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“ MeAétn twv PndLakwv TILoTONoUTIKWY TIPWTOKOAAOU SSL Kot Tou ovTEAOU avAKANoTG
toug”

NEPINAHWH

H StaBéoun mAnpodopia oto dtadiktuo €xel auénbel pe tepdotioug pubuoUg TG00 Ot
OYKO 000 KOl Of TOAUTAOKOTNTA KOl N TACN autrh TPOPAEMETAL VA OCUVEXLOTEL
ErunpooBeta ta Stapolpalopeva dedopéva adopolv evaicbnteg mAnpodopieg Kal wg
anotéAeopa n dStaoddAlon toug eival amapaitntn. Zto Paciko MPWTOKOAAO petadopdg
umepkelpévou Hypertext Transfer Protocol (HTTP) n mAnpodopia eival og popdn amiouv
KELLEVOU KATA TNV oVTaAAQyr HNVUUATWY, LE ATOTEAECHA OTIOLOOSNTIOTE VA UIMOPEL va
™V UTOKAEPEeL. ETtiong, moANMAEG peA€Teg €xouv Seifel TV eukoAia pilog eniBeong yla
Tov €Aeyxo uag ouvedpiag HTTP. OL mapamdavw AdyoL evteivouv tnv avaykn yla tnv
umapén kpumtoypadnueévng eMKOVwWVIag anod tnv nnyn otov npooplopd (E2EE: End-to-
End Encryption), 0xL pOVO O€ LOTOOEAISEC OTIG OTIOLEG TIPOYLATOTIOLOUVTOL OLKOVOULKES
ouvallayeg, aAAG KaBoAlkd. To mpwTtokoAAo HTTPS (HTTP over SSL) avamtuoostal ylo
va KAAUTTTEL TIC TTpoavadepBOeiosg avaykeg Kot TAEoV To 2017 £xel GTACEL OTO ONELO TTOU
yivetal kavovag kat oxtL n e€aipeon.



‘Eva PndLakd motomotntikd mpwtokoAou Secure Sockets Layer (SSL) / Transport Layer
Security (TLS) Baoiletat otnv kpuntoypadia dnuociov kAeLSL0U Public Key Infrastructure
(PKI), wote va ouvbéoel €va kpumtoypadiko KAELSL pe tnv ovtotnta mou Staodaliletal
EkSidetal and kamola apyxn miotonoinong - Certification Authority (CA), mou Bswpeital
«EUmIoTo Tpito MEpPOC», n omoio mpayupatomolel pia Stadikacia  emikUpwonc.
ErunpdoBeta, €xel pia mpodlayeypappuévn mepiodo oXUOG, LE CUYKEKPLUEVN apxn Kol
TENOG KATA TNV omoia Bewpeital €ykupo, €KTOC Kal av avakAnBel. TEAog, yla va tnv
efakpiBwon tNG yvnolotntag Ttoug ol TAnpodopileg autég umoypdadovtal PE €vav
KPUTITOYPOPLKO aAyOpLOO, TO ATOTEAECHA TOU OToiou UTtoAoyileTal amo To POy PO
TepLynong.

H petamtuyiokn auth Statppn, £XEL WG OKOTO TNG TN SLlEPEUVNON TOU OLKOGUOTHHOTOC
Twv PndloKwyv TILOTOMOLNTIKWY TPWTOKOAAOU SSL, avaAlovtag TiG PBACLKEG TOUg
OUVLOTWOEG KAl ETIXELPWVTAC VA aVASELEEL CUGKETLOMOUC KOl TACELG TTOU CUVOEOVTAL UE
QUTA, WOTE O AVAYVWOTNG VO ATIOKTHOEL ia GUVOALKA ELKOVA TNG ULOBETNONG TOUG. 3TN
ouvéxela, mapouotalovtol evOLADEPOUOCEC TEPUTTWOEL TIOU TIPOKUMTOUV amd Ta
Sebdopéva kal oulntouvtal os BaBo¢ MBavEG CUCXETIOELG TOUG LE LOTOOEALISEG e HEYAAN
emokePuotnTa. EmumAéov, eAéyxetal n umoBson pag OTL Ol LOTOOEAISEC QUTEG
€dapuolouV CUCTNUATIKOTEPA TIG BEATIOTEC TPAKTIKEG A0DAAELAG. Lo TNV AVAAUGCH AUTH
Xpnotdomnotlovvtal ta Snuociwg Slabéoua ouvola Sedopévwv tou  Certificate
Transparency, to omoio otoxeUel otnv Sladadvela tng e€amlwong Twv Yndlokwv
TIOTOMOLNTIKWY KaBw¢ Kot Tou Alexa mou Statnpel tn oelpd Katataéng LotooeAidwy
Baoel NG EMIOKEPLUOTNTOG TOUG KAl TWV OTATIOTIKWVY ylol KuBepvoemiBEoelg, amnd To
Hackmaggedon.

Katomiv, e€etaletal To HOVIEAO EUMIOTOOUVNG YUPW amo TIG SLAdOPEG TTUXEC TWV
PNndLaKkwy TLOTOMOLNTIKWY TIPWTOKOAAoU SSL. Opuwpevol amod yvwoTéG aduvauieg Tou
TPWTOKOAAOU SSL kat tou Stadodxou tou TLS, avadepOUOOTE O MEPUTTWOELS OTIOU T
Pndlakd moTomoNTIKA €xouv xpnotporownBel ywa va  KaAugouv KakoBouAn
ouunepLPopd. JUUTANPWUATIKA OoVOPEPOUACTE OE TEPUTTWOEL ONMOU Ol OPXEG
miotonoinong daivovral avemapkeic otn dtadikaoia Tng EMKUPWONG TWV OVIOTATWYV yLlo
TIC OTMOleC eyyuwvtol XTn OUVEXELQ, yivetal blaitepn pvelad oOTOUG UNXOVLIOUOUG
OVAKANONG TWV TIOTOMOWNTIKWY, UTIoypappilovtag tn onuaocia toug Oeiyvovrtag
OUOXETLOELC KOL OTOTLOTIKA YUPW ATtO QUTOUG Kol avapEPOVTAC YVWOTEG EMIOECELG TTOU
odeilovtal otnv apéAsla TNG owotHG PapUOYNG TOU EAEYXOU TWV UNXOVIOUWY QUTWV.
KaBwc to patvopevo autod cuvEEETAL AUEDSA LIE TIC AOUVOHLEC TWV UTIAPXOUCWV AUCEWV
yla ToV EAEYX0 TNG KATAOTACNG LoXUOG 1 TNV OVAKANGN TWV TILOTOTIOLNTLKWY, CUYKPIVOULE
ta To OSadedopéva TMPWTOKOANA KOl KATIOLEC TOAA UTIOOXOMEVEG, Tipoodata
npotabeioeg AUOELC.



Jav MPOOoLLo MEANOVTLKAG EvOoXOANoNG Kol €peuvag, oUANOYLOUAOTE €AV N UTIOSOUN
Tou &nuoolou KAewWdlol X.509 eilval kavr va UTOOTNPiEEL To €€ALPETIKA pEYAAOU
HeyEBou¢ SikTuo TwWV Slaouvdedepévwv CUOKEVUWY TIou amaptilouv To “Aladiktuo Twv
MNpayudtwv” - Internet of Things (loT), To omolo amoteAsital amd EVOWUATWUEVES
OUOCKEUEG LE TIEPLOPLOUEVEC UTIOAOYLOTIKEG SuvaTtotnteg. Exovtag wg évavopa tnv ¢uon
QUTWV TWV OUCKEUWV OUINTAME ALYOTEPO QUTOLTNTIKA TIPWTIOKOAAQ, KaBw¢ TO
PWTOKOAAO SSL/TLS €xel amodewyBel emaxBég otnv mapadoolakn Tou popdn Kot
TPoTElVOU LE MOPAAAAYEG YVWOTWV MPWTOKOAAWYV TTIOU UITOPoUV VA TIPOCAPLOOTOUV OTNY
OPXLTEKTOVLKHA TOUG.

Yuvoyilovtag, otnv MTUXLOKN auth epyacia avoAvetal n e€amlwon twv Pndlakwv
TILOTOTIOLNTIKWY SNUOCLOU KAELSLOU KAl TIWE AUTH CUCXETI(ETAL PE TNV EMLOKEPLUOTNTA
TWV LOTOOEASWY Kol WG emnpealetal amod KUuPepVOETIBECELC KAl YVWOTOTOLOELG
YVWOTWV aSUVOULWY TOU TIPWTOKOAOU. Alvetal emiong €udoon oTtoug UNXOVIOHOUG
€AEYXOU AVAKANONG TWV TILOTOMOLNTIKWY KAl TwV adUVAULWY TIoU €XOUV OnUEWWBEL oe
QUTOUG KAl aVOAUOVTOL TIPOTELVOUEVECG AUOELC O QUTEG. EV KaTakAelSL KaBwC oL CUOKEUEG
Tou loT eivat Nén apketd Stadedopéveg XwPIE va £€XOUV TIG amapaitnTeg mpoUmoBEoelg
yia tnv SwoddAion tng oodaAoug emkowwviag, ovadepopaote ota  Booka
MPOBAAUATA TOUG Kal TG AUCEL( TIOU MIOPOUV va Tpoodépouv ta Yndlaka
TILOTOTOLNTIKA, L€ OKOTIO VO. TIPOETOLUAOTEL TO €600 Yo LEANOVTIKEC EPYAOILEG.
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“Study of the SSL certificates and their revocation model”

ABSTRACT

The information shared over the Internet today is enormous, very personal and thus it
must be secured. Several studies have pointed out the simplicity of HTTP session hijacking



attacks and this stresses the fact that encrypted end to end communication is not a
necessity only for websites with economic transactions. HTTP over SSL (HTTPS) is evolving
and in 2017 it has reached the point where it is becoming the norm rather than the
exception. TLS protocol, the successor of SSL, has room for improvement and so do the
SSL/TLS certificates, which are used to secure and authenticate trusted entities.

An SSL or PKIX certificate binds a cryptographic key to a certain subject. It has a predefined
validity period, during which it is considered trusted unless it is revoked. To attest its
validity it is issued by a Certification Authority (CA), which is a trusted third party. One
certificate may secure one or many entities, under a validation process which is
performed by the CA. Moreover, to sign this information, the issuer uses a signature
algorithm, that is computed by the browser.

This thesis is a measurement study that aims to shed light on the ecosystem of SSL
certificates so that the reader can have an overall perspective on how they are adopted.
Initially we analyze their basic components and attempt to indicate correlations and
trends, and consequently, we discuss interesting cases within the data and possible
correlations of certificates with high traffic sites' maintenance and with known attacks.
To this end, Certificate Transparency's public data set, along with Alexa's top sites and
Hackmaggedon statistics on cyber attacks are used.

Additionally, the trust model around different aspects of the SSL certificates is closely
examined. First, after reviewing known weaknesses, we explore cases where certificates
were used as a mean to conceal rogue behavior and last we show where certification
authorities fail to correctly validate secured entities. Furthermore, this study focuses on
revocation to measure the trends around it and emphasizes the importance of revocation,
by demonstrating known cases of attacks, which were due to the negligence of status
checking. Additionally, since the main reason that revocation checking mechanisms fail is
due to the related protocols applied, we take a step further to analyze and compare
existing solutions and newly introduced promising protocols.

As a prime to future work, we contemplate whether the PKIX infrastructure is suitable to
support the vast network of the Internet of Things, which is comprised of embedded
devices with limited computational capabilities. SSL/TLS protocol proves to be
burdensome in its traditional state, so we discuss less demanding protocols and variations
tailored to their infrastructure.



