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.A broadband ISDN i, required to ,upport a tDide range of ,ervice, (,ueh tu voice, te:d 
and image) and to proflide the inlraltructure for ,ertJice jl.eftbilitll. One of the methocU 
i, to ,ubdiflide the channel into multiple virtual channel, tDhich ore made out 01 ji%ed 
length paclcet3. The flirfual circuit3 can then be allocated on demand in a time divi,ion 
multiple!ling bali,. With thi, approach, ,ertlice, of different bandtDidth and performance 
requirementl can be accommodated. In thi, paper, an appro%imation i, propo,ed /or the 
grade-ol-,erfJice (bloeleing probabilitie. ve"w channel uti/i.ation) calculation /or a 10 •• 
,ydem 01 0 broadband ISDN. A ,et of .tate tran.ition equationl with on appropriate 
number 0/ ,erflice-tllpe, i, edab/i,hed. Elact blocking pr06abilitie, tler,u, utili,aton. are 
calculated /or networlc, with computable ,ize,. Empirical re.ult3 0/ curve fitting on 
the grade-of-,ertJice ore obtained u,ing SI = az' curtle,. The relationl of 0 and 6 /or 
networJc, with different number 01 channel, are lound. The,e empirical relationl are 
then projected onto a large reali,tic networlc. Bcued on the.e projected value, 0/ a and 
6, the grade-of·,erfJice 0/ the lull ,cale network are edimated. The,e e,timated curve, 
on the grade-ol-,ervice can then VIed lor the initial planning. 

1. INTRODUCTION 

The development of the broadband Integrated Se"ices Digital Network (ISDN) is rapidly being 
made possible by the advances of technologies in broadband switching and transmission. A broad
band ISDN is required to support a wide range of 8ervice8 (8uch a8 voice, text and image) and to 
provide the infrastructure for service flexibility. 

One of the proposal8 to support subvideo-rate 8ervice8 i8 the Dynamic Time Division Multiplexing 
(DTDM) [1]. In this method, the channel is 8ubdivided into multiple virtual channels which are 
made out of fixed length p&clt ete. The virtual circuits can then be allocated on demand in a time 
divi8ion multiplexing basis. With this approach, 8ervice8 of different bandwidth aDd performance 
requirements can be accommodated. For a delay system, the delay analysi8 for message in a Time 
Division Multiplexing (TDM) channel are given in Rubin (2). For a channel size greater than 
or equal to a multiple number of incoming packets, it could be modelled by a TDM 8y8tem with 
multiple contiguous output. Ko and Davis give an exact delay analY8is for a Pois8on me88age arrival 
proce88 with multiple contiguous output [3] and the anaiY8i8 W88 extended to a geometric arrival 
proce88 by Bruneel [4]. In this paper, the 8olutions to the grade-of-se"ice or blocking probabilities 
versus channel utili8ation for a multi-se"ices loss system of a broadband ISDN are examined. 

In general, there are three solution methods: exact calculation, simulation and approximation. 
In the exact calculation, the calculation of a let of n dimell8ionalatate probabilities is required 
(where n is the number of 8ervice-types available in the ISDN) [6] [6]. Thi8 is often prohibitive 
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in term of computing requirement. With simulation, re8UIts obtained are depended on the erort 
taken in the construction of the simulation pacbge. Again, computing requirement is often the 
limiting fact.or for a simulation of a large system. However an accurate and simple approximation 
could be the moat useful method because it gives good results in the network planning stage with 
reasonable amount of computing. In addition, good insights to the change of the grade-of-service 
can be obtained with the variation of sY8tem parameters. 

2. SYSTEM MODELLING 

In order to model the DTDM for a multi-services loss sY8tem, the' model should be able to accom
modate a network with n service-types and arbitrary ratio of .channel requirement for each service. 
A ratio o.f channel requirement is the relative channel size for a particular service with respect to 
the 8ervice with the lowest channel requirement. In the following, a uiulti-8ernces network - with 
service I utilises one channel and service 2 utilises two channels - is modelled by a set of 2 dimen
sional state transition equations. That is, n = 2 and the ratio of channel requirement 1 : 2. This 
is a model which can be used to represent a 8witched network 8erving 32 kbps and 64 kbps voice 
channels. However the modelling and the proposed approximation method are equally applicable 
to a system with greater number of service-types and different ratios of channel requirement. 

The following 88sumptions on the multi-service8 network are made in the modelling: 

• call arrivals 88sume a Poisson process; 

• call durations assume a negative exponential distribution; 

• homogeneous subscribers within a service, i.e. the subscribers have the same arrival rate and 
mean holding time. 

Let P{ u, tJ) be the state probability that u channels are in service for I-channel calls and tJ for 2-
channel calls. With the total of M even number of available channels, the call blocking probabilities 
for I-channel and 2-channel calls (denoted by Bl and B2 respectively) are given by the following 
relations : 

M 
Bl = E P(M - tJ, tJ), (1) 

.,=0 

for tJ = O,2,4, ... ,M , 

M 
B2 = I1 P(M - v, 11) + P(M - 11-1,11), (2) 

for tJ = O,2,4, ... ,M . 

The addition term in the last equation is included becaU8e a 2-chaxmel call requires two free chan
nel8. 
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2.1 Finite Source Model 

Let the total number of subscribers be N, Al and A2 be the average generation rate of I-channel 
and 2-channel calls per free ,ub,criber to reachable subscriber respectively. Again, let 1/1'1 and 
1/ IJ2 be the mean holding time for the appropriate calls. The state traD.8ition probability for a state 
(u, v) can be written by equating all the incoming and outgoing probabilities (Equation (3)). The 
additional term ·associated with A2 is the probability that the called subscriber is idle and hence 
the call successful. Equation (4) to (8) indicate the state transition probabilities of the boundary 
states. 

{(N - u - V)['\1 + A2(N - u - v-l)/(N - 1)] + UPl + UJ.&2/2}P(U, v) 
= (N-u+I-v),\I P(u-I,v) 

+ (N - u - v + 2)'\2(N - u - u + I)/(N - I)P(u, v - 2) 
+ (u + I)J.&IP( u + 1, v) + (v + 2)1l2P{ u, v + 2)/2, (3) 

for u = O,1,2, ... ,M , 
v = O,2,4, ... ,M , 

and u + v ~ M. 

{(N - M + 1},\1 + Ulll + vlJI2/2}P(u, v) 
= (N - M + 2),\IP{U - 1, v) 

+ (N - M + 3)'\2{N - M + 2)/{N - l)P(u, v - 2) 

+ (u + l)ptP{u + 1, v), 

for u = M-v-I , 

(Ulll + VJJ2/ 2)P(U, v) 
= (N - M + I)A1P(u - l,u) 

+ (N - M + 2)A2{N - M + 1)/(N -1)P(u,v - 2), 

for u = M-v, 

(4) 

(5) 

MIl2P(0,M)/2 = (N - M + 2)A2(N - M + I)/(N -1)P{O,M - 2), (6) 

{(N - M + I)Al + (M -1)Pl}P(M -1,0) 
= (N - M + 2}AtP(M - 2, O) + M~lP(M, 0), (7) 

Mp1P{M,0) = (N - M + 1),\1P{M - 1,0), (8) 
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in addition to 

MM 

~~ P{u, v) = 1, (9) 

for u = 0,1,2, ... ,M , 
v = O,2,4, ... ,M . 

P( u, v) can be evaluated and only have nOD-zero values, plus the values of u and tI are non-negative. 

2.2 Infinite Source Model 

Let ''fl and '12 be the average total arrival rate for 1- and 2-channel calls to reachable 8ub8cribers 
respectively, and 1/ PI and 1/1'2 be the mean holding time for the appropriate calls. With reasons 
similar to the finite source model, the state transition probabilities of P{ u, t1) can be obtained by 
80lving the following set of 8imultaneous equations : 

{'h + '12 + UPI + Vp2/2}P{U, v) 
= '1lP{U - 1, v) + '12P{U, v - 2) 

+ (u + l)pIP{u + 1, tI) + (tI + 2)1'2P(U, tI + 2)/2, (10) 

for u = 0,1,2, ... ,M , 
v = O,2,4, ... ,M , 

and u+v~M. 

{'Yl + UPI + tlP2/2}P(U, v) 
= '1IP(U - 1, tI) + '12P(U, v- 2) + (u + l)pIP(u + 1, v), (11) 

for u = M-v-l , 

(12) 

for u = M-v, 

MI'2P(O,M)/2 = '12P{O,M - 2), (13) 

(14) 

(15) 
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In addition to Equation (9), P(u,u) can be evaluated. Again, P(u,u) have non-zero values only 
and the values of u and f) are non-negative. 

3. EXACT SOLUTION 

A computer program is written to solve the system of linear equations generated by Equation (9) 
to (15). The program generates all the states for a specified number of channels and 8e"ice-types. 
With the given transitional probabilities, it then iteratively calculates the probability of each state 
using the Over-relaxation Method or the Extrapolated Gauss-Siedel Method [7] until a convergence 
is reached. The blocking probabilities for each se"ice-type are given by Equation (1) and (2). 

The blocking probabilitie8 for a particular level of channel utili8ation are calculated when the num
ber of channel equal to 10, 15, 20, 26 and 30, with the results of 10(0), 20(~) and 30(0) shown 
in Figure 1 (Bl v. Utili8ation) and Figure 2 (B2 v. Utilisation) respectively. The calculations 
were performed for a traffic mix where 80% of the total traffic was contributed by the I-channel 
calls. Careful investigations show that as the composition of I-channel calls increases, the blocking 
probabilities for the 1- and 2-channel calls ( Bl and B2 ) will also increase. This can be explained 
by noting the higher the composition of traffic from I-channel calls creates the higher number of 
total call a.rrivais, and therefore, result the higher blocking probabilities. 
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4. APPROXIMATION METHOD 

With the exact results, approximation methods can be evaluated lor the srade-ol-se"ice. One 
rewarding approach is to fit the curve, = 4zi onto the blocking probabilities ~erlUl utilisation 
curves. The values of 4 and 6 can then be obtained with a least squares curve fitting routine. This 
is shown in Table I where ai, 61 are the parameters for the I-channel calls, and 02, 62 the 2-chaDDel 
caUs. The approximating curves for the number of channels equal to 10, 20 and 30 are drawn in 
Figure 1 and 2 respectively. 

Table 1 : Parameters of the Approximating Curves , = oz' 

No. of Channels 
10 16 20 26 30 

a1 .2123 .1813 .1604 .1452 .1322" 
61 2.940 3.888 4.736 6.634 6.286 
a2 .4318 .3815 .3278 .2966 .2710 
62 2.622 3.702 .4.362 6.151 5.909 

The values of a1 and a2 versus number of channels are shown in FigurE' 3. al and a2 are monotone 
decreasing with respect to the number of channels and approaching an asymptotically limit respec
tively. That is, one can obtained an upper bound for the values of al and a2 in a system with a 
large number of channels. In addition, the values of a2 are slightly greater than twice the values of 
al. This is indeed what we expected for a large system operating in the lower utilisation region: 
B2 ~ 2B1• 

From Figure 4, the values of 61 and 62 versus number of channels follow simple linear relations, 
with 61 slightly greater than 62• The two lines are nearly parallel to each other or having the" the 
same gradient. Using Figure 4, one can easily estimated the values of 61 and ~ for a system with 
a large number of channels. With Figure 3 and 4, the values of a and 6 can be estimated for the 
respective service-type in a system with relatively large number of channels. The approximating 
curves for the grade-of-service can then be constructed and used for the initial planning. 
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5. CONCLUSION 

An approximation method is proposed for the solution to the grade-of-service of a broadband ISDN · 
using DTDM. In IUlD.mary, one establishes a let of Itate traD8ition equations with an appropriate 
number of service-types. Exact blocking probabilities verlus utilisation are calculated for networks 
with computable sizes. Empirical results of curve fitting OD the grade-of-service are obtained Uling 
~ = a~' c~es. The relations of a and 6 for networks with different number of channels are 
found. These empirical relations are then projected onto a large realistic network. Based on these 
projected values of a and 6, the grade-of-service of the full scale network are estimated. These 
estimated curves on the grade-of-service can then used for the initial planning. 

In this paper, a system with 2 service-types and ratio of channel requirement of 1 : 2 is studied. 
The proposed approximation method is currently under study for a system with greater number of 
servic.e-types and different ratios of channel requirement. 

ACKNOWLEDGMENT 

The advice and contributions in program development of Dr. R.E. Wameld are gratefully ac
knowledged. 

REFERENCES 

[1] D.R. Spears, "Broadband ISDN switching capabilities from a services perspective," IEEE 
J. Select. Area, Commun., vol. SAC-5, pp.1222-1230, Oct. 1987. 

[2] I. Rubin, "Message delays in FDMA and TDMA communication channels," IEEE Tram. 
Commun., vol. COM-27, pp. 769-777, May 1979. 

[3) K.T. Ko and B.R. Davis, "Delay analysis for a TDMA channel with contiguous output and 
Poisson message arrival", IEEE Tran,. Commun., vol. COM-32, pp. 707-709, June 198 •. 

[4) H. Bruneel, "Message delay in TDMA channels with contiguous output" , IEEE Traru. Oom
mun., vol. COM-34, pp. 681-684, July 1986. 

(5) G. Barberis and R. Brignolo, "Capacity allocation in a DAMA latellite SYltem", IEEE 
Tram. Commun., vol. COM-30, pp. 1750-1757, July 1982. 

(6) J. W. Roberts, "Teletraftic models for the Telecom 1 integrated services networkll
, Proc. of 

the ITClO, Paper#2, Montreal, Canada, June 1983. 

[7] J .S. Van der gr aft , Introduction to Numerical Oomputation., 2nd Edition, Academic Press, 
1983. 

5.4A.5.7 


