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Abstract To improve the efficiency in evaluating the reliability of a network with unreliable nodes, this paper proposes a
computation method based on isomorphism determination. In analyzing the reliability, the CMP (characteristic mergence partition) is
used to identify the isomorphic subnet generated by the network decomposition; the edge replacement operations are used to store
unreliable nodes into the OBDD (ordered binary decision diagram). Not only the repeated computations from isomorphic subnets are
reduced, but also the computation efficiency is enhanced by the efficient OBDD storage. On the experiment platform, this method
takes less than 100 seconds for small and medium networks, and several hundreds seconds for networks with hundreds of nodes.
Experiments show that this method can accurately evaluate the network reliability, and takes less than one—tenth time taken by the
standard BDD (binary decision diagram) method for medium and large networks.
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Table 1 Calculating table for mergence partition

JLEEK —
3 4 5
1 1 — — — —
2 1 1 — — —
3 1 3 1 — —
4 1 7 6 1 —
5 1 15 25 10 1
6 1 31 90 65 13
7 1 63 301 350 140
8 1 127 966 1701 1050
9 1 255 3025 7770 6951
10 1 551 9330 34105 42525
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OBDDConstruct_cmp(network G)
{ root=bddnode = CreateBddnode(Lo); /GBI &4
for (k=0; k<m; k++)
{Fet+1= Construct(er); /* 4 R A/
for each bdd_node in Ly; /*4E kR IFIBDD%S 55 */
{ cmp0=DelEdge(Fi, ex); /*HBRil*/
if (source and target are disconnected)
left-child of bddnode=bddfalse;
else
{ num=part2no(cmp0,| Fenl);/*HE R4 %45*/
bdd child_bddnode = LookupHash(num); /*HashZ#j*/
if (child_bddnode do not exists in obdd_hash)
{ child_bddnode=CreateBddnode(Ls+1);
InsertintoHash(child_bddnode); /*# A\ Hash*/
}
left-child of bdd_node= child_bddnode;
}
cmpl=ContractEdge(Fi+, ex) /* W45 */
if (source and target are unified)
right-child of bddnode=bddtrue;
else
{ num=part2no(cmp1,|Fi);
bdd child bddnode = LookupHash(num);
if (child_bddnode do not exists in obdd_hash)
{ child_bddnode=CreateBddnode(L);
InsertintoHash(child_bddnode);
}
right-child of bdd_node= child_bddnode;
Py o
returnroot ;

}

5 Biftay OBDD &k A
Fig. 5 Pseudo code of OBDD algorithm
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/*bdd_G NG K TSR BIOBDD*/
/*newbdd G &5 SA TR ML HOBDD */
OBDDConstrct urn(bdd_G)

{* a.b Fome TR/

newbdd G=bdd_G;

for (each node of e in bdd_G)

{e =1bdd_var(node); /*;& MIBDDZs & */
get_terminals(e, @, b); /3K 2 BIPAA 3 A+
obdd1="1bdd_and(bdd_ithvar(a), node);
obdd2=bdd_and(obddl, bdd _ithvar(b))
newbdd_G =bdd_compose(newbdd_G, obdd2, node);

}

return newbdd_G;

}

El6 R AAEMZHE OBDD £ EE MG
Fig. 6 Algorithm pseudo code of OBDD generation for
network with unreliable nodes

(b) 5 ATFE M 2% H) OBDD

B7 Seflms R H OBDD 44
Fig. 7 Example network and its OBDD

B8 ZEAAFER M) OBDD 4514
Fig. 8 OBDD of example network with unreliable nodes
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1, if0,,.,(G)=bddtrue
) 0, if0,,(G)=bddfalse
J.0,4,(6)= Ple,=1)f_(0,,,(C), )+ (4)
P(x,=0)£0,,,6), _),0<k<n,otherwise
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T EE R 45 G Y OBDD; 0,,.,G) %, =0 2R =0 BF M 2% G 1Y)
OBDD , BRIV xc, % 1 25 5, B34 AN T HE I B 2% G 7 OBDD 4455
Pc=1) 7R w08 REAS R B Y AT AR 5 Poo=0) 7 x5 i
28 S Eh AR AT EEE R s bddtrue . bddfalse 435137~ OBDD 1
3% 5 AR AR kR E N 0, IE 9 TP TR,
NetRel_urn(G)45 Hi 145 U] 55 W 25 (4 T 5 B2 DA%,
h, G 28 W 2% 5 OBDDConstruct_cmp( ) 2% 75 18 5 1) 20 ik
OBDD @1 FE 44935 OBDDConstruct_urn( ) NS =Nl
HERI 2% OBDD A #%4.1% ; OBDDRel( ) Fnmzt (4) iM% G nf
SERERE

NetRel urn(G)

{OrderEdge(G); MW EIF*/
bdd_G =OBDDConstruct_cmp(G); /*%5 pi 7] £ P25 */
newbdd G=OBDDConstrct urn(bdd G); /*&k A ] 52 P& */
reliability =OBDDRel(newbdd_G); /*- 5 7] 2 HE*/

return reliability;
}
double OBDDRel(bdd bdd_graph)
{ if(bdd_graph is bddtrue) return 1;

else if(bdd_graph is bddfalse) return0;
Root(bdd_graph); /*3 A4 2/
p = operation probability of node v;
if (bdd_graph exists in the bdd_hash)
{r = LookupRELHash(bdd_graph); /*HashZE #j*/
return r;
}
bdd bdd_high = high(bdd_grapk)
bdd bdd_low = low(bdd_graph);
reliability =p*OBDDRel(bdd_high)
+(1-p)* OBDDRel(bdd_low));
InsertintoRELHash(bdd_graph,reliability); /*3 A Hashzz*/
return reliability;

B9 MEAIEEHEEMD
Fig. 9 Algorithm pseudo code of network reliability
computation
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Fig. 10 Benchmark network
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Table 2 Comparisons between Bdd_X and NetRel_2TN

I 4% CIE:S Bdd_X /s NetRel_2TN /s
1 0.80979 5.14267 0.83177
2 0.74817 12.8314 243691
3 0.76978 739711 1.12217
4 0.75226 94.1491 1.42514
5 0.78479 103.752 5.41668
6 0.60963 529.624 23.4135
7 0.71199 335.028 8.01731
8 0.23016 (it 1 h) 57.0312
9 0.00111 (k1 h) 416.231
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