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Lecture topics

e Courseorganisation

¢ Why QoS

e Termsrelatedto Quality of Service
Chapterdrom book:

e Chapterl: TheBig Picture

CourseObjectives

e Quality of Servicein Internet

1. whatis it
2. why to bother
3. how to provide

— theory

— tools

— frameworks

— practicalissues

e Youbecoméeraffic enginees

Courselnformation

Prerequisites: S-38.188or equivalentknowledgeof paclet networksandinternet
Coursehomepage at http://www.tct.hut.fi/opetus/s38180/

Announcements at news://navs.tky.hut.fi/opinnot.sahé.s-3B.tietorerkkoteknikka
Personnel (lecturesgivenby)

o Mika llvesmakilynx@tct.hut.fi
o Marko Luoma,Marko.Luoma@hut.fi
o MarkusPeuhkuriMarkus.Peuhkuri@hut.fi

Coursematerial assistant N.N.

How to completethe course

e Enroll with webtopi
e Exercises
— mustgetatleast50% of pointsfor eachto take partto exam

e Examination(first exampossibly2001-12-17T16/2 S4)



Coursematerial

Book Wang, Zheng. “Internet QoS: architecturesand mechanismdor Quality of Service”. Morgan
KaufmannPublishersSanFranciscoJSA 2001.1SBN 1-55860-608-4

Lectureslides In English. Availablein PDF formatfrom coursehomepageandvia Otatieto. Printing
with University printers strictly forbidden.

Lectures In Finnish.

Extra material Articlesfor topicsnot coveredby the book. Up-to-dateinformation. Links from course
homepageandcopiesvia Otatieto.Printing with University printers strictly forbidden.

What is BE?

e BE: BestEfforll

e A network doesits bestto transporta packetto aright recipient
e Eachpacletis treatedwith the samepolicy

e A pacletis forwardif thereis

— processingapacity
— paclet storage(buffer), and
— capacityin outgoinglink

available

How a router works?

e Decideswherea paclket shouldgo or shouldit be discarded Also (LAN) bridgesand (ATM)
switchesmaydrop pacletsor forwardto differentroutes.Thisis discussedvith MPLS.

o FCFS:FirstCome,FirstSened

1. Packetis recevedby inputline card

2. Routingtableis consulted

3. Pacletis transferedo outgoinginterface

4. Packetis sentto wire
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Curr ent Inter net

e Serviceprovidedis besteffort
e Servicedifferentationis donewith accesspeed
— possiblyforeigntraffic bandwidthis limited

e Evenif youwantto payfor premium,youwon'’t getbetterservice,usinginternettechnology:you
will haveto revertto “traditional” circuit-switchedtecnologies.

LParasyritys



Differ ent needs

e | wantonly 13kbit/s but delaymaynotexceed100msandonly 1% of pacletloss
e | needto transferl GiB of datain next hour
e 95% of my webpagesshouldloadin lessthan10s

e | wantguarantee® Mbit/s with maximumdelayof 0,5s, jitter of 100msandframelossbetterthan
10—

A paclet network cansupportall of those but it needgpropermedanisms

What is a flow

e A flow is a seriesof pacletstravelling from onepartof network to anothempartof network
unidir ectional A—B differentfrom B—A
bi-dir ectional A—B sameasB—A

It is not (always)possibleto obsere both directionsat the samelocation,becausef asymmetric
routing.

e Potentialgranularitied]

— application,identifiedby
x TCPor UDP porthumbers
x transportprotocol
— host,identifiedby
x network layeraddresgIP address)
x link layeraddresge.g.MAC address)
*x hostnamde.g.DNS name)
— network, identifiedby
x addresprefix
x AS number
x domainname
x arbitrarygroupof hosts
— traffic sharingacommonpathon the network, identifiedby
link (interfaceonrouter)
ATM or FRvirtual channeidentifier
MPLS flow
AS path
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e Themostcommongranularities

— (sourceaddresssourceport, protocol,destinatioraddressgestinatiorport)
— (sourcenetwork, destinatiometwork)

o Lifetimesvary

— two pacletsexchangedn few milliseconds:oneDNS query
— millions of paclketsin amonth:several TCP connectiondbetweertwo seners

e Pacletsbelongingto thesameflow shouldreceie similar performance

— variying performancéadfor mary protocolsandapplications



To beor not to be TCP-friendly

e TCPis themostimportanttransporiprotocol
= network optimisedfor TCP:this includesbuffer dimensioningandpacletdropalgorithms

e A protocol(application)canbe TCPfriendly

— behaessimilary in eventof congestion
— usedfair shae of resouceses

e Ornot

— getsmorethanfair shareof bandwidth
— causedluctuationsin network load
— mayresultin congestioncollapse

e “Generalpublic” shouldhave someprotectionagainsimisbeha&ing bandwidthpirates
= Make’'em pay!

What is QoS?
e Qo0S:Quality of Servicll
e User:No excesswaiting, no distortionin voice or image,controltimely
e Application: datais transferedver network sothatapplicationfidelity is maintained

e Network: paclet delay delay variation (jitter), loss and datathroughput(bandwidth)is within
acceptableegion

QoS, definitions

Quality of serviceis a concepthasedn the statementhatnotall applicationseedthesame
performancedrom the network over which they run. Thus, applicationsmay indicatetheir
specificrequirementso the network, beforethey actuallystarttransmittinginformationdata.
[ p. 337]

Thecollective effect of serviceperformancesvhich determinghe degreeof satishctionof a
userof theservice.(ITU)

QoSis themeasuref how gooda serviceis, aspresentedo theuser It is expressedn user
understandablianguageand manifestsitself in a numberof parametersall of which have
eithersubjectie or objective values.(RACE D510)

QoSrequirements

Hard requirements The network musteitherdeliver requestegberformanceor dery connection

statistical guarantees: averageor most-of-timeperformances declared
deterministic guarantees: hardlimit is setfor communicatiorparameters.

Network optimisation Basedon requestedoad,the network optimisests internalrouting

Acceptingcommunication A communicationis accepteanly iff quality existing communications not
reducedbelon agreedevel andthe network candeliver requestegberformance
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QoSclasses

Planned QoS provider intendsto offer andthe userexpectsto receie
Achieved QoS actuallydeliveredQoSmeasuredby serviceprovider
Userperceived QoS QoSpercevedby humanuser

Inferr ed QoS QoSdeterminedy provider basedon usersureys

(RACE QOSMIC[M)

User ‘iji der
T Planned
Inferred

User-perceived suNe‘J Achieved

What is GoS

e Go0S:Gradeof Servicll
o Network performancdrom users perspectie
e In telephonenetwork:

— PreSelectionDelay
— AnswerSignalDelay
— Call Blocking probability

What is CoS?

e CoS:Classof Servicl

e User:sometraffic moreimportantthanother

No strict boundsfor delayandloss

Eachclassrecevesrelativeperformanceeomparedo otherclasses

Classis identifiedby somefield(s)in paclet

Differ ent classes

IPv4 A bit maskTOS (Typeof Service)

Precedence3-bit (8 levels)

111 network control
110 internetvork control
101 CRITIC/ECP

100 flashoverride

011 flash

010 immediate

001 priority

3pPalvelutaso
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000 routine
Delay normal/ low
Throughput normal/ high
Reliability normal/ high

Only two of delay/throughput/reliabilitpits maybe setfor a paclet.
IPv6 priority for real-time(8-15)andelastic(0-7) traffic

15 high-fidelity realtimemedia

8 lo-fi realtimemedia

7 network managementSNMR, routing,...)

6 interactve use(telnet, HTTP)

4 interactvetransfer(HTTR, FTP)

2 unattendedransfer(SMTP, FTP background)
1 filler traffic (NNTP sener-sener)

ATM CLP( Cell LossPriority) to marklower-priority traffic (e.g.non-conformingor UBR (Unspecified
Bit Rate))

IEEE 802.1p userpriority (3-bit) with servicemapping

0 default(besteffort)

1 less-then-best-drt

4 delaysensitve (no bounddefined)
5 delaysensitve: 100ms

6 delaysensitve: <10ms

7 network control

Servicemappingis changeabl&vithin network.

Both IPv4 TOSandIPv6 priority arereplacedvith DS byte(DifferentiatedService)

Resourceallocation

e Flow-basedesourceallocation

— resourcaesenation
— fixedpath
— traffic policing

="“Circuit-switchedapproach”
e Paclet-basedbrioritisation
— edgepolicing
— provisioning
— traffic prioritisation
=-"Statelessaapproach”

o Flow-basedlifferentiation

— overlaynetwork for differentpaths
— traffic engineeringusingvirtual paths(LSP: label switchedpaths)
— network optimisationto copewith demand

="Virtual network approach”



Why differ ent approaches?

e In corenetwork scalabilityis needed

— millions of simultaneous$lows
— tensof thousand$lows areestablishedachsecond
— oneflow usesonly smallfraction of total bandwidth

=wholesaleapproach
e In edgenetworksaccuray is essential

— only few flows
— link speeddow, especiallyin wirelesservironment
— oneflow mayusemostof bandwidth

=-accuratéookkeepingneedeed

What is the problem, then?

e Framavorksfor resourceallocation

Servicemodelsfor operators

Languagedor describingesources

e Mechanismdor enforcing,includingmethodgo chageusers

Summary

e Enrolwith webtopi
e Understanaturrentstatus

e Understand,G,CoS
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