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Properties of Two Traffic Models with Changed Serving
Intensities in Alternative Groups
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Abstract — In this paper the two systems with overflow
possibilities and changing serving intensities are investigated. A
primary group with two Poisson traffics is considered
whereupon the rejected calls from one of them are directed to the
alternative groups and served with changed serving intensities.
Generating function technique is used for the analytical solving
model with secondary and ternary group and model which
treated separately the channels with ordered selecting in
secondary group. The analysis of the importance for using this
models and comparison with the model with same serving
intensities of overflow traffics is carried out.
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. INTRODUCTION

This paper deals with problems of traffic parameters
analytical determination in the systems with overflow traffic
which have the possibility of changing serving intensity. The
models with overflow traffic became relevant in the second
half of the last century by introducing the alternative routing
in telecommunication networks. For the fundamental work in
this field [1] can be considered and in [2] a substantial
mathematical tool for the analytical solving of steady state
equations with the generating function technique can be
found.

Alternate path routing of overflow traffic has been widely
used to improve the performance of hierarchical networks,
including traditional circuit-switched networks [5], networks
with dynamic routing [6], broadband networks, IP networks
and hierarchical cellular networks [8]. Similar methods can
also be used to improve traffic performance in heterogeneous
wireless networks which support internetworking overflow.
Traffic loss analysis in such networks is a challenging issue
due to intensive computations involved, particularly in the
cases where various services with multi-rate and multi-quality
of service are supported [8]-[11].

The problem of the changed serving intensity is treated in
several works as in [3] and [4]. Paper [7] seeks to provide the
analysis of a model with overflow traffic components that
originate from several Poisson traffics served by a common
primary group. The overflow parts of the two of them are
served in a secondary group but with changed and different
serving intensities. The general solution of the system was
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obtained by generating function techniques and compared
with the simpler model.

The interest for the analysis of the models with this
characteristics results from the real needs. Besides the cases
described in [3], [4] and [7], it should be noted that in some
cases, this phenomenon can be reiterated, too. Characteristical
examples are call centers, with operators using different
average time for performing the same works, or the case of
combined operator’s and interactive voice response systems
engagement. These models have special importance in the
case of heterogeneous networks, when the alternating
resources with different basic bandwidth unit, i.e. different
serving intensity, are going to be chosen.

Call-level multi-rate teletraffic loss models aim at assessing
the call-level QoS of IP based networks with resource
reservation capabilities. This assessment is important for the
bandwidth allocation among service classes (guaranteeing
QoS), the avoidance of too costly over-dimensioning of the
network and the prevention, through traffic engineering
mechanisms, of excessive throughput degradation. Despite of
its importance, the call-level performance modeling and QoS
assessment is a challenge in the highly heterogeneous
environment of next generation networks, due to the presence
of elastic traffic, or complicated call arrival process. With the
case of multi-rate traffic, the basic method for determining
traffic characteristics is the application of the so-called
Kaufman-Roberts formulas and their modifications [12].

This paper is organized as follows. We start with the
analytical solution of the first model with secondary and
ternary group where the intensity of serving is changed and
the process of determining the unknown coefficient is
proposed. Presence of the ternary group represents the
extension of the model proposed in [7]. The second is the
model where the intensity of serving is changed in each
channel of the secondary group with ordered selecting. A
general solution is also proposed and the procedure for
determining the unknown coefficients is explained. Two
Poisson traffics in primary group are observed in both models
since that generalization does not complicate the solution.
Both models are illustrated with simple unique numerical
example and the influence of serving intensity change on
losses is analyzed.

Il. MODEL WITH SECONDARY AND TERNARY
GROUP AND CHANGED SERVING INTENSITY

The serving system with two (or more) Poisson traffics, a;
and a,, with serving intensity o = 1, offered to the primary
group having c channels, whereupon the rejected calls of one
of the traffics are offered to the secondary and ternary group,



with s; and s, channels and with changed serving intensities,
w1 and uy, is of interest for the analytical research (Fig. 1).

Fig. 1. Model with secondary and ternary group.
The model is described by (c + 1)(s; + 1)(s, + 1) steady state

equations. General solution for the state probabilities is
reached by generating function technique, similar with [2], [7]
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where (m, ny, ny) are states in groups with capacities (c, s, S2).
Here states represent the number of occupied channels. Also,
relations
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are obtained. It should be noted that (un) = > un;.

With further R(.n)(C) = Ry, from the boundary steady state
equations (m = c), using marginal generating functions
technique, a recurrent formula for coefficients C(ny, ny) is
derived:
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With this procedure the problem is reduced to solving
(sy +1)(s, + 1) equations for unknown C(ny, n,). However,
having in mind the fact that from the normalized condition for
state probabilities C(0, 0) = 1/R; there is a possibility to find

solution for C(s;, S) from the recurrent formula (4), then
C(sy, n,), and finally to express all the rest C(ny, n,).

It is possible to define more parameters for this model and
primary is the call loss of traffic a; that is in the form

bz = P(C,S,,8,) = (= H**R C(s,,s,). (5)
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The call loss of traffic a; in the secondary group is

b, = p(c,s,)/b, =(-1)* R,sCaRi/Ry, (6)
where b, = B(a;+a,, ¢) = Ry /Ry is Erlang loss in primary
group, while in ternary we have b, = p(c,s,,s,)/ p(c,s,) -
Coefficient Cs; can be obtained from explicit solution for
system without ternary group [7]
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The following expressions can be used for determining the
time loss in secondary
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Traffic a; is offered to primary group, its calls formed
traffic a,, offered to the system

=a,(1-b,) +ab,(1-by)/ s +abby, [(us,) . (10)

while the carried traffic is
= ai(l_ bc) + aibc (1_ bsl)/:ul + aibcbsl(l_ bsz) /(,ulluz) . (11)

Now, the traffic loss in the system for a;, can be obtained in
the form

balo = 1_i '
&,

(12)

It is obvious that the traffic offered to the system increases
during the decreasing of serving intensity and vice versa.

In the bitrate and capacity domains, if arrival rate 4;, i = 1,
2, is expressed in terms of calls per serving time ty = 1/uo,
equality a; = 4; holds. The primary resources are of the
capacity C, the mean value of information units per call r,
while the basic bandwidth is b. Thus, the primary resource
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represents a group of ¢ = C/b channels, while serving intensity
is uo = blr.

In secondary and ternary resources with capacities S;, i = 1,
2, basic bandwidths are b;, while the corresponding groups has
got s; = Si/b; channels and the relative serving intensities are
Ui = b./b

1. MODEL WITH CHANGED SERVING
INTENSITIES IN SECONDARY GROUP CHANNELS

The previously used technique can also be applied for the
case when the channels in secondary group are ordered
selected and own serving intensity exists for each of them

(Fig. 2).

Fig. 2. Model with changed serving intensities in secondary
group channels

Using generating function technique, we obtained the
solution for state probabilities

p(m,n,,...n.) = (=)™ Zl: 21: R, (MC(K,,.... k), (13)
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where n; = n; +...+ njand (un)j = wini +...+ iy (= (un) for
using (3)).

The equation system for unknown coefficients C(ny,..., ng)
obtained from the boundary equations with marginal
generating function technique is
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where nyo = 0, N1y = 0 and C(0,..., 0) = 1/R;. The number of
equations now is 2° - 1 instead of (¢ + 1)2° in the case of
solving system steady state equation.

Based on the fact that

p(c,n,,...n.4) = p(c,ny,...n;,0)+ p(c,ny,...,n ;1) (15)

and using (13), it can be concluded that the equality
C(ny,..., Ny, 0) = C(ny,..., Njp) holds. For j = 2, 3,..., s the
system of 2/ equations
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can be solved iteratively. This iterative procedure requires
solving 2°* equations for unknown coefficients C(ny,..., ny) in
the last step which, compared to the former case, makes only
half of the equations. That is important for calculating time
and convergence.

In the case of the same serving intensity in secondary group
with j channel, 4 = ¢, j = 1,...,s expression for C; from [7] can
be used, so C(1,..., 1) = C; and we must solve the system
with 2 — 1 equation, i.e. 2% - 1 in the last step, if we wish to
determine microstate probabilities. Forc=1,a,=0andu=1
we could have a classical system with (s + 1) channel and
ordered selecting. If we use the steady state equations for
determining the microstate probabilities, we need to solve 2°**
equation which is around four times more than in the last step
of developed procedure. The losses for these cases have
explicit solutions [7].

IV. NUMERICAL EXAMPLE
As an example, simple but enough illustrative case is
analyzed when ¢ = 10, s; = 1, s, = 1 channel and that results

from the first and second model. Then, (4) or (14) will be in
the form
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From the relation (17) for n; the system of tree equations is
formed, while C(1, 0) is dependent only on coefficient C(0, 0)
and is equal with C, from (7).

Fig. 3 illustrates call losses in alternate groups with one
channel for a; = 6 Erl., a, = 2 Erl. and different values of yu;
and u,. The mutual relation between the losses curve by, for u,
= u; and by is characteristical and correspond to the simpler
model from [7]. For different u, there exist the values u; > u,
when by, becomes greater then bg;. For «; = 0 ternary group is
going on secondary.
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Fig. 3. Call losses in secondary and ternary group

Fig. 4 illustrates significant losses discrepancy concerning
the difference of serving intensities. In this case, traffic loss in
the system by, iS more sensitive to serving intensities changes
than call losses bgsio.

Fig. 4. Call and traffic losses in the system.

V. CONCLUSION

Models with overflow traffic have been relevant for over
half a century and the need for their application exists in
modern communication networks. In spite of the great number
of papers concerning this topic, there are a few explicit
solutions, when dealing with obtaining steady state equation
system. Among the different models, the two are emphasized
for which analytical solution is obtained. Analytical solution
of the steady state equations presented in this work is a
challenge which gives as a result fast calculation and possible
system volume increment. For the simpler case representative

enough for both models graphical representation and traffic
parameters analysis is given.

Attained knowledge about parameters characteristics is of
importance for traffic analysis of modern telecommunication
networks in which, when using alternate routing, we can
observe cases which these models are going to simulate.
Results obtained using the analysis of traffic parameters
behavior, justify the needs to dedicate special care to the case
where phenomenon with changed serving intensity is
remarked. The proposed solutions will be a motivation for
further researches in accordance with the cases where various
services with multi-rate and multi-quality of service are
supported.

ACKNOWLEDGEMENT

This research is partially supported by the Ministry of
Education and Science, Republic of Serbia, Project No.
TR-32025.

REFERENCES

[1] R. I. Wilkinson, "Theories for Toll Traffic Engineering in the
U.S.A.", Bell Syst. Tech. J., vol. 35, no. 2, pp. 421-514, 1956.

[2] S. Neal, "Combining Correlated Streams of Non-random
Traffic", Bell Syst. Tech. J., vol. 50, no 6, pp. 2015-37, 1971.

[3] B. Wallstrom, "Loss Calculations in Certain Overflow Systems
Where the Holding Times in Successive Groups Have Different
Means", Proc. ITC-7, Stockholm, Sweden, p. 417/1-5, 1973.

[4] R. G. Schehrer, "A Two Moments Method for Overflow
Systems with Different Mean Holding Times", Proc. 15th
International Teletraffic Congress, pp. 1303-1314, Washington,
DC, USA, 1997.

[5] H. Akimaru, K. Kawashima,
Applications, Springer-Verlag, 1993.

[6] G. Ash, Dynamic Routing in Telecommunications Networks,
McGraw-Hill, 1998.

[71 M. Bakmaz, "Analysis of a Model of Two Overflow Traffic
Components with Different Serving Intensities”, International
Journal of Electronics and Communications (AEUE: Archiv
fuer Elektronik und Uebertragungstechnik), vol. 60, no 1, pp.
65-70, 2006.

[8] X.Wu, B. Mukherjee, D. Ghosal, "Hierarchical Architectures in
the Third-Generation Cellular Network”, IEEE Wireless
Commun., vol. 11, no. 3, pp. 62-71, 2004.

[91 A. Ghosh, et. al., "Broadband Wireless Access with
WiMax/802.16: Current Performance Benchmarks and Future
Potential”, IEEE Commun. Magazine, vol. 43, no. 2, pp. 129-
136, 2005.

[10] S-P. Chung, J-C. Lee, "Performance Analysis and Overflowed
Traffic Characterization in Multiservice Hierarchical Wireless
Networks", IEEE Trans. Wireless Commun., vol. 4, no. 3, pp.
904-918, 2005.

[11] Q. Huang, K. T. Ko, and V. B. Iversen, "Approximation of Loss
Calculation for Hierarchical Networks with Multiservice
Overflows", IEEE Trans. Commun., vol. 56, no. 3, pp. 466-473,
2008.

[12] M. Gtabowski, K. Kubasik, and M. Stasiak, "Modeling of
Systems with Overflow Multi-rate Traffic", Telecommunication
Systems, vol. 37, no. 1-3, pp. 85-96, 2008.

Teletraffic: Theory and

102



