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�9HGLND &KDXGKDUL���3URI� 6XSUL\D '��6XUYDVH

�6WXGHQW� 7( �$�� 351 ��������*���7HFKQLFDO 6HPLQDU 0HQWRU
���'HSDUWPHQW RI $UWLILFLDO ,QWHOOLJHQFH�DQG 'DWD 6FLHQFH

���$MHHQN\D '< 3DWLO 6FKRRO RI (QJLQHHULQJ� 3XQH� 0DKDUDVKWUD� ,QGLD
�(PDLO� YHGLNDFKDXGKDUL����#JPDLO�FRP� �(PDLO� VXSUL\DVXUYDVH#G\SLF�LQ

$EVWUDFW

(YHQ�WKRXJK�//0V�FDQ�VROYH�GLIIHUHQW�NLQGV�RI�WDVNV�ZLWKRXW�WUDLQLQJ��WKH�TXDOLW\�RI�WKH�DQVZHU�GHSHQGV�
RQ�WKH�IRUPXODWLRQ�RI�WKH�UHTXHVW��3URPSW�(QJLQHHULQJ�LV�WKH�DUW�RI�IRUPXODWLQJ�D�TXHVWLRQ�ULJKW��7KHUH�DUH�
PDQ\�ZD\V�WR�GR�LW��WKH\�GLIIHU�LQ�WHUPV�RI�WKHLU�GHVLJQ��FRVW��XVH�FDVHV�DQG�FRPSXWDWLRQDO UHTXLUHPHQWV�
WKXV LW PD\ EH FKDOOHQJLQJ IRU D EHJLQQHU WR FKRRVH WKH ULJKW RQH� ,Q WKLV�SDSHU� ZH�FRPSDUH DQG�FRQWUDVW
VHYHQ RI WKHP��=HUR�VKRW 3URPSWLQJ� )HZ�VKRW 3URPSWLQJ� &KDLQ RI�7KRXJKW� �&R7���7UHH� RI�7KRXJKWV�
�7R7���*UDSK�RI�7KRXJKWV��*R7���6HOI�5HILQH��DQG�5HWULHYDO�$XJPHQWHG�*HQHUDWLRQ��5$*�� $OO�RI�WKHP�
ZLOO�EH�GHVFULEHG�LQ�WKH�VDPH�FDWHJRULHV��LGHD��H[DPSOH��SURV DQG FRQV� XVHV� FRPSXWDWLRQDO UHTXLUHPHQWV�
1R H[SHULPHQWV KDYH EHHQ FRQGXFWHG� KRZHYHU� WKH� SDSHU LV EDVHG RQ WKH OLWHUDWXUH UHYLHZ� $OO WKH
LQIRUPDWLRQ FRPHV IURP RULJLQDO VRXUFHV� 7KH\ FDQ QRW� EH FRPSDUHG GLUHFWO\ VLQFH GLIIHUHQW PRGHOV DQG
PHWKRGVZHUH XVHG LQ GLIIHUHQW SDSHUV� 7KH OLWHUDWXUH�VXJJHVWV�WKDW�UHDVRQLQJ�VWHSV�HQXPHUDWLRQ�DLGV�WR�VROYH�
PXOWL�VWHS�SUREOHPV�LI�WKH�PRGHO�LV�ELJ�HQRXJK��7KH�WUHH�DQG�JUDSK�DSSURDFKHV�SURYH�WR�EH�KHOSIXO�LI�RQH�
WKRXJKW�LV�QRW�HQRXJK��KRZHYHU��WKH\ DUH LQYRNHG PXFK PRUH RIWHQ LQ WKDW FDVH� 6HOI IHHGEDFN LPSURYHV WKH
DQVZHU LQ VRPH FDVHV EXW�QRW�LQ�RWKHUV��7KH�H[WHUQDO�NQRZOHGJH�LQ�5$*�FRPHV�LQ�DGGLWLRQ�WR�IRUPXODWLQJ�
D�SURPSW��7KH�ODVW�SDUW�RI�WKH�SDSHU�LQFOXGHV�D�EULHI�FRPSDULVRQ�EHWZHHQ�WKH�WHFKQLTXHV� WKH�FRVWV�DVVRFLDWHG�
ZLWK�WKH�XVH�RI�HDFK�RQH�DQG�JDSV�LQ�WKH�UHVHDUFK�

.H\ZRUGV��3URPSW� HQJLQHHULQJ�� =HUR�VKRW� SURPSWLQJ�� )HZ�VKRW� SURPSWLQJ��&KDLQ� RI� WKRXJKW� 7UHH� RI�
WKRXJKW��*UDSK�RI�WKRXJKW��6HOI�UHILQH��5HWULHYDO�DXJPHQWHG�JHQHUDWLRQ��5$*�

,QWURGXFWLRQ

7KHUH�ZDV�YHU\�OLWWOH�FKDQFH�WKDW�D�SHUVRQ�ZRXOG�KDYH�IRUHVHHQ�D�IHZ�\HDUV�EDFN�WKDW�D�FRPSXWHU�FRXOG
ZULWH DQ H[FHOOHQW SDUDJUDSK� $OO RI WKLV LV PDGH SRVVLEOH E\ WKH /DUJH /DQJXDJH 0RGHOV� 7KH\�DUH�WUDLQHG�
RQ�D�YDVW�FRUSXV�RI�WH[W�DQG�XVH�WKH�7UDQVIRUPHU�DUFKLWHFWXUH�>�@��*37���>�@�DQG�,QVWUXFW*37�>�@�FDQ�GR�
VXPPDUL]DWLRQ�� WUDQVODWLRQ�� TXHVWLRQ� DQVZHULQJ�� FRGLQJ�� DQG� UHDVRQLQJ�� ZKHUHDV� //D0$� >�@� FDQ� GR�
VXPPDUL]DWLRQ�DQG�WUDQVODWLRQ�

:KDWHYHU ZH�JLYH�DV�DQ�LQSXW�WR�WKH�//0�LV�FDOOHG�WKH�SURPSW��,W�FRPSULVHV�DQ�LQVWUXFWLRQ��EDFNJURXQG�
FRQWH[W��LQIRUPDWLRQ�GDWD�WKDW�QHHGV�SURFHVVLQJ�DQG�DW�WLPHV�HYHQ�VROYHG�LQVWDQFHV��%URZQ�HW�DO��VKRZHG�
WKDW�LW�ZDV�SRVVLEOH�IRU�D�WUDLQHG�PRGHO�WR�OHDUQ�D�QHZ�WDVN�EDVHG�VROHO\�RQ�WKH�LQSXW�SURPSW�ZLWKRXW�PDNLQJ�
DQ\�DGMXVWPHQWV�LQ�LWV�ZHLJKWV�>�@��7KLV�LV�ZK\�WKH�ZD\�D�SURPSW�LV�SKUDVHG�EHFRPHV�FUXFLDO��,W�LV�WKH�TXDOLW\�



Ь«ĺīŪıôϙ͑ϠϙIŜŜŪôϙ͔ϙϼ�ôŕťôıæôŘϱièťĺæôŘϙ͑͏͕͑Ͻ ϼ�ŕôèĖÍīϙIŜŜŪôϙ͐ϽϙϙϙϙϙϙϙϙϙϙϙI��bϡϙ͒͐͒͘ϱ͓͕͐͗ϙϼiĲīĖĲôϽ

�V""ϱ͑͏͕͑ϱ͏͏͐͒͒и�i"FI«��X�F�ϙVi��b�[ϙi>ϙ"I«(��(ϙ"I��I�[Ib( иϙſſſϟæĤîîĤĺŪŘĲÍīϟĺŘČ иϙϙ͓͕͗

RI�WKH�SURPSW�ZKLFK�FRXOG�EH�WKH�FDXVH�RI�HUURQHRXV��LQFRQVLVWHQW�RU�HYHQ�IDEULFDWHG�UHVSRQVHV >�@� 7KH�DUW�
RI�FUDIWLQJ�VXFK�SURPSWV�ZLWKRXW�FKDQJLQJ�WKH�PRGHO�LWVHOI�KDV�EHFRPH�D�WRSLF�RI�UHVHDUFK�RQ�LWV�RZQ�DQG�
LV�WHUPHG�3URPSW�(QJLQHHULQJ�>�@� 7KHUH�DUH�DOUHDG\�SOHQW\�RI�SURPSWLQJ�DSSURDFKHV�LQ�WKH�OLWHUDWXUH�>�@��
>�@��:H�GLG�QRW� WU\� WR�SUHVHQW� DOO� RI� WKHP�DQG�FKRVH�RQO\� VHYHQ� $OO� RI� WKHP�VWHP� IURP� WKH�SUHFHGLQJ�
DSSURDFK� 7KH�GLVWLQFWLRQ�EHWZHHQ�]HUR�VKRW DQG IHZ�VKRW SURPSWLQJ LV�WKH IDFW WKDW IHZHU WDVN GHWDLOV DUH
SURYLGHG IRU WKH ILUVW RQH WKDQ�IRU WKH VHFRQG� &R7� 7R7� DQG *R7 H[KLELW RQH SDUWLFXODU IRUP RI UHDVRQLQJ
LQ WKUHH GLIIHUHQW ZD\V�± FKDLQ�� WUHH��DQG�JUDSK��6HOI�5HILQH�RFFXUV�DIWHU�DQ�DQVZHU�KDV�EHHQ�JHQHUDWHG��
5$*�VHUYHV�DV�DQ�H[WHUQDO�NQRZOHGJH�VRXUFH��,Q�WKH�FDVH�RI�HDFK�RI�WKHVH��WKHUH�ZDV�RQH�SDSHU�WKDW�XVHG�
HDFK�PRGHO�� WHVW� RU� VFRUH�GLIIHUHQWO\�� ,W� LV� QRW� HDV\� IRU� D� VWXGHQW� WR�XQGHUVWDQG� WKH�FDSDELOLWLHV�RI� HDFK�
WHFKQLTXH��LWV�FRVWV�DQG�WKH�VLWXDWLRQV�ZKHUH�LW�ZRXOG�EH�EHVW�WR�XVH�LW��7KLV�SDSHU�WULHV�WR�EULGJH�WKDW�JDS�

7KLV SDSHU DWWHPSWV WR�

� GHILQH WKH SURPSW DQG WKH LPSRUWDQFH RI LWV�TXDOLW\�

� H[SODLQ�DOO VHYHQ WHFKQLTXHV LQ D XQLILHG IDVKLRQ�

� FRPSDUH WKHP�LQ WHUPV RI WKHLU ORJLF� LQIRUPDWLRQDO�DQG FRPSXWDWLRQDO FRVW�

� VXPPDUL]H WKH UHVHDUFK� WKH VWUHQJWKV DQG ZHDNQHVV DQG UHVHDUFK JDSV� DQG

� KLJKOLJKW�DUHDV IRU IXWXUH ZRUN�

6HYHQ�WHFKQLTXHV�DUH�GLVFXVVHG�LQ�WKLV�SDSHU�XVLQJ�WKH�H[LVWLQJ�OLWHUDWXUH��7KHUH�DUH�QR�QHZ�H[SHULPHQWV� ,Q
DGGLWLRQ� WKH SDSHU SURYLGHV �L� DQ H[SODQDWLRQ RI WKH VHYHQ WHFKQLTXHV IRU WKH EHQHILW�RI�XQGHUJUDGXDWHV�LQ�D�
XQLILHG� IDVKLRQ�� �LL��D�FRPSDULVRQ� WDEOH�DQG�DQDO\VLV�RI�FRVWV�� �LLL�� D� VXPPDU\�RI� UHVXOWV�DORQJ�ZLWK� WKH�
FDXWLRQ�QHFHVVDU\��DQG��LY��UHVHDUFK�JDSV�

7KH�VWUXFWXUH�RI�WKH�FXUUHQW�SDSHU�LV�DV�IROORZV��%DFNJURXQG�DQG�5HODWHG�:RUN�LQFOXGHV�WKH�EDFNJURXQG��
7KH� 6HYHQ� 7HFKQLTXHV� FRYHUV� WKH� VHYHQ� WHFKQLTXHV�� DQG� &RPSDULVRQ� RI $SSURDFKHV� LV� DERXW� WKHLU�
FRPSDULVRQ��0HWKRGRORJ\� SURYLGHV� GHWDLOV� RQ� WKH�PHWKRG�� ZKLOH� 5HVXOWV� DQG� 'LVFXVVLRQ� SURYLGHV� WKH�
UHVXOWV��*DSV�LQ�5HVHDUFK�DQG�)XWXUH�:RUNV�LV�DERXW�WKH�JDSV�DQG�IXWXUH�ZRUN��/LPLWDWLRQV�LV�DERXW�WKH�
OLPLWDWLRQV�DQG�&RQFOXVLRQ�FRQFOXGHV�WKH�SDSHU�

%DFNJURXQG DQG 5HODWHG :RUN

$� W\SLFDO� SURPSW� FRQVLVWV� RI� DQ� LQVWUXFWLRQ�� EDFNJURXQG� LQIRUPDWLRQ� �RSWLRQDO��� LQSXW� GDWD�� DQG�
UHFRPPHQGDWLRQ�IRU�WKH�RXWSXW�IRUPDW��7KH�PRGHO�PD\�JHW�VRPH�H[DPSOH�SURPSWV�VR�WKDW�LW�FRXOG�OHDUQ
WKH WDVN GXULQJ WKH SURFHVV� 7KH PRGHO UHFHLYHV QR XSGDWHG ZHLJKWV� %URZQ HW DO� FDOOHG WKLV DSSURDFK�LQ�
FRQWH[W�OHDUQLQJ�DQG�GHOLQHDWHG�LW�DQG�RWKHU�OHDUQLQJ�DSSURDFKHV�LQ�WHUPV�RI�]HUR�VKRW��RQH�VKRW�DQG�IHZ�
VKRW�OHDUQLQJ�>�@��,QVWUXFWLRQ�WXQLQJ�DQG�OHDUQLQJ�IURP�KXPDQ�IHHGEDFN�PD\�KHOS�LQ PDNLQJ PRGHOV OHDUQ
KRZ WR REH\ ZULWWHQ LQVWUXFWLRQV >�@� 7KH VKLIW LQ ODQJXDJH SURFHVVLQJ WR ³SUH�WUDLQ� SURPSW DQG SUHGLFW´ LV
GHVFULEHG E\ /LX HW DO� >�@� 3URPSWV FDQ DOVR EH OHDUQHG LQVWHDG RI ZULWWHQ�E\�KDQG��FRQWLQXRXV�SURPSW�WXQLQJ�
>��@��SUHIL[�WXQLQJ�>��@�DQG�DXWRPDWLFDOO\�JHQHUDWHG�GLVFUHWH�SURPSWV >��@ RSWLPLVH WKH SURPSW LWVHOI� DQG
ODQJXDJH PRGHOV FDQ HYHQ SURSRVH DQG VHOHFW LQVWUXFWLRQV�RQ�WKHLU�RZQ�>��@��,QVWUXFWLRQ�ILQHWXQLQJ��DV�LQ�
)/$1�>��@�DQG�LWV�VFDOHG�VXFFHVVRUV�>��@��IXUWKHU LPSURYHV�]HUR�VKRW�EHKDYLRXU�

7KLV�IRUP�RI�SURPSWLQJ�LV�PDNLQJ�WKH�PRGHO�WR�JR�VWUDLJKW�IURP�WKH�TXHVWLRQ�WR�WKH�DQVZHU�ZLWKRXW�DQ\�
LQWHUPHGLDWH�VWHSV��6XFK�SURPSWV�DUH�FDOOHG�SODLQ�SURPSWV��7KH\�IDLO�ZKHQ�ZRUNLQJ�RQ�WDVNV�UHTXLULQJ PDQ\
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VHTXHQWLDO VWHSV� VXFK DV D PDWKV ZRUG SUREOHP� $V UHYHDOHG E\ :HL HW DO�� LW KDV EHHQ�VKRZQ WKDW LI�D ODUJH�
PRGHO JHQHUDWHV LQWHUPHGLDWH VWHSV IRU LWVHOI��VROYLQJ VXFK�WDVNV EHFRPHV PXFK�VLPSOHU�>�@��)XUWKHU�UHVHDUFK�
EXLOW�WKH�FKDLQ�LQWR�D�WUHH�>��@�DQG�ODWHU�JHQHUDOL]HG�WKH�FKDLQ�LQWR�D�JUDSK�RI�SDUWLDO�UHVXOWV�>��@�

7KH ODQJXDJH JHQHUDWHG E\ WKH //0 FDQ EH DOVR FRPSOHWHO\ ZURQJ� 7KLV HIIHFW LV FDOOHG KDOOXFLQDWLRQV�>�@�
$OO NQRZOHGJH RI WKH PRGHO LV VWRUHG LQ D IL[HG VHW RI SDUDPHWHUV OHDUQHG DW WKH WLPH RI WKH WUDLQLQJ�SURFHVV��
7KH�DSSURDFK�RI�5$*�FRQVLVWV�RI�WKH�LQWHJUDWLRQ�RI�D�SDUDPHWULF�ODQJXDJH�JHQHUDWRU�DQG�D�QRQ�SDUDPHWULF
PHPRU\ PRGXOH ZKLFK LV XVHG GXULQJ DQVZHULQJ D TXHVWLRQ >��@� 'HQVH UHWULHYHUV DUH� UHVSRQVLEOH� IRU�
UHWULHYLQJ�XVHIXO�WH[W�IUDJPHQWV�>��@�

/LX�HW�DO��SURYLGH�DQ�RYHUYLHZ�RI�SURPSWV�IRU�ODQJXDJH�SURFHVVLQJ�>�@��7KH�FODVVLILFDWLRQ�RI�PDQ\�PHWKRGV
LQWR VHYHUDO� FDWHJRULHV� LV SURYLGHG E\ 6DKRR HW� DO�� >�@ DQG� 6FKXOKRII� HW� DO�� >�@� ZKLOH *DR� HW� DO� >��@
LQYHVWLJDWH WKH UHVHDUFK DUHD RI 5$*� (GHPDFX DQG :X UHYLHZ WKH LVVXH RI SULYDF\ LQ SURPSW�HQJLQHHULQJ
>��@� 7KLV OLWHUDWXUH LV PHDQW WR EH TXLWH JHQHUDO� ,Q RXU SDSHU� ZH JR PRUH VSHFLILF VLQFH�ZH�FRQVLGHU�VHYHQ�
PHWKRGV��LQWURGXFH�WKHP�LQ�WKH�VDPH�ZD\�DQG�GLVFXVV�WKHP�LQ�WKH�VDPH�DVSHFWV�LQFOXGLQJ�FRVWV�

7KH 6HYHQ 7HFKQLTXHV

7KH�VWUXFWXUH�RI�DOO�WHFKQLTXHV�LV�DV�IROORZV��PHDQLQJ�DQG�SXUSRVH��FRQFHSW�DQG�SULQFLSOH��ILUVW�H[DPSOH��
DGYDQWDJHV��GUDZEDFNV��FRPSXWDWLRQDO�UHTXLUHPHQWV��DSSOLFDWLRQV��ILQGLQJV�LQ�OLWHUDWXUH�

=HUR�VKRW 3URPSWLQJ

0HDQLQJ DQG SXUSRVH� +HUH�WKH WDVN LQVWUXFWLRQ DQG�LQSXW GDWD DUH SURYLGHG��EXW WKHUH LV QR�H[DPSOH�>�@��
7KH� SULQFLSOH� LV� WR� XVH� SUH�WUDLQLQJ� DQG� LQVWUXFWLRQ� WXQLQJ��ZKLFK�PHDQV� WKDW� SURPSW� JHQHUDWLRQ� LV� QRW�
FRPSOLFDWHG�>�@�

:RUNLQJ� LGHD�� ,QVWUXFWLRQ� LV� XVHG� DV� D� FRQGLWLRQ� DQG� WKH� PRGHO� LV� DVNHG� WR� JHQHUDWH� WKH� PRVW� OLNHO\�
FRQWLQXDWLRQ�EDVHG�RQ�LW��,W�ZLOO�GHSHQG�RQ�WKH�TXDOLW\�RI�WKH�LQVWUXFWLRQ�DQG�ZKDW�LV�H[SHFWHG�LQ�WKH�RXWSXW��
OLPLWV�HWF�

([DPSOH� ³:KDW LV WKH VHQWLPHQW RI WKLV UHYLHZ" 3RVLWLYH� 1HJDWLYH RU 1HXWUDO" 5HYLHZ� 7KH FDPSXV�:L�)L�
NHHSV�GURSSLQJ�GXULQJ�ODE�KRXUV��6HQWLPHQW�´�$Q�LGHDO�PRGHO�VKRXOG�JLYH�WKH�DQVZHU�³1HJDWLYH´�

$GYDQWDJHV� 5HTXLUHV QR H[DPSOHV� SURPSW LV�VKRUW DQG HDV\ WR WU\�

5HVWULFWLRQV��7KH�UHVXOWV�PD\�YDU\�EDVHG�RQ�WKH�ZRUGLQJ��7KH�RXWSXW�IRUPDW�PD\�DOVR�YDU\�DQG�WKH�WDVNV�
ZKLFK�FRQVLVW�RI�PDQ\�VWHSV�RU�KDYH�DQ�XQXVXDO�IRUPDW�DUH�XVXDOO\�QRW�ZHOO�GRQH�

&RPSXWLQJ QHHG� 2QO\ RQH FDOO ZLWK D VKRUW SURPSW �WKH FKHDSHVW RI WKH VHYHQ��

8VHV� &ODVVLILFDWLRQ� VXPPDUL]DWLRQ� WUDQVODWLRQ� GUDIWLQJ DQG JHQHUDO TXHVWLRQV�

)LQGLQJV��%URZQ�HW�DO��H[DPLQHG�WKH�SHUIRUPDQFH�RI�*37���RQ�D�YDULHW\�RI�EHQFKPDUNV��)RU�DOO�WKH�VHWWLQJV�
WKH� UHVXOWV�ZHUH� KLJKHU� IRU� ODUJHU�PRGHOV�� ,Q� JHQHUDO�� ]HUR�VKRW�ZDV� RXWSHUIRUPHG�E\� IHZ�VKRW� DQG� WKH�
GLIIHUHQFH�LQFUHDVHG�ZLWK�WKH�VL]H�RI�WKH�PRGHO�>�@�

)HZ�VKRW 3URPSWLQJ

0HDQLQJ DQG SXUSRVH� 7KH SURPSW LQFOXGHV VRPH H[DPSOH SDLUV RI LQSXWV DQG RXWSXWV EHIRUH WKH QHZ�LQSXW�
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DQG�WKH�PRGHO�XVHV�WKRVH�SDLUV�WR�GHGXFH�ZKDW�WKH�WDVN�LV�IRU�WKH�QHZ�LQSXW�>�@��7KLV�ZD\��WKH�WDVN��ODEHOV��
DQG�RXWSXW�IRUPDW�FDQ�EH�FRQWUROOHG�ZLWKRXW�WUDLQLQJ�

:RUNLQJ�SULQFLSOH��7KH�PRGHO�XQGHUVWDQGV�WKH�H[DPSOHV�SURYLGHG�� WDNHV�WKH�QH[W�TXHVWLRQ�DQG�GRHV�WKH
VDPH WKLQJ WR LW� $FFRUGLQJ WR 0LQ HW DO�� WKH NH\ IDFWRUV IRU WKLV WHFKQLTXH DUH WKH ODEHO VSDFH� WKH�QDWXUH�RI�
WKH�LQSXW�DQG�WKH�IRUPDW�RI�WKH�H[DPSOHV��7KH�FRUUHFWQHVV�RI�WKH�ODEHOV�LV�QRW�DV�LPSRUWDQW�DV RQH PLJKW
H[SHFW >��@� 7KH FKRLFH RI WKH H[DPSOHV >��@ DQG WKHLU RUGHU >��@ DOVR FKDQJH WKH UHVXOWV�FRQVLGHUDEO\�

([DPSOH��5HYLHZ��³/DE�FRPSXWHUV�DUH�IDVW�´�ĺ�3RVLWLYH��5HYLHZ��³/LEUDU\�FORVHV�WRR�HDUO\�´�ĺ�1HJDWLYH��
5HYLHZ��³7KH�VHPLQDU�ZDV�RQ 7XHVGD\�´�ĺ�1HXWUDO��5HYLHZ��³7KH�QHZ�FDQWHHQ�PHQX�LV�H[FHOOHQW�´�ĺ�"�
7KH�H[DPSOHV�SURYLGH�WKH�ODEHOV��DV�ZHOO�DV�WKH�IRUPDW�RI�WKH�RXWSXW�

$GYDQWDJHV��8QOLNH�]HUR�VKRW��LW�LV�HDVLHU�WR�FRQWURO�IRUPDW�DQG�VW\OH��+LJK�DFFXUDF\�LV�HQVXUHG�DQG�WKHUH�LV�
QR�QHHG�IRU�WUDLQLQJ�

&KDLQ RI 7KRXJKW��&R7�

:RUNLQJ�LGHD� 7KH�PRGHO ZULWHV�GRZQ�HDFK�VWHS�RI�LWV�DFWLRQV�DQG�HPEHGV�LW LQWR�WKH�FRQWH[W IRU�WKH�QH[W�
VWHS��7KH�WDVN�LV�GLYLGHG�DQG�UHFHLYHV�PRUH�DWWHQWLRQ�IURP�WKH�PRGHO��7KH�VROXWLRQ�LV�OLQNHG�WR�WKH�ZULWWHQ�
FKDLQ�RI�VWHSV�UDWKHU�WKDQ�D�VLQJOH�JXHVV��)LJ���E��

)LJXUH �� 'LUHFW� FKDLQ� WUHH ZLWK�FXW EUDQFKHV �UHG��DQG JUDSK ZLWK PHUJLQJ VKDSHV RI UHDVRQLQJ��2ULJLQDO�
LOOXVWUDWLRQ�
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([DPSOH��7KHUH�DUH���GHVNV�LQ�D�ODE��DQG�HDFK�GHVN�KDV���FRPSXWHUV�RQ�LW����FRPSXWHUV�DUH�EHLQJ�UHSDLUHG�
+RZ PDQ\ FRPSXWHUV ZRUN" $� � î �  ��� �� í �  ��� 7KH DQVZHU LV ��� =HUR�VKRW YDULDQW�FRQWDLQV�WKH�
TXHVWLRQ�DQG�³/HW¶V�WKLQN�VWHS�E\�VWHS´�RQO\�

$GYDQWDJHV� 5HDVRQLQJ EHFRPHV EHWWHU��LW LV SRVVLEOH WR YHULI\�WKH FKDLQ�RI DFWLRQV RI WKH PRGHO� DQG�WKHUH
LV QR QHHG�WR�WUDLQ�WKH PRGHO� 7KH ODUJHU WKH PRGHO� WKH JUHDWHU�WKH LPSURYHPHQW��DV PHQWLRQHG�E\�:HL�HW�
DO��>�@�

/LPLWDWLRQV��(YHQ�WKRXJK�WKH�FKDLQ�PLJKW�VHHP�FRQYLQFLQJ��LW�GRHV�QRW�KDYH�WR�EH�FRUUHFW��&KDLQ�LV�QRQ�
UHYHUVLEOH DQG ]HUR�VKRW &R7 GRHV QRW KDYH WR EH UHOLDEOH LQ GLIILFXOW WDVNV >��@� 7KH WZR FRQFHSWV�WKDW�KDYH�
VRPH�FRQQHFWLRQ�WR�WKDW�LQFOXGH�VHOI�FRQVLVWHQF\�ZKLFK�VDPSOHV�VHYHUDO�FKDLQV�DQG�NHHSV�WKH�DQVZHU�WKDW�
ZDV�UHDFKHG�E\�PRVW�RI�WKHP�>��@��DQG�$XWR�&R7��ZKLFK�DXWRPDWLFDOO\�FUHDWHV�ZRUNHG�RXW�H[DPSOHV�IRU�
DXWRPDWLF�LQVWHDG�RI�KDQG�ZULWWHQ�H[DPSOHV�>��@�

&RPSXWDWLRQDO UHTXLUHPHQWV� 1RUPDOO\ RQH UHTXHVW� ORQJHU RXWSXW DQG ODUJHU FKDLQ LQFUHDVHV FRVW�

$SSOLFDWLRQV�0DWKHPDWLFDO DQG ORJLF SUREOHPV� FRPPRQV VHQVH TXHVWLRQV� HGXFDWLRQDO DVVLVWDQFH LQ�IRUP�
RI�VWHSV�IRU�VROXWLRQV�DQG�H[SODQDWLRQ�RI�KRZ�WKH�FRGH�ZRUNV�

)LQGLQJV��:HL�HW�DO��UHDFKHG�VWDWH�RI�WKH�DUW�DFFXUDF\�ZLWK�3D/0����%�DQG�HLJKW�&R7�H[DPSOHV�RQ�PDWK�
EHQFKPDUN�*60�.�>�@��)RU�ODUJHU�,QVWUXFW*37��.RMLPD�HW�DO��QRWHG�WKH�LPSURYHPHQW�LQ�DFFXUDF\ IURP
������WR ����� IRU�0XOWL$ULWK DQG�IURP ����� WR ������IRU *60�. ZLWK ]HUR�VKRW�WULJJHU�SKUDVH�>��@�

7UHH RI 7KRXJKWV �7R7�

7R7 LV�DQ�HYROXWLRQ�RI�&R7��,Q�EHWZHHQ��WKHUH�LV�DQ�LQWHUPHGLDWH�VWHS�FDOOHG�WKH�³WKRXJKW´�ZKLFK�LV�DGGHG
WR WKH WUHH DV D QRGH� 7KH PRGHO WULHV YDULRXV FDQGLGDWH WKRXJKWV� HYDOXDWHV WKHP DQG WKHQ SODQV�DKHDG�DQG�
EDFNZDUG�>��@��7KLV�PHWKRG�LV�XVHIXO�LQ�FDVH�RI�FRPSOLFDWHG�SUREOHP�VROYLQJ��VLQFH�RQH�LQFRUUHFW�WKRXJKW�
LQ�RQH�FKDLQ�FDQ�GHVWUR\�WKH�ZKROH�SURFHVV�

:RUNLQJ�LGHD��7KH�DOJRULWKP�FRQVLVWV�RI�IRXU�FRPSRQHQWV��)LUVWO\��WKH�SUREOHP�LV�GHFRPSRVHG�LQWR�VWDJHV��
WKHQ�WKHUH�DUH�PXOWLSOH�FDQGLGDWH�WKRXJKWV�SHU�VWDJH�DQG�HYHU\�VWDWH�LV�HYDOXDWHG��WKH�PRGHO�ODEHOV�WKH�VWDWH�
DV�³SURPLVLQJ´�RU�³LPSRVVLEOH´���$IWHU�WKDW��WKH�VHDUFK�SURFHGXUH��EUHDGWK�ILUVW�RU�GHSWK�ILUVW��VHOHFWV�WKH�
EUDQFKHV�WR�JURZ�DQG�WKH�EUDQFKHV�WR�SUXQH��)LJ���F��>��@�

([DPSOH��)RXU�VSHDNHUV�VKRXOG�EH�GLVWULEXWHG�DPRQJ�WKUHH�VORWV�XQGHU�URRP�UHTXLUHPHQWV�DQG�DYDLODELOLW\�
FRQVWUDLQWV��7KHUH�DUH�FHUWDLQ�ZD\V�RI�ILOOLQJ�WKH�ILUVW�VORW�SURSRVHG�E\�WKH�PRGHO��HYHU\�WKRXJKW LV�YHULILHG�
DQG�JRRG�WKRXJKWV�DUH VHOHFWHG�DQG�EDG�WKRXJKWV��ZKLFK�GR QRW FRUUHVSRQG�WR�WKH�VORW�UHTXLUHPHQWV��DUH�
UHMHFWHG�

$GYDQWDJHV� 7R SODQ� FRPSDUH DOWHUQDWLYHV� DQG�FRUUHFW HUURUV� VHDUFK KLVWRU\ LV DYDLODEOH IRU UHYLHZ�

/LPLWDWLRQV��$FFRUGLQJ�WR�<DR�HW�DO���WKH�7R7�DSSURDFK�UHTXLUHV�PRUH�UHVRXUFHV�WKDQ�WKH�VLPSOH�VDPSOLQJ
DSSURDFK DQG LQ VRPH FDVHV� D JRRG PRGHO GRHV QRW QHHG 7R7 >��@� )RU HDFK WDVN� LW UHTXLUHV�EUHDNLQJ GRZQ
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WKH WDVN� SURPSWLQJ WKH MXGJPHQW� VHWWLQJ XS WKH VHDUFK DQG WKH MXGJPHQW SURYLGHG E\�WKH�PRGHO�PD\�QRW�EH�
DFFXUDWH�

&RPSXWLQJ UHTXLUHPHQWV� $ ORW RI FRPSXWLQJ IRU D VLQJOH WDVN� 7KH QXPEHU RI FRPSXWDWLRQV UHTXLUHG�
GHSHQGV�RQ�WKH�QXPEHU�RI�FDQGLGDWHV�JHQHUDWHG�DQG�HYDOXDWHG�DW�HDFK�QRGH��WKH�ZLGWK�RI�WKH�VHDUFK�DQG�WKH�
GHSWK�RI�WKH�VHDUFK�WUHH�

$SSOLFDWLRQV� 3X]]OHV� SODQQLQJ� VFKHGXOLQJ��FRQVWUDLQW VDWLVIDFWLRQ SUREOHPV DQG VWRU\ SODQQLQJ�

5HVXOWV�<DR HW DO� IRXQG WKDW *37�� XVLQJ 7R7 DSSURDFK ZDV DEOH WR VROYH ��� RI WKH WDVNV LQ *DPH�RI����
ZKLOH�&R7�VROYHG�RQO\����>��@�

*UDSK RI 7KRXJKWV��*R7�

7KH *R7 DSSURDFK PRGHOV WKH UHDVRQLQJ SURFHVV LQ D GLUHFWHG JUDSK ZKHUH QRGHV FRUUHVSRQG WR�
WKRXJKWV� DQG OLQNV FRUUHVSRQG WR WKH GHSHQGHQF\ EHWZHHQ WKH WKRXJKWV� ,Q FRQWUDVW WR D WUHH� D JUDSK DOORZV�
WKRXJKWV�WR�EH�FRPELQHG��UHXVHG��DQG�LPSURYHG�LQ�F\FOHV�>��@��,W�LV�ZHOO�VXLWHG�IRU�VROYLQJ�D�SUREOHP�WKDW�
FRQVLVWV�RI�VHYHUDO�VPDOOHU�VXESUREOHPV�ZKRVH�VROXWLRQV�QHHG�WR�EH�PHUJHG�WRJHWKHU�

:RUNLQJ� LGHD��$FWLRQV�SHUIRUPHG�E\�D�FRQWUROOHU��JHQHUDWLRQ�RI�QHZ� WKRXJKWV�� FRPELQDWLRQ�RI�PXOWLSOH�
WKRXJKWV��UHILQHPHQW�RI�D�WKRXJKW��DQG�VFRULQJ�RI�WKRXJKWV��,WV�JUDSK��)LJ���G��LV�GHILQHG�XVLQJ�D�SODQ�>��@�

([DPSOH� /RQJ SURMHFW UHSRUW� 6SOLW LW LQWR IRXU SDUWV� JHQHUDWH VXPPDULHV RI HDFK RI WKHP� PHUJH WZR�
VXPPDULHV�WRJHWKHU��DQG�VFRUH�DQG�LPSURYH�WKH�PHUJHG�VXPPDU\�

$GYDQWDJHV��,W�LV�DEOH�WR�FRPELQH�WKH�EHVW�IHDWXUHV�RI�GLIIHUHQW�UHDVRQLQJ�SDWKV��UHXVH�LQWHUPHGLDWH�UHVXOWV��
DQG�SURYLGH�IHHGEDFN�ORRSV�

5HVWULFWLRQV� ,W LV KDUGHU WR FRQVWUXFW LQ FRPSDULVRQ ZLWK &R7 DQG7R7� (YHU\ VLQJOH WDVN QHHGV WR EH�JUDSKHG�
DQG� WKH�FRPSXWDWLRQ�FRVW� LV�KLJK��7KHUH� LV�QR� LQIRUPDWLRQ�DERXW�KRZ� LW�ZDV� WHVWHG�RQ�DQ\� WDVN�EHVLGHV�
VRUWLQJ�DQG�PHUJLQJ�GRFXPHQWV�>��@�

&RPSXWLQJ�QHHG��7KH�QXPEHU�RI�FDOOV�GHSHQGV�RQ�WKH�VWUXFWXUH�RI�WKH�JUDSK��0HUJLQJ�FDQ�DYRLG�UHSHDWHG�
ZRUN��\HW�PDQ\�FDOOV�DUH�QHHGHG�IRU�ODUJH�JUDSKV�

$SSOLFDWLRQV��'RFXPHQW�PHUJLQJ��VRUWLQJ��VHW�RSHUDWLRQV��PXOWL�VHFWLRQ�UHSRUWV��DQG�WDVN�SODQQLQJ�ZLWK�VXE�
WDVN�GHSHQGHQFLHV�

2EVHUYDWLRQV��%HVWD�HW�DO��UHSRUWHG�DQ�LPSURYHPHQW�LQ�WKH�VRUWLQJ�TXDOLW\�RI�*R7 E\�����RYHU�7R7�ZKLOH�
FXWWLQJ�WKH�FRVW�E\�RYHU�����>��@�

6HOI�5HILQH

'HILQLWLRQV�DQG�JRDOV��6HOI�5HILQH�LV�LWHUDWHG�IRU�VHYHUDO�URXQGV��7KH�LQLWLDO�DQVZHU�LV�SURGXFHG�E\�RQH�//0�
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DQG�FRPPHQWHG�RQ�DQG�LPSURYHG�E\�LW��,W�GRHV�QRW�UHTXLUH�DQ\�DGGLWLRQDO�WUDLQLQJ�GDWD��VXSHUYLVLRQ��QRU�
UHLQIRUFHPHQW�>��@��7KH�JRDO�LV�WR�GR�EHWWHU�WKDQ�WKH�ILUVW�DWWHPSW�

2SHUDWLQJ�SULQFLSOHV��7KH�PRGHO�LWHUDWHV��SURYLGLQJ�IHHGEDFN�DQG�PDNLQJ�DGMXVWPHQWV�XQWLO�VRPH�VWRSSLQJ�
FRQGLWLRQ�LV�UHDFKHG��H�J���PD[LPXP�QXPEHU�RI�URXQGV�RU�IHHGEDFN�WKDW�LQGLFDWHV�WKHUH�DUH�QR�PRUH�FKDQJHV�
WR�EH�PDGH��)LJ������7KH�SURPSWV�DUH�XVHG�WR�SURYLGH�IHHGEDFN�DQG�PDNH�LPSURYHPHQWV�WRR�>��@�

)LJXUH �� 7KH 6HOI�5HILQH ORRS� WKH VDPH //0 JLYHV WKH ILUVW DQVZHU� ZULWHV IHHGEDFN RQ�LW DQG�LPSURYHV�
LW�XQWLO�WKH�VWRSSLQJ�FRQGLWLRQ�LV�PHW��2ULJLQDO�LOOXVWUDWLRQ�

([DPSOH�$SURIHVVRU LV�DVNHG IRU�PRUH�WLPH LQ�DQ�HPDLO� 7KH�IHHGEDFN SDUW REVHUYHV WKDW WKH WRQH LV�LQIRUPDO�
DQG�QR�QHZ�GDWH�LV�VXJJHVWHG��,Q�WKH�LPSURYHPHQW�SKDVH��LW�UHYLVHV�WKH�HPDLO�ZLWK�D�IRUPDO�WRQH�DQG�VSHFLILHV�
WKH�GDWH�

3URV� ,W LV HDV\� XVHV MXVW RQH PRGHO� DQG ZRUNV HYHU\ WLPH WKH TXDOLW\ FDQQRW EH DFKLHYHG LQ RQH UXQ�

&RQV��,W�WDNHV�PRUH�WLPH�DQG�PRQH\�HYHU\�URXQG��DQG�WKH�SHUIRUPDQFH�GHSHQGV�RQ�KRZ�VNLOOHG�WKH�PRGHO�
LV�LQ�UHVSRQGLQJ�WR�WKH�IHHGEDFN�DQG�LPSURYHPHQW�SURPSWV�>��@� $�VLPLODU�WHFKQLTXH�FDOOHG�5HIOH[LRQ�VDYHV�
WKH�UHIOHFWLRQV�RI�WKH�PRGHO�LQ�LWV�PHPRU\�IRU�IXWXUH�DWWHPSWV�>��@��ZKLOH�5H$FW�LQWHUOHDYHV�UHDVRQLQJ�VWHSV�
ZLWK�DFWLRQV�WKDW�FRQVXOW�H[WHUQDO�WRROV�>��@��+XDQJ�HW�DO��GHPRQVWUDWHG�WKDW�LW�LV�FKDOOHQJLQJ�IRU�ODUJH�PRGHOV�
WR�VHOI�UHSDLU�WKH�HUURUV�LQ�WKHLU�UHDVRQLQJ�ZLWKRXW�H[WHUQDO�LQWHUYHQWLRQ��DQG�WKH�UHVXOWV�PD\�EHFRPH�ZRUVH�
>��@�

1HHG� IRU� FRPSXWLQJ�� �� �� �7� UHTXLUHV� 7� WXUQV�� RQH� IRU� WKH� ILUVW� DWWHPSW�� 7� IRU� IHHGEDFN�� DQG� 7� IRU�
LPSURYHPHQW��,Q�SURSRUWLRQ�DV�PRUH�DWWHPSWV�DUH�PDGH��WKH�FRQWH[W�FDQ�JURZ�ODUJHU��WRR�

8VHV�:ULWWHQ WH[W� UHSOLHV LQ�FRQYHUVDWLRQ� DQG TXDOLW\ RI FRGH RU UHDGDELOLW\�

)LQGLQJV��0DGDDQ�HW�DO��FRQGXFWHG�VHYHQ�WDVNV�XVLQJ�VRPH�YHU\�VWURQJ�//0V��7KH�UHVXOWV�ZHUH�FRQVLGHUHG
EHWWHU WKDQ WKRVH�REWDLQHG�LQ RQH VWHS��ZLWK DQ DYHUDJH�JDLQ�LQ�WDVN SHUIRUPDQFH RI�DERXW�����>��@�

5HWULHYDO�$XJPHQWHG *HQHUDWLRQ �5$*�
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0HDQLQJ�DQG�JRDO��5$*�FRPELQHV�LQIRUPDWLRQ�UHWULHYDO�ZLWK�WH[W�JHQHUDWLRQ��([WHUQDO�NQRZOHGJH�VRXUFH�
LV�XWLOL]HG��WKH�UHWULHYHU�ILQGV�UHOHYDQW�H[FHUSWV��DQG�WKH�JHQHUDWRU�SURGXFHV�D�UHVSRQVH�WR�WKH�TXHU\�DV�ZHOO�
DV�WR�WKH�H[FHUSWV�UHWXUQHG�E\�WKH�UHWULHYHU�>��@��)RU�WKDW�UHDVRQ��LW�LV�QRW�MXVW�D�SURPSW�IRUPXODWLRQ�WHFKQLTXH��
,W�LV�D�V\VWHP�FRQVLVWLQJ�RI�D�NQRZOHGJH�VRXUFH��D�UHWULHYHU��DQG�D�JHQHUDWRU��EXW ZKHQ WKH //0�LV�XVHG� WKH
UHWULHYHG WH[W EHFRPHV�SDUW RI�WKH SURPSW� ,W�VKRXOG SURYLGH WKH PRVW�UHFHQW�DQG�GRPDLQ�VSHFLILF�RU�SULYDWH�
NQRZOHGJH�DQG�UHGXFH�XQJURXQGHG�UHVSRQVHV�>��@�

%DVLF SULQFLSOH� )LUVW� WKH GRFXPHQWV DUH FKXQNHG� HPEHGGHG� DQG LQGH[HG LQ WKH YHFWRU VSDFH� 7KHQ��RQFH�
WKH�TXHU\�LV�UHFHLYHG��LW�LV�HPEHGGHG�DQG�WKH�FRUUHVSRQGLQJ�FKXQNV�DUH�VHOHFWHG�YLD�GHQVH�UHWULHYHU�>��@��
7KH�SURPSW�FRQVLVWLQJ�RI�WKH�TXHVWLRQ�DQG�SDVVDJHV�LV�SDVVHG�WR�WKH�//0�DQG�WKH�LQVWUXFWLRQV UHTXLUH WR
JHQHUDWH DQ DQVZHU EDVHG RQ WKH SURYLGHG WH[W �VHH )LJ� ��� $W WKH LQLWLDO VWDJH��5$*�FRQVLVWHG�RI�WZR�W\SHV�
RI�PRGHOV�WUDLQHG�MRLQWO\��VHTXHQFH�OHYHO�DQG�WRNHQ�OHYHO�>��@��,Q�RWKHU�DSSURDFKHV��PXOWLSOH�SDVVDJHV�DUH�
LQGHSHQGHQWO\�UHDG�E\�WKH�PRGHO�DQG�WKHQ�IXVHG�LQ�WKH�GHFRGHU�>��@��/DWHU�VXUYH\V�PHQWLRQ�QDLYH��DGYDQFHG��
DQG�PRGXODU�5$*�DUFKLWHFWXUHV�>��@�

,OOXVWUDWLRQ� $ VWXGHQW� DVNV� D� FROOHJH� FKDWERW� DERXW� WKH� DWWHQGDQFH� UHTXLUHPHQW� IRU� WKH� HQG�VHPHVWHU�
H[DPLQDWLRQ��7KH�UHOHYDQW�SDVVDJH�LV�UHWULHYHG�DQG�DGGHG�WR�WKH�SURPSW�

$GYDQWDJHV��7KH�NQRZOHGJH�EDVH�LV�XSGDWHG�E\�HGLWLQJ�WKH�LQGH[�UDWKHU�WKDQ�UHWUDLQLQJ�>��@��5HVSRQVHV�DUH�
FLWHG�DQG�KHQFH�PRUH�FUHGLEOH�

/LPLWDWLRQV�� 7KH� UHVXOWV� DUH� GHSHQGHQW� RQ� WKH� UHWULHYDO� SURFHVV�� DQ� HUURQHRXV� GRFXPHQW� FRXOG� JLYH�
PLVOHDGLQJ LQIRUPDWLRQ WR WKH PRGHO� /LX HW DO� QRWHG�WKDW PRGHOV GHSHQG OHVV RQ LQIRUPDWLRQ ZKHQ LW�RFFXUV
LQ WKH PLGGOH RI D OHQJWK\ WH[W >��@� 7KH XVDJH RI WKH 5$* QHHGV VRPH FRQILJXUDWLRQ� XVLQJ D�SULYDWHO\�
PDQDJHG�FRUSXV�PD\�FDXVH�SULYDF\�FRQFHUQV�>��@�

&RPSXWDWLRQDO�UHTXLUHPHQW��7KHUH� LV�DQ� LQLWLDO�FRPSXWDWLRQDO�FRVW� LQYROYHG� LQ� LQGH[LQJ� WKH�GRFXPHQWV�
$IWHU� WKLV�� WKHUH� LV� D�FRVW� IRU�HDFK�TXHU\�FRQVLVWLQJ�RI� WKH�TXHU\�HPEHGGLQJ�� WKH�VHDUFK�DQG� WKH�SURPSW�
FRQWDLQLQJ�WKH�SDVVDJHV�
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)LJXUH �� 3LSHOLQH RI 5$*� LQGH[LQJ EHIRUH XVLQJ LW DQG UHWULHYDO DQG JHQHUDWLRQ SHU TXHVWLRQ��2ULJLQDO�
LOOXVWUDWLRQ�

$SSOLFDWLRQV� 6WXGHQW RU FXVWRPHU VXSSRUW DVVLVWDQWV� TXHVWLRQ DQVZHULQJ IURP GRFXPHQWV� DQG�OLWHUDWXUH�
IURP�WKH�ILHOG�RI�KHDOWKFDUH�DQG�HGXFDWLRQ�

)LQGLQJV�� /HZLV� HW� DO�� REWDLQHG� VWDWH�RI�WKH�DUW� UHVXOWV� RQ� WKUHH� RSHQ�GRPDLQ� TXHVWLRQ� DQVZHULQJ�
EHQFKPDUNV�� 7KH\� DOVR� IRXQG� WKDW� WKH� 5$*� SURYLGHG� PRUH� VSHFLILF�� GLYHUVH� DQG� IDFWXDO� DQVZHUV� DV�
FRPSDUHG�WR�D�EDVHOLQH�PRGHO�WUDLQHG�RQO\�RQ�SDUDPHWULF�LQIRUPDWLRQ�>��@�

&RPSDULVRQ RI $SSURDFKHV

7DEOH���JLYHV�D�VLGH�E\�VLGH�FRPSDULVRQ�RI�WKH�VHYHQ�DSSURDFKHV�FRQVLGHUHG��WKHLU�NH\�LGHD�DQG�DSSOLFDWLRQ�
GRPDLQ��7KHVH�DSSURDFKHV�YDU\�RQ�IRXU�IDFWRUV��VR�QR�DSSURDFK�FRXOG�EH�SUHIHUUHG�RYHU�DQRWKHU� =HUR�VKRW
DQG IHZ�VKRW DSSURDFKHV GLIIHU E\ WKH DPRXQW RI WDVN�VSHFLILF LQIRUPDWLRQ SUHVHQW�LQ WKH SURPSW� &R7� 7R7�
DQG *R7 DSSURDFKHV GLIIHU LQ WKH QDWXUH RI UHDVRQLQJ WKDW WDNHV SODFH� FKDLQ�� WUHH�� DQG� JUDSK��
FRUUHVSRQGLQJO\�� 6HOI�5HILQH� DGGV� RQH� PRUH� SURFHVV� RI� UHILQHPHQW� RI� WKH� DQVZHU�� )LQDOO\�� 5$*� XVHV�
GLIIHUHQW�VRXUFH�RI�LQIRUPDWLRQ�
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7DEOH �� &RPSDULVRQ RI 6HYHQ 7HFKQLTXHV
$SSURDFK .H\ ,GHD 7\SHV RI 7DVNV DQG 5HDVRQLQJ

=HUR�VKRW ,QVWUXFWLRQ DQG LQSXW DORQH� XWLOL]HV SUH�
WUDLQHG�PRGHO

6LPSOH FDWHJRUL]DWLRQ� VXPPDUL]DWLRQ��
WUDQVODWLRQ��QR�H[DPSOHV�UHTXLUHG

)HZ�VKRW ,QVWUXFWLRQ SOXV VHYHUDO H[DPSOHV� FDSWXUHV�
WKH�SDWWHUQ�IURP�FRQWH[W

5HVWULFWHG PXOWL�VWHS UHDVRQLQJ� IL[HG
ODEHOV��IRUPDW��RU�VW\OH

&R7 ([DPSOH RU WULJJHU LQVWUXFWLRQ PDNHV WKH�
PRGHO�JHQHUDWH�VWHSV

0DWKHPDWLFDO� ORJLFDO� DQG FRPPRQVHQVH�
UHDVRQLQJ��RQH�ZD\�IRUZDUG

7R7 &DQGLGDWH WKRXJKW WUHH JHQHUDWLRQ ZLWK�
HYDOXDWLRQ�DQG�EDFNWUDFNLQJ�VHDUFK

3ODQQLQJ� SX]]OHV� VFKHGXOLQJ� H[SORUHV�
PDQ\�IXWXUH�SRVVLELOLWLHV�DKHDG�RI�WLPH

*R7 *HQHUDWLRQ DQG FRPELQDWLRQ RI WKRXJKWV�
WKURXJK�JUDSK�RSHUDWLRQV

&RPELQDWLRQ RI GRFXPHQWV� VRUWLQJ� PXOWL�
VWHS�WDVNV��PDNHV�XVH�RI�LQWHUPHGLDWHV

$SSURDFK .H\ ,GHD 7\SHV RI 7DVNV DQG 5HDVRQLQJ

6HOI�5HILQH 7H[W JHQHUDWHG E\ RQH PRGHO LV UHYLHZHG�
DQG�UHYLVHG�LWHUDWLYHO\

7H[W� FRQYHUVDWLRQ� FRGH ZULWLQJ� VHOI�
UHILQHPHQW�RI�LWV�RZQ�RXWSXW

5$* ([WHUQDO SDVVDJHV DUH UHWULHYHG DQG DQVZHUV�
DUH�IRUPHG�IURP�WKHP

)DFW TXHVWLRQV� IURP SULYDWH RU QHZO\�
FUHDWHG�GRFXPHQWV

0HWKRGRORJ\

,W�LV�D�TXDOLWDWLYH�VWXG\�RI�OLWHUDWXUH�DUUDQJHG�LQ�D�IUDPHZRUN�DQG�QR�QHZ�H[SHULPHQWV�ZHUH�FDUULHG�RXW IRU
DQ\ RI WKH PRGHOV� $OO WKH PHWKRGV ZHUH RULJLQDOO\ YHULILHG LQGHSHQGHQWO\ RQ WKHLU RZQ PRGHOV� DQG
EHQFKPDUNV� 5HSOLFDWLRQ RI WKH VDPH ZRXOG QHHG DFFHVV WR ODUJH PRGHOV ZKLFK DQ XQGHUJUDGXDWH�FODVV�GRHV�
QRW�KDYH�

7KH UHVHDUFK ZDV EDVHG RQ WKH OLWHUDWXUH PDWUL[ FRQVWUXFWHG IRU WKH VHPLQDU V\QRSVLV DQG SUHVHQWDWLRQ��7KH
RULJLQDO SDSHU RI WKH WHFKQLTXH VHUYHG DV WKH SULPDU\ VRXUFH >�@� >�@� >��@� >��@� >��@� >��@� >��@�
7KH VXUYH\ SDSHUV >�@� >�@� >�@� >��@ DQG FULWLFDO VWXGLHV >��@� >��@� >��@� >�@� >��@±>��@ VHUYHG DV IXUWKHU�
VRXUFHV� :H VHOHFWHG VRXUFHV WKDW HLWKHU LQWURGXFHG� DSSOLHG RU FULWLFL]HG RQH RI WKH VHYHQ WHFKQLTXHV��7KH
SDSHUV DERXW RWKHU SURPSWLQJ WHFKQLTXHV ZHUH H[FOXGHG IURP WKH FRPSDULVRQ� >��@±>��@ DUH FLWHG�RQO\� WR�
JLYH�EDFNJURXQG�RQ�SURPSW�OHDUQLQJ��H[DPSOH�VHOHFWLRQ�DQG�SURPSW�VHFXULW\�

(DFK�RI�WKHVH�WHFKQLTXHV�ZDV�GHVFULEHG�XVLQJ�WKH�IRUPDW�RI�WKH�6HYHQ�7HFKQLTXHV�VHFWLRQ��7KHVH�WHFKQLTXHV
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ZHUH DVVHVVHG RQ WKH EDVLV RI VL[ FULWHULD� �&�� FRUH SULQFLSOH� �&�� W\SH RI UHDVRQLQJ� �&���RULJLQ RI� WKH
NQRZOHGJH� �&���QXPEHU�RI PRGHO�LQYRFDWLRQV SHU TXHU\� �&�� DGGLWLRQDO UHTXLUHPHQWV�OLNH�H[DPSOHV�DQG�
VHWXS��DQG��&���WDVNV�DQG�UHOLDELOLW\�FRQFHUQV�

:H UHFRUGHG WKHPRGHO� WKH EHQFKPDUN� WKH EDVHOLQH� WKH REWDLQHG UHVXOW DQG WKH XSSHU ERXQG IRU HDFK�VRXUFH�
$OO�QXPEHUV�DUH�UHSURGXFHG�IURP�WKH�VRXUFH�DQG�DWWULEXWHG�DV�VXFK��7KH�UHVXOWV�RI�VHSDUDWH�SDSHUV FDQQRW
EH FRPSDUHG EHFDXVH RI GLIIHUHQW PRGHOV� WDVNV DQG PHWULFV� &RVW HYDOXDWLRQ FRQGXFWHG�LQ�WKH�5HVXOWV�DQG�
'LVFXVVLRQ�VHFWLRQ�LV�GRQH�DFFRUGLQJ�WR�KRZ�WKH�PHWKRG�LV�GHVFULEHG�LQ�LWV�SDSHU��L�H�� LQ WHUPV RI WKH QXPEHU
RI PRGHO FDOOV QHFHVVDU\ WR LPSOHPHQW�LW� +HQFH��LW FDQQRW EH WUHDWHG�DV D�EHQFKPDUN�

$FFXUDF\ DQG YDOLGLW\ RI WKH UHVHDUFK GHSHQG FRPSOHWHO\ RQ WKH DFFXUDF\ RI WKH VHOHFWHG VRXUFHV VLQFH�WKH
PRGHOV�DQG�SURPSWLQJ�SUDFWLFHV�GHYHORS�UDSLGO\�DQG�ZKDW ZRUNV IRU�RQH PRGHO GRHV�QRW KDYH WR�ZRUN�IRU�
DQRWKHU��7KLV�WRSLF�LV�GLVFXVVHG�LQ�PRUH�GHWDLOV�LQ�WKH�/LPLWDWLRQV�VHFWLRQ�

5HVXOWV DQG 'LVFXVVLRQ

7DEOH � EHORZ FRQWDLQV D EULHI VXPPDU\ RI WKH ILQGLQJV UHSRUWHG LQ WKH OLWHUDWXUH� 7KH\ DUH WDNHQ IURP�YDULRXV�
H[SHULPHQWV�DQG�PRGHOV��KHQFH�WKH�URZV�LQ�WKH�WDEOH�GR�QRW�UHSUHVHQW�DQ\�RUGHU�

7DEOH �� 6XPPDU\ RI .H\ )LQGLQJV 5HSRUWHG LQ WKH /LWHUDWXUH

0HWKRG 5HIHUHQFH )LQGLQJ 5HSRUWHG

=HUR�VKRW %URZQ�HW DO��>�@ *37�� IDPLO\ DUFKLWHFWXUH� SHUIRUPV EHWWHU IRU ODUJHU PRGHO VL]HV��
W\SLFDOO\�EHORZ�IHZ�VKRW

)HZ�VKRW %URZQ�HW DO��>�@ *37�� ���% FRPSDUDEOH WR ILQH�WXQLQJ IRU YDULRXV EHQFKPDUNV

)HZ�VKRW 0LQ�HW DO��>��@ ([DPSOH ODEHO VSDFH DQG LQSXW IRUPDW DIIHFW SHUIRUPDQFH� FRUUHFW�
ODEHOV�GR�QRW�PDWWHU�DV�PXFK�DV�H[SHFWHG

&R7 :HL HW DO� >�@ 3D/0 ���% ZLWK HLJKW H[DPSOHV� VWDWH�RI�WKH�DUW RQ�*60�.

=HUR�VKRW &R7.RMLPD�HW DO� >��@ ,QVWUXFW*37 DFFXUDF\ URVH IURP ����� WR ����� �0XOWL$ULWK� DQG�
IURP�������WR��������*60�.��ZLWK�D�WULJJHU�SKUDVH

7R7 <DR HW DO� >��@ *37�� ZLWK 7R7 VROYHG ��� RI *DPH RI �� WDVNV� &R7 VROYHG ��
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0HWKRG 5HIHUHQFH )LQGLQJ 5HSRUWHG

*R7 %HVWD�HW DO��>��@ 6RUWLQJ TXDOLW\ LPSURYHG E\ ��� RYHU 7R7 ZLWK FRVW UHGXFHG E\�
RYHU����

6HOI�5HILQH 0DGDDQ HW�DO� >��@ %HWWHU WKDQ RQH�VWHS UHVXOWV RQ VHYHQ WDVNV� DYHUDJH JDLQ RI DERXW�
���

6HOI�5HILQH +XDQJ HW DO� >��@ /DUJH PRGHOV VWUXJJOH WR VHOI�FRUUHFW UHDVRQLQJ ZLWKRXW H[WHUQDO�
IHHGEDFN��UHVXOWV�PD\�EHFRPH�ZRUVH

5$* /HZLV HW DO� >��@ 6WDWH�RI�WKH�DUW RQ WKUHH RSHQ�GRPDLQ 4$ EHQFKPDUNV� PRUH�
VSHFLILF�� GLYHUVH� DQG� IDFWXDO� DQVZHUV� WKDQ� D� SDUDPHWULF�RQO\�
EDVHOLQH

5$* /LX�HW DO� >��@ 0RGHOV XVH LQIRUPDWLRQ OHVV ZKHQ LW RFFXUV LQ WKH PLGGOH RI D ORQJ�
FRQWH[W

,W LV�FOHDU�IURP 7DEOH ��WKDW WKH QXPEHU�RI�PRGHO FDOOV�DQG�SUHSDUDWLRQ�UHTXLUHPHQWV�EHIRUH WKH FDOOV�DUH�
OLVWHG�IRU�HDFK�WHFKQLTXH�

7DEOH �� 6WUXFWXUDO &RVW RI (DFK 7HFKQLTXH

7HFKQLTXH 0RGHO FDOOV SHU TXHU\ ([WUD QHHG

=HUR�VKRW � 1RQH

7HFKQLTXH 0RGHO FDOOV SHU TXHU\ ([WUD QHHG

)HZ�VKRW � �ZLWK ORQJHU LQSXW��N H[DPSOHV� 6HW RI H[DPSOHV

&R7 � �ZLWK ORQJHU�RXWSXW� ([DPSOHV RU WULJJHU SKUDVH

7R7 0DQ\ �SURSRUWLRQDO WR ZLGWK î GHSWK î�
FDQGLGDWHV�

6HDUFK FRQWUROOHU� MXGJLQJ SURPSWV
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*R7 0DQ\� GHSHQGV RQ�WKH JUDSK�RI RSHUDWLRQV *UDSK FRQWUROOHU� VFRULQJ SURPSWV

6HOI�5HILQH �����7 IRU 7 URXQGV )HHGEDFN DQG LPSURYHPHQW RI SURPSWV��
VWRSSLQJ�UXOH

5$* � JHQHUDWLRQ�� ��UHWULHYDO 'RFXPHQWV� HPEHGGLQJ�LQGH[� UHWULHYHU

&R7�DQG�6HOI�5HILQH ERWK�GHSHQG�RQ�WKH�SRZHU�RI�WKH�PRGHO�WR�FUHDWH�XVHIXO�LQWHUPHGLDWH�VWHSV�RU�IHHGEDFN�
>�@��>��@��+HQFH��WKH�PHWKRG�ZKLFK�ZRUNV ZHOO�IRU�WKH�KXJH�PRGHO�ZLOO�PRVW�OLNHO\�IDLO�IRU�WKH�VPDOO�RQH�

7KH WUDQVLWLRQ IURP &R7 WR 7R7 WR *R7 DOORZV LQFUHDVLQJ WKH ILHOG RI DFWLRQV RI WKH PRGHO DQG HQDEOHV�
UHIOHFWLRQ� JHQHUDOL]DWLRQ� DQG LQWHJUDWLRQ RI UHVXOWV� +RZHYHU� WKHUH LV RQH GUDZEDFN � WKH LQFUHDVH LQ�WKH
QXPEHU RI PRGHO FDOOV �7DEOH ��� 7KH ELJ VXFFHVV RI 7R7 LQ VROYLQJ WKH *DPH RI �� SUREOHP >��@�DQG�WKH�
VXFFHVV�RI�*R7 LQ�VRUWLQJ�SUREOHP�>��@�LV�SRVVLEOH�GXH�WR�WKH�VSHFLDO�QDWXUH�RI�WKH�SUREOHPV�ZKLFK DOORZV
VHDUFKLQJ DQG GHFRPSRVLWLRQ� +RZHYHU� WKH DXWKRUV RI 7R7 FODLP WKDW VXFK WHFKQLTXHV�PD\�QRW�EH�QHFHVVDU\�
IRU�VLPSOHU�SUREOHPV�>��@�

7KH�LQFRQVLVWHQF\�SUREOHP�LV�VROYHG�LQ�HDFK�PHWKRG�LQ�LWV�RZQ�ZD\��5$*�XVHV�JHQHUDWHG�DQVZHUV�ZKLFK
DUH EDVHG RQ WKH UHWULHYHG WH[W >��@� EXW LV GHSHQGHQW RQ WKH TXDOLW\ RI UHWULHYDO DQG KDQGOLQJ RI�WKH�ORQJ�
SURPSW�>��@��6HOI�5HILQH�LQWHQGV�WR�GHWHFW�HUURUV�YLD�VHOI�IHHGEDFN��KRZHYHU��HPSLULFDO�UHVXOWV�GHPRQVWUDWH�
WKDW�VHOI�IHHGEDFN�LWVHOI�GRHV�QRW�LPSURYH�WKH�UHDVRQLQJ�VNLOO�>��@��&R7�KHOSV�GHWHFW�HUURUV�HDVLO\��KRZHYHU��
LW�GRHV�QRW�SUHYHQW�WKHP�

,W�LV�REYLRXV�WKDW�DOO�DSSURDFKHV�PD\�QRW�EH�DSSOLFDEOH�LQ�HYHU\�FDVH��7KH�IROORZLQJ�LV�MXVW�RQH�RI�PDQ\�
SRVVLEOH�ZD\V�WR�FKRRVH�WKH�WHFKQLTXH��6WDUW�ZLWK�]HUR�VKRW�DSSURDFK�IRU�WULYLDO�WDVNV��8VH�H[DPSOHV IRU
IRUPDWWLQJ DQG ODEHOLQJ� $SSO\ &R7 WR SHUIRUP VWHS�E\�VWHS UHDVRQLQJ� ,I RQH FKDLQ IDLOV� DQG� WKH� FRVW� LV�
DFFHSWDEOH��WKHQ�DSSO\�7R7 RU�*R7��8VH�6HOI�5HILQH�LQ�FDVH�ZKHQ�UHYLVLRQ�LPSURYHV�WKH UHVXOW� $SSO\�5$*
LI�WKHUH�LV�D QHFHVVLW\�WR XWLOL]H WKH�LQIRUPDWLRQ�WKDW�LV XQNQRZQ WR�WKH�PRGHO��6LQFH WKH GDWD DUH SURYLGHG E\
YDULRXV PRGHOV DQG EHQFKPDUNV� WKH GLVFXVVLRQ LV DERXW WUDGH�RIIV� QRW�PHDVXUHPHQWV�

*DSV LQ 5HVHDUFK DQG )XWXUH:RUNV

� 6HYHQ�WHFKQLTXHV�DUH�UDUHO\�FRPSDUHG�LQ�D�VLQJOH�SDSHU�XVLQJ�WKH�VDPH�PRGHOV��WDVNV�DQG�PHWULFV�

� ,Q SDSHUV� DFFXUDF\ LV DOZD\V SURYLGHGZLWKRXW FRUUHVSRQGLQJ FDOOV� WRNHQV� DQG GHOD\� DOWKRXJK�7R7�DQG�
*R7�DUH�TXLWH�FRVWO\�

� 7KH�UHVXOWV�DUH�YDOLG�IRU�VSHFLILF�PRGHOV�DQG�WDVNV��ZKLOH�RXWSXWV�DUH�H[WUHPHO\�GHSHQGHQW�RQ�WKH�SURPSW�
IRUPXODWLRQ�

� (DFK�WDVN�UHTXLUHV�D�PDQXDO�DQQRWDWLRQ�RI�7R7�DQG�*R7�ZLWK�MXGJLQJ�PHWKRGV�DQG�SORWV�IRU�HDFK�
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� :H�VWLOO�GR�QRW�NQRZ�WKH�FULWHULD�IRU�ZKHQ�WKH�PRGHO�FDQ�DGHTXDWHO\�MXGJH�LWV�RZQ�RXWSXW�IRU�XVLQJ�
6HOI�5HILQH�DQG�7R7�MXGJLQJ�>��@�

� +DOOXFLQDWLRQ� LV� UHGXFHG�EXW�QRW� HOLPLQDWHG�� HYHQ�5$*�FDQQRW�JHW� ULG�RI� UHWULHYDO� HUURUV� DQG� ORQJ�
FRQWH[W�XVDJH�LVVXHV�>��@�

� 3URPSWLQJ� DQG� GRFXPHQW� FROOHFWLRQV� PD\� FRQWDLQ� VHQVLWLYH� LQIRUPDWLRQ�� WKHUHIRUH� SULYDF\�DZDUH�
SURPSWLQJ�UHTXLUHV�IXUWKHU�LQYHVWLJDWLRQ�>��@��3URPSW�LQMHFWLRQ��ZKHUH�LQVHUWHG�WH[W�PDNHV�WKH�PRGHO�
LJQRUH�LWV�RULJLQDO�LQVWUXFWLRQV�>��@��LV�D�UHODWHG�VHFXULW\�FRQFHUQ�

3URPLVLQJ� GLUHFWLRQV� LQFOXGH� EHQFKPDUNLQJ� WHFKQLTXHV� WKDW� UHSRUW� ERWK� DFFXUDF\� DQG� FRVW�� VHOHFWLQJ� D�
PHWKRG�EDVHG�RQ�WKH�WDVN�GLIILFXOW\��FRVW�VHQVLWLYH�UHDVRQLQJ�WKDW�SHUIRUPV�VHDUFK�RQO\�ZKHQ�QHFHVVDU\�
DQDO\VLV RI FRPELQDWLRQV VXFK DV UHWULHYDO ZLWK VWHS�E\�VWHS UHDVRQLQJ WKDW DUH ZLGHO\ XVHG�LQ SUDFWLFH EXW
UDUHO\ DQDO\]HG� H[SHULPHQWV ZLWK VPDOOHU PRGHOV� DQG HYDOXDWLRQ ZLWK KXPDQ H[SHUWV�IURP�HGXFDWLRQ�DQG�
KHDOWKFDUH�
/LPLWDWLRQV

7KH�UHVHDUFK�LV�FRQGXFWHG�EDVHG�RQ�SUHYLRXV�SDSHUV�DQG�LQYROYHV�QR�H[SHULPHQWV�DW�DOO��7KH�LQIRUPDWLRQ�
FRPHV�IURP�SUHYLRXV�SDSHUV�DQG�UHIOHFWV�WKH�YDULHW\�RI�GLIIHUHQW�PRGHOV��EHQFKPDUNV��DQG PHWULFV ZKLFK
PDNHV D FRPSDULVRQ EHWZHHQ WKHP LPSRVVLEOH� $OVR� WKHUH LV D OLPLW LQ WKH DPRXQW�RI�OLWHUDWXUH�DQDO\]HG�DQG�
LW�ZDV�FROOHFWHG�LQ�DQ�XQVWUXFWXUHG�ZD\��ZKLFK�PHDQV�WKDW�VRPH�SLHFHV�RI�OLWHUDWXUH FDQ EHPLVVHG� 7KHPRVW
RI WKH UHVXOWV FRPH IURP WKH PRGHOV DYDLODEOH XQWLO ��������� DQG�QHZHU�//0V�FDQ�SHUIRUP�GLIIHUHQWO\��
)LQDOO\��WKH�FRVW�DQDO\VLV�LV�VWUXFWXUDO�DQG�QRW�PHDVXUHG�DW�DOO�

&RQFOXVLRQ
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