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7KH DVVLJQPHQW RI LQGHSHQGHQW DSSOLFDWLRQV LQ D GLVWULE�

XWHG V\VWHP LQ FRQMXQFWLRQ ZLWK UHVHTXHQFLQJ LV VWXGLHG

LQ WKLV SDSHU XVLQJ VLPXODWLRQ WHFKQLTXHV� 7KUHH VFKHGXO�

LQJ SROLFLHV DUH VWXGLHG DQG FRPSDUHG� $ SUREDELOLVWLF

SROLF\� DQG WZR SROLFLHV WKDW XVH DQ HVWLPDWLRQ RI MRE

VHUYLFH WLPH� RQH GHWHUPLQLVWLF DQG RQH DGDSWLYH� 7KHLU

SHUIRUPDQFH LV H[DPLQHG IRU D YDULHW\ RI ZRUNORDGV� 7KH

LPSDFW RQ SHUIRUPDQFH RI UHVHTXHQFLQJ GHOD\ LV DOVR H[�

SORUHG�

�� ,QWURGXFWLRQ

'LVWULEXWHG FRPSXWLQJ V\VWHPV DUH FRPSRVHG RI

VHYHUDO ORRVHO\�FRXSOHG SURFHVVRUV FRPPXQLFDWLQJ RYHU

D QHWZRUN� 7KH DUHD RI GLVWULEXWHG V\VWHPV KDV EHHQ WKH

IRFXV RI D WUHPHQGRXV DPRXQW RI UHVHDUFK LQ WKH ODVW

GHFDGH� 'LVWULEXWHG FRPSXWHU V\VWHPV KDYH PDQ\ DG�

YDQWDJHV� LQFOXGLQJ WKH FDSDELOLW\ WR VKDUH SURFHVVLQJ RI

WDVNV LQ WKH HYHQW RI RYHUORDGV DQG IDLOXUH� WUDQVSDU�

HQF\� DQG PRGXODULW\�

,Q D GLVWULEXWHG V\VWHP D MRE PLJKW ZDLW IRU VHUYLFH

DW WKH TXHXH RI RQH SURFHVVRU ZKLOH DW WKH VDPH WLPH

DQRWKHU SURFHVVRU FDSDEOH RI VHUYLQJ WKH MRE LV LGOH� ,W LV

WKHUHIRUH GHVLUDEOH WR DFKLHYH D XQLIRUP GLVWULEXWLRQ RI

WKH ZRUNORDG DPRQJ WKH SURFHVVRUV LQ VXFK D ZD\ WKDW�

WKHUH ZLOO EH QR LGOH SURFHVVRUV ZKLOH VRPH SURFHVVRUV

DUH RYHUORDGHG�

,Q D GLVWULEXWHG V\VWHP� LW LV UHTXLUHG WKDW UHOHYDQW

LQIRUPDWLRQ IRU WKH DVVLJQPHQW GHFLVLRQ� VXFK DV SURF�

HVVRU ORDGV� PXVW EH DXWRPDWLFDOO\ DYDLODEOH WR WKH RS�

HUDWLQJ V\VWHP RQ DOO SURFHVVRUV�

/RDG GLVWULEXWLRQ LV QHFHVVDU\ LQ D GLVWULEXWHG V\V�

WHP IRU EHWWHU XWLOL]LQJ LWV FRPSXWDWLRQDO SRZHU� 9DUL�

RXV ORDG EDODQFLQJ DQG ORDG VKDULQJ DOJRULWKPV DSSHDU

LQ WKH OLWHUDWXUH� ,Q JHQHUDO� WKH SXUSRVH RI WKH ORDG EDO�

DQFLQJ RSHUDWLRQ LV WR VSOLW WKH ZRUN HYHQO\ DPRQJ WKH

SURFHVVRUV� ZKHUHDV WKH DSSURDFK RI ORDG VKDULQJ DOJR�

ULWKPV LV WR HQVXUH WKDW QR SURFHVVRU VWD\V LGOH ORDGHG

ZKHQ WKHUH DUH KHDYLO\ ORDGHG SURFHVVRUV LQ WKH V\VWHP�

8QGHU VHQGHU�LQLWLDWHG DOJRULWKPV� ORDG�GLVWULEXWLQJ

DFWLYLW\ LV LQLWLDWHG E\ DQ RYHUORDGHG QRGH �VHQGHU� WU\�

LQJ WR VHQG D WDVN WR DQ XQGHUORDGHG QRGH �UHFHLYHU�� ,Q

UHFHLYHU�LQLWLDWHG DOJRULWKPV� ORDG GLVWULEXWLQJ DFWLYLW\

LV LQLWLDWHG IURP DQ XQGHUORDGHG QRGH �UHFHLYHU�� ZKLFK

WULHV WR JHW D WDVN IURP DQ RYHUORDGHG QRGH �VHQGHU��

6FKHGXOLQJ SROLFLHV WKDW RQO\ XVH LQIRUPDWLRQ DERXW

WKH DYHUDJH EHKDYLRXU RI WKH V\VWHP� LJQRULQJ WKH FXU�

UHQW VWDWH� DUH FDOOHG VWDWLF SROLFLHV� 6WDWLF SROLFLHV PD\

EH HLWKHU GHWHUPLQLVWLF RU SUREDELOLVWLF� 3ROLFLHV WKDW

UHDFW WR WKH V\VWHP VWDWH DUH FDOOHG DGDSWLYH SROLFLHV�

7KH SULQFLSOH DGYDQWDJH RI VWDWLF SROLFLHV LV WKHLU

VLPSOLFLW\� 7KHUH LV QR QHHG WR PDLQWDLQ DQG SURFHVV

V\VWHP VWDWH LQIRUPDWLRQ� $GDSWLYH SROLFLHV� E\ FRQ�

WUDVW� DUH PRUH FRPSOH[� VLQFH WKH\ HPSOR\ LQIRUPDWLRQ

RQ WKH FXUUHQW V\VWHP VWDWH LQ PDNLQJ WUDQVIHU GHFLVLRQV�

7KLV LQIRUPDWLRQ PDNHV SRVVLEOH VLJQLILFDQWO\ JUHDWHU

SHUIRUPDQFH EHQHILWV WKDW FDQ EH DFKLHYHG XQGHU VWDWLF

SROLFLHV�

,Q WKLV SDSHU ZH VWXG\ WKH HIIHFWV RI MRE VFKHGXOLQJ

DQG UHVHTXHQFLQJ RQ V\VWHP DQG SURJUDP SHUIRUPDQFH

RI D GLVWULEXWHG V\VWHP ZKLFK FRQVLVWV RI WZR LGHQWLFDO

SURFHVVRUV HDFK HTXLSSHG ZLWK LWV RZQ TXHXH� 7KH

PRGHO FDQ UHSUHVHQW D GLVWULEXWHG FRPSXWLQJ V\VWHP

ZKLFK LV FRPSRVHG RI WZR ORRVHO\�FRXSOHG ZRUNVWDWLRQV

FRPPXQLFDWLQJ RYHU D QHWZRUN�

:H VWXG\ D SUREDELOLVWLF SROLF\� DQG WZR SROLFLHV

WKDW XVH DQ HVWLPDWLRQ RI MRE VHUYLFH WLPH� RQH GHWHUPL�

QLVWLF DQG RQH DGDSWLYH� 7KH UHVXOWV DUH REWDLQHG XVLQJ

VLPXODWLRQ WHFKQLTXHV�

,Q WKH SUREDELOLVWLF FDVH WKH VFKHGXOLQJ SROLF\ LV GH�

VFULEHG E\ VWDWH LQGHSHQGHQW EUDQFKLQJ SUREDELOLWLHV�

7KH MRE GLVSDWFKHU FKRRVHV RQH RI WKH WZR SURFHVVRUV

EDVHG RQ WKH RXWFRPH RI DQ LQGHSHQGHQW WULDO LQ ZKLFK

WKH LWK RXWFRPH KDV SUREDELOLW\ SL�

,Q WKH GHWHUPLQLVWLF FDVH WKH URXWLQJ GHFLVLRQ LV

EDVHG RQ WKH V\VWHP VWDWH� $Q DUULYLQJ MRE DW WKH SURF�
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HVVLQJ XQLW LV DVVLJQHG E\ WKH VFKHGXOHU WR WKH SURFHVVRU

ZKLFK LV H[SHFWHG WR SURYLGH WKH VKRUWHVW UHVSRQVH WLPH�

,Q WKH DGDSWLYH FDVH DQ DUULYLQJ MRE LV GLVSDWFKHG

UDQGRPO\ WR RQH RI WKH WZR TXHXHV ZLWK HTXDO SURE�

DELOLW\� :KHQ D SURFHVVRU EHFRPHV LGOH DQG WKHUH DUH

MREV ZDLWLQJ DW WKH RWKHU SURFHVVRU TXHXH� WKHQ D MRE

PLJUDWHV IURP WKDW TXHXH WR WKH LGOH SURFHVVRU� 7KLV

SROLF\ LV WULJJHUHG ZKHQ D MRE GHSDUWV DQG WKH SURFHVVRU

EHFRPHV LGOH� :H KDYH FRQVLGHUHG PLJUDWLRQ RI QRQ

H[HFXWLQJ MREV� :H DVVXPH WKDW D MRE EHLQJ H[HFXWHG LV

QRW HOLJLEOH IRU WUDQVIHU EHFDXVH RI WKH FRPSOH[LW\ RI WKH

PHFKDQLVP UHTXLUHG LQ RUGHU WR PLJUDWH WKH MRE LQ H[H�

FXWLRQ� 7KH REYLRXV GLVDGYDQWDJH RI SUHHPSWLYH PLJUD�

WLRQ LV WKH QHHG WR WUDQVIHU WKH PHPRU\ DVVRFLDWHG ZLWK

WKH PLJUDQW SURFHVV� WKXV� WKH PLJUDWLRQ FRVW IRU DQ DF�

WLYH SURFHVV LV PXFK JUHDWHU WKDQ WKH FRVW RI UHPRWH H[H�

FXWLRQ�

6FKHGXOLQJ DOJRULWKPV LQYROYH RYHUKHDG ZKLFK LV

DWWULEXWHG WR WZR IDFWRUV� ��� WKH VFKHGXOLQJ DOJRULWKP�V

H[HFXWLRQ WLPH DQG ��� WKH QXPEHU RI WDVN PLJUDWLRQV

WKH VFKHGXOHU SURGXFHV�

,Q WKLV SDSHU ZH DVVXPH WKDW WKH RYHUKHDG IRU WKH

VFKHGXOLQJ DOJRULWKPV LV QHJOLJLEOH� 7KLV LV D UHDVRQDEOH

DVVXPSWLRQ� JLYHQ WKH VLPSOLFLW\ RI WKH DOJRULWKPV DQG

WKH VPDOO QXPEHU RI SURFHVVRUV FRQVLGHUHG KHUH� :H

DVVXPH WKRXJK WKDW ZKHQ D MRE LV WUDQVIHUUHG IRU UHPRWH

SURFHVVLQJ� WKH MRE LQFXUV D FRPPXQLFDWLRQ FRVW�

,Q RXU V\VWHP DIWHU SURFHVVRU VHUYLFH� UHVHTXHQFLQJ

RI MREV WDNHV SODFH ZKLFK HQVXUHV WKDW MREV OHDYH WKH

SURFHVVLQJ XQLW RQ D ILUVW�LQ�ILUVW�RXW EDVLV� -REV ZKR

DUULYH DW WKH V\VWHP VKRXOG GHSDUW IURP WKH V\VWHP LQ

WKH VDPH RUGHU DV WKHLU DUULYDOV� 7KHUHIRUH� DIWHU WKH

FRPSOHWLRQ RI WKHLU VHUYLFHV� MREV ZKR JR RXW RI RUGHU

DUH IRUFHG WR ZDLW LQ D VSHFLDO EXIIHUWKH VR�FDOOHG UH�

VHTXHQFLQJ EXIIHULQ RUGHU WR UHDUUDQJH WKHLU VH�

TXHQFHV� L�H� XQWLO WKH RYHUWDNHQ MRE RI WKH VDPH FODVV

FRPSOHWHV LWV VHUYLFH� 7KH GHOD\ GXH WR UHVHTXHQFLQJ LV

FDOOHG UHVHTXHQFLQJ GHOD\�

7KH UHVHTXHQFLQJ GHOD\ LQ PXOWLVHUYHU TXHXHV KDV

EHHQ VWXGLHG E\ PDQ\ DXWKRUV DV >�@� >��@� >��@ DQG >��@�

/RDG EDODQFLQJ LQ D V\VWHP RI WZR TXHXHV ZLWK UHVH�

TXHQFLQJ LV VWXGLHG E\ >�@� $OO WKHVH ZRUNV VWXG\ RSHQ

TXHXLQJ QHWZRUNV DQG H[SRQHQWLDO &38 VHUYLFH WLPHV�

/RDG EDODQFLQJ ZLWK UHVHTXHQFLQJ LQ D GLVWULEXWHG

V\VWHP LV VWXGLHG LQ >�@� ,Q WKDW ZRUN� D SUREDELOLVWLF

SROLF\ DQG WKH �MRLQW WKH VKRUWHVW TXHXH� SROLF\ DUH

FRPSDUHG� ,W LV FRQVLGHUHG WKDW RQFH DQ DUULYLQJ MRE LV

URXWHG E\ WKH MRE GLVSDWFKHU WR RQH RI WKH SDUDOOHO SURF�

HVVRUV LW FDQQRW EH UHDVVLJQHG DQG PXVW EH SURFHVVHG WR

FRPSOHWLRQ E\ WKDW SURFHVVRU� $ FORVHG TXHXLQJ QHW�

ZRUN PRGHO LV FRQVLGHUHG LQ WKDW ZRUN DQG HVWLPDWLRQ

RI MRE H[HFXWLRQ WLPHV LV QRW XVHG�

/RDG EDODQFLQJ ZLWK WDVN WUDQVIHU LV VWXGLHG LQ >��@�

5HFHLYHU�LQLWLDWHG DQG VHQGHU�LQLWLDWHG ORDG VKDULQJ LV

VWXGLHG LQ >�@� ,Q >�@ WKH WDVN RI VFKHGXOLQJ G\QDPLF DS�

SOLFDWLRQV WKDW FRQVLVW RI VLQJOH SURFHVV WDVNV RQ D QRQ�

VKDUHG PHPRU\ PXOWLFRPSXWHU LV H[DPLQHG� (DFK WDVN

RI WKH DSSOLFDWLRQ LV DVVXPHG WR ��� UHTXLUH H[HFXWLRQ RQ

D VLQJOH SURFHVVRU� ��� KDYH DQ HVWLPDWH RI LWV PD[LPXP

H[HFXWLRQ WLPH� DQG ��� QRW ZDLW RQ FRPPXQLFDWLRQ

ZLWK RWKHU WDVNV� ,Q QR RQH RI WKHVH ZRUNV UHVHTXHQFLQJ

LV UHTXLUHG� +RZHYHU� WKH UHVHTXHQFLQJ SUREOHP FDQ EH

IRXQG LQ VHYHUDO V\VWHP FRQWH[WV VXFK DV GLVWULEXWLQJ

FRPSXWLQJ V\VWHPV DQG FRPSXWHU FRPPXQLFDWLRQ V\V�

WHPV�

6HQGHU�LQLWLDWHG DQG UHFHLYHU�LQLWLDWHG DGDSWLYH ORDG

VKDULQJ ZLWK UHVHTXHQFLQJ LV VWXGLHG LQ >�@ DQG >�@�

7UDQVIHU RI QRQ H[HFXWLQJ MREV LV FRQVLGHUHG DQG WKH

WUDQVIHU GHFLVLRQ LV EDVHG RQ D WKUHVKROG YDOXH RI WKH

TXHXH OHQJWKV� 1R D SULRUL LQIRUPDWLRQ DERXW MRE H[H�

FXWLRQ WLPHV LV DVVXPHG�

,Q >�@ D PHDVXUHG GLVWULEXWLRQ RI SURFHVV OLIHWLPHV

DQG D WUDFH�GULYHQ VLPXODWLRQ DUH XVHG WR LQYHVWLJDWH WKH

EHQHILWV RI SUHHPSWLYH PLJUDWLRQ�

*HQHUDOO\ WKHUH KDYH EHHQ QXPHUHRXV VFKHGXOLQJ

GLVFLSOLQHV SURSRVHG IRU GLVWULEXWHG V\VWHPV� WKH HYDOXD�

WLRQ RI ZKLFK KDV� IRU WKH PRVW SDUW� EHHQ EDVHG RQ

ZRUNORDGV KDYLQJ D UHODWLYHO\ ORZ YDULDELOLW\ LQ WKH

SURFHVVLQJ UHTXLUHPHQWV RI MREV� +RZHYHU� KLJK SHU�

IRUPDQFH FRPSXWLQJ FHQWHUV KDYH UHSRUWHG WKDW WKH FR�

HIILFLHQW RI YDULDWLRQ RI VHUYLFH WLPHV FDQ LQ IDFW EH

JUHDWHU WKDQ �� 0RVW RI WKH PRGHOV ZKLFK KDYH EHHQ

VWXGLHG DUH RSHQ DQG UHVHTXHQFLQJ LV QRW UHTXLUHG�

,Q WKLV ZRUN RXU LQWHQWLRQ LV WR H[DPLQH WKH LPSDFW

RI MRE UHVHTXHQFLQJ RQ WKH SHUIRUPDQFH RI WKUHH VFKHG�

XOLQJ WHFKQLTXHV IRU YDULRXV FRHIILFLHQWV RI YDULDWLRQ RI

WKH SURFHVVRU VHUYLFH WLPHV DQG IRU GLIIHUHQW GHJUHHV RI

PXOWLSURJUDPPLQJ� 7KH ILUVW VFKHGXOLQJ WHFKQLTXH LV D

SUREDELOLVWLF ZKLFK ZH XVH IRU FRPSDULVRQ SXUSRVHV�

:H H[DPLQH LI WKH RWKHU WZR WHFKQLTXHV� ZKLFK KDYH DQ

HVWLPDWH RI LQIRUPDWLRQ DERXW MRE VHUYLFH WLPHV� UHVXOW

LQ VKRUWHU UHVSRQVH WLPH DW WKH FRVW RI LQFUHDVHG UHVH�

TXHQFLQJ GHOD\ DQG WR ZKLFK H[WHQW� GHSHQGLQJ RQ V\V�

WHP SDUDPHWHUV�

7KLV SDSHU LV WKHRUHWLFDO LQ WKH VHQVH WKDW WKH UHVXOWV

DUH REWDLQHG IURP VLPXODWLRQ VWXGLHV LQVWHDG RI IURP

PHDVXUHPHQWV RI UHDO V\VWHPV� 1HYHUWKHOHVV� ZH EHOLHYH

WKDW WKH UHVXOWV ZH SUHVHQW DUH RI SUDFWLFDO YDOXH� $OO

WKUHH DOJRULWKPV ZH VWXG\ DUH SUDFWLFDO LQ WKDW WKH\ DUH

VLPSOH� $OWKRXJK ZH GR QRW GHULYH DEVROXWH SHUIRUP�

DQFH SUHGLFWLRQV IRU VSHFLILF V\VWHPV DQG ZRUNORDGV� ZH

VWXG\ WKH UHODWLYH SHUIRUPDQFH RI WKH WKUHH DOJRULWKPV

DFURVV D EURDG UDQJH RI ZRUNORDGV DQG DQDO\]H KRZ

FKDQJHV LQ WKH ZRUNORDG DIIHFW SHUIRUPDQFH�

Authorized licensed use limited to: IEEE Xplore. Downloaded on March 5, 2009 at 04:04 from IEEE Xplore.  Restrictions apply.



�� 0RGHO�'HVFULSWLRQ

:H FRQVLGHU D TXHXLQJ QHWZRUN PRGHO RI D KR�

PRJHQHRXV GLVWULEXWHG V\VWHP� ,W FRQVLVWV RI WKH SURF�

HVVLQJ XQLW DQG WKH ,�2 FKDQQHO� 7KH SURFHVVLQJ XQLW

FRQVLVWV RI WZR LQGHSHQGHQW SURFHVVRUV HDFK VHUYLQJ LWV

RZQ TXHXH �PHPRU\�� 'LVWULEXWHG PHPRU\ V\VWHPV LQ

ZKLFK SURFHVVRU�PHPRU\ SDLUV DUH OLQNHG E\ DQ LQWHU�

FRQQHFWLRQ QHWZRUN DUH VFDODEOH VLQFH DOO UHTXHVWV QHHG

QRW XVH D VLQJOH EXV�

6LQFH ZH DUH LQWHUHVWHG LQ D V\VWHP ZLWK EDODQFHG

SURJUDP IORZ� ZH KDYH FRQVLGHUHG DQ ,�2 FKDQQHO

ZKLFK KDV WKH VDPH VHUYLFH FDSDFLW\ DV WKH SURFHVVLQJ

XQLW�

7KH PRGHO LV FORVHG DV WKH GHJUHH RI PXOWLSUR�

JUDPPLQJ 1 LV FRQVWDQW GXULQJ WKH VLPXODWLRQ H[SHUL�

PHQW� 1HLWKHU DUULYDOV QRU GHSDUWXUHV DUH SHUPLWWHG

ZKLOH WKH V\VWHP LV XQGHU REVHUYDWLRQ� 7KH FRQILJXUD�

WLRQ RI WKH PRGHO LV VKRZQ LQ )LJXUH ��

,Q WKLV ZRUN� MREV H[DPLQHG DUH KLJKO\ LQGHSHQGHQW�

6SHFLILFDOO\� RQFH D MRE FRPPHQFHV H[HFXWLRQ QRW D MRE

HYHU LGO\ ZDLWV IRU FRPPXQLFDWLRQ IURP DQRWKHU MRE�

QRU HPSOR\V V\QFKURQL]DWLRQ WR HQVXUH LWV FRQFXUUHQW

H[HFXWLRQ ZLWK DQRWKHU MRE� $Q HVWLPDWH RI MRE H[HFX�

WLRQ WLPH LV NQRZQ�

(DFK SURFHVVRU LQ WKH V\VWHP FRQWDLQV D ORFDO VFKHG�

XOHU WR PDLQWDLQ ORFDO VFKHGXOLQJ LQIRUPDWLRQ DQG WR

FRQWURO WKH ORFDO MRE PXOWLSOH[RU� 7KH ORFDO PXOWLSOH[RU

H[HFXWHV MREV LQ D )LUVW�&RPH�)LUVW�6HUYHG �)&)6� RU�

GHULQJ� 7KH ORFDO VFKHGXOHU PDLQWDLQV D OLVW RI WKH MREV

LQ WKH SURFHVVRU TXHXH ZLWK DVVRFLDWHG H[HFXWLRQ WLPHV�

$W HYHU\ PRPHQW DOVR LW FDQ JLYH LQIRUPDWLRQ DERXW WKH

UHPDLQLQJ SURFHVVLQJ WLPH RI WKH H[HFXWLQJ MRE DQG DOVR

DERXW WKH WRWDO UHPDLQLQJ SURFHVVLQJ WLPH RI TXHXHG

DQG H[HFXWLQJ MREV�

'LVWULEXWHG V\VWHP VFKHGXOLQJ DOJRULWKPV FDQ EH

FODVVLILHG DFFRUGLQJ WR ��� WKH DPRXQW RI LQIRUPDWLRQ

WKH\ UHTXLUH DERXW MREV� DQG ��� WKH H[WHQW WR ZKLFK

WKH\ UHDOORFDWH SURFHVVRUV DPRQJ MREV�

:H VWXG\ D SUREDELOLVWLF SROLF\� DQG WZR SROLFLHV

WKDW XVH DQ HVWLPDWLRQ RI MRE VHUYLFH WLPH� RQH GHWHUPL�

QLVWLF DQG RQH DGDSWLYH� :H DVVXPH QR RYHUKHDG IRU WKH

H[HFXWLRQ RI WKH VFKHGXOLQJ SROLF\�

,Q WKH 3UREDELOLVWLF 6FKHGXOLQJ �36� FDVH WKH VFKHG�

XOLQJ SROLF\ LV GHVFULEHG E\ VWDWH LQGHSHQGHQW EUDQFKLQJ

SUREDELOLWLHV� 7KH MRE GLVSDWFKHU FKRRVHV RQH RI WKH WZR

SURFHVVRUV EDVHG RQ WKH RXWFRPH RI DQ LQGHSHQGHQW

WULDO LQ ZKLFK WKH LWK RXWFRPH KDV SUREDELOLW\ SL� 7KH SL

DUH DVVXPHG IL[HG DQG SURSRUWLRQDO WR WKH SURFHVVLQJ

SRZHU RI SURFHVVRU L� L ���� 6LQFH RQH RI WKH WZR SURF�

HVVRUV PXVW EH FKRVHQ LW KROGV� S
LL

=∑ = �
�

� ,Q RXU PRGHO

WKH SURFHVVRUV DUH KRPRJHQHRXV� VR S� S� ����

,Q WKH GHWHUPLQLVWLF FDVH� XSRQ DUULYDO DW WKH SURF�

HVVLQJ XQLW� WKH DOJRULWKP VFKHGXOHV D SURJUDP RQ WKH

SURFHVVRU ZKLFK ZLOO FRPSOHWH WKH SURJUDP HDUOLHVW

JLYHQ WKH FXUUHQW V\VWHP VWDWH� 7KLV LV WKH SURFHVVRU

ZKLFK KDV WKH VPDOOHVW VXP RI H[HFXWLRQ WLPHV RI WKH

TXHXHG MREV SOXV WKH UHPDLQLQJ WLPH WR FRPSOHWLRQ RI

WKH H[HFXWLQJ MRE� :H FDOO WKLV SROLF\ 6KRUWHVW 5HVSRQVH

7LPH 6FKHGXOLQJ �6576�� 7KH DGGLWLRQDO RYHUKHDG RI

PDLQWDLQLQJ ORDG LQIRUPDWLRQ H[LVWV IRU WKLV W\SH RI DO�

JRULWKP�

,Q WKH DGDSWLYH SROLF\ FDVH DQ DUULYLQJ MRE LV GLV�

SDWFKHG UDQGRPO\ WR RQH RI WKH WZR TXHXHV ZLWK HTXDO

SUREDELOLW\� :KHQ D SURFHVVRU EHFRPHV LGOH DQG WKHUH

DUH MREV ZDLWLQJ DW WKH RWKHU SURFHVVRU TXHXH� WKHQ D MRE

PLJUDWHV IURP WKDW TXHXH WR WKH LGOH SURFHVVRU� ,I WKH

V\VWHP FRQVLVWHG RI PRUH WKDQ WZR SURFHVVRUV� WKHQ D

MRE IURP WKH PRVW KHDYLO\ ORDGHG SURFHVVRU ZRXOG PL�

JUDWH WR WKH LGOH SURFHVVRU� :H FDOO WKLV SROLF\0LJUDWLRQ

6FKHGXOLQJ �06�� :H KDYH FRQVLGHUHG PLJUDWLRQ RI QRQ

H[HFXWLQJ MREV� :H DVVXPH WKDW D MRE EHLQJ H[HFXWHG LV

QRW HOLJLEOH IRU WUDQVIHU� 7KH UHDVRQ IRU WKLV DVVXPSWLRQ

LV WKDW GXULQJ PLG�H[HFXWLRQ SURFHVV PLJUDWLRQ ERWK WKH

WDUJHW DQG RULJLQDWLQJ SURFHVVRUV LQFXU RYHUKHDG� 7KH

RULJLQDWLQJ QRGH FRQVXPHV SURFHVVLQJ WLPH ZKHQ LW GH�

DOORFDWHV DQG VHQGV WKH WDVNV ZKLOH WKH WDUJHW QRGH XVHV

SURFHVVLQJ WLPH GXULQJ WDVN UHFHSWLRQ DQG DOORFDWLRQ�

7KLV PDNHV SUHHPSWLYH PLJUDWLRQ FRQVXPLQJ XVHIXO

SURFHVVLQJ WLPH�

:KHQ D MRE LV WUDQVIHUUHG IRU UHPRWH SURFHVVLQJ� WKH

MRE LQFXUV D FRPPXQLFDWLRQ FRVW� ,Q WKLV PRGHO RQO\

MREV LQ WKH TXHXH DUH WUDQVIHUUHG� :H EHOLHYH WKDW WKH

DYHUDJH WUDQVIHU FRVW IRU D QRQH[HFXWLQJ MRE� DOWKRXJK

QRQHJOLJLEOH� FDQ EH H[SHFWHG WR EH TXLWH ORZ UHODWLYH WR

WKH DYHUDJH FRVW RI MRE SURFHVVLQJ� 7KH FRPPXQLFDWLRQ

FKDQQHO LV PRGHOOHG DV D VLQJOH VHUYHU TXHXLQJ V\VWHP�

ZKRVH VHUYLFH WLPH LV DQ H[SRQHQWLDOO\ GLVWULEXWHG UDQ�

GRP YDULDEOH ZLWK PHDQ ¥ WR GHDO ZLWK WKH HIIHFWV RI

FRPPXQLFDWLRQ RYHUKHDG &R� :H DVVXPHG D &R RI ���

RI WKH PHDQ MRE VHUYLFH WLPH�

$Q DGGLWLRQDO DVVXPSWLRQ LV WKDW WKH FRVW WR PLJUDWH

D MRE LV LQGHSHQGHQW RI MRE VL]H� 7KH VFKHGXOHU PLJUDWHV

WKH ODUJHVW MRE LQ WKH TXHXH RI WKH EXV\ SURFHVVRU WR WKH

LGOH SURFHVVRU� ,Q RXU PRGHO ZH KDYH ERXQG WKH QXP�

EHU RI WDVN PLJUDWLRQV E\ DVVXPLQJ WKDW D MRE ZKRVH

VHUYLFH WLPH LV OHVV WKDQ &R LV SURFHVVHG ORFDOO\� )RU WKH

06� ORDG LQIRUPDWLRQ LV UHTXLUHG RQO\ ZKHQ D SURFHVVRU

EHFRPHV LGOH DIWHU WKH GHSDUWXUH RI MRE� +RZHYHU� FRP�

SDUHG ZLWK 6576� 06 KDV WKH DGGLWLRQDO RYHUKHDG GXH

WR MRE PLJUDWLRQ�

)URP DOO WKUHH VFKHGXOLQJ SROLFLHV H[DPLQHG 36 LV

WKH VLPSOHVW DV WKH VFKHGXOHU FUHDWHV D VPDOO DPRXQW RI

RYHUKHDG FRQVLVWLQJ RI D UDQGRP QXPEHU JHQHUDWLRQ�

6576 DQG 06 GHYHORS VFKHGXOHV EDVHG RQ JOREDO LQ�
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IRUPDWLRQ� 7KH FROOHFWLRQ RI JOREDO LQIRUPDWLRQ UH�

TXLUHV D QRQ�WULYLDO DPRXQW RI RYHUKHDG� EXW LW LV HVVHQ�

WLDO WR GHYHORS D PRGHUDWHO\ HIIHFWLYH VFKHGXOHU� 7KH

VFKHGXOHUV RSHUDWH RSWLPDOO\ ZKHQ QR SURFHVVLQJ RYHU�

KHDG LV XVHG ZLWK ERWK IRUPXODWLQJ D VFKHGXOH DQG PL�

JUDWLQJ MREV� ,Q WKLV SDSHU ZH DVVXPHG WKDW WKH V\VWHP

RYHUKHDG WR H[HFXWH D VFKHGXOLQJ DOJRULWKP LWVHOI LV FRQ�

VLGHUHG SDUW RI MRE H[HFXWLRQ WLPH�

7KH IROORZLQJ DEEUHYLDWLRQV DSSHDU WKURXJKRXW WKH

UHPDLQGHU RI WKH SDSHU�

36 � 3UREDELOLVWLF 6FKHGXOLQJ�

6576 � 6KRUWHVW 5HVSRQVH 7LPH 6FKHGXOLQJ�

06 � 0LJUDWLRQ 6FKHGXOLQJ�

,Q RUGHU WR LPSOHPHQW WKH 6576 DQG 06 SROLFLHV� LW

LV UHTXLUHG WKDW MRE H[HFXWLRQ WLPHV �MRE VL]HV� DUH

NQRZQ LQ DGYDQFH� ,Q SUDFWLFH� RQO\ DQ HVWLPDWH RI MRE

H[HFXWLRQ WLPHV FDQ EH REWDLQHG� ,Q WKLV VWXG\ ZH KDYH

FRQVLGHUHG DQ HVWLPDWLRQ HUURU (� -RE VL]HV HVWLPDWHG LV

DVVXPHG WR EH XQLIRUPO\ GLVWULEXWHG ZLWKLQ ±(� RI WKH

H[DFW YDOXH�

7KH LPSRUWDQW UHTXLUHPHQW RI WKH PRGHO LV WKDW MREV

PXVW OHDYH WKH SURFHVVLQJ XQLW LQ WKH RUGHU RI WKHLU DUUL�

YDO� )RU WKLV� HDFK MRE HQWHUV WKH UHVHTXHQFLQJ EXIIHU

DIWHU FRPSOHWLRQ RI LWV VHUYLFH� ZKHUH LW HYHQWXDOO\ ZDLWV

XQWLO DOO MREV WKDW HQWHUHG WKH V\VWHP EHIRUH LW KDYH EHHQ

VHUYHG� :H IXUWKHUPRUH DVVXPH WKDW WKH WLPH WDNHQ E\

LWV UHVHTXHQFLQJ SURFHVV LV QHJOLJLEOH� LI WKLV MRE KDV QR

RQH WR ZDLW IRU� LW OHDYHV LQVWDQWDQHRXVO\ WKH V\VWHP� 2Q

WKH RWKHU KDQG� LW OHDYHV DV VRRQ DV WKH ODVW FXVWRPHU LW

KDV WR ZDLW IRU HQWHUV WKH UHVHTXHQFLQJ EXIIHU�

:H DOVR LQYHVWLJDWH WKH LPSDFW RI WKH YDULDELOLW\ LQ

MRE VHUYLFH GHPDQG RQ V\VWHP SHUIRUPDQFH� $ KLJK

YDULDELOLW\ LQ MRE VHUYLFH GHPDQG LPSOLHV WKDW WKHUH LV

SURSRUWLRQDWHO\ D KLJK QXPEHU RI MREV LQ WKH V\VWHP

ZLWK VPDOO VHUYLFH GHPDQG DQG D FRPSDUDWLYHO\ ORZ

QXPEHU RI MREV ZLWK YHU\ ODUJH VHUYLFH GHPDQG� :KHQ D

�ODUJH� MRE HQWHUV WKH V\VWHP DQG LV VHUYHG E\ WKH SURF�

HVVRU� LW ZLOO RFFXS\ WKH SURFHVVRU IRU D ORQJ WLPH DQG

GHSHQGLQJ RQ WKH VFKHGXOLQJ SROLF\ DSSOLHG LW PD\ LQ�

WURGXFH LQRUGLQDWH TXHXLQJ GHOD\V IRU WKH RWKHU MREV

ZDLWLQJ IRU VHUYLFH E\ WKH SURFHVVRU� :KHQ WKH 06 SRO�

LF\ LV SHUIRUPHG� MREV PD\ EH WUDQVIHUUHG GXULQJ WKDW

WLPH WR WKH RWKHU SURFHVVRU�

:H H[DPLQH WZR FDVHV RI SURFHVVRU VHUYLFH WLPH GLV�

WULEXWLRQV�

�� 3URFHVVRU VHUYLFH WLPHV DUH LQGHSHQGHQW DQG LGHQWL�

FDOO\ GLVWULEXWHG �,,'� H[SRQHQWLDO UDQGRP YDUL�

DEOHV ZLWK PHDQ P DW HDFK SURFHVVRU�

�� 3URFHVVRU VHUYLFH WLPHV KDYH D %UDQFKLQJ (UODQJ

GLVWULEXWLRQ >��@ ZLWK WZR VWDJHV DQG DUH ,,'� 7KH

FRHIILFLHQW RI YDULDWLRQ LV &� ZKHUH & ! � DQG WKH

PHDQ LV P DW HDFK SURFHVVRU�

:LWK DOO WKUHH VFKHGXOLQJ SROLFLHV H[DPLQHG� WKH

)&)6 TXHXLQJ GLVFLSOLQH LV DVVXPHG LQ HDFK SURFHVVRU

TXHXH�

$ MRE� DIWHU OHDYLQJ WKH SURFHVVLQJ XQLW� UHTXHVWV

VHUYLFH IURP WKH ,�2 XQLW� 7KH ,�2 TXHXLQJ GLVFLSOLQH LV

)&)6� 7KH ,�2 VHUYLFH WLPHV DUH H[SRQHQWLDOO\ GLVWULE�

XWHG ZLWK PHDQ N DQG DUH ,,'�

)&)6

3URFHVVRU �

P

P

N

3URFHVVRU �

)&)6

,�25HVHTXHQFLQJ

EXIIHU

1

3
�

3
�

)LJXUH �� 7KH TXHXLQJ QHWZRUN PRGHO� SUREDELOLV�

WLF FDVH�

�� 3HUIRUPDQFH�3DUDPHWHUV

:H GHILQH�

5HVSRQVH WLPH RI D UDQGRP MRE DV WKH LQWHUYDO RI

WLPH PHDVXUHG IURP DQ DUULYDO RI WKLV MRE DW WKH SURF�

HVVLQJ XQLW WR VHUYLFH FRPSOHWLRQ RI WKLV MRE �WLPH VSHQW

LQ D SURFHVVRU TXHXH DQG LQ VHUYLFH LQ DGGLWLRQ WR D SRV�

VLEOH FRPPXQLFDWLRQ GHOD\ LQFXUUHG GXH WR MRE WUDQV�

IHU��

&\FOH WLPH RI D UDQGRP MRE DV WKH WLPH EHWZHHQ WZR

VXFFHVVLYH VHUYLFH UHTXHVWV RI WKLV MRE IURP WKH SURFHVV�

LQJ XQLW� 6R LQ RXU PRGHO F\FOH WLPH LV WKH VXP RI

TXHXLQJ DQG VHUYLFH WLPH DW D SURFHVVRU� FRPPXQLFDWLRQ

GHOD\� UHVHTXHQFLQJ GHOD\ DQG TXHXLQJ SOXV VHUYLFH WLPH

DW WKH ,�2 XQLW�

:H DOVR GHQRWH WKH IROORZLQJ�

57 � PHDQ UHVSRQVH WLPH

' � PHDQ UHVHTXHQFLQJ GHOD\

:6' � PHDQ ZDLWLQJ DQG VHUYLFH WLPH� FRPPXQLFD�

� WLRQ GHOD\ DQG UHVHTXHQFLQJ GHOD\

. � PHDQ F\FOH WLPH

5 � V\VWHP WKURXJKSXW UDWH
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8&38 � PHDQ SURFHVVRU XWLOL]DWLRQ

8,�2 � XWLOL]DWLRQ RI WKH ,�2 FKDQQHO

1 � GHJUHH RI PXOWLSURJUDPPLQJ

7KH H[WHUQDO SHUIRUPDQFH RI RXU PRGHO LV LQGLFDWHG

E\ WKH PHDQ F\FOH WLPH �SURJUDP SHUIRUPDQFH� DQG

WKH V\VWHP WKURXJKSXW UDWH �V\VWHP SHUIRUPDQFH�� 7KH

LQWHUQDO HIILFLHQF\ LV SULPDULO\ GHWHUPLQHG E\ WKH PHDQ

SURFHVVRU XWLOL]DWLRQ EHFDXVH LW UHSUHVHQWV WKH OHYHO RI

FRQWHQWLRQ IRU WKH PRVW FULWLFDO UHVRXUFHV LQ WKH V\VWHP�

:H XVH 36 DV D FRPSDULVRQ PHDVXUH RI WKH SHUIRUP�

DQFH RI WKH 6576 DQG 06 VFKHGXOLQJ SROLFLHV� 6R� ZKHQ

WKH PRGHO ZRUNV ILUVW ZLWK WKH 36 SROLF\ DQG WKHQ ZLWK

RQH RI WKH RWKHU WZR VFKHGXOLQJ SROLFLHV H[DPLQHG� ZH

GHILQH WKH UHODWLYH SHUIRUPDQFH SDUDPHWHUV FDOFXODWHG

RQ D SHUFHQWDJH EDVLV DV IROORZV�

'57 � UHODWLYH GHFUHDVH LQ 57

':6' � UHODWLYH GHFUHDVH LQ:6'

'. � UHODWLYH GHFUHDVH LQ .

'5 � UHODWLYH LQFUHDVH LQ 5

�� 0RGHO� ,PSOHPHQWDWLRQ� DQG� ,QSXW� 3DUDPH�
WHUV�

:H VLPXODWHG WKH TXHXLQJ QHWZRUN PRGHO ZLWK GLV�

FUHWH HYHQW VLPXODWLRQ PRGHOV >�@ XVLQJ WKH PHWKRG RI

LQGHSHQGHQW UHSOLFDWLRQV� )RU HYHU\ PHDQ YDOXH D ���

FRQILGHQFH LQWHUYDO ZDV HYDOXDWHG� $OO FRQILGHQFH LQWHU�

YDOV ZHUH OHVV WKDQ �� RI WKH PHDQ YDOXHV�

:H FRQVLGHUHG D EDODQFHG V\VWHP ZLWK P ��� DQG

N  ���� :H FKRVH D PHDQ FRPPXQLFDWLRQ GHOD\ ¥ �����

7KH V\VWHP ZDV H[DPLQHG LQ FDVHV RI H[SRQHQWLDO SURF�

HVVRU VHUYLFH WLPHV �&  �� DQG %UDQFKLQJ (UODQJ IRU &

 �� � DQG �� 7KH GHJUHH RI PXOWLSURJUDPPLQJ 1 ZDV

WDNHQ DV �� �� �� �� ���

,Q WKH 6576 DQG 06 FDVHV� ZH KDYH FRQVLGHUHG DQ

HVWLPDWLRQ HUURU ( ±����

�� 6LPXODWLRQ�5HVXOWV�DQG�'LVFXVVLRQ

'XH WR VSDFH OLPLWDWLRQV� RQO\ D IHZ UHVXOWV ZLOO EH

SUHVHQWHG� EXW WKHVH ZLOO EH UHSUHVHQWDWLYH RI WKH SHU�

IRUPDQFH RI WKH PRGHO�

,Q 7DEOHV ��� SHUIRUPDQFH SDUDPHWHUV RI WKH & �

FDVH DUH SUHVHQWHG�

,Q 7DEOHV ���� UHODWLYH SHUIRUPDQFH SDUDPHWHUV IRU

WKH & � DQG & � FDVHV DUH SUHVHQWHG�

,Q )LJXUHV ���� PHDQ F\FOH WLPH DQG V\VWHP

WKURXJKSXW UDWH DUH SORWWHG YHUVXV 1 LQ DOO FDVHV H[�

DPLQHG�

2XU UHVXOWV VKRZ WKDW�

)RU 1 �� 06 SHUIRUPV WKH VDPH DV 36 DV WKHUH DUH

QRW RSSRUWXQLWLHV IRU MRE PLJUDWLRQ� 6576 IRU DOO 1 DQG

06 IRU 1!� DOWKRXJK \LHOG KLJKHU UHVHTXHQFLQJ GHOD\V

WKHQ 36 WKH\ RXWSHUIRUP 36� 7KLV LV GXH WR WKH IDFW WKDW

6576 DQG 06 \LHOG PXFK ORZHU UHVSRQVH WLPH WKHQ 36�

UHVXOWLQJ LQ ORZHU :6'� ORZHU PHDQ F\FOH WLPH DQG

KLJKHU V\VWHP WKURXJKSXW�

,Q DOO FDVHV 6576 \LHOGV ORZHU UHVSRQVH WLPH WKDQ

06� +RZHYHU� WKH UHVHTXHQFLQJ GHOD\ LV KLJKHU ZLWK WKH

6576 FDVH� $V D UHVXOW� 6576 DQG 06 GR QRW GLIIHU

VLJQLILFDQWO\ IRU 1!��

)RU DOO 1� '57 LQFUHDVHV ZLWK LQFUHDVLQJ &� +RZ�

HYHU� WKH VXSHULRULW\ RI 6576 DQG 06 RYHU 36 GHFUHDVHV

ZLWK LQFUHDVLQJ &� $W & � DOO WKUHH PHWKRGV SHUIRUP

YHU\ FORVH� 7KLV LV GXH WR WKH IDFW WKDW WKH ELJJHU & LV�

WKH PRUH WKH &38 VHUYLFH WLPHV YDU\ IURP WKH PHDQ

VHUYLFH WLPH P� )XUWKHUPRUH PRUH VHUYLFH WLPHV DUH

SURGXFHG WKDW DUH PXFK VKRUWHU WKDQ P DQG IHZHU RQHV

ZKLFK DUH PXFK ORQJHU WKDQ P� 7KH YHU\ VPDOO MREV� QR

PDWWHU ZKHWKHU WKH\ DUH VHUYHG XVLQJ WKH 36 RU RQH RI

WKH RWKHU WZR VFKHGXOLQJ SROLFLHV� KDYH D ORQJ GHOD\ DW

WKH V\QFKURQLVDWLRQ EXIIHU ZKHQ D ODUJH WDVN LV SURF�

HVVHG� 'XULQJ WKDW WLPH LW LV PRVW SUREDEOH IRU WKH ,�2

XQLW WR EH LGOH� EXW DIWHUZDUGV LW LV VXSSOLHG ZLWK PDQ\

WDVNV ZKLFK DUH IRUFHG WR GHOD\ LQ LWV TXHXH�

)RU DOO &� IURP ORZ WR PRGHUDWH ORDGV� '57 LQ�

FUHDVHV ZLWK LQFUHDVLQJ 1� 7KLV LV GXH WR WKH IDFW WKDW DW

PRGHUDWH ORDGV WKHUH DUH PRUH RSSRUWXQLWLHV WR H[SORLW

WKH 6576 DQG 06 DELOLWLHV WKDQ DW ORZ ORDGV� +RZHYHU�

IURP PRGHUDWH WR KLJK ORDGV� '57 YDOXHV GLIIHU OHVV

VLJQLILFDQWO\ ZLWK LQFUHDVLQJ 1 DV PRVW RI WKH WLPH SURF�

HVVRUV DUH EXV\ ZLWK WKH 36 SROLF\�

7KH ODUJHVW YDOXHV RI '. DQG '5 ZHUH DW & � DQG

1 � ZLWK WKH 6576 SROLF\� ,Q WKLV FDVH� 6576 SHU�

IRUPHG DERXW ��� EHWWHU WKDQ 36� :LWK 36 PHDQ SURF�

HVVRU XWLOL]DWLRQ �8&38� ZDV ����� ZKLOVW 6576 LQFUHDVHG

8&38 WR �����

�� &RQFOXVLRQV�DQG�)XUWKHU�5HVHDUFK

,Q WKLV ZRUN ZH VWXGLHG WKH DVVLJQPHQW RI LQGHSHQG�

HQW SURJUDPV LQ D GLVWULEXWHG V\VWHP LQ FRQMXQFWLRQ

ZLWK UHVHTXHQFLQJ� :H XVHG VLPXODWLRQ DV WKH PHDQV RI

REWDLQLQJ UHVXOWV�

'LIIHUHQW VFKHGXOLQJ SROLFLHV ZHUH VWXGLHG DQG FRP�

SDUHG IRU YDULRXV GHJUHHV RI PXOWLSURJUDPPLQJ 1 DQG

FRHIILFLHQWV RI YDULDWLRQ & RI MRE H[HFXWLRQ WLPHV� 7KH

VLPXODWLRQ UHVXOWV UHYHDO WKH IROORZLQJ�

� )URP WKH WKUHH SROLFLHV WKH 36 SHUIRUPHG ZRUVW�

� )RU 1 � DQG IRU DOO &� 06 SHUIRUPV WKH VDPH DV

36� ,Q DOO RWKHU FDVHV 6576 DQG 06 GR QRW GLIIHU

VLJQLILFDQWO\�
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� 7KH DGYDQWDJHV RI 6576 DQG 06 RYHU 36 DUH QRW

FRPSOHWHO\ H[SORLWHG GXH WR WKH UHVHTXHQFLQJ GH�

OD\�

� �KH VXSHULRULW\ RI 6576 DQG 06 RYHU 36 GH�

FUHDVHV ZLWK LQFUHDVLQJ &� 7KH JUHDWHVW GLIIHUHQFH

LQ SHUIRUPDQFH ZDV DFKLHYHG ZLWK 6576 DW 1 �

DQG & �� ZKHUH 6576 SHUIRUPV DERXW ��� EHWWHU

WKDQ 36�

,Q WKH FDVHV ZKHUH 6576 DQG 06 RIIHU SHUIRUPDQFH

DGYDQWDJHV RYHU 36 LW VKRXOG EH WDNHQ LQWR DFFRXQW WKDW

WKLV LV REWDLQHG DW WKH FRVW RI DQ LQFUHDVHG RYHUKHDG�

VXFK DV ORDG LQIRUPDWLRQ PDQDJHPHQW� ORDG LQIRUPD�

WLRQ GLVWULEXWLRQ� WUDQVIHU GHFLVLRQ PDNLQJ� DQG WDVN

WUDQVIHU GHOD\V� 7KLV RYHUKHDG FDQ VHULRXVO\ LPSDFW V\V�

WHP SHUIRUPDQFH ZKHQ FRQVLGHULQJ ODUJH V\VWHPV� ,Q

WKLV ZRUN ZH GR QRW PRGHO LW DV WKH QXPEHU RI SURFHV�

VRUV LV VPDOO� $V D IXWXUH UHVHDUFK ZH SODQ WR FRQVLGHU D

ODUJHU V\VWHP DQG WR FRXQW WKH FRVW RI VFKHGXOLQJ DVVR�

FLDWHG RYHUKHDG� :H H[SHFW WKDW DW ODUJH V\VWHPV DQG DW

KLJK & WKH 36 SROLF\ VKRXOG EH XVHG�

7DEOH �� & �� 36 FDVH

1 8&38 8,�2 57 ' :6' . 5

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

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

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

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

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

7DEOH �� & �� 6576 FDVH

1 8&38 8,�2 57 ' :6' . 5

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

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

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

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

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

7DEOH �� & �� 06 FDVH

1 8&38 8,�2 57 ' :6' . 5

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

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

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

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

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

7DEOH �� & �� 36 YHUVXV 657

1 '57 ':6' '. '5

� ����� ����� ���� ����

� ����� ����� ���� �����

� ����� ����� ���� ����

� ����� ����� ���� ����

�� ����� ����� ���� ����

7DEOH �� & �� 36 YHUVXV 06

1 '57 ':6' '. '5

� ���� ���� ���� ����

� ����� ����� ���� ����

� ����� ����� ���� ����

� ����� ����� ���� ����

�� ����� ����� ���� ����

7DEOH �� & �� 36 YHUVXV 6576

1 '57 ':6' '. '5

� ����� ���� ���� ����

� ����� ����� ���� ����

� ����� ����� ���� ����

� ����� ����� ���� ����

�� ����� ����� ���� ����
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7DEOH �� & �� 36 YHUVXV 06

1 '57 ':6' '. '5

� ���� ���� ���� ����

� ����� ���� ���� ����
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5HIHUHQFHV

>�@ %�$� %ODNH� �$VVLJQPHQW RI ,QGHSHQGHQW 7DVNV WR
0LQLPL]H &RPSOHWLRQ 7LPH�� 6RIWZDUH�3UDFWLFH DQG
([SHULHQFH� 9RO������� ����� SS� ��������

>�@ '�/� (DJHU� (�'� /D]RZVND� DQG -� =DKRUMDQ� �$ &RP�
SDULVRQ RI 5HFHLYHU�,QLWLDWHG DQG 6HQGHU�,QLWLDWHG
$GDSWLYH /RDG 6KDULQJ�� 3HUIRUPDQFH (YDOXDWLRQ�
9RO��� ����� SS� ������

>�@ 0� +DUFKRO�%DOWHU� DQG $�%� 'RZQH\� �([SORLWLQJ
3URFHVV /LIHWLPH 'LVWULEXWLRQ IRU '\QDPLF /RDG %DO�
DQFLQJ�� ,Q 3URFHHGLQJV RI 6LJPHWULFV ���� 3KLODGHOSKLD�
0D\ ������ ����� SS� ������

>�@ ,� ,OLDGLV� DQG <�&� /LHQ� �5HVHTXHQFLQJ GHOD\ GLVWULEX�
WLRQ IRU D TXHXLQJ V\VWHP ZLWK WZR KHWHURJHQHRXV VHUY�
HUV XQGHU WKUHVKROG W\SH VFKHGXOLQJ�� ,Q 'DWD &RPPXQL�
FDWLRQ 6\VWHPV DQG 7KHLU 3HUIRUPDQFH� (OVHYLHU 6FLHQFH
3XEOLVKHUV %�9�� ,),3� ����� SS� ��������

>�@ $� -HDQ�0DULH� �/RDG %DODQFLQJ LQ D 6\VWHP RI 7ZR
4XHXHV ZLWK UHVHTXHQFLQJ�� ,Q 3HUIRUPDQFH ���� 3��-�
&RXUWRLV DQG *� /DWRXFKH �HGLWRUV�� (OVHYLHU 6FLHQFH
3XEOLVKHUV %�9� �1RUWK�+ROODQG�� ����� SS� ������

>�@ +�'� .DUDW]D� �6LPXODWLRQ 6WXG\ RI 6HQGHU�,QLWLDWHG
/RDG 6KDULQJ ZLWK 5HVHTXHQFLQJ�� ,Q 3URFHHGLQJV RI
6XPPHU &RPSXWHU 6LPXODWLRQ &RQIHUHQFH� 6&6&����
6&6� 9�:� ,QJDOOV� -� &\QDPRQ� DQG $�9� 6D\ORU
�HGLWRUV�� 3RUWODQG� 2UHJRQ� ����� -XO\ ����� SS� ����
����

>�@ +�'� .DUDW]D� �6HQGHU�,QLWLDWHG YHUVXV 5HFHLYHU�
,QLWLDWHG $GDSWLYH /RDG 6KDULQJ ZLWK 5HVHTXHQFLQJ�� ,Q
3URFHHGLQJV RI WKH �WK (XURSHDQ 6LPXODWLRQ 6\PSRVLXP
	 ([KLELWLRQ� 6&6� $� %UX]]RQH DQG (� .HUFNKRIIV
�HGLWRUV�� *HQRD� ,WDO\� 2FWREHU ������ ����� SS� ����
����

>�@ +�'� .DUDW]D� DQG 5�&� +XQWVLQJHU� �/RDG %DODQFLQJ
DQG 5HVHTXHQFLQJ LQ D +RPRJHQHRXV 'LVWULEXWHG 6\V�
WHP�� ,Q 3URFHHGLQJV RI 6XPPHU &RPSXWHU 6LPXODWLRQ
&RQIHUHQFH� 6&6&���� 6&6� 7� 2UUHQ DQG /�*� %LUWD
�HGLWRUV�� 2WWDZD� 2QWDULR� &DQDGD� ����� -XO\ ����� SS�
��������

>�@ $� /DZ� DQG '� .HOWRQ� 6LPXODWLRQ 0RGHOLQJ DQG $QDO\�
VLV� 0F*UDZ�+LOO� 1HZ <RUN� �����

>��@ 5��&� /LX� �$QDO\VLV RI WKH (IIHFWV RI 6\VWHP 3DUDPH�
WHUV RQ /RDG %DODQFLQJ�� ,QIRUPDWLRQ 6FLHQFHV� 9RO����
����� SS� ������

>��@ ,� 6DVDVH� DQG 6� 0RUL� �5HVHTXHQFLQJ GHOD\ IRU D
TXHXLQJ V\VWHP ZLWK PXOWLSOH VHUYHUV XQGHU WKUHVKROG�
W\SH VFKHGXOLQJ�� ,Q 3URFHHGLQJV RI WKH 7HQWK $QQXDO
-RLQW &RQIHUHQFH RI WKH ,((( &RPSXWHU DQG &RPPXQL�
FDWLRQV 6RFLHWLHV� ,(((� 9RO��� ����� SS� ��������

>��@ &�+� 6DXHU� DQG .�0� &KDQG\� &RPSXWHU 6\VWHPV 3HU�
IRUPDQFH 0RGHOOLQJ� 3UHQWLFH�+DOO� (QJOHZRRG &OLIIV�
1�-�� �����

>��@ 7� 7DNLQH� DQG 7� +DVHJDZD� �5HVHTXHQFLQJ GHOD\ LQ
3UHHPSWLYH 3ULRULW\ 0�0�� 4XHXHV�� ,Q 3HUIRUPDQFH

��� (OVHYLHU 6FLHQFH 3XEOLVKHUV %�9�� ����� SS� ��������

>��@ 6� 9DUPD� �2SWLPDO $OORFDWLRQ RI &XVWRPHUV LQ D 7ZR
6HUYHU 4XHXH ZLWK 5HVHTXHQFLQJ�� ,((( 7UDQVDFWLRQV
RQ $XWRPDWLF &RQWURO� 9RO�������� ����� SS� ����������
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