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Abstract. Computer vision is a challenging data intensive application. Cur-
rently, superscalar architectures dominate the processor marketplace. As more
transistors become available on a single chip,  the “on-chip multiprocessor” has
been proposed as a promising alternative to processors based on the superscalar
architecture. This paper examines the performance of  vision benchmark tasks
on an on-chip multiprocessor. To evaluate the performance, a program-driven
simulator and its programming environment were developed. DARPA IU
benchmarks were used for evaluation purposes. The benchmark includes inte-
ger, floating point, and extensive data movement operations. The simulation re-
sults show that the proposed on-chip multiprocessor can exploit thread-level
parallelism effectively.

1   Introduction

+LJK SHUIRUPDQFH FRPSXWLQJ LV QHHGHG WR VDWLVI\ WKH FRPSXWDWLRQDO UHTXLUH�

PHQWV RI YLVLRQ WDVNV� 6HYHUDO HIIRUWV KDYH EHHQ GLUHFWHG WRZDUGV SURYLGLQJ SDUDOOHO

SURFHVVLQJ VXSSRUW IRU YLVLRQ� $ EULHI VXPPDU\ RI OHDGLQJ UHVHDUFK HIIRUWV LQ SDUDOOHO

SURFHVVLQJ IRU YLVLRQ FDQ EH IRXQG LQ >���@� 7KHVH HIIRUWV FDQ EH JURXSHG LQWR WKUHH

FDWHJRULHV� EDVHG RQ WKH QDWXUH RI FRPSXWLQJ SODWIRUPV WKH\ XWLOL]H� VSHFLDO�SXUSRVH

9/6, SURFHVVRUV>�@� VSHFLDOL]HG YLVLRQ V\VWHPV>�@� DQG JHQHUDO�SXUSRVH SDUDOOHO PD�

FKLQHV>�@�

,Q WKLV SDSHU� ZH H[DPLQH WKH SHUIRUPDQFH RI D FROOHFWLRQ RI YLVLRQ WDVNV RQ DQ

RQ�FKLS PXOWLSURFHVVRU� 7KH SHUIRUPDQFH RI JHQHUDO�SXUSRVH &RPPRGLW\�2II�7KH�

6KHOI�&276� PLFURSURFHVVRUV KDV EHHQ LPSURYLQJ DW D SKHQRPHQDO UDWH RYHU WKH ODVW

GHFDGH� &XUUHQWO\� WKH PRVW &276 SURFHVVRUV VXFK DV ,QWHO 3HQWLXP 6HULHV� &RPSDT
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$OSKD������ ,%0 3RZHU3&���� 6XQ 8OWUD6SDUF��� +3 3$����� DQG 0,36 5�����

XVH WKH VXSHUVFDODU GHVLJQ WHFKQLTXH>�@� 6XFK VXSHUVFDODU SURFHVVRUV H[HFXWH PXOWL�

SOH LQVWUXFWLRQV LQ D VLQJOH F\FOH E\ H[SORLWLQJ ,QVWUXFWLRQ�/HYHO 3DUDOOHOLVP�,/3�>�@�

+RZHYHU� VLJQLILFDQW VSHHG�XSV PD\ QRW EH DFKLHYHG E\ XVLQJ WKLV WHFKQLTXH EHFDXVH

RI WKH OLPLWDWLRQ LPSRVHG E\ WKH LQVWUXFWLRQ ZLQGRZ VL]H DQG DYDLODEOH ,/3 LQ D W\SLFDO

VHTXHQWLDO SURJUDP>�@� 0RUHRYHU� FRQVLGHUDEOH GHVLJQ HIIRUW LV UHTXLUHG WR GHYHORS

VXFK KLJK SHUIRUPDQFH SURFHVVRUV� 5HVHDUFKHUV KDYH EHHQ VWXG\LQJ DOWHUQDWLYHV WR WKH

VXSHUVFDODU DUFKLWHFWXUH>�@� 7KH ¦RQ�FKLS PXOWLSURFHVVRU§>�@ LV RQH RI WKH DOWHUQDWLYHV

FRQVLGHUHG DV D QH[W JHQHUDWLRQ SURFHVVRU� 7KH NH\ IHDWXUH RI VXFK DQ DUFKLWHFWXUH LV D

PXOWLSURFHVVRU LQ D VLQJOH FKLS WKDW VKDUHV DQ RII�FKLS �
QG

OHYHO FDFKH WR H[SORLW

7KUHDG�/HYHO 3DUDOOHOLVP�7/3�>�@� LQ DGGLWLRQ WR ,/3� )RU VFLHQWLILF ZRUNORDGV� WKH

RQ�FKLS PXOWLSURFHVVRU KDV EHHQ VKRZQ WR RYHUFRPH WKH ,/3 OLPLWDWLRQ>�@� +RZHYHU�

WKH SHUIRUPDQFH RI WKH RQ�FKLS PXOWLSURFHVVRU RQ YLVLRQ WDVNV �WKDW KDYH YDU\LQJ FRP�

SXWDWLRQDO FKDUDFWHULVWLFV� LV QRW NQRZQ�

7R LQYHVWLJDWH WKH VXLWDELOLW\ RI WKH RQ�FKLS PXOWLSURFHVVRU IRU YLVLRQ WDVNV� ZH

FRQGXFWHG SHUIRUPDQFH VWXGLHV XVLQJ D GHGLFDWHG DUFKLWHFWXUDO VLPXODWRU� ,W LV D SUR�

JUDP�GULYHQ� F\FOH�OHYHO VLPXODWRU FRQVLVWLQJ RI D 3UH�3URFHVVLQJ 8QLW DV DQ LQVWUXF�

WLRQ VLPXODWRU DQG D 3RVW�3URFHVVLQJ 8QLW DV D SHUIRUPDQFH VLPXODWRU� $OVR� D SUR�

JUDPPLQJ HQYLURQPHQW ZDV GHYHORSHG WR VXSSRUW PXOWLWKUHDGHG SURJUDPPLQJ RQ

PXOWLSOH SURFHVVRU FRUHV� 2XU VLPXODWLRQV IRFXVHG RQ WKH SHUIRUPDQFH FKDUDFWHULVWLFV

RI WKH RQ�FKLS PXOWLSURFHVVRU LQFOXGLQJ WKH ,QVWUXFWLRQV 3HU &\FOH�,3&� DQG WKH WRWDO

QXPEHU RI H[HFXWLRQ F\FOHV DV WKH QXPEHU RI SURFHVVRU FRUHV LV LQFUHDVHG� 9LVLRQ

WDVNV ZHUH FKRVHQ IURP WKH ZLGHO\ VWXGLHG '$53$ ,PDJH 8QGHUVWDQGLQJ %HQFK�

PDUN>�@� 7KH VLPXODWLRQ UHVXOWV VKRZ WKDW ¦RQ�FKLS PXOWLSURFHVVRU§ LV DQ DWWUDFWLYH

FDQGLGDWH DUFKLWHFWXUH IRU YLVLRQ WDVNV�

7KH RUJDQL]DWLRQ RI WKH SDSHU LV DV IROORZV� 2YHUYLHZ RI WKH YLVLRQ WDVNV DQG WKH

RQ�FKLS PXOWLSURFHVVRU DUFKLWHFWXUH FRQVLGHUHG LQ WKLV SDSHU DUH JLYHQ LQ 6HFWLRQ � DQG

�� UHVSHFWLYHO\� ,Q 6HFWLRQ �� WKH DUFKLWHFWXUDO VLPXODWRU DQG LWV SURJUDPPLQJ HQYL�

URQPHQW DUH H[SODLQHG� 6LPXODWLRQ UHVXOWV DUH VKRZQ LQ 6HFWLRQ �� DQG FRQFOXGLQJ

UHPDUNV DUH PDGH LQ 6HFWLRQ ��

2   Selected Vision Tasks

7KH YLVLRQ WDVNV FRQVLGHUHG LQ WKLV SDSHU DUH VHOHFWHG IURP WKH ,PDJH 8QGHU�

VWDQGLQJ %HQFKPDUN>�@� 7KLV EHQFKPDUN SHUIRUPV WKH UHFRJQLWLRQ RI D ¦PRELOH§

VFXOSWXUH� JLYHQ WKH LQSXW LPDJHV IURP LQWHQVLW\ DQG UDQJH VHQVRUV� 7KH EHQFKPDUN

SHUIRUPV ORZ�OHYHO RSHUDWLRQV VXFK DV FRQYROXWLRQ� WKUHVKROGLQJ� FRQQHFWHG FRPSR�

QHQWV ODEHOLQJ� HGJH WUDFNLQJ� PHGLDQ ILOWHU� +RXJK WUDQVIRUP� FRQYH[ KXOO� DQG FRU�

QHU GHWHFWLRQ� ,W DOVR SHUIRUPV JURXSLQJ RSHUDWLRQV DQG JUDSK PDWFKLQJ ZKLFK DUH

UHSUHVHQWDWLYH H[DPSOHV RI LQWHUPHGLDWH�OHYHO DQG KLJK�OHYHO SURFHVVLQJ� UHVSHFWLYHO\�

7KH EHQFKPDUN XWLOL]HV LQIRUPDWLRQ IURP WZR VHQVRUV LQ RUGHU WR FRPSOHWH WKH LQWHU�

SUHWDWLRQ SURFHVV� ,W PDNHV XVH RI ERWK LQWHJHU DQG IORDWLQJ�SRLQW UHSUHVHQWDWLRQV�
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7KH EHQFKPDUN SHUIRUPV ERWK ERWWRP�XS �GDWD�GLUHFWHG� DQG WRS�GRZQ �NQRZO�

HGJH RU PRGHO�GLUHFWHG� SURFHVVLQJ� 7KH WRS�GRZQ SURFHVVLQJ FDQ LQYROYH SURFHVVLQJ

RI ORZ DQG LQWHUPHGLDWH�OHYHO GDWD WR H[WUDFW DGGLWLRQDO IHDWXUHV IURP WKH GDWD� RU FDQ

LQYROYH FRQWURO RI ORZ DQG LQWHUPHGLDWH�OHYHO SURFHVVHV WR UHGXFH WKH WRWDO DPRXQW RI

FRPSXWDWLRQ UHTXLUHG�

,Q WKH EHQFKPDUN� WKH SURFHVVLQJ EHJLQV ZLWK ORZ�OHYHO RSHUDWLRQV RQ WKH LQWHQ�

VLW\ DQG GHSWK LPDJHV� IROORZHG E\ JURXSLQJ RSHUDWLRQV RQ WKH LQWHQVLW\ GDWD WR H[WUDFW

FDQGLGDWH UHFWDQJOHV� 7KHVH FDQGLGDWHV DUH XVHG WR IRUP SDUWLDO PDWFKHV ZLWK WKH

VWRUHG PRGHOV� )RU HDFK RI WKHVH PRGHOV PXOWLSOH K\SRWKHWLFDO SRVHV PD\ EH HVWDE�

OLVKHG� )RU HDFK RI WKH SRVH� VWRUHG LQIRUPDWLRQ LV XVHG WR SUREH WKH GHSWK DQG LQWHQ�

VLW\ LPDJHV LQ D WRS�GRZQ PDQQHU� (DFK SUREH WHVWV D K\SRWKHVLV IRU WKH H[LVWHQFH RI D

UHFWDQJOH LQ D JLYHQ ORFDWLRQ LQ WKH LPDJHV� 5HMHFWLRQ RI D K\SRWKHVLV� ZKLFK RQO\

RFFXUV ZKHQ WKHUH LV VWURQJ HYLGHQFH WKDW D UHFWDQJOH LV DFWXDOO\ DEVHQW� UHVXOWV LQ WKH

HOLPLQDWLRQ RI WKH FRUUHVSRQGLQJ PRGHO SRVH� &RQILUPDWLRQ RI WKH K\SRWKHVLV UHVXOWV LQ

WKH FRPSXWDWLRQ RI D PDWFK VWUHQJWK IRU WKH UHFWDQJOH� DQG LW DOVR UHVXOWV LQ WKH XSGDW�

LQJ RI LWV UHSUHVHQWDWLRQ LQ WKH PRGHO SRVH ZLWK QHZ VL]H� RULHQWDWLRQ� DQG SRVLWLRQ

LQIRUPDWLRQ� $IWHU D SUREH KDV EHHQ SHUIRUPHG IRU HYHU\ XQPDWFKHG UHFWDQJOH LQ WKH

OLVW RI PRGHO SRVHV� DQ DYHUDJH PDWFK VWUHQJWK LV FRPSXWHG IRU HDFK SRVH WKDW KDV QRW

EHHQ HOLPLQDWHG� 7KH PRGHO SRVH ZLWK WKH KLJKHVW DYHUDJH LV VHOHFWHG DV WKH EHVW PDWFK�

0RUH GHWDLOV RI WKH EHQFKPDUN FDQ EH IRXQG LQ >�@�

3   On-Chip Multiprocessor

,Q WKLV SDSHU� ZH XVH 5DSWRU>��@� DQ RQ�FKLS PXOWLSURFHVVRU� FRQVLVWLQJ RI IRXU

LQGHSHQGHQW SURFHVVRU FRUHV� FDOOHG *HQHUDO 3URFHVVRU 8QLWV�*38V�� DQG RQH JUDSKLF

FR�SURFHVVRU� FDOOHG *UDSKLF &R�SURFHVVRU 8QLW�*&8�� 'XH WR WKH OLPLWHG GLH VL]H� ZH

KDYH FKRVHQ IRXU *38V WKDW DUH LQWHJUDWHG LQWR D VLQJOH FKLS� 7KH *&8 LV VKDUHG E\

IRXU *38V� $OVR� LQ RUGHU WR FRQWURO *38V�*&8 DQG WR SURYLGH DQ LQWHUIDFH WR RXWVLGH

ZRUOG� DGGLWLRQDO IRXU FRPSRQHQW XQLWV DUH LQFOXGHG LQ 5DSWRU QDPHO\� ,QWHU�SURFHVVRU

%XV 8QLW�,%8�� ([WHUQDO &DFKH &RQWURO 8QLW�(&8�� 0XOWLSURFHVVRU &RQWURO

8QLW�0&8�� DQG 3RUW ,QWHUIDFH 8QLW�3,8�� 7KH ,%8 LV D VKDUHG EXV FRQQHFWLQJ WKH

*38V DQG WKH (&8� 7KH 0&8 GLVWULEXWHV WKH LQWHUUXSWV DFURVV WKH *38V DQG SURYLGHV

V\QFKURQL]DWLRQ UHVRXUFHV DPRQJ WKH *38V� 7KH 3,8 LV D PXWLSURFHVVRU�UHDG\ EXV

LQWHUIDFH WR FRPPXQLFDWH ZLWK WKH H[WHULRU RI WKH 5DSWRU� 7KH IRXU *38V H[HFXWH DOO

LQVWUXFWLRQV H[FHSW H[WHQGHG JUDSKLF LQVWUXFWLRQV ZLWK WKHLU RZQ UHJLVWHU ILOHV DQG

SURJUDP FRXQWHUV� EXW VKDUH WKH (&8 WKURXJK WKH ,%8� $ *38 SHUIRUPV JUDSKLF LQ�

VWUXFWLRQV ZLWK 6LQJOH ,QVWUXFWLRQ 6WUHDP 0XOWLSOH 'DWD 6WUHDP�6,0'� VW\OH DQG SL[HO

SURFHVVLQJ KDUGZDUH� 7KH VDOLHQW IHDWXUHV RI 5DSWRU FDQ EH VXPPDUL]HG DV IROORZV�

z 6LQJOH FKLS ��ZD\ PXOWLSURFHVVRU VKDULQJ RII�FKLS �
QG

OHYHO FDFKH

z ���ELW GDWD DQG ���ELW YLUWXDO DGGUHVV

z 63$5& 9� ,QVWUXFWLRQ 6HW $UFKLWHFWXUH�,6$�

z ([WHQVLRQ RI JUDSKLF LQVWUXFWLRQ VHW

z 0XOWLSOH FDFKH VWUXFWXUH FRQVLVWLQJ RI RQ�FKLS �
VW

OHYHO FDFKH DQG RII�FKLS �
QG
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OHYHO FDFKH

z +DUYDUG VWUXFWXUH RI �
VW

OHYHO FDFKH FRQVLVWLQJ RI �� .E\WH LQVWUXFWLRQ FDFKH DQG

�� .E\WH RI GDWD FDFKH

z 2Q�FKLS �
QG

OHYHO FDFKH FRQWUROOHU KDQGOLQJ � 0E\WH RI XQLILHG RII�FKLS �
QG

OHYHO

FDFKH

4   Simulation Environment

7R HYDOXDWH WKH 5DSWRU TXDQWLWDWLYHO\� ZH GHYHORSHG D GHGLFDWHG VLPXODWRU�

FDOOHG 5DS6LP� $OVR� D SURJUDPPLQJ HQYLURQPHQW� FDOOHG 0026�0XOWLWKUHDGHG 0LQL�

26�� ZDV GHYHORSHG WR VXSSRUW D PXOWLWKUHDGHG SURJUDPPLQJ RQ WKH PXOWLSOH *38V�

7KH RYHUDOO HQYLURQPHQW RI WKH 5DS6LP DQG WKH 0026 LV VKRZQ LQ )LJ� ��

6XQ26 � 63$5& :RUNVWDWLRQ

5DSWRU

6LPXODWRU

0DLQ 0HPRU\

�QG�/HYHO &DFKH

5DS6LP

0026

%HQFKPDUN 3URJUDP
,QWHUIDFH

6XSSRUW

7KUHDG

6FKHGXOHU

7LPHU

,QWHUUXSW
.H\ERDUG

,QWHUUXSW

26

6HUYLFH

&RQWH[W
3&

5HJLVWHU )LOH

3WKUHDG /LEUDU\ 0DWK /LEUDU\ & /LEUDU\

)LJ� �� 6LPXODWLRQ (QYLURQPHQW

7KH 5DS6LP LV D SURJUDP�GULYHQ PLFUR DUFKLWHFWXUH VLPXODWRU WKDW PRGHOV WKH

IRXU *38V DQG D PHPRU\ KLHUDUFK\ VKDUHG E\ WKH IRXU *38V� 7KH 5DP6LP FRQVLVWV RI

D 3UH�3URFHVVLQJ 8QLW DQG D 3RVW�3URFHVVLQJ 8QLW� 7KH 3UH�3URFHVVLQJ 8QLW RI WKH

5DS6LP LV DQ LQVWUXFWLRQ VHW VLPXODWRU ZKLOH WKH 3RVW�3URFHVVLQJ 8QLW LV D SHUIRUPDQFH

VLPXODWRU�

7KH 3UH�3URFHVVLQJ 8QLW FRQVLVWV RI IRXU FRPSRQHQWV� D SURFHVVRU PRGHO IRU H[�

HFXWLQJ LQVWUXFWLRQV� GDWD VWUXFWXUHV IRU UHJLVWHU ILOHV� SUR[\ PRGHO IRU SURFHVVLQJ V\V�

WHP FDOOV� DQG D PRGHO RI �
VW

OHYHO FDFKH� 7KH 3UH�3URFHVVLQJ 8QLW IHWFKHV WKH LQVWUXF�

WLRQV DQG WKH GDWD IURP WKH VKDUHG PHPRU\ KLHUDUFK\ LQFOXGLQJ �
QG

OHYHO FDFKH DQG

H[HFXWHV WKH LQVWUXFWLRQV� DQG JHQHUDWHV DQ RQ�WKH�IO\ WUDFH FRQVXPHG E\ WKH 3RVW�

3URFHVVLQJ 8QLW� 7KH 3UH�3URFHVVLQJ 8QLW VWDUWV WKH VLPXODWLRQ E\ ORDGLQJ D EHQFK�

PDUN ELQDU\ ILOH FRPSLOHG DQG VWDWLFDOO\ OLQNHG ZLWK WKH 0026 OLEUDU\ LQWR PHPRU\

PRGHO� 'XULQJ WKH ORDGLQJ RI WKH EHQFKPDUN ELQDU\� D SURSHU VWDUWLQJ SURJUDP FRXQWHU

LV VHW LQ WKH SURFHVVRU PRGHO� 7UDS WDEOH DQG WUDS KDQGOHUV DUH LQLWLDOL]HG LQ WKH PHPR�
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U\ PRGHO DQG D VWDFN LV FRQVWUXFWHG LQ WKH PHPRU\ PRGHO� 7KHQ WKH SURFHVVRU PRGHO

H[HFXWHV WKH LQVWUXFWLRQV XVLQJ WKH LQWHUQDO UHVRXUFHV OLNH WKH H[HFXWLRQ XQLWV� UHJLVWHU

ILOHV� DQG �
VW

OHYHO FDFKH�

$V WKH 3UH�3URFHVVLQJ 8QLW UXQV LWV LQVWUXFWLRQ VWUHDPV� LW JHQHUDWHV DQ RQ�WKH�IO\

WUDFH� D VHTXHQFH RI H[HFXWHG LQVWUXFWLRQV� (DFK HQWU\ RI WKH WUDFH FRQWDLQV HQRXJK

LQIRUPDWLRQ VR WKDW WKH 3RVW�3URFHVVLQJ 8QLW FDQ SHUIRUP WKH SHUIRUPDQFH VLPXODWLRQ

XVLQJ WKH WUDFH DV LQSXWV� 7KH 3RVW�3URFHVVLQJ 8QLW LV D 5,6& SLSHOLQH PRGHO FRQ�

GXFWLQJ SHUIRUPDQFH VLPXODWLRQ E\ XVLQJ WKH LQVWUXFWLRQ WUDFHV JHQHUDWHG IURP WKH 3UH�

3URFHVVLQJ 8QLW� ,W LV PRGHOHG DV D ��LVVXH VXSHUVFDODU LQFOXGLQJ 5HVHUYDWLRQ 6WD�

WLRQV�56� DQG D 5HRUGHU %XIIHU�52%� WR VXSSRUW RXW�RI�RUGHU H[HFXWLRQV� 7ZR LQ�

VWUXFWLRQV LQ D 7UDFH %XIIHU DUH IHWFKHG DQG SUH�GHFRGHG LQ D F\FOH� 7KH SUH�GHFRGHG

LQVWUXFWLRQV LQ DQ ,QVWUXFWLRQ %XIIHU DUH GHFRGHG DQG LVVXHG LQWR SURSHU 5HVHUYDWLRQ

6WDWLRQV�56�� DQG WKH 5HRUGHU %XIIHU LV XSGDWHG VLPXOWDQHRXVO\� (DFK H[HFXWLRQ XQLW

UXQV VDIH LQVWUXFWLRQV IURP D SURSHU 5HVHUYDWLRQ 6WDWLRQ UHVROYLQJ GHSHQGHQF\ SURE�

OHPV�

7KH 0026 SURYLGHV WKH 5DS6LP ZLWK D PXOWLWKUHDGHG SURJUDPPLQJ HQYLURQ�

PHQW WR XWLOL]H IRXU *38V HIILFLHQWO\� 7KH 0026 KDV D 3WKUHDG>��@ OLEUDU\� & OLEUDU\�

DQG 5DS6LP LQWHUIDFH� 7KH & OLEUDU\ DOORZV PXOWLSOH WKUHDGV WR DFFHVV WKH VKDUHG &

OLEUDU\ ZLWKRXW V\QFKURQL]DWLRQ SUREOHPV� ZKHUHDV WKH 3WKUHDG OLEUDU\ SURYLGHV V\Q�

FKURQL]DWLRQ DQG VFKHGXOLQJ UHTXLUHPHQWV DPRQJ PXOWLSOH WKUHDGV� 7KH 5DS6LP LQWHU�

IDFH FRQQHFWV WKH 0026 WR WKH 5DS6LP� DQG VFKHGXOHV DQG DVVLJQV WKUHDGV LQWR WKH

SURFHVVRU PRGHOV RI WKH 5DS6LP� 7KH VLPXODWLRQ SDUDPHWHUV XVHG LQ WKH H[SHULPHQW

DUH OLVWHG LQ 7DEOH ��

7DEOH �� 6LPXODWLRQ 3DUDPHWHUV

3DUDPHWHU 'HIDXOW 9DOXH

�
VW

OHYHO FDFKH VL]H �� .E\WH ,�FDFKH� �� .E\WH '�FDFKH � �� E\WHV SHU OLQH

�
QG

OHYHO FDFKH VL]H � 0E\WH � �� E\WHV SHU OLQH

:ULWH XSGDWH SROLF\ �
VW

OHYHO FDFKH WR �
QG

OHYHO FDFKH � ZULWH WKURXJK
�
QG

OHYHO FDFKH WR PDLQ PHPRU\ � ZULWH EDFN

�
VW

OHYHO FDFKH DFFHVV ODWHQF\ � F\FOH

�
QG

OHYHO FDFKH DFFHVV ODWHQF\ � F\FOHV

0DLQ PHPRU\ DFFHVV ODWHQF\ �� F\FOHV

5   Simulation Results and Analysis

7KUHH VHWV RI VLPXODWLRQV ZHUH FRQGXFWHG IRU HDFK YLVLRQ WDVN GHVFULEHG LQ 6HF�

WLRQ �� 7KH LPDJH VL]H ZDV ���;���� 7KH WKUHH VHWV RI VLPXODWLRQV ZHUH�

z 6HTXHQWLDO� D QRQ�PXOWLWKUHDGLQJ UXQQLQJ RQ D ��*38 FRQILJXUDWLRQ�

z ��7KUHDGV� ��ZD\ PXOWLWKUHDGLQJ UXQQLQJ RQ D ��*38 FRQILJXUDWLRQ�

z ��7KUHDGV� ��ZD\ PXOWLWKUHDGLQJ RQ D ��*38 FRQILJXUDWLRQ�

7KH ,QVWUXFWLRQV 3HU &\FOH�,3&� DQG WKH WRWDO QXPEHU RI H[HFXWLRQ F\FOHV ZHUH

PHDVXUHG DV RXU SHUIRUPDQFH PHWULFV�



Lecture Notes in Computer Science

)LJ� �� 'LVWULEXWLRQ RI ,QVWUXFWLRQV ([HFXWHG RQ D ��*38 &RQILJXUDWLRQ

7R FKDUDFWHUL]H WKH FRPSXWDWLRQDO UHTXLUHPHQW RI HDFK YLVLRQ WDVN LQ WKH REMHFW

UHFRJQLWLRQ V\VWHP� ZH EUHDN GRZQ WKH LQVWUXFWLRQV H[HFXWHG RQ D ��*38 FRQILJXUD�

WLRQ LQWR VHYHQ FRPSRQHQWV� DV VKRZQ LQ )LJ� �� ,Q WKLV )LJ� �� $/8� %58� /'8� 678�

)38� :,1 UHSUHVHQW $/8� EUDQFK� ORDG� VWRUH� )38� ZLQGRZ UHJLVWHU LQVWUXFWLRQV�

UHVSHFWLYHO\� 7KH ORZ�LQWHUPHGLDWH OHYHO WDVNV�/$%(/� +<32� SHUIRUP RSHUDWLRQV RQ

WKH LQWHJHU UHSUHVHQWDWLRQ RI WKH LQWHQVLW\ LPDJH� 7KH ORZ OHYHO WDVNV�60227+� *5$'�

SHUIRUP RSHUDWLRQV RQ WKH IORDWLQJ�SRLQW UHSUHVHQWDWLRQ RI WKH GHSWK LPDJH WKXV WKH

)38 LV XVHG LQ WKHVH WDVNV� +RZHYHU� WKH KLJK OHYHO WDVNV�0$7&+� (;7(1'� LQYROYH

OHVV $/8 RSHUDWLRQV DQG LQYROYH PRUH /'8�678 RSHUDWLRQV GXH WR WKH JUDSK WUD�

YHUVDO �XVHG LQ REMHFW UHFRJQLWLRQ�� ,Q DGGLWLRQ WKH\ DOVR FRQWDLQ PRUH )38 RSHUDWLRQV

GXH WR WKH SUREH RSHUDWLRQV RQ WKH GHSWK LPDJH GDWD�

)LJ� �� (IIHFWV RI ,VVXH :LGWK DQG 2XW�RI�2UGHU ([HFXWLRQ

)LJ� � VKRZV WKH OLPLWDWLRQ RI ,/3 RQ ZKLFK D W\SLFDO VXSHUVFDODU DUFKLWHFWXUH UH�

OLHV� ,W VKRZV WKH HIIHFWV RI WKH LVVXH ZLGWK RQ ,3& ZLWK LQ�RUGHU DQG RXW�RI�RUGHU H[H�

FXWLRQ� ,Q WKLV H[SHULPHQW� ZH XVHG WKH 6LPSOH6FDODU>��@� ZKLFK LV D ZHOO�NQRZQ

VLPXODWRU IRU VXSHUVFDODU PLFURSURFHVVRUV� 7KH LPSURYHPHQW E\ LQFUHDVLQJ WKH LVVXH

ZLGWK ZLWK WKH LQ�RUGHU H[HFXWLRQ ZDV QHJOLJLEOH� ZKHUHDV WKH ,3& ZDV LQFUHDVHG XS WR

WKH ��LVVXH FRQILJXUDWLRQ ZLWK WKH RXW�RI�RUGHU H[HFXWLRQ� 2YHUDOO� WKH DEVROXWH ,3&

YDOXHV ZLWK RXW�RI�RUGHU ZHUH ODUJHU WKDQ WKRVH ZLWK LQ�RUGHU� +RZHYHU� WKH ,3& RE�

WDLQHG E\ H[SORLWLQJ ,/3 RQO\� RQ ZKLFK W\SLFDO VXSHUVFDODU DUFKLWHFWXUH UHOLHV� ZDV

OLPLWHG WR ��� HYHQ ZLWK WKH ���LVVXH FRQILJXUDWLRQ� 7KHUHIRUH� DQ DGGLWLRQDO OHYHO RI

SDUDOOHOLVP QHHGV WR EH FRQVLGHUHG WR VDWLVI\ WKH WLPH SHUIRUPDQFH UHTXLUHG E\ WKH

VHOHFWHG YLVLRQ WDVNV�
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7KH H[HFXWLRQ F\FOHV DQG WKH ,3&V RQ PXOWL�*38 FRQILJXUDWLRQV DUH VKRZQ LQ

)LJ� �� 7KH HIIHFWV RI H[SORLWLQJ WKH 7/3 E\ LQFUHDVLQJ WKH QXPEHU RI WKH *38V DUH

DQDO\]HG ZLWK ��LVVXH� RXW�RI�RUGHU FRQILJXUDWLRQ� ,Q WKLV SDSHU� WKH H[HFXWLRQ F\FOH RI

D PXOWL�*38 FRQILJXUDWLRQ LV GHILQHG DV WKH H[HFXWLRQ F\FOH RI WKH *38 UXQQLQJ WKH

SDUHQW SURFHVV� $V WKH QXPEHU RI WKH *38V LQFUHDVHV� WKH WRWDO QXPEHU RI H[HFXWLRQ

F\FOHV GURSV DQG WKH ,3& LPSURYHV E\ H[SORLWLQJ 7/3� 7KDW LV� WKH ,3&V REWDLQHG E\

H[SORLWLQJ WKH 7/3 IURP WKH EDVH ��LVVXH FRQILJXUDWLRQ DUH ���� IRU ��WKUHDG DQG ���

IRU ��WKUHDG� 2Q WKH FRQWUDU\� WKH ,3&V REWDLQHG E\ H[SORLWLQJ WKH ,/3 IURP WKH EDVH ��

LVVXH FRQILJXUDWLRQ DUH ���� IRU ��LVVXH DQG ���� IRU ��LVVXH� DV VKRZQ LQ )LJ� ��

)LJ� �� ([HFXWLRQ &\FOH DQG ,3& RI (DFK &RQILJXUDWLRQ

7KH ,3& RI HDFK YLVLRQ WDVN LQ WKH REMHFW UHFRJQLWLRQ V\VWHP LV VKRZQ LQ )LJ� ��

(YHQ ZLWK YHU\ GLIIHUHQW FRPSXWDWLRQDO FKDUDFWHULVWLFV� HDFK WDVN VKRZV VLPLODU ,3& E\

H[SORLWLQJ 7/3 DV ZHOO DV ,/3� $OVR� FRPSDUHG WR WKH ,3& RQ D ��LVVXH VXSHUVFDODU�

7/3 FDQ SURYLGH � WLPHV LPSURYHPHQW RYHU WKH ,/3�RQO\ VROXWLRQ RQ WKH DYHUDJH�

)LJ� �� ,3& RI (DFK 7DVN RQ D ��*38 2Q�&KLS 0XOWLSURFHVVRU DQG D ��LVVXH 6XSHUVFDODU

6   Concluding Remarks

7KH RQ�FKLS PXOWLSURFHVVRU KDV EHHQ SURSRVHG DV D SURPLVLQJ FDQGLGDWH IRU D

ELOOLRQ�WUDQVLVWRU DUFKLWHFWXUH� %\ LQWHJUDWLQJ VLPSOH SURFHVVRU FRUHV� LW FDQ H[SORLW

7/3�7KUHDG�/HYHO 3DUDOOHOLVP� DV ZHOO DV ,/3�,QVWUXFWLRQ�/HYHO 3DUDOOHOLVP�� ,Q WKLV

SDSHU� ZH KDYH HYDOXDWHG WKH VXLWDELOLW\ RI WKH RQ�FKLS PXOWLSURFHVVRU IRU YLVLRQ WDVNV�

)RU WKLV HYDOXDWLRQ� ILUVW ZH GHYHORSHG D SURJUDP�GULYHQ GHGLFDWHG DUFKLWHFWXUH VLPX�

ODWRU DQG LWV SURJUDPPLQJ HQYLURQPHQW� 8VLQJ VLPXODWLRQV� ZH DQDO\]HG WKH ,3& DQG

WKH WRWDO QXPEHU RI H[HFXWLRQ F\FOHV RI WKH DUFKLWHFWXUH LQ SHUIRUPLQJ EHQFKPDUN

YLVLRQ WDVNV�
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2XU VLPXODWLRQ UHVXOWV VKRZHG WKDW PRUH WKDQ ��� ,3& ZDV DFKLHYHG RQ WKH ��

LVVXH� ��WKUHDG RQ�FKLS PXOWLSURFHVVRU E\ H[SORLWLQJ 7/3 DV ZHOO DV ,/3� 8VLQJ ,/3

RQO\� OHVV WKDQ ��� ,3& ZDV DFKLHYHG RQ DQ ��LVVXH VXSHUVFDODU DUFKLWHFWXUH� :H DUH

FXUUHQWO\ FRQGXFWLQJ IXUWKHU HYDOXDWLRQ RI DGYDQFHG PHPRU\ DUFKLWHFWXUHV XVLQJ

'$53$ ',6 EHQFKPDUNV>�����@�
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