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Lecture topics
� Courseorganisation

� Why QoS

� Termsrelatedto Quality of Service

Chaptersfrom book:
� Chapter1: TheBig Picture

CourseObjectives
� Quality of Servicein Internet

1. whatis it

2. why to bother

3. how to provide

– theory

– tools

– frameworks

– practicalissues

� You becometraffic engineers

CourseInf ormation

Prerequisites: S-38.188or equivalentknowledgeof packetnetworksandInternet

Coursehomepage athttp://www.tct.hut.fi/opetus/s38180/

Announcements atnews://news.tky.hut.fi/opinnot.sahko.s-38.tietoverkkotekniikka

Personnel (lecturesgivenby)

� Mika Ilvesmäki,lynx@tct.hut.fi
� Marko Luoma,Marko.Luoma@hut.fi
� MarkusPeuhkuri,Markus.Peuhkuri@hut.fi

Coursematerial assistant N.N.

How to completethe course
� Enroll with webtopi

� Exercises

– mustgetat least50% of pointsfor eachto takepartto exam

� Examination(first exampossibly2001-12-17T16/19S4)
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Coursematerial

Book Wang, Zheng. “Internet QoS: architecturesand mechanismsfor Quality of Service”. Morgan
KaufmannPublishers,SanFrancisco,USA 2001.ISBN 1-55860-608-4

Lectureslides In English. Availablein PDFformat from coursehomepageandvia Otatieto. Printing
with Universityprinters strictly forbidden.

Lectures In Finnish.

Extra material Articles for topicsnot coveredby thebook. Up-to-dateinformation.Links from course
homepageandcopiesvia Otatieto.Printing with Universityprinters strictly forbidden.

What is BE?
� BE: BestEffort1

� A network doesits bestto transportapacket to a right recipient

� Eachpacket is treatedwith thesamepolicy

� A packet is forwardif thereis

– processingcapacity,

– packetstorage(buffer), and

– capacityin outgoinglink

available

How a router works?
� Decideswherea packet shouldgo or should it be discarded Also (LAN) bridgesand (ATM)

switchesmaydroppacketsor forwardto differentroutes.This is discussedwith MPLS.

� FCFS:First Come,First Served

1. Packet is receivedby input line card

2. Routingtableis consulted

3. Packet is transferedto outgoinginterface

4. Packet is sentto wire

Curr ent Inter net
� Serviceprovidedis besteffort

� Servicedifferentationis donewith accessspeed

– possiblyforeigntraffic bandwidthis limited

� Evenif you wantto payfor premium,you won’t getbetterservice,usingInternettechnology:you
will haveto revert to “traditional” circuit-switchedtecnologies.

1Parasyritys
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Differ ent needs
� I wantonly 13kbit/sbut delaymaynotexceed100msandonly 1% of packet loss

� I needto transfer1GiB of datain next hour

� 95% of my webpagesshouldloadin lessthan10s

� I wantguaranteed6Mbit/s with maximumdelayof 0,5s, jitter of 100msandframelossbetterthan�������

A packetnetwork cansupportall of those,but it needspropermechanisms

What is a flow
� A flow is a seriesof packetstravelling from onepartof network to anotherpartof network

unidir ectional A � B differentfrom B � A

bi-dir ectional A � B sameasB � A

It is not (always)possibleto observe bothdirectionsat thesamelocation,becauseof asymmetric
routing.

� Potentialgranularities[2]

– application,identifiedby
	 TCPor UDPport numbers
	 transportprotocol

– host,identifiedby
	 network layeraddress(IP address)
	 link layeraddress(e.g.MAC address)
	 hostname(e.g.DNS name)

– network, identifiedby
	 addressprefix
	 AS number
	 domainname
	 arbitrarygroupof hosts

– traffic sharingacommonpathon thenetwork, identifiedby
	 link (interfaceonrouter)
	 ATM or FRvirtual channelidentifier
	 MPLSflow
	 AS path

� Themostcommongranularities

– (sourceaddress,sourceport,protocol,destinationaddress,destinationport)

– (sourcenetwork, destinationnetwork)

� Lifetimesvary

– two packetsexchangedin few milliseconds:oneDNS query

– millions of packetsin amonth:severalTCPconnectionsbetweentwo servers

� Packetsbelongingto thesameflow shouldreceivesimilarperformance

– variyingperformancebadfor many protocolsandapplications
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To beor not to be TCP-friendly
� TCPis themostimportanttransportprotocol
 network optimisedfor TCP:this includesbuffer dimensioningandpacketdropalgorithms

� A protocol(application)canbeTCPfriendly

– behavessimilary in eventof congestion

– usesfair shareof resouceses

� Or not

– getsmorethanfair shareof bandwidth

– causesfluctuationsin network load

– mayresultin congestioncollapse

� “Generalpublic” shouldhavesomeprotectionagainstmisbehaving bandwidthpirates
 Make ’em pay!

What is QoS?
� QoS:Quality of Service2

� User:No excesswaiting,no distortionin voiceor image,controltimely

� Application: datais transferedovernetwork sothatapplicationfidelity is maintained

� Network: packet delay, delay variation (jitter), loss and data throughput(bandwidth)is within
acceptableregion

QoS,definitions

Qualityof serviceis aconceptbasedon thestatementthatnot all applicationsneedthesame
performancefrom the network over which they run. Thus,applicationsmay indicatetheir
specificrequirementsto thenetwork, beforethey actuallystarttransmittinginformationdata.
[1, p. 337]

Thecollectiveeffectof serviceperformanceswhich determinethedegreeof satisfactionof a
userof theservice.(ITU)

QoSis themeasureof how gooda serviceis, aspresentedto theuser. It is expressedin user
understandablelanguageandmanifestsitself in a numberof parameters,all of which have
eithersubjectiveor objectivevalues.(RACED510)

QoSrequirements

Hard requirements Thenetwork musteitherdeliver requestedperformanceor deny connection

statistical guarantees: averageor most-of-timeperformanceis declared

deterministic guarantees: hardlimit is setfor communicationparameters.

Network optimisation Basedon requestedload,thenetwork optimisesits internalrouting

Acceptingcommunication A communicationis acceptedonly if f qualityexistingcommunicationis not
reducedbelow agreedlevel andthenetwork candeliver requestedperformance

2Palvelunlaatu
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QoSclasses

PlannedQoS provider intendsto offer andtheuserexpectsto receive

AchievedQoS actuallydeliveredQoSmeasuredby serviceprovider

User-perceivedQoS QoSperceivedby humanuser

Inferr edQoS QoSdeterminedby providerbasedon usersurveys

(RACE QOSMIC[1])
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User Provider

What is GoS
� GoS:Gradeof Service3

� Network performancefrom user’sperspective

� In telephonenetwork:

– PreSelectionDelay

– AnswerSignalDelay

– Call Blockingprobability

What is CoS?
� CoS:Classof Service4

� User:sometraffic moreimportantthanother

� No strict boundsfor delayandloss

� Eachclassreceivesrelativeperformancecomparedto otherclasses

� Classis identifiedby somefield(s)in packet

Differ ent classes

IPv4 A bit maskTOS(Typeof Service)

Precedence3-bit (8 levels)

111 network control

110 internetwork control

101 CRITIC/ECP

100 flashoverride

011 flash

010 immediate

001 priority
3Palvelutaso
4Palveluluokka
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000 routine

Delay normal/ low

Thr oughput normal/ high

Reliability normal/ high

Only two of delay/throughput/reliabilitybits maybesetfor a packet.

IPv6 priority for real-time(8-15)andelastic(0-7) traffic

15 high-fidelity realtimemedia

8 lo-fi realtimemedia

7 network management(SNMP, routing,. . . )

6 interactiveuse(telnet,HTTP)

4 interactive transfer(HTTP, FTP)

2 unattendedtransfer(SMTP, FTPbackground)

1 filler traffic (NNTPserver-server)

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-effort

4 delaysensitive (no bounddefined)

5 delaysensitive: 100ms

6 delaysensitive: 5 10ms

7 network control

Servicemappingis changeablewithin network.

Both IPv4 TOSandIPv6 priority arereplacedwith DSbyte(Dif ferentiatedService)

Resourceallocation
� Flow-basedresourceallocation

– resourcereservation

– fixedpath

– traffic policing


 “Circuit-switchedapproach”

� Packet-basedprioritisation

– edgepolicing

– provisioning

– traffic prioritisation


 “Statelessapproach”

� Flow-baseddifferentiation

– overlaynetwork for differentpaths

– traffic engineeringusingvirtual paths(LSP:labelswitchedpaths)

– network optimisationto copewith demand


 “Virtual network approach”
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Why differ ent approaches?
� In corenetwork scalabilityis needed

– millions of simultaneousflows

– tensof thousandsflowsareestablishedeachsecond

– oneflow usesonly smallfractionof totalbandwidth


 wholesaleapproach

� In edgenetworksaccuracy is essential

– only few flows

– link speedslow, especiallyin wirelessenvironment

– oneflow mayusemostof bandwidth


 accuratebookkeepingneedeed

What is the problem,then?
� Frameworksfor resourceallocation

� Servicemodelsfor operators

� Languagesfor describingresources

� Mechanismsfor enforcing,includingmethodsto chargeusers

Summary
� Enrolwith webtopi

� Understandcurrentstatus

� UnderstandQ,G,CoS
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