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Computing Network Reliability Based on Path-Function and BDD
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Abstract; For computing network reliability, most published algorithms are based on the sum of disjoint products.
However they lack the capability to avoid redundant computation due to isomorphic sub-problems which are common
in the network, and can not be applied to larger networks. To overcome these problems, we present an efficient
method which is based on path function and BDD (binary decision diagram). First, the success path function of a
given network is constructed by traversing the network. In this process, the sub-graph isomorphism is efficiently
identified. Then in order to further improve performance, we efficiently manipulate the path function using BDD and

calculate the reliability measures. The results of experiment show that our method is stable and efficient and can be

applied to a number of large-scale networks.
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k) S IIAIE N o BEATIISRR T, i B AT
MGz, FM G * z, BBIWIEN = 53], g5
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P(G) = 21P(G * x1) T2, P(G % x)+... +
2, P(G* x;) 2
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HIWS SMICA T 30, R EEEEME &
EFAME S P EBERRRNER, BRAEMS
G BB A B2 R

(O

a9z 9380 0o Xn)

XTFE 1M G, Mg FdRmE 2 B
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P(G)= X\Gi+ X;G;+ X;Gs
= X, X+ Xo (Xs Gy +X5Go) + X5 (X6 Gs + X:Gr)
= XX+ Xp (X (X Gr) +Xs (XK Gy + Xo)) + X5
(X (X:Gs) + X7 (X Got+ Xio))
=X1 X+ Xz (X (X7 (XsGio+ Xi0)) + X5 (X Xy +
X5)) + X3 (X (Xs (X5 Gy + X5)) + X7 (XX, +
X10))
=X1X4+ Xz (XS(X7(X3X9+ XIO))+X5 (X8X10+
X5)) + X (X (Xs (X Xpp+ X)) + Xq (X Xs
X10))
=X Xs + X Xs Xr X X 1 X5 X5 X7 Xy + X X5 X5 X1o
T XXXy + XeXeXsXeXpo + XsXeXs Xy +
Xy X7 X X X5 X7 Xy
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X.

3 MEGHRBRERMERTR
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BN 4 4 8 # (Shannon Decomposition)
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f=@AF)OV (-~ zAF) 3

HpFfF MEXH R Fi=f(z=1,F,=f
(x=0).

ite(if —then—else) B —ME G R IAMIREKIE
B2 R

ite(F,G,H)=(FAGV (-~ FANH) 4

FlF ite TLAR RSB FHEX EHER
FEHY .
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RETEHRBHEEZETEELS X LWHRR
EBR f WA T E. BDD AHALKY S GRich 0
M 1D FRARA/REE 0 M 1. BDD g4 a] 55 A
FREARRER oS —1NFRER f FHIXT
B EH:1 3 (8 then 1) F1 0 31 (X else
P L,ZET f Ex BB ite 8544, B 4 BDD 5t &
FRFER = (a1 +a3) * (x,+x3) =ite(xy , ite
(x3,1,ite(x3,1,0)),ite(x;,1,0)).
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IR/ RHEF. ACRAE T BEHREEER
RIS B SR, A LB T IR e 18 R A HE P 3R
W LA S Sy A AR
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G<op>H=ite(x,G,,Gy)<op>ite(y, H;,
Hy)
ite(x,G1<<op>H, ,Gy<lop>H,) z=y
={ite(x,G1<op>H,Go<op>H) <y (6)
ite(y,G<op>H,,G<op>H,) x>y
Ho G H BAI/RERIBR, <op>FREH
5. Z#.
X4 F=0/1,H=0/1/ite(y,H1,H2) ,F<op>

HDESR 1 PRt ERERTE.
F1 % G<op>HiEHEMITER
H=0 H=1 ite(y. H1 » Hy)
G=0 0/0 0/1 0/ite(y, Hy, Hy)

G =1 0/1 1/1 ite(y, Hi, Hp)/1

3 HEEH;

3.1 HRZERMERM
A2 BRI A A i A R SR B
Path_Function_Construct(G) =
If(G is the sink) Return ONE;
If(pf_< = find_hash_table(G)) Return pf_;
pf_<{= ZERO;
For each xi connected to the Sin G
sub_G <<= G * xi;
Eliminate redundant nodes in sub_Gj;
pf_<{= pf + xi * Path_Function_ Construction
(sub_G);
Insert_hash_table(G , pf_);
Return(pf_)

Path_Function_Construct 2 T % B2 1 E
B, ARISED, AARERSHFERME T
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3.2 Z4 BDD &R,
53 BDD B8 #E (2—4) FBE % Combine,
Combine(op, H,G) =
((H=0)or (H=1)or(G=0)or(G=1))
Return OP(op,H,G) 5
If(computation-tabel has entry{(op,H,G),R})
Return R;
Else let x be the least variable of H and G
U<C= Combine(op, H(v=1),G(v=1));
V<= Combine(op, H(v=0),G(v=0));
If(U=V) Return U;
Else R<<=find-add-ite-table(x, U, V);
Insert-in-computation-table(< op, H,G>,R)
Return R
ETH 1k Combine T T 4 i %4y BDD 4 i
.3 BDD_Construct. BDD_Construct F] %13 %
WEEE LR of 3FRETA F R E BT R
BDD, # [ F M #1 T )2 W 4% & BDD J2 i@ 1 %1 A
BDD HA$ELS & KA 7 5 i) BDD k15,
BDD_Construct(pf) =
If pf is x
Return R <{= find-or-add-ite-table(x,1,0);
Else // pf=pfl op pf2 op *++ op pfm
BDD! <<=BDD_Construct(pfl)
For j from 2 tom
BDDj<<=BDD_Construct(pfj)
BDDj<C=Combine(op, BDDj-1, BDDj)
Return BDDm
BDD_Construct & 338 % F7 A 4 B #Y BDD 37
SFERETE—/ ME—RY ITE &, BDD 1 i Z A A
¥, B TTER S BDD At B, AWM= 4E
KE B HAHEEN BDD 1 &, XEW S& 5 AAR
PRI S 8] i DA 2 ) R A 41 B9 3 RGOk
ik 26 B W L
3.3 M@FREETETM
3:7F BDD_Construct 4 s %4 BDD 1 Pl %
FABB: Prob i B M HE .
Prob(F)=
If (F=0)

return 0

Else if (F=1) return 1
Else / # F=ite(x, G, H) * /
Return p(x) * Prob(G)+(1—p(x)) % Prob(H)

4 HENH

AT BB LR SRR , 45305 BRI P45 -
N x N BIRIRE A 2 « N BIRIME. BIE TSR ANE 2

MK 3 .

£ 2 Nx»NEREATREREXHE
%A  Prob  Time(ms) BDDsize Hit NonHit MP
2%2 09639 0.102028 6 0 3 2

3%3 0,972502 1. 0883 46 8 17 12

4%4 0.975046 12,4024 247 57 114 184

5%5 0,975557 167.23 1147 583 1302 8512

6%6 0.975645 3451, 36 4969 12329 28202 - 1262816

®3 2xNHMETRERBRBE

E3ii} Prob  Time(ms) BDDsize Hit NonHit MP
2*5 0.936911 0. 795015 39 5 15 16
2%10 0.883069 2.44246 94 15 35 512
2%15 0.832317 4.77411 149 25 55 16384
2%20 0,784482  8.1308 204 35 75 524288
2%25 0.739397 12.3202 259 45 95 16777216
2% 30 0.696902 17.656 314 55 115 536870912
2%35 0.65685 23.8208 369 65 135 overflow
2%40 0.619099 31.4045 424 75 155 overflow
2%45 0.583519 39,1598 479 85 175 overflow
2%50 0.549983 49,5103 534 95 195 overflow
2%55 0.518374 60, 2785 589 105 215 overflow
2% 60 0.488582 72,4019 644 115 235 overflow
2% 65 0.460502 84.0183 699 125 255 overflow
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