Subgraph Isomorphic
Algorithms
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Graphs are Everywhere

Magwene et al. Genome
Biology 2004 5:R100

Chemical Compound

Protein Structure
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Example 1: Frequent Subgraphs
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(a) caffeine (b) diurobromine (c) viagra
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Example 2: Frequent Subgraphs

\ 1: makepat
M 2: esc

- 6; 3: addstr
3 ) 4 getecl
~ 77§/ 5 dodash
H 7)  6rin_set_2

T: stclose

PROGRAM CALL GRAPHS
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Graph Searching

» Find all of the graphs in a database that
contain the query graph

B

an
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query graph graph database
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Problem Definition:
Subgraph Isomorphism

» Graphg={V,E } L}
> V(g): a set of vertices
E(g): a set of edges, E(g) = V(g)xV(q)

3: a set of all labels
L: labeling function, L(v) € ¥ and L(e) € ¥ (v € V(g), e € E(g))
» Query graph g is subgraph-isomorphic to data graph g, if there is an injective
function M : V(q) — V(g), such that :

1. vueV(q) : Lu)  L(M(u)) query graph q data graph g
2. V(u,u)eE(q) : (M(u),M(u"))eE(g)

a b b
3. V(u,u)eE(q) : L(u,u’) = L(M(u),M(u") u]°> 497 ? % p\
b>n
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Existing Subgraph Isomorphic Algorithms

» Popular algorithms:
> Ullman’s algorithm, ACM Journal, 1976
- VF2 algorithm, Trans. on Patt. Analysis and Machine Intel., 2004

» Recently published algorithms:
- GraphQL algorithm, SIGMOD 2008
> QuickSl algorithm, PVLDB 2008
- GADDI algorithm, EDBT 2009
> SPath algorithm, VLDB 2010
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General Search Algorithm

Algorithm 1 GENERICQUERYPROC

»7IE AN LDEIBS YUl BY o
Input: data graph g
4 ZIS-Q- A-I = —?— EI_I Output: all subgraph isomorphisms of g in g
. . 1: Al = -
- FilterCandidates 2. for each u € V(q) do
3| Clu) := FILTERCANDIDATES (g,g9,w,...);

-« Zf query vertex2} matching0| & = QU=

([ Vv € C(u)((v € V(g)) A (L(u) € L(v))) ]

candidate data vertex setS ZAH 4 TTar=vthen
5: return;
> NextQueryVertex 6: SUBGRAPHSEARCH (g, g, M,...):

+  MatchingE && CI2 query vertexE ME!  Subroutine SUBGRAPHSEARCH (g,g9, M, ...)
1: if |[M| = |V(g)| then

© REfInecandldatES - report M
N ) 3: else
- AN JEf B2 E AL801Y candidate setS 4 = NEXTQUERVVERTEX (...); |
refine Uoe e Vg AV wrd e Mz 2= ap) 1]
5|  Cpg := REFINECANDIDATES (M, u. C(u),...)]
- IsJoinable [CrCCu)]]

i —foreach o c Cp suech that o is not vet matehed do
7 if [8JOINABLE (g, 9. M, u,v,...) then
TV, v) € M((w,w) € Flg) —

+  MatchingZl data vertex?} § 8%t

e

matching2IX|S ZA (v,v") € E(g) A L(u, ) = L(v,v")) |]
0: UPDATESTATE (M, u,v,...);
[ (u,v) € M ]
10: SUBGRAPHSEARCH (g, g, M, ...);
11: RESTORESTATE (M, u,v,...);
([ (u,0) € M ]
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Filtering Candidates

Query graph q

Data graph g
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Selecting Next Query Vertex

Unmatched
query vertices

Already
matching
vertices

Query graph q Data graph g
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Joinable Test

Query graph q

AAH =l matching vertex
pair

Already matching
vertices

Data graph g
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Ullman’s Algorithm

» NextQueryVertex
o OE E|X| &2 query vertex= =0|| Al randomd|A| A EH
» RefineCandidate

> Vertex2| degree™MHE =t

=

- Deg(u) < Deg(v) (u € V(q), v € C(u))E Tt=5}1X| = data

LS —

graph vertex v& u?| candidate set C(u)0f| Al X|A
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GraphQL Algorithm

» FilterCandidates

> Vertex2| neighborhood™E £ =& &251( filtering 21IE ¢

d

- B.= vertex2| neighborhood vertex=0{ LIEtLt labelQ| HIE

A= S
TE 28

» NextQueryVertex
o [C(u)|9] 27|7t &2 «=2Z query graph vertexS MEf%!
- RDBMSZ| heuristic join order selectionif S Aot HtHHO 2

search space?| 3 7|5 &0|= &1t 7%

X 8z AZEQN FZA2™ATLME Workshop 2012-07-25 13



Thank You
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