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8VLQJ FDEOH PRGHPV WKDW RSHUDWH DW VHYHUDO KXQGUHG WLPHV WKH VSHHG RI FRQYHQWLRQDO WHOHSKRQH PRGHPV� PDQ\ FDEOH

RSHUDWRUV DUH EHJLQQLQJ WR RIIHU :RUOG :LGH :HE DFFHVV DQG RWKHU GDWD VHUYLFHV WR UHVLGHQWLDO VXEVFULEHUV� ,QLWLDO H[SHUL�

HQFHV LQGLFDWH WKDW UHDO�ZRUOG +\EULG )LEHU &RD[LDO �+)&� QHWZRUNV DUH VXVFHSWLEOH WR D YDULHW\ RI UDGLR�IUHTXHQF\

LPSDLUPHQWV WKDW VLJQLILFDQWO\ UHGXFH WKH EHQHILWV RI XVLQJ KLJK�VSHHG FDEOH PRGHPV� 7KH HIIHFWV RI SDFNHW ORVVHV LQ WKH

DFFHVV QHWZRUN DUH SDUWLFXODUO\ DFFHQWXDWHG GXULQJ VXEVFULEHU DFFHVVHV WR UHPRWH VHUYHUV RQ WKH ,QWHUQHW� 7KH ORQJHU

URXQG�WULS WLPHV LQ VXFK DFFHVVHV WRJHWKHU ZLWK WKH KLJK SDFNHW ORVV UDWH UHVXOW LQ GUDPDWLF GHJUDGDWLRQV LQ SHUIRUPDQFH

SHUFHLYHG E\ VXEVFULEHUV� 7KLV SDSHU VKRZV WKDW E\ XVLQJ SUR[\ VHUYHUV WR KDQGOH DOO UHPRWH DFFHVVHV IURP DQ +)& DFFHVV

QHWZRUN� WKH SHUIRUPDQFH RI UHPRWH DFFHVVHV FDQ EH VLJQLILFDQWO\ HQKDQFHG HYHQ LQ FDVHV ZKHQ WKH SUR[\ VHUYHUV GR QRW

IXQFWLRQ DV GDWD FDFKHV� %\ KDQGOLQJ SDFNHW ORVVHV WKDW RFFXU LQ WKH +)& QHWZRUN ORFDOO\� DW ORZ ODWHQFLHV DQG ZLWKRXW WKH

UHPRWH VHUYHU HYHQ EHLQJ DZDUH RI WKH ORVV� D SUR[\ VHUYHU HQDEOHV IDVWHU UHFRYHU\ IURP SDFNHW ORVVHV� 0RVW LPSRUWDQWO\�

VLQFH LW FRQWUROV GDWD WUDQVPLVVLRQV RYHU WKH ORFDO +)& QHWZRUN� WKH SUR[\ VHUYHU©V 7&3 LPSOHPHQWDWLRQ FDQ EH RSWLPL]HG

IRU WKH ORVV FKDUDFWHULVWLFV RI WKH +)& DFFHVV QHWZRUN� HQDEOLQJ D VLJQLILFDQW LQFUHDVH LQ SHUIRUPDQFH ZKHQ WKH DFFHVV

QHWZRUN LV ORVV\�

.H\ZRUGV�:HE SUR[LHV� 7&3 SHUIRUPDQFH� +\EULG )LEHU &RD[LDO QHWZRUNV� 5HVLGHQWLDO EURDGEDQG GDWD VHUYLFHV�
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7KH HYROXWLRQ RI WKH :RUOG :LGH :HE LQ UHFHQW \HDUV KDV GUDPDWLFDOO\ DOWHUHG WKH QDWXUH DQG IUHTXHQF\ RI ,QWHUQHW

DFFHVVHV� ,W LV HVWLPDWHG WKDW LQ WKH ODVW WZR \HDUV DORQH� WKHUH KDV EHHQ D WKUHH�IROG LQFUHDVH LQ WKH QXPEHU RI ,QWHUQHW

KRVWV� 'XULQJ WKLV SHULRG� WKH :HE LWVHOI KDV VHHQ D WZHQW\�IROG JURZWK LQ WKH QXPEHU RI VHUYHUV� &XUUHQWO\� WKHUH DUH

RYHU ������� :HE VHUYHUV RQ WKH ,QWHUQHW� RIIHULQJ FRQWHQW WR RYHU �� PLOOLRQ KRVWV >�@� 1HWZRUN WUDIILF VWDWLVWLFV DOVR

LQGLFDWH D VLJQLILFDQW JURZWK GXULQJ WKLV SHULRG� 7KH +\SHUWH[W 7UDQVSRUW 3URWRFRO �+773� DQG WKH )LOH 7UDQVIHU 3URWR�

FRO �)73� KDYH HPHUJHG DV WKH SUHGRPLQDQW SURWRFROV LQ XVH RQ WKH ,QWHUQHW� WRJHWKHU DFFRXQWLQJ IRU DOPRVW ��� RI WKH

WUDIILF RQ WKH 16)1(7 EDFNERQH >�@� )URP EHLQJ DQ H[SHULPHQWDO UHVHDUFK YHKLFOH� WKH ,QWHUQHW KDV HYROYHG DV WKH

EDVLV IRU WKH ,QIRUPDWLRQ 6XSHU +LJKZD\� RYHU ZKLFK RQ�OLQH LQIRUPDWLRQ GLVVHPLQDWLRQ� HOHFWURQLF FRPPHUFH� PXOWL�

PHGLD FRQIHUHQFLQJ� DQG D YDULHW\ RI RWKHU DGYDQFHG VHUYLFHV DUH DYDLODEOH WR XVHUV� 7R FDVK LQ RQ WKH SRSXODULW\ RI WKH

:HE DQG WKH ,QWHUQHW� PDQ\ FDEOH RSHUDWRUV DUH EHJLQQLQJ WR RIIHU D YDULHW\ RI GDWD VHUYLFHV LQFOXGLQJ (�PDLO� 1HZV�

DQG :HE DFFHVV WR UHVLGHQWLDO VXEVFULEHUV RYHU WKHLU +\EULG )LEHU &RD[LDO �+)&� DFFHVV QHWZRUNV� 8VLQJ FDEOH PRGHPV

RSHUDWLQJ DW VSHHGV UDQJLQJ IURP KXQGUHG WR WKRXVDQG WLPHV WKH VSHHG RI FRQYHQWLRQDO WHOHSKRQH PRGHPV� WKHVH VHU�

YLFHV DUH H[SHFWHG WR HQDEOH DFFHVV IURP WKH KRPH DW EURDGEDQG VSHHGV >�@�

,QLWLDO H[SHULHQFHV ZLWK WKHVH GDWD VHUYLFHV LQGLFDWH WKDW PDQ\ WLPHV� WKH SURMHFWHG LQFUHDVH LQ DFFHVV EDQGZLGWK GRHV

QRW WUDQVODWH LQWR D FRUUHVSRQGLQJ LQFUHDVH LQ WKH WKURXJKSXW SHUFHLYHG E\ VXEVFULEHUV� 7KLV GLVFUHSDQF\ LV DWWULEXWDEOH

WR WKH VXVFHSWLELOLW\ RI UHDO�ZRUOG FDEOH QHWZRUNV WR D YDULHW\ RI UDGLR�IUHTXHQF\ LPSDLUPHQWV� VXFK DV LQJUHVV QRLVH�

PXOWL�SDWK IDGLQJ� FURVV PRGXODWLRQ� HWF� UHIHUUHG WR LQ WKLV SDSHU DV PHGLD HUURUV >�@� 7KH 7UDQVPLVVLRQ &RQWURO 3URWR�

FRO �7&3� WKDW LV SUHGRPLQDQWO\ XVHG E\ GDWD DSSOLFDWLRQV KDV EHHQ RSWLPL]HG IRU XVH LQ WKH ,QWHUQHW� ZKHUH SDFNHW

ORVVHV PDLQO\ RFFXU GXH WR FRQJHVWLRQ� :KHQ LW HQFRXQWHUV SDFNHW ORVVHV FDXVHG E\ PHGLD HUURUV� 7&3 UHDFWV LQ WKH

VDPH ZD\ DV LW GRHV ZKHQ LW H[SHULHQFHV SDFNHW ORVVHV GXH WR QHWZRUN FRQJHVWLRQ� LW GUDPDWLFDOO\ ORZHUV LWV SDFNHW

WUDQVPLVVLRQ UDWH� DQG WKHUHE\ FDXVHV D VLJQLILFDQW UHGXFWLRQ LQ WKH WKURXJKSXW SHUFHLYHG E\ VXEVFULEHUV >�@� 6LQFH WKH

WLPH WDNHQ E\ 7&3 WR UHFRYHU IURP ORVVHV DQG WR EHJLQ RSHUDWLQJ DW LWV PD[LPXP UDWH LV GHSHQGHQW RQ WKH URXQG�WULS

GHOD\ EHWZHHQ WKH VHUYHUV DQG FOLHQWV� WKH SHUIRUPDQFH GHJUDGDWLRQ LV DFFHQWXDWHG GXULQJ UHPRWH DFFHVVHV RYHU ORQJ

GLVWDQFHV� IURP WKH +)& DFFHVV QHWZRUN WR WKH ,QWHUQHW DQG RWKHU H[WHUQDO QHWZRUNV�

7KLV SDSHU IRFXVVHV RQ PHWKRGV IRU LQFUHDVLQJ WKH SHUIRUPDQFH RI UHPRWH DFFHVVHV LQLWLDWHG E\ VXEVFULEHUV RYHU DQ +)&

DFFHVV QHWZRUN� 6LQFH D PDMRULW\ RI UHPRWH DFFHVVHV DUH H[SHFWHG WR EH +773 DQG )73 UHTXHVWV WR WKH :RUOG :LGH

:HE� ZH H[SORUH WKH DGYDQWDJHV RI XVLQJ D SUR[\ VHUYHU LQ WKH QHWZRUN KHDGHQG� 8VLQJ VLPXODWLRQV RI D W\SLFDO +)&

QHWZRUN� ZH VKRZ WKDW HYHQ ZKHQ LW GRHV QRW VHUYH DV D GDWD FDFKH IRU UHPRWH FRQWHQW� WKH SUR[\ VHUYHU FDQ RIIHU VLJQLI�

LFDQW SHUIRUPDQFH LPSURYHPHQW IRU UHPRWH DFFHVVHV� HVSHFLDOO\ GXULQJ WLPHV ZKHQ WKH +)& QHWZRUN LV SURQH WR ORVVHV�

%\ VSOLWWLQJ WKH UHPRWH FRQQHFWLRQ LQWR WZR GLVWLQFW FRQQHFWLRQV WKDW RSHUDWH LQ SDUDOOHO DQG E\ UHGXFLQJ WKH URXQG�WULS

ODWHQF\ IRU HDFK FRQQHFWLRQ� WKH SUR[\ VHUYHU VSHHGV XS HQG�WR�HQG SHUIRUPDQFH� %\ KDQGOLQJ SDFNHW ORVVHV WKDW RFFXU

LQ WKH +)& QHWZRUN ORFDOO\� DW ORZ ODWHQFLHV DQG ZLWKRXW WKH UHPRWH VHUYHU HYHQ EHLQJ DZDUH RI WKH ORVV� WKH SUR[\

HQDEOHV IDVWHU UHFRYHU\ IURP SDFNHW ORVVHV� 0RVW LPSRUWDQWO\� VLQFH LW FRQWUROV GDWD WUDQVPLVVLRQV RYHU WKH ORFDO FRQQHF�

WLRQ� WKH SUR[\ VHUYHU©V 7&3 LPSOHPHQWDWLRQ FDQ EH RSWLPL]HG IRU WKH ORVV FKDUDFWHULVWLFV RI WKH +)& DFFHVV QHWZRUN�

HQDEOLQJ D VLJQLILFDQW LQFUHDVH LQ SHUIRUPDQFH ZKHQ WKH DFFHVV QHWZRUN LV ORVV\� 6LPXODWLRQV GHPRQVWUDWH WKDW D SUR[\

VHUYHU WDLORUHG IRU WKH +)& QHWZRUN \LHOGV D VHYHUDO IROG SHUIRUPDQFH LQFUHDVH XQGHU FHUWDLQ ORVV FRQGLWLRQV� 7KH H[DFW
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SHUIRUPDQFH JDLQ GHSHQGV RQ WKH ORVV UDWHV DQG URXQG�WULS GHOD\V LQ WKH ORFDO DQG UHPRWH QHWZRUN VHJPHQWV� WKH GDWD

WUDQVIHU VL]H� WKH EXIIHULQJ FDSDFLWLHV RI WKH SUR[\ VHUYHU� WKH FDEOH PRGHPV� DQG VXEVFULEHUV© 3&V� DQG RQ WKH SURFHVV�

LQJ FDSDELOLW\ DQG GHJUHH RI ORDGLQJ RI WKH SUR[\ VHUYHU�

7KH UHVW RI WKLV SDSHU LV RUJDQL]HG DV IROORZV� 6HFWLRQ � LQWURGXFHV WKH W\SLFDO DUFKLWHFWXUH IRU EURDGEDQG GDWD VHUYLFHV

DQG GLVFXVVHV QHWZRUN SHUIRUPDQFH LVVXHV LQ +)& QHWZRUNV� 8VLQJ VLPXODWLRQV� 6HFWLRQ � KLJKOLJKWV WKH DGYDQWDJHV RI

SUR[LHV IRU VSHHGLQJ VXEVFULEHU DFFHVVHV IURP WKH +)& QHWZRUN WR RWKHU H[WHUQDO QHWZRUNV LQFOXGLQJ WKH ,QWHUQHW� 2SWL�

PL]DWLRQV WKDW FDQ EH LPSOHPHQWHG DW SUR[LHV WR \LHOG IXUWKHU VSHHG�XS DUH DOVR GLVFXVVHG LQ WKLV VHFWLRQ� 6HFWLRQ � HYDO�

XDWHV WKH HIIHFWLYHQHVV RI SUR[LHV IRU GLIIHUHQW GDWD WUDQVIHU VL]HV� ORFDWLRQV RI UHPRWH VHUYHUV� DQG GLIIHUHQW ORVV

FRQGLWLRQV RQ WKH ,QWHUQHW� )LQDOO\� 6HFWLRQ � VXPPDUL]HV WKH FRQWULEXWLRQV RI WKLV ZRUN DQG RXWOLQHV DUHDV IRU IXWXUH

UHVHDUFK�

� %URDGEDQG�'DWD�6HUYLFHV�RYHU�+)&�1HWZRUNV

��� 6\VWHP $UFKLWHFWXUH

)LJXUH � GHSLFWV D W\SLFDO DUFKLWHFWXUH IRU VXSSRUWLQJ GDWD VHUYLFHV RYHU +)& QHWZRUNV� 6XEVFULEHUV FRQQHFW WR WKH +)&

QHWZRUN XVLQJ FDEOH PRGHPV �&0V� WKDW LPSOHPHQW VRSKLVWLFDWHG PRGXODWLRQ�GHPRGXODWLRQ FLUFXLWU\ WR WUDQVPLW DQG

UHFHLYH DQDORJ PRGXODWHG GLJLWDO VLJQDOV RYHU WKH +)& QHWZRUN� %ULGJLQJ HTXLSPHQW� UHIHUUHG WR DV WKH 6LJQDO &RQYHU�

VLRQ 6\VWHPV �6&6�� SHUIRUPV WKH PRGXODWLRQ�GHPRGXODWLRQ IXQFWLRQV IRU WUDQVPLVVLRQ DQG UHFHSWLRQ RI VLJQDOV DW WKH

QHWZRUN KHDGHQG� ,Q RUGHU WR FR�H[LVW ZLWK DQDORJ WHOHYLVLRQ EURDGFDVWV WR WKH KRPH� VHSDUDWH IUHTXHQF\ FKDQQHOV DUH

XVHG LQ WKH +)& QHWZRUN IRU FRPPXQLFDWLRQV EHWZHHQ WKH 6&6 DQG &0V� %HFDXVH RI WKH DV\PPHWULF QDWXUH RI :HE

DFFHVVHV LQ WKH ,QWHUQHW� WKH 6&6�&0 FRPPXQLFDWLRQ OLQNV DUH EHLQJ GHVLJQHG ZLWK KLJKHU WUDQVIHU VSHHGV ����� 0ESV�

RQ WKH GRZQVWUHDP FKDQQHOV WKDW DUH XVHG IRU FRPPXQLFDWLRQV IURP WKH KHDGHQG WR WKH KRPH� WKDQ RQ WKH XSVWUHDP

FKDQQHOV ������� 0ESV�� WKDW DUH XVHG IRU FRPPXQLFDWLRQV IURP WKH KRPH WR WKH KHDGHQG� 7R PHGLDWH DFFHVVHV E\ GLI�
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)LJXUH �� 'HOLYHU\ RI EURDGEDQG GDWD VHUYLFHV YLD LQWHUFRQQHFWLRQ RI KLJK VSHHG QHWZRUNV
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IHUHQW &0V WR WKH VKDUHG XSVWUHDP FKDQQHOV� YDULRXV PHGLD DFFHVV FRQWURO �0$&� SURWRFROV VSHFLILF WR WKH FDEOH LQIUD�

VWUXFWXUH KDYH EHHQ SURSRVHG >���@�

)URP WKHLU KRPH 3&V WKDW DUH FRQQHFWHG YLD ��%DVH7 LQWHUIDFHV WR WKH &0V� VXEVFULEHUV FDQ DFFHVV D YDULHW\ RI GDWD

DSSOLFDWLRQV LQFOXGLQJ (�PDLO� 1HZV� DQG WKH :HE� 7KHVH VHUYLFHV DUH SURYLVLRQHG XVLQJ VHUYHUV FR�ORFDWHG ZLWK DQDORJ

WHOHYLVLRQ EURDGFDVW HTXLSPHQW LQ WKH KHDGHQG� 7KH +)& QHWZRUN DOVR SURYLGHV VXEVFULEHUV FRQQHFWLYLW\ WR WKH ,QWHUQHW

DQG WR H[WHUQDO VHUYLFH SURYLGHUV VXFK DV $PHULFD 2Q /LQH� 7KH ORFDO VHUYHU FRPSOH[HV LQ GLIIHUHQW PHWURSROLWDQ

UHJLRQV VHUYHG E\ WKH VDPH RSHUDWRU PD\ DOVR EH LQWHUFRQQHFWHG WR IDFLOLWDWH FRQWHQW VKDULQJ DQG FDFKLQJ�

7R LQWHJUDWH WKH DFFHVV QHWZRUN ZLWK WKH ,QWHUQHW� WKHUHE\ PDNLQJ WKH YDULRXV ,QWHUQHW DSSOLFDWLRQV DYDLODEOH WR VXE�

VFULEHUV� ,3 LV WKH QHWZRUN OD\HU SURWRFRO RI FKRLFH IRU FRPPXQLFDWLRQ EHWZHHQ VXEVFULEHUV© 3&V� WKH ORFDO VHUYHU FRP�

SOH[� DQG WKH RWKHU H[WHUQDO QHWZRUNV�

��� 3HUIRUPDQFH RI %URDGEDQG 'DWD 6HUYLFHV

2QH RI WKH PDMRU IDFWRUV JRYHUQLQJ WKH VXEVFULEHU DFFHSWDQFH DQG SRSXODULW\ RI EURDGEDQG GDWD VHUYLFHV LV WKHLU FDSDELO�

LW\ WR GHOLYHU RQ WKH SURPLVH RI VXSHULRU SHUIRUPDQFH FRPSDUHG WR PRUH FRQYHQWLRQDO ZD\V RI DFFHVVLQJ GDWD VHUYLFHV�

$ NH\ SUREOHP LQ PHHWLQJ VXEVFULEHUV© SHUIRUPDQFH H[SHFWDWLRQ LV WKH VXVFHSWLELOLW\ RI +)& QHWZRUNV WR YDULRXV IRUPV

RI UDGLR�IUHTXHQF\ �5)� LPSDLUPHQW � IURP XQWHUPLQDWHG FRQQHFWLRQV LQ WKH KRPH� FUDFNHG FDEOHV� PLVDOLJQHG DPSOLIL�

HUV� PLVFRQILJXUHG SRZHU OHYHO VHWWLQJV� HWF� 7KH ORZ IUHTXHQFLHV WKDW DUH XVHG E\ WKH XSVWUHDP FKDQQHOV IRU FRPPXQL�

FDWLRQ IURP WKH KRPH WR WKH KHDGHQG DUH HVSHFLDOO\ YXOQHUDEOH WR QRLVH DWWDFNV >�@� 7KH LQFUHDVHG ELW HUURU UDWHV RQ WKH

QRLV\ FKDQQHOV PDQLIHVW DV LQFUHDVHG SDFNHW ORVV UDWHV� DV VHHQ E\ 7&3 DSSOLFDWLRQV�

2XU LQLWLDO H[SHULHQFHV ZLWK PRQLWRULQJ GDWD VHUYLFHV RYHU +)& QHWZRUNV LQGLFDWH WKDW SDFNHW ORVVHV RI ����� DUH FRP�

PRQ� HVSHFLDOO\ RQ WKH XSVWUHDP FKDQQHOV >�@� 7KH SUHFLVH ORVV UDWH PD\ YDU\ IURP RQH QHWZRUN WR DQRWKHU� DQG HYHQ

IURP RQH QHLJKERUKRRG WR DQRWKHU LQ WKH VDPH QHWZRUN� GHSHQGLQJ RQ PDQ\ IDFWRUV LQFOXGLQJ QDWXUH RI ZLULQJ ERWK LQ

WKH QHWZRUN DQG LQVLGH VXEVFULEHUV© KRPHV DV ZHOO DV WKH QDWXUH RI H[WHUQDO QRLVH VRXUFHV� )HDWXUHV RI WKH 6&6 DQG &0V

VXFK DV WKH XVH RI )RUZDUG (UURU &RUUHFWLRQ �)(&� IRU 6&6�&0 FRPPXQLFDWLRQV� WKH DELOLW\ IRU WKH 6&6 WR PRQLWRU

DQG FKDQJH FKDQQHOV ZKHQ LW QRWLFHV DQ LQFUHDVH LQ HUURUV RQ WKH FKDQQHO� WKH 0$& SURWRFRO LQ XVH DQG LWV YXOQHUDELOLW\

WR SDFNHW ORVVHV� HWF�� FDQ UHGXFH WKH LPSDFW RI 5) LPSDLUPHQWV RQ SHUIRUPDQFH RI WKH GDWD VHUYLFHV >�@�

����� 3HUIRUPDQFH RI /RFDO $FFHVVHV

,Q >�@� WKH SHUIRUPDQFH RI 7&3 DSSOLFDWLRQV RSHUDWLQJ RYHU ORVV\ +)& DFFHVV QHWZRUNV ZDV DQDO\]HG� 7KLV DQDO\VLV

LQGLFDWHV WKDW 7&3 DSSOLFDWLRQV DUH PXFK PRUH VXVFHSWLEOH WR ORVV RI GDWD SDFNHWV WKDQ WR ORVV RI DFNQRZOHGJHPHQW

�$&.� SDFNHWV� :KHUHDV D UHODWLYHO\ VPDOO ORVV UDWH RI �� RI WKH GDWD SDFNHWV FDXVHV DOPRVW D GUDPDWLF ��� UHGXFWLRQ

LQ 7&3 WKURXJKSXW IRU GDWD WUDQVIHUV RI ���.% DQG PRUH� HYHQ D ��� ORVV RI $&.V UHGXFHV WKURXJKSXW E\ RQO\ ����

7KH UHODWLYHO\ VPDOO GHJUDGDWLRQ LQ SHUIRUPDQFH ZLWK $&. ORVV LV DWWULEXWDEOH WR WKH XVH RI FXPXODWLYH DFNQRZOHGJH�

PHQWV LQ 7&3� ZKHUHE\ HYHU\ $&. WUDQVPLWWHG E\ WKH UHFHLYHU RI D FRQQHFWLRQ DFNQRZOHGJHV DOO WKH GDWD LW KDV

UHFHLYHG SULRU WR WKH WUDQVPLVVLRQ RI WKH $&.� &RQVHTXHQWO\� ZKHQ DQ $&. LV ORVW� WKH $&. IRU D VXEVHTXHQW SDFNHW

HQDEOHV D 7&3 WUDQVPLWWHU WR UHFRYHU IURP WKH ORVV ZLWKRXW UHWUDQVPLVVLRQV� 2Q WKH RWKHU KDQG� ZKHQ D GDWD SDFNHW LV
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ORVW� WKH 7&3 WUDQVPLWWHU KDV WR UHWUDQVPLW WKH ORVW SDFNHW� 0RUH LPSRUWDQWO\� VLQFH 7&3 LV QRW DEOH WR GLVWLQJXLVK SDFNHW

ORVV FDXVHG E\ PHGLD HUURUV IURP SDFNHW ORVV LQGXFHG E\ QHWZRUN RYHUORDG� ZKHQHYHU LW QRWLFHV SDFNHW ORVV� WKH WUDQV�

PLWWHU LQYRNHV 7&3©V FRQJHVWLRQ FRQWURO PHFKDQLVPV WR VORZ GRZQ LWV WUDQVPLVVLRQ UDWH� 7KHUH DUH WZR EDVLF PHFKD�

QLVPV WKDW WKH WUDQVPLWWHU HPSOR\V WR UHFRYHU IURP ORVV >�@�

� )DVW UHWUDQVPLW DQG UHFRYHU\� 7KLV PHFKDQLVP HQDEOHV D 7&3 WUDQVPLWWHU WR GHWHFW DQG UHFRYHU IURP LVRODWHG SDFNHW

ORVVHV� :KHQ RQH SDFNHW RXW RI D JURXS RI SDFNHWV LQ D WUDQVPLVVLRQ ZLQGRZ LV ORVW� WKH 7&3 UHFHLYHU QRWLFHV D JDS LQ

WKH SDFNHW VHTXHQFH DQG LVVXHV D GXSOLFDWH $&. �GXS$&.� LQGLFDWLQJ WKH SDFNHW WKDW LW QH[W H[SHFWV WR UHFHLYH LQ

VHTXHQFH� 8SRQ UHFHLYLQJ WKUHH GXS$&.V IRU D SDFNHW� WKH WUDQVPLWWHU LPPHGLDWHO\ UHWUDQVPLWV WKH SDFNHW� :KHQ DQ

$&. IRU WKH UHWUDQVPLWWHG SDFNHW LV UHFHLYHG DW D ODWHU WLPH� DWWULEXWLQJ WKH SDFNHW ORVV WR D SRVVLEOH RYHU XWLOL]DWLRQ

RI WKH QHWZRUN� WKH WUDQVPLWWHU VORZV GRZQ LWV WUDQVPLVVLRQ UDWH WR KDOI LWV RULJLQDO YDOXH� 7KH WUDQVPLWWHU WKHQ HQWHUV

D FRQJHVWLRQ DYRLGDQFH SKDVH LQ ZKLFK LW VORZO\ LQFUHDVHV LWV WUDQVPLVVLRQ UDWH E\ RQH SDFNHW IRU HYHU\ URXQG�WULS

WLPH�

7KH UDWH RI ZLQGRZ JURZWK PD\ EH FXUWDLOHG LI WKH UHFHLYHUV LPSOHPHQW D GHOD\HG $&. VWUDWHJ\� $V SHU WKLV VWUDWHJ\�

WKH UHFHLYHU KROGV EDFN WKH WUDQVPLVVLRQ RI DQ $&. IRU D UHFHLYHG SDFNHW XQWLO D VXEVHTXHQW SDFNHW LV UHFHLYHG� DW

ZKLFK WLPH LW WUDQVPLWV D FXPXODWLYH $&. WR DFNQRZOHGJH ERWK WKH UHFHLYHG SDFNHWV� 5)& ���� ZKLFK GHVFULEHV

GHOD\HG $&. LQGLFDWHV WKDW WKH UHFHLYHU PXVW WUDQVPLW RQH $&. ZKHQHYHU LW UHFHLYHV GDWD HTXLYDOHQW WR WZR PD[L�

PXP�VL]HG SDFNHWV >�@� :KLOH XVLQJ GHOD\HG $&.V� WKH PD[LPXP SHULRG IRU ZKLFK WKH UHFHLYHU FDQ ZDLW IRU D VXE�

VHTXHQW SDFNHW LV OLPLWHG WR DERXW ���PV� WKLV YDOXH EHLQJ GHWHUPLQHG E\ D GHOD\HG $&. WLPHU WKDW 7&3 PDLQWDLQV�

� 7LPH�RXWV DQG 6ORZ�6WDUW� :KHQ PXOWLSOH SDFNHW ORVVHV RFFXU RU ZKHQ WKH WUDQVPLVVLRQ ZLQGRZ LV OHVV WKDQ IRXU

SDFNHWV DQG DQ LVRODWHG SDFNHW ORVV RFFXUV� WKH WUDQVPLWWHU PD\ QRW UHFHLYH WKH WKUHH GXS$&.V QHFHVVDU\ IRU LW WR

WULJJHU WKH IDVW UHWUDQVPLW VWUDWHJ\� 7R UHFRYHU IURP VXFK FDVHV� WKH 7&3 WUDQVPLWWHU XVHV D UHWUDQVPLVVLRQ WLPHU WR

WUDFN WKH PD[LPXP URXQG�WULS WLPH RI SDFNHWV WUDQVPLWWHG RYHU WKH FRQQHFWLRQ� $W DQ\ WLPH� WKH WUDQVPLWWHU WUDFNV

RQH RI WKH SDFNHWV LQ WKH WUDQVPLVVLRQ ZLQGRZ DQG XVHV WKH PHDVXUHG URXQG�WULS WLPH IRU WKLV SDFNHW WR XSGDWH DQ

HVWLPDWH WKDW LW PDLQWDLQV IRU WKH PD[LPXP URXQG�WULS WLPH RYHU WKH 7&3 FRQQHFWLRQ� :KHQ IDVW UHWUDQVPLW IDLOV WR

GLVFRYHU SDFNHW ORVVHV� WKH WUDQVPLWWHU HQGV XS ZDLWLQJ IRU WKH UHWUDQVPLVVLRQ WLPHU WR LQGLFDWH WKDW WKH PD[LPXP

URXQG�WULS WLPH KDV EHHQ H[FHHGHG IRU D SDFNHW� LPSO\LQJ WKDW RQH RU PRUH SDFNHWV KDYH SUREDEO\ EHHQ ORVW�

)ROORZLQJ WKH ORQJ ZDLWLQJ SHULRG� UHIHUUHG WR DV D WLPH�RXW� DVVXPLQJ WKH SDFNHW ORVVHV WR EH FDXVHG E\ D ODUJH FKDQJH

LQ DYDLODEOH QHWZRUN EDQGZLGWK� WKH WUDQVPLWWHU HQWHUV D VORZ�VWDUW SKDVH E\ VHWWLQJ LWV WUDQVPLVVLRQ ZLQGRZ WR RQH

SDFNHW� 7KH WUDQVPLWWHU WKHQ UHWUDQVPLWV WKH ORVW SDFNHWV DV SHUPLWWHG E\ WKH WUDQVPLVVLRQ ZLQGRZ� 7KH UHFHLSW RI

$&.V GXULQJ VORZ�VWDUW LV DVVXPHG WR EH D VLJQDO WKDW WKH QHWZRUN FDQ VXSSRUW PRUH WUDQVPLVVLRQV� DQG VR WKH WUDQV�

PLWWHU LQFUHDVHV LWV WUDQVPLVVLRQ ZLQGRZ H[SRQHQWLDOO\ GXULQJ HDFK URXQG�WULS WLPH� 7KLV LQFUHDVH FRQWLQXHV XQWLO WKH

WUDQVPLVVLRQ ZLQGRZ UHDFKHV KDOI WKH YDOXH LW KDG ZKHQ WKH WLPH�RXW RFFXUUHG� %H\RQG WKLV SRLQW� WKH WUDQVPLWWHU

VKLIWV WR WKH FRQJHVWLRQ DYRLGDQFH SKDVH� LQ ZKLFK WKH ZLQGRZ LV LQFUHDVHG OLQHDUO\ GXULQJ HDFK URXQG�WULS >�@�

7KH XVH RI D ���PV UHWUDQVPLVVLRQ WLPHU LQ PRVW FRPPHUFLDO 7&3 LPSOHPHQWDWLRQV OLPLWV WKH DFFXUDF\ RI WKH 7&3

WUDQVPLWWHU©V HVWLPDWLRQ RI WKH URXQG�WULS WLPH IRU D FRQQHFWLRQ� )XUWKHUPRUH� VLQFH 7&3©V URXQG�WULS HVWLPDWH LV EDVHG

RQ WKH VXP RI WKH PHDQ DQG IRXU�WLPHV WKH GHYLDWLRQ RI WKH PHDVXUHG URXQG�WULS WLPHV� WKH PLQLPXP 7&3 WLPH�RXW
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SHULRG LV RI WKH RUGHU RI ��� VHFRQGV >�@� 7KH ORQJ WLPH�RXW SHULRGV DQG WKH LQFUHDVH LQ IUHTXHQF\ RI WLPH�RXWV ZLWK

LQFUHDVH LQ SDFNHW ORVV UDWHV DUH WKH PDLQ UHDVRQV IRU WKH GUDPDWLF UHGXFWLRQ LQ WKURXJKSXW LQ ORVV\ +)& QHWZRUNV�

)RU LQFUHDVLQJ WKH SHUIRUPDQFH RI VXEVFULEHU DFFHVVHV WR WKH ORFDO VHUYHU FRPSOH[ RI D EURDGEDQG GDWD V\VWHP� WZR VLP�

SOH PRGLILFDWLRQV WR 7&3 LPSOHPHQWDWLRQV DW WKH ORFDO VHUYHUV DUH SURSRVHG LQ >�@ �

� 8VLQJ D ILQHU JUDQXODULW\ UHWUDQVPLVVLRQ WLPHU� %\ HQDEOLQJ WKH 7&3 WUDQVPLWWHU WR HVWLPDWH URXQG�WULS WLPHV PRUH

DFFXUDWHO\� WKH ILQHU JUDQXODULW\ WLPHU UHGXFHV WKH GXUDWLRQ RI WLPH�RXWV� 8VLQJ D ���PV WLPHU� ZKLFK PDWFKHV WKH

JUDQXODULW\ RI WKH WLPHU XVHG IRU GHOD\HG $&.V� LQFUHDVHV 7&3©V UHDFWLYLW\ ZLWKRXW JUHDWO\ LQFUHDVLQJ LWV LPSOHPHQ�

WDWLRQ RYHUKHDG�

� ,QLWLDWLQJ IDVW UHWUDQVPLW DIWHU WKH ILUVW GXSOLFDWH $&. LV UHFHLYHG� 6LQFH LQ�VHTXHQFH GHOLYHU\ RI SDFNHWV LV W\SLFDOO\

JXDUDQWHHG RYHU WKH +)& QHWZRUN DQG DOO WKH ZD\ WR WKH ORFDO VHUYHU FRPSOH[� WKH UHFHLSW RI WKH ILUVW GXSOLFDWH $&.

DW D ORFDO VHUYHU LV D VXIILFLHQW VLJQDO WKDW D SDFNHW KDV EHHQ ORVW LQ WKH GRZQVWUHDP GLUHFWLRQ� %\ WULJJHULQJ IDVW

UHWUDQVPLW VRRQ DIWHU WKH ILUVW GXSOLFDWH $&. LV UHFHLYHG DW D ORFDO VHUYHU� WKH IUHTXHQF\ RI 7&3 WLPH�RXWV FDQ EH VLJ�

QLILFDQWO\ UHGXFHG�

:KHUHDV WKH ILUVW PRGLILFDWLRQ UHGXFHV WKH GXUDWLRQ RI HDFK 7&3 WLPH�RXW� WKH VHFRQG PRGLILFDWLRQ UHGXFHV WKH IUH�

TXHQF\ RI WLPH�RXWV� 7RJHWKHU� WKHVH PRGLILFDWLRQV KDYH EHHQ VKRZQ WR \LHOG PRUH WKDQ WZR�IROG LPSURYHPHQW LQ SHU�

IRUPDQFH IRU ORFDO DFFHVVHV�

����� 3HUIRUPDQFH RI 5HPRWH $FFHVVHV

7KLV SDSHU IRFXVVHV RQ PHWKRGV IRU HQKDQFLQJ WKH SHUIRUPDQFH RI VXEVFULEHU DFFHVVHV IURP WKH +)& QHWZRUN WR WKH

,QWHUQHW �DQG RWKHU H[WHUQDO QHWZRUNV�� 7KH ORQJHU URXQG�WULS WLPHV LQ VXFK UHPRWH DFFHVVHV RQO\ VHUYH WR DFFHQWXDWH

7&3©V SRRU SHUIRUPDQFH GXULQJ WLPHV ZKHQ WKH +)& QHWZRUN LV SURQH WR PHGLD HUURUV� 7KLV LV EHFDXVH WKH UDWH RI

LQFUHDVH RI 7&3©V WUDQVPLVVLRQ ZLQGRZ GXULQJ WKH IDVW UHWUDQVPLW DQG VORZ�VWDUW VWDJHV LV LQYHUVHO\ SURSRUWLRQDO WR WKH

URXQG�WULS WLPH� +HQFH� ORQJHU WKH URXQG�WULS WLPH� VORZHU WKH UHFRYHU\ IURP SDFNHW ORVV�

7KH PRGLILFDWLRQV GHVFULEHG DERYH IRU ORFDO DFFHVVHV FDQQRW EH GLUHFWO\ DSSOLHG IRU UHPRWH DFFHVVHV IRU VHYHUDO UHDVRQV�

)LUVWO\� WKH ,QWHUQHW KDV GLIIHUHQW URXWLQJ FKDUDFWHULVWLFV WKDQ WKH +)& DFFHVV QHWZRUN� ,Q DQ +)& QHWZRUN� WKHUH LV W\S�

LFDOO\ D VLQJOH� VWDWLF URXWH EHWZHHQ D VXEVFULEHU©V 3& DQG WKH ORFDO VHUYHU FRPSOH[� ZKHUHDV LQ WKH ,QWHUQHW SDFNHWV

WUDQVPLWWHG RYHU WKH VDPH FRQQHFWLRQ FDQ EH URXWHG RYHU GLIIHUHQW SDWKV DQG PD\ QRW DUULYH LQ VHTXHQFH DW WKH UHFHLYHU�

6LQFH RXW�RI�VHTXHQFH GHOLYHU\ LV FRPPRQ LQ WKH ,QWHUQHW� PRGLI\LQJ WKH IDVW UHWUDQVPLW LPSOHPHQWDWLRQ DW WKH UHPRWH

VHUYHU WR UHWUDQVPLW SDFNHWV DIWHU WKH ILUVW GXS$&. LV UHFHLYHG E\ WKH VHUYHU FDQ UHVXOW LQ XQQHFHVVDU\ UHWUDQVPLVVLRQV

DQG UHGXFWLRQ RI WKH VHUYHU©V WUDQVPLVVLRQ ZLQGRZ� $ IXUWKHU SUREOHP ZLWK DSSO\LQJ WKH 7&3 PRGLILFDWLRQV GHVFULEHG

LQ WKH SUHYLRXV VHFWLRQ LQ WKH FRQWH[W RI WKH UHPRWH DFFHVVHV LV WKH QHHG WR PRGLI\ WKH ODUJH QXPEHU RI VHUYHUV RQ WKH

,QWHUQHW� ,Q IDFW� VXFK PRGLILFDWLRQV PD\ QRW HYHQ EH SRVVLEOH VLQFH WKH VHUYHUV RQ WKH ,QWHUQHW DUH DXWRQRPRXVO\ RZQHG

DQG PDQDJHG�

$ FRPPRQ DSSURDFK DGRSWHG LQ /$1V IRU LPSURYLQJ WKH SHUIRUPDQFH RI 7&3 FRQQHFWLRQV LV WR LQFUHDVH WKH VRFNHW

EXIIHU VL]H� +RZHYHU� LW KDV EHHQ GHPRQVWUDWHG LQ >�@ WKDW LQ +)& QHWZRUNV� DUELWUDULO\ LQFUHDVLQJ WKH 7&3 VRFNHW EXIIHU
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VL]H ZLWKRXW FRQVLGHULQJ WKH EXIIHU FDSDFLW\ RI WKH &0V DQG WKH 6&6V FDQ UHVXOW LQ EXIIHU RYHUUXQV DW WKHVH GHYLFHV� DQG

FRQVHTXHQWO\ UHVXOWLQJ LQ VLJQLILFDQWO\ ORZHU WKURXJKSXW� %HFDXVH RI WKH FRVW�VHQVLWLYH DQG FRPSHWLWLYH &0 PDUNHW� LW LV

H[SHFWHG WKDW WKH &0 EXIIHU FDSDFLW\ ZLOO OLPLW WKH 7&3 VRFNHW EXIIHU VL]H VHWWLQJ�

)RU HQKDQFLQJ SHUIRUPDQFH RI UHPRWH DFFHVVHV� ZH GUDZ XSRQ WKH LGHD RI ¦VSOLW FRQQHFWLRQV§ ILUVW SURSRVHG LQ WKH FRQ�

WH[W RI LQWHUFRQQHFWLRQV EHWZHHQ ZLUHOHVV QHWZRUNV DQG ZLUHG QHWZRUNV >��@� 7R KDQGOH SDFNHW ORVVHV WKDW DUH FDXVHG LQ

ZLUHOHVV QHWZRUNV E\ WKH PRELOLW\ RI WKH HQG KRVWV� >��@ SURSRVHV WKDW ZLUHOHVV EDVH VWDWLRQV WKDW LQWHUFRQQHFW WKH ZLUHG

DQG ZLUHOHVV QHWZRUNV WUDQVSDUHQWO\ VSOLW HDFK HQG�WR�HQG WUDQVSRUW FRQQHFWLRQ LQWR WZR FRQQHFWLRQV� RQH WKDW RSHUDWHV

RYHU WKH ZLUHG QHWZRUN DQG WKH RWKHU RYHU WKH ORVV\ ZLUHOHVV QHWZRUN� 7KH 7&3 LPSOHPHQWDWLRQV DW WKH ZLUHOHVV EDVH

VWDWLRQV DUH PRGLILHG VR WKDW XSRQ QRWLFLQJ OLQN OD\HU LQGLFDWLRQV RI PRELOLW\� VORZ�VWDUW LV WULJJHUHG HDUO\� ZLWKRXW KDY�

LQJ WR ZDLW IRU ORQJ WLPH�RXW SHULRGV� 7KH HIIHFWLYHQHVV RI WKH VSOLW�FRQQHFWLRQ DSSURDFK LQ ORFDOL]LQJ HUURUV LQ ZLUHOHVV

QHWZRUNV DQG WKH FRQVHTXHQW VSHHG XS RI WKH HQG�WR�HQG FRQQHFWLRQ LV LOOXVWUDWHG LQ >��@� 7KH PDLQ GUDZEDFN RI WKLV

DSSURDFK LV WKDW LQVWHDG RI XVLQJ QRUPDO 7&3 FRQQHFWLRQV� DSSOLFDWLRQV PXVW HVWDEOLVK VSHFLDO� ,QGLUHFW�7&3 �,�7&3�

FRQQHFWLRQV ZLWK WKH ZLUHOHVV EDVH VWDWLRQV� +HQFH� LPSOHPHQWLQJ WKLV DSSURDFK UHTXLUHV FKDQJHV WR H[LVWLQJ DSSOLFDWLRQ

VRIWZDUH LQ DOO WKH KRVWV RQ WKH ZLUHOHVV QHWZRUN� $QRWKHU SUREOHP LV WKDW VLQFH WKH HQG�WR�HQG FRQQHFWLRQ LV VSOLW WUDQV�

SDUHQWO\� ZLWKRXW WKH VHUYHU RQ WKH ZLUHG QHWZRUN EHLQJ DZDUH RI WKH VSOLW� WKLV DSSURDFK GRHV QRW SUHVHUYH HQG�WR�HQG

7&3 VHPDQWLFV� 0RUH VSHFLILFDOO\� DQ $&. UHFHLYHG E\ WKH VHUYHU LV QR ORQJHU DQ XQHTXLYRFDO LQGLFDWLRQ WKDW WKH FRUUH�

VSRQGLQJ SDFNHW KDV EHHQ GHOLYHUHG RU ZLOO EH GHOLYHUHG WR WKH LQWHQGHG UHFHLYHU�

)RFXVVLQJ RQ +773 DQG )73 WUDIILF� ZKLFK FRQVWLWXWH D PDMRULW\ RI WKH WUDIILF IURP DQ +)& QHWZRUN WR WKH ,QWHUQHW� ZH

SURSRVH WR LPSURYH WKH SHUIRUPDQFH RI UHPRWH DFFHVVHV E\ XVLQJ DSSOLFDWLRQ�OHYHO SUR[\ VHUYHUV WR VSOLW WKH HQG�WR�HQG

FRQQHFWLRQ EHWZHHQ D VXEVFULEHU©V 3& DQG D UHPRWH VHUYHU LQWR WZR 7&3 FRQQHFWLRQV� D ORFDO FRQQHFWLRQ EHWZHHQ WKH

VXEVFULEHU 3& DQG WKH SUR[\ VHUYHU RYHU WKH +)& QHWZRUN� DQG D UHPRWH FRQQHFWLRQ EHWZHHQ WKH SUR[\ VHUYHU DQG WKH

UHPRWH VHUYHU RYHU WKH H[WHUQDO QHWZRUN�V�� 7KLV DSSURDFK LV HVSHFLDOO\ DWWUDFWLYH EHFDXVH PRVW :HE EURZVHUV DOUHDG\

VXSSRUW WKH XVH RI SUR[\ VHUYHUV� DQG KHQFH� VHSDUDWH ORFDO DQG UHPRWH FRQQHFWLRQV FDQ EH HVWDEOLVKHG ZLWKRXW UHTXLULQJ

DQ\ FKDQJH LQ WKH DSSOLFDWLRQV� 0RUHRYHU� VLQFH SUR[\ VHUYHUV DUH DOUHDG\ EHLQJ XVHG IRU :HE DFFHVVHV IRU RWKHU WDVNV�

VXFK DV FDFKLQJ� VHFXULW\� DQG SURWRFRO FRQYHUVLRQ� WKH FXUUHQW :HE DFFHVV PRGHO LWVHOI GRHV QRW SUHVHUYH WKH HQG�WR�

HQG VHPDQWLFV� )LJXUH � LOOXVWUDWHV WKH SURWRFRO LQWHUDFWLRQV IRU SUR[LHG FRQQHFWLRQV�

�� %DVH�7 /LQN

,3

7&3

+773� )73

$SSOLFDWLRQ 3URWRFROV

/RFDO 6HUYHU &RPSOH[

$70 +)&
/LQN

,3

6LJQDO &RQYHUVLRQ

+)& ��%DVH�7
/LQN/LQN

&DEOH 0RGHP �&0�

6XEVFULEHU 3&

6\VWHP �6&6�

:HE EURZVHUV

,3

7&3

+773� )73� ���

$SSOLFDWLRQ 3URWRFROV

3UR[\ 6HUYHU

5HPRWH 6HUYHU

,3

7&3

+773� )73� ���

$SSOLFDWLRQ 3URWRFROV

$SSOLFDWLRQ 6HUYHU

9DULRXV

5HPRWH &RQQHFWLRQ /RFDO &RQQHFWLRQ

)LJXUH �� ,QWHUDFWLRQV DFURVV WKH GLIIHUHQW SURWRFRO OD\HUV IRU VXSSRUWLQJ SUR[LHG FRQQHFWLRQV� 7KH SUR[\ VHUYHU VSOLWV

WKH HQG�WR�HQG FRQQHFWLRQ LQWR D UHPRWH FRQQHFWLRQ DQG D ORFDO FRQQHFWLRQ�

9DULRXV /LQNV $70
/LQNV
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,Q WKH IROORZLQJ VHFWLRQV� ZH VWXG\ WKH SHUIRUPDQFH RI SUR[\ VHUYHUV XQGHU GLIIHUHQW +)& QHWZRUN FRQGLWLRQV DQG SUR�

SRVH ZD\V RI FRQILJXULQJ WKH SUR[\ VHUYHUV WR HQVXUH PD[LPXP HQG�WR�HQG SHUIRUPDQFH� 2XU DQDO\VLV GHPRQVWUDWHV

WKDW SUR[\ VHUYHUV FDQ RIIHU VLJQLILFDQW SHUIRUPDQFH LPSURYHPHQWV LQ +)& QHWZRUNV HYHQ ZKHQ WKH\ GR QRW SHUIRUP

DQ\ FDFKLQJ IXQFWLRQV�

� (YDOXDWLQJ�WKH�(IIHFWLYHQHVV�RI�3UR[LHV�LQ�+)&�1HWZRUNV

��� 1HWZRUN 0RGHO

7R VWXG\ WKH HIIHFWLYHQHVV RI SUR[LHV LQ +)& QHWZRUNV� ZH KDYH XVHG WKH QV VLPXODWRU IURP /%/ WR PRGHO D W\SLFDO

+)& QHWZRUN DQG LWV OLQNV WR WKH ,QWHUQHW >��@� )LJXUH � GHSLFWV WKH QHWZRUN FRQILJXUDWLRQ XVHG LQ WKH VLPXODWLRQV� 7KH

GRZQVWUHDP DQG XSVWUHDP FKDQQHOV RQ WKH +)& QHWZRUN RSHUDWH DW �� 0ESV DQG � 0ESV� UHVSHFWLYHO\� $ ���0ESV

$70 OLQN LQWHUFRQQHFWV WKH 6&6 DQG WKH ORFDO VHUYHU FRPSOH[� 7KH ORFDO VHUYHU FRPSOH[ LV FRQQHFWHG WR WKH ,QWHUQHW YLD

D 7�� OLQN RSHUDWLQJ DW �� 0ESV� %DVHG RQ H[SHULPHQWV LQ UHDO�ZRUOG GHSOR\PHQWV RI GDWD VHUYLFHV RYHU +)& QHWZRUNV

>�@� WKH URXQG�WULS WLPH RI SDFNHWV WUDQVPLWWHG EHWZHHQ WKH ORFDO VHUYHU FRPSOH[ DQG D VXEVFULEHU©V KRPH LV VHW WR ��PV�

7KH URXQG�WULS WLPH WR DFFHVV D UHPRWH VHUYHU RYHU WKH ,QWHUQHW LV DVVXPHG WR EH ���PV�

7KH FDEOH PRGHPV DUH DVVXPHG WR KDYH ��.%\WH �.%� EXIIHUV� $VVXPLQJ WKDW RQ DQ DYHUDJH WKUHH VLPXOWDQHRXV 7&3

FRQQHFWLRQV DUH VXSSRUWHG YLD WKH FDEOH PRGHP� WKH 7&3 VRFNHW EXIIHU VL]H DW WKH 3& LV UHVWULFWHG WR �.% LQ RUGHU WR

DYRLG EXIIHU RYHUUXQV DW WKH FDEOH PRGHP GXULQJ DFFHVV WR WKH ORFDO VHUYHUV� 7KLV LV EDVHG RQ DQ DQDO\WLFDO PHWKRG

GHVFULEHG LQ >�@ IRU GHULYLQJ WKH RSWLPDO 7&3 VRFNHW EXIIHU VL]H EDVHG RQ WKH FDEOH PRGHP EXIIHU VL]H� WKH +)& QHW�

ZRUN EDQGZLGWKV� DQG WKH QXPEHU RI VLPXOWDQHRXV FRQQHFWLRQV�

6LQFH ZH DUH LQWHUHVWHG LQ SHUIRUPDQFH XQGHU ORVV FDXVHG E\ PHGLD HUURUV UDWKHU WKDQ XQGHU FRQJHVWLRQ� WKH SUHFLVH FRQ�

WHQWLRQ UHVROXWLRQ DQG QHWZRUN DFFHVV DOJRULWKPV RI WKH +)& XSVWUHDP OLQN SURWRFRO DUH QRW PRGHOHG LQ WKH VLPXODWRU�

)XUWKHUPRUH� LQ WKH VLPXODWLRQV� WKH QXPEHU RI VLPXOWDQHRXV FRQQHFWLRQV RYHU WKH +)& QHWZRUN DUH FRQWUROOHG VR DV WR

DYRLG QHWZRUN RYHUORDG� ,Q WKH DEVHQFH RI SUHFLVH PRGHOV IRU PHGLD HUURUV WKDW KDSSHQ RYHU +)& QHWZRUNV� ORVV RI 7&3

SDFNHWV DQG DFNQRZOHGJHPHQWV DUH PRGHOHG XVLQJ SRLVVRQ GLVWULEXWLRQV�

)LJXUH �� &RQILJXUDWLRQ RI WKH VLPXODWHG +)& QHWZRUN

5HPRWH 6HUYHU

5RXQG�7ULS 7LPH� �� PV

6LJQDO &RQYHUVLRQ
6\VWHP

&DEOH 0RGHP
+RPH 3&

��0ESV

6HUYHU &RPSOH[

���
0
ESV

�� 0ESV

�0ESV

��0ESV� ���PVHF 577

*DWHZD\

3UR[\ 6HUYHU

5HPRWH &RQQHFWLRQ /RFDO &RQQHFWLRQ
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7KH QHWZRUN WUDIILF LV DVVXPHG WR EH +773 DQG )73 DFFHVV WR WKH ,QWHUQHW� $ ZLGH UDQJH RI GDWD WUDQVIHU VL]HV DUH VWXG�

LHG WR FKDUDFWHUL]H WKH HIIHFWLYHQHVV RI SUR[LHV IRU GLIIHUHQW FRQWHQW �GDWD DQG LPDJH LQWHQVLYH� DQG SURWRFROV �H�J��

+773 ��� >��@� ZKLFK SURSRVHV WR XVH D VLQJOH SHUVLVWHQW FRQQHFWLRQ IRU DFFHVV WR DOO WKH FRPSRQHQWV RI D :HE SDJH��

$OO 7&3 UHFHLYHUV DQG WUDQVPLWWHUV RQ WKH QHWZRUN DUH DVVXPHG WR LPSOHPHQW 7&3 5HQR >�@� ,Q NHHSLQJ ZLWK PRVW FRP�

PHUFLDO 7&3 LPSOHPHQWDWLRQV� WKH UHFHLYHUV DUH DVVXPHG WR LPSOHPHQW GHOD\HG $&.V >�@� 7KH 7&3 GDWD SDFNHWV DQG

$&.V DUH DVVXPHG WR EH ��� E\WHV DQG �� E\WHV LQ OHQJWK� UHVSHFWLYHO\�

��� 3UR[\ 0RGHOV

7R VWXG\ WKH SHUIRUPDQFH DGYDQWDJHV WKDW D SUR[\ VHUYHU RIIHUV HYHQ ZKHQ LW GRHV QRW IXQFWLRQ DV D GDWD FDFKH� FDFKLQJ

DOJRULWKPV IRU WKH SUR[\ VHUYHU DUH QRW PRGHOHG LQ WKH VLPXODWLRQV� +HQFH� IRU HDFK UHTXHVW LW UHFHLYHV� WKH SUR[\ HVWDE�

OLVKHV D ORFDO FRQQHFWLRQ DQG D UHPRWH FRQQHFWLRQ� 7ZR PRGHOV IRU WKH RSHUDWLRQ RI WKH SUR[\ DUH XVHG LQ WKH VLPXOD�

WLRQV �VHH )LJXUH ���

� 6WRUH�DQG�IRUZDUG SUR[\� ,Q WKLV PRGHO� WKH SUR[\ VHUYHU XVHV LQWHUPHGLDWH VWRUDJH �H�J�� GLVN� WR SHUPLW WKH UHPRWH

FRQQHFWLRQ WR RSHUDWH DV\QFKURQRXVO\ ZLWK UHVSHFW WR WKH ORFDO FRQQHFWLRQ� )RU GRLQJ VR� WKH SUR[\ VHUYHU ILUVW WHP�

SRUDULO\ VWRUHV DOO WKH GDWD UHFHLYHG RYHU WKH UHPRWH FRQQHFWLRQ� :KHQ SHUPLWWHG E\ WKH WUDQVIHU UDWHV RYHU WKH ORFDO

FRQQHFWLRQ� WKH GDWD LV WKHQ UHWULHYHG IURP LQWHUPHGLDWH VWRUDJH DQG WUDQVPLWWHG RYHU WKH ORFDO FRQQHFWLRQ�

� %XIIHU�DQG�IRUZDUG SUR[\� ,Q WKLV VHFRQG PRGHO� WKH SUR[\ GLUHFWO\ TXHXHV DOO WKH GDWD UHFHLYHG RYHU WKH UHPRWH FRQ�

QHFWLRQ IRU WUDQVPLVVLRQ RYHU WKH ORFDO FRQQHFWLRQ ZLWKRXW XVLQJ LQWHUPHGLDWH VWRUDJH� %\ GRLQJ VR� WKH SUR[\ IRUFHV

WKH UHPRWH FRQQHFWLRQ WR RSHUDWH LQ V\QFKURQ\ ZLWK WKH ORFDO FRQQHFWLRQ�

0DQ\ SUR[\ VHUYHU LPSOHPHQWDWLRQV KDYH DGRSWHG WKH EXIIHU�DQG�IRUZDUG PRGHO GXH WR LWV VLPSOHU GHVLJQ� $ IHZ RI WKH

QHZHU GHVLJQV DUH DGRSWLQJ WKH PRUH FRPSOLFDWHG VWRUH�DQG�IRUZDUG PRGHO� :H FRQVLGHU WKH WZR SUR[\ PRGHOV WR LOOXV�

WUDWH VRPH RI WKH DGYDQWDJHV RI WKH VWRUH�DQG�IRUZDUG PRGHO LQ ORVV\ +)& QHWZRUNV DQG GHPRQVWUDWH WKDW WKHVH DGYDQ�

WDJHV FDQ EH REWDLQHG LQ WKH EXIIHU�DQG�IRUZDUG PRGHO DV ZHOO� E\ WXQLQJ WKHLU 7&3 LPSOHPHQWDWLRQV WR KDQGOH SDFNHW

ORVVHV EHWWHU� ,Q WKH IROORZLQJ VHFWLRQV� ZH HYDOXDWH WKH UHODWLYH HIIHFWLYHQHVV RI ERWK RI WKHVH PRGHOV XQGHU GLIIHUHQW

+)& QHWZRUN FRQGLWLRQV� ,Q WKH VLPXODWLRQV� GLVN VWRUDJH DQG GLVN DFFHVV WLPHV DUH DVVXPHG QRW WR EH D ERWWOHQHFNV�

)XUWKHUPRUH� WKH SUR[\ VHUYHU LV DVVXPHG WR KDYH VXIILFLHQW SURFHVVLQJ DQG FRPPXQLFDWLRQ FDSDFLW\ VR DV WR QRW EH WKH

ERWWOHQHFN LQ WKH V\VWHP� 6FDODELOLW\ RI SUR[\ VHUYHUV LV DQ LPSRUWDQW UHVHDUFK SUREOHP WKDW LV RXWVLGH WKH VFRSH RI WKLV

5HPRWH

&RQQHFWLRQ

/RFDO

&RQQHFWLRQ

5HFHLYH
6RFNHW

6HQG
6RFNHW

5HPRWH

&RQQHFWLRQ

/RFDO

&RQQHFWLRQ
5HFHLYH
6RFNHW

6HQG
6RFNHW

,QWHUPHGLDWH
6WRUDJH

)LJXUH �� 'LIIHUHQW PRGHOV RI SUR[\ VHUYHU RSHUDWLRQ� �D� D VWRUH�DQG�IRUZDUG PRGHO� �E� D EXIIHU�DQG�IRUZDUG PRGHO�

�D�� 6WRUH�DQG�IRUZDUG SUR[\ PRGHO �E�� %XIIHU�DQG�IRUZDUG SUR[\ PRGHO
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SDSHU� %HFDXVH WKH SUR[\ VHUYHU LV DVVXPHG WR QRW EH D FDFKH� FDFKH ORRNXS WLPHV DUH QRW FRQVLGHUHG LQ WKH VLPXODWLRQV�

:KHQ D SUR[\ VHUYHU LV XVHG DV D FDFKH� WKH FRQWULEXWLRQ RI FDFKH ORRNXS WLPHV WR WKH RYHUDOO GDWD WUDQVIHU WLPH PXVW EH

FRQVLGHUHG ZKLOH HYDOXDWLQJ WKH EHQHILWV RI SUR[\ VHUYHUV�

��� 7KH $GYDQWDJH RI 6SOLW &RQQHFWLRQV

%HIRUH HYDOXDWLQJ WKH HIIHFWLYHQHVV RI D SUR[\ VHUYHU GXULQJ WLPHV ZKHQ WKH +)& QHWZRUN LV SURQH WR HUURUV� ZH ILUVW

FRQVLGHU WKH FDVH ZKHQ WKH +)& QHWZRUN LV HUURU�IUHH� 7R XQGHUVWDQG WKH HIIHFWLYHQHVV RI SUR[LHV� ZH ILUVW FRPSDUH WKH

HQG�WR�HQG WKURXJKSXW DFKLHYHG LQ WKH FDVH ZKHQ D SUR[\ LV XVHG DQG WKH FDVH ZKHQ D GLUHFW FRQQHFWLRQ LV HVWDEOLVKHG

EHWZHHQ WKH VXEVFULEHU©V 3& DQG D UHPRWH VHUYHU� 7KUHH GLIIHUHQW VFHQDULRV RI VXEVFULEHU DFFHVV DUH FRQVLGHUHG E\ YDU\�

LQJ WKH URXQG�WULS WLPH RYHU WKH UHPRWH FRQQHFWLRQ� ,Q DOO RI WKH VFHQDULRV� WKH VRFNHW EXIIHU VL]HV XVHG IRU WKH ORFDO DQG

WKH UHPRWH FRQQHFWLRQV DUH DVVXPHG WR EH �.%� )LJXUH � LOOXVWUDWHV WKDW HYHQ ZKHQ WKH +)& QHWZRUN LV ORVVOHVV� WKH

SUR[\ VHUYHU RIIHUV D VLJQLILFDQW LPSURYHPHQW LQ SHUIRUPDQFH ZKHQ WKH URXQG�WULS WLPH RYHU WKH UHPRWH FRQQHFWLRQ LV

FRPSDUDEOH WR WKDW IRU WKH ORFDO FRQQHFWLRQ� )RU H[DPSOH� ZKHQ WKH URXQG�WULS WLPH RYHU WKH UHPRWH FRQQHFWLRQ LV

���PV� WKH SUR[\ \LHOGV D ��� LPSURYHPHQW LQ WKURXJKSXW IRU GDWD WUDQVIHUV RI ���.% DQG DERYH� %RWK WKH SUR[\ PRG�

HOV \LHOG VLPLODU SHUIRUPDQFH VLQFH SDFNHW ORVV GRHV QRW RFFXU�

7R XQGHUVWDQG WKH UHDVRQ IRU WKH SHUIRUPDQFH LPSURYHPHQW ZKHQ XVLQJ D SUR[\� REVHUYH WKDW E\ VSOLWWLQJ WKH FRQQHF�

WLRQ EHWZHHQ WKH UHPRWH VHUYHU DQG WKH 3& LQWR WZR VHSDUDWH FRQQHFWLRQV� WKH SUR[\ VHUYHU SHUPLWV GDWD WUDQVIHU RYHU WKH

WZR FRQQHFWLRQV WR EH SLSHOLQHG� ,Q GRLQJ VR� WKH SUR[\ UHGXFHV WKH HIIHFWLYH URXQG�WULS WLPH IRU HDFK FRQQHFWLRQ� 6SH�

FLILFDOO\� SDFNHWV WUDQVPLWWHG RYHU WKH UHPRWH FRQQHFWLRQ DUH DFNQRZOHGJHG E\ WKH SUR[\ LWVHOI� ZKLOH $&.V WUDQVPLWWHG

E\ WKH 3& RYHU WKH ORFDO FRQQHFWLRQ QHHG RQO\ UHDFK WKH SUR[\ EHIRUH VXEVHTXHQW SDFNHWV DUH WUDQVPLWWHG WR WKH 3&�

6LQFH WKH WKURXJKSXW DFKLHYHG RYHU D FRQQHFWLRQ IRU D FRQVWDQW VRFNHW EXIIHU VL]H LV GLUHFWO\ UHODWHG WR WKH URXQG�WULS

WLPH� WKH WKURXJKSXW DFKLHYHG RQ WKH ORFDO DQG UHPRWH FRQQHFWLRQV DUH ERWK JUHDWHU WKDQ WKH WKURXJKSXW DFKLHYHG RYHU

)LJXUH �� &RPSDULVRQ RI WKH HQG�WR�HQG SHUIRUPDQFH REWDLQHG ZKHQ XVLQJ D SUR[\ VHUYHU ZLWK WKDW REWDLQHG XVLQJ
D GLUHFW FRQQHFWLRQ WR WUDQVIHU GDWD IURP D UHPRWH VHUYHU WR WKH VXEVFULEHU©V 3&� 7KUHH VFHQDULRV ZLWK
GLIIHUHQW URXQG�WULS WLPHV IRU WKH FRQQHFWLRQ EHWZHHQ WKH SUR[\ VHUYHU DQG WKH UHPRWH VHUYHU DUH
FRQVLGHUHG� ,Q DOO FDVHV� WKH URXQG�WULS WLPH IRU WKH FRQQHFWLRQ EHWZHHQ WKH VXEVFULEHU©V 3& DQG WKH
SUR[\ VHUYHU LV ��PV�
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'LUHFW &RQQHFWLRQ� ��� PV 577

3UR[\� ���PV 577

'LUHFW &RQQHFWLRQ� ���PV 577

3UR[\� ���PV 577

'LUHFW &RQQHFWLRQ� ���PV 577�

3UR[\� ���PV 577
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WKH GLUHFW FRQQHFWLRQ� +HQFH� WKH HQG�WR�HQG WKURXJKSXW LQ WKH SUR[\ DSSURDFK� ZKLFK LV WKH PLQLPXP RI WKH WKURXJKSXW

YDOXHV IRU WKH ORFDO DQG UHPRWH FRQQHFWLRQV� LV KLJKHU WKDQ WKDW DFKLHYHG ZKHQ XVLQJ D GLUHFW FRQQHFWLRQ�

%HFDXVH RI WKH VPDOOHU URXQG�WULS WLPH RQ WKH ORFDO FRQQHFWLRQ� WKH DEVHQFH RI SDFNHW ORVVHV LQ HLWKHU FRQQHFWLRQ� DQG

WKH XVH RI WKH VDPH VRFNHW EXIIHU VL]H IRU ERWK FRQQHFWLRQV� WKH HQG�WR�HQG WKURXJKSXW LQ WKH SUR[\ DSSURDFK LV OLPLWHG

E\ WKH WKURXJKSXW DFKLHYHG RQ WKH UHPRWH FRQQHFWLRQ� 7KHUHIRUH� WKH PDJQLWXGH RI WKH VSHHG�XS DFKLHYHG E\ XVLQJ D

SUR[\ LV GLUHFWO\ UHODWHG WR WKH UDWLR RI WKH URXQG WULS WLPH IRU WKH GLUHFW FRQQHFWLRQ DQG WKH URXQG�WULS WLPH IRU WKH

UHPRWH FRQQHFWLRQ� $VVXPLQJ WKH URXQG�WULS WLPH IRU WKH ORFDO FRQQHFWLRQ WR EH IL[HG� WKH VSHHG�XS LV LQYHUVHO\ UHODWHG

WR WKH URXQG�WULS WLPH IRU WKH UHPRWH FRQQHFWLRQ� L�H�� WKH VPDOOHU WKH URXQG�WULS WLPH� WKH JUHDWHU WKH VSHHG�XS �VHH

)LJXUH ���

)LJXUH � DOVR GHSLFWV WKDW WKH SHUIRUPDQFH LPSURYHPHQW LV JUHDWHU IRU ODUJHU WUDQVIHUV WKDQ IRU VPDOOHU WUDQVIHUV� 7KLV LV

EHFDXVH GXULQJ WKH LQLWLDO VWDJHV RI WKH ORFDO DQG UHPRWH FRQQHFWLRQV� WKHLU WUDQVPLVVLRQ ZLQGRZV DUH VR VPDOO WKDW WKHUH

LV OLWWOH RYHUODS EHWZHHQ GDWD WUDQVIHUV RYHU WKH WZR FRQQHFWLRQV� $V WKH GDWD WUDQVIHU SURFHHGV� DIWHU VHYHUDO URXQG�WULSV�

WKH WUDQVPLVVLRQ ZLQGRZV IRU WKH ORFDO DQG UHPRWH FRQQHFWLRQV JURZ DQG EHFRPH ODUJH HQRXJK WR HQDEOH D VLJQLILFDQW

RYHUODS LQ WKH GDWD WUDQVPLVVLRQV RYHU WKH WZR FRQQHFWLRQV� &RQVHTXHQWO\� ODUJHU GDWD WUDQVIHUV WKDW EHWWHU H[SORLW WKH

RYHUODS LQ GDWD WUDQVPLVVLRQ RYHU WKH WZR FRQQHFWLRQV \LHOG D KLJKHU LPSURYHPHQW LQ WKURXJKSXW�

,Q WKH DEVHQFH RI DQ\ SDFNHW ORVV� VLQFH WKH WKURXJKSXW DFKLHYHG RYHU WKH UHPRWH FRQQHFWLRQ LV QRW JUHDWHU WKDQ WKDW

DFKLHYHG RYHU WKH ORFDO FRQQHFWLRQ �EHFDXVH RI WKH ORQJHU URXQG�WULS WLPH RYHU WKH UHPRWH FRQQHFWLRQ�� SDFNHWV DUH

QHYHU TXHXHG DW WKH SUR[\ VHUYHU IRU WUDQVPLVVLRQ RYHU WKH ORFDO FRQQHFWLRQ� +HQFH� WKH WZR PRGHOV EHKDYH LGHQWLFDOO\�

\LHOGLQJ WKH VDPH HQG�WR�HQG WKURXJKSXW�

��� $YRLGLQJ WKH (IIHFWV RI 'HOD\HG $&.

,Q >�@� WKH DGYHUVH HIIHFW WKDW WKH LPSOHPHQWDWLRQ RI GHOD\HG $&. LQ WKH 7&3 VWDFN RI VXEVFULEHUV© 3&V FDQ KDYH RQ SHU�

IRUPDQFH ZDV QRWHG� HYHQ LQ FDVHV ZKHQ WKH DFFHVV QHWZRUN LV QHLWKHU SURQH WR HUURUV QRU RYHU ORDGHG� 7KLV SHUIRU�

PDQFH GHJUDGDWLRQ LV DWWULEXWDEOH WR WKH LQWHUDFWLRQ EHWZHHQ WKH VORZ�VWDUW VWUDWHJ\ WKDW LV XVHG E\ WKH 7&3 WUDQVPLWWHUV

DQG WKH GHOD\HG $&. VWUDWHJ\ VXSSRUWHG LQ 7&3 UHFHLYHUV� )RU +773 WUDQVIHUV IURP D ORFDO VHUYHU� VORZ�VWDUW LPSOH�

PHQWDWLRQ DW WKH ORFDO VHUYHU UHVWULFWV WKH VHUYHU©V WUDQVPLVVLRQ ZLQGRZ WR WZR PD[LPXP VL]HG 7&3 GDWD SDFNHWV �WKH

$&. WUDQVPLWWHG GXULQJ 7&3 FRQQHFWLRQ HVWDEOLVKPHQW LQFUHDVHV WKH VHUYHU©V WUDQVPLVVLRQ ZLQGRZ WR � SDFNHWV�� 6LQFH

PDQ\ FRPPHUFLDO +773 VHUYHU LPSOHPHQWDWLRQV WUDQVPLW WKH +773 UHVSRQVH KHDGHU VHSDUDWH IURP WKH GDWD DQG VLQFH

WKH KHDGHU LV W\SLFDOO\ PXFK VPDOOHU WKDQ D PD[LPXP VL]HG 7&3 GDWD SDFNHW� WKH VHUYHU FDQ VXEVHTXHQWO\ WUDQVPLW RQO\

RQH GDWD SDFNHW IROORZLQJ WKH +773 UHVSRQVH KHDGHU EHIRUH LW LV IRUFHG WR ZDLW IRU DQ $&. IURP WKH VXEVFULEHU©V 3&

�VHH )LJXUH ��� 6LQFH WKH GDWD UHFHLYHG E\ WKH VXEVFULEHU 3& LV OHVV WKDQ WZR PD[LPXP VL]HG 7&3 GDWD SDFNHWV� WKH VXE�

VFULEHU 3& GHOD\V LWV $&.� ZDLWLQJ IRU XS WR ���PV EHIRUH DFNQRZOHGJLQJ WKH UHFHLYHG SDFNHWV� 7KLV ORQJ LQLWLDO ZDLW

WLPH VLJQLILFDQWO\ LPSDFWV SHUIRUPDQFH IRU PRVW FRPPRQ +773 WUDQVIHUV�

,QFUHDVLQJ WKH PLQLPXP 7&3 WUDQVPLVVLRQ ZLQGRZ E\ RQH SDFNHW LPSURYHV SHUIRUPDQFH VLJQLILFDQWO\� :LWK WKLV PRGL�

ILFDWLRQ� GDWD WUDQVIHUV XQGHU ���.% SURFHHG DOPRVW WZLFH DV IDVW DV EHIRUH� :KLOH VXFK D FKDQJH FRXOG EHQHILW DOO WUDQV�

IHUV �ZKHWKHU IURP UHPRWH RU ORFDO VHUYHUV�� LPSOHPHQWLQJ VXFK D FKDQJH LV RQO\ YLDEOH XQGHU ORFDO FRQWURO� +HQFH� WKLV
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VDPH DSSURDFK FDQQRW EH DGRSWHG WR VSHHG�XS UHPRWH DFFHVVHV EHFDXVH WKH UHPRWH VHUYHU EHLQJ DFFHVVHG� ZKLFK FRQ�

WUROV WKH VL]H RI WKH WUDQVPLVVLRQ ZLQGRZ� PD\ QRW EH XQGHU WKH GDWD VHUYLFH RSHUDWRU©V FRQWURO� ,I D GLUHFW FRQQHFWLRQ LV

XVHG IRU FRPPXQLFDWLRQ EHWZHHQ WKH VXEVFULEHU©V 3& DQG WKH UHPRWH VHUYHU� WKH GHOHWHULRXV HIIHFWV RI GHOD\HG $&.

FDQQRW EH DYRLGHG� :KHQ D SUR[\ VHUYHU LV XVHG IRU UHPRWH DFFHVVHVXS WR� WKHUH DUH WZR SRVVLEOH DSSURDFKHV WR FRXQWHU�

DFW GHOD\HG $&.V�

� $YRLGLQJ GHOD\HG $&. LPSOHPHQWDWLRQ DW WKH SUR[\ VHUYHU DV WKH UHFHLYHU RI WKH UHPRWH FRQQHFWLRQ� 'HOD\HG $&.

SULPDULO\ EHQHILWV V\PPHWULF DSSOLFDWLRQV LQ ZKLFK WKH $&.V FDQ EH SLJJ\EDFNHG ZLWK GDWD SDFNHWV� DQG LQWHUDFWLYH

DSSOLFDWLRQV� VXFK DV UORJLQ DQG WHOQHW� LQ ZKLFK D FXPXODWLYH $&. FDQ EH JHQHUDWHG IRU VHYHUDO VPDOO SDFNHWV� )RU D

SUR[\ VHUYHU WKDW LV SUHGRPLQDQWO\ XVHG IRU +773 DQG )73 DFFHVVHV� WKH EHQHILW RI GHOD\HG $&. LV PLQLPDO� %\

DYRLGLQJ GHOD\HG $&. LPSOHPHQWDWLRQ DW WKH SUR[\ VHUYHU �DW OHDVW LQ WKH LQLWLDO VWDJHV RI D 7&3 FRQQHFWLRQ�� ZH FDQ

HQVXUH WKDW WKH UHPRWH FRQQHFWLRQ GRHV QRW H[SHULHQFH WKH LQLWLDO ���PV GHOD\� )LJXUH � LOOXVWUDWHV WKH SHUIRUPDQFH

JDLQ WKDW FDQ EH REWDLQHG E\ DYRLGLQJ GHOD\HG $&. LPSOHPHQWDWLRQ DW WKH SUR[\ VHUYHU� 7KH VLJQLILFDQW SHUIRUPDQFH

LPSURYHPHQW WKDW WKLV PRGLILFDWLRQ WR WKH 7&3 VWDFN RI WKH SUR[\ VHUYHU RIIHUV IDU RXW�ZHLJKV WKH VPDOO H[WUD FRQ�

VXPSWLRQ RI EDQGZLGWK RYHU WKH UHPRWH QHWZRUN WKDW UHVXOWV IURP PRUH IUHTXHQW WUDQVPLVVLRQ RI $&.V IURP WKH

SUR[\ VHUYHU�

� ,QFUHDVLQJ WKH LQLWLDO 7&3 ZLQGRZ XVHG E\ WKH SUR[\ VHUYHU DV WKH WUDQVPLWWHU RI WKH ORFDO FRQQHFWLRQ E\ RQH PD[L�

PXP VL]HG GDWD SDFNHW� 7KLV PRGLILFDWLRQ HQVXUHV WKDW WKH ORFDO FRQQHFWLRQ GRHV QRW H[SHULHQFH WKH ORQJ LQLWLDO ZDLW�

LQJ WLPH EHFDXVH RI GHOD\HG $&. LPSOHPHQWDWLRQ DW WKH VXEVFULEHU©V 3&�

7KH DERYH PRGLILFDWLRQV DUH DSSOLFDEOH WR ERWK WKH SUR[\ PRGHOV GHVFULEHG LQ 6HFWLRQ ����

+773 FOLHQW
DW D VXEVFULEHU 3&

+773 6HUYHU

+773
&RQQHFWLRQ

6HW�8S

6<1

6<1B$
&.

$&.

+773 *(7

7&3 :LQGRZ  �SNW
7&3 :LQGRZ  �SNWV

'DWD 7UDQVIHU %HJLQV
*(7 5HV

SRQVH +
HDGHU

'DWD 3NW

$&.

���PV GHOD\

IRU �QG $&.

'DWD 3NWV

7&3 :LQGRZ� �SNWV

)LJXUH �� ,OOXVWUDWLRQ RI WKH HIIHFW RI GHOD\HG $&. LPSOHPHQWDWLRQ LQ 7&3 VWDFNV RI VXEVFULEHU 3&V RQ SHUIRUPDQFH RI
+773 GDWD WUDQVIHUV� 7KH LQLWLDO GHOD\ RI XS WR ���PV IRU WKH VHFRQG $&. IURP WKH VXEVFULEHU 3& UHGXFHV
WKURXJKSXW E\ RYHU ��� IRU GDWD WUDQVIHUV VL]HV RI XS WR ��� .%
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2EVHUYH IURP )LJXUH � WKDW WKH ILUVW PRGLILFDWLRQ DERYH \LHOGV XS WR ��� LQFUHDVH LQ SHUIRUPDQFH IRU GDWD WUDQVIHUV RI

���.% DQG OHVV� 7KH SUHFLVH SHUIRUPDQFH JDLQ LV GHSHQGHQW RQ WKH URXQG�WULS WLPH RYHU WKH UHPRWH FRQQHFWLRQ� 7KH

ODUJHU WKH URXQG�WULS ODWHQF\� WKH VPDOOHU WKH SHUIRUPDQFH JDLQ EHFDXVH WKH FRQWULEXWLRQ RI WKH LQLWLDO ZDLWLQJ WLPH WR WKH

WRWDO GDWD WUDQVIHU WLPH GHFUHDVHV ZLWK DQ LQFUHDVH LQ URXQG�WULS ODWHQF\� 6LQFH WKH FRQWULEXWLRQ RI WKH LQLWLDO ZDLWLQJ WLPH

DOVR GURSV LQ PDJQLWXGH IRU ORQJHU GDWD WUDQVIHUV� WKH SHUIRUPDQFH JDLQ IURP DYRLGLQJ GHOD\HG $&. DW WKH SUR[\ VHUYHU

DOVR GURSV ZLWK LQFUHDVH LQ GDWD WUDQVIHU VL]H� 7KH OLPLW RQ WKH WKURXJKSXW DFKLHYHG LQ )LJXUH � LV LPSRVHG E\ WKH VRFNHW

EXIIHU VHWWLQJ DW WKH 3& ��.%� DQG WKH URXQG�WULS GHOD\ EHWZHHQ WKH SUR[\ VHUYHU DQG WKH UHPRWH VHUYHU ����PV��

)RU WKH VLPXODWHG +)& QHWZRUN� LQFUHDVLQJ WKH SUR[\ VHUYHU©V LQLWLDO 7&3 WUDQVPLVVLRQ ZLQGRZ GRHV QRW RIIHU DQ\ DGGL�

WLRQDO JDLQ LQ HQG�WR�HQG SHUIRUPDQFH� 7KLV EHKDYLRU LV DWWULEXWDEOH WR WKH PXFK ORQJHU URXQG�WULS WLPH RYHU WKH UHPRWH

FRQQHFWLRQ� ZKLFK LV FRPSDUDEOH WR WKH ORQJ LQLWLDO ZDLWLQJ WLPH RQ ORFDO FRQQHFWLRQ� &RQVHTXHQWO\� HYHQ LI WKH SUR[\

VHUYHU XVHV D ODUJHU LQLWLDO ZLQGRZ� SDFNHWV GR QRW DUULYH TXLFNO\ HQRXJK RYHU WKH UHPRWH FRQQHFWLRQ IRU WKH ORFDO FRQ�

QHFWLRQ WR H[SORLW WKH HDUO\ DUULYDO RI WKH VHFRQG $&. IURP WKH VXEVFULEHU©V 3&� 7KH EHQHILWV RI XVLQJ D ODUJHU LQLWLDO

ZLQGRZ DW WKH SUR[\ VHUYHU EHFRPH PRUH DSSDUHQW DV WKH URXQG�WULS WLPH RYHU WKH UHPRWH FRQQHFWLRQ GHFUHDVHV�

��� 3HUIRUPDQFH LQ D /RVV\ /RFDO +)& 1HWZRUN

,Q RUGHU WR VWXG\ WKH HIIHFWLYHQHVV RI WKH SUR[\ LQ GHDOLQJ ZLWK SDFNHW ORVV LQ WKH ORFDO +)& DFFHVV QHWZRUN� ZH QH[W

FRQVLGHU D VFHQDULR LQ ZKLFK SDFNHW ORVV RFFXUV LQ WKH +)& QHWZRUN GXULQJ D �0% GDWD WUDQVIHU IURP D UHPRWH VHUYHU WR

D VXEVFULEHU©V 3&� ,Q WKLV H[SHULPHQW� WKH UHPRWH FRQQHFWLRQ LV QRW VXEMHFWHG WR DQ\ SDFNHW ORVV� $V EHIRUH� WKH 7&3

VRFNHW EXIIHUV IRU WKH ORFDO DQG WKH UHPRWH FRQQHFWLRQ DUH ERWK VHW WR EH �.%�

7KH IROORZLQJ REVHUYDWLRQV DUH PDGH IURP )LJXUH � ZKLFK FRQWUDVWV WKH SHUIRUPDQFH DFKLHYHG ZKHQ XVLQJ D GLUHFW FRQ�

QHFWLRQ ZLWK WKDW DFKLHYHG ZKHQ XVLQJ D SUR[\�

)LJXUH �� ,PSURYLQJ WKH WKURXJKSXW REWDLQHG GXULQJ UHPRWH DFFHVVHV E\ DYRLGLQJ GHOD\HG $&. LPSOHPHQWDWLRQ DW

WKH SUR[\ VHUYHU� 7KH URXQG�WULS WLPH EHWZHHQ WKH VXEVFULEHU©V 3& DQG WKH SUR[\ VHUYHU LV ��PV� DQG WKDW

EHWZHHQ WKH SUR[\ VHUYHU DQG WKH UHPRWH VHUYHU LV ���PV�

�

���

���

���

���

���

���

���

� ��� ��� ��� ��� ��� ��� ��� ��� ��� ����

'DWD 7UDQVIHU 6L]H �.%\WHV�

7
K
UR
X
J
K
S
X
W
�.
E
S
V
�

'HOD\HG $&. DW 3UR[\ DQG 3&

1R 'HOD\HG $&. DW 3UR[\
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� &RPSDULVRQ RI WKH SHUIRUPDQFH RI WKH SUR[\ PRGHOV ZLWK WKDW RI WKH GLUHFW FRQQHFWLRQ�:KHQ SDFNHW ORVV RFFXUV� WKH

SUR[\ PRGHOV GHJUDGH PRUH JUDFHIXOO\ LQ SHUIRUPDQFH WKDQ WKH GLUHFW FRQQHFWLRQ DSSURDFK� 7KH ORFDOL]DWLRQ RI

SDFNHW ORVV GHWHFWLRQ DQG UHFRYHU\ HQDEOHG E\ WKH SUR[\ VHUYHUV LV WKH PDLQ UHDVRQ IRU WKHLU EHWWHU SHUIRUPDQFH

XQGHU ORVV\ +)& QHWZRUN FRQGLWLRQV� :KHQ D GLUHFW FRQQHFWLRQ LV XVHG� SDFNHWV ORVW RYHU WKH ORFDO +)& QHWZRUN

VHJPHQW DUH UHWUDQVPLWWHG DOO WKH ZD\ IURP WKH UHPRWH VHUYHU� ,Q FRQWUDVW� ERWK WKH VWRUH�DQG�IRUZDUG SUR[\ DQG WKH

EXIIHU�DQG�IRUZDUG SUR[\ KDQGOH SDFNHW ORVVHV WKDW RFFXU LQ WKH +)& QHWZRUN ORFDOO\� 3DFNHWV ORVW RYHU WKH +)&

QHWZRUN DUH GHWHFWHG DQG UHWUDQVPLWWHG E\ WKH 7&3 UHFHLYHU DW WKH SUR[\ VHUYHUV WKHPVHOYHV� ZLWKRXW LQYROYLQJ WKH

UHPRWH VHUYHU� %\ GRLQJ VR� WKH SUR[\ VHUYHUV QRW RQO\ DYRLG XQQHFHVVDU\ UHWUDQVPLVVLRQV RYHU WKH UHPRWH QHWZRUN

VHJPHQW� EXW WKH\ DOVR HQDEOH IDVWHU UHFRYHU\ IURP SDFNHW ORVV� 7KLV LV EHFDXVH WKH UDWH DW ZKLFK 7&3©V VORZ�VWDUW

DQG IDVW UHWUDQVPLW DOJRULWKPV LQFUHDVH WKH WUDQVPLVVLRQ ZLQGRZ IROORZLQJ D SDFNHW ORVV LV GLUHFWO\ UHODWHG WR WKH

URXQG�WULS WLPH RI D FRQQHFWLRQ� 6LQFH WKH SUR[\ VHUYHUV KDQGOH UHWUDQVPLVVLRQV LQ WKH ORFDO FRQQHFWLRQ LWVHOI� WKH UDWH

RI WKH ZLQGRZ LQFUHDVH IROORZLQJ D SDFNHW ORVV LV JRYHUQHG E\ WKH VPDOOHU URXQG�WULS WLPH RQ WKH ORFDO FRQQHFWLRQ�

7R LOOXVWUDWH WKH EHQHILWV RI WKH IDVWHU ZLQGRZ LQFUHDVH WKDW WKH XVH RI D SUR[\ VHUYHU HQDEOHV� VXSSRVH WKDW SDFNHW ORVV

RFFXUV RYHU WKH ORFDO FRQQHFWLRQ ZKHQ WKH 7&3 WUDQVPLVVLRQ ZLQGRZ DW WKH SUR[\ VHUYHU LV � SDFNHWV� :KHQ IDVW

UHWUDQVPLW GHWHFWV WKH ORVV� WKH ZLQGRZ VKULQNV WR � SDFNHWV� 7KHQ� DERXW � URXQG�WULSV� DPRXQWLQJ WR ��PV LQ WLPH�

DUH QHFHVVDU\ IRU WKH ORFDO FRQQHFWLRQ WR UHWXUQ WR DW LWV SHDN UDWH� ,Q FRQWUDVW� LI WKH VDPH ORVV KDSSHQHG RYHU D GLUHFW

FRQQHFWLRQ� LW ZRXOG FDXVH WKH FRQQHFWLRQ WR RSHUDWH EHORZ LWV SHDN UDWH IRU DERXW ���PV �IRXU URXQG�WULSV DJDLQ��

$ IXUWKHU DGYDQWDJH LQ XVLQJ SUR[\ VHUYHUV LV WKDW DW ORZ SDFNHW ORVV UDWHV� WKH UHGXFWLRQ LQ WKURXJKSXW RI WKH ORFDO

FRQQHFWLRQ FDXVHG E\ WKH SDFNHW ORVVHV PD\ QRW EH VLJQLILFDQW HQRXJK WR IRUFH WKH ORFDO FRQQHFWLRQ WR EH WKH ERWWOH�

QHFN WKDW JRYHUQV WKH HQG�WR�HQG WKURXJKSXW� ,Q VXFK FDVHV� WKH WKURXJKSXW DFKLHYHG LV QRW LPSDFWHG E\ ORVVHV LQ WKH

ORFDO +)& QHWZRUN� )LJXUH � LOOXVWUDWHV WKLV IHDWXUH IRU WKH VWRUH�DQG�IRUZDUG SUR[\�

� &RPSDULVRQ RI WKH SHUIRUPDQFH RI WKH SUR[\ PRGHOV� 7KH GLIIHUHQFHV EHWZHHQ WKH SUR[\ PRGHOV EHFRPHV DSSDUHQW

ZKHQ SDFNHW ORVVHV RFFXU LQ WKH ORFDO QHWZRUN� 'XULQJ VXFK WLPHV� IUHTXHQW WLPH�RXWV UHGXFH WKH WKURXJKSXW RI WKH

ORFDO FRQQHFWLRQ� IRUFLQJ LW WR EHFRPH WKH ERWWOHQHFN WKDW OLPLWV HQG�WR�HQG WKURXJKSXW� ,Q WKH FDVH RI WKH EXIIHU�DQG�

)LJXUH �� ,OOXVWUDWLRQ RI WKH DGYDQWDJHV RI D SUR[\ VHUYHU LQ KDQGOLQJ SDFNHW ORVVHV

RYHU WKH ORFDO +)& QHWZRUN� 7KH GDWD WUDQVIHU VL]H XVHG ZDV � 0%�
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IRUZDUG SUR[\� ZKHQ WKH ORFDO FRQQHFWLRQ VWDOOV IRU VHYHUDO VHFRQGV� WKH UHPRWH FRQQHFWLRQ FDQ SURFHHG DW LWV IDVWHVW

UDWH RQO\ XQWLO WKH OLPLWHG UHFHLYLQJ VRFNHW EXIIHU DW WKH SUR[\ EHFRPHV IXOO� )URP WKLV WLPH� WKH UHPRWH FRQQHFWLRQ

KDV WR UHPDLQ LGOH XQWLO WKH ORFDO FRQQHFWLRQ UHVXPHV� )ROORZLQJ WKH WLPH�RXW� WKH ORFDO FRQQHFWLRQ UHVXPHV LQ WKH

VORZ�VWDUW SKDVH� ZLWK WKH WUDQVPLVVLRQ ZLQGRZ EHLQJ UHVHW WR RQH SDFNHW� ,PSRUWDQWO\� VLQFH WKH UHPRWH FRQQHFWLRQ

DOVR UHPDLQV LGOH IRU VHYHUDO VHFRQGV� WKH UHPRWH VHUYHU©V 7&3 VWDFN PD\ DOVR GURSV LWV WUDQVPLVVLRQ ZLQGRZ WR RQH

SDFNHW DQG UH�LQLWLDWHV VORZ�VWDUW� :KLOH WKH ORFDO FRQQHFWLRQ UHFRYHUV TXLFNO\ DQG EHJLQV RSHUDWLQJ DW LWV PD[LPXP

UDWH� EHFDXVH RI LWV PXFK ODUJHU URXQG�WULS WLPH� WKH UHPRWH FRQQHFWLRQ WDNHV PXFK ORQJHU WKDQ WKH ORFDO FRQQHFWLRQ

WR EHJLQ RSHUDWLQJ DW LWV PD[LPXP UDWH� ,Q WKH LQWHULP SHULRG XQWLO WKH UHPRWH FRQQHFWLRQ EHJLQV RSHUDWLQJ DW LWV PD[�

LPXP UDWH� WKH ORFDO FRQQHFWLRQ KDV WR ZDLW IRU SDFNHWV WR DUULYH RYHU WKH UHPRWH FRQQHFWLRQ EHIRUH IRUZDUGLQJ WKH

SDFNHWV WR WKH VXEVFULEHU©V 3&�

,Q FRQWUDVW� WKH VWRUH�DQG�IRUZDUG SUR[\ JXDUDQWHHV FRPSOHWH LQGHSHQGHQFH EHWZHHQ WKH ORFDO DQG UHPRWH FRQQHF�

WLRQV� 6LQFH LW SURYLGHV LQWHUPHGLDWH VWRUDJH IRU DOO SDFNHWV UHFHLYHG RYHU WKH UHPRWH FRQQHFWLRQ�WKH VWRUH�DQG�IRUZDUG

SUR[\ HQVXUHV WKDW HYHQ ZKHQ WKH ORFDO FRQQHFWLRQ LV VWDOOHG� WKH UHPRWH FRQQHFWLRQ FDQ SURFHHG DW LWV IDVWHVW UDWH�

/DWHU� ZKHQ WKH ORFDO FRQQHFWLRQ UHFRYHUV� LW FDQ SURFHHG DW LWV SHDN UDWH� IRUZDUGLQJ SDFNHWV IURP WKH SUR[\©V LQWHU�

PHGLDWH VWRUDJH XQWLO WKH HQG RI WKH GDWD WUDQVIHU RU XQWLO WKH ORFDO FRQQHFWLRQ FDWFKHV XS ZLWK WKH UHPRWH FRQQHFWLRQ�

%HFDXVH RI WKH JUHDWHU GHJUHH RI LQGHSHQGHQFH LW RIIHUV EHWZHHQ WKH ORFDO DQG UHPRWH FRQQHFWLRQV� WKH VWRUH�DQG�IRU�

ZDUG SUR[\ VHUYHU \LHOGV D KLJKHU WKURXJKSXW WKDQ D EXIIHU�DQG�IRUZDUG SUR[\ VHUYHU ZKHQ SDFNHW ORVVHV RFFXU LQ WKH

ORFDO +)& QHWZRUN�

)LJXUH � LOOXVWUDWHV WKDW WKH SUR[\ VHUYHUV DUH PRVW HIIHFWLYH DW ORZHU SDFNHW ORVV UDWHV� $W D �� ORVV UDWH� WKH GLUHFW FRQ�

QHFWLRQ H[SHULHQFHV DOPRVW D ��� UHGXFWLRQ LQ WKURXJKSXW� ZKHUHDV WKH VWRUH�DQG�IRUZDUG SUR[\ H[SHULHQFHV OHVV WKDQ D

�� GURS LQ WKURXJKSXW� $V SDFNHW ORVV LQFUHDVHV DERYH ��� DOWKRXJK WKH SUR[\ PRGHOV FRQWLQXH WR SHUIRUP EHWWHU� WKHLU

HIIHFWLYHQHVV GHJUDGHV� 7KH PDLQ UHDVRQ IRU WKLV FKDQJH LV WKDW DV WKH SDFNHW ORVV UDWH LQFUHDVHV� WKH IUHTXHQF\ RI 7&3

WLPH�RXWV LQ WKH ORFDO FRQQHFWLRQ LQFUHDVH� 6LQFH WKH SUR[\ VHUYHUV RQO\ VSHHG XS WKH UHFRYHU\ DIWHU D WLPH�RXW EXW QRW

WKH GXUDWLRQ RI WLPH�RXWV� DV WLPH�RXWV EHFRPH PRUH IUHTXHQW� WKH IDVWHU UHFRYHU\ WKDW WKH SUR[\ VHUYHUV HQDEOH EHFRPHV

LQVLJQLILFDQW FRPSDUHG WR WKH GUDPDWLF UHGXFWLRQ LQ WKURXJKSXW FDXVHG E\ WKH ODUJH GXUDWLRQ RI WKH WLPH�RXWV� &RQVH�

TXHQWO\� DW KLJKHU ORVV UDWHV� WKH SUR[\ VHUYHUV RQO\ \LHOG PDUJLQDOO\ EHWWHU SHUIRUPDQFH WKDQ WKH GLUHFW FRQQHFWLRQ�

��� 7XQLQJ 7&3 ,PSOHPHQWDWLRQV DW 3UR[\ 6HUYHUV IRU +LJKHU 3HUIRUPDQFH

,Q WKH H[DPSOH LQ )LJXUH �� IRU WKH SUR[\ PRGHOV� WKH UHPRWH FRQQHFWLRQ VWDUWV RII E\ EHLQJ WKH ERWWOHQHFN WKDW JRYHUQV

WKH HQG�WR�HQG WKURXJKSXW REWDLQDEOH� 7KH GHJUDGDWLRQ LQ HQG�WR�HQG WKURXJKSXW ZLWK SDFNHW ORVV LQGLFDWHV WKDW IRU WKH

QHWZRUN FRQILJXUDWLRQ XQGHU VWXG\� WKH ORFDO FRQQHFWLRQ EHFRPHV WKH ERWWOHQHFN ZKHQ SDFNHW ORVVHV RFFXU LQ WKH ORFDO

+)& QHWZRUN� 7R LQFUHDVH WKH WKURXJKSXW RI WKH ORFDO FRQQHFWLRQ GXULQJ ORVV\ QHWZRUN FRQGLWLRQV� DQG WKHUHE\ LQFUHDVH

WKH HQG�WR�HQG WKURXJKSXW� WKH WZR PRGLILFDWLRQV SURSRVHG LQ >�@ FDQ EH LQFRUSRUDWHG LQWR 7&3 LPSOHPHQWDWLRQV DW WKH

SUR[\ VHUYHUV� 7R UHGXFH WKH SUREDELOLW\ RI RFFXUUHQFH RI WLPH�RXWV� WKH LPSOHPHQWDWLRQ RI WKH IDVW UHWUDQVPLW VWUDWHJ\ DW

WKH SUR[\ VHUYHU FDQ EH PRGLILHG VR WKDW D 7&3 SDFNHW LV UHWUDQVPLWWHG VRRQ DIWHU WKH ILUVW GXSOLFDWH $&. LV UHFHLYHG E\

WKH SUR[\ VHUYHU� $ VHFRQG PRGLILFDWLRQ LV WR UHGXFH WKH GXUDWLRQ RI WLPH�RXWV E\ XVLQJ D ���PV UHWUDQVPLVVLRQ WLPHU

LQVWHDG RI WKH FXUUHQW ���PV WLPHU�
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)LJXUH � LOOXVWUDWHV WKDW WKHVH VLPSOH PRGLILFDWLRQV WR 7&3 LPSOHPHQWDWLRQV DW SUR[\ VHUYHUV FDQ \LHOG VLJQLILFDQW SHU�

IRUPDQFH LPSURYHPHQWV� )RU D � 0% GDWD WUDQVIHU IURP D UHPRWH VHUYHU� WKHVH PRGLILFDWLRQV RIIHU DOPRVW D WZR�IROG

LQFUHDVH LQ SHUIRUPDQFH IRU ERWK WKH VWRUH�DQG�IRUZDUG DQG WKH EXIIHU�DQG�IRUZDUG SUR[\ VHUYHUV� ZKHQ WKH ORVV UDWHV

DUH �� DQG KLJKHU� )LJXUH �� DOVR LOOXVWUDWHV WKDW ZLWK WKH DERYH PHQWLRQHG PRGLILFDWLRQV WR 7&3 LPSOHPHQWDWLRQV DW

WKH SUR[\� WKH EXIIHU�DQG�IRUZDUG SUR[\ EHJLQV WR SHUIRUP DOPRVW DV ZHOO DV WKH VWRUH�DQG�IRUZDUG SUR[\ DW DOO ORVV

UDWHV� 7KH UHDVRQ IRU WKLV EHKDYLRU LV WKDW WKH 7&3 PRGLILFDWLRQV UHGXFH WKH GXUDWLRQ RI WLPH�RXWV H[SHULHQFHG E\ WKH

SUR[\ IRU WKH ORFDO FRQQHFWLRQ� 6LQFH WKH UHPRWH VHUYHU XVHV WKH QRUPDO FRDUVH JUDQXODULW\ 7&3 UHWUDQVPLVVLRQ WLPHU�

WKH ORFDO FRQQHFWLRQ UHFRYHUV IURP WLPH�RXW PXFK EHIRUH WKH UHPRWH VHUYHU GURSV LWV WUDQVPLVVLRQ ZLQGRZ �GHWHUPLQHG

EDVHG RQ WKH UHPRWH VHUYHU©V UHWUDQVPLVVLRQ WLPHU�� &RQVHTXHQWO\� WKH UHPRWH FRQQHFWLRQ FDQ RSHUDWH DW LWV PD[LPXP

ZLQGRZ VL]H VRRQ DIWHU WKH ORFDO FRQQHFWLRQ UHFRYHUV IURP WKH WLPH�RXW� $V D UHVXOW� WKH GLIIHUHQFHV LQ SHUIRUPDQFH

EHWZHHQ WKH WZR SUR[\ PRGHOV DUH UHGXFHG�

� )DFWRUV�$IIHFWLQJ�WKH�3HUIRUPDQFH�RI�WKH�3UR[\�$SSURDFKHV

��� 9DULDWLRQ LQ 3HUIRUPDQFH ZLWK /RFDWLRQ RI 5HPRWH 6HUYHUV

2QH RI WKH IDFWRUV JRYHUQLQJ WKH SUHFLVH LPSURYHPHQWV REWDLQHG IURP WKH DERYH 7&3 PRGLILFDWLRQV LV WKH URXQG�WULS

WLPH EHWZHHQ WKH UHPRWH VHUYHU DQG WKH ORFDO VHUYHU FRPSOH[ �ZKLFK KRXVHV WKH SUR[\ VHUYHU� LI RQH H[LVWV�� $VVXPLQJ D

�� SDFNHW ORVV UDWH RYHU WKH ORFDO +)& QHWZRUN� )LJXUH �� HYDOXDWHV WKH SHUIRUPDQFH EHQHILWV RI XVLQJ D VWRUH�DQG�IRU�

ZDUG SUR[\ VHUYHU WR KDQGOH D �0% GDWD WUDQVIHU IURP GLIIHUHQW UHPRWH VHUYHUV� 7KH IROORZLQJ FRQFOXVLRQV DUH GUDZQ

IURP WKLV H[SHULPHQW�

� ,Q JHQHUDO� DQ LQFUHDVH LQ URXQG�WULS WLPH IRU D 7&3 FRQQHFWLRQ FDXVHV D GHFUHDVH LQ WKH UDWH RI LQFUHDVH RI WKH 7&3

WUDQVPLVVLRQ ZLQGRZ� (YHQ ZKHQ WKH WUDQVPLWWHU LV RSHUDWLQJ DW LWV PD[LPXP ZLQGRZ� WKH ORQJHU URXQG�WULS WLPH

VORZV GRZQ WKH DUULYDO RI 7&3 $&.V DW WKH WUDQVPLWWHU� WKHUHE\ ORZHULQJ WKH WKURXJKSXW DFKLHYHG� )LJXUH �� LQGL�

)LJXUH �� ,OOXVWUDWLRQ RI WKH SHUIRUPDQFH LPSURYHPHQWV WKDW FDQ EH REWDLQHG E\ RSWLPL]LQJ WKH 7&3

LPSOHPHQWDWLRQ DW WKH SUR[\ VHUYHU IRU WKH ORVV\ +)& DFFHVV QHWZRUN� 7KH GDWD WUDQVIHU VL]H XVHG

LQ WKLV H[SHULPHQW LV � 0%�
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FDWHV WKDW WKH WKURXJKSXW DFKLHYHG RYHU WKH GLUHFW FRQQHFWLRQ GURSV ZLWK LQFUHDVH LQ URXQG�WULS WLPH EHWZHHQ WKH

UHPRWH VHUYHU DQG WKH ORFDO VHUYHU FRPSOH[�

� )LJXUH �� DOVR LOOXVWUDWHV WKDW WKH SUR[\ PRGHO FRQVLVWHQWO\ SHUIRUPV EHWWHU WKDQ WKH GLUHFW FRQQHFWLRQ� ,Q IDFW� WKH

HQG�WR�HQG WKURXJKSXW IRU D SUR[\ WKDW LPSOHPHQWV QRUPDO �XQPRGLILHG� 7&3 UHPDLQV FRQVWDQW DV WKH URXQG�WULS

WLPH RYHU WKH UHPRWH FRQQHFWLRQ LQFUHDVHV WR ���PV� DIWHU ZKLFK SRLQW� WKH WKURXJKSXW GURSV ZLWK IXUWKHU LQFUHDVH LQ

URXQG�WULS WLPH� 7R H[SODLQ WKLV EHKDYLRU� FRQVLGHU )LJXUH ��� ZKLFK FRPSDUHV WKH WKURXJKSXW DFKLHYHG RYHU WKH

UHPRWH FRQQHFWLRQ DQG WKH ORFDO FRQQHFWLRQ LQ LVRODWLRQ� IRU GLIIHUHQW UHPRWH VHUYHU ORFDWLRQV� 6LQFH LW LV XQDIIHFWHG

E\ WKH ORFDWLRQ RI WKH UHPRWH VHUYHU� WKH ORFDO FRQQHFWLRQ \LHOGV D FRQVWDQW WKURXJKSXW� 8QOLNH WKH ORFDO FRQQHFWLRQ�

WKH WKURXJKSXW DFKLHYHG RYHU WKH UHPRWH FRQQHFWLRQ GURSV H[SRQHQWLDOO\ ZLWK LQFUHDVH LQ WKH URXQG�WULS WLPH RYHU WKH

UHPRWH FRQQHFWLRQ�

6LQFH WKH HQG�WR�HQG WKURXJKSXW DFKLHYHG ZKHQ XVLQJ D SUR[\ VHUYHU LV GHSHQGHQW RQ ZKHWKHU WKH ORFDO FRQQHFWLRQ RU

)LJXUH ��� &RPSDULVRQ RI WKH SHUIRUPDQFH LPSURYHPHQWV REWDLQHG IURP XVLQJ D SUR[\ IRU DFFHVV WR UHPRWH VHUYHUV
ZLWK GLIIHUHQW 577V� 7KH GDWD WUDQVIHU VL]H LV �0% DQG SDFNHW ORVV RQ WKH ORFDO +)& QHWZRUN LV ���
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5HPRWH FRQQHFWLRQ

/RFDO FRQQHFWLRQ ZLWK QRUPDO 7&3

/RFDO FRQQHFWLRQ ZLWK PRGLILHG 7&3

)LJXUH ��� &RPSDULVRQV RI WKURXJKSXWV DFKLHYHG RYHU WKH UHPRWH FRQQHFWLRQ DQG RYHU WKH ORFDO FRQQHFWLRQ LQ LVRODWLRQ�
ZKHQ XVLQJ D VWRUH�DQG�IRUZDUG SUR[\� 7KH ORFDO QHWZRUN H[SHULHQFHV D �� SDFNHW ORVV� ZKHUHDV WKH UHPRWH
QHWZRUN LV ORVVOHVV

/RFDO FRQQHFWLRQ

LV ERWWOHQHFN

5HPRWH FRQQHFWLRQ

LV ERWWOHQHFN
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WKH UHPRWH FRQQHFWLRQ LV WKH ERWWOHQHFN� IURP )LJXUH ��� LW LV FOHDU WKDW ZKHQ WKH URXQG�WULS WLPH RYHU WKH UHPRWH FRQ�

QHFWLRQ LV OHVV WKDQ ���PV DQG WKH SUR[\ LPSOHPHQWV QRUPDO 7&3� WKH ORFDO FRQQHFWLRQ LV WKH SHUIRUPDQFH ERWWOHQHFN�

&RQVHTXHQWO\� LQ WKLV VDPH UHJLRQ LQ )LJXUH ��� DQ\ FKDQJH LQ WKH URXQG�WULS WLPH IRU WKH UHPRWH FRQQHFWLRQ KDV QR

HIIHFW RQ HQG�WR�HQG WKURXJKSXW� %H\RQG WKLV UHJLRQ� VLQFH WKH UHPRWH FRQQHFWLRQ EHFRPHV WKH ERWWOHQHFN� WKH HQG�

WR�HQG WKURXJKSXW GURSV ZLWK LQFUHDVH LQ URXQG�WULS WLPH RYHU WKH UHPRWH FRQQHFWLRQ�

� $V LV HYLGHQW IURP )LJXUH ��� WKH DGYDQWDJHV RI WXQLQJ WKH SUR[\ VHUYHU©V 7&3 LPSOHPHQWDWLRQ WR KDQGOH ORVVHV GURS

ZLWK LQFUHDVH LQ URXQG�WULS WLPH RYHU WKH UHPRWH FRQQHFWLRQ� )LJXUH �� LQGLFDWHV WKDW ZKHQ WKH SUR[\ LPSOHPHQWV WKH

PRGLILHG 7&3� WKH ORFDO FRQQHFWLRQ LV WKH ERWWOHQHFN RQO\ XQWLO WKH URXQG�WULS WLPH IRU WKH UHPRWH FRQQHFWLRQ UHDFKHV

���PV� %H\RQG WKLV UHJLRQ� VLQFH WKH UHPRWH FRQQHFWLRQ EHFRPHV WKH SHUIRUPDQFH ERWWOHQHFN� WKH WKURXJKSXW

DFKLHYHG GURSV GUDPDWLFDOO\ ZLWK LQFUHDVH LQ WKH UHPRWH FRQQHFWLRQ©V URXQG�WULS WLPH� &RUUHVSRQGLQJO\� WKH DGYDQ�

WDJHV IURP WXQLQJ 7&3 LPSOHPHQWDWLRQV DW WKH SUR[\ DUH UHGXFHG VLQFH WKH PRGLILFDWLRQV WR 7&3 RQO\ EHQHILW WKH

ORFDO FRQQHFWLRQ� $W WKH VDPH WLPH� KRZHYHU� WKH SUR[\ FRQWLQXHV WR SHUIRUP PXFK EHWWHU WKDQ WKH GLUHFW FRQQHFWLRQ

EHFDXVH LW KDQGOHV SDFNHW ORVVHV ORFDOO\� ,Q FRQWUDVW� HYHU\ WLPH D SDFNHW ORVV RFFXUV� WKH GLUHFW FRQQHFWLRQ IRUFHV

UHWUDQVPLVVLRQV DOO WKH ZD\ IURP WKH UHPRWH VHUYHU� DQG WKH SHQDOW\ RI VXFK UHWUDQVPLVVLRQV JURZV DV WKH URXQG�WULS

WLPH RYHU WKH UHPRWH FRQQHFWLRQ LQFUHDVHV�

��� (IIHFW RI 'DWD 7UDQVIHU 6L]H

7KH SHUIRUPDQFH LPSURYHPHQWV REWDLQHG DOVR GHSHQG RQ WKH DPRXQW RI GDWD EHLQJ WUDQVIHUUHG IURP WKH UHPRWH VHUYHU WR

WKH VXEVFULEHU©V 3&� )LJXUH �� FRPSDUHV WKH SHUIRUPDQFH LPSURYHPHQWV REWDLQHG IRU GLIIHUHQW GDWD WUDQVIHU VL]HV XQGHU

GLIIHUHQW +)& QHWZRUN FRQGLWLRQV� IRU DFFHVVHV WR D UHPRWH VHUYHU WKDW KDV D URXQG�WULS WLPH RI ���PV WR D VWRUH�DQG�

IRUZDUG SUR[\� $W D ORZ� �� ORVV UDWH �)LJXUH ���D��� WKHUH LV OLWWOH GLIIHUHQFH LQ SHUIRUPDQFH EHWZHHQ D SUR[\ WKDW XVHV

VWDQGDUG 7&3 DQG RQH WKDW LPSOHPHQWV D 7&3 WXQHG IRU WKH ORVV\ DFFHVV QHWZRUN� IRU GDWD WUDQVIHUV RI ��.% DQG OHVV�

(YHQ IRU ���.% WUDQVIHUV� WKH GLIIHUHQFH LV OHVV WKDQ ��� 7KH SHUIRUPDQFH GLIIHUHQWLDO EHWZHHQ WKH GLUHFW FRQQHFWLRQ

DQG WKH SUR[\ LV PXFK KLJKHU� $OPRVW DOO GDWD WUDQVIHUV EHQHILW IURP WKH SUR[\� ZLWK WKH SHUIRUPDQFH LPSURYHPHQW

EHLQJ ��� RU PRUH IRU GDWD WUDQVIHUV RI ���.% DQG PRUH� $V WKH ORVV UDWH LQFUHDVHV� WKH SHUIRUPDQFH RI D SUR[\ WKDW

LPSOHPHQWV VWDQGDUG 7&3 DSSURDFKHV WKDW RI WKH GLUHFW FRQQHFWLRQ� ZKHUHDV D SUR[\ ZLWK D WXQHG 7&3 LPSOHPHQWDWLRQ

SURFHHGV WR SHUIRUP VLJQLILFDQWO\ EHWWHU� $W KLJKHU ORVV UDWHV� HYHQ WKH VPDOOHU GDWD WUDQVIHUV H[SHULHQFH SHUIRUPDQFH

LPSURYHPHQWV� $W D �� ORVV UDWH �)LJXUH ���E��� D SUR[\ ZLWK WKH PRGLILHG 7&3 RIIHUV FORVH WR ���� LPSURYHPHQW IRU

GDWD WUDQVIHUV RI ���.% DQG DERYH� $W D ��� ORVV UDWH� D WXQHG SUR[\ GHOLYHUV QHDUO\ ���� LPSURYHPHQW FDQ EHIRU GDWD

WUDQVIHUV DV VPDOO DV ��.%�

��� %XIIHU 6L]LQJ DW WKH 3UR[\

$QRWKHU RSWLPL]DWLRQ WKDW FDQ EH SHUIRUPHG DW WKH SUR[\ LV WR LQFUHDVH WKH 7&3 VRFNHW EXIIHU VL]H XVHG DW WKH SUR[\ IRU

WKH UHPRWH FRQQHFWLRQ� 6LQFH WKH URXQG�WULS WLPH RYHU WKH UHPRWH FRQQHFWLRQ LV PXFK ODUJHU WKDQ WKDW IRU WKH ORFDO FRQ�

QHFWLRQ� E\ XVLQJ D ODUJHU EXIIHU VL]H IRU WKH UHPRWH FRQQHFWLRQ� WKH SUR[\ SHUPLWV WKH UHPRWH VHUYHU WR XVH D ODUJHU

WUDQVPLVVLRQ ZLQGRZ DQG WKHUHE\ \LHOGV D KLJKHU WKURXJKSXW IRU WKH UHPRWH FRQQHFWLRQ� ,I WKH UHPRWH FRQQHFWLRQ LV WKH

SHUIRUPDQFH ERWWOHQHFN� WKH LQFUHDVH LQ WKURXJKSXW IRU WKH UHPRWH FRQQHFWLRQ UHVXOWV LQ DQ LQFUHDVH LQ WKH HQG�WR�HQG



��

WKURXJKSXW� $Q DGGLWLRQDO EHQHILW ZKHQ XVLQJ WKH EXIIHU�DQG�IRUZDUG PRGHO SUR[\ LV WKDW D ODUJHU VRFNHW EXIIHU DOVR

VSHHGV XS UHFRYHU\ RYHU WKH ORFDO FRQQHFWLRQ IROORZLQJ WLPH�RXWV FDXVHG E\ SDFNHW ORVVHV LQ WKH ORFDO +)& QHWZRUN�

VLQFH D ODUJHU QXPEHU RI SDFNHWV LV DYDLODEOH DW WKH SUR[\ IRU WUDQVPLVVLRQ RYHU WKH ORFDO FRQQHFWLRQ�

)LJXUH �� LOOXVWUDWHV WKDW LQ WKH DEVHQFH RI SDFNHW ORVV� DQ DOPRVW IRXU�IROG LQFUHDVH LQ WKURXJKSXW FDQ EH DFKLHYHG GXU�

LQJ D �0% GDWD WUDQVIHU E\ LQFUHDVLQJ WKH VRFNHW EXIIHU VL]H IRU WKH UHPRWH FRQQHFWLRQ IURP �.% WR ��.% IRU WKH VLPX�

ODWHG QHWZRUN FRQILJXUDWLRQ �)LJXUH � GHSLFWV WKH SHUIRUPDQFH ZKHQ WKH UHPRWH FRQQHFWLRQ©V VRFNHW EXIIHU VL]H LV

�.%�� $W ORZ SDFNHW ORVV UDWHV �� ���� WKH ODUJHU� ��.% VRFNHW EXIIHU LV VWLOO HIIHFWLYH ZLWK D SUR[\ LPSOHPHQWLQJ QRU�

PDO 7&3 RIIHULQJ D VLJQLILFDQW LQFUHDVH LQ WKURXJKSXW FRPSDUHG WR WKDW REWDLQHG ZKHQ XVLQJ D GLUHFW FRQQHFWLRQ� $W

KLJKHU ORVV UDWHV� WKH IUHTXHQF\ DQG GXUDWLRQ RI WLPH�RXWV LPSDFW WKH DFKLHYHG WKURXJKSXW WR VXFK DQ H[WHQW WKDW WKH EHQ�

HILWV RI XVLQJ D ODUJHU VRFNHW EXIIHU DW WKH SUR[\ EHFRPH LQVLJQLILFDQW� ,Q WKLV FDVH� WKH PRGLILFDWLRQV WR WKH SUR[\©V 7&3

LPSOHPHQWDWLRQ GLVFXVVHG LQ 6HFWLRQ ��� RIIHU PRUH WKDQ WKUHH�IROG LPSURYHPHQW LQ SHUIRUPDQFH� )LJXUH �� DOVR LOOXV�

WUDWHV WKDW WKH ODUJHU VRFNHW EXIIHU VL]H UHGXFHV WKH GHSHQGHQFH EHWZHHQ SDFNHW WUDQVPLVVLRQV RYHU WKH UHPRWH DQG ORFDO

FRQQHFWLRQV� DQG DV D UHVXOW� IXUWKHU UHGXFHV WKH GLIIHUHQFHV LQ SHUIRUPDQFH EHWZHHQ WKH EXIIHU�DQG�IRUZDUG SUR[\ DQG

WKH VWRUH�DQG�IRUZDUG SUR[\ DSSURDFKHV�
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'DWD 7UDQVIHU 6L]H �.%\WHV�
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'LUHFW FRQQHFWLRQ

3UR[\ ZLWK 1RUPDO 7&3

3UR[\ ZLWK 0RGLILHG 7&3
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'DWD 7UDQVIHU 6L]H �.%\WHV�
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'LUHFW FRQQHFWLRQ

3UR[\ ZLWK 1RUPDO 7&3

3UR[\ ZLWK 0RGLILHG 7&3

�D� �� SDFNHW ORVV �E� �� SDFNHW ORVV

�F� ��� SDFNHW ORVV

)LJXUH ��� &RPSDULVRQ RI WKH SHUIRUPDQFH LPSURYHPHQWV REWDLQHG ZKHQ XVLQJ D VWRUH�DQG�IRUZDUG SUR[\ VHUYHU IRU
GLIIHUHQW GDWD WUDQVIHU VL]HV
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'DWD7UDQVIHU6L]H�.%\WHV�
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'LUHFW FRQQHFWLRQ

3UR[\ZLWK1RUPDO 7&3

3UR[\ZLWK0RGLILHG7&3
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��� 3HUIRUPDQFH :KHQ /RVVHV 2FFXU RQ WKH ,QWHUQHW

+DYLQJ LOOXVWUDWHG WKH HIIHFWLYHQHVV RI D SUR[\ LQ KDQGOLQJ ORVV\ DFFHVV QHWZRUNV� ZH QH[W HYDOXDWH WKH XVHIXOQHVV RI WKH

SUR[\ LQ FDVHV ZKHQ SDFNHW ORVVHV RFFXU QRW RQO\ LQ WKH ORFDO DFFHVV QHWZRUN EHFDXVH RI PHGLD HUURUV EXW DOVR LQ WKH

)LJXUH ��� 3HUIRUPDQFH LPSURYHPHQWV REWDLQHG E\ LQFUHDVLQJ WKH SUR[\ VHUYHU©V
VRFNHW EXIIHU VL]H IRU WKH UHPRWH FRQQHFWLRQ IURP �.% WR ��.%
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3DFNHW /RVV RQ /RFDO 1HWZRUN
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'LUHFW FRQQHFWLRQ

6WRUH�DQG�IRUZDUG SUR[\ ZLWK QRUPDO 7&3

%XIIHU�DQG�IRUZDUG SUR[\ ZLWK QRUPDO 7&3

6WRUH�DQG�IRUZDUG SUR[\ ZLWK PRGLILHG 7&3

%XIIHU�DQG�IRUZDUG SUR[\ ZLWK PRGLILHG 7&3
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/RVV RQ 5HPRWH 1HWZRUN 6HJPHQW
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'LUHFW &RQQHFWLRQ

3UR[\ ZLWK 1RUPDO 7&3

3UR[\ ZLWK 0RGLILHG 7&3
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/RVV RQ 5HPRWH 1HWZRUN 6HJPHQW
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'LUHFW &RQQHFWLRQ

3UR[\ ZLWK 1RUPDO 7&3

3UR[\ ZLWK 0RGLILHG 7&3
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/RVV RQ 5HPRWH 1HWZRUN 6HJPHQW
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'LUHFW &RQQHFWLRQ

3UR[\ ZLWK 1RUPDO 7&3

3UR[\ ZLWK 0RGLILHG 7&3

�D� �� SDFNHW ORVV RQ ORFDO QHWZRUN VHJPHQW �E� �� SDFNHW ORVV RQ ORFDO QHWZRUN VHJPHQW

�F� ��� SDFNHW ORVV RQ ORFDO QHWZRUN VHJPHQW

)LJXUH ��� &RPSDULVRQ RI WKH HIIHFWLYHQHVV RI SUR[LHV IRU GLIIHUHQW SDFNHW

ORVV UDWHV LQ WKH ORFDO DQG UHPRWH QHWZRUN VHJPHQWV
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,QWHUQHW EHFDXVH RI FRQJHVWLRQ� )RU D �0% GDWD WUDQVIHU� )LJXUH �� FRPSDUHV WKH SHUIRUPDQFH REVHUYHG IRU GLIIHUHQW

ORVV UDWHV RQ WKH ORFDO DQG UHPRWH QHWZRUN VHJPHQWV� 7KH IROORZLQJ REVHUYDWLRQV FDQ EH PDGH IURP WKH ILJXUH�

� 6LQFH LW KDV WR UHWUDQVPLW SDFNHWV DOO WKH ZD\ IURP WKH UHPRWH VHUYHU� LUUHVSHFWLYH RI ZKHWKHU WKH SDFNHW ORVVHV RFFXU

RQ WKH ORFDO RU WKH UHPRWH QHWZRUN VHJPHQWV� WKH GLUHFW FRQQHFWLRQ LV HTXDOO\ DIIHFWHG E\ ORVVHV RQ WKH UHPRWH DQG

ORFDO QHWZRUNV� 7KH SHUIRUPDQFH LPSDFW GHSHQGV RQ WKH FXPXODWLYH SDFNHW ORVV UDWH RQ WKH ORFDO DQG UHPRWH QHW�

ZRUNV� )RU H[DPSOH� WKH WKURXJKSXW DFKLHYHG E\ WKH GLUHFW FRQQHFWLRQ ZKHQ ORVVHV RQ WKH ORFDO DQG UHPRWH QHWZRUNV

DUH �� DQG ��� UHVSHFWLYHO\� LV FRPSDUDEOH WR WKDW DFKLHYHG ZKHQ WKH ORVVHV RQ WKH ORFDO DQG UHPRWH QHWZRUNV DUH

�� DQG ��� UHVSHFWLYHO\�

� ,UUHVSHFWLYH RI WKH PDJQLWXGH RI WKH ORVVHV� WKH SUR[\ DSSURDFKHV SHUIRUP EHWWHU WKDQ WKH GLUHFW FRQQHFWLRQ� 7KH

DGYDQWDJHV RI WKH SUR[\ LQ KDQGOLQJ ORVVHV LQ WKH ORFDO QHWZRUN KDYH DOUHDG\ EHHQ KLJKOLJKWHG LQ WKH SUHYLRXV VHF�

WLRQV� :KHQ ORVVHV RFFXU LQ WKH UHPRWH QHWZRUN WRR� WKH SUR[\ RIIHUV VRPH DGYDQWDJHV� %\ VSOLWWLQJ WKH ORFDO DQG

UHPRWH FRQQHFWLRQV� WKH SUR[\ SHUPLWV ORVVHV LQ WKH ORFDO DQG UHPRWH QHWZRUNV WR EH KDQGOHG LQGHSHQGHQWO\� 0RUH�

RYHU� VLQFH WKH URXQG�WULS WLPH RYHU WKH UHPRWH FRQQHFWLRQ LV VPDOOHU WKDQ WKH URXQG�WULS WLPH RYHU WKH HQG�WR�HQG

GLUHFW FRQQHFWLRQ� WKH SUR[\ HQDEOHV IDVWHU UHFRYHU\ IURP ORVVHV WKDW RFFXU LQ WKH UHPRWH QHWZRUN� 6LQFH 7&3 WLPH�

RXWV RFFXU LI SDFNHW ORVV RFFXUV ZKHQ WKH WUDQVPLVVLRQ ZLQGRZ LV OHVV WKDQ IRXU SDFNHWV� E\ SURYLGLQJ ODUJHU EXIIHU�

LQJ� WKH SUR[\ SHUPLWV WKH UHPRWH VHUYHU WR XVH D ODUJHU 7&3 WUDQVPLVVLRQ ZLQGRZ� WKHUHE\ UHGXFLQJ WKH SUREDELOLW\

RI 7&3 WLPH�RXWV RYHU WKH UHPRWH FRQQHFWLRQ�

� )LJXUH �� DOVR LOOXVWUDWHV WKDW XQOLNH WKH GLUHFW FRQQHFWLRQ� WKH SHUIRUPDQFH RI WKH SUR[\ DSSURDFKHV LV GHSHQGHQW RQ

WKH UHODWLYH PDJQLWXGHV RI SDFNHW ORVVHV RQ WKH ORFDO DQG UHPRWH QHWZRUN VHJPHQWV� ,Q JHQHUDO� WKH SUR[\ DSSURDFK

SHUIRUPV EHWWHU ZKHQ WKH ORVV UDWH RQ WKH ORFDO QHWZRUN VHJPHQW H[FHHGV WKDW RQ WKH UHPRWH QHWZRUN VHJHPHQW� )RU

LQVWDQFH� ZKHQ ORVVHV RQ WKH ORFDO DQG UHPRWH QHWZRUNV DUH �� DQG ��� UHVSHFWLYHO\� WKH WKURXJKSXW DFKLHYHG E\ D

SUR[\ WKDW LPSOHPHQWV QRUPDO 7&3 LV �� .ESV� ,Q FRPSDULVRQ� ZKHQ WKH ORVVHV RQ WKH ORFDO DQG UHPRWH QHWZRUNV DUH

�� DQG ��� UHVSHFWLYHO\� WKURXJKSXW GURSV WR �� .ESV� 7KH UHDVRQ IRU WKLV GLIIHUHQFH LV WKDW WKH DELOLW\ RI WKH SUR[\

WR GHWHFW DQG UHFRYHU ORFDOO\ IURP ORVVHV LQ WKH ORFDO QHWZRUN� ZLWKRXW UHTXLULQJ UHWUDQVPLVVLRQV IURP WKH UHPRWH

VHUYHU� RXWZHLJKV WKH DGYDQWDJHV LW RIIHUV IRU KDQGOLQJ ORVVHV LQ WKH UHPRWH QHWZRUN� )XUWKHUPRUH� WKH HQKDQFHPHQWV

WR WKH SUR[\ VHUYHU©V 7&3 LPSOHPHQWDWLRQ HQDEOH LW WR KDQGOH ORVVHV LQ WKH ORFDO QHWZRUN PRUH HIILFLHQWO\ WKDQ WKRVH

LQ WKH UHPRWH QHWZRUN�

� 7KH DGYDQWDJHV RI RSWLPL]LQJ WKH SUR[\ VHUYHU©V 7&3 LPSOHPHQWDWLRQ IRU +)& QHWZRUNV DUH DSSDUHQW ZKHQ WKH ORVV

UDWH RQ WKH ORFDO QHWZRUN LV JUHDWHU WKDQ WKDW RQ WKH UHPRWH QHWZRUN� *UHDWHU WKH GLIIHUHQFH EHWZHHQ ORVVHV RQ WKH

ORFDO DQG UHPRWH QHWZRUNV� JUHDWHU WKH SHUIRUPDQFH DGYDQWDJHV IURP WXQLQJ WKH SUR[\ VHUYHU©V 7&3 LPSOHPHQWDWLRQ

WR WKH +)& DFFHVV QHWZRUN�

� &RQFOXVLRQV

2XU DQDO\VLV KDV KLJKOLJKWHG WKH SHUIRUPDQFH DGYDQWDJHV WKDW FDQ EH REWDLQHG E\ XVLQJ SUR[\ VHUYHUV WR KDQGOH UHPRWH

DFFHVVHV LQ EURDGEDQG GDWD VHUYLFH GHSOR\PHQWV� HYHQ LQ FDVHV ZKHQ WKH SUR[LHV GR QRW VHUYH DV GDWD FDFKHV� 6LPXOD�
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WLRQV RI W\SLFDO +)& QHWZRUNV KDYH LQGLFDWHG WKDW E\ WDLORULQJ SUR[LHV IRU ORVV�SURQH K\EULG ILEHU�FRD[LDO DFFHVV QHW�

ZRUNV� VHYHUDO�IROG LQFUHDVH LQ SHUIRUPDQFH FDQ EH REWDLQHG�

$V SUR[LHV EHJLQ WR EH XVHG LQ EURDGEDQG GDWD VHUYLFH GHSOR\PHQWV� VHYHUDO FULWLFDO LVVXHV LQ WKH GHVLJQ RI SUR[LHV QHHG

WR EH IXUWKHU H[DPLQHG� 7KH GHVLJQ RI SUR[\ DUFKLWHFWXUHV WKDW VFDOH WR KDQGOH VHYHUDO WKRXVDQG VXEVFULEHU UHTXHVWV

VLPXOWDQHRXVO\ DQG FDFKLQJ VWUDWHJLHV WKDW HQKDQFH SHUIRUPDQFH RI UHPRWH DFFHVVHV HYHQ LQ ORVV�IUHH QHWZRUN HQYLURQ�

PHQWV DUH DUHDV IRU IXUWKHU UHVHDUFK� 3HUIRUPDQFH PRQLWRULQJ DQG IDXOW GLDJQRVLV WHFKQLTXHV IRU QHWZRUN HQYLURQPHQWV

LQ ZKLFK D KLHUDUFK\ RI SUR[LHV LV XVHG WR KDQGOH UHPRWH DFFHVVHV LV DQRWKHU WRSLF IRU IXWXUH LQYHVWLJDWLRQ�

5HIHUHQFHV
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