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Characterizing bursty source models applied to admission control in ATM networks
R. Bolla, F. Davoli, M. Marchese

Department of Communications, Computer and Systems Science (DIST)
University of Genoa
Via Opera Pia, 13 - 16145 Genova, Italy

ABSTRACT.

This paper proposes different models to describe a bursty source; models are based on Markov
chains whose complexity is increasing with the accuracy of the description. The effectiveness of
the proposed models is evaluated by varying statistical description parameters of sources like peak
bandwidth and burstiness. The effect of the models presented on an ATM call admission Strategy
is evaluated; the latter is suited to guarantee quality of service requirements like lost and delayed
cell rates in ATM networks with multi-rate bursty traffic. The efficiency of the admission control

is verified by a simulation tool.

[. INTRODUCTION

In Asynchronous Transfer Mode (ATM) networks, the statistical multiplexing of cells associated
to nonhomogeneous traffic flows (narrowband, broadband, time- or loss-sensitive, ete.) originates
the need for a number of congestion control mechanisms that should be applied to mect the
generally different performance requirements of the various users and ensure the necessary levels
of Quality of Service (QoS). Morcover. the statistical description of many different sources
involves a great effort in mathematical modeling, in order to capture the essential characteristics of
the traffic.

In these respects, several source models have been proposed and analyzed, as well as bandwidth
allocation and Call Admission Control (CAC) mechanisms (see, for instance, 8 and 101 1'12,
respectively). With regard to the latter, the aceeptance of a new connection should be conditioned
on the possibility of guaranteeing the required performance, without impairing that of the existing
connections. An architecture for CAC and bandwidth allocation among traffic classes with

different statistical parameters and performance requirements has been proposed by the authors for
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an access node in ?, and later extended to include network-wide CAC and routing 1314 The
source models used in these approaches, where the focus was on the control structure, have been
limited to very simple descriptions of on-off (bursty) sources.In the present paper, we discuss
number of different models for bursty sources of the same kind, with different accuracy, but
essentially capable of capturing the same characteristics. Then, we briefly review the previously
mentioned CAC and bandwidth allocation scheme, and present some further simulation results.

The paper is organized as follows. In Section 2 a detailed description of a popular model for a
bursty source is shown; two more complex models are described in Section 3; Section 4 shows an
admission control strategy based on the bursty source model described in Section 2; simulation
results to verify the effectiveness of the admission control strategy are presented in Section 5.

Section 6 contains conclusions.

2. A BURSTY SOURCE MODEL

As shown, for instance, in !, an accurate description for several types of bursty sources can be
given by a Talkspurt-Silence model, a two-state Markov chain alternating periods of activity (burst
periods) and periods of silence. Within a burst period cells are generated with known and constant
bit rate. If the model is considered in continuous-time domain, the sojourn times in both states are

exponentially distributed with known mean value; the probability density function of cell
0.

interarrival time for one source is depicted in <. It the model is used in discrete-time domain,
sojourn times have geometric distribution and the model is equivalent to a two-state Markov
Modulated Deterministic Process (MMDP) with one silence state '. The model described in the

following, already used in 6,7,9

, 18 an Interrupted Bernoulli Process (IBP), discrete-time version of
the Interrupted Poisson Process (IPP) L3
Considering a channel with capacity C.p., a bursty connection of a particular traffic class (h) can be

described by a two state model: ‘active' and 'idle’ as in the Talkspurt-Silence discrete-time model.

(h)
o

Fig.1 IPP bursty source model

The probabilities to be in the 'idle" and "active' state are:
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where o'V= B M) and Y= B’ B"" being the mean value of the burst length in cells,

and b®=p®/A® the value of the burstiness for traffic class (h), having peak bandwidth P and
b =]

p(h)

average bandwidth AW Then, mi(h)= and ma(h):ﬁ It is important to note that these
values are independent of the burst length.

Within the active state, the arrival process of cells is modelled by a Bernoulli process: at each time

instant, there is a cell arrival with probability ﬁ with MW=C/P®). As will be shown below,

the average number of empty cells between two successive cell generations for traftic class (h) is
(M(h)-l); in the Talkspurt-Silence model, where the distance between cells within a talkspurt is
deterministic, |-M“‘)—1‘| is actually the number of empty cells between two successive cell
generations ([ x] represents the smallest integer greater than or equal to x). So, the interarrival
time between two successive cells in this description has a geometric distribution with a minimum
of one cell; the interarrival times (in cells) are considered to be independent and identically
distributed, i.e. belonging to the class of renewal processes.

Since in this case the number of empty cells between two consecutive cell generations is a random
variable with known distribution, it is possible to compute and depict the density, the mean value
and the variance of this variable and, then, to show the difference with the accurate Talkspurt-
Silence model.

So, defining by k the random variable "number of empty cells between two successive cell arrivals
of traffic class (h)", it is true 4 that :

Pr {k=k —-—-—1 | —-—l ] 3
r{k= }_Mfll) —M(h) 3)

The distribution is, so, a staircase function:

k | 1Y
F(x)=Pr{k < x} = .—[l——)z

1 k+1
l-—]| -1 :
1k 1Y 1( (n) el
=—z(1— ): M :1—(1-——1—] L kSx<k+1 4)
0
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As a consequence, the density function of the defined random variable k is a sum of impulses:

| Y
f(X) = rEDW[I_W) ﬁ(x =T} (5)
The random variable k has mean value
nk=M(h}-l (6)
and variance
21~ 1:1))
"kz:—IM“z— = 2M® ) — 1) 7
M®

In this way, the random variable can be considered described. It can be observed by evaluating the
density function and the variance that the obtained values are not quite close to the deterministic
values we can obtain from the Talkspurt-Silence model 2. however, it is shown in the tfollowing
(Section 4) that by using this model with overlapped sources and with a well suited admission
control, good results can be obtained without using more accurate models, as those described in
the next Section.

3. TWO ALTERNATIVE MODELS

The first model introduced can be described by a 3-state Markov chain, as depicted in Fig.2.
P01

D

Poo @ l > 2 P22

P20

Fig. 2 Three-state source model
State 0 is the non-burst state, state | is the generating cell burst state, while state 2 is the non-
generating cell burst state.The transition probabilities can be obtained by simple mathematical
steps; it will be:
| M(b)
Poo=1-Poy> Por= g™y’ I’z:ﬁm?

(&)
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B(h) — p(h) M)~
The second model we describe, already introduced in 7, by using probability generating functions,
is a Markov chain with (M(h)+l) states, matching the behaviour of the Talkspurt-Silence model.
Time is assumed slotted and the cell arrival process in each slot is governed by a 'modulating
Markov chain', where transitions between states of the chain take place only at slot boundaries. In
Fig.3, the corresponding Markov chain is shown, supposing (M(h)-l) empty cells between two
consecutive arrivals.

PMO
Fig. 3 M-states source model
State 0 is the Silence state, while states 1 through M®) ype bursty ones, but only 1 is a generating

state. It is possible to compute the transition probabilities, obtaining:
Poo=1-Pg 3 Pnﬁm;

9)

M(h) B(h) — pq(h)

Pm0™ B PMI=™ g
By computing the distribution and the density of the interarrival process, a high level of accuracy
is obtained in both cases which have been presented; in the second one, the result obtained is the
discrete-time case of the density shown in 2. But, to fully utilize the daceuracy of these descriptions,
the use of queueing theory and related approximations is needed to get the solution of complex
mathematical problems. For example, a possible approach is based on the usage of the

characteristic function, as in ~.
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The approach presented here is based on a simple observation; if the static probability Pg of
generating a cell at a random instant is evaluated, it can be shown by simple mathematical steps
that in all three cases we have:
|

Pe=1 B (10)
So, the accuracy of the model does not affect this result. The same result would be obtained by
considering two Bernoulli processes "encapsulated" one inside the other; the first one describing
the burst arrival time, the second one the cell arrival time within a burst. Considering a slot as time
unit, the probability to be in "burst-state" shall be 1/6™ and, being within a burst, the probability
of generating a cell for traffic class (h) shall be I/M™_ The probability that a cell is generated in a
slot is Pg- In the next Section, a CAC scheme is introduced, based on the first presented model
(IPP bursty source model) that is completely equivalent, as already said, to two encapsulated

Bernoulli processes; the issue of batch arrival is taken into account.

4. A CONNECTION ADMISSION CONTROL

An ATM network node shared by several different traffic classes (h=1,...,H) is considered.

Capacity Allocation

Casity Controller Capudity
partitions partitions
Connection Access
requests Controller
Class 1 |
h i
[ & u:mcrlu.\n “AL‘L:L'NS
requests Controller
Class h ‘

Connecnion ALCCESS
. > _‘.\LLLM\
requests KController

Class M

Fig. 4 Control Structure of a link
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Each traffic class is characterized by statistical parameters (peak (P(h)) and average bandwidth
(A(h))) and by performance requirements (cell loss rate, delayed cells rate); the control structure of
each link is shown in Fig. 4.

The output link (only one for semplicity) has a bufter for each traffic class, served by a

"dedicated" partition of link bandwidth. The bandwidth partitions Vfllll), h=1,...,H, are computed

by a Capacity Allocation Controller at discrete time instants m=[(),K,2K,...], by minimizing a cost
function with equality and inequality constraints, explained in detail in the following.

The values of the partitions are communicated to a multiplexer, which picks up the cells from
dedicated buffers, by using a strategy depending on partitions allocated to each class; the same
values are transmitted to Access Controllers (one for each class) that compute the maximum
number of acceptable connections for a traffic class on the output link.

Before introducing the Admission Control Strategy in detail it is necessary to define:

fol'gx(m) Maximum number of acceptable connections for traffic class (h) computed at the
instant m (intervention instant of the Capacity Allocation Controller).

Ngh)(k) Number of connections in the system for traffic class (h) computed at the generic
instant k.

Nih)(m) Maximum number of acceptable connections for traffic class (h) that maintains the

cell loss rate below a given upper bound (cell loss requirement).
Ng')(m) Maximum number of acceptable connections for traffic class (h) that maintains the

delayed cells rate below a given upper bound (cell delay requirement);
The maximum number of acceptable connection for traffic class (h) shall be the minimum between
the maximum number of acceptable connections satistying the loss requirement and the delay
requirement, 1.e.;

NEIIIIE{XUH) = min{ Nﬁ_“)(m];Ng”(:n)} (11)

The Admission Strategy is now quite simple: a new connection of traffic class (h) is accepted if
the sum between the connections of class (h) already in the system and the requesting one does not

exceed the maximum number of acceptable connections for traftic class (h). More briefly:

connection accepted  if NI (K)+1<ND) (m)
(12)
connection rejected  if N (k) +1>NP) (m)

The computation of NE”(m) and NH‘)(mJ is performed by imposing upper limits (E‘,“”,S(h)) on

the average value of cell loss rate and delayed cell rate, respectively:
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N
N{®) = max N:EPj;‘s{\.(n)VJE“I{j St (13)
N n=0
N
N = max N;ngﬂ;ﬂy(n)vﬁﬁ,{, < b (14)
n=0
where
@ _|N | myp (N —n
N =| (o) (ofP) (15)
n
is the probability that n connections are active, having N connections accepted in the network

(traffic class (h)). The formula written above is immediately deduced from the IPP model with
batch arrivals as in .

The cell loss rate for the considered output link, given n calls in the active state is

n _
¥ max(i+j=Q™,0) (M (n)

QW i=0
p{h). = ¥ = 16
Em,h i ! nr(™ (16)
where
p(h) |
() ==
= " M @
n
nrh) = _Z”-illgh)(“) (18)
i=
and
J(] 1<)
£(h)(n) = (19)

K?jtr“‘))‘(l—r“")"‘in <isn
ffh)(n) is the probability of having i connections of traffic class (h) generating a cell with n

connections of the same class in the active state.
Q(h) is the fixed dimension of the output butfer of traffic class (h) and Hi(") the steady state

probability of having i cells inside the butter, as computed in e
Similarly, the delayed cell rate is:
n
) b mux{(i +j- max(i,Qf:)) —max(i+j— Q(h),{})]t‘gh)(n)
(h) = (h)i=0
Pdc?ay iE‘O [T ) (20)

where
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A(h) _ fof)D(h)
m Cr
and DW is the number of cells beyond which a cell is considered delayed.

(21)

As the Bandwidth Allocation Mechanism is concerned, the aim of the allocation controller is to
provide an efficient bandwidth sharing on the basis of the total traffic intensity of the various

classes.
slot = iansmission time of a cell

llll-———llllll!———-llll
0 K 2K

W

Bandwidth allocation
instants

Fig. 5 Bandwidth Allocation Controller decision instants
At each decision interval (0, K, 2K.....), the minimization is performed with respect to the

bandwidth, of a cost function of the form

H N[IH
(h)
Ip= 2 6™ Bt )y (22)
S8 ll.N[ll}
h=1 n=(

where N = Nfih)+N{,h), Ngm 18 the current number of accepted connections at the current
reallocation instant and N%,h) is the number of connections refused in the previous interval (the
interval between the current reallocation instant and the previous one). The quantity ™ is a
coefficient to weight the different traftic classes.

After minimization, the values of capacity partitions are obtained for each traffic class. The value
Vfllll) is the bandwidth allocated to traftic class (h) in the reallocation instant m, as already said.

The minimization is subject to the following constraints

o (h)
1) — O
z Vin' =C1
h=1
(23)

(h) (h)

Vm 2 Vmin
with Vﬁlllli}n the minimum capacity necessary to cope with the connections already in progress for

traffic class (h).
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S.SIMULATION RESULTS

In this Section, we show and briefly comment some results of simulation results, which were
based on the following data.

CT = 150 Mbit/s; M =3; T = slot duration = 2.83 -10-0 5 (53 bytes/cell); K = 2-106 cells

P(D) = 128 kbit/s; P@) = 2 Mbit/s; P?3) = 10 Mhit/s

b =2; b =5; b = 10

B = 100; B@ =500; B® = 1000 cells

eM=e@=eB)=1.104 5D =52=§3 =1.10-3

DM = 400; D@ = 200; DG = 100 slots

QM=11; QD=12; Q®)=12 cells

Fig. 6 depicts the maximum number of acceptable connections for tratfic class 1 by applying the
admission rule (12) and the maximum number obtained by a simulation tool, designed to test the

efficiency of the access strategies.

Number of conn

3 i i i L i i i J
T T T T u T T T —

201 30 F-] Rl il T Wit il JLE] 1 I} 1200 1301 144} 150
Bandwidth
— — e — e & . .
Nmax by analitical Nmax by simulation
computation

Fig. 6 Maximum number .of acceptable connections vs allocated bandwidth [Mbit/s] (class 1)
It can be seen that analytical and simulation values are quite close, and can guarantee a good

performance of the access control. The same graph is shown in Fig. 7 and Fig. 8 for traffic class 2

and 3 respectively.
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Number of conn.

04— 4 ¢ ; i . : i t i : —
20 30 40 50 60 70 X0 90 100 110 120 130 140 150
Bandwidth
—*— Nmax by analitical ——8—— Nmax by
computation simulations

Fig. 7 Maximum number .of acceptable connections vs allocated bandwidth [Mbit/s] (class 2)

Number of conn.

) -

30

20 Ao

10

20 30 40 50 60 70 Ki) i) 100 110 124 130
Bandwidth
= "= Nmax by analitical —8—— Nmax by simulation
computation

Fig. 8 Maximum number .of acceptable connections vs allocated bandwidth [Mbit/s] (class 3)

The degree of approximation for the cell loss rate can be seen in Fig.9, where

cell loss rate (PJogg)

for class 1,2,3, obtained applying the formula ( 16) and obtained by simulation, are depicted versus

the number of connections in progress.
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# of conn.

9(X)

1050

175

200

40)

50)

Class 1
Ploss (analyt.)

1.53-104

1.14-10-3

Class 1

Ploss (simul.)

1.93-10-3

1.12:10-4

Class 2
Plogs (analyt.)

4.94-10-3

1.98-10-2

Class 2

1.43-10-4

1.87-10-3

Class 3
Pjogs (analyt.)

1.20-10-3

527103

Class 3
Pln\;\_(Slmul)

5.39-10-4

2.77-10-3

Fig.9 Cell loss rate for each class vs number of connections in progress

Some models to describe a bursty source have been presented and evaluated from an analytical
point of view. A strategy for admission control, based only on the steady-state distribution of cell
generation, has been introduced in an ATM node, where traffic is organized in service classes,

characterized by performance requirements, and bandwidth partitions are dynamically allocated

6. CONCLUSIONS

among classes by a Bandwidth Allocator.

Simulation results have been reported to verify the efficiency of the admission control and the

accuracy of the cell loss rate approximation.
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