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Iepiinyn

v mopovoo epyacio, tapovstdlovue tnv dnuovpyia evog meptBGALoVTOC Yo
MV eKTEAEON TELPOUATOV XPEMONG LINPecLdV ABR, Ue mpocouoimon Tng Aeltovpyt-
K6 TOg vtv. H kivnon mov e€umnpeteiton omo Tig vanpeoieg eivon video pe pvoOud
TPOGUPUOLOUEVO GTOV EMLTPENTO OTO TO SIKTVLO PLOUS UETEOOONS. AVAAVOVLLE TIC OLTTLTH -
GELG KOl TOVG GTOYOVE EVOG TETOLOV TEPIPHALOVTOC KOl TAPOVGLALOVLE TNV OPYLTEKTOVIKH
Ko TNV avémtugn Tov. Mopovstdlovue Sdpopa TEWPEUATO XPEMONG TOL EKTEAEGTNKOLY
KO TOPOBETOVUE TOL GUUTEPEGUOTE LS, OGOV A@OPE TNV KOTHVOUT TOL e0povg Ldvng
G€ OLKOVOULKT BEOTN KO TNV GLUTEPLPOPE TMV YPNOTMOV.

TéAog TapoLGLALOVIE TNV XPHON VOGS ELELOVE CVTITPOCHTOVL GTNV TAELPE TOL
xPNOTN, TOL TOV BoNBdiel GTNV OMOTEAEGUATIKOTEPT Y PEMCT TOV, EKUETAAAEVOUEVOS TNV
duvaTHTNTOL EMOVOLILOTPOYULATEVOTG TOV TOL TOPEXEL VoL OO TOL GYNUOTA X PEWOTC.
[Mopovctdlove Tovg 6TéY0VE VOGS TETOL0V epYOAEion, TNV avEmTLE] TOL Kol dtdpopo
TELPOUOTIKA OTOTEAEGUOTO, TTOV TPOEKVYOV KO TTEPLBAALOV TPOGOUOIWONG,

Enéntng:

®WVOTOVTIVOG  0VPKOVUTETNG

oonyntig Tuiuatog Emotiung YroAoylothv
Moveniotiuo  pHng



An Environment for Performing Chrarging Experiments of

Adaptive-Rate Video with Renegotiation
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Abstract

In this Master’s thesis, we present the development of an environment for performing
experiments of ABR charging services by emulating the functionality of such services. The
traffic employed in the experiments is video whose transmission rate is adapted to the
bit-rate allowed by the network. We study the requirements and the objectives of such an
environment, and we present both its architecture and its development and implementation
process. Furthermore, we describe several charging exepriments carried out, along with our
conclusions concerning economic sharing of bandwidth and users’ behaviour.

Finally we investigate the usage of an intelligent agent at the user side, which
will aid the user in being charge-efficient, by exploiting the renegotiation feature of
one of the ABR charging schemes. We present the main ideas for such a tool, its
development and implementation, as well as experimental results from simulations.
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Evyoplotieg

Amo v 6éom ovtn, Bo NBeA KaTopy GG VoL EVXOPLGTIC® TOVG KOO YNTEG LoV K.K.

oVPKOVUTETN Ko T.A. EToloVAT, Ylor TNV TOAVTIUN Ko OVCLHOTIKY KotBodiynon
OV HOL TOPEOV KAUTOL TNV SEPKELD TOV UETOTTUYLOK®OV LoV 6ToLddv. Evyoplotd
eniong v opddo Atktowv Ko TnAemkovovidv kobog kot to Tdpuua Teyvoroyiog
Ko 'Epguvog 610 GUVOAS TOV, YloL TNV VAIKOTEYXVIKT] VTOJOUT TOL QoL Topeixe. Oo
NBelo eniong, vo ovopepOd TNV TOAVTIUT PBorifela TV GLUEOLTNTOV Kot GIA®Y LoV
Aptéun Boyrotliy, Iovorytdtn Avimviddn, Booiin Towvn kot AvTdvn Anpékmn ot oroiot
pe Bomdnoav ce moAAEG Ko SVOKOAEG mepnTdoels. TEAog dev Ba umopovoor vor UiV
ovoPepOd oe OAOVE TOL PIAOVLE OV OV UE CUUTOPUCTAONKOV Ge TOGEC TOAAEG KOl
dvoxoreg oTLyuéc. AALG TAV® oo GA0, Bor NOEAC VoL ELYOPLGTHG® TNV OLKOYEVELG L0V,
otV onoio 0QelA® TNV VIoPEN Kot TNV VIGGTOGY| LOV.

To¥vtn N epyocio aELepOVETOL G” VTN V.
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eodA010 1

Eltcoyoyn

1.1 H obyypovn texvoroyio

To evpvldvia diktvo petddoong ta onoio Bacilovial otny texvoroyic Tov AGHYYXPOVOL
Tpémov Metddoong (Asynchronous Transfer Mode - ATM), enétpeyov TNV oAoKApwon
G UETAB00oNS KUKAOPOPIOG LUE SLOLPOPETIKE YOPUKTNPLOTIKE LEG® TOV 1310V dKTHOV
emKoOvVmvioc.

TToAAEC KABOELG VIINPECLOV dNULOLPYHONKOY V1oL VO VTOGTNPIEOVY TOVE SLOLPOPETLKOVG
TOTOVG EQUPLOYDV 6T SiKTLOL ATM, EEKIVMVTOG Ot TNV TPOYULATIKOV-XPOVOL LETAS00T
nAnpoeopiog video pe omontioelg yioo eyyvmon otnv notdtnto vanpeciog (Quality of
Service) Ko 18104TEPOL X OPAKTNPLOTIKG KLVKAOQPOPIOG KO KOTOANYOVTOG OTNV OlAN
UETOLQOPEL OEGOUEVAV TG YIOL TOPEOELYUOL TO MAEKTPOVIKS TaryLIPOLEio N omoio dev
omontel eyyuioelg 6TV motdTNTo VINPECIOG Kol dev €xel 1810ATEPOL YOPOKTNPLOTIKA
KVKAOQOploC.

H vmmpecio Atoféoipov Pubuotd Metddoong (Available Bit Rate Service), opiotnke
yio vo, vrootnpi&el epopuroyéc Tov €xovy TV duvatdtnto vao tpocapudlovy Tov pudud
UETEO00NS TV dESOUEVOV TOVG OLVEAOYOL e TO dlaB€GLo 6To dikTLO eVpOg Lvng [For96].
H nopomévm KAGoN DINPeESLHV omo@EéPeL TNV TATPT XPNCULOTOINGCT TNG X OPNTIKOTNTHG
TV cLVIECSUWY, Y0Pl Vo TPOoKOAel GLUEOPNOT Ge QLTOVG Kot dtopotplovtag dlkono
TOVG TOPOVG TOVG,

H duvatdtnto 1pocaproys Tov puOroH HETAS0ONG TMV SESOUEVMV TMV EPOPLOYHV
ABR GUYKEVTPWOOE TO EVOLOPEPOV TOAAMY EPELYVNTAV GGOV QLPOPE TNV OVATTLEN SLopd-
pov oxNudtev xpéwong tow omoio Bor EKUETOAAEHOVTOL TNV TOPOUTEV® 1316TNTOL Ko Ho

amodidouvv dikoun xpémon e ovtég [CSS96], [Kel97], [KMTI8] ko B kabiotohv TNV ev

1



2 epdioto 1. Etcoywyn

AOY® vInpecion EAKLOTIKY. Tow GYHUOTO YPEMONG TOL OLVOTTOYON KOV Y10l TIG THPOTAV®
EQOPUOYES, EAGUPOVOY VITGYLY TOVE TOV XPOVO KO TOV GLVOMKOS YKO TANpOoPopiag OV
outég petédidov [Kel96] evad GAlo Baciotniay oe €Vvvoleg TG LIKPOikovVoULKTG Bempilog
GTOYEVOVTOG VO BEATIOTOTOIGOVY TNV KOvevikT evnuepio [CSS96],[KMTI8] .

H avémntuén tov topamdve 0empnTikdv oxnuatov xpénons, dSnUuovpynce ToALE
EPOTNUOTH OGOV APOPE. TNV GULUTEPLPOPE TOV YPNOTOV T®V eQapuoywv ABR otav
XPMNOLUOTOLOVVTOL SLEPOPOL CYNUOLTA YPEMONG KL TIG GLVETELES YO TNV AELTOLPYIO KO
v enidoon tov diktvov. 'ETol, dnuovpyndnke mn ovéykn yio v ovamtuén evog
neptBéAlovtog, To onoio Ba eivon oe Béom va emdeilel TV cuunepLEopd 0TI, 68 6GO TO

duVaTOV O PEAALOTIKEG GUVOTKEC,

1.2 XYxomdg tng onuiovpyiog evog meptPAAAOVTOG Y100 TNV EKTELECT

TEPOUGTOV Y PEMONG

"‘Evo teptBEALOV Yior TNV eKTEAEOT TELPOUATOV Y péwong elvor puio TAaTedpuoL, To footkd
puépm g omoliog aroTeAOVV TO UEPOS TOL SIKTVOV KOl TO UEPOG TOV Yp1oTn. To uépog Tov
SKTHOV TTPEMEL VoL EMLTPETEL TNV LAOTOINGT TV OAYOPIOU®V Y péwong Kot TNV LEAETN TNG
GULUTEPLPOPES TOL SKTVOV, VA TO UEPOG TOL YpNoTN TPEmel vor opéyel Lo KoTdAAN Ao
dounpévn dempdvela ypriong (user interface), mov Oo Topéyel GAeC TIG AMOPOLTNTES, GTOV
XPNOTN, TANPOPOPLEG XPEMONG KO TIG OVAAOYEG TOPOUETPOVS TNE.

To kivntpa Yoo v dnuovpyio evog 1étotov teptBAALOVTOC, NTaV olp’ EVOC eV M
OVAYKTN Y10 TELPUUOTIKT] ETOANOELOT TNEG COOTIG CLUTEPLOOPAS TOV SOPOP®V TYMUE-
TV YPEMONG OGOV OLPOPE. TNV KOTOVOUT TOL eVpovg Lwvng o€ olkovoulkt Béon, mov
éxovv ovoAvbel oe BewpNTIKO eminedo, o’ eTépov de, M UeAETN TNG AANAERiSpoong
0V XPNoTN Ue TO dKTLO, dTOV QVTOC VITOKELTOL T SGPOPOL CYNUATO XPEWONS. X€
TPONYOVUEVT epyocio, dNULOVPYNONKE Hior TAOTEOPUO EKTEAEOTC TEPOUATOY, 1 OTTOTOL
SUm¢ Ty oe TPWToYEV Lop@e1} KOOWMS 0 GKOTAC TG NTov vou eEeTdioeL TNV TPOGOPLOYY
TOV PLOUOV KTOGTOAT|G SEGOUEVWY GTOL GHULOTOL OLVESPAGTG TOL SLKTVOL KOl TNG Y PEWONG,
XOPIC SUMG TNV TPOYLATIKT LETASOON TANPOQPOPIOG KoL TNV SLUVATHTITO ETOVOLSIOTPOLY-
UETELONG TOV TUPAUETPV Y PEmONS. To Tapdv teptPdArov amotedel evpela eMEKTAON TNG
TOPOTEV® epYOciog, EQapudloviag xpémon o€ TpayuoTikn kivnon video mAnpogopiog
KOl TPOCPEPOVTUG TNV SUVOLTOTNTO EMOVOILOTPOYLATEVONG TOV TOPOUETPMV XPEDOTG

OTOVG XPNOTEC.



1.3. Ovvnnpeocieg ABR 3

1.3 Ouvvmnpeociec ABR

Mio o T1¢ KAGoELG vVInpectwy ATM mtov €xovv oplodel atd 10 ATM Forum ovoudleton
Yrnpeoio Ato0éorpov PvBuov - Available Bite Rate (ABR) [For96]. Avogpépeton yio
mYéc xukAopopiog oe diktva ATM, ot omoleg €youv TNV SVVOTOTNTA VO LELWVOLV 1| VO
QLEGVOLV TO PLOUG OLTTOCTOAG SEGOUEVMOV GUULPOVOL ILE TOL CTIUOTOL EAEYY OV GLUPOPIIONG
nov AapPévouy and 1o diktvo. Ot ypMoteg Twv vVaNPectav ABR €yovv Tnv duvotdtnto
VoL SNADGOLV ToV EAG)10TO pLOUS omostoAg dedopévav (Minimum Cell Rate - MCR), o
omolog, ov M oVvdesT] TOVG Yivel amodek T omd 10 dIKTLO KOTE TNV PAOT €YKATAGTOONG
oUvoeong (connection set-up phase), Tovg eivort dtaBéoiuog avd néoo otiyury. To dikTvo
etval duvatdv vor petaBAdel Tov puOUd aumocsTtoArg dedouévav Yo pio chvdeon ABR
oo TNV GTIYUN NG £YKOTAOTAONG TNG 60VIEST G Kol émetta. Ot xprioteg mpocapudlovy
oV pLOUS OOGTOAN G dedoUEVmY otd TNV GTIyUr Tov Bor AGBovv Ta GHiHoTe avAadpoong
oV dikTVov. Me Bdon TNV Topondve Jlodtkacio, ovouéveTor, ot xpHoteg mov Bo
TPOGUPUEGOUV TO PLOUS OTOGTOANG dedOUEVAV e TOL CUOLTOL OLVEIPAOTIG TOV SIKTHOV
vo €gouv xouUnAn omoielo keMov (cell loss ratio). Ot mopdueTpol g HeTooAng TG
KoBvotépnong evog keAAoV (cell delay variation) kol koBvotépnong petddoons keAAon

(cell transfer delay) dev eAéyyovra.

H GuvoAlkY| xopnTikdTnTa ToL decueveTon Yo TG ouvdéoelg ABR omd 1o diktvo
ATM elvon t0 GBpotGUo TNG 10N SECUELUEVNC Y WPNTIKOTNTOS OO TIG CUVOECELS CLVTEG
(mov exepdleton and to dBpotcue Twv MCRs TV GUVIECEMV) KOl TNG XOPNTIKOTNTOG
TOVL UEVEL OVEKUETHAAEVTT OO TIG VTOAOITEG KAAGELG VRINPEGLOV TOV ATM eyyunuévng
vrnpeciog (CBR, rt-VBR, nrt-VBR). H vanpecio. ABR €yet 10 mAeovéKTNUO OTL EKUETOA-
AEVETAL ATOTEAEGUOTIKA TNV SLHOEGIUN X OPTNTIKOTNTO TOV GUVIEGLOV EVE IKOVOTOLEL TIG
OTOLTGELS GE OMOO0CT] TOAADY EQOPULOYMV, LLE TNV TPOVTTEBeoN GTL 01 TeEAevTOdEG Elvait
KOVEG VoL oVTOmOKPivovTon, Kortd Tov TPOTO TOL TEPLYPAONKE TAPOTEV®, GTO LT

oVAdPOoT G TOL SIKTHOV.

Mo 0voLoeTiKY Stopopd LeTaEy TV VINPeSLdv ABR Kol TV VANPECLHOV €YYUN-
puévng vrnpeciog (CBR, rt-VBR, nrt-VBR), eivoit 6t pmopotv va mopéyovy e pio GHvoeon
ABR, yopnTikoTNTO UEYOAVTEPT OO TO TPOKAUOOPIGUEVO EAGYIGTO PLOUG OTTOGTOANG
(MCR). To péyebog tng emmAéov YopNnTIKOTNTOS OV €lval duvatdv vo omodobel oTig
ovvdéoelg ABR e€aptdtonl amd v {ftnom, oe yopnTikéTTo, TV GAAOV LINPECLEV
KGOE xpOVIKN OTLYUN Ko Yo ToV Adyo owtd, dev umopel vor elvort eyyunuévn Kot Tpoxo-

Bopiopévn. Zvvendg Adym NG TaPOTEVE®, OVCLOCTIKHG, SaPopis Twv VInpectwy ABR
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oo TG GAAEG VINPECTie Oev UTOPOVV VOL EQOPLOGTOVV TO. 110 GYUATO XPEMONG TOL

eQopUOLovTon € GLUVIESELG EYYUNUEVIC VIINPEGTLOLC,

1.4 Anonthoelg evog meptPOAALovTog EKTELECTG TELPUULATOV Y PE®-

ong ABR vinpeciov

Ot omontioelg evog GLGTHUOTOG Y péwong ABR LINpestdv Umopotv va dloywploTovy Ge

tpelg footkéc kotnyoplec:
o ATOUTNGELG OO TG EPOPULOYES TOV OOl Y PNGUYLOTOINOOVV.
o AToUTGELG OTIG AetTovpYieg xpEmOng.

¢ ATOUTHGELG GTNV LOKEILEVT TAOTOOPLLOL.

14.1 Agrtovpyikétnto ABR kot omoiticelg €9oproydv

Onwg €yve ovepd Ko GTNV TPONYOVUEVT TAPAYPO@O, To eVpog Ldvng mov amodideton
o€ kG0 oVvdeon ABR, elvon duvatév vo petofdAleTon oe KGO ypovikn otiyury. Me Béion
T0. CUOTOL OLVEOPOIONG, T TPOGOPUOYT TOV PLOUOD OTOGTOANG TPOYUOTOTOLELTOL GE
eninedo ATM, ot képteg ABR. Ot ev Adym KGpTeg, TpocopuéLovy Tov pLOUd omoGTOANG
dedopévav, KEBe popd ToL VTOC EEMePVE TOV CtvTIGTOLYO EMLTPENTS OTd TO dKTLO PLOUS.
e oploUéveG eQOPUOYEG OUMG, OTmg M UeTddoon TAnpogopiog video, M TPOGAPUOYN
TOL PLOUOV OTOGTOANG LE TNV TOPUTAVE SodLKaGia, 0ONYel 6 OMOAELOL ONUOVTIKNG
minpogopiog. 'Etol elvorl avoykoio 1 oavaRTLUEN €V UNYXOVIGUOV TPOCOPUOYNG TOL
pLOUOYH omoGTOA G dedouévmy, oe eninedo epaproyng TAéov, o onoiog Bo Tpocapudlet
TOV PLOUG CMOGTOANG GTOL CHIUOTOL CLVEOPOIGNG TOV S1KTVOL e TNV eAGYLOTN dUVOLTN
ommAelor TAnpopopioc. To mopordve anotelel Pooikn anoitnon otnv cyedioomn tov
nepldAiovtog: H mopoyr) 660 10 duvatdv KaAVTEPNG TOLOTNTOC LRANPEGIOG G oxéon
UE TIG TIUEG TMV TOPOUETP®V YPEMONG TOL INAWVEL 0 xpNioTnG. TEAOG, M EPOPLOYH TOV
00 emAeyOel Yoo var xpnolonon el yior tnv ektédeon melpodtav o tpénel va elvon o
0éom vo ovomopleTé OTTIKE 0oL TOTE OAAOYT] TNG X OPMTIKOTNTOG TTOV KAOE XPOVIKT

oTIyU| AouPdéver.
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1.4.2 Anoitioeig 611G Aettovpyieg ypémong

0cov 0popd TIC AetTovpyieg Y péwong, Oo TPENEL OO0 TTOTE GO X PEWONC LAOTOIN OEL,
vo etvon dtoBéotplo oty TAatedpa omotadnimote xpovikn otiyur|. H enidei&n omontel, 6yt
U6vo vo vtoroyileto n xp€mon ALG Kol VTOIMA®VETOL GTOV XPHOTH. O TpéneL eniong
vou Topéxeton 1 duvatdHTNTo GTOV XPNOTN VO UETAUPBAAAEL TIC TOPOUETPOLS Y PEWCTG
T0V 6TV OVTEG dev amoTeAOVV pior tkavomon Tk emAoyn YU avtdv. H mopoy1 g
duvaTdHTNTOG ENAVASOTPAYUETELONG OO TO TEPIPEAAOV eMTPENEL GTOV YPNOTN VO
BeATioTOMOUGEL TNV TOLOTNTO VANPECIOG O GYEON UE TO XPHUOTO TOV TANPHOVEL OTTMG

00 S0VUE KO € EMOUEVO KEPAAOLO.

143 Anmoitioelg 6TNV VIOKEIHEVT TACTOOPLLO.

H extéleon melpopdtov ypéoong oe vmnpeciec ABR, mpovmodétel v Vmopén Tov
KoTtdAANA0L VALKOU (hardware) ko Aoyioukov (software) 6to Hépog Tov StkTHOL TO 0TOi0
vo vAoTotlel OAN tnv Aettovpyikdtnto Tng ABR vanpecioc. To GHVOAO 0LTd TOL LAKOV
KOl TOV AOYIGULKOV, TOL €0 OLPOLPETIKG, TO OVOUALoLUE ‘‘“Drokellevn TAXATEOPUOL”,
eltvarl vTeHOLVVO YIoL TNV ATOGTOAN TV CNUATOV CLVEIPOICNG KO TNV TPOGHPUOYT TOV
pLOUOY OTOGTOAN G dedoévmy TV ABR GUVIEGEWY.

Agdopévou 6t uéypt orjuepa dev €xel avamtuyBel pia mporypotiky tAotedpuo ABR,
N vrokeipevn TAaTESpUa eEopotdvel TNV Aettovpyio ABR e tnv yprion Aoyioukov. H
xP1ioM ToL Aoyiopko® Yo Ty e€opoimon g ABR Aettovpytkdtntog omontel Tov EAeyyo
0V pLBUOV peTddoong TG eeapuoyns ABR mAéov oe eninedo epapuroyng ko &yl o€

eninedo ATM 1o omoio Oa 1Ty TOAD SLGKOAGTEPO.

1.5 Boowkd yopoktnplotikd evog neptfdirovtog ypéwong 6e van-

peoiec ABR

Me Béion to mop v, ToL BoGLKE Y op oK TNPLOTIKE VO TEPIREALOVTOC YLO TNV EKTEAECT

TEPoUETOV ¥ pémong ot vinpeciec ABR eivon ta e€ic:
¢ Efouoimon tng Aettovpyiog twv vanpecidv ABR
e Tlopoy1) TG SuVOTOTNTOG ETOVOLILUTPOLYUATEVCNC TOV TOPOUUETPOV X PEDOTG

o OnTIKY| EMIOEIEN TV GLVETEL®V TNG YPEDMONE OTNV TOLOTNTO VINPEGTOG TOL AUPE-

VEL 0 XpNoTNG
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1.6 Iepiinym Kot GLVELGEOPE TG TOPOVCOC EPYOLCLOG

H cvuvelopopd tng mapovoag epyaciog etvorl n dnuovpyia evég meptBAALovVTOg ylor Tnv
extéleon melpapdtov ypéwong oe vinpecieg ABR. To mepifdAiov owtd, eEopoidver
TNV AELTOVPYLKOTNTO TOV VINPESLOV ABR, LE 0m0GTOAN oNnUdTOV avAdpoons Tov Olpo-
povV TG00 TNV XpEmomn OGO KOl TOV KOTUUEPIOUS TNG XMPMTIKOTNTOS OTIG GUVOECELG
ABR. TTopéyel TNV dSuVOTOHTNTO EXCVASLAUTPAYUETEVCTC TV TOPAUETPWV XPEMONG, TPO-
copuélovtog Tov puiud amoctoAc mpoynotiknig MPEG-1 xukAogopiog, oto ofjuoto
oVAIPUOTG TOV SKTVOL UE TNV EAGYLOTN dLVOLTY| ATdAEL. KVKAOQOpioG. ATtelkovilel Tig
OAAOYEC GTO deGUELOUEVO VP0G LWVNG LE ATOTEAEGUOTIKS TPOTO KOl TEAOG, GLUVELGPEPEL
otV ovETTLEN AOYIGULKODV Y10 TV KTOTEAECUOTIKOTEPT Y PEWOT) TOV PN OTN, OTLG TEPL-
TTAOCELS TOV VINPECLOV ABR Ko Y100 GYHUOTO X pEMONG TOV TOPEXOVY TNV dSLUVOTOTNTOL
EMOVOSLATPAYUETEVOTC TWV THPOUETP®Y Y PEWCT OO TOV Y PN OTN.

H napovoa epyacio dopeiton ¢ eENe: 1o kKe@EA0 2, Topovctdlovpe dvo Bactikd
oyuoTo X PEMONG ToL 0TToioL LAOTOI O KOV 6T0 GHGTNUEG Lag. To TpdTo oXMUeL TEPLYPEPEL
TOV TPOTO XPEMONG EKPNKTIKMV TNYADV Kol Le BAom TV €vvola ToL 160SVVEIOV EVPOVE
Cadvng, N xpéwon mov amodidel 6ToVg YPNOTES EKPPELETOL BG CLVEPTNON TNS SLEPKELG
¢ oUVIEGN g TOVG KOl TOL GLUVOALKOV GYKOL Tov M oV¥vdeon outh uetoeépel. To
deVTePO oMU xpNOYLOTOLEL EVVOLEG TNG ULKPOTKOVOULKTC Bewpiog Ko TNV KOTEGTOON
LooppPOTHiaG, N XPEMON TOL OmodideTon GTOVG XPNOTES, UEYLGTOMOLEL TNV KOWVWVIKN
eunuepia. Ztnv cvvéyelo, e€etdlovie TOLEg omd TIG EQOPUOYES Elvor KOTEAANAES YOl TV
extéheon melpopdtov ypéwonc. Mopovoidlove To factkd otoryeio TG KWOLKOToinong
MPEG-I xou to gpyodeio VCR, Yo TNV HETEO00T KOIKOTOINUEVNC TANpopopiag video
novo ond internet.

310 KeQGAML0 3 TEPLYPAPOVUE EVOLY AAYOPLOLLO TPOGHPLOYNS TOV PLOUOV ATOGTOANG
nAnpoeopiog video pe Béon to ofjuato cvédpoong tov dktvov. IMopovotdlouve Tig
KOTEAANAEG TpoTomolicelg 6to epyoreio VCR pe 6KOMO TNV TPOGOPUOYT TOL pLOUOD
OTOGTOANG OTO CTIUOLTH OVASPAOTG TOV OKTVOL Kol TapoLotalove Tov odydplOpo

EMAEKTIKN G LETAOOOM G KOpE TOL VAOTOIONKE GTO TOPOATEV® EPYAAELO.

¥10 xe@GAO0 4, TOPOLGLALETOL I OPYLTEKTOVIKT] TOL VAOTOINOEVTOG GUOTILOL-
t0¢. Topovotdlovion avoALTIKE GAEG Ol AELTOVPYLKEG LOVADEG OLTOV Ko 1) alkplBiig
Aertovpyio ToVG.

370 KEPAAOLO 5, TEPLYPAUPOVUE TOL OTOTEAEGUOLTOL TV TELPOUETMOV TOV EKTEAESTN-

KOV 0TO GUGTNUOL TOL TEPLYPEONKE GTO KEPGHAOMO 4. OETOVUE TIC TOPOUUETPOVS TWV
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TEWPAUATOV Kot GYOMALOVUE TOL ATOTEAEGUOTOL TNG X PEWONG GYETIKA Ue TNV AauPové-
pevn etkévo ko 610 AopPovopevo evpog Caovnce.

310 KEPAAOLO 6, TapPOoLSLALETON 1| XPTIOT EVOG ELPVOVE AVTITPOCHTOV GTNV TAEVPEL
oL XPNOTN, 6TV QLTOG déxeTan Kou ypewvetonr ABR vrnpeciec. O evpuiig avTImpOcmTog
KOToypaeel TNV dloBéoiun tAnpogopiot Tov apopd TNV xpEmomn Tov xpPNoTn, UE GKOTO
vor unBet apydtepa Tig emA0YEG ypNoTn 6cov opopd TV yxp€won Tov. Me Bdon
TG TOPOTEVE TANPOQOpie ¢ Kol Pe e01KOVE OAYopiOUOVS, EKTIUG TNV VEO OGO OV
etval StoB€o1og vor TANPACEL 0 XPIOTNG LE GKOTH TNV UEYLOTONOINGT TNG CUVOAMKNG
XPMNOLUOTNTOC TOV TOPEYEL 1 EPOPLOYT OLLTT GTOV YPTOTT KO GTNV GLVEYELOL LTOSVKVELEL
TNV EMAOYH QLLTH GTOV YPNOTN.

TéAog 06710 KEPAAOLO 7, TOPOVOLALOVUE TO. BOCIKE GUUTEPAGUOTA, TNE TOPOVCOG
epyaciog Kol oxeTikéc LEAAOVTIKEC KOTEVBVVOELG.

H napotvoa epyocio éyive oto mAaiolo Tov evpmnonkov €pyouv ACTS-039 CAShMAN

(Charging and Accounting Schemes in Multi-Service ATM Networks).
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£QOA0L0 2
YnoBoBpo

310 TPONYOUVUEVO KEPAAOLO TOPOVCLACOLE TIC POGLKES OMOUTI|CELG KO TOL X OPOKTNPL-
oTikd evog mepaAiovtog xpémwong vInpectdv ABR, KoO®C Kol TOVg GTOXOVE TOV B0t
TPEMEL VOL LKOVOTTOIN B0V ortd TNV Ste€arymyn melpapldtev 6to meptaAlov ovtd.

310 KEPAAOLO 0T, B0l TAPOVGLAGOVIE TO POCIKE GYNUOTO Y PEWONE TWV VTN -
pectdv ABR to omoio €xovv vAomoinBel kou Bécel Tov onoiwv mpoypatorotnkoy to
SLbpopa TELPEUOTO X PEMONG. TNV GLUVEXELD TAPOVGLALOVUE TOL BAGLKA Y OPOKTNPLOTIKE
¢ Kwdtkonoinong video MPEG-I kon 10 epyoieio VCR o tnv petddoon mAnpogopiog

video 10 omoio xpNOIUOTOIONKE Yo TNV SEEXYWDYT TOV TELPAUUATOV.

2.1 Iyfuoto Xpéwong vinpectov ABR

v mopovoo evétnto, mopovctdovpne dVo Poctkd cyfuoto xpEMONS. XTO TPMOTO
oynuo [Kel96] n xpéwon mov amodidetal, ekppileton ¢ cuvapTnon TNe SIAPKELOG TNG
GHVOEONG KO TOV GLUVOALKOU GYKOL SESOUEVMVY TOL 1| GUVIEST) OLLUTY] UETEDWOE.

To devtepo oynuo [CSSI6], epapudleton e cuvdéoelg pe undevikd MCR (Minimum
Cell Rate), eKUeTAAAEVETOL TOVG 10N VILEPYOVTEG UNYOVIGUOVG EAEYY OV POTIC TWV VTIINPE-
oldv ABR ko 1 ypéwon mov omodidel otoyxevel otny PeATioTonoinom TG ‘KOWM®VIKNHG
eunueplog”. Me Béion 10 mopomdved oy, 1 T ové Lovado evpoug Lmvng LetafaAie-
TO SUVOLULKE, GOV GUVETELDL TNG LETOROATC TOV PEPTOV TOL SLKTHOV, LLE TETOLO TPOTO, MOTE
otV katdotoon wsopporniog n {itnon yo evpog LAvng Vo 1GoVTL PE TNV OVTIGTOU(M
nopox TG omd To dikTLOo (Supply). XpNOLUOTOIOVTAS TIC KUTHAANAEG GLUVOPTI|CELS TOV
TEPLYPEEOVV TNV {NTNOT TOV XPNOTWV GE Y MPNTIKOTNTH, OTN KAUTAGTOOT 1GOPPOTIOG,

1660 TO ELGOIMUOL TOV SIKTHOV, GGO KoL 1) EVNUEPIDL TOV XPNOTAV, LEYLGTOTOLOVVTOL.

9
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2.1.1 Xpéoon ovéroyn tov MCR

To oxMua owtd, amotedel EMEKTAON TOV CYNUATOG XPEWONG YIOL GLUVIECELS EYYVNUEVNG
vrnpeciog [Kel96], 6mov 1 ypéwon mov amodideton oe piow ovvdeomn, exepdleton cov
GLVAPTNOTN TNG SLEPKELOLG TNG GHVIECTG KO TOL GLVOALKOD OYKOV TOV LETOPEPEL. ANAOLOT|

N YPEWON, COUPOVT, [LE TO THPATAV®D GYNUO eKEPALeTon omd TNV oxéon
charge = o7 + b V. (2.1)

Onmg eENYNOOLE KO 6TO TPONYOVUEVO KEPAAOLO, oty ABR cuvdéoelg ovoudlovpe 6Aeg
exelveg T1Ig oLVOEseELg, o1 omoieg TPocopPUOLovy TOV PLOUS MOGTOANG dedouévav, GToL
ONUOTOL OVASPAOTG TOV SKTVOV. XTIG VANPECieg oLTéC, 0 YPNOTNG Umopel vor dnAmoet
évar eEM1oTto pLOUS amocToAn G dedopévav (Minimum Cell Rate - MCR), Tov omoio, €bv
N 6¥vdeon Tov Yivel ourodeKTr|, T0 dlKTLO TOL €yyvdTon. Me BAoT TO TOPOATEAVE® GO
xp€mong, n ypéwon ywo 1ig ABR vrnpeoiec, yiveton pe éva opiopévo tpomo yiow puouo
omOGTOAN G LY PL To MCR ko Le évo GALO, SLa@opeTKd, Yior pLOUS OTOGTOANG dESOUEV ™Y
peyoAvtepov tov MCR. Avtd onuodver 6Tt opileton pio ypéwon a ové povado xpovou
v To MCR xon g xpé€mon b avé povado 6ykov, émov 1o b pumopel vou elvor ko undév.
AnAodn, N e&iowon yxpéwong yia Tig ABR vanpecieg, GOUQ®VO UE TO TOPOTEVED CY L0

diveton amd v e&icwon:
charge = o MCR-T + bV, 2.2)

omov T, elval n cuvolKn ddpkeLd TG cHVOEONS Ko V' 0 GUVOALKOG OYKOC dESOUEV®V
7oL M GVVOEST CLLTY| LeTEdWOE. 'ETOL, GE MEPLNTMGEL GLUPOPTIONG, O YPNOTNG UTopel v
ovEnoet v T tov MCR, TpoKeévou var BEATIAGEL TV TOLOTNTOL TG CVVIESNG TOV,

OAAG, OTeG eoiveton Ko omd TNV oxéon (2.2), vo xpewdel omd To diKTLO TEPLEGGATEPO.

2.1.2 Avvopikni Xpémon

Vv mapypopo oY, mepLypdpeton €vor oyfiuo xpéwong ywo Tig vrnpecieg ABR 1o
omoilo Poocileton otV UKPOOTKOVOULKT] Oemplor KOl CUYKEKPIUEVO GTNV UEYLGTOTOINON
¢ KOWoViKhG eunuepiog. To GYNUO 0LTO, EKUETOAAEVETOL TOVG MNON LIAPYOVTES
UNYOVIGULOVE TTOL TapEYovTon oo Tov EAeyy o pong Béoet puBuov (rate-based flow control)
T®wv ABR vrnpeciov, 6mmg ovvtol kabopictnxkov omd 1o ATM Forum [For96] kot yu” avtod
N emPépuvon Tov 6To GHOTNUO Elvor TOAD HLKpT.

To televtaiio, LIOSMAMVEL KoL Lol SeVTEPT SLECTOGN TNG X PEWONS YEVIKE, KOUOMG

GUVOLOLLOUEVT LE TOVG UMY OVICUOVG EAEYXOV POTC KO OTOPUVYHG GLUEOPMNONG, 0dNYel O
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OLKOVOULK(G OLTOTEAEGHLOITLKT] Y PNOLUOTOINOT TV TOPWV.
Ot tuég eEoptdvtot omd TV amoitnon yio xopnTikdtn o Kot vroAoyilovton e

KOTOVEUNLEVO KO ETOVOANTTIKG TPOTO.

2.1.2.1 Xpéoon ue otéyo v Pedtiotomoinon tng evnuepiog

'Eoto L 10 6HVOA0 OAwV TV cuvdécumv kot C7,  Stoéoiun xopnTikdtnTa Yo 1ig ABR
vrnpecieg mov docyilovv Tov cvvdecpo [. 'Eotm V' 10 6GVOAO TV GLVIEGEWY GTO
dlktvo. YrmoBétovpe 6Tt n {Tnom yow xopnTikOTNTo. oG ovvdeong ¢ ekepdletal and
ToV TOTOo:

Do(we) = veewp(—pe). (2.3)

Onov, p., elvor 1 T ovE LOVESOL X OPTTIKOTNTOG KoL ove LovEadoL xpdvou pe Tnv onoio
YPEWVETOL T GVVOEST ¢ KL v, €lvor 1 LEYLOTN X OPNTIKOTNTO TOV oo tel 1 6Ovoeon, dtov
N T elvon uUndév, Kot 1600ToN LE TOV HEYLOTO PLBUG amoGTOANG dedouévmy Tov {nté N
ovvoeon. 'EoTm ., N XOPNTIKOTNTA TTOV XPNGOTOLEL | GHVIEST ¢ TOTE TO ELGOIMUOL TOV
SKTHOV KoL TO TAEGVOGULD TOV XPNOTN lvo:
o0
Network Revenue = > a.p. User Surplus = ) / D.(u)du. (2.4)
C C <
H xowovikn eonuepia uropel vo ypoupel tdte oG
; o0
W' (p,z)= Z / min(ze, Do(u))du + Z ToPe- (2.5)
ceV(C ¥ e ceV(C
YoV KoTAoToon 1copponiog, opileton M KOTEOTAON OTNV Omoict Ol OMOLTHCELS TMV
XPNOTAV 1Kavorotovvton (NA. z. = D.(p.)) xai 1o dikTvo peylotonolel to eLleOoMUb
tov. Edv a elvon 10 Stdvuoua Tov TGV 68 GAOVE TOVE GLUVIECHOVE TOTE 1o VOV TOL

TP ALK ALTO:

z. = veexp(—p.) Ve eV, (2.6)
Y 2. <Cp VleL, 2.7)
cileR,.
pe= >, oy YeeVC, (2.8)
lER,
a(Cr— > x.)=0 Vi€ L (2.9)

cileR,.
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Mmopel vor amodety0et, 6t 10 onueio 1coppomiog elvol Lovadikd Ko pueyltotomotel

0 W'. ATd 11 (2.5), (2.6), (2.8), N uéyrotn evnuepio uropel vo ypoeel dg:

W=> a+<aC>. (2.10)
cevV

Amd 116 (2.6), (2.7), ko TNV KuptdTNTa TG G'(0r) ouvendryeton 6t m uéytotn evnpepio
umopel vou ypopel Ko ic:
W = ming>oG(a), (2.11)

6mov G(a) = 2 .cvo veexpl— 2ier, i)+ < a,C' >,

2.1.2.2 To enovoAnnTiko oo YpEmong

[Tpoxelévo Vol BEATIGTOTOITIGOVE TNV KOLVAOVIKT| unuepio, TO dIKTLO TPEMEL VO ETLAE-
Eet Tig Tég avéloyo pe Ty (2.11). Mo aovarykaio cuvOikn ylo Ty Aoy 1otonoinon g
G(a) elvon:

8—G:Cl— > D.=0, VielL with o #0. (2.12)

80&[ cleR.

Emouévag, n ehoytotoroinon g (2.11) umopel vor yivel kotaveunuévo yiow KG0e
oOVOESHO [, N T o povada ebpovg Lavng a;, awEdveton 1 petdveton av C; < >° D,
N C; > > D. oviiotoyga.  60e oOvdeouog vroAoyilel v véo Tiun avé xpovikd
Staotipoto 7', tor omoiow ovopdilovton “‘dractipota ypémong” kou cuuBoAilovion pe
n = 1,2,...xo1 to. onoia kabopilovton duvapikd dote vo elvail oe dLEpKeL, TOLAGYLIGTOV
0 xpbévog mov amonteiton omd To SIKTLO VO AVAKOIVAICEL GTOVG YPNOTEC TNV VEQ TIUT GLV
TOV XPOVO OV OOLTEITOL YL VOL LTOSNAMGOLY Ol XPNOTEG GTO SIKTLO TNV OVTIdpPOIoT|
TOVG OTNV VEQ CLLTY| TUUT|. TUYKEKPLUEVA, Y10l TOV GUVOEGHO I, M TIUn oevé Lovado e9povg

Cavng af kotd 10 Ypoviks dtdotnua ypéwong n, diveton omd tnv oxéon:

14

n—l_
mazx {(1 + h—Z”GRCCD° = )a?‘l,O} if a7t #£0
O[? - Dn—l_c [}
max {k—zaleRcclc Z,O} vf Oé?_l =0

(2.13)

6mov C) M xopNTIKOTNTA ToV cLVSécuov [, D! n araitnon yio evpog {dvng and
NV 60V3eDT ¢ KOTd T Ypoviks dtdotnua xpéwong n — 1 kou o = 0 yoe k6Be [ € L. H
TOPAUETPOC k, eK@pAleL TNV Tdom avénong, dtav 1 Tun elvon undév evd n h exepdlel To
1660 ot TWEG dALGLoVV Ge KAOE X poviKd SLEGTNUO Y PEWONG,.

Ané v oxéon (2.8), N Tiun ové povado evpouvg Lavng pr Yo Ty ovvdeon n, KOT

NV SIEPKELD TOV XPOVIKOD SLOGTHUTOG XPEMONG 7, ElVOL TO OPOLGUO OAWDV TWV TILMOV
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ap 1oV oVVOEcUOV KaTE UNKOG TNG ovvdeonc. 'ETol, 6Ny kotdotoon 16oppomiag, ot
Tég koBopifovton amd Toug GLVIEGUOVS EKETVOVE Ol 0TTO101 VITOKELVTOL GE GLULESPTON.

To mopamdvo, pe Béon tnv (2.9) onuoiver ot
e a; = 0 Y100 TOVE GLVIEGUOVE TTOL deV VITOKELVTONL 68 GVUEOpNon (3. D, < )
e y ZONC; =3 D. =3 x. Y10l TOVG GLVIEGIOVG TOV VITOKELVTOL GE GLUPOPMOT).

Av z.(t) elvar 0 pubudg omooToA g dedoUEVMV TNG GVVIECTC ¢ TNV XPOVLKT] GTLYUT|
t, T6TE M GLVOMKN YPEWON YO TO XPOVIKS StéoTNUO 1 elvor:
nT

charge = w /(n_l)T z.(t)dt = plV]", (2.14)
omov V' elvon 10 TAN100¢ TV kKeM®dV ATM mtov petoddomkoy and Ty cveeon ¢ Katé To
XPOVIKO SLEGTNUCL n.
'EGTO w,. TO TOGO IOV elvor SloTeDeUEVOC VoL TANPAGEL 0 ¥pNoTNG TNG GVVIEONG ¢,
Av voBécoupe 6T 1 GVVIEST ¢ YPNOLUOTOLEL Evor LOVO GUVIEGHO, KO YO GUYKEKPLUEVO
XPOVIKO dtdotnuo, To TAN00G TV cuvdécewy V', N cuvolKn xopnTikdtTnTa €' KoL Ot
TOPGUETPOL Y PEWONS TWV XPNOTWV TOPOUEVOLY OUETEPANTES, O ENOVOANTTIKOS VITOAO-
Yiouog g (2.13), odnyel oe KOTAOTAON 1G0PPOTIOG Kol TO €VPOg LdvNg KoTavEUETOL
ovEAOYOL LLE TO TOGS w. TOL elvor dtatebelévos va TAnpaoel o xpriotng [Kel97]. Tote Oo
Lo VEL:
we = peD(pe)p = per @e, (2.15)

KOl 0 oVTIGTOUY0G PLOUOS OTOGTOANG dedOUEVOV 2. TOoL AcuPdiver etvo:

We We
Te= — = —=—"2UC, (2.16)
Pe Zz w;
eV,
> ai=C. (2.17)

10 KeQGAL0 4, B0 TEPTYPEYOLLE TNV CPYLTEKTOVIKT] TOL GuoTipotoc. Exetl, 6o
e€etdiooLvlE TO TAG TO THPUTEV® CYAUAT Y PEWONG EQPUOLOVTOL OTNV TEPITTOOT TOV
GULGTHUOTOS OGS, VTG TOVG TEPLOPLGLOVGE, TIG SLVOLTATNTEG KO TNV SoB€otun TAnpopopio

OV QVTO TOLPEYEL.

2.2 Eoopuoyég yro nertpdpoto xpémong vanpectdv ABR

Onwe ovoEEépoLE KoL 6TO TPADTO KEQEAML0, 01 vaNpecieg ABR, anootéAAovv orjuato

OVAIPUOTG OTLG EPAPLOYES TOL (PNGLLOTOLOVY TNV VINPecior avty|, kabopilovtog Tov
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pLOUG amOGTOAN G dedopévmy Tovg, K&be xpovikn otiyur. H mpocopuoyn touv pubuon
OOGTOANG dedoUEVmV €YYLETOL Otd avTioTolxo VAKG oto eminedo ATM, Tig kbpTeg
ABR, ot omoieg Tpocapu6Louvy T0 pLOUG OTOGTOANG TV EQPUPUOYHDV, GTOV 0LTOG EETEPVEL
TOV avVTioTOLXO TOL OTMUOTOog ovadpaons. H mpocapuroyr autr] Tporylatomoteiton e
omoppLy”n TANpoYopiog KéBe Popd ToL 0 pLOUGS LETEBOON G EEMEPVE VTGOV TOL CTLATOG
ovEdPaoNG,

AgdopEVoL OTL KarTo TNV dtdipkelo ovamtuéng Tov meptBEAAovTog aruTton, dev LI PYE
nApeg VALKS 1 Aoyiouikd to omoio mpocopudlel Tov pubud omocToANG dedouévav oe
eninedo ATM, 1 TPOGOPLOYT| CLLTT] POLYULOTOTOLONKE GE EMIMESO EQOPULOYTC.

'Eva 3e0tepo {Tnuor Tov TPokHITEL Elvor T0 TS Ol YiveTo N TPOCOpUoYT oLT.
AxKoAOVO®VTOC TOV TPOTO TPOGOPUOYNS PLBLOV TG KApTog ABR, Bor uropovoape vo
omopinTovue TANPOoPopio KGOE POoPE TOL 0 PLOUGS OTOGTOANG dedopuévmy Eemepvdiel Tov
oVT{GTOLY0 TOL CHUOTOS CVAIPOIOTC. X TEPITTMOCELS EPAPLOYDV SUME, OTMG 1) LETASO0N
Kwdikoromuévng video tAnpogopiog MPEG-1, o mopondvm tpédnog tpocopuoyne umopel
VoL 00N YN GEL O OmMAEL. CNUOVTIKNG TANpoPopiag. ATS TNV GAAT, OTtmg Bor dovue Ko
otV enduevn mapdypoeo n TAnpoopioc MPEG-I opyovaveton pe t€to10 TpOmo MoTe
vo glvol duvoti n TPocopUoY TN TANpoeopiog amoppintoviog tAnpogopic n omoio
dev emelpedilel TOAD TNV TOLHTNTA TNG EKOVOC. ZLVERHG eivor amopodtnTn M avémTvén
evOg Unyoviopot o omoiog Bor tpocopudlel Tov puOUSd amocToAG dedoévay e 6Go To
duvatév eAdylotn ammAelo TAnpoopicc. H mopoardve tpocéyyion tkavonotel Ko évo
omd Tovg Pactkovg 6TOXOVE TOL BECOLE GTO TPWTO KEPAAONLO YloL TNV oxedlaon Tov
nePPEAAOVTOG YPEWONG, TOL OLPOPE TNV TTOPOoY) GO TO SLVOLTOV KAUAVTEPNG TOLOTNTHG
GTNV LIANPEGLO TOL ¥PNOTN, GE GYEOT LE TIS TOPOUETPOVE TOVL QLTOS dNAMDVEL.

'Eva tedevtoio {tnuor 660V a@opd TG EQUPUOYES YIOL TNV EKTEAECT) TELPOUETOV
xpE€mong vinpectav ABR, 10 omolo TpoxVTTEL Od TIG AMONTGELG TOL OECOULE GTO TPWTO
KEPAAOLO Yol TNV dnuovpyio Tov TEPPEALOVTOC, 0Lpopd TNV dLVATHTNTO OTTELKOVIONG
TOV 0AAOY®V GTNV KaTAoToon Tov ditktvov. H epoppoyn Bo mpémel vo eivon oe 6€om
VOl OTELKOVIGEL OTTIKEL PUE OLTOTEAECUOATIKS TPOTO TOGO TIG AAAOYEG GTNV KAUTAGTOOT TOV
SKTHOV, 0G0 KOl TIG GLVERELEG TTOV B €XEL GTNV TTOLHTNTOL TNG VANPEGLOG Ol TYUES TV
TOPOUETPOV YPEMONG TOL INAWDVEL O XPHOTNG,.

SUVENMS AOITGV 1) KOTOAANAGTEPT, GOUOMVOL LE TOL KPLTIPLO TOL OECOLLE TOPOLTTELV (O,
EQOPUOYH IO TNV EKTEAECT] MELPOUATOV YPEWONG €IVl N LETAS00T KWILKOTOINUEVNG
nAnpoeopiog video. H mopondveo epopuoyn, €xel v duvatdtnto vo ometkovilel pe

OTOTEAECULATIKS TPOTO TG CAAOYEC TNV KAUTAOTAOT TOV SKTHOV, EVM, LE TNV oVATTLEN
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KOTEAANAOL U avVIGUOY, | TPOGHPULOYT TOL PLOUOV TOGTOANG OeSOUEVWOY GTOL GTILOLTOL
ovadpaong Twv vrnpectdv ABR, umopel va mporyportonoinBel pe tnv eAdylotn duvort
ONUOVTIKY] OTAOAEL TANPOQOPLOG.

> T1¢ ENOUEVEG TTOPAYPAPOVG TTEPTYPEPOVLLE TOL Pacikd onueior TN Kwdtkomoinong
MPEG-I ko mtopovcstdllovpe 1o epyorlelo TO0 0moio YPMNOLUOTOLONKE YLOL TNV EKTEAEOT

TOV TELPOUATOV.

2.2.1 H xootkonoinon MPEG-I

H teyxvikn ovunieong video mov avortdydnke ond to MPEG-1 (Moving Pictures Expert
Group), KAOTTEL OPKETEG EPOPLOYEG LeTGd00MG video, omd diktuo dedopévav, KoBmg Ko
amodkevong CD-ROMs [Gal91], [Cha97], [Sik97]. Two va vrootnpiyOel To peydho eVpog
ond epopproyég video, apketég Tapbiuetpotl Tov kaBopilovv v cuurieon 6mwen eveMElo
TOVL UEYEOOLG TNG EIKOVOG Kot 0 pLBUGS TV TAonciov, eivor duvatdv vor KoBoploToHy
ormd tov xpriotn. Omolosdmote Kwdikomontic MPEG-I 6o mpémel vor vrootnpilet
TOVAGYLOTOV OAEG eKelveg TIg TapouéTpoug mTov Kabopilovv v petddoon ekdvog G
KOVOVIKT] TNAESpOIoN: EAGY10TO TANO0C pixels avd ypouuny 720, eAGy16T0 TA00G YPOUULDY

ova etKovaL 576, eEAGy16TO pLOUS 0OGTOANG TANGIwY oV devtepdAento 30.

Syfuo 2.1: Tpelg Tomol Thoncimv 6tny kmdtkoroinon MPEG-I

H xwdikomoinon tov I-kopé yiveton aveEdpmmrto and v vmopén GAlwv kopé, o€ avtibeon pe v
kwdikonoinon Twv P xou B kapé, N Kwdikomoinon twv onoimv tpodmodétel Ty vropén mponyovuevey 1
emdpevav 11 P-kopé.

Onwg eoiveton oto oxfue 2.1, o kwdikomontiig MPEG-I, kwdtkonotel tor mAoiotlo

o€ TPELG Kortnyopleg:
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e I-mhoicio: Aev ypnolponolovy wAnpoeopior and Tor YeLToviké TAaiolor Kol K-
dikomolovvton Gov pior LEHOVOUEVT elkOva Kol Oxl cov UEPOg Touviag, opov
xpnotponoleiton Lévo Kmdkomoinon ecwtepikd 6to mAoiclo, Baciopévn oe DCT

(Descrete Cosine Transform) 1§ Huffman.

¢ P-mhoiclo: Xpnowomnowovv tov 1810 adydpibuo kmdikoroinong pe to I-mAoicto
OAAG e TPOCONKT amokoTdoToong kKivnong pe Béon tig dtapopég oty kivnon

oo to Tponyovuevo I 1 P-thaicto.

¢ B-mhoioro: Eivou 6pota pe to P-tAaioto, pe tnv dtopopd 6t m kivnon npoPAéneton
ond 1o mponyovuevo I 1§ P-tAaicto, to enduevo I 1 P-tAaiclo 1 Kédmwolo cuvdvocud
oVTOV.

Frame Pattern

1
IBBPBBPIBBPBBPIBBPBBPIBBPBBP

GOP |

Video Sequence

| P B
Average Frame Size*: 15Kbytes 8 Kbytes 4 Kbytes

*
Based on the MPEG-STAT program, Universtity of Berkeley, California, USA

ynfuo 2.2: H opydvmon twv tiouciov oe évo MPEG-I apyeio

To mhoiolo emovoroppdvovion avé frame pattern, évo 1 mepiocdtepo frame patterns cuviotovv évor GOP,
éva M meprocdtepa. GOP cuviotovv évar Sequence, éval 1| meplocdtepa Sequence cuviotovv pion MPEG-I
Touvio.

H opydvoon twv thonciov oe pio MPEG-I tovia Bacileton 6T mopakGtm €vvoleg
(oxnuo 2.2)
e Frame Pattern: Eivou pioe axkolovdio Tomov mloiciov n omolo emovoloufdvetor.

oBopileton Kotd TNV ddpKele TNG KOAKOTOINong ko elvonl TapGUETPOS TOL

KoBopilel TNV moldTNTOL KOl TOV OYKO TNG TOPOYOUEVNG TOLVIOC,

¢ Group Of Pictures (GOP): Eivou pio akorovbio amd miaiolo mov eivor duvartdy vo
neplAoUPdverl meplocdtepa Tov evog frame pattern. Eivor évo koppdtt g toaviog

T0 07010 KWALKOTOlEITOL OveEAPTNTO OTt6 TOL AALCL KOUUETIOL TNG ToVio,

e Sequence: Eivou pio ockodlovBio mAaiciov, n omolo uropel vo meptAoppéverl mepio-

6dtepa ToL VO GOP. Zuviibwmg, éva sequence eivon pio oAGKANpM Touvia.
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Ané v eikévo 2.1 eniong UmopovUe VO TAPOTNPTICGOVUE TWS M KOILKOTOINoNn
tov I-mlonciov yiveton aveEdptnta and ond v Ymopén GALOL TVTOL TAOLGIOV, GE
ovtifeon pe to P ko B-mhaiowo yior o omoio, 1 K®dikomoinom toug mpovmobétel tnv
vrapén mponyoduevov 1 enduevav I 1§ P-mAouciov. Avtd yiveton yioti to P xou B
TAonciov KmdLKonmolovy, Oyl KOVOVIKEG E1KOVEG, OAAG dtopopés Leta&h TponyovUEV®OV
Ko endpevov 11 P mhonciov, pe 6Komd tnv 660 10 Suvortov LeyoAhTEPT) CUUTIEST TV
dedopuévov. Tomkd, oe uéyebog to I-mAoicia Kot AapBAvouy TepLociTeEPO Y WPO Urd ToL
P, 1oL omoio pe Tnv oelpd Toug KoToAaBEvouy meptoctepo dpo ord to B. Ao mAevpdic
TANpoopiog Ta I-mAoiclo Kotéyouvy TV o GNUAVTIKT] TANPOPOopia EVH GTNV GUVEXELDL
okoAovBoVV To P xon téAog Tl B-mAadoar.

Ané to mopoméve yiveton @avepd mmg Yo vo. kodikorombovv to B-mAoicto
amonteiton TpdTo N Kowdtkonoinon twv I kou P-mrAonciov eve Yo vo Kodtkonotndovy to

P-mAaiolo arotteiton | kwdikonoinon twv I-tlonciov (oyfiuo 2.3).

@@ & & 6 @ O 6 9 ©
Coding Order

yfuo 2.3: Zepd wdikomoinong

To I-mAoiolo K@dKomolovvTon Tpdta, ev cuveyeio To. P-tAaicio kot TéAog to. B-mAoioto.

2.3 Toepyohreio VCR

v evotnta outh, 6ol TapPoLGLAGOLUE TO gpyodelo, TO omoio ypnolpomoionke (ue
KOTEAANAEG TPOTOTOOELS) YOl TNV EKTEAECT) TEPUUAT®V GTO TEPIPEALOV X pEMONG
ABR. To epyaieio VCR [PC95] elvon pio mAatedpuo petddoong video mAnpogopiog
oe mepdArov internet (UDP/IP). Agdopévav tmv mpoPAnudtov mov ovtigetonilel n
ovAmTLEN Lo eeoproyig Hetddoong video oto internet, dTmg 1 EAAELYT GLYYPOVICLOD,
oL Yo AN G PN TIKGTNTOG GHVIEGLOL KOl 1) CUUESPNOT|, OTOLTEITOL 1] WVATTLEN EL6LKOV

AOYLOMKOD Y10l TOV GUYXPOVICUS HeTaEy Twv §V0 dKpwv Tng chvoeonc, Ue GKOTS TNV
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OmOTEAECUOTIKY LeTddoon tng video mAnpoeopiog and tnv wnyny otov npoopiond. H

opyLtektovikny Tov VCR epyoreiov ametkovileton oto oxfuo 2.4

Feedback

———=| Network

Video Stream

yfuo 2.4: H apyltektovikr| tov epyaieiov VCR

H video mAnpogopic petadideton and v anyn (Video Server - VS, Audio Server - AS) otov Tpoopiopnd
(client), evdd ofjportor owvéidpoong amooTéAlovTon ond TovV TPoopIoUd otny Tyn dtoy LVILEP)EL 6To dIKTVLO
oupeépnom.

To cvotnuo anoteleiton omd mévte Bactkd Hépn: v GHGTNUO ATOGTOANG ELKOVOLG
(Video Server - VS) évo cvotnuor omostoAng fxov (Audio Server - AS), évov meddtn
(Client) kou T1g 0tvTioTOLYEG GLOKEVEG YOV KoL elkdvog. O client amotedeiton amd €vav
amokwdtkoron T video (decoder) kou pioe cuokev EAEYYOL TN LETABOOMG ELKOVOLG KO
Nxov xou mopéyel To kKatdAAnAo interface. To Tpio Tp@dTOL UEPM TOL GLOTHUATOG elvor
duvatév va BplokovTal 6 SLoPOoPETIKE UMY VILATO TOV SIKTHOV.

To epyoreio VCR, viomotel évor povtého meddtn-eEunnpetnty yio v petddoon
video mpaypotikov ypévovu (real-time video) (to omoio elvol amobnkevuévo otov VS)
ond Tov e&unnpen Ty 6TOV TEAGTN XpNoomol®vtog UDP/IP. To KpiTiplo NG motdtntog
vrnpeciog eitvotl 0 puOUGS OTOGTOAN G TAOLGIOV OVE SEVTEPOAENTO. XTNV TEPINTTMGN TOV
ouuPel cLUPOPMON, TO CVOTNULX OO TPETEL VAL AV TLIPAGEL KOATEAANAQ KO VO TTPOCOPUOGEL
70 PLOUG ATOGTOANG TAOLGI®MV GTO AVTIoTOLYO EMiNESO GLUPSPNONG. XTO internet Ko GTo
ovTioToY0 TPWTOKOALO emmESOL SikTHOL IP, N amdrero Kapé 1) N kobvotépnon Geiéng
TOLE, VITOINADVEL TNV VITOPEN GLUEOPNONG GTO diKTLO. OTOY TO GVOTNUN SLOTIGTHCEL TNV
Yrapén cvpedpnong, 1éte o Video Server eALatdvel To puOUd amooTorg TAoucimv ovd
devtepbdiento vroAroyilovtog ek véou éva véo frame pattern To omoio odnyel oe kpdtepn
OOGTOAN TAOLGLV oV devtepdAenTo emnpedlovToc Ko Tov pLuOUd amocToAg bits ovd

devtepdiento. 'ETOL, oV KATOLOL YPOVIKY] OTIYUN O EMITPENOUEVOS PLOUGS MTOGTOANG
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dedopévov and to diktvo, elvon 1 Mbit/sec ko 1 petdidoon mAnpoeopiog video yiveton
pe to frame pattern ‘‘IBBPBB”, amdAelor evog 1 Teplocotépwy mAoucimv odnyel otnv
dnuovpylo tov frame pattern “‘I-BP-B”, 1o omoio odnyel yevikd, oe HikpOtepo pLoOUd
peTddoonc. XNV MEPITTMON OV dEV LIAPYEL GLUPOPNOT 6T0 cVOTNU, 0 Video Server
ovEGvel otadlokd Ko Le Utkpd pubud, Tov puoud omocToAN g TAoGimV Le moTELESILOL TNV
OTOTEAEGUOTIKT] OLTOQLYT| KOl 0tvEppmon o€ tepintwon cuuedpnons. 'Evo oamdd oxfua
eAEyYoL e oNUoTo oVEdPAoN G TOL OOGTEALOVTOL amd Tov client otov Video Server
(LWéosw TCP/IP), xpnowonoteiton otV TEPInTMOOT GCLUEOPTNONG KoL YOl TNV TPOCUPUOYNH
TOL PLOUOV OTOGTOAN G KO, KOG o€ TeptPAALOV internet, Lovo o client elvon oe Béom vou
Stamotdoel Ty Hropén cupedpnong. To GHOTNU AELTOVPYEL IKOVOTOINTIKE TEV® otd
70 Internet, 3e30LEVOL GTL TO TEAEVTOIO OeV EIVOIL QKOO TKOVE VO, EEVTINPETHOEL EQPOPUOYES
TPAYUOTIKOD YPOVOV, OKOUOL KO OE TEPINTACELS UeTGd0oNG video 6 GUVIEGUOVS Ue
YOUNAY Y OpNTIKSTNTO.

¥ty mepintoon tov epapuoydv ABR, dev eivon amopoitntn N ovamTUEN UNYO-
VIGU®V Y10l TOPOKOAOVONON Ko aviyvevor cupedpnong 6to diktvo, kabng to idto 1o
SlKTLO, UE TOVG UNYOVIGUOVG EAEYY OV PONG TV VINPESL®Y ABR, Topéyetl Tor KOTEAANAQ
oNUOTOL oVESPaoNG YIoL TOV OKPREC pLOUG CMOGTOANG dESOUEVMOV TOV TO JIKTVO OLVTL-
oToL el OTNV €QOPUOYT|. ZVVERMG elval avarykoio 1 avEmTuén ek vEou, evEg UNYOVIoUOD
o omnoiog B mpocopudlel Tov pLOUS aTocTOAN G video TANPoEoOpioG GTOL GCHUATO CLVEL-
dpoomng ToLv SKTVOV, YO TO GLYKEKPIUEVO epYyoreio e Bdion Sumg Tig TpovToBEcELg TOL
Bécole GTNV TPOMYOVUEVT TOLPELYPOLPO. ETO EMOUEVO KEPAAOLO TTEPLYPAPOVUE TOV PacLKd
oAYOPLOULO TTPOGOPLOYTC TOL PLOUOD OTOGTOANC SESOUEVOV GTOL CTLATO OVASPOLOTC TOL

SKTHOV YPNOUOTOLDVTOG TIG SOUES KOl TOVG UNYOVIGUOVS oobrjkevong Tov VCR.
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O oAYOp1OLLOC EMAEKTIKTC

LETAO0CNC TAULGLOV

310 TPONYOVUEVO KEPAAOLO EENYHOOUE TNV OvAYKN TG dNuovpyiog eveg Unyovicuom,
oto epyoreio VCR, o omoiog Oa mpocopudler 1o pubud omoctoAg dedouévov oto
onuota ovédpaong ABR tov diktvov. Ta va emitevybel o mopandve 6tdyog, o mpénet
KoTopy6c, dedouévou 6Tt M petddoom tAnpoeopiog video, and to epyoieio VCR yiveton
péow UDP/IP, 6tnv apy1TeKTOVIKT TOL TtepIBAALOVTOC N Hetdidoon video omd to epyoreio
VCR va yiveton uéow IP/ATM (classical IP 1y LAN Emulation). 'ETGt, 1 TpOGOPULOYT| TOV
pLOUOY aocTOA G Video Tov epyareiov VCR B mporypartomoteiton oe eninedo TCP/IP kot
ave. O aAyop1Buog awtdg Bo Tpénel va Tposapudlel Tov puBUS KmOGTOANG dedoUEVmY
pe 660 1o dSLVATEHV MYSTEPO CNUOVTIKT OTTMAELD TANpoYopiac. TIpLy ToPOVGLEGOULLE TOV
oAYOPLOUO EMAEKTIKNG UETEOOONS KOpé, TOPOLGLALOVUIE GTNV EMOUEVT TOPBEYPOLPO TIG
oAAoyég oto epyaieio VCR ot omoleg elvon amopoitnteg Ko mponyovvTon Tng bAomoinong

KO TNG €QaPUOYNG TOV atdyopiBuov.

3.1 Tpononooerg oto epyoreio VCR

Me Bdon to mponyovueve, to Pootkd uépn tov VCR cuotiuortog elval 10 cOoTnuo
petédoong g video mAnpogopiag (VS, AS) 10 onoio 6o to ovoudlove server Kot To
GUOTNUO ANYNG, AmELKGVIONG Kol EAEYY 0L GLUESPNONG, TO onoio To ovoudlovue client.
Eniong Ommg ovopépolle Kol TOpomevm, 0 puBUOS amocoToAN G dedopévmy o Ttpémel vou
npocopudleTan oTo GUATO AVESPOOTIC TOV SLKTVOV Ko G)1L GTO GT|LOTO OVASPOLOTC TOV

client.

21



22 eQGaA010 3. O alyép1OLog emAEKTIKN G HeTASOONG TAOUGIMV

H npdtn PBaoikt tpomonoinon agopd Ty tedevtaio anoitnon. v TAat@opuo
ABR, 1o ofjportor ovadpoong, kabopilovton omd to dikTvo Ko Ol otd Tov TopoAiTTN,
Kot €101 dev elvon avorykoio 1 moporkoAovdnom ko n aviyvevon tuxdv GLUEEPMNONE GTO

SlKTLO KBNS KoL 1) TOGTOAN oNUAT®V ovédpoong and Tov client GTov server.

H devtepn Pooikn tponomoinon, apopd tnv dnuovpyio evog UnyovicpoH Tpocop-
HOYNG TOv pLOUOY amocToA(g video otov server. Edd €xovue 800 Pacikég amontioets.
Tp@dToVv, N TPOGOPLOYH TOV PLOUOD ATOGTOATG dESOUEVMY OOl TPEMEL VOL YIVETOL COULPOVOL
UE ToL OT|OToL otV B P OO G TOL SLKTHOV Ko O ToL client kol SeVTEPOV, N TPOGUPUOYT CLLTY
00 Tpémel vou YIveTal e KPLTIPLo TNV oimoGToAN bits/sec Ko Gyt TAdiciwv/sec OTmg KAVEL
10 VCR. ot avtd yroti, opevog Hev, Tor CULOTor oevEdpaiens Tov dtktoov ekgpdlovton
o€ bits/sec, aPeTEPOL ¢, dEV VITAPYEL LOVOCSTILOVTT arvTioTotyio ueTod TV TAoucimv/sec
Ko Tov bits/sec. Avtd ogeideton 6T0 YeYOvEg OTL TO UEYEDOG TV TAoNGIOV (oKW Ko
Tov 18iov TOHmov) elvon duvapikd peTaaAirduevo Adym Tov TPOTOV TG KmdtKomoinong.
Avt6 onuodivel 6t elvon oAb MOV edv KEToL ¥POoviKH oTiyun o server 6tédvel pe 20
nmAaiclo/sec ToL 0moio VTIGTOLOVV T.). G pLOUS 1 Mbit/sec, T0Te KGO0 GAAT XPOVIKT|
oTIYUr], 0 pLOUSE TV 20 TAoucimv/sec vo ovTioTolyel 6e pLOUG KOTd TOAD SLoLPOPETIKS

omtd To 1 Mbit/sec.

Av Booiototue 6To UNnyovicpd mpocoproyne thoucimv/sec, 6mmg Kével 10 VCR,
pe vmoAoyloud evog véov frame pattern, téte dedopévouv oL YEYOVOTOG OTL O PLOUSS
omoGTOAN G dedopévmv video dev elvorn 6Ttafepdc, Eva oo ovAadpaon g To omtoio emBAAiel
pLOUG aOGTOANG .. 1 Mbit/sec, dev umopel vor 00N y1iGel € LTOAOYIGUO evEg vEou frame
pattern pe oKomwd TV eALETOOT TOoL pLOUOV K&T® amd 1 Mbit/sec. O VTOAOYIGUOS EVOG
véov frame pattern 6o 001 y00V0E GTNV AMOGTOAY| AMYOTEPWV TAOLGI®Y OV dEVLTEPOLENTO
YeYOVOG OV, OTMG eENYNOOUE Ko TopATévm, dev ONUOIVEL TPOGHPUOYH] GTOV PLOUS
omooTOAN G Tov koBopiletal and 1o ofua avddpaong ABR. Emouévag, dev umopovpe
VO YPNOLUOTOGOVUE TOVG NN VIEPYOVTEG UNYOVICUOVS TPOGHPUOYNS TOL PLOULOV

omoGTOANG dedopévawy Tov VCR.

TéLog elvon ovorykoio, | TPOGOPLLOYT] OLUTN VOL TTPOY LA TOTTOLETON [LE OGO TO SUVOLTOV
AMybtepeg ammdAeleg 6TV TOLOTNTOL TNG ELKOVaG dNAadn pe 660 T0 duvatédv HKpOTEPN

OUTOAELOL GCNUOVTIKTG TANPOQOpToC.
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3.2 O oAyop1Opog emAeKTIKTG HETAOOONC TAOLGL®V

v evotntol oTH, TEPLYPAPOLUE €voy OmAS OAYOpIOUO TPOGHpUOYNS TOV PLOUOD
OOGTOANG dedouévmy, Le BEon Tow CHUOTH ovEdPaoT G TOV SKTVOL GTOV Server, GTnyv
nepinTwon Towv vrnpectdv ABR.!

To epyaieio VCR, mpokelévou va petadmoel pior tovio, Hécm Tov SikTOov, G
k@&motov VCR Client, avoddel kou amodnkevel ot KotGAANAeg doués OAeg ekelveg
TG TopoéTpoug mov KoBopilovv v kmdikomoinomn, kot tov Tpéno petddoong g
Touviog Ko Tov elvol amodnkKevuéveg otny KeQOA ™G ATO TIC TOPUUETPOVS QVTEG,
pog evotopépel Kupiwg out mov kobopilel méca mhoicio To devTEPOLENTO TPEMEL VoL
UeTOOIOEL O server Yo vou Y€l GE TKOVOTOINTIKT amdG300M 1 OELKOVIOT) TNG TANPOoYopiag
otov client. Tnv mapduetpo ovt| 6o v cvuporicovue pe F'R (Frame Rate) xou ot
TUmKEG TIEG TG Yior Kwdikomoinon MPEG-I efvon 30 frames/sec ko 33 frames/sec. H
TN TG ToPapéTPouv aLTHG TiBeTon Kotd TV Kwdtkonoinon g tovioe. Emiong pog
evilopépetl 1o frame pattern (BAéne mop. 2.2.1) KoOdG Ko 10 Uéyebog kobevog and to
mhoiolo Eeyoplotd. Omwg avoeépope Kot Tponyovuévas, 1o VCR enetepydleton ko
oodnkeveL TNV TANPOEOpio LT GE KOTAAANAES OOLEC.

H Baoikn 16éa tov akyopibuov, elvon avé FR kol oe KAOE xpoviky GTIyur| vo
petodideton N o oNUOVTIKY TANPOoeopio oV apopd TV kmdikoroinom Tov video Mote
vo éxovpe 660 To SLUVATOV AYOTEPO CTUAVTLKT] OTWAELN TANPOPOPLOG. ZTNV TOPEYPHPO
2.2.1, eldope 611 o1 TOHMOL kmdikomoinong mAouciov eival tpeig: I, P, B. And ovtovg, M
o onuovTiky TAnpogopia elvon amodnkevuévn oto I-tomov wAoiolo, GTnV cuvEXELD
oto Tomov P ko téAhog otar TVmov B. Emouévac, évog alydplbuog mpocapuoynis tov
PLOUOD OTOGTOAN G dEdOUEVM®V, B TPETEL VoL STVEL TPOTEPOLATNTA GTNV UETABOGT, TPOTOL
tov I TAouciov otnv cuvéyelo Tov P mAonciov kot 1€Aog twv B mloiciov €tol wote vo
EMTLYYGVEL TNV 6GO TO SLVALTOV MYOTEPO CNUOVTIKT] OTTOAEL TANPOPOPIOG.

H mpocappoyr tov puouov amocToAng dedoUévav ot CNUOTO CvEdpOoNG TOV
ABR, mpoaypotonoleiton oe akolovbio mAaiciov ufikovg FR. Ztig douég mov drortnpel
10 VCR pe mAnpogopior oxetikt| e o0 mAoioto vedpyel peto&h GAlwv, éva medio oto
omoio elvon aurodnkevévog o THTog Tov TAdsiov (I, P, B) kot 1o omoio Ba To ovopudovue
frame_type, xon évo medio mov LIOSNADVEL TO Hé€YEDOC TOL avTioTOl 0V KOpé, TO 0Toio Oo
10 ovopdlovpe frame_size. Ol TAPOTAVE® TOPEUETPOL AUPEVOLY TIUY KOTE TNV @AoN

ovaAvoNG TG Toviag amd ToV server, auéomg LeTd TNV eMA0YN TNG and TOV XP1oTN, TPLV

270 TopEVTOL CAYGPLOUO GUVEPYGIGTNKE O K. MVOTOVTIVOG AVOryvOGTAKNG
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v petddoon g video tAnpogpopiog oto client.

Ytnv mepintwon towv ABR vanpecidv, n amooToAn] TAnpoeopiog video pe puoud
FR frames/sec and TOV server (ylio. TNV KOVOVIKY omelkévion g nAnpoeopiog video
otov client), elval duvatdv vo mopdyet vov pubud amrooToAN|g bits/sec mov Eemepvd Tov
oVTIoTOLYO0 TOV CHUOTOG CVEdPOoNG (OTWE eENYNONKE GTNV TPONYOVUEVT] TOPEYPOLPO).
Ytnv mepintmon avTr|, 0 server o TPENEL VO, ATOPAGIoEL ot TNV orkoAovBia TAoucimv
uixovug F R, mold 6o petoddoel ko mold 0o amoppiyet.

O oAy6p1OHog emAekTIKg Hetddoong mlouciov Poacileton otnv e€fg apyxn: e
xPOVO evOg devtepoAéntov Kol o TAN00¢ TAociov, F'R, o server petadidel opytkd 660
10 duvatdv meprocitepa I-mhaioto. Av petoddoel OAa tor I-mhaicio 6ty okoAovdio
ueyéoug F'R, petadidel 660 10 duvatdv mepltocdtepo P-mtAoicia. Av petoddoel Ko GAo
to P-mAaicio, petadidel 66o to duvatdv mepiocdtepa B-mAaiowa. 'Etot, eEacooiiletonn
peTddoon 660 1o duvaTéV TNG TO CNUAVTIKNG TANPoeopiog: Aeov eEacaiilovue TV
petédoon mpwra TV I-mAonciov, ot onoio elvorl owoBNKeELUEVT KOl 1) TLO GNUOCVTIKT
TAnpoeopia, Letd TV P-tAaiciov, N apéong onuovtikdtepn, uetd ta I-tAoicio TAnpo-
eopio ko T€A0G TV B-tAdiciwy, Tov TEPLE)ouy TNV AYOTEPO CNUOVTLKT TANPOPOPLOG.

TTpoxeWEVOL Vo EMLTOYOVE TNV EMAEKTIKT] LETAOOON, ELGEYOVUE OTIC OOUES TOV
VCR, o11¢ omoieg eivort amobnkevpéveg nAnpoeopieg yio ta Kopé, évo véo nedio to omoio
00 10 ovoudlovue bytes_sent oe KGOe évar mAoicto. To medio avtd yior T0 TAOUGLO LT.
op. z, ekepdlel 1o uéyebog (oe bytes/sec) Tv TANLGIwV TOL €rouvv petadobel omd TO
TANGCLECTEPO TAXIGLO TOL HETASHOMKE KO TOL OéYEL KEPOLO TOAAOTAAGLO TOL F' R oo
10 TP®OTO, TACIGLO UéYPL TO TACLIGLO 2.

O alydépiBuog dovievel d¢g e€fg: TIpwv v petddoon g toaviog omd 1o dikTvo,

Eexvavtog omd To TP®TO TAAICL0 KoL avé F R, Yo To TA0UGL0 n BETOVLE:

bytes_sent,_1 + frame_size, , oV TO N UeTOLOOOEL

bytes_sent,, = { 3.1)

bytes_sent,_, , O To n dev PUeTad00el

Onov Yo 10 TAAUGL0 ¥ TOL A€ EL LKEPOLO TOAAOTAAGLO TOVL F R om0 1o TpmTo TAoic1o,
Bétove bytes_sent, = frame_size,.

H nopoandvo eEicwon ekepdletl to e€nc: 'Eoto 6Tt KEmolo X poviKy oTiyun, o server
npdkerton vo Letaddoel To TAdIoLo V. ap. [, kol éotm eniong 6Tl eKelvn TNV XPOVIKN
OTLYUY], TO oNUOL ovEdpaong ToL dikTVoL KoBopilel 6Tl 0 emTPenTOC PLOUSS OTOGTOANG
npémel vo uiv Eemepvé tar AC R bits/sec. EGv 10 bytes_sent; (o€ bits/sec), dev Eemepvd TV

tufg AC'R, 10 mhadiclo [ petadidetorn, oA dg amoppintetor.
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'ET01, pe v xpnion g MetafAntig bytes_send, UmOpPOUVUE VO, EXLTOYOVLUE TNV
EMAEKTIKY| HeTddoon dg eENC.

FR

Il BBl PB/B|I B B|/P | B|B|I |[B|/B|P| B | B/ FrameType

15/ 43| 9 |4 4117 3| 5 8 3 3116 | 4| 2] 11| 5 3 Frame Size (in Kbytes)

1 7 13 4 8 14 2 9 15 5 10 16 3 11 17 6 12 18 ParsingOrder

15 | 80 |102 57| 84|106| 32 |87 | 111| 65 | 90 |114 | 48 | 94 |116 76 | 99 |119 | bytessend (in Kbytes)

yfuo 3.1: O aAyoplBUog EMAEKTIKNIG OUTOGTOAN G/ AmOpPIYNMG

To nedio bytes_sent, evnuepdveron apytkd yioo 6Aa to. I-mlaicia, otny cuvéyxela yio 6Aa To P-tlaicla ko
TéA0¢ Y00 6A0 ToL B-mAoiicio

EeKvovtog omd 1o Tp®to TAaiclo (to onoio otnv MPEG-I xmdikoroinon elvon
vt [-Kopé), EVNUEPBVOVUE TPATA TO TESO bytes_sent, GAwv Twv I-TAoncimwyv e uiKog
FR obppovo e tnv eEicmon 3.1. v cuvéxelor EVNUEPMVOVLLE TO ToPUTévm Tedio o
OAa toe P-mAaiolo kot TéAog oe 6Ao tor B-tAaiowo mévto oe ufikog F R. o toe B-mAoioto,
N celpd e TNV omoio Tor evnuepdvoue Kobopileton pe féon tnv amdceToeT| Toug otd To
ninciéotepo I 1) P mAaiolo (dnA. opotdpopeo kortoveunuéva petold I kon P mlonciov)
(ewéva 3.1). To mopomdve yivetol ylorti, dedouévov 6Tl 1o B mAoicior evnuep®vovTol
terevtoio, €gouvv peyadiTepn mOavETNTO VoL otoppLeBovy amd Tov aAyoplOLo Ko €16t
N améPPLYN TOVG YiVETOL OGO TLO ‘OUOLOUOPPOL SLUCKOPTIGUEVA”, MOTE T OTWAELO TOVG
vo v yiveton e0KOA0 VTIANTTH OTd TOV XPNOTN GTNV TOLOTNTA EIKOGVOS TOL AcPbivel.
nuovtikd €8, elvon vor emovoddBovpe 0Tt N TOPOTEv® dlepyocion TPoryLaTomoteiton

TPLV OO TNV OMOGTOAN TV TAoGiwv 6To diKTLO.

oté TV JépKeELD, TAPO, TNG OMOGTOANG TAOUGI®MV OO TOV server, eAEyyETOl

N Ty 10V medlov bytes_sent, Kol ov ovtd elvon uikpotepo ond 1o AC R, exeivn v

XPOVIKT] OTLYUT], TO ovTIGTOLYO0 TAOUCLO OTOGTEAAETON, AAMMG amoppinteton. PVGLKE, O

oAy6p1ouog epopudleton avd F'R, dnog avaeépape, niodn, ov FR=30, 1dte N mopomdve

dadikocio exktedeiton and 10 TPMOTO MG TO TPLOLKOGTO TAMIGLO GTNV GUVEXELD Ot TO
TPLOKOOTO TPMTO MG TO €ENKOGTS K.0.K.

Ané v mopondve dtodikacio yiveton govepd 6Tl M TPOGOPUOYT TOL PLOULOV

OOGTOAN G OedoUéVaV, YiveTal 68 KAILOKO TOL EVOG OEVTEPOAENTOV.
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O aAy6p1Bpog 6e Wevdokmdtko meptypdpeton otor oxfuato 3.2 kot 3.3: 1o Gyiuo
3.2 meplypaeeTol 1 SLodtk oGl evnUEP®ONG TOV Tediov bytes_sent (GTWE TEPLYPAWIE KoL
TOPOTEV®). EEKIVAOVTOG 0o Tor TAciclor TVTToV I, evnuepdvoupe 10 medio Tov Kobevdg
®¢ 10 GBpolcHa Tov UeEYEBOVS TOV TAOLGIOV CLTOV KOl TOL GUVOAMKOV UEYEDOLS TVM
nponyovuevev I mhouciov mov €ouvv 1Mo evnuepmbel. Xtnv cuvvéyelo 1 dodtkocio
enovodopBdveton ko oto P mAoiciar 0mov tdpo 10 medlo bytes_sent 1600VTOL UE TO
GOpoloHa TOV HEYEBOLE TOV ovTLloTolY 0oV P TAouciov Kol Tov GUVOAKOV UeYEBOLE GA®Y
tov I monciov (€xovv Mon evnuepwdel) kot 6Awv tov P mioiciov mov €gouv 1om
evnuepmOel mpiv amo owtd. TéAog N dadikacio emovorapfdveton ota B mlaicio 6mov
TP M TN ToL Tediov bytes_sent elvon ion pe To GOpolcpa Tov peyéfouvg tov B mAaiciov
KOl TOV GLUVOALKOU Heyéboug twv I kou P mlonciov mov €gouvv 1101 evnuepmbel Ko twv
B mhoucimv mov éyovv mponynbel. H napondveo dtodikocio tpoypotoroleiton mpv tnv
OOGTOAN TNG Toviog amd Tov server. Xto oyxnuo 3.3 meprypdoeton 1 dtodikacion Tov
extedeitol KoTtd TNV SdpKelor TNG AmOGTOANG NG Touviag, énov 1o medio bytes_sent
GLYKpIvETOL LE TOV EMTPENOUEVO PLOUO AMOGTOANC 0td To diKTLO. Edv 0 emitpenduevog
PLOUGS TOL OTOGTEAAEL TO dTKTVLO elvOil LEYOAVTEPOG OTO TNV TIUT TOL Ttediov bytes_sent

161e 10 orvtioTolyo TAaiolo peTadideton aAMMS amoppinteTon.

While (not end of movie)

BEGIN
Every FR do
BEGIN

Find all I-Frames
for i=1; to Number of I-Frames (no_I) do
for the I-Frame j, set bytes_sent(j) = Frame_Size(j) + total_size of I-frames 1 to j-1

Find all P-Frames
for i=1; to Number of P-Frames (no_P) do
for the P-Frame j, set bytes_sent(j) = Frame_Size(j) + total_size of I-frames 1 to no_|
+ total_size of P-frames 1 to j-1
Find all B-Frames
for i=1; to Number of B-Frames (no_B) do
for the B-Frame j, set bytes_sent(j) = Frame_Size(j) + total_size of I-frames 1 to no_|

+ total_size of P-frames 1 to no_P
+ total_size of B-frames 1 to j-1

END
END

yfuo 3.2: AAyopibuog EmAextikic Metéidoong: @dom IMpot

Evnuépmon tov mediov bytes_sent, Yoo k6Be mhoiclo divovtag mpotepondtto ota [-mlaioia, ev cuveyeia
tov P-tAoicio ko téhog Twv B-mAaicio

'ETol, ov Yoo Topddetypa, éxovue Ty didtan tov oyxfipotog 3.1, 6mov opyikd
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If at the end of FR
Check if network fed back with new ACR

else
BEGIN
For frame j
if (bytes_sent(j) < ACR)
Send_Frame(j)
else
Drop_Frame(j)

END

ynuo 3.3: AAyopBuog EmAextiknc Metddoong: ®@éomn Aetvtepn

oTé TNV EAOT OMOOTOAMG TV TAoucimv, eAEyxeton To avtiotolyo medlo bytes_sent, TOL TAOUGIOV TTOL
npoéxerton voo otodel 6to diktvo. Edv n tun tov elvon peyalttepn omd 1o ACR, to mAoiclo amoppinteton,
oAdg petadideton

éxovue evnuepwoel 10 medlo bytes_sent OMWG EOIVETONL GTNV TEAELTOAOL YPOUUT, KO
10 dikTvo oteldel onfjuo avéadpaong yioe AC R=800 Kbits/sec (=100 Kbytes/sec), 1dte 0
oAyép1ouog o amooteidel OAa T Kap€ oe ufkog F'R, ektdg omd tor B-kopé v, op. 3,
6,9, 12, 15, 18, ywati 6e ot 10 Tedio bytes_sent, €yel Ty peyodvTepn ord (100x8=)800
Kbits. Xtnv mepintwon mwov dev epaproldtov o aAyoplOpog eMAEKTIKIG UETAOOONG,
00 epoproldToy oTLVOUELON UEYIGTOL PLOUOY (Tepintmwon g ABR xdéptag), ondte
KGOe @opd mov 0 pLOUGG amOCTOANG Eemepvovioe exeivov Tov onuotog avédpaonc,
o véAomor kopé Bor amoppintoviay. Tote avoykaotikd to Kopé vr. ap. 16, 17,
18 dev Bo petoddOTaY, UE OTOTEAECUD VO ELYOUE OTTMOAELO. CNUOVTIKNG TANPOQOpiag
nov mepléyeton 6to P-xopé v ap. 16. Tlapdéro Aoumtdv, mOv OTINV TEPIMTWOT TOL
oAYopiOUOL EMAEKTIKTG LETAOOONG TEAK MG OTOPPITTOVTON TEPLGGATEPO TAOUGLOL 0T’ O,TL
GTNV GTNV TEPINTMOOT oL deV POPUOLETON O OAYOPLOUOGC, dEV OmOPPITTETON CNUOLVTIKT
nAnpoeopio (IL,P-kapé), e omoTéAESU M TOLOTNTA TNG EKOVOG Vo, elvon KoAvTepT Omd
exelvn ¢ amAfg TPOGOPUOYHE TOV PLOUOD TOGTOANG LUE AGTUVOUELGT LEYLGTOV PLOUOD
omooToANC. 'ETol 0 Tapomdvem aAyOplBlog emLTLYXAVEL TNV 1KOVOTOINoN Mog omd TG
Baoukée mopouétpoug tne oxedioong tov meptPaAAioviog mov elval N mtapoyn 660 To
duvatédv KoAHTEPNG TOLOTNTAG VRNPEGLOG GE GYXE0T UE TIC TOPOUETPOVS TOV SNADVEL O

XPNoTNG.
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QA 010 4
H opy1teKtoviKn T0V GVGTHLLOTOC

310 KEQAAMLO VTS, TEPLYPEPOVLE TNV UPYLTEKTOVIKT] TOL CLOTHLATOG Y10l TNV EKTEAECT
nelpopdTov ypéwong'. Ze évo mpayuortiké ABR 8ikTvo, 0 puOUSS e Tov ontoio omocTélAeL
dedopéva piow Ty kobopileton amd To dikTvOo, Péoel Twv onudtwv avadpoonc. Emnoué-
VOG, TPOKELUEVOL VO EKTEAEGOVUE TOL TELPAUOTO X PEWONS B0 TPENEL VOL DAOTTOI|GOVUE
TOVG UNYOVIGLOVE EAEYY OV TOV pLOUOYV OTTOGTOANC SESOUEVMV KO KOTAUEPIOUOD TNG Y-
PNTLIKOTNTOS TV GLVIEGUW®Y, BEon TOGO TNG YPEMONG, 0G0 KO TOL 1310V TOL UNYHVIGUOD
KOTOUEPLIGHLODV TNG Y 0PN TLKOTNTOG ToOL ABR.

AgdoUéVOoL, OTL Ol TOPOTTEV® UNYXOVIoUOTL dev Top€yovTal oKOUN UE TNV LOPPN
KOPTOY S1KTVOL KO AOYLOUIKOV 1} DMKOV GTOLG LeTOYWYELS, VAOTOUONKOV (O AoYIGULKS
e€opoimong ot eninedo doyeipiong.

H opy1texToVIKT] TOL GLOGTHUATOG, OO TPEMEL VOL LKOVOTOLEL OAEG TLG OO TI|CELS TTOV
TEPLYPEWYOULE GE TTPONYOVUEVOL KEPHAOLOL, SESOUEVOV GTL VTOKELVTOL GTOVG TEPLOPLGUOVG
NG LLAPYOVGOC TEXVOAOYLOG.

Svvoyilovtog OA T TPOMYOUVUEVOL, M OPYLTEKTOVIKT] TOL GUOTHLATOS B0 TPEmEL

vo teptAoppaver o eENfc:

e No mopéyel otov xprotn évo eVEMKTO YPaELKé TePBEALov Tov Bo TOL TOPEYEL TNV
duvatdTNTo VoL SMAMVEL GAEC TIC TAPOUETPOVS TTOV APOPOVY TOGO TNV GUVIEST] TOV,

0G0 KO TNG TAPOUETPOVG Y PEMOTC.

e No mopéyel otov xpriotn OAc To amopoiTnTa. GHUNTO aVAdpooNnS TOGO Yol TNV
TPOGOPULOYT TOV PLOUOY ATOGTOANG TV dedOUEVAV TOL (SNA. CHUOTO OLVEIPAOTG

tov ABR) 600 kol TAnpogopio ylor TNV xpE€MOMN TOL (OTMG YL TOPEIELYUO TNV

'H nopotoo apyrtextovikt| mopovotdleton ko oto [CKS97]

29
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Tpéyovca T ové povado evpovg Ldvng ové Lovado xpGVoL Ko TNV GLUVOALKT

TOL Y PEWOT 6T0 TEAOG TNG GVVOESNG).

o No éyeltnv duvotdtnto Vo emdeifel onTiké e amoTEAEGUOTIKS TPOTO, TIG GUVETELEG
TV EVEPYELWV TOL XPNOTN T6G0 TNV TOLHTNTO TNG LRENPEGLOG ToL AauPdvel, 6Go
KOl GTNV TEALKT) TOL Y pEmomn aALd Kot VoL cuyKpivel TNV ToldtnTo vInpeciog LeTag

XPNOTAOV TOV SNADVOLV SLOPOPETIKES TOPOUETPOVS Y PEWONG,

e No dlvel Ty duvaTdTNTO GTOV XPNOTN VO ETOVOSLOTPOYLETEVETAL LE TO SIKTLO TNG

TOPAUETPOVS YPEDCTIG TOL

4.1 To Booikd népn g oPYLTEKTOVIKNIG TOV GUGTILOTOG

To Bootkd pHépn TG opYLTEKTOVIKNG TOV GLGTNUOTOS Yo TNV XPEWOT VOGS GLVOIEGULOV,
anetkoviCovton oto oxnua (4.1). TG EMOUEVEG VITOTAPOYPEPOVS, OLVOADOVUE TNV

AELTOLPYIC TV TOPOTTEV® OVIOTHTWV.

4.1.1 Aertovpyikfy Movéoo — otopepiopov Xopntikotntoc - Resource
Allocation Module

H povédo  otopeptopov Xmpntikdtntog, etvor vmehouvn yio 10 KaToueptond g otobé-
GLUNG, OVE TAGOL XPOVIKT| OTLYUT], YWPNTIKOTNTOC Yo TG ABR GUVIEGELS, GTIG EMUEPOVS
GUVOEGELG OLVAAOYOL UE TIC TTOPOUETPOVG TNG YPEMONG TOL ALTEG dINADVOLY. O KorToept-
GUOC TNG X 0PN TIKOTNTOG YiveTon Le BEoN T GYNUOTO KOTOUUEPIOULOD TNG X OPNTIKOTNTHG
TV LVINPecLdV ABR, e 1ookatavoun Tov Stabécion evpoug Ldvng 6Toug Yp1oTeS Kot
N omolo. VEYETO GE KOTUUEPIOUS TNG YWPNTIKOTNTOS UE TPOTO OLVOAOYLKS MG TPOG TLG
IMAWCELS TV XPNOTMOV GTO TOGO OV elvail SlorteBEUEVOL VO TANPHDCOLY GTO GYUOLTO
xpéwong to. omoia mepLypdpovtal 610 kepdiono 2. 'Etol, fEoel Tov Topomdvm TpOTon
SLOUOLPOIGLOV TNG XOPMTIKOTNTAS, Ol XPNOTEG €X0VV TO KivnTpo Vo SNADGOULV LYNAS
1066 TPOKEWEVOL Vo Adovv kKou peyddo ebpog Lavng. Edd o dovue Tig Tor oyfuoto
APEWONG TOL TEPLYPEPN KOV GTO KEQEANLO 2, AELTOVPYOVV Ue BAOM TNV LIEPYOVSOL TAOLT-
@opua. To Bootkd cyfuoto xpéwong Tov xpnolLonomonkay eival d0V0: 1 SV
xpéwon kou M ypéwon avéroyn tov MCR. H povédo  artopepiopot Xopntikdtntog,
GUVOEETOL LLE TIG OLVTIOTOLYEG LOVEOEG TV XPNOTAV (TIG OTOIEC TEPLYPEPOVIE TAPOKETW),
WOTE APEVOS UEV VOL TTANPOPOPEITON TIG TIUEG TOV SLOPOPOV TOPUUETPWV YPEWMONE TOL

B£TOVV O1 YPNOTEC, OLPETEPOV OE YLOL VO EVIUEPWIVEL, KAOE YPOVIKT GTIYUNY TOVS XPHIOTES
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DataVC
SourceN gl DD Destination N
DN . .
N Priced Link
b =2
Source 1l j “ Du Destination 1
e \\ \\ ’// = \\\‘~\
- Video
Video Sender ="~ | Module Player
6‘_”d Xy X, p 1| (invoked at Module

Adaptation Module = call set-up)

Resource

Allocation ________[Charging

Module W, Wy | Agent Charge = (@)*w* T+ (bV;)

//7
p = Initial price of bandwidth/unit time
C rer w; = MCR or payment/unit of time
X; = bandwidth
Ti =call duration
ABR Capacity Knob V, =call volume

,,,,,,,,,,,,,, -~ Information flow at call set-up
777777777 > Information flow during call
— = Information flow at call termination

Syfua 4.1: H opy1teKTOVIKT TOL GLGTHULOITOG

Yo To €0pog LAVNG IOV KVTIOTOLYEL OTNV GVVOEGT] TOVG. LTI EMOUEVES VITOTAPOYPELPOVG
TEPLYPBEPOVUE TAC AELTOVPYOVV TOL GYTUOLTA Y PEMONG TOV TEPLYPAWAUE GTO KEQAAOLO 2

Béioel TG droBéoiung TANpoeopiog ord TNV TAATEOPLLOL.

4.1.1.1 Xpémon Avéroyn tov MCR

oté TV évapén g ovvdeonc, KEOe xpotng ¢, SNAOVEL ToV EAG10TO PLOUS HTOGTOANG
dedopévov mov embuuel vor Tov gyyunbet to dixtvo, A w; = MCR;. Me Pbon
mv TAnpoeopior crvTr], N XPEWon Tov To dKTLO Oodidel GTOV XPNOTN ¢ 1GOVTUL UE
a-w;- Ty + b- V3, 6mov « glvor n 1y ové povéada MCR avé povada xpévov, T; etvor n
didpkelor Tng ovvoeong Tov xpNotn ¢, b elvor N T avé povéado dyxov ko Vi etvar
0 GLVOALKSG GyKog dedopévav oV LeToépOnke omd TNV GHVIESN TOV XPNOTN i. XINV

nepintwon g xpéwong Le féon v didpkela tng ovvdeonc, Bétovue b = 0, evd otV
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nepintwon g ypémong pe Pdon tov cuvolKkd OyKko peToopd dedopévey, BEtouvue
a = 0. 210 mopdv mepEAloV, aptv AmAdTNTOC, EKTEAEGTNKOY TELPAUOTO e b = 0.
To dikTvo gyyvdTon 1o MCR TV xpNnotdv kortd Ty dtépkela Tov EAEyxov Amodoynig
Aong (Connection Admission Control), EAEyyovVTaG TNV OVIGOTNTOL:
> w; < Capg- 4.1
J
To aplotepd UEPOG TNG TOPOTEV® eicmong eivon To dBpotopa Twv MCRs SAwv TV
XPNOTOV OV elvor GLVIESEUEVOL EKELVT] TNV XPOVLKT] GTLYUT| GTO SIKTLO GUV TO YPNOTN
ToL omolov eAéyyeton M aitnon yio ohvoeon. To deEld uéhog, eivon n EAGYLOTN T TNG
GUVOALKNG X 0pNTIKSTNTOG 1 0Noio TévToTe £y yvditon To diKTLO.
To ebpog Lvng z; Tov AapPdvel o xpriotng i, elvor aveAoyn ToL w; KO TPOKVTTEL
ond TV eElcmon:
x; = CABRT- 4.2)

Me Béom 10 TopomEvm GYHUo XPEWONG, M YOPNTIKOTNTO TOVL CVTIOTOLXEl 6TV
ovvoeon i, vmoloyileton kot TNV 16050 TNG GVVOESTC OLLTNG GTO dIKTLO KO VITOAOYI-
Ceton Eavél, KAOe Popd mov: (i) Kémola GAAN GhVOeoT elGépyeTon 6T0 dikTLO 1 TEpLaTileL
Ké&moloe oVvOeST o elvor Lo 6To dlKTLO, (ii) MetafdAleton | Tiun Tov C' 4k (iii) KGO

@opd Tov M 13t | ovvdeon M Koo GAAN emovadtamporypoteveton Ty T tov MCR

™mge.

4.1.1.2 Avvopikn Xpéoon

oTé TNV SLEPKELDL TNG EYKATACTOONG TNG GUVIEONC, O XPNOTNG i TANPOPOPEiTOL Otd
TNV LOVASOL  OTOUEPTIOLOV XWPNTIKOTNTOS YLOL TNV TPEYOVGA TIUT| p oV LOVASHL E0POVG
Cadvng ko ové povado ypdvovu. Xanv yevikn mepintmon oty elvon ion pe to dOpolcua
TOV OVTIOTOIY®V TIL®OV 68 GAOVG TOLG GUVIEGUOVG TTOL JLUTPEXEL 1| GUVOEST. XTNV
GLYKEKPLUEVT] TAXTOOPLOL DITAPYEL LOVO €vag GUVOEGUOGC O OTOl0g XPEDVETOL (GYUOL
4.1). Enouévemg m T p, elvon 181or yror OAEC TIG GLUVOESELG TTOV ELGEPYOVTOL TOVTOYPOVOL
oto dikTvo. Booilduevog oy TIUH CLT] KoL 6TV cuvaptnon xpnowwdtnrtog (utility
function), 0 xprioTNg INADVEL TNV TOGHTNTO TOV XPNUAT®V w; TOV EIVOL SLATEOEUEVOG VL
TANPOGEL 0tvE LoVEdoL X pOvoL. YoTiBeTa 6Tl yior GA0VG TOLG Y pioTeg 1oy Vel MCR=0.
H ypéwon yioe tov xpriotn i t.oovton Pe w;- T;, dnov T; eltvor n dtdprelo tng cvvoeong
tov xpriot . To dikTvo deopevel Y ®PMNTIKOTNTA ; YIOL TOV XPNOTN i, OTOV:
w;

T, = — (4.3)
p
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H mopandve T, vrodoyileton kébe popd mov pio véa cvdeon eloépyeton 610 diKTLO
N o todé ovvdeon tepuotileton kot foacileton oty abporotiky {itnon yo xopnTi-
KOO, €101 OTMG VToAoyiletan amd 1o dikTvo. ZvyKekpuéva, ov 1 abpototikn {ritnon
YO Y OPNTIKOTNTO GTOV GUVIEGUO elval LIKpATEPT Omd otd TN SLOBEGIUN Y WPNTIKOTNTOL
v TG oLuvdEaelg ABR Gtov 6OVOESHO 0T, C' 4B R, N TIUH p LELAVETOL, AAMMOG QLEGVETOL.
EmmnAéov n Tiuny p, vroAoyileton xébe popd mov 10 C'apr MeTOPbAreTon. Xe OAeg TIG
TOPOTEV® TEPITTAOCELS, OAOL TOL ; TOV OVTIOTOLXOVV GTOVG YPNOTES TOL dKTHOV VTO-
Aoyilovton ex vEéovu. INUoVTIKO elvorn To YeEYovOg OTL Ol XPHIGTEG EVILEPDVOVTOL YLOL TNV
TN p, LOVO KOTé TNV @AM 16030V TOVG GTO GVGTNUOL, UE GKOTO VO, VTOAOYIGOVY TéGOL
xpLator elvon dlateOelévol vor TANPAOGOLY TOPOAD, VTG EUUECOL, TOPATNPDVTOG TIG
ovEololmoelg 6to e0pog {mvng elvon o B€on vo SLomoTMGoLY TOTE M T ovvEdveTon 1
UELDVETOL.

H vmoloylopdg g véog Tug p yiveton og e€ng:

o Apyikd, 6tov 6TOV GUVIEGLO XPEmong OV VIEpYEL KoUuio ovvdeom, N Tun p €xel
Vv KpSTEPT SVVOLTH TUUY| Prnin, T OTOLOL YIOL AGYOVE GUVETELOG GTOVG VITOAOYIGUOVG
tifeton o por ToAD pikpny TN (SLoL@opeTIKN TOL UNdeVOC).  OTé TNV JLEPKELX TNG
Aertovpylog Tov, | Hovada  atopepiopov Xopnrtikdtntog stotnpet pio petofAnt
Dyor m omolor exkepdlel Ty ektiunon tov dikTHov Yo TNV cuvolkh {ijtnon oe
XOPNTIKOTNTOL 0Tt TOVE Y PNOTEC. ANAOON:

Dye =S —. (4.4)
P

e GBe OpE TOL M TN TNG TAPOTAV® LETAUPANTAG HeTaBAAAETON, AdY® TNG E1GOS0V
670 GUOTNUO oG VENG GVVIEONS, TOV TEPLATIGUOV UOG TOALAG 1] TNV UETOPOAN
0V C'4BR, N VEQ T p VIOAoYileTon g eENc:

Dtot
CABR

P:maw{l)mmap—]"k‘(l— )}7 4.5)

omov k pio mopduetpog pe mpokaboptopévn Ty, m.y. k£ = 0.8 n onoio kaBopilel to

1660 00 LeTAPAALOVTOL O TYWEG GE KAOE VTOAOYLIOUS TOVG.

¥tV cuvéyelo, OAeg o TiHEG x; vroloyilovton Eavé pe Bdon v véo Ty, Tnv
nepintwon émov M T TS METOPANTAC Diyr, LIEPPOiVEL TNV GUVOMKN X OPTTL-
KOTNTO, N T p Oo Tpémel vor ovEGVETOL e OKOTO VoL OLVOLYKBIOEL TIG GUVOEGELG
VO EAAATACOVV TG OMOLTH|OELG GE X opNTIKOTNTO. AvTtifeto, dtov M TIUf ToV Dyyy

UELWOVETOL KO M TIUH p UELWVETOL EMIONG WOTE V. divel To KivnTpo 6TOVG YPNOTES
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VoL 0VENCOVV TIG OTOLTIOELG TOVG. TNV TEPINT®OON 61OV N T p vroAoyileton yio
UEYAAO YPOVIKS EoTNUO 6TO 0moio dev petofGAlovton T6GO Ol KTOLTHOELS TV
XPNOTAOV GGO KO 1| GUVOAMKTH Y OPNTIKOTNTO, TO GVGTNUO 0dNYELTOL GE 1GOPPOTHOG

KoL TOTE M TN p 160VTOL:
VLY

= } 4.6
CABR (4.6)

'ET01, KGO Qopd mov M Tuf NG UETOPANTAC Dior MeTafGAAeTON, M VEX TIUY P
670 TEPLBAALOV eXTEAEOTG TELPAUATMV, VITOAOYILETO GOUPOVOL E TNV TOPOLKETM

egiowon: -
i Wy

CABR

1. 4.7)

p= max{pminv

4.1.2 H Aertovpyixn povéoo Zitnong - Demand Module

H Aettovpykr| povédo Zitnong Ppicketon otny TALpd Tov Xp1ioTn Kot eivor vevduvn
v Tov éAeyyo g {Tnomg g mTnynig Yo evpog Lwvng omd to cvotnua. H {iitnon g
Mg o€ evpog Ldvng kabopileton amd Tor oxUATO XPEMONG TO OTOl0L X PNGLLOTTOLEL TO

SKTLO Y10 VO X PEDCEL TIG GLUVIESELG.

4.1.2.1 Zn\ton oe xpéwon ovéroyn tov MCR

Ytnv mepintwon mov 1o dKTLo Ypnolponotel oynuo ypéwong ovdioyng tov MCR, n
AELTOVPYIKT HOVEdOL ZNTNoNG HEG® TNG JlEm@AveLog xprions, {nté and to ypnotn vo
dnAwoel to MCR mov emBopel va tov eyyundel to diktvo. ZInv cuvéyelo, m Hovado
Mong Béter w; = MCR, ywoo tov xpriotn ¢ ko petoPifalel tnv nopduetpo ovvty otnv
Hovado  oTaePlopoh XmpnTikOTnToC.

v ocvuvéyelo divel Ty duvotdtnTo. 6ToV POt vor HeTOBGAAEL TNV CpyLKN
Tiuf Tov MCR, 6ty ot GuvOKeg Tov dKTHOV Ko To €HPog Ldvng mov AopPdivel dev
LKOVOTIOLOVV TIG OUTOLTHGELG TOL: 0 ¥PNOTNG Kpivel 0Tt eite mpémel vor avgioet Ty Tun
0V w, YTl N ToldTNTOL TNG VANPESioG oV AopuPdivel elvon xoUnAr, elte vo Letmacetl tTnv
TN 1oL w, yrortl Ao Péivel ToAd vynAd cuvol ko eVpog LOVNE AGY® X OUNATG CUVOAMKNG

{ong Tov voAoinwy.

4.1.2.2 Zn\ton oe Avvourkn Xpémon

Ytnv nepintoon T Avvopkng Xpéwong, 1 AELTovpytkn Lovéado Zitnong evepyomoteiton
uévo otnv @dion eykatdotoong kAnong  Eumepiéyel pio cuvéptnon pe tnv omoio
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vroloyilel tnv {ritnon tov xpMot KOG
dz(p) = PCR;- e P, 4.8)

Omov v; elvor por TOPEUETPOG EANOTIKOTNTOG Ko p elvol M T ové pLovada
XOPNTIKOTNTOG KO ovE LOVASaL X pdvov, Tov TANPoeopeital 0 xpriotng ond to diKTuo,
KOTE TNV OG0T 16650V ToL 610 GVoTNUO. H Topduetpog v; ekepalel 10 OG0 SlabéGULOg
elvalr o yprotg va petofdAiel Ty amoitnon tov oe evpog Lavng, k6EBe Popd mov
petoféAieton M T p. Av T TN METOPANTAG v; elvor vYMA TV GV adEnom g
Tunig p o odnynoetl oe amdtoun peiwon e {iTnong evad tuxdv peimon g odnyel oe
ométoun avénom g {itnong (L. o xpiotng eivor apKeTd EANCTIKOG OTIG EMAOYEG
TOV). Avtifeto, ov M T NG v; elvor apKeTA YoUNAY], TUXOV VEOUELDGELS TNG TIUAG P,
dev petofdArovy katd oAb TNV {fTnon tov yp1otn oe evpog Lwvng.

Méom g Stempivelog xpriong, o xPNoING i SNADVEL TOV UEYLGTO PLOUS OLTOGTOANG
dedopévmv tng ovvdeong Tov, PCR;, KoO®G KO TNV TOPEUETPO EANCTIKOTNTOG, v;. ME
Béon TIg TOpOTEV® TOPOUETPOVS KoL TNV T p, M Hovada Zitnong kobopilel tnv
XOPNTIKOTNTO TNV ool 0 xpriotng embuuel va AdPet, Bdoel g eEicwong 4.8. 'Etot,
T0 OGO TOV XPNUAT®V TOL 0 XPNOTING elvor drorteBelévog var TANPMOGEL ove LovEado

XOPNTIKOTNTOG Ko orvE LovEdoL Y pEvov, 1600 TON LE:
w; = p-di(p). 4.9)

v cuvéyewa, M T e peTaBANnTg w; petoPipdleton oty HovEdo  OITOUEPIGUOV
XopnTiKdTNTOG TPOKEWEVOD VO VTOAOYLOTEL 1| TO €0pOg {dVNG ; OV atodideTon 6TV

GUVIEDT TOVL YPNOTN %

4.1.3 Movéoo Ipocoproyng tov PuvOuov Anoctoifg kot Metdooong Video

H Aettovpykn| povédo Ipocappoyns tov PuBuovd Amootoirc kot Metddoong Video,
etvarl vevOvVN YL TNV petddoon g TANpPoopiog video 610 GAAO Gkpo TNG GHVIESNG.
Eivou o server tov epyaieiov VCR o onoiog petadider mAnpogopics MPEG-I pe emAekTikn
petédoomn Ko pe puoud o onoiog kabopileton omd T CILOTOL AVEIPOOTIC TOL OTTOGTEAEL

N HOVEdo  OTOUEPIOHOUV XMPNTIKOTNTOG,

4.1.4 Movéaoo Ayng kot Anetkoviong Video

H povédo avt Bpioketon 6tnv TAevpd ToL Xp1roTn Kot elval bTeHHLVN YOl TNV KTOK®-

dikomoinon kot TNV ameltkévion e Aoupovopevng tAnpogopiog video.
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4.1.5 Aertovpyikn povéoo Metofoing tng ABR Xopntikdétntog

H Aetrtovpyikn povada MetaBoing tng Xwpntikdtntog ABR eivotl vrehouvn yio tny Leto-
BoAn TNg cLVOMKN G YWPNTIKOTNTOG OV elvor, KAOE xpovikn oTiyur, Stobéoiun otig ABR
GLVOEDELS. OTmg el e OVOPEPEL KO OTO KEQPGANLO 1, 1| GUVOALKT] XOPNTIKOTNTO TOV
elvan dtoBéolun, oe KGOe xpovikn oTiyuy, Yo TIg 6LVIEselg ABR oe kémolov 6hvdesuo,
elval 1o VOO TNG GLVOMKNG X OPNTIKSTNTOG TOL GLVIEGUOV Helov TNV X OPMTIKO-
Mo IOV KoTaAoUBAavouy ol vanpecieg eyyunuévng vrnpeciog (CBR, rt-VBR, nrt-VBR).
H povédo MetafoAic g ywpntikétrtog ABR efopoidvel 1o eminedo tng cuvoAlknig
{ftnong oe xopntikdtnTo ABR Kol emdvkveiel Tol mOTEAEGUOTO TOV UETOPOADY TNG
GULVOALKNG xmpNnTikOTNToS ABR 07T1¢ epoproyés. Amoptileton omd dvo Pacikd puépn: (i)
v Movédo MetofoAnc Xmpntikdtntog Léow Alemedivelog Xpriong ko (ii) Tnv povédo
TPOCOUOI®ONG GAPLENC/ aVOr MPNONG GLVIECEMY EYYUNUEVTIC VIINPESTOG,

H Mové&do Metoforg Xopntikdtntog HEGm SemPAveLag xprions, Topéxel Eva
YPoELKS TEPIBEAAOV GTOV SLOXELPLGTH TOV GUGTILOTOG, TOL TOV TAPEYEL TV SLVOLTOTNTA
vo LetoEAleL dLoL xepdg TNV GLUVOALKT ywpNTKOTNTO ABR (C'4BR).

H povada mpocopoinong GetEng/avoy mpnong, TPOCOUOLAVEL TNV SLodtKoGio oui-
Eemv Ko avaympioemy cuvdécemv otabepric {itnong oe ebpog {wvng 65 Kbps, Liog
Poisson dtodikociog e ekbetikd Kotoveunuévn atdpxeta. Ot ToPpEUETPOL TOV GLOTI-
HOTOG, 0 PLOUGG GEIENG TV GLVIEGEMV (To omoio Tov cuuBoAilovpe pe A Ko 0 pLOUGG
e&unnpétong (tov omoio cvpuPoArilovpe pe p didovton and Tov doyePloTh TOV GLOTNH-
HOTog (TepLypaeton otny emoUevn mopdypogo). Otav cuuPel évo yeyovog (deién 1
ovoydpnon), 1o €idog tov amoeacileton wg eEfc: Mio Tuxoio petaAnT r, m omoio
Aoppéver Tpég oto dtdiotnuo [0,1], cuykpiveton pe Ty mocHTNTOL ﬁ, omov N, elvon
0 op1BUdC TV cuvdécemv TV 65 Kbps mov exelvn tnv ypovikn otiyun eltvor pésa 6to
cvotnuo. Av n T ¢ HetoANTiG  elvon peyoAvtepn omd 10 TOPOTAVE® KAAGLOL,
TOTE TPOYUOLTOTOLELTON OLVOLX DPMOT Otd TO GVOGTNUOL LLoig GVVIECNC TV 65 kbps. AAM®G
npoynoatonoteiton pior GEién. Ztnv cuvéyela n HLovEdo TPOCOUOimoNG CdPaVOTOLeiTolL

Yo TUY 0o XPOVIKS SLECTNUAL, £WC TO EMOUEVO YEYOVOC,

4.1.6 H Movéoo An6ooong Xpéwong - Charging Agent

H povédo Amédoong Xpéwong, acyoAleiton e v TeMKH anddoomn g XPEMONG GTO

xPNOoTN, MNAad 10 TG0 Bor TANPMGEL GLVOMKE Yior TNV oVvdecH] Tov. H GUVOALKM
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xpémwon yioL Ty 6Hvdeom Tov ypfiot i, vroAoyileton cVuEwve e TV eEicmon:
Charge; = a-w;-T; + b- V5. (4.10)

H mopondve egiocwon elvor yevikniy kou epopudleton ko otig 800 MEPLTTACELS TWV
oynudtov xpémonc: Eivor n e&icwon (2.2) yio to oxfjuc xpémong pe péon to MCR, émov
a, elvon n T avé povédo MCR avé povado xpovov, T, elvou n Stdpreto tTng 6HVOEOTG
0L XPNOTN 7, b elvor M T oevé povada dykov kou V; elvor 0 GuvoMkdg ¢yKog dedouévav
TOL UETEQPEPE M GHVIEST TOL Y PN OTN 7.

Yy mepintmon Tov oxNUatog TG Avvotknig XpE€mong, ol TopAUETPOL X PEMONG
€xouv TIGTIUEG: o = 1 koL = 0. TNV TepinTomn ENOVOSLOTPOYLETEVGN G TMV TOPOUUETP OV
XPEWONG, M GLUVOALKY| YpE€mon elvorl To GOPOLCUO TOV ETUEPOVS YPHDCEMY GTOL Y POVIKE,

SLGTAUOTOL GTOL OTTOT0L O1 TIUEG TV TAPOUETP®V EIVOL GTOOEPEC.

4.2 XiHvoynm

3 T1G TPOTMYOVUEVES TOPOLYPAPOVE, TEPLYPAWHUE OLVOAVTIKE, TOL LEPT) TNG OLPYLTEKTOVIKNG
TOV GLOTHUOTOC. XvVoyilovTog, To PacGLKA HEPT TNG OPYLTEKTOVIKTC TOV GLUGTHUOTOG

elvon Ta TapokGTm:

e Movdéoo Ipocopuoyig Pvouod Atootoing ko Metdidoong Video: Eivou vevfuvn
YLOL TNV OITOGTOAT] KOILKOTOINUEVN G TANpoopicc MPEG-I. TIpocapudlet tov pubud
OTOGTOAN G 0ed0UEVW@Y GOUQ®VOL LE TO VPOS VNG z; Tov AouPével amd Tnv Movada

oTaUEPIOUOV XOPNTIKOTNTOG.

¢ Movdéoo Afyng kot Anetkéviong MPEG-I: Arewkovilel tnv ninpoeopioc MPEG-I

7oL HeTodidel N Lovado ATosToAN g Aedouévmy 6Ty 086vn.

e Movéoo otoueptopnod Xopntikoétntog: Aecuedel e0pog LMVNG 2; Yo TIG S1GPOopeg
ovvdéoelg. EEopotdvel Ty moALTikn déopevong xmpnTikdTnNTog evOg GLOTHLATOC

ABR. 'Exel tnv duvatdtnto vo evepyel GOUQOVO SLBQOPES TOATIKEG SEGUEVOTC.

e Movéoo Zitnong oabopiler mv {non tov xpnriotn ce evpog Lwvng ‘Exel v

duvatdtnto vo evepyel pe dtdpopeg oM TIKEG LiTnoNg

¢ Movdéoo Metofornig tng Xopntikotntog ABR: EAEyyet xon petafdArel TNV Guvo-
MK yopNnTIKOTNTO TOL decpueveTal Yo TIG GLVOIEselg ABR. H Tiur] mov amodidet
N HOVAdOL OTH, 0TV GLVOMKN xopnTtikédtTa C 4R, XPNOWOTOEITOL OTd TNV

Hovado  oTaePlopon XmpnTikOTnToC.
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¢ Movdéoo Anédoong Xpéwong: Yroroyilel tnv cuvolkn ypéwon Yo KdOe cOvoeo.

4.3 Altocvvoeon Movaowv

And TIC TponyovUevEG TOPAYPAEOLS, YiveTon @avepd TS elval omopoitntn N emLKol-
vovio Tov Slopépmv AELITOVPYIKOV LOVAS®OV TOL GLUGTHUOTOC, Le GKOTS TNV OVTHAAXYN
TANpPo@opiog. To ToPUKEAT® GYNUO, TEPLYPEPEL TOV TPOTO LUE TOV OTOL0 EMLKOILVHOVOUV Ol

Stépopeg AertovpyLiéc Lovédeg petold Toug.

_ Classical IP
Video Player |gver ATM
Resource TCP
Allocation socket —
Module
Demand
Module — — TCP socket
ABR
Capacity Knob TCP socket
Charging _ _ TCP socket _ _
Agent
Video Sender Video Allocation Demand ABR Capacity
Adaptation Module  pjayer Module Module Knob

yfuo 4.2: Atoovvdeon Twv MovEadmy ToL GLGTHLATOG

44 Alemodvereg Xpfiiong

To cVUOTNU TOV TEPLYPEYOULE TOPATAV®, TPOGPEPEL dV0 dempiveleg ypnions: (i) v

ALEMOBEVELOL TOV ALOXELPLOTH TOL GLOTHUOITOS Ko (i1) TNV AlETLEAVEL TOL XPTOTN.

44.1 AlemoGveLo TOV ALOYELPLOTI) TOV GUOTILLOTOG,

O dtoelploTig Tov GLOTHUTOG KoBopilel To LoVTEAD Y péwong e To ortoio Bo xpewdovV
0l GLVOECELG TV XPNOTMV, ToV pLBUS aiewv Kot eEumnpétnong Twv cuvdécemv CBR,
petofdier omd v povéado UeTaBOAC, TV xopnTkOTTa Ciapr KOl €YKOTHONOTE
TLG TOPOUETPOVS TOV GUVIEGEMV (Tr.y. To sockets yio TNV emKoOvvic TMV AELTOVPYLKOV
HOVESWVY, TNV apYLKT X OPTNTIKOTNTO TOL GUVIEGLOL TTPLY Otd To TeLpdioter). H mopok it

etkova amelkovilel v SemeAvelo xp1riong TOL GUGTILOTOG, Y10 TOV SLOLXELPLOTY.



4.4. Alemedbveleg Xpriong 39

N Netscape: A demo for knobh.. (O]
File Edit Wiew Go Communicator Help
< A & a2 £ 9 &

¢ Back Fonward Reload Home  Search  Guide Frint  Security  Stop
v W‘ Bookmarks J‘ Locatian: thtp #fouckoo. csi. forth. gr /vchrisman/aER DEMO/demo_adm. htnl {|

A$hMAN|S S
ABR Charging Demo
| 1cs-ForTH

Administrator’'s Panel

1200000 0
9000 4 | g 21000

MC R-Based Schemse
6000 £ 2400.0

: g
300.2 2/?00.0
: I Te00d | Terminate All 00

Start Allocation Module ABR Capacity (Kbits/sec)

8 Backgorund CBR Traffic

3000.0

| 300

|
[T R e |

PR =D = I~ .. == I=s == == == == l=ie e e = l'se ==

Syqua 4.3: H Atemedvela Tov Aoy elplotr| T0v ZUGTHUKTOS

442 Atemodvero Xpriong tov Xpfotn

H Atemipéiveror tov Xpriotn, 0o Tpénel vor Tov Topéyel TNV SuvoTtdTnTo Vo SNAMVEL GAEG TIG
TOPOUETPOVS XPEMONG (YOt TO 0tVTIGTOLYO GYNUCL YPEMONGS), VO ETOLVOLOLUTP LY LLOLTEVETOL
TG OPYIKEG TOPOUETPOVE TNG GVVIESTIC TOL KO VoL TOV TANPOQOopel Yo To 6pog Ldvng
nov AapPdivel oe KGO xpovikr| oTiyun Kou tnv teMkn tov ypéwon. H ewkévo 4.4
amelkovilel v demedvelo ¥prioNg Tov GLGTHUNTOG YL TOV YXPNoTN. Onwg eoiveton
otV €1Kéva, 0 XPNOTNG EVNUEPADVETHL Kot Yior TO €Vpog Ldvng mov AouPdvel. Avto
yiveton yrorti opevég pev 1 e€opoimon Tov eEAEYY 0L po1i TV VINPEGLHY ABR 10 TpoG@EpEL

aQeTéPOV, dmwe Bor SoVLE N YvdoN Tov evpovg Lvng meeiel Tov xpoTn KoO®S v
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Umopel vo xpnGLononOel amd eveLY TPOYPEUUATO, GTNV TAELPE TOV YPNOTN, YLOL TNV

BeAtioTomoinoM TOL TEAELTOHOV.

'| " Bookmarks A Location: ftep: //euckoo. csi. forth, gr/echrisnan/ABR_DENO,/deno_user. htnl cuckoo: (vo) Skiing on Mt. Rainer
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Synuo 4.4: H dtemedvelo xpriong Tov xprioTn ToL GUGTHUOTOS

4.5 Xrouyeio Yrhomoinong

To AetToVPYLKE UEPT TOV LOVAS®OV TOL TEPLYPAON KOV TTOP ATV M (TANV TOV SIETLOAVELHV
xPNHONG), LAOTOMON KOV UE TNV YAdooo Tpoypopptotiopov C. H emkowvmvio petodb toug
npaypotonoteiton pe sockets. Ot Atempdéveleg Atoxelplotn ko Xp1otn dnuiovpynionkov
UE TNV YAMCGO TPOYPOUUOTIGIOD Java KoL 1) ETKOWV@VIa TOVG UE TG DVTOAOLTES AELTOVP-
Yikég povédeg mporyportoroteiton péow evog CORBA server vAomoimuévou oe Orbix Web
2.1. To 6GLVOMKO TANO0G YPUUUDY KMOIKO Y10 TIG AELTOVPYIKEG LOVAdES elvar Ttepimov
4000 kou KortoAopufévouy xdpo uviung mepimov 90 Kbytes. Ot Alemi@dveleg Aloryelplotn

Ko Xpnotn elvon oe péyedog mepimov 5000 ypoUUé Ko KOTOAOUPBEVOUV XOPO UVIUNG
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nepimov 130 bytes. H vAomoinon tov CORBA server eivon mepimov 2600 ypoppuég Ko
KotodapBéver xopo mepimov 70 Kbytes. To epyodelo VCR, eivon oe péyebog mepinov
45000 ypoppég ko KorodopPdvel xopo mepitov 1.2 Mbytes. T Tnv Tponomoinoen tov
epyaieiov VCR kou TV vAomoinom Tov odyopifpov emAEKTIKNG LETEO0ONE TPOCTEON KOV
emmAéov 1000 ypopupés. To epyareio VCR eivon vaAoroimuévo oe yAwoaoo. C.

1oL ToPOTEV®, dev cuumeptAapBdveton To LEYEBOS TV EKTEAECIUWY OPYEiV.



42

e@GA010 4. H opy1TEKTOVIKT] TOL GUGTILOITOG




£QOAON0 5
Iewpopotikd AnoteAéocpoto

v evotnToL QLTH, TEPLYPEPOVUE SLAPOPOL TELPAUOTA YPEMONG TOV EKTEAEGTNKOV GTO
GUGTNUO TOV TEPLYPEWOLE GTO TPONYOVUEVO KEQPAAOLO KOl GYOMALOVUE TOL OTOTEAE-
GLLOITOL OLUTAV.

10 xe@dAao 1, elyope B€oel ToVg 6TOYOVEG TOVL TEPIBAALOVTOC EKTEAEGTG TTELPOL-
uatov xpéwonc. H ekmAnpmon twv 6Té)mv ouTdv elvor, OVGLOGTIKA, 1 TopoyY, ond To
GUGTNUO TNG SLVOTOTNTOC EKTEAECTG TELPAUATMV TOL OTTO10L B0l ETLIELKVVOVV TIG GLVETELEG
S Y PEWONG KoL TNG KATOVOUNG TOL €0pOVG LMVNG GE 01KOVOULKT] BEOT GTOV XprioTn Kot
670 3KTVO, VIO SLAPOopeS GLVONKEG e EVa OTTTIKE OTOTEAEGUOTIKO TPOTO.

'ET01, 01 6TdY 01 TV TEPIPEALOVTOC EKTEAECNC TTELPUUAT®V Y PEWONG EIVOIL OVOLO-

OTIKG KOl 6TOYOL TOV TELPAUETOV

e No emdeifouvv 10 yeyovog 6Tl M ypéwon, ov epapuootel pe xkatédAAnio tpdno,
etval duvatév o1 xpNoTEG TOL TANPWVOLY TEPLGGHTEPO, VoL AoUPEVOLY KOAVTEPT

TOLOTNTOL VIINPECTOLC.

e No eMONUAVOLV TIG IOOTNTES TOV LOPOPOV CYNUATOV Xpémong VINpect®dv ABR,
vo. emdei&ouV TIG GUVETELEC TOL KAOE GYNUOTOC XPEWMONG KOl VO KTHVTIICOVV GE

TOAAEG EVOLOLPEPOVTES EPMTNGELG TTOV GYeTILOVTON e TNV Y PE®ON VINPEGLHY ABR.

e No emdeli&ovy 10 YeEYOVOG OTL M ETOVOSLOTPOYUETEVOT TOV TOPOUETPOV YPEWONG
EMTPEMEL GTOV YPNOTN VO PEATIGTOTOGEL TNV TOLHTNTOL TNG VANPEGLHG KO TNV

TEMKT| YPEWGNY TOV Y10 QLTH.

TG TOPAKETO TOPOLYPAPOVS, TEPLYPEPOVILE TOL TELPGUATO TOVL EKTEAEGTNKOY KOL
Gy oMALovpE ToL AmMOTEAECUOTE TOVG. [l TNV EKTEAECT] TMOV TEPOUUAT®Y, XPTGULOTOU]-

ONKE M OPYLTEKTOVIKT] TOV TEPLYPAPNKE GTO TPONYyovUeEVO KepdAono. To melpdpoto

43
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debniyomoay kdtm and dibpopeg cLUVONKeG, LETUREAAOVTOG TOGO TNV GUVOAKY| YWPN-
Tikémto Capr, 0G0 KOl TO GLVOMKO TANOOC TV XPNOT®V 6T0 cVOTNUN. H GUVOALKY
yopntkémro Capr HetofAidnke 1660 pe tnv xprion g Hovadog UETHPOANS TG
GLVOMKNG X®PNTIKSTNTOC, (GO KOl e TNV HoVEdo Tpocsopoinong aeifewv Kol ovo-
yoproemv piog dtadikociog Poisson e ekOeTIKG Kotoveunuévn StdpKela, GLVOEGEWY
CBR pe araitnon ebpovg {mvng 65 Kbps (BA.map. 4.1.4). To €ldn TV YpnoTdV TOV
xpnoortomtnkoy oto TopoKdT®m wepduoto eivon d0o: (i) ol XprioTeG TV OToiwY M
ouumepleopd mopotnpritnke ko (ii) amdol ypMoteg cuvderévol 610 GVoTNUa. Ot TPWTOL
MA@VOLY TIC TOPOUETPOVS X PEMONS YLOL TNV GUVIECT] TOVE KoL OTNV GLVE)ELD EAGUBaVOY
nAnpoeopio video and tov VCR server (BA. map. 3.3) o omoiog mpocdpuole tov pubuo
OmOGTOAN G dedouévamv e Bdon tov alydplOpo emiektikng petddoonc/andppiyng (BA.
nop. 3.4.1). Ou devtepol, MAwvoY TIG TOPOUETPOLS Ypéwong, déouevay evpog Ldvng
oAAG dev eAduPovoy video mAnpogopion amd Tov VCR server. Xe Ao tor TEPEUOTOL
epapudéotnke ypovoypéwon (b = 0). To kp1LTiipLo YL TNV e€aywyn TOV GLUUTEPAUOUATOV
NTov N TOLdTNTOL GTNV OmELKOVION TG TANpoeopiog video. XTi¢ mepntdoelg 6mov o
xPNoTNG AdpPave vymid evpog Ldvng, TéTolo MoTe va UiV omoppinteton Kovévo TAoiclo,
N TOLHTNTOL TNG EIKOVOG MTAV KOAT EVH 0TNV TEPInT®on Tov 0 xpNotng AduPave pikpo
evpo¢ Lwvng, TéTol0 MOTE VoL amopPimTOVTON TACUGL, M OMELKOVIOT TNG TANpoYopiag
video mopovoiole “méymuo’ g etkOVaC Yo 0pLoUéVo ypovikd didiotnuo. H didpreto
TOL YPOVIKOV SOGTHUATOG 6TO 0010 GLVERoVE TO TapomEv® eouvéuevo koBopilovtov
omd Tov TOTo ToL TANLGiov Tov aropintovtoy (I-P mhoiolo peydAo ypovikd dSdoTnue,

B-mhoioto pkpo).

51 Xpf\otng 6to0epod Ypovov KoL Y pEMONG

1o meipopo ovtd, e€etdllovie TG CLUVERELEC TOL EHPTOV TOL AKTHOV GTNV TOLHTNTOL
VNPEGLOG KoL TNV TEALKN X PEWOT TOL XPNOTN, OTOV OVTOG YPEWVETOL OLVAAOYOL LLE TO
MCR (BAéne 2.1.1). Extedotue 800 drodoyitkd merpdiporto 1010 xpovikKnig StépKeLog,

H opydvwon Tov TelpGuotog el g eENG:
e Metapopd tAnpogopiag video uéow classical IPZATM.
e X0Uvoeon ABR pe ikpé MCR.

e AgdoUévou xpOvou ddpkelor GHVIEONG.
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e TNV EKTEAECT TOV TPATOL TEPEUOTOC, | GUVOALKT oo Tnom oe e0pog Lwvng omd

T1g VTOAOITEG GLVIEGELS elvor VYNANY eV GTO deVTEPO TTEIPOLL Y OLUNAT).
H extédeon 1oL Topomdve Telpdpatog deée to eENG:

e Otav vrbpyer avénuévn {fon oe evpog {wvng ABR, 1| 6tav 10 Capr elvon
Waitepo pkpod, o xpriotng AopPével evpog Cdvng AMyo peyorbtepo and to MCR
7oL SMAMGE GTNV OPYT TNG CVVIECT| KOl £TGL 1) TOLOTNTA TNS ELKGVOG TOL AoUPEVEL

elvol Kok.

e Otav vrdpyel petopévn {rtnon oe evpog Lvng ABR 1 tav 10 C' 4R elval peydiro,
o ypNotng Aoupdévetl edpog Lwvng moAd peyorlvtepo amd 1o MCR mov dMAwoE, Ue
OTOTEAEGILOL, T) TOLHTNTOL TNG ELKGVOG TOV Elvor TOAD KOADTEPT OIS TNV TPONYOVUEVT

nepintoon.

e XT1G 000 TEPUTTWGELS QLLTES, OV M XPEMOM OV LLOVESOL EVPOVE LV Ko crvE Lovada
xPOVOL a elvon otalepty, TOTE Ko 1| GLVOALKN ypéwon elvor 18t Avtd ogeiieton
070 YeYOVOG OTL M GUVOALKY X PEMON Yo TOV POt ¢ ekPpdleton and Ty e&icwon:
charge; = a-w;- T + b-V;. Aedopévov 6t €gouvue ypovoypéwon (b = 0), n TeEAKN
xpémon eoptditan L6vo omd v dtdpketo tng ovvdeong 7', 1o M C' R;(= w;), KoL tnv
T ové povédor e6povg Lavng ove Lovada ypdvou a. o 6TLg 000 TEPUTTWGELS, OL
TIWEG TV TOPOTEV® TOPOUETPOV elvor ot 101G, emoUévmg Ko 1 TEALKT xpE€mon Bo
etvon n 8o Mapdio vTéd M TordTNTOL TOL AAUPEVOLUE OTLG 30O TEPITTMGELS Elvor

SLaPOPETIKT).

5.2 Xpnfoteg pe younio srobéoipo moco

>0 neipopo rvT0, e€etdllovie ToTe Evag Y prioTng omoiog eivor SLoTeBEUEVOC VO TANPMOGEL
Alyo, Aoupdéver tkovoromtikt anddoon ko tote Gyl

H opydvwon Tov TelpGuotog el g eENG:
e Metapopd video mAnpogopiag péow classical IPPATM

e ABR o0vdeon pe younidé MCR (1600 ®ote vo eEoc@aAileton 1N 1KOVOTOIMTIKY
ametkovion g tAnpoopiag video dnA. o akyépiBpog va uiv amoppintet I-tAoicior.
o v toavio TV TEPAPET®V 0 pLOUGS awTiS NTaV Alyo peyodvtepog omd 500
Kbps)

H extédeon 1oL Topomdvm Telpdpotog 0eée to eENG:
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e Xe mep16dovg younAnig {fitnong oe evpog Lavng amd Tig cuvdéoelg ABR, 1 6tov T0

Capr glvonr vymAo, o xpotng AopPdvel evpog Ldvng onUavTIKA HLeyoAHTEPO TOV

MCR 1ov MA®CE Ko 1 TOLHTNTO TNG ELKOVHS TOL AapBdverl elvart 1dtoitepo KOAT.

Ye meplddoug vymAing {MTnong oe evpog Ldvng amd Tig ouvdéoelg ABR, §§ dtov T0
Capr elval younAo, o xpriotng AapuPdvel evpog Lavng LOAG Alyo peyolhtepo omd

10 MCR 710 onoio dMAmace Ko 1 ToldTNTOL TG ELKOVOLG TTOV AoPéiver elvon Kok.

Otav 0 xpiotng eivor drorteBelévog var TANpaoel évor kpd TOGO, 1 GLUVOALKT
xpéwon elvor younAn, eved AoPAver 1KOVOTOINTIKY] TOLOTNTH VINPESIOG, UOVO
6tav n {ftnon oe evpog Lwvng amd Tig vwoAoumeg cuvdéoelg ABR elvon younin M
N T tov Capr elval VYNAY. Xe GALEC TEPITTMGELS, M TOLOTNTOL TNG EIKGVOG TOV

AouPéiver elvon kKoky.

5.3 Xpnforteg e vymio dtobéoipo oo

To mopdv meipopia, eEetdlel Tig cVVERELEG TNV TOLGTNTO TN AXUPOVEUEVNC ELKOVOLG, OTLG

TEPINTACELS SOV 0 YPNOTNG ONADVEL LYNAS 1| xounAd MCR. Extelovue 600 merpbiporto

OOV GTO TPWTO 0 YPNOTING Elval SLATEOEUEVOC VO TANPDGEL AlYOo Kot 6T0 deVTEPO TOAY.

H opydvwon Tov TelpGuotog el g eENG:

e Metddoon tAnpogopiag video uéow classical IPPATM

"o o meipapon 6To 0moio o xPMoTING elval dtotebelévos Vo TANpdoel ToAH opilouple:

e YynA6 MCR (ueyodvtepo omd tov eAdyioto pubud mov omortel to video yio tnv

petédoom tov, PAEne melpopia 5.2)

o ToV Topamdve POt TopaTtnPoVUE Tor eENG:

e Xe mep1odovg xounAng {ntnong oe evpog Lovng amd Tig voAoneg cuvdéoelg ABR,

N 6tav 10 C4pr elvor LYNAG, T0 eVpog Lavng Tov AouPével o Topandve xpRoTNg
etva wodtepo VYNAS (onuovTikd peyodlvtepo and to MCR) kol np moldtnTor g

Aoppovopevng etkdvog etvort Ko.

Ye mepltddovg vyMmANg {nnomng oe evpog Lavng amd Tig vOAoineg cuvdéoelg ABR, 1
C AR X0UNAS, T0 €0pog Ldvng mov AouPévet o xpriotng elvon Alyo peyodAvtepo omd
10 MCR mov MAwoe. TTopdio ovtd 1 TOLGTNTOL TG ELKOVOLG TOVL AouPdivet, elvon

OPKETE KOAT).
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e H yxpémon eivor vymAn eEontiog tov yeyovotog 6t Mimoe vynid MCR.
"o o meipapor 6To 0moio o ypMoTNG elvol dtotebeluévos va TANpdoeL Alyo, opilovpe:

o XounA6 MCR (Tng TAEEMG TOL EAGYLGTOV PLOUOV OTOGTOANG Y10 TNV UETASOGT TOV

video).
o ToV Topamdve xpNoTn, ToPaTNPOVUE TOL €ENG:

e Xe mep16dovg xounAng {ntnong oe evpog Lovng amd Tig voAoneg cuvdéoelg ABR,
N 6tav 1o C 4R elvor VYNMAG, 10 vpog Ldvng mov AapuPdiverl o xprioTng elvor LYNAS,

peyoAvtepo T10v MCR 1ov SHAWGE KoL 1 TO1GTNTO TNG AUPOVOUEVIC ELKGVOG KOAN

e Y& mePLOd0vg VYNANG amoitnong oe evpog Ldvng amd TG VIOAOIEG GUVIEGELS
N Capr XoOUNAS, t0 €Vpog Ldvng mov AopPdvel o xpnotng eivon younid, Alyo

noporéve ond 1o MCR mov SNAMCE Ko 1 TOLOTNTOL TNG ELKOVAG KOKT).
A6 10 Topamdve TeipoLo, cupTEpoivovle Tor EENG:

e O xprioteg mov elvon drorteBeltévol vor TANPDcoLY TOAD, AoUPBEvouy KoAvTeEPN

TOLHTNTOL LINPEGLOG KTd LLTOVE TTOL lvor SLALTEDELUEVOL VOL TANP®OGOVY AlYO.

e Tl Toug xpMoTeg mov elvon drorteBeltévol vor TANP®CGoLY TOAD, 1| TOLHTNTO VRN PE-
clog mov Aaupdvouy dev emnpedleton amd TG AAAYEG TNG KATAGTOONS TOV SLKTVOV
1660 TOAD 6GO M TOLOTNTO VINPECIOG TOV XPNOTAV Tov elvor dlorteBelévol vor

TANPOGOLY Alyo.

e H cuvoAikn ypémon tov xpnriotn 1 elvon peyodhtepn omd TV ovIicTolyn GLUVOALKY|

YPEMOT TOL YPMoTN 2.

54 Av000)1KN €16060G TOV YPNOTAV GTO GVGTNULO.

>0 meipopo vT0, e€eTAlovLE TIC GVVETELEG 0TO VP0G LAVNE KO TNV TOLOTNTOL LIINPECTOG
oL AOUPEVEL EVOIG X PTIOTNG TTPLV KO LETE TNV €1G0J0 EVAE SeVTEPOL YPTOTT GTO GVHGTNUCL.

H opydvwon Tov TelpGuotog el o eENG:
e Metddoon tAnpogopiog video péow classical IP/ATM.

e O xpriotng 1, elvor 0 TP®TOg YPNOTNG TOV GLVIEETHL GTO GVOTNUO KOl SNADVEL

eAlbiy1oto pLOUSG omocToA g dedopuévamv M C R;.
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O xpriotng 2, cuvdéeton Petd tov xpNotn 1 ko NAdvel eEAdy16TO PLOUO OTOGTOANG
dedopévav MC R,.  ou o1 800 TIéG Tmv MCRs elvor tétoteg, dote vo eEocaiilouvv
ToV €AGY10TO PpLOUG oL amonteliton Yo TNV petddoon g video mAnpoopioc.
Ynro6étovue 6t MC Ry < MCR;.

Yro0étoovue 61t MC Ry + MCRy < CsBR.

H extédeon tov melpdportog £detée to e€Ng:

5.5

Otawv 0 ypMnotng 1 ouvdedel 6To VoI, TO EVPOS LdVNE TOV AouPéver elvon kKorTd
oAU HEYOAVTEPO amtd TO oy tké MCR Tov dMAmGE, KoBMG GTO GHOTNUOL dEV VAP YEL

GAAOG XPNOTNG GUVIEUEVOS GTO GVGTNLUOL.

Ot ouvdedel 0 pNoNg 2 6To cVOTNUX, 0 XpHoTNG 1 Aoufdverl pikpdTtepo eHpog
Cadvng o’ 0Tl GTNV TPOMNYOUUEVT] TEPIMTOON KOl M TOLOTNTO TNG €KGVOG TOL

AouPévet etvon xelpdtepn amd TV TPMOTN TEPINTOOT.

Av o xpfotng 1, dev €xel Tnv duvoTdTNTO VO ETCVUILOTPAYUOTEVOEL TO TOGO
TOV XPNUAT®V ToL elvor StorteBellévog vaL TANPAOCEL, 1| TOLHTNTO TNG EIKOVAG TOV
0o AapPdiverl Bo elvon younAr, Yo To xpovikd SLEoTUa Tov 0 XprHotng 2 elvon

GLVOEUEVOC GTO GVGTNUOL.

Enovooltonpoyudtevon tov MCR

1o meipopa owtd, e€etdllovue TIG GLVETELEG 6TO €Vpog Cdvng Kot 6Ty ToLdTNTOL TNG

vrnpeciog Tov AUPBEVEL 0 YPNOTNG, OTAV EXEL TNV SLVOTOTN T VOL ETOVOOLOTPOY LA TELOET

70 TOGH TV YPNUETOV TOL elvol SLOTEOEWEVOS VO, TANPAOGEL, 0tvE LovEdo evpoug Ldvng

ovE LovAda xpGVov.

H opyéiveon Tov metpduortog etvor n idiol e auTiv 1oL aveotépm eKTég ToL GTL 0 XPHoTNG

1 éxer v duvatdtnro enavadiompoyudtevong tov MCR mov MMAwoe apytkd. H extédeon

ToVL melpbipatog £detée ToL eENG:

e Otav 0 xpMotng 1 cuvdedel 6T0 VO, TO VP0G LdVNE TOV AoPdver elvon korTd

oAU HEYOAVTEPO amtd TO Py tké MCR Tov dMAmGE, KoBMG GTO GHGTNUOL dEV VAP YEL

GAAOG XPNOTNG GUVIEUEVOC GTO GVGTNLOL.

Otov 6uvdebel 0 devTEPOC XPHOTNG OTO CVOTNU, O xprioTng 1 Aaupdéver Lkpdtepo
eVpog Lwvng am’ 6,TL TNV TPONYOVUEVT TEPITTWOOT KOl 1) TOLOTN T TNG ELKOVHS TTOV

AopBévet elvon xelpdtepn amd TV TPMOTN TEPITTOOT.
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e Av o xpfiotng 1 embuuel TV enavodiompayudtevon Tov MCR e 6komd va arvérioet
10 €0pog Lwvng mov AouPavel kol vor BEATIOGEL TNV TOLOTNTO TNG EIKOVAS TOV,
ovEaver v T Tov MCR (0t MC Ry ey > MCRy 0l MC Ry ey + MCRy <

C 4BR) ®ote vo eECQUAIGEL TNV TOLOTNTO TNG ELKOVOLG TTOV EMLOVUEL.

¢ H cuvoAikn ypémon yiwo tov xpriotn 1 otnv mepintmon Tov TEPEUATOS VTOD,
eltval peyodbtepn amd v ovtictolyn Tov TEPAUNTOS 5.4 ov ToL dV0 TELPAUOLTOL
EKTEAEGTOVV Y10l TO 1810 YPOVIKS dtdoTnUo. ot LT Ylorti 6TV TEPITTMON TOV
nelpdipotog 5.4, N cuvoMkn xpéwon eivor a- MC Ry- Ty émov Ty elval n xpoviki
dtdpkelo Tng 6HvVOeEoN S TOL XPNOTN 1, EVH 6NV TEPITTMON TOL TAPEGVTOG TELPAUATOS
N ovvoAlkn xpéwon eivor a- (MCRy-t) + MCR| _pew: t1_new) OMOVL TNV XPOVIKT
otyun| t1 o xpnotg 1 petofdirer to MCR t0U Ko ¢ + ) _pery = Ti. AedOUEVOL
Ot MC Ry _pery > MCRy, 0 xpriotng 1 TANPOVEL TEPLGGOTEPO GTNV TEPITTMOOT TOV

ToPAVTOG TELPAUOTOS Ot GTL OTNV TEPITTMOOT TOL TELPAUATOC 5.4.

5.6 Xvumepdonoto

H extéAeon TV TOPOTAVO TEPOUATOV ETESEIEE TOL ONUOVTIKE OTOTEAECUOTOL TNG Y PE-
wong vanpectwyv ABR Ko Tov Stoolpocpol Tav mopwv pe Béon ddipopo o1KovouKé

povtédo. Ot oNUOVTIKGTEPES TOPATNPTGELS GLUVOYTILoVTON TOPOKATM:

¢ H molt6tnrto tng vnpeciog mov Aopfdver évag xpnotng mov eivor Stotedellévog vo
TANPOGEeL évo LKpo mocd €va Lovado edpovg Ldvng kou éva Lovada ypdvov, elvor
KoK uévo av n ovvolkn {fnom oe ebpog {dvng and Tig VdAomEG GUVIEGELS
TOL OKTVOL €lvolt VYNAN 1N 1 GLUVOALKT] YOPNTIKOTNTOL TOV ival Stobéoun oTig

vrnpecieg ABR elvor younAn. AAALGOG 1 To10TNTA TNG LVINPESTIOG EVOL AVEKTH.

¢ H motdtnta vnpeciog evég xpriotn o omolog elvor dlotebeluévos VoL TANP®oEL évor
UEYAAO TOGS avéL LLovEdo e0povg CdvNng Ko orvE LovAadaL xpGVov, TOPHUEVEL VYNAT
yioe 6AN v ddpkelo TG oVVOEST|C TOV Kot ennpedleton Arydtepo amd Tig aALOYEG
670 dikTvo (TnV HENOM TN cVVoAKTg LTNoNg oe eHpog Ldvng amd Tig VITEAOLTES
GULVOEGELG TOV SIKTVOV 1 TNV HelMo™ TNG GLUVOALKTG YWPNTIKOTNTOGS Yo Tig ABR

GULVOEGELG)

¢ H emovoadiampayudtevon tov m1ocoh Tov elvon Sotedellévog vor TANPOoEL €vog
XPNOTNG TOPEYEL TNV SUVOTOTNT GE QLTOV VoL AUPBEVEL GLVEXHS TNV TOLOTNTOL

¢ vVINPeGiog mov emBLUEl KO TALTOYPOVOL 1| GUVOALKT] TOL xpéwomn v, elvor
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HKpOTEPT Ot TNV OVTIGTOLYT EVOG YPNOTN TOL €lval SlorteBelévog VoL TANPADCEL

UEYAAO TOGS, TPOKEWEVOL VoL AOUPAVEL GLUVEX M LYNMAT TOLdTNTO.
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H ypfion evog evvovg OVTITPOGOTOV,

YLOL TNV L PEMCT] VANPECLAOV

310 KEQAAL0 QVTO, TOPOVGLALOVUE TNV X PTION EVOS ELPLOVE AV TITPOGMOTOV, GTNV TAELPE
TOVL XPNOTN, YO TNV KTOTEAECUOTIKOTEPT YPEMON TOV, OTAV CKVTOG OEYETOL VINPEGLEG
ABR ko1 ypedveton yr owtéc!.

310 SUVOLKO oxfUa xpEmong Yo Tig VInpecieg ABR, kébe xpriotng i, nNAmvel To
1066 oL elvor SLOBECIUOG VoL TANP®GEL w;, Ko Le Bdon v dfAwon ovtr| To diKTLo
aodidel eHpog LMOVNS yloL TNV EPOPUOYH TOL ;, OO TNV GUVOALKT] XOPNTIKSTNTO TOL
dideton Yo t1g vinpeciec ABR, C'4pr. To 1010 16 Vel KO Y1o0 TNV YPEDOT VINPECLOV UE
Béion to MCR, 6mov topa 1oyvel 011 w; = a- MC' R; ko 6TL 10 dBpotopa >, MC R; elvon
TAVTO LKPOTEPO amd TNV GLVOALKT Y 0PN TIKSTNTO TOL SrortifeTon Yo Tig cuvdécelg ABR.
To Topoméve 300 GYNUOTO YPEMONG TEPLYPAPOVTUL e TEPLOCOTEPES AETTOUEPELES GTO
KePAAo0 2 ko ota. [CSS96],[Kel96].

Agdopévou 6Tt o1 cuvonrkeg LiTnong/cunedpnong LetofaAiovion e Tov xpdévo, To
{010 mocd ypnudtwv avé povado ypdvov, dev odnyel oe Peltictonoinon g oyécemg
xPNUdTOV-TtotdTNTOG VINPESiog kGt and omoladnimote cuvorikn. ‘'Etol, eivon amo-
paitnrto vo mopé€yeton n duvotdTnTe 6ToV XPNotn, vor umopel vor petofGAAEL To TOGH
ové povada evpoug Lmvng mov dnAmvel w;, dtov crvTd dev auroTeAel pior 1KOVOTOINTIKY
emAoyN. To yeyovog 6Tt 10 w; dev KmMOTEAEL LKOVOTOINTIKY] EMAOYTY, onuodvel 6tt, elte N
Topovoo TOLdTNTO VANPESiOG oL AapPdvel o ypriotng dev ““ailel mAéov o xpLATA
e’ (Yol otoyilel meprocdtepo amd Tpv Adym tng avEnuévng Liitnong oe eVpog Cdvng

N A0y cvénuévng cupedpnong), eite e Ayo meplocdtepo KOGTOG 0 ¥PNOTNG Urmopel vo

'H nopotoo epyosio mopovotdleton extevic oto. [CMS98] ko [CSMKI8]
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AGPer oA koA vTEPN TOLdTNTOL VANPESLOG (€€ outiog Tov 6Tt M {jTnon oe e¥pog Cdvng
oo TIG VIOAOLTEG GLVIEGELG LELMONKE 1} OTL dev VTGP EL TAEOV GLULEGPTON).

Ye évo PeydAo GOOTNUOL UE TOAAONG YPNOTEG OLVOUEVETOL VO EIVOIL OmopOiTnTES
UIKPEC Kol LY VEG UETOPOAEG TOL w;. XNV TePinTmon ovty, elvot SVGKOAO (Ko TOAAEG
QOPEC EVOYANTIKOS) TIG LETAPOAES QLLTEG VOL TIG TPAYUOTOTOLEL O XPTIOTNG XELPOVAKTIKAL.

Ané v GAAN, ol mopordve LeTaBoAég Ba uropovoay vo eivon pior KOTGAANAN
gpyocio yioo évav evgun aviurpdowto vAomomuévo oe Aoywopkd (intelligent software
agent) o omolog O Bpicketon 6To LEPOG TOL XPNOTN. TINV TEPINTWOOT QLTH, O TOPATEV®
ovTiImpécmnog Bow uropovoe vo. omodelybel éva xpricluo epyaieio, To onoio Bo mopéyel
ouvedS TNV BEATIOTN TOLOTNTOL VRINPEGLOG GE GYEOT LLE TO TOGS TV XPNUAT®Y TOL Elvor
dtateBelnévog vo TAnpmacel o xpotng. Puotkd, o xpotng o umopel va aryvorioel Tnv

EMAOYN TOVL OWVTITPOGMOTOV, GTOV CLLTI] OEV TOV IKOLVOTOLEL.

6.1 To povtédro Tov ypRot

Io évav ovykekpyévo xpriot U, o orolog droporpdletar évov ATM cbvdeouo poli pe
GAAeG ouvdéoelg ko 0 omolog elvar dtorteBelévog vor TAnpwoel w avé povéado ypévou

Ko avé povéado evpoug Lmvng to ebpog Lwvng mov AopPdivel o to diktvo lvon:

w

x(w; W,CaBR) = T

CABR, 6.1)

omov W, elvon 10 cuVOMKS TOGH OV elvor JLOTEBEUEVOL VoL TANPDGOULV 01 VITOAOLTOL
xpNotec Ko C'4pr N GLVOMKN XOPNTIKOTNTA TOL dideTan Yl TIg cuvdéoelg ABR exeivn
v xpovikn otiyur). H cuvéptnon kobopnig xpnottétntos ové povada yxpédvou yo 1o
oLYKeKPLUEVO ¥ prioTn VIoBEToLUE OTL Elvor ULy poptkn] Ko ek@pdleton and Ty cyéon:
u(z) — w, 6mov u(z), elvon M cvvapInon nov ekEpdlel v yxpnowdtmro eEotiog g
noldTNTOG VINPESiag mov AapuPdvel o xpriotng étov 1o eHpog LMOVNG oL Tov KmodideL
10 dikTVO elvon 160 pe z. YmoB€toupe 0Tt M mopandve Guvaptnon eivor un-edivovoca,
Ko xKoiAn o¢g mpog z. Mio popen tg u(z), Tnv omoio Oa XPMNOLUOTOL|GOVUE YO TOVG
ovOAVTIKOVG VITOAOYIoHOVG elvon : u(z) = (1 — e~*/B), énov %, B otalepéc, yio T
omoio voBétovpe 6Tt dev petoGAleTan Yo Tov 1810 xpriotn omd cvvdeon ce GHVIEDT).
O oxondg tov xpriot U, elvar va emAéEel 1o mood w mov eivorn drartedbeluévog vo
TANPOGEL €161 BOTE TO £VPOS LAVNG 2 TOL B TOV AT0d0BEel 0td TO dIKTLO GVUPWVL LE TOV

om0 (6.1) var 0dnyet oe peyrtotonoinon g u(z) — w. Enouévec, to mpopAnua tov xpriot
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elvon 10 mapoKdTm:

w

w+ W

MAT >0 {u( CABR) — w} . (6.2)

To mopondve TpdPAnua €xel povadikn Avon w*(W, Capr), e&ontiog g LOVOTOVIKS-
TNTOG Ko TNG KOdTntog e cuvaptnong u(z). 'Etol, AapPdvouue {evyn onueiov
(w*(W,Cagr), 2*(W,Capr)) to. onoia GuvicTovv éva gvvoro O 1o omolo, yioL Tnv Guvap-

mon u(z) = (1 — e=*/F) xan yio Stépopeg Tipé 100 C 4 R, OmeLkovileTon 610 oYU 6.1.

10

T T
for C_ABR = 60 Mbps ——
for C_ABR =5 Mbps ----
for C_ABR =2 Mbps -----

Optimal Bandwidth x*

I I I
0.25 0.3 0.35 0.4

) -
0 0.05 0.1 0.15 0.2
Optimal Willingness-to-Pay w*

Syfuo 6.1: Ot kopmHAeg Tov BéATIoT®V onueimv

Mo onpovTikn €181k mepintwon npokHNTEL GTOY
w < W, (6.3)

(M oodbvapo z < C4pR). TtV mepintoon avti, n eEicwon (6.1) petacynuatileton otyv:

CaBr W
x(w;, W, C W = —, (6.4)
( ABR) W p
Ko m (6.2) otnv
MAT >0 {u(wcafR) - w} . (6.5)

Am6 Tig e€lodoelg (6.4) xou (6.5), cvumepoivouue 6Tt t0 PéATIGTO OMuEio TOL
omAomomuévou TPoPALaTOC ToV xpriotn eEoptdton amd To TNAIKO OZVE’ nAady ourd

Vv TIUn p ove povéado evpoug Ldvng ko avé Lovado ypévov.
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6.2 O gvour)g KVTITPOCMMOG

O gveunig avtimpoownog EA, Ba tpénetl (1) opyikd va LABEL TNV GLUTEPLPOPA TOL YPNOTN
Ko (i1) vo elvorl oe B€omn otnv cuvéyxela vou LUNBel tnv cuumepleopd Tov YpMoTn, O
TPOG TIG EMAOYEG TOL Y10 TO TOGO oL elvon dtorteBelévog vor TAnpwoel. Oumg, TapdAo
nov aroiitovie 0 EA va elvon og Béom vor iumBet tig emAoyég Tou Xp1riotn, N TANpopopio
n omolo xaBopilel v emAoyn T0L OGOV TOL elvo SoTeBEUEVOS VoL TANPADOEL O
XPNOTNG, Elval SLOPOPETIKT] GTNV TEPITTMOON TOV XPNOTN Ko 6TV Tepintwomn tov EA.
Suykekpuéva, 0 ypNoTNG Tapotnpel TNV oot VINPECiog mov déyeton, Kobopilet
oV Babud 1Kovomoinong Tov Ko 6TV GUVEXELD, ETAEYEL TO w MOTE VOL LEYLIGTOTOOEL
10 u(z) — w. Ané v GAAN, o EA unopel, pue féon to onfpato avadpacns mov déyeton
otd 10 dIKTLO, VoL ToPaTNPNOEL TNV €0pOg LMOVNG 2 OV TO dlKkTVLO Oodidel GToV YPNOTN,
Béioel Tng emAoyiic Tov ToGov mov elvon dtateBelnévog vor TAnpwoel. 'Etol, mpwv v
evepyonoinon 1ov, o EA, mpénel vow LABEL TNV GUUTEPLPOPE. TOL XPHOTN KATAYPEOOVTOG
T1g BéATioTeg emAoYEg Tov (InA. onueia Tov cuvorov O), ywpic Spuwe vo yvopilel Tig
Tpég (W, Capr). Zmv mporyuotikdtnto SUme, T0 GOVOAO TV onueiwv mov Kortorypapet
0 EA (¢otm R), dev mepiéyel u6vo TG PEATIOTEG EMAOYEC TOV YPNOTN OAAA Ko onueio
EKTOTIOTEG, ONAOdY| Un BéAtioto onueio, kKoB®g 0 xprotng emAéyel TV PEATIOTN TN
w* ue dSrodoykéc mpoondbeies. 'Etol, éva emmAéov kobnkov tov EA, elvon vor gidtpdipet
KOTEAANAC TNV prioiun TAnpo@opio (SNA. TG LETPTOELS TOV €lvail 01 BEATIOTEG KOl 0LLTEG
Tov elval Kovtd oTig BEATIOTEG), otd TNV Un xPpNoUn (dNA. cVTéG TOoL A€ oVV TOAD 0o
T1¢ BéATIoTEC EMAOYEG). TO TOPATAV®D PIATPAPIOLOL TTPOLYLOTOTIOLEITON UE TTPOGEYYLON €Ml
TOV GLVOAOL TV SLUOEGLMV UETPIIGEWV, TNG KOUTOANG TV BEATIGTOV EMAOY®V, dT®G

00 S0VUE KO 0TI EMOUEVES TTOLPOALYPEPOVG.

A¢ vmoBécovpe GTL oPYLKE TO CVGTNUO EIVOLL GE 1GOPPOTHAL, TT.X. VIOl GUYKEKPLUEVEG
ouvonkeg {ritnong/ovuedpnong (WO, CY55) (ot Tég twv omolwv dev eivon Yvwotée), o
EA éyel emélOel o€ 1o0ppomic. Ko to avtiotoryo BéAtioto onueio yia tov xpnotn elvon
(wg,25). H opyueny extiunon yoo v tun elvon po = wg/z;. Emouévag, 1o nopamdve
BértioTo onueio ypaepeton ¢ (wi(po), 25(po)). Ze kbmolo xpoviKT GTLyUr}, Ol GUVOT|KES
Mtnong/ovpedpnong oArélovv oe (W1, Clgp) (eriong un yvootéc Téc). H aAloyn
out Oa yiver ovTiANTT omd Tov EA ad tnv aAlorymi Tov ebpouvg {mdvng mov omodidel To
dlktvo amd zi(po) o€ 1. 'ETot, o ypriotng U PBpioketon tdpa oo onueio (wi(po), x1). To

onueio oo etvar yevikd éva un-féATioto onueio vVtd TIC TOPOTEVE® GLVOTKEC.

O EA 60 mtpocoprdoeL TNV VEQ TIUT TOL TOGOV TOL lvor SLaTeOEUEVOC VoL TANPADOEL
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0 XPNOTNG, LovTEHOVTOG TNV VEX TIUN G eENC:

P = M- (6.6)

T
Téte, 0 EA 0o emAéEel 10 oo mov eival dtoteBelévog vow TANpdceL o xpriotg w*(py)

70 omoio awvtiotolyel oto onueio ekeivo Tov R 10 omoio awvtiotol el oty T p1 (oxUo
6.2).

X *
/Rm
\p
1
Slope= x5~
Xqfemmmmmm - ‘ R
X'®) ‘
. ! Sope:%
XR) |--oooe o 0
W(p) W) w

yfuo 6.2: O odyopiduog yio tov Eveur Aviimpécwmwno

6.3 IIpocopuroyn otnv KoUTOAN

Onmg vopépape Ko Tapandvm, okomdg tov EA elvor va e€dyel 1o BEATIOT0 TOGO TOL
etvon drorteBelévog va TAnpaoel o ypnotg w*(p), ne Béon v dobéoiun tAnpogopia,
MAadn Levyn g popenig (z*, w*). To pia dedopévn Tun p, yvopilovue 6t p = w*/a* =
u'(2*), émov u'(+), N mopdywyog TG cuvapTnong xpnowdmros. EmmAéov, Adym g
vréBeong 6t M u(x) elvar koidn, n cvvaptnon u'(z*) elvor un ovv&ovoa cuvapton ©g
npog x*. Aegdouévov 0Tt M cuvdptnon z*(p) elvar n avtiotpoen cuvvéptnon g ', M
2*(p) etvon emiong pio un av&ovoo cuvéptnon g npog p. Emouévmg, mpokeluévou vo
EMTOYOVUE TPOCOPUOYT OTNV KOUTOAN, oT0 eninedo (w,z), elvon 160dGvapo Ue T0 va
EMTOYOVUE TPOCAPUOYT OTNV KOUTOAN z*(p) oto eninedo (p,x) to omoio elvon yevikd
o €0VK0A0, KaOMG TEPLOPILOUOGTE GTO GUVOAD TV UN 0HEOVGHMV GLVUPTHCEMY KoL
umopovue vor eEGyoue Y PTICIULO CUUTEPAGULOTOL Y PT|CLLOTTOLMVTOG ELO1KOVE 0LAYOpiBLLOVG,.
'Etol, e€dyovue pion tpn ¢*(p), n onolo amoteAel pio mpocéyyion tov evpouvg {dvng

2* 10 omoio omodideton dtov m Tun elvon ion pe p. ‘Exovrog v Koumdin ¢*(p), o
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EA Aertovpyel d¢g e€fc: H apyikny mpocéyyion tov EA, oty Ty eivon pg = mo/xg, G€
K@molo onueio wooppomiog. Av ot cuvorikeg {ritnong/cupuedpnong uetofAnbovyv m.y. 1o
dtabéoo evpog Cdvng yiow v epappoyn petofindel and x¢ oe z1, o EA mpooeyyilet
Vv véo TUf Og p1 = mo/x1 Ko VIOJELKVOEL TO g*(p1) * p1 G TO V€O mOoGd mov elvor
dtortedelévog var TAnpoocel o xpNotns. H kopumdAn ¢*(p) avoeépeton dg avitTovixy
saAvopounon [BDH72] [CSMK98] tng cuvaptnong ¢(p) (dmov g(p) = « elvat ot Tipég Tov
gvpovg Lvng mov xatéyponye o EA). H g*(p) amotelel pio mpocéyyion g ¢(p) Le oxond
TNV €AOYLGTOTOINGT) TOV HEGOV TETPOYWVIKOD GPAAUOTOS TNG TPADTNG ortd TNV devtepm.
Etvon pio fnportik’ cuvéptnon n orolo tpokvmtel otd Tov adyopiduo g Opadoroinong
Awodoykdv Topafatdv (Pool Adjacent Violators) [BDH72] 6to TaSIVOUNUEVD, MG TPOS TNV
T p, £evyn (p, ). ZOUQ@VOL LE TOV TOPOTEVED OAYOPLOUO, 1| CVTLTOVIKT ToAtvdpdunon
g%, xopilet 10 oOvoro X = {po, P1y s Pk}s PO > P1 > -eey > Pp OE VTOGVVOAQL, YLOL TOL
omolo 1 T TG elvon otadepty, NA. e GUVOAL eEmMMEdwY, Ta omoio KaAovvton Turuato
Avoews-Solution Blocks. Ze k&0e €vol omd ToL Topomdvm TUNUOTO, T TIULH TNS GLVAPTNONG
g%, €lval 10 oTOOUICUEVO GOPOLoUOL TOV TLAV TNG CLVEPTNONG g OTO TUNUO OVTO,
xpnowonotdvtog Bapn F(p) yio k&Oe (evyog (p, ) (KOTd TNV OTLYUN TNG KOTOLYPOLPTIC TOV
Cevyovg (pr, 21), TiBeTOon B(pr) = 1). Av apyikd woxdel g(po) > g(p1) > ... > g(pr), TOTEM
opykn dropépiomn apxel ko ¢*(p) = g(p), AAMAOG 0 OAYSPLOROG ovTIKOOLGTA €Vl Levyog
TOV TOPUPATOV TNG LOVOTOVIKOTNTOG UE TO CTAUOUOUEVO TOVG GiBpotoua (Etkova 6.3).
"Etot, av 1o Levyoc (g(pr), 9(pit1)) mopafiéler tnv povotovikdtnro (A (g(pr) < 9(pit1))
0 OAYSPLOLOG OLVTIKAOLGTA TIC TOPOTTEV® dV0 TIUEG e TNV TUN:

Bpd)-9(p1) + B(pis1)- 9(pr+1)
B(p1) + B(pis1) ’

Kou pe avtiotoryo Bépoc: S(pi) + B(pi+1)- Ipwv epapurootel o alydpibuoc, to fépn dAwv

6.7)

tov {evydv eivon 1.

O moporévm olydptOuog, uropel vor omoddoel AmOTEAECUOTIKOTEPO TPOGOETOVTOG
peptkd friporta mpoeneEepyosiog Tov GLVOAOL TV LeVY®V (p, 2 ), STOG M YPOVIKT EKTTWON
TV Bopdv TV oNUEl®V TOL KOTOYPEEOVTOL KOl | OLKOOTOINGT YELTOVIKAOV onueiov,
dNAodT onueiwv Yo Tor omoio IGYVEL pr, — Pt < €, OOV €, EVOL TPOKOOOPIOUEVO KOUTHPAL.

Me Bdion To Topomdve, o adyoptduog tov EA Aettovpyel og eENc:

e oatoypaen onuelwv (=, w) Kot TPocEyylon g avtictolyng TWig p dcp = w/x.
Ye TPOyYUOTIKS X pOVO:

-- Opodonoinon dAwv tav {evydv (p, z) ToL omoio oV TIG TIUEG p oY eSOV OUOLEC.
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X
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@ weight = 3
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X/
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fwei ght = 2
‘\ X
X
pricep
weight = 3
X
weight = 2

price p

yfuo 6.3: O adyop1ouog Zuykévtpmong Atodoytkov IopoProctmv

-- Xpovikn éKnTmon Tomv Bopdv TV CNUEl®Y TOV KATOYpEPOVTOL.

e Epopuroyn tov adyéptdpov Aviitovikng [oAtvépounong

¢ YTOAOYLOUGG TOV HEGOV TETPOYOVIKOD COAAUOTOC KOl eKTiUNON g okpifetog

TPOGEYYLONG

e Me Bdon v cuvéptnon ¢*(p) (m onola tpoxvTTEL A TNV drodtkocio Taitvdpoun-
ong), extiunom Tov vEou Tocov oV lvor SlorteBEUEVOS VoL TANPOGEL 0 YPNOTNG MG

g*(p)- p, EXTELDOVTOG TOLTOYPOVOL YPOUULKT TOPeUBOAT] 6oV Kpiveton amapaitnTto

(etkdva 6.4).

6.4 Ylomoinon - erpopotikd Anoteléouoto

v evétnto auTr, Tapovctdlovpe Ty vAonoinon tov EA ko peletdie v cuume-

PLEOPE TOL VIO dbipopeg cuvONKkeg HéGm mpocopoimong. o v okpPnry peAétn g
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willingness-to-pay w

pricep

yfuo 6.4: Extiunon tov véou mTocov mov elvor Slotefelévog vor TANpmaGeL o xpriotng,
ond tov EA

oLUTEPLPOPES TOL EA, elvatl avorykoio va tpocopotmbel 660 1o Suvartdv mo peoAoTIKE.
N CLUTEPLPOPE TOGO TOV XPNGTN 6GO KO TOL SKTVOV. XTLG EMOUEVES VITOTOPOLYPBEPOVE,
TEPLYPBLPOVE TOL LOVTEAD. GUUTEPLPOPES TOV XPNOTN KO TOL SLKTHOL KO OVOAVOULUE
MV GLUTEPLPOPE TOL EA HECM TEPOUATIKAOV omoTeEAECUETOV. H opylTteKTOVIKY TOV
ovoTuotog anetkoviletal otny elkdva 6.5. H metpopotikn dtdtagn neptiopBévet 1) tov
xpot U o omoiog dnAdvel To mocd Tov elvor dtortebeluévos vor TANpwaeet, AopuPével oo
10 &iKkTVO T0 avTicToryo evpog LdVNG Yo TO TOGS TOV SMAWOE Ko dEYETON TIG LITOdEIEELG
1oV EA, 2) T0u¢ VTOA0LTOUE X pHIGTEG TOV S1KTVOL 01 070101 SNABVOLY (GLVOMKE) TO TOGH
nov elvon drorteBeltévol va TANPOGovY Kol AoUBEvouy Ko 1o avTioTolyo (abpoloTikd)

evpog¢ LdVNE TOL TOoLG 0odideL To diKTLO.

6.4.1 MovteAlonoinon Tov S1kKTHOV

Otawv 0 xprotng U dnidoel 61t eivot StorteBeltévog vol TANPAOceL w; ove LOVEdoL EDPOVE

Cadvng avé povéado ypdvov, To dikTvo ToL amodidel evpog Livng:

w

T=T WCABRa (6.8)

omov W eival 10 cuvoMKO TOGS oL elvor SoTEDELUEVOL VO TANPMOGOLY Ol VITOAOLTOL
xPNoTeC KoL C 4R N CLVOAKT XOPNTIKOTNTA Y1a TIG GUVOEsELS ABR exelvn TV xpovikn
otyun|. H yopntikétro ot petaddieton pe dvo tpémovg: Tpdtov pe petaforéc tng
TdEemg Twv 5-40 Mbps oe pokabopiouéva dootipoto Ty, Ts, ..., Tr (TPOGOUOLHVOVTOG
™V GELEN Ko TNV ovoy dpmon, cuvoécemy eyyunuévng totdtnrog vrnpesiog (CBR, VBR))

Ko 0evTEPOV e TNV Hovédo Tpocsopoimong pog Tuxoiog dtodikociog Poisson apiEemv,
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Synua 6.5: H opyltekToviKT] T0L GLGTHLOTOS TPOGOUOLMoNG

KANGE®MV eKOETIKA KOTOVEUNUEVI G SLEPKELOG KO oTaBEPT|C autalitnong oe eVpog Lavng 1
Mbps. H apytxn T} g xOpNTIKOTNTOG Y0 TNV EKTEAECT] TOV TELPOUETOV TIOETOL GTOL

80 Mpbs kou kvpoiveton petagd 60 ko 120 Mbps.

6.4.2 Movtelonoinomn TV YpNGTOV

Onwe ovoPEPOLE KOl TAPOTEV®, GTO GVGTNUO VIEPYEL 0 xpriotns U o omolog déyeton
T1¢ Vodeilelg tov EA, dnAwvel To 1066 mov eivon Startedetlévog vor TAnpdoet ko déyeTon
10 ovTioTolyo €0pog {dVNE Tov Tov aodidel TO dIKTVO YL TNV dYAMOTN CLTH KoL Ol
vrérotmotl ¥prioteg ot omoiot dNAdVouLV 0BPoloTIKA T0 Tocd Tov elvor drorteBelévor
VoL TANPWGOVY Ko AoUPBEvouy, TAAL oBpoloTikd, To avtictoryo evpog Ldvng mov Tovg

orodidel To dlkTLO Yo TNV AW QLTH.

6.4.2.1 O xypfiotng U mov drobéter EA

O ypnotng U o omoilog drabétel évav EA, dnAdvel 10 Tocd mov eival drorteBeuévog vo
TANPOCEL w e TETOLOV TPOTO, MOTE TO ovTioTolyo €Vpog Ldvng mov Ba Tov omodoBel
ormd 10 SiKTLO , VO UEYLOGTOTOLEL TNV GUVOAMKY GULVAPTNON KAOUPNC YPNOUOTNTOG
u(z) — w. Omov u(x), elvor n cuvepPINON TOL EKEPALEL TNV YPMNOUSTNTA TNG VRNPESLOG

oL AopPévet o xpriotng, otav to eVpog Lvng mov AouPdével elvon 2. T'ol TV ToPOTEVE®
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oLVEPTNOT VROBETOLUE GTL EXEL TNV LOPOT] :
u(z) = 11 — e~/B), (6.9)

oty extédeon Tov Telpopdtov 8étovie & = B = 1, eved 10 @ ekepdleton 6e Mbps. Me
Béaon v mopandve Ty e&icwon, urnopovue va eEdryovpe to BEATIOTO TOGH w*(p), OC
edng:

To Béltioto evpog LAvng z*(p), TPOKVTTEL AL TNV TOPOYDYLOT TNG GLVAPTNONG u(x) —
m(= u(z) — pz), yio. TNV cuvéptnon xpnowotrog (6.9) ue @ = B = 1, ko eivon {60
pe z*(p) = maz{log(1/p),0}. Enouévmg, 10 BéAtioto mocd mov eivar dratebeévog va

TANpdoEL 0 YPHOTNG CVE LOVASH X POVOL, TPOKVTTEL 0td TNV Tapamdvm eEicmon:

w*(p):{pwg(l/p) Cmopst 6.10)

0 : vy p>1

O xpnriotng o omoiog cuvepydleton e tov EA vroAoyilel to BéATioto mocd mov elval
SlateOeUEVOC VO TANPHOGEL 0LvE LovEdo e0povg CdvNng Ko orvé LovEdo xpOvoy GUUOMVOL
pe v mopondvo eéicwon. Emeldn Opmg o€ pio To peaAloTiK] KOTEoTOoT, 0 XPHoTNG
dev elvon duvatév vo emAéyel TAvVToTe T0 BEATIOTO TOGH (OTNV TPOYLATIKOTNTO OEV TO
yvopilel Tévto akpidg), N Aoy Tov TpokHnTel ond TV e&icwon (6.10) ToAAOTA-
cloldéuevn Ue évav GUVTEAEGTH ¢, TOL €lodyel évar €180¢ ‘BopvPoV’ oIV €mMAOYT TOV
xPNOTN. O GLUVTEAEGTNIG LLTOC, TPOKVTTEL O TNV KOVOVIKT KOTOVOUT] e Léom Tun 1 ko
tomik omériion 0.1+ 0.2¢=(AT/4 (¢, ~ N(1,0.1 4+ 0.2¢=AT/4)) dmov AT eivou t0 xpoviks
dtdlotnuo amd Ty terevtaio peydAn cAloyn tov Capr. O TOPATAVEO GUVTEAEGTNG TOA-
Aomhootolduevog e Ty BEATIOTN emA0Y w* vVIOdNAMVEL To ENG: AV 0 ypoTNG EMAEEEL
70 0G4 TOL elvor SLATEOEWEVOS VO TANPHOCEL GOUPOVOL LE TNV TOPUTEVE dtadikocio,
mv YPOVIKN otyun t., 6mov T, < t. < Tj, 161 0 Ypbvog AT 61OV TOTO TNG KOVOVIKNAG
Kotovouiic toovton pe AT = t. — T,,. Ap€cmg LeTA amd TNV HeydAn oAloyn tov Capr

AT/4) 2 0.3), 1 TOLETNTOL TNC VINPEGTOC

mv ypoviky otyu 7,,, (AT — 0 = 0.1 + 0.2¢(
nov AopPévet o xpriotng o petafAnOel onuovtikd. Exelvn tnv otiyur, o xpnotng eivon
TOAV TOOVS vou emAEEEL éval TOGE To 0moio elvot SLoTeBEUEVOC VO TANPDOEL KO TO OTTO{0
oméyel Katd ToAy omd TV PEATIOTN emMAOYT (AGY® TOL OTL deV €XEL KOTOVONGEL OLKOUN
mv véo Katdotoon otny orola mepABe 10 dikTvo). 'ETol oty mepintmon owvth, M
TUMKY oméKAMon ond tnv Bértiotn tun etvon peydAn (mpooeyyilel to 0.3). Metd v
TapPodo Tov YPSvov and v teAevtoio aAloyr) Tov Capr, 0 XPNOTNG ‘Kortowvoel” Tnv
TOPOVOO KOTAGTOOT TOV S1KTVOL KO £TGL 1) ETLA0YT TOV TOGOV TOL elvoil SlorteOeUéVog

vo TANPp®ceL elvor o Kovtd oty PEATIOTN EXAOYT (KOL 1) TUTLKT OTOKALGT KOVTE GTO
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0.1). H ouxvétnto pe tnv omoia o xpriotng Kabopilel ek VEOL T0 TOGH oL elvol dlotedetl-
puévog vo tAnpaoet kobopiletan omd 10 OG0 0 GLVTEAEGTHG TNE KOWVOVIKTG KOTAVOUNG ¢,
oméyel omd TV Lovada (NA. artd to vor emAEEeL 0 xpriotng akplPadg To BEATIOTO T0G6). H
TOPOTTEV M VTOOEST) LVTOVOKAG TNV SLoLpopE GTOV Y PEVO TOL amonTeiTon Yo Evog Y piotn
vo SlomioTt®acet TV un BEATIOTN emA0YN TOL, 6Ty N EMAOYH oL TH o€y el TOAD otd TNV
Bértiot am’ 6tL Oty améyel Alyo. 'ETot, o ypdvog s, mov mapeudileton petold 60o
Stodoy K@V emAoy®v Tov xpriotn Kabopileton ond tov Tomo: s = (50 — |1 — ¢,|10)secs,
Omov ¢, €lvorl 0 CLVTEAESTNG KOVOVIKTG KOoTovounc. Xuvoyiloviog tor Topomdvm, o

xPNOTNE oL emKoVmVEL [Le Tov EA, cuumeplpépeton og eENg

¢ EmiAéyel T0o 106 mov eivon Startedetlévog va TAnpwoet facetl g eEicmong:

, 6.11)

. e, X plog(1/p) @ p<1
w(p) = 0 o
L op

6mov ¢, ~ N(1,0.1+ 0,26—(AT/4))

¢ Ymodnidvel ek véoL 10 TOGS TOL €lvot SLOTEOEEVOS VO, TANPACEL LETA OO XPGVO
s = (50— |1 — ¢,|10)secs.

6.4.2.2 Ot vrmo6roinol xpRoTEC

Ot VTOAOLTOL YPNOTES TOV GUOTHUATOG, ‘“VTOIMAWVOLV” (0BpoloTIKE) TO ToGd W oL
elvar dtortebelévol vor TANPOGoVY ovE Lovado 0povg {mvng Ko ové Lovado xpovov,
Béioer kovovikic katovounig Le Tomkn amdxAion 0.75 kot péon T m. ZTnv opy ikt Tiun
©0V Capr (Capr = 80 Mbps), N uéomn Tr| m, TPOKVTTEL TG TNV OUOLOUOPPN KOTHVOUN
670 dotnua [6.5, 9.5]. Otav 10 C4pr HeTOPAAAETOL, TO TAPAOVPO TNG OLOLOLOPPNG
KOToVOUg oMaBaivel otny owvtifetn, omd tnv opd petofoing tov C 4pR, KoTEKOULVON,
eKepAlovTag TNV ‘avTidpaon’ Twv YPNoThV, MG TPOS T0 TOCH Tov eivorl dtorteBelévorl
Vo TANPOCOLY, OTIG UETOPOAEG ToV Capr. ZvyKekpluévo, M Héon T m TPOKVTTEL
omtd TNV OUOLOUOPYPN KOTAVOUT| Le KAT® Oplo to v — 1.5 xou dve épro 1o v — 1.5, dmov
v = 8§ {1 — (Cg% - 1) 0.8}. AvENON tov C4pRr Téve ond tor 80 Mbps, Tpokalel peimon
G TNG NG METOPANTAG v Kol OAMGONOM TOV TaPaBVPOL TNG OUOLOUOPONG KOTHVOUTIG
([v — 1.5, v+ 1, 5]) mpog To KET®. AVTS €xel OC OmOTEAEGUOL, TNV Uel®ON TNG LEGG TIUNG m
Ko Gpor Téiom pelmong Tov cuvoAlkoH TocoV W mov elvon dtortebeluévol vor TANPMGouY
o1 VTOAOLTTOL Y PN OTEC. ATO TNV GAAN, Heiwon tov C4pr k6T and tor 80 Mbps, Tpoxaiel

oHENON TS TG v, 0AIGOMN O™ TOV TOPOOVPOL TNE OLOLOUOPON G KOTHVOUTG TTPOG TOL TRV,
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ovENoN g Héong TIUNG m Kot dpa Téomn arvénong Tov mocov mov elval dorteBelévol
vo. TANpdcouvy ot vdéAowmor xpriotec. H péon T m vrmoloyileton, cOUPOVO LE TNV
ToPOTEvm dtadikocio, ave Ko EMAOYES TV YPNOTAV.

Yvvoyilovtog to mopondve, T0 mTocd W, mov emAéyovv ot VrdAomol (TANV
exelvouv mov cuvepydleton pe tov EA) xp1ioteg To0v GCLOTHUATOG OLKOAOVBEl TNV Koi-
VOVIKT xatavour kou cvykekpyuévo W~ N(m,0.75), m ~ U(v — 15,04+ 1.5), v =
8- {1 —(%4p2 —1)-0.8}.

6.4.3 H Aertovpyio tov Evouotg Avtimpocdnov

v Topdypoeo 6.3 elyoue ovorvoel Tov Tpéno Asttovpyiog Tov EA:

otorypopr) onueilov (z, w) Ko TpocEYyLomn NG TWNS p dG p = w/z.
OTE TO YPOVIKO SAGTNUN KOTOYpoeniS:

-- Opodonroinon 6Awv tav {evydv (p, z) ToL omoio oV TG TIUEG p oY eSOV OUOLEC.

-- Xpovikn éKTTmon TV Bopdv TV CNUEI®Y TOV KATOYpEPOVTOL.

E@opuoyn tov oadyéptopov Aviitoviknig [oAtvdpounong

YTOAOYLOUGG TOV HEGOV TETPOYOVIKOD COAAUOTOC KOl eKTiUNon g okpifelog

TPOGEYYLONG

Me Béon v cuvéptnon ¢*(p) (n onoia tpokvTel amd TNV dtodtkocio taitvdpoun-
ong), ektiunomn Tov vEéou Tocov oV lvon SlorteBEEVOS VoL TANPOGEL 0 XPNOTNG MG

g*(p)- p, EKTEADOVTOS TOLTOY POV YPOUULKT) TOpEUBOAT] dmtov kpiveton omopoitnTo.

Apyké o EA kortorypdipet T emAoyEC Tov xpnotn (2, w) Yo évol optouévo xpoviko
Staotnuo TPV EQOPUOGEL TOV AAYOPLOLO TG AVTITOVIKNG TToAvdpOUNoNG, EXTILMOVTOG
Vv Tp€Yovco TN kot amobnkevoviog to oviiotolyo Levyos (p(= w/z),z). Zanv
elkova 6.6 ametkovileton 1o TANBo¢ TV onueiwv mov o0 EA éxel xotoypdyel omd Tov
xPNOTN cuvoMKE (To TAN00¢ Twv onueiov givor 350). O EA epopudlel tov adyopouo
TNG OWVTLTOVIKT|G TAHALVIPOUNONG OTO ToPUéve GOVOAO TV {evydv (p,z). TIpv Spmg
EQOPUOGEL TOV OAYOPLOLO OLVTITOVIKTG THALYVOpOUNONG, €xEL OV0 emmALoV KobikovToL: (i)
XPOVIKY| €xmTmon TV Bopdv tov onuelov (p, z) mov xataypdeovton (ii) opodomroinon

SA@v Tov Levydv (p, ) Ta onola €yovv mepimov 1dieg Tinég otnv puetoANTH p.
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ZyMua 6.6: To cvvoro tav Levydv (z, w) mov o EA xatéypaye ond Tov xprotn

6.4.3.1 Opodonoinon onueiov Kot vwopaOuIon TOAOLOTEPOV EMLAOY DV

Eivoil mbavév, kémoleg amd TG opy1Keg eMA0YEG TOL YpNOTN, VoL WV elvoi T6c0 emtuyel,
pe v évvola 6Tt oméyovv ToAD amd TG avtiotolxes PéATIoTeS, KabMg dev yvapilovv
eENOKPLBAS TNV KOTEGTOGN TOL SIKTHOV.

IV TapAypopo 6.3 oVOPEPOLE TG O LAYOPLOLLOG TG VTITOVIKTIG TAAVIPOUNONG
epopuéleton méve ota Levyn (pi, z;) ota onola avtiotoryileton évol Bépog (i) kKo k6Oe
Letyog onueiwv tar onoiar mopafidlovv Ty HovoToviKOTNn T ovTikoBiotaton and éva
1o0dvvopo Levyog ko éva 16odvvopo Pépog, tor omoior voAoyilovtol COLPOVO LE TOV
om0 (6.7). To néco éva Levyog (p;, z;) emnpedlel v T tov véou Levyoug To omolo
vroAoyilel o alyépiBuog ovTIToviKiG TaAvopounong, eEoptdton oe peydho Babud ond
10 Bépog Tov 3(j).

Suvende, 0o mpémel ol apylkég emAoyéc vor ‘wrofoabuilovtar pe kémolo tpdmo,
wote vo Uiy ennpedfouvv ToAD T0 KmOTEAEGUO TOV AAYOPIBUOV TNG OVTITOVIKNG TOALY-
dpéunone. H epappoyr evog cuvieAeot xpoviKNG €kntmong oto Pépn twv onueiwv
00 €xel G amoTéAEGUO, OTAV EQUPUOGTEL O OAYOPIOLOC CLVTITOVIKTIC TOALVIPOUNOTG, TO
npdto onueion T omoior Kortorypdionkav omd tov EA, va €xovv ikpd Bépog Ko Gpo vor
emnpedlovy EAGYLOTA TO AMOTELEGUO TOV OAYOPIBUOV TNG OLVTITOVIKTC TTOALVOPOUNONG

(toe opy i Béipm Twv onueimv eivon 1). O cuvteAeoTNG YPOVIKNG EKTTMONG VIoAoYileTon
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KGOe opd mov KortorypApeton otd Tov EA éva kouvoOpylo Levyog (pit1, Tit1) KOL EQOP-
uoleton ota Bépn S OAwv TV onueiwv mov péypt eketvn v oty Kotéypoye o EA
TOAOTAOGIELOVTOG TOL P TNV TosETNToL elfit1—1:)/1000

QOEIENG TV LeEVYOVS (Pit1, Tit1) KOLE; T XPOVIKT OTLYUN GOENG Tov Levyougs (p;, ;). 'Etot,
pe TNV mapodo Tov XxPEvov, KOToypEeovIas cuveyds véo onueio (p,z), 10 BEpog TV

, OToV t;41 €lvorl M XPOVIKH GTLYUN

opylk®dv onuelov (tor omolo TOAH TOAVEV VoL AmEYOVYV CNUOVTIKE Ot TIC OVTIGTOU(ES
BéATioTeC TIECS), UELWVETOL GLVEXXDG Ko €TGL dev emnpedlovy TOAD TO ATOTELEGUO TOL
oAyopibuov.

AegVtepo kobikov Tov EA elvarl n opadomoinon twv Levydv (p, z) tor onola €xouvv
Tég p mepinov toeg. H opodomoinom yiveton yio dVo xvpimg Adyovs. Tlpdtov, yoti
towg apydtepo katooTel orvorykoio yior Tov 1810 Tov aAyOplBLo Yol VO OULOLOOTOITGEL TOL
Cevyn pe Tég p mepimov {oeg kou devtepov yrati, elvon mpotindtepo vo Bpodue yoryopa
plor koA emA0Y ToL TOGOV oL eivol JLOTEDEIUEVOS VoL TANPWCEL O XPNOTNG, TOPEL
mv Bértiotn aAdd apyd. 'Etot, M opodomoinom kotd Ty @Aaom tng kotorypoens o
UELWOEL TO GLVOMKO TAN00¢ TV onueiwv Ta onoior Bor AGPel vIT’GYLY ToV 0 AAYOPLBLOG
OVTITOVIKNG TTOALVOPOUNONG KoL Ao B0t LELDGEL TO VTOAOYLGTIKS KOGTOG,

H opodomoinon twv yertovikdv Tdv yiveton pe tnv xpnomn evog KotmeAiov €
n.y. (¢ = 0.001). Edv yio d00 Letvyn (p;,x;) xou (pr, 21) woyveL |p; — pi| < €, T0T€ OWTh
opodomorovvton o€ éval {evyog ovppmvo e Ty e&icwon (6.7) ko pe avtiotoryo Bépog

p(7)+630) .

6.4.3.2 O oAryéprduog tng Aviitovikng loitvépéunong

Onwg ovoQéPOLE KOl GTLG TPONYOVUEVES THPAYPEPOVS, O AAYOPLOUOG CVTITOVIKTG TTOL-
Mvdpounong npoceyyilel To ocvvoro TV (evydv (p,z) mov xataypdpel o EA, pe pio
un ovEovoo KaumoAn ¢*(p), He oKomd TNV EAOXLOTONOINGT TOL UECOL TETPOYWOVIKOV
GOAOALOTOC. TO KOVOVIKOTOUNUEVO UEGO TETPOYWVIKO COAAUN, GTNV TEPINTTMON TOV

oAYOPLOLOL CVTLTOVIKTIC TOALVIpSUNoNG opileton GOLPVOL LE TOV TOTO:

S pep [2(0) — *(P)B(p)
ZpGP ﬁ(p) ’

6mov P, 10 6Ovoro Tav Levydv p;, Tv (evYdV (p;, z;) Tov kKortéypowe o EA. EQapudlovtog

NMSE =

6.12)

TOV OAYOPLOUO TNG CVTLTOVIKNG TOALVIPOUNONG G €val TPOKaBopIoUEVO GUVOLO 0o
Cevyn (p, 2), m Tun tov NMSE 6o kaBopicet edv n tpocéyyion g*(p), elvor tkovomomn Tik:
Eév 1 tiun tov NMSE eivon apketd pikpt) o€ oxéon Le TNV Léom TIUn TV LETPNCE®V z(p),

ToTE M TPOGEYYLoN OTNV Guvaptnon g(p) = z(p) elvor 1IKOVOTONTLKT], OAM GG oonteiton



6.4. YAonoinon - Ielpapotikd AToTeAéoUOTO, 65

oVALoYH emmAéov onueiov (p,z). Znv deEoymyn TOV TEWPUUET®V, 1| EQOPUOYH TOV
oAyopiBuov petd v cviioyr 100 onueiov (p,z), €delEe mwg M T Tov NMSE eivon
TOAV ULKPT) O€ OG0T e TNV UECT TIUT TV peTpricemv z(p) (nepimov 10 4% tng uéong
TIUAG TOV LETPHGEMV z(p)), YEYOVOS TTOV LIOJELKVVEL TGS 1 KaTaypoupt) ToVAGtoTov 100
onuetov (p,x), odnyel oe OTOTEAECUATIKY] TPOGEYYLOT TNG GLVAPTNONG ¢(p), omd TOV
oAYOPIOUO aVTITOVIKTC TaAMvOpOUNonG. 'ETol HeTd TNV eaployr| TOL 0AyopiBuov g
OVTLTOVIKT|G TTOALVIpAUNONGS, TO GOVOLO T®V UeTpricemV ¢(p), mpooceyyileton pe pior pn
ovEovoa KaumoAn ¢*(p), n omoia omoteieiton omd TURHOTO AVONG GTOL OTTOlOL 1) TIUH TNG
elvon otaBepn (oynuo 6.7).

2TV GuvE el KoTorypapovTog éva kouvoupylo (evyog (p, ), Bo mpénel vou evnue-
PAOCOVLLE TIG TEPLOYES ADONG TNG SLVAPTNONG ¢*(p), Le TNV Véa elcarywyn. H evnuépmon
yiveton pe tov e€fg tpdémo: Metd tnv ta&vounon tov véou {evyoug dg Tpog T T p,
edv 10 onueio owtd dev aviKel oe Koppion and TG TePLoyEg Avong, TOTe Bo TPEMEL VoL
exteAeoTel 0 AYOPLOUOG TNG OVTITOVIKTG TAALVIPSUNONG Le GKOTG TNV dnuovpyia (o€
nepintwon mopoPioong g LOVOTOVIKOTNTOC) TV VE®V TUNUETOV AVone. Xtnv mepi-
TT®ON oL T0 VEo Levyog, Hetd TNV Ta&vouncn Tov, avikel o€ évo TUia AVomng (€0t
5), 1é1e T0 TUAUOL VTS vl vETOL GTOL onpeia Tor otoia To amapTilovy Ko 6TO GUVOLO
outo, poli pe to véo Levyog, extedeliton 0 aAyOPLOLOC TNG CVTITOVIKTC THAVOPOUNONG,.
ZInv cuvéyela eAEyyeTOL, oV M Lovotovikotnto Topofrdleton Heta&d Tov TUAUOTOG S
KOIL TOV YELTOVIK®OV TOV Sic £+ KOL Sy41¢. EGV 08 KGMO10 0t oruté mopouraleton (.. Sieft),
T61E 0 AYOPLOUOG exTEAELTON GTNV TTEPLOYN { Sic ¢, 5} K.0.K.UEYPLG GTOV GE KOvEvo TUT|HOL
Avong dev mapofréleton n povotovikétnto. H mopomdve dtadikocic, dedopévou 6Tt 1o
omoTéAESLO TOV adyopiBUov dev eEopTdton omd TNV Gelpd Pe TNV omoior AoUPEVOVLE ToL
Cetyn tov tapopotov [BDH72], éxel d¢ omoTéAeGUO TNV OTOS0TIKOTEPT AELTOVPYI TOL
oAyopiBuov, kabdg teptopt{opocte LOvo oto TUipoTo AHong oTig omoleg mopoPrdleton

1N LOVOTOVIKOTNTOL.

6.4.3.3 Extiunon tov mocov mov eivor dtotedeltévog vo TANpOGEL 0 XPNGTING Ot TOV
EA

ExteAdvTOg TOV 0AYOpIOUo otvTITOVIKNG ToAvOpOUNnong enl 1ouv Guvorov twv Cevymv
(pi, z;), 0 EA vmoloyiler pio mpocéyyion oto ebpog {dvng g(p), To onoio avtictoryel otnv
T p. 2NV cuvéyela Oo Tpémetl vor vmodeilel 6Tov xp1oTtn moto eivou N VEQ TIUT TOV TGOV
Tov elvor dorteBeévog var TANPAGEL 0 YPNOTNG OVE LOVASH YpEVOL VIO TIG TAPOVGES

GLVONKEC. AVOKEQPOAOLMOVOVTOG TO THPUTEv®, N VE LITEdeIEN oty yiveton omd tov EA
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yfuo 6.7: Tleproyéc AMvoewv Tov odyopiBuov Aviitovikng IoAtvdpounong

¢ €&ng: Metd v kortaypaen) Tov {etyoug (wy, 24), 0 EA ektiudel tnv véo Tl pr, g
pr = my )z, Ko omodnkevel 1o Levyog (py, #¢) 6TO GUVOLO TmV 10N Kortoryeypouévav Levymv
TOEWVOUMVTOG TO OG TPOG TNV TIUN p. TNV CUVEYELD EKTEAEL TOV OAYOPLOUO OLVTITOVIKTG
ToAvdpounong kot vroAoyilel to véa tufporto Avone. ‘Etol n tiun pr avijKel Tdpo
oe évo Tuniuoe Avong B 6to omoio M Ty Tng cuvaptnong ¢(- ) €xel otobept Ty ¢(ps)
yiow OAEC TIC TIUEG pp TOL OLVIIKOLV GTO TUMUa AVong B (cuumepriopfovopévou kot g
TIUNG pr). ANV GUVEYELD DTOSELKVVEL G VEQ TIUT TOVL TOGOU TOL elvon dtorteBellévog vo

TANPOGEL 0 YPNOTNG TNV:

Wi41 = g(Pt)'Pt- (6.13)

10 oynua 6.8 ametkovifovton o1 emA0YEC TOL VITOdeLKVVEL 0 EA GTOV XpNoTN KOG TO T0GH

ToL elvon SorteBeEVOC VoL TANPWCEL Ko 01 avTioTolxeg PEATIOTEG EMAOYEG (Le Bdion TnV
egiowon (6.10)).

6.4.34 XyoAlOOUOG TOV OMOTELEGUATOV

Onwg BAémovpe oty ekdva 6.8, ot emAoyég Tov EA ¢ mpog 1o mocd mov eivorn dote-
BelEVOC VO TANPWGCEL 0 XPNOTNG, eVl TOAD KOVIA OTIG orvTioTolyeg PEATIOTEG EMAOYEC,
omwe avtég kabopilovron amd v eEicwon (6.10). H die€orywyn tov nelpopdtov £de1&e

TS N ATOKALON TV EMAOYWY T0V EA amd Ti¢ avtiotolyeg BEATIOoTEC EMAOYES KLUOivETO
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yfuo 6.8: TOHyKplon Tev emA0Y®Y T0V EA Ko tov avtiotoliymv BEATIoTMV, 0¢ TPog To
1066 oL lvot SLoTEOEWEVOS VoL TANPAOGEL 0 XPNOTNG

6710 10%. Enuoavtikéd eivol eniong to yeyovog 6Tt ol emAoyég Touv EA elvon moAd kovtd
otig avtiotoyeg BéATioTee, dtav, AOYm TV peydAov LetaBoAwy Tov Capr, N BEATIOTN
TN ToV TOGoV oL elvon drorteBeIUEVOg vor TANP®GEL 0 PN oTNg Letofoivel oe pio do-
QOPETIKY GTAOUT, OTG eoiveTon TNV elkéva 6.9. Ztnv elkéva oty amretkovileton pe
UeyoAOTEPT AETTOUEPELDL, T} TTEPLOYT] LETAPOONC TV BEATIOTWOV EMAOYAV, TNG ELKOVOG 6.8.
TMopotnpovue 6TL KOOMS 1 TEPLOY TILMV TOoL BEATIOTOV T0G00 petofoivel omd 0.2 6 0.3,

ot emAoYég Tov EA akoAovBovv v petdfoon outh.

EmnAéov melpduoto, ekTeAéoTnKOV, 6To 0Tole VITOAOYIGTNKE 1 OBPOLGTIKT XPN-
cwdétrto Y, u(x¢)At, T0 GLVOAMKOS TOGH XPNUETOV >, w At KoL 1| GLVOMKTY| KaBopn
XPNOWUOTNTO (ANA. M Stopopd TNG xPNCUOTNTOG Lelov Ta xprinotar), oe dtooTrinoto 20
Sladoyk®v petproemv, Tov xprotn Kot tov EA. O alydplOHog TN ovIIToviKNiG TOALY-
dpdéunonc evepyomoibnke 6tov GLAAEXOMKaV cuvoilkd 100 Levyn (p, 2). O mivokeg 1-5
nopovotdLovy TV cVykplon avti. O xpong emA€yel T0 TOGO TOL elvol dtorteBelévog
VO TANPACEL, COUPOVO Ue TNV PBEATIOTN emAOYT| 0TS avTh eKEpAleton Ue TOV TUTO
(6.10). Ot TOPOTEV® TOGHTNTEG CLYKPIVOVTOL EMTAEOV KO UE TIG EMAOYEG VOGS ‘OTA0D
oVTITPOS®NOV’(AA) 0 omoiog dnAmvel éva 6talepd TOGS To onoio elvon dtoteOelévog
Vo TANPpOcEL kot To omoio eivort 160 pe Tov H€co TOGO TOL TPOKVITEL OO TNV EKTEAECN

10 mponyouvuévmv, HeydAng didpkelog, telpopdtwv. To otobepd ovtd mocd eivon i6o
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pe m. = 0.2547. Téco ot 10 mponyovueva melpduota, 660 Kol GTO TEPOUATO TOL
TOPOVOLELOVTOL GTOVG TAPOKETO TIVOKES, OL LETAPOAES OA®V TV TVYX LMV LETABANTMOV
elvon dpola Kotaveunuéveg.

Ané Tovg Tivakeg TapoTnpoVUE TG ol emA0YEC Tov EA elvon moAd kovtd kou
TAVTOTE 0LKOAOVOOVUV TIG UETOPOAEC TV EMAOYADV TOL YPNOTN, O Omolog EMAEYEL TO
1066 Bértioto. Aev cupPaivel To 1810 6TV TEPITT®ON TOL ‘OMA0D AVTITPOCSHTOV GOV
ovtioToryeg TIUEG TOV améyovV TG0 omd TIG BEATIOTE EMAOYEC, OGO KOl O TIG EMAOYEG
tov EA. BéBouo, oTIC TEPITTMGELG OOV KOUTA TNV SLEPKELN KOTHYPOPNC TMV THPATAV®
TOGOTHTWV M BEATIOTN TN TOVL TOGOV OV eivol SlorTeBEUEVOG VO TANPWGEL O XPNOTNG
ovE Lovada xpovou oy ToAH KOVId 6Tnyv 6tolepny m. Tov €3ve 0 AA, Ko 1 koBopny
XPNOUOTNTO TOV AA 1TV TOAD KOVTA 6NV avTictorym BEATIOTN, HTmg QoiveTon Kot oo
tov tedevtoio mivako. Xto oynfuo 6.10, ametkovilovion ypopikd ot BEATIOTEG EMAOYEG
poli pe T avtiotolyeg emAoyEg Tov EA Ko Tov ‘omAol ovTITpOGHOTO’, GTNV TEPInTTmon

TOV TELPGUOTOS TTOV TEPLYPEPETOL GTOV TLVOLKOL 4.

IMivakog 1
ABpototiki Xpnowwdmro | ABporotikd ITocod oBopn Xpnowdtmta  €pdog
EA 71.05 11.21 59.84
BéAti670 70.72 10.67 60.04
AA 74.14 18.32 55.82
IMivakog 2
ABpototiki Xpnowwdmro | ABporotikd ITocod oBop1) Xpnowodtnta
EA 71.12 10.7 60.42
BéAti670 70.97 9.95 61.01
AA 75.59 18.67 56.92
IMivakog 3

ABpototiki Xpnowwdmro | ABporotikd ITocod oBop1) Xpnowodtnta
EA 65.62 28.44 37.19
BéAtioTO 65.72 28.50 37.22
AA 57.43 21.53 35.90
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IMivaxkog 4
ABpototiki Xpnowwdtmro | ABporotikd ITocod oBop1) Xpnowdtnta
EA 72.26 9.64 62.62
BéAti670 71.72 8.35 63.36
AA 75.13 18.99 56.19
IMivakog 5
ABpototiki Xpnowdmro | ABporotikd ITocod oBopr) Xpnowdtnta
EA 75.04 21.31 53.73
BéAti670 75.06 21.3 53.76
AA 75.05 21.41 53.64
0.4 T
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0.35 4
03} ¢ +280 v L © ° ]
+ . N . g . +
> 0.25 B
% 0.2 Lo i
5 o ¥ o, sse9
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0.1 4
0.05 - B
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Steps

yfuo 6.9: TOHyKplon Tev emA0Y®Y o0V EA Ko tov avtiotoliymv BEATIOTMV, 0¢ TPog To
1066 TOL €lvol SLoTEOEWEVOC VoL TANPAOCEL 0 XPHGTNG, TEPLO)T| LETAPOIONG TOL w

6.5 Xounepdounoto

310 KeEQPGAOLO 0VTO, EEETAOOUE TNV XPNOT EVOC ELELOVE AVTITPOCHTOV O OTOI0C OVTL-

KOO0t ToV ¥pNoTN OTIG EMAOYEG TOV OGOV OV elvon doteBellévog vor TANPMOGCEL.
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yfuo 6.10: ZOyxkpion Tov emAoyYdv Tov EA Ko evOg ‘oAl OVTITPOGMOROV’, UE TIG
ovtiotolyeg PEATIOTEG EMAOYEG

Méom NG LVAOTOINONG KOl TV TEPOUATIKMOV OTOTEAECUATOV 0modelyOnke 6TL T0 Oew-
pNTLKS VIEOPaOpo 6To omoio otnpixOnke N vAOTOINGM, TO OTOI0 AVAAVETON EKTEVMC GTO
[CSMK98], odnyel otnv dnuovpyio evég epyoreiov mov Aettovpyel e oxeddv PEATIOTO
Tpémo 6GOV POopE TNV EMAOYH TOL TOGOV TOL €lvor SLATEOEWEVOC VoL TANPADCEL 0LV EL
povada xpoévov. EmmAéov melpopotikd amoteAéouoto, onédetoy 0Tl moTeEAECUOTIKT
xpE€won, MAodn Leyltotomoinon g GuVAPTNONS KOBOPNS XPNCIUOTNTC, LTopel TévToTe
emtevy Ot pe tnv xprion evog EA.

6.6 Xtouyxeio Yromoinomng

O EA, viomouibnke oe yAdooo C. To uéyebog tov eivor mepimov 1800 ypoupés xor
KotodopBaver xopo mepimov 50 Kbytes. To GUOGTNUO. TPOGOUOI®MONG TV YXPNOTWV
vAomomtnke oe C kol M emkovovio Tov pe tov EA mporyportoroteiton pe sockets. To
uéyebog tov elvou mepimov 4000 ypoptég ko kKartoAopupévet ydpo mepimov 100 Kbytes. Tio
v eEoymyn TV TEPOUOTIKOV omotelectdtov ekteléotnkoy tepimov 170 melpduorto,
wrd dGPopeg cLVOTKES, 1 €£060¢ TV omoimy voloyiletan oe mepimov 40000 Ypopéc, o

omolec amodnkevdeveg o€ apyelo kKataAoupdvouy ywpo tepimov 800 bytes.



QA 00 7
EniAdoyog

7.1 XoumeploRoTo.

Yto. TAaiolor TNG Topovcog epyociog oyedldotnke Ko vAoTomOnke éva meptBGALov
eKTéAeONG TELPOUETOV Y péwong vrnpectdv ABR. H extéleon tov nelpapdtomv Boridnoe
OTNV KOTAVONON TNG GCLUUTEPLPOPES TMV XPNOT®V, dTtoy orvtol déyovton ABR vrnpecieg
Ko xpedvovton yioo ovtéc. Tow TeEpEUoTor TPaylotonotibnkay 6e 660 10 SuVoTOV Lo

PEOALOTIKEG CLUVOT KEG KOl €0e1E0LY TAC:

e Ouyprioteg ot omoiot eivot dtorteBelpévol vou TAnpdcouvv évo ukpd tocd, Aoupévouv
LKOWVOTOINTIKT] TOLdTNTA VINPESioG LOVO Ge meptddovg Ukpng {itnong oe bpog

Cavng amd T1¢ VTéAOITEG GLUVIESELG 1) OE TEPLOdOVG 6oL T0 C 45 R ElVOL VYNAS

e O xprioteg mov elvon dlortebelévol Vo TANPWGoLY évor LEYEAO ToGo AauBévouv
ouveXdc TOAV KoA moldtntor vanpeciog, mov emnpedleton TOAV AMyo omd Tig

OAAOYEC GTNV KOTAGTOOT TOV S1KTVOV

e H duvotdtnto enovodlomporyldtevong Tov Tocoh oL elvor SlorTebelévVol Vo, TAN-
PACOLV Ol XPNOTEG, TOVG EMTPEMEL VO, OMOAUUPEVOLY TNV eMBLUNTH TOLOTNTOL
vANPeciog, aveEapTTOE TG KATAGTOONG TOV SKTHOL Ko VO BEATIGTOTOiGOVY

v KaBopn XPNCUSTNTO TNG VANPESTOS AVTHG,.

IMopovotdicoie eniong, TNV xpNomn eVOG ELPLVOVS OV TITPOGHOTOL GTNV TAEVPE TOL XPNOTN,
0 omolo¢ HoBOiVEL TNV GLUTEPLPOPE TOL XPNOTN Ko GTNV GuvEXeln TpoTeivel, PAoet
MG YVAOONG MOV OMEKTNGE KNG TNV GLUTEPLPOPE TOL XPNOTN Kot ol TNV dlabéciun
TANPOQOPio TOL JKTVOV, €Val TOGO TOL OV 0 YPNOTING TANPWGEL Y10 TNV VINPEGIOL TOV

AouBavet, Bo fedtioTonoloel TNV KoBopn xpNGUETNTO TOV.

71
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7.2 Melhovtikéc 0TELVOVVOELG

H ocvuneptpopd tov xpMotn 0o ueAetnOel o€ mo peaAMOTIKES 0TS TIG THPATAV® GUVOT|KEC,
otov o elvor SLaBEGLO TO KOTEAANAO VALKS oL B0l VAOTOLEL TNV HETASOOT VN PECLWV
ABR péom evig diktvov ATM. H mopondve pedétn puropel vo emektodel oty HeAétn g
GULUTEPLPOPES TOV YPNOTMOV KO TOL SIKTHOV KOl Yior GAAC GYNUOTO Y PEMONG KO Y10l
Stapopetikéc vanpecieg TANV TN petddoong video mAnpogopioc. Eniong elvon duvortdv,
omod0TIKOTEPOL OAYOP1IOUOL Ol omoiol Ba TpocsopUdlovy KoTd SLopopeTikd TPOTO TOV
PLOUG OTOGTOANG TANPOPOpiac video, Vo LELOGOVY OLKOUN TEPLGGHTEPO TNV CLTADAELD TNG
video TAnpoopiog Kotd TNV TPosopUoYn TOL PLOUOH OTOGTOANG,

TéLlog amd tnv whevpd twv epyoreiwv tor omola Bor fonbovv tov ypriotn otnv
YPEWGN TOL, OTMG 0 ELPVNC AVTITPOCMOTOS TOV TOPOVGLAGTNKE GTO KEQGANLO 6, pio
OAOKANPOUEVT LEAETN OO TPOKVYEL OTOLV LEAETNOEL | GUUTEPLPOPAL TV XPNOTWY OGO KOl
TV EQOPLOYDV KO TV TOPUTEV® epyaieiv oe éva Tporylatikd diktvo. TEAOC, 1 PLAO-
GOQiol TV ELPLHOV OV TITPOCHONWV UTOPEL VoL X pNGLLOTOIN Ol Ko YioL TV BeATioTonoinon
G AeLTovpYiog TOV SLKTVOL UE EVPLELS AVTLTPOCHTOVE, YOl TNV 0todoy 1| KANcemv, TNV

SpPOLOAGYN O™ KO TNV ENEKTOOT TNG X OPNTIKOTNTOC,
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