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$EVWUDFW
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WR�H[SHULPHQWDOO\�FRPSDUH�WKH�GLIIHUHQW�SRWHQWLDO�PHFKDQLVPV�IRU�KDSWLF�IHHGEDFN��DWWHPSWLQJ�WR�LGHQWLI\

IHHGEDFN�DSSURSULDWH�WR�GLIIHUHQW�VLWXDWLRQV�

7KLV�SDSHU�GHVFULEHV�DQ�LQLWLDO�DWWHPSW�WR�FRPSDUH�DQG�FRQWUDVW�WKH�XVH�RI�D�YDULHW\�RI�KDSWLF�HIIHFWV�LQ�D
WDUJHW�VHOHFWLRQ�WDVN��%XWWRQV�ZHUH�DXJPHQWHG�ZLWK�IULFWLRQ��D�VLPSOH�WH[WXUH��D��VQDS�WR��JUDYLW\�OLNH�HIIHFW
RU�IRUPHG�WKH�VKDSH�RI�D�UHFHVVHG�EXWWRQ��([SHULPHQWDO�HYDOXDWLRQ�RI�WKHVH�HIIHFWV�LQGLFDWHV�WKDW�KDSWLF
IHHGEDFN�FDQ�OHDG�WR�VLJQLILFDQWO\�LPSURYHG�RU�UHGXFHG�SHUIRUPDQFH��\LHOGLQJ�WKH�FRQFOXVLRQ�WKDW�IXUWKHU

HYDOXDWLRQ�RI�GHVNWRS�KDSWLF�LQWHUIDFHV�LV�UHTXLUHG�

,QWURGXFWLRQ
$XJPHQWLQJ�JUDSKLFDO�XVHU�LQWHUIDFHV��*8,��ZLWK
KDSWLF�IHHGEDFN�LV�QRW�D�QHZ�LGHD��,Q�WKH�HDUO\
QLQHWLHV�$NDPXWVX�>����@�GHYHORSHG�D�KDSWLF
PRXVH�ZLWK�WKH�DELOLW\�WR�SURGXFH�ZKDW�KH�WHUPHG
WDFWLOH�IHHGEDFN��WKH�DELOLW\�WR�YLEUDWH�D�XVHU¶V
ILQJHUWLS��DQG�IRUFH�IHHGEDFN��D�VLPSOH�VRIWZDUH
FRQWUROODEOH�IULFWLRQ�HIIHFW��8VLQJ�WKLV�GHYLFH�KH
VKRZHG�VLJQLILFDQWO\�GHFUHDVHG�FRPSOHWLRQ�WLPHV
LQ�D�WDUJHWLQJ�WDVN�RIIVHW�E\�VOLJKWO\�LQFUHDVHG
HUURU�UDWHV��(QJHO�HW�DO�>�@�IRXQG�LPSURYHG�VSHHG
DQG�HUURU�UDWHV�LQ�D�JHQHUDOL]HG�WDUJHWLQJ�WDVN
XVLQJ�D�PRGLILHG�WUDFNEDOO�ZLWK�GLUHFWLRQDO�WZR
GHJUHH�RI�IUHHGRP�IRUFH�IHHGEDFN�

7KH�GHYLFHV�XVHG�LQ�WKHVH�HDUO\�VWXGLHV�KDYH�QRZ
EHHQ�YDVWO\�LPSURYHG��0RUH�DGYDQFHG�GHYLFHV
VXFK�DV�WKH�SDQWRJUDSK�>�@��WKH�)((/LW�PRXVH�>�@
DQG�WKH�3+$17R0�>�@�KDYH�EHHQ�GHYHORSHG�
7KHVH�GHYLFHV�KDYH�DOO�EHHQ�XVHG�WR�DXJPHQW�D
GHVNWRS�LQWHUIDFH��5DPVWHLQ�HW�DO�>�@�XVHG�WKH
SDQWRJUDSK�WR�GHPRQVWUDWH�SHUIRUPDQFH
LQFUHDVHV�LQ�GHVNWRS�LQWHUDFWLRQV�EXW�SURYLGHG
OLWWOH�HPSLULFDO�HYLGHQFH�WR�VXSSRUW�WKHLU�FODLPV�
7KH�)((/LW�PRXVH�LV�D�FRPPHUFLDO�SURGXFW
DLPHG�DW�RIIHULQJ�FXVWRPHUV�D�KDSWLFDOO\
HQKDQFHG�GHVNWRS��+RZHYHU���WKHUH�KDV�EHHQ
OLWWOH�FRQFUHWH�HYDOXDWLRQ�RI�WKLV�GHYLFH��)LQDOO\
WKH�3+$17R0�KDV�EHHQ�XVHG�WR�FUHDWH�D
KDSWLFDOO\�HQKDQFHG�;�'HVNWRS�>�@��1R�IRUPDO
HYDOXDWLRQ�RI�WKLV�HQKDQFHPHQW�KDV�\HW�WDNHQ
SODFH�

7KH�SDFH�RI�WHFKQRORJLFDO�DGYDQFHPHQW�LQ�WKLV
ILHOG�KDV�IRUJHG�DKHDG�LQ�OHDSV�DQG�ERXQGV��ERWK
LQ�WHUPV�RI�WKH�KDUGZDUH�SURGXFHG�DQG�WKH
VRIWZDUH�GHYHORSHG��&XUUHQW�SURMHFWV�WR�³KDSWLI\´
WKH�GHVNWRS�DUH�QRW�FRQVWUDLQHG�WR�XVH�WKH
SULPLWLYH�KDSWLF�HIIHFWV�GHVFULEHG�E\�$NDPXWVX
>����@�DQG�(QJHO�>�@��+RZHYHU�DV�WKH�WHFKQRORJ\
KDV�DGYDQFHG�WKHUH�KDV�EHHQ�QR�FRUUHVSRQGLQJ
SURJUHVV�LQ�LWV�HYDOXDWLRQ�

7KLV�GLVSDULW\�KDV�OHG�WR�D�VLWXDWLRQ�ZKHUH�WKHUH
DUH�QR�IRUPDO�JXLGHOLQHV�UHJDUGLQJ�ZKDW
IHHGEDFN�LV�DSSURSULDWH�LQ�GLIIHUHQW�VLWXDWLRQV�
7KLV��FRPELQHG�ZLWK�WKH�IDFW�WKDW�WKHUH�LV�VWURQJ
HYLGHQFH�WKDW�DUELWUDU\�FRPELQDWLRQV�RI
LQIRUPDWLRQ�SUHVHQWHG�LQ�GLIIHUHQW�PRGDOLWLHV�LV
LQHIIHFWLYH�>�@��OHDGV�WR�WKH�FRQFOXVLRQ�WKDW
HPSLULFDO�HYDOXDWLRQ�RI�PRGHUQ�KDSWLF
DXJPHQWDWLRQV�WR�WKH�GHVNWRS�LV�XUJHQWO\
UHTXLUHG�

7KLV�SDSHU�GHVFULEHV�DQ�H[SHULPHQW�WKDW�DWWHPSWV
WR�FRPSDUH�XVHU�SHUIRUPDQFH�LQ�D�KDSWLFDOO\
PRGLILHG�GHVNWRS�XVLQJ�D�3+$17R0�DQG�IRXU
GLIIHUHQW�KDSWLF�HIIHFWV�LQ�D�VLPSOH�WDUJHWLQJ�WDVN�
7KH�HIIHFWV�XVHG�ZHUH�JUDYLW\�ZHOO��IULFWLRQ�
UHFHVV��DQG�WH[WXUH�

0HWKRGV
6\VWHP
7KH�KDSWLF�GHYLFH�XVHG�ZDV�D�3+$17R0�����
7KH�KDUGZDUH�XVHG�ZDV�DQ�,QWHO�3�,,�UXQQLQJ�DW
����0+]�DQG�XQGHU�:LQGRZV�17�����63����$OO



VRIWZDUH�ZDV�ZULWWHQ�LQ�&���XVLQJ�0LFURVRIW
9LVXDO�6WXGLR�YHUVLRQ����7KH�KDSWLFV�FRGH�ZDV
FUHDWHG�XVLQJ�WKH�*+267�$3,�VXSSOLHG�E\
6HQV$EOH�7HFKQRORJLHV��6XEMHFWV�PDQLSXODWHG
WKH�3+$17R0�XVLQJ�WKH�VWDQGDUG�SHQ�VXUURJDWH

6RIWZDUH
7KH�VRIWZDUH�DUFKLWHFWXUH�XVHG�LQ�WKLV�H[SHULPHQW
ZDV�YHU\�VLPSOH��6HSDUDWH�EXW�FRLQFLGHQW
UHSUHVHQWDWLRQV�ZHUH�PDLQWDLQHG�IRU�ERWK�WKH
JUDSKLFDO�DQG�KDSWLF�GLVSOD\V��$V�WKH
3+$17R0¶V�VWDWH�FKDQJHV��WKLV�LQIRUPDWLRQ�LV
H[WUDFWHG�IURP�WKH�KDSWLF�PRGHO�DQG�PDSSHG�WR�D
FRUUHVSRQGLQJ�PRXVH�HYHQW��7KLV�FDXVHV�WKH
DSSURSULDWH�HYHQW�LQ�WKH�*8,��$V�WKH�LQWHUIDFH
FKDQJHV�GXULQJ�WKH�FRXUVH�RI�WKH�H[SHULPHQW�WKH
WZR�UHSUHVHQWDWLRQV�DUH�XSGDWHG�PDQXDOO\��,W�LV
QRW�VXJJHVWHG�WKDW�DQ�DUFKLWHFWXUH�VXFK�DV�WKLV�LV
VXLWDEOH�IRU�PRUH�JHQHUDO�XVH��QRU�WKDW�LW�ZRXOG
VFDOH�XS�WR�D�UHDOLVWLF��UHDO�ZRUOG��V\VWHP�

7KH�KDSWLF�UHSUHVHQWDWLRQ�ZDV�FUHDWHG�IURP�D
PDQDJHPHQW�FODVV�DQG�LQGLYLGXDO�KDSWLF�HIIHFW
FODVVHV��7KH�PDQDJHPHQW�FODVV�KHOG�WKH�SRVLWLRQV
DQG�VL]HV�RI�HDFK�KDSWLF�HIIHFW�LQ�WKH�PRGHO��,W
DOVR�FRQWDLQHG�SRLQWHUV�WR�KDSWLF�HIIHFW�FODVVHV
ZKLFK�DFWXDOO\�LPSOHPHQWHG�WKH�IHHGEDFN
SUHVHQWHG�WR�WKH�XVHU��7KH�HIIHFW�FODVVHV�RSHUDWHG
RQ�D�ORFDO�FRRUGLQDWH�IUDPH�FUHDWHG�IRU�WKHP�E\
WKH�PDQDJHPHQW�FODVV��7KLV�DUFKLWHFWXUH�DOORZV
WKH�VLPSOH�VSHFLILFDWLRQ�RI�GLIIHUHQW�KDSWLF
DXJPHQWDWLRQV�LQGHSHQGHQW�RI�DQ\�ODUJH�VFDOH
JHRPHWU\�DQG�DOVR�DOORZV�XOWLPDWH�IOH[LELOLW\�LQ
WKH�SRVLWLRQLQJ�RI�KDSWLF�HIIHFWV��7KHUH�DUH�QR
FRQVWUDLQWV�DV�WR�ZKDW�KDSWLF�HIIHFWV�DSSHDU�LQ
ZKDW�ORFDWLRQV��)RU�LQVWDQFH�XVLQJ�WKLV
DUFKLWHFWXUH�LW�LV�VLPSOH�WR�FUHDWH�WZR�EXWWRQV�WKDW
DUH�DXJPHQWHG�XVLQJ�GLIIHUHQW�HIIHFWV�EXW�DUH
RWKHUZLVH�LGHQWLFDO�

(IIHFWV
7H[WXUH
7H[WXULQJ�D�EXWWRQ�LQ�D�WH[WXUH�OHVV��IODW
ZRUNVSDFH�LV�D�SRWHQWLDO�ZD\�RI�KDSWLFDOO\
VLJQLI\LQJ�WKDW�WKH�FXUVRU�LV�SRVLWLRQHG�RYHU�VRPH
LQWHUHVWLQJ�REMHFW��7KH�WH[WXUH�XVHG�LQ�WKLV
H[SHULPHQW�IRUPHG�D�VHW�RI�FRQFHQWULF�FLUFOHV
FHQWHUHG�DURXQG�WKH�PLGGOH�RI�WKH�WDUJHW��7KLV�LV
SLFWXUHG�LQ�ILJXUH����7KLV�WH[WXUH�ZDV�XVHG
EHFDXVH�LW�ZDV�IHOW�WKDW�LW�ZRXOG�PD[LPL]H�WKH
SRVVLELOLW\�WKDW�D�XVHU�ZRXOG�HQFRXQWHU�ULGJHV
LUUHVSHFWLYH�RI�WKH�GLUHFWLRQ�WKH\�EHJDQ�IURP�RU
WUDYHOHG�LQ�

)ULFWLRQ
7KH�IULFWLRQ�HIIHFW�GDPSHG�D�XVHU¶V�YHORFLW\�

)LJXUH����'LDJUDP�RI�7H[WXUH

+DSWLILHG�*8,V�WKDW�XVH�D�IULFWLRQ�HIIHFW�DUH
FRPPRQ�LQ�SUHYLRXV�OLWHUDWXUH��7KLV�LV�SDUWO\
EHFDXVH�WKH\�FDQ�EH�SURGXFHG�ZLWK�VLPSOH
KDUGZDUH�±�IRU�LQVWDQFH�ZLWK�DQ�HOHFWURPDJQHW
SODFHG�LQ�WKH�EDVH�RI�D�PRXVH�>����@�±�DQG�SDUWO\
EHFDXVH�LW�VHHPV�DGYDQWDJHRXV�WR�SURYLGH
IHHGEDFN�WKDW�FDXVHV�D�XVHU�WR�VWRS�ZKHQ�RYHU�DQ
LQWHUHVWLQJ�WDUJHW�

5HFHVV
7KH�UHFHVV�HIIHFW�ZDV�D�KROH�LQ�WKH�EDFN�RI�WKH
ZRUNVSDFH��7KLV�DOVR�IHDWXUHV�VWURQJO\�LQ
SUHYLRXV�OLWHUDWXUH��HJ�0LOOHU��5DPVWHLQ���$
GLDJUDP�RI�WKH�JHRPHWU\�RI�D�UHFHVV�LV�SUHVHQWHG
LQ�ILJXUH����$�UHFHVV�FRXOG�SRWHQWLDOO\�SURYLGH
XVHIXO�IHHGEDFN�E\�WKH�VLPSOH�IDFW�WKDW�WR�OHDYH�D
UHFHVV��WKH�ZDOO�DW�WKH�HGJH�PXVW�EH�FOLPEHG�
7KLV�PD\�PDNH�LW�KDUGHU�WR�DFFLGHQWDOO\�IDOO�RII�D
EXWWRQ�

)LJXUH����'LDJUDP�RI�5HFHVV

*UDYLW\�:HOO
7KH�JUDYLW\�ZHOO�ZDV�D�VQDS�WR�HIIHFW��:KHQ�D
XVHU�PRYHG�RYHU�D�EXWWRQ�D�FRQVWDQW�IRUFH�WKDW
SXVKHG�WKHP�WRZDUGV�WKH�EXWWRQ�FHQWHU�ZDV
DSSOLHG��7KLV�IRUFH�WDSHUHG�RII�DURXQG�WKH�YHU\
FHQWHU�RI�WKH�EXWWRQ�WR�FUHDWH�DQ�DUHD�RI�VRIWHU
IRUFH�WKHUH��7KH�JUDYLW\�ZHOO�SURPLVHV�WKH�VDPH
EHQHILWV�WKDW�WKH�UHFHVV�GRHV�±�D�UHGXFWLRQ�LQ
HUURUV�WKURXJK�WKH�VLPSOH�PHFKDQLVP�RI
SUHYHQWLQJ�D�XVHU�IURP�DFFLGHQWDOO\�OHDYLQJ�D
EXWWRQ�

7DVN
7KH�WDVN�VWXGLHG�KHUH�ZDV�D�VLPSOH�WDUJHWLQJ�WDVN
±�VXEMHFWV�ZHUH�UHTXLUHG�WR�VHHN�WR�DQG�SUHVV
EXWWRQV��7KHVH�EXWWRQV�DSSHDUHG�RQ�D�ODUJH
ZLQGRZ�RFFXS\LQJ�WKH�FHQWHU�DQG�ULJKW�KDQG�VLGH
RI�WKH�VFUHHQ��7KHUH�ZHUH�ILYH�EXWWRQV�LQ�WRWDO�
$OO�UHPDLQHG�FRQVWDQWO\�RQ�VFUHHQ��2QH�ZDV



SRVLWLRQHG�LQ�WKH�FHQWHU��WKH�RWKHUV�RFFXSLHG�D
TXDGUDQW�RI�WKH�ZLQGRZ��RQ�WKH�GLDJRQDOV�RI�WKH
ZLQGRZ��7KH�EXWWRQV�ZHUH�ODEHOHG�LQ�DFFRUGDQFH
ZLWK�WKHLU�SRVLWLRQV�RQ�VFUHHQ��IRU�LQVWDQFH�³WRS
ULJKW´�RU�³ERWWRP�OHIW´��,QVWUXFWLRQV�DV�WR�ZKLFK
EXWWRQ�WR�SUHVV�QH[W�ZHUH�SUHVHQWHG�LQ�D�ZLQGRZ
WR�WKH�OHIW�RI�WKH�VFUHHQ��:KHQ�D�XVHU�SUHVVHG�WKH
EXWWRQ�FXUUHQWO\�QDPHG�LQ�WKLV�ZLQGRZ�DQRWKHU
QDPH�ZDV�GLVSOD\HG�DQG�WKH�QH[W�WULDO�EHJDQ��$V
D�QHZ�WULDO�EHJDQ�WKH�SRVLWLRQ�RI�WKH�IRXU�QRQ�
FHQWUDO�EXWWRQV�FKDQJHG��7KH\�UHPDLQHG�LQ�WKHLU
DSSURSULDWH�TXDGUDQWV�DQG�RQ�WKH�GLDJRQDOV�RI�WKH
ZLQGRZ��PHUHO\�FKDQJHG�SRVLWLRQ�DORQJ�WKLV
GLDJRQDO��(YHU\�VHFRQG�WULDO�ZDV�WKH�FHQWUDO
EXWWRQ�

7KLV�WDVN�ZDV�IHOW�WR�SURYLGH�DQ�HOHPHQW�RI�YLVXDO
GLVWUDFWLRQ�E\�SUHVHQWLQJ�WKH�LQVWUXFWLRQV
VSDWLDOO\�VHSDUDWH�IURP�WKH�H[SHULPHQWDO�VWLPXOL�
,W�ZDV�DOVR�IHOW�WKDW�VXIILFLHQW�UHSHWLWLRQ�ZDV
SURGXFHG�E\�WKH�FRQVLVWHQW�SODFLQJ�RI�WKH�EXWWRQV
WR�IDFLOLWDWH�WKH�VXFFHVVIXO�XVH�RI�KDSWLF�IHHGEDFN�
,Q�D�WDVN�ZLWK�QR�UHSHWLWLRQ�RI�PRWLRQ��KDSWLFDOO\
ORFDWLQJ�D�EXWWRQ�ZRXOG�EHFRPH�D�FOHDUO\
LQHIILFLHQW�H[KDXVWLYH�VHDUFK�

6XEMHFWV
7KHUH�ZHUH�VL[WHHQ�VXEMHFWV��)RXU�ZHUH�IHPDOH
DQG�WZHOYH�PDOH��$OO�ZHUH�EHWZHHQ�WKH�DJHV�RI
HLJKWHHQ�DQG�WKLUW\��0RVW�ZHUH�FRPSXWLQJ
VWXGHQWV��$OO�ZHUH�UHJXODU�DQG�IOXHQW�FRPSXWHU
XVHUV��7KUHH�XVHUV�ZHUH�OHIW�KDQGHG�DQG�RQH�ZDV
G\VOH[LF��1R�VXEMHFW�KDG�DQ\WKLQJ�PRUH�WKDQ
WULYLDO�SUHYLRXV�H[SRVXUH�WR�WKH�3+$17R0�

([SHULPHQWDO�'HVLJQ
7KH�H[SHULPHQW�IROORZHG�D�ZLWKLQ�VXEMHFWV
UHSHDWHG�PHDVXUHV�GHVLJQ��(DFK�VXEMHFW
XQGHUZHQW�HDFK�RI�WKH�IRXU�KDSWLF�FRQGLWLRQV�DQG
D�FRQWURO�FRQGLWLRQ��7KH�RUGHU�VXEMHFWV
H[SHULHQFHG�WKH�FRQGLWLRQV�ZDV�YDULHG
V\VWHPDWLFDOO\��7UDLQLQJ�ZDV�JLYHQ�WR�HDFK
VXEMHFW�LQ�HDFK�FRQGLWLRQ�LQ�D�SUDFWLFH�VHVVLRQ
SULRU�WR�WKH�H[SHULPHQW�

0HDVXUHV
([WHQVLYH�PHDVXUHPHQWV�ZHUH�WDNHQ�IRU�HDFK
VXEMHFW�LQ�WKH�H[SHULPHQW��(DFK�WULDO�FRQVLVWHG�RI
IRXU�VWDJHV���VHHNLQJ�WR�WKH�UHTXLUHG�EXWWRQ�
PRYLQJ�RQ�WR�LW��SUHVVLQJ�LW�DQG�PRYLQJ�RII�LW�
7LPLQJ�LQIRUPDWLRQ�ZDV�NHSW�IRU�HDFK�RI�WKHVH
VWDJHV��$OO�HUURUV�ZKHQ�D�VXEMHFW�PRYHV�RYHU�D
EXWWRQ�EXW�IDLOV�WR�SUHVV�LW�ZHUH�DOVR�UHFRUGHG�

5HVXOWV
7KH�HUURU�GDWD�LV�SUHVHQWHG�LQ�JUDSK����8VLQJ�D

RQH�ZD\�UHSHDWHG�PHDVXUHV�$129$�VLJQLILFDQW
HIIHFWV�ZHUH�IRXQG��3RVW�KRF�SDLU�ZLVH
FRPSDULVRQV�\LHOGHG�VLJQLILFDQW�HIIHFWV�EHWZHHQ
DOO�KDSWLF�FRQGLWLRQV�DW�S�������H[FHSW�IRU�WKRVH
EHWZHHQ�JUDYLW\�DQG�UHFHVV�DQG�WKH�FRQWURO
FRQGLWLRQ�DQG�WH[WXUH�ZKLFK�ZHUH�VLJQLILFDQW�DW
S������

$QDO\VLV�RI�WKH�WHPSRUDO�GDWD�ZDV�OHVV
FRQFOXVLYH��$QDO\VLV�RI�WKH�WRWDO�WLPH�WDNHQ�WR
FRPSOHWH�D�WULDO�ZDV�VWURQJO\�ELDVHG�E\�WKH
QXPEHU�RI�HUURUV�H[SHULHQFHG�LQ�HDFK�FRQGLWLRQ�
,W�ZDV�IHOW�WKDW�WKLV�LQYDOLGDWHG�LW�DV�D�PHDVXUH�±
LW�ZRXOG�PHUHO\�EH�D�UHIOHFWLRQ�RI�WKH�QXPEHU�RI
HUURUV�LQ�HDFK�FRQGLWLRQ��7R�ILQG�GLIIHUHQFHV�LQ
SXUHO\�WHPSRUDO�SHUIRUPDQFH��GDWD�IRU�WKH�WLPH
VSHQW�RYHU�D�EXWWRQ�IRU�HYHU\�VXFFHVVIXO�WULDO�ZDV
XVHG��7KLV�GDWD�LV�SUHVHQWHG�LQ�JUDSK����$�VHFRQG
RQH�ZD\�UHSHDWHG�PHDVXUHV�$129$�RQ�WKLV�GDWD
UHYHDOHG�VLJQLILFDQW�GLIIHUHQFHV��3DLU�ZLVH
FRPSDULVRQV�LVRODWHG�WKHVH�DV�UHFHVV�EHLQJ
VLJQLILFDQWO\�TXLFNHU�WKDQ�ERWK�JUDYLW\�DQG
IULFWLRQ��S�������DQG�WKH�FRQWURO�FRQGLWLRQ�EHLQJ
MXVW�EHWWHU��S�������WKDQ�IULFWLRQ�

'LVFXVVLRQ
7KH�UHVXOWV�GLVFXVVHG�KHUH�DUH�SUHOLPLQDU\�
IXUWKHU�DQDO\VLV�RI�WKH�UHVXOWV�LV�LQ�SURJUHVV��$
ILUVW�ORRN�VHHPV�WR�QRPLQDWH�UHFHVV�DV�WKH
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RSWLPDO�KDSWLF�HIIHFW�IRU�WDUJHWLQJ�WDVNV��,W�KDV�D
ORZ�HUURU�UDWH�DQG�IDVW�SHUIRUPDQFH�WLPH�
+RZHYHU�$NDPXWVX�>�@�LQ�D�VLPLODU�KDSWLFDOO\
HQKDQFHG�WDUJHWLQJ�H[SHULPHQW�PHDVXUHV
WHPSRUDO�SHUIRUPDQFH�RQO\�LQ�WHUPV�RI�WKH�WLPH�LW
WDNHV�D�XVHU�WR�UHDFK�DQG�SUHVV�D�EXWWRQ��+H
GLVPLVVHV�WKH�WLPH�LW�WDNHV�WR�PRYH�RII�D�EXWWRQ
DIWHU�D�FOLFN��$Q�DQDO\VLV�RI�WKH�WHPSRUDO�UHVXOWV
IURP�WKLV�H[SHULPHQW�RQ�WKLV�EDVLV�LQGLFDWHV�WKDW
UHFHVV�PD\�QRW�FRQYH\�RSWLPDO�SHUIRUPDQFH
EHQHILWV��7KLV�GDWD�LV�VKRZQ�LQ�JUDSK���

/DUJH�UHODWLYH�LPSURYHPHQWV�LQ�ERWK�JUDYLW\�DQG
IULFWLRQ�DUH�IRXQG��7KH�VORZ�SHUIRUPDQFH�WKDW
WKHVH�HIIHFWV�KDYH�LQ�WKH�RYHUDOO�WLPH�LV�D�UHVXOW�RI
WKH�GHOD\�WKH\�HQJHQGHU�RQ�WKH�WLPH�LW�WDNHV�WR
OHDYH�D�EXWWRQ��7KLV�VXJJHVWV�D�WUDGH�RII�EHWZHHQ
EHVW�SHUIRUPDQFH�LQ�WDUJHWLQJ�D�EXWWRQ�ZKLFK�LV
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KLJKO\�GLVUXSWLYH��H[SHULHQFLQJ�WZLFH�WKH�QXPEHU
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