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Abstract

In this paper, we present an algorithm
for Connection Admission Control (CAC) in o
high speed data network. Our algorithm uses
on-line measurement and off-line simulotion to
estimate the amount of bandwidth required to
meet the request of a set of active sources and
the actual use of the bandwidth. We initroduce
the concepts of Customer Satisfaction Factor
(CSF) and Proportion of the Used Bandwidth
(PUB) and identify three domains for the CAC
namely, strong acceptance (with guarantes), weak
acceptance (without guarantee) and rejection.
The algorithm presented here is computationally
efficient and does not asssume any detailed
statistical characteristics of the traffic sources.
Sources need to declere only their mean and peek
rates.

Keywords: connection admission control;
fuzzy logic; quality of service; bandwidth alloca-
tion.

1. INTRODUCTION

Modern telecommunications networks are ex-
pected to transport diverse sources of traffic such
as voice, data, video on demand and multimedia.
Designing and managing such a single network
that can perform as well as the public switched
telephone network can be very challenging. Each
traffic type requires different amount of network
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resources (buffer space and bandwidth}, and its
flow through the network is affected by network
control functions such as queueing mechanism,
bandwidth allocation, and routing protocols. Ef-
ficient and easily implementable network manage-
ment algorithms are required to properly guar-
antee Quality of service (QoS) to all types of
traffic and at the same time reduce congestion,
maximize network utilization and ensure that the
network ig stable. The self-x framework we in- -
troduce here for the basic network management
functions is part of the vision of a self-x network
that can manage its functions itself without re-
quiring human interactions. It is expected that
such a network will transport diverse sources of
traffic such as voice, data and video on demand,
while guaranteeing individual and specific QoS
to each user. It is also expected that such a
network is self-installing, self-learning, self-sizing
and self-healing. In order to achieve these self-
aspect goals, the work should possess: (i) the self-
knowledge which is typically derived from accu-
rate on-line measurements and current network
conditions, and (ii) the self-learning abilities to
adapt to changes in traffic and network condi-
tions. The self-x framework we propose here con-
sists of three modules and addresses separately
three functions namely, traffic prediction, traffic
scheduling and connection admission control. See
Figure 1. This paper provides the complete de-
scription of the CAC module.

In general, Connection Admission Control
(CAC) can be defined as the procedure of de-
ciding whether or not to accept a new connec-
tion. One of the fundamental aspects of CAC
is to evaluate the impact of a new connection
on the current traffic load. This usually involves
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determining the resources (bandwidth and buffer
space) needed for a new connection with its spe-
cific quality of service (QoS) in the presence of
existing connections. If the traffic generated by
each connection is a deterministic function of the
time, then the CAC procedure could consist of
simulating off-line the traffic forwarding mecha-
nism and in estimating the level of service pro-
vided to each. In practice, most of the time, the
traffic is highly variable and can oniy be expected
to provide its statistical characteristics. The no-
tion of the effective bandwidth of a traffic source
has been used recently to describe the effective
resource requirements. This procedure is based
on large deviation theory and depends strongly
on the statistical properties of the traffic sources.
See [3],[4],[5), [6].[7]- An alternative procedure
using entropy estimators based on on-line mea-
surement is given in [8]. Most of the methods
require accurate statistical characteristics of the
sources that may not always be feasible to obtain
in practice. Besides, sources are assumed to be
active indefinitely.

In order to design an adaptive CAC, we in-
troduce the notion of Virtwal Line Rate Regquired
(VLRR), an estimator of bandwidth (See Figure
2). For a set of sources, we use the virtual traf-
fic, as opposed to the actual traffic. The virtual
traffic is either the predicted traffic (that is cal-
culated by the Fuzzy Traffic Predictor, see[1]), or
the approximated traffic. For a given mean rate
m and a peak rate P, the approximated traffic
is a sequence of random numbers between 0 and
P, generated according to a uniform distribution
such that the mean of the approximated traffic is
close to m. The virtual traffic is then forwarded
to a virtual channel using the Fuzzy Traffic Sched-
uler ([2], [9]) whose capacity can be fixed.

Figure 1: Main Modules of the Self-X Architec-

ture

Figure 2: Virtual Line Rate Required

2. FUZZY CAC (fCAC)

In this section, we describe the CAC algorithm,
implemented in the Self-X architecture. We con-
gider a channel with a fixed capacity, denoted by
LR. Throughout this section, this quantity is a
constant. This algorithm integrates two main cri-
teria:

1. The estimation of the bandwidth required to
meet the request of a set of active sources;
this ensures that the system will satisfy its
traffic agreements.

2. The estimation of the actual bandwidth
used; the goal consists in maximizing the ac-
tual use of the bandwidth, while guarantee-
ing the QoS requested.

We present, the two aspects of the CAC structure
in detail in the next sections.

2.1 Virtual Line Rate Re-
quired and Customer Satisfac-

tion Factor

In a multiservice environment where the sys-
tem guarantees a specific level of service to each
user, the resources must be allocated appropri-
ately. The Customer Satisfaction Factor (CSF)
is defined as the proportion of customers whose
service request is satisfied. When the system has
“enough” bandwidth to process the traffic from
a set of active sources, the CSF is large, ideally
equal to 1. On the contrary, when the system is
over-using its resources, it hardly meets its com-
mitment. Since the VLRR is an estimation of the
bandwidth needed, intuitively, one can conjecture
that the CSF is decreasing when the VLRR is in-
creasing.
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Let Y be

1-CSF
Yi= —mmm—
“LE

with distribution function
Fy(y) =P(Y <y).

The quantity 1 — C'SF can be interpreted as the
proportion of customers who are unsatisfied with
respect to their QoS request. For a set of sources,
characterized by their traffic, and their QoS re-
quests, we calculate the associated VLRR when
considering the virtual traffic, and the CSF based
on the actual traffic for a channel with a capacity
of LE. We then estimate numerically the loga-
rithm of the distribution function Fy-. See Figure
3(a). Using linear regression, we can determine
two constants ay and by to approximate the func-
tion:

log(Fy(y)) ~ gy + by Y.

For some relevant € > 0 there exists y(e) > 0
such that

ay + by y(€) = log(e),
which yields
Fr(y(0) <« =
P(l—OSF>y(e) %) <l-e

For an appropriate ¢, and two arbitrary bounds
LB, and UB; {for instance LB, = 30% and
UB, = 60%), we can derive the following algo-
rithm :

o IF y(e) LEER > UB; = 60% THEN A large
proportion of customers (60%) is expected
to be unsatisfied. The system may not have
then enough bandwidth.

« ELSE IF y(e) Y$EE > LB, = 30%
THEN There could be a reasonable propor-
tion ([30%...60%)]) of unsatisfied customers.
The system may not satisfy the QoS at
bursty periods.

e ELSE There should be less than 30% un-
satisfied customers. The system should have
enough bandwidth and guarantees the QoS.

This algorithm is part of the Fuzzy CAC
implemented in the self-x project. We will
present the structure of the CAC in section 2.3 .

2.2 Use of Bandwidth and
Users Requirements

For a set of sources, we evaluate the Proportion
of Used Bandwidth (PUB) when processing the
actual data through the channel. Besides, using
the source characterization, we define the coeffi-
cient of User Requirement as:

URy = Peak rate;

" Mean Rate; +QoSi,

and

1 N
UR::WZUR,-,

=1

for a set of sources i = 1...N. One can observe
that UR > 1. Qualitatively, the larger the ratio

M_rwe\_Pg:ic ratté‘ is, the more irregular the source is
and a larger amount of resources is more likely to

be used. The ideal situation for ﬁ-g%ﬁ—% =1
corresponds to a source with a constant traffic
rate. For two sources characterized by the same
ratio ek rate  ihe one with a greater QoS
will be provistoned with a larger proportion of re-
sources. Thus, the coefficient UR is an indicator
of the amount of bandwidth that is required by
the sources. One can conjecture that the Propor-
tion of Used Bandwidth is increasing when UR is

increasing.
Let Z be the random variable
1-PUB
z.=12FUB

UR

with its distribution function
Fr(z):=P(Z<2).

Note that 1— PU B corresponds to the proportion
of unused bandwidth. We determine numerically
the function log{Fz) which is depicted in the Fig-
ure 3(b). One can note that for Z large enough,
log{Fz) is linear. There exist two constants az
and bz such that:

log(Fz(2)) ~az + bz 2,
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for Z “large enough”. Recall that UR > 1 and
1-PURB < 1. When Z is small and close to 0, the
quantity UR is large. The system is then dealing
with irregular sources that request high QoS’s. Tt
is expected to use fully the bandwidth and it may
not satisfy all the QoS’s requested.

For some 5 > () there exists z{n) > 0 such that

az + bz z(n) = log(n).
One can observe

Fz(z(n)) <n =
P(1-PUB> Z(n)-UR)<1—n.

For an appropriate %, and for two arbitrary
bounds for instance LW, = 30% and U B; = 60%,
the previous inequality yields the following algo-
rithm:

¢ IF z(n)-UR > UBy; = 60% THEN there
may be a large proportion (60%) of band-
width that is unused.

e ELSEIF z(p)-UR > LB, = 30% THEN
Large amounts (30%) of the bandwidth could
be unused at periods.

e ELSE The bandwidth is likely to be fully
used.

The two bounds (LB; and UB;) can be a
function of the current use of the total band-
width. We will fully discuss the adaptability of
the self-x architecture in the next section.

2.3 Fuzzy CAC algorithm

As mentioned previously, the CAC function
deals with (i) the evaluation of the amount of
available bandwidth to process the traffic from
the accepted sources, and (ii) the way the band-
width is actually used by the traffic. On the one
hand, the system aims to guarantee the quality
of service to each customer; on the other, it tends
to maximize the use of the bandwidth. The fuzzy
CAC will integrate the two aspects, or the two
algorithms presented in the previous section. See
Figure 4. A situation is described by its set of
sources, with their characteristics. Those char-
acteristics are used to calculate the Virtual Line

Rate Required (VLRR), the User Requirement
(UR) coefficient. We define then three domains
of all the possible situations:

e Dcmain of Acceptance with Guarantee (D1):

When the VLRR is small (i.e. VLRR/LR <
LBy) as well as the UR (ie. UR < LB2),
the system is facing a situation where there
should be enough bandwidth and where the
bandwidth is likely to be used consistently.

The system should be in this domain as much
as possible.

e Domain of Rejection (D3)

Wher: the VLRR or the UR is large (ie.
VLRR/LR > UB; or UR > UB,), the sys-
tem expects either not {0 have enough band-
width, or not to use completely the band-
width. In other words, either it cannot guar-
antee the QoS’s, or it is going to waste too
much resources.

The system should avoid being in this do-
main as much as possible.

e Domain of Acceptance without Guarantee
(D2):

Any situation between the two extreme do-
mains presented previously deals with situa-
tions where occasionally the system may not
meet the requests (in particular at bursty pe-
riods) or may waste large proportion of band-
width.

Upon an arrival of a new source, the system con-
siders {Active Sources}U {New Source}. For this
set, the system determines the domain D1, D2 or
D3 to which the new situation belongs. The new
source will be accepted with guarantee if it falls
in the domain D1 or it will be accepted without
guarantee if it falls in the domain D2. Other-
wise, the new source will be rejected. Sources ac-
cepted with (respectively, without) guarantee join
the First (respectively, Second) Class sources.
One can note that D1, D2 and D3 are functions
of the bounds (LB;,UB,;, LBs, and UB5). This
ensures that the self-x network can adapt its
behavior to changes in traffic or workload; the
bounds can be functions of the current use of
the bandwidth. Thus, whenever the system is
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Figure 4: Structure of the fuzzy CAC

underusing (respectively, overusing) the band-
widith, the bounds can be increased (respectively,
decreased) in order to utilize the bandwidth
optimally while guaranteeing the QoS requests.

3. NUMERICAL EXAMPLE

In order to illustrate the efficiency of the
Fuzzy CAC, we present the following example.
The average of the arrival rates of the accepted
sources (either at first or second class} are
depicted in the Figure 5. In this example, the
sources are heterogeneous (arrival rates can vary
between several bytes to 5000 bytes). They start
their activity at random moments and remain
active for a random amount of time. Their QoS
request is generated randomly and lies between 3
and 7, which means that the Loss Rate requested
is between 107 and 10~3. The Figure 6 provides
the basic statistics of the example. There are 26
sources requesting service, only 15 are accepted.
Al first class sources are satisfied while only half
of the second class sources have their QoS request
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Figure 5: Average of the arrival rates of accepted
sources

Figure 6: Statistics of the example

satisfied. The graph in Figure 6 represents the
instantanecus proportion of bandwidth that is
unused.

4. CONCLUSIONS

In this paper, we presented a computationally
efficient algorithm for CAC which is based on
on-line measurements and off-line simulation.
Initial simulation results indicate that it provides
a good trade off between users demand and the
actual use of the bandwidth. The boundaries
between strong acceptance, weak acceptance and
rejection domains can be adaptively adjusted
to reflect the changes in traffic and network
conditions. The adaptive nature of our algorithm
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is well suited for the vision of the self-x network.
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