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Abstract 

Future broadband integrated services digital networks (B-ISDN) are 
expected to use the Asynchronous Transfer Mode {ATM) technology and 
support multiple services. In the multiservices context, three Connec
tion Admission Control {CAC) strategies with guaranteed Grade of Ser
vices {GoS)are presented: Complete Sharing {CS), Complete Sharing with 
Equalization (CSE) and Routes Separation {RS). The methods are de
scribed and compared in order to identify their most suitable operating 
regions. A mapping scheme selecting the appropriate CAC method ac
cording to traffic conditions and environments is then deduced. Perfor
mance results are reported for a set of reference scenarios. 

Key words: ATM, multiple services, CAC, equalization, call blocking 

1 Introduction. 
The presence of different emerging services with specific GOS in future ATM 

networks requires the development of new services acceptance models. There 
are three levels of acceptance: cell level, burst level and call level (see [ROB92, 
RMV96]). Most studies have focussed on cell and burst levels. Studies on call 
level and multi-rate traffic are not as common. The thrust of this work is to 
conduct the analysis at the call level in the presence of multi rate traffic sources. 

The connection oriented property of ATM suggests the allocation of part of 
the resource for the entire connection life. Assuming that an equivalent band
width characterization of Variable Bit Rate (VBR) sources is adopted, only 
Constant Bit Rate (CBR) calls are considered. Refer to [RTG94] for the deriva
tion of the equivalent bandwidth for VBR traffic. Only one unique transmission 
link receiving input traffic resulting from the superposition of N traffic classes 
is considered in this study. Three CAC strategies are defined for this multi 
service system where each class requires a different GoS. Exact results are pro
vided for two of these methods while an approximate solution is reported for 
the remaining scheme. 
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Much work has been devoted to the issue of determining GoS allocation to 
multiservices connections [SkR93, Ros95], etc. Here, we extend this approach 
by showing how to give the same GoS to connections with different bit rate 
requirement. 

2 Description of call admission methods. 

Arriving calls are accepted only if the available link capacity is greater than 
or equal to the required call bit rate. A call of class i (i = 1, ... , N) with bit rate 
requirement d; is blocked with a probability B;. Further, the total capacity is 
denoted as C while CR represents the available resource capacity. Given these 
notations, the three methods developed in [RKK88] are described. 

2.1 Complete Sharing (CS) method. 

In this most often used method, the transmission link can be assigned to 
any call type or class, see Figure 1. 

Calll Bt 

Transmission Link: C Mbps 

Call N 

Figure 1: Complete Sharing 

The condition for call acceptance is as follows: 

CALL ADMISSION CONTROL (CAC) 1 (CS) 
An arriving call of class i will be accepted if and only if the available link capacity 
C R is greater than or equal to the bit rate requirement d;. 

(1) 

2.2 Complete Sharing with Equalization (CSE) method. 

The CS method exhibits the drawback of causing higher blocking rates to 
calls with higher bit rate requirements d; while favoring calls with lower bit rate 
dj ( B; > Bj). In order to provide fair access to all classes, despite their different 
bit rate requirements, an equalization mechanism can be introduced. 

2.2.1 Definition of equalization mechanism. 

The rule for equalizing call blocking probabilities presented in [RTG94] is 
repeated below: 
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MECHANISM 1 (Equalization) 
Given N different classes, call blocking probabilities B; are equal if and only if 
an acceptance threshold (J set to maxd; is used. (recall that d; is the bit rate 
requirement of class i) 

(J = m!'1x{d;} 
' 

Note that the threshold (J is the same for all classes. An algorithm for 
call acceptance, based on the complete sharing strategy with the equalization 
mechanism is defined in the next section. 

2.2.2 CS with Equalization of call blackings = Equalization. 

With the equalization mechanism only calls from the class with higher bit 
rate requirement can access the whole link capacity see Figure 2. 

Calli 
Bt ,_-, 

accessible only for call of class j 

Call N 
Transmission Link: C Mbps 

Figure 2: Complete Sharing with Equalization 

The call acceptance criterion becomes as follows: 

CALL ADMISSION CONTROL (CAC) 2 (CSE) 
An arriving call of class i will be accepted, if and only if the available link 
capacity CR is greater than or equal to the threshold B. 

2.3 Route Separation (RS) method. 

In this strategy, the link is divided into resource sub-groups. There are as 
many sub-groups as call classes, with C; as the link capacity of class i sub-group, 
see Figure 3. 

Calli 

Ca!IN 
Tmnsmission Link: C Mbps 

Figure 3: Routes Separation 

Thus, the condition of acceptance is given as: 
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CALL ADMISSION CONTROL (CAC) 3 (RS) 
An arriving call of class i will be accepted if and only if the available capacity 
Ck of the class i sub-group is greater or equal to the bitrate requirement d;. 

(3) 

This method is also refered to as Class Limitation, Complete Separation, 
Complete Partitioning, and so on in the litterature. 

3 Comparison of access control strategies. 

In call level CAC, the key GoS parameters are: bitrate requirement, arrival 
rate, holding time and blocking probability. Type i arrival traffic is assumed to 
follow a Poisson process with rate .A;. During the holding time of a class i call, 
assumed to have a negative-exponential distribution function with mean 1/ f-!;, 
a constant bit rate d; is reserved for this call until completetion. 

A scenario with a mix of two different traffic classes on the same link is 
analyzed. The total offered traffic is kept constant. Link capacity is increased 
to achieve a blocking probability B; less than or equal to 1% while keeping the 
product p.C (that is the total offered traffic) as constant. Variable p represents 
the utilization factor, which must be decreased accordingly. This guarantees 
operation under the 1% blocking condition. Bit rates for each class as well as 
the offered traffic ratio are known. The normalized offered traffic from a class i 
call is denoted as A;. The ratio AI/A2 varies from 0.01 to 100. 

Since we operate in regions oflow blocking ratios (less than 1%), no distinc
tion is made between offered and carried traffics. 

p · C = E A; with A; = .A; . d; 
i /-li 

(4) 

In this section, RATIO represents 1;, where A; is the offered traffic for a 
call of class i. Parameters are given in the following Table 1: 

I Calls I d; I A; I 
Class 1 d1 Kb/s uneredtratnc 

1+1/RATIO 
Class 2 d2 Kb/s Jnere tramc 

l+RATIO 

Table 1: Parameters of the comparison 

The bandwidth values are discretized: a basic bandwidth unit D.C is defined 
using the gcd1 function: 

D.C = gcd{di} 1 :::_; i :::_; N (5) 

1 gcd means greatest common divisor. 
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The maximum number of available basic bandwidth units is denoted as M 
and the number of required basic bandwidth units (by class i) is o;. For the 
recursive solution, states of the traffic model are defined by m (m = 0, 1, ... , M), 
bandwidth units. c d; 

M ::: tJ.C o; ::: tJ.C (6) 

3.1 Analysis of the Complete Sharing method 
Two approaches may be used in order to obtain exact call blocking proba

bilities for this access control strategy, namely : 

• The first one is based on a product form solution as described in [EMi73]. 
The system state is defined as the number of accepted calls from each class 
(n1 , ... , nN)· The multi-dimensional state space has as many dimensions 
as the number of traffic classes. This leads to the typical state explosion 
problem. An example of the state space is depicted in Figure 4. 

2J.!, A., 

A., A., A., 

J.ll 
1.1 

2J.1, 

J.lz A., 

A., A., 

Figure 4: State space example for the product form solution (N = 2, Ct = C /5, 
Cz = C/2.5) 

• In the second approach, the multi-dimensional state space is mapped into a 
one-dimensional state space without affecting the resulting blocking prob
abilities. These results are given using a recursive solution according to 
the algorithm proposed in [DRo87]. This method, suitable for alleviating 
the state explosion problem, will be explained in the following paragraph. 
A state diagram is given in Figure 5. 

The unnormalized state probabilities can be derived using the following re
cursive algorithm: 

1 
0 

m=O 
m< 0 

p(m) = N 

m - O;) · o; · 0 < m M 
i=l 
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Figure 5: State space reduction for recursive solution (M = 5, = 1, <1"2 = 2) 

After normalization, state probabilities and blocking probability for calls of 
class i are obtain as: 

M M 

p(m) = p(m) · (L p(m))- 1 B;= L p(m) (8) 
m=O 

Using Equation 8 combined with Equations 4 through 7, we can derive the 
total capacity of the link under the constraint of 1% call block and thus the 
total offered traffic for the link. 

M 

m!=tx(b;) = m!=tx( L p(m)) O.Ql 
' ' 

(9) 
m=M-o;+l 

The total capacity of the link can be obtained by C = M ·fl.C as the following 
equation: 

(10) 

3.2 Analysis of the Equalization Method 
Since exact solutions for the CSE method do not exist, an approximation, 

based on the recursive solution, is proposed in [ROB92]. The states are defined 
as before by the number of occupied basic bandwidth units, but the state space 
description is slightly different since some of the transitions between states dis
appear following the introduction of the threshold e. Figure 6 gives the state 
space diagram for the Equalization method. 

Figure 6: State space example for recursive solution with equalization (M = 5, 
= 1, 82 = 2) 
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Analysis of the equalization mechanism requires the introduction of a new 
function G;(m- 8;) integrating the notion ofthreshold in call acceptance man
agement. It is defined as: 

8; 
G;(m-8;)= 0 

m · tJ.C:::; C- 8 
m · tJ.C > C- 8 

(11) 

The unnormalized state probabilities can be obtained using the following 
recursion algorithm Equation 7), leading to an approximate solution: 

1 
0 

m=O 
m<O 

p(m) = N (12) 
ik2)*(m- 8;) · G;(m- 8;) · 0 < m:::; M 

i=l 

After normalization, state probabilities p* ( m) and blocking probability Bi 
for class i calls are: 

M M -1 

Bi = L p*(m) with p* = p*(m) · L p*(m) (13) 
m=min{M -o;,(C-8;)/ m=O 

Total link capacity and offered bit rate can be evaluated using the same steps 
as in the CS method. 

3.3 Route separation. 

In this strategy, each call class is assigned to its dedicated transmission link 
sub-group. To obtain the total link capacity, link capacity from all sub-groups 
must be summed up. Since mixing or multiplexing of classes does not occur in 
RS, call blocking probability for each class can be obtained directly from the 
Erlang loss formula. Thus call blocking as a function of number of calls of class 
i, N;, is easily obtained as follow: 

pflr IN;! 
B; = E(p;, N;) = "' . 

L..J rl; I j! 
j'5_N; 

>.; 
with p; =

J.li 

Total link capacity is calculated directly through: 

(14) 

(15) 

4 Numerical comparison of the control algorithms 

The selected bandwidth unit is 100 Kbps. Experiments are conducted with 
offered traffic of 25 Mbps and 155 Mbps, typical ATM transmission link capac
ities. 
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In this section numerical results are displayed corresponding to the previous 
comparison. Curves show carried traffic when ensuring B1 and B2 less than or 
equal to 1%. 

4.1 25 Mbps links. 

Four tests with different bit rate requirements were conducted for each con
trol strategy for a given offered traffic load. The initial objective was to extract 
from these tests the most appropriate control strategy for each scenario. Total 
link traffic is fixed at 25 Mbps, and test parameters are given in Table 2. 

Calls 

Class 1 
Class 2 

TEST 1 TEST 2 TEST 3 
10 Kb/s => 0.1 unit 200 Kb/s => 2 units 1 Mb/s => 10 units 
50 Kb/s => 0.5 unit 2 Mb/s => 20 units 3 Mb/s => 30 units 

Table 2: Tests with 25 Mb/s 

. . ' I Sharing ':J , : ,..,.,.,ao Separation 

0.95 

0.9 TEST2 

C = 25 Mbps 

d1 = 10 Kbps 
0.85 

d2 =50 Kbps 

0.8 

0.75 
0.01 0.1 1 10 100 1000 

Offered traffic ratio: A1/A2 

Figure 7: First test with 25 Mb/s 

Results from these tests are reported in Figures 7 through 8 and following 
observations can be made. 

• Complete sharing with equalization gives always better results than the 
two others methods. 

• Simple complete sharing gives the same results as Equalization when traffic 
from the class with greater bit rate requirement is ten times greater than 
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that of the other traffic class. Over all test cases, Equalization is always 
better, for higher ratios. 

• Routes separation provides in general worse results than complete sharing. 
It is only interesting for the first test and when A1 is much greater (a factor 
of one hundred or more) than A2. 

• For all bit rate requirements the results remain consistent with Equaliza
tion achieving best performance experiments across all test. 

0.9 

;; 

1 0.7 

! 

0.5 

0.01 

0.9 

.. 0.8 .. 
;; 
"ll 
"E 0.7 
8 

0.6 

TEST3 
c-25Mbps 

d1 ·200 Kbpa 
d2• 2 Mbps 

Complete Sharing 

0.1 

TEST4 
C=25Mbps 
d1 •1 Mbpa 
d2=3 Mbps 

1 10 
Offered traffic ratio: A1/A2. 

j Equalization 

100 

Equalization 

1000 

,.*-++++t 
....... ............. -+---1' a. 

.......... · 

0.5 ..... ..... Route Separation 

0.01 0.1 1 10 
Offered traffic ratio: A1/A2 

100 

Figure 8: Second and Third tests with 25 Mb/s 
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4.2 155 Mbps links 

Total link traffic is fixed at 155 Mbps for these three experiments. Other 
parameters are described in Table 3. 

Calls TEST 1 TEST 2 TEST 3 

Class 1 100 Kb/s 1 unit 200 Kb/s 2 units 1 Mb/s 10 units 
Class 2 500 Kbjs 5 units 2 Mb/s 20 units 3 Mb/s 30 units 

Table 3: Tests with 155 Mb/s 

The results are displayed in Figures 9 through 10. Concerning the tests 
at 155 Mbps, the same conclusions can be drawn. Complete sharing with call 
blocking equalization performs better than the two other methods, while routes 
separation provides the worst results. 

Equalrzation j !E---CompleteSharing 
l 

o.95 i a;133······K 
!---+-_.........,_."" __ :::: _ _,;:: __ :c;:+-+-++..J. ... .a-··8 "

880 Separation 

0.9 

0.85 

0.8 

0.75 

TEST1 

C= 155 Mbps 

d1 = 100 Kbpa 

d2= 500 Kbpa 

0.7 
0.01 0.1 1 10 100 1000 

Offered traffic ratio: A1/A2 

Figure 9: First test with 155 Mb/s. 

5 Accuracy of the Equalization method. 
As seen in section 3, exact call blocking probabilities can be obtained using 

a recursive solution in the case of the Complete Sharing mechanism. But no 
exact solutions exist for Complete sharing method with equalization. Several 
approximations were proposed in [RMV96]. The most accurate (which is used 
here) is based on the recursive solution with the introduction of the threshold 
notion. Tests were conducted in order to control the accuracy of the approxi
mation. A simulation is used to assess the accuracy of the approximation. 
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• First, the call blocking probabilities are observed for varying holding time 
ratios. 

• In a second step, one intends to observe the influence of the relative loads. 

• The last test attempts at justifying the interest ofthe equalization method. 

.,. 

.E 

;; 
a: 
"E 
8 

1-

0.95 

0.9 

0.85 

O.B 

0.75 

TEST2 

C= 155Mbps 

d1 =200Kbps 

d2 = 2Mbps 

0.7 ........ ......... .......... 
0.01 0.1 1 10 100 1000 

Offered traffic ratio: A1/A2 

0.95 

0.9 

0.85 

O.B 

0.75 

TEST3 

C= 155 Mbps 

d1 = 1 Mbps 

d2"' 3 Mbps mplete Sharing 

0.7 ........ ........ .......... 
0.01 0.1 1 10 

Offered traffic ratio: A1/A2 
100 

Figure 10: Second and Third tests with 155 Mb/s. 

1000 

All tests were conducted on one single link of constant capacity C and two 
call classes. All parameters are given in units of bandwidth. 
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5.1 Variation of the Holding time ratio. 

In this part, the ratio of service rates varies from 0.1 to 100. The ratio is 
expressed by ?t· The total link capacity is fixed: C = 30 units. 

On each experiment, we compare the blocking probabilities of each class in 
function of the holding time ratio - first without the Equalization mechanism 
(Simple Complete Sharing) and then with this fairness mechanism (Com
plete Sharing with Equalization). 

5.1.1 Tests description. 

Two experiments were conducted, as summarized in Table 4. 

Heavy load traffic II Low load traffic 

Class 0 Class 1 II Class 0 Class 1 

Arrival rate .Ao = 10 .A1 = 5 · J.ll II .Ao = 10 .A1 = J.l1 
Services rate J.lo = 1 J.lo/ratio II J.lo = 1 J.lo/ratio 
Bit rate requirement II do= 1 dl = 5 II do= 1 dl = 5 

I Total traffic I PH= 1.17 II PI= 0.5 

Table 4: Holding time ratio variation's parameters 

The two methods have been tested under the same conditions, both using 
the analytical approach and a simulation. 

5.1.2 Influence of the Holding times 

Results for High trafic load and Low traffic load are given in Figures 11 
and 12. Simulations have been obtained by computing 5 million of events. The 
imprecision is lower than 10%, at a 95 %confidence level. The continuous lines 
represent results of the analytical method (the exact one for CS, the approxi
mation for CSE), while the points are simulation results. 

The curves suggest the following comments. 

• On the whole, the results are in accordance. This validates the models. 

• The "exact" solution for CS gives constant values for losses as the ratio 
varies, and so does the approximation. However, simulation results show 
a clear influence of the ratio J.lo/ J.ll, especially for low load. The recursive 
solution with equalization is unable to capture this effect (which is not 
surprizing, since only the loads p; are input parameters for the model). 
The phenomenon has been already reported in [RMV96) and it has no 
clear explanation. 
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Figure 11: Approximation vs Simulation, High traffic configuration 
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Figure 12: Approximation vs Simulation, Low traffic configuration 
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5.2 Variation of the Offered load ratio. 

In this part, the traffics p; vary in such a way that the overall load is kept 
constant, so as to compare their impact on the efficiency of the mechanisms. 
For this test, the total link capacity C = 30 is fixed, the total carried trafic is 
p = 70%. Other parameters are given in Table 6. 

Class 0 Class 1 

I Service rate f-lo= 10 /-ll = 1 
I Bit rate requirement do= 1 dl = 5 

Table 5: Parameters for the variation of load ratio 

The analytical results are given in Figure 13. The simulation results are 
omitted. Anyway, they are in complete agreement with the analytical ones. 

0.18 

0.16 

0.14 

0.12 ... 
. 5 

i :; 0.1 

c. 
m 0.08 
_g 
'iii 
0 

0.06 

0.04 

0.02 

Figure 13: Influence of the ratio po/ Pl· Total Load = 0.7 

5.3 Importance of the approximation. 

To be sure that the Complete Sharing with Equalization method is necessary 
and gives better results than Simple Complete Sharing mechanism, we made 
some others tests. 

• First, the offered load is increased ( = total link capacity). 

• Then, the bit rate required by the second class is decreased. 
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• In the last test, the class O's arrival rate is decreased. 

Simulation and algorithm computing were both made. Results obtained 
with simulations and using model algorithms are similar with an 90% confidence 
interval. Thus, we only show curves using results of model results. 

5.3.1 Parameters' presentation. 

Parameters for the three tests are given in the Table 5. In this table are 
shown variation to provide less call losses. 

We compare call losses of each class without Equalization mechanism and 
call losses using this fairness method. 

I Class I I 

to 8 
= 1 

d; = 1 5 to 4 

I Tot. Cap.: C I 30 to 35 

Table 6: Heavy load traffic parameters 

5.3.2 Verification results. 

Concerning results for Offered Load increase, bit rate requirement decrease 
and arrival rate decrease see Figures 15, 16 and 17 respectively. 

6 Conclusion and further study. 

The Complete Sharing with Equalization method can achieve gains in carried 
bit rate of 8% compared with the complete sharing method and of 16% compared 
with the Routes Separation strategy. Of all the schemes, routes separations is 
not attractive, not only because of poor performance but also because of an 
increase in resource management complexity and service deployment. 

Complete sharing, easier to implement, exhibits fairness problems under 
certain conditions as evidenced by results obtained from various tests. 

Equalization and Routes Separation provide fair access to the resource. 
Equalization achieves better utilization of the network resource, however. 

CS respects the required GoS (B1 , B2 less than or equal to 1%) while achiev
ing extremely low call block, B1 , for class 1. In some configurations it leads to a 
network utilization as high as Equalization. In all tests Equalization achieves a 
better link utilization but the price to pay is threshold management. The choice 
of acceptance threshold (which is beyond the scope of this paper) is far from 
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Figure 14: Total Capacity increase 
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Figure 15: Arrival rate decrease 
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Figure 16: Bit rate requirements decrease 

trivial in terms of implementation in a real size network. It amounts to know 
in advance all possible traffic classes, and to set up a GoS management policy 
among these classes. However, this additional complexity cost can be justified 
by the afforded capacity gains. 

These results have been obtained with two different classes. Extensions to 
more than two classes are being pursued. In such configurations, more complex 
policies, in which the equalization principle applies to a subset of the population 
according to a class type selection or GoS level classification, must be derived. 

The present study conducted in isolation considers only a single link. In order 
to use the equalization mechanism for CAC, equalization must be performed 
throughout the network on each stage of the path. 

Future work will address all these issues. 
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