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$Q DGDSWLYH LQWHUFRQQHFW�OHQJWK GULYHQ VWDQGDUG FHOO
SODFHU �,/'3� LV GHYHORSHG� 7KH OHQJWK ERXQG IRU HDFK

VRXUFH�VLQN SDLU LV HPSOR\HG WR GLUHFW WKH SODFHPHQW RI

HDFK FHOO GXULQJ UHFXUVLYH PLQ�FXW SDUWLWLRQLQJ� *OREDO

PLJUDWLRQ� JDWH UHVL]LQJ� DQG EXIIHU LQVHUWLRQ DUH
SHUIRUPHG WR PDNH OHQJWK ERXQGV HDVLHU WR VDWLVI\�

%RXQG UH�FRPSXWDWLRQ LV G\QDPLFDOO\ LQYRNHG WR

JHQHUDWH PRUH UHDOL]DEOH ERXQGV EDVHG RQ WKH FXUUHQW

SDUWLDO SODFHPHQW� ,/'3 LV LQWHJUDWHG LQWR D FRPPHUFLDO
WRRO VHW� ([SHULPHQWDO UHVXOWV VKRZ PRUH WKDQ ��� GHOD\

UHGXFWLRQ FDQ EH DFKLHYHG IRU VRPH 0&1& EHQFKPDUN

FLUFXLWV�

�� ,QWURGXFWLRQ

7LPLQJ�GULYHQ SODFHPHQW KDV JRQH WKURXJK D VHULHV RI

HYROXWLRQ� VWDUWLQJ IURP QHW�ZHLJKW�GULYHQ WR QHW�OHQJWK�
GULYHQ� DQG WR SDWK�GHOD\�GULYHQ� 1HW�ZHLJKW�GULYHQ

SODFHPHQW >���@ DVVLJQV KLJKHU ZHLJKWV WR FULWLFDO QHWV WR

ELDV WKH SRVLWLRQLQJ RI D FHOO� 7KH SUREOHP ZLWK WKLV

DSSURDFK LV WKDW D QRQ�FULWLFDO SDWK FDQ HDVLO\ EHFRPH D
FULWLFDO RQH DIWHU OD\RXW� 3DWK�GHOD\�GULYHQ DSSURDFK >���@

FKHFNV WKH VDWLVIDFWLRQ RI SDWK GHOD\ UHTXLUHPHQWV GXULQJ

D SODFHPHQW SURFHVV� 7R KDQGOH SDWK FRQVWUDLQWV HDVLO\�

WKH GHOD\ RI D SDWK LV IRUPXODWHG DV D OLQHDU FRPELQDWLRQ
RI WLPLQJ YDULDEOHV RI WKH QHWV DQG WKH ORJLF JDWHV RQ WKH

SDWK� 7KLV DSSURDFK LV YHU\ WLPH FRQVXPLQJ IRU D GHVLJQ

ZLWK DQ HQRUPRXV QXPEHU RI SDWKV� 1HW�OHQJWK�GULYHQ

DSSURDFK HPSOR\V D VHW RI QHW�OHQJWK ERXQGV WR GLUHFW
FHOO SODFHPHQW� ,W FRQVLVWV RI WZR VXE�SUREOHPV� L�H��

JHQHUDWLQJ OHQJWK ERXQGV DQG SRVLWLRQLQJ ORJLF FHOOV

ZLWKRXW YLRODWLQJ OHQJWK ERXQGV� ,Q >�@� FULWLFDO QHWV DUH

JLYHQ ZLWK QHW�OHQJWK FRQVWUDLQWV SULRU WR SODFHPHQW� $
QHZ PLQ�FXW DOJRULWKP GULYHQ E\ QHW�OHQJWK ERXQGV LV

SURSRVHG� ,Q >�@� D FRQYH[ SURJUDPPLQJ DOJRULWKP LV

XVHG WR FRPSXWH WKH XSSHU DQG ORZHU ERXQGV RQ QHW

OHQJWK� 0DFUR�FHOOV DUH SODFHG DW WKH DSSURSULDWH ORFDWLRQV

WR PDNH WKH OHQJWK RI HDFK QHW IDOO EHWZHHQ LWV ORZHU DQG

XSSHU ERXQGV�
7KH ZRUN GRQH LQ >���@ HPSKDVL]HV PRUH RQ WKH

JHQHUDWLRQ RI OHQJWK ERXQGV� 7KH FRPPRQ SURFHGXUH WR

JHQHUDWH QHW�OHQJWK ERXQGV IRU DOO WKH QHWV LQ D FLUFXLW

ZRUNV DV IROORZV� 7KH VODFN RI D SDWK LV ILUVW FRPSXWHG
E\ WDNLQJ RQO\ JDWH GHOD\V DQG WLPLQJ UHTXLUHPHQWV LQWR

DFFRXQW� 7KHQ� WKH SDWK VODFN LV GLVWULEXWHG WR WKH

FRQVWLWXHQW QHWV RI WKH SDWK DV QHW GHOD\ ERXQGV� 3DWK�

VODFN GLVWULEXWLRQ PD\ WDNH PDQ\ LWHUDWLRQV� %HFDXVH
QHW�GHOD\ ERXQG FDQ EH FRQYHUWHG LQWR QHW�OHQJWK ERXQG

EDVHG RQ D WLPLQJ PRGHO� GHOD\ ERXQG DQG OHQJWK ERXQG

ZLOO EH XVHG LQWHUFKDQJHDEO\ LQ WKLV SDSHU�

2WKHU DSSURDFKHV WR DGGUHVVLQJ LQWHUFRQQHFW GHOD\
SUREOHP LQFOXGH JDWH UHVL]LQJ� EXIIHU LQVHUWLRQ� DQG

FRXSOLQJ�DZDUHQHVV SK\VLFDO GHVLJQ� HWF� *DWH UHVL]LQJ

DQG EXIIHU LQVHUWLRQ FDQ EH SHUIRUPHG SUH�OD\RXW >�����@�

GXULQJ OD\RXW >�����@ RU SRVW OD\RXW >�����@� :LUH
FRXSOLQJ FDQ LQFUHDVH LQWHUFRQQHFW GHOD\ DQG SURGXFH D

FRXSOLQJ QRLVH� 7KH LQFUHDVH LQ LQWHUFRQQHFW GHOD\ FDQ

HORQJDWH FULWLFDO SDWKV� ZKHUHDV WKH FRXSOLQJ QRLVH FRXOG

SRVVLEO\ FDXVH IDOVH VZLWFKLQJ RQ D GHYLFH >��@� %HFDXVH
ZLUH FRXSOLQJ LV FDXVHG E\ WKH FORVH SUR[LPLW\ RI ZLUHV

WKDW UXQ LQ SDUDOOHO IRU D ORQJ GLVWDQFH� UHVHDUFKHV LQ

FRXSOLQJ�DZDUHQHVV SK\VLFDO GHVLJQ PDLQO\ IRFXV RQ

GHYHORSLQJ URXWLQJ VWUDWHJLHV WR UHGXFH WKH OHQJWK RI
DGMDFHQW ZLUHV UXQQLQJ LQ SDUDOOHO >�����@�

$ SUREOHP ZLWK QHW�OHQJWK�GULYHQ DSSURDFK LV

ZKHWKHU D SODFHU FDQ PDNH DOO WKH QHWV �VRXUFH�VLQN SDLUV�

LQ D FLUFXLW VDWLVI\ WKHLU ERXQGV� 2QH DSSURDFK WR WKLV
SUREOHP LV WR FRPSXWH LQWHUFRQQHFW ERXQGV DFFRUGLQJ WR

WKH FLUFXLW©V HOHFWULFDO DQG SK\VLFDO FKDUDFWHULVWLFV >�@�

7KH OHQJWK ERXQGV VR REWDLQHG PD\ EH PRUH UHDOL]DEOH�

EXW QHWV LQ D OHJDO SODFHPHQW PD\ VRPHWLPHV VWLOO YLRODWH
WKHLU ERXQGV� $QRWKHU DSSURDFK LV WR UH�FRPSXWH ERXQGV

EDVHG RQ D EDG OD\RXW DQG WKH SODFHPHQW WDVN LV

SHUIRUPHG DJDLQ EDVHG RQ WKH QHZ ERXQGV� 7KLV

DSSURDFK LV FHUWDLQO\ YHU\ WLPH FRQVXPLQJ DQG PD\ JR
IRUHYHU� <HW DQRWKHU YLDEOH DSSURDFK� OLNH WKH RQH

SURSRVHG LQ WKLV SDSHU� LV WR XSGDWH ERXQGV RQ WKH FRXUVH

RI SODFHPHQW EDVHG RQ D SDUWLDO SODFHPHQW� 7KH GHOD\

ERXQGV DUH DGDSWLYHO\ PRGLILHG DFFRUGLQJ WR WKH FXUUHQW
VWDWXV RI WKH SODFHPHQW SURFHVV� 7R JR RQH VWHS IXUWKHU�

WKH SURSRVHG PHWKRG HPSOR\V JOREDO PLJUDWLRQ� JDWH

� 7KLV ZRUN ZDV VXSSRUWHG E\ 1DWLRQDO 6FLHQFH &RXQFLO� 5HSXEOLF RI

&KLQD� XQGHU *UDQW 1R� 16& ��������(��������



UHVL]LQJ� DQG EXIIHU LQVHUWLRQ WR PDNH GHOD\ ERXQGV

HDVLHU WR VDWLVI\� ([SHULPHQWDO UHVXOWV VKRZ PRUH WKDQ
��� GHOD\ UHGXFWLRQ FDQ EH DFKLHYHG IRU VRPH 0&1&

EHQFKPDUN FLUFXLWV�

7KH UHVW RI WKLV SDSHU LV RUJDQL]HG DV IROORZV� 6HFWLRQ
� GHWDLOV WKH PHWKRGRORJLHV XVHG E\ ,/'3� 7KHVH

LQFOXGH WKH DSSURDFKHV WR GHOD\ ERXQG FRPSXWDWLRQ�

URXWLQJ WRSRORJ\ IRU D PXOWL�SLQ QHW� PLQ�FXW SDUWLWLRQLQJ�

JOREDO PLJUDWLRQ� JDWH UHVL]LQJ� EXIIHU LQVHUWLRQ� ERXQG
UH�FRPSXWDWLRQ� HWF� 6HFWLRQ � SUHVHQWV VRPH

H[SHULPHQWDO UHVXOWV� 6HFWLRQ � GUDZV D FRQFOXVLRQ�

�� ,QWHUFRQQHFW�OHQJWK GULYHQ SODFHPHQW

)LJXUH � VKRZV WKH SURSRVHG SODFHPHQW PHWKRGRORJ\�

,/'3� 7KH LQWHUFRQQHFW GHOD\ ERXQG JHQHUDWRU FRPSXWHV

GHOD\ ERXQGV IRU DOO WKH VRXUFH�VLQN SDLUV LQ D FLUFXLW

ZLWK FRQVLGHULQJ WKH LQIOXHQFH RI IXQFWLRQDO IDOVH SDWKV
>��@� 7KH JOREDO SODFHU ILUVW JHQHUDWHV WKH FXW OLQHV DQG

GHWHUPLQHV WKH FXW VHTXHQFH� DQG WKHQ UHFXUVLYHO\

SHUIRUPV FLUFXLW SDUWLWLRQLQJ >��@ XQWLO DOO WKH FXW OLQHV

DUH H[HFXWHG� 2Q WKH FRXUVH RI SDUWLWLRQLQJ� WKH VRXUFH�
VLQN SDLU GHOD\ ERXQGV DUH WDNHQ LQWR DFFRXQW ZKHQ RQH

FHOO LV PRYHG IURP RQH SDUWLWLRQLQJ UHJLRQ WR DQRWKHU� ,I

DQ\ RI WKH VRXUFH�VLQN SDLUV YLRODWHV LWV ERXQG� WKH FHOOV

FRQQHFWHG E\ WKH XQGHUO\LQJ QHW DUH JOREDOO\ PLJUDWHG
IURP RQH SDUWLWLRQLQJ UHJLRQ WR DQRWKHU� 7KLV SURFHVV LV

FDOOHG JOREDO PLJUDWLRQ� $OWKRXJK JOREDO PLJUDWLRQ FDQ

UHGXFH WKH GLVWDQFH EHWZHHQ VRXUFH�VLQN SDLUV� WKH GHOD\

ERXQGV IRU VRPH VRXUFH�VLQN SDLUV PLJKW EH VWLOO WRR
WLJKW WR VDWLVI\� ,Q WKLV VLWXDWLRQ� WKH JOREDO SODFHU

DXWRPDWLFDOO\ SHUIRUPV JDWH UHVL]LQJ RU EXIIHU LQVHUWLRQ

WR PDNH WKH ERXQGV HDVLHU WR VDWLVI\� )XUWKHUPRUH� GHOD\

ERXQGV DUH G\QDPLFDOO\ UH�FRPSXWHG EDVHG RQ WKH
FXUUHQW SDUWLDO SODFHPHQW ZKHQ WRR PDQ\ VRXUFH�VLQN

SDLUV YLRODWH WKHLU ERXQGV� $V WKH SDUWLWLRQLQJ SURFHVV

JRHV� WKH SDUWLDO SODFHPHQW ZLOO JLYH PRUH DFFXUDWH FHOO

SRVLWLRQV VXFK WKDW WKH QHZ GHOD\ ERXQGV ZLOO EH PRUH
UHDOL]DEOH� )LQDOO\� GHWDLOHG SODFHPHQW GHFLGHV WKH H[DFW

FHOO SRVLWLRQV WR PLQLPL]H WKH WRWDO ZLUH OHQJWK�

���� 1HW�OHQJWK ERXQG JHQHUDWRU

7KH ERXQG JHQHUDWRU� WKRXJK HPSOR\LQJ 0,03 >�@ DV
D EDVLV� FDQ GLVWULEXWH SDWK VODFN WR WKH FRQVWLWXHQW

VRXUFH�VLQN SDLUV RI D SDWK LQVWHDG RI WKH FRQVWLWXHQW QHWV�

,W FDQ DOVR DVVLJQ D PLQLPDO ERXQG WR HDFK VRXUFH�VLQN

SDLU EDVHG RQ WKH FHOOV FRQQHFWHG WR WKH XQGHUO\LQJ QHW�
,Q JHQHUDO� ZH ZRXOG OLNH D FULWLFDO VRXUFH�VLQN SDLU DV

VKRUWHU DV SRVVLEOH� +RZHYHU� IURP WKH ERXQG UHDOL]DWLRQ

YLHZSRLQW� ZH ZRXOG OLNH D ERXQG DV ODUJHU DV SRVVLEOH�

,Q WKLV ZRUN� WKH ZHLJKWV XVHG LQ GLVWULEXWLQJ SDWK VODFNV
FDQ VXSSRUW ERWK YLHZSRLQWV DQG DUH FKRVHQ WR EH D

IXQFWLRQ RI IDQRXW� 2WKHU SDUDPHWHUV VXFK DV GULYLQJ

FDSDELOLW\ FDQ EH XVHG DORQJ ZLWK IDQRXW WR GHULYH WKH
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Figure 1. Overview of ILDP

ZHLJKWV� 7KH ERXQG JHQHUDWRU FDOFXODWHV JDWH GHOD\

XVLQJ D QRQ�OLQHDU GHOD\ PRGHO >��@ LQ WHUPV RI LQSXW

VORSH DQG RXWSXW ORDG� 7R LPSURYH WKH HIILFLHQF\ RI
ERXQG FRPSXWDWLRQ� WKH 3&/ >��@ �SDWK FRQVWUDLQW OLVW�

FUHDWHG GXULQJ IDOVH SDWK LGHQWLILFDWLRQ LV HPSOR\HG WR

H[FOXGH IDOVH SDWKV GXULQJ ERXQG FRPSXWDWLRQ� %DVLFDOO\�

D GHOD\ ERXQG JHQHUDWRU VKRXOG WDNH WKH FRXSOLQJ GHOD\
LQWR DFFRXQW� EXW LW LV QRW QHFHVVDU\ IRU XV WR GR VR LQ

SODFHPHQW�

)RU LQLWLDO ERXQG FRPSXWDWLRQ SULRU WR SODFHPHQW� WKH

FDSDFLWDQFH GHULYHG IURP WKH PLQLPXP GHOD\ ERXQG LV
XVHG WR DGMXVW JDWH GHOD\V WR PDNH GHOD\ ERXQGV PRUH

DFFXUDWH� :KHQ ERXQG UH�FRPSXWDWLRQ LV SHUIRUPHG

GXULQJ PLQ�FXW SDUWLWLRQLQJ� JDWH GHOD\V VKRXOG EH

UHFDOFXODWHG GXH WR WKH FKDQJH RI ZLUH FDSDFLWDQFH
GHULYHG IURP D SDUWLDO SODFHPHQW� $Q LQWHUFRQQHFW GHOD\

LV FRPSXWHG IRU HDFK VRXUFH�VLQN SDLU E\ XVLQJ WKH

GLVWULEXWHG 5& (OPRUH GHOD\ PRGHO� 7LPLQJ DQDO\VLV

WDNHV WKH HVWLPDWHG LQWHUFRQQHFW GHOD\ LQWR DFFRXQW ZKHQ
LW FDOFXODWHV WKH ODWHVW DUULYDO WLPH IRU HDFK VRXUFH�VLQN

SDLU� ,I WKH VODFN RI WKH ORQJHVW SDWK WUDYHUVLQJ WKH

VRXUFH�VLQN SDLU LV SRVLWLYH� 0,03 DOJRULWKP LV

HPSOR\HG WR GLVWULEXWH WKH UHPDLQLQJ VODFN� 7KH ILQDO
GHOD\ ERXQG LV WDNHQ DV WKH VXP RI WKH HVWLPDWHG

LQWHUFRQQHFW GHOD\ DQG WKH QHZO\ DVVLJQHG VODFN�

2WKHUZLVH� QHJDWLYH VODFN VKRXOG EH GLVWULEXWHG WR HDFK

VRXUFH�VLQN SDLU I RQ WKH XQGHUO\LQJ SDWK DFFRUGLQJ WR
WKH IROORZLQJ UXOH�

,I WKH HVWLPDWHG GHOD\ RI I LV VPDOOHU WKDQ WKH ROG ERXQG�

( ) GHOD\ RI IHVWLPDWHGERXQG IQHZ = � RWKHUZLVH�

( )
��

B

WRWDOI

QHZ
YLRODWLRQYLRODWLRQ

VODFNSDWKGHOD\HVWLPDWHGIERXQG
×

+=

:KHUH YLRODWLRQI LV WKH DPRXQW RI ERXQG YLRODWLRQ RQ I

DQG YLRODWLRQWRWDO LV WKH WRWDO DPRXQW RI ERXQG YLRODWLRQV

RQ WKH ORQJHVW SDWK WUDYHUVLQJ I� 5HGLVWULEXWLQJ QHJDWLYH

SDWK VODFN LQ WKLV ZD\ FDQ KDYH WKH IROORZLQJ HIIHFWV�
�D�� $ VRXUFH�VLQN SDLU WKDW GRHV QRW YLRODWH LWV ERXQG

ZLOO FRQWLQXH WR VDWLVI\ WKH QHZ ERXQG GXULQJ



VXEVHTXHQW SDUWLWLRQLQJ�

�E�� $ VRXUFH�VLQN SDLU WKDW KDV D VPDOO DPRXQW RI
YLRODWLRQ ZLOO EH YHU\ OLNHO\ WR VDWLVI\ WKH QHZ ERXQG

GXULQJ VXEVHTXHQW SDUWLWLRQLQJ�

�F�� $ VRXUFH�VLQN SDLU WKDW KDV D ODUJH DPRXQW RI
YLRODWLRQ ZLOO YHU\ OLNHO\ FRQWLQXH WR YLRODWH WKH QHZ

ERXQG VR WKDW JOREDO PLJUDWLRQ� JDWH UHVL]LQJ RU

EXIIHU LQVHUWLRQ LV LQYRNHG WR HOLPLQDWH WKH YLRODWLRQ

GXULQJ VXEVHTXHQW SDUWLWLRQLQJ�
2XU ERXQG JHQHUDWRU LV HIILFLHQW� IRU H[DPSOH� WKH

EHQFKPDUN FLUFXLW V����� ZLWK ����� FHOOV WDNLQJ RQO\

��� VHFRQGV RQ D 681 8OWUD6SDUF �� ZLWK ��� 0E

PHPRU\�

���� 0XOWL�SLQ QHW WRSRORJ\ DQG WLPLQJ PRGHO

$ PXOWL�SLQ QHW URXWLQJ SUREOHP FDQ EH VROYHG E\

FRQVWUXFWLQJ DQ RSWLPDO UHFWLOLQHDU 6WHLQHU WUHH �567��

%HFDXVH LW LV DQ 13�KDUG SUREOHP >��@� WKH SUREOHP LV

DSSUR[LPDWHG E\ XVLQJ D VLPSOHU URXWLQJ WRSRORJ\ PRGHO
VKRZQ LQ )LJXUH �� *LYHQ WKH WHUPLQDO SRLQWV RI D QHW�

WKH PLQLPXP ERXQGLQJ ER[ HQFORVLQJ DOO WKH WHUPLQDO

SRLQWV LV ILUVW FUHDWHG� 6XSSRVH WKH ORQJHU VLGH RI WKH

ERXQGLQJ ER[ LV LQ WKH KRUL]RQWDO GLUHFWLRQ� 7KHQ� D

URXWLQJ WUHH LV IRUPHG E\ GUDZLQJ D WUXQN �L�H�� $% �

DFURVV WKH FHQWHU RI WKH VKRUWHU VLGH DQG E\ GUDZLQJ

YHUWLFDO ZLUH VHJPHQWV WR FRQQHFW DOO WKH WHUPLQDO SRLQWV
WR WKH WUXQN� &OHDUO\� WKH PD[LPXP OHQJWK RI D N�SLQ QHW

LV QRW JUHDWHU WKDQ N:/ ���+ DQG WKH HVWLPDWLRQ IRU D

WZR�SLQ QHW LV RSWLPDO� +HUH� ZH DVVXPH WKDW D SLQ LV

ORFDWHG DW WKH FHQWHU RI D SDUWLWLRQLQJ UHJLRQ�
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Figure 2. A multi-pin net routing topology

7R FRPSXWH WKH 5& GHOD\ IRU HDFK VRXUFH�VLQN SDLU�

WKH WRSRORJ\ PRGHO LV HPSOR\HG WR FUHDWH D URXWLQJ WUHH
ZKRVH URRW DQG OHDYHV UHSUHVHQW UHVSHFWLYHO\ WKH VRXUFH

QRGH DQG WKH VLQN QRGHV RI D QHW� (DFK ZLUH VHJPHQW LV

WKHQ PRGHOHG DV D π �W\SH FLUFXLW DQG WKH LQWHUFRQQHFW

GHOD\ LV HVWLPDWHG EDVHG RQ WKH GLVWULEXWHG 5& (OPRUH
GHOD\ PRGHO�

���� *OREDO SODFHU

7KH JOREDO SODFHU SODFHV ORJLF FHOOV DW WKH YDULRXV

UHJLRQV VXFK WKDW WKH WRWDO ZLUH OHQJWK LV PLQLPL]HG DQG
HDFK VRXUFH�VLQN SDLU FDQ VDWLVI\ LWV GHOD\ ERXQG� )LJXUH

� VKRZV WKH JOREDO SODFHPHQW DOJRULWKP� 9LRODWLRQ�Q
L
�

GHQRWHV WKH ERXQG YLRODWLRQ RI QHW Q
L
� ZKLFK LV WKH VXP

RI WKH ERXQG YLRODWLRQV RI WKH VRXUFH�VLQN SDLUV WKDW

FRQVWLWXWH QHW Q
L
� DQG ε LV D XVHU�VSHFLILHG WKUHVKROG� 7KH

JOREDO SODFHU SHUIRUPV WKH IROORZLQJ PDLQ WDVNV� PLQ�FXW

SDUWLWLRQLQJ� JOREDO PLJUDWLRQ� JDWH UHVL]LQJ� EXIIHU
LQVHUWLRQ� DQG LQYRNLQJ GHOD\ ERXQG UH�FRPSXWDWLRQ�

*HQHUDWH FXW OLQHV DQG GHWHUPLQH D FXW VHTXHQFH�

)RU HDFK FXW OLQH ^

3HUIRUP PLQ�FXW SDUWLWLRQLQJ ZLWK ERXQG FRQVWUDLQWV�

,I � WRR PDQ\ VRXUFH�VLQN SDLUV YLRODWH WKHLU GHOD\ ERXQGV �

3HUIRUP ERXQG UH�FRPSXWDWLRQ�

(OVH ^

)RU HDFK QHW Q
L
� LI DQ\ RI LWV VRXUFH�VLQN SDLUV YLRODWHV WKH

ERXQG ^

3HUIRUP JOREDO PLJUDWLRQ�

LI � �� YLRODWLRQ�Q
L
� �ε �

$SSO\ JDWH UHVL]LQJ�
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3HUIRUP EXIIHU LQVHUWLRQ�
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Figure 3. Global placement

������ 0LQ�FXW SDUWLWLRQLQJ� 0LQ�FXW SDUWLWLRQLQJ� LQ

DGGLWLRQ WR VDWLVI\LQJ VL]H FRQVWUDLQWV DQG PD[LPL]LQJ

JDLQV� KDV WR FRQVLGHU OHQJWK ERXQGV ZKHQ PRYLQJ D FHOO

WR DQRWKHU SDUWLWLRQLQJ UHJLRQ� :KHWKHU D VHOHFWHG FHOO P
FDQ EH PRYHG LV GHWHUPLQHG E\ WKH IROORZLQJ FULWHULD�

�D�� ,I YLRODWLRQBGLII�P�≤ �� WKHQ FHOO P FDQ EH PRYHG WR
DQRWKHU UHJLRQ�

�E�� ,I YLRODWLRQBGLII�P�! � DQG JDLQ�P�≤ �� WKHQ FHOO P
PXVW EH NHSW LQ WKH RULJLQDO UHJLRQ�

�F�� ,I YLRODWLRQBGLII�P�!�� JDLQ�P�!�� DQG

���B����� >×−−× PGLIIYLRODWLRQPJDLQ ωω � WKHQ

FHOO P FDQ EH PRYHG WR DQRWKHU UHJLRQ� RWKHUZLVH�

FHOO P LV NHSW LQ WKH RULJLQDO UHJLRQ�

:KHUH JDLQ�P� DQG YLRODWLRQBGLII�P� DUH UHVSHFWLYHO\
WKH FXW�VL]H UHGXFWLRQ DQG WKH FKDQJH RI WRWDO ERXQG

YLRODWLRQV IRU PRYLQJ FHOO P WR DQRWKHU UHJLRQ� $ QHW KDV

D YLRODWLRQ LI DQ\ RI WKH VRXUFH�VLQN SDLUV RI WKLV QHW

YLRODWHV LWV GHOD\ ERXQG� 7KH ERXQG YLRODWLRQ RI WKLV QHW
LV FRPSXWHG DV WKH VXP RI WKH ERXQG YLRODWLRQV RI WKH

VRXUFH�VLQN SDLUV WKDW FRQVWLWXWH WKLV QHW� %\ YDU\LQJ ω�
�� ≤≤ ω � ZH FDQ DGMXVW WKH UROH RI GHOD\ ERXQGV GXULQJ

PLQ�FXW SDUWLWLRQLQJ� 1RWH WKDW FULWHULRQ �F� DOORZV D

VRXUFH�VLQN SDLU WR YLRODWH LWV GHOD\ ERXQG ZKHQ WKH JDLQ
LV FRQVLGHUDEO\ ODUJH� 7KH YLRODWLRQ ZLOO EH HOLPLQDWHG

ODWHU E\ JOREDO PLJUDWLRQ� JDWH UHVL]LQJ� RU EXIIHU

LQVHUWLRQ�

������ *OREDO PLJUDWLRQ� 7KH JOREDO SODFHU FRXOG

PLJUDWH WKH FHOOV FRQQHFWHG E\ D QHW WR RWKHU SDUWLWLRQLQJ

UHJLRQV LQ RUGHU WR HOLPLQDWH D YLRODWLRQ� 0RYLQJ WKHVH

FHOOV WR DQRWKHU SDUWLWLRQLQJ UHJLRQV PD\ PDNH VRPH



RWKHU VRXUFH�VLQN SDLUV FRQQHFWHG WR WKHVH FHOOV DOVR

YLRODWH WKHLU GHOD\ ERXQGV� 6R� YLRODWLRQBGLII�P� GHILQHG
DERYH LV XVHG WR GHWHUPLQH ZKHWKHU D FHOO P FDQ EH

PRYHG� ,I LW LV VPDOOHU WKDQ ]HUR� FHOO P FDQ EH PRYHG WR

WKH GHVLUHG UHJLRQ� *OREDO PLJUDWLRQ LV WHUPLQDWHG ZKHQ
WKH YLRODWLRQ LV HOLPLQDWHG RU DOO RI WKH XQGHUO\LQJ FHOOV

FDQ QRW EH PRYHG�

������ *DWH UHVL]LQJ� :KHQ VRPH VRXUFH�VLQN SDLUV FDQ©W
VDWLVI\ WKHLU GHOD\ ERXQGV� JDWH UHVL]LQJ LV WULHG WR VROYH

WKLV SUREOHP� 'ULYLQJ JDWH DQG�RU WKH GULYHQ JDWHV FDQ EH

UHVL]HG WR LQFUHDVH GHOD\ ERXQGV� :H FRQVLGHU RQO\

GULYLQJ JDWH UHVL]LQJ� ZKLFK LV GRQH E\ XVLQJ D JDWH ZLWK
KLJKHU GULYLQJ FDSDELOLW\� $OWKRXJK VFDOLQJ XS D GULYLQJ

JDWH FDQ LQFUHDVH WKH GHOD\ ERXQGV RI LWV VRXUFH�VLQN

SDLUV� WKH GHOD\ ERXQGV RI WKH VRXUFH�VLQN SDLUV GULYHQ

E\ WKH SUHFHGLQJ JDWH ZRXOG EH GHFUHDVHG EHFDXVH WKH
JDWH FDSDFLWDQFH RI WKH GULYLQJ JDWH KDV DOUHDG\

LQFUHDVHG� 7KHRUHWLFDOO\� JDWH�UHVL]LQJ VKRXOG EH

FRQGXFWHG EDFNZDUG WRZDUG WKH VRXUFH RI D SDWK� %XW LI

WKH LQFUHDVH LQ WKH GULYLQJ JDWH FDSDFLWDQFH LV PXFK
VPDOOHU WKDQ WKH ZLULQJ FDSDFLWDQFH RI D QHW� ZH GR QRW

KDYH WR SHUIRUP EDFNZDUG JDWH UHVL]LQJ� ,Q IDFW� LI ZH

KDYH WR GR VR� LW SUREDEO\ LQGLFDWHV WKDW EXIIHU LQVHUWLRQ

LV UHTXLUHG�

������ %XIIHU LQVHUWLRQ� :KHQ D EXIIHU LV LQVHUWHG LQWR D

ORQJ QHW� WKUHH LPSRUWDQW LVVXHV PXVW EH DGGUHVVHG�

ZKHUH WR LQVHUW WKH EXIIHU� KRZ ODUJH WKH EXIIHU VL]H LV
DQG KRZ WR UH�GLVWULEXWH WKH RULJLQDO GHOD\ ERXQG WR WKH

QHZO\ FUHDWHG VRXUFH�VLQN SDLUV� 7KH LQVHUWLRQ SRVLWLRQ

LV VHOHFWHG DV WKH SRLQW DORQJ WKH PRVW FULWLFDO VRXUFH�

VLQN SDWK RQ D URXWLQJ WUHH VXFK WKDW ERXQG YLRODWLRQV
FDQ EH JUHDWO\ UHGXFHG� 7KH VL]H RI WKH LQVHUWHG EXIIHU

GHSHQGV RQ LWV RXWSXW ORDG FDSDFLWDQFH� ,Q JHQHUDO� WKH

JUHDWHU LWV RXWSXW ORDG FDSDFLWDQFH� WKH ODUJHU LV LWV VL]H�

%XW D EXIIHU RI SURSHU VL]H VKRXOG EH XVHG MXVW HQRXJK WR
HOLPLQDWH ERXQG YLRODWLRQV� $IWHU EXIIHU LQVHUWLRQ� D QHW

LV VHSDUDWHG LQWR WZR VKRUWHU QHWV DQG ERXQG

UHGLVWULEXWLRQ VKRXOG EH PDGH EDVHG RQ WKH EXIIHU©V

SRVLWLRQ DQG GULYLQJ FDSDELOLW\�

������ 'HOD\ ERXQG UH�FRPSXWDWLRQ� :KHQ WKH QXPEHU

RI ERXQG YLRODWLRQV LV ODUJHU WKDQ D XVHU�VSHFLILHG

WKUHVKROG� LW LQGLFDWHV WKDW WKH JOREDO SODFHU ZLWK WKH
FXUUHQW VHW RI GHOD\ ERXQGV ZLOO QRW EH DEOH WR REWDLQ D

WLPLQJ�VDWLVILHG GHVLJQ� ,Q WKLV VLWXDWLRQ� WKH JOREDO

SODFHU VWRSV WKH SODFHPHQW SURFHVV DQG ERXQG UH�

FRPSXWDWLRQ LV LQYRNHG� 7KH LQIRUPDWLRQ SDVVHG IURP
WKH JOREDO SODFHU WR WKH ERXQG JHQHUDWRU LQFOXGHV WKH

HVWLPDWHG GHOD\ RI HDFK VRXUFH�VLQN SDLU GHULYHG IURP

WKH FXUUHQW SDUWLDO SODFHPHQW� 7KH ERXQG JHQHUDWRU XVHV

WKLV LQIRUPDWLRQ WR JHQHUDWH D VHW RI PRUH UHDOL]DEOH
ERXQGV� 7KHQ� WKH JOREDO SODFHU FRQWLQXHV WKH SODFHPHQW

SURFHVV ZLWK WKHVH QHZ ERXQGV� ,I LW JRHV ZHOO� WKH

IUHTXHQF\ RI ERXQG UH�FRPSXWDWLRQ VKRXOG EH OLPLWHG�

���� 'HWDLOHG SODFHU

'HWDLOHG SODFHPHQW GHFLGHV WKH H[DFW SRVLWLRQV IRU WKH

FHOOV ORFDWHG LQ HDFK RI WKH SDUWLWLRQLQJ UHJLRQV� 6LQFH

HDFK FHOO LV ORFDWHG ZLWKLQ D VPDOO UHJLRQ� OHQJWK ERXQGV

DUH QR ORQJHU XVHG KHUH WR GLUHFW WKH SRVLWLRQLQJ RI D FHOO�
7KH GHWDLOHG SODFHPHQW SHUIRUPV D WZR�SKDVH OLQHDU

RUGHULQJ >��@� 7KH ILUVW SKDVH GLYLGHV DOO WKH FHOOV ZLWKLQ

D SDUWLWLRQLQJ UHJLRQ LQWR U VXEVHWV� ZKHUH U LV WKH

QXPEHU RI FHOO URZV ZLWKLQ WKLV UHJLRQ� 7KLV SKDVH
PLQLPL]HV WKH QXPEHU RI ZLUHV DPRQJ URZV LQ D UHJLRQ�

ZKHUHDV WKH VHFRQG SKDVH PLQLPL]HV WKH WRWDO ZLUH

OHQJWK RQ WKH VDPH URZ�

�� ([SHULPHQWDO UHVXOWV

,/'3 LV LQWHJUDWHG LQWR D FRPPHUFLDO WRRO VHW FDOOHG

&07� 7KH SODFHPHQWV REWDLQHG UHVSHFWLYHO\ IURP ,/'3
DQG &07 SODFHU DUH URXWHG E\ &07 URXWHU� 3RVW�OD\RXW

UHVLVWDQFH DQG FDSDFLWDQFH DUH XVHG WR FRPSXWH WKH

LQWHUFRQQHFW 5& GHOD\� 7KH LQWHUFRQQHFW GHOD\ DQG FHOO

GHOD\ DUH HPSOR\HG WR SURGXFH D 6') �6WDQGDUG 'HOD\
)RUPDW� ILOH ZKLFK LV XVHG E\ 6\QRSV\V 'HVLJQ 7LPH WR

SHUIRUP SRVW�OD\RXW WLPLQJ DQDO\VLV�

,Q RUGHU WR PDNH LQWHUFRQQHFW GHOD\ PRUH VLJQLILFDQW�

ZH LQFUHDVH WKH VKHHW UHVLVWDQFH RI HDFK URXWLQJ OD\HU
VXFK WKDW D VPDOO LQFUHDVH LQ LQWHUFRQQHFW OHQJWK ZRXOG

VLJQLILFDQWO\ LQFUHDVH WKH LQWHUFRQQHFW GHOD\� EXW ZRXOG

VOLJKWO\ LQFUHDVH WKH JDWH GHOD\� 7KH SXUSRVH LV WR VHH

KRZ HIIHFWLYH ,/'3 FDQ PDQDJH LQWHUFRQQHFW OHQJWK�
7KUHH 0&1& EHQFKPDUN FLUFXLWV� V����� V������ DQG

V����� DUH HPSOR\HG IRU WKLV VWXG\� 7KHVH FLUFXLWV DUH

V\QWKHVL]HG E\ 6\QRSV\V 'HVLJQ &RPSLOHU ZLWK DQ LQ�

KRXVH ����XP FHOO OLEUDU\� 7KH UHVXOWV DUH SUHVHQWHG LQ
7DEOHV �� �� DQG �� ZKHUH SODFHPHQW VWUDWHJ\ LQGLFDWHV

ZKDW NLQG RI ZHLJKWLQJ PHWKRG LV XVHG LQ ERXQG

FRPSXWDWLRQ� ZKHWKHU JOREDO PLJUDWLRQ LV DSSOLHG� RU

ZKHWKHU JDWH UHVL]LQJ LV HPSOR\HG� 1, LQGLFDWHV WKDW WKH
ZHLJKW RI WKH VRXUFH�VLQN SDLUV WKDW FRQVWLWXWH D QHW LV VHW

SURSRUWLRQDO WR WKH VTXDUH URRW RI WKH IDQRXW RI WKLV QHW�

ZKHUHDV ,QY LQGLFDWHV WKDW WKH ZHLJKW LV VHW SURSRUWLRQDO

WR WKH LQYHUVH RI WKH VTXDUH URRW RI WKH IDQRXW� $ SDWK
EHWZHHQ PHPRU\ FHOOV LV FDOOHG D PHPRU\ SDWK� ZKHUHDV

D SDWK VWDUWLQJ IURP RU HQGLQJ DW DQ ,2 SLQ LV FDOOHG DQ

,2 SDWK� ¦√§ LQGLFDWHV WKH DVVRFLDWHG SODFHPHQW VWUDWHJ\

LV HPSOR\HG� ZKHUHDV ¦×§ LQGLFDWHV RWKHUZLVH� 7KH
ORQJHVW SDWK GHOD\ SURGXFHG E\ &07 LV JLYHQ LQ WKH ODVW

URZ�

,Q 7DEOHV � DQG �� WKH GHOD\V RI WKH ORQJHVW PHPRU\
SDWKV DQG WKH ORQJHVW ,2 SDWKV SURGXFHG E\ ,/'3 DUH

VPDOOHU WKDQ WKDW SURGXFHG E\ &07� ,W LV IRXQG IRU V����

WKDW WKH SODFHPHQW UHVXOWV SURGXFHG E\ ,/'3 HPSOR\LQJ

1, VWUDWHJ\ DUH EHWWHU WKDQ WKDW E\ ,/'3 HPSOR\LQJ ,QY



VWUDWHJ\� %XW� WKH SKHQRPHQRQ LV RSSRVLWH IRU V������

7KLV UHPLQGV XV RI WKH DUJXPHQW WKDW D FULWLFDO VRXUFH�
VLQN SDLU VKRXOG EH URXWHG DV VKRUWHU DV SRVVLEOH� EXW D

ERXQG VKRXOG EH PDGH DV ODUJHU DV SRVVLEOH IURP WKH ERXQG

Table 1. The longest path delays of s5378 after routing

,/'3 3ODFHPHQW 6WUDWHJ\
/RQJHVW 0HPRU\

3DWK
/RQJHVW ,2 3DWK

:HLJKWLQJ
PHWKRG

*OREDO
0LJUDWLRQ

*DWH
5HVL]LQJ

'HOD\
�QV�

'HOD\
LPSURYHG

'HOD\
�QV�

'HOD\
LPSURYHG

1, × × ���� ���� � ���� ��� �

,QY × × ���� ���� � ���� ��� �

1, √ × ���� ���� � ���� ���� �

,QY √ × ���� ���� � ���� ��� �

1, √ √ ���� ���� � ���� ���� �

,QY √ √ ���� ���� � ���� ���� �

&07 ���� � � ���� � �

Table 2. The longest path delays of s13207 after routing

,/'3 3ODFHPHQW 6WUDWHJ\
/RQJHVW 0HPRU\

3DWK
/RQJHVW ,�2 3DWK

:HLJKWLQJ

PHWKRG

*OREDO

0LJUDWLRQ

*DWH

5HVL]LQJ

'HOD\

�QV�

'HOD\

LPSURYHG

'HOD\

�QV�

'HOD\

LPSURYHG

1, × × ����� ��� � ���� ���� �

,QY × × ����� ���� � ���� ���� �

1, √ × ����� ���� � ���� ���� �

,QY √ × ����� ���� � ���� ���� �

1, √ √ ���� ���� � ���� ���� �

,QY √ √ ���� ���� � ���� ���� �

&07 ����� � � � ���� � �

Table 3. The longest path delays of s38584 after routing

,/'3 3ODFHPHQW 6WUDWHJ\
/RQJHVW 0HPRU\

3DWK

/RQJHVW ,�2 3DWK

:HLJKWLQJ

PHWKRG

*OREDO

0LJUDWLRQ

*DWH

5HVL]LQJ

'HOD\

�QV�

'HOD\

LPSURYHG

'HOD\

�QV�

'HOD\

LPSURYHG

1, × × ����� ����� � ����� ���� �

,QY × × ����� ����� � ����� ���� �

1, √ × ����� ����� � ����� ���� �

,QY √ × ����� ����� � ����� ���� �

1, √ √ ����� ����� � ����� ���� �

,QY √ √ ����� ����� � ����� ���� �

&07 ����� � � ����� � �

UHDOL]DWLRQ YLHZSRLQW� %HFDXVH WKHVH WZR YLHZSRLQWV

FRQWUDGLFW WR HDFK RWKHU� LW LV UHDVRQDEOH WR H[SHFW WKDW
1, VWUDWHJ\ FDQ QRW WRWDOO\ RXWSHUIRUP ,QY VWUDWHJ\ RU

YLFH YHUVD�

,Q 7DEOH �� WKH ORQJHVW ,2 SDWK GHOD\V SURGXFHG E\
,/'3 DUH VPDOOHU WKDQ WKH RQH SURGXFHG E\ &07� %XW

WKH ORQJHVW PHPRU\ SDWK GHOD\V SURGXFHG E\ ,/'3 DUH

ORQJHU WKDQ WKDW SURGXFHG E\ &07� 7KLV LV EHFDXVH WKH

,2 SDWKV RI V����� DUH PXFK ORQJHU WKDQ WKH PHPRU\
SDWKV� $V D FRQVHTXHQFH� WKH GHOD\ ERXQGV RI WKH VRXUFH�

VLQN SDLUV RQ WKH ,2 SDWKV DUH WLJKWHU WKDQ WKDW RQ WKH

PHPRU\ SDWKV� 7KHUHIRUH� ,/'3 ZRXOG WHQG WR PLQLPL]H

WKH OHQJWK RI HDFK VRXUFH�VLQN SDLU RQ WKH ,2 SDWKV ZKLOH
PDNH WKH GHOD\V RI WKH PHPRU\ SDWKV VDWLVI\ WKH WLPLQJ

VSHFLILFDWLRQV�

,GHDOO\� WKH ORQJHVW SDWK GHOD\ SURGXFHG E\ ,/'3

HPSOR\LQJ ERWK JOREDO PLJUDWLRQ DQG JDWH UHVL]LQJ
VKRXOG EH VPDOOHU WKDQ WKDW E\ ,/'3 VLPSO\ HPSOR\LQJ

JOREDO PLJUDWLRQ� WKH ORQJHVW SDWK GHOD\ SURGXFHG E\

,/'3 HPSOR\LQJ RQO\ JOREDO PLJUDWLRQ VKRXOG EH

VPDOOHU WKDQ WKDW E\ ,/'3 HPSOR\LQJ QHLWKHU JOREDO
PLJUDWLRQ QRU JDWH UHVL]LQJ� )RU V���� DQG V������ WKLV

LV DOPRVW WUXH H[FHSW IRU D IHZ VSHFLDO FDVHV� EXW LW LV QRW

WUXH IRU V������ 7KH SRVVLEOH UHDVRQ IRU WKLV LV WKDW ZH

FDQ QRW FRQWURO WKH URXWLQJ SURFHVV VR WKDW WKH DFWXDO
LQWHUFRQQHFW GHOD\ DIWHU URXWLQJ PD\ EH YHU\ IDU IURP WKH

RQH SUHGLFWHG E\ ,/'3�

7KH UHVXOWV REWDLQHG E\ ,/'3 ZLWK EXIIHU LQVHUWLRQ LQ

7DEOH � VKRZ WKDW EXIIHU LQVHUWLRQ FDQ IXUWKHU UHGXFH WKH
ORQJHVW SDWK GHOD\� +HUH� 1, VWUDWHJ\ LV XVHG WR GHULYH

ZHLJKWV IRU FRPSXWLQJ GHOD\ ERXQGV� 7KH QXPEHU RI

EXIIHUV LQVHUWHG LV TXLWH OLPLWHG� DW PRVW �� RI WKH WRWDO

FHOO DUHD� 1RWH WKDW &07 GRHV QRW SHUIRUP DQ\ EXIIHU
LQVHUWLRQ� )RU D IDLU FRPSDULVRQ� ZH DUH FXUUHQWO\ ZRUNLQJ

ZHLJKLQJ RI WKH JDLQ DQG ERXQG YLRODWLRQ GXULQJ PLQ�FXW

SDUWLWLRQLQJ LV QRW SURSHUO\ SHUIRUPHG� 2YHUO\

HPSKDVL]LQJ ERXQG YLRODWLRQ FDQ HDVLO\ FDXVH D
URXWDELOLW\ SUREOHP� :H JXHVV WKDW WKLV SUREOHP FDQ EH

LPSURYHG E\ XVLQJ D PRUH UREXVW PXOWL�ZD\ SDUWLWLRQLQJ

DOJRULWKP >��@�

Table 4. The longest path delay and total cell area

&07 ,/'3

&LUFXLWV

1XPEHU

RI FHOOV

1XPEHU

RI QHWV

1XPEHU

RI ,2

SLQV

/RQJHVW

SDWK

GHOD\

7RWDO FHOO

DUHD �XPA��

/RQJHVW

SDWK

GHOD\

'HOD\

LPSURYHG

1XPEHU RI

,QVHUWHG

EXIIHUV

7RWDO FHOO

DUHD

�XPA��

$UHD

LQFUHDVHG

6����� ���� ���� ��� ����� QV ������ ���� QV ������ �� ������ ������

6����� ���� ���� ��� ����� QV ������ ����� QV ������ �� ������ ������

6����� ����� ����� ��� ����� QV ������ ����� QV ������ ��� ������ ������

V����� ����� ����� ��� ����� QV ������ ����� QV ������ ��� ������ ������

V����� ����� ����� ��� ����� QV ������ ����� QV ������ ��� ������ ������



�� &RQFOXVLRQ

$Q ,QWHUFRQQHFW�/HQJWK 'ULYHQ VWDQGDUG FHOO 3ODFHU

�,/'3� HPSOR\LQJ VRXUFH�VLQN SDLU GHOD\ ERXQGV WR

GLUHFW WKH SRVLWLRQLQJ RI FHOOV GXULQJ UHFXUVLYH PLQ�FXW
SDUWLWLRQLQJ KDV EHHQ GHYHORSHG� *OREDO PLJUDWLRQ� JDWH

UHVL]LQJ� DQG EXIIHU LQVHUWLRQ DUH SHUIRUPHG WR PDNH

GHOD\ ERXQGV HDVLHU WR VDWLVI\� :KHQ WRR PDQ\ VRXUFH�

VLQN SDLUV YLRODWH WKHLU ERXQGV GXULQJ PLQ�FXW
SDUWLWLRQLQJ� PRUH UHDOL]DEOH GHOD\ ERXQGV DUH

G\QDPLFDOO\ GHULYHG IURP WKH FXUUHQW SDUWLDO SODFHPHQW�

,/'3 LV LQWHJUDWHG LQWR D FRPPHUFLDO WRRO VHW� 5HVXOWV

IURP 0&1& EHQFKPDUN FLUFXLWV VKRZ PRUH WKDQ ���
GHOD\ UHGXFWLRQ FDQ EH DFKLHYHG� ,Q WKH IXWXUH ZH ZLOO

DSSO\ GHOD\ ERXQGV WR ZLUH VL]LQJ GXULQJ SODFHPHQW�

�� 5HIHUHQFHV

>�@ $� (� 'XQORS� 9� '� $JUDZDO� '� 1� 'HXWVFK� 0� )� -XNO� 3�

.R]DN� DQG 0� :LHVHO� �&KLS OD\RXW RSWLPL]DWLRQ XVLQJ

FULWLFDO SDWK ZHLJKWLQJ�� WKH ��WK $&0�,((( '$&� �����

SS� ��������

>�@ 0� %XUVWHLQ DQG 0� 1� <RXVVHI� �7LPLQJ LQIOXHQFHG OD\RXW

GHVLJQ�� WKH ��WK $&0�,((( '$&� ����� SS� ��������

>�@ 7� .RLGH� 0� 2QR� 6� :DNDED\DVKL� <� 1LVKLPDUX� DQG 1�

<RVKLGD� ¦$ QHZ SHUIRUPDQFH GULYHQ SODFHPHQW PHWKRG

ZLWK WKH (OPRUH GHOD\ PRGHO IRU 5RZ %DVHG 9/6,V�§ WKH

��WK '$&� ����� SS� ��������

>�@ :� 'RQDWK HW DO�� ¦7LPLQJ GULYHQ SODFHPHQW XVLQJ FRPSOHWH

SDWK GHOD\�§ WKH ��WK $&0�,((( '$&� ����� SS� ������

>�@ 0� 7HUDL� .� 7DNDKDVKL� DQG .RML 6DWR� ¦$ QHZ PLQ�FXW

SODFHPHQW DOJRULWKP IRU WLPLQJ DVVXUDQFH OD\RXW GHVLJQ

PHHWLQJ QHW OHQJWK FRQVWUDLQW�§ WKH ��WK $&0�,((( 'HVLJQ

$XWRPDWLRQ &RQIHUHQFH� ����� SS� �������

>�@ 7� *DR� 3� 0� 9DLG\D� DQG &� /� /LX� ¦$ SHUIRUPDQFH

GULYHQ PDUFR�FHOO SODFHPHQW DOJRULWKP�§ WKH ��WK

$&0�,((( '$&� ����� SS� ��������

>�@ 5� 1DLU� &� /� %HUPDQ� 3� 6� +DXJH� DQG (� -� <RIID�

¦*HQHUDWLRQ RI SHUIRUPDQFH FRQVWUDLQWV IRU OD\RXW�§ ,(((

7UDQV� RQ &$'� 9RO� �� $XJ� ����� SS� ��������

>�@ +� <RXVVHI� 5��%� /LQ� DQG (� 6KUDJRZLW]� ¦%RXQGV RQ QHW

GHOD\V IRU 9/6, FLUFXLWV�§ ,((( 7UDQV� RQ &LUFXLWV DQG

6\VWHPV ¤ ,,� $QDORJ DQG 'LJLWDO 6LJQDO 3URFHVVLQJ� 9RO� ���

1R� ��� 1RY� ����� SS� ��������

>�@ :LQJ .� /XN� ¦$ IDVW SK\VLFDO FRQVWUDLQW JHQHUDWRU IRU

WLPLQJ GULYHQ OD\RXW�§ WKH ��WK $&0�,((( '$&� ����� SS�

��������

>��@ .� 6� /RZH� DQG 3� *� *XODN� ¦$ MRLQW JDWH VL]LQJ DQG

EXIIHU LQVHUWLRQ PHWKRG IRU RSWLPL]LQJ GHOD\ DQG SRZHU LQ

&026 DQG %L&206 FRPELQDWLRQDO ORJLF�§ ,((( 7UDQV�

RQ &$'� 9RO� ��� 0D\ ����� SS� ��������

>��@ +��5� /LQ DQG 7��7� +ZDQJ� ¦3RZHU UHGXFWLRQ E\ JDWH

VL]LQJ ZLWK SDWK�RULHQWHG VODFN FDOFXODWLRQ�§ WKH ��WK

$&0�,((( '$&� ����� SS� �����

>��@ 3� *LUDUG HW DO�� ¦$ JDWH UHVL]LQJ WHFKQLTXH IRU KLJK
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