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“Métpnon ¢ Atadiktuakng Z0véeong MAnBuopwv Xpnotwv pe Xprion Evepywv
Metproewv”

NEPINAHWH

To Awadiktuo PBeAtiwvetal SlopKWG 000V adopd TNV TAPOXN TEPLEXOUEVOU OTOUG
TeAKoUG Xpnotec. Auth n BeAtiwon Baoiletal og peydloug maikteg onwe to Google kot
To Facebook. Map "0Aa autd, n ekTeTAPEVN XPrion EbapoywVY XpRoTn-pog-xpnotn (T.x.,
peer-to-peer, Blockchain) B€tel To epwtnua yla To Mw¢ ot TeAKol Xprioteg cuvdEovtal
HETAEL TOUG. TOo €pWTNUA TOVI(ETAL TIEPALTEPW QIO TO YEYOVOG OTL €xouv avadepBel
TIOAAQTTAQL UTTOTITAL TIEPLOTATLKA XELPOYWYNONG LOVOTIATLWY VLo ETIKOLWVWVIES XpHOTN TTPOG
XpNotn, LETaL SIKTUWV EVTOC piag xwpoc.

Y€ QUTAV TNV €py0oia, XpNOLLOTIOLOUE EVEPYEG LETPNOELS (BnNAadr) traceroutes peTaty
HUETPNTIKWYV ouokeuwv RIPE Atlas) kat dnupooiwg OlaBéowa Sedopéva, ywo va
Olepeuviooupe T OSlacuvdeon Twv SIKTUWV TOU €EUMNPETOUV TOUC UEYAAUTEPOUG
mAnBuopoUg xpnotwy o€ onotadnimnote Sedopévn xwpa. ZUVSUATOULE TIG EKTLUNOELG TOU
mMANBuopoUL Twv XPNoTwV avad autévouo cuotnua (AS) amod to APNIC, Ye T LETPAOELS
erunédou Oebopévwy (traceroutes) kot €€AYOUPE OUUTIEPACHOTO OXETIKA HE TN
ouvdeolpuoTnNTa Xpnotwv yla 114 xwpeg, otnv mapodo tou Xpovou. MNpokelpévou va



UEAETOOVE TIG TITUXEG OUVOECIUOTNTAG avA XWpPa, Kataokevaloupe éva framework
mou amoBnkevel kat emefepyaletal polika dedopéva traceroute, kablotwvrag Ta
enetepyaocpéva anoteAéopata dtabéolpa péow evog online dnudaotou APL. Ze unviaia
Bdaon, avaAvoupe ~420K traceroute povomartia, amnd ~3,5K RIPE Atlas cuokeuég o€
~2,6K autévoua cuotiuata.

E€dyoupe oTATIOTIKA OTOLXELX KOL TIPAYUOATOTOLOULE CUYKPLOELG UETOEL Xwpwv OCOV
adopad: (i) To povomaTia Tou EEPYOVTAL QIO TN XWPO EVAVTL EKELVWY TIOU TIAPAUEVOUV
EVTOG TWV XWPwv, (i) TIq Apeceg oUVEEDELG EVaVTL TwV CUVOECEWV PECW EVOLAUECWY
Siktuwy, (i) Tig Stehevoelg péow IXP (Internet eXchange Point) évavtl twv dteAevoswy
€KTOC IXP. MeTa &l TwV AMOTEAECUATWY LAG, TOPATNPOULE OTL LUE TNV TTAPOSO TOU XpOVOU
T0 20% €W 50% TwVv ouvdEaewv HeTafL xpnotwv otnv EAAada Staoyilel éva IXP, evw oTLg
H.M.A., TO TTOCOOTO TETOLWWV CUVOECEWV €lval POALG 3%. ETUTAéov, MPOTEIWVOUNE pLa
pnebodoloyla yla vo LETPROOUE TO TIOCOOTO TWV CUVOECEWVY XpnoTwy Tou dlacyilouv
evllapeoa diktua. Na nmapadeypa, ot H.M.A. T0 8% Twv cuUVEECEWV HETAEU XPNOTWV
SlEpeTal HEow TOU SIKTUOU €VOC PEYAAOU TTAPOXOU UTINPECLWY, 0TABEpA OTOV XpOVO.
EkToc amo ta Siktua mou KAAUTITOUV TIG LEYOAUTEPEC TTANBUCULOKES OLASEC O€ pia xwpa,
g€etaloupe KoL TIg Stadopeg HeTtafl Twv SUo MPWTOKOA WV Aladiktuou (IPv4 / IPv6) 6oov
adpopa TO UAKOG TWV LLOVOTIOTLWY, T LOVOTIATLO TIOU PEVOUV EVTOC N e€€pYovTal amo pLa
Xwpa, kKabwg Kot TG dteAevoelg péow IXP. Mapatnpoupe OTL Ta povomaTtia tou IPv6 eivat
HULKPOTEPO WC TIPOG TO UAKOG amo ta avtiotolya tou IPv4 o OAeg oxedoOvV TIC XWPEG.
ErtutAéov, otig HMA to mooootd povonatiwy ou Staoyilouv éva IXP oto IPv6 eival ~50%,
6nA. 8Uo dopég peyalutepo amnod O,tL oto IPv4. TéNog, aflodoyolpe tnv MANBUoULOKD
kaAun tng mAatdopuag tou RIPE Atlas o 6Ao Tov KOGUO.
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“Measuring Internet Connectivity Between User Populations Using Active
Measurements”

ABSTRACT

The Internet is getting better and better at delivering content to end-users; this shift is
spearheaded by Internet giants such as Google and Facebook. Nevertheless, a number of
applications (e.g., peer-to-peer, Blockchain) rely on user-to-user connections, which
raises the —still open— question of how end-users are connected with each other. This is
further stressed by the fact that multiple suspicious incidents of path manipulation for
user- to-user communications have been reported.

In this work, we use active measurements (i.e., traceroutes between RIPE Atlas vantage
points) and publicly available datasets to explore the interconnectivity of the user-facing
networks with the largest user populations in any given country. We combine user
population per autonomous system (AS) estimates from APNIC with data plane
measurements and provide insights into the user-to-user connectivity for 114 countries,
over time. In order to study per-country interconnectivity, we construct a framework that
stores and processes massive traceroute datasets, making refined results available via an
online public API. On a monthly basis, we analyze ~420K traceroute paths, from ~3,5K
RIPE Atlas probes in ~2,6K ASes.

We derive statistics and comparisons between countries in terms of: (i) out-of-country vs.
in-country paths, (ii) direct connections vs. intermediary networks, (iii) IXP crossings vs.
non-IXP crossing paths. We discover among other findings that over time 20% to 50% of
the user-to-user connections in Greece cross an IXP; while in the U.S., the fraction of such
connections is only ~3%. We also propose a methodology to infer the transit
betweenness of networks in the user-to-user paths. For example, in the U.S. 8% of the
user-to-user connections flow through the incumbent provider, consistently in time.
Besides, we go beyond eyeball networks, and focus on the differences between the two
Internet protocols (IPv4/IPv6) in terms of path lengths, paths staying in or going out of a
country, as well as IXP crossings. We observe paths in IPv6 to be shorter than IPv4 for
almost all countries. Moreover, in the U.S. the fraction of paths that cross an IXP in IPv6
is ~50%; two times more than in IPv4. Finally, we evaluate the coverage of RIPE Atlas on
user populations around the globe.



