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rﬁesearch Issues

* Network li

~

traffic ck ization and 1]

+ Evaluation of sch

is (HTTP; VBR video; FTP; Webcast)

for

* Multi-fractal analysis and modeling of network applications and services

* Understanding the origins and impacts of self-similarity

+ Effect of controls on self-similar traffic

between

and ion of HTTP and VBR bursty traffic
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¢ Evaluation of different classes of VBR traffic control

* Design of new VBER control mechanisms
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Multi-Resolution Analysis and A Wavelet-Based Estimation
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(Background

+ Research project

Traffic Control in ATM Networks; Engi ing I for Ri

* Support
* Nutek (SWAP II)
* Blekinge Forskningsstiftelse

* Focus
« Self-similarity in teletraffic, origins and impacts
¢ Controls for QoS with bursty traffic

.

Traffic Processes
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+ Estimating H

. A ion-based esti s is; vari i
Not precise
Rough estimate of H
May get seriously biased
. A icall; iased derived from Gaussian Maximum Likehood Estima-

tion MLE (Whittle-type estimators)
Good statistical performance

parametric esti 3 i i ive; risk that the esti may
become biased

* Wavelet-based estimation
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(Multi-Resolution Analysis and a Wavelet-Based Estimation (cont.) )

* Applying the wavelet to a wid i ¥y hastic process of type LRD
* Power-law behavior of LRD processes with H
2 -2H
yx(r)-cyt( ) y T3
* Power spectrum
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* Statistics of the wavelet coefficients
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(Estimation of Long-Range Dependence )
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(Stationarity ~\

'y process with LRD from a non-stationary one

Need to test for stationarity assumptions in the process

Method:
Partition the sequence

Perform H estimations on each
Compare with the H

on the entire

Should the process be stationary, the mean of the H estimations should not differ in any
larger extend from the H estimate taken over the entire data set

¢ Condition: independence of the partial estimates
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(Multi-Resolution Analysis and a Wavelet-Based Estimation \
+ Multi-Resolution Analysis (MRA)
J
x(t) = Ya S kbg L)+ 3 T G k¥ Lt
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* Di te wavelet : collection of
(dx(j,k),j =1 J,keZ} and (ag(J, k), ke 2)
as defined by the inner products
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(Multi-Resolution Analysis and a Wavelet-Based Estimation (cont.) N

+ Unbi i ion of the ter H: linear fitting in a log-log plot
2j P} o P
logg| =3 |d, G, k)" | = @A -Dj+e
0k
where
¢ estimates logyegfio! ZH)“Fo(\))‘zd\))
of
N>H -1
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(Implementation )

+ Discrete wavelet transform

Fast pyramidal filter-bank based algorithm followed by a time-averaging unit
* Problem: boundary effects
¢ Solution: discard the corrupted wavelet coeffiecients from the data set
¢ Risk: loss of accuracy
* Good practical compromise;

N=H+1
« Advantages in terms of memory usage
¢ Validation:

Traces of fBm and fGn

Excellent agreements with theoretical results
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(Measurements )

+ Ethernet data
Bellcore Ethernet traces (Aug '89)

Focus: discrete versions of the arrival process and the corresponding point-process
Sampling interval: 6 msec

Focus: stationarity condition

Wavelet: Daubechies wavelet with N =2
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(Measurements (cont.) A
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Weasurements (cont.) \

* VBR video data
Movie "Star Wars" traces
Encoded using MPEG-1
Movie length: ~ 2 hours

Haar Daubechies 2 wavelet and Daubechies 3 wavelet

(when strong short-lag correlations)
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(Measurements (cont.)

pAugED Arrival process H=0.782 CI0.77. 0.79)

log2(sum(dj2))
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(Measurements (cont.)
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(Measurements (cont.)

H=0.809 C(0.854.0.94¢) Scales:(8.17) Wavelet-D1
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(Measurements (cont.) N\

Ha0.910 C[0.862.0.57) Scales:(8.15) Wavelet D2
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(Measurements (cont.) )

Stationanity test
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(ATTP Interactions with TCP (cont.)

* Main question: how specific LRD parameters ication-level) get modified by TCP/IP?
¢ Application of interest: WWW
\ J
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Management of application traffic has requirements that are different from those for the
management of transport-level traffic

ievel traffic decisi

i on the ad
agement hierarchy

control and resource man-

Transport- and network-level management: requires the delivery of implied (e.g., IP) or con-
tracted (e.g., ATM) QoS

Conclusion: need to understand the traffic parameters at the application layer AND to model
and quantify the effects of diverse control mechanisms

Problem: lack of results showing itative
effects on source parameters

of pretocol stacks and their
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(Measurements (cont.)

H=0.914 Ct(0.861,0.966] Scates:(8, 13) Wavelet:D3
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(TTP Interactions with TCP

in network packet traffic

* Underlying physics that could give rise to self-similarity:
¢ User (human) behavior (sociology, Lotka's law; medicine, cardiac spectrum; biology, Willis’
law; economics, Pareto’s law; etc)
« Data generation, organization and retrieval (application characteristics: heavy-tailed as

well as light-tailed packet arrival and file size distributions; ON-OFF sources with infinite
variance syndrome, Noah effect)

* Ci ional models (cti er)

* Traffic aggregation (Joseph effect)

* Network control with bounded resources

¢ Feedback-based (flow) control mechanisms
* Protocol interactions (cascading effects)

¢ Network evolution

7
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(Performance Model \

Client
HTTP

Server
HTTP

Internet Cloud
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(Web Document Structure ) (Web Document Structure (cont.)

Analysis of data (web traffic) collected during a busy hour from a production Frame Relay
network (part of Pacific Bell’s Internet access network) s

25006

About 1800 web servers were accessed by hundreds clients during this interval via one
Frame Relay trunk

A number of about 25000 web pages were analyzed

Contributions:

fonor
¢ Disiribution of the total number of bytes accessed from various servers on the Internet
during a busy hour

WO e e w0 o
Ratmborof ok Gemern

* Distribution of the number of embedded items within web documents

Total number of bytes received during a busy hour from the first X most popular servers

\_ J \. J
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(Web Document Structure (cont.) ) (Network Level Simulation )
S i . Si ion envir OPNET si ion tool
¢ Clients and servers grouped into two 10 Mbps Ethernet networks
* Interconnection of Ethernets: 192 kbps link
53 ¢ Model with multiple client nodes (up to 60 users) and a single server
Opsarved COF * Experiments focused onto the bottleneck link
v T T T
o 5 05 150
5 o sbodad
Number of internally embedded items: actual vs as fitted by a negative bi ial distrib
\ J \. J
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(Modeling Aspects of Client-Server Interactions ) F\'Iodeling Aspects of Client-Server Interactions (cont.) N
= Client model: ON/OFF source
* Server model: FIFO
* Probability of success in ing a web server (web page request): 90%
+ Probability of objects of type HTML (server traffic): 50% i
¢ Browser caching not modeled
* However, probability of no change for a specific document (since last transferred): 4%
Doammed sten )
Typical CCDF (log-log plot) of web document sizes
. J o J/
HapncintKarmonutomnay w0 [ T—— o

[rT—




(Simulation Setup ™

Shared Medium

setup for ing the effect of TCP on HTTP performance
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(Effects of TCP/IP on Application Parameters (cont.) N

[

Hurst parameter as a function of utilization on the bottleneck link from server to client

\. J
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(Fffects of TCP/IP on Application Parameters (cont.) N

8

fBm as a function of link
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(Effects of TCH/IP on Application Parameters )

- A traffic on the

Link: aggregation of several TCP sessions

- D ion of TCP i g
trols and congestion

by the distribution of objects as well as the effects of con-

Application traffic: Pareto model

.

Network traffic: fBm model

* Long esti i H ) under diti of high load

Estimates (simulation):
* H as a function of link utilization

¢ Number of users as a fi ion of link
¢ fBm ked asa ion of link utili
\. J
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(Effects of TCP/IP on Application Parameters (Cont.) )
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Number of web users supported by a channel with capacity C
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Fnd-to-End Performance )

¢ Main goal: end-t d lication level p: (delay)

+ Conditions for simulation experiments:
* Bottleneck link: 192 kbps
* Router buffers: 57.6 kb

« Extreme difficulties when computing analytically end-to-end delay (mixing of negative bino-
mial distribution with convolutions of Weibull distributions)
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(End-to-End Performance (cont.)

Enato B Dears (et

e o)

Observed end-to-end web object retrieval delays (sample trace)

\.
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(End-to-End Performance (cont.)

A
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CCDF of the observed end-to-end application delays (log-log plot)
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(End-to-End Performance (cont.)

Ay

CCDF of the observed end-to-end application delays (semi-log plot)
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(Conclusions

« Contributions
* Wavelet-based tool for the analysis of LRD traffic

+ Distribution of the number of embedded items within web documents
. Si ion of a client-server envi for WWW

¢ Further topics of interest
* Wavelet-based analysis of VBR traffic
* Multi-fractal properties of traffic
* Engineering of trunks and network resources for end-to-end QoS
. it among p ing effects)

\.

+ Distribution of the total number of bytes accessed from various servers during a busy hour

 Interactions between HTTP and TCP/IP protocols in terms of self-similarity in network
traffic
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