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1. Elcaywyn

1.1 Mevika

H &&&MéEn tov texvoAoyldv YynEloKNG TNAEOTTIKNG UETAO0OMNG Kol 1) GUYKAION
QLTAOV UE TIG LIAPYOLCES TNAEMKOWOVIOKES TEXVOAOYiEG 00NyNoE otV avAmTLEN
KOWVOTOU®V GLOTNUATOV, TOL YPNOLUOTOOVV £V KOO KOVAAL LETOQOPAS Yot TNV
TOPOYN ETEPOYEVOV VANPECSI®V. Ta mapandve cvotiuota amaptilovv éva mepBaiiov
Awdpaotikng Ynoerakng Tniedpaong (Interactive Digital Television — IDTV), péca and
10 0moio o1 TeEMKOl ¥pNoTeg £xovv TV dvvatdTNTa TPOSPaong Oyt LOVO GE YNOLoKA
TNAEOTTIKA TPOYPAUUOTO, OAAL KOl OE OlOOPOUCTIKEG OIKTVOKEG EPUPUOYES, OTMG
Internet, IP-TV xor VoIP. H 06100pactikOTNTO 00T EMTLYYAVETOL HE TNV YXPNOM
“KOvVOAM®V  EMOTPOPNS” TOV UETAPEPOVY TIC OITNOES TOV YPNOTAOV OGTOVS (POPEIG
TAPOYNG TOV VINPECLOV, EVA Ol CNTOVUEVEG VINPECIES LETAOIOOVTOL TPOS TOVG YPTOTESG
péow evog UHF kavaiiod. Zmmv Evpdmn, yio v emiyeld eKmoumn 1060 YnoloK®Ov
TAEOTTIKAOV VINPESIOV 000 Kat vanpectdv IP ypnoonoeitar 1o npdérumo DVB-TH,
OV TTPOCPEPEL LYNAOVS pLOUOVE PETAOOONG KOl EVPELD YEWYPAPIKT) KAALYT, EVED Y10
TNV VAOTOINGT TOL KOVOALOD EMGTPOONG Umopel vo ypnowomomnbel pi amd Tig
onuepwvég texvoroyiec, dmwc xDSL, ISDN, PSTN, WLAN, UMTS kot GSM™. Mg tov
TPOTO OVTO  EMTUYYOVETOL 1) EVONOINGT T®V TEYVOAOYI®V HETAOOONS YNOLOKOD
TNAEOTTIKOV GUOTOG LE TIG TEYVOAOYIEC TV TNAETIKOVOVIDV.

Qo1000, 6¢ €va 1000 mePIMAOKO TeEPPAALOV, OTMOC OVTO NG OLOPAUCTIKNG
Ynowkng tiedpaong, 6mov 1 mhatedppo DVB-T Aertovpyel cav vmodoun yi v
TaPOY OIKTLOKAV VINPEGLOV, 1) XPOVIKA HeTABUAAOEVT Kivnon ov dnpovpyeital amd
kéBe ypnotn emmpedler v Aettovpyion Tov dwtvov. Emiong, évag amd Ttovg
ONUOVTIKOTEPOVS TOPAYOVTIEC OV TPEMEL Vo ANeOel vToyn eivan 1 “evaicOncia” TV
TOPEYOUEVOV VANPECLOV, TOGO GE TOGOTIKA OGO KOl TOLOTIKO YOPOKTINPIOTIKA, OTMG
givan 1 kaBvotépnon kot 1 Sakdpaven me. To mpmtékorro PP mov ypnowonoeitat
onuepa dwPiPdler to mokéta Pocllopevo oto “mopadociokd” poviédo BéAtiog
[Ipoonabeiag (Best Effort), mov ypnoiponoteiton kot 6to Atadiktvo. Zopuemva, pe avto, 1

egummpéton g kivnong yivetal to GLVIONOTEPO OLVATO, YWPIG OL®G Vo TapEYETAL
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Kopd gyyomon toco yio 10 xpdvo mapddocng e 060 Kot yio TV 0o TV Topdooon.
Oplopéveg, Opms, epapproyés amoartovv va AdPovv eEummpénon oty dwPifaon twv
TOKETOV TOVG MOV VO IKOVOTOLEL Kdamoleg mpobmobicels, dmmwg yoaunAn kabvotépnon.
YUveEnMG, KpiveTon avaykaio 1 EVOOUAT®OOY OT0 OIKTLO KOTAAANA®V UNYOVICUOV
napoyng [Howdwmrag Yanpeowdv (Quality of Service - QoS) pe okomd v duspdiiong
™G o€ woavormomtikd emineda. Mio amd T1g o drededopéveg texvikég mapoyns QoS, n
omoio. TPOGPEPEL KOTNYOPLOTOiNon NG OKTLOKNG Kivnong Kot Olapopomoinocn GTov
Tpomo eEummpénong avtng eivar o pnyaviopds Tov Alaeopormompéveoy Y Inpeciov

(Differentiated Services — DiffServ) .

1.2 AvTiKeipevo Epyaoiag

YKomOG TNG TTLYLOKNG EPYOGIOG Eval 0 GYESAGUAG KOt 1] VAOTOINGT £vOG OIKTHOV
EMIYELOG YNOLOUKNG TNAEOPAOTS YLl TNV TOPOYN OUPIOPOUMOV SLOOPACTIKMY VINPECUDV.
2y ovvéxela, okoAovBel 1 HEAETN TOL UNYOVIGUOL AEITOVLPYIOG TNG TEXVOAOYING
DiffServ ka1 o Tpémog e tov omoio pmopel avTh Vo EVOOUOTOOEL 6TV OPYITEKTOVIKN
evog odpactikod DVB-T diktoov yia tv PeAtictonoinon g omdooong Kot TG
TO1OTNTOG TOV TAPEYOUEVOV LINPECIOV. TEAOC, HECH® UOG CEPAS TEPAUATOV Tov Oa
yivouv KaAdmTovtog Stapopetikd mbavd cevipia, Oa mpaypotonomBel avaivon tov
petpnoewv mov o TpokvYovy Kot B KTIUNB0VV TO ATOTEAEGUATO TNG TOPOVGING TNG

teyvoroyiag DiffServ ota yapaktnpiotikd tov diktHov.

1.3 A1apBpwon Epyaciag

AxolovBovtag TV ewooy®yn, o©Tto dehTEPO  KEPOAOO mopatiBeviar ot
amopoitnteg OempnTIKEG TANPOQEOPIEC TOL  OMOLTOVVIOL (MGTE O OVOYVACTNG Vo
eCowelmhel Kol vo KOTAVONGEL TNV AEITOVPYIN TOV TEYVOAOYLOV TOL YPNGLLOTOLOVVTOL
Yo TV €miTELEN QWTNAG TNEG TTVYIOKNG €PYOCING. XTO TPITO KEPAANO TOPOLGLALETOL M
OPYLTEKTOVIKN TOL SIKTVOV TTAPOYNG OLOPAGTIKNG WYNOLOKNG TAEOPAONG KOl VIINPECLOV

IP mov Ba ypnoyomombel kot meptypdeetor 1 VAOTOINGY TOV. LTV GLVEXEWL, GTO
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TETOPTO  KeEPAAO0 oaxoAovBel m avdivon, m UEAETN Kol 1M WOPOLGIOCON TV
OTOTEAECUATOV ~ TOV  TPOKLATOVY  Omd TG  TEWPOUOTIKEG — UETPNOCEL OV
nmpaypatoromOnkay. TéAog, 6T0 TEUTTO KEPAANLO SLOTLIIMVOVTOL TO. CLUTEPAGUATO TNG

gpyaciog Kot mopatifevton KAmoleg TPOTACELS Yio LEAAOVTIKEG LEAETEG.
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2. OewpnTIKO YTTéRa6po

2.1 DVB

To DVB, axpovopo ywo to Digital Video Broadcasting, €ivatr pio owoyévela
TPOTLTI®V OV O0pPilel TIG TPOSWYPAPES YL TV YNPLOKT LETASOOT OMTIKOOKOVOTIKMY
onuateV Kol OEdOUEVMV, YPTOLLOTOLOVTIOS O0PLPOPIKE, KOAMOlOKA Kol emiyelo péca
netddoone. Avamtoxdnke andé o DVB Project™ xat eyxpinke amd 1o Evpomdikd
T8popa Tpotonwv Tniemkowoviov (ETSD®. Ta mo yvwotd pédn e otkoyévetog
npotunwv DVB eivar ta : DVB-S kot DVB-S2 (dopvpopiké), DVB-C (kalmdiokd),
DVB-T (eniye10) ko DVB-H (eniyeto yia ktvntd ypnotm).

2.1.1 DVB-T

‘Eva a6 ta mo dwadedopéva Tpdtumo EXIyENg YnOoKNg HETAO00TG THAEOTTIKOD
onuatog eival to mpdtvro DVB-T. X¢ éva cvotmuo DVB-T 10 ontikookovotikd onpo
LETAOIOETOL GUUTIEGUEVO, YPNOLUOTOLOVTOS OLUUOPPMOGCT) TOAAATADY PEPOVIMV GTO
oynuo g molvmietiog pe opboymvia dlaipesn cuyvOTNTOS Kot KOIKOTOINGT KAVAALOD
(COFDM - Coded Orthogonal Frequency Division Multiplexing). H péfodog
K®OIKOTOINoNG TNYNG TOL YPNCIUOTOIEITOL EIVOL TO TPOTLTO MPEG-21"), v TpOCOATO
vioBemOnke war to H.264. Zto DVB-T ovomjpoata mn  petddoon emtvyydveton
ekméumovtag o éva omd to Kovoio 21-69 g pmbvrog tov UHF, 6mwg xor to
“Tapadoclokd” GLOTAUATO OVOAOYIKNG HeTddoons, £xoviag owabéoiuo edpog {ovng 8

MHZ.
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Programme
MUX
U Trargperl

Video Encoder [LIVES
Audio Encoder ! r====-"

_— | f—
—| Data Encoder H ):1/|__1 Spliter |
1
n

Souree cosng and MPEG-2 mulkipicyng

MUX
" Guard DAC
adaptation, Extarnal Extarnal Internal Internal Frame o
energy [| encoder [ interleaver [ encoder [T | Imtereaver [T Mapper adaptation [ OFDM H nterval and
dispersal Insertion front-end
o T a1 e 11 e |
adaptation, Extamal Extamal Internal
anargy "' encoder |'| interleaver |'| encoder TPS and pilot
I dispersal | 1! 1! | signal
I | - | -
Terrastnal channel adapter

Zynqua 1 : Awaypappa evos DVB-T woumod.

To npé6tvmo DVB-T mpocdiopilet £va povodpopo cHOTNUO EKTOUTNG KOTAAANAO
Yoo Vv petddoon vmnpecwwv, Omwg IP-TV xor IP-Radio, ywpic vo mapéyet
dwdpaotikdmrTo. [ Vv emitevén O100pacTIKOTNTOG KOl OUPIOPOUNG ETIKOWVMOVIOG
amotteital N EMEKTAGT TOL GLGTNUATOG TPOcHETovTag éva Kavail emotpoens DVB-
RCT (Return Channel Terrestrial), ®ote va givor duvati 1 enkowvmvia Kot 1 LETAPOPA
dedopévav amd TOov YPNOTN TPOG TOV TOPOYEN VLANPESI®V. [ v vAomoinon tov
KOVOALOD  EMIGTPOPNG WITOPOVV Vo ypnolomombodv o1deopeg amd TIC ONUEPIVES
dwBéoeg teyvoroyieg, Omwg xDSL, ISDN, PSTN, WLAN, GPRS, UMTS. H Vdrapén
TOV KOVOAMOU EMGTPOPNG OVOiyEL TOV SPOUO GTNV TOPOYN TEPLCCOTEPMY VINPECIDV,
onwg VolP, Internet, Email kot kot’ amoitnon onTIKOOKOLGTIKOD VAIKOV, KAVOVTOG

ypnon tov DVB-T koavoion enmkotvaoviag.
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2.2 xDSL

O o6pog xDSL (Wnowxkn Zvvopountikr] I'pappn - Digital Subscriber Line)
TEPIYPAPEL 0L OIKOYEVELDL TEXVOAOYIDV OV TAPEYOVYV YNOLOKY LETAOOON OedoUEVOV
VO amd TO TOPAOOGLOKO TNAEPOMVIKO OiKTLO, TETLYOIVOVTAG VYNAOVG pLOULONG
petddoonc. O Adyoc mov ovpPoaivel owtd elvar OTL YPNOILOTOIOVVIOL Ol LYNAEG
GLYVOTNTEG TOL YAAKIVOL KOAMOIOV, TOL HEVOLV OVEKUETAAAELTEG OO TNV KAOGGIKN
MAEQOVIO. AVGTLYMG, Ol GLYVOTNTEG AVTEG ££000EVOVV GUVTOUN, LE OTOTEAEGUO M
OLYKEKPIUEVN TEYVOAOYIOL Vo Uopel v AEITOVPYNOEL GE AMOCTAGELS £mG 5 YU. omd TO
mAepovikd k€vipo. H mo dnpogiang teyvoroyio DSL givon 1 ADSL (Asymmetric DSL).
Xoapoktnprotikd tov ADSL eivar to 0Tt o1 TaydTNTEG ANYNG KO OATOGTOANG OESOUEVDV
SlpEPOVY - 6g aVTd oPeidetl kKot T AEEN “acvupetpn” oto dvoud tov. o Tapdderypa,
wo ok tayvmta yio ADSL oty EAAGda eivar m 1024/256 Kbps. E&glyuéveg
exoooelg Tov ADSL eivar 1o ADSL2 ka1 to ADSL2+, o1 omoieg mapéyovv peyoldtepeg
Tax0ITNTEG OEOMOIDVTING OKOUO TEPICCOTEPEG GLYVOTNTEG TOL KoAmodiov. H péyiom
ToyVTNTO TOV Pmopel va emitvyet 1o ADSL2+ givon T 24/1 Mbps (1 ta 24/3,5 Mbps o¢

nepintwon wov vAonolel To tpotvmo [TU G.992.5 Annex M).

{ AikTuo OTE
{PSTN)

Anpéoto SiKTuo
{ATM, frame relay)

HY

AlgywpiorTng

EowTrepiKg
DOSL modem

DSLAM

Tormrd b= Router E Router
ouvSpounTiKg

KEVTpO Ethemet Ethemet

Data = 5P
center g Router Router

- T T 1
: : : 3 LANs
DSL = Digital subsonber line 15P = Intemet semvice provider

DSLAM = DSL access muttiplexer  PSTN = Public switched telephone netwiork

2ynqua 2 : Apyrrextoviky xDSL diktiov.
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2.3 WLAN

H teyvoroyia tov acvppatev tomikdv dwtdwv (Wireless Local Area Network -
WLAN) eivar éva €100g TOmIKOD OIKTOOL TOL YPNCIUOTOLEL POUSIOKVUATO VYNANG
ovyvotNTog avti KOA®Olwv Yyl v ohvdeon Kot emkowvmvia 000 M TEPIGGOTEPOV
vroAoylot®v. Kdvel yprion tov 1exvoloyldv SIopdpemong TG PacUOTIKNG eEAmAmong
(spread spectrum) 1 g opBoywvikng moidmAeéng dwipeong cvyvotntag (Orthogonal
Frequency Division Multiplex — OFDM). H opddog epyaciag tov IEEE™, mov €xel
avardapel v avamtuén Tov TPOTOKOAA®V oV oyeTilovtol pe To achpuaTe dikTLa £XEL

opioet éva ohvoro TpoTokOAL®VY pe TV ovopacio IEEE 802.11x.

Ipwtékoriro Yoyvotnta Throughput PvOpog Eppérera EpBéireia
Agrtovpyiag Merddoong | (Ecotepikoi | (EEmTepukoi
xOpoL) AOpoY)
Legacy 2.4-2.5 GHz 0.7 Mbps 2 Mbps ~25 pétpa ~75 uétpa
802.11
5.15-5.25 GHz,
802.11a 5.25-5.35 GHz, 23 Mbps 54 Mbps ~30 pétpa ~100 pétpa
5.725-5.875 GHz
802.11b 2.4-2.5 GHz 4 Mbps 11 Mbps ~35 pétpa ~110 pétpa
802.11¢g 2.4-2.5 GHz 19 Mbps 54 Mbps ~35 pétpa ~110 pétpa
802.11n 2.4 GHz and/or 5 74 Mbps 248 Mbps = ~70 pétpa ~160 pétpa
GHz 2x2 ant

Ilivakag 1 : Xovonrtixny meprypapn tov 802.11 npwtoxkdiimy.

To IEEE 802.11 vrootmpilelr pvBuotg petdooong émg 2Mbps, evd 1 €kdoom
IEEE 802.11b (yvwot og 802.11 High Rate 1 Wi-Fi) vroompiler pvBuode péypt ko
11Mbps. Ztnv owoyévela tov npotineov IEEE 802.11x avikovv 600 akdua TpdTuma To
IEEE 802.11a xou IEEE 802.11g (54Mbps). Tunua tov 802.11b amotelei to WEP
(Wired Equivalent Privacy, pvotikdétnto avtiotoyn pe to kohowdiwuéva diktoa), To

omoio kdver yprion tov aiyopiBuov RC4 mpoceépovtag dvvatdtnta ££0V61080TNONG
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KéOe wopPov Kot Kpumtoypdonong Twv dedopévov. Ot mpodypoapsés yio. TN
padtopetddoon kabopilovv Aertovpyio péoo ot Covn ovyvottov 2.4 GHz ISM
(Industrial, Scientific, Medical). Téco 10 IEEE 802.11 6co xair to IEEE 802.11b
YPNOLOTOOVV PASIOKVUATIKESG TEXVIKEG EVPEMS PAcuatog (spread spectrum), ot omoieg
avEAVOLY TNV 0ELOTIGTIO TOV GLGTHLATOS, TPOWOOLY TO PLOUG ATOSOCNG TOV SIKTVOV
ko mepropilovv tic mapepPoréc. To tpito mpdTLTTO TOL OVOTTTUYONKE elvan To 802.11g, ToO
omoio ypnouonolel v OFDM dwopopewon kot €xet ovuPatomnra pe 1o 802.11b
Aertovpymvtag Op®g KoAvtepa Ady® Tov opotothtov tov pe to 802.11a. Téhog,
avapéveror péca 6to 2008 1 emionun kvkAogopia tov 802.11n, to omoio Ba Tpoceépet
VYNAGTEPOLG PLOUOVG HETAOOONG A TO. TOAOATEPO TPMTOKOAAD PTAVOVTAG 0T 248
Mbps. H ypnon tov mpotdomov 802.11b v tov 802.11g yww v vAomoinon oG
apeidpouns emkovoviog kabotd to xpnom wKavd vo €xel evpul®VIKN TPOGRACT OTIG
JdpaoTikés vmnpeciec mov  embupel, okdépo kot Otav  Ppioketor oe  Kivmon.
Emunpocbétmc, Ta yapaktnpiotikd (vymioi pubuoi petddoong kat ypnon texvikmv spread
spectrum kot OFDM) twv mpotommv 802.11b ko 802.11g dnuovpyodv €va diktvo 610

omolo To KaVAAL €MOTPOPNG €xel ovykpicun omddoon pe 10 €VPLLOVIKO KavAAl

TpomOnoNc.

W;reless
Access Poi
Wireless Usb . Wireless -
Dongle PCI card
@ : PC
\’/ PCMCIA
Notebook ~Cardbus

2ynua 3 : Apyirextoviky WLAN oiktiov.
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2.4 VOIP

H 1eyvoroyla VoIP (Voice over IP) givat n petddoon g ¢mvig kévovog ypnon
tov [P diktdmv Kot Tov Aladiktiov, avtl TOV “Tapadociok®y”’ TNAEPOVIKOV SIKTO®V.
Boaoiletar ot petatpom g avaloyikng @oving o€ ynotlakn popen (Analog to Digital
Conversion - ADC) kol 0T0 KOTOKEPUOATIOUO TOL YNOLKOV OCNUATOS TNG POVNG OF
nakéto KatdAinAov peyéBovg. To makéro avtd otn cuvéyelo peTadidovtol HEGH TOV
Al d1KTOOV PE TN YPNOT| EWO1KOD TPOTOKOAAOV Y10l TN HETAO0ON OEO0UEVAOV TPOLYUOTIKOD
ypovov (Real Time Protocol - RTP) palli pe v omapaitntm onuotodocic. Xtov
OmOOEKTN UE o avTioTPoeT dtadikacio Exavadnuiovpyeitol to avaroywko onpo (Digital
to Analog Conversion - DAC) kataAnmntd amd 10 avOpomvo avti. To peyoaidtepo
nieovéktnua tov VoIP elvar 10 petwpévo kdéotog. Ot vampecieg VolP elvar moid
eONvoTEPES amd TIC TOPUOOGLOKEG EMIYEIEG VANPECIEG KOL, GE OPIOUEVEG TTEPUTTAGELS,
akopa kot dwpedv. AAAo peydio mieovéktnua tov VolP givar n popntoétTa TOU, KOONDg
YPNOLOTOIEL TO TAYKOGHO STKTVLO TOL AASIKTVOV Kol £TGL 01 YPNOTEG OEV OEGUELOVTAL
pe kdmola cvykekpiuévn tomobecia. Apkel kdmolog vor €€l VITOAOYIOTY, €VPLLOVIKY
OUVOEDT] KO, GE OPIGUEVES TTEPITTMGELS, EVOV TPOGAPLOYEN TNAEPDVOV, Y10 VO, UTOPEL VoL
Kével KAnoelg ypnoporotwvtog 1o Aoyaplacpd VolP. H ochvdeon oe éva VoIP diktvo
EMTLYYAVETAL LE TV XPNOTN EVOG NAEKTPOVIKOD VTOAOYICTN OV OBETEL LKPOP®VO Kol
nyela, pe v gpnomn eWkng TAePVIKNg cuckevns (VolP phones) 1 ypnotipomoidvrog

éva Koo TMAEPVO Tov cuvoéetal pe Eva VolP mpocappoyéa.

PC using SoftPhone

Voip adapter\‘_s\ e
|

L]
oy Gateway Analogue
Phone

Analogue
Phone

2ynua 4 : eviky apyitextoviky evog VolP diktvov.
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2.5 ApxitekToviknh AikToou AladpaoTikng Wnelakng TnAedpaong

2.5.1 Eicaywyn

M mhatedpuo entyelog ynelokng tnAedpacng eival duvatdv va mapéyel KTog
and ynorokd mAeontikd mpoypaupoata MPEG-2 kot vimpeoieg IP. To evdoyevég avtd
YOPAKTNPIOTIKO G€ cLVOLAGUO pe TV Vrapén kavalodv emotpoens (Return Channels),
emupénel TV VAOmoinon €vpLLOVIKOV VLTOOOUMV YL TNV TOPoYn OUeIdpopmv
JOPACTIKOV VINPESIOV. MeEPIKEG OO TIG VANPEGIEG TOV TOPEYOVTOL OO £V GVCTNLOL

DVB-T sivou :

e  Pnoeloxd mAeontikd npoypdupato MPEG-2.

e Ymnpeoieg IP-TV kot [P-Radio.

o IIpdcPaon oto Awndixkrvo.

e Ymnpeoieg Video On Demand kot Audio On Demand.
e VoIP (Voice over IP) tnAepmvia.

2.5.2 To diktuo ATHENA

Aapupdvoviag v’ dyv TV TOMIKY Kol OIKTLOKTY O1IOTACY TNG VENG EMIYELNG
ynowkng miedpaocns (DVB-T), 10 Evponaixd epsvvntikd épyo ATHENA IST FP6-

507312 ( www.ist-athena.org ) mpoteivel TV V0OETNON TS YNPLIKTS HETAPAOTC OTaL

UHF a&lomowwvtag t ponn tov DVB-T og avayevvntikovg oynpoTicpovs yu tnv
vAomoinomn piog evpuvlovikig vrmodoung mpdoPfoaonc kot Tn onuovpyio evog Kovov
KOVOAlo0 petagopds kivnong IP dwbéopo oe OAn v meproyn evpuvekmoumns. H
GUVOAIKT] OPYITEKTOVIKT] QTOTEAEITOL ATO OVO VITOGVOTHLOTO
1. Amd éva Kevipikd Znpeio Evpvekmounn|g (miateoppa DVB-T).
2. Am6 éva ovvoro Evdidpecov KopPov Atavoung (Cell Main Nodes —
CMN’s).
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H DVB-T meproyn kaioyng dtoupeitor oe koyéreg, kdOe pio ek’ tov omoimv
eEvmpeteiton and éva CMN, o omoiog pe v oepd tov gEumnpetel Kamowov apOuod
YPNOTOV, TOPEYOVTIOS CLUVOECIUOTNTA UE ¥pNom Odpopwv texvoroylidv. H apeidpoun
emkowvavia petacd kabe CMN kot Tov KEVIPIKOD GMUEIOV EVPVEKTOUTNG EMTVYYAVETOL

le T xpNHomn 000 EEXYMPIOTOV HLOVOSPOUMY KOVAADV ETKOIVOVIOG.

Uplindc
Foxmn CHI *

] Broadcasting area
]]n[ W""_ .:{ = {Le. S0k 1adins)

adkasing (2 \

TVLN = Viirdess
Optica
THF
oo uf
2ynua 5 : I'evikn apyitextoviky ATHENA IST FP6-507312.

H IP «ivnon evBvhokovetor oto peovpa  petagopas DVB-T MPEG-2
ypnoporolmvtog v texvikn EvOvidkwong IToAlamiov [lpotokdArlov (Multi Protocol
Encapsulation — MPE) mapéyovtag étot éva 10eato diktvo koppov ETHERNET yia tig I[P
vmpeciec. AxoAovBei  molvmAesia g IP kivnong Kot TV TNAEOTTIKOV TPOYPOUUATOV
oe wo pory] DVB-T, n omola pe v o€pd ™G SOUOPPDVETAL YPTCLUOTOIDVTOG
Kodwomomuévn OpbBoydvikn IoAdmieén Zoyvomtoag (COFDM) kot ekméumetor Hécm

evog kovaiov UHF .
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2.6 Mo1éTnTa YITnpeoiag

0O 6pog IMotdtnta Yanpeoiag (Quality of Service - QoS)!'! avapépetar oto Tpdmo
pe tov omoio €va diKTLo TapPEYEL EYYVUNOELG oTNV ELINPETNON UG SIKTVOKNG Kivong,
Kévovtog amodoTikn ypnon tev dbéciumv diktvokav mopwv. H TTowwmra Yrnpeoiog
EMTLYYAVETOL PE TNV XPNON O1AQop®V pNovicudv mov pvluilovv v Kivnom &vog
KOVOALOD HETAOOONG, OEGUEVOVLY TO KOTAAANAO gVpog (mdvng kar dwyepilovtal Tovg
TOPOVG TOV SIKTOOVL OVOAOYO HE TIC OMOLTNOELS TOV OPOPOV YPNOTOV 1 POdV
dedoUEV@V, £TOL MOTE TA OPOKTNPLOTIKAE TOV EMNPEAlOVY TNV TOLOTNTA VO, S10THPOVVTOL
0€ QMOOEKTEC TIUEG.

H IMowmrta Yranpeoiag £xel 1010itepo VOLAPEPOV Y10 TNV AOLAAEUTTN UETAOOON
Bivteo, @wvng kot moAvpectkng mAnpoeopiag. Eivor dedopéva mov amortovv peydio
evpog Covng kot eivor SVOKOAN M petddoon Tovg pe N ypnon “‘best effort”
TPOTOKOAM®V, Onwg t0 KAaoowd IP. Ia mapddsrypo pioe pony OMTIKOOKOVGTIKNG
nAnpoeopiag Ba mpémet vo petadobel despevovtag peyardtepo e0pog Ldvng Kot £xovtag
VYNA TPOTEPAOTNTO OE avTiBeon HE oL pon] OEOOUEV@V TOL OV EXEL 1O10UTEPEC
OTOLTGELS GTNV HETAOOT TNG.

To yopaKTNPIoTIKA €VOG OIKTVOV OV EMNPEALOLV TNV TOLOTNTA TOV VANPECUDY

sivat:

e H xaBvotépnon (delay — latency), o ypovog petdfoong evog maxétov and Tov
OTOCTOAEN GTOV TOPOANTTT.

e H dwkdpoavon (jitter) omnv KabBvotépnon.

o  Ovanodleleg (losses).

e To dBéopo evpog {dvng (bandwidth).
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2.6.1 TexvoAoyieg rapoxnig Moidtnrag Yrnpeoiag

Ta onuepwva IP diktva avoaPaduilovror amd to “best effort” povtédo petddoong
oe Kamowo povtélo mov Bo pmopel va moapéyer OopopeTikd emimedo vanpeciog Yo
ovykekpipéves amartnoelg Iowwmrag Yanpeoiag. 1o “best effort” poviédo n xivinon
petadideTal OGO o YPNYopa EMITPENEL TO SIKTVO KOt OAEG O POEG AVTIUETOTILOVTOL KATA
tov 1010 Tpomo omd avtd, oAAG dev mapéyeTon kopio g€yyvnomn v v I[Howdmnta
Ymnpeoiog. ['a va kataotel epappdoiun n [owwmrag Yrnpeoioc, o opyaviopnog Internet
Engineering Task Force (IETF)!'! avéntoée tpeic pmyaviopong kot apyitekTovikég mov
TaPEXOVV JOPOPOTOINGTN VINPESIOV Kol avoAapuPdvouy va emANeOovy tov (ntnudtov
™m¢ déopevong moOpwv kot G Peitiotomoinong g amddoong evog oktvov. Ot
unyoviopoi avtoi eivon : ot Awagopomompévec Yanpeoiec”! (Differentiated Services —
DiffServ - RFC 2475, 2474), ov Evomompévec Ymnpeoiec!'? (Integrated Services —
IntServ - RFC 1633) o¢ cuvdvaoud pe to Ipotokoiro Aéopevong Iopavi™ (Resource
ReserVation Protocol — RSVP — RFC 2205) kot  Metayoyn Emonudtov IToAddv
potokorravt'! (Multi-Protocol Label Switching — MPLS — RFC 3031).

H teyvohoyio twv Evomompévov Ymnpeoudpv elvar  apketd moAOmAokn kot
oLVOeTn Gg oVYKPLON HE TIG AAAeG dVo Teyvoloyies . [Tapéyel amdlvteg eyyvnoelg 6Gov
apopd 10 €Opog Lmdvng kot TG KaBLOTEPNOELS Yo UEUOVOUEVEG POEC, KOODS TO
[Mpwtoxorro Aéopevong Iopwv avarapupdver v aldmot petadoon HEcO omd TO
KOVAAL ETKOVOVIOG.

Avrtifeta pe 11 Evomompéveg Yanpeoieg, o unyovicpog tov Atopoponompuévay
Ymnpeoidv givor mo amAdg, TPOGEEPEL EMEKTACIUOTNTA Kol Oev amoutel €K T®V
TPOTEPMV OEGUEVOT TTOPWV 1 KATOL0 €101KO e&omAopd. Eyyveiton yio v mapeyopevn
vInpecia oV Kpiotun dikTvakn kivnon, OT®G TNV PON OTTIKOUKOVGTIKNG TATPOPOPIoG
Kot oVYxpoOvec mapéyet “best effort” petadoon oe vanpecieg xwpig WO1OHTEPES AMANTIOEL,.

Téhog n teyvoroyia ¢ Metayoyne Emonudtov IMoAhov IIpwtokdAiwv
TPOGPAETEL GTOV ATOSOTIKO TPOGIOPIGUO, OPOUOAOYNOT|, TPOMONGN KOl LETAYMYN NG
pomng tng kivnong péca oto dikTvo, cuvovalovtag v petaymyn pe eticéta (label) ko v
nopadootakn dpopordynon tov IP. H Aettovpyla g otpiletar oty onpovpyia

KUKAOUATOV HETOYOYNG HE TPOKAOOPIGUEVO YOPOKTNPIOTIKA, Omwg gvpog {ovng. To
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LLELOVEKTNLLOL TNG CLYKEKPLUEVNG TEXVOAOYIOG EYKELTAL GTO YEYOVOG OTL Y10 TNV VAOTOINO

™G omantel HEYAAES OOAVES GTNV ATOKTNON E01KOVD EEOTAIGLOD.

2.7 AiogopoTtroinpéveg Ymrnpeoieg (Differentiated Services —
DiffServ)

2.7.1 Eicaywyn

Ta cOyypova diKkTLA OEOOUEVOV HETAPEPOVY TOAAOVS KOl OLLPOPETIKOVG TOTTOVG
VANPECLOV, GUUTEPIAAUPAVOUEVIC TG P®VNG, TOL Pivieo, TNV G€ TPAYHATIKO YpOVO
LETAOOCN PODV TOAVUEGIKNG TANPOEOPING, TOV NAEKTPOVIKOD TOYLOPOUEIOL Kol TNV
petagopd opyeiov. IToAdol amd Tovg mpotewvduevovg pnyoviopovs Ilowdtntog
Yrnpeoiag, mov ENETPEYOV GE OVTEG TIG VINPECIEG VO GLVVTTAPEOLY, NTOV TOAVTAOKOL
Kol amétoyav vo avteneEEABovy ot amorthoelg Tov Awadiktoov. To 1998, o IETF
onpocievce 10 RFC 2475 pe titho “Apyrtektovikn yuoo 716 Alpopomompéves
Ynrnpeoieg”, omov opiletl Eva véo unyaviopo mapoyns Iowwmrog Yanpesioc. Xnuepa, ot
Awgpoporompéveg Ynpeosieg £(ouv ovTIKOTOOTACEL KATA £vo. PHEYAAO HEPOG GAAOVG
unyoviopovg mapoyng Iowdvmtag Yrnpeoiag, onwg tig Evorompéveg Ynnpeoieg, oc 1o
KLpLOTEPO LEGO Yo TNV dacPAAlot ¢ [Towdntag Yanpeoiog ota diktua VTOAOYIGTOV.
Ot Awgopomompéveg Ymnpeoieg etvor pa texvoloyio SKTOMONG VTOAOYIGTIKMV
CLGTNUATOV TOV GTOYEVEL OTNV SPOPOTTOINGT, pOBUION Kot dtayeiplon TG SIKTLOKNG
Kkivnong kKot oty mapoyn kot daceaiion g [lowdtrog Yrnpeoudv ota poviépva 1P
diktva. Agttovpyel Bacilopevn oty apyn ¢ Tagvounong Kivnong, katd v omoia
OwkTvakn kivion katnyoplomoteitor o€ €va GUYKEKPUEVO aplBd GLVOAWV, OV
ovopdlovtar cuvora cuoumeprpopds. Kabe chvolo cvumepipopds pmopet vo, amotereital
and odpopeg Ko petald tovg aveSaptnteg poég mov amantovy OpmG TV dta ToldTnTA
oTNV TOPOYN LANPEGIOV At T0 dikTvo. Ot TPobmoHEcEI TOoV TPEMEL va TANPOL pia pon|
v va, ta&tvoun et mpoodropilovral og o copeovio Leta&h Tov TopoyEa TG VINPEGTOG
KOl TOV TEAQTN — YPNOTN, TNV Zvpeovia Ztabung (mapexduevng) Ymnpeoiog (Service

Level Agreement - SLA). H cvoppovia avt propei vo mepléyet kot AETTOUEPELG KOVOVEG
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pOBuoNG TG Kivnong, ot omoiol pe TNV GEPE TOVS GLVIAGGOLV £Ve, LVUPMVNTIKO
P0vOuong Kivnong (Traffic Conditioning Agreement — TCA). To Zvppmvntikd PuBuong
Kivnong mpocdiopiler mote 1 kivnon eivor evidg tov cuvOnkov (in profile), mote extdg
ocuvOnkov (out-of-profile) kan T evépyeteg mpémet v Anebodv dote vo Tagtvoun et kot

va puOuotel avordywe.

2.7.2 ApXITEKTOVIKAR Ala@opoTroIiNUEVWY YTTNPECIWV

H oapyitektovikn tov Aloagopomompéveov Yanmpeowov sivor PBaciopévn oe €va
anmAd HovTELO OTOL 1 Kivnom mov e16épyeTol o€ £va dikTvo OV VAOTOEL dtapopomoinon
vmpecwov (DiffServ Domain), xatnyopromoteitat, pubuiletor kot tagivopeitor oto
dwapopa obvora ocvumepipopds (Behavior Aggregates — BA). Ov evépysieg owtég
TPAYLATOTOLOVVTOL OTO Oplo TOV OKTOHOV Oamd Tovg Apoporoyntég Iapveng (DiffServ
Edge Routers - DER). ITio avalvtikd, ot Asrtovpyieg mov ekterel évag Apopoloyntig
[Hapooenc eivo :

I. Ta&wvounon wm¢ owrvokng «ivnong : H ta&vounon emtvyydveton
napkdpovrag KatdAnio 1o Kwodikoonueio Atagopomompéveov Ynpecimv
(Differentiated Services CodePoint — DSCP) xa6¢ IP maxétov. Ta IP makéta
mov @épovv v 10 Ty oto Kwdwoonueio avrikovv oto idt0 cvvoro
CLUTEPLPOPALG.

2. Métpnomn, aoTUVOUELGT KOt SIAUOPPMOGCT TNG ELEPYOLEVNG KivonG LE TETOL0

TPOTO OoTE va mapEyeTor eyyunuévn Iowdmra Yanpesiog 6ta cGOVoAa pomv.
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=

DiffServ Domain

DCR : DiffServ Core Router
DER : DiffServ Edge Router

Zynua 6 : Lynuatiky avorapdorocy uiogs neployns Aioapopomomuévoy Yanpeoimv.

Méca oto diktvo To mokéta SwPifalovial GTOV TPOOPIGHO TOVG Omd TOLG
Apoporoyntég IMupnva (DiffServ Core Routers - DCR), ot omoiot gEA&yyovv TV TR Tov
DSCP xa0e maxétov Kot 10 TpomBohv COLP®VA PE TOLG KAVOVEG TTOV OETOVY TO GUVOLO
GUUTEPIPOPGS 610 omoio avijkovv (Per-Hop Behavior - PHB)!!. T va emtevyBei 1o
emBountd eminedo mowdNTOag epappoloviar Sdpopeg péBodor diayeipiong ovpadv
(Queuing Disciplines), mBavo enavamposdiopicpd (remarking) g tiung tov DSCP kot

ovvtoviolo (scheduling) tng kivnong.

Select PHB II Local
4 m conditions
¥

Classifier 1| Markera‘ Meter }_. Policer a‘ PHB L. Classifier Packet
: (DSCP only) treatment
DiffServ Edge Router DiffServ Core Router
o p

2ynua 7 : Evépyeies yia v epapuoyn DiffServ o¢ : a) DER, f)DCR.
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Kd&Be ovvoro cuumepipopds mpocdtopiletar amd v Ty evog mediov tav § bits,
oV vIhpyel péco oy emkearido tov IP maxétov (IP header). Ot oyedootég TV
Awpoportompuévev YINpesidV amoPiciooy Vo YPNCLLOTO|COVV TV JEVTEPT OKTAON
bits g IP enwceparidag petovopdlovrag v and nedio ToS (Type of Service Field) oe
DS nedio (Differentiated Services Field) M®. T v Spoponoinon tov vanpecidv
yivetal yprion novo tov 6 mpotwv bits (and apiotepd) and to dwwbéoiua 8 tov mediov,
mov ovopdalovror Kodwoonueio Atapopomomuévov Yanpeowwv (Differentiated Services
CodePoint — DSCP), aenvovtag ta dVo tehevtaio avekpetdrievta. Oempnrtikd, £va
diktvo 0o pmopovoe va £xet péypt 64 (2°) SopopeTiké GOVOAD GUUTEPIPOPAS
YPNOLOTOIDVTOS OAEG TIG duvaTES THES ov pmopet va whpet to DSCP. H doun g IP

emke@aAidog kot Tov mediwv DS kot ToS gaiveton 6to mopaxkdt®m oynua :

IF HEADER

u] 15 16 31
4 hit
4 bit header 8 bit type of 4
wversion |length gervice [(TO3) 16 hit total length (in hytes)
3 bit| 13 bhit fragmwentation
16 hit jdentification flags| offszet 2
2 hit time to 2 hit
live [TTL) protocol 16 bit header checksum 12
32 bit source ip address 16
32 bhit destination ip address 20
options (if any: next tcp | udp header)
DATA
a
0 1 2 3 4 a G 7 o 1 z 3 <+ 5 G 7
Precedence Tvpe of Service | MBZ : : El=R F! : : Bl
L. FRTIm FRZ 134 - b ?
Y e
B Oifferencigted Servicas
P Type of Service (TOS) Codepart [DSCF)
B Y

2ynua 8 : a)H smikepalioa twv IP takxérwv, B) to neoio TosS, y) to meoio DSCP.
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2.7.3 Per Hop Behavior

Onwg avaeépdnke mapondvm, n Per Hop Behavior (PHB) xafopiletar and v

Tun mov eépel 1o DSCP 1ov Ka0e TakéTou Kot LITOdEIKVOEL TOV TPOTO LE TOV OTTO10 OVTO

Ba TpowHnbeil amd tovg dpoporoyntég mupnva Tov diktvov. O opyaviouodg IETF €xet

TUTOTOWGEL Ko Tpoteiver Tpelg katnyopiec PHB :

1. Tnv Eonevopévn Mpodnon (Expedited Forwarding — EF — RFC 3246) 7

OV TOPEYEL VYNAY TTOOTNTO. LETAOOCNS, TPOMODOVTOG TO TOKETO LE LUKPT

kaBvotépnon, younAo jitter, eAdyioteg omdAeleg Kol eEACPUMOUEVO €0POG

Covne. H tiun tov DSCP ¢ EF xatnyopiag eivar : 101110
2. Tnv E€oopoopévn MpodOnon (Assured Forwarding — AF — RFC 2597) 8,

N omoio TPOCPEPEL TNV SLVATOTNTA TOEIVOUNONG TOV VINPECIAOV GE TECGEPLG

vrokatnyopieg (kKAGcelg) pe Owopopetikny mpotepatdtnTa dwuPifaong. Ztig

TPES TPOTES KAAoES gpoappoletor to  “Olvpmaxd” mpdTLRO Yoo TOV

S ®PIOUO TOV LANPECIAOV GE : YPLON, ACTUEVIO KO YOAKIVY|, TAPOYDPDOVTOG

mv avérloyn mpotepardtnta. EmimpocHeta kdbe xidon opiletar amd tpia

epapykd enimeda amoppwymg maxétwv (drop precedence). Ot mpotevoueveg

Tég Tov DSCP tov AF khdoewv gaivovtotl otov mivoka :

Class 1

Class 2

Class 3

Class 4

Low Drop Precedence

AF11 001010

AF21 010010

AF31 011010

AF41 100010

Medium Drop Precedence

AF12 001100

AF22 010100

AF32 011100

AF42 100100

High Drop Precedence

AF13 001110

AF23 010110

AF33 011110

AF43 100110

Ilivakag 2 : Hapovaiaon tov tiumv too DSCP rmediov twv AF kidoewy.

3. Tmv HpoxaBopiopévn PHB (Default), mov ypnowonoteitor yio v kivnon

Bértiotng mpoondbeiag (Best Effort — BE), n omola dev mapéyet eyyvmoeig yo

mv mototnta TG vanpeciag. H tiun tov DSCP givai : 000000.
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2.8 AAyo6pi8puol Mop@oTtroinong Kivnong
2.8.1 FIFO

O aiyopBpog FIFO (First In — First Out) givot o wo andog om’ 660vG Pmopovv va
EQOPUOGTOVV YO0 TNV doryeipiomn g Kivnong oe o diemaen dtktvov. H Asttovpyia tov
elvar Wwaitepa amAn. Ta eloepydpeva makéta TomobeTovvTol Katd TV deién Tovg 6€ o
oVpa avapovig cuykekpipévov peyéBovg. H eEummpémon tov makétov yivetal akpipog
pe v 10 ogpd mov To. Takéto TomofeThOnKoV otV ovpd, dNAdN TO TAKETO TOV
éptace mpoto Bo mpowbnbel kot mpwrto. Otav m ovpd yepicel, ta mwOKETO TOL

katapBavouv Ba amoppintovtar (tail — drop).

ST i T
e [ o~
Flow 4 -

s —— .

S —
.
S Y

2ynjua 9 : Lynuatiky meprypapij tov alyopibuov FIFO.
2.8.2 PRIO

M amAn pébodoc mov vmootnpilel dapopomoincn vanpecidV  givol o
alyopiOpoc PRIO (Priority Queuing). opueowvo pe tov oAyoplBpo to ToKETo Tov
Kata@Bavouv taStvopodvtal amd T0 cLGTNIE Kol TOTOOETOVVTOL GE OVPES OLOPOPETIKNG
mpoTEPAOTNTAG, 0 KABe o and TG omoieg epapudleton o akydpBuog FIFO. Ta va
eEumnpetn el Eva TaKETO P OVPAC TPETEL OAEC O1 OVPEG VYNAOTEPTG TPOTEPAULOTNTAGS VL

elvan kevéc.
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Flow 1

Flow 2

Flow 3

Flow 4

Flow 5

Flow &

Flow 7

Flow &

S
D:l:l:l—» Classifier
1
E—
—
— 1~
-
- Ny

Highest Priority

d

BN |

Middle Priarity

~ BT W |

Lowest Priarity

1

[T T

Scheduler

/

2ynua 10 : Zynuotiky weprypopn tov alyopibuov PRIO.

2.8.3 SFQ

O aiyopBpoc SFQ (Stochastic Fair Queuing) eitvot oyediocpévos pe tétoto 1pdmo

wote va eEac@arilel kabe pon va €xel EmapKn TPOSPOCT GTOVS TOPOLS TOV SIKTVOV KO

TOPOAANAO VO OTOTPEMEL 0L KOTOLYIGTIKY] pon] omd TNV KATOVOA®GYN TEPIGCOTEPOL

ebpovg {dvng amd avtd mov ¢ avtiotoryel. Ta makéta apykd tastvopodvtal omd 1o

oLOTNWO GE POEG KOL GTNV GLVEYEWD eEuTnpeTeital Eva TaKETO TV Popd amd kdbe ovpd

e KUKAIKY] GEPA, TOPAAEITOVTOG TIG KEVES OLPEG,.

Flow 1

Flow 2

Flow 3

Flow 4

Flow 5

Flow 6

Flow 7

Flow 8

[T M~ \
1T T fotsid

.

Pl
Pad
el
Sa
RS
S

|II|\

_ W N

Scheduler

e

2ynua 11 : Zynuoatikn weprypopn tov alyopibuov SFQ.

Port
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2.8.4 RED

Mo eVOALOKTIKY OVTILETOMTION TG TEXVIKNG drop tail mov espapuodletor otnv

FIFO ovpd eivar o aryopiOuog RED (Random Early Detection). Zkomog tov givat va unv

apnver v FIFO ovpd va yepicetl, amoppintovrog emiektikd makéto otav yperdletal. Me

aVuTOd TOV TPOTO avtipeToniletor N cvpEopnon tov dktdov Kot To TCP mpwtdKoALo

KOTOQEPVEL VO OTTOKTHGEL YPNYOPOTEPO TOV KATUAANAO PLOUO OTOGTOANG OEOOUEVMV.

Mo o e€ehypévn popoen tov RED eivar o akydpiBuog GRED (Generalized RED) mov

vrootnpilel MOAAATAEG TTPOTEPAOTNTEG AMOPPIYNS, KOOIGTOVTIOG TOV KUTAAANAO Yo

epoppoyn otic Atapoponompueves Ynpecies.

Ingoming
packet

sl
./‘- -
| !
A

CoOMpuUte averags
queus kength

A

.
Avr=MinTkras IMinTrresq.ﬁ.ure:MaxThres

RANDOMN EARLY DETEGTICH
At = guarane quels length

MaxThres = max queue length threshald
MinTrres = min queua length thrasheld

Avr=MaxThres

2ynjua 12 : Zynuotiky meprypopn tov alyopibuov RED.

s _l -
calzulate packet
dropping probability
o
I'f‘--.\.\.'\I
N .f'l
clse high probability
i N
k. 1
Enqueuse Drap
pachket packel
———
1
|'fd_.\|
A
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2.8.5HTB

O olyopOudg HTB eivor o e€ehypévn poper] tov aAyopipov kadov pe
okvtaAn (Token Bucket algorithm). Xpnowomoteital, kupiog, yio v Hopeomoinom g
SIKTLOKNG Kivnong Kot Tov TEPLOPIoUO ToL PLOUOD HETAGOONG OEOOUEVMVY EMPBAAAOVTOG
éva LEGo puOBUd amOGTOANG, EMITPEMOVTOS OUMG EAEYYOUEVOLS Katarytopovg (bursts). O
TPOTOG Agttovpyiog Tov OAyYOplOHOL KASOL HE OKLTAAN Umopel vo Teplypapel pe tnv
omapén evog Kaoov cuykekpuévov peyeBovg, péco otov omoio dnpovpyodvtal avd
TOKTO YPOVIKA S10GTHHOTO KATTOLES “Adetes” (tokens), TOV avITPOGMOTEVOVY TO dIKOUM AL
amooToAMG Tov mokétov. ‘Eva makéto, yio va petadobel, mpémel vo mhper po adeo.
Yrbpyovv ,0U®G, TOpaALAYEG TOV OAYOPIOUOV OV EMTPEMOVY TEPIGGOTEPO OO EVal
TOKETO, VO AmooTaAovV pe pio doeta. Ta makéta petadidovior pEypt vo, TEAEIOGOVY Ol
adeleg mov vmapyovv péco otov kdoo. H évvola g epapyiog tov HTB e1cépyeton pe
Vv dVVaTOTNTO TOV VO AELITOVPYNOEL O EPYAAEID KATAUEPIONG TOL €VPOVS LOVNG OGS

Levéng, kabiotdvTog SuvaTny TNV SLLPOPOTOINGT) VIINPECIDV.

k s Conforming
N & Trainc

1% = 1% 15% 5% 0% limk—skaring allocaion

Excess
Traffic

2uo 13 : a) Heprypopiy tys Lertovpyiag tov alyopiBuov TBF, B) avanapdortaocny tyg
olauoipacnyg tov vpovs {OVHG.
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2.8.6 DSMARK

To DSMARK egivar évag pnyoavicpog mov ovamtiynke yio vo. OAOKANPOCEL TIC
OmOUTNOELS TNG TEYVOAOYiag TV Awpopomomuévev Ymnpeoidv. Avtifeta pe tovg
mopanave aAyopiBpovg, 1o DSMARK oev ehéyyel, actuvopevel 1 HOPQOTOLEl TNV
dwktvakn kivnor. Aev kabopilel mpotepardTNTES, 06V €10dAYEl KOBVOTEPNOEIS KOt OEV
amoppintel mokéta. H povadikn tov Asttovpyio eivor vor LopKAapeL To TOKETO, KAVOVTOG
xpnomn tov mediov DS g emkeparidog [P mov avagpépOnke mopandve. Xto akdlovbo
oyxedwdypappa eoivetor 1 0éon tov DSMARK oty dwdikacio ¢ vAomoinon twv

Awgpoportompévov Yanpeciov.

Filter class :1 DSMARK
—  Filter class :2 DSMARK
P —
— Filter class :3 DSMARK
|ﬁ Filter class in-1 DSMARK | ——
DSMARK qdisc

2yuo 14 : Zynuatixng weprypapn tov alyopiBuov DSMARK.

2.8.7 Tagivountég

Téhog, €vag onuovtikKOG TopAyovtag Yo TNV OCTUVOUELGN Kol TNV
Katnyoplomoinon tov mokétewv eivor ot taStvountég (classifiers). H aoctuvopevon
npovimofétel PETpnon G OIKTLOKNG Kivnong, ®ote vo umopel va yiver €heyyoc av
CUUPMVEL LE TOVG OPOVE TOV AVOAPEPOVTOL GTO GUUPOANLO Y10 TNV TOPEXOUEVT] TOLOTNTO
vampeciag. Mo amd T BepeMdONG apyéS TS APYLTEKTOVIKNG TOV Al0POPOTOUEVDV

Yranpeowov givor vo punv emrpéneTon mtePLocOTEPT Kivnom amd avt yi TV omoia
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oxeO1AGTNKE TO OIKTLO, Y10 VO UMV DIEPPOPTMOVOVTOL Ol 0VPEG avapovie. Ot ta&tvountég
EMALYOVV, EAEYYOLV KOl KAVOLV KOTNYOPlOmoinon Tov pomdv kivnong pe Pdon ta
Kpurtnpla mov Koabopilovior amd TIg TAPAUETPOLS TOVS. MEGa OTIC apHOSIOTNTEG TOVG
gykelron ko vo amo@acifouv yia Tig evépyeteg mov Ba AneOovv Otav o pony dev TAnpoi
N avtifeta, TANPOi TOVG KavOvEG TOL TPO-cLUE®VIONKay. Kdmotol amd toug ta&ivounTég

7OV YpNooTolovvTal Eivar : 0 fw, o u32, o route kot o tcindex.

2.9 NpwTtoékoAAa MeTa@opag AedopéEvwy

2.9.1 To NpwTtékoAAo TCP

To npotoxorro petagopdc TCP (Transmission Control Protocol)!™ eivon ofipepa
T0 MO INUOPILEG {omG TPOTLTTO GTIG EMKOWVMViEG dedopnévav Pécm Tov Internet kot oyt
povo. Xyeddotnke yio TpdTn @opd to 1981 yuo xpnon oto apepwoviké DARPA yia va
eCacparioel a&lomot emkowovio petald Vo TepUATIK®V. ATd TOTE, €YEL Yivel
OVTIKEILEVO TAUTOAA®Y EPEVVNTIKOV TPOCTADEIDV Kot £xEl VITOGTEL TOAAEG TPOGOT|KES
Kot Bertiwoeic. [ToAdég and tic Bektidoels avtég Ba vioBetnBolv ota TAaico ovTnG TG
TTUYLOKNG Yo va peyiotomoin el n enidoomn tov TCP og acvppetpa diktva DVB-T.

To TCP mapéyer vmmpeoieg petopopds dedopévav pe obvoeon (connection-
oriented) ko €heyyo pong (flow control) ypnowonoidvtag to IP g eninedo dwkrHov.
Opyavover To dedopéva oe Tunpate (segments) pe emke@oiido, g omoiag o media
JLEVKOADVOLV TIC AelTovpYieg EAEYXOV PONG KOt OTOoPLYNS AaBmV, dTwg GoiveTol Kot amd

TO GYMLLOL TOL OKOAOVOEL.
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- 32 bits >

Népra mpoiAsvong Népra wpoopiopol

ApBLOg akohouBiag

ApiBpog emBepaiwong
Emkepalida
TCP

data N B B
Reserved | R
offset wl T

F
I MéyeBog mapagiopou
N

=0
Z = in

AGpoicpa sAéyyou Urgent pointer

Options ZupThipweon (padding)

Acbopéva

2ynua 15 : H emikepaiioo TCP.

[ToAAég vonTég mapAAANAeg GUVOECEIS UITOPOVV Vo gyKataotabobv oty 1o
ovoikn dwdpoun IP yépn otic vontég «mdptegy (ports) twv omoiwv ot apBuol
dNAmvovtol otV apyn ™S KepaAidoc. ' aviyvevon yopévov mokéTtov, To Kabe Tunquo
apBueiton pe évav cvykekpiévo aptbpd axkorovdiog (sequence number) Tov omoio kaOe
@opd 0 omootoréag aviavel kotd Tov aplBud TV bytes mov £xovv ¢ TOPU CTOAEL
emmuy®s. O mapoinming amavtd OmAdvoviag oto medio Tov apBpod emPePaimong
(acknowledgment number) tov apiBud okolovBicg TOL EMOUEVOL TUAUOTOG TTOV
avapével. Tunuota ywoo to omoia M emPePaimon kabvotepel meplocdTEPO Amd Eva
ypoviko dtaotnpa RTO (Retransmission TimeOut) eraveknépmovot.

[Tpokeévov vo unv xobvotepeitor 1 avioAloyn OedOUEVOV omd TN QLGIKN
kabvotépnon tov Kavaiov, 1o TCP emyepel va oteilel évav cvykekpluévo 6yko
dedopévav yopic va mepuével v emPePainon yia to tpdTo TUNUA. O 0YKOG 0VTOG TV
dedopévv mov ava mico oty Ppiokovior ovemiPePaiota oto dikTvo AfyeTOn
napdBvpo (TCP window) N mapdBupo cupedpnong (congestion window). To mapdBupo
oupeopnoNg apyilel pe TV T TOL €VOG TUNUATOG Kol av&avetol pe kdbe emtuyn
emPePainon, avédvovtag £Tol kot TNV ToyLTNTO pETAdoons. H adénon elvar apyikd

exbetikn (Owdkacio apyng exkkivnong - «slow starty) kot oapydTEPU YPOLUIKY
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(dwdkacio amo@uyng ocvpedpnong - «congestion avoidance»). To mapdBvpo mov
YPNOOTOlEl O AmOGTOALnS Oev pmopel vo vmepPel v ovopootiky Ty (receiver
advertised window) mov dnAmvel o TapaAnmTng o€ KdOe emPBePainwon ypNOLUOTOIOVTOG
10 ovTioToyo Tedio NG emkePaAidG. e TEPIMTOOT AMMOAELNG TAKETOV, O OTOCTOAENS
HEWDVEL TO TOPABLPO GLUEOPNONG OTO MUIGL NG TPONYOVUEVNG TIUNG TOL, LE
OMOTEAEC O, VO LELOVETOL OVTIOTOTYO Kot 1 TaYOTNTO OTOGTOANG.

Eitvot yeyovog 6t 1o TCP givan to o 010000 UEVO TPOTOKOAAO OTIC OUOTKTVOKES
ovvdéoelc. Etvar yapoktnpiotikd ot o 95% tov bytes, to 90% tov naxétov kot 10 75%

TV cLVOEGEWV 010 Internet onpepa ypnoomroiovy to TCP.

2.9.2 To NMNpwTtokoAAo UDP

H otoifa mpotokdAlwv tov Internet vmootpilelr emiong €va TPp®TOKOAAO
LETAPOPAS TANPOPOPLOV YPig chvdeoT, To [IpwTdKoiio Asdopevoypapnudtov Xpnotn
UDP (User Datagram Protocol)"”). To UDP TPOCPOEPEL VOV TPOTTO Yol VO GTEAVOLV OL
epapuoyeg evBvlakopéva axkotépyacto dedopevoypaenuate [P yopig va mpémer va
eykataotoovy o oovoeon. [oAAEG epappoyég meldtn-e&umnpetnti, mov £xovv pio
aitnon kot pio amdKpio™n, TPOTHOLV va. ypnotponomcovy to UDP mapd va pmovv ctov

KOTO VO EYKATOGTICOVV Kol KOTOTLY VO, ATOAVGOVV L0l GUVOEDT).

< 32 bits >

®Ovpa [Inyng ®vpa [Ipoopiopod

Mnkog UDP ABpowopa gréyyov UDP

2ynua 16 : H emikepaiioo UDP.

‘Eva. tepdyio UDP amotedeiton amd po emkepoAiido tov 8 byte (64 bit),
akoAlovBovpevn oand dedopéva. H emkeparidoa @aivetoar oto mapandve oynua. Ot dvo
B0peg eEumnpetovv TV dwa Aettovpyio OTTm¢ kot 6to TCP: v avayvodpilon tov akpaiov

onueiov oto pnyovnpate myng Kot tpoopispov. To medio Mnkog UDP (UDP length)
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aeopd otV emike@oiidoa 8 byte kot ota dedopéva. To medio AbBpowopo eréyyov UDP
(UDP checksum) wepthappdver v idia yevdod-emkeparida pe to TCP, v emike@aiion
UDP «ai ta dedopéva UDP, copminpopéva adote va oynuoatifovv évav dptio aptfuo, av
ypewcOel. To ABpoispa eréyyov UDP eivar mpoaipetikd ko kKotoywpeiton wg 0 dtav dev
vroAoyiCetat. (To mpaypatikd vroroyiopévo 0 kataywpeitan pe 6ha ta bit ica pe 1, mov
elvai 1o 1010 oe cvpunAnpopa wg wpog 1). To va unv ypnoyoromBel eivar avonto, €KTog
edv 1 To1dTNTA TOV SESOUEVDV OEV €xEL PEYAAN onuacio (.. 1| YNOOTOMUEVT] G®VT)).
To UDP eivar éva pun a&dmioto mpotoKoAro, Yo EQUPUOYES TOVL dev BEAOVY TOV
éleyyo ¢ akoiovBiag 1 g pong tov TCP kot emBovpodv vo ¥pNGILOTOCoVY d1KO
tovg. Emiong ypnoponoteitor evpémg o YpNyopeg EPOPLOYES KO EPOTATOKPIGELS, TOTOV
melatn-eEummpentn, O6mov M AUEST TaPAdoon Eivol omovdodTeEPN Omd TN CWOTN

TapAdooT|, OTMG .. etvar N petddoon emvig 1| Pivteo.
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3. Mapouciaon kai YAotroinon ApXITEKTOVIKAG AIKTUOU
Meipapatikwyv MeTpRocwyv

3.1 Eicaywyn

Xmv mopdypago 2.4 £ytve oL YEVIKN TEPLYPOY] €VOG GUOTHUOTOS TOPOYNG
VANPESIOV SOOPACTIKNG YNPLOKNS THAEOpaoNS Kabmg eniong kot vanpeciov IP. Adbnke
L0 ETYPOLUUATIKY OVOPOPA GE OVTEG TIS VANPEGIES KOl TOUPAAANAO TOPOLGIAGTNKE M
YEVIKT] OPYITEKTOVIKY] €VOC TETOOV GULOTNUATOS. XTO KEPAAoO avtd Ba meprypogel
Aemtopepetaxd to mepPdirov IDTV avardovrag eig Pdboc ta otoyeio and to omoia
amoteleitanl kol Tov TpOmO vAomoinong tov. H mpotewvoduevn apyitektovikn mov Oa
mepLypopel oyedldotnke pe okond vo emtevydel n epapuoyn g Iowdtrog Yanpeoiog

aKOAOVOMOVTOG TO HOVTELD TV ALOPOPOTOMNUEVDV Y TNPECLOV.

3.2 2100 MOG ZUCTANATOG

Onwg éxer non avaeepbel, éva cvommuo IDTV amoteheiton and 10 KeVIpkd
onpeio gvpvekmounng, Eva aptBpud CMN’s kot tovg telkovg ypnotes. To poviédo mov Oa
axolovOnbet givar to DVB-RCT (DVB Terrestrial Return Channel). oppovo pe 1o
Hovtélo ovtd M apeidpour] emkowvovia petad evég CMN kot tov  onueiov
gupveKTOUTNG amattel TV mapovsia Vo (evéewv, g Katepyoduevns Levéng (downlink)
Y v petadoon omd to onueio ekmoumig mpog toug CMN’s Kot TG avepyOUeEVNG
(uplink) yo v emkowvovia tov CMN’s pe v mAatedppa DVB-T. Q¢ katepyduevn
Cevén ypnowomnoteiton to kavii DVB-T, evd n teyvoroyic WLAN Oa ypnoyomomOet
Yoo TV Omovpyian e avepyopevng Levéng N aAM®OG Yoo T0 Kovail emotpogng. To
diktvo mov opifovv avtd Ta 6V KavdAa emtkovmviag amotelel To Aiktvo ITuprva (Core

Network) Tov GuoTipaTOC.
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DVB-T
Receiver

oo .0
EEEREm e =
DVB-T modulator

DVB-T
Receiver

Weang |y
| paxajdninpy

1 IP Traffic From

End Users

e _ L]

B =

IP/DVB Encapsulator — CMN 2
Multiplexer

IP Traffic From
End Users

CMN 1

Digital TV
Programmes

IP Traffic

Router

2yjua 17 : Aiktvo Hopive tov cootijuatog.

H mpdcsPaon oto diktvo mupniva emitvyydvetonr pe ypnon Kamowg omd Tig
dwbéoueg teyvoroyieg mpodcsPaons. Ot TeAKol ¥poTEC UTOPOVV Vo EMAEEOLY HETAED
v teyvoroyidv WLAN, xDSL, PSTN kat dAhov, yio va cuvdebovv e évav CMN kot
OTOKTHOOVY EMKOWVOVIOL HE TO VITOAOITO JIKTVLO. XTr GULYKEKPUUEVT apYLTEKTOVIKY Oal
ypnoporomBovv ot texvoroyieg WLAN kot ADSL. Avtf 1 d10o0vOEoT TV YPNOTOV
ue kdmorov CMN opilet to Aikrvo [IpodcPaong (Access Network).
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Uplink to DVB-T Platform

DVB-T
Receiver

DVB-T
Receiver

2ynua 18 : Aikrva Ilpoofoacns Tov coeTHUATOG.

H opyitextovikn &vog Swktoov mov  vrmoomnpilet TOV  pNYOVIGUO  TOV
Aw@opomompévav YInpeoidv mopovcstalel KAmTowo ovaAloyio [e TNV apyLteKTOVIKN £VOg
IDTV obYomua, Ponbaviag £tor v evoOUAT®ON NG TPAOTNG OTNV  OevTEPT.
[IpocBétovtag otig Aettovpyieg kdbe CMN v Aettovpyikdtta evog DER ko otoug
dpoporoyntég, mov mpowbovv v IP kivnon towv CMN’s otnv DVB-T mhotedppa, T1c
epyaoieg mov ektedel évag DCR emtuyydveton 1 cuvomapén tov d00 apyLTEKTOVIKOV.
210 oAOKANpOUEVO OiKkTVLO OV TTpokLITEL KB CMN, €KTOC amd TV emkowvwvio TV
TEMKOV YpNOTOV, avaAAUPAVEL Kot TV TOEIVOUNGT], AGTUVOUEDCT] Kot OOPOmOT NG
gloepyopevng dktvokng kivnong. Ot dpopoAoyntég Tov S1KTLOL TLPN VA, TAEOV, Oa
dwyepifovtar v kivnon e€acearilovtag v pnon tov PHB’s kot v dacediion

NG TOLOTNTOG OTIC TPOGPEPOUEVEG VIINPETIES.
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71

IP/DVB Encapsulator — @j

Digital TV
Programmes IP Traffic : l
DCR CMN 2 - DER Service Provider
%%
R § DVB-T
& Receiver
I;I . =
TV Studio

CMN 3 - DER

2ynjua 19 : I'evikij apyitextovikiyy cvoetijuatos IDTV ue DiffServ.

3.3 YAotroinon Aiktoou Meipapatikwyv MeTpRoewv

IMa va peiemBei n ooumepipopd Tov OIKTLOV Kol VO EEETACTOVY TAL OPEAN TNG
EVOOUATOONG TOL unyovicpov mapoyns QoS oe éva mepPdirov IDTV, 6a
TPOYUOTOTOMOEL [0 GEPA TEWPAUATIKOV HETPNCE®V KAT® omd TPOYHOTIKEG GUVONKEG,
Kévovtog ypnom Tov epyactnplakov efomAopov tov gpyactnpiov ‘Epgvvag ko
Avantuéng Tniemkowvoviokdv Xvotnudtov (Pasiphae) tov Avatatov TeyxyvoAoyukov
[dpdpatog Kpnme. H mepopoatikny mpocéyyion Oa kohdyer évav apBud mbavov
ocevapiov, dote va puropel va mpaypotonombei a&lohdynon tov SKTvov.

H oloxAnpopévn apyitektovikn otnv onoia B Paciotel to melpopatikd oKEAOG

TNG TTVYIOKNG EPYACIOG PAIVETOL GTO GYEOAYPOLLLO TTOV OKOAOVOEL.
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DVB-T
Receiver
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Digital TV -
Programmes DCR CMN 2 - DER Service Provider
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B,
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R % DVB-T
Receiver
l:l N

TV Studio

CMN 3-DER
2yijua 20 : Apyrrexroviky ovetiuatos IDTV ue DiffServ.

Ot ovtomnteg amd T1g omoieg Oa amotedeital 1o Tapandve cuoTnUo elval ol NG :

1. "Evog Iapoyéag Yampeowwv (Service Provider - SP) mov Oa mpocpépet Tig
SO PACTIKEG VIINPESIES GTOV TEMKO XPNOTN.

2. 'Evag vmoloyiotig mov Ba onpovpyel kivnon Best Effort (Background
Traffic Generator) oto dikTvO KOPLOD.

3. Tov telko ypnot.

4. Tpew DiffServ Edge Routers, ot onoiot Oa avorafovv tnv ofpavon kot
pOBuon g OIKTLOKNG Kkivong mov mopdyetor amd Tov SP, TOV
Background Traffic Generator kot tov TeAMK6 ypnoTH).

5. Tov DiffServ Core Router, o onoiog 0o mpowbei tnv xivnomn mov AapPdvet
a6 toug DER’s otnv DVB-T mhatedppa coppova pe tig PHB’s.

6. 'Eva mapoyéa MPEG-2 ymolox®v TNAEONTIKOV TPOYPOUUAT®V.
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3.3.1 PUOpion ESotrAiopoU

o v vAomoinom 1TNG OPYUTEKTOVIKNG 7OV @aivetor o©T0 oynuo  Oa
ypnoporomOei £vog aplBpdg VITOAOYIGTAOV, 01 0TT0i01 TPETEL VoL pLOGTOVY AVAAOY®G LE

TIC Aettovpyieg mov Ba exteLel £K0GTOG.

3.3.1.1 POOuion Mapoxéa Yrnpeoiwv Kai Tou avrtiotoixou CMN-DER

['o v viomoinon tov TapoyEa SOPAGTIKMY VINPESUOY Ba yiver ypnom evog
VTOAOYIOTH] GTOV omoio €yel eykatactobel 1o elebBepo Agttovpykd cvotnuo Linux
(Ubuntu Distribution) kot emkowvovel pe tov CMN — DER péow pog acOppoatng
dwtvokng képtac PCL. And v mievpd 1o CMN — DER ypnoipomoteiton €vog
VTOAOYIOTN L€ EYKOTEGTNUEVO TO AE1TOVPYIKO cvotnua Linux (Debian Distribution), dvo
acVPUATEG OIKTLOKES JETOPES Yo TNV emikovawvio pe tov Service Provider kot tnv

DVB-T mhatedppo ko €va déktn DVB-T ofjpatog.

To DiffServ Core Router

Wireless 802.11g
Uplink

‘ Wireless 802.11g
Access Network

Recalver Linux CMN — Linux PC
DiffServ Edge Router Service Provider
IP:172.16.0.1 IP:172.16.0.5

2ynua 21 : PbOuion tov Service Provider kou tov avtiototyoo CMN-DER.
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3.3.1.2 PUOuion TeAikoU Xprotn Kai Tou avrtiotoixou CMN-DER

IMa v viomoinon tov TeAiKov ypnotn Ba yiver ypnon evdg vIOAOYIGT GTOV
omoio &yel eykotaoctadel To eElevbepo Asttovpyikd cvotnuo Linux (Debian Distribution)
Kot emkowvevel pe tov CMN — DER péow evog ADSL router, o omoiog cuvoéetat e pio
ovokev] DSLAM ywo v dnpiovpyia piag ypouung ADSL (8Mbps/512Kbps). And v
mhevpd tov CMN — DER ypnowomoteitar évag vmoloyliot| HE €YKATEGTNUEVO TO
Aertovpyikd cvotnua Linux (Ubuntu Distribution), pua képta dtktoov Fast Ethernet yio
v emkowvavia pe 1o DSLAM, po acOppotn kapta Sikthov yio v entkovavia pe v

DVB-T mAatedoppa kot éva 0éktn DVB-T onpatog.

To DiffServ Core Router

Wireless 802.11g
Uplink

o
DVB-T DSLAM TR
Receiver Linux CMN — 8Mbps downlink ’;DStL
DiffServ Edge Router  512Kbps uplink MR Linuxpc
IP: 192.168.0.1 End User
IP:192.168.0.5

2yijua 22 : PoOuion tov telikod ypijety kai tov avrictoyyov CMN-DER.
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3.3.1.3 PUOuion evvnrpiag Kivhong kai Tou avriotroixou CMN-DER

o v vlomoinon tov Background Traffic Generator Oa yivelr ypnon &vog
VTOAOY1OT] 6TOV omoio €xel eykataotabel 10 elevbepo Aettovpykd cvotua Linux
(Debian Distribution) kot emkowvavel pe tov CMN — DER péoo piog kdptag otktoov
Fast Ethernet. A6 v mhevpd tov CMN — DER ypnowonoteitor £€vag vToloyiom pe
€YKATESTNUEVO TO Agttovpykd cvotnua Linux (Debian Distribution), po kédpta diktdoov
Fast Ethernet yia tv emkowowvio pe tov Background Traffic Generator, po kdpto
dwtoov Fast Ethernet yia v emkowovia pe v DVB-T mlateoppo kot éva d€KT

DVB-T onuartoc.

To DiffServ Core Router

Fast Ethernet

Switch

\\-u
o
DVB-T Switch S
Receiver Linux CMN — Linux PC
DiffServ Edge Router Background Traffic
IP:192.167.0.1 Generator
IP:192.167.0.5

Zynua 23 : PoOuion tov background traffic generator kou tov avrioctoryov CMN-DER.
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3.3.1.4 PUOuion DVB-T mAar@oéppag kait DCR

o v viomoinon tov DiffServ Core Router Ba yiver yprion evdg vmoroyiot)
otov omoio &yel eykataotobel 1o €hevBepo Aeitovpywd ovomuo Linux (Debian
Distribution) kot Tpowbei v kivnon mov Aappdvetr and tovg CMN’s/DER’s péow piag
kaptag otktvov Fast Ethernet otnv povada tov IP evBviaxmm/molvrAéktn, copemva pe
ta ekdotote PHB’s.

‘Evag MPEG 2 TS Server mapéyst 3 ymouokd TNAEONTIKA TPOYPELLLOTOL
ypnoponowwvtog Eva ASI interface yio v emkowvovia pe tov IP evBvloakwt.

Ymv DVB-T miatedpupa, n povdada tov IP evBvraxmti/molvmAéktn, mov
TOAVTAEKEL TOL AQUPAVOLEVO YNOLOKA TNAEOTTIKA TPOYPAULATO KO TV SIKTLOKT Kivnon
o€ éva pevpa petapopds, puvbuiomke va deopevet yia t1g [P vanpeoieg 8 Mbps, evd yia
To YMELoKd TNAEOTTIKG TTpoypdppata 13 Mbps.

O mounog DVB-T (COFDM) pvBuiotnke o€ dtapdppmon 16QAM, pubud kmotka
7/8 ko draotmua evAaéng (guard interval) ico pe 1o 1/32 tov pnxovg svpforov. Ot
TOPAUETPOL OWTEG OVTIOTOLYOVV 0 OQEAMUO puOud dedopévov ico pe 21.11 Mbps.
Emiong og pépovta onpata dniovovtar 8K . H cuyvdtnta Tov 6NHoToc EKTOUTG eivat
ota 522 MHz (xovah 27) pe eninedo dvvaung (power level) 1Watt kou 1o cuykekpipévo

Kava £xel evpog SMHz.

Zyniua 24 : O owpoppwtiic COFDM mov mapoveidlel ta 6Totyeio TS J10uopPOGHS.
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3.4 Neprypaen Meipapatikng Aladikaoiag

2y gvotta avty Ba yivel o Teptypaen e TEPARATIKNG dtadikaciog mov Oa
aKoAovOnBel pécw kdmowwv cevapiov, kabe Eva amd ta omoia Bo KAAVYEL CLYKEKPUUEVES
MEPUITAOCELS OIKTLOKNG Kivnong. Xkomdg eivor va mopatnpnbel n coumepipopd tov
dkTvoL Kot v a&torloynBel n enidoon Tov amd TV PETPNON KATOLWV YOPUKTIPLOTIKAOV
oV enNPEALOLY TNV TOLOTNTO TOV VINPECLADV.

Apyikd, oto mpmto oevdplo o peretnBel M ovumeppopd TOL SIKTVOVL GTNV
TOPOVGio SIKTLOKNG Kiviong TpwtokoAlov petapopag TCP, otic e&ng mepimtmoelg : o) N
kivnon va elvan n pévn mov ypnoponotet to diktvo, ) va mpootedel UDP background
kivnon kot y) va epappootel o pnyoaviopog DiffServ kot va emavainedei n B mepintoon.
210 0e0TEPO GEVAPLO Oa TpaypatomonBovy ot 101EG, e TO TPMTO GEVAPLO, LETPTCELS LE
mv opopd 01t TAéov Ba vrdpyet UDP kivnon yo v mpocopoimon g HETAOOONG
video, avti g TCP. Zto tpito cevapro B axorovdnbei to id10 potifo, pe v dapopd
611 670 diKTLO TNV B€om TG petddoong video Ba mapel N MAEPVIKY emtkovovia VolP.
Téhog, o610 TETOPTO GEVAPLO KO OTN TPAOTN mepimtwon Oo petadidovior ot Tpelg
TOPATAV® KIVIGELS TOVTOYPOVA. ZTO OEVTEPO UEPOG OWTOV TOv cevapiov Ba mpootebel
otic vrdpyovoes kwvnoelg kot UDP background kivnon kot oto televtaio pépoc Oa
epappootel o punyoaviopog DiffServ emavorappdvovtag v dadikacio Tov devTEPOV
puépovg. Xta oevaplo kabe pétpnom Ba dwpkel 120 devtepdienta. o v dnuovpyio
¢ TCP xivnong 0a ypnoipomomBel to epyareio iperf, yio tqv UDP ko tqv background
kivnon to epyareio Mgen kot ywo tnv VoIP 1o gpyareio D-ITG.
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3.4.1 Zevapio 1°

Mépog 1°: @a dnmovpyndei kivnon and tov Service Provider mpog tov teMKoO
YPNOTN, KAVOVTOG XpNon tov mpmtokdAlov petapopds TCP kat agromoldvtag

60 10 drabécio gvpog Lovng.

Mépoc 2° : Oa dnuiovpyndei kivnon omd tov Service Provider mpog tov teAkd
YPNOTN, KAVOVTOG YPNOT TOL TP®TOKOAAOL petapopds TCP kol a&lomoimviog
6A0 to OBéoo €Opog CdVNG, VO TOPEAAANAQ M YEVVITPLOL TOPOYWYNG
background xivnong (06pvpog) petadidet pe pudud 7 Mbps.

Mépoc 3° : Me gvepyomomuévo tov unyovicpd DiffServ Oa dnuiovpyndsi kivnon
and tov Service Provider mpoc tov TEMKO YpNOTH, KAVOVIAG YPY|ON TOL
npwtokOAAov petapopdc TCP kot aglomoidvtag 6o 10 dabécipo gvpog (mvng,
evo TapdAinia n yevvnrpila mopaymyns background kivnong (06pvpog) petadiost
pe puOud 7 Mbps. H TCP kivnon 0Ba opiotet cav EF kot 6a Adpel 4.7 Mbps and
T0 €0pog (mvng tov Kavoiov, evd 1 background xivnon Ba opiotel cav Best

Effort ka1 o Aapet To vroromo daubéacipo gvpog {dvng.

3.4.2 Zevapio 2°

Mépog 1°: @a dnuovpyndei kivnon and tov Service Provider mpog tov teMKoO
YPNOTN, KAVOVTAG YPNoTM TOV TPWTOKOAAOL petapopdc UDP kot petadidovrog pe

pvouo 3 Mbps, yia v Tpocopoimon video streaming.

Mépoc 2° : Oa dnuiovpyndei kivnon omd tov Service Provider mpog tov telKkd
YPNOTN, KAVOVTOG YPNOT TOV TPOTOKOALOL peTaopds UDP kon petadidovrog pe
pvOud 3 Mbps, yioo Vv mpocopoimorn video streaming, evd TopAAANAQ T
yevvnTpla mapaymyns background kivnong (86pvPoc) petaodidet pe puvbuod 7 Mbps.
Mépog 3°: Mg gvepyomomuévo tov pnyoviopd DiffServ Oa dnpovpyndei kivnon

and tov Service Provider mpog tov TEAIKO YPNOTN, KAVOVTIOS YPNON TOV
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npmtokOAov petagopdc UDP kou petadioovrag pe pvbud 3 Mbps yu v
nmpocopoimon video streaming, ev®d TOPOAANAC T YEVVATPLO TOPAYWOYNG
background kivnong (80pvPog) petadider pe pvbud 7 Mbps. H UDP kivnon 6a
optotel cav EF kot Ba AaPet 3.3 Mbps and 10 g0pog {dVNG TOV KAVOALOD, EVO 1|
background «ivnon 6a opwotei cav Best Effort kot 6o AdPer 10 vmoOrouro

dwBéopo gvpog Ladvng.

3.4.3 Zevapio 3°

Mépoc 1°: Oa yivel mpocopoimon apeidpoung THAEPOVIKAC ETKOWVOVIOG TAV®
and IP odiktvo(VolP) petald tov Service Provider kot tov TEAKOU ypnotm

K&vovtag xpnon tov tpwtokoiiov G.729.2.

Mépoc 2% @a. yivel Tpocouoinon apeidpoung VoIP emikowvoviog peta&d tov
Service Provider kot Tov teAkod ypNotn KAVOVTAG ¥PNON TOL TPOTOKOALOL
G.729.2, eved mapdAiinia 1 yevvntplo mapoywyng background kivnong (06pvpog)
petadioet pe puOud 7 Mbps.

Mépoc 3% Mg gvepyonompuévo tov unyaviopd DiffServ 0o yiver mpocopoimon
apeidopouns VolP emkowoviog petad tov Service Provider kot tov telkol
YPNOTN KAvovtag xpron Tov TpoTokOALov G.729.2, evd TapdAinAa 1 YevviTpla
napaywyng background kivnong (06pvPog) petadider pe pvbud 7 Mbps. H VoIP
kivnon Oa opiotel cav EF kot 6o AaPet 60 Kbps amd 10 gdpog {dvng tov
KavaAlov, eved M background kivnon Oa opiotel cav Best Effort kot 6a Adfet to

vdéAouTo drobécpo evpog LdvNne.
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3.4.4 Tevdpio 4°

Mépoc 1° : Qo petadidovior tavtdypova amd tov Service Provider mpoc tov
teMko ypnot Kwnoelg TCP aglomoiwvrag to dtabésipo evpog {dvng kou UDP pe
pLOud petddoong 3 Mbps kot mopdAinia Ba yiveron mpocopoimorn apeidpoung
emkowvoviag VoIP peta&d tov Service Provider kot tov telikod ypriotn Kavovtog

YPNOMN TOL TPOTOKOAAOL G.729.2.

Mépoc 2°—: Qo petadidovior tavtdypova amd tov Service Provider mpoc tov
TeMko ypnot kwvnoelg TCP aglomoidvrtag to dtabésipo evpog {dvng kor UDP pe
puouod petddoong 3 Mbps kot mapdAinia Oa yivetoar mpocopoimon apeidpoung
emkowvmviag VoIP peta&hd tov Service Provider kot Tov TEAIKOL yp1oTI KAVOVTOG
¥pon Tov TpwToKOAAov (G.729.2 kor M yevvnTpla mopaywyng background
kivnong (66pvPog) Ba petadioetl pe puOud 7 Mbps.

Mépoc 3% Me evepyomompévo tov unyaviopd DiffServ 0o petadidovron
tavtoypova.  and tov Service Provider mpog tov tehkd ypfiotn kwnoeig TCP
a&lomowmvrog to dabéoipo evpog Lovng kar UDP pe puBuod petdooong 3 Mbps
Kol TopdAAnAa Oa yiveton mpocopoiwon apeidpoung emkowvaviag VolP petady
tov Service Provider kot Tov TEAIKOV ¥pNoTn KAVOVTOG XPTON TOV TPOTOKOAAOV
G.729.2 xou m yevvtplo mapayoyng background xivnomng (06pvPoc) Ba petadidet
pe puOuod 7 Mbps. H VoIP kivnon 6a oprotei cav AF11 kot 8o AaPet 60 Kbps and
T0 gVpog Lovne tov kavaiov, n UDP kivnon Ba opiotel cav AF21 kou Ba AdPet
3.2 Mbps, n TCP «ivnon 0a oprotel cav AF31 kou o Aapet 3.2 Mbps kot t€hog 1
background xivnon 6o opiotel cav Best Effort kot 6o AdPet to vmoérowmo

drbéoipo gvpog Lmvng.
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3.5 MeTpiki ETIdd60ewv

H Towmra Ymnmpeoioag, 0nmg €xel mpoovapepBel eivor pia yevikn évvola, kot

e€optdtor amd TIC TWES €VOC GLUVOAOL YOPOUKTINPIOTIKOV peyebmv, Paon twv omoiwmv

umopet va yiver aEloAdynom Kot HEAETT VOGS OIKTVLOV.

Ta yopaknploTikd ovtd tvon :

H PvBuoamoddoon (Throughput), to omoio opiletar cov 10 TG0 TOV OEOOUEVOV
OV LETAPEPOVTAL OO EVOL OIKTLOKO KOUPO o€ Evav GALO ava Lovada xpovou.

H KabBvotépnon (Delay — Latency) : a) Xtnv TCP enkowvovia etvar yvoot cav
Kobvotépnon Koxhung Awdpopng (Round-Trip delay Time — RTT) o
AVOPEPETOL GTOV YPOVO TTOL SlovOBNKE amd TN GTIYUR TOL GTAAONKE éva TOKETO
€m¢ TV oTyun mov ANednke n emPePainon tov. f) Xmv UDP emkowvavia sivon
yvoot pe tov 0po Movdopoun Kabvotépnon (One Way Delay) kot avagépetal
oToV pOvo ToL YpetdleTarl £va TakéTo Yo va petadodet and éva diktvakd KOpPo
og évav GAlo.

To Tpépovro (Jitter), mov eivor n Staxvpaven g kabvotépnong, dniadn Tov
YPOVOL pETAPOPES amd AKpo GE AKpO.

O Anoieteg (Losses) : a) v TCP emwowvovio cov andieleg Bewpeitor o
aplOpdc TOV ETAVOUETAOOCEDV TOKETOV TTOV YaOnkav oty dwdpoun. B) Ztmv
UDP «ivnon opiletor ®g 0 A0yog tov apfuod tov TakéTmv mov eAencay tpog

ToV aplOpud TOV TAKETOV TOL GTAAONKOV.

Amo peréteg mov €xovv yivel ot Tiég mov Bempohivianl KOAEG Yo TO. TOPATAVED

YOPOKTNPIOTIKA givan @ Yo v kaBvotépnon 0 - 150 ms, ya o jitter 0 — 20 ms kot yo

TG anmieteg 0 — 0.5%. Zav amodektd Opa Tpdv Ba givan : yio v kabvotépnon 150 -

300 ms, yw to jitter 20 — 50 ms kot yo TG ondieeg 0.5 — 1.5%. Kokéc tipéc Oa

Bewpnbovv : yio Vv kabvotépnon peyorvtepeg omd 300 ms, ywo to jitter peyohvtepeg

omd 50 ms Ko yio TIG andAEteg peyoalvtepec omd 1.5%2),
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3.6 Meprypaen MpoypauudTwy

Mo v ermitevén g mruyakng epyaciog &ywve xpnon OdPopwV AOYICUIKOV
EPAPUOYDV Kot Tpoypapupdtov. Ta mpoypdupato avtd ypnotpomomonkay Kupimg yio
vV Topoy®yn OKTLOKNG Kivnong, v “cOAANYM”, moapovcioon kot avdivon Ttov
YOPUKTNPIOTIKOV OVTNG KOl Y10l TV VAOTOINGT TOV UNYOVIGLOV T®V ALPOPOTOUEV®V

Ynnpeoiov. [apakdto yivetar o avagopd 6To TPoyPELLLLOTO. TTOV YPNCULOTOONKAV.

. 1@{14] : To Iperf givon éva gpyareio yuo dnpovpyia TCP koaw UDP xivicewv, 10
omoio Aertovpyel oe OAa T cvotuata (Unix, Windows, MacOS «Ax.). Mepucd
oo TO YOPAKTNPIOTIKA TOV YVOPICUATO Evol OTL TOPEYEL XPNOULES TANPOPOPIES
KOl amoTeEAéCUATO Yoo TO €0pog (MVNG, TIG OMMOAEIEC, TNV OWKOUOVON NG
KaBLGTEPNONG KOt YEVIKOTEPQ Y10, TNV ATOO0GT TOV OIKTVOV.

e MGEN"®: To MGEN (Multi-Generator) givot £va Aoyiopikd avorytod KOdiKa
Ko TapEXEL TN dVVATOTNTO VO EKTEAEGHOVV LETPNOELS Yo TNV ATOS0CT SIKTV®V
mov mapéyovv IP vimpeoieg, dnuovpymvrag UDP kivnon.

e D-ITGM": To D-ITG &ivar éva mpdypapLa tkavo vo Tapayel SICTLAKES KIVIOELS
oT0 EMMESD SIKTVOV, UETOPOPAS KOl EPAPHOYNG. XTI TEWPOUUATIKES UETPNOELS
™G oLYKEKPIUEVNC TtTuylaKhg Tto epyareio D-ITG Ba ypnowomomBel yoo v
dnpovpyia g VolP emkowvoviag.

e Tcpdump®!: To Tepdump givon éva epyakeio “ocorynNC” kat Topakoloddnong
MG OIKTLOKNG KVKAOQOpPiaG, TO omoio o cuvepyacio He GAAC TPOYPALLOTO
BonBdet ommv avdivon TOV SEOPOV  YOPOKTNPIGTIKOV TOV  OIKTVOK®OV
KWVIGE®V.

1. To Teptrace sivar éva epyaheio mov ypnowomoleitor yio TV

. Tcptrace[25
avélvon opyxelov mov Eyovv  dnuovpyndel amd Sdpopa  TPOYPALLOTOL
“oGUAMNYNG” dikTvaKNg Kivnong, o0nwg givor to tcpdump xou o WinDump. To
teptrace pmopel va. mapdyst apyeio ta omoiot mEPEXOLV SPOPOVS TOTOVG
TANPOPOPLOV Yo, K&Be vapkT Kivnomn, Om®G ETOVAUETAOOGELS, KaBvoTEPNON,
pvOuoamdooon kot AAla. Mrmopel emiong vo Tapdayel YPaPIKEG TUPASTACELS Y10

KGO Lo amd TIg TOPOTAVE® TANPOPOPIES, Y10 TEPAUTEP® AVAAVOT).
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http://dast.nlanr.net/Projects/Iperf/
http://cs.itd.nrl.navy.mil/work/mgen/index.php
http://www.grid.unina.it/software/ITG/index.php
http://www.tcpdump.org/
http://jarok.cs.ohiou.edu/software/tcptrace/

Iproute2 xau tc!'”! : To iproute2 eivar o GuALOYY EQapLOYGOY Yia TNV Sroyeipion

IP dwrvaxng kivnong o mepPdAiov Linux. And ta epyoreio TOV TPOGPEPEL TTLO
onuavtikd Bewpovvtar 1o ip ko to tc. To epyaieio tc diver v dvvatdtNTa
EL0AYWYNG OVPAV, GIATP®V KoL TNV OlaxEipton Tov e0povg {dvng pag Levénc.

241 . 10 epyadeio iptables ypnotponoteiton kot avTd Yo TV Stoeipion e

Iptables
OTvoKkNG kivnong. Méoa otig Aettovpyieg mov mopéyel ival To QIATPAPIOUA
TOKETOV UE TNV E100YMYN KovOvev katl 1 onpaven tov mediov ToS kot DSCP
g emkepaAidag Tov [P makétov.

Gnuplotm]

YPOPIKY] OTEIKOVIGT GUVOLMV OESOUEVMV.

26] .

kot Xplot? : 1o §vo avtd TPOYPAULOTO XPTGULOTOLOVVTIOL Y10 TNV
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http://snafu.freedom.org/linux2.2/iproute-notes.html
http://www.netfilter.org/projects/iptables/index.html
http://www.gnuplot.info/
http://www.xplot.org/

4. NMNapouciaon Kal AvaAuon ATTOTEAECHATWYV

210 kePOAomo mov akoiovbel Oa yivel por ovo@oOpd GTO AMOTEAECUOTO TMV
TEWPOUATIKOV UETPNCEOV TOV Tpaypotonombnkay, ta omoio. Bo mopovolacToHv
YPapiKd, Otvoviag emeEnynoelg katd v avaivon tovg. H  afohdynon tov

r ’ ’ Ie ’ 2
omotelespdTov Oa yivel pe Paon tov mapokdte mivakal?,

Ikavomomrikécg Amodektéc—METpleg Koaxég

Tiuég Twég Twég
One Way Delay 0-150 ms 150-300 ms >300 ms
Jitter 0-20 ms 20-50 ms > 50 ms
Losses 0-0.5% 0.5-1.5% >1.5%

Iivakag 3 : Tiués Aé10ioynens twv yopoartypiotikey QosS.

4.1 Zevapio 1°

4.1.1 Mépog 1°

Kotd v mepopotikny pétpnon oto diktvo petaddotav poévo TCP kivnon
Kévovtog ypnon Oilov tov dwwbécipov gdpovg LdVNG. Avorboviag To OTOTEAEGHOTO
nmpokvntel 0Tt N kivnon éAaPe throughput 6.92 Mbps, pe kopio exavaperddoot, Tov
onpaiver undevikég anmieleg kot RTT kaBvotépnon ota 171.8 ms. H petddoon avtn pe
TG TIES TTOL avopEPONKaY Bempeitol KaAT, KAVOVTOG OTOO0TIKY Kol TOLOTIKN YPTON TOV
dwktvov. [apakdto mapovoidlovrol ypagikés tapactdoels Tov throughput kot g RTT

kaBvoTéEpnong.
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2ynua 25 : I'popiky mapactacy tov Throughput.
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2ynua 26 : I'popikiy napactacy tov RTT.



4.1.2 Mépog 2°

Koatd v mepopatikn pétpnon oto diktvo petaddotav TCP kivinon kdvovrog
xpron tov dwbéotpov gvpovg Lovng, mopdiinia pe background kivnon twv 7 Mbps.
Ymv mepintwon avt) n TCP xivnon dyyiée ta 530.7 Kbps throughput, pe 147
emavapetdoooels makétov Kot RTT kabvotépnon ota 371.2 ms. Iapampeitar, 6t1 M
TaPoLGio. TG EMMALOV KIVIONG OTO KOVAAL ONUIOVPYNGE CLUEOPNON OTO SIKTLO KOt
moAG poPAnquata oty petdooon g TCP xivnong pe amotéhecpo peydio oaptOuo
OTOAEWOV Kol VYNAN Kabvotépnon. Zvvenmg, emiPefordveror n dmoyn yw TNV un
KOVOTIOMTIKT TOpOYN ToldtnTag vanpecidv ota [P diktva mov akoiovBodv 10 poviéro
“Best Effort” petddoong. Ilapokdto moapovotdlovior YpoeikéG TOPASTACELS TOV

throughput, Tng RTT xaBvotépnong kot TV EToVOUETAOOGEDV.

- GNUPIoE El@

bytes per second over time by port
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200000 F

150000

bytes/zecond
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time

141,647, 92483.9

2ynua 27 : I'popikij mapactacy tov Throughput.
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2ynua 28 : I'popikiy mapactacy tov RTT.

[P GRTRTo e e

40

Retransmissions vs Time
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2ynua 29 : I'pogiky mapactacy Ty retransmissions.
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4.1.3 Mépog 3°

Kotd v mepopotiky pérpnon oto diktvo evepyomoleitor o pnyaviopog
DiffServ, eveo petadidotav TCP kivnon kdvovtag yprion tov dabéoipov evpovg {dvng,
mopdAinAia pe background kivnon tov 7 Mbps. Ztnv mepintwon ovty n TCP kivnon
byyige ta 4.67 Mbps throughput, pe xopio emavoperdadoon maxétov kot RTT
kabvotépnon ota 129.3 ms. [Mapampeitar, 6TL N Tapovsio ToV PNYOVIGHOD SGPAAIoNG
¢ [owmroag Yanpeoiov mapeiye eyyonuévn modtnTa Kot EKove amodoTiKn Xpron TV
dkTvokdV mopwv. H emumAéov kiviiong oto KavdAl ogv dnpiovpynoce GupeoOpnon GTto
dikTvo aALG meplopioTnKe 6TO 0P LOVNG OV TG AVOAOY0VGE Y®PIG Vo TapEUTOdIcEL
mv petddoon g TCP «ivnong. Ot mapomdve Tyég sivor oto emimedo o KOANG
petdooonc. IMopakdtom moapovsidlovtal ypaeikés mapactdoelg Tov throughput kot g

RTT xabvotépnonc.
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2ynua 30 : I'popikij mapactacy tov Throughput.
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RTT owver Time
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12,0667, -14,1809

2ynua 31 : I'papiky mapdoraocny tov RTT.

4.2 Tevapio 2°

4.2.1 Mépog 1°

Kotd v mepapatiky pétpnon oto diktvo petadivdtayv povo UDP kivnon pe
pvOud petdooong 3 Mbps. Amd TV avAALCON TV UETPNCEMV TPOKLATEL OTL M
nmpocopoiwon petddoong video hafe 3.08 Mbps throughput, yopic anmdAieeg, pe one
way delay ota 20.62 ms kot pe v Tiun tov jitter ota 1.23 ms. AkohovBoOv ot ypopikég

TOPOCTAGELG TNG one way delay kot tov jitter.
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2ynjua 32 : I'pagikyy wapactacy tys One Way Delay.
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2ynjua 33 : I'pagikij wapactacny tov Jitter.
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4.2.2 Mépog 2°

Kot v mepapatikny pérpnon oto diktvo petadddtav UDP kivnon pe pvbuod
uetddoonc 3 Mbps, mopdiinio pe background kivnon twv 7 Mbps. Amo v avdivon
TOV PETPNCE®V TPOKLITEL OTL 1] TPOcOpoimoTn petddoong video Elape poig 1.58 Mbps
throughput, pe 48.8% andAieleg, pe one way delay ota 194.14 ms kot pe v T T0VL
jitter ota 1.18 ms. [opatnpodvtag To amoteAéouato yiveTol avIIANTT 1 KoK Tot0TnTo
OTNV HETAOOGN, M Oomoio AOYy® NG CLUPEOPNCNG TOL OIKTLOV glye ®G emaxkoOAovBo TO
HEYAAO TOCOOTO OMMAELDV. XVVETMDC, N 6OOTH petddoon video péoa amd €va T€To10
dikTvo dev givar duvarr. AkoAovBodv ot Ypapikég mapactdoels g one way delay, tov

jitter Kol TOV ATOAELDV.

One Way Delay
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One Way delay (ms)
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190 n n n n n
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-12,0867, 187,468

2ynua 34 : I'pagikny napactacy ts One Way Delay.
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2ynjua 35 : I'pagixiy wapactacny tov Jitter.
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2yijua 36 : I'pogikij Tapdctoci) TOV AXWIEIDY.
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4.2.3 Mépog 3°

Kotd v mepoapotikny pétpnon gvepyomoteital o punyoviopuodg DiffServ kot oto
diktvo petadidetoar UDP kivnon pe puOuod petddoonc 3 Mbps, mapdiinia pe background
kivnon tov 7 Mbps. Ao v avaAvon TV HETPNCEMV TPOKLITEL OTL 1| LETAOOONS EAaPE
10 emBounto throughput oto 3.08 Mbps, pe 0% anwieles, e one way delay ota 31.96
ms Kot pe tnv TR tov jitter ota 1.42 ms. Ioapatnpdviog ta anoteAécpota gaivetal n
Otk ovvelspopd ToL UNYovIcpoL Qos o GYECN HE TO TPONYOLUEVO TEipaua,
dwoeaiilovtag TNV TOWOTNTO  OTNV  UETAOOCN KOl  ETTLYYOVOVTING  OTOAVTA
KOVOTOMTIKEG TIHEG OTO YOPAKTNPLOTIKE Tov Kabopilovv v motdtnta. AkoAovBolv ot

YPAPIKES TOPOoTAGELS TG one way delay kot Tov jitter.

One Way Delay
0]

et

50

45

40

L
Wu 111
L]

35E

One Way delay (ms)

30 F

25 ¢

20 F

15

0 20 40 =4l 80 100 120

time (sec)

124,030, 58,8241

2ynjua 37 : I'papikij wapactacny tis One Way Delay.
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Jitter {smooth)

Jitter (ms)
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time (sec)

119,863, 2,46858

2ynuo 38 : I'papiky mapdotacny tov Jitter.

4.3 Tevapio 3°

4.3.1 Mépog 1°

Kota v mepapatiky pétpnon oto diktvo eykafdpudtav o opeidpoun
emkowvmvia VoIP peta&hd tov telkov yprotn kot tov Service Provider. Avaidovtog Tig
dvo Kvnoels Eexmplotd TPOKVTTEL

e Amb6 172.16.0.5 (Provider) -> 192.168.0.5 (ypnomg) :

Metpnbnke 6t 10 throughput eivar 24 Kbps, 6o omiadn amottel n pio povo

kivnon g apeidpoung emkovaviag, eved dgv mapatnpndnkav andieeg. H tun

g one way delay givon 16.55 ms kor tov jitter 0.8 ms. AxoiovBovv ot

OVTIOTOU(EG YPOPIKEG TOPOUGTAGELS.
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2ynjua 39 : I'pagikiy wapactacy s One Way Delay.
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2xyijua 40 : I'pagixiy wapactacny tov Jitter.
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e Am6192.168.0.5 (ypriotng) -> 172.16.0.5 (Provider) :
Metpn|Onike 611 to throughput givar 24 Kbps,dev mopatnpndnkav andiees, n Ty
g one way delay eivoar 17.45 ms ot tov jitter 0.77 ms. AxkoiovBodv ot

OVTIOTOU(EG YPOPIKES TOPOGTAGELS.

One Way Delay
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2ynjua 41 : I'pogikij mapaotacny ts One Way Delay.
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2yijua 42 : I'pagikij mapaoracny tov Jitter.
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4.3.2 Mépog 2°

Kotd v zmepapoatiky pétpnon oto Oiktvo eykafidpudtav o apeidpoun
emkowvovia VoIP peta&d tov telkov ypnot kat tov Service Provider, mopdAinio pe
background «xivnon twv 7 Mbps. Avaivovtog Tig 000 KIWNAGEW, OmO TIS OmOoieg
arotereiton 1 VoIP emkowwmvia, Eexopiotd mpokdmnret :

e Am6 172.16.0.5 (Provider) -> 192.168.0.5 (ypnomg) :

Metprinke 61t to throughput givor 20.15 Kbps, mapatnpnidnkav andAeieg g

14&ng tov 16.06%, n Ty g one way delay givor 176.9 ms kot tov jitter 1.25 ms.

AxorovBolv o1 avTicTOl(ES YPOPIKES TOPUGTAGELS.
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2ynjua 43 : I'pogikij mapactacny ts One Way Delay.
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Jitter {smooth)
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2ynjua 44 : I'pagixy wapactacny tov Jitter.
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2ynjua 45 : I'pogiki) Tapdctoci) TOV ATWiEIDY.




A6 172.16.0.5 (Provider) -> 192.168.0.5 (ypnomg) :
MetpnOnke o0t to throughput eivar 20.5 Kbps, mapatnpndnkav andieeg g
Té&ng tov 14.65%, n Ty g one way delay sivon 178.55 ms ko tov jitter 1.01

ms. AKoAovBoVV 0Ol AVTIGTOLYES YPUPIKES TOPAUCTAGELS.
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2yijua 46 : I'pagikiy wapactacy ts One Way Delay.
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Jitter {smooth)
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2ynjua 47 : I'pagixy wapactacny tov Jitter.
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2ynjua 48 : I'pogikij TapdcToci) TOV ATWIEIDY.
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4.3.3 Mépog 3°

Kotd v mepoapotikny pétpnon gvepyomoteital o punyoviopuodg DiffServ kot oto
diktvo gykaBpvotav pia apeidpoun emkovovia VoIP peta&d tov tedikobd ypnot Kot
tov Service Provider, mapdAinia pe background kivinon twv 7 Mbps. Avaidovtag Tig
Vo Kivnoels, and Tig onoieg amotedeitan 11 VoIP emkowmvia, Eexmpiotd mpokdmet :

e Am6 172.16.0.5 (Provider) -> 192.168.0.5 (yprotg) :
MetpnOnike 61t to throughput givar 24Kbps, dev mopatnpndnkay andAeles, N Ty
g one way delay eivar 17.97 ms xatr tov jitter 1.13 ms. AkoiovBodv ot

OVTIOTOU(EG YPOPIKES TOPOGTAGELS.
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2ynqua 49 : I'pagikny napacracy ts One Way Delay.
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Jitter (smooth)

Jitter (ps)
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2yijua 50 : I'pagikij mapaoracny tov Jitter.

A6 172.16.0.5 (Provider) -=> 192.168.0.5 (ypnomg) :
MetpnOnie 61t to throughput eivar 24 Kbps, dev mapatnpndnkov andAeleg, 1
TN g one way delay eivon 20.07 ms kot Tov jitter 1.17 ms. AkolovBovv ot

OVTIOTOUYEG YPOPIKES TOPOCTAGELS.
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2ynjua 51 : I'pogikij mapactacny tis One Way Delay.
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Jitter {smooth)
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2yua 52 : I'papiky mapdotacny tov Jitter.

4.4 Tevdapio 4°

4.4.1 Mépog 1°

Katé v mepapatikny pétpnon oto diktvo petaddotov tovtdypovae po TCP
kivnon, po UDP kivnon pe puBuod petddoong 3 Mbps kot eykafidpuotov pio apgidpoun
emwotvovia VoIP. ®a yiver avdivorn kol mopovsioon TOV omoTEAEGUATOV Y10, KAOE

kivnon Eexwpilotd.

4.41.1 TCP kivnon
H xivnon élaPe throughput 3.88 Mbps, pe kapio emovopetddooon, Tov onuaivel
unoevikég ammieleg kot RTT xobvotépnon ota 296 ms. Ilapakdtem moapovcsialovrol

YPapIKéC mapactacels Tov throughput kot g RTT kabvotépnong.

72



[ AR IOT T [ )

00000

bytes per second over time by port

00000

700000 |
Boo00o |
sobRB5

400000

bytes/second

300000

200000

100000

-3,46680e+08, -34027.3

]
00100 00310 00320 00:E0 0040 0030 0li00  0l:lo  0l:20 0130

time

01:40  01:50  02:00

2ynua 53 : I'pagikyy mapactacy tov Throughput.
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2ynua 54 : I'pogikiy wapactacy tov RTT.
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4.4.1.2 UDP kivnon

H mpocopoioon petdadoong video élafe 3.07 Mbps throughput, yopic andAieies,
ue one way delay ota 260.31 ms kot pe v Ty Tov jitter ota 3.64 ms. Ano TIG TWES , AV
eEapebel n oyxetikd peydAn tiun g one way kabvotépnong, Pyaivel 1o coumépoacpo 0Tt
N petdooon dev glye Wwitepa TpoPANUATO 0Td TV TOPOVGin TV GAA®V KIVIIGEMV GTO

dikTvo. AKoAOLOOVV O1 YPaPIKEG TAPACTACELS TNG one way delay kot tov jitter.
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2ynqua 55 : I'pagikny napactacy ts One Way Delay.
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Jitter (zmooth)

Jitter (ms)
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12,4684, -1,11421

2ynjua 56 : I'pagixy wapactacny tov Jitter.

4.4.1.3 VoIP gmikoivwyvia

Avoldovtag Tig 000 KIVNGELS, amd Tig omoieg amoteleitor n VoIP emikowvwvia,
EeXOPIOTA TPOKVTTEL :
e Am6 172.16.0.5 (Provider) -> 192.168.0.5 (yprotg) :
MetpriOnke 61t To throughput givat 23.95 Kbps, dev mopatnpndnkay andAeles,
Ty g one way delay eivor 257.32 ms kot tov jitter 18.34 ms. AmO Tig
mopondve TWEG M petdooon ovt) Ba yapaktnprotel péTpla. AxoAovBodv ot

OVTIOTOU(EG YPOPIKEG TOPOUGTAGELS.
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2ynjua 57 : I'pagikiy wapactacy tys One Way Delay.
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2yijua 58 : I'pagikij wapactacny tov Jitter.
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Am6 192.168.0.5 (yprionc) -> 172.16.0.5 (Provider) :
Metpn|Onike 611 to throughput eivon 24 Kbps, dev mapatnpnidnkay andAgec, n

TN g one way delay givon 38.14 ms ko Tov jitter 10.83 ms. AkolovBovv ot
OVTIOTOU(EG YPOPIKES TOPOGTAGELS.
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2ynjua 59 : I'pagikij mapactacy ts One Way Delay.
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2xynjua 60 : I'pagixy wapactacny tov Jitter.
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4.4.2 Mépog 2°

Kotd v mepapotikn pétpnon oto diktvo petadiddtav tovtodypova o TCP
kivnon, po UDP kivnon pe puBud petddoong 3 Mbps kon eykafidpvotov pio apeidpoun
emkovovia VoIP, mapdAinia pe background xivnon tov 5 Mbps. ®a yivel avdivon Kot

TOPOLGIOCT) TV AMOTEAEGUATOV Yo KEOe Kivnom EexwpioTd.

4.4.2.1 TCP kivhon

H «xivnon éhaPe throughput 53.75 Kbps, pe 64 emavoleTodooelg TOKETOV Kol
RTT xaBvotépnon ota 339.5 ms. Iapakdtom mapovctdlovtal Ypapikés mopacTAGELS TOV

throughput, tg RTT xaBvotépnong kot TV eTovoETAd0GEMV.
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2ynua 61 : I'popikiy wapactacy tov Throughput.
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2ynqua 62 : I'papikiy mapactacy tov RTT.
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Zynua 63 : I'pogikiy mapactacy Ty retransmissions.



4.4.2.2 UDP kivnon

H mpocopoiwon petddoong video éraPe 2.79 Mbps throughput, pe 9.24%
anmAeleg, pue one way delay oto 177.54 ms kot pe v tTyun tov jitter ota 1.35 ms.
[Mapamnpeiton 6TL N petddoon eixe TpoPAnpaTa omd TV TAPOVCio TOV AAL®Y KIVAGE®V
070 0ikTLO. AKOAOVLOOVV 01 YPAPIKES TAPACTAGELS TNG one way delay, Tov jitter kot TV

OTTOAELDV.
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2ynqua 64 : I'poapixy wapactacy tys One Way Delay.
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2ynjua 65 : I'pagikiy wapactacny tov Jitter.
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2yijua 66 : I'pogikij TapdcTocl) TOV ATWIEIDY.
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4.4.2.3 VoIP gmikoivwyvia

Avoldovtag Tig 000 KIVNGELS, amd Tig omoieg amoteleitor n VoIP gmikowvwvia,
EEXYOPIOTA TPOKVTTEL :
e Amb6 172.16.0.5 (Provider) -> 192.168.0.5 (ypnomg) :
Metprinke 611 10 throughput sivon 22.47 Kbps, pe 6.23% ammAeiec, n T g

one way delay eivat 173.13 ms ko tov jitter 1.42 ms. AxkoAovBoOv o1 avTicTOorYES

YPOPKES TOPACTAGELC.
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2ynqua 67 : I'papiky napactacy tys One Way Delay.
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2ynjua 68 : I'pagiky wapactacny tov Jitter.
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2ynjua 69 : I'pogikij TapacTocl) TOV ATWIEIDY.
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Am6 192.168.0.5 (yprionc) -> 172.16.0.5 (Provider) :
Metpn|Onike 611 to throughput etvon 20.64 Kbps, pe 13.88% andAeieg, 1 tipn g

one way delay eivar 174.90 ms ko tov jitter 1.70 ms. AkoAovBoOv ot avticToryes

YPOUPIKES TTOPACTAGELS.
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2ynua 70 : I'pogiky wapactacy s One Way Delay.

Jitter (=mooth)
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2ynjua 71 : I'pagixy wapactacny tov Jitter.
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2ynua 72 : I'pagikn mapdotac TV anmisidvy.

4.4.3 Mépog 3°

Katd v mepopatikn pérpnon evepyonoteitar o unyaviopnds DiffServ ko 6to
diktvo petadwdtay tavtoypova pia TCP kivnon, pa UDP kivinon pe puBuod petdooong
3 Mbps kot gykabidpvotay pia apgidpoun exkowvwvia VolP, mapddiinia pe background
kivnon tov 5 Mbps. Oa yivel avaAvon Kol TapoVCiaon TOV OTOTEAECUATOV Yo KAOE

kivnon Eeywpiotd.

4.4.3.1 TCP kivhon
H xivnon éhafe throughput 3.07 Mbps, pe kapio eravapetddooon kot RTT

kaBvotépnon ota 390.9 ms. [Mapakdto mapovsidalovrol Ypopikés TopUcTAGELS TOV

throughput kot ¢ RTT kaBvostépnong.
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2ynqua 73 : I'pogiky mapactacy tov Throughput.
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2ynua 74 : I'popikiy wapactacy tov RTT.



4.4.3.2 UDP kivnon

H mpocopoimon petddoong video élafe 3.08 Mbps throughput, yopic andAieies,
ue one way delay ota 36.86 ms kot pe v U Tov jitter ota 2.34 ms. AkoAovBohv ot

YPOPIKES TOPACTAGELS TNG one way delay kot Tov jitter.
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2ynjua 75 : I'pogikij mapactacny ts One Way Delay.
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2ynjua 76 : I'pagiky wapactacny tov Jitter.

4.4.3.3 VoIP emikoivwvia

Avoldovtag Tig 000 KIWNGEL, amd TS omoieg amoteleiton n VoIP gmikowwvia,
Eexmplotd TpokHITEL
o Am6 172.16.0.5 (Provider) -> 192.168.0.5 (ypiotg) :
MetpriOnie 611 to throughput givon 24 Kbps, yopig andieleg, n Tiun g one way

delay eivon 34.4 ms ko tov jitter 5.15 ms. AkolovBoOv Ot AVTIGTOLES YPOPIKES

TOPOCTAGELC.
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2ynjua 77 : ITpopikiy wapactacny tis One Way Delay.
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2ynjua 78 : I'pagikiy wapactacny tov Jitter.
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e Am6192.168.0.5 (ypriotng) -> 172.16.0.5 (Provider) :
Metpn|Onike 611 to throughput eivon 24 Kbps, dev mapatnpnidnkay andAgec, n
Ty g one way delay eivon 28.49 ms ko Tov jitter 3.84 ms. AkolovBovv ot

OVTIOTOU(EG YPOPIKES TOPOGTAGELS.
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2ynjua 79 : I'pagikiy wapactacy tys One Way Delay.
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2ynua 80 : I'pagiky mapactacy tov Jitter.



5. Zuptrepdopara - ETriAoyog

H mroyguokn epyocio eotiace ot pedétm g [Howwmra Ymnpeowwv ce éva
JdpacTIKO GVOTNUHO YNELOKNG TNAedpaong oG evpulwvikd diktvo mpdoPacng yio
VANPEGIEC OEOOUEVOV, EVOOUATMOVOVTAG GE OVTO £VO UNXOVICHO OlCQAAIONG NG
To10TNTOG TOV TOPEXOLEVOV vanpecidv. H Beitiotomoinon avt emtpénel v mapoyn
JLOPACTIKOV VANPECIOV Kol TNV AP@idpoun HETAO00oN yneloakoh ONUATOS GE £val
KOVOTOMTIKO EMIMEDO TOLOTNTOC, KAVOVTAG OTOSOTIKY XPNOT TOV SIKTLOKADV TOP®V Kot

TPOCPEPOVTOG EYYUNCELS Y10 a&lOmIoTT), BEATIOTN KOl YPNYOPT] EMKOVOVIAL.

5.1 AtroteAéoparta

AmO TV  OVOALOYN TOV OMOTEAECUATOV TNG TEWPAUATIKNG  OloOIKOGTOG
napaTnpNOnKe OTL 1| EVEPYOTOINGT TOL UNYOVIGHOD SIGOAAICTG TNG TOWOTNTOS TV
VINPESIOV PeATioTONOiNcE TV amdO0GT TOV JIKTVOV, OEGUEVOVTOG TO OTOUTOVUEVO
evpog Covng vy kabe wivnon wor eéacpoiiloviag v allomotn UHETAO00N TV
OEdOUEVMV.

ITo ovykekpyéva, 6cov apopd v TCP kivnon, decpedtnke 1o amoitodUevo
gvpog Lovng, mapelye (ol aSldmoTn UHeTAd00oT YWPIS EMAVOUETAOOCELS TOKETMV KOl
BeAtivOnke n RTT kabBvotépnon katd 65.16%. v petddoon video mapatnprOnie
e€aheym Tov anoieldv (omd 48.8% oe 0%) kot peimon g one way kafvotépnong Katd
83.5% (amd 192.14 ms o€ 31.96 ms), dStutnpdvtag TapdAinia TV TN TOV jitter € TOAD
yopmAd eminedo (1.42 ms). Ov tyég avtég kabiotovv 1o avaPadcuévo, pe tov
unyoviopd DiffServ, cOotua katdAinio yo v mapoyn vanpeciov IPTV streaming
video. Katd v eykabidpvon g apeidpoung VolP emkowwviag mapoatnpnnke ot
otV kivnon amnd tov Service Provider mpog tov TeAKO ¥pnoTn 01 Am®AELEG PEIDON KOV
and 16.06% oto 0%, n one way kabvotépnon pewwdnke kotd 88.8% (amd 176.9 ms oe
17.97 ms) kot n Ty Tov jitter kopdvonke ota 1.13 ms. Xmnv kivinon ond tov TEAIKO
¥pPNo wpog Tov Service Provide ot anmdAieieg peiwdnkav and 14.65% oto 0%, n one way
kabvotépnon pemdnke kot 88.7% (amd 178.55 ms og 20.07 ms) kot 1 Ty TOUL jitter

KopdvOnke ota 1.17 ms.
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2TV GUVEYELD, OTNV TEPAUATIKY] LETPNOT), OOV ATOGTEALOVTOL TOVTOYPOVA OAES
ol kwnoelg, mapotnpninke e&dretyn tov emavopetaddopevov mokétov oty TCP
kivnon (0% omdieleg), mopéyovios TopdAANAa Kol TO0 omottovUeVo gVpog {dvne. Znv
petadoon video mapatnpnOnke peioon tov anwiewwv and 9.24% oto 0%, evd n one
way delay peidbnke xatd 79.2% (omd 177.54 ms oe 36.86 ms) kot 1 T TOVL jitter
éueve og avomom ko eninedo (2.34 ms). Katd v eykabidpvon g apeiopoung VolP
emKovoviag mapotnpnonke 6tL oty kivnon and tov Service Provider mpog tov 1eAIKO
YPNoTN ot amdAieleg petmdnkay amd 16.06% oto 0%, n one way kabvotépnon peiodnke
katd 80.13% (amd 173.13 ms oe 34.4 ms) kot 1 TR TOL jitter koudvOnke ota 5.15 ms.
Ymv xivnon and tov teEMkO ypnotn mpog tov Service Provide ot amwAeieg petmdnkayv
a6 13.88% oto 0%, n one way kabvotépnon pewwbnke katd 83.7% (amd 174.9 ms ce

28.49 ms) ko1 n TN Tov jitter kopdvOnke ota 3.84 ms.

5.2 MeAlovTikég MNMpoTaoeig

To mepPdArov mapoyng SdPACTIKAG YNPLOKNG TAEOPAONG LE EVOOUATMOUEVO
unyaviopd dacediiong Iowwmrag Yanpeoiav, mov peletnke katd v StdpKeEW TNG
OLYKEKPIUEVNG TTTUYIOKNG EPYACiaG, vAoTomOnKe pe T€1010 TPOTO, MOTE Vo e&vmnpetel
éva ovykekpiuévo ocdvoro SLA’s, kabiotoviog v dwyeipion otatikn. Emopéveg,
omoladNmoTe OAANYN XPEWOTEL VO Yivel AOy® tpomtomotoemv ota SLA’s mpémet va yivel
pe yewpoxivntn owdikacio, 1 omoio eivar dVOKOAN Ko pmopel vo odnynoel e AdO.
Yuvendg, mpoteivetoar 1M PEATIOTONOINGT TOL GULOTHUOTOS HE TNV E€QAPUOYN €VOG
UNYOVIGLOD TTOV VO TOPEYEL 0L SUVOLLKY] KOl GE TPAYUATIKO ¥pOvo dtayeipion.

Emiong n vAomoinom tov KavaAilov emoTpoeng, ektoc and v texvoroyio IEEE
802.11g mov ypnowomomdnke oto mPoTEVOUEVO diKkTVO, pmopel va emextabel kol vo
TEPILAPEL KOl GAAEG ACVPUOTEG KOl EVOUPUOTEG TEXVOAOYIEC avAAoya pe TO €100 TOV
TeEMK0D XpNo (Kivntog, otabepdq). ‘Etot Oa vdpyet o mo olokAnpouévn eikova yo
To 0PEAT Kot TG advVopieg TG kbBe vAoToinomg.

Melhovtikd, B pmopovoe va emektadel 1) CLYKEKPIUEV £pYACio LEAETOVTOG TNV
epapuoyn g texvoroyiog DiffServ oe cuvdvacud pe GAAOLS UNYOVIGLOVG OLUCPAAITTC

™m¢ modtnTog vanpectdv. O gUTAOVLTIOUOS TOV CLGTHUOTOS TOV HEAETNONKE HE TIg
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teyvoloyieg IntServ ko MPLS, Ba €6tve v ovvatdtmra vo emitevybel po mo
oAOKANpOUEV Kol duvaplky] mpocEyywon oto {fmnuo g mopoyns Ilowdtnrog
Ynnpeouov.

Téhog, Aapupdvovtag vedym v emepyouevn petdfoacn amd to tpmtokorro [Pv4
oto IPv6 yia v avafabuon tov IP diktdwv, 1 perétn evog GLUGTHLATOS TTAPOYNS
SOPACTIKNG YNPLOKNG TNAEOPACTC, TO 0010 KAVEL XPNoN TOL TPWTOoKOAAOL IPV6 Ko M
e€epehivnon TV OLVOTOTNTOV 7oL OVTO TOPEXEL UTOPEL Vo OmOTEAEGEL o GAAN

TPOKANOM).
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7. NMNapapThuaTa

7.1 N'A\woodpio
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ADSL
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BE
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COFDM
DAC
DCR
DER
DiffServ
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DSCP
DSLAM
DVB
DVB-H
DVB-RCT
DVB-S
DVB-T
EF

ETSI
FIFO
GPRS
GRED
HTB
IDTV
IEEE
IETF
IntServ
IP

ISDN
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ISP

ITU
MPE
MPEG
MPLS
OFDM
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Analog to Digital Converter
Asymmetric Digital Subscriber Line
Assured Forwarding

Asynchronous Transfer Mode
Behavior Aggregate

Best Effort

Cell Main Node

Coded Orthogonal Frequency Division Multiplexing

Digital to Analog Converter

DiffServ Core Router

DiffServ Edge Router

Differentiated Services

Differentiated Services

DiffServ Code Point

DSL Access Multiplexer

Digital Video Broadcasting

Handheld Digital Video Broadcasting
DVB Terrestrial Return Channel
Satellite Digital Video Broadcasting
Terrestrial Digital Video Broadcasting
Expedited Forwarding

European Telecommunications Standards Institute
First In First Out

General Packet Radio Service

Generic RED

Hierarchical Token Bucket

Interactive Digital Television

Institute of Electrical & Electronics Engineers
Internet Engineering Task Force
Integrated Services

Internet Protocol

Integrated Services Digital Networking
Industrial, Scientific, Medical

Internet Service Provider

International Telecommunication Union
Multi-Protocol Encapsulation

Moving Picture Expert Group
Multi-Protocol Label Switching
Orthogonal Frequency Division Multiplexing
Personal Computer
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PRIO Prioriti Queuini
QAM Quadrature Phase Shift Keiini
RED Random Earli Detection

RTO Retransmission TimeOut

RTT Round Triﬁ Time
SLA Service Level Aireement

TBF Token Bucket Filter

TCP Transmission Control Protocol

UDP User Datairam Protocol
UMTS Universal Mobile Telecommunication Sistem
WEP Wired Eﬁuivalent Privaci

WLAN Wireless Local Area Network
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7.2 EvroAég E@appuoyng DiffServ

7.2.1 Zevapio 1°

7.2.1.1 DiffServ Edge Router

#!/bin/bash

#delete any qdisc
tc qdisc del dev ethO root

tc qdisc del dev wlan0 root

#clear and show iptables mangle chain
iptables -t mangle -F
iptables -t mangle -L -n

#show queueing disciplines

tc -s -d qdisc

# mark DSCP of TCP and the rest traffic
iptables -t mangle -A PREROUTING -s 0/0 -i ethO -j DSCP --set-dscp 0x00
iptables -t mangle -A PREROUTING -p TCP -i ethO -j DSCP --set-dscp 0x2e

# condition egress traffic
# Main htb qdisc & class
tc qdisc add dev wlanO root handle 1:0 htb

# - EF Class (1:10)
tc class add dev wlan0 parent 1:0 classid 1:1 htb rate 8000kbit ceil 8000kbit burst 10k
tc class add dev wlan0 parent 1:1 classid 1:10 htb rate 4700kbit ceil 5000kbit burst 10k \
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prio 0

tc qdisc add dev wlan0 parent 1:10 handle 10: sfq perturb 10

# - BE Class (1:20)

tc class add dev wlan0 parent 1:1 classid 1:20 htb rate 2000kbit ceil 8000kbit burst 10k \
prio 0

tc qdisc add dev wlan0 parent 1:20 handle 20: sfq perturb 10

tc filter add dev wlan0 parent 1:0 protocol ip prio 1 u32 match ip tos 0xb8 O0xff flowid \
1:10
tc filter add dev wlan0 parent 1:0 protocol ip prio 1 u32 match ip tos 0x0 0xff flowid 1:20

tc -s -d qdisc

tc -s -d class

7.2.1.2 DiffServ Core Router

#!/bin/bash

#delete any policy/shaping mechanisms

tc qdisc del dev eth0 root

# - Main dsmark & classifier
tc qdisc add dev ethO handle 1:0 root dsmark indices 64 set tc_index
tc filter add dev ethO parent 1:0 protocol ip prio 1 tcindex mask Oxfc shift 2

# - Main htb qdisc & class
tc qdisc add dev ethO parent 1:0 handle 2:0 htb
tc class add dev ethO parent 2:0 classid 2:1 htb rate 8Mbit burst 12k ceil 8Mbit

99




# - EF Class (2:10)

tc class add dev ethO parent 2:1 classid 2:10 htb rate 4500kbit burst 12k ceil 5000kbit \
prio 0

tc qdisc add dev ethO parent 2:10 pfifo limit 200

tc filter add dev ethO parent 2:0 protocol ip prio 1 handle 0x2e tcindex classid 2:10 \

pass_on

# - BE Class (2:20)

tc class add dev ethO parent 2:1 classid 2:20 htb rate 2Mbit burst 6k ceil 8Mbit prio 1

tc qdisc add dev ethO parent 2:20 red limit 250000 min 42000 max 125000 burst 70 \
avpkt 1000 bandwidth 2Mbit probability 1

tc filter add dev ethO parent 2:0 protocol ip prio 2 handle 0 tcindex mask 0 classid 2:20 \

pass_on

tc -s -d qdisc

tc -s -d class show dev ethQ

7.2.2 Tevdpio 2°

7.2.2.1 DiffServ Edge Router

#!/bin/bash

#delete any qdisc
tc qdisc del dev eth0 root

tc qdisc del dev wlan0 root

#clear iptables mangle chain

iptables -t mangle -F
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iptables -t mangle -L -n

#show queueing disciplines

tc -s -d qdisc

# mark DSCP of UDP and the rest traffic

iptables -t mangle -A PREROUTING -s 0/0 -i eth0 -j DSCP --set-dscp 0x00

iptables -t mangle -A PREROUTING -p UDP --dport 7001 -i ethO -j DSCP --set-dscp \
0x2e

# - Main htb qdisc & class
tc qdisc add dev wlan0 root handle 1:0 htb
tc class add dev wlan0 parent 1:0 classid 1:1 htb rate 8000kbit ceil 8000kbit burst 10k

# - EF Class (1:10)

tc class add dev wlan0 parent 1:1 classid 1:10 htb rate 3300kbit ceil 8000kbit burst 10k \
prio 0

tc qdisc add dev wlan0 parent 1:10 handle 10: sfq perturb 10

# - BE Class (1:20)

tc class add dev wlan0 parent 1:1 classid 1:20 htb rate 4500kbit ceil 8000kbit burst 10k \
prio 0

tc qdisc add dev wlan0 parent 1:20 handle 20: sfq perturb 10

tc filter add dev wlan0 parent 1:0 protocol ip prio 1 u32 match ip tos 0xb8 O0xff flowid \
1:10
tc filter add dev wlan0 parent 1:0 protocol ip prio 1 u32 match ip tos 0x0 0xff flowid 1:20

tc -s -d qdisc

tc -s -d class
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7.2.2.2 DiffServ Core Router

#!/bin/bash

#delete any policy/shaping mechanisms

tc qdisc del dev eth0 root

# - Main dsmark & classifier
tc qdisc add dev ethO handle 1:0 root dsmark indices 64 set tc_index
tc filter add dev ethO parent 1:0 protocol ip prio 1 tcindex mask Oxfc shift 2

# - Main htb qdisc & class
tc gqdisc add dev ethO parent 1:0 handle 2:0 htb
tc class add dev ethO parent 2:0 classid 2:1 htb rate 8Mbit burst 12k ceil 8Mbit

# - EF Class (2:10)

tc class add dev ethO parent 2:1 classid 2:10 htb rate 3300Kbit burst 12k ceil 8Mbit prio 0
tc qdisc add dev ethO parent 2:10 pfifo limit 200

tc filter add dev ethO parent 2:0 protocol ip prio 1 handle 0x2e tcindex classid 2:10

pass_on

# - BE Class (2:20)

tc class add dev ethO parent 2:1 classid 2:20 htb rate 4500Kbit burst 6k ceil 8Mbit prio 1
tc qdisc add dev ethO parent 2:20 red limit 562500 min 94000 max 281250 burst 157
avpkt 1000 bandwidth 4500Kbit probability 1

tc filter add dev ethO parent 2:0 protocol ip prio 2 handle 0 tcindex mask 0 classid 2:20

pass_on

tc -s -d qdisc

tc -s -d class show dev ethQ
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7.2.3 Zevapio 3°

7.2.3.1 DiffServ Edge Router

#1/bin/bash

#delete any qdisc
tc qdisc del dev eth0 root

tc qdisc del dev wlanO root

#clear iptables mangle chain
iptables -t mangle -F
iptables -t mangle -L -n

#show queueing disciplines

tc -s -d qdisc

# mark DSCP of UDP and the rest traffic

iptables -t mangle -A PREROUTING -s 0/0 -i eth0 -j DSCP --set-dscp 0x00

iptables -t mangle -A PREROUTING -p UDP --sport 7000 -i ethO -j DSCP --set-dscp
0x2e

# - Main htb qdisc & class
tc qdisc add dev wlan0 root handle 1:0 htb
tc class add dev wlan0 parent 1:0 classid 1:1 htb rate 8000kbit ceil 8000kbit burst 10k

# - EF Class (1:10)

tc class add dev wlan0O parent 1:1 classid 1:10 htb rate 60kbit ceil 8000kbit burst 10k \
prio 0

tc qdisc add dev wlan0 parent 1:10 handle 10: sfq perturb 10
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# - BE Class (1:20)

tc class add dev wlan0 parent 1:1 classid 1:20 htb rate 7000kbit ceil 8000kbit burst 10k
prio 0

tc qdisc add dev wlan0 parent 1:20 handle 20: sfq perturb 10

tc filter add dev wlan0 parent 1:0 protocol ip prio 1 u32 match ip tos 0xb8 0xff flowid
1:10
tc filter add dev wlan0 parent 1:0 protocol ip prio 1 u32 match ip tos 0x0 0xff flowid 1:20

tc -s -d qdisc

tc -s -d class

7.2.3.2 DiffServ Core Router

#!/bin/bash

#delete any policy/shaping mechanisms

tc qdisc del dev eth0 root

# - Main dsmark & classifier
tc qdisc add dev ethO handle 1:0 root dsmark indices 64 set tc_index

tc filter add dev ethO parent 1:0 protocol ip prio 1 tcindex mask Oxfc shift 2

# - Main htb qdisc & class
tc qdisc add dev ethO parent 1:0 handle 2:0 htb
tc class add dev ethO parent 2:0 classid 2:1 htb rate 8Mbit burst 12k ceil 8Mbit
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# - EF Class (2:10)

tc class add dev ethO parent 2:1 classid 2:10 htb rate 60Kbit burst 12k ceil 8Mbit prio 0

tc qdisc add dev ethO parent 2:10 pfifo limit 200

tc filter add dev ethO parent 2:0 protocol ip prio 1 handle 0x2e tcindex classid 2:10

pass_on

# - BE Class (2:20)

tc class add dev ethO parent 2:1 classid 2:20 htb rate 7000Kbit burst 6k ceil 8Mbit prio 1
tc qdisc add dev ethO parent 2:20 red limit 875000 min 146000 max 437500 burst 244
avpkt 1000 bandwidth 7000Kbit probability 1

tc filter add dev eth( parent 2:0 protocol ip prio 2 handle 0 tcindex mask 0 classid 2:20

pass_on

tc -s -d qdisc

tc -s -d class show dev ethO

7.2.4 Tevapio 4°

7.2.4.1 DiffServ Edge Router

#!/bin/bash

#delete any qdisc
tc qdisc del dev ethO root

tc qdisc del dev wlan0 root

#clear iptables mangle chain
iptables -t mangle -F
iptables -t mangle -L -n
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#show queueing disciplines

tc -s -d qdisc

# mark dscp of each traffic

iptables -t mangle -A PREROUTING -s 0/0 -i ethO -j DSCP --set-dscp 0x22

iptables -t mangle -A PREROUTING -p TCP -i ethO -j DSCP --set-dscp O0x1A

iptables -t mangle -A PREROUTING -p UDP --sport 7000 -i eth0 -j DSCP --set-dscp
0xA

iptables -t mangle -A PREROUTING -p UDP --dport 7001 -i eth0 -j DSCP --set-dscp
0x12

# main htb qdisc & class
tc qdisc add dev wlan0 root handle 1:0 htb
tc class add dev wlan0 parent 1:0 classid 1:1 htb rate 8000kbit ceil 8000kbit burst 10k

# - AF1 Class (1:10)

tc class add dev wlan0 parent 1:1 classid 1:10 htb rate 60kbit ceil 8000kbit burst 10k prio
0

tc qdisc add dev wlan0 parent 1:10 handle 10: sfq perturb 10

# - AF2 Class (1:20)

tc class add dev wlan0 parent 1:1 classid 1:20 htb rate 3200kbit ceil 8000kbit burst 10k
prio 0

tc gqdisc add dev wlan0 parent 1:20 handle 20: sfq perturb 10

# - AF3 Class (1:30)

tc class add dev wlan0 parent 1:1 classid 1:30 htb rate 3000kbit ceil 3300kbit burst 10k
prio 0

tc qdisc add dev wlan0 parent 1:30 handle 30: sfq perturb 10

# - AF4 Class (1:40)
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tc class add dev wlan0 parent 1:1 classid 1:40 htb rate 1000kbit ceil 8000kbit burst 10k
prio 0
tc qdisc add dev wlan0 parent 1:40 handle 40: sfq perturb 10

tc filter add dev wlan0 parent 1:0 protocol ip prio 1 u32 match ip tos 0x28 0xff flowid
1:10
tc filter add dev wlanO parent 1:0 protocol ip prio 1 u32 match ip tos 0x48 Oxff flowid
1:20
tc filter add dev wlan0 parent 1:0 protocol ip prio 1 u32 match ip tos 0x68 Oxff flowid
1:30
tc filter add dev wlanO parent 1:0 protocol ip prio 1 u32 match ip tos 0x88 Oxff flowid
1:40

tc -s -d qdisc

tc -s -d class

7.2.4.2 DiffServ Core Router

#!/bin/bash

#delete any policy/shaping mechanisms

tc qdisc del dev eth0 root

# - Main dsmark & classifier
tc qdisc add dev ethO handle 1:0 root dsmark indices 64 set_tc_index

tc filter add dev ethO parent 1:0 protocol ip prio 1 tcindex mask Oxfc shift 2

# - Main htb qdisc & class
tc qdisc add dev ethO parent 1:0 handle 2:0 htb
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tc class add dev ethO parent 2:0 classid 2:1 htb rate 8Mbit burst 12k ceil 8Mbit

# - AF1 Class (2:10)

tc class add dev ethOQ parent 2:1 classid 2:10 htb rate 60Kbit burst 12k ceil 8Mbit prio 0

tc qdisc add dev ethO parent 2:10 pfifo limit 200

tc filter add dev ethO parent 2:0 protocol ip prio 1 handle 0xA tcindex classid 2:10

pass_on

# - AF2 Class (2:20)

tc class add dev ethO parent 2:1 classid 2:20 htb rate 3200Kbit burst 12k ceil 8Mbit prio 0
tc qdisc add dev ethO parent 2:20 pfifo limit 200

tc filter add dev ethO parent 2:0 protocol ip prio 1 handle 0x12 tcindex classid 2:20

pass_on

# - AF3 Class (2:30)

tc class add dev ethO parent 2:1 classid 2:30 htb rate 3000Kbit burst 10k ceil 3300Kbit
prio 0

tc qdisc add dev ethO parent 2:30 pfifo limit 300

tc filter add dev ethO parent 2:0 protocol ip prio 1 handle Ox1A tcindex classid 2:30

pass_on

# - AF4 - BE Class (2:40)

tc class add dev ethO parent 2:1 classid 2:40 htb rate 1000Kbit burst 6k ceil 8Mbit prio 1
tc qdisc add dev ethO parent 2:40 red limit 125000 min 20835 max 62500 burst 35 avpkt
1000 bandwidth 1000Kbit probability 1

tc filter add dev ethO parent 2:0 protocol ip prio 2 handle 0x22 tcindex classid 2:40
pass_on

tc -s -d qdisc

tc -s -d class show dev ethQ
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7.3 EvToAég Anpioupyiag, “ZUAANYNGS” kai AvaAuong Kivhong

7.3.1 TCP kivhon

7.3.1.1 Anuioupyia

I'o v dnuovpyia g TCP xivnong ypnoonomdnke to epyareio iperf. And
TNV TAEVPA TOL TEAMKOV ¥pNoTn ekteELeiTan TO iperf Gav server, Omov “akovel” otnv port
5001 ywo pe TNV EVIOA :
iperf —s
Amo Vv mhevpd tov Service Provider extedeiton 1o iperf cav client, dnidvoviog cav
mopapétpoug v IP dievbuvon tov server kai Tov ¥pdvo mov Ba d1apkEcEL 1) EXKOVOVia,

LLE TNV EVTOM :

iperf —c <ip_address_of server> —t <time_in_seconds>
m.y :iperf —¢ 192.168.0.5 —t 120

7.3.1.2 ZOANYN

Me 10 epyoieio tecpdump Ba “cuAdneBel” n kivnon kot Bo amobnkevtel oe éva

dump apyeio, dote vo umopécel émetta va yivel n avlvon tg. H eviodn etvau n €€ng :

tcpdump —w <filename> -n -vv -i <network_interface>

n.y : tepdump —w tep_traffic -n -vv -1 ethO tep port 5001
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7.3.1.3 AvéAuon

To dump apyeio mov dnpovpyndnke amd to tepdump Ba ypnopomomOet and to
epyadeio teptrace, mate vo avoivdel n kivnon, divovtog TAnpogopiec yia to throughput,

Vv RTT kabvotépnon kot 11 eravapuetadocels. Ot evioléc dlvovtol TapakdTo.
Throughput : tcptrace —zxy —xtraffic‘-B —il” <dump_file>

RTT : teptrace —zxy —xtraffic‘-R —i1” <dump_file>

Retransmissions : tcptrace —zxy —xtraffic’-L —i1> <dump_file>

7.3.1.4 I'pag@ikn Atmreikévion

Kd&Be evtoAn tcptrace ompiovpysi éva obvolo apyeiov pe kotdAnén .xpl.
Xpnowonowwvtag 10 gpyaieio xplot 1 To gnuplot (apod TpmdTa petatpamovv o .Xpl o
.gpl ne 1o xpl2gpl epyareio) kar emiéyovtag to katdAinAo .xpl apyeio epeaviCovion ot

avtioToryeg Ypapkéc Tapaotacels. H evtoAr mov ypnoomoteitan ivon :

xplot <filename>.xpl

7.3.2 UDP Kkivnon

7.3.2.1 ZuyxpoVvioudg poAoyiwv

Ymv UDP petddoom, ywr va elvor dvvatdg 0 LTOAOYIGUOC TV one way
KaBvotépnong eival amapaitnTog 0 GVYXPOVICUOS TOV POAOYIDV TMV VITOAOYIGTAOV TOV
petéyovv oty emkowvavia. O GUYXPOVIGUOS ETITLYYAVETOL YPTCULOTOUDVTIOS KATOL0

Tpoypappe Tov kévet yprion tov NTP (Network Time Protocol) TtpwtokdAlov.
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7.3.2.2 Anuioupyia

Mo v onuiovpyia g TCP kivnong ypnoyoromdnke to epyaieio mgen. Amod
™V TAEVPE TOV TEAMKOD ¥PNOTN EKTEAEITOL TO mgen Yo va “oKoVeEl” 6g KAmola port Tov

ONAMDVETOL Y10l [LE TNV EVTOAN :

mgen input <script_file>

To script_file mepiéyet T evtorég mov Ba EKTEAEGTODV.

0.0 LISTEN UDP 7000

Amo v mAevpd tov Service Provider exteAdeiton To mgen yio vo LETOOMOEL Kivon TPOG
Tov ypiotn mov “akovel”. Ot eviodég mov ypeldletal o0 TPOYPAPUO OVTO Yo TN
onupovpyia g kivnong, onwg givatl o xpovog ekTEAEoNG Kot To bit rate mepiéyoviol 6To

script_file :

0.0 ON 1UDP SRC 7001 DST 192.168.0.5/7000 PERIODIC [1 4096]
120.0 OFF 1

7.3.2.3 Z0ANYN

Me to gpyoieio tepdump Oa “curinebei” n kivnon ko Ba amobnkevtel o Eva
dump apyeio, ®ote va umopéoel Enerta vo yiver n avdivon . v UDP kivnon Oa
ypewotel éva tepdump o va “mdver” v kivnon mov petadidet o Service Provider ko

éva yo va “midver” v kivnon mov AapPavetl o tehkog xpnots. H evrodn sivor n e€n¢ :

tcpdump —w <filename> -n -vv -i <network_interface>

n.y : tepdump —w udp_traffic -n -vv -i ethO udp port 7000
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7.3.2.4 AvéAuon

Ta 000 dump apyeio Tov dnprovpyndnkav ard to tcpdump Ba petatpomovy oe
txt apyeio pe TIG EVIOLEG :
tcpdump —tt —vv —n —r <dumpfile_of server>>udp sender.txt

tcpdump —tt —vv —n —r <dumpfile_of_client> > udp_receiver.txt

Aol oAokAnpwbel | dnuovpyia TV txt apyeiov akolovbel, n ektéleon twv perl
TPOYPOUUAT®OV TOL KepoAaiov 7.4. Apyiko ektedeitor 10 apyelo mOPOKAT® 7OV
onuovpyel dvo véa apyeio, ek TOV omoiwv To £vo EYEL TNV Kiviom TOL amoCGTOAEN
(sender) ka1 to GAAo TOL OéKTN (receiver) Kot ekteAeitan oG eENg:

perl ipv4 dvbstream createendfiles.pl

Me 10 mpoypappa ipv4 losses.pl vmoroyilovtal ol anmAeleg Katd TV HETAO0OT

¢ udp kivnong.
perl ipv4 losses.pl

Me 1o emduevo mpoOypapupo vroroyiletar to data rate Tov AmOGTOAEN KOl TOV
J€KTN avtioToya.
perl ipv4 sender receiver rate.pl

AxolovBel to mpodypoppa 6mov evBuypappiler kdbe makéto ToL OapyEiov TOL
OéKTN pe KAOe TaKETO TOL aPYEIOV TOL OMOGTOAEN, DCTE VO VTOAOYIOTEL aPyOTEPA 1
drakvpavon g Kabvotépnong (jitter).
perl ipv4 align for delay jitt.pl

2V cuvéyela dnpovpyovvtal dVo apyeio Pe TOLG XPOVOVS TOV OTOGTOAEN KO
TOV OEKTN OVTIGTOLYO, Y10 TOV DITOAOYICUO TOV jitter.:
perl ipv4_timestamp.pl

21 ovvéyewn vroroyileton n draxvpaven g Kabvotépnong (jitter) Tov diktvov.
Metd 10 TEAOC TNG EKTEAECTG TOL TTPOYPAUUATOS EUPOvVIfovVTOL I LEGT , I LEYLOTN KOL 1|
eAdylotn T Tov jitter kou diveron M koBvotépnon petacd tov maxkétov (packet to
packet Delay).
perl ipv4 inter arrival jitter.pl
Ko
perl ipv4_ jitter.pl

H one way xaBvotépnon, onAadn o ypdvog mov ypetdletal €va TaKETO Yo va
petapepOet amd Tov sender otov receiver vioAoyiletal pe TO TPOYPOLLULOL
perl ipv4 one way delay.pl

112



7.3.2.5 Npa@ikn Atreikévion

Mo v aneikdvion TOV YPoEIKOV TOPUCTAGE®V TOV OTOAEWDV, THNG one way
KaBvoTEPNONG KOl TOL jitter YPMNOLUOTOOVVTAL TO TOPOKAT® TPOYPAUUOTO HE TIG

EVIOALG :

Losses :

gnuplot losses.gpl
One way delay :

gnuplot onewaydelay.gpl
Jitter :

gnuplot jitter.gpl

7.3.3 VoIP kivnhon

Mo mv avéivon g VoIP kivnong axoiovBeitar 1 dadikacio mov meprypdoetal
Kol otnv avaivon ™ UDP kivnong (keo. 7.3.2). I'a ) dnuovpyio g kivnong avti tov
mgen ypnotponoteitol to gpyareio D-ITG.
2tov Server ekteAeiTon 1) EVTOAN :

ITGSend -a <ip_address> -sp <port> -t <time_in_msec> VolIP -x <protocol>

.y ITGSend -a 172.16.0.5 -sp 7000 -t 120000 VoIP -x G.729.2

>tov Client ekteAeiton n evior :

ITGRecv
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7.4 Npoypappara AvaAuong UDP Kivhong

7.4.1 NMpoéypappa ipv4_dvbstream_createendfiles.pl

# This program is free software; you can redistribute it and/or modify

# it under the terms of the GNU General Public License as published by

# the Free Software Foundation; either version 2 of the License, or

# (at your option) any later version.

#

# This program is distributed in the hope that it will be useful,

# but WITHOUT ANY WARRANTY; without even the implied warranty of

# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the

# GNU General Public License for more details.

#

# You should have received a copy of the GNU General Public License
# along with this program; if not, write to the Free Software

# Foundation, Inc., 59 Temple Place - Suite 330, Boston, MA 02111-1307, USA.

#Author Anargiros Sideris
#Mail irons@pasiphae.teiher.gr
#!/usr/bin/perl -w

open(INPUTFILE, "<udp_sender.txt") || die ("cannot open udp_sender file 1\n");

unless (open (OUTFILE, ">final.tx"))

die ("cannot open output file outfile\n");

$start = time;
my (@rec_lines) = <INPUTFILE>;
foreach $rec_line (@rec_lines)

{
chomp($rec_line);
@line=split(/[\t +]/,$rec_line);

for ($k=0;$k<@line;$k++)

{
$id=0;
if ($line[$k] eq "cid")
{
$id=$line[Sk+1];
last;
}
}
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for ($k=0;$k<@line;$k++)

{
if ($line[$k] eq "seq")
{
$id=$id.($line[$k+1]);
last;
i

}
for ($k=0;$k<@line;$k++)
{

if ($line[$k] eq "ser")
{

$id=8$id.($line[$k+1]);
last;

}
for ($k=0;$k<@line;$k++)

{
if ($line[$k] eq "id")
{
$id=$id.($line[$k+1]);
last;
}
}

for ($k=0;$k<@line;$k++)

{
if ($line[$k] eq "length:")
{
$size=$line[$k+1];
last;
}
}

$time=8$line[0];
#$id=substr($id,0,length($id)-1);
$size=substr($size,0,length($size)-1);
#print ("$id $size \n");
print OUTFILE ("$id\t$id\t$time\t$size\n");

}

close(INPUTFILE);
close(OUTPUTFILE);
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#second file

open(INPUTFILE, "<udp receiver.txt") || die ("cannot open udp_receiver file 1\n");

unless (open (OUTFILE, ">final.rx"))
{

die ("cannot open output file outfile\n");

my (@rec_lines) = <INPUTFILE>;
foreach $rec_line (@rec_lines)
{

chomp($rec_line);

@line=split(/[\t +]/,$rec_line);
for ($k=0;$k<@line;$k++)

{
$i1d=0;
if ($line[$k] eq "cid")
{
$id=Sline[$k+1];
last;
H
}
for ($k=0;$k<@line;Sk++)
{
if ($line[$k] eq "seq")
{
$id=$id.($line[$k+1]);
last;
H
}
for ($k=0;$k<@line;$k++)
{

if ($line[$k] eq "ser")

$id=$id.($line[$k+1]);
last;

}
for ($k=0;$k<@line;$k++)
{

if ($line[$k] eq "id")
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$id=$id.($line[$k+1]);

last;
H
}
for ($k=0;$k<@line;$k++)
{

if ($line[$k] eq "length:")
{

$size=$line[$k+1];
last;

$time=$line[0];

#$id=substr($id,0,length($id)-1);

$size=substr($size,0,length($size)-1);
print OUTFILE ("$id\t$id\t$time\t$size\n");

}

$elapsed sec = time - $start;

my $second = $elapsed sec%60;
my $minute = ($elapsed_sec/60)%60;
my $hour = ($elapsed_sec/(60*60))%24;

print "Total Time elapsed: $hour hours:$minute min:$second sec\n";

close(INPUTFILE);
close(OUTPUTFILE);
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7.4.2 Npoéypaupa ipv4_losses.pl

# This program is free software; you can redistribute it and/or modify

# it under the terms of the GNU General Public License as published by

# the Free Software Foundation; either version 2 of the License, or

# (at your option) any later version.

#

# This program is distributed in the hope that it will be useful,

# but WITHOUT ANY WARRANTY; without even the implied warranty of

# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
# GNU General Public License for more details.

#

# You should have received a copy of the GNU General Public License

# along with this program; if not, write to the Free Software

# Foundation, Inc., 59 Temple Place - Suite 330, Boston, MA 02111-1307, USA.

#Author Anargiros Sideris
#Mail irons@pasiphae.teiher.gr
#This file calculates the losses in a udp transmission.

#!/usr/bin/perl -w

$start = time;

& calc _loss;

$elapsed sec = time - $start;

my $second = $elapsed sec%60;
my $minute = ($elapsed_sec/60)%60;
my $hour = ($elapsed_sec/(60*60))%24;

print "Total Time elapsed: $hour hours:$minute min:$second sec\n";

sub calc_loss

# Simple loss calculation

{
my ($sender packets);
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my ($receiver packets);

my ($loss_rate);
$sender packets = 0;
$receiver packets = 0,

$loss_rate = 0;

# Sender file
open (SENDER, "<final.tx") || die ("cannot open input file 1\n");

while (<SENDER>)
{

$sender packets++;

close (SENDER);

# Receiver file

open (RECEIVER, "<final.rx") || die ("cannot open input file 2\n");

while (<KRECEIVER>)

{

$receiver packets++;

close (RECEIVER);
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#calculation
$loss rate =
(($sender_packets -
$receiver packets) / $sender packets) * 100;

print "sender packets $sender_packets, receiver packets $receiver packets, losses $loss_rate%\n";

if (($sender_packets - $receiver_packets)!=0)
{

& lossvstime;

}

sub lossvstime

{

unless (open (OUTFILE, ">pack num seq loss vs_time"))
{

die ("cannot open output file outfile\n");

open (SENDER, "<final.tx");
open (RECEIVER, "<final.rx");
my (@sen_lines) = <SENDER>;
my ($sen_line);
my (@rec_lines) = <RECEIVER>;
my ($rec_line);
my ($temp);
my ($templ);
my ($lock);
my ($lock ref time);

my ($send time);
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my ($start_ref time);
my (Spacket_counter);
close (SENDER);
close (RECEIVER);
$size=@rec _lines;
$sizel=@sen_lines;
$packet_counter=0;

$lock ref time=0;

foreach $sen_line (@sen_lines)
{
$lock=0;
$packet_counter++;
chomp($sen_line);
@line_sender=split(/[\t +]/,$sen_line);
$temp1=$line_sender[0].$line_sender[1];

if ($lock ref time==0)
{
$start_ref time=$line_sender[2];
$lock ref time=1;

#print ("\n$start ref time\n");

}

foreach $rec_line (@rec_lines)
{
chomp($rec_line);
@line_receiver=split(/[\t +]/,$rec_line);
$temp=S$line_receiver[0].$line_receiver[1];
if ($temp eq $temp1)
{

#unless (open (OUTFILE, ">>aligned sender"))
#

# die ("cannot open output file outfile\n");
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#}

#close (OUTFILE);
$lock=1;
last;

#print " sender $sen_line receiver $rec_line\n";

}

H
if ($lock==0)

{
$send_time=$line_sender[2]-$start ref time;

print OUTFILE "$send_time\t$packet counter \n";

H

#if ($lock==1)

#{
#$send_time=$line_sender[2]-$start ref time;

#print OUTFILE "$send_time\t0 \n";

#}

H
close (OUTFILE);

& avg_lossvstime;

}

sub avg_lossvstime{

unless (open (OUTFILE, ">lossvstime"))
{

die ("cannot open output file outfile\n");
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open (LOSSES, "<pack num_seq loss_vs_time");

my (@sen_lines) = <LOSSES>;
my ($sen_line);

my ($temp1);

my ($temp);

my ($lock);

my ($lock1);

my ($send_time);

my ($packet_counter);

my ($line_counter);

close (LOSSES);

$size=@rec_lines;
$sizel=@sen_lines;
$packet counter=0;
$lock ref time=0;
$line_counter=0;

$lock=0;

$lock1=0;
foreach $sen_line (@sen_lines)

{

$packet counter++;
chomp($sen_line);
@line_sender=split(/[\t +]/,$sen_line);
$temp=$line sender[0];
if (Slock==0)
{
$temp1=$line_sender[0];
#print "$temp1\n";
@line_sender_last=split(/[\t +]/,$sen_lines[(@sen_lines) -1]);
#print "$line_sender_last[0]\n";
#$packet counter=0;
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$lock=1;

if (($temp1+1.0) < ($temp))
{
if (Slock1==0)
{
$pack count=§packet counter-1;
print OUTFILE "$send_time\t$pack count \n";
#print "$send time\t$packet counter\t$temp \n";
$packet counter=1;
$temp 1=$temp;
H
H
if ($temp1+1) > ($line_sender last[0]))
{
$lockl=1;
if ($temp==S$line_sender last[0])
{
$send_time=S$temp;
# print "$send_time\t$packet counter\t$temp \n";
print OUTFILE "$send_time\t$packet counter \n";

}

$send_time=$temp;
$line_counter++;

H
close (OUTFILE);

#print "$pack count\t$packet counter\t$line counter\n";

}
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7.4.3 MNpoéypaupa ipv4_sender_receiver_rate.pl

# This program is free software; you can redistribute it and/or modify

# it under the terms of the GNU General Public License as published by
# the Free Software Foundation; either version 2 of the License, or

# (at your option) any later version.

#

# This program is distributed in the hope that it will be useful,

# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the

# GNU General Public License for more details.

#

# You should have received a copy of the GNU General Public License
# along with this program; if not, write to the Free Software

#Author Anargiros Sideris

#Mail irons(@pasiphae.teiher.gr

# Foundation, Inc., 59 Temple Place - Suite 330, Boston, MA 02111-1307, USA.

#!/usr/bin/perl -w

my($sum_pack_size);
my($lock);
my($start_time);
my($end_time);
my($transffer _time);
my($data_rate);
$data_rate=0;
$transffer time=0;
$sum_pack size=0;
$lock=0;

$start time=0;

$end time=0;

open(SENDER, "<final.tx") || die ("cannot open input file 1\n");

125


mailto:irons@pasiphae.teiher.gr

$start = time;

while (<SENDER>)

{
my($sen_line)=$_;

chomp($sen_line);

@line_sender=split(/[\t +]/,$sen_line);

$sum_pack sizet=S$line_sender[3];

if ($lock==0)

{
$start_time=$line_sender[2];
$lock=1;

H

#print "$papa[3]\n";

H

$end_time=$line sender[2];

#print "stime $start time etime $end time\n";

$transffer time=$end time-$start time;

$data_rate=$sum_pack_size/$transffer time;

print "SENDER RESULTS\n";

print "total bytes transferred $sum_pack size in $transffer time sec. Sender output data rate is $data_rate
bytes/sec \n";

close(SENDER);

open(RECEIVER, "<final.rx") || die ("cannot open input file 2\n");
$data rate=0;

$transffer time=0;

$sum_pack_size=0;

$lock=0;

$start_time=0;

$end_time=0;

while (KRECEIVER>)
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my($sen_line)=$ ;

chomp($sen_line);

@line_receiver=split(/[\t +]/,$sen_line);
$sum_pack sizet+=$line receiver[3];
if ($lock==0)
{
$start_time=$line_receiver[2];
$lock=1;
H

#print "$papa[3]\n";

b

$end time=$line receiver[2];

print "stime $start time etime $end time\n";

$transffer time=$end time-$start time;

$data_rate=$sum_pack_size/$transffer time;

print "RECEIVER RESULTS\n";

print "total bytes transferred $sum_pack size in $transffer time sec. Receiver input data rate is $data rate

bytes/sec \n";

close(RECEIVER);

$elapsed_sec = time - $start;

my $second = $elapsed sec%60;

my $minute = ($elapsed sec/60)%60;

my $hour = ($elapsed_sec/(60*60))%24;

print "Total Time elapsed: $hour hours:$minute min:$second sec\n";

127



7.4.4 Npoypaupa ipv4_ align_for_delay_jitt.pl

# This program is free software; you can redistribute it and/or modify

# it under the terms of the GNU General Public License as published by

# the Free Software Foundation; either version 2 of the License, or

# (at your option) any later version.

# This program is distributed in the hope that it will be useful,

# but WITHOUT ANY WARRANTY; without even the implied warranty of

# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
# GNU General Public License for more details.

# You should have received a copy of the GNU General Public License

# along with this program; if not, write to the Free Software

# Foundation, Inc., 59 Temple Place - Suite 330, Boston, MA 02111-1307, USA.

#Author Anargiros Sideris
#Mail irons@pasiphae.teiher.gr
#!/usr/bin/perl -w

unless (open (OUTFILE, ">aligned_sender"))
{

die ("cannot open output file outfile\n");
H
open (SENDER, "<final.tx");
open (RECEIVER, "<final.rx");
my (@sen_lines) = <SENDER>;
my ($sen_line);
my (@rec_lines) = <RECEIVER>;
my ($rec_line);
my (Stemp);
my ($templ);

close (SENDER);
close (RECEIVER);
$size=@rec_lines;
$sizel=@sen_lines;

print "Receiver packets $size --- Sender packets $sizel\n";

$start = time;
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foreach $rec_line (@rec_lines)
{

chomp($rec_line);

@line_receiver=split(/[\t +]/,$rec_line);

$temp=3$line_receiver[0].$line_receiver[1];

foreach $sen_line (@sen_lines)

{

chomp($sen_line);

@line_sender=split(/[\t +]/,$sen_line);
$temp1=S$line_sender[0].$line_sender[1];
if ($temp eq $temp1)

{
#unless (open (OUTFILE, ">>aligned_sender"))
#{
# die ("cannot open output file outfile\n");
#}
print OUTFILE "$sen_line\n";
#close (OUTFILE);
last;

#print " sender $sen_line receiver $rec_line\n";

H

}

$elapsed_sec = time - $start;

my $second = $elapsed sec%60;

my $minute = ($elapsed _sec/60)%60;
my $hour = ($elapsed_sec/(60*60))%24;

print "Total Time elapsed: $hour hours:$minute min:$second sec\n";

close (OUTFILE);

7.4.5 MNpoéypappa ipv4_timestamp.pl

# This program is free software; you can redistribute it and/or modify
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# it under the terms of the GNU General Public License as published by

# the Free Software Foundation; either version 2 of the License, or

# (at your option) any later version.

#

# This program is distributed in the hope that it will be useful,

# but WITHOUT ANY WARRANTY; without even the implied warranty of

# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
# GNU General Public License for more details.

#

# You should have received a copy of the GNU General Public License

# along with this program; if not, write to the Free Software

# Foundation, Inc., 59 Temple Place - Suite 330, Boston, MA 02111-1307, USA.

#Author Anargiros Sideris
#Mail irons@pasiphae.teiher.gr
#!/usr/bin/perl -w

unless (open (SENDER, "<aligned sender"))
{

die ("cannot open input file outfile\n");

H
unless (open (OUTFILE, ">sender_timestamp"))

{

die ("cannot open output file outfile\n");

$start = time;
while (<SSENDER>)
{
my($sen_line) =$_;
chomp($sen_line);

@line_sender=split(/[\t +]/,$sen_line);

print OUTFILE "$line_sender[2]\n";
#print "$papa[3]\n";

close(OUTFILE);
close(SENDER);
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unless (open (RECEIVER, "<final.rx"))
{

die ("cannot open input file outfile\n");

unless (open (OUTFILE, ">receiver timestamp"))

{

die ("cannot open output file outfile\n");

while (SRECEIVER>)

{
my($sen_line) =$_;

chomp($sen_line);
@]line_receiver=split(/[\t +]/,$sen_line);

print OUTFILE "$line receiver[2]\n";
#print "$papa[3]\n";

H
close(OUTFILE);

close(RECEIVER);

$elapsed_sec = time - $start;

my $second = $elapsed sec%60;
my $minute = ($elapsed _sec/60)%60;
my $hour = ($elapsed_sec/(60*60))%24;

print "Total Time elapsed: $hour hours:$minute min:$second sec\n";

7.4.6 Npoypaupa ipv4_inter_arrival_for_jitter.pl

# This program is free software; you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by

# the Free Software Foundation; either version 2 of the License, or
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# (at your option) any later version.

#

# This program is distributed in the hope that it will be useful,

# but WITHOUT ANY WARRANTY ; without even the implied warranty of

# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
# GNU General Public License for more details.

# You should have received a copy of the GNU General Public License

# along with this program; if not, write to the Free Software

# Foundation, Inc., 59 Temple Place - Suite 330, Boston, MA 02111-1307, USA.

#Author Anargiros Sideris
#Mail irons@pasiphae.teiher.gr
#!/usr/bin/perl -w

unless (open (SENDER, "<sender timestamp"))

{
die ("cannot open input file outfile\n");
b
unless (open (RECEIVER, "<receiver timestamp'))
{
die ("cannot open input file outfile\n");
H

my (@sen_lines) = <SENDER>;
my ($sen_line);

my (@rec_lines) = <RECEIVER>;
my ($rec_line);

my($transit);

my($delta_transit);

my($last transit);

my($jitter);

my($counter);

$counter=0;

$transit=0;

$delta_transit=0;
$last_transit=0;

$jitter=0;

close(SENDER);
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close(RECEIVER);

unless (open (OUTFILE, ">final jitter"))
{

die ("cannot open output file outfile\n");

unless (open (OUTFILEL, ">final pack2packdelay"))
{

die ("cannot open output file outfile\n");

$start = time;

foreach $sen_line (@sen_lines)

{

chomp($sen_line);

$transit=8rec_lines[$counter]-$sen_line;
if ($last_transit!=0)
{
$delta_transit=$transit-$last transit;
if ( $delta_transit <0) {
$delta_transit = -$delta_transit;

$jitter+=($delta_transit-$jitter)/16.0;

}

$last transit=Stransit;

$result=$;jitter*1000;
$timerec=$rec_lines[$counter];
chomp($timerec);
print OUTFILE "$timerec $result\n";
$pack delay=S$delta_transit*1000;
print OUTFILE1 "$timerec $pack delay\n";

#print "$sen_line $rec_lines[$counter] $result\n";
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$counter++;

close(OUTFILE);
close(OUTFILEN);

unless (open (INFILE, "<final_jitter"))
{

die ("cannot open input file outfile\n");
H
$min=100000;
$max=0;
$counter=0;
$result=0;
$lock=0;
while (KINFILE>)
{

my($sen_line)=$ ;
chomp($sen_line);

@values=split(/[\t +]/,$sen_line);

$value=$values[1];

$result+=$value;

if ($counter==1)

{

$min=S$value;

if ($value>$max)

{

$max=$value;

H
if (($value<$min))

{
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$min=%value;

}

$counter++;

close (INFILE);

$result=$result/$counter;

print "aver jitter is $result max is $max min $min\n";

unless (open (INFILE, "<final pack2packdelay"))
{

die ("cannot open input file outfile\n");
H
$min=100000;
$max=0;
$counter=0;
$result=0;
$lock=0;
while (KINFILE>)
{
my($sen line) =$ ;

chomp($sen_line);

@values=split(/[\t +]/,$sen_line);
$value=$values[1];
$result+=$value;
if ($counter==1)
{
$min=%value;
h
if ($value>$max)
{

$max=$value;

H
if (($value<$min))
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{

$min=$value;

}

$counter++;

}

close (INFILE);

$result=$result/($counter);

print "aver pack2packdelay is $result max is $max min $min\n";

unless (open (INFILE, "<final pack2packdelay"))

{

die ("cannot open input file outfile\n");

unless (open (OUTFILE, ">timed_final pack2packdelay™))

{

die ("cannot open input file outfile\n");

my (@times) = <INFILE>;

close(INFILE);
$time=0;
$lock=0;
for ($i=0;$i<@times-1;$i++)
{
if ($lock==0)
{

@valuesplits=split(/[\t +]/,$times[$i]);

$valuesplit=$valuesplits[1];
chomp($valuesplit);

print OUTFILE "S$time $valuesplit\n";
$lock=1;
H

#chomp($sen_line);
@timesplit=split(/[\t +]/,$times[$i+1]);
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$temp_time1=$timesplit[0];
@timesplit=split(/[\t +]/,$times[$i]);
$temp_time2=$timesplit[0];
$time=($temp_timel-$temp time2)+S$time;
#$time=$timesplit[0];
@valuesplits=split(/[\t +]/,$times[$i+1]);

$valuesplit=$valuesplits[1];

chomp($valuesplit);

print OUTFILE "$time $valuesplit\n";
#print "$time\n";

}

close(OUTFILE);

unless (open (INFILE, "<final jitter"))
{

die ("cannot open input file outfile\n");

unless (open (OUTFILE, ">timed_final jitter"))
{

die ("cannot open input file outfile\n");
H
my (@times) = <INFILE>;
close(INFILE);
$time=0;
$lock=0;
for ($i=0;$i<@times-1;3i++)
{
if ($lock==0)
{
@valuesplits=split(/[\t +]/,$times[$i]);
$valuesplit=$valuesplits[1];
chomp($valuesplit);
print OUTFILE "$time $valuesplit\n";
$lock=1;
H
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#chomp($sen_line);
@timesplit=split(/[\t +]/,$times[$i+1]);
$temp_time1=$timesplit[0];
@timesplit=split(/[\t +]/,$times[$i]);
$temp_time2=S$timesplit[0];
$time=($temp_timel-$temp_time2)+S$time;
#$time=S$timesplit[0];
@valuesplits=split(/[\t +]/,$times[$i+1]);

$valuesplit=$valuesplits[1];
chomp($valuesplit);

print OUTFILE "S$time $valuesplit\n";
#print "$time\n";
H
close(OUTFILE);
$elapsed_sec = time - $start;
my $second = $elapsed sec%60;
my $minute = ($elapsed_sec/60)%60;
my $hour = ($elapsed_sec/(60*60))%24;

print "Total Time elapsed: $hour hours:$minute min:$second sec\n";

7.4.7 Npoéypaupa ipv4_jitter.pl

# This program is free software; you can redistribute it and/or modify

# it under the terms of the GNU General Public License as published by

# the Free Software Foundation; either version 2 of the License, or

# (at your option) any later version.

#

# This program is distributed in the hope that it will be useful,

# but WITHOUT ANY WARRANTY; without even the implied warranty of

# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
# GNU General Public License for more details.

# You should have received a copy of the GNU General Public License

# along with this program; if not, write to the Free Software

# Foundation, Inc., 59 Temple Place - Suite 330, Boston, MA 02111-1307, USA.
#Author Anargiros Sideris
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#Mail irons@pasiphae.teiher.gr
#!/usr/bin/perl -w

unless (open (SENDER, "<sender timestamp"))

{
die ("cannot open input file outfile\n");
H
unless (open (RECEIVER, "<receiver timestamp'))
{
die ("cannot open input file outfile\n");
H

my (@sen_lines) = <SENDER>;
my (@rec_lines) = <RECEIVER>;
my($jitter);

my($counter);

my(Savg_jitter);
my($sample_time);

my($min);

my($max);

$counter=0;

$jitter=0;

$avg_jitter=0;

$sample_time=0;

$max=-1;

$min=1000000;
close(SENDER);
close(RECEIVER);

unless (open (OUTFILE, ">jittervstime™))
{
die ("cannot open output file jittervstime\n");

$start = time;

# Jitter formula is Di=abs(R_(i)-R_(i-1))-(S_(i)-S_(i-1))
#Avg jitter is Sum(Di)/n

for ($i=0;$i<@sen_lines-1;$i++)
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{
#print("Sender line $sen_lines[$i]\n");
#print("Receiver line $rec_lines[$i]\n");
$jitter=abs(($rec_lines[$i+1]-$rec_lines[$i])-($sen_lines[$i+1]-$sen_lines[$i]))*1000;
$avg_jitter+=S$;jitter;

if ($min>$jitter)
{

$min=S;jitter;
H
if ($max<S$jitter)
{

$max=S$jitter;
H

$sample_time=$rec_lines[$i+1]-$rec_lines[0];
#print ("$sample_time $jitter\n");

print OUTFILE "$sample_time $jitter\n";
$counter++;

H

Savg jitter=($avg_jitter/$Scounter);

print ("Average Jitter is $avg_jitter ms. Max jitter is $max ms. Min jitter is $min ms\n");
close(OUTFILE);

$elapsed_sec = time - $start;

my $second = $elapsed sec%60;

my $minute = ($elapsed _sec/60)%60;

my $hour = ($elapsed_sec/(60*60))%24;

print "Total Time elapsed: $hour hours:$minute min:$second sec\n";

7.4.8 MNpoéypaupa ipv4_one_way_delay.pl

# This program is free software; you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by

# the Free Software Foundation; either version 2 of the License, or
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# (at your option) any later version.

# This program is distributed in the hope that it will be useful,

# but WITHOUT ANY WARRANTY; without even the implied warranty of

# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
# GNU General Public License for more details.

# You should have received a copy of the GNU General Public License

# along with this program; if not, write to the Free Software

# Foundation, Inc., 59 Temple Place - Suite 330, Boston, MA 02111-1307, USA.
#Author Anargiros Sideris
#Mail irons@pasiphae.teiher.gr

#!/usr/bin/perl -w

unless (open (SENDER, "<sender timestamp"))

{
die ("cannot open input file outfile\n");
H
unless (open (RECEIVER, "<receiver_timestamp"))
{
die ("cannot open input file outfile\n");
H

my (@sen_lines) = <SENDER>;
my (@rec_lines) = <RECEIVER>;
my($delay);

my($counter);

my(Savg_delay);
my($sample_time);

my($min);

my($max);

$counter=0;

$delay=0;

$avg delay=0;

$sample_time=0;

$max=-1;

$min=1000000;
close(SENDER);
close(RECEIVER);
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unless (open (OUTFILE, ">one way_delayvstime"))
{

die ("cannot open output file jittervstime\n");

$start = time;

# One way delay formula is Di=abs(R _i-S i)
#Avg One way Delay is Sum(Di)/n

for ($i=0;$i<@sen_lines;$i++)
{

#print("Sender line $sen_lines[$i]\n");
#print("Receiver line $rec_lines[$i]\n");
$delay=abs(($rec_lines[$i])-($sen_lines[$i]))*1000;
$avg_delay+=$delay;

if ($min>$delay)
{

$min=$delay;
}
if ($max<$delay)
{

$max=S$delay;
H

$sample_time=$rec_lines[$i]-$rec_lines[0];
#print ("$sample_time $jitter\n");

print OUTFILE "$sample_time $delay\n";
$counter++;

H
$avg delay=($avg_delay/$counter);

print ("Average One way Delay is $avg_delay ms. Max One way Delay is $max ms. Min One way Delay is

$min ms\n");

close(OUTFILE);
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$elapsed_sec = time - $start;

my $second = $elapsed sec%60;
my $minute = ($elapsed_sec/60)%60;
my $hour = ($elapsed_sec/(60%60))%24;

print "Total Time elapsed: $hour hours:$minute min:$second sec\n";

7.4.9 Npoéypappa losses.gpl

set title "Losses vs Time"
set xlabel "time (sec)"
set ylabel "Lost Packets"
set format x "%.0f"

set format y "%.0f"

set yrange [0:*]

set xdata time

set nokey

#load "a2b_tput.labels";

plot "lossvstime" using ($1-946684800.0):2 with points pointtype 5 pointsize 1;

set terminal png color ;

set output "losses.png"
replot

pause -1;

7.4.10 MNMpdéypaupa onewaydelay.gpl

set title "One Way Delay"
set xlabel "time (sec)"
set ylabel "One Way delay (ms)"

set format x "%.0f"
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set format y "%.0f"
set xdata time

set nokey

#load "a2b_tput.labels";

plot "one way delayvstime" using ($1-946684800.0):2 with points pointtype 5 pointsize

1;

set terminal png color;
#set

set output "one way.png"
replot

pause -1;

7.4.11 Npoéypapua jitter.gpl

set title "Jitter"

set xlabel "time (sec)"
set ylabel "Jitter (ms)"
set format x "%.0f"
set format y "%.0f"
set xdata time

set nokey

#load "a2b_tput.labels";

plot "jittervstime" using ($1-946684800.0):2 with points pointtype 5 pointsize 1;

set terminal png color ;

set output "jitter.png"
replot

pause -1;
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