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“ BPHS: Eva epyaleio npooopoiwong emB£cswv npoBEpatog
BGP nou untootnpilel ptAtpapiopa RPKI”

NEPINAHWH

To npwtokoA\o BGP (Border Gateway Protocol) xpnowlomnoleite anod
Ta Au- tévopa Zuotiuata (onwg, Comcast, AT&T, COSMOTE) wote va
Stapnuilouv oto Internet povondtia 6pooAdynong yLa To cUVOAO Tou
xwpou IP SieuBuvoswv (6nAadn, IPv4/IPv6 poBépata Siktuou) Kal va
eykaObpuouv inter/intra-domain Swadpopéc oto Internet. Mapd tnv
ETEKTAOLUOTNTA KAl TNV duvatotnta va ekppalel TTOAUTIAOKEG TTOALTIKEG
SpopoAoynong, to BGP (amo to oxedloopo tou) dev SlabEtel kaveva
UNXOQVIOUO aopAAELaG, OTWCE lval n miotomnoinon twv dtapnuilopevwy
Swadpouwv. “Etol, éva AuTOvopo Zuotnua €xeL tnv duvatotnta va
Stapnuilel mapdavoueg Sladpouég yia npoBéparta IP mou dev KaTEXEL
AUTEC oL mapdvoueg avakowwoelg dtadidovral kot poAUuvouv TOANG
Autovopa ZuotiuaTa 1 Kot akopa oAOKANPo Tto Internet, pe anotéAeopa
va ennpedlouv tn SLBecLUOTNTA, TNV AKEPALOTNTA KAL TO AOPPNTO TWV
ETUKOWVWVLIWV. To palvopevo autod ovopdletol melpateia mpodeuatoc
BGP (n BGP prefix hijacking) kot pmopel va mpokAnBet eite amd Aabog
TIAPOLETPOTIOLR OELG SpOUOAOYNTWY, ELTE Ao KOAKOBOUAEC eMIBETELC.
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To RPKI (Resource Public Key Infrastructure) eival éva LepapxLKO
oUOTNUA TIL- OTOTIOLNONG TIOU OTOXEVEL OTNV TPOoTAcia Tou Internet amno
QUTEC TG emBéoelg melpateiag mpoBéuatog BGP, elodyovtag tnv
niotonoinon wWoktnoiag mpobéuatog IP. Mapd Tov onNUAVIIKO Tou POAO
otnv acddlewa tou Internet, n avamtuén tou RPKI eival apyn
(xpnoluomoleite mepinou amnod to 20% twv AUTOVOUWV ZUCTNUATWY OTO
Internet) AOyw tnNg MEPLOPLOUEVNC ULOBETNONG TOU Ao Ta MEPLOCOTEPQ
Autovopa Zuothuata (dnAadr, mpootatelel éva AutOvopo UoTnua
HOVO OTav €vag Meyalog aplBudg amd Autovopa UoTnuota TO
xpnowtomotel Aén) kat AOyw Twv TMOAUTAOKWY UNXOVIOMWV TOU TIOU
obnyouv og avBpwrva Aadn.

APKETEC EPEUVNTIKEC EPYAOLEC £XOUV TPOOTIOONOEL VA EKTILUCOUV TOV
avTikTUTIO TWV ETIBECcEWVY TtElpateiag mpoBEpatog BGP kal ta odp€An TG
uloBétnong tou RPKI oto Internet péow aAyopiBuwv mpocopoiwong mou
povtehomololv to ypadnua Tou Internet kalL to TPpwtokoAAo BGP.
Qot000, SV UTIAPXEL KOULO OXETLKN €Pyqoia TOU va TPOTEIVEL Evav
TipocopolwTr BGP o omolog va emTpEnel 0Toug SLAXELPLOTEG SIKTUWV val
aflohoyolv ypriyopa Kol €UKoAa Tnv eumadbsia Twv AuTOVOHWVY
JUOTNUATWY Toug Ot €eTBE0ELg Telpateiag mMpoBépatog BGP katl va
Sie€dyouv TNV £peuva TOUG HEOW €vOC IALKOU TPOC TOV XPNoTn
epyalAeiou ( unnpeoiag) mpoocopoiwong BGP.

e aut) tnv epyacia, €lcdyoupe to BPHS, to MpwTo €pyaleio
npooopoiwong enbécewv melpateiag npobBepatog BGP mou emttpenel
otoug Slaxelploteg diktuwv (a) va aflohoyolv TNV euTdBela Twv
AutOvouwY ZuoTNUATWY Toug o€ emBeoelg mpoBEpatog BGP kat (B) va
HETPpOLV Ta 0dEAN TNG uoBETnong tou RPKI oto Internet, ypriyopa Kot
€UKOAQ, HEOW HLaG GLALKAG TIpog Tov Xpriotn web edpapuoync.

AflohoyoUupue TtOo BPHS avamapdyovtag TPAYUATIKEG LOTOPLKEG
emBéoelg mpoBépatog BGP mou eviomiotnkav oto Awadiktuo Kol
amokOaAUTITOUE Ta 0dEAN TNG VLOBETNOoNG Tou RPKI paypatonolwvtog
Ml ouyKpLTIK UeEAETN (xpnoluomowwvtag to BPHS) mou &eixvel 1o
Mooootd  erutuxiag twv  emBécswv  ywa  SladopeTikd  oevapla
dtpapiopatoc RPKI. EmutAéov, e€ayoupe Suo Aloteg katataéng mou
Selyvouv ta MO €VAAWTA AUTOVOUO ZUCTHUOTO KOl TIC TILO EUAAWTEC
XWPEG o€ eMIO€oeLc elpateiag mpoBEpatog BGP, cupnephapBavopuévwy
TwWV To €evdAwtwv EAnvVikwv  Autovopwv  Iuotnpatwyv. Ta
anoteAéopata tng afloAoynong Oeixvouv OtL to BPHS eKkTlud tov
avtiktumo twv emBécewv pe vPnAn akpifela kat otL To GATpApLOUA
RPKI otnv paxokokaAld Tou Internet PELWVEL ONUAVIIKA TIG ETOEOELS
npoBéuatoc BGP.
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“BPHS: A BGP Prefix Hijacking Simulation Tool Supporting RPKI
filtering”

ABSTRACT

The Border Gateway Protocol (BGP) is used by the Autonomous
Systems (e.g., Comcast, AT&T, COSMOTE) to advertise AS paths for the
corresponding routed IP address space (i.e., IPv4/IPv6 network prefixes)
and establish inter/intra-domain routes in the Internet. Despite its
scalability and capabilities of expressing complex routing policies, BGP
lacks many security features by design, like the authentication of the
advertised routes. Thus, an Autonomous System (AS) is able to advertise
illegitimate routes for IP prefixes that it does not own. These
advertisements propagate and “pollute” many ASes, or even the entire
Internet, affecting service availability, integrity, and confidentiality of
communications. This phenomenon is called BGP prefix hijacking and can
be caused by either router misconfigurations or malicious attacks.

The Resource Public Key Infrastructure (RPKI) is a hierarchical
certification system that aims to protect the Internet against these BGP
prefix hijacking attacks, introducing IP prefix ownership authentication.
Despite its crucial role in Internet security, RPKI deployment is slow (i.e.,
around 20% of the total ASes on the Internet) due to its limited adoption
from most ASes (i.e., it protects an AS only if a large number of other ASes
already use it) and due to its complex mechanisms resulting in human
errors.
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Several research works have tried to measure the impact of the BGP
prefix hijacking attacks and the benefits of the RPKI adoption in the
Internet through BGP simulation algorithms that model the Internet
graph and the BGP protocol. However, there is not any related work
proposing a BGP simulator enabling network operators to quickly and
easily assess the vulnerability of their Autonomous Systems to BGP prefix
hijacking attacks and conduct their study through a user-friendly and
plug&play BGP simulation tool or service.

In this thesis, we introduce BPHS, the first BGP Prefix Hijacking
Simulation tool that enables network operators to quickly and easily (a)
assess the vulnerability of their Autonomous Systems to BGP prefix
hijacks and (b) measure the benefits of the RPKI’s adoption in the
Internet, through a user-friendly web application.

We evaluate BPHS by replaying real historical hijacks detected in the
Internet and reveal the benefits of the RPKI adoption by conducting a
comparative study (using BPHS) showing the attacker’s success rate for
different RPKI filtering scenarios. In addition, we extract two rankings lists
showing the most vulnerable ASes and countries to BGP prefix hijacking
attacks, including the most vulnerable Greek ASes. The evaluation results
show that BPHS estimates the impact of a hijack with high accuracy and
that the RPKI filtering in the Internet backbone significantly reduces the
BGP attacks.



