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+ 5G will be a key growth driver between 2020 and 2025. 5G test equipment will contribute $1 billion in revenue in 2025.
+ Industrial loT and connected devices will increase demand for communication testing.

+ Segment revenue is expected to be $25.05 billion by 2025.

Note: All figures are rounded. The base year is 2015. Source: Frost & Sullivan
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® The Open Networking Foundation (ONF) is a non-profit operator led
consortium driving transformation

@ Projects

— CORD: The CORD (Central Office Re-architected as a Datacenter) platform

leverages SDN, NFV and Cloud technologies to build agile datacenters for the
network edge.

« E-CORD, M-CORD, R-CORD
— Trellis Project, UPAN(Unified, Programmable & Automated Network) project

@ Standards

— OpenFlow Spec, OpenFlow Test Spec
— OF-Config, Open Transport

@ Certificates ~

— OpenFlow® Conformance Certification &
— CORD LEARNING LABS M-

Open Networking Foundation

-13-
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SDN OpenFlow S/W Conformance Test

® OpenFlow Switch v1.0
— Conformance Test Specification for OpenFlow® Switch Specification 1.0.1
— Test Spec — 200 Test cases

@ OpenFlow Switch v1.3.4

— Conformance Test Specification for OpenFlow® Switch Specification 1.3.4 — Basic
— Test Spec — 340 Test cases

| ONF unveils OpenFlow V1.3 test spec, new test lab in South Korea t “
Dan Meyer

EPTEMBE Software-defined networks (SDN)
-
(v o

Open Networking Foundation

ONF move continues push in support of SDN platforms -14 -
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® OpenFlow version 1.3 testing spec.

Control Channel

Controller to Switch Messages
Flow Table Miss

Flow Table Matching

Flow Table Match Prerequisites
Flow Table Match Combinations
Flow Table Actions

Flow Table Action Set

Flow Table Modifications

Flow Table Errors

Counters

Protocol Messages

Port Structure Protocol Message
Action Header Protocol Message
Switch Config Protocol Message
Flow Mod Protocol Message
Multipart Reply Protocol Message
Multipart Reply Section 1 - 4
Packet Out Protocol Message
Packet In Protocol Message
Flow Removed Protocol Message
Error Messages Section 1 - 2
Symmetric Messages

® CORD system t

— System Test Resu

— High Level Test Strategies(version 6.0)
— System Test Plans(M/R-cord)

— Authorized CORD Lab

est

Its

Router Gateway

Jegins / G

Spine Switch (S1)

I
. _ Leaf Switch (L1)

Head Node 1 _ _
eth1 L

3_/ Spine Switch (S2)
|
S Leaf Switch (L2) |

"'Compute Node 3 =g

— ompute Node 2_

:Fompute Node 4«

MAAS Node <

R-CORD TestBed Setup for Performance testing
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Open Networking Foundation
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NEV SOL WG
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Solution
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@ ETSI NFV TST - STD

ETSI GS NFV TST 001

ETSI GS NFV TST 002

ETSI GS NFV TST 003

ETSI GS NFV TST 004

ETSI GS NFV TST 005

ETSI GS NFV TST 006

ETSI GS NFV TST 007

ETSI GS NFV TST 008

ETSI GS NFV TST 009

ETSI GS NFV TST 010

Network Functions Virtualisation (NFV); Pre-deployment Testing;
Report on Validation of NFV Environments and Services

Network Functions Virtualisation (NFV); Testing Methodology;
Report on NFV Interoperability Testing Methodology

Network Functions Virtualisation (NFV);
Open Source Components for NFV Open Source Components for NFV

Network Functions Virtualisation (NFV); Testing;
Guidelines for Test Plan on Path Implementation throught NGVI

Network Functions Virtualisation (NFV); Continuous Development and Integration;
Report on use cases and recommendations for VNF Snapshot

Network Functions Virtualisation (NFV); Testing;
Report on NFV CICD and Devops

Network Functions Virtualisation (NFV); Testing;
Guidelines on Interoperability Testing for MANO

Network Functions Virtualisation (NFV) Release 2; Testing;
NFVI Compute and Network Metrics Specification

Network Functions Virtualisation (NFV); Testing;
Specification of Networking Benchmarks and Measurement Methods for NFVI

Network Function Virtualisation (NFV) Release 2; Testing;
API Conformance Testing Specification API Conformance Testing

-18-
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esineveugess Sl UGTESTS 7

th — fth
29™ May - 8™ June 2018 INTEROP EVENTS “2

® The main goal of the NFV Plugtests is to run multi-vendor interoperability
test sessions among different Functions Under Test (FUTs) provided by
different participants. Over 45 organisations and 200 engineers were
involved in the preparation of this two-week event forming an engaged
and diverse community of NFV implementers participating with:

@® 19 Virtual Network Functions (VNF), some of them providing also Element Manager (EM)
and specific VNF Manager (VNFM) functionalities. These VNFs were combined in 27
different multi-vendor Network Services (NS)

® 10 Management and Orchestration (MANO) solutions, providing NFV Orchestrator (NFVO)
and VNFM functionalities

@ 9 NFV Platforms, including hardware, providing NFV infrastructure (NFVI) and Virtual
Infrastructure Manager (VIM) functionalities

ETSI Plugtests Report V1.0.0 (2018-08) - 19-
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® BMWAG: Benchmarking Methodology Working Group
© HESA C|HO|A, A[AH, MH|AS 2o #IX|0 2 HEE /IZ1E.
@ Management plane/Control plane/Forwarding plane HIX|03 &2
® RFC 2544 - Benchmarking Methodology for Network Interconnect Devices
® RFC 3511 - Benchmarking Methodology for Firewall Performance

@ Active SDN/NFV related drafts
® Benchmarking Methodology for SDN Controller Performance (draft - RFC)
® Methodology for VNF Benchmarking Automation (draft)
@ Considerations for Benchmarking Network Virtualization Platforms (draft)

https://datatracker.ietf.org/wa/bmwg/about/

-20-
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Benchmarking Methodology for SDN Controller Performance
— Define metrics and methodology to assess/evaluate SDN controllers
— Provide a standard mechanism to measure and compare the performance of various

controller implementations

Test setup - Controller working in Standalone Mode

| |
I I
| B e e T P B +
| | Application | Service |
| Fommmmmmmmmm e B +
I I
e m e e s e e HU P eo—or—om e e oo +
I
| (Northbound interfaces)
e e e P P e T +
Fommmmmmm e +
| SDN Controller |

|  Network |
| Device 2 |--..-

Network |
Device n-1|

| Device 1 |..| Device n |

Test Traffic |
Generator [
(TP1) I

| Test Traffic
Generator

| |
I I
| |
I I
| |
I I
| |
| |
| |
| |
| | Network | | Network | |
| |
I I
| |
I I
| |
I I
\ (TP2) \
I I
| |
I I

® Performance
— Network Topology Discovery Time
— Asynchronous Message Processing Time
— Asynchronous Message Processing Rate
— Reactive Path Provisioning Time
—  Proactive Path Provisioning Time
— Reactive Path Provisioning Rate
— Proactive Path Provisioning Rate
— Network Topology Change Detection Time

@ Scalability
—  Control Session Capacity
— Network Discovery Size
— Forwarding Table Capacity

@ Security
—  Exception Handling
— Denial of Service Handling
@ Reliability
—  Controller Failover Time
— Network Re-Provisioning Time

https://datatracker.ietf.org/doc/draft—ietf—-bmwg—sdn—controller—benchmark—meth/
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OPNFV Approved Projects

Requirements

Integration & Testing

Fault Management (Doctor)

Continuous Integration (Octopus)

Virtualized Infrastructure Deployment Policies
(Copper)

Resource Management (Promise)

High Availability for OPNFV (Availability)

Bootstrap/Get-started (BGS)

[Pv6-enabled OPNFV

Characterize vSwitch Performance for Telco NFV Use Cases
(VSPERF)

Data Plane Acceleration (DPACC)

Testbed infrastructure (Pharos)

OpenStack based VNF Forwarding Graph

Base system functionality testing (FuncTest)

Genesis

Model Oriented Virtualization Interface (Movie)

testing

Platform Performance Benchmarking (Qtip)

Deployment Template Translation (Parser)

Multi-Site Virtualized Infrastructure (Multisite) ||

Infrastructure verification (Yardstick)

— Octopus
— Pharos

— FuncTest
—  Yardstick Model-Driven NFV (Models)

—  Bottlenecks remplste bistribution service pomine)

Smooth Upgrade (Escalator)
Edge NFV (ENFV)

Fault localization (RCA, Pinpoint)

Juju OPNFV Infrastructure Deployer (JOID)
Release Engineering (Releng)

TripleO based OPNFV installer (Apex)
Compass OPNFV installer

Fuel based OPNFV installer

Network Readiness (NetReady)

Bottlenecks

Open-0O Integration (Opera)

Open Baton Integration (Orchestra)

DoveTail

ARMBand

Storage Performance Benchmarking for NFVI (StorPerf)
SDN Controller Performance (Cperf)

FastDataStacks (FDS)

Daisy OPNFV Installer

Container Integrated For NFV (OpenRetriever)

https://wiki.opnfv.org/display/PROJ/Approved+Projects

Collaborative Development

Barometer

ONOS Framework (ONOSFW)

Moon Security Management Module

Service Function Chaining (sfc)

NFV Hypervisors-kvm
Open vSwitch for NFV

OpenContrail Virtual Networking for
OPNFV

SDN distributed routing and VPN (SDN
VPN)

|| VNF Event Stream (VES)

QVN for NFV (ovn4dniv)

Storage for NFV (stordnfv)

Documentation

OPNFV
Documentation

51 Projects
Approved

performance

- VSPERF
- Qtip

— StroPerf
- Cperf

- FDS

-24-


https://wiki.opnfv.org/display/PROJ/Approved+Projects

. ICT ME{A X|&

) |
e )
N, 2
OPNFV Testing C It
OPNFV Testing Community Test Tiers
Scenario Status
Test Dashboards Webpage
In Service
Stress
T , , VNF
i I |
1 ] I
1 i I
o 0
e— 1 @ g i PO Performance
o 19 7]
S [ Components z
functest o | Pg qtip bottlenecks P ;
o | 13
2\ =
MFVI, VN, “E : NFWI & | : : NFVI Data- Path MFVI Storage Benchmarking Staging Manager Features
MANO-APIs & H VNF KPis i e ! Performance Performance as a Sernvice & Test Analysis
OPNFV Functions. | [
Compllance ! S —
Verification Plugin T T Smoke Test
Compliance Functional Testing Performance Testing Health Check
Pharos LF & Community Lab Infrastructure
Dev Resources Cl Integration Resources Cl Test Resources

https://wiki.opnfv.org/display/testing/TestPerf

*:0PNFV

VERIFIED

2018.01
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#-SDN Switch Agent

[ ETRI N20OS OpenFlow
Agent ONF(x86) 215 ]

w OPEN NETWORKING
FOUNDATION

Certificate of Conformance

On behalf of the

Open Networking Foundation

the undersigned certifies thet the
OpenN208(x86)
manufactured by
Network Research Division (ETRI)
passed the conformance requirements for
OpenFlow V1.3 Basic

as specified by the Open Networking Foundation
Conformance Testing complated at

Electronics and Telecommunications Research Institute
(ETRY)

‘ [ : = Tenon Styane
Timan Sloans, YP Standards & Memberchip
Ope n FIOW Opn Natworking Foundation
Vi

BASIC August 2017

&

o=

etworking Foundation

Certificate of Conformance

On Behalf of the
Open Networking Foundation
the undersigned certifies that the
NetVOF-48X OpenFlow Switch
manufactured by
Netvision Telecom Inc
passed the conformance requirements for
OpenFlow V1.3 Basic
as specified by the Open Networking Foundation Conformance Testing

completed at
and T Research Institute (ETRI)

eﬁ Tamon Steare
/OpenFlow o

[couroruanIvic]

&

oM

Certificate of Conformance

On Behalf of the
Open Networking Foundation
the undersigned certifies that the
K2632S| 36 Ports 10GbE OpenFlow Switch
manufactured by
KTNF Inc.
passed the conformance requirements for

OpenFlow V1.3 Basic

as specified by the Open Networking Foundation Conformance Testing completed at

Electronics and Telecommunications Research Institute (ETRI)

o

[ 7H SEEQY o 7|48t
SDN Switch ONF 2=
(SSE+71e)]

KTRhIF

[ MH-AL1X] S
SDN Switch ONF QI
(Zl=0|H™7|eh]
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718 XtH| 72 £F M -SDN Controller(Obelle)

SDN/OpenFlow 2| B2
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RN FAT 7HAR 218 . BHIAXMXNEMATY
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