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ObLme NpMHUMMbl BUPTYanu3aunm

Virtualization abstracts the underlying physical structure of various
technologies. Virtualization, in computing, is the creation of a virtual (rather
than actual) version of something, such as a hardware platform, operating
system, a storage device or network resources

Server virtualization

* Creates multiple isolated environments

e Allows multiple OS’s and workloads to run on the same physical hardware
* Solves the problem of tight coupling between OS’s and hardware



Virtual Machines

Virtual machines provide:

Hardware independence—Guest VM
sees the same hardware regardless
of the host hardware

Isolation —=VM’s operating system is
isolated from the host operating
system

Encapsulation—Entire VM
encapsulated into a single file




Two classifications of Hypervisors

Native (Hardware-Level): software App | | App App
runs Guest | | Guest Guest
os1||os2| - | osk

* directly on top of a given hardware
platform as a control program for

operating systems I Hardware |
Hosted (OS-Level): software runs szzt '“”’"(?.Liezt
* within an operating system 0$2| - | OSK

. Virutal Machi
environment as a control program "App |

for other operating systems

Host Operating System

Hardware |




Virtualization and Hypervisors
Hypervisors: Type-1

= Properties

= Thin hypervisor layer with direct hardware control
running on top of bare metal.

= Hypervisor manages CPU and memory resources.
= Guest OSs rely either on hypervisor or its facilities for
1/0.
= Strong partitioning and isolation by controlling the
hypervisor.
= Applications

= Server virtualization in datacenters.




Virtualization and Hypervisors
Hypervisors: Type-1 VMware ESXi/ESX

Type-1 bare metal hypervisor.

= ESX s the original version that includes “Service Console”
for management.

3
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= ESXiis a compact version with minimal management.
Management through Web interface and vSphere.

Supports any guest OS.

= Windows, Linux, etc

Key technology: Binary translation.

= Enables direct execution of Guest OS without
modifications.

I/0 managed by hypervisor.




Virtualization and Hypervisors
Hypervisors: Type-1 KVM

= Requires hardware virtualization.

= Standard with several Linux distributions.
QEMU + KVM Driver -> Virtualization.
= QEMU provides hardware abstraction and
allows any unmodified OS to run on top of Linux.




Virtualization and Hypervisor g

VMware

Hypervisors: Type-2 Workstation

Type 2 Hypervisor

Hypervisor

Application Application

Kernel

Hardware (CPU, RAM, hard drives, etc.)

|| Parallels



[lpenmyLlecTBa BUpTYyanm3aynm

Simplified administration

Hardware independence/portability
Increased hardware utilization
Server consolidation

Decreased provisioning times
Improved security



Buptyanmnsayum ceteBbiX
9J1IEMEHTOB

* Network Function Virtualization NFV — 3TO
3aMeHa ceTeBbiX anemeHToB IMS, Firewall,
DNS Ha BupTYyanbHble MaLlnHbI VM,
KOTOpPble BbINONTHAIT PYHKLWUN CETEBbLIX
3NeMeHTOB.

* BupTyanbHble MalLUUHbl MOTYT
pa3mMmeLllaTbCs B CTaHJAPTHbLIX cepBepax
HP, IBM nnn B obnakax (Clouds).



Apxutektypa NFV

Virtualised Network Functions (VNFs)

VNF VNF VNF VNF VNF

NFV Infrastructure (NFVI)

Virtual
Compute

Virtual
Storage

Virtual
Network

Virtualisation Layer

Compute

Storage Network

Hardware resources

NFV
Management
and
Orchestration




[ pad nepecbinku mexay VNF

End-to-end network service




ApPXUTEKTYpPA N MHTEPDEUCHI

NFV

NFV Management and

Orchestration
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[IpMep noctpoeHna cetu LTE (1)
AnnapaTHoe pellueHune

sRIO interfa/ce for inter-eNB CoMP

Advantages: é
¢ inter-site CoMP CPRI RRH

* TCO decreasing

* Maintenance simplification
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e.g. 9714-H Indoor




[lpumep nocTtpoeHusa cetu LTE (2)
YacTunyHaAa BupTyamsauma

I BBU Additional advantages:
i ¢ Virtualization
S?“ Servers J functi ’ .
ons * On-demand resources reallocation for BBU
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[IpMep nocTtpoeHna cetun LTE (3)
[loniHaa BupTYyam3ayma.

Additional advantages:

e Full Virtualization,
* Point to point transport links are not required
4

RRH —<
W
<
: — RRH
Ethernet Transport net

Servers m (IP/MPLS) | <

RRH
\ N\ RRH —<
Ethernet \

RRH —<




BupTyanusauns aapa MobunbHoOm
ceTn n IMS

1. Uenb Buptyanusauumu
1.1 CokpaTuTb pacxodbl Ha BnageHne CeTbHo

1.2 ObecneunTb Donee BbICOKYH HAOEXHOCTb
3a CYET AMHAMUNYECKOIro U3MEHEHUS
BUPTYann3npoBaHHOU CTPYKTYpPbI

1.3 ObecneunTb ObLICTPYIO MOACTPONKY CETEBOU
MHAQOPACTPYKTYPbl NO4 N3MeHeHUAa Tpaduka

1.4 ObecnevnTb BbICTPOE N3MEHEHUE
TOMONOrnMm cetTn ang odbecneyeHuns ee
MaKCMMaribHON NPOYCKHOM CNOCOOHOCTH



CTpyKTypa 3GPP mobile network.
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BupTtyannsnposaHHoe pelleHne
ana EPC
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BupTtyanusauusa IMS
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UTto Takoe Obnako?

O6GnayHble BbIYMCIIEHUA 3TO MOAENb AN opraHn3auum yaobHoro ceteBoro
OO0CTYra rno 3anpocy K obwemy pasgensemMmomy nyrny KOHQUrypmupyembix
BbIYMCIUTESbHbIX PECYPCOB (HAaNpuMep, CeETEN, CEPBEPOB, XPaHUMNLL,
NPUNOXXEHUN N CEPBUCOB), KOTOPLIE MOTYT ObITb OLICTPO HACTPOEHbI U
npenocTaBneHsl ¢ MUHUManbHbIMU YCUNUAMN 1 B3aUMOLENCTBMEM CO
CTOPOHbLI MpoBangepa ycnyru.

TpaOVUNOHHbIN Oobnako
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[Tokynka goma ApeHpa goma



CpaBHUTEeNbHbIE XapaKTepPUCTUKN

obnakoB
e OObeanHeHMe pecypcoB B obLLne nyrbl

e CKOpOCTHOW CETEBOWN AOCTYN Bup Ty anguO
e CaMooBCnyxu1BaHue no TpeGoBaHmio o~

e MrHoBeHHas 3nacTU4YHOCTb

e [1pOo3pa4yHOCTb N3MEPEHNSA N BbICTABNEHUS

CYETa

a_npumwmep
OpenStack




ANacTU4YHOCTbL

dHeBHOe Bpems.
Bce pa6oTator
B KOMnaHum A.

Pabouyee Bpems
3aKOHYUIOCh.
Hdeno caenaHo,
MOXHO " No
aomam.

OcTanucb camble
ynopHblie. Maecpins
OoTKpbiBaeTFasa
KomnaHus B

Ha4yuHaeT paborTy.

i CepBepa BblaeneHHble KoMmnaHum A ' CepBepa BblaeneHHble KoMmnaHum B




Moagenb ob6na4vyHbIX cepBUCOB

KnunenTtbl O0Onaka

Beb-6paysep, MOGUnbHbIE NPUNOXKEHNSA, TOHKUI
KNWEHT, SMyNaATop TepMuHana,...

1L

SaaS S

Google
Urpsil, ... =
PaaS ’,}
6a3a gaHHbIX, BeO cepBep, cepBep NpUoXKeHUNn,

2O ugle"

App Engine

cpencTBa pas3paboTky U TECTUPOBaHMS, ...

laaS

BMPTYyanbHble MalLWHbI, CepBepa, XpaHunuua,
GanaHCUPOBLLMKN Harpy3Kku, CETH. ..

The Ins and Outs of

CRM, Email, BupTyanbHbIn paboyunii cTon, | @) |
| webservices™




Tunbl oonakos

ﬁ

Used for a single organization;
can be internally or externally
hosted

Shared by severw
organizations;
typically externally
hosted, but may be
can be internally
hosted by one of
the OtganizationsJ

HYBRID

Compasition of two or more
clouds (private, community or
public) that remain unique
entities but are bound together,
offering the benefits of muitiple
deployment models; is internally
& axternally hosted

Provisioned for open
use for the public by a
particular organization

who also hosts the
service




UTo Takoe OpenStack ?

OpenStack: komnnekc npoektos cBO60AHOMO NPOrPaMMHOIO
obecneyeHmnsi, KOTOPbI MOXET BbITb MCMONb30BaH AN CO34aHMs
MHPPACTPYKTYPHBLIX 0BNaYHbIX CEPBUCOB.

Bepcuu:  Austin -> Bexar -> Cactus -> Diablo ->
Essex -> Folsom -> Grizzly -> Havana ->
IcehouseI -> Juno -> Kilo -> Liberty

aaS
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| OPENSTACK
//_J CLOUD OPERATING SYSTEM

bl

Networking Storage

OpenStack Sharec i Services

Openstack

Standard Hardware




Y10 Takoe OpenStack ?
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Components of OpenStack

laaS OpenStack npoekTbl

Nova

Compute

Swift (Objects)
Cinder (Block)

Identity

Glance (Images)

Dashboard

Keystone
Network
Horizon
Metering
Neutron

Orchestration
Ceillometer

Heat




OpenStack Architecture

Auth for

Dashboard

b

Identity
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Provides Ul for Provides Ul for
. > 1 / Ul for Ul for
/ Provides
Network Auth for
Provide @ -
ﬂ} network :
8 connectivity ~# Stores @ @ Stores disk Object
for ComPUte images in files in Storageo
| l Image
Q Provides
volumes
Block [~ for ‘
: Provides
Storage fZ'ot\t/:c:es Provides Auth for
D L Auth for
L Provides
G Auth for
Provides
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KoHuenuua SDN



Traffic Plane, Control Plane, Management Plane

Management Plane

OyHKUMM yNpaBneHns ceTbto

N

Control Plane

PyHKUMKN ynpaBreHus nepegaden Tpaguka

N

Traffic Plane

dyHKUMKM Nnepegayun Tpaduka, peannsyroTcs y3namm cetm




TpagnumoHHas peanmsauns Tpex nnaHoB.

- > < >
TP — Traffic Plane Management Centre MP — Management Plane
- >

CP — Control Plane

a4 N

Node Node Node Node
- P - - P




3aga4yn NpuKnNagHoro ypoBHS.

< > - _
TP — Traffic Plane Management Centre MP — Management Plane
-« > | HacTtponku ACL, HacTponkun
QoS, opraHunsauus nepegayn
CP — Control Plane | Tpaduka, HEOBXOAMMOrO AN
va paboTbl NPUNOXEHUN.

a4 N

Node Node Node Node
- P - - P




< >
TP — Traffic Plane

< >
CP — Control Plane

SDN Controller

KoHuenuma SDN.

Management Centre

< > 4
MP — Management Plane |
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A
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Node (= Node (= > Node [« > Node




Peannsauusa npunoxeHun B cetn SDN.

dopmurpoBaHue yCcrosumin APPLIOARON LAVER . |
nepegaym Tpaduka gns 3 |
YPOBHS ynpasrieHUs

dopmunpoBaHue npasur
CONTROL LAYER

nepenayun Tpaduka B Network

Services

COOTBETCTBUA C YCITOBUAMMU
MPUKITagHOro ypoBHA

INFRASTRUCTURE
[Nepepnaya Tpadmka B LAYER

COOTBETCTBUUN C

NpaBUNaAMU, s

cpomMMpoBaHHbLIMU Ha
YPOBHE yrpaBfieHUs




[1IporpaMMHO-KOHUrypupyemble CeTu
Software Defined Networking

£ OPEN NETWORKING
¢ FOUNDATION

APPLICATION LAYER

CONTROL LAYER

Control Data Plane interface

.g., OpenFlow)
INFRASTRUCTURE LAYER Control data plane protocol

Network Device Network Device

Network virtualization and slicing

Basic ONF-defined SDN Architecture




BeegeHue B OpenkFlow



OcHoBHbIE npuHUmMnbl opraHnsauun OpenFlow.

Controller

|
OpenFlow Protocol

¥

|
I
Secure | | Group
Channel | | Table
Ere————.
Flow Flow
Table [2 "> Table
Pipeline

-
OpenFlow Swiich



ObpaboTKka NoTOKOB AaHHbIX.

[o6asneHune n OTtnpaBka naketa
yoaneHue sanmcen OS5 aHanusa B
Flow Table KOHTposnep

{ » Flow Table —» S Flow Table } >

YnaneHnue 3anucen Flow Table no Tanmepy



[TpoxoxaeHue NOTOKa NnakeToB




[lapameTpbl BNnarLume Ha
NpoOXoXOeHne NoToka
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OCHOBHble KOMMOHEeHTbI SDN

¥ Application Program Interface (API) SDN: pa3suTie B HanpasneHu

cetoio Yepe3 SDN korTponnep - Network MPUOKEHWIA 1 MOBEPX MOMHOCTHIO

SENcE I ace [I03) TaaBES T L. aBTOMaTU3UPOBAHHOIA

B3aumopgencTeune mMexay ceTesbiM

KOHTDONNEPOM W CETEBLIMU 3NEMEHTaMMU - AP'S i 2l il S i RS

uamepgbeticsl Netconf/Yang, Open Flow

(OF) um.n. - - TOTOBHOCTb CeTH K

CeteBoit_ _ aganTauuu noa
YnpouweHme AU sonomomey cooTBeTCTBYlOWME
nepucepun : | ,\ 9 NPUNOXeHUA
SapaEME A\ & / I Cap . ABToMmaTM3auus &
= oumstwome

CepPBUCHOro YPOBHA

YnpoweHHan
nepudepus
33KA3HMKA

Bricoko
Macwrabupyemein
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[lpumep ycnyru E-Line

Mpumep yenyru NSP. Snacmuynsie yenyau E-Line (BunHamuyveckoe usmeHeHue CIR/EIR )

m EVPL ¢ onpeaenexHbiM CIR/EIR
yCTaHaBnNUBaETCA Mexay AsyMA y3namu 1830
PSS. 3aka3yuK 3axoquT B noprarn U ycTaHaBnMBaeT
HoBble 3Ha4yeHua CIR/EIR
m KOHTpoOnnep cepBucoB NPOBEPAET,
COOTBETCTBYIOT N BHECEHHBIE 3HaYEHUA C
3apaHee CrnaHupoBaHHbIMK OrpaHUYEHUAMM B
COOTBETCTBUM C NONUTUKAMU U MEHAET YPOBEHD
CIREEIR
MEF obnayHble ycrnyri: SnacTuyHble L2 ycnyrm
Fae ucnonk3oBaTk: KOPNOpatuBHbLIE
CoeuHEHUA; nonoca no TpeboBaHMIo; BCMbiLLKa
Tpaduka B obnake; obnayHbie NPUNoXEHUA,;
MUrpauua Harpy3ku B ceTu; mobile backhaul.
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