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$EVWUDFW

7KLV SDSHU SUHVHQWV D V\QWKHVLV WRRO ,&(%(5* IRU

HPEHGGHG LQ�FLUFXLW HPXODWRUV �,&(¶V�� WKDW DUH SDUW RI

WKH GHYHORSPHQW HQYLURQPHQW IRU PLFURFRQWUROOHU �RU

PLFURSURFHVVRU��EDVHG V\VWHPV �3,3(5�,,�� 7KH WRRO

LQVHUWV DQG LQWHJUDWHV WKH QHFHVVDU\ LQ�FLUFXLW HPXODWLRQ

FLUFXLWU\ LQWR D JLYHQ 57/ FRUH RI D PLFURFRQWUROOHU� DQG

WKXV WXUQLQJ WKH FRUH LQWR DQ HPEHGGHG ,&(� 7KH ,&(�

EDVHG RQ WKH ,((( ������ -7$* DUFKLWHFWXUH� SURYLGHV

VWDQGDUG GHEXJJLQJ PHFKDQLVPV� LQFOXGLQJ ERXQGDU\

VFDQ SDWKV� SDUWLDO VFDQ SDWKV� VLQJOH VWHSSLQJ� LQWHUQDO

UHVRXUFH PRQLWRULQJ DQG PRGLILFDWLRQ� EUHDNSRLQW

GHWHFWLRQ� DQG PRGH VZLWFKLQJ EHWZHHQ GHEXJJLQJ DQG

IUHH UXQQLQJ PRGHV� ,&(%(5* KDV EHHQ VXFFHVVIXOO\

DSSOLHG WR V\QWKHVL]H WKH HPEHGGHG ,&( IRU DQ LQGXVWULDO

PLFURFRQWUROOHU +7����� IURP LWV 57/ FRUH�

�� ,QWURGXFWLRQ

$Q LQ�FLUFXLW HPXODWRU �,&(� LV SDUW RI WKH GHYHORSPHQW

HQYLURQPHQW IRU PLFURFRQWUROOHU �RU PLFURSURFHVVRU��EDVHG

V\VWHPV �FDOOHG WDUJHW V\VWHPV�� 'XULQJ WKH GHYHORSPHQW RI WKH

KDUGZDUH DQG VRIWZDUH RI WKH WDUJHW V\VWHPV� WKH ,&( UHSODFHV WKH

PLFURFRQWUROOHU DQG LV LQVHUWHG LQWR WKH VORW ZKHUH WKH

PLFURFRQWUROOHU VKRXOG EH� 7KH ,&(� ZKLOH UHWDLQLQJ WKH VDPH

IXQFWLRQDOLW\ DV WKH RULJLQDO PLFURFRQWUROOHU� SURYLGHV H[WUD

GHEXJJLQJ VXSSRUWV VXFK DV VLQJOH VWHSSLQJ� EUHDN SRLQW VHWWLQJ

DQG GHWHFWLRQ� LQWHUQDO UHVRXUFH PRQLWRULQJ DQG PRGLILFDWLRQ� HWF�

)RU ERDUG OHYHO WDUJHW V\VWHPV� WKH PLFURFRQWUROOHU DQG LWV

FRUUHVSRQGLQJ ,&( XVXDOO\ DGRSW GLIIHUHQW GHVLJQ VW\OHV� ZKLOH WKH

PLFURFRQWUROOHU EHLQJ D VLQJOH FKLS LPSOHPHQWDWLRQ� WKH

FRUUHVSRQGLQJ ,&( LV D ERDUG OHYHO GHVLJQ WKDW PD\ HYHQ VSDQ

PRUH WKDQ RQH ERDUG� VXFK DV >�@ DQG >��@� $OWKRXJK VXFK

DSSURDFK KDV EHHQ LQ SUDFWLFH IRU TXLWH D ORQJ WLPH� LW PD\ EHFRPH

LQVXIILFLHQW IRU WKH GHYHORSPHQW RI WDUJHW V\VWHPV ZLWK KLJKHU

GHJUHH RI LQWHJUDWLRQ VXFK DV 62& �V\VWHP�RQ�FKLS� FKLSV� $ 62&

FKLS FRQWDLQV ZLWKLQ D VLQJOH GLH PXOWLSOH FRPSRQHQWV� VXFK DV

PLFURFRQWUROOHUV� GLJLWDO VLJQDO SURFHVVRUV� DSSOLFDWLRQ VSHFLILF

LQWHJUDWHG FLUFXLWV� $�' DQG '�$ FRQYHUWHUV� 5$0� 520� ,�2

LQWHUIDFHV� DQDORJ GHYLFHV� HWF�

7KH UHDVRQV DUH WKDW� ILUVW� LW LV GLIILFXOW� LI QRW LPSRVVLEOH� WR

UHSODFH WKH HPEHGGHG PLFURFRQWUROOHU ZLWK DQ H[WHUQDO ,&( E\

SUREHV� DV LQ WKH XVXDO SUDFWLFH IRU WKH ERDUG OHYHO GHVLJQV� 6HFRQG�

WKH ERDUG OHYHO LPSOHPHQWDWLRQ RI ,&( PLJKW QRW EH DEOH WR UXQ DW

WKH KLJK FORFN UDWHV WKDW DUH GHPDQGHG E\ KLJK SHUIRUPDQFH 62&

FKLSV� 7KHUHIRUH� HPEHGGLQJ WKH ,&( ZLWKLQ WKH PLFURFRQWUROOHU

EHFRPHV D IHDVLEOH VROXWLRQ IRU 62& DSSOLFDWLRQV� VXFK DV WKH

$50�7'0, HPEHGGHG PLFURFRQWUROOHU >��@�

+RZHYHU� WKH GHVLJQ RI ,&(¶V� HLWKHU VWDQG DORQJ RU HPEHGGHG�

KDV EHHQ PRVWO\ D PDQXDO DQG DG�KRF SURFHVV� ,Q WKLV SDSHU� ZH

SUHVHQW D PHWKRGRORJ\ DQG WKH FRUUHVSRQGLQJ WRRO ,&(%(5* WR

V\QWKHVL]H HPEHGGHG ,&(¶V IRU PLFURFRQWUROOHUV� 7KH WRRO DFFHSWV

DV LQSXWV WKH 57/ 9HULORJ FRGH RI D PLFURFRQWUROOHU DQG D VHW RI

,&( FRQILJXUDWLRQ SDUDPHWHUV� DQG JHQHUDWHV DV RXWSXW WKH 57/

9HULORJ FRGH RI WKH HPEHGGHG ,&( IRU WKH JLYHQ PLFURFRQWUROOHU�

7KH UHVW RI WKH SDSHU LV RUJDQL]HG DV IROORZV� 6HFWLRQ � UHYLHZV

UHODWHG ZRUN� 6HFWLRQ � GHVFULEHV WKH ,&( DUFKLWHFWXUH� 6HFWLRQ �

SUHVHQWV WKH ,&( V\QWKHVLV� 6HFWLRQ � GHPRQVWUDWHV WKH WHFKQLTXH

ZLWK DQ LQGXVWULDO HPEHGGHG PLFURFRQWUROOHU +7������ 6HFWLRQ �

SURYLGHV WKH FRQFOXVLRQV IRU WKLV ZRUN�

�� 5HODWHG :RUN

7KH DSSURDFKHV WR WKH GHVLJQ RI ,&(¶V DUH SULPDULO\ DG KRF� 0RVW

RI WKH ,&(¶V DUH ERDUG OHYHO GHVLJQV� 7KH\ DUH EXLOW DURXQG

H[WHQGHG YHUVLRQV RI WKH PLFURFRQWUROOHU FKLSV �>�@ DQG >��@�� 7KH

H[WHQGHG FKLS PDNHV DYDLODEOH WR WKH RXWVLGH ZRUOG LWV LQWHUQDO

LQIRUPDWLRQ VXFK DV GDWD EXV DQG WKH SURJUDP FRXQWHU� DQG FHUWDLQ

FRQWURO VLJQDOV WKURXJK H[WUD ,�2 SLQV WKDW GR QRW H[LVW LQ UHJXODU

FKLSV� 7KH RWKHU FRPSRQHQWV RQ WKH FLUFXLW ERDUG RI WKH ,&( DUH

UHVSRQVLEOH IRU WKH GHEXJJLQJ VXSSRUW� VXFK DV LQWHUIDFLQJ

EHWZHHQ WKH KRVW DQG WKH PLFURFRQWUROOHU FKLS� PRQLWRULQJ DQG

UHFRUGLQJ WKH FKLS VWDWXV� DQG FRQWUROOLQJ WKH EHKDYLRU RI WKH FKLS�

HWF� $V IRU WKH VLQJOH FKLS VROXWLRQV� WKH $50�7'0, SURFHVVRU

>��@ LV RQH RI WKH ILUVW HPEHGGHG ,&(¶V DYDLODEOH� ,W LV EXLOW DURXQG

WKH -7$* DUFKLWHFWXUH >�@�

6FDQ SDWKV KDYH EHHQ ZLGHO\ DGRSWHG DV D VWDQGDUG DSSURDFK WR

WKH GHEXJJLQJ DQG WHVWLQJ RI V\QWKHVL]HG KDUGZDUH� :RUNV LQ WKLV

DUHD LQFOXGH 7RXED DQG 3RX\D >�@� )HUQDQGH] DQG 6DQFKH] >��@�

6LHYHUW HW DO� >��@� =DN -U� DQG +LOO >��@� HWF� 6RPH RI WKH ZRUNV�

VXFK DV >��@ DQG >��@� DFFHVV WKH VFDQ SDWKV YLD WKH 7$3 FRQWUROOHU

>�@�

.RFK HW DO� >�@ VWXG\ WKH V\QWKHVLV RI EUHDNSRLQWV IRU D GLIIHUHQW

_

___________________________
Permission to make digital/hardcopy of all or part of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage, the copyright notice, the title of the publication
and its date appear, and notice is given that copying is by permission of ACM, Inc.
To copy otherwise, to republish, to post on servers or to redistribute to lists, requires
prior specific permission and/or a fee.
DAC 99, New Orleans, Louisiana
(c) 1999 ACM 1-58113-109-7/99/06..$5.00



SXUSRVH� 7KHLU JRDO LV WR PDLQWDLQ D RQH�WR�RQH FRUUHVSRQGHQFH

EHWZHHQ D +'/ �KDUGZDUH GHVFULSWLRQ ODQJXDJH� FRGH VXFK DV WKH

9+'/ FRGH RI D FHUWDLQ FLUFXLW DQG WKH HPXODWLRQ RI VXFK FLUFXLW

LQ SURJUDPPDEOH ORJLF GHYLFHV VXFK DV )3*$� $ EUHDNSRLQW VHW LQ

WKH +'/ FRGH FDQ EH PDSSHG WR D PDFKLQH VWDWH LQ WKH )3*$

HPXODWLRQ� 7KH SXUSRVH LV WR GHEXJ WKH +'/ VRXUFH RI WKH FLUFXLW�

VXFK DV D PLFURFRQWUROOHU� LWVHOI� 2Q WKH RWKHU KDQG� WKH SXUSRVH RI

,&( LV WR GHEXJ WKH KDUGZDUH DQG VRIWZDUH RI WKH WDUJHW V\VWHP

WKDW LV EXLOW DURXQG WKH PLFURFRQWUROOHU�

2Q WKH FRPPHUFLDO VLGH� VRPH FHOO OLEUDU\ YHQGHUV SURYLGH FHOOV

VXFK DV VFDQ UHJLVWHUV DQG WKH 7$3 FRQWUROOHU DQG WKH QHFHVVDU\

WRRO WR LQWHJUDWH WKHP LQWR D FLUFXLW �H�J�� >��@�� +RZHYHU� LW LV QRW

VXIILFLHQW WR VXSSRUW WKH V\QWKHVLV RI ,&(¶V� 7R GHVLJQ DQ ,&(� WKH

GHVLJQHUV KDYH WR PDQXDOO\ LQWHJUDWH WKHVH FHOOV DQG EXLOG

QHFHVVDU\ FRQWURO PHFKDQLVP LQWR WKH PLFURFRQWUROOHU FRUH�

&RPSDUHG ZLWK WKH UHODWHG ZRUN� RXU WRRO DLPV DW SURYLGLQJ D WRWDO

VROXWLRQ E\ QRW RQO\ V\QWKHVL]LQJ WKH LQGLYLGXDO FRPSRQHQWV VXFK

DV WKH VFDQ SDWKV� WKH 7$3 FRQWUROOHU DQG WKH EUHDNSRLQW GHWHFWLRQ

XQLW� EXW DOVR LQWHJUDWLQJ WKHVH FRPSRQHQWV LQWR D JLYHQ 57/ FRUH

RI D PLFURFRQWUROOHU�

�� ,&( $FKLWHFWXUH

6LPLODU WR WKH $50�7'0, PLFURFRQWUROOHUV� RXU ,&( LV EDVHG RQ

WKH -7$*�,((( ������ DUFKLWHFWXUH� ,Q WKLV VHFWLRQ ZH ILUVW

GHVFULEH WKH -7$* DUFKLWHFWXUH DQG WKHQ GHVFULEH WKH QHFHVVDU\

PRGLILFDWLRQV WR WKH -7$* DUFKLWHFWXUH DQG WKH RSHUDWLRQ PRGHV LQ

RUGHU WR VXSSRUW WKH ,&( IXQFWLRQDOLW\�

���� -7$*�,((( ������ $UFKLWHFWXUH

7KH -7$*�,(((������ DUFKLWHFWXUH LV D IUDPHZRUN IRU

VWDQGDUGL]HG GHVLJQ�IRU�WHVWDELOLW\ RI LQWHJUDWHG FLUFXLWV IRU

PRGXOH�OHYHO �H�J�� ERDUG�OHYHO� WHVWLQJ >�@� ,W DOORZV WKH LQSXWV

DQG RXWSXWV RI WKH GLJLWDO ORJLF RI WKH LQWHJUDWHG FLUFXLW WR EH

DFFHVVHG IURP RXWVLGH PRGXOHV� 7KH DUFKLWHFWXUH SODFHV D

ERXQGDU\�VFDQ FHOO DGMDFHQW WR HDFK FRPSRQHQW¶V LQSXW�RXWSXW SLQ

LQ RUGHU WR REVHUYH DQG FRQWURO WKH FRPSRQHQW¶V VLJQDOV DW LWV

ERXQGDULHV� 7KH DGYDQWDJH LV WKDW WKH FRQWUROODELOLW\ DQG

REVHUYDELOLW\ RI D PRGXOH FRQWDLQLQJ PDQ\ FRPSRQHQWV LV YDVWO\

LPSURYHG ZKLOH WKH LQSXW�RXWSXW RYHUKHDG RI WKH PRGXOH FRQVLVWV

RI RQO\ WKUHH H[WUD LQSXW SLQV 7&. �WHVW FORFN�� 706 �WHVW PRGH

VHOHFW� DQG 7', �WHVW GDWD LQ�� DQG RQH H[WUD RXWSXW SLQ 7'2 �WHVW

GDWD RXW��

7KH PDMRU FRPSRQHQWV RI WKH -7$*�,(((������ DUFKLWHFWXUH DUH

WKH 7$3 �7HVW $FFHVV 3RUW� FRQWUROOHU� ERXQGDU\�VFDQ UHJLVWHUV

DQG VRPH RWKHU UHJLVWHUV� VKRZQ LQ )LJXUH �� 7KH 7$3 FRQWUROOHU

FRQWUROV WKH EHKDYLRU RI WKH DUFKLWHFWXUH YLD WKH 7$3 LQVWUXFWLRQV

DQG WKH 7&. DQG 706 VLJQDOV� 7KH 7$3 LQVWUXFWLRQV DUH IHG LQWR

WKH LQVWUXFWLRQ UHJLVWHU RI WKH 7$3 FRQWUROOHU WKURXJK WKH 7',

LQSXW SLQ� 7KH ERXQGDU\�VFDQ FKDLQ UHJLVWHU LV D PXOWLSOH�ELW VKLIW�

UHJLVWHU FRQVLVWLQJ RI WKH ERXQGDU\�VFDQ FHOOV LQWHUFRQQHFWHG LQ

VHULDO IDVKLRQ ZLWK DFFHVV WR WKH FRPSRQHQW¶V LQSXW�RXWSXW SLQV

DQG LQWHUQDO ORJLF� 7KH ERXQGDU\�VFDQ UHJLVWHU FDQ EH ZULWWHQ

WKURXJK WKH 7', SLQ DQG UHDG IURP WKH 7'2 SLQ�

���� %XLOGLQJ DQ ,&( XSRQ WKH -7$*

DUFKLWHFWXUH

,Q WKH VXE VHFWLRQV ZH ILUVW GHVFULEH WKH QHFHVVDU\

PRGLILFDWLRQV WR WKH -7$* DUFKLWHFWXUH LQ RUGHU WR VXSSRUW WKH ,&(

IXQFWLRQDOLW\� :H WKHQ LQWURGXFH WKH H[HFXWLRQ PRGHV RI ,&(�

)LQDOO\� ZH SUHVHQW WKH ,&( RUJDQL]DWLRQ DQG LWV RSHUDWLRQV�

������ 1HFHVVDU\ PRGLILFDWLRQV RI WKH -7$*

DUFKLWHFWXUH
,Q RUGHU WR LPSOHPHQW WKH ,&( IXQFWLRQDOLW\� VHYHUDO

FRPSRQHQWV LQ WKH -7$* DUFKLWHFWXUH QHHG PRGLI\LQJ� DQG

IXUWKHUPRUH� VRPH QHZ FRPSRQHQWV DUH DOVR QHFHVVDU\� 7DEOH �

VXPPDUL]HV WKH FRPSRQHQWV WKDW DUH PRGLILHG RU QHZ WR WKH -7$*

DUFKLWHFWXUH IRU WKH VXSSRUW RI ,&( IXQFWLRQDOLW\� $QG WKH

FRQQHFWLRQ RI WKHVH FRPSRQHQWV LV VKRZQ LQ )LJXUH ��

&ODVVLILFDWLRQ &RPSRQHQWV

2ULJLQDO ������ -7$*

FRPSRQHQWV

z 7$3 FRQWUROOHU�

z %RXQGDU\ 6FDQ 5HJLVWHUV�

z %\SDVV 5HJLVWHU

0RGLILHG ������

-7$* FRPSRQHQWV

z ,QVWUXFWLRQ 5HJLVWHU�

z ,QVWUXFWLRQ 'HFRGH /RJLF�

z 'DWD 5HJLVWHU 6HOHFWRU

1HZ &RPSRQHQWV

z &RUH 'DWD 5HJLVWHU�

z %UHDNSRLQW 6FDQ 5HJLVWHU�

z 6FDQ�&KDLQ 6HOHFW 5HJLVWHU�

z %UHDNSRLQW 'HWHFWLRQ 8QLW

Table 1. ICE component classification
7KH QHZ FRPSRQHQWV LQ RXU DUFKLWHFWXUH LQFOXGH DGGLWLRQDO VFDQ�

FKDLQ UHJLVWHUV DQG WKH EUHDNSRLQW GHWHFWLRQ XQLW� 7KH FRUH GDWD

UHJLVWHU LV D VFDQ FKDLQ RI WKH LQWHUQDO UHJLVWHUV WKDW WKH GHVLJQHU

ZDQWV WR REVHUYH� 7KH EUHDNSRLQW VFDQ UHJLVWHU LV D VFDQ FKDLQ

XVHG WR VKLIW EUHDNSRLQW DQG LWV FRQILJXUDWLRQ SDUDPHWHUV LQWR WKH

EUHDNSRLQW GHWHFWLRQ XQLW� 7KH VFDQ�FKDLQ VHOHFW UHJLVWHU LV DOVR D

VFDQ FKDLQ XVHG WR VHOHFW WKH GHVLUHG VFDQ�FKDLQ WKDW XVHUV ZDQW WR

LQSXW RU VKLIW GDWD�

������ %UHDNSRLQW 'HWHFWLRQ 8QLW
7KH %UHDNSRLQW GHWHFWLRQ XQLW �%'8� LV WKH FHQWUDO SDUW RI WKH ,&(�

7KH %'8 PRQLWRUV WKH YDOXH�V� RQ WKH DGGUHVV EXV DQG�RU WKH GDWD

EXV RI WKH PLFURFRQWUROOHU� 2QFH WKH YDOXH PDWFKHV VRPH WDUJHW

YDOXHV� %'8 VWRSV WKH QRUPDO RSHUDWLRQ RI WKH PLFURFRQWUROOHU�

DQG WKH FRQWURO LV WDNHQ RYHU E\ WKH 7$3 FRQWUROOHU� 7KH WDUJHW

YDOXHV DUH VWRUHG LQ WKH LQWHUQDO UHJLVWHUV �FDOOHG EUHDNSRLQW

UHJLVWHUV� RI WKH %'8 WKURXJK WKH 7$3 FRQWUROOHU E\ WKH XVHU

EHIRUH WKH GHEXJJLQJ LV DFWLYDWHG�

7ZR W\SHV RI PDWFKHV DUH VXSSRUWHG� GDWD LQGHSHQGHQW DQG GDWD

GHSHQGHQW� 7KH GDWD LQGHSHQGHQW PDWFK KDSSHQV ZKHQ WKH YDOXH

RI WKH DGGUHVV EXV PDWFKHV DW OHDVW RQH RI WKH WDUJHW YDOXHV LQ WKH

EUHDNSRLQW UHJLVWHUV� 7KH GDWD GHSHQGHQW PDWFK KDSSHQV RQO\

ZKHQ ERWK WKH YDOXHV RI WKH DGGUHVV EXV DQG WKH GDWD EXVHV PDWFK

WKH WDUJHW YDOXHV�

7R SURYLGH IXUWKHU IOH[LELOLW\ LQ GHEXJJLQJ� WKH YDOXHV FDQ EH

PDVNHG EHIRUH WKH\ DUH FRPSDUHG ZLWK WKH WDUJHW YDOXHV� 7KH

PDVNLQJ PHFKDQLVP PDNHV LW SRVVLEOH WR VWRS WKH PLFURFRQWUROOHU

XQGHU VRPH VRSKLVWLFDWHG FRQGLWLRQV VXFK DV VWRSSLQJ ZKHQ WKH

DGGUHVV LV ZRUG DOLJQHG� RU ZKHQ WKH GDWD LV HYHQ� RU RQO\ ZKHQ

ERWK FRQGLWLRQV DUH PHW�

7R DFKLHYH WKH PDVNHG GDWD GHSHQGHQW PDWFKLQJ� D EUHDNSRLQW

UHJLVWHU FRQVLVWV RI IRXU ILHOGV� WDUJHW DGGUHVV� WDUJHW DGGUHVV PDVN�

WDUJHW GDWD� DQG WDUJHW GDWD PDVN� 7R VDYH WKH VL]H RI WKH %'8�

WKH GHVLJQHU FDQ GHFLGH ZKHWKHU WR UHPRYH WKH PDVNLQJ DQG�RU WKH



GHSHQGHQF\ PHFKDQLVP E\ HOLPLQDWLQJ WKH FRUUHVSRQGLQJ PDVN

DQG�RU WDUJHW GDWD ILHOGV�

)LJXUH � LOOXVWUDWHV WKH UHODWLRQVKLS EHWZHHQ WKH

PLFURFRQWUROOHU FRUH DQG WKH %'8� 7KH VLJQDOV DGGUHVVBLQ DQG

GDWDBLQ DUH FRQWUROOHG E\ WKH 7$3 FRQWUROOHU� 7KH\ DUH XVHG WR

DVVLJQ WKH EUHDNSRLQW YDOXH WR D EUHDNSRLQW UHJLVWHU WKDW LV

VSHFLILHG E\ WKH DGGUHVVBLQ VLJQDO� ,I WKH PLFURFRQWUROOHU LV

SLSHOLQHG� WKHUH DUH PDQ\ FRQFXUUHQW DFWLYLWLHV LQ WKH

PLFURFRQWUROOHU� ,Q WKLV FDVH� WKH %'8 VKRXOG EH HQDEOHG RQO\ DW

VRPH VSHFLILF WLPLQJ LQ RUGHU WR DYRLG SLFNLQJ XS WKH ZURQJ

LQIRUPDWLRQ� 7KH VLJQDO HQBFKHFN LV XVHG WR WXUQ RQ WKH %'8 DW

WKH ULJKW F\FOH� :KHQ D EUHDNSRLQW LV PDWFKHG� WKH VLJQDO

EUHDNSRLQW LV HQDEOHG WR IRUFH WKH ,&( LQWR WKH 7$3 PRGH �WR EH

H[SODLQHG LQ 6HFWLRQ �������

'HSHQGLQJ RQ WKH PHPRU\ FRQILJXUDWLRQ RI WKH

PLFURFRQWUROOHU FRUH� WKHUH DUH VRPH DOWHUQDWLYH GHVLJQV IRU WKH

%'8� ,I WKH SURJUDP DQG GDWD PHPRU\ DUH VHSDUDWHG �+DUYDUG

DUFKLWHFWXUH�� DQG WKH XVHU ZDQW WR GHWHFW ERWK LQVWUXFWLRQ DQG GDWD

EUHDNSRLQWV� WKH %'8 PXVW KDYH EUHDNSRLQW UHJLVWHUV IRU ERWK

LQVWUXFWLRQ DQG GDWD� ,I WKH SURJUDP DQG GDWD PHPRU\ VKDUH WKH

VDPH GDWD DQG DGGUHVV EXV �9RQHXPDQQ DUFKLWHFWXUH�� WKHQ WKH

%'8 PXVW NQRZ LI WKH PLFURFRQWUROOHU FRUH LV LQ WKH IHWFK VWDJH RU

H[HFXWH VWDJH� 7KHUHIRUH� HDFK EUHDNSRLQW UHJLVWHU LQ WKH %'8

UHTXLUHV DQ H[WUD ��ELW ILHOG WR UHFRUG ZKHWKHU WKH WDUJHW LV IRU

LQVWUXFWLRQ RU GDWD�

,Q VXPPDU\� WKH %'8 FDQ EH FXVWRPL]HG E\ WKH IROORZLQJ

SDUDPHWHUV� ��� WKH ZLGWK RI WKH EUHDNSRLQW UHJLVWHU� ��� ZLWK RU

ZLWKRXW GDWD GHSHQGHQFH� ��� ZLWK RU ZLWKRXW PDVNLQJ� ��� WKH

QXPEHU RI EUHDNSRLQWV� ��� +DUYDUG RU 9RQHXPDQQ PHPRU\

DUFKLWHFWXUH� 7KHVH SDUDPHWHUV KDYH LPSDFWV RQ ERWK SHUIRUPDQFH

DQG FRVW RI WKH %'8�

������ ,&( RSHUDWLRQ PRGHV
7KUHH RSHUDWLRQ PRGHV DUH QHFHVVDU\ IRU WKH HPEHGGHG ,&(� LQ

RUGHU WR SURSHUO\ FRQWURO WKH EHKDYLRUV RI WKH PLFURFRQWUROOHU DQG

WKH -7$* PHFKDQLVP�

z 0RQLWRULQJ PRGH
,Q WKH PRQLWRULQJ PRGH� WKH PLFURFRQWUROOHU FRUH LV DFWLYH DV LQ WKH

QRUPDO FDVH� ,Q DGGLWLRQ� WKH %'8 NHHSV PRQLWRULQJ WKH

PLFURFRQWUROOHU¶V VWDWXV� DQG VWRSV WKH PLFURFRQWUROOHU FRUH ZKHQ

WKH EUHDNSRLQW LV UHDFKHG� 7KH 7$3 FRQWUROOHU LV LQ WKH LGOH VWDWH�

7KH PLFURFRQWUROOHU¶V FRUH FORFN LV XVHG DV WKH V\VWHP FORFN� DQG

WKHUHIRUH WKH V\VWHP UXQV DW WKH QRUPDO VSHHG�

z 7$3 PRGH
,Q WKH 7$3 PRGH� WKH PLFURFRQWUROOHU FRUH LV VWRSSHG� WKDW PHDQV

WKH FRUH¶V VWDWH ZLOO QRW FKDQJH XWLO WKH PRGH VZLWFK VLJQDO �PRGH�

LV HQDEOHG� ,Q WKH 7$3 PRGH� WKH 7&. FORFN RI WKH 7$3 FRQWUROOHU�

ZKLFK LV XVXDOO\ VORZHU WKDQ WKH FRUH FORFN� LV XVHG DV WKH V\VWHP

FORFN� 'XULQJ WKLV PRGH� WKH XVHU FDQ REVHUYH DQG FRQWURO WKH

LQWHUQDO VWDWXV RI WKH PLFURFRQWUROOHU FRUH WKURXJK H[HFXWLQJ 7$3

LQVWUXFWLRQV LQ WKH 7$3 FRQWUROOHU�

7KHUH DUH WZR W\SHV RI UHJLVWHUV LQ WKH PLFURFRQWUROOHU FRUH� RQH

LQFOXGHV WKH RULJLQDO LQWHUQDO UHJLVWHUV DQG WKH RWKHU LQFOXGHV WKH

PRGLILHG LQWHUQDO UHJLVWHUV WKDW DUH UHSODFHG E\ WKH VKLIW�VFDQ

UHJLVWHUV� ,Q WKH 7$3 PRGH� WKH RULJLQDO LQWHUQDO UHJLVWHUV DUH

GLVDEOHG� 2Q WKH RWKHU KDQG� WKH VKLIW�VFDQ UHJLVWHUV DUH FRQWUROOHG
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Figure 1. Connection between processor core and BDU

Figure 2. ICE Block Diagram
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E\ WKH &ORFN'5 VLJQDO WKDW LV JHQHUDWHG E\ WKH 7$3 FRQWUROOHU�

z )UHH UXQQLQJ PRGH
,Q WKH IUHH UXQQLQJ PRGH� WKH PLFURFRQWUROOHU FRUH LV DFWLYH DQG

LJQRUHV WKH EUHDNSRLQW VLJQDO� DFWLQJ DV WKH EDUH PLFURFRQWUROOHU

ZLWKRXW WKH ,&( FLUFXLWU\� 7KH SURFHVVRU ZLOO UXQ FRQWLQXRXVO\

XQWLO WKH H[WHUQDO GHEXJ UHTXHVW RFFXUV� LQ ZKLFK FDVH WKH ,&(

HQWHUV WKH 7$3 PRGH DQG ZDLWV IRU WKH 7$3 LQVWUXFWLRQV IRU

IXUWKHU RSHUDWLRQV�

)LJXUH � LOOXVWUDWHV KRZ WKH ,&( FLUFXLWU\ LV LQWHJUDWHG ZLWK

WKH PLFURFRQWUROOHU FRUH� 7KH JUD\ FRPSRQHQWV DUH -7$* UHODWHG

FRPSRQHQWV� LQFOXGLQJ VFDQ FKDLQV DQG WKH 7$3 FRQWUROOHU� 7KHUH

DUH PDQ\ VFDQ FKDLQV WKDW FDQ EH VHOHFWHG E\ WKH UHODWHG 7$3

LQVWUXFWLRQ� 7KH FRUH ORJLF LQ WKH ILJXUH �WKH ³FORXG´� LV WKH

PLFURFRQWUROOHU FRUH� ,WV ,�2 ERXQGDU\ LV UHSODFHG E\ WKH ERXQGDU\

VFDQ UHJLVWHUV� 6RPH RI WKH LQWHUQDO UHJLVWHUV� ZKLFK WKH GHVLJQHU

GHFLGHV WR PDNH REVHUYDEOH DQG FRQWUROODEOH WR WKH RXWVLGH ZRUOG�

DUH UHSODFHG E\ WKH FRUH GDWD UHJLVWHU FKDLQ� 7KH DGGUHVV DQG WKH

GDWD EXVHV DUH FRQQHFWHG WR WKH %'8 IRU FRPSDULVRQ� 7KH %'8 LV

FRQILJXUHG E\ WKH SDUDPHWHUV VWRUHG LQ WKH EUHDNSRLQW VFDQ UHJLVWHU�

7KH GHWDLO FRQQHFWLRQV EHWZHHQ WKH PLFURFRQWUROOHU FRUH DQG WKH

%'8 DUH VKRZQ LQ )LJXUH �� 7KH ([WB'HEXJ FRQWURO VLJQDO

VZLWFKHV WKH PLFURFRQWUROOHU EHWZHHQ WKH IUHH UXQQLQJ PRGH DQG

WKH 7$3 PRGH�

�� 6\QWKHVLV RI HPEHGGHG ,&(

,Q WKLV VHFWLRQ ZH SUHVHQW WKH V\QWKHVLV IUDPHZRUN DQG WKH

V\QWKHVLV IORZ IRU WKH HPEHGGHG ,&( GHVFULEHG LQ WKH SUHYLRXV

VHFWLRQ�

���� 6\QWKHVLV IUDPHZRUN RI PLFURFRQWUROOHUV

)LJXUH � GHSLFWV WKH V\QWKHVLV IUDPHZRUN RI RXU

KDUGZDUH�VRIWZDUH FR�GHVLJQ V\VWHP IRU PLFURFRQWUROOHUV� $W WKH

OHIW VLGH LV WKH EHKDYLRUDO V\QWKHVLV WRRO 3,3(5�,, >�@ WKDW

SURGXFHV WKH SLSHOLQHG GHVLJQ DW WKH 57/ OHYHO IRU D JLYHQ

LQVWUXFWLRQ VHW VSHFLILFDWLRQ� ,Q DGGLWLRQ� LW DOVR SURGXFHV DQ

LQVWUXFWLRQ�UHRUGHULQJ WDEOH WKDW FRQWDLQV FRQVWUDLQWV WR JXLGH WKH

FRPSLOHU EDFNHQG WR JHQHUDWH RSWLPDO VRIWZDUH FRGH WR UXQ

HIILFLHQWO\ LQ WKH V\QWKHVL]HG SLSHOLQHG GHVLJQ� 7KH V\QWKHVL]HG

57/ GHVLJQ LV UHDG\ IRU IXUWKHU V\QWKHVLV E\ FRPPHUFLDO JDWH OHYHO

WRROV�

7KH ,&(%(5* DW WKH ULJKW VLGH LV WKH HPEHGGHG ,&(

V\QWKHVLV WRRO� ,&(%(5* WDNHV LQ WKH V\QWKHVL]HG 57/ GHVLJQ DV

WKH LQSXW DQG LQWHJUDWHV ,&( FLUFXLWU\ LQWR WKH 57/ GHVLJQ

DFFRUGLQJ WR WKH ,&( FRQILJXUDWLRQ SDUDPHWHUV VSHFLILHG E\ WKH

GHVLJQHU� 7KH SDUDPHWHUV LQFOXGH WKH QXPEHU RI WKH EUHDNSRLQWV�

GDWD GHSHQGHQF\ DQG PDVNLQJ RI WKH EUHDNSRLQWV� WKH GDWD

EDQGZLGWK� DQG WKH LQWHUQDO UHJLVWHUV WR EH PDGH REVHUYDEOH� 7KH

RXWSXW LV WKH 57/ OHYHO GHVLJQ RI WKH HPEHGGHG ,&( WKDW LV

V\QWKHVL]DEOH E\ FRPPHUFLDO JDWH OHYHO WRROV�

���� 6\QWKHVLV IORZ RI ,&(

7KH V\QWKHVLV IORZ RI ,&( FRQVLVWV RI WKH IROORZLQJ WKUHH PDMRU

VWHSV�

5HJLVWHU H[WUDFWLRQ DQG WHVW UHJLVWHU LQVHUWLRQ� 7KH ILUVW VWHS LV

WR VHDUFK IRU DOO WKH UHJLVWHUV LQ WKH RULJLQDO PLFURFRQWUROOHU FRUH

DQG FKDLQ DOO UHJLVWHUV WRJHWKHU WR IRUP D IXOO VFDQ FKDLQ� LI WKH

GHVLJQHU VHOHFWV WKH IXOO VFDQ PRGH� 2WKHUZLVH� VHOHFWV WKH UHJLVWHUV

WKDW DUH VSHFLILHG E\ WKH GHVLJQHU DQG IRUPV D SDUWLDO VFDQ FKDLQ�

7KLV VFDQ FKDLQ LV WKH FRUH GDWD UHJLVWHU LQ )LJXUH �� 6\QWKHVLV

WRROV FRQVWUXFWHG IRU WKLV VWHS DUH SULPDULO\ SDWWHUQ PDWFKLQJ DQG

UHSODFHPHQW WRROV�

-7$*�%'8 FLUFXLW LQVHUWLRQ� ,Q WKLV VWHS WKH ,&( FRPSRQHQWV�

LQFOXGLQJ WKH 7$3 FRQWUROOHU DQG WKH %'8 DUH V\QWKHVL]HG

DFFRUGLQJ WR WKH GHVLJQHU¶V VSHFLILFDWLRQ� 6\QWKHVLV WRROV

FRQVWUXFWHG IRU WKLV VWHS DUH SULPDULO\ SDUDPHWHUL]HG PRGXOH

JHQHUDWRUV�

,&( LQWHJUDWLRQ� 7KH ODVW VWHS LV WR LQWHJUDWH WKH ,&(

FRPSRQHQWV DQG WKH PLFURFRQWUROOHU FRUH� 7KH PDMRU FKDOOHQJH LV

WR DFWLYDWH WKH 7$3 FRQWUROOHU� WKH %'8 DQG WKH PLFURFRQWUROOHU

FRUH DW WKH ULJKW WLPLQJ VLQFH WKHLU RSHUDWLRQ VW\OHV DUH TXLWH

GLIIHUHQW� 7KH 7$3 FRQWUROOHU LV EDVLFDOO\ D ILQLWH VWDWH PDFKLQH

WKDW H[HFXWHV VHTXHQWLDOO\� 7KH PLFURFRQWUROOHU FRUH PD\ EH D

SLSHOLQHG GHVLJQ LQ ZKLFK PXOWLSOH LQVWUXFWLRQV DUH H[HFXWHG

FRQFXUUHQWO\ DW GLIIHUHQW SRUWLRQV RI WKH KDUGZDUH� 7KH %'8 LV D

FRPELQDWLRQDO FLUFXLW WKDW NHHSV PRQLWRULQJ WKH GDWD DQG DGGUHVV

EXVHV FRQWLQXRXVO\�

)LJXUH � VKRZV KRZ WKH KDUGZDUH FRPSRQHQWV� WKH GDWD DQG

FRQWURO SDWKV RI WKH PLFURFRQWUROOHU FRUH� WKH VLQJOH VWHS FRXQWHU�

WKH %'8 DQG WKH 7$3 FRQWUROOHU DUH LQWHJUDWHG� 7KH %'8� VLQJOH

VWHS FRXQWHU� WKH 7$3 FRQWUROOHU� DQG WKH FRQWURO VLJQDOV ZLWK WKHLU

JOXH ORJLF ZKLFK SURYLGH WKH QHFHVVDU\ LQWHJUDWLRQ PHFKDQLVP DUH

V\QWKHVL]HG DQG LQWHJUDWHG E\ WKH V\QWKHVLV WRRO ,&(%(5*� ,Q

DGGLWLRQ� ,&(%(5* DOVR DXWRPDWLFDOO\ PRGLILHV WKH GDWD DQG

FRQWURO SDWKV WR DFFRPPRGDWH DQG JHQHUDWH WKH ,&( UHODWHG FRQWURO

VLJQDOV�

7KH GDWD DQG DGGUHVV EXVHV RI WKH GDWD SDWK DUH PRQLWRUHG E\ WKH

%'8� 7KH YDOLGLW\ RI WKH YDOXHV RQ WKH EXVHV LV LQGLFDWHG E\ WKH

FRQWURO VLJQDO (QDEOHB%'8BFKHFN� ZKLFK LV DVVHUWHG E\ WKH

FRQWURO SDWK� 7KH VLJQDO LV FRQVWUXFWHG E\ DQDO\]LQJ WKH 57/ FRGH

RI WKH PLFURFRQWUROOHU FRUH IRU WKH VSHFLILF WLPLQJ DQG WKH SLSHOLQH

VWDJH ORFDWLRQ RI WKH PHPRU\ DFFHVV�

2QFH WKH EUHDNSRLQW LV GHWHFWHG� D IOLS�IORS %) LV VHW E\ WKH %'8�

7KH YDOXH RI WKH IOLS�IORS LV FRPELQHG ZLWK WZR FRQWURO VLJQDOV RI

WKH 7$3 FRQWUROOHU 5(67$57 �UHVHW WKH %'8 DQG HQWHU WKH

PRQLWRULQJ PRGH� DQG 5(67$57) �LJQRUH WKH %'8 DQG HQWHU WKH

IUHH�UXQQLQJ PRGH� DQG RQH FRQWURO VLJQDO IURP WKH FRQWURO SDWK

)OXVK �IOXVK WKH SLSHOLQH UHJLVWHUV DQG SUH�IHWFKHG LQVWUXFWLRQV

ICEBERG
�,&( V\QWKHVLV�

FRQWURO �GDWD SDWK
LQVWUXFWLRQ

UHRUGHULQJ WDEOH

&RPSLOHU
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Figure 3. Hardware/software co-design system for
microcontrollers



XQGHU SLSHOLQH KD]DUGV� WR JHQHUDWH WKH %UHDNSRLQW VLJQDO WR WKH

FRQWURO SDWK� LQGLFDWLQJ D EUHDNSRLQW LV UHDFKHG� 7KH %UHDNSRLQW

VLJQDO FDQ DOVR EH DVVHUWHG E\ WKH VLQJOH VWHS FRXQWHU LQ WKH FRQWURO

SDWK WR PDUN WKH HQG RI WKH H[HFXWLRQ RI DQ LQVWUXFWLRQ GXULQJ WKH

VLQJOH VWHSSLQJ PRGH�

2QFH WKH %UHDNSRLQW VLJQDO LV UHFHLYHG E\ WKH FRQWURO SDWK� LW

FRPSOHWHV WKH H[HFXWLRQ RI WKH FXUUHQW LQVWUXFWLRQ DQG UDLVHV WKH

0RGH VLJQDO DW WKH YHU\ EHJLQQLQJ RI WKH H[HFXWLRQ RI WKH QH[W

LQVWUXFWLRQ� 7KH VLJQDO SUHYHQWV WKH VWRUDJH HOHPHQWV LQ WKH GDWD

SDWK RI WKH PLFURFRQWUROOHU FRUH IURP EHLQJ XSGDWHG� WKXV

³KDOWLQJ´ WKH PLFURFRQWUROOHU� 7KH XVHU FDQ WKHQ DFFHVV WKH

LQWHUQDO VWDWXV RI WKH PLFURFRQWUROOHU WKURXJK WKH 7$3 FRQWUROOHU�

7KH 0RGH VLJQDO LV FRQVWUXFWHG E\ FRPELQLQJ WKH %UHDNSRLQW

VLJQDO ZLWK DQ LQWHUQDO VLJQDO RI WKH FRQWURO SDWK WKDW LQGLFDWHV WKH

HQG RI LQVWUXFWLRQ H[HFXWLRQ�

�� Synthesis of embedded ICE for the
industrial microcontroller HT48100

7KH +7����� PLFURFRQWUROOHU LV D KLJK SHUIRUPDQFH 5,6&�OLNH

PLFURFRQWUROOHU VSHFLILFDOO\ GHVLJQHG IRU ,�2 FRQWURO DSSOLFDWLRQV�

VXFK DV UHPRWH FRQWUROOHU� IDQ�OLJKW�ZDVKLQJ PDFKLQH FRQWUROOHUV�

VFDOHV� DQG YDULRXV VXEV\VWHP FRQWUROV� 7KHUH DUH �� LQVWUXFWLRQV�

ZKLFK DUH H[HFXWHG LQ � RU � PDFKLQH F\FOHV� 7KH PLFURFRQWUROOHU

DGRSWV D WZR�VWDJHG SLSHOLQH VWUXFWXUH� (DFK VWDJH WDNHV RQH F\FOH

IRU H[HFXWLRQ� ZLWK HDFK F\FOH EHLQJ GLYLGHG LQWR IRXU LQWHUQDO

SKDVHV� 7KH SURJUDP PHPRU\ 520 LV ���ELW ZLGH DQG WKH GDWD

PHPRU\ 5$0 LV ��ELW ZLGH� 7KHUH DUH �� EL�GLUHFWLRQDO ,�2 OLQHV

WR FRPPXQLFDWH ZLWK WKH RXWVLGH ZRUOG� +7����� VXSSRUWV RQH

H[WHUQDO LQWHUUXSW LQSXW� ZKLFK LV SURFHVVHG E\ WKH LQWHUUXSW

FRQWURO XQLW �,&8�� DQG RQH ��ELW SURJUDPPDEOH WLPHU�HYHQW

FRXQWHU �7(&� ZLWK RYHUIORZ LQWHUUXSWLQJ� $ ZDWFKGRJ WLPHU

�:'7� LV LQFRUSRUDWHG WR SUHYHQW WKH VRIWZDUH PDOIXQFWLRQ RU

VHTXHQFH MXPSLQJ WR DQ XQNQRZQ ORFDWLRQ ZLWK XQSUHGLFWDEOH

UHVXOWV�

:H KDYH V\QWKHVL]HG� XVLQJ RXU V\QWKHVLV WRRO 3,3(5�,,� WKH

+7����� FRUH IURP LWV LQVWUXFWLRQ VHW DUFKLWHFWXUH VSHFLILFDWLRQ

DQG DOVR SHUIRUPHG KDUGZDUH�VRIWZDUH FR�GHVLJQ H[SORUDWLRQ >�@�

7KH V\QWKHVL]HG 57/ FRUH LV FDOOHG +7�6<1� ,Q WKLV SDSHU� ZH

IXUWKHU LQWHJUDWH WKH ,&( FLUFXLWU\ LQWR +7�6<1 DQG WXUQ LW LQWR DQ

HPEHGGHG ,&(� FDOOHG +7�,&(� +7�,&( LQFOXGHV ERXQGDU\�VFDQ

UHJLVWHUV� D EUHDNSRLQW GHWHFWLRQ XQLW RI WKUHH EUHDNSRLQWV ZLWK

GDWD GHSHQGHQF\� 7KH LQVWUXFWLRQ UHJLVWHU� WKH SURJUDP FRXQWHU�

VWDFN UHJLVWHUV� 5$0 GDWD�DGGUHVV UHJLVWHUV DQG 520 GDWD�DGGUHVV

UHJLVWHUV DUH UHSODFHG ZLWK WKH WHVW GDWD UHJLVWHUV� %RWK WKH

V\QWKHVL]HG 57/ GHVLJQV RI +7�6<1 DQG +7�,&( DUH IXUWKHU

UHILQHG LQWR JDWH OHYHO E\ 6\QRSV\V 'HVLJQ &RPSLOHU ZLWK

&203$66 ��� µP �S�P /LEUDU\� %RWK KDYH EHHQ YHULILHG ZLWK

JDWH OHYHO VLPXODWLRQ�

7DEOH � VKRZV WKH JDWH FRXQW VWDWLVWLFV� 7KH ,&( FLUFXLWU\ DGGV

����� H[WUD JDWHV WR WKH PLFURFRQWUROOHU FRUH� UHVXOWLQJ LQ ���

RYHUKHDG� 7KH RYHUKHDG VHHPV KLJK EHFDXVH +7����� LV D

FRPSDFW GHVLJQ RI DQ ��ELW PLFURFRQWUROOHU� ZKLFK UHTXLUHV RQO\

OHVV WKDQ ���� JDWHV� 7KH SHUFHQWDJH RI DUHD RYHUKHDG ZLOO

GHFUHDVH VLJQLILFDQWO\ IRU KLJKHU ELW�ZLGWK PLFURFRQWUROOHUV VXFK

DV WKH $50� FRUH� ZKLFK KDV DERXW ������� JDWHV�

+RZ GRHV WKH DGGHG ,&( FLUFXLWU\ LPSDFW WKH PLFURFRQWUROOHU

VSHHG" 7DEOH � VKRZV WKH FULWLFDO SDWK GHOD\ IRU +7�6<1 DQG +7�

,&(� PHDVXUHG E\ 6\QRSV\V¶V 'HVLJQ &RPSLOHU� )RU +7�,&(� WKH

GHOD\ YDULHV XQGHU GLIIHUHQW PRGHV� PRQLWRULQJ PRGH �LQ ZKLFK

WKH SURFHVVRU FRUH LV DFWLYH DQG WKH ,&( PRQLWRUV WKH V\VWHP

VWDWXV�� IUHH UXQQLQJ PRGH �LQ ZKLFK WKH SURFHVVRU LV DFWLYH DQG

WKH ,&( GRHV QRW PRQLWRU WKH V\VWHP VWDWXV�� DQG 7$3 PRGH �LQ

ZKLFK WKH SURFHVVRU LV LQDFWLYH DQG WKH ,&( FRPPXQLFDWHV ZLWK

WKH RXWVLGH ZRUOG RU FRQILJXUHV WKH GHEXJJLQJ SDUDPHWHUV WKURXJK

WKH 7$3 FRQWUROOHU�� 7KH GHOD\V LQ WKH PRQLWRULQJ DQG IUHH UXQQLQJ

PRGHV LQYROYH WKH VDPH FULWLFDO SDWK LQ WKH PLFURFRQWUROOHU FRUH�

ZKHUHDV WKH GHOD\ LQ WKH 7$3 PRGH LQYROYHV WKH FULWLFDO SDWK LQ

WKH 7$3 FRQWUROOHU� 1RWH WKDW ZH GLGQ¶W DWWHPSW WR RSWLPL]H WKH

FULWLFDO SDWKV GXULQJ WKH V\QWKHVLV�

7DEOH � VKRZV WKDW WKH GHOD\V RI PRQLWRULQJ DQG IUHH UXQQLQJ

PRGHV LQ +7�,&( DUH WKH VDPH DQG DUH RQO\ ��� VORZHU WKDQ WKH

GHOD\ LQ +7�6<1� 7KH UHVXOW LV TXLWH VDWLVIDFWRU\ VLQFH

FRQYHQWLRQDO ERDUG�OHYHO ,&(¶V DUH XVXDOO\ VLJQLILFDQWO\ PXFK

VORZHU WKDQ WKH PLFURFRQWUROOHU FRUHV� ,Q DGGLWLRQ� WKH VORZ�GRZQ

LQ RXU HPEHGGHG ,&( FDQ EH IXUWKHU UHGXFHG E\ FDUHIXOO\

RSWLPL]LQJ WKH ,&(�LQYROYHG FULWLFDO SDWKV GXULQJ ORJLF V\QWKHVLV�

7KH GHOD\ RI WKH 7$3 PRGH LV ����� QV ���0 +]�� ZKLFK LV ���

VORZHU WKDQ WKH GHOD\ LQ +7�6<1� 7KLV LV DFFHSWDEOH VLQFH LQ WKLV

PRGH WKH PLFURFRQWUROOHU LV LQDFWLYH� RQO\ WKH 7$3 FRQWUROOHU LV

RSHUDWLYH� 7KH 7$3 FRQWUROOHU FRPPXQLFDWHV ZLWK WKH RXWVLGH

ZRUOG RU FRQILJXUHV WKH ,&(� LQ ZKLFK VLWXDWLRQV D KLJKHU VSHHG LV
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Figure 4. ICE integration

'HVLJQ 1DPH +7�6<1 +7�,&(

*DWH &RXQW ����
����

������

Table 2. Gate count comparison between original design and
ICE design

'HVLJQ &ULWLFDO 3DWK 'HOD\ �QV�

+7B6<1 �����

+7�,&(

�PRQLWRULQJ PRGH�
����� �������

+7�,&(

�IUHH UXQQLQJ PRGH�
����� �������

+7�,&(

�7$3 PRGH�
����� ���������

Table 3. Delay Comparison between the core without ICE
(HT-SYN) and the core with ICE (HT-ICE)



QRW QHFHVVDU\� ,Q RXU FXUUHQW LPSOHPHQWDWLRQ� ZH GR QRW DWWHPSW WR

RSWLPL]H WKH GHOD\ LQ WKH 7$3 FRQWUROOHU� 6KRXOG D KLJKHU VSHHG LV

QHFHVVDU\� IXUWKHU HIIRUWV FDQ EH WDNHQ WR LPSURYH LW�

)LJXUH � VKRZV WKH OD\RXWV RI +7�6<1 DQG +7�,&( ZLWK

&203$66 ��� µP �S�P VWDQGDUG FHOO OLEUDU\� UHVSHFWLYHO\� 7KH

+7�,&( FRUH LV DERXW ��� ODUJHU WKDQ WKH +7�6<1 FRUH� +RZHYHU�

VLQFH WKH +7����� PLFURFRQWUROOHU LV DQ ,�2 ERXQGHG GHVLJQ� ZH

H[SHFW WKDW WKH ILQDO GLH VL]HV RI +7�6<1 DQG +7�,&( ZLOO EH

URXJKO\ WKH VDPH� VLQFH +7�,&( KDV RQO\ ILYH H[WUD ,�2 SLQV �IRU

,&( FRQWURO� WKDQ +7�6<1 GRHV� 7KH UHVXOW LPSOLHV WKDW +7�,&(

PD\ UHSODFH +7�6<1 DV WKH VWDQGDUG SURGXFW� QR PDWWHU ZKHWKHU

WKH ,&( IXQFWLRQDOLW\ LV QHHGHG RU QRW IRU D VSHFLILF FXVWRPHU VLQFH

WKH\ ERWK UHTXLUH DERXW WKH VDPH GLH VL]H�

Figure 5. Layouts of HT-SYN and HT-ICE

6. Conclusions
,Q WKLV SDSHU ZH KDYH PRWLYDWHG WKH QHHG IRU HPEHGGHG ,&(¶V IRU

PLFURFRQWUROOHU�EDVHG V\VWHPV ZLWK KLJKHU SHUIRUPDQFH RU KLJKHU

GHJUHH RI V\VWHP LQWHJUDWLRQ VXFK DV 62& �V\VWHP�RQ�FKLS� FKLSV�

:H KDYH GHVFULEHG DQ HPEHGGHG ,&( DUFKLWHFWXUH DQG LWV

FRPSRQHQWV WKDW DUH EDVHG RQ WKH ,((( ������ -7$* DUFKLWHFWXUH�

$ V\QWKHVLV WRRO ,&(%(5* KDV EHHQ FRQVWUXFWHG WR DXWRPDWLFDOO\

LQVHUW DQG LQWHJUDWH WKH ,&( FLUFXLWU\ LQWR D JLYHQ 57/ FRGH RI D

PLFURFRQWUROOHU�

:H KDYH GHPRQVWUDWHG WKH DSSOLFDWLRQ RI WKH V\QWKHVLV WRRO E\

V\QWKHVL]LQJ WKH HPEHGGHG ,&( IRU DQ LQGXVWULDO PLFURFRQWUROOHU

+7������ 7KH HPEHGGHG ,&( KDV EHHQ YHULILHG DW WKH JDWH OHYHO�

%RWK WKH JDWH OHYHO LPSOHPHQWDWLRQ DQG WKH VWDQGDUG FHOO�EDVHG
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