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Abstract

Several research efforts have recently attempted to characterize the effects of heavy-tailed traf-
fic on router performance, while the effects of light-tailed traffic have for long been understood.
Since general web traffic originates from heterogeneous sources, the study of traffic mixing is of
importance as it can reveal the degree to which heavy-tailed traffic can be handled by networking
infrastructure before router delay becomes unacceptable. We present a model for heterogeneous
traffic sources, where each is an ON/OFF process with an exponential OFF time and an arbitrary
ON-time distribution. We consider the case of a 2-source process where one has exponential ON
time and the other power tailed and present some analysis results showing the significance of traffic

mixing on router performance.

Introduction

One of the goals of the network performance modeling research has been to characterize the condi-
tions under which router performance becomes unacceptable, linking performance to the presence
of heavy-tailed transmission times, for which the term heavy-tailed traffic is used. This research
has assumed that the traffic generated by all sources is heavy-tailed, which does not accurately
reflect on the nature of the traffic generated by hosts. Web traffic generally consists of a confluence
of independent streams that may not all necessarily be heavy-tailed. In this paper, we present a
performance model for heterogeneous sources along with some analysis. The arrival process is
represented as a Markov Modulated Poisson Process (MMPP) and is formulated in a Linear Alge-
braic Queueing framework that allows for an analytic solution of the model. The following section
presents an overview of the model and includes foundational elements for the modeling approach

used here, and provides insights for interpreting our results.

Model Overview and Background

The model we present in this paper is@findependent, heterogeneous ON/OFF sources . The
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aggregated traffic is then processed as input to a router that is modeled as a queue with exponential
service ratd;/. Sources have an OFF time that is exponentially distributed with mean:tiared
an ON time that is represented as an arbitrary matrix-exponential, or ME, distribution with the
vector-matrix pair(p;, B;). During an ON period, a source transmits packets in a poisson stream
at a rate of)\,, , which is the peak source transmission rate. This can be viewed as a hardware
or system constraint. Previous work with a model of identical sources revealed that performance
blowups at the router are attributed to the heavy-tailed ON-time of the sources. First we will discuss
the Truncated Power Tail distribution and its significance for traffic modeling. A discussion of the
trucated power tail - distribution any-Burst model and its analysis are the subject discussed
below.

Truncated Power-Tail Distribution(TPTD)
In our traffic modeling is a Matrix Exponential representation of a power-tail distribution. This is
motivated by the discovery that the ON-time (or Burst Size). Distribution must be heavy-tailed to
account for the long-range dependence of the traffic measured. There is a good reason to believe
that such functions are involved in network traffic. First of all, long-range dependent arrival pat-
terns in ON-OFF systems can be caused by processes with PT ON-times. Secondly, it has been
shown in numerous places that the file size distribution in many facilities, including those trans-
mitted over the Internet, tend to have PT behavior. In this section, we briefly describe a family of
heavy-tailed distributions, called Truncated Power-Tail distributions (For a full treatment of TPT),
which are phase distributions, and thus can be used in analytic models of Markovian-like systems.

Power- Tail (PT) distributions with exponent, have the following properties:

; >~ =00, for [>a.
E(X") :/ ' f(x)dr =
2=0 < oo, for l<a.
where X is the r.v. with pdff(z) . Reliability functions with tail behavior (behavior for largé
of the form:

R(z) = P(X > ) — fa (c>0)

are the simplest functions having this property, and are called Power-Tail distributions. They have
also been referred to as heavy-tailed, long-tailed, Pareto, or Levy functions. We now briefly de-

scribe a hyper-exponential function (which is matrix exponential) that in the limit becomes a PT



distribution, and that we have used very successfully in standard queueing models. Consider the

following family of functions with random variables(.

1-6 & 4
Rp(v) = -7 > Veap(—pa /),
=0

where 0 <0 <1 and 1<v

It can be shown that
lim B(XL) =00 for | >a

T—o00

The N-Burst Model

The N-Burst model, which was introduced to, serves as a powerful descriptor of the behavior
of heavytailed traffic, and provides the means for carrying out detailed performance analysis using
a linear algebraic approach to queueing theory. The model mimics the behavior of N identical
and independent hosts that intermittently put data onto a telecommunications line leading to a
router. Each of the hosts is an ON/OFF process represented as an MMPP with a power-tail ON
time and an exponential OFF time. A source transmits packets at a r&fe afntributing to
the total packet generation rate bf which is simply N x K, During an ON period, the source
transmits packets at a rate df. The burst parametér,is defined to be the fraction of the time
that a source is OFF, namely OFF (ONOFF) . This parameter is instrumental. This parameter
Is instrumental in characterizing the degree of burstiness of a traffic source, in thegpp@®aches
0 traffic resembles a poisson stream, whereas whapproaches the other limit df traffic is
presented for transmission in a very short period of time and the source is idle the majority of time.
KeepingXC constant, a$ goes from0 to 1, we can observe that the packet arrival rate during an
ON period grows unbounded. One of the most significant results of this work is the discovery of
the conditions that cause blowups in packet delay at the router. Performance blowup turned out to
be a function of the router utilization and the burst parameter, while its magnitude is dependent on
the range of the Power-Tail function and ihh@arameter. In the model, the router is represented as
an exponential server with an average service raié oWith the arrival process being an MMPP,
the system becomes an SM/M/1 queue, which can be solved analytically. The utilization ratio of
the routeryp, is simply N x K/ V.

For a process with one source, or thburst model, a blowup point is located whére- 1 — p

or equivalently where,, = V. This indicates that it is sufficient for the peak rate of the source
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to exceed the router rate in order for a blowup to occur, irrespective of the average rate at which a
source is submitting packets for transmission. If theramemore sources, the situation becomes
more complicated. An N-Burst process gives rise to N blowup points, each with increasing delay
severity a9 increases. The value af,, for each blowup is given by:

V— (N -k

Ap(i’N): i

SincelC = (1 —b)A\, andp = N /V, theV value of blowup point can be given as

V —NK 1—p

N = N ok T TN N

Conclusion

From above presented a performance modelNofruncated power tail distribution andl-
burst model. The model was expressed using a linear algebraic formulation, which captures the
phenomenology of events in a systemeheterogeneous ON/OFF sources. We then derived an
exact solution for the model endpoints, which define the performance bounds for a/VHLIDst
model. Our results show that the inclusion of non-PT sources improves router performance in
two respects: (1) blowup occurs for higher values of the burst parameter compared to the N-Burst
model,(2) the magnitude of the blowup is dampened in accordance with the relative contribution

of non-PT sources to the total traffic.



