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1. Introduction
The subgraph isomorphism problem has wide applica-

tion[1]; for example, the retrieval of chemical bonds from
chemical structural formulae, the scene analysis for pattern
recognition, etc. However, the subgraph isomorphism prob-
lem is NP complete[2] in general, hence no e�cient algorithm
exists.
This thesis presents a method to solve the subgraph isomor-

phism problem by using FPGA (Field Programmable Gate
Array) for acceleration. With FPGAs, custom architectures
can be implemented at a low cost[3]. The OPERL board[5],
which is a recon�gurable logic board for PCI bus, is used in
this study. Currently the implementation haven't completed,
so the proposed algorithm and the performance estimation
are described.

2. The Subgraph Isomorphism Problem
A graph is composed of the vertex set V of p(� 1) vertexes,

and the edge set E of q(� 0) edges, and denoted as G =
(V;E). Using vi; vj 2 V , an edge ek 2 E can be represented
as fvi; vjg(i 6= j). Non-directed graph is assumed throughout
this thesis.
Consider two graphs; G� = (V�; E�) and G� =

(V�;E�)(p� � p�, where p� is jV�j, p� is jV�j). When G� con-
tains a subgraph isomorphism to a G�, there is a one-to-one
function f : V� ! V (� V�), where for all fv�i; v�jg 2 E�,
there is ff(v�i); f(v�j)g 2 E(� E�). The problem to �nd
out f , which satis�es the condition, is called as \the sub-
graph isomorphism problem." Also, the algorithm to solve
the subgraph isomorphism problem is called as \the subgraph
isomorphism judgement algorithm."

3. The Search Space Reduction
This section explains how to reduce search space for two

algorithms; the proposed algorithm and re�nement proce-
dure[1]. In both algorithms, the depth �rst search is used
for touring the search tree. The ith depth (1 � i � p�) of the
tree corresponds to f (v�i).

In the matrix M = [mij ] (1 � i � p�; 1 � j � p�), mij = 1
means that f : v�i ! v�j is possible. The initial value of M
is decided in this way; if deg(v�i) � deg(v�j) then mij = 1,
in another case mij = 0. deg(v) is the degree of vertex v.
A = [aij ], B = [bij ] are the adjacency matrix of G�, G�,
respectively.
In the proposed algorithm, the search space reduction is

executed as follows. At the dth depth, decide the correspon-
cence of v�d to v�j where mdj = 1. If the correspondence
doesn't satisfy 8i(i < d)(aid = 1 ! bf(i)j = 1), the case
won't be a subgraph isomorphism, therefore no need to tour
under that node. On the other hand, the re�nement proce-
dure investigates the condition: 8x(1 � x � p�)((aix = 1)!
(9y(1 � y � p�)(mxy �byj = 1)) for all i; j. If the case doesn't
satisfy, makemij = 0 and repeat this procedure untilM stays
unmodi�ed.

4. Required Amount of Resources for Pro-
posed Algorithm
OPERL board has Lucent ORCA OR2C series FPGAs[4]

on it. OR2C contains a 2-dimensional array of PFU (Pro-
grammable Function Unit), and 900 PFUs are available in
OR2C40A. The total number of PFU required for the pro-
posed algorithm is shown in Figure 1. p�; p� and ed� are
parameters. ed� is the edge density of G�, which is the pro-
portion of q� (q� = jE�j) to p�(p��1)=2 (the number of edges
in the complete graph with p� vertexes). Figure 1 shows the
estimated number of PFUs at ed� = 0:50 in the proposed al-
gorithm. The number depends on max(O(p2� � log p�), O(p

2
�)).

Small graphs such as p� + p� � 110 are expected to be im-
plemented by an OR2C40A FPGA. When p� + p� is small
enough, OR2C40A can contain two or more set of required
hardware to split the search space to search isomorphism in
parallel.
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Figure 1: Required number of PFUs (ed� = 0:50)
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Figure 2: Average Performance Ratio

The resource required for re�nement procedure is at least
O(p2� � p2�), which is unpractical for hardware implementa-

tion. Contrary, the search space reduction in the proposed
algorithm is simple enough to make hardware implementa-
tion practical.

5. Performance Comparison
The OR2C on OPERL board works at 33 MHz. The exe-

cution time of the proposed algorithm is estimated by sum-
ming up the required clocks for each step in the proposed
algorithm. The execution time of re�nement procedure im-
plemented by C language is also measured on the computer,
which has Pentium-II 333 MHz CPU, 512 KB 2nd cache, 128
MB main memory with FreeBSD-2.2.6-RELEASE.
In both cases, the measurement is done in this way; at all

case 1 � p� � 10;1 � p� � 15(p� � p�), G� and G� are
given 50 times at random. In case p�+p� is small, the paral-
lel hardware implementation is adopted for FPGA. Figure 2
shows the average performance ratio, where the measurement
is done in 0:1 � ed� � 0:5; 0:05 � ed� � 0:25. The greater
ed� and ed�, the better the performance of the proposed al-
gorithm.

6. Conclusion
Hardware-software co-design of subgraph isomorphism

problem is considered feasible with the state-of-the-art
FPGA.
From now on, the proposed algorithm is planned to be im-

plemented onto OPERL board for performance evaluation.
The extension of the proposed algorithm is also planned by
utilizing the dynamic recon�guration of OR2C FPGA.
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