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ERXQG RQ GHOD\ SURYLGHG E\ WKH P N :)4 VFKHGXOBHVXRMRUBQGFDO
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,QWURGXFWLRQ

5HDO WLPH DSSOLFDWLRQV DUH RI JURZLQJ XVH RYIWRWRH ,QWHUQHW DQG
ZRUN KDV EHHQ GHYHORSHG WR SURYLGH TXDOLWA RI VHUYLFH 4R6 IRU UHDO
WLPH DSSOLFDWLRQV ODLQ VFKHGXOLQJ DSSURDFKHV XVH *XDUDQWHHG 5DWH

*5 VHUYHUV VXFK DV :)4 WR UHVHUYH EDQGZLGWKHRPWHDO WLPH VW

DQG PDNH D ERXQGHG HQG WR HQG GHOD\ IRU HDFK VHUYHG VWUHDP +RZHYHU
WKLV GHOD\ ERXQG LV DIIHFWHG E\ WKH EXUVW\ QDWXUH RI WKH IORZ $FWXDOO

IRU D JLYHQ EDQGZLGWK VKDUH ZKHQ WKH EXUVW VL]JH LV LPSRUWDQW WKH GHOD\
RI UHDO WLPH SDFNHWV JHWV ODUJH DQG WKH WHRSRWIHGAR6 PD\ EH WUDQV

> @ $ QDWYH VROXWLRQ PD\ FRQVLVW LQ LQFUHDVLQJ WKH UHVHUYHG EDQGZLGWK
IRU WKH ORZ VKDUH EXUVW\ VWUHDP WR PHHW LWV GHDGOLQH UHTXLUHPHQW
+RZHYHU WKLV WHFKQLTXH YLRODWHY WKH WKURXJKSXW IDLUQHVV DQG PLVXVHV Wk
EDQGZLGWK UHVRXDFKDLPLW FRPHV IURP WKH VHOHFWLRQ FULWHULRQ LQ

)4 VHUYHU ,Q IDFW SDFNHWV DUH VHOHFWHG LQ WXHINDVLQJ RUGHU RI

YLUWXDO ILQLVK WLPH > @ 7KLV WDJ RQO\ GHSHQGY®G WKH VHUYLFH VKDUH

WKH SDFNHW OHQJWK RI WKH IORZ YORZV ZLWK KLHUYHIGYLFH VKDUH DUH V

IDVWHU 7KHUHIRUH ZH QRWLFH WKDW :)4 GRHVQIW WDNH LQWR DFFRXQW WHPSRUDO
FRQVWUDLQWV RI VHUYHG IORZV ,QFUHDVLQJ WKBNBIGELEH VKDUH WR PHHW
UHTXLUHPHQW LV QRW HILFLHQW VLQFH LW OWEEZYGMA XQGHUXWLOL]H ED
UHVRXUFHV

7R VPRRWK WKLV SUREOHP :DQJ HW DO SURSRVHG LQ > @ D WHFKQLTXH FDOOHG
3:)4 WKDW FRPELQHV IL[HG SULRULW\ DVVLIQPHQW DQG :)4 VFKHGXOLQJ
DOJRULWKP LQ RUGHU WR EHWWHU PDQDJH WKH GHOD\ ERXQGV IRU YDULRXV IORZ
VHVVLRQV 7KH SUREOHP WR UHVROYH ZDV KRZ WR SURYLGH VKRUW GHOD\
JXDUDQWHHYV IRU IORZV ZLWK ORZ VHUYLFH VKDUH 7KIR&XWFRPH Rl WKLV PHW

LV WR UHGXFH WKH XSSHU ERXQGV RQ GHOD\ IRU IORZV ZLWK ORZ VHUYLFH VKDUH
E\ DVVLIQLQJ WKHP KLIKHU SULRUMGLBVQ@ AQEREQGRZ

GHILQHV D YLUWXDO WLPH LQWHUYDO LQ ZKLEK\NRDSRENNWY ZKRVH Y

WLPHV IDOO LQWR DUH FRQVLGHUHG WR KD¥H TXMLPHOPHULQLVK WLP

VHOHFWV WKH KLIKHVW SULRULW\ SDFNHW WRLEX YHDSRE ZLWKLQ WKH VOLG

7KLV WHFKQLTXH OHDGV WR GHFRXSOH WKH GHOD\ IMRP WKH VHUYLFH VKDUH
SURYLGHV EHWWHU GHOD\ JXDUDQWHHV IRU ORZ VKDUH IORZV ZLWKRXW PXFK
GHJUDGLQJ WKH GHOD\ RI RWKHU IORZ VHVVLRQV EXRDWKH FKRLFH RI WKH RSWL
ZLQGRZ VL]H PLIKW EH FRPSOH]

ORUHRYHU ZKHQ VHUYLQJ VHYHUDO EXUVW\ VWUHBRMUWKH VHUYHU PD\ V

IURP FRQJHVWLRQ LI WKH V\WWHP TXHXH DSSURDFKHKLMVV FDSDFLW\ OLPLW
VLWXDWLRQ RFFXUV ZKHQ LQFRPLQJ EXUVWV DUH VLIQLILFDQW 3UHGLFWLYH
PHFKDQLVPV DUH XVHG WR SUHYHQW FRQJHVWLRQV OLNH IRU H[DPSOH WKH 5('
DOJRULWKP >@ ZKLFK GLVFDUGV UDQGRPO\ HDFK DUULYLQJ SDFNHW ZLWK D



FHUWDLQ SUREDELOLW\ ZKHQ WKH DYHUDJH TXHXH VL|H H[FHHGV D SUHVHW
WKUHVKROG 6XFK EHKDYLRU FRXOG DIIHFW D UHDO WWWPH FRQQHFWLRQ LI SDFENH
GURSV DUH PDGH LQDGHTXDWHO\

7R DOOHYLDWH WKHVH SUREOHPV ZH LQWURGXFHGRONRIV SDSHU D IDLU VFKH
WHFKQLTXH IRU SURYLGLQJ PN ILUP UHDO WLPH JXDUDQWHHV SURSRVHG LQ

> @ 7KH LGHD WDNHV SURILW IURP WKH WROHUDQFH Rl RFFDVLRQDO GHDGOLQ
PLVVHV DFFRUGLQJ WR D PN ILUP SDWWHUQ W& VRBHFWLYHO\ GLVFDU

SDFNHWV ZLWKRXW YLRODWLQJ WKH RYHUDOO SHUIRUPDQFH Rl WKH DSSOLFDWLRQ Zk
WKH I0RZ LV VHUYHG E\ D :)4 VFKHGXOHU +DPGDRXL DQG 5DPDQDWKDQ
PHQWLRQHG LQ > @ WKDW VRPH UHDO WLPH DSSOLFDWLRQV VXFK DV PXOWLPHGLD
IORZV DQG HPEHGGHG V\VWHPV FRXOG WROHUDWH WRRH\GHDGOLQH PLVVHYV LI
RFFXUUHG RFFDVLRQDOO\ DQG QRW VXFFHVVLYHO\ ORUHRYHU 7KH VWXG\ RQ WKH
03(* YLGHR IORZ SUHVHQWHG LQ > @ VWDWHG WKDRFMHWM HIIHFW RI WKH S

ORVV RQ WKH 4R6 Rl WKH DSSOLFDWLRQ GHSHQGV RQ ZKHQ DQG KRZ WKH ORVV
RFFXUV )RU H[DPSOH DFFRUGLQJ WR WKH FRPSUHVVLRQ PHFKDQLVP RI 03(*

VWUHDPV WKH ORVV RI GDWD LQ , ,QWUD FRGHBPBIY®RBOEUHGLFWHG U

03(* IORZ ZLOO SURSDJDWH DQG FDXVH HUURUV LQ QBI&/HU IUDPHV XQWLO D

IUDPH DUULYHV ZKHUH DV WKH % IUDPH %L GLUHFURROQRDVFRGHG IUDPH

QR SURSDJDWLRQ HIIHFW 7KHUHIRUH LW LV PRUH MVKALHQW WR JXDUDQWHH

DQG 3 IUDPHV RQ WLPH GHOLYHU\ LI SRVWLEOH WR PDKH WKH GHFRGH SURFHV
PRUH HIIHFWLYH

,Q JHQHURKHQ SDFNHW GURSV DUH DGHTXDWHO\ PDGH DFFRUGLQJ WR D ZHOO
GHILQHG SDWWHUQ LW UHGXFHV WKH V\AVWHP ORDG ZKLFK UHVXOWYV LQ VSHHGLQJ X
SDFNHW WUDQVPLVVLRQ E\ UHGXFLQJ WKH TXHXHLQJ WLPH 7KLV DSSURDFK
HQKDQFHV WKH GHOD\ ERXQG E\ VPRRWKLQJ WKH EXUVWV Rl VHUYHG VHVVLRQV
6LPXODWLRQ DV ZHOO DV DQDO\WLV VKRZV QRWLFHDHOH LPSURYHPHQWYV RQ WK
GHOD\ JXDUDQWHHV WKURXJKSXWV DQG V\IVWHP XWLOL|DWLRQ PDNLQJ SURRI RI WKH
HIILFLHQF\ Rl WKH SURSRVHG DOJRULWKP

ORUH VSHFLILFDOO\ D IORZ LV VDLG WR KDYH P N LLRRXWTXLUHPHQW

RI DQNFRQVHFXWLYH SDFNHWV PXVW PHHW WKHLU UHW$HFWLYH GHDGOLQHV ZKH
P dN 7KLV NLQG RI UHTXLUHPHQW LV D SDUWLFXODUHRYH RI ZHDNO\ KDUG U
WLPH FRQVWUDLQWYV GHWDLOHG LQ > @ ZKLFK LWRZHXNOQHRI UHSUHVHQW WKH

Rl VRPH GHDGOLQH PLVVHV )RU H[DPSOH D KDUG UHDO WLPH IORZ FRXOG EH
FRQVLGHUHG DV P N ILUP IORK ZKHQ

7KH PRWLYDWLRQ RI WKLV ZRUN LV WR LQWHJUDWH WKH WHPSRUDO FRQVWUDLQ\
QDPHO\ PN ILUP UHTXLUHPHQWV LQ WKH *5 VHUYHUV WR SURYLGH QRW RQO\
EDQGZLGWK JXDUDQWHHV EXW DOVR WR VDWLVI\ WKH UHDO WLPH UHTXLUHPHQWV

7KH SURSRVHG DOJRULWKP LV DOVR D *5 VHUYHU WKDW WDNHV LQWR DFFRXQW P N
ILUP FRQVWUDLQWV DFFRUGLQJ WR D SUH GHILQHG SDWWHUQ :H SURSRVH DQ



HWHQVLRQ RQ :)4 SDFNHW VHOHFWLRQ IXQFWLRQ WR PHHW WKH PN ILUP
UHTXLUHPHQW RI HDFK VHUYHG VWUHDP +RZHYHU PN ILUP FRQVWUDLQW
ZKLFK UHSUHVHQWV D GHDGOLQH GULYHQ SDUDPHWHU DQG :)4 VFKHGXOLQJ
DOJRULWKP ZKLFK UHSUHVHQWV D VKDUH GULYHQ SHODPHWHU DUH QRW GLUHF
UHODWHG 7KHUHIRUH ZH GHVFULEH WKURXJK WKLV SDSHU KRZ WR LQWHJUDWH P N
ILUP FRQVWUDLQWV LQWR *5 VHUYHU WR LPSURYH GHOD\ JXDUDQWHHV

)RU D GHWHUPLQLVWLF P N ILUP JXDUDQWHH ZH SURYMERI DQDO\WLF UHVXO
HYDOXDWH XSSHU ERXQG RQ GHOD\V JXDUDQWHHG E\ WKH P N :)4 VFKHGXOHU
)RU WKLV SXUSRVH ZH LQWURGXFH WK QHZ GR@EHSYHRIDV

D ILOWHULQJ FRPSRQHQW LQ 1HWZRUN &DOFXOXVONIWYWH/KDSHV WKH DUULYD
RI D VWUHDP DFFRUGLQJ WR LWV P N ILUP FRQVWUDLQW

7KH UHVW Rl WKLV SDSHU LV RUJDQLJHG DV IROORZV 6HFWLRQ JLYHV DQ
RYHUYLHZ RIWKH P N ILUP FRQFHSW 7KH SURSRVHG P N :)4 DOJRULWKP

LV SUHVHQWHG LQ VHFWLRQ 6HFWLRQ LQWURGXFHYSMKH P N ILOWHULQJ FRQF
WR DGDSW 1HWZRUN &DOFXOXV IUDPHZRUN WR WKH XVH RI PN ILUP
FRQVWUDLQWV DQG SUHVHQWY WKH DQDO\WLF GRIDBWREOXDWLRQ  6LPXODWL
DQG UHVXOWV DUH GHHSO\ GLVFXVVHG LQ VHFWLRQKHE6HFWLRQ FRQFOXGHV W
SDSHU

2YHUYLHZ RI P N )LUP *XDUDQWHHV

7KLV VHFWLRQ H[SODLQV KRZ WKH P N ILUP WLPLQJ FRQVWUDLQW FRXOG EH
XVHIXO IRU D UHDO WLPH VWUHDP WR H[SUHVV LWV GHDGOLQH PLVV SURILOH

$ VWUHDP LV VDLG WR KDYH P N ILUP UHTXLUHPIQWNHVDW OHDVW

LQVLGH DQ\ ZLOQGRAFRQVHFXWLYH SDFNHWV PXVW PHHW WKHLU UHTXLUHG
GHDGOLQH ,| PRUN R\BIBQRGOLQH PLVVHV RFFXU LQ D VSHFLILHG ZLQGRZ

WKH VWUHDP WHPSRUDO FRQVWUDLQW LV WUDQEQOQBYPYARG RU LV VDLG WR EH
IDLOXUH VWDWH

‘H GHILQH WKH FRQFNSBVWRNAVKDW VSHFLILHV WKH RUJDQL]JDWLRQ RI
GHDGOLQH PLVV DQG PHHW ZLWKINS DFRAPGRZ RI

'HILQLWLRQ
7KHNSDWWHUQ RI D VWUHDP KDYLQJ P N ILURLGHPSQUWQEY WHIH
VXFFHVVLRQ RI N HOHPHQWV IURP WAGHD OBKIBEHW

-2 6WDQGV IRU DQ2SWLRQL
®0 6WDQGV IRU D ODQGDWRL
DQG FRQWDLQV H[DFWO\ P p0f V\PEROV
NL GHQRWHWVWERHRHQW RN STRMVHUQIIRUN




8VLQINSDWWHUQV WKH VWUHDPYV SDFNHWRIWIERQ@DXEGHG LQWR

PDQGDWRIDUWYV 7R VDWLVI\ WKH P N ILUP FRQVWUDLQW RI D IORZ LW LV
VXILFLHQW WKDW DOO PDQGDWRU\ SDFNHWV RSMIVROERBLU GHDGOLQHV
SDFNHWV FRXOG EH GURSSHG RU WUDQVPLWWHG GHSHQGLQJ RQ WKH VFKHGXOLQ.
DOJRULWKP 7KH PLVV RI DOO RU VRPH RSWLRQDO SDNHINVY ZRXOG QRW DIIHFW
WHPSRUDO 4R6 Rl WKH VWUHDPUPHRIPHDRQWHHG VARQVEMWYV

LQ IXDUDQWHHLQJ WKH GHDGOLQH PHHW RI DOO PDQGDWRU\ SDFNHWV

)RU H[DPSOH D VWUHDP KDYLQJ  *ILUP FRQVWUDLQWMUBBRAOG VDWLVI\ V
NSDWWHU®dor 1002021 « RI OHQIJWK DQG KDYLQJ H[DFWO\

PDQGDWRU\ SDFNHWV  %DWHEDWRQ/MUKH WKH FODVVLILFDWLRQ RI WKH
ZKROH SDFNHWV RI WKH VWGBHRBRROOWRRE)

3URSRVLWLRQ

&RQVLGHU D VWUHDP ZLWK P N ILUP FRQVWUDLQW

7KH @’SDFNHW LV FODVVLILHG DV PDQGDWRU\ LI DQG RQO\ LI
NQPRGN 0 Q «

ZKHUH PRG LV PRGXOXV RSHUDWRU UHPNLRGHU DIWHU GLYL

7KLV WHFKQLTXH PD\ EH XVHG LQ GLIIHUHQW FRQWHWLRI®> @ WKH FODVVLILF

LQWR PDQGDWRU\ DQG RSWLRQDO SDUWV KDV EHHQ XVHG WR HQKDQFH WKH 5DW}
ORQRWRQLF VFKHGXOLQJ SURFHVV $OVR LQ PXOWLPHEHD WKLV FRQFHSW FRXOG
DSSOLHG WR VHOHFW PDQGDWRU\ IUDPHV IURP D JURXS RI SLFWXUH *23 XVLQJ

WKH 03(* FRPSUHVVLRQ VWDQGDUG )RU LQVWDQFH LI D VWUHDP KDV D *23
VWUXFWXUH ,%%3%%3% LW FRXOG EH FRQVLGHUHG DV D  ILUP IORZ DQG
DVVLIQH®G! SDWWHUQ N/XB402202 7KLV IDFW VD\V WKDW DOO %

IUDPHV DUH FRQVLGHUHG DV RSWLRQDO 6FKHGXOHWRVKRXOG WDNH PRUH FDU

DQG 3 IUDPHV VLQFH WKH\ DUH PDQGDWRU\

$OVR IRU DQ DXGLR VWUHDP WKDW FDQ WROHUDWH QR PRUH WKDQ RQH GHDGOLQ
PLVV FRXOG EH DVVLIQHG D  ILUP JXDUDEMWAMNALQUK D

,Q JHQHUDO WKH VSHFLILRBDMRIHRIDIRU D IORZ LV XVHU LQLWLDWHG RU
DSSOLFDWLRQ LQLWLDWHG 7KLV LV VLPSO\ D zD\ DRRQJ VHYHUDO WR FODVV
SDFNHWV DFFRUGLQJ WR P N ILUP FRQVWUDLQWY VRIDWAGDVVLILFDWLRQ L
+RZHYHU ZH FRXOG LPDJLQH D G\QDPLF FODVVLILFDWLRQ PDGH E\ WKH VHUYHU
DFFRUGLQJ WR D JLYHQ DOJRULWKP \QDPLF FODVVIVEHRBHNLRQ LV RXW RI WKH

RI WKLV FXUUHQW VWXG\

1 RWFHWBNV WKNHME LV QRW QHFMYBDUW\QFH IHRDBIUB®A 30 ~ VIPEROV FDQ EH DUELWUDU\
AQAVWULEXWHG DRNFRIMWKAXWDFNVEYV



PN :HLIKWHG )DLU 4XHXHLQJ

7R PDNH :)4 FRPSDWLEOH ZLWK P N ILUP FRQVWUDLQWV ZH LQWHJUDWH WKH
FRQFHSW RN®BWWHUQ LQWR :)4 VFKHGXOHU

/HW XV FRQVLGHU D :)4 VFKHGXOLQJ SURFHVWAWUKIDE WG UYHV

« 61 ZLWK FRQVWDQW VHEYDEE UDRYHVHUYLFH) VKDAK

VWUHDP KDRINMYUP FRQVWUDLQW

7KH VWDQGDUG :)4 VFKHGXOLQJ DOJRULWKP LV EDVHG RQ WKH FRPSXWDWLRQ RI
WKH YLUWXDO ILQLVK WLPH WR HPXODWH WKH IOXLG *36 VIVWHP > @

7KH YLUWXDO ILQLVK WDJ RI D SDFNHW LV GHILQHG DV

I

)L

ZKHUHN LV WKH YLUWXDO ILQN/fSBANHIARRI V\&/UHBPLY WKH

YLUWXDO WLPR'8RIFQHW DUULYMADWRSDFNHW VL]H

7KH VWDQGDUG :)4 VFKHGXOHU VHOHFWV WKH SDFNMWKZLWK WKH ORZHVW IL
WDJ 7KLV WDJ GRHV QRW FRQVLGHU DQ\ WHPSRUDO G&QVWUDLQW ,W RQO\ GHSH
RQ WKH VKDULQJ IDFWRU DQG WKH SDFNHW OHQJWK

+RZHYHU RXU SURSRVHG VROXWLRQ FDOOHG PN :)4 XVHV PN ILUP
FRQVWUDLQWYV E\ WDNLQJ LQWR DFFRXQW SIENMVRBROVVLILFDWLRQ DV
PDQGDWRSDUWY DFFRUGLQJ WR WKH FRISDMXSRQGLQKH
PDQGDWRU\ BOUEH VHUYHGXBREFGHW WKH VSHFLILHG GHDGOLQH
7KH RSWLRQDO SDFNHW LV GURSSHG XQOHVV LW PEHMAY WKH VSHFLILHG GHDGOL
EHIRUH VHUYLQJ DQ RSWLRQDO SDFNHW WKH VHQRMUFHHIFNY LI LW ZLOO RU
WKH UHTXLUHG GHDGOLQH ,| LW LV WKH FDVH VWWMHSDFNHW ZLOO EH
RWKHUZLVH LW ZLOO EH GURSSHG
7KHUHIRUH WKH VFKHGXOLQJ DOJRULWKP LV GLYLGHG LQWR

X 3ULRULW\ DVVLIQPHQW SURFHWV

X B6HUYLFH SURFHWV
7DEOH VKRZV WKH P N :)4 VFKHGXOLQJ DOJRULWKP

7KHSULRULW\ DVVLIQPHQWWHMFRFHWIDFK LQFRPLQJ SDFNHW ZLWK WZR

WDJV 7KHQLVK 7DDV VKRZQ E\ HTXDWLRQ 3UDRG.W\ WDJ

VSHFLN\LQJ LI WKH SDFENHW LV 2SWLRQDO RU 0DQGDWRU\ DFFRUGLQJ WR WKH SU
GHILQNGDWWHUQ RI WKH VHBY HGXORA_RQ 2QFH WKH DUULYHG

SDFNHW LV WDJJHG LW LV TXHXHG ZDLWLQJDRVR\SRWHIEDHFHLI W LV

WKH DSSOLFDWLRQ LV DZDUH RI LWV P N ILUP FRQVWUNLQW WKDW WKH SDFNH
WDJJHG E\ WKH VRXUFH DV RSWLRQDO RU PDQGDWBWIHFBERUGLQJ WR LWV

)N Po[) No w



7DEOH PN :)4 6FKHGXOLQJ $OJRULWKP
, QBXW
6WJHDPV 6, ~ 3HULRGRU5 DWH ' HDGOLQH UHTXLUHRHQW
PN - LWWHURUO%UVW 3DF NHW6L] H
3ULRULW\$ WLIQPHQW
$W D S DFNHW DUULBOWLPH Rl VWUHDP >L@ *

L N DPRGN, 0 WKIQ A
7 DJ WKH SDFNHW DV 0DQGDWRUM 0f
HOVH A

7DJ WKH SDFNHW DV 2SWLRQDO p21

&RPSXWH 2UWXDO LQLVK 7LPH ) LN

7DJ 7TKH SDFNHW Z  LWK )LN
3XW WKH SDFNHW LQ WKH FRUUHVSRQGLQJ TXHXH

6HUYLFH 'LVFLSOLQH
VHUYHU LGOH
:KLOH EXIlHUQRWHPSW\ GR~*
LI VHUHU EXW A
LI WKIUH LV DW OHDVW RQH PDQBWRU\
SDF NHW DW WKH KHDG RI TXHXH WKHQ
6HOHFW PDQGDWRU\ SDFNHW ZLWK
ORZHVW ILQLVK WDJ
HOVH 6HOHFW 2SWLRQDO SDFNHW ZLWK
ORZHVW ILQLVK WDJ
LI SDFNHW LV PDQGDWRU\ WKHQ"
VHQG WKH SDFNHW
VHUYHU E XW\

HOVH ~ 2 SW.RQDO 3DANHW
LI GHDGOLQH RXOG EH PLVVHG"
GURS WKH SDFNHW
VHUYHU LGOH

HOVH ~
" VHQG WKH SDFNHW
VHUYHU EXW\

* HQG HOVH p 2SWLRQDO 3DFNHW
' HQGLI VHUYHU EXW\
LI VHUYHU EXW 2
ZDLW XQWLGDFNHW LV WUDQVPLWWHG
VHUYHU LGOH

" HQG ZKLOH

7KHVHUYLFH SURMHMV¥WLYDWHG ZKHQHYHU WKHUH LV DW OHDVW D SDFNHW
ZDLWLQJ LQ WKH EXIIHU )LUVW WKH VFKHGXOBRUNBRHFYWY WKH SDFNHW

)LQLVK 700PRQIRQO\ PDQGDWHDKFNHWYV [URP WKH KHDG RI DFWLYH

TXHXHV ,| QR PDQGDWRU\ SDFNHW LV DYDLODEOH MM {NHOHFWLRQ LV PDGH
RSWLRQDO RQHV ,| WKH VHOHFWHG SDFNHW LV CODWEBWRU\ LW LV LPPH
WUDQVPLWWHG +RZHYHU IRU DQ RSWLRQDO SDFNHW WKH VFKHGXOHU SUHGLFW
ZKHWKHU WKH VHOHFWHG SDFNHW ZRXOGHFNHWHRLGRDGOLON



DIWHU EHLQJ VHUYHG ,Q WKH FDVH RI GHDGOUQHWPHAIGVKH SDFNHW
RWKHUZLVH LW LV GLVFDUGHG DQG DQRWKHU SDFNHW ZRXOG EH VHOHFWHG

+HQFH WKH JDLQ RI PN :)4 LV WKDW LW DOPRVW SHUIRUPV WKH VDPH
EDQGZLGWK JXDUDQWHH DV :)4 GRHV )XUWKHUPRUH WKH IRUPHU UHGXFHV WKH
GHOD\ ZKHQ XVLQJ P N ILUP WHPSRUDO FRQVWUDLQWYV E\ GURSSLQJ RSWLRQDO
SDFNHWV 7KLV IDFW LV LQWHUHVWLQJ LQ RYHUORDG(FRQGLWLRQ PDQDJIHPHQW V
WKLV GURS WHFKQLTXH LV PRUH VXLWDEOH IRU UHBO WLPH VWUHDPV WKDQ W
SUHGLFWLYH 5(' DOJRULWKP ,Q VXFK FDVHV GURSSLQJ RSWLRQDO SDFNHWV WKDW
DUH PLVVLQJ WKHLU GHDGOLQHV SURYLGHV ORZHU GHRD\V IRU ZDLWLQJ PDQGD
SDFNHWV +RZHYHU XVLQJ VWDQGDUG :)4 WKH GHOD\ ERXQG ZRXOG EH PRUH
LPSRUWDQW GXH WR WKH VKDUS HIIHFW RQ WKH LQFRPLQJ EXUVW 7KHUHIRUH WKH
EHQHILW RI WKH P N ILUP JXDUDQWHH LV WR VPRRWK WKLV XQZDQWHG HIIHFW
ZKHQ WKH VHUYHU LV ORDGHG

$ SDUWLFOH DGYDQWDJH RI WKLV VFKHGXOLQJ DOARDIQEKP LV LWV VLPSOLF

DOVR LW GRHV QRW LQWURGXFH KHDY\ FRPSXWDWLRQ RYHUKHDGV VR WKDW LW
LPSOHPHQWDWLRQ UHPDLQV IHDVLEOH DQG HDV\ WR SHUIRUP ORUHRYHU WKLV
PHFKDQLVP FRXOG EH HWHQGHG WR EH XVHG E\ DQ DGPLVVLRQ FRQWURO
IXQFWLRQ WR DFFHSW VWUHDPV DFFRUGLQJ QRWRIEDWIHRYKHLU WUDIILF VSH
7VSHEQ ,QW6HUY 4R6 PRGHO EXW DOVR WKHLU P N [LUP UHTXLUHPHQWV

'HOD\ %RXQG $QDOWLV

,Q WKLV VHFWLRQ ZH SUHVHQW WKH DQDO\VLV Rl WKEUBXDUDQWHHG GHOD\ ERXQG
PN )4 VFKHGXOHU XVLQJ 1HWZRUN &DOFXOXV )RUPDOLVP )RU WKLV
SXUSRVH ZH LQWURGXFH WKH FRQFHSW RI P N ILOWHULQJ WR DGDSW 1HWZRUN
&DOFXOXV WR WKH XVH RI P N ILUP FRQVWUDLQWV

PN )LOWHULQJ 7KHRU\
$VVXPH WKDW ZH KDYH D IORZ ZLWK FXPXODWLYHDWHDKDO IXQFWLRQ

KDV D PN ILUP GHDGOLQH UHTXLBHEHQVRNEDWWHUQ RI WKLV
IORZ DV H[SODLQHG LQ VHFWLRQ

'HILQLWLRQ PN )LOWHU GHYLFH |

' :H GHILQH DQ PN ILOWHU DV D GHYLFHDWKIYWNAORNQFWLRQ 5 W
' PDNHV WKH RXWEZKAUH RQO\ PDQGDWRU\ SDFNHWV RI WKH FRUUHVSRQGLQJ

IORZ DUH VHQW DFFRUGISIVWRAWNDV 2SWLRQDO SDFNHWYV ‘DUH GLVFDUGHG

,Q WKLV SDUDJUDSK ZH DVVXPH WKDW HDFK IORZ KDYHD FRQVWDQW SDFNHW VL
GHQRWHG EKH FDVH RI YDULDEOH SDFNHW VL]H LV SUHVHQWHG LQ WKH QH[W
SDUDJUDSK



1IRWH WEKWMBEHQRWHY WKH LQSXW LQ WHUPV RI QXPEHU RI SDFNHWV 7R KDYH

WKH QXPEHU RI ELWV ZH MXVW QHHG WR PXOWLSO\FNKWY TXDQWLW\ E\ WKH SD
VL]H

$W RQFH RI N WKH RXWSXW LV H[DFWO\ HTXDO WR WKH LQSXW )RU

5 W LV WKH FXPXODWLYH QXPEHU RI PDQGDWRU\ SDFNHWV ZLWKLQ WKH LQWHUYDO

avy
_|lz

7KH IROORZLQJ WKHRUHP H[SUHVVHV WKH DUULYDO FXUYH DW WKH RXWSXW RI D
PN ILOWHU

7KHRUHP
&RQVLGHU D FRQVWDQW SDFNHW VL]H IQRZHZDMH BIRXPROBMLRQ
5W [NSDWWNU@G FURVVHV DQ P NBLAWHNKH RXWSXW RI WKH
PN ILOWHU LI DQG RQO\ LI
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7KH SURRI LV GHWDLOHG LQ $SSHQGL]

&DVH RI 9DULDEOH 3DFNHW 6L]H
JRU D YDULDEOH SDFNHW VL]H IORZ WKDW FURYNHQIDMLARN [LOWHU
UHPDLQV YDOLG +RZHYHU 7KHRUHP LV QR ORQJHU DSSURSULDWH LQ WKLV FDVH
DV PHQWLRQHG HDUOLHU VLQFH WKH QXPEHU RIVEBIFRHIWVV WKDW FURVVHV
ILOWHU GRHV QRW UHIOHFW WKH QXPEHU Rl PDQGDMWW ELWV EHFDXVH WKH SD
VL]H LV YDULDEOH
‘H SURSRVH WR XVH WKH IOXLG PRGHO WR GHULYH WKH QXPEHU RI ELWV WKDW
FURVVHV D PN ILOWHU IRU D IORZ ZLWK D YDULDEOH SDFNHW VL]H

1RWH WIEDMGHQRWHY WKH LQSXW LQ WHUPV RI QXPEHU Rl ELWV )RU WKLV

PRGHO ZH GHQRWMWEM DUULYDO WLPH RI WKH 1\ @0ARINWRI WKH
ZLWK OHQYVK w GHQRWHV WKH QXPEHU Rl SDFNHWV IXOO\ UHFHLYHG XS WR

WLPH1Ww LV WKH QXPEHU Rl UHFHLYHG SDFNHW ZKLFK LQFOXGH WKH FXUUHQW



RQH :H GHQRWHE BKH VHUYHU FDSDRY{®DEKHW LV FRPSOHWHO\
UHFHLYHG ZLWKLQ dg{é)DWHQF\

WW w

7KHRUHP JLYHV WKH DUULYDO FXUYH DW WKH RMXWRXW RI D PN ILOWH
YDULDEOH SDFNHW VL]H IOXLG PRGHO

7KHRUHP

&RQVLGHU D IORZ ZLWK D FXPXODWLYH BWULYRNSDWQAMUMRQ
DQG FURVVHV D P N SL@WHAKH RXWSXW RI WKH P N ILOWHU LI DQG RQO\
LI

DQG w L N QPRGN /¢

7KH SURRI LV GHWDLOHG LQ $SSHQGL]|

$SSOLFDWLRQ WR D /HDN\ %XFNHW 6KDSHG 6WUHDP
/HW XV FRQVLGHU D FRQVWDQW SDFNHW VL]H VWUHDPOZLWK FXPXODWLYH DUUL
IXQFWLBQV VKDSHG ZLWK D OHDN\ EXFNHW FRQWWNRWMEBHU ZLWK
PD[LPXP EXUVW VLHWDQG WKH DYHUDJH ORQJWHUP UDWH 7KHQ WKH

DUULYDO FXUYH DW WKH RXWSXW Rl WKH P N RUBAWHWFILV JLYHQ E\ WKH
ILIXUH



VU PN
@— 6KDSHU — ) LOWU

)L 6\VWHP 'HVFULSWLRQ

7KHRUHP \

&RQVLGHU D FRQVWDQW SDFNHW VL]H VIROHROFNVZRGKSDWUULY
XSSHU FRQVWUDLQHG E\ WKH DML YD CQUF XD FURVVHV D

PN ILOWHU GHYLFH 7KH RXWSXW SURGXIIEED@/EIUNLM—EH?XQGHG
E\ WKH DUULYDMFPXUNVHIU ZKHUH ‘
RV, E~V
N
u >y
N
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@ °

DQGY7  ~ W W Wq “BKHURWW QNSDFNHW DUULYDO WLPH
:H FDOO WKLV FXUYPLIN RIGHD U RXID® WKH VWUHDP

)RU WKH SURRI UHIHU WR $SSHQGL]|

)LIXUH VKRZV DQ H[DPSOH RI VWUHDP ZLWK FRQYWDQWGGDFNHW VL]H

D SHULRG DIIHFWHG ZLWK D MLWWHU XQLIRUPO\ GLVWULEXWHG LQ > @
$FFRUGLQJ WR > @ WKH VWUHDP LV FRQVWUDLQHZA BIKAIXH DUULYDO FXUY
PD[LPXP EXUVW VLJH DQG DQ DYHUDJH ORQJ WHURLIBWNAN

FXUYH

. WKH VWUHDP FURVVHV D ILOWHULQJ GHYKERYHWRIH DUULYDO F
PDQGDWRU\ SDFNHWV LV UHGXFHG WR D PDLPXP BXQWBQ/LIH

DYHUDJH WDWH ,Q WKLV H[DPSONSDWMVHWBQ 402200 ° DV

LW FRXOG EH REVHUYHG IURP WKH ILIXUH

‘H KDYH LQWURGXFHG XS WR WKLV VHFWLRQ WKH EDVI¥E EDFNJURXQG WR GHDO ZLW
WKH XSSHU ERXQG RQ WKH GHOD\ JXDUDQWHHG E\ D PN :)4 VFKHGXOLQJ
DOJRULWKP 1H[W VHFWLRQ SUHVHQWV WKH GHODLERXQG DQDO\VLV IRU D J

V U VKDSHG IORZ VHUYHG E\D P N :)4 VFKHGXOHU
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)LJ  ([DPSOH RI $UULYDO FXUYH

'HOD\ %RXQG $QDO\VLV

,Q WKLV SDUDJUDSK ZH IRUPDOO\ HIDPLQH WKH GHOD\ ERXQG JXDUDQWHHG IRU D
IORZ VHUYHG E\ D PN :)4 QRGH DQG ERXQGHG E\ WKH DUULYDO FXUYH
DW V U :H DVVXPH WKDW HDFK VWUHDP KDV D FRQVWDQW SDFNHW VL]H

‘H HHWHQG WKH GHOD\ ERXQG DQDO\VLV RI VWDQGDUG (4 VFKHGXOHU GHWDLOH
LQ>@ WR WDNH LQWR DFFRXQW WKH P N ILUP FRQVWUDLQWV

7DEOH SUHVHQWYV WKH V\VWHP DQDO\VLV QRWDWLRQV
7DEOH 1RWDWLRQV

& 6HYHWTSDRWY

)L 6HUYLADUH R IRZ

! py 0 D[LPXP SDFNW W PDPRIDOO IORZV

vV, YXUVW VLIM'RIRZ

U / RQWHUP DYHUDJH ViORZRI

" Lpg OD[LPXP GHOD\ XQGHUY VHUYHU

" LPD[ OD[LPXP GHOD\ XQG@HN :)4 VHUYHU

N 3DFNHW VLH1RIRZ

9w 9LWUXDO WLPH

A %XVUW VL]H RI WKH HIIHFWLYH IORZ

U /RQJ WHUP DYHUDJH UDWH RI HIIHFWLYH IORZ
5w &XPXODWLYH DUULYDO IXQFWLRQ Rl WKH IORZ
5 W &XPXODWLYHI$YDO IXQFWLRQ RI HIIHFWLYH IORZ

G ' HDGOLGKEG WHUHPHQWV




7KH (IIHFWLYH )ORZ &XUYH

7R FRPSXWH WKH GHOD\ ERXQG RI D VWUHDP VHUYHG E\ D PN :)4
VFKHGXOHU ZH QHHG WR HVWLPDWH WKH BUBIEYDCYHAORA Rl WKH
WUDQVPLWWHG E\ WKH VHUYHU 7KLV FXUYH LQFDXGAY DQ® PDQGDWRU\ SD
WKH PD[LPXP QXPEHU RI RSWLRQDO SDFNHWV WUDQVPLWWHG E\ WKH VFKHGXOHU

/HW XV FRQVLGHU ®4DRK FXPXODWLYH DUULYD®W IXQEMURQ
FRQVWUDLQHG E\ WKH DODUNY DO BXUYH

JLIXUH VKRZV WKH WZR HWUHPH FXUYHV WKDW ERXQG WKLV WUDIILF 7KH XSSHU
FXUYH LQFOXGHV DOO SDFNHWV Rl WKH LQFRPLQJ IORKHKH ORZHU FXUYH LV
ORZHVW SRVVLEOH DQG LQFOXGHV RQO\ PDQGDWRU\ SDFNHWV Rl WKH VWUHDP 7KH

HIIHFWLYH LGERQRWHG VHUYHG E\ WKH :)4 VFKHGXOHU KDV DQ

DUULYDO FRUVYHYVY U~ ORFDWHG EHWZHHQ WKHVH WZR H[WUHPH
HQYHORSHV

$W ILUVW ZH QRWLFH WKDW LIWKH P N :)4 VFKHGXOHU LV FRQILIXUHG WR VHUYH
RQO\ PDQGDWRU\ SDFNHWV WKHQ DOO RSWLRQDO SDFNHWV DUH GURSSHG DQG Wk
HIIHFWLYH IORZ LV VLPSO\ WKH RXWSXW IURP D P NUHIQUMIU GHYLFH 7KH
IURPTKHRUHPZH KDYH

oV B~V

° N
®
‘U Py
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6LQFH WKH PLQLPXP JXDUDQWHAMBHIGMBIL\ERXQG LV VLPSO\

P.V [/

LN &

+RZHYHU WKH UHDO VAVWHP GRHV QRW GLVFDUG DOO RSWLRQDO SDFNHWV )RU WKL
SXUSRVH ZH PXVW HVWLPDWH WKH ERXQG RQ WKH QXPEHU Rl RSWLRQDO SDFNHWV
WKDW WKH PN )4 VFKHGXOHU ZRXOG WUDQVPLW )URP GHILQLWLRQ DQ
RSWLRQDO SDFNHW LV GURSSHG ZKHQHYHU LW PLWVERXO®Y GHDGOLQH ZKHQ L
EH VHUYHG 'HQRVEHVEXH UHTXLUHG GHDGOLQH ULXHQ/KMKDW
JXDUDQWHHG UDWH WKHQ WKH PDERHEDEXUDWLILIHHY WKLV GHOD\ LV
GHILQHG DV

EGL
1DwXube&y VLQFH ZH DVVXPH WKDW WKH UHTXLUHG GHDGOLQH LV ORZHU WKDQ

WKDW JXDUDWHHG E\ :)4 2WKHUZLVH LI :)4 IXDUDQWMHYMWKH KDUG UHDO
GHDGOLQH UHTXLUHPHQW WKHQ WKH P N ILUP FRQVWUDLQW LV DOVR VDWLVILHG



7KH HIIHFWLYH IORZ PRGHO LV SUHVHQWHG LQ ILIXUH
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)LJ  (IIHFWLYH )ORZ ORGHO
7KH PDQGDWRU\ SBUMARWKH RXWSXW Rl WKH P N ILOWHU DQG GHQRWHG
5 W 7KH RSWLRQDO SBMUW REWDLQHG ZKHQ WKH IORZNFURVVHV WKH
PN ILOWHEFRUGLQJ WRIVHINSDWWRIMNIKH VWUHDP 7KH RXWSXW LV
GHQRWHG5EW )LQDOO\ WR JHW WKH PD[LPXP QXPEHU RI RSWLRQDO

SDFNHWV WUDQVPLWWHG E\ WKH VFKHGXOHU QRWGWRSSHG WKH IORZ
VKDSHG E\N%\I—P EU OHDN\ EXFNHW FRQWUROOHU WR VHOHFW RQO\ RSWLRQDO

SDFNHWV ZKRVH GHDGOLQHV I%JH ORZHU WKDQ

7KHQ
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DQG WKH RXWSXW Rl WKHP XQBHIEQHE DV
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UHSUHVHQWNHRYHYH WUHINHG E\ WKH :)4 VHUYHU DQG LV ERXQGHG
E\WKH DUULYDO FXUYH
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7KH 'HOD\ %RXQG
6D\LQJ WKDW D IORZ ZLWK DQ DODWYNO BXWYHVHUYHG E\ D
PN )4 VFKHGXOHU LV HTXLYDOHQW WR VD\ WKDW WKH HIIHFWLYH IORZ
FRQVWUDLQHG E\ WKH DWW DO FXIUYHV VHUYHG E\ D VWDQGDUG
)4 VFKHGXOHU ZKHUH

oV P- \V; N P E
® N N
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&RQVHTXHQWO\ WKH GHOD\ ERXQG JXDUDQWHHG E\ PN :)4 VHUYHU IRU WKH
VWUHBEV

V. Ipg ¢
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POl NU N U &
7KH ILUVW VXPPDQG LQGLFDWHY WKH PD[LPXP PDQGDWRU\ EXUVW VL]H 7KH
VHFRQG RQH UHSUHVHQWV WKH DPRXQW RI PD[LPXP EXUVW VL]H RI VHUYHG

RSWLRQDO SDFNHWV 7KH ODVW VXPPDQG UHSUHVHIR®PV WKH VHUYHU ODWHQF\ |
WKH *36 IOXLG PRGHO

2Q WKH RWKHU KDQG WKH GHOD\ ERXQG JXDUDQWHHG E\ WKH VWDQGDUG :)4
VFKHGXOLQJ DOJRULWKP LV > @

4 Vo Ip
Ol G e

‘H REVHUYH WKDW WKH GHOD\ ERXQG JXDUDQWHHG E\ WKH PN :)4
DOJRULWKP LV ORZHU WKDQ WKDW SURYLGHG E\ VWID/IING :)4 VLQFH WKH IL
EXUVW WL]HV ORZHU WKDQ WKH RULJLDO EXUVW VL]H

ORUHRYHU WKH EXUVW VL]H RI WKH VHUYHG RSWIDRENDO/BIFNHWY FRXOG EH

WR PDNH JXDUDQWHHG GHOD\ ERXQG IRU PDQGDWRU\ UHDO WLPH SDFNHWV 6R LI
ZH DVVXPH WKDW WKH PD[LPXP UHTXLUHG GHOD\ IRU PDQGDWRU\ SDFNHWV LV

" unrr WKHQ WKH PD[LPXP DOORZHG EXUVW VL]H IRU RSWLRQDO SDFNHWV LV

e N3 PV Tegy
N Pg NU &
&RQVHTXHQWO\ WKH PD[LPXP DOORZHG GHOD\ WR WUDQVPLW DQ RSWLRQDO SDFNHW
ZRXOG EH

E
G!BNU



7KH PLQLPXP XSSHU ERXQG RQ GHOD\ WKDW FRXOG EH JXUDQDWHHG IRU UHDO
WLPH PDQGDWRU\ SDFNHWV LVEREWIRILEKIERBUHVSRQGV WR GURS
DOO LQFRPLQJ RSWLRQDO SDFNHWV

$V D UHVXOW LW FDQ EH REVHUYHG WKDW XVLQJ PN :)4 VFKHGXOLQJ
DOJRULWKP LV YHU\ HIILFLHQW WR VPRRWK WKH.HIHFYWRR EXUVW\ WUDI
JXDUDQWHH ORZHU GHOD\ ERXQG ZLWK UHVSHFW WR LWV P N ILUP FRQVWUDLQW
ZLWKRXW YLRODWLQJ WKH WKURXJKSXW IDLUQHVV +HQFH P N :)4 VFKHGXOLQJ
WHFKQLTXH SURYLGHV ERWK GHOD\ DQG EDQGZLGWK JXDUDQWHH IRU UHDO WLPH

VWUHDPV WKDW WROHUDWH VRPH GHDGOLQH RISDYMWIBBERUGLQJ WR WKHLU

&DVH RI 9DULDEOH 3DFNHW 6L]H
7KLV DQDOWLV FRXOG EH HIWWHQGHG WR HVWLPDWH WBH GHOD\ ERXQG JXDUDQWHH
E\ PN :)4 VFKHGXOHU IRU D YDULDEOH SDFNHW VL]H VWUHDP +RZHYHU
WKHUH PXVW EH D JRRG NQRZOHGJH RQ WKH SDFNHW VL]H YDULDWLRQ +HQFH WKH
HWHQVLRQ LV SRVVLEOH LI WKH SDFNHW VL]HLY RIKHDRRRXQW F\FOLF RU
RI PDQGDWRU\ ELWV LV NQRZQ :H DVVXPH WERVWMKHIDHR\RVV

PDQGDWRU\ ELWV LQ WKHNERGRZFXWLYH SDFNHWV )RU D FRQVWDQW
SDFNHW \t]K %

$ SUDFWLFDO H[DPSOH RI WKLV DVVXPSWLRQ LV D Q9&3/NHRKXKUFH WKDW JHQH

03(* YLGHR WUDIILF DFFRUGLQJ WR D GHILQHG *R3 7KH 6WXG\ SUHVHQWHG LQ

> @ VKRZV WKDW IRU D JLYHQ VWUHDP WKH SURSRUW/RQ RI , IUDPHV 3 IUDPH
DQG % IUDPHV DUH ZHOO NQRZQ ZLWKLQ D *R3 6R VD\LQJ WKDW DOO % IUDPH

IRU HIDPSOH DUH FRQVLGHUHG DV RSWLRQDO LW LWBRNR.EOH WR SUHGLFW WKH
RI PDQGDWRU\ SDUW ZKLFK LV WKH DPRXQW RI , IUDPHV DQG 3 IUDPHV ZLWKLQ D
*R3

7KHUHIRUHO®OKEM WKH UDWLR RI PDQGDWRU\ SDFNHWV NQWR WKH ZLQGRZ RI
FRQVHFXWLYH SDFNHWYV DFRNSDGNGB VR LWV

(TXDWLRQ LV DOVR DSSOLFDEOH LQ W¥HYHIDWHYARMOHWKH UDWLR

RI PDQGDWRU\ ELWV RI WKHIGRZYQBH SURSRUWLRQ Rl WKH RSWLRQDO
SDUW 7KH GHOD\ ERXQG LV

-V - E Tpg
q3NU QlPNU 2

+RZHYHU IRU D UDQGRP SDFNHW VL]H VWUHDP DQDO\VHV LV QR IXUWKHU SRVVLEO
VLQFH WKH PDQGDWRU\ SDUW LV DOVR UDQGRP DQG FRPSOHWHO\ XQNQRZQ



3HUIRUPDQFH 6WXG\

,Q WKLV VHFWLRQ ZH SUHVHQW WKH SHUIRUPDQFH HYDOXDWLRQ RIWKH P N :
DOJRULWKP XVLQJ 231(7 VLPXODWRU > @

7KH QHWZRUN FRQWDLQV WZR UHDO WLPH VRXUFHV 9RLFH DQG 9LGHR DQG D
EHVW HIIRUW RQH )73 7KHVH VWUHDPV VKDUH D OESVROLQN DFFRUGLQJ
WKHLU EDQGZLGWK UHTXLUHPHQWYV DQG DUH VHUYAXEMD *5 VHUYHU :H D
WKDW DOO SDFNHWV KDYH WKH VDPH VL]H Rl .% . %\WW¥ 7KLV H[DPSO

YHU\ VLPLODU WR WKDW XVHG LQ > @ WR HYDOXDWH WKH SHUIRUPDQFH RI 3:)4

7DEOH 6LPXODWLRQ 3DUDPHWHU

TXLUHG
PN 5DWH 7UDIILF ORGHO  NSDWWHU - ) o))
9RLFH NEV  212)) PV 00200 PV
9LGHR OE V 3VHXGR 3HULRGLF aOEV 02002 FF’,\\//
)73 OEV  3VHXGR3HULRGLF a OEV2 QI

9RLFH VWUHDP LV PRGHOHG DV 21 2)) VRXUFH > @ 6SHFLILFDOO\ 21 DQG
2)) WLPHV DUH H[SRQHQWLDOO\ GLVWULEXWHBS/ ZDQE

P2) pPv 7KH SDFNHW JHQHUDWLRQ SHULRG LV PV 7KHQ WKH

DYHUDJH UHTXLUHG EDQGZLGWK LV .ESV 7KH UHTXLUHG GHOD\ LV PV ZLWK
D ILUP FRQVWUDLQW 7KH VWUHDP LV QRW VKDSHG E\ D OHDN\ EXFNHW
FRQWUROOHU WR VHH FOHDUO\ WKH LPSDFW RI WKH EXUVW RQ WKH GHOD\ ERXQG

9LGHR VWUHDP LV PRGHOHG DV D &%5 VRXUFH WKDWRIBIHUDWHYV SVHXGR SHUL
WUDIILF DW DQ DYHUDJH UDWH RI OESV DQG D GWORBORYH UHTXLUHPH
ZLWK ILUP FRQVWUDLQW

7KH %HVW (IRUW WUDIILF LV DQ DJJUHJIDVDMV)FROUXPIHWF \iiH

UHPDLQHG EDQGZLGWK DW DQ DYHUDJH UDWH Rl OESV 7KHUH LV QR UHDO

WLPH FRQVWUDLQW IRU )73 WUDIILF VR DOO )7BGSRANGI\DYV DUH FRQV

RSWLRQDO ZLWK  ILUP JXDUDQWHH +RZHYHU :H FRQILIXUH PN :)4

VHUYHU WR GURS RSWLRQDO SDFNHWV RQO\LRLY RIFBHOD@FH VWUHDPV

YLGHR $00 SDFNHWV RI )73 WUDIILF DUH WUDGP@NFDIMERA QFH WKLV D

YHU\ VHQVLWLYH WR SDFNHW ORVV EXW QRW WR WKH GHOD\ :H VHW WKH )73 GHDGOLGC
WR EH LQILQLWH

'HOD\ *XDUDQWHHV

,Q WKLV VFHQDULR ZH DOVR SUHVHQW WKH GHOD\ ERXQG SURYLGHG E\ WKH P N
),)2 VFKHGXOLQJ DOJRULWKP WKDW VLPSO\ EHKDYHY@ D ),)2 VHUYHU
GURSV RSWLRQDO SDFNHWV Rl UHDO WLPH VWUH DR XKHIRAGVKH\ PLVV WKHLU



GHDGOLQHV DFFRUGLQJ WR WKHLU P N ILUP WLPLQJ FRQVWUDLQWYV 7KH SXUSRVH L
WR FRPSDUH D EHVW HIIRUW VFKHGXOLQJ WHHRKRINTX)2 ZLWK GURS
ZLWK D IDLU VFKHGXOLQJ WHFKQL PPN LWK GURS

%DVHG RQ RXU UHVXOWYV LQ VHFWLRQ ZH GHGXFH WKH DQDO\WLF XSSHU ERXQG RQ
WKH GHOD\ IRU WKH DJJUHJDWH RI DOO IORZV VHRKHERAHIP N ),)
LV

. PN )2 7|1 SP, N R -

o &l eN " N &
ZKHUB LV WKH FDSDFLW\ Rl WKH VEKH&XWKH IIRJP FRQVWUDLQW RI
WKH VWUKDF WKH PD[LPXP EXUVW VLN BEE DOORZHG EXUVW VLIH

IRU RSWLRQDO SDENIPRWHYV WKH QXPEHU RI VHUYHG VWUHDP 7KLV XSSHU
ERXQG LV IXDUDQWHHG IRU DOO VHUYHG VWUHDPV

7DEOH VKRZV WKH H[SHULHQFHG GHOD\ ERXQGV Rl HDFK VWUHDP XVLQJ
VWDQGDUG :)4 PN :)4 ),)2DQG P N ),)2 VFKHGXOHUV

7DEOH ([SHULHQFHBOD\ %RXQG PV
VW 6FHQULR
PN )4 )4 ))2 PN))2

9RLFH
9LGHR
)73

:H DOHUW WKH UHDGHU WKDW WKH :)4 V\VWHPVGRBIS\ QRIBWHDBY D

LW FRXOG EH XQGHUVWRRG IURP )LIXUH 6R MXVW IRU FRPSDUDWLYH SXUSRVH
WKH H[SHULHQFHG GHOD\ ERXQGV DUH PDGH IRU D CDWIR@XW OLPLWHG VLPXO
WLPH 7KHVH GHOD\ ERXQGV DUH QRW WKH DEVROXVGRERXKQGY DV WKH VAVW
QRW UHDFK D VWHDG\ VWDWH $FFRUGLQJ WR TXHXHLOOWKHRU\ D UDQGRP DUULY
SURFHVV V\VWHP ZLWK DYHUDJH ORDG HTXDOV WRWHRRWRH GHOD\V WKDW
LQILQLWH > @

$V H[SHFWHG WKH PN :)4 SURYLGHV VKRUWHU GHOD\ ERXQG WKDQ WKDW
JXDUDQWHHG E\ :)4 IRU HDFK VWUHDP ,Q IDFW WKH )73 DSSOLFDWLRQ LV
JUHHG\ DQG KDV WKH KLIJKHVW VHUYLFH VKDUH DRDAKEBHNDIO LW KDV QR FULWL
WLPH FRQVWUDLQW 6WDQGDUG :)4 VHUYHU FRXOGHMRW GLIHUHQWLDWH EHW
VWUHDPV RQO\ DFFRUGLQQMWR VWIRIUWKDW UHDVRQ YRLFH VHVVLRQ

ZKLFK KDV WKH ORZHVW VHUYLFH VKDUH DQG WKH BUMHVW EXUVW VL]H VXII
IURP DQ LPSRUWDQW H[SHULHQFHG GHOD\ ERXQG

+RZHYHU PN :)4 E\ XVLQJ WKH LQIRUPDWLRQ RI WKH WLPLQJ FRQVWUDLQWV
GHDGOLQHV DQG PN ILUP UHTXLUHPHQWV UHGXFHV FRQVLGHUDEO\ WKH
PHDVXUHG GHOD\ IRU UHDO WLPH VWUHDPV ,Q WKIWUDIDEFSOH VLQFH )73



KDV QR UHDO WLPH FRQVWUDLQW DOO RI LWV SDFNHWV DUH FRQVLGHUHG DV RSWLRQ
WKH PN )4 VHUYHU 7KHUHIRUH PN )4 VFKHGXOHU VHUYHV

PDQGDWRU\ SDFNHWV Rl UHDO WLPH VWUHDPV EMIRWHAKKA EHVW HIIRUW W

LV QRW SRVVLEOH XVLQJ VWDQGDUG :)4 VLQFH LW REQQRW GLIHUHQWLDWH EH
GLIIHUHQW NLQGV RI VHUYHG IORZV

2Q WKH RWKHU KDQG P N ),)2 SURYLGHV D GHOD\ ERXQG RI DERXW PV IRU
DOO WKH VWUHDP DV WKHUH LV QR VHUYLFH GGHQMNQWLDWLRQ $V WKH
UHTXLUHPHQW RI YRLFH SDENHW LV KLJKHU WKDQ P N ),)2 GHOD\ ERXQG DOO
YRLFH SDENHWV DUH VXFFHVVIXOO\ WUDQVPLWWISBFRENWADY RI YLGHR

DUH ORVW GXH WR GURSSLQJ RSWLRQDO SDFNHWV +RZHYHU 7KH EHKDYLRU RI
PN ),)2 DV ZHOO DV PN :)4 GHSHQGV D ORW RQ WKH UHTXLUHG
GHDGOLQH IRU PDQGDWRU\ SDFNHWV

,Q IDFW ZH KDYH FKDQJHG WKH GHDGOLQH YDOXH RI YIGSHR VWUHDP WR PV
WKH VHFRQG VFHQDULR

7DEOH VKRZV WKH PD[LPXP GHOD\ PHDVXUHG IRU HDFK VWUHDP IRU VWDQGDUG
)4 PN )4 ),)2 DQG PN ),)2 VFKHGXOHUV LQ WKH VHFRQG

VFHQDULR

7DEOH ([SHULHQFHBOD\ %RXQG PV
QG 6FHQULR
PN 34 4 )2 PN))2

9RLFH
9LGHR
)73

,Q WKLV VFHQDULR WKH P N ),)2 GHOD\ ERXQG LV DERXW PV 6LPXODWLRQ
UHVXOWV VKRZV WKDW RI' YRLFH VWUHDP SDFNHWV KDYH PLVVHG WKHLU
GHDGOLQHV ZKLFK LV QRW DFFHSWDEOH VLQFH WKH PDQGDWRU\ SDFNHW UDWLR LV
ZKHUHDV DOO YLGHR SDFNHWV KDYH EHHQ VXFFHVKEX@GDLWUDQVPLWWHG 6R W

QR D SHUIORZ GHOD\ JXDUDQWHH ZLWK PN ),)2 DOWKRXJK WKHUH LV D
QRWLFHDEOH GHOD\ UHGXFWLRQ FRPSDUHG WR)),)2 TXHXH

2Q WKH RWKHU VLGH PN :)4 SURYLGHV VKRUWHU GHOD\ ERXQG IRU YRLFH
VWUHDP WKDQ WKH ILUVW VFHQDULR DQG KLJKHU GBeD\ ERXQG IRU YLGHR VWUH
EXW UHPDLQV ORZHU WKDQ WKH UHTXHVWHG GHDGWRMW/KIKLY UHVXOW LV OLQNH
GURS UDWLR 7DEOH SUHVHQWV WKH GURS UDWLRV DQ®&KH FDVH RI P N :)4

WKH GHDGOLQH PLVV UDWLR LQ WKH FDVH RI PN ),EZHRU YRLFH DQG YL

VWUHDPV LQ ERWK VFHQDULRV 7KH GURS UDWLR UHIHD)V WR WKH UDWLR RI RSWLRC
SDFNHWV WKDW KDYH PLVVHG WKHLU GHDGOLQHV D®G GURSSHG E\ WKH P N

VHUYHU




7DEOH 'URS 5DWLR 'HDGOLQH OLVV 5DWLR
'URS 5DWLR 'HDGOLQH OLVV 5DWLR
PN :)4 PN ),)2
H6FHQDULK "6FHQDULR'Y6FHQDULR™6FHQDULR

9RLFH
9LGHR

‘H QRWLFH WKDW WKH YLGHR SDFNHW GURS UDWLRQ@MUPXROO LQ WKH VHFRQG VF
7KLV VD\V WKDW DOO PDQGDWRU\ DQG RSWLRQDO SDFNBWV KDYH EHHQ WUDQVPLW
LQ WLPH ZKLFK H[SODLQV WKH H[SHQGLQJ RI )73 GHOD\ ERXQG ZKRVH SDFNHWV

DUH RSWLRQDO ,Q IDFW GURSSLQJ RSWLRQDO SDFRHMRHURP YLGHR VWUHDP L
ILUVW VFHQDULR PDNHV IDVWHU WUDQVPLVVLRQ RI WKH )73 WUDIILF

+RZHYHU WKH LPSURYHPHQW VHHQ RQ WKH YRLFH GHOD\ ERXQG LV GXH WR WKH
LQFUHDVH Rl WKH GURS UDWLR IURP  WR EXW WKH  ILUP
FRQVWUDLQW LV VWLOO VDWLVILHG LQ ERWK MZWOBIGLBYUODQFH WKH JXD
ERXQG LV ORZHU WKDQ UHTXHVWHG

‘H PHQWLRQ WKDW LQ ERWK VFHQDULRY DOO PDQGMMRUUSDFNHWY KDYH PHW
UHTXLUHG GHDGOLQHV ZKHQ WKH\ DUH VHUYHG E\ P NKBH4 ZKLFK LV QRW W

FDVH IRU WKH RWKHU VFKHGXOLQJ WHFKQLTXHV 7KXV DV VKRZQ DQDO\WLFDOO\
PN :)4 SURYLGHV D SHU IORZ GHOD\ DV ZHOO DV EDQGZLGWK JXDUDQWHH

ZLWK UHVSHFW WR WKH P N ILUP FRQVWUDLQWV

JLIXUHV DQG GHSLFW WKH DYHUDJH TXHXHLQJ BHODRKH[SHULHQFHG
VWUHDP ZKHQ VFKHGXOHG E\ P N :)4 VHUYHU DQG VWDQGDUG :)4 VHUYHU
UHVSHFWLYHO\

‘H QRWLFH WKDW WKH EXUVW\ EHKDYLRU RI WKH YRUEWHVRXUFH KDV D QHJD
HIIHFW RQ WKH TXHXHLQJ WLPH LQWR D :)4 VHUYHUQAKIQUHBY ZKHQ WDNL
DFFRXQW WKH P N JXDUDQWHHV DYHUDJH GHOD\V DUH LQ VWHDG\ VWDWH

5HVRXUFH 8WLOL]|DWLRQ

)JRU D 6HUYLFH 3URYLGHU 63 UHVRXUFH XWLOL{DWLRQXAE/WWR LPSRUWD
JUDQW HQ HIILFLHQW UHVRXUFH VKDUH IRU DOO JXDUDQWHHG VHUYLFH IORZV

JURP WKLV VFHQDULR DVVXPH WKDW WKH VHUYLFRHXBRQUIGHU XVHV IDL

VFKHGXOHU WR PDNH JXDUDQWHHG VHUYLFH ZLWKRXW WDNLQJ LQWR DFFRXQW Wi
PN ILUP WHPSRUDO FRQVWUDLQWV DQG DVVXPH WKDW WKH UHTXLUHG 4R6 IRU
YRLFH VWUHDP FRQVLVWYV LQ D VKRUW GHOD\ QR PRUH WKDQ PV )URP UHVXOWV

LQ WDEOH RI :)4 VFKHGXOHU LW LV QRW VXIILFLH@QWDNKDW WKH 63 JLY

VHUYLFH VKDUH SURSRUWLRQDO WR WKH DYHUBDJHINBBSWH RI WKH VWUHDP

DOWKRXJK LW LV WKH DFWXDO QHHG RI WKH YRLFHHPABHF-DWLRQ +HQFH WKH 6




3URYLGHU KDV WR PDNH KLJKHU VHUYLFH VKDUH WRLYKH YRLFH DSSOLFDWLRQ
RUGHU WR JUDQW WKH UHTXLUHG WHPSRUDO 4R6

)LJ PN :)4 6FKHGXOHU $YHUDJH 4XHXHLQJ 'HOD\ PV

7KH ILUVW GUDZEDFN RI WKLV VROXWLRQ LV HFRQRPKRROGQ IDFW WKH XVHU
SD\ WKH FRVW RI DQ DGGLWLRQDO EDQGZLGWK WR JHW WKH UHTXLUHG WHPSRUDO 4R¢

6HFRQGO\ WKLV VROXWLRQ OHDGV WR PLVXVH WKH EDQGZLGWK UHVRXUFHV DQG Wk
OLQN PD\ QRW EH HILFLHQWO\ XWLOLJHG ZKLFK UR@XRWV LQ WKH DGPLVVL

IHZHU QXPEHU RI VWUHDPV ,Q IDFW VLPXODWLRQ VKRZV WKDW IRU WKH NESV
YRLFH WUDIILF WKH VHUYLFH VKDUH VKRXOG EH NE®/ WR PDNH JXDUDQWH
GHOD\ ORZHU WKDQ PV ZLWK D DGGLWLRQDO EDQGZLGWK 7KLV VROXWLRQ

ZKLFK FRQVLVWV LQ GHFUHDVLQJ WKH VHUYLFH OKDGMN RIR73 WUDIILF



YLRODWH WKH QRUPDO VKDUH RI WKLV IORZ 7KURXJKSXW IDLUQHVV LV QR ORQJHU
VDWLVILHG

+RZHYHU WKLV SUREOHP FDQ EH UHVROYHG E\ LQWHJUDWLQJ P N ILUP WLPLQJ
FRQVWUDLQWYV WR PDNH ERWK EDQGZLGWK DQG GHI™ JXDUDQWHHV 7KH VHUY
SURYLGHU FRXOG DGMXVW WKH PD[LPXP GHDGOLQH WR GURS RSWLRQDO SDFNHW
XVLQJ HTXDWLRQ LQ RUGHU WR FRQWURO WKH JXDUDQWHHG GHOD\ IRU UHDO WLP
SDFNHWV ZLWKRXW YLRODWLQJ WKH 4R6 RI RWKHU UHDO WLPH VWUHDPV DQG

FRQVHUYH WKH IDLUQHVV Rl EDQGZLGWK UHVHUYDWLRQ IRU EHWWHU UHVRXUF
PDQDJHPHQW

)LJ )4 6FKHGXOHU $YHUDJH 4XHXHLQJ 'HOD\ PV



&RQFOXVLRQ

,Q WKLV SDSHU ZH KDYH SURSRVHG D QHZ IDLU VFKHGKGLQJ DOJRULWKP FDO

PN :)4 WKDW HQKDQFHV IDLU TXHXHLQJ DOJRULWKP LQ WHUPV RI GHOD\
JXDUDQWHH E\ WDNLQJ DFFRXQW RI P N ILUP WLPLQJ\FRQVWUDLQWV )RU WKL
SXUSRVH ZH KDYH SURSRVHG D PDUNLQJ SURFHVV IRU LQFRPLQJ SDFNHWV DV
PDQGDWRU\ RU RSWLRQDO DFFRUGLQJ WR WKHLU P KHLUP FRQVWUDLQWYV DQG W
NSDWWHUQV $OVR ZH KDYH LQWURGXFHG WKH FRQRHSW Rl P N ILOWHULQJ W
HWHQG DQDOWLF UHVXOWV RQ GHOD\ ERXQG XVLQJ QHWZRUN FDOFXOXV
IUDPHZRUN 6LPXODWLRQ VFHQDULR DSSURYHG DQDO\WLF UHVXOWV DQG VKRZ
EHWWHU EHKDYLRU RI P N :)4 YHUVXV :)4 HQ WHUPV RI GHOD\ JXDUDQWHH

DQG UHVRXUFH PDQDJHPHQW

7KH PDLQ DGYDQWDJH ZH KDYH QRWLFHG LV WKDW BPHO(®4 SURYLGHV D

GHILQHG GHOD\ JXDUDQWHH ZLWKRXW YLRODWLQJ WKH WKURXJKSXW IDLUQHVV 7KL
IDFW UHVXOWYV IURP WKH LOQWHJUDWLRQ RI P N RRMEKHHDXUUHPHQWYV LQW
VFKHGXOLQJ SURFHVV 3DFNHW GURS SROLF\ XVHG E\ PN :)4 VHUYHU PDNHV
VKRUWHU GHOD\ ERXQGV DV RSWLRQDO EXUVW\ SDFNHWV DUH UHPRYHG LI WKH\ PLV
WKHLU UHTXLUHG GHDGOLQH

‘H VKRZHG WKDW P N :)4 WHFKQLTXH GLVWLQJIXLVKHV EHWZHHQ UHDO WLPH

IORZV DQG EHVW HIIRUW RQHV 7KLV LV D YHU\ LQRYHHYSAVERJ LVVXH DV

VKDUH VWUHDP FRXOG KDYH ORZHU GHOD\ ERXQG ZLWKRXW QHHG WR JHW ODUJHU
EDQGZLGWK UHVHUYDWLRQ

‘H DUH ZRUNLQJ WRZDUGV WR LQWHJUDWH P N ILUP & RQ¥WUDLQWYV LQWR ‘LIl
DQG ,QW6HUY 4R6 DUFKLIMNRMIWBNQDPLF FODVVLILFDWLRQ RI SDENHW
SULRULW\ LQWR PDQGDWRU\ DQG RSWLRQDO FODVWHYWIRBWKDYH RSWLPDO SDFNH
LV LQ SURJUHVV

SHIHUHQFHV

>@ 6 )OR\G 9 -DFREVRQ 35DQGRP (DUO\ 'HWFQIROVIFRD $YRLGOOE
7UDQVDFWLRQV RQ 1HWZRUBHIVW S

>@ 6 :DQJ < :DQJ . /LQ 3QWHJIUDWLQJ 3ULRBKBUALWQ WKH 3ULRULW\ %DVHG
"HLIKWHG )DLU 4XHXHLQJ 6FKHGXOHU IRU 5HDO 7AHRXUQBQZRUSWDO 7LPH
6\VWHPSS 9RO

>@ 0 +DPGDRXL 3 5DPDQDWKDQ 3$ G\QDPLF/SUQRHOWA WAFKQLTXH IRU VWUHDPV ZLWK
P N ILUP GHDGOLQHWDQVDFWLRQV RQ &RPSXWHHV 'HF

>@ * %HUQDW $ %XUQV $/DPRVL 3HDNO\ +IRFGEBANBAN((( 7UDQVDFWLRQV
RQ &RPSXWHUV SS

>@ 3 5DPDQDWKDQ 32YHUORDG 0DQDJHPHQWR@VBHRO $EBBIEDWLRQV 8VLQJ P N
)LUP *XDUDQW}{HVUDQVDFWLRQV RQ 3DUDOOHO DQG 'LVWIYREXWHE 6\VWHPV
S -XQH



>@ -< /H%RXGHF 3 7KLUDQ p1HWZRUN &DORROXRI '$IVMKIUPLQLVWLF 4XHXHLQJ
6\WVWHPV IRU WKH ,QWHUQHWY{ 6SULQJHU 9HUODJ -XO\

>@ $ .RXEKD <4 6RQJ 3(YDOXDWLRQ HW DPpCERUQMI B ®HIPSY GH UpSRQVH SRXU
GHV DSSOLFDWLRQV WHPSV UpHO DYHF RUGRQQIIQFHRHIRQ SSYHRBIVLI -
&ROORTXH )JUDQFRSKRQH VXU OD ORGpOLVIVBpREVAEHY BEEWqSS
OHW] 2FWREUH

> @5/ &UX] $ FDOFXOXV IRU QHWZRUN, GHOARSBUY) PG{VIVDQVDFWLRQV RQ
,QIRUPDWLRQ 7KHRU\  -DQ

>@ 5/ &UX] $ FDOFXOXV IRU QHWZRUN GH@DWUBRVDFWLRQV RQ ,QIRUPDWLRQ
7KHRU\ -DQ

> @ . 6ULUDP DQG : :KLWW &KDUDFWHUL]LQLRQXSHUSRIO SURFHVVHV LQ SDFNHW
PXOWLSOH[HUV IRU YRLFH,[QG6EDWIBN $UHDV &RPPWRD 6$& SS
BHSW

> @ $ .RXEKD $ -DUUD\D <4 6RQJ 36%0 SURWBFRIRYLGLQJ UHDO WLPH 4R6 LQ
(WKHUQHW /$1¥ QWO :RUNVKRS RQ 5HDO 7LPH /$1V LQ WHHEQWHOQHWMHE(YHQW
WR (&576 $XVWULD -XLQ

>@ $ 'HPHUV 6.HVKDYW 6 6KHQNHU 3$QDO\RXODWCRGLRI )DLU 4XHXLQJ
$OIJRULWEBRRFHHGLQJV $&0 6LI&RPFS

>@ $ $OOHQ MIUREDEWIMIMVWLFY DQG 4XHXHLQJ 7KHRU\ ZLWK &RPSXWHU 6FLHQFH
$SSOLFDWLRQVY 6HFRQG (GLWLRQ $FDGHPLF 3UHVV

> @ -0 %R\FH 5' *DJOLDQHOOR 33DFNHWHARWAY RQ 03(* 9LGHR 6HQW 2YHU WKH
3XEOLF ,QWHBQRFMHHGLQJV RI#&0 ,QWHUQDWLRQDO &RQIHUHQFH RQ OXOWLPHGLD
6HSWHPEHU

> @ -& %RORW + &UpSLQ $9 *ERGFDOWLV RI $XGLR 3DFNHW /RVV LQ WKH ,QWHUQHW
3URFHHGLQJV 1HWZRUNV DQG 2SHUDWLQJ RUWHPVSHOSFUEANR DQGSSLGHR
'XUKDP 1+ $SULO

$SSHQGL[ * 3URRIRI 7KHRUHP
Y

N N

‘H GHQRWH@VKH LQVWEBDRNHW DUWLYD® ov = W ¢
X 1 Q LV PXOWLSOHWR(HO LW H{IWXFK WKDWK 1 ,Q WKLV
FDVH WKHUKRRQVHFXWLYH DQG VHSDWMFREWHRXWIRIH
SDFNHWV 6LQFHP REBFNHWV RXW RI SBPNHWYV H[LW WKH
ILOWHULQJ GHYLFH WRZDUG WKH QHWZRUN WKHQ WKHUH LV H[DFWO\
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7KH SURRI LV HYLGHQW ,Q IDFW
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$SSHQGL[ % 3URRIRI 7KHRUHP

/HW XV FRQVLGHU D FRQVWDQW SDFNHW VL]|H VWUHDPOZLWK FXPXODWLYH DUUL
IXQFWLRQ VKDSHG ZLWK D OHDN\ EXFNHW FROBIWROOPXPZLWK
DOORZHG EXUWDUB@MKH DYHUDJH ORQJ WHUP UDWH 7KHQ
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$OVR ZH DVVXPH WKDW WKLV VWUHDP KDV P N YH{P BEROQVWUDLQWYV JL
NSDWWHNUBDW NLQG RI DUULYDO FXUYH ZRXOG KDYH WKH VWUHDP DIWHU
FURVVLQJDQ P N ILUP ILOWHU LV WKH SXUSRVH Rl WKLV SURRI

7KH RXWSXWR| WKH VWUHDP VDWLVILHBRKHRUHR
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