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A note on the use of these ppt slides:

We’re making these slides freely available to all (faculty, students, readers).
They’re in PowerPoint form so you can add, modify, and delete slides
(including this one) and slide content to suit your needs. They obviously
represent a lot of work on our part. In return for use, we only ask the
following:

If you use these slides (e.g., in a class) in substantially unaltered form, that
you mention their source (after all, we’d like people to use our book!)

If you post any slides in substantially unaltered form on a www site, that
you note that they are adapted from (or perhaps identical to) our slides, and
note our copyright of this material.

Thanks and enjoy! JFK / KWR

All material copyright 1996-2004
J.F Kurose and K.W. Ross, All Rights Reserved
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Chapter/7 :Goals
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M M N ewakingAppliatins

ChsssofM M_ampliatins: Fundamental charaoe st s
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Stream g Stored M ultmedni:
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Stream g Stored M ulbmeda: Intaad ity
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Stream ng L veM ultmeda

Exampks:
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Intaactizity

L fast forw ard mpossbe

U v nd, pausepossbE!
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Intaactve, RealTimeM ultmeali

U goplcatins: IP telphay, vioeo
anfamee, dtrbuted ntaactiew ats

U end-exd deby requnemeants:
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M ultmedin OvarTaday’s Intanet

TCP /U D P/IP : “best-efftrt sgvie’
U noguarantsssan dehy, bss
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How_shauiH the Intanet erolve to better sygoart
multmedn?

Integrated savicesphibsphy: D iffaentiated sgvicesphibsphy:

L Fundamental changes in Intamnet 0 L Feverchangesto Intamnet
that goos can resave end-to-end nfiastmicture, yet provoe 1st and
bandw Oith 2nd chss savie.

[l Requitesnav ,aanplkx softw are 1n
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Latsez-faie ~9”

[l nomaprdianges "

L marebandwv tith w han nexdad
1 aontent distmbution, goolicatin-hyer
multrast
U gooliatin hyer
W hat’syourgonin?
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A fav wardsabaut audb aanpressmn

1 Anabgsgnalsamplkd at
andantmate

- telphane: 8 P00 sampks/sec
U CD must: 44,100 sampks/ssc

L Each smpkquantzad, ie.,,
roundad

U eg.,28=256 possblequantized
valies

[ Fachquantized valie

represated by bits
0 8 bits for256 valies

U Examplke: 8000 sampks/sx,
256 quantzed valies—>

64000 bps

[ Rex=varcnveats itbadk to
anabg sgnal:

0 smequality redictin

Exampkemates

U CD:1411M kps
L M P3:96,128,160 kips
U Intamnettelphany:53 -13

kips
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A fav wardsabaut v aanpresson

LV Do s5uenceof mages
diphyed at andant mate
U eg.24 images/sc
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U Redundancy
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0 Layaed @akbE)viko
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Stream g Stored M ulbmed i

Applaton-brel sream g
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Intanetmulbmedin: smpkst gooroadh

L audparvoeo sored 1 fie

L fibstiansfened asH TTP dopet
U reeived n entirely at client
U then passed tophyer

client

audp, viko not sheamed':
- no,"ppelinig,” ng debysuntilpbycut!
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Intanetmulbmedn: sream g gooradh

(1Y HTTF requestiresponse
for meta file

(21 meta file

() audioMideo file
regquested and sent over
HTTF

U hiow sssGE Tsmetafie

L hiow ser unchesphyey, passngmetafie
U phyerantadtssaver

1 saverstieam saudib/viieo toplyer
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Stream g from_a stream g ssver

(1) HTTP request/response
for presentation descripton file

(2) presentation

description file

(3) audiofvideo file
requested and sent

client SErvers

L Thisamhitecturealbw s fornan+H TTP protoaol betw een saverand media

phyer
] CanakouseUDP nsead of TCP.
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Stream ngM ulbmeda: ClentBuffang
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Stream ngM ulbmeda: ClentBuffang

client

“— puffer — "
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Ll
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Stream ngM ultmeda:UD P orTCP?

UDP

1 saverssndsat mate goprgoriate forclint @blizius to netw ork aongestin )
U often snd mate= encodng mate= andant mate
U then, filliate= anstant iate —padket bss

L shartphlyoutdely -5 seoonds) to aanpansate fornetw ork dely Jitter

1 enormeover: tinepam iting

TCP

L snd atmaxinum possbk mmteunderTCP

L fill imte flictuates due to TCP aongestin aontiol

L hmgaphyoutdely: sncoth TCP delivaty rate

[l HTTP/TCP passssmareeasily through firaw alls
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Stream ngM ulbmedn: client riatefs)

15M bpsenaoding L B = ,@

28 8 K ipsenaoding 'c‘)/;, =3

O :how to handkediffaent climt receve rate cgoabilites?

0 28 8Kpsdalp
U 100M bpsE thamnet

A : savaerdres, transn tsmulpe cpEs of vk, exaodad
atdiffaent mates
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U ssCantiolof Stream ngM eda:RTSP

HTTP W _hat it doemn tdo:
[l Dossnottametmultimeda cntant U dossnotdefinehow audb/vieo 15
[ Noammands for fast fonv ard, et encgpgiated forstream g over
RTSP:RFC 2326 netw Gk
7 . .
0 Clint apliatin 1 c?oesnotreslrct'ha/vs;rmnedmaia
s trangoortad,; 1 can be trangoorted
protoaol.
, , over'U D P arTCP
L Faruszrto antoldiphy: v id, q o - how themedia
fast forw ard, pause, reaune, bu:i:zasn @&?f/ﬂ@ m phyer
1gpositinng, €. TSaudr
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RTSP :autofband cntiol

FTP usssan “outof-band” contiol RTSP messages arealo st aut-of-

[ A fikistansfared overane TCP ] RTSP antiolmessagesuse
aonnectin. diffaent part numbas than the

0 Contmol hftmmatin Hiectory medna stream : cut-ofband.
changes, filkdektin, file renam g, - Patssd
etr.,) St overa sparate TCP Ll Themedi stzeam sanstiaed “h-
conectin. band”.

L The“tut-efdand” and “h-band”
channek usediffaent part numbas.
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RTSP Exampke

Samaro:
L meafibeconmuniated tow eb bhriow s
L biow ser unchesplyer

L phyersstsup an RTSP antiol annectin, data connectan to saean ng
s|aver
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M eafieE xampk

<tite>Tw Ha</titb>
<gssn>
<group lnguage=en Ipsmc>
<gv 1>
<track ype=audb
e='PCM U /8000/1"
go= "s//audb exampeaan /tw ster/audban/bfi>
<track type=audb

e='D V I4/16000/2"pt="90 D V 14 /8000/1"
So="1t0s//audb examplecan /tw ister/audb an/hifi>

</sv idh>
<track type="vteo/pay"
So="ttps/ fveo examplecan /tw istervieo™
</group>

< /sesstn>
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RTSP Opaatin

HTTP GET
Web - > Web
browser presentation desc. server
SETUP
e
PLAY
4 B
media media stream media
player i server
PAUSE
» P
TEARDOWN
I3 >
client server
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RTSP E xchancgeE xampke

C:SETU P ntps//audb eampleoan /tw ister/audbRTSP /1 0
Trangoart: np/udp; aanpressin,; port=3056 ;mcde=PLA Y

S:RTSP/10200 10K
Sessrn 4231

C:PLAY ntg://audb eamplam /tw sta/audban/bfiRTSP/1 0
Sessin : 4231
R ange: npt=0-

C:PAU SE ntg://audbeamplkam /tw ster/audban/bfiRTSP/1 0
Sesstn: 4231
Range: npt=37

C:TEARDOW N ngo://audb eampkamn /tw steraudban/bfiRTSP/1 0
Sesstn : 4231

S:200 30K
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Realtme ntaadtie goploatns

0 pC2-PC phane Gangtonov bok ataPC-

0 hstantmesagihg saviesare 2-PC Inma:me
proviiing this eanpkn ddail

L PC2phne
0 D apxd
U NetZphme

U veoonfasncew ih
W éxans
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IntaactveM ultmeadia: Intanet Phane

Introduce Intexnet Phaneby'w ay of an eanp e
L goeakar'saudp: albanating tak gourts, sibt pads.
1 64 kbpsduring tak sourt

U pktsgenaated anly during tak sourts
U 20 msscdunksat 8 K bytes/sac: 160 bytesdata

L goolaton-hyerheada-addad to each dwunk.
L Chunk+headerencgpaibated mto U D P ssgnant.

L goolraton ssdsU D P ssgment 1o sodkek evaery 20 m secdurng
takgourt.
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Intanet Phane: PadkeL L.assand D ey

U netw ark Iss: IP datagram betdueto netw ark aongestin outer
bufferoverfbw )

1 dehy bss: IP datagram anwvestoo bte farphyaut at recever
U dehys: processing, quaieng 1 netw ak; end-systen  (ande, imoever) delys
U yprmalmaxmun tobBabkedehy:400ms

L bsstobBance: dgpaending an vareenaoding, bases anceakd, padket
bssmtesbatwan 1% and 108 can betolated.
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D eby Jiter

constantbit —

f . 1ate cl'gat _'I _&Santbjt
I80Eptn m@ateplyout

I—I atchint

Cumubtiedata

~ dimtphyout time
< >

U Canstiertheaend-+to-and delysof tw 0 cnsaautiepadkes:
diffaencecan bemaear Essthan 20 msec
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Intanet Phane: F xad P Byout D eby

L Remwverattemptsto phyout each dunk eadtly gmsxsafter
dwnk w asgenaated.
U dunk hastmestamp t:ply cutdunk atttq .
U dunk anwes aftarttq: data anwes too hte farphyout, data
W
U Tradeoff forg:
U hrgeq: Esspadket bss
U gnallg: better ntaacdtiveepaamae
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F 1xd P layaut D ey

« Sandargenaatespadcketsevay 20 m secdurng tak gourt.
- F st packet recewved at timer

- F st playout schedue: begiisatp

- Seaond playout schedu ks beginsatp’

packets

packets loss
generated \A

\4 packets
received

playout schedule

v\ p-t

playout schedule
p-r
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AdaptieP.byautD eby, I
L Gaal:mhin Zephyout dely, kegoing late bss 1ate bw

L Apomach: adaptivephycut dely adjismant:
U E stimatenetw ak dely, adjist playout dely at begiining of each tak sourt.
U Sikntpetds aanpressd and ebngated.
U Chunksstillphyed cut every 20 m sscduring tak sourt.

t. = timestamepf thethpacket

. =thetimepacketisreceivetbyreceiver

p. =thetimepacketisplayedtreceiver

. —t. = networldelayforith packet

d. =estimatef averagaetworldelayafterreceivingh packe

D ynam restimateof avaagedehy at recever:
d, =(@-u)d_ +u(r —t)

w haeu sa fixad ansant eg.,u= 01).
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Adsptvephbyout dely 1T

A o usfulto estimate theavaagedeyation of thedehy, v, :

vV, =(1-u)vi, +ulr -t —d;|

Theestimatesd, and v, arecalulated forevery received packet, althaugh they areanly usasd at
thebagmningof a tak sourt.

Farfirstpadket 11 tak sourt, phycut tine 1s:

whaeK sapositieandant.

Rananing padkets n takgourt arephyed cut patdially
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AdgptveP hyout, ITT

O :H ow doss mevardaam new hetharpadket s first 1 a takgourt?
Ll Ifno bss, reevear boksat sicoessve timestanps.
U diffsenceof sucsessize stamps™> 20 mssc —>tak sourt begis.
L W ith bsspassbE, revamust bok at both timetampsand
Ssuancenumbeas.

U diffaenceof sucessive stamps> 20 m secand sequencenumbasw thout ggos
— tak gourt bagms.
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Rexvay fron padket bss (1)

forw ard encraonectin (FEC): [ Phyoutdely nesdsto be fied
smpeshene to thetineto reieallnt 1

U foreveygoupofndunksaeate  padkets
amdmndantdunkbyexcisie [ mogefe

OR-nig then axmaldunks 05 . Esbandy Hth

U sndautnt1 dunks, hasasng wase
thebandv 1ith by factor /n.
U namase n, ngaphyout
1 aan rmonstmict theargmaln dehy
dunks if thae satmastane bet 05 n hif
dwnk fion thent1 dunks prchability that 2 armare
dunksw illbe bst
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Rexvay fron padket bss 2)

2nd FEC sthane 1 : 3

- ‘brgybadk bv e

qlal-d;ygmn ” T T ¥ T ¥ L
- snd bwv erre=nlitn 1 1| 2 2| = 3
redundant nfomatin ¥ ¥

- fore@mpk, nan nal . ! I z
stream PCM at 64 kbps

and redundant stream ¥ L ¥

GSM at13 kips. - 2 -

- W henevarthae snan-eonseaitie bss, the
m|severaan anaxlthe bss.

- Can alo gopand - stand (-2 nd b -bit imte
chunk

Diginal Stream

R edundancy

FPacket Lioss

B econstmcted Stream
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Rexovay fiom padket bss (3)

1|2]z|4 s|le| 7| o (1|11 |12 12 (14 | 15 [ 16 Ciriginal Stream

1|5 |9 |12 2] 6 |10]14 2| Fl11]15 4|8 [12]1a Interleay ed Stream

Packet Loss

Feconstmucted Stream

Interdsaving

0 dunksarebokan L ifpadket 15 bet, stillhavemast of
up to anallrunts evety aurnk

[0 foreampk,4 5 mscunitspardunk - hasno redundancy ovethead

[ Packetantanssnallunits fiom - butaddstophyout dely
diffarent chunks
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Summatys Intenet M ultmedia:bag of triks

1 useU D P toavad TCP angestin antiol fehys) fortme-
Y =

L climt-ste adaptivephyout deby: to ampensate fordely
L saverstematches saeam bandv ith to avaibbleclintto-saver
path bandv Hith
L choseamang pre-axcoded stream 1ates
U dynam rsaverencoding mate
U enormeoovay (ntgoofUDP)
U FEC,ntedmving
U metrangn 1ssmns, tinepam iting
U aconcsalenors: repeat neatby data
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RealT'mePmotoanl RTP)

1 RTP goecifissa padket 1 RTP nmsm theed systems.
stmicture forpacketsaanyng [0 RTP packetsareencapdibted
- RFC 1889. [ Intecpasbiliy: Iftwo
1 RTP packetprovies Intanetphanegoplicatins
0 paybad type Dentifiatin nnRTP ,then theymaybe
0 padket ssuancenumbarng abketow ak together

U tmestamping
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RTP ninsan tpofUD P

RTP hbmresprovikea trangoort-hyer nterace
thatextaxdUDP:

- part numbets, IP acklresses
- padket ssuencenumbaring
o pnd Application
transport RTP
layer { ----------------------
UDP
IP
Data Link
Physical
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RTP Exampk

U Canstlarsaxdng 64 kigos 1 RTP header-ndiatestypect

PCM -encxdedvareoverRIP. audb encoding 1 exch packet
L Applatin aoletsthe 0 snderaan dhangeencoding
enadad data n dunks, eg., durihga anference.
evay20msec= 160bytesna [ p7p hedarakoantahs
dnrik. Ssuencenumbasand
U Theaudb dunk abngw ith tinestamps.
theRTP heeckxrform theRTP
padket, whith sencgpairbted
ntoaUD P ssgmait.
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RTP andQaS

[l RTP doesnotprovieanymedhanin to enanetmely delivay of
L' RTP enggparktin sanly sen at theaxd systems: it snotsen by
1 Rautasprovilng best-effort savicedo notmake any goecial effort to
enqurethat RTP padketsanweat thedestnatin 1 a timelymatter.
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RTP Hexder

Pawlo=ad Sequence Synicrhronization
Type Murnber Source |dertifer

RTP Header

Paybad Type (7 bits): Indiates typeof enacding aunently beng
usad . If ssmder changes enacding . m T e of confaence, sdar
Infom s the receverthiough thispaybad type fizh.

-Paybad type0: PCM mu-w ,64 kKbpos
-Paybad type3,GSM ,13 kijos
-Paybad type7,LPC ,2 4 kbos
-Pay’bad type 26 ,M otin JPEG
-Paybad type31.H 261

-Paybad type33,M PEG2 viiso

SequenceN umbex (16 bits): Tnaanantsby ane foreach RTP padket
snt, andmay beusad to detect packet bss and to restore packet

S|suance.
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RTP Header 2)

Ll Tinestanp fied (32 bytes Ing). R efbctsthe sanpling hstant of the first byte n
theR TP data padket.
U Faraudp, tinestamp cbk typrally naenaitsby ane foreach sampling
paxd (foreampk, each 125 usxs fora 8 KH z sampling cbdk)
U if gooliatin ganaates chiunks of 160 enacded samp ks, than tinestamp
naesasssby 160 foreach R TP padketw han soure sactwve. Tmestamp
cbdk antnuesto nasase at anstant mtew hen sounce 5 nactie.

[l SSRC fieH (2 bits Ing). Idatifiss the surceof theR TP stream .E ach stream
1 aRTP sess1tn shauH havea ditnct SSRC.
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RTSP/RTP Programm gA ssonment

L Build a ssverthat encgoabtes stored viokd fiames mto R TP
packets

U gmab vieo fitame,add R TP headas, aeateU D P ssgmants, ssd ssgmentsto
UD P socket

1 mchidessynumbasand time stamps
U clentRTP provoed foryou

U A owntethechit steof RTSP
U muephy and pauseaanmands
U saverR TSP provied foryou
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RalT'meCantiol Protocol RTCP)

L W aksih anjmctinw thRTP. Ll Statistics hclidenumbarof packets

[ Eachparticpant 1 RTP sessin sat, numberof packets bet,
patdially transn itsR TCP antiol Dteanwval Jitter, etc.

padketsto allotharparticpants. L Fexdbadk can beusd to antiol
[ EachRTCP packet aontains smder pafomance
and/or recel/er rgoarts 0 Sendermaymadify is
0 mpart satistrsusefillto transn Issmnsbassd an
appliatin feedback
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RTCP -Cantinued

sender

recerver

-Faran RTP sessin thae stypially a shgkemultiast address; allR TP
and R TCP padketsbelnging to the session use them ubicast address.

recelver

-RTP and RTCP packetsaredstinguiched fiam each otharthrough theuseof

dstnctport numbats.

-To Im it traffic, each particpant duceshisR TCP traffirasthenumbar

of confaence particpants NQeasss.
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RTCP Packels

Rexvearrepart padkets: Saurcedesxyptin padkeks:

0 fiactin of packets bet, st L emailaddressof sade;,
SEuaNcenumbey, avaage srdasnane, SSRC of
Intaanial ey, assocated RTP stzean .

Sendarrepart padkets: U Provemggonghbatw e the

(1 SSRC of heRTP Szeam , the SSRC and theusayhast name.
amatt tine, thenumba-of
padkets sat, and thenumbarof

bytessmt.
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Synchion zatin of Steam s

RTCP can synchinzediffaent
medn sreamsw ithn aRTP
eSS,

Canstier vsoaonfaencing gop for
w hith each sdargenaatesane
RTP stream forvdeo and ane for
audp.

Tmestamps 1 RTP padketstied to
thevdeo and audb sampling cbdks

[ not tid to thew alkebdk tine

Ll Each RTCP ssdar-rgoart packet

[]

cntans (forthemost reoently
ganaated padket 1 the associated
RTP stream ):

U tmestamp of theR TP padket

0 walkebok tine forw han packet

w asaeated.

Rexivasan usethisasocatin to
gnchmnze theplyout of audb
and veo.
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RTCP Bandv 1ith Saaling

[ RTCP attemptsto linit #stmffeto .
The75 Kbps 15 Shared anan
% of the sessin bandy 1ith. > Mpsseqialy 7

180E/ES:

Exanpke U W ithR mevas, each mevergetsto
L Supposeane ssder, ssnding viteo at snd RTCP tafficat 75/R ktps.

a mateot2 M tps.TherRTCP 0 Sendergetsto snd RTCP tafficat 25

attenptsto lin it tstafficto 100 .

Kips.

s , , Ll Particpant detarm inesR TCP padket

[l RTCP gires75% of thismateto the tzensn F6in perbd by cabubting avg

mwEvers; mmanng 25% tothe RTCP packet stze (aanss theantie

e sssin)and dividingby albeated mte.
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SIP

U Sessrn Initatin Protoanl
) Canesfian IETF

SIP Ingtam visin

L A lltekohaneaalk and voeo anfaancealk takephoeoverthe
Intanet

L Pepkare dntifisd by nanesaremail addressss, imtherthan by
phanenumbers.

L Yau acan 'sach theaalbs, nomattaaw haethealbe roan s, no
mattaw hat IP deviethealbe squnently usng.
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SIP SewviEs

[ Setthgup aall Ll D elmm neainaent IP address
0 Proviesmechanian s foraller-to ofalke.
Etaaleeknow shew antsto 0 M gosmnenanic tentifirto
etablh a ;all ainent IP address
U Provresmechaninsso that 0 Callmanaganent
calkerand calleecan agreean - . :
medh typeand enacding. ﬁn&vmeiastmns@mg
U Provitesmechansnstoend aall. , ,
U Changeenaoding durng call
U Inviteothas

U Tmansfarand hoH a;alls

7:M utineda Netwakng 7-58



Settng up a allto a knov n IP address

B‘_ff’ﬂ__ - A Ite’s SIP nvitemessage
¥ hdimtesherpartmumbers IP
5 address. Indiates encodng that

167.180.112.24 193.64.210.89 A lhepzefasto \eve (PCM u]aw)

Cobie - Bab’s200 OK message ndrates
terminal rings h_'smrtnwnfﬂ‘,_w aodress &
prefened encoding GSM )

- SIP messages can besmtover
TCP arU D P,; haesntover

u
Nawavdio RTP/UDP.
Qort 38060 M ﬁ\\ ﬂ fir——ah H ﬁ‘ i ﬂ ;ﬁm
,
-D efau lt STIP part number155060.
\ N oy fl .
HVP‘ \\ [ 1] “‘\ \"‘u"ﬂ \ v \‘\ [ “‘\ \‘"‘u"‘ﬂ\f ; TPt 48753
v
time
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Settngup a all more)

Ll Codecnegotiatin:
L Suppase Bab doen thave PCM
ulw encoder.

1 Babw ill nstead 1eplyw 1th 606
N otA cxptabER eply and It
eiadeshecan use.

U A Irecan then ssd a new
IN V ITE message, advatisng an
goprprate aicooer.

1 Reptihgtheaall
U Baban repctw ith 1eplies

/bl%,,l/ Im]elll Iwn mt
requned,” “forbriden”’.

L M edia can besmtoverRTP arsane

othaprotoal.
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Examplkof STP message

| NVI TE si p: bob@onai n.com SI P/ 2.0
Via: SIP/2.0/UDP 167.180. 112. 24
From sip:alice@ereway.com

To: sip: bob@onai n. com

Cal |l -1 D: a2e3a@i geon. hereway. com
Cont ent - Type: application/sdp

Cont ent - Lengt h: 885

c=INIP4 167.180.112. 24
nmeaudi o 38060 RTP/AVP O

N otes:

[l HTTP message gyntax

[l so = sessin desyiptin protoaol
[l CalHD sunitueforevay all

- H aew edan ‘t know
Bab’sIP address.
Intamedate SIP
savasw illbe

necessaty.

- A Iresndsand
180e1/es SIP meSages
using the SIP default
part number506 .

-A Iregpecifiesn 'V Az
headaerthat STIP chint
Sads and 1\Beves

SIP messagesover'U D P

7:M utineda Newakng 7-61



N anetranshtin and uss baatain

U Calwantsto@llalbks, but U Resitanbebasedan:

ally has@albe’snaneare- U tineofday fvark,hane)
mailaddiess. 0 aallr fon‘tw antbossto callyou
0 NexrdtogetIP addiessof athane)

albke'sament host: - satusofaalie alssnt o

. voranailw hen calke s aleady

ussrmoves around takig to smeme)
0 DHCP potoaol : :
s Saviepmovoaed by SIP sgvers:

U ussrhasdiffaent IP devies .
(C,PDA ,cardevie) U SIP mystarsaver

1 SIP proxy ssver
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SIP Rapstar

L W hen Bab startsSIP clit, clit saxdsSIP REGISTER messageto
Bobsmgtrarsaver
(&m 1br fimatn neadad by InstantM essaging)

ReyderM essace:

REG STER si p: domain.com SIP/ 2.0
Via: SIP/2.0/UDP 193.64. 210. 89
From sip: bob@onmai n. com

To: sip: bob@onai n. com

Expires: 3600
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SIP P1oXy

1 A Iresands nvitem essage to harpraxy saver
U aontansaddress spbadb@ danan aim
U Proxy regoansbe formouting SIP messagesto aalke
U passbly thrmough multple proxEs.
L Callesads regoonsebadk thiough the same set of praxes.
1 Proxy retums SIP regoansemessage to A e
0 antahsBab’sIP addess

L Notesproxy sanabgousto balD N S saver
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Exampke
Callx-jin @ umassedu
w ith phaesa
allto ketth@ upenn edu

@ )Jin ssdsIN V ITE
messageto unassSIP
proxy. @) Proxy fomw ardis
raquest to upamn
restar aver.,

G)upain ssverrehims
redrect repanse,
ndating that i shaut
try keith@ aeursoan S

SIP registrar
upenn.edu

/
SIP proxy
3

SIP
registrar
eurecom.fr

umass.edu @ 4
1 7
8

<

SIP client
217.123.56.89

SIP client
197.87.54.21

¢)umasspraxy senids IN VITE to euraoon regastar. 6 ) arecan mgistrar fon ards IN VITE to
197 87 54 21 ,w hith smnnng keith’sSIP clint. 6-8)SIP repansesmtbadk ©@)media sat

drectly
betw em climts.

N ote: alo a SIP ack message,w hih snot siovn.
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Canparsnw ithH 323

[]

[]

H 323 sanother spnaling protoaol
formaltine, ntaactie

H 323 sa ampke, vatrally
Integrated s1ite of protoaols for
multinedia anfaencng: sgnaling,
regnstratin , adn 1sson contiol,
trangoart and codecs.

SIP sa sngkeampaent.W aks

w 1h RTP ,butdossnotmandate 1.

Can beaanbnedw ith other
potocolks and SEvViIEs.

Ll H 323 aanes fim theITU

(tekphany).

L] SIP amesfion IETF :Bauow S

much of tsanapts fiom H TTP.
SIP hasaW eb fhvor, w haeas
H 323 hasa tekphany fhvar.

SIP ussstheK ISS princpke:K ep 1t
smpkstupd.
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IntaadveA golratins
0 RTPRTCP SIP
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D iffaentiated Savies

1 79RSVP
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Cantent dtrbutin netw arks (CD N S)

Cantent replatin argh sver
Ll Challnging to stream Jarge fiks €g., nNathamets
vI) fom sngkargm savern real @
tme l
[ Solutin: mpliate contant at hundreds ' '
of savars throughout Intamnet CDN dstributin node
U contentdov nbaded toCDN savers @
ahead of tme
U phcong antent “cbse’ to user
avotls impaiments (bss,dely)of @ -
sndng cntent over g paths @
U CDN ssvertpially hedgg/access  CDN saver DN
netw ark nS.Amaisn CDN saver L
‘ nAsShH
1 Eunpe
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Cantent dtrbutin netw arks (CD N S)

Cantent replicatin o

[l CDN (g.Akamai)aisaneristhe @
cantent proovder eg.,CNN )

[l CDN mpliatesaistanas’ acontant i l
CDN savers.W hen provterupdates CDN disrbutin node
antent,CDN ypdates savers @

@ . \@
CDN saver @
nS.Ameis CDN saver

1nEumpe

CDN s=ver
nAsn
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CD N @Hn p_b HTTP request for

www.foo.com/sports/sports.html

MM

@ ©, > @ DNS query for www.cdn.com

CD N sauthortatie

DN S ssaver

HTTP request for
www.cdn.com/www.foo.com/sports/ruth.gif

N eatby
CDN ssver

Qrohn saver (ww Joogon ) CDN canpany @onaam )
1 detrutesHTM L U detbutesgif fiks
U mphces: U ussitsauthantatizeDN S

http://www.foo.com/sports.ruth.gif sFva-to mute il et

w 1h
http://www.cdn.com/www.foo.com/sports/ruth.gif IEJUGHS
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M aeaboutCDN s

routng ruests

Ll CDN amatesa ‘map”’, ndatng dstancss fom kafISPsandCDN
nodes

L when quay anwvesat authantatieD N S saver:

U saverdetam nes ISP ficm w hih query arigiates
U usss‘map” todetam nebestCDN saver

Ll CDN nodesaeate gooloatin-byerovarly netw ark
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Chapter7 autlne

L 71M ulkmeda N éwaking
Arpliatt

L 72 Stream g stored audp and
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1 73 ReatmeM ulmeadn:
Intanet Phane sudy

1 74 Protoank forRealf'me
IntaadveA golratins
0 RTPRTCP SIP

L 75D =strbutngM ultmedi:
cntent detrbuton netw aks

0 76BeandBestE fitut

1 77 Schedulng and Palcng
M echan®ns

1 7 8 Integrated Saviesand
D iffaentiated Savies

1 79RSVP
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InprovingQO0S 1 IP N eélw arks

Thus far: ‘“makng thebest of best effort’”’
Future; next ganaatan Intanetw 1h QaS quarantsss
1 RSV P:sgnalng foresourne resavatins
U D iffaentated Savies: diffarential quarantess
U Integrated Savies: fim quarantass
1 smpEmadel
forsharing and 1.5 Mbps link
angestin

s
ol

W H3
R2

R1 output I H4
interface queue

/:M urmedBNewakng [(-(3



Princp ks 1orQ0S G uarantess

U Examplk: IM bosI P phane, FTP sharel 5 M bos Ink.
U burstsof FTP can aongest router, causeaudp bss

U want to gvepronty to audp over F TP

1 Mbps H3
oo H1 T
O - C

padcketmark g nesdad for outerto dstngush betw een diffaent
chssesyand nav 1outerpaly to tieat padkets accordngly
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Princplkes forQ0 S G uatantsss (nare)

U w hat if gooltattnsm sbahave @udb ssdshpherthan dechred 1ate)
0 palicihg: force source adherence to band Hth albaatins

' marking and polichg at netw ark edges

U smibrtoATM UNI U sxN éwak Inteface)

1 Mbplj1 packet marking and policing 14

~
o ('S
R1 1.5 Mbps
< nw
o H4

Prncpk2
proviepmotectin (htin) foranechss fiom othars
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Princpks forQ0S G uarantess mare)

1 A Ibaatng fixad fhan-sharabE) bandv 1ith to fbw : neffcentuse
of bandwv Tith if fw sdoem tuse tsalbcatin

packet marking

1

<

bps

H1 1 Mbps logical link HB'.—.
/ r o
R1 R2
: i 1.5 Mbps :
\ 1=

H2 .5 Mbps logical link H4

=

— Prncpke3
W hieproving sohbtin, i sdestabketouse

esounEsaseffcmtly aspossb e

ol 33l = x
7 o 11 CLILIIL

7-76



Princpks forQ0S G uarantess mare)

L Basr factof Iife: can not ajgoart trafficdan andsbsand Ink
Geoactty
1 Mbps
o H! 34\
“ o

n
h"

H2
1 Mbps

— PrncpE4
CallAdnssmn: fbw dechres itsnexds, ndw akmay
bbk ;all eg.,busy sgnal) if it cannotmest nexds
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QoS for networked applications

NN

uoissiwpe |[ed=

———— —
— UohieZliin—
S 92nosal Y3y =

p—
c 3updtjod pue —

S Sulnpayds :uone|os|=3

W:o:mu_:mmm_u #mv_umn_u.

Summary ofQaS Princpb ks

Let’snext bok atmedhanmns forache/ng ths...
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SchedulngA nd PolcngM echanisns

[ stheduling: doosenext packet-to sd an Tk
U FIFO (fistn firstaut) sthediilng: saxd n adarof anwalto queue
U malw o eanmpE?
U dcard poliy: if padket anaves to full queuesw ho to discam?
- Taildmp: digp aniving packet

- prionty: digp/removean priorty basis
- 1andan : drp/remove randan ky

arrivals
—

departures

queue link

(waiting area) (server)
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Scheduilng PolrEs: more

Promty sthedi Ing: iansn 1t hphest prionty quaied padket:
U multpkchsss,w ih diffaent priontes
0 classmay dgoend an marking arotherheader info, eg. IP source/dest, part
nunmbas, ec..

U RealwarHd eampk?

@

high priority queue
(waiting area) @ @

arrivals / —

arrivals
t|me

— packet in
— —> service 660
classify — departures t|me
(server) departures 1

low priority queue

(waiting area) @ @ @ @
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Schedhi Ing Poles: stilimare

ound b schedling:

U multpkchsss

U grlially s=an chssquees, ssving ane fiom each cbss (if
avaibbk)

L malwa eanpkE’

arrivals time
el © © e o
service

departures time

R E M ERNC
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Schedhi Ing Poles: stilimare

W eghted FarQuaing:

L gmaalzad Raund Rabn

1 each chssgetsw eghted amaunt of saviee n each geke
1 malwat eanpk?

classify
arrivals
—

— 1l

TN
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PolringM echanm®ns

G aal: Iin i tiaffic to not exaasd dechrad param etars

Threeconman-used aatara:

L Langtam )AvaageR ate: haw many pktsaan bessit parunit time (n
thelngnimn)

U aucalquestn :w hat s the ntaval ngth : 100 padketspersecar 6000 padkets
pammn havesameavaage!

L Peak Rate:eg.,6000 pktspamn. fgan )avg.y 1500 gan peak mte

L M ax.)Burst Szesmax. nunberofpkts smt anseautwely (v ih no
ntavenng i)
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PolringM echansns

Token Budket: Iin it iput to goacifizd Burst Szeand A vaageR ate.

r tokens/sec/

bucket holds up to
b tokens

packets t\(/)vt‘;eitn_> rten;ove » to
o hl bt | oken network

U tkensgenaated at miate rtoken/secunkessbudket fiill

U overmtavalof gth t: numberof padkets acn ited Essthan ar
eualto ¢t+Db).
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PolichgM echanians nare)

L token budkel, W FQ acanbme to provequarantesd ugoerbound an
dehy, 1e.,005 quarantee!

amvng

N

o/ token iate, r

budket sze, b
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IE TF Integrated Savies

U architecture forprovdng Q0SS quatantsss 11 IP netw arks for

U mesunmeresavatin: mutasmantan sate nfo @ A VC)of
albcataed resumes, QS 13y's

[ adnt/day nav callsetup requests:

Questin: aan nav Iy anwing fbw beadn ited
w ith pafomancequarantessw hienot vohbted
Qa5 quarantaessmade to already adn itted fow P
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Intsav:QaS quarantae SonaroD

U Resumeesvatin

U aallsstup, sonaling RSVP)
0 taffic,0aS dechmatin

U parebnent adn 1ss1n contiol
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CallA dn 15510

Anwving sesmnmust :
0 dechire #sQ0S ruiement
U R-goac:defnestheQO S beng ruested
U charadaze ttaffic itw illssnd nito netw ark
U T-goec: defines traffic charactassts
L sgnalngprotocl: nesdad to carry R -goec and T-goecto routers
(v haereszvatin s1equne)
U RSVP
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Intsav OaS: Saviemadek 2211, 1mc2212]

G uarantaxl savies Cantmolkd bad savies

U wastastaffranival: kakybudket- U ‘'aqualty of ssviechely
polired source gopraxin ating theQaS that same

1 simpk fathenatially provabk)bound fbw wouH mseetze firm an unbaded
an dehy [Parskh 1992,Ciz 1988] netw ark ekBnent."

anifhg ? token 1ate,

\ budket sze,b
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IE TF D iffaentiatad Savies

Cancansw ith Intsav:

1 Saahkbilty: sgnalng,mantaning pa~fbv mutersate diffiuk
w ih hrgenumberof fbw s

U FlBdbkSavieM akk: Intsav hasally tw o clhses.A sow ant
it srvied
U “behaves Ikeaw 1=’
U mehtie saviedistndin: P atnum ,Gol, Siver

D iffsav goproach:

L smpkfimctins n netw ak aore, rehtively canplex imakansat
edge routers Grhosts)

L Dotdefhedefine savieechsses, prove findanal canpanentsto
buil ssviechses
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D iffsav A rhitechne

Ederute: <
pa~fbw traffitmanagement

markspadketsas n-profikand out-
profike

Caemuter: =

perchss ttafficmanaganant

buffarng and shedulingbased an
marking at edge

prefaencegiven to n-profikpadkets
A sared Fanw arding
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E dgezouterPadketM artkng

[ profik: prenegotiated mteA ,budket szeB
L padketmarking at edgebasad an pe~fbw profike

N |
(@)
(@)

N\
° |
v ©
] O] B B
U srpadkets -O —
\
Passbkusageofmarkings ===

L clsshasad marking: packets of diffarent classesmarked diffarently

L nta-chssmarking: confom ing partion of fow marked diffaently than nan-
confom ngane
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C hesifiatin and Canditining

L Padket smarked 11 theTypeof Savie (T0S) n IPV4 ,and Trafftc
Chssn IPvb

L 6 bhitsusH forD iffaentated SavieCadePant O SCP ))and
datem nePH B that thepadketw 11l rsceie

L 2 bitsareaunently unusel

DSCP | CU
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C hesifiatin and Canditining

may bedestabEto I it ttaffic npotn mateof smechss:
U ussrdechies traffcprofik Eeg., iate, burst sze)
L traffemetaad, shapad 1f non-eonfom ng

PN
- meter

shaper/

foerrd
dropper
ldrop

7:M utineda Newaking 7-96
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Fanw arding (PHB )

'l PHB m[1lt n adiffaent dbsavabke fneasnabk) fonw arding
padommancebehavior

Ll PHB dossnot goecifyw hatmedhansn sto useto enaire required
PH B pafomancebehavior

L Exampks:

[ ChssA getsx% of autgong Ink bandw ith overtine ntavalkof a
Soectfied ngth
L ChssA padkets ave first beforepadkets fian chssB
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Famw ardng (PHB )

PH B sbeng derelped':
U Expeditad Famw ardng: pkt dgpatture rateof a chssequalksar
exaals oactfed 1ate
U bgrallnkw ith am nimum quaranted mte
L Agaed Famw ardng: 4 chssesof ttaffc
U each quarantesd m mimum amount of bandw 0ith
U eachw 1th threedicp prefaencepartitins
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Chapter7 autlne

L 71M ulkmeda N éwaking
Arpliatt

L 72 Stream g stored audp and
VD

1 73 ReatmeM ulmeadn:
Intanet Phane sudy

1 74 Protoank forRealf'me
IntaadveA golratins
0 RTPRTCP SIP

L 75D =strbutngM ultmedi:
cntent detrbuton netw aks

76 Bexad BetE ffort

1 77 Schedulng and Palcng
M echan®ns

1 7 8 Integrated Saviesand
D iffaentiated Savies

0 79RSVP
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Sonalng n the Intanet

annectinkess (@ateks) nonetw ark sgnalng
forw arding by IP mouters + besteffortsavie protools
— h . l! . ZP i O

U Neav muremait: msaverssounes alng end+to-axdpath @d sydtem,
moutas) frQdS farmultmeda goolatins

Ll RSVP:ResurmeReavatin Piotoal RFC 2205]

U ~... albw usastoanmuniate rquiementsto netw ark 1 rabust and efficent
way.)’ 1e., spnalng !

U eaderTntanet Sznalng protoal: STIT RFC 1819]
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RSVPDestnGoak

1. acoommaodate heterogenanus reeas @iffaent bandv dth abng
paths)

2. acanmodatediffaent goplcatinsw ith diffeent resource
rurEmats

3. makemultasta firstchss savie,w ith adgotatn tomultrast
gupmenbashp

4. kBaageedasthgmultiast/iniast muting,w ih adgotatin to
changes n undadyng unast, multast xoutes

5. antmlpmwtomlovahead togrow  @tw arst) Ineari # mseeivas
maodubrdeson forhaetaoganenus undadyg technobges
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RSV P :dossnot..

L goectfy how resources areto be resaved
U mtheramechansn foraanmunioating nexs
L detam ne rutespadketsw il take
U that’sthe b of routig protocoks
U sgnalngdecoupd fiom outing
L ntaactw ith fomw arding of padkets
- sgparatin of antiol §onalng)and data (fonv ardng)plnes
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RSV P :ovaviev_of gogatin

U sndas, reevar pn amultrast gioup
U doneautsdeof RSV P
U smdasnexd not pin group
[ senda~tonew ak spnaling
U path message:make ssdarpresance know n to routes
U path teardow n: debte sder’'spath state fion ioutas
U meevatonaw ak sgnalng
U resavatin message: resave resources fiam sandens) to reever
U msavatin teardow n: ramove imeever resavatins
[ netw ark-to-exd-systam sgnaling
0 pathenor
U msavatin enor
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Pathmsgs: RSV P snda=to-ndw ark sgnaling

U path message aontantss
U address: unast destnatan, armultcast group
U fw goec: bandv Tith requrem ants goec.
U fiter-fhg: 1if yes, reood tantitiesof upstream sadas (to albw
padkets filtang by soune)
U previushgo: ypstream moutarhost ID
U refiech tmes tmeuntal this nfo timesaut
L path message: aanmunates ssder o, and 1evasepath-to-sadar
mouting no
U hAtarypdream fonv arding of isever resavatins
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RSV P : smpkaudb cnfaanae

J H1,H2,H3,H4,6H5 both ssxdasand msoevas
U mulrastgoupml

' no filteng: padkets fian any sendar fonw arcied
U audpmate:b

U ay anemultast mutng treepossb e
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RSV P :buibdng up path sate

" H1,.. ,H5allsadpathmesagesanml:

@ddress=m 1, Toec=b, filla=goec=no-filtarefred=100)

[ SugpeoseH 1 saxds first path message

mil: In

—
=

out

—
N
—

(0))
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RSV P :buibdng up path sate

L next,H 5 ssdspath message, aeatngmare Sate n autas

—
(@)]

in |L1

ml:

—
=
—
N
—
o

in |[L5 L6
) L5 L6 L7

\“'“M
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RSVP :buitlhg

L H2,H 3,H 5 sd pathmsgs, ampHEIg path satetabks

mil: ~
out

— =
- =
— |-
N RO
— |
oo

=

mil:

L3 L4 L7
L3 L4 L7

ou

—

in L5 L6 L7
“lout|L5 L6 L7

[
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1reavation msgs: IseEva-tohdw ark spnalng

U resgvatin messageantants:
U destad bandw Oith:
U fitertype:
- no filter; any padkets address tomultast group Gan use resavatin
- fixed filkers anly padkets fian goectfic s&t of ssdas aan use resavatin
- dynam 1 filtery sndarsw ho’sp fadkets can be fonw arded across Iink w 111
change by mevardoe)overte.
U fitergoec
U mesavatins fow ypsteam fiaon eeva~o-s310as, IEsavINg IESOUNES,
aeatng additinal, imea~ehta] Sateat iutas
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RSV P : rmever resgvatin exampke 1

H 1 wantsto meveaudpD fion allotharsaxdas
L H 1 esavattn msy fow suptzeeto sounes
' H 1 awly msavesencugh bandv 0th for] audp stream

U mesavatn sof type “ho filker’— any saxdarcan use resaverd
bandv dth
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RSV P : rmever resgvatin exampke 1

L H 1 resavatin msgs fow suptree to soures
L moutas, hasts resavebandv Hith b nesdiad an dow nstream  Inks tow ards
H1

in L1 L2 L6 _ofin L3 14 17
Lib)L2 L6 loutlL3 L4 L7(b)

mil:

=
~

7:M ultmeda N etw arcing 7-111



RSV P : revarresavatin eampke 1 mae)

Ll next,H 2 makesnofilterresavatin forbandv oith b
L H2 fomw ardstoR1,R1 fomw ardstoH 1 andR2 (?)
L' R2 takesnoactan, sniceb aleady resaved an L6

L4 L7

n L1 12 L6 mi:[ LS
: L4 L7(D)

L1(b) L2(b) L6 lout|L3

mil:

[in L5 L6 L7
‘lout L6(b) L7
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RSV P : imever resavatin : 1591es

W hat ifmultpkssndas eg.H3,H4,H5)overlnk €g.,L6)?
L arbitrzary interkaving of padkets
[ L6 fbw polisd by Jaky budket: 1IfH 3+H 4+H 5 ssnding rate exosads b, packet bss

w illocour
finl1 12 16 Jfin 3 14 17
mig i) L20) Le ml: o3 L4 L7(0)

=
~
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RSVP:exampk’

L H1,H4 areanly ssxdas
1 snd path messages asbefore, ndrating filtaed resavatin
U Rautars store upstzeam sandars foreach upstzeam Ink

U H2w illwant to recewve fian H4 (nly)
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RSVP:exampk’

1 HI1,H4 araily saxdas
U gnd path messages asbefore, ndratng filtered resavatin

in | L1, L6 in | L4, L7

oyt | 2(HL-via-HL - Ha-via-R2 ) L3(H4-via-H4 ; Hl-via-R3 )
L6(H1-via-H1 ) Out || 4(H1-via-R2 )
L1(H4-via-R2 ) L7(H4-via-H4 )

L6, L7

L6(H4-via-R3 )
out|) 7(H1-via-R1 )
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RSVP:exampk’

U reeverH 2 sands resavatin message for sourceH 4 atbandw tith b
U propagated upstream tow ardsH 4, resavingb

in | L1, L6 in | L4, L7
oyt | L2(HLvia-HL - H4-via-R2 (D) L3(H4-via-H4 ; Hl-via-R2 )
L6(H1-via-H1 ) Out | | 4(H1-via-62 )

L1(H4-via-R2 )

L7(H4-via-H4 (b))

HI1ES in | L6, L7

L6(H4-via-R3 (b))
out || 7(H1-via-R1 )
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RSV P : oft-gtate

L sndaspatdially resnd path msgsto 1efiesh (naintan) ate
U meeeiaspaidially resnd sy msgsto refiesh aintan) Sate
L path and resy msgshave TTL fieH, soecifying refiesh intetval

in | L1, L6 in | L4, L7
oyt | EA(HL-via-H1 ;H4-via-R2 (b)) L3(H4-via-H4 : Hl-via-R3 )
L6(H1-via-H1 ) Out | | 4(H1-via-62 )

L1(H4-via-R2 L7(H4-via—H4£b2)

L6, L7

L6(H4-via-R3 (b))
out || 7(H1-via-R1 )
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RSV P : oft-gtate

L gmposeH 4 (@nder) lavesw dthaut parfom ing teardowv n
L erentually sate 1 routarsw 11l tinecut and dissppear!

L1,

out

L2(H1-via-H1
L6(H1-via-H1

)

N—

in

L7

L3(

Out | | 4(H1-via-62 )

; Hl-via-R3 )

L7(H1-via-R1

)
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Themany usssof resgvatin/path refiesh

U msooverfion an eardier bet refiesh message
U expacted tmeuntil refresh receved must be Ingerthan timeout ntaval!
@t tiner interval destrerl)
U Handkmeetay/ssdathat goesaw ay'w ithout tearcow n
U Sender/receiver statew 11l tineout and dissppear
L Resavatin refieshesw 1llcausenay resavatimstobemadetoa

eEve-fion a ssxdaw ho has pnad snice risevas bt iesavatin
1efresh

U FE g.,npevouseampk, H 1 sally meever, H 3 ally ssder.
Path/resavatin messagesampBe, data fbw s

U H4 pnsassndar, nothing happensuntilH 3 refieshes resavatin , causing
R 3 to fonw ard ressvaton toH 4 ,w hih albaates bandw 1ith
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RSV P : riefbtins

U multiastasa ‘“frstchss’ ssavie
U mevararatad rmssvatins
L useof soft=state
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M ulbmedn N ew arkng: Sunmary

L multmedia gooltatins and requremats

L making thebest of today sbest effort sevie

L shedulng and polcngmedhansn s

L next genaatin Intanet: Intsav,RSVP ,D iffsav
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