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ABSTRACT

In this paper, a new dynamic bandwidth allocation
scheme called Minimum Overflow Traffic Algorithm
(MOTA) is proposed to assign the bandwidth for
each traffic class in the hierarchical admission
control structure in ATM network. The traffic types
can be video. image, voice and so on. An Overflow
traffic function Q is used to adjust the bandwidth
assignment each time when a new connection is
required. This paper uses mean virtual cell loss
probability (MCLP) as the quality of service (QoS)
for the performance measurement of the system. This
novel approach can minimize the mean virtual cell
loss probability of the system by optimizing Q when
the delay constraint is satisfied and provide high
throughput in muiti-class traffic environment.

Keywords: ATM Admission Control, Bandwidth
Allocation, Cell Loss Probability, Cell Delay, Mean
virtual cell loss probability, Overflow Traffic.

1. Introduction

The Asynchronous Transfer Mode (ATM) is
widely recognized as the most promising technology
for developing the broadband ISDN. ATM is capable
of supporting the multimedia data streams, such as
data, voice, image and video, which require wide
range of bandwidth by using statistically
multiplexing techniques. Due to the statistical nature
of resource allocation in ATM, the certain
performance requirements may not be satisfied
unless resource allocation is applied by means of
dynamic real time control. In order to efficiently
manage the network resources, an architecture for a
structured ‘ logical partition of network resources
among traffic classes with different grade of service
has been proposed in [2]. The data streams which
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have the same traffic parameters belong to one traffic
class. The bandwidth assigned to each class is based
on the minimum capacity necessary to support L
connections, which is under the hypothesis that the
load generated by the L connections could be
approximated by a variable with a Gaussian
distribution. This strategy does not consider the cell
loss probability as a grad of service. The capacity of
ATM link is not fully utilized since it only gives the
lower bound of the bandwidth to each class. The
number of connections in a traffic class has to be
large enough for Gaussian process approximation,
however, it is not true in many cases.

In this paper, a new dynamic bandwidth allocation
scheme called Minimum Overflow Traffic Algorithm
(MOTA) is proposed to assign the bandwidth b; to
each traffic class in the hierarchical admission
control structure. This algorithm sets the overflow
traffic function Q as the optimization object function
and adjusts the bandwidth assignment to each traffic
class by optimizing Q. Since MCLP (Mean Cell Loss
Probability) provides a good estimate of cell loss
probability without respect to the burst lengths and is
considered as a very promising service quality
measure for ATM networks [5], we use it as the
performance measure in this paper. The main
advantage of this algorithm is that the mean cell loss
probability of the system and Q will reach their
minimum values in direct ratio under the delay
constraint. The bandwidth allocation can be adjusted
based on single call request, thus it can use
bandwidth fairly and efficiently and it can provide
high throughput in multi-class traffic environment.

2. Structure of the Bandwidth Allocation and
Admission Control System

2.1 Admission Control System



The admission control functionality allows a
network to decide whether to accept a new
connection request or not on the basis of the current
network performance, the grade of performance
required for the service type and the traffic
characteristics of the required connection. In order to
efficiently mange the network resource and provide
simple control schemes, a structured admission
control system is described as below.

The overall access control and bandwidth
assignment scheme is depicted in Figure 1. A; is the
peak traffic arrival rate and r; is the mean traffic
density of connection i in class j, i = 1...L;, j = 1..M.

L
The peak arrival rate of class i is F;, F; = Z ﬂ,,, . The

n=1

L
mean arrival rate of class i is S;, §; = Zrm A, . biis

n=1

M
the bandwidth share for class i, Zbi <C.
i=1

Upstream of the ATM channel is an multiplexer,
M admission controllers ( one for each traffic class)
and a bandwidth allocation controller. When a new
connection is required, bandwidth allocations are
recomputed on-line by an allocation controller,
whose goals reflect overall cell loss and refused
traffic, as well as overall average delay. The
multiplexer is assumed to operate synchronously.
Each admission controller i implements a decision
rule for the acceptance of incoming calls. The
bandwidth allocation controller “sees” the average
traffic density of each class , r;, and the peak rate of
each class, F;, i=1,2,..,M. It divides the total
capacity C of ATM channel (in Mbit/s) into virtual
capacities b; , i=1,2,.M.The assignment is made on
the basis of the dynamic variations in the traffic
flows and the assignment should be fair to the all the
admission controllers.

As shown in Figure 1, the ATM multiplexer is
connected to M virtual multiplexers with length N;.
At the decision time, the local admission controller
can “see” the virtual multiplexer with N; and b; .
Each admission controller acts independently of the
others. The acceptance decision is based on cell loss
and delay requirements, respectively and
simultaneously.
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2.2 The Individual Traffic Source Model

The virtual multiplexer depicted in Figure 1 can
be viewed as a buffer receiving ATM cells with fixed
length from L; independent traffic sources which
belong to the same traffic class. Each traffic source is
characterized by its peak rate A; bits/second and
average traffic density r; bits/second, average active
period of 1/cy; second, average silent period of 1/B;
second (Figure 2). The cells are send out from the
buffer at rate b; bits/second. It is assumed that a
connection is modeled as a Bernoulli process when it
is active. Let I be the probability that an active
connection in traffic class j may generate a cell

during a slot interval, I'; = ZL’ where A, is the
J
average peak rate in traffic class j. When a

connection is idle it does not generate cells.
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Figure 2

The steady-state probabilities W; and W, of a
connection being idle and of a connection being
active are given by the following expressions:



a . __b
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W, is also defined as mean traffic density r; which is
the average time fraction during that a connection is

active. Thus, the mean arrival rate Pj =
iy P
" a e p

3. Overflow Traffic Function

MOTA defines a overflow traffic function Q and
uses Q as the bandwidth assignment optimization
object function. The VCLP due to the lack of
assigned bandwidth ( b; < R; ) will trend to its
minimum value with optimizing the function Q.

3.1 The Optimization Object Function
The overflow traffic function is expressed in (1). It
measures the expectation value of the overflow

traffic to virtual link capacity ratio in the
hierarchical admission control structure.
M
0= ¥ reZEh
i=1 n;e{R;—b;>0}
P(n)=Cp W) W)™ @
R =21 ©)
jenj

Where o; is the weighting coefficient, o; > 0.
P (n)) is the probability of having n; active
connections out of L; connections. For simplicity, we
assume that the peak rates in one class is same, A; =

A = A = ...= A;. The equation (1) and (3) can be
rewritten as
Mok o,R b,
0= 2 Pm)——H @
i=1 me{R,~b;>0} ,
R =n*4 &)

The problem to be solved in bandwidth allocation
controller is to optimize the function Q.
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i=t
CLP(b; ) < CLP,(i), i = 1,2,... M (6-2)
Delay(b; ) < Delayma(i), i=1,2,..M  (6-3)
b <F =1, (6-4)

(6-1), (6-2), (6-3) and (6-4) are constraint
conditions. Where CLP(b;) is cell loss probability in
class i. Delay(b;) is the cell queueing delay. CLP,,,(1)
is the maximum value of cell loss probability in
class i. Delayyax(i) is the maximum value of cell
queueing delay in class i.

3.2 Discussion of Optimization Object Function
3.2.1 Convexity of functon Q

Lamma 1: The optimization object function Q is a
strict convex function.

Proof:
The optimization object function is

Q=1b) = Z E Py 2Rl

i=1 n e{R;—b;>0}

) @)

The Hessian matrix of Q is expressed in equation
®
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Z P(n, ) > 0. We can
n & {R,-b;>0}

learn from (8) that the Hessxan matrix of the
optimization object function is a (m x m) diagonal
matrix. According to convex function theory [8], if
function f(x) has the second order derivative, its
Hessian matrix is a diagonal matrix and every
element in Hessian matrix is positive, then the
Hessian is a positive-definite and f(x) must be a strict
convex function at the convex set D, by, by, ...,.by €
D.

We assume that the constraints in (6-1), (6-2), (6-
3 and (6-4) are on the convex sets. Condition (6-1)
shows that the optimization will not cause ATM link
over load, the capacity of a link will be always
greater than or equal to the total traffic carried on.
Condition (6-2) means that the optimization is
carried out when CLP(b) is not greater than its
upper bound CLP,(i). Condition (6-3) means that
the optimization is processed when Delay(b;) is not
greater than its limitation Delayp,(i). CLPyx(i) and
Delaynex(i) are predetermined. Condition (6-4) limits
the virtual link capacity under the peak rate of the
class.

Where

3.2.2 Mean virtual cell loss probability

Definition 1: The mean virtual cell loss probability
is denoted by MCLP and defined as

MCLP = mean traffic overflow

X/total traffic Y

L
ZP ()R, -b,) ©)
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M
Y=2.8 =
i=1

MCLP is based on the link overflow model in which
cells are discarded when instantaneous total traffic
load R; exceeds the virtwal link capacity b, It
provides a good estimate of cell loss probability
without respect to the burst lengths. MCLP is
considered as a promising measure for the general
grad of service of the system [9]. From (7) and (9)
we can learn that Q and MCLP will be optimized in
direct ratio. When F; = b;, i=1,...M, Q=MCLP=0
and the network has the best performance.

3.2.3 Performance Effect

One important characteristic of function Q is that
its optimization will cause MCLP to be minimized.
There is a set of {b} which generates the optimized
Qumin . If we apply this set of {b} to each class, MCLP
of the system will trend to its minimum value and

MCLP- MCLP,,|<e. 1t is

simulation results.

Another important characteristic of function Q is
that it can fairly allocate the network resources
among these traffic classes. “Fairness” means that
low and high bandwidth users should be treated
equally. Function Q can avoid the high speed users
“eat up” all the link capacity and assign relative
more bandwidth to the classes who require low
capacity and accept more connections in these
classes. Therefore, the system will have high
throughput. It is also shown in the simulation
results.

shown in

4., Admission Control and Bandwidth

Reassignment

An admission controller of traffic class i should
decide to accept a new call in the node only if the
bandwidth b; assigned by allocation controller is
sufficient to support the new connection and those
already in progress to satisfy performance
requirements in term of cell loss probability and cell
delay. In this section, we will describe the
calculation of cell delay and cell loss probability for
one class and present a bandwidth assignment and
admission control algorithm. The structured
admission control scheme has the flexibility to
measure the quality of service for different class.
Each admission controller can simultaenously
calculate individual CLP using different algorithms
according the traffic characteristics. In this paper, we



consider the long-term time-averaged cell loss
probability as CLP for every class.

4.1 Calculation of Cell Delay and Cell Loss
Probability

Cell Delay:

In this paper, we simply use maximum queueing
delay as the cell delay upper bound. The maximum
cell delay in class i can be expressed as

Delay(i) = —=— (11

Where q..x is maximum queue length in class i, CL
is the cell length (53 bytes for ATM) and b; is the
bandwidth assigned to the class. Since Delay(i) <
Delaymax(i),

with ;. € is equal to the ratio between the
bandwidth allocated to the traffic class i being
considered and the total capacity of the ATM link.

b
Q=2 (16)

On this basis, the probabilities of transition gy(n)
from the state in which k cells of class i are queued
in the m-th slot to the state in which j cells of the
same class are queued in the (m+1)-th slot, given n
active connections. Thus, we can have

Ifk#0

Gmax L 0 j<k-1

Bzt (12) ,
Delay,,, () 2o (D=1 Fan (D + £, (X(1-Q) k15 )<
Cell Loss Probability: mM1-0Q)+ n i=0.
The long-term time_averaged value of cell loss ka’“k( X ) FQIZ_‘Z{:S( ) J=g

probability for one traffic classes defined as
N

CLP = X PP a3
n=0

Where Piowm) represents the steady-state cell loss
probability in a traffic class where n connections are
active and P,y is the steady state probability of
having n active connections out of N connections.
According to the characteristics of the bandwidth
assignment in MTOA, the probability that a traffic
class may lose cells is

Gi=Fi-b)F  0<g<l (14)

Let Py be the steady-state value of the
“instantaneous” cell loss probability, then we have

Ploss(n) = P(n) Ci (15)

In order to calculate Pg,, we first to calculate the
probability of instantaneous cell loss for a single
traffic class, adapting the derivation presented in 2]
to our model.

With the traffic model and the system structure
described in section 2, a queued cell in a virtual
multiplexer is not necessarily served in the time
interval considered. The probability that the cell
relating to the traffic class i is served in the time unit

(17a)
Ifk=0and§:501fk>j
k

(

S+ £,(mQ J=0
8y (M) =1 Fa(MQ + f,(m(1-Q,)

Sa@)1-0,)+ Shm =0,

s=0;+1

(17b)

where f(n) represents the probability that i out of n
active connections in class i generate cells in the m-

th slot.
jo j<0

n ) .
M(E)J(l—l:)"‘f 0<j<n

(18)

fj(n):

We can express the probability distribution of queue
length in slot m as

H(m) = {m,(m),,(m),...,m, (M)} (19)

0<j<Q



Where Q is the queue size. The probability
distribution of queue length in slot m+1 can be
described by the recursive equation
II(m+1) = II(mG (20

Where G is the matrix of the probabilities of
transition

oo 8o - 8og
.8
G= P41 &n 10 e
g 00 801 - &op

According to the quasi-stationary condition, for each
fixed number of active connections n, the probability
of instantaneous cell loss in slot m P(m,n) will
converges to its equilibrium value P(n).

Zme(kﬂ -Q.0Q/,0) Em:(k«v-g ox- Q)f(n)l

o e

¥ Zf(n) Zf(n) J'
(22)
where
7, = limx, (m) 23)

is the steady state probability of having I queued
cells, and is obtained by solving the following set of
linear equations

3
m;=

=0

)

~.

So, from (2), (13), (15) and (22) we can have

Zm(wamnn) ium(w—QOJ(l-Q)f(n)'

Zf(n) i‘f(n) J

akgq@mm

(25
When F;=b;, i=1,..M, CLP = 0 in every class, thus
the network has the best performance. It also proves
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that the network will obtain the best quality of
service when Q — 0.

4.2 Bandwidth Assignment Algorithm

The bandwidth allocation controller will calculate
{b} when there is a new connection request. This
paper proposes a algorithm: Minimum Q algorithm
which searches the approximated optimal Q value.

Minimum Q Algorithm (MQ)
This algorithm is based on searching minimum Q
value which expresses the mean overflow traffic to

virtual link capacity ratio. This algorithm can be
described as

0 =miny, & By ZRh,

i=1 n,e{R;-b;>0}
Let m, = max[ e , P;], we can write the
Delay__
conditions as
M
m <b <Fand Db <C.

T

Where p; is the minimum capacity which is needed
to support the active connections by guaranteeing
their performance requirement. For large number of
connections the requirement is defined as the
probability that the loading of the class is over the
maximum permitted load G;below a given threshold
t and the traffic load can be approximated by
Gaussian process.

Prob{loading of classi > G;} < ©

According to [5], let us assume that channel loading
arises from a large number of sources multiplexed so
that the loading of the channel can be approximated
as a Guassian process and < is 10® | then p; can be
described as:

_S23(ALr (=) + Ly,

i

@7



where r; is traffic density (average time fraction
during which a connection is active) in class i. For
relative small number of connections, the Guassian
approximation is not correct, therefor, we use
average traffic load as the minimum capacity, p;= S;.

Assume that the precise of the algorithm is q
(kbps). b; can be one of these values

[m,._m,. +q,m +2q,...m + Nq]

E_mi
so Ng——.
q

algorithm will compute every possible value b; in M

where mi+Nq < F, This

M

classes under the condition C6 < )b, < C,0<8
i=1

< 1, and find the minimum Q. If the worst case is

considered, the time complexity for searching all the

—m,
b in class i is O(—), the time complexity for

(r F—m,
searching all the b; in M classes is O(Hi)

i=1
5. Simulation Results

Some simulation experiments have been
conducted in order to verify and test the bandwidth
allocation algorithm proposed. The simulations were
intended to present interaction and relationships
between traffic blocked function Q and mean cell
loss probability as well as the number of connections
and network performance in term of mean cell loss
probability and individual cell loss probability. There
are two traffic classes, voice class and video
conference class, in this simulation model. The total
ATM link capacity is 30 Mbps and the precise of
bandwidth assignment is 0.1 Mbps. The queue size
for each class is 10 cells. The number of connections
in voice class, class 1, is 100 and it is characterized
by A, = 64 Kbps and W, = 0.5. Its maximum
utilization G; = 0.9. The number of connections in
video conference class, class 2, is 20 and it is
characterized by A; = 2 Mbps and W, = 0.4. Its
maximum utilization G; = 0.9.

The plot in Figure 3 shows that overflow traffic
function Q and mean virtual cell loss probability
MCLP are minimized in direct ratio.

Figure 4 presents the effect of o on bandwidth
shares in class 1. When o increases, class 1 will
obtain larger bandwidth shares.

38

Figure 5 and 6 show the relationship between
number of connections in two classes and MCLP.
We compared MOTA algorithm and GA algorithm .
The results in Figure 5 show that MCLP decreases
when number of connections in class 1 increase
because GA does not optimize MCLP. In Figure 6,
MOTA has much better performance than GA does.

Figure 7 and 8 describe the relationship between
number of connections (L1 and L2) and individual
CLP in two classes. The results also show that
MOTA's performance is superior to GA's.

6. Conclusions

In this paper, we have introduced a new
bandwidth allocation strategy for hierarchical
admission control system. The goal of the strategy is
to minimize the mean overflow traffic ratio over the
virtual link capacity. The main advantages of the
algorithm are to minimize the mean cell loss
probability in the system and fairly assign bandwidth
to each class. We also propose a admission control
rule which is integrated with the bandwidth
allocation scheme.
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