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ABSTRACT:
The tools and techniques for gathering and using infomation are at the

core of civilization. The infomation technologies of today and tomorrow

help us see and visualize the world around us and communicate that infor­

mation to a wide variety of computing devices that then helps us analyze
and understand infomation. With this infomation and understanding, na­

tions can begin to create solutions to their problems and control their lives,

environment, jobs and even entire societies.

This paper presents a new efficient algorithm for the expansion planning
of interconnected information system. The algorithm includes two phases;

namely: the short temm planning phase and the long term planning phase. Ln

the first phase the generalized optimization network technigue can be used

to solve the linear topological information network. The decision tree tech­

nique can also be used for long term planning of the interconnected informa­

tion system. The overall algorithm satisfies the system objectives and most

of both short term and long tem planning constraints.
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3.2. Space-Divlsion Switching Technique:-

Refer to Fig. (2) In this case, the available number of paths between the
input and output switches equals to (15), and tbe (PR) can be calculated as
before.

4. RESULTS & CONCLUSIONS:-
From Fig. (3), it is clear that:-

Ln the time interval :05t<04, the reward (PR) for the SD-channel is
superior to the high-speed TD-channel, i.e, the traffic efficiency (1-PR), for
the SD-channel is lower than the high-speed TD-channel.

In the time interval: t 2 0.4, it is clear that the traffic efficiency for the
SD-channel is superior to the higb-speed TD-channel.

-Als0, the reward for the low-speed TD-channel :s lower than that of the
previous Two channels, (and it is not drawn in the figure since the vglues of
(PR) are very sلam l).
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a- Low.speed channel grapb. h- Hi gb-speed chAnnel graph.

Fig. (1). A time division communication cbannel.

Fig. (2). An $-12space division communication cbannel.
M= 3/year, s1=.1
1=15, m=512,N=16
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Fig. (3). The Joint Perforance Measure (PR) for the SD & TD channel graphs ver. the
time, t.
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Table (2)., The (PR) wer. the time, t, for the TD channel graph, tor the low-speed taf.

fc, where A=3/ year, m= 512, and sl=0.1.

Table (3), TBhe (PR) ver. the tme, t, for the TD bigh-speed channel graph, whereA=3/

yenr,m=5L2, N ,I6 ء and sl =@.1.
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blccking probability for the given channel graph. Equation (1) can be rewrt­
ten as follows:-

، L. B), ...٠٠0.-٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠......(2)B.(1PR

using Theorem (2), (6). For low-speed calls, we have that:-

،m
R=l-٢1-3)•••••••••٢م٢,٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠.٠)

2m
and B = [1 -S]' ,٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠..... (4)

Multiplying both the two equations (3) & (4), one can evaluate the (PR).

3.1.2. High-Speed Trafic:- Similary, one can evaluate the Joint Perfor­
mance Measure (PR) in this case, where the available number of paths
equals to (mNN).

Table (1). The

an l=15,

year, s] ٤ عوت دةa مءو ع4 وء«مرك٤ أ /إى-ه1،=
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average reward.(") IA,(9) the relability analysis for S-12 BISDN was stdied
using tbe new relation beTween tbe blocking probability and the temminal­
pair connectiviry.(" In this paper, a qualitative comparison will be presented
beTween the high-speed TD and the SD switching techniques, using this new
relation.

2- MATHEMATICAL MODEL:
Refer to Fig. (1) & Fig. (2), and assume that:

3 m = the available number of time slots per frame.

N= the speed ratio between the high-speed and the low-speed traffics.

3 A2 (A1) = the high-(low-) speed offered traffic.

٣ b = the time period between any two successive gate openings.

c([) = the voice (data) traffic rate.

٣ 7= the link's failure rate.

=exp (-At) = the element's reliabiliry.

1= the number of available paths between the input and the output
switches for the SDM channel graph.

3- RELLABILITY ANALYSIS:

3.1. Time Division Switching Technigue:-

3.1.1. Low-Speed Traffie:- Refer to Fig. (1). The available number of
paths between the input and output switches equals to (m), in this case. Us­
ing Theorem (2), (6), we can evaluate the Joint Perfommance Measure (PR)
as follows:-

PR= R, B,....٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠••••٠••٠..(1)

where R & B are the temminal-pair connectivity and the end-to end

-134-



RELLABIITY ANALYSIS FOR HIGH-SPEED
TDS NETWORKS FOR BISDN USING THE NEW

RELATION BETWEEN THE END-TO-END
BLOCKING PROBABIITY AND THE

TERMINAL-PAIR CONNECTTVITY

Dr. F.F. FARAHAT

KEY WORDS: TDS, SDM, End-to-End blocking, Teminal-pair connectiv­
iy.

ABSTRACT: THe objective of this paper is to study the reliability of a
large-scale high-speed time division switching network for BISDN. The
method of attack is to use a new linear relation that was used in the literatre
giving the temminal-pair connectivity as a function of the probability of inter­
nal blocking of the switching network and its architectural parameters. A
qualitative comparison - between the SDM and the TDM- will be presented
using this new relation. Useful results are obtained.

1-ITRODUCTION:
The perfommance evaluation of a high-speed time divsion switching net­

work for BISDN was caried out by Koso M. et al, 1987,(using the block­
ing probability as a performance measure.

Two switching technigues were studied, namely, 1) the single-slot, and
2) the multi-slot. It was concluded that the former switching technique is su­
perior to the latter one. Ln,(4 anew efficient method for the interal blocking
evaluation was presented and the same conclusion was obtained. The space­
division switching networks can also be used in BISDN. Ln,) the System 12
BISDN with SDM was studied and its performance was evaluated using the
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.١2PENDI

5 REM FAR.

10 DPUTN:L=N-1

15 DMF N,L)

20 P=0.8

15 GOSUB 100

27R=1

30 ForI=2TOL

35R0)=PI

40 r=٤(1-rOD)F @N,D

45 NEXTI

50 PST=1-r

55 PRmNT PST

60 END

100 Rem GOSUB Routine # 1

105 For I=4 to n

110 F (I,I-1)=2: NextI

115 For I= 5 toN

١20 F (D, 2) =F(- 1.2)+1: NEXT I

125 For J =5 ToN

١27 For I= 3 ToL

130 F 0J,2)=F(-1,2+2

١35 Next L,J

140 Ream.
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Fig. (7)٤ RST -P, forN=8.

5- Conclusions:
a- From Fig. (3), it is clear that the t-p connectvity, PST, increases as the

number of nodes (N) is enhanced keeping the link reliability 'p'
equals to a constant value (=0.8 in our case).

b- From: Fig. (4), it is clear that the t-p connecrtivity, PST, is a monoton­
ic decreasing funcUion with the failure rate (A) for an 8-node multi­
bridge ISDN.

c- From Fig. (5), it is clear that the t-p onnectvity is, also a monotonic
decreasing function with the time, t, for an 8-node multibridge hav­
ing a faiure rate (A) eguals to (0.5) per year.

d- From Fig. (6), it is clear that the t-p connectivity, PST,is a monotonic
non-decreasing function with respect to the Link reliability, P.
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Fig. (4): PST - N forP = 0.8 Fig. (5): PST -A for a8م -node
Multi-bridge ISDN.

1.00

E- 2

E-4

E-6 1= 0.5 (yعae )"

0 2 4 6 8 ١0 I2 ١4 16

Fig. (6): PST -7 for an 8-node Multbridge ISDN.
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Fig. (3): FKowcharts for the equation (29)
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(Year)ا PST
0 1.0

1 1.0

2 73
3 0.29

4 9.7 E-2

5 3.2E-2
6 1٠1 E2

7 4.0 E-3

8 1.4E-3
9 5.14
10 1.9E4
15 1.4 E-6

16 4.8 E-7

١7 0

Table (6): The T-P Connectiwity, Rst, Yersus the time, , for an 8-node multibridge
• ٠١٠٠٠ .]lSDN which is operating with faiure rate M= 0.5 (Year) .
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d- Table (6) give the t-p connectivity, PST, as a function of time, t, for
an 8-node multi-bridge ISDN which is operating with failure rate N=
0.5 (yeعa )'.

٢L == ي
Table (3): The t-p connectivity, PST, versus the number of nodes (N) for link reliabii-

ty, P =0.8

P

PST

2/ 0.3 I 04 I ا0.5 0.6

0.2286 1 0.5243 / 0.8163 ١ 0.9681 / 0.9986

07

1.0

Table (4): The t-p connectiwity, PST, versus the link reliablility, P, for an &node multi­

bridge ISDN.

Table (5)٤ The t-p connectivity, PST, versus the failure rate (A); for an 8-node multi­

hridge LSDN and operating time 't' eguals to '5'years.
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 د
F (X, X-2) =4, ٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠00....... (25)

for ;x>5 لله

F (Y, Y-3) =6; ٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠-٠٠٠٠٠٠٠-٠٠٠٠٠٠...، (26)

for ;a lx>6ل

F (x, X-4) = 8, ٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠•••٠ (27)

for all x27;

Thus, one can get that the number of a lل available paths, y, between 'S'
and 'T' for certain multi-bridge ISDN will be given by:

(a8)....٠.2F«8و د 
where x>1

Finلa ly, one can evaluate the t-p connzctivity, PST, as follows:
K-1

• Nز 
PST = ]- [] (1-rj) ٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠.٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠.٠•••٠.. (29)

 =ز1
where (rj) is the reliability of the path having j-links,j = 1,2, ..., x-1, or

in otherwords

rj =P and P =exp (-Mt)

The flowchart of the equation (29) is depicted in Fig. (3).

4- Simulation Results:
a- Table (3) gives the t-p connectivity (PST) versus the number of nodes

(x), for constant v a ueل of link reliability, (P =0.8).

b- Table (4) gives the t-p connectivity, PST, versus the link reliability, P,
for an 8-node multi-bridge ISDN.

c- Table (5) gives the t-p connectivity PST, versus the failure rate (M) for
an 8-node multi-bridge ISDN, which is operating for a period of time
eguals to 5-years.
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K N1 N2 N3 N4 N5 N6 N7 N8 ٠٠
2 1 0 0 0 0 0 0 0 1

3 1 1 2

4 0 2 2 4

5 0 3 4 2  و

6 0 4 6 4 2 16

7 0 5 8 6 4+2 2 25

8 0 6 10 8 6 4 2

0 و 7 12 10 8 6 4 2

10 0 8 14 12 10 8 6 4 2 64

Table (2): Total number of avaiable paths (y) ver. the nomber of nodeو ""..

and s0 0n. Generally, we can find that:

F (4, 3)=F (5,4) = F(6, 5)
 ، ب

٠٠٠٠٠٠٠٠٠.... = F (x, ٦-1)=2,٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠.•••٠ (20)

for all x>24

F (x, x) =0, for all x2 1, ٠.٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠.........(21)

F (x, 2) = F (x-1, 2) +1;٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠••٠...... (22)

for ;x25 لله

F (x, i) = F (x-l,i)+2;٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠•••••••٠...(23)

for all 25; andi>2,
 ا» و

(24)F (x, x-]) =l,٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠••••••٠....

for a lل x<4

 ،اد-12-



Also one can get that:

F= د (4,2) + 1, ٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠••••٠(12)F (5,2)

 د ،
=F (4,3) +2, ٠.٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠......(13)F (5,3)

= F (4,2) + 1,٠.٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠......(14)F(5,2)

= F (4,3)+2, ٠٠.٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠••٠••٠.(15)F (5,3)

=2,.٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠••٠٠(16)F (54)

٩ =(5,2) + 1,.٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠••٠••٠(17)F (6,2)

=F (5,3) 2, ....٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠........(18)F (6,3)

=F (5,4) +2,٠٠.٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠••••••٠(19)F (6,4)

F (6,5) =2

X N1 N2 N3 N4 N5 N6 N7 N8

2 1

3 1 1
4 0 1+1 2

5 0 2+1 2+2 2

6 0 3+1 4+2 2+2 2

7 0 4+1 6+2 4+2 2+2 2

8 0 5+1 8+2 6+2 4+2 2+2 2

0 و 6+1 10+2 8+2 6+2 4+2 2+2 2

10 0 7+1 12+2 10+2 8+2 6+2 4+2 2+2

Table (1): Available number f paths N2, N3, .., N8 wersus the number of nodees (X).
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Note that the trivial case x=1 gives no connection paths. i.e. y=0. which
is called a cutset.

Fitting a curve for the previous results obtained in Table (2), one can
prcceed as follows:

1- Assume that:

2y =A X٠ +BY-+C, ٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠...... (2)

2- From Table (2), choose the following set of numbers for the couple (x,y)
as follows: (4,4), (6,16) and (8,36) and then substituting the last equation
(2), one can get the following set of linear equations in A,B & C.

(3)16A +-4.B +C=4;٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠-٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠•••٠..،

(4)36A +6.B +C= 16; ..٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠••٠٠٠٠.٠

64A +8.B+-C= 36; ....٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠.........(5)

3- Solving the last three equations in:

A, 3 and C, one can get that:
A=1,B=-4 and C=4.

4- Thus, the equation (2) can be rewrtten as follows:
- 2K' -4X-+4,٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠000.......... (6)y

If we denote by F (x,i) as the number of available paths having i-links
for an x-nodes bnidge network, then refeming to Table (2), one can get that;ب٠ 

F(2,1)= ( ;ا٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠.-.٠•.٠٠٠٠.(7

F (3,1) =[;٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠••••••••••٠٠٠٠.. (8)

F (3,2) = ( ;ا٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠.٠•••••••٠••(9

F (4,2) =2; ٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠............(0)

F (4,3) =2; ٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠•••••••••٠.([1)
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2- Mathematical model:
Refer to Fig. (1), ad assume that:

a) X= the number of reliable nodes,

b) L= the maximum number of hinks in a path beTween S & T.

c)y = the total number of available paths for the network graph (G) be­
Tween S &T.

d) p =the element's reliability, and it is given by: p= expt (-At), where (M)
is the failure's rate.

e) rj = the reliabiity of the path having =links,j- ز 1,2,3,...,X-1.

f) N,= the number of available paths and each path comprises i-links be­
twen the two teminals S & T,

g) PST = the t-p connectivity betwee: the two teminals: S &T.

3- Reliability Analysis:
Refer to Fig. (1). Each vertex represents a node and each branch repre­

sents a communication link, From Fig. (2.a), it is evident that the number of
nodes (x) equals to (4) and the number of available paths (y) equals to (4)
als0. In Fig. (2.b), the number of nodes equals to (5) and the number of
available paths (y) in this case is equلa to (9), and so on. Table (1) gives the
number of available paths beTween "S" and "T" having two, three, four, ... at
certain value of (X), where (X) takes the values: 4,5,6,..., 10.

Table (2) gives the total number of paths (y) versus the number of nodes
(x) for different nulti-brdge strctures.

Denote by (Ni) as the number of paths having i-links, then
x-1

y ٠٠.٠٠٠..(١..i لإ٨=
where x 22.
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Fig. (1) A multibridge ISDN.
n,

(6)

nر 

(a)

Fig (2). (a)A 4-node and
(b) A 5-node multi-bridge ISDN.

Paths having different number of links. The t-p connectivity, PST, is
then evaluated using an analytical fommula. The flowchart of the used for­
mula is presented and a computer package is then prepared using the AT
IBM-compatible digital computers. Useful results are obtained for those
who are working in this area.
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AN EFFICIENT METHOD FOR
RELIABKITY EVALUATION FOR
LARGE - SCALE MULTI - RRDDGE

ISDN
Dr. F.F. FARAHAT

KEY WORDS: Multi-bridge ISDN, t-p connectivity.

ABSTRACT : The objective of this paper is to present an efficient and new
analytical forula in order to evaluate the t-p connectivity, Pst, for a large
scale multi-bridge ISDN in the general case, where the number of nodes
grows very high. The set of available number of paths betwen the two temmi­
nals S T &ي are divided into subsets eaci subset comprises different number
of available paths, where each path in one subgroup has a certain number of
links for given multi-bridge ISDN, i.e having a certain value of number of
nodes. Iterative fommulae are deduced giving a recurrence relation between
the number of available paths in each subset and the number of available
paths in other subsets. Useful results are obtained.

1- Lntroduction:
The multi-bridge ISDN is a network consisting of multi-bridge stncture,

refer to Fig. (1). We use the t-p connectivity as a measure of service quality.
as the number of nodes increases, then the available number of paths is en­
hanced, and consequently the computation complexity increases.

In this paper, an efficient and a new method is presented to evaluate the
t-p connectivity for large scale multi-bridge ISDN. THe method of attacks to
find an iterative fomulae between the number of available.
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6- Conclusions:
From the previous analysis, it is clear that the graph (GI) is more reliable

than the graph (G2). The perfommance measure that is applied here, is the

MTFF, MTTR and MTBF.

The calculation of these measures was depending on the MCF. The same
results can be obtained using other reliability measures such as tbe tree con­
nectivity, andlor the multi - temminal connectivity.
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Finally, one can get the values of: MTTRI & MTTR2 for the Two graphs:
G1 &G2, respectively as follows:

197764.e(1+b.c) )، ١٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠0٠0٠0٠٠٠٠٠٠٠٠٠٠٠٠٠N2]R ( [ي ي أ
60٨a[1+ab (1+b.c)]

764.e(1+a)
٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠.....،. (20)MTTR2 =

6Aa(1 +a.b)

Where a=١(/٨+), b= l-a, andc=1+a

We can get the same result obtained before if we use the foowing rela­
tion:

MTTR= MTFF (1/SA)-1), .٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠.٠.(21)

From the last two equations (19) & (20) it is clear that the MTTRI is
greater than the MTTR2.

5- Calculation of the MTBF:
Applying the definition of the MTBF, one can evaluate the value of

MTBF1, and MTBF2 for the two graphs: G1 & G2, respectively, as follows:

MTBFI= MTFF1 +MTTR1.

7٦7
= [1+{B.٥(1+b.c)/a(1 + ab(1 +b.c))}], ...٠٠٠٠٠٠٠٠٠٠٠...٠..(22)

608

and MTBF2 = (7/6%) [1 + {b2. cla)1+ab)}], ..٠...٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠..........(23)

Also, one can show that the MTBFI is greater than the MTBF2, i.e, the
graph G1 is superior to the second graph G2.
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From the above Two equations (ll) & (14) it is clear that for any value of
(M) the MTFFI is greater than MTFF2, in other words the first bridge net­
work is more reliable than the second one. Thus, we have used the MTFF as
a new criterion for comparing between the service quality for the two
graphs:G1 &G2.

3.2. When the Nodes are Unreliable:

In this case, the reliability functions RI (t) & R2 (t) for the two graphs:
G] & G2, respectively, will be equal and have the following value:

2
، p',٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠....... (15)R(t)

and p=exp (-Mt). The calculation of MTFF in this case will yield that.

MTFF = [/2 1, .٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠..........(16)

4- Calculation of the MTTR:
When the links are unreliable:

UsIng the MGF, one can be able to evaluate also the MTTR for the
bridge network or any other communication network if we know the availa­
bility function, A (t).

The availability, function, A (t), can be found for any network if we sub­
stitute the value of the element's availability, a (t) instead of the element's re­
liability, p. Thus, one can find the value o the availability functions A1(t)&
A2 (t for the two graphs: Gl & G2, respectively as Follows:

A٨ (t)=a( [١+2.a (t)-2 {a(t))2+{a (t))+{a (t)}],٠....٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠(17)

٨ (t)=a(t)+{a(t)} {1-a (t)},٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠.٠٠٠٠٠(18)

The density functions g, (t) & g2 (t) can be evaluated in a similar way to
the density functions f, (t)& f, (t), but here the reliaL:lity function R (t) is
replaced by the availability function, A (t).
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 أ-»٠»٠
0

,٦{.٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠••••٠)d}

d- Finally, one can calculate the MTFF using the equation (4).

Calculating the reliability function, R(t), for the graph, G, one can find
that:-

R (t)=p(1 +2p -2p - p3+p8)•••.•••••أ٠•..•٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠..•٠٠٠٠٠٠٠٠٠٠٠٠٠(, )

The density function, f (t), will be given as follows:

dR(t)
f(t)=. dt

=٨P(1+p3)(1+P(2 p))-244(1+P)- و p),٠٠.٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠.٠٠٠٠٠......... (9)

THus
 ب

txM,= "١e)f ا 0١»...x٠٠٠٠٠ ه
0

using equation (4), one can get that

MTFFI 77/60}, .٠.٠.٠-٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠.......(11)

To find the MTFF for the second bridge network (graph G2), then we
proceed as above and one can obtain the density function f2 (t) as fol­
lows:

52
f2 (t) p (1=p -3p), ٠.٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠(12)

and the MG will be given by:

M2 =(1-t)-! +(1-2N)-\ -(1-٥3A)-l, ٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠.......(13)

Finally, one can get that the vaue of MTFF2 will be given by:

(14)MTFF2 = 7/6k,.....٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠••••٠..
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To find the MTFF for a link of the bridge, then we use the equation
(1) as follows:

 ا«
THe integration of the last equation (2) yields the valve as follows:-

١
M (t) = [l-(th٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠.٠٠٠.٠(]٨.(3)و K

To evaluate the value of MTFF, we use the following equation:

3M,
MTHF=٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠.٠٠٠.•.٠.٠........٠٠.٠٠٠٠٠٠٠٠(٩,0ااتم= )

Finally, one can obtain the:

MTFF = 1/h, ٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠.٠••٠٠٠ (5)

Now, in order to get the MTFF for the given bridge neTwork, we proceed
as follow:

a- Find the reliabiity function, R (t), for the graph, G,

b Find the density function, f (t), for the given graph, G, using the follow­
ing equation:-

dR (t)
f(6)(٤--=) ٠ر١٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠.•••••٠٠

t

c- Then the MGF, Mي ,, can be calculated using the rollowing eguation

-112-

T .K ,٢
d'٠٠٠٠٠٠٠٠٠٠٠٠٠٠-٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠...... ()ehe'



G1:

$

K2

K3

T

(a) An 5-edge 4-node brdge network
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Fig (1). Two bridge networks.
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the integration of the availability funcuion, A (t). Ln this paper, we'll use an­
other criterion for the calculaUion of both the MTFF & MTTR. This new cni­
tenion is the MGF. A comparative analysis is presented between the two
gTaphs and it is concluded that the graph 'GI' is superior to the second one
'G2.

2- MATHEMATICAL MODEL:

Refer to Fig. (1). The set (x,) represents the family of nodes, i= 1,2,3,4
and the (ei) represents the set of edges, for the shown network for i=
1,2,3,4,5 for the graph G1, while i= 1,2,3,4 for the graph G2. Assume that:

a- The failure rate (A) and the repair rate () are s-independent, and negative
exponentially distributed.

b-The element's reliabiliry, P, is given by: P=exp (-At), and define = و [-P.

c- The element's availability, a, is defined as follows:

Aمر 
a=+ eXp (-t(٨+))

٨+٨+y

d-٤(t)& g(t) are the density functions for the reliability and the availability
funcUions, respectively.

e- SA= the statistical availability, i.e., the value of the availability as the
time, t, goes to an infinite value.

3- MTFF Calculation:

3-1 When the links are unreliable:

The moment generating function, M, (t), can be defined for a ran­
dom variable, x 9t), as follwos:

M, (t) = E (e"), ...... (٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠.٠٠٠٠ ا(
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