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PerÐlhyh

H teqnologÐa twn AsÔrmatwn Topikÿn DiktÔwn (Wireless Local Area Networks – WLAN)
eÐnai eurèwc gnwstă kai kerdÐzei suneqÿc èdafoc sto qÿro twn asÔrmatwn epikoinwniÿn.

’Oso ìmwc exaplÿnetai h qrăsh tou WLAN, tìso enteÐnetai kai h anĹgkh twn qrhstÿn
tou gia èna asfalèc peribĹllon antallagăc plhroforiÿn. To arqikì sqăma asfaleÐac pou

prodiagrĹfetai apì to prwtìkollo Aporrătou IsodÔnamou EnsurmĹtou (Wired Equivalent
Privacy – WEP), jewreÐtai plèon parwqhmèno, kajÿc den ikanopoieÐ tic oloèna auxanìmenec
apaităseic se asfĹleia.

To prwtìkollo IEEE 802.11i apì thn Ĺllh pleurĹ, apoteleÐ èna kainoÔrgio kai pollĹ
uposqìmeno prìtupo asfaleÐac, to opoÐo orÐzei èna nèo tÔpo asÔrmatou diktÔou pou lègetai

DÐktuo EÔrwsthc AsfaleÐac (Robust Security Network – RSN). Wstìso, epeidă oi apaitoÔ-
menec kruptografikèc leitourgÐec den uposthrÐzontai apì to upĹrqon ulismikì (hardware),
to IEEE 802.11i orÐzei èna DÐktuo Metabatikăc AsfaleÐac (Transitional Security Network
– TSN), to opoÐo kalÔptei ìlec tic adunamÐec tou WEP, enÿ tautìqrona exasfalÐzei th
dialeitourgikìthta (interoperability) metaxÔ sumbatikoÔ kai neìterou exoplismoÔ asÔrmathc
diktÔwshc.

Skopìc thc paroÔsac diplwmatikăc ergasÐac eÐnai h axiolìghsh twn nèwn proseggÐsewn

gia asfĹleia sta AsÔrmata TopikĹ DÐktua kai h efarmogă touc gia thn epÐteuxh tou mègi-

stou epipèdou asfaleÐac. Gia to skopì autì, ulopoiăjhke èna AsÔrmato Topikì DÐktuo pou

efarmìzei tic arqèc tou DiktÔou Metabatikăc AsfĹleiac kai elègqjhke h swstă leitourgÐa

tou, ìson aforĹ touc mhqanismoÔc prìsbashc kai diaqeÐrisăc tou. Epiplèon, pragmatopoiă-

jhkan dokimèc, tìso se AsÔrmata TopikĹ DÐktua WEP, ìso kai sthn ulopoÐhsă mac, gia
thn exagwgă sumperasmĹtwn se ì,ti aforĹ thn pareqìmenh asfĹleia.

Lèxeic KleidiĹ

AsfĹleia, AsÔrmata TopikĹ DÐktua, IEEE 802.11, WEP, IEEE 802.11i, WPA, TSN,
WPA2, RSN, IEEE 802.1X, EAP, RADIUS, AsÔrmatec EpikoinwnÐec
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Abstract

The Wireless Local Area Networks (WLAN) technology is widely known and continuou-
sly gains appreciation in the field of wireless communications. However, as the usage of
WLAN expands, its users’ need for a secure environment for exchanging information beco-
mes a necessity. The original security context specified in the Wired Equivalent Privacy
protocol (WEP) is obsolete, as it fails to meet its growing demand for security.

On the other hand, the IEEE 802.11i protocol constitutes a new and promising security
standard that defines a new type of wireless network called a Robust Security Network
(RSN). However, as the required cryptographic functions are not supported by the existing
hardware, the IEEE 802.11i defines a Transitional Security Network (TSN) that covers
all weaknesses of WEP, while, at the same time, ensures interoperability between legacy
and newer wireless networking equipment.

The scope of this thesis is the evaluation of the new Wireless Local Area Networks
security approaches and their appliance to achieve the maximum level of security. For this
purpose, a Wireless Local Area Network based on the Transitional Security Network was
deployed and tested regarding its access and management mechanisms. Moreover, a series
of experiments was done on WEP enabled Wireless Local Area Networks, as well as, our
deployment, in order to extract conclusions related to the provided security.

Keywords

Security, Wireless Local Area Networks, IEEE 802.11, WEP, IEEE 802.11i, WPA, TSN,
WPA2, RSN, IEEE 802.1X, EAP, RADIUS, Wireless Communications
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EuqaristÐec

H pragmatopoÐhsh thc paroÔsac diplwmatikăc ergasÐac de ja ătan efiktă qwrÐc th boăjeia

kĹpoiwn anjrÿpwn oi opoÐoi sunèbalan me thn kajodăghsă touc, tìso sto sqediasmì ìso

kai sthn ulopoÐhsh thc efarmogăc pou anaptÔqjhke, boăjhsan sth diìrjwsh sfalmĹtwn

pou anèkuyan kai me thn teqnognwsÐa touc dieukìlunan th diexagwgă twn peiramĹtwn kai

twn metrăsewn gia thn axiolìghsă thc.

’Olouc autoÔc de ja mporoÔsa na paraleÐyw na touc euqaristăsw, xekinÿntac apì ton

epiblèponta thc diplwmatikăc mou ergasÐac, Kajhghtă E.M.P. k. EustĹjio SukĹ gia th

dunatìthta pou mou prosèfere na asqolhjÿ me autì to endiafèron kai sÔgqrono jèma, allĹ

kai gia thn amèristh boăjeia pou mou pareÐqe katĹ thn poreÐa thc èreunac kai thc anĹptuxhc

thc paroÔsac ergasÐac.

Tèloc, ja ăjela na euqaristăsw ìla ta mèlh tou ErgasthrÐou DiktÔwn Upologistÿn

gia tic sumboulèc touc kai tic eÔstoqec parathrăseic touc, th mamĹ mou, MarÐa, to mpampĹ

mou, Dhmătrh kai ton aderfì mou, GiĹnnh.
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KefĹlaio 1

Eisagwgă

To eisagwgikì autì kefĹlaio pragmateÔetai to antikeÐmeno thc paroÔsac diplwmatikăc er-

gasÐac kai parousiĹzei en suntomÐa ta kefĹlaia pou ja akoloujăsoun.

1.1 AntikeÐmeno thc diplwmatikăc ergasÐac

H anĹgkh gia mia asÔrmath mèjodo epikoinwnÐac twn upologistikÿn susthmĹtwn odăghse

sthn anĹptuxh twn AsÔrmatwn Topikÿn DiktÔwn, pou prodiagrĹfontai apì to prwtìkollo

IEEE 802.11. ApoteloÔn mia kainotìmo teqnologÐa, h opoÐa sugkentrÿnei megĹlo ereu-
nhtikì endiafèron kai exelÐssetai ragdaÐa. H taqÔtath prìodoc thc teqnologÐac autăc,

se sunduasmì me th meÐwsh tou oikonomikoÔ thc kìstouc, thn kajistĹ sămera wc to pio

dhmofilèc mèso asÔrmathc diktÔwshc, tìso sto etairikì, ìso kai sto oikiakì peribĹllon.

H dunatìthta pou prosfèroun ta AsÔrmata TopikĹ DÐktua gia epikoinwnÐa megĹlwn sqe-

tikĹ apostĹsewn kai uyhlÿn taqutătwn, epipèdou ensÔrmatwn Topikÿn DiktÔwn, eÐnai o

lìgoc pou èqei epikratăsei ènanti Ĺllwn teqnologiÿn asÔrmathc epikoinwnÐac, ìpwc eÐnai

to Bluetooth.
To antikeÐmeno thc paroÔsac diplwmatikăc ergasÐac eÐnai h asfĹleia sta AsÔrmata To-

pikĹ DÐktua, èna zăthma idiaÐterhc shmasÐac sto qÿro twn diktÔwn dedomènwn genikìtera.

Sto plaÐsio autì ja parousiĹsoume tic adunamÐec thc nèac autăc mejìdou asÔrmathc epi-

koinwnÐac se jèmata asfaleÐac. Sth sunèqeia ja meletăsoume to prwtìkollo Aporrătou

IsodÔnamou EnsurmĹtou, to opoÐo apoteleÐ to arqikì sqăma kruptografikăc asfĹleiac pou

uiojetăjhke apì to IEEE 802.11. AnalÔontai oi dunatìthtec tou protÔpou ìson aforĹ
to apìrrhto, thn epalăjeush tautìthtac kai ton èlegqo prìsbashc kai epishmaÐnontai oi

adunamÐec tou.

Sth sunèqeia ja meletăsoume to prwtìkollo IEEE 802.11i, to nèo prìtupo asfaleÐac
sta AsÔrmata TopikĹ DÐktua. Ja sugkrÐnoume tic dÔo proseggÐseic pou autì proteÐnei:

1) prwtìkollo AsÔrmathc Prostateumènhc Prìsbashc, gnwstì akìmh me thn onomasÐa

DÐktuo Metabatikăc AsfĹleiac, kai 2) to DÐktuo EÔrwsthc AsfaleÐac. Skopìc eÐnai na

gÐnei plărwc katanohtì ìti h prÿth prosèggish apoteleÐ th dìkimh lÔsh asfaleÐac sămera.

Gia thn enÐsqush thc Ĺpoyhc autăc kai prokeimènou na aporrifjoÔn oi Ĺllec teqnikèc, ja

pragmatopoiăsoume epijèseic se dÐktua sta opoÐa èqoun egkatatajeÐ ta diĹfora sqămata

asfaleÐac kai ja parousiĹsoume ta apotelèsmata.

’Epeita ja proqwrăsoume sto sqediasmì kai thn ulopoÐhsh enìc DiktÔou Metabatikăc

AsfĹleiac, katĹllhlou gia thn paroqă uphresiÿn se diaforetikèc kathgorÐec qrhstÿn:

1) exousiodothmèna mèlh kai 2) episkèptec. Gia to skopì autì, ja qrhsimopoiăsoume to
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mhqanismì elègqou prìsbashc pou proteÐnei to IEEE 802.11i gia epalăjeush tautìthtac
bĹsei jÔrac (IEEE 802.1X), se sunduasmì me ta prwtìkolla Remote Access Dial-In User
Service kai Lightweight Directory Access Protocol gia kentrikopoihmènh diaqeÐrish twn
pistopoihtikÿn tautìthtac.

1.2 OrgĹnwsh tou keimènou

AkoloujeÐ mia sÔntomh perigrafă thc diĹrjrwshc thc paroÔsac diplwmatikăc ergasÐac kai

mia akrojigăc anaforĹ sta jèmata pou kalÔptontai se kĹje kefĹlaio.

Sth sunèqeia thc ergasÐac, sto kefĹlaio 2, parousiĹzontai oi teqnologÐec kai ar-

qitektonikèc pou qrhsimopoiăjhkan sthn paroÔsa diplwmatikă ergasÐa, enÿ epexhgoÔntai

ènnoiec kai orismoÐ aparaÐthtoi gia thn katanìhsă touc. ArqikĹ parousiĹzetai to prwtìkol-

lo IEEE 802.11, dhladă, h teqnologÐa twn AsÔrmatwn Topikÿn DiktÔwn kai oi dunatìthtec
pou aută prosfèrei stouc qrăstec thc. Anafèrontai akìmh oi adunamÐec thc sugkekrimènhc

teqnologÐac, ìson aforĹ thn asfĹleia, kai epiplèon perigrĹfontai oi tÔpoi twn epijèsewn

stic opoÐec eÐnai euĹlwth.

Sto kefĹlaio 3, parousiĹzetai to prwtìkollo Aporrătou IsodÔnamou EnsurmĹtou,

pou apotèlese thn prÿth prospĹjeia anĹptuxhc enìc sqămatoc asfaleÐac gia ta AsÔrmata

TopikĹ DÐktua. Pio sugkekrimèna perigrĹfontai oi diĹforoi mhqanismoÐ tou prwtokìllou,

enÿ analÔontai se bĹjoc oi adunamÐec tou.

’Epeita, to kefĹlaio 4, pragmateÔetai to prwtìkollo IEEE 802.11i, to nèo prìtupo
asfaleÐac, ìson aforĹ ta AsÔrmata TopikĹ DÐktua. ParousiĹzontai oi dÔo proseggÐseic

pou autì proteÐnei, dhladă to prwtìkollo AsÔrmathc Prostateumènhc Prìsbashc kai to

DÐktuo EÔrwsthc AsfaleÐac.

To kefĹlaio 5, parousiĹzei touc diĹforouc mhqanismoÔc elègqou prìsbashc pou pro-

teÐnontai sta plaÐsia tou protÔpou asfaleÐac IEEE 802.11i. Pio sugkekrimèna, perigrĹ-
fontai ta prwtìkolla IEEE 802.1X, Prwtìkollo EpektĹsimhc Epalăjeushc Tautìthtac
kai Remote Access Dial-In User Service, enÿ parousiĹzetai h allhlepÐdrasă touc gia thn
paroqă elègqou prìsbashc sta AsÔrmata TopikĹ DÐktua.

To kefĹlaio 6, aforĹ exoloklărou sto sqediasmì kai thn ulopoÐhsh enìc DiktÔou

Metabatikăc AsfĹleiac. ArqikĹ, anafèrontai oi lìgoi gia touc opoÐouc kajÐstatai epi-

taktikă h anĹgkh metĹbashc sto nèo sqăma asfaleÐac. Sto plaÐsio autì, parousiĹzontai

paradeÐgmata epijèsewn sto Apìrrhto IsodÔnamo EnsurmĹtou, enÿ Ôstera apì lăyh metră-

sewn sugkrÐnetai h sumperiforĹ tou prwtokìllou AsÔrmathc Prostateumènhc Prìsbashc

se antÐstoiqec epijèseic. ExĹllou, sto megalÔtero mèroc tou kefalaÐou, perigrĹfetai o

trìpoc sqediasmoÔ tou DiktÔou Metabatikăc AsfĹleiac kai ta teqnikĹ qarakthristikĹ thc

platfìrmac pou ulopoiăjhke.

Sto kefĹlaio 7, paratÐjetai mia sÔnoyh twn apotelesmĹtwn thc paroÔsac diplw-

matikăc ergasÐac kai twn sumperasmĹtwn ta opoÐa exăqjhsan. Tèloc, pragmatopoioÔntai

protĹseic gia peraitèrw èreuna pijanÿn mellontikÿn epektĹsewn, h diereÔnhsh twn opoÐwn,

parousiĹzei shmantikì endiafèron.

H ergasÐa kleÐnei me thn parousÐash thc bibliografÐac pou qrhsimopoiăjhke.



KefĹlaio 2

AsÔrmata TopikĹ DÐktua kai

asfĹleia

Sto kefĹlaio autì, paratÐjetai arqikĹ mia episkìphsh twn asÔrmatwn epikoinwniÿn kai sth

sunèqeia parousiĹzetai to prwtìkollo IEEE 802.11, dhladă, h teqnologÐa twn AsÔrmatwn
Topikÿn DiktÔwn kai oi dunatìthtec pou aută prosfèrei stouc qrăstec thc. Anafèrontai

akìmh oi adunamÐec thc sugkekrimènhc teqnologÐac, ìson aforĹ thn asfĹleia, kai epiplèon

perigrĹfontai oi tÔpoi twn epijèsewn stic opoÐec eÐnai euĹlwth.

2.1 Episkìphsh asÔrmatwn epikoinwnÐwn

Ta asÔrmata dÐktua, ìpwc kai ta antÐstoiqa ensÔrmata, ekmetalleÔontai thn hlektrikă

tĹsh, ÿste na eÐnai dunată h epikoinwnÐa metaxÔ twn suskeuÿn. Metabolèc sthn isqÔ tou

sămatoc apì mhdèn mèqri mia mègisth timă (plĹtoc) kai o rujmìc twn metabolÿn autÿn

(suqnìthta), qrhsimopoioÔntai katĹllhla gia thn kwdikopoÐhsh kai thn apokwdikopoÐhsh

thc plhroforÐac. ’Otan dÔo suskeuèc katanooÔn tic mejìdouc pou qrhsimopoioÔntai gia

thn kwdikopoÐhsh kai apowdikopoÐhsh thc plhroforÐac pou perièqetai stic metabolèc twn

hlektrikÿn idiotătwn tou mèsou epikoinwnÐac (kanĹli), tìte eÐnai se jèsh na epikoinwnoÔn

metaxÔ touc.

H profĹnhc kai eidopoiìc diaforĹ metaxÔ twn ensÔrmatwn kai asÔrmatwn diktÔwn eÐ-

nai ìti ta deÔtera qrhsimopoioÔn sămata radiosuqnìthtac (Radio Frequency – RF), pou
dhmiourgoÔntai efarmìzontac enallassìmeno reÔma se mia keraÐa gia thn paragwgă enìc

hlektromagnhtikoÔ pedÐou (Electromagnetic – EM). To pedÐo RF pou prokÔptei qrhsimo-
poieÐtai apì tic suskeuèc gia metĹdosh kai lăyh. Sthn perÐptwsh twn asÔrmatwn diktÔwn,

to mèso epikoinwnÐac eÐnai to pedÐo EM, dhladă, h perioqă tou qÿrou pou ephreĹzetai apì
thn hlektromagnhtikă aktinobolÐa. ’Opwc sumbaÐnei kai sta ensÔrmata dÐktua, to plĹtoc

meiÿnetai me thn apìstash, me apotèlesma thn upobĹjmish thc isqÔoc tou sămatoc kai telikĹ

thc dunatìthtac epikoinwnÐac.

Ta asÔrmata dÐktua leitourgoÔn sto Fusikì (Physical) epÐpedo kai to epÐpedo ZeÔxhc
Dedomènwn (Data Link), sÔmfwna me to prìtupo OSI [1].
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2.2 Prwtìkollo IEEE 802.11

Ta AsÔrmata TopikĹ DÐktua (Wireless Local Area Networks – WLANs) kalÔptontai apì
to prwtìkollo IEEE 802.11, stìqoc tou opoÐou eÐnai, h prodiagrafă enìc asÔrmatou iso-
dÔnamou twn diktÔwn pou basÐzontai sto IEEE 802.3. To prìtupo IEEE 802.3, orÐzei
th mèjodo Aniqneushc Fèrontoc Mèsou Pollaplăc Prìsbashc me Entopismì SÔgkroushc

(Carrier Sense Multiple Access with Collision Detect – CSMA/CD) gia thn antimetÿpish
twn sugkroÔsewn, diĹforec taqÔthtec leitourgÐac (10, 100, 1000 Mbps) kai tÔpouc kalw-
dÐwn (KathgorÐa 5 sunestrammènou zeÔgouc kai optikèc Ðnec). To prìtupo exasfalÐzei th

dialeitourgikìthta (interoperablility) twn diafìrwn suskeuÿn me diaforetikèc taqÔthtec
kai tÔpouc kalwdÐwshc.

AntÐstoiqa, to prìtupo IEEE 802.11 orÐzei mejìdouc gia thn antimetÿpish sugkroÔsewn
kai diaforetikÿn taqutătwn leitourgÐac. Wstìso, exaitÐac twn diaforÿn ìson aforĹ to mè-

so metĹdoshc, tic suskeuèc pou qrhsimopoioÔntai, thn endeqìmenh kinhtikìthta (mobility)
twn sundedemènwn sto dÐktuo qrhstÿn, kai twn enallaktikÿn topologiÿn asÔrmatwn di-

ktÔwn, to IEEE 802.11 diafèrei shmantikĹ apì to IEEE 802.3. Ta AsÔrmata TopikĹ DÐktua
qrhsimopoioÔn to prwtìkollo AnÐqneushc Fèrontoc Mèsou Pollaplăc Prìsbashc me Apo-

fugă SÔgkroushc (Carrier Sense Multiple Access with Collision Avoidance – CSMA/CA)
gia thn antimetÿpish endeqìmenwn sugkroÔsewn, se antÐjesh me to CSMA/CD tou IEEE
802.3, kajÿc ìloi oi stajmoÐ se èna asÔrmato dÐktuo den eÐnai se jèsh na akoÔsoun tic
sugkroÔseic pou mporeÐ na sumboÔn sto dÐktuo.

Ektìc apì thn epÐlush twn problhmĹtwn pou sqetÐzontai me tic sugkroÔseic pou sum-

baÐnoun se èna asÔrmato dÐktuo, to prìtupo IEEE 802.11 kaleÐtai na antimetwpÐsei epiplèon
jèmata pou aforoÔn eidikĹ th fÔsh twn asÔrmatwn suskeuÿn kai epikoinwniÿn genikìtera.

Gia parĹdeigma oi asÔrmatec suskeuèc prèpei na eÐnai se jèsh na entopÐzoun Ĺllec asÔr-

matec suskeuèc kai na epikoinwnoÔn me autèc. Epiplèon, lìgw thc kinhtikìthtac touc, oi

qrăstec asÔrmatwn suskeuÿn prèpei na èqoun th dunatìthta na metakinoÔntai apì th mia

asÔrmath zÿnh sthn Ĺllh. Tèloc, apaiteÐtai h paroqă asfĹleiac, ìson aforĹ thn asÔrmath

epikoinwnÐa, pou eÐnai kai to jèma thc paroÔsac diplwmatikăc ergasÐac.

2.2.1 Arqitektonikă

To prìtupo IEEE 802.11 parèqei dÔo diaforetikèc arqitektonikèc gia thn epikoinwnÐa metaxÔ
asÔrmatwn suskeuÿn: leitourgÐa epÐ toÔtw (ad-hoc mode) kai leitourgÐa upodomăc
(infrastructure mode). Sth sunèqeia parousiĹzoume kĹje trìpo leitourgÐac xeqwristĹ.

LeitourgÐa epÐ toÔtw

H leitourgÐa AsÔrmatwn Topikÿn DiktÔwn epÐ toÔtw, epitugqĹnei th diasÔndesh asÔr-

matwn suskeuÿn pou eÐnai se jèsh na epikoinwnoÔn ap’ eujeÐac metaxÔ touc. Epomènwc,

sthn arqitektonikă aută, oi stajmoÐ omadopoioÔntai se mia periorismènh gewgrafikă perio-

qă. H leitourgÐa epÐ toÔtw eÐnai parìmoia me ta dÐktua omotÐmwn ontotătwn (peer-to-peer
networks), ìpou kanènac kìmboc den apaiteÐtai na paÐzei to rìlo tou exuphrethtă. Oi dia-
sundedemènec suskeuèc sth leitourgÐa epÐ toÔtw, anafèrontai kai me ton ìroAnexĹrthto

Sunìlo Basikÿn Uphresiÿn (Independent Basic Service Set – IBSS). H topologÐa
epÐ toÔtw faÐnetai sto Sq. 2.1.
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Sqăma 2.1: LeitourgÐa AsÔrmatou TopikoÔ DiktÔou epÐ toÔtw

LeitourgÐa upodomăc

H leitourgÐa AsÔrmatwn Topikÿn DiktÔwn upodomăc basÐzetai se stajerĹ shmeÐa prì-

sbashc (access points), me th boăjeia twn opoÐwn, kajÐstatai dunată h epikoinwnÐa twn
asÔrmatwn kìmbwn. To dÐktuo upodomăc epitugqĹnei thn epèktash tou eÔrouc tou ensÔr-

matou TopikoÔ DiktÔou se asÔrmatec kuyèlec. Mia asÔrmath suskeuă eÐnai se jèsh na

metakineÐtai apì kuyèlh se kuyèlh, dhladă apì shmeÐo prìsbashc se shmeÐo prìsbashc,

diathrÿntac thn prìsbasă thc stouc pìrouc tou TopikoÔ DiktÔou. Mia kuyèlh eÐnai h pe-

rioqă pou kalÔptetai apì èna shmeÐo prìsbashc kai onomĹzetai SÔnolo Basikÿn Uph-

resiÿn (Basic Service Set – BSS). To sÔnolo ìlwn twn kuyelÿn enìc diktÔou upodomăc
onomĹzetai Epektetatamèno SÔnolo Uphresiÿn (Extended Service Set – ESS). H
topologiĹ upodomăc faÐnetai sto Sq. 2.2.

2.2.2 TeqnikĹ qarakthristikĹ

Oi leitourgÐec pou prodiagrĹfontai apì to prìtupo IEEE 802.11 anăkoun sto Fusikì epÐ-
pedo kai to epÐpedo ZeÔxhc Dedomènwn, enÿ ta dedomèna twn anÿterwn epipèdwn jewroÔntai

wfèlimo fortÐo (payload). Ta plaÐsia (frames) pou orÐzontai apì to prwtìkollo diafèroun
shmantikĹ apì ta antÐstoiqa tou IEEE 802.3 kai diakrÐnontai se treic tÔpouc: diaqeÐ-
rishc (management), elègqou (control) kai dedomènwn (data). GenikĹ, kĹje tÔpoc
plaisÐou parèqei mejìdouc prokeimènou oi asÔrmatec suskeuèc na entopÐsoun, na susqeti-

stoÔn (associate), na aposusqetistoÔn (disassociate), kai na epalhjeÔsoun thn tautìthta
touc metaxÔ touc. Epiprìsjeta, orÐzontai leitourgÐec ÿste na metabĹlletai o rujmìc me-

tĹdoshc anĹloga me to epÐpedo isqÔoc tou sămatoc, kajÿc epÐshc, kai leitourgÐec gia thn

exoikonìmhsh enèrgeiac.

Apì to sÔnolo twn plhroforiÿn pou metadÐdontai mèsw twn plaisÐwn elègqou tou prw-

tokìllou IEEE 802.11, axÐzei na gÐnei anaforĹ sto Anagnwristikì Sunìlou Uph-
resiÿn (Service Set Identifier – SSID). Prìkeitai gia to anagnwristikì pou diajètei kĹje
asÔrmato dÐktuo (ă uposÔnolì tou) kai diakrÐnetai se IBSSID, BSSID kai ESSID, anĹloga
me ton tÔpo leitourgÐac pou anafèretai, IBSS, BSS kai ESS, antÐstoiqa. ’Otan leitourgoÔn
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Σηµειο
Προσβασης

Sqăma 2.2: LeitourgÐa AsÔrmatou TopikoÔ DiktÔou upodomăc

perissìtera apì èna AsÔrmata TopikĹ DÐktua ston Ðdio qÿro, to SSID qrhsimopoieÐtai gia
thn epilogă tou diktÔou me to opoÐo jèlei na sundejeÐ mia asÔrmath suskeuă.

To prwtìkollo IEEE 802.11 eÐnai sthn pragmatikìthta èna sÔnolo protÔpwn pou pro-
diagrĹfoun th metĹdosh dedomènwn pĹnw apì AsÔrmata TopikĹ DÐktua. Ta prìtupa autĹ

eÐnai ta exăc:

IEEE 802.11a: PerigrĹfei èna AsÔrmato Topikì DÐktuo pou leitourgeÐ sth zÿnh twn 5
GHz kai parèqei mègisto rujmì metĹdoshc dedomènwn pou ftĹnei ta 54 Mbps. Qrhsi-
mopoieÐ thn teqnologÐa PoluplexÐac Orjogÿniac DiaÐreshc Suqnìthtac (Orthogonal
Frequency Division Multiplexing – OFDM) gia th diamìrfwsh (modulation). H zÿ-
nh leitourgÐac twn 5 GHz eÐnai ligìtero sunwstismènh apì Ĺllou tÔpou suskeuèc,
se sqèsh me th zÿnh twn 2,4 GHz, kai epomènwc o kÐndunoc parembolÿn eÐnai pio
periorismènoc.

IEEE 802.11b: Prìkeitai gia thn pio diadedomènh teqnologÐa AsÔrmatwn Topikÿn Di-
ktÔwn. PerigrĹfei èna AsÔrmato Topikì DÐktuo pou leitourgeÐ sth zÿnh twn 2,4

GHz kai parèqei mègisto rujmì metĹdoshc dedomènwn pou ftĹnei ta 11 Mbps. Qrhsi-
mopoieÐ th mèjodo thc Fasmatikăc ExĹplwshc ’Ameshc AkoloujÐac StoiqeÐwn (Direct
Sequence Spread Spectrum – DSSS) gia th diamìrfwsh. To prìtupo autì, ătan
epÐshc gnwstì wc teqnologÐa AsÔrmathc AxiopistÐac (Wireless Fidelity – Wi-
Fi), wstìso, sămera, to Wi-Fi perilambĹnei ìla ta prìtupa AsÔrmatwn Topikÿn
DiktÔwn. H zÿnh leitourgÐac twn 2,4 GHz eÐnai idiaÐtera sunwstismènh (foÔrnoi
mikrokumĹtwn, kinhtĹ thlèfwna, Bluetooth) kai epomènwc o kÐndunoc apì parembolèc
eÐnai shmantikìc.

IEEE 802.11g: PerigrĹfei èna AsÔrmato Topikì DÐktuo pou leitourgeÐ sth zÿnh twn
2,4 GHz kai parèqei mègisto rujmì metĹdoshc dedomènwn pou ftĹnei ta 54 Mbps (gia
mikrèc apostĹseic). QrhsimopoieÐ thn teqnologÐa PoluplexÐac Orjogÿniac DiaÐreshc
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Suqnìthtac (Orthogonal Frequency Division Multiplexing – OFDM) gia th diamìr-
fwsh. Profanÿc, ìson aforĹ tic parembolèc sth zÿnh twn 2,4 GHz isqÔei ì,ti kai
sto prìtupo IEEE 802.11b.

Ta teqnikĹ qarakthristikĹ twn parapĹnw protÔpwn, sunoyÐzontai ston PÐnaka 2.1.

Prìtupo IEEE 802.11a IEEE 802.11b IEEE 802.11g
Zÿnh Suqnotătwn 5 GHz 2,4 GHz 2,4 GHz
Mègistoc Rujmìc MetĹdoshc 54 Mbps 11 Mbps 54 Mbps
Diamìrfwsh OFDM DSSS OFDM

PÐnakac 2.1: TeqnikĹ qarakthristikĹ protÔpwn IEEE 802.11

2.3 AsfĹleia kai tÔpoi epijèsewn

H enìthta aută, parousiĹzei touc diaforetikoÔc tÔpouc epijèsewn pou mporeÐ na antimetwpÐ-

sei èna AsÔrmato Topikì DÐktuo. Oi epijèseic autèc mporoÔn na taxinomhjoÔn se tèsseric

basikèc kathgorÐec:

1. Lăyh Plhroforiÿn (Snooping/Footprinting)

2. Tropopoiăsh Dedomènwn

3. MetamfÐesh (Masquerading)

4. ’Arnhsh Uphresiÿn (Denial of Service – DoS)

Sthn prĹxh, mia epÐjesh endèqetai na efarmìsei sunduasmì twn parapĹnw proseggÐsewn,

enÿ to sÔnolo twn epijèsewn xekinĹ me th lăyh plhroforiÿn. Stic upoenìthtec pou ako-

loujoÔn, parousiĹzetai kĹje kathgorÐa xeqwristĹ.

2.3.1 Lăyh plhroforiÿn

H lăyh plhroforiÿn anafèretai sthn prìsbash se euaÐsjhta kai apìrrhta dedomèna enìc

diktÔou apì mh exousiodothmènouc qrăstec. H mèjodoc thc kruptogrĹfhshc mporeÐ na qrh-

simopoihjeÐ, prokeimènou na antimetwpistoÔn tètoiou eÐdouc epijèseic. Sthn perÐptwsh aută,

eÐnai aparaÐthth ston epÐdoxo eisbolèa, eÐte h gnÿsh tou mustikoÔ kleidioÔ kruptogrĹfh-

shc, eÐte kĹpoia eufuăc teqnikă gia thn anĹkthsh twn plhroforiÿn apì ta kruptografhmèna

dedomèna.

2.3.2 Tropopoiăsh dedomènwn

Oi mèjodoi tropopoiăshc dedomènwn diaforopoioÔntai shmantikĹ. UpĹrqoun ligìtero kai pe-

rissìtero profaneÐc periptÿseic, ìpwc gia parĹdeigma se mia hlektronikă trapezikă sunal-

lagă, h antikatĹstash tou logariasmoÔ trĹpezac pou proorÐzetai èna posì ă h tropopoÐhsh

tou Ðdiou tou posoÔ mou metafèretai, proc ìfeloc enìc kakìboulou qrăsth. Tropopoiăseic

uyhloÔ epipèdou, ìpwc autèc pou anafèrjhkan, an kai efiktèc, eÐnai arketĹ periorismènec

sthn prĹxh lìgw tou megĹlou bajmoÔ duskolÐac pou enèqoun. Wstìso, upĹrqoun ekleptu-

smènec mèjodoi tropopoÐhshc pou eÐnai pio kontĹ sthn pragmatikìthta. Gia parĹdeigma, h
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allagă thc dieÔjunshc IP tou paralăpth sthn epikefalÐda enìc mhnÔmatoc, ja mporoÔse
na to prowjăsei ektìc thc kruptografhmènec asÔrmathc zeÔxhc se kĹpoio kakìboulo qră-

sth, antÐ gia ton arqikì proorismì. ’Etsi, enÿ h tropopoÐhsh tou Ðdiou tou perieqomènou

enìc mhnÔmatoc den eÐnai pĹntote efiktă, to Ðdio den isqÔei gia paramètrouc tou mhnÔmatoc

pou èqoun safÿc perissìtero periorismèno sÔnolo dunatÿn timÿn, ìpwc gia parĹdeigma h

epikefalÐda IP pou anafèrjhke parapĹnw.

2.3.3 MetamfÐesh

O ìroc metamfÐesh anafèretai sthn perÐptwsh katĹ thn opoÐa h diktuakă suskeuă enoc ka-

kìboulou qrăsth paristĹnei mia Ĺllh ègkurh suskeuă. EÐnai h idanikă prosèggish, efìson

o epÐdoxoc eisbolèac epijumeÐ na parameÐnei aparatărhtoc. Apì th stigmă pou h suskeuă

katorjÿnei na anagnwristeÐ wc nìmimh, o kakìbouloc qrăsthc apoktĹ ìla ta dikaiÿmata

pou parèqei to dÐktuo sta exousiodothmèna mèlh tou.

2.3.4 ’Arnhsh uphresiÿn

H epÐjesh aută diafèrei apì tic treic prÿtec kathgorÐec, tìso ìson aforĹ thn teqnikă,

ìso kai touc stìqouc thc. ’Etsi, enÿ stic Ĺllec o kakìbouloc qrăsthc apoktĹ epiplèon

dikaiÿmata, katĹ thn epÐjesh Ĺrnhshc uphresiÿn, afairoÔntai ta dikaiÿmata apì ìlouc touc

qrăstec, nìmimouc kai mh. To antikeÐmeno miac epÐjeshc DoS eÐnai h diataraqă thc oma-
lăc leitourgÐac tou diktÔou pou apoteleÐ stìqoc. Gia parĹdeigma, stèlnontac èna megĹlo

arijmì aităsewn se ènan exuphrethtă istoÔ, exantloÔntai oi pìroi tou teleutaÐou, me apotè-

lesma na mh mporoÔn na exuphrethjoÔn oi ègkurec aităseic. Stic perissìterec periptÿseic,

kÐnhtro pÐsw apì tètoiou eÐdouc epijèseic, apoteleÐ h epÐdeixh dÔnamhc kai h ikanopoÐhsh

tou egwismoÔ kĹpoiou kakìboulou qrăsth, parĹ kĹpoio oikonomikì ìfeloc. EidikĹ sthn

perÐptwsh twn asÔrmatwn topikÿn diktÔwn, oi epijèseic DoS ulopoioÔntai sqetikĹ eÔkola
kai eÐnai sqedìn adÔnato na apotrapoÔn.
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Apìrrhto IsodÔnamo EnsurmĹtou

To kefĹlaio autì, eÐnai afierwmèno sto Apìrrhto IsodÔnamo EnsurmĹtou (Wired Equiva-
lent Privacy – WEP), pou apoteleÐ to arqikì sqăma asfaleÐac tou protÔpou IEEE 802.11.
Stic epìmenec enìthtec parousiĹzontai oi mhqanismoÐ tou WEP kai o trìpoc ulopoÐhshc
touc, enÿ paratÐjetai ektenăc anĹlush twn adunamiÿn tou.

3.1 Epalăjeush tautìthtac

H epalăjeush tautìthtac apoteleÐ th diadikasÐa katĹ thn opoÐa mia diktuakă ontìthta

pistopoieÐ thn tautìthtĹ thc. Sta plaÐsia twn AsÔrmatwn Topikÿn DiktÔwn, mia kinhtă

suskeuă prokeimènou na sundejeÐ sto dÐktuo mèsw kĹpoiou shmeÐou prìsbashc, apaiteÐtai

na apodeÐxei prÿta thn tautìthtĹ thc. IdanikĹ, ja èprepe kai to shmeÐo prìsbashc na prĹxei

ìmoia.

Ta arqikì prìtupo IEEE 802.11 prodiagrĹfei dÔo diadikasÐec epalăjeushc tautìth-
tac: a) thn anoiqtă (open) epalăjeush tautìthtac kai b) thn epalăjeush tautìthtac
WEP. Ta mhnÔmata pou antallĹssontai metaxÔ miac asÔrmathc suskeuăc kai tou shmeÐou
prìsbashc se kĹje perÐptwsh, faÐnontai sto Sq. 3.1. ’Oson aforĹ thn anoiqtă epală-

jeush tautìthtac, parathroÔme ìti h asÔrmath suskeuă stèlnei arqikĹ èna mănuma aÐthshc

epalăjeushc tautìthtac kai to shmeÐo prìsbashc apokrÐnetai me mănuma epituqÐac. AntÐ-

stoiqa, sthn perÐptwsh tou WEP, apaitoÔntai tèssera mhnÔmata. Kat’ arqăn, h asÔrmath
suskeuă zhtĹ epalăjeush tautìthtac kai to shmeÐo prìsbashc apantĹ me mănuma prìklhshc

(challenge). H asÔrmath suskeuă apokrÐnetai sthn prìklhsh prokeimènou na apodeÐxei ìti
gnwrÐzei to mustikì kleidÐ kai, an h apìdeixh gÐnei apodektă, to shmeÐo prìsbashc stèlnei

mănuma epituqÐac.

Epomènwc, ìtan to shmeÐo prìsbashc leitourgeÐ me anoiqtì trìpo, apodèqetai to sÔno-

lo twn aităsewn epalăjeushc tautìthtac kai apokrÐnetai me mănuma epituqÐac. En toÔtoic,

pollĹ sustămata qrhsimopoioÔn idiokthsiakèc mejìdouc epalăjeushc tautìthtac, h pio dh-

mofilăc twn opoÐwn, eÐnai h tărhsh lÐstac dieujÔnsewn MAC (Media Access Control). Pio
sugkekrimèna, to shmeÐo prìsbashc diajètei mia lÐsta twn dieujÔnsewn MAC twn opoÐ-
wn th sÔndesh ja epitrèyei sto dÐktuo. H lÐsta diamorfÿnetai apì to diaqeiristă, enÿ h

epalăjeush tautìthtac epitugqĹnei, mìno efìson h dieÔjunsh MAC thc kinhtăc suskeuăc
perilambĹnetai sth lÐsta aută. H mèjodoc aută den parèqei prostasÐa apì yeudepÐgrafec

dieujÔnseic MAC, wstìso apoteleÐ mia basikă morfă asfĹleiac apì aplèc epijèseic.
Se antÐjesh me ton anoiqtì trìpo leitourgÐac, o skopìc thc epalăjeushc tautìthtac

WEP eÐnai na apodeÐxei h asÔrmath suskeuă sto shmeÐo prìsbashc ìti gnwrÐzei to mustikì

25
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Σηµειο
Προσβασης

Ασυρµατη
Συσκευη

Ασυρµατη
Συσκευη

Σηµειο
Προσβασης

Επαληθευση Ταυτοτητας WEP

Επαληθευση Ταυτοτητας (Αιτηση)

Επαληθευση Ταυτοτητας (Επιτυχια)

Ανοιχτη Επαληθευση Ταυτοτητας

Επαληθευση Ταυτοτητας (Αιτηση)

Επαληθευση Ταυτοτητας (Προκληση)

Επαληθευση Ταυτοτητας (Αποκριση)

Επαληθευση Ταυτοτητας (Επιτυχια)

Sqăma 3.1: Epalăjeush Tautìthtac sto arqikì prìtupo IEEE 802.11

kleidÐ kruptogrĹfhshc. ’Otan upobĹlletai h aÐthsh epalăjeushc tautìthtac apì thn asÔr-

math suskeuă, to shmeÐo prìsbashc stèlnei ènan arijmì pou onomĹzetai keÐmeno prìklhshc.

Prìkeitai gia èna tuqaÐo arijmì măkouc 128 bit. H kinhtă suskeuă kruptografeÐ autìn
ton arijmì qrhsimopoiÿntac to mustikì kleidÐ me th boăjeia tou WEP kai epistrèfei to
apotèlesma sto shmeÐo prìsbashc. Autì eÐnai se jèsh na elègxei an h kruptogrĹfhsh ègine

me to swstì kleidÐ, wstìso h ìlh diadikasÐa den exasfalÐzei sthn asÔrmath suskeuă ìti

to shmeÐo prìsbashc ìntwc gnwrÐzei to mustikì kleidÐ. ’Ena akìmh megalÔtero prìblhma

thc epalăjeushc tautìthtac WEP eÐnai ìti prosfèrei se èna kakìboulo qrăsth pou para-
koloujeÐ thn epikoinwnÐa, plhroforÐa, tìso sthn kruptografhmènh, ìso kai sthn arqikă

thc morfă; h prìklhsh perièqei to arqikì keÐmeno, enÿ h apìkrish to kruptografhmèno.

To mìno pleonèkthma apì th diadikasÐa epalăjeushc tautìthtacWEP eÐnai ìti den epi-
trèpei se stajmoÔc pou de gnwrÐzoun to mustikì kleidÐ na stèlnoun plaÐsia, kajÿc autoÐ

de susqetÐzontai me to shmeÐo prìsbashc. AntÐjeta, ston anoiqtì trìpo leitourgÐac, h

asÔrmath suskeuă gÐnetai apodektă apì to shmeÐo prìsbashc, wstìso kĹje plaÐsio pou me-

tadÐdei aporrÐptetai efìson den kruptografeÐtai me to swstì kleidÐ. Autì, bèbaia, apoteleÐ

pleonèkthma perissìtero diaqeiristikoÔ tÔpou, parĹ asfĹleiac.

3.2 Apìrrhto

Sthn enìthta aută, parousiĹzetai to apìrrhto sta plaÐsia touWEP, to opoÐo èqei idiaÐterh
shmasÐa ìson aforĹ thn asfĹleia sta AsÔrmata TopikĹ DÐktua.

3.2.1 KruptogrĹfhsh

’Otan energopoieÐtai to WEP, ta mhnÔmata dedomènwn kruptografoÔntai prokeimènou na
diafulĹssetai to perieqìmenì touc apì èna kakìboulo qrăsth pou parakoloujeÐ thn asÔr-
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math epikoinwnÐa. Gia thn apokruptogrĹfhsh tou mhnÔmatoc, apaiteÐtai gnÿsh tou mustikoÔ

kleidioÔ. To arqikì prìtupo IEEE 802.11 prodiagrĹfei mia prosèggish dÔo fĹsewn: a)
epalăjeush tautìthtac kai b) kruptogrĹfhsh. Wstìso, ìpwc diapistÿjhke sthn enìthta

3.1, h diadikasÐa thc epalăjeushc tautìthtac kajÐstai epikÐndunh, kajÿc parèqei qrăsimec

plhroforÐec gia epijèsh apì èna epÐdoxo eisbolèa. Wc ek toÔtou, ta perissìtera sustă-

mata AsÔrmatwn Topikÿn DiktÔwn, kĹnoun qrăsh anoiqtăc epalăjeushc tautìthtac kai

proqwroÔn sthn kruptogrĹfhsh metĹ to susqetismì thc asÔrmathc suskeuăc me to shmeÐo

prìsbashc. H parĹleiyh thc epalăjeushc tautìthtac den parèqei kĹpoio pleonèkthma se

èna epÐdoxo eisbolèa, kajÿc, parìlo pou mporeÐ na sundejeÐ sto dÐktuo eleÔjera, de mporeÐ

na steÐlei ă na lĹbei dedomèna, efìson de gnwrÐzei ta kleidiĹ WEP gia kruptogrĹfhsh.
Mèqri to tèloc thc enìthtac autăc, upojètoume ìti h asÔrmath suskeuă èqei susqetisteÐ

me kĹpoion trìpo (anoiqtì ă WEP).
To WEP qrhsimopoieÐ ton algìrijmo RC4 gia thn kruptogrĹfhsh twn dedomènwn [2].

Prìkeitai gia èna kruptografikì algìrijmì roăc (stream cipher), o opoÐoc lambĹnei wc eÐ-
sodo èna byte kĹje forĹ thc roăc twn arqikÿn dedomènwn kai parĹgei to antÐstoiqo byte
se kruptografhmènh morfă. H apokruptogrĹfhsh qrhsimopoieÐ ta Ðdia kleidiĹ me thn kru-

ptogrĹfhsh kai, wc ek toÔtou, o RC4 anăkei sthn kathgorÐa twn summetrikÿn algorÐjmwn.
’Ena apì ta pleonektămata tou RC4 eÐnai h eukolÐa ulopoÐhshc, ìpou apofeÔgontai perÐ-

plokec kai qronobìrec leitourgÐec, ìpwc eÐnai o pollaplasiasmìc. O RC4 perilambĹnei dÔo
fĹseic. Prÿth eÐnai h fĹsh thc arqikopoÐhshc, katĹ thn opoÐa kataskeuĹzontai orismènoi

pÐnakec eswterikÿn dedomènwn, bĹsei thc timăc kleidioÔ pou èqei oristeÐ. Sth deÔterh fĹsh,

gÐnetai h Ðdia h kruptogrĹfhsh twn dedomènwn.

Sthn perÐptwsh tou WEP, tìso h fĹsh arqikopoÐhshc, ìso kai thc kruptogrĹfhshc,
lambĹnoun qÿra gia kĹje pakèto, me Ĺlla lìgia, kĹje pakèto xeqwristĹ jewreÐtai wc

mia nèa roă dedomènwn. Me autìn ton trìpo exasfalÐzetai ìti, sthn perÐptwsh pou èna

pakèto qajeÐ, h apokruptogrĹfhsh tou epìmenou eÐnai pĹli dunată. Wstìso, ìpwc ja

doÔme sthn enìthta 3.4, to sugkekrimèno qarakthristikì apoteleÐ adunamÐa, ìson aforĹ

thn asfĹleia. Perissìterec plhroforÐec gia ton algìrijmo kruptogrĹfhshc RC4 kai ton
trìpo ulopoÐhsăc tou sto WEP, upĹrqoun sthn enìthta 3.3.4.

3.2.2 KleidiĹ WEP

Ta kleidiĹ kruptogrĹfhshc sto WEP èqoun ta akìlouja qarakthristikĹ:

• Stajerì măkoc: Sunăjwc 40 ă 104 bit.

• StatikĹ: De metabĹlletai h timă tou kleidioÔ, efìson den allĹxoun oi rujmÐseic.

• Merizìmena (shared): Tìso to shmeÐo prìsbashc ìso kai h kinhtă suskeuă
diajètoun antÐgrafo twn Ðdiwn kleidiÿn.

• SummetrikĹ: Qrăsh tou Ðdiou kleidioÔ gia kruptogrĹfhsh kai apokruptogrĹfhsh
twn plhroforiÿn.

SÔmfwna me to prìtupo IEEE 802.11, h diĹjesh twn kleidiÿn sta shmeÐa prìsbashc
kai tic asÔrmatec suskeuèc prèpei na gÐnetai me asfaleÐc mejìdouc anexĹrthtec tou prwto-

kìllou.
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3.2.3 DiĹnusma ArqikopoÐhshc

Ta kleidiĹ kruptogrĹfhshc sto WEP èqoun măkh twn 40 ă 104 bit, wstìso, suqnĹ oi
kataskeuastèc anafèrontai se autĹ wc 64 ă 128 bit antÐstoiqa. O lìgoc eÐnai ìti ta
epiplèon 24 bit qrhsimopoioÔntai apì to diĹnusma arqikopoÐhshc (Initialization Vector –
IV).
H leitourgÐa tou IV sto WEP èqei wc exăc: sunduĹzetai to mustikì kleidÐ me ènan

arijmì măkouc 24 bit pou allĹzei gia kĹje pakèto, kai me to apotèlesma kruptografoÔntai
ta dedomèna. O arijmìc autìc apoteleÐ to IV kai èqei wc stìqo thn apofugă qrăshc enìc
statikoÔ kleidioÔ gia thn kruptogrĹfhsh tou sunìlou twn pakètwn. Wc ek toÔtou, akìmh

kai sthn perÐptwsh pou ta arqikĹ dedomèna eÐnai Ðdia, h kruptografhmènh morfă touc eÐnai

pĹnta diaforetikă.

Prèpei na tonisteÐ ìti to IV den eÐnai mustikì. MĹlista, h timă tou stèlnetai se mh
kruptografhmènh morfă se kĹje metĹdosh ÿste o paralăpthc na eÐnai se jèsh na apokru-

ptografăsei thn plhroforÐa qrhsimopoiÿntac thn antÐstoiqh timă tou IV.

3.3 H ulopoÐhsh tou WEP

Sthn enìthta aută, ja parousiĹsoume thn ulopoÐhsh twn mhqanismÿn tou WEP, ÿste na
gÐnoun kalÔtera katanohtèc oi adunamÐec tou protÔpou.

3.3.1 Jrausmatismìc

Sthn perÐptwsh pou èna dÐktuo perilambĹnei mia asÔrmath zeÔxh topikoÔ diktÔou, ta dedo-

mèna apì to leitourgikì sÔsthma prèpei na perĹsoun sto strÿma uphresiÿn MAC IEEE
802.11. Me Ĺlla lìgia, èna pakèto dedomènwn katafjĹnei stoWLAN me katĹllhlec odhgÐ-
ec ÿste na gÐnei h apostolă tou. Autì to pakèto dedomènwn kaleÐtai MSDU (MAC Service
Data Unit). An den upĹrxei lĹjoc, hMSDU ja emfanisteÐ sto strÿma uphresiÿnMAC thc
suskeuăc proorismoÔ prokeimènou na perĹsei sto leitourgikì sÔsthma gia parĹdosh sthn

katĹllhlh efarmogă. Wstìso, prin apì th metĹdosh, aută h MSDU mporeÐ na qwristeÐ se
arketĹ mikrìtera tmămata, mia diadikasÐa gnwstă wc jrausmatismìc (fragmentation).
KĹje jraÔsma ufÐstatai epexergasÐa gia kruptogrĹfhshWEP. Mia epikefalÐdaMAC pro-
stÐjetai mporostĹ kai mia timă elègqou sto tèloc.

Wc ek toÔtou, parathroÔme ìti aută h arqikă MSDU mporeÐ tÿra na qwristeÐ se arketĹ
mikrìtera mhnÔmata kai na prostejoÔn perissìtera byte, ektìc apì to gegonìc ìti eÐnai
plèon kruptografhmènh. KĹje èna apì ta mikrìtera mhnÔmata kaleÐtai MPDU (MAC Pro-
tocol Data Unit). Sth sunèqeia exetĹzontai ta teleutaÐa stĹdia, katĹ ta opoÐa mia MPDU
ufÐstatai th diadikasÐa kruptogrĹfhshc.

H diadikasÐa antimetwpÐzei ta dedomèna wc mia akoloujÐa apì byte, to mègejoc thc
opoÐac, exartĹtai apì ta arqikĹ perieqìmena thc MSDU kai tic rujmÐseic jrausmatismoÔ.
Sunăjwc, kumaÐnetai apì 10 èwc 1500 byte. To prÿto băma sthn kruptogrĹfhsh eÐnai h
prosjăkh merikÿn byte pou apoteloÔn thn timă elègqou akeraiìthtac.

3.3.2 Timă Elègqou Akeraiìthtac

O skopìc thc Timăc Elègqou Akeraiìthtac (Integrity Check Value – ICV) eÐnai h prosta-
sÐa apì thn tropopoÐhsh tou mhnÔmatoc katĹ th metaforĹ. Tìso sta kruptografhmèna,

ìso kai sta mh kruptografhmèna mhnÔmata, gÐnetai èlegqoc prokeimènou na entopisteÐ an h
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timă opoioudăpote apì ta bit èqei metablhjeÐ katĹ th metĹdosh. ’Ola ta byte tou mhnÔmatoc
sunduĹzontai ston èlegqo kuklikoÔ pleonasmoÔ (Cyclic Redundancy Check – CRC). Aută
h timă măkouc tessĹrwn byte prostÐjetai sto tèloc tou plaisÐou akribÿc prin apì thn epe-
xergasÐa gia metĹdosh. Akìmh ki an èna mìno bit tou mhnÔmatoc metablhjeÐ, h lambĹnousa
suskeuă ja upologÐsei timă CRC diaforetikă apì aută pou metèfere to plaÐsio kai ja apor-
rÐyei to mănuma. Parìlo pou o èlegqoc autìc entopÐzei tuqaÐa lĹjh, en toÔtoic, den parèqei

prostasÐa apì skìpima lĹjh, kajÿc èna kakìbouloc qrăsthc mporeÐ aplĹ na upologÐsei th

nèa timă CRC pou prokÔptei apì thn tropopoÐhsh tou mhnÔmatoc kai na antikatastăsei thn
arqikă.

To ICV leitourgeÐ ìmoia me to CRC, me th diaforĹ ìti upologÐzetai kai prostÐjetai
prin thn kruptogrĹfhsh. To sumbatikì CRC exakoloujeÐ na prostÐjetai metĹ thn krupto-
grĹfhsh. JewrhtikĹ, epeidă to ICV kruptografeÐtai, ènac epÐdoxoc eisbolèac den eÐnai se
jèsh na to upologÐsei xanĹ ìtan tropopoieÐ to mănuma. Wstìso, sthn enìthta 3.4, ja doÔme

ìti kĹti tètoio den isqÔei sthn prĹxh.

Sunepÿc, to ICV upologÐzetai sunduĹzontac ìla ta dedomèna kai prokÔptei wc mÐa timă
măkouc tessĹrwn byte, h opoÐa prostÐjetai sto tèloc, ìpwc faÐnetai sto Sq. 3.2.

ICV∆Ε∆ΟΜΕΝΑ

υπολογισµος τιµης ελεγχου

Κρυπτογραφηση

Sqăma 3.2: Prosjăkh tou ICV

3.3.3 MetĹdosh plaisÐwn

MetĹ thn prosjăkh tou ICV, to plaÐsio eÐnai ètoimo gia kruptogrĹfhsh. ArqikĹ, to sÔ-
sthma prèpei na epilèxei mia timă IV kai na thn prosjèsei sto mustikì kleidÐ WEP. Sth
sunèqeia, arqikopoieÐ ton algìrijmo kruptogrĹfhshc RC4. TelikĹ, dioqeteÔei kĹje byte
apì ta suduasmèna dedomèna me to tmăma ICV sto mhqanismì kruptogrĹfhshc. Gia kĹje
byte eisìdou, prokÔptei èna kruptografhmèno byte, mèqri na oloklhrwjeÐ h epexergasÐa
ìlwn twn byte. Autì apoteleÐ th roă kruptografămatoc.
Prokeimènou o paralăpthc na eÐnai se jèsh na apokruptografăsei to mănuma, o arijmìc

kleidioÔ kai h timă IV prèpei na topojethjoÔn mprostĹ apì to mănuma. Tèssera byte
prostÐjentai gia to skopì autì. Ta prÿta trÐa byte perièqoun thn timă IV măkouc 24 bit
kai to teleutaÐo byte to Key ID (anagnwristikì kleidioÔ) pou eÐnai ènac apì touc arijmoÔc
0, 1, 2 ă 3. H morfă tou plaisÐou faÐnetai sto Sq. 3.3.

Tèloc, prostÐjetai h epikefalÐda thc dieÔjunshcMAC kai topojeteÐtai h timă CRC sto
tèloc gia ton entopismì lajÿn sth metĹdosh. ’Ena bit sthn epikefalÐda MAC upodeiknÔei
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Key IDIV

Μη κρυπτογραφηµενα

∆Ε∆ΟΜΕΝΑ

Κρυπτογραφηµενα

& ICV

Sqăma 3.3: Prosjăkh twn bit IV kai Key ID

ston paralăpth ìti to plaÐsio èqei kruptografhjeÐ me WEP, ÿste na eÐnai se jèsh na to
qeiristeÐ katĹllhla.

H diadikasÐa lăyhc èqei wc exăc: o paralăpthc parathreÐ ìti to bit èndeixhc WEP èqei
tejeÐ kai epomènwc diabĹzei kai apojhkeÔei thn timă IV. Sth sunèqeia diabĹzei to Key ID
ÿste na epilèxei to swstì kleidÐWEP, prosjètei se autì thn timă tou IV, kai arqikopoieÐ
ton algìrijmo kruptogrĹfhshc RC4. Ac shmeiwjeÐ ìti ston RC4 den upĹrqei kamÐa diaforĹ
metaxÔ thc diadikasÐac kruptogrĹfhshc kai apokruptogrĹfhshc. An perĹsoun ta dedomèna

dÔo forèc mèsa apì th diadikasÐa kruptogrĹfhshc ja prokÔyoun pĹli ta arqikĹ dedomèna.

Wc ek toÔtou, apaiteÐtai ènac mìno mhqanismìc tìso gia thn kruptogrĹfhsh ìso kai gia

thn apokruptogrĹfhsh. MetĹ thn arqikopoÐhsh tou mhqanismoÔ kruptogrĹfhshc, gÐnetai

epexergasÐa enìc byte kĹje forĹ kai prokÔptei to arqikì mănuma. To telikì băma, eÐnai
o upologismìc tou ICV ÿste na sugkrijeÐ me thn timă pou metèfere to mănuma. An den
entopisteÐ lĹjoc, tìte to tmăma dedomènwn proqwrĹei gia peraitèrw epexergasÐa.

3.3.4 Algìrijmoc kruptogrĹfhshc RC4

O algìrijmoc kruptogrĹfhshc pou qrhsimopoieÐtai apì toWEP eÐnai o RC41. Anăkei sthn
oikogèneia twn algorÐjmwn kruptogrĹfhshc pou h diadikasÐa thc apokruptogrĹfhshc de

diafèrei apì ekeÐnh thc kruptogrĹfhshc. H axÐa enìc algorÐjmou kruptogrĹfhshc ègkeitai,

katĹ èna mèroc, sthn isqÔ tou kai, katĹ èna Ĺllo, sthn eukolÐa ulopoÐhsăc tou. H isqÔc

enìc algorÐjmou exartĹtai apì th duskolÐa apokwdikopoÐhshc tou kruptografămatoc. Enÿ

sÐgoura upĹrqoun isqurìterec mèjodoi, en toÔtoic, o RC4 eÐnai axioshmeÐwta aplìc sthn
ulopoÐhsh tou kai jewreÐtai polÔ isqurìc, me thn proôpìjesh ìti qrhsimopoieÐtai swstĹ.

Autì eÐnai idiaÐtera shmantikì, kajÿc, ìpwc faÐnetai sthn enìthta 3.4, oi adunamÐec tou

WEP den ofeÐlontai se sfĹlmata tou RC4, allĹ ston trìpo qrăshc tou sto WEP.
H basikă idèa pÐsw apì ton RC4 eÐnai h paragwgă mia yeudotuqaÐac akoloujÐac apì

byte, pou kaleÐtai roă kleidioÔ (key stream), h opoÐa sunduĹzetai me ta dedomèna me
logikă prĹxh apokleistikoÔ H (XOR). Mia shmantikă idiìthta thc XOR eÐnai h exăc:

An A⊕B = C, tìte C ⊕B = A

1
Τα αρχικά RC4 προκύπτουν από το όνοµα του σχεδιαστή του αlγορίθµου Ron Rivest. Μάlιστα

πρόκειται για τον τέταρτο αlγόριθµο κρυπτογράφησηc που ανέπτυξε ο ίδιοc.
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Thn parapĹnw idiìthta ekmetalleÔetai o RC4 wc exăc:

KruptogrĹfhsh: Mh kruptografhmèno keÐmeno ⊕ TuqaÐa akoloujÐa = KruptogrĹfhma
ApokruptogrĹfhsh: KruptogrĹfhma ⊕ TuqaÐa akoloujÐa = Mh kruptografhmèno keÐmeno

EÐnai idiaÐtera shmantikì, h {tuqaÐa akoloujÐa} na faÐnetai tuqaÐa se èna epÐdoxo eisbo-

lèa, allĹ tautìqrona prèpei kai ta dÔo Ĺkra thc zeÔxhc na eÐnai se jèsh na parĹgoun thn Ðdia

{tuqaÐa} timă gia kĹje byte pou epexergĹzontai. Wc ek toÔtou jewreÐtai yeudotuqaÐa
kai parĹgetai apì ton algìrijmo RC4.
H pio shmantikă idiìthta miac yeudotuqaÐac roăc kleidioÔ eÐnai h dunatìthta upologi-

smoÔ tou epìmenou byte, mìno efìson eÐnai gnwstì to kleidÐ pou qrhsimopoiăjhke gia thn
paragwgă thc roăc. Ac shmeiwjeÐ ìti h prĹxh XOR apokrÔptei plărwc tic timèc tou mh
kruptografhmènou keimènou. Akìmh ki an to mh kruptografhmèno keÐmeno eÐnai aplĹ mia

megĹlh akoloujÐa apì mhdenikèc timèc, to kruptogrĹfhma faÐnetai tuqaÐo.

H prĹxh XOR ulopoieÐtai polÔ eÔkola apì èna upologistikì sÔsthma, epomènwc, prì-
klhsh apoteleÐ o Ðdioc o upologismìc miac kalăc yeudotuqaÐac roăc arijmÿn. ApaiteÐtai èna

yeudotuqaÐo byte gia kĹje byte tou mhnÔmatoc proc kruptogrĹfhsh. O RC4 parĹgei mia
roă autăc thc morfăc.

O RC4 apoteleÐtai apì dÔo fĹseic: th rÔjmish kleidioÔ kai thn yeudotuqaÐa paragwgă.
H prÿth fĹsh dhmiourgeÐ èna pÐnaka megèjouc 256 byte me metĹjesh twn arijmÿn 0 èwc
255, ÿste ìloi na emfanÐzontai mia forĹ me tuqaÐa diĹtaxh. H metĹjesh ston pÐnaka ă

koutÐ-S (S-box), ìpwc sunăjwc lègetai, epitugqĹnetai arqikopoiÿntac ton pÐnaka me touc
arijmoÔc 0 ` 255 sth seirĹ. Ta stoiqeÐa tou koutioÔ-S anadiatĹssontai sth sunèqeia wc
exăc: ArqikĹ, ènac deÔteroc pÐnakac megèjouc 256 byte ă koutÐ-K, gemÐzei me to kleidÐ, to
opoÐo epanalambĹnetai mèqri thn plărwsh olìklhrou tou pÐnaka. Sth sunèqeia kĹje byte
sto koutÐ-S antallĹssetai (swap) me kĹpoio Ĺllo byte apì to koutÐ-S. ArqÐzontac apì to
prÿto byte, lambĹnei qÿra o akìloujoc upologismìc:

j = (timă prÿtou byte sto koutÐ-S) + (timă prÿtou byte sto koutÐ-K)

ìpou to j eÐnai timă măkouc enìc byte, enÿ opoiodăpote sfĹlma uperqeÐlishc prokÔyei katĹ
thn prìsjesh, agnoeÐtai.

Plèon to j qrhsimopoieÐtai wc deÐkthc sto koutÐ-S kai h timă sth jèsh aută antallĹs-
setai me thn timă sthn arqikă jèsh.

Aută h diadikasÐa epanalambĹnetai Ĺllec 255 forèc mèqri na antallaqjeÐ h jèsh kĹje

byte sto koutÐ-S. Ta parapĹnw èqoun se yeudokÿdika wc exăc:

i = j = 0
for i = 0 to 255 do

j = (j + Si + Ki) mod 256
swap(Si, Sj)

Amèswc metĹ thn arqikopoÐhsh tou koutioÔ-S, h epìmenh fĹsh tou RC4 eÐnai h paragwgă
twn yeudotuqaÐwn arijmÿn. H fĹsh aută perilambĹnei perissìterec antallagèc metaxÔ byte
tou koutioÔ-S kai paragwgă enìc yeudotuqaÐou byte anĹ epanĹlhyh (R). Oi leitourgÐec pou
lambĹnoun qÿra se kĹje epanĹlhyh èqoun wc exăc:
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i = (i + 1) mod 256
j = (j + Si) mod 256
swap(Si, Sj)
k = (Si + Sj) mod 256
R = Sk

Gia ton upologismì tou kruptografămatoc, kĹje byte tou mhnÔmatoc sunduĹzetai me
XOR me mia timă tou R kajÿc parĹgetai apì ton algìrijmo RC4. Ac shmeiwjeÐ ìti h ìlh
diadikasÐa pragmatopoieÐtai me prĹxeic (prosjèseic, antallagèc) măkouc enìc byte, oi opoÐec
eÐnai polÔ bolikèc gia thn upologistikă logikă.

JewrhtikĹ, o RC4 de jewreÐtai apìluta asfalăc algìrijmoc, kajÿc parĹgei mia yeu-
dotuqaÐa roă kleidioÔ, kai ìqi pragmatikĹ tuqaÐa byte. En toÔtoic, eÐnai eparkÿc asfalăc
gia efarmogă sta asÔrmata topikĹ dÐktua, efìson qrhsimopoieÐtai me swstì trìpo.

3.4 Oi adunamÐec tou WEP

H enìthta aută, perigrĹfei leptomerÿc gnwstèc epijèseic pou aforoÔn toWEP. Me ton ìro
WEP ennooÔme èna sÔnolo apì mhqanismoÔc asfaleÐac, oi opoÐoi ja exetastoÔn xeqwristĹ:

• Epalăjeush Tautìthtac

• ’Elegqoc Prìsbashc

• Apofugă Anaparagwgăc

• Entopismìc TropopoÐhshc MhnumĹtwn

• Apìrrhto MhnumĹtwn

• ProstasÐa KleidioÔ

Dustuqÿc, to WEP apotugqĹnei se ìlouc autoÔc touc tomeÐc.

3.4.1 Epalăjeush tautìthtac

H epalăjeush tautìthtac èqei thn ènnoia thc apìdeixhc thc aujentikìthtac thc tautìthtac

miac pleurĹc proc mia Ĺllh. Prèpei na eÐnai diarkăc diadikasÐa, me Ĺlla lìgia den arkeÐ na

apodeÐxei kaneÐc ìti eÐnai aujentikìc mia mìno forĹ. Gia na exasfalisteÐ h asfĹleia, prèpei

na gÐnetai se kĹje epikoinwnÐa. Epeidă eÐnai qronobìra diadikasÐa, h sunăjhc prosèggish

eÐnai na pragmatopoieÐtai plărhc epalăjeush tautìthtac katĹ thn prÿth epafă, kai sth

sunèqeia na parèqetai èna diakritikì tautìthtac periorismènhc qronikăc zwăc. IdanikĹ, to

diakritikì autì eÐnai tètoio ÿste na mhn eÐnai dunată h metabÐbasă tou alloÔ.

Ston kìsmo twn asurmĹtwn epikoinwniÿn, sunăjwc qreiĹzetai amoibaÐa epalăjeush tau-

tìthtac. To dÐktuo apaiteÐ apìdeixh gia to qrăsth, allĹ kai o qrăsthc apaiteÐ apìdeixh ìti

to dÐktuo eÐnai nìmimo. Autì eÐnai shmantikì sta asÔrmata dÐktua ìpou eÐnai sqetikĹ eÔkolo

na egkatastajoÔn paraplanhtikĹ shmeÐa prìsbashc.

Tèloc, prèpei na tonisteÐ h spoudaiìthta thc qrăshc diaforetikÿn kleidiÿn gia thn

epalăjeush tautìthtac apì autÿn pou qrhsimopoioÔntai gia thn kruptogrĹfhsh. ’Etsi,
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sunÐstatai h qrăsh kleidiÿn pou prokÔptoun to èna apì to Ĺllo, giatÐ ta kÔria kleidiĹ den

prèpei na ektÐjentai potè Ĺmesa se epijèseic. SunoyÐzontac, oi basikèc apaităseic gia thn

epalăjeush tautìthtac sta asÔrmata topikĹ dÐktua eÐnai oi exăc:

1. EÔrwsth mèjodoc apìdeixhc thc tautìthtac pou de mporeÐ na parapoihjeÐ

2. Mèjodoc diatărhshc thc tautìthtac katĹ th diĹrkeia diadoqikÿn sunallagÿn pou de

mporoÔn na metaferjoÔn

3. AmoibaÐa epalăjeush tautìthtac

4. AnexĹrthta kleidiĹ anexĹrthta apì ta kleidÐa kruptogrĹfhshc

Dustuqÿc to WEP eÐnai aneparkèc se ìla ta parapĹnw. ’Opwc èqei anaferjeÐ, h epală-
jeush tautìthtac sto WEP sthrÐzetai se èna mhqanismìc prìklhshc ` apìkrishc. ArqikĹ
to shmeÐo prìsbashc stèlnei mia tuqaÐa akoloujÐa arijmÿn. Sth sunèqeia h kinhtă su-

skeuă kruptografeÐ thn akoloujÐa kai th stèlnei pÐsw. AkoloÔjwc, to shmeÐo prìsbashc

thn apokruptografeÐ kai sugkrÐnei me thn arqikă akoloujÐa. AnĹloga me to apotèlesma

apofasÐzei an ja apodeqjeÐ th suskeuă ÿste na steÐlei katĹllhlo mănuma.

To kleidÐ pou qrhsimopoieÐtai se aută th diadikasÐa eÐnai to Ðdio me autì thc krupto-

grĹfhshc WEP, parabaÐnontac, ètsi, thn apaÐthsh 4. O mhqanismìc den epalhjeÔei thn
tautìthta tou shmeÐou prìsbashc sthn kinhtă suskeuă, epitrèpontac se èna mh nìmimo sh-

meÐo prìsbashc, pou de qreiĹzetai na gnwrÐzei to kleidÐ, na steÐlei paraplanhtikĹ mănuma

apodoqăc qwrÐc na èqei elègxei kan thn akoloujÐa tou pelĹth. ’Eqoume, dhladă, parĹbash

tou kanìna 3.

H apaÐthsh 2 den threÐtai, kajÿc den parèqetai kĹpoio tekmărio pou na epikurÿnei

diadoqikèc sunallagèc, gegonìc pou kajistĹ thn ìlh diadikasÐa epalăjeushc tautìthtac

mĹtaih.

’Oson aforĹ ton kanìna 1, arkeÐ na epanexetĹsoume th diadikasÐa thc epalăjeushc tau-

tìthtac, ìpou to shmeÐo prìsbashc stèlnei mia tuqaÐa akoloujÐa măkouc 128 byte, thn
opoÐa lambĹnei h kinhtă suskeuă, thn kruptografeÐ kai th stèlnei pÐsw. H kruptogrĹfhsh

WEP perilambĹnei thn paragwgă miac akoloujÐac yeudotuqaÐwn byte, pou kaleÐtai roă klei-
dioÔ, kai thn prĹxh XOR autăc me to keÐmeno proc kruptogrĹfhsh. Sunepÿc, opoiosdăpote
parakoloujeÐ thn sunallagă mporeÐ na apoktăsei thn prìklhsh tou mh kruptografhmeou

keimènou kai thn kruptografhmènh apìkrish. Wc ek toÔtou, me aplă prĹxh XOR autÿn
twn dÔo, o eqjrìc upologÐzei ta tuqaÐa byte RC4. IsqÔei, Ĺllwste, h basikă exÐswsh
kruptogrĹfhshc:

P ⊕R = C

ìpou P eÐnai to mh kruptografhmèno keÐmeno (Plaintext), R eÐnai to tuqaÐo kleidÐ (Randombytes)
kai C eÐnai to kruptografhmèno keÐmeno (Ciphertext). AntÐstoiqa, gia thn apokruptogrĹ-
fhsh èqoume:

C ⊕R = P

OmoÐwc, h prĹxh XOR metaxÔ tou kruptografhmènou kai tou mh kruptografhmènou keimènou
parĹgei to tuqaÐo kleidÐ:

C ⊕ P = R
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Epomènwc, o eisbolèac gnwrÐzei tÿra th roă kleidioÔ pou antistoiqeÐ se dedomènh timă

tou IV. MporeÐ, loipìn, na zhtăsei epalăjeush tautìthtac, na perimènei to keÐmeno thc
prìklhshc, na kĹnei prĹxh XOR me th roă kleidioÔ pou èqei upologÐsei prohgoumènwc kai
na perimènei to apotèlesma me to IV pou èqei ădh katagrĹyei.
Prokeimènou na elègxei to apotèlesma, to shmeÐo prìsbashc prosjètei to IV (pou

èqei epilèxei o eisbolèac) sto mustikì kleidÐ kai parĹgei thn tuqaÐa roă kleidioÔ RC4.
Profanÿc, aută ja eÐnai Ðdia me prohgoumènwc, kajÿc to kleidÐ kai to IV eÐnai Ðdia. ’Etsi,
ìtan to shmeÐo prìsbashc apokruptografăsei to mănuma kĹnontac prĹxh XOR me th roă
kleidioÔ RC4, ja eÐnai Ðdio me thn arqikă akoloujÐa. Sunepÿc, o eisbolèac èqei {epalhjeÔsei
thn tautìthta tou} qwrÐc na gnwrÐzei kan to mustikì kleidÐ.

An kai o eisbolèac mporeÐ na perĹsei epituqÿc th diadikasÐa epalăjeushc tautìthtac me

ton trìpo autì, den eÐnai se jèsh, wstìso, na epikoinwnăsei, kajÿc ta plaÐsia kruptogra-

foÔntai me to WEP. Prèpei epomènwc, na spĹsei epiplèon kai thn Ðdia thn kruptogrĹfhsh
WEP. En toÔtoic, gia kĹpoiec apì tic mejìdouc epÐjeshc sta kleidiĹ kruptogrĹfhshc, o
eqjrìc qreiĹzetai èna deÐgma keimènou kai tou antÐstoiqou kruptografămatoc. H plhro-

forÐa aută eÐnai genikĹ dÔskolo na brejeÐ, wstìso, h diadikasÐa epalăjeushc tautìthtac

sto WEP parèqei, ìpwc anafèrame, èna deÐgma măkouc 128 byte. Akìmh qeirìtero eÐnai ìti
prìkeitai gia ta prÿta 128 byte thc roăc kleidioÔ, pou eÐnai ta plèon euĹlwta se endeqì-
menh epÐjesh. Sta plaÐsia autĹ, h prosèggish tou WEP ìqi mìno den prosfèrei asfală
epalăjeush tautìthtac, allĹ bohjĹ èna epÐdoxo eisbolèa na epitejeÐ sta kleidiĹ krupto-

grĹfhshc. Gia to lìgo autì, ta perissìtera sustămata pou efarmìzoun to WEP sămera,
èqoun katargăsei th fĹsh epalăjeushc tautìthtac pou parèqei.

3.4.2 ’Elegqoc prìsbashc

O èlegqoc prìsbashc apoteleÐ th diadikasÐa epÐtreyhc ă apagìreushc thc epikoinwnÐac miac

kinhtăc suskeuăc me to dÐktuo. SuqnĹ, o ìroc sugqèetai lanjasmèna me thn epalăjeush

tautìthtac. Wstìso, h apìdeixh thc aujentikìthtac thc tautìthtac den sunepĹgetai thn

epÐtreyh prìsbashc.

GenikĹ, h prìsbash elègqetai diathrÿntac mia lÐsta me tic epitrepìmenec suskeuèc.

MporeÐ epÐshc na epiteuqjeÐ parèqontac prìsbash se opoiondăpote katèqei kĹpoio pisto-

poihtikì ă Ĺllo hlektronikì pĹso.

To prìtupo IEEE 802.11 den orÐzei mhqanismoÔc ulopoÐhshc tou elègqou prìsbashc.
Wstìso, oi suskeuèc anagnwrÐzontai apì th dieÔjunsh MAC, gegonìc pou uponoeÐ ìti ja
mporoÔse na diathreÐtai mia lÐsta apì apodektèc dieujÔnseic MAC. Thn prosèggish aută
uiojetoÔn pollĹ shmeÐa prìsbashc, akìmh ki ìtan leitourgoÔn qwrÐc kruptogrĹfhshWEP.
En toÔtoic, dedomènhc thc eukolÐac me thn opoÐa oi dieujunseic MAC mporoÔn yeudepÐgrafa
na apodojoÔn, autì de mporeÐ na jewrhjeÐ sobarìc mhqanismìc asfaleÐac.

Wc ek toÔtou, o monadikìc mhqanismìc elègqou prìsbashc pou apomènei stoWEP eÐnai
to kleidÐ kruptogrĹfhshc. An o kinhtìc stajmìc de gnwrÐzei to swstì kleidÐWEP, tìte ta
plaÐsia pou stèlnei ja prokaloÔn lĹjoc ICV ìtan apokruptografoÔntai. KatĹ sunèpeia,
ta plaÐsia ja aporrÐptontai kai de ja epitrèpetai h prìsbash sth suskeuă.

3.4.3 Apofugă anaparagwgăc

Ac upojèsoume ìti ènac kakìbouloc qrăsthc katagrĹfei ìla ta plaÐsia pou stèlnontai

metaxÔ enìc shmeÐou prìsbashc kai miac kinhtăc suskeuăc me th boăjeia enìc analută prw-

tokìllwn (sniffer). ParathreÐ ìti ènac nèoc qrăsthc sundèetai sto dÐktuo kai, qwrÐc na



3.4. Oi adunamÐec tou WEP 35

eÐnai se jèsh na dei to pragmatikì perieqìmeno twn mhnumĹtwn tou, kajÿc autĹ eÐnai kru-

ptografhmèna, mporeÐ wstìso na upojèsei ìti o qrăsthc stèlnei mănuma ston exuphrethtă

pou perièqei to anagnwristikì qrăsth kai ton kwdikì eisìdou.

’Otan argìtera o qrăsthc aposundejeÐ apì to dÐktuo, o epÐdoxoc eisbolèac qrhsimopoieÐ

th dieÔjunsh MAC tou prÿtou gia na sundejeÐ sto dÐktuo. EÐnai dunatì tÿra stèlnontac
èna antÐgrafo tou palioÔ mhnÔmatoc me to anagnwristikì tou qrăsth na apoktăsei prìsbash

ston exuphrethtă. Prìkeitai gia anaparagwgă enìc palioÔ mhnÔmatoc qwrÐc na eÐnai gnwstì

to akribèc perieqìmeno tou. To shmeÐo prìsbashc, orjÿc, ja apokwdikopoiăsei to mănuma,

kajÿc autì eÐqe arqikĹ kruptografhjeÐ me ègkuro kleidÐ.

UpĹrqoun pollĹ Ĺlla paradeÐgmata sta opoÐa mia epÐjesh me anaparagwgă mporeÐ na

diabĹlei thn asfĹleia, ektìc ki an to dÐktuo èqei sqediasteÐ eidikĹ ÿste na entopÐzei kai na

aporrÐptei paliĹ antÐgrafa mhnumĹtwn. ’Ena prwtìkollo asÔrmathc asfaleÐac ja èprepe

na epitrèpei na eÐnai apodektì mìno èna antÐgrafo kĹje mhnÔmatoc.

MporeÐ na prokaleÐ èkplhxh, allĹ to WEP den parèqei mhqanismoÔc prostasÐac apì
thn anaparagwgă mhnumĹtwn. UpĹrqei èna arijmìc akoloujÐac sto plaÐsio MAC, o opoÐoc
prèpei na auxĹnetai. Wstìso, autìc den prostateÔetai apì toWEP, me apotèlesma na eÐnai
eÔkolo na tropopoihjeÐ o arijmìc akoloujÐac prokeimènou na faÐnetai ègkuroc, qwrÐc na

metabĹlletai to kruptografhmèno tmăma tou plaisÐou.

H prostasÐa, ìson aforĹ thn anaparagwgă mhnumĹtwn stoWEP, den parousiĹzei aplĹ
adunamÐec, allĹ jewreÐtai anÔparkth.

3.4.4 Entopismìc tropopoÐhshc mhnumĹtwn

ToWEP diajètei mhqanismì sqediasmèno gia thn apofugă thc tropopoÐhshc twn mhnumĹtwn.
EÐnai profanèc to kèrdoc enìc kakìboulou qrăsth, an h tropopoÐhsh mhnumĹtwn shmaÐnei

thn allagă tou perieqomènou touc, gia parĹdeigma thn antikatĹstash tou logariasmoÔ

trĹpezac pou proorÐzetai mia sunallagă ă tou posoÔ mou metafèretai. Wstìso, sthn prĹxh,

tropopoiăseic tètoiac eureÐac klÐmakac den eÐnai efiktèc, kajÿc proôpojètoun thn anĹgnwsh

tou arqikoÔ mhnÔmatoc kai th dunatìthta dhmiourgÐac nèwn plastÿn mhnumĹtwn.

Sthn perÐptwsh pou den eÐnai dunată h apokruptogrĹfhsh tou mhnÔmatoc, den eÐnai pro-

fanèc to kèrdoc pou prokÔptei apì tropopoÐhsh tou kruptografhmènou keimènou. Wstìso,

èqei protajeÐ h mèjodoc “bit flipping” katĹ thn opoÐa metabĹllontai lÐga bit tou kruptogra-
fhmènou keimènou kĹje forĹ [3]. SthrÐzetai sthn paratărhsh ìti h jèsh thc epikefalÐdac

IP eÐnai sunăjwc gnwstă metĹ thn kruptogrĹfhsh, kajÿc toWEP den anadiatĹssei tic jè-
seic twn byte. Epeidă h epikefalÐda IP perièqei èlegqo ajroÐsmatoc (checksum), h allagă
enìc bit thc epikefalÐdac odhgeÐ se apotuqÐa tou sqetikoÔ elègqou. An wstìso, allĹxoun
epiplèon kai ta bit tou elègqou ajroÐsmatoc, tìte o èlegqoc mporeÐ na perĹsei epituqÿc.
H sqetikă èreuna èqei deÐxei ìti, allĹzontac lÐga bit kai elègqontac thn apodoqă ă mh tou
pakètou IP, eÐnai dunată h apokruptogrĹfhsh tmhmĹtwn enìc plaisÐou.
Sta plaÐsia autĹ, to WEP perilambĹnei to pedÐo timăc elègqou akeraiìthtac (Integrity

Check Value – ICV). H logikă tou èqei wc exăc: upologÐzetai mia timă elègqou ă kuklikoÔ
elègqou pleonasmoÔ (Cyclic Redundancy Check – CRC) ìlwn twn dedomènwn proc kru-
ptogrĹfhsh, gÐnetai prosjăkh thc timăc autăc sto tèloc twn dedomènwn, kai sth sunèqeia

kruptogrĹfhsh ìlwn mazÐ. An allĹxei kĹpoio bit sto kruptografhmèno keÐmeno, tìte ta
apokruptografhmèna dedomèna de ja èqoun thn Ðdia timă elègqou me apotèlesma na entopi-

steÐ h tropopoÐhsh. To skeptikì eÐnai ìti, epeidă to ICV eÐnai kruptografhmèno, den eÐnai
dunată h tropopoÐhsă tou ÿste na sumfwneÐ me tic upìloipec allagèc. StoqeÔei apoklei-

stikĹ sthn prostasÐa tou kruptografhmeou keimènou. An o kakìbouloc qrăsthc diajètei
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ta kleidiĹ, mporeÐ na tropopoiăsei ta dedomèna kai na upologÐsei to nèo ICV pou prokÔptei,
protoÔ kruptografăsei xanĹ kai prowjăsei to plaÐsio.

Wstìso, to ICV parousiĹzei adunamÐec akìmh kai sthn prostasÐa tou kruptografh-
mènou keimènou. H mèjodoc CRC pou qrhsimopoieÐtai gia ton upologismì tou ICV eÐnai
grammikă. Wc ek toÔtou, eÐnai dunată h prìbleyh twn bit tou ICV pou ja allĹxoun me thn
tropopoÐhsh enìc mìno bit tou mhnÔmatoc [3]. Den apaiteÐtai gnÿsh thc pragmatikăc timăc
tou mh kruptografhmènou keimènou; me thn antistrofă thc timăc gia èna sugkekrimèno bit
twn dedomènwn mporeÐ na diathrhjei h egkurìthta tou ICV antistrèfontac epÐshc èna sug-
kekrimèno sunduasmì apì bit tou teleutaÐou. Dustuqÿc, epeidă to WEP qrhsimopoieÐ th
logikă prĹxh XOR gia th lăyh tou kruptografhmènou keimènou, h antistrofă twn bit den
ephreĹzei th diadikasÐa kruptogrĹfhshc. H antistrofă enìc bit sto mh kruptografhmèno
keÐmeno antistrèfei pĹnta to Ðdio bit sto kruptografhmèno, kai antÐstrofa. Sunepÿc, to
WEP den parèqei apotelesmatikă prostasÐa apì thn tropopoÐhsh tou kruptografhmènou
keimènou.

3.4.5 Apìrrhto mhnumĹtwn

To apìrrhto apoteleÐ ton perissìtero shmantikì mhqanismì asfaleÐac, kajÿc aforĹ thn

Ðdia th mèjodo kruptogrĹfhshc pou qrhsimopoieÐ to WEP. H epÐjesh enantÐon thc krupto-
grĹfhshc èqei dÔo basikoÔc stìqouc: eÐte thn apokwdikopoÐhsh enìc mhnÔmatoc ă th lăyh

twn kleidiÿn. MegalÔterh epituqÐa apoteleÐ h lăyh twn kleidiÿn. Mìlic kĹpoioc eisbolèac

apoktăsei ta kleidiĹ eÐnai se jèsh na apokwdikopoiăsei opoiodăpote mănuma. En toÔtoic,

autì de sunepĹgetai automĹtwc prìsbash se empisteutikèc plhroforÐec, kajÿc upĹrqoun

epiplèon eswterikĹ strÿmata asfaleÐac, ìpwc eÐnai h asfĹleia kwdikoÔ eisìdou se exuphre-

thtèc kai leitourgikĹ sustămata. Wstìso, an o kakìbouloc qrăsthc apoktăsei ta kleidiĹ

qwrÐc na entopisteÐ, tìte mporeÐ na brei to qrìno pou qreiĹzetai gia na sullèxei euaÐsjhtec

plhroforÐec. Se antÐjeth prÐptwsh, to kleidÐ WEP mporeÐ na allĹxei, apokleÐontac ètsi
ton eisbolèa.

H amèswc megalÔterh epituqÐa metĹ th lăyh twn kleidiÿn, eÐnai o prosdiorismìc tou

mh kruptografhmeou keimènou (plaintext), gegonìc pou epitrèpei megĹlo eÔroc epijèsewn
me qrăsh tropopoÐhshc kai anaparagwgăc mhnumĹtwn. Aută h plhroforÐa mporeÐ epÐshc na

qrhsimopoihjeÐ kai gia th lăyh twn kleidiÿn.

UpĹrqoun treic adunamÐec ston trìpo pou to RC4 qrhsimopoieÐtai sto WEP, kĹje mÐa
apì tic opoÐec ja exetasteÐ sth sunèqeia xeqwristĹ:

EpanaqrhsimopoÐhsh tou IV

Prokeimènou na anadeiqjeÐ h adunamÐa pou prokÔptei apì thn epanaqrhsimopoÐhsh tou IV,
ja exetĹsoume th leitourgÐa tou: antÐ na qrhsimopoieÐtai èna stajerì mustikì kleidÐ, mia

timă IV măkouc 24 bit prostÐjetai sto mustikì kleidÐ kai o sunduasmìc pou parĹgetai
apoteleÐ to kleidÐ kruptogrĹfhshc. H timă tou IV stèlnetai mèsa sto plaÐsio, ÿste h
lambĹnousa suskeuă na eÐnai se jèsh na kĹnei thn apokruptogrĹfhsh. Kat’ arqăn, to IV
exasfalÐzei, ètsi, ìti dÔo panomoiìtupa mhnÔmata de ja parĹgoun to Ðdio kruptogrĹfhma.

Wstìso, upĹrqei ènac pio shmantikìc stìqoc tou IV, o opoÐoc sqetÐzetai me ton trìpo pou
to WEP qrhsimopoieÐ to XOR gia th dhmiourgÐa tou kruptografămatoc.
Ac upojèsoume ìti den upĹrqei to IV kai ìti qrhsimopoieÐtai mìno to mustikì kleidÐ gia

thn kruptogrĹfhsh. Gia kĹje plaÐsio, o algìrijmoc RC4 arqikopoieÐtai me thn timă kleidioÔ
protoÔ arqÐsei thn paragwgă thc yeudotuqaÐac roăc kleidioÔ. Wstìso, an to kleidÐ eÐnai

stajerì, tìte o RC4 ja arqikopoieÐtai sthn Ðdia katĹstash kĹje forĹ. Wc ek toÔtou, h



3.4. Oi adunamÐec tou WEP 37

paragìmenh roă kleidioÔ ja eÐnai h Ðdia akoloujÐa byte gia kĹje plaÐsio. KĹti tètoio, ja
ătan fusikĹ katastrofikì, dedomènou ìti, an kĹpoioc eisbolèac mporoÔse na prosdiorÐsei

th roă kleidioÔ, tìte ja ătan se jèsh na apokruptografăsei kĹje plaÐsio qrhsimopoiÿntac

thn prĹxh XOR se sunduasmì me th gnwstă akoloujÐa. De qreiĹzetai kan h gnÿsh tou
kleidioÔ.

Prosjètontac kĹje forĹ thn timă tou IV sto kleidÐ, o RC4 arqikopoieÐtai se diafo-
retikă katĹstash gia kĹje plaÐsio kai epomènwc h roă kleidioÔ eÐnai diaforetikă gia kĹje

kruptogrĹfhsh. An, wstìso, h timă tou IV paramènei stajeră, tìte h perÐptwsh de diafèrei
apì aută tou statikoÔ kleidioÔ.

SumperaÐnoume, loipìn, ìti to statikì IV eÐnai episfalèc, se antÐjesh me th qrăsh
diaforetikoÔ IV gia kĹje plaÐsio. Wstìso, upĹrqei periorismènoc arijmìc dunatÿn IV kai,
enÿ eÐnai efiktă h qrăsh diaforetikÿn timÿn tou gia thn pleioyhfÐa twn plaisÐwn, telikĹ

ja gÐnei epanaqrhsimopoÐhsă touc. KĹti tètoio den eÐnai apodektì, en toÔtoic, eÐnai gegonìc

sthn perÐptwsh tou WEP.
Sto plaÐsio autì, ja mporoÔse na upojèsei kaneÐc ìti h kalÔterh prosèggish ja ătan na

upologÐzetai mia tuqaÐa timă. Wstìso, polÔ grăgora ja emfanÐzontan epanalambanìmenec

timèc tou IV. TelikĹ, o kalÔteroc trìpoc paragwgăc tou IV eÐnai me aÔxhsh thc timăc katĹ
1 gia kĹje plaÐsio, pou kajistĹ to qrìno metaxÔ epanalambanìmenwn timÿn to megalÔtero

dunatì. En toÔtoic, me măkoc 24 bit, h sÔgkroush timÿn IV emfanÐzetai egguhmèna
metĹ th metĹdosh 224

plaisÐwn. To IEEE 802.11b mporeÐ na steÐlei 500 plaÐsia plărouc
măkouc to deuterìlepto kai, me to rujmì autì, o qÿroc twn IV exantleÐtai se perÐpou eptĹ
ÿrec.

Sthn prĹxh, mia sÔgkroush ja sumbeÐ polÔ nwrÐtera giatÐ upĹrqoun pollèc suskeuèc

pou metadÐdoun tautìqrona, kĹje mÐa auxĹnontac mia xeqwristă timă IV me qrăsh tou Ðdiou
kleidioÔ.

’Opwc èqei anaferjeÐ, me gnwstă th roă kleidioÔ pou antistoiqeÐ se dedomènă timă tou

IV, eÐnai dunată h apokruptogrĹfhsh kĹje epìmenou plaisÐou pou qrhsimopoieÐ to Ðdio IV
(kai mustikì kleidÐ). Autì eÐnai gegonìc anexĹrthta apì to măkoc tou kleidioÔ. Gia thn

apokruptogrĹfhsh kĹje mhnÔmatoc, eÐnai aparaÐthth h gnÿsh thc roăc kleidioÔ gia kĹje

dunată timă tou IV, perÐpou 17 ekatommÔria sto sÔnolì touc. H apojăkeush roÿn kleidioÔ
măkouc 1500 byte gia kĹje IV qreiĹzetai apojhkeutikì qÿro thc tĹxhc twn 23 Gbytes, mè-
gejoc efiktì gia touc perissìterouc oikiakoÔc upologistèc sămera. Dedomènhc mia tètoiac

bĹshc dedomènwn, eÐnai dunată h apokruptogrĹfhsh kĹje mhnÔmatoc, qwrÐc na eÐnai gnwstì

to mustikì kleidÐ. Wstìso, apaiteÐtai h eÔresh ìlwn twn roÿn kleidioÔ pou den eÐnai tìso

eÔkolh upìjesh.

Ac upojèsoume ìti èqoun katagrafeÐ dÔo mhnÔmata me koinì IV kai mustikì kleidÐ. EÐnai
gnwstì ìti h roă kleidioÔ eÐnai Ðdia kai stic dÔo periptÿseic, wstìso den eÐnai gnwstă h

timă thc. ’Estw, P1 kai P2 ta dÔo mh kruptografhmèna mhnÔmata, C1 kai C2 ta antÐstoiqa

kruptografămata touc, enÿ K h koină roă kleidioÔ, tìte ja isqÔei:

C1 = P1 ⊕K

kai

C2 = P2 ⊕K

Me efarmogă logikoÔ XOR metaxÔ touc prokÔptei:

C1 ⊕ C2 = (P1 ⊕K)⊕ (P2 ⊕K) = P1 ⊕ P2 ⊕K ⊕K = P1 ⊕ P2
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Epomènwc, o eisbolèac èqei sth diĹjesă tou èna mănuma pou parĹgetai apì to logikì XOR
twn dÔo mh kruptografhmènwn mhnumĹtwn. Wstìso, kĹpoiec apì tic timèc twn mh krupto-

grafhmènwn keimènwn eÐnai gnwstèc, ìpwc orismèna pedÐa thc epikefalÐdac. Se Ĺlla pedÐa

den eÐnai gnwstă h timă allĹ o skopìc touc. Gia parĹdeigma, ta pedÐa thc dieÔjunshc IP
èqoun periorismèno sÔnolo timÿn sta perissìtera dÐktua. To tmăma sÿmatoc tou keimènou

apoteleÐ suqnĹ plhroforÐec kwdikopoihmènec se ASCII, dÐnontac pĹli kĹpoiec pijanèc timèc.
An, metĹ apì mia qronikă perÐodo, sulleqjoÔn arketĹ deÐgmata apì epanalambanìmena

IV, tìte mporeÐ kaneÐc na mantèyei shmantikĹ tmămata thc roăc kleidioÔ kai, wc ek toÔtou,
na apokruptografăsei perissìterec plhroforÐec. ’Allwste, prèpei na tonisteÐ xanĹ ìti an

prosdioristeÐ h roă kleidioÔ gia kĹpoio IV, eÐnai dunată h apokruptogrĹfhsh kĹje plaisÐou
pou akoloujeÐ kai qrhsimopoieÐ to Ðdio IV, kajÿc epÐshc, kai h paragwgă plastÿn plaisÐwn
me autì to IV; ìla autĹ qwrÐc na eÐnai gnwstì to kleidÐ.
En toÔtoic, h adunamÐa aută de jewreÐtai shmantikă apeilă, ìson aforĹ thn kajhmerină

qrăsh. ExĹllou, ja qreiazìtan pollă prospĹjeia gia thn apokruptogrĹfhsh megĹlou

arijmoÔ plaisÐwn kai h eufuÐa pou apaiteÐtai gia ton prosdiorismì tou mh kruptografhmènou

keimènou kajistĹ dÔskolh thn anĹptuxh automatopoihmènou ergaleÐou gia to skopì autì.

AdÔnama kleidiĹ RC4

To jemeliÿdec tmăma tou algorÐjmou RC4 den eÐnai h kruptogrĹfhsh allĹ h paragwgă
yeudotuqaÐwn arijmÿn. Mìlic etoimasteÐ h akoloujÐa yeudotuqaÐwn byte, mporeÐ na qrh-
simopoihjeÐ gia thn kruptogrĹfhsh twn dedomènwn me th boăjeia thc prĹxhc XOR. ’Opwc
èqei anaferjeÐ, h qrăsh tou XOR apoteleÐ adunamÐa an den efarmosteÐ swstĹ, wstìso,
idiaÐtero endiafèron parousiĹzei h yeudotuqaÐa akoloujÐa ă roă kleidioÔ.

O RC4 gemÐzei èna pÐnaka megèjouc 256 byte me timèc apì 0 èwc 255. Gia thn akrÐbeia,
kĹje timă tou eÔrouc autoÔ, emfanÐzetai mia mìno forĹ mèsa ston pÐnaka. Wstìso, h seirĹ

me thn opoÐa emfanÐzontai oi arijmoÐ eÐnai {tuqaÐa}. Autì eÐnai gnwstì wc metĹjesh twn

timÿn. Epiprìsjeta, oi timèc anadiatĹssontai suneqÿc me thn paragwgă kĹje yeudotuqaÐou

byte, ÿste na prokÔptei diaforetikă metĹjesh tou pÐnaka kĹje forĹ.
KĹje yeudotuqaÐo byte parĹgetai epilègontac mia timă apì th metĹjesh, bĹsei dÔo dei-

ktÿn, tou i kai tou j, oi opoÐoi epÐshc allĹzoun kĹje forĹ. UpĹrqoun pollèc metajèseic 255
timÿn pou mporoÔn na paraqjoÔn. MĹlista, se sunduasmì me touc dÔo deÐktec, prokÔptoun

512 ∗ 256! pijanèc metajèseic.
Aută h idiìthta tou RC4 ton kajistĹ polÔ isqurì, parĹ thn aplă ulopoÐhsh tou algo-

rÐjmou. EÐnai exairetikĹ dÔskolo na gÐnei diĹkrish metaxÔ miac yeudotuqaÐac akoloujÐac RC4
kai miac pragmatikĹ tuqaÐac akoloujÐac, diadikasÐa pou apaiteÐ deÐgma megèjouc 1 Gbyte.
En toÔtoic, o RC4 parousiĹzei mia adunamÐa, pou faÐnetai kalÔtera an exetasteÐ h lei-

tourgÐa tou: arqikĹ dhmiourgeÐ èna pÐnaka me ìlec tic timèc 0-255. O pÐnakac eÐnai gnwstìc

wc koutÐ-S. Sth sunèqeia dhmiourgeÐ èna deÔtero pÐnaka megèjouc 256 byte me to kleidÐ na
epanalambĹnetai suneqÿc mèqri na gemÐsei o pÐnakac. AkoloÔjwc, anadiatĹssei to koutÐ-S
bĹsei twn timÿn ston pÐnaka tou kleidioÔ. Aută eÐnai h fĹsh arqikopoÐhshc. To prÿto

yeudotuqaÐo byte parĹgetai anadiatĹssontac to koutÐ-S xanĹ kai epilègontac èna byte.
To prìblhma eÐnai ìti den upĹrqoun pollèc anadiatĹxeic metaxÔ thc arqikăc morfăc tou

pÐnaka kleidioÔ kai tou prÿtou yeudotuqaÐou byte. ApodeiknÔetai telikĹ, ìti gia orismènec
timèc kleidiÿn, ta opoÐa lègontai adÔnama kleidiĹ, ènac dusanĹlogoc arijmìc bit sta prÿta
lÐga byte thc roăc kleidioÔ mporeÐ na prosdioristeÐ apì lÐga bit sto Ðdio to kleidÐ [4].
IdanikĹ, allĹzontac èna opoiodăpote bit sto kleidÐ, tìte h roă kleidioÔ pou prokÔptei

ja èprepe na eÐnai teleÐwc diaforetikă. KĹje bit ja èprepe na èqei 50% pijanìthta na eÐnai
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diaforetikì se sqèsh me thn prohgoÔmenh roă kleidioÔ. Wstìso, autì den isqÔei ston RC4.
KĹpoia bit tou kleidioÔ èqoun megalÔterh epÐdrash apĹ ta upìloipa, enÿ kĹpoia Ĺlla den
èqoun kamÐa epÐdrash sta prÿta lÐga byte thc roăc kleidioÔ. ProkÔptoun dÔo problămata
apì to gegonìc autì. Kat’ arqăn, an meiwjeÐ o arijmìc twn apotelesmatikÿn bit, tìte
eÐnai eukolìtero na gÐnei epÐjesh sta kleidiĹ. Epiplèon, eÐnai sunăjwc pio eÔkolo na gÐnei

upìjesh gia ta prÿta lÐga byte tou mh kruptografhmènou keimènou. Gia parĹdeigma, sto
WEP, eÐnai sunăjwc h epikefalÐda LLC pou arqÐzei me thn Ðdia dekaexadikă timă ”AA”. An
eÐnai gnwstì to mh kruptografhmèno keÐmeno, tìte mporeÐ na exaqjeÐ h roă kleidioÔ kai na

arqÐsei epÐjesh sto kleidÐ.

UpĹrqei mia polÔ aplă prosèggish gia thn antimetÿpish autăc thc adunamÐac: na agnoh-

joÔn ta prÿta lÐga byte thc roăc kleidioÔ. Me Ĺlla lìgia, na qrhsimopoieÐtai h èxodoc tou
RC4, afoÔ ektelesteÐ prÿta gia lÐgo o algìrijmoc. ’Eqei gÐnei h prìtash na agnooÔntai ta
prÿta 256 byte thc roăc kleidioÔ, allĹ fusikĹ to WEP den to efarmìzei autì, kajÿc mia
tètoia allagă ja kajistoÔse ta paliìtera sustămata mh dialeitourgikĹ.

To parapĹnw prìblhma mporeÐ na mh faÐnetai tìso sobarì, kajÿc ja mporoÔse kaneÐc

na prosdiorÐsei ta adÔnama kleidiĹ kai na apofeÔgei th qrăsh touc. KĹti tètoio ìmwc den

eÐnai dunatì, exaitÐac tou IV pou prostÐjetai sto mustikì kleidÐ. Dedomènou ìti to IV
metabĹlletai suneqÿc, argĹ ă grăgora, ja paraqjeÐ kĹpoio adÔnamo kleidÐ.

Ap’ eujeÐac epijèseic kleidioÔ

H prosjăkh miac gnwstăc timăc tou IV sto mustikì kleidÐ jewreÐtai episfalăc, kajÿc
epitrèpei se èna eisbolèa na perimènei gia èna endeqomènwc adÔnamo kleidÐ kai na epitejeÐ

se autì ap eujeÐac [4]. UpĹrqoun dÔo periptÿseic: sth mÐa to IV akoloujeÐ to mustikì
kleidÐ, enÿ sthn Ĺllh prohgeÐtai autoÔ. H deÔterh perÐptwsh eÐnai h pio euĹlwth kai aforĹ

to WEP.
H ìlh idèa basÐzetai sthn ekmetĹlleush twn prÿtwn byte tou adÔnamou kleidioÔ. Ar-

qikĹ, ac upotejeÐ ìti eÐnai gnwstĹ ta prÿta byte tou mh kruptografhmènou keimènou, ìpwc
kai isqÔei sthn perÐptwsh tou IEEE 802.11, kajÿc eÐnai sunăjwc mia epikefalÐda IEEE
802.1LLC SNAP. Me suneqă parakoloÔjhsh thc metĹdoshc, anazhteÐtai èna adÔnamo kleidÐ,
to opoÐo èqei paraqjeÐ apì to IV. UpĹrqei susqetismìc metaxÔ twn byte tou mh kruptogra-
fhmènou keimènou, tou kruptografhmènou kai tou mustikoÔ kleidioÔ. EÐnai periorismènoc

o arijmìc twn pijanÿn timÿn twn prÿtwn byte tou mustikoÔ kleidioÔ pou antistoiqoÔn
se dedomèno keÐmeno kai to kruptogrĹfhmĹ autoÔ. ’Eqontac katagrĹyei perÐpou 60 tètoia

mhnÔmata, o eisbolèac mporeÐ na mantèyei to prÿto byte tou kleidioÔ me sqetikă bebaiìthta.
H mèjodoc aută, mporeÐ na qrhsimopoihjeÐ ètsi ÿste na gÐnetai epÐjesh diadoqikĹ se kĹje

byte tou mustikoÔ kleidioÔ kai telikĹ na apokalÔptetai olìklhro to kleidÐ. Ac shmeiwjeÐ
ìti h aÔxhsh tou măkouc tou kleidioÔ apì ta 40 sta 104 bit, shmaÐnei mìno ìti apaiteÐtai 2,5
forèc perissìteroc qrìnoc na exaqjeÐ to kleidÐ, me Ĺlla lìgia, o qrìnoc auxĹnetai grammikĹ

kai ìqi ekjetikĹ.

’Olec oi prohgoÔmenec adunamÐec tou WEP, pou perigrĹfhkan sthn enìthta, faÐnontai
asămantec sugkrinìmenec me aută thn epÐjesh, kajÿc apìteleÐ mia mèjodo exagwgăc twn

kleidiÿn se qrìno grammikì. Kai epeidă qrhsimopoieÐ mhqanikă prosèggish, eÐnai eÔkolo

na anaptuqjoÔn autìmata ergaleÐa pou na efarmìzoun thn epÐjesh. UpĹrqei ădh plhjÿra

tètoiwn ergaleÐwn, ta opoÐa diatÐjentai eleÔjera sto diadÐktuo.





KefĹlaio 4

Prìtupo asfaleÐac IEEE 802.11i

To IEEE 802.11i apoteleÐ mia prosjăkh sto prìtupo twn AsurmĹtwn Topikÿn DiktÔwn, h
opoÐa sqetÐzetai me tic nèec prodiagrafèc asfaleÐac. Sta plaÐsia autĹ, orÐzei èna nèo tÔpo

diktÔou, to opoÐo lègetai DÐktuo EÔrwsthc AsfaleÐac (Robust Security Network
– RSN) ă WPA2. Se orismènec ptuqèc tou eÐnai ìmoio me ta sumbatikĹ dÐktua ă to WEP.
Wstìso, prokeimènou na sundejeÐ sto RSN, mia suskeuă apaiteÐtai na diajètei èna arijmì
nèwn dunatotătwn. Sto pragmatikì RSN, to shmeÐo prìsbashc epitrèpei mìno se kinhtèc
suskeuèc prodiagrafÿn RSN na sundejoÔn kai jètei austhroÔc kanìnec asfaleÐac katĹ
th diadikasÐa. Wstìso, epeidă h sqetikă anabĹjmish apaiteÐ thn pĹrodo orismènou qrìnou,

ston opoÐo prèpei na exasfalisteÐ h dialeitourgikìthta tou sumbatikoÔ exoplismoÔ, to IEEE
802.11i orÐzei to DÐktuo Metabatikăc AsfaleÐac (Transitional Security Network
– TSN) ă WPA, sto opoÐo sustămata prodiagrafÿn RSN, allĹ kai WEP, mporoÔn na
leitourgoÔn parĹllhla.

Dustuqÿc, oi perissìterec apì tic uparqousec kĹrtec asÔrmathc diktÔwshc den eÐnai

dunatì na anabajmistoÔn sto RSN, epeidă oi kruptografikèc leitourgÐec pou apaitoÔntai
den uposthrÐzontai apì to ulismikì kai de mporoÔn na kalufjoÔn apì anabĹjmish tou lo-

gismikoÔ. Wc ek toÔtou, apaiteÐtai h pĹrodoc orismènou qrìnou prokeimènou ja upĹrxoun

plărwc leitourgikĹ dÐktua RSN. AntÐjeta, ta dÐktua TSN mporoÔn na ulopoihjoÔn Ĺmesa.
To kefĹlaio autì, pragmateÔetai tic dÔo parapĹnw proseggÐseic tou protÔpou IEEE

802.11i, enÿ sto tèloc gÐnetai sÔgkrish twn triÿn sqhmĹtwn asfaleÐac, TSN, RSN kai
WEP.

4.1 AsÔrmath Prostateumènh Prìsbash

To prìtupo IEEE 802.11i anèptuxe thn AsÔrmath Prostateumènh Prìsbash (Wi-Fi Pro-
tected Access – WPA) prokeimènou na kalufjeÐ h anĹgkh gia perissìterh asfĹleia apì
aută pou parèqei to WEP, qrhsimopoiÿntac tic dunatìthtec tou upĹrqontoc exoplismoÔ
asÔrmathc diktÔwshc. Gia to skopì autì, orÐsthke to Prwtìkollo Qronikăc Ake-

raiìthtac KleidioÔ (Temporal Key Integrity Protocol – TKIP), to opoÐo parousiĹzetai
sthn enìthta 4.1.1. To TKIP mporeÐ na qrhsimopoihjeÐ aplĹ me anabĹjmish tou logismikoÔ
twn paliìterwn proðìntwn asÔrmathc diktÔwshc, enă h qrăsh tou sto RSN eÐnai proairetikă.
To prìtupoWPA apoteleÐ ousiastikĹ èna uposÔnolo twn prodiagrafÿn asfaleÐac tou

RSN kai ulopoieÐ to TSN dÐktuo.

41
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4.1.1 Prwtìkollo Qronikăc Akeraiìthtac KleidioÔ

Oi adunamÐec tou WEP, pou parousiĹsthkan leptomerÿc sthn enìthta 3.4, mporoÔn na
sunoyistoÔn ston pÐnaka 4.1.

To Prwtìkollo Qronikăc Akeraiìthtac KleidioÔ (TKIP) eisĹgei mia seirĹ mètrwn pou
antimetwpÐzoun kĹje èna apì ta elattÿmata autĹ. Parìlo pou den eÐnai dunatì na gÐnoun

megĹlec allagèc, ìpwc gia parĹdeigma na tropopoihjeÐ o trìpoc ulopoÐhshc tou RC4 se
ulismikì, en toÔtoic, prostÐjentai mia seirĹ apì diorjwtikĹ ergaleÐa gÔrw apì to upĹrqon

ulismikì. Oi allagèc pou efarmìzontai stoWEP gia thn ulopoÐhsh tou TKIP paratÐjentai
ston pÐnaka 4.2, ìpou oi arijmoÐ se parènjesh upodeiknÔoun tic adunamÐec tou pÐnaka 4.1

pou animetwpÐzei h kĹje allagă.

1 H timă tou IV eÐnai polÔ mikră kai den apotrèpetai h epanaqrhsimopoÐhsă thc.

2 O trìpoc paragwgăc twn kleidiÿn apì to IV kajistĹ toWEP euĹlwto se epijèseic
adÔnamwn kleidiÿn.

3 Den upĹrqei apotelesmatikìc trìpoc entopismoÔ thc tropopoÐhshc twn mhnumĹtwn

(akeraiìthta mhnumĹtwn).

4 ToWEP qrhsimopoieÐ to kÔrio kleidÐ kai den problèpei thn ananèwsh twn kleidiÿn.

5 Den parèqetai prostasÐa apì thn anaparagwgă twn mhnumĹtwn.

PÐnakac 4.1: Oi AdunamÐec tou WEP

Skopìc Allagă AdunamÐec pou

antimetwpÐzontai

Akeraiìthta Prosjăkh prwtokìllou akeraiìthtac mhnumĹ- (3)

mhnumĹtwn twn pou na apotrèpei thn tropopoÐhsh kai

na mporeÐ na ulopoihjeÐ me logismikì se

mikroepexergastă mikrăc isqÔoc.

Epilogă kai Allagă twn kanìnwn epilogăc twn timÿn IV (1) (3)

qrăsh IV kai epanaqrhsimopoÐhsh tou IV wc
metrhtă anaparagwgăc.

KleidÐ Allagă tou kleidioÔ kruptogrĹfhshc gia (1) (2) (4)

anĹ Pakèto kĹje plaÐsio.

Mègejoc IV AÔxhsh tou megèjouc tou IV ÿste na (1) (4)

apotrèpetai h epanaqrhsimopoÐhsă tou.

DiaqeÐrish Prosjăkh mhqanismoÔ diĹjeshc kai allagăc (4)

Kleidiÿn twn kleidiÿn pou ekpèmpontai.

PÐnakac 4.2: Allagèc apì to WEP sto TKIP
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Akeraiìthta mhnumĹtwn

’Opwc èqei anaferjeÐ, h akeraiìthta mhnumĹtwn apoteleÐ shmantikă parĹmetroc sto jèma

thc asfĹleiac. To WEP diajètei to ICV gia ton entopismì thc tropopoÐhshc mhnumĹtwn,
to opoÐo, ìmwc, den eÐnai apotelesmatikì. An kai den apoteleÐ mèroc thc asfĹleiac tou

TKIP, wstìso h timă tou exakoloujeÐ na upologÐzetai.
Mia aplă mèjodoc entopismoÔ tropopoiăsewn, eÐnai o sunduasmìc ìlwn twn byte enìc

mhnÔmatoc gia thn paragwgă miac timăc elègqou kai h apostolă autăc mazÐ me to mănu-

ma. H lambĹnousa pleurĹ mporeÐ na kĹnei ton antÐstoiqo upologismì kai na sugkrÐnei to

apotèlesma, to opoÐo ja diafèrei efìson allĹxei kĹpoio bit.
Aută h aplă prosèggish den eÐnai apotelesmatikă, kajÿc ènac kakìbouloc qrăsthc eÐnai

se jèsh na upologÐsei xanĹ thn timă elègqou ÿste na sumfwneÐ me tic tropopoiăseic tou

sto mănuma. Wstìso, h basikă idèa eÐnai Ðdia: Sunduasmìc ìlwn twn byte tou mhnÔmatoc gia
thn paragwgă miac timăc elègqou pou kaleÐtai Kÿdikac Elègqou Akeraiìthtac (Message
Integrity Code – MIC) kai apostolăc thc mazÐ me to mănuma. En toÔtoic, sthn perÐptwsh tou
TKIP, oMIC upologÐzetai qrhsimopoiÿntac mia mh antistrèyimh epexergasÐa se sunduasmì
me èna mustikì kleidÐ. Wc ek toÔtou, o epÐdoxoc eisbolèac den eÐnai se jèsh na upologÐzei

ek nèou thn timă touMIC, efìson de gnwrÐzei to mustikì kleidÐ. Mìno o paralăpthc mporeÐ
na upologÐsei kai na elègxei thn timă.

UpĹrqoun pollèc asfaleÐc mèjodoi gia thn paragwgă tou MIC, oi opoÐec ìmwc, apai-
toÔn eÐte thn eisagwgă nèwn kruptografikÿn algorÐjmwn ă taqeÐc upologismoÔc pollapla-

siasmoÔ. Wstìso, oi mikroepexergastèc stic perissìterec upĹrqousec kĹrtec asÔrmathc

diktÔwshc de diajètoun megĹlh isqÔ. Kai enÿ mia prosèggish ja ătan h metaforĹ tou

upologistikoÔ fìrtou sto logismikì tou odhgoÔ, pou antèqoun oi epexergastèc twn sÔg-

qronwn proswpikÿn upologistÿn, wstìso h lÔsh aută de mporeÐ na efarmosteÐ sta shmeÐa

prìsbashc, ta opoÐa, wc epÐ to pleÐston, de diajètoun thn apaitoÔmenh epexergastikă isqÔ.

Sunepÿc, apaiteÐtai mia mèjodoc asfalăc ìso oi ădh gnwstèc proseggÐseic, pou na

mhn apaiteÐ ìmwc, oÔte pollaplasiasmoÔc, oÔte nèouc kruptografikoÔc algorÐjmouc. Mia

kală lÔsh sumbibasmoÔ dìjhke apì ton kruptogrĹfo Niels Ferguson me mia mèjodo pou
onìmase MiqĹlh (Michael). O MiqĹlhc eÐnai mia mèjodoc upologismoÔ tou MIC pou de
qrhsimopoieÐ pollaplasiasmoÔc, parĹ mìno prĹxeic olÐsjhshc kai prìsjeshc. O MiqĹlhc

mporeÐ na ulopoihjeÐ apì ta sÔgqrona shmeÐa prìsbashc qwrÐc na katanalÿnei olìklhrh

thn upologistikă touc isqÔ. Wstìso, to kìstoc thc aplìthtac eÐnai ìti o MiqĹlhc eÐnai

euĹlwtoc se epijèseic wmăc dÔnamhc (brute force), katĹ tic opoÐec o epÐdoxoc eisbolèac eÐnai
se jèsh na kĹnei pollèc allepĹllhlec epijèseic me taqÔ rujmì. O MiqĹlhc antimetwpÐzei

thn adunamÐa aută me thn eisagwgă thc idèac twn antimètrwn (countermeasures).
H filosofÐa twn antimètrwn eÐnai polÔ aplă: anĹptuxh miac axiìpisthc mejìdou ento-

pismoÔ epijèsewn kai lăyhc twn katĹllhlwn mètrwn. To aploÔstero twn antimètrwn eÐnai

to kleÐsimo olìklhrou tou diktÔou ìtan aniqneujeÐ mia epÐjesh, ÿste o epÐdoxoc eisbolèac

na mhn eÐnai se jèsh na kĹnei epiplèon apìpeirec.

O MiqĹlhc epitrèpei ton upologismì thc timăc tou MIC h opoÐa prostÐjetai sto mănuma
prin thn kruptogrĹfhsh kai elègqetai apì ton paralăpth metĹ thn apokruptogrĹfhsh. H

timă aută, prosfèrei thn akeraiìthta mhnumĹtwn pou den parèqei to WEP.
O MiqĹlhc efarmìzetai stic MSDU kaÐ ìqi se kĹje MPDU. Autì prosfèrei dÔo pleo-

nektămata. Kat’ arqăn, ìson aforĹ thn pleurĹ thc asÔrmathc suskeuăc, epitrèpei thn

ulopoÐhsh tou upologismoÔ ston odhgì thc suskeuăc pou ekteleÐtai ston upologistă prin

thn proÿjhsh thc MSDU sthn kĹrta asÔrmathc diktÔwshc. Epiplèon, periorÐzei to epi-
prìsjeto kìstoc, kajÿc den apaiteÐtai h prosjăkh thc timăc tou MIC se kĹje jraÔsma
(MPDU) tou mhnÔmatoc. AntÐjeta, h kruptogrĹfhsh TKIP lambĹnei qÿra sto epÐpedo thc
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MPDU.
O MiqĹlhc qreiĹzetai to dikì tou mustikì kleidÐ, to opoÐo prèpei na eÐnai diaforetikì apì

to mustikì kleidÐ pou qrhsimopoieÐtai sthn kruptogrĹfhsh. H exagwgă tètoiwn kleidiÿn

epitugqĹnetai eÔkola parĹgwntac qronikĹ kleidiĹ apì to kÔrio kleidÐ.

Epilogă kai qrhsimopoÐhsh IV

Sthn enìthta 3.4, parousiĹsame tic adunamÐec ston trìpo qrăshc tou IV apì to WEP, oi
opoÐec sunoptikĹ eÐnai oi exăc:

• To IV eÐnai polÔ mikrì me apotèlesma oi timèc tou na epanaqrhsimopoioÔntai suqnĹ
se èna dÐktuo me pollă kÐnhsh.

• To IV den eÐnai eidikì gia kĹje stajmì kai epomènwc to Ðdio IV mporeÐ na qrhsimo-
poihjeÐ me to Ðdio mustikì kleidÐ apì pollaplèc asÔrmatec suskeuèc.

• O trìpoc pou to IV eisĹgetai prin apì to kleidÐ kajistĹ to sÔsthma euĹlwto se
epijèseic adÔnamwn kleidiÿn (epijèseic FMS).

Sto prìtupo tou WEP, den upĹrqei h apaÐthsh na apofeÔgetai h epanaqrhsimopoÐhsh
tou IV, se antÐjesh me to TKIP. H aÔxhsh tou IV mporeÐ na kajustereÐ th sÔgkroush
timÿn tou IV, aută, wstìso, emfanÐzetai metĹ apì 16 ekatommÔria plaÐsia. Wc ek toÔtou,
to TKIP eisĹgei nèouc kanìnec ìson aforĹ th qrăsh tou IV. OusiastikĹ, upĹrqoun treic
diaforèc se sÔgkrish me to WEP:

1. To mègejoc tou IV auxĹnetai apì ta 24 sta 48 bit. Gia thn akrÐbeia prostÐjentai 32
bit akìmh, sqhmatÐzontac èna IV măkouc 56 bit. Wstìso, praktikĹ qrhsimopoioÔntai
mìno ta 48 bit, kajÿc èna byte axiopoieÐtai gia thn apofugă adÔnamwn kleidiÿn.
H aÔxhsh aută, exaleÐfei apotelesmatikĹ th sÔgkroush timÿn tou IV, en toÔtoic,
exakoloujeÐ na upĹrqei h anĹgkh apofugăc thc qrăshc tou Ðdiou IV se sunduasmì me
to Ðdio kleidÐ apì dÔo diaforetikèc suskeuèc.

Apì thn Ĺllh pleurĹ, h allagă aută eisĹgei orismèna problămata ìson aforĹ thn

ulopoÐhsh. ’Opwc eÐnai gnwstì, to IV sto WEP prostÐjetai mprostĹ apì to mu-
stikì kleidÐ prokeimènou na sqhmatisteÐ to kleidÐ kruptogrĹfhshc tou algorÐjmou

RC4. Wc ek toÔtou, me to sunduasmì tou IV twn 24 bit kai enìc mustikoÔ kleidioÔ
twn 40 bit, parĹgetai èna kleidÐ RC4 măkouc 64 bit. To ulismikì tou paliìterou exo-
plismoÔ upojètei aută th domă kleidioÔ kai de mporeÐ na anabajmisteÐ xafnikĹ ÿste

na uposthrÐzei to nèo kleidÐ twn 88 bit gia tic anĹgkec tou TKIP. Sto plaÐsio autì,
akoloujeÐtai h exăc prosèggish: antÐ na sqhmatisteÐ èna nèo kleidÐ RC4 apì thn
ènwsh tou mustikoÔ kleidioÔ kai tou IV, to IV qwrÐzetai se dÔo tmămata. Ta prÿta
16 bit tou nèou IV epekteÐnontai katĹllhla sta 24 ÿste na apofeÔgontai gnwstĹ
adÔnama kleidiĹ. Aută h timă măkouc 24 bit, qrhsimopoieÐtai ìpwc sta sustămata
WEP. Wstìso, antÐ na enwjeÐ me to mustikì kleidÐ, èna nèo anĹmeikto kleidÐ (mixed
key) parĹgetai apì to sunduasmì tou mustikoÔ kleidioÔ me ta 32 bit pou apomènoun
sto IV. O trìpoc me ton opoÐo to IV megĹlou măkouc enswmatÿnetai sto kleidÐ,
onomĹzetai allagă kleidioÔ anĹ pakèto, kai parousiĹzetai sto Sq. 4.1. Tèloc, prèpei

na shmeiwjeÐ ìti h parapĹnw prosèggish epitugqĹnei dÔo stìqouc:

• H timă tou kleidioÔ pou qrhsimopoieÐtai sthn kruptogrĹfhsh RC4 eÐnai diafo-
retikă gia kĹje timă tou IV.
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• H domă tou kleidioÔ tou RC4 apoteleÐtai apì to {paliì} IV măkouc 24 bit kai
èna pedÐo mustikoÔ kleidioÔ twn 104 bit.

Ανωτερο IV Κατωτερο IV

IV ΜηκουςΤιµη 48 bit Κλειδι Κρυπτογραφησης RC4

Φαση 1
Αλλαγης Κλειδιου

Φαση 2
Αλλαγης Κλειδιου

∆ιευθυνση MAC
Το ’d’ ειναι ενα τυχαιο
byte για την αποφυγη
αδυναµων κλειδιων

32 bit 16 bit
IV d IV Κλειδι ανα Πακετο

24 bit 104 bit

Κλειδι Συνοδου

Sqăma 4.1: DhmiourgÐa tou KleidioÔ KruptogrĹfhshc RC4 sto TKIP

2. To IV apoktĹei èna deutereÔonta rìlo wc metrhtăc akoloujÐac gia thn prostasÐa apì
epijèseic anaparagwgăc. AutoÔ tou eÐdouc h prostasÐa den parèqetai apì to WEP,
ìpou ènac epÐdoxoc eisbolèac eÐnai se jèsh na katagrĹyei èna ègkuro pakèto kai na

to anaparĹgei argìtera. Se mia tètoia epÐjesh, o kakìbouloc qrăsthc den epiqeireÐ

na apokruptografăsei to mănuma, wstìso, prospajeÐ na upojèsei to rìlo autoÔ. Gia

parĹdeigma, katagrĹfontac ta mhnÔmata katĹ th diĹrkeia thc diagrafăc enìc arqeÐou,

eÐnai jewrhtikĹ dunatì, anaparĹgwntac ta, na diagrafeÐ èna arqeÐo me to Ðdio ìnoma,

qwrÐc na parabiasteÐ kan h kruptogrĹfhsh. H prostasÐa apì thn anaparagwgă èqei

akribÿc wc stìqo thn apofugă qrăshc paliÿn mhnumĹtwn me ton trìpo autì. To

TKIP parèqei èna sqetikì mhqanismì pou onomĹzetai metrhtăc akoloujÐac TKIP
(TKIP Sequence Counter – TSC).

Sthn pragmatikìthta, o TSC kai to IV eÐnai to Ðdio. H timă arqÐzei pĹnta apì to
mhdèn kai auxĹnetai katĹ èna gia kĹje pakèto pou stèlnetai. Epeidă, eÐnai egguhmèno

ìti den prìkeitai na epanalhfjeÐ h timă tou IV gia èna dosmèno kleidÐ, h anaparagwgă
mporeÐ na apofeuqjeÐ agnoÿntac opoiadăpote mhnÔmata parousiĹzoun timă tou TSC
pou èqei ădh lhfjeÐ. Oi kanìnec autoÐ exasfalÐzoun ìti den eÐnai dunată mia epÐjesh

pou ja sthrÐzetai sthn anaparagwgă paliìterwn katagegrammènwn mhnumĹtwn.

O aploÔsteroc trìpoc apofugăc epijèsewn anaparagwgăc eÐnai h apìrriyh lhfjèn-

twn mhnumĹtwn sta opoÐa o TSC den èqei auxhjeÐ katĹ 1 se sqèsh me to teleutaÐo
mănuma. En toÔtoic, upĹrqoun arketoÐ praktikoÐ lìgoi pou den epitrèpoun autăn thn

prosèggish. Kat’ arqăn, eÐnai dunatì na qajoÔn kĹpoia plaÐsia katĹ th metĹdosh

lìgw parembolÿn kai jorÔbou. ExaitÐac enìc endeqìmenou qamènou plaisÐou, ìla ta
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plaÐsia pou ja akoloujoÔsan ja aporrÐptontan lanjasmèna epeidă o TSC de ja eÐqe
auxhjeÐ katĹ 1.

Wc ek toÔtou, prèpei na uiojethjeÐ mia prosèggish pou na lambĹnei upìyh thc tic epa-

nametadìseic. SÔmfwna me to prìtupo, prèpei na epibebaiÿnetai h lăyh twn plaisÐwn

me sÔntoma mhnÔmata ACK. An de lhfjeÐ epibebaÐwsh, to mănuma prèpei na epana-
metadojeÐ jètontac èna bit pou na upodeiknÔei ìti prìkeitai gia antÐgrafo. ’Ontac
mănuma epanametĹdoshc, prèpei na èqei thn Ðdia timă TSC me to arqikì. Sthn prĹxh, h
prosèggih aută eÐnai apotelesmatikă epeidă h lambĹnousa pleurĹ qreiĹzetai èna mìno

ègkuro antÐgrafo tou mhnÔmatoc kai den upĹrqei prìblhma na aporrÐptontai tuqìn

antÐgrafa katĹ ton èlegqo tou TSC apì ton paralăpth. To endeqìmeno epanametĹ-
doshc upodhlÿnei ìti Ðdiec timèc tou TSC den prèpei na eklambĹnontai aparaÐthta wc
apìpeira epÐjeshc.

AnakÔptei èna akìmh duskolìtero prìblhma exaitÐac miac nèac ènnoiac gnwstăc wc

èkrhxh`ack (burst–ack). SÔmfwna me to arqikì prìtupo IEEE 802.11, kĹje plaÐsio
dedomènwn pou stèlnetai, prèpei na epibebaiwjeÐ xeqwristĹ. Enÿ, h apaÐthsh aută

faÐnetai apotelesmatikă, den eÐnai, wstìso, eparkăc, kajÿc o apostolèac prèpei na

stamatĹei kai na perimènei mănuma ACK protoÔ suneqÐsei. H ènnoia thc èkrhxhc `
ack eÐnai na stèlnontai diadoqikĹ èwc kai 16 plaÐsia kai sth sunèqeia na epitrèpetai
ston paralăpth na epibebaiÿsei kai ta 16 me èna mănuma. An kĹpoia apì ta mhnÔmata

de lhfjoÔn epituqÿc, o paralăpthc eÐnai se jèsh na upodeÐxei poia qreiĹzontai epa-

nametĹdosh. H èkrhxh`ack den eÐnai akìmh mèroc tou prìtupou, en toÔtoic eÐnai polÔ
pijanì na sumperilhfjei sto mèllon.

• ACCEPT: O TSC eÐnai o megalÔteroc pou èqei emfanisteÐ èwc tÿra.

• REJECT: O TSC eÐnai mikrìteroc tou mègistou −16.

• WINDOW: O TSC eÐnai mikrìteroc tou mègistou, allĹ megalÔteroc apì to katÿ-
tero ìrio (mègisto −16).

3. To IV parĹgetai katĹllhla ÿste na apofeÔgontai orismèna adÔnama kleidiĹ, ta opoÐa
kajistoÔsan to WEP euĹlwto sthn epÐjesh FMS, pou apoteleÐ kai th megalÔterh
apeilă tou protÔpou. Aută epitrèpei thn exagwgă tou mustikoÔ kleidioÔ parako-

loujÿntac thn kÐnhsh thc diktuakăc kÐnhshc thc asÔrmathc zeÔxhc me th boăjeia

automatopoihmènwn ergaleÐwn, ìpwc eÐdame sthn enìthta 3.4.

O Ron Rivest, sqediastăc tou RC4, prìteine th mh qrhsimopoÐhsh twn prÿtwn 256
byte pou parĹgontai apì ton algìrijmo, prokeimènou na antimetwpisteÐ aută h adu-
namÐa. Dedomènou ìti to ulismikì tou upĹrqontoc exoplismoÔ asÔrmathc diktÔwshc

den uposthrÐzei thn proteinìmenh lÔsh, to TKIP jètei touc exăc stìqouc:

• ProspĹjeia apofugăc adÔnamwn kleidiÿn.

• ProspĹjeia epiprìsjethc apìkruyhc tou mustikoÔ kleidioÔ.

H epÐjesh FMS basÐzetai sth dunatìthta sullogăc pollaplÿn deigmĹtwn plaisÐwn
pou perièqoun adÔnama kleidiĹ. ApaitoÔntai mìlic 60 plaÐsia gia na exaqjoÔn ta

prÿta bit tou zhtoÔmenou, enÿ h plărhc apokwdikopoÐhsh tou kleidioÔ mporeÐ na
gÐnei metĹ apì lÐga ekatommÔria pakèta. H prosèggish pou uiojetăjhke apì to TKIP
eÐnai h allagă tou mustikoÔ kleidioÔ gia kĹje pakèto. Me ton trìpo autì, o epÐdoxoc
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eisbolèac den eÐnai se jèsh na sugkentrÿsei arketĹ deÐgmata gia na epitejeÐ se kĹpoio

dosmèno kleidÐ.

’Enac epiprìsjetoc mhqanismìc Ĺmunac apì thn epÐjesh FMS eÐnai h apofugă qrăshc
adÔnamwn kleidiÿn. To prìblhma eÐnai ìti kaneÐc de gnwrÐzei me akrÐbeia ìla ta

adÔnama kleidiĹ. Wstìso, oi kruptogrĹfoi èqoun prosdiorÐsei ènan tÔpo kleidioÔ pou

eÐnai adÔnamoc. ApodeiknÔetai ìti jètwntac katĹllhla dÔo bit tou IV katĹ th fĹsh
anĹmeixhc kleidioÔ, apofeÔgetai mia gnwstă kathgorÐa adÔnamwn kleidiÿn.

Orismènoi kataskeuastèc èqoun tropopoiăsei thn ulopoÐhsh tou WEP ÿste na apo-
feÔgontai timèc tou IV pou parĹgoun adÔnama kleidiĹ. En toÔtoic, prokÔptei èna Ĺllo
prìblhma me thn prosèggish aută. Wc gnwstì, den upĹrqei eparkăc arijmìc timÿn

tou IV ìtan autì èqei măkoc 24 bit. Meiÿnontac loipìn akìmh perissìtero to sÔnolo
timÿn tou IV, periorÐzoume to èna prìblhma allĹ epideinÿnoume èna Ĺllo. Sto TKIP
den upĹrqei autìc o kÐndunoc, kajÿc to măkoc tou IV èqei diplasiasteÐ.

H enìthta aută, estiĹsthke stic allagèc ston trìpo qrăshc tou IV apì to TKIP.
SunoyÐzontac, upĹrqoun treic shmantikèc tropopoiăseic: to măkoc auxĹnetai sta 48 bit, to
IV qrhsimopoieÐtai wc metrhtăc akoloujÐac (o TSC), kai to IV sunduĹzetai me to mustikì
kleidÐ me perissìtero polÔploko trìpo se sqèsh me to WEP. H teleutaÐa allagă epituq-
gĹnei dÔo stìqouc: epitrèpei thn enswmĹtwsh tou IV măkouc 48 bit pou na uposthrÐzetai
stic paroÔsec ulopoiăseic ulismikoÔ kai epiplèon apotrèpei th qrăsh miac gnwstăc kath-

gorÐac adÔnamwn kleidiÿn. Oi tropopoiăseic, ìson aforĹ to IV, parèqoun polÔ shmantikă
epiprìsjeth asfĹleia se sÔgkrish me to WEP.

Leptomèreiec ulopoÐhshc tou TKIP

Sthn enìthta aută, perigrĹfetai leptomerèstera o trìpoc ulopoÐhshc tou algorÐjmou

TKIP. ArqikĹ, upojètoume ìti ta kÔria kleidiĹ (master keys) èqoun dianemhjeÐ, enÿ ta
antÐstoiqa kleidiĹ sunìdou (session keys) èqoun paraqjeÐ kai stic dÔo pleurèc thc epikoi-
nwniakăc zeÔxhc. Ta kÔria kleidiĹ mporeÐ endeqomènwc na èqoun apokthjeÐ qrhsimopoiÿntac

kĹpoia apì tic mejìdouc epalăjeushc tautìthtac twn anwtèrwn strwmĹtwn pou basÐzetai

sto EAP, ă enallaktikĹ na apoteloÔn promerizìmena (preshared) kleidiĹ. H teleutaÐa
perÐptwsh eÐnai anĹlogh me thn prosèggish tou WEP, ìpou ta kleidiĹ pro-egkajÐstantai
stic diĹforec suskeuèc. Profanÿc, kĹti tètoio mporeÐ na brei efarmogă mìno se dÐktua

periorismènwn diastĹsewn ă katĹ th leitourgÐa tÔpou ad-hoc.
Sta plaÐsia tou TKIP parĹgontai treic tÔpoi kleidiÿn:

1. KleidÐ gia thn prostasÐa thc antallagăc mhnumĹtwn EAPOL-Key.

2. KleidÐ-ZeÔgoc (pairwise) gia thn prostasÐa twn Ðdiwn twn mhnumĹtwn me qrăsh TKIP.

3. Omadikì kleidÐ gia thn prostasÐa ekpompÿn (broadcasts) pou qrhsimopoioÔn TKIP.

Apì ta dedomèna tou kleidioÔ-zeÔgouc parĹgontai ta qronikĹ kleidiĹ:

• KleidÐ Qronikăc KruptogrĹfhshc (128 bit): Autì qrhsimopoieÐtai wc eÐsodoc sto
stĹdio allagăc kleidiÿn prin thn kruptogrĹfhsh RC4.

• KleidÐ QronikoÔ Epalhjeută Tautìthtac TX MIC: Autì qrhsimopoieÐtai se sundua-
smì me th mèjodo epalăjeushc tautìthtac MiqĹlhc gia thn paragwgă tou MIC sta
plaÐsia pou metadÐdontai apì ton epalhjeută tautìthtac (shmeÐo prìsbashc se èna

dÐktuo upodomăc).
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• KleidÐ QronikoÔ Epalhjeută Tautìthtac RX MIC: Autì qrhsimopoieÐtai se sundua-
smì me th mèjodo MiqĹlhc gia thn paragwgă tou MIC sta plaÐsia pou metadÐdontai
apì thn ontìthta tou supplicant (sunăjwc aută eÐnai h kinhtă suskeuă).

’Oson aforĹ ta omadikĹ kleidiĹ, mìno oi dÔo prÿtoi tÔpoi qreiĹzetai na paraqjoÔn, kajÿc

oi ekpompèc (broadcasts) stèlnontai apokleistikĹ apì ton epalhjeută tautìthtac kai ìqi
apì thn ontìthta tou supplicant.
O stìqoc tou TKIP eÐnai, ìpwc èqei anaferjeÐ, h paroqă mhqanismÿn asfaleÐac, afe-

nìc gia thn exasfĹlish thc akeraiìthtac twn lambanomènwn dedomènwn, afetèrou gia thn

prostasÐa twn dedomènwn pou apostèllontai. Sta plaÐsia autĹ, to prwtìkollo ulopoieÐ

ta akìloujĹ:

• Paragwgă kai èlegqoc IV

• Paragwgă kai èlegqoc MIC

• KruptogrĹfhsh kai apokruptogrĹfhsh

H leitourgÐa tou TKIP katĹ th metĹdosh dedomènwn, faÐnetai sto Sq. 4.2. Oi tèsseric
diergasÐec pou qrhsimopoieÐ to prwtìkollo eÐnai oi akìloujec:

1. MiqĹlhc

2. Paragwgă kleidiÿn

3. IV/TSC

4. RC4

Ac shmeiwjeÐ ìti h timă elègqou akeraiìthtac upologÐzetai bĹsei thcMSDU kai prostÐjetai
se aută, prin to jrausmatismì. Wc apotèlesma, ta byte thc timăc elègqou eÐnai parìnta
mìno sthn teleutaÐa MPDU kai perièqontai sta kruptografhmèna dedomèna. H arqikă
timă elègqou (tou WEP), to ICV, exakoloujeÐ na upologÐzetai kai na prostÐjetai se kĹje
MPDU, parìlo pou den apoteleÐ mèroc tou elègqou akeraiìthtac pakètwn tou TKIP.
Kajÿc to MIC upologÐzetai sto epÐpedo thc MSDU, den eÐnai dunatì na sumperilhfjeÐ

h timă tou IV ston upologismì tou MIC gia dÔo lìgouc. Kat’ arqăn, epeidă h MSDU
mporeÐ na eÐnai jrausmatismènh, endèqetai na qrhsimopoioÔntai pollaplèc timèc tou IV gia
thn apostolă twn jrausmĹtwn thc MSDU. Epipleìn, den epitrèpetai h epilogă thc timăc
tou IV, parĹ mìno metĹ thn afaÐresh tou jraÔsmatoc apì tic ourèc metĹdoshc. Sto mèllon,
prokeimènou na uposthriqjoÔn polumesikèc efarmogèc, to prìtupo IEEE 802.11e mporeÐ
na diajètei mèqri kai oktÿ ourèc proteraiìthtac gia ta exerqìmena plaÐsia kai h seirĹ me

thn opoÐa ta jraÔsmata epilègontai gia metĹdosh exartĹtai apì polloÔc parĹgontec pou

kajorÐzontai apì periorismoÔc pragmatikoÔ qrìnou kai proteraiotătec. Wc ek toÔtou, oi

MSDU uyhlìterhc proteraiìthtac endèqetai na prohghjoÔn palaiìterwn MSDU ă akìmh
kai na staloÔn metaxÔ jrausmĹtwn twn teleutaÐwn. To TKIP diajètai èna mìno metrhtă IV
anĹ zeÔxh -ìqi anĹ ourĹ- kai epomènwc h anĹjesh thc timăc tou IV prèpei na perimènei mèqri
thn teleutaÐa stigmă, dhladă prin thn epilogă enìc jraÔsmatoc gia metĹdosh. Sunepÿc, h

timă de mporeÐ na eÐnai gnwstă katĹ ton upologismì tou MIC.
O upologismìc tou MIC sto epÐpedo thc MSDU, se sunudasmì me thn èlleiyh prosta-

sÐac tou IV, epitrèpei se èna epÐdoxo eisbolèa na {mplokĹrei} èna stajmì anaparĹgontac
prohgoÔmena plaÐsia me nèa timă tou IV. To prìblhma anakÔptei kajÿc to IV diplasiĹzetai,
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Προσθηκη MICMICΥπολογισµος

προς ΜεταδοσηMSDU

ΚλειδιMIC
Θραυσµατισµος

Προσθηκη MAC

Προσθηκη IV/ICV

Αλλαγη Κλειδιου

Παραγωγη IV

Κρυπτογραφηση

Κλειδιου
Παραγωγη

Κυριο Κλειδι

Κλειδι Κρυπτογραφησης

RC4

Μιχαλης

MPDU προς Tx

Sqăma 4.2: LeitourgÐa tou TKIP katĹ th MetĹdosh

ìpwc o metrhtăc akoloujÐac TSC, prokeimènou na apofeuqjoÔn oi epijèseic anapragwgăc.
Profanÿc, ja apotÔqei h apokruptogrĹfhsh tètoiwn yeudepÐgrafwn plaisÐwn, ta opoÐa kai

ja aporrifjoÔn. Den apoteloÔn apeilă wc proc thn akeraiìthta tou prwtokìllou, wstì-

so kajistoÔn ta ègkurĹ plaÐsia pou akoloujoÔn na faÐnontai san epÐjesh anaparagwgăc.

’Otan èna ègkuro plaÐsio katafjĹnei, endèqetai na aporrifjeÐ epeidă h timă tou TSC èqei
exantlhjeÐ apì ton epitijèmeno stajmì. Sunepÿc, anăkei sthn kathgorÐa twn epijèsewn Ĺr-

nhshc - uphresiÿn (denial-of-service). Ston kìsmo twn asÔrmatwn epikoinwniÿn upĹrqoun
polloÐ aploÐ trìpoi pou epitugqĹnoun akribÿc autì kai den eÐnai dunatì na antimetwpisjoÔn

apotelÿntac mìnima mia pijană apeilă.

UpotÐjetai ìti to tmăma KruptogrĹfhshc, ìpwc parousiĹzetai sto Sq. 4.2, ulopoieÐ

ton Ðdio algìrijmo kruptogrĹfhshc RC4 pou qrhsimopoieÐtai kai stoWEP. Oi perissìteroi
kataskeuastèc èqoun ulopoiăsei to tmăma autì me tètoio trìpo ÿste na mhn eÐnai dunată

h tropopoÐhsă tou mèsw anabajmÐsewn firmware. O upĹrqwn exoplismìc WEP suqnĹ peri-
lambĹnei mhqanismì ulismikoÔ (hardware) gia thn arqikopoÐhsh tou koutioÔ-S tou RC4. H
adunamÐa allagăc thc sugkekrimènhc monĹdac, apotèlese kai to megalÔtero prìblhma katĹ

to sqediasmì tou TKIP.
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H antÐstoiqh leitourgÐa tou prwtokìllou katĹ th lăyh, parousiĹzetai sto Sq. 4.3.

MICΥπολογισµος

ΚλειδιMIC

Αλλαγη Κλειδιου

Κλειδιου
Παραγωγη

MSDU Αποδεκτη

IVΕξαγωγη

Αποκρυπτογραφηση

MPDUΛηφθεισα

Κυριο Κλειδι

Κλειδι Κρυπτογραφησης

Μιχαλης

Αφαιρεση &
MICΕλεγχος

Ενωση
Θραυσµατων

Ελεγχος
Παραθυρου TSC

RC4

TSC

Απορριψη αν
λαθος MIC,
Αντιµετρα

Απορριψη αν

Απορριψη αν

λαθος

λαθος

ICV

TSC

Εξαγωγη MAC

Sqăma 4.3: LeitourgÐa tou TKIP katĹ th Lăyh

H diadikasÐa lăyhc den eÐnai h akribÿc antÐstrofh autăc thc metĹdoshc. Kat’ arqăn, h

apokruptogrĹfhsh den eÐnai h prÿth leitourgÐa. AntÐjeta, o TSC (pou prokÔptei apì to
IV) elègqetai gia thn prostasÐa apì anaparagwgèc. Ac shmeiwjeÐ ìti h timă tou ICV
elègqetai kai qrhsimopoieÐtai gia thn apìrriyh tou pakètou. Den prìkeitai austhrĹ gia

ènan èlegqo akeraiìthtac , wstìso apoteleÐ mia grăgorh èndeixh gia thn epituqÐa ă mh thc

apokruptogrĹfhshc: H apokruptogrĹfhsh enìc pakètou me lanjasmèno kleidÐ ă me qrăsh

mh ègkurwn timÿn tou IV parĹgei pĹnta lanjasmènh timă tou ICV.
ToMIC elègqetai metĹ th lăyh ìlwn twn jrausmĹtwn kai th sÔnjesă touc sthnMSDU.

Ac shmeiwjeÐ ìti an to MIC apotÔqei, de ja aporrifjeÐ mìno h MSDU, allĹ, epiplèon,
endèqetai na energopoihjoÔn antimètra. An kai jewrhtikĹ dunatì, eÐnai exairetikĹ apÐjano

na upĹrxoun lĹjh kĹta th metĹdosh, tètoia pou na epitrèyoun se èna plaÐsio na perĹsei ton

èlegqo CRC kai sth sunèqeia na apokruptografhjeÐ gia na parĹgei èna apodektì ICV. Se
perÐptwsh apotuqÐac tou MIC , eÐnai sÐgouro ìti èqei prohghjeÐ skìpimh tropopoÐhsh kai
ìqi tuqaÐa sfĹlmata metĹdoshc ă parembolèc.
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4.2 DÐktuo EÔrwsthc AsfaleÐac

Sthn enìthta aută parousiĹzoume to Prìtupo Prohgmènhc KruptogrĹfhshc (Advanced
Encryption Standard – AES) kai to Prwtìkollo Counter-Mode/CBC-MAC (CCMP),
pou apoteloÔn kÔria sustatikĹ tou DiktÔou EÔrwsthc AsfaleÐac (RSN), sta plaÐsia tou
protÔpou IEEE 802.11i. Ja anadeiqjoÔn oi lìgoi pou epilèqthke to AES kai ta qarakth-
ristikĹ tou wc algorÐjmou kruptogrĹfhshc. Ta sustămata asfaleÐac kĹnoun qrăsh tou

AES se sunduasmì me diĹforouc trìpouc leitourgÐac (operating modes), oi shmantikìteroi
twn opoÐwn, perigrĹfontai parakĹtw. Sthn enìthta 4.2.2, parousiĹzoume to CCMP kai pio
sugkekrimèna th leitourgikìthtĹ tou sto prwtìkollo IEEE 802.11.

4.2.1 Prìtupo Prohgmènhc KruptogrĹfhshc

To AES eÐnai ènac kruptografikìc mhqanismìc, o opoÐoc, me th boăjeia majhmatikÿn kai
logikÿn prĹxewn, sunduĹzei èna kleidÐ kai èna tmăma dedomènwn (mh kruptografhmènwn)

măkouc 128 bit, prokeimènou na parĹgei èna kruptografhmèno tmăma. PraktikĹ, eÐnai adÔ-
nato na pragmatopoihjeÐ o Ðdioc metasqhmatismìc, efìson den eÐnai gnwstì to kleidÐ. To

AES eÐnai antistrèyimoc algìrijmoc, me thn ènnoia ìti eÐnai dunată h metatropă twn kru-
ptografhmènwn dedomènwn sta arqikĹ me apokruptogrĹfhsh, idiìthta pou eÐnai qrăshmh

allĹ de sunantĹtai sto sÔnolo twn prwtokìllwn asfaleÐac. Ta kruptografhmèna kai mh

tmămata dedomènwn eÐnai tou Ðdiou akribÿc megèjouc. To AES pragmatopoieÐ thn kruptogrĹ-
fhsh me idiaÐtera apodotikì kai asfală trìpo kai jewreÐtai apÐjano na anakalufjeÐ kĹpoia

jemeliÿdhc adunamÐa tou sto Ĺmeso mèllon.

To AES basÐzetai ston algìrijmo Rijndael [5], [6], pou sqedÐasan oi Joan Daeman kai
Vincent Rijmen. O algìrijmoc autìc epitrèpei sugkekrimèna megèjh tmhmĹtwn kai kleidiÿn:
128, 192 ă 256 bit gia to kajèna. En toÔtoic, to IEEE 802.11i èqei uiojetăsei to măkoc
twn 128 bit, tìso gia to tmăma ìso kai to kleidÐ, aplopoiÿntac me ton trìpo autì thn
ulopoÐhsh.

Epeidă ta dedomèna sta AsÔrmata TopikĹ DÐktua metadÐdontai se plaÐsia metablhtoÔ

măkouc -sunăjwc apì 512 èwc 12000 bit anĹ plaÐsio-, prokeimènou na qrhsimopoihjeÐ èna
algìrijmoc kruptogrĹfhshc tmhmĹtwn stajeroÔ megèjouc, ìpwc to AES, qreiĹzetai ènac
trìpoc metatropăc enìc mhnÔmatoc tuqaÐou măkouc se mia akoloujÐa tmhmĹtwn stajeroÔ

măkouc prin thn kruptogrĹfhsh. Profanÿc, h mèjodoc aută prèpei na epitrèpei thn epa-

nasÔnjesh thc akoloujÐac twn tmhmĹtwn sto arqikì mănuma katĹ thn apokruptogrĹfhsh.

H mèjodoc metasqhmatismoÔ twn mhnumĹtwn se tmămata kai antÐstrofa, onomĹzetai trìpoc

leitourgÐac tou kruptografhmènou tmămatoc.

UpĹrqei plăjoc diaforetikÿn trìpwn leitourgÐac pou uposthrÐzei to AES, enÿ to
CCMP qrhsimopoieÐ to CCM, pou basÐzetai ston Trìpo Metrhtă (Counter-Mode). Prin
proqwrăsoume sthn parousÐash twn trìpwn leitourgÐac, ja sqoliĹsoume thn aujentikìthta

twn mhnumĹtwn sta plaÐsia tou AES. To teleutaÐo parèqei mia mèjodo kruptogrĹfhshc twn
dedomènwn ÿste na prostateÔontai apì epÐdoxouc eisboleÐc. Wstìso, eÐnai exÐsou shmanti-

kì gia ton paralăpth na exasfalÐzetai h aujentikìthta tou mhnÔmatoc, ìti, dhladă, den èqei

tropopoihjeÐ. Autì epitugqĹnetai me thn prosjăkh tou kÿdika aujentikìthtac mhnÔmatoc

(Message Authenticity Code – MAC). Gia perissìterh apotelesmatikìthta, to MAC upo-
logÐzetai me th boăjeia tou AES. ’Etsi, gÐnetai antilhptì ìti o trìpoc leitourgÐac prèpei
na parèqei katĹllhlouc mhqanismoÔc, tìso gia kruptogrĹfhsh ìso kai gia aujentikìthta.

AkoloujeÐ perigrafă merikÿn apì touc shmantikìterouc trìpouc leitourgÐac, arqÐzon-

tac apì to BiblÐo HlektronikoÔ Kÿdika (Electronic Code Book – ECB) pou eÐnai kai o
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aploÔsteroc.

BiblÐo HlektronikoÔ Kÿdika

Sta plaÐsia tou trìpou leitourgÐac touAES katĹ to BiblÐo HlektronikoÔ Kÿdika (Electronic
Code Book – ECB), lambĹnontai tmămata apì ta dedomèna eisìdou kai kruptografoÔntai
èna kaje forĹ akoloujiakĹ, qrhsimopoiÿntac to Ðdio kleidÐ, mèqri na exantlhjeÐ to sÔnolo

twn tmhmĹtwn [2], [7].

H prosèggish aută eÐnai aplă, wstìso parousiĹzei orismèna problămata. Kat’ arqăn,

upĹrqei perÐptwsh to mănuma na mhn eÐnai akribèc pollaplĹsio tou megèjouc tmămatoc,

epomènwc qreiĹzetai na sumplhrwjeÐ katĹllhla to teleutaÐo tmăma kai na katagrafeÐ to

pragmatikì tou măkoc, ÿste na eÐnai diajèsimo sth fĹsh thc apokruptogrĹfhshc. Epi-

prìsjeta, anakÔptei kai èna prìblhma asfaleÐac: an dÔo ă perissìtera tmămata perièqoun

ta Ðdia dedomèna, tìte ja parĹgoun panomoiìtupa kruptografhmèna dedomèna. ExaitÐac thc

adunamÐac autăc to ECB de qrhsimopoieÐtai sunăjwc sta plaÐsia tou AES.

Trìpoc Metrhtă

O Trìpoc Metrhtă eÐnai pio perÐplokoc apì to ECB kai parousiĹzei shmantikèc diaforèc.
De qrhsimopoieÐ ap’ eujeÐac to AES gia thn kruptogrĹfhsh twn dedomènwn. AntÐjeta,
kruptografeÐ mia tuqaÐa timă pou onomĹzetai metrhtăc kai sth sunèqeia sunduĹzei to apo-

tèlesma kai ta dedomèna eisìdou me th logikă prĹxh XOR, ÿste na parĹgei to telikì
kruptogrĹfhma. GenikĹ, o metrhtăc auxĹnetai katĹ èna gia kĹje diadoqikì tmăma.

XOR

1

XOR

2

XOR

3

XOR

4

XOR

5

XOR

6

XOR

7

XOR

8

XOR

9

XOR XOR

E E E E E E E E E E E

10 11

Μηνυµα

Μετρητης

AES

XOR

Κρυπτογραφηµα

Sqăma 4.4: ParĹdeigma AES me Trìpo Metrhtă

H diadikasÐa aută faÐnetai sto Sq. 4.4, ìpou o metrhtăc xekinĹ apì thn timă 1 kai

auxĹnetai mèqri to 11. Sthn prĹxh ìmwc, o metrhtăc arqÐzei apì tuqaÐa timă kai auxĹnetai

me tuqaÐa bămata pou akoloujoÔn kĹpoio sqăma. Profanÿc, eÐnai shmantikì h pleurĹ tou

paralăpth, pou ja pragmatopoiăsei thn apokruptogrĹfhsh, na gnwrÐzei thn arqikă timă kai

touc kanìnec pou akoloujoÔn oi diadoqikèc auxăseic thc. H diaforetikă timă tou metrhtă

gia kĹje tmăma exaleÐfei to prìblhma me ta epanalmbanìmena tmămata pou perigrĹyame sto

ECB.
O Trìpoc Metrhtă parousiĹzei orismènec endiafèrousec idiìthtec. H apokruptogrĹfh-

sh eÐnai h Ðdia akribÿc diadikasÐa me thn kruptogrĹfhsh, kajÿc h efarmogă tou logikoÔ

XOR dÔo forèc èqei wc apotèlesma ta arqikĹ dedomèna. Autì shmaÐnei ìti apaiteÐtai mìno
h ulopoÐhsh tou mhqanismoÔ thc kruptogrĹfhshc. Mia epiplèon shmantikă idiìthta eÐnai

ìti h kruptogrĹfhsh mporeÐ na gÐnei parĹllhla. Efìson ìlec oi timèc tou metrhtă eÐnai

gnwstèc apì thn arqă, mia diĹtaxh apì mhqanismoÔc AES eÐnai se jèsh na kruptografăsei
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èna mănuma me mÐa mìno parĹllhlh epexergasÐa. Autì den isqÔei gia touc perissìterouc apì

touc Ĺllouc trìpouc leitourgÐac tou AES. Mia teleutaÐa qrăsimh idiìthta eÐnai ìti den eÐnai
aparaÐthto to arqikì mănuma na eÐnai akribèc pollaplĹsio tou megèjouc tmămatoc. AplĹ,

to teleutaÐo mh plărec tmăma sunduĹzetai me XOR me ton arijmì twn apaitoÔmenwn bit apì
thn kruptografhmènh timă tou metrhtă. ’Etsi, prokÔptei kruptogrĹfhma măkouc Ðsou me

autì tou arqikoÔ mhnÔmatoc.

O Trìpoc Metrhtă qrhsimopoieÐtai gia perissìtero apì dÔo dekaetÐec kai jewreÐtai

asfalăc apì thn kruptografikă koinìthta. Wstìso, sth basikă tou morfă den parèqei

mhqanismoÔc aujentikìthtac mhnumĹtwn, parĹ mìno kruptogrĹfhshc. Wc apotèlesma, sta

plaÐsia tou RSN, apaiteÐtai h prosjăkh epiprìsjetwn dunatotătwn.

Trìpoc Metrhtă/AlÔswsh TmhmĹtwn KruptografhmĹtwn-MAC: CCM

To CCM anaptÔqjhke apokleistikĹ gia to RSN, apì treic kruptogrĹfouc pou summeteÐ-
qan sto sqediasmì tou IEEE 802.11i: Doug Whiting, Russ Housley kai Niels Ferguson.
SunduĹzei ton Trìpo Metrhtă me mia mèjodo epalăjeushc tautìthtac mhnumĹtwn pou ono-

mĹzetai AlÔswsh TmhmĹtwn KruptografhmĹtwn (Cipher Block Chaining – CBC). To CBC
qrhsimopoieÐtai gia thn paragwgă tou kÿdika akeraiìthtac mhnumĹtwn MAC, exoÔ kai h
onomasÐa CBC-MAC [8].
H prosèggish pou qrhsimopoieÐ to CBC eÐnai aplă kai èqei wc exăc:

1. Lăyh tou prÿtou tmămatoc tou mhnÔmatoc kai kruptogrĹfhsh autoÔ me th boăjeia

tou AES.

2. Efarmogă XOR sto apotèlesma se sunduasmì me to deÔtero tmăma kai kruptogrĹ-
fhsh tou nèou apotelèsmatoc.

3. Efarmogă XOR sto apotèlesma se sunduasmì me to epìmeno tmăma kai kruptogrĹ-
fhsh tou nèou apotelèsmatoc k.o.k.

To apotèlesma pou prokÔptei apì thn parapĹnw diadikasÐa eÐnai èna mìno tmăma, măkouc

128 bit, pou sunduĹzei ìla ta dedomèna tou mhnÔmatoc. Sthn perÐptwsh pou metabalìtan h
timă enìc ă perissìterwn bit tou mhnÔmatoc, to apotèlesma ja ătan teleÐwc diaforetikì. To
CBC-MAC eÐnai aplì, wstìso den eÐnai dunatì na qrhsimopoiăsei parĹllhlh epexergasÐa;
oi leitourgÐec kruptogrĹfhshc prèpei na gÐnontai akoloujiakĹ. Epiprìsjeta, ac shmeiwjeÐ

ìti to CBC-MAC mporeÐ na efarmosteÐ apokleistikĹ se mhnÔmata megèjouc pollaplĹsiou
tou măkouc tmămatoc. To CCMP prosfèrei lÔsh sto sqetikì prìblhma (perigrĹfetai sthn
enìthta 4.2.2), en toÔtoic, orismènoi kruptogrĹfoi èqoun enstĹseic gia thn prosèggish pou

uiojeteÐtai.

To CCM sunduĹzei dÔo gnwstèc mejìdouc: ton Trìpo Metrhtă kai to CBC-MAC. Pro-
sjètei, epiplèon, orismèna qarakthristikĹ pou eÐnai qrăsima gia sugkekrimènec efarmogèc,

ìpwc eÐnai to RSN. AutĹ eÐnai:

• Orismìc miac tuqaÐac timăc prokeimènou na diaqwrÐzontai kruptografikĹ ta diadoqikĹ
mhnÔmata.

• Sunduasmìc thc kruptogrĹfhshc me thn akeraiìthta mhnumĹtwn me qrăsh enìc koinoÔ
kleidioÔ.

• Epèktash thc epalăjeushc tautìthtac ÿste na kalÔptetai h perÐptwsh dedomènwn
pou den prìkeitai na kruptografhjoÔn.
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AxÐzei na analujeÐ to teleutaÐo qarakthristikì, kajÿc eÐnai idiaÐtera shmantikì gia to

RSN. Sthn pleioyhfeÐa twn upĹrqouswn mejìdwn pou pragmatopoioÔn kruptogrĹfhsh se
sunduasmì me pistopoÐhsh aujentikìthtac, gÐnetai h upìjesh ìti ja kruptografhjeÐ olì-

klhro to mănuma. Wstìso, sta plaÐsia tou IEEE 802.11i, mìno èna mèroc tou mhnÔmatoc
apaiteÐtai na kruptografhjeÐ. To tmăma epikefalÐdac tou plaisÐou IEEE 802.11 perièqei
tic dieujÔnseic MAC, kajÿc epÐshc, kai Ĺllec plhroforÐec sqetikèc me th leitourgÐa tou
AsÔrmatou TopikoÔ DiktÔou. Ta pedÐa autĹ prèpei na metadÐdontai se mh kruptografh-

mènh morfă, prokeimènou na eÐnai efiktă h epikoinwnÐa me Ĺllec asÔrmatec suskeuèc. Wc

ek toÔtou, mìno to tmăma dedomènwn tou plaisÐou kruptografeÐtai. Wstìso, parìlo pou h

epikefalÐda den kruptografeÐtai, eÐnai anagkaÐo na exasfalÐzetai ston paralăpth ìti aută

den èqei tropopoihjeÐ katĹ th metĹdosh. Gia to skopì autì, to CCM epitrèpei thn krupto-
grĹfhsh enìc mìno tmămatoc tou mhnÔmatoc, tou opoÐou h aujentikìthta pistopoieÐtai apì

to CBC-MAC.
GenikĹ, h qrăsh tou Ðdiou kleidioÔ gia dÔo xeqwristèc kruptografikèc leitourgÐec de su-

nÐstatai. Sthn prokeimènh perÐptwsh, to Ðdio kleidÐ qrhsimopoieÐtai tìso gia thn kruptogrĹ-

fhsh, ìso kai thn pistopoÐhsh aujentikìthtac. Wstìso, parìlo pou to kleidÐ eÐnai to Ðdio,

qrhsimopoeÐtai kĹje forĹ se sunduasmì me kĹpoio diĹnusma arqikopoÐhshc (Initialization
Vector – IV). H kataskeuă tou IV eÐnai diaforetikă gia th diadikasÐa tou Trìpou Metrhtă
kai tou CBC-MAC, parĹgontac, telikĹ, dÔo diaforetikĹ kleidiĹ. H apotelesmatikìthta
tou diaqwrismoÔ autoÔ èqei apodeiqjeÐ [9].

4.2.2 CCMP

Sthn enìthta aută, perigrĹfetai o trìpoc me ton opoÐo ta plaÐsia tou IEEE 802.11 krupto-
grafoÔntai me th boăjeia tou CCMP. To prÿto pou prèpei na tonisteÐ eÐnai ìti to CCMP
pragmatopoieÐ thn kruptogrĹfhsh sto epÐpedo thc MPDU. Sto Sq. 4.5, faÐnetai h roă twn
dedomènwn apì to epÐpedo MSDU sto MPDU, kai telikĹ sth radiozeÔxh.
Ta dedomèna katafjĹnoun wc mÐa MSDU kai endèqetai na diaspastoÔn se jraÔsmata.

KĹje jraÔsma metasqămatÐzetai se MPDU, sthn opoÐa anatÐjetai h katĹllhlh epikefalÐda
802.11 pou perièqei tic dieujÔnseic apostolèa kai paralăpth, kajÿc kai Ĺllec plhrofo-
rÐec. Sto shmeÐo autì, kĹje MPDU ufÐstatai epexergasÐa sta plaÐsia tou algorÐjmou
tou CCMP, prokeimènou gia thn paragwgă miac nèac kruptografhmènhc MPDU. Mìno to
tmăma dedomènwn kruptografeÐtai, ìqi h epikefalÐda. En toÔtoic, to CCMP den periorÐze-
tai sthn kruptogrĹfhsh mìno tmhmĹtwn thc MPDU. Epiprìsjeta, prosjètei nèa pedÐa, me
apotèlesma h kruptografhmènh MPDU pou prokÔptei na eÐnai 16 byte megalÔterh apì thn
arqikă.

Ta bămata pou akoloujeÐ to CCMP katĹ thn kruptogrĹfhsh, faÐnontai sto Sq. 4.6
kai èqoun wc exăc:

1. ArqikĹ h MPDU eÐnai mh kruptografhmènh, sumplhrwmènh me thn epikefalÐda MAC
tou IEEE 802.11. H epikefalÐda aută perilambĹnei th dieÔjunsh apostolèa kai para-
lăpth, enÿ oi timèc orismènwn pedÐwn den eÐnai akìmh gnwstèc kai tÐjentai proswrinĹ

sto 0.

2. H epikefalÐda MAC aposundèetai apì thn MPDU. Sto stĹdio autì, parĹgetai h
epikefalÐda CCMP, măkouc 8 byte, ÿste na sumperilhfjeÐ argìtera sthn MPDU.

3. H timă tou MIC upologÐzetai prokeimènou na prostateuteÐ h epikefalÐda CCMP, ta
dedomèna kai tmămata thc epikefalÐdac IEEE 802.11. To MIC prostÐjetai sto pedÐo
twn dedomènwn.
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Sqăma 4.5: LeitourgÐa tou CCMP katĹ th MetĹdosh

4. Ta dedomèna se sunduasmì me thn timă tou MIC kruptografoÔntai. MetĹ thn kru-
ptogrĹfhsh, h epikefalÐda CCMP topojeteÐtai mprostĹ apì to pedÐo dedomènwn.

5. TelikĹ, h epikefalÐda MAC apokajÐstatai mprostĹ apì th nèa MPDU, h opoÐa mpo-
reÐ, plèon, na topojethjeÐ sthn ourĹ gia metĹdosh. H logikă thc metĹdoshc eÐnai

anexĹrthth apì thn epikefalÐda CCMP. Apì to shmeÐo autì èwc kai th metĹdosh,
mìno h epikefalÐda MAC ja enhmerwjeÐ.

Oi kruptografhmènec MPDU topojetoÔntai se mia ourĹ prin th metĹdosh. Endèqetai
na upĹrqoun kai perissìterec apì mÐa ourèc, pou na leitourgoÔn bĹsei kĹpoiac politikăc

proteraiotătwn. Autì epitrèpei mellontikă epèktash, tètoia, ÿste na uposthrÐzontai dia-

foretikèc klĹseic kÐnhshc, sta plaÐsia tou IEEE 802.11e. Akribÿc prin apì th metĹdosh,
kĹpoia apì ta pedÐa thc epikefalÐdac IEEE 802.11 enhmerÿnontai katĹllhla prokeimènou
na summorfwjoÔn stouc kanìnec metĹdoshc. Ta pedÐa pou upìkeintai se tètoiec allagèc,

exairoÔntai katĹ ton upologismì thc timăc tou MIC.

4.3 SÔgkrish TSN, RSN kai WEP

Ta TSN kai RSN diajètoun mia koină arqitektonikă kai prosèggish. To TSN parousiĹzei
èna uposÔnolo twn dunatotătwn pou estiĹzontai se èna monadikì trìpo ulopoÐhshc tou

diktÔou, enÿ to RSN epitrèpei perissìterh euelixÐa sthn ulopoÐhsh. To RSN uposthrÐzei,
ektìc tou TKIP, kai ton algìrijmo kruptogrĹfhshc AES (Advanced Encryption Stan-
dard), se antÐjesh me to TSN pou estiĹzetai sto TKIP. Kajÿc to WEP qrhsimopoieÐtai
sta perissìtera sÔgqrona etairikĹ dÐktua, h pio fusikă prosèggish eÐnai h ulopoÐhsh tou
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TSN se prÿth fĹsh kai h stadiakă metĹbash sto RSN me thn anabĹjmish (antikatĹstash)
twn upĹrqontwn susthmĹtwn asÔrmathc diktÔwshc. H tĹsh aută ja odhgăsei se dÐktua

basismèna plărwc sto prìtupo asfaleÐac IEEE 802.11i.
Ta TSN kai RSN moirĹzontai thn Ðdia arqitektonikă asfaleÐac, upì thn opoÐa leitour-

goÔn ta prwtìkolla asfaleÐac TKIP kai AES, antÐstoiqa. H arqitektonikă aută, perilam-
bĹnei diadikasÐec, ìpwc h epalăjeush tautìthtac anwtèrou epipèdou, h diĹjesh mustikÿn

kleidiÿn kai h ananèwsh kleidiÿn. H arqitektonikă tou RSN eÐnai arketĹ diaforetikă apì
ekeÐnh tou WEP kai perissìtero polÔplokh. Wstìso, parèqei mia lÔsh pou eÐnai tìso
asfalăc, ìso kai klimakojetăsimh (scalable) gia qrăsh se dÐktua megĹlwn diastĹsewn.
’Allwste, èna apì ta megĹla problămata touWEP ătan h duskolÐa diaqeÐrishc ìson aforĹ
th diĹjesh twn kleidiÿn gia megĹlo arijmì qrhstÿn. To prìblhma autì èqei antimetwpisteÐ

tìso apì to TSN, ìso kai apì to RSN.



KefĹlaio 5

’Elegqoc prìsbashc

To kefĹlaio autì, parousiĹzei touc diĹforouc mhqanismoÔc elègqou prìsbashc pou pro-

teÐnontai sta plaÐsia tou protÔpou asfaleÐac 802.11i. Pio sugkekrimèna, perigrĹfontai ta
prwtìkolla IEEE 802.1X, Prwtìkollo EpektĹsimhc Epalăjeushc Tautìthtac kai Remo-
te Access Dial-In User Service, enÿ parousiĹzetai h allhlepÐdrasă touc gia thn paroqă
elègqou prìsbashc sta AsÔrmata TopikĹ DÐktua.

5.1 Prwtìkollo IEEE 802.1X

To prwtìkollo IEEE 802.1X parèqei mhqanismoÔc elègqou prìsbashc sto shmeÐo eisìdou
enìc qrăsth sto dÐktuo. Enèqei treic ontìthtec:

• Supplicant, epijumeÐ na apoktăsei prìsbash sto dÐktuo

• Epalhjeutăc tautìthtac (Authenticator), elègqei thn prìsbash

• Exuphrethtăc epalăjeushc tautìthtac (Authentication server), paÐrnei apofĹseic
sqetikèc me thn epalăjeush tautìthtac

To shmeÐo sto opoÐo ènac qrăsthc sundèetai sto dÐktuo onomĹzetai jÔra. ’Ena dÐktuo

mporeÐ na èqei pollèc jÔrec; gia parĹdeigma sthn perÐptwsh enìc topikoÔ diktÔou Ethernet
metagwgăc, kĹje epafă eisìdou tou metagwgèa apoteleÐ mia jÔra. UpĹrqei sqèsh èna - proc

- èna metaxÔ enìc supplicant kai miac jÔrac, kai se kĹje jÔra antistoiqeÐ ènac epalhjeutăc
tautìthtac gia na elègqei thn katĹstasă thc. UpĹrqei sqèsh polloÐ - proc - èna metaxÔ twn

jurÿn kai tou exuphrethtă tautìthtac. Me Ĺlla lìgia, ènac exuphrethtăc tautìthtac eÐnai

sunăjwc upeÔjunoc gia pollèc jÔrec, kajemÐa apì tic opoÐec èqei to dikì thc epalhjeută

tautìthtac.

Prèpei na shmeiwjeÐ epiplèon ìti h katĹstash kĹje jÔrac eÐnai anexĹrthth apì tic Ĺllec

jÔrec. To diĹgramma sto Sq. 5.1 èqei exaqjeÐ apì tic prodiagrafèc tou IEEE 802.1X kai
apeikonÐzei tic sqèseic metaxÔ twn ontotătwn tou prwtokìllou.

Sto sqăma autì, parousiĹzontai oi treic basikèc ontìthtec: sÔsthma supplicant, sÔsth-
ma epalhjeută tautìthtac kai sÔsthma exuphrethtă epalăjeushc tautìthtac. Ac shmeiwjeÐ

ìti o diakìpthc parèqei prìsbash stic {UphresÐec prosferìmenec apì to SÔsthma Epa-

lhjeută Tautìthtac }, pou sunăjwc èqei thn ènnoia thc sÔndeshc sto dÐktuo; wstìso ja

mporoÔse na eÐnai kai kĹpoia Ĺllh uphresÐa. Ta arqikĹ PAE shmaÐnoun JÔra Prìsbashc
Ontìthtac (Port Access Entity), pou eÐnai to plărec ìnoma gia mia jÔra.
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To Sq. 5.1, perièqei anaforĹ gia kĹpoio prwtìkollo uyhlìterou prwtokìllou metaxÔ

tou epalhjeută tautìthtac kai tou exuphrethtă epalăjeushc tautìthtac. Prìkeitai gia to

prwtìkollo EAP. MhnÔmata EAP antallĹssontai metaxÔ tou supplicant kai tou epalhjeu-
tă tautìthtac. O epalhjeutăc tautìthtac mporeÐ epÐshc na ta prowjăsei ston exuphrethtă

epalăjeushc tautìthtac wc mèroc thc diadikasÐac epalăjeushc tautìthtac. An o epalhjeu-

tăc tautìthtac brÐsketai se apomakrusmènh topojesÐa, autĹ ta mhnÔmata prèpei na staloÔn

diktuakĹ me th boăjeia kĹpoiou prwtokìllou uyhlìterou strÿmatoc. Sthn perÐptwsh aută

qrhsimopoieÐtai to RADIUS (bl. enìthta 5.3).
Mia apì tic diaforèc metaxÔ twn diktÔwn dial-in kai tou IEEE 802.1X eÐnai ìti sto

deÔtero de qreiĹzetai to Point-to-Point Protocol (PPP), kajÿc ta topikĹ dÐktua IEEE 802
èqoun sqediasteÐ gia th metaforĹ pakètwn dedomènwn. Wstìso, exakoloujeÐ na upĹrqei

anĹgkh kĹpoiou prwtokìllou ètsi ÿste o paralăpthc na eÐnai se jèsh na anagnwrÐsei thn

plhroforÐa. Autì to prwtìkollo eÐnai to EAPOL (EAP over LAN), to opoÐo perigrĹfetai
sthn enìthta 5.2.2. PerilambĹnei arketoÔc tÔpouc mhnumĹtwn kai ektìc apì autĹ pou sqe-

tÐzontai me th metaforĹ twn mhnumĹtwn EAP, upĹrqoun Ĺlla pou aforoÔn ton epalhjeută
tautìthtac. Epiplèon, orÐzetai mănuma katĹllhlo gia th metaforĹ kleidiÿn kruptogrĹfh-

shc.

H arqikă idèa pÐsw apì to IEEE 802.1X den aforoÔse tic asÔrmatec epikoinwnÐec allĹ
thn prostasÐa twn jurÿn se èna metagwgèa topikoÔ diktÔou. O skopìc ătan na mhn epi-

trèpetai se opoiondăpote na apoktĹei prìsbash sto dÐktuo aplĹ sundèontac èna kalÿdio

Ethernet allĹ, antÐ autoÔ, na apaiteÐtai h pistopoÐhsh thc tautìthtac tou qrăsth. Sth
sunèqeia, anagnwrÐsthke h anĹgkh epèktashc thc arqăc autăc apì tic ensÔrmatec jÔrec

stic asÔrmatec sundèseic, prosèggish pou uiojetăjhke sta plaÐsia twn TSN/RSN.
H basikìc stìqoc thc asfĹleiac se epÐpedo jÔrac eÐnai h prostasÐa twn diktuakÿn sun-

dèsewn se mh asfaleÐc perioqèc, ìpwc mporeÐ na eÐnai gia parĹdeigma mia aÐjousa upodoqăc ă

ènac sunedriakìc qÿroc. Sthn perÐptwsh enìc ensÔrmatou diktÔou oi sundèseic autèc eÐnai

periorismènec, antÐjeta se asÔrmata peribĹllonta kĹje sÔndesh eÐnai episfalăc, kajÿc h

Ðdia h fÔsh twn asÔrmatwn zeÔxewn kajistĹ kĹje sÔndesh prosbĹsimh apì opoudăpote.

5.1.1 EnsÔrmato peribĹllon metagwgăc

Sthn enìthta aută, parousiĹzetai h leitourgÐa tou prwtokìllou IEEE 802.1X sthn pe-
rÐptwsh enìc aploÔ ensÔrmatou topikoÔ diktÔou metagwgăc. O èlegqoc prìsbashc sto

peribĹllon autì èqei thn ènnoia enìc diakìpth se kĹje jÔra, tou opoÐou h fusikă jèsh

eÐnai h anoiktă, dhladă qwrÐc sÔndesh. O diakìpthc kleÐnei mìno ìtan exousiodothjeÐ o

supplicant. ’Opwc faÐnetai sto Sq. 5.2, ìlec oi jÔrec eÐnai arqikĹ aposundedemènec. H
prìsbash sto dÐktuo den parèqetai autìmata me th sÔndesh tou kalwdÐou suskeuăc. EÐ-

nai shmantikì na tonisteÐ ìti h ontìthta tou diakìpth eÐnai logikă kai ìqi fusikă, dhladă

ulopoieÐtai me logismikì. ’Otan o diakìpthc eÐnai anoiktìc, ta pakèta dedomènwn den prow-

joÔntai apì kai proc th jÔra. AntÐjeta ìtan eÐnai kleistìc stèlnontai kanonikĹ. Wstìso,

h jÔra Ethernet paramènei pĹntote hlektrikĹ energă.
Sto metagwgèa tou Sq. 5.2 qreiĹzetai ènac mhqanismìc pou na epitrèpei se suskeuèc

pou epijumoÔn na sundejoÔn, na zhtoÔn sqetikă Ĺdeia. Aută akribÿc thn anĹgkh kalÔptei to

prwtìkollo IEEE 802.1X, to opoÐo parèqei ènan trìpo epikoinwnÐac miac aitoÔsac suskeuăc
me ton epalhjeută tautìthtac, akìmh ki ìtan o diakìpthc eÐnai anoiktìc.

SÔmfwna me thn orologÐa tou IEEE 802.1X, o epalhjeutăc tautìthtac èqei ton èlegqo
thc katĹstashc jÔrac (eÐte o diakìpthc eÐnai anoiktìc ă kleistìc), ìpwc faÐnetai sto Sq.

5.3. Se autì parathroÔme ìti èqei epitrapeÐ h sÔndesh thc suskeuăc sth jÔra 0 me to
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Sqăma 5.2: Arqikă KatĹstash TopikoÔ DiktÔou Metagwgăc IEEE 802.1X

dÐktuo, enÿ eÐnai se exèlixh h aÐthsh gia prìsbash mia Ĺllhc sth jÔra 1. H deÔterh

suskeuă epikoinwneÐ me ton epalhjeută tautìthtac, wstìso den thc èqei dojeÐ akìmh Ĺdeia

gia sÔndesh. To prwtìkollo pou qrhsimopoieÐtai gia thn epikoinwnÐa metaxÔ tou supplicant
kai tou epalhjeută tautìthtac basÐzetai sto EAP.
Sto Sq. 5.3, faÐnetai ìti oi epalhjeutèc tautìthtac paÐrnoun tic apofĹseic epÐtreyhc

prìsbashc. Sthn pragmatikìthta, oi apofĹseic autèc lambĹnontai bĹsei miac elegqìmenhc

bĹshc dedomènwn me stoiqeÐa epalăjeushc tautìthtac. Gia to skopì autì, o epalhjeutăc

tautìthtac prèpei na epikoinwneÐ me ènan exuphrethtă epalăjeushc tautìthtac kĹje forĹ

pou dèqetai aÐthsh apì kĹpoio supplicant gia sÔndesh sto dÐktuo.
Se èna sÔsthma mikrÿn diastĹsewn o exuphrethtăc epalăjeushc tautìthtac ja mporoÔ-

se na brÐsketai mèsa ston Ðdio to metagwgèa wc mÐa lÐsta me qrăstec pou èqoun dikaÐwma

prìsbashc. H prosèggish aută den eÐnai idiaÐtera praktikă, kajÿc apaiteÐtai h rÔjmish kĹ-

je metagwgèa xeqwristĹ. Wc ek toÔtou, o exuphrethtăc epalăjeushc tautìthtac brÐsketai

sunăjwc se kapoio kentrikì shmeÐo tou diktÔou, ìpwc faÐnetai sto Sq. 5.4.

Kai oi tèsseric epalhjeutèc tautìthtac tou metagwgèa tou Sq. 5.4, epikoinwnoÔn me ton

exuphrethtă epalăjeushc tautìthtac. Sthn prĹxh, autì isqÔei gia ìlouc touc metagwgeÐc

tou diktÔou, ÿste o exuphrethtăc epalăjeushc tautìthtac na eÐnai se jèsh na lambĹnei

apofĹseic gia plăjoc jurÿn.

5.1.2 AsÔrmata TopikĹ DÐktua

Sthn enìthta aută, perigrĹfetai h leitourgÐa tou prwtokìllou IEEE 802.1X sta plaÐsia
twn topikÿn asurmĹtwn diktÔwn. Dedomènou ìti sthn perÐptwsh twn ensurmĹtwn topikÿn

diktÔwn to prwtìkollo elègqei memonwmènec jÔrec, sta WLAN ja prèpei na jewrăsoume
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kĹje asÔrmath sÔndesh metaxÔ miac kinhtăc suskeuăc kai tou shmeÐou prìsbashc wc mÐa

anexĹrthth sÔndesh. ’Etsi, antikajistoÔme tic fusikèc sundèseic tou ensurmĹtou diktÔou

metagwgăc me logikèc sundèseic asÔrmathc epikoinwnÐac.

Sta plaÐsia tou IEEE 802.1X, kĹje kinhtă suskeuă apoteleÐ mÐa ontìthta supplicant
pou epijumeÐ tic uphresÐec tou shmeÐou prìsbashc, dhladă, th sÔndesă thc sto ensÔrmato

dÐktuo. Gia to skopì autì, to shmeÐo prìsbashc dhmiourgeÐ gia kĹje supplicant mÐa logikă
jÔra me ton antÐstoiqo epalhjeută tautìthtac. O teleutaÐoc eÐnai upeÔjunoc gia ton èlegqo

prìsbashc tou kinhtoÔ supplicant pou tou èqei anatejeÐ. Ektìc thc logikăc jÔrac kai tou
epalhjeută tautìthtac, upĹrqei epiprìsjeta kai ènac logikìc diakìpthc elègqou se anoiktă

arqikă katĹstash.

KĹje nèa asÔrmath suskeuă pou paÐzei to rìlo tou supplicant epijumÿntac prìsba-
sh, ofeÐlei na steÐlei katĹllhla mhnÔmata ston epalhjeută tautìthtac, o opoÐoc elègqei

th sÔndesh thc suskeuăc autăc sto shmeÐo prìsbashc. H ìlh diadikasÐa ulopoieÐtai me

logismikì, dhladă, den upĹrqei fusikă ontìthta epalhjeută tautìthtac oÔte diakìpthc.

Epomènwc, o arijmìc twn ontotătwn tou IEEE 802.1X se leitourgÐa eÐnai Ðdioc me ton arij-
mì twn sundedemènwn kinhtÿn suskeuÿn (bl. Sq. 5.5).
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Sqăma 5.5: Logikèc jÔrec IEEE 802.1X se ShmeÐo Prìsbashc

O exhphrethtăc epalăjeushc tautìthtac mporeÐ na eÐnai enswmatwmènoc sto shmeÐo prì-

sbashc, dhladă mia aplă diergasÐa autoÔ; gia parĹdeigma mia lÐsta me onìmata kai mustikoÔc

kwdikoÔc qrhstÿn. Sthn perÐptwsh aută den apaiteÐtai h qrăsh RADIUS, kajÿc o epa-
lhjeutăc kai o exuphrethtăc epalăjeushc tautìthtac brÐskontai apì koinoÔ sto shmeÐo

prìsbashc kai epomènwc de qreiĹzetai na epikoinwnoÔn mèsw diktÔou. Wstìso, autì shmaÐ-

nei tautìqrona ìti o arijmìc twn mejìdwn epalăjeushc tautìthtac periorÐzetai se autìn

pou uposthrÐzei o kataskeuastăc tou shmeÐou prìsbashc.
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Sthn perÐptwsh twn jurÿn twn topikÿn diktÔwn Ethernet ă sthn prìsbash dial-up,
ìpou upĹrqei fusikă sÔndesh, o rìloc tou IEEE 802.1X eÐnai aplìc: o supplicant zhtĹei
prìsbash kai o epalhjeutăc tautìthtac thn paraqwreÐ, afoÔ apeujunjeÐ ston exuphrethtă

epalăjeushc tautìthtac. ’Etsi, eÐnai dÔskolo gia ènan epÐdoxo eisbolèa na pĹrei upì ton

èlegqo tou mia sÔndesh apì th stigmă pou aută èqei exousiodothjeÐ se èna ègkuro qrăsth.

EÐnai fanerì ìti to Ðdio den isqÔei sta WLAN. ElleÐyei mhqanismoÔ prostasÐac, ja ătan
idiaÐtera eÔkolo gia kaoion eisbolèa na perimènei na paraqwrhjeÐ prìsbash se èna ègkuro

qrăsth kai sth sunèqeia na qrhsimopoiăsei ekeÐnoc th sÔndesh me thn tautìthta tou qră-

sth. Wc ek toÔtou, sta asÔrmata dÐktua, o mhqanismìc thc epalăjeushc tautìthtac ofeÐlei

na apotrèpei tètoiec kakìboulec enèrgeiec. Auto epitugqĹnetai enswmatÿnontac thn ake-

raiìthta twn mhnumĹtwn epalăjeushc tautìthtac sto diadikasÐa exousiodìthshc. Prèpei na

exasfalÐzetai ìti, tìso to shmeÐo prìsbashc ìso kai h kinhtă suskeuă, èqoun ta mustikĹ

kleidiĹ touc egkatesthmèna elègqontac thn aujentikìthta twn mhnumĹtwn kai epiplèon ìti

èqoun energopoiăsei thn kruptogrĹfhsh prin paraqwrhjeÐ h prìsbash sto dÐktuo.

5.2 Prwtìkollo EpektĹsimhc Epalăjeushc Tau-

tìthtac

Sthn enìthta aută, parousiĹzetai to Prwtìkollo EpektĹsimhc Epalăjeushc Tautìthtac

(Extensible Authentication Protocol – EAP). To EAP perilambĹnei èna sÔnolo mhnumĹtwn
pou qrhsimopoieÐtai katĹ thn ènarxh kai to kleÐsimo twn diapragmateÔsewn pou pragmato-

poioÔntai apì ìlec tic mejìdouc epalăjeushc tautìthtac twn anwtèrwn strwmĹtwn. Epi-

plèon, to EAP epitrèpei se dÔo pleurèc na antallĹxoun tic plhroforÐec pou aforoÔn th
sugkekrimènh mèjodo epalăjeushc tautìthtac pou epijumoÔn na efarmìsoun. To perieqì-

meno twn mejìdwn autÿn den orÐzetai sto EAP. Akribÿc aută h dunatìthta tou EAP na
diekperaiÿnei mèroc thc epikoinwnÐac me protupopoihmèno trìpo kai to upìloipo me eidikì

gia kĹje mèjodo trìpo, apoteleÐ to kleidÐ thc epektasimìthtac tou prwtokìllou. Anafe-

rìmaste se autĹ ta eidikĹ mhnÔmata wc endiĹmesa, epeidă parousiĹzontai metĹ thn ènarxh

kai prin ton termatismì.

MegĹloc arijmìc autÿn twn endiĹmeswn mhnumĹtwn mporoÔn na antallaqjoÔn mèqri na

oloklhrwjeÐ h epalăjeush tautìthtac. O lìgoc gia ton opoÐo to EAP eÐnai epektĹsimo eÐnai
ìti oi leptomèreiec autÿn twn eidikÿn mhnumĹtwn orÐzontai sta antÐstoiqa keÐmena Request
For Comment – RFC thc IETF. Gia parĹdeigma, upĹrqei eidikì RFC sqetikì me th qrăsh
AsfĹleiac Epipèdou MetaforĹc pĹnw apì to EAP (EAP-TLS) kai Ĺllo gia to Shraggÿdec
TLS (EAP-TTLS). To gegonìc autì epitrèpei kai thn anĹptuxh nèwn mejìdwn oi opoÐec
mporoÔn na ulopoihjoÔn sta upĹrqonta sustămata.

To EAP perigrĹfetai sto keÐmeno [10] thc IETF, sto opoÐo orÐzontai tèsseric tÔpoi
mhnumĹtwn pou mporoÔn na staloÔn:

• Request: QrhsimopoieÐtai gia thn apostolă mhnumĹtwn apì ton epalhjeută tautì-
thtac sthn ontìthta tou supplicant

• Response: QrhsimopoieÐtai gia thn apostolă mhnumĹtwn apì thn ontìthta tou sup-
plicant ston epalhjeută tautìthtac

• Success: Stèlnetai apì ton epalhjeută tautìthtac wc èndeixh paroqăc prìsbashc

• Failure: Stèlnetai apì ton epalhjeută tautìthtac wc èndeixh Ĺrnhshc prìsbashc
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Ac shmeiwjeÐ ìti ta mhnÔmata autĹ orÐzontai se sqèsh me ton epalhjeută tautìthtac. Wstì-

so, sto senĹrio tou IEEE 802.1X, o epalhjeutăc tautìthtac prowjeÐ ta mhnÔmata ston
exuphrethtă epalăjeushc tautìthtac, pou sunăjwc qrhsimopoieÐ to RADIUS. Sthn pe-
rÐptwsh aută, o exuphrethtăc epalăjeushc tautìthtac eÐnai autìc pou parĹgei mhnÔmata

request, success kai failure, enÿ o epalhjeutăc tautìthtac aplĹ ta anametadÐdei sthn ontì-
thta tou supplicant.
Ta mhnÔmata request kai response upodiairoÔntai epipleìn me bĹsh to pedÐo TÔpoc tou

EAP. To pedÐo autì upodeiknÔei to eÐdoc thc plhroforÐac pou metafèretai sto mănuma
EAP. Oi prÿtoi èxi tÔpoi orÐzontai sto prìtupo, enÿ ìloi oi upìloipoi èqoun krathjeÐ
gia tic mejìdouc epalăjeushc tautìthtac. O pio shmantikìc apì touc basikoÔc tÔpouc

eÐnai o Identity (tautìthta) me timă 1. Sunăjwc, autìc qrhsimopoieÐtai sth fĹsh ènarxhc
tou EAP: to mănuma EAP-Request/Identity stèlnetai apì ton epalhjeută tautìthtac se
èna nèo supplicant. O teleutaÐoc apantĹ me to mănuma EAP-Response/Identity, to opoÐo
perièqei to ìnoma qrăsth ă kĹpoio Ĺllo anagnwristikì katĹllhlo gia ton exuphrethtă

epalăjeushc tautìthtac.

Oi timèc tou pedÐou TÔpoc pou eÐnai uyhlìterec tou 6 den orÐzontai sto [10], allĹ ekqw-

roÔntai apì ton IANA kai eÐnai monadikèc gia kĹje mèjodo epalăjeushc tautìthtac. Wstì-
so, h qrăsh tou sugkekrimènou pedÐou den èqei pĹnta thn Ðdia ènnoia. GenikĹ, upodeiknÔei th

mèjodo epalăjeushc tautìthtac. Gia parĹdeigma èna mănuma me timă tou pedÐou TÔpoc Ðsh

me 2 onomĹzetai Notification (anakoÐnwsh) kai qrhsimopoieÐtai prokeimènou na emfanisteÐ
kĹpoio mănuma keimènou sto qrăsth. ’Ena mănuma me timă 3 sto en lìgw pedÐo, onomĹzetai

NAK kai qrhsimopoieÐtai ìtan gÐnetai mia Ĺithsh gia mèjodo epalăjeushc tautìthtac pou den
uposthrÐzetai.

Sta plaÐsia tou IEEE 802.1X mia aÐthsh tÔpou Identity apoteleÐ sunăjwc to prÿto
mănuma pou stèlnetai kai sto opoÐo o supplicant apantĹ me plhroforÐec sqetikèc me thn
tautìthtĹ tou. Mia polÔ aplopoihmènh diadikasÐa epalăjeushc tautìthtac ja mporoÔse na

èqei wc exăc:

1. EAP-Identity request (apì ton epalhjeută tautìthtac)

2. EAP-Identity response (apì thn ontìthta tou supplicant)

3. EAP-Success (apì ton epalhjeută tautìthtac)

OusiastikĹ sthn aplă aută perÐptwsh, h suskeuă den èqei epalhjeÔsei thn tautìthtĹ thc,

kajÿc o epalhjeutăc thn apodèqetai fituflĹfl. Apì thn Ĺllh pleurĹ, h apìdeixh aujentikìth-

tac ja mporoÔse na parèqetai me kĹpoio Ĺllo mhqanismì. Gia parĹdeigma, h tautìthta Ðswc

na parĹgetai apì mia èxupnh kĹrta (smart card) pou metabĹlletai kĹje deuterìlepto, ìntac
sugqronismènh me ton exuphrethtă epalăjeushc tautìthtac. H mèjodoc aută anafèretai

suqnĹ wc kwdikìc eisìdou miac qrăshc (one-time password). H kenă epalăjeush autoÔ tou
tÔpou, mporeÐ na brei efarmogă se aplĹ asÔrmata topikĹ dÐktua, ta opoÐa diajètoun ădh eg-

katesthmèna mustikĹ kleidiĹ (promerizìmena kleidiĹ), kai sthrÐzontai sthn kruptogrĹfhsh

gia thn epÐteuxh thc asfĹleiac.

Kajÿc h antallagă EAP-Identity mporeÐ na jewrhjeÐ apì mình thc wc mia oloklh-
rwmènh mèjodoc epalăjeushc tautìthtac, ìtan qrhsimopoieÐtai kai mia Ĺllh mèjodoc, ìpwc

gia parĹdeigma h asfĹleia epipèdou metaforĹc, tìte praktikĹ ekteloÔntai dÔo mèjodoi sth

seirĹ. Aută h ènnoia thc seiriakăc epalăjeushc tautìthtac èqei uiojethjeÐ sto

prìtupo EAP kai epitrèpei thn efarmogă opoioudăpote arijmoÔ mejìdwn prin to telikì mănu-
ma EAP-Success ă EAP-Failure. H dunatìthta aută, epitrèpei ston pelĹth na epalhjeuteÐ
apì to dÐktuo protoÔ apokalÔyei thn tautìthta tou.
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5.2.1 Morfă mhnumĹtwn EAP

’Ola ta mhnÔmata EAP èqoun thn Ðdia basikă morfă, ìpwc faÐnetai sto Sq. 5.6. To pedÐo
Kwdikìc upodeiknÔei ton tÔpo tou mhnÔmatoc:

• Request (01)

• Response (02)

• Success (03)

• Failure (04)

Κωδικος Αναγνωριστικο Μηκος ∆εδοµενα

Sqăma 5.6: Genikă Morfă MhnÔmatoc EAP

To pedÐo Anagnwristikì paÐrnei timèc eÔrouc 0-255 kai to prìtupo IEEE 802.1X orÐzei
ìti prèpei na auxĹnetai gia kĹje mănuma pou stèlnetai. ’Otan stèlnetai mia apìkrish,

to anagnwristikì thc tÐjetai Ðsì me thc timă thc antÐstoiqhc aÐthshc. Autì bohjĹ sthn

antistoÐqish twn apokrÐsewn me tic aităseic. To pedÐo TÔpoc eÐnai to sunolikì mègejoc

se byte tou mhnÔmatoc EAP. Tèloc, to pedÐo Dedomèna perièqei ta pragmatikĹ dedomèna
aÐthshc ă apìkrishc pou stèlnontai.

Ta mhnÔmata tÔpou Success kai Failure eÐnai sÔntoma kai den perièqoun dedomèna.
To èna apì autĹ qrhsimopoieÐtai kĹje forĹ gia na shmatodotăsei to apotèlesma thc dia-

dikasÐac epalăjeushc tautìthtac. Epeidă eÐnai koinĹ gia ìlec tic mejìdouc epalăjeushc

tautìthtac, endiĹmesec suskeuèc (ìpwc to shmeÐo prìsbashc) eÐnai se jèsh na entopÐzoun

thn oloklărwsh thc diadikasÐac epalăjeushc tautìthtac, qwrÐc na apaiteÐtai na gnwrÐzoun

tic sqetikèc leptomèreiec. To shmeÐo prìsbashc prèpei na perimènei mănuma RADIUS tÔpou
Access-Accept prin pĹrei opoiadăpote apìfash pou aforĹ dikaiÿmata prìsbashc.
Oi leptomèreiec thc mejìdou epalăjeushc tautìthtac metafèrontai sta mhnÔmata request

kai response. AutĹ èqoun èna epiprìsjeto pedÐo to opoÐo kaleÐtai TÔpoc. H morfă enìc
mhnÔmatoc EAP-Request ă EAP-Response faÐnetai sto Sq. 5.7.

Κωδικος Αναγνωριστικο Μηκος Τυπος ∆εδοµενα Αιτησης / Αποκρισης

Sqăma 5.7: Morfă MhnÔmatoc EAP-Request/Response

To pedÐo TÔpoc apoteleÐ to kleidÐ thc epektasimìthtac tou EAP. Se kĹje mèjodoc epală-
jeushc tautìthtac èqei ekqwrhjeÐ mÐa monadikă timă, ÿste to sÔsthma na diabĹzei katĹllhla

tic sqetikèc plhroforÐec pou metafèrontai.

5.2.2 EAP pĹnw apì Topikì DÐktuo

To sqetikì me to EAP RFC den prosdiorÐzei ton trìpo metaforĹc twn mhnumĹtwn tou.
MĹlista, to EAP den eÐnai prwtìkollo topikoÔ diktÔou, giatÐ sqediĹsthke arqikĹ gia thn
epalăjeush tautìthtac mèsw diapodiamorfwtÿn (modem) dial-up. Epomènwc, prokeimènou
na metaferjoÔn ta mhnÔmata EAP, qreiĹzetai èna prwtìkollo diktÔou gia thn enjulĹkwsă
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touc. To IEEE 802.1X orÐzei to EAP pĹnw apì Topikì DÐktuo (EAP over LAN –
EAPOL) gia thn apostolă mhnumĹtwn metaxÔ supplicant kai epalhjeută tautìthtac.
To IEEE 802.1X perièqei tic prodiagrafèc tou EAPOL kai orÐzei morfèc plaisÐou ka-

tĹllhlec gia Ethernet (IEEE 802.3) kai TopikĹ DÐktua DaktulÐou me Koupìni (Token Ring
LANs), allĹ ìqi kai gia to IEEE 802.11. H morfă enìc plaisÐou EAPOL gia to Ethernet
faÐnetai sto Sq. 5.8. AxÐzei na shmeiwjeÐ ìti:

• To pedÐo ’Ekdosh Prwtokìllou èqei pĹntote timă 1.

• To pedÐo TÔpoc Pakètou dhlÿnei ton tÔpo tou mhnÔmatoc.

• Gia kĹpoiouc tÔpouc mhnumĹtwn, de qreiĹzontai epiplèon plhroforÐec kai to Măkoc
Sÿmatoc Pakètou tÐjetai sto 0, enÿ to Sÿma Pakètou paraleÐpetai. ’Otan, wstìso,

upĹrqei Sÿma Pakètou, ìpwc gia parĹdeigma èna mănuma EAP, tìte to măkoc tou kai
ta dedomèna tou prostÐjentai katĹllhla.

Ethernet MAC
Επικεφαλιδα

Πρωτοκολλου

Εκδοση Τυπος

Πακετου Σωµατος Πακετου

Μηκος
Σωµα Πακετου

Sqăma 5.8: Morfă PlaisÐou EAPOL

De metafèroun EAP mhnÔmata ìla ta plaÐsia EAPOL; kĹpoia qrhsimopoioÔntai gia
diaqeiristikĹ kajăkonta. Oi pènte tÔpoi mhnumĹtwn EAPOL eÐnai oi exăc:

• EAPOL-Start

• EAPOL-Key

• EAPOL-Packet

• EAPOL-Logoff

• EAPOL-Encapsulated-ASF-Alert

Sth sunèqeia parousiĹzoume touc tÔpouc autoÔc, ektìc apì ton teleutaÐo, o opoÐoc de

qrhsimopoieÐtai sta TSN/RSN.

EAPOL-Start

’Otan h ontìthta tou supplicant sundèetai gia prÿth forĹ sto topikì dÐktuo, de gnwrÐ-
zei th dieÔjunsh MAC tou epalhjeută tautìthtac. Sthn pragmatikìthta, de gnwrÐzei an
upĹrqei kan epalhjeutăc tautìthtac. Sto plaÐsio autì, to IEEE 802.1X orÐzei to mănu-
ma EAPOL-Start, h apostolă tou opoÐou se mia eidikă omadikă dieÔjunsh poluekpompăc
(multicast) MAC mporeÐ na apokalÔyei thn Ôparxh enìc epalhjeută tautìthtac kai pa-
rĹllhla na gnwstopoiăsei thn parousÐa tou supplicant. H eidikă aută dieÔjunsh, èqei
krathjeÐ gia touc epalhjeutèc tautìthtac IEEE 802.1X. Se pollèc periptÿseic, o epalh-
jeutăc tautìthtac ja èqei ădh eidopoihjeÐ sqetikĹ me th sÔndesh miac nèac suskeuăc mèsw

kĹpoiou mhqanismoÔ tou ulismikoÔ (hardware). Gia parĹdeigma, ènac metagwgèac eÐnai se
jèsh na gnwrÐzei th sÔndesh enìc kalwdÐou protoÔ h suskeuă steÐlei opoiadăpote dedomè-

na. Sthn perÐptwsh aută, o epalhjeutăc tautìthtac mporeÐ na antikatastăsei to mănuma

EAPOL-Start me to dikì tou. Se kĹje perÐptwsh, o epalhjeutăc tautìthtac stèlnei èna
mănuma EAP-Request Identity qrhsimopoiÿntac to plaÐsio EAPOL-Packet.
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EAPOL-Key

Me th boăjeia autoÔ tou tÔpou mhnÔmatoc, o epalhjeutăc tautìthtac stèlnei ta kleidiĹ

kruptogrĹfhshc sthn ontìthta tou supplicant, amèswc molÐc apofasÐsei ìti tou epitrèpei
thn prìsbash sto dÐktuo. FusikĹ, apaiteÐtai h kruptogrĹfhsh twn Ðdiwn twn kleidiÿn prin

thn apostolă touc, diadikasÐa pou den orÐzetai stic prodiagrafèc tou IEEE 802.1X. GenikĹ,
oi mèjodoi pou sqetÐzontai me to sunduasmì thc kruptografÐac kai thc diadikasÐac epală-

jeushc tautìthtac perigrĹfontai sto prìtupo IEEE 802.1AA, pou apoteleÐ thn exèlixh tou
IEEE 802.1X.

EAPOL-Packet

Autì to plaÐsio EAPOL qrhsimopoieÐtai gia thn apostolă twn pragmatikÿn mhnumĹtwn
EAP. ApoteleÐ aplĹ to doqeÐo metaforĹc enìc mhnÔmatoc EAP mèsa apì to topikì dÐktuo,
pou apoteleÐ kai to skopì tou EAPOL.

EAPOL-Logoff

Autìc o tÔpoc mhnÔmatoc dhlÿnei thn prìjesh tou supplicant na aposundejeÐ apì to dÐktuo.

5.2.3 Epalăjeush tautìthtac

Sthn enìthta aută, parousiĹzetai h diadikasÐa epalăjeushc tautìthtac. H akoloujÐa twn

mhnumĹtwn EAP pou antallĹssontai gia to skopì autì, faÐnetai sto Sq. 5.9.
’Otan mia ontìthta supplicant epijumeÐ na sundejeÐ, prèpei arqikĹ na gnwstopoiăsei

ton epalhjeută tautìthtac. Wc epÐ to pleÐston, o epalhjeutăc tautìthtac proeidopoieÐtai

sqetikĹ katĹ th diadikasÐa sÔndeshc, eÐte me th sÔndesh tou kalwdÐou, ă sthn perÐptwsh

thc asÔrmathc epikoinwnÐac, me to susqetismì sto shmeÐo prìsbashc. EnallaktikĹ, mporeÐ

na qrhsimopoihjeÐ to mănuma EAPOL-Start.
O epalhjeutăc tautìthtac apokrÐnetai arqikĹ me mănuma EAP-Request/Identity. To

băma autì mporeÐ na paraleifjeÐ, sthn perÐptwsh pou h tautìthta tou supplicant eÐnai ădh
gnwstă ston epalhjeută apì kĹpoia Ĺllh mèjodo. O supplicant prèpei na apantăsei me
mănuma EAP-Response/Identity. Edÿ anakÔptei jèma asfaleÐac, kajÿc h ontìthta tou
supplicant de mporeÐ na eÐnai sÐgourh gia ton epalhjeută tautìthtac, eidikĹ se èna asÔrmato
dÐktuo. ’Allwste ja mporoÔse kĹpoioc epÐdoxoc eisbolèac na èqei topojetăsei kĹpoio mh

exousiodothmèno shmeÐo prìsbashc. Sto plaÐsio autì, o supplicant mporeÐ na mh jèlei na
apokalÔyei thn tautìthtĹ tou sthn paroÔsa fĹsh kai na qrhsimopoiăsei kĹpoio yeudÿnumo

enallaktikĹ. UpĹrqoun mèjodoi pou uposthrÐzoun th qrăsh yeudwnÔmwn, wstìso upojè-

toume ìti sto senĹrio tou Sq. 5.9, o supplicant eÐnai diatejimènoc na steÐlei thn pragmatikă
tou tautìthta ston epalhjeută.

’Ewc tÿra, ìla ta mhnÔmata antallĹssontai metaxÔ tou supplicant kai tou epalhjeută
tautìthtac, dhladă sthn perÐptwsh tou IEEE 802.11, metaxÔ thc kinhtăc suskeuăc kai tou
shmeÐou prìsbashc. EÐnai shmantikì na mhn emplakeÐ o exuphrethtăc epalăjeushc tautìth-

tac protoÔ exasfalisteÐ ìti h ontìthta tou supplicant uposthrÐzei to 802.1X, stèlnontac to
prÿto mănuma EAP-Request. ’Eqontac apoktăsei thn tautìthta tou supplicant, o epalhjeu-
tăc prèpei na epikoinwnăsei me ton exuphrethtă epalăjeushc tautìthtac gia na diapistÿsei

an ja tou epitrapeÐ h prìsbash. Prokeimènou na mhn apaiteÐtai o epalhjeutăc na uposth-

rÐzei ìlec tic mejìdouc epalăjeushc tautìthtac, ta sqetikĹ mhnÔmata EAP prowjoÔntai
ap’ eujeÐac ston exuphrethtă epalăjeushc tautìthtac. Epomènwc, sthn pragmatikìthta, o
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Sqăma 5.9: AkoloujÐa MhnumĹtwn EAP

supplicant kai o exuphrethtăc epikoinwnoÔn ap’ eujeÐac sth fĹsh aută. KatĹ th diĹrkeia
thc diadikasÐac epalăjeushc tautìthtac, o epalhjeutăc exetĹzei kĹje mănuma pou metafè-

retai metaxÔ supplicant kai exuphrethtă epalăjeushc tautìthtac, prokeimènou na entopÐsei
mhnÔmata tÔpou EAP-Success ă EAP-Failure. Prèpei, loipìn, na perimènei thn apìfash
tou exuphrethtă tautìthtac sqetikĹ me to an o supplicant èqei gÐnei apodektìc ă èqei apor-
rifjeÐ. Sthn perÐptwsh pou qrhsimopoieÐtai to RADIUS, h antÐstoiqh èndeixh parèqetai me
katĹllhlo mănuma RADIUS.

5.2.4 ElafrÔ EAP

To ElafrÔ EAP (Lightweight EAP – LEAP), parìlo pou apoteleÐ èna idiokthsiakì prw-
tìkollo pou anaptÔqjhke apì th Cisco, wstìso h eureÐa tou qrăsh odăghse kai Ĺllouc
kataskeuastèc na to uposthrÐzoun stouc exuphrethtèc RADIUS.
Sunepèc me to montèlo IEEE 802.1X, to LEAP qwrÐzei to sÔsthma se treic ontì-

thtec: supplicant, epalhjeutăc tautìthtac kai exuphrethtăc epalăjeushc tautìthtac. O
supplicant brÐsketai sthn kinhtă suskeuă, enÿ o epalhjeutăc tautìthtac sto shmeÐo prì-
sbashc. O exuphrethtăc epalăjeushc tautìthtac ulopoieÐtai apì èna exuphrethtă RA-
DIUS. Gia th metaforĹ twn kleidiÿn qrhsimopoioÔntai kĹpoia idiokthsiakĹ gnwrÐsmata tou
RADIUS.
To LEAP eÐnai èna prwtìkollo amfÐdromhc prìklhshc ` apìkrishc pou basÐzetai se èna

merizìmeno mustikì kleidÐ metaxÔ tou exuphrethtă epalăjeushc tautìthtac kai thc kinhtăc
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suskeuăc; ìqi tou shmeÐou prìsbashc. SthrÐzetai genikĹ stoMS-CHAPv1, to opoÐo qrhsi-
mopoieÐtai sunăjwc gia apomakrusmènh epalăjeush tautìthtac mèsw dial-up. Se antÐjesh
me to sumbatikì MS-CHAP, h epalăjeush tautìthtac eÐnai amoibaÐa, me xeqwristèc pro-
klăseic na ekdÐdontai apì ton exuphrethtă epalăjeushc tautìthtac kai thn kinhtă suskeuă.

Sto plaÐsio autì, den exasfalÐzetai h aujentikìthta tou Ðdiou tou shmeÐou prìsbashc. An

èna mh exousiodothmèno shmeÐo prìsbashc mporoÔse me kĹpoio trìpo na apoktăsei prìsbash

sto ensÔrmato dÐktuo me sÔndesh ston exuphrethtă epalăjeushc tautìthtac, ja mporoÔse

na drĹsei wc fiendiĹmesoc fl (man in the middle) sth diadikasÐa epalăjeushc tautìthtac.
Wstìso, to shmeÐo prìsbashc prèpei na diajètei ădh egkatasthmènh sqèsh empistosÔnhc

me ton exuphrethtă epalăjeushc tautìthtac prokeimènou na lĹbei to kleidÐ kruptogrĹfhshc

sunìdou, epomènwc èna parĹnomo shmeÐo prìsbashc de ja ătan se jèsh na steÐlei ă na lĹbei

kruptografhmèna dedomèna apì thn kinhtă suskeuă.

Mìlic oloklhrwjeÐ h amoibaÐa epalăjeush tautìthtac, to kleidÐ kruptogrĹfhshc su-

nìdou stèlnetai sto shmeÐo prìsbashc mèsa se èna gnÿrisma RADIUS. Autì to gnÿrisma
kruptografeÐtai qrhsimopoiÿntac èna merizìmeno mustikì metaxÔ tou shmeÐou prìsbashc

kai tou exuphrethtă. O pelĹthc upologÐzei epÐshc èna antÐgrafo tou kleidioÔ sunìdou.

To kleidÐ de metadÐdetai mèsw thc asÔrmathc zeÔxhc allĹ upologÐzetai bĹsei miac tuqaÐac

timăc. To shmeÐo prìsbashc shmatodoteÐ mia epituqhmènh epalăjeush tautìthtac me mănuma

EAPOL-Success proc thn kinhtă suskeuă. Sth sunèqeia energopoieÐ thn kruptogrĹfhsh
stèlnontac èna mănuma EAPOL-Key. AkoloujoÔn ta bămata thc ìlhc diadikasÐac, enÿ sqh-
matikĹ parousiĹzetai sto Sq. 5.10:

1. O exuphrethtăc epalăjeushc tautìthtac stèlnei mia tuqaÐa akoloujÐa qaraktărwn

sthn kinhtă suskeuă wc prìklhsh. H kinhtă suskeuă prèpei na apodeÐxei ìti gnwrÐzei

to kleidÐ stèlnontac mia akoloujÐa qaraktărwn pou prokÔptei apì thn prìklhsh.

2. H kinhtă suskeuă stèlnei mia prìklhsh ston exuphrethtă epalăjeushc tautìthtac,

o opoÐoc prèpei epÐshc na apokrijeÐ swstĹ.

3. O exuphrethtăc epalăjeushc tautìthtac parĹgei kai stèlnei èna kleidÐ sunìdou sto

shmeÐo prìsbashc me to mănuma EAP-Success enjulakwmèno se RADIUS.

4. To shmeÐo prìsbashc eidopoieÐ thn kinhtă suskeuă sqetikĹ me thn epalăjeush tau-

tìthtac qrhsimopoiÿntac to mănuma EAPOL-Success. Sto shmeÐo autì o pelĹthc
upologÐzei to kleidÐ sunìdou pou apaiteÐtai.

5. To shmeÐo prìsbashc stèlnei èna mănuma EAPOL-Key gia thn energopoÐhsh thc kru-
ptogrĹfhshc. Ac shmeiwjeÐ ìti de stèlnetai to pragmatikì kleidÐ; eÐnai aplĹ èna

mănuma gnwstopoÐhshc.

6. H kinhtă suskeuă kai to shmeÐo prìsbashc epikoinwnoÔn qrhsimopoiÿntac kruptogrĹ-

fhsh WEP.

Sthn asÔrmath pleurĹ, to LEAP qrhsimopoieÐ to IEEE 802.1X kai to EAPOL, ìpwc
perigrĹfetai stic enìhthtec 5.1 kai 5.2.2, antÐstoiqa. Sthn ensÔrmath pleurĹ, to LEAP
qrhsimopoieÐ to EAP pĹnw apì RADIUS.
To LEAP emperièqei pollèc apì tic basikèc ènnoiec twn TSN kai RSN. Wstìso, ta

teleutaÐa èqoun prosjèsei epiplèon leptomèreiec pou beltiÿnoun shmantikĹ th sunolikă

asfĹleia. To LEAP arqikĹ qrhsimopoioÔse to WEP, to opoÐo parousiĹzei arketèc aduna-
mÐec. Wstìso, h dunatìthta tou LEAP na parĹgei proswrinĹ kleidÐa sunìdou meiÿnei se
kĹpoio bajmì thn apotelesmatikìthta twn epijèsewn. Epiplèon, to LEAP qrhsimopoieÐ to
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Sqăma 5.10: AkoloujÐa MhnumĹtwn LEAP

prwtìkollo MS-CHAPv1, to opoÐo eÐnai euĹlwto se merikèc epijèseic me lexikì. SunolikĹ,
ìmwc, to LEAP parèqei sqetikă asfĹleia parousiĹzontac ta exăc pleonektămata:

• AmoibaÐa epalăjeush tautìthtac

• ProswrinĹ kleidiĹ sunìdou

• Kentrikopoihmènh diaqeÐrish kleidiÿn

5.2.5 AsfĹleia Epipèdou MetaforĹc kai EAP

To prwtìkollo AsfĹleiac Epipèdou MetaforĹc (Transport Layer Security – TLS) pro-
sfèrei perissìterec uphresÐec apì autèc pou apaitoÔntai sta plaÐsia tou TSN/RSN. Pio
sugkekrimèna parèqei mhqanismoÔc epalăjeushc tautìthtac, kruptogrĹfhshc kai sumpÐeshc

dedomènwn. Tìso to TSN, ìso kai to RSN, diajètoun dikèc touc mejìdouc kruptogrĹfhshc,
ìpwc eÐnai to TKIP kai to AES-CCMP antÐstoiqa, enÿ stic prodiagrafèc touc den anăkei
h qrăsh sumpÐeshc twn dedomènwn. AntÐjeta, h mèjodoc epalăjeushc tautìthtac tou TLS
eÐnai idanikă gia to montèlo tou EAP/IEEE 802.1X

Genikèc arqèc tou TLS

H sqèsh metaxă twn dÔo pleurÿn pou epikoinwnoÔn, egkajÐstatai sto TLS me th sÔnayh
miac qeirayÐac. Aută perilambĹnei mia seirĹ mhnumĹtwn pou antallĹssontai me kajorismènh

seirĹ kai faÐnetai sto Sq. 5.11. MporoÔme na parathrăsoume ìti katĹ thn ènarxh thc

qeirayÐac, oi duo pleurèc stèlnoun mhnÔmata qairetismoÔ (Client Hello/Server Hello),
enÿ prin to tèloc thc, elègqetai h egkurìthta kĹje mhnÔmatoc.
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Sqăma 5.11: QeirayÐa TLS

H diadikasÐa thc qeirayÐac tou TLS epitugqĹnei treic stìqouc:

1. Thn epalăjeush tautìthtac tou exuphrethtă (kai proairetikĹ tou pelĹth).

2. Thn paragwgă enìc mustikoÔ kurÐou kleidioÔ (master key) gia th sÔnodo.

3. Thn arqikopoÐhsh kai energopoÐhsh kruptografikăc leitourgÐac gia thn prostasÐa

twn epikoinwniÿn.

Sta plaÐsia tou TSN/RSN, oi mìnec leitougÐec tou TLS pou apaitoÔntai, eÐnai h epală-
jeush tautìthtac kai h paragwgă tou kurÐou kleidioÔ, kajÿc, ìpwc anafèrjhke, diajètoun

dikèc touc kruptografikèc mejìdouc. To TSN/RSN lambĹnei to kÔrio kleidÐ pou parĹgetai
apì to TLS kai apì autì upologÐzei èna sÔnolo kleidiÿn pou qrhsimopoieÐ gia thn krupto-
grĹfhsh thc asÔrmathc zeÔxhc. Me autìn ton trìpo, to TLS enswmatÿnetai sto montèlo
katĹ IEEE 802.1X kai leitourgeÐ pĹnw apì to EAP, opwc ja doÔme analutikĹ sth sunèqeia.
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EAP-TLS

To TLS sqediĹsthke gia na leitourgeÐ sto strÿma pĹnw apì èna axiìpisto prwtìkol-
lo metaforĹc genikĹ, kai ìqi apokleistikĹ pĹnw apì to TCP/IP. ’Etsi, sta plaÐsia twn
TSN/RSN, to TLS leitourgeÐ pĹnw apì to EAP. Oi sqetikoÐ orismoÐ brÐskontai sto keÐmeno
[11] thc IETF, ìpou perigrĹfetai h qeirayÐa TLS gia to EAP.
To EAP arqÐzei kai oloklhrÿnetai pĹnta me thn Ðdia akoloujÐa. Sunăjwc, antalĹssetai

èna mănuma aÐthshc/apìkrishc EAP-Identity. Sth sunèqeia stèlnetai mia seirĹ aităsewn
kai apokrÐsewn mhnumĹtwn EAP pou sqetÐzontai me th sugkekrimènh mèjodo epalăjeushc
tautìthtac kai anagnwrÐzontai apì to pedÐo TÔpoc kĹje mhnÔmatoc. TelikĹ, èna mănuma

EAP-Success/Fail stèlnetai anĹloga me thn èkbash. H genikă morfă enìc mhnÔmatoc
EAP apeikonÐzetai sto Sq. 5.12.

Κωδικος Αναγνωριστικο Μηκος Τυπος ∆εδοµενα Αιτησης / Αποκρισης

Sqăma 5.12: Morfă MhnÔmatoc EAP

Sthn perÐptwsh tou TLS, to RFC orÐzei ìti to pedÐo TÔpoc gia tic aităseic kai apokrÐseic
tou EAP paÐrnei thn timă 13. Mìno oi pelĹtec kai oi exuphrethtèc pou uposthrÐzoun to
EAP-TLS ja epiqeirăsoun na apokwdikopoiăsoun autĹ ta mhnÔmata. Epiplèon, orÐzontai
dÔo nèa pedÐa pou akoloujoÔn to TÔpoc. Ta pedÐa autĹ eÐnai ta ShmaÐec kai Măkoc, ìpwc

faÐnetai sto Sq. 5.13.

∆εδοµενα EAP−TLSΚωδικος Αναγνωριστικο Μηκος ’13’ Σηµαιες Μηκος

Sqăma 5.13: Morfă MhnÔmatoc EAP-TLS

To prÿto pedÐo Măkoc anafèretai sto măkoc tou plaisÐou EAP, enÿ to deÔtero sto măkoc
tou pakètou EAP-TLS. Ta pakèta autĹ mporeÐ na eÐnai arketĹ megĹla se mègejoc, uper-
baÐnontac to mègisto mègejoc enìc mhnÔmatoc EAP. Se mia tètoia perÐptwsh, to pakèto
EAP-TLS jrausmatÐzetai kai stèlnetai diadoqikĹ. H deÔterh timă tou pedÐou Măkoc, ana-
fèretai sunolikĹ sto mănuma TLS kai ìqi sto trèqon plaÐsio. MĹlista, to deÔtero pedÐo
Măkoc eÐnai proairetikì kai sunăjwc paraleÐpetai ìtan ta dedomèna tou EAP-TLS qwroÔn
sto trèqon plaÐsio.

To pedÐo ShmaÐec perilambĹnei trÐa bit:

• ShmaÐa Măkouc: UpodeiknÔei thn parousÐa ă mh tou pedÐou Măkoc

• ShmaÐa JrausmĹtwn: EnergopoieÐtai ìtan akoloujoÔn jraÔsmata.

• ShmaÐa ’Enarxhc: ShmatodoteÐ thn ènarxh thc qeirayÐac

H akoloujÐa twn mhnumĹtwn pou antalĹssontai katĹ th qeirayÐa tou EAP-TLS parou-
siĹzontai sto Sq. 5.14. ’Eqei upotejeÐ ìti o exuphrethtăc èqei arqÐsei thn epikoinwnÐa tou

me ton pelĹth mèsw kĹpoiac mejìdou, ìpwc gia parĹdeigma me èna mănuma EAP-Start. Ta
bămata èqoun wc exăc:

1. {request} Aută eÐnai h arqă thc sunallagăc EAP. O exuphrethtăc zhtĹ thn tautìthta
tou pelĹth.
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2. {response} Edÿ o pelĹthc stèlnei èna mănuma me thn tautìthta tou. Gia etairikì pe-
ribĹllon, ja mporoÔse na prosdioristeÐ h tautìthta tou idioktăth tou pistopoihtikoÔ

tou pelĹth pou ja staleÐ. An o pelĹthc den protÐjetai na steÐlei pistopoihtikì, mpo-

reÐ na steÐlei èna anÿnumo anagnwristikì, gia parĹdeigma h akoloujÐa ’anonymous’.

3. {request} O exuphrethtăc stèlnei mia kenă aÐthsh EAP-TLS me th shmaÐa ènarxhc
energopoihmènh. Aută eÐnai kai h monadikă perÐptwsh pou h shmaÐa aută tÐjetai.

4. {response} O pelĹthc stèlnei mănuma Client Hello to opoÐo perilambĹnei tic Ðdiec
plhroforÐec me to sÔnhjec TLS.

5. {request} O exuphrethtăc stèlnei dÔo ă trÐa mhnÔmata TLS se mÐa mìno aÐthsh:
to Server Hello, proairetikĹ thn aÐthsh gia pistopoihtikì pelĹth, kai to mănuma
termatismoÔ tou exuphrethtă.

6. {response} O pelĹthc apantĹ tÿra me pollĹ mhnÔmata TLS se mÐa mìno apìkrish:

• Pistopoihtikì pelĹth (an zhthjeÐ)
• Pro-kÔrio mustikì tou mhnÔmatoc antallagăc kleidioÔ
• PlhroforÐec epalăjeushc pistopoihtikoÔ pelĹth
• Allagă kruptografămatoc
• Termatismìc

ParathroÔme ìti o pelĹthc dhmiourgeÐ to pro-kÔrio mustikì, upologÐzei to kÔrio

mustikì kai energopoieÐ to kruptogrĹfhma sto Ðdio băma. Wstìso, prèpei na shmeiwjeÐ

ìti olìklhro to mănuma EAP stèlnetai mèsa sthn arqikă kruptografikă akoloujÐa,
h opoÐa eÐnai sunăjwc anoiktă, dhladă qwrÐc kruptogrĹfhsh. H akoloujÐa aută den

energopoieÐtai protoÔ oloklhrwjoÔn ta mhnÔmata EAP.

7. {request} O exuphrethtăc stèlnei ìla ta mhnÔmata pou apomènoun se mÐa mìno aÐthsh
EAP.

8. {response} O pelĹthc den èqei epiplèon plhroforÐec na steÐlei allĹ apaiteÐtai apì to
prwtìkollo na apokrijeÐ kai sto plaÐsio autì apantĹ me èna kenì mănuma EAP-Response.

9. TelikĹ gia thn oloklărwsh thc qeirayÐac EAP, o exuphrethtăc stèlnei èna mănuma
EAP-Success, upojètontac ìti ìla èqoun pĹei kalĹ. An opoiodăpote apì ta bămata
eÐqan apotÔqei, o exuphrethtăc ja eÐqe steÐlei mănuma EAP-Failure sto shmeÐo pou
entopÐsthke to prìblhma.

H qrăsh tou EAP apoteleÐ kleidÐ sthn ulopoÐhsh tou TLS sto TSN ă to RSN. Kat’
arqăn, sunepĹgetai ìti de qreiĹzetai dieÔjunsh IP, epomènwc h asÔrmath suskeuă mporeÐ
na antallĹxei mhnÔmata EAP me to shmeÐo prìsbashc kai na pragmatopoiăsei th qeirayÐa
protoÔ thc dojeÐ prìsbash sto ensÔrmato dÐktuo. To shmeÐo prìsbashc den apaiteÐtai na

uposthrÐzei to prwtìkollo TLS gia thn oloklărwsh thc sunallagăc, ef’ ìson èqei sth
diĹjesă tou ènan exuphrethtă epalăjeushc tautìthtac gia na tou steÐlei ta mhnÔmata EAP.
To shmeÐo prìsbashc mporeÐ na perimènei gia mănuma EAP-Success to opoÐo shmatodoteÐ thn
epÐtreyh prìsbashc sto dÐktuo.

O trìpoc me to opoÐo to shmeÐo prìsbashc stèlnei ta mhnÔmata EAP ston exuphrethtă
epalăjeushc tautìthtac ègkeitai sth qrăsh tou RADIUS. Prìkeitai gia èna prwtìkollo
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Sqăma 5.14: QeirayÐa EAP-TLS

pou epitrèpei thn epikoinwnÐa me ton exuphrethtă epalăjeushc tautìthtac. ’Eqei epektajeÐ

se megĹlo bajmì se sqèsh me ton arqikì tou sqediasmì, wstìso oi basikèc arqèc den

èqoun metablhjeÐ. MÐa apì tic kÔriec epektĹseic tou se sqèsh me ta TSN/RSN, apoteleÐ h
upostărixh thc proÿjhshc twn aităsewn kai apokrÐsewn EAP ap’ eujeÐac ston exuphrethtă.
To RADIUS kai oi sqetikoÐ mhqanismoÐ perigrĹfontai analutikĹ sthn enìthta 5.3.

5.2.6 Prostateumèno EAP

To Prostateumèno EAP (Protected EAP – PEAP), ìpwc dhlÿnei kai to ìnomĹ tou, parèqei
ènan asfală mhqanismì gia tic diadikasÐec tou EAP. To arqikì kÐnhtro ătan na exasfalisteÐ
h asfĹleia twn kwdikÿn prìsbashc twn qrhstÿn prostateÔontac touc apì epijèseic me

lexikì. Gia na epiteuqjeÐ autì, kĹje sÔnodoc EAP eÐnai apìluta mustikă apì touc epÐdoxouc
eisboleÐc.
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ArqikĹ prèpei na exetastoÔn oi adunamÐec se epÐpedo asfaleÐac tou EAP. UpĹrqei o
kentrikìc mhqanismìc epalăjeushc tautìthtac metaxÔ tou pelĹth kai tou exuphrethtă. O

mhqanismìc autìc mporeÐ na qrhsimopoieÐ mèjodo TLS kai na jewreÐtai asfalăc, ìpwc èqou-
me ădh anafèrei. Wstìso, autì pou eÐnai koinì se ìlec tic mejìdouc EAP eÐnai h fĹsh
EAP-Identity kai ta mhnÔmata EAP-Success ă EAP-Fail sto tèloc. Se autèc tic fĹseic
sunantÿntai kai oi adunamÐec sthn asfĹleia:

• Epeidă to mănuma EAP-Identity den prostateÔetai, mporeÐ na upoklapeÐ, apokalÔ-
ptontac thn tautìthta tou qrăsth pou epiqeireÐ na sundejeÐ.

• To mănuma EAP-Success/Fail den prostateÔetai kai ja mporoÔse na upoklapeÐ.

MÐa lÔsh kai sta dÔo autĹ problămata ja ătan na pragmatopoioÔntai oi diapragma-

teÔseic tou EAP mèsa se mÐa apìrrhth kruptografhmènh săragga (tunnel). An upĹrqei
asfalăc sÔndesh metaxÔ tou pelĹth kai tou exuphrethtă, tìte oi diapragmateÔseic tou EAP
mporoÔn na lĹboun qÿra me arketă asfĹleia kai h tautìthta tou pelĹth de ja apokalufjeÐ.

Tautìqrona h euelixÐa pou prosfèrei to EAP de qĹnetai, kajÿc ìlec oi mèjodoi epalăjeu-
shc tautìthtac anwtèrwn strwmĹtwn exakoloujoÔn na mporoÔn na qrhsimopoihjoÔn. Aută

eÐnai h bĹsikh idèa tou PEAP: ìlec oi diapragmateÔseic tou EAP prostateÔontai.
To apìrrhto (privacy) kai h aujentikìthta (authenticity) apoteloÔn basikèc arqèc thc

asfĹleiac. To apìrrhto èqei thn ènnoia ìti prostateÔetai h mustikìthta thc epikoinwnÐac.

H aujentikìthta shmaÐnei ìti dÔo (ă perissìterec) pleurèc mporoÔn na apodeÐxoun amoibaÐa

thn tautìthtĹ touc. Stìqoc tou EAP apoteleÐ h aujentikìthta: Prwtìkollo EpektĹsimhc
Epalăjeushc Tautìthtac. Stìqoc tou PEAP eÐnai na exasfalisteÐ to apìrrhto katĹ th
diadikasÐa epalăjeushc tautìthtac. Gia thn epÐteuxh kai twn dÔo stìqwn, arqikĹ exasfa-

lÐzoume to apìrrhto qwrÐc aujentikìthta, kai sth sunèqeia pragmatopoieÐtai h epalăjeush

tautìthtac qrhsimopoiÿntac thn apìrrhth sÔndesh. H prosèggish pou perigrĹfhke apote-

leÐtai apì dÔo fĹseic:

i KatĹ thn prÿth fĹsh, to EAP qrhsimopoieÐtai sumbatikĹ gia thn egkatĹstash asfa-
loÔc sÔndeshc me th boăjeia tou TLS. Mìno h tautìthta tou exuphrethtă epalh-
jeÔetai se aută th fĹsh.

ii KatĹ th deÔterh fĹsh, h asfalăc sÔndesh qrhsimopoieÐtai gia thn pragmatopoÐh-
sh twn diapragmateÔsewn tou EAP, sta plaÐsia twn opoÐwn, lambĹnei qÿra plărhc
epalăjeush tautotătwn.

To TLS eÐnai h mèjodoc pou èqei epilegeÐ gia thn exasfĹlish tou aporrătou katĹ thn
prÿth fĹsh. Wstìso, mìlic to asfalèc kanĹli egkatastajeÐ, opoiadăpote mèjodoc pou

uposthrÐzetai apì to EAP ja mporoÔse na qrhsimopoihjeÐ gia tic diapragmateÔseic; den
prèpei na eÐnai aparaÐthta to TLS.
Prèpei na tonisteÐ ìti, h prÿth fĹsh tou PEAP perilambĹnei mèroc twn diadikasiÿn pou

exasfalÐzoun thn aujentikìthta; o exuphrethtăc apaiteÐtai pĹnta na apodeiknÔei thn tautì-

thtĹ tou. Autì mporeÐ na gÐnei me th qrăsh kĹpoiou pistopoihtikoÔ, ìpwc perigrĹfhke sthn

enìthta 5.2.5 gia to TLS. Me ton trìpo autì epitrèpei ston pelĹth na eÐnai sÐgouroc gia th
nomimìthta tou exuphrethtă. Autì eÐnai idiaÐtera shmantikì gia ta asÔrmata topikĹ dÐktua

giatÐ eÐnai sqetikĹ eÔkolo na egkatastajoÔn shmeÐa prìsbashc ta opoÐa na diafhmÐzoun

yeudÿc ìti anăkoun se kĹpoio ègkuro dÐktuo.

Sth sunèqeia perigrĹfoume analutikĹ tic dÔo fĹseic tou PEAP.
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FĹsh 1

ExwterikĹ, h fĹsh 1, faÐnetai ìpwc oi sunăjeic diapragmateÔseic tou EAP. H diaforĹ
se sqèsh me thn perÐptwsh tou EAP-TLS, eÐnai ìti sto tèloc thc fĹshc, antÐ na staleÐ
mănuma EAP-Success, oi diapragmateÔseic proqwroÔn sth deÔterh fĹsh, ìpou arqÐzei mia
ex’ oloklărou nèa sÔnodoc, kruptografhmènh qrhsimopoiÿntac ta kleidiĹ pou èqoun ădh

diapragmateuteÐ.

Sthn arqă, tìso thc fĹshc 1 ìso kai thc 2, o exuphrethtăc stèlnei mănuma EAP-Request/
Identity. O pelĹthc ofeÐlei na apantăsei me apìkrish tautìthtac. Wstìso, epitrèpetai
ston pelĹth na steÐlei mia anÿnumh tautìthta ston prÿto gÔro tou EAP. Sto sumba-
tikì EAP, h tautìthta qrhsimopoieÐtai suqnĹ gia ton prosdiorismì thc mejìdou epală-
jeushc tautìthtac anwtèrwn strwmĹtwn pou ja qrhsimopoihjeÐ. Autì isqÔei kai sto

PEAP, ìpou h tautìthta pou stèlnetai sthn prÿth fĹsh prosdiorÐzei ston exuphreth-
tă th qrăsh tou PEAP. MporeÐ na eÐnai kĹpoio tuqaÐo anagnwristikì, gia parĹdeigma
’peap@anonymous.com’. H pragmatikă tautìthta tou pelĹth stèlnetai katĹ th diĹrkeia
thc fĹshc 2. Merikèc forèc o epalhjeutăc tautìthtac qrhsimopoieÐ to anagnwristikì au-

tì gia na prosdiorÐsei se poion exuphrethtă ja apeujunjeÐ gia tic apofĹseic epalăjeushc

tautìthtac. Autì mporeÐ na brei efarmogă se èna shmeÐo prìsbashc pou exuphreteÐ pollĹ

dÐktua pou de diaqeirÐzontai apì thn Ðdia arqă. Sthn perÐptwsh aută, mporeÐ na staleÐ èna

anagnwristikì tou tÔpou ’anonymous@Network A.com’, ìpou to tmăma tou anagnwristi-
koÔ pou anafèretai sto dÐktuo eÐnai pragmatikì, enÿ to ìnoma tou qrăsth dÐnetai argìtera,

ìtan egkatastajeÐ h asfalăc sÔndesh me ton exuphrethtă tou diktÔou autoÔ.

KatĹ th diĹrkeia twn diapragmateÔsewn tou TLS, o exuphrethtăc mporeÐ na zhtăsei
pistopoihtikì apì ton pelĹth. Parèqontac èna tètoio pistopoihtikì exasfalÐzetai h aujen-

tikìthta tou pelĹth. Wstìso, sto PEAP, o qrăsthc èqei to dikaÐwma na arnhjeÐ na steÐlei
autì to pistopoihtikì, opìte o exuphrethtăc pernĹei sth fĹsh 2. Se antÐjeth perÐptwsh den

upĹrqei nìhma na proqwrăsei h diadikasÐa sth deÔterh fĹsh, kajÿc h amoibaÐa epalăjeush

tautotătwn ja èqei oloklhrwjeÐ apì th fĹsh 1.

FĹsh 2

H deÔterh fĹsh apoteleÐ mia sumbatikă diadikasÐa EAP, pou epitrèpei na qrhsimopoihjeÐ
opoiadăpote mèjodoc epalăjeushc tautìthtac anwtèrwn strwmĹtwn uposthrÐzei o exuph-

rethtăc. H monadikă diaforĹ eÐnai ìti ìla ta mhnÔmata EAP stèlnontai qrhsimopoiÿntac
thn kruptografhmènh sÔnodo pou èqei dhmiourghjeÐ apì th fĹsh 1. Sunepÿc, eÐnai arke-

tĹ asfalèc na staleÐ h pragmatikă tautìthta tou pelĹth. O epalhjeutăc tautìthtac de

sugkrÐnei thn tautìthta aută me ekeÐnh pou èqei lĹbei apì thn prÿth fĹsh, h opoÐa, ìpwc

anafèrame parapĹnw, den èqei nìhma.

To PEAP epitrèpei se ènan kakìboulo qrăsth na perĹsei th fĹsh 1 qwrÐc prìklhsh.
Epeidă den upĹrqei epalăjeush tautìthtac, opoiosdăpote mporeÐ na kĹnei diapragmateÔseic

TLS kai na egkatastăsei asfală sÔndesh me ton exuphrethtă epalăjeushc tautìthtac.
Epomènwc, sthn arqă thc fĹshc 2, o pelĹthc de jewreÐtai èmpistoc kai eÐnai upoqrewmènoc

na epalhjeÔsei thn tautìthtĹ tou, parìlo pou qrhsimopoieÐ asfală sÔnodo. ’Etsi, se

perÐptwsh apotuqÐac o exuphrethtăc ton aposundèei.
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5.3 Remote Access Dial-In User Service (RADIUS)

Sthn enìthta aută, parousiĹzetai to prwtìkollo RADIUS, to opoÐo, an kai den apoteleÐ
mèroc tou protÔpou IEEE 802.11i, qrhsimopoieÐtai polÔ sthn prĹxh gia thn epikoinwnÐa
metaxÔ tou shmeÐou prìsbashc kai tou exuphrethtă epalăjeushc tautìthtac. SunantĹtai

kurÐwc se etairikĹ kai eureÐac klÐmakac dÐktua kai spĹnia se oikiakèc egkatastĹseic, ka-

jÿc, stic teleutaÐec periptÿseic, o exuphrethtăc epalăjeushc tautìthtac eÐnai sunăjwc

enswmatwmenoc sto shmeÐo prìsbashc.

To RADIUS orÐzei, kat’ arqăn, èna sÔnolo leitourgiÿn pou ofeÐloun na eÐnai koinèc
metaxÔ ìlwn twn exuphrethtÿn epalăjeushc tautìthtac. Epiplèon, orÐzei èna prwtìkollo

pou epitrèpei se Ĺllec suskeuèc na èqoun prìsbash stic parapĹnw leitourgÐec. ’Otan

anaferìmaste ston exuphrethtă RADIUS, ennooÔme to tmăma tou exuphrethtă epalăjeushc
tautìthtac to opoÐo uposthrÐzei leitourgÐec RADIUS; to RADIUS genikĹ anafèretai sto
prwtìkollo pou qrhsimopoieÐtai gia thn epikoinwnÐa me ton exuphrethtă. O teleutaÐoc

mporeÐ na eÐnai pleonĹzwn, dhladă na upĹrqoun efedrikèc monĹdec ètoimec na analĹboun

se perÐptwsh apotuqÐac tou kurÐou exuphrethtă, kai katanemhmènoc, pou shmaÐnei ìti

polloÐ exuphrethèc leitourgoÔn se diaforetikèc topojesÐec qrhsimopoiÿntac mia koină bĹsh

dedomènwn.

To RADIUS, pou orÐzetai apì thn IETF, èqei sqediasteÐ gia dÐktua tÔpou TCP/IP;
upojètei ìti oi suskeuèc qrhsimopoioÔn èna dÐktuo IP gia na epikoinwnoÔn me ton exuphre-
thtă RADIUS. To arqikì kÐnhtro pÐsw apì thn anĹptuxh tou RADIUS ătan h upostărixh
dexamenÿn diapodiamorfwtÿn (modem pools) gia uphresÐec dial-in. ’Enac ISP pou parèqei
prìsbash dial-up se ejnikì epÐpedo ofeÐlei na èqei egkatastăsei apì mia dexamenă dia-
podiamorfwtÿn se kĹje topikă thlefwnikă perioqă, ÿste oi pelĹtec na mhn plhrÿnoun

uperastikèc klăseic. Se kĹje tètoia dexamenă, o exuphrethtăc dial-in apantĹ stic klăseic,
epalhjeÔei thn tautìthta tou qrăsth gia na pistopoiăsei thn egkurìthtĹ tou, kai sth sunè-

qeia ekteleÐ to prwtìkollo PPP gia na epitrèyei th sÔndesh tou pelĹth sto diadÐktuo. To
prìblhma eÐnai ìti o exuphrethtăc se kĹje dexamenă diapodiamorfwtÿn prèpei na gnwrizei

ìlouc touc ègkurouc qrăstec prokeimènou na pragmatopoiăsei th diadikasÐa epalăjeushc

tautìthtac. H logikă tou RADIUS eÐnai ìti upĹrqei ènac kentrikìc exuphrethtăc epală-
jeushc tautìthtac, o opoÐoc gnwrÐzei ìlouc touc pelĹtec kai epitrèpei stouc exuphrethtèc

twn dexamenÿn diapodiamorfwtÿn na prowjoÔn tic plhroforÐec sqetikèc me thn epalăjeush

tautìthtac sta kentrikĹ gia èlegqo. Sthn orologÐa tou RADIUS, o exuphrethtăc twn de-
xamenÿn diapodiamorfwtÿn apoteleÐ ton exuphrethtă prìsbashc diktÔou (Network Access
Server – NAS) kai o exuphrethtăc epalăjeushc tautìthtac (Authentication Server – AS)
eÐnai o exuphrethtăc RADIUS.
H analogÐa sta asÔrmata topikĹ dÐktua eÐnai faneră; to shmeÐo prìsbashc apoteleÐ

mia ontìthta NAS kai, profanÿc, den eÐnai jemitì kĹje shmeÐo prìsbashc na gnwrÐzei th
bĹsh dedomènwn pou perièqei tic plhroforÐec epalăjeushc tautìthtac. Sto plaÐso autì,

qrhsimopoieÐtai o exuphrethtăc RADIUS o opoÐoc parèqei èna kentrikopoihmèno mhqanismì
epalăjeushc tautìthtac.

5.3.1 Oi mhqanismoÐ tou RADIUS

Sthn enìthta aută, parousiĹzontai oi mhqanismoÐ tou prwtokìllou. To basikì sÔnolo twn

mhnumĹtwn RADIUS eÐnai periorismèno, wstìso upĹrqei sqetikă poluplokìthta ìson aforĹ
ta diĹfora gnwrÐsmata (attributes) pou metafèroun ta mhnÔmata.
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BasikĹ MhnÔmata

To prwtìkollo RADIUS uposthrÐzei touc parakĹtw tèsseric tÔpouc mhnumĹtwn:

• Access-Request (NAS −→ AS)

• Access-Challenge (NAS ←− AS)

• Access-Accept (NAS ←− AS)

• Access-Reject (NAS ←− AS)

ìpou sta plaÐsia twn TSN/RSN, to shmeÐo prìsbashc eÐnai to isodÔnamo thc ontìthtac
tou NAS kai AS eÐnai o epalhjeutăc tautìthtac RADIUS.
Ta tèssera autĹ mhnÔmata, sqediĹsthkan gia tic anĹgkec tou PPP, tou prwtokìllou

gia tic uphresÐec dial-in. UposthrÐzontai dÔo epilogèc gia epalăjeush tautìthtac: to PAP
kai to CHAP. To PAP apoteleÐ mia aplă prosèggish qrăshc onìmatoc qrăsth/kwdikoÔ
eisìdou. To CHAP apì thn Ĺllh pleurĹ, apaiteÐ apì ton exuphrethtă na steÐlei tuqaÐ-
a dedomèna pou apoteloÔn thn prìklhsh, kai thn opoÐa to sÔsthma dial-in prèpei na
kruptografăsei kai na epistrèyei sth sunèqeia gia èlegqo.

ArqikĹ exetĹzoume thn perÐptwsh tou PAP, pou faÐnetai sto Sq. 5.15. O qrăsthc
sundèetai me to diapodiamorfwtă kai o NAS dhlÿnei ìti qrhsimopoieÐtai to PAP gia epală-
jeush tautìthtac. To sÔsthma tou pelĹth apokrÐnetai stèlnontac to ìnoma qrăsth kai ton

kwdikì eisìdou tou logariasmoÔ tou. O NAS stèlnei tÿra mănuma Access-Request ston
exuphrethtă RADIUS, to opoÐo perièqei tic plhroforÐec tou qrăsth kruptografhmènec. O
exuphrethtăc RADIUS apokrÐnetai eÐte me Access-Accept ă me Access-Reject kai o NAS
energeÐ anĹloga. Aută eÐnai mia polÔ aplă prosèggish kai eÐnai euĹlwth se pollÿn eidÿn

kakìboulec epijèseic. H megalÔterh adunamÐa tou PAP eÐnai ìti o kwdikìc eisìdou stèlne-
tai qwrÐc kruptogrĹfhsh apì thn thlefwnikă grammă dÐnontac thn eukairÐa, se opoiondăpote

pou parakoloujeÐ th grammă, na to upoklèyei. To prwtìkollo autì, loipìn, upojètei ìti

oi thlepikoinwniakèc grammèc eÐnai asfaleÐc.

Χρηστης

Dial−up
NAS

Εξυπηρετητης

RADIUS

ονοµα χρηστη/κωδικος εισοδου Access−Request (PAP)

OK Access−Accept

Sqăma 5.15: O Mhqanismìc tou PAP

To CHAP eÐnai lÐgo pio beltiwmèno kĹnontac mia apìpeira gia pio asfală epalăjeu-
sh tautìthtac, ìpwc faÐnetai sto Sq. 5.16. AntÐ na stèlnei ton kwdikì eisìdou qwrÐc

kruptogrĹfhsh apì thn thlefwnikă grammă, stèlnei mìno to anagnwristikì tou qrăsth

sto NAS. O teleutaÐoc prèpei tÿra na apokrijeÐ me prìklhsh. Sto plaÐsio autì, o NAS
stèlnei to anagnwristikì qrăsth ston exuphrethtă me mănuma Access-Challenge, antÐ gia
Access-Request. Wstìso, stic perissìterec ulopoiăseic, o NAS den apeujÔnetai ston
exuphrethtă kai parĹgei thn prìklhsh mìnoc tou, sÔmfwna kai me to Sq. 5.16. H prìklhsh
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stèlnetai sto sÔsthma tou qrăsth to opoÐo thn kruptografeÐ me bĹsh ton kwdikì eisìdou

kai th stèlnei me th seirĹ tou pÐsw. TelikĹ, o NAS eÐnai se jèsh na steÐlei thn prìklhsh,
apĹnthsh kai tautìthta ston AS, dhlÿnontac ìti qrhsimopoieÐ to CHAP.

Χρηστης

Dial−up
NAS

Εξυπηρετητης

RADIUS

Access−Accept

ονοµα χρηστη

Προκληση

Αποκριση Access−Request (CHAP)

OK

Sqăma 5.16: O Mhqanismìc tou CHAP

SÔmfwna me thn prosèggish aută, o kwdikìc eisìdou stèlnetai kruptografhmènoc; epi-

plèon parousiĹzei to pleonèkthma ìti h prìklhsh allĹzei se kĹje apìpeira prìsbashc.

Wstìso, o ìloc mhqanismìc exakoloujeÐ na eÐnai euĹlwtoc se epÐjesh me lexikì kajÿc,

tìso oi kruptografhmènec ìso kai mh kruptografhmènec ekdìseic thc prìklhshc eÐnai pro-

sbĹsimec gia èna endeqìmeno eisbolèa.

Aută h adunamÐa thc epÐjeshc me lexikì, odăghse th Microsoft sthn anĹptuxh miac
tropopoihmènhc èkdoshc tou CHAP, to MS-CHAP pou qrhsimopoieÐtai eurèwc sămera. Ta
gnwrÐsmata RADIUS pou sqetÐzontai me to prwtìkollo autì, orÐzontai sto [12].
To RADIUS sqediĹsthke, arqikĹ, apokleistikĹ gia to PPP kai proèblepe dÔo senĹria

epalăjeushc tautìthtac: thn aplă aÐthsh me kwdikì eisìdou tou PAP kai thn prìklhsh-
apìkrish tou CHAP. Sta plaÐsia twn TSN/RSN, apaiteÐtai h qrăsh tou RADIUS me èna
pio prohgmèno prwtìkollo asfaleÐac se sqèsh me ta PAP kai CHAP. Gia to skopì autì,
prèpei na allĹxei h leitourgikìthta kĹpoiwn apì ta mhnÔmata tou RADIUS. ’Etsi, gia thn
upostărixh tou EAP, qrhsimopoieÐtai h mèjodoc prìsbashc ` prìklhshc, ìqi aplĹ san
prìklhsh, allĹ gia thn apostolă twn aităsewn kai apokrÐsewn tou EAP. To RADIUS me
thn euelixÐa pou tou prosfèrei h qrăsh twn gnwrismĹtwn èqei prosarmosteÐ stic anĹgkec

autèc.

Parìlo pou upĹrqoun ousiastikĹ mìno tèssera mhnÔmata RADIUS sqetikĹ me th diadi-
kasÐa epalăjeushc tautìthtac, to nìhma autÿn mporeÐ na allĹxei anĹloga me th qrăsh twn

anagnwristikÿn. Sta Sq. 5.15 kai 5.16, faÐnetai ìti to mănuma Access-Request mporeÐ
na èqei treic diaforetikèc leitourgÐec, kajÿc ta gnwrÐsmata pou metafèrei kĹje forĹ eÐnai

diaforetikĹ. KĹje mănuma RADIUS èqei th basikă morfă pou apeikonÐzetai sto Sq. 5.17.

Κωδικος Αναγνωριστικο Μηκος Επαληθευτης Ταυτοτητας Γνωρισµατα...

Sqăma 5.17: Basikă morfă mhnumĹtwn RADIUS
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To pedÐo Kwdikìc upodeiknÔei ton tÔpo tou mhnÔmatoc:

• Access-Request: 1

• Access-Challenge: 2

• Access-Accept: 3

• Access-Reject: 11

To Anagnwristikì eÐnai ènac tuqaÐoc arijmìc pou antistoiqeÐ tic aităseic me tic apan-

tăseic, enÿ to Măkoc upodeiknÔei to sunolikì mègejoc tou mhnÔmatoc se byte. To pedÐo
Epalhjeutăc Tautìthtac eÐnai shmantikì, kajÿc sqetÐzetai me touc mhqanismoÔc asfaleÐ-

ac. AnĹloga me ton tÔpo tou mhnÔmatoc, mporeÐ na èqei tic akìloujec qrăseic:

Sthn perÐptwsh tou mhnÔmatoc Access-Request, to Epalhjeutăc Tautìthtac paÐrnei
mia timă pou eÐnai pĹnta diaforetikă gia kĹje aÐthsh. Autì gÐnetai gia dÔo lìgouc. Kat’

arqăn, an to Access-Request metafèrei ènan kwdikì eisìdou se kĹpoio tou gnÿrisma, tìte
autì kruptografeÐtai me bĹsh to sunduasmì enìc mustikoÔ kleidioÔ kai tou en lìgw arij-

moÔ. Epiplèon, ta mhnÔmata-apantăseic qrhsimopoioÔn ton arijmì tou pedÐou Epalhjeutăc

Tautìthtac gia na elègqoun thn akeraiìthta twn mhnumĹtwn, diadikasÐa pou perigrĹfetai

sth sunèqeia.

’Ena ek twn mhnumĹtwn, Access-Accept, Access-Reject kai Access-Challenge, stèl-
netai wc apìkrish sto Access-Request. EÐnai shmantikì na gÐnei katĹllhloc èlegqoc ÿste
na exasfalisteÐ ìti h apĹnthsh proèrqetai apì to nìmimo exuphrethtă RADIUS kai ìti den
èqei tropopoihjeÐ sth diadromă. Gia to skopì autì, upologÐzetai katĹllhla h timă elèg-

qou akeraiìthtac kai topojeteÐtai sto pedÐo Epalhjeutăc Tautìthtac tou mhnÔmatoc thc

apĹnthshc.

O NAS kai o exuphrethtăc RADIUS moirĹzontai èna mustikì kleidÐ. Gia th dhmiourgÐa
thc timăc elègqou, o exuphrethtăc RADIUS sunduĹzei olìklhro to mănuma thc apĹnthshc
me to mustikì kleidÐ. Prin, ton upologismì autì, eisĹgei thn tuqaÐa timă apì to mănuma

thc aÐthshc sto pedÐo Epalhjeutăc Tautìthtac tou mhnÔmatoc thc apĹnthshc, kai mìlic

oloklhrwjeÐ o upologismìc thc timăc elègqou akeraiìthtac, dhmiourgeÐ th nèa timă tou

Epalhjeutăc Tautìthtac kai antikajistĹ thn paliĹ. Sta plaÐsia autĹ, eÐnai dÔskolh h

paragwgă mia yeudoÔc apĹnthshc an den eÐnai gnwstì to mustikì kleidÐ, enÿ h qrăsh tou

tuqaÐou arijmoÔ den epitrèpei thn anaparagwgă paliÿn mhnumĹtwn.

GnwrÐsmata

H qrăsimh plhroforÐa pou metafèretai sta mhnÔmata RADIUS perièqetai sta gnwrÐsma-
ta. KĹje mănuma mporeÐ na metafèrei èna ă perissìtera gnwrÐsmata kai kajèna apì autĹ

apoteleÐ èna autìnomo pakèto plhroforÐac. Epèktash tou prwtokìllou RADIUS shmaÐnei
ousiastikĹ orismìc kai upostărixh nèwn gnwrismĹtwn. To prìtupo tou WPA basÐzetai se
ădh orismèna gnwrÐsmata tou prwtokìllou kai sunepÿc h upostărixh RADIUS sta asÔr-
mata topikĹ dÐktua den parousiĹzei problămata.

UpĹrqei megĹlo plăjoc gnwrismĹtwn RADIUS. Ston PÐnaka 5.1, parousiĹzontai kĹpoia
apì ta pio koinĹ gnwrÐsmata.
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’Onoma Perigrafă

User-Name To anagnwristikì ìnoma tou qrăsth.

User-Password Perièqei ton kwdikì prìsbashc. Ta dedomèna tou kwdikoÔ

prìsbashc kruptografoÔntai qrhsimopoiÿntac èna merizìmeno

mustikì kleidÐ kai thn timă tou pedÐou Authenticator tou

Access-Request.

CHAP-Password KatĹ th diĹrkeia thc diadikasÐac CHAP, o qrăsthc krupto-
grafeÐ thn prìklhsh kai epistrèfei thn timă. Aută prowjeÐtai

apì to NAS ston exuphrethtă RADIUS mèsa se autì to gnÿ-
risma.

NAS-IP-Address H dieÔjunsh IP tou NAS ston opoÐo prèpei na apokrÐnetai o
exuphrethtăc RADIUS.

ReplyMessage Perièqei keÐmeno to opoÐo mporeÐ na emfanisjeÐ sto qrăsth gia

na dhlÿsei kĹpoio gegonìc ă enèrgeia pou prèpei na lhfjeÐ.

PÐnakac 5.1: ParadeÐgmata gnwrismĹtwn RADIUS

5.3.2 EAP kai RADIUS

Epeidă to EAP sqediĹsthke gia na epekteÐnei thn epalăjeush tautìthtac mèsw twn diapo-
diamorfwtÿn dial-in, kai dedomènou ìti megĹlo plăjoc dexamenÿn diapodiamorfwtÿn qrh-
simopoioÔn to RADIUS, dhmiourgăjhke h anĹgkh anĹptuxhc mia mejìdou gia th metaforĹ
tou EAP pĹnw apì to RADIUS. Oi epektĹseic tou RADIUS pou ulopoioÔn aută th mèjodo
orÐzontai sta keÐmena [13] kai [14] thc IETF. Oi epektĹseic autèc sqetÐzontai kai me ta
asÔrmata topikĹ dÐktua, giatÐ ta TSN kai RSN qrhsimopoioÔn epÐshc to EAP. To Ðdio RFC
orÐzei akìmh diadikasÐec gia th metaforĹ plhroforiÿn accounting.
Sto arqikì prìtupo tou RADIUS, mìno dÔo mhnÔmata ătan diajèsima gia thn aposto-

lă plhroforiÿn epalăjeushc tautìthtac: to Access-Request gia thn apostolă dedomè-
nwn apì ton NAS ston exuphrethtă RADIUS kai to Access-Challenge gia th metafo-
rĹ apì ton exuphrethtă RADIUS ston NAS. ’Opwc upodhlÿnei kai to Ðdio to ìnoma, to
Access-Challenge sqetÐzetai Ĺmesa me thn prìklhsh poj qrhsimopoieÐtai sto prwtìkollo
CHAP. Wstìso, to [13] qrhsimopoieÐ autìn ton tÔpo mhnÔmatoc me perissìtero genikì trì-
po gia th lăyh dedomènwn apì ton exuphrethtă RADIUS. Wc ek toÔtou, ta mhnÔmata EAP
stèlnontai sta mhnÔmata epalăjeushc tautìthtac mèsa se èna mănuma Access-Request kai
oi apantăseic epistrèfontai mèsa se èna Access-Challenge.
To Ðdio to mănuma EAP stèlnetai mèsa se èna ă perissìtera eidikĹ gnwrÐsmata twn

opoÐwn o tÔpoc èqei thn timă 79. UposthrÐzetai h apostolă ìlwn twn sunăjwn mhnumĹtwn

EAP. UpĹrqoun orismènoi kanìnec pou epitrèpoun stic upĹrqousec ulopoiăseic RADIUS na
antistoiqoÔn tic aităseic autèc stic uparqousec sumbĹseic. Gia parĹdeigma, h tautìthta tou

qrăsth dial-in stèlnetai sunăjwc mèsa se èna mănuma EAP-Response/Identity. To mănuma
autì prowjeÐtai apì ton exuphrethtă RADIUS mèsa se gnÿrisma EAP, allĹ oi plhroforÐec
oi sqetikèc me thn tautìthta prèpei epÐshc na antigrafoÔn sto gnÿrisma User-Name, ÿste
oi exuphrethtèc RADIUS, sumperilambanomènwn twn paliìterwn ekdìsewn, na eÐnai se jèsh
na katalĹboun kai na prowjăsoun katĹllhla to mănuma.

’Opwc anafèrjhke, to prwtìkollo EAPOL sumperilambĹnei èna mănuma pou lègetai
EAPOL-Start kai shmatodoteÐ ston epalhjeută tautìthtac thn Ĺfixh miac nèac suskeuăc
pou epijumeÐ na sundejeÐ. To [13] orÐzei èna anĹlogo mănuma pou lègetai EAP-Start, to
opoÐo apoteleÐ èna gnÿrisma EAP qwrÐc dedomèna. Autì qrhsimopoieÐtai apì ton NAS gia
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na shmĹnei thn ènarxh tou exuphrethtă RADIUS, ìpwc faÐnetai sto Sq. 5.18.

EAPOLσε
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RADIUS

Identity
Request

EAP−StartEAPOL−Start

Success

Identity Ονοµα χρηστη
Identity

Identity
Request

Request Request

Success

Sqăma 5.18: DiadikasÐa Epalăjeushc Tautìthtac Qrhsimopoiÿntac EAP pĹnw apì
RADIUS

Sto Sq. 5.18, èqei sqediasteÐ to shmeÐo prìsbashc sth jèsh tou NAS uphresiÿn
dial-up, wstìso isqÔoun oi Ðdiec arqèc. To shmeÐo prìsbashc perilambĹnei epÐshc èna
epalhjeută tautìthtac IEEE 802.1X, o opoÐoc epikoinwneÐ me to nèo pelĹth (supplicant)
qrhsimopoiÿntac to EAP. Ta mhnÔmata EAP ta opoÐa jèlei na perĹsei o epalhjeutăc
tautìthtac IEEE 802.1X ston exuphrethtă epalăjeushc tautìthtac enjulakÿnontai se
RADIUS kai stèlnontai ston exuphrethtă RADIUS.
H diadikasÐa èqei wc exăc: ArqikĹ h nèa suskeuă stèlnei èna mănuma EAPOL-Start

ston epalhjeută tautìthtac tou shmeÐou prìsbashc. An to shmeÐo prìsbashc gnwrÐzei
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ìti o exuphrethtăc RADIUS uposthrÐzei to EAP, tìte mporeÐ na suneqÐsei kai na ekdìsei
mănuma EAP-Request/Identity sth suskeuă tou pelĹth kai na steÐlei thn apĹnthsh ap’
eujeÐac ston exuphrethtă. An, wstìso, den eÐnai sÐgouroc gia ton exuphrethtă, tìte mpo-

reÐ na zhtăsei apì ton exuphrethtă RADIUS na ekkinăsei th diadikasÐa EAP stèlnontac
tou mănuma EAP-Start mèsa se Access-Request. An o exuphrethtăc RADIUS den upo-
sthrÐzei EAP, tìte apantĹ me mănuma apìrriyhc. Se antÐjeth perÐptwsh, stèlnei mănuma
EAP-request/Identity mèsa se Access-Challenge mănuma RADIUS. To Sq. 5.18, apei-
konÐzei èna senĹrio sto opoÐo h mèjodoc epalăjeushc tautìthtac eÐnai to TLS. Sto tèloc
thc diadikasÐac, èna mănuma EAP-Success ă EAP-Fail gnwstopoieÐ to apotèlesma.

5.3.3 Qrăsh tou RADIUS sto TSN kai RSN

’Opwc eÐdame sthn enìthta 5.3.2, h leitourgÐa tou EAP pĹnw apì to RADIUS tairiĹzei sthn
arqitektonikh twn TSN/RSN. Wstìso, upĹrqei mia shmantikă diaforĹ metaxÔ twn uphre-
siÿn dial-up kai Wi-Fi: sthn prÿth perÐptwsh, mac endiafèrei mìno h arqikă epalăjeush
tautìthtac, enÿ sta TSN/RSN shmasÐa èqei h dhmiourgÐa enìc genikìterou asfaloÔc plai-
sÐou. Gia thn uphresÐa dial-up arkeÐ na kajoristeÐ an ja epitrapeÐ ă ìqi h prìsbash tou
qrăsth sto sÔsthma. ExaitÐac thc fÔshc twn thlefwnikÿn grammÿn eÐnai apÐjano gia ka-

poion eisbolèa na upoklèyei èna diapodiamorfwtă dial-in pou mìlic èqei sundejeÐ, an kai
jewrhtikĹ h prosèggish aută eÐnai efiktă. Wc ek toÔtou, mìlic h epalăjeush tautìthtac

èqei oloklhrwjeÐ, o NAS mporeÐ na upojèsei ìti ènac qrăsthc empistosÔnhc èqei sunde-
jeÐ qwrÐc peraitèrw anhsuqÐec. Wstìso, sto WLAN eÐnai polÔ eÔkolo na upoklapeÐ mia
egkatesthmènh sÔndesh aplĹ qrhsimopoiÿntac yeudÿc mia nìmimh dieÔjunsh MAC.
H prostasÐa apì upoklopèc sunìdou parèqetai me epalăjeush tautìthtac anĹ pakèto kai

prostasÐa akeraiìthtac. Gia to skopì autì, o exuphrethtăc tautìthtac prèpei na perĹsei

èna kÔrio mustikì kleidÐ sto shmeÐo prìsbashc.

Sunepÿc, ìson aforĹ th qrăsh tou RADIUS sta TSN kai RSN, apaiteÐtai h upostărixh
tou RADIUS kai twn epektĹsewn EAP apì to shmeÐo prìsbashc. Epiplèon, o exuphrethtăc
RADIUS den prèpei na eÐnai se jèsh na katalabaÐnei mìno autĹ ta prwtìkolla allĹ kai
na mporeÐ na stèlnei to katĹllhlo kleidÐ sto shmeÐo prìsbashc. Den eÐnai upoqrewtikă h

qrăsh tou RADIUS sthn perÐptwsh tou RSN, wstìso sto TSN eÐnai.





KefĹlaio 6

UlopoÐhsh DiktÔou Metabatikăc

AsfĹleiac

Sto kefĹlaio autì, parousiĹzetai h sqedÐash kai h ulopoÐhsh enìc AsÔrmatou TopikoÔ Di-

ktÔou, bĹsei tou protÔpou IEEE 802.11i kai pio sugkekrimèna thc prosèggishc tou DiktÔou
Metabatikăc AsfĹleiac. H efarmogă autoÔ tou diktÔou TSN, ègine gia to AsÔrmato To-
pikì DÐktuo tou ErgasthrÐou DiktÔwn Upologistÿn tou E.M.P. Stic epìmenec enìthtec,

analÔetai h arqitektonikă tou, oi leitourgÐec tou, kajÿc kai, oi mhqanismoÐ prìsbashc kai

diaqeÐrisăc tou. Tèloc, elègqetai h swstă leitourgÐa tou, ìson aforĹ to epÐpedo asfĹleiac

pou epitugqĹnei, kai gÐnetai sÔgkrish me to arqikì prìtupo asfaleÐac WEP.

6.1 AnĹlush kai sqedÐash

Sthn enìthta aută, parousiĹzontai oi sqediastikèc epilogèc pou èginan gia thn ulopoÐhsh

tou AsÔrmatou TopikoÔ DiktÔou TSN tou ErgasthrÐou.

6.1.1 EpÐpeda asfĹleiac

Sta plaÐsia sqedÐashc twn mhqanismÿn asfaleÐac enìc AsÔrmatou TopikoÔ DiktÔou, mpo-

roÔme na diakrÐnoume trÐa epÐpeda:

• EpÐpedo AsÔrmatou TopikoÔ DiktÔou (WLAN)

• EpÐpedo Elègqou Prìsbashc

• EpÐpedo Epalăjeushc Tautìthtac

MĹlista, h orgĹnwsh sta epÐpeda autĹ, isqÔei kai se opoiadăpote sÔsthma asfaleÐac to

opoÐo aforĹ TopikĹ DÐktua genikìtera.

To EpÐpedo WLAN sqetÐzetai me thn Ðdia thn epikoinwnÐa twn kìmbwn, sta plaÐsia thc
opoÐac, diafhmÐzontai oi diĹforec dunatìthtec tou diktÔou kai apantÿntai oi aităseic gia

sÔndesh se autì. Epiprìsjeta, to epÐpedo autì eÐnai upeÔjuno gia thn kruptogrĹfhsh kai

apokruptogrĹfhsh twn dedomènwn apì th stigmă pou egkajÐstatai kĹpoio sqăma asfaleÐac.

To EpÐpedo Elègqou Prìsbashc analambĹnei th diaqeÐrish tou sqămatoc asfaleÐac.

Prèpei na empodÐzei th metĹdosh dedomènwn apì/proc opoiondăpote den èqei egkatasthmèno

to parìn sqăma asfaleÐac. To epÐpedo autì eÐnai eumetĹblhto, me thn ènnoia ìti anĹ pĹsa
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stigmă mporeÐ na allĹxei h antimetÿpish enìc kinhtoÔ termatikoÔ apì filikă se eqjrikă,

anĹloga me to apotèlesma twn diadikasiÿn epalăjeushc tautìthtac kai egkatĹstashc tou

sqămatoc asfaleÐac. To EpÐpedo Elègqou Prìsbashc epikoinwneÐ me ekeÐno thc Epalăjeu-

shc Tautìthtac, prokeimènou na eÐnai se jèsh na gnwrÐzei thn isqÔousa katĹstash twn

kinhtÿn termatikÿn wc proc to sqăma asfaleÐac kai, epiplèon, summetèqei sthn paragwgă

twn susqetismènwn qronikÿn kleidiÿn.

To EpÐpedo Epalăjeushc Tautìthtac brÐsketai uyhlìtera sthn ierarqÐa. Sto epÐpedo

autì, lambĹnontai oi apofĹseic pou sqetÐzontai me tic isqÔousec politikèc, enÿ ta diĹfora

pistopoihtikĹ tautìthtac gÐnontai apodektĹ ă aporrÐptontai. TelikĹ, to epÐpedo autì eÐnai

se jèsh eÐte na apokleÐsei mia kinhtă suskeuă ă na paradÿsei ton èlegqo sto EpÐpedo

Elègqou Prìsbashc an apodeqteÐ thn aÐthsă thc na sundejeÐ sto dÐktuo. Profanÿc, to

EpÐpedo WLAN edreÔei sthn asÔrmath suskeuă pou perilambĹnei to shmeÐo prìsbashc.
Sunăjwc, to EpÐpedo Elègqou Prìsbashc brÐsketai epÐshc sto shmeÐo prìsbashc. Parìlo

pou se sustămata mikrăc klÐmakac to EpÐpedo Epalăjeushc Tautìthtac endèqetai na eÐnai

kai autì sto shmeÐo prìsbashc, sta megalÔtera sustămata, ulopoieÐtai apì èna exuphrethtă

epalăjeushc tautìthtac kai diaqwrÐzetai apì ta shmeÐa prìsbashc. H Ôparxh enìc kentrikoÔ

exuphrethtă epalăjeushc tautìthtac, dieukolÔnei th diaqeÐrish thc bĹshc dedomènwn twn

qrhstÿn. Me Ĺlla lìgia, h prosèggish aută epilÔei to prìblhma thc diaqeÐrishc kleidiÿn

tou WEP kai epitrèpei thn enswmĹtwsh twn AsÔrmatwn Topikÿn DiktÔwn sto sunolikì
sÔsthma diaqeÐrishc asfaleÐac.

’Oson aforĹ thn kinhtă suskeuă, ta epÐpeda eÐnai ìmoia. Sunăjwc, to EpÐpedo WLAN
ulopoieÐtai apì thn asÔrmath kĹrta diktÔwshc kai to sqetikì logismikì (odhgoÐ - drivers).
O ’Elegqoc Prìsbashc kai oi uphresÐec Epalăjeushc Tautìthtac mporoÔn na ulopoihjoÔn

apì to leitourgikì sÔsthma. Sto Sq. 6.1, faÐnetai h sqèsh twn epipèdwn asfaleÐac kai

o trìpoc pou allhlepidroÔn metaxÔ touc. Ac shmeiwjeÐ ìti h ontìthta supplicant tou
sqămatoc, anafèretai sto tmăma tou leitourgikoÔ sustămatoc thc kinhtăc suskeuăc pou

kĹnei thn aÐthsh prokeimènou na sundejeÐ sto dÐktuo.

To AsÔrmato Topikì DÐktuo TSN tou ErgasthrÐou, sqediĹsthke ÿste na ulopoieÐ ta
trÐa autĹ epÐpeda asfaleÐac.

6.1.2 Perigrafă arqitektonikăc

AkoloujeÐ perigrafă thc arqitektonikăc tou diktÔou TSN tou ErgasthrÐou Upologistÿn
pou ulopoiăjhke kai analÔontai oi lìgoi pou qrhsimopoiăjhkan oi sugkekrimènec teqnolo-

gÐec.

Prìtupo IEEE 802.11i

Dedomènou twn adunamiÿn tou WEP, pou parousiĹsthkan leptomerÿc sthn enìthta 3.4, h
ulopoÐhsh enìc asfaloÔc AsÔrmatou TopikoÔ DiktÔou apaiteÐ th metĹbash se èna apì ta

dÔo sqămata asfaleÐac TSN kai RSN, ta opoÐa proteÐnontai sta plaÐsia tou prwtokìllou
IEEE 802.11i. Tìso to TSN, ìso kai to RSN, problèpoun mhqanismoÔc elègqou prìsba-
shc kai diaqeÐrishc kleidiÿn pou den uposthrÐzontai sta plaÐsia tou WEP. Oi lìgoi pou
uiojetăjhke, telikĹ, to TSN, antÐ tou RSN, eÐnai oi exăc:

• To prwtìkollo TKIP, pou qrhsimopoieÐtai sto TSN, eisĹgei mia seirĹ mètrwn pou
antimetwpÐzei ìla ta gnwstĹ elattÿmata touWEP. ’Etsi, parìlo pou to CCMP/AES
tou RSN jewreÐtai wc to plèon asfalèc prwtìkollo asfaleÐac sta plaÐsia twn
AsÔrmatwn Topikÿn DiktÔwn, en toÔtoic, den èqoun anaferjeÐ adunamÐec tou TKIP.
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Sqăma 6.1: Sqèsh Epipèdwn AsfaleÐac

MĹlista, h kruptografikă koinìthta den problèpei na gÐnei kĹti tètoio sto Ĺmeso

mèllon, gegonìc pou kajistĹ thn epilogă tou TSN wc mia asfală lÔsh.

• H prosèggish tou TSN den apaiteÐ tropopoiăseic, ìson aforĹ ton trìpo ulopoÐhshc
tou algorÐjmou kruptogrĹfhshc RC4 pou epÐshc qrhsimopoieÐ to WEP. Wc ek toÔ-
tou, ta diorjwtikĹ mètra tou TKIP mporoÔn na efarmostoÔn sto upĹrqon ulismikì
aplĹ me katĹllhlh anabĹjmish tou firmware twn shmeÐwn prìsbashc kai twn odhgÿn
(drivers) twn asÔrmatwn diktuakÿn diepafÿn. Se sunduasmì me to gegonìc ìti oi
suskeuèc AsÔrmatwn Topikÿn DiktÔwn pou eÐnai sumbatèc me to RSN, uposthrÐzoun
sto sÔnolì touc kai to TSN, exasfalÐzetai h dialeitourgikìthta (interoperability)
metaxÔ paliìterou kai neìterou exoplismoÔ asÔrmathc diktÔwshc.

Prwtìkollo EpektĹsimhc Epalăjeushc Tautìthtac

H telikă epilogă thc mejìdou EAP pou qrhsimopoiăjhke sthn ulopoÐhsh mac, sthrÐzetai
stouc parakĹtw lìgouc:

• To LEAP eÐnai idiokthsiakì (proprietary) prwtìkollo pou sqediĹsthke apì th Cisco
kai èqei gnwstèc adunamÐec pou to kajistoÔn adÔnamo.

• H apostolă twn pistopoihtikÿn tautìthtac twn qrhstÿn, pou lambĹnei qÿra ka-
tĹ thn epalăjeush thc tautìthtac touc, prèpei na gÐnetai se asfalèc peribĹllon,

prokeimènou na prostateÔontai euaÐsjhta dedomèna, ìpwc eÐnai oi mustikoÐ kwdikoÐ

prìsbashc. Wc ek toÔtou, prokÔptei h apaÐthsh gia kruptogrĹfhsh thc sunìdou thc



88 KefĹlaio 6. UlopoÐhsh DiktÔou Metabatikăc AsfĹleiac

diadikasÐac thc epalăjeushc tautìthtac. H apaÐthsh aută, ikanopoieÐtai tìso apì to

EAP-TLS, ìso kai apì to PEAP.

• H aujentikìthta tou exuphrethtă epalăjeushc tautìthtac, mporeÐ na exasfalisteÐ
me th boăjeia yhfiakÿn pistopoihtikÿn. Th dunatìthta aută, prosfèroun tìso to

EAP-TLS, ìso kai apì to PEAP.

• H kÔria diaforĹ metaxÔ tou EAP-TLS kai tou PEAP eÐnai ìti sto prÿto apaiteÐtai h
amoibaÐa aujentikìthta exuphrethtă kai pelĹth, enÿ sto deÔtero h aujentikìthta twn

pelatÿn eÐnai proairetikă. Parìlo pou to qarakthristikì autì, enisqÔei thn asfĹleia

tou plaisÐou, en toÔtoic, proôpojètei ìti kĹje pelĹthc èqei promhjeuteÐ katĹllhlo

yhfiakì pistopoihtikì apì kĹpoia arqă pistopoÐhshc (Certification Authority – CA).
Profanÿc, to diaqeiristikì kìstoc gia thn èkdosh pistopoihtikÿn gia to sÔnolo twn

qrhstÿn enìc diktÔou mesaÐac klÐmakac kai Ĺnw, eÐnai idiaÐtera shmantikì. Epomènwc,

h leitourgÐa tou PEAP me pistopoÐhsh thc aujentikìthtac tou exuphrethtă mìno kai
ìqi twn pelatÿn, apoteleÐ thn pio apodotikă lÔsh me apotèlesma na protimĹtai h

qrăsh tou ènanti tou EAP-TLS.

• Sto parìn keÐmeno èqei tonisteÐ h spoudaiìthta thc asfĹleiac sta AsÔrmata TopikĹ
DÐktua, wstìso, idiaÐterh shmasÐa èqei epÐshc o bajmìc eukolÐac thc diadikasÐac sÔn-

deshc twn qrhstÿn se autĹ. ExĹllou, den prèpei na paragnwrÐzetai h filikìthta pou

ofeÐlei na diakrÐnei opoiodăpote peribĹllon paroqăc uphresiÿn, pou sthn prokeimènh

perÐptwsh aforĹ thn prìsbash se èna asfalèc AsÔrmato Topikì DÐktuo. Apì th

mia pleurĹ kajistĹ tic prosferìmenec uphresÐec perissìtero elkustikèc stouc qră-

stec, enÿ apì thn Ĺllh meiÿnetai to diaqeiristikì kìstoc. Sta plaÐsia autĹ, eÐnai

shmantikì pleonèkthma thc mejìdou PEAP, to gegonìc ìti uposthrÐzetai apì to lei-
tourgikì sÔsthmaMicrosft Windows èkdoshc XP1, qwrÐc egkatĹstash epiprìsjetou
logismikoÔ. Autì, antÐjeta, den isqÔei sthn perÐptwsh tou EAP-TLS. Tautìqrona,
to PEAP uposthrÐzetai kai apì leitourgikĹ sustămata anoiqtoÔ kÿdika, ìpwc eÐnai
to GNU/Linux kai h oikogèneia *BSD.

Me bĹsh ta parapĹnw, h mèjodoc EAP pou qrhsimopoiăjhke sthn paroÔsa ulopoÐhsh, eÐnai
to PEAP.

Exuphrethtăc Epalăjeushc Tautìthtac

Parìlo pou den apoteleÐ mèroc tou protÔpou asfaleÐac IEEE 802.11i twn AsÔrmatwn
Topikÿn DiktÔwn, to prwtìkollo RADIUS eÐnai katĹllhlo gia thn epikoinwnÐa metaxÔ
tou shmeÐou prìsbashc kai tou exuphrethtă epalăjeushc tautìthtac. ’Opwc anafèrjhke

sthn enìthta 5.3.2, oi epektĹseic tou prwtokìllou epitrèpoun th metaforĹ twn mhnumĹtwn

EAP pou apaitoÔntai gia to skopì autì. ExĹllou, h qrăsh tou RADIUS parousiĹzei ta
parakĹtw pleonektămata:

• DiaqeÐrish twn pistopoihtikÿn tautìthtac twn qrhstÿn se kĹpoion kentrikì exuph-
rethtă epalăjeushc tautìthtac kai ìqi se kĹje shmeÐo prìsbashc. KatĹ sunèpeia,

to diaqeiristikì kìstoc meiÿnetai shmantikĹ gia èna dÐktuo mesaÐac kai Ĺnw klÐmakac.

• Diatărhsh plhroforiÿn accounting sqetikÿn me ton epituqă ă mh susqetismì twn
asÔrmatwn suskeuÿn me ta shmeÐa prìsbashc, allĹ kai katagrafă twn dieujÔnsewn

IP – MAC twn qrhstÿn, tou qrìnou sÔndeshc touc k.Ĺ.

1
Προôποθέτει την εγκατάσταση του Service Pack 2 – SP2.
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Ta pistopoihtikĹ tautìthtac twn qrhstÿn diaqeirÐzetai mia bĹsh dedomènwn Lightwei-
ght Directory Access Protocol – LDAP. To prwtìkollo LDAP apoteleÐ to plèon
sÔgqrono prìtupo, ìson aforĹ tic uphresÐec katalìgou, parèqontac grăgorh prospèlash

stic plhroforÐec pou diaqeirÐzetai kai dunatìthta katanemhmènhc orgĹnwshc touc, ÿste na

exasfalÐzetai leitourgÐa me pleonasmì (redundance).

AllhlepÐdrash prwtokìllwn twn triÿn ontotătwn

Sto Sq. 6.2, faÐnetai h arqitektonikă tou diktÔou TSN pou ulopoiăjhke kai h allhlepÐdrash
twn prwtokìllwn twn triÿn ontotătwn: asÔrmath suskeuă (supplicant), shmeÐo prìsbashc
(epalhjeutăc tautìthtac) kai exuphrethtăc epalăjeushc tautìthtac (RADIUS).

RADIUS/IPEAPOL

PEAP

LDAP/IP

Ασυρµατη
συσκευη προσβασης

Σηµειο

Εξυπηρετητης
Επαληθευσης Ταυτοτητας

Εξυπηρετητης
LDAP

Sqăma 6.2: Arqitektonikă prwtokìllwn tou AsÔrmatou TopikoÔ DiktÔou TSN

6.1.3 Perigrafă leitourgiÿn

To AsÔrmato Topikì DÐktuo tou ErgasthrÐou DiktÔwn Upologistÿn, parèqei prìsbash

se dÔo kathgorÐec qrhstÿn: exousiodothmèna mèlh kai episkèptec.

Exousiodothmèna mèlh

Prìkeitai gia qrăstec pou diajètoun logariasmì gia prìsbash stic upìloipec uphresÐec

tou diktÔou dedomènwn tou ErgasthrÐou (hlektronikă allhlografÐa, proswpikă istoselÐda,

exuphrethtăc arqeÐwn). KatĹ th diadikasÐa epalăjeushc thc tautìthtac touc prokeimènou

na sundejoÔn sto AsÔrmato Topikì DÐktuo, qrhsimopoioÔntai ta proswpikĹ touc anagnwri-

stikĹ (yeudÿnumo qrăsth kai mustikìc kwdikìc prìsbashc) pou isqÔoun gia to sÔnolo twn

uphresiÿn. OusiastikĹ, h asÔrmath prìsbash apoteleÐ epèktash twn uphresiÿn diktÔou

twn eggegrammènwn melÿn tou ErgasthrÐou.

Episkèptec

H kathgorÐa twn episkeptÿn aforĹ qrăstec oi opoÐoi den eÐnai eggegrammèna mèlh tou Er-

gasthrÐou kai epomènwc de diajètoun eidikì logariasmì. Apì to sÔnolo twn uphresiÿn

diktÔou, touc parèqetai mìno asÔrmath prìsbash sto DiadÐktuo. Gia thn epalăjeush tau-

tìthtac pou lambĹnei qÿra, arqikĹ, katĹ th sÔndesă touc sto AsÔrmato Topikì DÐktuo,
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qrhsimopoieÐtai koinì anagnwristikì pou jewreÐtai gnwstì sta plaÐsia thc uphresÐac pa-

roqăc asÔrmathc prìsbashc se episkèptec. Epeidă me ton trìpo autì, opoiosdăpote mporeÐ

na sundejeÐ wc episkèpthc sto AsÔrmato Topikì DÐktuo, h qrăsh tou diktÔou dedomènwn

apì th sugkekrimènh kathgorÐa upìkeitai se periorismoÔc gia lìgouc asfaleÐac.

6.2 UlopoÐhsh

Sthn enìthta aută, parousiĹzontai oi leptomèreiec ulopoÐhshc tou diktÔou TSN tou Erga-
sthrÐou DiktÔwn Upologistÿn pou sqediĹsame.

6.2.1 EikonikĹ TopikĹ DÐktua

Gia thn upostărixh diaforetikÿn kathgoriÿn qrhstÿn apì to AsÔrmato Topikì DÐktuo tou

ErgasthrÐou, efarmìsthke h teqnologÐa twn Eikonikÿn Topikÿn DiktÔwn (Virtual Local
Area Networks – VLAN) kai pio sugkekrimèna h enjulĹkwsh twn plaisÐwn sÔmfwna me
to prìtupo IEEE 802.1Q [15]. H teqnologÐa aută, epitrèpei thn upodiaÐresh enìc fusi-
koÔ (upo)diktÔou se diaforetikèc perioqèc ekpompăc (broadcast domains), kajemiĹ apì tic
opoÐec, apoteleÐ èna VLAN. Skopìc mac ătan o periorismìc thc diktuakăc kÐnhshc pou pa-
rĹgetai apì kĹje kathgorÐa qrhstÿn se diaforetikì VLAN, qrhsimopoiÿntac ìmwc ton Ðdio
fusikì dÐaulo, tìso ìson aforĹ thn asÔrmath epikoinwnÐa IEEE 802.11, ìso kai thn en-
sÔrmath. Sthn prÿth perÐptwsh, o diaqwrismìc autìc epitugqĹnetai me qrăsh diaforetikoÔ

ESSID, allĹ tou Ðdiou kanalioÔ thc suqnìthtac twn 2,4 GHz (prìkeitai gia dÐktuo IEEE
802.11b/g). ’Oson aforĹ to ensÔrmato dÐktuo, h tampèla (tag) tou plaisÐou enjulĹkwshc
IEEE 802.1Q kajorÐzei to VLAN pou autì anăkei, kajistÿntac dunată thn Ôparxh polla-
plÿn perioqÿn ekpompăc, kai Ĺra (upo)diktÔwn, ston Ðdio metagwgèa (switch) Ethernet. Oi
teqnikèc leptomèreiec twn VLAN eÐnai ektìc tou antikeimènou thc paroÔsac diplwmatikăc
ergasÐac kai den analÔontai peraitèrw.

Sta plaÐsia tou diktÔou TSN tou ErgasthrÐou, ulopoiăjhkan ta exăc VLAN:

• VLAN 40 (cn): PerilambĹnei th diktuakă kÐnhsh pou parĹgetai apì ta exousiodothmèna
mèlh. To ESSID pou èqei apodojeÐ sto VLAN autì, eÐnai cn kai apoteleÐ asÔrmath
epèktash tou dhmìsiou upodiktÔou IP tou ErgasthrÐou. H ekpompă tou ESSID eÐnai
apenergopoihmènh gia lìgouc asfaleÐac.

• VLAN 101 (cn-guest): PerilambĹnei th diktuakă kÐnhsh pou parĹgetai apì touc epi-
skèptec. To ESSID pou èqei apodojeÐ sto VLAN autì, eÐnai cn-guest kai qrhsi-
mopoieÐ idiwtikì (private) qÿro dieujÔnsewn IP. Me ton trìpo autì, oi episkèptec
den eÐnai se jèsh na egkatastăsoun opoiodăpote logismikì exuphrethtă, kajÿc den

eÐnai prospelĹsimoi apì to DiadÐktuo. ’Alloc periorismìc pou isqÔei, epÐshc, gia lì-

gouc asfaleÐac sto dÐktuo autì, eÐnai ìti aporrÐptetai h kÐnhsh me proorismì th jÔra

25, pou antistoiqeÐ sto prwtìkollo apostolăc hlektronikoÔ taqudromeÐou SMTP,
prokeimènou na periorÐzontai fainìmena allhlografÐac spam. H ekpompă tou ESSID
eÐnai apenergopoihmènh.

• VLAN 100 (cn-management): PerilambĹnei th diktuakă kÐnhsh twn diaqeiristÿn. Prì-
keitai gia èna idiwtikì upodÐktuo IP, sto opoÐo anăkoun oi diaqeiristikèc diepafèc twn
diafìrwn exuphrethtÿn, twn eufuÿn metagwgèwn/plhmnÿn (hubs) Ethernet, kajÿc
epÐshc, kai twn shmeÐwn prìsbashc. EÐnai profanèc, ìti, gia lìgouc asfaleÐac, autì

to VLAN den èqei antÐstoiqo asÔrmato dÐktuo.
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6.2.2 Logismikì

’Enac shmantikìc stìqoc thc ulopoÐhsăc mac, ătan h qrăsh EleÔjerou LogismikoÔ / Lo-

gismikoÔ AnoiqtoÔ Kÿdika ` EL/LAK (Open Source Software – OSS). Sto plaÐsio autì,
epilèqjhkan eleÔjerec ulopoiăseic, tìso tou exuphrethtă RADIUS, ìso kai tou LDAP.
Pio sugkekrimèna, egkatastăsame to FreeRADIUS [16] kai to OpenLDAP [17], pou apo-
teloÔn idiaÐtera diadedomènec kai dokimasmènec lÔseic. Prokeimènou na upĹrqei mia koină

bĹsh dedomènwn twn qrhstÿn gia ìlec tic uphresÐec tou ErgasthrÐou qrhsimopoiăjhke exu-

phrethtăc Samba [18] se sunduasmì me to OpenLDAP. Ta antÐstoiqa arqeÐa rujmÐsewn
paratÐjentai sto ParĹrthma B’.

’Opwc anafèrjhke, sta plaÐsia tou PEAP, apaiteÐtai h pistopoÐhsh thc aujentikìthtac
tou exuphrethtă epalăjeushc tautìthtac RADIUS. Gia to skopì autì, qreiĹzetai katĹllh-
lo pistopoihtikì (certificate), to opoÐo prèpei na èqei upografeÐ apì kĹpoia arqă (Signing
Authority – SA) pou empisteÔetai o pelĹthc. Sthn ulopoÐhsă mac, de qrhsimopoiăjhke kĹ-
poia epÐshmh arqă pistopoÐhshc kai dhmiourgăsame mìnoi mac to pistopoihtikì (self-signed
certificate) [19]. H diadikasÐa egkatĹstashc tou pistopoihtikoÔ apì ton pelĹth perigrĹfetai
sto ParĹrthma G’.

6.2.3 Diktuakă topologÐa

Sto Sq. 6.3, faÐnetai h topologÐa tou AsÔrmatou TopikoÔ DiktÔou tou ErgasthrÐou Di-

ktÔwn Upologistÿn pou ulopoiăsame, me bĹsh tic arqèc tou DiktÔou Metabatikăc AsfĹ-

leiac.

PerilambĹnei dÔo shmeÐa prìsbashc, death star kai death star ii, pou uposthrÐzoun
ta prwtìkolla IEEE 802.11b/g kai anăkoun sth seirĹ 1200 thc Cisco. Sthn topologÐa,
faÐnontai akìmh dÔo metagwgeÐc Ethernet thc seirĹc 2900 thc Cisco, pou uposthrÐzoun
thn enjulĹkwsh plaisÐwn IEEE 802.1Q gia th leitourgÐa twn VLAN. ’Olec oi aparaÐthtec
rujmÐseic twn diktuakÿn suskeuÿn paratÐjentai sto ParĹrthma A’.

Oi diaqeiristikèc diktuakèc diepafèc twn parapĹnw suskeuÿn anăkoun, ìpwc anafèrjh-

ke, sto VLAN 100 tou ensÔrmatou diktÔou, ìpou eÐnai, epÐshc, sundedemènoc o exuphrethtăc
RADIUS pou epikoinwneÐ me th bĹsh dedomènwn LDAP twn qrhstÿn gia thn epalăjeush
thc tautìthtĹc touc.

’Otan ènac asÔrmatoc qrăsthc metakineÐtai apì th zÿnh kĹluyhc tou enìc shmeÐou prì-

sbashc sthn Ĺllh, tìte lambĹnei qÿra periagwgă (roaming) epipèdou 3 (IP) thc suskeuăc
tou me trìpo diafană pou o Ðdioc den antilambĹnetai.

6.3 ’Elegqoc

Sth sunèqeia ja epalhjeuteÐ h asfalăc leitourgÐa tou TSN diktÔou pou ulopoiăjhke kai
ja gÐnoun metrăseic gia thn eÔresh tou epipèdou asfaleÐac pou autì epitugqĹnei, ÿste

na elègxoume thn orjìthta thc epilogăc mac kai na apofanjoÔme an antapokrÐnetai stic

prosdokÐec mac. Sta plaÐsia autĹ, ja sugkrÐnoume ta apotelèsmata apì thn epÐjesh kleidioÔ

[4], arqikĹ, se èna AsÔrmato Topikì DÐktuo sumbatikăc asfĹleiac WEP kai sth sunèqeia
sto TSN tou ErgasthrÐou Upologistÿn.
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Sqăma 6.3: TopologÐa TSN ErgasthrÐou DiktÔwn Upologistÿn

6.3.1 Peiramatikă platfìrma

Sto Sq. 6.4, faÐnetai to AsÔrmato Topikì DÐktuo pou ulopoiăjhke prokeimènou na lh-

fjoÔn metrăseic sthn perÐptwsh tou WEP. Sto senĹrio autì, den upĹrqei o exuphrethtăc
epalăjeushc tautìthtac RADIUS, kajÿc, ìpwc anafèrjhke, to WEP den uposthrÐzei to
sugkekrimèno mhqanismì epalăjeushc tautìthtac. Ac shmeiwjeÐ ìti sta peirĹmata pou

pragmatopoiăsame, qrhsimopoiăjhke o anoiqtìc trìpoc epalăjeushc tautìthtac touWEP.
UpĹrqei plhjÿra ergaleÐwn pou pragmatopoioÔn epijèseic kai {spĹne} (crack) to kleidÐ

kruptogrĹfhshc tou WEP. KĹpoia apì autĹ apoteloÔn emporikĹ proðìnta, wstìso, upĹr-
qoun pollĹ ta opoÐa eÐnai anoiqtoÔ kÿdika kai diatÐjentai eleÔjera sto diadÐktuo. To prÿto

ergaleÐo pou dhmosieÔjhke kai ekmetalleÔetai me epituqÐa tic adunamÐec tou WEP, eÐnai to
WEPcrack. Wstìso, sta peirĹmatĹ mac, qrhsimopoiăsame to Airsnort [20], pou jewreÐ-
tai apì ta plèon grăgora kai tou opoÐou h qrăsh eÐnai idiaÐtera diadedomènh metaxÔ twn

diaqeiristÿn diktÔwn kai twn epÐdoxwn eisbolèwn.

To Airsnort jètei thn kĹrta asÔrmathc diktÔwshc se trìpo leitourgÐac parakoloÔ-
jhshc (monitor mode), ÿste na katagrĹfei ìlh thn asÔrmath kÐnhsh pou brÐsketai sthn
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Sqăma 6.4: {SpĹzontac } to WEP

embèleia thc. Apì to sÔnolo twn kruptografhmènwn pakètwn (encrypted packets) enìc
AsÔrmatou TopikoÔ DiktÔouWEP, epilègei ekeÐna gia ta opoÐa qrhsimopoiăjhkan adÔnama
kleidiĹ (interesting packets). SunduĹzontac ta pakèta autĹ kai ekmetalleuìmeno th sug-
kekrimènh adunamÐa tou WEP, to Airsnort apokalÔptei sto qrăsth tou to mustikì kleidÐ
kruptogrĹfhshc.

Sto Sq. 6.5, faÐnetai èna parĹdeigma ektèleshc tou ergaleÐou autoÔ, gia èna kleidÐ

măkouc 104 bit. MporoÔme na parathrăsoume ìti to mustikì kleidÐ apokalÔfjhke metĹ th
sÔllhyh 1.129.036 kruptografhmènwn pakètwn, ek twn opoÐwn ta 1.555 eÐqan kruptogra-
fhjeÐ me adÔnamo IV. To Airsnort oloklărwse th leitourgÐa se 30 leptĹ, katĹ th diĹrkeia
twn opoÐwn diakinăjhkan perÐpou 3 GB dedomènwn.
Sta peirĹmata pou pragmatopoiăsame, upărqan dÔo ontìthtec: apì th mia pleurĹ o exou-

siodothmènoc qrăsthc enìc epitrapèziou stajmoÔ ergasÐac sundedemènou me to AsÔrmato

Topikì DÐktuo se IEEE 802.11g mode, o opoÐoc metèfere arqeÐa pĹnw apì to prwtìkollo
HTTP kai apì thn Ĺllh, o kakìbouloc qrăsthc enìc forhtoÔ upologistă exoplismènou me
mia asÔrmath kĹrtac diktÔou, pou me th boăjeia tou Airsnort, epiqeiroÔse epijèseic klei-
dioÔ. Gia thn perÐptwsh tou WEP qrhsimopoiăjhke h topologÐa tou Sq. 6.4 me kleidiĹ
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Sqăma 6.5: ParĹdeigma epÐjeshc sto WEP

kruptogrĹfhshc măkouc 40 kai 104 bit kai 10 diaforetikèc timèc touc, anĹ perÐptwsh. An-
tÐstoiqa, gia ton èlegqo thc asfĹleiac tou TSN, ektelèsthke to Airsnort sto dÐktuo pou
ulopoiăsame (Sq. 6.3).

6.3.2 Apotelèsmata

Sto Sq. 6.6, faÐnontai ta apotelèsmata twn metrăsewn pou lĹbame me th boăjeia tou

Airsnort. Sto grĹfhma autì, èqoume shmeiÿsei ton arijmì twn pakètwn me adÔnamo kleidÐ,
wc sunĹrthsh tou sunolikoÔ arijmoÔ kruptografhmènwn pakètwn.
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Sqăma 6.6: Apotelèsmata epijèsewn sto WEP

Apì to grĹfhma mporoÔme na parathrăsoume ìti:
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1. Sthn perÐptwsh tou kleidioÔ WEP măkouc 40 bit, to mustikì kleidÐ apokalÔptetai
katĹ mèso ìro metĹ th sÔllhyh 3, 5 ekatommurÐwn kruptografhmènwn pakètwn, ìtan
dhladă èqoun katagrafeÐ perÐpou 1000 adÔnama kleidiĹ.

2. Sthn perÐptwsh tou kleidioÔ WEP măkouc 104 bit, to mustikì kleidÐ apokalÔptetai
katĹ mèso ìro metĹ th sÔllhyh 8 ekatommurÐwn kruptografhmènwn pakètwn, ìtan
dhladă èqoun katagrafeÐ perÐpou 3000 adÔnama kleidiĹ.

3. Sthn perÐptwsh tou WPA, lìgw thc qrhsimopoÐhshc tou prwtokìllou TKIP bĹsei
tou opoÐou to kleidÐ kruptogrĹfhshc allĹzei me megĹlh suqnìthta, to Airsnort den
ătan se jèsh na katagrĹyei kanèna pakèto kruptografhmèno me adÔnamo kleidÐ.

Me bĹsh ta parapĹnw apotelèsmata, sumperaÐnoume ìti to WEP eÐnai idiaÐtera euĹ-
lwto se epijèseic kleidioÔ, kajÿc se kĹje perÐptwsh, to mustikì kleidÐ kruptogrĹfhshc

apokalÔptetai ston epÐdoxo eisbolèa. Epiplèon, epibebaiÿnetai ìti h aÔxhsh tou măkouc

kleidioÔ prokaleÐ aplĹ grammikă aÔxhsh tou qrìnou eÔreshc tou kai ìqi ekjetikă. Tèloc,

apodeiknÔetai ìti to WPA, parìlo pou de jewreÐtai tìso isqurì ìso to RSN, en toÔtoic,
epitugqĹnei èna eparkèc epÐpedo asfaleÐac gia ta shmerinĹ dedomèna.
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SumperĹsmata

Sto kefĹlaio autì, perigrĹfetai en suntomÐa h poreÐa thc paroÔsac diplwmatikăc ergasÐac,

sunoyÐzontai ta apotelèsmata thc kai anafèrontai ta sumperĹsmata pou exăqjhsan. Tèloc,

gÐnetai anaforĹ se epektĹseic pou ja eÐqan ereunhtikì kai praktikì endiafèron.

7.1 SÔnoyh kai sumperĹsmata

Sth diplwmatikă aută ergasÐa, ulopoiăjhke èna AsÔrmato Topikì DÐktuo sthrizìmeno

stic arqèc tou protÔpou asfaleÐac IEEE 802.11i kai sugkekrimèna stic prodiagrafèc tou
DiktÔou Metabatikăc AsfĹleiac. EpÐshc, dokimĹsthke to epÐpedo asfaleÐac pou autì epi-

tugqĹnei, me skopì na apodeiqjeÐ h uperoqă tou ènanti tou upĹrqontoc sqămatoc asfaleÐac

WEP.
Pio sugkekrimèna, arqikĹ, anafèrjhkan oi arqèc leitourgÐac tou prwtokìllou IEEE

802.11, pou prodiagrĹfei thn teqnologÐa twn AsurmĹtwn Topikÿn DiktÔwn, kai parousiĹ-
sthkan oi epijèseic stic opoÐec autì eÐnai euĹlwto. Epiprìsjeta, analÔjhkan oi mhqanismoÐ

tou arqikoÔ protÔpou asfaleÐacWEP kai dìjhke idiaÐterh èmfash stic epidìseic tou ìson
aforĹ thn asfĹleia. Sto plaÐsio autì, anafèrjhkan leptomerÿc oi adunamÐec touWEP kai
gnwstèc epijèseic pou mporoÔn na efarmostoÔn gia thn parabÐasă tou. Sth sunèqeia, pa-

rousiĹsthkan oi dÔo proseggÐseic pou proteÐnei to nèo prìtupo asfaleÐac gia ta AsÔrmata

TopikĹ DÐktua, IEEE 802.11i, dhladă, to DÐktuo Metabatikăc AsfaleÐac kai to DÐktuo EÔ-
rwsthc AsfaleÐac, kai uposthrÐqjhke to prÿto lìgw tou eparkoÔc epipèdou asfaleÐac pou

epitugqĹnei se sunduasmì me th dialeitourgikìthta pou exasfalÐzei metaxÔ tou sumbatikoÔ

kai tou neìterou exoplismoÔ asÔrmathc diktÔwshc. Epiplèon, parousiĹsthkan oi diĹforoi

mhqanismoÐ elègqou prìsbashc pou proteÐnontai sta plaÐsia tou protÔpou asfaleÐac IEEE
802.11i. Pio sugkekrimèna, analÔjhkan ta prwtìkolla IEEE 802.1X, Prwtìkollo EpektĹ-
simhc Epalăjeushc Tautìthtac kai Remote Access Dial-In User Service, enÿ perigrĹfhke
h allhlepÐdrasă touc gia thn paroqă elègqou prìsbashc sta AsÔrmata TopikĹ DÐktua.

AkoloÔjhse h sqedÐash kai h ulopoÐhsh tou AsÔrmatou TopikoÔ DiktÔou tou Ergasth-

rÐou DiktÔwn Upologistÿn tou E.M.P. me efarmogă twn arqÿn tou DiktÔou Metabatikăc

AsfaleÐac kai exhgăjhkan oi mhqanismoÐ prìsbashc kai diaqeÐrisăc tou. Epiprìsjeta, prag-

matopoiăjhkan gnwstèc epijèseic, tìso se AsÔrmata TopikĹ DÐktua sumbatikăc asfĹleiac

WEP, ìso kai sthn ulopoÐhsă mac. Ta apotelèsmata thc sÔgkrishc kai ta sumperĹsmata
gia thn apìdosh, ìson aforĹ thn asfĹleia, sunoyÐzontai sta parakĹtw:

• To WEP den parèqei kanèna mhqanismì epalăjeushc tautìthtac twn qrhstÿn, pro-
keimènou na sundejoÔn sto AsÔrmato Topikì DÐktuo, me exaÐresh to Ðdio to kleidÐ
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kruptogrĹfhsăc tou. AntÐjeta, to sqăma IEEE 802.1X/PEAP, se sunduasmì me to
RADIUS, apoteleÐ èna oloklhrwmèno sÔsthma kentrikăc pistopoÐhshc thc aujenti-
kìthtac twn pelatÿn kai diaqeÐrishc kleidiÿn.

• To WEP den eÐnai se jèsh na antimetwpÐsei tic epijèseic pou, nomoteleiakĹ, ja apo-
kalÔyoun to kleidÐ kruptogrĹfhshc se èna epÐdoxo eisbolèa. ExĹllou, h aÔxhsh tou

măkouc kleidioÔ kruptogrĹfhshc apì ta 40 sta 104 bit auxĹnei grammikĹ, kai ìqi
ekjetikĹ, to qrìno eÔreshc tou.

• ApodeiknÔetai kai sthn prĹxh, ìti to TSN kalÔptei tic adunamÐec tou WEP, antime-
twpÐzontac me epituqÐa tic epijèseic kleidioÔ enantÐon tou.

• To RSN qrhsimopoieÐ to prwtìkollo CCMP kai ton algìrijmo kruptogrĹfhshc AES
pou eÐnai idiaÐtera isqurìc. Wc ek toÔtou, eÐnai to pio asfalèc sqăma asfaleÐac gia ta

AsÔrmata TopikĹ DÐktua, en toÔtoic, den eÐnai sumbatì me ton upĹrqonta exoplismì

asÔrmathc diktÔwshc.

Apì ta parapĹnw, gÐnetai faneră h anĹgkh gia antikatĹstash tou sqămatoc asfaleÐac

WEP sta AsÔrmata TopikĹ DÐktua, enÿ sumperaÐnoume ìti gia to skopì autì, h mình
efiktă kai asfalăc lÔsh sămera, prin thn plărh metĹbash sto RSN, eÐnai to TSN.

7.2 Mellontikèc epektĹseic

Sthn paroÔsa diplwmatikă ergasÐa, èqoume ulopoiăsei èna AsÔrmato Topikì DÐktuo sth-

rizìmeno stic arqèc tou DiktÔou Metabatikăc AsfĹleiac, en toÔtoic, to DÐktuo EÔrwsthc

AsfĹleiac exetĹzetai mìno jewrhtikĹ. Ja parousÐaze idiaÐtero endiafèron, h ulopoÐhsh

enìc diktÔou RSN kai h sÔgkrish thc epÐdosăc tou, ìson aforĹ to epÐpedo thc asfĹleiac,
me to TSN. Profanÿc, proôpìjesh gia thn ulopoÐhsh aută, ja apoteloÔse h Ôparxh tou
katĹllhlou exoplismoÔ asÔrmathc diktÔwshc, kajÿc epÐshc, kai eidikoÔ logismikoÔ pou na

ulopoieÐ epijèseic kleidioÔ katĹllhlec gia to prwtìkollo kruptogrĹfhshc CCMP/AES
tou RSN.



ParĹrthma A’

Aþ.1 RujmÐseic IOS shmeÐou prìsbashc

version 12.2
no service pad
service timestamps debug datetime localtime show-timezone
service timestamps log datetime localtime show-timezone
service password-encryption
!
hostname death-star
!
logging queue-limit 100
no logging console
enable secret 5 $1$ulN5$eVvWcnYWexXE1MQx2s5iu/
!
clock timezone EEET 2
clock summer-time EEST recurring
ip subnet-zero
!
aaa new-model
!
!
aaa group server radius freeradius_peap
server 172.24.100.9 auth-port 1812 acct-port 1813
!
aaa authentication login peap group freeradius_peap
aaa authentication login no_radius line
aaa session-id common
!
bridge irb
!
interface Dot11Radio0
no ip address
no ip route-cache
!
encryption mode ciphers tkip
!
encryption vlan 100 mode ciphers tkip
!
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encryption vlan 101 mode ciphers tkip
!
encryption vlan 40 mode ciphers tkip
!
ssid cn-management

vlan 100
authentication open eap peap
authentication key-management wpa

!
ssid cn-guest

vlan 101
authentication open eap peap
authentication key-management wpa

!
ssid cn

vlan 40
authentication open eap peap
authentication key-management wpa

!
speed basic-1.0 2.0 5.5 6.0 9.0 11.0 12.0 18.0 24.0 36.0 48.0 54.0
rts threshold 2312
station-role root
no dot11 extension aironet
!
interface Dot11Radio0.101
encapsulation dot1Q 101
no ip route-cache
bridge-group 101
bridge-group 101 subscriber-loop-control
bridge-group 101 block-unknown-source
no bridge-group 101 source-learning
no bridge-group 101 unicast-flooding
bridge-group 101 spanning-disabled
!
interface Dot11Radio0.40
encapsulation dot1Q 40
no ip route-cache
bridge-group 40
bridge-group 40 subscriber-loop-control
bridge-group 40 block-unknown-source
no bridge-group 40 source-learning
no bridge-group 40 unicast-flooding
bridge-group 40 spanning-disabled
!
interface Dot11Radio0.100
encapsulation dot1Q 100 native
no ip route-cache
bridge-group 1
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bridge-group 1 subscriber-loop-control
bridge-group 1 block-unknown-source
no bridge-group 1 source-learning
no bridge-group 1 unicast-flooding
bridge-group 1 spanning-disabled
!
interface FastEthernet0
no ip address
no ip route-cache
duplex auto
speed auto
!
interface FastEthernet0.101
encapsulation dot1Q 101
no ip route-cache
bridge-group 101
no bridge-group 101 source-learning
bridge-group 101 spanning-disabled
!
interface FastEthernet0.40
encapsulation dot1Q 40
no ip route-cache
bridge-group 40
no bridge-group 40 source-learning
bridge-group 40 spanning-disabled
!
interface FastEthernet0.100
encapsulation dot1Q 100 native
no ip route-cache
bridge-group 1
no bridge-group 1 source-learning
bridge-group 1 spanning-disabled
!
interface BVI1
ip address 172.24.100.241 255.255.255.0
no ip route-cache
!
no ip http server
ip http help-path http://www.cisco.com/warp/public/779/smbiz/prodconfig/help/eag/122-15.JA/1100
ip radius source-interface BVI1
radius-server attribute 32 include-in-access-req format %h
radius-server host 172.24.100.9 auth-port 1812 acct-port 1813 key 7 045F58551F1E5F1D0A0B56032D1F5C54
radius-server authorization permit missing Service-Type
bridge 1 route ip
!
!
!
line con 0
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line vty 0 4
exec-timeout 180 0
password 7 0226134F0D572F60
login authentication no_radius
line vty 5 15
exec-timeout 180 0
password 7 0226134F0D572F60
login authentication no_radius
!
end

Aþ.2 RujmÐseic IOS metagwgèa Ethernet

version 12.0
service nagle
no service pad
service timestamps debug datetime localtime show-timezone
service timestamps log datetime localtime show-timezone
service password-encryption
!
hostname kamino
!
logging buffered 16384 debugging
no logging console
enable secret 5 $1$PcMY$fiwSeXlcCCQrbGEPGpegd.
!
clock timezone EET 2
clock summer-time EEST recurring
!
no spanning-tree vlan 1
ip subnet-zero
no ip finger
!
interface FastEthernet0/1
switchport trunk encapsulation dot1q
switchport trunk native vlan 100
switchport trunk allowed vlan 1,40,100,101,1002-1005
switchport mode trunk
spanning-tree portfast
!
interface FastEthernet0/2
switchport access vlan 40
spanning-tree portfast
!
! The rest of the interfaces’ configurations are omitted
!
interface FastEthernet0/8
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description Uplink to 15b-00-sc-b1 (NOC)
switchport access vlan 40
!
interface VLAN1
no ip directed-broadcast
no ip route-cache
shutdown
!
interface VLAN100
ip address 172.24.100.223 255.255.255.0
no ip directed-broadcast
no ip route-cache
!
no ip http server

!
line con 0
exec-timeout 0 0
transport input none
stopbits 1
line vty 0 4
exec-timeout 30 0
password 7 052B111B271D6E48
login
line vty 5 15
exec-timeout 30 0
password 7 052B111B271D6E48
login
!
end





ParĹrthma B’

Bþ.1 RujmÐseic exuphrethtă FreeRADIUS

Bþ.1.1 ArqeÐo radiusd.conf

##
## radiusd.conf -- FreeRADIUS server configuration file.
##
## http://www.freeradius.org/
## $Id: radiusd.conf.in,v 1.188.2.3 2005/02/07 19:52:05 aland Exp $
##

# The location of other config files and
# logfiles are declared in this file
#
# Also general configuration for modules can be done
# in this file, it is exported through the API to
# modules that ask for it.
#
# The configuration variables defined here are of the form ${foo}
# They are local to this file, and do not change from request to
# request.
#
# The per-request variables are of the form %{Attribute-Name}, and
# are taken from the values of the attribute in the incoming
# request. See ’doc/variables.txt’ for more information.

prefix = /usr/local
exec_prefix = ${prefix}
sysconfdir = ${prefix}/etc
localstatedir = /var
sbindir = ${exec_prefix}/sbin
logdir = /var/log
raddbdir = ${sysconfdir}/raddb
radacctdir = ${logdir}/radacct

# Location of config and logfiles.
confdir = ${raddbdir}
run_dir = ${localstatedir}/run/radiusd
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#
# The logging messages for the server are appended to the
# tail of this file.
#
log_file = ${logdir}/radius.log

#
# libdir: Where to find the rlm_* modules.
#
# This should be automatically set at configuration time.
#
# If the server builds and installs, but fails at execution time
# with an ’undefined symbol’ error, then you can use the libdir
# directive to work around the problem.
#
# The cause is usually that a library has been installed on your
# system in a place where the dynamic linker CANNOT find it. When
# executing as root (or another user), your personal environment MAY
# be set up to allow the dynamic linker to find the library. When
# executing as a daemon, FreeRADIUS MAY NOT have the same
# personalized configuration.
#
# To work around the problem, find out which library contains that symbol,
# and add the directory containing that library to the end of ’libdir’,
# with a colon separating the directory names. NO spaces are allowed.
#
# e.g. libdir = /usr/local/lib:/opt/package/lib
#
# You can also try setting the LD_LIBRARY_PATH environment variable
# in a script which starts the server.
#
# If that does not work, then you can re-configure and re-build the
# server to NOT use shared libraries, via:
#
# ./configure --disable-shared
# make
# make install
#
libdir = ${exec_prefix}/lib

# pidfile: Where to place the PID of the RADIUS server.
#
# The server may be signalled while it’s running by using this
# file.
#
# This file is written when ONLY running in daemon mode.
#
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# e.g.: kill -HUP ‘cat /var/run/radiusd/radiusd.pid‘
#
pidfile = ${run_dir}/radiusd.pid

# user/group: The name (or #number) of the user/group to run radiusd as.
#
# If these are commented out, the server will run as the user/group
# that started it. In order to change to a different user/group, you
# MUST be root ( or have root privleges ) to start the server.
#
# We STRONGLY recommend that you run the server with as few permissions
# as possible. That is, if you’re not using shadow passwords, the
# user and group items below should be set to ’nobody’.
#
# On SCO (ODT 3) use "user = nouser" and "group = nogroup".
#
# NOTE that some kernels refuse to setgid(group) when the value of
# (unsigned)group is above 60000; don’t use group nobody on these systems!
#
# On systems with shadow passwords, you might have to set ’group = shadow’
# for the server to be able to read the shadow password file. If you can
# authenticate users while in debug mode, but not in daemon mode, it may be
# that the debugging mode server is running as a user that can read the
# shadow info, and the user listed below can not.
#
#user = nobody
#group = nobody

# max_request_time: The maximum time (in seconds) to handle a request.
#
# Requests which take more time than this to process may be killed, and
# a REJECT message is returned.
#
# WARNING: If you notice that requests take a long time to be handled,
# then this MAY INDICATE a bug in the server, in one of the modules
# used to handle a request, OR in your local configuration.
#
# This problem is most often seen when using an SQL database. If it takes
# more than a second or two to receive an answer from the SQL database,
# then it probably means that you haven’t indexed the database. See your
# SQL server documentation for more information.
#
# Useful range of values: 5 to 120
#
max_request_time = 30

# delete_blocked_requests: If the request takes MORE THAN ’max_request_time’
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# to be handled, then maybe the server should delete it.
#
# If you’re running in threaded, or thread pool mode, this setting
# should probably be ’no’. Setting it to ’yes’ when using a threaded
# server MAY cause the server to crash!
#
delete_blocked_requests = no

# cleanup_delay: The time to wait (in seconds) before cleaning up
# a reply which was sent to the NAS.
#
# The RADIUS request is normally cached internally for a short period
# of time, after the reply is sent to the NAS. The reply packet may be
# lost in the network, and the NAS will not see it. The NAS will then
# re-send the request, and the server will respond quickly with the
# cached reply.
#
# If this value is set too low, then duplicate requests from the NAS
# MAY NOT be detected, and will instead be handled as seperate requests.
#
# If this value is set too high, then the server will cache too many
# requests, and some new requests may get blocked. (See ’max_requests’.)
#
# Useful range of values: 2 to 10
#
cleanup_delay = 5

# max_requests: The maximum number of requests which the server keeps
# track of. This should be 256 multiplied by the number of clients.
# e.g. With 4 clients, this number should be 1024.
#
# If this number is too low, then when the server becomes busy,
# it will not respond to any new requests, until the ’cleanup_delay’
# time has passed, and it has removed the old requests.
#
# If this number is set too high, then the server will use a bit more
# memory for no real benefit.
#
# If you aren’t sure what it should be set to, it’s better to set it
# too high than too low. Setting it to 1000 per client is probably
# the highest it should be.
#
# Useful range of values: 256 to infinity
#
max_requests = 1024

# bind_address: Make the server listen on a particular IP address, and
# send replies out from that address. This directive is most useful
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# for machines with multiple IP addresses on one interface.
#
# It can either contain "*", or an IP address, or a fully qualified
# Internet domain name. The default is "*"
#
# As of 1.0, you can also use the "listen" directive. See below for
# more information.
#
bind_address = *

# port: Allows you to bind FreeRADIUS to a specific port.
#
# The default port that most NAS boxes use is 1645, which is historical.
# RFC 2138 defines 1812 to be the new port. Many new servers and
# NAS boxes use 1812, which can create interoperability problems.
#
# The port is defined here to be 0 so that the server will pick up
# the machine’s local configuration for the radius port, as defined
# in /etc/services.
#
# If you want to use the default RADIUS port as defined on your server,
# (usually through ’grep radius /etc/services’) set this to 0 (zero).
#
# A port given on the command-line via ’-p’ over-rides this one.
#
# As of 1.0, you can also use the "listen" directive. See below for
# more information.
#
port = 0

#
# By default, the server uses "bind_address" to listen to all IP’s
# on a machine, or just one IP. The "port" configuration is used
# to select the authentication port used when listening on those
# addresses.
#
# If you want the server to listen on additional addresses, you can
# use the "listen" section. A sample section (commented out) is included
# below. This "listen" section duplicates the functionality of the
# "bind_address" and "port" configuration entries, but it only listens
# for authentication packets.
#
# If you comment out the "bind_address" and "port" configuration entries,
# then it becomes possible to make the server accept only accounting,
# or authentication packets. Previously, it always listened for both
# types of packets, and it was impossible to make it listen for only
# one type of packet.
#
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#listen {
# IP address on which to listen.
# Allowed values are:
# dotted quad (1.2.3.4)
# hostname (radius.example.com)
# wildcard (*)
# ipaddr = *

# Port on which to listen.
# Allowed values are:
# integer port number (1812)
# 0 means "use /etc/services for the proper port"
# port = 0

# Type of packets to listen for.
# Allowed values are:
# auth listen for authentication packets
# acct listen for accounting packets
#
# type = auth
#}

# hostname_lookups: Log the names of clients or just their IP addresses
# e.g., www.freeradius.org (on) or 206.47.27.232 (off).
#
# The default is ’off’ because it would be overall better for the net
# if people had to knowingly turn this feature on, since enabling it
# means that each client request will result in AT LEAST one lookup
# request to the nameserver. Enabling hostname_lookups will also
# mean that your server may stop randomly for 30 seconds from time
# to time, if the DNS requests take too long.
#
# Turning hostname lookups off also means that the server won’t block
# for 30 seconds, if it sees an IP address which has no name associated
# with it.
#
# allowed values: {no, yes}
#
hostname_lookups = no

# Core dumps are a bad thing. This should only be set to ’yes’
# if you’re debugging a problem with the server.
#
# allowed values: {no, yes}
#
allow_core_dumps = no
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# Regular expressions
#
# These items are set at configure time. If they’re set to "yes",
# then setting them to "no" turns off regular expression support.
#
# If they’re set to "no" at configure time, then setting them to "yes"
# WILL NOT WORK. It will give you an error.
#
regular_expressions = yes
extended_expressions = yes

# Log the full User-Name attribute, as it was found in the request.
#
# allowed values: {no, yes}
#
log_stripped_names = no

# Log authentication requests to the log file.
#
# allowed values: {no, yes}
#
log_auth = no

# Log passwords with the authentication requests.
# log_auth_badpass - logs password if it’s rejected
# log_auth_goodpass - logs password if it’s correct
#
# allowed values: {no, yes}
#
log_auth_badpass = no
log_auth_goodpass = no

# usercollide: Turn "username collision" code on and off. See the
# "doc/duplicate-users" file
#
# WARNING
# !!!!!!! Setting this to "yes" may result in the server behaving
# !!!!!!! strangely. The "username collision" code will ONLY work
# !!!!!!! with clear-text passwords. Even then, it may not do what
# !!!!!!! you want, or what you expect.
# !!!!!!!
# !!!!!!! We STRONGLY RECOMMEND that you do not use this feature,
# !!!!!!! and that you find another way of acheiving the same goal.
# !!!!!!!
# !!!!!!! e,g. module fail-over. See ’doc/configurable_failover’
# WARNING
#
usercollide = no
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# lower_user / lower_pass:
# Lower case the username/password "before" or "after"
# attempting to authenticate.
#
# If "before", the server will first modify the request and then try
# to auth the user. If "after", the server will first auth using the
# values provided by the user. If that fails it will reprocess the
# request after modifying it as you specify below.
#
# This is as close as we can get to case insensitivity. It is the
# admin’s job to ensure that the username on the auth db side is
# *also* lowercase to make this work
#
# Default is ’no’ (don’t lowercase values)
# Valid values = "before" / "after" / "no"
#
lower_user = no
lower_pass = no

# nospace_user / nospace_pass:
#
# Some users like to enter spaces in their username or password
# incorrectly. To save yourself the tech support call, you can
# eliminate those spaces here:
#
# Default is ’no’ (don’t remove spaces)
# Valid values = "before" / "after" / "no" (explanation above)
#
nospace_user = no
nospace_pass = no

# The program to execute to do concurrency checks.
checkrad = ${sbindir}/checkrad

# SECURITY CONFIGURATION
#
# There may be multiple methods of attacking on the server. This
# section holds the configuration items which minimize the impact
# of those attacks
#
security {
#
# max_attributes: The maximum number of attributes
# permitted in a RADIUS packet. Packets which have MORE
# than this number of attributes in them will be dropped.
#
# If this number is set too low, then no RADIUS packets
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# will be accepted.
#
# If this number is set too high, then an attacker may be
# able to send a small number of packets which will cause
# the server to use all available memory on the machine.
#
# Setting this number to 0 means "allow any number of attributes"
max_attributes = 200

#
# delayed_reject: When sending an Access-Reject, it can be
# delayed for a few seconds. This may help slow down a DoS
# attack. It also helps to slow down people trying to brute-force
# crack a users password.
#
# Setting this number to 0 means "send rejects immediately"
#
# If this number is set higher than ’cleanup_delay’, then the
# rejects will be sent at ’cleanup_delay’ time, when the request
# is deleted from the internal cache of requests.
#
# Useful ranges: 1 to 5
reject_delay = 1

#
# status_server: Whether or not the server will respond
# to Status-Server requests.
#
# Normally this should be set to "no", because they’re useless.
# See: http://www.freeradius.org/rfc/rfc2865.html#Keep-Alives
#
# However, certain NAS boxes may require them.
#
# When sent a Status-Server message, the server responds with
# an Access-Accept packet, containing a Reply-Message attribute,
# which is a string describing how long the server has been
# running.
#
status_server = no
}

# PROXY CONFIGURATION
#
# proxy_requests: Turns proxying of RADIUS requests on or off.
#
# The server has proxying turned on by default. If your system is NOT
# set up to proxy requests to another server, then you can turn proxying
# off here. This will save a small amount of resources on the server.
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#
# If you have proxying turned off, and your configuration files say
# to proxy a request, then an error message will be logged.
#
# To disable proxying, change the "yes" to "no", and comment the
# $INCLUDE line.
#
# allowed values: {no, yes}
#
proxy_requests = yes
$INCLUDE ${confdir}/proxy.conf

# CLIENTS CONFIGURATION
#
# Client configuration is defined in "clients.conf".
#

# The ’clients.conf’ file contains all of the information from the old
# ’clients’ and ’naslist’ configuration files. We recommend that you
# do NOT use ’client’s or ’naslist’, although they are still
# supported.
#
# Anything listed in ’clients.conf’ will take precedence over the
# information from the old-style configuration files.
#
$INCLUDE ${confdir}/clients.conf

# SNMP CONFIGURATION
#
# Snmp configuration is only valid if SNMP support was enabled
# at compile time.
#
# To enable SNMP querying of the server, set the value of the
# ’snmp’ attribute to ’yes’
#
snmp = no
$INCLUDE ${confdir}/snmp.conf

# THREAD POOL CONFIGURATION
#
# The thread pool is a long-lived group of threads which
# take turns (round-robin) handling any incoming requests.
#
# You probably want to have a few spare threads around,
# so that high-load situations can be handled immediately. If you
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# don’t have any spare threads, then the request handling will
# be delayed while a new thread is created, and added to the pool.
#
# You probably don’t want too many spare threads around,
# otherwise they’ll be sitting there taking up resources, and
# not doing anything productive.
#
# The numbers given below should be adequate for most situations.
#
thread pool {
# Number of servers to start initially --- should be a reasonable
# ballpark figure.
start_servers = 5

# Limit on the total number of servers running.
#
# If this limit is ever reached, clients will be LOCKED OUT, so it
# should NOT BE SET TOO LOW. It is intended mainly as a brake to
# keep a runaway server from taking the system with it as it spirals
# down...
#
# You may find that the server is regularly reaching the
# ’max_servers’ number of threads, and that increasing
# ’max_servers’ doesn’t seem to make much difference.
#
# If this is the case, then the problem is MOST LIKELY that
# your back-end databases are taking too long to respond, and
# are preventing the server from responding in a timely manner.
#
# The solution is NOT do keep increasing the ’max_servers’
# value, but instead to fix the underlying cause of the
# problem: slow database, or ’hostname_lookups=yes’.
#
# For more information, see ’max_request_time’, above.
#
max_servers = 32

# Server-pool size regulation. Rather than making you guess
# how many servers you need, FreeRADIUS dynamically adapts to
# the load it sees, that is, it tries to maintain enough
# servers to handle the current load, plus a few spare
# servers to handle transient load spikes.
#
# It does this by periodically checking how many servers are
# waiting for a request. If there are fewer than
# min_spare_servers, it creates a new spare. If there are
# more than max_spare_servers, some of the spares die off.
# The default values are probably OK for most sites.
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#
min_spare_servers = 3
max_spare_servers = 10

# There may be memory leaks or resource allocation problems with
# the server. If so, set this value to 300 or so, so that the
# resources will be cleaned up periodically.
#
# This should only be necessary if there are serious bugs in the
# server which have not yet been fixed.
#
# ’0’ is a special value meaning ’infinity’, or ’the servers never
# exit’
max_requests_per_server = 0
}

# MODULE CONFIGURATION
#
# The names and configuration of each module is located in this section.
#
# After the modules are defined here, they may be referred to by name,
# in other sections of this configuration file.
#
modules {
#
# Each module has a configuration as follows:
#
# name [ instance ] {
# config_item = value
# ...
# }
#
# The ’name’ is used to load the ’rlm_name’ library
# which implements the functionality of the module.
#
# The ’instance’ is optional. To have two different instances
# of a module, it first must be referred to by ’name’.
# The different copies of the module are then created by
# inventing two ’instance’ names, e.g. ’instance1’ and ’instance2’
#
# The instance names can then be used in later configuration
# INSTEAD of the original ’name’. See the ’radutmp’ configuration
# below for an example.
#

# PAP module to authenticate users based on their stored password
#
# Supports multiple encryption schemes



Bþ.1. RujmÐseic exuphrethtă FreeRADIUS 117

# clear: Clear text
# crypt: Unix crypt
# md5: MD5 ecnryption
# sha1: SHA1 encryption.
# DEFAULT: crypt
pap {
encryption_scheme = crypt
}

# CHAP module
#
# To authenticate requests containing a CHAP-Password attribute.
#
chap {
authtype = CHAP
}

# Pluggable Authentication Modules
#
# For Linux, see:
# http://www.kernel.org/pub/linux/libs/pam/index.html
#
# WARNING: On many systems, the system PAM libraries have
# memory leaks! We STRONGLY SUGGEST that you do not
# use PAM for authentication, due to those memory leaks.
#
pam {
#
# The name to use for PAM authentication.
# PAM looks in /etc/pam.d/${pam_auth_name}
# for it’s configuration. See ’redhat/radiusd-pam’
# for a sample PAM configuration file.
#
# Note that any Pam-Auth attribute set in the ’authorize’
# section will over-ride this one.
#
pam_auth = radiusd
}

# Unix /etc/passwd style authentication
#
unix {
#
# Cache /etc/passwd, /etc/shadow, and /etc/group
#
# The default is to NOT cache them.
#
# For FreeBSD and NetBSD, you do NOT want to enable
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# the cache, as it’s password lookups are done via a
# database, so set this value to ’no’.
#
# Some systems (e.g. RedHat Linux with pam_pwbd) can
# take *seconds* to check a password, when th passwd
# file containing 1000’s of entries. For those systems,
# you should set the cache value to ’yes’, and set
# the locations of the ’passwd’, ’shadow’, and ’group’
# files, below.
#
# allowed values: {no, yes}
cache = no

# Reload the cache every 600 seconds (10mins). 0 to disable.
cache_reload = 600

#
# Define the locations of the normal passwd, shadow, and
# group files.
#
# ’shadow’ is commented out by default, because not all
# systems have shadow passwords.
#
# To force the module to use the system password functions,
# instead of reading the files, leave the following entries
# commented out.
#
# This is required for some systems, like FreeBSD,
# and Mac OSX.
#
# passwd = /etc/passwd
# shadow = /etc/shadow
# group = /etc/group

#
# The location of the "wtmp" file.
# This should be moved to it’s own module soon.
#
# The only use for ’radlast’. If you don’t use
# ’radlast’, then you can comment out this item.
#
radwtmp = ${logdir}/radwtmp
}

# Extensible Authentication Protocol
#
# For all EAP related authentications.
# Now in another file, because it is very large.
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#
$INCLUDE ${confdir}/eap.conf

# Microsoft CHAP authentication
#
# This module supports MS-CHAP and MS-CHAPv2 authentication.
# It also enforces the SMB-Account-Ctrl attribute.
#
mschap {
#
# As of 0.9, the mschap module does NOT support
# reading from /etc/smbpasswd.
#
# If you are using /etc/smbpasswd, see the ’passwd’
# module for an example of how to use /etc/smbpasswd

# authtype value, if present, will be used
# to overwrite (or add) Auth-Type during
# authorization. Normally should be MS-CHAP
authtype = MS-CHAP

# if use_mppe is not set to no mschap will
# add MS-CHAP-MPPE-Keys for MS-CHAPv1 and
# MS-MPPE-Recv-Key/MS-MPPE-Send-Key for MS-CHAPv2
#
#use_mppe = no
use_mppe = yes

# if mppe is enabled require_encryption makes
# encryption moderate
#
#require_encryption = yes
require_encryption = yes

# require_strong always requires 128 bit key
# encryption
#
require_strong = yes

# Windows sends us a username in the form of
# DOMAIN\user, but sends the challenge response
# based on only the user portion. This hack
# corrects for that incorrect behavior.
#
#with_ntdomain_hack = no

# The module can perform authentication itself, OR
# use a Windows Domain Controller. This configuration
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# directive tells the module to call the ntlm_auth
# program, which will do the authentication, and return
# the NT-Key. Note that you MUST have "winbindd" and
# "nmbd" running on the local machine for ntlm_auth
# to work. See the ntlm_auth program documentation
# for details.
#
# Be VERY careful when editing the following line!
#
#ntlm_auth = "/path/to/ntlm_auth --request-nt-key --username=%{Stripped-User-Name:-%{User-Name:-None}} --challenge=%{mschap:Challenge:-00} --nt-response=%{mschap:NT-Response:-00}"
}

# Lightweight Directory Access Protocol (LDAP)
#
# This module definition allows you to use LDAP for
# authorization and authentication (Auth-Type := LDAP)
#
# See doc/rlm_ldap for description of configuration options
# and sample authorize{} and authenticate{} blocks
ldap {
server = localhost
identity = "cn=toor,dc=cn,dc=ntua,dc=gr"
password = deepest_secret
basedn = "ou=people,dc=cn,dc=ntua,dc=gr"
filter = "(uid=%{Stripped-User-Name:-%{User-Name}})"
# base_filter = "(objectclass=radiusprofile)"

# set this to ’yes’ to use TLS encrypted connections
# to the LDAP database by using the StartTLS extended
# operation.
# The StartTLS operation is supposed to be used with normal
# ldap connections instead of using ldaps (port 689) connections
start_tls = no

# tls_cacertfile = /path/to/cacert.pem
# tls_cacertdir = /path/to/ca/dir/
# tls_certfile = /path/to/radius.crt
# tls_keyfile = /path/to/radius.key
# tls_randfile = /path/to/rnd
# tls_require_cert = "demand"

# default_profile = "cn=radprofile,ou=dialup,o=My Org,c=UA"
# profile_attribute = "radiusProfileDn"
###############access_attr = "dialupAccess"

# Mapping of RADIUS dictionary attributes to LDAP
# directory attributes.
dictionary_mapping = ${raddbdir}/ldap.attrmap
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ldap_connections_number = 5

#
# NOTICE: The password_header directive is NOT case insensitive
#
# password_header = "{clear}"
#
# Set:
# password_attribute = nspmPassword
#
# to get the user’s password from a Novell eDirectory
# backend. This will work *only if* freeRADIUS is
# configured to build with --with-edir option.
#
#
# The server can usually figure this out on its own, and pull
# the correct User-Password or NT-Password from the database.
#
# Note that NT-Passwords MUST be stored as a 32-digit hex
# string, and MUST start off with "0x", such as:
#
# 0x000102030405060708090a0b0c0d0e0f
#
# password_attribute = nspmPassword
# Without the leading "0x", NT-Passwords will not work.
# This goes for NT-Passwords stored in SQL, too.
#
# Un-comment the following to disable Novell eDirectory account
# policy check and intruder detection. This will work *only if*
# FreeRADIUS is configured to build with --with-edir option.
#
# edir_account_policy_check=no
#
# groupname_attribute = cn
# groupmembership_filter = "(|(&(objectClass=GroupOfNames)(member=%{Ldap-UserDn}))(&(objectClass=GroupOfUniqueNames)(uniquemember=%{Ldap-UserDn})))"
# groupmembership_attribute = radiusGroupName
timeout = 4
timelimit = 3
net_timeout = 1
# compare_check_items = yes
# do_xlat = yes
# access_attr_used_for_allow = yes
}

# Realm module, for proxying.
#
# You can have multiple instances of the realm module to
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# support multiple realm syntaxs at the same time. The
# search order is defined by the order in the authorize and
# preacct sections.
#
# Four config options:
# format - must be ’prefix’ or ’suffix’
# delimiter - must be a single character
# ignore_default - set to ’yes’ or ’no’
# ignore_null - set to ’yes’ or ’no’
#
# ignore_default and ignore_null can be set to ’yes’ to prevent
# the module from matching against DEFAULT or NULL realms. This
# may be useful if you have have multiple instances of the
# realm module.
#
# They both default to ’no’.
#

# ’realm/username’
#
# Using this entry, IPASS users have their realm set to "IPASS".
realm IPASS {
format = prefix
delimiter = "/"
ignore_default = no
ignore_null = no
}

# ’username@realm’
#
realm suffix {
format = suffix
delimiter = "@"
ignore_default = no
ignore_null = no
}

# ’username%realm’
#
realm realmpercent {
format = suffix
delimiter = "%"
ignore_default = no
ignore_null = no
}

#
# ’domain\user’
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#
realm ntdomain {
format = prefix
delimiter = "\\"
ignore_default = no
ignore_null = no
}

# A simple value checking module
#
# It can be used to check if an attribute value in the request
# matches a (possibly multi valued) attribute in the check
# items This can be used for example for caller-id
# authentication. For the module to run, both the request
# attribute and the check items attribute must exist
#
# i.e.
# A user has an ldap entry with 2 radiusCallingStationId
# attributes with values "12345678" and "12345679". If we
# enable rlm_checkval, then any request which contains a
# Calling-Station-Id with one of those two values will be
# accepted. Requests with other values for
# Calling-Station-Id will be rejected.
#
# Regular expressions in the check attribute value are allowed
# as long as the operator is ’=~’
#
checkval {
# The attribute to look for in the request
item-name = Calling-Station-Id

# The attribute to look for in check items. Can be multi valued
check-name = Calling-Station-Id

# The data type. Can be
# string,integer,ipaddr,date,abinary,octets
data-type = string

# If set to yes and we dont find the item-name attribute in the
# request then we send back a reject
# DEFAULT is no
#notfound-reject = no
}

# Preprocess the incoming RADIUS request, before handing it off
# to other modules.
#
# This module processes the ’huntgroups’ and ’hints’ files.
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# In addition, it re-writes some weird attributes created
# by some NASes, and converts the attributes into a form which
# is a little more standard.
#
preprocess {
huntgroups = ${confdir}/huntgroups
hints = ${confdir}/hints

# This hack changes Ascend’s wierd port numberings
# to standard 0-??? port numbers so that the "+" works
# for IP address assignments.
with_ascend_hack = no
ascend_channels_per_line = 23

# Windows NT machines often authenticate themselves as
# NT_DOMAIN\username
#
# If this is set to ’yes’, then the NT_DOMAIN portion
# of the user-name is silently discarded.
#
# This configuration entry SHOULD NOT be used.
# See the "realms" module for a better way to handle
# NT domains.
with_ntdomain_hack = no

# Specialix Jetstream 8500 24 port access server.
#
# If the user name is 10 characters or longer, a "/"
# and the excess characters after the 10th are
# appended to the user name.
#
# If you’re not running that NAS, you don’t need
# this hack.
with_specialix_jetstream_hack = no

# Cisco (and Quintum in Cisco mode) sends it’s VSA attributes
# with the attribute name *again* in the string, like:
#
# H323-Attribute = "h323-attribute=value".
#
# If this configuration item is set to ’yes’, then
# the redundant data in the the attribute text is stripped
# out. The result is:
#
# H323-Attribute = "value"
#
# If you’re not running a Cisco or Quintum NAS, you don’t
# need this hack.
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with_cisco_vsa_hack = no
}

# Livingston-style ’users’ file
#
files {
usersfile = ${confdir}/users
acctusersfile = ${confdir}/acct_users

# If you want to use the old Cistron ’users’ file
# with FreeRADIUS, you should change the next line
# to ’compat = cistron’. You can the copy your ’users’
# file from Cistron.
compat = no
}

# Write a detailed log of all accounting records received.
#
detail {
# Note that we do NOT use NAS-IP-Address here, as
# that attribute MAY BE from the originating NAS, and
# NOT from the proxy which actually sent us the
# request. The Client-IP-Address attribute is ALWAYS
# the address of the client which sent us the
# request.
#
# The following line creates a new detail file for
# every radius client (by IP address or hostname).
# In addition, a new detail file is created every
# day, so that the detail file doesn’t have to go
# through a ’log rotation’
#
# If your detail files are large, you may also want
# to add a ’:%H’ (see doc/variables.txt) to the end
# of it, to create a new detail file every hour, e.g.:
#
# ..../detail-%Y%m%d:%H
#
# This will create a new detail file for every hour.
#
detailfile = ${radacctdir}/%{Client-IP-Address}/detail-%Y%m%d

#
# The Unix-style permissions on the ’detail’ file.
#
# The detail file often contains secret or private
# information about users. So by keeping the file
# permissions restrictive, we can prevent unwanted
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# people from seeing that information.
detailperm = 0600
}

#
# Many people want to log authentication requests.
# Rather than modifying the server core to print out more
# messages, we can use a different instance of the ’detail’
# module, to log the authentication requests to a file.
#
# You will also need to un-comment the ’auth_log’ line
# in the ’authorize’ section, below.
#
# detail auth_log {
# detailfile = ${radacctdir}/%{Client-IP-Address}/auth-detail-%Y%m%d

#
# This MUST be 0600, otherwise anyone can read
# the users passwords!
# detailperm = 0600
# }

#
# This module logs authentication reply packets sent
# to a NAS. Both Access-Accept and Access-Reject packets
# are logged.
#
# You will also need to un-comment the ’reply_log’ line
# in the ’post-auth’ section, below.
#
# detail reply_log {
# detailfile = ${radacctdir}/%{Client-IP-Address}/reply-detail-%Y%m%d

#
# This MUST be 0600, otherwise anyone can read
# the users passwords!
# detailperm = 0600
# }

# Create a unique accounting session Id. Many NASes re-use or
# repeat values for Acct-Session-Id, causing no end of
# confusion.
#
# This module will add a (probably) unique session id
# to an accounting packet based on the attributes listed
# below found in the packet. See doc/rlm_acct_unique for
# more information.
#
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acct_unique {
key = "User-Name, Acct-Session-Id, NAS-IP-Address, Client-IP-Address, NAS-Port"
}

# Include another file that has the SQL-related configuration.
# This is another file only because it tends to be big.
#
# The following configuration file is for use with MySQL.
#
# For Postgresql, use: ${confdir}/postgresql.conf
# For MS-SQL, use: ${confdir}/mssql.conf
# For Oracle, use: ${confdir}/oraclesql.conf
#
$INCLUDE ${confdir}/sql.conf

# Write a ’utmp’ style file, of which users are currently
# logged in, and where they’ve logged in from.
#
# This file is used mainly for Simultaneous-Use checking,
# and also ’radwho’, to see who’s currently logged in.
#
radutmp {
# Where the file is stored. It’s not a log file,
# so it doesn’t need rotating.
#
filename = ${logdir}/radutmp

# The field in the packet to key on for the
# ’user’ name, If you have other fields which you want
# to use to key on to control Simultaneous-Use,
# then you can use them here.
#
# Note, however, that the size of the field in the
# ’utmp’ data structure is small, around 32
# characters, so that will limit the possible choices
# of keys.
#
# You may want instead: %{Stripped-User-Name:-%{User-Name}}
username = %{User-Name}

# Whether or not we want to treat "user" the same
# as "USER", or "User". Some systems have problems
# with case sensitivity, so this should be set to
# ’no’ to enable the comparisons of the key attribute
# to be case insensitive.
#
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case_sensitive = yes

# Accounting information may be lost, so the user MAY
# have logged off of the NAS, but we haven’t noticed.
# If so, we can verify this information with the NAS,
#
# If we want to believe the ’utmp’ file, then this
# configuration entry can be set to ’no’.
#
check_with_nas = yes

# Set the file permissions, as the contents of this file
# are usually private.
perm = 0600

callerid = "yes"
}

# "Safe" radutmp - does not contain caller ID, so it can be
# world-readable, and radwho can work for normal users, without
# exposing any information that isn’t already exposed by who(1).
#
# This is another ’instance’ of the radutmp module, but it is given
# then name "sradutmp" to identify it later in the "accounting"
# section.
radutmp sradutmp {
filename = ${logdir}/sradutmp
perm = 0644
callerid = "no"
}

# attr_filter - filters the attributes received in replies from
# proxied servers, to make sure we send back to our RADIUS client
# only allowed attributes.
attr_filter {
attrsfile = ${confdir}/attrs
}

# counter module:
# This module takes an attribute (count-attribute).
# It also takes a key, and creates a counter for each unique
# key. The count is incremented when accounting packets are
# received by the server. The value of the increment depends
# on the attribute type.
# If the attribute is Acct-Session-Time or of an integer type we add the
# value of the attribute. If it is anything else we increase the
# counter by one.
#
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# The ’reset’ parameter defines when the counters are all reset to
# zero. It can be hourly, daily, weekly, monthly or never.
#
# hourly: Reset on 00:00 of every hour
# daily: Reset on 00:00:00 every day
# weekly: Reset on 00:00:00 on sunday
# monthly: Reset on 00:00:00 of the first day of each month
#
# It can also be user defined. It should be of the form:
# num[hdwm] where:
# h: hours, d: days, w: weeks, m: months
# If the letter is ommited days will be assumed. In example:
# reset = 10h (reset every 10 hours)
# reset = 12 (reset every 12 days)
#
#
# The check-name attribute defines an attribute which will be
# registered by the counter module and can be used to set the
# maximum allowed value for the counter after which the user
# is rejected.
# Something like:
#
# DEFAULT Max-Daily-Session := 36000
# Fall-Through = 1
#
# You should add the counter module in the instantiate
# section so that it registers check-name before the files
# module reads the users file.
#
# If check-name is set and the user is to be rejected then we
# send back a Reply-Message and we log a Failure-Message in
# the radius.log
# If the count attribute is Acct-Session-Time then on each login
# we send back the remaining online time as a Session-Timeout attribute
#
# The counter-name can also be used instead of using the check-name
# like below:
#
# DEFAULT Daily-Session-Time > 3600, Auth-Type = Reject
# Reply-Message = "You’ve used up more than one hour today"
#
# The allowed-servicetype attribute can be used to only take
# into account specific sessions. For example if a user first
# logs in through a login menu and then selects ppp there will
# be two sessions. One for Login-User and one for Framed-User
# service type. We only need to take into account the second one.
#
# The module should be added in the instantiate, authorize and
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# accounting sections. Make sure that in the authorize
# section it comes after any module which sets the
# ’check-name’ attribute.
#
counter daily {
filename = ${raddbdir}/db.daily
key = User-Name
count-attribute = Acct-Session-Time
reset = daily
counter-name = Daily-Session-Time
check-name = Max-Daily-Session
allowed-servicetype = Framed-User
cache-size = 5000
}

# The "always" module is here for debugging purposes. Each
# instance simply returns the same result, always, without
# doing anything.
always fail {
rcode = fail
}
always reject {
rcode = reject
}
always ok {
rcode = ok
simulcount = 0
mpp = no
}

#
# The ’expression’ module currently has no configuration.
#
# This module is useful only for ’xlat’. To use it,
# put ’exec’ into the ’instantiate’ section. You can then
# do dynamic translation of attributes like:
#
# Attribute-Name = ‘%{expr:2 + 3 + %{exec: uid -u}}‘
#
# The value of the attribute will be replaced with the output
# of the program which is executed. Due to RADIUS protocol
# limitations, any output over 253 bytes will be ignored.
expr {
}

#
# The ’digest’ module currently has no configuration.
#
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# "Digest" authentication against a Cisco SIP server.
# See ’doc/rfc/draft-sterman-aaa-sip-00.txt’ for details
# on performing digest authentication for Cisco SIP servers.
#
digest {
}

#
# Execute external programs
#
# This module is useful only for ’xlat’. To use it,
# put ’exec’ into the ’instantiate’ section. You can then
# do dynamic translation of attributes like:
#
# Attribute-Name = ‘%{exec:/path/to/program args}‘
#
# The value of the attribute will be replaced with the output
# of the program which is executed. Due to RADIUS protocol
# limitations, any output over 253 bytes will be ignored.
#
# The RADIUS attributes from the user request will be placed
# into environment variables of the executed program, as
# described in ’doc/variables.txt’
#
exec {
wait = yes
input_pairs = request
}

#
# This is a more general example of the execute module.
#
# This one is called "echo".
#
# Attribute-Name = ‘%{echo:/path/to/program args}‘
#
# If you wish to execute an external program in more than
# one section (e.g. ’authorize’, ’pre_proxy’, etc), then it
# is probably best to define a different instance of the
# ’exec’ module for every section.
#
exec echo {
#
# Wait for the program to finish.
#
# If we do NOT wait, then the program is "fire and
# forget", and any output attributes from it are ignored.
#
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# If we are looking for the program to output
# attributes, and want to add those attributes to the
# request, then we MUST wait for the program to
# finish, and therefore set ’wait=yes’
#
# allowed values: {no, yes}
wait = yes

#
# The name of the program to execute, and it’s
# arguments. Dynamic translation is done on this
# field, so things like the following example will
# work.
#
program = "/bin/echo %{User-Name}"

#
# The attributes which are placed into the
# environment variables for the program.
#
# Allowed values are:
#
# request attributes from the request
# config attributes from the configuration items list
# reply attributes from the reply
# proxy-request attributes from the proxy request
# proxy-reply attributes from the proxy reply
#
# Note that some attributes may not exist at some
# stages. e.g. There may be no proxy-reply
# attributes if this module is used in the
# ’authorize’ section.
#
input_pairs = request

#
# Where to place the output attributes (if any) from
# the executed program. The values allowed, and the
# restrictions as to availability, are the same as
# for the input_pairs.
#
output_pairs = reply

#
# When to execute the program. If the packet
# type does NOT match what’s listed here, then
# the module does NOT execute the program.
#
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# For a list of allowed packet types, see
# the ’dictionary’ file, and look for VALUEs
# of the Packet-Type attribute.
#
# By default, the module executes on ANY packet.
# Un-comment out the following line to tell the
# module to execute only if an Access-Accept is
# being sent to the NAS.
#
#packet_type = Access-Accept
}

# Do server side ip pool management. Should be added in post-auth and
# accounting sections.
#
# The module also requires the existance of the Pool-Name
# attribute. That way the administrator can add the Pool-Name
# attribute in the user profiles and use different pools
# for different users. The Pool-Name attribute is a *check* item not
# a reply item.
#
# Example:
# radiusd.conf: ippool students { [...] }
# users file : DEFAULT Group == students, Pool-Name := "students"
#
# ********* IF YOU CHANGE THE RANGE PARAMETERS YOU MUST *********
# ********* THEN ERASE THE DB FILES *********
#
ippool main_pool {

# range-start,range-stop: The start and end ip
# addresses for the ip pool
range-start = 192.168.1.1
range-stop = 192.168.3.254

# netmask: The network mask used for the ip’s
netmask = 255.255.255.0

# cache-size: The gdbm cache size for the db
# files. Should be equal to the number of ip’s
# available in the ip pool
cache-size = 800

# session-db: The main db file used to allocate ip’s to clients
session-db = ${raddbdir}/db.ippool

# ip-index: Helper db index file used in multilink
ip-index = ${raddbdir}/db.ipindex
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# override: Will this ippool override a Framed-IP-Address already set
override = no

# maximum-timeout: If not zero specifies the maximum time in seconds an
# entry may be active. Default: 0
maximum-timeout = 0
}

# ANSI X9.9 token support. Not included by default.
# $INCLUDE ${confdir}/x99.conf

}

# Instantiation
#
# This section orders the loading of the modules. Modules
# listed here will get loaded BEFORE the later sections like
# authorize, authenticate, etc. get examined.
#
# This section is not strictly needed. When a section like
# authorize refers to a module, it’s automatically loaded and
# initialized. However, some modules may not be listed in any
# of the following sections, so they can be listed here.
#
# Also, listing modules here ensures that you have control over
# the order in which they are initalized. If one module needs
# something defined by another module, you can list them in order
# here, and ensure that the configuration will be OK.
#
instantiate {
#
# Allows the execution of external scripts.
# The entire command line (and output) must fit into 253 bytes.
#
# e.g. Framed-Pool = ‘%{exec:/bin/echo foo}‘
exec

#
# The expression module doesn’t do authorization,
# authentication, or accounting. It only does dynamic
# translation, of the form:
#
# Session-Timeout = ‘%{expr:2 + 3}‘
#
# So the module needs to be instantiated, but CANNOT be
# listed in any other section. See ’doc/rlm_expr’ for
# more information.
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#
expr

#
# We add the counter module here so that it registers
# the check-name attribute before any module which sets
# it
# daily
}

# Authorization. First preprocess (hints and huntgroups files),
# then realms, and finally look in the "users" file.
#
# The order of the realm modules will determine the order that
# we try to find a matching realm.
#
# Make *sure* that ’preprocess’ comes before any realm if you
# need to setup hints for the remote radius server
authorize {
#
# The preprocess module takes care of sanitizing some bizarre
# attributes in the request, and turning them into attributes
# which are more standard.
#
# It takes care of processing the ’raddb/hints’ and the
# ’raddb/huntgroups’ files.
#
# It also adds the %{Client-IP-Address} attribute to the request.
preprocess

#
# If you want to have a log of authentication requests,
# un-comment the following line, and the ’detail auth_log’
# section, above.
# auth_log

# attr_filter

#
# If the users are logging in with an MS-CHAP-Challenge
# attribute for authentication, the mschap module will find
# the MS-CHAP-Challenge attribute, and add ’Auth-Type := MS-CHAP’
# to the request, which will cause the server to then use
# the mschap module for authentication.
mschap

#
# If you are using multiple kinds of realms, you probably
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# want to set "ignore_null = yes" for all of them.
# Otherwise, when the first style of realm doesn’t match,
# the other styles won’t be checked.
#
suffix
# ntdomain

#
# This module takes care of EAP-MD5, EAP-TLS, and EAP-LEAP
# authentication.
#
# It also sets the EAP-Type attribute in the request
# attribute list to the EAP type from the packet.
eap

#
# Read the ’users’ file
files

#
# The ldap module will set Auth-Type to LDAP if it has not
# already been set
ldap

#
# Enforce daily limits on time spent logged in.
# daily

#
# Use the checkval module
# checkval
}

# Authentication.
#
#
# This section lists which modules are available for authentication.
# Note that it does NOT mean ’try each module in order’. It means
# that a module from the ’authorize’ section adds a configuration
# attribute ’Auth-Type := FOO’. That authentication type is then
# used to pick the apropriate module from the list below.
#

# In general, you SHOULD NOT set the Auth-Type attribute. The server
# will figure it out on its own, and will do the right thing. The
# most common side effect of erroneously setting the Auth-Type
# attribute is that one authentication method will work, but the
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# others will not.
#
# The common reasons to set the Auth-Type attribute by hand
# is to either forcibly reject the user, or forcibly accept him.
#
authenticate {
#
# MSCHAP authentication.
Auth-Type MS-CHAP {
mschap
}

#
# Allow EAP authentication.
eap
}

#
# Pre-accounting. Decide which accounting type to use.
#
preacct {
preprocess

#
# Ensure that we have a semi-unique identifier for every
# request, and many NAS boxes are broken.
acct_unique

#
# Look for IPASS-style ’realm/’, and if not found, look for
# ’@realm’, and decide whether or not to proxy, based on
# that.
#
# Accounting requests are generally proxied to the same
# home server as authentication requests.
# IPASS
suffix
# ntdomain

#
# Read the ’acct_users’ file
files
}

#
# Accounting. Log the accounting data.
#
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accounting {
#
# Create a ’detail’ed log of the packets.
# Note that accounting requests which are proxied
# are also logged in the detail file.
detail
# daily

# Update the wtmp file
#
# If you don’t use "radlast", you can delete this line.
unix

#
# For Simultaneous-Use tracking.
#
# Due to packet losses in the network, the data here
# may be incorrect. There is little we can do about it.
radutmp
# sradutmp

# Return an address to the IP Pool when we see a stop record.
# main_pool

}

# Session database, used for checking Simultaneous-Use. Either the radutmp
# or rlm_sql module can handle this.
# The rlm_sql module is *much* faster
session {
radutmp

#
# See "Simultaneous Use Checking Querie" in sql.conf
# sql
}

# Post-Authentication
# Once we KNOW that the user has been authenticated, there are
# additional steps we can take.
post-auth {
# Get an address from the IP Pool.
# main_pool

#
# If you want to have a log of authentication replies,
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# un-comment the following line, and the ’detail reply_log’
# section, above.
# reply_log

#
# After authenticating the user, do another SQL qeury.
#
# See "Authentication Logging Queries" in sql.conf
# sql

#
# Un-comment the following if you have set
# ’edir_account_policy_check = yes’ in the ldap module sub-section of
# the ’modules’ section.
#
# ldap
#
# Access-Reject packets are sent through the REJECT sub-section of the
# post-auth section.
# Uncomment the following and set the module name to the ldap instance
# name if you have set ’edir_account_policy_check = yes’ in the ldap
# module sub-section of the ’modules’ section.
#
# Post-Auth-Type REJECT {
# insert-module-name-here
# }

}

#
# When the server decides to proxy a request to a home server,
# the proxied request is first passed through the pre-proxy
# stage. This stage can re-write the request, or decide to
# cancel the proxy.
#
# Only a few modules currently have this method.
#
pre-proxy {
# attr_rewrite

# If you want to have a log of packets proxied to a home
# server, un-comment the following line, and the
# ’detail pre_proxy_log’ section, above.
# pre_proxy_log
}

#
# When the server receives a reply to a request it proxied
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# to a home server, the request may be massaged here, in the
# post-proxy stage.
#
post-proxy {
#

# If you want to have a log of replies from a home server,
# un-comment the following line, and the ’detail post_proxy_log’
# section, above.
# post_proxy_log

# attr_rewrite

# Uncomment the following line if you want to filter replies from
# remote proxies based on the rules defined in the ’attrs’ file.

# attr_filter

#
# If you are proxying LEAP, you MUST configure the EAP
# module, and you MUST list it here, in the post-proxy
# stage.
#
# You MUST also use the ’nostrip’ option in the ’realm’
# configuration. Otherwise, the User-Name attribute
# in the proxied request will not match the user name
# hidden inside of the EAP packet, and the end server will
# reject the EAP request.
#
eap
}

Bþ.1.2 ArqeÐo eap.conf

#
# Whatever you do, do NOT set ’Auth-Type := EAP’. The server
# is smart enough to figure this out on its own. The most
# common side effect of setting ’Auth-Type := EAP’ is that the
# users then cannot use ANY other authentication method.
#
# $Id: eap.conf,v 1.4 2004/04/15 18:34:41 aland Exp $
#
eap {
# Invoke the default supported EAP type when
# EAP-Identity response is received.
#
# The incoming EAP messages DO NOT specify which EAP
# type they will be using, so it MUST be set here.



Bþ.1. RujmÐseic exuphrethtă FreeRADIUS 141

#
# For now, only one default EAP type may be used at a time.
#
# If the EAP-Type attribute is set by another module,
# then that EAP type takes precedence over the
# default type configured here.
#
#default_eap_type = md5
default_eap_type = peap

# A list is maintained to correlate EAP-Response
# packets with EAP-Request packets. After a
# configurable length of time, entries in the list
# expire, and are deleted.
#
timer_expire = 60

# There are many EAP types, but the server has support
# for only a limited subset. If the server receives
# a request for an EAP type it does not support, then
# it normally rejects the request. By setting this
# configuration to "yes", you can tell the server to
# instead keep processing the request. Another module
# MUST then be configured to proxy the request to
# another RADIUS server which supports that EAP type.
#
# If another module is NOT configured to handle the
# request, then the request will still end up being
# rejected.
ignore_unknown_eap_types = no

# Cisco AP1230B firmware 12.2(13)JA1 has a bug. When given
# a User-Name attribute in an Access-Accept, it copies one
# more byte than it should.
#
# We can work around it by configurably adding an extra
# zero byte.
cisco_accounting_username_bug = no

## EAP-TLS
#
# To generate ctest certificates, run the script
#
# ../scripts/certs.sh
#
# The documents on http://www.freeradius.org/doc
# are old, but may be helpful.
#
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# See also:
#
# http://www.dslreports.com/forum/remark,9286052~mode=flat
#
tls {
private_key_password = d33p_s3cr3t
private_key_file = ${raddbdir}/certs/cert-srv.pem

# If Private key & Certificate are located in
# the same file, then private_key_file &
# certificate_file must contain the same file
# name.
certificate_file = ${raddbdir}/certs/cert-srv.pem

# Trusted Root CA list
CA_file = ${raddbdir}/certs/demoCA/cacert.pem

dh_file = ${raddbdir}/certs/dh
random_file = /dev/urandom

#
# This can never exceed the size of a RADIUS
# packet (4096 bytes), and is preferably half
# that, to accomodate other attributes in
# RADIUS packet. On most APs the MAX packet
# length is configured between 1500 - 1600
# In these cases, fragment size should be
# 1024 or less.
#
# fragment_size = 1024

# include_length is a flag which is
# by default set to yes If set to
# yes, Total Length of the message is
# included in EVERY packet we send.
# If set to no, Total Length of the
# message is included ONLY in the
# First packet of a fragment series.
#
# include_length = yes

# Check the Certificate Revocation List
#
# 1) Copy CA certificates and CRLs to same directory.
# 2) Execute ’c_rehash <CA certs&CRLs Directory>’.
# ’c_rehash’ is OpenSSL’s command.
# 3) Add ’CA_path=<CA certs&CRLs directory>’
# to radiusd.conf’s tls section.
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# 4) uncomment the line below.
# 5) Restart radiusd
# check_crl = yes

#
# If check_cert_cn is set, the value will
# be xlat’ed and checked against the CN
# in the client certificate. If the values
# do not match, the certificate verification
# will fail rejecting the user.
#

# check_cert_cn = %{User-Name}
}

#
# The tunneled EAP session needs a default EAP type
# which is separate from the one for the non-tunneled
# EAP module. Inside of the TLS/PEAP tunnel, we
# recommend using EAP-MS-CHAPv2.
#
# The PEAP module needs the TLS module to be installed
# and configured, in order to use the TLS tunnel
# inside of the EAP packet. You will still need to
# configure the TLS module, even if you do not want
# to deploy EAP-TLS in your network. Users will not
# be able to request EAP-TLS, as it requires them to
# have a client certificate. EAP-PEAP does not
# require a client certificate.
#
peap {
# The tunneled EAP session needs a default
# EAP type which is separate from the one for
# the non-tunneled EAP module. Inside of the
# PEAP tunnel, we recommend using MS-CHAPv2,
# as that is the default type supported by
# Windows clients.
default_eap_type = mschapv2
}

#
# This takes no configuration.
#
# Note that it is the EAP MS-CHAPv2 sub-module, not
# the main ’mschap’ module.
#
# Note also that in order for this sub-module to work,
# the main ’mschap’ module MUST ALSO be configured.
#
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# This module is the *Microsoft* implementation of MS-CHAPv2
# in EAP. There is another (incompatible) implementation
# of MS-CHAPv2 in EAP by Cisco, which FreeRADIUS does not
# currently support.
#
mschapv2 {
}
}

Bþ.1.3 ArqeÐo ldap.attrmap

#
# Mapping of RADIUS dictionary attributes to LDAP directory attributes
# to be used by LDAP authentication and authorization module (rlm_ldap)
#
# Format:
# ItemType RADIUS-Attribute-Name ldapAttributeName
#
# Where:
# ItemType = checkItem or replyItem
# RADIUS-Attribute-Name = attribute name in RADIUS dictionary
# ldapAttributeName = attribute name in LDAP schema
#
# If $GENERIC$ is specified as RADIUS-Attribute-Name, the line specifies
# a LDAP attribute which can be used to store any RADIUS
# attribute/value-pair in LDAP directory.
#
# You should edit this file to suit it to your needs.
#

checkItem $GENERIC$ radiusCheckItem
replyItem $GENERIC$ radiusReplyItem

checkItem Auth-Type radiusAuthType
checkItem Simultaneous-Use radiusSimultaneousUse
checkItem Called-Station-Id radiusCalledStationId
checkItem Calling-Station-Id radiusCallingStationId
checkItem LM-Password sambaLMPassword
checkItem NT-Password sambaNTPassword
checkItem User-Password sambaNTPassword
checkItem SMB-Account-CTRL-TEXT acctFlags
checkItem Expiration radiusExpiration
checkItem Login-Time sambaLogonHours
replyItem Service-Type radiusServiceType
replyItem Framed-Protocol radiusFramedProtocol
replyItem Framed-IP-Address radiusFramedIPAddress
replyItem Framed-IP-Netmask radiusFramedIPNetmask
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replyItem Framed-Route radiusFramedRoute
replyItem Framed-Routing radiusFramedRouting
replyItem Filter-Id radiusFilterId
replyItem Framed-MTU radiusFramedMTU
replyItem Framed-Compression radiusFramedCompression
replyItem Login-IP-Host radiusLoginIPHost
replyItem Login-Service radiusLoginService
replyItem Login-TCP-Port radiusLoginTCPPort
replyItem Callback-Number radiusCallbackNumber
replyItem Callback-Id radiusCallbackId
replyItem Framed-IPX-Network radiusFramedIPXNetwork
replyItem Class radiusClass
replyItem Session-Timeout radiusSessionTimeout
replyItem Idle-Timeout radiusIdleTimeout
replyItem Termination-Action radiusTerminationAction
replyItem Login-LAT-Service radiusLoginLATService
replyItem Login-LAT-Node radiusLoginLATNode
replyItem Login-LAT-Group radiusLoginLATGroup
replyItem Framed-AppleTalk-Link radiusFramedAppleTalkLink
replyItem Framed-AppleTalk-Network radiusFramedAppleTalkNetwork
replyItem Framed-AppleTalk-Zone radiusFramedAppleTalkZone
replyItem Port-Limit radiusPortLimit
replyItem Login-LAT-Port radiusLoginLATPort

Bþ.1.4 ArqeÐo clients.conf

#######################################################################
#
# Definition of a RADIUS client (usually a NAS).
#
# The information given here over rides anything given in the
# ’clients’ file, or in the ’naslist’ file. The configuration here
# contains all of the information from those two files, and allows
# for more configuration items.
#
# The "shortname" is be used for logging. The "nastype", "login" and
# "password" fields are mainly used for checkrad and are optional.
#

#
# Defines a RADIUS client. The format is ’client [hostname|ip-address]’
#

client 172.24.100.241 {
nastype = cisco
shortname = death-star
secret = DEEP_SECRET
}
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client 147.102.40.242 {
nastype = cisco
shortname = death-star-ii
secret = DEEP_SECRET
}

Bþ.2 RujmÐseic exuphrethtă SAMBA

Bþ.2.1 ArqeÐo smb.conf

#======================= Global Settings =====================================
[global]

workgroup = CN
netbios name = PSYCHE
server string = PDC
enable privileges = yes

# username map = /etc/samba/smbusers
security = user
encrypt passwords = yes
log file = /var/log/samba/log.%m
max log size = 1000
time server = yes
socket options = TCP_NODELAY

# logon script = logon.bat
# logon drive = H:
# logon home =
# logon path =

domain logons = yes
os level = 65
preferred master = yes
domain master = yes
wins support = yes

ldap passwd sync = yes
passdb backend = ldapsam:ldap://127.0.0.1/

# ldap filter = (&(objectclass=sambaSamAccount)(uid=%u))
ldap admin dn = cn=toor,dc=cn,dc=ntua,dc=gr
ldap suffix = dc=cn,dc=ntua,dc=gr
ldap group suffix = ou=groups
ldap user suffix = ou=people
ldap machine suffix = ou=computers

# ldap ssl = start_tls

add machine script = /usr/local/sbin/smbldap-useradd -w "%u"
add user script = /usr/local/sbin/smbldap-useradd -m "%u"
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ldap delete dn = Yes
# delete user script = /usr/local/sbin/smbldap-userdel "%u"

add group script = /usr/local/sbin/smbldap-groupadd -p "%g"
# delete group script = /usr/local/sbin/smbldap-groupdel "%g"

add user to group script = /usr/local/sbin/smbldap-groupmod -m "%u" "%g"
delete user from group script = /usr/local/sbin/smbldap-groupmod -x "%u" "%g"
set primary group script = /usr/local/sbin/smbldap-usermod -g "%g" "%u"

# charset settings
; display charset = ASCII
; unix charset = ASCII
; dos charset = ASCII

#============================ Share Definitions ==============================
[homes]

comment = Home Directories
browseable = no
writable = yes

# Un-comment the following and create the netlogon directory for Domain Logons
; [netlogon]
; comment = Network Logon Service
; path = /usr/local/samba/lib/netlogon
; guest ok = yes
; writable = no
; share modes = no

# Un-comment the following to provide a specific roving profile share
# the default is to use the user’s home directory
;[Profiles]
; path = /usr/local/samba/profiles
; browseable = no
; guest ok = yes

# NOTE: If you have a BSD-style print system there is no need to
# specifically define each individual printer
[printers]

comment = All Printers
path = /var/spool/samba
browseable = no

# Set public = yes to allow user ’guest account’ to print
guest ok = no
writable = no
printable = yes
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# This one is useful for people to share files
;[tmp]
; comment = Temporary file space
; path = /tmp
; read only = no
; public = yes

# A publicly accessible directory, but read only, except for people in
# the "staff" group
;[public]
; comment = Public Stuff
; path = /home/samba
; public = yes
; writable = yes
; printable = no
; write list = @staff

Bþ.3 RujmÐseic exuphrethtă OpenLDAP

Bþ.3.1 ArqeÐo slapd.conf

include /usr/local/etc/openldap/schema/core.schema
include /usr/local/etc/openldap/schema/cosine.schema
include /usr/local/etc/openldap/schema/nis.schema
include /usr/local/etc/openldap/schema/inetorgperson.schema
include /usr/local/etc/openldap/schema/qmail.schema
include /usr/local/etc/openldap/schema/samba.schema

pidfile /var/run/openldap/slapd.pid
argsfile /var/run/openldap/slapd.args

# rootdn can always write!

access to dn.one="ou=people,dc=cn,dc=ntua,dc=gr" attrs=userPassword,sambaNTPassword,sambaLMPassword
by self write
by anonymous auth
by * none

access to dn.one="ou=people,dc=cn,dc=ntua,dc=gr" attrs=mailForwardingAddress,deliveryMode,telephoneNumber,roomNumber
by self write
by * read

access to *
by * read

loglevel 256
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allow bind_v2

#######################################################################
# ldbm database definitions
#######################################################################

database bdb
suffix "dc=cn,dc=ntua,dc=gr"
rootdn "cn=toor,dc=cn,dc=ntua,dc=gr"
# Cleartext passwords, especially for the rootdn, should
# be avoid. See slappasswd(8) and slapd.conf(5) for details.
# Use of strong authentication encouraged.
rootpw {SSHA}8qfgA9g3SHQsCLHZeCAKLQXpNdLCtFNj
# The database directory MUST exist prior to running slapd AND
# should only be accessible by the slapd and slap tools.
# Mode 700 recommended.
directory /var/db/openldap-data

# Indices to maintain
index objectClass,uidNumber,gidNumber eq
index cn,sn,uid,displayName pres,sub,eq
index memberUid,mail,givenname eq,subinitial
index sambaSID,sambaPrimaryGroupSID,sambaDomainName eq

index mailAlternateAddress eq
index accountStatus eq
index deliveryMode eq

Bþ.4 RujmÐseic ergaleÐwn smbldap

Bþ.4.1 ArqeÐo smbldap.conf

# $Source: /opt/cvs/samba/smbldap-tools/smbldap.conf,v $
# $Id: smbldap.conf,v 1.17 2005/01/29 15:00:54 jtournier Exp $
#
# smbldap-tools.conf : Q & D configuration file for smbldap-tools

# This code was developped by IDEALX (http://IDEALX.org/) and
# contributors (their names can be found in the CONTRIBUTORS file).
#
# Copyright (C) 2001-2002 IDEALX
#
# This program is free software; you can redistribute it and/or
# modify it under the terms of the GNU General Public License
# as published by the Free Software Foundation; either version 2
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# of the License, or (at your option) any later version.
#
# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
# GNU General Public License for more details.
#
# You should have received a copy of the GNU General Public License
# along with this program; if not, write to the Free Software
# Foundation, Inc., 59 Temple Place - Suite 330, Boston, MA 02111-1307,
# USA.

# Purpose :
# . be the configuration file for all smbldap-tools scripts

##############################################################################
#
# General Configuration
#
##############################################################################

# Put your own SID
# to obtain this number do: net getlocalsid
SID="S-1-5-21-1580129704-204451263-851912754"

##############################################################################
#
# LDAP Configuration
#
##############################################################################

# Notes: to use to dual ldap servers backend for Samba, you must patch
# Samba with the dual-head patch from IDEALX. If not using this patch
# just use the same server for slaveLDAP and masterLDAP.
# Those two servers declarations can also be used when you have
# . one master LDAP server where all writing operations must be done
# . one slave LDAP server where all reading operations must be done
# (typically a replication directory)

# Ex: slaveLDAP=127.0.0.1
slaveLDAP="127.0.0.1"
slavePort="389"

# Master LDAP : needed for write operations
# Ex: masterLDAP=127.0.0.1
masterLDAP="127.0.0.1"
masterPort="389"
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# Use TLS for LDAP
# If set to 1, this option will use start_tls for connection
# (you should also used the port 389)
ldapTLS="0"

# How to verify the server’s certificate (none, optional or require)
# see "man Net::LDAP" in start_tls section for more details
verify="require"

# CA certificate
# see "man Net::LDAP" in start_tls section for more details
cafile="/usr/local/etc/smbldap-tools/ca.pem"

# certificate to use to connect to the ldap server
# see "man Net::LDAP" in start_tls section for more details
clientcert="/usr/local/etc/smbldap-tools/smbldap-tools.pem"

# key certificate to use to connect to the ldap server
# see "man Net::LDAP" in start_tls section for more details
clientkey="/usr/local/etc/smbldap-tools/smbldap-tools.key"

# LDAP Suffix
# Ex: suffix=dc=IDEALX,dc=ORG
suffix="dc=cn,dc=ntua,dc=gr"

# Where are stored Users
# Ex: usersdn="ou=people,dc=IDEALX,dc=ORG"
usersdn="ou=people,${suffix}"

# Where are stored Computers
# Ex: computersdn="ou=Computers,dc=IDEALX,dc=ORG"
computersdn="ou=computers,${suffix}"

# Where are stored Groups
# Ex groupsdn="ou=Groups,dc=IDEALX,dc=ORG"
groupsdn="ou=groups,${suffix}"

# Where are stored Idmap entries (used if samba is a domain member server)
# Ex groupsdn="ou=Idmap,dc=IDEALX,dc=ORG"
idmapdn="ou=Idmap,${suffix}"

# Where to store next uidNumber and gidNumber available
sambaUnixIdPooldn="sambaDomainName=CN,${suffix}"

# Default scope Used
scope="sub"

# Unix password encryption (CRYPT, MD5, SMD5, SSHA, SHA, CLEARTEXT)
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hash_encrypt="SSHA"

# if hash_encrypt is set to CRYPT, you may set a salt format.
# default is "%s", but many systems will generate MD5 hashed
# passwords if you use "$1$%.8s". This parameter is optional!
crypt_salt_format="%s"

##############################################################################
#
# Unix Accounts Configuration
#
##############################################################################

# Login defs
# Default Login Shell
# Ex: userLoginShell="/bin/bash"
userLoginShell="/bin/bash"

# Home directory
# Ex: userHome="/home/%U"
userHome="/home/%U"

# Gecos
userGecos="System User"

# Default User (POSIX and Samba) GID
defaultUserGid="513"

# Default Computer (Samba) GID
defaultComputerGid="515"

# Skel dir
skeletonDir="/etc/skel"

# Default password validation time (time in days) Comment the next line if
# you don’t want password to be enable for defaultMaxPasswordAge days (be
# careful to the sambaPwdMustChange attribute’s value)
#defaultMaxPasswordAge="99"

##############################################################################
#
# SAMBA Configuration
#
##############################################################################

# The UNC path to home drives location (%U username substitution)
# Ex: \\My-PDC-netbios-name\homes\%U
# Just set it to a null string if you want to use the smb.conf ’logon home’
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# directive and/or disable roaming profiles
userSmbHome="\\PSYCHE\homes\%U"

# The UNC path to profiles locations (%U username substitution)
# Ex: \\My-PDC-netbios-name\profiles\%U
# Just set it to a null string if you want to use the smb.conf ’logon path’
# directive and/or disable roaming profiles
userProfile="\\PCYCHE\profiles\%U"

# The default Home Drive Letter mapping
# (will be automatically mapped at logon time if home directory exist)
# Ex: H: for H:
userHomeDrive="H:"

# The default user netlogon script name (%U username substitution)
# if not used, will be automatically username.cmd
# make sure script file is edited under dos
# Ex: %U.cmd
# userScript="startup.cmd" # make sure script file is edited under dos
userScript="%U.cmd"

# Domain appended to the users "mail"-attribute
# when smbldap-useradd -M is used
mailDomain="cn.ntua.gr"

##############################################################################
#
# SMBLDAP-TOOLS Configuration (default are ok for a RedHat)
#
##############################################################################

# Allows not to use smbpasswd (if with_smbpasswd == 0 in smbldap_conf.pm) but
# prefer Crypt::SmbHash library
with_smbpasswd="0"
smbpasswd="/usr/bin/smbpasswd"

# Allows not to use slappasswd (if with_slappasswd == 0 in smbldap_conf.pm)
# but prefer Crypt:: libraries
with_slappasswd="0"
slappasswd="/usr/sbin/slappasswd"

Bþ.4.2 ArqeÐo smbldap bind.conf

############################
# Credential Configuration #
############################
# Notes: you can specify two differents configuration if you use a
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# master ldap for writing access and a slave ldap server for reading access
# By default, we will use the same DN (so it will work for standard Samba
# release)
slaveDN="cn=toor,dc=cn,dc=ntua,dc=gr"
slavePw="deepest_secret"
masterDN="cn=toor,dc=cn,dc=ntua,dc=gr"
masterPw="deepest_secret"



ParĹrthma G’

Sto parĹrthma autì, parousiĹzetai h diadikasÐa egkatĹstashc tou pistopoihtikoÔ tou exu-

phrethtă RADIUS apì èna asÔrmato pelĹth, kajÿc epÐshc, kai oi katĹllhlec rujmÐseic gia
th sÔndesh sto AsÔrmato Topikì DÐktuo TSN tou ErgasthrÐou DiktÔwn Upologistÿn.

Gþ.1 EgkatĹstash pistopoihtikoÔ exuphreth-

tă RADIUS

H enìthta aută, parousiĹzei th diadikasÐa egkatĹstashc tou pistopoihtikoÔ tou exuphreth-

tă RADIUS tou AsÔrmatou TopikoÔ DiktÔou TSN tou ErgasthrÐou DiktÔwn Upologistÿn
apì èna qrăsth leitourgikoÔ sustămatoc Microsoft Windows èkdoshc XP.
O asÔrmatoc pelĹthc, afoÔ promhjeuteÐ to pistopoihtikì (arqeÐo cn-cert.der), ako-

loujeÐ ta parakĹtw bămata:

Sqăma Gþ.1: EgkatĹstash pistopoihtikoÔ exuphrethtă RADIUS (bămata 1-2)
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Sqăma Gþ.2: EgkatĹstash pistopoihtikoÔ exuphrethtă RADIUS (bămata 3-4)

Sqăma Gþ.3: EgkatĹstash pistopoihtikoÔ exuphrethtă RADIUS (băma 5o)

Sqăma Gþ.4: EpibebaÐwsh egkatĹstashc pistopoihtikoÔ exuphrethtă RADIUS
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Gþ.2 RujmÐseic sÔndeshc asÔrmatou pelĹth sto

TSN

H enìthta aută, parousiĹzei tic aparaÐthtec rujmÐseic pou prèpei na kĹnei ènac qrăsthc,

prokeimènou na sundejeÐ sto AsÔrmato Topikì DÐktuo TSN tou ErgasthrÐou DiktÔwn
Upologistÿn. H diadikasÐa pou akoloujeÐ, aforĹ apokleistikĹ qrăstec leitourgikoÔ su-

stămatoc Microsoft Windows èkdoshc XP, me egkatesthmèno to Service Pack 2 – SP2.

Sqăma Gþ.5: RujmÐseic sÔndeshc asÔrmatou pelĹth sto TSN (bămata 1-2)

Sqăma Gþ.6: RujmÐseic sÔndeshc asÔrmatou pelĹth sto TSN (bămata 3-4)
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Sqăma Gþ.7: RujmÐseic sÔndeshc asÔrmatou pelĹth sto TSN (bămata 5-6)

Sqăma Gþ.8: RujmÐseic sÔndeshc asÔrmatou pelĹth sto TSN (bămata 7-8)

’Oson aforĹ ta leitourgikĹ sustămata Unix, upĹrqei h anoiqtă ulopoÐhsh Open1x, pou
epitrèpei th sÔndesh se èna AsÔrmato Topikì DÐktuo IEEE 802.1X/PEAP [21].
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