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Abstract Labeled directed graph, as one of the essential data models, has been widely used in
many research areas, such as social network, semantic web analysis and so on. Subgraph matching is
an important problem of graph data management and has drawn more and more attention of
researchers. Traditional method of subgraph matching such as isomorphism matching and simulation
matching cannot handle the large graph for their complexities of time. In this paper, we propose
an efficient algorithm for subgraph matching based on adaptive structural summary of graph data.
Firstly, we propose adaptive structural summary of graph data based on graph compression. The
compressed graph can be adaptively updated according to the structure of query graphs by local

bisimulation. The model can reduce the size of graph data and conform to the structure of query
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graphs. Secondly, we propose an algorithm for subgraph matching based on adaptive structural

summary using graph simulation. According to the nodes in query graphs, each node in the structural

summary is ranked in an ascent order. Nodes in structural summary can be matched to those in

the query graphs by the distances between ranks of related nodes. Finally, we perform exhaustive

experiments on real and synthetic datasets.

The results demonstrate that: (1) our adaptive

structural summary covers current queries with the lowest space cost; (2) the complexities of

time for adaptively updating structural summary and subgraph matching are OC|E|log|V|).
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BHik2 HiMEER .

A A RAER G=(V,.E,.L), 5% Mk ES Par
B SRR G,
1. V.=J.E=Z.L.=F.,R=0

2. FOR ALL P; € Par

3. v, =P, V.=V Uu,

4. L,=L,UL(v), vE€ P,

5. R,=R,Urank(v), vE P,
6. END FOR

7. FOR ALL(v,uw) €E

8. IF v€ v, Nu€ v,

9. E.=E U (v, >v;)

10. END IF

11. END FOR

12. RETURN G,=(Vs,Es,Ls,Rs)
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HESXMY. R X 2 Y WE%BAESNT
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T Y ZEER. Paige 5 ALESCHRL37 [ 45 i xF
HERMETRREWERUULU EM—D016
73 P AFTEME— /Y P R ANAL R 7> Q. 4% Q P iy
BE W HE R D I BRIy Q )R fe i 1. MR iz &
W E A G M )T rank (HR T ATEYS
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P T A A B 4 0K R (i) AT 20 28 B 300 3k 30 R IR
A RIV5E R A AR B A — SR, X T R A
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P AT BB 19 DE TEC - 141 DA 45 A4 A0 S22 7 B 2o A mT LA 4y
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E21E 5 NN e O Rl = BTl V2o vl i o e S L LTV
A T SCAE T« X T 490 58 10 1 4] DT I A 36 o 205 Ay 48 2
ST A0 R JEE die /N B B G R AT BT N R A —
FEPE b 4/ 1 A5 0R) %) AL, AT B T A

SV 3 IR T ) A A PR A 2 AL R AR A [ i
IO BT ek R T S b A O IR TR AR AR AR S
LabelSet (5 1) 34 25 F Mt 22 v T 28 o 254 &
DURSEMEMES P 2 R G WA G ik
P55 2 ) (B3 A AR 28 DT C 1 T80, 9/ ] PT _Splic
RSN TR S BT AR R OGP 5) ik B
NERE PR IS & JF A & 23 B I 3 3 A1 B o A
BN TR S 2R A A AL R 4 (B 6~ 28 13), 31 I %%
ZEREEE P 1),

Bk 3. SRR R BT

BN M ME G = (V,,E,L,R), | G, =

(V,.E,.L)

Wi EHE AW G,

1. LabelSet={L,(v) |vEV,}

2. Par={B;|B.CV,, Yv, € B, ,rank(v;) =i,

i=0,1,,p}
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3. FOR ALL i=0,1,+,p
4. 1F L,(B;) € LabelSet
5. PT_Split(B;)
6. Collapse the blocks Split from B;
7. FOR ALL n€& B,
8. FOR ALL CE€ Par N{Us_,\B,)
9. Par=(Par\C) U {mec‘(m’n)eE}’
{(m€EC|(m,n) @ E}
10. END FOR
11. END FOR
12. END IF
13. END FOR
14. Update V,, E, by Par and f{urther construct G,,
15. RETURN G,
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Vi, Vu,v)ES:

DueV,, veV,.H L =L(v);

) V(u,u) EE, FEAE (v €EE, . H (i,
V') ES.

B i A ) B EAT A SR S 0 45 R A
L] T AR B iz A ok B AT B DG A
V). 3T A R 45 R AL 1 T DS C A IR B L B e
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SRIG ARG TSI rank (8, X BESE AT B BT, BAK
B A (D i E AW E A TS rank {85 (2) X2
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2. WIWFREEI G, T 5 v, €V, VLR T 5 55 I %
v, €V, % G e B4 1 T00 st 1) $ a4 747 HE P
M,=

FOR ALL «u€V,

FOR ALL v€V,, v€ u.neighbor, u.neighbor =
{u, u €V, | (usu') EE}

6. v.MS= //v.MS &V, 5 v ILE MM IEES

7. 1F v SERICHL . 0. MS={m€V, (m,v) € S}

8. FOR ALL m& v.MS

9. FOR ALL n€V, n€ m.neighbor

10. IF (|R(v) —R(w) | ==|R(m) —R(n) | & &

L) ==Lw)

11. u.MS=u.MSUn

12. END IF

13. END FOR

14. END FOR

15. END IF

16. IF w.neighbor MS= &

17. FOR ALL v€V

18. IF L(v)==L(w)

19. u.MS=u.MSUwv

20. END IF

21. END FOR

22. END IF

23. END FOR

24, M,=M, Uu.MS

25. END FOR

26. RETURN M,
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and becomes one of the most fundamental operations in many
applications.
graph

Existing three solutions, graph isomorphism,

approximation and graph simulation, are expensive where
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graph isomorphism is NP-complete, graph approximation
needs complex preprocessing and graph simulation takes
quadratic time. All of above solutions will encounter
bottlenecks while dealing with the large scale graph data.

Graph isomorphism and approximation matching
maintained the similar structures between query graphs and
matched subgraphs while graph simulation did not. Recent
works such as bounded simulation and strong simulation
constrained the structural similarities but increased the cost
to cubic time.

Graph simulation transformed the task of finding
isomorphism subgraphs into that of finding binary relations
of nodes between query graphs and data graphs. And it can
decrease the complexity of time from exponential to polynomial.
Basing on the idea of simulation. we explore an efficient
algorithm for subgraph matching in this research. We propose

adaptive structural summary of graph data based on graph

compression. And design algorithms of updating structural

summary and matching subgraphs with the complexities of
|[Ellog|V|. Our algorithms have a lower time complexity
compared with exiting works.
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In recent years, the authors have devoted to the researches
of graph data mining and management. We have gained
achievements of frequent subgraph mining and reachability
queries on graphs. In this work, we focus on subgraph
matching, and explore the algorithms to solve it in an
approximate linear time. The time complexity is an important
measure of subgraph matching and RDF data queries for

above projects.



