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YnpaBneHue

TPAHCNOPTHbIMU

eTamu

B nouckax eanHoro KoHTpons

TPAHCMOPTHOM ceTH

JlnuTenpHoe BpeMs NPEACTABUTENN
TENEKOMMYHUKALIMOHHON OTPACIH 00-
CYX/IQJH TIOJB3Y OT CO3JAHUA YHUPULIH-
POBAHHOTO KOHTPOJIA B TPAHCIIOPTHBIX
cersax. Tak, ObUIO MPUHATO PEIIEHUE
JBUTATBCA 3BOJIOLHOHHO, PA3BUBAA J10-
CTATOYHO YCIIEWHBIN IPOTOKON MPLS
(MultiProtocol Label Switching — muorO-
IPOTOKOMBLHASA KOMMYTALIHSA 110 METKAM).
YHUBEPCAIBHBI MEXAHU3M KOMMYTALIN
GMPLS 661 pa3pa6oTaH kak Ha6op MPLS-
IPOTOKOJOB YIIPABIEHHA C HOCTENEH-
HBIM PaCHIMPEHUEM UX HA CHENUDUKY
PaGOTEI CETEN ¢ KOMMYTAIIUEH KAHATIOB.
CHenuanuCTel TEXHUYECKUX TPYII U
HAYYHBIX JTAOOPATOPUI ITAHUPOBAIH
Pa3BUBATH NIPOTOKOJIBI CUTHAIN3AIINH
1 PACTIPEZIENEHUA METOK, YTOOBI IIOCTE-
MEHHO NEPENTU K MHTEIIEKTYAIBHOMY,
ABTOMATH3UPOBAHHOMY M YHH(PULIUPO-
BAHHOMY YPOBHIO YIPABJIECHNS PA3/INY-
HBIMU CETAMU C PA3HBIMU NPHHIIUITIAMU
HEPEJaun JJAHHBIX: TTAKETBL, TalM-CJIOTH,
JUIMHBI BOJIH 1 T,

GMPLS He cTaj TEXHONOTUEN-PEBOIIO-
LIUEN U MUPOKOTO PACIPOCTPAHEHNUS B
IJI00JIbHOI CETH HE TIOMYYHIL, HECMOTPA
HA Hay4HO-UCCTENOBATENBCKYIO PAOOTY 1
OOCYKICHUA BEAYIMMI OPraHU3ALIIAMU:
ITU (International Telecommunication
Union), IETF (Internet Engineering Task
Force) u OIF (International Organization
of the Francophoni).

DYHKIIMOHUPOBAHUE TPAHCIOPTHBIX
TexHosorun cemencrsa MPLS/GMPLS
OIMPAETCA HA YK€ PAOOTAIOMYIO CETh
¢ mapumpyrusaguedt OSPE, IS-IS win
EIGRP. JlaHHBIE IIDOTOKOJIBL CETEBOM
MApIHIPYTH3ALMH HE OOMATAI0T BBICOKO-

Anekcanpp
ATUMK,

YPOBHCBBIMU U ICHTPATU3OBAHHBIMU
MEXaHU3MAMU YpasiaeHus. [Ipu BO3HUK-
HOBEHMH OTKA34 Ha CETH, TIOKIIOUEHUS
HOBBIX y3/I0B WIX HACTPOUKY OIPAHU-
YEHUA PACIPOCTPAHEHUS MAPIIPYTHOU
UH(POPMALMHI MEAK/Y Y3/IAMU BOSHUKAIOT
IPOOIEMBI CO CTAOUIBHOCTBIO MAPLIPY-
TU3ALIWHN U 6bICprIM BOCCTAHOBJICHHEM
cetu. Hanpumep, 06ecneynTs GLICTPOE
nogrmovenue yeayru MPLS VPN i Ho-
BOro canra uepes cerb OSPF — Henpo-
cras 3371242, CKBO3HAs aBTOMATH3AIIN
IPOLECCA TTOAKTIOUEHUS TAKUX YCIIYT
TpeOYET U3MEHEHNS APXUTEKTYPHI CETH
u npasu B3aumogenctaua ¢ OSS/BSS-

UH(PPACTPYKTYPOIL

Cepreit Muxaun
BAKWH, OEHOMEHOB,

34 MOCJIEHUE HECKONBKO JIET Psifi
HAYYHO-TCXHUYCCKUX I/ICCIICI[OBZIHI/II;I
ObLT TIOCBAMICH MPOGJIEME CO3/AHUL
€/IMHOI'O YPOBHS YIIPABJICHUSA B TPAHC-
TIOPTHBIX CCTAX. Tal(, B UCCIECNOBAHUN
CrauadOpACKOro YHUBEPCUTETA, TIOCBA-
ICHHOM YHU(HKAIIMK YPOBHSA YIIPABJIC-
HUA TPAHCIIOPTHBIMU CETAMU, CPOPMY-
JIMPOBAH TE3UC O TOM, UTO IIPOTOKOJIbI
yupasneHud MPLS (curnamusauus u
pacrpesenceHue MeTOK) I CO3aHNA
€IHOTO YPOBH YIPABIEHUA TPAHCIOPT-
HOM CEThIO HE MOAXOT. lanbHermee
PA3BUTHE ITUX NIPOTOKOJIOB U UX 1all-
Tanusg HEI(P(EKTUBHEL, TAK KAK IIYTh
YCJIOKHEHUA TPUBOJUT K OOPATHOMY
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topology database

distribution, path
computation, and path setup

» Puc. 1. (pagrenue PCE u OF

3(dEKTy — yBEINUEHHE (PYHKIIUOHAb-
HOCTH IIPOTOKOJIOB CUTHA/IN3ALIMHU OJIHO-
BPEMEHHO YCIOKHAET PabOTy CETEBBIX
V3710B, CHIKAET THOKOCTb U MACIITAOUPY-
€MOCTb CETU U €€ YCTONYUBOCTD K COOAM.

Heo6x0aumMo pa3paboTaTs TUOKOE,
HPOrPAMMUPYEMOE U 30HTUYHOE pellie-
HUE I PEANTU3ALUN €IUHOTO YPOBHS
VIIPAB/ICHUS.

BHeapeHne HOBOTO PEIIEHNUS YIIPAB-
JIEHUS MOKET BBI3BATD JIOTIOMTHUTEIBHBIE
CIOKHOCTHU B OBJIACTH B3AUMOJICHICTBHA C
CYLIECTBYIOIEH CETBIO U CETEBBIMU 3JI€-
MeHTaMU. HTEP(ENCh B3AUMOJECHCTBIA

MOBUNBHBIE TENEKOMMYHUKALIUN [3'2014]

Open API

Applications/NMS/0SS

|
OF Protocol
I

Data Forwarding

MCKTYy CIUHBIM YDOBHCM YIIPABICHUSA U
UH(PACTPYKTYPOI ONEPATOPa, PABHO KaK
U CETBIO, TO/DKHEBI OBITH OTKPBITBIMH, NHA-
9€ ONEPATOP PUCKYET OBITh 3aBUCUMBIM
OT (DYHKLIMOHAJIA, IPEJOCTABIAEMOTO
OJJHUM BEH/IOPOM.

Cospanue MOAXO/A €UHOTO YIPAB-
JIEHUS CETHIO MAKCUMAJIBHO 6€3601€3-
HCHHOT'O C TOYKN 3PCHUA BHCIPCHUA 1
MAKCUMAJIBHO THOKOTO € TOUKH 3PCHUS
(DYHKIIMOHAJIA €CTh KPUTUUECKH BAKHAS
33/12492 OTPACIIN CBA3H.

Bbi60p 13 e AMHCTBEHHOTO

KaHaupata?

EMMHCTBEHHBIM KAHANUZATOM JJIS CO3-
JAHNA TAKOU APXUTEKTYPBI C €AMHBIM
ypOBHCM YHpaBJICHI/IH SABIIETCA TTOAXO[,
IPOrPAMMHO-KOH(DUTYPUPYEMBIX CETEH
(Software-Defined Networks, SDN).

OpI/IFI/IHaJIbeIC HCCIEA0BAHUA 110
Co3/1aHnIo KoHuenuun SDN nposoju-
nuch B yHusepcuterax Stanford u UC
Berkley ¢ cepeaunnr 2000-x rogios, TOr/a
CaM TEPMHUH CTAJ IPOHUKATH B OOUXOJI.
Hccnepoparenbckoe noHuManue SDN
CAMUMH CO3JATCIAMU KOHLCIIINN MOX-
HO BBIPA3UTh, IPOIUTUPOBAB MapTrHa
Kacamo — oiHOTo U3 IJ1aBHBIX HUICOJIO-
roB oaxopa: «<SDN — ato ceresas ap-
XUTEKTYPa, B KOTOPOH YPOBEHD YIIPAB-
JICHUA OTACICH OT ypOBHH nepeaadun
JIAHHBIX U CETEBBIE YCTPONCTBA 0OECTIE-
YUBAIOT OOMBIIYIO (PYHKIIMOHATBHOCTD
10 CPABHEHUIO C TPAAUIIMOHHBIMU pe-
MEHUAMU»,

Taxum 06pasom, SDN cTaBUT CBOEH 32-
JIa4elt CO3/1aTh TAKYIO aPXUTEKTYPY CETH,
TIPU KOTOPO CETh OTKPBITA [T UHTEIIEK-

TYaJIHOT'O, dBTOMATU3UPOBAHHOIO 1 YHU-
(PMLMPOBAHHOIO PA3BUTHUA U YIIPAB/ICHIA.
Ceilyac CyIweCTBYIOT 1Bd HE3aBUCHMBIX
nozaxoza K peanusanuu SDN. OnuH u3
HUX Pa3BUBAETCA KOHCOPLMyMOM Open
Network Foundation (ONF), apyroit —
IETE. TIoAXOABl TIONYYMIN HA3BAHUS
OpenFlow (OF) u PCE cOOTBETCTBEHHO.

ONF onpezensier OF kak unrepgeiic
MEXIY YPOBHAMU YIPABICHUA U LIEPE-
naun 1aHHbIX. Bech nmoreHnuan SDN
JIOJLKEH OBITb PACKPBIT 61arofaps Ipo-
TOKOITY, IO CyTH EPEHOCAMEMY TAOMULIBI
(mpaBuIa) AEUCTBUM C YPOBHSA YIIPABIIC-
HUSL HA YPOBEHD Ilepefaunt JaHHbX. OF He
OLIpE/IE/IACT, KAK OPIAHU30BATh YPOBEHDb
VIPABIEHUA, KAK IPUHUMATD PELICHUS
IJIA CO3LAHUA TeX CAMBIX IIPABUI U Ta-
6 ynpasneHust — OF OTKPBLIBAET UH-
TepPEnc MExy ABYMA (DYHKIUOHATBHEL-
MU YPOBHAMU B ApXUTEKTYpE SDN.

HNurepecHo orMetuts, yto 1IETF nosu-
puonupyeT PCE Kak 3BOJIIOLMOHHOE Pa3-
BUTHUE CETEBOTO YIIPABIEHHUS, CIIOCOOHOTO
npuBecTd Ko BceM 6maram SDN. B cBoux
JOKIAAX, TIOCBALIEHHBIX CPABHEHUIO C
apyrumu nopxofamy, IETF ormedaer, uto
OpenFlow OTKPbIBAET JIMIIb BO3MOXKHO-
CTH /I CO3LAHUA NIPOrPAMMUPYEMOIO
YPOBHS YIPABIECHUA /11 KOMMYyTaLUK
IIOTOKOB JJAHHBIX.

[Tonpobyem NOHAT, B UEM CYTh TIOAI-
xopa, npenaraemoro [ETE PCE — 3to
3JIEMEHT APXUTEKTYPBI ceTr SDN, OTBeT-
CTBEHHBII 32 BBIYUCICHUE MAPLIPYTOB
LSP. DNIEMEHT MOXKET OBITh PEATU30BAH
KaK poyrep, 4actb OSS-CUCTEMBI WK KK
BUPTYAJIbHBII 3NIEMEHT, HOJHATHIN B 00-
JIAYHOM Cpefie.

[punnun pa6otsr noaxopa IETF 3a-
KJIIOYAETCA B TOM, YTO CETEBOM TPAHC-
LIOPTHBII y3€JI IIPU IPOKJIAJIKE MAapLIPyTa
obparaercst k PCE, TOT, 3Hast BCIO ceTe-
BYIO TOIIOJIOI'UIO U CTATYC CETH, BBIYKC-
JIAET ONTUMAJIBHBIN MAapIPyT. Beranciivs
mapupyr, PCE Bo3spamaer ysiy (Explicit
Route Object) mannble i LSP, kotopbie
EPEAIOTCA JATIBILE 110 CETH € IIOMOLIBIO
CUTHAIBHOTO 1IPOTOKOIA RSVP.

Ha puc. 1 BUHO, 4TO OAXOZBL 110 CBO-
el (PyHKLIUOHAIbHONU APXUTEKTYPE pea-
JIA3YIOT IJIABHbIC NPUHIMIILL SDN: pas-
JIENIEHNE YPOBHEN 1 (DYHKIMI TIEpeayun
JAHHBIX OT YIIPAB/ICHYA.

OueBuHOE pasnuyue B ToM, yTo OF
3201MpaeT BCe (PYHKIMU YIPABIECHUA U
327141 [IPUHATUA PELIEHUA C CETEBBIX
YCTPOHCTB U IEPEHOCUT HA YPOBEHD
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yIpas/eHus, B To BpeMd Kak PCE orcras-
JIAET 4acTh (PYHKLMIA IPUHATHA PEIEHHIT
CAMUM CETEBBIM YCTPONCTBAM.

BosHMKA€ET UNEMMA: KAKOH U3 TIOJ-
X0708 B SDN €O374CT €IMHbIA YPOBEHD
VIPABJICHUA B TPAHCIIOPTHBIX CeTAX? KTO
nobeautr GMPLS, PCE, OF wiu 371paBbiit
CMBICT?

Ceityac camoe BpeMA 3arIAHYTDb
«BHYTPb> U IETATBHO TIOHATh, KAKOI Ba-
PUAHT BCE-TaKH OJIFIKE K PEMEHHIO, BOC-
TPeOOBAHHOMY OTPACIIBIO.

Jlng Hauana BCIOMHUM, KaK paboTa-
er GMPLS u €ro ypoB€Hb YIIPABICHUS.
YpasIeHne PACIPEAENEHO IO CETH 1 Pe-
ATU3YETCA HA KUKOM CETEBOM NIEMEHTE
HE34BUCHUMO. PACCMOTPHM OCHOBHBIE MO-
Iy, KOTOPBIE (DOPMUPYIOT MOACHCTEMY
ynpasienusd. Mogyas HAL moKasaHHbIN
Ha pUC. 2, ucnonabpsyet SNMP zi1d koHpu-
TYPALIUU CETEBBIX JMEMEHTOB. C OMO-
mpio OSPF-TE mapmpyrusarop GMPLS
COOMPAET JAHHBIE O COEANHEHMAX Ha Ce-
TH 1 UX aTPUOYTHI U1 0a3bl JAHHBIX (raf-
ficengineering (TEDatabase). C noMompio
Moy PathComputation peanmsyercs
pacuer mapupyta LSP, a RSVP-TE Bbimorn-
HAET PE3ECPBUPOBAHKE PECYPCOB 11 LSP.

Peanuzanus efHOrO YPOBHA YIIPaB-
nenus yepes nporokon OpenFlow Oy-
JeT UMeTh CIeayomuil iy (puc. 3). Bee
(DYHKIUMY IPUHATHA PEMEHHI 110 YIIPaB-
JIEHHIO BBIHECEHBI Ha YDOBEHD LIEHTPA-
JIM30BAHHOTO KOHTPOJUIEPA U CBA3AHBI C
YPOBHEM TIEPEAUN JaHHBIX YEPE3 UHTEP-
(eric OpenFlow. YTOYHNM, 9TO (pYHKLIMH
IO YIPABJIEHUIO MOTYT OBITh HE TOJBKO
IPEZICTABIEHDB B CAMOM KOHTPOILIEPE,
HO MOTYT OBITb BBIHECEHBI B OTAENBHOE
IPUJIOKEHHE WM KOMIIOHEHT OSS.

Taxum o6pasom, OpenFlow paspenser
YPOBEHD NEPEAYH JAHHBIX OT LEHTPAIH-
30BAHHOIO KoHTpo. Pynkuumu Discovery
COOUPAIOT HH(MOPMALIMIO O TOIOJIOTUH CE-
TH, €€ CTATYCE, 4 TAKKE O CBA3HOCTH CeTe-
BbIX 371eMeHTOB. PyHKIwA Routing BbIoN-
HAET 33/1a49K BBIYUCIEHIA MaPIIPYTOB I
IIOTOKOB JaHHbIX. OTMeTnM, 410 Routing B
OpenFlow OTmmyeH OT MPUBBIYHON MapII-
PYTU3ALIHY TTAKETOB: €C/IM MAPIIPYTU3ALIHA
AKETOB OIEPUPYET 3arONIOBKAMH TONEN
npotokona IP, To OpenFlow pacmupser
BO3MOKHOCTb aHA/IU3a OT 3aTOJIOBKOB
TPOTOKOJOB KAHAIBHOTO JI0 TPAHCIIOPT-
HOTO YPOBHA, 0OECTIEUNBAs BO3MOKHOCTD
YIPABJIEHNA TOTOKAMH.

Flowprocessor CO3/1a€T HOBBIE 3AIUCH
0 TNIOTOKAX IPOXOAAIINX JaHHBLX, (POPMH-
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» Puc. 2. Ynpasnerue GMPLS
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» Puc. 3. Ynpasnenue OpenFlow

PYET 1 HUAX TIPaBI/IA, KOTOPBIE JJAJIblIIE
6yayr nepenanst yepes OpenFlow Ha cete-
BBIE NIEMEHTHI YPOBHA EPEAAYH JAHHbIX.

CpenaeM IIPOMEKYTOYHBIA BBIBOJL O
TOM, yTO GMPLS HEe OAXOAUT A1 CO3-
JIAHUSA €/JUHOTO YPOBHS YIIPABIEHUSA 11O
IPUYMHAM CJIOKHOCTU U 3dKPBITOCTH
YPOBHA YIPABIEHUA U JOKATU3ALUU
MHTEJIEKTa Ha CETEBBIX JJIEMEHTAX.
BO3MOXHOCTH PA3BUTHUA HOBBIX (DYHK-
1M, 4 CIEJ0BATENBHO, U YCIYT MPAKTH-
YECKU OTCYTCTBYIOT.

OpenFlow OTKPBIBAET HOBBIE BO3MOX-
HOCTH JYI CO3LAHY [IPHIOKECHUI YIIPAB-
JIEHUSA CETBIO U TIOABJIEHNA HOBOTO (DYHK-
[MOHAJIA. BOIIPOC 3aKIOUAETCA B TOM,
IOJTY4UTCA JIY CO31ATh NPpIokeHns SDN
11 YIIPABICHUS KPYITHBIME TPAHCIIOPT-
HBIMU ceTAMU? YCIeX Ha PhIHKE PEIeHHN
SDN noxa 3aBOEBBIBAIOT PEMEHUS B 06-
nacry ynpasinenus IP/Ethernet-ceramu
KAMIIYCOB, LIEHTPOB 0OPA0OTKHU JJAHHBIX
U IPOYUMHU JIOKAJIbHBIMU CETAMH.

CosfanueM KOMMEPYECKOTO pele-
HHA B OONACTU TPAHCIIOPTHBIX CETEH
IIOKA HE MOXKET MOXBACTATbCA HUKTO.

JloNONHUTENBHASA CIOKHOCTD 3AKII0Ya-
€TCs B TOM, 4TO TaK WX UHAYE B UTPY
32 00JIaZJaHuE TAKUMH TEXHOJIOTHUIMHU
HOAKIIOYAIOTCA BEAYIIUE Pa3PAOOTINKH
cereBbIX pemeHuil. OfHAKO UX KOHEY-
Has IeJb — OKYIUTb CBOU UHBECTUIIUY
U OCTA0UTD TTO3ULUU KOHKYPEHTOB B
60pbbEe 32 100 phiHKA. Tak, BO3MOXK-
HO, 3/1€Ch 3aKAHYUBAETCA «OTKPBITOCTD>
SDN 1 HaYMHAETCA IIPOIPUETAPHOCTD
OpenFlow.

PaccMOTpUM KOMIIPOMUCCHBII BapHU-
aHT, 00CYAJAEMBII YACTBIO HAYYHO-HIHKE-
HepHOTo KoMbloHUTH SDN. [Tonpobyem
CAENMATh HBOJIOLUOHHBII BADHAHT YIIPaB-
JIEHUA C IOMOIIBIO PEBOMIOLMOHHOMN ap-
XUTEKTYPBL [T0ueMy HeJlb3q B3ATh JIydlee
or OF u PCE?

OJIHOM U3 KJIIOUEBBIX OCOOCHHOCTECH
PCE siB1€TCS BO3MOKHOCTD PAOOTATD B
PA3HBIX JOMEHAX. [IONYCTHM, y HAC €CTb
nBa nposaiiepa. OMMH U3 HUX CMOT
nocrasuTs pemenue OF s co3nanus
€IMHOTO YIIPABJIEHHA CBOUM TPAHCIOPT-
HBIM YYACTKOM, 4 €TO TIAPTHEP IO TPAHC-
HOPTHO¥ CETU OIPAHUYEHHO UCTIOb3YET
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HoBble TexHonoruu
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» Puc. 4. TubpudHoe ynpaenerue

GMPLS 6€3 yHU(DUIIIPOBAHHOTO YIIPAB-
nenus. O4eBUHO, 9TO 3/1ECH TEPAETCA
ABTOHOMHOCTD YIIPABJIECHUA 1 CO3/JAHN
LSP, TaK KaK MCIIOJIb3YIOTCA PA3HBIE MO/~
XO/IBI K YIIPABIEHUIO YPOBHEM TIEPEAAYN
JIAHHBIX.

BbIXOZ10M SIBIAETCS TUOPUIHOE Pelle-
HHUE, TIO3BOJBIIONIEE COXPAHUTD BO3MOK-
Hoctu OF 1 paspemurs paboTaTb NpoTo-
konam PCE u RSVP (puc. 4). B arom ciy-
yae npobaeMa «0OPaTHON COBMECTUMO-
CTY> TEXHOJIOTHI TIPONAZIET CaMa COBOH.

O6bepunus Gynkuuun ot PCE u
OpenFlow Ha YpOBHE YIPABNEHUS U CO-
XPAHUB BO3MOKHOCTb B3AUMOJICHCTBUS
¢ GMPLS, MBI osTy4aeM BapuaHT doiee
JKM3HECTIOCOOHBIM, YeM Y3KOCIEIINANIH-
3UPOBAHHBIC BAPHAHTBL

PaccMOTpEB TEXHUUECKUE ACTICKTHI
IPOGIEMBI €IMHOTO YPOBHSI YIPABIEHHU,
OTMETUM, YTO MOUCK EIHOTO PENICHUS,
K4K OOBIYHO, JIEKUT B (DOPMATU3ALIUY
TPEOOBAHUI HKCIUYATALUU U 41EKBAT-
HOT'O OTBETA CO CTOPOHBI PA3PAOOTIUKOB
CETEBBIX PEIICHMIL.

Y10 Ke KACAeTCH 3KOHOMUUECKUX BO-
IIPOCOB, TO CTOMT YYUTHIBATH, 4TO 32 SDN
OpenFlow CTOUT 6OJBIION KAHUTAL
TTOMy/APHOCTD IPOTOKOIA OUEHD BENHKA,
KOJIMYECTBO PECYPCOB, IPUBIEYEHHBIX K
UCCIIEA0BAHMAM, OIPOMHO. I1o cyTH, cpe-
pigss BC,ZIYHH/IX TEXHUYECCKUX BySOB MUpa
HEJIb3S HA3BATh XOTA OBl OJMH, I7Ie HE BE-
JIICh UCCIEA0BaHK B 06macT OpenFlow,
YTO CO3JA€T OIPOMHBII PBIHOK /I UH-
BCCTI/ILII/II;I U TIOABJICHUS NTHHOBALTMOHHBIX
pemennit SDN. Bee KpyrHblie pOU3Bo-
JUTENN CETEBOTO 0OOPYAOBAHUA UMEIOT
KomMepueckue pemenyd SDN Ha OCHOBE
OpenFlow.

K coxanenuto, 0 PCE Heb3s CKa3aTh
TAKUX K€ CJIOB C TOYKH 3PEHUS MACIITA-
62 UCCIENOBAHNI U KOMMEPUYECKOH O]
JIEPKKHL.

TIoka MOXHO CZIEJIaTh OAUH BBIBOJ: B
60pbOE 32 PABO OBITH INIABHON PEATTH-
sauueit SDN nmuaupyer OpenFlow. Kak
HONJIET JATbHENIIEE PA3BUTHE, 3ABUCUT
TOJIBKO OT YCHINH Pa3pabOTIMKOB pele-
Hutt: ecnu OpenFlow CMOXKET 10Ka3aTh

Tabnuua. Bo3mMoXHOCTY 1 BbIroAbl

peAbHYIO 3((MEKTUBHOCTD B HOEBLIX YC-
JIOBUAX, TO HUKAKOM APYIOM MOAXOZ HE
CMOZKET €r0 IOBOPOTb.

MNo6expalowwuii

Hacnepyer Bce?

JlomycTHM, TIEPEIOBOE YETOBEYCCTBO
CO3/1a710 PA6OTOCIIOCOOHOE BOIIONIECHUE
SDN B BujIE OJJHOTO M3 IO/IXO/IOB WU
ux rubpuza. 9YTo NoNyduT OnepaTop B
YIPABJICHUY TPAHCIOPTHBIMU CETAMU?
U1t pazpsiCHEHUS OOPATUMCS K TAGMHIIE.

SDN Ham nomoxer

B Havane Hamel CTaTbU MBI OOCYIHU-
JIN OTPAHUYCHUS B YIIPABJICHUU CCTAMU
CBA3H, KOTOPBIC B KOHTEKCTE PA3BUTHUS
OTPACIIM MOTYT OBITh PEMICHBI TOJIBKO C
IIOMOIIBIO PATUKAIBHBIX M3MCHEHMUI.

Cam MPLS nossuics Ha croike IP u
ATM, noxoponus ATM. CoBceM CKOpO
MBI YBUIUM, UTO 6yz€eT ¢ SDN, KOTOpBIH
JOJDKCH U3MCHUTD MMOAXO/JBI K pas3pa-
GOTKE YCIYT U UX PEATU3ALMH, A TAKKE
VIPABIECHUIO CETHIO U PA3BUTUEM €€
(DyHKIMOHATIA.

OYeBUHO, YTO TPUBICUCHUE HOJIb-
IIOTO KONUYECTBA PECYPCOB K CO3/a-
HHUIO pab0TOCIIOCOOHOTO pemenus SDN
JIOJDKHO TIPUBECTH OTPACIb K HOBBIM
HHCTPYMEHTAM JIOCTHKECHUS OU3HEC-
LEJIEN, TOMOTast OIEPATOPY B 6OPBOE 32
KAueCTBO U MUPOTY CIEKTPA IPESOCTAB-
JIIEMBIX YCIIYT.

PS. Kparkoe paccmorpenue SDN B
YIPABICHUHN TPAHCIIOPTHBIMHU CETAMU
MOXKET 32CTABUTD 33/[yMaThCS O TIpUME-
HHUMOCTH B JIPYI'HX IOMEHAX ONEepaTopa
CBA3U. B ci1eayiomert CTathe aBTophl 10-
IPOOYIOT PaccKa3ath Npo nopxop SDN
B 33/124aX YIPABICHUA MOOUIBLHBIMU
ceTamu. [

HoBbie BO3MOXHOCTN Bbiroabl 0T HOBbIX BO3MOXHOCTEl

Enunbii YPOBEHb ynpaBneHnA CeTamin KOMMYyTaLli NAaKEeTOB 1 KaHaJloB.

LleHTpaﬂM3OBaHH06 1 aBTOMAaTU31poBaHHOE yNpaBieHune CeTbio.

Real-time-y3MeHeHVA MapLLPYTOB MOTOKOB AAHHbIX.

[NIuHamunyeckoe n3meHenme MapLLpyToB A/1A NOTOKOB AdHHbIX Ha CETW OnepaTopa.

Real-time-yuer ceTeBbIX pecypcoB.

Yuer ﬂpOﬂy(KHOVI CnocobHoCTI CeTn B peanbHOM Macwrabe BpeMeHU. I'InanposaHMe
N NoAKNoYEHNe yCnyr B COOTBETCTBUN C peaanoﬁ BO3MOXHOCTbIO CETW.

OTKpbITble MHTepQelichl ynpaBReHus.

Pacwumpenvie 613HeC-NPOLIECCOB 0 CETEBbIX HEMEHTOB 1 UH(PACTPYKTY bl B KOHTEKCTE
COBPEMEHHbIX yCyr Tvna Xaas u 1.4.

JHCTpyMeHTbI NNIaHUPOBaHIA CETV 11 TECTUPOBAHNA CEPBUCOB.

Buptyanu3auus cetvt u/unu oTaeNbHbIX GparmeHToB. TecTupoBaHue HoBbIX yoyr
11 HAaCTPOEK Ha BUPTYarnbHOI ceT 6e3 Yrpo3 CyLLecTBY LM CePBIACAM 1 KOHOUTypaLuAM.

[Tporpammupyemas ceTb.

MacwuTabupyemblii GyHKLMOHAN CETH, COKPALLEHNA 3aTPAT Ha 3aKyTKy CETeBOr0
060pynoBaHIA. VIHHOBaLMM uepe3 pa3BuTye NPOrpaMmHoro obecneyeHys.
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