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MNMporpaMMHO-KOHpUrypupyembie ceTu

KOMMbOTEPHbIE CETU NMEPEXXMBatOT KPMU3NC, MPEOAONIETb KOTOPbIN
= B3Amcb TexHonorun Software-Defined Networks. [MocTeneHHO
Y 3aBoeBbIBas N T-pbIHOK, OHM AoKaTuUn1cb 1 4o Poccun. B yem
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KntoueBble cnosa / keywords: Software Defined Networking

KoMmnbloTepHble ceTU NepeXXxuBaloT KpU3uc, NnpeosonieTb KOTOPbIN
B3snucb TexHonorum Software-Defined Networks. MocTenenHo
3aBoeBbiBasa UT -pbiHOK, OHU AoKaTunucb u o Poccun. B uem
AOCTOMHCTBA U BO3MOXXHOCTHU 3TOr0 NOAX0AA K NOCTPOECHUIO U
JaKcnnyaTauum ceTen?

MporpamMmHo-KOH(Urypmupyemsie
cetu (Software Defined Networks,
SDN) — ogHa 13 camblX «ropsumx»
CeroHs TEXHOSIOrMIN, BCTaBLLMX Ha NyTU fecnnatHo
konrnanca CeTu, ogHako, HECMOTPSA Ha
TO YTO TEMA eLLe OTHOCUTESbHO HOBA,
BOKPYI Hee yxxe chopMmpoBarsiocb
HECKOMMbKO NOMSPHBbIX MHEHWIA: OT
MOJIHOrO BOCTOpPra Ao cKkencuca u
KIMLLe «MapKeTUHroBbIN BGaHTMK» 1.

¥ CkKauaTtb

bpayzep ans obuieHus
KomMnbroTepHblEe CeTu Kak B MHTEpHeTe
OCHoBoOMosararowas MHopacTpykTypa m 0+

— cTpaTernyeckuin akTop pasBuUTUs Peknama
coBpeMeHHbIX AT, ogHako apxutekTypa

CeTn, OCHOBbI KOTOPOW 3akfagblBanmMchb el B KOHUe 60-x rogos, ycTaperna U yxxe He
Bcerga cnocobHa agekBaTHO 1 3hEKTUBHO pearmpoBaTb Ha HOBble NOTpebHocTu. PocT

http://www.osp.ru/0s/2012/09/13032491/ 1/20


http://www.osp.ru/os/articles/tag/SDN/
http://www.osp.ru/os/articles/tag/4522009/
http://www.osp.ru/os/current
http://www.osp.ru/os/current-issue
http://www.osp.ru/os/archive
http://www.osp.ru/os/about/
http://www.osp.ru/os/about?lang=en
http://www.osp.ru/os
http://www.osp.ru/os/archive/2012
http://www.osp.ru/os/archive/2012/09
https://an.yandex.ru/count/P67lybuydRG40000Zh-ItNm5XPs_0fK4cm5kGxS2A7s8iDiJ0WA9bsGTcF__________3vu2dQ3lTX2wynxPxSKKGqeBfX-AkzB4wWZSjk6YKGgzihiP0mUg0QMiy7GAlAGbT0hT0TwG9FIHjUkDu0-FjdVoqGEVkEnIAmYJbwS2cLT2Z9su1hQK10ArcBK1e9eD7A-Tk0QpdI47j9Yr0TcGpnpQa5C7fvJI1AYbAdyofC0000353Axu6e2njHi5X0ImfQraQx41ihhJ0082kQ3lTX2x_-V2enirsfy1mV__________3yMF3zB__________m_J__________yFrW7eZ1BfYW_k0zl_9nmN8pNQdm7VbwS2wWBbaF8hvf2DCEs3A7WZ
http://www.osp.ru/os
http://www.osp.ru/rss/
http://www.osp.ru/news
http://www.osp.ru/events-agenda
http://www.osp.ru/resources
http://www.osp.ru/subscribe

05.09.2016 MporpaMmMHO-KOHpUrypmnpyemble ceT n | OT KpbIT ble cucT embl. CYB[, | U3paT enbCT BO «OT KPbIT ble CUCT eM bi»

KonmyecTBa 1 pasHoobpasmsa MOOUIbHbIX YCTPOWCTB, Pa3BUTME PasfMyHbIX TEXHOSOMMN
©ecnpoBOAHON CBA3N NPMBESM K TOMY, YTO CEroAHs1 YMCIIO MX NOSib3oBaTenen NpeBbICUOo
4YKCIo Norb3oBaTernien cetTen ¢ PUKCMPOBaAHHOW CBA3b0. OAHAKO POCT MOLLHOCTU
MOOBUIbHBLIX TEPMUHANIOB CTUMYIMPYET YBENMYEHUE BbIYMCIUTENBHON EMKOCTM MPUIMOXKEHNN,
4TO, B CBOI o4epenpb, TpebyeT yBenmyeHusi NponyckHON cCnoCoBHOCTU KaHaroB CBA3N —
o6bem MobunbHOro Tpaduka pacteT B reoMeTpu4ecKomn nporpeccun, a Buapl Tpaduka
CTaHOBATCS BCce bGornee pasHoobpasHbiMu. [10 AaHHBIM BeOyLLMX NPOU3BOAUTENEN CETEBOIO
obopynoBaHus, Tpaduk yaBamBaeTCs NPUMEPHO Kaxable AEBATb MECSLIEB, YTO B
Ormkanme HeCKOSbKO NET NpMBeAET K YBENMYEHMIO Harpy3kn Ha HECKOMbKO NOpsSiAKoOB. B To
Xe BpeMsi cerofHsi 9peKkTMBHOCTb AOCTYMNHOrO CNEKTPa YacToT A4S MOOWIbHbIX ceTen
yxe 6rm3Kka K HaCblLLEHUIO.

[1nst Toro YTo6bl CNPABUTLCS CO 3HAYMTENBbHLIM POCTOM TpadgVvKa, 6ECNPOBOAHbLIE CETU
[OJTKHbI MMETb Boriee NoTHOE MOKPbITUE, M ECIM CAernaTh COTY HeOOrbLLOW, NPUBN3VB
MOBWIbHOIO KneHTa k 6a30BOW CTaHLMK, TO 3TO YBESMYMT NPOMYCKHYO CNIOCOBHOCTL COThI
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OyaeT vCnbITbiBaTb HEPABHOMEpPHbIE HAarpysku, B3avMHble BIMSHUS COT U eUCTBME OApYrux
drakTopoB. B-TpeTbux, NnoTHas MHPpPaCcTpyKTypa O4eHb Jopora B pa3BepTbiBaHUN U
aKcnyaTaumn.

Pa3sButre MUKpOnpoLeCCOPHOM TEXHUKM N TENEKOMMYHMKaLUA MPUBESO K TOMY, YTO cemndac
Ha KaXkdoro YyernoBeka npuxogutcs B cpegHem okorso 40 4mnoB, 04HaKo NOSIBIAIOTCA BCe
HOBbl€ CETEBbIE YCTPOMCTBA, BHECEHME MOOLIX UBMEHEHWI B VX CYLLECTBYHOLLYE
KOHUrypauum TpygoeMko, 3aTpaTHO U NpaKTUYeCKN HEBO3MOXHO Be3 NpuBreveHns
npowussoguTtens. Henb3s rapaHTMpoBaTh, YTO NporpaMMHo-annapaTtHble cpeacTea
npou3BOAUTENA cofepXaT TOMbKO Ty (PYHKUMOHAMbHOCTL, KOTOpas onvcaHa B
AOKYMEHTaLuMK, a B CETSAX CUTYaUUsi MOXET ObITb eLle CIioXHee — Takas
PYHKLMOHANbHOCTb MOXET ObITb pacnpeneneHHon. CpeacTsa NnoCTPOEHUst CETEN CEroaHs
nponpueTapHbl, X OCHOBHOW (hyHKLIMOHAN pearnm3oBaH annapaTtHO U 3aKpbIT 418
M3MEHEHUI CO CTOPOHbI BragerbLeB ceTen.

PocT konmyecTBa 1 pa3HOpPOAHOCTU KOHTEHTA, pa3BUTME CEPBUCOB 1 MacLLTaboB 1X oxBaTa
NPVBENM K UIBMEHEHUIO NMapaanrMbl OpraHM3aummn BblYUCTIEHUIA — Ha MECTO KIMEHT-
cepBepHon apxutekTypbl Npuwm IO v obnaka, a danrnoBbie cuctembl U 6asbl JaHHbIX
TpaHCOPMUPOBanMCb B CETU XpaHeHust AaHHbIX. OgHako o6bem Tpadmka B MIHTepHeTe 3a
nocregHve nNsaTb NeT BbIpOC BTPOE, a NPOMycKHas CNOCOBHOCTL COBPEMEHHbBIX KaHasloB
CBS131 MPU CYLLECTBYHOLLMX METOAAX U CPEACTBAX YNpaBfieHnst TPadUKOM B CETAX yKe
Ormska K ucHeprnaHmio — HbIHELLHWE TEMIMbI POCTa NPOMYCKHOW CMNOCOBHOCTN CETU HE B
COCTOSIHUM YOOBMETBOPATL pacTywpe notpebHocTn nonb3osatenen. HaunHaa ¢ 2007 roga
eXerogHble TeMMbl pOCTa NPOMYCKHOM CNOCOBHOCTU CETEN BO BCEM MUPE COCTaBIISANN
okoro 60%, ogHako uccrnegoBaHus cneumanmctoB IEEE nokasbiBatoT, 4TO NPOMYCKHYHO
crnocobHOCTb KaHaroB CBs3M TpebyeTca yBenmunBaTb BABOE pa3s B [Ba roaa.

OQHOBPEMEHHO C POCTOM KOSIMYECTBEHHbIX NMOKa3aTernemn Harpy3kn Ha CETU YCIIOXKHUIIC
3aauv ynpaBrieHUst CETMN — YBENMHMUIIUCD MX NEPEYEHDb, 3HAYUMOCTb U KPUTUYHOCTD,
npm4em Ha ooHe NMoBbILLEHNS TpeboBaHM kK 6e30MacHOCTU N HaaexXHoOCTU. CeTu cTpoaTcs
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Ha 6ase yCTPOWCTB, KOTOPbIE MOCTOAHHO YCIOXHSAKOTCS, MOCKOMbKY BbIHYKOEHbI
nogaepxuBaTb BCce borblLue pacnpeaernieHHbIX CTaHgapTHbIX NPOTOKOSIOB (CErofHs YNCno
aKTUBHO UCMOSb3yeMbIX MPOTOKOSIOB U MX Bepcuii npesbicusio 600), ogHoBpeMeHHO
UCMOSb3ys 3aKpbiThle (MponpueTapHbie) MHTepderchl. B Takux ycrioBusix npoBangepbl He
MOryT onepaTUBHO BBOAWTbL HOBblE CEPBUCHI, @ MPOU3BOAUTENN CETEBOr0 060pYaOBaHUA
He MOryT ObICTPO MOAEPHM3MPOBaTb CBOU U3OENUs AN YAOBeTBOpeHUa TpeboBaHmn
3aKas34yukoB. Kak criegcteue, nogaepkka u ynpasreHve CroXXHOM CeTeBOom
WMHJOPaCTPYKTYPOK CTarm UCKYCCTBOM, @ HE UHXEHEPWEN, YTO OTHACTU NoATBEPXKOAeTCs
yBENMYEHNEM YMCITa CETEBbIX aTak, BUPYCOB U APYrMX CETEBbIX YrPO3, CBUAETESb CTBYHOLLUX
O TOM, YTO BOMPOCHI 6€30MacHOCTI 4O CUX MOP HE UMEIDT HAAEXKHBIX PELLEHUI.

B 70-80-e roabl B CCCP Bermch paboTbl Hag CBOMMU CTaHAapTamMu U CpeAcTBaMum
NMOCTPOEHUA ceTen. HYalle BCero oHm Gb1ri HECOBMECTMMbI CO CTaHAapTamu,
NPMHUMAaBLLMMUCA TeM, YTO no3aHee ctano NHtepHeT CoobLecTBoM (www.icos.org), B
4YaCTHOCTW, 3TO NPMBESO K TOMY, YTO B CTpaHe He BO3HMKIIO CBOEro NPOM3BOACTBA CETEBOIO
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o Hay4YHO-TEXHNYECKMNEe — CcerogHA HEBO3MOXXHO KOHTPOJIMPOBATb 1N HAAEXHO
npeaBuvaeTb noBegeHmne Takmx CrioXXHblX 06bEeKTOB, Kak rnobarnbHble KOMIMbKOTEPHbIE
ceTy;

o OKOHOMUYECKNE — CETU O0POTrn, CIIOXKHbI 1 Tpe6y+0T a1 CBOEro O6CJ'Iy)KI/IBaHI/IFI
BbICOKOKBaJ'II/Iq.)l/ILI,I/IpOBaHHbIX cneunarmcToB,;

o I'IpO6J'IeMbI pas3BUTUA — B apXUTEKTYPE COBPEMEHHbLIX ceTen umeroTcA
CylLLeCTBEHHbIe 6apbepb| ana SKCnepmMeHTnpoBaHA N CoO30aHNA HOBbIX CEPBUCOB.

OTBETOM Ha KpU3MC KOMIMbIOTEPHBIX CeTel cTarno NosBreHne NpuUHLMNMansHoO HOBOroO
noaxoaa K Ux NoCTPOEHMo — NMPOrpaMMHO-KOHUNYpUpyeMbIX CETEN.

YTto Takoe SDN?

B SDN ypoBHM yripaBrieHusi CETbIO 1 Nepeaayn JaHHbIX pa3genstoTcs 3a CHET nepeHoca
GyHKUMIA yripaBneHus (MapLupyTnusaTtopamMmm, KOMMyTaTopamMu 1 T. N.) B NPUINOXKEHUS,
paboTaloupe Ha OTaeNbHOM cepBepe (KoHTposepe). Viaes Takux ceten Obina
chopmyrmpoBaHa cneuuanmctamm yHmeepcuteto CtaHdopaa v bepkrm ewe B 2006 rogy
[1,2], @ HMUMMPOBaHHbIE NMWN UCCIIEA0BaHUS HALLWM NOAOEPXKKY HE TOSbKO B
aKkageMUYeCKmX Kpyrax, HO 1 Bblii aKTUBHO BOCNPUHATBI BEAYLLUMW NPOU3BOAUTESSIMU
ceTeBoro obopygoBaHusi, obpasosasmmun B Mapte 2011 roga koHcopuuym Open
Networking Foundation (ONF). Ero yupeautensmu BeicTynuim Google, Deutsche Telekom,
Facebook, Microsoft, Verizon n Yahoo. Coctas ONF 6bICTpO pacumpseTcs, B HeEe yxe
BOLLWM Takne komnanum, kak Brocade, Citrix, Oracle, Dell, Ericsson, HP, IBM, Marvell, NEC
n pag gpyrmx. OgHon u3 nepBbix NpakTuieckyto peanmsaumo SDN npegnoxura komnaHms
Nicira, Boweawasa HegasHo B coctaB VMware.

3aunHTepecoBaHHOCTb M T-komnanuin B SDN Bbi3BaHa TEM, YTO TaKue TEXHOSIOMN
MO3BOJIAIOT NOBLICUTL 3PAEKTUBHOCTL ceTeBoro obopynosaHus Ha 25—-30%, CHU3UTL Ha
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30% 3aTpaTbl Ha 3KCnyaTauuo CeTeNn, MpeBpaTUTb ynpaBreHne CETAMM U3 UCKYCCTBA B
WHXXeHepUIo, NOBbICUTL Be30MacHOCTL M NPeaoCTaBUTL MOSb30BaTENsIM BO3MOXXHOCTb
nporpamMmMHO co3gaBaTb HOBbIE CEPBUCHI U ONEPATUBHO 3arpyxaTb UX B CETEBOE
obopynoBaHue.

B yactu uccneposaHui 1 paspaboTok krntovesble 3agensl B SDN cBA3aHbl C pa3BrvBaemMon
B CLUA nporpammont GENI (Global Environment for Network Innovations) nccrnegosaxus
oyaywero VHTepHeTa, ob6beaunHsowen okono 40 sBegyumx yHuBepcutetoB CLUA;
AesaTenbHoCTbio 06beanHeHHoro ueHTpa CtaHdopaa n bepkm (Open Network Research
Center), BbINOMHSAOLLETO UCCregoBaHuna u paspaboTtku B obnactu Internet2; a Takke ¢
Ceabmon pamoyHom nporpammon nceregosanmin Eesponerickoro Cotosa Ofelia n npoektom
FEDERICA.

OcHoBHble ngen SDN:
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peanM3oBaHHbIMU MOBEPX CETEBbLIMM MPUMOXEHUSMU;
e  BMpTyarmsauusi p13n4HeCcKux pecypcoB CeTu.

ApxuTtektypa
B apxutektype SDN M0OXHO BblgernmTb Tpy ypoBHs (puc. 1):

*  MHPACTPYKTYPHbIN YPOBEHDb, NPEAOCTaBNAOLLMA HABOP CETEBLIX YCTPOWCTB
(koMMyTaTOPOB M KaHaroB nepenayv AaHHbIX);

*  YPOBEHb yrpaBrieHUsl, BKIOYAKLLMIA B cebs CETEBYHO ONEPALIMOHHYKO CUCTEMY,
koTopasi oGecneymBaeT NPUMOXKEHUSIM CETEBbIE CEPBUCHI U MPOrpaMMHbI

MHTep(beIZC Ona ynpasJieHUA CeETEBbIMU yCTpOIZCTBaMM N CeTbIO,

®*  YPOBEHb CETEBbLIX NPUIIOXEHU A5 TMOKOrO 1 3dEKTUBHOMO yrpaBreHUs
CeTblo.
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Vpomens MpunosenHd | |
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Ypopeus ynpaeneHUa I
[porpamuuos [
abecNedenie
SDN CeTenHE CNy MO
HHTepdeAc MesIy VEOEHAMNK Y-
HedpacTpyxTypa ceT PAEREHMA W NEPeAAMH LA KA
{Hanpusep, DpenFlow)
CeTeroe YCTpORCTEO CeTeBoe YCTPORCTBO Cetenoe yoTPORCTED
OTKpbiThIE Q 5
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Puc. 1. Apxumexkmypa npoepaMmMHO-KOH(bu2ypupyembix cemeli

Haunbonee nepcnekTBHbIM U aKTUBHO pasBuBaloLLmmcs ctangaptom ans SDN ssnseTcs
OpenFlow (OpenFlow Bepcusi 1.3 ) — OTKpbITbIN CTAaHAAPT, B KOTOPOM OMNWCbLIBAOTCSA
TpeboBaHuA, NpeabsBseMble K KOMMYTATOPY, nogaepxmeatoemMy npotokon OpenFlow
ANs yaaneHHoro yrnpasreHus.

C nomoLLbI0 COBPEMEHHBLIX MapLLpYTU3aTOPOB 0ObIYHO peLLatoTCs ABE OCHOBHbIE 3a4auu:
nepedaya 0aHHbIx (forwarding) — NpoaBWKEHME NakeTa OT BXOAHOro nopTa Ha
onpeaerneHHbI BbIXOOAHOW NOPT U yripaerneHue 0aHHbIMU — 0bpaboTka naketa u NpuHATUE
peLleHns 0 TOM, Kyda ero nepegaBsatb AallbLie, HA OCHOBE TEKYLLErOo COCTOAHUS
MapLLpyTusaTopa. OTO COOTBETCTBYET YPOBHIO Nepeaaydm AaHHbIX, Ha KOTOPOM COBpaHbI
cpeacTBa nepegaydv (MHUM CBA3M, KaHarnoobpasytowee obopyaoBaHue, MapLIpyTU3aTophl,
KOMMYTaTOPbl), ¥ YPOBHIO YNpaBrieHnsi COCTOSHUAMW CPEACTB Nepeaadn AaHHbIX (puc. 2).
PasBuTtrie mapLupyT1U3aTopoB A0 CUX MOP L0 MO MyTU COMKEHUS 3TUX YPOBHEW, OOHAKO C
YKINOHOM Ha nepepfady (annapaTHoe yckopeHue, coBeplieHcTBoBaHuve 10 n BHegpeHue
HOBbIX (PYHKLIMOHASTb HbIX BO3MOXHOCTEN 1151 YBENMMHYEHUS CKOPOCTU MPUHATUS PELLEHUS MO
MapLLpyTU3aLmmn KaXxgoro naketa), Toraa Kak ypoBeHb ynpaBreHus octaBarcst 4OCTaTO4HO
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NPYMUTUBHBIM M ONMUPASICA Ha CrOXHbIE pacnpeaeneHHble anropuTMbl MapLLIpyTU3aLmm 1
3aMblICrioBaTbl€ MHCTPYKLMM MO KOHUIYppPOBaHUO U HacTporike cetu. Pasymeetcs, NO
MapLLpyTU3aTOpPOB, peanmaytoLLee YpoBeHb ynpasfieHus:, 61510 nponpuetapHbIM U
3aKpPbITbIM.

OpenFlow,/SDH:
# pAIRENEHKE MPCUSCCOT TEPERATW W yHpasne-
HHA QAN EML

* eI, ¥ UHPOBARIL, Je JaBncAmnd
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Puc. 2. TpaduyuoHHble cemu u SDN

CornacHo cneuudukaumm 1.3 ctaHgapta OpenFlow, B3anmoaencTesne KOHTporsiepa ¢
KOMMYTaTOpPOM OCYLLECTBIIIETCS nocpeacTsom npotokona OpenFlow — kaxabin
KOMMYyTaTop LOSPKEH coaepXaTb ogHy uin 6onee tabnmy, notokos (flow tables), rpynnosyto
Tabnmuy (group table) v nogaoepxueatb kaHan (OpenFlow channel) ons cBa3u ¢ yaaneHHbIM
KOHTposriepoMm — cepBepoM. Cneundurkauusi He perfnameHTUpyeT apxXMTekTypy
KoHTporepa n APl ana ero npunoxeHui. Kaxkgast Tabnmua noTokoB B KOMMYyTatope
cogepxut Habop 3anucen (flow entries) o noTokax i Npaswuna. Kaxxgas Takasi 3anicb
cocTouT 13 nonen-npmsHakos (match fields), cuetunkoB (counters) n Habopa MHCTPYKLMIA
(instructions).

MexaHuam paboTtbl kommyTaTopa OpenFlow JOCTaTOYHO NPOCT. Y KaXaoro npulleero
naketa «Bblpe3aeTcsa» 3arofloBoK (butoBasi CTpoka onpeaenieHHoN AnmHbl ). [ aTon
OGUTOBON CTPOKM B Tabnmuax NOTOKOB, HAYMHASA C NEPBOM, ULLETCA NPaBwWsio, y KOTOPOro
rorie Nnpu3HakoB Brivvke BCero COOTBETCTBYET (COBMagaeT) 3arofioBKy naketa. [pw Hanm4mm
coBMafeHvs, HaJ NakeToM 1 ero 3arofloBKOM BbIMOSHAKTCA NpeobpasoBaHus,
onpeaensiemble HaboPOM MHCTPYKLMIA, yKa3aHHbIX B HAnaeHHOM npaBwure. IHCTpyKumn,
accouuMpoBaHHbIe C KaXOoWn 3anncbio Tabnuubl, ONUCbIBaKOT AENUCTBUSA, CBA3aHHbIE C
nepecbINKon nakeTa, Mmoaudukaumen ero 3arosioska, obpabotkon B Tabrmue rpynn,
06paboTKoM B KOHBEVEPE M NEPECHISIKON NakeTa Ha onpeaerieHHbIN NopT KOMMyTaTopa.
NHCcTpyKummn KoHBenepa o6paboTkm NO3BOMSIOT Nepeckifiath NakeTbl B Nocrieayowme
Tabnmupbl 4ns ganbHenwen odpaboTkm 1 B Byae MeTagaHHbIX nepegasaTb MHoOpMaumio
mMexay Tabmuamn. MHCTpyKLMM Takke onpeaenstoT npasura Moandukaumm CHETYMKOB,
KoTopble MOryT ObITb UCMOSb30BaHbI A1 cbopa pasHOOOpPa3HON CTaTUCTUKM.

Ecrm Hy)kHoro npaswurna B nepBo Tabmmue He obHapyeHo, TO NakeT MHKancynmpyeTcs n
OTNpaBnseTCs KOHTPOIUIEPY, KOTOPbI (hOPMMPYET COOTBETCTBYIOLLEE NPaBWIIO AN
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nakeToB JAaHHOMO TUMa v yCTaHaBMMBaET ero Ha KOMMyTaTope (UM Ha Habope
ynpaBfiieMbIX UM KOMMYTaTOPOB), MO NakeT MOXeET ObiTb COPOLLEH (B 3aBMCMMOCTHU OT
KOHdpurypauum kommytaTtopa).

3anucb O NOTOKe MOXET NpeanucbiBaTb NepecraTtb NakeT B onpeaeneHHbIn nopT
(0BbIYHBIN K3NHECKM NOPT SMBO BUPTYasbHbIN, HA3HAYEHHbIA KOMMYTaTOPOM, U
3ape3epBUpPOBaHHbIN BUPTYasbHbIN NOPT, yCTaHOBIEHHbIN crieuudvKkalmen npoTtokona).
3apesepBurpoBaHHbIE BMPTYarbHble MOPTbl MOryT onpeaendTe obume aencTeums
nepechbISiK1: OTNpaBKa KOHTPOSIIEPY, LLUPOKOBELLATENbHASA (aBWHHAsA) paccblfika,
nepechiyka 6e3 OpenFlow. BupTyanbHble nopThl, onpegerneHHbIe KOMMYTaToOpoOM, MOTyT
TOYHO onpeaendTb rpynbl arpernpoBaHnsa KaHanos, TYHHeNM Ui nHtepdencel ¢ obpaTHom
CBS3bI0.

3anncun o NoToKax MOryT Takke ykasblBaTb Ha rpynrbl, B KOTOPbIX ONpeaendeTcs
pononHuTensHas obpaboTka. [pynnbl npeactaBnsaoT cobor Habopbl AEUCTBUN 4N

HIANAVADAIIIRTAMAL LNIA NAAALIFAVIA A TArwa uaARNNLI AAQIAATDIAA AAaNAQLIMVIA A AAMNAaa ARNWLINIA
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Pa3paboTymkn KOMMYTaToOpOB MOTYT OblITb CBODOAHbLI B peanun3awmn X BHyTpeHHeun
HaYMHKW, OAHAKO NpoLeaypa NpocMoTpa NakeToB Y CEMaHTMKA MHCTPYKLMIA LOITKHbI ObITh
AN19 BCex oguHakoBbl. Hanpumep, B TO BpeMsl Kak MOTOK MOXET UCMOb30BaTh BCE rpynnbl
AN NepechIfik1 B HEKOTOPOE MHOXECTBO NOPTOB, pa3paboTymk KOMMyTaTopa MOXeT
BbIOpaTh AN pearmsauum 3Toro eivHyto BUTOBYIO MacKy BHYTPUY annapaTHon Tabnmubl
MapLpyTusauum. [pyron npumep — 3T0 Npoueaypa NpocMoTpa Tabmmu: KoHBenep
hu3nyHecKkn MoOXeT BblTb peanm3oBaH C MOMOLLBIO PasfMYyHOro KofMyecTBa annapaTHbIX
Tabnuy,. YctaHoBKa, 0OHOBIIEHUE 1 yaaneHue npaBwn B Tabrmuax noTokoB KOMMyTaTtopa
OCYLLECTBIIAIOTCA KOHTpOsSTiepoM. [paBura MOryT ycTaHaBiMBaTbLCHA PeakTUBHO (B OTBET Ha
npuvLLeLme nakeTbl) Ui NPOaKTUBHO (3apaHee, 4O NpuxoLa NakeToB).

YnpagsneHve aaHHbiMun B OpenFlow ocylLecTBSEeTCA He Ha YpOBHE OTAENMbHbIX MAKEToB, a
Ha ypoBHe X NOTOKOB. [paBwuro B kommyTtaTtope OpenFlow ycTaHaBmMBaeTCs € ydacTuem
KOHTpOITiepa ToSMbKO And NepBOro rnaketa, a 3ateM BCce OCTalbHble MakeTbl MOTOKa ero
UCMOb3YHOT.

Mmetoumecs Ha cerogHsiLLHUN AeHb pusndeckme kommytatopbl SDN cOOTBETCTBYIOT NMoka
cneumndukaumm OpenFlow 1.0 n cogepxaTt ToNbKO O4HY Tabnumuy NOTOKOB.

MpoTtokon OpenFlow

Naoes SDN o co3gaHnm yHmuumpoBaHHOIO, HE3aBMCMMOIO OT MPOM3BOAUTENS CETEBOIO
obopynoBaHusi, NPorpaMMHO-yrNpaBiaeMoro nHtepderca Mexay KOHTPOsriepoM U
TPaHCMOPTHOM Cpeaon CeTn Hala oTpaxeHue B npotokosie OpenFlow, no3sonsatowem
norb3oBaTensiM Camum onpeaendaTb U KOHTPONMPOBATb, KTO C KEM, NMPW KaknX YCIIOBUSIX U C
Kakum Ka4yeCTBOM MOXET B3ammopenctsoBaTtb B CeTu. [IpoTokon nogaepxveaeT Tpuy Tuna
COOBLLEHWIA: KOHTPOSIIEP-KOMMYTATOP, aCUHXPOHHbIE N CUMMETPUYHBIE.

COoO0OGLLEHUSA TUMA KOHTPOSTIEP-KOMMYTATOP MHULIMMPYIOTCS KOHTPOJSIIEPOM U UCMOMb3YHOTCS
ANst HeNOCPEACTBEHHOIO YNPaBIiEHUS U CIIEXEHMS 3@ COCTOSIHMEM KOMMYTaTopa.
Co00LLEHMA AaHHOTO TUNa MOTYT UCMOMb30BaTbCst KOHTPOSTIEPOM AJ19 YCTaHOBKM
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napamMeTpoB KOHdUrypaumm kommytaTopa, aAns cbopa ctatucTuku, Ans AobaBneHus,
yaaneHus n moamdvkaumm 3anmcei B Tabnmuax noTokoB.

ACVHXPOHHbIE COOBLLEHNS MHALIMMPYIOTCS KOMMYTaTOPOM 511 ONOBELLEHVSI KOHTpOSIiepa o
ceTeBbIX CObbITUAX (MPMObLITUM MAKETOB UM yaaneHWM 3anncu U3 Tabnuupbl no TanM-ayTy) u
M3MEHEHVSIX COCTOSIHMSI KOMMYTaTopa Ui oLmbKax.

CYMMETPUYHbIE COOBLLEHMSI MOTYT MHALMMPOBAaTLCSt KOMMYTaTOPOM WU KOHTPOSIIEPOM
6e3 3anpoca 1 UCMorb3yHTCSA MPY YCTaHOBIIEHUM COEAVHEHUS, @ TaKKe NPU U3MEPEHUN
3a[epKekK, NPOMyCKHOM CMOCOBHOCTY COEANHEHMSI KOHTPOIIEP-KOMMYTATOp U Asis
NPOBEPKM XNBY4YECTN COEANHEHMSI.

CeteBass OC

JTornyecku-LeHTpanM3oBaHHoOe yrnpasrieHe JaHHbIMU B CETU NpearnosiaraeT BblHECEHNE
BceX PYHKLMIM yNpaBrieHUsl CETbIO Ha OTAENbHbIN (hr3nYeCcKui cepBep, HasblBaeMbli
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Cemesas OC (COC) obecneuvBaeT NpUIIOXKEHUSIM AOCTYM K YPaBIiEHNIO CETbIO U
NMOCTOSAHHO OTCIIEXMBAET KOHUrypauuo cpeacTs cetu. B otnmumne ot TpaguumoHHOro
TornkoBaHus TepmmHa OC, nog COC noHMmaeTcs nporpamMmmHas cuctema,
obecneynBaroLLass MOHUTOPWHI, OCTYM U yNpaBrieHne pecypcamMum BCEN CETH, a He ee
KOHKPETHOrO yarna.

Mogo6Ho TpaguumoHHoM onepaumoHHon cucteme, COC obecneumBaeT NporpaMmmMHbIn
nHTEpdENC Ana NPUNOXKEHUN YrpaBIieHNs CETbI0 U pearmayeT MexaH3Mbl yripaBrieH s
Tabmmuamm kommyTaTopoB: AobaBneHne, yaaneHue, mogudukaLmo npasun n cbop
pasHoObpa3sHoM CTaTUCTUKK. Taknm 0bpasom, hbakTUieCcKkn peLleHre 3aaady ynpaBnieHus
CETbI0 BbIMOSHAETCH C MOMOLLL 0 MPUIOXKEHUW, peann3oBaHHbIX Ha ocHoBe AP| ceTeBon
onepauyoHHON CUCTEMBbI, NO3BOSAOLLYIX CO3AaBaTh NPUMOXKEHNA B TEPMUHAX
BbICOKOYPOBHEBbIX abCcTpakuui (Hanpumep, UMSA Nonb30BaTess U MMS XOCTa), a He
HM3KOYPOBHEBLIX NAapaMeTpoB KoHurypaumm (Hanpumep, IP- n MAC-agpecoB). 31o
MO3BOSAET BbINOMHATL YNpaBrsoLLme KoMaHabl He3aBMCMMO OT 6a30BON TOMOSIOrMN CETH,
ogHako TpebyeT, ytobbl COC nopgaepxvBana oTobpaxeHns Mexay BblCOKOYPOBHEBbLIMU
abcTpakuusaMm 1 HU3KOYPOBHEBbBIMU KOH(PUrypaLmsaMu.

B kaxgom KoHTporrepe nmeetcs XoTa 6bl O4HO NPUIOXeHWe, KOTOpOoe yrnpasrseT
KOMMYyTaTtopamu, COeaNHEHHBbIMU C 3TUM KOHTPOSIIEPOM, U POPMUPYET nNpeacTaBrieHne o
TOMNOSIOrMn n3N4ECKOM CETU, HAXOOALLEWUCA Mo[, yNpaBreHeM KOHTporriepa, TeM camMbiM
ueHTpanusya ynpasnenue. lNpeacrasrieHre ToNonorum CETU BKIto4aeT B cebsi TONosiormo
KOMMYTaTOpPOB, pacrnoroXeHue nosib3oBaTterier U XOCTOB 1 APYrvX SreMeHTOB 1 CEpPBUCOB
ceTw. MNpeacTaBneHve Takke BKIOYAET B cebsi NPpMBA3KY MeXay UMeHaMu 1 agpecamu,
NMo3TOMy OOHOWN 13 BaxkHenwmx 3agad, pewwaemMblx COC, aBnsieTcs NOCTOSAHHBIN MOHUTOPUHI
cetun. Taknum obpasom, COC no3BosseT cosgaBaTb NPUIIOKEHUS B BUOE LIEHTPamM30BaHHbIX
nporpamMm, UCroJsib3ytoLLX BbICOKOYPOBHEBbLIE MMEHa, Ha OCHOBE TaKuX anropuUTMOB, Kak,
Hanpumep, anroputm [enkCTpbl Noucka KpaTtyanero nytn B rpadpe, BMECTO CIIOXHbIX
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pacnpeaeneHHblX anroputMoB Bpode anroputma bennvana — ®opaa, B TepMuHax
HU3KOYPOBHEBbIX aAPECOB, KOTOPbIE UCMOSb3YOTCA B COBPEMEHHbLIX MapLLIpyTU3aTopax.

Ha gaHHbIM MOMeHT umeetca 28 pearmsauuni ceteBbix OC ans nporpamMmmHo-
onpegernsemblx ceten: NOX, POX, Beacon, Maestro, Trema, BigSwitch, FloodLight n gp.

s koHTposnepoB B SDN o4yeHb BaxHbIM SiBRsieTcs TpeboBaHue Toro, Y4To Bce
NPWIOXXEHNS OAHOTO KOHTpOIIepa B Kakabli MOMEHT BPEMEHM ODKHbI UMETb OAMHAKOBOE
npeacTasrieHve o Tonosorum cetu. OgHako nepexon oT pacnpeerieHHoro ynpaBrieHs
CEeTbH0 K LIeHTparm3oBaHHOMY UMEET U psa HeaocTaTkoB. Hanpumep, CHwkeHre
HaJEeXXHOCTW, OTKAa30yCTOMYMBOCTM, MacLLTabUpyeMOoCTW.

CerogHs nosy4nnv pasBuTrie HECKOMbKO NOAXO0O0B K MOCTPOEHWMIO pacnpeaerieHHoro
macLrabupyemoro kKoHTporriepa: HyperFlow [3], Onix [4] n Kandoo [5]. OgHako, cornacHo
pesyrbTatam mccriegoBaHui LIM KC, Hanbonee nepcnekTMBEH anbTepHaTUBHbBIN NOOX0A
(puc. 3). NockorbKy Kaxabli KOHTPOSIEP MOXET OblTb COEAUHEH C HECKOIbKUMU
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cootBeTcTBeHHO. Torga [ K1 obpasytoT koHTposriepbl C1T M C2, K2 — C2un C3, a Bce
npunoxexusi B N'K1 gorvkHbl MIMETL corriacoBaHHOE npeacTtasneHe o Tononorim V1 nva,
Bce npunoxenua B K2 — o Tononormm V2 n V3. B criyyae Bbixoga 13 CTposi, Hanpuvep,
KoHTporepa C1 ero moxeT 3ameHutb C2, B3siB Ha cebsi ynpasneHue V1. [NpeacrasnexHve
O COCTOSIHUM COOTBETCTBYIOLLEN YACTWN CETU KOHTPOIIEPbl MOTYT COrfiacoBbiBaTh MO0
yepes kommyTatop S4, nmbo 4yepes S1, S2 n S3.

A owerlay1®, / Ovarlaya®,

Puc. 3. AnbmepHamueHbIl nodxo0 K nocmpoeHuro pacrpedeneHHo20 Mmacumabupyemozo
KoHmporsnepa
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Takon nogxo4 K NOCTPOEHMIO pacnpeaeneHHOro KOHTposiepa pewaet npobrnemy
MacLTabmpyeMoCTi 1 NOBbILLAET 0TKa3oycTomunmBoctb SDN.

Buptyanusauusa B SDN

OpHa 13 ngen, akTMBHO passmnBaemas B pamkax SDN, — 310 BupTyanmsaums ceten c
uenbto 6ornee ahpeKkTUBHOrO UCMONb30BaHMA CETEBLIX peCcypcoB (puc. 4). MNoa
BUPTyarmsauuern ceTu NOHUMAETCS U30SALMS CETEBOrO Tpadmka — rpyrnnmpoBaHve
(MyrbTUNNEKCUPOBaHME ) HECKOMbKMX NMOTOKOB AaHHbLIX C pasinyHbIMU XapakTepucTukaMmu B
paMKax OAHOW NIOrM4eCcKom CETHU, KOTOPas MOXET pa3fernaTb eQuHY0 (PU3NYecKyto CeTb C
APYrMun NIOrn4eCKUMIN CETAMM Ui ceTeBbIMU cpe3amm (network slices). Kaxxabin Takon
Cpe3 MOXeT UCMOSb30BaTh CBOK agpecalmio, CBOV anropuTMbl MapLUpyTU3aLmm,
ynpaefieHnsi Ka4eCTBOM CEPBUCOB U T. .
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Puc. 4. Bupmyanusauyusi 8 SDN

BupTyarnmsauus cetv No3BonseT: NoBbICUTb 3EeKTMBHOCTb pacnpeaerieHmst CeTeBbIX
pecypcoB 1 cbanaHcMpoBaTh Harpysky Ha HYX; M305IMPOBaTb NOTOKM pa3HbIX MoSib3oBaTenel
N NPUIOXEHUIA B paMKax oaHOM O13NYECKON CETU; aAMUHCTPaTOpaM pasHblX CPE30B
UCMONb30BaTb CBOM MOSUTVKM MapLLpYTU3aL/MM U NpaBuria yrpaBneHysi NoToOKaMm AaHHbIX;
NPOBOAUTL SKCMEPUMEHTLI B CETU, UCTONb3Yys pearbHyto usnyeckyto ceTeBYHO
VHPaCTPYKTYPY; MCMOSb30BaTh B KaXOOM CPE3e TONMbKO TE CEPBUCHI, KOTOPbIE
HEOBX0AUMbI KOHKPETHBIM NPUIOXKEHUSIM.
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OpgHum 13 npymMepoB BupTyanmsaumm pecypcos SDN, pasgeneHus cet Ha cpesbl U
ynpaeneHus umu sendetca FlowVisor [6] — nporpamma-nocpenHuk (proxy), 4eNCcTByoLLAs
Ha ypoBHe mexay OpenFlow- kommyTaTtopamu 1 pasnMiHbiMn KoHTposriepamn SDN.
Mocpencteom FlowVisor MoXxHO co3fgaBaTh florndeckme CErMeHTbl CETU, UCTIOSb3YoLLpe
pasHble anropuUTMbl yNpaBreHUa NoToOKaMu AaHHbIX, obecneymnBasi U3onAUUI0 AaHHbIX CeTEN
ApYr oT Apyra. QTO 03HAYAET, YTO KaXabl KOHTPOISTIEP YNPaBriaeT TONMbKO CBOEN
NOrNYECKOM CETbI0 U HE MOXET OKasblBaTb BIIMAHUS HA OYHKLMOHMpOBaHWe apyrux. [Ana
KOHTpOIiepa, B3aumogencTasyroLero ¢ obopygosaHnem OpenFlow yepes FlowVisor, Becb
0OMeH COOBLLEHNAMM BbIFMSONT Tak Xe, Kak ecrv 6bl KOHTPOSTiep B3aMMoO4eENCTBOBAS C
06bi4yHOoM ceTbio SDN. Beto Heobxoaumyto moaudvkaumio coobLueHnn, TpebytoLLytoca A
NOAAEPKKM PasfNYHbIX N30SIMPOBaHHbLIX CErMEHTOB ceTu, BblinonHaeT FlowVisor. To ecTb
AN KOHTPOJsiepa Jlormyeckomn ceTu He TpebyeTca moaudukaLmm — 3To MOXeT ObiTb fobon
koHTporiep SDN, Hanpumep ceTeBas onepaumoHHasa cuctema NOX ¢ npoun3BOsibHbIM
Habopom nporpamm.
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conpoBoXaeHue. o pesynstatamMm TECTOB, NPOBEAEHHbIX HA 6a3e KpYrnHENLLMX
npoanaepos CLUA, ncnons3osaHne SDN nossonset Ha 20—-30% yBenmunTb yTUnM3aumio
pecypcoB LIO[] n B HECKOSbKO pa3 CHU3UTb 3KCMIyaTauUOHHbIE pacxodpbl.

MporpammHbie cpeactea SDN no3sonsatoT agMmuHUcTpaTopam 4o6aBmsATb HOBYHO
JPYHKLMOHANBHOCTL K Y2Ke UMEIOLLECHA CeTeBOW apxuTteKType. [py 3ToM HoBble dyHKLIMK
OyayT paboTtaTtb Ha MHOTUX NriaTPopmax — UX He NPUAETCA peanm3oBbiBaTb 3aHOBO BO
BCTPOEHHOM NpOorpaMmMHOM 06ecneveHn KOMMYTaTOPOB KaXX4oro nocTaBLLyKa.

Ha ueHtpanmsoBaHHoM KoHTporriepe SDN cuctemHbii agMUHUCTPaTop MOXET HabnoaaTb
BCIO CETb B €4MHOM NMpeaCcTaBfeHnn, 3a CHET Yero NoBbILLAKTCSA YAo6CTBO ynpaBreHus,
6e30nacHOCTb M yNpoLLAEeTCs BbINOMHEHVE psiaa ApYyrux 3agad. [eicTBUTENbHO, MOCKOSbKY
aAMVHUCTPATOP BUAMT BCE NMOTOKM Tpaduka, TO eMy fierye 3aMmedatb BTOPXKEHMS,
Ha3Ha4aTb NPUOPUTETLI PasnMYHbIM TUNam Tpaduka 1 paspabaTbiBaTh NpaBuia
pearmpoBaHusa ceTu Npu 3atopax 1 Npobremax ¢ 06opyaoBaHVEM.

TeopeTnieckn HeorpaHnyeHHble BO3MOXHOCTU ceTent SDN K pacLLMpeHmio nNo3BosisitoT
CTpouTb pearnbHble obnaka, macwrabupyemMble B 3aBUCUMOCTU OT peLuaembix 3agad. Npu
3TOM ceTb obragaeT TpebyeMon «MHTENNEKTYanbHOCTb0Y», HEOOXOANUMOW, B YACTHOCTMH,
AN OPKECTPOBKM paboTbl OBLLMPHBIX FPYMNN KOMMYTaTOPOB.

MepcnekTuBbl SDN

CerogHsa Ha pbiHke pelueHun SDN 3ameTHbI IBe TeHAeHUMN: HabrnioaaeTca akTuBHoe
NosIBINeHne NepcrnekTUBHbIX CTapTarnoB U NPoUCXoauT opueHTaumsa mnmaepoB pbiHka KT Ha
SDN, uTo BbipaXaeTcsi B OTKPbITUM COBCTBEHHbIX Hay4HO-UCCIiea0BaTENb CKMX
nogpasgeneHnin, paboTatowyix No JaHHOM TemMaTuke, U OTAeNbHbIX MMHEeEeK NPOAYKTOB,
OCHOBaHHbIX Ha HOBOM MOAXOZeE.

MepBbit KOMMepYecku NpoekT B obractn SDN BeinonHuna B 2007 rogy komnanus Nicira,
ocHoBaHHast Hukom MakkeoHom, MapTtuHom Kacagown n Ckottom LeHkepom. B Nicira
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paspaboTtanm cobcTBeHHyt0 m1amagbopmy supmyanusayuu cemed (Network Virtualization
Platform, NVP), koTopon o4eHb ObICTpO 3anHTepecoBarmmch KrmeHTbl AT&T n NTT, a 3aTem
1 Takne komnaHuu, kak eBay, DreamHost, Fidelity Investments n Rackspace. B pesynbtaTe
HECKOMbKMX payHOoB UHBeCTUUMIA, B uione 2012 roga komnanus Obina kynneHa VMware,
YTO NOSIOXKUIIO Havarno oOpPMUPOBaAHMIO pbiHKa peLueHnid SDN.

Opyrasa komnanma — BigSwitch — 6bina ocHoBaHa npodeccopom CTaHOPACKOro
yHmBepcuteTa N'ynao AnneHuennepom n 6eiBLmM coTpyaHukom Cisco Kannom dopctepom,
npuvyemM B pamKax NepBoro payHaa MHBECTULIMA B KOMMAHMIO BIIOXKWI CBOM CPEACTBA
BeH4ypHbI hoHa Khosla Ventures, o6pasoBaHHbIi BuHogom Kouwura, coocHoBaTenem Sun
Microsystems. AHanuTvKmn nonaratoT, YTo Komnanusa BigSwitch, Tak e, kak n Nicira, B
CKOPOM BPEMEHM MOSy4UT NpeasioxeHre o nokynke ot mmaepos U T-pbiHka. Kpome Toro, B
koHue nonsa 2012 roga 6b110 o6bsaABReHo o Tom, Yto Oracle gocTurna cornalleHns o
MOKyrnke KoMmnaHum Xsigo Systems, 3aHumatoenca paspabotkon MO ana SDN.
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ceTteBbIX UHPpacTpykTyp SDN. KomnaHus Juniper Networks nobasuna onumo OpenFlow
B onepauuoHHyto cocteMy JunOS SDK, a B nioHe 06bsiBuria o peanmsaumm 3Tom
TEXHONOrnM B rinHenke kommytatopoB cepuin EX n MX. Komnanmm NEC, Pronto n Marvell
npeanaratT KOMMYTaTopbl, peanmaytome Torbko npoTtokon OpenFlow, a IBM BbinycTuna
koHTporep IBM System Networking Programmable Network Controller kak nporpammHoe
npwuroxeHue Ha Linux-nnatgopme Ha ocHoBe OpenFlow. B HP pearmiyetcsa ctpaterus HP
Virtual Application Networks, npegycmatpuvBatoLas BbIMyCK KOHTPOSwiepa, NpUroXxeHus, a
TaKxke ycnyr n pewenua Ha ocHoBe SDN, a Brocade npegctasuna nepBble NPOaYKThbl C
nogaepxkom SDN, B yacTHocTn kommyTaTtop Brocade VDX 8770. K roHke npucoeguHunacbh
n komnaHua Intel, npogemoHcTpupoBasLwas Ha IDF ceoe pelleHne gna kommytatopa SDN
n MO ¢ nogaepxkon npotokona OpenFlow Ha 6a3e Linux.

B anpene 2012 roga Ypc XorbLue, ctTaplumn BULe-npe3naeHT no TEXHUYECKON
nHppacTpykType Google, 3aaBun, 4TO KOMNaHUsI NepeBera BCO BHYTPEHHIO ceTb G-Scale
ana odbmeHa Tpadukom mexay LIO[ Google no Bcemy mupy Ha SDN, camocTtosiTensHo
n3rotoBmB kommytaTopbl OpenFlow, NOCKOMbKY CYLLECTBYIOLLME aHAsIor Ha pbiHKE Oblfiv B
TOT MOMEHT A1 KoMNaHuM HegocTynHbl. KommyTtatopbl Google OpenFlow cnoco6Hbl
MacLuTabupoBaTbCs A0 cOoTeH Hebrokmpytopmxca noptos 10-Gigabit Ethernet. [ina Google
ucnonb3oBaHne SDN no3sommro BbibrpaTb 060pyaoBaHne, CTPOro COOTBETCTBYIOLLEE
Heobxoammomy MO; oCcyLLEeCTBATL LEHTPanNM30BaHHOE yrpaBrieHe CETbIO 1 MOTOKaMM
AaHHbIX; ONTYMU3MPOBATbL MPOLIECChI TECTUPOBAHUS U MOHUTOPUHIA.

BmecTe ¢ TemM roBoputb 0 OPMUPOBAHMM NOMHOLIEHHOTO pbiHKa peleHun SDN noka ele
npexageBpeMeHHO, OHaKo, Mo OLEeHKaM aHarmTuKoB, k 2017 rogy oH cchopmupyeTcs 1 ero
o6bem MOXeT BblpacT oo 2,1 mrpa gosv. npotus 198 mmH gomnn. B 2012 rogy. OCHOBHbIMM
OBIDKYLLMMN CUIMamMK 3TOMO pblHKA Ha3BaHbl Takne hakTopbl, Kak pacTylas notpebHocTb B
MOBUIbLHOCTY, NOTPEBHOCTL B HOBOW CETEBOW apXUTEKTYpE Npu nepexoae Ha obrayHble
YCIyri N UCMOSb30BaHWMN pa3HOro Buaa Tpaduka. [maBHbIMY rlokoMoTBamMu pbiHka SDN
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OyayT noka TenekoMMYHUKALIMOHHbIE KOMMaHUW, KOTOPbIM 3Ta TEeXHOMOrst 4aeT M’MOKOCTb B
NpPeAoCTaBrieHMM HOBbIX YCIyT 1 AOCTWKEHUN TPeBOyeMor NpousBoanUTESNIbHOCTY.

OpenFlow n SDN B Poccuu

CornacHo nporHo3am 3KCnepToB, 06bEM MMPOBOIO pbliHKa CETEBOro 060pyaoBaHMA K
2015 rogy npeBblcuT 184 mnpa gomn. npu exerogHom pocte B 10%. Poccumnckui
PbIHOK ceTeBOro 06opynoBaHus oueHnBaeTca B 3—4 Mrp4 4OsUl., Npu 3TOM Ha
NpoayKUMO 3apybexxHbIX NpoussoauTenen npuxogurtcs cabiwe 90%, noatomy 3agady
UMMOPTO3aMeELLEHNS MOXHO paccMaTpuBaTh Kak KpUTUYECKM BaXKHY0. B aTom
CMbICIIe YCnex NPoeKToB 1 peleHun SDN MoXeT no3BormTb cTpaHe ctaTb
NOSIHOMPaBHbIM NAPTHEPOM NMAEPOB AaHHOro cermeHTta U T-pbiHka. OgHako ang
3TOro TpebyeTcs: co3aaTh accoumaunm HaydHo-UCcrneaoBaTesbCKUX YHUBEPCUTETOB,
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komnbtoTepHbix ceTen (LM KC, peanageHT UT-knactepa ®oHga « CKOMKOBO®), B
3aJa4m KOTOPOro BXOAUT NPOBEAEHME HaY4HbIX UCCIeA0BaHMN B 06racTu ceTeBbiX
TexHornorun, B Tom yuncrie SDN. B urone Toro xe roga OAO «Poctenekom» 3akoumnno
KoHTpakT ¢ L[N KC Ha npoekTMpoBaHue 1 co3gaHmne onbliTHOrO cerMeHTa obrnaqHom
nnatdopmbl ana LIO Ha ocHoBe SDN. Pesynbtatom paboT cTaHeT co3naHve
TECTOBOro cermeHTa obrnayHon nnatopmbl Ha 6a3e LIO[ «PocTtenekomay,
pa3paboTka NpoToTUNa CUCTEMBI YrpaBrieHns cetTeBon MHgpacTpykTypou LIO,
c/CTeMbl NoKasaTernen a¢peKTMBHOCTN yrpaBrieHUs HOBOW CETEBOW
nHppacTtpykTypon LIO[, a Takke METOOUKM BCTPaANBaHUS B CYLLECTBYIOLLYHO
nHppacTpykTypy LOL.

AHgpen AKCEHOB, OVpEeKTOp AenapTaMeHTa uccrnegoBannn n paspabotok OAO
«PocTtenekom», otmevaeT: «Mbl peLmnm 3apaHee nNpeaycMoTpeTb CUTYaLMIO N HE
poxvaatbces, noka SDN cama Bcex HacTurHeT. Mbl npexxae BCero XoTuM COKpaTUTb
3aTpaThbl Ha TereKkOMMYHUKaLUMOHHOe obopyaoBaHue. Y Hac AOCTaTOuHO
aMbuLMo3HbIE NrnaHbl — TpaHcopMauust KOMMNaHWM B CEpBUC-NpoBanaepa, a Takke
NMoCTpoeHme obradHon NnaTopMbl Ha pacnpenerieHHom no Bcen ctpaHe cetn LIO[,
co3faHve HoBbIX cepBucOB. B aToMm cMbicrie SDN o4eHb nepcnekTuBHa».

B pamkax gaHHoro npoekrta «Poctenekom» BblbvpaeT NpurioxXeHue,
dyHKumnoHupytoee BHyTpu LIOL, a LMK KC obecneunBaeT ceteBoe
B3aMMOAENCTBME 3TOro nNpuroxeHusi ¢ nomoLsto SDN. Taknum obpa3om, CTaHOBUTCS
BO3MOXXHOW rvbkas, AMHaMmn4eckas HacTpoWKa UCMNOoSb3yeMOro CETEBONO
obopynoBaHusi, No3sonALAA n3bexaTb OrpaHUYeHNs Ha KONMYECTBO CO30aBaEMBbIX
BupTyanbHbix IO (cenyac nx moxeT 6biTb He BorbLue 4096). HbiHewHne LIOL,
«PocTtenekoma» paboTtatoT Ha cBA3Ke TpaauLmMoHHbIX npoTokornoB TCP/IP ¢
cepBepamMu BUpTyanM3auum, 1 B pamMmKax peanmsaLumm NpoeKkTa YacTb pecypcoB OyaeT
oTAaHa anda tectupoBaHus TexHororui SDN. TpagmumnoHHast u HoBasi apXUTEKTYPbI
ByayT paboTtatb napasnenbHo, He B3anMouCKIodas apyr apyra. Kpurepuamm ans
CpaBHEHWUSI ABYX apPXUTEKTYP CTaHYT 3arpy3ka 1 3a0epXkkn KaHaroB CBA3N, 3a0EPXKN
CeTeBOro Tpaduka 1 YUCrio OAHOBPEMEHHO NoaaepKMBaeMblX BUpTyasnbHbix LIO.
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Kpome Toro, HoBasi apxmuTekTypa LOSPKHA YMEHbLLMTb HaKadHble pacxodpbl Ha
nepeHacTponKy ceTeBoro obopyaoBaHmMs — ee NPocTo He noTpebyeTcs.

LIM KC BbINOMHAET NPOEKT COBMECTHO C KOMMaHuen « PycbteneTex»,
paspabaTbiBalOLLEN TENEKOMMYHMKALMOHHOE 060pyaoBaHMe. JTa KOMMNaHUs
NPeanoXxuT ausarH Tunosoro cermenta LIOL o6rnayHom cucTeMbI, BKIHOYaKOLyA B
cebsi cpeacTea BMpTYyanm3aLmMm BblYUCIUTESTbHBIX PECYPCOB N CUCTEM XPaHEHUS
AaHHbIX. [58 onTMMmM3anmm UCrosb30BaHUA annapaTtHbIX U BUPTYalbHbIX CEpBEPOB
ceTeBasi MHPaCTPYKTypa TUMOBOIro CErMeHTa cTpoutca Ha 6asze obopyaoBaHus,
nogaepxvsatoero texHornorm SDN. Hanpumep, B KadectBe KoMMmyTatopa
npumeHsieTcsa usgenme cepum PTT-A410 ¢ nnotHocTbo noptoB 48x10G n
npousBoauTenbHocTb0 960 M6uT/c, PyHKUMOHMPYIOLLEE KaK B CTaHOAPTHOM pexvme
KOMMYTaLMM 1 MapLIpyTU3auum AaHHblX, Tak 1 B pexxume OpenFlow. OTo no3sonseT
obecneuntb «6e360ne3HeHHOE» pa3BopavMBaH1e NPOrpamMmMHO-KOHUIypUpyeMbIX
ceTen Ha 6a3e TpaaMUMOHHBLIX CETEBLIX apXUTEKTYP. [na LueHTpanM3oBaHHOro

AN AR AALIAA AAATAMALIL ATAALT I IV AR a2 DTT AAAN AnAaRATAIATIIIAY B AANIZIARIA
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otcytctBus HOB nyetBepTOMY Knaccy 3awmieHHoctr M3. o crioBam Buue-
npesvgeHTa no MHHOBaLMOHHOMY Pa3BUTUIO KOMMNaHum « Poctenekom» Anekces
HawekuHa, TexHonorna SDN no3sormt 6ornee achdekTMBHO peLlaTb 3agaym
BUpTYyanmsauum ceten n paspaboTkn HOBbIX KOMMSIEKCHBIX CEPBUCOB OS5 KIMEHTOB
«PocTtenekomay, 4act BO3MOXHOCTb B Brivvkariuem OyayLem cokpaTutb
KanuTarnbHble 1 onepawmoHHble 3aTpaThbl Ha TeNEKOMMYHUKaLMOHHOE obopynoBaHue
06rayHbix LUOL komnaHum.

*k%

MporpaMmHO-KOHUryprpyemble CETU OTKPbIBaOT 60SbLLME BO3MOXHOCTM AN
NPOMbILLITEHHOCTM 1 B13HeCa, NO3BONAA peLlaTh 3a4a4uu NOBbILLEHWS MPOMYCKHOM
CrMocoBHOCTU KaHamnoB, YNPOLLEHUS yNpaBrieHns CeTblo, Nnepepacnpenenerns Harpysku,
NoBbILLEHUsT MacLTabupyeMocTun cetu. Kaxxgasi KomnaHusi, B 3aBUCUMOCTUM OT CBOMX
noTpebHOCTEN, MOXET BHEAPUTb PeLLEHE, COOTBETCTBYIOLLEE KOHKPETHO €€ 3aaqam.
[laHHON TexHOMornen MoryT 3aMHTEpPecoBaTbCA XOCTEPbI M NpoBanaepbl, BfiagesnbLupbl aTa-
LEHTPOB 1 onepaTtopbl CBA3W, (PMHAHCOBbIE U BaHKOBCKUE CTPYKTYpbI,
TeNeKOMMYHUKaLIMOHHbIE KOMMaHUW, KOTOpbIM BHegpeHne SDN no3BosnmT NoBbICUTL

3P PEKTMBHOCTb NX paboThl.

[MporpamMmmHO-KOHUryprpyemMble CETU — OfHA U3 CaMbIX «FOPAYMX» CErogHs TEXHOSOrnn B
MUpPE KOMMbIOTEPHBIX CETEN, OQHAKO MoKa 3TO f1LLb ancbepr, y KOTOpOoro BuaHa TOMbKO
BepXxyLLKa BO3MOXHOCTEW, Belb MHOIMe TEXHONOMM BCe eLle He CTaHOapTU3NpoBaHbl. A
3TO 3HAuUT, 4TO N Poccrsa MoXeT NOBMMSTb Ha TO, Kak 3aBTpa ByayT pabotatb
KOMMbHOTEPHbIE CETW.

JNlutepatypa
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Nick McKeowny, Guru Parulkary. FlowVisor: A Network Virtualization Layer, 2009.

Pycnan CmensaHckul (rsmeliansky@arccn.ru ) — npogbeccop MY um. M. B.
JlomoHocoea, dupekmop o Hayke u obpasosaHuto LjeHmpa npuknadHbix uccriedosaHull
KomrbromepHbix cemel (Mockea).

1 B O0TeYeCcTBEHHON NMTepaType Takxke Nony4un pacrnpocTpaHeHe TeEPMIH «MPOorpaMMHO-
onpenenaembie ceTu». — [Mpum. ped.
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FRMEHITEA TOGIPH LA SHLKRM ITemaional
bursiness machings copomion,
SAPENACTEHEOEEH Ha MHGD MHONHX CTRLHE WML
THEDK TEGEPH LI HBCE, SEPErHCT M oG LY
1bT! -8 HALCTCR LU LAOMEHT, MPEACTEGAEH N0
agpecywww. bim. o legalicopy meda shmi.
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3 ceHTAaobpa 2016

Mirantis npeacTaBnaeT OeBATYO BEPCUIO
cBoero aucTpmnbyTmea OpenStack

31 aBrycta 2016

Tpu noaxoaa ClO K LmdpoBOK
TpaHchopMaLmm

30 aBrycta 2016

IDC: umdpoBas TpaHchopmaLums
CTUMYSIMPYET POCT MUPOBOIO PblHKa LT

Informatica: BesonacHOCTb AaHHbIX —
OTKpbITas npobnema

OT 25-A4€epHOro 4Ymna — K KOMMbTEPY 13
200 TbIC. A0ep

29 aBrycta 2016

Hoeoe opy>xne ARM

28 aBrycta 2016

YeTbIpe KpYMHbIX MeXAyHapOoAHbIX 6aHKa
co34ayT OOLLYHO LIMDPOBYHO BaNkOTy

23 aerycta 2016

Linux oTmeyvaeT 25-netume

Bca xpoHuka >
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http://www.osp.ru/news/archive/
http://ad.adriver.ru/cgi-bin/click.cgi?sid=122831&ad=553061&bid=4645529&bt=43&bn=1&pz=0&nid=0&ref=http:%2f%2fwww.osp.ru%2fos%2f2012%2f09%2f13032491%2f&custom=&xpid=Cl632GsqLsJDb5LyzyX5s6wZAug4a-LDE&rleurl=
http://www.osp.ru/os
http://www.osp.ru/rss/
http://www.osp.ru/news
http://www.osp.ru/events-agenda
http://www.osp.ru/resources
http://www.osp.ru/subscribe

05.09.2016 MporpaMmMHO-KOHpUrypmnpyemble ceT n | OT KpbIT ble cucT embl. CYB[, | U3paT enbCT BO «OT KPbIT ble CUCT eM bi»

UT na cnyxbe
palero buaHeca

OTKpbiThIE
CUCTEMBI
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Cuna B coobuecTBe

MalwmHHo e 06yt|e|-me Anda NOHUMaHuA
€CTEeCTBEHHOro si3blKa

Open Systems. DBMS. 2016, Volume
24, Number 2

MaTtb net Ha Kotlin

Agile n DevOps Ha cny6e KpynHoro
6usHeca

ApXxuMTeKTypa XpaHeHus Ans
uudpoBoro npeanpuaTUa

HE noji)l(EH EbITb'

OTCTOUHbIN
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CobbiTuA

"CTpaTeruv gupekrtopa no MapKeTUHry
2017"

6 ceHTs6ps 2016

Be6uHap «Bot y>x 03AJAYUAn! HoBbin
penus obnayHoro cepsuca ITSM 365»

15 ceHTa6psa 2016

KoHdepeHuus "Mepesarpyska 2.0"
16 ceHTa6psa 2016

KoHdepeHuusa "HayuHbii cepBuC B ceTu
NHTepHeT"

19 ceHTa6psa 2016
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VIOCKBA, & & HOADPA

YXypHan ceTeBbix pewseHuit/LAN

npOEKTbI n3gartenbcTBa «OTKprTbIe CUCTEeMbI»
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Mup LIOAI BIG DATA RUS.NET Busnec-Bupeo ITMF
SMART COMPANY MCK® g A

CpeacTBO MaccoBoi MHGopMaLum - www.osp.ru.CBugeTenncTBo o peructpayun CMU ceTeBoro napanuns In.N° ®C77-62008 ot 05 uioHs
2015r.BbipaHo GepepanbHoii cny)x6oitno Hap3opyB chepe cBA3U, NHHO P MaLLMOHHBIX T @XHO JIO Tl U MACCO B bIX KO MMYHUKaL, UK
(PockomHag 3opom)

ye Q 5

HOBOCTW | COBbITUA | OKCIMEPTUIA | MNOLAMMCKA |

http://www.osp.ru/0s/2012/09/13032491/ 20/20


http://www.osp.ru/dcworld/
http://www.osp.ru/iz/bigdata
http://www.osp.ru/iz/rusnet
http://www.osp.ru/bvideo/
http://www.osp.ru/itsm/
http://www.osp.ru/iz/smart-company
http://www.osp.ru/iz/mscf
http://www.liveinternet.ru/click
http://www.osp.ru/os
http://www.osp.ru/rss/
http://www.osp.ru/news
http://www.osp.ru/events-agenda
http://www.osp.ru/resources
http://www.osp.ru/subscribe

