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eG1G2

(u, v, se) = ced se = ∅
0 se = {(u′, v′)} ∧ β1((u, v)) = β2((u′, v′))
ces sv = {(u′, v′)} ∧ β1((u, v)) ̸= β2((u′, v′))
+∞ |se| > 1

G′
2

⎧
⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

∀v ∈ V2, ∀sv ⊆ V1, δged
vG1G2

(v, sv) = cvi sv = ∅
0 |sv| = 1
+∞ |sv| > 1

∀(u, v) ∈ E2, ∀se ⊆ E1, δged
eG1G2

(u, v, se) = cei se = ∅
0 |se| = 1
+∞ |se| > 1

G1 = (V1, E1, L1, α1, β1) G2 =
(V2, E2, L2, α2, β2)

δged
G1G2

=< δged
vG1G2

, δged
eG1G2

,⊗P > G′
1 = (V1, E1)

G′
2 = (V2, E2)

m
m

m



ged
G G′

G G′

csplit cmerge

0

u v
u′ u v

u v′ v v′

+∞
δv

⊗ ⊗P

m
⊗



G1 = (V1, E1) G2 = (V2, E2) |V1| ≤ |V2|
m ⊆ V1×V2 G1 G2 G1

G2 ∀v ∈ V1, |m(v)| ≥ 1
m(v) E2

G2 G1 ∀v ∈
V2, |m(v)| = 1

sim[6]m
smv :

V1 × V2 → [0, 1] sme : E1 × E2 → [0, 1]

sim[6]m =

∑

(u,v)∈m

smv(u, v)

|V1|.|V2|
+

∑

(u,v)∈(V1×V2)−m

1 − smv(u, v)

|V1|.|V2|
+

∑

((u,u′),(v,v′))∈E1×E2,{(u,v),(u′,v′)}∈m

sme((u, u′), (v, v′))

|E1|.|E2|
+

∑

((u,u′),(v,v′))∈E1×E2,{(u,v),(u′,v′)} ̸∈m

1 − sme((u, u′), (v, v′))

|E1|.|E2|

δv δe

+∞

smv sme

G1

⎧
⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

∀v ∈ V1, ∀sv ⊆ V2, δnbgm
v (v, sv) =

∑
v′∈sv

1 − smv(v, v′)
+

∑
v′∈V2−sv

smv(v, v′)
connected(v, sv)

+∞
∀(u, v) ∈ E1, ∀se ⊆ E2, δnbgm

e ((u, v), se) =
∑

(u′,v′)∈se
1 − sme((u, v), (u′, v′))

+
∑

(u′,v′)∈E2−se
sme((u, v), (u′, v′))



G2

⎧
⎨

⎩

∀v ∈ V2, ∀sv ⊆ V1, δnbgm
v (v, sv) = 0 allowed(v, sv)

+∞
∀(u′, v′) ∈ E2, ∀se ⊆ E1, δnbgm

e ((u′, v′), se) = 0

connected allowed
connected +∞

0
allowed +∞

0

∀v ∈ V1, ∀sv ⊆ V2, connected(v, sv) = sv

∀v ∈ V2, ∀sv ⊆ V1, allowed(v, sv) = sv = {v′} ∧ (v, v′)

m δnbgm =< δnbgm
v , δnbgm

e ,⊗P >
m

connected allowed
G1 G2 m +∞

m

δnbgm

δnbgm

LV LE

G G = ⟨V, rV , rE⟩



V

rV ⊆ V ×LV rV

(vi, l) vi l

rE ⊆ V × V ×LE rE

(vi, vj , l) (vi, vj) l
E E = {(vi, vj)|∃l, (vi, vj , l) ∈ rE}

G = ⟨V, rV , rE⟩
G′ = ⟨V ′, rV ′ , rE′⟩ LV LE

m
m ⊆ V × V ′

G G′

m
G⊓m G′

m

G ⊓m G′ =̇ {(v, l) ∈ rV |∃v′ ∈ m(v), (v′, l) ∈ rV ′}
∪ {(v′, l) ∈ rV ′ |∃v ∈ m(v′), (v, l) ∈ rV }
∪ {(vi, vj , l) ∈ rE |∃(v′i, v

′
j) ∈ m(vi, vj), (v′i, v

′
j , l) ∈ rE′}

∪ {(v′i, v′j , l) ∈ rE′ |∃(vi, vj) ∈ m(v′i, v
′
j), (vi, vj , l) ∈ rE}

m

v sv

splits(m) = {(v, m(v))|v ∈ V ∪ V ′, |m(v)| ≥ 2}

G G′ m

simm(G, G′) =
f(G ⊓m G′) − g(splits(m))

f(rV ∪ rE ∪ rV ′ ∪ rE′)

f g

sim(G, G′) G G′

sim(G, G′) = max
m⊆V ×V ′

f(G ⊓m G′) − g(splits(m))
f(rV ∪ rE ∪ rV ′ ∪ rE′)



f g G1 = ⟨V1, rV 1, rE1⟩
G2 = ⟨V2, rV 2, rE2⟩ LV LE

δ =< δv, δe,⊗ >
G′

1 = (V1, E1) G′
2 = (V2, E2) m

δ G′
1 G′

2

G1 G2

G = ⟨V, rV , rE⟩ G′ = (V, E) lv
le G′

δv δe

⊗
f g

⊗ f g

G = ⟨V, rV , rE⟩ LV

LE G′ = (V, E)

E = {(u, v), ∃(u, v, l) ∈ rE}
lv : V → ℘(LV ), ∀v ∈ V, lv(v) = {l/(v, l) ∈ rV }
le : E → ℘(LE), ∀(u, v) ∈ E, le(u, v) = {l/(u, v, l) ∈ rE}

num : ℘(V ′
2) → N

G′
2 num

δv G′
2

G′
1

∀v ∈ V1, ∀sv ⊆ V2, δv(v, sv) = num(sv)
∀v ∈ V2, ∀sv ⊆ V1, δv(v, sv) = 0

∀(u, v) ∈ E1, ∀se ⊆ E2, δe((u, v), se) = 0
∀(u′, v′) ∈ E2, ∀se ⊆ E1, δe((u′, v′), se) = 0

δv S = {(u, δv(u, m(u)))/u ∈ V }
m

m = {(u, u′)/∃(u, d) ∈ S ∧ u′ ∈ num−1(d)}



S ⊗
⊗ m

G ⊓m G′ splits(m) ⊗
f g

δ =< δv, δe,⊗>
G1 = (V1, E1) G2 = (V2, E2)

f g
G′

1 = ⟨V1, rV 1, rE1⟩ G′
2 = ⟨V2, rV 2, rE2⟩ m

δ G1 = (V1, E1) G2 = (V2, E2)
G′

1 G′
2

G1 G2 G1 ⊓m G2

m
f δv δe

⊗
G1 = (V1, E1) G2 = (V2, E2)

G′
1 = ⟨V1, rV 1, rV 2⟩ G′

2 = ⟨V2, rV 2, rE2⟩ LV

LE

LV = {(u, v), u ∈ V1, v ∈ V2} , LE = {le}
rV 1 = {(u, (u, v)), u ∈ V1, v ∈ V2} , rE1 = {(u, v, le), (u, v) ∈ E1}
rV 2 = {(v, (u, v)), u ∈ V1, v ∈ V2} , rE2 = {(u, v, le), (u, v) ∈ E2}

G′
1⊓mG′

2

m m

m = {(u, v)/∃(u, (u, v)) ∈ G′
1 ⊓m G′

2}

G′
1 ⊓m G′

2 f
f m

δv δe ⊗

δv

⊗



m = ∅ m
cand = V × V ′ − m

m m

O((|V |×
|V ′|)2) f g

m
m



k k k

k

G = (V, E) G′ = (V ′, E′)
< (u, u′) >

(u, u′) ∈ V × V ′

m ⊆ V × V ′

m = ∅
cand = {(u, u′) ∈ V × V ′−m}

m

< (u, u′) >

< (u, u′) > u u′



LS+

δv δe

⊗



6 th




