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Mepidnym

Ta aocUpuota tomikd Oiktua SwaBétouv pla mMAnBwpa pebodwv  auBevtikomoinong
xpnouwlonotwvtag To EAP (Extensible Authentication Protocol) mpwtokoA\o. ETa mAdioa TNG
SUTAWHOTIKAG auTng, adol avaluBel To Mapamdvw mpwtokoAho, Ba vAomoinBel To €€ng

OEVApLO:

O xprotng evog aocuppatou Siktiou Ba auBevtikomoleital 0 ACUPHATO TOTIKO SiKTUO,
xpnowonotwvtag to EAP mpwtdkoAlo, to omoio Ba Baciletal oto Aoywopikd WIREL.x. O
xprotng Ba SLabétel Aettoupykd cuotnua Windows XP/Vista rj Linux. Evag RADIUS Server,
Ba avalapBdavel tnv aubBeviikomoinon Tou XPAOTN €K HEPOUG TOU OCUPLOTOU TOTILKOU
Siktbou. O RADIUS Server Ba Baociletar oto Aoylopikd FreeRADIUS kau Ba €xet

EYKATEGTNHUEVO TO AELTOUPYLKO cUoTnua Linux.

NEEeIC KAeldla: EAP (Extensible Authentication Protocol), RADIUS, WIRELX,

AuvbevTikomoinan, ao@AaAela aocLPPOTWY JIKTUWY, FreeRADIUS
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Abstract

Wireless networks use a variety of authentication methods by using EAP (Extensible
Authentication Protocol). In this project EAP and most of its methods will be analyzed.

Furthermore the following scenario will be intergraded:

A wireless network user will be authenticated to the wireless network using EAP and
WIRE1.x software. User may use either Windows or Linux OS. A RADIUS Server will be
responsible for the authentication on behalf of the wireless network. The RADIUS Server will

be based on freeRADIUS software running on Linux.

Keywords: EAP.  (Extensible Authentication Protocol), RADIUS, WIRELX,
Authentication, Wireless Networks Security, FreeRADIUS
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1 Ewaywyn

Ye pia emoxn mou n nAektpovikr avtaAlayn mAnpodopiag Stadpapartilel Kupiapxo poAo otn
kaBnuepwotnta Kot TAEov xpnolpomoleitat oxedov oe  kaBe SpaotnplotnTa TOU
OVOTTTUYUEVOU KOOUOU, atd TNV €pyacia Kol tnv ekmaibeucn wg KaL TnV.KOWwWVLKNA {wn),
kplvetal amapaitnto oaut va eival avefdptntn ond €€VOUPUOTEG UTMOSOUEG Kol val

T(POYLLOTOTIOLETOL LE o AAELAL.

Ie mepBdiiovra acuppatng Sltadtktuwaong, avadopkd e TNV aohAAELa, eival amapaitntn
n Swadikacio tng aubevrikomoinong. Mpokettal yla tn Stadikaocia pécw Tng omolag éva
Aoylkd umokeipevo, otnv MePMTWon evog aoUPHOTOU SLKTUOU, €vag aoUPUATOG OTAOUOG,
TIAPEXEL TLG TTANPodOopieg ToU amattouvTal TPoKELLEVOU va eAeyxBel n tavtdtnTa Tou. Eva
and Ta TMPWTOKOAAA ToU €xouv avamtuxBel yio tnv auBevtikomoinon eival to EAP
(Extensible Authentication Protocol), To omoio Ba mapouctaotel otn mapovoa SUTAWATIKA

epyaocia.

Ito KedaAailo 2 mepypddovral BaCLKEG EVVOLEG yLa-TA SLKTUA TNAETKOWWVLWY, OTIWG T
nipotuma 1SO OSI kot TCP/IP. AvaAuUovtol €miong apx€g TnNG aohAAELOG UTTOAOYLOTWY Kot

Sictuwy, KaBwWG KAl YVWOTEG ETILOECELG TIOU QUTA UTTOPEL Vo SEXTOUV.

3to kedpdhaio 3 mapouaotalovral Baoika otolxeia Ttou Extensible Authentication Protocol,

oUpdwva pe To RFC 3748, mou Ba BonBricouv otnv katavonon tng mPoTeLVOUEVNG AUONG.

310 kedpdhalo 4 mapoucialetal avriotolxa to RADIUS (Remote Authentication Dial In User

Service) mpwtOKoAo.

Jto keddAawo - 5 avaAletal n - Asltoupylo. TWV  KUPLOTEPWV KAL TILO  EUPEWS

Xpnotpomnoloupevwy LeBodwv tou EAP.

Téhog, oto kepdlaio 6 meplypadetar n uvlomoinon Tou IntoUpEvou oevaplou.
MapouclaleTal n -€yKATAOTOCN KAl  TIAPOUETPOTOLNON TOU AoyloplkoUu  KoBwg Kot

napodelypoata Asttovpylag pe BAon 1o MPoSLayeyPALEVO CEVAPLO.
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2 Emotnuoviko vtofadpo

2.1 Aiktva YmoAoylotwv kKat AcVppata Aiktua

ST1G emopeveg 500 evOTNTEG MAPOUCLATOVTOL ETLYPOLUATIKA, KAOWG MEPALTEPW- LEAETN TOUG
Ba Edeuye amo To mMAaiolo TG €peuvag Tou apovtog eyypadou, oL SU0 ONUAVILKOTEPES
OPXLTEKTOVIKEG SIKTUWV, TO Bewpntikd poviédo avadopdg I1ISO OSI kabwg kat.to TCP/IP,

wote va elval Suvatod otn ouvéxela n avadopd ota enineda Stactpwpdtwong toug (layers).

2.1.1 Open Systems Interconnection (OSI)
To povtého autd Poaoiletal os pio mpdtaon tou. Opyaviopou AlebBvwv. Mpotinmwv

(International Standard Organization, 1SO), w¢ To éva MPWTO BriLa TNV TPOTUTIONOLNoN TWV

TIPWTOKOAAWV ETLKOLVWVIOG HETOEY UTTOAOYLOTWV.

H Staotpwpdtwon cupdwva e To 0S| €xel yivel og 7 enineda, Ta omoia EEKVWVTOG Ao TO

KATWTEPO elval Ta €€NG:

To ¢uokd otpwpa (Physical Layer) adopd tn petadoon bit péow evog emikovwviokou
Statlou. Avadopikd pe tn oxedioon, To INTOULEVO £lval OTav amo TN pio MAEUpA OTEAVETOL

bit 1, autd otn aAn mAevpa va Aappavetal wg 1 kat oxt wg 0.

To otpwpa Levéng debopévwy (Data Link Layer) €xel wg OKOMO TOU TNV UETATPOTI TOU
avaflomotou pécou  petadoong ot pia ypappr elevBepn amd opdApata. Auto
ETUTUYXAVETOL LLE TOV TEQOXLOMO TWV. deSOpEVWY OTOV TIOUMO o€ TAaiola Sedopévwy (data
frames) koL tnv OMOOTOAR TOUG Of OeElpd KoL WE TNV enefepyacia Twv mMAALGiwY
enaAnBeuong (acknowledgement -frames) mou Aappavovrar and to 6€ktn. Epyo TOU
OTPWHATOG QUTOU eivar emiong n enihuon mpoPAnudtwyv mou Snuloupyouvtal amo
KATECTPAUUEVQ, XapEva Kal Sutha mAaiota. Ma tnv nepimtwon apdidpounc petaddoong oto
Slaudo 1 NG KOG XPRONG OUTOU UTAPXEL VA ELSIKO UTTOCTPWILOL TIPOOTIEAQONG OTO LECO

petadoong (Medium Access Control, MAC).

Y10 otpwpa Siktuou (Network Layer) onpavtikd {ntnua eival auto tg SpopoAdynong twy

TIOKETWV amo TV adeTnpia w¢ Tov tpoopLlopo. Ito network layer avrkel emiong o €é\eyyog

oupdopnong.

Baowkr) Aettoupyla tou otpwpatog petadopdg (Transport Layer) sivol o Tepoxlopdg Twy
Sebopévv TIou GéxeTOL amO TO UMEPKEipevo oTpwpa ouvodou  (Session Layer) kot o

TEUOXLOUOC TOU Ot WLKPOTEPEC povadeg n uetaBifacn toug oto otpwpa Siktlou Kol n
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Sltacpdlion otL autd ¢tdvouv oto GAAO AKpo cwotd. ESw kabopiletal emiong kal o TUmog
¢ unnpeoia mou Ba nmpoodepOei oto session layer. Ito otpwua autd eniong duvartal va
TIOAUTTAEKTOUV TTOAAEG oUVEEDELG peTadopdg péoa amo Tty (Sla ouvdeon Siktuou. TEAOG
untootnpiletal pnxaviopog éleyxou pong (flow control), wote va anodevyete To GALVOLEVO

KaTd To omoio évag ypriyopog host, mAnuupilet £vav apyo pe Sedopéva.

To session layer emutpémel otoug XpHoteg SLOPOPETIKWY UAXOVWY TNV QUTOKOTAOTOON
ouVOSWV petatd Toug. Mia oUvodog emLTpEnEL T cuvnOLopEévn peTadopd SeSopUévwy, Omwe
KOl TO OTpWHO LETODOPAC, AAAG TLOPEXEL EMIONG UTINPECLEG OTIWG N SLaxeiplon Tou eAéyxou
tou Slahdyou, n Oloxelplon okutdAng  (token management), KOL O CUYXPOVLOMOG
(synchronization). EA£yxeL g ouvodoug (6nAadn tig avtalayEg Sedopévwy) petafd Svo
UTtOAOYLOTWY, TOU A Kol Tou B. Zekiva, Staxelpiletat Kot teppatilel tn ouveeon Hetagy piag

TOTTLKNG KOl LA QTTOMOKPUOUEVNG EPAPLOYNG.

To eninedo mapouciacng (Presentation Layer) -aoxoAeital pe tn ouvvtaén Kol TNV
napouciacn tng mAnpodopiag, o€ avtibeon LE T KOTWTEPA EMiMESA TOU ACXOAOUVTAL UE
v opBn kat aglomiotn petadopd twv. bit. Emiong petaoynpatilel Ta dedopéva o€ TUTILKA

popdr TIou TNV avapével To eninedo edapuroywv

To avwtepo eninedo oto OSI gival to eninedo edpappoyn (Application Layer). To emninedd

auto mephapBavel untnpeoieg Omwg n LeTadopd apxeiwv, To NAEKTPOVIKO TAXUSPOUELD KTA.

212 TCP/IP
To TCP/IP, cuxvad avadépetat kal wg Internet Protocol Suite amoteAel €va ouvolo

TNAETLKOLVWVLOKWY - TIPWTOKOAWVY TTou  pnotpornotlolvtol and to Internet kat dAla

napopota Siktua.
To TCP/IP, 6mwg to OSI, pnopet va BewpnBel wg éva cuvolo amo enineda:

3to TCP/IP 1o ¢uotko eninedo kat To eninedo {evéng dedopévwy, Ta omoia avadépovrat
TIOPAMAVW, opadomolouvTal KAl cuvioTouv to Emimedo mpooPaong Siktuou  (Network
Access Layer). Ebw meplocotepo xpnotpomnolouvral potuna tou Data Link kat tou Physical

napd kaBopifovrat véa amokAeLloTikd yia to TCP/IP.
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Application Layer

Application Layer Presentation Layer

Session Layar

Transport Layer Transport Layer

Internet Layer Metwork Layer

Data Link Layer
Metwork Access
Layer

Physical Layer

TCF/P 0S|

Ewéva 1 Avtiotolyieg emunéSwv petal twv povtéAwv OSI kot TCP/IP

310 eninedo Siadwktvou (Internet Layer) tou TCP/IP. kupiopxo polo Sadpapatilel To IP
(Internet Protocol). Ymdpxouv emiong €nUTPOCOETA UTTOOTNPLKTIKA TTPWTOKOAAQ, OMWG TO
ICMP (Internet Control Message Protocol), tou xpnotpomoteitol yia tTn SLteukoAuvon Kat tn
Slaxeipion tng Sadikaoiag SpopoAoynong. Zkomog Tou eival n petadoon datagrams, akoun
KoL Tépa amo ta opla €vog SLKTUOU, Mo €Vol. OMOCTOAEX O €vav  TIOPAANTITN TIOU

kaBopiletal amo pia StevBuvon Siktvou (IP StevBuvan).

O okomdg tou emutedou petadopdg (Transport Layer) sivar opolog pe autdv tou OSI.
Juviotatal oTov TERaXLONO Twv SeSOoREVWV aMO TA AVWTEPA Mimeda Kal n mopddoon Toug
OTOL KOTWTEPA Kat avtiotpoda otnv avaocuotach toug. £to TCP/IP ypnoipomotouvtal SUo
TiPpWTOKOAAa oto eminedo auto, to TCP kat to UDP. H kUpLa Stadopd Toug EyKeLTal oTo OTL
to TCP eivat aflomoto (e€aodaliletal n opbn petadoon twv edouévwy oto GAAO AKPO),
evw avtiBeta to UDP sival avaflonioto (6 SLabétel unxoviopolg EMAVAmooToAnG XOUEVWY
TIUKETWY N UNXOVLOROUG TomoBEtnong Ttwv TMakETwv otn oelpd KTA.). Kat ta &vo

XPNOLULOTIOLoUVTOL EVPEWG avaloya pe To £160¢ TNG edaplLoynG TOU XpnotpomnoLeital.

To eninedo edappoyng (Application Layer) oto TCP/IP meplapfBdvel T Asttoupyleg Twv
eMMESWY edpapuoyng, mapouvoiacng Kat cuvodou tou OSI. MNa to TCP/IP kGBe Asttoupyia
Mavw amo 1o eninedo petadopdc avadbépetal we edappoyr. o tnv mepypadn TG
SLadpoung péow TN omoiag emkovwvouv Vo eboployEG xpnotpomnolouvtal ta socket kat

ta ports. Nopadeiypota mpwtokOAwyY epapuoyng ivat to HTTP, to FTP, to POP KtA.
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The Internet Protocol Suite
Application Layer

BGP - DHCP - DNS - FTP « GTP - HTTP -
IMAP « IRC - Megaco - MGCP - NNTP « NTP -
POP - RIP - RPC - RTP - RTSP - SDP - SIP -
SMTP - SHMP - SOAP - 55H - Telnet -
TLS/S5L - XMPP

Transport Layer

TCP - UDP - DCCP - SCTP - RSWP - ECN

Internet Layer

IP (IPv4, IPvE) - ICMP - ICMPVE - IGMP -
IPzec

Link Layer

ARP/nARP - NDP - OSPF - Tunnels (L2TP) -
PPP - Media Access Control (Ethernet, DSL,
ISDN, FDD)

Ewkéva 2 Ta onuavtikotepa mpwTtoKoAXa mou Xpnotuonotouvtot avd sninedo tou TCP/IP

2.1.3 AocvVppoata Aiktva-(IEEE 802.11)
>to Network Access eninedo kupiapxo mMpwtokoAlo, dtav avapepOooTe 0 acUppaTN
Siktbwon, amotelel To IEEE 802.11. To MPwTOKOAAO QUTO apPXLKA UTOCTAPLE PUBLOUG

petadoong 1 kat2 Mbps oto pacpa cuxvotritwy twv 2,4 GHz.

3to IEEE 802.11 opifovtal n apxLTEKTOVIKA TwV OCUPHATWY TOTLKWY SKTUWV, UTNPECLEG
OnMw¢ n. cuoxétion- (association), n emavoacuoxétion (reassociation), n auBevikonoinon
(authentication) kat n dtaopdlion Tou LELWTLKOU amoppntou (privacy). Opilovtal eniong n
doun twv mAatoiwy, oL Aettoupyieg Slapdpdpwong kabwg Kot o alydplOuog WEP yua tnyv
Slaoddiion Tou SLWTIKOU amoppnitou. Amo to 1997 péxpL KoL OAUEPA TO TPOTUTIO
e€eAiXTnKe KL TTAPOUCLACTNKAY €KEOOELG TIOU UTOOTNPI{oUV EMUTPOCOETEG SUVATOTNTEG
kaBwg kat uPnAotepeg TaxUTNTEG METAS00NG, TOU EmMLTUYXAvOvTal He OMayEG otnv
xpnotpomnotovpevn Stapopdwaon. Ot aAayEg autég Sgv amoTeAoUV AVTIKEIUEVO LEAETNG OTO

OUYKeKPLUEVO Eyypado kal g Ba avaluBoulv nepetaipw.
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Aflec avadopdc katd tnv £EEAEN TOU MPWTOKOAMOU €ival oL mapakATw S1opopomolioELg

TIOU TTOPOUGCLACTNKOV OTLG VEOTEPEG EKSOOELC:

Me to 802.11b, yvwotd kat wg Wi-Fi, mpootéBnkav taxutnteg petddoong 5 kat 11 Mbps,
evw He Tto 802.11g tayvutnteg 22 kat 54 Mbps. To mpdtumo 802.11 umootnpilel
0UBEVTLKOTIONON TWV CUCKEUWV Kal Kpumtoypddnon twv Sedopévwy, evw to 802.11b
emiBalel €va ehdxioto eminedo acdadeiag kal kobopilel AAa-acpaAéotepa enineda.
Anauteital n vntootipLen evog touhdxloto kKAeLSLoU kpumtoypadnong (WEP key) unkoug 40
bits. Ta 6edopéva kpuntoypadoUvral evw oL emikepalideg - petadidovral xwplg
Kpumtoypadnon. Téco to 802.11b, 6co kat to 802.11g ypnotuonololv tn unavia twv 2,4
GHz oe avtiBeon ue to 802.11a, to omoio av Kat enttvyxave unAolg pubuolc petadoong
Aewtoupyoloe ota 5 GHz, yeyovdg mou to KabiotoUoe N oUUBATO ME TLG UTTOAOUTEG

ekbOO0ELC.

3to IEEE 802.11f mepiypddovral eniong UnMnpPeoies Kot TPWTOKOAAA LETOEY TWV OTABLWY
Bdong. Me tnv €kSoon auth eniong kabopilovral 0dnyLeg yLar TNV TLEPLOYWYI TWV XPNoTwV

oe SladopeTikoUg oTabuoug Baong.

To IEEE 802.1le €L0dyel TNV TIOLOTNTO. UTINPECLWV KOL TNV AELTOUPYLKOTNTA yLd XPron
noAudactkwv edappoywv. Ito. |[EEE-802.11k mpocBétel Asttoupyieg avadopwy. Evw oto

IEEE 802.11h emekteivetou to |[EEE 802.11a (5 GHz).

Jto IEEE 802.11i evioxvetar n acddrela tou MAC emumédou kot mpodiaypddovrat

TPWTOKOAAQ Omtwg To 802.1x, to TKIP kat to CCMP.

Téhog to 802.11n eival to 1o MPoodATO TOU eyKpiONKe. OewWPNTIKA OL CUOKEVEG TIOU
untootnpilouv acuppotn Stktiwon 802.11n pmopouv va cuvdeBolv ota 300Mbps, 6 dopeg
peyaAUtepo. amd 1O mponyoupevo Tipotumo, to 802.11g. e autd Bonbdel n umootrpién
texvoloyiag MIMO(multiple-input multiple-output) n omoia kdvel xpnon moANATAWY

KEPALWYV OTO TIOUTIO KAL TO SEKTN, yLa 000 TO SUVATOV LEYAAUTEPN TOXUTNTA.

To 802.11n ekméumel ota 5GHz kot puolkd Kpatdel tn cuppotdtnta pe diktua 802.11b/g
TOU €eKTEUMOUV ota 2.4GHz. H epPéAsla TOU O ECWTEPLKOUG XWPOUG UTtoAoyiletal

(Bewpntikad) ota 90 pETPpA evw 0€ EWTEPLKOUC XWPOUG ota 182 péTpa.
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2.2 Ofpata aoc@oleiag ota SIKTLVA KAl EMOECEL 68 ACVPUATH

SiktTuva

2.2.1 Aoc@disia AikTtOwv - Mnyavicpoi ac@aleiag

OL tpelg Poaoikég WBLOTNTEG yla TNV aodAAeld TwvV OLKTUWV. UNOAOYLOTWV . ELVAL . N
EUMLOTEVTIKOTNTA, N OKEpaALOTNTA KAl N StaBeoiudtnTa. Kot ot TPELG amattouvtal WoTe Eval
Siktuo va pmopel va Bewpnbel aohalég. H pn xprnon UNXAVIoLWV TPOCTACIaG TWV
TIopAmAvw KaBLlotd To SikTuo TpwTo évavtl eTBEcewy. OL eMLTIOELEVOL CUVNOWG EXOUV WG

OTOXO TOUG Hia ) TEPLOCOTEPEG QO TLG MAPATTAVW LOLOTNTEG,.

EMMIZTEYTIKOTHTA

AZMANEIA AIKTYQN

AIADEEZIMOTHTA AKEPAIOTHTA

Ewkova 3 ApxégAcdaAeLag ALKTUWV

JTOX0G TNG EUMLOTEUTIKOTNTAG Eival n dtaoddaAion tou otL ol euaicdntég mAnpodopieg Ba
TIPETIEL VOL TLOPAEVOUV. [LUCTLKEG KOL N TTPOCBOON O QUTEG VAL ELVOLL TLEPLOPLOEVN OE GOOUG
Kplvetal amopaitnto-Kat povo o€ autols. Itnv aocddAela Siktvwv elvat duvatd va
emitevyxtel LEOW TG KPUTITOYpAdNOoNG Twv SeSopévy, TNG LETATPOTING TOUg SnAadr| og pa

KN avayvwotpn popdn.
H kpumtoypadnon pmopsi va ivat cUPUETPKT (LBLWTIKOU KAELSL0U) i} acUUUETPN.

3TN CUMMETPLKNA Xpnotpomoleitat To (6o KAelSi kal évag ahyoplBpog kpumtoypadnong Kat

arokpurntoypadnong.
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Unencrypted Private- Key Encrypted Private-Key Decrypted
Document Encryption Document Decryption Document

O KRR R AR

Frivate
Key

i)

Ot cuppetpikol aAyoplBuol kpurtoypadnong dlakpivovtat oe SUo KaTNyopLEG:

o Kpumrtoypdadnua Aéoung (block cipher) - aAyoptBpot mou Aettoupyouv ge pnvopata
OUYKEKPLUEVOU LRKOUG
o Kpumrtoypddnua pong (stream cipher) — alyoptBuol mou Aettoupyouv o€ €va bit tn

dopa.

3TNV MEPIMTWON TNG CUMUETPLKNAG Kpumttoypadiog Ba mpémet va Sivetal Slaitepn mpoooxn

otnv avtaAAayn Twv KAELSLwV.

H aoluuetpn kpumtoypadia xpnowomoteitar -yl ™ StoopdAon TOCO NG
EUTULOTEUTIKOTNTOG, OCO KOL. TNG QKEPALTOTNTOG, ~TNG aubevtikomoinong KalL TG N

arornoinong eubuvng.

Unencrypted Documentis Encrypted Encrypted Document is Decrypted Decrypted
Document  Using Recipient’s Public Document Using Matching Private  Document

)

KaBe ovrotnta o€ éva cuotnua acUUKETPNG KpuTtttoypadiag Stabétel éva {euyog KAELSLWV.
To &nuooto KAeLS( to omoilo SnEOCLEVETAL KL XPNOLUOTIOLETAL YLa TNV KpUTToypddnon Twv
Oebopévwy. To LOLWTIKO KAELSL TO OMOLO TTAPAUEVEL LUCTIKO KAl XPNOLLOTIOLELTAL YL TNV

QTTOKPUTITOYPADNON TWV LNVULLATWV.

H akepaidtnta otnv aohaAela SIKTUWY EYKELTL 0TO OTL £va PAVUMA TIou petadidetal Sev

Ba nelpaytel. AnAadn dev Ba adaipebel kamolo koppdtt Tou | Ba aAhaytel. Baoikd pétpo
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yLa Tnv poAndin | TV avixveuon emiBécewv £vavtl TG AKEPALOTNTOC Elval N mapaywyn
£vOG kpurttoypadikol abpoicpatog (checksum) n emaARBeguon tou omoiou gyyudtal mMwg To
prAvupa 6ev €xel tpomomolnBel. EmumAéov StaoddaAion tng akepadtntag elval Suvatd va

eniteuxBel péow g xpriong Yndlakwv umoypodwv.

Téhog, n StaBeoipdtnTa onuaivel mwg ta Sedopéva Ba elval Slabéotpa ava maca oTLyUn
IntnBoulv amo kamowo e€ouclodotnuévo xpnotn n Siepyacia. O emiBéoelg €vavtl otnv
StaBeouotnta avadépovtal kat wg Denial of Service (DoS) emibéoelg. Tétowou eiboug
enBéoelg kabLotouv aduvatn tn MPOcBacn amod To Xproth O CUYKEKPLUEVN €dappoyn n

umnpeoia.

YPnAn acddlela oe €va Siktuo onpaivel, oxt mwg to Siktuo dev eival guaiobnto oe
eMOE0ELG OMA, WG OL KNXAVLOUOL TIoU Xpnolpomolouvtal mopéxouv udniou PBabuol
aodAAela KoL dev €XOUV OKOUN «OTIACELY QKOWUN. H aoddAela 1000 TwvY UMOAOYLOTIKWY
OUCTNUATWY, 000 Kol Twv SIKTUWV ouvexwe efelicoovtal. AKOUN KOl OL TILO LoXUpoi
pnxaviopol aopoleiog amateital vo eehicoovrat Stopkwg. Emiong, av ot maAaldtepol

pnxoviopol achaleiag «ondoouvy, Ba mpEmeL va avamtuxbouv véol.

2.2.2 EmOfocig oe acvppata Siktva

Ta acUppuata Siktua anoteholv otoxo entbecewv. Ot emBeoelg Suvatal va gival TadnTIKeG
n/kat  evepyntikég. Ol mabnukég meplopifovtal otnv cUAoyr Twv ONUATWYV ToU
QTOCTEAAOVTOL, EVW. OE EVEPYNTIKEG EMLOETELG KOl O ETULTIOELLEVOG EKTTEUTIEL OLATA. ZTOXOL
plag emiBeong elval n avayvwplon tou Oktiou, n MPOKANCN APVNONG UTNPECLWY, N

arnoktnon duvatodtntag avayvwon Kabwg kat eyypadng.

2.2.2.1 War Driving

Elval apketd eUKoNO, PE Xprion Kiag aouppaTng kaptag Siktuou, piag mapafoAkng Kepailag
TAéypatog Kat kataAnhou AoyloptkoU (rx. Netstumpler http://netstumpler.com , kismet
http://kismetwireless.net ), o evtomiopog Kot n kataypadr Twv ooUPLATWY SIKTUWV HLAG
TIEPLOXNG. 2E OPKETEG TEPLOXEG €xouv moapatnpnBel odnyol autokvATwv TOU UE

eMUMPOOOETN Xpron €vog 6éktn GPS €xouv xaptoypadrost aclppata Tomika Siktua.

17 MOYTONOYAOQOY ZQH MANENIZTHMIO MEIPAIQZ -NMMX ATWS



Extensible Authentication Protocol

Ewova 4 E§onAlopuog War Driving

Jtnv nepintwon &g nou ta acUppata diktua Sev SLabgtouv pnxaviopolg aodoleiog, Tote

yLo TtV mpooPacn oe €va Tétolo Siktuo apkel povo pio acUppatn kapta SKTuou.

2.2.2.2 Man- In-The-Middle
H eniBeon tou evéildueoou - atopou- mepllapuBavel Tnv enibson «kpuAKOUGLOTOGY

(eavesdropping) kattnv emiBeon «xepaywynong» (manipulating ).

Katd to eavesdropping o emutiBépevog oUAAéyel kaul e€etalel TG mMAnpodopileg Omou
ekmépnovral. KAtL TEToLo €lval OPKETA EUVONTO AV AVAAOYLOTEL KOVELG WG TO OPLOL EVOG
aoUppata gv £xouv duoikr umootacnh. MEtpo mpootaciag amno To eavesdropping amoteAet
n kpumrtoypadnon eite oto eninedo {evéng SedSopévwy (Data Link Layer, DLL), ite oe

avwTtepa enineda.

Katd to manipulating o emtiBgpevog petafalel ta dedopéva mou €xel UTIOKAEPEL Kat Ta
EMOVEKTEUTIEL UTTOSUOUEVOG TOV emiTiOéuevo. AutO emtuyxavetal pe ARP  spoofing
peBASouG.  ‘Evag SLAXELPLOTAG OUCTNAMATOG KITOPEL VO EVTOMIOEL KAl VA KOTATOAEUAOEL
TéTOLoU €ld0uUg TopaBLacelg mapakoAouBwvTaG Tov KATAAOYo yLa apageveg aAhayeg (m.x.
TAPNON LOTOPLKOU TWV KATOXWPNOEWVY Kal cUYKPLON Toug Ke T mpdodateg eyypadés. H

Sladikaoio umopel va yivetal aQUTOLOTOTIOLNEVA LE XPHoN ELEIKWVY EPYaAEiwV.
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2.2.2.3 Denial of Service
Ou enBéoelg «Apvnong Mapoxrig Ymnpeowwv» (Denial of Service, DoS) amookomouv va
mAnéouv TNV SLaBeoLudTNTO TWV TTOPWV EVOG SIKTUOU 0o Tou €£0UCLOSOTNUEVOUG XPHOTES

TOu.

Dos emiBeon pmopouv va mpaypotonownBel oto DLL (OSI Layer 2)- pe OKOMO KAMOLO
pnxavnua tou Slktiou va pnv Umopel va Tpoomeldosl To. SiKtuo €0Tw KL av elvol
ouvbebepévo oe autd.  OL emiBéoelg oto Layer 2 6ev MPAYLATOMOLOUVIAL CUXVA OF
acUppata diktua kaBwg cuvBwg amoTpEmovTal amod TLG CUGKEUEG SLKTUOU. ~3To eminedo
tou Siktuou (Network Layer, OSI Layer 3) ot emiB€o€Lg UAOTOLOUVTOL UE TNV -ATTOCTOAN
neplocotépwy dedopévwv and ta Sedopéva mou to Siktuo propel va. petadwoesl. Auto
TIPOKAAEL TNV amdppuPn TWV TOKETWY QIO TLG CUOKEUEG TOU -SLKTUOU KoL Tov GpopTo otnv
povada enefepyaoiag KoL TNV KEVIPIKA UVAUN TWV GUOKEUWV Tou Siktlou. Xto eminedo
petadopag (Transport Layer, OSI Layer 4) pia DoS emiBeon cuviotatal otnv amootoAn
peyahou aplBuou attnoswv ouvdeong (mx SYN flooding) Ztnv mepimtwon autr av Kal to
Oiktuo elval Aeltoupylkd to AELTOUPYLKO ZUotnpo - Sev Umopel va mapoakoAouBnoeL Tig
EVEPYEG OUVOECDELG UE ATIOTEAECLOL VA LNV ELVAL TIPOOPBACLLEG OL UTINPECLEG TTOU TIOLPEXOVTALL
armo to punxavnuo. TEAog, emBEoeLg oto eminedo edappoyng UAOTIOLOUVTAL LE TNV OTTOOTOANR
noManlwv awtnoswv oe pia Siktuakn “edapuoyn. . H edbappoyr ulomoiwviag Tig

oUVOANQYEG TOU ETLTIOEUEVOU KL N Xprion amo GAAOUG XPrOTEG ELVOL OTTOTPEMETAL.

Ou DoS enBeoelg og aclpuata Siktua Stadopormololvtal GUYKPLTIKA LE T EVOUPHLATO OTa

eéne:

Physical Layer: To ¢uowko péoo evog aouppatou Siktiou Sev elval cadwg OpLOUEVO Kat Sev
nieplopiletal ano. ta ¢Guolkd OpLa EVOG OPYOVIOUOU, €TOL OL €MITLOEUEVOL Pmopouv va
TIPOYLLOTOTTOLOUV. ETUOEOELG KOl €KTOG TwV Opilwv Tou. To GACUA TWV CUXVOTATWV TIOU
Xpnouomoteital and ta acvppata Siktua gival cadwg opLopéVo amod Ta TPOTUNA TIOU
akoAouBouvral og auta (my IEEE 802.11), eivat Aoumdv apkeTtd eUKOAO KATIOLOG VAL YEULOEL TO
OUYKEKPLLEVO €UPOG pe BOpuPo, mpokaAwvtag €tol pia DoS emibeon. Enibeon os puoiko

eninedo pnopel eniong va BewpnBel kat n kKAomn cuokeuwv SlkTUoU.

DLL: Zto eminedo ouvvdeong Sedopevwv Adyw tng eAeVBepng mpocPBaong oto Ppuotkd pEoO
UTLAPXOUV TIPOOTTIKEG Yo DoS emiBéoelg. MNa mapadelypa av XpnoLLOMOoLETAL UNXAVIOUOG
antenna diversity (xprion MOAAQIMAWY KEPALWY VLA TNV QVTLLETWIILON TOU TPOPANAMATOS TNG

€€a00€vIonG Tou oNATOG) Kal autog Sev eival opBa uAomolnuévog (oL mepLoxeg kKaAung
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Twv Kepolwv Sev KaAUTTouv 8loug xwpouc), Tote eival duvatd Kamolog va BydAel €KTdC
Siktuou évav efoualodotnuévo xpHotn Tou SIkTUou, amAd ekmépmovtag e xpnon tng MAC

tou e€ouctodotnuévou.

Network Layer: 3to eminedo &wtbou eival Suvatég emibéoelg, av to Siktuo eival
TipooTeAdoo amd omolovdnmote. O emTiBépevog pmopel va KatakAUoeL To SIKTUO - plE
Kivnon kat va amokAeiogl Toug untdloumoug amno tnv npocBacn os-auto. Av g n Taxutnta
petadopdg sival pikpr, auto pmopsi va cupPel xwpic amapaitnta va umapxet KakOBouAn

npoOean.

Disassociation kat deauthentication emiBéoelg: OL emBLoel QUTEG £XOUV WG OKOTO TNV
navon TNG cuoyETlong Kol TIg aubevtikomoinong TEtoleg. emBéoelg otnpilovral otnv
aduvapio tou IEEE 802.11 avadopikd e ta mAaioia Sloxelplong, XpNOLLOMOLWVTOG
KNXaviopoUg tou (Slou tou mpwtokoMou. O emitiOéuevog punopel vo emavanootéAeL Ta
mAaiola ARgng TNG CUCXETLONG KO TNG AUBEVTLKOTTOINCNG TToU amootéAAovtal and To oTabuo

Bdong pe anotéAeopa £vag acUpRATOG OTAOOG VoL LEVEL EKTOG SLKTUOU.

EniBeon oto punxaviopo anoduyng cuykpouoewv: Eva mAaiolo IEEE 802.11 mepiléxel to medio
transmit duration, oto omoio avadépetar o xpdvog petadoong tou. Eivat o xpovog mou
avapével €vag oaoUPUOTOG oTaBpog mpwv mpoomnadnost va ekmépPel. Av Aoutov o

ETMUTIOEUEVOG EKTTEUTIEL TETOLA TIAALOLA, TOTE OL UTIOAOUTTOL OTAOLOL OLYOUV.
Em0éoelg auBevtikomoinong

0 €Aeyxog NG aubevtikotnTog adopd SUO0 MEPUTTWOELG TNV TAUTOTNTO TWV XPNOTWV KaL TNV

TAUTOTNTO TWV CUCTNHLATWV.

Av kot to |EEE 802.11 evowpatwvelr pebodoug aubBevtikomoinong KAl mpootaciag Tou
WBLwTkoU  amoppnTou “yla ta acUppata  Siktua, autég Oev €xouv Ta emBupntd
anoteAeopara. Etot €xouv utoBetnBel véoL punxaviopol aubevtikonoinong mou Bacilovtatl

ota 802.1x kot EAP.

EniBéoslg oto Kowod KAewi: Katd tnv aubBevtikomoinon twv 800 cupPaArropevwy
armootéAetal Kol ard toug Suo €va tuxaio challenge text. H katoyxr) tou WEP kAeldlou
amodelkVUETAL LE TNV KpuTttoypadnaon tou challenge text katl Tnv anootoAr Tou otov aA\o
oupBaAAopevo. O emutiBépevog pmopel va cuMEEeL mMAnpodopieg piag Tétolag emituxous
auBevtikomoinong kat TOTe Suvatal vo OnMAvVId OWOoTA Kal va  ouBevrlkomoleltal.

JUYKEKPLUEVA QUTO Mmopel va emiteuxBel pe yvwon tou challenge text kat Tou
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Kpumtoypadpnuévou HNVUUOTOG TTOU OVTLOTOLKEL o autd, edpapuolovtag tnv mpaén XOR,
urtohoyilel to KAeLSL pong mou avtlotolkel oto Sldvuopa apxikoroinong. O emutiBéuevog
yvwpilovtag to Stavuopa apywornoinong kat to KAelSi pong pmopel va aubevtikomoinBet

ETMITUXWC.

ARP poisoning, MAC address Spoofing: To ARP (Address Resolution Protocol 1} MpwtékoAo
AvdAuonc AleuBUvoswv) amoteAel To PNXOVLIOUO TTOU XPNGOLUOTOLEITAL VIO TNV AVTLOTOLXLON
Twv MAC SteuBuvoewv pe TG IP. KaBe ¢opd mou pia cuokeuny cuvdedepévn oto Siktuo
emBupel va emikowvwvnoeL Pe pia GAAn, exmépmnel pia aitnon ARP, tnv omoia Aapfdavouv
OAEG OL OUOKEUECG Tou Bpiokovtal oto Siktuo. KaBe cuckeur mou AapBavel-tnv aitnon
eléyxeL tnv IP tng aitnong. Av n IP tng aitnong dev eivat idla pe tnv IP Tou unmoloyloth amno
Tov omoio €Aafe tnv aitnon tote auth ayvoeital, aAAwg amavtd pe tmv.MAC SievBuvon
TNG. Z€ KAMOoLa AELTOUPYLKA TNPELTalL Tomka évag MAC mivakog Kot epocov urtdpxet eyypadn
og autov 6ev amootéAetal ARP altnua. Ze pio enikowvwvia petafy meldtn — e§unnpetnth
évag emutiBépevog, av Bploketal oto 6o IP Siktuo, Suvatal va amooteilel pia amokpLon
ARP pe Source IP tnv IP tou g€unnpetntr) ko source MAC tn 61K Tou. ZTnv mepimtwon autr
o mehdtng Ba amootéAAeL OAa ta frames, LE TIPOOPLOKLO TOV EEUTTNPETNTH], OTOV ETULTLOEUEVO

kaBwc Ba avavewbel AavBaopéva o tomikog rivakag MAC.

2.3 IMMotommomTIKQ

Q¢ muotonolnTiko opiletal pio nAektpovikr Sour deSopévwy OV XPNOLUOTOLELTAL VLo TNV
avayvwpLon piag ovrotntag, my. VoG aTOMOoU , EVOG EEUTNPETNTH, LLOG ETOLPELAG KTA. ZTLG
AeLToupyleg VOG TILOTOMOLNTIKOU TEPAALBAVETAL ETTLONG N CUCYXETLON TNG TOLUTOTNTOG QUTHG

pe éva SnpoaoLo Kat v LOLWTLKO KAELSL.

Ta motomolnTika avtiotoilovv. ta dnuocta KAEWOLA o ovtdtnteg, €TO0L WOTE Ol
QTIOHLAKPUOHEVOL XPHOTEG TIOU KAVOUV Xprion Tou &npoctou KAeLSLoU va eival BERatot OTL To
avTioTolo LOLWTIKO KAELWSL Xpnolpomoteital amd 1o KAatdAnAo dtopo r cvotnua. Ta
TILOTOMOLNTLIKA  OMOTPEMOUY TNV XPrion mAaoctwv Snuoclwv kKAelSlwv Tou mibavov va
XpnotponolnBolv. o€ MEPUTTWOEL TAoCTONpoowrniag. Movo éva dnudolo KAeWSL Tmou
TILOTOMOLE(TAL HEOW EVOC TILOTOMOLNTIKOU SUvaTal v AELTOUPYTOEL LE TO AVTIOTOLXO LOLWTLKO

KAELOL.

H mwo Siadedopévn popodn miotonownTikwy kobopiletal anod to debvég mpotumo tng ITU
X.509 (RFC 3280), to Internet X.509 Public Key Infrastructure Certificate kaw to Certificate

Revocation List (CRL) Profile.
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O Apxég miotorointikwv (Certificate authorities,CAs) eival ovtdTnTEG OV EMLKUPWVOUV TNG
TAUTOTNTEG QUTEG Ko ekSiSouv mLotomolntikd. Evag opyaviopdg Suvatal va €xeL Tn SLKr Tou

OPXM YL TAL TILOTOTIOLNTLKA 1) VL TAL ayopaleL armd pia Tpitn agLomotn apyr TLOTOTOLNTIKWV.

O néBodol Tou XPNOLLOTIOLOUVTAL YLa TNV EMLKUPWAON TG TAUTOTNTAG €apTWwvTaL Ao Ty
TIOAMTIK  TIou  €DOpOleEL pia apXr TILOTOTMOLNTIKWY. TEVIKA - ylol TNV  €KSoan  €vog
motonotntikol pio CA Ba mpémel va SLOMLOTWOEL TNV TOUTOTNTA TNG OVTOTNTAG KAl Vol
urtoypayeL PndLakd To mLoTononTko wote va e§aodallotel n pun Tpomomnoinon tou. Etol
SlaodaileTal OTL £va TTLOTOMOLNTLKO OVTLOTOLKEL éval SNpOGLo KAELSL O [ia ovtoTnTA Tou
Tautomnoleital péow autol. EmupooBeta ekTOg amo 1o SNRocLo KAELSL €va TLOTOMOLNTIKO
TIEPLEXEL TO OVOLO. TNG OVTOTNTOG TOU OVTLOTOLXEL, TNV nuepopnvia Anéng Tou, To Gvopa Kat
1o URI tng apyng mou to €€€dwae, €va oelplako aplBpo kot pia bnduakn vnoypadn. O
OTTOUOKPUGOHEVEG ovTOTNTEG odeilouv va emiBeBalwvouy  OTL £va TILOTOMOLNTIKO elval

£yKUPO Kat o€ LoyU.
JUVABELG TUTTOL TILOTOTOLNTLKWVY vl oL akOAouBot:

Ta TILOTOMOLNTLIKA TNG opxNG Totorowntikwy (Certificate Authority certificates), ta onoia

TILOTOMOLOUV TNV LKOWVOTNTA UTIOYPAd G TILOTOTOLNTLKWV.

Ta motomownTika efumnpetntwv Server certificates (Server certificates) ta omnola
XPNOLLOTIOLOUVTAL OE €VOL Server, yLo. vo prmopécel o client va emiBefatwoel tnv eykupdtnta
piag ouvdeong Kol va SnULoupynoeL €va KPUTITOYPadpnUEVO KOVAAL EMIKOWVWVIOG LETAEY

TOUG.

Ta motonointikd twv -Clients (Client certificates), péow tov omolwv évag server
eniBefalwvel TNV TaAUTOTNTA TOU TteAdtn kat Sivel tn Suvatrdtnta oto XPHROTN TOU va
untoypadel Ynolakd - va kpuntoypodel Sedopéva. TETolou €idoug mioTtomolnTka eivat
LOXUPOTEPQ QIMOSELKTIKA TAUTOTNTAG EVOG client ard ta otolxela ouvdeong (username Kat

password)
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3 Extensible Authentication Protocol (EAP)

3.1 Tesvika
To Extensible Authentication Protocol (EAP) amotelei éva mAaicio avadopdg yla tnv

auBevtikomoinon to onoio untootnpilel moAamA£g pebddoug.

TomoBeteital mdvw amnod to eninedo (evéng dedopévwy (DLL) d6mwg to PPP (Point —to — Point

Protocol) kot to IEEE 802, xwpig va amatteitad IP.

To EAP &LaBétel Toug SKOUG TOU MNXAVIOROUG yia omaAowdr Twv SumAotunmwv Ko
enavanootoAr. Aev umootnpiletal katdtunon (fragmentation) and to 6o, oA\ unopel va
unootnpxBei and Tig pebodoug tou. Eival Suvatd vo XpnoLLomoLEL TO0O O AMOKAELOTLKIG
xprong lev€elc (dedicated links), 6co kat ot lev&nG peTaywyng KukAwpatog (switched

circuits), og evoUppoteg alMa kol acUppateg LeVEeLG.

3.2 AvtaAdayt) pnvupdtwvoto EAP

Mapakdtw meplypddetal n akohoubio pnvupdtwy, 6omwg autn npodiaypddetal oto EAP.

1. O authenticator otéAvel €va Request (Aitnua) ya tnv auBeviikomnoinon tou peer
(k6uPBog). To Request mepthappavel éva rtedio Type (TUToc), 6mou avadEpeTal To TL akpLBwg
{nteitat. MNapadeiypata té€towwv Tumwvy eival- Identity (Tautotnta) , MD5-challenge ktA.
JuvnBwg amootéAAetal €va apxlkd Identity. Request, av kot KAtL TéTolo Sev eivat
UTIOXPEWTLKO Kat pmopel va mapaAndBel. Fa mapadelypa Sev amatteital 6tav kabopiletal
amno to port (BUpa) mou eival to peer eival cuvSebepévo fi OTavV UMopeL va avaktnBel amno

oAAoU.

2. To peer amocotéAAel €va Response (AmAvtnon) MakéTo, 0€ QMAVINGN EVOG €YKUPOU
Request. Kat To TtoKETO autd mepléxel eva nedio Type mou avtamnokpivetal oto nedio Type

tou Request.

3. O authenticator otéAvel £va emutAéov Request kot To peer anavta pe £va Response. H
okoAouBia QUTWV TWV UNVUUATWY UTIOPEL Vo OUVEXLOTEL ylo 000 Xpelaotel. To EAP

xapaktnpiletat wg ‘lock step’ (kAetdwpévou Brpatog)mpwtdkoAo, kabwg Sev emLTpénetal n
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arootoAr) Requests (mAnv tou apxikol) av mpwta dgv AndOel éva €ykupo Response. Eivatl
OMWG SuVaTO Vo YivEL OUYKEKPLUEVOG apLBUOG emMavomootoAwv €vog Request, amd tov
authenticator, petd and evAoyo xpovikd Stdotnua. O authenticator dev otéAvel unvupata
Success 1 Failure Kotd Tn SLAPKELO TWV EMAVATTOOTOAWV | 0TOV S&v AapBAVEL AMAVTNOELG

oo To peer.

4, H avtaMayn pnvuudtwv cuvexiletal péxpl o authenticator vo pnv pmopei va
OUBEVTLKOTIOLAOEL TOV KOUPO (N QmOSEKTEG QMOKPLOELG OE [LAL N TLEPLOCOTEPEG QLTNOELG),
niepimtwon otnv omnoia o authenticator mpénel va anooteidel prvupo EAP Failure — code 4
(amotuxia). EvOAOKTIKA n avtoaAhayn LnVUpatwy ouveyiletal péxpl o -authenticator va
oplogl mwg €xeL yivel emtuxng aubeviikomoinon, otnv mepintwon auth o authenticator

TipEmelL va anootellel pvupa EAP Success — code 3 (emituyia).

Authenticator Peer Authenticator eer
T T T T
I | | I
I I | I
I | | I
I | | I
1 I I 1
I | | I
: Request } } Request :
: Response w} } Response w:
oo S : Emmmmmnm e :
I | | I
I | | I
' Request i | Request '
L » L »
: Response } } Response :
I | | I
1 I I 1
I | | I
I | | I
I I | I
[ I I 1
I I | I
I | | I
I | | I
: Request } } Request :
: Response '} } Response 'i
e 4 - 4
i | | i
l | | I
I | | I
1 I I 1
I | | I
I | | I
I | | I
I | | I
I EAP Failure (Code 4) | | EAP Success (Code 3) |
i > | »
I | | I
I | | I
I | | I
I | | I
I | | I
[ | | 1

Ewkova 5 AvtaAAayr) pnvupdtwv petal Authenticator kau Peer
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MAgovekThpata:

YriootAplEn TOMAMAWY HNXOVIOUWY oUBevTIKOTOINONG XWPLG TNV avaykn
nipokaBoplopol Kamolou

Juokeuég Network Access Server (e€umtnpetntég mpooBaong Siktuou, Tty switches
access points) &gv elvat amapaitnto va umootnpilouv TtV péBodo
avBevtikomoinong kabwg Suvavtal va Aettoupyoulv. pass through agents yla
Karmotov efumnpetntr aubesvtikonoinong.

O SlaxwpLopdg Tou authenticator ané tov backend authentication server am\omnotet

™ AYn anoddoewv yla Tn SLaXeLPLon KAL TIOALTLKI TWV OTOLXELWV TPOoBaong.

Melovektnuorta:

Mo xpnon oto PPP amatteitol n mpooBnkn evog vEou TUTIOU auBEVTLKOTIOINONG OTO
PPP LCP kaBwg kat sdappoyn yia TNV XpAon tou. AmopokpUvetal 8 amd Tto
TiponyoUpevo Hovtého auBevtikomoinong PPP- mou Siampaypoteletal  évay
OUYKEKPLULEVO UNXaVIOoO Kata Tn Sidpkela to LCP. Opola epappoyég Ba mpénet va
ylvouv oto switch rj To access point yLa tnv unootripLén tou EAP.

Ie ulomolnoelg oOmou’ o authenticator elvat fexwplotog amd tov  backend
authentication server, n avaluon acpaleiog eival o moAUTAoKn av amatteital

Stavopn KAelSLwv.

3.3 Ao pnpvvpdatwyv oto EAP

H doun evog EAP mtakétou ¢aivetal oTto MopoKATw oxXAua:

1 2 3

01234567 89012345678901234567898¢01

e e e s et it R L e it

Code | Identifier | Length |

s e S I e et s e

Data

Fot—t—t—+

H petadoon mpaypatomnoleital and aplotepd mpog ta Se€Ld.
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To nebdio Code amoteleitar amd oktw bit kat xopaktnpilel tov TUMO TOU HUNVURATOG.
AapBavet Tig Tiég 1 av mpokeltat yia Request, 2 yia tnv mepintwon tou Response, 3 yla

Success kal 4 av pokettal yua Failure.

To nebio Identifier amoteAeital kot outd amd oktw bit KAl XpNOLLOTMOLELTOL YL - TO

ouoxeTlopd Requests kat Responses.

To nedio Length éxel prkog 16 bits kat og autd avoadEpetal TO UAKOG TOU CUVOALKOU
nakétou EAP (Code, Identifier, Length kat Data). e mepimtwaon mMou To UAKOG TOU TTAKETOU
mou AapPavetal femepvd autd mou opiletal oto medlo. Length, tote ta emumAéov bit
Bewpolvtal wg padding bits mou mpootédnkav anod to Data Link Layer kat ayvooulvrtadt.
AvTiBeTa, av €va TAKETO €XEL KAKOG ULKPOTEPO amod autd Tou TEpLypddeTal oto Length,

aroppintetat.

To nedio Data pnopel va €xeL undév n meplocotepa bytes. Meptexopevo kabopiletal anod to

niebio Code.

3.3.1 Requests kat Responses

KaBe Request oto tunipa Data tou €xeL éva medio Type mou umodeLkvueL TL atteitat. And Tov
authenticator anootéAAovtal pocBeta requests €wg 0tou va AndBel éva €ykupo response
N va mBavov va Angel kamolog counter i va AndBel kamoia €vbel§n oddaiparog oe

UTtOKEipLEVO layer.

Ta moketa mou enavekmepnmovrat Ba pemeL va €xouv To 6Lo Identifier pe to apywko, wote

Va. [LNV CUYXEOVTOL LE KalvoupLa.

O peer otélver €va Response yla kdaBe €ykupo Request mou AapPdvel. Ta response
pnvopato dev emavekmeRmovral, av AngeL kamotog timer. Av o peer AdBet éykupo aila
SuTAOTUTIO request  TOTE QIMOOTENMEL £0VA TO apPXLKO response Xwplg va emeéepyaotel To
altnua ek veéou. Ta requests enefepydlovtal armod Tov peer LE T oelpd Tou AapBdvovral kat

Sev §ekva n emefepyaoio Tou EMOPEVOU av GEV TEAELWOEL TOU TIPONYOULEVOU.

MNapakdatw ¢paiveral n Soun Twv makeTwyv Request kat Response:
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0 1 2 3
012345678901234567890123456789¢01
Fot—t—t—t -ttt -ttt -ttt —F -ttt -ttt —F—F—F =ttt =t F = —+
| Code | Identifier | Length |

Fot—t oottt -ttt =t —t—t =t —t—t—t—F ot~ ——t -+

| Type Type-Data

Fot—t ottt =ttt == —+—

To nedio Code cupmAnpwvetat pe 0 i 1 yia Request kat Response avtiototya.

To nedio Identifier evog Request mapaplével (8Lo yLo KATA TNV EMAVOUETAS00N EVW OAAATEL
yLa kaBe véo Request. £To Response Ba mpemnel va avadépetal To identifier tou Request oto
ormoio OUTO avtlotolkel. Responds pe dyvwota ywa tov authenticator ldentifiers 6a

arnopplntovral
To nedio Length meplypddel To LAKOG TOU TTAKETOU.

To nedio Type amoteleital anod oktw bits. Oa mpémel oe kKaBe Request 1} Response va
avatifetal éva Type. Ot TLpég tou Suvatal va AdBeL to Type Ba meplypddouv mapakdtw. I€
€va Response prjvupa to nedio Type toupldlel e autod tou Request fi avtlotolyiletal o éva

legacy 1 o éva expanded Nak.

To nedio Type-Data notkiheL avdAoya pe to Type.

3.3.1.1 Apywcol EAP Request/Response Types
MNapakdtw ¢aivovtar ta EAP- Types, mou apxikd opiotnkav oto RFC 3748 kat mou

Xpnotpomnotouvral Kotd Thv avtolayr Lhvupdtwy Request kat Response:

1 Identity

2 Notification

3 Nak (Response only)

4 MD5-Challenge

5 One Time Password (OTP)
6 Generic Token Card (GTC)
254 Expanded Types

255 Experimental use
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To medio auto €xel uAKkog éva bit kot kaBopilel tn doun evog makétou Request f} Response.
OL tpelc mpwrtot tumol Bewpolvtal ldikn mepimtwon. Ot untdhowutot opilouy avtolayEg
avBevtikomoinong. To Nak kat to Expanded Nak (3 kat 254 avtiototya) Bswpouvtal €ykupol
povo av mepllapBdvovtal oe Responses. TG UAOTIOLOELG Tou EAP elval UTOXPEWTLKA N
UTLOOTNPLEN TWV TECOAPWY TTPWTWY, OL OTIOLEG aVOPEPOVTAL ETILYPOUUATIKA TTOPAKATW, Ko

TPOTELVETAL N UTIOOTN PLEN Tou Type 254.

To Type Identity xpnoulomoleital yLa 1o pWTNHA TNG TAUTOTATAC TOU peer. To Response og
éva T€tolo Request €xeL emiong Type 1. To nedio Type-Data eival Suvotd va TiepLéxel éva
epndaviiopevo pRvupa oto Request. Mpoteivetal to Identity Response va xpnaotpomnoteitat
yLa. okomoug §popoAdynong Kat yia tnv emthoyr] tng EAP pebddou mou Ba xpnotpomnolnOet.
OL péBobol e ouviotatal va epAapBAvouv LnXaviopous, opllOUeVoUs amd QUTEG, yla Ty

avayvwpLon Tng TautotnTog Kot va pnv Bacifovral oto Identity Response.

To Type Notification ypnowonoteitat yia tnv petoBifacn €vog pnvUROTOG QMO TOV
authenticator otov peer, mou Ba eudaviotel otnv oBovn tou. O peer Ba mpeEmeL va
amnavtnoel pe €va Notification Response, €KTOG av. KATL TETOLO-OeV MITPENETAL OO TV EAP
péBobdo mou xpnowlomoleitat. O peer Ba va gudavilel oTo XPAOTN TO HAVUMA N va TO
amnoBnkevel oto log Tou. To péyloto peyebog yla To privupa eivat 1015 bytes. . To mebdio

Type-Data mepléXeL TO LRVU QL.

To Type Nak (Type 3 yia legacy Nak), xpnotponoteital pévo oe pnvopata Response kot
anmooteAAeTaL o€ amavrnon evog Request omou to authentication Type Sgv elval anodekto.
To Response meptéxel kot 1o emBupntd -authentication Type. Ito meblo Type-Data

niepLéxovtal oL emtBupnTtég amd tov peer pEBodol.

Avtiotolya €va Expanded Nak amootéMetal oe amokplon evog Request pe Type 254.

MephapBavel g Toug emBUNTOUG Ao Tov peer TUMOUG AUBEVTIKOMOLNGNG.

To Type MD5-Challenge eivat avaAoyo e to PPP CHAP npwtdkoA\o rou xpnaotpomnotel MD5
oAyoplBpuo. To Request mteplexeL éva pnvupa pokAnon (challenge) yia to peer. To Response
Ba mpémnel va eival Type 3 (Nak), 254 1 4. Na to Type-Data otnv nepintwon autr Ba mpémnet

kavelc va avatpééel oto PPP Challenge Handshake Authentication Protocol (RFC1994)
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3.3.2 Success kat Failure

Ta makéta Success kal Failure dsv mepiéxouv Data. To Length cupnmAnpwvetal pe 4.

To nebio Code ocupmAnpwvetat pe 3 [ 4 ywa emruxy [ avemtuyn auvBeviikomoinon

avtiotouya.

To nebio Identifier ypnolpomoteitat yla tnv avilotoixnon Twv anokpicewv ota Responses.

0 1 2 3
012345678901234567890123456789¢01
e R s s e e e e e e T e e e et e e S S
| Code | Identifier | Length |

e e s e e e et et F e it

3.4 IEEE 802.1X

To IEEE 802.1 eivat éva mpoTumo yia ThV petadopd -Ttou EAP o€ €va evoUPUATO 1) EVOUPELOTO
LAN. Méow Tou mpotUnou autoU ta EAP pnvupoata evowpoatwvovtat o Ethernet Frames. Ze
aoUppata mepBaiiovta to 802.1X meplypddel eniong €va TPOMO WOTE O XPHOTNG KAL TO
access point va avtoAAdooouv kat va aAAdlouv. ta KAEWLA Kpurtoypddnong. Méow twv
HNVUHATWY auTwy TTopEXETaL pila aodolng Avon otnv aduvapia mou mapouctldeTal oTo
802,11, pe tnv Stoxeipton twv. WEP kAeldLwv. Ol TpeLg ovtotNnTeG TTou mephapfavovtat oto
802.1X eivat o supplicant (o xpriotng n o client mou emBupel va aubevtikomownBei), o
authentication server (o gunnpetntrg mou avahapfdavel Tnv avbeviikomnoinon, cuvnBwg
elval évag RADIUS server) kat o authenticator (n cuokeun avdapeca ota SU0 MAPATIAVW,

ouvnBwg éva acUppato access point).

S ()
802.1X
6 @ (EAP over wireless) EAP over RADIUS

Authenticator within
wireless access point RADIUS Server
Supplicant
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Jto 802.1X n moAumAokotnta tou authenticator eival pikpry Kol oL AELTOUPYLEG val

Slapolpalovral oe supplicant kat authentication server, yeyovog mou glvat LEQVLKO yla Ta

aoUppaTo access points TOU CUVABWG EXOUV LLKPH KVALN KoL UTTOAOYLOTLKH LOXU.

H ouviOng Aettoupyia tou 802.11X meptAnmrtikd cuvoPiletal ota £€ng Bripata:

O Authenticator anootéMel éva EAP-Request/Identity makéto otov-Supplicant pHoALg
aviyveUoel pia evepyn ouvdeon.

O Supplicant anavta pe éva EAP-Response/ldentity TOKETO e TV TAUTOTNTA TOU,
To omoio mepvd otov Authentication Server (RADIUS) evBulokwpévo oe RADIUS
TIPWTOKOAAO.

O Authentication Server anootéAAel pia mpokAnon (challenge) - otov Authenticator,
0 omoiog amootéAAel péow EAPOL tnv mpokAnon otov Supplicant. O aptBuog twv
unvupdatwy mou Ba avtaAlaxBbolv o autd to Pnua-efaptatal and tnv pébodo
auBevtikomoinong Tou  xpnotdormoteitat. Ou  péBoSoL mou  pmopouv  va
XpnotpomnotnBouv Unopel va amattolv auBeVILKOTOINoN TOU TTEAGTN LOVO 1 KAL TWV
SU0. MNa acvppata Siktua Bewpeltal KATAANANR LOVO N AuBeVTIKOTOLNGN KoL TWV
Svo.

O Supplicant amavtd otov. Authenticator -tnv amdkplon Tou otnv MPOKANGCH Kot
OUTOC LLE TN OELPA TOU TNV almooTtéAAEL oTov Authentication Server.

Av ta otoweia Tou otaAOnkav elval ocwotd, Tote o Authentication Server
OMOOCTENAEL €va - PNVUMO success, TO omolo Tepva otov Supplicant, kat o

Authenticator enutpémnel otov Supplicant tnv mpdéoBacn oto Siktuo.
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4 Remote Authentication Dial In User Service (RADIUS)

4.1 Tevika

To Remote Authentication Dial In User Service (RADIUS) armotelel €évo mPpWTOKOAAO yLa TN
petadopa mAnpodopiag OXeTIKAG WLE TNV aubBeviikomoinon, tThv €ouctodotnan Kot tny
puBuon petafy evog Network Access Server mou emiBupel tnv. auBeviikomoinon Ttwv
OUVOECEWVY TOU Kal evog efumnpetntr auBeviikomoinong. Baoiletal oe client — server
OpXLTEKTOVLKH, OTou 0 NAS Asttoupyel wg client otov RADIUS Server. Evag RADIUS Server
€lval uteUBULVOG yLa TN ANYPN KoL oLTNRATWY CUVEECNG XPNOTWY, TNV AUOEVILKOTOINGN TWV
XPNOTWV Kot TNV armooToAr Twv KatdAnAwv pubuicewv otov client. wote TeEAKA 0 Xpriotng

va AGBeL kamoLa urtnpecia.

Xpnotpomnoteital to UDP wg mpwtokoAAS petadopdg kat oL BUpeg 1645 kot 1646 1 tng BUpeg

1812 kat 1813 yia Ta pnvupato auBeviikomoinong kat kataypadng.

4.2 Avtailayn unvuudtwv RADIUS

Ortav évag client ival oplopévog va xphouptomotel RADIUS, TOTE 0 Xpriotng Tou TAPEXEL TNV
nAnpodopia auBeviikonoinong oto client, cuvnBwg pe pia dpoéppa clvdeong, omou Oa
TPEMEL VoL CUUITANPWOEL TO Bvopa Xprong Kot o KwdLkog tou xprotn. O client poAg Aapel
v mAnpodopia dnuoupyel Kol amootéel éva Access-Request (aitnuo ouvéeonc), To
omnolo mepLéxeL mAnpodopieg 6mwg to dvopa Xpriotn Kot o kwdkog, to ID tou Client kabwg

KoL To ID Tng mopTaG LECW TNG Omolog £XEL TPOGBaon 0 XprRoTng.

To pAvupa «Access Request» umofdAAetal otov RADIUS server péow tou Siktuou. Av bg
AndOel amavinon oe eUAoyo Xpovikd SLaoTNA TIPAYHATOMOLETOL EMAVATTOCTOAN. AUvatatl

eNiong n amooTtoAr Tou LNVULOTOG 08 eVOAOKTIKOUG EEUTNPETNTEG.
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Network Access Server
et (Client) RADIUS Server

Credentials

-
Access-Request

Access-Accept
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Ewkova 6 Emtuyxng auBeviikomnoinon RADIUS

‘Otav o RADIUS AdBel éva aitnua tote emikupwvel Tov.client. Eva aitnpa ano évav Client yia
tov omoio o Efumnpetntrig RADIUS 6ev polpootel éva- shared secret, Ba mpémel va
amnoppirnrtovtal. Av pOKeLTaL yLoL€ykupo client ToTe 0 €umnpetntig avatpéxel o pia faon
SeS0opEVWV LLE TOUG XPHOTEG YLOL VO BPEL TO XPOTN HE TO OVORLO TTOU TaupLlalel oto aitnua. H
gyypadr Tou Xpriotn OE AUTAV. TNV AlOTa TEPLEXEL TIC QMOLTAOCELS Tou Ba TpEmeL va
KavoroLlouvtal wote va §00el - pdoBacn oto xpriotn. Oa mpémel va yivetal emiBepaiwon
Tou Password, aAAd umtdpyel duvatotnta Kot yio kaBoplopd Twy clients n twv Bupwv péow

TwV omolwv Do emLTpENETOL N TPOGPRAON OTO XPROTN.

O RADIUS g€unnpetntrig dUvatal vo. amooTEMEL auTrpata Kol og GANOUG EEUINPETNTEG. 2€

QUTAV TNV Tiepimtwon Aettoupyel wg client.

Av oto Access Request UTIAPYXOUV XOPAKTNPELOTLKA Proxy-State, tote autd Ba mpémel va
avtiypadovral adpeTdfAnta Kot oto puAvupa anodkpiong. Eivatr Suvatd va mpooteBolv Kot

AAAaL TTPLV A UETA.

JTNV MEPIMTWON TOU oL mMapandvw cuvBrKkeg Sev tkavormolovvtal, dnAadr o xprotng f to
ouvOnuatikd dev eival éykupa f o client i BUpa mpoomélaong Sev elval €ykupeg yla To

XProtn, tote amootéAeTe pvupa Access- Reject.
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Network Access Server
=sel (Client) RADIUS Server

Credentials

Access-Request

>
—»

Access-Reject

Ewova 7 Averutuxng auBevtikonoinon RADIUS

Yrapyel Suvatdtnta amooToArG Kol pnvUaTog Ipog To Xpnotn. 2to Access-Reject prvupa

Sev mep\apfdavovtal GAa oplopata.

Ie MepiMTWon TMoU oL Tapamdvw ouvenkeg Lkavorolouvtal kat o RADIUS emBupel pia
“npdkAnon” (challenge), otnv omoia o xprotng Ba mpémel va anokplBsl ToTe amooteAAeTL
éva pivupa  anokplong Access-Challenge. MBavov va mepléxel éva UAVURLA TTPOTPOTING
TIPOG TO XPNOTN yla QUTOKPLON 0tnv TIPOKANON, (owg emiong mepléxel Kot éva OpLopa

katdotaong (State attribute).
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Network Access Server

User (Client) RADIUS Server
T | 1
I | |
I | |
I | |
1 | |
I | |
I | |
: Credentials } }
b ad I
: } Access-Request }
1 t >
I |
i |
I |
1 | Access-Challenge
1 —
' Challenge |
K_ ____________________ J
I
I
1
I
I

Access-Request

Access-Challenge

Access-Request

v
——— e A L

Access-Accept

Ewova 8 Ertuyng RADIUS auBevtikonoinon e Access Challenge

Jtnv nepintwon mou o client AdPeL éva pRvupa Access challenge tote epdavilel to prvupa
TIOU TIEPLEXETOL KoL €LOOTIOLEL TO Xprotn va amavtnoetl. O client emavurtoBdallel To Access
Request pe véo ID kat avikaBiotwvtag to User-Password Oplopa pe TNV amokpLon

KpuTttoypadnpeévn, Kal cupmepAapBavovtag To OpLopa KATAOTOONG TNG TTPOKANONG.

O efumnpetntng Wropel va amokplBel oto véo autd Access-Request pe Access-Accept,

Access-Reject, 1 dA\\o éva.  Access-Challenge.
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Network Access Server
~ser (Client) RADIUS Server

Credentials

Access-Request

1
|
|
|
|
|
|
|
|
|
|
|
»
»

Access-Challenge

R

Access-Request

>
>

Access-Reject

|

|

I

|

|

Challenge |

Kommmmmmm 3 !

| I |

| I |

| I |

! Response to the challenge ! ]

|t '%I I

| I |

| I |

| I |

| I |

| I |

| I |

| I |

| I |

| ! 1 ! !

! i ! i |

| | ! . :

| | I 1 |

| | : i |

| ' I A |

| I |

| I |

| I |

| I |

| I |

} : Access-Request }
| 1 Iq
| | >

| I |

| I |

| i Access-Challenge |

! %

| Challenge i |

______________ 1 |

% 7777777 |

l l

| |

! Response to the challenge !

TT T T T T T T T T T T T i e = }

|

|

|

|

|

|

|

|

|

1

|

|

|

|

|

Ewkova 9 Avemutuxfc.avBeviikonoinon RADIUS pe Access-Challenge

Av KavoroLoUvTaL OAEG OL QTOLTAOEL; TOTE O €EUTINPETNTAG QMOCTENEL TN AloTa e TLG
«pubuioelg» Tou xpriotn oto Access-Accept Hrvupa amokplong. Ot TLHéG auteg kabopilouv
Tov TUTO TNG UTtNPEoiag Kat TLG amapaitnTeg TLLEG yLa Ty mapdadoon tng (my yia service SLIP

1) PPP. mepLéxeL TLHEG OMwG N IP, n subnet mask, MTU kTA.

Katd tnv moapalafr) evog Access-Accept takeétou o NAS mBavov va emlBupel va evnpepwaoel
tov RADIUS va ekKLAOEL TNV TLWOAOYNGCN TOU CUYKEKPLUEVOU Xpriotn. Autd ulomoleital
puéow evog Accounting Request makétou mpog tov e€umnpetntr. O RADIUS Server €ekiva thv
TLHoAoynon eite  emwkowwvwvtag pe €va  efwteplkd olotnua  TWoAoynong eite

kataypadovrog tnv hknpodopia oe €va Stko Tou apyeio kataypadnc (log file).
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Network Access Server
ser A (Client) RADIUS Server
Credentials
Access-Request
Access-Accept
External billing

Acounting-Request (start) or log file

>

Accounting-Response

Acounting-Request (stop)

Accounting-Response

___AF__ '_____1L_____—‘______ﬂr_____ '__J'_____'
I __!L___________‘[______ ______VL_________

Ewova 10°Evapén kot ARén TtpoAdyneng péow RADIUS

AnootéMetal eniong éva maketo Accounting Response mpog tov meAdtn. Katd to kAeiowo
plag olvéeong amod to XPNOoTn f- KOTA TV amocUvdeon Tou yla omolodnmote Adyw,
amootéAAeTal éva pAvupa Accounting Request, wote va Stokomel n TpoAdynon Kot o

RADIUS server amokpiveTaLl pe Tn OeLpd Tou Le éva Accounting Response.

4.3 Aopn unvupdtwv-oto RADIUS

H &opn evog RADIUS makéTou daivetol mapakdtw:

0 ik 2 3
012345678901234567890123456789¢01
R e e i ot L e e A T e e
| Code |  Identifier | Length |
e e e s
| |
| Authenticator |
| |
| |
Fot—t—t—t -ttt -ttt -ttt —F -ttt -ttt —F—F—F—F—F -+ -+ —+—+

| Attributes

s B e e e e T
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to nebio Code mepypadetal o tumog tou RADIUS makétou. Ou éykupol Kwdikol
neplypadovral mopakdtw. Av éva makéto Oev Tepléxel €ykupo Code, TOTE  QUTO

aroppirntetal.

1  Access-Request

2 Access-Accept

3 Access-Reject

4  Accounting-Request

5  Accounting-Response

11 Access-Challenge

12 Status-Server (experimental)
13  Status-Client (experimental)
255 Reserved

Ta Codes 4 kat 5 meplypadovtal oto RFC 2139, nou avadéepetat oto RADIUS Accounting,

evw ta 12 kaw 13 €xouv Seopeutel yia AAAeg TBaVEG XPHOELG.

To nebio Identifier ypnoipomnoteital yla tnv avtiotolxnon attnpdaTwy Kot anokpioewv. Evag
RADIUS e&unnpetntrg Suvatal va avixveloet éva SUTAd aitnua mou AapPavel, av mepLEXEL
v B IP 8tevBuvon, Bupa kol Identifier kaw AndBel oe €va HIKPO OXETLKA XPOVLKO

Sdwaotnua.

310 nebdio Length avadépetal to HAKOG TOU CUVOALKOU TIOKETOU. Av €va TIOKETO €lval
HEYQAUTEPO OTIO TNV TLUN TTOU UTTAPXELG oTo length, Tote Ta enutAéov eSopéva Bewpouvtal

padding kat ayvoouvtat. Av gival pikpotepo amd to length, ayvoeital ano to 6&ktn.

To mebio Authenticator amoteAeital amo 16 octets. H mio onpavtiki petadidetal mpwtn.
AuTh N TWN Xpnolpomoleltal ylo tTnv auBevtikomoinon tng amdvtnong amd tov RADIUS
€EUTINPETNTI KOL XPNOLUOTOLETAL EMIONG KOL yla ToV aAyoplOuo amokpudng tou Kwdikou

npocpaong.
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Request Authenticator

Sta Access-Request makéta n T tou Authenticator eivat évag tuxaiog 16Bit aptBpog mou
ovopaZetal Request Authenticator. Aev Ba mpémel va gival e0kola mpoPAEYLUOC Kot Ba
Tipénel va elval povadikog yla kabe secret (0 kwdlkdg mou potpalovrat o Client kat o

gtumnpetntng RADIUS).

O NAS kat o RADIUS Server potpaZovtat €va secret. Auto akolouBoUpevo artd to Request
Authenticator petatpénetal pe évav povodpopo MD5 hash akyopBpo-akolouBia 16 byte n
omnola, yivetal XOR pe to password tou xpriotn kat tonoBeteital oto medio User-Password

€vOG Access Request makeTou.
Response Authenticator

H tun tou medilou Authenticator ota Access-Accept, Access-Reject kat Access-Challenge
TIOKETA avadpépetal wg Response Authenticator. Meptéxel éva MD5 hash mou unoloyiletat

w¢ €€n¢: MD5(Code+ D+Length+RequestAuth+Attributes+Secret).
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5 Oumo Stadedopéves pé0odot oto EAP

OL péBodol auBevtikomoinong tou RADIUS kpivovtal TEPLOPLOUEVEG, HECW OHWG TOU
Extensible Authentication Protocol umopolUpe va mPocOECOUUE VEOUG HUNXOVIOUOUG

auBevtikomoinong.

Moapakdtw avollovtatl ol mo Siadedouéveg EAP péBodoL kal 0 TPOMOG e TOV OMOio
enektelvouv to RADIUS. T tnv mARpn Alota pe tig EAP pebddoug pmopel kavelg va

avatpgtel otn StevBuvon http://www.iana.org/assignments/eap-numbers .

5.1 EAP-MDS5

Katd tn péBodo aut évag RADIUS efumnpetntig ouBeviikomolel Toug otabpoulg

eniBePatwvovrag To kpurtoypadnuévo katd IMD5 KwSLko Tou XpnoTn.

Ma tn Aewtoupyio tou EAP-MD5 Ba mpémer o €§umnpetntng aubevtikomoinong Kal o
supplicant va Stapolpadovrtal éva koo KAedi. H Stadikaoior Stavopng tou kowou KAelSLou
ylvetal Xelpokivnta Kal €KTOg oUVSeong oto MPwTo BrApa tng pebodou. ITn ouvéxela
eykabiotatal n oUVOeon. 2TO €MOMEVO PBripa yiveTal aVTOAAQY LNVUUATWY TIOU TTEPLEXOUV
v Tautdtnta tou supplicant. O efumnpetntig aubeviikomoinong omooTEAAEL Eva
ouvOnuatko Stéhevong. O supplicant urtoAoyileL Tnv cuvoyn Tou cuvBnuatikol StEAeuong
HE Xpron Tou KowvoU KAELWSLoU kat To amavtd. Otav o gfunnpetntig AdBeL tn clvoyn thv
eMoANOeveL UTOAOYIZOVTOG TNV KAl EVNLEPWVEL yla TNV EMLTUXIO N TNV amotuxla Tng

auBevtikomoinong.
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Wireless Station (supplicant) Authentication Server
RADIUS
-t Key sharing '
e Network Connection Establishment '

Access Point (authenticator)

Start

Request Identity

«—
! Response Identity
L— —»
' ! RADIUS Access-Request
| [— »!
| | "
! | |
| |
' Challenge Text } RADIUS Access-Challenge }
-7 D T
-7 H | |
{ checksum calculation ! }
Sl Checksum | RADIUS Access-Request !
. | R
\) Checksum Validation
Success RADIUS Access-Accept or Access-Reject -

T St o

Ewkova 11 Atadikaoia auBevtikonoinong EAP-MD5

Anotelel pio amAn Avon ylo evolppata Tomkda Siktua omou n mbavotnta embécewv
sniffing N evepywv emBecewv gival LKPN. € TEPUTTWOEL OLOUPUOTWY SIKTUWV KoBwg Kot
dnuoolwv- evolpuotwy, Ba mpenel va anopelystal kKabwg Kpivetal emLoPalng yLo TG

TIEPUTTWOELG OUTEC.

5.2 LEAP
To LEAP (Lightweight EAP) avamtuxbnke amd tn Cisco kal xpnoigorolsi mutual
authentication (amoatteitat 6nAadr aubevtikomoinon TG00 Tou access point 000 Kal Tou

Xprotn mpwv enwtpanel n npooPacn oto Siktuo). Ta KAeWSLA aMdalouv Suvapikd, o KABe
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oUVO60 WOTE Vo OoTPEMOVTaL OL emLTiOépevoL va cuAAEéyouv TTANpodopieg mou Umopsei va
xpnotpomnotnBoulv yla Ty amokwdIKomnoinon Twv KNVUUATwy. Xpnolpomnololv 8 éva Koo
HUoTIkO (shared secret), cuvABwg tov KWSLKO Tou XpPAoTn, yla TV aubevtikomoinon tng
emiKolvwviog LETOEU TOU XPrOoTn Kol Tou access point. Amatteital amod To access point
urtootnpEn Cisco VSA, kaBwg xpnotpomnolovvtal yia tnv dtavour kAetdiwv WEP, kabwg kat
unoothplEn Tou ahyoplBpou LEAP yla tnv mapoaywyn toug. O Tpomog Asttoupyiog Tou

TEPLYPAPETAL CUVOTITIKA TOPOKATW:

Apxikd o client amootéAAel éva aitnpa cuvdeong mpog To access point. To access point
amokpivetal pe éva EAP request kat {nta tnv tautotnta tou client. O client amokpivetat
otélvovtag €va EAP response, TIOU TIEPLEXEL TNV TOWUTOTNTO TOU, OTO -access point. Itn
OUVEXELD N Tautotnta powdeitat oto RADIUS efumnpetnt Héow evog pnvupatog Access-
Request. O RADIUS Server amavtd pe €va Access-Challenge Mou mpowBeital otov client
HEOw evOg unvupatog EAP Request. O client amavtd pe éva hash tou password kot dAwv
muBavwv otolxeiwv cUvdeon oto access point Kol auUTo TPowBEL e T CELPA TOU Ta oToLXEld
Héow evog Access Request oto RADIUS. O RADIUS unoloyilel to hash Baon twv otoxeiwv
TIOU €xeL otn BAon Tou Kal To cuykpivel pe to Tedio pe To challenge value. Av sival (Sla

EVNLEPWVETOL TO access point, TO Omolo e TN OELPA TOU-EVNLEPWVEL TOV client.

Jtn ouvéxela o client amootéAhel €va challenge pfivuuo oto access point pe okomd tnv
auBevtlkomoinon tou Oiktuou. To access point emotpédel €va hash pe ta otoweia
ouvdeong kat tnv challenge value tou client. Av n auBevtikomoinon tou SlkTUou eivat
gMITUXNG o client evnuepwvel to RADIUS kat autog arnooté el éva Access-Accept oto access

point. To access point avolyet Tn mpocBacn otov client.

H tautdtnta Opwc Tou otabuol Kol to 0 KwlkOg mpdoPaong esival ekteBelpéva oe
EMOETELG, KATA TIG OMoieg oL emittBEpevoL xpnotpomololv sniffers kat epyadeia dictionary
enBecewv. H peydAn tou aduvapia gykeltal otnv xprion MSCHAP vi, xwpic aoddiela
Kpuntoypadnong yia tnv- aubevtikomoinon. O emtbépevog Ba mpémel va KpupakoUoeL TO
challenge text katd tnv amdvinon tng LEAP auBevtikomoinong. £tn cuvéxela mpoomeAauvel
OAEG TLG KATAXWPLOELG EVOC EUPETNPLOU YLA VO EVTOTILOEL QUTH TIOU TapLalel. O emitiBépevog
prnopel mAéov va umoduBei tov aclppato otadud. METpo yla tnv mpootacia KATA TETOLWY
enBéoswv amoteAel n xprion SUokoAwv cuvOnuaTikwy ou dgv Bydlouv vonua KoL n cuxvn

aM\ayn toug.
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5.3 EAP-TLS

H pébobdog EAP-TLS (EAP with Transport Layer Security) eivolr amd Tig acdpaléotepeg
emloyég ota acuppata LANs. Téoo o otabpog 60o kat o RADIUS g€umnpetntng mpEmMeL vo
arodeiéouv tnv toutdtnTA TOUG HEow Kpurttoypadiag Snuodclou KAeSLoU(PndLaka
TILOTOMOLNTIKA 1 €§umveg Kapteg). H avtaAdayp authi efaodoliletor péow ~EVOG
Kpurttoypadnuévou TLS tunnel, yeyovog mou kaBilotd tn pébBodo Slaitepa avBekTikh o€
enBeocelg Man In the Middle kat dictionary. Xpnowomoteitat kupiwg amd peydloug
opyaviopol Tou xpnotponotovv Windows AeLToupylkd cuothipata Kal £Xouv. uloBetnosL
ToTomnolNTka. To TLS opiletal amnod dvo emnineda, to TLS mpwTtokoAAO eyypadnc (TLS Record

Protocol) katto TLS mpwtokoAo xelpaliag (TLS Handshake Protocol).
H Aettoupyia tou meplypadetal and ta €§ng Pripata:

MotpdaZovtal Ta amapaitnTa TMLOTOMOLNTIKA, UECW LA UTIOSOURG Snpootou kKAelSLol o€
client kai Server, pe okomd tnv oauBeviikomoinon twv 800 MEPWV. 2T OUVEXELD
eykaBiSpuetal pia TCP ouvdeon. O Server amootéAAel éva EAP Request pwtwvtag tnv
TautotnTta tou client kal autdg amokpivetol pe Tn Oelpd Tou amootéAoviag éva EAP
Response e tnv tautotnta tou. O EAP Server LOALG evnuepwOEeL yLa TNV TAUTOTNTA TOU peer
Ba mpénel va amokplOel pe évo EAP- TLS /Start Packet, éva EAP Request &nAadr pe EAP-
Type oplopévo wg EAP-TLS, to ‘Start (S) bit evepyd kot xwpig Data.

O peer Ba amavtrioel pe €va EAP Response pe EAP-Type=EAP-TLS. To nedio Data mepléxet
éva  TLS client_hello  unvupa. Ou  mpobiaypadéc tou cipher Ba  eival
TLS_NULL_WITH_NULL_NULL kat null cupmieon. Autoé to tpéxwv cipher Ba mapapeivet iblo
péxpL va otalel pAvupa pe cipher change. To client hello mepiéxel emiong to TLS version
number tou peer,éva sessionld, éva tuxalo aplBpd kot Toug KpumrtalyoplBuolg mou
unootnpilel. O EAP server Ba amokplBei pe éva EAP-Request pe EAP-Type=EAP-TLS. To Data
neblo Tou evBUAAKWVEL pLa. 1] TIEPLOCOTEPEG TLS eyypadég, mou mepléxouv €va TLS
server_hello handshake unvuupa, mBavév akolouBouuevo amo €va TLS certificate, éva
server_key exchange, éva certificate_request, €va server_hello_done «kai/fy finished
handshake messages,  kai/} éva TLS pnvupa pe tig mpodiaypadég tou cipher. To
server_hello handshake prfvupa meptéxel tnv ékdoon tou TLS, évav tuxaio aplBuod, £va

sessionld, kat Toug KpUTTaAYOpPLBUOUC TTou urtooTtnpileL.
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Certificate :

Certificate

Authenticating Peer Authenticator

EAP-Request/Identity

L

EAP-Response/ Identity

A\ 4

EAP-Request/TLS Start

A

EAP-Response/TLS client_hello

EAP-Request/server_hello

A

EAP-Response/TLS certificate

EAP-Request/TLS change_cipher_spec

A

EAP-Response

v__ Wi e  AAIT LY

EAP-Success

S - m - ——————— -~ ———————T-— g ————————

Ewkova 12 Erutuxiig EAP-TLS mutual authentication

O client Ba mpémet va anokplBel pe éva EAP — Response, TO Omoio yla ThV MEPIMTWOn mou To

Request 8ev avodépetal otn CUVEXELX KAToLaG Tponyoupevng cuvodou, Ba mpémel va
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evOuhakwvel pio n  meplocotepeg TLS  eyypadég mou meplhapBdvouv to  TLS
client_key_exchange, to change_cipher_spec, kat ta pnvopata finished. 3g kdamoleg
TIEPUTTWOEL O peer TPEMEL EMUMPOCHETA v omooTeilel to certificate kal To. pAvVLUO
certificate_verify. MeplapBdavetal éva moTomotnTiko yla to Snpocto KAWL Tng unoypadng

TOU peer Kol utoypadeTaL amo Tov peer.

Katd tn Aqgin evog tétolou makétou o EAP Server emiBeBalwvel TO TLOTOMOLNTIKO KaL TNV

UndLaxr uroypadr, av anattnOsi.

Itnv mepintwon mou to server_hello mepléxel HAvupa Tou- avodEPETAL OTNV -CUVEXLON
TiponyoUEevVNG ouvodou, TOte o0 peer amootéAeL povo change. cipher_spec kat finished

handshake unvopara.

Mapakdtw daivetal n dopn Twv akéTwv EAP-TLS Request kat EAP-TLS Response:

EAP-TLS Response Packet:

0 1 2 3
01234567890123456789012345678901
ottt -ttt -ttt -ttt =F -ttt =ttt -ttt —+—+—+
| Code | Identifier | Length |
Fot—t—t—F—F—t—t -ttt =ttt —t—F =t —t—F—Ft—F—F—F—Ft—F—+—F+—+—+—+
| Type | Flags | TLS Message Length

ottt —F—F—t—t—t—Fot=t—F—d—t—t—t=F=t—F—t—F—t—F—F—F—Ft—F—+—F+—+—+—+
| TLS Message Length | TLS Data...
Fot—t—t—F—F—t—t=F At k-t -t =kttt -+t -+ —+—+—+

EAP-TLS Response Packet:

0 1 2 3
012345678901 234567890123456789°01
+—t—t—F—t—F—F—F =ttt =t —F—t—F—F—F—F—F—F—t—F—F—F—F—F—F—F—F—+—+—+
| Code | Identifier | Length |
+—t—t—t—F—F—F—F =t —F—t—t—F—F—F—F—F—F—F—F—t—F—F—F—F—F—F—F—F—+—+—+
| Type | Flags | TLS Message Length
F—t—t—t—t—t—F—F—F—F—F—t—F—F—F—F—F—F—F—F—F—t—F—F—F—F—F—F—F—F—+—+—+
| TLS Message Length | TLS Data...
+—t—t—t—t—t—F—F—t—F—F—t—F—F—F—F—F—F—F—F—F—t—F—F—F—F—F—F—F—F—+—+—+

Abduvopia tng mapandvw peBodou amotelel To yeyovog mwe ivat duvato va amokaAudtel

péow sniffing n tavtotnta tou otaduou.
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5.4 EAP-TTLS

To EAP-TTLS (EAP- Tunneled TLS) amoteAei eméktaon tou EAP-TLS. Xpnowuomotet
TILOTOMOLNTLKA YLO. TNV oUBEVTIKOTIONGON TOU SLOKOWLOTH OTOV TEAGTN Kol €va To om0
pnxovioud auBevtikomoinong yla tnv auvBevtikomoinon tou meldtn oto Stakoplotr. Ae
amnatteitol £€tol Snuloupyia Kal Slaxeiplon TLOTOMONTIKWY yLa TOUG EAATEG, KABWG auTol
b6ev ta xpelwalovtal. H auBevtikomoinon tou meAdtn AauBavel xwpa HEOWw AAAOU
pnxaviopol auBevtikomoinong oto aodolég kavall. Aiakpivovtatr dUo gkbooelg to EAP-

TTLS (yvwoto kat wg EAP-TTLSvVO) kat to EAP-TTLSv1.

H EAP-TTLS enikowwvia ocuvictatol oe SUo $doelg, to TLS handshake kat to TLS tunnel.
Katd tn SLdpKeLa TG IPWTNG Xpnotpomoteital TLS yia tnv auBevtikonoinon tou TTLS server
otov client. AnotéAeopa tng ¢Aong autng elval n evepyomoinon evog cuvolou cipher mou
enutpénel otn Seltepn ¢don va ekteheotel aodoAwg xpnotpomnolwyvtag to eninedo TLS
record. O Babudg acdaheiag tng deutepng daong efoptatatl amd to cuvolo mou Ba

oplotel.

3tn Seltepn pdon xpnotponoteital to TLS record eninedo yia to tunneling Tng mAnpodopiag
Tiou avtoAdooetal petagy client kol TTLS server yia TG OToLeg Aeltoupyieg autol pnopet va
ektelouv. TEtoleg Aettoupyieg €lval ol €€ng :  user authentication, client integrity
validation, negotiation of -data communication security capabilities, key distribution,
communication of accounting information ktA."H mAnpodopia petalt client kot TTLS server

avtolaooetal péow attribute-value pairs (AVPs) cupBata pe to RADIUS kat to Diameter.

5.5 PEAP

To PEAP (Protected EAP) avamtuxBnke amno tg Microsoft kat Cisco pe okomo va anogpuyouv
v vAomoinon kat dlaxeipton pag umodopng dnpocto kAelSLol. H Sopry Tou gival opola pe
1o EAP-TTLS kat amoteAel pnxaviopd 6Uo ¢Aacewv. TNV MPWTN O SLOKOULOTAG
aUBeVTLIKOTIOLEITAL OTOV AoUpHATO oTaBuo, pe tn Bonbela VoG MLOTOMOLNTLKOU, EVW OTN
OUVEXELDL O OlOUPUOTOC OTOOUOC auBevTikomoleitol 0To SlaKoULoTH UE KAmolo tpomo. H
Sladopa pe to EAP-TTLS éykeltal otig peBodoug aubevtikomoinong katd tn evtepn daon.

To PEAP §Uvartat va xpnoLlomnolioel OAeg TG ueboddoug.
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6 YAomoinon osvapiov

6.1 MepAnmuTikd

O xprotng evog acuppatou Siktiou Ba aubevtikomoleital o€ ACUPUATO TOTKO SiKTUO,
xpnowlonotwvtag to EAP mpwtokohho, To onolo Ba PBaociletal oto Aoyiouiko WIRELX. O
xpnotng Ba Stabétel Aettoupyikd cuotnpa Windows XP/Vista 1 Linux (yta tnv Aettoupyia o€
Linux Aettoupyika Ba xpnotpomnotnBel to OPEN1X ). Evag RADIUS Server, Ba avahapfavel
v auBevtkomoinon Tou Xpnotn €k PEPOUG ToUu aoUPUATOU Tormikou Siktuou. O RADIUS
Server Ba Baoiletal oto Aoylopkod FreeRADIUS kot Ba €XeEL eYKOTECTNUEVO TO AELTOUPYLKO

ocUotnua Linux.

OL EAP péBobot mou Ba xpnotpomnownBoulv eivar oL EAP-TLS, EAP-TTLS kot PEAP.

(@ NS
@ D }
Router - Internet Gateway X
Wireless Access Point (NAS) DHCP RADIUS Server
Authenticating Peer (FreeRADIUS)

(WIRE1X)

Authenticating Peer
(OPEN1X)

Ewkova 13 TomoAoyia Awktiou

6.2 Epyoieia

6.2.1 FreeRADIUS
O e€umnpetntig FreeRADIUS sival évag «daipovag», yla Aettoupytkd tomou linux A unix,
TIOU EMUTPEMEL TNV EyKATAOTOONn €VOG  Server mpwtokOAou RADIUS, o omoiog Oa

Xpnolpomnoleital yla Tn avBevtikomnoinon Kat tnv TipoAdynong Stadopwy TUMWY SLKTUOKAG
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npooPaong. MNa t xpron tou amatteitat  £vag client, cwotd pubulopévog, ywa TNV
enikowvwvia pali tou. Tétolol client eivat Ethernet Switches, AcUppata onueio mpoécBaong

f éva¢ TPOOWTTLKOG UTIOAOYLOTHG Ue KATAAANAO AOYyLOULKO tpocopoiwang tou client.

‘ExeL avamrtuytel ano pio opdda avBpwnwv mouv amokaAouvtal the FreeRADIUS Project kat
amnoteleital anod éva RADIUS Server, pio BLBAoBnkn client pe BSD. adewa, pio PAM
BLBALOBNKN Kol éva module yia Tov Apache. Amotelel & tov To gupéwg Sladedopévo
RADIUS server. Xpnoiwpomoleitat eniong oe peydlo Babud kat amdé tnv akadnpoikn

Kowotnta.

O FreeRADIUS umipée o mpwtog Open Source RADIUS server mou umootrpiée EAP. Ztn
deutepn tou €kdoon umootnpilel neplocdtepeg EAP pebddoug amod omotodrimote RADIUS

server.

Juykekplpuéva ocupdwva pe to FreeRADIUS project umootnpilovral ol mopakdtw EAP

péBodot, yla evolpuatn i aclpuatn aubevtikonoinon:

EAP-AKA

EAP-FAST

EAP-GPSK

EAP-IKEv2 (experimental)

Cisco LEAP

EAP-PAX

EAP-PEAPVO
EAP-MSCHAPv2
EAP-GPSK
EAP-GTC
EAP-MD5-Challenge
EAP-PAX
EAP-PSK
EAP-SAKE
EAP-TLS

EAP-PEAPV1

EAP-MSCHAPv2
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EAP-GPSK
EAP-GTC
EAP-MD5-Challenge
EAP-PAX
EAP-PSK
EAP-SAKE

EAP-PSK

EAP-SAKE

EAP-SIM

EAP-TLS

EAP-TTLS
PAP
CHAP
MS-CHAP
MS-CHAPv2
EAP-MSCHAPV2
EAP-MD5
EAP-GPSK
EAP-GTC
EAP-PAX
EAP-PSK
EAP-SAKE
EAP-TLS

EAP-TNC (experimental)

6.2.2 WIRE1X
To WIRE1X eival pia ulomoinon mehdatn IEEE802.1x. Mpokeltal yla epapuoyrn ovolxtol

KwdLKa o avarntuxbnke amno to Wireless Internet Research & Engineering (WIRE) Lab.
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Baoiletal oto OPEN1X, to omoio umootnpiletal amd Linux OS Kat avamtuxtnke ylo tnv
KGAudn Twv avaykwv Twv ¢ottntwyv tou National Tsing Hua University ou xpnotpomnotouv
Windows OS kat amattouv éva 802.1x client yia tnv mpdoPfacn oto acUppato SikTuo Tou

TIAVETLOTNIOU.

To WIRE1X umnootnpilel apketég EAP pneBodoug aubevtikomoinong onwg MD5, TLS, TTLS,
PEAP, MSCHAPv2, SIM, and AKA. Ma tnv kpumrtoypadnon WEP, WPA pe TKIP, WPA2
(802.11i) pe CCMP. Aettoupyel eniong pe freeRADIUS kat umootnpilel - LKAVOTIOLNTLKO
0plOpn6 acUPHOTWY KAPTWY. TOOO 0 TINYALoG KWELKOG 000 KAl Ta EKTEAEOCLUOL apXELX TOU

elvat 6toBéoipa oto  http://wire.cs.nthu.edu.tw/wirelx/.

6.3 Eykatactaon KoL TapapeTpomnoinet)

6.3.1 Access Point

To AP mou xpnowlomnowOnke eivar to D-LINK DWL-2100AP. Itnv ewkova daivetatl n
TIOPALLETPOTIONGN TIOU QUTALTELTOL Yo TNV Xprion-RADIUS katd tnv aubesviikomoinon twv
XPNoTWV.

g e e e

DWL-2100AP
=l (7 - Advanced  Tools Status Help
Wireless Band EEEB02.11g|v
M Wizard : .
e Mode | Access Point ~
SSID RadiusAP
Wireless e
SSID Broadcast | Enable v |
Channel [6 v 2437GHz [ AutoChannel Scan
T yan S
LAN -
Authentication | WPA2-EAP v
RADIUS Server Settings
Cipher [auTo |~ Group Key Update Interval
Type 1800 |
RADIUS 197 168.2.2
Server
RADIUS 7475 |
P (2822
RADIUS
Sorrer 900000000000
Radio on|v|
Super G Mode [Disable ~]
Wireless e
Qos(WMM) {Risableiig)
@ OO0

Ewova 14 PuBpuioceig AP
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Opiletal n pébodog avbevtikomoinong, n IP SievBuvon kat n BUpa otnv omola «aKoUEL O
RADIUS Server , kaBw¢ kat to RADIUS Secret rou potpdlovtat o NAS (Access Point) kat o
RADIUS Server. To RADIUS Secret Ba oplotei otn OUVEXEL Kol KOTA TG PUOUIOELG TOU

FreeRADIUS.

6.3.2 FreeRADIUS
Kpivetal okomipo n eykatactoon tou OpenSSL va mponynBel tng eykataotacng: Tou
FreeRADIUS. H Stadwkaoia €ywve amno To xpnotn pe Sikalwpata root.

H eykatdotaon npaypotonotnfnke pe tnv €€ng Stadikaoia:

$ wget "ftp://ftp.openssl.org/snapshot/openssl-0.9.7-stable-
SNAP-20100414.tar.gz"

$ mkdir -p /usr/src/802/openssl

$ cd /usr/src/802/openssl

$ cp /home/zoi/openssl-0.9.7-stable-SNAP-20100414.tar.gz
$ openssl-0.9.7-stable-SNAP-20100414.tar.gz

$ gunzip openssl-0.9.7-stable-SNAP-20100414.tar.gz

$ tar xvf openssl-0.9.7-stable-SNAP-20100414.tar

$ cd openssl-0.9.7-stable-SNAP-20100414

$./config shared --prefix=/usr/local/openssl
make

Uy

S make install

Eykatdotaon freeRADIUS:
la tnv eykataotacn tou freeRADIUS xpnoLpomoloUvTol oL TOpaKATW EVIOAEG:

$ wget ftp://ftp.freeradius.org/pub/radius/freeradius-server-
2.1.8%%Eax.92

$ mkdir -p /usr/src/802/radius

$ cd /usr/src/802/radius

$ cp /home/zoi/ freeradius-server-2.1.8.tar.gz\
freeradius-server-2.1.8.tar.gz

$ gunzip freeradius-server-2.1.8.tar.gz
$ tar xvf freeradius-server-2.1.8.tar
$ cd freeradius-server-2.1.8

$./configure --with-openssl-
includes=/usr/local/openssl/include \
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--with-openssl-libraries=/usr/local/openssl/lib \
-—-prefix=/usr/local/radius

$ make

$ make install

MpLv Tov €Aeyxo TG emituxolg eykatdotacng tou freeRADIUS Ba mpémel va eleyxBoulv ta
apxela users kal clients.conf.

Y10 apyxeio clients.conf meplypddovral ol emrpemntol clients tou RADIUS pe opilopata 6nwg
to RADIUS Secret (Ba mpémel va eival To 810 e auto mou opilotnke oto Access Point) evw
oto apxelo users oL eE0UCLOSOTNLEVOL XPNOTEG [LE AETITOUEPELEG OXETIKA LLE TA SIKALWLOTA
TouG. OL mMAnpodopieg Twv xpnotwv eivat duvatd va eAéyxovral Kal Pe xpron Paong
Sebopévwv.

M Tov €AeyX0 TNG OCWOTHG EYKATAOTAONG 0KOAOUBOUVTOL TA TTAPAKATW BrpoTa.
e Ekkivnon oe freeRADIUS debug mode

S radiusd -X
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jle Edit View Terminal Help

Ewova 15 Kovooha ektéleong freeRADIUS o€ debug mode

e EktéAeon radtest
Xpnowpomoteital pe ta akoAouBa opiopata:
radtest user passwd radius-server[:port] nas-port-number secret [ppphint]
[nasname]
TIX-
S radtest steve testing 192.168.2.3 1812 radiussecret

O xpnotng steve avadEpetal oto apxeio users Pe tov kwdikd 123
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File Edit View Terminal Help

Ewova 16 xpriah radtest

_mm
File Edit View Terminal Help

D 168 wi

Ewova 17 Kovooha ektéleong FreeRADIUS koartd to radtest
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6.3.3 WIRE1X (OPEN1X)

H eykatdotoon tou WIRE1X og meptBaAlov WINDOWS, mpaypatomnoleital pe Bondeta
odnyou eykatdaotaong. Moapakdtw daivetatl avalutikd n dtadikaoia:

-

=
Installer Language ﬁ
(-;2-. Please select a language.
&)

B B

Please review the license terms before installing WIER 1x Vista 1.1. 1.

Press Page Down to see the rest of the agreement.

WIRE 1x Version Vista 1. 1. 1: An open-source IEEE 802, 1x supplicant for Microsoft Windows
based on Xsupplicant of Open 1x.

This software is released under both the GPL version 2 and BSD licenses.
Either license may be used.

Copyright (C) 2003-2009 WIRE Lab., Mational Tsing Hua University, Hsinchu, Taiwan,
R.O.C. All Rights Reserved.

If you accept the terms of the agreement, dick I Agree to continue. You must accept the
agreement to install WIER 1x Vista 1.1.1.

Mullsoft Install Svstem v2.37

[ I Agree ] [ Cancel

Ewkova 19 Artodoyr tTwv 6pwv TG AdeLag xprong
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71 WIERLx Vista 1.1.1 Setu R |t
(5 WIERIx Vista L1 Setup i
Choose Components —
Choose which features of WIER 1x Vista 1. 1.1 you want to install. 9

Check the components you want to install and unchecdk the components you don't want to
I install, Click Next to continue.

Select components to install: VWIRE 13 Ceanpn

Position your mouse
ower a component Eo
see jbs description,

Space required: 5.0MB

i

Mullsoft Install Swstem va2.3

<Back || Next> | | cancel

Ewkova 20 Emtiloyn Twv components.itob-Ba eykatactadouv

(Tj WIER1x Vista 1.1.1 Setup ==
Choose Install Location —
Choose the folder in which to install WIER 1x Vista 1.1.1. Gj

Setup will install WIER 1x Vista 1. 1.1 in the following folder. To install in a different folder, did:
Browse and select another folder. Clidk Install to start the installation.

Destination Folder

C:\Program Files\WIRE Ix\WIRE 1x Vista 1.1.1

Space required: 5.0MB
Space available: 247.7GE

Mullsoft Install Swstem v2.37

< Back “ Install ] [ Cancel

Ewkova 21 Enthoyny Dakélou eykatdotaong
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{77 WIERLx Vista 1.1.1 Setup

Installation Complete —
Setup was completed successfully, (;j

Cqmpleted_

.-

Mullsoft Install Svstem v2.37

r | =<Back Close Cancel

Etkova 22 OAoKARpwon EYKATACTOONG

6.4 'Ex8001) Kol EYyKATAOTAG TLOTOTIONTLK®V
Ta amattoVpeva TTLOTOMOLNTIKA, Ttou Ba xpnotponolnBolv, Ba umoypadouv amod TomKN

opXn TLOTOMOINONG E XPrion Tou openssl.

6.4:1. 'Ek8001] TILOTOTIOM TIKWV

H Stadikacio ékdoong yivetal péow epyadeiwv tou freeRADIUS meplypddetal mopakatw:
Ytov katdhoyo /usr/local/etc/raddb/certs

Jtov 610 katdAoyo umapyouv Ta apxeia ca.cnf client.cnf kau server.cnf. Ta apyeio avtd
mepléxouv TG TAnpodopieg mou Ba  xpnolpomolnBolv katd Tt Snuloupyia Twv

TILOTOTOLNTIKWY. TOo TEPLEXOUEVO TOUG ival SLOECIUO OTO MAPAPTAA TOU TTOPOVTOC.
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EkteAOUUE TIC TOPAKATW EVTOAEG:
Alaypodn UTTOSELYUATIKWY TILOTOTOLNTIKWV:

$ rm -f *.pem *.der *.csr *.crt *.key *.pl2 serial* index.txt*
Anuoupyia motonotntikwy CA:

$ make ca.pem

$ make ca.der

Anuoupyia motonolnTkwy Server:

$ make server.pem

$ make server.csr

Anpioupyla TLOTOMOLNTLKWY TLEAGTN:

$ make client.pem

Ta apyxeio mou neptéxovral mAéov oto dpakelo certs eivat ta e€ng:

# 1s -la

total 160

drwxr-x—--- 2 root root 4096 2010-04-16 18:17

drwxr-xr-x 7 root root 4096 2010-04-15 22:43 ..
-rw-r--r—-- 1 root root 4140 2010-04-16 18:15 0l.pem
-rw-r--r—-- 1 root root 4106 2010-04-16 18:17 02.pem
-rwxr-x--- 1 root root 2072 2010-04-14 00:13 bootstrap
—rw-r—-—---- 1 root root 1269 2010-04-15 22:39 ca.cnf
-rw-r--r—-- 1 root root 1147 2010-04-16 18:15 ca.der
-rw-r--r—-- 1 root root 1751 2010-04-16 18:15 ca.key
-rw-r--r—--'1 root root 1610 2010-04-16 18:15 ca.pem
—rw-—r—-—-—--—- 1 root root 1086 2010-04-15 22:40 client.cnf
-rw-r--r—-—- 1 root root 4106 2010-04-16 18:17 client.crt
-rw-r--r-- 1 root root 1017 2010-04-16 18:17 client.csr
-rw-r—--r—-- 1 root root 1743 2010-04-16 18:17 client.key
-rw-r--r-- 1 root root 2493 2010-04-16 18:17 client.pl?2
-rw-r=--r—-—- 1 root root 3391 2010-04-16 18:17 client.pem

ETW—T— 50— 1 root root 245 2010-04-14 14:50 dh

-rw-r—-r-- 1 root root 200 2010-04-16 18:17 index.txt
-rw-r—-r—-- 1 root root 20 2010-04-16 18:17 index.txt.attr
-rw-r—--r-—_1 root root 21 2010-04-16 18:15
index.txt.attr.old

-rw-r—--r-- 1 root root 107 2010-04-16 18:15 index.txt.old

-Yw—r——-—-—- 1 root root 4279 2010-04-14 00:13 Makefile
-rw—r——-—-—- 1 root root 5120 2010-04-14 14:50 random
—rw-r—-—---— 1 root root 7819 2010-04-14 00:13 README
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-rw-r--r-- 1 root root 3 2010-04-16 18:17 serial

-rw-r—--r-- 1 root root 3 2010-04-16 18:15 serial.old
—rw-—r—-—---—-— 1 root root 1103 2010-04-15 22:40 server.cnf
-rw-r--r—-- 1 root root 4140 2010-04-16 18:15 server.crt
-rw-r--r—-- 1 root root 1037 2010-04-16 18:15 server.csr
-rw-r--r-- 1 root root 1751 2010-04-16 18:15 server.key
-rw-r--r—-- 1 root root 2509 2010-04-16 18:15 server.pl2
-rw-r—--r—-- 1 root root 3433 2010-04-16 18:15 server.pem

—rw-r——---—-— 1 root root 578 2010-04-14 00:13 xpextensions
-rw-r--r-- 1 root root 3391 2010-04-16 18:17
zmouto@gmail .com.pem

6.4.2 EyKatdoTooN TGTOTOU)TIKWV
H eykatdotoon miotonmountikwv o Aettoupyltkd Windows mpaypatonoleitol HECw TOu

epyaleiouv Microsoft Management Console. Ta apyxeio mou Ba mpénel va petadepbolv otov

meAatn eivatta client .pl2 (yia tn Aettoupyio tng EAP-TLS) katca.der

o tnv ekkivnon g edappoync emthéyoupe Start -> Run kot mAnktpoAoyoUpe mmc.

’E Consolel - [Console Roof] - . c B8 e BB - 3 — . el
[& File Action View Fevorites Window Help [ =]
= |H=H1E
| Console Root Name dueee
Sonsol Boot =

There are no items to show in this view,
More Actions

Ewkova 23 Microsoft Management Console

EnAéyoupe File -> Add/Remove Snap in ...
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T —
Add or Remowve Snap-ins

il

Available snap-ins:

Snap-in Vendor |+
= ActiveX Control Microseft Car...
Auihorization Manager Microsoft Cor..,
@‘ Microsoft Cor... |
EH Component Services Microsoft Cor... |~
;g-'Computer Managem... Microsoft Cor...
24 Device Manager Microsoft Cor...

=1 Disk Management Microsoft and... [
@ Event Viewer Microsoft Cor...
| Folder Microsoft Cor...
@. IP Security Monitor Microsoft Cor...
@ 1P Security Policy M...  Microsoft Cor...
|=|Link to Web Address  Microsoft Car...
H_*,,JLc:caI Users and Gro... Microsoft Cor... _

Description:

You can select snap-ins for this console from those available on your computer and configure the selected set of snap-ins. Faor
extensible snap-ins, you can configure which extensions are enabled.

Selected snap-ins:
[] console Root

Edit Extensions. ..

Remove

Move Up

Move Down

The Certificates snap-in allows you to browse the contents of the certificate stores for yourself, a service, or a computer,

[ OK ] [ Cancel

Ewova 24 Add or Remove Snap-ins

Ytn ouvéxela eruléyoupe Certificates , Add > kat KGavoupe TG akOAouBeg emAOYEC:

Certificates snap-in

This snap-n will always manage cerfficates for:
() My user accournt

1 Service account

o —

Ewova 25 Account Selection Screen
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Ty
Select Computer ﬁ

Select the computer you want this snap4n to manage.

Thig snap-n will always manage:

@) iLocal computer: the computer this console is running on

(") Another computer: Brows

()
3

[] Allow the selected computer to be changed when launching from the command line. This
only applies if you save the console.

<Back || Fnish | [ Cancel

Ewova 26 Computer-Selection

F — — TR m— ™
Add or Remove Snap-ins ﬂ

‘fou can select snap-ns for this console from those available on your computer and configure the selected set of snap-ins. For
extensible snap-ins, you can configure which extensions are enabled.

Available snap-ins: Selected snap-ins:

Snap-in Wendor s [] console Root Edit Extensions...
1 | ActiveX Contral Microsoft Cor... (5 Certificates (Local Computer)  —
Auihorizat’on Manager Microsoft Cor... -
¥ Certificates Microsoft Cor... |

. Component Services  Microsoft Cor... |~ Mave Up
A Computer Managem... Microsoft Cor,.. P

) ) Move Down
=4 Device Manager Microsoft Cor... - =
Add >

=¥ Disk Management Microsoft and... |
@ Event Viewer Microsoft Cor...

~ Folder Microsaft Cor. ..

.g IP Security Monitor Microsoft Cor...
.g IP Security Policy M...  Microsoft Cor...
=] Link to Web Address  Microsoft Cor...

#»Local Users and Gro... Microsoft Cor...

Description:

The Certificates snap-in allows you to browse the contents of the certificate stores for yourself, a service, or a computer.

oK ] [ Cancel

Ewova 27 Add or Remove Snap-ins

EmAéyoupe OK

And tn Kevipkn oBovn tou Microsoft Management Console emekteivoupe to &€vdpo

opLoTEPA WG €EAC:
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rﬁ Consolel - [Console Root\Certificates (Local (Jumpu‘ter)\Tmsked Root Ceriﬁcaliun Aul:miirs\(ie‘rﬁﬁiales] - E@g
% File Action View Favorites Window Help _ =] =
ENNEREY
] Console Root Issued To Issued By Expiration Date  Intended Purpo| | Actions
4 G Certificates (Local Computer) || =1 cop i A Certum CA 11/6/2027 Server Authenti| | Certificates -
o P\E“Dnal . (5] Class 3 Public Primary Certificat... Class 3 Public Primary Certificatio.. 2/8/2028 Secure Email, C More Actions »
B TJrusct:rth:teCSertifi(atmn [ Class 3 Public Primary Certificat... Class 3 Public Primary Certificatio...  8/1/2004 Secure Email, C
o [ Capyright (c) 1997 Micrasoft C... Copyright (c) 1997 Microsoft Carp. ~ 31/12/1999 Time Stamping
] Enterprise Trust [ Entrust.net Certification Author... Entrust.net Certification Authority... 24/12/2019 Code Signing, §
» [ Intermediate Certification | [ Entrust.net Certification Author... Entrust.net Certification Authority... 24/7/2029 Server Authenti
5 [ Trusted Publishers (5 Entrust.net Secure Server Certifi., Entrust.net Secure Server Certifica..  25/5/2019 Server Authenti
> [ Untrusted Certificates [SIGTE CyberTrust Global Root GTE CyberTrust Global Root 14/8/2018 Secure Email, C
» [] Third-Party Root Certificat S Microsoft Authenticode(tm) Re... Microsoft Authenticode(tm) Root...  1/1/2000 Secure Email, C
> [ Trusted Peaple [ Microsoft Raot Authority Micrasaft Roat Autharity 31/12/2020 <All>
> [ Homegroup Machine Cert| 3/ Microsoft Root Certificate Auth... Microsoft Root Certificate Authori...  10/5/2021 <All>
» [ Certificate Enrollment Req) | 55l My Certificate Authority My Certificate Authority 16/4/2011 <Al
» (] Smart Card Trusted Roots || 5] NO LIABILITY ACCEPTED, (<)97 .. MO LIABILITY ACCEPTED, ()97 V... 8/1/2004 Time Stamping|
» [ Trusted Devices (5 Thawte Premium Server CA Thawte Premium Server CA 1712021 Server Authenti
5 Thawte Timestamping CA Thawte Timestamping CA 1/1/2021 Time Stamping
[ VeriSign Commercial Software ... VeriSign Commercial Software Pu...  8/1/2004 Secure Email, €
4 m ] KN m 3
Trusted Root Certification Authorities store contains 16 certificates.

Ewova 28 Microsoft Management Console Screen

o TNV EyKATAOTACN TOU TtLotonolntikou tou CA kavoupe Se€i KAk oto Certicates kAtw amo
1o Trusted Root Certification kot ermuAéyoupe All Tasks -> Import

e R —

|t

Certificate Import Wizard

Welcome to the Certificate Import
Wizard
This wizard helps you copy certificates, certificate trust

lists, and certificate revocation lists from your disk to a
certificate store.

A& certificate, which is issued by a certification authority, is
a confirmation of your identity and contains information
used to protect data or to establish secure network
connections. A certificate store is the system area where
certificates are kept.

To continue, dick Mext.

[ Mext = J [ Cancel

Ewkova 29 Certification Import Wizard Welcome Screen
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= —— - --——T 7 B
Certificate Import Wizard u
& ey

File to Import
Spedfy the file you want to impart.

Eile name:
C:\Users\Zoi\Downloads\ca. der

Mote: More than one certificate can be stored in a single file in the following formats:
Personal Information Exchange- PECS #£12 (.PFX,.P12)
Cryptographic Message Syntax Standard- PKCS #7 Certificates (.P7E)
Microsoft Serialized Certificate Store (55T)

Learn more about certificate file formats

< Back ” Mext = ][ Cancel

Ewova 30 Certification Import-Wizard File Selection

EmAéyoupe Browse kat tn Sladpopr) mou €xoupe amobnkeVoeL To apxeilo ca.der

= - o = EE——— T
Certificate rt Wizard
i Srincate impo IZar u

Certificate Store

Certificate stores are system areas where certificates are kept.

Windows can automatically select a certificate store, or you can spedfy a location for
the certificate.

() Automatically select the certificate store based on the type of certificate

@ Place all certificates in the following store!

Certificate store:

Trusted Root Certification Autharities

Learn more about certificate stores

< Back ][ MNext > }’ Cancel

Ewova 31 Certification Import Wizard Storage Selection
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Certificate Import Wizard u
| B e

Completing the Certificate Import

Wizard

The certificate will be imported after you dick Finish.

You have spedfied the following settings:
Certificate Store Selected by User QIR Lo 4o g1l
Content Certificate
File Mame C:\Users\Zoi\Downloz
] 1 3

< Back Finish Cancel

Ewova 32 Certification Import Wizard Completed

Opola yla TV €yKATAOTAON TOU TILOTOTOLNTIKOU TOU TeAdtn KAavouue Oefl KAk oTO

Certificates katw amnod to Personal kat eruAéyoupe All Tasks -> Import.
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Certificate Import Wizard = ﬂ
| L e

Welcome to the Certificate Import
Wizard
This wizard helps you copy certificates, certificate trust

lists, and certificate revocation lists from your disk to a
certificate store.

A certificate, which is issued by a certification authority, is
a confirmation of your identity and contains information
used to protect data or to establish secure network
connections. A certificate store is the system area where
certificates are kept.

To continue, dlick Mext,

< Back [ MNext = j l Cancel

Ewkova 33 Certification iImport Wizard Welcome Screen

Certificate Import Wizard - ﬁ

: E
e, — S

File to Import
Spedfy the file you want to import.

File name:
C:\Users\Zoi\Downloads'dient.p12

Mote: More than one certificate can be stored in a single file in the following formats:
Personal Information Exchange- PKCS #12 (.PFX,.P12)
Cryptographic Message Syntax Standard- PKCS 7 Certificates ((P7E)

Microsoft Serialized Certificate Store (.55T)

Learn more about certificate file formats

<Back || Next> | [ cancel

Ewkova 34Certification Import Wizard File Selection
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MAnktpoAoyoUpe to password rou emAEXTNKE yLa T dnpLloupyia Tou motonolntkou.

Certificate Import Wizard u
| """ =

Password

To maintain security, the private key was protected with a password,

Type the password for the private key.

Password:

| Enable strong private key protection. You will be prompted every time the
private key is used by an application if you enable this option.

[ Mark this key as exportable. This will allow you to back up or transport your
keys at a later time.

Indude &ll extended properties.

Learn more about protecting private keys

< Back ; MNext = i Cancel

Ewova 35.Certification Import Wizard Password

Certificate Import Wizard u
| e S—

Certificate Store

Certificate stores are system areas where certificates are kept.

Windows can automatically select a certificate store, or you can spedfy a location for
the certificate,

() Automatically select the certificate store based on the type of certificate

@ Place all certificates in the following store;

Certificate store:

Personal Browse...

Learn more about certificate stores

<Back || mext> | [ cancel

Ewkova 36Certification Import Wizard Storage Selection
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Certificate Import Wizard

- .

Completing the Certificate Import
Wizard

The certificate will be imported after you dick Finish,

You have specified the following settings:

Certificate Store Selected by User RESERyE

Content PFX
File Mame C:\Users\Zoi\Downloz

<Back || Finish | [ cancel

Ewova 37 Certification Import Wizard Completed

6.5 IMapadetypata Aertovpyioag

MNapakdtw mopouctdlovial ol pubuiceslg mou -amattovvtol otov client yla xprion twv

peBOSwv EAP-TLS, PEAP kot EAP-TTLS.

6.5.1 EAP-TLS

310 EAP-TLS amatteitat umodopn dnpociou kKAelSLoU. ZTov client Ta kKAeldLd eykabiotavrol

pe tn Stadikacia mou meplypadetal otnv mapaypado 6.4.2.

6.5.1.1 WIRE1x

META TNV EYKATACTACH TWV MLOTOMOLNTIKWY Ba pémeL va yivel puBuLon tou WIRELX.

Ao tnv apywkr 086vn.tou WIRELxX emiAéyoupe Available Network List
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i v v N s = B

File About - - -
- S
WIRFix 77/
A R E http:liwire.cs.nthu.edu.twiwirelx £ £ £
Metwork Interface
[ |
| il Intel(R) WiFi Link 1000 BGN 'l
Radio State: ON I__ON I

Connection Status : Disconnected

Connected Network

SSID: No connected netwark.
MAC :

Security :

Signal Quality

| Available network list|

I Disconnect i

Ewkova 38.Apxtkr) 086vn WIRE1x

EmAéyoupe to SiKTUO KaL oTn ouvEXeLa Settings

WIRFix 77/
L —

http:iwire.cs.nthu.edu.twiwirelx &4 /£

\RE

Available Networks

Please select one network to connect.

o Security Network. | |
: / ONTelecoms_1 Open (WEP) 1 I il
4 (=]

e Security Network.
Racists WPA2 Enterprise (AES)

e = — s e e

. SSID : RadiusAP
o K No Security Netw| Auth Algorithm : WPA2-Enterpri
eephwa
3/ i Open (None) | Cipher Algorithr : AES
| Signal Quality : 99%
’ Setting l ’Cnnnecl]
— H S =

Ewkéva 39 Network List
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O puBuioeig daivovrat yia to EAP-TLS daivovtal oTig mopakaTw ELKOVEC:

68

Network configure sethngr g
ST / /
Wf{ MWIRFix 77/
IRE http:/iwire.cs.nthu.edu.twiwirelx £ 4 /£
Security
Authentication: lWPAE—Enierprise v]
I
Encryption: lAES v]
Encryption key: . .
[C] Show text
B02.1X setting
EAP method: [EAP-TLS -
Tunneled protocal: l -]
[C] Enable verify server certificate !:Sening |
|;‘ I oK | l Cancel ]
Ewkova 40 Network-configure Settings
MOYTOMNOYAOQY ZQH MANENIZTHMIO NEIPAIQY -NMMZ ATW:
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7 |1

Network configure setting

Wﬁ[me WIRF1x /S /7

http Nwire.cs.nthu.edu.twiwirelx Mﬂ/ﬂ/

Security

Authentication: [WPM—Entg_lprise vl

Please select user ced%ﬁﬂﬂ

[C|Enable verify server certificate Setting |

’ OK ] ’Cancel]

£
I
N

Ewova 41 Eniloyn User Certification |

o e s -
: A -
Select certificate - u
Please select certificate which you want
Issuedto Issued by Friendly na.. Expiration
Elpelatis My Certifica... pelatis 4/16/2011 I
OK Cancel
G e - e Seaa— =

Ewkova 42 Ertidoyn user certification I
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- —__
Please select user certification u
e

|| Certification: pelatis Select
I| [V]&ave certification seiection |

—____ e S |

Ewkova 43 EmuPBePaiwon User Certification

Ano tn Alota twv Stabéotpuwy Siktuwy emdéyoupe Connect oto emtBupnto Siktuo.
— E e
WIRF1x 77/

py-—
http:/iwire.cs.nthu.edutwiwirelx £/ dedoy

Y VIRE

Available Networks

Please select one network to connect.

Security Network. | i
il
l 3/“’ OMTelecoms_1 Open (WEP) 11 I | -
-/ e Security Network. I
| Rad!u:AF’ WPAZ2-Enterprise (AES) IIII
| o Mo Socuin Noge . FadiusaP
o Security Netw| Auth Algorithm : WPA2-Enterpri
3/ Ennpuy Open (None) | Cipher Algorithr : AES
| | Signal Quality : 99%
|
l Setting I ’Connect]

Ewkova 44 Network List

6.5.1.2 “Emiokommon tov-EAP-TLS ue xpyjon Wireshark
MNapakdtw ¢aivetal n okoAoubia Twv pnvupdTwy tou avtoAAdocovtat Hetafy AP kot

RADIUS Server. To capturing nmpayuatomnotndnke oto RADIUS Server pe xprion tou gpyaleiou
Wireshark.
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Mo. . Time Source Destination Protocal  Info
1 0.000000 192.168.2.11 192.168.2.2 RADIUS  Access-Request(l) (id=14, 1=198)
2 0.009674 192,168.2.2 192,168.2.11 RADIUS Access-challenge(1l) (id=14, 1=80)
3 0.015270 192.168.2.11 192,168.2.2 RADIUS  Access-Request(l) (id=15, 1=210)
4 0.028510 192.168.2.2 192.168.2.11 RADIUS  Access-challenge(11) (id=15, 1=64)
51,2117 192,168.2.11 192,168.2.2 RADIUS  Access-Request(l) (id=le, 1=302)
61.261299 192.168.2.2 192.168.2.11 RADIUS  Access-challenge(11) (id=16, 1=1080)
7 1.267793 192,168.2.11 192,168.2.2 RADIUS Access-Request(l) (id=17, 1=210)
§1.268392 192.168.2.2 192,168.2.11 RADIUS  Access-challenge(11) (id=17, 1=1050)
91.278395 192.168.2.11 192.168.2.2 RADIUS  Access-Request(l) (id=18, 1=210)
10 1.280111 102,168.2.2 1092,168.2.11 RADIUS  Access-challenge(11) (id=18, 1=850)
11 1.331129 102.168.2.11 102.168.2.2
12 1.331762 192,168.2.2 192,168.2.11 RADIUS  Access-challenge(1l) (id=19, 1=64)
13 1. 340604 192.168.2.11 192,168.2.2 RADIUS  Access-Request(l) (id=20, 1=1341)
14 1.387496 192.168.2.2 192.168.2.11 RADIUS Access-challenge(11) (id=20, 1=127)
15 1.394402 102,168.2.11 102,168.2.2 RADIUS  Access-Request(l) (id=21, 1=210)
16 1.396312 192.168.2.2 192,168.2.11 RADIUS  Access-Accept(2) (id=21, 1=170)

Ewkova 45 EAP-TLS eriiokomnon péow Wireshark

To apxeio eival StaBéotpo otnv SievBuvon :
http://www.fileden.com/files/2010/4/17/2831314//tlsTrace

Onwg avadépbnke mapandavw ta EAP mhaiola evBukakwvovtal péca o RADIUS makéta.
Ev6ektika to RADIUS Access-Request mepLéxel ta akoAouBa:

Frame 1 (240 bytes on wire, 240 bytes captured)
Arrival Time: Apr 18, 2010 19:38:21.582686000
[Time delta from previous captured frame: 0.000000000 seconds]
[Time delta from previous displayed frame: 0.000000000 seconds]
[Time since reference or first frame: 0.000000000 seconds]
Frame Number: 1
Frame Length: 240 bytes
Capture Length: 240 bytes
[Frame is marked: False]
[Protocols in frame: eth:ip:udp:radius:eap]
[Coloring Rule Name: UDP]
[Coloring Rule String: udp]

Ethernet II, Src: D-Link 5a:5e:90 (00:22:b0:5a:5e:90), Dst:
Azurewav 07:d0:37.(00:22:43:07:d0:37)

Destination: Azurewav_07:d0:37 (00:22:43:07:d0:37)
Address: Azurewav_07:d0:37 (00:22:43:07:d0:37)

0 ... ... o... .... = IG bit: Individual address
(unicast)
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ceee 200 b Loes oees oL = LG bit: Globally unique
address (factory default)

Source: D-Link 5a:5e:90 (00:22:b0:5a:5e:90)
Address: D-Link 5a:5e:90 (00:22:b0:5a:5e:90)

. 0 o ... oo .... = IG bit: Individual address
(unicast)

ceee 200 Ll Loy oees oL = LG bit: Globally unique
address (factory default)

Type: IP (0x0800)

Internet Protocol, Src: 192.168.2.11 (192.168.2.11), Dst: 192.168.2.2
(192.168.2.2)

Version: 4
Header length: 20 bytes

Differentiated Services Field: 0x00 (DSCP 0x00: Default; ECN:
0x00)

0000 00.. = Differentiated Services Codepoint: Default (0x00)

o
Il

ECN-Capable Transport (ECT): O

.0

ECN-CE: O
Total Length: 226
Identification: 0x0115 (277)

Flags: 0x00

0.. ="Reserved bit: Not Set
.0. = Don't. fragment: Not Set
.0 = More fragments: Not Set

Fragment offset: 0

Timeto -live: 64

Protocol: UDP- (0x11)

Header checksum: 0xf398 [correct]
[Good: True]
[Bad : False]

Source: 192.168.2.11 (192.168.2.11)

Destination: 192.168.2.2 (192.168.2.2)
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User Datagram Protocol, Src Port: 1028 (1028), Dst Port: radius
(1812)

Source port: 1028 (1028)

Destination port: radius (1812)

Length: 206

Checksum: 0x5825 [validation disabled]
[Good Checksum: False]
[Bad Checksum: False]

Radius Protocol

Code: Access-Request (1)

Packet identifier: Oxe (14)

Length: 198

Authenticator: 55457E990E1B398D6FFB7DAS5266648C5

Attribute Value Pairs

AVP: 1=18 t=Message-Authenticator(80):
8C67690DBB401E38B4E20D116ED71E25

Message-Authenticator: 8C67690DBB401E38B4E20D116ED71E25
AVP: 1=6 t=Service-Type(6): Framed-User (2)

Service-Type: Framed-User (2)
AVP: 1=10  t=User-Name (1l): pelatis\000

User-Name: pelatis
AVP: 1=6 t=Framed-MTU(12): 1488

Framed-MTU: 1488

AVP: 1=28 t=Called-Station-Id(30): 00-22-BO0-5A-5E-
90:RadiusAP

Called-Station-Id: 00-22-BO-5A-5E-90:RadiusAP

AVP: 1=19 t=Calling-Station-Id(31): 00-26-C7-04-EE-3E
Calling-Station-Id: 00-26-C7-04-EE-3E

AVP: 1=21 t=NAS-Identifier(32): D-Link Access Point
NAS-Identifier: D-Link Access Point

AVP: 1=6 t=NAS-Port-Type(6l): Wireless-802.11(19)

73 MOYTONOYAOQOY ZQH MANENIZTHMIO MEIPAIQZ -NMMX ATWS



Extensible Authentication Protocol

NAS-Port-Type: Wireless-802.11 (19)
AVP: 1=24 t=Connect-Info(77): CONNECT 54Mbps 802.1lg
Connect-Info: CONNECT 54Mbps 802.11lg
AVP: 1=14 t=EAP-Message(79) Last Segment[1l]
EAP fragment
Extensible Authentication Protocol
Code: Response (2)
Id: 14
Length: 12
Type: Identity [RFC3748] (1)
Identity (7 bytes): pelatis
AVP: 1=6 t=NAS-IP-Address(4): 192.168.2.11
NAS-IP-Address: 192.168.2.11 (192.168.2.11)
AVP: 1=6 t=NAS-Port(5): 1
NAS-Port: 1
AVP: 1=14 +t=NAS-Port-Id(87): STA port # 1

NAS-Port-Id: STA port # 1

AVOAUTLKA TO TIANPEG TLEPLEXOUEVO TWV TIAKETWY TTOU CUAAEXTNKAV Katd TNV EAP-TLS
avBevtikomoinon eival Slabéaotpo otn dtevBuvon:

http://www.fileden.com/files/2010/4/17/2831314//tls.txt

6.5.2 “PEAP

3tn uéBodo autr Sev aAmaLTOUVTOL TILOTOMOLNTLKA YLl AUBEVTIKOMOINGN TOU TTEAGTN OTO
Slakoptotn. O xpriotn auBevtLkomoLeital e Xprion OVOUATOG XpRotn Kat KwLKoU
npoopaonc.

6.5.2.1 PvBuiocic WIRE1x
211G puBpioeLg Tou SiktUoU ToU EMLBUOUE Vo ouVEEBOUE EMLAEYOULE T TTAPAKATW:
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EmAéyoupe Settings yLa TOV 0pLOLO TOU OVOLATOG XPrOTh Kol Tou Kwdikol pooBaonc.

Network configure setting

hitp:iiwire.cs.nthu.edu.twiwirelx £ 4 £

Security
Authentication: [WPAE—EnF.erp:tse v]
N
Encryption: [AES v] |
|
Encryption key:
[T Show text
|
802.1X setting
EAP method: [EAP-PEAP v
Tunneled protocaol: [MSCL—LE\P\:Q -]
[] Enable verify server certificate -.Setting .
r i OK | [ Cancel I :‘
]

Etkova 46 PEAP Network-Configuration

- -
Meed user fnfcrrmatior!h u

Usemame: steve

Password: T

Save username and password.

—I1

Ewkova 47 User Information

Ytn ouvéxela eruhéyoupe Connect.
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6.5.2.2 Emokonnon tov PEAP ue ypnon Wireshark

Mapokdtw ¢aivetal n akohoubio twv pnvupdtwv mou avtaAdcocovtatl petafld AP kot
RADIUS Server. To Wireshark apxeio elvar Swabéowpo otn - EevBuvon
http://www.fileden.com/files/2010/4/17/2831314//peapTrace kot N avaGAUGH TWV TTAKETWVY
otn http://www.fileden.com/files/2010/4/17/2831314//peap.txt

No. . Time Source Destinaticn Protocel  Info

1 0.000000 192.168. 2.1 2 Access-Request(l) (id=40, 1=194)

2 0.000952 192.168.2.2 192.168.2.11 RADIUS Access-challenge(11) (id=40, 1=80)
3 0.006581 192.168.2.11 192.168.2.2 RADIUS  Access-Request(l) (id=41, 1=208)

4 0.007556 192.168.2.2 192.168.2.11 RADIUS  Access-challenge(11) (id=41, 1=64)
5 0.019733 192.168.2.11 192.168.2.2 RADIUS  Access-Request(l) (id=42, 1=300)

6 0.052683 192.168.2.2 192.168.2.11 RADIUS Access-challenge(11) (id=42, 1=1090)
7 0.063175 192.168.2.11 192.168.2.2 RADIUS  Access-Request(l) (id=43, 1=208)

8 0.063683 192.168.2.2 192.168.2.11 RADIUS  Access-challenge(11) (id=43, 1=1086)
9 0.070204 192.168.2.11 192.168.2.2 RADIUS Access-Request(l) (id=44, 1=208)
10 0.070737 192.168.2.2 192.168.2.11 RADIUS Access-challenge(11) (id=44, 1=696)
11 0.106861 192.168.2.11 192.168.2.2 RADIUS  Access-Request(l) (id=45, 1=410)
12 0.115005 192.168.2.2 192.168.2.11 RADIUS  Access-challenge(1l) (id=45, 1=123)
13 0.122986 192.168.2.11 192.168.2.2 RADIUS Access-Request(l) (id=46, 1=208)
14 0.127569 192.168.2.2 192.168.2.11 RADIUS  Access-challenge(11) (id=46, 1=101)
15 0.137891 192.168.2.11 192.168.2.2 RADIUS  Access-Request(l) (id=47, 1=282)
16 0.139238 192.168.2.2 192.168.2.11 RADIUS  Access-challenge(11) (id=47, 1=117)
17 0.144782 192.168.2.11 192.168.2.2 RADIUS Access-Request(l) (id=48, 1=346)
18 0.151460 192.168.2.2 192.168.2.11 RADIUS  Access-challenge(11) (id=48, 1=149)
19 0.159935 192.168.2.11 192.168.2.2 RADIUS  Access-Request(l) (id=49, 1=282)
20 0.160979 192.168.2.2 192.168.2.11 RADIUS  Access-challenge(11) (id=49, 1=101)
21 0.168919 192.168.2.11 192.168.2.2 RADIUS Access-Request(l) (id=50, 1=282)
22 0.169544 192.168.2.2 192.168.2.11 RADIUS  Access-Accept(2) (id=50, 1=168)

Ewkova 48 PEAP - Makéta oto RADIUS Server

EvSewktika mapouataletal mapoakdatw ta RADIUS Access-Request kot RADIUS Access-Success:
RADIUS Access-Request (Ta EAP Sedopéva onpetwvovtal e AdyLa ypodn)
Radius Protocol

Code: Access-Request. (1)

Packet didentifier: Oxld (29)

Length: 194

Authenticator: 6DA8116B6D28764F3BR5D61EF7EBD2ECRB

Attribute ‘Value Pairs

AVP: 1=18 t=Message-Authenticator (80) :
FD6FESD4BC475A73FBEG21A222425B66

Message-Authenticator:
FD6FESD4BC475A73FBEG21A222425B66

AVP: 1=6 t=Service-Type (6): Framed-User (2)
Service-Type: Framed-User (2)

AVP: 1=8 t=User-Name(l): steve\000
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AVP:

AVP:

90:RadiusAP

AVP:

AVP:

AVP:

AVP:

AVP:

AVP:

AVP:

AVP:

User-Name: steve
1=6 t=Framed-MTU(12): 1488
Framed-MTU: 1488

1=28 t=Called-Station-Id(30): 00-22-BO-5A-5E-

Called-Station-Id: 00-22-BO0-5A-5E-90:RadiusAP
1=19 t=Calling-Station-Id(31l): 00-26-C7-04-EE-3E
Calling-Station-Id: 00-26-C7-04-EE-3E
1=21 t=NAS-Identifier (32): D-Link Access Point
NAS-Identifier: D-Link Access Point
1=6 t=NAS-Port-Type(6l): Wireless-802.11(19)
NAS-Port-Type: Wireless-802.11 (19)
1=24 t=Connect-Info(77): CONNECT 54Mbps 802.1l1lg
Connect-Info: CONNECT 54Mbps 802.11lg
1=12 t=EAP-Message(79) Last Segment[1]
EAP fragment
Extensible Authentication Protocol
Code: Response (2)
Id: 29
Length: 10
Type: Identity [RFC3748] (1)
Identity (5 bytes): steve
I=6_ t=NAS-IP-Address(4): 192.168.2.11
NAS-IP-Address: 192.168.2.11 (192.168.2.11)
1=6 t=NAS-Port(5): 1
NAS-Port: 1
1=14 t=NAS-Port-Id(87): STA port # 1

NAS-Port-Id: STA port # 1
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Ta EAP-TLS &edopéva evBulakwvovtat ota Access-Challenge kat Access-Request makéta
TIOU 0KoAouBoUv.

AvaAutikd elvat Stabéoipa otn dtevBuvon
http://www.fileden.com/files/2010/4/17/2831314//peap-eapPart.txt

To teheutaio EAP makéto (Code 3) evBulakwvetal o Access-Accept RADIUS makEto.

Radius Protocol
Code: Access-Accept (2)
Packet identifier: 0x27 (39)
Length: 168
Authenticator: 8CE1B9A358A71BODOA4BFA7B30B24899
[This is a response to a request in frame 36]
[Time from request: 0.001083000 seconds]
Attribute Value Pairs
AVP: 1=58 t=Vendor-Specific(26) v=Microsoft(311)

VSA: 1=52 t=MS-MPPE-Recv-Key(17) :
COF0ODB4673F93F320DC43F033013CFC94ED3EO4AC34FCFCRB. ..

MS-MPPE-Recv=-Key:
COFODB4673F93F320DC43F033013CFC94ED3EO4AC34FCFCB. ..

AVP: 1=58 t=Vendor-Specific(26) v=Microsoft (311)

VSA: 1=52 t=MS-MPPE-Send-Key (16):
CF86C05660C6D1981633AE9FA3AO3ES95F545895AAF3427F . ..

MS-MPPE—-Send-Key:
CF86C05660C6D1981633AE9FA3AO3ES595F545895AAF3427F . ..

AVP: 1=6 t=EAP-Message (79) Last Segment[1]
EAP fragment
Extensible Authentication Protocol
Code: Success (3)
Id: 39
Length: 4

AVP: 1=18 t=Message-Authenticator (80):
AF8DABAAIBBR7DODOFF851953120C5B90

Message-Authenticator:
AF8DASAAI9BB/DODOFF851953120C5B90

AVP: 1=8 t=User-Name(l): steve\000
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User-Name: steve

6.5.3 EAP-TTLS
Onwg avadépbnke kat mapanavw ot dtadopeg petafy PEAP kot EAP-TTLS adopd pebddoug

auBevtikomoinong katd tn Seltepn ddon. MapoKATW TAPOUGCLAlETAL €va TIOPASELYUO

Aettoupyiog Tou EAP-TTLS.

6.5.3.1 WIRE1X
Ot puBuiocelg mou amattovvtat oto WIRELX yia xprion tou EAP-TTLS ¢daivovrat mapakdtw:

Metwork configure setting i" -

s xS
M J{)/Iifﬁi IX JI0)

: —
http:/iwire.cs.nthu.edu.twiwirelx £ £ /£

Security
Authentication: [WPAZ—Enf.erprise v]
I
Encryption: [TKI:P v]
| ]
Encryption key:
[C] Show text
8021 setting
EAP method: [EAP-TTLS -
Tunneled protocol: [PAP v]
Enable verify server cerificate Setting
’ OK l [ Cancel ]

= O

E _

Ewkova 49 EAP-TTLS Network Configuration
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[¥| Save username and password.

Meed user information M
Username: steve
Password: TIIII

Ewova 50 EAP-TTLS User Information

6.5.3.2 Emokonnon tov EAP-TTLS ue xpijon Wireshark

No. . Time
1 0. 000000

2 0.000915
3 0.006499
0.007436
769663
826985
833758
834238
843537
849825
882505
892054
899867
900903

LRI T = e T i = R B
B T T I I I A O

U

Source Destination

.2, L2.2
192.168.2.2 192.168.2.1
192.168.2.11 192.168.2.2
192.168.2.2 192.168.2.1
192.168.2.11 192.168.2.2
192.168.2.2 192.168.2.1
192.168.2.11 192.168.2.2
192.168.2.2 192.168.2.1
192.168.2.11 192.168.2.2
192.168.2.2 192.168.2.1
192.168.2.11 192.168.2.2
192.168.2.2 192.168.2.1
192.168.2.11 192.168.2.2
192.168.2.2 192.168.2.

iy

—

i

iy

—

=
i

Protocol

RADIUS
RADIUS
RADIUS
RADIUS
RADIUS
RADIUS
RADIUS
RADIUS
RADIUS
RADIUS
RADIUS
RADIUS
RADIUS

Ewova. 51 EAP-TTLS Wireshark Il

To nArpeg Wireshark apyeio Bpioketal otn dtevBuvon:
http://www.fileden.com/files/2010/4/17/2831314//ttIsTrace

Info

Access-Request (1 =7,
Access-challenge(11) (id=7, 1=80)
Access-Request(l) (id=8, 1
Access-challenge(11) (id=8, 1=64)
Access-Request (1) (id=9, 1=300)
Access-challenge(1l) (id=9, 1=1090)
Access-Request (1) (id=10, 1=208)
Access-challenge(11) (id=10, 1=1090)
Access-Request(l) (id=11, 1=208)
Access-challenge(11) (id=11, 1=700)
Access-Request (1) (id=12, 1=410)
Access-challenge(1l) (id=12, 1=127)
Access-Request (1) (id=13, 1=314)
Access-Accept(2) (id=13, 1=168)

To TIEPLEXORLEVOL TWV TTOKETWV TIOU avTAAAdCooVTaL KOTA TNV aubevikonoinon péow EAP-

TTLS elvat StaBéoua otn StevBuvon:

http://www.fileden.com/files/2010/4/17/2831314//ttls.txt

To EAP turpa toug, mou evBulakwvetal oto RADIUS makéta sival Slabéoipa otn

Slevbuvon:

http://www.fileden.com/files/2010/4/17/2831314//ttls-eapPart.txt
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6.6 To OPEN1X

Noyw amouaiag ékdoong tou WIRE1LX, gla tnv uAomourjon tou Supplicant oe Asttoupyiko
Linux, Ba xpnotpomnoinBei to Aoylopikd OPEN1X - XSupplicant, mdvw otov kwSika: Tou

ornoiou Baociletat to WIREIX.

To OPEN1X eivat StaB£owo otn dtevBuvon http://openlx.sourceforge.net/

H Aettoupyia Tou elval 6pota pe autr) tou WIRELxX. Mapakdtw napouctdletal n Stadikacio

€YKATAOTAONG TOU KaBWG Kat puBLONG Tou.

6.6.1 Eykatactaon OPEN1X
EnAéyoupe yia Aqdn to apxeio xsupplicant-2.2.0.710-linux-installer.bin

Otav olokAnpwBOel n Afdn, ekteAolpe TIC MAPOKATW EVIOAEG KOL N €YKOTAOTACH HECW

ypadkoL reptBarlovtog. H Stadikaoia dpaivetal tapakatw:
S chmod 755 xsupplicant-2.2.0.710-linux-installer.bin

S ./xsupplicant-2.2.0.710-linux-installer.bin

Setup - Openlx XSupplicant

Welcome to the Openlx XSupplicant Setup
Wizard.

! Forward || Cancel !

Ewova 52 EKkivnon eykatdaotaong
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License Agreement %

Please read the following License Agreement. You must accept the terms
of this agreement before continuing with the installation.

XSupplicant and the XSupplicant User Interface supported by the OpenSEA -
alliance http:/fwww.opensealliance.org

XSupplicant uses OpenS5L (http:/fwww.openssl.org), libXML2 {xmlsoft.org), and
libtnec.

This package contains two distinct software implementations with two separate
license agreements:

(1) XSupplicant - a client-side 802.1X implementation
L i® | accept the agreement
Do you accept this license? — Pt 9
1 1 do not accept the agreement [}‘.
| Back | | Forward | | Cancel |

Ewkova 53 Artodoxn 0pwv.AdELaG Xprons

Installation Directory E

Please specify the directory where Openlx XSupplicant will be installed.

Installation Directory |f0pt,-‘xsupplicant— ‘ |£j |

Back || Forward || Cancel

Ewova 54 Enioyn dakéAou PoopLooU EYKATAoTACNG
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|
Select Components %

Select the components you want to install; clear the components you do
not want to install. Click Next when you are ready to continue.

@
[ SoftSIM2G
[ SoftSIM3G

N

Back || Forward || Cancel

Ewkova 55 EnAoyn oToLXEiWVY EYKATAGTACHG

Completing the Openlx XSupplicant
Setup Wizard

Setup has finished installing Openlx
XSupplicant on your computer.

N

Ewkova 56 OAoKApwon EYKATACTOONG
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6.6.2 Iapapetpotoinon OPEN1X

6.6.2.1 Eykatdotaomn mMoTOTOTIKWY
H eykatdotacn miotonowntikwy otnv €kdoon eival 2.2.0 elval dlaitepa amAn  Kat

Tipaypatonotal  pe v aviypadn Twv .pem opXelwv OTOUG KATAAOYOUG
/root/xsupplicant/user_certs, ylo to miotomountiko tou client , kat/root/xsupplicant/certs

YLOL TO TTLOTOTOLNTLKO CA.

6.6.2.2 PvBuioceis XSupplicant
Itnv apxwkn oBdovn tou XSupplicant, otnv koptéla Wireless emiAéyoupe. oto mebio

Connection, New Connection kat akoAoBou e tov 06nyo pubuicswv.

Fle Tools Help

_XSupplicant / %ﬂggpﬁlé&

Enlarprise BO2.TX Avulhenmticalion

Wireless | Wired

Adapter: | wilan0 | vl

Colmeciioﬁ I |vl[ Connect l

Status: Idle Details

Network: Browse

I

Ewova 57-OPEN1x Xsupplicant

3TN ouvEXeLa eTUAEYOUUE av n ouvdeon Ba eival acUppatn fi EVEUPUATN. ITN TIPOKELEVN
niepintwon en\éyoupe Wireless.
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XSupplicant | ~DpenSEA

Enlerprize BOZ2.TY Buthenticalion

ALLIANCE

Create New Connection

Please indicate the type of network you would like to connect to:
() Wired

) Wireless

h career [

Ewkova: 58 Eruloyr} Tunou. Siktiou

EnAéyoupe amo ta opatd Siktua, TTou eKITEUTTOUY, TO mtBupnto Siktuo.

XSupplicant | DpenSEA

Erlarprise BOZ2_TX AUulhe=Aalicalion

ALLIANCE

Create New Connection >> Choose Wireless Network

Choose a wireless network from the list to connect to, or choose "Other” to enter
network information manually.

(®) Visible Network

| Network Name | signal T | securiy l]
ann 4l 429%  WeA-Personal
ONTelecoms_1 ,ﬁjj 38% .WEP
KeepAway qfi] 100%  None

() Other

Cancel ] [ Next>

Ewova 59 Emiloyn acUppatou Siktuou

Ytn ouvéxela eruhéyoupe tn nEBodo aubevtikomoinong mou Ba xpnotpomnoinOet.
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ALLIANCE

Lﬁpyﬁ% ~DpenSEA

Ernferpriss BOZ.TX Aulkh=nlicalion

Create New Connection >> 802.1X Protocol

Indicate the EAP protocol to ﬁse for B02.1X authentication:

[ Protocol: | EAP-PEAP -

caree | (v

Ewkova 60-ErttA oy} EAP puefo5ou

EntiAéyoupe to Tunnel Protocol mou Ba xpnotpomnotnBet kabwc Kat To motomowntikd CA kat

nieAdtn (av aratteitat).

XSupplicant ~DpenSEA

ALLIANCE

Enferprive BOZ.TX AUThEAlicalion

Create New Connection >> 802.1X Protocol Settings

Enter your PEAP settings for 802.1X authentication below. The Outer Identity will be
sent unencrypted.

Outer Identity : | | (Optional)

Tunnel Protocol: [EAP-MSGI—IAPVZ lv]

(%] Validate Server Certificate

[%| Use Fast Reconnect

N

Cancel ” MNext =

Ewkova 61 PuBpioceig pebodou
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ALLIANCE

XSupplicant | DpenSEA

Enlerprite BOZ_TX BAuth=/licalion

Create New Connection >> 802.1X Server Certificate

Choose a Trusted CA Cerfificate to validate against:

| Trusted Certification Authority / Issued By Expires
[ UNIPI_1 JUNIPI_1 04/16/2011

L]

[ ] Verify Server Common Mame

l J

Use "* for prefix wildcarding and commas to separate multiple entries

v o

Ewkova 62 Erudoyn miiotomnotntikou CA

XSupplicant | =JpenSEA

ALLIAMNCE

Eraferprise BOZ2.TY Autkhemlicalion

Create New Connection

Please select any options you would like to enable for this configuration :

E Use logon credentials (if auallable)é

cara | e

Ewkova 63 Emiloy£g cUvéeong
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_XSupplicant | =JpenSEA

ALLIANCE

Enferprize BOZ.TY Authenticalion

Create New Connection >> Credentials

How would you like to obtain credentials? (if you are unsure, use the default setting)

() Prompt for credentials (default) h

) Store Credentials

Username : [steve ]

Password : |.""'q ]

care (e

Ewkova 64 Katoywpnon ovopatog Xproth. kat cuvonpatikol npocfaocng

To endpevo Pripoa mepthapBavel tn emAoyr OVOROTOC Yo TV armoBrikeuon Twv pubuicswv.

Téhog, amd tnv apxki 00dvn tou XSupplicant emléyoupe TG pubuioslg mou HOALG

Snuoupynoape kat otn cuvéxeta Connect.
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7 Emidoyog

To Extensible Authentication Protocol sival pia wbiaitepa eugéAiktn Soun yla tnv aohain
auBevTikomoinon Katd tTnv mpocPacn o€ acUppata diktua. Etvatl Suvatr n emthoyry amo pia
mAnBwpa peBOdwv, KATOLEG ek TWV omoiwv gudavilouv onpavtkég aduvapies. Kamoleg

péEBobol elval Tpwtég oe dictionary emBéoelg, kat man-in-the-middle emBéoeLs.

Katd tnv emtloyn piag Abong Baotopévng oto EAP Ba mpémet va AapBdavovtal umogny, ot
aduvapieg twv pebodwv, o Pabuog Suokoliag tng uAomoinong KobBwG Kol TO KOGTOG
vlomoinong, o€ oxéon We To KOOTog mou Ba mpokeipeL and tnv mbavn moapapiacn evog
TETOLOU UNXOVLOKOU auBevtikomoinong. ZTLG MPOTELWVOLEVEG UAOTIOLOELG gival To EAP-TLS
KL av n avamtuén unodoung dnuoctou kAelblou BewpnBel mepLttd kooTOG TO TTLS KaL TO

PEAP.
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I[IAPAPTHMA I - Configuration

radiusd.conf
#-*- text -*-

H#

## radiusd.conf -- FreeRADIUS server configuration file.

prefix = /usr/local

exec_prefix = ${prefix}

sysconfdir = ${prefix}/etc
localstatedir = ${prefix}/var
sbindir = S{exec_prefix}/sbin
logdir = S{localstatedir}/log/radius
raddbdir = ${sysconfdir}/raddb

radacctdir = ${logdir}/radacct

name = radiusd

confdir = ${raddbdir}

run_dir = ${localstatedir}/run/S{name}

db_dir = ${raddbdir}

libdir = ${exec_prefix}/lib

pidfile = ${run_dir}/S{name}.pid

max_request_time =30
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cleanup_delay =5

max_requests = 1024

listen {

type = auth

ipaddr = *

port=0

listen {

ipaddr = *

port=0

type = acct

hostname_lookups = no

allow_core_dumps =no

regular_expressions . =yes

extended_expressions =yes

log {
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destination = files

file = S{logdir}/radius.log

syslog_facility = daemon

stripped_names = no

auth =no

auth_badpass = no
auth_goodpass = no

}

checkrad = ${sbindir}/checkrad

security {
max_attributes = 200
reject_delay =1
status_server = yes

}

proxy_requests =yes

SINCLUDE proxy.conf

SINCLUDE clients.conf

thread pool {

start_servers =5

max_servers = 32

min_spare_servers = 3

92 MOYTONOYAOQOY ZQH MANENIZTHMIO MEIPAIQZ -NMMX ATWS



Extensible Authentication Protocol

max_spare_servers = 10

max_requests_per_server =0

}

modules {

SINCLUDE ${confdir}/modules/

# Extensible Authentication Protocol

#

# For all EAP related authentications.

# Now in another file, because it is very large.
#

SINCLUDE eap.conf

instantiate {

exec
expr
expiration
logintime

}

SINCLUDE policy.conf

SINCLUDE sites-enabled/
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users

#

# Please read the documentation file ../doc/processing_users_file,
# or 'man 5 users' (after installing the server) for more information.

steve Cleartext-Password := "testing"
MS-CHAP-Use-NTLM-Auth := No
"user@example.com" Service-Type == Framed-User
pelatis Service-Type == Framed-User
DEFAULT Framed-Protocol == PPP
Framed-Protocol = PPP,
Framed-Compression = Van-Jacobson-TCP-IP
DEFAULT Hint == "CSLIP"
Framed-Protocol = SLIP,

Framed-Compression = Van-Jacobson-TCP-IP

clients.conf
#-*- text -*-

## clients.conf -- client configuration directives

client localhost {

ipaddr =127.0.0.1
secret = testing123
require_message._authenticator = no

nastype. - =other # localhost isn't usually a NAS...

client RadiusAP {

ipaddr =192.168.2.11
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secret = radiussecret

}

require_message_authenticator = no

nastype = other

eap.conf
## eap.conf -- Configuration for EAP types (PEAP, TTLS, etc.)

95

eap {
default_eap_type = md5
timer_expire =60
ignore_unknown_eap_types = nho
cisco_accounting_username_bug =no
max_sessions = 4096
md5 {
1
leap {
!
gte {
auth_type = PAP
}
tls {
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certdir = $S{confdir}/certs

cadir = ${confdir}/certs

private_key_password = mypass

private_key file = S{certdir}/server.pem

certificate_file = $S{certdir}/server.pem
CA_file = S{cadir}/ca.pem
dh_file = $S{certdir}/dh
random_file = S{certdir}/random
cipher_list = "DEFAULT"
make_cert_command = "S${certdir}/bootstrap"
cache {
#
enable = no
lifetime = 24 # hours

max_entries = 255

96

1

}

ttls {
default_eap_type = md5
copy_request_to_tunnel = no
use_tunneled_reply = no
virtual_server = "inner-tunnel"
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ca.cnf
[ca]

default_ca

[ CA_default]

dir

certs

crl_dir

database

new_certs_dir

certificate

serial

crl

private_key

RANDFILE

peap {

}

default_eap_type = mschapv2
copy_request_to_tunnel = no

use_tunneled_reply = no

virtual_server = "inner-tunnel"

mschapv2 {

}

= CA_default

= Sdir

= Sdir/crl
=Sdir/index.txt
= Sdir

= Sdir/ca.pem
= Sdir/serial

= Sdir/crl.pem
= Sdir/ca.key

= Sdir/.rand
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name_opt = ca_default
cert_opt = ca_default
default_days =365
default_crl_days =365
default_md =md5
preserve =no

policy = policy_match

[ policy_match ]

countryName = match

stateOrProvinceName = match

organizationName = match
organizationalUnitName = optional
commonName =supplied
emailAddress = optional

[ policy_anything ]
countryName = optional

stateOrProvinceName = optional

localityName = optional
organizationName = optional
organizationalUnitName = optional
commonName = supplied
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emailAddress = optional
[req]
prompt =no

distinguished_name = certificate_authority

default_bits = 2048
input_password = mypass
output_password = mypass
x509_extensions =v3_ca
[certificate_authority]

countryName =GR
stateOrProvinceName = Attica
localityName = Athens
organizationName = UNIPI

emailAddress = zmouto@gmail.com

commonName ="My Certificate Authority"

[v3_ca]

subjectKeyldentifier - . = hash

authorityKeyldentifier = keyid:always,issuer:always

basicConstraints = CA:true
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client.cnf
[ca]

default_ca = CA_default

[ CA_default]

dir =./

certs = Sdir

crl_dir = Sdir/crl
database = Sdir/index.txt
new_certs_dir = Sdir

certificate = Sdir/server.pem
serial = Sdir/serial

crl = Sdir/crl.pem
private_key = Sdir/server.key
RANDFILE = Sdir/.rand
name_opt = ca_default
cert_opt = ca_default
default_days =365
default_crl_days =30

default_md =md5

preserve =no

policy = policy_match

[ policy_match ]
countryName = match
stateOrProvinceName = match

organizationName = match
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organizationalUnitName = optional
commonName = supplied
emailAddress = optional

[ policy_anything ]

countryName = optional

stateOrProvinceName = optional

localityName = optional
organizationName = optional
organizationalUnitName = optional
commonName = supplied
emailAddress = optional

[req]

prompt =no
distinguished_name  =client
default_bits =2048
input_password = mypass
output_password = mypass
[client]

countryName =GR

stateOrProvinceName = Attica

localityName = Athens
organizationName = UNIPI

emailAddress = zmouto@gmail.com
commonName = pelatis
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server.cnf
[ca]

default_ca

[ CA_default]

dir

certs

crl_dir

database

new_certs_dir

certificate

serial

crl

private_key

RANDFILE

name_opt

cert_opt

default_days

default_crl_days

default_md

preserve

policy

= CA_default

= Sdir

= Sdir/crl

= Sdir/index.txt
= Sdir

= Sdir/server.pem
= Sdir/serial

= Sdir/crl.pem

= Sdir/server.key
= Sdir/.rand

= ca_default

= ca_default
=365

=30

=md5

=no

= policy_match
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[ policy_match ]

countryName = match

stateOrProvinceName = match

organizationName = match
organizationalUnitName = optional
commonName = supplied
emailAddress = optional

[ policy_anything ]

countryName = optional

stateOrProvinceName = optional

localityName = optional
organizationName = optional
organizationalUnitName = optional
commonName = supplied
emailAddress = optional

[req]

prompt =no
distinguished_name - . =server
default_bits = 2048
input_password = mypass
output_password = mypass
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[server]

countryName =GR

stateOrProvinceName = Attica

localityName = Athens
organizationName = UNIPI

emailAddress = zmouto@gmail.com
commonName ="My Server Certificate"
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IMMAPAPTHMA II - EvpeTtnplo 0p®wV KOl AKP®WVUHL®V

acknowledgement frames

antenna diversity

Apache

Apache module
Application Layer

ARP poisoning rj ARP spoofing

MAC address Spoofing

association
authentication
authentication server
Bit

block cipher

BSD licence

Certificate
Certificate authorities,CAs

Certificate Authority certificates

mAaiowa emPBePaiwong, amootéAovtat we
arnodetktika APng evog mAatciou

Slatagn mou xpnotpomnotel U0 n MEPLOCOTEPES
Kepaieg e oKOTO TN BeATiwon TNG TTOLOTNTAG KAL TNG
a€lomiotiog pLog acuppatng (evéng.

AoyLopLko e€umnpetnt mayKooiou totou, Web
Server

TakETo Pooetng Aettoupyliag yia tov Apache
emninedo epappoyng

Tunog napaPiacng oe SikTUO UTTOAOYLOTWY TO OToio
Baaoiletal oto mpwtokoAho ARP.

O «kokO6Boulog xpnotng umopel, petadidovrag
AavBaopéva makeéta ARP, va pmepdéPel dAAoug
host wote va oteidouv Ta mMAaiola dedopévwy (data
frames) toug oe AAAov UTOAOYLOTH XWPLG va TO

avtiAndBouv

Texvikn yla tnv aAAayr tng MAC &tevBuvonc pLog
SIKTUOKAG CUOKEUNG pe piot AAAN. Me tn péBodo
oauth duvatal va mapapBlactoly Aioteg eAéyyou
npooPacng og eEUMNPETNTEG 1 SpopoAoyNTEC.
Juoxétion

AuBevtikomoinon

g€umnpetntng avbevtikomnoinong

Suadikd Ynolo

Kpunttoypadnua Aéoung

XapaktnpLopog adelag xpriong mou rpoPAEnel
€\GLOTOUG TEPLOPLOUOUC.

MuotonolnTikd

Apyxn motonoinong

TILOTOTOLNTIKO OPXN G TiLoTomoinong
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Challenge
challenge text
Client certificates
data frames

Data Link Layer, DLL
Datagrams
deauthentication
Denial of Service
Diameter
Disassociation
EAP

EAP-MD5

EAPOL

EAP-TLS (EAP with Transport Layer

Security)
EAP-TTLS (EAP- Tunneled TLS)

eavesdropping

flow control
fragmentation
FreeRADIUS
FreeRADIUS Project
FTP

hash
host

HTTP

ICMP
Internet Layer
IP (Internet Protocol).

Public Key Infrastracture

MpokAnon

Kelpevo pokAnong

TILOTOTOLNTIKO TIEAQTN

mAaiola Sebopévwy

eninedo {evEng Sedopévwv
Aebdopevoypadrpata

Sadikaoio mavong avbevtikomoinong
Apvnon unnpeoioag

MpwTtokoAAS yia TNV auBevtikomnoinon, rfc 3588
Amoouaoyétion

Extensible Authentication Protocol
Mé£Bobog Tou EAP

EAP over LANs, to IEEE 802.1x

pnébodog tou EAP

péBobdog tou EAP

"kpudakouopa", Stadikacio KaTA TNV omola Evag
EMLTIOEEVOG OUAAEYEL TNV TTAnpodopia TTou
avtaAacoetal petafl 600 UTOAOYLOTWY UTtNPEGLOC
€\eyxog pong

KOTATUNON TTAKETWY

YAomoinon avolyxtot kwdika RADIUS g€unnpetnth
H opdda avantuéng tou FreeRADIUS

File Transfer Protocol, MpwtokoA\O petadopdg
apxeiwv

Kpumnttoypadikr cuvaptnon

UTTOAOYLOTHAG UTINPECILAG

Hypertext Transfer Protocol, mpwtokoA\o
UETADOPAG UTTEPKELLEVOU

Internet Control Message Protocol

eninedo Stadiktvou

TIPWTOKOAAO SladikTUou

Yriodoun &nudclou kKAeldol
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kismet

LEAP
Man- In-The-Middle attack

manipulating

Medium Access Control, MAC
netstumbler

Network Access Layer
Network Access Server
Network Layer

OPEN1X

osl

password

PEAP (Protected EAP)
peer

Physical Layer

POP

PPP (Point —to — Point Protocol)
Presentation Layer

privacy

RADIUS

RADIUS Server

radtest

reassociation
Request

Server certificates
Session Layer
shared secret

sniffing

AoYLloUIKO yLa Tnv avalucn tng Kivnong oe

acupuata Siktua

Lightweight EAP, uébodocg

EniBeon evSLdpecou atopou

XELPOAYWYNON, XPNOLULOTIOLELTOL YLOL TPOTIOTOLNON
Sedopévwv

€\eyxog npooPaong oto PECO

Epyaleio avixveuong acUppatwy SIKTUWV
eninedo npocpaong Stktuou

NAS

eninedo Siktuou

AOYLOpKO yia Linux Tou ulomotei tov 801.1X
supplicant

Open Systems Interconnection, mPOTUTO yLa TV
ETULKOWVWVIOL LETOEY UTIOAOYLOTWY

KWB8LKOG XprRotn

péBodoc tou EAP

KoupBog

duoLKo eninedo

Post Office Protocol, mpwtokoA\o mou
xpnolpomnoleitatl otnv nAektpovikr aAAnAoypadia
MpwtokoAAo {evéng onuelo Tpog onueio
emninedo mapouciaong

efaodalion WSuwtikoL amoppritou

Remote Authentication Dial In User Service
E€umnpetntrg aubevtikomoinong

edappoyn yla Tov EAeyxo Aettoupylag Tou
freeRADIUS

Emavacuoxétion

Altnon

TILOTOTOLNTIKA EEUTINPETNTN

Eninedo ouvddou

Kowd puotikd

JuMoyn makETwy mou avtaAAdooovtal PeTaty
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State attribute
stream cipher
subnet mask

SYN flooding

TCP

TCP/IP

TKIP kot to CCMP
Transport Layer
uDP

URI

WEP

Wi-Fi

WIRE1.x

Wireshark

log file

IEEE 802.11

attribute-value pairs (AVPs)

openssl|

UTTOAOYLOTWV

OpLOMA KATAOTOONG

Kpurttoypddnua porg

Maoka utoSiktou

eniBeon mou MpaypATOMOLEITAL [LE ATTOCTOAN)
peyaAou aplBpou attroewv oUvEeong
Transmission Control Protocol,

T(POTUTIO yLa TNV EMLKOWVWVi LETaEY UTTOAOYLOTWY

eninedo petadopdg

User Datagrams Protocol,

Uniform Resource Identifier

Wired Equivalent Privacy, mpwtokoAo acdaleiag
YL0. aoUPHLATN ETILKOLVWVIAL

To IEEE 802.11

Edappoyn edtn mou uhomotel to EAP

EpyaAeio avaAuong mpwTtOKOAWY EMIKOWVWVLOG
apxelo kataypadng

MpoTUMO ylot AoUPUATA TOTIKA SikTua

Zguydplo oplopoTog TLUNG

Aoylouiko tou vAomolel To ssl, ypnolpomnoteital yia

v €kSoon Kot SLaxeipLlon MOTOMOLNTIKWY
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