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Introduction

® Goals

» [Determine perfermance ofi a natienal scale high perfermance
network under controlled stress

» Evaluate efficacy off congestion controls
» AAl traffic flow: characterization
» Evaluate the performance of terrestrial/satellite ATM internetworks

® Contributions
» NetSpec: A WAN performance evaluation teol
» Measurement ofi the performance of ATM WANIunder stress

» Measurement of the performance of terrestrial/satellite ATM
internetworks under stress with different transport protocels

Collection and archival off ~twoi years off AAl traffic flew data
A new model and perfermance methodology: for ATM gueues
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Outline

® Objectives

® Performance Metrics
® Measurement Tools
® Network Topoelogies
® Network Functionality,
® [raffic Scenaries

® Results

® L esson LLearned
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Objectives

® Performance ofi TCP(UDPR)/IP over ATV

» Terrestrial component of the AAlfunder contrellea
Stress

» | errestrial/satellite network under controlled stress

® Evaluate open loop control mechanisms and
emulatediideall ABR

® Siudy the terrestrial/satellite performance with
different TCP implementations
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Performance Metrics

® [hroughput
@ Delay Jitter
® Segment Loss
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Tools--NetSpec:

A Tool for WANI Performance Measurements

® Multiple hest network loading of a
national scale network

® Automated experiment execution

® Reproducib

® NEetSpec ex
language

e experiments

perment description

® All AAl' experiments required upon

NetSpec
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NetSpec:
A Tool for WANI Performance Measurements

@ Multiple Traffic Types

» Eull speed (as fast as the source can transmit to the
network)

Constant Bit Rate, CBR' (transmission ofi a periodic pattern of
pursts)

Random (transmission ofi a random pattern of bursts).
Telnet

ETP

WA

Video

Packet Audio
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NetSpec Extensions:
A Tool for WANI Performance Measurements

® SNMP
® Data steam kernal interface
® Call generation

® ATM Reference Traffic Seurce (ARTS)
® Corlba performance object

—~ Information and _

5= Racomuncatkon University of Kansas




Haostname @ nrlatm.ittc.ukans.edu
Hardware Platform : DEC Alpha AXP-30000700
Operating System : Digital Unix V4.0
ATM Interface : DEC ATMworks-750
’ ATM Device Driver : Digital Unix 4.0 standard

NREL Switch
FORE ASX 200BX
S_ForeThought_4.1.0{1.74)

d Hostame @ galaga.atm.ittc.ukans.edu
W A N Topol Ogy ! Bckgroand Traf Hardware Platform : DEC Alpha AXP-3000/700
! :C';'I‘E’;qufﬁ rajfic Operating System : Digital Unix V4.0
e (e I ATM Interface : DEC ATMworks-750
I ’ ATM Device Driver @ Digital Unix 4.0 standard

1
NCCOSC Switch GSD Switch TIOC Switch 0C-3
FORE ASX 200BX FORE ASX 200 FORE ASX 1000
S_ForeThought_4.1.0(1.74) S_ForeThought_4. 1.0(1.74) 5_ToreThought_4.1.0(1.74)

A et Hostname : elmer.atm.ittc. ukans.edu
FUREE;kb;:;? Hardware Platform : DEC Alpha AXP-3000/700
: Operating System @ Digital Unix V4.0

. L]
S Target Traffic Flow |
S-ForeThought 10CLT4) 1§~ ATM Interface : DEC ATMywaorks-750

0C-3 V - Constant Bit Rate Siream

Background Traffic | ATM Device Driver : Digital Unix 4.0 standard
0c-3 - WWW Traffic 1
[ l . - Teleconferencing Video Streams :
I
I
| S ARL Switch |
astname : necosc.atm.ittc.ukans.edu !
Hardware Platform : DEC Alpha AXP-3000/700) . FDREF:‘S}.{hHT LT 0c-3 | |
Operating System : Digital Unix V4.0 -ForeThought_4.1.0(1.74) !
ATM Interface : DEC ATMworks-730 | I
ATM Device Driver : Digital Unix 4.0 standard ! :
! I
I
oca | |
Hosmame : arl atmeitte.ukans.edu Hostname : hopper.atm.ittc.ukans.edu
Hardware Platform : DEC Alpha AXP-30000700 Hardware Platform : DEC Alpha AXP- 30000700
Operating System : Digital Unix V4.0 Operating System : Digital Unix V4.0
ATM Interface : DEC ATMwaorks-T50 ATM Interface : DEC ATMwuorks-75(0)
ATM Device Driver @ Digital Unix 4.0 standard ATM Device Driver @ Digital Unix 4.0 standard

Information and _
— Telecommunication
Technology Center

University of Kansas




Information and Telecommunication @“‘1 A
Technology Center (ITTC) . HARTLEY

The University of Kansas (-3
Lawrence, KS SPARC 20
WILEY ((M-3c) .
. roy ]
DEC 30005700 '1a,, 'y LOCAL FORE
@39 ms Oc== el ATM SWITCH
. - \QQ Sprint Technology Integration
) ‘:!Q-_ - N "% & Operation Center (TIOC)
LA N and WA N - & Owverland Park, KS

tﬁ#%h% (ﬂﬁéﬁﬁi . i éﬁ*/ Fore ATM switch
. 7

. " d Di o il Sprint Government

i Systems Division(GSD)

Kansas City, Missouri

Fore ATM switch

Configuration
With

[
GALAGA[OC-3c) -
DEC 300N TN

Cengestion

fior the

L AN/WAN/Satellite
Stuay;

7 CORE AAI
.

WIDE AREA NETWORK

.

Maval Research
Laboratory (NRL)

Washington, D.C "
. - ATM FORE
e SWITCH
@~ B
NRL{OC-3¢) — — — = WAN connection path

DEC 3000/700 I 11 1 LAN connection path

: Information and _ - :
%Tﬂlmmmcamn University of Kansas

Technology Center 1)



Terrestrial/Satellite ATM internetwork
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Network Functionality

No control
User level traffic pacing ofi target flow
ATM cell'level ofi target flow

ATV cell' level ofi backgreund flows
Emulated ABR

Edge/core network topoelegy withiedge early packet
discard (EPD)

TCP Iimplementations
» [TCP Reno

» TCP new Reno

» TCP Sack
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Targct Flow

Blocksize (hyvtes)

Period {ms) Rate (Mbps)

9140

11 5.22

18280

14 10.45

27120

11 15.67

3606(0)

14 20.89

43700

14 26.11

54540

14 31.34

Background Traffic

Traffic Tyvpes

Mcan Rate {(Mbps) Total (Mbps)

25Mbps

WWW

10

FTD

MPLG

Video Conferenee

60Mbps

WWW

FTD

MPEG

Video Conference

Trattic Scenarios: AAI Congestion Studies
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EmU| ated Mo Background Traffic (7/20/97)
25Mbps Background Traffic (8/4/97)
ABR ' 60Mbps Background Traffic (8/10/97)
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Emulated

ABR
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[mpact of Transition to Edge/Core
Networl Architecture

® Octeber 1997 the AAl ‘cloud” netweork
Was upgraded tora edge/core network
alchitecture

® Edge swiiches implemented Early
Packet Discarnd (EPD)

® AAIVC's were changed from:
VBR to UBR
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Cell Level Paced Background Traffic (AAl = ITTC)
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AAT WANI Measurements and ILessons
[Cearned

® Poor network perfermance was
observed without traffic flow control

® Perfermance can be highly asymmetric

® Emulated ABR was suificient to
OVErcome perfermance problems

® Change to edge/core with EPD was
also sufficient (o overcome perfermance
problems
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Terrestrial/Satellite ATM internetwork:
Studies: Objectives

® Compare the performance of LAN, WAN, and Satellite
TCP/IP ever stressed ATIMInetworks

® Determine hew: three TCP implementations, with
different congestion control algorithms and different
philesophies; perferm over AlVIiever high data rate
long distance networks; I.e. ever high-bandwidin-
delay-product networks.
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Graph of Aggregate Throughput versus Offered Load in LAN, WAN, and ACTS
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Graph of Aggregate Throughput versus Offered Load of TCP/ATM over ACTS
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Terrestrial/Satellite ATM internetwork:
[Lessons [Learned

Different enhancements on TCP can achieve high
perfermance over GEO systems.

Threughput results fer TCP/IP hosts en ATM/SONET:
networks ever LANs, WANSs and satellite
envirenments with very lew BER and high speed
channels (like ACTS) are similar

IR cases with highi speed satellite links with: high BER
O When congestion Is present, the throughput
obtained by TCP Renoe end systems will'be degraded,

Need to consider fairness between TCP.
Implementations as well as threughput and channel

utilization
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