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Evyaprotisg

Apyikd, Ba MBeha vo evyapiotiom tov Ap. HAia ABavacémovio o EmPrénmv
Kabnynt yio v cvveyn Pondeta kot kaBodnynon katd m didpkelo g EKTOVNONG TG
TopoHGOG ATOUIKNG SUMAMUATIKNG epyaciag. Ga Oeia eniong va TOV EVYUPIGTIC® Kot
Y Vv owpkn Ponbela kot ompién g Akadnuoikd XvpPovio Koatd T SldpKel

@oitnong pov oto Iavemotwo Konpov.

Axoun, o Bela va ELYOPICTICW TNV OIKOYEVELX OV KO EWOIKA TNV UNTEPO LLOV Y10, TV
aTtéPUoVN oTHPIEN KOl GLUTOPAGTOCT) TOVG GE OAEC TIG OVOKOAEC OTIYMEG KOTA TNV

dlapKeLa TG OITNONG LLOV.

Téhog, Ba NOela Vo EVYOPIGTNOW® TOVS PIAOVG LoV TOV NTOV TAVTO GTO TAEVPO OV KOl
pe otplav. Idwaitepeg evyapiotieg otov eido pov Avopdviko XapoAGumrovg mov Nrav
dimha pov € avtd To TALIdL Ao TIG TPMOTEG HEPES GTO TOVETIGTILUIO, Y10 TIG ATEAEIWTES

DOPEG LEAETNG OTA EPYOCTIPLOL TOV TAVETIGTHLIOV.



IHepiinyn

"Exer mapampnOei ta televtaio ypdvia 61t 10 otkocvotua tov TOR yiveton oAoéva kot
O OOEOOUEVO KO OTOKTA VEOUS XPNOTEG GLVEXDS. O KVPLOG GKOTOG TNG TOPOVCHG
OTOUIKNG OWMAMUATIKNG epyociog, eivar va eEepeguvnBovv ol Aetitovpyiec kot ot

dvvatomteg tov TOR o¢ diktvo.

Mo v ekmdvNnon g TOPOLGOS £PEVVOG, XPNoLomombnkay Kamoto SCripts, to omoia
YPAPTNKAY OTOKAEIGTIKG Y10, aTO TOV oKOmd. Tuykekpiuéva, To. SCripts ypaepmrav og
Python ko éywve yprion g BtpAodning Stem. Eyxel emeyein Python ogn kdpa yAdooa
Yo To, SCripts Adym tov 6t 1 Python givon pior apketd woyvpn YAGooo Kot ival davikn
v ypryopn avamtuén kddwa. H Biprodnkn Stem, eivor puo controller library yuo to
TOR, kot €xel mai&el Eva TOAD GNUOVTIKO POLO GTNV LAOTOINGT T®V TEWPAUATOV TOL

YPEWCTNKAY Y10 TNV TAPOVGO EPEVVAL.

To mpoavapepBévta SCripts, givor vrevBuva yio vo Taipvouy cLYKEKPEVEG LETPNOELS

OYETIKG, e TV dNUovpYio KATo1mv KLKA®UAT®V (CIrcUits) mov dnuovpyodvot Tuyoi.

Ot mpodaypapés (m.y. number of nodes, exit fingerprint) tov circuits kabopilovtot o
TOPALETPOL TPV TNV EKTEAEST TV TEWPpaudtov. Exiong, po and t1g mpodiaypagés tov
circuits givor to URL oto omoio Oa yiver request, to omoio eivon hardcoded — dniadn
kabopiletar péco amd tov kKOdka. Ta evdidueco nodes tov kabe Circuit emAéyovtan

Tuyaio pe Baon tov oo Nodes givar dtabécipa TNy dedopévn oTryun.

Ta omoteléopata mov emoTPEPOVY TO. SCIPLS dlapépovy, avordymg Tov Toto Script
exteleitar. Mo mAinpogopio mov emoTpEéPeTan givar 1 SvVATOTNTA ONOVPYING EVOG
circuit pe PBaon T mapapétpovg mov divovtar cav gicodoc. Akduo, Kamolo SCripts
EMOTPEPOVV AMOTEAECUATA OXETIKG e To EVOLdpesa nodes, Tov ypovo mov YPEdoTnKe
éva circuit yio va dnpuovpynbei 1 akdpa Kot Tov xpovo mov ypeldotnke Eva request va
eEumnpetmBel. Me avt| v peiétn, maipvovpe kdmowo Pacikd ctotyeio oxeTikd e TO
TOR wg diktvo kot dtbpopa epyadreio Tov pumwopohv vo ypnopomomovy pe oKond vao.

katoldPovpe g Asttovpyei to TOR.
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1.1. Tuveivorto TOR

To TOR egivor éva avdvopo SikTvo EMKOVOVIOG TO 0Tolo &lye apyicel cav 10€a TV
dekoeti tov 90 pe okomd TNV AVAOVLUN EMKOWOVIO OKOUO KOU OV KATOl0G
napakoAovfovce to diktvo [1]. ZRuepa ypnoiponoteite and évo peYyGro aplOpd ypnotov
ov Bélovv va dtutnpnoovy v avovopio tovg. To Tor a&lomotel o vAomoinon tov
TPOTOKOALOL dpoporoynong Onion [2] to onoio Oa emekteivovpe 610 ETOUEVO KEPAAMLO.
Amotedeital amd €va S1IKTLO SPOUOAOYNTMOV Ol 00101 TAPEYOVTOL EDEAOVTIKA OO TOVG
ypnotec. Me avtd tov Ttpdémo umopel vo amo@evyfel 0mol0dNTOTE TAPUOOGLUKOG
LUNYOVIG OGS TTapakoAovnong kot avaivong diktoov. Eriong to Tor ypnoyonoteital yio
v onpovpyio. KpLEAOV LINPESLOV. O1 SIUKOUIGTES AVTOV TOV LVANPECLDY UTOPOVV VO
TPOCTELAGTOVV UOVO HECH TOVG TPOYPAUUATOS TepMynong tov  Tor. Mw tétown
VINPECI £XEL OG AVAYVOPLOTIKO £VO. GVVIEGLO ONION T0 07oi0 dev oyeTileTon pe Kamolo
onuoota drevBvveon IP. To Tor prmopel va eppunvedoel avTovg ToVG GLVIEGOVS KO LTopel

va TpomOncel TakéTo omd/TPog ATV TNV VANPECIOL.

1.2.  Onion Routing Protocol
H dpopordynon Onion eivarl o tpoémog pe tov omoio to TOr umopel va dpoporoynocet
TOKETA GE OTOL0ONTTOTE KOUPO Ko TapAAANAL Vo vdpyel avovopio HETaEd TG TG

EMKOVOVING.



g0 —

ay 2 Er
Meotde 2

-
T ?
—

Dstnalion
Serer

Ky 1 Encrypiion

Ky 2 Decrypton Rlirgeans.

Ky 1 Decryption Ky 3 Encryption

Noda 1[ngan

S o

2yrio 1.1 Onion Routing [3]

2TV Mo AV £1KOVO BPAETOVLE TNV S10dIKAGTI0 TOV EKTEAEITE £TGL MOTE VO TAPEXETOL M
avovopio péca oto diktvo. Apywkd o client Oo emé€el and pa Aioto KOUP@V TOL
TOPEYOVTOL OO EVOV OLOKOUGTH KATOAOYOL e TOVG KOpPovg tov diktHov. Ot koufot
nmov &yovv emheyfel Ba dnuiovpyncovy éva povomdtt “circuit” 6mov ta mokéto Oa
TpomOnbovv KpvmToypaPNUEVE 0O aVTOVS TTPog Tov Tapainmn. o va vrdpéer n
avovopio pHetagd avtig TG emKovmviag Kavévasg kOUPog péca oto diktvo dev EEpet
OGO peydho givor To povomdrtt kKabwg emiong Kavévag KOpPog dev EEpetl molog NTav o
apykds kOUPog mov TpomBNOnKav ta makéta. Movo o telkdc kOpPog yvopilet 0Tt etvan
0 Tehevtaiog aeov eival o kOpPog mov Ba amoxpvrToypapnBodv To TOKETO Kol Oa
mpowdnbovv otov tehkd mopoAnm. o va emitevybel m mo mwhve Sadikacio

ektelovVTOL TO O KAT® Pruata (vwobBétovpe Ot To povomdtt Oo amoteleiton amd 3

KOpuPovg):

1. O client opilel 3 ovppetpikd KAEWG To. ool Ba ypnoipomomnBovy Yo va yivel
3ov emmédmv KpumToypagenon tov unvopotoc. Ectom message to pjvopa mwov Bo mpémet
va otaAbel, Tote Oa £xovpe encrypt(encrypt(encrypt(message, key3), key?2), key1l).

2. Topa 1o pqvopa 8o otarbel otov 1o kOuPo péca oto povomdrtt. Ot povadkég
AN poeopieg mov €yl avtd o KOUPog eivor To KAl 1 ko Tov endpevo kopPo (képpog 2)
mov Ba Tpowbnoet To uRvopa. O k6pPog 1 amokpvTTOYPOEEL TO VLA KOt aKOAOVOMC

10 Tpowbel oTOV EMOUEVO KOUPO.



3. O xoépPog 2 AopPdver T0 unvoupo, TO OTOKPLTTOYPUPEL Kot T0 TPowbel GTOV
endpevo koppo mov yvmpilet ( k6pPog 3).

4. O xoppog 3 AapPavetl To pnvopa, To amokpumtoypagel Kot propei va to dtofdost.
Avt| v otiyun o kopPog yvopiletl 6t sivar Evag kopuPog ££600v aAAd dev pmopel va
Eépetl amd moh mponibe o punvopa. To mpowbel otov mapoinmtn kot waipvel amdvrnon

To®.

H Sdikasio yio vo otoAfel Tiom po omdvtnon amd Tov TopaAnTTn ivat avticTpoen.
AnAaodn o KOpPog 3 KPLTTOYPOEL e TO KAEWDT TOV TNV amdvTnom Kot TV Tpowbel otov
KkouPo 2 kot ovTm KabeENg. Otav o client Adfet tnv KpurToypaPNUEVT OTTAVINGT UE TOL 3
EMMEDN KPLTTOYPAPNONG TOTE UTOPEL VO TOL OITOKPLTTOYPOPT|GEL APoV YVOPIlel Ta
KA.

[Topdpota dradikacio yivetor av To LOVOTATL PTIOYTEL LE TEPIOTOTEPOVG 0md 3 KOUPOLG,.
Aniodn o kdBe kopuPog Ba amokpunToypael pe To O1KO TOV KAEWT Ko B Tpowbel to
uqvopo pEYpL va ticel otov kKoppo €£60ov 6mov 10 unvopa Ba wpowBnbel otov

TOPOANTTY.

1.3. Xkomog AAE

O oKomdGg TG TAPOVGAG ATOUIKNG SIMAMUATIKNG epyaciog eivar 1 e&gpedvnon tov TOR
®¢ dikTVO. TuyKeKpuéva, ypaetnkov Kamotla SCripts, ta omoia givar vevbvva Yo v
GLALOYN GLYKEKPIUEVOV TANPOPOPLOV GYETIKA WE TNV dnpiovpyio Circuits doupopwv
ueyebmv, ta onoia amoteAovvtal and tuyaio nodes. To Koo yopaKTNPIoTIKO TV CIrCUits
eivon to Exit Node, to omoio mpokabopiletar amd tov xpnot. Axdua, péco and Kamolo
amd To TEWPALOTO TOPpATNPEITOL O YPOVOS oL YperdleTon Eva request va e&ummpetnOel
avoldywe g tonobeciog Tov Exit Node, to omoio kabopileton kdOe popd mov TpéyeL TO
nelpape. Me to Telpapota mov ekteAéstniay, xovv eoydel kamowo amoteléopata o
omoio. agopodv 1o uéyeboc tov Circuit aAld kai tov ypdvo mov ypetdlETor va
e&umnpeOel éva request pe Paon v tomobecio twv nodes mov amaptilovv 10 KAOE

circuit.
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1.4.

Aopij AAE

H ovykexpiévn atopikn dwmhopotikny epyocio amotedeitar and 6 kepdiouo OmwG

QaiveTal O KATO :

Kepdrawo 1: Etcaymyn ya to 1t givar o TOR ko cvvroun eneénynon g AAE.
Kepdrao 2: Tleptypaen melpopdtomv mov ektedéctnioy kot ere&ynon tov mmg
£rpeCav ta TEPAUATA.

Kepdiato 3: Ovtoun meptypaer| TV pYoAEimv TOv ypnotpomomnikay yio v
eKTELEOT) TOV TTEPAPATOV Ko Ene&ynon vAomoinong.

Kepdrato 4: Tepapatikd oamoteAEGHOTO KOl GYOAMOGHOG.

Kepdrawo 5: EEaymyn cvunepacudtov pe BAcn o amoTeAEGHATO TOV KEQAAOiOV

4.

11
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Ye avtd TO KEQAAOMO TEPLYPAPETOL 1) OPYITEKTOVIKY] TMOV TEPOUATOV 7OV EYOLV
mpaypoatorombel pe okomd TV eKTOVNOYN NG MOPOVCOC OTOUIKNG OUTAMLLOTIKNG
gpyooiag. ITo avolvTikd, o KdT® QaiveTal 1) TEPLYPAPT TOV TEPAUATOV Kot 0 TPOTOG

ue tov omoio étpe€av ta mepauata (Testbench).
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2.1. Teprypogn TEPARATOV
[Ma v Tapodoa pHeAETY, EKTEAEGON KOV EXTA SLOLPOPETIKA TEPAUATO, EK TV OTOIMV

LEPIKA ATOTELOVV TTOPOAACLYT] TPONYOVUEV®V TELPOUATOV.

211 MHeipopal
To mpdto meipapa (PA. Iopdptnuo A) éxer oxomd va eAéyéel Katd mOGO Evag
VIOAOYIOTNG TTaipvel kabe opd to idto IP Address 1 av avtd aAlalel kamoleg popég. O

éleyyos Paociletar oto av 1n  ovvoeon yivetw péoow o TOR 71 Oy

2.1.2 TMeipopa 2

To devtepo meipapa (PA. [Hopdpmmua B) éxet okond va ehéyéetl kotd mOGOo pmopel va
dnuovpynOei éva circuit oto TOR, pe Pdon kdémowo otoyeio mov divovtar omd Tov
¥PNoT. Anhadn|, péoa and tov kadika divovral to fingerprints twv nodes mov BéAovpe
vo amaptilovv to Circuit kot 10 mpoOypaupa mpoomabei va to dnuovpynoet. To
TPOYPOLLLO EVIILEPDVEL TOV YPNOTH AV UTopEL va. dnpovpyndei 1o cuykekpipévo circuit

n ox.

2.1.3 Meipopa 3

To tpito meipapa (PA. ITapaptnua I') éxel cav okomd v dnuiovpyia toyaioy Circuits
o010 TOR pe Bdon ta otoryeia mov kabopilovtal amd Tov xpnotn. Aniadn, To
TPOYPOLLLO TTOIPVEL GOV E1G0O0 OO TNV YPOULUT EVTOANG TOoV aptOpd nodes mov Bélovue
va amaptilovv to circuit, kot to fingerprint tov exit node. Tote, emAéyovtar tuyaia
Kkdmoto nodes, and to Nodes mov givar dtabéoipa ekeivny TNy dedouévn oTiyun pe oKomo
va xpnotporomfovv cav evoldpecsa nodes. Edv to kOkAoua Katapépet va,
dnuovpynOet, To Tpoypappa ektummvel ta fingerprints tov evdiduecwv nodes tov
circuit, kot Tov ypdvo mov ypeldoTnKe Yo va dnuovpynOel to circuit (establishment

time), aAAMGOC EKTVLTOVEL PVOUO OTTOTVYIOC.

2.1.4 Teipopa 4

To tétopto meipapa (PA. Hapapua E) elvar éva meipapa 1o onoio @tidyver tuyaio
circuits oto TOR avoloymg ¢ 106600 mov divetal amd tov ypriot. To mpdypappa
TOiPVEL 60V 16000 OO TNV YPOLUT EVTOANG TOV aplBpd tmv nodes mov Ba amaptilovv o

circuit ko to fingerprint tov exit node. Tote, emAéyovton Tuyaio kdmolo Nodes, amd Ta

13



nodes mov givor dabéotpa exeivn v dedopévn oTiyun He okomd va ypnotpuonotnfovv
oav gvotdpeoa nodes. Xav ££0do, To TpOYpapo dnpovpyei éva apyeio Results.txt, to
onoio mepiéEyet Tov apdpd Twv nodes mov amaptilovv To circuit, To fingerprint tov exit
node, Tov ypdvo Tov ypeldoTNKE Yo va dnpovpynOei To circuit (establishment time), v
O Ko TNV Ydpo otV onoio Ppicketal to exit node. Te mepintwon mov dev popel vo
dnuovpynOei to circuit ywo. omolodNmote AGY0, TO TPOYPOUUUO EKTUTAOVEL UAVOUO

amotuyiag péoa oto apyeio pali pe tov apdud tov nodes kai to fingerprint tov exit node.

2.1.5 Ileipoapa 5

To méunto meipapa (PA. Hapdapua I') elvar éva meipapo 1o onoio mpoomabel va
dnuovpynoel  Circuits mov &yovv didpopo peyédbn pe toyoio evdiduecso nodes kot
npokafopiopévo péyebog kot exit node. O okomdg awTov Tov TEWPGpATOC Eivar va Ppedel

10 péyebog tov Circuit, ue 1o omoio Ogv OmMOTVLYYAVEL TOTE 1 OSnuovpyia. Circuit.

2.1.6 TMeipopa 6

To éxto meipapa (PA. [apdpmuo XT) €xel cav ckond v dnpovpyia Toyaiov Circuits
0610 TOR avaidymg ¢ €10660v mov Tov divetar. To Tpdypappa maipvel cav £i6080 amd
™V ypoppq evioAng tov apBpd nodes mov Ba anaptilovv to circuit ko to fingerprint
tov exit node. Eniong, péoa otov kmdiko kabopiletal 1 1otooeAdida oty omoia Oa yivel
T0 request. Zav £€£000, To TPOYpappo Snuovpyet va apyeio Results.txt, to omoio mepiéyet
ta fingerprints 6Awv twv nodes tov circuit, tov apOud twv nodes mov amoptifovv toO
circuit, To fingerprint tov exit node, tov ypdvo mov ypeldoTnke Yo vo. dnpovpyndei to
circuit (establishment time), tov ypdvo mov ypeidotnke va e&umnpetndel to request
(serving time), v mOAN Ko TV Ydpo oty onoia Ppicketar To exit node. X mepintwon
mov dev umopel va dnuovpyndel to circuit yio. omolodnmote AGY0, TO TPOYPOULLLLO.
EKTLTMOVEL PAVOLLOL 0TToTVYI0G LEG 6T apyeio pali pe tov apOuod tov nodes kot to

fingerprint tov exit node.

2.1.7 BonOntké Script
"o va dievkolvvOel n dlodikacio pe Ta TEPAUOTO, YPAETNKE Eva emtmAéov Script (PA.
Mapdpmmua A), To omoio @Tidyvel o Aiota pe ta active nodes. Aniady, maipvel cav

€l0000 amd Vv ypapun evioAng 1o pnéyebog Alotag mov emBvpovue. Tov ££000, TO
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Tpoypappo onpovpyei éva apyeio ActiveNodes.txt, To omoio mepi€yetl v Alota pe ta

otoyeia mov ypewalouaote yioo N nodes (fingerprint, city, country).

2.2.  Testbench
YT0 CULYKEKPUEVO VIOKEPAANIO TEPLYPAPETOL O TPOTOS e TOV omoio £rpelov Ta

TEPALLOTOL.

2.2.1 Meipapa 1

Mo o TpdTo TEipapa, EtpeEav ta dHo Scripts (BA. ITapdaptmua A) déka popég o Kabéva.

2.2.2 Meipapa 2
"o to devtepo meipapa, to script (PA. [apdptua B) étpele déka popés. Kabe popd mov
étpete 10 ovyKeKPIUEVO Teipapa, To eXit node ftav dapopetikd, aALG o€ OLEG TIC

TEPUTTMOGELS TO péyeog tov circuit nrav 5.

2.2.3 MHeipopa 3
"o to tpito meipapa, to script (BA. Mapaptnpa I') étpee cvvorkd tpiévta @opéc. To
script exteléctnie 6éka opég yia Circuit peyéboug 3, déka @opég yia. circuit peyébovg 6

Ko d€ko popéG yio Circuit peyéboug 9.

2.24 Teipopa 4

"o to tétapto meipapa, to script (BA. [apdpmua E) Etpee cuvolikd dakdoieg popés.
"o wévte drapopetikd exit nodes, to script £tpee capdvta eopéc. INa kabe exit node,
70 Circuit elye drapopeticd péyebog (circuits peyéboug 3, 6, 9 kot 12 ya to kabe exit

node). I'a kéBe péyebog to script £tpee déka opéc.

2.25 Meipapa 5
o to mépmro meipopa, to script (BA. Mapaptnua I') étpele cuvolKa S1oKOGIEG POPEC.
Mo 6éka drapopetikd exit nodes, to script £tpeée eikoot popéc. I'a kdbe exit node, to

script étpete e téooepa dropopeTikd uey£dn (circuits peyéboug 7, 8, 9 kan 10), mévte
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Qopég Yo KaBe péyeboc.

2.2.6 Ieipapa 6

I to ékto meipapa, to script (BA. Tapdppa Z) étpee cuvolkd evevivto gopéc. T
déko drapopetikd exit nodes, to script étpele evvéa gopéc. Kabe popd mov £tpee to
script yio To id10 exit node, aliale to péyebog Tov circuit(circuits peyébovug 3, 6 kat 8 yia
10 kGOe exit node), kot n 160T0GEAISO GTNV OTOlo YvOTay TO request (3 dlapopeTikég
10100eMdeC). TTo kdtw (Zyrua 2.2) eaivetor 0 TPOTOC e TOV 0010 YIVETL TO TTEIPOLLLQ

v éva exit node.

Exit node
Circuit Circuit Circuit
size 3 size 6 size 8

GO0 GO0 GO

Zynpa 2.2 Tpoagixn avaropaotaon Testbench zepduoroc 6
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Ylomoinon

3.1 Python 17
3.2 Biphobrxn Stem 18
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Y& autd TO KEPAANLO TEPLYPAPETAL 1| VAOTOINOT T®V SCHPLS mov YpaeTKAY Yo TNV
exmévnon ™S mapoVcOS OTOUIKNG OMMAMUATIKY £PYOCioc. XVYKEKPUEVA, @aivovTol
avOADTIKA Yio KGOe Teipopa o1 o onpovtikég Aettovpyieg. Ta SCripts sivat ypappéva

otV YA®ooa Tpoypappotiopod Python oe cuvdvoaoud pe v Bipiiodnkn Stem.

3.1.  Python

H Python givor o yAddooo mpoypoupaticpod vyniod emmédov. H ovykekpiuévn
YADGGO Eivol YEVIKNG ¥pOoNG YADGGO TPOYPOUUATIGHOV. Xyedtdotnke omd tov Guido
van Rossum kot n tp®Tn €kdoomn g KukAo@opnoe 1o 1991. Enuepa givor o amd Tig
0 O10.0E00UEVEG YAMDGGEG TPOYPOLLUUATICLOD YEpN GTNV EVYPNOTIO TNG KOt GTO YEYOVOG
0Tt dfvel TOAAEC duvATOTNTEG GTOVS YPNOTEG TG HeE TNV TAnBdpo PifAodnkdv mov
vrootnpilet. Oho ta SCripts g mapodoag OTOUIKNG SMAOUATIKNG €pYOciog eivat

ypouuéva og Python.
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3.2.  BiphoOnkn Stem

H B1probrkn Stem eivau puor controller library g Python mov oyedidotnke amokielotikd
vy to TOR. Mg v cvykekpipévn Biprodnkn pmopolpe vo mhpovpe TAnpopopies yio
10 TOR péom kmdwka. Mo kato @aivetor o TPOTOG [E TOV 0molo £yve Ypnomn g
ovykekpévng PipAodnkne étol dote vo dnpovpyncovpe didpopa Circuits i kot va
TAPOVUE TANPOPOPIES GYETIKA e TO TTota, NOdes givar evepyd kat dtobéotpa, 1| akdpa Kot

v Tomobecio evog node.

3.3.  Yhomoinon Ilepaparov

3.3.1. Heipopal
10 mpmTOo TEipopa £xovpe 6v0 SCripts to onoia emotpiépovv v IP diebbvvon ue v
Bonbewa ¢ PpAodNKnc requests. Xto mpdTo SCript yiveron to request péom piog

EVIOMG, OTWG QAIvVETOL IO KATWO.

ip = requests.get('https://ident.me').text

2ynua 3.1 Kadikag vredOovog yia Aijyn 1P address

Y10 dgbtepO SCript ypnoipomolodval eviolég and v PiPpaodnkn Stem, kot étot to

request yiveton pécow tov TOR pe Tic o KAt EVIOLEG:

proxies = {
‘http': 'socks5://127.0.0.1:9050',
'https': 'socks5://127.0.0.1:9050'

Controller.from_port(port = 9051)
c.authenticate()
c.signal(Signal.NEWNYM)

ip=requests.get("https://api.ipify.org", proxies-=proxies).text

2y 3.2 Kadikag vrevbovog yio Jiyn |P address

3.3.2. Heipopa 2

310 6e0TEPO TEIpap ELEYYETAL KOTA TOOO pmopel vo dnuovpyn0ei éva. circuit to onoio
amaptiletar and cvykekpipévo nodes mov divovtatl omd tov ypnotn. o kdtw eaivetol
10 onueio, 6mov yivetar | mpoomddeia, dnuovpyiog Tov Circuit kot 1 ekTOTOON TOV
amoteréopatog. H dnpovpyia kot o Edeyyog av o circuit yet dnpovpynOei, yivovton pe

™V xpNnon evioAmv g PipAtodnkng Stem.

18



stem.control.Controller.from_port() controller:
controller.authenticate()

controller.new_circuit(path, await_build=True)

print(controller.get_info('circuit-status'))

2ynuo 3.3 Kodikag vredGovog yio tyy dnuovpyio. Circuit

3.3.3. Ieipapa 3

Y7o tpito meipapa dnuovpyeitatl Eva circuit to omoio £xel pokabopicuévo péyebog kot
exit node. Ta gvdidueco nodes emdéyovtot Toyoio amd ta dabéoipo gvepyd nodes mov
vrapyovv ekeivn v otryun). To péyebog tov Circuit kot to exit node divovtar amd tov
PO LES® NG YPOUUNG EVTOANC. TTo kdtm @aivetal o Tpdmog Le Tov omoio emA&yovTon
T evoldpeoa nodes.

desc controller.get_network_statuses():
descriptors.append(desc.fingerprint)

i range(0,int(sys.argv([1])-1):
rindex = random.randint(@,len(descriptors))
path.append(descriptors[rindex])

2o 3.4 Kodikag vredOovog yio ebpeon evepycrv nodes kair toyoio emioyy N-1 nodes

3.3.4. Meipopa 4

Y10 tétopto TEipapa dnuovpyeitar Eva Circuit to omoio £xel mpokabopicpuévo péyebog
kot exit node. Ta evdidpeoa nodes emdéyovtat Toyaio omd ta dobéoipa evepyd nodes
7oV vdpyovv exeivn v otryun. To péyebog tov circuit ko to exit node divovran oo
TOV XPNOTN HECH TNG YPOUUNG EVTOANC. To mpdypappio ETICTPEPEL GOV ATOTEAEGLO EVOL
apyeio Results.txt, to omoio mepiéyet To péyebog tov circuit, to exit node fingerprint, tov
YPOVO OV YpedoTnKeE Yo vo dnuovpynOet to circuit, kot tnv tomobesio Tov exit node.
[To kéto @aivovtor o1 evToAEg o1 omoieg glvar vTevBVVEG Yo TV €0peoN TG Tomobeciog

Tov exit node.
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reqURL = 'http://api.geoiplookup.net/?query="
ipAddr = controller.get_network_status(sys.argv[2])
ipAddr = ipAddr.address

reqURL ipAddr

req = requests.get(reqURL)

root = ET.fromstring(req.text)
child root[0] [@]:
child.tag "city":
exitLocation = child.text
child.tag "countryname":

exitLocation . child. text

2yjua 3.5 Kadikag vredOovog yio eéevpeon tomobeaiag evog node

3.3.5. Heipapa s

Y10 méumto meipopo ekteAeitar to 010 Script moAAdég popéc. Kabe popd mov tpéyet 1o
script, dnuovpyeitar éva Circuit to omoio £xel Tpokabopiopévo péyebog kar exit node. Ta
evoldueca nodes emléyovtor toyoio amd ta dabéciuo evepyd nodes mov vmapyovv
exeivn v otyun. To péyebog tov circuit kot To exit node divovtot amd Tov ¥pnotn HEGH
™G ypapuuns evtoAng. ITo kato aivetatl o TpOTOC e TOV 0010 EMAEYOVTOL TO EVOLAUEGQ
nodes.

desc controller.get_network_statuses():
descriptors.append(desc.fingerprint)

i1 range(0,int(sys.argv([1])-1):
rindex = random.randint (@, len(descriptors))
path.append(descriptors[rindex])

2oyua 3.6 Kadikag vredBovog yio ebpeon evepycdry nodes kar toyoio emioy N-1 nodes

3.3.6. Meipapa 6

>10 ékto meipapa dnuovpyeitar éva. Circuit to omoio éyel mpokabopiopuévo péyebog kot
exit node ko yiverat request oe pa tpokabopicpévn wotooerida. Ta evoidueca nodes
emAéyovton Toyoia amd to dabéciua evepyd nodes mov vdpyovv ekeiv v otryur. To
uéyebog Tov circuit kot to exit node divovtal oo Tov ¥pHoTH LEG® TNG YPOUUNG EVTOANG.
H 1otocerida otnv omoia Ba yivelr o request kaBopiletal péoa amd TovV KOOKA, OTMG
eoivetal mo Katw (Zyruo 3.6). To Tpodypappo ETGTPEPEL GOV OTOTELEGHA EVOL 0pYEL0
Results.txt, to omoio mepiéyetl o puéyebog tov circuit, to exit node fingerprint, Tov ypovo
OV YPEWOTNKE Yoo va. dnpovpyndetl to Circuit, Tov ypdvo mov YPEWGTNKE Yo Vo,

e&umnpetnOei o request, ko v tomobesio Tov exit node.

tempReq = requests.get('https://www.netflix.com/")

2o 3.7 Aquiovpyio request mpog uio coYKEKPIUEVY 1OTOGEALOO UETO. OTTO TOV KWOIKO.
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3.3.7. BonOntiké Script

To cvykekpiévo Script ypaptnke yuo va dnuiovpyet pa Aota pe ta vepya nodes mov

gtvon dtaBéotpa v dedopévn otryun. O ¥pNoTng EI0AYEL GTNV VPO EVTOANS £val

apOuod N, o onoiog avtiotoryel 6To mAN00g TV evepymv nNodes mov BéAeL va

EMOTPAPOVY GOV amotéleopa oo to SCript. Epdcov tpéet, to mpdypapiio emotpipet

éva apyeio ActiveNodes.txt, To omoio mepiéyer N node fingerprints mov givan evepyd

ekeivn v otrypn. o kéte eaivetal o TpOTog pe Tov 0moio To SCript aviyvelel ta

evepyd nodes.

desc controller.get_network_statuses():
descriptors.append(desc.fingerprint)

i range(@,int(sys.argv([1])):

rindex = random.randint(@, len(descriptors))
path.append(descriptors [rindex])

reqURL "http://api.geoiplookup.net/?query="

ipAddr - controller.get_network_status(descriptors[rindex])
ipAddr = ipAddr.address

reqURL ipAddr

req - requests.get(requURL)

root - ET.fromstring(req.text)

child root[@] [@]:
child.tag "city":
path.append(child.tag)
path.append(child.text)

results.write(descriptors[rindex]+', '+str(child.tag)+"':

child.tag "countryname" :

path.append(child.tag)

path.append(child.text)

results.write(str(child.tag)+': '+str(child.text)+'\n")

2oyua 3.8 Kadikag vredOovog yia eCevpeon N evepycry nodes
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A&rordynon TEWPOPATOV
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4.1 Méye0og circuit

Circuit creation

100%
B80%
60%
20%
20% .
0% ]

Mum of nodes=7 Mum of nodes =8 Num of nodes =9 Mum of nodes = 10

W Syuccess M Failure

2ynuo 4.1 Arotedéouaro meipouatog 5

210 oynuo 4.1 @oaivovior to omoteAécpoto omd To melpapo 5. Toueova pe To
QOTEAECULOTO. TOV TELPAUATOC, O PEYIOTOG aptBudg Nodes mov pmopet va, Exet £va. Circuit
éto1 wote vo dnuovpyn el oiyovpa givor 8. X1ig TAEioTEG MEPITTMOGELS Y10 0ptOpd nodes
ueyaAdvtepo tov 8, to Circuit dev pmopel vo. dnuovpynbel Adyw time out error.
Yvykekpuéva, yoo péyebog 9, oto 77% tov mepumtdcemv To Circuit amétvye vo

dnuovpynOet kan yuo péyebog 10, n amotuyio rav oto 89%.
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4.2 Xpovog dnurovpyiog circuit

Establishment time
30

25
20
15

10

1 2 3 4 5 6 7 8 9 10

—— CirCuit size = 3 Circuitsize =6 Circuitsize =8

2ynua 4.2 Ipagixny avamapdotaon omotedeoudtwy neipauatog 6 — Establishment time

Ap. | Exit node fingerprint City, Country

1 06F9E86930823CA86541DDFEB9827A22B9A7A4AD Singapore, Singapore

2 EOOEE4CDB600ACFA7B0O00CE887B3D8BAFSC3A2DB Victoria, Canada

3 2A2022D386894D3CB3438752977C27A7AF50BAFA Central, Hong Kong

4 05299E38F266FF4AFBBAF67B4502B712CE28C339 Moscow, Russia

5 A2166EBF7C49ED87F29823EC3B3FF36D21DBC070 Mumbai, India

6 3CC54860050C2DFB1BB280E4D7F620930D23BFFO Sydney, Australia

7 D9ABEB7511679FFAAG65F65D4A1F94280C859823 New York, United States
8 8EE28EAF0874AF9B03EBBD79B5EB5059E2547355 Amsterdam, Netherlands
9 AA7630738F82C4DF26BB8EFF131564DACDEAC64C Bergen, Norway

10 1E6ED5FE5FODAC6B2488CD66C643BFCDFOD4F903 Paris, France

ynua 4.3 Iinpoypopics / Eneéiiynon Zynporog 4.2

[T mavo @aivovtol ta aroteAéopato tov TePapatog 6. Xto oynua 4.2 eaivovrotl ot
uéoot ypovol (seconds) yw 10 dapopeticd exit nodes kot ywo 3 dropopetikd peyédn

circuit. Zvykekpipéva, ta exit nodes kot o1 ympeg oTig onoieg Ppiokovtal, avaypapovot
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otov mivaka mo Tave (Zyrua 4.3). Mapatnpodpe 6Tt yioo 6Aa ta eXit nodes 0 ypovog Tov
ypetdletar to circuit yia vo dnuovpyndel eivar avaroyog tov apiBuov nodes mov to
anmoptiCouv. AKOua, TapatnpovUE OTL LTAPYEL ATOKAIGN GTOVG XPOVOLG HETAED TV 10
StapopeTik®V NOdes. ZOUEmva Ue To SEGOUEVO TOV £YOVE, LWTOPOVUE VO PTAGOVLE GTO
GLUTEPAGHLO OTL 0 YPOVOG TOL YpetaleTal Eva Circuit vo dnuovpynei ivor ovdAoyog tng

amdotacng Tov exit node amd to apykod node tov circuit, dniadrn tov ypNRo.

4.3 Xpévog eEumnpétnong request

Serving time
0,35
0,3

02

S —

0,15
0.1
0,05

1 2 3 4 5 i 7 8 9 10
e (P CUIE Si2ZR = 3 Crcuitsize =6 Circuitsize =8

2oyua 4.4 Tpagiki avemopdotacn oroteleouctwy meipauatog 6 — Serving time

Ap. Exit node fingerprint City, Country

1 06F9EB86930823CA86541DDFEB9827A22B9A7A4AD Singapore, Singapore

2 EOOEE4CDB600ACFA7B0O00CE887B3D8BAFS8C3A2DB Victoria, Canada

3 2A2022D386894D3CB3438752977C27A7AF50BAFA Central, Hong Kong

4 05299E38F266FF4AFBBAF67B4502B712CE28C339 Moscow, Russia

5 A2166EBF7C49ED87F29823EC3B3FF36D21DBCO070 Mumbai, India

6 3CC54860050C2DFB1BB280E4D7F620930D23BFFO Sydney, Australia

7 DO9ABEB7511679FFAAG665F65D4A1F94280C859823 New York, United States
8 8EE28EAF0874AF9BO3EBBD79B5EB5059E2547355 Amsterdam, Netherlands
9 AA7630738F82C4DF26BB8EFF131564DACDEAC64C Bergen, Norway

10 1E6ED5SFESFODAC6B2488CD66C643BFCDFOD4F903 Paris, France
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Syiua 4.5 Minpogopics / Exciynon Syiuatoc 4.4

[T mdvo eaivovtol ta amoteAéopato tov mepapatog 6. 1o oyfua 4.4 eaivovrtol ot
uéoot ypdvot (seconds) ywo 10 dwopopetikd exit nodes ko yio 3 drapopeTikd peyEon
circuit. Xvykekpipéva, ta exit nodes kot o1 ympeg oTig onoieg Ppiokovtal, avaypipovrot
otov mivaka mo wave (Zyruo 4.5). Iapatnpodue 6Tt yio. 6Xa. ta eXit nodes 0 ypovoc Tov
ypewaletar to request yio va e&ummpemnOel sivor mepimov o 1610¢. Apa, UTOPOLUE V.
KatoAnEovue oto ovumépacpo O0tL 0 ypovog efummpémong evog request eivon

aveEdptnTog ¢ Torobeciog tov exit node.
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Kepalaro 5

YoumepaopoTo
5.1 MelhovTikn dovAeld 26
5.2 Tehkd oyoMa 26

5.1 MelhovTiki] dovierd

>10 péArov Ba pmopovcape vo Taipvovpe Ty AMota pe to dtfécipa evepyd nodes ko
va o Ta&vopov e e BAcn TNV amdGTOCT) TOVS and TOV ¥PNOTY, £TGL DGTE VO
glayiotomoin et to establishment time.

Axopa, Oa propovcape va tpé€ovpie mepapata pe péyedog circuit 1-8 yia exit nodes mov
Bpiockoviat e S10popeTIKEG YDpeS LeTAD TOVS, £T61 MGTE va Ppovpe To BEATIGTO PéyeBog
circuit yio kdBe ydpa.

Eniong, motevm o6tt Oa ftov evdopépov va TpéEovpe KAmOlL amd T TEPAUOTO
nepropifovrtag ta nodes 6e GLYKEKPIUEVT] YDPO 1| Kot NTEWPO £TGL OOTE Vo, LEAeTNOel o€

neyolvtepo PBabog o Tpdmog e Tov omoio yivovtan ta circuits oto TOR.

5.2 Tehxka oyoma

Me v eKmOVIION TNG TOPOVGOS ATOMKNG OIMAMUATIKNG £PYACIAG, £X TAPEL Lo
vevikn ewova tov TOR o¢ diktvo. Tpéyovtag Ta TpoavagepOUeEVa TEPAATL, £XWO
KOTOANEEL 6€ KAmo10 POCIKA GUUTEPACLOTO GYETIKA LLE TV ONUIovpYio TV circuits Kot
v géumnpémon Tov requests 6to TOR. Apyikd, Exm mpocéet 6Tt 0 YpdVOG TOL
ypedleton £va circuit yia va onpovpyndel e€aptator omd tov apdud twv nodes mov to
amoptilovv aAld kot amo v tomobecio Twv exit nodes. Akdpo, péco amd o
OTOTEAEGLLATO TOV TEWPOUATOV KATAAABo OTL 0 ¥pOVOG oV Yperaletar Eva request Yo

va eEunnpem el etvan aveaptnTtog Tov circuit péca omd To onoio yiverat.
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Hapaptnpa A

Script 1

import requests
ip = requests.get ('https://ident.me"') .text
print('IP : ', ip)

Script 2

import requests
from stem import Signal
from stem.control import Controller

proxies = {
'"http': 'socks5://127.0.0.1:9050",
'https': 'socks5://127.0.0.1:9050"

1
with Controller.from port (port = 9051) as c:
c.authenticate ()
c.signal (Signal .NEWNYM)
ip = requests.get ('https://api.ipify.org', proxies=proxies)
print('IP : ',ip)

28
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7
Hapaptnyno B
#Author : Andriana Chrysostomou
#Creates a TOR circuit manually with the relays given in
import stem.control
path = ['F6740DEABFDS5F62612FA025A5079EAT72846B1F67 ",
'6C333B5BDBRA3DFETA782E40CB970C271ABFED119",
'78E584CEC6BDDOD38D573A7701936F2F4AEDO3BA',

'9B2BCT7EFD661072AFADC533BESDCEF1C19D8C2DCC',
'56781CCCO9F6D29FEAL148799AB588429C893A473C "]

with stem.control.Controller.from port() as controller:
controller.authenticate ()

controller.new circuit (path, await build=True)

print (controller.get info('circuit-status'))

29
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Hapaptnpe I'

#Author : Andriana Chrysostomou
#Creates a random TOR circuit and prints the path. The circuit
size and the exit node fingerprint are given by the user.

import stem.control
import sys

import random
import time

path = []
descriptors = []

start = time.time ()
with stem.control.Controller.from port() as controller:
controller.authenticate ()

for desc in controller.get network statuses():
descriptors.append(desc.fingerprint)

for i in range (0, int(sys.argv([1l])-1):
rindex = random.randint (0,len (descriptors))
path.append(descriptors[rindex])

path.append(sys.argv[2])
print (path)
try:
controller.new circuit (path, await build=True)
#print (controller.get info('circuit-status'))
except:
print ('You shall not pass!')

end = time.time ()
timeNeeded = end-start
print ('Time needed : '+str (timeNeeded))
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Hapaptnpa A

#Author : Andriana Chrysostomou

#Creates a list with exit fingerprints and country and city
where they are located.

#Creates 'ActiveNodes.txt' , which contains the output
(exitFingerprint, city, country)

import stem.control

import sys

import random

import time

import requests

import xml.etree.ElementTree as ET

path = []

descriptors = []

results = open('ActiveNodes.txt',"a")

with stem.control.Controller.from port() as controller:

controller.authenticate ()

for desc in controller.get network statuses():
descriptors.append(desc.fingerprint)

for i in range(0,int(sys.argv([1l])):

rindex = random.randint (0,len (descriptors))

path.append(descriptors[rindex])

reqURL 'http://api.geoiplookup.net/?query="

ipAddr =
controller.get network status(descriptors|[rindex])

ipAddr = ipAddr.address

reqURL += ipAddr

req = requests.get (reqURL)

root = ET.fromstring(req.text)

for child in root[0][07]:
if child.tag == "city":
path.append (child. tag)
path.append (child. text)
results.write (descriptors[rindex]+"',
'+str(child.tag)+': '"+str(child.text)+', ')
if child.tag == "countryname":
path.append (child. tag)
path.append (child. text)
results.write (str(child.tag)+"':
'"+str(child.text)+'\n")

results.close ()
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Hapaptnpe E

#Author : Andriana Chrysostomou

#Creates a random circuit and calculates the time needed for the
circuit to be created.

#Also, it finds the country and city where the exit node is
located.

#The circuit size and the exit node fingerprint are given by the
user.

#Creates 'Results.txt' , which contains the output (number of
hops, exit node fingerprint, time needed, exit node location)

import stem.control

import sys

import random

import time

import requests

import xml.etree.ElementTree as ET

path = []

descriptors = []

results = open('Results.txt',"a")

start = time.time ()

with stem.control.Controller.from port() as controller:

controller.authenticate ()

for desc in controller.get network statuses():
descriptors.append(desc.fingerprint)

for i in range (0, int(sys.argv[1l])-1):
rindex = random.randint (0, len (descriptors))
path.append(descriptors[rindex])

path.append(sys.argv[2])
print (path)
try:
controller.new circuit (path, await build=True)
end = time.time ()
timeNeeded = end-start
reqURL 'http://api.geoiplookup.net/?query="
ipAddr = controller.get network status(sys.argv[2])
ipAddr ipAddr.address
reqURL += ipAddr
req = requests.get (reqURL)
root = ET.fromstring(req.text)
for child in root[0][O07]:

if child.tag == "city":
exitLocation = child.text
if child.tag == "countryname":

exitLocation += ', '+child.text
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results.write ('Number of hops

'"+str(sys.argv[l])+'\tExit node : '+str(sys.argv[2])+'\tTime
needed : '+' '4str (timeNeeded)+'\tExit node location
'"+str (exitLocation)+'\n"'")

except:

print ('You shall not pass!'")
results.write ("Number of hops
'"+str(sys.argv[1l])+'\tExit node : '+str(sys.argv[2])+'\tStatus

Failed\n')

results.close ()
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Hapaptnpo XT

#Author : Andriana Chrysostomou

#Creates a random circuit and calculates the time needed for the
circuit to be created and the time needed for a request to a
website given in the code to be served.

#Also, it finds the country and city where the exit node is
located.

#The circuit size and the exit node fingerprint are given by the
user.

#Creates 'Results.txt' , which contains the output (number of
hops, exit node fingerprint, establishment time, serving time,
exit node location)

import stem.control

import sys

import random

import time

import requests

import xml.etree.ElementTree as ET

path = []
descriptors = []
results = open('Results.txt',"a™)

estStartT = time.time ()

with stem.control.Controller.from port() as controller:
controller.authenticate ()

for desc in controller.get network statuses():
descriptors.append(desc.fingerprint)

results.write('Path : ")

for i in range (0, int(sys.argv[1l])-1):
rindex = random.randint (0, len (descriptors))
path.append(descriptors[rindex])
results.write (str (descriptors|[rindex])+', ')

path.append(sys.argv[2])
print (path)
results.write(str(sys.argv[2])+'\n")

try:
controller.new circuilt (path, await build=True)
servStartT = time.time ()
tempReq = requests.get ('https://www.netflix.com/")
servEndT = time.time ()
estEndT = time.time ()
establishmentT = estEndT - estStartT
servingT = servEndT - servStartT
reqURL = 'http://api.geoiplookup.net/?query="

ipAddr = controller.get network status(sys.argv[2])
ipAddr ipAddr.address
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reqURL += ipAddr
req = requests.get (reqURL)

root = ET.fromstring (req.text)
for child in root[0] [0]:
if child.tag == "city":

exitLocation = child.text

if child.tag == "countryname":

exitLocation += ', '+child.text

results.write ('Number of hops
'+str(sys.argv[1l])+'\tExit node
'+str(sys.argv[2])+'\tEstablishment time
'+str(establishmentT)+'\tServing time : '+'
'+str(servingT)+'\tExit node location
'"+str (exitLocation)+'\n"'")

except:

print ('You shall not pass!'")

results.write ("Number of hops
'"+str(sys.argv[1l])+'\tExit node : '+str(sys
Failed\n"')

results.close ()
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