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WHEIRSEERIREEEPO Integrate a node into Internet ?

DEPERESIONN®S, end device, network support N O(l\,_\
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SEREITorm way
|2ipthe mercy of ISPs

peNIEEes of network must be plug and play
Seaido it gracefully at present

(Ergppalmywith wireless cards)

IBESNImEENO get end-to-end performance ?
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Must use configuration and state of network

Need 1. Support from network

2. Tools for implementing the functionality




Operating systegiRielmalEYela s

COMPULES:
plelfelzlfe

Conventional OS
facilitates access to
computing h/w

Network Operating System provides
easy access to underlying network:

Challenges:
edistributed hardware

enetwork model partially knewn




NOS Daemons;
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IMplEMERtALon

tineuon Pathicompliting and
Lraniicrproning

Use configuration and state of network ﬁ

to provide the best performance from network




Control Theory 1046
To control a sy CliMaWERe[EISle

1. OJOS’:‘T\/EI'G . ability to estimate model based on

VeRyaRelgniyAspeaking, for Internet
Olsevamdlli/Aenables us to know the state of the network
ICIVIESSINVIPSBEP is a first step
Contrelianility prevides,ability to choose paths and traffic rates

e Current Internet provides

Some observability and very little controllability




Components o g IOSEBEEINIaE

IWERIESICRVYIESYOf hodes:

SENEEIBEES: laptops, palmtops, workstations

SINEEMplex but seem to be implementable in theory
IRErmeENnodes: routers, switches, hubs
SR Complexdatechnically and politically challenging

PDaemenstuntentailhnetwork nodes

NOS Kernel: (mere details in,whitepaper and website)

s Network Modeling and Optimization sub-kernel
— Perform the network task best possible way

e Sub-kernel for end devices
— Enables plug-and-play ofi nodes




Fhd-to-end delays over Internet using two-paths
» \Was able minimize using explicit multiple paths
sBShowed the analytical justification
first implementation on Internet — linux/unix

sApplIcaions: distributed and grid computing

— Adhee dynamicwireless network — No infrastructure needed
= Automatically setup the network with IEEE 802.11 cards
Tracks connectivity changes uses other nodes as routers
Developed connectivitythrough-time analysis
Working implementationi—MS windows, linux point-of-access
Applications: remote robot team explorations
formation of networks for emergencies




Internet RN S

Old Dominion Uni =

DARPA Eunded

Target: : End-to-endidelay minimization:

Solutien: twoe-paths: ORNL-OU, ORNL-ODU OU

NOS autematically “optimizes”.end-to-end delay.
using multiple paths
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Performance GuagElgiclsS=ialo B{oE=lglo Mo (121,

SMRREGIEEEIBINM N Cctions based on “Vapnik-Chevonenkis properties

GIVERNEIYY measurements of sufficient (finite) size

PE@lilmance guarantee:

P{gT(PR)- T(P:, R)Y> e} <d

IESPECtVeYOf the joint delay distributions
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Infermally, end-te-end delay of computed path is within
specliied toelerance off eptimal with a specified probability

Analysis helped implementation:

1. Appropriate measurements and their optimization

2. Perfermance savings are real




AEeE ability: Adhoc Networks

DSESIENIVACIOZEMNIC-cards of Turbowave, Inc (Sponsor)
NOUNREREISENS” needed — no access points — no infrastructure

SEEXEIENge message between any two computers using others as routers
SIEEENEaN be laptops,desktops running win95/98/ME, NT/2000, unix/linux

Fanpadapt to laptop movements
ERNGENRRCck connectivity changes
=implEmERLs connectivity-through-time

NOS capability:

Daemensratomatically set-up the network _
Send messages under dynamic

connectivity
_IG —
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L%Q} Mobile robots in place of Iaptops
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