLWHFWXUH�LV

T =

logb(n)X

d=0

bdtd =

logb(n)X

d=0

bd(2b � 1)logb(n)�d.

0XOWLSO\LQJ�7�E\�WKH�QXPEHU�RI�DUFKLWHFWXUHV�LQ� WKH�FROOHFWLRQ�JLYHV�DQ�XSSHU�ERXQG�IRU� WKH�

H[SHFWHG�QXPEHU�RI�VXE�DUFKLWHFWXUHV�WKDW�WKH�PHWKRG�FRQVLGHUV��%HFDXVH�VXE�DUFKLWHFWXUHV�UHSHDW�

DFURVV�GL↵HUHQW�PRGHOV��WKH�HVWLPDWH�KHUH�LV�DQ�XSSHU�ERXQG�
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������ &DVH� VWXG\

7KH� SXUSRVH� RI� WKLV� FDVH� VWXG\� LV� WR� VKRZ� WKH� W\SH� RI� UHVXOWV� WKH� 'HWHFWLYH�0HWKRG�

UHWXUQV�� %HFDXVH� WKH� EUDLQ� VFRULQJ� IXQFWLRQ� LV� VWLOO� EHLQJ� LPSOHPHQWHG� DW� WKH� WLPH� RI�

ZULWLQJ� WKLV�� WKH� IROORZLQJ� H[DPSOH� LV� WUDLQHG� IRU� WUDQVODWLRQ� RQ� WKH� 0XOWL��N� GDWDVHW� DQG�

VFRUHG� ZLWK� WKH� %/(8� VFRUH�� 0XOWNL��N� FRQWDLQV� ������� (QJOLVK� VHQWHQFHV� DQG� WKHLU�

FRUUHVSRQGLQJ� *HUPDQ�WUDQVODWLRQV� DQG� LV� DQ� H[WHQVLRQ�RI� WKH�)OLFNU��N�GDWDVHW�

7KH� DUFKLWHFWXUH� VSDFH� LV� GH¿QHG�E\� WKH� VDPH� VHW� RI� RSHUDWLRQV�GH¿QHG� LQ�&KDSWHU� ��^OD\HU�

QRUP�� UH/8�� WDQK�� VRIWPD[�� DGG��PXOW��00�� VFDOH�� JDWH�`��:H� JHQHUDWHG� D� FROOHFWLRQ� RI� ������

PRGHOV�WUDLQHG�RQ�0XOWL��N��DQG�HYDOXDWHG�WKHLU�SHUIRUPDQFH�XVLQJ�WKH�%/(8�VFRUH��7KH�DYHUDJH�

PRGHO�ZDV�FRPSRVHG�RI������RSHUDWLRQV��ZLWK�WKH�VPDOOHVW�KDYLQJ�VL[�RSHUDWLRQV�DQG�WKH�ODUJHVW�

KDYLQJ�����RSHUDWLRQV��7KH�DYHUDJH�%/(8�VFRUH�ZDV�������ZKHUH�WKH�ZRUVW�VFRUH�ZDV���DQG�WKH�

EHVW�VFRUH�ZDV�������

1H[W��ZH�SHUIRUPHG�WKH�'HWHFWLYH�0HWKRG�RQ�WKHVH�DUFKLWHFWXUHV��7KH�WKUHVKROG�SHUFHQWLOH�S�

IRU�D�VXE�DUFKLWHFWXUH�WR�EH�LQÀXHQWLDO�ZDV�VHW�WR�����D�VXE�DUFKLWHFWXUH¶V�DSSUR[LPDWHG�VFRUH�PXVW�

EH�LQ�WKH�WRS�����IRU�LW�WR�EH�LQÀXHQWLDO��:H�PD\�LQFUHDVH�WKH�VFRUH�WKUHVKROG�SHUFHQWLOH�S�WR�RQO\�

LQFOXGH�KLJKHU�VFRULQJ�VXE�DUFKLWHFWXUHV��RU�GHFUHDVH� LW� WR� UHOD[� WKH�FXWR↵� DQG�FRQVLGHU�PRUH�RI�

WKHP�

7KH�PHWKRG� FRQVLGHUHG� D� WRWDO� RI� ����������� XQLTXH� FDQGLGDWH� VXE�DUFKLWHFWXUHV��2I� WKRVH��

����DUH�LQÀXHQWLDOO\�KLJK�VFRULQJ��DQG����DUH�LQÀXHQWLDOO\�ORZ�VFRULQJ��5HFDOO�WKDW�PDQ\�RI�WKHVH�

LQÀXHQWLDO�VXE�DUFKLWHFWXUHV�DUH�WKHPVHOYHV�VXE�DUFKLWHFWXUHV�RI�HDFK�RWKHU��7KXV��DIWHU�RUJDQL]LQJ�

WKHP� LQWR� WZR� WUHHV�� WKH�PHWKRG� UHWXUQV� ��� LQÀXHQWLDOO\� KLJK�VFRULQJ�� DQG���� LQÀXHQWLDOO\� ORZ�

VFRULQJ�VXE�DUFKLWHFWXUHV��7KLV�LV�D�VXEVWDQWLDO�SUXQLQJ�IURP�WKH
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BLEU score

)LJXUH� ����� ,QÀXHQWLDOO\� JRRG� VXE�DUFKLWHFWXUH� WUHH�� (DFK� QRGH� LV� DQ� LQÀXHQWLDOO\� JRRG� VXE�DUFKLWHFWXUH�
IURP�WKH�FDVH�VWXG\��7KH�QRGH¶V�FRORU�LV�WKH�VXE�DUFKLWHFWXUH¶V�DSSUR[LPDWHG�%/(8�VFRUH��DQG�WKH�OHDYHV�
DUH�WKH�LQÀXHQWLDO�VXE�DUFKLWHFWXUHV�LQ�WKHLU�VLPSOHVW�IRUP�
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)LJXUH������([DPSOHV�RI�LQÀXHQWLDO�VXE�DUFKLWHFWXUHV�IURP�WKH�FDVH�VWXG\������$Q�LQÀXHQWLDOO\�JRRG�DQG�����
DQ�LQÀXHQWLDOO\�EDG�VXE�DUFKLWHFWXUH�UHWXUQHG�RQ�WKH�0XOWL��N�FDVH�VWXG\�

PRUH� WKDQ������PLOOLRQ�RULJLQDO� FDQGLGDWHV�

7KH�LQÀXHQWLDOO\�JRRG�VXE�DUFKLWHFWXUH�WUHH�LV�VKRZQ�LQ�)LJXUH������(DFK�QRGH�LV�DQ�LQÀXHQWLDO�VXE�

DUFKLWHFWXUH��ZKHUH� WKH�QRGH¶V� FRORU� LV� WKH� HVWLPDWHG�JURXQG�WUXWK� VFRUH� FRP�SXWHG�E\� WKH�'HWHFWLYH�

0HWKRG��:KLOH�WKH�PHWKRG�RQO\�UHWXUQV�WKH�VLPSOHVW�LQÀXHQWLDO�VXE�DUFKLWHFWXUHV��ZKLFK�DUH�WKH�OHDYHV�

RI� WKH� WUHH�� WKH� WUHH� VKRZV�DOO� RI� WKH� LQÀXHQWLDOO\�JRRG� VXE�DUFKLWHFWXUHV��7KLV� UHSUHVHQWDWLRQ�GHSLFWV�

KRZ�DGGLQJ�DQ�RSHUDWLRQ�WR�D�VXE�DUFKLWHFWXUH�D↵HFWV�LWV�SHUIRUPDQFH�

:RUNLQJ� RXU� ZD\� XS� WKH� WUHH�� ZH� VHH� WKH� D↵HFW� WKDW� GL↵HUHQW� RSHUDWLRQV� KDYH� RQ� D� VXE�

DUFKLWHFWXUH¶V�SHUIRUPDQFH��1RWLFH�WKDW�LQ�JHQHUDO��WKH�VXE�DUFKLWHFWXUHV�WRZDUG�WKH�WRS�RI�WKH�WUHH�

KDYH�KLJKHU�VFRUHV�WKDQ�WKRVH�WRZDUG�WKH�ERWWRP��7KLV�PDNHV�VHQVH�EHFDXVH�WKH
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ODUJHU� VXE�DUFKLWHFWXUHV� FDQ� FRPSXWH� PRUH� FRPSOLFDWHG� DQG� QXDQFHG� RSHUDWLRQV� WKDW� DUH� PRUH�

VSHFL¿FDOO\� RSWLPL]HG� IRU� WKH� GRPDLQ�� $� IHZ� RI� WKH� LQÀXHQWLDO� VXE�DUFKLWHFWXUHV� DUH� VKRZQ� LQ�

)LJXUH� ����� ,W� DSSHDUV� XVHIXO� WR� FRQVHFXWLYHO\� VWDFN� JDWH�V�� DQG� KDYH� 00� DV� DQ� LQSXW� WR� WKH�

VLJPRLG��&RQYHUVHO\��KDYLQJ�DQ�00�DIWHU�D�JDWH��UHVXOWV�LQ�ZHDN�SHUIRUPDQFH�
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&KDSWHU� �

&RQWULEXWLRQV

0LPLFNLQJ� KXPDQ� ODQJXDJH� SURFHVVLQJ� YLD� QHXUDO� QHWZRUNV� FDQ� KHOS� H[SODLQ� KRZ� RXU� EUDLQV�

SURFHVV� ODQJXDJH�� DV� ZHOO� DV� KHOS� FUHDWH� PRUH� DFFXUDWH� DQG� QDWXUDO� $,� IRU� 1/3�� $OWKRXJK�LW�

ZRXOG� EH� ZLOGO\� H[FLWLQJ� LQ� LWV� RZQ� ULJKW� WR� GLVFRYHU� D� QHXUDO� QHWZRUN� ZLWK� D� KLJK� EUDLQ�

VFRUH�� LW� ZRXOG� EH� D� GLVVHUYLFH� WR�PHUHO\�PDNH� WKH� GLVFRYHU\�� ,Q� RUGHU� WR� FRQWLQXH� DGYDQFLQJ�

$,� DQG� RXU� XQGHUVWDQGLQJ� RI� KRZ� WKH� EUDLQ� SURFHVVHV� ODQJXDJH�� ZH� PXVW� UHFRJQL]H� ZK\�

WKH� PRGHO� LV� EUDLQ�OLNH²ZKDW� DUH� WKH� FRPSXWDWLRQV� WKDW� PDNH� LW� VR� VSHFLDO"� 7KLV� GHHSHU�

XQGHUVWDQGLQJ� ZRXOG� EH� DQ� LQGLVSHQVDEOH� VRXUFH� RI� LQVSLUDWLRQ�� ERWK� IRU� GHVLJQLQJ� D� EHWWHU�$,�

DQG� IRU� K\SRWKHVL]LQJ� DERXW� WKH� EUDLQ�

7KH�PHWKRG�SUHVHQWHG�KHUH�GHVFULEHV�D�ZD\�WR�JHQHUDWH�DQG�HYDOXDWH�1/3�PRGHOV�IRU�EUDLQ�

OLNHQHVV��DQG�WKHQ�SLQSRLQW�ZLWK�VWDWLVWLFDO�VLJQL¿FDQFH�WKH�VXE�DUFKLWHFWXUHV�WKDW�DS�SHDU�LQ�KLJK�

VFRULQJ�PRGHOV��1RZ��LQVWHDG�RI�MXVW�HYDOXDWLQJ�H[LVWLQJ�1/3�PRGHOV��WKH�PHWKRG�GLVFRYHUV�QHZ�

EUDLQ�OLNH�DUFKLWHFWXUHV�E\�SHUIRUPLQJ�D� UDQGRP�DUFKLWHFWXUH� VDP�SOLQJ��%\�XVLQJ� WKH�'HWHFWLYH�

0HWKRG��ZH�QR�ORQJHU�UHO\�RQ�D�EODFN�ER[�VFRULQJ�IXQFWLRQ�GH�¿QHG�WKURXJK�D�QHXUDO�QHWZRUN�WR�

¿QG�WKH�LQÀXHQWLDO�VXE�DUFKLWHFWXUHV��ZKLFK�UHSUHVHQW�WKH

39



EUDLQ�OLNH� FRPSXWDWLRQV� LQ� WKHLU� VLPSOHVW� IRUP�� 1RW� RQO\� DUH� WKHVH� VPDOOHU� VXE�DUFKLWHFWXUHV�

GLVWLOOHG� GRZQ� WR� WKHLU� PRVW� EUDLQ�OLNH� FRPSRQHQWV�� EXW� WKHLU� VLPSOHU� FRPSXWDWLRQV� DUH� DOVR�

HDVLHU� WR� LQWHUSUHW� WKDQ� WKH� DUFKLWHFWXUH� DV� D� ZKROH�� %HLQJ� DEOH� WR� H[WUDFW� WKH� PRVW� EUDLQ�OLNH�

FRPSXWDWLRQV� ZLWK� VWDWLVWLFDO� ULJRU� FDQ� KHOS� LQVSLUH� WKH� FRPSXWDWLRQV� WKDW� WKH� EUDLQ�

SHUIRUPV�

$GGLWLRQDOO\��WKH�PHWKRG¶V�LQÀXHQWLDO�VXE�DUFKLWHFWXUHV�FDQ�KHOS�UH¿QH�WKH�DUFKLWHFWXUH�VSDFH�

IURP�ZKLFK�WR�VDPSOH�LQ�WKH�IXWXUH��)RU�LQVWDQFH��ZH�FDQ�GH¿QH�DQ�LQÀXHQWLDO�VXE�DUFKLWHFWXUH�WR�

EH�D�VLQJOH�RSHUDWLRQ�LQ�RUGHU�WR�ELDV�PRUH�PRGHOV�WR�LQFOXGH�LW��$ORQJ�VLPLODU�OLQHV��WKH�PHWKRG�

PD\�WHVW�WKH�H↵HFWLYHQHVV�RI�D�QHZ�RSHUDWLRQ��,Q�SDUWLFXODU��LI�WKH�RSHUDWLRQ�RQO\�DSSHDUV�LQ�ORZ�

VFRULQJ�LQÀXHQWLDO�VXE�DUFKLWHFWXUHV��WKHQ�ZH�PD\�QRW�ZDQW�WR�LQFOXGH�LW�LQ�WKH�IXWXUH��5H¿QLQJ�WKH�

VHDUFK�VSDFH�ZLWK�EHWWHU�RSHUDWLRQV�ZLOO�JHQHUDWH�PRUH�DFFXUDWH�PRGHOV�
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%LEOLRJUDSK\

$VDQR� (�� -XKDV]� &�� 6KDK� $�� 0X]LN� 2�� &KXJDQL� '&�� 6KDK� -�� 6RRG� 6�� &KXJDQL� +7� �������
2ULJLQ� DQG� SURSDJDWLRQ� RI� HSLOHSWLF� VSDVPV� GHOLQHDWHG� RQ� HOHFWURFRUWLFRJUDSK\�� (SLOHSVLD�
������������

%UDLWHQEHUJ� 9� ������� &RUWLFRQLFV�� QHXUDO� FLUFXLWV� RI� WKH� FHUHEUDO� FRUWH[�� 7UHQGV� 1HXURVFL�
�������������

%HOOR� ,�� =RSK�%��9DVXGHYDQ�9�� /H�49�� �������� 1HXUDO� RSWLPL]HU� VHDUFK�ZLWK� UHLQIRUFHPHQW�
OHDUQLQJ�&R55�� DEV������������

&KDWHU� 1��0DQQLQJ� &�'�� �������� 3UREDELOLVWLF� PRGHOV� RI� ODQJXDJH� SURFHVVLQJ� DQG� DFTXLVL�
WLRQ�� 7UHQGV� LQ� &RJQLWLYH� 6FLHQFHV�

&KRPVN\��1� �������� $VSHFWV� RI� WKH� 7KHRU\� RI� 6\QWD[�� 0,7�3UHVV��0DVVDFKXVHWWV�

'HYOLQ� -�� &KDQJ� 0�� /HH� .�� 7RXWDQRYD� .�%(57�� SUH�WUDLQLQJ� RI� GHHS� ELGLUHFWLRQDO� WUDQV�
IRUPHUV� IRU� ODQJXDJH�XQGHU�VWDQGLQJ�&R55�� DEV������������� �����

*RRJOH� ������� FORXG�JRRJOH�FRP�FRPSXWH�GRFV�UHJLRQV�]RQHV��� $FFHVVHG�� �����������

+DOH��-���������� $�SUREDELOLVWLF�(DUOH\�SDUVHU�DV�D�SV\FKROLQJXLVWLF�PRGHO�� 3LWWVEXUJK��3HQQ�
V\OYDQLD�

-DLQ� 6�� +XWK� $�� �������� ,QFRUSRUDWLQJ� FRQWH[W� LQWR� ODQJXDJH� HQFRGLQJ� PRGHOV� IRU� IPUL�� 6��
%HQJLR�� +�� :DOODFK�� +�� /DURFKHOOH�� .�� *UDXPDQ�� 1�� &HVD�%LDQFKL�� DQG� 5�� *DUQHWW�� HGLWRUV��
$GYDQFHV� LQ� 1HXUDO� ,QIRUPDWLRQ� 3URFHVVLQJ� 6\VWHPV� 9RO�� ���� SDJHV� ���������� &XUUDQ�$VVR�
FLDWHV�� ,QF�

/HY\��5�� �������� ([SHFWDWLRQ�EDVHG� V\QWDFWLF� FRPSUHKHQVLRQ�� &RJQLWLRQ�� �������� ���������

/LFDWD�*� �������� )X]]\� /RJLF�� .QRZOHGJH� DQG�1DWXUDO� /DQJXDJH�� )X]]\� ,QIHUHQFH� 6\VWHP��
0RKDPPDG�)D]OH�$]HHP�� ,QWHFK2SHQ�
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/LWWOHVWRQH��1���:DUPXWK��0�� �������� :HLJKWHG�0DMRULW\�$OJRULWKP�� ,(((� 6\PSRVLXP� RQ�
)RXQGDWLRQV� RI�&RPSXWHU�6FLHQFH�

,]KLNHYLFK� (0�� �������� 3RO\FKURQL]DWLRQ�� FRPSXWDWLRQ� ZLWK� VSLNHV�� 1HXUDO� &RPSXW� �� 9RO��
��� �SJ�� ���������

.HOO� $-(�� <DPLQV� '/.�� 6KRRN� (1�� 1RUPDQ�+DLJQHUH� 69�� 0F'HUPRWW� -+�� �������� $� 7DVN�
2SWLPL]HG� 1HXUDO� 1HWZRUN� 5HSOLFDWHV� +XPDQ� $XGLWRU\� %HKDYLRU�� 3UHGLFWV� %UDLQ� 5HVSRQVHV��
DQG�5HYHDOV� D�&RUWLFDO�3URFHVVLQJ�+LHUDUFK\�� 1HXURQ� ������ ���� �������� SPLG����������

6FKULPSI�0��0HULW\�6��%UDGEXU\�-��6RFKHU�5����������$�ÀH[LEOH�DSSURDFK�WR�DXWRPDWHG�511�
DUFKLWHFWXUH�JHQHUDWLRQ��&R55��DEV������������

7HQHQEDXP�-��.HPS�&��*UL�WKV�7��*RRGPDQ�1���������+RZ�WR�*URZ�D�0LQG��6WDWLVWLFV��
6WUXFWXUH��DQG�$EVWUDFWLRQ��6FLHQFH��9RO�����������

7RXODVP�'�� �������7KH� LPSRUWDQFH�RI� IXQFWLRQDO�PUL� �IPUL�� LQ� WKH�QHXURVXUJLFDO� VWUDWHJ\� LQ�
EUDLQ� WXPRUV�

0LNRORY� 7�� 6XWVNHYHU� ,�� &KHQ� .�� &RUUDGR� *�� 'HDQ� -�� �������� 'LVWULEXWHG� UHSUHVHQWDWLRQV� RI�
ZRUGV� DQG� SKUDVHV� DQG� WKHLU� FRPSRVLWLRQDOLW\�� $GYDQFHV� LQ� 1HXUDO� ,QIRUPDWLRQ� 3URFHVVLQJ�
6\VWHPV�� ���� ��������

9DVZDQL�$��6KD]HHU�1��3DUPDU�1��8V]NRUHLW� -�� -RQHV�/��*RPH]�$��1���.DLVHU��/��3RORVXNKLQ�,�
�������� $WWHQWLRQ� LV� DOO� \RX� QHHG�� ,Q� WKH� $QQXDO� &RQIHUHQFH� RQ� 1HXUDO� ,QIRUPDWLRQ� 3UR�
FHVVLQJ�6\VWHPV� �1,36��

<DPLQV� '�� +RQJ� +�� &DGLHX� &�� 6RORPRQ� (�� 6HLEHUW� '�� 'L&DUOR� -�� �������� 3HUIRUPDQFH�
RSWLPL]HG� KLHUDUFKLFDO�PRGHOV� SUHGLFW� QHXUDO� UHVSRQVHV� LQ� KLJKHU� YLVXDO� FRUWH[�� 3URFHHGLQJV�RI�
WKH�1DWLRQDO�$FDGHP\�RI�6FLHQFHV�� �����������������

=KXDQJ� &�� .XELOLXV� -�� +DUWPDQQ� 0�� <DPLQV� '�� �������� 7RZDUG� JRDO�GULYHQ� QHXUDO� QHWZRUN�
PRGHOV� IRU� WKH� URGHQW� ZKLVNHU�WULJHPLQDO� V\VWHP�� ,Q� ,�� *X\RQ�� 8�� 9�� /X[EXUJ�� 6�� %HQ�
JLR�� +�� :DOODFK�� 5�� )HUJXV�� 6�� 9LVKZDQDWKDQ�� DQG� 5�� *DUQHWW�� HGLWRUV�� $GYDQFHV� LQ� 1HXUDO�
,QIRUPDWLRQ�3URFHVVLQJ�6\VWHPV����� SDJHV� ���������� &XUUDQ�$VVRFLDWHV�� ,QF�
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