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A study on the bounding method for computing
the reliahility of communication networks
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ABSTRACT

It has been establisued that the reliability of communication networks is NP hard problem owing
to computationally and complexity as the number of componeuts is increased in large networks.
This paper proposed an algorithm for determining upper and lower bounds on the reliability of
source-to-terminal in communication nerworks to solve this problem. The evaluation method
follows the next procedures. First, minimal pathset and minimal cutset are serched. Second, it is
sorted that the number of components is the same events and the reliability bounds is evaluated by
the section function to extract common variable. The performance of propesed algorithm is also
estimated as compared to the reliability of Esary-Proschan, Shogan and Gopal.
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D [SAL]e 2at] 28 40l GEFdRE 78
o}
T = {X3XoX1z, XsXoX10X1, X2XsX1z, X2XsX10X11,
XoX7X11, XeX7X10Xi2, XoXsXoXi2,

= e B g
Fig. 4. Symmetric network .

XoXsXoX 10X, XsXsX7Xi, XaXsX7XioXiz,
XaXsXsX10X11, XsXsXeXiz, X1X6X11,

X1 XeX10X12, XeXaXeXa, XeXaXeX10Xiz,
XaXaXsXeX 11, XaXaXsXeX10Xiz, XiXaXsXiz,
X1 XsX7Xn, XiXaX7X10X1z, XiXaX1XsXu,
XX XXXz, XiXiXsXoX10Xi }

) [eA2]E Heskd gie vhe ot 2o
= { XaXoX1z, X2XsXiz, XeX7Xu, X1XeXn }
= { XaX¢Xw0X1, XoXsXi10Xi1, XoX7XwXie,
XoXsXaX1z2, XaXsX7X11, XaXsXsXie,
K XXXz, XeXaXeXu, XiXaXsXiz,
XX X7 X §
= { XoXsXoX 10X, XsXsX7X10X1z, XaXsXsX10Xu,
KoXaXeX 10Xz, XaXaXsXeX11, X1XaX7X10Xz,
XiXeXi0XsX11, XiXaXsXaX12 |
= { XaXsXsXeX, X1z, X1XaXsXoXi0, X}
3) [@A3]18 o185t Gire @ g9l 3 Fel
ok
G = { XaXoXiiX1, XeXsXwoX1, XeX7X1w0Xiz,
XoXs5XoX 12, X3XsX7X1, XaXaXs5Xi2,
X1 XeX10X12, XoXaXeX1, X1XsX7X11,
XoXsXoX10X1, XaXsX7X10X12, X3XsXsX10X1,
XoXaXeXwXr, XaXaXsXeX11, X1XaX7X10X1z,
X1 XeX1oeXeXn, XiXaXsXoX12 |

4) [@A14]8 ¥ &89 G198 Sig 3o
S = XaXoXwXn + XeXsXoX10Xn = XeXiwXu(Xs + X1 Xs)
S = XoXsX10X 11+ XsXKsXsX 10X 1= XsX10X11{ X2+ X3Xs)
S; = XoX7 XXz XaXsX7X10X127= X7 X 10X 12( Xo+ X3Xs)
Sy = XoXsXeX i+ XiXeXsXoXiz= XsXoX 12 Xo+X1X4)
Ss = XsXsXrXn+XaXaXsXeX11=XsXsX11{ X1+ X4Xs)
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S = XoXaXeXn+ XX XeX0X = XoXeXe( X+ XwX1z)
S7 = XiXaXsXiz+ XiXaXrX0X 1= X1 XaX 2 ( X5+ X7 Xw)
S = XiXeXeX i+ X1 XeXsX10oXn=X1 XX 1 { Xr+XsX10)

5) UH R+ g, gs9t GiolA AEE ol F4 £&
Rojabitol Al ate giol FLw [WHAIS ol ol Eke] Ge
© oha 3 ok
Gz = gau g

= { X3XoX1z, XeXsX12, XoX7Xu, X1XeXu,
X3XsX8X12, X1XeXwXu t
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So = XaXoXi2+XaXsXs X1z = XsXiz( Xo+XsXs)

S0 = XiXeXn+X1XeX10Xe=X1Xe(Xu+XinXiz)

18 3 Gat gesd Geol B AL} gys} A S o F
1=
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G39] Siy= &3 @t
Su=XoXsX 12+ XsX1XsXe6X 10X 1= X 12( X2Xs+X3X1X5X6X10)
Siz=XeX7 X+ X1 XeXsXaX10X 1= Xu( XoXr+ X1XaXsXeX10)

6) tol 4 Aol EAA o [ehA6]e 4
&% 7 gl

) [SA7] M gstad 48 aadEs Mge
c}.
NELIE LT

Ru(P) “1_(1 P(Sl) (1-P:(S2)) (1-P(S3))
(1-Pc(S4)) (1-P:(Ss)) x1—(1—-Pc(Ss))
(l*Pr (S7)) (1-Pe(Sx)) (1—-P:(Sw))
(1-Pr{S10)) X1~ (1 —P(S11)) (1 -P+(Si2))

(11)

a8 Sl:'SZ:S?=54:S‘5: Sr=S8s=S¢=S1 18]
Su=Sizo] L& 4 (11)& v}t 7o) A},

S2))2(1—Pr(Sy))?
(12)

Ru(P)=1—(1-Pr(S1))5(1 =P«

A7) 7} (8) ol 2ofahed,

P:(S1)=p3{1—(1—-p)(1—p)},
P:(Se)=pH1 —(1—p){(1—p2)},

600

P (Su)=p{1—-(1—p)(1—p°}} (13)

Ru(P)=1—-[1-p¥1—(1—p)(1—p)2]3
(1-p1-(1-p)(1-p)&]
ix[1-{1-p(1—-p)(1-p*)}]? (14)

A& o] &g gho] 0.90]W, Ru={p=0.9)=0.999999

2. 58t ZARZIE
D (e ]ol o8t FHARAME 3ot
T={ X1'X12, Xio'Xa'Xo'X11", X3'Xs'Xs'X11',
X' X' Xog'Xe', Xa'Xs'X7'Xe'Xs", X7' X' X2’ Xs',
X1 X' Xo' Xy, X1'X 7" Xo' Xs'X 4,
X' Xa XX XeXy', Xi' XXX X4,
X' X Xa'Xe', X' X" Xo'Xe'XKs" |

) [¢HAI2]E A &ay g e vhga gt
=1 Xn'Xw' | gi'=1 Xi'X:'Xs |
gd=1 X1 Xs'Xo' X1, Xo'Xe'Xe'Xs", X7 X' X12'Xe',
X' X' Xs'Xo', Xo' Xy X' X6 |
g =1 X' X' X7 Xo'Xe', Xa'Xo Xe' X1 Xn’',
X' X7 Xe'Xy' X, X1'X7 X' XXy,
Xo'Xo' Xo' X4 X
g =1 X' X' X5 X' X4

) [bAI3]E o] B3k Gr -
L 1=
Gi=1 X Xs'Xe X', X:'Xe'Xo'Xe', X:'X10'X12' X4,
XX Xe' Xy, Xo' X' X' Xe' Xa' X X' Xa'Xe',
Xy Xs X' X' X", X1 X7 Xe'Xo'X4',
XiX7 XX Xe', XoXe'Xo' X' X' |

g3 gs'el Aol

4) | &4A4]E Hged Gl B +3h

Fr=X10'Xa Xo X114+ XX X3 X0 X', = X' X' X"
(Xy'+X4'Xs")

Fo=Xi" X2 X X+ X' X X Xa' X', = X2 X5' Xy
(X +X1Xs")

Fy=X7"X 10" X12' Ko+ X' X7 X' X1’ X', = X7 Ko X2’
(Xe'+X1X4)

Fi=X7"Xs'Xa' X+ X3 X' X7 X' X', = X' X7' X’
(X + X3 X5")

5) ol g’ ddARRe] EAE R G e
gt 4 ik
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6) [2A6]0 93t 2HEE Fie o3 gt
Fe=Xu'X1?
Fe=Xi'X2'Xs'+X3' X X2’ X¢'
=X XX +X4Xe')
Fr=X1X7Xs'Xo Xy +X1'Xa' Xs'X7 Xs'Xo’
=X1'’X¢ X7 Xe' (Xo'+Xa'Xs")
7) [GA7]E A8t g AR E A
(2)H oz 3H,

RL(P)=(1—P«(F1)) (1 =Pe(F2))(1—P:(F3))
(1-P{F))(1—P:(F5)) x (1 —Pr(Fs))
(1-P:(F7)) i (15)

a8d Fi= Fo= Fiy= Fi= o] 2.2 2](15)+ &
@} gro] "},
Ru(P)=(1—P:«(F1))* (1-P{(Fs) (1 —P:(Fs))
(1—P:(F7)) (16)

21(9) 8F (10) ol 23hd,
Pr(F1)=q}{1—(1—q) (1—q?}, P:(Fs)=q?
Pr(Fe)=q41—(1—q)(1—q?)},
P (F7)=q{1-(1—q)(1—q?)} 17)

S RUP)=(1-q)[1—q* {1—(1—q)(1—qz}]
=(1—qg2){1—(1—q)(1=qz}]
[1-g3){1-(1~-q)(1—q2 ]! (18)

A 29| BE37to] 0.901H, Ru(p=0.9)=0.988479

2(14) ¢k (18)ol BE S HYsld P& 413
Lot mlashd ® 1 3% gt

B oAy axe) Fas Ao AR A e
) i
Table 1. Comparison of the exact reliability and the
reliabilty bounds for symmetric network.

P PL(P) Re(P) Ru(P)
0.99 0.999898 0.9999 0.999999
0.95 0.997342 0.9973 0.999999
0.9 0.988479 0.9885 0.999999
0.8 0.943699 0.9446 0.999853
0.7 0.843755 0.8512 0.992171
0.6 0.671088 0.7003 0.924935
0.5 0.439195 0.5059 0.723237
0.4 0.210093 0.3048 0.430552

V.adse 9 1

L2k

E wmEdMe e Ee A58 BHy) ds
o F7hA] whH 3 v wElE T g 4 9 1 =o) o
3 AE 2ARE R Al Aok (4, 5, 61 3 1)
a&k7] fsted 1 2 o) Vel Q1o 29 5 oA o]
=23 ok ® 2004 3 Mz vjug
=89 43 A2 % = Esary-Proschan [4]9]
# B ¢ = o] xv} Shogan [5]3 Gopal

oo

H 2 i3 e Z (29 4 )0 ik 43 AR R

H] 3

Table 2. Comparison of the reliability

upper bounds

for symnetric network

p 3 &% Proschan Shogan Gopal B
Re(P) (4] [5] [6] Ru(P)
0.99 0.9999 0.99999 0.9999 0.99990 0.999999
0.95 0.9973 0.99999 0.9975 0.99749 0.999999
0.9 0.9885 0.99999 0.9898 0.98977 0.999999
0.8 0.9446 0.99999 0.9560 0.95574 0.999853
0.7 0.8512 0.99786 0.8871 0.88568 0.992171
0.6 0.7003 0.95515 0.7634 0.76019 0.924935
0.5 0.5059 0.76892 0.5754 0.57142 0.723237
0.4 0.3048 0.54094 0.3527 0.34988 0.430552
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(6]9] A=zt mohe Hapgol Bold S & 4 Arh aoHthes Fo g s Gopal [6]9] Axbgh wohis
meba] B =5 4% 2R due s [5]9) Fapgeo] ot @ e v o ok el (6]
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Fig. 5. Comparison of the reliability upper bounds. Fig. 6. Comparison of the reliability lower bounds.
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Table 3. Comparison of the reliability lower bounds for symnetric network

yeet Proschan Shogan Gopal e
d Re(P) 4] 5] 16] RL(P)

0.01 0.9999 0.9989 0.9999 0.99990 0.999898
0.05 (.9973 0.99730 0.9973 0.99730 0.997342
0.1 0.9885 0.7955 0.9885 0.98849 0.988479
0.2 0.9446 0.94315 0.9430 0.94405 0.943699
0.3 0.8512 (.83925 0.8390 0.84654 0.843755
0.4 0.7003 ©0.65329 0.6574 0.66371 0.671088
0.5 0.5059 0.39915 0.4187 0.46549 0.439195
0.6 0.3048 0.15942 0.1971 \ 0.24934 0.210093
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