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Abstract

The dynamic nature of high-speed networks poses difficult traffic control problems when
trying to achieve efficient use of network resources. To cope with rapidly changing network
conditions, traffic control methods for high-speed networks must be adaptive, flexible, and in-
telligent for efficient network management. Use of intelligent methods based on fuzzy logic,
neural networks and genetic algorithms can prove to be efficient for traffic control in high-speed
networks. The equivalent capacity estimation is a. very important function for call admission
control. To estimate the equivalent capacity, flow and stationary methods make many approx-
imations, which result in an overestimate of equivalent capacity. In this paper, we propose a
fuzzy equivalent capacity estimator for bandwidth allocation in high-speed networks. Perfor-
mance evaluation via simulation shows that proposed fuzzy estimator has a good equivalent
capacity estimation compared with flow and stationary approximations.

1. Introduction network resources, while sustaining an acceptable

QoS for all connections.

In high-speed networks such as ATM networks,
several classes of traffic streams with widely vary-
ing traffic characteristics are statistically multi-
plexed and share common switching and transmis-
sion resources. Because all connections are statis-
tically multiplexed at the physical layer and the
bit rate of connections varies, a challenging prob-
lem is to estimate the effective bandwidth require-
ment as a function of Quality of Service (QoS).
The basic objective of a bandwidth management
control strategy is to allow for high utilization

In ref.[1], the equivalent capacity is computed
from the combination of two different approaches,
one based on a fluid flow model and the other
one on an approximation of the stationary bit rate
distribution. These two approaches are used be-
cause they complement each other, capturing dif-
ferent aspects of the behavior of multiplexing con-
nections. For a given QoS, the equivalent capac-
ity of a single connection and the aggregate ca-
pacity of multiplexed connection are calculated.
But, these methods makes many approximations,



which result in an overestimate of equivalent ca-
pacity. Also, they suffer from some fundamental
limitations. Generally, it is difficult for a network
to acquire complete statistics of input traffic. As
a result, it is not easy to accurately determine
the effective bounds or equivalent capacity in a
various bursty traffic flow conditions of ATM net-
works.

Use of intelligent methods based on Fuzzy
Logic (FL), Neural Networks (NN) and Genetic
Algorithms (GA) can prove to be efficient for traf-
fic control in high speed networks [2, 3, 4]. In

ref.[2], the FL is used to build a fuzzy Policing

Mechanisms (PM), which performance is better
than conventional PMs and very close to ideal
behavior. Some NN applications for traffic con-
trol in ATM networks are proposed in ref.[3]. The
NN are well suited to applications in the control
of communications networks due to their adapt-
ability and high speed. They can achieve an effi-
cient adaptive control through the use of adaptive
learning capabilities. A GA based routing method
is proposed in ref.[4]. The proposed routing algo-
rithm has a fast decision and shows an adaptive
behavior based on GA.

The equivalent capacity estimation is a very
important function for Call Admission Control
(CAC). To estimate the equivalent capacity, flow
and stationary methods make many approxima-
tions, which result in an overestimate of equiva-
lent capacity. In this paper, we propose a fuzzy
equivalent capacity estimator for bandwidth al-
location in high-speed networks. The proposed
fuzzy estimator is part of a CAC scheme. Perfor-
mance evaluation via simulation shows that fuzzy
estimator has a good equivalent capacity estima-
tion compared with flow and stationary approxi-
mations.

The organization of this paper is as follows. In
the next Section, we will introduce the proposed
fuzzy estimator. The simulation results will be
discussed in Section 3. Finally, conclusions will
be given in Section 4.

2. Proposed Fuzzy Estimator

In ref.[l], in order to get the Equivalent ca-
pacity (Ec) of N identical On-Off traffic sources
parameter § was approximated by one. But, the
assumption of 8 & 1 ignores the effect of statisti-
cal multiplexing. In in order to gain from statisti-
cal multiplexing of bursty connections and make
a more accurate estimation of equivalent capacity,
we propose a Fuzzy Equivalent Capacity Estima-
tor (FECE). The Fuzzy Logic Controller (FLC)
is the main part of the FECE and its basic ele-
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Figure 1: FLC structure.
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Figure 2: Triangular and trapezoidal membership
functions. '

ments are shown in Fig.1. They are the fuzzifier,
inference engine, Fuzzy Rule Base (FRB) and de-

. fuzzifier. As membership functions, we use trian-

gular and trapezoidal functions, because they are
suitable for real-time operation [5]. As shown in
Fig.2, the triangular and trapezoidal functions are
given as:
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where zo in f(.) is the center of triangular func-
tion; zo(z,) in g(.) is the left (right) edge of trape-
zoidal function; and ag(a;) is the left (right) width
of the triangular or trapezoidal function.

The FECE predicts the Ec required for a new
connection based on the traffic parameters Peak
rate (Pr), Source utilization (Su), and Peak bit-
rate duration (Pbd). The term sets of Pr, Su, and
Pbd are defined respectively as:

'.I‘(Pr)

= {Smali, Medium, Large} = {S, M, L};
T(Su) = {Low,High} = {Lo,Hi};
T(Pbd) = ({Short,Medium,Long} = {Sh, Me, Lg}.



The set of the membership functions as-
sociated -with ferms in the term set of Pr,
T(Pr) = {S,M;L}, are denoted by M(Pr) =
{#s, pas, ur}, where pg, par, pr are the member-
ship functions for S, M, L, respectively. They are
given by:

us(Pr) = g(log(Pr);Pr,min,S.,0,5u);
um(Pry = [fQlog(Pr); Mo, Mua, Muy);
= g(log(Pr),L., Pr,max, L,,0).

urL(Pr)

The small letters ¢, w8 and wl! mean center,
right width and left width, respectively.

M(Su) = {10, pui} are the membership func-
tions for term set of Su. The membership func-
tions ur,, pg; are given by:

9(Su;0,Lo.,0,Loy);
g(Su; Hi., 1, Hiy,0).

HBLro(Su)
uri(Su)

The membership functions for term set Pbd are

M(Pbd) = {psh, pse, g}, and psh, pye, Big
are given by:

g(log(Pbd); Pbd, min, Sh.,0,5hy);

usn(Pbd) =
Brme(Pbd) = f(log(Pbd), Mec, Meyo, Mew,);
“Lg(Pbd) = g(log(Pbd);Lg,,Pbd,ma::,Lyw,O).

The FEc for a connection should fall between
its Pr and Average bit rate (Abr). Based on
the number of input membership functions, we
divide the Ec range in six membership func-
tions. The term of Ec is defined as T(Ec) =
{F1,E2,E3,E4, E5, E6}.

The term set of the output membershlp func-
tions, are denoted by M (Ec). They are written as
{#e1, kB2, LE3, BE4, E5, MES}, and are given by:

usi1(Be) = f(log(Ec); Ble,0, Elu,);
pEa(Ec) = f(log(Ec); B2¢, E2uo, E2u1);
pe3(Be) = f(log(E¢c); E3¢, E3wo, E3un);
ses(Be) = f(log(Ec); Bdc, E4yo, Bd4un);
pes(Bc) = f(log(Ec); ESe, ES5wo, E5u1);
pee(Ec) = f(log(Ec); E6¢, E6uo, 0).

The membership functions for FECE are shown
in Fig.3 and its FRB is shown in Table 1.

The FRB forms a fuzzy set of dimensions
|T(Pr)| x |T(Su)| x |T(Pbd)|, where |T'(z)| is the
number of terms on T(z). Therefore, the FRB
has 18 rules. The control rules have the follow-
ing form: IF “conditions” THEN “control action”.
Statements on conditions go like “Pris small” or
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Figure 3: FECE membership functions.

“Su is long”. Likewise, statements on control ac-
tion might be “Fc is E1”.

In order to accommodate a wide variety of dif-
ferent traffic sources, we use for some membership
functions a logarithmic function.

3. Simulation Results

Considering a two-state Markov source the ex-
pressions of Ec for exact value, flow approximation
and stationary approximation are given in ref.[1].
Assuming a finite Buffer (B) size, the equation
satisfied by the Ec for an overflow probability of
€ is given by:

B(Ec— Su- Pr) 1
Pbd(1 — Su)(Pr — Ec)Ec (1)

e=0-exp(—

where,

(Ee— Su-Pr)+e¢-Su(Pr- Ec)
(1 — Su)Ec

If the parameter 3 is approximated by 1, the
Ec for a single connection is given by:

B= (2)

Be = a- Pbd(l - Su)Pr - B
= 2a - Pbd(1 — Su)

/e Pbd(1 - Su)Pr - B]? + 4Ba - Pbd - (1 - Su)Pr

3a - Pbd(1 — Su)

3)



Table 1: FRB.
Rule | Pr | Su | Pbd || Ec
0 S Lo | Sh El
1 S | Lo| Me || E2
2 S |Lo[Lg || ES
3 S |Hi|Sh El
4 S Hi | Me El
5 S | Hi [ Lg || B4
6 M | Lo | Sh E1l
7 M | Lo | Me E3
8 M | Lo | Lg E6
9 M | Hi | Sh El
10 M | Hi | Me E2
11 | M | Hi |Lg | B5
12 L | Lo | Sh E4
13 L Lo | Me E6
14 L |Lo| Lg E6
15 L Hi | Sh E3
16 L | Hi | Me E5
17 | L |/ |Lg | E6

where a = In(1/¢).

For multiple connections, when the input bit
rate is characterized by a N-state Markov chain,
the distribution of the buffer contents is of the
following form:

N
F(B) =Y a;®;e”B (4)
i=1
where Z; and ®; are, respectively, geheralized
eigenvalues and eigenvectors associated with the
solution of the differential equation satisfied by
the stationary probabilities of the system, and a;
are coefficients determined from boundary condi-
tions.

The exact value of the Ec¢ for single and multi-
ple connections are calculated by iteratively solv-
ing equations (2) and (4). But, this calculation,
although exact, is complicated and is not compat-
ible with a dynamic and real-time environment
(1)

The Ec for multiple connections using flow ap-
proximation is calculated by:

Z Ec; (5)

where Ec; are deterrnmed from equation (3).

In flow approximation, the parameter g is con-
sidered 1. This approximation can do a good eval-
uation in the case when either Number (N) of con-
nections is small of the actual total Ec is close to
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Figure 4: Ec versus Su (N=50).

overall Abr. In other cases, this appro:uma.tlon
results in an overestimate of Ec:’

When N connections with relatively long burst
periods are multiplexed, a reasonably accurate es-
timate of the required Ec can be obtained from
the stationary approximation. The value of the
Ee can be expressed as: '

Ecsy~ Abr + ao (6)

where Abr is the average aggregate bit rate (Abr =
v, Abry); G is \/=2In(e) — In(27), and o is the
standard deviation of the aggregate bit rate (0? =
Zz-l )

The stationary approximation gives a substan-
tial overestimate of the Ec because it ignores the
effect of the buffer.

The parameter values of input membership
functions for FECE are assigned as follows.
For Pr, S.=-3, Sy=1, M.=-2, Mye=M, =1,
Le=-1, Ly=1, Pr,min=10"%, Pr,maz=1; for
Su, Lo,=0.6, Loy=0.15, Hi,=0.75, Hi,=0.15;
for Pbd, Sh.=-3, Shy=l, Me.=-2, Mey =
Mey, =1, Lg,=-1, Lgy,=1, Pbd, min=10"%,
Pbd, mazr=100s. : ‘

The parameter values of output membership
functions for FECE are assigned as follows. The
value of E¢, is set equal to Abr and the value
of Ecg is set-equal to Pr. The other values are
calculated based on the following equation:

Cic = Ci—1c+ (Pr — Abr)/5 (7)
where i = 2, 3, 4, 5,6.
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Figure 5: Ec versus Su (N=90).

Considering the same parameters for four
methods: Pr = 10 Mb/s, Pbd = 0.02s, the prob-
ability of overflow 10~5, the characteristic of the
required Ec¢ versus Su for two different number
of connections N = 50 and N = 90 are shown in
Fig.4 and Fig.5, respectively. As shown in these
figures, the required Ec calculated by FECE is
very close to the exact value. For bursty traffic
sources when the sources have a low utilization,
the flow approximation hasn’t a good Ec¢ accu-
racy. But, for traffic sources with high source uti-
lization, the flow approximation has a good Ec
estimation. On the other hand, the stationary ap-
proximation has a good Ec accuracy for low source
utilization and a poor estimation for high source
utilization. The characteristic of FECE is more
close to exact value compared with both flow and
stationary estimations. But, for sources with very
low utilization, the stationary approximation give
good accuracy than FECE. Therefore, it is possi-
ble to get a better estimation of E¢ if we calculate
the value of E¢ as the minimum value of FECE
and stationary approximation.

4. Conclusions

In this paper, we proposed a FECE for band-
width allocation in high-speed networks. First,
we gave a brief introduction of the previous work.
Next, we treated the proposed FECE. Finally, the
simulation results were discussed. The behavior of
FECE was investigated by simulations. From the
simulations results, we conclude:

o the FECE has a good Ec¢ estimation com-
pared with conventional methods;

e combination of FECE and stationary approx-
imation will result in a more accurate estima-
tion of Ee.

In the future, the authors will use the FECE in
a CAC scheme for ATM networks.
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