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. Dynan‘uc Thmughput in sttnbuted Multm‘ledla

o B ABSTRACT
. . o 41 : : R -
Personal computmg is cﬁi%rently undergﬁiig radxca\?nhancements w:th t.he cunent technnlog]cal
 advancements that have been made in the-smeds 6 { hiy
- mtarfases}, h:gh quahty sound and full matwn vxdeo W zlmedla stands a: the convergenca of these
technologiealadvances e e .

'I‘hé pervmexlless of networks w:ll resul; in a new generanon of dlstnbuted servmes that mclude
- multimedia as ‘the fondamental chargeteristic. The current hyper-actmty in the commercial arena is -
" testimony to the future of distributed mulumedia seg‘wqes The annmpation of the data supermghways
-~ has led to an mdustnal scramble ﬁlied thh wkeayers and acquisitions as compames batﬂe to acqmre
the mfrasrmcture that w:ll set the scenc for the serwces. of the futum o R

Th1s rep?:rt descnbes the tcchnologws encompassing distributed multlmedm /ices. V1den

h resolution displays, GUIs (graphlc user R

| -compressmn hardware and high-speed nctworﬁdng i3 the britte force tha is rcqmred 0 dehvz:r o
: mulumedm‘tservwes ina distnbuted environmaut. Howevér. the large volumes of data that are =

charactensnc of mult:med;a mformauon is the furemosz pmbiem in ibe reahzatmn of on~demand

- that can be s

: d s:mwtaneo sly. A dismbuted service is not effectwe: if it can urdy be used by a |
‘ small number of j pnr'I(

rsau:me wrﬂarpomtmume L T o '__Lg
Tha qnahty Qf service {QuS) af a dlsmhuted muitrmedta apphcannn is duons \bed in terms of spaual
and tempnral ﬁmmeters. These parameters detcrnuﬁe the QOS ofa multm)edia! {ehvery antauang a

'edm semces The success of a multxmedm server is datcrmmed by the numbei’ of users o

 constant level of quality, or consmnt thmughput, mqmres 4 system that guammes a apeclﬁed -

- minimal network bandwidth, “This tequires a capauty based protocol that teseryes resources for the
o _esmbhslnnent ofa real-ume session, ‘The success of o multxmedia server dependq on the number Of
B real~t1me sesmons thiat can he establtshcd concmntly. I P

| N Dynamm throughput. or dynamw QOS yin.,lds better nevwork uulumunn by de!iberaiély tlegtadmg the
_‘ QoS of existing contmuous mema connecnons so that new user requests can be accommodamd This
distribnted mnft:medxa approach mvolves dyna;mlcally cnntrollmg QoS pm'ameters such as colour

depth frame rate and audio samplmg rate. It is obvious that a degradation. of the physwaL :

characteristics of a real-time service will result in perceived dmarenc*ns in video accepmbxllty. Butthe .
| relationslup hetween wdeo messaga mportanoe and vxdeo deyadauon is not that ob.wmus 'I'hrough

o

e -

S



. experknentaucn itis poss:ble to gain msxght inm what type of dlsmbuted vldeo apphgations wril be._' o
- more susoephble toa degraﬁatmn in ﬂamthm;:ghpm. o — '

'Bhis paper exammes the effects mat dropp:ng the frame mta o? a distnbuted multimedm applwauon' - L
 has on user perception, Findings support the fungamemal premise that frame rate reduction itself ¢
leads to progmssiwiy lower rating of acceptance, which erodes with each stepwise decrease inthe
expenmemal frame rates Fusthe findmgs show that ,dagratﬁng the Qo8 (ie. adjusting e
thmughput) of & multtmadig @ession has dxffemnt consequences for thc ngtwork banawldth' o
reqmr@nents of diffmt m !imed;a apphcat;ons. which is dlrecﬂy i\?lawd ‘;o thc nutnber of users. that . . o
“can be snpported concumnﬂy by a mulumed:a server. Rwuits are &cscribed in w:ms nf mtwork o

’ handwxdu: a.nd distnhmed videa apphcauans. Lo : -
Dynanuc throughput of mulnmedm is. by 1o means &n ‘ step m the r:eahzation nf e]

C ; uncons’trﬁned co:mnumis média. nn-dcnfand services, Adapuve aigarnthms w;ll eontlaually be_'_ oy
5o re:qmred since mem are no nppe.r housids on the oompleﬁ;ty of user mqu:refmnts |
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L 1 m'moouc'rm

'I"olemsmﬁ is thoiandmark of this comury We nead 1t £ commumcato We mm 10 it daily 10 be

e

entertamed, educated; or siinply kept infonmed of current happenings. Television sits at the heart of :.’

o&;r eme.rgmg cybor«ctﬁmro, Te spans-the world of the famﬂmr stmtchmg far be;yond to the bizazre «
: ai!; the iinreal. Oys: degire to watch has propelled an industry sager to deliver an overwhelming

abﬁ@! dance of ;uovmg pxctums Yet, in llais the era of “high-toch" itis pel‘haps almost shocking that o

R th;o '*_ ‘-lmologwal m*‘rastructum cun*ently established fo; the dehvery of vxdco infonnauon has e

ivod ;o far, thot it s now caIIed a computer apphcatton, and nol: a teievxsion ohanno! In,- .
_bsoeiioe, a virtum tolevision (an apphcation wmdow) is constructed, wlm,h when oonnoctod to 2 datai- I

-. | ooimrork cim be programrr,éﬁ or s%duled, sumlar o tho way that toievisxom networks program _
R thezt line:-u’ps S :

_.‘.l. . . B .0:.: ffﬁ . - e _I._:‘J..:

@ oo ‘\‘\ Co : R . : s

' _' | Tho inco:poranon of r‘nummodm mto dxstnhuted apphoat;ons is the Iatest ohallenge in the world of

- _ﬂlgital computmg Traditionally separated technolognes are: convergmg 10 create new envxronments_ TR

- thatare & prelode to the super-highways that have sent. telecommumcamns, computer and media
' 'companies into a bidding war to huxld the mfrastructum necessary for the multimedia on—demaxid .

~ segvices oi’ the futnre. The goal: to build a multimedia on%ohumd server capublg of supportmg an
- unhm:ted numher of concurrent users: Described as "TY & la garte. and. virtaal VCRs, these: - o

- distributed sm'ices have to offer moze than traditional analog broadoast tolowmon iftheyarepbe .

" accepted as the services of the fumre This requires quality of service (Q.5) guarantees and a digial -~
- infrastraciure oapablo of supf:orung the largo volﬁmes of data that are typncal of mult:medm S

oE )

mformauon L e

s
e

The mohvatmn for devolopmgmgnal wdco commun\ications mmply dosnw Tho hnmag doszre y
to corltrol the medium, rather tﬁan bomg controlied by it - the fmodom 10 watoh v?hat you want, mm :

whouyouwant L

. =T '.-_'} K
g . .

4

. The devolopm;mt of a dig1tal mdeo mtrastmcture reqﬁuos tli‘b mtogranon of tradluausi %epﬂrated i
technologies. Although the backdrop may be compulers, it is rare that networkmg eXperts are
~ experienced in the field of operating systems, and that data corhipression experts dre oxpenencod in
tho field - ot' commumcauon protocols. ete, “Dig:tal compming is the homo of 1 vam mm;?
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o technologws fmm b&th sAbe hagdware and software arena. Contmueus medm stands at ths:: A
;_-,canvergence of these iechnnloglcal advance% C -

: :‘; .
Fil

“E

S ngrcal vndm, or. conhquous medm, :mplies data thar. are ume conslrame,i ngxtal v:deo consasts uf S

- tyo contmuons media Stfeams’s audm“ﬁnd visual. These datp streams have to be delivered in-a - o

a _-_predxctable and synchm:maed manner. 'Fext based Scrwges by contrast, nﬁnﬁt tine constrained,

" bit cclour, 640x480 resoltition, and\ -
guarantge at Ieast 221 Mbyps thmughgut., or the visnal suream alone (without yideo compressnon) R
* Video compression schemesallow for a geatér number oi& concurrent use by reducing the amount:
. of data nceded to be delivered. for dtstrib

- congestion is _at_i_d:es_sed tu_r_ther by a d)n\k'

_ continuous media services, Dynamic contro

= Tﬂ’ﬁt that. arnvcs at unpredxctable tunés is snll text. Its semantncs ane u ffected by defimlwﬂ SR
e li‘aﬂxtmn‘&i Ext hasetfserwces Tlusvfﬁport explores some ot'these parameters o B |

. A mulumedm server,cor digntalmdeo server, 15 e:haractemed by Iarge vulumes of data A -
o d:strxbumd mulﬁmed:a system is described by data compression schemesoresource managefs'- —
- {workstation aiid Retwork), and media synchronization meghanisms. Network resource managers ©

'. "mamtam network resoarces by aﬂmutmg uses requests based on available handwidth and - L

: ' establ:shed mulmnedm sessmns Network admlsamn conteol is. necessary since a new- requcst 5"
- only adwitted if there { .

R ﬁ_- affecungtleoS of exist? gsessions LT T s e .- |

enough network capamty avatlable to crea:p thB new sessum mthout -

f‘l

.(.J

G jI‘ha QOS nf a contmuous medxa stream can be descnbed in termqu spatlal and temporal patmnetcrs - |
[30] TheSe parameters include : colour depth, msoluuon, fram[p rate, audm sampling rate, etq o
-_cununuous ma.lza dehvexy has to guarantee a. sustamed level’ of quahty " 'th fixed bpatial élnd -

causes ne.twork congeatmn probl‘_'_\_
d:,stnbuted aqstems, A contibuous m

amplc, with the fo!lo." ing QQS le.i/els 24
frames per sqcond far, movie. qu 1ty pla,yback, must -

g
dia deh\!;ery for &

mulﬂmed;a apphcmmns. S f)roblem of network
ic quahty of service (dynamic Qo) model for
of temporal‘}.nnd smnai Qoﬁmparamaters results in a_-

)
R

 paged




_' Q ‘E;k' .

dynam;c change in: the‘ throughput of. muhimetlla dclivery and 13 the bas:s Uf the dymm:ug Qou

model. Th& advantagﬂ of dynamic Q;,S is obvioys - less u-afﬁc Taeans moreto otincctions. And the” - L

more cnnnecunns a server ban p:cmde cencurrentlm the more it will succeed as a mummedxa ori-

demand server, Fnr all mtents and purpnses. dynamm QQS and dynazhnc throughput refer m thc '

same apprua&f;of handmdth mducuon. and those two teums be used mtembmgeably
7o ey

msm'z B zusras | aUSERs

'_ S Moltimedia | I
Figur“e 1 Aa mnoep;nai uew ofdynamic Q.:.S

. l._;.. . . . o ”? .

Lo Server

e
. 'c:.

| By degradmg the QDS c:cf extsung mulanﬂia sessions it is possihia to free systﬂm remo‘umes %0 as o

_ accommngatz nw?user requests ‘I’heb(,s otj&xnsnng sesslons are: reswned when these resoufces «

_ bécome available again, This.scenario fnvolves reducing. the quahtyo of bxisting continuous media L
o sess:&ns, ie. d’ynanuc throughput. in, prdcr to aecommodaw 2 greater mymber of, Cﬁﬂe“ﬂ’ent users.
. Figwe 1 illus{rates the conceptual idea hehmd dynan' “QoS. The lines joming the multimedia

o servel 16 the user’s workstatlons are vséd to describie the. network handmdth usage, orthroughput,

. for the situations of 1.user, 2 sB5ourrent users, and 3 concurent Bsers, ;‘espectw&ly This figure
- illustrates that by decmasmg the network bandwidth of mdmdual multimedia : sessions, ieis popsible
L to pmv;de scmce 10 a greater aumber of concm'ent users, Degradanon of the p!;ysxcal'- i o
e _i _charamterxsﬁcs of a real—tlme service obwously resu!ts in pereewed dﬁfemnces il video S
* ageeptability. I'Iowever, the mlanonshlp between wdeo messaga 1mportanca> and vxdeo degmdauon i
mﬁotthatnbvious ;_ o e v S

R _ _’I'ius repnrt explores the &ffects of the dynarmc QoS model by analyzmg the “watchabﬂﬁy” ui‘ >
" different fotion picture scenarios for different frame rates, Watchability is used as a composite

'ter:n to embrace aspects ?f user aaceptance of a v:deo message sequence, such® as clanty and o ;
' -_~_,-'mterpret1ve acce.ptabllzty of andio, signals, continnity. of visual messages, lip synchmmzatmn dunng S

- speech and the general relauonsh:p between wsual and auditox}r message cumponents

A T . .
R - o

C Pages



&, .

o .A wde\n class:ficanon schama WCS) was dav&lﬂpﬁ Which caxegomes erﬂ infonnanon bmd on L
... - three dimensions 1hé Temporal mfiute of the dasa, the Auditory message content, and the Visual ..

* message content, Teraporality describes the ‘static/dynamic natire of a m‘ﬁﬁbn picture. Sports’

o footage would be categonzed as “high temporal data” due to tapid scene chgnges. Talk shows .
R wonld be categonzed as “low aemporal data” by the static natmenf the talking: heads: Azmmry and PR

. visual message contans describes the imporiance of sound and image for different videg informatin

- based on some elementary ‘principles from psychelogy [18]. ke is this,report’s argément that - |
atipn (ie. different classifications in the VCS} :mpllBS d!ffew“‘ “CBPWW‘? or

dxﬁ‘erent v1
' "_ttothe dynamxc Q¢S modei

ngh wmporal data is ma e demandmg on system resource&,man Iow wmpt}m’l data Th:s is a_ :
R consaquence of the compressmn ratios that are cbtamable for these two classes, Stayic data (low 1
" temporal) is more, suit&d for vidéo compression methods that exploit temporal data redundancy R
~ Onesuch video compression method is MPEG [2,10, 15] which uses motion eslimatxon inits frame- .
o -diﬂ‘erencmg appmach This was quannfied by i:nmpmssmg“nmnerous wdén clxps usmg Intel’ E E
i ~ Indeo RTV 2.1 compression; schsme under the Video ForWindows envxronm.,nt. I was foond that
- __ high temporal data consumes szgmfic\antly more storage capanity than low wmpccral data after
' -undergmng compression. This exercise ﬂlusu‘@z:as that high temporal data mqu'res cslgniﬁcanﬂ‘ﬁ

‘more network banamdth than low temporzﬂ data. The relan/ nsth belween tempuralhy,'

o __'.-.compresswn ratm and network bandw%dth requiremenmas descri as foﬂows oL o £ b

BN Temparality o Cumpm;m Rm tx Netwozk Bandw;dth Requmad

w

 require only ahnut 10% of th&bandwzldth than 1ts cortesponding wsual componenr., and can @)
mcluded vmth full motion wdeo wuh l:ttle, 1t‘ any, addmonal cost [I 3] '

.'f-'
B

S

o Furthcnume. it was aiso found that the amourit ot' resoutoes requzred to store vxsual data is far more' o
s -31gnrﬁcant than its auditory counterpart. This ivihe teason that we-are mterested i the camprewon e
*. differences associated with low and high temporal data. It is assumed for all mtents and pu;goses, :
7 that audltory information mamtazns @ constant’ bandwidh i in the VCS. Good quality audio is said to

o _"In tha dynamac QQS model 1t is possible tu alter- the frame rate ofa continunus medxa dehvcry whmh | -

- has dirsct consequenws for nehvorlc throughput (eraffic). It is obvious that by

| estahhshmg the watchablhty of v:deo informntmn in this d:stnbuted mul i

o 'ropplngﬁleframe o
“ " rate there will be & loss in quality, But techn.cal paramelers are not the only des iting factorsin’
fis model, Rather,



B tnore subjecnve and interpreuve factors mherent in. the user's perceptual Judgments wxil plagr a key "
l".roleimnse.rﬁccaptance o  :: T R I _.nj_ Q-

i P . . . e
X o ':r. 1 a .
k . . -

.'-'An axpcrimem was designed tu analyze usér watchabxhty of dlffe“rent vldwa classmcauons for - N
- different frame rates’ | This' Was‘ttone by askmg 4 sample of respondems 0 maké“ sﬂ'ucmred ratings

7 of test wde:u materisl compiled in accordance with the- VCS. ‘Ratings were based on clasity and -

o _mterpmtabﬂ;ty of.video content, By smu[aung a dYﬂﬂmm Qo8 environment “Siﬂg a Stand'ﬂk‘““ _: L
7 PC, DVI hardware [6,11,13.24] and & VCR, it was possible to gain insight into the practicalify of- ~
K _.'ﬂynam:c S “The anaiysxs of the smulanon s results provides maléllt about ‘the netwﬁ”k

o | ' b andmdth at wﬂl be reqwred for parncular distnimwd video appl:cauons

o __muihmed:a ang the vz

f = dynamw QOS Fmally. sectmn 9 conchidcs

f ’I‘his report descnbes the aft‘ects thnt chan_gmg the frame rate ina dgnamm QoS sysmm has (m user S

- peregption. “The stmcmm of e weport is s follows. : The next section, section 2, doscribos

. ed afgomhms and lechn010§es th..s,\are characterzsuc ofacontimuonsmedia

BN dehvery Section 34 r&ents a brief descnpnon of a multi ed:a service in the. context of dynamm B

Q°S S"’c“"“ 4 presema the video clasmﬁcag n acl}em Sactmn 5 outlmes the detuils of the .
 experiment. S on ¢ presents the outfom of the statistxcal anal};sis. Sectwn ? providedan” "

interpretation of vhese tmdmgs Section & disé

2. MULT]ME%, ALGORITHMSAND TI*JCHNOLOGIES

'fJ

B There g,m as. fany defimtmns of “mulnmedi 88 there sre multimedia experts. The.term - -~

. Mmuitimedia” conveys different maanmgs to dnfmt peopIe [22]. For. all intents and pm'poses,- -
- m%edm implies an mtegration of aucho, v1deo, graphics, ammauun and text. Multlmﬁclm simply o

T

wWo or morc medm. It can, be any of these in sunultaneous cmnbination

Y

| \Is zmportam 1o d:stmgmsh hatwcen ult:m multipls miedia, Even with two or more. we
- don’t necessarily have what is known as mult:mad:a, per se, but rathm something hetter called . _
multiple media. Th:s form of communication can be conszdered a parallel mix of varicus ontput ... -

formats. Medna that is physically collocawd does not represent muiumag’aa. But integrated media_

’ (synchromzed) is what we ane a:mmg for A goud' worlnng definmon [31] would thus be:

R MULTIMEBIA VARIETY + INTEGRA?YCFN ‘g :



I
o PN

A\mulumcd;a system should supmﬁ a vancty nf madia Eypes Th;s cmﬁd be as modest as gmphic&
_ ._and extor a§ nch as annnauoa, au%: and- vxdeu Ttis emphaswed thit this alone is natvsufﬁcxent
- fora mult:medm enwronment. The: anety uf med:&a types needs to be’ mtegrated into a smgle

i _system frmgwcark Mulu:nedza presqgts immense opportumties for computmg apphcauons The

imroduction of miultimedia can snhance the dtility of many existing systems. Theré dre almmmy

R new dreas of application whxch are made possible by the m{érgence of mulﬁmedm. Impartwuiar, .

distributed mﬂltlmadm apphcatxons cmrﬂl dwemeamas[gll suchas o .fj S

"_ 'retml applzcatlons o
. domestic applications
o -scmnceandengmenng

‘.

o _*offit’eautomauon ) S
S service industry app}xg:auons

_"j'j""-acultuml activities. - -

T There wﬂi he; an explusmn of muln.mL faapg llcatnons ovcr the next few years. Many computer |
.'companges are betting their futyres on m?q{(:media [25]. Howcver‘ nea:ly all wseful mul&medla o S
_apphcanons ‘will benefit greatly from networktrg It is emphasxzed that thns repnrt ‘i:oncems S |
.-mulumedxamadnsuibuted»outext ““F& o AU '_ S

. : ST 1‘ ';q:“. . TR . o : . . ._:;_._,c.f

'Muiumedm miplies randﬁm access. Pedlﬁe gencrally absorh mfnrmatmn i lmear manner Ynu -

_ | cannot extract the conteins of a book without reading it from stary, to ﬁmsh Reading :mplzes visuil

ﬁnfnnnatlon tmmfer Audio is ‘another form of information transfer. It too is lingar. You can 't listen
. toan ﬂrcheszr recordmg without hstenmg o an extended ser:es of notes Mulumedm on the othe;r
o hand, implies a non-linear approach o mt‘nnnauon transfm Imeraction mqun'es a random access of
;v mfonnatmn Digital vcidea technclogy is paving the way fora DEW televxs:torf axpenence. The act of
o wewmg motion pictures is not likely to change (yat) but the way we mw\ﬁct wuh the dehvery of
.vxdeo mﬁnnancn will gain greater sophisncauon [29]. Greater user comml is fuehng aneedto. .

~ provide wore mtellngant services to the famous idiot box. An :mpunant design poal of distritmted L
dg:uiumedna apphoauons is flexible user xmerfaces [27}: Access tor the h.mdxcapped ‘and. mulﬂple _-__-Q !
language sapport are nuportant msues A wmmng apphcatmn architecture should supparl: user - |
'"--_mtc;:faceadaptabﬂ:ty,. R = SR :

=

. '__.-_gu . o e . . . s L
_ Mnlnmedxa 13 not restnctetg é-t é computer screcn It can be vieweq on telewsmn Talevxmon duw .
*offer interaction - the valund Sanbe changed, the set can be switched on and off, an soon, Butthe

_ degree of mteractwn is limited due to the natum of the physmal dev;ce A compuler apphcatinn s
e providmg multunedla mformauon supports a IeVel Of mteractxon that is based on the complemy of



AN

o .softwarc dcveloper But the multlmbdaa concept is genemlly assnc:ated wui?lthﬁ cgmpmr! an d nm LT

the televxsion‘ Sittmg Hown in ﬁont of your computer w watch the news sounds a5 mcongruous as

o - 'usmg amnlmnedla f’elewmnn apphcatmn.
S dr . ‘

q C

| Mulumedna encumpasses the warld of monon pictum When you go to the c:nema you can
o Jusnﬁably state that you are viewmg multxmedianomaamn But the word “mulumcdm is
o generany assomated wnth computer systems Staymg with_this cnnvenmn, _thts report explores
o maﬂtunedla thh rcspect to computers aud dig:tal cammumcauon mechamsms

. ’Ihe act of \ziewmg muuqn pmme cannot bé cons;demd in isolauou. ‘The slogan 1t is always better
~ onthe tng screen’” is not menely & marimtmg stratggy. 'I'he televxsmn gffers a radical departure fmm
ﬂw suund and xmnge relatmn 1i1at is typxcal of the cinema. ’I‘elevnswn images: araof 4 lower quality -
 than cinematic images in terms of spatial information. This 1ack of detail is apparent, and Mgetl;fer
+with the fagt thahicle: mmn shows thmgs smallar than they are, :t has profound effects on the

B _Telev:smn andlence concenﬁ'auon is not encouraged 1o the s:tme degree as that for the cmema. ‘I‘he

2.

o audlence s amtude {S]

|  television anch" \ce_;s not subject to darkn&ss, sirangers, iarge images [5]. Tel>vision i3 oﬁ;
Tt is treated caswfﬁ? rather than concentmtedly Although its viewer's sustmrf'bd

- principle eve
dagree of con:l

i

not the

[\

) nication is much lower than that for cinema, 1t has greater extended watchmg penocl
" and more l‘requent use thzm cmem*n )

| Sound plays a gmater role for televnsmn than it doe& far the cmc,ma. Thwommt of monon pzcture
therefore has 10 be put into p@rspecuve. The television has been said to engage the glance rather

B . than the g%.ze {51, and thys has a different rélation to vuyeunsm from chwma s. Television sound
~*presents & stranpe paradox zdthongh itisan mtegral part of the motmn plcture bmadcast, televxsxen
. .mauufactures prow;le spe;ﬂ(crs of poor. qualny [5] even though thp bmadcast sxgnal often has a

wide mnal range. 'l‘elevxsion qound is massmely geared towards the acceptuble reproducuon of
- .Speech The seund radiates inall threcuons, whereas the view of the television i m:mge is sometimes - .
- restricted. Sound can be heard when the screen cannot be ssen. The rolé played by sound stems 0_-

: . from tha fact thay i it is nsed to gnsure a certam level of attenuon, to lum viewers back to lookmg at

'. the televxsion set, Sound holds attention mom ccms:lstently than mmge {5] It provxdas a cominmty

fe .

C N

Page?

that sustams acmss momemary lapses of att’*ltion. -

T

s
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o manysxmuhaneousucu%tzex; Co

aal

'.

o Thg a,bova dmusmn descnbew a shghtly diffe.mnt halance he“tween %:oum:l and image fmm that o

- which is charaatensnc of vinemd’{5]. But mulumedla, on thca ‘other hand, I; ciated with the"
. compuer screeni - not a televxsmn Althongh both are cathode ray tubes; the computar screen, unlike
- the telewsmn, is noi the subjeﬁt of casual motion pxcture delwery The ‘cn.npute.r screen 18

characterized by a single user siiting very close to it. The quality of the ccmputer sereen is much

. . higher than that of the television., Crisp and brilliant i images can be dlspiﬂyed Isit bemg suggested' .

- that ﬁne compuwr screun 1s smnla.r to the cmema? ’l‘he answer isnol

| 'I'he advem of friendiy graph:c user mterf‘acesf)ﬁygs resultad inan exploswn nf caSy © use SOftwam
: that Tupe in v:ﬂual screens or wmdow’s. A desktop computer is. charactcrzlzed by mult:ple o
. applications mnnmg sunultaneomly *.; separate (sometimes overlappmg) windows that are typically =

nuch less than the ?ull screen size. So.a tele*.nswn application will not only ruit in a window about

 user is involved in. ‘Thus computer sound will haveto play a similar role 10 that of television soun:i

P

~ " less than, say, athird of the soreen size, but it will b one of many simultancous activities that the:

| i holdmg the user’s attenuon V:ewing a onr.m pmtura zn a wmdow wilt ulumately be one ot‘ .

Q:_t ‘.._ r’-_.

S is empﬁasimd that 'th'e deli\n - ;‘y of mirltimedia information is characterized in the computet world
by digiwl, compiimications. Addressinn quantitative 1m9rovements such as doubling the ling and o
- pixei rate of emsung analog standards. like PAL or NTSC. televiszon. would seein like the mest
. obvious ‘teason for the move, but “going d:gnal" strives to Journey heyond qunntitauve_'

enhancements, providing grenter f;mctinnaluy mhemntiy Imutad by existing analog standards {168 .

hm)

: ;‘l-, .

In the camputer world mummedza repmsents a combmaimn of d1g1ta] mformatmn, dehvered by - i

- digital means, Analog. mformaunn deliver y»mwm a linear schedale, There is no way to se'uch
" through a video database other than by viewing a “colléption of ‘erudely labeled video' tapes.
o Anuotation nf analog video material is difficult. It is not poss:hle 0 “write irx 1he margms" of a
video tape 50 that comments On a partiealar video sagmant can be passed on to mhers [16] Edmng

, -video tape at the consumer level is not a popular activity, Digital representation of mformauon s ..
- coupled wﬁh too0ls that aflow the editing process to be sxgmﬁcantfy simpler. Think of how ensy itis = -
| toimgerta wofd iitto 1?‘ of text “' ? 3 word PW“OP An ﬂﬂalﬂg Cﬂmparisan mcludes mk and o

q.-.

. currecuon fluid - anob ous lnmtunon

Paged !

- - Multimedia gmplies digitaFdata - data that can be archived and accessed by the use of 1ools which
- are et‘fiment and ﬁzasy to use (similar to the way that mformahon is. stared and remeved ﬁ‘um a data : .



" cost [13]

- 'I'wo standands exlst for sull and seqnennal image cnmpression, 'I‘hesc are the Joint Photographm- -
Experrs Group (JPEG) for still i nnage cempression, and the Muvmg Pmture I-;xperts Group (MPEG) o
i'Or full-moﬁon compressmn of commuﬁus medxa [2;10 15] JPI‘:‘G Jmage compresmon is l.ransrorm_'- .-

. \I . . 'S -

 The aadm bandwidih for h:ghuquahty steteo sound is about 20 kH:? whxch requn‘es appmxmately
© . L4 Mbps to be, carried over a digital network. The bandwidth requirement for brondeast-quality
- * video, on the other hand, is about 10 Mbps, and more than 100 Mbyps for HDTV [2). Bacapse good
“ quahty audio only reqmres bout 10% or 50 of vxdeu bandwidth and §tnrage A4 processing _'f' -

b

_ Fmdmg speclfic mfm'matmn lS a. tadmus and tune ..onsummg event in the anzﬂog world
\ 'Muium&d:a § success stems fromi the potenual offered in digital storage and delivery of
_mformanon Tn the fature, it wﬂl be dble to Jocate bpﬂmfic multimedia information by the symbohc
. _'-‘mmgnmon of digsfeie nhjects in dﬁmnt medm Futhermore, dxg:tal represantauen of cmmnuous
medxannphes[!llﬁ 19} L “’ T
v random gcoess O A
i » comprassion of mformauon
~ '+ + encryption ofmfmnauon ce
g uncompmmlsed duphcation nfdata S '

requlrements, we are ‘only gbing (0 1001: al compression in the visual domam
9for mcludmg ill.lle Ina reai-ume mulumedna dchvary can he aclueved with hule, 1f any, nddms)nal%

o Aoy

Cumpress.cn int f.he Spaual dan;am pertams to- still- images emd is known as. mter-frame'f.'
- compression, while c.ompressmn mthetempmaldommn pgrtmns masequence of i 1mages (thatexlst-

in tune} and is known as mter«fgpme compressmn. o

"codmg, the htgh frequency coeff'c:ents thh fewer bits and the lnw ones wuh mom bits.

o

S e

-

S Comprcsswn algonthms take advantage of both spanal ;}nd temporal chamctenstms of an lmage'
A sequence by exploiting the mdutrdancics hetween 1nd43£hual feamés in the sequcnce (63, aml the

o no&-imeannes of human vision [2] The eye is far Ynore recepnve 1o bnghmess variation man itisto

' ~ changes in colour mformation Lummnnce sxgnms are conscqucntly sampled with a higher
" resolution. Furthermoro, the eye is less sensitivé: to. 1mages with hlgh spntial frequency than wuh 7
' low spatial frequency. An image formed by an alicmating spatial signal of black and white, for .
- example; would be seen by the human viewer as a unifotni gray instead of the aligmating

'checkerbuard p&ttem {the teohmque used in dxthermg) Explomng this deflcawcy is achleved hy .



(I)C‘anpres.ﬂanmna '_ L o

. '-has:cd Each nt‘ a:n images‘RG‘B compments are dmded ihtc hlocks of S%Y 8 pmels and then'“_ o
a :transformed using the 1wn~dxm¢;ssmnal discrete cosine transform (DCT). MPEG spccnfiesa data . ;

‘zate of under 1.5 MB/s by exploiting intcr-frame redundancies betweeh image sequences (frame -

. dnfference compressalon) MPEG a;:tual!y addresses ”audiu com fﬁssmn and wsual and aumtorg
- synchronization, MPEG-Audio specifies auditory compressmn of a digital auidio signal at-ratesof
64,128 and 192 Kbps MPFJG—System addresses the issue nfmedia sym;hrcmzauun ‘MPEG-Video R
* the full.name for.the component that deals with motion pictare mmpreasmn (MPEG and MPEG? |
| deeoaregenerallyusedm literamm mwmlfangeamy) T SR

a

s vSsﬂI image comprcsswn (mt;a-frame} is conceptu{(ally mare. complicawd than sequentxal nnagc 'fg

« - compression (inter-frame). Still images use spatial image compression to compress the information . -
" ‘within a single p;c,;ure i‘rame Sequeuual :mages reqmre wmpm-al compressmn to compress. o
o mformatmn between 2 sﬁquence of> picture fmmes St:ll mmge campmssmn algomhms are. o
) chaxactenzed by the followmg 3 cntcrm . ,, _

uzeofor:gpahmgg_m O T

Tlus rauo gwes an i oauon of how mnclgcompresswn :s achievetl for a pm:calar unage _
- Most algorithms have a typical range of cnmpression tatios ﬂ}jlt they can achieve overa ‘vanetx,

of images, Becagse of tl'ns, itis usuaily nore usefnl 1o Jook atan average compression ratio for  © E .

» a pm'ticular rriﬁhod,, Gencraliy, the hlgher the campresszon mtm, the. poorer the quality of the

resulung imag The tradeoff between compression rafio and picture quality is an, ﬂnportaqt >

”, one to cansi er, whes compressing images, Funhennom, some compmsslon sc,hemes produq
cnmpressitm raugs ‘that are- highly dependéat on ‘the i image coment For. eﬁample. | lughh\&
 detailed image of acmwd at 2 football game may producea very small ratim, whereas af image

Ofﬂ!i“m blueskymypmgnccaveryhxgh oompressmnrano I S
("ngequﬂhty el ML e

. '."‘g Compressmn schemt,s can be ciassxf‘ od as bemg lossy ﬁr’lnsslqss Losslefs schemes preserve ) _' ) -
"7 the original data. Losqy schemes do-not preserve the arigmnl data - picture infSrmation is lost,
~, end it cannot be rccﬁvemd afier ;;ompression. Logsy schemes attempt (o remove. picture -

* infi ormanon the viewer is apt not to nmxce As more and more pzctuw mfm-mauon s, mmovad : _' '
'ihe pxcture quahty ﬁucmases . kd L e '



- (3) Camp'e‘“i‘”\@ecamwessmnspe é}i \

o L

Y

. A stxl! u‘nage is fn'st dlgxuzed 0 form a rectangular matrix of discrete posxtwe mtegers These- |

P .o
PR B,
s .

\\

& Tlns is :Isﬁned as t"&a aﬁmum 01’ time requ:red to em:ode aud decude 'S plcture, tespectyely

. This timg dapends ont - -
E e ,amplex&ty of the &omprgssmn algurithm L
. —the efficiency of ﬂié‘impihmentamn of the algonthm
. the, spead of the utih:‘ned hardwn:e L
 Ttif obvious ti ﬁfe &b,r
-~ Fast cqmprgsszé}i
. 'ume. mcreases

theipe ,?. : with whic.’l thc user can dlsﬂlay and imcract w:th images.

v f -'I'hare is are many d;fferent nppraaches o spwual unage wmpmssibn&DC’I‘-hased (dlsorete cosme._ﬂ SRR
g tm:isfonn) mgthods are theunost common, but other methods do exist. Fractal-based compressmn L

. {10,32].- for exmﬂple, is. said to achieve very hlgh compressxan ratios for naturnl scenes where the'

underlymg structuge m vera( condugive io thls approach. ’I‘emporal compressmn, on the other hand, -

is gmerally 1mplemented along the. lines. of frame dxfference cnmpressmn, i.e. the MPEG approach S |

- of explmnng intar-g:ame redundancies, Thxs appmach requ:res a key frame, or re{‘erence fraine, to

'-be usc:d as the reference pomt for.a spec:ﬁc sumber of sequent:ai frames. that fol!aw dn‘ecﬂy -

5 afterwaﬁ;ls Note that the rcfer@nce frame itself requires suil mmge compmssxml.

RS

'_"_Anq.lag_tn_Dlg!lﬂ.&. |

L S Figure ﬁ#.Bi'gital representatién oi’-ai:-hhala‘g imagé. '_ o

' integers repmsent the colours in the ungmag image. This is clasmgauy known a8 dzgmzmg an

o

S

o . o . ) L . S _:= . . o

(analng) xmage. nnd is illustratcd w-Flgure 2. Tlus figure represents a srmplistic image asddbyd |

mmprassxonfdecompresﬁion upemuons gan he performed the better* o o
rses the speed wnh which material can be created Fast decompmssmn R

Sk



N

,.&\ S . . B . . _Q. . . e . . Lo .= . .

matrsx rii* gray levels. and w:ll be uwd to ﬂlustraw the prmcxple of BE:T based Jmnge comprcssion '_ _ :
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- Figure 4- Zigzag scan, linear ppresentation and quantization n-
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c‘ﬁ wxlg then resuit data compressmm
ii --"‘--- e

B In Fzgum 4 the transfonneti data is sca.tmed in mgmg fashmn resultmg in a celumn vestor wlnch e

SRR mpmsents the orlgnal mairix i m ligiear form. The column vector thén undergoes qu&nnzauon In this B

- i \L, scenario, quamizamn mmpi}r invotves dmdmg by 10 ngh-frequency coeff ciets suhjec.uvaly' .
- - “matier less than log-frequency ones and may thus be ‘quantized more coarsely 2], The zigeag scan -'

results in the quantmd coefficxpnts being appmx;mmely arranged in order of ascendmg frequmcy
Note that dms;on by lﬁ resnlts in !assy campresmn smoe the dwmm is munded off,

A e hwel s Mw]
- T TTam .
IR | N YO ?F-'-'r;mstfréqnenﬂyusiéd

SN s = leastfrequentlyused

%..
#

's ‘. . . F:gu!‘es Hufﬁnancodmg o | =

| . I . . - 2

s g

& .

e F:gure ) s.huws how the DCT maps un mmge: fmm nhe sp@ual demam to the freqacncy ddmam It ls’" . "
a masctmcepuon that the DCT # %lf results i compresswn fdata necdcd to represent an image. _ '
The. BC'I‘ simply @ axploits ﬁM th%t the hum )
o camponan&s. ﬁhdthusﬂfese da

- _'_q.'.

ye is less sensnweoto hngh-frequcncy_ .
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Lo gt - S I P
' The; quanuwi eolﬁmn veétor 1s then encoded usmg anﬁnan styla {:gdmg "I‘ins ap;:-maeh is i well L o
: -_knmvn means of reducmg the number of bits needed repmsent adata’set without losmg any; S

L _\mt‘ormatmn Notzcc from thum 5 haw the most. frequently usgd datit get e.*.ncmfgd witlyj the Teast o

- . bits. The most frequently used data are coded th‘h the. léast numbet nf b:ts °and ﬁaercfhre gat '_ ke

s . :

| T such as Huffman encudmg To reeonsu'uct‘hn jmage fromidts reduced data mprmntauon the 1 revarae K %?J

L number of bits. Tiw resuitmg data compressiou should becume claarly appagent. Fxgurafﬁ fugﬂm | L .
i ﬂlustrates tixe prlnc:ple of Huffman encndmg Tree !raversals are geeater fdr data coded with mom_ Co

T

" _'deeudedwzththeiaasmumperofttavefsala; * e

N “o-

.-0 o e
ta .
w oo

It is mnphasmd tbat the DCT pmoess dnes not msult in data comp;ussxm ’l\%C’t cloes h s _' e A
- fepresent data in a different domain which is more conducive to compression based an techmques o R

H P

i)

o pmccss is followed whereby the Hgffman encocted dar.a i firstlg decnded into an tgtcger column

o vector ’Ihmveetor is then mversely quannzed (fm' our. example this would miply mujtiplieation hy‘ g o

10). Noté thst the resulting data is lossy due to the initia} quantization which rounded nf
. " otiginal data. This vector i thien reassembled ifo a matrix after an inverse’ zigz:ag scan is a?’imd

Fmaliy.amnverseDCTopemmny:elds theoﬂgma] a]hmtlessy,‘image T ]}

s

o

15_'_..'.



o _MPEG spacm&s a reference |
C o sequence offmmesthatfoﬂo ) 1
| _ﬁframe d:t‘f’erenee compressmn s

" ofdata can resglt. However,
{as. dlscussed throughaut thlﬂ
 :scheme 8. further data’ comp,

defimtmn ssv&rystrmghtfnrw d

; Audm and vxdep are percew 3 as changxhg contlrmously over time, and are*therefore knnwn as’
" continuous mHia Thess' mé‘lhafthre sharactenzed bﬁlarge vulumcs of data angd ard ty;ncal of mass-
" market mformnmn semcbs Sy h_ ay tclemsmn, stereo h:-fi and’ tglep‘hone. But com.muous media L

exist eas:ly i} Pmecssors* buses, and ﬁetworks may not always- g
e that is reqmrcd to handle uma—based or continunous media. In the . |
tnlude a facility for VO of connnuous"mema delwe:ry toand Tromn .
. -user's worksiation. However, |since multimedia. consists of different media in s:multaneaus o
a comiainatinn. 'i;xplicit éynchmnirpaancn machanmms are: necessary 50 that mulnplc medla stregtns cag -
Cproceed "tightly”, - oo 0 a

_ 'an,d compu!g systc}ﬁs do mot.
pmwde the _
. future, computer systems will i

o Cbﬁsidcring that computer app

| "indepeif.dcnoe of different medi

R '. o

20. Each fmw between 2 refer --

A

cnmpressmn In practme, MP may appear slighQ more cnmphca,tad alﬂmugh its conceptual

LR : 1 o

Cod&e a0 . B~

al-time pe.rfé‘nia

iy K R L

N

a-

Pagels

.J-.
e

ucatxons can be: mtcracnve. synchmmzauagl is necessary neatby mﬁf -
~ sink of the multimedia streanjs [28]. A%user could possibly speed upidlow down, or repeata
o muitfmedxa delwery, analognu to the way one cantmls a VCK "These interactions pmmde further
'-reascms for the inclusion of xplicit synchromzauon meuhanims This scenario relies on the :
, andd intmduces greater ﬂexxbﬂuy with respecl to user mqmwments.- - o

Q‘.

frardes oan be refem.d fo 45 & mouan “vector. Bach of thesef-_‘:--" :
:nce between that frame and the rpferente frame. By coding only
; vectorq, in o image sequence, it gcleaﬁ?m 4 high compmsmon"; e
ig approaach._is highly- dsp_and;en_t ok the natyre of an image Sequence -
port). By compressing egch motion victor again with the JPEG

ion results, This i 15{ very sxmple overview of mouon plcture

oot L . . . .



'- Concepmally, aynchmmza!mn caft be descnbed by usmg the cammnn}y knewn semaphnre w:th Py

o between packe!s which implies the m,ed for media syncironization’ ‘mechanism’in the context of L
 distributed multimedia apphcaﬁons Although a Cligabit network i essenually x billion bits per«

| It should hc possmise, for uxampie, 10 play an audm 'fragmar.t "w::haut havﬂ'ig to access the'- .

Ly .‘"‘

e net%mrkdeiaysmayeauseqwdeﬁveryofrélmd mediasueamswskegr e g
~ - motion piétore frames are often buffered because of the h:ghly plpelmecf Fiterof wideo .
decompressmn hgrdware, and auﬂm samples. qn the uthe: hand. can be played as soon &s they are . -

o

0 . - ’ @b

cnsmspondmgxmages AT - :....4; R
= -0

staies’ such as-busy and* waitmg Thqs simphstis view can ﬂmn 1"Je extended to form a glati’al'_i "

reasonswhyexplicitzyann'omzanqmsmedeﬁ[ll,andm::!ude e g e i

Q

Creceiveds o

. scarcity nf system resoq;ces may cause aﬁ IfQ strcam to starve” and sk:ewmg mli worsen af 110" 5
cominues on one stmam anl not another | Sl T

: g o2 . .
. - o

' synchrorﬁzation mechanism in 8 distibuted mulﬁmedm enmnn‘pent. ’I‘herc are many tcchnwa!" S

Conunuons medm snreams can be vxewed asa aequmm é?mms that must be caordmated m umc on e

" u global tims éystem within the o:hstrﬂmtfzd7 sysmm;:ﬂ 2

w

hiunit h;t@“an associated nnn—negatwe time L
- stamp. This gives itits femiporal {m.fme) pﬂsm‘i% in the stréam. An LTS (logical time system)

- [11 is constructed whereby JO on each logical device is synchromzed to ythe LTS, The timing .

[»-3

continues o mcrf,ase during dala uansrmssmn If one of the: devxces in the LTS becomes blocked,

i - resclution is determined by the frequency of the device mterrupt. Ea::h new multunedm dalwery'- '_
= mvokes the crc&tznn of an LTS for that session. The initial value: of the LTS is set to-zefo and L

oy

wcause of network. congcstmn for epample, thm the skew: bctwezen the LTS and the device will . :

mcrease Ifa speclﬁad upper-huund tha skew factor is reacht:d, ;hen the L’I'S stops @A\rancmg .

whlla the devme c:m:hes up

Ne:mrks@ypes&ﬁit Reglmes S

- Tihas been enwglged that a domest:c subscnber wﬂl s&ect an HDTV (Hi gh ﬁef’mmon Telewswn)

channel that will be reachahla through an’ "ATM (Asynchmnous Transfer Mode) network [3]. ATM- '_ L
" based neuvorks eﬁn snppprt both variable and constant bit.rate services gt very high' s@eeds [10] :

 Sustained bit rates is a primary objecuve of high speed petwork develnpers since ptter causes del;rys

s‘.econd ATM netwark?. achisving bit rates of 600 Mbps are oy : gnrxzud as ngaNets These
‘negtworks ane curremly under development and will be very ex \esive in their nutlal employment

Nonetheless these hand\mdths are necessaﬁ'y for the mahzauon of mulumedxa hbranes in dtstnbuted .

systems.

o

mgts



. .' . -gmechamsm for performance guaranteeswith respecttoadzsmbn{m K o

e e ’ I D [T ECE . . . - AT [y
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: : ) AR

h A GlgaNet is more than jnst 2 lugh .%pecd pipe; it -, pmwde mnnectimy to unh:mted number o
o of users with: Iow iatertcies and acceptahle "performance. The problem is- whetl;pr traditional *
_* protocols such as TCP/IP can succeed in delivering the perfmmance thay is required for distibuted = -
-~ multimedia services, The aommonly ava{ilablc network prot@pls gesierally offer an “all or nothing -
. approach” [20] o thstnhuted seryices. D:strgbuted mulpmeﬁna applications need to négenate their
*_bandwidth requirement thh fhe ﬁgderf?xhg service network, TCP, for examiple, which exists on' o
" top of IP, pt‘bwdes gher rehabxhty ‘of transmission than. UDP 7). But the pmtocol and the
o j"mtended apphcauan cannot be canmdemd in isolation, Perhaps UDP, with i Tess relinble and hemce
' . has less ovarhc::gs, is mure conducwe to mmon pxctnre delwery. Surely the ocgasional Jost packet o | _
N '1s Iess sevem tﬁan the neb:ansmmsmn delays in thﬂ t.ontext of digl!ﬂl vxdeo commumcatmns"

el

. o

T {)bvmusly brute strength wﬁl pmv:de greater bandwidths as faster and fastet networks conunue o
. be-developed. But just as highways become widened, so does the number of cars on the road -
L continually incréase, And wxdemng highways is n%a cheap solumn, and takes time (o comsttuet.
. Likewise; the developmeni of faster networks requires time and resources. Network pmwcols need
10 be revised i in light of the growing user community and in anticipation of a new generation of |

distributed apphcations Thls ieport describes the Capacity Based 5 ?’iﬁmﬂ Resefvauon Protbcoi asa. o
uiumedia semce (see sect.on

C .

o Ftbe.r aptics is the fuundauon for Gxgabit network but ahielded tw:sxed pair wmng ach:evcs very e
_- 'mgh speeds fm‘ short d:stances {3 In the futum, n'ansmxssion spaeds of upto 2.4 Gbps will be . S
kR obtainable over. long dzstances based on. dev;elopment in S()NB’I‘ {Synchmnous Opucal NE'I’work) -
It is important to note that wheén we spegk nfapuhlic network speeds we are in fact: referring {p the
. data rates of swmhmﬁ clata services, non-switched pnvaw leased lines, _or imemal netwo-'idng R
- G1vcn that the- data rates for US public setworks have mcreas&d by almost 5000% in the last 20
E ’years [231, (ﬁgnbit networking i is immanent. In'the early 1970s, dam communicauons were limited .
1o a'speed of. 1200 bps. 'I'hen we saw the introdoction of ISDN (Integrated Servnces ngital-
. 'Netwnrlc) with bandwzdth capacxty of 64 th%, and now T-1 carries with a speed, of 1.54 prs #re
* . quite common in modem switched cu‘cuxts Today 1eased lines capable of 45 Mbps are widely .
o ’_avaxlahle in France, Japan, Britain and the USA Pubhc networks are said to increase by roughly an,
B vj;r of magnitude every seven to c:ghtﬂyears [23}; Simple analyslq suggests that switched circuits

Cross the gigabit threahnld by the year 2005. The demand for high—pm'formance d:ﬁtﬂbﬂtﬁd '

| -applicatmns will certamiy prc—empt the emergence of such pnwerful uffrastrucmras Applications’ |
. that wﬂl reqmre lugh speed networkmg include HDTV‘ remote supemomputcr vzsualmauons. and
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| wtual realuy However, the m%iorrty ot‘ d:lsm&utwd servit:es are mxt based. These appl:canans are.

in the kilobit range and wilt probably stall ba tha dommant ap;ﬁ:canon used w the (?jaﬁets of the

o GUIS have only been modestly 1mproved upon smce. then‘ mtmductmn in 1984 wn.h the Apple:- ol
.. Macintosh. Bven with advances in VLSI (Very Large Scale Integration} technology, weare sl
~ limited to 8-bit graphm cards anid even more interesting is that virtually all personal compum snlI e
~ rely on the host microprogessor 10 create and format the dmplay [13]. The i750 video processor s

mtummthexrxmﬂaldeployment_ e L
'I‘able 1 prcsenzﬁ some oi‘ the must commnn networks and ﬂlﬂlt‘ assoclated bxt rates E16 17‘1 g
. Network =~ o oo F?Rate
elephone Servic ——— n3-5€K&ps \
bandwigl o-telephona;o.), T 56 Rbps
s Sgrated §emcesBz ital NEtworky . 1 64-144 Kbps
0 JLocallalk 'na]compuwtglﬂxﬂf'- — Y 230 Rbps.
w0 I (altiple of DASG) i i 1O MbPS
L [ERReme gckebbaseqLAN) e 11O Mbps
BRI ] _ DS-0) ~ - T Y45 Meps .
-~ 1 FDI {Fiber-oplic Lata wmmedlnterface) o H0-200Mbps T o
T SON .1 (Synchronous Optigal Netwotk) - J{ TN*ST 8 Mbps . | -
R Tablel Vanousnetworksandmalrassociatedﬁitmtes SR
' __I)VII—Iardware&TheﬂSOProcessor o ,;"%ﬁae‘:ef;x S ﬁ . R

' In the past 10 years the personal computer has witnessed an ‘explosive i mcrcnse in the mformmon g—w -
 bandwidth it is capable of handling. Hum an-compuwr m:crfaces have shifted from text and data to -
-+ include audm, video, phnto~reahsnc images and animation, Personal cemputers have. moved from ;_.-
o Jsaiafed enm*onmcnts o muln»megab:t per sccand Tocal and wide area netwurks N

. :A dzsmbuted mulumedm apphcaunn i8 dnven by the network bandmdth that is avazlable of the
- system, VI technology is a. combmauon of hardware and software apprpaches to the proh]fsm of
mtegratmg commuous medxa mto 2 dlsmbuted computmg envzronment suppoml;;g real—txme o
N _-_apphcauons L S | R

=

o A“t the Heart of DVI tachnolngy is the 1750 cth set developed by Intel The ﬁ&pPB pu;el proeessor

aad the {750DB ﬁ"‘play pm‘:flﬁsor handle ’-’cﬂl'“me compressmn and decomp*ession of images, o

- audio and v1deo

[

_mtended to infegrate all processing funcnons requwed for mulhmedla ina smgle programmahle'-

o shlp set. Separate fmm the host processor, thc :TSDPB is responmble for most of th~ data processmg -




g’

. ' that pet‘tams o wdcﬁ compressmn and decomprcssmn. The i?SODB pmcessor performs the real--"' e |
B txm@ dxsplay funclmns by generaung all ths t:mmg s:gnals reqmred o dmre dlsplay dcvmes

&

D‘Vl technoiogy perfnrms its task usmg the YUV colour schema A series of 8-bit. sampies

vr\ mpresems each of the YUV componen’es YUV, the luminanca, or bl'lghn‘mss mfﬂnnauon (Y), is o

o sepmted from the chmmmance, or cc:duur mfonnaﬁ:m U and V). Workmg in the YU_V

allovg,& various psycho—vxsual effects to be explmted :The vhuman viguial system does not requue . - "

Iugli frequency data in thmfour domain {6] Colour information does not require the same,

. resolution.as the laminance information. Without 2 sxgmﬁcant oss in fraage quality; the YUV
 scheme. allnws each of colour dlmensmns be stored st one-hialf or 0ne~f.]uarter of the Iummance 3

" component. Luma and’ chroma information are thus p{med in dlffemnt bltmaps becauw of then" o

d:ffere:wa zsn rcsoluuon& Chrnma infcrmatmn is mtcrpnlatod up, to the resolunon at‘ the lummance o .

AR
-.A-"‘

DVI tachunrugy 1s assemhled and &htpﬂcd in wha; 1s known as. the ActmnMedla II card for :em« o
tsmemdeocaptuwandplayback Ve *‘i - - '

y (_;_

3 msmmn i‘ED MURT]MEDM AND DYNAMIQ QaS

a

Awnunnous m&dm s:erver has w dahver audlc aud visnal data i a timely fasluon To guarantee tha - L

L cantmmty af motion ‘picture. dehvery, the dmmbuted syste.m has’ ] sectre ihe ueces‘sary'_ - o

computatmnal TESOUrCes (1 e., Processor and mamury) and network: resources A high-speed neiwork _
s the otmous faundatwn, but trad;uonal pmmcals ars unsuntabla xsustmmng 8 cantmuuus media e

.\ﬂ;
-

. 'l}i Capacxty Based Scssigy rvation Pratacol (CBSRP), devqlopc-d at Carnegle Mellon {30]. isan.
| example of a reservat’dn-based protocol. The CBSRP guarantees the eaaﬁhshn,,at of 2 real-time - -
. ‘channel with bounded end-to-end delays; i is well suited to the dehvary 6ffcontinueus media.

Protocels can he dnfided into tWo classes rcservauog\ and nomreservaﬁon—based protocols Thc. o

) nnFurthermarﬂ‘ this. protocnl suppnrts dy aanuc Qal,or. dymmmc throughput nf ntmuous rnedm na

: Hll disteibuted multimédia environment, It Has the capability of changing the throughput, ie. the QoS
' _'paramqters. of a connnuous med:a connection dynamwall? The CBSRP detennmes w‘hether 2 S
~ goatingous med:a ﬁGSSian can be created ‘which meets & user s requesmd QQS paramctcrs I a.; o
_'mmlmum quahty Jevel can be' ‘accommodated then the session iS established, In this dzsmbuted _
mulumedm‘énqunmsnt. a system. of prftmues is usad whereby the throughput or QBS of a sessmn -
s guaranteed unless a shartage of fesources occurs by lhe mtmducuon nf mofe urgent system iasks

e T (\ N .___Page_; 19 EEE P
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e CBSRP provide et sesions by eserving s, processor and nbuwork bandwxd&u'-- C
The reservation of resources is essential for boundsd end-to-end delays that ane nece.ssaryw for

 continuous media services in a dnstnbuted system. A multimedid session is established between a S

 sender (multimedia server) and a receiver (user’s workstétion) if a loal} is schédulable undera *
: spemﬁc dcadlme:. This i is detemined by the cnmponems ot‘ the dynam;u QOS system meorpnraung

. the CESRP

The’ componems of a dynamxc Q‘,S system ‘are; &lescribed in. F:gure 2. When 2 user mquests a
. _malumed:a service;-a session manager on the user's workstation reserves the required local
~ resources and forwards the request 10 2 mmote sessmn manager on the mummedia server. A session- |

is only succcssq?mly estabhshed if the requued resources: can hs r?served at both the lacak and the

. ;remotae machines. A user requests 2 multxme:dia session by specifylng « set of QDS parameters. A -
- range of temporal and 3patm1 parameters datermines the different QoS fevels: that can be used

 during mulumedm delivery. It is emphasized that dynamlc control of these. pammeters is the basis

- for dynamic QoS - it allows a user 1o create QoS ltsvels as a discrete function of 1113 msaume load I :
~ a session can be created which meets the uscr 8 munmal rcquest Q;,S paramc.ters, then the sessxon is - _' .

_'.'establmhed S o

=

A 'local sessiﬁn niémag’ﬁ hahdl&é"the' crention, tenﬁinatibn and QDS :méﬁnfigﬁrﬁﬁon requests 'frbm 8

~ user and communicates these with the u.mote sassmn manager, A network resource manager

‘handles network admission control and resource management. Bach machine on the system glsohas -
- & system resourcs manager which commnmcates with the segsion manages 1o determine if the local .
~ resgurces available are suffxclent for session creatmn witlt the migimum Q.J parameters. fhxs_ -

‘manager pmv:des bui‘fer checks and "eparts the avaﬂabxllty of pmcessor rekmrces 10 the sessmn .

' manag@r upon u,e;uest.

In the Camegxe Mellon [30] :mplemenmt:w nf the CBSRP. the sessian managar. systcm ge.mume .

- manager, and the network PEROWICE | mms,\gcr are all kernel ohjccts in their Advanced B,eal—Timv

System (ARTS) Qismbuted Opr.;*;mng i én;-. also being, develnpcd at this umvemty F:gure 2also

shows the way the various managc*s m | m a dyuamlc QOS system, _

o ..

- In Figure 2, tlu. mcewcr (user) requests am tunedin scssmn 1) be created As S00n 28 the locai_- N
TCSOUNCES Bre chegked and. reserved, the receiver's. sessmn manager sentls a message to the server’s =

_ sesston manager rcquesting a sesslon to hl. csmbhshed The QoS parawcters ars also communicated

_in the negonntmns between lm.al and remoie session managers, if hpth t.he 84,.851011 mauag,urs can



N

-

" 'service :he raquests then the session is created. R;megﬁtsatmn takes pla::e 1f mote: uses requests :-ire

- imtlated“by the other users on the syq;em I the server can. accommu%late thesp users by deg,u admg
" the QqS of existing se(&nqns then these segsions are rlagraded by sasmon reconfigurauon messages

_hmweenthe}?calandremomsassionmmgm. T
Multimetha

~ Figure 2 The componems of a dynamic QoS system
 The network resource manager, illustrated in Figure 2, maintains network resources through a
netwotk admission coatrol and bandwidth policy. A network reservation request by the server’s
" session mana;,er is aﬂmmed based on the type of network, traffic patterns and existing sessions, A
new request is anly serviced if the network bapacity availabie is sufficient for the creaurm of a mew 3
session withaut compromlsing the QOS guarantaes of existmg sessions, Yoo

. FI

" QOS purameters age, gescribed by temporal (;ntar-frmne) and spatxal (mtra-frame} raquzrcments
Vlsually. spatial paraificters are charactcrfzx.d by. mcturf; resolution and colour depth. The temposal . -
- parameter refers to the frame rate. In the audntory domam, the, temporal parameter isused o

describe the audic sampling rate, and the spatial parameter refers to mono- ot siergo- sound, A

dser's requested vidues for spatml and temporal parameters can be expressed as a finite number of - "

when the system can no longer sastain ésources for optimal service. QoS drops during a s'.hortage -

QQS” states, Thesa states are used 0 ?l the gradual dagradatmn of continuous media services-
of resources and is restored when thicy become available again, Co:.trast this with a fixed Qoh
which 1mphes that & new semce request is sejected when the provision. of that servics would -

-endanger previously given guaraniges {14} A fixed QoS environment can h_e:_ compar_t}d_ W the

i o __ 'Pagc":21'
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“ - 'This raport doesunoi pn:gmde an m~depth dlSCllSSlOIl of ai! the components of a dis;ributed
. mummedm environment. It does, hnwever, attempi to evaluate a dynamic QS envmmmem fmm a .'

P . L]
. U .

" teiephona syswm wﬁm, ifa busy s:gnal is recesved, ﬂ:e user- wxll have to wa:t and u'y agam.
S Adaptive pohcaes such as dynam:c Qos mtmduca ﬂembzhty but can oty guarantee quahty le.vels
that have. been speciﬁed by the user bg.r means ofa set nf QOS parameters - :

q ; . . . . "\;'..'

This dynam:c e:omml of spahal and tcmporal parameters is the fuundancm for dynamm QQS and

reptesents dynmmc ﬂn‘oughput in a dzstnbutcd multxmedm envnronmcnt. Its mplementatxon xs

charactmzed by session andmsaurof managemeni algonﬂlms, network fesourge management anda

network adnussmn eontrol polﬁ':y‘* ‘The work “done ate Camag:e Me%on with the CBSRP onfy

_ expeximenied, with ‘dynamic QoS (ﬁhﬁﬂges with rﬁspect to natwnrk bandw:dth X is, however, - _' |
puss1hle ta extend ﬂus to pmoessor cwlles and system buffers [’-i()] o '

Ancther mxportant aspect of dmﬂbuted mulnmedm research xs the contmuous medxa smrage .
- ” subsystem. It has been Sug, gested that constyained block allocat:on [22],whereby successive blocks

~of data are stored on a disk such that the separaﬁon fime between them does not exceed playback
time for a data block is conducive to-a muiumema segver desxgn Eaclu medid stream is stored on B
mulhmed:a server in bloclr.s "The way these blocks are urgamzed on the server is xmpm-tam fbr
- jitter-free’ remeval of continuou& media infortnation, The fandom: allqcatmn of multimedia data
“ blocks may msult in'a Sitnation. where the seck time to foupd su\cwsswe blocks axceeds the
playback tlme b the media block. The tefm “scatlanng parmnetel’} [22] is used to desurihe the .

" separatjon betwee,i blocks. Ennstramed block allocation arrangss medxa blocks on the multhnedia A
- server in such a way that the scattermg paraﬁleter does it met:.d me playback duration of an

individual’ mecita black, The final area of interest is media synchmnzzation, which ‘wanld be
mplemented on the m.;ﬂumedm server, and on the user’s vmr&statmn Audm and wsualv medla
streams require async‘ﬁmny detccunn and synchramzanon legouthms (thls was dxscussad in the
prekusseacnml] R S *\x ' .

2 : -'-"".i- R I 6

o . . A L o

" user point ¢ of waw ite tesms of clamy and watchability. By expcnmﬁntauon thh & spemﬁc QOS
parqmeter, namely, Jrame tate, insight is prowded s 10 the type of applxcamins most suﬂed tg

dxsmbnted multx;\nedla services for avmlubk networkresources o PR PR w e e
) _m Lo : . “-‘_'.__I.U.”"

Rl

4 vao @LASSIFICATION SCHEMA " ";(f &

L
a4

The wden clasmficatwn schema (VCS) uﬁcd in ‘thxs stu:;iy categunz@s mu!tiéncdm, or vndeo

b mf‘onnauon, usmg threz d1mensmns inkicrent in Vldﬂo messages 'Ihey are thc Tampomi (T) natufe

I



a0

G _' of thg data. the mpnrtaﬂce of the Auduor}' &) mcssage campunent to the uscr in understandmg iha
. -messaga. and thc unportanee of the V:sui{%(") m!mge m the usér in undearstandmg the message . { .' '_; =
: B R

.’)'- a . ‘.-Q

o The follomng ﬁgum, F1gm‘e 3, 111ustrates the VCS Each nf T, A and V has two levms, "I
- “Wi". Thus e have § peffnwanogs T Aund Vover o snd W, -

Vldea"lnfermatlon )

. | " _. P g | .. .. .' . ' '. \r. ) ) S o "lf’r"" 3
R F:gure 3¢ ’fhdeo Clagsificatim S({ﬁmm \?VCS} e et g
o -\\. o T H‘L\/ L

' T;s the most easxly explamed aspect of thb VCS' T1s proportional m !he compres,e;on rag ¥ mt, -s
~ obtainable for a paxucular vxdcmclasmficatmn By compressing different video segments fallingvf\
T and in T;u weLwcre able to- quanufy ﬁns uspect of the VCS. It was found thar video in l*m\ Y - |
- required s:gmfacanﬂy Mot SIorage space (bytes), on average, than for video in Tip. '!‘hus. the .
o cumpresmon tatms for Ty are considerably lower than for T, 'I'his zmplu.s that Tpp. data is less
. demanding on a nefwork than Ty; data. (Tt suspected that even greater resource savings cquid be
- migasured if the captured video matcnal was from LaserDisc mslead of a consumer-grade VCR, _ -
:_ These suspicions were gusuﬂed in part.» by comparmg compressmn rauns of mformatmn capture& o
= from ﬁest sngnal" input devlces.) e - o Co T ‘

'A and V are mre difficult to dofine. Tt would, of course be possible to usg direct physical
: expmssmn of sound energy and visual niatnx. but these options typzcally make s:atements onlyof.
“the, transmuted rmessage components.. not of theaselative importangd

of these cumpnnents to the
ser's subijective appiaisals of

user. ‘Therefore, in the VCS we placa enmphasis on the suncture fa

_auditory and vasual aspects of video messages. *ro retain’ the ologwal vahdlty {4] of these, _
- judgments. the; present research uses 4 method of structored raungs of auditory and visual message) -
-components as the basis for thx, VCS. Tw‘enty respondents were eadﬁ‘ﬁhnwn eighty slmrt video elips” -

taken from a wide variety nf messagr, typg‘n, including sport, actu;lhty, comady, ete. Users were
askad 10 rate Lach Vn'leu clip on & sevan po}nt L:k:ert [21} scale for. ﬂrstly the, conmbmmn made by
" . n N {-;, . L. . )

: Pagez'.‘-’_: o
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- the audztbrr{ message eampanent to the twerall message aua ﬁh the vnsnai and tempural'

. _' cnmponents. Inter-rater reliabilities on a test rial were assessed 8s beirig in the range of r =0.65t0 f _
¥l 91 ‘We used thess avarage ratmgs of the vxdea chp samplcs 10 establzsh the most dxscrepant .

" clips on ech. dxmensxon, Iabelmg each "Io“ and “hi". 'I'hesa ware then assembled in tem‘is of each_ =

_ B {Ara.Ak;h [Vzo,Vm} and {77, Thi}. Three reprcsemauves of each class were take; arranged across f_:
'_the $evels of reduced frame rates (R) ' 5, 10 and 15, thus formmg 24 interacting categones_

" _(szAszzxkg) Ri is impc:rtant to note that the categoriza!ion itto Ay, V;,.. cte, was mya;le by raters

“watching video- anformation at ;h@ default VCR frame rite. However, respon&ems in the-

o N expenmmtal mals were asked to w,éw video infnnnanon af reduced frame rates only.

. Lo L a0
4 ‘1“-- o . . . . .

. _-Examples of vrdeb mfnrmauon representative of each class m the VCS as was uaect m the. - .
' expemmem, am'}shown in Tz:hle 1. : -

B £ A

L

AVl l‘.._gp!‘Test Paen | -AM; Statmn Break
AV, 'I'alk Show IS MU AM ' ‘*Advel‘tisﬁmelltﬂ -
ApVi Stand—upComedy o AnW Mus:c‘v:deo '

1
I

'I‘able 1 Videu clag,snf'catmn exmnples /}

The aun of this expanment was 1 axcess ihe watbhabﬁity of dxffuent vxdeo classu" cauons (m the' _
' VCS) in the context of dynamis QoS. The rosults pmw.de insight into the practicality of this
_ d;stnbuted mulumedm approach ,.1d a gmde to the netmrk hal’tdw1dth that is necessary for spcc:ﬁc_ -

' 'mulnmedla apphcanons. _ T : : _

R is this rapmt S argume)}at that there are percuwud dtt‘ferencas in the quahty of a video window 2

B mulntaskmg windowed envimnment. dictated by the messagg content in differcht iypes of vndee' o

- material, By manipulatmg the mdegendent v.mables Temporal characteristic, Auditory massage

- component, Ylsual Message component and frame Rate. sxgniﬁcnnt differences are observe‘ij with- : S

resgecttothe dcpend&mt vanable. namelykihé measurc of watchahxhty o e

o Pl il

El : =

e A.gam, to ﬁreserve the ecotogncal vahdaty of video wmdow vxewmg *asks, subjects wers mvulved in .
A Sptﬂl checkmg piimAry task whlle sh:tdowing a video wmdow as a secmxdary task The prﬂnany_ o

Pa 24 L
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o --’I‘he sub_]ects were 60 undergraduate volunteers fmm computcr science who Wwere all fmmliax thh- B
- GUI environments. Ani instruction sheet was read to each sibject beforehand, This inglnded an

: explanation of the tasks they would be perfmuing 'I'hree axamples of video clips, similar to thoae

| used in the experime.ntal tnals, wers shown beforehand at a rate of 30 frames per second. These- L

. were said to be of “notmal” quahtf and were thug rated 7 on the rating sca!c. They wery told to

- make judpments as to when theygfelt that the picture quam.y was hecqmm;, lcss acceptable in terms -

- of audio and visual message. quahty and clarity. These d:mensmns were explained to Qach o

ms;:ondcnt in order to focus the basis of their rnung judgments, They were also toli not to cnnfuse

rcpresenmtive of brgadeast television, in which case, we wonld be »ﬁwaling with analog media,
h 8.

Furthermore, the ccological validity of the experiment is doscribed by mulntaskmg envionments
- ijustrated by concurrent windowed tashs. - - . I

_<3..- :
e

. / . . [

»

) The two screcns p:ctured in F:gure 4 were identical. The seoond soreen is deliberately made smaller
- dnthis figure !o emphasize that it was only used for thonitoring purposes This gavc the researcher |
~an identical view of the subject’s screen‘so that the subject’s progress wuld be monitored. The use

'of two seréens adds o the ccolngwal vahdity (with mspect to the uscr) of a typical GUI

Page25

wasmadtoeach o
' "d(m?‘A. VandR,_-.

task used Mmrosoft 8 Word For Wmdows 20 whnch is typmai of a GUI ward ptocessing S
' apphcatian. A third task, mvolvmg aunn-lum data collecuon tool was used to recard a Bﬂbjwt s'; .
- -ratmg of a particular vzden cl:p L . o .

L $ub;ects were asked to nssess tha quahty of different vxdeo mformatmn fmm She 3 ciasses o‘f the o

" VS for the 3 different frame rates (though they. were unaware of the VCS). They were asked to° * -~
- make global judgments about the quality of each video clip in terms of message und watchability,

" Inorderto form the basis for cach subjeet’s judgments, a standardized set of ng

7 yolunteer before they began. The experimenty] indcpendent v {ables were

| R The expenmental dependent vanahle was a campos:te mte:ausm@/1 of watchabx [ ty

. the size of the video window with the quality of its contents, Full screen viden windows are mors -

A 486 BC with a IWI AcuonMedm II cm‘d rgnnmg Microsofl’s Wind(zws 3, 1 was used as the o
) experunentamn platform, A VHS VCR ‘was plugged directly into the DVI tard which was used to
- digitize video in real-time for. display wuh Miémsoft’s Video For Wmdows A 640x480 256-colour_ L
~VGA mode was used w1th a video window qampling ata reso}usmn of 160x120 pixels Sound was
< provided by using a Sound Blasier Pro card Two VGA screens were artached to the VGA card
- usmg a VGA sphtnng dcvioe The equ;pment used in ﬁ'li‘ expenment is 111uqtrated in Fxgure 4, |



'_ ) Monment. Personal computerq got thexr name by the fact that desktop usefs ate charamerlzed b:,r

aGUL feattmng one mouse. one screen,and of::ourse. oneu%e; BRI o
Vﬁwwplay: e e R

Figuw 4 The components of the experimcent

For the pnmary task,, each subgect had to spell check a document (dehherately filled with spelling
mxstakes) at a rate of 10 10 20 words per minute whﬂe monitoring the video wmdow 'I'wo monitors -
* were used : one Tor the subject and one for the rcsearcher,,rn monitor the subject’s progress. Each-

video clip required a randommcd frame rate to be entered into Videa For Windows without the R

subjuct’s kmwled,ge of what the frame Tate wis, T’hen' screen was covemd in this process so asto
avmu:i hlasixfg After mtung the fratae rate, the VCR was started anrl tha sub_;ect begap the spell )
chec!cmg task for the dymtion of the chp ' - - | |

ﬂ

After each chp, of the 24 chps shﬁwn, thare was S secunds of noise to mdxcatc that the subject must |

E . stop the spell chacking task and enter 4 ratmg of watchabxhty in the ratmg task. The reseaycher - |

' stoppud the VCR and only started it again once the ratmg was enered. Bach randomized frame rate.
wis recorded on papcr {hy the résearcher) for each individual clup This procedure continued for a}I -
24 clips, A measum was 2is0 recorded of the progvese that the subject made in the spell checking .
 task: This was used to aocess ifa hroadly umfmm pace was adhered to for each Sllbject dunng, then- 3
part: c:pamm. ' ' : : o .

" b

W

Each subject was expmed for ail :hc, test mndmons in. random order. Ezmh persnn actes as their own _.

control, Thus # randomized blocks: ‘I’prated measums demgn {8] was used. Thls de& gn cxat;nmes' B

the wzz‘xatmn mthmeachsubject. e I B



. Ievels of each

T a

- The data collected for each sibject was saved to disk. The recordeq Srame rates were entered into
the computer and saved 1o dxsk hy ihe researcher aft&r aach subject had completed thclr finni tial, . |
- -and thexn, the ¢ data was sorted in asccndmg order from 1 t0 24, AIl 60 data files wera then

R S o oo
. . E sy e - . R, . . ¥

concatenated o produce a 24 % 60 tah!,e. Tlus data ﬁle was then passe:d to SAS [26] where a z-way -

AN(}VAﬁasperfonned. . o L Y

g SR | G.RESULTS L

Dataylelde hy expenmemal metﬁod talmstheform of a24x66matu§'of ratmg scorcs. The % o
o 'mdependent ariable cond:tinns reprcsent exhausnve far-tonal combmatmns of T.fi 4 and K o
- factors. Tabie shnws the mean ratings for each condmon ’I‘able 3 sh%ws the mean ratings for' the - N
. tor aver ‘aach condnitm “Table 4 summames the results (mam effects and®
_ _f; __ mteractmns) from the repea(ed ineéasures ANOVA Tahle 5 shows the resuﬁs of planned_- o
- comparisons betwecn f::ame raies (lvels of R).. : : T

) 1!_ -

£

e .'!'.. )

o Ta -5.04-_" e Ty 566

S : Tab!ez Mi:an ratings for each couditmn S

g
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Tabie 3- Mean ratings i‘m' the levels of eﬁch factor over each condihonm

4\

".'Sr?}urce_"" Sum of Squares  |df. MeanSqum \F CleraF

| Bwor ' 1147.32 SR - z._sn N R ‘\1
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| J Tahle. 2 shnws the dszerences iu mean ranngs for ench of the factorq T A and Vbetwaen t.he Ieveis' o .
7 *o” and “Ai. Table 3 shows an interesting set afﬂszmnces beteveen the reSpectiva “Ig" and “i" "

levels of the factors 7, A and V, al significant at the < 0,0001 level (Table 4). This confirms the

 Basis of the VCS in terms of subjects” disposition to be influgnced by each of these factors -
mffarcntml’l’y of :mportance is the opposite effects of 7 and V on rated watchability, wuh Vip rated - -
higher in the expstimental conditions (all conditions consmtmg of wdeos siown at R leveis' o

- degraded from normal) Lhan Vm, but with Tj; rated hlgher than T}, Thxs, together wn‘.h the mghly

' s:gmficam T3V interaction @ <. 0001), but the non«srgnit“cant TxVxR interaction (p > 0.05)

suggests a dlfferenual eﬁ‘ect on useraoceptance over different Ievcls of R, thh Tand V working in
cpposiuon 10 vgewer percepuon, whwh has nnportant 1mpl:canuns for dynamn: throughput in a i
shsmbumd mulumedm enwonment SRETRER - : L

T:a was fougd 0 hﬂ less acceptable at lcrwer i‘rame rates for the message content situaunn of A}ﬁV}u N

In’other Words, when a dynamac QoS pargmieter such as the frame rate R is changed for Tlo, the

B b cffcct is nore noticenhle than for Th, in the case of A;;,V;u This is further evinced. by the d:tferenual N -

F vaines and aswcnated plevels apparent in the. TxR, AXV, VxR and AxR intetactions (Table 4) with
- much: stronger effects brought out by A 14 and R combmaﬂnns than TxR on zts OWN BCIOSS A and vV .,
combmatatms. 'Q_ L R i AR _ o

g Thxs 18 WW&W to ‘he expectatimz that T:a data would have less nouceable dift‘erences than T;,, data ©
because of the static nature of Tto- This ﬁndmg is mterestmg since T;R achleves lngh compressmn L

even when smnpled at a low frame mte .
Finaﬁy, axld rathcr reasmrmgly. the VBIY strang main effect for R RCrdss all cond:tmns (p <0 0001 -

“Table 4) supports the funfamental premise that frame rate reduction itself leads to progressively |
__lowcr _rat,ings of l_:ise,r accnptgqee in terms of overall watchability, Moscover, the significant

S

S S A, = A - A e i

W S _
. DPages



P

. ..“-
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S 'dlffe’feﬂ‘-‘ﬁs (P < 00091 Tabia 5) hetwean Rj;Rm and 319 confim the cxtent 0. whzch.-'
L watchztbnhtybeoomeserodeﬂ thheachste N

decrease in frame :‘atﬁ.

o

33 FRAMES RATES, DYNAMIC QQS AND BAI’?‘BW‘ID’I‘H

) D}'namzc throughput in g d:.smhuted mummim mmﬁmem is characm'tzzd by the dehberate |
. . -degradation of cpnunuous media parameters in an effort fo accommodate a greater number of o
s _'_"_concufrent realuume sessions. Dmppmg the fmm@ rate of 2 contmuons media stréam y:elds’-
' desirable effects w:th mspec; to available. network handw1dth by decreasmg network trat’fic it 13

f_ _posmble to snpport a greater number nf cnncur:ent multlmedla sessmns

\

’I‘he resu!ts from the expenmant pmvxde us wnth a gmdehne asto the watchabﬂuy of wdeo matenal .

from the d:fferent classas in the. ?CS for varymg ileveis nf frame rate degradanon Table 6 o

o summaﬁzes nser percepuon of dii‘ferent video class:ficannns mrer degraded levels. of R. 1t also" ERE

| 'includes Ihe default frame e wﬁich by dat‘imtmn cmespondstaaquahty Ievel or watchab:hty, of .

'_B

o5 ot w1 ] o3

I N T 100

100

o 100

13

g

80

e

SR . N
T

1 100 .
o "%rs frame %ates o
S - -J-J'“"‘\- : .
i Fxgure. 2 ﬂlustrates the cffects of frame d:fference compressmn %ﬁ'ﬁ kch) for wdau.- .
" _ .'cldSSlﬁLﬂ as T)p and T;;, 'I‘hese results’ ‘were abtained by mmpreﬁgng %30 sam ple fromedch =
of the 24 video cj}ps used in the experimcntal wials; Averagmg the msulnng ﬁle\saz:es yie!ds fvo o

- dzstinct compressinn classes, namely, Ty, and Thi- A value of one in every 20 ﬁmnms was specified

o - as ihe refcrnnce Erame periucL It is intaresung to note that Ty video achgpves less :mpresswe__" ;
o cempressmu ratios ;han T when sampled at 1aw fmme rates. This cant be explmned by the fact that
___T;,, is dyramm in nature and by def'miuya thxs imphes that Tm dat:i has more pmnouncad frameb -

e e omgen wﬂ



dlfferences whan sampled at 1ower raes. (n is emphaszlzed am more slgmfic dlfferehces w'ith' "
respect 10 co?ressnon ratios would bo observed if a Laseersc was uae:d as the mgu: video source

| mstend of a¢ nwmer grade VCR,)

P
g

16 15 ,'."2'0. | 2‘5

o \ T O R 5 | i "?:'Faaﬂnesper-smd A
FE R B Ic‘lgm-ez dego ﬁhe,size Vs frame ratefor T;,, smd T;,; ST
__ Tables 7 and 8 show the handwadth lhat is requ:red for video class«g,ﬁed as T‘k, and. T;,,: respecnvefy,
i “over dgraded levels of R, and the expected wawhahi‘hty that is associated with each combination of *
_TiA, Vasd R, The defauit frame rate 3 included in each table, which by definition corresponds to a
» qualﬂ,y level, oF watchnb;thty, of mn% These tables are mustrated in Figures ,3 and 4, resgectwely
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. From F‘gures 3 and 4 it is poss:ble b

7 A

Ta‘ble 8 Ex;iacted watchabﬂity expmssed as a‘percenmge far

.-0.

Lo g \ Ces i

85 to the netwark band‘éidth that y;elds 2

vacsamvmmmwmm o

minimal user acceptance level, . r watchab;hty, for vanous vmm apphcati’nns’x’n a dyna.mlc Qos 2

e "75!“&"0“!1135‘- Fﬁ‘f example L mlmic video apphcatmn, classified as’ ra,A;,,,v;,,, wﬂl nch:&ve marc
. than 80% Watchab:hty for nstwork banb&nd:hs of 300 Kb%s o mon%_ )

PR o

-:I\:\fC,__ . - s S - . 0

S0 200 0 400 S0
e o 'Bandwmminabps e

| 5mgum 3- Expected watehabﬁity expiisged as a pﬁrcentageavs '1*10 bandwidths R

Mo VCS tlasses . . .

. .
: . B . - \ - . e g ,,tb
L . o w B Py . 7 :
S0 o . ’ ) L .= .' . -.
. .. . o . . . . e - e . .

ey
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| }.'Other guxdelmes can it be de:nved Lhat pertam to the number 03 c:omurrem nsers thatcan be supported S

bya mulmnedia server for i spacxfi leve.l of usgt aggeptame. or watchabﬂ;ty, for B parucular_- S __
 'multimedia applwatxon For axample. an FBBI network v?iﬁ a handﬁridm of 100 Mbps,m suppgﬁ S

. gbout i49 users {assummg no protocul overhead) fm- wdao claas:fied as T;,,A;a’iﬁp Vv.qtil 100%: _ -

) watchabihty qu Fxgure 4. suggests that- it oan, supporf: weu over 600 users. wath abgut 80%' e

S wmghabﬂny fnr the same wdeo c!asslfication (agam. assuming no protomi overlecad) '

g
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A F:gure 4- Expecsed watchabimy expresseﬂ ash percentage ‘VS 'r;.. bﬂ“ﬂ“"d“‘s
L I .  for 'r..; vcs classes -

<&

P Fuﬁhemnrc. we can conclude that 1f you cut the h(andmdth of T;,, VCS dasses in half !hc,re willbe
i a20% decrease {on average® "y watchabitityl of those classes. And if you cut the bandwidth of, -
: . T ves classes in half, ih i lhe 2 30% decrease (on avarage) in the wawhabxlity of those _
B classes, Therefore, Tk, it mom susca’pﬂhh. m i:han,ges in handw:dth whxch is directly m!ated to .
v changes in i'ramc raws. x : : W T

- _An mmreshng obsuvmmn is the. Iﬁgwal order 01‘ VCS classr% in T;g and Tk, thh reapect to the
 relationship between watchablhty and bandwidth. In decmasmg order (from 100% doanards), _
_ have the followmg logical order for Tg,, and Thi, respectively : T}pAbV{g, 7| ;OA;,,VJO, TzoAk,V,,g,
- T?aAzon and 7] me‘-m‘r’m. TmAmea. TmAme, T*w'i:an |

. ’ W, L
oo, ;

Sy
L3 ¢

oy .' o 9. cem’:wsxom R
A mult\{meém onudemand server is. constrained hy the mlmbcr ﬁf users t.ha;;, it can support
. cnnwﬂ'ently. This consteaint is a result of network congdstion in Ilght of the large data load that is.

charactemuc nf cmx tinuous medla. Dynamxc Qo‘é attcmpts m aliwinm the pmblem bf network
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P congéstmn. to some extent. by degradxng the quaiity 0f servxce of md:v:dual user sessmns, j | \ _.
Bnt

o makmg mote handmdeh available, Othe@ hm;dmdth saving approaches may :m.lude mtalh

...%

_ buffering en the users side by stanstzcally analyzihg bandwidth patterns af mulfimedja i?F“/mauo
. ‘stortd on the SErver.. Enther way, thg effects on user percepnon are not eva!uateﬁ in any’ of th.
T mathemay,gal models: Iis obvious. lhat the wawhab:hty nf multimedia’ mformaqm changca th
physxcal dcgradauun But Kot SO obv;ous is the extent af is change with sespect m psychnlagﬁcaa
s aspects sm.h as nudnory and vxﬁﬁal message, ;utd tempoyai 'ficauun SRR ||

*_ 'I‘he vcs ﬁm has bem premnned m tlug repo:t onl' 'descn{ : gpeclfi& eontmuous media mmauﬁn o _' N

. The rcalnzaﬁnn of g full- length momm ﬁzcture classzficiiubn is ﬂesmhed by a combmatmtl of

 classcs from the VCS, Perhaps this Is the basis for staristidal analysis of bandwzdti?assomated with .

mu!umedla informatinn It would def’ tﬁtc.ly be of intcrest w mvcsugaw sm.h a p{i}ssxblmy in furure ’
| ﬁy’namic ﬁimughpttt is by 0o means L intermediate step in the walization af }m unconstrained .
. multimedia m»demand servive, Adapuve algorithms wal} conunually be requm:d smce theres“ m no -
y '.__nppet hound on the corﬁplexity of user reqmmmer@ '
 The tclephone compamcs of the wurld arc the lwy to dxgl informiftion transmission. Their move
' to digital communicition mechanisms provides the f undation. for dzsmbmed multimedia .
apphcatwns in thg; computing world. But most of these ﬁpmpames are prohtbned by law fram

. providing cable télevision services. Thus it is nqt surpnsmg‘ that the éurrent technology typical of

tions placed on teleplmnc companjes
are cutreng‘g under recxatoination with many Brospects beginning to surface In the future, the '
) pubhc s'w:tched network w1l! scrve a gmatcr mle as an mfom:auon d:stnbuuon ch:mnel [25]

(o]

. today’s d:gital telephonu networlcs is nut ir its preserit form erastble for theJarge-scale delivery of.
multimedia information to resxdenuai customcrs [29]. Regulg'
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