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Evyoprotieg

o MPera va evyoploTow Tov emPAETOVTO KaBNYNT TG OWMA®UATIKNAG OV
epyaoiog K. Baciieo Bitoa mov pe v kabodnynon kot tnv fonbeia mov pov mapeiye
kaB’ OAn 1N Sdpkew TG Onpovpyiog NG, CLVEPUAE OLGLUGTIKG OTNV EMITUYN
oAokAnpwon ™. Emiong 0éAo va guyapiomnom Tov k. Ayidhéo Apoidvoyiov yio
Vv ToALTIUN Ponbdeta Tov. TELOC TOV GUVTIPOPO LOV, TOV HOV GLUTOPACTAONKE Kot

LoV £dmae TNV HONGN OGTE Vo, OLOKANPOG® TNV Tapovoe, EPYACIaL.



Iepidnyn

To npwtéxorro IEEE 802.11 givon 1o mAéov 5100€00UEVO TPOTOKOAAO GTNV TTEPLOYN
TOV 0cVPUATOV TOTIKGOV JkTOwV emkowvmviag (WLANs). Ta tedevtaio ypoévia ot
epappoyés eovig Voice over I[P (VoIP) Adym tov yapnAod KOGTOUG GUYKEVIPDOVOLV
TO EVOOPEPOV TOGO TMV EPELVIITAOV OGO Kot NG Propmyoviceg. H petddoon gwvnig
OUmG pe TN ¥pnon Tov tpwtokdiiov IP (Voice over IP-VoIP) oe diktva IEEE 802.11
€16AYEL ONUOVTIKEG KaBLOTEPNOELS AOY® TOL HIKPOV UEYEDOVG TOV TOKETOV POVNAG
KOl TOV O1001KACIHOV TPOSTEALNGTC GTO A.GVPUATO UEGO.

X ovykekpyévn epyacio avarntoyOnke pobnuatikd poviédlo yu to IEEE 802.11
Katavepnuévo punyaviopd mpocPaong (Distributed Coordination Function-DCF) oto
KOWO HECO WETABOOMNG, BempdvTag TAVTOYPOVN EKTOUT GTAOU®V dedOUEVEV Kot
QoG AcyoAnbnkape pe T HEAETN YOPOKTINPIOTIKOV UETAOOONG ONTMOG THOVOTITO
amoppyng mokétov (Packet Drop Probability), péco ypoévo amndppiyne moakétov
(Average time to drop a packet) xou péco ypovo kabvotépnong nakétmv (Average
Packet Delay). I'ia. v a&lomoinon t@v d1ebvav amodektdv mTpodiaypapdV ToldTnNTog
emkowvoviov eovig (VolP QoS), ypnoiporomoape Tic avoTtotes THEG Kot PAcEL
avtadv avortoydnke pebodoroyior VITOAOYIGHOV TNG XOPNTIKOTNTAS TOV dtkTvov. To
TPOTEWVOUEVO  OVOADTIKO HOVIEAO EMOANOEVTNKE GUYKPIVOVIOG TO  OVOALTIKA

OTOTEAECLLATO, LLE TO OMOTEAEGUOTO TPOGOOIMTY (simulator).
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1. Evoayoyn

2 onuepwvi emoyn €xel onuovpyndel peydAn avaykmn yu GuUeEcST Kol ypryopn
TpdcPaon ce TANpoPopieg Kot dedopéva mEPIEGOTEPO amd KABe AN popd. H évvola

7OV TPOTOV YPNONG TOV VITOAOYIGTMOV 6ToV 21° cudva £xel oALGEEL.

H xivntikoétta tov (pnotov £xel ONUOVPYNOEL VEEC ATOUTHOELS KOl £TOL  TAEOV
VRAPYEL EVIOVI] M OVAYKY] Yo TPOCPOCT OTNV TANPOQOPio. OO OTOLONTOTE Kol
OTOTEINTOTE. LUVENELD GLTOV TOV TPAYHOTOC €lval OTL 1 amAiTNON YLoL TNV KIVNTN
EMKOVOVIDL SNUIOVPYEL TNV AVAYKT] Yo TNV €VIOEN TOV OCVPUOT®OV SIKTVMOV GTO

vrapyovta otabepd diktoo.

Avto 10 VvéO Ouvopikd mePPAAloV €xel dMUIOVPYNCEL Lo SlOPK®G OVEAVOLEVT|
{ftomn Yy KoADTEPEG, OTAOVCTEPEC, MO OMOTEAECHOTIKEG KOl TOPOAANAQ IO
OKOVOUIKEG LEBOSOVE 0IGVPUATAG TPOSPOCTC.

H acvppot texvoroyia £xel mAéov evnAkiwOei Tpdyo T0 0moio GUVETAYETOL OTL TO
aoVpHOTe OTKTVLA lval EAKVOTIKG, O10TL €yKabioTavtol TOAD €OKOAN KOl TOPEXOLV
glevbepio Kvnoewv oTovg YpNoteg mov Oev €yovv otabepn Béon epyocioc. Ot
TEYVOLOYIEG AGUPUOTNG JIKTVMOTG TPOSPEPOLV gveMéin, aflomotn petddoon e
opKeETA Leyadn epPédeto Kot cupfotdtra pe yvomotd TpoTokodin, 0nmg to Ethernet.
2115 uéypl oNpepa TPOTEWVOUEVEG ADoeElg Tephopufdvovial 1 avanTuén GLGTNUATOV
YNEWKOV  OCUPUOTOV  ETIKOWVOVIOV PACICHEVOY  OTIS TEYVOAOYIEC KWNTNG
TNAEPOVIOG, TPOCOTIK®Y cLoTUATEOV  emkowvoviog (Personal Communication
Systems - PCS), dopu@opikdv emKOVOVIOV (TEPIAAUPAVOUEVIC KOl OGVPUATNG
VYNNG TouTNTaG TTPOcPacng 010 AladikTuo HEGH JOPLEOPMV) KOl AGCVPUATEOV
TomK@V oKtV (Wireless Local Area Networks - WLAN). 'Etct Aowov ta
TeEAEVTOIO. YPOVIK TOPOLCLALEL HEYAAD EVOLOPEPOV O GYESIOGUOG TMV OGVPHOTOV
TOTIKAOV OIKTOMV EMKOWVOVING.

2V mapohoo EpYNcio 0GYOANONKOUE UE TO AGVPUOTO TOTIKE SIKTVO KOl EOIKOTEPA.
pe v a&loAoynon Puctk®v yopoKINPIoTIK®V Asttovpyiag tav diktvwmv IEEE 802.11
Kol Kupilmg TNG JEKTEPAUMTIKNG KavOTNTOG Kopespov (Saturation Throughput), g
kafvotépnong petddoong makétov (packet delay) ko tov packet jitter, T6c0 Yo

HETAO00N TOKETWV dEGOUEVMV 00O Kol Y10, LETAS0GT PMVNIG.

Havemotiuio Maxedoviag — MIIXE Tunuozog Epapuoouévns [Anpopopixng 7



Apywd efetdoape opiopéva and to Packd pabnuotikd povtéda tng otebvoug
BiBAoypapiag émwg Tov Giussepe Bianchi [10] ko Tov Haitao Wu [11], ta omoia
TPOTEIVOLV  avoALTIKEG HEBOOOVG LTOAOYICHOD 1TNG OEKTEPUIMTIKNIG TKOVOTNTOG

acvpuatev Tomikmv diktowv IEEE 802.11.

Ta omoteléopoto mov eAnednoav omd T0 AVOTEP® pHaOnuatikd poviéda T
emPefordoape KAVOVTAG GUYKPIOT TOV TOPATAVE HE TO avTioTorya mov eENyOncav
pe xpnon mpocopoiwone. Avamntoape mpoypdppato Tpocopoinong oe mepiPdiiov
MATLAB 10 omoia g£dyouv to 1010 OMOTEAEGUOTO [E GUTE TOV HOVIEA®V TOV
eetdoale, £T61 MOTE VO UTOPEGOVIE VO, TO. 0EIOTOGOVLE Yo TNV emPePaimon Tov

OVOAVTIKOD LOVTELOL TTOV OVOTTOEALLE.

2N OULVEXEWL OOYOANOMKOUE HE TEPIGGOTEPY] AEMTOUEPEID. HE TN UEAETN
YOPOKTNPIOTIKOV UETAO0ONS Omww¢ mbavotnto omdppryng makétmv (Packet Drop
Probability), uéso ypoévo amodppuyng mokétov (Average time to drop a packet) kot
puéso xpovo kabvotépnong mokétov (Average Packet Delay). H e&étaom €ywve yu
nepaiiov acvpuatov tomkov dktoov IEEE 802.11 gite pe otabuovg dedouévav
glte pe otabpovg petddoons ewvig. EEetdotnioy tpotevopeva avolvTikd LovTELD

g debvoug PifAloypapiag ta onoia Exovv emPeforwbet pe xpnon simulator.

210 TEAELTOIO KEQPAAOLO TNG €PYACIOG MOC OVOTTOEOUE €V HOVIEAO Yl TOV
VIOAOYIGUO TNG YOPNTIKOTNTAS POVNG acOpuatev Tomikadv diktvmv IEEE 802.11 ota
omoloL  TOVTOYPOVA AETOVPYOVV TEPUOTIKOL OTOOUOl HETAS00NG OEOOUEVMV  LE

SLOPOPETIKA LEYEDN TOKETOV dESOUEVOV KOl TEPUATIKOL GTOOLOT LETAOOGNC POVIG.

ITio ovykekpléva, ovamToyOnKe aVOALTIKO HOVTEAO VTOAOYIGUOD TOV WEYIGTOL
ap1Bpov vrootnplopevev otafpmv emvig (voice capacity) o€ JUKTO TEPPAAAOV Yio
™ Poocikn TEXVIKA HETAOOONG TOKETOV o010 Kowd péco (Basic Access) Ttov
Katoveunpuévov pnyavicpol eiéyyov mpocPacnc (DCF - Distributed Coordination
Function) kaBd¢ emiong ko yio v te)vIKn petddoong mokétwv Request To Send /
Clear To Send (RTS/CTYS).

Yroloyicope faocikodg mapapéTpoug Ommg sivor:

e 0 UECOC YPOVOG KOBVOTEPMONG EMTVYNUEVIG OTOGTOANG Takétov (Average

Packet Delay),

Havemotiuio Maxedoviag — MIIXE Tunuozog Epapuoouévns [Anpopopixng 8



: ‘ Aotaiov Aviwvia, ‘MabBnuotikn povieAomoinon Koi YwpnTiKoTHTo POVHG
d. acvpuotwv IEEE 802.11 tomikdv diktdwv’

e 1 petafAntotnTo TG KaBLGTEPTONG EMTLYNUEVIG OTOCTOANG TakETOV (jitter)
® K010 HUEGOG YpOVvog amoppyng makETov (Average Packet drop time).

Eniong mpotelvape ovykekpyuévn upebodoroyia ywo v  alomoinon debvav

OTOOEKTMOV TPOSALYPAP®V TOLOTNTOG EXKOVOVIOV PViS (VoIP QoS).

Télog to. amoteAécpata Tov EANEONCAY amd TO AVOALTIKO HOVTELO emiPefaidOnKoy
o€ GUYKPLoN UE Ta avTioTolya tov e&ydnoay e ypron npocopotmty (simulator). Ta
GUUTEPACLATO OTO OToia KaToANEape pumopovv v aglomomBohv yio TNV AmodoTIKY

Agttovpyio TOL SIKTVOV LE CLVONKEG IKOVOTOINTIKNG TOLOTNTOG EXKOIVOVIOG.

Havemotiuio Maxedoviag — MIIXE Tunuozog Epapuoouévns [Anpopopixng 9



: ‘ Aotaiov Aviwvia, ‘MabBnuotikn povieAomoinon Koi YwpnTiKoTHTo POVHG
lg. cotpuatwv IEEE 802.11 tomikdv diktowy’

2. Acvppata Aiktvo IEEE 802.11

2.1 Eicaywyn
To d1ebvég mpotvmo IEEE 802.11 eivan péhog g owoyévelag npotonov IEEE 802,

OV TPOJYPAPOVY TEYVOAOYieC Yio Tomkd Oiktva. Ta mpotvmo 802.11 eivon
gupitepa yvootd og «WiFi» eneidn n WiFi Alliance, évag opyaviopog ave&aptntog
¢ IEEE, mopéyel v motonoinon yio To Tpoidvio Tov VITOKOVV GTIG TPOSLOYPUPES
tov 802.11. Avt N oKOYEVELD TPOTOKOAA®Y OmoTELEL TO KOOIEPOUEVO TPOTLTO TNG
Brounyoaviog 6To YHOPO TOV ACLPUUTOV TOTIKOV SIKTH®V.

Yovnoeig epapproyEég Tov glvan M TaPoY OCVLPUATOV dLVATOTHTOV TPOSPAcNS OTO
Internet, nAepwviag pécm dradiktvov (VolIP) kot d10c0vdeong HETOED NAEKTPOVIKDV
GLOKELV®V O TNALoPAoEls, ynolokéc kapepeg, DVD Player kot nAextpovikoi
VTOAOYIOTEG.

Eivon yopoktnpiotikd 61t o1 S16490opeg TPodiaypopES TNG OKoYEVELNS £0TIALOVTOL GTO,
500 yaunAotepa emimeda tov poviéAov avagpopdc Open System Interconnect (OSI),
onAaon 10 @uowkd emimedo (PHY, Physical Layer) ot 10 emimedo ovvdeong
dedopévov (MAC, Medium Access Control), 6mwg mapovoidleror oto oynua 2.1. Ta
TPOTOKOALN avTd dnpocievovtar and v IEEE yeyovoc mov givon onpovtikd yio tnv
SLOAEITOVPYIKOTNTO, ONANOT TNV 1KAVOTNTO GUVEPYOCIOG TOV GCLUOKELVMOV TOL TO
aKoAoVOOVV.

H IEEE 802.11 meprypdoper povo to dvo kotmdtepo eminedo tov OSI, emtpénoviag
£101 o€ omoldNToTE EQaPUOYN va. epyaletan mavm og cuokevn 802.11 dnwg akpifmg
0a epyaldtav mévew amd Ethernet. Ot cvokevég 802.11 dnAadn HeTAPEPOVY DLAPOVDG

TNV TANPOPopia amd To Mo IOV enineda Tov poviédov OSI.

#02 802.1 : Data link layer
Owerview Maragement 802.2 Logical ik cuntrol {L1C} LLC sublayer
o
aciiste 8027 FOIS s
8023 BO25
AL e E02.11 MaC MAC sublayer
8023 B025 02,11 BTl BL11a #2.11b .
Y PHY FHSS Y (555 PHY DFOMPHY | | HRADSSS PHY Phoyscal layes

Zjua 2.1 : Owoyévero mpotvonwv IEEE 802

Hovemotiuio Moxeooviag — MIIXE Tunuozos Epopuoouévng Iinpopopikng 10
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r( oovpuotwv IEEE 802.11 tomikadv diktowv’

H tehun éxdoon tov mpotdmov IEEE 802.11 mepiéyer mpodiaypapég yioo to HUéGO
eléyyov mpoonéhaong (medium access control - MAC) kot yio T0 QoK emimedo

(physical layer - PHY).

Y& yevikég ypouuég oto eminedo MAC meprypdeovial ot Kavoveg mpodcfacns oto
OCUPHOTO KOO UECO EVH Ol AETTOUEPELEG EKTOUMNG KAl AYNG TEPLYPAPOVIOL GTO

evowko eninedo (PHY).

To Baowkd npotokolho MAC tov 802.11 eivar to DCF, 10 omoio Paocileton otn
uébodo CSMA/CA, evd ota dounpéva WLAN wéve amd to DCF tpéyel emmAéov 10
npwtdéxorlho PCF 10 omoio, aflomoidvtag 10 onueio npocPaong (AP - access point),
TPOCOEPEL OTAL TEPUOTIKA OTAV ypelaletal TPOGPOcT OT0 KOWO HECO YWPig

OVTAYOVIGUO KOl GUYKPOVGELS.

Yvvoyilovtag Aouwtov, to mpdétvmo IEEE 802.11 mpoPiémel tovg mopokdtm oSVO

HUNYovicpovs Agttovpyiog TpocPacns 610 HEGO :

e 10 DCF (Distributed Coordination Function) mov givol pior kotovepnpévn

Aertovpyio. GLVTOVICHOD KOl

e 10 PCF (Point Coordination Function) mov givolr p cuvtoviopévn

Aertovpyio, GLVTOVIGUOD

Ymv mopovca gpyacio Bo aoyoAnBovUE OTOKAEIGTIKG LE TOV TPMOTO Ond TOLG

TOPOTAVE UNYOVICHOVG Aettovpyiog TpOGRaoNG 0TO HEGO.

Hovemotiuio Moxeooviag — MIIXE Tunuozos Epopuoouévng Iinpopopikng 11



2.2 Baoixa Xrovyeio Acvpuoatwv Tomkwv Aiktowv IEEE 802.11

H tomoloyia evog acvppatov tonucod diktvov IEEE 802.11 arotedeiton and ototyeio
OV  OAANAETIOPOVV HETAED TOLG (DGTE VO TOPEYOLV  OLVATOTNTO HETOKIVIIONG
otofudv, 1 onoia va pn yiveton avIIANTTH OTe AVAOTEPA GTPMOUOTO OGS T.). To LLC
(Logical link Control)
Ta Paocikd otoryeio and Ta omoia amotedeiton éva diktvo IEEE 802.11 eival téooepa
KOl GUYKEKPLUEVQL

® TO GUGTNMO OLOVOUNG,

e 1o onueia TpdcPaocnc,

® TO OCLPUATO HECO PETADOOT|G KO

e Ol TepuaTIKOl oTaOuOL.

H peta&d tovg d1060vdeoT mapovstdletol 6To TapaKaTom oyfue 2.3.

Distribution
System(D5)

W e TH
m—— - Wireless -~
—_— L‘a medium )’ Access Point

A e

2ynua 2.3 : Baowko Zroyyeio IEEE 82.11 WLAN

2.2.1 Xbotnua Awavouijs (Distribution System)

IMa vo avéndel 1 yewypapikn meployn KAALYNG EVOS 0GOUPUATOL dIKTVOV YpeldleTal
va dtacuvoebodv —cuvepyactodv meplocdtepa onueia mpdsPacng (Access Points).
v mepintoon avtr 0o wpénel T onpeia TpdSPaong vo UTOpPovV Vo, ETKOIVAOVOHV
peTa&ld Tovg, £161 MOTE Vo TOPAKOAOVOODV TNV KIvnon TOV QOPNTOV TEPUATIKOV
otaOumv.

To Xoomqpo Awvopng eivalr 10 Aoyikd ovotoatikd otoreio tov 802.11 mov

YPTCLOTOIEITON Y10l TNV TPO®ONoN TV TAMGI®V 6TOV TEAMKO TovG Tpoopicud. Eival
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ONAadn VTELBVVO Yo TOV EVIOTICUO TNG PLGIKNG B€omg Tov 6TaBoDd TPOoOPIoHOD KoL
™V TapAdooT TOV TAUGIOV Tov Tpoopilovial yio avtov. XNy teptrypagn g 802.11
dev TPOSYPAPETOL Kapio GUYKEKPILEVT TEXVOLOYID Y10 TO CUOTNHO SlovopnG. ZTo
TEPIOCOTEPO, EUTOPIKA GLOTHLOTA VAOTOEITOL e TEYvOoAoYio diktvov Ethernet won

ovviBog arokaieitan amid diktvo koppov (backbone network).

2.2.2 Xnyucio Ilpoofacns (Access Points)

H petofipaon mraciov dedopévov evog diktvov IEEE 802.11 og dAla eEmtepikd
diktva (ovvnBwg evolpuata) TPOVTOOETEL TV UETATPONN TOVE COUPOVO HE TIG
TPOOIAYPUPES TV VEDV JIKTOMV.

H ovykexpiuévn Aettovpyio petatponig vAomoleital ota otorygics Tov S1KTHOV TOL
karovvion Enpeia péoPaons. Ta onueia TpocPaong Tpaypatomolovy Eva TAnBog
evepyel®v, OAAG 1 Agttovpyio. YEQEUPMONG OCVPHOTOVL HE EVOVPUATOV OIKTOHOL
(wireless to wired bridging) givar  onpoavtikoTeP.

[paxtikd o egomiiopdc tov onueiov mtpoécPacng vAomoleitol oNpuepa pe YEQLPa.
(bridge) n omoia £yel kat’ €Ad1OTO £val TPOCAPUOYED OGVPUATOL SIKTOHOL Kol £val
dwrtvov Ethernet. Me 1 ocvvdecuoloyio ovtn T0 GCVLPUOTO OIKTLO OVCLACTIKG
kabiotaton eméxtacn Tov diktvov Ethernet kot n avapetddoon tov TAuciov HETAED

TOV dV0 JIKTVMOV EAEYYETOL OO T AEITOVPYIO TOL UNYOVIGLOD YEQPUPMOTNG.

2.2.3 Aovpuaro Méoco Meradoons (Wireless Medium)
H petafipaon dedopévav petald TepuoTIKOV oTabudv Yivetow HE YpNomn TOv
acvppatov pécov. H apyttektovikn tov mpotumov IEEE 802.11 emitpémer ) ypnon
SLOPOPETIKMY PLGIKOV GTPOUAT®V Yo, TNV VIooTNPIEN TV Agitovpyidv Tov MAC
GTPOUOTOC.
H apywcr €kdoon tov mpotumov mepieddpfove 500 S10POPETIKE PLGIKE GTPOUOTOL
padopovikev ocvyvotitov oto 2,4 GHz (FHSS=Frequency Hopping Spread
Spectrum, DSSS=Direct Sequence Spread Spectrum) kot éva vVEEPLOPp®V GLYVOTITOV.
H ypfion padto@ovikdv cuyxvotitov, mov gival Kot 1 TAE0V SNUOPIANG, VAOTOELTOL
UE TO YWPIGUO TOV PUGIKOV CTPOUOTOG G€ OVO JLOKPLTA GTOYELD!:

e 10 mpwto ototyeio PLCP (Physical Layer Convergence Procedure)

npocappolet ta miaicto Tov MAC GTPOUATOC GTO PLGIKO GTPOLOL Kot
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e 10 deutepo otoreio PMD (Physical Medium Dependent) gpovriler yio v

EKTTOUTT OVTMV TOV TAULGIOV GTO PLGIKO PEGO LETAOOONC.

2.2.4 Aovpuaror Tepuatixoi Xralbuoi (Wireless Terminal Stations)

O acvppotol Teppotikol otabpol givor cuvBmg vroloyiotikd cvotipata (laptop,
handheld computers) pe Tpocappoyéa acHPUATOL HIKTVOV.

Ye OpKETEG TMEPWTMOOELS OU®G TepUaTIKOL otabpol eival otabepd vmoAoyoTIKG
GLOTHLOTA OEOOUEVOD OTL PE OAO KOl LEYOADTEPT GLYVOTNTA EMAEYETAL 1| ADGT TNG
aocVPUATNG OIKTOMONG OVIL TG QUOIKNG EVOLPUOTNG OUVOESTG, AOY® TOV
TAEOVEKTNUATOV TTOV TPOGREPEL (EVKOAID EYKATAOTOONG, EVEMEIN, EMEKTAGIULOTITA

KAT).

2.3 Apyrrextovikn tov IEEE 802.11

2.3.1 Baoiwxkny Yrypeorarny leproyn (Basic Service Area)

‘Eva acvppoto tomkd diktvo amoteAeitor and T1¢ Pacikéc opddec vanpecsiwv (Basic
Service Set - BSS). Kdéfe povada BSS mepihappdver éva 6uvoro cuokevmv-otadudy
(Stations), ot onoiol gmkowvwvovv peta&d tovg, kol to onueio mpdcsPaong (Access
Point), to onoio cuvdéeTan oto acvppato péco. H meployn evtog tng omoiag pmopovv
Vo EmKOV@VoLV ot otofpol kaAeiton Pacikn vanpecsiokn meployn (Basic Service
Area) ko ta 6pla TG kabopilovtal amd To YopaKTNPLOTIKA S1A300MS TOV AGVPLOTOV
uécov.

H PBoocwn vanpecoxny opddoa (BSS) xotdAinio cvvovalopevn onuovpyel dvo
Katnyopieg dSiktowv, ta aveEaptnta diktva (Independent Networks) ko ta dopnpéva

diktva (Infrastructure Networks).

2.3.1.1 Aveéaptyta Aixtvoa (Independent Networks)
O tepuatikoi otabpol evog aveEdptnTov SIKTVOV EMKOWVOVOLV amevbeiog peta&d

TOLG Kol Yl TO A0Yo ovtd o mpémel va Ppilokovial oe KOVIIVI GYETIKA amOCTUON
(oympa 2.4).
Tomkd éva aveEdptnro diktvo amoteieitol omd pukpd apdud otabumv, Asrtovpyel

Yo JIKPO XPOVIKO SIACTNHA KOl Yo GUYKEKPYEVO okomd (vrootnpién cuvedpiov,
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ouvbvinong «Am). Ta aveEdptnro diktvo pepikég @opéc kaiobvtal kor ad hoc

networks.

Zynua 2.4 : Avelaptiyta Aiktvo. -Independent Networks

2.3.3.2 Aounuéva Aixroo (Infrastructure Networks)
Ta dounuéva diktva yapoktnpilovtor amd ) ypnon onueiov mpdsPacng, 10 omoio

gbunnpetel OAN TV ETKOWOVIOKT Kivnon, akoun kot oavty petad otobumv péoa
omv 0w Poaokn vanpeoiaxn mepoyn (basic service area), OTMG PAIVETAL KOl GTO
oyxnua 2.5.

Edv évog tepupatikdg otabuog embouet va emkowvmvioel ue éva 0evtepo otaduod,
petafipaler apykd o mAaiclo dedopévev oto onpeio TpodcPacng. Xt cLVEXELD TO
onueio mpocPaong avapetafiPdlel to mAaiclo oto oTabud mpoopiopo. Me 1
dtodkacio avt Kabe amoctoln dedopévov ypetaletar dvo otadwo-Prpata (hop) kon

GUVENMDC KATOVUADVEL TEPIGGOTEPT YOPNTIKOTNTA 0td TNV amevdeiog emkovavia.

Areess

Zynua 2.5 : Aounuévo Aixroa -Infrastructure Networks

[TAgovekTpHoTO TNG GLYKEKPIUEVT] SOUNG Etvat
. H Poaocwm vanpecwokn meproyn (basic service area) kaBopileton amd tnv

oandotoon and 1o onueio tpocPacng. Olot ot teppotikol otabuol opsiiovy va
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& ‘ Adtorov Aviwvia, ‘MaeOnpotiky Lovielowoinon Kor YwpHTikoTHTO POVHG
‘ ( oovpuotwv IEEE 802.11 tomikadv diktowv’

Bpiloxovion oe amdotoon emkowwviog omd 1o onueio mpocPacng, yopig va
TiBeTon mePLopiopdg 66OV aeopd TNV LETaED Tovg anevdeiog andotact).

. H moapovoia onueiov mpocPaocng eéumnpetel oy mepintmon mov vEApPYEL
TPOPANH Tpoeodociag oe kimoo teppoTikd otabud. To onueio mpdsPacng
OVIYVELEL TNV KOTACTOON YOUNANG TPOQOSOGIOG TEPUATIK®V OTAUOU®V Kol
amofnkevel ta mAaiclo 6edopévev mov mpoopiloviar Yy avtovc. Ot gpoprroi
teppatikoi otafpol apod eopticovv T pratapios TOLVG PTOPOLV Vo GuVOEDOVV

K01 VO 0VOKTIIGO0LV Ta amofnkevpéva dedopéve. amd to onpeio Tposfaong.

2.3.2 Exterauévy Yaypeowoxny Ieproyn (Extended Service Area)

Otov o1 avdykeg ™G OkTOmong Eemepvolv 1o YE®YPAPIKE Oplo. oG Pocikng
vanpeclokng mepoyng (Basic Service Area,) 10 IEEE 802.11 mpoPAiémer 1
dvvatotTo dnuovpyiag €vog mo GUVOETOL OCUPHOTOL TOMIKOD OIKTVOV TOL
ovopdaleton Extetapévn Yanpeowokn Opada (ESS-Extended Service Set).

To dikTvO CWVTO PTOPEL VO GYNUOTIOTEL [E TN OUGVVOEST] HECH TOL SIKTVOV KOPLOV

moAlmv BSS petalo tovg, 6mmg paivetar oto oynpa 2.6.

[:LiF]

Bifs

_j? b5k 8354

Router

Intemet

Zynpa 2.6: Extetouévy Yanpeowoxn lepioyn (Extended Service Area)

210 avoTép® oyxnpa 1 ektetapévn vanpectokn opdda (ESS) mpokdntel wg n évoon

TOV TEG0OPOV Pacik@v vanpectokdv ouddwv (BSS). Amapoaitmtn mpodmodeon
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BéPara amoterel m pOOUion TV avtictoywv TECChpPmV onueimv mwpdoPaong va
Aettovpyohv g uéAN tov id1ov ESS.

Xe mpaypaTikn Aettovpyia eivor embopnti 1 Topoyr| AOIGAEITTNG EXKOVOVING EVTOG
tov dwov ESS. T'a 1o Adyo avtd vrdpyetl emkdivyn peta&d tov empépoug BSS evog

ESS (peyolvtepn amd avtn mov gpgaviletor 6To oynuo)

2.4 Distributed Coordination Function - DCF

To npwtdoxorro 802.11 mapéyel éva Bepeddn unyavioud tpdcfacng oto HEGOo, M

omoia. KoAeiton katavepnuévn Asrtovpyia. cuvtovicpov (Distributed Coordination

Function DCF). To DCF &ivan éva oynuo toyaiog tpoonélacng to onoio Pacileton

ot1o carrier sense multiple access kol TO TPOTOKOALO ATOPUYNG GLYKPOVLGEWV

CSMA/CA. H avopetddoor Tov GuYKPOLOUEVOV TOKETOV puOpileTon copemva pe

éva dvadikd ekBetikd kavovo omcsBoydpnong (backoff), o omolog avaykdalel éva

otafpd va avoPdiel v wPOcPacn TOL GTO KOWO KOVAAL HETAOOOMC Yol Mo

Tpodchen ypovikn Tepiodo.

Yvuykekpluévo €vag otabpdc o omoiog BEAeL vo LeETOdMOEL va TakéTo o€ Evay Ao

otafuo, mopaxolovdel apyucd ) dpactnedTNTA TOL KavaAlov. Otav SlomIeThoEL 0T

ovTo givat :

. elebbepo (idle) Yoo oUYKEKPUEVO YPOVIKO SIOTNUO TOTE EMTPEMETOL VO
EKTEUEL.

. Katenupévo, avafaiiel T petddoon, cvveyilel va mapakoiovdel 1o KavaAl
Kol HOAMG OOMIOTOOEL OTL TAPOUEVEL EAEVLOEPO Y10 CUYKEKPIUEVO YPOVIKO
dlomuo  emdéyel éva toyaio Odotnua omcboympnong (backoff) mpwv
EeKVIOEL VO LETOOMGEL.

To ypovikd d1doTnUa TOV TO KOVAAL TOPAUEVEL EAEDOEPO TPV 0 GTOOUOC EKTEUWEL N

TPV EVEPYOTOINGEL TO UNYXOVIGUO omcBoydpnone, Onmg e&nynoape mopomdve,

ovopdletar DCF Interframe Space (DIFS).

H ypfion tov tuyaiov ypovikod SaoTHUATOG KOBLGTEPNONG TPV TNV EKTOUTN

OTOTEAEL KOl TO YOPOKTNPLOTIKO YVAPIGLO TOV TPMTOKOAAOL Y10 TIV OTOPUYN HLOG

OUYKPOLONG KOl  €AaylOTOTOlEL TNV TMHAvVOTNTO  GUYKPOVLONG TOKET®Y OV

petadidovror amd OapopeTIKovg 6TafUoDE KaOMDE Kol OmoQLYNG TOU POVOUEVOD
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KaTAANYNG (capture) Tov KavoaAlon amd Eva, oTafuo mov BEAEL Vo EKTELYEL OLO0Y KA
TOKETAL.

o Adyovg amodotikdtntag o unyoviopodg DCF viobetel pio dwokprrov ypdvov
backoff wAipoxa. Zvykekpyéva o ypdvog mov axorovbei éva idle DIFS eivon
YOPIOUEVOC og ypovikd Srotrpota (slots-oyiopég). ‘Evag otabpog emitpémetal va
HETAOMGEL Povo otnv apyn kabe slot. To péyebog tov slot o, tiBeTon ico pe o ¥podHVo
OV OmoLTEiTOL 0md OTMOOdINTOTE GTAOUO MOTE VA AVIXVELGEL T1 METAO00N €VOG
TOKETOL Omd KAmolov dALO oTafuo.

H dudpketa Tov slot meptypdoetor oTo QUOIKE YOPUKTNPIOTIKE TOV PLGIKOD EMUTEIOV

(physical layer) ko1 eppavifetor 6tov TapakdTo mivoxko 2.1.

SLOT TIME, MINIMUM AND MAXIMUM CONTENTION WINDOW
VALUES FOR THREE PHY SPECIFIED BY THE 802.11 STANDARD:
FREQUENCY HOPPING SPREAD SPECTRUM(FHSS),

DIRECT SEQUENCE SPREAD SPECTRUM(DSSS), AND INFRARED(IR)

PHY Slot Time(g) CWmin CWmax

FHSS 50 ug 16 1024
DSSS 20 pg 32 1024
IR 8 pg 64 1024

Iivaxag 2.1 : Ilpodraypapés Pvoikod Emmédov IEEE 802.11

O unyoviopdg DCF meprypdpet Ti¢ TapakdTm V0 TEXVIKES Yo TNV UETAOOCT TOV
TOKETOV :

1. Baowmg [IpdécsPaocng (Basic Access) kot

2. Request To Send / Clear To Send (RTS/CTS).

2.4.1 Teyvikn Baoikng llpocfacnyg (Basic Access)

H 1eyvikn Basic Access ypnouomotel £va unyovicod o omoiog amokoAeitol two-way
handshaking. Avtoég o punyoaviopdg yopoxtnpiletor amd TNV AUEST UETAOOCT| UIOGC
Oetikng  emPePainone (ACK) and tov otabud mpoopiopod petd amd «dde
EMTUYNUEVT AMYT EVOG TOKETOV TTPOG TO oTafUO amocToAng. Andadn kdbe popd mov

évag otabuog €xel oteldel éva MOKETO TO omoio €xel mopaAngdel cwotd amd Tov
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otafud TPOoOopPIoHov, 0 oTabrdg mpoopiouol otéhvel pio Betikn emPefainon ACK
OTOV OOGTOAEN YO VO, TOV EVNUEPDOGEL Yo TNV opBn mopaiafr Tov maxétov. H
petéooon tov makétov ACK amd tov 6tafpd mpoopiopo givan amapaitntn d10TL 6TO
acVPUATO HECO, Uit GUOKELT OEV UTOPEL OIUPOPETIKA VO OVIXVEDGEL EAV TO TOKETO
&xel TapaAnedei cwoTd.

To DCF viobetel éva exBeticd backoff oynuo, o kébe petddoon naxétwv. O backoff
ypovog emdéyetar opowopopea ond (0, W -1). H tyunq W xoleiton “contention
window” (mapaBvpo cOyKpovong) kot e€aptdtal amd Tov aptdpd TOV AToTLUYNUEVOV
UETOSOOGE®Y TOV TOKETOL. TNV TP®TN Tpoomdbeio to W tibeton ico pe v T
CWmin m omolo woAeiton “minimum contention window”. Metd amd xdabe
omotuynuévn  petddoon t0 W aumhaocidleton éoc pio  péylotn TN
CW max =2" CW min . Ot tyuég CWmin xon CWmax mapovcidloviol 610 mivokKa
2.1.

O petpng backoff timer peubveror epOcOV T0 KOVOAL aviyvedeTal G€ KATAGTAON
idle, moydver (frozen), onAadn OTOUOTE VO UEIOVETOL, OTOV AVIXVEDETOL MO
UETAO0GN, KOl EXAVO-EVEPYOTOLEITAL OTAV TO KavdAAl eivan idle Yo TepiocdTEpO amd
éva DIFS.

"Evog otafuog petadider povo 6tav o backoff timer tdocel oto unoév. Xto oynua 2.7

TEPLYPAPETAL AVOAVTIKA 1 TEPLYPAPEITH AgLTOVPYIaL.

DIFS Slot Time

‘ PACKET A ki
STATION A i ey

ACK
stFs
—‘ DIFS sl r
STATION B . I >
ACK 847 65 4 3210
T Slot Time 5 Frozen backoff time
Slot Time

2ynua 2.7. Basic Access Mechanism — Two way handshaking mechanism
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Avo otabuoi A ko B poipalovrot to 1010 acOpuato diktvo. 1o T€log g Hetddoong
TOV ToKETOV, 0 otafuog B mepiuéver éva DIFS kot petd emAéyet éva backoff time
ico pe 8, Tpv PeTadDOEL TO EMOUEVO TOL TTOKETO. YToOETOVNE OTL TO TPADTO TOKETO
Tov otafpov A @Tdvel TV oTiypn mov delyvel 10 PEAog oto oynpa 1. Metd amd €va
DIFS 10 moxéto petadideror. IMapamnpeitor 6Tt t0 MOKETOo TOL OTOOUOD A
«eppaviletoy ot péon tov slot time, tov otabuod B, mov eivar ico pe 5. Qg
GUVETELN, TO KOVOA aviyveLETUL amacyoinuévo katl o backoff time «mwaydvewy oty
Tun S. O backoff counter cuveyiler vo peidveron Eovad povo OTOV TO KOVAAL
aviyvevbel idle ya éva DIFS.

Agdopévov 0Tt 10 mpwTokoAho CSMA/CA dev ompiletor otnv wovotnTo TOV
GTAOUOV V' avIVELOLV [ GUYKPOVOT] «OKOVYOVTOGH TNV UETAd0oT Tovg, Eva ACK
peTadideTor amd TOVv OTOOUO TPOOPIGHOD YO VO ETICT|UAVEL piol EMLTUYNUEVN
UETAO00T TOKETOV.

To ACK petadidetor oto t6A0¢ kdOe maKkéTov, UETd amd pio ypovikn mepiodo, 1
omoio kaAeiton short interframe space (SIFS).

Agdopévov 6t 10 SIFS (ovv v Kabvotépnon d1ddoong) eival KpOTEPO amd Eva
DIFS, xavévag dAlog otaBuoc dev eivor oe Béomn va oviyvedoel 10 KovOAl o€
katdotaon idle ywo éva DIFS, mapd poévo petd to téhog g Oetkng emPePaimong
ACK.

Edv o otafuog anoctoréac dev Adfet to onua Betikng emPePaionong ACK péoa og
évav mpokabopicpévo ypovo ACK Timeout, 1 aviyvedoel v PETAdOOT €VOG GALOL
SLoPOPETIKOD TTOKETOV GTO KAVAAL, Eava-mpoypappatilel T HETAO0GN TOV TAKETOV

ovue®Vva, pe Toug backoff kavoveg mov avagépOnkay Topardve.

2.4.2 Teyviny RTS/CTS (Request To Send / Clear To Send)

H teyvicn RTS/CTS ypnowonolel éva pnyoviopd o omoiog xoAegiton four way
handshaking yvwot6c mg request to send/clear to send.

[Ipw v amooctodn Kabe mokéTov, 0 6TaOUOC OMOGTOAENG, O OMOI0C AELTOVPYEL GE
katdotaon RTS/CTS, otéhver éva cvvtopo frame to request to send — RTS. O
otabudc mpoopiopov ovayvopiler to makéto RTS, otédlvoviog 61OV amoctoAén

otafuo, éva cuvtouo mokéto, o clear to send — CTS.
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% A6to100 Aviwvia, ‘Mebnuoticy Lovieiomoinon KoL xwpntKoTyTe povic
oovpuotwv IEEE 802.11 tomikav diktowy’

‘Enetta amd avtn v emtkovavio umopel va, yivel 1 Kavovikn LeTAd0oT TOV TOKETOL
omd TOV AMOCTOAEN TTPOG TOV TPOOPIoUO. Xpnopomoiwvtag v teyvikn RTS/CTS,
ovykpovon (collision) pmopel va cupPel povo oto RTS frame ko aviyveveton and tnv
EMerym evog CTS frame and tov Tpoopicpo.

O unyaviopds RTS/CTS emrpénet v adénon g amddoong vOg GLGTHUATOS APOV
HEW®VEL TN Odpkeln piag ovykpovong, otov dufipdlovror peydio pmvopota. To
RTS/CTS éye1 oyedootel yioo va avIETONTICEL Kol TO TPOPANUL. TOV KKPVUUEVOY
teppotikdv — Hidden terminals», to omoio cvuPaivel 6tov dvo Kivnrol otaduol sivon

ovikavol Vo «aKoUGoUV» 0 £Vag TOV GAAO.

O 1poémog Aertovpyiog tov RTS/CTS @aiveton oto oyniuoe 2.8.

SIFS SIFS DIFS

Source

Destinatianj . >

Others

i} e
Delayed Medium Access

Channeal access
with backoff

2ynua 2.8. RTS/CTS Mechanism
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L Abtaov Aviwvia, ‘MoOnuotiki povielomoinen xar ywpnukoTTa ovic

*"?f( oovpuotwv IEEE 802.11 tomikav diktowy’

OH©)

|
) W 4

AvaAivtikotepa, 0tov €vag otabuoc 0éAel va HeTad®oEL £vol TOKETO TEPYUEVEL EMC
0tov 10 KOavail aviyvevBel idle yiu éva DIFS, akolovBdvtag tovg kovoveg mov
avaAvdnkov mopamdveo yw tovg backoff ypovovs. ‘Emeita o otabupog avti va
HETAOMOEL €va TOKETO, Omwg ovpPaivel oto pnyoviopnd Basic Access, petadidet
TPOKATOPKTIKA €va cvvtopo frame, to request to send RTS. Otav o otabudc
npooptspov aviyvevoel eva RTS frame, avtomokpivetoar otédvoviog, petd amnd éva
SIFS, 1o CTS frame. O 6t00U0¢ 0m0GTOAENG EXTPETETAL VO LETAODOEL TO TAKETO TOV

uovo gav 1o CTS frame €yel mapoainedel cwotd.

Ta frame RTS kot CTS petagd dAiov meptlapfdvouy Kot TANpoQopies Yo T0 UNKOG
TOV TPOC UETAO0ON TokETOL. AV 1 TANpogopio. umopel va dwPactel amd
omolovonmote GAAo otafud 0 0moiog «akovE 10 PEco. 'Etol pumopel va evnpepdoet
to allocation vector (NAV) tov otafupov, 10 omoio mepi€yel mANpopopiec yio
YPOVIKT TEPi0d0 otV omoia To Kovdil Ba Tapapeivel amaoyoAinuévo. Eropévog otov
évag otafuog eivon “hidden” amd tov amoctodéa otabud, pe v aviyxvevorn poévo
evog mhatciov petald tov mhawciov RTS ko CTS, pmopel va kabvotepnoet v

TEPOULTEP® PETAOOGT KO £TCL VO OTOPVYEL TH GVYKPOVOT).

O pnyoviopog RTS/ CTS o6nwg ovoeépbnke xor mopamdve givor  TOAD
OMOTEAECUOTIKOG amd TNV Amoyrn 1Tng omOd00NG TOL GUCTNUATOG, &AL €QV
eetdlovron peydro mokéto, 0edOpEVOD OTL PEIMVETOL TO UNKOG TeVv frames mov

nepLapPavovtol 6T GVYKPOLON.

XV IpaypoTikotnto, ov vrobécovpe OTL €(OVHE TO TEAEWD KOVAAL TO OTOIO0
aviyvevetol omd kdbe otabud, cOykpovon pmopel vo cupPel povo O6tav dvo 1
TEPLOCOTEPQ TOKETO LETODIOOVTOL GO 6TO 1010 slot time. Edv kot o1 800 otabpoi ot
0mo10l EMYEPOVV VO UETAODCOVYV TO TOKETO, TOVE, YPNCULOTOIOVV TO UNYOVIGHO
RTS/CTS, ovykpovon pmopei va cvupei povo oto RTS frame, 1 omoia aviyveveto
opKeTd vopic amd Tov otafud amootoréa Adym g EAdeyng tov CTS frame and Tov

6100 TPOOPIGLOD.

Hovemotiuio Moxeooviag — MIIXE Tunuozos Epopuoouévng Iinpopopikng 22



2.5 Xpovika owactijuara vrootpouaros MAC IEEE 802.11

Onwg elvar yvootd omd t0 KAaoowkd mpwtokolho Ethernet, n  vmopén
TPOoKaBoPICUEVOV YPOVIKOV daotnUdtev HeTald Tov mAoiciov mailel onpavtiko
pOLO OTN GUVTOVIGUEVT TTIPOGPROCT 0T0 Koo péco petddoonc. H mapadoyr avtn
woyvel ko oto potvno [EEE 802.11, oto omoio mpofAiémovial téccepa Ypovikd
SlCTAHOTA OV PEGOAOPOVV HETOED TOV JAPOP®V AEITOLPYIDV OTOGTOANG Kol
AYMC TAoGiov TV oTOdUGV.

Ta ypovikd avtd SecTAUOTO KOAOOVTOL gvdomiaioioka Jiaotiuote (Inter Frame

Spaces —IFS) ka1 givar To axOAov00 (LE GEPA aVaPOPES omd TO LUKPOTEPNG TPOG TO
UEYOADTEPNG SLAPKELNG OGS PAiVETOL KOl 6TO oynua 2.9) :

. SIFS: Short Inter Frame Space

. PIFS: PCF Inter Frame Space

. DIFS: DCF Inter Frame Space

. EIFS: Extended Inter Frame Space

DIFS DIFS
— 4 "
Busy Medium PIFS Backoff Window
- n "
{ 1
SIFS,

Defer Access

2ynua 2.9 : Evéomlouciaxa ypovika. draotiuaro (Inter Frame Spaces)

e Short Inter Frame Space (SIFS)
XPNOOTOIEITOL Y10 TIG EKTOUTEG VYIOTNG TPOTEPAULOTNTAG, OTMG TO TANIGLO

RTS/CTS, Oetixnic avayvaopiong (ACK) ko polling.
O1 eKToUTEG TV TAULGTIOV QVTOV UTOPoVV Vo EEKIVIGOVY OTaV £XEL TEPACEL

xpovikd draotnpa ico pe SIFS, 6mm¢ eaivetal Kot 6to Tapakdtom oynua 2.10.
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SIFS

— DIFS — — le—
RTS Data
Source
SIFS SIFS
— r: —
Destination L el

Zynua 2.10 : Awooroin mlouciowv CTS, Data kou ACK peta aro SIFS

Me dedopévo o0t to SIFS €yer T pukpdtepn ypoviky d1dpkela, epmodilel Toug
dAlovg otabpovg mov BEAovv vo PETOOMGOLV, KOOMG ovTol TPEMEL VO
TEPUEVOUV Y10, LEYOADTEPO SLAGTNO LEYPL VO, OVIYVEDGOLV OTL TO PEGO Elvarn
elevbepo.

‘Etot, divetor ) duvototnTa 6ToV oTafpd mTov 1oN HETASIOEL VO OAOKANPOCEL

™ owdkacio LeETAd0oNE TOV TANIGTIOV TTOV £XEL TPOG LETAOOOT).

e PCF Inter Frame Space (PIFS)
To ypovikd ddomnua PIFS ypnoonoteiton amd évav otabud mov Asitovpyet

pe to tpwtoéxoiro PCF-Point Coordination Function.
O vroloylopnog Tov yiveto pe faon tov TOmo :

PIFS = SIFS Time + Slot Time

e DCF Inter Frame Space (DIFS)
To ypovikd didotnua DIFS ypnowonoteiton and Evav otabud mov Asitovpysei

pe 1o mpwtoékoriro DCF-Distributed Coordination Function, yio tnv petdadoon
mhaiciov dedopuévav (MPDUs) ko mAatsiov dwyeipiong (MMPDUS).
O vroAoylopog ToL Yiveral pe BAon Tov TOTO :

DIFS = SIFS Time + 2 x Slot Time

o Extended Inter Frame Space (EIFS)
To ypovikd dowdotmua EIFS umopel vo ypnowonoteiton and otabuodg mov

Aertovpyovv pe DCF, 6mote 10 @uokd otpopa vrodeitelr oto MAC o611
petdooon &vog mAouciov elxe Eekvioel aAld dev KATEANEE OTNV GMOTH
moporapn evog odokinpov MAC mhoiciov pe 1 ocwot) tun FCS (Frame
Check Sequence, to omoio eivar éva medio oto miaicito MAC mov

xpnoponoteitan ya Ereyyo Aabov pe ) Pondeta tov aryopibuov CRC).
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O vmoioyopdg tov mpokvmtel and to SIFS, DIFS kot tov ypdévo mov

ypewdletan yio va petadobei évo ACK miaicto eréyyov pe pvBud 1 Mbps,

GULP®VO. LLE TNV OYEOT) :

EIFS = SIFS Time + (8 x ACK Size) + Preamble Length +

+PLCP Header Length + DIFS

o Ilivakxag TiumvY Ypovik®y J10.6THUATOY TPOTVTOVD
Ot Tipég Tov TpoPAEmovTaL 6TV apyIKn £K60CT) TOL TPOTHTOV, AVALOYO LE TO

(PLOIKO EMINMESO TOV YPNCULOTOIEITOL, PAIVOVTOL GTOV ETOUEVO TIVOKO

Inter Frame Space | DSSS | FHSS | DFIR
SIFS 10 pus |28 ps 7 us
PIFS 30pus |78 us | 15 s
DIFS 50ps | 128 us | 23 ps
Slot Time 20pus [ S0ps | 8us

Iivaxag 2.2 : Tiuéc Xpovikav drootnuarwv (Inter Frame Space)
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3. Avaivon amodoong g pedidoov nposrélaong pésw DCF
acVPRaTOV TOTIKAOV OkTVMV IEEE 802.11 pe 10 padnpotiko
povtélo tov Giuseppe Bianchi

3.1 Apyixég lapadoyés kot Yroloyiouoi

YmoBétovpe 0Tt o éva OoUPUATO KOVAAL ETIKOWVOVIOG EMKPOTOLV 1O0VIKEG
ovuvOnkeg. AnAadn dev mapovoidlovior o awvopeva twv hidden terminals ko
capture.

Eniong vroBétovpe 611 £ovue évav otabepd apBpd ctabumv, ek T@v onoimv kade
€vag £yl TOVTO VO TAKETO Y10 LETASOOM.

Me GAlo. Adylo To ovotnua B Asttovpyel VIO cLVONKEG KOPESHOD, dNAad 1 oVPQ
avauovig kébe otabuod Oo eivon mavta yepdtn pe TOKETO TO OMOi0l TPEMEL VO
uetadobovv.

Ye TPOTN (AON UEAETATOL 1) GLUUTEPLPOPE €vOG otabuov pe to poviého Markov
Bétovtag wg 7 v mBavotnTa pe v omoia 0 otafudg petadidel Eva makéto, o Eva
veviko slot time (7., Toyoia emieypévo). Avti n mBavotnTa eivar ove&apTnn omd 10

unyoviepo TpdcPacng oto péco (dniadn Basic Access 1 RTS/CTS).

3.2 IhOavotyta ueTdd0ons TOKETWY
E&etaleton n mepimtwon oty omoia vrdpyet £vag otabepdg aplBuodg n otabucdyv. Xe

ouvOnKeg KopeopoL (saturation conditions) ka0 €vag omd owTOVS TOVS GTAOLOVG £)EL
avTo €vo, OBEcII0 TOKETO Yoo UETAdOOT, HeTd and kdbe emTuynuévn petdooon.
Emeidn n petddoon tov moaxétov givar «51080y1K» kdbe TakéTo TPEMEL VO TEPIUEVEL
éva tuyaio backoff time mpwv petadobel.

To b(t) avamapiotd tov backoff time counter yio £va otabpod. Yiobeteite pio axépata
drakprrn ypovikn khipoaka (discrete and integer time scale): t ko t+1 givon o1 ypovikég
OTLYHEG OV AVTIOTOLYOVV GTNV apyn dvo cuveyduevav slot times, kot o backoff time
counter yio ke otabud peidvetor oty apyn kabe slot time. To discrete time scale
dev aopd GUECOH TOV YPOVO TOV GLGTNUATOG OAAE OTMC Qaivetol oto oyfua 1, n
peimon tov backoff time otapatd 6tav to kovéir eivar wih amacyoinpévo (busy),

Kol YU outd TO ¥poviKo ddotnua petad 6vo cuveydpevmy slot time pmopel va givorn
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TOAD peyaAvTepo amd to uéyebog o tov slot time, ened umopel vo meptiapfdver nv
UETASOGT VOGS TAKETOV.

Agdopévou 6t1 n T Tov backoff counter yia kd0e otoBuo eEaptdtan eniong amod to
10TOPIKO TOV PETAOOGEWV TOV (T.)Y. TOGEG AVAUETAOOGELS EXovV GLUPEl otV ovpd
TOV TPOG HETAd00T TokET™V) TO b(t) dev akoAiovbel To povrédo tov Marcov chain.
Opilovpe 0 W = CW min.To m opileton og 10 “maximum backoff stage” xou 1oy0€1
CWmax =2" W. Emiong opileton Wi=2'W o6nov 10 ie(0,m) xou koAeiton
“backoff stage”. To s(t) avamapiotd to backoff stage and (0,...,m) v évo otaduo
TNV YPOVIKT OTIyuN t.

Mo PBaciki TPoGEYYIoT TOL HOVIEAOL pOg, &€ivor 0Tt yio kdfe pio mpoomdfein
UETAO0ONC, AdPOPMVTAG YO TOV aplOpd TOV OVAUETAOOCEDV TOL VTECTN KAOE
TOKETO, TO TOKETO CLYKPOLETOL UE pia aveEaptntn Ko otabepry mboavotnto p. H
TOPOTAVD Topadoyn eivol mo axpiPng 6co to W kot 1o 7 av&dvovtal, dnAadn 660
avédvetal o apBudg twv otabudyv (1) kail to contention window (). H mBavotnta
p avopépetal wg conditional collision probability, kol givar 1 mBovotnta va cvuPel

collision Katd TV HETAGOOT EVOG TAKETOV GTO KOVAAL.

3.3 Movtéio Marcov Chain

[oyver n mopadoyn: Pli, .k, |i,ky}=Pis(t+1)=i,.b(t+1) =k |s(t) =i,.b(t) =k,

Pli,k|i,k+1} =1 ke(O,W,=2) ie(0,m) (1)
P{0,k]i0}=(0-p)/W, keOW,-1) ie0,m) (2) 0
Pli,k|i-10}=p/W, keOW -1) ie(l,m) (3
P{m,k|m,0}=p/W, keO,W, -1) 4)
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(1-p)/Wy

Zyfua 3.1: Moviélo Markov Chain

INa t1c e&lomoetg 1 €mg 4 16Y00VV Ta TOPAKATO:

e E&lowon (1.1): omv apyn kdbe slot time to backoff timer peidverar.

e E&icmon (1.2): 6tav éva véo axéto akolovdel pia emtoynuévn petdooon Eexva
ue backoff stage 0, yu” avtd xor 1o backoff timer emAéyetol amd 10 ddoTnUA
oO,w,-1).

O1 alleg ovo eiowoelg, ovTioToL oDV OTHY TEPITTIWON UIOC MUY ETITOXHUEVIG
UETGOOTNG.
e E&iowon (1.3): av ovufel pio pn emroynuévn petddoon oto backoff stage i-1, 10

backoff stage av&daveton kan n véa T Tov emAéyetot omd to Sdotnue (0,1)).

e E&iowon (1.4): to backoff stage €yel ptdoel oty Tiun m, dNAadn oto TEAELTAIO
stage. To mopabvpo dev avédvetar kor to backoff timer emiéyeton omd to
dbotnua (0,W)).

YnobOérovpue OtLioyoet b, =lim,_, P{s(t) =i,b(t) = k},i € (0,m), ke (0,W,-1)
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Amo TIC TopoKkdTe® pobNUaTiKég TPAEelg amodekvieTaL 1| ADOT Yo TO UOVIEAO TOL

Markov chain.

bi—l,O P= bi,O - bi,O = pibo,o

bm—l,O : p = (1 - p)bm,O - bm,O =

H podnpotuc ebicwon b, - p=b,, = b, = p'by

amodelkvVETOL WG e&Ng:

p
= bi—l,O W + bi,l =

, '§+bi—l,0 ﬁ(VVz
Lo -1+

2ynua 3.2: Movtélo Markov Chain

>10 oynuo 3.2, amewovifovtol péGO 0TO KOKKIVO TAQiclo, ot B€oelg

vroloyilovtor amd v Tapandve e&icmon.

m

bm—l,() p = (l_p)bm,o - bm,O = p_
I-p
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* Adtorov Aviawvia, ‘MaOnuatiki poviedomoinon KoL YwpnukotnTa ewvig

P P
bm,() bm—l,O ' Vm + bm,() Vm + bm,l
P P
bm,l = bm—l 0 'W_m+bm,0 Vm + bm 2
bm,2 = bm—l,O i + bm,O i + bm,3
P P P P
bm,() = bm—l,O 'W_m+bm,o 'Vm"'bm—u) Vm(Wm -1) +bm,0 Wm(Wm -
P P
bm,() :bm—l,O W—m(Wm —1+1)+bm’0 W—m(Wm —1+1) <
b,o=b,oP=b,,op=b,,1-p)=b, ,,-p=b,,=b,,, % =
bmo—pmilboo < b, =by,- P
1 1-p

Zynpa 3.3: Movtélo Markov Chain

210 Xyfua 3.3, answoviletal péca 6To KOKKIVO TAaiclo 1 0€om, N omoia vroAoyileTon

oamd TV mopanave e&icwoon.

Zoppovo pe tig regularities g akvoidag Markov woyvet k € (LW, —1),
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(I_P)zj:():o'bj,o i=0
bi,k: IW 1Pb 0<i<m

p(b,.o+b,, i<m
o T i=0 &ovpe

1—
bo,([% _1) :Wp ) (bo,o +b1,0 +bzo + bm,())

0

1_
bO,G/Ig -2 :Wp . (bQ0 +bL0 +b20 0)+ (b0 o b 0 +bzo +-- b
0

O

bo,([% _3) ZIV_VP ’ (bqo +b1,0 +bzo o)"‘ (boo +b10 +b20 o)+ W (boo +bLo +bzo + b

0

1— —k
bo,([% —k)=k Wp ) (bo,o +b1,0 +bzo e bm,O) <::’bo,k :G%W ) -(=p)- (bo,o +bLo +bzo + bmo)
0

0

o Tw O<i<m é€ovpe

p
bi,(VVi _1) = bi—l,O Wl

p p
b,,(W,=2)=b_,, 'Wi-l_bi—l,o W

P P p
b,,(W,=3)=b_,, W +b,, W +b,, W

bi’k(VI/i _k):k'bi—l,o ._Qbi,kz W’VV_k .

S [

o Io i=m &ovpe
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P
bm s (Wm - 1) = bm—l,O ' m,0 : Wm

bm’(Wm_z)zbm—l,O' +b ,0W£+(bm9Wm_1)

bm’(Wm _k)zk'bm—l,o 'Wi—i_bm,o WLQbmﬁk:Wm _k'bm—l,O .Wi_i_bm,o LQ

m m m m

bm ’k = WWI o k ' WL (bmfl,O ' +bm,O) g bm ’k = Wm — k ' p ' (bmfl,O ' +bm,0)

m m

o b
Amo v oyéon (2) Kot o dBpoiopa z: 0b,, = li n oxéon (3)
i=0 —-p

petacynuotiferor g €Eng:
W. -k
b, =’7-bw ie(0,m)ke(0,W -1) 4)

Amo Tig oxéoeig (2) kou (4) Oheg ot TipéG b, ex@palovian cav functions tng TG

by, xor omd v mbavomta p vo cvuPel collision. To b, teMKOG pmopel vo

vrohoyoBel w¢ eENG:

w. -1

1

1= Z b, -

m
i=0 k=

(=]

H oyéon avtn anoteAeiton amd T1¢ TapoKdT® GYEGEIC:

0 W1

(@) Z zbo,k » Ymoloyilel 6Ao T0 mpmTO stage (1=0)
i=0 k=0
+
m-1 W;-1

($) = kz(;bhk » Ymoloyilel Oha Ta evoldpeca stage (0<i<m)
+
m_ Wm-1

@) Z Zb’””‘ » Ymoloyilel To teAevtoio stage (m)
i=m k=0
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Omov b, , pmopet va vroroyiotel and ™ oyéon :

. 2(1-2p)(1- p)
Y =2p) WD+ p(1-(2p)")

(6)

Topo umopodue va ekepdcovpe v mbavoétnto 7 ue v omoio évag otabuodg
petadidel o€ €va tuyaio slot time. Omowadnmote petdooon, cvuPaivel 6tov o backoff

time counter givon icog pe 0, ave&aptnta amod to backoff stage.

IhBovotnta exmounng:

- bo,o 2(1-2p)
=Yb, =2 = 7
b S T U s -G @

Eivor evdwopépov va, mapatnpioovpe 0Tt 6tay to m=0, 1 mBovOTNTA EKTOUTNG T,
gtvar aveEaptntn and v mbavotnra p (collision probability) kot oyéon (7) yivetoan
KON TTO OTAN

2
T =
W +1

(8)

Ievikotepa n mbavotta exmopnng 7 e€aptdton amd v mbavotnra collision p,mov
glvar axopun ayvoortn. Yrevoopuilovpe 6t collision pmopel voo cupfel 6tav T otiyun
7OV £VO TOKETO EKTEUTETOL 0O Evay oTaBlo, o€ €va slot time, TovAdy1oToV £vag amod
Toug n-1 vEdromovg otabUovg ekmépnel TV dw otiyur. Kdbe otabuoc PAénel oto
ovotua og uo. otodepn Katdotaorn, mov ovtd onuaivel 0Tt Kabévag amd TOVG
VEOAOITOVG GTAOUOVG EKTEUTEL TO, TOKETA TOV UE MOavoTTA 7. 'ETol TpoKumtet 0TL 1)
mBovotnta p (collision probability) sivon :

p=1-01-0)"" 9)
O e€iomoetg (7) ko (9) amoteAovv éva Un YPOUUKO cdotnua e 600 ayvmdoTouS T

Kol p, T0 0moio Umopel va eMAVOEL YP1CILOTOIDOVTOG PO TIKEG TEXVIKEG.
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3.4 Yroioyicuog Aigknepormwrtixng Ikavoryrag (Throughput)

Oftovpe S N SEKTEPOUMTIKY KAVOTNTO TOV GLGTHUATOS, OV OPIleTal OC TO HEPOG
TOV YPOVOL OV TO KOVOAL YPTOLOTOLEITOL Y10 VO LETAODGEL EMTUYDG TO OPEAO
@optio (pay-load) bits. I'ia va vwoloyicovpe to S, TPEMEL VO LEAETHGOLLLE, TL UTOPEL

va cupPel og éva tuyaio slot time.
‘Eoto P, sivor n mBavomta va vidpyst TovAdyioto pia petddoon o €va slot time.

Agdopévov 0Tt n otabpol vmoompilovv 1o KovoAl Kot KGOe €vag amd ovToVG

petadidetl pe mbavotnta 7, Eovue

B, =1-(1-7)" (10)

‘Eoto P. sivon n mbavomto piog emroympévng petddoong oto kovetl. o va eivar
EMTUYNUEVN U0 UETGOOON TpEmEL £vag Kal UOVO €vog oTobuog va petadidel Eva

TOKETO OE 0L YPOVIKT] OTUYUT.

_nrl-o)""  nr(l-7)"

ir

To S exppaleton amd T oxéon:

E[ payloadInformationTransmittedInaSlotTime]
E[lengthOfaSlotTime]

S = (12)

e To E/P] givor to péco péyebog tov payload maxétov

e To péoo uéyeboc payload mAnpogopiag mov petadideTon emttyde o€ €vo, slot
time eivon P, P, E[P]

e Mo gmitoynuévn petddoon umopei va copuPel o €va slot time pe mbavotta
B, P,

e T vo voioyisbei 1o péco pnkog evog slot time Aapfdvetar vmoyn ot (o)

pe mBoavomta 1— P, 7o slot time eivon kevo, (B) pe mbavomta P P unopei
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vo. ovpPet pa emroynpévn petddoon kot (y) pe mbavomta P, (1—P) pmopel
va cupPel oOykpovon (collision).

e To T, eivan 0 pécog xpdvog mov 1o Kovdit givor amacyoinuévo (busy)(ypovog
7oV dlapkel Eva slot time), amd o emTuynpUéVN HETAOCT

e To T, eivar 0 pécog xpdvog mov 10 KAVOAL gival AmAGYOANUEVO Yo KAOE
otafpd ot ddpketa piag ocvykpovong (collision)

e To o givon n d1dpketo evog empty slot time

Dooika 0leg 01 TOPOTAV®D TIUES TPETEL VO, EKPPAloviol otyv 10l HOVEDO,

HETPHONG.

H oyéon (12) petaoynuarileton:

P.P E[P]

S = i (13)
(1-F,)o+FPT +PF (1-P)I,

H oyéon (13) exppdlel T pvBuoonddoon S tov cuotiuatog. Onmg mapoatnpeiton dev
YPEWACTNKE OKOUT VA S1IEVKPIVICTEL O UNYOVIGHOG TPOGROOTG OTO HEGO.
IMa va vroAoyicovpe Topa, T pLOUONTOS0CT EVOG GLGTHILATOG TTOV YPNCULOTOLEL TO

unyoaviopo tpdécsPacng DCF, elvar anapaitnto vo vwoAoylotovy o1 avTicToryot ypovol

Ts,Tc.

3.4.1 Teyvikn Basic Access
[Mpota Bo e&etdoovue TV TEPITTOON OTIV OTOIN YPNOILOTOIEITOL O UNYAVICUOS
npodcPacnc Basic access.

To header tov maxérov opileton H = PHY,, + MAC,,, , Kol T0 6 OVTITPOGOTEVEL TN

KkaBvoTépnon HETAS0oMG.

(14)

T = H + E[P]+ SIFS + & + ACK + DIFS + &
T" = H + E[P"]+ DIFS + &
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To E[P"] expalel 1o péco punkog tov peyalvtepov payload moxétov mov

TEPAOUPAVETAL GE L0 GUYKPOLON.

PHY|MAC
hdr | hdr | TAYLOAD siks | A | pirs
- -

T success basic access

PHY | MAC
bde | ki PATYLOUAD DIFS

T collision basic access

Zynua 3.4: O1 ypovor T Y,T . V1o To unyovioud mpooPoons Basic access

3.4.2 Teyvikny RTS/CTS (Request To Send / Clear To Send)
2y mepintmon oty omola ypnoponoteiton o pnyovionds npocPacns RTS/CTS,

oVykpovon uropet va cupPet povo oto RTS frame, 6mwg paiveron ko 6to Zynpa 7.

T =RTS+SIFS+6+CTS + SIFS + 6 + H + E[P]+ SIFS + 6 + ACK + DIFS + 6
T'" =RTS + DIFS+6

(15)
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PHY |MAC
RTS SIFS CTS SIFS | hdr | hdr PAYLOAD SIFS ACK DIFS
T success RTS/CTS
RTS DIFS
T collision RTS/CTS

Zyiua 3.5: O1 ypovou TS’TC. yia 0 unyoviouo rpoohoons RTS/CTS

3.5 Emxvpwaon povréiov
[No mv emxdpworn Tov HoVIELOL £X0UV GLUYKPOEL Ta AMOTEAEGUATO OO TO LOVTEAO

Bianchi (poOnpotikd povtéAo Kol TPOCOUOI®TY]) HE TO OVTIGTOLYO SLOYPAUIOTO TOV
emoebnoayv amod ™ xpnomn 61kl oG TPOGOUOLMTY.
Onwg @oivetor 0 mTPooopolwtg mov ovamtdéope civor afldomiotog d10TL  TO

Sy pApaTO TOV THPOUE ival Opota LE avTd Tov povtéAov Bianchi.

To mpoypappa Tpocopoinong mpoomadel vo ppunbel v TpayLOTIKY AEITOVPYIO TOVL
k60 otabpod, cvoumepthapupdvovtag tovg ypovove kabvotépnong 6iddoong, Met’
EMOTPOPNG KTA.

O1 TYWEC TV TAPAUETP®Y TTOV YPTCIUOTOIOVVTAL KOl Y10 TO OVUAVTIKO LOVIEAO KOl

Y10 TIG TPOCOUOIMGELG, cuvoyilovton otov mivaka 3.1.

FHSS SYSTEM PARAMETERS AND ADDITIONAL PARAMETERS USED TO
OBTAIN NUMERICAL RESULTS

packet payload 8184 bits

MAC header 272 bits
PHY header 128 bits
ACK 112 bits + PHY header
RTS 160 bits + PHY header
CTS 112 bits + PHY header

“Channel Bit Rate | 1 Mbit/s
Propagation Delay | 1 us

Slot Time 50 us
SIFS 28 us
DIFS 128 us
ACK_Timeout 300 us
CTS_Timeout 300 us

Iivakags 3.1: Tiuég mopouetpwv pabnuatinod povielov Bianchi
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Ot Tiég Tov ovotiuatog divovtal Yo To puokod eminedo (FHSS) PHY layer [3]. O

pLOUOG petddoong Tov Kavorion £xel 1ebel icog e 1 Mbit/s. To uéyebog Tov frames

kaBopiletan and 11 MAC mpodwaypapég tov mpwtokdAiov 802.11, ko to PHY

header xaBopilet

to FHSS PHY. Ot tpuéc ACK Timeout ot

CTS_Timeout

avaeépovtor eniong otov mivaxa 3.1, kol 0nwg eaivetal ivon ioeg pe 300us. Avt

Tiun €xel emeyel SO0t mepi€yel Tov xpdvo SIFS, v Betikn emPePaimon ACK ko

v round trip kaBvoTéPNoT. LTI TPOGOUOIMGELS £xEL ypnoomondel évo otabepd

uéyebog makétov ico e 8184 bits.

0.90 |

0.85

0.80

0.75

0.70

0.65

Saturation Throughput

0.60

0.55

0.50

2yfua 3.6: Yroloyiouog SlEKmepaimTiknG IKaVOTHTOS KOpeauov (paper Bianchi)

A basic, W=32, m=3
0 basic, W=32, m=5
O basic, W=128, m=3
#* ris-cts, W=32, m=3
@ ris-cts, W=128, m=3

10 20 30 40 50
Number of Stations

Saturation Throughput: analysis versus simulation.
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A BASIC, W=32, m=3
—_— ]
DEH O BASIC, W=32, m=5
o BASIC, W=128, m=3
I U Uy PP U N .
0551 o RTSICTS, W32, m=3
B RTS/CTS, W=128 m=3 : ; ; ; : .
o5 1 1 1 | | | | | |
] 5 10 15 20 25 30 35 40 45 50

Number of Stations
Zyfua 3.7: Yroloyiouog S1EKmepaimTiknG IKAVOTHTAS KOPETLOD
(amoteléouaro amo 1o Jkog nog simulator)

To oyqua 3.6 delyver 0Tt 10 avodlvTikd poviélo eivor gonpetikd axpiféc. Ta
OTOTEAEGUOTO TOV OVOALTIKOD HOVTEAOVL, CULUTITTOVV LE TO, OTOTEAECHOTO TNG
TPOCOUEIMONC, Kot Y10, TI 6V0 TEPMTMOGELC, Kot Yo, TO pnyoviopd tpocPfoong Basic
access ka1 RTS/CTS.
To oamoteAéopota yioo OLTEG TIS MEPUITAOCEIS, ONAadN Yy 2 kol 3 oTafpovg,

Tapovctaloviotl 6Tov Tivaka 3.2.

ANALYSIS VERSUS SIMULATION: COMPARISON FOR A VERY Low NUMBER OF
STATIONS—W = 32, m = 3

analysis simulation

n=2, BAS | 0.8473 | 0.846 + 0.001
n=2, RTS | 0.8198 | 0.817 & 0.001
n=3, BAS | 0.8368 | 0.835 + 0.001
n=3, RTS | 0.8279 | 0.823 + 0.001

Iivaxag 3.2: Tyég avalotikod poviédoo évava simulation (paper Bianchi)
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Onwg avapépnke kol Tapondve, T’ amotehéspata £xovv VtoAoyiodel vroBétovtag
TIC TOPAUETPOVG TTov Ttapotifevion otov mivake 3.1. [To cvykekpyéva vtobétovtog
ot 10 péyebog moxétov P eivar ioo e 8184 bits, ta oyfuota 3.6 kot 3.7 delyvouv 011
n pvBuooanddoon Yy to pnyaviopd mpdécsPacrg Basic Access, goptdTor amd TOvV
op1Bpd TV oTtafUdV ToL SIKTHOV.

Amo6 to oyfuota 3.6 kou 3.7 , emiong ovumepaivovpe 0Tl dgv 1GYVEL TO 1610 YO TO
unyoviopd mpdcsPacng RTS/CTS 660 10 7 avédvetolr Znv TPOyUATIKOTNTO M
pvOuooarddoon givar otabepn Yoo W=32, émwg eniong kot yio W=128.

2ta oynuota 3.8, 3.9 kan 3.10, 3.11 eaiveton n e£dptnon g pvOuoonddoong Ue to
peyéboug Tov mapabopov W, kabag emiong Kot 1 puOLOATOI06T KOPEGUOV EVOVTL TG
TG Tov W, ko yio toug 6o pnyavicpovg tpocPacng (Basic Access kot RTS/CTS).

Kot ota 800 oyfuata, vrobétovpe 61t éxovue 6 backoff stages, CW_ . =2°W wou

Té€00EPal SLPOPETIKE dikTVa pe apldud otabudv n, avrictoya 5,10,20,50.

0.90 - : T .
: maximum backoff stage m=6

>SS

=

(=8

=

=]

3

=

-E -
o—en=50 \ :
»—=a n=20 ~
o—on=10 )
I3—0on=5 ]

8 16 32 64 128 256 512 1024

initial size of the backoff window (W)

Saturation Throughput versus initial contention window size
for the Basic Access mechanism

2ynua 3.8: Yroloyiouog S1ekmepoiwtikig IkovoTnTas kopeouov (paper Bianchi) yia Basic
Access Mechanism
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ng r T .
raximum backe® stage m=5
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EETS x«‘ﬁ - ¢
- T |
= - : -~ : P
& P - : P
g 0 > - r
= -~ : . /“
= g P 7
=
[ /
0E _.‘_,<':..... R S - S 1Y
[ 8 O Mumbar of Stations =5 W
fi
-_ : Sralians = :
BSE b o sana et e s B e e 2 Fumber of Stations = 10 B
/. B PMumbar of Stations =20 | :
Dlﬁ.{.{ e &  Mumber of Stations = 50 . P
.45 A 1 i i i
73 5 3 T 8 3 0

Initial Contention Windows

Zyfua 3.9: Yroloyiouog S1ekmepaimTikic IKavOTHTOS KOPETLoD yia. Basic Access
Mechanism

(omoteléoparo. amo 1o Jkog nog simulator)
210 mopamdve oynuota eoivetol 0Tt 1 pvBpoarddoor tov Basic Access mechanism
eEaptdton amd to W, kou ) T Tov W ggaptdtor amd tov appd tov otabudyv Tov
dwctoov. IMa wapddetypa oOtav to W givon ico pe 1024, ko n=50 n pvBuoomddoon

avePaivel o vyNAA emineda, Evod OTaV TO0 =3 TAPOVCIALEL LEYOAN TTOGT.

To ocbotnuo mapovcstdalel TV 1010, CLUTEPLPOPA KOl YO TO UNYOVICUO TpOcPaomng

RTS/CTS, ota oynuoto 3.10 kon 3.11.
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0.90 - , s : . :
: maximum backoff stage m=6

= o——(c . i R

-

0.80 H:\‘w\‘\:

throughput
o
~J
(=]

e—en=50
——a n=20
= o—0n=10
R
0.50 i ; 1 - R T ek |
8 16 32 64 128 256 512 1024

initial size of the backoff window (W)

Saturation Throughput versus initial contention window size
for the RTS/CTS mechanism

Zynua 3.10: Yroloyiouog OlekmepoiwTikig tkavotntag kopeauod (paper Bianchi) yia
RTS/CTS Mechanism

0.9 T

maximum backoff stage m=6

Saturation Throughput

: O MNurber of Stations =5
OB oot P T e
: < MNumber of Stations = 10
B Number of Stations = 20 h
O&5F s N 3
: #  Number of Stations = 50
ns I i i 1 i I
3 4 4 B 7 g 9 10

Initial Contention Yvindow (2%)

Zynua 3.11: Yroloyiouog diekmepaimtikng tkavotntag kopeouod (Simulator) yio. RTS/CTS
Mechanism (amoteAéouara omo to dikog pag simulator)
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Otav n 1iun tov W eivon peyddn, mepropilel tnv amddoon Tov evog otabpov, otav
EKTEUTEL LOVOG TOL OTO KOVAAL Kot oprofeteiton amd

E[P]
T +o(W-1)/2

(16)

To E[P] eivor 10 pnéco péyebog tov payload maxétov kau 1o 7, ivat o pécog ypovog
7OV TO KOVEAAL EIVOL ATOGYOATLEVO OO L0l ETTUYNUEVT] LETAOOOT).

H e&iowon (32) mpoxvntel and v e&iowon (13) Aappdvovtag vadyn 6Tl av dev
vrapyel dAlog otabudg o omoiog Bo pmopovoe va TPOKOAECEL GUYKPOLGN, 1

mBavomto emtvyiog P, etvon fon pe 1.
Eniong n mBavéomta P, (vo copPel pio perddoon oto kavaii), sivor ion pe v

mBovotnto 7 (mBavotnta exmounng). Av 1 mbovortnta cvykpovorg p givon iom pe 0

10 P, =t ko divetan omd ) oyéon (8).

3.6 Lounepdouara

Y& T TO KEQUAOIO TOPOVCIAGTNKE TO AVOAVLTIKO povtédo Tov Giuseppe Bianchi,
Y0 TOV VIOAOYIoUO TNG pvOpoomddoong kopeouod Tov TpotokdAiov 802.11 DCF.
"Exovue AaPer wg dedopévo 0TL vdpyel va TenePUSUEVOS OplOUOG oTafUmY Kot OTL
0 kovdAl Asitovpyel vd Wavikég ocuvOnkes. To poviélo eivar oyedaopévo va
Agttovpyel oo omorodNmote pnyavicpd mpdcsfaocng ypnoiponoteital, Basic Access 1
RTS/CTS. H obykpion TV 0moTELEGUATOV OTO TG TPOGOUOIDCELS, Oelyvel OTL TO
povtédo eivon  ggoupetikd  akpipég oty mpoPreyn g pvBuoamddoong Tov
GLGTNLOTOG,.

Amodelytnke 0Tl M amddoon ToL unyoavicpov Basic Access efoptdtor amd TIC
TOUPOUETPOVG TOV GLOTHLOTOG Kot Kupiwg amd to pikpdtepo Contention Window ko
Tov aplud TV oTofU®MV TOL ACVPUOTOL SKTHOV. AVTIOET®G, Yo TOV UNYOVIGUO
RTS/CTS, anodeiytnke 011 N amddoon eEaptdton mepBmplokd ond T1g TOPOUETPOVG
TOL .

O unyoviopog RTS/CTS éxet amodei&el TNy avoTePOTNTA TOV OTIC TEPICCOTEPEG TOV
TEPMTOCEWY. EeYplotd €ivar 1o mAgovéktnua tov unyovicpod RTS/CTS ota

oeviplo. LEYOA®Y OIKTOMV OKOUN Kol UE TO TEPLOPIOUEVE HEYEDN TaKETWV.
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Aapupavovtag vtoyn v kavotnta tov pnyovicpod RTS/CTS va avtipetonilel ta
hidden station, KoTOAYOLUE GTO GUUTEPOAGUO OTL OVTOG O UNYOVIGUOS TPOGPAoNC

TPENEL VO, YPTCLULOTOLEITOL OTNV TAELOYN IO TOV TEPITTAOCEWDV.
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4. Avaivon amwodoonc g pedooov nposrélaong péow DCF
acVPRATOV TOTIKAOV OkTV®V IEEE 802.11 pe 10 padnpotiko

povtéro tov Haitao Wu

4.1 Apyixés Hapadoyéc kou Yrmoloyicuoil
Kot g avtd 10 ke@dLo10 01 Pactkég TapadoyES TOV 1oYbOLV gival 1d18¢ LE QVTEG TOV

kepaiaiov 3, 6T0 omoio avoAvoaus To HUOMUATIKO HOVTEAO TTOL AvamrTOYONKE 0o
tov Giuseppe Bianchi.

YroBétovpe Lomdv OTL GE €VOL OIGVPUOTO KOVAAL ETIKOIVOVIOG ETIKPATOVY 1OUVIKES
ouvOnkeg, onAadr oev mapovcidloviar to @owvoueva twv hidden terminals ot
capture.

Emiong vroBétovpe o0t €xovpe évav otabepd apBpod otabumv, ek Twv omoiwv Kabe
€vag EYel TOVTO VO TAKETO Y10 LETASOOM.

Me dAlo Aoylo To ovotnue Ba Asttovpyel VIO cLVONKeG KOPESHOV, dNAad 1 oVPd
avapovig kafe otabuod Bo elvor mavto yeudrtn pe TOKETO TO OMOi0, TPEMEL Vo

uetadobovv.

B0 LEAETCOVE TN CLUTEPIPOPA VOGS oTaBoD pE To povtédo Markov Bétovtag wg ©
v mBavoémrTa pe TV omoia 0 otafuog HeETOdidEL Eva maKkéTo, o€ Eva Yevikod slot
time (m.y. Tuyaio emAeypévo). Avti 1 TOavOTNTO, OTMOG 101 £YOVUE OVAPEPEL, Eival
oaveEdptnn amd TO UNYOvVIoUd TpocPacng oto péco (dnAadn Basic Access M

RTS/CTS).

OvclooTikd 1 povadikn dtapopd tov poviéhov tov Haitao Wu, mov e€etdlovpe oe
oVTO TO KEPAANLO 0td TO TPOoNYyoLLEVO HovTéAo Tov Bianchi etvar 611 0 vmoAoyioudg
NG OEKTEPULMTIKNG KOVOTNTOG KOPESUOV, Yivetow AouPdvovioac vmoyn o710
pofnpatikd povtédo Markov 6Tt vdpyel TEPLOPIGUOC GTOV aPBd TV TPOSTAHEIDY

EMOVEKTOUTNG EVOC TAOLGIOV.

4.2 IhBavoTnto uetdooons TakéTwy
Kor €0 e€etaletar m mepintmon omv omoia vrdpyel €vog otabepdg apBpog n
oTabp®V, 6oV o8 cLVOTKEG KOpeSOV (saturation conditions) kb Evag amd ovToVG

ToVg oTafUoVG £xel mavto &va S100ECIH0 TOKETO Yo HETAS0OT, HETA amd kaOe
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emrUyMuUéEVN petadoon. Emedn n petddoon tov mokétomv givar «dladoykny kdde
TOKETO TPEMEL Vo, TEpIEVEL Eval Tuyaio backoff time mptv petadobet.

Xoppova pe o ekbetikd backoff oynpa, mov £yl vioBetnBel oto TpwtoKorlho DCF, o
backoff ypovoc exmopnng emAéyeton opodpopea oto ddotnua (0, W -1). H tyuq W
KkaAeiton “contention window” wot g&optdtorl and TovV aplBUd TOV OTOTUYNUEVEV

HETAOOGEWV TOV TAKETOV.

Xmv mpodt mpoondbeo Ba €xovpe W =(CWmin+1) (1o CWmin koAgiton
“minimum contention window”). Metd and kdbe amotvynuévn petadoon o W
dumhaotaleton  éo¢ pio péyiomn ty 2" W = (CW max+1). Ot uég CWmin kon
CWmax kafopilovtat amd T1g S1dpopeg TPOdOyPaPES TOL PLGIKOD ETTESOV KOt Y10

v mpodioypoen DSSS givar 31 kot 1023 avtictoryo.

Emiong dievkpiviCeTon o1t :
e o uperpnmg backoff timer peidveron €pOCOV TO KOVAAL OvViXVEDETOL OE
Kotdotoon idle,
e mayovel (frozen), dNAodN OTOMATE VO HELDVETOL, OTOV OVIXVEDETOL MO
UETGO00N Kot
e crmovoegvepyomoleiton 6tov 1o Kavoil egivarl idle yw mepiocodTEpO GO TO

xpoviko ddotnua DIFS.

4.3 Movtéio Marcov Chain yia to povréio tov Haitao Wu
[N to povtého Tov Wu €yovpe :

W, =2'W iy
W, =2"W i>ni

(1)
Omov W=CWrintl) o 2" W =(CWu +1) Me m cvppoiiCovpe to maximum
backoff stage, eivor mavto peyolvtepo tov m’. Xty wpdén to m cvpPorilel to
uéyioto aplud mpoomabeidv enoavekmounns. Evag otabuog petadidst povo 6tav o
backoff timer @tdoet oto undév. H aivcida tov Markov yio 1o poviého tov Wu

paivetol 610 mapokdTo oynua 4.1.
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Zyniua 4.1 : Markov chain yio to podnuotico poviélo Wu

H avéivon tov mapomdve poviédov [11] pog divel T duvatdTnta vo EKPPACOVLE TV

mBovotnTo T pE TNV omoin Evag otafpog petadioet o€ éva Tuyaio slot time.

Ih@avotyra exkmoumis:

b’.;.'.; (2)
oMoV b, , popel va vroloyiotel and T oyéon :

‘ A1-2pNl-p) mem'
5 =IH'[|—13,GJ1"H|—;}}"H-Eﬁh;l-,rf'"'l
N ‘ J1=2p)l=p)
(W =(2p)" MI=p)=(1 =2p )1 =p™ )+ 2" p" (1= 2pK1- p™")

)

m=n

> otabepomompévn KOTAGTOON £vag OTAOUOC EKTEUTEL TAAICLO OEOOUEVOV E

mOovotnTOo T, 1 omoia divetan amd T oo :
p=1-(1-2)"" @)

O e€omoelg (2), (3) ko (4) mopwotdvouy €va un ypoppkd cdotnuo pe dVo
ayVOOTOVG 7 KOl p, TO OMOi0 UTOpPel v emAvbel ¥pnoYOTOIOVTOG OptOuNTIKEG

TEYVIKEC. Enueldvoupe 0Tt Ba wpénel p € (0,1) ko z € (0,1).
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4.4 Yroioyiouog Aicknepouwrtixngg Ikavoryrag (Throughput)
‘Ecto P,

tr

etvar m mBovOTNTO VO VITAPYEL TOVAYIGTOV La LETAd00oN G€ €va slot time.

£, =1-(1-7) (5)
"Eoto P. sivoan n mbavomta piog emruympévng petddoong oto kovél. I'a va eivar
EMTUYMUEVT] U0 HETAO0OT TPEMEL £VOC Kol HOVO €vac otafuog va peTadidel éva
TOKETO GE 0L YPOVIKT] GTLYUT].

P nt(l-7)"" B nt(l-7)""
’ P 1-(1-7)"

tr

(6)

Mmopovpe va opicovpe ¢ S TNV KAVOVIKOTOMUEVT] OLEKTEPUIMTIKY TKAVOTNTO TOL

GLOTNLOTOG ATt TO AOYO :

. _ E[Payload Information in a slot time]

a E|Length of a slot time|
PP ELP]

(1=F)o+FET +(1-F)FT,

(7

211G TPONYOVLEVEG GYECELS :
e To E/P] givar to péco péyebog tov payload maxétov
e To péoo péyebog payload minpoopiag mov petadideTon emtvyde o€ €va. slot

time eivan P, P E[P]

e Mo gmroynuévn petddoon pumopei va copPel oe éva slot time pe mBavotnta

Bp

e T vo vmoioyisbei 1o péco pnkog evog slot time Aappdvetar veoyn ot (o)
pe mboavotnta. 1— P, 7o slot time eivot kevo, (B) pe mbovotta P, P yunopsi
vo. ovpPet pa emroynpévn petddoon kot (y) pe mbavomta P, (1—P) pmopel
va cupPel oOykpovon (collision).

e To T, etvatl o pécog xpdvog mov To Kavail eivor anacyoinuévo (busy)(yxpovog

7oL dlapkel éva slot time), amd o emiToynuévn puetdooon
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e To T, eivan 0 pécog ypOVOG TOL TO KOVAAL €lvol amaGYOANUEVO Yo KAOE
otabud ot didpketa piag ocvykpovong (collision)
e To o eivou n dudpkela evog empty slot time
DOOIKG. OAES 01 TOPOATAV® TIUEG TPETEL VO, EKPPALOVTOL OTHV 1010, HOVAOO UETPHOTG.
I'o va vroloyicovpe TeEMKE T0 S €VOG GLOTIATOG TTOL YPTCILOTOIEL TO PUNYOVICUO

npocPacnc DCF, eivon amapaitnto va vroloylotody ot avtictoryot xpdvor 1. S,T ..

4.4.1 Teyvikny Basic Access

To header tov maxérov opileton H = PHY,, + MAC,,, , Kol T0 0 OVTITPOGOTEVEL TN

KkafvoTépnon HETAd0oMG.

Teyvikn Basic access mechanism

J]:.m =DIFS+ H+E[P|+ 0+ SIFS+ ACK+ 6

[T___*“" =DIFS+H + E|P*|+ SIFS+ ACK ®)

To E[P"] exppdler t0 péoo pnkog Ttov peyakvtepov payload makétov mov

TEPAOUPAVETOL GE 0L GUYKPOLON.

e OLEG TIG TEPITTAOCELG OAN T TAKETO £XOVV TO 1010 6TafePO PEYEDOC KO Yia TOo AdYo

avtd E[P*]=E[P]=P

4.4.2 Teyviny RTS/CTS (Request To Send / Clear To Send)
2y mepintoon oty omolo ypnoponoteitor o pnyoviopnds npocPacns RTS/CTS,

ovykpovon uropet vo, cuuPei povo oto RTS frame.

( I™ =DIFS+ RIS+ SIFS+ 8+ CIS+SIFS+6+H
«  +E[P|+SIFS+8+ACK+d

\T.™ = DIFS+ RTS + SIFS +CTS o)

Ztov voroyiopd ov 7, ededn vdyn kou ) enidpaon tov CTS timeout kot Yo 0

AdY0 avtd M oviioToyn GLUVAPTNON SWPEPEL amd TNV OVIIGTOLN TOL HOVTEAOL

Bianchi.
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4.5 Emxdpwon povréioo
Ta omoteléopata (dtoypaupate) TG avoAlvTikng uebodov tov povtédov Wu [11]

ouykpidnkov agevog pe To OovTioTOlro, OlyPAUUOTE 7TOL ANEONKav pe ypnon
simulator ko1 apeTépov Le Ta avtioToro Tov povtéiov Bianchi.

Ol TWéC TV TOPAUETP®Y OV  YPNOUOTOONKAY Yl TOLG VTOAOYIGHOVG
(avalvtikotg kot simulation) tov povtéhov mepi€yovral oty tpodypapin DSSS tov

(QLGIKOV GTPMOUATOS KOl KOTAYPAPOVTOL GTO TAPUKAT® mivaka 4.1

Parameter Value
Packet payload, [ E184 bats
Slot time, ¢ 20 us
MAC header 224 bits
PHY header 192 bits
RTS packet 160bits + PHY header
ACK packet 112bits + PHY header
CTS packet 112bits + PHY header
DIFS 50 ps
SIF% 10 ps
Channel bit rate | Mbps
Minimum CW, 15 32
Mumber of CW sizes, m' 5
Short retry limit ]

Hivaxag 4.1 : Tiuéc mopopétpawv pobnuaoticod poviélov Wu
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4.5.1 Amoteléouata nmpocouoiwacns yia Ty uédodo npocfacnys Basic Access
Apyicd efetdotnKay TO OTOTEAEGUOTO TNG TEYVIKNG basic access, ta omoid

gueavifovtot 6To mopakato oynua 4.2.

Xpnowonotovpe v EKQpocn new model Yy Vo TOPOVGLAGOVUE TO HOVIEAO TOV
avamthydnke oe ovtd T0 KePAlato (padnuatikd povtédo tov Wu) kon old model Yo

T0 povtédo tov Bianchi.

Emiong ta dwypappato g avaAivtikng pebddov tov povrédov Wu [11] cuykpibnkav
HE T avTioTol o Stoypappota wov ANednkay pe ypron dikov pag simulator, oynuoto

4.3 ko 4.5.

Awmotofnke 1 andlvtn COUTTOON TOVG YEYOVOG ov emPefaimoe v a&lomoTio

TOV TPOGOUOIMTI TTOV AVOTTOELLE.

Onwg mapoatnpodpe to povrédo Bianchi vmepektipnd 11 dvvatdtnreg T@v SKTHOV

IEEE 802.11 ywrti dev Aapfdver vmdyn 1oL TOV TEPLOPICUO OTIS TPOCTADELES

EMOVEKTOUTNG.

0.85 T T T T T T T T T T T T ]
0.80 +  Simulation | J
Mew model ;
3 - - o ]
= 0,75 Old model 1
JS£ 4
o ] ]
3 4
= n.704 ]
= ]
p_ - -
= 0 &5 ]
=] e ]
g ] ]
3 0.60- -
0,554 ]

0.50 T T o T T T T T T T T T T T T T

0 10 20 a0 40 50 60 7o B0

Mumber of Stations

Zyfua 4.2: Yroloyiouog S1ekmepoimtikng IKAVOTHTOS KOPEGLOD
2oyrpion avalotixns uedodov rar simulation yia o povtéda Bianchi (Old model) kor Wu
(New Model)
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+  Simulation

m\ : :
08k .......... T ........................ e o wu H
e : : : O  Bianchi

075+

Saturation Throughput

i 1 L L I I
10 20 30 40 50 B0 m 80
Murmber of Stations

Zynpua 4.3: Yroloyiouog SlekmeEpoiwTikig IKOVOTHTAS KOPEGLOD
2oyrpion avalotixng uedodov xar simulation yia to poviéda Bianchi (Old model) ko1 Wu
(New Model)

(omoteléoporo amo 10 Jkog nog simulator)

4.5.2 Amoteiéouara nmpocouoiwaons yia tyv uébooo npocfacns RTS/CTS

21 ovvéyela eEeTaotniay Tao amoteréspota e texvikng RTS/CTS, ta omoia
gueaviCovtat ota Topakato oynuote 4.4 kot 4.5.

-
o T T T T T T T T 1
0 -
'5' 4
2 ]
= § ;
i
E 0.764 % + i F ]
= 0.784 + ¥ o
= 077 M + ]
9 078 f ]
T o078 ]
= 074 . . 1
5 0744 + Simulation .
w E-”‘ New modal 7
0.72+ ~ = -Old model ]
0.71] ]
070
At 1 A T T T T T T T T T T T T T T
0 10 20 30 40 50 50 70 BO

Mumber of Stations

Zynua 4.4: Yroloyiouog SlekmepaimTikig IKOVOTHTAS KOPEGILOD
2oyrpion avalotixng uedodov xar simulation yia to povtéda Bianchi (Old model) kor Wu
(New Model)
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0.85 T T T T T
DB f : :
083k
082

sl : f ‘ : L]

Saturation Throughput

074l : : : : .
: : +  Simulation

: : (o]

07t L | O Blanehi | ]

07 i i i I 1 i i i
] 10 20 0 40 50 =) 70 80
Nurnber of Stationg

Zyipo 4.5: Yroloyiouog O1ekmepoiwTikng IKaVOTHTOS KOPETUOD
2oyrpion avalotixng uedodov xar simulation yia to povtéda Bianchi (Old model) kor Wu
(New Model)

(omoteléapoto. amo 10 d1kog uog simulator)

4.6 KaBvotépnon uetddooons mokétwy

e autd 10 onpueio Ba e€etdoovpe TO YOPAKTNPIOTIKE KaBvoTépnong HeTddoong TV
TOKETOV €VOG OGVPLOTOV TOTIKOD OIKTOOV YPNOLLOTOIDVTAG TNV TPOGEYYICT] TOV
TOPOTAVE pobnuatikod povtéiov tov Haitao Wu.
B0 avaAOGOVE:
® TIG JLOPOPOTOGELS TOV TOPOVGLALovTaL 6TV KabvoTépnon PeTadoong otV
VIAPYEL N OYL OPLO GTIG AVOUETOIOOELS TV TAUKETMV,
e TNV MOAVOTNTA ATOPPIYNG TAKETOV OTAV PTAGOLY GTO GVATATO OPlO0 TMV
OVOLETAOOCEWMV KO
e T0OV UEGO ¥POVO ATOPPLYNG TOV TOKETWV YLO. TOVG UNXAVIoUOUS TpoOSPacng
Basic access kot RTS/CTS.
To PBaocikd onpeio mov mpémet va TovioTel eivar 6Tt VIEdpPyEL TEPLOPIOUOG GTOV OPlOUO

TOV TPOSTAHEIDV EMAVEKTOUTNG EVOG TAULGIOV.
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4.6.1 IhiBavotyza anoppryns naxétwyv (Packet drop probability)

H mBavotra andppiyng moxétmv opiletor [13] og n mbovotnTo amdppiyng ToKETOL TV
SUUTANP®OEL TO OPLO TOV TPOSTAHEIDY EXAVEKTOUTNG TOV.

Agdopévov 6t éva mokéto omoppinterar Otav vmootel m+l ocvykpovoelg, N mOovoT T
amoppyg opileTon g :

drop

— Pm+1 (10)

4.6.2 Méoog yxpovog amoppryng nakxétwv (Average Packet dropTime)

‘Eva. mokéto amoppinteton 6tov @tdoel oto terevtaio eminedo (backoff stage) tov
UNYOVIGHOD 0micBoymdpnong Kol ovVIIHETOTIGEL pio akoun ovykpovorn. H péon tiun
nov Ba emAéEet o otabuoc yua v omcBoydpnon oto i eninedo etvar (Wit+1)/2 , dmov

ie[0,m]

Soupoiilovpe pe ElTarap] 10 UéGo 0plfud TV YPOVIKOV oylopmv (time slot) mwov

OTTOLTOVVTOL Y10, VoL £YEL éva ToKkETO m+1 GUYKPOLGELS.

"Etot égovpe:

(W (2™ <[+ (m=1)

- I+ | ~ . msni
ElT =y =< -
s "'l 2 [ (2% =)+ - 2" (=i )+ (m+ 1) ,
i > , M=
' ) (1)
To péco péyebog oG Ypovikng oTiyung stvar :
Elslot|=(1-Fy) o +Fy Py T+ Py 1-Py) - T,
(12)
YUVETMG 0 LECOG XPOVOC OmOpPIYNG TAKETOV VIToAOYileTan and T oyéon :
E|Daan| = ElTaran| - E|slot
| Darap] = E]Tarap| - E|slot] (13)
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4.6.3 Méoog ypovog kabvotépnyons (Average Packet Delay)

Q¢ pécog ypovog kaBuoTéPMoNg EMTLYNUEVIG OMOCTOANG TaKETOv opileTon TO
YPOVIKO O1dotnuo ov pecolafel PeTa&y TOv ¥POVOL MOV TO TOKETO QTAVEL OTNV
KeEPOAN NG ovpdg avapovig 6to MAC otpopa ko ival EToyo vo ekmepdei Kot Tov

ypdvov Aymg Betikng emPefoainong mtaparafrig Tov amd To otafud TPOOPIGLOV.

O ypbdvoc mov pecorafel oty mepintwon andppyng TakéTov, To omoio EpBace oTo
HEYIOTO Oplo emOVUANYE®V, dev AaUPAvETAL VITOYT Y10 TOV VTOAOYICUO TOL LEGOL

1pdvoL KaBvoTépToNg.

O péoog ypodvog amoctoing mokétov E[D] dlveton amd 1n oyéon :

E[D]=E X] Hslot] i

omov E[X] eivon 0 pécoc apfpdg tav ypovikdv oyiopmy (slots) mov amattovvrol yio

TNV EMTUYNUEVT] OTOGTOAN EVOG TOKETOL Kol divetan omd T oyéon :

'|f-?—f-?‘ =y :

-

Ex1=Y | 2

=0 | l=p

- (15)
e mTOovOTNTO UM OTOPPIYNG TAKETOV = (1-p"7)

. m@owémw 0 un omopppfBév maxéto va @Bdoer oto 1 oTAdl0 =
@'-p"Y(-p")

o Amob 115 oxéoelg (14) xar (15) vmoroyiletar 611 0 HEGOG XPOVOS KOBVOTEPNONG

EMTUYNUEVNG OTOGTOANG TOKETOV SiveTal 0md TNV TOPAKAT® GYEOT) :

W (1=2p)" ) (1= p)+(1=2p)-(1=p"") e
.I (=p)" ) (=p)+U=2p) (=P ) w1, gl rrp]
| 241=2p)-l=p)
E[X]=1
W =(2p)" ) (1= p) = W2 " (1= " ) (1=2p)+(1=2p)-(1=p"") .,
=2 ) (L= p) pr (U=p7 ) (1=2p)+(A=2p) (=P ) w1 pirgpop]
[ 241=2p)(l=p)
(16)
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4.6.4 Xvunepaouora yopaxtTypioTik®v KaOvoTEPNONS HETAOOGHS
Ot TYWEG TOV TOPAUETPOV TOL YPTGILOTOTONKOV Y10 TOVG VITOAOYIGLOVG
(avaAvticotg kot simulation) Tov povtédov mepiEyovtal otny mpodiaypapr DSSS tov

QLOIKOD GTPMUATOC KOl KATAYPAPOVTOL GTOV TAPUKATM TIVOKO.

Parameter Value
Packet payload, E184 bits
Slot time, o 20 us
MAC header 224 bats
PHY header 192 bits
RTS packet 160bits + PHY header
ACK packet 112bits + PHY header
CTS packet 112bits + PHY header
DIFS 50 s
SIFS 10 us
Channel bit rate | Mbps
Minimum CW, W 32
Mumber of CW sizes, m' 5
Short retry limit ]

Iivaxag 5.1 : Tiués mapauétpwv DSSS otpauatog yio to mpwtoxollo 802.11b

Ta droypaupaTo TG oveTEP® UAOMUATIKNG avAAVGNG CLYKPIBNKAY HE To avTicToly o

SloypappaTo TOL ANEdNKav pe xpnor simulator .

210 ddtypappa Tov oxfpatoc 4.6 eEetdleton 1 KoBVOTEPN O EMTLYNUEVIG OTOGTOANG
TaKETOL o oxéon pe 10 MANBOC TV oTafUdV TOL SIKTVLOL Kol Yo TOLG OVO
unyavicpovs mpocPaong (Basic kot RTS/CTS), 1660 o 10 HOVTELO TEPLOPIGUEVOV
apBpov mpocmabeidv-enavarnyemy arootolnc (H. Wu) dco xor yio to povtédo

ameplopiotov Tpootabeiwv (Bianchi).
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Packet delay (sec)

2ynpo 4.6

1.2

# Basic (no retry limits) B ETS (no retry limits)
1 4 < Basic, m=h O RTS, we=t

A Basic, m=8 (simulation) & RTS, w=& (simulation)

g0 &8 7O

55

3 35 40 45 80
Mumber of stations

: KaBvarépnon amoarolis waxétov oe adykpion ue 1o minbog twv otabumy tov

OIKTDOD Y10, TOVG Uy aVIouovS Tpoofoons Basic access kar RTS/CTS

AWTOTOVETOL OTL KOl GTIG OVO TEPITTOCELS 1) KAOVGTEPTOT ATOGTOANG TAKETWV EvaL

UEYOADTEPN OTOV OEV VITAPYEL TEPLOPIGUOC GTOV APLOUO TOV TPOCTUOEIDV TOGTOANG

TOV TOKETWV.

210 Sypdppata Tov oynudatov 4.7 kot 4.8 eEetdleTon 1 oXECN NG SIEKTEPAUMTIKNG

KOVOTNTOG TOV SIKTVOV Kot 1) KABLGTEPTON ATOCTOANG TV TOKETOV GE GYECT LE TO

TMN00¢ TV GTOOU®V TOV S1IKTOHOL Kol TOV LEYIGTOL OPLOUOD EMAVOATYEDY OTOGTOANG

TOKETOL KL Y10 TOVG OVO PNy aviouovg Tpdofocnc.

FPacket Delay (sec)

Zyua 4.7 :

0.8 4 0.85
- + Packet delay, m=6 o Packet delay, m=4 05
a4 Throughput, me=6 & Throughput, eed
a7 075
g
0.8 107 §
=
0.5 1 loss §
Throughput 5
0.4 1 - 105 E
=
0.3 b 055 2
=
=
0.2 405
.
0.1 + 045
] —_— —_— 04
5 0 18 20 25 30 B 40 45 &K B5 B0 85 TO
Mumber of stations
Aiekmepoucwtiky Ikovotnta koi kaBvotépnan amooTolNg TOKETOD GE GUYKPLON UE

10 THBo¢ TV oTOBUDY TOV JiKTOOL Y1 basic access
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0.5

+ Packet delay, m=6 o Packet delay, me=d

0.5 4 Throughput, p=6 & Throughput, sed
g
T 04 2
t S
o =]
& 0.31 Throughput :ﬂ_
% 02 3
g - =

0.1/ Delay
a

§E 10 16 20 25 3 35 40 45 5O BE 8D &R
Number of stations

Zynua 4.8 : Miekreporwticy Ikavotnta kai kaBvoTépnon amooTolNS TOKETOD & GUYKPLON UE
70 TANBog v otabuwy tov dixtdov yio. RTS/CTS access

AlomotdveTon OTL KO Yoo TOLG 000 UNYOVICUOVS 1 KOBLGTEPNON OTOGTOANG TOV
TokéTov givor avgovoo cuvaptnon tov opBuod Tov otafudV Tov d1KTOOL. AVTO
opeiletanl oto yeyovog 0Tt pe peyaAivtepo aplBpd otabudv oto diktvo kdbe oTabuoc
TPENEL VO TEPYLEVEL TEPIGCOTEPO YO TIV EMLTUYNUEVN OTOGTOAN ALV GTAOUDV Kot
TAVTOYPOVE, 1 THAVOTNTO GVYKPOVGEMV ALEAVEL KABMG avEdveTat Kot 0 aplfuds Tov

oTaOU®OV OV TPOSTAOOHY VO, EKTELYOVV.

To mpoétvmo TEEE 802.11 opiler og péyioto opibud emavornyewv 6 . Amd ta
SOy PAUIATO TOPATPOVUE OTL 1] KOBVOTEPNON OTOGTOANG TMV TAKET®V PEATIOVETOL
€Gv vioBetnOel pio pkpOTEPN TIUN ETOVOANYE®VY (0T SlaryppLpLata YpNoLLoTomOnKe
T 4) Kot yuo Toug 600 UNYOVIcUoVE TPOGROoTG.

Onwg e€dyetan and to, AmoTELECUATA, 1) OIEKTEPALOTIKY TKOVOTNTO TOV SIKTVOV KOt
yio tovg o600 unyoviopovg mpocPaorng  emmpedleton amd TOvV  OoplOud TV

EMOVOANYEDV.

Y10 adypappa 4.9 eppaviCetonr n mOBavOTNTA ATOPPLYNG TOKETOV OO TO ONOIO

SlOmIGTOVOLE OTL :

. Emnmpealetar and tov aplBpd tmv Tpootabeidv EXUVEKTOUTNG,
. Eivar aveEdptmen omd 1o unyoavicpd poécfaong (0mmg avouévetat omd
oyéon (10)),

Hovemotiuio Moxeooviag — MIIXE Tunuozos Epopuoouévng Iinpopopikng 58



Drop time

Packet Drop time

5 10 15 20 25 30 35 40 45
Mumbar of stations

50 &5 &80 &5

Drop time

* Bagic, m=h O RTS, me=mb
& Basic, et A RTS, ne=md

Drap probability

Both Basic and RTS
=4 d me=h

Zyfua 4.9: Méoog Xpovog amoppiyns maxétov kai mlavoTnTo amoppiyns TaKETon

ZYAETIKA LE TO YPOVO OmOPPIYNG TAKETOV SLOTIGTMOVOLLLE !

Packet Drop probability

e ‘Eyovpe wxoAOtEpo  amoteAéopoto  (YOUNAOTEPEG TIWEG) HE TO  pMYOvioUo

npocPacnc RTS/CTS. H dapopd avtr yiveton teptocdTEPO EUPOVIS Y10 LEYOAO

oplOpd TEPUATIK®Y GTAOUDV.

o Emmpedletor ond tov péyioto aplfpd Tpoomabeidy Kol GUYKEKPIUEVO LELDVETOL

HE WKpOTEPO aplBUd TPOoTAOEIDY.
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5. Merétn TopopéTpov KoOUOTEPNONG NETAOOONS TOKETMV

(Packet Delay Metrics)

2T1C EQUPUOYEG TPOYUATIKOD YpOVoL 1 KaBvoTéEPNoN TOKETOV givor évo BEpa To
omoio mpémel va efetootel 61800k o€ €va acVppato diktvo emkowvoviag. Ot
EQUPUOYES OVTEC, amOLTOVV 0Tl KAOE TakéTo POAveEL GTOV TPOOPIoUO TOL UECH GE i
OLYKEKPIUEV YpoviKn 7epiodo. Edv ta mokéta dev @bdvouvv eykaipm¢ otov
TPOOPISUO TOLG 1 Tapovcslalovy VYMAN kaBvuoTépnor, 1 TOOTNTO TOV TUPEYOLUEVOV
VANPESIOV TOVS VIToPabpileTar.

Epoppoyég evaioOntec oty xabvotépnon petddoong eivar, PeTa&d TV GAAOV, 1
petdooon @wving kot video, evd ePOPUOYEC YOPIG 1O10HTEPEG OMAUTNOES OTNV
KaBvoTépnorn UETAO0ONG EVOEIKTIKG €lval 1 UETOPOPA OPYEI®V KOl 1 OTOGTOAN
NAEKTPOVIKOD TAYLOPOEIOV.

"Etotl Aowmdv enetdn n kaBuotépnon PETASOONC TOKETMVY, Y10 EPAPUOYEG TPAYUATIKOD
ypOvoL, amotelel Pacikn anaitnon mov mpénel va AapBdvetol voyn otav eEetaleTon
N amodoTIKOTNTA KO 1] To1dTNTe TV TapeyOlevav vanpeoidv (Quality of Service -
QoS) evog dwktoov, otn ovvéxelwn Bo  eEetdoovpe pie opddo  TOPAUETP®V
kafvotépnong petddoons moKETOV acvppatov tomikov diktvov IEEE 802.11, ot
omoieg mpotdOnkav and tovg P.Rapti-V.Vitsa-K.Paparrizo otnv gpyacio toug «Packet

Delay Metrics for IEEE 802.11 DCF» [16]

5.1 Méoos ypovos kalvotipnons emTOYNUEVNS OTOCTOINS TAKETOV
ava otaoio (Average Packet Delay per stage)

ZvpporiCovpe pe E[D;] 10 péco xpdvo emtuynUEVIG OTOGTOANG TOKETOVL OO TO
otéoo j g backoff dwdwcaciog. H xabvotépnon D; avurpocwnevel 10 dOpoicuo

TV Kabvoteprioewv Tov makétov ota backoff otadwa 0,1,2,..5.

E[D)=T,+j-T, +E[slot]i(?) 0<j<R (1)

i=0

Omnov:

o R eivor 0 uéylotog aplipuog TV TpooTabdeldV ETOVEKTOUTNG

Hovemotiuio Moxeooviag — MIIXE Tunuozos Epopuoouévng Iinpopopikng 60



o (W-1)/2 etvan 0 pécog aplBUdG TV YPOVIKMV GYICUDV TOV LELOVEL O OTAONOG
670 6TAd10 I

o T, givan m ypovikf ddpketo. oV TO KOVAA aviyvedetor 0¢ KOTENUUEVO oo
K@Be oTOOUO OTN JIUPKELN LUIKG GVYKPOLONG

o jT, givar 10 ypovikd didoTnue mOL TO TOKETO AVTIIHETOTILEL GLYKPOVOELS
HEXPL VO PTAGEL 6TO GTASIO

o T givau m ypovikf didpreta Tov TO KOVAA aviyvedeton ¢ KOTENUUEVO omd
Kk60e oTaOUO OTN JIGPKELD HLOG ETLTUYNUEVIG EKTOUTTNG

o [E[slof] etvan 0 pécsog 6pog mov Evag 6Tabpoc avapalel T petddoon pEYPL TO

HEGO va yivel ehevbepo kot divetar amd TNV TOPAKATEO GYEC

Elslot)=(1~P,)-c+P, -P,-T,+ P, -(1-P)T, @

Omov:
e g ovpPorilel ™ ypovikn didpkela evOg Kevoo slot
e P, givou n mbavotnro 611 TovAdyIcTOV évag amd Toug n-1 6Taduolde exméumel

670 0€d0uEVO slot Kot didetan amd TNV TOPAKATO GYECT

P =1-(-7)"" 3)

e Ps givor 1 mBavOTNTA 0 EKTOUTT TOV TPOYLOTOTOLEITOL GTO KOVAAL VO ETval

EMTUYNUEVT Kot HIVETOL OO TNV TOPAKAT® GYECT

P - (n=1)-7-(1-1)""
P

r

“4)

H ypovikn dudpxewe tov 7T, wor T egoptdror amd 1 pébodo mpdoPacmg mov

YPMOLOTOIEITON KO divovTal amd TIG OYECELS :

]-vsbas — chas — Obas + (l/C) (5)
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TYRTS — ORTS + (l/C) (6)

T/ = DIFS + Tpys + SIFS + Ty (7
OToL
e /[ ovpPorilel To ufKog TOL TOKETOL
e C givon 1 tayvTnTO TOL KavaAlov (channel bit rate)
o 0" ko O qvtictoroOv ota mpdobeta bit Tov makétov dedopévav (data
packet overhead) ko tov RTS mokétov avtiotoyyo kot divoviow amd TIC

oY€oElg
O™ =DIFS +T, +SIFS+ T, +0 ®)

O™ = DIFS + T, + Tyys +3SIFS + 45+ Topg + Ty ©)

o Ty mopiotd 670 XpoOVO petddoonc g kepaAidog (header)
o Trrs mopiotd oto xpovo petddoong tov RTS

o Tcrs mopiotd oto ypovo petddoong tov CTS

o T ,ckmopiotd 670 Ypovo petddoonc tov ACK

e 0 sivou n kabvotépnon Siddoong (propagation delay)

Oétovpe Q) Vv TOAVOTNTO EMTLYNUEVNG EKTOUMNG EVOG TAKETOV OnO TO GTASIO j

(mBavoTa ové 6Téd10) Kot SiveTon amd T oyEo:

_ J
0, =1=PP sron0<j<R (10)

1 _ pR+1

OV TOPIGTAVEL TNV TOAVOTNTO EMITUYNUEVIG EKTTOUMNG €VOG TOKETOV POV EYEL
@TaoeL 6TO 0TAd0 j (€xovTag dONAadT| VTOGTEL j GLYKPOVGELC) KOl LE TNV TPODTODEST)
OTL TO TOKETO OeV £EL amoppLpOet.

O péoog ypodvog KabvaTéPNong emTLYNUEVNG OTOGTOANG ovl oTadlo Tng backoff
dradkaociog (oxéon 1) kobmg kot 1 MBAVOTNTA EMTVYNUEVNG EKTOUTNG 0VA GTAO10

(oxéon 10) B amoterécovv T PACT VIOAOYICHOD TOV HEGOL YPOVOL KaBLOTEPMONG
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emMTUYMUEVNG amooToAng makéTov (Average Packet Delay) xat tng dakvpaveng tng

KaBvotépnong amosTtoANng (jitter).

5.2 Méoog ypovog andppryng noxétov (Average Packet drop time)

O péoog xpodvog amdppryng TaKETOL opileTon MG 0 PHECOG YPOVOG LEXPL TNV ATOPPIYT)
evOg TOKETOL TO OMOI0 €Yl CLUAANPHOOEL TO HEYIGTO OplOud TPooTadEIDV
EMOVEKTOUTNG.

Am6 1t oyéon (1) umopov e va VTTOAOYIGOVE TO LEGO YPOVO ATOPPLYTG OC

E[T,

rop ]

(R+1)-T, + E[slot] Z(—) (11)

i=0

omov (R+1) T, glvo 0 ypOdVOG oL TO TOKETO aPlepMVEL oTIg (R+1) cuykpovoels.
H oyéon (11) pe xotdAinin enelepyacio petacynuotileror oy :
E:wa: =(R+1)-T,
+ (W(2™ = 1) +2"W(R—m)—(R+1))

- E|slot| (12)

5.3 Méoog ypovos kaOvotipnons emToygUEVNS OTOCTOANS TAKETOV
(Average Packet Delay)

O péoog ypovog KaBLoTEPNONG EMTVYNUEVIG OTOGTOANG TOKETOL VITOAOYILETON amd

TN oyéon:
R
E[D]= ) (EID; -0, (13)
j=0
Me avtikatdotaon tov (1) kot (10) oy (13) Ba éxovpe :
Lw, -1
E[D] = Z((T + jT. + E[slot Z p 'd Rff)) (14)
=0 pr -p"
Svppoiilovpe :
4 -Pd-p —l-pz(l—p)) (15)
(p=D
_ gy itl
=12 (16)
I-p
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_ m+l1
L 1-Cp)
1-2p

(17)
H tehn ékppaon yio o HEco Ypovo KaBVGTEPTONG EMTUYNUEVIC OTOGTOANG
naxétov (average packet delay) diveton amod ) oyéon :

EIDI=T +T. %+ L Erstory w2 —w —m-1)(8, - B,)~(4, - B,)
B, 2B, (18)

+W(QH -B,)+W2" —1)(A4, — A, —mB, —mB,)))

5.4 Awaxduaven t™s KoOLOTEPNONS ETITOYNUEVHS OTOCTOANS TAKETOV
(itter)
MetafAntotnta g KabvoTéPnong EMTUYNUEVNG ATOCTOANG TaKETOV (jitter) opiletan
[16] og n mBavny amdkAion g TUNG KaOVOTEPNONG EMTVYNUEVIG OITOGTOANG EVOG
TOKETOL OO TN LEGT] TIUN).
H Boown moapadoyn g mpoTtevouevng oviivong eivar 01t 1 petafolr] g
kafvotépnong opsideTal Kupimg oTIC SPOpPeTIKEG TIHEG vroydpnons (backoff
values) mov emA£yovtal oTo SIUPOPETIKG GTASL KOl OYL OTIG SLUPOPETIKEG YPOVIKES
petafolrég tov backoft slots (Ts, Tc, o).
H péon tun g kabBuotépnong Tov TokET®V ToV EKTEUTOVTAL UE EMLTVYIO 0md TO
o0tad10 0 ko &govv emdé€el v Ty omsboympnong i, Bewpaviog 6Tt ot ctafuol
avopdiovv T petdooon oe kabe backoff slot yia ypovikd didotnpa Efslof] (oxéon 2)
dtveton amd ) oyéon :

E[Dy;1=T, +i- E[slot] (19)
H péon kaBuotépnon tov moKETOV TOV EKTEUTOVTOL OVETITUYMG omtd To oTddto 0 Kot
&yovv emié€et v backoff tyun i givon :

E[U, =T, +i-E[slot]  yo 0<i<W, -1 20)

Me Béon ™ oxéon (20) vroroyilovpe ™ péon kabvotépnon E[Up] TV mokétov mov
EKTEUTOVTOL OVETITVUYMG Ot TO 6TAS10 O :

1

AU, 1= £, 1=, + E1ston- @)

1
w
Kot cvven®g 1 péon kabvotépnon E[U;] Tov avemTuy® EKTEUTOUEVOV TOUKETOV ATd

TO oTAd10 j diveTon amd TN oyéon :
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=(j+D-T, +E[slot]-zj:(W"T_l) (22)

i=0
Yvvdvdalovtog tic (19) kou (21) pmopovpe va vroroyicovpe v péon kabvotépnon
E[D;;] tov eknepmodpevov pe emtvyio mokétov oand 10 otddo 1 (uetd amd
oVYKpOoLGN 6T0 6TAd10 0) :

E[D,,1=T, +i-E[slot]+ E[U,] vy 0<i<W, ~1 (23)

KoBag kot t péon kobvotépnon E[D; ;] yio TokETo TOV EKTEUTOVTOL e EMTVYIO 0T

TO 6TAd10 j Ko Eyovv emAéEel Tnv Ty backoff i :

E[D,1=T, +i-E[slof]+ E[U,_ ]y 0<j<RO<i<W, -1  (24)

H mBavomroa P; emttvyod¢ eKmOUmNG TAKETOL Ond TO GTAS0 j £YOVTOG EMAEEEL

backoff Tyun i (ne v TpovmdBeom pn amdppIYNg TOL) givor :

_(d-pp’ 1 :
)= o 0< /<R (25)

J

Yroloyilovpe Tn PEOT] TN TOV TETPAYOVOV TV KOHVGTEPNCEDV :

EIDy =Y (3)ED, ) P, 26)

j=0 i=0

Avtikabiotdvtog Tic (24) ko (25) oty (26) Ba Eyovpe :

z(1 »p’ V; Z(T +i-Elslof]+ E[U, 1)} @7
-p

omov E[U_,]=0

Yvvdvdalovrog Tig oxéoelg (12) kan (25) vmohoyilovpe To jitter amd ™ oyéon :

J =E[D*]- (E[D])’ (28)
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5.5 Emkxvpwon puovréiov
T'o to mpotevouevo pabnuaTikd HovTEAD oL avVOTTUYONKE TOPAmav® GuyKpiOnKay

T0, amoteléopota  (Sypdppate) TG oveTEP® HoOMUOTIKAG avdAvong HE To
avtiotoyo Swypdppoto mov AReOnkov pe ypnion simulator. Ov Tpég TV
TOPAUETPOV OV  YPNOLUOTOMONKAY Yl0. TOVG VTOAOYIGHOVS (OVOALTIKOVG Ko
simulation) mepiéyoviar otv mpodiaypapry DSSS tov @uowkod otpdpatog Kot
Katoypaeoviol oto wivako 5.1 . ‘Olot ot otabuoi ¥pNoUoTOI0DY UHKOG TOKETOV

[=8.184 bits ka1 C=11 Mbit/s.

MAC header 224 bits at 11 Mbit/s
Physical header PHY 192 bits at 1 Mbit's

ACK 112 bits at 11 Mbit's + PHY
RTS 160 bits at 1 Mbit's + PHY
CTs 112 bits at 1 Mbit's + PHY
Propagation delay, 4 1 us

Slot time, o 20 ps

SIFS 10 ps

DIFS 50 ps

Minimum CW, W 32

Number of CW sizes, m 5

Retransmission limit, & [

Iivarag 5.1: Tiuég mopopetpmwv ovoTiUoTOS

210 Sudypappa 5.1 egetdletor n mOBAVOTNTO ETTUYNUEVIG OTTOGTOANG TOKETOV OV
6TA010 KaOMG Kol 0 PEGOG XPOVOC KOBVOTEPNONG ATOGTOANG TOKETOV AV OTASIO Kot

Y1 TOvg dV0o pnyoviopovg tpocPacng (Basic kat RTS/CTS).
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Probability
Delay (sec)

Stage
A Delay, RTS/CTS & Delay, basic access M Probability

Zyniua 5.1 : Méoog ypovog kabBvotepnuévng omooTtolng TaKeTon ava. Taoio Kol
TOoVOTHTO EMTOYNUEVNS EKTOUTHS OVA 0TAOL0 V1o n=25

AlmoTt@veTOL 1 aKpiPELD TOV TPOTEWVOUEVOD LOVTELOV EGOUEVOD OTL TO. YPOPNLLOTO
™G avoAvTikng  uebddov  (ypoupég) tovtilovralr e TO  OMOTEAEGHOTO  TNG
Tpocouoimong (cuuPoia).
To Sdypappa detyver 6TL M TOAVOTNTO, ETITUYNUEVNG EKTOUMNG UEIDVETAL KAOMG
av&averor 1o 6tdd10 g backoff dradikaciog kot givar aveEaptnn and to punyoviopd
TpocPaonc.
210 Swypoppa 5.2 eéetdletor 0 PEGOC xpOVOS KaBVGTEPNONG OMOGTOANG TOKETOV
(average packet delay) kot pécog ypovoc amoppyng mokétov (average drop time) oe
oxéon pe to MANBOC TOV OTOOU®Y TOL OIKTOLOL KOL YO, TOVG OVO UNYOVIGUOVC
npdcfoaone (Basic kot RTS/CTS). Awmotdvetor kot omd avtd To OGypopo m
oKkpifelo Tov TPOTEVOUEVOL HOVTEAOL OEOOUEVOL OTL T YPAPTIUOTO TN OVOAVTIKNG
pnefdo0v (Ypappés) tavtiovion Le To OTOTEAEGHOTO TNG TPOGOUOI®moNG (CUUPOA).
Koabog avéaverar o apBpog tov otabumv 610 diktvo, avédvetar kol o aptBpog Tov
GUYKPOUGE®V, HE OMOTEAEGUO UEYOAVTEPEC KOBLOTEPNOEIG OTNV  EMTUYNUEVT
OTOGTOAN TMV TOKETMV.
AveEdptra amd v avénon tov apBpov Tev otafudv oto dikTvo, 6T PaiveTol
0T0 dudypoaupe, o Pacikdg  UNYoviopog mpocPacng  emtvyydvel  Peltiopéva
YOPAKTNPIOTIKG og oyéomn pHe 1o punyovicpud RTS/CTS. Avtd pmopei vo epunvevdet

omd o yeyovog oti N aviaAlayn tov tokétov RTS koat CTS og yoaunAovg pvdpovg

Hovemotiuio Moxeooviag — MIIXE Tunuozos Epopuoouévng Iinpopopikng 67



_ 8, ' Aotoiov Aviwvia, ‘MoOnuatiki puoviedomoinon Kol ywpnukotnTa ewvig

N @ ootpuotwv IEEE 802.11 tomikov diktdowy’

umopel va €xel ¢ omotélecuo onuovtikotepec KabuotepNoelg o oyxéon UE TN

GUYKPOLOT LEYIA®V TOKET®V O0EO00UEVOV GTO Pacikd unyavioud tpdsfoonc.

- [T}

3 @

)

2 g

Tg o

> g

=]

i &

2 £

< g
<L

U T T T T T T T T T U
5 10 18 20 25 30 35 40 45 50
MNumber of stations

Delay: Wbasic access & RTS/CTS access
Dirap iime: [ basic access &4 RTS/CTS access

Zyiua 5.2: Méoog ypovog kaBvotepnuévng amootolng makstov (average packet delay) xoi uéoog ypovog
amOpPIYNS TOKETOL (average drop time) wg¢ wpog 1o TANBog TV 6TaduUdV T00 JIKTHOD

210 Sdypappa 5.3 aloAloyeitor To TPOTEWVOUEVO HOVTEAO TNG UETAPANTOTNTOC TNG
kafooTtépnong  EmMTUYNUEVNG OOCTOANG moKETOL  (jitter) kor yw Tovg 600

unyoviepovs TpodcPaong (Basic kot RTS/CTS) og oyéon pe to péyebog tov diktdov.

0.25
0.2 4 J
‘w 0.15-
g
£ 01-
6=
0.05 1
0= r T T T r T T T
5 10 15 20 25 a0 35 40 45 50
Number of stations
Asimulation. basic & simulation, RTS
mpropossd model, basic pproposed model, RTS

Zynua 5.3: MetofAntotnto e koBvotépnons emToynUEVHS AmoGTOANS TOKETOV (fitter) w¢
zpog 10 THBog Twv oTabudY To JIKTHOV
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Alomotdvetor 0Tl 0 Pacikoc unyaviopog mpocPacng emituyydvel Peitiopévo
YOPAKTNPIOTIKA Yia TO jitter o oyéon ue to punyovicpud RTS/CTS.

To dwypoppa emiong delyver 611 10 jitter avédvetanr avdioyo pe to péyebog tov
dwctoov. To yeyovog awtd pmopel va eppunvevdel amd 10 yeyovog 0Tl 0 aplfpoc Twv
oLYKPOVGE®V aEAVEL KOODS peyolmvel 0 apBpog TV oTabudmy Tov S1KTOHoL Kot
GUVENMOG Ol oTabpol ¥pnoomolovy pueyoivtepa otddia g backoff dradikaciog yio
TNV OTOGTOAN T®V TOKET®V. ETtuynpévn ekmount| TokETov amd LeyaAdTEPO GTAd
onuoivel peyoAvTEPT KOOLGTEPNON OMOCTOANG TOUG KOL GUVETMG OovENUEVNS

UETOPANTOTNTO OTNV KOBVGTEPTOT EMTLYNUEVIC OTOGTOANG TOLG,.

X10 Oowdypoppo 5.4 eEetdleton o pécog ypovog kaBuotépnomng  EMTUYNUEVNG
omooToA G makéTov (average packet delay) kou n petofAntomra g Kabvotépnong
EMTUYNUEVNG OMOOTOANG TtokéETOV (jitter) oe oyéon pe 10 TAN00¢ TV oTOBU®V TOL

SIKTVOV Y10 SLAPOPES OPYIKEG TILEG TOV “contention window”.

0.08

0.06 4

0.04 4

Jitter (sec)

0.02 4

Average delay (sec)

MNumber of stations

Average delay: @W=8 LW=16 #F=32 =xi=h4
Delay jitter: OW=R AR=l6 OHF=32 <#=04
Zyfua 5.4 : Méoog ypovog kaBvotepnuevns omoatorng maxétov (average packet delay) xou

Meraflntotnro s Ka.BvGTEPRONS ETTUYNUEVHS OTOOTOANS TAKETOV (fitter) w¢ mpog 1o TAHNBog
TV 6TaBUOY TOD JIKTOOD
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Awmiotdvoope 0Tt younAdtepeg Tiwég tov  “‘contention Window” €yovv g
OTOTEAECUO, GE APKETH UELOUEVEG TYEC TOV HEGOL ¥POVOL KABVOTEPTONG OTOCTOANG
TOKETOL Kol TOV jitter Yo peyddo diktoa.

Ta mpoavaeepBévta anoteréopata yio o Méco Xpovo Kabvotepnpévng ATootorng
IMokétov - Average Packet Delay (didypoppo 5.2) kot yio ) Metofintomto g
kafvotépnong emtuynuévng amootoAng mokétov — Jitter (Suwypoppo  5.3)
ovykpidnkov pe To ovtiotoyo Swypdupota 5.5 kot 5.6 mov ANebnkav ue ypnon
simulator. AlomotdOnKe 1 amOAVTN GUURTOGN TOVG YeYovog mov emiPefaince TV

0E0TIOTIO TOV TPOGOUOLMTI TTOV YPT|CULOTOICOLLE.

0.1 T T T T T T

packet delay (sec)
)
2
T

=
o
E

Basic (Analytical)

B Basic (Simulation)
: : : : RTS/CTS [Analytical)

T : : A RTSCTS (Simulation)
0 i i ; :

1 | I | | 1
10 15 20 25 a0 35 40 45 50
Mumber af Stations

Zyfua 5.5: Méoog ypovog kaBvotepnuévng amootolng moxetov (average packet delay) wg mpog to wAnbog

TV 6TafUmY TOL JIKTDOD
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jitter (sec)

* Basic (Simulation)
—B—RTE/CTS (Analytical)
+ RTS/CTE (Simulation)

3 10 15 20 25 30 35 40 45 50
Mumber of Stations

Zyiua 5.6: MetafAntotnto tne koBvotéEpnons emTUYNUEVHS ATOGTOANG TOKETOV (fitter) w¢

zpog 1o THBog TV aTalUdV T0 SIKTLO
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6. MeAétn XwpnTikKOTNTAG OTABUWY QwVAG (Voice
Capacity) acUppartou TotrikoU dikTuou IEEE 802.11 pe
TAUTOXpPOVN AsiToupyia oTafuWYV HeETAdOONG
0edoEVWYV Kal PWVNG.

H vmmpecia Voice over IP (VoIP) ypnoyomoiel to mpmtokorro dradiktvov (IP) yia
VO LETOPEPEL TNAEPOVIKEG GUVOLIMEG, HETOTPETOVTOG TN POV OE TOKETA OES0UEVOV.
To vadpyov HOVIELD TNAETIKOWOVIDV EMIKEVIPMOVETOL GTN QOVN KOl TNV TOPOYN
OYETIKOV DANPECLOV, GTIV OGVPUATT KO EVEVPLOTT] TNAEPOVIO.

Ye obykplon He TNV TApudOCIOK — GUUPBOTIKY TNAEPOVIO TPOGPEPEL OTUOVTIKA
TAEOVEKTNATO OMMOC YOUNAO KOGTOG, OLVATOTNTA TPOSPOcNS Omd OTOL0ONTOTE
onueio vmdpyel OiKTLO KOl YPNON VE®V CULVOLOCUEVMOV VINPECIOV HE BGALEC
TOAVUECTKES EQOUPLOYEG 1| EPUPLOYEG DEQOUEVEV.

Tao acvppato Tomikd diktva AGY® TOV WBHTEPOV PACIKOV YOPAKTNPIOTIKOV TOVG,
OmmG gukoAiag Kot eveMéiog peToKivnong Kabde Kol VYNANG ToyLTNTOG TPOSRUCNG,
TPOGPEPOVY KATAAANAO TEPPAALOV Yo TNV EQOpLOYN TNG TeXvoroyiag VoIP. T to
AOYO aVTO £€YO0VV GUYKEVIPAOOEL TPOGPATO. TO EVOIPEPOV TOGO TNG EPEVVNTIKNG
KOwoTNTOG 0G0 Ko NG Propmyaviag Tov KAGSov.

YOoupova pe peréteg, vmoAoyileTon OTL HEGO OTA EMOUEVA YPOVIO M OVATTVEN TNG
eovg péow Internet Ba sivon paydaio ko dykog kivinong Ba givan peyaivtepog am’
ot otV mapadoctokn tAepwvio. Ot Tpounbevtég tiemkovmviokod e£0TAIGHOV
&xovv Eekvnoel va cuumePIAaUBAvovy GTa TPOIOVTO TOVG KOl TO TPOTOKOAAO IP, evd
o6Ao1L ot Tpounbevtég eomAicuov IP ovumeptiapupdvovy T @eovi ©¢ £va omd Ta
Boo1KE YOPOKTNPIOTIKA TOV TPOIOVIMV TOVG.

XV Topodco epyacic. aoyOANOKOUE UE TO AVOAVTIKO UOVIEAO €VOC QCLPUOTOV
tomikov oktvov IEEE 802.11 oto omoio tepuoticol otabuol petdooong ewvng kot

0ed0UEVOV EKTTEUTOVY TAVTOYPOVOL.

6.1 Baoikn mwepiypapn Tov Hovréiov Tov Lo6THUATOS

Oa e&etdoovpe ™ Asttovpyia tov DCF pnyaviopov mpdsPaong pe v texvikn Basic

Access kot RTS/CTS, evog aveEdptntov dwktvov (ad hoc network) acvppotov
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tomikoV Oktvov (WLAN) IEEE 802.11. Ztnv e€étaon pag avti Bempodue 0TL ot
oLVONKEG TOV PLGIKOV KAVOALOD givor WaviKEG, dnAadn 6Tt dev cupuPaivouy AaOTM Kot
ogv vmdpyovv kpveoi otabpoi (hidden terminals) kor to dikTvo Agttovpyel oe
ouvOnkeg kopeouov (saturation conditions), onAadn kGbe oTabUdC £xel mavtote Eva
TOKETO ETOLLO Y10 TOGTOAN.

To diktvo amoteleitonr omd TEPUOTIKODS OTOOUOVG HETADOOTG TOKETOV (PWOVIAG
oTafepoV APOUOL Mypice PE UEYEDOG TOKETOV Iypice KOL OO TEPUATIKOVG OGTOOLOVG
UETAS00NC TOKETOV OedOUEVOV GTAOEPOD OPIOUOD gy, PE PEYEDOG TUKETOV Lyny, . TO
UEYEDOG TAKETOV Ly, OV €lvar oTaBepd, aAAG TOiPVEL OKTHD SLOPOPETIKEG TIUEC 0d 1
¢wg 8K. Otav 10 uéyebog tov makétov eivar €mg ko 2K (16384 bits) tote emhéyeton
avtopato 1 teyvikn Basic Access evd otav 1o puéyebog Tov TaKETOL ival TAVED oo
2K tote emhéyeton m teyviky RTS/CTS. T kdbe teppotikd otabpd dedopévaov
Bewpodpe ko évav avtioctoyo otabpud ACK (emPefaimong Anyng maxétov
dedoUEVeV LE amoGTOA TOKETOV WEYEOOVS Ler) OMAOON Muck = Myua . LUVET®OG O

OUVOMKOG aplOUOG TV TEPUATIKOV GTUOUMV TOV S1KTOOVL ivan :

N = Ndata + Nyoice + Nack

6.2 AvaivTikij TEPIYPaP TOV HOVTELOD TOV LVGTHUATOS

H Poown mapadoyr] Tov TpoTevopeEVoL HOVTEAOL gival OTL TO TAKETO GLYKPOVOVTAL
pe mbavotnrta p, 1 omoia givarl otabepn Kol ave&apTnTn TOV GLYKPOVGEMV OV EYEL
VTOGTEL TO TOKETO GTO TOPEADOV.

Mo xéBe teppotikd otabud kol yoo deSOPEVI] YPOVIKN OTIYUR ¢ 1 Od1doToTn
dwdwacio {b(7), s(f)} meprypapetar omd TV daxplTod ¥poévov aivcido Markov tov
oynuotog 6.1.

Omnov b(f) M oTOYOOTIKY O10OKAGIO TOV TOPIGTE TOV YPOVICTH omcOoympnong
(bakcoff timer) xor s(f) m oTOXOOTIK] O1OIKOGIO TOV TOAPOTE TO GTASO

omcHoydprnong (backoff stage).
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[R¥sY ]

U Aotorov Aviwvia, ‘Mob@nuotixn Loviedomoinen ko ywpnuKotTo pwvig

Zyfua 6.1: Markov chain yio 1o mpotervouevo uofnuotixo poviéio

SOpeove pe TV avAAvoT TOV TEPLYPAWYOUE OTO MHaBNUaTIKO poviédo tov Wu
(kepdAaro 4°) 1 mbovotnta T pe TV omoio évag 6Tadudc ekméunel éva ToKETo o8 Eva
Toyoio emieyuévo time slot vroloyiletor amd ™ oyéon(l), amd v omoia @aiveton

otL M mBavoTNTO 7 £OPTATOL GO TV TOAVOTNTU GUYKPOVGNG P :

omov ylo m>m’

_ 2(1-2p)(1- p)
wW(aA-2p)""H(1-p)+A-2p)1-p")+W2" p"'(1-2p)1-p"™)

)

b0,0

H mbBavommta p obOykpovone evog makétov 1covtol pe tnv  mbavotnto OT
ToVAd IoTOV évag amd Tov (n-1) gvomopeivavteg oTafpovg eknépmovy 6to oo time
slot. Mg dedopévo 611 OAoL o1 otabpol ekméumovv pe v idw mBovotnta 7, Bo

EYOVIE:

p=1-(1-0)"" 3)
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O e€iomoelg (1) kot (3) maploTdvouy Eva pun YPOUUKO GUGTNIO PE 000 ayVOOTOVS T
Kol p, TO Omoio Umopel va. €mALOEl ¥PNOUOTOIDOVTOC aPOUNTIKEC TEYVIKEC.

Ynuewwvoope 6t Ba wpéner p € [0,1] kou 7 € [0,1].

6.2.1 IiBavornyra andppryns nokxétwy (Packet drop probability)

H mbavomnta amdppiyng mokétwv opiletoar og¢ 1 mBavoTnTo amdppiyng TokETOL
OTaV GUUTANP®OEL TO OPLO TOV TPOCTADEIDY EMAVEKTOUTNG TOV.
Agdopévov 0Tl éva MOKETO omoppimTeTol OTaV LROOTEL mMt1  GUYKPOVGEIS, T

mBavoTnTo amoppyng opileTon og :

pdrop = p’”*l (4)

6.2.2 Méoog ypovog kaBvaTtépnons EmTOYNUEVS ATTOGTOANG TAKETOD POVHG
(Voice Packet Delay)

O péoog ypovog kabvotépnong anootoing makétov (Packet Delay) opileton ¢ o
HEGO YPOVIKO OAoTNa LETAED TNG GTIYUNG OV £VO TOKETO PPICKETAL GTIV KOPLON
avapovig oto enimedo MAC evdg Tepuatikov oTaBpoy Kol NG OTIYUNS 7oL
Aoppévetar To avTioTOL0 TAKETO OVOYVOPLONG TOPAANPNG TOV OO TOV TEPUATIKO
otabuo Tpoopicuov. Edv 1o makéto anopprpbel 1OTE TO avahoyolV ¥povikd dlaoTnue
kaBvotépnong Oev AapPdvetor VITOYN Y. TOV DTOAOYICUO TOL HEGOL YPOVOL
kafvoTtépnong.

Edv opicovpe mg E[D;"’“] TN HECT KaBLOTEPNON EMTUYNUEVNG EKTOUTNG TOKETWV

QoVNG ard To j 01ad10 omicBoympnong 10t Y 0 <j<m :
voice voice - rr1voice L (VVI _1)
E[DY]1=T" + T, +E[slot]Z(;T (5)
omov E[slot] gival o péco ypovikd drdotna mov évag otabuog omoboywpel o€ Eva

time slot :

E[Slol’] = (1 — Ptr ) O + Rr . PS . Tvmea” + Plr . (1 _ Pg) . Tcmean (6)
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o ovpuPoArilel ™ ddpkela Tov slot time, 7."“" eivar 0 pécog ¥POVOG TOL TO PEGO Eivort

s
KOTENPUUEVO 6T StdpKela pag tuyaiog emtuynpuévng ekmopnng ko 7., etvar 1o péco
YPOVIKO SLAGTNLE TTOV TO UEGO EIVOL KOTEIMUUEVO GT SLAPKELN OGS GVYKPOVOT|G.
Ed&v P, etvoil n mOavotnta tovAdyiotov évag and tovg n-1 otadpovg va ekméumet Evo
TokETO, TOTE 0T VITOAOYIleTon 0o TN oYEoN :

P, =1-(1-7)"" (7)

H mbavomro P, va elvon emroyig por ekmopnn diverar and v mbavotmto
EKTOUTNG UOVO €VOC amd TOvG gvamopeivovteg n-1 otabuovg ko pe dedopévo Ot
UOVO pio EKTOUTT ACUPAVEL YDPO GTO KOVAAL :

P - (n-1)-7-(1-7)""
‘ 1-(1-7)""

®)

‘Eotw P, n mbavomrta k oamd tovg n-1 otabpods va Aapfdvovuv pépoc oe pio
GUYKPOLO :

n _1 Tk(l—'[)n_l_k
P = 2P
: (k J P.(-P,) )

Bav P, s Poer ¥0U Py, glvar ot mBavotreg £va makéto ACK, VOICE 1 DATA

Vi

va givol ovTioTOoLo TO HEYUADTEPO TTOV VIEIGEPYETOL GE Uiol CUYKPOLOT k TEPLATIKOV

otafumv, tote i 2 < k<n-1:

k-1

n —-r
P .=|]—<— 10
ok g n—1-r (19)
k-1
ndaa + nack —r

I)voice,k = 1 - t (11)

o n—1l-r
Pdata,k = 1 - ljack,k - onice,k (12)
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‘Eoto 6t T givar 0 pécog ypdvoc mov 10 UEGO MOPOUEVEL KOTEIANUUEVO GTN)

s
JdpKelo. poG EMTUYNHEVIG GTOGTOANG TOKETOL GVIG Kot 7. o avtictoryog

HEGOG YpOVOG GTNV TEPITT®ON TUYaiNG amocTtoAng. Tote Ba éxovpe :

voice as lvoice
I™ =0 4= (13)

e To T, eivar 0 pécog ypovog mov 10 HEGO TOPOLEVEL KOTEANUUEVO OTN
SlgpKeln pog Tuyaiog chHyKpouoTG.

e To T givor 0 pécog xpovog mov 10 péco eivar KaTetnpuévo otav £vag
TEPUATIKOC GTOOUOC LETASOONG PMVIG VIEIGEPYETOL OE Lol GVOYKPOLGT).

e Me 10 O™ ovpPorilovpe to overhead yio emrTuyMpévn eKTOUTY HE TNV
texvik basic access evd pe 10 O ovpPorifovpe 10 overhead yio
eMTUYNUEVN exmopn) pe v teyvikn RTS/CTS.

e Me 10 O ovpPorifovpe 1o overhead yio omotuynuévn petddoon pe Ty
teyviky basic access evd pe 10 O ovuPorifovue 1o overhead yia

amoTuyNUEVN petddoon pe v teyvikn RTS/CTS.
e To T, mapiotd to ypovo ekmoumng Yo to header (MAC header kot PHY
header).

e To T, mopiotd 0 Xpdvo ekmopnng tov mharciov ACK.
e To Ty mapiotd to xpovo tov RTS frame.
e To T, mapiotd to Ypovo tov CTS frame.

e To ¢ givar n kaBvoTépNon dradoong.

¥t ovvéyela Ba e€etdooupe Kot Toug dV0 PNXavicRovg TpdcoPaocrg mov dlabétet To

DCEF, v teyvikn Basic Access kot tnv teyvikn RTS/CTS.

6.2.2.1 Teyvixn Basic Access

) [ n . i n ) I n. —1
Tmean — Obaszc + “data data + Obaslc + Zack ack + Obaslc 4 —Yoice voice 14
s ( C)_n—l ( C)_n—l ( C )—n_1 (14)
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To T, vmohoyileton and ) oyéon :

n—1 n—1

mean as Zac < as Zvoice as l ata
TC = (Og + Ck )Z f)kPack,k + (Og + C )Z f)kaoice,k + (Og + dC, )z Pdeata,k (15)
k=2

To T vroloyileton amd T oyéon :

4 /
Tgotce :(Ogas +Lk) nack +(Ogas +
C n-1

, =1
ZVUICL’ ) (nV(llL'(f ) + (OgaS + Zd%) ndata

k=2 k=2

c (16)

n—1 n-—

To O™, nAadn to overhead yio emtuynuévn exmount| kot 10 Op”, to overhead yio.

QTOTUYNUEVT] LETABOGT LITOAOYILOVTOL OO TIC OYECELS !

O™ = DIFS + T, + SIFS + T, +26

O) =DIFS +T, +SIFS + T, +0

6.2.2.2 Teyviky RTS/CTS (Request To Send / Clear To Send)

TSmean — (ORTS + ld(a;a ) ndata + (Obasic + lack ) nackl + (Obusic +
n—

n—1

To T, vmohoyileton and ) oyéon :

mean as laC < as
T2 =(08" + ?k)z PPy +(OF +
k=2

To T vroloyiCeton amd T oyéon :

(17)
(13)
n. -1
M voice 19
C C) n—1 (19)

n-1

Z o n—1
%)Z Pkaoice,k + (OgTS )z Pdeata,k (20)
k=2

k=2
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Tgoice — OéiTS (21)

To O ka1 1t0 O™ eivon To overheads Y10 EmTUYNUEVT EKTOUTY LE TOV PNXAVIGHO

RTS/CTS xon Basic access kot vroloyifovrot amd Tic GYEGELS :

O™ = DIFS +T,, + Tyys +3SIFS +46 + Tppg + T
@)

O™ = DIFS +T,, + SIFS + T, +26 (23)

0 OFF xa 10 O, eivon 1o overheads ylo amotuymuévn petddoon pe TOV

pnyoviopd RTS/CTS ko Basic access kot vroroyilovtol amod Tic GYECELS :

Of" = DIFS + Ty + 6 + SIFS + Ty (24)

O(Ij‘as — Obas (25)

6.2.2.3 Méon kabvotipnon mokétwv gwvig
Edv pe O, mapiotdvovpe v mbavomnto £vo takéto mov £xel ekmepebel pe emroyio

va £yl TpoéABet amod to j 6Tdd0, ToTE Yo 0 <j < m Ba diveTon and ™ oyéon :

QJ’ - 1— m+1

Yuvenmg 1 péom kabuatépnon TakETov povig Ba vroloyiletal amd T oyéon :

E[D voice] _ Zm: (E[D}zoice] . Q]) (27)

Jj=0
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6.2.3 Avexkvpoaven g KaBveTEPNONGS EMMTVYNUEVIIS UTOGTOANG TUKETOV
oo (voice jitter)

H avédivon g petapintotrag kabvotépnong otpiletar oty mopadoyn OTL 1
petaforn G KoBvoTéPMoNG KLpimg TPOEPYETOL OmO TN SPOPA TOV TIUOV
omceBoydpnong (backoff values) mov emhéyovtal ota didpopa oTddo Kot Oyt omd TV
dLopopa Tov ypovikov peyébovg twv bakcoff slots.[16]

‘Eoto 6m E[ngi"e] N Héon KaBvoTEPNON TOV TOKETOV POVIG TOV EKTEUTOVIOL LE
emtuyio amd 1o otado 0 ko £yovv emAéEetl TNV TN omicBoydpnong i amd 10 6TAd10
0 ko E[U ()Vfiice] glvar avtiotoryo. M péon KaBLOTEPNOM YO OQVETITUYN EKTOUTN.
Bempovue 611 o1 Teppatikol otabuoi dtapépovy oe kabe backoff slot kotd péco 6po
xPOVIKO Sraotnpa ico pe Efslot], dniadn yio 0 <i < -1

E[D] =T +i- E[slot] (28)
E[US 1= T"" +i- E[slot]

H péon kabvotépnon E[U,"“] 1oV TOKETOV QOVIG TOL EKTEUTOVIOL GVETLTUXMG

oo To oTdoo 0 givar :

w, -1

E[U:oice] — Z‘voice + E[SlOt] (29)

Yvvendg n péon kabvotépnorm E[U ;""’e] TOV TOKETOV QOVNG OV EKTEUTOVTOL
AVETTUYADG 0O TO 6TAd10 j B diveton yia 0 < j < m amod ) oyéon :

voice . voice : VV; _1

E[U )= (j + DT)"“ + E[slot]y | ——

i=0

(30)

H péon xabvotépnon E[D,.V‘j’,ic"] TOV TOKETOV QOVNG TOV EKTEUTOVIOL UE EMLTUYIN

amo To otddio j Exovtag emréEet v backoff value i 6to otdd0 j givan :

E[D7*]1=T," +iE[slot]+ E[U "] 31)
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Y 0<j<m, 0<i< W, -1« E[U]*]=0.

H mBoavotnra evog teppatikov otabpov va emiéEet backoff value i 610 o1dd10 j €tvan
W, (ave€apmm amd v tun i) dedopévov Ot 0 otabuog toyaio emréger my
backoff value ypnowomoldVTOg WL OUOLOUOPET] KOTOVOUR OTO  OLAoTNUO
[0, W,-1]. Zovemdg n mbBavomta P, emtoyodg eKmOUmNG TOKETOL (Me MV

mpobmodeon OTL 10 moKETO Oev £yl amopprphel) amd 10 GTAS0 j KOl TO 0moio £xel

emAééel v backoff value i divetar yio 0 <j <m amd tn oyéon :

(1-pp’ 1
p=—-""— 32
J 1_ pm+1 VV] ( )
YUVEnMG :
s m Wj_l )
ELD" 1=} (3 (ELD/“])’P) ()
j=0 =

Kot TeEMKE 1 petafintotnra g KaBuoTEPNOoNG EMTLYNUEVIG OTOGTOANG TOKETOL

Vg (voice jitter) J ' Oa vwoloyileton amd ) oyéon :

Jvoice — \/E[Dvoicez ] _ (E[Dvoice])2 (34)

6.3 Melétn ywpnTIKOTNYTAS POVIHS TIPOTEIVOUEVOD HOVTELOD

> BiAoypagio o¢ yopnTikdéTNTO OV 0pileTar 0 PEYIoTOG 0plOUdS TmV GLVOSWOV
@mVN¢ (Voice sessions) Tov UTOPOVV VO, DITOGTIPLYTOVY THLTOYPOVO GE £va. SIKTVLO e

GUYKEKPIUEVOLS TEPLOPIGHOVS TOLOTNTOG.

O Robert Caputo oto Pipiio tov «Cisco Packetized Voice and Data Integration»
TPOTEWVE G POGIKOVE TAPAYOVTEG TTOV EXNPEALOVY TNV TOLOTNTO TN POVNG GE diKTLA
TokETOV T péon  kabvotépnon uetddoong mokétov (average delay), 1
petafintotnra g xabvotépnong emruynuévng petddoong (delay variation-jitter)
Kot v andielo Ttokétov (packet loss). Tavtdypova mPOTEWVE TIG EVPEWDS OMOOEKTEG

OTTOLTOELG TOLOTNTOG Y10 TV TOPOYN TNG LANPECING HeTAdoong emvNg og diktva [P
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(VoIP Quality of Service — QoS Requirements) ot omoiec Kotaypdpoviol GTov

TOPOKATO CUVOTTIKO Tivaka 6.1,

Howotnto. | Delay(ms) | Jitter (ms) Loss
Koin 0-150 0-75 <3%
Métpia 150-400 0-125 <7%
EAlmnc >400 0-225 >7%

Iivaxkoag 6.1: Anoutioeig Iloiotyrog venpeoiog VolP

Eivar yvooto 611 01 kwduwomontég pmvng (voice codecs) dnpovpyovv avd otobepd
ypovikd Owotipata  (packetization intervals) mokéta, omd T dedOpEVE TTOL

TPOKVTTOVV Lo TIV YNPLUKOTOINGT TOV GVUAOYIKOD GTLLOTOC TG POVNG.

Edv 1 xaBvotépnon emtuyovg petddoons evog makétov pwvng (voice packet delay)
etvar peyoAutepn omd To YPOVIKO OS1AoTNHO OMpovpyiag VEOU TOKETOL (POVNAG
(packetization interval) tote £xovpe T OMpOVPYiC VEOL TOKETOV TPV TNV GTOCTOAN
OV {ponyovpevoy. To véo makéto Ba mpémel va amodnkevtel TPpocwpva UEXPL Vo
épbel M oEPA TOL VIO VO OMOGTOAEL KOl €lvOl QUOIKO CUVEX(DC VEO TOKETO VO
wpootifevion kor vo dnuovpysitanr pio ovpd avapovis. To yeyovdg avtd €xel og

amotéAeoua TV VoPadion Tng moldTNTAG TNG LETASIOOUEVNG OIALNG.

Mo vo éyovpe woAn moldtnra. otV emikowwvio uag Oewpodue o011 M uéon
KaBLOTEPN O EMTLYNUEVIC UETAOOONC TOKETOV POVNG B0 TPEMEL VoL €ivarl LUKpOTEPN
amod TO YPOVIKO O14oTNUa OMUOVPYING TOKETMV TOV GUYKEKPLEVOL KMOIKOTOUTH

OV YPNGULOTOLOVLLE.

H yopntikémmto govig evoc achpuaton Tomikod dktvov vroAoyiletal 610 onueio
OOV G€ GLVONKEG KOPEGLOV JEV IKOVOTOIOVVTAL O1 TEPIOPIGLOL TOLOTNTAS, OGS TOVG
&youpe TEPLYpAyEL.

H pebBodoroyic. avthy €xel avoALTIKO TEPLYPOPEL YL TOV  VTOAOYIGUO TNG
YOPNTIKOTNTAG POVNAG acVpUaTtov tomkov dktvov [EEE 802.11 ywpic teppoatikong

otafuovg petddoong dedopévevy, oty epyacia “Voice capacity analysis of IEEE

802.11 Wireless Lans supporting VoIP,”[18].
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2T0 OVOALTIKO HOONUOTIKO HOVTEAO 7OV OVOTTOGGOVLUE VTOAOYicOuE Tn Uéom
kabvotépnon uetddoong makéTtov @ovig (average voice packet delay), 1
petafintotnra g KabuoTépNong emTuYNUEVNG LETAO0ONG TAKETMV QWIS (Voice
packet delay variation-jitter) kot tnv whoavotnTo amodppyng moakétov (packet drop

probability).

®o GLYKpIvOLUE TO ATOTEAEGHOTA TTOV B0 TAPOVUE OO TO OVOAVTIKO HOVTELO LE TO
amoteléouato mov Bo mhpovue pe ypnorn simulator kot TaLTOYPOVO HE XPNOT TOV
mpoavapepBEVTOV TEPLOPIGU®V oot ToG (TTivaxos 6.1) Ba eEdyovpe cvpmepdopota
Y TN XOPNTIKOTNTO GCLVOI®V (MOVNAG €VOG GCVPLOTOV TOMIKOD OIKTOOVL LE

TAVTOYPOVI] TOPOVGIO TEPUATIKAOV GTAOUDV POVNG KOl SEGOUEVMV.

Olot ov vmoroyiopoi Bo mpoaypatomomBovv pe ypNoN TAPOUETPOV TOL (PLGIKOV
emmédov DSSS (Direct Spread Sequence Spectrum), 67tmg avoAvTikd Kataypdpovtol

otov mivako 6.2.

Bo peretnBel N coumepLPopd TPLOV amd TOVE TAEOV S10OEGOUEVOVS Kol ONUOPIAELS

KOOIKOTOMTEG, :

1. G.711, o omoioc Bewpeite O1EOVEG TPOTVLIO YOO TNV KOOIKOTOINGT OTN
UETAO0GT TNAEPOVIKOV KANGEDV UECH TOKETMV OEOOUEVOV
2. G.729 xu
3. G.723.1, o1 omoiot elvar YOUNAOTEPOL PLOUOD HETAOONG OMMAECTIKOL
KOOIKES.
Ot Booikég TUPAUETPOL KOl TOV TPIOV KMOIKOTOMT®V, Tov B ypnoiporotmnfodv
0TOVG S1APOPOVG VITOAOYICHOVG TOV MOVTEAOVL MaG, speaviloviol emiong otov mivaka
6.2.

MAC Header 224 bits at 1 1Mbit/s
Physical Header PHY 192 bits at 1 Mbit/s

ACK 112 bits at 11Mbit/s + PHY
CTS 112 bits at 1Mbit/se + PHY
Propagation delay, & 1 us

Slot time, & 20 us

SIFS 10 ps
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DIFS 50 ps
Minimum CW, W, 32
Number of CW sizes, m’ 5
Retransmission limit m 6

Lack 416 bits (52 bytes)
G.711 codec Lyice 1600 bits
G.711 packetization interval 20 ms
G.729 codec Lyoice 480 bits
(G.729 packetization interval 20 ms
G.723.1 codec Lyoice 512 bits
(G.723.1 packetization interval | 30 ms

Iivakags 6.2: Iopduetpor Zootiuorog

6.3.1 Aé1040yn61 TPOTEIVOUEVOV HOVTELOD

210 SLYPALLUOTO, TTOL AKOAOVOOVV HETOSIOOVY TAVTOYPOVA TEPUATIKOL GTOOOT
UETAS0GNC POV Kot £VOG TEPUOTIKOG oTaBUOG dedouévav. O TEpLOTIKOG oTUOUOG
dedouévmv LeTodidEL dEOUEVD e 8 S10POPETIKEC TIUES LeYEDOVE TTaKETOV avTioTOLY A,
8192 bits ,16384 bits, 24576 bits, 32768 bits, 40960 bits, 49152 bits, 57344 bits kot
65536 bits.

‘Otav o tepuatikoc 6tabuoc dedopuévov petadioel dedouéva pe puéyebog mokeETov £mg
Kot 16384 bits (2K), 101e emAéyetal va ypnoyorondel n teyvikn Basic access v
otav petadidet dedopéva pe péyebog maxéTov peyarvtepo omd 16384 bits, 1ot

ypnoponoteiton n teyvikn RTS/CTS.

Onwg mopatnpovpe oto dwypoppa 6.2 gupoviletor ypaeikd n oxéon g HEONS
KaBVOTEPNONG EMTUYNUEVNG LETAOOOTG TAKETWV PWVIG GE GYEOT LE TOV aplipd tv
TEPUATIKOV OTOOU®Y HETAGOONG G®MVIG KOl TOL UEYEHOLG TOV TOKETOV TOV GTUOLOV
dedopévoy. Xto 1010 Sdypappo  gueovilovtor TOGO0 TO  OMOTEAEGLOTO  TOL
TPOTEWOLUEVOD OVOAVTIKOD UOOMUATIKOD HOVIEAOL (GUVEYEIC YPOUUES) 00O KOl TO

amoteléouato Tov Aapupdvovue pe ypnon tov d1kov pag simulator.

H opilovria ypoppn opilel to 6plo g amodekTng KOANG TOOTNTOG EMIKOIVOVIOG

QmVNG, N omoia Yo Tov kwdwkomomtr G.711, €xetl oprotei ota 20 ms (0,02 sec).
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H yopntikdémmro emkovovidv ¢mvig vroioyiletolr oto onueio mov 10 €KAGTOTE
Suaypoupo, g péong kobvotépnong téuvel v opllovIio ypopu Tov opiov Tng

OTOOEKTNG TTOLOTNTOG EMKOVMVING.

5. 711 voice delay vs number of voice stations
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Packet Payload (bits] = B1S%2
Packet Payload (bits] = 16384
Packet Payload (bits] = 24576 H
Packet Payload (bits] = 32768
Packet Payload (bits] = 40%60
Packet Payload (bits] = 49152 R
Packet Payload (bits] = 57344
Packet Payload (bits] = 55536
30 35 40 45

Mumber of %oice Stations

Zyfua 6.2 : Méon koBvotépnon eTIToYNUEVHS OTOOTOANG TOKETWY YWVHS (average voice
packet delay) ue ypnon kwdwxoromnty G.711 avvoptioet tov apiBuod twv otabumyv pwvig

Mo acHppato Tomkd SIKTLO e TEPUOTIKOVS GTAOLOVG LETASOONG POVIG KOl EVOV
otobud petddoons dedopévav pe uéyebog maxétov 8192 bits (1K), n yopntikdt o
vroAoyileton o€ 22 otafpovg, evo yo péyebog makétov dedopévav 16384 bits (2K), 1
yopnTikdTTa vroioyiletal og 20 otafpovg peradoong eovig. Kat yia tig d0o avtég
TIEG ypnowomomdnke n teyxvikn Basic access. o tic vnoélowmeg Tpég peyéboug
moKETOL dedopévav amd 24576 bits (3K) émg ko 65536 bits (8K), ypnoyomo ke 1
teyvikn RTS/CTS ko1 n yopntikdtnta vworoyiletor avtictoyya omd 14 éwg 19

oTaOpHovG HETABOGNC POVIG.
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Ao ™ PEAETN TOV SLOYPAUUATOS SUMIGTOVOVUE OTL 1] YOPNTIKOTNTA TOL SIKTVOV GE
uetddoon emvng pewdvetonr  kobmg avédvetar to uéyeboc makéTov TOL GTAOUOD

OEJOUEVOV.

Y10 Sdypappo 6.3 epgavifetonr ypapwd 1 oxEon TG UETOPANTOTNTOC TNG
KoBLGTEPNONG EMTVYNUEVIG OTOGTOANG TOKETOL PV (Voice jitter) o€ oyéomn e Tov
aplOpd TOV TEPUOTIKOV OTUOUMV UETAOOONC MV Kol TOV UEYEOOLC TAKETOL TOL
otafuod dedouévov. Xto 1610 dtdypoupa epaviCovior T060 To UTOTEAECUATO TOV
TPOTEWOLEVOL OVOAVLTIKOD HafNUaTikoy HovtéAov (ovveyeis ypappég) 660 Kot To

amoteAéopato Tov Aappdvovpe pe ypnon tov dukov pag simulator.

H opilovria ypouun opilel 1o 6plo ¢ amodekTng KOANG TOOTNTOG EMIKOVOVING

QoVNS, N omoia Yo Tov kwdwkomomt G.711, €xel oprotel ota 75 ms (0,075 sec).

. 711 woice delay variations vs number of voice stations
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0nE _' _______ L e t__._] O pata Packet Payload (bits] = 45152 ||
) : ] ! % Data Packet Payload (bits] = 57344
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5 10 15 20 25 a0 Ja 40 45
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Zypa 6.3 : MetafAntotya tne kaOvotépnong emToynUEVIG AIOOTOANS TOKETOD PWVHS
(voice jitter) ue ypnon kwoworomntyy G.711 covaptioel tov apiBuod twv otabumy gwvig
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H yopntikdémmro emkovovidv ¢mvig vroioyiletolr oto onueio mov 10 €KAGTOTE
SLAyPOULO, TOV jitter TEUVEL TNV OPOVTIL YPOLUT TOV 0piov TNG AmOdEKTNG TOLOTITOG

EMKOWV®VING.

Mo acHppato Tomkd SIKTLO pPE TEPLOTIKOVS GTAOLOVG HETASOONG POVIG KOl EVOV
oTofud petddoons dedopévav pe péyebog maxétov 8192 bits (1K), n yopntkdtTa
vroloyileton o€ 41 oTabpovs, evd yio péyeboc mokétov dedopévav 16384 bits (2K) 1
yopnTIKdTTO VIoAoyiletal og 38 oTabuovg petadoong eovig. Kat yia tig 600 avtég
Tiég ypnoworomnke n teyxvikn Basic access. o tic vndhowmeg Tpég peyébovug
mokETov dedopévov 24576 bits (3K) émg ko 65536 bits (8K), ypnooromdnke n
teyvikn RTS/CTS  xot n yopntikémto vroroyileton avtictoryya omd 31 émg 35

oTaOOVG HETABOGNC POVIG.

A6 ™ pEAETN TOV SLOYPAUIOTOS SOMIGTOVOVLE OTL 1] YOPNTIKOTNTA TOV IKTVOL GE
petddoon @wvig peuwvetor Kabog avEdvetar to péyebog makétov TOov oTABUOD
OEJOUEVOV.

Amo T Sraypappato 6.2 Kot 6.3 SameTOVOVUE OTL TA, ATOTEAEGLLUTO TOV OVOAVTIKOD
HOVTEAOL TawTilovTal UE TO amoTEAEcUATE, 0O TN YpNon Tov simulator, yeyovog mov

OTOJEIKVVEL TNV 0pHATNTA TOV TPOTEWVOUEVOL LOVTEAOV.

Ta dwaypappata 6.4, 6.5, 6.6 kot 6.7 answkovifovv T oyéon g uéong kabvotépnong
EMTUYNUEVIC LETADOOTG TAKET®V PMOVIG Kol TNG HETaPANTOTNTAG NG KabuoTtépnong
EMTUYNUEVIC GITOGTOANG TAKETOL PVNG (Voice jitter) oe oyéon ue Tov apldud tov
TEPUATIKAOV OTOOU®MV HETAdOONG QmVNG pe 1o péyeBog mokETOv TOL OTOOHOD

dedopévmv yuo Tovg kwdwkomontég G.729 ko G.723.1 avtictorya.
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Zynua 6.4 : Méon koBootépnon emTtoynueVINS OmoaToANS TOKETWY POV (average voice
packet delay) ue ypnon kwdworomti G.729 svvaptijoel Tov apiBuod twv oTadumdy pwvig
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2ynua 6.5: MetofAntotnta e koBvotépnons emToyNUEVHS ATOGTOANG TOKETOD PWVHS
(voice jitter) ue ypnon kwoworontyy G.729 cvvoptioet tov opiBuod twv otabumv pwvig
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voice delay (sec)
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Zynua 6.6 : Méon koBootépnon emtoynuUEVNS OTOGTOANS TOKETWY POVIG (average voice
packet delay) e ypnon kwdworomy G.723 1 ovvaptijoel Tov apiBuod twv otaduady pwvig
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Zyfua 6.7 : Metoflntotnra te kaBvotépnong ETTOYNUEVHS OTOOTOANG TOKETOD YWVIG (Voice
Jitter) ue ypnon kwoikoromtyy G.723 1 cvvaptioer tov apiBuod twv otabumv gwvig
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To duaypaupo 6.8 delyver v mOAVOTNTA OTOPPIYNG TOKETOV GLVOPTHGEL TOL

aplBpod TOV TEPUOTIKOV OTOOU®V QOVIG TOL VAGPYOLV OTO OCVPUNTO TOMIKO

diktvo.
FPacket drop probability vs number of voice stations
0.04 : : : : : : :
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Zyfua 6.8 : [1iBovotnta omoppyns Taxétwy oovopToer Tov oplBuod Twv oTabumy pwvig

Y10 100 Sdypoppe epgavifovior TOGO TO OMOTEAEGUOTO TOL  TPOTEWVOLEVOL
OVOALTIKOD HoBMUOTIKOD HOVTEAOD (GUVEXEIS YPAULES) OGO KoL TO. OTOTEAEGLLOTA TTOV

Aappdvoope pe ypnon tov dukod pag simulator.

H opilovria ypoppn opiler to O6plo g amodekTng KOANG TOOTNTOG EMIKOIVOVIOG
Q®VNG, N omoia £l 0ploTel MG amdOPPLYN TAKETOV HKPOTEPT TOL 3%.

H yopntikdémmro emkovovidov ¢mvig vroioyiletolr oto onueio mov 10 €KAGTOTE
owypappo tépver v oplOvIio YPOUU TOL Oopiov TNG OMOJEKTHG TOLOTNTOG

EMKOWVMVING.
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AOTIGTOVOLUE OTL Y10 OAOL TOL GEVAPLOL 1) YOPNTIKOTNT TOV SIKTOOL EIVAL AVAUESH GE
68 ko1 70 teppoTikovg otabuovc eovhg . To 6pto avtd eivor moAd dVGKOAO Vo, TO
etdoovpe AOY® ™G VTAPENG TOV AAA®V TEPLOPIGUMOV TOOTNTAG OV TEPLOPifovv

YOPNTIKOTITO, TOV SIKTVOV.

To, GUYKEVIPOTIKG OTOTEAEGUOTO VITOAOYIOUOD TNG YOPNTIKOTNTAG TOV SIKTHOL Yo
TOUG TPEIC OPOPETIKOVG KMIKOTOMTEG 7oL  €EeTAlOVUE KOl Y10, OAEC TIG
npobmobéceic mowotntog (Voice delay, jitter, packet drop probability) eupaviovtot

GLYKEVTPOTIKA 6TOV Ttivaka 6.3.
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e, aovpuotwv IEEE 802.11 tomikav diktdowv’

' ‘ Aotorov Aviwvia, ‘MabBnuotikn povredlomoinon kot ywpnTikoTyTo. PWVHG

Iivakags 6.3: Xwpntrixomnra pwvig acOpUaTon TOTKOD OIKTOOD

Scenario -Mé£ye0og Limit
nokétov Data
oTadpot By delay By jitter By drop
G711
8192 bits 22 41 70
16384 bits 20 39 69
24576 bits 19 36 68
32768 bits 18 35 68
40960 bits 17 34 68
49152 bits 16 33 68
57344 bits 15 32 68
65536 bits 14 31 68
G.729
8192 bits 26 48 70
16384 bits 24 47 69
24576 bits 22 40 68
32768 bits 20 39 68
40960 bits 19 38 68
49152 bits 18 37 68
57344 bits 17 36 68
65536 bits 17 35 68
G.723.1
8192 bits 40 48 70
16384 bits 38 47 69
24576 bits 34 41 68
32768 bits 33 39 68
40960 bits 32 38 68
49152 bits 31 37 68
57344 bits 30 36 68
65536 bits 30 35 68
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. Aotoi00 Aviwvia, ‘MaOnuatikii povielonoinon kei ywpntikoTTe gOVIHC
. aovpuotwv IEEE 802.11 tomxdv diktdwv’

210 Oypappo 6.9 eppavifetor ypagikd m oyéon g Uéong KabBvoTEPMOoNg
EMTUYNUEVNG UETAOOONG TOKETOV (OVNIG OE OXEON HE TO UEYEBHOC MOKETOL TV
otabudv dedopévav €ite e amovoia oTofumv OedoUEveV EITE HE TOWTOYPOVT

napovaia 1, 2, 3 M 4 otabuodv dedopuévav avtioTorya.

Y10 00 Sudypoppe eu@aviCovior TOGO TO OMOTEAECUOTO TOV TPOTELVOUEVOL
OVOAVTIKOD HoBNUOTIKoD LOVTEAOD (GUVEXEIS YPOUUES) OGO Kol TO, ATOTEAEGILOTA TTOV
Aappavovpe pe xpnom tov d1kov pog simulator.

H opiloviio ypoppun opilel 10 0p1o NG amodekTg KOANG TOOTNTOG EMIKOVMVIOG

Q®VNG, 1 omoia Yo Tov kwdikoromt G.729, €xet opiotet ota 30 ms (0,03 sec).

(3, 729 voice delay va data packet payload (bits)
! ! ! ; ! T

voice delay (sec)

Data Packet Payload (bits) «10°

= —n— Humberp of volce statlon=20 pata statlen =0
A Humber of veice staticnell Daca station =1 =t — Humbar of woles statlensZ0 Data statien =1
4% Humber of wolce station=10 Data station =2 -x= Humber of wolee atation=20 Data atation =2

—(3— Husber of welce atation=10 Daca atation =3 - ¥ Humber of velce station=20 Data statisn =3
] Mumber of voice staticn=10 Data station =4 A Hueber of volee statlene20 Data statlon =4

==~ Humber of wvolce atstion=10 Data station

FHumbter of wolce acaclen=30 Data scatlen =0 —+-—H|.nbax of wolee acaclonsdd Data scatlon =0
B pumber of veles atatlon=30 Data atatlon =1 ~—Humbar of volos scatlon=40 DaCh scatlon =1
~t Wumiber of voloe scatlen=30 Data sTatlon =2 ol Numbar of woloe scatlons40 DaCa scatlon =2

&Tatlsn =3 4+ Humber of wolce acatlen=40 Data scatlen =3

e Humbar af woeles acaclan=30 Data
B pumber of voloe statlon=40 Dath statlen =4

JH Wumber of wolee scaclon=30 Data atatien =4

Yynua 6.9 : Méon kaBvotépnon emToynuUEVIS OTOGTOANG TOKETMWV PWVHS (average voice
packet delay) e yprion kwdworomti G.7291 covaptioer tov ueyéfovg TokéTon TV oTadUmdY
dedouévawv
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: ‘ Aotaiov Avtwvia, ‘MaOnuatixn povielomoinon kou ywpntikoTnTo, POVHS
r( oovpuotwv IEEE 802.11 tomikav diktowy’

Mo acHpuato tomkd diktvo pe 10 tepuaTIKOVE GTAOUOVC UETAOOONS POVAG Kol
Té60€p1g oTafuovg petdooons 6edouévev to uéyioto uEyeboc TakETov TV oTaOUMY
dedopévov etvan mepimov 39000 bits eved Otav Exovpe tpelg otafuovs petddoong
dedopévev to péyioto péyebog mokétov Twv otafuav dedopévav givar mepinov 61000
bits. Am6 ™ peEAETN TOVL S1OYPAUUOTOS SOTIGTMOVOLHE OTL TO UEYEDOG TOKETOV TMOV
oTaOU®OV dEJOUEVEOV TTOL UTOPOLV VO OTOGTAAODV GE £V AGVPUOTO TOMIKO 3iKTLO,
petovetar kabmg avéavetar o apludc TOV TEPUOTIKOV GTAOUOV QOVNG Kol TOV

oTaOU®OV OESOUEVOV.

Y10 Suaypoppo 6.10 eppavifeton ypagikd 1 oxéon g HETOPANTOTNTOS NG
KaBVOTEPNONG EMTLYNUEVTG OTOGTOANG TAKETOL GVNG (Voice jitter) oe oyéon pe To
péyebog TakéETov TV oTOOU®Y dedoUEVeV EiTE LE amovsio oTabUmY dedouévev glte

ue tantoypovn mapovacio 1, 2, 3 1 4 oTabundv 0e00UEVOV AVTIGTOLYA.

Y10 0 Sudypoaupo eugaviCovior TOGO TO OTOTEAECUOTO TOV TPOTELVOUEVOL
OVOAVTIKOD HoBNUOTIKOD HOVTEAOD (GUVEXEIS YPOUUES) OGO KoL TO, ATOTEAEGILOTA TTOV

Aappavovue pe ypnomn tov dtkov pog simulator.

H opiloviio ypoppun opilel 1o 0p1o TG AmodeKTG KOANG TOOTNTOS EMIKOWVMVING

QmVNG, N omoia yio Tov kwdwomointh G.729, €yel opiotel ota 75 ms (0,075 sec).
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yoice jilter (sec)

4

Data Packet Payload (bits) 10

-5 Mumber of wvolce station=10 Data station =0 —+#— Humber of voles statlon=20 Dats statlsn =0
A~ Humbar of volce staticnsll Data station =1 = — Humbar of woles scatlensZ0 Data statien =1
.43+ Humber of wvolce station=10 Data station =2 -xe Humber of weice atation=20 Data statisn =2
—3— Humber of velce ataticnsll Data aCatien =3 - %" Humber of wolce statlon=20 Data statlon =3
£ Humber of volce station=10 Data station =4 B Humber of volce statien=30 Data statien =4
FHumbar of weles acarlon=30 Data scatisn =0 —f—Humbtar of welece acaclonsd0 Data atatien =0

P Humber of voles RTALLSN=30 DATA ATATLSN =1 S —Humbar of veloe acatlon=40 DACh sTallen =]
= Humbar af voles acatlon=30 Data acatlon =2 ool Humbae of woleoe acatlonsd0 DaCa aTatlon =2
A~ Humbar of woles scarlons30 Data scatlon =3 + Wumber of volee sacatlonedl Data scatisn =3
JH Wumbar of wolss scatloens30 Data scation =4 B pumiter of woles statlsn=40 Dach statlen =4

Zynpa 6.10 : Metofintotnro e KaGOOTEPNONG EMTOYNUEVHS OTOTTOANG TAKETOD POVAS
(voice jitter) ue ypnon kwoworomnty G.729 aovoptioet tov ueyéBovg marxétov twv arobudv

oedouévav

Mo acHpuato tomkd diktvo pe 10 teppaTIKODG GTAOUOVE UETAOOONS POVNAG KOl

T€60€P1g oTafUoVG peTddoons 6edopévev To LEyloTo PEYEHoC TaKETOV TV GTUOUMY

dedopévev givar mepimov 49000 bits .

A6 ™ HEAETN TOL S10YPAULOTOC SIUMIGTMOVOLE OTMG Kol TOPAmav® 0Tl To péyebog
TOKETOL TOV GTOOUOV OESOUEVOV TOV UTOPOVV VO OTOCTAAOVV GE £VO. OGVPLATO

TOMIKO OiKTVO, HEIDVETOL KAODS avEdveTal o aplBpdg TOV TEPUATIKOV CTUOUMOV

QOVNG KOl TOV GTAOUDY OESOUEVOV.
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6.3.2 Xounepdouara

IV GUYKEKPIUEVN OIMAMUOTIKY] €pyacio  aoyolnbnkape pe v avamtoén
OVOALTIKOO HaBNUOTIKOU HOVTEAOL Y10 TOV VIOAOYIGHO TNG UECNG KoBuoTEPMONG
EMTUYNUEVNG ONOOTOANG TokéT®mv @ovig (average voice packet delay), 1
HeTAPANTOTNTO. TG KABLOTEPNONG EMTLYNUEVTG OTOGTOANG TOKETOV QmVNG (Voice
packet delay variation-jitter) ko tnv mBavotnto andppiyng nokétwv (packet drop
probability) og éva acvppato tomkd diktvo IEEE 802.11 mapovsio 1660 TepUaTIK®V
QemvNg Kot dedopévayv. Ta amoteléopata Tov ANEONKAY amd TO AVOALTIKO LOVTEAO

7oV avortoyOnke, emiPeforddnkav pe ypnon simulator.

Aoppdavovtag vroyn tovg deBvdg amodekTohg TEPIOPIGUOVS Y10 TV TOLOTNTO TNG
napeyopevng vanpeciog emkovaviag eovig (QoS for VolP), 6mwg mapovoidlovio
otov mivoka 6.1, ypnolpwonomdnke cuykekpiévn pebodoroyio Yo Tov LIOAOYICUO
NG YOPNTIKOTNTAG TEPUATIKOV OTOOU®V QOVNC KOl NG OLUVOTOTNTOS UETAO0ONG
SLoPOPETIK®V PeYeBDV TOKETOV dedOUEVOY 6TO Topamdve Oiktvo. Meletnke 1
GUUTEPLPOPE TPUDV OO TOVG TAEOV S1AOEOOUEVOVG Kot ONUOPIAEIS KOIKOTOMTEG,
tov G.711, tov G.723 xor tov G.729. Am6 10 amoteréopata mov ANEONKAV
dwmiot@voupe 0Tl 600 ov&avetor To pEyedog Tov TOKETOVL OESOUEVOV LELDVETOL
GYEOOV YPOUUIKE 1) YOPNTIKOTNTA 08 GTAOIOVG POVNG GTO ACVPUOTO TOTIKO O1KTLO.
Eniong amd ta dwypappato 6.9 kot 6.10 domict@voupe 0Tl To UEYEBOG TOKETOV TOV
oTafU®OV dedoUEVOV TTOL UTOPODV VO OTOGTAAODV GE £Va AGVPUATO TOTIKO diKTLO,
petovetonl kabmg avéavetor o apludc TOV TEPUOTIKOV GTAOUOV QOVNEC Kol TOV

OTOOUDOV OESOUEVAV.

Y10 Oypdupota  epeaviCoviar TOG0 TO  OMOTEAEGUOTO. TOV  TPOTEWVOUEVOL
OVOAVTIKOD HoBNUOTIKOD LOVTEAOD (GUVEXEIC YPOUUES) OGO Kol TO, ATOTEAEGILOTA, TTOV

Aappavovpe pe xpnorn Tov d1KoL pog simulator.
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