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@ Telenor

The need of a traffic generator
«Controllable
*Scalable

New services Server *Re-producible

Use dd ghadaL model

Internet
Protocols

WorkStation

Internet
Protocols

WorkStation

(e.g. Internet 2 - QBone)

New network mechanisms
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@ Telenor

Why traffic modelling?

» Evaluation of the performance of new network
mechanisms & end-user applications

— Simulation studies
— Controllable & reproducible measurements
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@ Telenor

Traffic generation

» Replay of recorded stream of IP packets

« Worse case generation (“full speed”)

Black box: Stochastic model of aggregated stream
» White box: Physically based source models
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@ Telenor

Modelling approaches

« Black box approach
— stochastic process fit measurement trace
« White box approach
— physically interpretable
* end-user behaviour
« application & network mechanisms
* equipment & protocols
— traffic mixture fit measurement trace
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@ Telenor

Framework for source modelling

@ Telenor

Framework for source modelling —
stochastic and comm. state space

_conditional transition
(9 (ex: download interrupted,
> <" or download completed)

« lhreaqv_ httpitcp-
i connection

Wi /‘
: . httpl/tcp-
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“.__ Stochastic State Space | Comm State Space
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Traffic source Level constant
L] e I | 100ms
End user system  LAN-ATM gateway Cell stream
« Different activity levels
¢ Stochastic model
¢ Communication model
» Source composition
Telenor FoU
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@ Telenor
Example — Web source
e Overall model
* Measurements -> define parameters
» Fit parameters to heavy-tailed distribution
* Model of web-browser client
e Server not a model — a real server
Telenor FoU
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@ Telenor

Example — Web source

@ Telenor

Composition of users

Requires that all state sojourn
times are neg.exp. distributed

A (L:p)a
Read Download
pa
Stocastic State Space Comm. state space
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P Off the shelf
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@ Instance of source 7
p)a
Download
Stocastic State Space Comm. state space
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Telenor
How does it work?
A (I:p)a
Read Download
ofof
Stocastic State Space Comm. state space
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@ Telenor

How does it work?
stochastic user behaviour

Web

@ Instance of source

A

A

Stocastic State Space Comm. state space
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@ Telenor

How does it work?
the web browser model

[y

i<

public "
<himi><head> ... <thead>

<body bgcolor="4FFFFFF" link="40000B3" alink="4B30000">
<center>

<a href="htp//waw.ntnu.nolntnuvelkommenr*><img

mer om NTNU" VSPACE =5 BORDER=0 height=126 widih=520></a>

<td ALIGN=CENTER VALIGN=CENTER>

widih=300>

<br><b><font size=-

" ALT="

N

anwe > @dd to Lirl-table
vie ——» open ur

~nests ——— open url

Anne Katharine Dahl<ffont></b>

Parsing the html source-file
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@ Telenor

Observations from
measurements

» Traffic stream not Poisson
— except telnet, ftp
— not Erlangs formula ...
e But, what is it?
e Problem: the size, the growth,

o the diversity, the complexity
-t ¢ How can we build models now?
Figure 2: Results of testing for Poisson arrivals. Telenor FoU
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@ Telenor

Fit parameters to heavy-tailed distribution

The state sojourn time is not
neg.exp. distributed

Stocastic State Space

p)a

Download

Comm. state space
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Fit parameters .... @ taenor

s N
Apply phase type distribution Read
to model non-exp. distribution

Fit parameters .... @ taenor

Each state has neg.exp.
distributed sojourn times Read.1

Read.2

Read.3 Download

00U0)

@p
= (1-p)a,
Read.4
Stocastic State Space Comm. state space
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GDownload
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Stocastic State Space Comm. state space
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Telenor

GenSyn —
Generation of Synthetic Internet traffic

» Mixture of sources
Traffic models (Web, streaming,..)

N T— + Application behaviour

modelled on top of
standard Internet
protocols
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@ Telenor

Java implementation of the generator

Sim
Nodelist
. Node Urllist URLlist
* Requirements
link_ptr draw_time_ URLarray
user_count to-transition ARRAY_SIZE
— POrtab|e total_rate draw_from_state:
next draw_to_state update_urlarray
. . transition random_url
— Distributed insertLink print
getLink
Inc IEvent
— Scalable e
» Class structure
- =
* Verification n Download
from
to urllist
next maxtime
event
eventhandler
setEvent getPage
logg
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@ Telenor

Verification
. stae spac
Idle Read.1 Read.2 Read.3 Read.4 Download
Exact 137.28 —30.56 59.93 24.00 53.57 4.67
DEMOS 136.62 20.79 60.44 31.72 45.89 4.54

NT* 121.17\ 47.93 62.83 28.92 58.11 5.71 \

UNIX* 128.37 22.77 61.85 24.56 58.17 5.02 /

* without physical downloads (stochastic duration)

@ Telenor

Physical download characteristics

observed

auto-correlation

negexp

This explains the deviations
observed from the exact
values that assumed send
state to be independent and

neg.exp. distributed

Telenor FoU

Uninett testnetiseminar, 26 og 27 januar 2000, Tromse PoulE. Heegaard, side 22

Telenor FoU
Uninett testnettseminar, 26 og 27 januar 2000, Tromse Poul E. Heegaard, side 21
<Y
@ Telenor
Closing comments

» Critical factors
» Generator features
» Experiences
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@ Telenor

Further plans

* Add new comm. processes

« Add new model templates

* Make Java applet

e Convert Java implementation to ¢
— Lower level comm. interaction
— Include measurement features
— Improve event granularity
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