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′, (2)
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[7]

Definition 3 (2 ) G = (V,E)
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2
E

.
2
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2
2

3

:

:

Lemma 4 , R[G,T] =
pb ·

∏m
i R[Gi,Ti] pb =

∏
eb∈B

p(eb) Ti Gi

.

Proof: GE(E∃,E¬) e ∈ E\(E∃ ∪ E¬),
Factoring Theorem [9]
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R[GE(E∃,E¬)] = p(e) ·R[GE(E∃ ∪ e,E¬)]

+(1− p(e)) ·R[GE(E∃,E¬ ∪ e)].(12)

eb = (v, v′) ∈ B e ,
R[GE(E∃,E¬∪e)] :

R[GE(E∃,E¬)] = p(eb) ·R[GE(E∃ ∪ eb,E¬)]. (13)

, eb
GE GE1 GE2

. T T1 T2
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R[G] = pb ·
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• (e = (v, v′), e′ = (v, v′′)): v
2 v, e e′ ,

p(e) · p(e′) v′ v′′
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Algorithm 1: Computing the approximate net-

work reliability
input : Uncertain graph G, terminals T, maximum BDD

size w, size of samples s, 2-edge connected
components C, bridges B, articulation points A

output: Approximate network reliability R̂
1 procedure our approach
2 set T to G;
3 R̂,SG ← Preprocess(G, C, B, A);
4 for Gi ∈ SG do
5 r ← Construction(Gi, w, s);

6 R̂ ← R̂ · r;
7 return R̂;

8 end procedure

Algorithm 2: Constructing S2BDD
input : Uncertain graph G, maximum size w, number of

samples s
output: Approximate network reliability R̂

1 procedure Construction(G, w, s)
2 Ordering(E);
3 pc, pd, ps, c ← 0; /* initialize probabilities and sampling

count */

4 s′ ← s;
5 N ← CreateRoot; F ← null;
6 for l for 1, · · · , |E| do
7 pN, psi

← 0;

8 F
′ ← F; compute F based on el;

9 while N is empty do
10 n ← N.pop;
11 for state ∈ {non-existent, existent} do
12 update(n, F

′, F, state, G, el);
13 if n is 0-sink then pd ← pd + pn;
14 else if n is 1-sink then pc ← pc + pn;
15 else
16 if hashmap[n] is not null then
17 phashmap[n] ← phashmap[n] + pn;

18 else
19 if |Nnext| ≤ w then
20 hn ← h(n);
21 Nnext.add(n); hashmap[n] ← n;

pNnext ← pNnext + pn;

22 else
23 psi

← psi
+ pn;

24 for i for 1, · · · , �s′ · (1 − ps −
pNnext − pc − pd)� do

25 if Sampling(G, n) then
c ← c + 1;

26 if c + �s′ · pNnext� ≥ s′ then
27 for n ∈ N do
28 for i for 1, · · · , �s′ · pNnext� do
29 if Sampling(G, n) then c ← c + 1;

30 break;

31 if Nn is empty then
32 break;

33 N ← Nnext;
34 sort N in descending order of h(n);

35 ps ← ps + psi
; compute s′; clear Nnext; clear

hashmap;

36 compute R̂ based on the sampling;

37 return R̂;

38 end procedure

S2BDD
(lines 4–5)

(line 6)

2 S2BDD

(lines 6–8) update (line 12)

0 , pn pd (line 13) 1
pn pc (line 14). ,

n n
(lines 16–17)

, n n Nnext

(lines 19–21). Nn

w n n
(lines 22–25).
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1 .
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log(α+1)

log(αM+2)
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Tokyo New York City
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∈ (0, 1]
4.4.2

3 k
5 10 20 DNF
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10,000 3

Tokyo NYC

S2BDD
Hit-direct

4 k 5
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1:

Zachary-karate-club Karate Social 34 78 4.59 0.527
Corporate-leadership Co-Le Affiliation 44 95 4.5 0.538
Club-membership Club Affiliation 40 99 4.75 0.532
American-Revolution Am-Rv Affiliation 141 160 2.27 0.528
DBLP before 2000 DBLP1 Coauthorship 25,871 32,297 8.38 0.222
DBLP after 2000 DBLP2 Coauthorship 48,938 136,034 5.56 0.203
Tokyo Tokyo Road network 26,370 32,298 2.45 0.391
New York City NYC Road network 180,188 208,441 2.31 0.294
Hit-direct Hit-d Protein 18,256 248,770 27.25 0.470
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2: Karate
k Method Variance Error rate

5
Pro(10K) 0.025 0.036
Sampling 0.025 0.037
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Pro(10K) 0.76 ·10−3 0.054

Sampling 0.78·10−3 0.056
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variance =
Σ

q1
i=1Σ

q2
j=1(Ri−R̂i,j)

2
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