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A study of fast Reliability evaluation for acyclic digraph
using domination theory

ol

_%1*

Kwang-Won Rhie

ABSTRACT

The aim of this paper is to develop more fast algorithm for evaluation of the reliability of networks

and system. It is illustrated with examples.

This paper derived the algorithm to calculate the acyclic directed graph G(deals with the problem of
the s-t graph). The language PASCAL was used to implement the algorithm. Three Examples are
calculated and the calculation time is shorter than the time by program in 21,.
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Table 1 The number of m-cutset and term of eq.(2)

n=2| n=5 n=10 n=100
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(m<=2")
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2(2)9 A3, Co)| 4 | 4960 | 1.784E08 | 3.389E8S
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32 1024 1. 267E30
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f\‘;}c}' é‘ CgUCg, C]UCZUC31 ClUCSUCzia
CoUC3UC, CiUCUCSUC,7H EA13 37R9)
E4 formation®, 2719 &4 formationg ZO.E2
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("‘1) 'BI. (OB—IA)

wBC IN~Al

—‘Q( ) { (01) Q(02)+q(012)}*‘A=
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I (1_Q(Ob_IA)) .......................... (11)
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(1]
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A a7t Atk 3lAL o] A AV S(G)ol &3t &
0¥ AUa g4 S(G)A &34 gedh

9 :

S(G)Y A 9e) gt ol! P REAYH AV}
S(G)el 8 vty 1= o8 Outcut Oy
(bgA)E WAl 2gTh ojm A bolA 17}
E A(Outcut Oy} 25 A &3t Adsg &
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ol Tau, 49X Op(be& {AUa})E E8aA 5
22 [hu.e SGlel &8 £ Qo
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A=1{ }9 rooto]l A A &3+ topologic number
ToZ EE Fog Ay FRAY A(AeS

£ £ rooted-directed-tree 3 Bl 2 A A< pro-
cedure® A28t FIHFig. 2 F=).

o] A% wref ow A AV} S(G)oll EFHA
%e AF ATEd U e BE REIREL ¢
2] Feldl o3t S(G)ol E£3HA et

Ul

e T _

Fig. 2 A rooted-directed tree for get all S(G)
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Frzay
begin

&H Dy fgdielels dlett

@A B 2% Bl A={ )

(GA 3 Q=q(05)'vgN(l——q(0b))% Ty,
EE aeNol disld topologic number £2.8
RECO(a) & H&tl.

end

procedure RECO(A)

(&4 4 et ATF S(G) Yol W(AeS(G))
@A 52
a8z god ©@E 6oz 7y,

(@A 5 0=0+q(0,a—14)

(1—q(0p—14 ))& F3}
2E ac {N-A} 9 W8t RECO(AUE ¥
g

(&A 6 retum

wbe N-a

4.3 da|=e| o

AR AT Aol 9 ¢-234] QuPFZo) 9
HA B FYPHAEA GE S FHRIR
Lia=d

sourceB A terminal B o} Z+z} o)z, W
¥ Aho] 3/, BE(M)Y St A0l 4 RE
o] AEEsl 0.99 st IRE GE REASA.
ST
12
1
34
23
56
45
T
67

Fig. 3 A acyclic graph G with 5 nodes and 7 edge and
it’s input data

9 4 A2AA A F& gz
[V]gd(®F)+ |E]

34

Z& source@E 9 outcutd viEhin, e
topologic number®] 27} ¢£28 V4 incut, V1
outcut, Vo9 incut, Vo9 outcut, Va4l incut, V39|
outcut& &2 JEPR Rolx, ¥ F2 terminal
HH9 incutd vhERA Folr)

1. 98 A& (Input. txt) & Heoh (GA 1)

2. 27%%d A={ H(eA 2)

3. A={ }9 0 Qus ANV (VA 3)
01=q(1,2)(1~q(3,4) (1 —q(5,6))(1—q(?))=
0. 00882
28 dRAd {V,V,Vs} ol Wsted topolo-
gic numbers=9.2 A3 a9 7 RECO{a)E
Het (dA 4)
a=V,

4. A= { Vi } (@A 4)

L(=41)2 outcut £F34A] dornz WAl 5
g2

5. Qg AL (eA 5)
00=0,00882+¢q(2,3,4){1—q(5,6)) (1 —q(7))

=0. 00882+0. 00089

=0, 00971
RE WEAY {V,Vy)el didtd topologic
number& S 8 AH a9 ¥4 RECO(V,Ua)E
IEH
a=V,

6. A= {V,V, | (%A 4
Lo(=%1,2,3)E outcutd EFA gz
oA 52 zich

7. Q&% AXHBA 5)
Q4=0.00971+q(4,5,6)(1—q(7))

=0. 00971 +0. 0009

=(. 01061
2E WEAEH {vyhe st topologic num-
ber&o 2 A3 ash §7) RECO({V,, V2 } Ua)
g Tz3
a=Vjs

8 A= {Vy,V,, Vs i (BA ¢)

Lios{=4 1,2,3,4,5)% outputd XA %2
22 oA 5z ok

9. Q% ALt (dA 5)

0,=0.01061+q(6,7)
=0. 01061 +0. 01
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=(), 02061
2E R 8go] 2a%e {N-A}={ }
olB g 5oA T WA AH Vyoll tidle a=V;
t},

9} g4 RECO(VUa)& %‘I‘_
a=Vs
10. A={V,Vy} (A 4)
Lis(=4 1,4,5)% outcuts EF3A ooz

@4 52 7tk

dot ge AR FRAFL JAHD 1)
=23t3t9 Fig. 49} 2t} ol SAE Ao W
s A% £4E e 20

5/

/ -~ SR,

oo |
050, 02248 ©=0(G)=0.02313

Az{Vy Vs } '
0s=0, 02160 I o.* =3 |

A={vi}
Qy=0. 00974
Qy=0, 01061

3

A={Vi. V2 Vs }
Q4=0. 02061

Fig. 4 A rooted directed tree for evaluation of Fig. 3

EE2ME 4200 Adge daeEs o
Zr olo]= A} g =18 RAFRCE AASch
data} B L 2% “Input. txt” S Zfile2 “Output.

txt"E AHESIAT. TP AL e 4
F Ao R2dA AU M4(Maxlink)9t Hoi
degree(MaxD), #H 7é"*"(MaxVextex)Sl} 7t B
EF9 nAZI BT g AL IFRY #
(URofC)& A& 4 Atk (A &2 7 20,5,
16,0.1) Input file® & Zd HHF9} HFE,
EA Zo& source@ A 9] OutcutS, B 7 £l
T topologic number 1€ Zt= A9 Incut? Out-
cutd 183 PRGN E terminad B39 Incutd
EapF o7 7]?33}“1 BEo nGer) HASA
g Afede Eol del Wzgoz & &4
IFEE 71%}?&@. 0128 Fig. 39 A= ALt
£ 915ted d3AZl 2w RAFRCY Z34E
HojF)h

OUTPUT
given InCut, OutCut

srRAtefoHBtE A ANA H1E %4 38

Domination 0|28 0|28t acyclic digraph®] 2 AT HAS 38t A3

Vertex Number=5

InCut[1]=1
InCut[2]=2 3
InCut{3]=4 5
InCut[T]=6 7
Q(G) q(1,2)*(1—
(1—q(7)
(1—q(7)
+q{6,7)+q(2 ,3
+q(1,5,6)%(1—
+q(1,2,7)*(1—
Unreliability=0. 023132
Reliability =0. 976868

L4)*
,6) *(1—q
)* (

Link Number=7
OutCut[S]=1 2
OutCut[1]=3 4
OutCut[2]=5 6
OutCut[3]1=7

,4))% « (1—q(5,6))*
)]

7)
*(1—q(6))
4))*(1—q(7))
3))x(1—q(6))

The number of semi-Cutset=7
Excute time is OHour OMin. 0Sec. 5Hund.

5 Him AU @t

Y.B. Yoo® Narsingh Deo= s-t problem®) &

1 EE vladhe =824

o Aol 74 Wi

+744¥ DOTSON

BEHGT. £ Flde

domination®] & Ab8-8 =2 23 TRAP4O9} &
¥ Dotson® ZT2IP& “RAFRC'Z2I3}
vjmste] 2ok, TRAP4% %48 Dotson?] Z&
IWe XEWT7E RAFRCE HR si2ztg o)

dstgon,

AFE = PC 486 DX66/22

A3

A, the ¥& 2 2o 4T 44 99

L':O

Agsa,

g 7txe] 3ed o (CASEL,

Table 2 Comparision of three programs

{unit - sec)

RAFRC DOTSON TRAP4
1449 acyclic directed 71| directed ZH;HE (5-t| (un)directed 2HZ
HI (st problem) | problem) (SKT problem)
VAR AN [HEge Qe gg |2z AR JuF g g
78 # st A,
A2g 84 |Cutset® 7122 | A2g 847 39 | pathE 71228 A
Azg g4 28 (A g 29 #5% 39
g semi-cutset S T m-pathE 73}
& 4%
CASEl 4441 0.05 0.10 0.31
CASE2 434z 0.06 0.11 0.3
CASE3 4343 0.49 L2 2.3
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ojzd

CASE2,CASE3)E B3td & =299 A% &
vla@ste] Btc),

o] acyclic directed ZHE E& Y EH A
stute] 2w e =Rl FoA A4
m-cutset®] family C(G)E& 71ZZ% domination ¥
A& AHgste] A 2g 4S8 FE3HR o8 7]
22 A= ASE A% dngEH gagde
& AHEE Z2ae AASRT E84d Y
tE 21 &% vmollA B =Fo] AAIE &
negel maRee ByHUch

doze] A= SKT problem =T SAT
problem, ZL2]1 cycled ¥ ¥3 7359} Hhgko} gl
€ M (undirected edge)e] EA3t= 3%, o Yol
7hAe B)dd = (o : Fault tree) Sl i3
AFE EHo Mg duelF AT s

CASEl: Fig. 1 &%
OUTPUT

given InCut, OutCut
Vertex Number=4 Link Number=5
OutCut[S]=1 2
OutCutf1]=3 4

QutCut[2]=5

InCut{1]=1

InCut[2]=2 3

InCut[T]=4 5§

0(G)=q(1,2)*(1—q(3,4))*(1—q(5))
+q(2,3,4)*(1—q(5))+q{4,5)
+q(1,5)*(1—q(4))

Unreliability =0. 028810

Reliability=0. 971190

The number of semi-Cutset==4

Excute time is OHour OMinute. 0Sec. 5Hund.

CASE 2

89

Fig. 5 A acyclic graph with 6 nodes and 9 edge and it’s
input data

36

OUTPUT
given InCut, QutCut
Vertex Number=6 Link Number=9

OutCut[S]=1 2

InCut[1]=1 OutCut[11=345
InCut[2]=25 OutCut[ 2]=6
InCut[3]=3 OutCut[3]=7 8

InCut[4]=4 6 7
InCut[T]=8 9

Q(G)=q(1,2)*(1—q(3,4,5))

(1—q(7,8))*(1—q(8)

8)

OutCut[4]=8

*(1—q(6))*

)+q(2,3,4,5)*
)
)

(1—q(6))*(1— q(7 *(1—q(8))
+q(3,4,6)*(1—q(7,8))*(1—q(8))
+q(4,6,7,8)*(1—q(8)) +q(8)

+q(3,8)*(1—q(8))+q(2,4,5,7,8)

{(1—q(6))*(1—q(8)) +q(1,6)*
(1—q(3,4))*(1—q{7,8) )% (1—q(8))
+q(1,6,7,8)*(1—q(4))*(1—q(8))
+q(1,8)*(1—q(3))*(1—q(8))
+q(1,2,7,8)*(1—q(5,4))*(1—q(6)) *
(1—q(8))

Unreliability=0. 135162

Reliability =0. 864838

The number of semi-Cutset=11

Excute time is OHour OMinute. 0Sec. 6Hund.

CASE 3 na
1234
1
567
25
8910

(‘)_I.B_.L is

‘?ﬂ’/’// 11 12 13 14

411

s(é' )
N2 12 15
1

17 18

610

19
9141719

Fig. 6 A acyclic graph with 11 nodes and 21 edge and
it's input data
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OUTPUT

given InCut, OutCut
Vertex Number=11 Link Number=21

OutCut{S]=123 4

InCut[1]=1 OutCut[1]=56 7
InCut{2]=25 OutCut[2]=8 9 10
InCut[3]=3 8 OutCut[3]=1112 13 14
InCut[4]=4 11 OutCut[4]=15
InCut[5]=12 15 OutCut[5]=16
InCut[6]=7 OutCut{6]=17 18
InCut[7]=6 10 OutCut[7]=19
InCut[8]=914 17 19 OutCut[8]=20
InCut[9]=13 16 QutCut[9]=21
InCut[T]=18 20 21 5

o] =EL 19UEE TEIFTAG] FEIGA

A7 3ty ATFHUS.

o3k

|

Ho
o

1) A.Satyanarayana and A.Prabhaker, New
Topological Formula and Rapid Algorithm
for Reliability Analysis of Complex
networks, JEEE Trans. Reliability, Vol. R-27,
pp. 82~100, June, 1978.

2) A.Satyanarayana, A.Prabhaker, Comments
on New Topological Formular and Rapid
Algorithm for reliability analysis of Complex
networks, IEEE Trans. Reliability, Vol. R-28,
p. 264, August, Oct., 1979,

3) R.R. Willie, A Theorem Conceming Cyclic
Directed Graphs with Applications to network
Reliability, networks, Vol. 10, pp. 71~78,
1980.

4) A. Satyanarayana, J.N. Hagstrom, Com-
binatorial Properties of Directed Graphs Use-
ful in network Reliability, networks, Vol. 11,
pp. 357~366, 1981.

5) A.Satyanarayana, A unified Formula for
Analysis of Some network Reliability
Problems, IEEE Trans. Reliability, Vol.
R-31, No. 1, pp. 23~32, April, 1982.

srafleiormsts|R| HnA H1s "% 38

Domination 0|28 0|23t acyclic digraphe] HH2 ME|T HIMS 98t A1

6) A.Satyanarayana, J.N. Hagstrom, A New
Algorithm for the Reliability Analysis of Mul-
ti-Terminal networks, IEEE Trans. Reliability,
Vol. R-30, pp. 325~334, Oct., 1982.

7) A.Satyanarayana and M.k. Chang, network
Reliability and the Factoring Theorem,
networks, Vol. 13, pp. 107~120, 1983.

8) J.A. Buzacott, A Recursive Algorithm for
Directed-Graph Reliability, networks, Vol.
13, pp. 241~246, 1983.

9) A.Agrawal and R.E. Barlow, A Survey of
network Reliability and domination Theory,
Operations Research, Vol. 32, No. 3, pp. 478
~491, May~June, 1984.

10) A. Agrawal and A. Satyanarayana, An O( )
Time Algorithm for Computing the Reliability
of a Class of Directed networks, Operations
Research, Vol. 32, No. 3, pp. 493~515, May
~June, 1984.

11) J.S. Provan and M.O. Ball, Computing
network Reliability in Time Polynomial in
the Number of Cuts, Operations Research,
Vol. 32, No. 3, pp. 516~526, May~ June,
1984.

12) A.Agrawal and A.Satyanarayana, network
Reliability Analysis Using 2-Connected Di-
Graph Reductions, nretworks, Vol. 15, pp.
239~256, 1985.

13) R.k. Wood, A Factoring Algorithm Using
Polygon-to-Chain Reductions for Computing
k-Terminal network Reliability, networks,
Vol. 15, pp. 173~190, 1985.

14) T.Politof and A.Satyanarayana, network
Reliability and Inner~-Four-Cycle-Free
Graphs, Mathematics of Operations Research,
Vol. 11, No. 3, pp. 484~505, 1986.

15) T.Politof and A.Satyanarayana, Efficient
Algorithms for Reliability Analysis of Planar
networks-A Survey, IEEE Trans. Reluability,
Vol. R-35, No. 3, pp. 252~259, August,
1986.

16) R.k. Wood, Factoring Algorithms for Com-

37



UE+:

puting k-Terminal network Reliability, JEEE
Trans. Rebability, Vol. R-35, No. 3, pp. 269
~278, August, 1986.

17) J. A. Buzacott, Node Partition Formula for
Directed Graph Reliability, nretworks, Vol.
17, pp. 227~240, 1987.

18) Suresh Rai and Arun Kumar, Recursive
Technique For Computing system
Reliability, [EEE Trans. Reliability, Vol.
R-36, No. 1, pp. 38~44, April, 1987.

19) T.Politof, On a Property of Cyclic Covers
of p-Graphs, networks, Vol. 18, pp. 51~53,
1988.

20) Kwang-won Rhie, Zur Domination und
Zuverlaessigkeit linearer Graphen aufgrund
ihrer Minimalschnitte, Dissertation, Technis-
che Universitaet in Berlin, July. 1994.

21) Y.B. Yoo and Narsingh Deo, A Comparison
of Algorithms for Terminal-Pair Reliability,
IEEE Trans, Reliability, Vol. 37, No. 2, pp.
210~215, June, 1988.

22) F.Harary, Graph Theory, Reading, Mass. :
Addison-Wesley, 1969.

23) M.N.S.Swamy, k. Thulasiraman, Graphs,
networks and Algorithms, Chapter 5,
Willey~Intersceince, 1981.

38

Journal of KIS Vol. 11, No. 1, March '%



