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MepiAnyn

To Wi-MAX atroteAei pia atrd TIg TTI0 TTOAUCUCNTNUEVEG TEXVOAOYIEG TTOU £XOUV
mTpotaBei Kal uAotroinBei Ta TeAeuTaia xpdvia OTa  TTAGICIO TWV CGCUPUATWY
ETTIKOIVWVIWYV. AKOAOUBWVTAG TIG paydaicg eEEAigeIG TG TeExVOAoyiag oe dAoug Toug
TOMEIG TNG KOIVWVIAG HOAG, Ol EPEUVNTEG OTOV XWPO TWV TNAETTIKOIVWVIWY £¢ENiICOOUV
OUVEXWG Ta UTTAPXOVTA TTPWTOKOAAQ Kal TIG BIABECIUEG TEXVOAOYiEG, HE OKOTTO ThV
600 TO duvatov TTANPEoTEPN KAAUWN Twv SIOPKWS AUEAVOUEVWY QAVOYKWY TOU
KATAVOAWTH.

2€ auTtd 1O TTAQicIo, 0TOXOG TNG TTAPOUCNG EPYATiag gival va TTEPIYPAWEl PUE TOV
TANPéoTEPO SuvaTtd TPOTIO TO OUVOAO TWV XOPAKTNPIOTIKWY TNG VEAG QUTAG
TexvoAoyiag TTou gival yvwoTr ye Tov 6po Wi-MAX. GOa TTapouciacTolv Ta Bacikd
XOPAKTNPIOTIKA TNG SOPNAS Kal TNG APXITEKTOVIKAG TOU, Ol KUPIOTEPES AEITOUPYIEG TOU
QUOIKOU OTPWHATOG KOl TOU OTPWHATOS BIacuvOeons OedOUEVWVKAI Ol EQAPHOVYEG
TOU.

2¢ K&Be mepiTrTwon, 1o Wi-MAX aTtroteAei, 6TTwg Ba @avei kal oTn ouvéxela, £va
TTPWTOKOAAO TTOU oUVOUAClel TTANBOG IBIITEPOTATWY KAl XOPAKTNPIOTIKWY, UE TKOTTO
va KaAUWEl TIG avAYKES TOU GUYXPOVOU avOPWITTOU YIa BIOPKK ETTIKOIVWYVIa o€ OAa Ta
emiteda.
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Abstract

Wi-MAX is one of the most famous technologies that have been proposed and
implemented during the last few years in the field of wireless communications.
Following the rapid technology development in all the fields of our societies,
researchers in the field of communications constantly develop the existing protocols
and technologies in order to satisfy, as much as possible, the growing needs of the
consumers.

In that framework, the main purpose of this thesis is to describe as detailed as
possible the whole set of characteristics of this new technology that is known as Wi-
MAX. The most important characteristics of its structure and architecture will be
presented, along with the basic functions of the physical layer and the data link
layerand some applicattions.

Wi-MAX is, as it will be shown in the following, a protocol that combines a set of
special characteristics in order to satisfy the needs of the modern man for constant
communication in all levels.
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EIZArQrH

AdIOPQPICBATNTOG TTPWTAYWVICTAG OTNV KIVNUATOYPAPIKA Talvia TTou EETUAIVEI TO VA TNG
avOpwmvng UTTapENG, 0 6POG KETTIKOIVWVIa», OTNV aPXIKr TOU €KQPACN CUVIOTA Tn PETOQOPA
Kal TNV avTaAAayrh pnvUPAaTwy r TTAnpo@opiag avapeoa og dU0 1 Kal TTEPICCOTEPEG OVTOTNTEG,
oupewva pe Tov Metpdeoki (1990) « emkoivwvia gival n TTOAUTTAEUpn dladikacia  avAaTTuéng
TWV ETTOPWY PETAEU TWV avOPWTTWY, N OTToid UTTAYOPEUETAl aTTO TIG AVAYKEG TNG KOIVAG
dpaoTnEIGTNTAS », dladpaudTios KaBoPIoTIKO pOAo oTnv £6ENIEN TOu avBpwTTivou yévoud.

Mia TpwTn pop®n TKOIVWVIag ATav o (wypPaPIKES avaTTapaoTAcoelg oTIG MaAaloNBIKEG
oTnAigKal Ta apyaia AlyuTTiokd  lepoyAu@ikd. ‘Evag dAAog ocuvnBiopévog TpdTTog oTov
apxaio K6GHO ATaV Kal N HETAB0ON QWTEIVWV ONUATWY KATd Tn SIGPKEIA TNG VUXTAG ME QWTIEG
(ppukTWpiEg). TpdTTOg eTMKOIVWVIOG ATAV Kal N aAAnAoypagia, TTou XpnolyoTroinoe TTARBog
OIAPOPETIKWV UNIKWV avaloya e Tnv eTToxn ( TTNAG, TTatTupo, éoTpaka, xapTi, K.a ). O Tpd1Tog
dlakivnong Twv EMOTOAWV ATOV €TTIONG POPQH E€TMKOIVWVIAg Kal ATav d1aQopeTikdg KABE
etToxn ( OTOUG apXaioug XPOVOug EiXAPE TOUG ayYEANIOQOPOUG Kal CAUEPA €XOUME TA
TaXudPOuEia Kal T NAEKTPOVIKA PECQ).

O1 GvBpwTTOl AOITTOV ETTIKOIVWVOUOAV PETALU TOUG WE TIG KIVHOEIG TOUG, TO AGYO TOUG, TNV
€IKOVA KAl Tn ypa®r. KdBe oTiyul emkoivwvoluoav avTOAAACOOVTAG TTANPOQYOPIEG WETAEU
Toug. ATTé Ta oTTAdIa €éwg Toug dopuPdpoug Echotng NASA.

OA\eg o1 pop@ég eTTIKOIVWViag TTEPIAAPBAvOUY Evav TTOPTTO, éva BEKTN KAl TO YAVUPA TTOU
petagépetal. Eivar amapaitntog BERaia Kal 0 KWOIKAG ETTIKOIVWVIAG KAl TO PECOV TG
peradoong Tng TAnpogopiag. Edv yia mapddeiyua culnrolv duo avBpwTrol Yetagl Toug, o
évag €ival 0 TTOUTTOG KAl 0 AAAOG o O€kTnG kal BéPaia katd Tn didpkeia TNG oulATNONG
aAA@fouv ouvexwg ol poAlol. To Béua TG oulATnong €ival OusIaoTIKA TO WAVUUG TTOU
METAQEPETAI HECW TOU QEPA KAl N YAWOOQ TTOU XPNOIUOTTOIoUV gival 0 KWOIKAG ETTIKOIVWVIAG.

Mia emKoIvwvIOK KATAoTaOon AOITTOV CUVOTITIKA TTEPIAQUBAvel, Tov AvBpwTo TTOU
oTéAvel éva pfvupa ( Tov TTouTrd 1 Tov atrooToAéa dnAadr) o OTToiog KWOIKOTTOIE TO
MAVUPO auTo Kal To oTéEAvEl o€ Evav AAAO GvBpwTTo ( Tov SEKTN )| TOV TTAPAARTITN ) TTOU TO
AapBaver , To MAVUMA ( TOV KWOIKA PE TOV OTTOIO €ival SIATUTTWHUEVO TO PIAVUMA ), TO MECO ( TO
OiauAo ETTIKOIVWVIAG ) TTOU XPENOIYOTIOIEITAI yia Tn METAQOPA auTtoU TOUu PNVUUOTOG KAl TO
EMIKOIVWVIAKOG TTAGicIoO TTOU OUuCIooTIKA €ival N opydvwaon Kal of gUvOAKEG OAwv Twv
TTAPATTAVW OE £€VA OUYKEKPIUEVO XWPEO Kal XPOvo.

Mrvuun

Eikova 1:A1TA6 povTtéAo emmiKoIvwviog avapeoa oedUo onpueial3]

Opwg o TPOTToG €TMIKOIVWVIAG OUOKOAEUEl, OTAV Ol OTTOOTACEIG HEYOADVOUV KOl
auéaverar 0 apiBudg Twv avBpwTiwyv Kal TOTE N €EENIEN TNG €mKovwviag ( aoUpPaTog,
TNAEQWVO, K.A.TT.) EpXETal yIa va dwael AUon ¢’ auto 1o TTPpORAnua. Até Tn dekaeTia Tou 1960
£€xoupe NdN Tn paydaia avdaTITugn Twv ETTIKOIVWVIWY, Ol OTTOIEG HOAOVOTI gival TTOAUSIGOTATEG,
é€xouv Oladpapartioel kKaBopioTikG poAo otnv eEENIEN Tou avBpwtrou. O KOOPOG apxidel va
KMIKPOIVE» Kal N yn @AvTAZel oav Eva «TTAYKOOUIo Xwpid». Ta utrepaTAavTIKA TNAEQWVUATA
yivovTal TTpaydatikéTNTA KAl N TNAEOPOON ouvaywvifeTal Tov TUTTO Kal To padiopwvo.Me tnv
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€Aeuon AOITTOV TWV TNAETTIKOIVWVIWY, N dladpoun PMeTagopds TnG TTAnpoopiag dAAage pIdika
Kal OTTOMOKPUVONKE ouoIaoTIKG aTTé TNV apxIKA, QUAIKN dIadpour HETaQopPds (dnA. WeTagU
TWv TOTIWV HE EPTTOPIKA OpaoTnEIOTNTA), VIO va KoToAASoupe OTIG MEPEG  TNG
TNAETTIKOIVWVIAKAG  €TTavAOTACNSG TTou OlavUOUME, OTTOU 1 ETTIKOIVWVIA €XEl PTTEl OTnV
kaBnuepiv pag Cwn Pe TGOOUG TTOAOUG JIOQOPETIKOUG TPOTTOUG, TTOU €ival €UKOAO va
TTapaBAéWoupe TIG TTOAEG DIAQOPETIKEG HOPPEG TNG. KATToleG atmd AUTEG TIG HOPYEG
EUTTAEKOUV Kal TOV avBpWTTIVO TTapdyovTa dueca (e@nUEPIBES), eV KATTOIEG AANES OXI (BiKTUO
UTTOAOYIOTWV).

H e¢amAwon Twv SIKTUWY TWV UTTOAOYIOTWY YiveTal TTAEOV PE IANyYILWdN TaxUTNTa KOl
BewpeiTal avamméoTTacTo TTAEOV KOPWATI TNG Cwr¢ ToUu oUyxpovou avBpwTrou. Kal Quaikd 10
XOPOAKTNPIOTIKOTEPO TTapddelyua €ival 1o Internet, 1o otoio iowg Kal SikaioAoynuéva
XOPAKTNEIOONKE « N PeYaAUTEPN ETTAVACTACT OTO XWPEO TNG ETTIKOIVWVIAG ATTO ThV ETTOXI TOU
FouTeuREpPyIou.

MaAioTa oTa TTAQiCIQ TNG VYEVIKNAG TTAYKOOWIOTTOINONG O€ TTOAAOUG TOUEIG TNng
avBpwTrivng dpactnEidTnTag, TTapatnEolvTal PICIKEG aAAaYEG Kupiwg OTIC AOUPMPOTEG
ETTIKOIVWViEG, dNAAdNA €KEIVEG OTIG OTTOIEG TO WECO WETAQPOPAS TNG TTANpo@opiag arrd Tov
TTOPTTO 0TO OEKTN Bev TTEPIAAPPBAVEI KATTOI0 CUPQ.

‘ETO1, Ol aoUpPUATEG ETTIKOIVWVIEG BpioKovTal OTNV KOpuPr TnG TTUPAMidag Tou
EPEUVNTIKOU eVOIOPEPOVTOG KAl TTAPOUCIAZOUV Pia aAPaTWON £EEAIEN, TTOU XapakTnpifeTal atrd
TNV evotroinon O1a@opwv EEVwV PETAEU TOUG TEXVOAOYIWV, PE OTOXO Tn dnuioupyia evog
TTAYKOOMIOU  TNAETTIKOIVWVIOKOU  CUCTAWATOG, Tou  Ba  cival  €UkoAo aoTn  xpron,
QATTOTEAEOUATIKG, AAAG Kal pe T duvaTtdtnTa cuvexoug BeATiwong.[4]

1. AZYPMATA AIKTYA

Otav avagepdpacTe ota acUppaTa SiKTua, UIAGUE YIO TIG TTEPITITWOEIG EKEIVEG TTOU N
METAPOPA TWV TTANPOYOPIWY ( BESONEVWY, PWVAG, AXOU, K.A.TT. ) YETAEU TWV UTTOAOYIOTWV 1
GAAWV CUOKEUWV TTOU ouvOEovTal ETAEU TOUG,YiVETAI PE TN XPNOIUOTTOINGN PadioCUXVOTATWY
WG QUOIKOU péoou peTddoong. Ta dedouéva g€ auTr TNV TTEPITITWAN, HETAPEPOVTAI OTTO TOV
TTOUTTO OTO OEKTN KWOIKOTTOINUEVA O €va KUPA — TTou OVOMAZeTal @épov KUPA — PECW TNG
oiadikaciag NG OSlaudpewong.ETopévwg avTtiBeta pe TIC evOUPUATEG ETTIKOIVWVIEG TTOU
XPNOIUOTTOIOUV WG PECO WETAdOONG Ta KAAWSIA, n acUpMATn ETTIKOIVWVIA €XEl WG PECO
peTadoong Tnv atpoo@aipa f akéua Kai 7o didotnua. Otav €xoupe eTmKoivwvia atmd évav
oT1aBud TPOog TTOoAAOUG, TOTE avaepduacTe oTiG broadcastacUpuarteg emkovwvies. Opwg
UTTAPXOUV Kal TUTTOI acUpuaTwy SIKTUWV TTOU N ETTIKOIVWVIa gival au@idpoun onueiou Tpog
onueio ( pointtopoint ) kai Bpiokel epappoyry o€ CUVOECEIG TTOAEWV A KTIPIWV Kal Gnueiou
TTPOoG TTOAAG onpeia ( pointtomultipoint) TTou Bpiokel epapuoyr oTa kKuyweAoeidry dikTua TG
KIVNTAG TNAEQwviag Kal g€ TOTTIKA acUppaTta dikTua. Ta acUpuaTta dikTua XpnoipoTToioly éva
OUVOAO OIOQOPETIKWY TEXVOAOYIWV, YIA VA PTTOPOUV VO QVTATTOKPIBOUV OTIC QVAYKEG TWwV
XPNOTWV Kal Tou ekaaToTe TTEPIBAAAovTOG. MTTopoUv €TTiong va cuvoeBolv PE UTTAPXOVTa
evoUpuara SiKTua TG OTTOI OUGIOCTIKA KOI GUUTTANPWYOUV. ZUVOTITIKA UTTOPOUNE va TTOUME
Oml eival T€TOlId N avamTuén Twv aocuppatwy OIKTUWYV, TTou PBpiokouv e@apuoyn ot Tapa
TTOAAOUG XWpPoUuG OTTwg ot Agpodpduia, o€ Anuooioug xwpoug, ot lMavemoTiuia, o€
>uvedplakoUg xwpoug, o€ Etaipeieg, oe Noookopeia K.A.TT. Kal oucIaoTIKG divouv AUCEIG €KEi
TTOU Ta evoUpuaTa SikTua aduvaTouv va avTeTTeEEABOUVY.

Ta aocUppaTa dikTUG avAAOya HE TN YEWYPOAQIKA TOUG KAAuwn diakpivovtal o€ TOTTIKA
(LANkar WLAN), og MntpotroAimikd (MANkai WMAN), Eupeiag kaAuwng (WANkar WWAN) kai
Mpoowkd (PANkar WPAN).

AcupparaTomikdAiktua (LANkaiWLAN - Wireless Local Area Networks). Eva
aocupparo diktTuo WLAN Trapéxel ouvoeon HETafy OUO I TTEPICCOTEPWY CUCKEUWV XWPIG
KaAwdia péow acuppatwy SIKTUWV TTpécfacng ( T1.x. ouvOEéel UTTOAOYIOTEG OE ypageia, o€
OTTiTIa Kal o€ dNUACIOUG XWPOUG, o€ atmooTaan auvhBwg TTou dev Eetrepva Ta 30 péTpa), Ta
dedopéva PeETaPEPOVTAl PECW PABIOKUPATWY, E€ival CUPTTANPWUATIKO | Kal ETTEKTAON €VOG
gevoUpuaTou OIKTUOU, KOAUTITEI IO HIKPN YEWYPAQIKA TTEPIOXA Kal  aKOAOUBEi TO TTPOTUTTO
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IEEE 802.11. 'Exoupe Tn Xpron texvoAoyiag dieupupévou @aopatog A Tng diaudpewong
OFDM- OrthogonalFrequencyDivisionMultiplexing( opBoywviag diaipeang ouxvoTnTag ) oTa
2.4 éwg 2.4835 GHzkal 5.725 wg 5.85 GHz, 6mou dev arraiteital adela Asitoupyiag. To
802.11b - WiFigival évag TUTTOG TOTTIKOU acUppaTtou SIKTUOU.

AocupparaMnrpotroAITiIKGAIKTUA (MANkaiWMAN -
WirelessMetropolitanAreaNetworks). Ta acUpuara MntpotroAiTiké AikTua €ival ouclaoTIKA
évag TUTTOG ammd acUpparta dikTua TTou ouvdéouv did@opa GAAa acUppaTa TOTTIKA OiKTua.
MiAdpe yia acUpparn ouvdeon onueiwv, Ta otroia atméxouv TTédpa TTOAU petagu Toug. H
d1a@opd Toug e Ta TOTTIKA acUpuata dikTua gival T XpnoIPoTToloUv SIa@opETIKO UAIKOG yia TN
ouvdeon Kal KAAUTITOUV peyoAuTepeG atmmooTdoelg. TAWMAN dikTua gival ywwoTd Kal WG
dikTua eupeiag fwvng acupparng TpéoPBaong ( broadbandwirelessaccessnetworks). Kévouv
xprion TG TeXvoAoyiag OFDM- OrthogonalFrequencyDivisionMultiplexing( opBoywvia
dlaipeon ouxvotTnNTag ) Kal Aeitoupyolv o€ ouxvotnteg atré 2 GHz éwg 66 GHz. To WiMax
gival évag TUTTOG  acUpPUATOU UNTPEOTTOAITIKOU OIKTUOU Kal TTEPIYPAQPETAl aTTO TO TTPOTUTTO
802.16 Tn¢ IEEE.

AocuUpparaEupsgiagkdAugngAiktua  (WANkalWWANWiIrelessWideAreaNetworks).
Eival acUppara diktua TToU KOAUTITOUV JEYAAEG YEWYPAPIKES TTEPIOXEG. OUOIAOTIKG CUVOEOUV
OuUOKeUuég ot peyaleg atmmootdoelg. TOWWAN Siktua ouvdéouv TTOAAEG popég duo 1) Kal
TEPIOCOTEPA TOTTIKA aoUpUaTa SiKTUa 1) OPASES TOTTIKWY acUpHaTwy OIKTUWV. MTTopouv va
ouvOETOUV BIOPOPETIKEG TTOAEIG | akOun Kal pia ‘HTTelpo. ToAAEG MOAUEBVIKEG TTou £Xouv TNV
£0pa TOUG O€ Jia Xwpa NG Eupwting aAAd TTapdAAnAa dpacTnpiotrololvTal g€ TTOAAEG GAAEG
XWPES TNG EupwtTng xpnoiyotroiolv T€Tola acUppaTta dikTua. Ta TTEpIcodTEPA diKTU EUPEIDg
KAAuwng Xpnoipotrololv TNAEQwVIKA SikTua 1) TNAETTIKOIVWVIaKOUG dopugpdpoug. H diagopd
TOUG ME T aoUpUaTa TOTTIKA SikTua €ival OTI XPNOIUOTTOIOUV SIaPOPETIKO UAIKG dlaouvoeong
KOl XPNOIYOTTOIOUV Kal JIa  KATEUBUVTIKA Kepaia uywnAng 1oxUog, Otav TTPOKEITal yid
O1a0UVOETEIG ATTOUAKPUCHUEVWY CNMEIWY, WAOTE va dlaTneEiTal TO arja Xwpig eEaabévian.

AcuppartallpoowTtmikdAiktua ( PANKaiWPAN -  Wireless Personal Area
Networks). Ta acUppata autd OIKTUGTTPOOWTTIKAG TTEPIOXNG, OIACoUVOEOUVDIAPOPETIKES
METAEU TOUG OUOKEUEG, OTTWG KIvATA TnAéQwva, UTTOAoYIOoTEG, laptopk.a,, TTou €ival
TOTTOBETNPEVEG OE MIA MIKPA OXETIKA atréoTacn PETAEU Toug ( TT.X. O€ éva OwUATIO ) Kal Ol
OTTOIEG ETTIKOIVWVOUV Kal avTOAAATGOUV £QAPUOYEG, apXEia, K.ATT.[5]

1.1 BAZIKA ZTOIXEIA AZYPMATQON AIKTYQN

Ta aoUppata  OikTua atroteAolvTal atmd Ta TTAPAKATW BaciKd oToIXEia OTTWG @aiveTal Kal
TNV TTAPAKATW EIKOVA ;

Eikova 2 : Eikéva aouppartou SikToou [6]
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1. Ta onueia MpoéocPaong AP ( AccessPoints ) : Ta onueia TpdoBacng ouciacTiKa
ETTITPETTOUV TNV avTaAAQyr TwWV SEOOUEVWY Kal TwV TTANPOPOPIWY avAUEST O€ £€Va EVOUPUATO
Kal o€ éva acUpparo diktuo. OuaiacTikd TaAP €xouv TTapopola AiIToupyia Pe Toug oTaBuoug
Baong, ouykevTpwvouv dnAadr 6Aa Ta dedopéva atrd GAOUG TOUG acUpUaToUG oTabuoug Kal
N Baoik pePIUVA TOuG €ival va UETOOWOOUV Ta Oedopéva auTd OTOV €KAOTOTE QCUPUATO
otaBud péoa otnv KuWwéAn. EmmAéov eival euBlvn Toug n TpooBaon evog Kaivoupyiou
oTaBuou oTo SiKTUO. @a PTTOPOUCAUE VA TTOUNE OTI ASITOUPYOUV TTOPOUOIA E PIT YEQUPQ.

2. O1 Képpor diavoung : ¢ éva dikTuo ptropei va uttdpxouv TTOAG AP ( AccessPoints),
ETTOPEVWG N BOUAEIR TWV KOPPBwWV dlavoung eival va evwvouv autd Ta AP (- AccessPoints)
METAEU TOUG KAl KAT' ETTEKTOON ME TO EKAOTOTE ACUPPATO KAl EVOUPUATO BiKTUO.

3. O1 Képupor Koppot : Aouleid Toug gival n ouvdeon oAwv Twv KOUPwv diavopng. Etreidn
uttdpyouv TToOANd AP ( AccessPoints) TTou cuvdéovTtal he Toug KOPPBoUG SIavoung, €XOuV Tn
duvaroTnTa va KAAUTITouv TTdpa TTOAAOUG XPpAOTEG Tou BIKTUOU. ETTIKOIVWVOUV UETAgU TOUG
XPNOIUOTTOIWVTAG TTOAAEG ouvOEDEIG TTPAYUA TTOU PEIWVEL  TOV KiVOUVO TNG QTTWAEIOG ThG

ETTAQPNG.

3. To aoUpparo péoo peradoong ( WirwlessMedium ) : H petddoon Twv TTAQICiWV Kal Twv
oedopévwv peTatU Twv oTtabuwv ( stations ) oe éva acUppaTo OikTUO YiveTal €iTe pE
POBIOCUXVOTNTEG €iTE PE UTTEPUBPES OKTIVEG.

4. O1 aocUpparol oraluoi ( Stations ) : O kdBe acUpuaATOG OTABUOG, ACXOAEITQI WETN
padlosmikoivwvia pe 170 kKGBe AP ( AccessPoint ) Tng KuwéAng Tmou PpiokeTal. Ze éva
acUppaTo OiKTUO gival cuvABWGS QOopNTEG CUOKEUEG.

5. O1 Tépupeg : Aouleid Toug cival va TTapEXOUV aoUpuaTn oUvOean WETALU U0 TOTTIKWV
acUpPOTWY BIKTUWV.

6. O1 Mpooappoyeig ;. ATToteAoUv Tov QUVOETIKO Kpiko avduecaoTo KABeAP (AccessPoint)
Tou OIKTUOU Kal TOV TEAIKO €EOTTAIONO TOU XPAOTN.

7.01 kepaieg :O1 kepaieg oucIAOTIKA XPNOIMEUOUV YIO VA HETOTPETTOUV TA CHUATA KAl O
oxedIaoudg Toug ival avaAOyog HE TO QACHUA GUXVOTATWY TTOU XPNOIUOTIOIEITA.

1.2 TONMOAOTIEZ AZYPMATQON AIKTYQN

2Ta aoUppaTa dikTua ol TOTTOAOYIEG UTTOPOUV gival va gival atTd TTOAU aTTAEG €WG Kal
TTOAU TTOAUTTAOKEG Kall £XOUV OIAQOPETIKO TPOTTO AEITOUPYIAG KAl TEXVIKI TTOU XPNOIUOTTOIoUV
yia TN JeTddoon Twv dedouévwy. ‘ETol Aoimmdv utmopouUe va dIaKpivoue o€ auTd duo
TOTTOAOYiEG :

1. TnvAve&aptnTnTomoloyianTuxaia ( IBSS, IndependentBasicServiceSetnPeer-to-
PeernAd-Hoc ).

Eival n mo Baoikh aAAG cuvapa kai n 1o atrAf ToTroAoyia acUppartng diktuwong. To
Baoiké cucTaTiké O aQuTrv TNV TOTToAoyia €ival n KUwéAn, n omoia ovoupdletal BSS (
BasicServiceSet ) kai TrepIEXEl €vav i Kal TTEPIOTOTEPOUG aoUpuaToug atabuousg. O xwpog
Tou KatoAauBdavel opiletal amd TNV TEPIOXN  PadIoKGAUWNnG, n  oTroia  ovoudleTal
BasicServiceArea ( BSA ). OAol o1 acUppuarol oTabpuoi, o1 otroiol uTropei va givar €ite otabepoi
€iTE KIVNTOI, TTOPOUV va ETTIKOIVWVOUV EiTE atreuBeiag HETagU Toug €iTe évag TTpog Evav (peer
to peer), xwpig va givalr amapaitnTo va uttapxel £vag Kevipikodg atabudg AP ( AccessPoint ).
OA\ol o1 oTaBpoi AoiItTév o€ auTr TV TTEPITITWON  €ival I00TIPOI HETAEU TOUG.
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AcUpparog
Erabpog 1

Acupparog
EraBpog 2

AcUppartog
EvaBpog 5

Acupparog
Acupparog Erabpog 3
EraBpog 4

Eikéva 3 : Ave§dapTnTn TotroAoyia acUpuaTou SIKTUou [7]

2. Tnv Aopnpévn TomroAoyia ( Infrastructure Mode )

Eivar pia mo ouvBetn totroloyia acUppatng dIKTUWONG. Z€ QuUTrv, TO aCUPPATO
OIKTUO €xel M1 KUWENOEIBN) POPPH KAl aTTOTEAEITAN aTTO évav apiBud atmrd KUWEAEG. 2e KABe
KUWEAN uttdpyel éva onueio Tpoofacng (AP - Access Point) kai €triong évag apiBuog amo
acuUppaToug oTabuoug, ol otoiol e¢uttnpeTolvTal ammd 1o AP - Access Point kai yr' auté
ovopdlovTal Kal TTeAATES ( clients ). H KuwéAn 6’ auTr] Tnv TTEPITITWON OVOUAZETAlI CUUQWVQ JE
TNV opoAloyia Tou TrpoTUTTOU BSS - Basic Service Set. To BSS cival 1o Baoiké douikd

oToIxEio evog acUpuaToU BIKTUOU.
" e

ZUOTmJa Aiavopng

(._

Auupuavoc

E1a8pog -, R

SRus g

Access Point J <<
ﬂzhurnq

|
BSS-A I Access Point ///E\\\ BSS-B

1 s N

S\ 77
N

Kot

Eikova 4 : Aopnpévn ToroAoyia acUpparou dikTuou [8]

AvdAoya Twpa Pe Tov aplBud Twv AP Kal KOTA GUVETTEIN TV KUWEAWYV OIAKPIVOUE
GAAEG BUO TOTTOAOVYIEG :

2.1 Tnyv Infrastructure Basic Service Set
¢ auti Tnv TrepiTTTwon To OikTuo aTtroTeAeital a1rd  TTOANEG  KUWEAEG TTOU
gCuttnpeTolvTal  amo éva onueio TpooBacng AP. OAor Aoirév o1 acUppartol oTabuoi Tou
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BpiokovTal péoa o€ KABe KUWEAN €TTIKOIVWVOUV PGVO PE To anueio TpdoBaong (AP - Access
Point). ‘ETol 6Tav évag oTaBudg BEAeEl va eTTIKOIVwVACEL PE Evav GAAov oTaBuO TOTE OTéAVEI Ta
TTakéTa TTPpog To AP - Access Point kal auté pe Tn o€Ipd Tou, Ta  EKTTEUTTEI Eova TTPOG TOV
TENIKS TTPOOPICHUO TOUG.

File server

LAN segment A

Workstation A

Workstation Laptop Workstation
Eikéva5 : Infrastructure Basic Service SetacupuartoudikTiou [9]

¢ authv Tnv Tepimrwaon 10 AP - Access Point ouvdéetal o€ éva cuoTnua Siavoung
(Distribution System), To omoio pe TN oeIpd TOoU TTAPEXEl OUVOEDN avaueoa oto AP Kal o€
AAAa Slo@opeTikG dikTua.2e auTAv Tnv TrEpITITwon 10 AP emTeAel TIG AeiIToupyieg yéQupag
(bridge).

2.2 Tnv ESS, Extended Service Set

H TotroAoyia autr) atmmoteAcital atmd évav apiBud KuweAwv. H kGBe KuwéAn ptropei va
ecuttnpeteital amd éva onueio TpéaBaang (AP), kal 6Aa Ta AP utropouv va gival ouvoedepéva
METAEU TOUG e Pia dour dikTUou peETadoaong.

Access Point

.. Wired LAN

Eikéva6 : Extended Service SetacUpuaroudiktiou [10]

Me auth) Tnv TOTTOAOyiO  OUCIOOTIKG peEyOAWveEl Kal n euREAEIa TNG acUpPaTNng
KaAuywng. Otav éva pévo AP dev ptropei va KaAUwel pia oAOKANpn Trepiox 1 PTTOPEi va Tnv
KOAUWEel aAAG 01 ETTAPKWG, TOTE eykaBioToupe évav apiBud amd AP oe didgopa onueia, yia
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VO UTTOPECOUNE VA KAAUWOUE IKAVOTTOINTIKG OAOUG TOUG XWPOUG KAl OTr CUVEXEID CUVOEOUE
kal Ta AP peTagu Toug.

>€ auTh TNV KUWeAoEIdr dopr Tou OIKTUOU, 0 KABe acUpuaTog oTabuog PTTopEi va
METOKIVEITAI OTTO TN Mia KUWPEAN OTNV AAAN, Xwpic OUwG va xavel Tn ouvdeon Tou Kal e auTd
TOV TPOTTO ETTITUYXAVETAI N TTEPIAYWYH.

2UVOTITIKA UTTOPOUUE va TTOUNE 6T N d1agopd Twv dU0 TOTTOAOYIWYV gival 6Tl 0TV Hia
TTEPITITWON XPNOIKMOTTOIOUUE aoUPPATO onuEio (access point) evw oTnv dAAn X1 yia va
ouvdeBoupe pe To uTTOAOITTO dikTUO.[9][10]

1.3 TAEONEKTHMATA KAI MEIONEKTHMATA TQN AZYPMATQON
AIKTYQN

Ta BacikOTEPA TTAEOVEKTHHATA TWV ACUPHATWY SIKTUWV €ival TA TTAPAKATW :

1) H gukoAia xpRong: To TTpWTO oNUAVTIKO TTAEOVEKTNUA TWV acUpPaTwy SIKTUWY, €ival TO
YEYOVOG OTI €xouv Tn duvaTtdTNTA VA TTPOoo@Eépouv TTPOCRacn Pe ac@dAsia oTta dIapopa
oedopéva atmd OTToI0dNTTOTE ONWEIO, apkei 0 XPAOTNG va PBpiokeTal eVIOG TNG TTEPIOXAS TTOU
KOAUTTTEI TO v Adyw BikTUO. Zuepa, GAol ol popnToi UTTOAOYIOTEG KAl TTOAAG KIVNTA TNAéQva
gival eommAiopéva pe texvohoyia WiFi yia va utmropoulv va €xouv artreuBeiag ouvdeon Péow
acuppaTtwyv Hotspots oe éva acupuarto diktuo LAN oge dnudoioug XWPoug Kal XWPOoUG
QVAOVAG.

2) H @opnrotnTa: O1 epyalduevol O€ Jia ETMIXEIPNCON PTTOPOUV VA TTAPAPEVOUV CUVOEDEUEVOI
oT0 OikTUO, aKOua Kal OTav dev BpiokovTal 0TO TTEPIBAAOV TOU ypaPEiou TOUG f TNG EUPEAEIOG
Tou OIKTUOU, HECW TOU OPNTOU UTTOAOYIOTA TOUG ] TOU KIVATOU TOUG TNAEQUIVOU O€ GUVONKEG
TIPAYMATIKOU XPOVOU. AUTOI TTOU GUHMETEXOUV O€ CUOKEWEIG UTTOPOUV va £xouv TTpdofacn o€

O1dpopa £yypaga Kal EQAPHUOYEG.

3)H MapaywyikétnTa: H mpdoBacn oTig TTANpo@opieg Kal OTIC BACIKEG EQAPUOYEG MIOG
ETTIXEIPNONG auAvel KATA CUVETTEIQ KAl TNV TTAPAYWYIKOTNTA Twv epyalouévwy 6oov agopd
TN SIEKTTEPAIWAN TWV EPYACIWY YIaTi, aTTOBAAAEI TN YPAPIKr OOUAEId, PEIWVEI TA EVOEXOUEVQ
AGBN kai Tig datrdveg, evBappUVEl TN GuvEPYOTia Kal KOTA CUVETTEIQ BEATIWVEI Kal auEdvel TNV
ammodoTikéTNTa. OI EMOKETTEG MIAG £TTIXEIPNONG (OTTWG TTEAATEG, OUVEPYATEG 1 TIPOUNBEUTEG)
MTTOPOUV va €xouv aueon TTpdofacn uwnAnig ac@aAsiag ato Internet kal oTta emxeIPNUATIKG
oedopéva Toug.

4)H EUkoAn puBuion: E€icou anuavtikd TTAOoVEKTNUA OTTOTEAEI TO YeyovOg OTI Ta aCUpPUATA
OikTUQ ETITPETTOUV TN XPAON Tou JIKTUOU O€ €18IKOUG XWPOUG, OTOUG OTTOIOUG OEV ETTITRETTETAI
n eykardoraon kKoAwdiwv.E@doov Aoirév dev atraiteital n ToTToB£TNOoN KaAwdiwv o€ éva
XWPO, N EYKATAOTOON £VOG TETOIOU OIKTUOU UTTOpPED Yivel IDIQITEPA yPriyopa Kal OIKOVOUIKA. Ta
acUppaTta diktua LAN dieukoAUvouv €TTioNnNG Tn OUVOECIYOTNTA TOU OIKTUOU O€ UCTTPOCITOUG
XWPOUG, OTTWG ol aTToBAKEG i Ol EYKATOOTACEIG MIAG €PYOOTACIAKNAG TTOPAYWYAS Kal
OUVOEDEIG KTIPIWV XWPIG TO KOOTOG TWV KAAWIwV.

5)H Auvartétnra emékraong: Ta acUpuara dikTua PTTopouv KATd Kavova va eTTekTaboulv o€
évav._ uttapyovTa €EOTTAIONO, evwd éva evoUpPUaTO OIKTUO €VOEXETOI VO QTTOITEI ETTITTAEOV
KaAwdiwon. H petakivhon ypa@eiwv kal n TpooBnkn véwv gpyalouévwy, n €icodog vEwv
XPNOTWV aAAG Kal KOPPBwWV, gival EUKOAN uttéBeon Xwpig TNV avaoTATwaon Kal To KOOTOG TToU
ATTQITEITAI VIO TNV TOTTOBETNON KAAWDSIWV.

6) H Ao@dAaia: O1 gCeMiypéveg duvatdrnteg Tng TexvoAoyiag WiFi trpoo@épouv 1oxupn
TTpooTacia, woTe Ta dedopyéva va ival eUKOAa TTPOORACIPa JOVOo aTrd TOUG XPHOTEG OTOUG
OTT0ioUG ETMITPETTETAI N TTPOCBaon.

7)To k60TOG: Mia aTTd TIG TNO ONMPAVTIKEG TTAPAUETPOUG Eival TO KOOTOG. AVOQOPIKG HE TN
XPron TOUG, TO KOOTOG TWV OCUPHATWY BIKTUWV UTTOPOUNE VO TTOUNE OTI CUYKATAAEYETAI OTO
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TTAEOVEKTAPATA TOUG, KABWG €ival OnUAavTIKA PIKPOTEPO OTTO £va AvTIOTOIXO EVOUPUOTO JikTUO.
BéBaia autd dev 1oxUel yia TO KOOTOG TWwV UAIKWV KAl TNG €ykatdoTaong aAAG o€ KaBe
TEPITITWON  PTTOopEl va  atrodeixBei PAKPOTTPOBECHO  OIKOVOMIKOTEPN N AEIToupyia €vog
acuUpparou dikTuou LAN, To o1T0io €€aAEi@el 1 pelwvel TTapa TTOAU To KOOTOG KOAWSIwoNG .

8) H diaxeipion kai n avixveuon BAaBwyv : Ze éva acUpuato dIKTUO TTOU BEV UTTAPXOUV T
KaAWwdIA, Ta OTToia PTTOPOUV va KOTTOUV i va BPaxUKUKAWOOUV gival TTOAU IO €UKOAOG O
EVTOTTIONOG TV BAABWY KAl ATTOKATACTACNG AUTWV.

9) H Ttaxutnta : Ta aocUppata dikTua Yapaktnpifovtal atrd 181aiTepa UWPNAEG TaXUTNTEG
METAdOONG, 01 OTToIEG BEATILOVOVTAI OKOPA TTEPICOATEPO ME TNV AVATITUEN TNG TEXVOAOYIAG.

10) H mrapoxn VvEwv UTTHPECIWV KAl TTEPIAYWYRG. XPNOIJOTTOIWVTAG KATTOI0G aoUpPUATO
OIKTUO UTTOPEI Va £XEI TTOPOXH UTTNPECIWY OTTOUDITTOTE KAI OTTOIAONTTOTE OTIYUA,TT.X. O€ TPéva,
oe agpoTAdva, ot Aso@uwpeia,k.A.1. ETriong ta acUpparta SiKTud TTPOCQEPOUV KAl VEEG
£EUTTVEG UTTNPETiEG OTTWG Ta SMS kal Ta MMS.[52]

MapbéAo TTou uTTApXouv TTOAAG TTAEOVEKTAUATA PE TO ACUPPATO BiKTUO UTTAPXOUV Kal
MEPIKA peIOVEKTAPOTA. AUTA diaipoUvTal O€ TTEVTE KOATNyopieg: Tnv TaxuTnTd, TO KOOTOG, TO
€Upog uvng, TO pubuo duadikou yneiou Kai v acQaAgia.

Avagopikd pe Tnv Taxutnra, aifel va onueiwBei om oe éva  acupparo SikTuo
eCaprdral amd 10 TTPWTOKOAAO TToU €xel €TTIAEyEl AN ouviBwg gival o aoTabng atrd o
OTa CUMPBATIKG evoUppaTa SiKTua Kal eTTNPeAdeTal atrd dIAQopEeS TTAPEUPOAES Kal e€aoBevioelg
TTOU €XO0UV va KAVOUV JE TNV acUppaTn YETAdoon.

2XETIKA ME TO KOOTOG. TO KOOTOG €yKATAOTAONG €ival 0OPWS PEYOAUTEPO, TTAPOTI
MoKpOTTPOBeoua uTTopEl va €TTéABEl ammooPeon, ammd Tnv eykatdoTacn &vog evoupuaTou
OIKTUOU.

To EUpog Zwvng. ‘Eva acUppato SikTuO €xel XaunAdTEPO €Upog {wvng atrd €va
evoupuaTo SiKTuo.

O pubpog o@dAparog Suadikou wneiou. [Mapdt o pubudg petddoong oTa
acUppata diktua eival KAtd TTOAU PEYOAUTEPOG aATTO TA AVTIOTOIXA €VOUPMATA, £XOUME
OUOTUXWG KOl PEYOAUTEPO puUBPO C@AAPaTOG duadIKOU Wn@iou, YiaTi €XOUPE MEYAAEG
TTapePBOAES Kal BopUBoug atrd 1o TTepIBAAAoV.

Kal To onuavtikotepo eival BERaia n ac@dAeia. Ta acUpuata dikTua givalr apKeTd
eUGAWTa o€ €MOETeIg Kal TTapEUBOAES. Edv €vag 10xupdg avapeTaddTng, TTou AEITOUpYEi aTnv
idla padioouyvoéTnTa pe €va acUpuaTto OikTuo, BpiokeTal KOVTA OTO OiKTUO TOTE TO OIKTUO
JTTOPE VO KaTaoTel axpnoTo. To BACIKOTEPO WEIOVEKTNUA TOUG €ival OTI av Ta dedouéva TTou
peTagépovTal Oev gival KATAANAG KpUuTIToypa@nuéva UTTOPEI KATTOI0G va TTAPENBEl Kal va Ta
uttokAéwel. ‘Etaol mpétel va AauBdvovtal Ta atrapaitnta PETPA, WOTE VA ATTo@eUyovTal Ol
KAKOPBOUAEG TTPAgelS. To TpwTOkoANO WPA £xel Jeioel onuavTiKa autoUg Toug KIvOUvouG.

>¢ KGBe TrepiMTWON, gival yeyovog TTwG TOUAGXIOTOV TOV TTPWTO KaIpod, Ta acUpuaTa
OikTua TTOU OXEDIAOTNKAOV KOl KATOOKEUAoTNKav Ogv gixav PEYAAn cupBardtnra YeTagu TOug.
EmmAéov, Oev ATav 1IB1aiTepa eEAiCINa i} ETTEKTACINA, PE OTTOTEAEOUO TENIKA va pnv gival Kal
TO00 €UXPNOTA.

Me 10 Tépaopa OpwGg Twv XPOvwv n TEXVOAoyia avaTTTuxBnke kal autd eixe oav
QTTOTEAEOPA VA YiVOUV KATTOIEG OUVTOVIOUEVEG TIPOOTIABEIEG, TTOU €ixav OTOXO TNV CWOTH Kal
oAoKAnpwpévn avdamTuén Twv aocUppaTwy OIKTUWY, Kal TNG TTAAPOUG €KPETAAAEUONG Twv
TTOAWV TTAEOVEKTNUATWY TOUG.

Baoikr TTapAueETPOG yia TO onUavTIKG autd BAUA ATAV KOl N XPron CUYKEKPIUEVWV
TpoTUTIWY, Ta oTroia BeoTriovial Katd kaipoug amd Tnv IEEE (Institute of Electrical and
Electronics Engineers — IEEE) kai cuvéBaAav aTo va uTtdpyel TTARPN cupBatotnTa aAAd Kai
ETTEKTACINOTATA 0€ OAQ T aoUpuATa diKTUA.
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2€ auTé 1o TTAdiolo, £xouv TTPOTaBEl Kal axediaoTei TTépa TTOAAG TTpoTUTTA. 'Eva €K Twv
ONUAVTIKOTEPWVY QUTWV TTPOTUTTWY €ival Kal autd TTou eEeTACeTal OTNV TTapoloa epyaadia, To
Wi-MAX, kal Ba TTapouciacTei avaAUTIKOTEPO OTN CUVEXEID.

1.4 XPHZEIZ TQON AZYPMATQON AIKTYQN

Ta aoUppaTa dikTua €TTEIdN OKPIBWG £XOUV TTOAAG TTAEOVEKTAUATA €XOUV Kal TTOAAEG
xpnoeig. O1 BacikOTEPEG €ival :

1. Aivouv Tn duvatdéTtnTa yia Tnv avtaAAayr GUECWY PNVUPATWV.

2. Emmpémouv Tnv TpoéoPacn coee-mail,oe websites kal oe dIdQOPEG KOIVOXPNOTES
EQPAPUOYEG ME TN BorBeia KAaTAANAWY TTPOYPAUMATWY.

3. YmooTnpifouv £QapuoyEG TTou eV aTTaITOUV EYAAO eUpog Cwvng.

4. e OIAQOPEG ETTIXEIPAOEIG 1 Opyaviououg divouv peydAeg duvatdTnTeG, a@oU
OUCIOOTIKA aTTOTEAOUV ETTEKTACN TOU UTTAPYXOVTOG £VOUPPATOU BIKTUOU. MEPIKEG aTTO
QUTEG €ival @ n PEiwon Twy TRAETTIKOIVWVIOKWY €§00WV a@ou pia ouvdeon OTO
d1adikTUO PoIpdleTal 0€ OAQ TO UTTOKATACTAUOTA, N QWVNTIKN ETTIKOIVWViA JETAEU TwV
UTTOKATOOTNMATWY  XWPIG KOOTOG,N  €TTIOKOTINON TWV EEWTEPIKWY  XWPWV  HE
acUpPOTEG KAPEPEG, K.A.TT.

2. H EYPYZONIKOTHTA

ETreid n emmoxn mou {oUuuEe XOPOKTNPIZETal Kal €TTOXN TNG WNQIOKAS £TTAVACTAONG
atd Tn payodaia eEENIEN TNG TEXvOAoyiag Kal Tou AladikTUou, eEaITiag TNG eVEPYAS CTUUMETOXNG
Mog Tma o€ autd To dlapKwWG ueTaBaAAopevo TrepIBdAov, n évvoia «Broadband» tTou €xel
ETTIKPATAOEI av& Tov KOOHO Kal TToU N €AANVIKA TNG YETAPPAaCN gival «EUPUCWVIKOTNTA», £XEI
gemmepaael ma Ta Opia TNG TEXVOAOYiag Kal ayyidel 6Aoug Toug Toueig TNG (wng pag. Téoo ol
€UPUCWVIKEG UTTNPECIEG TTOU HAG TTaPEXOVTal, 000 Kal Ol €UPUCWVIKEG UTTOOOMEG  TTOU
UTTAPXOUV, ATTOTEAOUV TTIQ OVATTOCTTIOCGTO KOWUATI TG KABNUEPIVOTNTAG WaG, TToU £TTIOPA OTNV
KOIVWVIKH, OIKOVOMIKH Kal TTONITIKN TITUX TG (WAG Pag. ZTNV TTPAYMATIKOTNTA aTToTEAE! éva
OuvOUAGCHO UTTOOOMNG O€ BIKTUA ETTIKOIVWVIWVY TTOU ATTOCKOTTOUV OTn Ypriyopn METAd00N Twv
O0edONEVWV PE XAWNAG KOOTOG KOl WN@IAKWY UTINPEECIWY TTOU TTPOCQPEPOUV NAEKTPOVIKEG
ouvoAAayEG peE AnNUOOIEG UTTNPETIEG, NAEKTPOVIKEG OIKOVOUIKEG GUVOAAQYEG, NAEKTPOVIKEG
uUTTNEECieG uyeiag, MEBOdOUC TnAe- eKTTaIdEUONG Kal TnAe- €pyaciag, evnuépwaon Kal
yuxaywyia.

H avdamtuén Twv eupulwviKwy UuTTNpeaIwy oTnv TTaideia, TNV uyeia Kai Tn dnuoacia
dloiknon BeATiovouv TNV TToIOTNTA TNG (WG MaAg, evw TTapdAAnAa divel duvaTdTnTeEG OTIG
TOTTIKEG KOIVWViEG va eEeAixOBouv kal oTov IBIWTIKO TOoPEéa va OIEUpUVEl TNV OIKOVOMIa O€
OuvOUQOHO QUOIKA ME TN MEIWON Tou KOOTOUG Kal Tnv augénon Tng ToIdéTNTAG  Kal Tng
TTAPAYWYIKOTNTOG.

Ev kartakAeidl n eupulwvikotnTa Oev €ival POVO €va OGUVOAO TEXVOAOYILV OAAG
aTToTeAEl dIKaiwpa Kal KOIVwvIKG ayabo yia 6Aoug pag.

2.1 TA NAEONEKTHMATA THZ EYPYZQONIKOTHTAZ

Ta mAeovekTApATa TNG €UPUCWVIKOTNTOG gival TTapa TTOAAG. EvdelkTikd ptropoupe va
avaeepBouue o€ HEPIKA aTTd QUTA:

o H AnpioupyikétnTa kai n guehi§ia Tng gpyaciag. H xprion NG gupulwvikOTNTaG
OTOV TOUEQ TWV ETTIXEIPACEWV TIG KAVEI TTIO AVTAYWVIOTIKEG, ATTOTEAEOUATIKOTEPEG KOl
BonBad oTtnv emékTaorn Toug. To TIPOCWTIIKO TNG ETTIXEIPNONG OTAVETTIKOIVWVEI
TEPIOOOTEPO PEOW e-mail, peiwveTal To KOOTOG TAXUOPOUIKWY KOl TNAEPWVIKWV
TEAWv. AiveTaieTriong n duvardtnTa yia PEYOAUTEPN ouvepyaoia Kal TNAEdIAoKEWN,
YEYOVOG TTOU PTTOPEI VOCUMPBAAElI OTNV HEIWON TOu KOOTOUG TNG METAPOPAG KOl TNG
METOKIVNONG.

AXYPMATA AIKTYA Wi-MAX 17



«METAMTYXIAKH AIATPIBH» MAMAAOTIOYAQY OAYMIIA

o H BeAtiwon Tou EkmaideuTtikoU ZuoTtAparog.O1  kaBnyntég Kai of OGOKOAOI
MTTOPOUV HECW TWV EUPUCWVIKWY OIKTUWV va BEATIWOOUV TNV €EKTTAIdEUCN TwV
HadNnTWV.

e H mpoogpopd TnGg EupulwvikoTnTag oTtov Topéa Tng Yyeiag.H eupulwvikétnta
BonBa oTnv avamTuén TnG £peuvag o€ €va €upl @Acpa emoTnuwy. O1 yIaTpoi TTou
OOUAEUOUV O€ ATTOUOKPUCUEVEG TTEPIOXEG WTTOPOUV va TTaipvouv pia SeUTEPN YVWHN
atré Karaglwpévoug yiaTpoug ava Tov KOopo. Ektég amrd tnv mpdéofaon o€ 10TPIKEG
KOl (POPUOKEUTIKEG TTANPOPOPIEG,TOUEIG OTTWG N POMTIOTIKA XEIPOUPYIKA Kol N
d1dyvwon atré amdéoTacn AUVOUV TTPAYUATIKA TA XEPIA TWV YIOTPWY Kol BEATILOVOUV
KATA TTOAU TIG CWEG Twv AoBevwv.

o H eAeuBepia, o1 véeg eukaipieg Kal ol EATTISEG yia éva KaAUTepo aupio.To Internet
TIPOCPEPEl VEEG EUKAIPIEG Kal VEEG dUvVATOTNTEG O€ AUTOUG TTOU QVTIMETWTTICOUV
TTapadooiakous  Teplopiopols. Ocov  agopd T ATOopa TRG TPITNG nAIKIOG, N
EUPUCWVIKOTNTA PTTOPEI va SIEUKOAUVEI TNV ETTIKOIVWVIA TOUG PE TNV OIKOYEVEIA KOl
TOUG @QIAOUG TOUG KOl OGOV aPopd Ta ATopa GAAWV NAIKIWV pTTopEl  va diguplvel TN
duvardTnNTd Toug yia did Biou pdBnon. EmtrAéov ptmopei va BeATILWOEN TNV TTAPOXH
UTTNPECIWV UYEiag, va oTnpigel Tn povaxikr diafiwon Kal va dnPIoupynRoel VEES
TIPOOTITIKEG YIa BIOOKEDACN Kal ETTIKOIVWVia. [11]

2.2AZYPMATEZ EYPYZONIKEZ TEXNOAOrIEZ

Ymrapxouv duo €idn eUpUlWVIKWY TEXVOAOYIWY Ol EVOUPUATES KAl OI ACUPUATEG TTOU
KAl aUTEG e TN oelpd Toug xwpilovTal o€ eTIUEPOUG. ‘[ETa1 £XoupE :

Tig evaoupuareg Texvohoyieg TTou TrepIAauBdavouy Ta SIKTUO TWV OTITIKWY IVWV Kal TIG
Texvohoyieg XxDSL ( DigitalSubscriberLine )kai TiIg acUpuaTeg mTou TrepIAappavouv 1o WiFI, 10
WIMAX, To 3G/UMTS kai Tig Aopugopikég TexvoAloyieg ( HellasSat ).

Eueig 6a aoxoAnBoulue otnv epyacia pe TiG TExvoAloyieg Wi-Fi kat Wi-MAX.

Eikéva 7 :H tomoAoyia evog aoUppaTou eu{wvikou SikTuou[12]

2.3HIEEE(Institute of Electrical and Electronics Engineers)

MaAaidtepa dev uTTipYXOV TTPWTOKOAAO ETTIKOIVWVIAG YIO Ta aogUppaTa diKTUa yIaTi n
ayopd ATav PIKPH Kal Kuplapxouoav w¢ £TTi TO TTAEIOTOV TEXVOAOYIEG TTOU TTapEiXav SIAPOPES
MIKpEG eTaipeieg. Opwg €mmeIdr) utmApEe peyaAn avamTuén Twv aoUPUATWY TEXVOAOYIWV,
ETTPeTTe va dnuioupynBoulv Kal TTPWTOKOAAG ETTIKOIVWVIAG TTou Ba eTTETPETTAV G€ dIAPOPOUG
TTAPOXOUG TNAETTIKOIVWVIOKWY UTTNPEECIWY, VA UTTOPOUV va  eTTIAEyouv avApeca o€ éva
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TTANBOG €COTTAICUWV TTOU TTapEixav OIOQOPETIKEG €TAIPEIEG KAl TTPOUNBeUTEG. H augnon Twv
ayopwVv AOITTOV aTTaIToUoE, EKTOG ATTO Ta TTPWTOKOAAG Kail Tnv UTTapEn evOog apKETA PeyAAou
€UpouUg CwvnGg OUXVOTATWY. AUTO eixe oav cguvéTela BERaia TN Peiwon Tou KOOTOUG, TNV
avATITUgN TNG AVTAYWVICTIKOTNTOG KOl TNG ETTIXEIPNMATIKOTNTAG Kal ETITTAEOV £€a0@ANICE Kal TN
ouvuTrapgn, Tn ouvepyaaia Kabwg Kal T cuppaTéTNTa TWV JICPOPETIKWY EEOTTAICUWY OTTO
OIAPOPETIKEG eTAIPEIEG METAEU TWV BIKTUWV.

‘ETo1 dnuioupyrBnkav S1Gpopol opyaviooi, TTou avETTTUCOAV KaTd Kalipoug dideopa
TIPWTOKOAAQ Kal TTOU OTOXOG TOUG OUCIAOTIKA ATAV N WEEAEIA TOU €UPUTEPOU KOIVWVIKOU
ouvoAou. ‘EvagrétologAoitrév
Opyavioudgeivaikainl EEE(InstituteofElectricalandElectronicsEngineers).  Eivau MO un
KEPOOOKOTTIKI) £TTAYYEAUATIKI) opydvwon, éva lvoTiTouTo, TTou 10pUbnke 10 1884 oTig HIMA
atmd pia opdda PNXavikwy Kal TToU 0 OKOTTOG TnG ATav va eEao@alioel, OTI ol dIAPOopPES
NAEKTPOVIKEG OUOKEUEG TTOU KATOOKEUAZovTal atrd OIAQOPETIKEG eTAIPEiEG Ba PTTOPOUV VA
ETTIKOIVWVOUV  TO iB10 KaAG o€ 6Aa Ta cuoTAuara. H IEEE avémTuge tnv oikoyéveia Twv 802
TPOTUTIWV TTOU Io0XUOUV TOOO OTa evoupuatra 600 KAl OTa acUpuara  SikTud Twv
UTTOAOYIOTWV. Ta TTPWTOKOANA aQuTd OXEeTiICOVTal PE TO QUOIKO OTPWHA Kal TO OTPWUA
dlacuvdeong dedopévwy. Mepikd atmd Ta Mo dnuo@IAr TTpwTdkoAAa Tng IEEE 802 civar 1o
802.3 Ethernet, To 802.5 TokenRing, To 802.11 WiFikai To 802.16 WIMAX.

To om gp@avifeTal éva TTPWTOKOAO aTnv ayopd &ev onuaivel atrapaitnta o1 gival
oedopévn Kkai n emTuxia Tou. Auto e€aptatal ammd mApa TTOAAOUG TTapdyovTeg,  TToU
oxeTiCovTal pe TNV QVATITUEN TNG TEXVOAOYIAG, TO TTANBOG TwV ETAIPEIWV KAl TO UPIOTAUEVO
TTONITIKO KABEOTWG.

Ta TTpoTUTTA TTOU €X0UV KATA KAIPOUG BeoTTIOTEl ETTITEAOUV DIAPOPETIKOUG OKOTTOUG
Kl aTTOOKOTTOUV O€ SIAPOPETIKOUG TPOTTOUG ETTIKOIVWVIOG. ETTopévwg ptropoUpe va TToupe OTi
ouo1aoTIKd aAAnAocupTTAnpwvovTal Kol 8V AEIToupyouv Katd avAykn avTaywvIoTIKG.

Eueic Ba aoxoAnBouue otnv epyacia pe 1o mpotutma 802.11 Wik kar 1O
802.16WIMAX. Oa avagepBolpe avaoAuTika oTa dIdeopa XAPAKTNPIOTIKA TOU TTPOTUTTOU
WIMAX, tnv €EENIEN Tou, TIC duvaTOTNTEG TOU KOl Tn OX£GN TOU ME Ta AAAG TTPOTUTTA KAl
OUYKEKPIYéVa e To Wi-Fi.

2.4 TAAZYPMATATONIKAAIKTYA WLAN ( Wireless Local Area
Networks )

‘Eva acUppato Tomko diktTuo WLAN emTpéTrel TRV avTaAAay Twy SEQOUEVWV XWPIG
TNV 0Tmapgn KaAwdiwv PETAEU UTTOAOYIOTWY, TNAEQUWVWY, EKTUTTWTWV Kal d1apopwyv GAAwWV
TTEPIPEPEIOKWY CUTKEUWV. [epiAaupdver didpopa TTPOTUTIA, TA OTTOIA OPWG Kal dlaBETouV
OIAPOPETIKEG PEBOOOUG KpuTITOYPAPNONG, OIaQOPETIK €UPBEAEIO Kal uTTooTnpifouv  Kal
OIaPOPETIKEG TaXUTNTEG peTGdoong. XpnoIPoTToioUvTal yia va TTapEXOUV acUpuaTtn oUvOeon
oT1o AladikTuo o€ dIAPopousg XWpoug ( T1.X. agpodpoduia, Eevodoxeia, voookopeia, K.A.T. ).H
eMBEAEIG TOug eCapTdTal ammd TTapa TTOAAOUG TTAPAYOVTEG, JE ONUAVTIKOTEPO TO TTEPIBAAAOV.
2€ avoIXToUg XWPOUG €XOUV PEYAAUTEPEG BUVATOTNTEG OTTO OTI O E0WTEPIKOUG XWPOUG TTOU
TTapePBAAAovTal Toixol kai GAAa euttddia. Oagov agopd Tnv TpdcPaocn oe éva WLAN, 6a
TPETTEl va AappdavovTtal TTOAU KOAd PETpa TTPOOTACiag, WOTE va PTTOPOUV va OTTOKAgiovTal
KABe @opd, ol avemBuunTol XproTeg. 21N Meppavia, yia TTapddeiyua, €ival UTTOXPEWTIKO atrod
T0 Mdio Tou 2010 va TrpooTarcUovTal OAa Ta 10IWTIKA Oiktua WLAN pe ac@aAn kwdikéd
mpooTaciag. Ooov agopd Tnv KPUTIToypdapnon Twv dedopévwy, uttdpyouv diagopol PEBodOI
KpuTrtoypaenong kai n WEP eival kai n 1o a1TAr] aAAd Tautdxpova Kai n AilyoTepo ao@aAng
a1t 6Aeg. Or WPA kait WPA2 givar katd TToAU aoc@aiéoTepeg. H puBuion Twpa TnG ao@aAciag
Oev efuttnpetei povo Tnv TTpooBacn oTo OikTuo, aAAd Kal TauTdxpova SlacPaAilel kal Tnv
KPUTTTOYPA®non Twv OeOONEVWY TTOU PETaPEPOVTAl HECW Tou BIKTUoU.Ta diktua WLAN TTOU
epapuolouv 1o TpoTuTto 802.11 xpnoipotrololv Kai Tnv TexvoAoyia MIMO (atmoé tnv ayyAikn
@paon «Multiple Input Multiple Output» TToUu onuaivel MoAAaTTAr Eicodog-MoAAatTAr 'E¢0d0g).
AuTHh N TexvoAoyia padIoETTIKOIVWVIOG, XPNOIPOTTOIEI OUCIACTIKG Ta €idWAQ Twv avemBUunTwWY
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eUTTOdIWV, OTTWG €ival oI ToiXol Kal Ta TMTIAQ, YO VO PTTOPETEl va BEATIOTOTTOINCEN KOl TNV
Tax0tnTa NG peradoong. O1 cuokeuég MIMO O1aBéTouv dUO TOUAAXIOTOV KEPQIEG, OI OTTOIEG
EKTTEUTTOUV O€ OIOQPOPETIKEG KATEUBUVOEIG. O BEKTNG EAVOEVWIVEI T OMATA TTOU EKTTEUTTOVTAI
o€ JIOPOPETIKEG KaTeuBUvoelg. 'ETol atmogelyovTal e PJeyAAo BaBuod ol «veKPEG CUOIVEG» Kal
au&dveral Tautdxpova Kal n TaxutnTa TngG OIEKTTEPAiWONG OedoNEVWY. ZUYyXPOvwSs BéRaia
BeAniwvetal kai n euPéAeia agou ol kepaieg WLAN TToU eapudlouv 1o TTpdTUTTO 802.11
O1aBéTouv euBéleia péxpl 20 péTpa oe KAEIoTO Xwpo kal To TTpoTutro 802.11n o ouvduaoud
Me Tnv TexvoAoyia MIMO TTpoo@épel o€ 10avIKEG OUVONKEG PPBEAEIa TTOU QTAvVEl PEXPI Kal Ta 70
METPQ.

2UvoAIKd, avdapeoa ota TTAcovekTAuata Tng WLAN TtexvoAloyiag gexwpiloupe Tnv
€UKOAiO TNG uAoTroinong Kai To pIKpd KOOTOG Kal yia Tov oTaBud Bdong Kabwg Kai yia Tov
xpnotn. ETmiong, mpoo@épel ac@dleia 6cov agopd Tnv TPOcBacn Kol Tn HETAdoOoN
(TautoTTOinONn XPHOTN, KPUTITOypa@nuévn HETAdoon) OAA& Kal UTTNPECIEG TTEPIaYWYNS
(roaming), 61TOoU €évag ouvdpPOoUNTAG eVOG TOTTIKOU OIKTUOU WTTOPEI va ouvdebei ae éva GAAO
WLAN (11.%. n repiTrrwon Twv W-LAN 10U £X0UV UAOTTOINBEI O¢ agpodpouia).

TirvBoim 3 etinacrorkisy BT i el Wi
S
5 ) RATEVEYNTIRH HEPAIA.  KATEYSYNTIRH KEFAIA
4 : ) -
- : @ ..... une @
- _."|.|m(
T unk <
LK
K gy

Eikéva 8 : Auo Aiktua LAN ouvdedepéva petagu Toug [13]

2.5TO NPOTYNO 802.11

To o diadedopévo TpdTuTIo gival To 802.11 Kai €xel oxediaaTei yia TRV UAOTTOINGN
MeEYAAWV acUpHaTWV TOTTIKWY OIKTUWY. O TTpWwTAPXIKOG TOU OTOXOG ATAV N avuTrapéia Twv
KaAwdiwv.OAa Ta TpdTUTTO TTOU TTEPIAAMBAVEI XpnaoihoTTololy To TTPwTOKOAAO Ethernet kai
N MEOODO TTOAAQTTANG TTPOCRACNG PE QVIXVEUDN QEPOVTOC KOl ATTOQUYI OUYKPOUCEWYV, TO
CSMAJ/A( CarrierSenseMultipleAccesswithcollisionavoidance). Auté onuaivel, 611 KGBe @opd
TToU €évag KOUPBOG B€Ael va peTadwael, EeKIVAEl TTAVTA PE TNV avixveuon Tou kavaAiou. OTav
IaTIOTWOoEl OTI UTTAPXEl METAO0ON OTO KavAAl, TOTE avaBdaAAel Tn OIKf Tou PETAdoon Kal
ouvexilel TNV avixveuan Tou. ZTn ouvéxela €av dlatmoTwaoel 0TI To KavAaAl gival eAelBepo TOTE
apyiCel Tn METAdOON TOU. Ze VEOTEPEG TTPOdIAYPAPES XPNOIMOTTOIOUVTAl KAl GAAEC UOPYEG
wnoiakng diaudpewaong ommwg n CCK ( complementarycodekeying ), TTou Trapéxel Kai
peyaAUTeEpOUG pubuoUG peTddoong SeSOUEVWIV.

AnpooielBbnke 1o 1997, Kal ATTOTEAEI OUCIOOTIKA TO TTPWTO TTPOTUTTO ACUPUATWY
TOmKWY  OIKTUWV WLAN.To TrpéTUTTO QUTO  TTIEPIYPA®El, TOOO TIG TEXVOAOyieg TTOU
XPNOIYoTToIoUVTal OTO acUpMATa TOTKA OiKTua 000 Kal TNV TOTIKA OIKTUWwan, OTToU Ol
OUVOEDEPEVEG OUOKEUEG ETTIKOIVWVOUV PEOW TOU a€pa UE GAAEG OUOKEUEG TTOU PpiockovTal
KOVTA N Jia oTnv GAAN.Z’ autd Treplypd@ovTal Ta duo TTpwTa eTTiTreda Tou PoviéAou OSI,
onAadn 1o puaoiko emiredo ( PHY, PhysicalLayer ) kai 1o emmiTredo oUvdeong dedopEVWV (
MAC, MediumAccess ). 2T0 QUOIKO ETTITTED0 £XOUME TPia DIOPOPETIKA OTPWHATA, €K TWV
OTTOiwWV TA BUO XPENOIYOTTOIOUV Cav PECO HETAdOONG TIG PAdIOCUXVOTNTEG KAl TO TPITO
xpnoigotroiei umépuBpn akTivoBoAia. Zto utméoTpwua Tou MAC €xoupe duo TPOTTOUG
Aeiroupyiag, pia karaveunuévn ( distributed ) kai pia ouvtoviopévn ( coordinated ). Autd
oupBaivel, yia va ptropei va uttdpyel cupBatétnTa pe Ta GAAa acUpuarta dikTua TTou
XPNOIMOTTOIOUV TIG TTIO TTAVW TEXVIKEG. Z€ AUTO TO TTPOTUTTO £XOUME puBuoUg peTddoong 1 éwg
2 Mbpsoe Cwveg ouxvotATwy 915 MHz, 2.4GHz kai 5.2GHz pe Tn xpAon diaudpewaong
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FHSS(Frequencyspreadspectrum) i puBuoug peradoong 1-2 Mbpsue Tn xpron dlapépewong
DSSS(DirectSequenceSpreadSpectrum).To mrpoTutro 802.11 utrooTnpilel TV TTpoTepaIdTNTA
oTnv Kivnon Kal TIG €QAPPOYEG O TTPAYMATIKG XPOVO evwy TTAPAAANAa diaxelpileTal PeyaAo
OYKO OedOUEVWV.

HTexvikn FHSS ( Frequency Hopping Spread Spectrum )

H Texvikl FHSS(Frequency Hopping Spread Spectrum)egdmAwong Tou AoPaToS P
N ouvexni allayr Tng ouxvotntag, PacifeTal oTn PETATTAdBNON TWV CUXVOTATWY OE TAKTA
XPOVIKA BIAoTAUATAKAI AuTO £XEI OAV ATTOTEAEOUA, O XPHOTEG TTOU BeV €¢ouaiodoTnuévol, va
unv gival og B€on va yvwpidouv TIG CUXVOTNTEG OTIG OTTOIEG Ba TTPETTEI VA GUVTOVIOTOUV Kal VO
ATTOKOTITOVTAI ATTO TNV ETTIKOIVWViA. Me Tn ouykekpipévn AOITTOV TEXVIKH, TO GAoua TTou gival
d1aBéoipo xwpiletal oe EexwploTd kavaAia, 79 Tov apiBuod, TTou oTa acUpuara dikTua gival
™G TAgewg Twv 2.4GHz. Otav {ekivd pia eTTIKOIVWYVIA, O TTOPTTIOC Kal 0 OEKTNG auvTovifovTal
METAEU Toug, hE évav aAyopiBuo TTou gival apuddIog yia Tn PETATTAONON TWV CUXVOTATWY Kal
€101 ouyypovifovtal 0Tn OwOoTA ouXvoTnNTa. TNV TEXVIKH QUTA TN XPNOIUOTTIOINCE yia TTPWTN
@opa O OTPATOG OTNV AMEPIKA, YIO va PTTOPECEl va TTPOOTOTEUCEl TIG PASIOPWVIKEG TOU
EKTTOUTTEG OTTO TIG UTTOKAOTTEG.[14]

Frequency Hopping Spread Spectrum (FHSS) R = G el |

Cronin ] oot |

Me v Texvi FHSS o e ouxvéTITa Yio TV aTreaToAR ket Afgn Sciopéviy.

Eikéova 9 : TexviknAapopewongFHSS (Frequency Hopping Spread Spectrum)
[14]

HTexviknDSSS ( DirectSequenceSpreadSpectrum )

H Ttexvikfh DSSS (DirectSequenceSpreadSpectrum)e€dmAwong Tou @ACUATOS ME
dueon akoAouBia, dnuioupynRBNKeE yia va UTTOPECEl va  €CUTTNPETACEI OUCIOOTIKA TV WN@IOKA
TexvoAoyia. Bagoiletal oTn PETATTAONON TOU GHPATOG OTTO TN WIa ouXVOTNTA GTNV GAAN, YE TN
dlapopd 6T poipdleTal ouyXPOvwS o OAo To d10BEaTINo PAcua. Me Tn CUYKEKPIPEVN TEXVIKN
TO Aoua xwpiletal o€ 14 kavaAia Tou emkaAUTITovTal oTa 22MHZ. Me auTrjv TNV TEXVIKA Ogv
XPEIAZETAI OCUYXPOVIOUOG TOU TTOUTTOU Kail Tou OEKTN. [14]

) rounely ooy “rounety
Me Ty Texvin DSSS o o 3éxmg pia TEpiox oUXVoTHTY yia TV amoaTokr Kal Adgn
BeSopévuv,
. SR

Eikéva 10 : TexvikfAaudppwong DSSS ( DirectSequenceSpreadSpectrum )
[15]

2UVOTITIKA UTTOPOUME va TTOUHE OTI Kal Ol UO TEXVIKEG €ival TTOAU avOEKTIKEG OTIG
TTapePBoAES. Opwg o€ Kapia TTepITTwon dev uTTopoUv va XpnoipoTroinfolv TauToxpova yiaTi
Ba dnuioupyroouv TTpofAfuara oTo &ikTuo.[14]
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2.6 Ol TPONONOIHZEIZ TOY 802.11

H Tpommomoinon IEEE 802.11a

AnuioupynBnke 1o 1999 kal ouciaoTIKG aTroTeAel eékTaon Tou 802.11. H emékTaon
QUTA €YIVE yIa va KOAUWEI HeyaAUTepoug puBuoug uetddoong. To 802.11a ekéuTrel oTn {wvn
ouxvotTATwy Twv 5GHz koI TTapéxel TaxutnTeg péExpl S54Mbps. Xpnolyotroiei opBoywvia
diaipeon ouxvotntag ( OFDM — OrthogonalFrequencyDivisionMultiplexing ),n oTroia oToxeUel
ouclaoTiKd, oTo va Olaipei évav puBud ouxvdeTnTag O WPIKPOTEPOUG PUBUOUg  yia Tnv
TauTOXpPOVvN atTooTOAr dedopévwy. 'ETol Ta apyd KavAaAia PETATPETTOVTAI OE £vVa YPYOPO Kal
€101 AUveTal TO TTIPOPANUA TNG OTTATAANG TOU €Upoug wvne. To 802.11adev eival cuppatd pe
TIG AOUPMPATEG KAPTEG DIKTUOU OI OTToiEG UTToaTNPiCouV TO TTPOTUTTIO 802.11b Kau TTITTAEOV O€
petadooeig Tou 10 802.11b ptropei va ta kata@épel, avtiBeta To 802.11a aduvarei Adyw 10 6T
Oev ptTopei va diatrepdoel oTABEPA AVTIKEIMEVA OTTWG TT.X. ToiXoug, K.A.TT. ETmiong dev eivai
oupBaté yiati o padioocuxvOTNTEG TTOU XPENOIKOTTOIOUV T dUO TTPOTUTTA €ival SIAPOPETIKEG.
ETIAEXONKe AOITTOV yia va PTTOPETEl va KAAUWE hia uwnAdTEPN {wvn CUXVOTHATWY, aQevOog yia
utTooTNPIXBoUV peyoAUTEPOl pubuoi PETAdOONG KAl AQPETEPOU VIO VA PNV UTTAPXOUV
TTAPEPUBOAEG ATTO TIG CUOKEUEG.

H rpomomoinon IEEE 802.11b

Avarmtixbnke 10 1999 Kkai exkmépTel oTn Cwvn ouxvotATwv Twv 2.4 GHzkal
utrooTnpidel pubuoug petddoong £wg kar 11 Mbps.Ze oxéon pe 1o 802.11 diagopoTrolgital
MOVO WG TTPOG Tov TPOTTO peTddoons. O1 dAAol TpOTTOI AsIToupyiag TTapapévouv ol idlol Kal i
auTé 1o Adyo gival cuuBaTég ol CUOKEUEG METAEU Toug. ETTouévwng av TTpoaTeBoUV Kalvoupyieg
OUOKEUEG UTTOPOUV va ouvepyacBolv pe TIG TTpONyoUNEVEG, TTOAVOV TTOAAIOTEPES XWPIG
TTPORANUA. ApxIKA oxedIAOTNKE YIa va XPNOIYOTToINOei 0€ €0WTEPIKOUG XWPOUG aAAd
ammodeixOnke Om ptropei va Asitoupynoel €€ioou KaAd kai o€ peyaAlTtepeg amooTdoeig. H
EUBEAEIG TOU PEIDVETAI OE PEYAAEG OTTOOTACEIG OTAV OEV UTTAPXEI OTTTIKA ETTAPNA Kal auTé yiaTi
TTapePBAalAovTal QVTIKEIPEVAQ. 2¢€ auTé TO TTPOTUTTO
kaBopifovrtaiduoTpdmroikwdikoTToinongnFHSS (Frequencyspreadspectrum)aTtnv oTToia £X0UE
TaXUTNTEG METAPOPAS €wg Kal 2mbitkatnDSSS (DirectSequenceSpreadSpectrum)oTnv oTroia
EXOUpE TaXUTNTEG PETOPOPAS Ewg Kal 11mbit. ToonuavTikETEPO XaPOKTNPIOTIKG TOU gival OTl,
xpnoiyotrolei Tnv  kwdikotroinon FHSS (Frequencyspreadspectrum)  yia  PeEyAAUTEPES
TaXUTNTEG METAPOPAG dedopévwv Pe TN Xpron diaudpewong CCK kal yia va UTTapxel Kal
oupBatétnTa pe 170 802.11. H amdéoTaon yetagl Twv cuokeuwv Kupaiveralr ammd 30 pétpa yia
EOWTEPIKO XWpPOo Kal £éwg 120 péTpa yia e€wTepikd Xwpo. O1 atmooTAoelg YTTopouv va gival
MEYOAUTEPES €AV TOTTOBETNOOUV Kal KEPAIEG 01 0TTOIEG Ba evioyxUouv TO Grjua.

H Tpomomoinon IEEE 802.11c

H Baoikdtepn Aeiroupyia Tou gival va diac@alilel TN owoTh AsiToupyia ye@pupwong
TWV TTAQICIWV Kal KaTé ouvETTEIa €101 Va e€ao@aAiel Kal TN owaoTr AsiToupyia Tou SIKTUOU [E
O14POPEG OCUOKEUEG AAAWVY KOTOOKEUAOTWV.

H Tpomomoinon IEEE 802.11d

Edw £xoupe €TEKTAON OTO TTPOTUTTO WOTE, VO UTTOPEI va AciToupyei o€ puBuIoTIKG
TACiola, OnAadr cUPeWva PE TIG OTTAITHOEIG KAl Ta VOIKA TTAaiola TTou 1oxUouv o€ dIAPOPES
XWPEEG yIa TN XPnoIPoTroinon Twv padlocuxvoTiTwy.Me autd Tov TPOTTO EMITUYXAVETAI N
AEITOUPYIKOTNTO O€ SIAPOPES YEWYPOAPIKEG TTEPIOKEG.

H tpommommoinon IEEE 802.11e

Etreidf oto apyikd poTutro 802.11 dev UTTHPXE KAAK TTOIOTNTA UTTNPECIAG WG TTPOG
TN GWVI KaI TNV UTTOOTAPIEN TWV TTOAUPECWY, OUCIOOTIKG KAAUWE QUTO TO PEIOVEKTNHA YIa TN
BeATiwon TG ewvAg kai Tou video.To TTPOTUTTO auTd BewpeiTal ueyaGAng onuaciag yia Tig
€QApUoyYEG TTOU eival euaioBnTeg oTnv KaBuoTépnaon, 6TTwg T1.X. €ival n Voice over Wireless IP
Kal N pOr TTOAUNECWV.
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H Tpommommoinon IEEE 802.11f

Ouo100TIKG JTTOPOUUE VO TTOUUE OTI AUVEl TO TTPORANUA OTNV ETTIKOIVWVIA JETAEU TWV
onueiwv TTPOoRaACNG, TTOU TTPOEPXOVTAl OTTO JIAPOPETIKOUG KATAOKEUAOTEG KOl ETTITUYXAVE
£T01 TN OWOTH AEITOUPYia TOU CUCTAPOTOG KAl UTTOOTNPICEl KAl AEITOUPYIEG TTEPIAYWYIG.

H rpomomoinon IEEE 802.11g

AuTo 1O TTpéTUTTO aTToTEAEl €TTéKTACN Tou 802.11b yia va utrooTnpidel HEYaAUTEPOUG
puBpolg péxpl  S54Mbpskal o€ PEYOAUTEPEG  ATTOOTACEIG,  XPNOIUOTTOIWVTAG TN
SlapopewaonOFDMTNG opBoywviag diaipeong cuyxvoéTtnTag. Eival To o diadedouévo TTpoTuUTIO
Quoikou emmédou. OualaoTikd TTPoKeITal yia éva ouvduaoud Tou 802.11a kal Tou 802.11b,
TTOU ETTITUYXAVEI UPNAOUG puBuoUg peTddoong Kal eTITTAéOV dlaTnpel Kal T cuupaTtotTnTa PE
TIG TTPONYOUHEVEG TPOTTOTTOINCEIS. ETTioNg o1 kepaieg TTou xpnoipotroliei To 802.11b ptropouv
va xpnoiyotroinBouv kai atrd 1o 802.11g, YEIWVOVTAG £T01I ONUAVTIKA TO KOOTOG avaBdaduiong
€vOg OIKTUOU.

H Tpommomoinon IEEE 802.11h

H onuavTikétepn Aeiroupyia Tou ival, va evioyuel Ta eTrireda MAC TOY 802.11 kai
PHY Tou 802.11a,00Te va UTTOpEi va TTaPEXEl ETTEKTACEIG OTN BIAXEipION Kal TOV  €AEYXO TwWV
OIKTUWV, WG TTPOG TN dlaxeipion Tou QACPATOG KAl TNG 10X00G peTddoong otn {wvn Twv 5
GHz.Emiong emAéyel autéuarta o€ Troia ouxvotnTa Ba Asitoupyroel, avahoya Je TN XPrRon tng
KA&Be ouxvoTnTag atov TTEPIBAAAOVTA XWPO.

H Tpommommoinon IEEE 802.11i

EvioxUel Toug pnxaviopoug ac@dAelag Kal TOTOTToinong TautéTNTAG TOU TTPOTUTTOU
802.11 o¢ emimmedo MAC. 'ETol pe mn XprAon KA&IdIwv Kal vEwv PEBGdwY KpuTtrToypd@nong
£XOUME MEYAAUTEPN aoPdAcia.

H Tpommommoinon IEEE 802.11n

To mpotutro IEEE 802.11n, armoteAei Tpotrotroinon tou mpotutrou IEEE 802.11. To
TPOTUTTO auTO  KaBopilel TN xerAon TMOAAATTAWY OEKTWV Kal TTOUTTWY, YIA TNV ETTITEUEN TNG
augnuévng amodoong (throughput) ota acupuarta dikTua.

ZUMTTEPOCHATIKA  JUTTOpoUME va  ToUhe Om Ta  TPOTUTTA  auTd  AsiToupyoulv
CUNTTANPWHATIKA Kal OXI avTaywVIOTIKA KAAUTITOVTAG TO éva TIG aduvapieg Tou GAAou.

2,7TO ®YZIKO EMINEAO ( PHY, PhysicalLayer ) TOY
NPOTYNOY 802.11

2710 TrpoTuTIo IEEE 802.11 éxoupe tTévTe SIaQOPETIKOUG TUTTOUG PUGIKOU OTPWHATOG
Kal KaTé OUVETTEIQ TTEVTE DIAPOPETIKOUG TPOTTOUG JETAdOONG, avAAoya pe Tnv TeXvVOAoyia TTou
XPNOIUOTTOIEITAI KOl TNV TaxUTNTa TTOU ETTITUYXAVETAL. TO TTAEOVEKTNUA Twv OIAQOPETIKWV
TUTTWV QUOIKOU OTPWHATOG, €ival 0TI UTTOPOUV O1 XPAOTEG OE éva OIKTUO va eKUETAAAEUBOUV
avAaAoya  ME TIG AVAYKEG TOUG Tov KABE TUTTO, aAAG TO pEIOVEKTNUA gival OTI, 6TAV UTTAPYOUV
TOAAOI XprioTeg o€ éva OIKTUO Kal O KaBEvag XpnOIUOTTOIEl BIAPOPETIKO TUTTO (PUOIKOU
OTPWHATOG, YIO VA PTTOPOUV va ETTIKOIVWVOUV PE GAAOUG XpHOTeG Tou OIKTUOU, Ba TTPETTEl
€€apxNG va £xouv OpIoBETATEI KAl TOV TUTTO TTOU XPNCIPOTTOIOUV KaI TO puBud PETAdoong Twv
oedopévwv. H oplobETnon Tou XpnoiPoTToloUPeEVOU TUTTOU YiveTal WE Tnv TTPOOBNAKN pIag
EMKEPAAidag atrd 10 TTPWTOKOAAO MAC. O1 TeXVIKEG JETAdOONG TTOU XPNOIYOTToIoUVTal Eival
TTEVTE © ) N TEXVIKN EEATTAWONG TOU QACHATOG WE TN ouveyr aAAayn Tng ouxvotntag FHSS, B)
N TEXVIKA £EATTAWONG TOU QACUATOG PE duean akoAouBia DSSS, y) n Texvikn £ATTAWONG TOU
Qaoparog pe TNV akoAouBia uwnAou puBuou petddoong HP-DSSS, 8) n TexvikA opBoywviag
dlaipeong ouyvornTag OFDM kai TEAOG €) o1 UTTEPUBPEG OKTIVEG.
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2.8 TO ENINEAO ZYNAEZHZ AEAOMENQN ( MAC, MediumAccess )
TOY NMPOTYNOY 802.11

210 MAC layer umdpyouv OUO KkaTaoTdoelg Asitoupyiag: a) H katrdoTtacn Tou
avtaywviopoUu (contentionperiod - CP) kal n Kardotaon Xwpi¢ avraywviopd (contention-
freeperiod- CFP). Zmnv kardoTtaon avraywviopou (CP) éAol o1 otaBuoi «avtaywvifovTtai»
METAEU TOUG, IO va ATToKTHOOUV TTPACRACT OTo KAVAN Kal va HETAdWOOUV Ta 6£d0OUEVA TOUG.
21nv contention-free period (CFP) n Tpécacn o010 p€co peTddoong eAEyXETal aTTd TO access
point kai ol oTaBuoi o1 otToiol Ba peTadwaoouv emAéyovTal armd autd. To IEEE 802.11 mapéxel
oUo MAC trpwTéKoAAa TTPOCRacNG 0To PECO PeTAdoong : A) Tnv kKatavepnuévn AsiToupyia
ouvToviouou ( DCF ), TTou BaoideTal OTOV «avTAywVIOUO» TwV OTABUWY Kal gival yWwaoTh oav
TEXVIKA TTOAATTANG TIpOCBOONG HE aQviXveEuon @EPOVTOG KAl OTTOQUYA  CUYKPOUCEWV
(CSMAJ/CA). ‘Exel epapuoyr) o€ TTOAAG dikTud, oTa oTroia 0 K&Be oTaBPOG Ba TTPETTEl TTPWTA
va BePaiwbdei 611 TO KAvAAl gival eAeUBepo TTPIV apxioel Tn Petadoon Tou. B) Tnv onueiakn
Aeiroupyia ouvtoviopou (PCF ), tou ptmropei va xpnoigotroinBei ota ad-hoc diktua Kai
ouvuttdpyel pe To PCF ota diktua utrodopng(infrastructure).

2.9 Ol TONMOAOrIEZ TOY NMPOTYNOY 802.11

O1 Paoikég ToTTOAOYiEG TTOU UTTOOTNPICEl €ival BUO: a) Ta Oiktua utmodoung (
infrastucturenetworks ) kai B) Ta ave¢dptnrta dikTtua ( independentnetworks ).

Wi G
3. TONPOTYNO0802.11bWi-Fi CERTIFIED

Eikéva 11 : WiFitrademark [16]

Metd Tnv avdmTuén Twyv TpotUTTwy amd Tnv IEEE, ékavav Tnv €u@Aavior Toug TToAAoI
KOTAOKEUAOTEG  OIAPOPETIKWY Cuokeuwv. Emmperme Aoimmév autéc ol OuOoKeuég va eival
OupBaTéG METOEU TOUG. MNautéToAGY0I10pUBNKETO 1999 nWECA
(WirelessEthernetCompatibilityAlliance), évag pun KePOOOKOTTIKOG OPYAVIGHOG, TTOU O GKOTTOG
™G ATAV N MOoTOoTToIiNON TwV dI0POPWY ACUPHOTWY CUCKEUWV. Z€ OQUTOV TOV OPYQVIOUO
OUMMETEXOUV KOTAOKEUOOTEG UTTOAOYIOTWY, AOYIOMIKOU, KUKAWMATWY KaBWG Kal TTépoxol
uttnpeciwv WLAN. Mepikég ammd Tig eTaipieg TTou petéxouv givalr o 3Com,Apple, Cabletron,
Compagq, Dell, Aironet, Breezecom, Fujitsu, IBM, Samsung, Nokia, SymbolTechnologies,
K.A.T1. H évwon auth Aoimmdv, dokipgaoe Tn AEITOUpYIKOTNTA AUTWY TWY GUOKEUWVY HE OIAPOPES
pEBBGOOUG Kal B0EG CUOKEUEG TTeEpvoUCav TIG OOKIPEG QUTEG atTokTouaav To Aoyotutro Wik,
TTOU ammoTeAOUCE TNV €yyunon QuTHG TNG OUCKEUNG TTou Ba UTTopoucE va AEITOUPYNOEl OE
ouvePyacia pe oTToladnTToTE AGAAN TToU Ba £@epe TO idI0 AoydTUTTO.

To Mpotutro IEEE 802.11b civar ywvwoTtéd kai wg Wi-Fi ( WirelessFidelity ) Alliance 1
WLAN (WirelessLocalAreaNetwork ) kai €ival To TTpWTO, TTOU XPENOIPOTTOIABNKE OTA TOTTIKA
aoUppara Oiktua. To Wi-Fi Tpoépxetal amo Ta apxika ( WirelessFidelity ) mmou onpaivel
Wneiakn Maotétnra. To Mpdtutro IEEE 802.11b cival pia ogipd TEXVOAOYIKWY TTPOdIaypaAPuIV,
onAadry ouclaoTIKA €ival éva cUOTNUA ACUPHPATNG ETTIKOIVWVIAGTWY UTTOAOYIOTWY VOGS
dIKTUOU TTou divel Tn duvaToTNTa TG OUVOECNG OTO Internet.

Eivar pia texvohoyia mou xpnoigotrolei Tnv pmravta ISM - Industrial, Scientific and
Medical ota 2.4-2.483Ghz yia emkoivwvia Kal diaxwpiel TO EUPOG TwWV CUXVOTATWY O€ TPEIG
MN aAANAOKOAUTITOPEVEG TTEPIOXEG. MMapéxel Taxutnteg 11mbps o€ half-duplex, o1 oTroieg
poipadovTal HETAEU OAWV Twv OTABUWY TTou cuvdEéovTal aTo idIo onueio TTpdoPaong ( Access
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Point ). H Tutmkr amméoTacn PeTagl cuokeuwy gival yUpw ota 30 péTpa OTav TTPOKEITAl YIa
ECWTEPIKO XWPO Kal TTavw atmd 120 pérpadtav TTPOKEITAl yIo €EWTEPIKO XWPO. AUTEG Ol
OTTOOTAOEIG QUEAVOVTAI JE TNV TOTTOBETNON KEPAIWV OI OTTOIEG EVIOXUOUV TO GAUA.[15]

O 6pog Wi-Fi xpnoipotroiiénke yia mpwtn gopd 1o 1999,avTi Tou eTionuou 6pou « IEEE
802.11bDirectSequence ». Ta mrepioodtepa Wi-Fi-Spots, ekméutrouv o€ amméoTacn 32 PETpwyv
0€ €0WTEPIKO XWPO Kal 95 pétpwv ot €wTePIKO XWpo. QoTdéoo, utrdpxel kai 10 "Long-
rangeWi-Fi", pia véa texvohoyia peTa@opds Oedopévwyv o€ UeYAAEG ATTOOTACEIG, TTOU
EKTTEUTTEl O€ ATTOOTACN €EKATOVTAOWV XINOPETpwY. H peyaAutepn yvwoTh atrdéoTaon
peTagopdg dedopévwy Péow Tou "Long-rangeWiFi" eivar 304 x.u. kai €yive 1o 2007 oTnv
ITahia.

-
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Eikéva 12 : ApxitekToviki AcUppartou diktuou Wi-Fi [17]

O T1poétog Aeitoupyiag -Tou Wi-Ficivar TTOAU ammAdg. OTroioodnTToTE UTTOAOYIOTHG
uTTOpEl va ouvdebei oTo Internet,apkei va BpiokeTal péoa oTnv akTiva evOog UTTAPYXOVTOG
acUppaTtou dIKTUOU TTou eival BéRaia ouvdedepévo pe 1o Internet. AutdG O UTTOAOYIOTAG
ovoudletalr anueio mpdoBaaong (AccessPoint). Otav o€ pia TTEPIOXN UTTAPYXOUV TTEPITOOTEPA
atrd éva onueia TpéoBacng Kai gival cuvoedepuéva HETagUu Toug, TOTE AUTA TTEpIoXr ovouddeTal
hotspot.

To hotspot ptropei va cival éva SwHATIO | PO €KTAON €KATOVTAdWYV METPpWV. H
peradoon Twv Oedopévwy yivetalr pe padiokuupata. H doufl Tou atmoteAsital ammd €éva n
TepIoodTEPA onueia TpdoBaong. O1 kéuBol TTou BpickovTal eviog TNG €MPREAEIOG auToU TOU
onueiou TpoéoBaong PTTOpoUV va €xouv acUpuatn ouvdeon. KaBe uttoAoyioTrg A akOua Kai
éva TNAéEQwvOo TTou BIaBETouv KapTa BIKTUOU yia acUpPaTn ETTIKOIVWYVIa WTTOPED va gival évag
KOupoc. Twpa n TaxutnTa METAPOPAs Twy Oedopévwv aANG Kal n euBéAsia Tou onueiou
mpoéoPaong, €€aptatal TOCO Ao TNV TEXVOAOyia TTOU xpnoldoTroiEiTal 600 Kal aTtmo
Hop@oAoyia TNG EKACTOTE TTEPIOXNG.

To WIiFi xpnoipotroiei éva router kabwg kai GAAa modem Trou ouvhBwg eivai
EVOWNOTWHEVA OTIG CUOKEUEG TTOU TO uTtooTnpiouv. Torouter Aoimmdv, agou AdBel To onRua
atrd pIa Pakpivi) Tyn, 1o dpouoAoyei ota modem TTou BpickovTal KOVTa Tou. To acUpuaTo
OikTuo BewpnTikd €xel epPéAeia yopw ota 200-300 pétpa. Emedr) opwg oto  mepifdAlov
UTTAPXOUV OPKETEG TTOPEUPROAEG, TTOMEG Qopég dev Eetrepvdel Ta 30-50 péTpa. Autd ogeieTal
KUpiwg oTa euTTédIa TTOU oUVavTAEl TO Orjua.
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H Teyvokoyia Wifi epappdleTal mheov oe kabe omim
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Eikéva 13 : H rexvoloyia Wi-Fixpnoiyotroigital o€ ka0 otriTi[18]
3.1 H TONOAOrIIA ENOZWi-Fi AIKTYOY

To mrpdéTUTTO ToUu Wifi Opifel TPEIG TPOTTOUG ETTIKOIVWVIAG METAEU KOUPBWV evog BIKTUOU,
Tov IBSS (IndependentBasicServiceSet) A adhoc,tov BSS (BasicServiceSet ) 1 infrastructure
kar Tov ESS(ExtendedServiceSet).Me Tov TpwTto TPOTO, SUO N TTEPICOOTEPEG CUOKEUEG
MTTOPOUV VA ETTIKOIVWVOUV AUECa N piaue TNV GAAn. KaBe kOuBog og auth Tnv TTEPITITWON
Bewpeital opdTipog(peer) kal €101 TO SIKTUO ATTOPTICETAIOTTO POVOTTATIA. 2ZuviBwS AuTdg O
TPOTTOG XPNOIYOTTOoIEITAIl YIa MIKPA &ikTua. ZTnv &eUTepn TOTTOAOYIa, TO OiKTUO aTTOTEAEl éva
KUWPeAWTS OiKTUO,TTAPOPOIO Twy  OIKTUWV  KIVATAG TnAspwviag. H kuwéAn ovouddetal
BasicServiceSet (BSS). OAa 1a péAN TNG KUWEANGUTTOPOUV va ETTIKOIVWVOUV MWETAEU TOUG,
MEoWeEVOGS KevTpIKoU diavopéa TTou ovoudletal Base Station i Access Point, katdro povTtéAo
client — server. Ze aut) TNV TePITITWAON Ogv XpPeEIAZeTal N AUECN OTITIKAETTAP avAuECTa O€
O0Aoug Toug KopPBoug. Apkei 6Aol va PtTopouv va eTTikolIvwvAoouvpue To Access Point. Kdbe
Access Point, €xel Aoimmév éva Ovopua, TTou To avayvwpilel avaueoaoe GAAa TTou icwg va
Bpiokovtal aTtov id10 xwpo, To SSID. To SSID cival TTOANEG QOpEG Kal AuTO TTOU TTPETTEI VA
&époupe, yia va ouvdeBolpe ae Katoio eAeuBepoAccess Point. Etriong, kaBe Access Point
EKTTEUTTEI O€ éva atTo Ta 14kavAaAia(AyoTepa iCwg o€ KATTOIEG XWPES) EKTTOUTTNG TTOU Opilel TO
TTPWTOKOAAO.

‘Eva AccessPoint xpnoigotroiei ToAukateuBuvTikr kepaia(Omnidirectional), kaBuwg
TIPOKEITAl YIOKEPQIEG TTOU EKTTEUTTOUV KUKAIKA TO Ofda TOug, TPAyPa TToU €ival Kal TO
¢nToUpevoolTav BEAOUUE va £XOUNE TNV PEYIOTN KAAUWN Tou TTEPIBAAAOVTOG XWPEOU.

3.2 H AZ®AANEIA ZTA AIKTYA Wi-Fi

Emeidr) oltwg 1 GAMwg Ta acUppata dikTua £XOUv HIKPOTEPN QO@AAsia ammod Ta
evouppara, €medf To PEOO MPETAPOPAG Twv OdOPEVWY gival Ta PadIoKUPATA avTi Twv
KaAwdiwy, gival TTOAU €UKOAO va UTTAPXOouV UTTOKAOTTEG Kal €I030AEG aTo SikTuo. TO TTPOTUTIO
Wi-Fi, Tpoo@épel yI' autd TO AOYO, Mia UTTNPECia KPUTITOYypaPnong Twy dedouévwy. O oTOX0G
NG eival va TTapéxel TTpooTtaciaTwy dedopévwy. O aAyopiBuog TTou XpnOoIYOTTIOoIEITal yIa TNV
KputrToypagnon, ovoudletal WEP (Wired Equivalent Privacy). To WEP egivail évag aAyopiBuog
yla Tnv  eEao@aNion aoc@aloug peTddoong ot aouppata OiKTUa, TTOU OPWG MTTOPEI va
TTapapiacOei pe KaTAAANAEG TeEXVIKEG. 1’ auTd To AGyo avTiIKaTaoTABnke ammod To TTPWTOKOAAO
atro 1o WPA, 1Tou TTpoo@épel KAAUTEPN TTPOCTACIA.

3.3 NTAEONEKTHMATA TOY Wi-Fi

To WiFiéxel TTOMG TTAEOVEKTHATA TOOO YIO TOUG XPAOTEG OO0 KAl yIa TOUG TTApOX0UG
Kal TIG ETMXEIPATEIG TNG €V Adyw TEXVOAOYiag. Ta TTAEOVEKTAUATA YIO TOUG XPNOTEG Eival OTI,
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MTTOpOUV va éxouv Tpocfacn oTo Internet kai oto email Toug, €iTe XPNOIMOTTOIWVTAG TO
TNAEPWVO TOUug €iTe To laptopToug, éTav BpickovTal OTO OTTITI TOUG OTTO OTTOIOOATTOTE GNUEIO
Tou omTioU Kal avTioToixa OTav PBpiokovtal oto TrepIBAAAOV TnG €pyaciag Toug, aTro
OTTOI0OATTOTE onuEio TNG eTaIpeiag TTou epydlovTal. Kal @uoikd To onuavTikdTePO gival 0TI TO
OikTua ¢€ivar acUpuato TIPAyHa TIOU  Onuaivel  ammeplioTn  €AeuBepia  kivAoewv. Ta
TTAEOVEKTANATA YIA TOUG TTAPOXOUG Kal TIG ETTIXEIPHOEIG €ival OTI, N EUKOAIa TNG eykaTdoTaong
€vog T€TOIOU BIKTUOU, N duvaTéTNTA TNG ETTEKTACTIG TOU KAI TO PIKPOTEPO KOOTOG TTOU OTTAITEITAI
o€ Jia avadidpBpwaon evog duvapikoU Xwpou.[19]

4. TO NMPOTYNO 802.16 Wi-MAX

Ta TeAeuTaia xpodvia, cival Tétoia n EENIEN TV KUWEAWTWY BIKTUWYV, TA OTToia £XOUV
N duvaToTNTa VA OTEAVOUV PEYAAO OYKO OeDOPEVWV HE XAPNAEG TAXUTNTEG Kal QAVNKE OTI
gTTopoucav va AUoouv TO TTPORANPa Tou «TeAeuTaiou piAiou». ‘ETol n dnuioupyia Twv Wi-
FidIkTUWvV, £deixve OTI uTTopouoe va avTemeEéABel o€ auTh TNV TTPOKANCN. Ouwg Pe TN JeyaAn
QVATITUEN TWV aoUPHATWY BIKTUWV O€ OUVOUAOMO WE TNV QVATITUEN VEWV TTPWTOKOAAWY,
TEXVIKWV TTOU HEIWVOUV TNV €£00B&vion TOUu OHuaTog Kal Tn dnuioupyia véwv aAyopibuwy
KwdIkoTtroinong, dnuioupyndnkav acuppata SikTua TETOIA, TTOU WPTTOpoUCavV va OTeiAouv
MeyAAo Oyko OedouéEvwyY O€ PEYAAEG ATTOOTACEIG KAl WE TTOAU UWNAEG TaXUTNTEG, TA OTToia
OUYKPITIK& ME Ta KuweAwTd OikTua utrepTepoUoav, av OxlI kal Ta emokialav. ETtol
onuioupynbnke 10 WIi-MAX,T0 0OpXIK& TOU OTIOIOU TIPOKUTITOUV ammd  TIG Aégeig  (
WorldinteroperabilityforMicrowaveAccess ), TTou Baailetal oto TpoTutTo 802.16, TO oTToio
€ival Kal OUVWVUNO TNG acUppatng eupulwvikhig TTpOoBaong Kal ouciacTIKA TTPOKEITAl yid
aculppaTtn olvdeon oe MnTpoTToAITIKA SikTua.@eouoBetriOnke atd Tnv IEEE 10 2003 Kai
OUCIOOTIKA TTPOKEITAI VIO IO TEXVOAOYiIa TNAETTIKOIVWVIWY TTOU gival g€ B€0n va TTapExeEl
acuppaTn eupulwvikn TTPOCRACN Ot PEYAAEG ATTOOTACEIG VIO TN METAdOON Twv OEOOUEVWY,
XPNOIUOTTOIWVTAG OPWG Kal HIa PEYAAN TToIKIANia atmé TpOTTOUG PETAdOONG, TTAPEXOVTAG
€UPUCWVIKEG UTTNPETiEG TOOO O€ ETTIXEIPNOEIS , 600 KAl OeATTAOUG XPROTEG OGOV aPopd TNV
TpocBacn oto AladikTuo TTou gival TrTapopola pe TN DSL pe apketd peyaAuTepnOuws akTiva
KAAuynNG.

Me dAAa AOyia, TTapéxel Jia TTOAU ypriyopn acuppatn evaAAaKTIKE) AUCn o€ oxéon e
N evouppaTn ouvoeon Me TTOAU peydAeg TaxutnTeguéxpl kar 10 Mbps kal yia TTOAU
peyaAUTepeg atrooTaoelg. To Wi-MAX utropei va Trapéxel acupuarn eupulwvikr TTpéoacn
peyaAuTtepn Twv 30 piAiwv (4 50 xIAlopéTpwy ) yia oTaBepous oTaBPoUG Kal HEYOAUTEPN TWV
30 £wg 10 piIAiwy ( 5 €wg 15 xINOGUETPaA ) yia KivnToUug oTaBuoug, o€ avTiBeon pe 1o Wi-Fi TTou
akoAouBei To TTpdéTUTTo 802.11 yia acUppaTa TOTKA SiKTUA KOl TTEPIOPICETAI OTIG TIEPICOOTEPES
Twv TepITTTwoewv ota 100 €wg 300 modia ( 30 éwg 100 pétpa ). AeiToupyei o€ pia PTTavTa
ouxvotATwyY atd 2 éwg 66 GHz kai uttoaTnpilel TaxuTnTeg pETGdoOoNG €wg 72 Mbps. 'Exel
oxedlaoTei yia TNV KAAUWn onueiou 1Tpog TTOAAATTAG onueia  (PointtoMultipoint — PTM)
OUVOETEWY XWPIC OPWG Va ATTOKAEIETAI Kal N Xprion Touyla GUVOETEIG ONUEIOU TTPOG ONEio
(Pointto Point ocuvdéoeig - PTP). H Oiaudpewon 1ou xpnoipotroiciovoudletar OFDM
(Orthogonal Frequency Division Multiplexing), opBoywvia diaipeon ocuxvoTnTag.

To onuavTiKd TOU TTAEOVEKTNMA €ival OTI, YTTOPEI va TTAPEXEl ACUPUATN ETTIKOIVWVIQ
XPNOIMOTTOIWVTAG éva KOIVO TTPwWTOKOAAO MAC, TO oTroio €ival ave¢dptnTo atmmd 10 QUOIKO
ETMTTEDO TTOU XPNOIYOTTOIEITaI KABE Qopd. Kai Quoikd, TTeIdn uTTApXEl Kal To TTPOBANUa Tng
KOTAVOUAG TOU (ACHATOG TTAyKOOMIa, €EQITiag TOu OTToiou dnuioupyouvTal Kai diagpopa
mpoBAfuara, To Wi-MAXEpxeTal yia va €TMAUCEI Kal auTd Ta TTpoARuara.

O puBuog Twpa petddoong Twy dedopévwv oto WIi-MAX, uttooTnpideTal Je TTapOuoIo
TpoTO pE TO Wi-Fi, ye AiyoTepeg Opwg TTapeUPOAEG kal peyaAUTepn ac@dAeia. Emiong Adyw
TOU OTI PITTOPEI VO KOAUTITEl HEYAAEG OTTOOTACEIG KAl TAUTOXPOVA VA UTTOOTNPICEl KAl uwnAoug
pubpoug peTaddoong, UTTOPEl va TTPOCPEPE! UTTNPEDiEG DIAdIKTUOU KAl OE TTEPIOXEG TTOU Eival
TTOAU OUCKOAO va TOTToBeTnNBoUvV KoAWwdIa. To TPOPANPa Tou €56AQPOUG TTOANEG (POPEG
onuIoupyei peydAa TpoBAfuaTa oTnv ToTo8ETNON TWV KaAWSdIWV, 6TTWG yia TTapddeiyua, oTnv
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TToAITeia TNG ApI¢ova oTnv AueEpPIKA, oTnv AucoTpaAia, oTnv AQPIKr, OTToU HEGOAABOUV HEYAAEG
EKTAOEIG TTOU €ival EpNUIKES Kal £Ta1 N TexvoAoyia Wi-MAXEpxeTal va AUCEl akpIfwg autd Ta
TTPoBAARuaTa.

To Wi-MAX ouolaoTikd dev ouykpoueTal he 1o Wi-Fi aAA& oTn TTpayuaTikétTnTa TO
ouptAnpwvel. To Wi-MAX gival pia texvoloyia acUppatn eupulwvikhg TrpéoBaong WAN

(wide area network),n otroia cuvdéel Toug otaBuoulg Pdaong (hot - spots) Tou Wi-Fi pe 10
Internet Kal €701 ATTOTEAET EVTEAEI TNV ETTEKTACT TOU.

/\_  Wi-Max Subscriber

// \ Station
/ N\ ' Internet
A AN ‘&Max IEEE 802.16-2004 ~—
\\ Point to Point
(c Ethernet k ’
»a

back aul
ﬂ’ / =
Access
[Wi-Fi Point

Point to

multi Point

PA

Ethernet

Eikéva 14 : Mia Tumkn ouvdeon Wi-MAX[20]

4.1 TA YNOMNPOTYNA TOY 802.16

To umé - mpotummo IEEE 802.16 a

Tov lavoudpio Tou 2003 dnuioupyrBnke To TTPWTO UTTO - TTPdTUTTO IEEE 802.164a, pe
Baon 1o otroio d¢ev gival atmrapaitntn TTAéov n oTrTikr eTTa@n (lineofsight) petagu Twv oTabuwy
Bdaong.To utd - TTPATUTTO AUTO, dNUIOCUPYNBNKE yIa va PTTOPE va AEITOUPYEI OTIG oUXVOTNTEG
amd 2 GHz uéxpr 11 GHz, agouU n eAdxioTn ouxvoetnTa PéXPl Tn dnuioupyia Tou, yia Tnv
ekTTOUTI onuatwv Atav Ta 10 GHz. ‘Etol, evw o1 Kepaieg apyikG ETTPETTE va £XOUV
TOTTOBeTNOEI O €va TTOAU WNAG onueio yia va éxouue oUvOeEDN WE OTITIKA €TTAPR, Twpa Ba
MTTOPOUV Va gival TOTTOBETNPEVEG KAl TRV 0pOQr| €VOG KTIpiou. AuTO OPwg dnuioupyei GAAa
TPORAAATa Kal yia autd To Adyo, Onuioupyrndnkav Tpeig SIAPOPETIKEG TTPOdIOYPOPES: N
WirelessMAN — SC, 1Tou xpnoigoTroiei Tn dilapdppwaon povadikou gépovTog, N WirelessMAN
— OFDM, 10U XpnoiyoTroiei TTOAUTTAEEN pE opBoywvia diaipeon @AouaTog, Kal n Tpocacn
yiveral xpnoigotrolwvtag TDMA, evw €TTITTAEOV N CUYKEKPIYEVN BIOUOPPWaN, TTPOOPICETAl YIa
a0e1000TNUEVEG TTEPIOXEG PAopaTog kal n WirelessMAN —OFDMA, 10U  XpnOIUOTIOIE
TTOAAOTTAR TTpéoPacn pe opboywvia diaipean ouxvoTnTag Kai n TTpocfacn yiveralr Je Tnv
KaTeUBuvVON evOg OUVOAOU aTTO XPNOTEG O€ LeXwPIOTOUG OEKTEG. 'ETOI AOITTOV, PE TO TIPOTUTTO
auTO €XOUME HEYAAEG TaXUTNTEG £wg kal 75 Mbpskal o€ TTOAU peYAAEG ATTOOTACEIG TTOU
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@Bavouv kai Ta 50 xIAIGpETpa, TToU OpWG €€apTwvTal, atmd To UYog TTou Ba ToTroBeTnOEi N
Kepaia, Tnv 10XU TTou Ba £xel n PeTddoon Kal TIG EKACTOTE KAIATOAOYIKEG OUVONKEG.

To uno - mpotummo |EEE 802.16 b

AnpioupynBnke yia va KaAOwyel TIG Treploxég ammo 5 GHz péxpl 6 GHz kai yia va divel
mpoTepaIdTNTA  OTn  MeETABiBaocn  dia@épwyv  TTANPOQOPILV  XOU  Kal  €IKOvaAg,
KaAUTrTovTagTmoAAégmultimedia e@apuoyég. MTTopouoe AoiTrév va peTagépel Ta dedopéva o€
TTpaydaTikd (OXedOV) XPOVO KAl OUCIOOTIKA MTTOPOUCE VO TTOPEXEI  OIOPOPETIKA ETTITTESA
uTTNEEciag o€ SIaPoPETIKOUG TUTTOUG HETADOONG BESOUEVWV.

To uné - mporummo |IEEE 802.16 c

Autd TO UTTO-TTPOTUTTO €ival UTTEUBUVO yia Tnv Asitoupyia Tou TTpoTUTTou Tou WIMAX,
otn ¢wvn ouxvotnTwv amd 10 GHzéwg kai 66 GHz. O1 cuyxvéTtnTeg TTou gival dvw Twv 66
GHz, ptropolv va XpnoigotroinBolv pévo, €dv UTTAPXEl OTITIKA €TTa@r METALU Twv Ouo
OTaBUWY BACNG TTOU ETTIKOIVWVOUV.

To uné - mporummo |IEEE 802.16 d

Anpioupynonke yia va PTTopécel va PEATILOOEN Ta TTPORBAAUATA TTOU agopoucav Tnv
ao@AAgla Kal TNV TTOIOTNTA TWV ETTIKOIVWVIWVUETAEUTWY oTabuwyv Pdong. Me tnv Otmapén
Aoitrév TTANBwpPaS  e@apuoywy, aAAd TTapdAAnAa Kal pge Tnv adénon Twv ATTAITACEWY TOUG,
ETTPETTE va dnuioupynBei éva uttd — TTPATUTTO, YIA TNV PETAPOPA OE TTPAYHATIKO XPpOVOo TOu
VideoonDemand - VoD (uetadoon o€ TTpayuaTikO Xpovo video Kal €IKOvag) aAAd Kal Tou
Voice over IP - VoIP (die€aywyr) cuvouiNiag péow Internet).

To um6 - mpotummo IEEE 802.16 e

O oKoTrég auToU TOU TTPOTUTTOU MTAV N TTAPOXN aCoUPPATNG EUPUCWVIKNG TTPGoRacNg
oe Kivntd ouotiuara.Ekdébnke 10 2005 kai €xel air interface OFDMA yia BeATiwpévn
amédoon oe mepIBANAovTa Xwpig otrTikr eTra@n (NLOS). Xpnoipotroiei akéun diaudépewan
OFDMA (Scalable OFDMA-SOFDMA) yia va utrooTnpielr did@opa ueyédn eupouglwvng
kavoliwy amo 1.25 €wg 20MHz . KoAutrrel eupog Cwvng 5, 7, 8.75 kai 10MHz yia Tig
adeiodoTnuéveg auxvornteg 2.3, 2.5 kai 3.5GHz evw TpoPAETTel puBuolg downlink €wg
63Mbps kai uplink ¢wg 28Mbps o€ kavah elpoug (wvng 10MHz.

Eival To TTpOTUTTO €KEIVO TO OTT0I0 GUVEVWOE OAQ T TTAEOVEKTAUATA TTOU TTPOCEPEPAV
TQ TTPONYOUNEVA UTTOTTPOTUTTA KAl BEATIWOE TOOO TNV TTOIOTNTA TNG METABOONG TWV OESOUEVWV
000 KAl TWV EQAPPOYWV TTOU UTTAPXAV O€ TETOIOU £i00UG OUVOEDEIG.

4.2 H AOMH ENOZ AIKTYOY WiMAX

MpakTiKd o TpATTOG Asitoupyiag evog diktuou WIMAX gival TTapouolog Ye Tov TpOTTO
Aeiroupyiag Tou WiFi , aAAG uttooTnpidel JEYOAUTEPEG TaXUTNTEG, GE HEYAAUTEPEG ATTOOTACEIG,
ME MIKPOTEPO KOOTOG Kal uttooTnpifel yeyaAuTepo apiBud xpnotwv. AtroteAsital ammd duo
Baaoikd pépn.

a) To mpwTto pépog civar Evag otabudg Baong WIMAX trou Asitoupyei Topouoia pe
évav TTUPYO KIVNTAG TNAEQWVIOG,TTOU UTTOPEl OPWG va TTaPEXEl KAAUWN O TTOAU PEYAAEG
QTTOOTACEIG,EVW) O TTUPYOS KIVATAG TNAEQPWVIOG OeV UTTOPEL. ZTnV TTpayuaTtikotnTa n KaAuyn
evog mupyou WIMAX ptropei va @racel péxpl kai Ta 3000 TeTpaywvikd pihia. Me mn BorBeia
evog otaBuou otaBuou Bdaong WIMAX kal piag evouppatng ouvdeong, o oTabuog Bdaong
WIMAX eival oe Béon va TTpoo@épel AueEON Kal €UKOAN ouvdeon e To Oladiktuo. Edv ol
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XpNoTeg €mbupolv va uttofAnBolv oTtn diadikacia Tou backhaul (dnA. Tn diadikacia Tng
onuioupyiag piag ouvdeong Pe évav GAAo aTabud Bdong WIMAX), ptmopolv va €xouv
ouvdeon pe oTimiKA eTTa@r (line-of-sight).

B) To OeUlTepo PBaoikd pépog Tou WIMAX eival 0 OEKTNGH N CUCKEUN TOU TTEAATN
(CustomerPremisesEquipment - CPE), n otoia dia@épel avaloya Pe Tnv €@apuoyr). Auth
uTTOPEl va givalr éva acUppato THAEQWVO, €vag UTTOAOYIOTHG 1 éva laptop TTou va €xel
e€OTTAIONS oupBard e 1o WIMAX.KABe 6ékTng cuvOUAleTal e TNV KEPAIA TOU TTOU UTTOPEI va
BpiokeTal o€ éva PHIKPOKOUTI A o€ éva laptopoTTwg akpIBwg Kal Je To WiFi.
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Eikéva 15 :H dopn evog diktuou Wi-MAX[21]

O 1po61TOG UAOTTOINONG €vOg BikTUou WIMAX, yia va UTTOpEi va TTapEXEl UTTNPETIES
01adIKTUOU OTOUG CUVOPONNTEG Tou, gival TTAPA TTOAU aTTAGG. O TTEPOX0G TWV UTTNPECIWV TOU
Internet eykaBioTté didpopoug oTabuoug BAong, ol oTToiol Kal avaAauBavouv va diaveiyouv 10
ONMa O€ PIa HEYAAN YEWYPAPIKA TTEPIOXA. ZTN CUVEXEID O KABe ouvdpOouNTAG, EYKaBIOTA OTO
XWPO TOU TOV aTTapaiTnTo £EOTTAICUO TTOU XpPeIdleTal , TTOU UTTOPEi va gival €ite évag atrAdg
utroAoyioTrg pe uttooTnpign WIMAX  eite évag WIMAX router, av TTpokeiTal yia oUvOean TTou
TIPOKEITAI VA LOIPACTEI GE TTEPICTOTEPOUG ATTO EVAV UTTOAOYIOTEG OTOV idI0 XWPO.

H umapgn kai n Aemoupyia tou WIMAX eivar mpdyuam pia oAU OnpavTikA
avakdAuyn atov Topéa TNG TexvoAoyiag. Me Tnv UTTapér Tou, o1 avBpwTTol £TTW@PEAOUVTAI QTTO
Mia TTOAU TTI0 ypriyopn ouvdeon oTo Internet. Auto gival TTOAU Xprioiyo, 18iwg OToV TOPED TWV
ETTIXEIPIOEWY OTTOU O IBIOKTATEG WIS ETTIXEIPNONG MTTOPOUV VA ETTIKOIVWVOUV PE EKATOUUUPIO
avOpwWTTOUG Kal e autd TOV TPOTTO va augdvouv Tnv kepdogopia Toug. QoTdo0, dev gival
MOVO Ol IBIOKTATEG TWV ETTIXEIPNCEWY TTOU WEEANBNKav onuavTikd omé Tnv UTTapén Tou
WIMAX, aAAG kal 6Aol o1 avBpwTrol o€ OAa Ta pépn Tou KOOUOU, TTou N Trapouaia Tou WiMAX
o710 81adikTUO GAAaEE Tov TPOTTO TNG (WG TOUG.

4.3 H APXITEKTONIKH ENOZ AIKTYOY Wi-MAX

‘Eva Aoimmév amd Ta o afloonueiwta  xapaktnpioTikd Tou WIMAX, e€ivar n
QPXITEKTOVIKA TOU Kal O TPATTOG AgiToupyiag Tou. To poviéAo avagopdg Tou WiMAXNetwork
Reference Model (NRM),TTapoucidlel pia evottoinuévn ApxITEKTOVIKH Tou OIKTUOU yia Tnv
UTTOOTAPIEN, OTaBEPNG, VOUAdIKNG Kal KIVNTAG TTpOoRaong Kal gival Baciouévo o€ éva JovTEAO
TTapoXAG uTTNPECIWY InternetlP. To dikTuo XwpileTal o€ Tpia PEPN :
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1) Toug kivnToUg oTaBuolg ( SM —StationMobile ), TTou xpnoiyoTtroloUvTal aTTd ToV
TEANIKO XPrOTN yIa TV TTPOCGBacn oTo JiKTUO.

2) Tnv umnpeoia Tpéofacng oto diktuo ( ASN-AccessServiceNetwork), n otroia
aTroTeAEiTal atrd évav 1] TTEPIO0OTEPOUG GTABUOUG BAoNG Kal Wia ) TTEPICTOTEPEG
TTUAEG (ASN - AccessServiceNetwork), TTou atroteAoUv Tnv TTpéaacn oTo JiKTuOo.

3) Tnv utnpecia ouvdeoiyoTnTag Tou dIkTUoU ( CSN—-ConnectivityServiceNetwork),
n otoia TTapéxel IPouvOeaIudTNTA OTOV TTUPAVA TOU SIKTUOU.

To povTtého avagopds avatTuxdnke ammd 1o Wi-MAXForum kal kaBopilel évav apiBud

atrd AEITOUPYIKEG OVTOTNTEG Kal OIOOUVOEDEIG UETAEU QUTWY TWV ovToTATWY. MNMapakdTw oTnv
EIKOVA QaivovTal JEPIKEG ATTO TIG OTTOUDAIOTEPEG AEITOUPYIKEG OVTOTNTEG.

IP-Based WIMAX Metwork Architecture

MS 1,
' MIP-HA.
e Connectivity
MS ppeemes Sarvice Network
(CEN)
Ms T

Eikéva 16 : H apxiTekTovikn evog SikTuou Wi-MAXBaoiopévo ot IP[71]

K2

< O oT1abuég Bdong (BS — BaseStation): O otaBuég pdong givalr utreuBuvog yia v
Tapoxf OIETaQnG OToug KivnToUug oTaBuolsg ( MS-MobileStations).O1  Baoikég
Aeiroupyieg Tou gival n dnuioupyia TG olvdeang, N dlaxeipion NG padioouxvoTnTag, N
EQPAPHOYA TNG TTOIBTNTAG UTTNPETiag, N Tagivounon TNG KUKAOQOPIag, TO TTPWTOKOAAO
eAEyxou, n dlaxeipion Tou KAEIBIOU Kal OUCIACTIKA N IaXEipIon TNG EKTTOUTIAG.

% Humnpeoia mpéoBacng oTo diktuo ( ASN - GW): H utnpeaia Tpdofacng oto dikTuo
evepyei ouvABwg ocav  éva  OeUTEPO  OTPWHO  TIOU  CUYKEVIPWVEL TNV
KukAo@opia.l[1poaBeTeg AciToupyieg TNG UTTOPEI va gival n diaxeipion Twv TTOPWY Kal 0
€EAeyxog €10600uU, N ATTOBAKEUCN TOU TIPOPIA Twv CGuvdpounTwyY, Ta KAEIdIG TNG
KPUTITOYPA®NoNnG, N SIOAEITOUPYIKOTNTA TOU TTEAGTNKAI N EYKATAOTOCN Kal dlaxeipion
NG KIVNTIKOTATAG WE TOuG aTaBuoug Bdaong, n €mIBOAN TToIdTNTAG UTTNEETIAG KAl N
OpouoAdynon ae emAeyuévn uttnpeaia ouvoeoiudTNTag CSN.

« H umnpeocia ouvdeoipotnTag ToUu dikTuou ( CSN -ConnectivityServiceNetwork ): H

uTINPECia ouvOeoINOTNTAG Tou BIKTUOU, TTapEXEl ouvdean oTo Internet kar o€ GAAa

onuooia i eTalpika dikTua. MepIAapBavel TOUG ServersTtou UTtooTnpPifouv Tov €AEYXO

TQUTOTNTOG yIO TIG OUOKEUEG, TOUG XPNOTEG,KABWG Kal AAANEG OUYKEKPIPEVEG

utinpeoieg.Mapéxel emiong Tnv diaxeipion TnNg TToIOTATAG UTTNPETIAg yia KABe xprioTn

Kai gival utreUBuvn yia Tn diaxeipion Twv IPdIEUBUVOEwWY, TNV UTTOOTAPIEN TTEPIOYWYAS

METAEU Twv OTaBPWY, TN TOTTKA diaxeipion PETALU Twv UTINPECIWY TTPOCcRacng GTo

OiKTUO KaI TNV TTEPIAYWYR KaI TNV KIVNTIKOTNTA PHETAEU TOUG.

To TTAdiolo Tng apxITekTovikng Tou Wi-MAX emTpETTEl TOV EUENIKTO OUVOUAOUO Twv
A€IToupyIkKwv ovToTATWY. Na TTapadelyua, n utrnpecia TpéoBacng oTo SIiKTUO PTTOPEi va
avaAubei oToug oTaBuoug Bdaong TTou Aaufdvouv (BST),0TOUG €AEYKTEG TwV OTOBPWYV
Bdaong (BSC) kai atnv uttnpecia Tpécaong oTo dikTuo.[71]
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H apXITEKTOVIKA TOU GUOTAUATOG QAiVETAI OTO TTOPOKATW OXAUA :

R2

R1 R3

R4

6 ASN Access Service Network
RS ASN GW ASN Gateway
R6 BS Base Station
R CSN Connectivity Service Network

MS Mobile Station
MS/SS  Mobile Station/Subscriber Station

Eikova 17 : ApxiTeKTOVIKN €vOg SikTUuou WIMAX pE Ta AEITOUPYIKG TUAMATA KOl TO GNMEIX
dlaouvdeong [68]

2UVOTITIKA AOITTOV, PTTopoUuE va TToupe om éva diktuo WIMAX trepihapaver 0miwg
giTrape 1o oTOBPG BAONG, O OTTOIOG KaI gival EYKATEOTNUEVOG O€ éva TTOAU WwnAd onpeio i o€
KATTol0 TTOAU wnAd KTipio, yia va ptropei va tapéxel olvdeon PointtoMultipoint. Ettiong
£€XOUME KAl TIG KEPAIEG, TTOU TOTTOBETOUVTAI O€ XaunAOTEPO onueia 1 og XapunAdTepa KTipia.
Befaiwg utrdpyouv Kal o1 TTEPITITWOEIG TTOU PTTOPOUV 01 KEPAiEg va TOTTOBETNBOUV Kal O€ TTIo
wnAd onueia kal N euBéAeid Toug peyaAwvel TTOAU TTeEpIcOTEPO. OTav ol otabuoi Bdong
BpiokovTal evTOg TNG akTivag PPREAEIAG TNG KeEpaiag TOTE o1 MOOTEIG TOU GHPATOG gival TTOAU
KOAEG, o1 TayxuTnTeg peTadoong Bdvouv Ta 75 Mbps, TTpdyua TTou onuaivel 6T o€ auTh TV
TTEPITITWON o1 oTaBuOoi BAONG UTTOPOUV va KAAUWOUV EKATOVTADEG ETTIXEIPATEIG 1 OTTITIA.

Eikoval8 : ZuoTatikd evogdIKTUOUWIMAX[67]
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4.4 Ol TONMNOAOrIEZ TOY NMPOTYNOY 802.16 Wi-MAX

O oT1aBpog Baong Tou WIMAX utmropei va ouvdéetalr eite  ammeubeiag oTo
InternetxpnoigoTTOIVTOG £va evoUpUaTo SIKTUO €iTE UTTOPEI VO CUVOEETAI XWPIG KAAWDIA ME
évav Ao oT1aBud WIMAX, TTpayuaToTrollvTag oUvOeon We OTITIKA emma@r. 'ETol oTo
TTPOTUTTO WIMAX €X0UlE TPEIG TOTTOAOYIEG :

a) Tnv ToTToAoyia onueio Trpog onueio (Point — to — Point), 6tav 10 WIMAX XpnoIJOTTOIEiTAl
w¢ «AikTuo Kopuou» kai ovopadetal kai ouvdeon «backhaul»yiari ye auth Tn diadikacia NG
onuioupyeital pia olvdeon pe évav AAAo otaBuod Baong WIMAX.Ze aut Tnv TotToAoyia
XPNOIYOTTOIoUVTAI KEPAiEG UWNAOU KEPDOUG Kal O TTEPITITWOEIG TTOU BEAOUPE VO OUVOECOUNE
oTaBuoug Bdong PeTagl Toug e aoUPUATO TPOTTO.

B) Tnv ToTTOAOYiaonueiou Trpog TTOAAATTAG onueia (PointtoMultipoint), étav 1o WiMAX
xpnoiyotroigital wg «Aiktuo MNpdéoBaong», Kal ovopddeTal Kal ouvdeon «last — miley. ZKoTTég
NG €ival va ouvoEel DIGPOPES ETTIXEIPNOEIG A OIKIAKOUG XPAOTES UE TO OTABUO BAong, Kal

Point-to-point: LOS 30 miles, 72 Mbps

B
g

fiEEd =

A ; i ZSSSE8S
= ES==S
i /—ﬁ ==

e WiMAX base station

connection

——

WiIiMAX base station

Eikéva 19 : H Trapatmrdvw €1KOva TTapoucidadel pia TUTTIKN apXITeKToviki Wi-MAX[22]

y) Tnv TomoAoyia wAéyparog (mesh). Ze autfv ToTToAoyia,o1 KOPBol utTopouv va
AgIroupyouv kai cav aTaBuoi Bdong aAAd TTapdAAnAa va gival Kal aTabuoi ouvdpounTwy. ‘ETol
0 KABe xprnoTng ptTopei va petadidel dedouéva OoToug yeiToveG Tou, dnAadn va Asitoupyei oav
éva fexwpiotd onueio mpoéoBacng. Me Tnv TommoAoyia TTAEyuatog To OIKTUO WTTOPEI va
etmrekteiveral. H mesh totroAoyia diaipeital ae duo karnyopieg. Tnv switchedmesh (totroAoyia
TAEypaTog  TTPpOoKaBopIcHEVNG OIadpoung), TTou €dw N OpPOPOAdYNon yivetTal yia Mia
TpokaBopiopévn Oladpour) kalr Tnv routemesh (TommoAoyia TTAEYMOTOG ME  ETTIAEYUEVES
oladpopég)TTou €dw n OpopoAdynon yiveralr yia JIaQopeTIKEG dladpopés. H ToTTOAOYIQ
switchedmesh €ival kai n KaAUTepn.
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Eikéva 20 : H rapamrdvw gikéva Trapouciddel pia mesh apxirekrovik Wi-MAX [23]
4.5ANAAYZHENINEAQNTOYWi-MAX

To oTpwua d1acuvdeong dedopévwy — MAC

H oToiBa Twv TpwToKOAAWY Tou WIMAX TTapoudidleTal 0To TTapaKaTw oxrua. To
ServiceAccessPoint (SAP) eival 0 gUvOEOHOG TOu €VOG UTTO - EMITTEOOU E TO GAAO Kal EXEI
TTapouoIa AsiIToupyia Pe To port oTa TTPwWTOKOAAa TCP/IP.

e e i T I R
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Figure 1—IEEE Std 802.16 protocol layering, showing SAPs

Eikéva 21 : H oToiffa Twv mpwrokOAAwv Tou WiMAX [24]

E&eTdlovTag AoImTév Tnv TTapatmavw eIkova BAéToupe OT1, To Medium Access Control
(MAC) EMmiTTEDO, aTToTeAEiTal atréd Tpia uTTo- emiTreda.
TompwrooTnoeipdeivairoServiceSpecificConvergenceSublayer (CS). To utré - emitredo autd
OvOMACZeTal Kal UTTO - €TTITTEd0 CUYKAIONG UTTNPECIWY Kal XpnOolYeUel yia Tn dlaocuvdeon WE
TTOAAG TTPWTOKOAAG UWNASTEPWY OTPpWHATWY OTTWG To ATM, T0 TDM, TOEthernet, 1o IPaAAG
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Kal yia TV TTPOETOIMOCia Twy OeOOUEVWY TTOU £pxovTal atrd To YnAdTepo eTTiTTedO, TA OTTOIO
peTaBiBaler oto CommonPartSublayer (CPS). To delUtepo  umd - emimedo €ival To
MACCommonPartSublayer (MACCPS), TTou ovopd@detal kal KoivoU THAPATOG 1 Koivou
MEPOUG. Ze auTd To UTTO - €TTiTTed0 UTTAPYXOUV OAa Ta BaCIKG TTPWTOKOAAA, OTTWG Eival Kail N
dlaxeipion Twv  KavaAiwv. Eivar utretBuvo yia tnv mpdoBacn oto cUoTnua, Tn O0ECUEUON
elpoug Cwvng, Tn Onuioupyia TwV OUVOECEWV YIO ThV OTTOOTOAA Twv Oedouévwv Kal
ouoI1aoTIKA eAEyxeEl Kal dlatnpei Tn ouvdeon. MTTopoupe va TToupe AoITTév OTl, OUCIACTIKA O
oTaBuOG BAong eAéyxel TO ouoTnua, kKol €xel Tn OuvatoéTnTa va TIpoypauuaTiosl Ta
Katepxdpeva Kavalia (ta kavdAhia dnAadn atd mn BAon TTPOg Tov ouvdPOoMNTH), evw TTaidel
onPavTIKOTaTo PpOAo Kal oTn Slaxeipion Twv avepXOUevwy KavaAiwy (dnAadr Twv KavaAiwy
atrd 10 ouvdpounTA TTPOG TN BAcn).To Tpito UTTS - eTTiredo cival To PrivacySublayer ) uté —
emMiTedo  PUOTIKOTNTAG. H SouAeld autoU Tou UTTO — emMITTEDOU €ival N KPUTITOYPA®non, n
auBevTikoTToinoN Kai N avtaAAayr Twv KAEISILV aoQaAEiag Kal ouaiaoTIKA gival utTeUBuvo yia
TNV aOQAAEIQ KAl TNV TTPOCTACIA TOU ATTOPPTOU TWV dEOOUEVWV.

To WIMAX, £xel oxedlooTel OTTWG €XOUNE avaQEPE, VIO VO UTTOPEI VO TTPOCQEPEI
acUppaTn TTpdoRacn Pe TToAU wnAoug pubuoug petddoong Kal TTapdAANAa TTapa TTOAAEG
utTnEEeoicg Tautdxpova. Mtropei dnAadn va eCutTnpeTei ava KavaAl eKaTovTadeg TEPUATIKA Kal
EKATOVTADEG XPHOTEG VA TEPPATIKO KATA TETOIO TPOTTO, WOTE VA UTTOPEI 0 KABE XproTng va
£XEI TIG UTTNPECIEG TTOU €TTIOUEI.

levikd ptropoupe va Trouue oT, To Medium Access Control (MAC) emitredo, €xel
oxedlaoTei  yia ouvdiaelig onuegiou TTPog TTOAAATTAG onueia (pointtomultipoint),dnAadn yia
EQPAPMOYES €UPUCWVIKNAG aoUpuaTng TTPdoRacng Kal  AsiIToupyei PE TTAPOUOIO TPOTTO WE TO
kKAaoikdé MAC etritredo, TTou TO KUpIOTEPO PEANUA Tou eival, va JTTOpEl va eAéyxel Tnv
TPOoRacn oTo PEco. EdW Opwg, To €O gival acUpuaTto Kal €101 Ba TTPETTEl va YTTOPEi va
dlaxeipieTal ammodoTikG Kal Toug TTOPOUG TOU CUCTAUATOG. H UTTapé Tou AoITTov €ival TTOAU
ONMAVTIKA yiaTi, oucIaoTIKG atroTeAEl TN SIETTA@PA PETAEU TOU QUOIKOU OTPWHATOS KAl TWV
AVWTEPWV ETTITTEOWV.

To oTpwpa MACOTaV AauPAavel Ta TTAKETA ATTO TO AVWTEPO CTPWHA, TA TTAKETA QUTA
gival Ta AeyOueva TTakéTa uttnpeaiwy dedouévwy Tou MACTIpwTtokdAAou ( MSDU ), Ta otroia
TA JETOTPETTEI O€ TTAKETA OEdOUEVWY Tou MAC lMpwTtokéAAou ( MPDU ), yia va utTopécel va Ta
peTadwoel péow Tou aépa. OTav Exel EI0EPXOPEVEG HETADWOEIG TTAKETWY EKTEAEI AKPIBWG TNV
avTtioTpoen diadikaaia.

S5 transition T/RX transition
contention skots gap gap (TDD)
S \

Intial 551 S5N

ranging  Bandwidth | seheduled 299 schaduled
opportunities  fequest data data

. . .
Access Collision Access Bandwidth Collision B'::.'g:gsdtu'
burst burst request

Eikova22: AladikaciaoTpwpatogMAC [25]
TooTpwpa MACExel diapopa XapakTnPIoTIKA yia va UTTOpEi va avTomreEEABel og TTapa
TTOAEG EQapUOYEG OTTWG:

e Tn Aiaxeipion MuoTikwv KAeidiwv « PrivacyKeyManagement — PKM ), TTou agopd
TNV ac@aAcia Tou oTpwpatog MAC.
Tnv utrooThpIgn yia broadcastkar multicast peTadooeig.
Tn Alaxeipion TMOTOTTOINTIKWV.

e Tnv uwnAn taxutnta handover.
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e Ta Tpia emiTreda diaxeipiong OTTWGS N eVEPYEIQ, N KAVOVIKA AsIToupyia, TG VAPKNG Kal
NG NPENIag.

e Tnv oupTtrieon Twv KEQAAdWV, TO TTOKETAPIOUA KAl TOV KATOKEPUATIONS, OUTWG WOTE
va UTTApyel atrodoTIKR Xprion Tou ¢AaouaTog.[63]

MeTtd Bpiokeral To FhysicalLayer ( PHY), To QUOIKO €TTiTTESO TTOU ACYXOAEITAI PE TNV
TIPOCAPHOYK TOU CAPATOG OTO QUOIKO PECO, dnAadh Thv aTuOC@AIPA KAl JE T JETAdOON.

To ®duoiké Eminedo ( PhysicalLayer - PHY )

To ®uoikéd EmimredooTto Wi-MAX Bacifetar ota rpéTutra 802.16-2004 kai 802.16e-
2005. ‘Exel oxedlaoBei kard mrapdéuoio 1péTo e 10 TPoTUTTOo 802.11a Tou Wi-Fi. ‘Exoupue
egnynoel mapatmavw Ot oI dUo TexvoAoyieg Wi-MAX kal Wi-Fi gival apkeTd opoieg aAAd Kai
TAUTOXPOVa TOOO BIAPOPETIKEG. XPNOIUOTTOIOUV OUWG Kal ol U0 TeEXVOAOYiEG ThV dIaudpewaon
OFDM (Orthogonal frequency divisionmultiplexing ) opBoywvia diaipeon ouxvoTnTag, N oTroia
Bewpeital kal n Mo KAatdAANAN yia ouvOETEIG XWPIG OTITIKH ETTAQH.

10  Wi-MAX éxoupe  Téooepa  umd —  emimeda oto  Puaiko
EmimmedoPHY (PhysicalLayer ) :

1) To WirelessSC, 10 o1roio €xel oXedIAOTEN YIO OUVOAKEG ETTIKOIVWVIOG WE OTITIKN €TTAQH,
xpnoiyotroigital o€ wveg ouxvotTATwy Avw Twv 11 GHz kai xpnoiyoTroiei dlaudppwaon
povadikoU @épovTog. ‘Exel TTOAU peydAn sueNigia kai yi' autd 1o Adyo, ol didgpopol TTdpoxol
TNAETTIKOIVWVIWY, PTTOPOUV va avapaduifouv To eKAOTOTE GUOTNUA, XWPIG va XpeIddeTal va
O1APOPOTIOINCOUV TIG UTTNPECTIEG, TN XWPENTIKOTNTA, TO KOGTOG Kal TIG padloouxvotnteg. Mtropei
va uttooTnpigel dUo TeXVIKEG au@idpoung emkoivwviag:  Tnv TDD ( TimeDivisionDuplex
Jauidpopun emkoivwvia e diaipean xpoévoukal TRV FDD ( FrequencyDivisionDuplex).

TDD ( TimeDivisionDuplex ) Aupg@idpoun emikoivwvia pe Siaipeon xpoévou: Eivalr n
TEXVIKA TTOU KaBopilel xpovobupideg eKTTOUTING Kal XpovoBupideg Aywng. Autd anuaivel O
éva oUOTNUO PTTOPET VO EKTTEUTTEL KAl VO AaUBAvVEl €GO O€ WHia OUYKEKPIPEVN aUXVOTNTA AAAG
dlaxwpifovtal oTo Tedio TOu Xpdvou Kal emTAéov Ba TTpETTel KATA TNV ETTIKOIVWVIA, va
evaAAdocovTal N AYn Kai n eKTTOuTTr, Katé TepIddoug. Eival pia TeXVIKA apKeTa atToO0TIKNA
600V a@opd TN XPron Kai Tnv agiotroinon Tou AcUaTOS TWY GUXVOTHTWV.

FDD ( FrequencyDivisionDuplex) Au@idpopun emikoivwvia pe diaipeon ouxvoetnrag ¢
QUTA TNV TEXVIKA XPNOIMOTTOIOUVTAl OIAPOPETIKEG CUXVOTNTEG YIa TN AQWN Kal TNV EKTTOUTTH O€
éva oUoTnua Kal auTo yiveral yia va unv uttdpyouv TTapeuBoAég. Eival pia kaAn texvikn, Ouwg
£XEl TO PEIOVEKTNMA, OTI OEOUEUEl EYAAO €UPOG CUXVOTATWY Kal €101 KATA GUVETTEIQ UEIWVETAI
Kal 0 OYyKOG Twv OedOoPéVwV TToU TTPETTElI va PeETadoBouv. Exel duwg 10 TTALOVEKTNUA OTI,
€TTEION AKPIBWGS XPNOIUOTTOIOUVTAI TTOAAEG CUXVOTNTEG, UTTOPEI £vag OTABUOG va OTEAVEI Kal val
AapBavel Tautdxpova dedopéva.

2) To WirelessSCA, 10 otroio £xel oxedlaoTeiyia GUVOEDEIG XWPIG OTITIKA ETTAQH, ONnuEiou
TTPOGg TTOANATTAG onueia ( point — to — multipoint ), Kal xpnoiyoTroigiTal o€ {WVEG GUXVOTHTWY
atré 2 GHzéwg 11 GHz. 'Exel dopég mAaiciwv T€TOIEG, TTOU OUPBAAOUV GTnv aTTOdoon Tou
KavaAioU emmIKOIVwviag Kal ptropei va utrooTnpigel A Tnv TDD ( TimeDivisionDuplex )Texvikn
ap@idpopng emkoivwviag r Tnv FDD ( FrequencyDivisionDuplex).

3) To Wireless- MANOFDM, 10 oT10i0 £X€1 OXEDIOOTEIYIO CUVOETEIG ONUEIOU TTPOG TTOAAQTTAG
onueia ( point — to — multipoint ) xwpig OTITIKA €TTAPr Kal XPNOIYOTIOIEITAI OF (WVEG
ouxvotTwv amd 2 GHz €fwg 11 GHz.EmmAéov xpnoiyotroiei TTOAUTTAEEN pe OFDM
(OrthogonalFrequencyDivisionMultiplexing)opBoywvia Oiaipeon ¢@douarog pe 256 onpeia.
ZuvavTaTtal wg €T TO TTAEIOTOV OTaV £XOUME VO KAVOUNE Je oTaBepr] acupparn TTpdoaon Kal
pTTopei va utrooTnpiel Tnv Texvikp TDMA (- TimeDivisionMultipleAccess ).Emeidr Ta
aocuUppara dikTua gival eudAwTa o€ TTapePPOAEG Kal BopuBoug, e Tnv Texvikh Tng OFDM, éva
KavaAl TTou éxel €€aoBevnuévn ouxvoTnTa, JTTOPEI va PETATPATTEl  0€ TTOAAG KavaAia
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€€aoBevnuévng ouxvoTnTag. AuTo £XEl 0av ATTOTEAEOHA, Va €XOUUE TNV idla OTIYUA PeTAdooN
o€ TTOAOUG XPAOTEG, O€ MIKPO DIGOTNHA CUXVOTNTAG XWPIG va TTapeBAaAovTal JeTagl Toug.

OFDM(Orthogonal Frequency Division Multiplexing).

H texviki auTth) Xwpilel To apxIKS ofpa oe aveEdptTnTa KavAaAid, SIaUOop@uWVEl T UTTO-
@épovTa Kal €1ol dnuioupyeital To @épov TG OFDM. Otav B€éAouv TTOAAOI XprOTEG va
ETTIKOIVWVACOOUV We €vav oTaBud Pdong, 161e 0 Xpdvog dlaipeiTal 0 XPOVOOXIOUES, TTOU
eKXwpouvTal o€ KABe €va XprAoTn. To TTOO0OTO TwV XPOVOOXIOHWY, OUWG gival avahoyo pe
TNV TTOI6TNTA TNG UTTNPECIOG TTOU TTAPEXETAI ATTO TNV ETAIPEIN TOU EKACTOTE TTAPOXOU.

Conventional

i -

Eikéva 23 : OFDM Siaxwpiopog utro-kavaAiwy (sub-channels) [26]

4) ToWireless- MANOFDMA,
TooTroioéxeioxediaoTeiyiacuvdiaeigonueiouttpogTroAAaTTAdonueia ( point — to — multipoint )
XWPICOTTTIKAETTaPKaIXpnoIhoTrolsiTaioe{wvecouxvotntwvamd 2  GHzéwg 11 GHz.
XpnoidoTroisiTal wg €TTi TO TTAEIOTOV yIa KIvnTH Kal opnTh acupuartn TTpooBacn. Mmopei va
utrooTnpigel Tnv Texviky TDMA ( TimeDivisionMultipleAccess ) kai Tnv OFDMA. Emiong
JTTOPE Va uttooTnPiCel TTOAATTAR TTPOoBacn yiaTi uTropei va kateuBuvel TTOAAOUG XprioTeg O€
OIAPOPETIKOUG DEKTEG.

OFDMA(Orthogonal Frequency Division Multiplexing Access).

H Texviki autr poidlel pe v 1eXVIKNOFDM. Octwpeital péBodog TTOAAOTTARG
mpéoPaong Kal 0 AuTAV  yiveTal  JIaXWPIOPOG Twv  KAvOAMWY Of€  UTTO-KavaAia
(subchannelization) T6co otnv uplink 6co kai oTnv downlink peTddoon. H TeXVIKr uTTOOTNPICE!
TTEVTE DIAPOPETIKG OXAHATA SIaXWPICTHOU TWV KAVAAIWV.

l/— channel

Al

Eikova 24 :OFDMASIaxwpiouogutro-KavaAiwy (sub-channels) [27]
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4.6HMNOIOTHTA YNHPEZIAZ ZTO Wi-MAX

ToWi-MAXTtTapéxel moldtnTa uTTNPECiag Kal 0To QUOIKG eTTiTTEdO Kal aTo eTriredo MAC. To
onpavTIkG gival 611 divel duvaTtdTNTEG YIa HETAPOPA SEQOPEVWV QWVAG O€ TTpayuaTikd xpovo.H
TToI0TNTA UTTNPECiag 0To Wi-MAX TTapEXETAI XPNOIUOTTOIWVTAG TIG TTAPAKATW TEXVIKEG:

A) Z1o ®uoiko etriTredo PhysicalLayer — PHY:

X3

8

Tnv Texvikn diapdpewong FDD ( FrequencyDivisionDuplex).

Tnv Texvikn diapuépewongTDD ( TimeDivisionDuplex ).

TnvtexviknFEC ( Forward Error Correction ).

Tnvtexvikp OFDM (Orthogonal Frequency Division Multiplexing).
Tnvtexvikp OFDMA(Orthogonal Frequency Division Multiplexing Access).

X3

8

X3

8

X3

o

X3

o

B) O oxedlaoudg Tou otpwparog MAC atroteAei TTOAU onuavTikr TTOPAUETEO Yia TV UTTapEn
To10TNTAG UTTNPETiag oToWi—-MAX. ‘ETaol To TTpdTutro Wi—-MAX daveifeTal KATTola oToixgia atréd
TO TTPOTUTTO TOU EVOUPHATOU POVTEY DOCSIS Kal TTIPOCQEPE TIG TIAPAKATW UTTNPECIES:

+ UnsolicitedGrantService (UGS): Autr] n utrnpecia eival avtioToixn TngUETAdoong
T1. Mpékertal yia TTAKETA OTABEPOU MAKOUG, TTou PeTadidovtal o€ TTEPIODIKA
dlIaoTAUATA, O€ TTPAYUATIKO XpOVo.

+ ExtendedRealTimePollingService (ERTPS): MNpdkeitaiyiadedopévatrouperadidovTal
o€ TTPAYMOTIKO XPOvo Kal ouvABwg eival EQapuoyEég PETAdOONG QwVNG TTavw aTTod
IP&ikTua (VoIP).

+ RealTimePollingService (RTPS): lNpokeiTal yia TokéETa PETABANTOU PAKOUG, TTOU
peradidovral o€ TTEPIOOIKA OIQOTAUATA, O€ TIPAYUATIKO XPOvoKal ouvhBwg eival
EQAPUOYEG Video.

+ NonRealTimePollingService (RTPS): Mpoékeiraryiauerddoondedopévwy PeTaBAnToU
MrKOUG Kai yia epapuoyég FTP.

« BestEffort (BE): [MpokeiraryioperadoondedouévwvpeTaBAnTol  WrKoOUG Kal  yia

EQAPUOYEGHTTP.[55]

OAa 1a Mo TAVW XapakTnPEIoTIKG Kavouv 10 Wi-MAXKaTdAANAO yia petadoon
OedOoNEVWV PE UWNAEG TaXUTNTEG KAl EQOPUOYES TTOAUPECWY. AUTO ETTITUYXAVETAI ETTEION OAEG
ol ouvdiaelg, downlink kai uplink, eAéyxovtal atméd 1o oTaBud BAong Kai N TTOIGTNTA UTTNPEGIAG
gival ouvapTnon TNG UTTpPEdiag pong. TETola utnpedia eival auTh TTOU QOXOAEITal JE TN
pJovodpoun pon Twv TTAKETWY Kal TTpocdlopileTal atrd éva deikTn utrnpegiag pong (SFID).O
TTaPAYoVTEG TTOU KaBopifouv Tnv TToIOTNTA TTOU TTPOCQPEPEI TO OIKTUO OTn WETAQPOPA TWwV
EQapUOYywWV eivar;

. To €0pog wvng (bandwidth) :Agopd 1o pubud parddoong Twv dedOUEVWV.

. H kaBuoTtépnon (delay) :lMpokeital yia To XpdvoTtrou XpeldleTal £va TTAKETO
yIa va pTACEl JEOW TOU BIKTUOU ATTO TOV ATTOOTOAEQ OTOV TTAPAAATITN TOU.

. H &iakOpavon kaBuoTtépnong (jitter) :civar n diokUuyavon Tng péong
XPOVIKAG aTTO00TA0NG PMETAEU BIODOXIKWY TTOKETWY O€ JIO CUYKEKPIUEVT PON.

. O1 atrwAeieg TTakETWYV (loss) :€ival TO TTOOOOTO ATTWAEIAG TTOKETWV.

4.7 Ol XPHZEIZ TOY Wi-MAX

E€aimiag Tou peydhou €Upoug Cwvng Kal Twv UPNAWV TaXUTATWY TTOU UTTOOTNPICEl O€
peyaAeg atrooTdoelg, 10 WIi-MAX ypnoigotrolei ouvdéoelg onueiou TTpog TTOAAGTTAG onpeia
(Point—to - Multipoint), xwpig va ommokAgiovtar Opwg Kal o CuvOECEIG ONuEIOU TTPOG
onueio(Point -to - Point) kai diaxwpidetal oTo oTaBepdWi-MAX ( fixedWi-MAX),TTou TTapéxeEl
€UpuCWVIKN TTPOCBaCN OE ETMXEIPACEIG Kal OTTITIA Kal €xel avaTTuyBei ye Baon 1o TTpOTUTTO
IEEE 802.16-2004ka1 o1o kivnto Wi-MAX ( mobileWi-MAX ) 1Tou Trapéxel KivnTikoTnTa OF
KUWEAOEION OuoTAPOTA OIKTUWV HE PEYAAEG TaXUTNTEG O€ TTEPIBAAAOV XWPIG OTITIKA £TTAYPN
(NLOS) kai BagoiCetal oo TTpdTUTIO IEEE 802.166€.[28]
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Eikova25: Ztnvirapamdvwekovaarreikovi{ovraioixprnoeigtouWi-MAX[29]

Hotzones
Momadic DSL

O1 BaoikéTepeg xpnoeig Tou Wi-MAXBpiokouv e@apuoyn :

1) Zra KupeAwTd SiKTUua TNG KIVNTAG ThAEQWvViag. Twpa Ta Ta KivATd TRAéPwva Oev
XPNOIYOTTOIoUVTal JOVO yIa TNV TTPAYPOTOTTOINON KAAOEWV KAl TNV OTTOOTOAR UNVUUATWY,
aAAG kal yia TNV TTEPIAYNON oTo S108iKTUO Kal TNV atTooTOAN Kal TN Afwn email.S1nv APEpIKA
ol TTapoxol Tou backbonetou InternetuiocBuwvouv ypauuég atrd AAAoUG TTapdYXoUG UTTNPETIWY
(ISP’s), yia va ptropolv va trpoo@épouv @Bnvdinternet atoug TreAdTeg Toug. Me autd Tov
TPOTTO OPWG TIOAAEG KUWEAEG TTOU  €€uTtnpeTolv  Tnv  acUppaTn  E€TMIKOIVWVIava  pnv
XpnoiyotrolouvTal. 2tnv Eupwtrn avTiBeta duwg, o1 TTapoxol TG TNAEQWVIAG, XPenNOoIJoTToIoUV
aoUpPOTEG KUWEAEG YIa va UTTOPOUV va TTapEXouV. @Onvo internet oToug XprioTeG.

2) Eupulwviki rpéofaon o€ oikiakoug xprorteg kai SOHO ( SmallOfficeHomeOffice )
Kard amaitnon.To Wi-MAX utropei va A&IToupyei CUPTTANPWUOTIKA Kal va agloTrolei TTOAU
KaAUTepa TIG duvaToTNTEG TOU Wi-Fi. ToAAG OTTiTIO 1| ETTIXEIPNAOEIG €XOUV PIKPG TOTTIKA SiKTua
mou utrooTnpiCouvWi-Fi. To WIi-MAX utropei autd Ta dikTua va Ta XPNOIUOTTOINCEl Gav
oTaBuoUG BAONG KAl VO TOUG TTAPEXEI OE DIAPOPETIKEG £QAPUOYEG TTOAU uwnAoUg pubuoug
peTadoong Oedouévwy  Kal o€ TTOAU HPEYAAEG QTTOOTACEIS Kal UAANIOTA O€ OUVONKEG
TTPayHaTikou xpoévou. Kai TéAog 10 Bacikd TTAcovékTnua Tou Wi-MAX gival 0TI € TTEPIOXES
TToU N eykatdoTacn KaAwdiwv eival e€aipeTiké OUCKOAN Kal datravnpr], MTTOPEI va TTPOCQEPEI
ouvdean Xxwpig eTITTAéOV KOOTOG.

3) KdaAuywn egupUtepwyv Trepioxwy. lapéxel 1o oCIOTTIOTEG £QPAPUOYEG KOl OUCIACTIKA
A€IToupyei  CUPTTANPWHOTIKA 0& €va evoUpuaTto OIKTUO OPwG TTAPAAANAQ, TTapPEXEl Kal
MEYOAAUTEPES TAXUTNTEG € DIAPOPES TTEPIOXEG TTOU €ival adUvaTtov va ToTToBeTnBolv KaAwdia
atmd XaAkd A oTrTikA  iva. ‘Eva dAAo TTpoBAnua etriong 1Tou uTttdpxel ivar OTI, TTOAAG TTaAid
evoupuara dikTua Oev eival eCOTTAICUEVA PE KAVAAI ETTIOTPOQPNG Kal £€TA1 O EKOUYXPOVIOHOG
Toug eival 1810iTEPa aKPIROG, avTiBeTta atmd Tnv eykatdotaon TouWi-MAX. Ettiong n emékraon
€VOG evoUpuaTou OIKTUOU O€ TTEPIOXEG OTIC OTTOIEG OEV UTTAPXEI MEYAAN «TTUKVOTNTO» XPNOTWV
TO KOOTOG €ival TTOAU peyaAo.[30]
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Eikéva26: XpARoeig TouWiMAX [31]

4.8TA XAPAKTHPIZTIKA TOY NMPOTYNOY 802.16 Wi-MAX

To Wi-MAX gival pia Texvoloyia ap@idpouns acUppatng ETTIKOIVWVIAG yia MNTPOTTONITIKG
AikTuakal gtTopei va TTpoc@épel U0 TPOTTOUG aCUPNATNG ETTIKOIVWVIAG:

1) Tnv Emkoivwvia pe Omrmiky Etragn ( Line-of-sight ) :Ze autr tn Asitoupyia, Baoikn
TpoUTTéBeon €ival va pnv uttdpyxouv €utrodia avaueoa oTov TTouTTé Kal To OEKTh, yia va
MTTOPEI TO OAUA VO PNV TTAPEUTTOBIETAI KAl VA XPNOIUOTTOIEITO JEYOAUTEPO PEPOG ThG CLvng
Tou Fresnel. H ouvdeon pe OTTIKA €TTA@R €ival 10xupOTEPN KAl TTOAU O OTOBEPR, KaTA
ouvETTela gival kal o€ Béon va oTeihel TTépa TTOANG dedopéva e Aiyotepa AGBn. O1 peTadooeig
ME OTITIKA €TTA@A XPNOIUOTTOIOUV UWNnASTEPEG OUXVOTNTEG WE puBuoug TTou @OBdvouv Ta
66GHz.
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Eikéva 27: ETikoivwvia pe Omrmiki ETra@ni[32]

2) Tnv Emkoivwvia xwpig ommiki Etmaen ( Non-line-of-sight ) :Eival pia utmnpeocia
TIOPEPQPEPNG WE TNV UTTNPEaia TTou TTpoo@épel To  Wi-Fi. Ze auth Tn Asitoupyia, akpifuwg
eTTEION OEV UTTAPXEI OTITIKI ETTAQPI TOU OEKTN WE TOV TTOUTIO, TO GHUA @BAveEl aTTd TOV TTOUTTO
oTov O¢KTN pECW avTavakAdoewv. ESW To onua akpIfwg emmeldr mTapedBAarAovTal eUTTOdIO
oTn diadpoun Tou, POAvel ue KABUCTEPNOT. Z€ AUTH TNV ETTIKOIVWVIa gival TOTTOBETNUEVN MIa
oTabepy Kepaia o€ APKETA PeyAAo UWoG, TTou ouvdéeTal ammeubeiag pe Tov TTUpyo Tou Wi-
MAX. To Baciké €dw eival 611, To Wi-MAX xpnaoipoTroiei £éva XaunAdTepo €UPOG CUXVOTHTWY
amé 2 GHz €wg 11 GHz (mapduoio pe 10 Wi-Fi), aAAG e Aiydtepa AGBn otn petddoon.
MAeovekTei o oxéon e Tnv LOSyiari, evw oTn oUvOEan PE OTITIKA ETTOQN XPEIAZovTal JEYAAEG
kepaieg, otn NLOSxpeidovTal JIKPEG KEPAIE.
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Eikova 28 : Emikoivwvia xwpig omrmikA ETraen [33]

ApXIKa To Wi-MAX €ixe oxedlaoTei, yia va PTTopel va uttooTnpiel €QApUoYEG, HWOVOo
o€ TePIBAANov OTITIKAG £TTaQnG LOSKaI o€ pia TTEPIOXT) ouxvoTATwy atmod 10 £wg kal 66 GHz,
TIPAYHMA TO OTT0I0 GAMAIVE OTI €ixe pIa {wvn KAAUWNG TTOAU TTeplopiopévn. T autd 1o Adyo n
IEEE 10 2004 emKkUpwoe 1o TTpoTUTTO 802.16 — 2004 TT0U €iXE TA TTAPAKATW XAPAKTNPIOTIKA:

AIEKTTAIPEWTIKA IKAVOTNTA. EEQiTiag Tou OTI £X€l TTOAU PeEYGAO QACHA EKTTOPTTIAG TO OTTOI0
gival avBekTIKO OTIC QVTAVOKAGOEIG TOU OAUATOG, MTTOPEl KOl ETTITUYXAVEL  PEYAAN
OIEKTTAIPEWTIKA IKAVOTNTA O€ PEYAAEG ATTOOTACEIG.

MoAutrAedia. MNa 10 TPOTUTTO auUTO €£xouv TTPORAE@Oei duo TUTTOI TTOAUTTAEEiDG. O 256-
OFDMkal o 2048 - OFDMopBoywviag diaipeong ouxvotntag. Autoi oI TUTTOoI TTOAUTTAEEaG
XPNOIUOTTOIoUV TTOAAATTAG orfjuata o€ pia opBoywvia PeETagUu Toug TTEPIOXN cuxvoThTWwV. Me
auTév Tov TPOTTO £XOUME KAAUTEPN AVAKTNON OHNOTOG OTaV OEV €XOUNE OTITIKY €TTAQH. TO
ONMAvTIKG gival 0TI 0g aUTH TNV TTEPITITWOT TTOAUTTAESIOG €XOUNE TTOAU XaPNAS KOOTOG.

Tpoémog perddoong. Exoupe duo TpdTTOUG peTadoong. OfvageivaioFDD ( Frequency
Division Duplexing ) kaiodAAogoTDD ( Time Division Duplexing ).ZTov TTpwTO TPOTTO £XOUUE
Mia wvn CUXVOTATWY YIa TV KATeUBUVAON TOU KEVTPIKOU TTOUTTOU Trepipepeiakd ( Downlink )ue
puBuoUG peTddoong PEXP! kKal 63 Mbps kai pia GAAN yia Tv avTtioTpogn kateuBbuvon ( Uplink
)UE pUBPOUG peTadoaong PéEXP! Kal 28 Mbps.2Tn deuTepn TTEQITITWON Kal 01 SUO KATEUBUVOEIG (
Downlink ) kai ( Uplink ) xpnoipotrolodv 10 id10 KavAAl €TTIKOIVWVIAG 0 DIAPOPETIKEG OUWG

XPOVIKEG OTIVUEG.

Mpoocappodéuevn diapdpewon( AM — AdaptiveModulation ).O1 taxitnteg perddoong Twv
oedopévwyv ato Wi-MAX, e€aptwvTal KABe popd atrd TNV KAOTOTE YNPIoKA SIaNOPPWan TToU
xpnoigotroigital. Or dlapop@PWOoEIG TTOU XpnaldoTrololvTal cuvhiBwg eival n 64 QAM, n otroia
éxel T duvardéTnTa va €Lac@alifel kal peyaAutepn TaxUuTnTa peTAdoong, n 16 QAM kai n
QPSK n otroia éxel Tn duvardtnTa va eEac@alilel peyahlTepn KAAUWN TOU GUOTHPOTOG.

Base Snoovj

Eikéva 29 : ESw mrapouoidadovrai ol TUtrol diapoppwong[34]

MeydAn epBéAcia. YTrooTnpilel diadpopeg TEXVOAOyieg TToU PTTopoulv va auédvouv To arjua.
‘Exel uttoAoyioBei 611 n amméoTaon PeTagu Tou oTabuou BAong kai Tou ouvopounTh @Bdavel Ta
50 yiINidpeTpa, TTPAyHa TTOU onuaivel 0T auTh n TexvoAoyia gival 1I0avIKr yia aypOTIKEG KOl
aoTIKEG TTEPIOXEG. [1a va ptropécel va avTioTabuioel Tn XaunAr 10x0 TnNG EKTTOUTIAG €VOG
TEPUATIKOU OTaBUOU Kal Tou KEPOOUG TnG Kepaiag, 1o TPoTUTTo WIi-MAX XpnoiyoTToiEi
OIAPOPEG TEXVIKES KAl £TO1 ETTITUYXAVEI JEYAAUTEPN EUPREAEIO TOU OTUATOG.

YynAR ac@dAeia. To Wi-MAX xpnoiyoTTolEi yia Tn HETAd00N Twy O0edouévwy, TOV aAyopIiBuo
kputrtoypagnong DES (Data Encryption Standard - NpotummroKwdikotroinong Aedopévwy).O
DES avAKeioTnv OIKOYEVEIQ TWV CGUUMETPIKWY OAYOPIOUWY Kal XpNnoldoTrolei  KA€IOIG TTou
€Xouv Pnkog 56 bit. 'ETol dlac@aAidel TNV ao@AAEIa TV DESOPEVWIV.
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Etrekraciyétnra. Eivalr €UKoAn n €MEKTACN TOU GTO OXEOIOOUO TWV KUWEAWV, OTIG OIAQOPES
ouxvoTNTES YIaTi uTTooTNPICEl dIdPopa KavAaAia Ta oTroia gival eUENIKTA. 'ETol yia TTapdderyua
€av €xoupe éva paoua ouxvoTATwy 50 MHz kai avaTeBei og KATTOIOV XEIPIOTH QUTO TO PACHQ,
TOTE QUTOG UTTOPET VA TO Xwpioel o€ TTEVTE KopudaTia Twv 10 MHz ) kail o€ déka KOPPATIA TWV 5
MHz. Mg auTtdv Tov TPOTTO CUYKEVTPWVETAI OAN N evEPYEID OE £va PIKPO QATUO CUXVOTHTWY
Kal uTTopEi va auénBsi kal o apIBPOg Twv CUVOPOUNTWV.

AilaAaitoupyikdTnTa.To Wi-MAX cival éva d1eBvEg TTpOTUTTO KAl yI' autd To AGYO UTTApPXEl TO
Wi-MAXForum, TTou gival évag Pn KEPOOOKOTTIKOG OPYAVIOUOG, O OTToiog atroTeAsiTal atrd
TTOAAEG eTaIpEiEG ATTO TO XWPO TNG TTANPOPOPIKAG, TWV TNAETTIKOIVWVIWY KAl TNG TTAPOXNAS
uttnpeoiwv  ( Intel,Motorola,Siemens, Nokia, Alcatel, Microsoft, Telecom, K.A.TT. ) Kai
QOXOAEITaI PE TNV TTIOTOTTOINCN TWV SlIOPOPWY CUCKEUWV ATTO DIAPOPETIKEG ETAIPEIEG. AUTO
Exel oav oTOXO Tn AsiToupyia Kal T ouppatétnTa TWV OCUCKEUWV METAEU TOUG aTrd
OIAPOPETIKOUG KATOOKEUAOTEG.

YynAfj Moidtnta utrnpeciwyv. Ao Tnv TTAEUpd TNG TTOIOTNTAG TNG TTOPEXOUEVNG UTTNPETIAG,
UAoTTOIEl KATTOIEG TEXVIKEG TTOU gival avTioTolXeg Tou Internetdétrwg eivail o Diff,Servkal ta MPLS
TTPOKEIPEVOU VA UTTOPOUV VA EEUTTNPETOUVTAI BIGPOPES EQAPUOYEG OTTWG N PMETAdOON QWVAG
mavw atro IPdikTua (VoIP).

AlakpiTég Ymrnpeoieg. To TpoTuttoWi-MAX, TTpoBAETTEl TEOOEPIG TUTTOUG UTTNPECIWV.Q) TO
oTaBepd pubuod petddoong, B) 1o peTaBaAAdpevo pubud TNG WnAAg d1aBeaiudtnTag, y) 10
peTaBaAAduevo puBud TnG XaunAng diaBeaiudtnrag kal 8) 1o dlabéoiyo eUpog. ‘ETol divel TN
ouvaroTnTa oToug BIAPOPOUG TTAPAXOUG, VA PTTOPOUV va dIa@opOTToIoUV Ta TIHOAGYIA TOUG
avaAoya WE TIG UTTNPECIEG TTOU TTPOCQPEPOUV Kal VO OTOXEUOUV KABE popd o€ dIAPOPETIKOUG
TTEAATEG TTOU WTTOPEI va €ival OTTiTIA Kol PIKPEG A MEYAAEG eTiXEIpAoEIS. Me autdv Tov TPOTTO
TTPooPEpel DId@opa ETTITTEDN UTTNPECIWY AVAAOYQ WE TIG EQAPUOYEG.

H gukoAia eykardoTaong.H eykardotaon eival atmAr €iTe ge XpAON ECWTEPIKAG KEPQIAG, €iTE
ME XPAON €CWTEPIKAG MIKPNG KEPiag Kal To PEYEBOG KAl TO KOOTOG TOU TEPUATIKOU Eival
OUYKPITIKG avAAoya PeE autd Twv cuokeuwv ADSL. EmmAéov e autd Tov TPOTTO gival Kai
TPOCITA N TIMA yIa TNV ayopd Tou €EOTTAIOPOU, OTav TTPOKEITAl YIa HEYAAEG KATNYOPIES
TTANBuUCOU.

Toemiedo MAC Tou Wi-MAX. Eival oxediacuévo Pe TETOIO TPOTTO,TTOU VA UTTOPEI VATTOPEXE!
OTOUG XPNOTEG TOU eyyunuévo puBuduerddoong Twv OeOOUEVWY Kal TTOIOTNTA UTTNPECIAG
upnAou emmédou. Emiong o6tav o1 xprioteg kaAutrTovTal amd Tov idlo oTtabud Pdong (
basestation ), cival €@IKTO va €xouv uwnAdTEPESG TaXUTNTEG Kal UWnAGTEPN TTOIGTATA OTNV
TauToxXpovn METAd0ON Twv deSOUEVWY, KATI TO OTTOi0 ATAV aduvaTtov aTo Wi-Fi.[34]

4.9 H AZOAAEIA TOY Wi-MAX

OAeg o1 TexvoAoyieg aoUpuartng Tpoéoacong kai 1diaitepa 1o Wi-MAX , TTou u1TopEi va
TapéXel  uwnAoUug puBuoug petadoong, TEETTEI va OIaBETeEl Kol IoXUPd TTPWTOKOAAG
ac@aAeiag, Ta otToia Ba TTapEXOUV aTOUG XPrOTES Tou BIKTUOU, TNV ATTAPAiTNTN ao@AALIa aTNV
olakivnon Twv oOedopévwyv Toug. EmmpdoBeta Ba Trpétrel va utrdpxouv Kai  O1d@opol
MNXAVIOHOI TTOU VO ATTOTPETTOUV TIG UTTOKAOTTEG Kal TIG OIAQOPEG AAAEG KOKOBOUAES TTPACEIC.
Auté atmraoxoéAnce 1o Tnv IEEE6C00 kai To Wi-MAXForumTtrou Trpoxwpnaoav otn dnuioupyia
evog otaBepou TrepIBAAAovTog ao@aAciag. Tn yetddoon Twv dedopévwy Pe aoPaeia oto Wi-
MAX, Ttnv avaAopBavel évag aAyopiBuog kputrtoypdenong o DES (Data Encryption
Standard), o omoiog gival £évag GUUUETPIKOG aAYOPIBUOG TTOU KAVEI XPrOTN KAEIBIWV PE MAKOG
56 bits. Ta dedopéva AoITTOv KpUTITOYPa®POUVTal, XPNOIPOTTOIWVTAG 56 bits TouAdxioTov oTnv
péBodo DES, evwy ta kAeidid aviaAAdooovtal xpnoigotroiwvTtag T yébodo 3-DES, otnv
OTT0i0 TO HAVUNG OUCIaoTIKG KWOIKOTTOIEITAI TPEIG POPEG, WE TPia SIaPOopETIKA KAedId. O 3 -
DESouoiaoTikd ivar gia Trapaiiayr) Tou DES (Data Encryption Standard).

4.10 NMIOANA ZENAPIA XPHZHZ TOY Wi-MAX
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ToWi-MAXBaolopévo OTa TEXVIKA TOU XAPAKTNPICTIKA Kal TIG KAGCEIG UTTNPECIAG Tou,
MTTOpEi va uTTooTnPIgEl éva peyaAo apiBuo oevapiwv xpAong. H Texvoloyia Tou Ba aAAGEel Tov
TPOTTO TTOU ETTIKOIVWVOUNE. Oa TTapéxel OAOKANPWTIKN €AguBepia OTOUG avBPWTTOUG TTOU
KivoUvTal TTOAU, ETTITPETTOVTAG TOUG VA £X0UV TTPOCORacn o€ uTTnpeaieg 0ed0UEVWY, QWVAG Kal
video. MoAAG mBava oevdpia xprilong avaloya WE Ta XOPOKTNPIOTIKA Tou, @aivovTal
OUVOTITIK& oTOV TTapaKATW TTivaka:[35]

Table 3 WIMAX Usage Scenarios

Eikova 30:Ev3eikTIKd SivovTal GTOV TTapaTTavw TTiVaKa £QAPHUOYEG OTIG OTTOIEGN TEXVOAOYia
WIMAX ptropéei va ouveio@EpEl onUAvTIKA.[36]

Ta oevapia autd Bpiokouv xprion 1600 og 18IwTIKG 600 Kal o€ Anudaia AikTua.
210 181wTIKG AiKTUO ITTOPOUNE VO EXOUE :

= TNV KUPEAWTA UTTOCTAPIEN,

<+ Tnv Backhaul olUvdeon Tou Tapéxetal amé Tov TAPOXO TNG aoUPUATNG
UTTNPETIag,

=+ 1O diKTUO TWV TPATTEQWV,

=+ TO EKTTAIDEUTIKAG diKTUA,

= Ta OikTUO TTOU £XOUV OXéan PE Tn dnuoaia ac@dAsia,

=+ 10 dikTUO TTOU APopoUv eTTikovwvieg Offshore

= Ta OiKTUO TTOU GUVOEOUV TTAVETTIGTAUIA,

4+ TO JiKTUO TTOU KATAOKEUACOVTAI YIa VO UTTAPXEl ETTIKOIVWVIO O€ TTPOCWPIVEG
KOTAOKEUEG

+“ Ta OikTUO TTOU aoXOoAOUVTal PE BEPATIKA TTAPKA

210 Anuéaia AikTua UTTOPOUUE VA £XOULE :
<+ 710 dikTUO TTPOCRACNG TOU TTAPOXOU TNG AoUPUATNG UTINPETIAg Kal
=+ 10 OiKTUO TTOU OUVOEOUV DIAPOPES AYPOTIKEG TTEPIOXEG.

Ta 10IWTIKAG OiKTUQ, XPNOIMOTTOIoUVTAl ATTOKAEIOTIKG aTTd £€VaV GUYKEKPIPEVO
opyaviouo, idpupa 1 ETTIXEIPNON YIO va TTPOCQEPOUV ETTIKOIVWVIOKES CEUEEIG yIa aoPaAr] Kal
agIommoTn HETAPOPA TNG PWVAG, Twv dedopévwy Kal Tou Bivieo.[34]

4.10.1 H KuyeAwTtn utootiipién (Cellular Backhaul)
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To Wi-MAXTtTapéxeieugeigpointtopointpuéxpl kal 50 XINOPETpa Pe TTOAU uwnAd puBud

oedopévwy. MapakdTw Qaiveral oTo OXANA HIA EQAPUOYT KUPEAWTWY BIKTUWY :
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Eikéva3l : KupeAwtutrootnpinWiMAX[37]

AvdAloya pe 1O dlaBéoiyo @Aoua, TO OTToi0 €ival OIAPOPETIKO 0€ KABE xwpa,

MTTOPOUE VA £XOUNE KUWEAWTA dikTua Wi-MAX.[34]

4.10.2 HBackhaulllapoxouAcoupparngYnnpecoiag (WirelessServiceProvider)

O1 mdpoxol acupuatng Ymnpeoiag xpnoigotrololv e€omAiouyd Wi-MAX, yia va
MTTOPOUV VO PETAQEPOUV TNV KUKAO®Opia atmd Toug aTabuoug Bdong ota dik& Toug OikTua

TTPOCRacNS OTTWG QaiveTal aTo TTAPAKATW OXAMA :[34]

-l_?‘.r
_,_';‘,L,"’f,f/Z//)SS

WiIRMAX
Backhaul

Wi

Fi Hotspot

WiMAX Access
MNetwork

Eikéva32 : YmootipignBackhaulWiMAX[38]
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4.10.3 Ta dixTua Twv Tpane{¢wv ( BankingNetworks )

MoAAEG peydAeg TpATTECEG, TUVOEOUV TA UTTOKATACTAUATA TOUG JUE TA KEVTPIKG ypageia
TOoug, JE €éva 18IWTIKG dikTuo WIi-MAX, yia va peTagEépouv gwvhA,dedopéva kal video, 6TTwg
PaiveTAl OTO TTAPOKATW OXAUA :[34]

WWilAX -~ ===
Metwork ;

WolP Phones

Branch Office

ATM

Eikéva 33 :AiktuaTpatrefwv([39]
4.10.4 Ta exmmaideuTikadikTua (EducationNetworks)

Ta YTroupyeia mmou aoyoAouvtal e Tnv EkTraideuon ptmopolv va XpnoiuoTTrolouV
oikTua Wi-MAX yia va cuvd£ouv Ta OXOAEia UE T UTTOUPYEia, OTTWS QAIVETAI GTO TTOPAKATW

oxNua :

SN
Scheol Beard ilt:.‘wrtc(

Office

PETN  ——m
A

Telephones

School B

Eikova 34 :ExkmaideutikdAiktua[40]
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4.10.5 Ta dikTua dnpoociag ac@daleiag (Public Safety)

O1 utinpecieg dnuéoiag ao@AaAeiag Twv  KUBepvAoewv, OTTWG NACTUVOMIa, N
TTUPOOBETTIKY Kal N utTnpeaia didowaong xpnolipotrololv diktua Wi-MAX yia va utrooThpi§ouv
O1d@opEg eTTEIYOUCEG KATAOTAOEIGOTTWG QPAIVETAI OTO TTOPAKATW OXHMA :[34]
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Eikéva 35 :Aiktua Anuoéociag Ao@aleiag [41]

4.10.6 Ta dikTua TMOU a@opouv emkoivwvieg Offshore

O1 TTapaywyoi TTETPEAGIOU Kal QEPIOU UTTOPOUV VA XPNOIUOTTIOINCOUV €EOTTAIGUO
WIMAX yia 10 OiKTUO TOUG, YIO VO WUTTOPOUV va €XOUV ETTIKOIVWVIOOI €yKATAOTACEIG TOUG
oTnNvENPA HE TIG TIETPEAQIOTTNYEG KAl TIG TITAATQOPUES TOUG TTou BpiokovTal aTn BdAacoa, OTTwg
QaiveTamapakdTw oxAua :[34]

Survelllance

Operator Laptops
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Cperations
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Eikova 36 :AiktuaOffshore [42]
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4.10.7 Ta dixTua Tou ouvdéouv mavemoTnuia(Campus Connectivity)

AlGpopeg  KUBEPVNTIKEG

TTEPIOXEG, METAPOPIKA  PEDQ,

UTTNPETIEG,
TTAVETTIOTAMIO KOl

MEYAAEG

ETTIXEIPAOEIG,
KOAéyla uTTOpOUV VA XPNOIKOTTOIoUV

Brounxavikég

OikTUOWIMAX yia va ouvdEouv TTOAATTAEG TOTTOBETIEG Kal ypageia yéoa aTnv Treploxdpdong
TOUG, OTTWG QAIVETAI OTO TTAPAKATW OXua:[34]

Indisidual user
COMpLRErs

T -
Wy WLAN Telephores

/W

ndividual User
COmputers

WMAX
Metwork

2%

Survellance N

ﬁ_

a0y,
b

WolP Tedaphanes
Main Building

Buiding 2

Eikéva 37 :Aiktua Mavemotnuiwv [43]

4.10.8
TadikTuaylanmpoowpivéskaTtaoKeuEG(TemporaryConstructionCommunication
s)

AId@opeg eTAIPEIEG KATACOKEUWY PTTOPOUV va eykataaTtrioouv diktua WIMAX, yia va
ETTIKOIVWVOUV Ta KEVTPIKA ypa@Eia TnNG eTAIPEiOG TOUG PE TO PEPOG TNG KATAOKEUNG, OTTWG
QaiveTal OTO TTAPOKATW OXNHaA:[34]

ArchitecturallEngineering Firm

WiNAX
Metwork

Construction Firm Main Office

Vol?
Telephanes

=
ValP
55 Telephones

Si -
|:| Site Office Construction
Manager
Computers
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ASYPMATA AIKTYAWi-MAX a1



«METAMTYXIAKH AIATPIBH» MAMAAOTIOYAQY OAYMIIA

Eikéva 38 :Aiktua Mpoowpiviwv Karaokeuwv [44]

4.10.9Ta dikTua Ogparikwyv mapkwv (Theme Parks)

O1 utreBuvol TWV BePATIKWY TTAPKWY PTTopoUV va xpnaiyotroioouv WiMAX dikTtua
WOTE VA PTTOPOUV VA ETTIKIVWVOU PJE Ta TTAPKA TNG WUXAYWYiaG TOUG, TIG EKBETEIG, T KEVTPA
@IAo&eviag Kal Ta KEVTPA EAEYXOU OTTWG QAiVETAI OTO TTOPAKATW OXHMa:[34]

Tourrshuttis
Buses and s=mnd

Servi ehicies | ss
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Survsillance ©
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Main Cffice

Eikéva 39 :Aiktua Ogpatikwy Mapkwv [45]

210 dnuoaia dikTua €xouv TTPOCRaaCn OTIG TTANPOYPOPIES DIAPOPETIKOI XPOTEG,EITE
auToi gival eTTIXEIPNUATIES €iTe €ival atTAoi TTEAATES. O1 KUPIEG EPAPPOYES TWVONUOTiIWV
OIKTUWV €ival TTIKOIVWVIEG QWVIG Kal dESOUEVWV.[34]

4.10.10 AixTuanpoofBaonglapoxouAcupparngYmnpeoiag
(WirelessServiceProviderAccessNetwork)

O1 mdapoxol AcuUpuarng YTnpeoiag xpnoigotroiouv 1a  Oiktua Wi-MAX,  yia
VOTTAPEXOUV GUVOECIUOTNTA OTOUG TTEAATEG TOUG, TTOU TTEPIAANBAVOUV Qwvr, dedouéva Kal
Bivreo aToug 1IB1ILTEGKAI GV Kal internet gTOUG ETTIXEIPNMATIES,OTTWG QAIVETAI GTO TTAPAKATW
oxnua :[34]

o o
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Eikova40 :AiktuampéoBacnglNapoxouAcupparngYrnpeciog[46]

4.10.11 Ta dixTua mou ocuvdéouv AyporTikég Meploxég (RuralConnectivity)

O1 mapoyol xpnoigotroiolv diktua Wi-MAX, yio va TTpOCQEPOUV UTTNPECIEG O€
QAYPOTIKEG TTEPIOXEG 1 ATTOPOKPUOPEVEG, OTTWG PAIVETAI OTO TTAPAKATW OXNAMA:[34]

WINMAX
Metwork

o

'!1

Business or
Institute
Sunigillance S5

Rural Community

Eikova4l :TuvdeoipotntaceAyportikéglepioxég[47]

4.11NMAEONEKTHMATA TOY Wi-MAX

Ta TmAeovekTApata Tou WIi-MAX TmepidauBdvouv  Tn  xprion TUTTOTTOINMEVNG
TEXVOAoyiag, TNV ypriyopn UAOTIoiNGN, TNV KOAUTEPN a€lOTToiNoN TOUu PACHATOS GUXVOTATWY,
TNV OIEIGOUTIKAPABIOKAAUYN, TNV ETTEKTACINOTNTA, TN WEYAAN ac@daAeia, Tov uwnAd pubud
peTadoong Oedopévwy, TNV TTOIOTNTA TWwV UTINPEECIWY, Kal Tnv Olaxeipion Tou KOOTOUG
amoteAeopatikd. H Wi-MAXeival pia Tutrotroinuévn teXvoAoyia, TTou emTPETTEl € TTOAAOUG
KATAOKEUAOTEG va TTapdyouv CUPBaTS €COTTAIONO, TTOU CuvhBwg odnyei ae XaunAdTEPO
K6oTOG £EOTTAICOU.

Ta Wi-MAX cuoTtiuata ytropoulv va avattuxBouv ypriyopa. ETreidr) ka0e mroutTocWi-
MAX pTtropei va €EUTTNPETACEI EKATOVTADEG TETPOAYWVIKA XINIOUETPA HIOG TTEPIOXNG Eival
duvaTov va avatTugel peyaAn TaxuTnTa UTTNPECIWV ETTIKOIVWVIAG O€ pia TTOAN i OE PIa OXETIKA
MEYAAN YEWYPAPIKN TTEPIOXT).

O1 TexvoAoyieg TTou xpnoigotroiolv Ta SiKTuaWIMAX, ekueTaAeUovTal ammodoTIKG TO
@aocpa ouxvoTATwy. Kal ToUTo EMITUYXAVETAI YIOTi XPNOIUOTTOIOUV GUYKEKPIUEVN Blaudpewan
Kal uEBodOo KWOIKOTToINONG, TTOU TTEPIYPAPEl TTOOEG TTANPOPOPIEG UTTOPOUV VA PETAPEPBOUV
o€ €va OUYKEKPIPNEVO €Upog Cwvng. AuTo diveral ouvrBwg o€ bits avd deutepoAeTto ava
Hertz.To oUoTnuaWi-MAXyxpnoiyotrolei TTOAU atroTeAeopaTiky Olaudpewaon kal PéBodo
KWOIKOTTOINONG YIa VA ETTITUUXEI HEYAAN POOUATIKI armddoon TTou gival JeyaAuTepn aTmo éva
KIvNTO TNAEQWVO A GAAa €idn acUpUOTWY CUCGTNUATWY.

To Wi-MAX ptropei va XpnoIJoTroinoel éva JeyadAo TTANB0G TexvoAoyiwv TTpocaong
TTou Tou Oivel Tn duvatoTnTava TTapéxel padiokAAuwn o€ éva eupl QACUA YEWYPOPIKWY
TTEPIOXWV, XWPIG va dnuioupyeital TTPpORANPa atod Tnv Utrapén SEvOpwv 1 KTIpiwv.

Ta cuothuaraWi-MAX eivai emektaoipga. ‘Exouv 1 duvardétnta va augroouv Tov
apIBud Twv XPNOTWV I TNV TTO0OTNTA TWV UTTNPEECIWY TTOU PTTOPOUV VA TTPOCQPEPOUV XWPIG
onuavTikEG  aAAayég  oTov  €EOTTAIOUO  Tou UANIKOU 13 Tnv  TexvoAoyia  TTOU
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XPNOIMOTTOIOUV.ETITTAéOV TA GUCTANATA «EEUTTVWVY KEPAIWV» TTOU XPNOCIUOTIOIE, Tou Jivouv
oXedOV ATTEPIOPIOTN ETTEKTACIMOTNTA.

YmrépxeiueyGAnTroiKINiaTrpodiaypa@uvac@oAciag  TTou  eival  d1aBéoiya yia  Ta

ouoTAuaTa Wi-MAX.
HaogpdAciagivainikavoTnTaevogouoTAUOTOGHMIOGUTTNPETIOGTTOUETTIBUMEIVAAEITOUPYEIXWPIGCNMI
£catrd eEwTePIKOUG TTAPAYOVTEG. TaouoTApaTaWi-

MAXExouVEVAVTTOAUIOXUPOUNXAVIOHOACQAAEIQGTTOUETTITRETEIVATTPOCTATEUOVTAITAOESOUEVA
TOU XPAOTN KOl TOU CUOTAUATOG.

Ta ouoTAuata Wi-MAXéExouv Tn duvatoTnTa va TTAPEXOUV TTOAU UWPNAEG TaXUTNTEG
peTadoong dedouévwy. H diektrepaiwon Twv dedopévwy, gival 0 GYKOG TwV OEBOPEVWV TTOU
MTTOPOUV VO UETAPEPBOUV PEOW €vOG KavaAIoU ETTIKOIVWVIOG A va PETAQEPBOUVATTO €va
onueio oe éva oloTnua emmKoivwviag. To WIi-MAX ouotnua €xel Tnv IKavotnTa va
xpnoiyotrolei yeydho €0pog {wvng KavaAioU Kal N KOTATunon Twv — 0edouévwv  TTou
XPNOIUOTTOIEl TOU TTapEXEl £va TTOAU uWNnAS puBuod diekTrepaiwong.H ToidétnTa uttnpeaiag ival
Mia atrd TIG JEYOAUTEPEG TTPOTEPAIOTNTES TOUG.

To k6oTOG TG TOpPOXNG  umnpeoiwvoto  Wi-MAX  (oxéon  KOOTOUG-
aTroTeEAEOUATIKOTNTAG) MPTTOPEl va cival xaunAdtepn ammd T1a AAAa €idn Twv acUpPaTwv
ouoTnudaTwy. H akpwg atroteAeopaTiki SIaudpPwaon Kal KwaIKOTToOINaN TwWV XOPAKTNPIOTIKWY
WIMAX cuoTnudTWyY TOUG ETTITPETTEI TNV TTAPOXHA UTTNPECIWV O€ TTEPICCOTEPOUG TTEAATEG avd
KavaAl atrd evaAAOKTIKOUG TUTTOUG cuaTnudTwy. Auté onuaivel ot éva OikTuoWIMAX utropei
va €XEl XOUNAGTEPO KOOTOG KEPAAQIOU KAl AEITOUPYIKOU KOOTOUG avd TTEAATN.

To TTapakdTw oxrua deixvel hepikd atrd Ta BaoIKG XOPOKTNPIOTIKA Kal Ta OQEAN TNG
Texvohoyiag Wi-MAX. Ze autd treplAauBdavovTal n atroTEAECUATIKI) TTAPOXH UTTNPECIWY, N
uwnAn IkavotTnTa HeTddoong dedopévwy, N AgPAAEIQ, N ETTEKTACIUOTATA TOU CUCTAUATOG KAl N
ypriyopn eykatdoTtaon.[48]

Feature Benefit

Standard Technology Lower cost equipment.

Rapid Deployment Rapid recovery of investment.
Spectral Efficiency Fewer radio channels required for each user.
Radio Coverage Good radio coverage through trees and in

buildings.
Scalability Ability to expand as customer demand
increases. Pay as you grow.
Security Revenue assurance, consumer confidence and
access to premium content sources.
High Data Throughput Com petitive advantage.
Quality of Service High reliability and guaranteed services to high
value customers.
Cost Effectiveness Lower capital and operational cost per
customer.

Eikova42 : Baoikd XapoKTnpIoTIKA Kal TTAeovekTApaTa Tou Wi-MAX [48]

ZUVOTITIKA MTTOpOUME va TToude OTl n TexvoAoyia Wi-MAX cuykevipwvel OAa Ta
TTAEOVEKTAPATA TOOO TNG evoupuarng 600 Kal TG acuppatng dikTuwong. Kal amod Ta
TTAPATTAVW CUPTIEPAIVOUNE OTI Ta BACIKOTEPA TTAEOVEKTANATA Eival TA TTAPAKATW:

1) ‘Evag otabuoég Baong Wi-MAX ptropei va eEUTTNPETAOEI EKATOVTADEG XPIOTEG.

2) TMapéxel uwnAoTEPEG TaXUTNTEG Kal €xEl HEYOAUTEPN EUPBEAEI aTTO €va evoUpuaTO
OiKTUO.

3) Mrmopei va Aeitoupynoel OTIG TTEPICOOTEPEG OUXVOTNTEG XWPIG va OTTAITEITAI
OTITIKA ETTAQPN.
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4)
5)

6)

7)

8)

9)

10)

11)

MAMAAOTIOYAQY OAYMIIA

H eykardoTtaon Tou yiveral ypriyopa Kal €UKOAQ AKOPA KOl O€ ATTOUOKPUOUEVES
TTEPIOXEG TTOU N EYKATACTACN €vOG evaUpUaTou OIKTUOU Ba ATav TTOAU OUCKOAN.

H ouvdeon Tou xprotn oT1o S10diKTUO YiVETAl XWPIG CUCKEUES BIaoUVOEONG OTTWG
modem,router, K.A.TT.

O1 eTaipeieg €xouv Tn duvaATOTNTA VO AVOTITUCOUV aveEapTnTa acUpuaTta OikTua
TNAETTIKOIVWVIWV Kal UTTAPECIWV Internet, €UKoAa kal ypriyopa, eQOcov Oev
XPEIAZeTal VA eyKaTaoTAB0UV KOAWDIa o€ KABE onueio TNG XwpPag TTou €5peUoUV.
AuTO €xel oav aTTOTEAECA Ol ETAIPEIEG va £XOuv KEPDOG XPOVOU KAl KOOTOUG OF
TTEPIOXEG TTOU Ogv gival EQIKTH N dlooUvdECn OTo internet.

H xprijon Tou internet amd Tov XPAOTn TTaUEl TTAéOV VO CUVETTAYETAI KAl ThV
OEoEUDN KATTOIOG TRAEQWVIKAG YPOUUAG.

O ouvdpounTAg UTTOPEl va XPNOIKOTTOINCEI TN OUVOECT] TOU OTTO OTTOUDITTOTE
akoun Kai ev KIvAoel péoa otnv TTOAN i kKai OAOKANPN TN xwpa. Kar trou dev gival
EQIKTO PE TIG onuEPIVEG ouvdéaelg ADSL, ouTe kal pe Tnv TexvoAoyia Wi-Fi, Adoyw
TNG TTEPIOPIOUEVNG TNG EUPEAEING.

MeTakopifovtag ae AAAN TTEPIOXT, © CUVOPOUNTAG dev Ba XPEIOOTEl va KAVEI
EVEPYOTTOINON €UPUCWVIKNG GUVOECNG OTOV VEO TOU XWPEO, OTTWG IOXUEI VIO TIG
ypauuég ADSL. ApouU Ba kaAuTTTeTal a1Td TO ACUPUATO COFa TOU TTApOXOU
uttnpeoiwv Tou WiMAX, utropei va apxioel dueca va xpnolJoTTolEi Tn oUvOeat)
TOU.

‘Eva diktuo WIMAX 110U Ba KOAUTTTEl JIa JEYOAQUTTOAN PTTOPEI VA €yKATOOTAOEI
o€ Niyeg HépeG, o€ avTiBeon pe éva avTioToixo evaoupuaTo dikTuo TTou Ba
xpelagoérav TToAAOUG IAVES A Kal Xpovia.

ASGYW TWV UYPNAWYV TaXUTATWY PeTadoang dedopévwy, To WIMAX emiTpéTTel
€TTIONG TNV TTPAYMATOTTOINGN TNAEPWVIKWY KAACEWV A akdun Kai
BivreokAAoewv.[48][49][69]

802.16a

Fixed Qutdoor

Applications

= E1/T1 service for enterprises

* Bockhaul for Hotspots

* Limited residential
Broadband access

CPE

* External box connected fo PC
with cufside antenna

802.16REVd

Fixed Quidoor

Applications

* Indeor Broadband access for
residential users {High Spead
nternet, ViolP, ..}

CPE

* External box connected to PC
with built-in antenna

B802.16e

Limited Mobility
Applications

= "Partable” Brocdband access
for consumers
= Always Best Connected

CPE
*PC Card

Eikova43 :Zrooxnuagaivovraioie@appoyégTouWiMAX[50]

4.12MEIONEKTHMATA TOY Wi-MAX

To Wi-MAXExel Kal PEIOVEKTMATA OTTWG :

1) o oAU peydAeg atmmooTdoelg ( 5 €éwg 30 pihia ) atraiteital gUvOECN ME OTITIKNA

ETTaP.

2) O KOaKEG KaIPIKEG OUVONKEG PTTOPOUV va Onuioupyrioouv peyaha TTpoBARuaTa otnv

atrédoon evog dikTuou Wi-MAX.

AZYPMATA
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3) Eav umdpyxe éva dAo acUpparo OIKTUO OTnv TTEPIOX MTTOPEl va dnuioupynBoulv
TTAPEPPBOAEG KOl KOTA OUVETTEID ETTEPXETAI KAl MEiwan Tou pubuou amdédoong Tou
OIKTUOU.

4) Mrmopei va eTnpedoel TNV uyeia Twv avBpwTTwy, ol OTToiol BPioCKoVTal O€ KaBnueEPIVA
ékBean o€ auTo.

5) ‘Exel apxik6 uynAd K6OTOG £YKATACTAONG Kal AsIToupyiag.[70]

4.13 E®APMOIrEzZ TOY Wi-MAX ZTON KOzMO

Etreidf) 10 Wi-MAXéxel TTdpa TTOAEG eQapuoyEG O€ TTAYKOOMIO £TTTTEDO, OTTWG OTIG
ETTIXEIPNOEIG KOIVWVIKNAG WQEAEIAG (TTapoxr VEPOU NAEKTPIKOU PEUPATOG, TNAETTIKOIVWVIWY,
K.A.TT.), 0Tn dnuUooIa ao@AAEIa, OTOV TOUPIOPO Kal TNV NAEKTPOVIKA dIakuBEpvnaon, eival TTOAU
MEYAAN n e€ATTAWOT) TOU.

MTtropoUpe va TrapaBéooupe  pepIKA  TTapadeiyyara TToU  XpnolgoTroincav  Tnv
Texvohoyia Wi-MAX, avd Tov KOO O.

2€ DIAPOPES PUOIKEG KATAOTPOYPEG, OTTWG OTO TOOUVAUI OTnv Ivdovnaia To AekEéuBpio
Tou 2004, TTOU KATAOTPAPNKE OAO TO SIKTUO TWV TNAETTIKOIVWVIWY, KAvovTag adlvarn Tnv
ETMIKOIVWVIA TwV €MCWVTWY PE ToV £6w KOOWO Kal To avTiBeTo. ‘ETol otABnke éva diktuo Wi-
MAX yia va TTapéxel eupulwviKi TTPOoRacn,yia TNV avadounon Twy TRAETTIKOIVWVIWY aTTO Kal
TTPOG TNV TTANyeica TePIoXA.[72]

AAO Tapdaderyua dikTuou Wi-MAXeixaue kai atn Néa OpAedvn Twv Hvwpévwy
MoAiITeiwv, OTav PETE TOV KATAGTPOPIKO TuQwva Tov AlyouaTo Tou 2005,10 evaUpuaTo SikTuo
TWV TNAETTIKOIVWVIWV UTTECTN TOOO PEYAAEG KATOOTPOPEG, O OTTOIEG TAV TTOAU BUCKOAO va
QvTIMETWTTIOB0UV. ‘ET01 01 ApXEG dnuioupynoav Aueca, o€ PHIKPO Xpovikd didaTnua, Eva dikTuo
Wi-MAX oTnv TrepIoXA, VIO va JTTOPETOUV VA KOAUWOUV TIG BACIKEG TNAETTIKOIVWVIOKEG
avAayKea.[63)]

QDUOIKA Kal JETA TOV KATAOTPOPIKO OEIoUO Kal To Toouvaul otnv latrwvia To MdpTio
Tou 2011, TO evaUpPPATO BIKTUO TWV TNAETTIKOIVWVIWV UTTEDTN JEYAAEG KATOOTPOYPEG KAl N
Intelpadi pe Tnv eTaipeiac UQCommunicationseykatéotnoav éva diktuo Wi-MAX, yia tnv
TTapoxr Pondeiag aToug emICwVTEG.[64]

H eTaipia Intel, £xel Tpoo@Epel KATA KaipoUg TTOAAEG AUCEIG XPNOIJOTTIOIWVTAG TNV
Texvohoyia Wi-MAX.

ToWiMAX kaito Sundance Film Festival.'Eva ammé ta mo onuavTikd TTAEoVEKTAUATA
Tou WIMAX ¢ival n 1kavotnTtd Tou va ueTadidel dedopeva o peyaleg atrootdoelg (30 pihia
METOEU Twv onueiwv TpdoPacng) xwpig va umofabuiletal o oAua. To PeoTiBAA
Kivnuaroypdgou Sundance yiveral kaBe lavoudpio oto Park City, Utah o€ éva opeivo B€peTpo
9.000 oédia MAvw aTo Tnv em@aveia TG BadAdacoag. O1 dlopyavwTég TG €kOAAWONG TO
2005,n8ehav va petadwoouv piataivia High Definition (HD) acUpuara kai {Atnoav otmo tnv
Intel pe TR BoriBeia NG Alvarion Tnv utmrooTthpiEn ue WiIMAX. H Intel kai n Alvarion ¢dwoav Tnv
akéAouBbn Auon: H kwdikotroinon Kal n ywn@iotoinon Tng Taiviag €yive oto BavkouBep ToUu
Kavadd kal atn ouvéxela uetaddbnke ot1o Opeykov. Aro 1o Opeykov n Taivia €0TAAN HECW
ToU OIadIKTUOU OTO ZOAT Aéik oTn Touta. Ao 10 Z0AT AéIK TnG MNouTta diafiBdoTnke péow
aoUppatwyv onueiwv  TpooBaong Alvarion, xpnoigotmroiwvtag WIMAX oT1o  opeifariko
kaTaguyio oto Park City, Tng Utah.(Intel2, 2005).

To WIMAX kai To NMaykéopio MpwTtddAnuaTpia®Aou 1o Ironman.To lMaykéouio
MpwTtdBANua TpiaBAou 1o Ironman yivetar otnv Kailua-Kona, atn  Xafdn. H XaBdn Arav
TAvVTa PIa TTPOKANGCN yia Tn HETAd0OTN PBivieo pe TToIOTNTA aTTd TTOAAATTAG onueia KaTd IAKOG
Tou aywva Trepitrou 140 pidia, eEaimiag Tou NEAICTEIOU Twv BOUVOKOPPWY KOl TWV KOIAGOWV
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KaBwg Kal Tnv KAion TTpog Tov wkeavo. O1 dlopyavwTég ¢ATnoav atrd Tnv Intel kai Tnv Airspan
va dwoouv Auon atnv TpoékAnon auth (Intel1, 2005). H Intel kai n Airspan g@dpuocav
TTOAAQTTAG onueia TTPdoRacng Kal QUOIKA eKUETAAEUBNKav To TTA€ovEKTNHA Tou Wi-MAX oTnv
(NLOS) peradoon (Intell, 2005).

Emeidn n 6éon Tng Néag Znhavdiag éxel atrodelxOei Ol gival éva onUAvTIKO EUTTOdIO
yia TNV €UpulwVIK TIPOcRacn OTIG aypoTIKEG TTEPIOXEG TnG, To NoéuPpio Tou 2003,
ToTroBeTBNKAV 28 WIMAX &ékTeg 0Tn NEa ZnAavdia. H TTpwToouAia auTr) Trapeixe pia AUon
yia 10 50% Twv voikokupiwv TNG Néag ZnAhavdiag TTou dev diEBeTavV €upulwVIKN TTpdoRaaon.
To WIMAX «katéotnoe ouvari Tnv TTapoxf] acUpuaTtng €upulwvikng Trpdofacng o€
ATTOUOKPUCPEVEG TTEPIOXES TNG XWpPAG (Intel4, 2005).

Ztnv ItaAioao Mario Landolfil, Ymroupydg Emkoivwviwy otnv ItaAia to 2005, e¢édwoe
didrayua yia tnv Tapdracn g diabeciudtntag Twv Wi-Fi yia 10 uttdéAoITto TG XWpag.
EmtAéov, TO YToupyeio Zuykoivwviwveixe dwaoel €ykpion yia  WIMAX oToug TTapdxoug
TNAETTIKOIVWVIOKWY UTTNPECIWV YIa TNV KAAUWN oAOGKANPNG TnG Xwpag. HTav n peyaAuTtepn
WIMAX e@apuoyr atrd otroiadntote GAAN xwpa Tng Eupwtrng. Zuugwva pe Tov Landolfi, « n
Wireless Broadband cival pia ammd TIG TTONTIKEG TTPOTEPAIOTNTEG TNG KuBEépvnong»(Harris,
2005).

Xwpeg 6mwg n Ivdia, 10 Me€ikd, 10 Makiotdvkal n Kiva €xouv xpnoigoTroifoel
WIMAX wg pia Alon,emeidfy 10 KOOTOG TNG KaAwdiwong yia Tnv TTapoxr] €upulwvIKwv
uTTNEECIWV ATAV acupgopo. (Intel2, 2005, CASE STUDY: Wateen Telecom Launches WiMAX
to 17 Cities in Pakistan in Nine Months © Motorola, Inc. 2007).

2tnv lopdavia 10 WIi-MAX éxel TTOAAEG e@apuoyég oTn dnudoia ao@dAsia, o€
OIAQOPEG ETTIXEIPACEIG, OE ETMIXEIPACEIS KOIVAG WQPEAEIOG(VEPD, NAEKTPICHOG, K.A.TT.)oTnV
ac@aAeia ( kapepeg ). [Nidhal Kamel EI-Omari and Mohamad H. Alzaghal, 2009]. Emiong
TOAU onuavTiké eival To 0TI xpnoiyotroinoe Wi-MAX TexvoAoyia yia dnuédaoio SikTuo
ao@aAeiag.[“Assessment of wireless broadband for public safety”,
http://www.researchandmarkets.com /reports/1193215/, last accessed 18 February 2010]. H
lopdavia €ixe pia TTOAU Kok evoUpuaTn UTTOBOWN, TTOU OTIG UTTQiBpIEG TTEPIOXEG TNG ATAV
aKOuUn XelpoTepn, €101 n AUon Tou WIMAX fTav Kal OIKOVOMIKOTEPN KOl Ol KATOIKOI €ixav
eupulwVIKN TTPOGRacn atrd TTOAAATTAOUG TTAPOXOUG.

SCHOOL WIMAX
O WiFi

WIMAX

HOSPITAL WIMAX

Eikova44: E@appoyég otnv lopdavia[51]

H Computex yioptace ota TrAdioia Tng 30"  emereiou Tng 170 2010 , TIG 10TPIKEG
UTTNPETIEG EKTOKTNG OvAYKNG PE Xprion TexvoAoyiag WiIMAX TTou gixav TTOPOUCIOCTE WG MIA
atrd TIg €10IkEG ekdnAwoelg oTnv Taitrél. Auth n wvTtavn €mideign éyive oto vnai Peng-Hu
otnv TdiBav kai ouvdébnke pe TICC otnv Taimél, e améoTtacn 250 XIAIOPETpwY. ZTNV
emideIgn TTapouaidoTnke n Texvoloyia WiMAX TTou XpnoIJoTroifenke o€ 10TPIKEG KOTOOTACEIG
€KTOKTNG avAykng, TTou emTtpéTTouv oTnv Medicare Call Center (oTnv TTAcupd Tng Tditél ) va
TTapakoAouBouv Toug acBeveig oe armrooTdoelg Tavw atmd 150 pihia péoa amd pia eopnTh
IATPIKI) OUCKEUR TTOU MPETPA TA CWTIKA Onueia Kal UTTOPEI va evePYOTTOIOEl autduaTaTny
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uttnpeoia 911 péow evowpatwpévng  Texvorloyiag WIMAX edv eival amapaitnro.To
TnAepwviké Kévipo Medicare eival oe 8éon va TrapakoAouBei Ta (wTIKA OToIXEia Tou
0a00evoUg 24 wpeg TNV NUEPA, OTTWG Tov TTAAUO, Tn BepuoKpacia Kal TV TTiECN TOU aQiJaTOoG.
Z& TEPITITWON PIAg avwpaAiag, To oUoTnua PTTopEi va Bpel TNV akpIfR ToTToBeoia Tou acBevn
péoa ammd ohokAnpwpéveg Aeiroupyieg GPS Baagiduevo otnv TexvoAoyia WIMAX kai va
gvepyotroifoel Tnv uttnpeoia 911 autéuarta. & cUyKpIon PE T TTAPASOCIOKA TTPOTUTTA TTOU
atraiTouv TV avBpwTTivn TTapéupaacn, autr n avakdAuywn utropei va owoel {wég.  AuTti n
ATTOMaKPUCEVN TTPOoRacn eival {WTIKAG onuaciag yla Toug TTapOXOUG  UYEIOVOUIKNAG
TEPIBAAYNG KATA TN AQWN TTPOANTITIKWY HETPWV. AUTO TTEPIAAUBAVEl TOV TTIO €EENIYUEVO
€EOTTAIONG TTOU €X0UV PECA OTO aoBEVOPOPO, YIa TNV AVAPETAdOON TWV (WTIKWY OnUEiwy
oW OTO 1aTPIKG TTPOOWTTIKO TOUu Voookopegio. To KAedi eival n texvoAloyia WIMAX TToU
TTapéXEl Oedouéva OE TTPAYHOTIKO XpOvo Kal APeon €I00TTOINCN YIA £va YEYOVOG TTOU ATTEIAE
Mia Cwh. YwnAig Ttroiotntag TnAedidokewn ER ToU  €mMTPETTEl OTOUG  yiATpoUg va
OUVEPYOOTOUV ME TTAPAIOTPIKO TTPOCWTTIKG yia Tnv TTapoxr on-the-spot Bepartreiag, evw o
aoBevig Bpioketal otn dladikacia TnG PeTa@opds. Ta voookougia UTTopolv va CWoouv
TEPIOOOTEPEG CWEG, TTPOETOINACOVTAG TIG €YKATAOTACEIG, TOV €EOTTAIOUG Kal Tnv BepaTreia e
TWV TTPOTEPWV.[54].

Etriong otnv Tdimél €xouv xpnoipotronoel IPKduepa o€ ouvduaoud e TeEXVoAoyia
WIMAX, yia va AdBouv og TTpayhaTiKO Xpovo dIadpacTiKd BiVIEO OTO KEVTPO €AEyXOU TG
aoTuvopiag. AuTr n €Qapuoyr] JTTopEi va XpnoIuoTTroinGei atrd TNV aoTuvopia ev KIVACE!, atrd
TNV KIVNTA EMITAPNON KAl TAV KIVNTH @poupd cwudaTwy. TEBNnKe oe Aeiroupyia Tov loudvio Tou
2010.

4G WiIMAX Real Time Mobile Vedio Transfer System

- =S Passagewayl
2 TAGWIMAX e, & 1
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’ A : \\1 H;;;é“;‘%
: B )
A (. VeeTime Corp, / o
A N Y B i —-DB-Server -
Real;ime o ADSL1
Mobile Vedi
Sransfer Passageway2  Yee ?'%OFP-
System FT '

User
Eikéva 45:Wi-MAXog TTpayMaTiké Xpovo KivnTi uetddoon dedopévwv|52].

AANN epapuoyn otnv  Taitél ival To TaxiMobileCafé(V-Cab)Service, To otroio dev
£xel Te0ei akdua og Asitoupyia aAAG avapéveral oTo dueco péAAov. H MID trapéxer £§1 peydAeg
katnyopieg utnpeoiwyv : (1) kivntR TpoéoRacn oto Aladikruo, (2) TTAnpo@opieg oTov
Tpo6TO (WG (3), SiladikTuakn TNAgdpacon, (4) kivntd Traixvidia, (5) €§umrvn TAoRynon
Kal (6) yvwun @6pouyp.
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Eikova 46:Wi-MAXoeg TTpayMaTiké Xpovo KivnTi yerddoon dedopévwv|[53].

AAAN e@appoyn gival n €EuTTvn PETPNOT). Z€ OUVOUAOUO HE TIG TTAOTQOPHES
UTTNPECIWV KaITIG OAOKANPWHEVEG EQAPHOYEG Tou DIKTUOU pe WIMAX gival éva €EutTvo
TePIBAANOV yIa UYWNARG TTOIOTNTAG KIVNTEG UTTNPEDIiEG. Me Tnv TexvoAoyia WIMAX, n
KaTtavaAwaon NAEKTPIKAG EVEPYEIOG ATTO TOV ECUTTVO PETPNTH PTTOPOUV VA KOIVOTTOINBouv TTiocw
OTO oUCTNUA. AUTO ETTITPETTEI OTOUG TTEAATEG VA DIAXEIPICOVTAI TNV EVEPYEIAKK) TOUG
KaTtavaAwaon, va PJEIWVOUV To KOOTOG, Kal Toug Sivel Kal Tn duvaToTnTA VA TV TTAPAKOAOUBOoUV
o€ TIpayuaTikd xpovo. [54].

AAAN epappoyn diktuou WiMAXbackhauleival oto petpd Tou Dubaitrou 1Tou €xel
oAokAnpweei, aTig 22 deBpouapiou Tou 2010.EmTpéTel Tnv TpdoBacn oToug eMPRATEG O
utTnpEEeoieg oTo PeTpd Tou Dubai.EmiTpétel TrpdoBacn oTa Tpéva Kal o€ AAAEG TOTTOBETIEG TOU
MeTPS Tou Dubai. Eival éva e€aipeTikd Tapddeiypa tng texvoAoyiag WiMAX.[65].

H 1amwvikn etaipeia UQ Communications ékave €TTid€Ign ETAPOPAG DEDOPEVWIV HECW
Wi-MAX2 e taxutnteg 330Mbps. H emideitn agpopoloe otnv avapetadoon Full-HD 3D video
oe TnAeopdoeig Large Format Display, pe mn xprion Wi-MAX2. H oAokAAjpwon Twv
mpodlaypapwyv Tou Wi-MAX2 avapéveral va yivel péxpl 10 Aekéuppio tou 2011, evw n
Samsung TTpoTiOeTaI Va TTapoucidcel Ta TTpwTa TTpoidvTa Wi-MAX2 oto 1éAog Tou 2011. "ET0l
AoITTév  avapéveral €KOETIK aAUfnon Twv OTTAITACEWY OTTO TIG QACUPMATEG €UPUCWVIKEG
ouvdéoelg. Q¢ ek TouTou Ba avayvwpioTei kal n a&ia Tou MobileWi-MAX, piag TexvoAoyiag
TpayuaTtikou 4G, ox1 povo otnv lamwvia, aAAG kai  TTaykoopiwg. Oco n amaitnon yia
TEPIOOOTEPO €UpPOG Cuuivng Kal TaxUutnTa aufdvel ekBeTIKA, n TexvoAoyia Tmpémmel va divel
atravtrioelg. To MobileWi-MAXdavoige 1o dpduo TTpog TNV €TTOXH TNG KIVATAG EUPUCWVIKOTNTAG
Kal atroTeAEl 0N HEPOG TTOAMWV BEATIOTOTTOINUEVWY AUOEWV.

H Intracom Telecom avakoivwoe 10 ®eBpoudpio Tou 2011, 6T n Mobile WiIMAX
Abon NG, Omni-MAX, moTomroidnke amé 1o WiIMAX Forum vyia tn oupBartétnta kai Tn
diaAeiToupyikéTnTa TNG. To OMniMAX givail pia kopu@aia kai kaivotéuog Aucon Mobile WiMAX,
n otoia divel Tn duvatdtnTa o€ KABe guvdpounTr) va atToAapBavel acUPPOTES EUPULWVIKEG
uTTnNpEETieg, Aciroupyei o€ ouxvortnteg 2.3-2.4 GHz, 2.5-2.7 GHz ka1 3.4-3.8 GHz, kai givai
oXeOIAOUEVO €10IKA YIO AOTIKEG KAl AYPOTIKEG TTEPIOXEG VIO VO AVTATTOKPIVETAI OTIG EKACTOTE
YEWYPAPIKEG DUCKONIEG eV GUHPBAAAEI OIKOAOYIKA AdYyw TNG PEIWMPEVNGS KaTavAAwong 10XU0G.
[53][66].

MapakdTw PTTopoUpE va douue Toug auvdpounTég Tou Wi-MAX, uéxpr Tov lavoudpio
Tou 2011.

WiMAX subscribers
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Eikova47:WiMAXsubscribersforecast [55]

Kail BeBaiwg UTTopoUE GTO TTAPAKATW OXMKa va dolpe Tnv eEENIEN Tou Wi-MAX avd
TOV KOGO.

4,000
3.500
3,000
2500
1.500 | / =
1,000
500
o
2006 2007 2008 2009 2010 2011
Westem Europe 115 200 310 399 526 563
M North Amenca 74 349 576 680 761 799
Middle East and Afnica 88 106 115 125 133 138
Latin Amernica 24 45 72 100 110 115
Central and Eastem Europe 43 59 73 88 105 113
Asia/Pacific 595 839 1.027 1.467 1.681 1.857

Eikéva 48 :XZ1o mmapamrdvw oxfua @aiveral n &€Aign TouWi-MAX avd Tov k6opo [56]
4.14 MobileWi-MAX

H Ttexvohoyia Mobile Wi-MAX eival n 1exvoAoyia ekeivn TTou aoxoAsital pe tnv
acuppaTtn €upulwvikn TIPOCRACN Twv KIVATWY ouoThUdTwy. XpnolyoTtroiei dlauopewon
OFDMA (Orthogonal Frequency Division Multiple Access). Ta cuotjuata Mobile Wi-MAX
TIPOCPEPOUV PEYAAN TTPOCAPUOCTIKOTATA TOCO OTNV TEXVOAoyia acUpuartng Tpécpaong 600
Kal OTnv apxITEKTOVIKN Tou OIkTUou. ‘ETal  Trapéxouv ueydAn eueNiia otnv avamrTuén Tou
OIKTUOU Kal OTIG UTTNEETIEG TTOU UTTOPOUV va Trapéxovtal. Mepikd ammd Ta Mo onuavTiKa
XOPAKTNPEIOTIKG TToU utroaTnpilel To Mobile WiIMAX eivau:

* MoAu peydAor puBuoi perddoong: Etreidn yxpnoiyotroiolv kepaieg MIMOuTrooTnpifouv
peydhoug pubuoug, 63 Mbps yia Downlink kai 28Mbps yia UpLink.

* MoiétnTa Ymnpeoiag : H apxirektovikh Tou MAC oTo trpotutro IEEE 802.16 kaBopilel kai
TNV TTOIOTNTA TNG UTTNPETIAG.

MMpocappooTikOTNTA: TOo Mobile WIMAX eival oxediaouévo va Asitoupyei o dIAQOPETIKO
€UpOoG VNG TTPOKEIPMEVOU VA Eival TTAVTA EVOPUOVIOUEVO WE TIG DIOPOPETIKEG TTPODIAYPOPES
TTOU CUVAVTWVTAI O€ SIOPOPETIKEG XWPESG TOU KOGHOU.

* Ac@dAeia: H aocg@daleia TreplAauBdvel auBevTikotroinonue To TIPWTOKOAAO  EAP kai
KPUTITOYpA®non Me Tov Kwodika AES-CCM,

* KivnmikéTnTa: ‘Exel AiyoTepeg KaBUOTEPNOEIG OTAV TTPOKEITAI VIO EQAPUOYES TTPAYMATIKOU
xpovou (real-time) 6TTwg n petagopd Tng ewvng (VolP). [58][59][60][75]

Mobike WIMAX client access

Eikéva 49 : Multimedia over Mobile WiMAX [57]
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4.15ZYTKPIZHWi-FiKAIWi-MAX

Fvetal TTOANU ouxvd ouykpion avapeoa oto Wi-Fi kar To Wi-MAX kol autd yiveral,
T600 yiaTi Kal Ta dUo autd TTPoTUTTa Pacifovtal o TTPwWTOKOAa Tng IEEE 600 kai yiaTti o
Baoikdg OTOXOG TOUG €ival va TTapEXouv acUpuaTn ETMKOIVWVIA Kal TTpéofacn oTo
Internet.NMapdAa autd Spwg Ta dUO AUTA TTIPWTOKOAAO BpioKouv Xprion Ot SIAPOPETIKEG

EQPOPUOYEG.

H peyaAuTtepn dlagopd Toug eival wg TPog Tnv Treplox kaAuywng. ‘Etol 10 Wi-
FikaAutrtel pia mepioxy péxpr 300 pétpace ouvbnikeg pE OTITIKA €TTAQA evw TOWi-
MAXKAAUTITEl pia eupUTePn TTEPIOXA £wG Kal 48 XINIOPETPA, KATW aTTd CUVONKEG KAl OTITIKAG
ETTAPAG KAl O OUVONKES XWPIG OTTTIKY ETTAQH.

Otav mpétel va KoAUQBEei pia ueydAn pntpoTtroNITIkA Trepioxn, To dikTuo Wi-Fiatrairei
TNV avdAamTuén TepIoooTEpWY OTaBuwv Bdong.Autd onuaivel 6Tl n XpnoIYoTToinon €vog
dIkTUou Wi-Fi, gival 1o datravnpr yia va TTapéXel acupuarn eupulwvikn TTpdéofaocn o€ pia
MEYAAN Treploxn, avTiBeTa pe 1o Wi-MAX.

To Wi-Ficival oxedlaouévo yiava TTapEXEITTOAU UWNAEG TaXUTNTEGOETOTTIKA aoUpUOTA
OikTuq, v To Wi-MAXeival oxedlaouévo yia va TTapéxel acupuarn eupulwvikg TTpécBacn (
BWA — BroadbandWirelessAccess ) pe TToAU uwnAég Taxutnteg oto d1adiktuo o€ AoUpuata
MnTtpoTTroAITIKa AikTua.

To Wi-Fiéxer oxedlaoTei yia va TIPOOQEPEl WNPIOKEG UTINPECIEG O€ OTTTIA KAl
eQapuoyég oe ypageia.Evio 10 Wi-MAX, €18ikd 10 MobileWi-MAX, oxedldoTnke yia va
utrooTnpidel KivATIKOTNTA OE JIa PEYAAN TTEPIOXA XPNOIMOTTOIWVTAG TNV opboywvia diaipeon
ouxvoTnTag.

To Wi-Fiéxel éva otaBepd eUpog Cwvng KavaAiou TTou Kupaiveral ammd 20 MHz éwg
25 MHz, evw o1o Wi-MAXT0 €0p0og Cwvng Tou KavaAioU gival oapwg PEYAAUTEPO Kal EEKIVA
ammd Ta 1.25 MHz kai ¢Bdavel éwg kai Ta 20MHz.

To Wi-Fidev mmapéxel ToidTNTa UTTNPECIag uwnAou eTTITTEOOU eV avTIBETWG To Wi-
MAXTTapéxel TToIoTnNTa UTTNEETiag uywnAou emtrédou. Kai auté cuupaivel, yiati 0 oxedIaouog
Tou emmédou Mactou Tmpotutou  Wi-Fiemtpémrel oToug oTaBUOUC va  Asiroupyouv
QVTAYWVIOTIKA w¢ TIPOG 1o anueio TpdoBaong AP( AccessPoint ), katd cuvEéTTEla o1 XPAOTEG
TToU B€Aouv va peTagépouv dedopéva Kal Bpiokovtal pakpid amé 1a AP (AccessPoint) va unv
£Xouv eUKOAN TTpOoacn Kal va EXOUV KAl GUVEXOUEVEG DIAKOTTEG, O€ avTiBean Pe auToug TTou
Bpiokovtal o kovtd ota AP( AccessPoints ). Emopévwg €xoupe pia ouvdeon tou  dev
XOpakTnpEifeTal ammd uwnAn TToIOTNTA KAl KOTA CUVETTEID KAl Ol EQAPUOYEG TTOU TPEXOUV OF
QUTA TN oUvOEon va unv dlaKpivovTal aTTd TToIOTNTA KAl VA PNV €KTEAOUVTAI Kal CwaoTd. Evw
o1o Wi-MAXo oxediaopog Tou emmédou Mac sival TEToI0G, TToU XPnoIhoTTolEl évav aAyopiBuo
oUpeWVa PE TOV OTTOI0 0 CUVOPONNTHG TTPOCTIABEI UOVO TNV TTPWTN GOPA TTOU CUVOEETAI OTO
OikTuO. XTn ouvéxela o oTaBuog Baong ( basestation ) eival ekeivog TTou oucIOoTIKG KaBopidel
ToV TPOTTO TTPOoBaong. AnAadry TTApEXEl OTOUG XPAOTEG TTou BpiokovTal oTa 6pia KAAuyng
Tou idlou oTaBbuou Bdong ( basestation ) eyyunuévo puBud petddoong. ETTopévwg o1 XpRoTeg
TToU BpiokovTal oTa Opla KAAUWNG Tou idlou onueiou TTpédaacng ( AccessPoint )
JTTOPOUV Va £XOuv Tnv idia TToIOTNTA UTTNPECIOG apoU KAl OTNV TTEPITITWON TTOU TO IKTUO €ival
POPTWHEVO Ta OEDOPEVA PETAPEPOVTAI IKAVOTTOINTIKA.

To Wi-Fi xpnoigotroiei éva e0pog ouXvoTATWY TTou Oev XpelddeTal TTapoxrn adeiag yia
TNV TTpécPacn oto diadiktuo. AvTiBeta 10 Wi-MAX xpnaoiyotroiei e0pog GUXVOTATWY TTOU
ATTAUTEITAI OXETIKA AdEIA.
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To Wi-Fi xpnoiyotroiei kputrroypaenon WEP. To WEP civaiéva TpwTdKoAANO
ao@dieiog Tou MAC emmédou, To oToio Pacifetal oTn  XPAon &vog  aAyopiBuou
Kputrtoypapnong RC4. To YelovEKTNUG TOU OPWG gival OTI, OTNV TTEPITITWON TTOU UTTAPXOUV
TTOAAOI XPAOTEG ouvOEedEévOl €xEl TIPORANUA OTTO TIG TTAPENPBOAEG TTOU dnuIoUPYyoUVTal OTIG
TEPIOXEG Tou. AvTiBeTa To Wi-MAXDIa6£Tel pia TTOAU 10xUpr KpuTtrToypagnon AES (Advanced
Encryption Standard).To TpoTutTto Kputrtoypdenong AES, tepiypdoeel pia  diadikaoia
KPUTTTOYPA®NONG TNG NAEKTPOVIKAG TTANpoPopiag, Tou eival Baciopévn oTnv Aoyiki TNng
KwOIKOTTOINONG OUAdWY OeBOUEVWV E KATTOIO PUCTIKO KAEISi. TO TTAEOVEKTNUA TOU AoITTOV
gival To0 AES dnuioupyei TUTTIKA JIKPOTEPEG TTAPEUBOAEG.

TéAog av kal Ta dUOo TTPATUTTA POIPAZoVTal KATTOIO BACIKG BePeNWON XapAKTNPIOTIKA
TTpooeyyifouv ouciaoTIKd TO Béua TG acupuarng OIKTUwoNG amd dUo TTapa  TTOAU
OIAPOPETIKEG OTITIKEG Ywvieg. ETTopévwg Ta OU0 TTPOTUTTIA €XOUuv OXedIAOTEl  yia va
eMTEAECOUV TEAEIWG BIAPOPETIKOUG OKOTTOUG TTPAY A TO OTTOI0 onuaivel 0TI TEAIKA 1] ouyKpIon
METAEU TOUG gival oxedov aduvarn.[62]

Urban [ [

WiMAX Tower

Eikéva50 :ZuvduaopogWiFikatWiMAX [61]
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5.NMNEIPAMATIKO MEPOZ

5.1 MNEPIFrPA®HTOYNS (Network Simulator -

MpooopoiIwTAAIKTUOU)

O NS2 (Network Simulator version 2) gival évag TTpooopoIwTAG SIOKPITWY YEYOVOTWY
TTOU OTOXeUel oTnv €épeuva Tng OIKTUWONG. Tapéxel ouoiaoTIK UTTOOTAPIEN Yia TNV
TTpocouoiwaon TNG dpopoAdynong, Twv multicast TTPWTOKOAAWV Kal TTPWTOKOAWY 1P, &1Twg
Ta UDP, TCP, RTP ka1 SRM mdvw armdé cuvdepéva pe Kahwdio aAAd kal acupuara (ToTmkA
Kal dopuopikd) diktua. O NS-2 €xel TTOMA TTAEOVEKTAPATA TTOU TO KATATAOOOUV WG €va
XPNOIUO epyaAgio yia Tnv uttooTAPIEN TTOANATTAWY TTPWTOKOAAWVY Kal Tn duvatoétnTa Tng
atreikéviong Tng OIKTUOKAG Kivnong. EmtAéov utrooTnpilel apkeTolg aAyopiOuoug TTou
agopolv 0T dpopoAdynon Kal OTIG OUPEG AVAUOVAG.

O NS2 ptropei va xpnoiygotroinBei yia Tnv Tpocopoiwaon eVvoUpUATWY Kal aoUPpUATWY
OIKTUWV. YTrooTnpifeTal atmd pia PEYAAN KovoTATA XPNOTWVY TTOU aTToTEAEiITal atrd didgopa
ekTTaIOEUTIKG 10pUaTA, Kal  BpiokeTal o€ ouvexn €CENIEN Kal BeAtiwon koBweg 6o Kai
TEPIOOOTEPEG DUVATOTNTEG Kal XAPOKTNPIOTIKA TTpooTiBevtal. Baoifetal 010 poviéAo Tou
avoIXToU KWwOIKA, TUVETTWG OTTOIOCONTTOTE UTTOPEI va TTPOCBECEl Kalvoupia AEITOUPYIKOTNTA
oTovNS, vyia TIg avaykeg Tng épeuvdag Tou. H €kdoon Tou NS TtmOU XpnoiyotToINBnKe OTN
OUYKEKPIPEVN epyacia gival n 2.28.

Ta atroteAéopara TnG Tpooouoiwong atrodnkelovral oe «trace files» Ta omoia
TTEPIEXOUV CUMPPBAVTA, OXETIKA ME TNV ATTOOTOAR, Tn AQWn Kai Tnv TTpowénon TTAKETWV
avaueoa atoug didgopoug kOuPousg. O NS €xel diagopa format yia Ta apxeia autd, avaloya
ME TO av TTPOKEITAI yIa TTAKETA TTOU avTaAAdoovTal avdueoa o oTabepols r o€ acUPUATOUG
KOuBoug. AkoAouBei éva TTapddeiyua atrd KABe TTePITITWON:

+2.047812 1 0 udp 908 ------- 01.0.2.00.0.0.1 155 187
- 2.047812 1 0 udp 908 ------- 01.0.2.00.0.0.1 155 187

r 2.049885 1 0 udp 908 ------- 01.0.2.00.0.0.1 155 187
+2.088111 1 0 udp 1020 ------- 01.0.2.00.0.0.1 156 188
-2.088111 1 0 udp 1020 ------- 01.0.2.00.0.0.1 156 188
+2.088111 1 0 udp 1020 ------- 01.0.2.00.0.0.1 157 189
+2.088111 1 0 udp 572 ------- 01.0.2.00.0.0.1 158 190
- 2.088193 1 0 udp 1020 ------- 01.0.2.00.0.0.1 157 189
-2.088274 1 0 udp 572 ------- 01.0.2.00.0.0.1 158 190

r 2.090193 1 0 udp 1020 ------- 01.0.2.00.0.0.1 156 188
r 2.090274 1 0 udp 1020 ------- 01.0.2.00.0.0.1 157 189
r2.09032 1 0 udp 572 ------- 01.0.2.00.0.0.1 158 190

Mépog tracefile amroé emkoivwvia avdpeoca o€ evoUpUaTOUG KOUBOUG

To traceformat yia acUppatoug KOPPBoug artroTeAsiTal amd TTEPIcoOTEPa TTEdia, Kal
givar 1o TTOAUTTAOKO, KaBWG  TEPIEXEI TTANPOQYOpPIEG TNG TOTTOAOYiaG Tou KOWPPBOU Kal
TTANPOYOPIES YIO TO OTPWHA 2 KAl TO OTPpWUA 3.

S -t 2.145000000 -Hs 1 -Hd -2 -Ni 1 -Nx 0.00 -Ny 0.00 -Nz 0.00 -Ne -1.000000 -NI
MAC -Nw --- -Ma 0 -Md 0 -Ms ffff0000 -Mt O -Is 0.0

-1d 0.0 -It MAC802_16MAP -Il 58 -If 0-li 0 -lv O
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S -t 2.147600000 -Hs 3 -Hd 4194304 -Ni 3 -Nx 0.00 -Ny 0.00 -Nz 0.00 -Ne -1.000000
-NI MAC -Nw --- -Ma 0 -Md 2000000 -Ms 8 -Mt O -Is

4194306.0 -Id 0.1 -1t udp -1 929 -If O -1i 192 -lv 32

d -t 2.147785800 -Hs 2 -Hd 4194304 -Ni 2 -Nx 0.00 -Ny 0.00 -Nz 0.00 -Ne -1.000000
-NI MAC -Nw --- -Ma 0 -Md 2000000 -Ms 8 -Mt O -Is

4194306.0 -1d 0.1 -1t udp -1 929 -If O -li 192 -lv 32

r-t 2.147785800 -Hs 1 -Hd 4194304 -Ni 1 -Nx 0.00 -Ny 0.00 -Nz 0.00 -Ne -1.000000 -
NI MAC -Nw --- -Ma 0 -Md 2000000 -Ms 8 -Mt O -Is

4194306.0 -Id 0.1 -It udp -11 900 -If O -li 192 -lv 32

d -t 2.147785800 -Hs 4 -Hd 4194304 -Ni 4 -Nx 0.00 -Ny 0.00 -Nz 0.00 -Ne -1.000000
-NI MAC -Nw --- -Ma 0 -Md 2000000 -Ms 8 -Mt O -Is

4194306.0 -Id 0.1 -1t udp -11 929 -If O -li 192 -lv 32

d -t 2.147785800 -Hs 5 -Hd 4194304 -Ni 5 -Nx 0.00 -Ny 0.00 -Nz 0.00 -Ne -1.000000
-NI MAC -Nw --- -Ma 0 -Md 2000000 -Ms 8 -Mt O -Is

4194306.0 -Id 0.1 -1t udp -11 929 -If O -li 192 -lv 32

d -t 2.147785800 -Hs 6 -Hd 4194304 -Ni 6 -Nx 0.00 -Ny 0.00 -Nz 0.00 -Ne -1.000000
-NI MAC -Nw --- -Ma 0 -Md 2000000 -Ms 8 -Mt O -Is

4194306.0 -Id 0.1 -1t udp -11 929 -If O -li 192 -lv 32

Mépog tracefile amrd emKkolivwvia avadpeoa o€ aoUpHATOUG KOUBOUG

AvaAuTiKA €TTEERYNON Yia Tn onpacia KaBe aToixeiou aTo tracefile ptropei va Bpebdei oTo
OIkTUOKOG TOTTO Tou NS.[73]

5.2 TMPOZOMEIQZH AZYPMATOY AIKTYOY WiMAXMENS-2

O mpocopoiwTg NS-2 dev €xel TTpogykaTeaThevo Kamolo Module yia to WiIMAX. Ta
TIG avAYKEG TNG epyaaiag xpnoiuotroidnke to WiMAX Module.

H uAotroinon autr eomidlel oto oTpwua MAC Kal TOUG PUNXaviopoUug Tou yia Xoprnynon
€Upoug Cwvng kal uttooThpign QoS.

To Module autd, uhAotroiei ta Trévte flowtypes Tou TpotUtou 802.16 Kai Toug
unxaviopoug yia aitnon kai Tapoxn €upoug Cwvng. ETriong, emTpémmel 0TOUG XPAOTEG va
opioouv TIGC amaithoelg QoS Twv e@apuoywv. O1 poég utnpeciwv (Service flows)
povTeAoTtroloUvTal atrd finite state machines 1mou opiouv TTwg K&Be TUTTOG UTTNPETIiag avTidpd
o€ dlaQopeTikG auuBdvTa.

Ta Teipduata £€xouv oKomo Tnv €&Etaon NG Aeiroupyiag Tou Wimax pe SIaQOpETIKEG
TapapéTpousg QoS kal Tn alyKpion TNG amédoong Tou SIKTUoU pe éva atrAo Wifi.

5.2.1 TomoAoyia kal SIKTUAKN Kivnon MPpoooHoiwong
H Ttomoloyia kai 1O oOTOIXEiO TNG OIKTUAKAG Kivnong TTou Xpnoiyotroinénkav oTa
Teipduata Baoifovtal oTo TTapdadelypa Asitoupyiag mou Bpioketal ato WimaxModule.

H ToTToAOYia Tou dIKTUOU TTPOCONOIWONG aTToTeAEiTal aTTO éva 0TaBuo Bdaong(Basestation
— BS) o otmoiog cuvdéeTal pe Eva oTabepo kOuPRo pe Ceuén 100Mbps pe 2 msdelay. O 2T1aBudg
Baong PpiokeTar oTo KEVTPO MIag TrepIoxng 250x250 pétpa, kar ol kivnroi otaBuoi SS
Bpiokovtal kaTaveunuévol opoiduop®a yupw Tou. H didpkela frame eival 5 ms kal n
XwpenTKOTNTA Tou KavoAiou civar 40 Mbps, Bewpwvtag 1:1 diaxwpiopd downlink-to-
uplinkTDD. Tomodule xpnoigotroiei To acUpuarto kavaAl Tou Ns-2 1o oTToio £x&l To oUoTnua
aoUppaTng eKTTOUTTAG Kail Afwng Direct-Sequence Spread-Spectrum (DSSS).
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KaBe SS €xel amd pia porp oe k&Be kateuBuvon (aTmmooToAr Kal Afjyn) TTou opioThnkav
aTov idl0 TUTTO UTTNPEciag. Pewpnodnkav TTEVTE dIAPOPETIKOI TUTTOI KivnoNng: Qwvr, Qwvn HE
silencesuppression, video, FTP ka1 Web, ol otroieg avtiaToixolv ata UGS, ertPS, rtPS, nrtPS,
kal BE services.

KdBe acupuatog KOUBOG  ETTIKOIVWVEN PE Tov OTABEPO KOUPBO pE éva ammd Ta  €idn
ETTIKOIVWVIAG TToU TTpoavagEpBnkav  (ewvh, ewvr) Pe silence suppression, video, FTP kai
Web). H TotroAoyia Tou dIKTUOU QaiveTal TNV TTAPAKATW EIKOVA:

Eikéva 51: H TomroAoyia Twv TeEIpapdaTwy

Ta XOPOKTNPIOTIKA ™G Kivnong Video TTPOEpYOVTal amo
tracefiletroudiaTiBeTaipeToWiMAXModule. Ztnv ToTToAOYia QUTH, 01 5 acUpuaror koufol, Exouv
TA OTOIXEIa KAl TIG APXIKEG pubuioeig QOS TToU QaivovTal OTOV TTAPOKATW TTivVaKa:

Koéupog AietBuvon YTtnpeaia QoS 2Toixeia QoS
Node 0 1.0.1.0 dwvA Ugs # data grants interval (sec):
ugs_grant_interval 0.020;
ugs_grant_size 66
Node 1 1.0.2.0 video rtPSs #unicast request grant interval (sec)

rtps_grant_interval 0.020

# maximum delay request (seconds)
rtps_delay 0.100

# aggregate request interval (in
number of requests)
rtps_aggreq_interval 5;

# minimum bandwith request (bytes)
- baseball video
set rtps_ minBW 200000 ;

Node 2 1.0.3.0 PWVNE ertPS # data grants interval (seconds)
silence ertps_grant_interval 0.020;

suppression
# initial data grant interval (bytes)

ertps_grant_size 200;

Node 3 1.0.4.0 FTP nrtPS # unicast request grant interval
(seconds)
nrtps_grant_interval 0.050;
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# minimum bandwith request (bytes)
nrtps_minBW 200000;

# aggregate request interval (in
number of requests)
set nrtps_aggreq_interval 10;

Node 4 1.0.5.0 Web BE # unicast request grant interval
(seconds)
be_grant_interval  2.0;

# aggregate request interval (in
number of requests)
be _aggreq_interval 10;

ApxXIKd, n acupuarn {eug¢n avdueca oto  oTaBPO BAong Kal TOuG ACUPUATOUG
kOupoug civai 40.000.000 bps.

MNa tnv e€aywyn Twv apiBUNTIKWV ATTOTEAECUATWY, dNUIOUPYABNKE Pia ocipd atrd
scripts Tou Bacifovtal otnv AWK, pia yA\wooa (data-driven), n otroia €xel oxediaoTei yia Tnv
emmegepyaoia dedopévwy text. Ta TTpoypduuara autd, TTou TTapaTiBevral 01O TTaApdpTNUa,
oXedIAoTNKAV TTPOKEIUEVOU VA UTTOPOUV va e€axBouv arrd To tracefile Ta TTapakdTw PeTPIKA:

e packet loss
e delay
o jitter
Ta peTpik@ autd, e€ayovtal ava por] dedouévwy, dnAadr €xouue pia pétpnon avd
acUpuaTo KOUPO Kal To oTabud Bdaong.

5.2.2 EKTéA£0on MEIPAPATWYV KOl EMESEPYATIA ATIOTEAECHATWV

MNa TNV ekTEAEON TWV TTEIPAPATWY TTPOATTAITEITOI EYKTACOTACON Tou hs-allinone-2.28 kai
oTn ouvéxela Tou wimax Module. Odnyieg yia tnv eykatdotacn Ttou Module Mtopolv va
BpeBolv online.

MapdAAnAa, ota TTAGiola Twv TTEIPAUdTWY, £yive eykatdoTacn oto NS-2 evog akéua
patch yia tn Aeitoupyia Tou 802.11e. O kwdIKag Kal oI 0dnyieg xpriong MTropouv va Bpebolv
gtriong online.

21N ouvéxela Tpéxoupe Tov NS divovTag wg eicodo 1o TCL apyeio kai évav apiBud wg
apxIko seed. Otav 0 apiBuog gival 0 id1og, 0 NS divel akpIfwg Ta idla aTToTEAETUATA.

AXYPMATA AIKTYA Wi-MAX 62



«METAMTYXIAKH AIATPIBH» MAMAAOTIOYAQY OAYMIIA

bug_

t.tcl in tclcl for info about this warning.

MNa Ta eipduara pe WiMAX xpnoiyoTtroiénke 1o apyeio wimax.tcl rou Bpioketal oto
TTapdpTnUa aAAGfovTag To €Upog Tou KavahioU yia Ta didgopa oevdpia. MNa Ta TeipduaTa Je
WiFi xpnoiyotroiiénke 1o apxeio wifi.tcl TTou Bpioketal oto TTApdpTNUA aAAGlovTag To €UPOG
TOU KavaAioU yia Ta didgopa oevapIa.

To TTapatmdvw TTapddelya EKTEAECNG €XEl WG ATTOTEAEC A T dnuIoupyia evog
tracefile pe dvopa wimax_40000000.3.tr. 21n ouvéxela TTOPATIOEVTAI HEPIKES YPAUUEG OTTO
TATTEPIEXOPEVA TOU:

al-m

ao-mdo

ao-mdo

a 0 -Md (

N1 MAC -Nw

a0 -Mdo

a0 -mdo

To apxeio auto TrepIEXEl yeEyovOTa, TTOU QQOPOUV Tn YEVVEDH, Tn WETAdOON Kal TNV
TTapaAafBnTwy TTOKETWY ammd Toug OIAPOPOUG aCUPUOTOUG Kal evoUpPaTOUG KOUBOUG TOou
oiktUou.lNa Tnv apiBunmikn emegepyacia Twv dedopévwv  auUTWY, XPNOIYoTToINBnkav
AWKscripts. H yA\wwiooa AWK xpnoigoTrolgiTal yia TNV €TTECEPYATia yPOAUUWY KEIYEVOU Kal TNV
e€aywyr oToIxEiwv.
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H eme€epyaoia yivetal ye Tn Xpnon evog KevipikoUu shscript (statistics.sh) 1o oTtroio
METPA packetloss, jitter kai delay. Ta emuépoug AWKscript (measure-loss.awk, measure-
delay.awk, measure-jitter.awk) Ta oTroia XpNnOIMOTIOIE], UTTAPYXOUV QVOAUTIKA OTO TTAPAPTNUO
NG epyaciag. To KeVTPIKO Script TTapaTiBeETaI OTNV CUVEXEIQ:

s/tracefile.tr

$1 : - measure-de

awk =$1.jitter

O1 Tigég yia 1o packetloss TuttwvovTal oTnv 006vn, €vw oI TIYEG yia TO jitter kai delay
atrobnKeUovTaIOE apxeia g HOpP®NiG wimax_40000000.3.tr.delay Kal
wimax_40000000.3.tr.jitter. ZTa apyeia autd uttdpyel atroBnkeupévn n TTANPOPopIa yia To
jitter TTou TTapoucIAdouv Ta TTOKETO ATTO TOUG aoUPUATOUG KOPPBOUG TTpog To basestation, o€

OIAPOPEG XPOVIKEG OTIVUEG.

AkoAouBouv Trapadeiypata atmmd Ta meplEXOpeva Twv wimax_40000000.3.tr.jitter kai
wimax_40000000.3.tr.delay avtioToixa:
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ATTO Ta apxeia autd, HE ETTIAOYM TWV YPAUMPWY TTOU Hag evOla@Eépouv KABE @opd,
yivetal n avdAuon Twv atroTEAEOUATWY Kal N TTapaywyn Twv paBdoypauudTwy. Ta apiBunTika
arroteAéopara TapouciddovTal avaAuTikd oTnv €TTOUEVN evOTNTA.

5.3 ApiOuntika amoreAéopara

5.3.11 Zevapio 1

To Zevdpio 1 agopd, TIG APXIKEG PUBMICEIG TTOU TTAPOUCIACTNKAV GTNV TIPONYOUNEVN
evoTNTA. 2Tn OUVEXEIa Ba TTaPouUCIaoToUv apIBuNTIKA yia autd TO Oevdplo AsIToupyiag JeE
XPovIkS didotnua 0 £éwg 200 sec:

Métpnon Packet loss:

Source:1.0.1.0 packets sent:4340 lost:0
Source:1.0.2.0 packets sent:37960 lost:0
Source:1.0.3.0 packets sent:3610 lost:22
Source:1.0.4.0 packets sent:5 lost:0

Source:1.0.5.0 packetssent:5 lost:0

AkoAoubBei didypappa yia T yérpnon tou Delay. 210 didypauua autd TTapaTnEoUuE
011 0 dpopoloynThg QoS o etriredo MAC Tou WIMAX @povTiel woTe, o1 poég va £xouv delay
XOUNAG avdAloya pe Tnv TTPoTEPaIOTNTA TOug. AUTO @aiveTal KAAUTEPQ IDIAITEPA OTO ETTOUEVO
OXAUA PE TNV KAVOVIKOTTOINGN TwV 3 aKPAiwV TIMWY TTOU TTOPOUCIAEl N por| TToU OXETICETAI
pe 1o kéupo 1.0.3.0.

4 N
Delay

®1.0.1.0

m1.0.2.0

m1.04.0

m1.05.0

1.0.3.0

J_-_.I-_J-_.H_H__-l_.-l_.-l_.‘_.-_.-_.-__-_.-_‘__-_‘_.-_-_
- J

AkoAouBei didypappa yia T pétpnon Tou Delay pe kKavovikoTroion yia TIG OKPOiES
TIuéG Tou 1.0.3.0. H emiTuyia Tou QOS @aiveTal OTO YEYOVOG OTI, N POI TTOU OXETICETAI UE TO
KopBo 1.0.2.0 kai €ivar ammooToAr] Bivieo éxel TTOAU xaunAd delay. H pory autn éxel Ta
TEPIOCOOTEPA KAl MPEYOAUTEPO TTAKETA AOyw Tng @uong Tng (Bivieo), o€ oxéon ME TG
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UTTOAOITTEG, TTaPOAa autd o dpopoAloynTg QoS ot emimedo MAC Tou WIMAX @povTilel va
Oivel TTepIoooTEPA time-slots oTa TTakETa autd Kal Kpatd To delayxaunAd. MNa Tov idio Adyo, To
delay yia Tnv uttnpeaia TTou éxel Best—EffortQosS eival n peyaAutepn O€ YEVIKEG YPAMMEG.

- N
Delay

1HNNPITrrarie i
118101l TSldrIIRrInd

AkoAoubBei didypapua yia Tn pétpnon tou Jitter. 210 didypauua autd TTapATNPOUUE
611, 0 dpopoAoynTrig QoS oe emiTredo MAC Tou WIMAX @povTifel waTe o1 poég va £xouv delay
XOUNAG avdAloya pe Tnv TTPoTEPAISTNTA TOUG. AUTO @aiveTal KAAUTEPQ IDIAITEPA OTO ETTOUEVO
OXAMO PE TNV KAVOVIKOTTOINON Twv 3 aKPaiwVv TINWYV TTOU TTAPOUCIACEl O POr) TTOU OXETICETAI PE
10 KOUBo 1.0.3.0.

s N
Jitter
®1.0.1.0
1.0.2.0
1.0.3.0
1.0.4.0
‘ 11.0.5.0
[ a n ‘ ] J
\_ J

AkoAouBei diGdypaupa yia Tn YéTpnon Tou Jitter e KavovIKOTToiNan akpaiwv TIMWY Tou
kO6pBou 1.0.3.0. Napatnpouue 6T O EPaPUOYEG TTOU gival euaicBnTeg OTO jitter (Kupiwg Qwvn
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Kal KaTd OeUTePo AGyo Pivieo) TTou oxetiCovtal pe Toug KOuBoug 1.0.1.0 kai 1.0.2.0 €xouv
€KTOG eaipéoewv TTOAU XaunAd jitter. Mapatnpoluue dnAadr, 61 0 dpouoloynTig QoS o€
emmimedo MAC Tou WIMAX @povTiCel va £X0UV Ol UTTNPECIEG QUTEG KAAN TToIOTNTA UTTNPECIag
KPOTWVTOG XOUNAG Ta ETTITTEdQ TOU jitter.

4 )

- J

5.3.1.2 Zgvdapio 2

210 Zevdplo 2 TTPOXWPAME O HIa VEQ OEIPA PETPHOEWY HPE UTTOOEKATTAACIO €UPOG
wvng pe 1o apxikd, dnhadn 1o gUpog Cwvng eivar 4.000.000 bps. Mapatnpouue 611 OAeg oI
POEG EKTOG ATTO AUTHV avaueoa oTo oTabud Bdaong kai 1o 1.0.2.0 (1TTou €xel TV TTEPICTOTEPN
Kivnon, geyahutepn mpotepaidTnTa Kal avrioToixei o€ video) kataoTtéNAovTal. lMa Xpovikod
Aoirév didoTnua perprioewyv 0 wg 100 sec £xoupe Ta TTAPAKATW OTTOTEAEOUOTA:

MétpnonPacketloss:

Source:1.0.2.0 packetssent:16302 lost:0

AkoAoubBei didypauua yia Tn uéTpnon tou Delay:

e ™
Delay
m1.0.1.0
m1.05.0
®1.0.3.0
[
.
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AkoAouBei didypauua yia Tn HETpnon Tou Jitter:

4 N
Jitter

m1.0.1.0

m1.0.2.0

1.0.3.0

m1.0.4.0

m1.0.5.0
HERRREEN

- J/

To oevapio auTd atroTeAei Yia akpaia emideIgn TNG xpriong QoS o€ éva GiKTUO e TTOAU
MIKpS €Upog Cwvng. Ao Tn oTiyu TTou Oev gival duvaTtd, AOyw TTOAU peiwpévou eUpoug
wvng va eguttnpeTnBolv OAeg o1 utTnpeaicg, o dpouoioynTrig Tou WIMAX divel XpovooXIoUEG
Movdaxa oTnv utrnpeaia Bivreo, TTou £Xel TN HEYOAUTEPN TTPOTEPAIOTNTA.

5.3.1.3 Zegvapio 3

210 Zevdplo 3 TTPOXWPAUE O€ VEQ OEIPA PETPACEWY MPE MEIWUEVO €Upog {wvng Ot
oxéon Je 170 apxikd. To eupog (wvng civar 8.000.000 bps. H TiuA €xel emmAeyei €101 WOTE va
£XOUME QPKETO €UPOG WvNG WOTE VA PTTOPOUV va eEUTTNPETNOOUV OAEG O EQAPPOYEG, OAAG
QVOYKOAOTIKA PE PEIWMPEVN TTOIOTNTA UTTNPECIAG O€ OXEQN UE TO TTPWTO OEVApIO.

MétpnonPacketloss:

Source:1.0.1.0 packetssent:0 lost:0
Source:1.0.2.0 packetssent:32768 lost:0
Source:1.0.3.0 packetssent:3989 lost:0
Source:1.0.4.0 packets sent:4 lost:0

Source:1.0.5.0 packetssent:4 lost:0

AkoAouBei diaypappa yia Tn pétpnon Tou Delay. ®aivetal 611 oo Tn peiwon Tou
bandwidth €xel emnpeactei apvnrikd n amoédoon Tou OIKTUOU, KOBwG €xel auéndei n
kaBuoTépnon(delay) yia 6Aeg TIG poEg, OXI OUWG OE ONUAVTIKO BaBuo.
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e ™
Delay

®1.0.1.0

m1.0.2.0

m1.05.0

£1.03.0

- J

AkoAouBei didypauua yia Tn JETPNCN Tou Delay pe KavovikoTroion yia TIG aKpaieg
Tiuég Tou 1.0.3.0. Maparnpoupue 611 N cuuTTEPIPOPE TOou BIKTUOU €ival avaAoyn PE QuTh Tou
oevapiou 1, aAAG pe avaloyikd aunuEVEG TIUEG.

Delay

AkoAouBei didypappa yia Tn gETpnon Tou Jitter. daivetal 611 a11o TN Peiwon Tou
bandwidth €xel eTnpeaoTei apvnTikd n ardédoon Tou dIKTUOU, KaBwGg £xel auénBei To jitter yia
OAeG TIG pOEG. AuTO gival TTEPIOTOTEPO EPPAVEG OTO ETTOUEVO DIAYPAUMA, YE TAV
KQVOVIKOTT0IiNoN Twv akpaiwv TINWV Tou jitter yia Tov kéufo 1.0.3.0.

AXYPMATA AIKTYA Wi-MAX 70



«METAMNTYXIAKH AIATPIBH» MAMAAOTIOYAQY OAYMIIA

e N
Jitter

®1.0.1.0

m1.0.2.0

m1.04.0

©1.05.0

- J

Mapatnpouue 6T N CUPTTEPIPOPA Tou BIKTUOU €ival apPKETA XEIPOTEPN OTTO AUTH TOU
oevapiou 1. To jitter €xel augnBei onuavTik& pe TN heiwon Tou e0poug Cwvng, gival TNG TTOAU
XEIPOTEPO aTd TO jitter oto gevapio 1.AkoAouBei didypauua yia tn péTpnon Tou Jitter pe
KQVOVIKOTToinon.

4 )

- J

5.3.1.4 Zevapio 4

210 ZevdApio 4 TTpoXwpPAue OE pIa véa O€Ipd UETPHOEWY PE €UPOG {wvng i00 pPE TO
apyxikd (40.000.000bps) aAAG pe xprion wifi avti yia wimax. Aev umdpxer QoS. Z1a
dlaypdappata mou Ba akoAouBioouv Ba @avei n diagopd oTtn xprion QoS, €1dikd oTn pon
Oedopévwy atod Tov kOupo 1.0.2.0. H ponj autr} TTou avTioToixei g€ video €xel TTAEov TTOAU
TEPIooOTEPO delay, kaBwg Oev aATOKTA TTpoTEPAIOTNTA €vavTl Twv GAAwWV, OTTwG OTnV
mepiTTwaon Tou WiMAX e QoS.
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Métpnon Packet loss:

Source:1.0.1.0 packets sent:4340 lost:0
Source:1.0.2.0 packets sent:18723 lost:0
Source:1.0.3.0 packets sent:3633 lost:0
Source:1.0.4.0 packets sent:6 lost:0

Source:1.0.5.0 packetssent:6 lost:0

AkoAouBei didypappa yia mn pétpnon Ttou Delay. Xwpig Tn xprion QoS, o1Trwg nrav
QVOWPEVONEVO, N PON ME Ta TTEPIOCOTEPA Kal PeYAUTEPA TTOKETA (BivTeD) €Xel TO PEYAAUTEPO
delay.

e N
Delay

- J

AkoAouBei didypappa yia Tn gETpnon Tou Delay pe kavovikoTroion yia TIG aKPaieg
Tigég Tou 1.0.2.0.

4 )

Delay I
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AkoAouBei didypaupa yia Tn JETpnon Tou Jitter. AvTioToixa, xwpig Tn xprion QoS ol
POEG HE TA TTEPICOOTEPA TTAKETA, TTAPOUCiGlouv Kal TO JeYaAUTEPO jitter ( poég BivTeo Kal
QWVAG a1Td Toug KORoug 1.0.2.0 kai 1.0.1.0).

4 N\
Jitter

—— 1.03.0

: -

a5 N

- J

5.3.1.5 Zgvapio 5

2T0 ZevAPIO 5 TTPOXWPAUE OE VEQ OEIpd PETPOEWY PE EUPOG {WVNG iI00 PE TO APXIKO
(40.000.000bps) aAAG pe xpAon 802.11e avti yia wimax. YTdpxel QoS aAAG pe Ta €ENg
XOPAKTNEIOTIKA: Agv yivetar pUuBuion TTapapéTpwy avd utrnpecia,avtifeTa, kaBe UDPpor
TTaipvel OIAPOPETIKA TTPOTEPAISTNTA.APQ, €QapUOleTal QOS OTIG TPEIG TIPWTEG POEG TTOU eV
givar TCP. Zta diaypduuara mou Ba akoAoubricouv Ba @avei n dilagopd otn xpron QoS,
avaueoa o WIMAX kai 802.11e.

Métpnon Packet loss:

Source:1.0.1.0 packets sent:4340 lost:0
Source:1.0.2.0 packets sent:18723 lost:0
Source:1.0.3.0 packets sent:3633 lost:0
Source:1.0.4.0 packets sent:6 lost:0

Source:1.0.5.0 packetssent:6 lost:0

AkoAouBei  didypappa  yia T pétpnon Tou Delay. OopIouOG  peyaAUTEPNG
TpoTepaIOTNTAG avapeoa oTig poég amo Ta  1.0.2.0 kai 1.0.3.0 avTioToixa , divel Aiyotepn
KaBuaTépnaon OTnV TTPWTN TTOU €XEl HEYAAUTEPN TTPOTEPAIOTNTA.
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/

Delay

m10.1.0

m1.04.0
®1.0.5.0

m1.03.0

Ll

L ]I

o
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AkoAouBei didypauua yia Tn JETPNCN Tou Delay ue KavovikoTroion yia TIG aKpaieg

Tiuég Tou 1.0.2.0.

AkoAouBei didypaupa yia Tn gETpnon Tou Jitter. MikdTepo jitter Tapouaciddouv ol
POEG HE TN MEYAAUTEPN TTPOTEPAIOTATA ( POI QWVAG — TTPWTN TTPOTEPAIOTATA Kal pon BivTeo
OelTEPN TTPOTEPAIOTNTA - aTTO TOUG KOBoug 1.0.1.0 kair 1.0.2.0 avTioToixa).
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5.3.1.6 Zegvdpio 6

2T0 2evdApio 6 TIpOXwWPAUE Ot véEa Oelpd METProEwv HE OIAPOPETIKA TOTToAoyia.
Anuioupyeital €va &iktuo ammd 6 acUppatoug KOUPBoug Kal doKINAZeTal n amoédoon Twv
OIa@OPETIKWY TTPOTOKOA WV dpopoAdynong oe Wifi kat WIMAX. 210 oevdpio autd ol Kool
gival oTaBepoi. Ta TTPWTOKOAAA TTOU XPNOIKOoTIoIoUVTal Eival TA TTAPAKATW:

To DSDV (Destination-Sequenced Distance-Vector Routing ). To TTpwTOkoAO autd
OpopoAoyei  Baoifopevo ot Tivakeg OpopoAoynong.Kabe koéufog diabértel éva
TTivakape KOPPBoug TTpoopiopousg kabwg kal Tahops (eméueva Bripata-koBoug) TTou
TPETTEl va akoAouBroel yia va @Tdoel oTov Kabéva.ETriong kaBe eyypagr] Tou TTivaka
OpopoAoyNnong éxel Evav akoAouBiakd apiBud TTou Tnv Tpoadiopilel povadikd. MNa tnv
emAoyn Tng d1adpoung TTPog Tov KOPPBo TTpoopiopol, ToDSDV xpnoigotroiei dUo
KpITApIa: Tov XPOvo avakaAuywng Ttng O1adpourg kal Tounkog Tng oehops.O
akoAouBiakog ap1Buog g KGOe eyypaeng(diadpoung)diakpivel TIg
VEOTEPEG(UEYOAUTEPOG  aPIBUOG)ATTO  TIG  OPXAIOTEPEG(UIKPOTEPOG  aPIBUOG). 2TV
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TEPITITWON TTOU O€ €évav KOPBo @Bdcouv diadpouégue Tov idl1o akoAouBiakd apiBuod
Ba €mAEEEl ekeiVNUE TOMIKPOTEPOURKOG.

Ad hoc on Demand Distance Vector (AODV). To OAODV artroteAcipia BeATiwon Tou
DSDV.H 16éa cival va amraAaxTei kaveig ammé tnv datravnpr dladikaoia Tng
OUVTAPNONG TWV TIVAKWY dpOPOoAdYNonG Kal o dIadpouég va avakaAuTITovTal étav
¢ntouvTal.

DSR (DynamicSourceRouting). TODSR BeATilovel akOun TTEPICTOTEPO TNV 1B TTOU
xpnoiyotroigital  oToAODV. H  dilagopotroinon  €ykelral  otov  TPOTTO  TTOU
XPNOIKOTTOIoUVTaAl Ol TTiVaKEG dPOUOAGYNanG (epTTpdg/micw OcikTeg). 'ETO1 avTi auTéG
ol TTAnpogopieg va dlaypdagovTal PETA ammd KABe emKovwvia, dlatnpouvTal
ATTOONKEUPEVEG OTOUG EVOIAUECOUG KOUBOUG OE JIa TTPOCWPEIVE UVAUN S108pOouwv
(routecache),yia éva OUYKEKPIPEVO XPoVvIKO didoTnua.Me autév Tov TPOTTO O KABE
KOUBOG £xel évav TTivaka dpopoAdynong TTpog dIdQopous TTPOOPICHUOUG TOTTIKA OTnVv
OIkr} Toucache,yia 6co didoTnua cival evepyr n K&OBe eyypa@r. To TTAEOVEKTNUA TNG
cache tival éTiuTTopei €101 va ouvTtopeuael T dladikaoia avalATnong.

MNa 1Ig avaykeg Tou TreIpauaTog, TTapdyxonkav duo véa tclscript, pe Tuxaia TTapaywyn
Kivnong T0trou UDP (ConstantBitRate- CBR) kai akivntoug acUppuartoug kOupous. H ammédoon
TWV TIPOTOKOAAWV HETPABNKE HME TN XPAON TWV HETPIKWY TTOU XPNOIKOTTOINBNKOV Kal OTIG
TTponyoupeveg evoTnteg: packetloss, delay, jitter. Ta atmroteAéoparta @aivovtal GTa TTAOPAKATW
dlaypdupara:;

AkoAoubBei didypapua yia Tn péTpnon tou Delay

/

Delay

AkoAouBei didypappa yia Tn pétpnon Tou Delay ye KavoviKOTIoion yia TIG OKPAiEg TINEG

TOU.
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/

m WIFI
m WIFI

SDV]
ODV

\

Mapatnpouue TTapouoia atrdédoon Kal oTa Tpia TTPWTOKOAAA, KaBwe N EAAEIYn Kivnong
TWV KOPPWVY €xel wg atmmoTéAeoua va un xpeidfovtal aAAayég otnv dpopoAdynon avaueoa
oToug KOuBoug. To WIMAX éxel eAa@pwg KaAUuTepn atrddoan, AGyo Tou KaAUTEPOU

XPOVOOPOUOAOYNTH) TTOU XPNOIUOTTOIE.

AkoAoubBei didypauua yia Tn uETpnon Tou Jitter

/
Jitter
m WIFI AOD
] 1IFI JSR
um WIMAX DSDV
B WIMAX AQDV
N\
AkoAouBei didypappa yia Tn PETpnon Tou Jitter ge KavoviKoTToion YIa TIG AKPGIEG TIPEG
TOU.
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e N\
itter

Mapatnpoupe TTapdéuola amédoon Kal oTa Tpia TTPWTOKOAAG, KaBWG n €AAEIwn
Kivnong Twv KOPPwWV €xel wg atmmoTéAeoua va un xpeidfovtal aAAayég atnv SpouoAdynon
avapeoa aToug KOPPoug. To WIMAX éxel eAa@pwg KaAUTePN atmédoan, AGyo Tou KaAUTEPOU
XPOVOOPOUOAOYNTH) TTOU XPNOIUOTTOIE.

5.3.1.7 Zegvapio 7

210 XZevdplio 7 TTpoXwPANE Of véa OEIpa PETPACEWV ME KIVOUPEVOUG KOMPBOUG.
Anpioupyeitar éva &iktuo ammd 6 acUppatoug KOUPBoug Kal dokiyadetalr n amdédoon Twv
OIAPOPETIKWYV TTPOTOKOAWY dpopoAdynong oe Wifi kot WIMAX.

MNa g avaykeg Tou TreipdpaTog, TTapdxdnkav duo véa telscript, pe Tuxaia TTapaywyn Kivhong
TUTToU UDP (ConstantBitRate- CBR) kai kivouugvoug acUpuartoug koppoug. MNa tn dnuioupyia
Kivnong xpnoipotroiiénke n epapuoy tou NS-2setdest mou BpiokeTalr oTo indep-utils/cmu-
scen-gen/setdest. AkoAouBei éva TTapadelyua AsiToupyiag TnG:

setdest [-nnum_of nodes] [-ppausetime] [-smaxspeed] [-tsimtime] \

[-x maxx] [-y maxy] > [outdir/movement-file]

H ammédoon Twv TTPOTOKOAAWY PETPABNKE WE TN XPHON TWV UETPIKWY TTOU XPNOCIKUOTTOINONKoV
Kal OTIG Trponyoupeveg evoTnteg: packetloss, delay, jitter. Ta amoreAéopaTa @aivovtalr oTa
TTapaKkAaTw dlaypAauuaTa:;

AkoAouBei didypappa yia Tn gETpnon Tou Delay:
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- ™
Delay

m WIFI DSDV

= WIFI AODV

= WIFI DSR
= WIMAX DSDV

= WIMAX DSDV

m WIMAX DSR

- J

AkoAouBei diaypappa yia Tn pérpnon Tou Delay e Kavovikotroion yia TIG aKpaieg TIMEG
TOU.

4 N
Delay

B WIFI DSDV
= WIFI AODV

Maparnpoupe d1a@OpPETIKA aTTOdOCN Kal OTa Tpia TTPWTOKOAAA, KaBwg n kivhon Twv
KOUBwV €xel wg atmoTéAecpa va atmaitolvTal aAhayég oTnv dpopoAdynaon avaueoa OToug
KOuBoug. MNa 1o Adyo autod, OTiwg Tepipévape, To DSR €xel TEAIKG TNV KaAUTEPN aTTddOoON,
KaBwg TTpoKemal yia o eEeAyuévo TTpwTokoAAo. Ocov agopd Tn oUykpion avAueca o€
Wifikai WIMAX, 10 WIMAX €£xe1 eAa@pwg KaAUtepn ammodoon, AGyo Tou KOAUTEPOU
XPOVOOPOUOAOYNTH TTOU XPNOIUOTTOIEI.
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AkoAouBei didypauua yia Tn JETpnon Tou Jitter :

4 N\
Jitter

m WIFI DSDV
m WIFI AODV

= WIFI DSR
| B WIMAX DSDV
= WIMAX AODV

= WIMAX DSR

AkoAouBei didypauua yia Tn PETPNON Tou Jitter PE KAVOVIKOTTOION VIA TIG AKPQIES TIMEG
TOU.

-
Jitter
m WIFI DSDV
B\WIFFAODV-—
® WIFI DSR
L.
.

Ta amoteAéopata gival TTapopoia pe autd yia 1o Delay. Mo ouykekpiyéva, TrTaparnpoupe
OIaPOPETIKA aTTOdO0N KAl OTa Tpia TTPWTOKOAAQ, KOBWG n Kivnon Twv KOPPwV E£XEl WG
atroTEAeOpa va atrairouvTal aAAayEg oTnv dpopoAdynon avAaueoa oToug KOPPBouG. MNa 1o Adyo
auTo, OTIWG TrepIPévape, To DSR €xel TEAIKA TNV KAAUTEPN aTTOd00T), KABWG TTPOKEITAI VIO TTIO
e€eNlypévo TTpwTOKoAAo. Ooov agopd Tn ouykpion avapeoa oe Wifikar WIMAX, To WIMAX
EXEI EANaQPWG KaAUTEPN aTTOO0CT, AOYO TOU KAAUTEPOU XPOVOOPOUOAOYNTH] TTOU XPNOIUOTTOIE.
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6.ZYMNEPAZMATA

To WIMAX ptropei va A€ITOUPYAOEl €iTe WG €TTEKTOON, €iTE WG PeATiwon Tou
UTTAPXOVTOG OIKTUOU, €iTE WG aveCdpTnTo OIKTUO XWPIG VO UTTAPXOUV TIEPIOPICHOI  Kal
aoupBaréTnTEG Pe Ta AAAa péca. Emiong eival oxedlaopévo yia va PTTOPEN va  TTPOCQEPEI
TTOIOTIKEG UTTNPETIES (METAPOPE XOoU, Video Kal dedopévwy) HETTOAU UYNAEG TaXUTNTES Kal YIa
MEYAANYEWYPAPIKA Kal TTANBUCHIaKE KAAUWN.

O TeNKOG TTpoopIopds Tou WIMAX eival va yivel pia TTaykoopiwg diaBéoiun kai
EUPEWG Xpnoiyotroinpévn TexvoAloyia. OTTwg avagépel Kal oTo d1a@nuIoTIKG TNG QUAAGSIO n
Intel: Welcometoyourinternetfuture. Eival TexvoAoyia TTou emITpéTrel 0 éva @opntd oTaBPO
epyaociag va cuvOudlel TiG 1I810TNTEG VOGS KIVATOU TNAEQWVOU Kal vOG padio@wvIKoU TTOUTTOU,
WoTel va e€ac@alilel ETTIKOIVWVIa e Kal atrd KABE ywvid Tou TTAavhTn.

Ki autd emruyxaveralr kai €1reidf €ival €UKOAN n uAotroinor Tou (eykardoTacn —
Aeiroupyia — ouvTtApnon) kai emmeidr) éev ammaitei PeyGAo KOOTOG KAl QUOIKA €CaITiAg Twv
TTOAWYV TTAEOVEKTNUATWY TTOU TTAPOUCIAEl EvavTI OAWYV TWV UTTOAOITTWY TEXVOAOYIWV.

H trepioxn Tng ac@dAeiag atroTeei éva BEua TTpog £pguva, AOyw Twv EUTTABEIWY TTOU
TTapouciadouv AANWOTE OAa Ta acUppaTa SiKTUA.

2€ autd TO TTAQICIO, N TTapoUCa €pyadia €ixe wg OTOXO va TTAPOUCIACEl T PBACIKA
XOpakTNEIoTIKA Tou WIMAX, Thv AsIToupyia Kal TNV apXITEKTOVIKI) TOU.

MpayuaToTroIndnke HIa BewpENTIK avaoKOTINGN, N OTToid KATAPXMV TTOPOUCiace Mia
gicaywyn oto WIiMAX EekIvwvTag yevIKA aTTd Ta acUpuaTa SikTua Kal Ta eUpulwvIKA diKTua eV
yével, kataAryovtag oto TpoTutro 802.16 Tng IEEE 1mou atroteAei Tn Bdon tou WIMAX.

Mépav Twv avwTépw, £YIVE KAl KIO GNUOVTIKA avagopd oTnv apxITekTovikh Tou WiMAX.
Mo ouyKekpipéva, TTAPOUCIACTNKAV Ta BACIKA XOPAKTNPIOTIKA Twv OU0 BACIKWY OTPWUATWY
Tou WIMAX, dnAadny Tou QUOCIKOU OTPWHATOG Kal TOU OTPWHATOS d1aclvoeang OeBONEVWV.
KaBe éva ammd 1a 2 autd OTpWHATA XapakTnpiletal atrd emMTTAEOV UTTO — OTPWHATA, KAOE éva
atrd Ta oTToia ETTITEAEI DIAPOPETIKA AEITOUPYIA, KAl TO OTTOIO TTEPIYPAPNKAV.

MeTd To TéPaAg TNG OewpnTIKAG avaoKOTNONG, TTAPOUCIACTNKE TO TTEIPANATIKO PEPOS
™G OIaTPIBAG, TO OTIOIO TIEPIEXEI KATAPXNV MIa oUVTOUN TIEPIYPAQN TOU €pyaAgiou TTOU
xpnoiyotroinénke, dnAadn tou Network Simulator 2 — lNMpooopoiwTr AIKTUOU. Ev ouvexeia,
TEPIYPAPETAI TO TTWG EYIVE N TTPOCOMOIwaN acupuartou dikTuou WIMAXUE Tn XpAON Tou v
AOYW TTAKETOU AOYIOMIKOU, KOBWG Kal T BACIKA XAPAKTNPIOTIKA TNG TOTTOAOYiAg Twv SIKTUWY
TTOU TTPOCOUOoIWONKaV aAAG Kal Twv oevapiwv BIKTUOKNG Kivnong Ttou egetdotnkav. TEAOG,
TTAPOUCIACTNKAV TA AVTIOTOIXA ApIBUNTIKA OTTOTEAECUATA.

ZUMTTEPOTHATIKA, JUTTOPOUME va TTOUME OTI TTIPOKEITAI VIO JIO TEXVOAOYia TTOU UTTOpPEi va
XOPOKTNEIOTEl oav n TexvoAoyia Tou duecou pEANOvTOG. [lpokerTal yia pia TeExvoAoyia
aoUpPaTNG ETTIKOIVWVIOG PE EPPREAEIO XINOPETPWY (BewpnTIKG £wg 50 xAY.) avTi Aiywv PEéTpwv
Kal TaxUTNTEG TTOU CUYKPIVOVTAI PE QUTEG TWV KOAWDIAKWY Cuvéoewv (Ewg 70 Mbps).

AuTtd ouclaoTikG onuaivel 0Tl pe Aiyeg kepaieg Wi-MAX, ptropei va KoAu@OBei pe
aocUppaTo TPOTTO Wia oAOKANPn TTOAN, Kai ol TToAiTeg TNG Ba £xouv Tpdofacn oTo Internet,
ouvaToTnTeG video KAAOEwv, aAAG kal opiAiag péow VolP (Voice over Internet Protocol) 61rou
Kal av BpiokovTal, aKkOun Kal €V KIVAOEL.

ATO Tn oTiyur paAIoTa TToU N ouvdeon Ba gival acUpuaTn Kal aveEdpTnTn OTTO TO TTOU
Bpioketalr o ekAoTOTE XPNOTNG (aKPIBWG OTTWG QUTAV TN OTIYUR UTTOPEi 0 KABe XproTng va
XPNOIJOTIOIET yIa TTapddelypa 1o KIvnNTO Tou TNAEQWVO OXEDOV oTToudnToTe), Ba PTTopEi YE TO
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TPOTUTTO AUTO va PETOKOWICEl, TTapadEiyuaTog XApIV, XWPIG va Tov avnouyouv KaAwdid,
TNAEPWVIKOI apIBUoi Kal AAAEG TETOIEG AETTTOUEPEIEG.

OTwg akpIfwg onfuepa, OAol o @opnToi UTTOAOYIOTEG JIaBETOUV KAPTA aoUPUATNG
ouvdeong WiFi, €101 ot0 (61 Kkai 1600 HAKPIVO) HEANAOV, Ol QVTIOTOIXEG KAPTEG Oa
utrooTnpidouv kKai WIMAX, pe arrotéAeopa va Ptropei 0 KABe XpAOTNG va eival TTAVTOTE
ouvdedepévog. MNa Tnv akpiBela, n Intel éxer Adn ulotroifoel auth Tn AUon oTnv véa
mAaT@épua Centrino 2. O pdvog Adyog TTou dev TV XPENOIUOTTOIOUV AKOPA O TEAIKOI XprioTEG
gival To 61 dev utrdpyouv diktua WIMAX woTe va ptropouv va ouvdeBouv yia va 1o
EKMETAAAEUTOUV.

Me dedopévo 6T uttd TTpoUlTrobéoelig To WIMAX Ba ptropouse va avTIKATAOTACE! TNV
KIvNTH TnAepwvia, eival gavepd o1 n diadoor) Tou dev Ba eival kal TG00 €UKOAN. MNap' 6Aa
auTd, akoun kal otnv EAAGSa Acitoupyouv TmAoTika dikTua WIMAX émmwg autd Tou OTE oTto
Ayio Opog, aA\d kal autd Tou Epyaotnpiou ‘Epeuvag kal AvATTuéng TnAETTIKOIVWVIOKWY
2uoTnudTtwv otnv KpATn TTou KaAUTTTEl TNV TTOAN Tou HpakAgiou.

Mia GA\n e€ioou onuavTik epapuoyr) otnv EAAGSa Atav o AieBvig AepoAipévag
ABnvwv. H gpappoyr) auth gival agloonueiwtn Kupiwg AGyo Twv aTTaITiOEWV G€ TTOIOTATA TWV
UTTNPECIWV Kal TO JEYAAO apIBud IBIWTIKWV Kal ETAIPIKWYV XPNOTWV OE TIEPIOPICHUEVO XWPO.

Ta umdpyovra ouotipata WIMAX (WIMAX kai Mobile WiIMAX) BaciCovtar oTo
mpétutto IEEE 802.16e O61Twg Tpotrotmoiidnke ndn otmmdé Ttov Aekéuppio tou 2005 kai
TTPOBAETTEl Pia ceipd amd BeAniwoelg oe BEpara KdAuywng, ac@dAciag, utrooThpigng VolP,
METOKIVNON XPNOTWV K.Q.

2¢e K&Oe TepiTITWON, éva amd Ta Bacikd XapaktneioTikd Ttou WIMAX eival kai n
TTapoxn ToIdTnTag utrnpeciag (QoS) ot emitredo MAC — gival iowg TO XapaAKTNPIOTIKG — KAEIDI,
TTOU ETTITPETTEI OTO TTPOTUTTIO AUTO VA CUYKEVTPWVEI TNV TTAEIAOA QUTH TWV XOPAKTNPIOTIKWV
TTOU TO KAVOUV VO ava@EPETAl oav TO SIKTUO TOU HEAAOVTOG.

2TO TIEIPAMATIKO PEPOG TNG €pyaciag, TrpayuatotTroindnke peAéTn Tou QOS TTOU
mpoo@ipeTal amd 170 WIMAX pe Tn xprijon Ttou  TTpocopoiwTr) OIKTUou NS Kai evég
emmpoabeTou WiMAXModule. 2€ pia TotroAoyia pe acUpPATOUG Kal eVOUPUOTOUSG KOPBOUG,
dokiyaoTnke n amodoon Tou WIMAX kai ouykpibnke pe xprion amAou WiFiaAA& kai pe 10
mpoTuTro 80211e. MapouoidoTnkavemTd oevdpia e dIaQopeTikG diabéoiuo eUpog {wvng Kal
XOPAKTNPEIOTIKG QOoSkal PeTpriOnke n amdédoon Tou dikTUou. O1 peTproelg £dcifav OTI Pe TN
xpnon Tou WIMAX emituyXAvetal ugnAr TToi0TNTa UTTNPETiag, KabBwg o aAyopiBuog @povrTilel
va d1abéael To €Upog CWvng PE BAan TN TTPOTEPAIOTNTA TTOU £XEl KABE KAGon/epapuoyn.

Mo ouykekpiyéva, OI TTAPAYOVTEG TTOU XAPAKTNPICouv TRV aTTodoon Tou BIKTUOU KOl
YIQ TOUG OTTOIOUG €yIvav PETPROEIG PE TN XPrion Tou TTpocopoiwTr) NS gival ol TTapakaTw :

o H KabBuotépnon (delay): MpokeTal yia Tov XpOvo TTOU XPEIGZETal £va TTAKETO yia
va QTACEl JEoW Tou OIKTUOU OTTO TOV ATTOGTOAEQ OTOV TTAPOAATITN TOU.

e H AiokUpavon kaBuotépnong (jitter): eival n dlakdpavon Tng PEONG XPOVIKNG
aTTé0oTAONG PETAEU DIOBOXIKWY TTOKETWY OE YIA OUYKEKPIYEVT PON.

o O ATTwAcieg TTakéETwy (loss): eival To TToo00TO aTTwAeIag TTokETwY (loss) TTou
onueIwveTal CAITIOG TNG UTTEPXEIAIONG Twv BECEWV PVAMNG OTIG OUPEG OVAUOVAG
TwV dpopoAoynTwy, €iTe Adyw aAAOIWONG/CUYKPOUGEWY OTO PUGIKO PJECO

ToemTd SIOPOPETIKG OEVAPIA TTOU £EETACTNKAV ATAV TA TTAPAKATW:
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e EUpog Cwvng 40.000.000 Mbpsoto acupuarto KavAaAl kal xpAon QoS pe
WIMAX

e EUpog {wvng 4.00000 Mbps oTo acuUppato kavaAl kail xprjon QoS pe WiMAX
e EUpog {wvng 8.00000 Mbps oTo acuUpuato kavaAl kail xprjon QoS pe WiMAX

e EUpog Cwvng 40.00000 Mbps oT0 acupuato KavaAl pe xprion WiFi kal xwpig
QoS

e EUpog Cwvng 40.00000 Mbps oTo acupparto kavaAl ue xprion WiFi kar QoS
(80211e — EDCA)

e Anuioupyeitar éva dikTuo atrdé 6 aoUppaToUG KOPPBOUG Kal BOKIPAETaAl N
a1réd00T™ TWV BIAPOPETIKWV TIPOTOKOAWY dpopoAdynong oe Wifi kar WIMAX

e Anuioupyeitalr éva dikTuo atrdé 6 aoUpPaTOUG KOPPBOUG Kal BOKIPAETaAl N
atrédo0n TWwV dIAPOPETIKWVY TTPOTOKOAAWY dpopoAdynong o€ Wifi kar WIMAX

210 2evapio 1 TTOU TO €UPOG Cwvng eival apKeETd yia TIG AVAYKEG OAWV Twv
€Qapuoywy, Trapapnpnoaue 61 o dpoporoyntig QoS ot emiredo MAC Tou WIMAX @povrTilel
WoTe ol poég va €xouv delay kai jitter xaunAd, avaAoya e Tnv TTPoTePaIdTNTE TOUG.

2710 0gvdplo 2, OTTOU To €UPOG Cwvng gival CAIPETIKA QVETTAPKES YIA TIG AVAYKES TWV
EQPAPUOYWY, TTAPATNPEACAMPE OTI OAEG OI POEG EKTOG aTTO aUTAV avdueca oTto oTabud Bdaong
Kai To Tov KOUBO pe Tnv HeyaAUTepn TrpoTepaidTnTa (Bivieo) katacTEAAovTal atmd TO
xpovodpouohoyntr) Tou WIiMAX.

To oevapio auTéd atroTeAei Yia akpaia emmideIgn TNG xprionsg QoS o€ éva SiKTUO e TTOAU
MIKpS €Upog Cwvng. AT Tn oTiyul TTou dev gival duvaTtd, AOyw TTOAU peiwpévou eUpoug
Cwvng va eguttnpeTnBolv OAeg ol uttnpeaicg, o dpouoioynTrg Tou WIMAX divel XpovooXIoUEG
povéyxa oTnv uttnpeaia Bivieo, TTou €xel TN HEYAAUTEPN TTPOTEPAIOTNTA

2710 Zevdplo 3, mapatnprioaue Ot N peiwon Tou dlaBéaipyou e0poug wvng EXEl WG
amoTéAeoua TNV peiwontng amodoon Tou OIKTUOU, KABwG augnbnkav n KabBuoTépnon Kai
dlakUpavon o€ OAEG TIG POEG, OXI OUWGS GE GNUAVTIKO BabBuo.

MapdAAnAa, TTapatnprioaue 6Tl n UTINPECIa QWVNG, ETTITUYXAVEI XAUNAO jitter, evw n
uTTNEECia BivTeo €MITUYXAVEN XauNnAR kaBuaoTépnaon, cUP@wva Je TIG KAAOoEIS QOS OTIG OTToiEg
QVIKOUV. ZUVETTWG, OTO OeVAPIO auTO, QaiveTal KAl N TTOPAPETPOTIOINGN AVAUESO OTIG
O1aopeTIKEG KAAOEIg, pue To WIMAX avaloya pe TIGC avAYKEG Kal TNV TTPOTEPAIOTNTA KAOE
EQPAPUOYAG,va aToxeUEl 0T Peiwan TNG dlakUuavaong eite/kal Tng kabuoTépnaong.

210 oevapio 4, n éMeiwn QoS ctixe wg aTOTéAeCUa TNV ONPAvTIKA augnon Tng
KabuaTépnong oTnv por) TTou avTioToixel o€ video, KABWg Oev €ixe TTAov TTpOTEPAIOTNTA
EvavT Twv AAAwv, oTTwg aTtnv Trepimmwaon Tou WiIMAX pe QoS. Mg 1o Treipapa autd, @avnke
TTwG N Xpron QoS tou WIMAX emnpeddel anuavTika Tnv Katavoun elpoug {wvng avAauesa o€
OIAPOPETIKEG EQAPHOYEG.

210 Ogvapio 5, n xpron QoS cixe mapdéuola amoteAéopara Pe TNV xpnon QoS aoto
wimax. O1 poég TTou €ixav uwnAr TTpoTepaidTNTA, €ixav PIKPO delay. H moidtnTa utrnpeciag
Opwg oT1o 80211e pe Tn xprion Tou EDCA trou €£€TAOTNKE OTO TIEipapa autod, dev gival TOOO
TTapapeTpoTToifoiun O0TTwg oto Wimax. M1ropei va yxpnoipotroindei yia va dwoel KaAUTEPES
mBOavoTNTEG aTmOOTOAG TTOKETWY (Gpa Kol HIKPOTEPO delayljitter) oe poég pe uwnAf
TTPOTEPAIOTNTA, AAAG Sev TTAPEXEI NWNAA TTapaueTpoTToinon 6TTwg oTo Wimax.

2T0 oevdplio 6, TTpoxwpPAue o€ vEQ Oelpd PETPACEWV HE OIOQOPETIKA TOTTOAOYia.
Anuioupyeital éva &iktuo ammd 6 acUppatoug KOUPBoug Kal JoKINAZeTal n amoédoon Twv
OIaPOPETIKWV TTPOTOKOMWY OpopoAoynong oe Wifi ko WiMAX.MNapatnpouue TTapouoia
atrédoon Kal oTta Tpia TTPWTOKOAAQ, KaABWG n EMelyn kivnong Twv KOUBwv E€xel wg
atroTEAeopa va Pn xpeidfovtal aAAayég oTnv OpopoAdynon avAaueoa oToug KOpPBoug. To
WIMAX €xer eAa@pw¢ KaAuTepn ammddoor, AGyo Tou KOAUTEPOU YpPovodpouoAoynTr) TTou
XPNOIUOTTOIE.
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210 Zevdplo 7 TIPOXWPAME Ot VvEQ OEIpd WETPACEWV ME KIVOUUEVOUG KOMBOUG.
Anuioupyeital éva OiktTuo atmmd 6 acUpupatoug KOWPBoug Kal JoKIwAdeTal n amédoon Twv
OIaQOPETIKWV TTPOTOKOAWY  dpopoAdynong oe Wifi kar WIMAX. Tllo ouykekpiuéva,
TTAPATNPOUE DIAPOPETIKA aTTOd00N Kal aTa Tpia TTPWTOKOAAQ, KaBWGS n Kivnon Twv KOPPBwY
£XEl WG ATTOTEAECHA Va aTTaITOUVTAl aAAayEG aTnv dpouoAdynan avAaueoa aToug KopBous. MNa
T0 AGYyo auTo, OTTWG TrEPIPévapE, To DSR €xel TeAIKA TNV KaAUTEPN atTédoon, KaBwG TTPOKEITAl
yia o egeNiypévo TpwTtdkoANo. Ooov agopd Tn olykpion avapeoa oe Wifi kat WIMAX, 10
WIMAX €xer eAa@pwg KaAUTepn atmddoor, AGYyo Tou KOAUTEPOU XPOVOBPOUOAOYNTH TTOU
XPNOIUOTTOIEI.

2uvoyifovtag TO TIEIPAPOTIKO HEPOG, Ba utropouce Kaveig va empBefaiwoel Tn
TTPOKTIKA aia TTou £XEl N TTAPOXH TTOIGTNTAG UTTNPECIAS O€ EQAPUOYEG UE AVAYKEG O€ XaUNAR
KaBuoTtépnon kal dloKUpavon OTTwG Ol EQAPUOYEG BIVIEO KAl QWVNG, Ol OTTOIEG TPEXOUV O€
TIPAYHATIKO XPOVO.

H Umapén dia@opeTikwv KAGoewv Kal n duvardtnTa TTOPAPETPOTIOINONG NG
TTAPEXOHUEVNG TTOIOTNTAG UTTNPECIAG avaAoya JE TIG avayKeg KABE e@appoyng @AvnKe Kal atrd
Ta Treipduata o1 gival duvaTov va eTTITEUXOET pe To WiMAX.

MapdAAnAa, Ba ptmopoloe Kkaveic va Tovioel Tnv  duvardtnta Tou  divel O
TTPOCOUOIWTAG BIKTUWV NS-2 yia TNV €KTEAECN TTEIPANATWY KAl TNV €EAYWYH CUUTTEPACUATWY
TTOU aQOPOUV TN XPAON Kal TV AEITOUpYia SIKTUAKWY TTPWTOKOAAWV.
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Napdaprnua - Kwdikag

Wifi.tcl
# #
# Define Options #
# #
global opt
set opt(chan) Channel/WirelessChannel; # channel type

set opt(prop) Propagation/TwoRayGround; # radio-propagation model

set opt(netif) Phy/WirelessPhy; # network interface type

set opt(mac) Mac/802_11; # MAC type

set opt(ifq) Queue/DropTail/PriQueue; # Interface queue type

set opt(ll) LL; # Link layer type

set opt(ant) Antenna/OmniAntenna; # Antenna type

set opt(x) 250; # X dimension of the topography

set opt(y) 250; #Y dimension ot the topography

set opt(ifglen) 50; # max packet in ifq

set opt(adhocRouting) DSDV; # non ad hoc routing

set opt(stop) 200; # simulation time

set opt(n-bs) 1; # number of bs nodes

set opt(n-ugs) 1; # number of nodes with ugs connections
set opt(n-rtps) 1; # number of nodes with rtps connections
set opt(n-ertps)  1; # number of nodes with rtps connections
set opt(n-nrtps)  1; # number of nodes with nrtps connections
set opt(n-be) 1; # number of nodes with be connections

set opt(n-nodes)  [expr $opt(n-ugs)+Sopt(n-rtps)+Sopt(n-ertps)+Sopt(n-nrtps)+Sopt(n-be)];
set bseed [lindex $argv 0];
set BW 40000000; #channel bandwidth

global defaultRNG
$defaultRNG seed predef [expr $bseed*2]

Phy/WirelessPhy set bandwidth_ $BW

#Qo0S parameters
#UGS
set ugs_grant_interval 0.020; # data grants interval (seconds)

set ugs_grant_size 66
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#tPS

set rtps_grant_interval 0.020; # unicast request grant interval (seconds)

set rtps_delay 0.100; # maximum delay request (seconds)

set rtps_aggreq_interval 5; # aggregate request interval (in number of requests)

set rtps_minBW 200000 ;  # minimum bandwith request (bytes) - baseball video

#ertPS
set ertps_grant_interval 0.020; # data grants interval (seconds)
set ertps_grant_size 200; # initial data grant interval (bytes)
#nrtPS

set nrtps_grant_interval 0.050; # unicast request grant interval (seconds)
set nrtps_minBW 200000; # minimum bandwith request (bytes)

set nrtps_aggreq_interval 10;  # aggregate request interval (in number of requests)

#BE
set be_grant_interval 2.0;  # unicast request grant interval (seconds)

set be_aggreq_interval 10; # aggregate request interval (in number of requests)

set ns_ [new Simulator]
# set up for hierarchical routing

$ns_ node-config -addressType hierarchical

AddrParams set domain_num_ 2 ;# number of domains - one for wired and one for
wireless
lappend cluster num 11 ;# number of clusters in each domain

AddrParams set cluster_num_ $cluster_num
lappend eilastlevel 1 [expr $opt(n-nodes) + $opt(n-bs)] ;# number of nodes in each cluster

AddrParams set nodes_num__ $eilastlevel

# set trace files
set tracefd [open "results/wifi_$opt(adhocRouting).$bseed.tr" w]

$ns_ trace-all $tracefd
# create topography object
set topo [new Topography]

$topo load_flatgrid $opt(x) Sopt(y)

# create God
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create-god [expr $opt(n-nodes) + $opt(n-bs)]

# create wired node
set W [$ns_ node 0.0.0]

$ns_ node-config -adhocRouting $opt(adhocRouting) \
-IIType $opt(ll) \
-macType $opt(mac) \
-ifqType $opt(ifg) \
-ifgLen $opt(ifglen) \
-antType $opt(ant) \
-proplnstance [new $opt(prop)] \
-phyType $opt(netif) \
-channel [new $opt(chan)] \
-topolnstance $topo \
-wiredRouting ON \
-agentTrace ON\
-routerTrace OFF \

-macTrace ON

set temp {1.0.0 1.0.1 1.0.2 1.0.3 1.0.4 1.0.5 1.0.6 1.0.7 1.0.8 1.0.9 1.0.10}

#BS is the cmts node
set BS [$ns_ node [lindex $temp 0]]

$BS random-motion O

#configure-channel "updatarate ticks-per-minislot maxburst upstream-overhead downdatarate
downstream-overhead"

#3$BS configure-channel $BW 8 1500 72 $BW 32

#configure-mapparams time-covered map-interval num-contention-slots-permap
#num-management-slots-permap bkoff-start bkoff-end proportion map_lookahead
#$BS configure-mapparams 0.005 0.005113800

#configure-mgmtparams sync-msg-interval rng-msg-interval ucd-msg-interval

#$BS configure-mgmtparams 2.0 1.0 3.0

#configure for mobilenodes

set opt(mac) Mac/802_11

$ns_ node-config -wiredRouting OFF \
-macType $opt(mac)
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#channel configuration for subscriber stations

for {set j 0} {$j < $opt(n-nodes)} {incr j} {
set node_($j) [ $ns_ node [lindex $temp [expr $j+1]] ]
$node_($j) base-station [AddrParams addr2id [$BS node-addr]]
# configure-ss priority rng_msg_interval ss_id debug on/off
#Note: we will number the SS's from 1 on up ...
#%node_($j) configure-ss 1 1.0 $j 0

# configure-channel "updatarate ticks maxburst upstrea
downstream-overhead"

#%node_($j) configure-channel $BW 8 1500 72 $BW 32

#create links between wired and BS nodes
$ns_ duplex-link $wW $BS 100Mb 2ms DropTail

# #
# Configure the traffic flows #
#H. H

set ugs_init 0

set ugs_end $opt(n-ugs)

set rtps_init $ugs_end

set rtps_end [expr $ugs_end+$opt(n-rtps)]

set ertps_init $rtps_end

set ertps_end [expr $rtps_end+$opt(n-ertps)]

set nrtps_init [expr $ertps_end]

set nrtps_end [expr $ertps_end+$Sopt(n-nrtps)]

set be_init [expr $nrtps_end]
set be_end $opt(n-nodes)

#set up UGS uplink flows
set ugs_ul_sink [new Agent/LossMonitor]

$ns_ attach-agent $W Sugs_ul_sink

for {set j $ugs_init} {$j < $ugs_end} {incr j} {

m-overhead downdatarate
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set udp_ul_($j) [new Agent/UDP]

$udp_ul_($j) set packetSize 66

$udp_ul_($j) set class_ 0

$ns_ attach-agent $node_($j) $udp_ul_($j)

$ns_ connect $udp_ul_($j) $ugs_ul_sink

set voice_ul_($j) [new Application/Traffic/Exponential]
$voice_ul_($j) set packetSize 66

#rate -> packets 66 bytes in length are generated at fixed intervals of 20ms
$voice_ul_($j) set rate_ 26.4Kb

$voice_ul_($j) set burst_time_ 1.2

$voice_ul_($j) setidle_time_ 1.8

$voice_ul_($j) attach-agent $udp_ul_($))

set rng_ul_($j) [new RNG]

$rng_ul_($j) seed predef [expr $Shseed+$j]
$voice_ul_($j) use-rng $rng_ul_($))

# random number generator
set gna_ugs_ul [new RNG]

$gna_ugs_ul seed predef [expr $bseed + 1]

for {set j $ugs_init} {$j < $ugs_end} {incr j} {
set stime [expr 0.1 + [$gna_ugs_ul uniform 0 1]]

$ns_at $stime "$voice_ul_($j) start”

# set up rtPS uplink flows
set rtps_ul_sink [new Agent/LossMonitor]

$ns_ attach-agent $W $rtps_ul_sink

set trace_file [new Tracefile]

$trace_file filename nsvideo_baseball.dat

for {set j $rtps_init} {$j < $rtps_end} {incr j} {
set udp_ul_($j) [new Agent/UDP]
#$udp_($)) set packetSize_ $packet_size
$ns_ attach-agent $node_($j) Sudp_ul_($j)
$ns_ connect $Sudp_ul_($j) $rtps_ul_sink

set video_ul_($j) [new Application/Traffic/Trace]
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$video_ul_(9$j) attach-tracefile $trace_file
$video_ul_($j) attach-agent $udp_ul_($j)

# random number generator
set gna_rtps_ul [new RNG]
$gna_rtps_ul seed predef [expr $bseed + 2]

for {set j $rtps_init} {$j < $rtps_end} {incr j} {
set stime [expr 0.1 + [$gna_rtps_ul uniform 0 1]]
$ns_at $stime "$video_ul_($j) start"

#set up ertPS uplink flows
set ertps_ul_sink [new Agent/LossMonitor]
$ns_ attach-agent $W $ertps_ul_sink
for {set j $ertps_init} {$j < $ertps_end} {incr j} {
set udp_ul_($j) [new Agent/UDP]
$ns_ attach-agent $node_($j) $udp_ul_($))
$ns_ connect $udp_ul_($j) $ertps_ul_sink
set voip_ul_($j) [new Application/Traffic/Exponential]
$voip_ul_(%j) set packetSize_ 66
#rate -> packets 66 bytes in length are generated at fixed intervals of 20ms
$voip_ul_($j) set rate_ 26.4Kb
$voip_ul_($j) set burst_time_ 1.2
$voip_ul_($)) set idle_time_ 1.8
$voip_ul_($)) attach-agent $udp_ul_($j)
set rng_ul_($j) [new RNG]
$rng_ul_($j) seed predef [expr $hseed+$j]
$voip_ul_($j) use-rng $rng_ul_($))

# random number generator
set gna_ertps_ul [new RNG]

$gna_ertps_ul seed predef [expr $bseed + 3]

for {set j $ertps_init} {$j < $ertps_end} {incr j} {

set stime [expr 0.1 + [$gna_ertps_ul uniform 0 1]]
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$ns_ at $stime "$voip_ul_($j) start”

#set up nrtPS uplink flows

set nrtps_ul_sink [new Agent/LossMonitor]

$ns_ attach-agent $W $nrtps_ul_sink

for {set j $nrtps_init} {$j < $nrtps_end} {incr j} {
set tcp_ul_($j) [new Agent/TCP]
$ns_ attach-agent $node_($j) $tcp_ul_($))
$ns_ connect $tcp_ul_($j) $nrtps_ul_sink

set ftp_ul_($j) [new Application/FTP]
$ftp_ul_($)) attach-agent $tcp_ul_($)

# random number generator
set gna_nrtps_ul [new RNG]
$gna_nrtps_ul seed predef [expr $bseed + 4]

for {set j $nrtps_init} {$j < $nrtps_end} {incr j} {
set stime [expr 0.1 + [$gna_nrtps_ul uniform 0 1]]
$ns_at $stime "$ftp_ul_($j) start”

#set up BE uplink flows

set be_ul_sink [new Agent/LossMonitor]

$ns_ attach-agent $W $be_ul_sink

for {set j $be_init} {$j < $be_end} {incr j} {
set be_tcp_ul_($)) [new Agent/TCP]
$ns_ attach-agent $node_($j) $be_tcp_ul_($)
$ns_ connect $be_tcp_ul_($j) $be_ul_sink

set be_ftp_ul_($j) [new Application/FTP]
$be_ftp_ul_($j) attach-agent $be_tcp_ul_($))

# random number generator

set gna_be_ul [new RNG]
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$gna_be_ul seed predef [expr $bseed + 5]

for {set j $be_init} {$j < $be_end} {incr j} {
set stime [expr 0.1 + [$gna_be_ul uniform 0 1]]
$ns_at $stime "$be_ftp_ul_($j) start"

for {set i 0} {$i < $opt(n-nodes) } {incr i} {
$ns_ at $opt(stop).0000010 "$node_($i) reset”;
}

$ns_ at $opt(stop).0000010 "$BS reset";

$ns_ at $opt(stop).0000011 "puts \"NS EXITING..\" ; $ns_ halt"

puts "Starting Simulation..."

$ns_ run

Wimax.tcl

# #

# Define Options #

# #

global opt

set opt(chan) Channel/WirelessChannel; # channel type

set opt(prop) Propagation/TwoRayGround; # radio-propagation model

set opt(netif) Phy/WirelessPhy; # network interface type
set opt(mac) Mac/802_16BS; # MAC type

set opt(ifq) Queue/DropTail/PriQueue; # Interface queue type
set opt(ll) LL; # Link layer type

set opt(ant) Antenna/OmniAntenna; # Antenna type

set opt(x) 250; # X dimension of the topography
set opt(y) 250; # Y dimension ot the topography
set opt(ifglen) 50; # max packet in ifq

set opt(tr) out.tr; # trace file

set opt(adhocRouting) AODV; # non ad hoc routing

set opt(stop) 200; # simulation time
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set opt(n-bs) 1; # number of bs nodes

set opt(n-ugs) 1; # number of nodes with ugs connections
set opt(n-rtps) 1; # number of nodes with rtps connections
set opt(n-ertps)  1; # number of nodes with rtps connections
set opt(n-nrtps)  1; # number of nodes with nrtps connections
set opt(n-be) 1; # number of nodes with be connections

set opt(n-nodes)  [expr $opt(n-ugs)+Sopt(n-rtps)+Sopt(n-ertps)+Sopt(n-nrtps)+Sopt(n-be)];
set bseed [lindex $argv 0];
set BW 40000000; #channel bandwidth

#window for the uplink scheduling mechanism

#(see Globecom 2007 paper: Uplink Scheduling with Quality of Service in IEEE 802.16
Networks)

Mac/802_16BS set window_ 0.05
set param(dir)

global defaultRNG

$defaultRNG seed predef [expr $bseed*2]

Phy/WirelessPhy set bandwidth_ $BW
#QoS parameters

#UGS

set ugs_grant_interval 0.020; # data grants interval (seconds)

set ugs_grant_size 66

#tPS

set rtps_grant_interval 0.020; # unicast request grant interval (seconds)

set rtps_delay 0.100; # maximum delay request (seconds)

set rtps_aggreq_.interval 5; # aggregate request interval (in number of requests)

set rtps_minBW 200000 ;  # minimum bandwith request (bytes) - baseball video

#ertPS
set ertps_grant_interval 0.020; # data grants interval (seconds)
set ertps_grant_size 200; # initial data grant interval (bytes)
#nrtPS

set nrtps_grant_interval 0.050; # unicast request grant interval (seconds)
set nrtps_minBW 200000; # minimum bandwith request (bytes)

set nrtps_aggreq_interval 10;  # aggregate request interval (in number of requests)
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#BE
set be_grant_interval 2.0;  # unicast request grant interval (seconds)

set be_aggreq_interval 10; # aggregate request interval (in number of requests)

set ns_ [new Simulator]
# set up for hierarchical routing

$ns_ node-config -addressType hierarchical

AddrParams set domain_num_ 2 ;# number of domains - one for wired and one for
wireless
lappend cluster num 11 ;# number of clusters in each domain

AddrParams set cluster_num_ $cluster_num

lappend eilastlevel 1 [expr $opt(n-nodes) + $opt(n-bs)] ;# number of nodes in each cluster
AddrParams set nodes_num__ $eilastlevel

# set trace files

set tracefd [open "results/wimax_$opt(adhocRouting).$bseed.tr" w]
$ns_ trace-all $tracefd

# create topography object

set topo [new Topography]

$topo load_flatgrid $opt(x) Sopt(y)

# create God

create-god [expr $opt(n-nodes) + $opt(n-bs)]

# create wired node

set W [$ns_ node 0.0.0]

$ns_ node-config -adhocRouting $opt(adhocRouting) \
-IIType $opt(ll) \
-macType $opt(mac) \
-ifqType $opt(ifg) \
-ifgLen $opt(ifglen) \
-antType $opt(ant) \
-proplnstance [new $opt(prop)] \
-phyType $opt(netif) \
-channel [new $opt(chan)] \
-topolnstance $topo \
-wiredRouting ON \
-agentTrace ON\
-routerTrace OFF \

-macTrace ON
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set temp {1.0.01.0.11.0.21.0.31.0.41.0.51.0.6 1.0.7 1.0.8 1.0.9 1.0.10}

#BS is the cmts node
set BS [$ns_ node [lindex $temp 0]]

$BS random-motion O

#configure-channel "updatarate ticks-per-minislot maxburst upstream-overhead downdatarate
downstream-overhead"

$BS configure-channel $BW 8 1500 72 $BW 32

#configure-mapparams time-covered map-interval num-contention-slots-permap
#num-management-slots-permap bkoff-start bkoff-end proportion map_lookahead
$BS configure-mapparams 0.0050.005113800

#configure-mgmtparams sync-msg-interval rng-msg-interval ucd-msg-interval

$BS configure-mgmtparams 2.0 1.0 3.0

#configure for mobilenodes

set opt(mac) Mac/802_16SS

$ns_ node-config -wiredRouting OFF \
-macType $opt(mac)

#channel configuration for subscriber stations

for {set j 0} {$j < $opt(n-nodes)} {incr j} {
set node_(3$j) [ $ns_ node [lindex $temp [expr $j+1]] ]
$node_($j) base-station [AddrParams addr2id [$BS node-addr]]
# configure-ss priority rng_msg_interval ss_id debug on/off
#Note: we will number the SS's from 1 on up ...
$node_($j) configure-ss 1 1.0 $j 0

# configure-channel "updatarate ticks maxburst upstream-overhead downdatarate
downstream-overhead"

$node_($j) configure-channel $BW 8 1500 72 $BW 32

}

# #
# Configure the connections #
# H

set ugs_init 0
set ugs_end $opt(n-ugs)
#ugs connections configuration

for {set j $ugs_init} {$j < $ugs_end} {incr j} {
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#configure-upflows node "default schedtype dst-node pkt-type phs-type frag-enable concat-
enable concat_thresh piggy

# grant-size grant-interval queue_size latency minimum-bandwidth aggregate-request-
interval debug rate_control rate"

$node_($j) configure-upflows $node ($j) "0 0 $W 29 4 0 0 O O $ugs_grant_size
$ugs_grant_interval 100000000 0 0"

$node_($j) configure-upflows $node_($j) "1 4 $W 54 4 0 1 1000 1 1500 0 10000 0 0 100 0
00"

#configure-downflows node "default sched-type src-node pkt-type phs-type grant-size
grant-interval

#queue_size latency minimum-bandwidth "
$node_($j) configure-downflows $node_($j) "1 4 $BS 54 4 0 0 10000 0 0"
$node_($j) startsim
}
set rtps_init $ugs_end
set rtps_end [expr $ugs_end+$opt(n-rtps)]
#rtPS connections configuration
for {set j $rtps_init} {$j < $rtps_end} {incr j} {

#configure-upflows node "default schedtype dst-node pkt-type phs-type frag-enable concat-
enable concat_thresh piggy

# grant-size grant-interval queue_size latency minimum-bandwidth aggregate-request-
interval debug rate_control rate"

$node_($j) configure-upflows $node_($j) "0 1 $W 1 4 1 1 20000 O O $rtps_grant_interval
10000 $rtps_delay $rtps_minBW $rtps_aggreq_interval 0 0 0"

$node_($j) configure-upflows $node_($j) "1 4 $W 544 11 10001 0 0 10000 00 100 0 0 0"

#configure-downflows node "default sched-type dst-node pkt-type phs-type grant-size
grant-interval

#queue_size latency minimum-bandwidth "
$node_($j) configure-downflows $node_($j) "1 3 $BS 54 4 0 0 10000 0 0"
$node_($)) startsim
}
set ertps_init $rtps_end
set ertps_end [expr $rtps_end+$opt(n-ertps)]
#ertPS connections configuration
for {set j $ertps_init} {$j < $ertps_end} {incr j} {

#configure-upflows node "default schedtype dst-node pkt-type phs-type frag-enable concat-
enable concat_thresh piggy

# grant-size grant-interval queue_size latency minimum-bandwidth aggregate-request-
interval debug rate_control rate"

$node_($j) configure-upflows $node_($j) "0 2 $W 63 4 0 1 20000 O S$ertps_grant_size
$ertps_grant_interval 1000000000 0"

$node_($j) configure-upflows $node_($j) "1 4 $W 544 111000 1 0 0 10000 0 0 100 0 0 0"
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#configure-downflows node "default sched-type dst-node pkt-type phs-type grant-size
grant-interval

#queue_size latency minimum-bandwidth "
$node_($j) configure-downflows $node_($j) "1 3 $BS 54 4 0 0 10000 0 0"
$node_($j) startsim
}
set nrtps_init [expr $ertps_end]
set nrtps_end [expr $ertps_end+$opt(n-nrtps)]
#nrtPS connections configuration
for {set j $nrtps_init} {$j < $nrtps_end} {incr j} {

#configure-upflows node "default schedtype dst-node pkt-type phs-type frag-enable concat-
enable concat_thresh piggy

# grant-size grant-interval queue_size latency minimum-bandwidth aggregate-request-
interval debug rate_control rate"

$node_($j) configure-upflows $node_($j) "0 3 $W 04 1 1 20000 1 O $nrtps_grant_interval
10000 0 $nrtps_minBW $nrtps_aggreq_interval 0 0 0"

$node_($j) configure-upflows $node_($j) "1 4 $BS 54 4 1 1 1000 1 0 0 10000 0 0 100 0 0
OII

#configure-downflows node "default sched-type dst-node pkt-type phs-type grant-size
grant-interval

#queue_size latency minimum-bandwidth *
$node_($j) configure-downflows $node_($j) "1 4 $BS 54 4 0 0 10000 0 0"
$node_($j) startsim
}
set be_init [expr $nrtps_end]
set be_end $opt(n-nodes)
#BE connections configuration
for {set j $be_init} {$j < $be_end} {incr j} {

#configure-upflows node "default schedtype dst-node pkt-type phs-type frag-enable concat-
enable concat_thresh piggy

# grant-size grant-interval queue_size latency minimum-bandwidth aggregate-request-
interval debug rate_control rate"

$node_($j) configure-upflows $node_($j) "0 4 $W 0 4 1 1 20000 1 0 $be_grant_interval
10000 0 0 $be_aggreq_interval 0 0 0"

$node_($j) configure-upflows $node_($j) "1 4 $BS 54 4 1 1 1000 1 0 0 10000 0 0 100 0 0
Oll

#configure-downflows node "default sched-type dst-node pkt-type phs-type grant-size
grant-interval

#queue_size latency minimum-bandwidth "

$node_($j) configure-downflows $node_($j) "1 4 $BS 54 4 0 0 10000 0 0"
#configure-mapparams cmts-node time-covered map-interval num-contention-slots permap
#num-sm-slots permap short-grant-limit long-grant-limit bkoff-start bkoff-end

$node_($j) startsim
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}
$BS startsim

#create links between wired and BS nodes
$ns_ duplex-link $wW $BS 100Mb 2ms DropTail

# #
# Configure the traffic flows #
#H H

#set up UGS uplink flows
set ugs_ul_sink [new Agent/LossMonitor]

$ns_ attach-agent $W Sugs_ul_sink

for {set ] $ugs_init} {$j < Sugs_end} {incr j} {
set udp_ul_($j) [new Agent/UDP]
$udp_ul_($j) set packetSize 66
$udp_ul_($j) set class_ 0
$ns_ attach-agent $node_($j) $udp_ul_($j)
$ns_ connect $udp_ul_($j) $ugs_ul_sink
set voice_ul_($j) [new Application/Traffic/Exponential]
$voice_ul_($j) set packetSize_ 66
#rate -> packets 66 bytes in length are generated at fixed intervals of 20ms
$voice_ul_($j) set rate_ 26.4Kb
$voice_ul_($j) set burst_time_ 1.2
$voice_ul_($)) set idle_time_ 1.8
$voice_ul_($)) attach-agent Sudp_ul_($j)
set rng_ul_($j) [new RNG]
$rng_ul_($j) seed predef [expr $hseed+$j]
$voice_ul_($j) use-rng $rng_ul_($))

# random number generator
set gna_ugs_ul [new RNG]
$gna_ugs_ul seed predef [expr $hseed + 1]

for {set j $ugs_init} {$j < $ugs_end} {incr j} {
set stime [expr 0.1 + [$gna_ugs_ul uniform 0 1]]

$ns_ at $stime "$voice_ul_($j) start"

}
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# set up rtPS uplink flows
set rtps_ul_sink [new Agent/LossMonitor]
$ns_ attach-agent $W $rtps_ul_sink

set trace_file [new Tracefile]

$trace_file filename nsvideo_baseball.dat

for {set j $rtps_init} {$j < $rtps_end} {incr j} {
set udp_ul_($j) [new Agent/UDP]
#%udp_($)) set packetSize $packet_size
$ns_ attach-agent $node_($j) $udp_ul_($j)
$ns_ connect $udp_ul_($j) $rtps_ul_sink
set video_ul_($j) [new Application/Traffic/Trace]
$video_ul_(%$j) attach-tracefile $trace_file
$video_ul_($j) attach-agent $udp_ul_($j)

# random number generator
set gna_rtps_ul [new RNG]
$gna_rtps_ul seed predef [expr $bseed + 2]

for {set j $rtps_init} {$j < $rtps_end} {incr j} {
set stime [expr 0.1 + [$gna_rtps_ul uniform 0 1]]
$ns_at $stime "$video_ul_($j) start"

#set up ertPS uplink flows

set ertps_ul_sink [new Agent/LossMonitor]

$ns_ attach-agent $W $ertps_ul_sink

for {set j $ertps_init} {$j < $ertps_end} {incr j} {
set udp_ul_(%$j) [new Agent/UDP]
$ns_ attach-agent $node_($j) $udp_ul_($))
$ns_ connect $udp_ul_($j) $ertps_ul_sink

set voip_ul_($j) [new Application/Traffic/Exponential]

$voip_ul_($j) set packetSize_ 66

#rate -> packets 66 bytes in length are generated at fixed intervals of 20ms

$voip_ul_($j) set rate_ 26.4Kb
$voip_ul_($j) set burst_time_ 1.2
$voip_ul_($j) set idle_time_ 1.8
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$voip_ul_($j) attach-agent Sudp_ul_($j)
set rng_ul_($j) [new RNG]

$rng_ul_($j) seed predef [expr $Shseed+$j]
$voip_ul_($j) use-rng $rng_ul_($))

# random number generator
set gna_ertps_ul [new RNG]

$gna_ertps_ul seed predef [expr $bseed + 3]

for {set j $ertps_init} {$j < $ertps_end} {incr j} {
set stime [expr 0.1 + [$gna_ertps_ul uniform 0 1]]

$ns_at $stime "$voip_ul_($)) start"

#set up nrtPS uplink flows
set nrtps_ul_sink [new Agent/LossMonitor]
$ns_ attach-agent $W $nrtps_ul_sink
for {set j $nrtps_init} {$j < $nrtps_end} {incr j} {
set tcp_ul_($j) [new Agent/TCP]
$ns_ attach-agent $node_($j) $tcp_ul_($))

$ns_ connect $tcp_ul_($j) $nrtps_ul_sink

set ftp_ul_($j) [new Application/FTP]
$ftp_ul_($)) attach-agent $tcp_ul_($)

# random number generator
set gna_nrtps_ul [new RNG]

$gna_nrtps_ul seed predef [expr $bseed + 4]

for {set j $nrtps_init} {$j < $nrtps_end} {incr j} {
set stime [expr 0.1 + [$gna_nrtps_ul uniform 0 1]]
$ns_ at $stime "$ftp_ul_($j) start”

#set up BE uplink flows

set be_ul_sink [new Agent/LossMonitor]
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$ns_ attach-agent $W $be_ul_sink

for {set j $be_init} {$j < $be_end} {incr j} {
set be_tcp_ul_($j) [new Agent/TCP]
$ns_ attach-agent $node_($j) $be_tcp_ul_($)
$ns_ connect $be_tcp_ul_($j) $be_ul_sink

set be_ftp_ul_($j) [new Application/FTP]
$be_ftp_ul_($j) attach-agent $he_tcp_ul_($))

# random number generator
set gna_be_ul [new RNG]
$gna_be_ul seed predef [expr $bseed + 5]

for {set j $be_init} {$j < $be_end} {incr j} {
set stime [expr 0.1 + [$gna_be_ul uniform 0 1]]
$ns_at $stime "$be_ftp_ul_($j) start"

for {set i 0} {$i < $opt(n-nodes) } {incr i} {
$ns_ at $opt(stop).0000010 "$node_($i) reset”;
}

$ns_ at $opt(stop).0000010 "$BS reset";

$ns_ at $opt(stop).0000011 "puts \"NS EXITING...\" ; $ns_ halt"

puts "Starting Simulation..."

$ns_ run

Statistics script

I/bin/sh
#usage example
# ./statistics.sh ../results/wimax_DSDV.2.tr 1.0.1.0

#measure loss

grep -v' MAC '$1 | grep " $2 0.0." | awk -f measure-loss.awk

#measure delay
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echo
echo "delay:"

grep -v ' MAC '$1 | grep " $2 0.0." | awk -f measure-delay.awk | sed -e 's\./,/g'

#measure jitter
echo

echo "jitter:"

grep -v' MAC '$1 | grep " $2 0.0." | awk -f measure-jitter.awk | sed -e 's/\./,/g'

Delay measure awk script: measure-delay.awk

BEGIN {
highest_packet_id = 0;

action = $1;
time = $2;
from = $3;

to = $4;

type = $5;
pktsize = $6;
flow_id = $8;
src = $9;

dst = $10;
seq_no = $11;
packet_id = $12;

if ( packet_id > highest_packet_id)
highest_packet_id = packet _id;

if ( start_time[packet_id] ==0)

start_time[packet_id] = time;

if (action !="d"){
if (action=="r"){
end_time[packet_id] = time;
}
}else {
end_time[packet_id] = -1,

}
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}
END {

for ( packet_id = O; packet_id <= highest_packet_id; packet_id++) {
start = start_time[packet_id];
end = end_time[packet_id];

packet_duration = end - start;

#print only one value per 10 sec...
if( int(start)%10==0){
if(printed[int(start)]==1){

}

elsef
printed[int(start)]=1;
if (start <end)

printf("%f %f\n", start, packet_duration);

}

Jitter measure awk script: measure-jitter.awk

# jitter =((recvtime(j)-sendtime(j))-(recvtime(i)-sendtime(i)))/(j-i), j >i

BEGIN {
# Initialization

highest_packet_id = 0;

action = $1;
time = $2;
from = $3;
to = $4;
type = $5;
pktsize = $6;
flow_id = $8;
src = $9;
dst = $10;
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seq_no = $11;
packet_id = $12;

if ( packet_id > highest_packet_id ) {
highest_packet_id = packet _id;

#Record the transmission time
if ( start_time[packet_id]==0) {
# Record the sequence number
pkt_segno[packet_id] = seq_no;

start_time[packet_id] = time;

#Record the receiving time for CBR (flow_id=2)
if (action !="d") {
if (action =="r"){
end_time[packet_id] = time;
}
}else {

end_time[packet_id] = -1,

}
END {

last_seqno = 0;
last_delay = 0;
segno_diff = 0;

for ( packet_id = 0; packet_id <= highest_packet_id; packet_id++) {
start = start_time[packet_id];
end = end_time[packet_id];

packet_duration = end - start;

if (start<end) {
seqgno_diff = pkt_seqno[packet_id] - last_seqgno;
delay_diff = packet_duration - last_delay;
if (seqno_diff == 0) {
jitter =0;

}else {
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jitter = delay_diff/segno_diff;

#print only one value per 10 sec...
if( int(start)%10==0){
if(printed[int(start)]==1){

}
else{
printed[int(start)]=1;
printf("%f %f\n", start, jitter);
}

}
last_seqno = pkt_seqno[packet_id];

last_delay = packet_duration;

}

Packet loss: measure-loss.awk

BEGIN {
# Initialization. Set two variables. fsDrops: packets drop. numFs: packets sent
fsDrops = 0;

numFs = 0;

action = $1;
time = $2;
from = $3;

to = $4;

type = $5;
pktsize = $6;
flow_id = $8;
src = $9;

dst = $10;
seq_no = $11;
packet_id = $12;

if (action == "+")

numFs++;

if (action =="d")
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fsDrops++;
}
END {
printf("Source:%s packets sent:%d lost:%d\n", src, numFs, fsDrops);
}
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