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For a trunk group which is commonly shared by different types of 
traffic (ISDN-traffic) in a circuit-switched network, a comparison 
is made of the three access control strategies trunk reservation, 
partial reservation and class limitation together with complete 
sharing using various criteria. 

1. INTRODUCTION 

Future telecommunications networks shall allow the integration of various serv
ices with different stochastic features and bandwidths. As services requiring 
a large bandwidth are more frequently blocked or caused to overflow than those 
services with small bandwidths, it is being discussed to control the access to 
the commonly used trunk group for the individual types of traffic (services, 
short-haul/long-distance traffic, incoming/outgoing traffic etc.) by means of 
occupation restrictions, in order to exert in this way an influence on the in
dividual blocking probabilities. 
In literature, numerous references to studies dealing with this subject can be 
found. For applications to satellite, data and computer networks (e.g. [3]) 
models are discussed which have the insensitive property and product form solu
tions. As regards telephone networks (one type of traffic), in the main the 
trunk reservation method (for which the above two properties are not valid) 
applied to an overflow trunk group is studied (e.g. [5], [10]). 
This paper compares three access control strategies, namely trunk reservation, 
partial reservation and class limitation for trunk groups at which superposi
tions of independent Poisson processes arrive as the traffic offered by vari
ous types of ·traffic. The types may differ from each other by their bandwidths 
needed as well as by the mean and distribution of their service times. 
In the selection of the three strategies, the complexity of the control func
tion was taken into account insofar as all three options do with only a small 
amount of information to be stored. 

2. DESCRIPTION OF MODELS 

2.1. COMPLETE SHARING 

The basis for the models discussed (defined in more detail in [6]) is the loss 
system I M1i/G1/N/O, in which the following situation is reflected: Q inde
pendent Poisson arrival processes, each requiring d., i=l, ... ,Q, channels sim-

1 ultaneously, represent Q types of traffic with different bandwidths and service 
time distributions. They are offered . to a trunk group of N servers (channels) 
and are blocked on the following condition: 

(CS): An arriving call of type i is rejected if and only if less than di of 
the N servers are idle. 

In this model, generally referred to .as complete sharing (CS), the steady-state 
probabilities are insensitive to the service time distributions and are given 
in product form. The probabilities P of n servers being occupied can be cal
culated recursively (see e.g. [9]). n 
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2.2. TRUNK RESERVATION 

In this strategy, an occupation restriction is caused by the number of servers 
already occupied, i.e. for each type i there is a number TRi s~ that 

(TR): An arriving call of type i is rejected if and only if less than 
TRi + di of the N servers are idle. 

In this model, the steady-state probabilities are sensitive to the service time 
distribution's and are not given in product form. For computing the probabilities 
in the general case, the system of balance equations needs to be solved for each 
selection of the reservation parameters TRi . In the special case, however, where 
all types of traffic require the same bandwidth and have an exponentially distri
buted service time with the same mean, the probabilites P can be calculated re-
cursively (e.g. [9]). n 

2.3. PARTIAL RESERVATION 

In this strategy, the trunk group is divided into up to Q+l sub-groups of seizes 
No and PRi , i=l, ... ,Q, with NO + PRl + ... + PRQ = N, and the following service 
dIscipline is used: 

(PR): Each arriving call of type i is first offered to the commonly shared part 
(NO)' If no occupation can be established (less than d idle servers), 
the call is offered to the dedicated part (PR.). If still no occupation 

1 can be made (less than di idle servers), the call is rejected. 

In [1] a strategy is discussed in which an arriving call is handled just in the 
reverse order, with the call first offered to its dedicated part and then to the 
commonly used part. Model (PR) (and that in [1]) 'has not the insensitive proper
ty and no product form solutions, which especially means that the characteristics 
of overflow traffic from a commonly used trunk group are sensitive to the means 
of the service times. For the calculation of the individual blocking probabili
ties Bi , i=l, ... ,Q, the system of balance equations must be solved in general. 
However, the blocking probabilities of the types i with PRi=O are given by the 
equations of model (CS) for N:=NO' In approximations of the blocking probabili
ties of the other types, for example by means of the equivalent random method 
or by using an IPP, the mean of the service times has to be taken into account 
(see also [5]). 
In some respects (PR) is similar to the strategy SMA "sharing with minimum al
location" (see e.g. [3]), which has the insensitive property and product form 
solutions but in which the control function is more complicated than in (PR). 

2.4. CLASS LIMITATION 

This strategy which defines upper bounds for the number of calls occupying the 
trunk group simultaneously, is, in accordance to [4], referred to as "class lim
itation". In [3J this strategy is called "sharing with maximum queue length" 
(SHXQ). The blocking condition is as follows: 

(CL): An arriving call of type i is rejected if CL. calls of type i are 
already in service or if less than di server~ are idle. 

Like model (CS), (CL) has the insensitive property and product form solutions 
and the probabilities P can be calculated recursively [6]. The same proper
ties are valid in a gen~ralisation of this strategy, which is given in [7]. 

3. COMPARISON 

Comparing the different strategies by several examples it was found that for 
varying total traffic offered and trunk group sizes the resulting phenomena 
remained basically the same. 'Therefore, for a better survey, the evaluations 
are based without exception on a trunk group size of N=30 and on exponentially 
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distributed service times (see 3.1.). The blocking probabilities are always giv
en in percent. The values of the blocking probabilities for (TR) were achieved 
by solving the system of balance equations. For strategy (PR) they were deter
.ined by simulation and for (CL) ' and (CS) by the recursion formulae. 
In view of the services already introduced or available in the near future, 
types of traffic with the following characteristics were considered: 

type 

1 
2 
3 
4 

mean service time 

180 s 
10 s 

180 s 
3600 s 

d 

1 
1 
2 
6 

Table 1: Parameters of traffic types 

3.1. DIFFERENT SERVICE TIME DISTRIBUTIONS 

example 

telephone traffic 
high-speed data traffic 
videotelephony 
videoconferencing 

Since in models (TR) and (PR) no general formulae can be derived, the studies of 
these models were effected by means of simulations. In so doing, it turned out 
that on the one hand the selection of different service time distributions had 
effects (no insensitive property) on the blocking probabilities, on the other 
hand the differences for mean service times occurring in practice were so small 
that the following discussion is restricted to the case of exponentially distri
buted service times. 
However, of considerable influence is the selection of the arrival rate and the 
mean service time (no product form). This will now be shown for (TR). 

3.2. ' DIFFERENT MEAN SERVICE TIMES IN (TR) 

In Table 2, for two values of the 'total offered traffic' AT: = I diA and differ
ent bounds, in case 11 the traffic is a mix of the types 1,2,4 (Tabie 1), where
as in case I, for the same traffic mix, the mean service times are identical. 

AT=20; 

11 I 11 
4.88 1.96 2.07 
4.88 0.14 0.62 

10.27 19.92 19.60 

11 
8.51 
8.51 
0.13 

I 11 I 11 1 11 
28.49 27.85 30.71 30.11 37.35 37.74 
28.49 27.85 6.04 12.00 37.35 37.74 
47.87 49.02 49.39 47.03 8.98 0.59 

Table 2: Effects of different mean service times 

As can be seen from Table 2, any relation between the blocking probabilities in 
the two cases is pOSSible, so that no prognoses can be made. Remarkable is the 
partly rapid growth of B2 in the case of 11 and also the behaviour of B4 in the 
last column, where the effect of the greater mean service time (and correspond
ingly smaller arrival rate) becomes quite apparent. 

3.3. DIFFERENT BOUNDS 

It cannot be foreseen either how much the blocking probabilities will change if 
one bound is increased or decreased. Generally, the restriction (preference) of 
a type of traffic reduces (increases) the blocking probabilities of the other 
types. This, however, does not apply in any case to trunk reservation: 
For '1=16; '2=2; '~=0.333 and TR=(2,1,0) the blocking probabilities are 
I ·3.03; B -0.93; B4-13.97. The increase of the bound of type 2 to TR=(2,2,0) 
1lad. to tie values B1=2.7; B2=2.7; B4=14.3, i.e. Bl is decreased and B2 is in
creased, as expected, but there is also an increase in B4 . 

3.4. SENSITIVITY TO CHANGES IN TRAFFIC MIX 

Since traffic measurements contain uncertainties and since the traffic offered 
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by new services is difficult to determine it is of practical use to know to what 
extent the blocking probabilities will change for a fixed set of parameters and 
a constant total traffic offered, while the traffic mix is varied. With respect 
to model (CS), studies have shown that changes in the traffic mix may cause 
strong blocking oscillations (e.g. [2], [7]). These oscillations may be such ex
tensive that, in general, the minimum and maximum values of the blocking proba
bilities are not given by the values obtained in the cases when the total traffic 
offered is caused by only one type of traffic. 
For a total 'offered traffic AT=20 (pure telephone traffic would be blocked less 
than 11), the traffix mixes in the examples 1 and 2 are varied with respect 
to the share in type 1 and type 3 traffic. 
The respective figures of the examples are shown on the last two pages, with 
the following symbolism used for the different strategies: 

(CS): .......... . (TR): --- (PR): ----- (CL): - . - .-. 

Example 1: A = 20·(1-p) - 2; A = 2; A = 10·p; 0. ~ p ~ 0.9 
a) TR=(2,2,0~; PR=(0,0,2); CL=(23,~,15); b) tR=(l,l,O); PR=(O,O,2); CL=(17,6,15) 

Example 2: A = 20·(1-p) - 2; A = 10·p; A = 0.333; , 0. ~ p ~ 0.9 
a) TR=(6,S,oJ; PR=(0,0,6); CL=(18,~,S); b) TR=tS,S,O); PR=(0,0,6); CL=(16,S,S) 

The range of blocking probabilities for the various strategies is obviously de
pendent on the bounds and may be larger or smaller than jn the case of (CS). 
While in (CS) there is normally a steady increase in the blocking probabilties 
with growing p (apart from oscillations, see also [2]), this is not necessarily 
the case in the other strategies. The choice of identical blocking probabilities 
in (TR) has apparently a compensative effect, yet it is interesting to notice 
that in example 2a) all values mostly increase, whereas in example 2b) (change 
of only one bound) they all decrease. The extent to which the reservation of a 
sub-group in (PR) influences the blocking probabilities depends on whether the 
traffic offered by the type, for which a sub-group is installed, is changed (ex
ample 1) or not (example 2). This connection, namely, that the influence of the 
bounds depends on the respective traffic offered, is given especially in the 
case of (CL). Thus it is not surprising that here the blocking probabilities 
may react very sensitively to traffic fluctuations (e.g. Bl in example 2). 

3.S. SENSITIVITY TO OVERLOAD 

Also of interest is the behaviour of the blocking probabilites in cases of over
load. In each of the following examples, the overload (up to 100%) is caused by 
only one type because in this way the effects of the different strategies can 
be seen very clearly. The bounds have been chosen such that for AT=20 the block
ing probabilities are nearly identical for each type of traffic: 

Example 3: '1=16; '2=2; '4=0.333; TR=(l,O,l); PR=(O,l,O); CL=(25,30,2); 
overload caused by type 1. 

Example 4: 

Example 5: 

'1=10; '3=4; '4=0.333; TR=(S,S,O); PR=(O,0,6); CL=(13,6,4); 
overlosd caused by type 1. 

'1=12; '3=3; '4=0.333; TR=(4,3,0); PR=(0,2,6); CL=(15,6,3); 
a} overload caused by type 3; b) overload caused by type 4. 

In the case of (TR), the overload caused by traffic i especially affects a type 
j with TR +d < TRi+di due to the increased load on the trunk group (the same 
effect asjinj(CS» so that a traffic of that type can be blocked almost totally 
(type 4 in example 3). For TR +d > TRi+di , type j is partly 'protected' from 
type i, which ensure a .inim~ tAroughput for type j. While in (TR), obviously 
not all types of traffic can be protected from each other, in (PR) this is gen
erally possible by setting PRi>O for all i. The latter case also applies to (CL). 
By the selection of appropriafe bounds, the effects on other types of traffic 
can be reduced considerably. Even the possibility exists that the overload pri
.arily affects the type of traffic concerned (examples 4 and S). 
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4. SUMMARY 

Which of the strategies discussed in this paper, with dedicated trunk groups (CP) 
included, is the most suitable one depends on the criterion to be fulfilled but 
also, as it was shown here (and in [2], [4], [1]), on the given traffic mix. 
Another important factor is the calculation effort needed in the dimensioning of 
trunk groups. For (CS), (CL) and (CP) easy-to-apply recursion formulae are avail
able whereas for (TR) and (PR) no formulae can be given in general. As solving 
the system of balance equations may lead to storage problems, even in the case 
of N=30, approximation methods are needed. For the trunk reservation case, in 
[8] an approximate formula is given for a mix of two types of traffic and in [5], 
[10] and others approximation methods are presented for dimensioning overflow 
trunk groups offered a mix of types of traffic requiring identical bandwidths. 
A comparison of the different strategies is also difficult since, apart from (CS) 
and (CP), their properties may change depending on the bounds selected: (CL) and 
(PR) cover both (CS) and (CP); (TR) covers (CS). Although, consequently, no gen
eral statements can be made, some tendencies in the properties are recognizable 
which are summarized in the following table. 

(CP) (CL) (PR) (TR) (CS) 
access control separate counting of setting of comparison of no further 
function sub-groups the calls the overflow the occupation measure-

of each tVDe caDabilitv with the bound ments 
inte.2ration no ves ves yes ves 
influence of substantial service time no no no 

calculation of Erlang solving equation system, 
probabilities formula recursion recursion in special case, recursion 

annroximation. simulation 
bound selection trial and error not possible 
identical losses aDDroximativelv verv simole not Dossible 
guarantee of a possible for all types not possible not possible minimum GOS for all tvoes 
traffic carried - + + + ++ 
influence of subs tan- tends to be substantial tends to be in.significant traffic mix tial 
influence of only over- mainly over- mainly types all types overload on load tVDe load tVDe without sub-2rouol 
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