Tenekom-3BOJIIOLMUA: VlHTepHeT TPpeTbero nokKoJieHusn

MNepBbIM NoKosieHMeM BblJ1I0 KOMMYTaLMSA KaHaN0B, KOrga AJsi CoegMHeHUs Annce NpUxXoAnIoCh U3bICKNBaTb
HY>XHbIA NPOBOA U NPOCUTb NOAKIOYNTLCSA K HEMY boba. BTopoe nokoneHne - KoMMyTaLns NakeTos, KOrga
Bo6, oTBevas Anuce, pasburBaeT coobLieHnEe Ha ThICSYN MENIKUX KYCOYKOB, a NoToM Annca cobupaeT ux
obpaTHO B egnHoOe Uenoe...

Pa3ymeeTcs, HEBO3MOXHO XXUTb B O4HOM NOKOJIEHNN. KOMMyTaumnsa KaHaloB B OCMbIC/IEHHON hopMe
rnosiBunacb ¢ n3obpeteHnem nepsont ATC InmoHoM CTpoyarkepoM, elle B XIX Beke, a A0 YPOBHSA NOYTHU
MOBCEMECTHOr0 MCMO0JIb30BaHNA KOHLEeNUMa (B aBTOMaTU4eCKOM BOMIOWEHMK!) Wwia HEMHOMMM MeHbLue 50
JIeT - TONbLKO Nocsie BTopon MUPOBOWM BOMHbLI aBTOMaTUYECKME CTaHUUK CTaIN NPUBbLIYHBIMU U MOHATHLIMU
Be3/e, a He TOJIbKO B MPOABUHYTbIX KPYMHbIX ropoAax.

3abaBHas ncrtopus Bbiwia ¢ n3obpeteHnem ATC: Ctpoyaxep bbis1 BaaaesibLeM rnoxopoHHOro
6ropo B ropoae KaH3ac-cutu v Teprien ybbITKU nNpuy rnosy4eHU 3aKa3oB Mo TenegoHy, Tak Kak
TeseOHNCTKOW Ha cTaHunm paboTasia XeHa ero rnpsMoro KOHKypeHTa, — BaajesbLa apyrov
MOXOPOHHOV KoMnaHun. TeneoHUCTKa HarnpasJisaa BCe 3BOHKY abOHEHTOB, Bbl3bIBaBLLINX
NMoxopoHHoe 61opo, ceoemMy Myxy. IMOH CTPOyAXEP MOKAAJ/ICS HaBcerga n3basutb obLecTBO OT
TENEHOHNCTOK 1 N306pEs1 aBTOMATUYECKNN TENEPOHHbIVI KOMMYTaTop A€KaAHO-LLaroBoro Tuna
EMKOCTbI0 [0 99 aboHeHTOB Ha 6a3e gekanHo-LIaroBoro nckartessa. Tak nHxeHep nobegun
Koppynuuio.

KoMMyTaumnsa nakeTtoB B NepBoM npubnvxeHnn nossunacek B 1960-x rogax. K 1970-m nosasuaock
MOHUMaHMe 3Ha4YNMOCTN n3obpeTteHns, n Tosbko B 1980-x NOSBUANCL MaCCOBbIe peasn3aLuunu.

He cMoTpsa Ha 3aBepeHuns MNpe3ngeHTa, MHTepHeT BCe e poannaca He B Hegpax LIPY, HO Ha 3agBopkax
MeHTaroHa: MHTEpHET ObI1 NpefgHa3HavYeH 0N CBepXHaAeXXHoW nepenaydun AaHHbIX B YCIOBUAX
TepMosagepHOU BOMHbI. A MOCKOJIbKY CaMblM TOHKUM MECTOM AJ18 Nopa>KeHUs BCen ceTu KoMMyTaLuum
KaHanoB 6bina n aBnsetcs cobcteeHHo ATC, TO KOMMyTauus nakeToB 6bisia NpM3BaHa, Npexxae BCero, 3Tu
YSI3BUMbIE Y3Jibl, €CJIN HE NCKJII0YUTL COBCEM, TO XOTS Bbl 3ape3epBnpPOBaTh MaKCUMalbHO BO3MOXKHOE
KOINYeCTBO pas.

B 2000-x KOMMYyTaLUs NakeToB OKOHYaTesIbHO nobeanna B TeNeKOMMYHUKALMOHHON cihepe KOMMYyTaLnio
KaHanoB. XO0Tsl NociefHne OCTaHKN HEKOr4a MOryLLeCTBEHHOW TEXHOIOMr UK ele TenaaTcs n bapaxTaloTcs
(B MHBIX ClyYasx Oa)ke MNbiTaloTCsA 3aKOHOAATEsIbHO NPOAJINTL CBOE CyLLecTBoBaHMe), Ho B 2010-x yxxe
MOHATHO, YTO MAaATHUK B 0BPaTHYIO CTOPOHY HE KaYHEeTCsl, a CKopee nocsiegyeT cnvpasib, NMPpUBoOAsLLAs B
MUP HOBYIO KOHLIEMLUIO.

M 3To cnyymnnock. PasymeeTcs, BCe NoKa HaxoOAuTcsa B hase NpoTOTUMNNPOBaHUS, UCCIed0BaHUA 1 0BKaTKN
MaTeMaTuU4Yeckmux moaenein. Ho npobnemMaTurka y CYLLECTBYIOLWMX TENEKOMMYHUKALMOHHbIX Moaenen
cnepyioulas:

Ona mopgenn KOMMYTalUnnN KaHa/10B HEAOCTATKN O4YeEBUOHbI - MPU poCcTe ceTen N Konm4yecTea y3/108B
CJIOXKHOCTb KOMMyTaLI,VIOHHOI7I noACUCTEMbI pacCTeT 3KCNOHeHLUMa/lbHO, a YC/10XKHeEHNe a/Irf oOpnTMOB
KOMMYTalnn HEBO3MOXXHO be3 (*)YHJJ,aMeHTaﬂbHOIZ ﬂepeCTpOIZKM Yy3/10B KOMMYTalunn.

KoMMyTauuns nakeToB no3sossieT 6osiee spHeKTUBHO NCMOMb30BaTbh (PUN3INYECKYIO0 MHPPACTPYKTYpY 1 6onee
BbICOKYIO OOCTYMHOCTb Y3/10B B ceTU. [1pn neperpyske Bbl Tenepb He yCblWNTe "ceTb 3aHATa" - NpoCTo
KaHa/l CTaHeT HEeCKOJIbKO MeaJsieHHee, HO AaHHble byayT nepefaBaThCs, NYCTb U CO 3HAYNTEbHBIMU
3afepXKamu.

Ho, TeM He MmeHee, npobsieMa C neperpy3kamm ceTu Bce e umeetcs. MNpruynHa B TOM, YTO OLHUN U Te XKe
JaHHble B MOJENIN XOCT-CEPBEP-XOCT NepeaatoTcss MHOrOKPATHO, @ Y3KMM BYThIIOYHbLIM FOPJILILLKOM IP-ceTeln
ABASAOTCA JIOKANN30BAHHbIE CPEACTBA XPaHEHUS.

Mpeactasum cebe ona uenen NAKLCTPaLNN, HTO HEKM FMNEPNONyNSapPHbIA KOHTEHT XPaHUTCS Ha cepBepax
B AaTa-ueHTpe wTtaTta NnnmHoic (Hy, nnm ropona TamboB, ecnm xoTuTe). KOIMYECTBO XKenatowmx
NPMOBLLNTLCA K 3TOMY KOHTEHTY pacTeT C KaXXAoWn CEKYHOO0N, cepBep, OTAAOLWMIA 3anpallnBaeMble NakeTbl
MHpopMaLnM B KaKOM-TO MOMEHT Ha4YMHaeT rnepecTaBaTb UX OTAABaTb, CBAJIMBAETCA U OTAAET KOL4
Timeout.

BrnanenblUbl BBICOKOHArpy>XeHHbIX PECYPCOB Hay4Yunmcb xyno-6egHo 60poThbCs € 3TOM npobnemol
BCEBO3MOXXHbIMWN TEXHUYECKUMU METOAAMU: YBEINYEHNEM MNPOMNYCKHON CNoCcOBHOCTN KaHasloB,
MOBbILLIEHVNEM BbIYUC/IUTENBHON MOLLHOCTY N 3(p(EKTUBHOCTU MPOrpaMMHOro Koaa, OTAALWEro KOHTEHT.
Cneumannctbl-MaTeMaTUKK JOOMAINCE BNeYaTASAOWNX pe3ysibTaToB B 061aCTy CKaTua AaHHbIX.

BnpoyemMm, ecTb elle oAVH NyThb - NepefaTbh PYHKLUMN Nepenayvn, XpaHeHWS 1 NoncKa NMHPOPMaLMUn Ha
CTOPOHY noTpebutens. Tak NOSABUANCL cepBUCLI Peer-to-peer (P2P) - "paBHbIN-K-paBHOMY".

CeTb B 3TOM c/ly4ae (hyHKLNOHMPYET crieayowmnm obpa3om: NpUcyTCTBYET HEKOTOPOE KOJINYECTBO MaLLVH,



npu 3TOM KaxXkAas MOXXeT CBA3aTbCA C /itobon n3 apyrux. Kaxxaas n3 aTUx MallvH MOXXeT MocbifiaTh 3anpochl
APYrM MallWMHaM Ha NpefocTaB/ieHne Kakux-1mbo pecypcoB B npenesax 3Ton CeTU U, Taknm obpasom,
BbICTYMaTb B POJIM KNMEHTa. Byyun cepBepoM, KaxkAas MallnHa Ao/KHa 6biTe cnocobHol obpabaThiBaTh
3anpockl OT APYrMX MalUWH B CETU, OTCbI1IaTb TO, 4TO BbIJIO 3anpoLUeHo.

Kaxkgaa MallnHa Tak)Xe [0J1>KHa BbINMOJIHATb HEKOTOPLIE BCMOMOraTe/ibHble U a4MUHUCTPATUBHbIE PYHKLMN
(HanpuMep, XpaHUTb CMUCOK APYrnX U3BECTHbIX MalUnH-"cocenen" n Nnoaaep>XKMBaTb €ro akTyasIbHOCTb).

Pa3syMeeTcs, n y Takoro cnocoba opraHusaumm CeTu eCcTb HeAOCTaTKN, U CyLLeCTBEHHbIE: HanpuMep, atobon
YS1€H NAHHOWN CETU He rapaHTMPYET CBOE MPUCYTCTBUE HA NOCTOSSHHON ocHoBe. OH MOXXET MOABJISTLCS U
ncyeszaTb B 06O MOMEHT BpeMeHU. Ho Npu 4oCcTmXeHnn onpenenéHHOro KpUTUYECKOro pa3Mepa CeTu
HaCTynaeT TakoW MOMEHT, YTO B CETU OAHOBPEMEHHO CYLLLECTBYET MHOXECTBO CEPBEPOB C OANHAKOBbLIMU
hyHKLMSAMU. BnpoyeM, N BeIMYMHA CETU HE rapaHTUpyeT NoTepun NMHQopMaLum, NnpmyemMm ocobeHHo ysa3BUM
KOHTEHT He CUJIbHO BOCTPebOBaHHbLIA B OaHHbIA MOMEHT

NmetoTcs n rnybokne npobaembl C MOMCKOBLIMU MEXaHM3MaMM, 3alMTON KOHTEHTa OT AeNCTBUIA
3JI0YMbILLJIEHHMKOB N OCTaeTCsl He pelleHHo npobnemMa xecTovanwen HeahPeKTUBHOCTN NCMOJSIb30BaHUSA
CEeTEeBbIX PECYPCOB.

MNocnepoHUin pakTop HACTOJSIbKO BO3MYTUTEJSIEH, YTO ONepaTopbl AaXKe HavYanam 60poTbCa C TakKUM
"Napa3nTHbIM", MO MHEHUIO OMepaTopoB, TPaUKoM. 1eNCTBUTESIbHO, MUPUHIOBbIE CeTU, BCe 3Tu Torrent n
DC++ npu nepBon e BO3MOXXHOCTWN 3abnBatoT CETU MyCOPHbLIM TPpadMKOoM, NOJib30BaTENN, UMEoLWne
TepabaliTHble XpaHWAMLLLA OaHHbLIX CYUTAKOT CBOMM LOJIFOM TYT Xe 3T TepabanTbl 3arpy3nTb
MH(OPMALNOHHBIM MyCOPOM, KON PUIbMOB 1 MY3bIKM PAacXoaaTCa MUJIIMOHAMKU LNGPOBbIX Konun, 90%
M3 KOTOPbIX HAKOFAa HE OTKPOIOT C JIOKaJIbHOro ANCKa.

Bce e, ucnonb3oBaHne TpeTn BCcero upstream-tpaguka Ha "ToppeHTb!" - 3TO AOBOJIbHO MHOIO:

Upstream Downstream Aggregate
Rank  Application Share Application Share Application Share
|1 BitTorrent 33.20% | YouTube 19.27% | YouTube 17.38%
"2 _HTTP [ 10.07% | HTTP 17.46% | HTTP 16.26%
|3 YouTube 7.67% | BitTorrent 11.10% | BitTorrent 14.71%
4 SSL 5.63% | SSL 6.19% | SSL 6.10%
5 Skype 4,54% | Facebook 3.88% | Facebook 3.95%
|6 Facebook 4.29% | RTMP 3.66% | RTMP 3.27%
'7 | eDonkey | 3.64% | MPEG 3.54% | MPEG 3.21%
|8 Dropbox 2.11% | Netflix 3.23% | Netflix 2.98%
[o  |mpEG | 1.51% | Flash Video 2.37% | Flash Video 2.17%
:l10 [ iTunes [ 1.30% | iTunes 2.23% | iTunes 2.08%
| 72.66% 70.69% 70.01%
CIsandvine

Table & - Top 10 Peak Period Applications - Europe, Fixed Access

XOTHA N CUTyaunsa MEeHSeTCs - C KaXKOblM ro40M MEHSETCH B CTOPOHY YMEHbLLUEeHUs UCNOJIb30BaHUSA P2P
60MbLUNHCTBOM MOJIb30BaTEsNIEN, HO aKTyaJlbHOCTb "pe3aTb TOp[Z)eHTbIII B CJlyHae X HeaekBaTHO fonbLUON
BeJIN4YNHbI OCTaeTCH.

NTak, Mbl NOAXOONM K LI Hallero rnoBeCcTBOBAHMUS - K CETSAM, NMOCTPOEHHbIM Ha CcoBepLleHHO ApPpYyroMm
npunHUune, K KOHTEHTHO-UEHTPNYHBIM CETAM HOBOIO NMOKOJIEHUA.

Named data networking

"CeTb MMEHOBaHHbLIX AaHHLIX" (Hanbosee agekBaTHbLIN NepeBo TEPMMHA, KOTOPLIN S He cpa3y fake n
rnepeses) - ABJieHNe BeCbMa HoBoe. HaCTONbKO, 4TO Ha PYCCKOM fi3blke MaTepuranoB NOYTU HET, Aa U Ha
QHIMINNCKOM MaTepuasbl cTanan NnybankoBaTbCs COBCeM HefaBHO. CobcTBeHHO, caMa koHuenuusa NDN 6bina
npencTasseHa obuwecTseHHoCTN B 2006 rogy aMepukaHCKMM KOMMbIOTEPHbIM nccnengoBatenem BaH
AkobCcoHOM - 0gHMM M3 pa3paboTymkoB TCP/IP cTeka BoobLULe, 1 aBTOP MHOMOYUC/IEHHbIX aJIfOPUTMOB
rnepenayun gaHHbiX (Hanpumep, yTunuTbl traceroute n tcpdump - geno ero pyk).

PaboTa Hag apxuTekTypoii NDN Bce elle naeT, U ¢ gaxe HeboNbLWOM fosen BEPOATHOCTN TPYAHO CKa3aTb,
Korfa oHa 6yneT 3akKOHYeHa - opuumanbHbin canT (http://named-data.net/) naeT nnwb obire YepTbl X04a
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https://en.wikipedia.org/wiki/Van_Jacobson
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NMpoeKTa, a TeKyllas Bepcua opuLmnanbHbIX OKYMeHTOB HaxoauTca B 0.2.0 Bepcun. To eCTb, 0 peasbHbIX
BHeAPEHUSIX OaXKe peyn He ngeT. Ho Koe-kakue ycrexm B MoLAeIMPYEMO Cpelie BCe XKE NMETCS.

Hy, n duHaHcupoBaHune npoekTa B pa3mepe $13,5 MUIINOHOB TOXe nojlydeHo. OCHOBHbIM fepxaTeneMm
npoekTa sanaetca KO>xHo-KanndopHumnckum YHnsepcnteT Jloc-AHxeneca (UCLA - kTo 66l MOr moayMaThb,
4To He CKOJIKOBO), a CMIOHCOPOM - yraganTe ¢ nepsoro pasa? KoHe4dHo Cisco.

OpOHako camMa naes He Tak y>X n HoBa - NDN 6a3npyeTcs Ha KoHuenTyasbHOM noaxoae Content Centric
Networking, koTopas, B cBoto o4yepenb, 6a3mpyeTcs Ha ngee Tena HenbcoHa Project Xanadu - camoMm
OONrOCTPOMHOM CO(MTOBOM MPOEKTe B MUpe, KoTopbir anunacsa 54 (1) roga. Tak 4TO O4eHb CBeEXe-
pPEeBOMOLIMOHHO-NpopbLIBHOM naeto NDN To)xe Ha3BaTb Hesb3s. Bnpoyewm...

NTak, Kak 3TO paboTaeT:

Mo4yTKn BCE MaTepuasnbl No J'II/IK6€3y B 06n1actu NDN HaduMHalOTCHA C BOT Takon KapTUHKW:
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oe npoTuBonocTaBnalTCAa Ase naen: TpagnumoHHasa TCP/IP n, pasymeeTtcsa, NDN.

Pa3Huua B Nnoaxodax 3ak/to4aeTCs B TOM, YTO OCHOBHbLIM U rN1aBHbIM 6/10KOM apxutekTypbl NDN saBnsioTca
He aTOMapHble NaKeTbl, Ha KOTopble pa3buBaeTcs ncxogHas nHgopmauma B TCP/IP, a camogocTaTouHbIE
KYCOYKWN KOHTEHTa, 3Ha4uMble camu no cebe. Ecnu ans TCP/IP Ba)KHbIM iBNSeTCA aKT OpraHm3aumm
CeaHca cBs3n (MeTadopa, OCTaBLIAsACA OT KOMMYyTaLMW KaHasoB), TO B KoHuenuun NDN 3Tn Kycoukn
MMeloT cobCcTBEHHOE MMS (M0 3TOM 1 "MMeHOBaHHbIe") 1 MOFYT NMPUHLUUMNANBHO "XUTb" camMu no cebe, B
OTpbIBe OT MeTadopbl "XoCcT-cepsep”.

MNMoHayvany 3TOT MOAXO0A KaXKeTCsl MPOCTO B3pbIBatoLWEen MO3I 3anpenesbHon abcTpakumnen. 9 caguacs 3a
HanncaHue 3TON CTaTbW HECKOJIbKO pa3, NepeynTbiBai AOCTYMNHbIE MaTepuabl, CAUIUICA MOHATb, KakK e B
NTOre 3TO BCE MOXKET PYHKLMOHMPOBaTb. YeCTHO NPM3HACh - TakK N He A0LWeEeN A0 KOHEeYHOro
npoceeTneHus. Ho nonpobyi (Kak ToT "npodeccop"”, KOTOPbIN WEeCTb pa3 06bACHAN CTYAEHTAM, CaM
MOHSAJI, @ OHW HET) 06 BbACHUTDL, He BAABasACb B MaTaH MapLlpyTM3aLunM U NPaKTUYECKUX CXeM peann3aymu.

Bo-nepsbix, 19 NDN HeobxoauMbl cneunaiibHble KOMMYHUKALWOHHBLIE MPUJIOXKEHWS, KOTOPbIE Ha MEeCOYHbIX
YyacaxX HaxoOAaTCSA B BEPXHeW 4acTu - OHM 3anpalunBaloT 1 MoJyyaloT JaHHble, U Kak-To nx obpabaTbiBaloT C
Lesblo B3ammoaenctems 6osee BepxHero ypoBHs (MoKa3aTb YeJI0BEKY, HAanpuMep, XoTA U He 065A3aTesbHO).
B HM>XXHEN YaCTn YaCcoB HaXo0AUTCS Meana-NHPPaACTPYKTYypa, KoTopas, cobcTBeHHO, basupyeTca Ha
henTarpamMMmax, cmpeyb, CTapom gobpom IP, HO B LULMPOKOM CMbIC/Ie, MOTOMY YTO TYT MOryT BbITb U Kakme-To
HOBble TEXHOOT N U aJIrOPUTMBbI.

Bo-BTOpbLIX, MakeTbl B KoHUenuun NDN 6biBatloT ABYX TUMOB:

[Tenekom-aBonouUmnA: NHTEPHET TpeTbero NoKoaeHus]

... Interest n Data. Bnpo4yem, oba Tna NakeToB MMelT COOCTBEHHbIE, KOTOPble NAEHTUMULINPYIOT YacTb
NaHHbIX NepelaBaeMblX NakKeTe.

KopoTko o cognepxxaHun NDN-nakeToB:

Interest Packet (UHTepec): notpebutens /BonwebHbiMm obpazom/ noMewaeT nma Tpebyemon nopunm
OaHHbIX B MaKeT 1 oTnpasnseT ero B CeTb. MapLipyTnsaTopbl UCMOJb3YHOT 3TO UMSA OJ19 TOro, Y4To6bI
HanpaBuUTb "MHTepec" B CTOPOHY NpoussoanTens(en) sTux gaHHbIX.

Data Packet (OaHHbIe): [Tocne Toro, Kak "mHTepec" gocTuraeT y31a, KOTOPbIV COAEPXUT 3anpoLUeHHble
OaHHbIE, y3es A0/KEH BEPHYTb NakKeT AaHHbIX, KOTOPbIA COOEPXUT Kak UM, Tak N cobCTBEHHO
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3anpalwunBaemMbin KOHTEHT. Kpome Toro, B Data Packet BkjiloyeHa curHaTypa nognucu "npomussoantens”,
4T0Obl 3aBEepnUTb Noay4YaTeNs, 4TO 3TO MMEHHO Ta caMas 3anpalwimsaemas nHhopMauums.

MapLpyTur3auns xxe BCeEX NaKeTOB NpencTaBnsaeT cobolr oTAeNbHYO CETEBYIO Maruo, KoTopas
3aKJIl04aeTCs B TOM, YTO NOTpebMTENIO COBEPLLUEHHO HE MPUHLUMAVANBLHO, T4 MMEHHO XPaHUTCH
3anpawmsaeMas MHopMaumsa - Mbl MPOCTO OTMNPaBseM nHTepecC "B ceTb" N NoJsly4YaeM LaHHbIe.

MonpobyeM NpoAeMOHCTPUPOBATb MPUHLMM B KAPTUHKAX OT NEPBOMCTOYHMKA. Llennkom npeseHTaumto
MOXKHO MPOJIUCTaTh NPSAMO 34€eCh:

Ho ons Tex, KTO NJIOXo BNaAeeT aHrIMACKUM, 3BpaHHble cnanabl C KOMMEHTapUsMn NpuBedy - B KOHLE
KOHLIOB, MPOogeccop caM A0JIKeH MOHATbL NpeamerT.

NTak, cerogHsa MHTepHeT, Kak "ceTb ceTen", 6asnpyeTcs Ha CTeKe NMPOTOKOJIOB (TaM MHOIFO MPOTOKOJIOB,
Ons rymanuTapues) TCP/IP, CyTb KOTOPOro CBOAMTCS K TOMY, 4TOObl B OFPOMHOI CEeTU apecoBaTb 3anpocC 1
MoJIy4nTb OTBET OT KOHKpPEeTHOro IP-agpeca. Kno4y TeXHONOrnu - agpecHoe NpocTpaHcTeo IP.

How does NDN work?
Best explained by comparison with IP

Today’s TCP/IP Internet Architecture

mail web phone TV...
Best effort IP packet delivery to
destination IP addresses

SMTP HTTP RTP...

TCP UDP...

ethernet PPP..2

CSMA async scnet... The anchor of the architecture:

copper fiber radio... IP address space

Ka)kgbilh IP-nakeT uMeeT onpefesieHHbI CTaHaapTaMu (hopMaT, r1aBHble COCTaBISOLWNE KOTOPOro - agpec
oTnpaBMTensa MHGopMaUnm n agpec nojyvaTtens:
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IP Packet Format

Version HLen| TOS Length

Ident Flags Offset

TTL ‘ Protocol Checksum

source address

destination address

Options (variable) (variable) |
I i

Data

o

B npouecce nepefayn gaHHbIX, KaXXOblA MakeT NPOXOAUT onpenesieHHbIN MapLpyT, KOTOPbLIA 3afaeTcs
MapLpyTM3aTopamMmm B COOTBETCTBUM C JIOFTMKOW, yCTaHOBJIEHHOW BRajesibLieM 3TOro yCTponcTBa. B
rnpouecce cnefoBaHUs MapLUPYTY, BCE MaKeTbl @) HAFAE He XPaHATCS, a TOJIbKO TpaHCampytoTcs 1 6)
Boobue He o06A3aTenbLHO, 4TO AONAYT OO agpecaTa.

IP° Node Model

Routing protocol

IP Packets _ Forward

IP prefix Next hop

One-way traffic, stateless, no storage

Nocemy, B ceTb MAET He 3anpoc NHopMaL K, a 3arnpoc No KOHKpPeTHOMY agpecy. B csoto ovepensb,
"KOHKPETHbIN agpec" oTnpaBaseT 3anpoLleHHY nHhopMaLmnto B 0TBET. MHTepecHOo, 4To 13 pa3HbIX CeTeN,
pa3nyHbIX MOCTAaBLLMKOB, NpoLUeCcC nepefadym MOXKeT OTJINYaTbCA Mo OnpeaeseHnIo - pa3Hble MapLUpyThI,
pa3Hble cnocobbl Nepeagpecaumn NakeToB, pa3Hble BpeMeHHbIe 3aAepXKU. HO CTOYHMK - OOUH.
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How well IP serves applications

Example 1: content delivery

Applications request data by names; network
name packets by IP addresses

Onsa Toro 4Tobbl 06CNYXMBATbL N3 OAHOIM0 agpeca orpoMHOE KOJIM4eCTBO 3anpocoB (NpeactasbTe cebe, 41O
Ha oguH agpec https://facebook.com exxecekyHOoHO 0bpyLIMBaeTCAa MUAMApPA 3anpocoB OT MUAAMapaa
rnosib3oBaTesien), B TEKYLLEN apXUTEKTYpe NOCTPOeHNS IHTepHET, NpuxoanTcs npuberaTbe K yXuwpeHnam B
BUAE pa3/IMYHbIX NOACMCTEMa pacrnpenesieHns KoHTeHTa (content delivery) c cepBepHbIMU CTOMKaMn n
haTa-ueHTpamu, CDN-cnctemMamm, KELUNPYOLWMMK CEpBEPaMU, U MPOYNMUN Proxy.

How well IP serves applications

Example 1: content delivery

Applications request data by names; network
name packets by IP addresses

IP delivers data between two end points

o Multiple users may request the same data,
don’t care where they come from

L _d
Server farms

N yem 6onbuwe notpebutenen B Cetu, 4em 6osbLLE 3aMPOCOB OHM OTNPABAAIOT, TEM C/IOXKHEEe
rnepebpacbiBaTb 3TW NMakeTbl Yepes paccToaHus bykBasbHO NaHeTapHOro MmacwTtaba.

CobcTBEHHO, A5 3TOro n n3obpeTaroT CeTb HOBOIro NMoKoseHUs - 4Tobbl 6onee ahpHeKTUBHO NCMONL30BaATb
BbIYUCANTENIbHLIE, KOMMYHUNKALIMOHHbIE U XPaHSALLMe AaHHble pecypchl. B obwem Bnae, B NDN 3anpoc K
[aHHbBIM LOJ/KEH NPONCX0AUTb NPO3payHo A1 Nosb30BaTeNs - OTApaBua "mHTepec" -> Nosy4Yunna gaHHble:
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How does NDN work?

Applications can be
built directly on top of
NDN data delivery, use
names to communicate

x INTEREST

Any communication
media that can provide
best effort datagram delivery

PasyMeeTcs, "MHTepec" roToBMT cneunasibHas NporpaMma-rnpuioXXeHne, KoTtopas yMeeT NpaBuJibHO
CTPONTb MHTEpecChl N 0ToBpa>kaTb COOTBETCTRYIOLLNE OTBEThI (MOBTOPSAIOCH).

CTpYyKTYypy NaKeTOB B O4eHb 0OLLLEM BULE Mbl Y)KE BUAENMN, @ BOT Kak (DOPMUPYETCH 3aMpoC K KOHKPETHbLIM
OaHHbIM 1 ero obLnin B, MOXKHO NPOAEMOHCTPUPOBATL Ha C/eaylowem cnange:

Content Naming

Names are generated by applications,
opaque to the network
o Packet granularity

o Hierarchical
identify content relationship & facilitate aggregation

o Every data packet carries a signature, binding
the name to the content

User,fapplica?'lnn supplied name
r N

/named-data.net/videos/content-centric-networking/version#/segment#

1! J LN J A J
T Y Y
Globally routed name Application instance Naming convention/

application automatic

NmMsA KOHTEeHTa reHepupyeTCcs NPUIO>KEHNEM, B COOTBETCTBUM C ONpeaesieHHbIMY NpaBuiamMm u
npoToKosaMun (Teica4m nx!).

Ka>)<ablii NakeT - FpaHyInpoBaH (4To 6bl 3TO HM 3HA4YMIIO).

NmeHa gaHHbIX nepapXmyHbl Mo CBOEN NpUpoae, Mpu4eM, CoOAEPXUT (MOXKET coaep kaTb) rnobanbHoe nms
MPOV3BOAUTENIA KOHTEHTA -> MPUJIOXKEHNE, B KOTOPOM AaHHble byayT obpaboTaHbl -> 3K3eMnasap
npunoXxeHus (Hanpumep, BKNagka B 6paysepe). Kpome Toro, B MMeHN OaHHbIX MOryT ObITb N gpyrme
HY>XHble OaHHble - BEPCUUN, HA3HAYEHNE, CErMEHTHI etc.
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NDN'’s node model

Downstream Upstream

N camoe rnaBHOe - NakeTbl C A@aHHLIMU Tenepb MOryT XPaHUTbCA Ha KOMMYHUKaALMOHHLIX y31ax. To ecTb, Mo
cyTn - ceTb NDN 370 rnobanbHbl K3W AaHHbIX, XPaHWINLLE, N Oa)Ke B HEKOTOPOM CMbicsie - 06paboTyumk
DaHHbIX. O6paboTyMK, MOTOMY 4YTO HUKTO HE 3anpeLliaeT NPoOM3BOAMTbL MaHUMYASLMN C [aHHBIMW NPSAMO Ha
y3nax NDN 1 ncnonHaTb, HanpuMmep, NporpamMMHbIi Kod. MonydaeTtcs rnobanbHbeln pacnpenesieHHbIN
cepBep, KOTOpbIA AENCTBUTENBHO TPYAHO "ypPOHUTBL".

BceB0O3MOXXHbIe anmankauum um peanTa|7|M—o6|.|.|,eH|/|e, pa3yMeeTCd, ToOXKe npenycMatTpmuBaloTCA.

NDN’s node model

Add Incoming Face Drop or NACK

Downstream

|
forward Pending Interest
Table (PIT)

| Content "

Discard

2-way packet flow, fetch, stateful, with storage

N camoe rnaBHoOe - CEPbe3HO IKOHOMATCA KOMMYHUKaLMOHHbIE pecypcCbl ceTu. Tenepb HET HeobxoaMmMocTH
OTNPaB/IsATb NOTOK "OANH-K-OAHOMY" B CJZly4ae MHOIMOKpPaTHbIX OAHOTUMHbLIX 3aMPOCOB - BCE XpPaHUTCA "B
ceTun", 4YTO O3HaAYaeT, YTO eANHOXXAbl MOSABUBLLUUACS N 3aMpPOLUEHHbIA KOHTEHT CTAaHOBUTCS (CO BpEMEHEM)
0OCTOsIHMEM BCeWn ceTu.

Ho, xo4y 310 nog4yepkHyTb, NDN - 310 HE P2P ceTb, Kak MHEe napy pa3 BCTPETUIOCb B PYCCKOA3bIYHOMN
npecce. Jaxe 6/1M3KO HET TYT HMKaKOro "nupuHra". Ha camom gene, 65m>xe Bcero 310 rnobasbHbIN KeLwl
Google, HO CMNBbHO YMHee 1 YHBepCasibHee.
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BoT 6osiee nogpobHas "apxutekTypHas cxeMma" NDN C TOYKM 3peHUs pa3INYHbIX MPUSTOXKEHWNNA:

.\

Producer
|_' Segments

THVEIm YUV Frames

v | Segmentizer |
| Channel | | 4
Y Encoded

UV Frames
: ——{_Encoder |— Frames [PrT+Cashe
L o

- -Media Interests—- - - - - !

- —-Meta Interests — -

Stream Info
Metadata

Media Interests-

Meta Stream Info

|

|

|

: Segments Interlesls Metadata

| l Consumer I v

| 1

Interest queue | [ Service Channel |

A | Receiver |
R

e L~ | Buffer |
RTT Estimator |[—| Buffer Estimator
| Renderer [«—{ Playout |

Figure 3.5: ndnrtc Application Architecture.

N ewe pa3, rnobanbHoe otnmyme NDN-apxuTekTypbl, oT TCP/IP - nonb3oBaTeNb "NpoCcTo 3anpalivBaeT
haHHble".
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What to take home

Future of networking lies in recognizing the
right communication abstraction

IP conceptualizes 5'}

communication as
between nodes

NDN directly focuses on
the outcome: retrieving
data

Interest

Ewe pa3 xo4y oroBopuTb, YTO AaHHasA apXUTEKTypa CyLLeCcTBYET NOKa TOJIbKO B KayecTBe
3KCnepMMeHTasibHON NpopaboTku. NMoka He CyLLecTBYeT peasibHbIX BHEAPEHMWA, @ MaTeMaTKa NpPoL,EeCcCcoB
HaxoguTcs B rnybokon npopaboTke. He peweHbl o4eHb MHOMO 3aga4 U npobaem. Ho Hayka He CTOMT Ha
MecTe. Hanpumep, npamo cendac UCLA, Washington University, CERN n Shanghai University nposogaTr
HaTypPHbIE 3KCNEPUMEHTbI MO Pa3BUTUIO BOT TaKOW CETU:

B ocHoBe pa3paboTku, HafO OTMETUTDb, JIEXXUT HE MeHee nepenoBas KoHuenunsa Software Delivery Network,
KOTOpPYIO OOBOJLHO akTUBHO 06Cy>xaanu Ha Hare. icnonb3oBaHne SDN fenaeT HOBbIE SKCNEPUMEHTBI C
MPOTOKOJ/IaMM MeHee 3aTpaTHbIMU K 6onee rmbKNMn - He HY>KHO MeHSTb MOJIHOCTLIO 06opynoOBaHMe, a
MPOCTO MEHAKTCS MPOLUNBKU, @ CaMN CETEBbIE YCTPONCTBA MO BOJIE aAMUHUCTPALNUN CETU MEHSAIOT CBOU
KJlto4eBble CBOMCTBA Mo BCeMy Mupy.

Hy, n B 3aBepLueHune, Xxo4y OTMETUTb 0AMH (haKT - 0bpaTnTe BHUMaHME, 4TO B MPOEKTE He MPUHNUMaeT
y4acTue HM BeayLmn pocCUNCcKkmm By3 MIY, Hu "ueHTp nHHoBauumn" CKONKOBO. XOTHA B pedepeHcax Ha canTte
NDN g 4acTo BCTpeyvalo pycckme haMnamm, Kak, BNpoyveM, u Kutanckme, n gppaHuysckue, n rpeveckme. Ho
MO>XHO Ha3BaTb OOHOI0 U3 BeayLwmx nHxxeHepos rnpoekta NDN - AnekcaHapa AdaHacbeBa, B NMPOLUIOM
COTpyZAHMKa MockKoBcKoro RTI Systems n Videofon MV, a HbiHe BeayLwero pucépyvepa UCLA no Hawen Teme.

®aKT, Ha caMoM JeJie, BeCbMa neYyasibHbll. HU4ero He xo4y ckasaTb MJoXoro, HU rnpo Mry, Hu npo
CKOJIKOBO, HU Npo poaHon Yp®dY. MpocTo caM hakT, 4HTO POCCMNCKUE BY3bl U NCCenoBaTebCcKme
WHCTUTYTbl BOOOLLE HMKaK He y4aCTBYIOT B pa3paboTke NpopbIBHbIX TeXHOMOrM nogobHoro knacca,
yopydaeT. Ha mon B3rnsag, aTa TemMa A0J>KHa ObITh B MepBbIX CTPOKaX 3anpoCcoB rpaHToB, ecnn Poccus
[encTBMTeNbHO XenaeT bbiTb camocToAaTeNnbHOM UT- n Tenekom- gepxaBon. Hy>KHO 3aHMMaTbCA
peanibHbIMU HAYYHbIMU UCCIEA0BAaHNAMMN, @ HE OOrOHATHL yWe[LWwn noesa B nonckax "mMmnoprosamMeLleHuns
yCTapeBaLwWmX "oTe4eCTBEHHbIX OMepaLmnoHHbIX cncteM", "oucHbix NnaketoB" u CYBM. XoTs 6bl moToMYy,
41O Korga HactynuT 3pa NDN Bce 3T cybbekTbl BHUMaHUSA BAacTen yCTapeT U CTaHyT aHaXpPOHU3MOM Mo
npumepy noakoBaHHoM Jleswown 6510xM, KOTOpas rBO3ASMU NOAKOBaHa, Aa, BOT 6befa - yTpaTnia
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CNocobHOCTM TaHLUEeBaTh.

He xo4eTcsa MHe nepenucbiBaTh JleCKkoBa CbI3HOBA...
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