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[Tpobnembl TENEKOM ONepaTopoB

 Konunyectsa TpaduKa pacrteT, TpebyeTtcsa
bosnble ceteBoro obopyanosaHma, HO noxon
He pacTerT.

— NHPpacTpyKTypa COCTOUT U3 NPONPUETAPHOIO
aoporo obopyaoBaHmA.

— CTaTuyecKoe pacnpeseneHme pecypcos.

— BblBOA, HOBbIX CepBUCOB 3aHMMaeTca 4o 138
MmecALes.




BuUpTya/sibHble ceTeBble CepBUCHI
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* Fragmented non-commodity hardware, Standard High Velume
* Physical install per appliance per site. Ethernat %dwit(h:‘-a
* Hardware development large barrier to entry for new Vg g
vendors, constraining innovation & competition. Network Virtualisation

Approach




YpoBHU pa3sutna NFV

4. Standard API's between Modules

3. Implementation in Virtual Machines

2. Network Funetion Modules

l. Software implementation of network
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YpoBHU pa3sutna NFV

I. Fast standard hardware = Software based Devices
Routers, Firewalls, Broadband Remote Access Server (BRAS)

= A.k.a. white box implementation
2. Function Modules (Both data plane and control plane)

= DHCP (Dynamic Host control Protocol), NAT (Network
Address Translation), Rate Limiting,
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YpoBHU pa3sutna NFV

Virtual Machine implementation

— Virtual appliances

= All advantages of virtualization (quick provisioning,
scalability, mobility, Reduced CapEx, Reduced OpExX, ...)

...........................

Standard APIs: New ISG (Industry Specification Group) in
ETSI (European Telecom Standards Institute) set up in
November 2012
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[lpenmyLlecTBa

NFV - nepeHoc ceTeBbIX PYHKLUUUN HA
BUPTYa/ibHble MALLUUHDbI:

* YnpouieHune pa3BepTbiBaHUA N OOHOBEHUHA
KaK codTa, TaK U Kenesa

* YMeHblleHMEe CTOMMOCTM 3a CYET
MCMONb30BaHUA CTAaHAAPTHbLIX CEpBEpPOB

 O6beanHEHME CEPBUCOB B rpynmnbl




[Tonmepbl

BRAS

TepmMmmnHauma NONb30BaTENbCKUX CECCUN
NHTepecyeT BbIroaa Ha oaHoro noab3osatena ~ 1Mbps

CTOMMOCTb CyllecTBytoWero peweHnm npumepHo 10K
3a 10Gbps => OgHo noakntoyeHue = S1

C NFV: ognH cepep morxket obpabatbiBaTb 50Gbps.
CtonmocTb S5k => OaHo noakntoyeHue = SO.1.

CG-NAT
— TpaHcnauma agpecos
— BbICOKaA CTOMMOCTb CYLLECTBYIOLMX PeLleHUN.
— 3KoHOMMA: S$16 -> S4 -> $2 Ha nogKNYeHne
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NFV with the SDN Control Plane
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* NTT DoCoMo — aAnHamunyeckoe
nepepacnpensieHne pecypcos

Call acceptance rate ' call acceptance rate
5% . 25%

Estimated peak demand during
the disaster
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ApXxuTteKkTtypa no ETSI

NFV Management and Orchestration

Os-Ma
g . | NEV
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T 1 v L
i : : ' Infrastructure
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I IVH-NT ~+ Vi-vnfm
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Virtual Virtual Virtual
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INF-V Virtualized Or-vi
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#—=& Execution reference points —}— Other reference points =~ ==eme Main NFV reference points

Figure 4: NFV reference architectural framework
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OCHOBHble TEPMUHDbI

Network Function (NF): Functional building block with a
well defined interfaces and well defined functional behavior

Virtualized Network Function (VNF): Software

implementation of NF that can be deployed in a virtualized
infrastructure

VNF Set: Connectivity between VNFs is not specified, e.g.,
residential gateways
VNF Forwarding Graph: Service chain when network

connectivity order 1s important, e.g., firewall, NAT, load
balancer

NFV Infrastructure (NFVI): Hardware and software required
to deploy, mange and execute VNFs including computation,

networking, and storage.
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Network Forwarding Graph

| An end-to-end service may include nested forwarding graphs
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R = W
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OCHOBHble TEPMUHDbI

NEFVI Point of Presence (PoP): Location of NFVI
NFVI-PoP Network: Internal network

Transport Network: Network connecting a PoP to other PoPs
or external networks

VNF Manager: VNF lifecycle management e.g., instantiation,
update, scaling, query, monitoring, fault diagnosis, healing,
termination

Virtualized Infrastructure Manager: Management of
computing, storage, network, software resources

Network Service: A composition of network functions and
defined by its functional and behavioral specification

NFV Service: A network services using NFs with at least one
VNF.

Hon.rnasbl KOMNbOTEPHbIX CETEN
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OCHOBHble TEPMUHDbI

User Service: Services offered to end
users/customers/subscribers.

Deployment Behavior: NFVI resources that a VNF requires,
e.g., Number of VMs, memory, disk, images, bandwidth,
latency

Operational Behavior: VNF instance topology and lifecycle
operations, €.g., start, stop, pause, migration, ...

VNF Descriptor: Deployment behavior + Operational
behavior

NFV Orchestrator: Automates the deployment, operation,
management, coordination of VNFs and NFVI.

VNF Forwarding Graph: Connection topology of various
NFs of which at least one 1s a VNF

Hon.rnasbl KOMNbOTEPHbIX CETEN
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BapuaHTbl NTpUMeHeHUA

a2 Cloud:
1. NFV infrastructure as a service (NFVIaaS) like IaaS

2. Virtual Network Functions (VNFs) as a service (VNFaaS)

~ like Saa$S
3. VNF forwarding graphs (Service Chains)
4. Virtual Network Platform as a Service (VNPaaS) like PaaS

d Mobile:
5. Virtualization of the Mobile Core Network and IMS
6. Virtualization of Mobile Base Station

d Data Center:
7. Virtualization of CDNs

d Access/Residential:
8. Virtualization of the Home environment

9. Fixed Access NFV

Hon.rnasbl KOMNbOTEPHbIX CETEN 18
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VCPE — virtual customer Premise Equipment

* Y KAMeHTa — MasieHbKasAa KOpobOoUKa

* YacTb CepBUCOB Y KNMEHTa, YacTb B 0bnaKe

Orchestrator
VNFs VNFs

————————————
******
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YacTb Il: MpobnemaTtmka
NPOuU3BOANTENBHOCTU CETEBDIX
CEPBMNCOB




Acceptableperformance . e e e mm e m——— — | ————— — —

EXECUTION

CyTb npobaembl C
NPOnU3BOANTENBHOCTbIO

80 Gbps per COTS blade

VM ' @vPoP

ININIDOYNVIA

EXECUTION

Without applying best What can be achieved

practices doing things well
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YcTpoucTBO y31a NAatPopmbl ANS
BUPTYaAm3auunm

Firewall, VPN, IDS, ...

S tware Switch

DS/Linux

— L )

lardware

CeteBan Yckoputenb Anpo Linux

CraHpapTHbIN
KapTta 06pabotkM  KommyTtaTtopa

npoweccop




Y3KMe mecTa

 Linux Networking Stack

— 300Kpps
Open vSwitch
s VM




Y3kune mecta (OVS)

Exp. server
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Y3kne mecta (KVM)

Experimental server
VM o
\\ m O.Vj . 8200
eth) ethl
; 1 k’. )
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eth) ethl
| |
. 3azmep:xka ,
- 300us
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—  20Kpps (kernel OVS)

— 200Kpps (userspace OVS)




TpeboBaHMA K cepBuUcy

4 ™
' )
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VM v | vm | vm VM VM

I---- Hypervisor ---I
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BoamosxsOCTE TpuBa3ku VM K sapam mpoiieccopa

MacinrabupoBaHusa cepBrca Ha VM 1o mMeIIuMCcs SapaM IIpoiieccopa

BoamoskHoCTE 3ammycka cepBuca 6e3 VM




Intel DPDK

DPDK = Data Plane Development Kit
http://intel.com/go/dpdk/

Intel DPDK — 310 Habop 6MbanoTek n apamnsepoB Ans
6bicTpot 06paboTKM NakeToB Ha naatpopmaxintel.

Ncnonb3oBaHMe 6onblUMX BUPTYasbHbIX cTpaHuy, (huge
pages 2mb/1gb).

Pa3smelleHne o6 beKTOB paBHOMEPHO MO BCEM KaHaam
onepaTUBHOM NaMATH.

AZpecHoe NPOCTPaHCTBO KapPTOYKN AOCTYMHO U3
userspace.

Hebnokupytowme ouepeam ans nepegadm NnakeTos.

HeT npepbiBaHuii B gparBepax DPDK — aKTUBHbIN LKA,

AKTMBHOE ncnonb3oBaHue SSE MHCTPYKUMiA ana
06paboTKN NaKeToB.

BbiaeneHne Lenbix AAep NpoLeccopoB noa 3aaun.

Intel® DPDK Libraries
Customer
Buffer Management Application
Queue/Ring Functions 3 Customer '
- — Application
Packet Flow Classification e
co Customer
NIC Poll Mode Library Application
User Space
Kernel Space

Environment Abstraction Layer .
Linux Kernel



http://intel.com/go/dpdk/

OPEN VSWITCH

An Open Virtual Switch

* Open vSwitch - 3To BMPTYanbHbIM NPOrPammMHbIN
KOMMYTaTop, KOTOpbIM obecnevymnBaeT
coeiIMHEHUE MeXAY BUPTYa/IbHbIMU MalLMHaMM
N PU3NYECKUMUN nHTEPPEencamum.

* MopnepnsaeT obblyHYO Ethernet kommyTauuto
c VLAN, SPAN, RSPAN, GRE, sFlow, Netflow.

* YactnyHaa noaaeprkka OpenFlow 1.2.




ApxuTteKktypa Open vSwitch

LSerspace

kernel

| ovs—vswitchd

| ofproto
+—————— +—t——————— +
| metdev | |ofproto-—|
- + | dpif |
| netdev | +———————- +
lprovider| |
- +

I | dpif |

11 lprovider|

N +-—=]1---+

Intel® DPDK

I
phy=sical
HIC

| <——=owv=zdb—-=erver

|<——>CpenFlow controllers

implementation of
ofproto provider




Intel DPDK vSwitch

* https://github.com/0lorg/dpdk-ovs

Software Components*
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https://github.com/01org/dpdk-ovs
https://github.com/01org/dpdk-ovs
https://github.com/01org/dpdk-ovs

PaboTta ¢ BUpTyasnbHbIMN MaLLMHAMM

Cnocobbl paboTbil:
* VIRTIO

— Mpo3payHo AnA NpUNOKEeHUM Ha
BUPTYa/ibHbIX MaLUMHAX

— MephneHHO

* |[VSHMEM

— Camasn BbICOKaA CKOPOCTb

— Tpebyet “3aTaunBaHua” cepsuca nog,
Intel vSwitch

* VHOST

VirtlO
Eth

DPDK

VirtlO DI DK




Pe3synbtaTbl: Phy-to-Phy (Kpps)

Packets per second comparison
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Pe3synbTtaTbl: Phy-to-VM (Kpps)

18000

16000

14000

12000

10000

Kpps

8000

000

4000

33

Packets per Second

L —d
L - - : o
g4 128 256 512 1024

PacketSize (Bytes)

1400

e OV5 150

=i K ernel Bridge
vEth

i [\ SHM

=== Theoretica




Mbps

Pe3ynbtaTbl: Phy-to-VM (Mbps)
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YacTtb IlI: NFV+SDN
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SDN vs NFV

Concept of NFV originated from SDN
= First ETSI white paper showed overlapping Venn diagram

= It was removed in the second version of the white paper

NFV and SDN are complementary.
One does not depend upon the other.
You can do SDN only, NFV only, or SDN and NFV.

Both have similar goals but approaches are very different.

SDN needs new interfaces, control modules, applications.
NFV requires moving network applications from dedicated

hardware to virtual containers on commercial-off-the-shelf
(COTS) hardware

NFV is present. SDN is the future.

Virtualization alone provides many of the required features
Not much debate about NFV.

Hon.rnasbl KOMNbOTEPHbIX CETEN
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OCHOBHbIe 334a4M

* OpkKecTpauma
— +nnaHUpoBaHue

* Service Chaining

* [Mepexoamm Ha cnangbl EWSDN-2015
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* Ha apyrom cnanae
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3aKn4yeHune

i 9BOI1POLI,I/IFI ceTeBbiX CepBnCoB
— [lponpueTtapHoe XKeneso
— [MporpammHble peLleHna Ha 0bbIYHbIX cepBepax
— BupTyanbHble pewieHna Ha 06bIYHbIX cepBepax

* EAMHMUA ynpaBneHMA — BUPTYasibHAA MalLUHA

* [MBKOCTb, MacLLabupyemocTb,
NPOMN3BOANTENBHOCTb

SiliconANGLE » NFV Will Cause A Paradigm Shift For Telcos | #HPdiscover

NFV will cause a paradigm shift for
telcos | #HPdiscover

MIKE WHEATLEY | JUMNE

| hali
Chttw http://arccn.ru/ @ aghalimov@Ivk.cs.msu.su , G
| @arccnnews
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BBOAHbIE K 3a4aHNAM

NETWORKS

e CTapocTbl A0MXKHbI NPUCAATb MHE Ha NOYTY
CNUCKM cBOEeNn rpynnbl ¢ email agpecamu

— ashalimov@Ivk.cs.msu.su

* [1o HUM byayT pa3ocnaHbl 3a4aHNA NO KypcCy
* +pedepaTsbl
* CpoK 1 Henensa no 23 oKTAbPS.
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O 3agaHue no kKypcy SDN/NFV

NETWORKS

\l\

RUN@S

* Pa3paboTKa npuaoxKeHnm gnsa KouTpoanepa Runos
— Camo npunorkeHue
— CKpuntbl Ha Mininet gnha amynnpyemomn Tononorum
— CpaBsaTb BCe apXMBOM.
* Wcnonb3oBaTb KOHTpoAnnep Bepcun 0.5 c github
— https://github.com/ARCCN/runos

* Bce Bonpocbl NO 3aa4aHMAM 1 No Runos B CNMUCOK
PACCbI/IKK

— http://eroups.google.com/d/forum/runos-ofc

* Ecnu Hawam Kakon-to bar ©, To opmumanbHO
onmcbiBaem mx Ha github issues

— https://github.com/ARCCN/runos/issues

Hon.rnasbl KOMNbOTEPHbIX CETEN
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* banaHCUPOBKA Harpys3Ku

— B3BelwaHHbIY round robin

* Tononorus

— <HApMUCOBATb Ha A0CKe>
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i 3akntoyeHume no kypcy SDN/NFV

NETWORKS

SDN — nporpammHoe ynpaB/sieHne KOMMNbTEPHbIMU
ceTaAMMU

NFV — 3anycK ceTeBbIX CepPBMUCOB, KaK Nporpammsbl B
BUPTYa/IbHOM OKpPYXeHUu

SDN+NFV — He3aBucumble 1 AONONHAKOWME Apyr Apyra
TeXHO/N0rmu, cnaa B 0OA4HOBPEMEHHOM UX MPUMEHEHUN:
Hanpumep, opKecTpauma BUPTYyasibHbIX CEPBUCOB.

SDN/NFV World Congress video et

competitive

— https://vimeo.com/111458169 0.
yhid
parties.

Creates network
abstractions to
enable faster
innovation.

Software
Defined
Networks

— Network
Functions
Virtualisation

Reduces CAPEX, OPEX,
Space & Power
Consumption.

alex shali
m http://arccn.ru/ @  zshalimov@Ivk.cs.msu.su y@ B
@arccnnews
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