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Graph Matching

put: 2 digraphsG1 = (V1,E1), G2 = (V2,E2)

Questionsto ask:

-

Are G1 and G2isomorphic?
2| Is Glisomorphic to asubgraph of G2?
3| HowsimilarisG1toG2?

4] Howsimilar is G1tothe most similar
subaraph of G2?
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Isomor phism for Digraphs

GlisisomorphictoG? if thereisal-1, onto
mapping h: V1® V2 such that

(viy)T ELiff (h(vi), h(vi))T E2

Find anisomorphismh: {1,2,34,5} ® {abcde}.
Check that the condition holds for every edge.
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Subgraph | somor phism for Digraphs

Glisisomorphictoasubgraphof G2if there
isal-1 mappingh: V1® V2 suchthat

(viyi)1 E1p (hwi), h¢))T E2

1

3

Isomorphism and subgraph isomorphism
aredefined similarly forundirectedgraphs.

Inthis case, when (viyj) T EL, either
(viyj) or (vj,vi) canbelistedinE2, since
they are equivalent and both mean { vivj}.
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Similar Digraphs

Sometimestwo graphs are closeto isomorphic,
but haveafew “errors.”

Leth(1)=b, h(2)=e, h(3)=c, h(4)=a, h(5) = d.

g% 523 The mappinghhas2errors.

X (ch)  (ch)T G2but(31)i G1
(45) (ad)
(25) (ed)
(32 X (321 G1,but(ce)i G2
(34) (ca
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Error of aMapping

Intuitively, the error of mapping htellsus

- how many edges of G1 have no corresponding
edgeinG2and

- how many edges of G2 have no corresponding
edgeinG1.

Let G1=(V1,E1) and G2=(V2,E2), and
leth\V1® V2 beal-1, onto mapping.

foward e - il E1 1 (i) e E2)
error edgein 1 corresponding edge not in E2
backward _ " 1 1

error EB(h) = [{(vivj)l E2|(h (vi)h )i ET}|

edgeinE2  corresponding edge not in E1

total error - Error(h) = EF(h) + EB(h)

rélationa - 51, G2) = min Error(h)
distance for al 1-1, ontoh:V1® V2
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Variationsof Relational Distance

=

. normalized relational distance:
Divideby the sum of the number
of edgesin E1 and thosein E2.

N

. undirectedgraphs:
Just modify the definitions of EF and EB
to accommodate.

3. oneway mappings:
his1-1, but need not be onto
Only the forward error EF isused.

=

. labeledgraphs:
When nodes and edges can havelabels,
each node should be mapped to anode
with the samelabel, and each edge should

be mapped to an edge with the samelabel.
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Graph Matching Algorithms

1. graphisomorphism

subgraph isomorphism

relational distance

attributed relational distance (useslabels)

pON

Subgraph Isomorphism

Given model graphM = (VM,EM)
data graph D=(VD,ED)

Find 1-1 mappingh:VM ® VD

satisfying (viyj)T EM b ((h(vi).hvj))T ED.
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Method: Backtracking Tree Search

M

[ reesearchfor Subgraph Isomorphisr?]SGR'zz

n Digraphs

procedure Treesearch(VM, VD, EM, ED, h)

{
V = first(VM);
for eachwi VD

{
h' =hE {(vw)}; /addtosst
OK=true; (with vi <yj for
for each edge (viyj) iNEM  ndirectedgraphs)
if oneof vi or vj isv and theother
hasbeenassignedavalueinh’
if (W (vi)h' (1))iSNOTInED)
{OK =false; break;};

if OK {
VM =VM v, lemovefrom st
VD' =VD-w

if isempty (VM ) output(h’ );
else Treesearch(VM' VD' EM ED,h’)

TIT

Branch-and-Bound Tree Search DSGR23

Keep track of theleast-error mapping.

bound_er=1 map_err=0; bound err=1

Tt epp




