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Evyapiotiec

Ba nBera va gvyapiotow Beppd tov Kabnynt k. Baciin Toaovsion yia v
avabeon Tov GLYKEKPUEVOL BEpatoc, TV Eumvevot), kabodnynon kot moAD KoAN
ocvvepyaoio mov giya pali tov, mapd to eunddla mov aviipetonilel. Exione svyopiotd
TOVG VITOYN POV AdakTopeg ZOTNPN Atopovtortovro kot AAEEavEpo ZAppo yia TV
ToAVTUN Kot amAdyepn Ponbela mov pov mapeiyov kob’ OAn T OdpkeEl TNG
EKTTOVIONG QTG TNG EPYOCLAG.

O\ vo aplepocm TNV gpyoacio avt] otovg yoveic pov, Ilavoyuntn xot
Koatepiva, otnv aderon pov lodvva kot otnv Etprvn.



Hepidnym

210 mAaiclo TG TOPOVGOS OMAMUATIKNG €PYACIOG EVoOUOTOOMKOV TO
npwtoékoira ICN (Information Centric Networking) xoai DTN (Delay Tolerant
Networking) oe éva eviaio diktvakod Stack yio Kvntég GLGKEVEC UE TO AELTOLPYIKO
obomuo Android. H ovvdeon tov 600 mTpOTOKOAM®V TPodlaypleetal otV
apyrtektovikn UMOBILE «at éxel okomd v afldmiotn mopoyn TEPIEYOUEVOL Kol
VANPECUDV GE TEAMKOVS YPNOTEG TP TIG EAAEIYELC 1] TIG OLVOKOALEG, O1 omoiec pmopet
va mopovctdlovtal otn Otktvokn vrodoun. ' v a&oldynon tg vAomoinomng
avomTOYOnke pio epappoyn, n omoio AEIToVPYNGE MG TAATEOPUA Yoo TN dte&aymyn
TEPAUATOV KOL TNV KOTAYPOPT) OTOTEAEGUATOV GE Tpoylotikd diktva. Ta meipdpata
npaypotomominkay e Kavovikég ouvOnkeg Kot oe  ouvOnkeg dwodeimovoog
ovvdeoudtTag Tov acvpuatov diktvov Wi-Fi. To véo avtd protocol stack mapéyet
PN a&lomoTtio TETVYAIVOVTOGC, 68 OAEC TIG SOKIUEG TTOV TpayaToTotOnkay, packet
delivery ratio 100%. TéAoc, To amoteAéopata GUYKPIONKAY e LETPNOELS TTOV EYIVOV
ypNoonolmvtog to tpwtdékoiia TCP kot UDP.



Abstract

The primary goal of this thesis is the integration of the ICN (Information
Centric Networking) and DTN (Delay Tolerant Networking) architectures into a
single protocol stack for use in Android devices. The unification of ICN and DTN is
specified and will be used by the UMOBILE architecture with the objective to provide
reliable services and content distribution in challenged network environments (i.e.
intermittent connectivity, lack of infrastructure). An application has been developed in
order to test and evaluate the new protocol stack in real network scenarios and
compare it to TCP and UDP. It has been used as a platform for the collection of
experimental data under normal or intermittent connectivity and in both cases the
packet delivery ratio was 100%, achieving full reliability.
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Kepdiaro 1

Ewayoyn

To Awdiktvo €xer aArdéel 10 mpoécmTo G avOpordtrag tov 21° aidva
TPOPOOOTMOVTOG paydoiec aAAaYEG OTN SIKTOMOT), TNV EMKOWV®VIO, TNV KATOVOAWDGT
TEPLEYOUEVOL KOl YEVIKA, OE OAEG TIG EKQPAVOELS TNG avOpdOTIVNG dpactnprotntoc. To
onpepvo Aadiktvo eEumnpetel TOAD SPOPETIKEG Kl SIEVPVUEVES AVAYKES GE GYEOT
HE TNV OPYIKN TOL GUAANYN TOL TEPLEYPAPE EVva OIKTLO TNAETIKOWVOVIMDV, Ol
epappoyés tov omoiov mepropiloviov oe aviaiiayn dedopévav petacd KOUPwv.
Nuepa Op®G, ot ¥pnoteg Tov Aladiktvov avalntodv ewoveg, Pivteo, mepleyduevo
HECOV KOWMVIKNG diktomong, live events kot moAdd dAlo. Ovoclootikd dgv
evolapEPOVTAL Y10 TNV ToTofesion TOL Tapay®yoL OAAL Yoo TNV id1a TNV TANpOQOpia.
AGQaA®dC, 1 apytekToviKn 1oV Atadiktvov eEeliynke dote va aviamokplfel oTig
npokAnoelg g enektacipdmrag (e€dvtinon IP dievBivoewv), g acedaielog, g
eopnrotrog k.T.A. Iloap’ OAa avtd, mn mpoocoppoyn ovt £xel OVENGEL TNV
TOATAOKOTNTA Kol €Yl 0DOEL TPOSMPIVEG Aoels [2, 3].

YNuepa €xel oynuatiotel pion €pELVNTIKN KOWOTNTA YOP® Omd TNV avayKkn
VIEPKEPAONG TAOV  LIOPYOVI®OV TPoPAnpdTeV, otOY0g NG omoiag &ivoar o
TPOGOIOPIGUOS TG OPYITEKTOVIKNG  TOL  UEAAOVTIIKOL  Awadiktoov. H
IDnpogpopiokevipiky  Awtowon  (Information-Centric  Networking — ICN) éyet
avadvbel ®g évag moAAL vmooyduevoc vmoynelog o€ avt) v mopeia. Ta
TANPOPOPIOKEVIPIKA diKTLOL AgLTOLPYOVV GOV SIKTLO JVOUNG. XE OVTA, OEV
ovopatiCovror ot kOpPor aAAd to 10w To dedopéva. ‘Etol, ot Katavolwotég Oev
ypedletar va yvopilovv tn 61e00vven Tov dtavopen aAAd To Ovopa TG TANPOPopiag
mov emBvpovy. ‘Eva mheovEKTnUa TG OOUIKNG aLTNG aALXYNG eival 0Tt kabicTotal
duvath n Tpocwpwvy amobnkevon (caching) tov dedouévmv 6€ 0TOI0OMTOTE TUNLLQ
TOV JIKTHOV, YEYOVOS TOL OEAVEL TNV OITOSOTIKOTNTO.

H mopodoo SimA@patikn epyacio eVIAGGETAL GTO TAOIGLO TNG OPYITEKTOVIKNG
UMOBILE [5]. O Baocikog otdéyog tov UMOBILE (universal, mobile-centric and
opportunistic communications architecture) sivot n avantoén piog opyITEKTOVIKNG UE
KEVIPO TN QOPNTOTNTA Yo TNV OEOTIOTY TOPOYN TEPLEYOUEVOL KOl VINPECIOV GE
TEMKOVC ¥PNOTEC TOPA TIG EALEIYELC 1) SVOKOAIEG O1 omoleg pumopel va mapovsidlovtal
ot oktvakn vrodoun. o v emitevén avtod Tov o1d)ov To UMOBILE, peta&d
dAAwv, cuvovalel v IIAnpoeoplokevtpikny Aiktdmon pe TN SIKTO®Oo™ 1 otoia givat
avektikn og kabvotepnoels (Delay Tolerant Networking — DTN). "Etot, 1 mhatedppa



UMOBILE mapéyet wo véa kAdon vanpeciov (less-than-best-effort) xor a&omiotio
oe ouvOnKeg TPoPANUATIKOD d1kTOOV 1) GVUEOPNENG [5].

Y10 maiclo g mapovoag epyaciog viAomomOnke n evoopdtwon ICN kot
DTN vy xwvntéc ovokevéc pe 1o Asrtovpyikd ovotnuo Android. H vAomoinon
dokipudotnke Kal ovykpibnke oe ocvuvOnkeg mpoPfAnuatikod acHpPUATOL dKTHOV GTO
omoio mapovotaldtav dareimovsa cuvoestuoOTNTa. [0 T0 6KOTd AVTO AVATTUYONKE
pio. epappoyn 1n omoio AEITOVPYNCE MG TAATPOPLLO Yo TN OeEaymYn TEPAUATOV Kot
TNV KOTOYPAPT OTOTEAEGUATOV GE TTparypatikd diktva. To véo avtd protocol stack, oe
OAec TG doKipéc mov mpayuartomoOnkay, mapéxelt mANPN ollomiotion pe packet
delivery ratio 100%.

H dopn g epyaciag eivor n €€ng:

¥t0 2° «kepdlowo mopovcldlovior  TO  KOPLOL  XOPOKTINPLOTIKGL  TNG
TANPOPOPLOKEVTPIKNG OIKTVMOONG KOl OVATTUGCETOL MG TOPASELYUO 1) OPYLITEKTOVIKN
DONA. Axoéun, avaivetar n apyrtektovikl NDN 1 omola ypnotipomoteitar oto
npdypopupo UMOBILE.

Y10 3° kepdhato meprypagetar n apyrrektoviky UMOBILE kot opilovtat ot
npodiypapég mov avtn Bétet Yo ) dtacvvoeon NDN kot DTN kabdg kot ta cevdpia
ota onoio Ba ypnoipomombei to véo avtd protocol stack.

Y10 4° xepdroro e€etdletar o tpomog Asttovpyioag tov NDN Forwarding
Daemon (NFD). Xt cuvéyeto avaivetatl n vAomoinomn tng dtacvvoeong NDN — DTN.

210 5° ke@AAN10 TAPOLCIALOVTOL TO TEPAUOTIKO OTOTEAECUOTO TO OTOio
eEnybnoav. Avtd mephappdvovv ™ ovumepipopd Tov véov protocol stack oe
oLVONKEG OOKOTTOUEVNG GVVOEGNG, TN CUYKPION TOL HE Ta TPp®TOKOoAAa TCP kot
UDP xaf®g kat v avaAvon g amdd061S TOV.

TéNog 610 6° KEPAAOLO CLUTVKVAOVOVTOL TO. GUUTEPAGLOTO TOL TPOEKLYOV
and v vAomoinon Kot TN OeEaywyn TOV TEPAUATOV VO ava@EpovTol TOUVEG
HEALOVTIKEG EMEKTACELG.

Y10 mopdptnuo 1 mapatietar o kodkac g dtacvvoeonc NDN-DTN kot oto
TOPAPTNUA 2 OVTIGTOL(O O KOOKOG TNG TAATOOPLOG JEEAYMYNG TELPAUATOV.



Kepdaiaro 2

Baowd Xroyeia IIanpogoprokevipik@v Atktomv — To Hlpotékorio NDN

Ye out0 10 KEPOAOMO Bo TOPOVLGLOGTOVV TA KUPLOL YOPOKTNPIOTIKA 1TNG
TANPOPOPIOKEVIPIKNG OkTO®ONG kot Ba meprypaeel pioa amd tic mpoteg ICN
viomomoelg, 1 DONA. Axoun 0o ovoivdei n opyrtextovikiy NDN 1 omoia
ypnoponoteiton oto wpdypappo UMOBILE.

2.1 Baowég 'Evvoleg ICN

Ot Pacwég emhoyég mov éyovv yivel katd tn oyediaon twv ddeopwv ICN
OPYLTEKTOVIKDV 0LPOPOVV KUPIMG: TN LOPPT TOV OVOUAT®V, TNG OPOLOAOYNCT| KOl TNV
Tpom®ONoN, ™ AclTovpYyia TNG TPOSWPIVIG amodNKELONG, TNV EMITEVEN POPNTOTNTAG
(mobility) kou v acpdiela.

2.1.1 Ovopatoroyia

Ymv Khaoowkn owktvwon IP o mapainming npénel va yvopiler to Ovopa g
TANPoPopiag aAld kot TN devbuvon tov katdyov t™c. 'Etol, otn Pacikn g popon, n
aitmon  yw Vv 7POYyvwon  kopod g gfdoupddac  €xert Tt pHopoen
78.109.124.42/weather-forecast/week 6mov 10 mpdto TUNUa givar 1 IP dievBovon tov
server kot to 0g0TeEPO givar To dvoua ¢ TAnpoeopiag. Evtuymg, To Domain Name
System (DNS) pog €xet amaArdEet amd v avaykn vo yvopilovue tig d1ev0iveels Tmv
Server pe mepleyOUevVo Tov UG EVOLUPEPEL EVM TOPAAANAL £YEL EIGAYEL AVOYVDOLLEG
and avOpamovg devdivoels.

Y15 apyrrektovikég ICN 1 minpopopia eival TAnpwg amocvlevyuévn [2] and
v myn ™G 'ETtot 0 mapaAnmne dev £xel mapd vo EKQPACEL TO EVOLOPEPOV TOV Y10,
weather-forecast/week. To id10 1o diktvo €ivar VTELOLVO VIO TOV EVIOTIGUO KOl TNV
TapAdoon TV 0edoUEVOV TG® GTO YPNOoTN. XTS5 Odeopeg vhomomoels ICN 1o
LOVOOIKA OVOLOTA TMV SEGOUEVOV SLOPEPOVV (G TTPOG TN OOUN TOVLG. L& KAMOlES elval
flat (.. yf$db@n3dn) evd oe dhdec givon iepapyikd (w.y. weather-forecast/week/51)
eved kol to av Ba mpémel av glval avoyvooluo and avlpdmovg eivol avTiKeipevo
pneAéng. Xe kdabe mepimtwon 1o Ovopa dev e€aptdton and v tomobecio TG TNYNS
YEYOVOG OV EMLTPEMEL TNV €K PUOEWMS OTOONKEVLGT TV OEOOUEVOV OTOVONTOTE GTO
diktvo. Mio GAAN ouvvémEL TG TANPOPOPIOKEVIPIKNG OkTO®ONG €lvar Ot 1
emuKovoVvia EEKIVAEL Kot EAEYYETOL OO TOV TAPOANTTN 0POV, €AV AVTOC OEV EKPPACEL



70 eVOL0PEPOV TOV (ONAdN va oTeilel évo TakéTo TOmov interest) dev pmopel va Aapet
dedopéva (dnAaodn éva mokéto Tomov data) yeyovog mov £xel S1POPES TPOEKTAGELG
OYETIKA LE TNV 0GPAAELN 0TS B0 OVUE GTI GLUVEXELQ.

2.1.2 Apouordynon kot Avaivon Ovouotoc

Y1ic apyrtektovikég ICN 1 dpopoddynon Asttovpyel mopdUole LE GLTH TOL
onuepvol AtadiktHov, He TN Oapopd OTL 6TOVG Tivakes dpopordoynone Ppiokovrol
ovopato dedopuévov avti yio dtevbovoelg kKOpPwv. To av avt) n Aoywn pumopei va
KMpokmBel oto péyebog tov Atadiktdov gival Eva avorytd {Tnuo agod to dedopéva
elvalr copac mepiocotepo and tovg KOpPovs. Exel mov ov apyrextovikég ICN
SLPOPOTOLOVVTOL CNUOVTIKA HETOED TOVg €lval otnv Avaivorn Ovopotog. O 6pog
givon pia wpoomdbelo amoddoonc tov 6pov Name Resolution mov mephappdver v
OVTIOTOLYION TOL OVOUOTOG TNG TANpPoeopiag o€ kdmowa mnyn. [a v avdivon
ovOHOTOG VIAPYoLV VO  OPOPETIKEG  TPooeyyioels, M ovlevyuévn Kot 1
amocvlevypévn — o oyxéon pe tn dpopordynon. Katd 1 ovlevypévn, to moakéto
dedopévav akorovBel mpog Ta micm TV 1d1a Sadpourn Tov aKoAoVONGE TO TAKETO TO
omol0 EKONAMGE TO EVOLPEPOV. TNV OTOGLLEVYIEVT] TPOGEYYIOT) JEV LITAPYEL AVTOG
0 TEPLOPIGUAG.

2.1.3 IIpocwpivi Amodnkevon (Caching)

Yrg apyrtektovikée ICN - devkoddveton amd oyedlacpod 1M TPOCOPIVY|
omoOnKevon  OEdOUEV®OY  OTOLONTOTE OTO OIKTVLO YWOPIC TNV  avAyKn YXPNoNg
eEotepikmv Aoewv. To mokéto dedopévav umopodv va oamodnkevtodv Kot va
avokAnBovv edkoAo ywpic ™V emMPAPLVON TOL CULVEMAYOVTIOL TEYVIKEG TOL
ypnoponolovvTol ocnuepa 6nwg to Deep Packet Inspection.

To yeyovog antd emMTPENEL TNV OUASOTOINGT TWV UTNGE®V Yo TNV 1010 povédo
dedopévmv. Ag TAPOVUE TO TOPAOEIYUO €VOC OTAdIOL UE YALddeg Oeatég mov
TopokoAovBovV Kémolo GOANUO Kol ¥PNOUYLOTOIOVV TO KIVNTO TOLG TNAEP®VO Kol
KOTOVOADVOVY 0AOEVA KOl UEYOADTEPEC TOCOTNTEG OEOOUEVOV OTMG QOIVETHL GTO
oynua 1. Xvyvd ot S1KTLOKEG VTOSOUES TOV EYKATOCTAGE®MY OEV EMOPKOVV KoL 1
ypnomn tov Internet péow kvntov diktdov eivar meploptopévn Adym EAeyNg €HpoLg
Covng. Eivar modd mbovo éva pépog avtng e Kivnong vo agopd ota idio dE0UEV.
Ye avtifBeon pe aAleg Aoelg ([6]) ot apyitektovikés ICN pmopovv va meplopicovv 1o
@OPTO TOL OIKTOOL YApPN OV And GYEOCUOD VLTOCTNPLOUEVT) TPOGMPIVY
amobnkevon ool To INUOPIAN dedopéva Ba pmopovv va avoakaiobvton tomikd. Mia
Aoon mov yrilel mhvo otig dvvatdtnteg tov ICN eivar to KEBAPP Framework [7]



010 0moio o1 epapuoyEC opilovv epapyikd medio ovoudtwv (namespaces) dote va
elval duvath 1 avAKTNOT ETEEEPYUGUEVAOV TANPOPOPLDOV GE EVKOIPLOKE GEVAPLAL.

Y116 dapopeg apyrrektovikés ICN drakpivovtarl dvo oot caching, o evtog kot
0 &k1dg mopelag. XNV TPOTN TEPIMTOON TO OlkTLO PTOpEl Vo AEIOTOMGEL LOVO
dedopéva mov Ppiokovtor evtog g mopeiog mwov akoiovbel n aitnon yw avtd X
denTepT mepinTmon givat Suvatn 1 avaKANGT dedouEvmV Kot ekTdg dradpounc. IMa tig
amocLiEVYUEVEG QPYLTEKTOVIKEC, TO €KTOG-mopeiag caching vmootnpiletan pe v
OVTIHETMOMIOT TOV TPOCSOPIVOV UVNUADV MG KOVOVIKOUG Tapaywyovs. o 1ig de
ovlevyuéveg, mpénel va vrootnpiletol and to GHGTNUA SPOLOAOYNOTG.

Data usage at the Super Bowl
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Syua 1: H avEavopevn ypriion Wi-Fi ko cellular dedopévov péom kivntav
ovokevVv og Tayvidlo tov NFL Super Bowl otic HITA. [6]

2.1.4 ®opnrdTO

To AdikTLO GTN ONUEPIVI TOVL LOPPN VTTOBETEL TN GHVOEST) Amd AKPO GE AKPO
v va emtevyfel emkovavia. Opmg o cuvey®g avEavouevog aplipdc Tmv eopnTov
oLOKEVMOV 7oL &givar ovvdedepéveg (o1 omoieg 10 2015 Eemépacav TG otabepéc
ovokevég [8]) Omuiovpyel mpoPANUOTO 0POV OVTEG Ol CUOKEVEG EVOEYETAL VO
aAAdlovv ovyvd diktvo, apd kot Owevbvven IP. To mpdPfinua avtd €xet
AVTILETOTIGTEL pe TN eloaywyn Tov Mobile IP mpmtokdArov t0o omoio dumc dev eivan
0mod0TIKO.

Avtifeta, 1 TANPOPOPLOKEVIPIKY OIKTOMOT YpNOILomTolel €va  LOVTEAO
publish/subscribe (dnuocicvon/eyypagn). Me Bdon avtd TO0 HOVIEAO Ol TAPOYOL
dwenuiovv v TANPOPOpPict TOV TPOGPEPOVY KOl Ol TOPOANTTEG EKEPALOLV TO
evolapEpov Toug Yo avth). H drtadwkacio avtr eivar acvyypovn. Aniadn €vag mépoyog
pmopet va dtopnuicel v TANpoeopio mov dabétel aKOUN Kol av dEV EYEL EKOPACTEL

5



EVOLOLPEPOV Y1OL OVTN €V O TOPUANTING Mmopel ontnbel mAnpogopiag mov £xel
dtenuotel oto mapedddv. H pn avaykn cvyypoviopod tov 600 GKpwv emiTpénel
oTOVG POPNTOVS KOUPOVE amAd Vo ETAVEKOIOOVY TNV OUTNOT EVOLAPEPOVTOG 1) OOl
naAoto evogyetan va pmopel vo e&uanpetndei kot tomikd Adyw caching.

2.1.5 Acodrela

To AwdikTvo dev oyeddoTnKe He YVOUOVA TV 0CQAAELN, KOODG GTNV OPYIKN
TOL HOPON GLVEDEE EUTIOTOVG KOUPBOLC METOED TOLC (TOVETIGTAULO, GTPOUTIMTIKES
EYKOTOOTAGEL). 2T OMNUEPWVY], EUTOPEVUATOTOMUEVT] HOPPN TOV, TOPd  TIG
TPOGONKEG KOl EMEKTAGELS GYETIKA LE TNV ACOAAELD, TO AtadikTvo givarl ydPog KAOTNG
TPOCOTIKOV dEGOUEVMV, OIKOVOLKTG amdtg, embécewv denial of service, axoun kot
wedlo «udyme» peta&y yopov. H otio sivor 1 peydAn woxdc mov dwbéter o
OTOGTOAENG GE GYEOT LE TOV TOPAANTTY. AVTI 1| avicopporio ival TOL EMTPEMEL T
deaywyn embécewv denial of service ot omoieg €xovv cvvey®G OWENTIKEG TAGELG
(oxnua 2).

_ 190 7 Growth in DDoS Attacks Over Time
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Yynua 2: H e&éMén tov peyéboug tov embéoemv tomov denial of service [9]

H #mnpoeoplokevipikny dwctvwon Aettovpyel pe Pdon v €kepoon
evolapépovtoc. ‘Etol, pon dedopévaov vmbpyer pOvo OtV EYEL TPONYOLUEVEDS
eKQPPaoTel EVOLUPEPOV YU aTA. TO YapaKTNPIOTIKO AVTO OVOUEVETOL VO TEPLOPICEL TIG
avemBOUNTEC LETOPOPEC OEGOUEVMV, OTTMG To, SPam [2]. AkOun, Ot ApYITEKTOVIKES TTOL
ypnoomolovv eximeda (flat) ovopota, To omoio pTopovv va xpnoiponombovyv yio Tnv
MOTOMOINGN TV  TEPLEYOUEVOY, umopovv vo Pacilovialr ce avtd ©dote vo
amoppinTovy kKaKOPovAa dedopéva GE EMIMESO HIKTVLOV.



2.2 H apytektoviky DONA

Ye oavtd TtOo vmokePdAowo Oa  mapovcolaoTEL M TANPOPOPLOKEVTPIKN
apyrtektovikn DONA dote va amosa@nvietodv ot Evvoleg Tov Kepaaiov2.1 Kot vo
1e0el éva onueio avagopdg yu v apyrtektovikn NDN mov ypnowomnoteiton oto
UMOBILE a1 6a avaAivBet 6t cvvéyeta.

1999 ot 155 D 202
OceanStore [15] 2000
TRIAD [9], Content-based networking [11] 2001
3 [14] 2002
con GVRR [16], ROFL [17] 20p6
oogle Tech Talk [41]
DONA [29] 2007
PSIRP [31] AWARD [33]

(Jan 2008-Jun2010) (Jan 2008-Jun 2010)

CCN [42], LIPSIN [53] 2009
COMET[34] CONVERGENCE [35]  NDN [36]

(Jan 2010-Dec 2012)  (Jun 2010-Feb 2013)  (Sep 2010- Aug 2013)

2010 SAIL [32] PURSUIT [30]  MobilityFirst[38]
(Aug 2010-Jan 2013) (Sep 2010-Feb 2013)  (Sep 2010-Sep 2013)

ANR Connect [39]

20m {Jan 2011- Dec 2012)

2012

Symua 3: To ypovodidypappa tov ICN apyltektoviK®y.

H Data Oriented Network Architecture (DONA) mov dnuovpyndnke oto UC
Berkeley elvar amd 11 mpdtec ohokAnpouéveg apyrtektovikéc ICN. H DONA
dwtnpet v IP 01evBuve1000ToN Kol dpopoAdynon eved mpocHETel T duvaTOTNTO
avdivong ovouatog (name resolution), n omoia avtictoyyel ta flat ovouato oty
TANpoopia, Tave and v vadpyovoa vrodoun. [2]

Ta flat ovouata omv apyitektovikipy DONA ypnoiporolodviol Kal Yo Tov
gheyyo ¢ axkepaldtnTog TV Oedopévov mov mopeAnedncov. ‘Etor to ovoparto
amotelovvTol amd To Kpurtoypapikd hash tov mapaywyod tovg (P) kot éva povadikd
avayvoplotikd (L) mov mpocdiopilet t0 mOKETO HOVASIKA GTO TAMIGIO TOL
GLYKEKPLUEVOL TTAPAY®YOD.

H avdivon ovopatog (name resolution) yivetor amd e€eldikevpévong Servers
nmov ovopdalovtar Resolution Handlers (oto €&ig RH). Omolog embopei va
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onuootevcel dedopéva amootéArel éva unqvopo REGISTER pe to 6voua tovg o€
kovtvd tov RH. O 1ehevtaiog KOvomolel avtn TV KoToy®PNoN GTOVS YEITOVIKOVG
tov RH pe oxond avt va 61ad0bel ota avotepa otpopata g epapyiog (O1 RH
umopohv va eivon Tomikol 1| peyaAvtepng KAipokag oynuatiCovtag £tot pia iepapyio).
O xatavorotg anoctéArel Evo unvopa FIND otov kovtivo tov RH o omolog eite
TpomBel TO uNvoua TPOS TOV KATOYXO TS TANPOQOPiac (EAV TOV £YEL KATUYMPNUEVO)
elte mpog aAlovg RH.

H odpopordynon umopel va eivar ovlevypévn M amoocvlevypévn omd v
OVAALGT OVOUOTOC. ZTN OEVTEPT| MEPITTMOT T OEOOUEVA UTOPOVV VO ATOGTAAOVV
OTOV KOTOVOAMTY] antd TOV KATOYXO HE TG KAUGOWKES HeBodovg tov mpwtokoAiov IP.
Avt] dpwg M otpatnyikn ennpedletor amd TOo TPOPANUE TG €EAvVTAnoNg TV
devBivoewv IPV4. Ta 10 Adyo avtd vmapyet kot 1 dvvatdtnta g cvievyuévng
dpopordynong. e avtn, n dwadpour tov unvopatog FIND kataypdeeton og avtod kot
pmopet va ypnowonomOel yio v tpodOnon twv dedopévav HECHO TG aVTIGTPOPNG
dwdpouns. ‘Etot pmopovv va ypnotpomoinodv dievbiveoelg IP mov givor tomkég oe
k@O avtovopo cvotnua (chvvepa 610 Gynua 4).

H mpocwpiv) arnobrjkevon (caching) Paciletal otovg RH o1 omoiotl emAéyouvv
11 O amoBnkedoovy. Eqv éva unvopa FIND avalntd tAnpopopia n onoia Ppickertan
otov RH 16te autr| pmopet va amoctadel dpeca micw 6tov evolapepOUEVO.

Ocov agopd ot @opnToOTNTA, £VOC XPNOTNG ToL aALAlel dikTvo pmopel va
exomoel éva katvovpro pnvopoa FIND. Otav évag mapaymydg maAnpopopiog aAralet
0éom, o1 oyeTikég Katoympnoelg mov £yovv ot RH mpémnet va avavewbodv to omoio
elval apkeTd o ToAOTAOKN Kot damavnpn dladtkacia.

H DONA vrootpilel tov €Aeyyo TG okeEPUOTNTOS TV 0EdOUEVDV e BAoT TO
ovopa. Edv ta dedouéva dev eivon petafintd (non-mutable), tote to povadiko
avayvoplotikdé L mov Ppioketar oto Ovopo eivar to kpumtoypoaeikd hash tov
dedopévav. Apo o TopaAnmnG pmopel va mapdéel to hash amd to dedopéva mov
EMoPe Kal v TO GUYKPIVEL LE AVTO TTOL PPICKETOL GTO GVOUO. TNV TEPIMTMGT TOV TA,
dedopéva givar petopinta (mutable), to povadikd avayvmplotikd L dev £yl mpokdyet
an’ evbeiag amd ta dedopéva. To ONUOcIo KAEWL TOV 1O10KTTN TOV OEOOUEVOV, TO
omoio ypnoomomOnKe Yoo TNV TOPOY®Y TOL TURMOTOG P tov ovoportog,
nepilapfaverol oto makéto ¢ meta-data poli pe éva hash mov éyel Tpoxvyel amd ta
dedopéva. Apa umopet va gheyyBel kot 1 akepaldOTNTA KO 1] TPoéAgvon pe Pdon to
dvo vt cTotyela.



Router QE‘ Y
/ ~ Tier-1 AS

~
~
/RH ~

AS3

—~ = T =~ . Peering Link g

— C|ient-Provider Link
(1-3) === Register Message Q
(4-7) Find Message \

= «(8-11) e Data Subscriber

Publisher

Yynua 4: H apyirektovikp DONA dwypoppatikd. [2]

2.4 H apyrtextovikny NDN

H opyextoviky Named Data Networking (NDN?Y) Booileton oty
apyrtextovikyy  Content  Centric  Networking (CCN?) kot 1n  ovémtoén g
ypnuoatodoteitar omd to US Future Internet Architecture Program [2]. To opapa ¢
apyrrektovikng NDN givol va yevikenoel o polo g «Aemtnc péone» (narrow waist)
™G OKTLOKNG oToifag Tov omueptvov Internet mov kotoAapPavetar amd TO
npwtoékoiro IP [1]. H doun awth meprypdoetar kot amd tov 6po xiewvopo. (hourglass)
S10TL OAN 1 O1KTVLOKN Kivion dEpyeTan LEGM TG AemTig uéomng (oyxnua 6).

H Aoyum ¢ apyrtektovikng NDN eivar n avtikatdotoaon tov IP, mov opilet
éva, OTKTVO TNAETIKOWVOVIOV 0oL 1| emkotvevia deEdyetar petald kKopPov, amd pio
e€eMypuévn LopenN TOV, COUPOVO LE TNV OTOI0 TO TOKETOL TANPOPOPING PEPOLYV TO
OVOLLOL OVTIKELEVOV KO OYL aVTO TOV oKpaimv onueiov emwkowvoviag. Ta aviikeipeva
avtd pmopet va givarl Tpunpota dedopévav, £va BiAio, éva Tuua Taviog K.o. — aKOUN
Kol KOpPot. Me avtd tov Tpomo 10 AlodiKTLO HETATPEMETAL GE OIKTLO JLUVOUNG
(distribution network). "Etot dtatnpeitot 1 Toptvi) AEITOVPYIKOTNTO KOl S1EVKOAVVETOL
n emihvon plag evpelag ykapog mpoPAnudtov. Axoun mn opyrektoviky NDN

1 https://named-data.net/

2 https://en.wikipedia.org/wiki/Content_centric_networking



evoopat®vel nebodovg acpaleiog (VTOYPaPEG oTo TAKETO OEOOUEVMV) Kol EAEYYO
GLHPOPTOTG.

a >

. . (/ \)

[‘/ email WWW phone ... ": \ browser chat ... \
\\ SMTP HTTP RTP ... /,‘“" \\ File Stream ... /
\_ TCP UDP . / Individual apps \JGCJ ; /
\\ /
) Every node Sﬁ::,i':

/packets
\ \
/ethernet PPP . Individual links Strategy
’/ CSMA async sonet \

s
\\ copper fiber radio ... ] “ copper fiber radio ...

\ / . \ L
C D) \ D

IP UDP P2P BCast .

ympa 6: H yevikevon g Aentg péomng g Aladiktvakng otoifog.

Metalh tOoL KOTOVOAMTN KOl TOV OWIKOUIGTY] OVIOAAAGGOVTOL V0 TUTOL
nakétwv: Interest kon Data to omoio @épouvv €va Ovopa TOv TOVTOTTOLEL OEdOUEVA TOL
omoio. umopovv va petapepbovv oe éva makéto dedopévav (Data). O katavaroig
mpowBel éva maxéto Interest pe 1o dvopo TV dedopEvev mov embupel 6to diktvo.
Otav 10 mokéto @1doel 0€ KAMOWO OPOHOAOYNTN OVTOC aKoAovBel v &&ng
Swdwkacio: Apywd eréyyel edv 01B€TEL TO MOKETO OEQOUEVOV GTNV TPOGMOPIVY TOV
uvnun (cache) n omoia ovoudletor Content Store (CS). Edv 1o Bpet, t0 emiotpépet
OTOV EVOLOPEPOUEVO. AlopopeTiKA, eCetdlel dv €xEl KOTAYOPMUEVO EVOLUPEPOV Yia,
o 1ot dedouéva. otn doun Pending Interest Table (PIT). X doun avty o
dpopoAoynme omobnkevel ta interests mwov dev Exel eEumnpPETNOEL TOMIKG, £)Et
TpomONcel 6e AAAOVC SPOUOAOYNTEC N OLKOLGTEG KO Y10 TO. OToia dgv €xel AdPet
Data. Eav vmdpyet non té€toto Katoy®mpnomn, o dpoporoynmg omid mpocOétel tov
CLYKEKPIUEVO KaTavalwt ce ovth (ue Pdon to dvopa tov Interest). Xe mepintwon
OV KAVEVQ, At TO TOPOTAVE® OV 10YVEL, 0 dpouoroynThg Tpombel To Interest Tpog 10
dwakopot) pe Paon pio tpitn douny, v Forwarding Information Base (FIB), alra
Kol GOUQOVA LE TN oTpatnyikn tpodbnong tov (Forwarding Strategy). O mivakag FIB
onuovpyeitar pe tn ypnon evég TP®TOKOAAOL Opopoidynong mov Paciletor oe
Tunuato ovopdtov (name prefixes) kot pumopei va. £yel TOAMATAES KOTOYOPNOELS Y1
kd0e dvopa. Otav Aappdvovrar toAdd Interests yia ta idwa dedopéva mpowbeitar povo
éva Tpog TNV KatevOLVOT TOL TOPAYWYOL 1] KATOLO0V KATOYOV.

H otpatyum mpodOnong eivar €va onuoviikd TUUO TG OPYLTEKTOVIKNG
NDN. Meta&h aAlwv, eivar vevBovn yio v tpocméracn tov FIB kot v e€gbpeon
TOL KOADTEPOL ToUPlAcpoToc pe T Aoyikn tov longest prefix. Mmopei axoun va
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VILAYOPELGEL TNV amoppymn evog Interest oe mepintwon cvuedpnone 1 eqv vdpyet
vroyio KakoBovAng enibeong DoS.

Otav évag dpoporoynme Adapel éva maxéto dedouévov (Data) to mpowbel
ocbueova ue tov mivaka PIT (Pending Interest Table) mpoc v katebbuvvon evoc 1y
TEPIGGOTEPMOV  TOPOANTTAOV EVO  TAVTOYPOVO, OlYPAPEL TNV  KATOXDOPNON Kol
amofnkevel ta dedopéva oto CS (Content Store). Edv dev vdpyel anmdAEL TAKETOV O
dpoporoyntgc Ba AdPel éva maxéto Data yio kabe moaxéro Interest mov mpowbnoe
a@ov ta dedopéva akoAovBovv v avtiotpoer mopeio and avtn Tov Interests. Xtnv
TEPIMTOON HEYAAOVL OYKOL Oed0UEVAV, aVTOHG YwpileTon og TOAAL Cevydpia Interest-
Data. Me avtd 10 TpOTO €MTUYYXAVETOL KOl O EAEYYXOG TNG PONG TS Kiviiong kabmg Ta
Interest Aettovpyovv mapopowa pe ta ACKS oo TCP.

C's routing tables after C’s routing tables after
receiving Interest packet receiving Data packet
FIB FIB
Name Next Name [ Next
Jaueb gr/ [ Publisher 1 Jaueb.gr/ | Publisher 1
PIT PIT
Name [ Requested Name [ Requested
A’s tables after receiving /aueb griaiinew him __[CRA - [-
Data packet TS Ts
Name [ Data Name [Data
FIB N |- jaueb.griaimew.htm [ ..
Name Next p
/aueb._gr/ CRC H P
Jaueb_giics | CR B i yd
A’s tables after receiving PIT f
Interest packet Name | Requested
FIE )
Name Next cs A Publisher 1
Jaueb.gl  |CRC :“"“: e [Data
Jaueb grics |CRB aueb grialnew him [ . FIB
H Name [Next

— PIT e /aueb.grics | Publisher 2
/aueh grianew.htm ‘ Subscriber . PIT
= S Name [Requested
Name Data ™ ~
B o cs
''''''' Name | Data

Subscriber ~
Publisher 2

— ik
(1-3) P Interest M g

(4-6) Data

Yynua 7: H apyitextoviky NDN. CR: Content Router, FIB: Forwarding Information
Base, PIT: Pending Interest Table, CS: Content Store. [1]
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2.4.1 Ovopatoloyia

Ta ovopota otnv apytektovikp NDN  eivor epapycd. Mo moapdderypa
/somenewsnetwork/economics/stockmarkets/today.html/1 omov T0 «/1»
OVTITPOCMOTEVEL TO TPATO TUNHO TNG GEAdNG Kal avTioTolyel oe éva makéto Data. H
EPOPYIKN OO OLEVKOAVVEL TNV KMUAK®OGT TOV GUGTHUATOS OPOUOAOYNONG Kol
EMTPEMEL OTIC EQAPUOYEC v opilovy Tig oyéoelg petald twv dedopévav [1]. Akdun,
Ta ovopata elval adogavi Yoo To 01KTVo, YEYOVOG oL emtpEnel TV eEEMEN TV
EQUPUOYDV aveEapTnTo amd TO aVTO.

O xotavalmtéc mpénetl va givor o Béon va kotackevdlovv To GVOpa Yo TOo
Tunpa dedopévav mov emtBopovy pe vietepuviotikd tpoémo (deterministically). Avto
umopel va  emitevyBei pe O00o TpoOmovg. O mpmdToc elvor pe T xpnom  €vOg
VTeTEPUIVIOTIKOV adyopibuov (deterministic algorithm) pe Pdaon tov omoio o
KOTOVOAMTNG KOl 0 TApOy®yos KataAnyovv oto 1610 dvoua pe Baon tig TAnpoeopieg
mov eivan daBécieg Ko otoug 6vo. H devtepn pébodog cuvdvalet T Aoyikn longest
prefix kot évo medio oto maxétro Interest mov ovoudletor Interest Selector. I'o
Topadeypo o katoval®tig ekdidel Interest yio to PBivieo welcome.mpg pe 6voua
duth/info/welcome.mpg kot o copmAnpmver pe tov Interest Selector “leftmost child”
[1] (ovowotikd (nT®OVTEG TO TPOTO TUNMO TOV dedopévav). O mapaywydc Tov
dedopévov  evogyopéveg  Bo  otether  éva  maxkéto  dedopévav  pe  dvoua
duth/info/welcome.mpg/1. Me Bdon ovti v TANPOEOPI0 O KATOVOAMTAG UTOpPEL
mAéov va exkdmoet Interest pe ovopo duth/info/welcome.mpg/2.

Téhog, n apyrtektovikny NDN emitpéner ) ypfion eite tomkov (local) eite
kabohkav (global) ovopdtwv. Ta dedouéva mov mpémer vo givol TPOGTEAGGLLN
TOYKOGLUMC amoITouV LOVASIKA ovopoTa 6€ avTtd To TAaicto. Opwme 1 xpnon TomKoOv
OVOUAT®V ATAOTOLEL T1) ONUIOVPYI EPAPLOYDY KoLl ETOPKEL GE TEPIMTMOELS TOV OVTES
nepropilovtarl o€ TOmIKY OPOUOAOYNON.

2.4.2 Apopordynon kot ITpomOnon

H Jpopordynon omv apyurektoviky NDN  pmopel va Poociotel oy
TPOTOMOINGN KAUGOIK®V TPOTOKOAM®Y  dpopordynong (OSFP, BGP) mote va
dwdidovv ovopata oedopévav avti yia oevbivoelg IP. Katd ™ dpopordynon
coumAnpovetor pe tunupota dedopévav (name-prefixes) doun FIB (Forwarding
Information Base).

H dwpopd g NDN amd ™ onuepwvny popen tov Aadiktoov apopd GTnv
npomdnom. Ot NDN dpoporoyntég dwtnpovv ot doun PIT (Pending Interest Table)
ta Interest mov exkpepoHy Kot ta dStarypaeovy Otav Adfovv ta oyeTiKd dedopéva 1) GV
nepdoet €va didomuo  ypdévov (Timeout). Apo ot Spoporoyntés  SloTnpovv
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TANPOPOPia yloo TNV KATAGTACT TOL KébOe makéTov oe avtifeon pe 1o IP mpwtoKoiro
10 omoio eivar stateless. H mAnpogopic avty alomoigitoar oamd Tn GTPATNYIKA
npondnong (Forwarding Strategy) tov dpopoloynt) ®cte vo AGPel amo@Acels
OYeTIKO pe To mown Interests va mpowbncel kot mpog molo Semapr], TN GEPA
TPOTEPOLOTNTOS HETAEL TV Interests, tnv emAoyr] eVOALOKTIKOV Ol00POUAOV GE
TEPIMTOON YVOOTNG OmoTVYioG KAmTolov KOpPov K.a. O dpoporoyntg £xEl aKOUN
dvvatdmta vo aravinoet e NACK ce éva Interest edv amogacicer 6t dev Ba T0
eEunmnpemoel 10 omoio Pmopel vo To a&LOTOGEL O TPONYOVUEVOG dPOLOAOYNTNG YidL
TOV eVTOmIoUd cvppopnonc. Ala mieovekthuara tov stateful forwarding [10] eivou n
Euoutn vrootnpi&n multicasting xapn oty avticToiyion TOAGOV SETOEOV e KAOe
Katayopnomn otn ooun PIT kot n dvvatdtnta eAEyyov g pong e TOV EAEYXO TOV
apBpov tev ekkpepav Interest.

2.4.3 Acodlela

Otv mopaywyol mAnpogopiog avapévetalr va vroypdeovv KAOe TakéTo

dedopévav. Etol oe avtifeon pe ™ otoifpa TCP/IP mov aprver v gubdvn g
ac@dielag otoug akpoiovg kOpPovg, n apyrtektoviky NDN mapéyelr acedieln oe
eminedo OKTLOV. Ol KOTOVOAMTEG UTOPOVV VO EAEYXOVV TNV TPOEAEVLCT] KO TNV
aKEPULOTNTO, TOV dEOOUEVAOV TOV AouBavouv. Akoun, xapn oto stateful forwarding ot
dpoporoyNTéC €xovv TNV duvatdOTNTo Vo €VTOTILOVV guKOAOTEP €MBEGEC TOTOV
denial of service. +++

2.4.4 TIpoocwpivn AmoOnkevon

Ot dpoporoyntég umopoHv va amodnkehovy TakETa 0E00UEVDV QPOD, GOUPOVA
pe v apyrtektoviky NDN, avtd amotelovv odokAnpouéveg ovtotntec. H doun mov
ypnoomoteitat yioo avtd to okomd givar to Content Store (CS). O dpoporoynmcg
ovuneplpépetan 6to CS Omme Bo cuumepipepdTOV GE £V OTOLOONTOTE KOVAAL OGOV
aQopd oty avdaktnon dedopévav (). woyvel o Kavovag ywo to longest-prefix). H
TPpocmpvn amobrkevon Asttovpyel eSoupeTIKA Yoo OTOTIKA opyeid oAAd Kot To
duvapukd dgdopéva  pumopodv vo emmPeAnBovv xdpn omv EUeLTN VTOoTNPIEN
multicast (m.y. OTTIKOOKOVOTIKY EMIKOWVOVIOL GE TPOUYUATIKO ¥POVO HE TOAAOVG
CUUUETEYOVTEG) N OE TEPIMTOGT EMAVOUETAd®MONG AMOY® amdAgtog mokétwv [1]. Télog,
oe ovtifeon pe ta IP makéta, o makéto dedopévev oty apyltektoviky NDN dev
TEPLEYOLY TTANPOQOPia Yio TOV TOPAANTTY (AAA®GTE G OPOPETIKN TepinTmon Ha
NTav adOvaTN 1 TPOSWPIVY| OTOONKEVGT) LE GUVETELD TNV EVICYLUEVT OO TIKOTNTO.
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Kepaiaro 3

H Apyrrektovikny UMOBILE

O xvprog otoxoc tov UMOBILE (Universal, mobile-centric and opportunistic

communications architecture) eivor 1 avamtoén piog opYITEKTOVIKNG UE KEVIPO TN

QOPNTOTNTO M 07Ol TAPEYEL GTOVE TEAIKOVE YPNOTEC LVANPECIES KOl TEPIEYOUEVO UE

TPOTO aEOMGTO KOl OTOJOTIKO OKOUN KOl GE TEPIMT®OT amotvyiag 1 EAAewy”Ng
dkTvoK”Ng vodoung [5]. Zvykekpyéva, M apyitektovikn eotidletor otn de&aywmyn
™G kivnong tomkd ywu TN Meimon g kabvoTépnong Kot Tov KOGTOLG Kol TNV
EMEKTOOT TNG EUPEAEING TOV LANPECIOV GE TMEPLOYES LE TEPLOPIGUEVT] 1| KABOAOL
vrodoun (m.y. emelyovseg GLVONKES, ATOUOVOUEVES TEPLOYES).

O1 Bacikol GUVTELEGTEG TNG APYLTEKTOVIKTNG KO TO TG SLOGLVOEOVTAL POIVETOL

oto oynua 8. vykekpuéva n apyrtektovikny UMOBILE nepilappdvet:

Dopn1ég GLOKEVEG O1 OTOTEG AVTOALAGGOVV PUNVOLOTO, POTOYPAPIES K.0. OAAGL
Kol euKaploka dsdopeva (m.y. Oeppokpacia, enineda Bopvpov, K.a.).

Hotspots ta omoio eivoar oe Béom vo GLAAEEOLV KO VA OVOUETOODGOVV
TANpopopic. OTMG puNvopaTo Kvovvou 1 odnyieg and Tig apyéc, va mapEyovy
VANPEGIES KO VO GUAAEEOVV KOl EMEEEPYAGTOVV OEDOUEVOL.

Mn emavopopévo — OVTOVOHOL OYNUOTO KOVE vo. GULAAEEOLV KOl Vo
OVOUETOAOMGOVY  TANPOPOPio. Kot v SGLVOEGOVY  OVO  OMOLOVMUEVES
TEPLOYEG.

Gateways 1o omoio TopEYovy T dACVVOEST HETAED TOV ALOSIKTIOL KOl TOV
UMOBILE domain.

Apoporoyntéc ot omoiot ypnoiponolovv tpmtokoArla tov UMOBILE ywo v
vrooTPIEN TG UETAPOPEG VINPESIMY (Service migration) kot v wapoyn TV
UNYOVIGU®V TOOTNTAC DINPECIOV TOL 0pilovTal amd TNV OPYITEKTOVIKN.
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Yynpa 8: Apyrtektoviky UMOBILE [5]

I[a v ernitevén tov mapandveo otdoywv, 1o UMOBILE aflomoel v
TANPOPOPLOKEVTPIKT SIKTOMOT DGTE VO OMOOEGUEVGEL TIG VANPEGIEG OO TNV APYIKN
TOVG TOmOo0EGio v TOPAAANAQ YPNOILOTOLEL EPYUAEID EVKAPIOUKNG SIKTOMONG Kol
avoyng otnv kabvotépnon. Ta tapandve cuvdvdlovtal yuo T dnpovpyia vOg vEou,
eViaiov EMIESOV aPaipESTC.

To UMOBILE Bacileton otv apyrtektovikiy NDN «kat tnv emekteivel o¢ €ENG
(oxnpa 9):

e Anuovpyia gvog véov, avektikob otig kabvotepnoelg face (to face eivan
yevikevon tov interface oty apyitextoviky NDN, w.y. TCP face). Avto
170 DTN face ypnowuonoteitan og €uKAPLOKA GEVAPLA | OE TEPITTMOGCELC
npoPAnuatikng ovvdeootntag kot mopadidet T NDN mokéta oto
npwtokorro IBR-DTN2 1o omoio eivon pio vlomoinon tov Bundle

Protocol [19] to omoio kot avaiapfdvetl T HETAG06M TOVG.

3 https://www.ibr.cs.tu-bs.de/projects/ibr-dtn/
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e Avamtuén piog véag dopng (NDN-Opp) n omoia kab1oTd TV guKOPLOKN
enwcovovia pésm NDN dvvarr). [a 10 okomd avtd avantvccovtol Eva
véo Wi-Fi Direct face kabmdg kot 800 véec epupuroyéc, pion epapuoyn
chat kot pia e1dnoemv.

o Tlapoyn dvo vémwv vanpeciav: Mio TAATEOPUO LETOPOPAS VINPECLOV
(service migration) n omoio. pumOpel Vo LETOPEPEL VIINPEGIEG O KOVTA
oT0, AKPOL TOL SIKTVOL Ylo. TayVTEPN TPOGPact kat Eva push-service oe
nepintmon mov 0 ¥pNote ypetdletor va uetagépel dsdopéva, (kat oyt
interests) oto dikTvo 7). O€ TEPITT®ON AVAYKNG.

e Avamtuén piog application-centric doung (KEBAPP) [7] otnv omoia ot
epapuoYEG potpdlovtal Kowvd name-spaces kot vrootnpileTon 1 xpnon
keywords.

e YAomoinon Unyovicp®V yio TV OVTILETMMTION EKTAKTOV GLVONKAOV (T.Y.
QLOIKEG KATaoTPOPEC): 1) "Evag unyoviouds eviomiopnol Kot avaKtmong
npocmpwvd amobnkevuévov (cached) mepiexouévov amd SKTLAKOVC
YOPOLS AOONKEVGONG 1 GLOKEVEG XPNOTAOV Kal 2) pio Aoyikn dtdoong
minpogopiag (NREP) [11] pe Bdon v mpotepatdTNTO TOL EVVOEL TN
d1A000M TWV 7O CNUAVTIKAOV UNVOUATOV.

e Ewoayoyn evdg véo aiyopiBpov yur tov €leyyo G SLpeOpMomng
(INRPP) [12] o omoiog cuykevipadvel (pools) tovg mopove (evpog {dvng
Kol omoONKeLTIKY] KAVOTNTO) DOOTE VAL TETVYEL OIKALOGVUVI] KOl TOTIKN
otabepotnrO.

o Anuovpyia piog doung E&vmvng dpopoAdynomg mov AapuPavel vToyY ™
CLUTEPLPOPE Ko TO TTEPPAAAOV TOVL YPNOTY).

o Avdamton evdg mpoypdupatoc to omoio avtAel oedopéva amd TO
nepifdiiov tov ypnotn (network mining) kot TopAyEl UETPIKES
dpOHOAOYNONG OALG KOl TTPOTAGELS XPNOLES TPOS AALEC EQPAPLOYEC.

v moapovoa epyoacio vAomombnke N oemaen petah NDN kot DTN yia
eopntég ovokevéc Android pe tn onovpyia evog DTN face (oynua 9). ‘Etot, o NFD
(NDN Forwarding Daemon) &yet t dvvatoTnta HETAPOPAS TOKETOV UE ALENUEVT
aélomotia péow DTN eite pe popen tunneling (evdidpesot koufot mov dev drabétovv
tov NFD egite oe hop-by-hop éidtaén.
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Informaticn flow

Data flow : Applications/Services
A, i

New compenents 1 l

Modified components -------------- *| Service Manager <—[ Service Repository J

}

Contextual . Naming/Communication Model/Forwarding APls
Information Monitoring i

Forwarding

Forwarding pipelines

!

H Forwarding strategies

Routing module ........ - QoS QoE Application Sharing

DTN fwd NREP NDN-O KEBAPP
NDN-Opp i fwd

NDN fwd cocD

! $
NDN-Opp

. Faces
Virtual Faces

! ! $

DTN ( TCP )[ UDP ]

1 T t
Network interfaces

(
Q Bluetooth J [ Wi—\gigii:ect ][ LTE ][ Ethernet ]

Yyua 9: Ta otoyeio e apyitektovikng UMOBILE

H apyrtektovikn UMOBILE aomoei to DTN face pe véeg otpatnyikég
TPOMONGNG Ol OTOIEC EMTPEMOVV EMKOVOVIO TOV EIVOL OVEKTIKT G KOOLGTEPNOELG
ko owatopayés. H andpaon yioo mpoddnon péow DTN Aoupdveton eite mpoAnmtikd
elte g avtidopaot. v TpdTn TEPITT®OT TOV AOYO £YEl M €Qappoyn N omoia opilet
tov tomo face mov Oa ypnowomooel. X devTEPN MEPIMTMOON YIVETOL YPNON TOL
DTN face a@ob eupoviotodv onuadio Guueopnons N OTOAELNC GOVIECTG.

H avektikn og xabvotepnoelg O1KTO®ON ENEKTEIVEL TV EMKOV®ViD, 6TO TTEDIO0
TOV YPOVOL AEITOVPYDVTAG UE AOYIKY amobnkevoe-koi-npowOnoe (store-and-forward)
avti vo vroBétel Ty Vmapén cuveyovg emtkovwviag amd dkpo oe akpo. Kdébe xoppog
avoAlopPavel Tpocwptva TNV Knospovio Twv SedOUEVOV TTOV TTPEMEL VO TPOWONCEL
péypt vo tov dobei n evkapia va 1o mpdet. Ta dedopéva mov eivan amobnkevpéva oe
éva. KOUPo pmopovv va petaeepBovv akdun Kot 6to medlo TOL YDOPOL MOCTE VA
emtevyBel emkowvovia (w.y. pe éva agpomidvo [13]).

O xoppog g apyitektovikng DTN eivar to Bundle Protocol (BP) [19]. To
Bundle amoteleitol amd pio oelpd opddmv SES0UEVOV TOL OTO10 SPOLOAOYOVVTAL LE T
AOYIKY| amobikevoe-koi-tpowOnoe nécm Odpopwv transport emnédov (m.y. TCP,
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UDP). To DTN oavolouBaver okéuo tnv owomacn (fragmentation) kot v
emavacvvieon towv Bundles pe oxond v amopuyn AoKOTOV ETOVAUETAOOCEDY AALA
Kol yio vo gtval coppotd pe mpotoékoria yapniotepov emmédov. H emavacivheon
umopel av mpaypoatorombet €ite oTov TEMKO TPOOPICUO €iTE GE KATOOV EVOLAUEGO

Koupo.

[Na tic avaykeg too UMOBILE ypnowonoteitar 1 DTN vionoinon IBR-DTN
N omoia eivar amwd TI¢ o dnpoeiieic viomomoelg tov Bundle Protocol. To IBR-DTN
elval oyedlaopévo ylo EVoOUOTOREVE GuoTHHaTa Kot cuvinpeital gvepyd. To DTN
face otélvel kot AapPaver mokéto uéom tov IBR-DTN daemon yeyovog mov kobiotd
dvvatd tao e€Ng:

e 'Eva véo eninedo moidtrag vanpeociov (quality of service), to less-than-
best-effort to omoio pumopel va vwooTnpi&etl PN AmoTNTIKEG EPAPUOYES .

o Atiomotio og TepiBdAiovta oTa Omoia LITAPYEL GLUPEOPNON.

e 'Eleyyo pong (congestion control) pe v dioy€tevon g kivnong pHécwo
tov IBR-DTN gdv evromiobel cuopedpnon.

To DTN face ypnoyonoteital 6ta Tapakdtom cevapio [5] :

» Q¢ otpatnykn mpomOnong (forwarding strategy) cduewvo pe tmv omoio to0
DTN face emdéyeton avtopoTo OGTE VO XPNOTNG O 00i0¢ PpiokeTor KTOC
OIKTLOKTG VITOOOUNG VO UTTOPEGEL VO ETIKOIVAOVIGEL LE KATOL0 KOVTIVO access
point uécm evog evolapecov DTN-Tunnel (oyquo 10) oe mepintwon mov ot
evolapecotl koppor eupavifovv Evrovn petafantotmra (volatility).

UMOBILE
UMOBILE mobile 6D Access Points ((( )

node

a7 s O
& &

Content

Yynpa 10: TIpombnon péocw DTN Tunneling og actabeic cuvOnkeg diktdov [5]

» Q¢ otpotnyikn TPo®Onone mov €QAPUOlETAL €K TOV TPOTEPOV OTOV 1
kabvotépnon eivor avapevopevn 1N kol okoémun (). HeTopopd dedouévav
uéow UAV) og meployéc ektdg SIKTLOKNG VITodounc (oyfuo 11).
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UMOBILE \

| 6D 80 ‘: Access Point ((( D)
& @ i'e
8D 6D | Content

UMOBILE mobile
nodes

Symua 11: IIpodOnon DTN otav givar yvootd €€ apyng 6t Ba vdpset
kaBvotépnon [5]

> ovvéyela Ba Tapovotactel N vAomoinomn g dacvvoeong NDN — DTN.
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Kepalaro 4

Awovvoeon NDN - DTN

O kvplog o10Y0¢ TS Tapovoag epyaciag eivar n dnuovpyio piog dtemaEng
ueta&v tov NFD (NDN Forwarding Daemon) kot tov IBR-DTN éto1 dote vo pmopet
0 TPpMTOG va. Tpombncel makéto uéom tov DTN face. Amapaitnta epyoleio yio tov
napandve okond ftav to Android Studio IDE, n yvéon g Aettovpyiog tov NFD, 1o
IBR-DTN API kot o1 yAdooeg C++ ko Java. O kddwkag g demapng Ppioketal 6to
napdptuae 1. T va yivouv katavontég ol amopAcels mov eM@Oncav kotd v
vAomoinom givar avaykoio pio covioun weptypaen g Asttovpyiog tov NFD.

4.1 NDN Forwarding Daemon

O NFD [14] e&ehiooetar mapdriinia pe to mpmtokoAro NDN to omoio kot
vAomotel pe Pacikn Tov Asttovpyia v Tpombnon tokétwv Interest kou Data [15]. Zto
oynua 13 eaivovrtal ta empépovg tpunqpota tov NFD. Zvvontikd avtd eivat:

e Faces: H yevikevon tov YopnAOTEPOL EMMEOOV OIKTLOKDOV  OETOPDOV
(UDP/TCP/Ethernet k.a..).

e Tables: Edo mepilauPavovrar ta Content Store (CS — caching), Pending
Interest Table (PIT), Forwarding Information Base (FIB), d1dgopec petpnoeig
KaBmg Kol GAAEG dOUES Yo TV LTOCTHPIEN TNG TPOM®ONGNC.

e Forwarding: Ed® mpayuoatonoteitan n eneéepyacio kal mpomOnon TovV ToKETOV
og ovvepyooio pue ta tunuato Faces, Tables ko Strategies.

e Strategies: 'Eva onuavtikd koppdrtt tov tunpatog tpominone. Yroompilel v
VIapEN TOAMGDV oTpaTtNyIKOV Tpominong, 6mmg n ypron tov DTN face oe
ouvOnkeg ovuEopnons (keeaiaio 3), HeE TN HOPEN AyOY®V TPoddnong
(forwarding pipelines).

e Management: H viomoinon tov NFD Management Protocol [16] to omoio
emtpénel ) Oapopemon (configuration) kot tov opiopd M v yvoon g
katdotaons tov NFD amd epappoyéc. H emowwvia peta&hd NFD kot
eQOpPUOYDV Yivetal pe avtailoyn takétwv Interest ko Data.

e RIB Management: O dwyepiomg tg Routing Information Base n omoia
pumopet vo tpomomomBel pe ddpopovg TPOMOVE ONMOC Amd TPOTOKOAAQ
OpOHOAOYNONG, OO EPAPUOYEC Kol yEpokivnTa. XT10Y0¢ €ivar 1 dnuovpyia
evog afldmotov mivaka mpodOnong kot o cvyypovicuds tov pe to FIB, 10
omoio mepExel ™V AyOTEPT OuVATH TANPOQOpPic TOv YPelalETON Yo TNV
TpomOnon.
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e ndn-cxx Library, Core kot Tools: Eé® mepihappdvovior ypnoipec vanpeoieg
(.. vmoloywopog hash, DNS resolution, mapakoiovOnon tov faces k.a.) ot
omoieg eivol KOWEG Yo To O16.popaL TUNLOITOL.

Management ndn-cxx library

- Face manager - forwarder status manager - RIB manager
- FIB manager * aggregation routes from
- StrategyChoice manager different routing protocols
* processing RIB flags (child

nhe ture

Forwarding

- face table; - forwarding pipelines;
- name-based scoping Faces

- Strategyinfo
* strategy-specific storage in
Measurements andfor PIT entry

- BestRoute (default)

- Multicast

- NCC (based/similar to CCNx 0.7.0) - packet format

- Access Router * NDN abstractions

- Client Control (for special apps) T * wire encoding and
“““““““““““““ decoding
- scheduler

- management support
C * data structures
e * security support

- basic logging; - hash computation routines; - config file - ndnsec tools

NFD Tools NDN Essential Tools

nfde; nfd-status; nfd-status-http-server; ndnpeek, ndnpoke; ndncatchunks, ndnputchunks; ndnping,
nfd-autoreg; ndn-autoconfig; ndn-autoconfig-server ndnpingserver; ndndump; ndn-dissect, etc.

Yynua 13: Ta empépovg Tunpota tov NFD [15]

Ta maxéto Interest xor Data @tdvouv otov NFD péow tov faces ta omoia
ovopdotnkov €101, yevikevovtag tov opo interface, dote vo  mepilappdvouvv
TPpTOKOALD 610 QUOIKO eminedo (m.y. Ethernet) oadAd xai mpoTOKOALN EMTESOV
uetapopdg (w.y. TCP/UDP). Kdbe face omoteleitan amd tnv LinkService kot 1o
Transport. H mpom mapéyer vanpecieg vymAod emumédov Onwg  O1domaom
(fragmentation) kot emavacOvOeon, UHETPNTEG EMMEOOV SIKTLOV KOL OViYVELON
OTOTUYIDV EVD TO OEVTEPO YEVIKEVEL TO YOUNAOTEPOL EMMESOL TPMOTOKOALO
uetadoong (TCP, UDP, Ethernet x.t.l.). To kabe face dwfaler ta sioepyodueva
dedopéva amd 1o APl tov Aertovpylkod GUOGTAUOTOG Kol TO TOPASIOEL GTO TUNLOL
Forwarding pe popon Interest, Data ; Nack.
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Ewdwotepa, éva eioepyouevo Interest katoympeitar apywd otov mivaka PIT
pali pe to vrolouro Interest to omoio ekkpepovV 1| wKavomomOnkay TpodGPATa. X1
ouvvéyelo To. avtiototya dedouéva avalntovvtal oty apocwpvyy pviun (CS). Edav
EVIOTIOTOVV EMIGTPEPOVTIAL GTOV  EVOLOQEPOUEVO, OlapopeTikd To Interest Oa
tpowdnbei e dAlo kopuPo. H andpaon oyetkd pe 10 nwg Bo tpowbnbel to Interest
Aoppaveton and ™ Ztpoatnyikr IIpoddnong (Forwarding Strategy) pe fdon to dvoua
kot o FIB. To Interest teAikd mpomBeitan pécm tov kotdAiniov face.

Yv mepintmon evig eloepyopevoL makétov Data, apykd yivetar Eheyyog otov
nivoka PIT yuu to €dv wkavomolel kdmowo Interest mov exkpepeil. Edv vai, téte 10
nokeEto mpowbeitar mpog TOV  KATAAANAO Tpoopopd (1 mwPog TOAAOVG) Kot
amobnkeveror oto Content Store evd oe S10POPETIKT TEPIMTOCT ATOPPITTETAL.

[No v vlomoinon tov DTN face tpomomombnkav ta tunupata Face,
Management, ndn-cxx kot Core. To televtaio mepiiapPaver To configuration file oto
omoio mpootédnke 10 mpwtdkoAlo DTN wote o tpomomomuévog Face Manager
(tpo Management) va vrootnpilet ) onpovpyio DTN faces. Xt Bprodnkn ndn-
CXX mpootédnke m  dvvardtnTo  Ompovpyiog Kol EAEYYOL  TOV  LOVOOIKOD
avayvoptotikov (URI) twv DTN faces. Xt cuvéyela Oa meptypagei avalvtikotepa 1
doun kot n Aettovpyio Twv faces.

H xidon nfd::Face mapéyer motdtnta vanpeciov emmédov best-effort yuo ta
NDN moakéta emmédov diktvov. Méow tov faces to tuiqua forwarding Aopfaver kot
otélvel Interest, Data war Nacks. Axoun, pe ™ ypnon faces emitvyydvetor m
emuowvovia petalh NFD kot epappoydv yeyovog to omoio amAomolel 10 oyediacud
tov NFD (og oyéon pe m ypnion kAnoewv ocvotyuatog). Kabe face mapéyel tig
ocvvaptioelg sendinterest, sendData kor sendNack oto tunquoe forwarding eve o
A xidon, n FaceTable, dwatnpei pio Alota pe ta evepyd faces ko emtpénel oto
forwarding va AdPer mokéta péow TV ouvvaptioewmv  afterReceivelnterest,
afterReceiveData «ou afterReceiveNack. Kabe face é£xet opiopéve  dnuocia
YOPOKTNPIOTIKA

e Faceld: H tavtotnto mov divel oto face n kAdon FaceTable yio 660 avtd sivar
evepyo.
e LocalURI: To FaceUri 1o omoio avtimpocmmevel tov tomtkd KOpPo.
e RemoteURI: To FaceUri mov avtiotoyel Tov omopakpusuévo Koufo.
e Persistency: Kafopilet tn ovumepipopd tov face o mepintwon cedApuatog 6Tto
KavOAM emiKowvoviag 1 Hetd and Eva dtotnuo arnpaiog.
o on-demand: To face katooTpéPetal v TOPAUEIVEL VEVEPYO Y10 KATOLO
ot 1) OE TEPITTMOT) CPAALATOC.
o persistent: T'a va katactpagei To face mpémel av dobel pntn evioin M va
VILAPEEL GPAALLO GTO KOVAAL ETKOVMVING.
o Permanent: To face dev katactpépetan £KTOC €6V 600l pNTH EVTOAT.
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e LinkType: Kabopilet o edv 1o face givon point-to-point ; multi-access.
e State: Aciyvel v katdotoon tov face.

o UP: Kavovikn Aettovpyia,
DOWN: TTpocwpivd kieioo — og dtadikacio avaKTnomng.
CLOSING: ®dvciohoyikog teppaticpog tov face

o O O

FAILED: Teppatiopdc Aoy amotuyiog
o CLOSED: To face &yet tepuatiotel
e Counters: Ztatiotikd yio tov aptOpd ko to péyebog twv Interests, Data, Nacks
OAAG Kot TOKETOV YOUNAOTEPOL emmESOL TOL ool £xovv 01EAOeL pPEcm TOV
face.

Ecwtepikd, to face amoteleiton amd t1g kKAdoeig LinkService kot Transport. To
tedevtaio eivar To Katdtepo eminedo tov face ko dwayepileron makéta TLV (Type-
Length-Value) [18]. H LinkService eivar to dveo tuniuo tov face kot petatpémet
TOKETA EMTESOV OIKTVOV G€ YOUNAOTEPOL Kot avtiotpoeo. H kidon nfd::face::Face
déxeton To avrtikeipeva LinkService kot Transport Kotd v KOTOGKEDT TOL Kot QLTA
opilovv TANP®G TN CLUTEPIPOPE TOV.

Otav Aoppdvovior moké€to oamd to Transport, oavtd peta@épovialr ©To
LinkService péow tng suvaptnong LinkService::receivePacket. H avtictpoen mopseio,
akoAoVOEITOL KATA TNV OTOGTOAY TOKETOV OTTOL avaloya pe to Type (mpmto medio
tov TLV) ovtd mpowbBodvioaw mpoc 1o LinkService omd 11c ovvoptioels
Face::sendInterest, Face::sendData kot Face::sendNack kot petd mpog to Transport
KOAGVTOG TN cuvaptnon Transport::send.

4.2 Yhomoinon

Tunuata g viomoinong facictnkay ot SOUN NG LIAPYOVGUS EVOOUATMONG
NDN-DTN [17] n omoio. vAomomOnke oto mhaicio tov UMOBILE yo otabepoic
xkopBovc. O NFD yia Android* eivar port tng apyikig ékdoong, sivar ypoupévoc oe
C++ ka1 ypnowwonotei to Java Native Interface (JNI) yio v aAinienidpaon tov
native k®dwa pe tOv KOSk ypappévo ce Java, n omoia givar n Pocikny yAdooo
npoypappaticpod oto Android. Mdélota, ypnowonoteitoan to third-party CrystalX
Android NDK® (Native Development Kit) to omoio, o€ avtifeon pe to Google NDK,

4 https://github.com/named-data-mobile/NFD-android

5 https://www.crystax.net/en
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vrootnpilel, petald dAlmv, Tig PipAodnrec Boost C++° tic omoiec ypnowomorei o
NFD.

H viomoinon tov IBR-DTN Bpioketan oto Google Play Store’. Eivou emiong
Sro0éoun pio Pprodnkn API® (Application Programming Interface), ypauuévn oe
Java, ywo v emkowvavia pe tov IBR-DTN.

Apoipetikd, ta dedouéva diEpyovtal omd to e€ng stack:

Application NFD IBR-DTN System

A
A
A
A
A
A 4

Yynua 14: NFD — IBR-DTN stack. Me kdkkivo to TURLLOTO TTOV
TpomomomOnKav/avamtoydnKay.

H doun mov axolovOnbnke o¢aivetoar oto oynuo 15. Xvvomtikd, otav n
€QapUOYN oTEAVEL TaKETH akolovbeitan 1 e&ng dadpoun: To tpuMquoe Forwarding kaiet
™mv avtiotoyn cvvaptnon (ywo Interest, Data | Nack) oto generic-link-service.cpp to
omoio pe TN o€pd Tov kaAel T cvvaptnon DtnTransport::doSend. Ano to apyeio dtn-
transport.cpp kaAeitar 1 cvvaptnorn sendToIBRDTN 1 omoia Bpicketal 610 apyeio
nfd-wrapper.cpp. To tekevtaio eivar avtd mov @optmdveton amd tnv Java Virtual
Machine wc¢ native library kot péow ovtod cuvteAdeitar To GOVOAO TNG EMKOVMOVIOG
ueta&y Java ko C++. "Yotepa kaleitol, pécm tov Java Native Interface, n cuvéptnon
DtnService.sendMessage m omoio ekkivei Tnv vanpecio DtnService pe okomd v
napdadoot TV dedopévav otov IBR-DTN.

Katd ™ My dedopévav n kAdon DtnBroadcastReceiver Aapupdvet to oyetikod
broadcast mov exnéuner o IBR-DTN kot ekkivel tnv vanpesio DtnService pe okomd ™
My dedouévav. O DataHandler evtog e kAdong DinService kaiei péom tov JNI ™
ovvaptnon queueBundleJNI n omoio Ppioketon oto apyeio nfd-wrapper.cpp. X
ouvéxeln, pe v kKAnon g ovvdptnong DtnChannel::queueBundle, 1o maxéto
npowdeital oto koval (dtn-channel.cpp) 6mov katoywpeitar mg acvyypovo task otov
scheduler tov NFD. Télog o scheduler «kaAei 1™  ovvaptnon
DtnTransport::receiveBundle, 1o mokéto ot ouvvéyeln mpowbeitor oty KAAGN
GenericLinkService and émov katoinyel oto Tunua Forwarding

6 http://www.boost.org/
7 https://play.google.com/store/apps/details?id=de.tubs.ibr.dtn&hl=en
8 https://github.com/ibrdtn/ibrdtn-android-library
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IBR-DTN Daemon

TCP/UDP
14

Zyua 15: Awypappatikn arneikovion g dtacdvoeons NDN - IBR-DTN. Mg évtovo
UTTAE 1) KOKKIVO Ta apyeio Tov dnpovpyndnkav/tporomoOnkay.




e avutd to onpeio ivar onuovtikd va. onuelmdel 6TL N TAPATAVE VAOTOINGN

dev elvar M mo amodotikn agov N mopsuBoAn tov Java Native Interface swcdyet
apketd overhead. Evtovtolg, ota ocevipla 0mov, cOUQOVE UE TIC TPOSLOYPOPES TOV
UMOBILE, to DTN face ypnowomoteitar, n emmpdcobetn kabvotépnon sivol

apentéa onwg o dovpe 6To KEPAAOLO S.

Ta neprocotepa amd tao modules, tov oroiwv 1 Aettovpyio Oo Teptypapel GLVOTTIKG,

Bpiokovion oto oynua 15. ' v eneEnynon ¢ Aettovpyiag axorovbeital kKupimg 1
po1n TOV dESOUEVOV.

DtnService.java

H «hdon DtnService eivat 10 mo kovtivo tunua otov IBR-DTN. Kinpovopei
mv kAdon DtnintentService tov IBR-DTN API, n omoia emtpéner 10
registration evoc prefix otov IBR-DTN yia v emkowvovio pe avtov. Otav
onuwovpyeital 1o OvVTIKEHEVO TNG KAAOMG, KoAgitor M ocvvaptnom
initializeNativelnterface n omoia PBpioketon oto apyeio nfd-wrapper.cpp kot
didetat oo native koppdtt £vag deiktng yo o avtikeipevo DinService mote vo
etvar dvvatn N omootodn wakétmv and tov NFD péocw avtod. H DtnService
etvon pior Bound Service. Katd v exkivnon tov NFD n kAdon mainFragment
npocdéveTor oty kAdon DtnService kot étor dgv kaAeitar m cvvdptnon

onDestroy g teAevtaiog KOs @Opd TOV OAOKANPMOVETOL W0l OTOGTOAN M
Ay,

DtnBroadcastReceiver.java

Kinpovouei v xAdon android.content.BroadcastReceiver xou umopei wot
Aoupaver to broadcasts mov exkméumer o IBR-DTN oOtav ovtog 0éher vo
nopaddcel évo makéto otov NFD. Tote kodeitor 1 cuvaptnon onReceive, n
omoio. dnpovpyet Eva intent mov mpoopiletar yio v DinService (o intents
OTOTEAOVV TEPLYPOUPEG EPYUCIOV TOV TPOKELTOL VO, CLUPOVV) GTO 0moio
tonofetel to. dedopéva mov eAngbnocav. H kAidon DtnService Aoaupdver to
Intent xapn ot ocvvaptnon onHandlelntent, e&dyet ta dedopéva Kot ™
devbuvon tov amootorén kot o Tpowbel oto apyeio nfd-wrapper.cpp péocwm
™m¢ ovvaptnong DtnService.queueBundleJNI.

nfd-wrapper.cpp

To apyeio nfd-wrapper tpomomomOnke ®GTE VO EMTPEMEL TNV UETAPOPE
Tokétov mpog kot amd tnv kidon DtnService. Katd ™ ¢@dptwon Tov

amoOnkevovror odeiktec ywoo tnv  DinService kot ™ ouvvdptnon g
sendMessage, @ote va Peitiwbel n amddoon, kabdc ko yio T Java Virtual
Machine. Otav o NFD emifupei va oteikel évo makéto péowm tov DtnFace kaAei
telMkd ™ ovvaptnon SendTolBRDTN n omoio otn ocvvéyelin kaAel v
DtnService.sendMessage. Axoun, to opyeio nfd-wrapper odwbéter 1

26



ovvaptnon registerChannelToWrapper n omoia koAeiton amd to din-
channel.cpp ®ote va pmopovv vo mpomOnbodv Anebévia moakéta oe avto.
Téhog, €do Ppioketon hard-coded to configuration file tov nfd, to omoio
emtpénel otov face-manager va dnuovpynoet to Kavaiio 1/kot ta faces tov
TPOTOKOAAWDV.

dtn-transport.cpp

Amotehel 10 kat® pépoc tov DTN face kar Swbéter T1c GLVAPTNGELG
DtnTransport::doSend kot DtnTransport::receiveBundle. H mpotn kadeitat and
10 generic-link-service.cpp 6tav o NFD emibopei vo tpombnoel k4molo mokeéTo
uéow tov DTN face 1o omoio ot cuvéyeia npowbeiton otov nfd-wrapper.cpp.
H debvtepn kodkeiton amd to dtn-channel.cpp ywa v maporafr) eicepyouevon

TOKETOV TO OTOI0 OTH cLVEXELN TapadideTor 6to generic-link-service.cpp.
dtn-channel.cpp

Anpovpyeitan amd tov dtn-factory.cpp pe evroAn tov FaceManager, katd v
ekkivnon tov nfd, copewva pe to configuration file. H kidon DtnChannel: 1)
Aoppavel eicepyopeva makéTo amd Tov Wrapper otn cvvaptnon queueBundle

Kot 61N cuvexela ta mapadidel otov scheduler tov NFD dote avtdg va karéoet
acvyypova [17] ™ cvvaptnon DtnTransport::receiveBundle, 2) Anpovpyet 1o
DTN face katomv evtolng amod to dtn-factory.cpp.

dtn-factory.cpp

Anpovpyeitar and tov FaceManager wxoatd v exkivnon tov NFD.

Koataokevalet kat dwoyepiletar to DtnChannel.

Face-manager.cpp [17]

Anovpyet to DtnFactory pe Baon to configuration file. Eniong {ntd and to
dtn-channel va dnuiovpynoet éva katddinio DTN face (to channel eivau éva,
Opmg ta. face pmopovv va givatl moAld) 6tav eicdyetal éva, route oto GUI mov
napéyet o NFD yio android xotd v meipapotikny dtadikosio (kepdaiato 5.1).

BonOntwd Apyeia

o Face-uri.cpp (Biprrobrxn ndn-cxx) [17]
TpomomomOnke katdAinAia dote va puropel va dwyepiotei ta URIS tov
DTN faces.

o nfd.mk (apyeio yio To Android Studio IDE)
[Tpootédnkav ta véa .Cpp apyeia.

o build.Gradle (apyeio Tov Android Studio IDE)
[Tpootédnke n PiProdNkn tov IBR-DTN API.

o local.properties (apyeio tov Android Studio IDE)
[Tpootédnke to third-party CrystalX ndk.
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Kepaiawo 5

Hewpopotikd Aroteréopato.

5.1 Mg6oodoroyia

[a v deloyoyn tov mepapdtov ovartdydnke plo mlatedpuo (oto

Aertovpyiko Android) i) omoia emtpémer Ty Ayn kot v omootoAn Interest kou Data,
TNV TOPAUETPOTOINGCT YOPUKINPIGTIKAOV OTMG TOV pLOUO Kot TO TPOTO ATOGTOANG, TO
tpwtoéKoAro mov Ba ypnoiporombel and tov NFD (UDP, TCP, DTN), 1o péyebog tov

TOKETOV K.0. 0AAG Kol TV eEaymyn ¥piolev petpriicemv émmc goodput, per packet

delay x.a. T v emkowvovia pe tov NFD ypnoipomowsitar to APl jndn® to omoio

EMUTPENEL TNV ATOGTOAYN dedopévov amd Kot mpog tov NFD pe t dnpovpyia tov

avtiototyov face. H mateoppo sivarl ypapupévn oe Java kot amoteleital amd Tig e&Ng

KAdoels:

MainActivity: TIpoxettar yio v kAdon m omoio oAAnAemidpa pe to GUI
(ewova la) ko oamotelel To onueio ekkiviong tov mpoypdupotoc. Ta
Activities eivor pio Boowkny opddo kAdcewv oto Android kot cuvnbmg
aAANAemTOpovV pe Tov xpnot (T.y. pio eQoproyr| ¥povOUETPO Umopel va gival
éva activity). Katd v «Anon g uebddov onCreate (n pébodog m omoio
KoAgiton TpmdTN Katd T dnpovpyia tov Activity) n MainActivity Eexwvdet o
thread InterestReceiverThread. Télog, m MainActivity, petd to Télog TOVL
TEPALATOG, EEAYEL KOL TUTMVEL TO, SEGOUEVOL Y10 TIG SLAPOPEC LETPUKEC.

InterestReceiverThread: KAnpovouel tqv kAdon java.lang.Thread kot o oxomog
g eivar 1 Aqym Interest and tov NFD. T'a va eivar avtd dvvotd, mpémet
npoto vo kotoyowpndei éva NDN name pe Bdon to omoio o NFD 6Oa
OMNUOVPYNGEL TO KOTAAANAO FOUtE Y100 TV ETKOVAOVIOL TOL HE TNV TAATOEOPLLOL
(ewdva 1B). H doun tov ovopatog mov enedéyn sivor /«mpmtokoldo»/info/«x.

‘Eto1, €bv 1o melpapa ypnoyonotel 10 mpwtokoAro UDP kol mpoxettal va

otalobv 1000 interests tote to ovopo tov Interests Oa sivon /udp/info/1...1000
e To kGO interest va mpocdiopilel Eva GLYKEKPIUEVO TUNLO SESOUEVOV OO TO
1 éog 1o 1000. To thread kaver sleep ava kamowo millisecond @ote va pnv
omoTaAoVVTAL 01 TOPOL Tov cvotnuatos. Otav Anebdei kdmowo Interest (uéocw
m¢ ovvaptnong onlnterestCallback), onwovpyeitor éva thread yuw v
OTOGTOAN OEOOUEVOV.

9 https://github.com/named-data/jndn/blob/master/README.md
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e DataSenderThread: To thread avtd omuovpyeiton, otélver otov NFD éva
TOKETO HE TuYoio Ogdopéva Kot kataoTtpéPetal. Ta tuyoio dedopéva givor
tomov byte[] kot to uéyebog tovg gival ToPOUETPOTOINGIUO.

e InterestSenderThread: Ta mponyovuevo thread ypnowomolovvtal amd TOV
server oote vo aviomokpivetor oto  Interests mwov  AapuPaver.  To
InterestSenderThread exkivei 6tov matnOel To kovuni “Start Experiment” xou
otopatd oOtav €yovv otakel Olo ta Interest (o apOpog Tovg eivon
TOPOUETPOTOMNOIUOG). Yrootnpilovtor dvo tpomor Asttovpyiog. O mpdTog
givon  omootoln tov Interest back-to-back pe Pdon pio mepiodo amocTOANG
(m.x. 100 ms). 1o devtepo, To Interest otédveton 6tav AnEOHOVV T0O. dedopéEva
7OV OVTIOTOLYOVV 6TO TPponyovpevo (oto e&ng conversation mode).

e GoodputVsTimeThread: To ocvykekpyévo thread evepyomoteitar o€ TOKTA
dwotipata, petpdel Tov apBud tov tokéteov Data mov enednoav ond v
Televtaio evepyonoinom kat katoywpel To otiypiaio goodput og pia dopn.

H mlateoppo e dwbétel kdmow AOYIKY] EVIOMIGUOV OTMOAENG KOt
EMOVOTOGTOANG ToKETOV. Avtd eivanr Opmg elvar kdtt mov Ba eixe evdolapépov va
eCetaotel ot0 pPéAMAOV — OMAad] T ovykpivetar o cvvovacpdg DTN pe amin
epapuoyn kot TCP/UDP pe epappoyn mov avtiotaduilet tig ommieiec. O kdIKAG TG
T ateOpuaC Bpioketol oto TapdpTnua 2.

*+ 0P Wi 1725

ThesisExperiments

ROUTE NAME
/dtn/info
LIST OF NEXT HOPS
274 (tcp4://127.0.0.1:34988)

Interests Received by Server

0

PRINT CLIENT PRINT SERVER
RESULTS RESULTS

START EXPERIMENT STOP EXPERIMENT

Ewova 1 — apiotepd: 1 mhatpopua meipapdtov, 6e€id: 1 Aioto tov next hops ywo to
prefix /dtn/info
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Ot mopAdUeETPOL TOV TTEWPAUATOV Efvar:

e Méyebog maxétwv Data (oe byte). 'Eywav dokiég pe moakéta 1000 ko 3500
byte.

e Tomoc emkowmviag (back-to-back 1 conversation).

e PuOudc amootolng Interest (Lovo e Aettovpyio back-to-back).

e IIpwtoéxorro (DTN, TCP, UDP).

o TlpofAuato cuveEGLOTNTOC.

o Emneiepyaotikn loyvg cuokevmv.

o Méco amofnKeLoNG GLGKEVDV.

Ot petpikég mov eENydnoav sivar:

e Packet Delivery Ratio (méco maxéto Data éptacav otov client oe oyéon pe ta
naxéta Interest mov otdAONKaV).

e Xtiymwoio kot péco Goodput (mg mpog tov client - pévo ta Data — pia
péTpnon ava 3 dsvtepdienTa).

e RTT (Round Trip Time) avd mokéto (dniadn o xpovog amd TN GTIYUN TOv
avaympel to Interest péypr v agiln tov Data etnv mhat@oppa kot oy
otov IBR-DTN).

o Méoo kot drdpeco RTT

®  XUVOMKOG XpOVOG

e Overhead e&aitiog Tov JNI (uetpnOnke otov NFD)

Ta mpoPfAuato ot GLVOEGIUOTNTO TPOCOUOIDONKOY e TN YPNoM &EVOG
ayoypwov kovtiov (Faraday Cage), pe toyyopoto €mopkodc TAYOLS, TO OmTOio
TEPLEKAELE TAPMG TN GLOKELN KO OEV EMETPEME TN OLEAELGT NAEKTPOUAYVITIKOV
koudtov Wi-Fi (2.4 GHz) pe amotélespo v amoieia g obvdeons. H emthoyn vt
gywve 010TL 1 uéEB0dOG €16000V Kt €000V omd v epPéreta Tov Wi-Fi diver Arydtepo
0EOMIOTO. KOl U CLYKPICIHO OOTEAECUOTO. XUVOAIKA £ytvav JOKIUES YmPIg
TPOPALOTO GUVOEGIUOTNTOG, LE OMMAELDL GUVOESNC Liol Popd kAT T O1dpKELD TOV
TEPALOTOS Kol LE TOANUTAES ammAELEC. [ OAEC TIG SOKIUES, 01 GLOKEVEG PpicKovTay
O€ OMTIKN EMOPN UE TOV OCGVPUATO OPOUOAOYNTN G€ amoOoTaoTn €vOg pétpov. H
andOAEll cvVoEoNC ovuPaivel otV 10100 ¥POVIKN omdcTOCN amd TNV apy TOV
TEWPAUATOG 0 KAOE doKIUN DOTE TO AMOTEAEGHOTA VO €lval GuYKpioiHa. ZVVOAIKA
npaypatoromOnkav 60 doxipég pe v Kabe pio va dwapkel 4 pe 8 Aemtd. EE artiag
™G apyNns dadtkaciog Seaymyng TV SOKIUADV, Ol TOAAES ETOVUANYELS OVA TTEIPOLOL
nrav advvates. Eviovtolg, 6tav Tpoékumte KAmolo amoTtéAecia TO 0Toio 001YOVsE G
TO10TIKA GLUUTEPACUATA, 1) SOKIUN ETOVOAAUBAVOTOV Yol ETAANOEVON.

H dwdwacio dieEaymyng kabe dokiung etvon n e€ng:
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1. Emntloyn Hopapétpov (m.y. Méyeboc naxétwv 1000 bytes, back-to-back, 100ms
nepiodog amootoAng, mpwtokollo DTN) otov client kot otov Server.

2. Kotoydpnon g dwdpoung (route) mpog tov drro koufo otov NFD (ewcova
2a). KdbOe route €yel 0o yapaktnprotikd: prefix ko face URI. Otav o NFD
AapPaver kamoo maxéto, e€etdlel To Ovoud tov. EGv vwapyer katayopnon
oto Forwarding Information Base (FIB) pe prefix idto pe To Name 1 pe
apywko Tupa tov (longest prefix match) tote to makéro mpowOsitar Tpog
to Face mov opilerar ané to face URI. T'a mopdderypa, oty swkova 23
@oivovtol to Foutes mov OmpovpyodvTol KoTd TNV EKTEAEGN TOV TELPALOTOG.
To 263 dmpovpyeiton yeypoxivnta kot pe faon avtd to ToKETo ToL EEKIVOUV
a6 /dtn/info TpowBovdvion péow tov DTN face (to omoio kabpiletarl amd 0
scheme, dtn://) ot devOvvon dtn://android-378494c2.dtn. Ta TCP ka1 UDP
&yovv g face katt g popeng tcp://192.268.1.8 d6uwmc o IBR-DTN daemon dev
ypnowonotel devbvvoelg IP aAdd Endpoint IDs (ewcova 3a, 3B). To 266
dnpovpyeital ovtOpaTo omd TNV TAATEOPUO SOKILMV KATO TNV KATOYMPNOoN
tov Name kot gmtpénel v tpom®dnon twv makétov and tov NFD mpog v
TAQTQOPLLOL.

3. Exkxivnon tov mepdpotoc.

] &} - L ¥ w2014

= Routes

ROUTE NAME
/dtn/info
LIST OF NEXT HOPS
263 (dtn://android-378494¢2.dtn/nfd)

Enter prefix and FaceUri to register
266 (tcp4://127.0.0.1:35905) with NDN daemon

/dtn/info

dtn://android-378494c¢2.dtn

Keep it permanent

CANCEL  CREATE ROUTE

Ewobva 2 — apiotepd: n AMoto tov mhoavadv next hops ya to prefix /dtn/info katd
deaywyn Tov Tepapdtoy, 6eéld: eloaywyn evog véov next hop
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IBR-DTN b~ < Neighbors

General & dtn://android-378494c2.dtn
Endpoint ID
dtn://android-43ba692f.dtn dtn://cloud.dtnbone.dtn

Routing
PRoPHET Routing

Storage
Memory

Connection
Discover Policy

Always On

Cloud connect
Wi-Fi only

Wi-Fi Direct .
Use direct connection to other devices.

d ©)

Ewova 3 — apiotepd: 1o kevipiko activity tov IBR-DTN, de&1d: n Alota yertovav

Téhog, oty ewova 2B paivetor n duvatotnta opicpov Tov face mg permanent
(ta. permanent faces odev KATAGTPEPOVIOL GE TEPIMTMOON CEAAUNTOC OTMG Yl
napadetypo otav yavetor n oovdeon Wi-Fi). H extloyn avt eivon adidpopn oty
nepintmon ypnong tov DTN face agpov o IBR-DTN daemon kat 6yt to Asttovpyikd
cvomuo TaparapPavel ta mokéta. Avtifeto évo UDP 13 TCP face mov dgv eivau
permanent katoacstpépetatl. AveToy®g N £€kdoon Tov NFD mov tpomomou)Onke dev
napovoldlel 6tadepi] ovpmeprpopa. Malota, o debugging oto UDP face (dev £xst
vAomombei o unyaviopog ywo. permanent persistency oto TCP face ([15] ocel. 12)
€0e1ée OTL axoun kor ov emieydsi to medio “Keep it permanent”, to face mov
dnpovpyeitar givon ite persistent eite on-demand evo dev Ppédnke kdmolog €OKOAOG
TpOTOg emilvong tov TPOPANUOTOS (N AVIIKOTACTOCT, TOV E1GEPYOUEVOL TEDIOV
persistency pe tov tOmo permanent dev 0dnynoe e GUGIOAOYIKY cvumeplpopd). To
YEYOVOG 0TO OMUOIVEL OTL TIC TEPLGGOTEPEC POPEG — OALG Oyl Thvta — to face kat to
route mwov «detyvovv» mpPog tov A0 KOUPO dtaypdeovTal LETE TV TPAOTY ATOAEL
ovvoEDONG.

5.2 Anotedéopara Iepapdrov

e avtd 10 VTOKEPAANLO O TAPOLGLUGTOVY TO TEPAUATIKA OTOTEAEGLOTO, O
e&ng: Apywd Ba yiver Tapdbeon Tov PETPNCE®V OV EANGONCAY KATA TN YPTON TOV
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DTN face. Xt ovvéyeto Oa ovykptBovv ta tpwtokolia DTN, TCP kot UDP. Télog
Ba oyoMaoctel N anddoom TG VAOTOINOTG.

5.2.1 Yvumeprpopd Tov DTN face

Yt6y0oc tov DTN face eivon avénon g a&omortiag. 'Etor 1 avapevouevn
CLUTEPLPOPE. GE TEPIMTMOT TPOPANUATIKNG CVVOEONG 1] OMMOAENG OVTNAG €ivor M
avtodloyn (tradeoff) g un anoielog mokétov pe v avénon g kabvotépnonc. e
oA ToL TTEPAUOTO TOV akoAovOoVV, ov peTpikég £xovv £&ayOel amd Tov client n
nepiodog g back to back amoostoAng sivar 100ms éktoc edv onAmOel dtopopeTIKA.
Eniong vapyovv dvo tomotl ammAieiag ocvvoeons. O mpmrtog eivar amdieia Wi-Fi petd
and 40 devteporenta drdprelog 30 deVTEPOAETTOV Ko 0 deVTEPOG TEPLAaPaver Tpelg
andAeleg ovvoeong otdpkelog 30 deVTEPOAETTOV EKAGTI Ol OTOIEC GVUPAIVOLY GTOVC
ypdvoug 00:20, 01:50 kou 04:00. 10 €£ng Ba avapépovtal og Tomog 1 kot Tvmog 2
avticToryo.

Mio drakonn

e A
Per Packet RTT (ms)- Log scale

1000000 =

100000 =+

10000 = $ $

1000 =

100 =

10

SO0 00 ~NLVUINITITMOANTdONTON~NLOVLNITOANTHOODNTON O M
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AN ANN < TN O ON0OODNDO A A ANOMOMOSTS N ONDNOWOO
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Adypappa 1 — DTN, pia dwokonn, maxéta 1000B, back-to-back, SD card
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>10 odypappa 1 eaivetoan akpipmng avtd. Or mapaperpot givar: mwokéro 1000
byte, back-to-back, ammAeieg tomov 1, péoco amobnkevong kapto sd. Ilepimov oo
nakéto 385 ydveton 1 ovvoeon. Oco oyvel owtd, o IBR-DTN cuveyiler va Aappdvet
Interests and tov client ta onoio Ta amoOnkevel dedopuévov 6Tl AdLVOTEL Vo, To GTEIAEL
(Aoywn store-and-forward). Amod n ypoOVIK oGTIyur] mOv 1 GUVOEGN GTO OIKTLO
kaBiotaton dvvatn, pesorafovv dvo mepiodot. H mpdtn eivar o ypodvog mov ypetdletal
1 GLOKELN] MOTE Vo EnavocLVOEDel kot 1 dgvTEPN 0 YPOVOS oL €xel avaykn o IBR-
DTN oote vo amokataostioel T ocuvdeon Ue Tov dAlo koupo (N kabvotépnon avt
QoiveTol KOAVTEPA GTO dLAypoppa 2).

Metd v enavacLvoeon 1 EMKOWVOVIOL GLVEYILETOL KAVOVIKA LE TO TPAOTO
nokéto Data va o@taver otov client pe mpoécbetn wabvotépnon 30s + ypodvog
amokotaotaong Wi-Fi + ypovoc amokatdotacng IBR-DTN ~= 70 sec. Ou &vo
tehevtaiec kabvotepnoelg dev eivan otabepéc petalld tov mEpapdtov Kol £xovv
LEYAAT OLOKVULOVOT).

[Tapott o IBR-DTN daemon tov server Aaupdver Interests back-to-back pe
otafepd pLOUO Yl OPKET OpA PETE TNV EMAVOCVUVIEST, Ogv KoTopHmVveEL Vo
emavapépel v kobBvotépnon oto eninedo mpwv T Odwakontr). H ocvumepipopd avt
BeAtidveTon O0TOV TO HEGO ATOONKEVONG TOV TAKETOV Eival TayOTEPO (TO TEPANOTA
oV aKkoAovBovv ekBéTovv To Worst case scenario ywe To DTN face). H miegvpd g
andooong Ba eEetaotel avaAlvTiKA 6TO VTOKEPAANLO 5.2.3.

Téhog, n eueavion spikes eloattopévov RTT e€nyeiton and 10 yeyovodg OtTi
nopdtt o IBR-DTN Aoupdver to Data wor to Interest oe avovoo oepd
(/dtn/info/1...n), amd ™ oTiyun mov To. amobnkevel kal oto €€NG evoEyETAL VA TO
mpomdncel ektdg oepdc (to omoio dev amoterel mPOPANUL oo KAOE TakéTo elval
ovouatiopévo). ‘Etot evdéyetarl va eEumnpetohvial Tantoypove QPECK KOl EKKPEUN
TOKETAL.
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Data Goodput in Kbps vs Time in seconds
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Adypappa 2 — DTN, pia dwokonn, maxéta 1000B, back-to-back, SD card

To péyioto Bewpntikd Data goodput dedopévng g amootodng evog Interest
amd tov client kdbs 100ms sivon 1000[byte] * 8 / 1024 = 78.125 Khbps.

[Tpwv 1t daxomn (~30 sec) to goodput BpickeTor TPAYUATL GE VT TOL ETITEDL.
Mertd ) drakomn to 6pro avtod Eemepvigtal eneldn] 0 IBR-DTN daemon tov client éyet
OLYKEVTPAOGEL TOAAG Interests kot ta otéAvel palika.

10 dtotnua 190 — 220 sec to goodput undeviletar ek véov. Avti t0 Popa
Oumg dev €xet drakomel eEmtepikd to Wi-Fi, pdiicta dev vmapyetl Kovéva mpopAnu
obvdeons. Na vrevbopiotel og avtd o onueio 6t to goodput petpiétor otov client
Kol apopd ota makéta Data. Ao ta otatiotikd wov divel i epapuoyn tov IBR-DTN
(ewova. 4 — toyaio oTryun, doyem pe 1o meipopa) moapompnonke 6t o IBR-DTN otav
Bpioketon vd @oOpto Teivel va Eexwpilel T AqyYn amd ™V omocTtoAn. Aniadn o
OVLYKEKPIUEVT] TTEPIMTMOT, 1| CLUTEPLPOPE Tov daemon tov server 1} tov client oto
dtdotnua 185-216 frav n Aqyn Interests ywpig v tpomdnom tovg 6to DTN face | n
un Tpodbnomn mpog to diktvo makétmv Data ta omoia Exet oM AdPet amd to DTN face
N avtiotpoga otV mepintmon tov client. H cuumeprpopd avti e€aptdrar Kot and o
YOPAKTNPIOTIKA TV GLGKELAOV OTMC O doVLE 6TO VITOKEPAANLO 5.2.3.
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o & V4 =0002 & €4 =0002 &
& Statistics & Statistics < Statistics
Storage BundlesStorage Bundles TransferBundles Transfer

13.7kB 0.07 0.03

11.7kB 0.06 0.03

9.7kB () 0.02

7.7kB 0.04 0.02

5.7kB 0.02 0.01

3.7kB 0.01 [\ 0.01
- — X oA N

1.7kB 0.00 0.00
24Jun 24 Jun 24 Jun 24Jun 24Jun 24 Jun 24 Jun 24 Jun 24 Jun 24 Jun 24 Jun 24 Jun 24 Jun 24 Jun 24 Jun

B Storage size: 2.6 kB B Bundles queued: 1838 B Transfers completed: 721
Bundles expired: 628 Transfers requeued: 441

Transfers aborted: 396

Ewova 4 — ta otatiotikd mov mapéyet o IBR-DTN

H ypnon tov DTN face yivetar pe 1o dedouévo OtL 1 amddoon Oa sival
HelpéVT. Zopeova pe tig Tpodtaypoeés tov UMOBILE (kepdiato 3), to DTN Face
Tpoopiletal Y €QOPUOYEG HE YOAOPES OMAITNGELS OYETIKO HE TNV TOLOTNTA TOV
vampeocidv. To kpioio ototyeio givarl n a&lomotio. [Ipdyuott, to packet delivery ratio
(PDR) &ivon 1 (mivokag 1). ‘Oleg ov perpioclg ektog omd v Interests Received
éyway otov client. To uéso goodput dev Bpicketatl ToOAD YoUNAOTEPD TOV BE®PNTIKOD
opiov. Téhog, coumepiAneOnke n didueon tyun tov per packet RTT yo va peiwbei n
enidpaomn tov outliers (to omoia €d® givor TeplopiopEva).

Transaction | Goodput | Interests | Interests Data PDR | Average | Median
Time (s) (Kbps) Sent | Received | Received RTTms | RTT
ms

260 60.1 2000 2000 2000 1 52201 | 54667

[Tivaxog 1 — DTN, pia dwokony, makéta 1000B, back-to-back, SD card

21 cLVEYELL AKOAOVOOVV TOL ATOTEAEGUOTO TOV TEPAUATOS OTAV OVTO JEEAYETOL UE
T1G 101€¢ TAPAUETPOVE YWPIC OUMOS TPOPANUATA CUVOECTC DGTE VA, VITAPYEL Eva. oNUETD
ovVoLpPOPAC.
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Kavovikn Asttovpyia
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Adypappa 3 — DTN, kavovikn Aettovpyia, maxéta 1000B, back-to-back, SD card
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Adypapupa 4 — DTN, kavovikny Aettovpyia, mokéta 1000B, back-to-back, SD card

Transaction | Goodput | Interests | Interests Data PDR | Average | Median
Time (s) (Kbps) Sent | Received | Received RTTms | RTT
ms

202 77.35 2000 2000 2000 1 188 143

[Tivaxog 2 — DTN, kavovikn Aettovpyia, mokéta 1000B, back-to-back, SD card
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Eivat evdlogépov va mapatnp)COVUE T GLUTEPLPOPA TTOL EUPOVICTNKE GTO
TPONYOVUEVO TEipapa (TN d1IKPIoNG OTOGTOANG Kot ANYnG) va epeaviletol o ToAD
pkpotepo Pabpd. Ta onueia tov dwypdppatog 3 ota omoio epgoviletal amdTouN
avénon tov RTT ovumintovv pe ta onueio oto ddypoppa 4 oto onoia to goodput
apykd petoverol Kot petd avEdverot. [pdxettor yio 1o 1910 povOUEVO GUYKEVTPMOONG
nmakétov otn pviun tov IBR-DTN.

Tperc O1oKoTES

H ocvuneprpopd tng viomoinong eivar mapopol 6ty nepinT®on TOAATADY
SLOKOTMV LLE AT TNG piaG.

Per Packet RTT (ms)
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Adypappa 5 — DTN, tpeig dwokomég, maxéra 1000B, back-to-back, SD card
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Adypappa 6 — DTN, tpeig dwokonég, maxéra 1000B, back-to-back, SD card

Transaction | Goodput | Interests | Interests Data PDR | Average | Median
Time (s) (Kbps) Sent | Received | Received RTTms | RTT
ms

350 44.65 2000 2000 2000 1 132420 | 137873

IMivaxag 3 — DTN, tpeig daxonéc, makéta 1000B, back-to-back, SD card
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To DTN face metvyaiver kot €3 TO OTOXO NG UM OTMOAELNG TOKETOV.
Evéiapépov mapovsidlet 1o yeyovog OTL 1 AVAKTNOT TNG EMKOIVOVING LETA TV TPMOTN
dwaxomn (~20 sec) (diaypappo 6) kabvotepei TO60 MoTE va £pOeL | ELOUEVT dLOKOTN
(~110 sec). Télog, pia. opddo mokét@v petd to makéto 1500 epgavifel petmpévn
kaBvotépnon. Avtd ovpPaiver 016tt o IBR-DTN tov server emelepydlertan
eloepyopeva  Interests ektdc oePdg evd LIAPYOLV TOAAL TO. OMOINL EKKPEUOVV.
[Mapatmpodpue emiong, xkabdc n cvvoeoudTNTO YiveTor yepdtepn, TV NI peimon
Tov goodput, TV avénon Tov GLVOAKOD XPOVOL Kot Tr GNUAVTIKT abdENoT Tov ¥POVOL

RTT n onoia opeiletar oe kamowo bottleneck kot O e&epevvndel 610 VITOKEPALALO
5.2.3.

[Tepiocotepeg mapduetpol Ba tpomomombodv ot cvvéyeln Omov yivetor chykpion

peta&d g xpnong tov tpmtokoiiwv DTN, TCP ka1t UDP

5.2.2 2vykpion ue UDP xou TCP

[a v zmpo™ ovykpion Oa ypnoomombBodv ot 101eC TAPAUETPOL HE
nponyovuEvme, dniadr): makéta peyébovg 1000B, back-to-back, andAsiec tomov 1.

Mia 0 0KO0TT1)

4 N
Per Packet Delay - Log scale
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Adypappa 8 — pio dtakomn, Takéta 1000B, back-to-back, SD card
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Data Goodput in Kbps vs Time in seconds
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01 . 2
iorsr;sirance Goodput | Interest = Interest Data Delgery Avg Median
(s) (Kbps) Sent rcvd  Received  Ratio delay delay
B UDP manual 269 46.38 2000 1600 1597 0.7985 380.70285 95
ETCP 208 15.36 2000 409 409 0.2045 1210.5585 1500
mDTN 260 60.1 2000 2000 2000 1 52200.953 54666.5

Adypoppa 10 — pio draxomnn, waxéto 1000B, back-to-back, SD card
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¥T0 GUYKEKPYEVO TEIPOO, PETA TNV OMOAELL cVUVOEST, kal to TCP kot to
UDP éyacav v katayopnomn tov avtiotoyov route otov NFD. Opwc, katd
dbpketo. TG avhktnone g ovvdeong WIi-Fi, to route tov UDP mpootébnke
yewpokivnta (eykoaipwg) oote va oeybel n KaAvtepn dvvatn mepintwon. I'evikd ta
UDP kot TCP éyovv mapduota copmepipopd 1 omoia eivon mpoPAéyiun (pe dedopévo
ot n epappoyn dev avtiotabuiletl Tic anmAgieg pe emavékdoon twv Interests). Eav to
route yoei, n petddoon dev emavekkivel moté. Edv 1o route dev yabei, n perddoon
ovveyiCeton petd v omokatdotacn tov Wi-Fi kat to makéta mov Oa Aappdvovtay
010 peTa&y £yovv yobei Aoyw timeout (apov ta interest dev pevyovv moté). To timeout
éxel oplotel ka1 yio ta OVO TPpwTOKOAAa ot 1500ms, ypdvoc mepimov 20 @opég
peyoaivtepog amod 1o péco RTT og kavovikég cuvOnkec.

Y10 Sdypappa 8, ot evbeieg ypouués twv TCP wour UDP pe tyun 1500
avtiototyovv og timeout. To TCP ydvet 6Aa ta mokéta petd to 385 evd o UDP ydvet
0T TOV AVTIGTOLYOVV GTO KEVO cuvdesIudtnTaS Kot peptkd otnv apyn. To DTN dev
EYel amdAEIEG Ko Y avtd 10 AdYo meTLYOivEL Ko To KoAvtepo goodput. To UDP
yével to 20% tov TokETeV, TOGOGTO aVAAOYO TOL ¥POVOL SLOKOTNG GLUV TO YPOVO
emavacvvoeong Wi-Fi. Téhoc oto didypappa 9 @aivetar o emmpochetog ypovoc tov
onoio yperaletar o IBR-DTN yia va avaktioet m chvoeon pe tov GAro kopPo.

H ovumepipopd oe mepintwon MOAOATAGV O0KOTMOV 1 WHE YPNOT UEYUADTEP®OV
TOKETOV €lval Tapopolo ondTE T AMOTEAECUATO AVTE TAPOAEITOVTOL. TN GLVEYELD

nopatifetal n cHyKpLoN TOV TPOTOKOALMV GE KOVOVIKEC CUVONKEG AEITOVPYING UE TIG
VILOAOUTEC TOPAUETPOVS 1O1EC.

42



Kavovikéc cuvOnkec
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Adypappa 11 — kavovikr Asrtovpyia, Takéta 1000B, back-to-back, SD card

Amo 1o dwypdppata 11-13 mapatnpodue 6T, VIO KAVOVIKEG GLVONKES, TO

DTN face metvyaiver avtiotoryo goodput pe toa TCP, UDP éyovtag opmg dumAdoto
RTT. Axéun, 1o UDP ydver maxéta yio 6e0tepn @opd.
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Atdypoppa 12 — kavovikn Asrtovpyia, Takéta 1000B, back-to-back, SD card
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Adypappa 13 — kavovikn Asrtovpyia, Ttakéta 1000B, back-to-back, SD card

> ovvéyela Ba eEETAGOVE TOV EVOALUKTIKO TPOTTO OITOGTOANG, CUUPOVO, LE

TOV 07010, 1 AMOGTOAY| €vOG vEou Interest yivetor povo otav Anebotv ta Data mwov
AVTIOTOLYOVV 6T0 TTponyovuevo. Ot mapdauetpot eival: Tokéta 1000 byte, tpdmoc
QITOGTOATG Conversation, andAgleg Tumov 2.
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Conversation mode
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Adypappa 15 — tpeig dwakoméc, makéta 1000B, conversation, SD card
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Transactio = Goodput Interest Interest b Median
. datarcvd delivery = Avg delay
n Time (s) (Kbps) Sent rcvd . delay
ratio
HDTN 339 23 1000 1000 1000 1 339.529 157
mTCP 1169 1.62 1000 243 243 0.243 1156.237 1500
uDP 1107 2 1000 284 284 0.284 1094.273 1500

mDTN mTCP mUDP

Adypappa 16 — tpeig dwakonés, maxéta 1000B, conversation, SD card

Ed® 1o mpotdéxorrla TCP kot UDP amotuyydvouv AOYm TG Un HOVILOTNTOG
TV routes. Akoun mapatnpovue 6tL TAEov 10 Spike kabvotépnong katd v andAsio
oVVOESNC 0pOopd Eva TOKETO ooV 660 dev AapPavovtor Data 1 mAateoppo doKimv
dev otéhvel kawvovpla Interest. Avtog eivar kot o Adyog tov peyddov Transaction
Time twv UDP ka1 TCP a@o? ta timeout dev aAAnAemikaldmtovTol aAAG TpOKOTTOVY
10 £V LETA TO AALO.

To DTN face pewovektei onpavtikd o¢ mpog to goodput oe oyéon pe v
nepinTon mov To. makéta eival back-to-back. Avtd ¢aivetar oto TPdTO YPOVIKO
dtbotnua (0-20 sec) aAld Bo @oavel kaAdtepa VIO GLVONAKES (QLGLOAOYIKNG
Aertovpyiag. H artio yio o mepimov piod goodput mov metvyaivel to DTN face givan
QUoIKG TO oYeddv omAdoo RTT to omolo dev eixe onuaocia 6tav ta Interest
exoidovtav aveEaptntog andkpiong. [Hap’ Olo avtd, emiTuyyAvVETAL Y00 OKOUN Lo
eopd 100% packet delivery ratio.

AxolovBobV To OTOTEAEGLOTO TOV OOKIUMV LE TIS 101EC TOPAUETPOVS AAAL GE
oLVONKES KAVOVIKNG AglTovpyiag.
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Kavovikn Aertovpyia, conversation
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Atdypopupa 18 — kavovikn Aertovpyia, mtakéta 1000B, conversation, SD card
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Transaction Goodput Interest Interest datarcvd deliver Ave dela Median
Time (s) (Kbps) Sent rcvd . ¥ g ¥ delay
ratio
E DTN 147 53.15 1000 1000 1000 1 147.533 152
ETCP 69 113.22 1000 1000 1000 1 69.379 54
mUDP 71 110 1000 1000 1000 1 71.316 54

EDTN mTCP mUDP

Adypappa 19 — kavovikn Asttovpyia, Takéta 1000B, conversation, SD card

Edd PAémovpe kabapd ) ypappukn oyxéon RTT ko goodput oto conversation mode.

Yvunepoopotikd, o DTN face emitvuyydver 10 oKomd TOL KO TOPEXEL TANPN
alomotio e €POUPUOYEG e YOAOPES TPodwypaés moldtnrag vanpecwwv. H
amoctoAn, tov Interests back-to-back weekei to DTN face agpov eEoieipeton 1
enidopaon tov peyarvtepov ypovov RTT oto goodput.
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5.2.3 XapoxTNpLoTIKG 0T0006MC

e autd to vrokepdlato Ba eEgtaoctel n amdooomn Tov IBR-DTN avdroya pe to
bit-rate, v enefepyaotikn 16y TOL Server koi tov client, mv tayvTNTO TOL YDPOL
amoOnkevon, kabmg kot 1o péyeboc TV mokétemv. Akoun Ho mTOpPoLGLOGTOVV Ol
HETPNOELS Yo TNV emmpdobetn kabvotépnon mov eiodyet 1 deraer) NDN — DTN.

5.2.30 Xapaktnplotikd arddoonc tov IBR-DTN

[a ™m dwelaymyn tov mepopdtov ypnowomomdnkay 00 OlPOPETIKEG
ovokevég Android. H pia @éper tov enefepyaotny Snapdragon 410 (4 cores) evad m
A\ to povtédlo Snapdragon 808 (6 cores) thg Qualcomm. Ot 600 enefepyaotéc eivon
povtéda tov 2014 pe MBoypaeio oto 28nm kot 20nm avtictorya. To povtéro 808
Exel mepimov MmAdota encEepyaoTikn 1oy0 o€ oyéon pe to 410 og single-threaded kot
multi-threaded cevapia. Zto Tponyodueva vrokepaiato, OAes ot dokuég dte&nybnoav
LE TN cvokeLn M omoia eépet Tov enesepyaoctn 410 va Aettovpyel wg Server.

O IBR-DTN daemon xot otov client kot otov server Agttovpyet pe ) Aoyikn
store-and-forward pe v amoBnkevon va cvuPaivel oty eocwtepikn pwviun flash g
OLOKEVNG N o€ Kamowo mpochetn sd kdpta. Xvvenmg, evodyetal Kot 1 TayhTNTo
amobnkevong vo emnpedlet ™V omdooon. X& OAO TG TPONYOVUEVE TELPALATO
ypnopomomOnke n eE@tepki] Kapto SAd TNG «UPYNS» GVGKEVNS APOD AVTOS Eival
0 TPoemAEYPEVOGg YOPos amodnkevong tov IBR-DTN. H «ypiyopn» cvokevn dev
dwabéter kapta sd omdte N mpoemiloyn sivor ) ecmtepikn uviun flash.

Apywcd Bo ypnoporomoovpe Tic eENg mapapuéTpouvg: makéta peyébovg 1000
byte, back-to-back, ywpic tpopAnua chvdéeonc. Axdun, He 6KOmd TOV EVIOTIGUO TOV
bottleneck mov av&daver onuavtikd to RTT ota dwypdupata 1, 5 kot 8 kot dev
emrpénel otov IBR-DTN va emavagépet tnv kabvotépnon ota mpo-0tokonng eninedal,
avénOnke o pvOpég amootolg Interest amd 10 o 20 To dgvteporento (50 ms
sending period). 1o &€&ig Oa ypnowomomBovv stacked dwaypdppora 6mov ou
KoOvoteproelg sivar kavovikomompuéveg ko 00poilovv 100% @ote va sivan
€UKOAOTEPT M GUYKPLON.
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Normalised per packet delay comparison
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Atdypappo 20 — kavovikn Asttovpyio, GUYKPLOT] TPOSLUYPAPDY GUCKEVNG

To mpdowvo guPadd oto ddypappa 20 avtiotolyel oty mepinmTt@oN mTOL YPén
server gkteAel m apyn GLOKELN VA TO LAVPO aviietolyel otn ypryopn. Kot ot dvo
OVOKEVEG YPNOLUOTOLOVV TNV E6MOTEPIKN Tovg pvnun (int). Iap’ Ao avtd, n TaydTTO
TOV ECOTEPIKAOV UVNUAOV Uopel va dapEpel onpavtikd petad cvokevav. To Béfaro
€Ival OTL KO 01 0V0 ECMTEPIKES PVIIES ELVAL TAYVTEPES KO ,IGMS GNUOVTIKOTEPQ,
Eéyovv pkpotepo latency (a@ov mpokelTol Y100 EYYPOPY] KOl OVAYVOGT MIKPOV
TOKETOV) o€ oxéon pe v Sd kapto n omoia ivon TOmov sdcd (éwg 4 MB/s).

YVVETMG, 0 EAAPPOG petmpévoc ypdvoc RTT (167 vs 150 ms) mov avtictoyet
ot Oevtepn mepintoon dev umopel va amodobel o€ KATOO0 GULYKEKPUYLEVO
YOPAKTNPLOTIKO KOl EVOEYETAL VO amoTEAEL TVYO{O cPdApa. OVT®G 1| AAL®C, LEGH TOV
server kot tov client digpyetan 1 id1o TocdTNTO dedopEvarv pe ) dtopopd va. givar Ott
o client givor avtdc mov, oy apyn Tov mEpduatog, otédvel palikd Interests (ta
omoia &yovv péyebog Aiyo byte) kot £yel Tnv vkaipio vo VIEPPOPTMCEL TOV SEIVer amd
vopic.

¥t ovvéyela Oa e€etaotn N exidpacn e xprone ¢ ewtepikng kaptog sd.
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Normalised per packet delay comparison
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Maypappa 21 — kavovikn Asttovpyia, cvykplon peta&d g ypfong Kaptag Sd Kot
E0MTEPIKNG LVNUNG OTO TOV SErver

Y10 Swdypoppa 21 oaivetor n emidpacn ¢ xpiong e kaptoc Sd w¢ péco
amofnkevong tov IBR-DTN tov server évavil g ecoteptkng pviung (int) otav
avtdg glvarl ) apyn ocvokevn. O péoog ypdvoc RTT av&dvetan katd 130% amd 167ms
o€ 383ms. Eniong, otnv apyn Tov TEPAUATOS O SEIVEr ue 1o apyod HEGO amodnkevong
eoivetal va umv pmopet va avtamokpliel pe tpomo mopdpoo pe ta oaypdappate 1, 5
Kot 8.

[Mapopoto givor n copmepipopd dtav Server givor 1 ypryopn cvokevr kot o client
EVOALAOGEL TNV E0MTEPIKT KOt TNV €EOTEPIKT uviAuUn (Stdypappo 22)
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Normalised per packet delay comparison
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B 50ms-fast server-sd@client B 50ms-fast server-int@client

Adypappa 22 — kavovikég cuvOnkee, obykpion peta&d e xpnong kaptog sd kat
E0MTEPIKNG LVNUNG amo tov client

Topa n péon kabvotépnon yu to dveo gpPadd eivor 150ms evad yuo o KAT®
etvar 310ms.

Yta dypappata 23 kot 24 eoiveton 1 enidpacn g xpnone takétomv 3500 byte avrti
1000 byte (Eava internal vs sd card).

Normalised per packet delay comparison
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Awdypoppo 23 — Kavovikég cuvOnkeg, emidopact g avEnong tov peyéhouvg twv
nakétev, arodnkevon oty sd
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Normalised per packet delay comparison
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Awdypoppo 24 — Kavovikég cuvOnkeg, enidpact TS avENoNS Tov peyEBoug Twv
TOKETOV, AmOONKEVOT GTNV EGOTEPIKN LVIUN

Y10 dudypoppa 23 ypnotponoteiton 1 képto Sd oTov Server pe tov péEco ypovo
RTT va avédveron amd 383ms ce 461ms Adym g avénong tov peyébovg twv
nokétwv. Avtiotoyo, Otav ypnollonoleital N ecOTEPIKN HvAUNn 10 péco RTT
av&avetal omd 167ms og 182ms (Sudypappa 24). 1o ddypoupa 25 mapovoialoviol
oLYKEVTPOTIKA 01 xpovol RTT kébe cevapiov.

JUYKEVTPWTLKA péoa RTTs ava oevaplo
200 461.0385
450
400 383.253
350 310.505
300
250
200 167.0275 182.299
149.8165
150
100
50
0 50ms-fast 50ms-fast
ms-tas 50ms-slow 50ms-slow ms-tas 50ms-slow 50ms-slow
server server-int  server-large-int server server-sd server-large-sd
int@client sd@client
B Seriesl 149.8165 167.0275 182.299 310.505 383.253 461.0385

Aldypoppo 25 — GUYKEVIPOTIKE OAmTOTEAEGHATO

53



SOUTEPACUATIKA, O TEPLOPLOTIKOG TapdyovTag Yo TV anddoon tov IBR-DTN
gvogyopévmg va eivor ot dvvatdtnteg Tov pécov amobnkevong (dwdypappo 25,
KOKKIVO). Op®OG To 0m0TEAEGNOTO OVTA €ivOl EVOEIKTIKA, KOODC 1 cvUTEPLPOPA
tov IBD-DTN egivar anpopfientn kot @aivetot va eEaptdton Kot amd TNV TPOoNyouUEVN
0V Katdotaon otov to bit-rate Cemepaocel éva kot@eM (6TO TEWPAPNOTA TOV
TOPOVGLAGTKAV 6T TPONYOVUEVH KEPILULO Y pnopomomOnke To noo bit-rate,
YEYOVOG TOV AVEAVEL 6 TOAD HeYdro BaOpuoé TV eravalYIHOTNTA TOV SOKIU®V).
[Ma v evdeleyn €pevva g amdd0oNS TOL, €lval OmTAPOITNTN 1| CLYKEVTPWOGT TOAD
peydiov detypatog amotedecudtov. H emidpaocn twv Aowm®v mTpodlaypop®dV TG
ovokeVnG KaBmg Kot tov peyEfovg Tov mokéTmv mive oto ypovo RTT eivar mbBavag
pikpn ko dgv pmopet va Tpocdloplotel e oryovpld. Xe pia emEKTOoN TG TOPOVGOG
gpyaciog, pla amd TG mpotepondtteg o NTOV M UEYOADTEPT] OVTOUATOTOINGT TOV
TEPALATIKOV S0OIKAGIOV DOGTE VO VOl €PIKTN 1 CLAAOYN KOVOD OEIYHOTOG Yo
OTOTIOTIKTY OVAALON.

5.2.3B Xapoxtnpotikd arddoonc e otacvuvoeonc NDN — DTN

To ypapupévo oe C++ DTN face, ypnowomnotei to Java Native Interface yw v
emwovovia tov pe 1o IBR-DTN API to omolo eivat ypappévo og Java. To yeyovog
avtd glodyel onuovtiko overhead oe kdOe mokéro kat n tpomomoinon tov DTN face
v v gAdttoon avtov eivor pio and T Pacikéc mpotepotdTTeg o€ pia mbovn
EMEKTOOT TNG TOpoVGag epyacias. Eviovtolg, ot mpodiaypapés tov UMOBILE yua to
DTN face opilovv 6t Oa. ypnotpomonbel amd epouproyég Ue YOAUPESG OTOUITNOELS
TO1OTNTOG VANPECIAOV KOl GE MEPIMTMOELS TPOPANUATIKNG OIKTVWOGNG OTI OMOie Ot
peydrec kabvotepnoelg eivat 000UEVEG.

210 TEWPAUOTO TOV TTOPOVCIAGTNKOY TPONYOVUEVOS Ol GUOKEVEG, OTOV OEV
Bpiokoviav &vidg ToL AYDOYYOL KOLTIOV, NTOV TOTOBETNUEVEG TOAD KOVIQ GTOV
OCVPLOTO OPOLOAOYNTH KOl GE OTMTIKN €maPn. To yeyovoc avtd eAayloTomolel v
TOOVOTNTO ATOAENG TOKETOV OO TO GUUPATIKA TPOTOKOAAD EMTEIOV UETAUPOPAS
Kol pewovel tov xpovo RTT. Avtég dev eivar or ovvOnkeg otig omoieg Oa
ypnowwonombei o DTN face oA emdéyOnkoav yio ™ Pektioon ¢ alomiotiog TV
TEPAUATOV KOL TNV aVAYKT va givol GuyKpiollo To amoTeAEGHATO. 2T cuvEYELn Oa,
TAPOLCLUOTEL €va O PeOMOTIKO oevaplo. Apywd Ooupmg Oa  avoaeepbodv To

amotelécpato GYETIKA e To overhead mov eiodyetor amd to JNI kot v ypron Tov
IBR-DTN API (cto €€ng NI overhead).
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JNI Overhead
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Aldypappa 26 — emmpoobetn kabvotépnon Loy g emkowvmviag pe to IBR-DTN
API péom JNI.

To JNI overhead petpiétan Eeywpiotd otov NFD ko tov client kot tov server
v kBe ToKETo. TuvoAKd Aapfavoviol TEcoEPLS LETPNOELS (DOTE Va Yivel chykpion
ue to RTT) — 600 amd tov kdbe v — o1 omoieg ovykevipdvovtal kKot afpoilovrat.
Yrov client o ypovog katd v amootoln evog Interest Eexvdel va petpd Tpv akpipmg
10 akéto euyel amd to DinTransport (C++ - oynua 15 ogl. 25) kot otapotdel Otav
KaAeitan 1 evtodn send tov API (Java) pe emduevo Prjno tov IBR-DTN daemon. O
pOvog katd t Afyn Eexwva 6tav o DTNBroadCastReceiver (Java) mapaidfet to
nokéto and tov IBR-DTN kot otopatd 6tav ovtd @tacet oto DtnChannel (C++).
Xtov server ta onueio pétpnong sivor to 01 aAAd avTioTpEPETOL O TOMOG TOV
TOKETOV.

1o dudypappa 26 eaiverar to JNI overhead e oyéon pe to cuvolkd RTT. Ot
napapetpotl ¢ dokung eivat: makéta 1000 byte, back-to-back, kavovikéc cuvOrkeg,
100ms mepiodog amootorng. To JNI overhead sivar éva onuavtikd 22% kot Tapd Tig
npoomddsiec mepetaipm Peltiotonoinong tov kddka (m.y. 10 ** 1) n Belrimon frav
™g tééEng tov 5% — 10%

10 https://www.ibm.com/developerworks/library/j-jni/index.html

11 https://developer.android.com/training/articles/perf-jni.html
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Yto owypdupato 27 wor 28 mapotiBevtor To. OMOTEAEGHOTO TOL 1010V

TEPAUATOG GE AYOTEPO 1O0VIKES GLVOTKEG.

JNI overhead
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Awypoppo 27 — emmpooetn kaBvotépnon AOYm g emkovoviag pe to IBR-DTN

API péom JNI.
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JNI overhead (ms)
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Awdypoppa 28 — emmpochetn kabvotépnon Loyw g emkowvmviag pe to IBR-DTN
API péow JNI oe amodAvTES TIHEC.

Y10 meipapa avTod 1 GLOKELY Server Bpioketar oty o Oéon duwg o client
Bpioketon e amodotaon 12 pétpov pe eumdolor EVOIAUESH WHE GUVETEWNL M €VOEEN
oyvog onuatog Wi-Fi va givar 3/4 1 omdvia 2/4. Axoun Kot pe avtd, 10 Oyl TOAD
KaKO, eminedo ovvdeong, N 1ot dokiur pe UDP odnynce oty anmdAieia 1e660pmv 610
yidMa moxéta eved 10 pécgo RTT tov DTN péypt 1o maxéto 270 (mwov n kabvotépnon
etvar axoun ekeyyopevn) stvor avénuévo pe Ty 320ms. Metd to moakéto 271 o
OLVOVAGHOG TNG HETPLOG GVUVOEGTG Kot TNG Xpnomng Sd kaptag Yo amobrkevon and tov
server gktofevel tov ypovo RTT. XvvoAikd, oe avtd to meipapa, to JNI overhead
etvar 0,37% tov ocvvodikov RTT evd vy ta makéta 0 €og 270 eivor 11%. To
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Topanave meipapa oe Kopio mepintoon oev egovtiel to mbavd cevaplo ypnong.
Eivar dpoc evdeiktikd tov kabvotepnoemv mov pmopodv va mopovcsiachovv o€
neputtooelg ypriong tov DTN face otic omoieg 1 diktvokr vmodoun eivor eite
OVETOPKNG €lTe TOPOLCIAlel CEAALN LE CULVERELD 1 GUVOECT OE VTN Vo &ival
OLOKOTTTOLLEVT).
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Kepaiaro 6

Yopunepdopoarta kor Ilpoontikég

O o10y0¢ TG epyaciog avtg NTav 1 dacHvoeon Twv TpoTokOAAwY NDN kot
DTN oce popntég cvokevég Android, mote vo, a&lomombovv To TAEOVEKTNUOTO TG
TANPOPOPIOKEVIPIKNG OIKTVMONG ©€ OLVONKESG TEPLOPICUEVNG, TPOPANUATIKNG M
VIEPPOPTOUEVIS OIKTLAKNG LTOdoUNG Kot vo emtevyfel alldomotn emkowwvio
Heta&d eopntdV cvokev@v. Ot mepauatikéc petpnoelg £dei&av ot to véo protocol
stack metvyaivel TANPOC a&LOTIOTN HETOPOPA ddOUEVODV GE GLVONKES dlaleimovoag
acOppotng ovvoeone Wi-Fi pe avtdAlayuo tov avénuévo ypoévo RTT (6mog
ovvnBiletar ota delay tolerant pmtokorra). ‘Etot, kaAlvednkav ot Tpodiaypapég Tov
0éter n apyrrektoviky UMOBILE ywoo v moapoyr evdg véov emumédov moldtntog
vnpeoiwv, to less-than-best-effort, to omoio pmopel va a&lomombel amd epapproyéc
7oV £(ovV yoAopég amartnoelg o€ latency aAAld otoyedovv oty aélomioTia.

Axoun, o NDN-DTN protocol stack emitpéner otic NDN epoppoyég va
TOPOAEIYOLV TNV OVATTLEN UNYOVIGULAOV EVIOTICUOD KOl OVTILETOTIONG anwAgdv. H
¥p1on Tov TpocPEpel dnradn Eueun (inherent) a&lomiotia.

[To ovykexpyéva, o NDN-DTN protocol stack métoye 100% packet delivery
ratio, o¢ avtibeon pe ta TCP kou UDP ta omoio dgv eivar oyedacuévo yU' avtd 0
okomd, 6€ OA TO TEWPAUATO dotnp®@VToC To oodput oto 1610 eninedo pe avtd OTAV O
client éotekve Interests back-to-back. e Aertovpyia conversation, 6mov yio vo 6TaAEl
éva. Interest mpémer mpota vo Anebel 1o moakéto Data mov avtiotorel oto
nponyovuevo, to Stack vmoleimeton meTLYOIVOVTOG, GTO GUYKEKPLUEVO GEVAPLO, TO
oo goodput Adym tov mepimov dumhdotov pésov ypovov RTT.

Oocov agopd ™v amddocrn NG vAomoinone, UETaED TV TUPAUETP®V TOV
peyéboug tov mokétmv Data, tov yevikdv emddcemv cvokevng (CPU + dvvatdtnteg
EOMTEPIKNG UVAUNG), Kot T yxpnon N un ™mc eEmtepikng kdptag sd ywo v
arobnkevon tov mokétov ond tov IBR-DTN (Aoywn store-and-forward) n tehevtoio
Qoivetal vo elval 1 CUOVTIKOTEPT KO ATOTEAEL TOV TEPLOPICTIKO TTOPAyOoVTO OTAV TO
bit rate Eemepdoel éva katdeAl. O pécog ypovog RTT umopei vo meplopiotel v
ehattmOel To overhead mov ewsdyetar amd ™ ypnon tov Java Native Interface. Mia
Baocwkn TpotepatdTNTO G€ UEAAOVTIKY EMEKTACT] TNG epyaciog Oa ival n mwapdkopyn
tov JNI kot n gpron kdmotag pebddov o inter-process communication (m.y. UNIX
sockets). Axoun, n viomoinon Ba mpocappootel otn véa ékdoon 0.2.3 tov NFD yia
Android n onoio Bedtidver T dayeipion Tov permanent routes??, kdti mov anotédece

12 https://github.com/named-data-mobile/NFD-android/blob/master/RELEASE_NOTES.rst

59



TPOPANUO KATA TNV TEWPOUOTIKY] dadikacia, og oyxéon pe v €kdoomn 0.2.1 mov Ntav
dwBéoiun oy apyn g AvATTLENC.

Eniong, vmdpyovv moALEC TOPAUETPOL KOl GEVAPLO TOL £XEL EVOLAPEPOV VO
eEetaotovv. 'Eva kbpro givar n gpnon evoc TpayroTikoy SIKTOOV [E TEPICGOTEPOVS
KouPovg, ®ote vo avadvbovuv mEPLecoTEPO TO Yopoaktnplotikd tov NDN (m.y.
caching). Axoun, éxet vomua 1 Oelaymyn REPOUUATOV YPNCILOTOIOVIOG TO
npotokorro Wi-Fi Direct. Méypt kouw v £éxdoon 0.2.2 1o Wi-Fi direct odev
nepapPavotoy otov NFD opwg m Astrtovpyikdtnta ovty vrootnpiletor otnv
napovoo, vAoroinon péow tov IBR-DTN kot €xel ypnowonomOel pe emroyio.

[ToAMd cvumepdopata pmopovv emiong va e€ayBovv and Tic akdiovbeg dvo
ocvykpicels:

1) m xpnon peydrov peyébovg maxétov (Alya Megabytes) oe cuvdvacuo pe DTN
evavtia otn gpnon ovvnbiouévov peyébovg mokétwv pe UDP/TCP. To cevdplo
aVTO €lvar SLVNTIKG YPTCLLO Yo TNV LANPEGia Service migration péow drone tov
UMOBILE. 'Eva povadwd Interest mpoxodei amdvinon pe to oOVOAO TOV
embountov dedopévov katr o IBR-DTN avarappdver ta fragmentation o
reassembly ovti ta dedopéva va amotelodvTon amd TUAHOTO Kot Vo, ¥petdiovTot
moAAamAd round trips.

2) ™ obykplon UHETOEL Miog €ApPUOYNG TTOL @PovTilel Yo TNV €XAVEKIOCT TMV
Interests yw ta omoia dev AapPdaver Data kou piog mov PBacileton amokAeioTikd
otov INR-DTN.

Téhog, pio GAAN evOlOQEPOLGA TEPIMTTMOT, EOIKA Y0 EVKAIPLOKA GEVAPLO
(ogh. 19 oynua 10), givar n xprion DTN tunneling yiwa t ovvdeon dvo NDN-enabled
akpoiov KOUP®V pe tovg evoldpecovg va tpowbovv ta makéta povo péow IBR-DTN.
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Hopaptnpua 1

DtnService.java

public class DtnService extends DTNIntentService {

static {
System.loadLibrary("nfd-wrapper") ;

}

private String IBRDTN Affix = "nfd";
public static final String ACTION START = "INITIALIZE";
public static final String ACTION SEND MESSAGE = "SEND MESSAGE";

private static final String ACTION MARK DELIVERED = "de.tubs.ibr.dtn.example.DELIVERED";
private static final String EXTRA BUNDLEID = "de.tubs.ibr.dtn.example.BUNDLEID";

public static int reveivelIntentCount = 0;
public static int sendIntentCount = 0;
public static int markIntentCount = 0O;

private DTNClient.Session mSession = null;
private final IBinder mBinder = new LocalBinder() ;

public native String stringFromdNI () ;
public native void initializeNativelInterface()
public native void queueBundledNI (String source, byte[] payload);

public final static String TAG = "DEBFIN DtnService'";

public DtnService() {
super (TAG) ;

}

public class LocalBinder extends Binder {
public DtnService getService() {
//Log.1i(TAG, "LocalBinder getService");
return DtnService.this;

}

@Override

public IBinder onBind(Intent intent) {
//Log.i(TAG, "onBind");
return mBinder;

}

@Override

public int onStartCommand(Intent intent, int flags, int startId){
super.onStartCommand (intent, flags, startId);
//Log.1(TAG, "DtnService onStartCommand (does nothing)");
return START STICKY;
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@Override
public void onDestroy () {

super.onDestroy() ;

//Log.1(TAG,"DtnService onDestroy (does nthing)");
}

@Override

public void onCreate () {
super.onCreate() ;
//Log.1(TAG,"DtnService onCreate");
serviceStartDtn() ;

//register this Service at IBR-DTN
Registration reg = new Registration(IBRDIN Affix);
try {
initialize(reg);
} catch (ServiceNotAvailableException e) {
Log.i(TAG, "Service not available");

}

}
public void sendMessage (String Destination, byte[] Payload) {

Intent 1 = new Intent(DtnService.this, DtnService.class);
i.setAction (ACTION_SEND_MESSAGE) ;
i.putExtra("Destination", Destination);
i.putExtra("Data", Payload);

startService (i) ;

/**
* Filter the intent-action and do corresponding work
* @param intent received intent

*/
@Override
protected void onHandleIntent (Intent intent) {
String action = intent.getAction() ;

if (de.tubs.ibr.dtn.Intent.RECEIVE.equals(action)) {
if (mSession == null) {
Log.i(TAG, "mSession when receiving is null for some reason");

}else {
}
try {
while (mSession.queryNext())
} catch (SessionDestroyedException e) {
Log.e (TAG, "session destroyed", e);
} catch (NullPointerException n) {
Log.e(TAG, "Null Pointer Exception while receiving");
}
}
else if (ACTION START.equals(action)) {
Log.i(TAG,ACTION START + "... onCreate needs to have been called");
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}

//if a message has to be sent
else if (ACTION SEND MESSAGE.equals(action)) {
//Log.1(TAG,"SEND onHandleIntent #" + String.valueOf (sendIntentCount));

SingletonEndpoint destination = new
SingletonEndpoint (intent.getStringExtra("Destination™));

try {
//create destination endpoint

//send the given payload to destination, set bundle lifetime to 1 hour

if (mSession == null) {
Log.i(TAG, "mSession is null");
}else {
}

mSession.send(destination, 3600, intent.getByteArrayExtra("Data")):;
} catch (SessionDestroyedException e) {

Log.e(TAG, "session destroyed", e);
} catch (NullPointerException n) ({

Log.e(TAG, "Null Pointer Exception while sending");

}
}

//1f a received bundle should be marked as delivered
else if (ACTION MARK DELIVERED.equals(action) ) {

try {
BundleID id = intent.getParcelableExtra (EXTRA BUNDLEID) ;
if (id '= null) mSession.delivered(id) ;

} catch (SessionDestroyedException e) ({
Log.e(TAG, "session destroyed", e);

}

* called if service is connected to IBR-DTN
* saves the session and sets DataHandler processing bundles

* @param session current Session

@QOverride
protected void onSessionConnected(Session session) ({

//Log.1i(TAG, "onSessionConnected") ;
mSession = session;
mSession.setDataHandler (mDataHandler) ;
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@Override

protected void onSessionDisconnected() {
//Log.1i(TAG, "onSessionDisconnected") ;
mSession = null;

}

private DataHandler mDataHandler = new DtnExtendedDataHandler () {
@Override
protected void onMessage (BundleID id, byte[] data) {

// send to nfd

String source = id.getSource().toString() ;
String payload = data.toString() ;

String altPayload = new String(data);

byte[] by = data;

String temp = source.substring(©);
String[] splited = temp.split("/");

queueBundleJNI ("dtn://" + splited[0],by);

// mark the bundle as delivered

Intent 1 = new Intent(DtnService.this, DtnService.class);
i.setAction (ACTION_MARK_DELIVERED) ;
i.putExtra (EXTRA BUNDLEID, id);

startService (i) ;

};
/*

* Gives NFD the necessary JavaVM pointer for later calls
*/
private void // was synchronised
serviceStartDtn() {
if (!'m isDtnStarted) {
m_isDtnStarted = true;
//Log.1i (TAG, "serviceStartDtn");
initializeNativeInterface() ;

private boolean m_isDtnStarted = false;
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DtnBroadcastReceiver.java

package net.named data.nfd.utils;

import android.content.BroadcastReceiver;
import android.content.Context;

import android.content.Intent;

import android.util.Log;

import net.named data.nfd.service.DtnService;
/**
* BroadcastReceiver for Intents from IBR-DTN
*/

public class DtnBroadcastReceiver extends BroadcastReceiver {
private static final String TAG = "DEBFIN";
@Override
public void onReceive (Context context, Intent intent) {
String action = intent.getAction() ;
if (action.equals(de.tubs.ibr.dtn.Intent.RECEIVE))

{

Intent i = new Intent (context, DtnService.class);
i.setAction(de.tubs.ibr.dtn.Intent.RECEIVE) ;
context.startService (i) ;
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nfd-wrapper.cpp (tpunuo)

#include "nfd-wrapper.hpp"

#include <string>

#include "daemon/nfd.hpp"

#include "rib/service.hpp"

#include "core/global-io.hpp"
#include "core/config-file.hpp"
#include "core/logger.hpp"

#include "core/privilege-helper.hpp"
#include <stdlib.h>

#include

<boost/property tree/info parser.hpp>

"NFD/daemon/face/dtn-transport.hpp"
"NFD/daemon/face/dtn-channel.hpp"

#include <boost/thread.hpp>

#include <mutex>

#include <android/log.h>

// - DTN

#include "NFD/daemon/face/DTNtest.hpp"
#include

#include

[/ —mmm————————— DTN

std::string initialConfig
"general\n"
"{(\n"
"}\n"
n\nn
"log\n"
"{(\n"

NameTree INFO\n"
BestRouteStrategy?2

Forwarder INFO\n"

"I\n"

"tables\n"

"{\n"

" cs max packets 100

"\l’l"

" strategy choice\n"

{\n"
/
/localhost
/localhost/nfd
/ndn/broadcast
/ndn/multicast

}\n"

n } \nll

"\nll

"face system\n"

"{\n"

"

"

"

default level ALL\n"

INFO\n"

InternalFace INFO\n"

ContentStore INFO\n"
DeadNonceList INFO\n"

\nu

/localhost/nfd/strategy/best-route\n"
/localhost/nfd/strategy/multicast\n"
/localhost/nfd/strategy/best-route\n"
/localhost/nfd/strategy/multicast\n"
/localhost/nfd/strategy/multicast\n"
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{\n"
listen yes\n"
port 6363\n"
enable v4 yes\n"
enable v6 yes\n"
\n"
\n"
udp\n"
{\n"
port 6363\n"
enable v4 yes\n"
enable v6 yes\n"
idle timeout 600\n"
keep alive interval 25\n"
mcast no\n"
\n"
dtn\n"
{\n"
host localhost\n"
port 4550\n"
endpointPrefix dtn-nodel\n"
endpointAffix /nfd\n"
\n"
websocket\n"
{\n"
listen yes\n"
port 9696\n"
enable v4 yes\n"
enable v6 yes\n"
F\n"
F\n"
\n"

"authorizations\n"

{\n"
authorize\n"
{\n"
certfile any\n"
privileges\n"
{\n"
faces\n"
fib\n"
strategy-choice\n"
F\n"
}\n"
F\n"
\n"
rib\n"
{\n"
localhost security\n"
{\n"
trust-anchor\n"
{\n"
type any\n"
F\n"
}\n"
\n"
auto prefix propagate\n"
{\n"
cost 15\n"
timeout 10000\n"
refresh interval 300\n"
base retry wait 50\n"
max retry wait 3600\n"
F\n"
F\n"

\n";



DTN
static JavaVvVM *jvm;
JIJNIEnv *GlobalEnv;

jclass DtnServiceClass;
jobject DtnServiceObject;
JmethodID mid;
nfd::DtnChannel *pDtnChannel;

void
printPayload2 (uint8 t*,int);

jint JNI OnLoad(JavaVM* vm, void* reserved)

{

JNIEnv* env;
if (vm->GetEnv(reinterpret_ cast<void**>(&env), JNI VERSION 1 6) !'= JNI OK) {

return -1 ;

}

jclass cls = env->FindClass('"net/named data/nfd/service/DtnService");

DtnServiceClass = (jclass)env->NewGlobalRef (cls);
env->DeletelocalRef (cls);

int gotVM = env->GetJavaVM(&jvm) ;
mid = env->GetMethodID(DtnServiceClass, "sendMessage'", " (Ljava/lang/String; [B)V");

return JNI VERSION 1 6;
}

L1177 0777777777777 7777777777777 777777777 777777777777777777777777777777777777777777777777
std::string jstring2string(JNIEnv *env, jstring jStr) {

if ('3Str)
return "";

std: :vector<char> charsCode;

const jchar *chars = env->GetStringChars(jStr, NULL) ;
jsize len = env->GetStringLength(jStr);

jsize 1i;

for( i=0;i<len; i++){
int code = (int)chars[i];
charsCode.push back( code );
}

env->ReleaseStringChars(jStr, chars);

return std::string(charsCode.begin(), charsCode.end())
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// Queue Received Bundle
JNIEXPORT void JNICALL
Java net named ldata nfd service DtnService queueBundleJNI (

}

void

JNIEnv *env,

jobject obj,

jstring rE,

jbyteArray pl) {

int len = (int) (env->GetArrayLength(pl));

Jjbyte* temp = env->GetByteArrayElements (pl,NULL) ;
uint8 t* payload = (uint8 t*) temp;

std::string remoteEndpoint = Jjstring2string(env,rE);

pDtnChannel->queueBundle (remoteEndpoint, payload, len);

env->ReleaseByteArrayElements (pl, temp, 0);

registerChannelToWrapper (nfd: :DtnChannel *pChannel);

// Send packet to IBRDTN.

void

sendToIBRDTN(std: :string destination, std::string data) {

JNIEnv *env;
if (jvm != NULL) {

int attachOK = jvm->AttachCurrentThread(&env, NULL) ;

// TODO 1 was stupid
int envStat = jvm->GetEnv((void**)&env, JNI VERSION 1 6);

}

const char *cDestination = destination.c str();
jstring jDestination = env->NewStringUTF (cDestination);
const uint8 t* ui8Data = reinterpret cast<const uint8 t*>(&datal[0])

jbyte* tempjData = (jbyte*)ui8Data;

jbyteArray jData = env->NewByteArray(data.length()):;
env->SetByteArrayRegion(jData,0,data.length() ,tempjData) ;

// TODO add null exception HANDLING

env->CallVoidMethod (DtnServiceObject,mid, jDestination, jData) ;

jvm=->DetachCurrentThread() ;
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// Get the DTN channel object so that it can be passed by queueBundle
void
registerChannelToWrapper (nfd: :DtnChannel *pChannel) {
pDtnChannel = pChannel;
}

// Get the Java VM for later calls (sendToIBRDTN)
JIJNIEXPORT void JNICALL
Java net named ldata nfd service DtnService initializeNativelInterface (
JNIEnv *env,
jobject obj){
int gotVM = env->GetJavaVM(&jvm) ;

DtnServiceObject = env->NewGlobalRef (obj) ;

(XN
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dtn-transport.cpp

finclude "dtn-transport.hpp"

#include "../../../nfd-wrapper.hpp"

#include <time.h>

#include <android/log.h>

#define LOG_TAG "DEBFIN"

#define LOGD(...) _ android log print (ANDROID LOG DEBUG, LOG TAG, VA ARGS )
namespace nfd {

namespace face {

NFD LOG INIT("DtnTransport");

DtnTransport: :DtnTransport(std::string localEndpoint, std::string remoteEndpoint, std::string
ibrdtndHost, uintl6 t ibrdtndPort):
m_ibrdtndHost (ibrdtndHost), m ibrdtndPort (ibrdtndPort)

{
this->setLocalUri (FaceUri("dtn-nodel™,"")) ;
this->setRemoteUri (FaceUri (remoteEndpoint.substr(6),""))
this->setScope(ndn::nfd::FACE SCOPE NON_ LOCAL) ;
this->setPersistency(ndn::nfd:: FACE_PERSISTENCY_PERSISTENT) ;
this->setLinkType (ndn::nfd::LINK TYPE POINT TO POINT);
this->setMtu (MTU_UNLIMITED) ;
NFD LOG FACE_ INFO('"Creating DTN transport");
}
// receive bundle —--—-—--—-——-- called by dtn-channel::processBundle—-——-—-—————————————————————————
void
DtnTransport::receiveBundle (uint8 t* payload, int len)
{
//NFD_LOG_FACE INFO ("Received: " << b.getPayloadLength() << " payload bytes");
bool isOk = false;
//TLV block
Block element;
std::tie(is0Ok, element) = Block::fromBuffer(payload, len);
if ('isOk) {
NFD LOG FACE WARN("Failed to parse incoming packet');
// This packet won't extend the face lifetime
return;
}
// create Packet object with Block element as input
Transport: :Packet tp(std::move(element))
tp.remoteEndpoint = 0;
delete[] payload;
this->receive (std: ::move(tp))
}
et
void

DtnTransport: :beforeChangePersistency(ndn::nfd::FacePersistency newPersistency)
{
}
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void
DtnTransport::doClose ()
{

}

void

DtnTransport: :doSend(Transport: :Packet&& packet)
{

std::string localURI = getLocalUri().toString()

std::string localHost = getLocalUri () .getHost ()
std::string ibrdtnHost = m_ ibrdtndHost;

std::string str(packet.packet.begin () ,packet.packet.end())

uint8 t* databuf = reinterpret cast<uint8 t*>(&str[0]);
int len = str.length();

std::string destinationAddress = getRemoteUri () .getScheme() + "://" +
getRemoteUri () .getHost () + getRemoteUri().getPath();
sendToIBRDTN (destinationAddress,str) ;

}

} // namespace face
} // namespace nfd
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dtn-channel.cpp

#include "dtn-channel.hpp"

#include "dtn-transport.hpp"
#include <string>

#include <sys/stat.h> // for chmod ()
finclude "generic-link-service.hpp"
#include "core/scheduler.hpp"

// TODO

#include "../../../nfd-wrapper.cpp"
#include <android/log.h>

#define LOG_TAG2 "DEBFIN"

#define LOGD2(...) _ android log print (ANDROID LOG DEBUG, LOG _TAG2, __ VA ARGS )

namespace nfd {

NFD LOG INIT("DtnChannel");

//class DtnChannel-————————— = e e e e e e e e e e
DtnChannel: :DtnChannel (const std::string &endpointPrefix, const std::string &endpointAffix,
const std::string &ibrdtnHost, uintl6 t ibrdtndPort)

m_endpointPrefix (endpointPrefix), m endpointAffix(endpointAffix),
m_ibrdtnHost (ibrdtnHost), m ibrdtndPort (ibrdtndPort) // "","nfd","localHost",4550"
{

m is open = false;

setUri(FaceUri(m endpointPrefix, m endpointAffix));

}
DtnChannel: :~DtnChannel ()
{

if (isListening()) {

m is open = false;

}
}
e Class DtnChannel
void

DtnChannel::listen(const FaceCreatedCallback& onFaceCreated,
const FaceCreationFailedCallback& onReceiveFailed)

//int backlog/* = acceptor::max connections*/)
{
if (isListening()) {
NFD LOG WARN("[" << m_endpointAffix << "] Already listening");
return;
}
m _is open = true;

m onFaceCreated = onFaceCreated;
m onReceiveFailed = onReceiveFailed;

std::string app = m_endpointAffix.substr(l); // Remove leading '/'

ioService = &getGloballoService();
registerChannelToWrapper (this) ;

75



void
DtnChannel: :queueBundle(std::string remoteEndpoint, uint8 t* payload, int len)
{
auto fl = boost::bind(&DtnChannel::processBundle, this, 1, 2, 3);
uint8 t *payloadHeap = new uint8 t[len];
std: :copy(payload, payload + len, payloadHeap):

ioService->post ( [=] {fl(remoteEndpoint, payloadHeap, len);} ) ;
}
// sends bundle to the face for processing
//processBundle——————— - oo =
void

DtnChannel: :processBundle(std::string remoteEndpoint, uint8 t* payload, int len)

{
NFD LOG INFO("DTN bundle received from " << remoteEndpoint);

NFD LOG DEBUG("[" << m_endpointAffix << "] New peer " << remoteEndpoint);

bool isCreated = false;
shared ptr<Face> face = nullptr;

std::tie(isCreated, face) = createFace(remoteEndpoint,
ndn: :nfd: :FACE PERSISTENCY ON DEMAND) ;
if (face == nullptr)
{
NFD LOG WARN("[" << m_endpointAffix << "] Failed to create face for peer " <<

remoteEndpoint) ;
if (m_onReceiveFailed)
m_onReceiveFailed(504,remoteEndpoint); // ADDED 504 (random error code) as
the callback has changed
return;
}
m_onFaceCreated(face);
// dispatch the bundle to the face for processing
static_cast<face::DtnTransport*>(face->getTransport ())->receiveBundle (payload,len) ;

}

/ CONNE C = m e
// called by dtn-factory::createFace
void
DtnChannel: :connect (const std::string &remoteEndpoint,
ndn: :nfd::FacePersistency persistency,
const FaceCreatedCallback& onFaceCreated,
const FaceCreationFailedCallback& onConnectFailed)

shared ptr<Face> face;
face = createFace(remoteEndpoint, persistency) .second;
if (face == nullptr)
{

NFD LOG WARN("[" << m_endpointAffix << "] Connect failed");

if (onConnectFailed)

//onConnectFailed (remoteEndpoint); //compile fails

return;
}
// Need to invoke the callback regardless of whether or not we had already
// created the face so that control responses and such can be sent
onFaceCreated(face) ;

e R R connect
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//createFace————————————mm
std::pair<bool, shared ptr<Face>>
DtnChannel: :createFace(const std::string& remoteEndpoint, ndn::nfd::FacePersistency
persistency)
{
auto it = m_channelFaces.find(remoteEndpoint) ;
if (it !'= m channelFaces.end()) {
// we already have a face for this endpoint, just reuse it
auto face = it->second;
face->setPersistency(persistency) ;
return {false, face};
}
// else, create a new face
// Create Link Service
auto linkService = make unique<face::GenericLinkService>();

// Create Transport

std::string localEndpoint = m _endpointPrefix + m endpointAffix;

auto transport = make unique<face::DtnTransport>(localEndpoint, remoteEndpoint,
m_ibrdtnHost, m ibrdtndPort );

// Create Face
auto face = make shared<Face>(std::move(linkService), std::move(transport));
face->setPersistency(persistency) ;
m_channelFaces[remoteEndpoint] = face;
connectFaceClosedSignal (*face,
[this, remoteEndpoint] {
NFD LOG TRACE ("Erasing " << remoteEndpoint << " from channel face map");
m_channelFaces.erase (remoteEndpoint) ;
}) s
return {true, face};
}
/A e P
void
DtnChannel: :accept (const FaceCreatedCallback& onFaceCreated,
const FaceCreationFailedCallback& onAcceptFailed)

{
}

} // namespace nfd
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dtn-factory.cpp

finclude "dtn-factory.hpp"
namespace nfd {
shared ptr<DtnChannel>
DtnFactory: :createChannel (const std::string &endpointPrefix, const std::string &endpointAffix,
const std::string ibrdtndHost, uintl6é t ibrdtndPort)
{
// checks for existing channel
auto channel = findChannel (endpointAffix) ;
if (channel)
return channel;
// creates channel
channel = make shared<DtnChannel>(endpointPrefix, endpointAffix, ibrdtndHost, ibrdtndPort);
// adds channel to the map
m channels[endpointAffix] = channel;
return channel;
}
void
DtnFactory: :createFace(const FaceUri& uri,
ndn::nfd: :FacePersistency persistency,
bool wantLocalFieldsEnabled,
const FaceCreatedCallback& onCreated,
const FaceCreationFailedCallback& onConnectFailed)

std::string dtnEndpoint = uri.getScheme() + "://" + uri.getHost() + uri.getPath();
std::string dtnAffix = uri.getPath();

dtnAffix = "/nfd";

// look through the map of channels, if you find the one with the right affix connect to it.
for (const auto& i : m channels) {

if (i.first == dtnAffix ) {
i.second->connect (dtnEndpoint, persistency, onCreated, onConnectFailed);
return;

}

}

std::vector<shared ptr<const Channel>>
DtnFactory: :getChannels () const
{
std: :vector<shared ptr<const Channel>> channels;
channels.reserve(m channels.size());
for (const auto& i : m _channels)
channels.push back(i.second);
return channels;
}
// returns the existing channel or nullptr
shared ptr<DtnChannel>
DtnFactory::findChannel (const std::string &endpointAffix) const
{
auto i = m channels.find(endpointAffix);
if (i '= m channels.end())
return i->second;
else
return nullptr;

}

} // namespace nfd
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face-manager.cpp (tunua) [17]

void
FaceManager: :processSectionDtn (const ConfigSection& configSection, bool isDryRun)

{

std::string ibrdtndHost = "localhost";

uintl6 t ibrdtndPort = 4550;

std::string endpointPrefix = "";

std::string endpointAffix = "nfd";

for (const auto& i : configSection) {
if (i.first == "host") {

ibrdtndHost = i.second.get value<std::string>();
NFD LOG TRACE ("IBRDTND host set to " << ibrdtndHost);

}
else if (i.first == "port") {
ibrdtndPort = ConfigFile::parseNumber<uintlé6 t>(i, "dtn");
NFD LOG TRACE ("IBRDTND port set to " << ibrdtndPort);
}
else if (i.first == "endpointPrefix") {
endpointPrefix = i.second.get value<std::string>();
NFD LOG TRACE ("IBRDTND endpoint prefix set to " << endpointPrefix);
}
else if (i.first == "endpointAffix") {
endpointAffix = i.second.get value<std::string>();
NFD LOG TRACE ("IBRDTND endpoint affix set to " << endpointAffix);
}

}

if ('isDryRun) {
if (m factories.count("dtn") > 0) {
return;

}

NFD LOG INFO("Setting up DTN");

shared ptr<DtnFactory> factory = make shared<DtnFactory>();

m factories.insert(std::make pair("dtn", factory));

// create channel

shared ptr<DtnChannel> dtnChannel = factory->createChannel (endpointPrefix, endpointAffix,
ibrdtndHost, ibrdtndPort);

dtnChannel->listen(bind(&FaceTable::add, &m faceTable, 1), nullptr);
NFD LOG INFO("DTN setup finished");

}
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Hopaptnpo 2

MainActivity.java

package com.duth.konspras.thesisexperiments;
import android.content.Intent;

import android.os.Handler;

import android.os.Message;

import android.os.Messenger;

import android.support.v7.app.AppCompatActivity;
import android.os.Bundle;

import android.util.Log;

import android.view.View;

import android.widget.AdapterView;

import android.widget.Spinner;

import android.widget.ArrayAdapter;

import android.widget.Button;

import android.widget.TextView;

import net.named data.jndn.Face;

import java.util.Arrays;

import com.duth.konspras.thesisexperiments.InterestSenderThread;
import java.util.LinkedList;

public class MainActivity extends AppCompatActivity{

private String[] currentNeighbours;

private final static String TAG = "Logo Main";
private static Face m face = null;

private static volatile int interestOffset = 0O;
private static boolean stopSendingInterests = false;

public static volatile LinkedList GoodputList;

public static TextView InterRecView;

// Testing

public static volatile int numOfDataPacksORTimeoutsReceived = 0;
public static final int interestReceiverThreadPeriod = 50;
public static int interestLifetime ms;

public static boolean stopGoodputCalc = false;

// Parameters

public static final int numOfInterestsToSend
public static final int sendInterestPeriod ms
public static String currentProt = "udp";
public static final int DTNinterestLifetime ms
public static final int UDPinterestLifetime ms
public static final int TCPinterestLifetime ms =
public static final double freshnessPeriod ms
public static final int packetSize bytes = 3500;
public static final boolean isBackToBack = false;
// Results

public static long[] interestSendTime;

public static long[] dataReceiveTime;

public static long[] diffs;

public static long startTime;

public static long stopTime;

public static long endTime;

public static double goodput;

public volatile static long dataPacksRec = 0;




-

public volatile static long interestPacksRec = 0;
public static double totalData bytes;

public static void setFace(Face face) {
m_face = face;

}

public static Face getFace(){
return m face;

}

public static void incrOffset () {
interestOffset++;

}

public static int getOffset (){
return interestOffset;
}
public static boolean getStopSendingInterests () {
return stopSendinglInterests;
}
public static void updServerGui () {
InterRecView.setText (String.valueOf (interestPacksRec)) ;

}
public static void experimentStopped() {
Log.i (TAG, "===================== Experiment Stopped =====================");
Log.i(TAG, "Data or Timeout Num: " + numOfDataPacksORTimeoutsReceived) ;
stopTime = System.currentTimeMillis();
}
public static void experimentEnded () {
endTime = System.currentTimeMillis() ;
experimentStopped() ;
stopGoodputCalc = true;
Log.i (TAG, "===================== Experiment Ended =====================");
stopSendingInterests = true;
Log.i(TAG,"-—————————~- ")
calcGoodput () ;
Log.i(TAG,"-—————————~- ")
totalData bytes = dataPacksRec*packetSize bytes;
Log.i(TAG, "Total Data (bytes): " +4 String.valueOf(totalData bytes));
Log.i(TAG,"-—————————~- ")
calcMomentGood() ;
Log.i(TAG,"-—————————~- ")
calcDhelay() ;
Log.i(TAG,"-————————- ")
}

public static void calcDelay () {
Log.i(TAG,"calcbhelay ARRAY SIZE IS: (int) - (data) " + interestSendTime.length + "-" +
dataReceiveTime.length) ;
diffs = new long[numOfInterestsToSend];
for (int i=0;i<numOfInterestsToSend;i++){

diffs[i] = dataReceiveTime[i] - interestSendTime[i];
// trying to waste time so that logging works (misses lines otherwise)
Log.i(TAG,"," + i + "," + diffs[i]):
for (int j = 0;3 <100000; J++){
double k = 1;
k++;
k-- ’
}
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public static void calcMomentGood() {
Log.1i(TAG, "calcMomentGood") ;
int size = Goodputlist.size()
for (int 1 = 0; i<size;i++){
Log.i(TAG,"," + i + "," 4+ GoodputList.get(i)):
}
}

public static void calcGoodput () {
// Transaction Time is:
Long transTime = (endTime - startTime)/1000;
double doubleTransTime = transTime.doubleValue() ;

Log.i(TAG,"Transaction Time is: " 4+ String.valueOf (doubleTransTime)) ;

// Bytes rcvd are packetSize bytes
// bits per packet rcvd are:

double bits = packetSize bytes * §;
// Megabits per packet rcvd:

double KbitsPP = bits / 1024;

//Log.1(TAG, "MbitsPP is: " + String.valueOf (MbitsPP));

// Total Mbits is

double Mbits = dataPacksRec*KbitsPP;
// Mbits/sec is:

double Kbps = Mbits/doubleTransTime;
goodput = Kbps;

Log.i(TAG, "Goodput is: " 4+ String.valueOf (goodput) + " Kbps");
}
public void printResults () {
Log.1i(TAG, "===================== Print Results =====================")
Log.i(TAG,"-——-—-—-—- ") ;
calcGoodput () ;
Log.i(TAG,"-—————————~- ")
Log.i(TAG, "Interests sent: " 4+ numOfInterestsToSend);
Log.i(TAG,"-————————- ")
Log.1i(TAG, "Data Packs Received: " 4+ String.valueOf (dataPacksRec));
Log.i(TAG,"-—————————~- ")
totalData bytes = dataPacksRec*packetSize bytes;
Log.i(TAG, "Total Data (bytes): " 4 String.valueOf(totalData bytes));
Log.i(TAG,"-————————- ")
calcMomentGood() ;
Log.i(TAG,"-—————————~- ")
calcDelay();
Log.i(TAG,"-————————- ")
}

@Override

protected void onCreate (Bundle savedInstanceState) {
super.onCreate (savedInstanceState) ;
setContentView(R.layout.activity main);

if (currentProt.equals("dtn")) {
interestLifetime ms = DTNinterestLifetime ms;

} else if (currentProt.equals("tcp™)) {
interestLifetime ms = TCPinterestLifetime ms;

} else if(currentProt.equals("udp")) {
interestLifetime ms = UDPinterestLifetime ms;

}
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setFace (new Face ("localhost"));

final Button goBut = (Button) findViewById(R.id.button);
goBut.setOnClickListener (new View.OnClickListener () {
public void onClick(View v) {

interestOffset = 0;

InterestSenderThread interestSenderThread = new InterestSenderThread() ;
startTime = System.currentTimeMillis()

interestSenderThread.start () ;

GoodputVsTimeThread goodputVsTimeThread = new GoodputVsTimeThread() ;
goodputVsTimeThread.start () ;

})

final Button stopBut = (Button) findViewById(R.id.button2);
stopBut.setOnClickListener (new View.OnClickListener () {
public void onClick(View v) {
Log.1(TAG,"Stop Experiment');
stopSendingInterests = true;

});

final Button printServerBut = (Button) findViewById(R.id.button3);
printServerBut.setOnClickListener (new View.OnClickListener () {
public void onClick(View v) {
Log.i (TAG,"PRINT RESULTS™) ;
printResults() ;

})

final Button printClientBut = (Button) findViewById(R.id.button4);
printClientBut.setOnClickListener (new View.OnClickListener () {
public void onClick(View v) {
Log.i (TAG,"PRINT RESULTS™) ;
updServerGui () ;

});

InterRecView = (TextView) findvViewById(R.id.textViewlInter);

// Start Interest Receiver

Log.1(TAG, "start interestReceiver');

InterestReceiverThread interestReceiver = new InterestReceiverThread();
interestReceiver.start () ;
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InterestReceiverThread.java

package com.duth.konspras.thesisexperiments;

import android.app.NativeActivity;

import android.os.AsyncTask;

import android.util.Log;

import net.named data.jndn.Data;

import net.named data.jndn.Face;

import net.named data.jndn.Interest;

import net.named data.jndn.InterestFilter;

import net.named data.jndn.Name;

import net.named data.jndn.OnData;

import net.named data.jndn.OnInterestCallback;

import net.named data.jndn.OnRegisterFailed;

import net.named data.jndn.OnTimeout;

import net.named data.jndn.security.KeyChain;

import net.named data.jndn.security.identity.IdentityManager;
import net.named data.jndn.security.identity.MemoryIdentityStorage;
import net.named data.jndn.security.identity.MemoryPrivateKeyStorage;
import net.named data.jndn.security.KeyChain;

import java.lang.Thread;

public class InterestReceiverThread extends Thread {

private String TAG = "Logo InterestReceiverTh'";
private boolean m_shouldStop = false;

@Override

public void run() {
Name name = new Name ("/" 4+ MainActivity.currentProt +"/info/");
Face face = MainActivity.getFace();
try {

Log.1(TAG,"try to setCommandSigningInfo);

MemoryIdentityStorage identityStorage = new MemoryIdentityStorage();

MemoryPrivateKeyStorage privateKeyStorage = new MemoryPrivateKeyStorage() ;

IdentityManager identityManager = new IdentityManager (identityStorage,

privateKeyStorage) ;

KeyChain keyChain = new KeyChain(identityManager) ;

Log.i(TAG,"-try to setCommandSigningInfo™);

try {
keyChain.getDefaultCertificateName () ;

} catch (net.named data.jndn.security.SecurityException e) {
keyChain.createldentity(new Name ("/ThesiskExp"));
keyChain.getIdentityManager () .setDefaultIdentity (new Name ("/ThesisExp"));

}

Log.i(TAG,"--try to setCommandSigningInfo™);

face.setCommandSigningInfo (keyChain, keyChain.getDefaultCertificateName()) ;

Log.1(TAG,"try to register prefix');

84



face.registerPrefix (name,
new OnInterestCallback() {
@Override
public void onInterest (Name prefix, Interest interest, Face face,
var, InterestFilter interestFilter) {
Log.1i(TAG, "onInterest");
//m_shouldStop = true;
DataSenderThread dataSender = new DataSenderThread(prefix,
interest) ;
dataSender.start () ;
//InterestReceiver thread = new InterestReceiver();
//thread.start () ;
MainActivity.interestPacksRec ++;

},
new OnRegisterFailed() {

@Override

public void onRegisterFailed(Name prefix) {
Log.1i(TAG, "onRegisterFailed");
//m_shouldStop = true;

);

while ('m shouldStop) {
//Log.i(TAG, "sleep"):;
face.processEvents() ;
Thread.sleep(MainActivity.interestReceiverThreadPeriod) ;

}
} catch (Exception e) {
Log.e(TAG, "exception sending interest: " + e.getMessage());
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DataSenderThread.java

package com.duth.konspras.thesisexperiments;

import android.app.NativeActivity;

import android.os.AsyncTask;

import android.util.Log;

import net.named data.jndn.Data;

import net.named data.jndn.Face;

import net.named data.jndn.Interest;

import net.named data.jndn.InterestFilter;

import net.named data.jndn.MetaInfo;

import net.named data.jndn.Name;

import net.named data.jndn.OnData;

import net.named data.jndn.OnInterestCallback;

import net.named data.jndn.OnRegisterFailed;

import net.named data.jndn.OnTimeout;

import net.named data.jndn.security.KeyChain;

import net.named data.jndn.security.identity.IdentityManager;
import net.named data.jndn.security.identity.MemoryIdentityStorage;
import net.named data.jndn.security.identity.MemoryPrivateKeyStorage;
import net.named data.jndn.util.Blob;

import net.named data.jndn.util.SignedBlob;

import java.util.Arrays;

import java.util.Random;

import java.io.IOException;

import java.lang.Thread;

public class DataSenderThread extends Thread ({
private Name prefix;
private Interest interest;
private String TAG = "Logo DataSenderThread";

public DataSenderThread(Name prefix, Interest interest) {
this.prefix = prefix;
this.interest = interest;

}

@Override
public void run () {
byte[] tempDatabyte = infoGenerator();
String temp = interest.getName().toString();// + "/"+ dataString;
Log.i(TAG, "Sending Data for interest name : " + temp);
Name dataName = new Name (temp) ;
Blob dataBlob = new Blob (tempDatabyte, true) ;
MetaInfo metalInfo = new MetalInfol();
metaInfo.setFreshnessPeriod(MainActivity.freshnessPeriod ms) ;
Data data = new Data();
data.setName (dataName) ;
data.setContent (dataBlob) ;
data.setMetaInfo(metalInfo) ;
try {
MainActivity.getFace () .putData (data) ;
} catch (IOException e) {
Log.i(TAG, "IOException');
}



private byte[] infoGenerator () {

//long templ = System.currentTimeMillis() ;
Random random = new Random() ;
String numbers = null;

byte[] bytes = new byte[MainActivity.packetSize bytes];
random.nextBytes (bytes) ;

//numbers = Arrays.toString(bytes);

long temp2 = System.currentTimeMillis();

//Log.1i(TAG, "RANDOM NUM GEN TOOK: " + String.valueOf (temp2
return bytes;

- templ)

+

Hmsn) .
’
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InterestSenderThread.java

package com.duth.konspras.thesisexperiments;
import android.app.IntentService;

import android.content.Intent;

import android.os.Bundle;

import android.os.Handler;

import android.os.Message;

import android.util.Log;

import net.
import net.
import net.
import net.
import net.
import net.
import net.
import net.

named data.jndn.Data;

named data.jndn.Face;

named data.jndn.Interest;

named data.jndn.InterestFilter;
named data.jndn.Name;

named data.jndn.OnData;

named data.jndn.OnTimeout;
named data.jndn.util.Blob;

import java.lang.Thread;

import java

public clas
private
private
private
private
private

@Overri

public
int
int
int
dat
if

'MainActivi

String.valu

} e

}

Mai

}

.nio.ByteBuffer;

s InterestSenderThread extends Thread {

final String TAG = "Logo InterestSenderThrd";
boolean m_shouldStop = false;

volatile boolean stop = false;

long [] interestSendTime;

long [] dataReceiveTime;

de
void run() {
numOfInterestsToSend = MainActivity.numOfInterestsToSend;
sendInterestPeriod ms = MainActivity.sendInterestPeriod ms;
erestSendTime = new long[MainActivity.numOfInterestsToSend];
aReceiveTime = new long[MainActivity.numOfInterestsToSend];
('MainActivity.isBackToBack) {
while (MainActivity.getOffset () < numOfInterestsToSend &
ty.getStopSendingInterests()) {
try {
Log.i(TAG, "Thread try to send interest " +
eOf (MainActivity.getOffset()))
sendInterest () ;
MainActivity.incrOffset () ;
sleep(sendInterestPeriod ms) ;
} catch (Exception e) {
Log.1i(TAG, "Exception while sending interest");
}

}
1lse {

sendInterest () ;
MainActivity.incrOffset();

nActivity.experimentStopped() ;

public void sendInterest () {

try

String.valu

{

Face face = MainActivity.getFace()

int interestNum = MainActivity.getOffset();

Name name = new Name ("/" 4+ MainActivity.currentProt +"/info/" +
eOf (interestNum)) ;
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Interest interest = new Interest (name);
interest.setInterestLifetimeMilliseconds (MainActivity.interestLifetime ms);
interest.setMustBeFresh (true) ;
interestSendTime[interestNum] = System.currentTimeMillis() ;
face.expressInterest (interest,
new OnData () {
@Override
public void onData(Interest interest, Data data) {
MainActivity.numOfDataPacksORTimeoutsReceived ++;
MainActivity.dataPacksRec++;

String dataName = data.getName () .toString() ;
Log.i(TAG, "Received data name is: " + dataName) ;

String[] parts = dataName.split("/");
int currentDatalIndex = Integer.parselnt(parts[parts.length - 1]1);

dataReceiveTime[currentDatalndex] = System.currentTimeMillis();

Blob dataBlob

data.getContent () ;

ByteBuffer bb = dataBlob.buf();
byte[] bytes = new byte[bb.remaining()];
bb.get (bytes) ;

if (MainActivity.numOfDataPacksORTimeoutsReceived ==
MainActivity.numOfInterestsToSend) {

MainActivity.dataReceiveTime = dataReceiveTime;
MainActivity.interestSendTime = interestSendTime;
MainActivity.experimentEnded() ;

} else {

if (MainActivity.isBackToBack) {
sendInterest () ;
MainActivity.incrOffset() ;

}
},
new OnTimeout () {
@Override
public void onTimeout (Interest interest) {
Log.1i(TAG,"onTimeout") ;
MainActivity.numOfDataPacksORTimeoutsReceived ++;
if (MainActivity.numOfDataPacksORTimeoutsReceived ==
MainActivity.numOfInterestsToSend) {

MainActivity.dataReceiveTime = dataReceiveTime;
MainActivity.interestSendTime = interestSendTime;
MainActivity.experimentEnded() ;

} else {

if (MainActivity.isBackToBack) {
sendInterest () ;
MainActivity.incrOffset () ;

}
}
}
3
} catch (Exception e) {
Log.e(TAG, "exception sending interest: " 4+ e.getMessage());

}
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GoodputVsTimeThread.java

package com.duth.konspras.thesisexperiments;

import android.app.IntentService;
import android.content.Intent;
import android.os.Bundle;

import android.os.Handler;

import android.os.Message;

import android.util.Log;

import java.util.LinkedList;

import net.named data.jndn.Data;

import net.named data.jndn.Face;

import net.named data.jndn.Interest;
import net.named data.jndn.InterestFilter;
import net.named data.jndn.Name;

import net.named data.jndn.OnData;

import net.named data.jndn.OnTimeout;
import net.named data.jndn.util.Blob;
import java.lang.Thread;

import java.nio.ByteBuffer;

public class GoodputVsTimeThread extends Thread {

private final String TAG "Logo GoodputVsTimeThd";
private long prevPackNum ;

@Override
public void run() {

MainActivity.GoodputList = new LinkedList (),
while (!'MainActivity.stopGoodputCalc) {

try {
long diff = MainActivity.dataPacksRec - prevPackNum;
prevPackNum = MainActivity.dataPacksRec;
double Kbits = (double)MainActivity.packetSize bytes *
double totalKbits = Kbits * diff;

double totalKbitsPerSec = totalKbits/3;
MainActivity.GoodputList.add(totalKbitsPerSec)
sleep( ) ;

} catch (Exception e){
Log.i(TAG, "Couldn't sleep");

}



