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1. TpapuuuoHHbIE ceTu:
— ApXUTEKTYpa TPAAULMNOHHbIX CETEN
— [Mpobnembl TPaANLMNOHHDBIX CETEN

2. MporpammHo-koHuUrypupyembie cetu (SDN):
— MoTusauyma nepexoaa K SDN
— MpuHuunel n apxmtektypa SDN
— JloctonHcTtBa SDN
— WcTtopuna passutna SDN
3. CerteBas onepaumoHHasa cucrtema (SDN
KOHTpoOANep):
— TpeboBaHuAa K SDN KOHTpOANEPY U ero 3aaa4u
— Bugbl opraHusaumm ynpasaeHnUAa KOMMyTaTopamm

MporpammHoO-KOHUrypmupyemblie cetu
Bacunui Nawkos
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ARPANET

Advanced Research
Projects Agency Network

* 1969 roa
* AreHtcTteo DARPA
* [lpototun cetn NHTepHeT

Uenu:

e ObecneyeHne CBA3SHOCTU
e (ObecneyeHune }KNUBY4YECTH
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OMHUMN YPOBHEBOCTU

ODUNHUNN MHRaMNCYyNAuUnUU AaHHDbIX

DUNHUNTN KOMMYTAUUU NMAKETOB
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o MpuKknagHoM ypoBeHb:
MpnknagHow HTTP, SMTP, DNS, Telnet, SSH, FTP

TpaHCNOPTHbLIN YPOBEHb:

TpaHCNOPTHbIU TCP, UDP

CeTeBol/MmexKceTeBoO CeteBou yposeHb:
IPv4, IPv6, Ipsec, OSPF, EIGRP, IS-IS,

NAT

KaHanbHbIN
KaHanbHbIX ypOBEHb:
Ethernet, IEEE 802.11, PPP
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NMpuHUuunbl nocTtpoeHna cetn UHTepHer:
* [lpocToTa
* KWHTennekTtyanbHble XOCTbI

e PacnpegeneHHoe ynpassieHue

Pe3synbrart:
OrpomHasa CNoXHaAa ceTb
CnoxXHoe ynpaBneHune
Cno’kHble YyCTPOMUCTBA
MapLLPYTU3aTOPbI)
Mwunnmnapabl XocToB
Hecatkum Tbicay AC
Bonblion 6usHec
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s [1POOG/I@MbBI TPAAULMOHHDBIX CeTe

3aBUCUMOCTb OT NPOU3BOAUTENA

OwwnbKKM B peannsaymax ceTeBbiXx MPOTOKO/I0B
MWANNOHbBI CTPOK 3aKPbITOro NPONPUETAPHOro
Koaa (6000+ RFC)

BbicoKaa ctonmocTb 0bopyaoBaHuA

BbliCOKaa CTOMMOCTb 3KCcnlyaTaumum

CNnoXHOCTb ynpaBieHna 6oablnmmn cetamm
CNoXHOCTb OT/1Ia KN

“3akpbiTocT” 060pPYAOBaAHUA M NPOrPAMMHOIO
obecneyeHus

CNnoXHOCTb BHEAPEHUA HOBbIX NAEM
HeadppeKTUBHOCTb MCNONb30BaHUA annapaTHbIX
pecypcos, aHeproadPeKTUBHOCTb

OnepaunoHHasn
cucrtema

CneuunanbHoe 2
YyCTPOMNCTBO nepenaym
AaHHbIX
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NETWORK COMMUNICATION PROTOCOLS

AppleTalk Sun NFS 1BM Media over IP Mobile TCPAP Microsoft Novell Netware X25 150 Virtual Private Network  Other Supported
Protocol Suite Protocol Suite Protocol Suite Protocol Suites Protocol Suites Protocol Suite Protocol Suite Protocol Suite Protocol Suite Protocol Suite Protocol Suite Protocol Suites

Enormous complexity

RFCs published annually

When a single hour of network downtime can cost millions Complexity due to additional functionalities like mobility support,
... downtinre isnotan option VPN and tunnel protocols, network management etc.. .

www.agilent Source: htpy/ mproducts/ip_transiyindexphps _hitpy//www etforg/
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2. Software-Defined Networks
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Mepexoa Kk SDN
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dusnyeckoe pasgeneHne ypoBHs nepeaaym
NLaHHbIX OT YPOBHA YNpaB/AeHUA CEeTeBbIX

Google ~ veworicrs
. Jlornyecku ueHTpann3oBaHHOE ynpaBaeHne

BHespeHus

. . [1lporpammumnpyemocTb
. . OTKpbITbIX €ANHbIN MHTEPPENC YNPaBAEHUS

3. Consistent, well-defined global view

g
. N'T'T Communications \ N | Sr——

— Network OS
: : P2, At least one

1. Open interface to packet forwarding Network 05

C probably many
OpenFlow Open-and

closed-source

Packet
Forwarding

a

4. But is it really
/ this simple?
B Packet

MporpammHo-KoHpUrypupyembie cetu
Bacunuii NMNawkKos
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NMpeunmywecrea SDN

[loBbilWeHMEe TMOKOCTU U CKOPOCTU
yNpaB/ieHUs

CoKpallleHne pacxoa0B Ha
obcnymnsaHue cetn (OPEX)

YnewesneHne obopyagosaHusa (CAPEX)

Pa3paboTKa paHee HeAoCTYMHbIX
CepBUCOB

MporpammHo-KOHPUTypUpyemble cetTu
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n pyumep npyumeHeHus

Llenb: YmeHblweHne sHepronotpedbnerHma s LO/

Stanford University - Elastic Tree

" OTKAKOYEeHue
HEeMUCNnoab3yemMbix
KOMMYTATOPOB 1 KaHA/0B

Ha ocHoBe cobpaHHOM

MHPOPMALIMK O CETH

ElasticTree (Stanford):
°large COKpalleHue

*small
3HepronoTpebneHns ao
® spread

0
¢ squish 60%
® hash

® model GLPK
® model GAMS

= [lpumeHeHue B Google




Skol

Skolkovo Institute o

cience and Technology

3. SDN KoHTponnep
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e Tpeb6oBaHUA K SDN KOHTponnepy S

e

* [TponsBoanTeNnbHOCTb * LOJ, TpebyeT 06paboTKy

>10M cobbITUI B CEKYHAY
— MponyckHaa cnocobHOCTb
pony —_ PeaKTUBHbIE

* events per second KOHTponnepbl bonee
— 3a4eprKKa “yyscTBUTENbHbIE”

* us

* HagexXHocTb 1 6€30MacHOCTb
— 24/7
* [MTporpammmnpyemocTb

— OYHKUMOHANbHOCTb: NPUNOXKEHUA N CEPBUCHI
— NHTepdenc nporpaMmmpoBaHUS




Cnacunbo 3a BHMUMaHue!
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