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SDN — oTaeneHune ynpasaeHMAa OT Nepenadm

NaHHbIX

Control Plane (CP)

TpaAMUMOHHas apXMTEKTypa CeTH,
rfie NNI0CKOCTb Nepesadu AaHHbIX
(Data Plane) u nnockocTb
ynpasnenus (Control Plane)
HaXo4ATCA B OAHOM GU3MYECKOM
ycTpoiicTae.

Mctounuk: Networklife.net

SDN, Software Defined Network: nporpammHo

KOHUTypUpyemas ceTb.
CeTeBble 31€MEeHTbI YNPaBAAOTCA NPOrPaMmmMHO 1 MOTYT BbICTPO
n apPeKTMBHO NnepecTpamBaThbCA

Data Plane (DP) I ! :

©

Ha ogHoMm du3nyeckom nyne ceteBbiX 3N1E€MEHTOB MOTyT ObITb
Pa3BEPHYTbl MHOIO CETEN, IOTNYECKN HE 3aBUCALLUX APYT OT

apyra.
Takue nornyeckune cetu MoryT nepenaBatb NOTOKM TpaduKa

pa3HbIX BU3HEC-MPUNOXKEHUN, HE MeLlana Apyr Apyry. .
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YnpoueHHaa

BupTyanbHble GpyHKUMMN

BupTyanbHble pecypcbl

AnnapaTHble pecypcbl

apxmteKkTypa NFV

BuptyanbHble cetesble ¢pyHKUUU (VNF)

NHdpacTtpyKtypa NFV (NFVI)
BUpTyanbHbIE BUpTyanbHbie
CHUCTEMbI XpaHeHns CeTeBble 3/IEMEHTBHI

-:rw -

YpoBeHb BUPTYanusauum (runepsusop)

AnnapaTtHbie pecypchbl

BypTyancHbIe
cepBepbl

Pecypcbl
BbIUMC/IEHUH

YnpasneHuve u
opKecTpauusa
NFV
MANO

(Management
Orchestration)
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KaK co34aTb BUPTYa/ibHOE CETEBOE
ycTponcteo n3 VNF

VNF-FG-2

AnnapatHble pecypcbl B GU3UUECKUX TOUKaX

O6o3HaueHunsA: W Touku NFVI ==p BUPTyasM3aLms === dusnueckuil IMHK *ses  JIOTUYECKMIA TMHK
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5G — ceTb Ha ocHoBe SDN/NFV

BupTtyanusauma cetm pagmuogoctyna Ha NFV ApXuUTeKTypa onopHou cetu 5G

TpaduyuoHHAa monosao2us Tononozus Cloud RAN

Internet Internet Cemesoli LLOA <— Backhaul IP

O6opyaosaHue Backhaul

Core
Network

Backhaul

O&M, YnpasneHue, OpKecTpauus

Backplane
BBU O6opypoBaHue Fronthaul
MpuHUMNbI U NpeumyLLLecTBa Fronthaul: CPRI,
OBSAI, ETSI ORI
Buptyanusa u,uﬂ ceTeBbIX MporpammHo- OTKpbITbIA MHTEpdelc ann g
nacmuyHocme u YposeHb abcmpazuposaHus Omkpoimas cpeda 01a
pacnpedeseHue pecypcos ons: pa3zpabomok RRU/ Radio
* OnepayuoHHas 2ubkocme * YnpasneHusa * Cnocobcmeyem co30aHulo RRH Unit
*  CHwi#teHue npocmpaHcmea u * bbicmpozo pazeépmeieaHusa CcepB8uUCHO-0pUEHMUPOBAHHOII
3Hepz2onompebnaeHusn *  OpKecmpayuu cucmemHbIX cemu SON
* CHuxceHue CapEx, OpEx u pecypcos * bosiee WUpoKuli hyHKYUOHAN
epemMeHuU pa3eépmbi8aHUA * 3Jsosnoyuu cucmemesl
6
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5G — ceTb Ha ocHoBe SDN/NFV

Virtualized Network Functions (VNFs)

SDN

VMF VNF VNF applications

NFV Management and
Orchestration

MNetwork
Resources

g

L---------------------

NcTouHuK: Oi
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NFV npoKknaabiBaeT gopory 5G

Q4o How important will NFV be to 5G networks?

Dot know
=" Feb’17 Survey sponsored by HPE

Key leitmotiv in the Industry ...

NFV paves the road to 5G !

— Source: Telecom TV 5G Survey, Feb2017

Enterprise ET




[paHu4YHbIe BbluMcneHna (Edge, Fog, Dew)
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G (Giga) — Giga-cdoeHomeH; TR — TpaHsucTopsbl, IC — MHTerpaabHble MUKpocxeMbl, PR — npoueccop;
INT — UHTepHeT, WEB — cAy>x6b1 WWW; GRID — pacnpeaeAéHHble grid-ceTu;

CC — Cloud Computing; FC — Fog Computing; DC — Dew Computing;

MEM — o6bem onepaTueHon namatu; CPU — TaKkToBasa HacToTA npoLleccopda;

GDT - Global Data Traffic; NET — noAocd NponycKAaHMA AOKAAbHOM ceTH, 1P — 5P — Pasbl pAIBUTHUA;

NctouHnK: Open Journal of Cloud Computing (OJCC) Volume 2, Issue 1, 2015, (https://www.ronpub.com/ojcc)
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Fog Computing — peweHune ana T
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Local
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Heavy Demand Alert P
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TexHonormu loT

el Short
Distance

UMTS, HSPA, LTE, LTE A
s WiFi
Zighee
kbps
Bluetooth
LoRa, SigFox, NB-loT, LTE-M
bps

N cTouyHUK:
Samsung
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Poccnmnckume texHonornm — Basmot (CTpuik)
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PocTt loT no 2020 .
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[TporpammHo-KoHdUrypupyembit LOJ SDDC
Software Defined Data Center

LleHTpanu3oBaHHoe pelleHie ynpaBneHms

== 3 =2
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DC-1 DC-2 DC-n VDG VDC.2 VDCon VDC - Virtual DC
(BupTyanbHbin LLOA)

TpaauumnoHHble LU0 — «cnmnocHaa» CTPyKTypa MporpammHO-KOHUTYypUpyembit obnauHbin LOA
14
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TpaHchopmaLma OT T

[ToorpaMMHO-KOHOUIYPU

KoHBEepreHTHbIM Nyn pecypcos

MuoroapengHocTs, USHTPANM3IOSaNNOe
Ypasaermne, AP SNRCTMYHOLTE

Buptyanmsauma

UT.pecypce conmecTworo
WENONBICRAHMA

App |

App - App
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(Cepeepel, Xpanesme, ncrx
Cersl DUIECKIE YITRORCTES Wc:""

|CepBeph, Xpanerne, Cets)

OpvHouHbI LIOA OpuHouHbIN LIOJ

TpaguuuoHHble UOMA —
«CUNOCHAs» CTPYKTYypa

DAANUMOHHbBIX K

yCTpOiCTEa

oyembim UO/ SDDC

PacnpeaenéHHbi KOHBEPreHTHbIN
nyn pecypcos
Pecypcw pacnpeaensoTcs 8o mHorvx LLOA,
BOSMOMHOCLTEIO HATACTPODOYCTORUMBOCTMI.

App
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App
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App
vDC

memuoe ynpasnexme [ OprecTpauus
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Bumvanmw -WW
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vcrppﬁcua
{Cepeeps,
XpaHeume, Cets)

(Capeepts,
Xpanesue, Catk)

[lporpammHO-
KOHGUTrypmpyemblin
obnauHbin LOM
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PeweHna komnanunm Kubota (Anonwusa) ansa loT

Facility /public office KUBOTA Group
KUBOTA Smart Infrastructure System
- I o |-l

General-purpose | Security-enhanced Business/diagnosis
5 monltorlng serverl_ 1onitor mg server server

\Servers R =

Mobile Kubota common network Kl

m Common platform D [II[ID

Smartphone  Diagnostic device

PLC
MU-1000 - tgjecommunication unit

Water level
Gate position
ater ) informti
level/quality ) (mm/miltsg)

Small water
supply system y
| ' & 3 informati Pressure/ = =

Water conveyance station = A = R 10l TTe e 4
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Drainage pump vehicle m&m \ W‘g#;k ‘ @ ‘ i == . - Ooonm|

Valve cutoff input e st peran "~ Air conditioner Sewage treatment plant

ﬁll?n? (LPGI ) Manhole pump
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Deutsche Telekom — SMS oT KopoBbl

B 2012 roay Deutsche Telekom
NOANMCaNa KOHTPAKT C ppPaHLLy3CKOM
komnaHuen MEDRIA Technologies,
3aHUMaloLLencs pa3paboTKom cuctem
MOHUTOPUHTA.

CornacHo KoHTpakTy, okosao 5000
depm B pa3HbIX cTpaHax EBponbl
6b1/IN OCHALLEHbI CUCTEMOW
CNeXeHnA 3a KopoBaMM Ha
nactbuwax Vel’Phone, Kotopas
aBTOMAaTUYECKMN onosellaeT pepmepa
O TOM, YTO KOPOBa Ha4ya/ia TennTbCA, a
Tak»e cuctemoi Heat’Phone,
KOTOpaa onosewaeT pepmepos o

Sensors Thermometers Data is ... and sent to the Farmer receives a Current analysis
oon the ﬂor register d:tecﬂemﬂs.emmre e lrcmmi:;:'ito ecenirfylumr fc:*:e o::messagewh’:;' eonddtrtoohhlsmys TOM, 4TO KOpPOBa rotosa K
noticeable movements  cha t give a GSM analysis usin, cow is in animals are a
that signal readiness noﬁrc‘gzsf an : collector... integrated SIM gcard or signals a coming available to ona1oA40TBOPEHUIO.
for conception impending birth birth and can promptly the farmer
notify the veterinarian Soarce: Deulsche Telelom

Ncrounuk: DT 17
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AT&T — Ycnyra Network

2015
21 wrat CLUA

Y

B npedenax wmama

MoBunbHbIid UHTEpHET

Y

AmnaHma, Yukazo

bBera-TecTMpoBaHue

&

vCE Router VNF

2016 —1H

CoseplueHcTso- ABTOMaTU3aLMA
BaHWe GYHKLUMHA NpOoLEccos

Enhanced HAucnemyepuzayua
Multicast

PaclumpeHme pbiHKOB

3anycK cpegHen [HononH. VNF
uCPE rnobansHo

Mapuwpymuzamop,
Mencemesoli 3kpaH
yepes VPN AT&T

Cisco CSR, WAN-X &
63 cmparax

2016 —2H

CoeeplueHcTBOBaHWE QYHKUMIA

Wholesale

MacwrabupoeaHue
obnaka AIC

Dononu. dopm-dartopbl
Y3/10B W ONMUMK yNpaBaeHua

Hebonbuwiue uCPE
CMOPOHHUE cemu

3anyck Hybrid VPN

*10G ports, enhanced multicast, PPCoS, diverse access, meet point, alternate service switch

ATBT Proprietary | © 2015 AT&T Intellectual Property. All rights reserved.

2017

ASEoD 4epes PON

WuTerpaums ronoca

HononH. VNF,
VNF Ha y3nax AIC

3anyck VPN SDN

Bupmyanusayus PE,
SDN Ha yposHe L2

AIC—ATET Integrated Cloud

uCPE — Universal CPE

VNF — Virtual Network Function

NFoD — Network Functions on Demand
PON — Passive Optical Network

ASEoD — AT&T Switched Ethernet on
Demand

on Demand Domain 2.0

AT&T: Function Virtualization Progress
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2015 2016

2017 (plan)

2018 (est)

2019 (est)

2020 (plan)

IIporpecc BUpTyasiu3alnu CeTEBbIX
dyHKIuU B ipoekte Domain 2.0.

_— 2016 2015
Operating income Q S 24,347 S 24,785 mb
Interest expense %940 S 4120 —5—35T3
Equity in net income of affiliates $ 98 $ 79 $ 175
Other income (expense) - net $ 277 S (52) $ 1581
Income tax expense $ 6,479 $ 1,005 $ 3619
Net Income $ 13,333 $ 13,687 $ 6736
Less: Net Income Attributable to

Noncontrolling Interest $  (357) S (342) S (294)

Net Income Attributable to AT&T $ 12,976 $ 13,345 $ 6442

2-KpaTHBIN POCT 10x070B AT&T 2014-2016,,
Sh
R
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Orange — KOHCONMAaLKMA 0bopyL0BaHUSA B

NFV nnatpopme

orchestration ) [3 6onblumx p,aTa-u,eHTpaxJ

{g retworgaions -
MGW

NFV B obnake

K 2020 roay

+

| virtualisation layer ) ' i B PoP Ha ceTu
scin IMS _
"= DDD AV
EPC SBC MVAS ' 4

CeTeBble BupTyanbHble

yHKLMM Ha ceTeBble GyHKLMUM
Bbl€N1€HHOM Ha CTaHJapTHOM
obopyaosaHum UT-obopyaoBaHum

BupTyanbHas ceTb B
obnayHoun

UHPPACTPYKTYpE




Vodaftone: SDN WAN ¢ VPN+, npoekTt Ocean

YnpasneHue Ha
OCHOBE MO/IUTUK

BupTyanbHble GyHKLMM
u service-chaining

VPN+

&

LleHTpanbHbIv
AaTa-LeHTp

ol +
Katanor suptyanbHbix ¢yHKumin Vodafone
Lo ] O © ) o)
ObnayHble
nposangepbl n OTT T

fee | “1'amazon ’ PITH
¥ webservices .

88 microson azure [ Office 365

Cloud Providers

Cloud |
Connect *,_

° SISA
~~ Ethernet

L Ll

CpepaHve naowaaku

®unnansl n HebonblLKe
NAOLWAAKM

YaaneHHble NAowWaaKu

* SDN WAN — anHamun4yeckas yCTaHOBKa CEPBMCOB

(Dynamic Service Instantiation), rubkocTb

npeaocTaBAeHus ycayr (nnaHnpyeTca BHeApPUTb K B 1
KB. 2017 r.).

* KomnnekcHas opkecTtpaums ycayr (E2E Service

Orchestration)

* VPN+: ueno4yHoe coctaBneHue ycnyr (service chaining)

N UeHTpanM3auma npeaoctaBneHns yCayr.

PazButue S— e
%, : X A 2
npoekTta Ocean i S €
Ha 2017-2019 IT. Y Y

MNnowaaku permoHanbHbix
KOHTpOAA

20



BT — Agile vCPE

TpaplM L'IMOH Haﬂ Connect Acceleration ﬂnﬂ ops
f . . N moaens MO BT Assuref-------=m"""7"7T 'Management
riverbed GBI oo T CETTeET
N < B IP Connect Globa _____
123 Ghegk Point /( --------------------------------------
v clohal e * 3aka3 obopyaoBaHus, NpeaBapuUTe/ibHan
\ e I -~ KOH¢Mrypau‘l‘4ﬂ AOCTaBKa
_______ * BM3MT Ha CaT, ycTaHOBKa M 3anycK K
——————————— Hauano L3 OHEL,
3anyck fie oA He-NFV: pa6o'|'b| 2am 4am Pa 6oTbl
YCTpOWCTB Y .
\a'akasquka .. _ 3 Bbl€3/[a K 3aKa34unky
Connect Acceleration | __________ m 'M ops
B v . e S— Management
NFV mopgen - 'G gt _

. . &

riverbed <- -
i Check Pontigme |
S E B

; ar (hypervr)

ol
e B
-

NFV:
1 Bble3, K 3aKa3uunKy

3anyck ogHoro
ycTpouncTea y
3aKasuymKa

IP Connect Global
BpeMFI HEOOCTYNMHOCTU yCayrum npu
3anyCcke — MMHYTbIl N CEKYHAbI

® Incoming Traffic (Kbps) 2015/05/05 10:40:21
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TpaHchopmaumsa SDN/NFV
BNTT Docomo

A}
2. Paspgenenue GpyHKUWIA U by y i
obopyaoBaHuA 0

*  CBoboaHas kombBUHauWa moayneii MO

1 obopyaosaHua
*  TubKoe u bbicTpOe pearnpoBaHue
3anpocbl ycayr

KommyraTopblobwere. ..
Ha3HayYeHu
1.

O~ &\ i
PasgeneHune onTUKK 1 ¥ =TT S
’
SNEKTPOHMKM s ‘

1 MUHUMU3aLUA ONTUKO-
3N1eKTPUYECKUX NpeobpazoBaHuii

*  06wan HPpacTpyKTypa 1
CHUXeHuWe 3HepronoTpebneHus

KoHeyHble nonb30BaTeny. s

CPU: central processing unit

TMOAHOCTbIO ONTUYECKUI TPAaHCNOPT

OxpaHa 3apaso-
Xpal Toprosna
Tpancnopt WHHoBauum ¢ MpoussoacTeo
> v
Typusm e oot Cnopr 1 pase/.
co3aaHuem yeayr -
MocTasLmnKu
ycayr

Q n -
Onepatopb! MVNO, ISP ; ey
; : ; orpacng ;
) )
I

YnpasneHue
Onepauuamu

h ¢yu\nuuu yeayr 3 0

& ;

Q! ‘
» 5
3 \

A \

YnpasneHve KOMBUHUPOBaHWEM
)

3. PasgeneHue pecypcos K
obopyaosaHua

v

[MHamu4ecKoe HasHayeH1e pecypcos,
Tpebyembix Ans ycayr (rMBKocTb pecypcos)
ONTUMW3aLMs onepauui, yy4iweHHas
HaAEXHOCTb

A
Ny
.
~
.

’
'l ’
N B N ﬂl/

ONTUYECKMil TpaHcnopT

=

NetroSphere

MVNO: mobile virtual network operator

ISP: Internet service provider

NTT
Docomo

Stock price performance from December 2015 to June 2016
(Changes compared with the prices on December 25, 2015 as 100%)

%

120
10
100 4 fi . A 72\ >
r\\ /
90
80
70
60
0
015/12 20161 0162 21673 20164 2165 20166
— Nikkei stock average == DOCOMO == KDDI == SoftBank
Source: Tokyo Stock Exchange, Inc.
p Adjusted free cash flows?
(Billiens of yen)
598.7 600.0
503.5
295.6
257.2
2256 I I
F 2011 2012 2013 2014 2015 2016
(Forecast)

3. Adjusted free cash flows exclude the effects of uncollected revenues due to bank holidays
at the end of the period, the effects of the uncollected amounts of transferred receivables
of telephone charges to NTT FINANCE CORPORATION, and changes in investment
derived from purchases, redemption at maturity and disposals of financial instruments
held for cash management purposes with original maturities of longer than three months.
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