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An FPGA-Based Implementation of Subgraph Isomorphism Algorithm
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Many applications can be modeled as subgraph isomorphism problem, which is generally
NP-complete and hard to compute practically. To accelerate the solver, an algorithm that
is suited for hardware implementation is proposed and evaluated on FPGA. The prototype
accelerator operates at 16.5 MHz on Lucent ORCA 2C15A, which outperforms the software
implementation of Ullmann’s algorithm on 400 MHz Pentium-II by 20 times in the best case.
The performance can be boosted easily by using multiple FPGA chips or multiple boards.

1. B0 &I

E{E BB ICBIT 2 ¥ — VEBRNP, {LEERSE
B AREEEROEN L Y, ELDILEFESY T
7 BB $ =38 (Subgraph Isomorphism) (2/F#& T &
AU, L L—fZicEBs 7 7 7 ABHEILINP 22T
HAVOKELREFREELEL, EANICAVLZ
LIIHEgETH 5.

VI 2T CERGETHBYET HCHICEL
THEASEEBTETEERILT AHREEE( LS
{FFPNTEZD, N—F 27 ORBEIANEOR
HASIELEONLIIIES Bholz., & I AIIE,
LSI #MFDEARIC L Y FPGA SE0FEHBRTEN—F
TSR & A MMEL, EHFERBORE
Al EfIiEE o TETVAEY,

AEFFETIE, H57 T 7 ARHEREOETLER
B CEELY 2 FEERT. ERICPCINZAR
MR TSR EERE AV TEE LR, MEETH
{ERENENTO N ¥ AT THORBAYA A 70708y
HEDVT Y LTI 20 EREOKELE

t BABHMRERE - MBERTER
Dept. Knowledge-based Information Engineering, Toy-
ohashi University of Technology

* G, NTT V7 b v 2 7HR&H
Presently with NTT Software Corporation

BT s Ly EHESNL.
2. BEMZR

(&) 77 7ARHEMBELERRBICL>TH
WIS Y &1 AHFEICIE, Ullmann 2 X 2REV E
Swain, Cooper (=& 2REVHH B4, VWTFRLRE
P2 TERERPHAEFEMAMYT O TV 2\, Ullmann #
Refinement Procedure (ZfSENMHE LR A L7215
WhEETH LD, ABRBEISKE (ERECE S
%5, Swain bORENL, T—2rarv VAT U E
HWz iR RMEEZ N~ N 27 CERICHERL X
3rnILDT, FO—DDEHELTT I TOTY
FUTIZOVTHERLTVWAS, TON=FY 2Tk
FRABKEOENLDTH B9, 77 7 AEHEICEL
LTWAREWOMERO A TRLT LS RE T2\,

F5 7 ORBHER, RCBERTHGTEME
(CSP) D—HELEX 2 LN TE L. HHFTRMER
EREICBRT A-OOEARBIIHOIEREINTE
7-%5, FPGA H»ERTAECEEI N DAL
Mol EETIE, FTETHEMERE (SAT) I FPGA
RISET AFESS TDRTVEE, (B5) 757
Y EMEICE LT FPGA OFEAFMITRY:S
FTRADPMODTEEDNRS.



B1 ;575 7E

3. 7IJUXLi

3.1 E97 77 RBHTEHE

2D0DT 57T Go,GekEZD. oY T 7 REH
EMBE L, Gal® G WTRPDEH Y 5 7 (sub-
graph) &M% (isomorphic) TH 5 »EIHET S &
VIORETH . FIZIER 1 IEBWT, Gald Gu &
RIS 77 28D, —F G, 3Ezw». 2o
HEMBEIRICNP ZELTHLIEPTEHEATY
32,

3.2 FEEFILTY XL

s 7 7 FEHIERE A A T E TR T,
PIERDOT VT ZLkHORITEV, G DIEAYK

£ pa > ppTHNETRSY 7 7R TR VT £ ik
HBHEZNT, LT Titpa <psTHHI EXEHEL T
%. Genb poBOERAEZIMY B LT G DTEAIZT
IBEEHHER,, P, BV EETS. 29 LTHY H
LIZGeOBDT 77 % Gk T h. GaDETHDIZ
LT GRIHIET AP HFIEL TWiE, Gald Gp
DEG T T 7 LB (852 T 7 FEHEOERITR
) Thd, p, P MOMELTIIOWTHSTHFE
B85 570 E, 57 5 7 EEREOR
RiIEHTH 3.
CNE-BOBERMBELR DT, FEATIESBRESR
TABTEETE D, TERDE I LANLTIE, Go®

NOFERps—i+ 1 EEFIHT S, FERADOE (LN
Pa) TR GPTHEETOERIEL HDT, BiTh
72 Gl T B ANPFET 508 PHEET S, g
FOETIDWTHIET 2 WP HFETIZEE 2 85
TITERERLILIEICRD., £TOELHARTHA
Beias 7 7080 NdHERERE 2%, 207
WY XA, ECERAREREE S, EEAD
BRI L EUBEAEMERRE IO T &) BoEE
T&5.

3.3 Ullmann O7 /L3 XL
FAGFIET VT XL, pa,pePBKIEST
EABMIARAL 2 ) EREFERY, 22T, 240
2 VIRFTEOTE IZEWET 5 ik (BX D ; pruning)
PEEIZ% A, Ullmann BERMOETEOZRFR
T refinement procedure & \» 9 B BT BB HI E % 1T
vy, RBIENIR O % WEBHRBEARZR DAL Z L AIRE

LAl L2 LARL3

E2 BUAFOER

L7t CoxElR, BRETLHAY T 7 BEHE
BbYBMEDNEFEO—DTH 5.

Refinement procedure i3 —fE D R 2 VB4
HETH 2. BREHOEHH T2 DER OISR
777 7RABERE G B RLERET DL, Bz
W, deg(ve,;) < deg(vg;) THIFRIEE 5750 (deg(v)
BIESvORE). T2, G llBWTHET 2TEAM
1A, BEINZED Gl B ThBET L L2
BERTRINER LW, LEREZH-SLWER
DAREMERETE. LaL, d2BEEOTRELET
HILILY, SETHINTWLEEN (B
THEOLERNE2 L) 7RRE LRICBE SN2
BEFHL0T, FREILIKL I TLELGREY
FIFHYIZ4T 9. Refinement procedure DEER, FTHE
WD BEREN R o EAK—DThdHNIT,
LT oS EER TGV BTTROMAED, KD
B 27 (¥8) T refinement procedure M %M % 7=,
ZDERIIFS T 5 7 EENC > T b, Ullmann @
TETISPHERE S0 F — 23~ K ASEIN$ 5 25, Al
DI X BERZEEHIROGRIC L ) & EOBREREIT
BT 5.

Ullmann ¥, refinement procedure 254 [0 %
TERTEDLIELERLEY, LoL, RERNA—F
U7 BERIE O(paps®) L REL, KERYIT%
WAIN—F T 27 2 EET HIGERND 2,

3.4 BEFZLITUIL

Refinement procedure i, FFE YU T TR W

HERVY, N—FYr7 Il AERTHBOEELE
RY B, £ CRBLTIEHALL - AR T gk =
ERATAIEICLY, LEZEREELHIRL T -
Ko7 IZEETHILIILE.

AHATE, LEFHHECTEGEAOEAS T %
W LWL L o TRELHOHEL/O L. 81 G,
DEGT 7 T W GeDEG T 5 7125 D185 RE
T5. Ga WGDB|HY 57 LRABL % B 7201011,
Ga DEBY 77 HET GgDWTHLDIFT 57
ERMETLHFIER L2V THS (LELRA)D.

IPLEGRHICHET A0, 10 G %4
I2ED. WERDLANN 1T, GoDTES 0175 Gy
DWFTNPOEFCERENE, UTFLAL 2 Tl
va, LNV 3 T oW BEINT, FRADEIET
5 (pa =3). TOEERRTVIVZALTHE, &L
NVTEBREREEDP O LB GaDBAT 57 %E 2



‘®3 OPERLF—-F

(R 2), #20OBIT 77X Gl &I D2 L) PR
ET5. LOEERHCE, G0 r 7718 h
BUDEGN Gell&INb I L 2 AT S, 727201
BEIC ED L~V CREEEFEADLIL, BEREDRTILE
MO TE L. FIZIEK2 DL~V 3T, fivaaid
BELC LAV CHEELATHL,LBERETLLE
v, LRVEDOESY 77 (ERICIZIN T A )
ik, EHEAORE TARE 2D TERWMCER L THE
LTBLIENTES.,
RETNVT) X4L, BEAROWBE A TREEH
FELTEAY T 20, FIBETLVI) XA LhiZ
ETHERIASRIEIZE . LA L Ullmann 7T X
L EHRTHA Y OMBFEBEN D, MLEVT T
7ELTEFTTAE Ullmann DTNV T) XALIED.
R LBERN-F 7 T BBEND R VI, %T
A L HICHIRO FPGA WCEETREE 2 Y, BH
B CTERLTZ I EFTERICED. V7T
£ A Ullmann D7 VT ALk, N=F Y27 TH
FALLRET LT XA 0HEELEICOWTIE 6%
Tk B,

4. % it

4.1 VAT LR

#2112 OPERL £ — F%FHT5. OPERL &
Lucent #® OR2C ' — X FPGA % 2 E#&HL
72, PCI NAHIHBKTRRER-F Th 2 (X 3).
USER FPGA IZIEFA DLV 7 by =7 CTHEED
bit stream &% v u—F L, 2—¥ DikEFL /2B
ZEIICHEERT A LANCE S, ARLTIZUSER
FPGA & L TOR2C15A (19200~44200 % — b H4)
2+ 5. PCI FPGA (OR2C15A) 121, PCT 4
v ¥ 7 x—AEPEE USER FPGA O B HI#E B
FEHS ATV,

FAMEHEB B RERO -V F Ty
Ya— 4% H\/z(F1). FreeBSD # Linux Tidz1—
FT7ar T uho AMIGRERITTAI LN TES
DT, F—9Emk 37 us 5 40 5EHEOPERL O
R— M EHELEETHILIIL. ITHBBRCF LA
R 5 £ )R T read/write 35 Z & S WTEE/IRS, 4
EOEHTIEIR-—F ERANEBOF — YR EDEE
WKW S, VAT A= NDF =I5y F 2T

F1 A MEERB

CPU AMD K6-IIT 400 MHz
Memory 64 MB
Chip Set Intel 440TX
0os FreeBSD 2.2.1R
Compiler | gcc-2.7.2
am < BEA 28 ) anE
= WEEEKD EE CRERER
4 A X
A
M4 7oy
WIRE G,D HAD

) AYRE B

LA (0, 0) > G D
1,2) | 1 L T R
0,0
| 1,3) 3
2.3)
[(NY)]

5 HMHOKE

BT EEBAED, E=}T7F LA} ioctl TOS
SIBTAEIIZLTWwA7®, PCI D PlugkPlay
WKHKEBLTBY, V7 by T7oBEEbIER-T
VR,

4.2 [EEEBR

R4iz70y 7HERT. EEARAKBERE T, Ga
o G OTRELZEATEIERERT 2. FEAD
SEHET AR CRRAVELNHERITI 20, I
EHEEIL G ® (RERFR LR 5)BDOWWmAE Gp
WEST 5. IDFERROB T, JEHBMILEDS
N7z G 2 THRENCED S 2 hE»%RT. HEIC
XA EREERIT G OBIEITH Z KM T 5 RAM
B ER, JERRTIIAY AN ZHVTELARL
DRENS (1) £TICoV TIFERELRICHEE
2TV, @ TOAPLEEFZ B -THrEr 2 HRER
KEBBIGRET 5. &6 %20 ERAKEER
BRTOUVRVOBBIZED. 2SR,
ZOVRVTHREERODBRERAAS., ZOLXVD
BEESESTHRLUILED LARVIZEH S,

5%, 2RI L CIEHEROEK
BERLEDOTH S, FERAKEIREE > - HAED
BERLVALVEZTIRY, LRVIHET A0 A %
ZBT L. DREAESOMTTETEY, (1,3) 1
(v1,vs) DLEFHRT 5. (0, 0) IZHHEB DR
CRTH D, WFETAEL)A DT FY»s Y X b
BRETORTOIIOVCTLELGPRET S, T8
ROBZRRIIFERAKOEREISEHELTBY, BELR
DHMRIIBVT GuDEHEEAL Ggh L DTELIZ



=
PCI nter-
FPGA N face

<:>‘ Unit 1

6 USER FPGA DB

T 52, BEEECEHLTY S, DomEE0ER
*EICEET L0, Z0EBEEIZ2FE—F RAM
o> Twah, BAE SN GeOTERN E HvT:D
FIEREEE (GoOBETY) 2 BB T 2 L, GollB
1T BB OFELSHET 5.

5 = ¥

51 E#& FH &

USER FPGA DiR¥EIZ&£ T VHDL T L, Syn-
opsys £ Design Compiler TCEARZIT- 7. 72
PELUEHEPZRE L/ VADL Lk %47 728, Lucent
D OR2CxxA I 475 (BI2I1X LUT %215
RAM ¥ 7 0) 2 BT L TV A BT SV,

OR2C I SRAM X—AMD FPGA DT, W v ¥
Y7 RAM 25T AREDT7T -7 7 F X BHE
BTEH. BETNITY X820 Y 5 7REHE
FIREIIEE ICRTFIZEDEVWER IR DT, SRAM
N—ZAFPGAIXHELZICHTHEENA.

WHEAHIZ L Sparc Ultral /170 % BT 10 5128
RETLH. WEAKOHN (EDIF 2 v F YA M),
Lucent ¥ ORCA Foundry 9.35 Ty ¥> 5 L, B
BEHRT L. v v U7 L EBEMHICIE, Pentium-II
450MHz @ PC T2 BRIE* E T+ 5.

52 EHEHER

4\ USER FPGA & L CHIH L7z OR2C15A i,
WIEOMBEA & LT PFU % 400 AR L TV 5.
OR2C FPGA T (pa,ps) = (15,15) T TR A EK
TEETHEL 160 PFURETERTELDT, 12
D OR2CI5A LMl 4 DEE%: 2 1=y M ERTE S
Zkithb. FZTUSER FPGA 2F6 D0k J it
AN A IR A

Ke6nAry7 c—AREIL, PCI FPGA 2 5H3%
HONTLBTFLVAZFTa—F L, read Eskicxt L
Tidz=y P OREEZEH L, write BRI LTI
=y b OFEHLOEETS). oy M i3S
ZLTBY, FAMUOV T 72T H 512 200F
B EAWBFNETTESL, 4% 72— AT PCI
NALFEL7Ty 7 (33 MHz) CEIET A, K2z
MIBMZVFY A 7 VEEICR-TEY, N
O v 7 OFEEAE (16.5 MHz) TEHMET 5. $HalFEsIcid
NAT T4 4L T 33 MHz CEIMEES BT LB T
RRLEDLNLGY, SEIBAAORERIZL Y IFAL-.

T2 ICEEDOBO PFU HxRT. A5 PFU B3
343 T, OR2C15A @ 85%IZ#H¥4 ¥ 5. OPERL i

F2 WEME
[E1F% PFU #
A% 7x—2 | 23
Unit 0 160
Unit 1 160
aat ) 343

BT R KD FPGA i1 OR2C40A (900 PFU,
43200~99400 7' — F fH%4) TH ), OR2C40A #
WEHBERETNVITY) X MlZ 422y FEETETH
%, BED-®, Ullmann DIREE Y I refinement
procedure Z M AEEBETEE L THLER, BAL
(15,15) DEBET 2754 PFU L % 1) 2C40A THEE
EERETHIL I EFbh o7,

6. M BEFF 1H

6.1 B EAHZE

A TIIERS S 7 7 EBH EOMEREMET S, 72
PELERSY 7 7 BRHEOETRRIIA DT — ¥ (G
L Gp) IWEFELTRESEHT A0, FrFaic
HEBL10085% =Dy 5 7B L TETRE AR
EL, PTHECTELSELFMTLILICT2. ANV T
TORME LTRESRLDEEZIY LT, Ga &
Gﬂll@‘/“(lﬁ)ﬁ.ﬁ Po,Pp EIDEE eda, edﬁ EENFE
NEZ CTHEM*BET 2.

777 DEEKE p, DBE gL BVELE, UK
Eed ZUTOXTEHZENS.

ed=2q/p(p-1) (1)
edl, 77 70BF gk, MLESKROELST7 K,
DABDLTH B0, I TOADEE%H HbT8
TA-FEFRLTEL V., Z0EI0<ed <1 %5,
RRELT TR TH B0 g > p—1 ThITR
E%b%0n0T, B 7 1ML TIR2/p<ed <1
b, —RIIES ST T RBHEMECRI ST
THERETH LBV, ERAMICIIIEERS
777 OREHEICER ) ERE L VOT, FFET
13 Ga, Gl b IERE LY T 7 ICRE L THENES
To7-.

6.2 V7 b7 DOMEE
HREDFFMEEREE LCiE, LA~ 27070ty 4
ETUllmann 7V IT) X0 %V 7 by 27 THE
L7BEnETRELHVS. LT, Th2sBI X
FALIER. BEYAF AOWBIIRS OBY TH D,
ZOBBIAF A LT, Ulmann D7 AT XA %E
BLIZVT7 2T RETL, FHLERSHZ2AEL
72 BlELT, B71203 (eda, eds) = (0.2,0.4) D
&, R8ITi2 (eda,eds) = (0.4,0.4) DHBADIERE
AT, UTONBERETIE, TOBBIAFATHE
TR L LB 2 RTI LTS,



Fx3 BEIATA

CPU Intel Pentium-II 400 MHz
Memory 256 MB

Chip Set Intel 440BX

0os FreeBSD 3.1R

Compiler | gcc-2.8.1

1000 T T r - :{s!ﬂ}elﬁ —
o
3 3 el

un time(sec.)

12 13
Pfalpha)

@7 V7 b7 T OFETHR (edo, edg) = (0.2,0.4)

betaje15 —+—
pibetaj=14 --x---
p(beta)=13 ---x---
pibetal

0.001

run time(sec.}

0.0001

1e-05

5 & 7 8 9 10 11 12 13 14 15
plalpha)

8 V7MY T OEFIEM (eda, eds) = (0.4,0.4)

100 T T T T p(beta)=15 —+—
3 oo

=

lbeta)=10 -0

ratioftimes)

12 13
p(atpha)

X9 HAMDBOMEE (edo,edg) =(0.2,0.4)

6.3 EAEREOMEE
BEYATFALFALYT7 (100 kv M) 2 EHE
BCREL, EffREEAELL. FAMIOY T
% =7 T, OPERL £® Unit0 & Unitl 12757
ZIMTOEYV L TdL, INGHTLIZy FDIR
REAFERLASOL-—TLTHEL (K= 7)), »§
Nhoz=y b HPMBERT LoH /%7577 %%
NDBTHEWIREZRBETo>TVS.
AEERESBY A7 A L OMRR (ETEE M
o) LTURLZDOPR9 EE10 THAH, HA
E#it 16.5 MHz L BERHEPERVICOEDL T,
MESLOETBRY AT LA BB T AL R T
Wb, V7MY T NERERAEETIOICHLT,
BHAEBCEL 70y 7 NIIEROR (RAM) % 5tA
TR EOETCEFELRBALTV2-0TH5.
6.4 N—KIIT7&VYT MY x7ORRNFIA
MECRLL ) CHEARBOMRIEISECOETS
B A7 4% EAZ2S, —ETERBI AT 4 LD EN

ratio{times)

0.1

P O S T T PR
5 6 7 8 9 10 11 12 13 14 15
plalpha)

10 HHEEOUEE (eds, eds) = (0.4,0.4)

BELDHAH., FlAIERE 10 T, pp =15 DHAIIL
WHIAIT1IE* TR-TWA, SO LD RERTIRE
BEBCLAERCERL Y S, REMICRET V
T X5 O Y EEHH Ullmann DT VT X AL
£HEVIUBETERS KR ZoTWLEI LD
bz,

COLIBEE, TAMITYXAIMENHLEBHE
BrEWwWsPbYIZ, KA DT Oty T Ul
mann DTN TY X AEFVWTAESTHITEW., Ly
LB 2 5D0%, ERICERSY T 7 ABHEEITI
MICEARBE Y 7 b2 TOETERELZTH TS L
WHZETHD. BHD Go, Gl T 5 ETHE X
F I RE ('?_‘ yﬂfﬁ) 7298, Pa, DB, Cda,Edﬁa)r%EJt:’J
WTEMNICEREMAZ LIITEL0T, HAMKO
BEEIMETLE) %85 2= - £y ML TIEY
TRy TICE MBI B L) FiERRAL.

TT6IHOWWERELHNT, BARNTRA—F
I L CERRBOFEYHREL RO THEL. ALA
HF =5ty FICELT, 3BT A7 AL TOFEITH
B %TTICARA M ETO Ullmann DY 7+ 27 O
BEENT . EHF—5 2L, BBYATLAT
OEFTHEBIZ 131 2F LD LKA N ETOETER
LIZIE—KTAH0T, ThEH#EAEE LTHVS.

ERONEBEEIZIE, ANSNZZT T T Ga,GpD
PorDpreda,edpgBHE L (TNIZHEIIRE D), £
DI8T A= CHBEBES S & TR S hUTER
ERICHAL, FAMEOV T YT ES EFH
ANNEFA N 2T Ullmann D7 IV T) X 4% ET
TAHIEWTA., UTF, ZoOFELBRE: LA

HEOF — FPEICEWAEY 57 (100 £y M) &5
D777 (100€y M) ZABELT, ERETERED
MEERFEL . (eda,eds) = (0.4,0.4) ICHT 54
B 11 RT. M10 & RB L, FEHILLH
mLTHBEETHESZONTVAI L hRE, 7
S 7D 1 T2 076 BB TELICR>TVA
DL, FA M OUFEFSEY AT LD T6RIEE L%
WOTHE (FITEHBRVATF2OMELLILL
TERILLTHB). BISLEIIC (pa,ps) = (12,12) D
PEEEAT0.76 LD IERVDIE, FRFAERZ 72720
BV (EAEE) 2EoTLE->dTh5.

6.5 N—KIxz7&V TR 7DHR

AR MINEEE, K-V /% L CERAEBROKRT



100

ratio{times)
3

0.1

P S T S T S ST
5 6 7 8 5 10 11 12 13 14 15
plalpha)

11 RIREOERE (eda, edg) = (0.4,0.4)

p{beta=15 ——

beta)=14 ---x
ol

ratio(times)

0.1

5 € 7 8 g 10 11 12 13 14 15
plalpha)

12 HIMEDOHRE (edo, eds) = (0.4,0.4)

EREoTWwA. THIERLZOT, ERARBORT %
FORIZ, FAMITYH Ullmann O 7 NI XL TER
DT I IRBHEESETAILEELL. KA M
H1ty P HEERRZSEICEAER (Unito, Unitl)
DR F v 7 L, (EEINRT L ol %7 —
YR ERABBICEY) B TTHS, KDY T 7o
TEDT 7 7B ER R DS, LALIDLd %
FEEGEE) Cik, BERAEBERA NIV I YT
DEICKIB L BREEND - 7258, BUHFELZT]-
EBoTLED). EBROREHRETY (BEOHMETHE
BE), ¥— I MEOETIBEESNL, ThidET L
CHEVENERTH 5.

FITRIZ, 64R0EIRE L SHRERZHHTL S
LEREZL, EREERISRAMIVI I LT LI K
BUERNEFHESNZBARERAERE2FEY, V7
b7 KEU EEWEFRIESNBEEEFRA R
BCRETH, ToFMEFH SN ZHEISEEE
WHT A, CoFELHAELIES, HRETE, K
DfE%E 1 L TIUSFREES %2 k> TRIREERL
W23, KOE%RKE (L TWL & PRESA TR >
T, FHEEVELFELNLLIEE. K =2 0%H
ETHELCEEIN12 TH 5, HRMET 28T %
o, MRS LISHE WSS OMEEFH LEL TWa S
L bhb,

7. bV IC

KEFFETIX, W7 77 REHEHEIZOW TN —
FoeTPALISB L7 VT X A5BEL, EBIC
OR2C15A FPGA LIZZES L THEEFMETY,
A4 7u7a9¥ ¥ £C Ullmann D7 VTV X 4
EETTHIHAICHNTRKA 20 FREOHIEL R
YL ERFERHLE. SHIKEBRENE YV FPGA

(OR2C40A) DRA R, #HE O FPGA ORI, 1
3O OPERL A—F 2 RABCFATLIRED S
BT, LVEVWE—- I HEE B LB TH A,

RETVI) AT, N—F Y27 EELHRET
5 72O Y % Ullmann DTNV ITYY XA LY EEE{L
LTWwa, ZODANT—%12L > Tid Ullmann
DFNT)ALEFRAMYV 7 P Y27 CTETTBH
PETHEIEL 220D, BRXLTIE, 20
LIARBETHIFRAN OV 7 Py 27 L ERREK®
MBI LHRERET L2 ik ), ERHERILIC
LBREEEEEL T—RBOMREN L2155 Z LA
BT EERLE.

SEDEREIL, NRESR FPGA 1 F v 77T %F
HALAZBRENRZLDOTHS. L) ABESL FPGA R
LIAAFTALSIEMEE VAL EICL-T, E51C
KE% pa, ppll L TKE LRI RIET I EHER
PR TEALEZLNS,

i KoL, (M) BISHAEIRAYE
FERhAL, XEEFFEMREWS - FEEBFE (B)
(2) 10205210 I X USEEHAFZE (A) 1178021112 X 5 B
DTHA.

2 £ X #|

1) Ullmann, J. R.: An Algorithm for Subgraph
Isomorphism, J. ACM, Vol. 23, No. 1, pp. 31—
42 (1976).

2) Garey, M. R. and Johnson, D. S.: Computers
and Intractability, Freeman (1979).

3) Buell, D. A, Arnold, J. M. and Kleinfelder,
W. J.: Splash 2: FPGAs in a Custom Comput-
ing Machine, IEEE Computer Society (1996).

4) Swain, M. J. and Cooper, P. R.: Parallel
Hardware for Constraint Satisfaction, Seventh
National Conference on Artificial Intelligence
(AAAI ’88), Morgan Kaufmann, pp. 2:682-686
(1988). '

5) WS, 75 —F vy —r, mIE—
Ullmann DTN TY ZLDN—K 2Tl L BE
BT BHFE, 2000 FETHRMBEREBE
£ (2000). ,

6) NEFEW: o I VRBHET VT X AD
FPGA ZHW/-EEHFH, 5L5H, BB
FERFABERIFR (1999).

7 A, BAM%EX: -V IV -a>Ea—
T A EHOBEERTREPCL Y — N, # 5 [
FPGA/PLD Design Conference & Exhibit, B
I, #H4%, pp. 269-277 (1997).



