i n tel ® i ‘ ‘,;Numum (I ﬂ,‘,,‘\:

EDGE CLOUD

sssssssssssssass
sssssssssssssass

Steve Vandris, Director, Edge Cloud So
Network Platforms Group




NOTICES AND DISCLAIMERS

Intel technologies’ features and benefits depend on system configuration and may require enabled hardware, software or service activation. Performance varies depending on
system configuration.

No product or component can be absolutely secure.
Tests document performance of components on a particular test, in specific systems. Differences in hardware, software, or configuration will affect actual performance. For more
complete information about performance and benchmark results, visit

Software and workloads used in performance tests may have been optimized for performance only on Intel microprocessors. Performance tests, such as SYSmark and MobileMark,
are measured using specific computer systems, components, software, operations and functions. Any change to any of those factors may cause the results to vary. You should
consult other information and performance tests to assist you in fully evaluating your contemplated purchases, including the performance of that product when combined with
other products. For more complete information visit

Intel® Advanced Vector Extensions (Intel® AVX)* provides higher throughput to certain processor operations. Due to varying processor power characteristics, utilizing AVX
instructions may cause a) some parts to operate at less than the rated frequency and b) some parts with Intel® Turbo Boost Technology 2.0 to not achieve any or maximum turbo
frequencies. Performance varies depending on hardware, software, and system configuration and you can learn more at :

The products described may contain design defects or errors known as errata which may cause the product to deviate from published specifications. Current characterized errata
are available on request.

Intel's compilers may or may not optimize to the same degree for non-Intel microprocessors for optimizations that are not unique to Intel microprocessors. These optimizations
include SSE2, SSE3, and SSSE3 instruction sets and other optimizations. Intel does not guarantee the availability, functionality, or effectiveness of any optimization on
microprocessors not manufactured by Intel. Microprocessor-dependent optimizations in this product are intended for use with Intel microprocessors. Certain optimizations not
specific to Intel microarchitecture are reserved for Intel microprocessors. Please refer to the applicable product User and Reference Guides for more information regarding the
specific instruction sets covered by this notice.

Cost reduction scenarios described are intended as examples of how a given Intel-based product, in the specified circumstances and configurations, may affect future costs and
provide cost savings. Circumstances will vary. Intel does not guarantee any costs or cost reduction.

No license (express or implied, by estoppel or otherwise) to any intellectual property rights is granted by this document.

Intel does not control or audit third-party benchmark data or the web sites referenced in this document. You should visit the referenced web site and confirm whether referenced
data are accurate.

Statements in this document that refer to Intel's plans and expectations for the quarter, the year, and the future, are forward-looking statements that involve a number of risks and
uncertainties. A detailed discussion of the factors that could affect Intel's results and plans is included in Intel's SEC filings, including the annual report on Form 10-K.

3D XPoint, Arria, eASIC, Intel, the Intel logo, Intel Atom, Intel Core, Intel. Experience What's Inside, the Intel. Experience What's Inside logo, Intel Nervana, Intel Optane, Intel
RealSense, Intel Xeon, Iris, Movidius, OpenVINO, Stratix and the Stratix logo are trademarks of Intel Corporation in the U.S. and/or other countries.

*Other names and brands may be claimed as property of others.
© 2019 Intel Corporation.




KEY DRIVERS FOR EDGE COMPUTING

Low latency that cannot be achieved by using centralized cloud

=. Reduction of movement of the massive amount of data generated by
loT devices to reduce cost and enable efficient use of resources

a Data privacy and data sovereignty

Context awareness

Scenarios where connectivity is unreliable or limited

Better experience, faster transactions




DISTRIBUTING CLOUD TECHNOLOGIES & ECONOMICS T0 THE EDGE CLOUD
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COMPUTE WORKLOAD PLAGEMENT AT OPTIMAL LOCATION OF HIGHEST RETURN
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a6 ACCELERATING EDGE COMPUTING
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INTEL'S STRATEGIES FOR THE ON- PREMISE & NETWORK EI]GE
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HARDWARE: MOVE, STORE & PROCESS THE DATA

/L \' UP TO ~600Gb/s PACKET PROCESSING
INTEL® XEON® SCALABLE ON A DUAL SOCKET PLATFORM' ACCELERATION SOLUTIONS
PROCESSORS iiestss LOW LATENCY, MULTI-I/O SUPPORT
i )| (E.G, SATA) — - — re— P
INTEI_® XEON®D I UP TO ~200Gb/s PACKET PROCESSING? ARRIA'10 ‘ T MOVIDIUS ; CUSTOM
PROCESSORS | . INTEGRATED ETHERNET & ACCELERATION S f-=n 4

ASSP

Intel® eASIC™
FPGA ASSP Silicon Custom

INTEL® CORE™ 7 |l LONG LIFE SUPPORT
PROCESS RS (ENCODE/DECODE ITRANSCODE) ADJACENT TECHNOLOGIES

) .UP TO 40Gb/s PACKET PROCESSING? S
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#1 COMPUTING, INVESTING IN FUSA

USE CONSISTENT, SCALABLE & HIGHLY PROGRAMMABLE ARCHITECTURE
FROM EDGE TO DATACERNHEE

1. l{}o To 586Gb/s Packet Processin%:on a dual socket Platform: Results based on internal Intel testing as of 8/2/2018. Intel(R) Xeon(Rz_Platinum 8160 CPU(S% 2.10GHz (DP), 12x Intel®
XX k7’tl(].;_)—DA4 cF; I ExtpéﬁsszGen Eutal. ort 25GbE Ethernet controller (4x25GbE/card). Benchmark: DPDK v17.11 L3fwd sample application (IPv4, LPM, 3750000 flows). Score: 586Gbits/s
acket forwarding a acket size.
g. Up to 191Gb/s Packet Prgcessin : Results based on internal Intel testing as of 5/1/2018. In_tel(RLXeonéﬂ D-2187NT CPU @ 2.0GHz, 4x Intel® XXV710-DA2 PCl Express Gen Dual Port
25GbE Ethernet controller (2x25GBE/card). Benchmark: DPDK v17.11 L3fwd sample azpdallcatlon IPv4, LPM, 2048 flows). Score: 191Gbits/s packet forwardlnzg at 512B packet size.
3. Up to 40Gb/s Packet Processm&:}Results based on internal Intel testlrg%mal\s of 8}31 4/2017. Intel( LAtom tm) Processor C3958 @2.0GHz, 2x Intel® X710-DAZ PCl Express Gen Dual Port
10GbE Ethernet controller (2x10GbE/card). Benchmark: DPDK v17.02 L3fwd sample a%)llcatlon (IPv4, LPM, 1024 flows). Score: 20Gbits/s packet forwarding at 512B packet size.
Disclaimer: Performance results may not reflect all publicly available security updates. See configuration disclosure for details. No product can be absolutely secure. Software and
workloads used in performance tests may have been optimized for performance only on Intel microprocessors. Performance tests, such as SYSmark and MobileMark, are measured
using specific computer systems, components, software, operations and functions. Any change to any of those factors may cause the results to vary. You should consult other
information and performance tests to assist you in fully evaluating your contemplated purchases, including the performance of that product when ‘combined with other products. For
more complete information visit http://www.|ntel.com)/performance.




] INTEL" SELECT SOLUTIONS
SIMPLIFY AND ACCELERATE DEPLOYMENT OF WORKLOAD-OPTIMIZED INFRASTRUCTURE

Verified solutions optimized In collaboration Developed from rich Intel expertise
for workloads across with the world’s leading with our

COMPUTE, STORAGE axo NETWORK ~ DATA GENTER ano SERVICE PROVIDERS  INDUSTRY ECOSYSTEM PARTNERS

SIMPLIFIED . Eliminates guesswork @7 (intel”) select «

through tightly specified hardware

EVALUATION and software components solution

Faster. Easier. Optimized.

Smooth deployment
FAST AND with pre-defined settings and @
Tu DEP system-wide tuning /
* TN

WURKL Designed and benchmarked e —T it
for specific workloads to {§} UPDATED FOR CASCADE
UPTIMI deliver optimal performance LAKE PLATFORMS




7 INTEL"SELECT SOLUTIONS FOR THE NETWORK
THE FAST PATH TO AVIRTUALIZED INFRASTRUCTURE

UGPE

NFVI

CONVERGED NETWORK
with

Intel® Select Solutions for
uCPE

Ubuntu

VCD

®

FASTROUTETO NFV

with

Intel ©® Select Solutions
for NFVI

RHEL Ubuntu

@

VISUAL WORKLOADS

with

Intel ® Select Solutions for
Visual Cloud

RHEL CentOS

@ |




| SOFTWARE: CONVERGE THE WORKLOADS

Services (loT Verticals, Comms, Cloud, Enterprises)

Developer Edge Frameworks (e.g, AWS*, Azure*, Baidu*, Alibaba*)

3 HYPERSCAN.I0 1. Proven dataplane acceleration
technologies
OvS g

APPLICATION WORKTOAD CONVERGENCE

Open Visual Open Network Network RAN SW Open vSwikch

Cloud Edge Services Functions (e.g. ADK, . Integration of analytics, media,
Software (e.g., CDN, EPC) FlexRAN) .
_::}f;io and networking SW
DPDK technologies to ease developer
adoption & programmability
= ONAP yocto -
-y PROJIECT 1 1 1
- Industry Standard Interfaces for : !-everaglng & COﬂtI’Ilbutlﬂg to
Efficient, Programmable, Scalable Data Plane ubuntu® industry-standard interfaces &
openstack (e.8. DPDK, vSwitch) | open source software
s Clear Linux’
'ﬁ'p}x-f:' GHT o : E . s
N E E@ @ @[ (=] = = AKRAIND
\PU INTEL

I Fados INTEL'XEON™ ~ INTELATOM®  INTEL" CORE™ @D OPTANEDCO> L FTHERNET EDGE STACK
* PROCESSORS ~ PROCESSORS  PROCESSORS FPGA CONTROLLER

B kubernetes | “ Application & Service Orchestration/Virtualization

+OPNFV

USE RICH & FLEXIBLE SOFTWARE ERAMIE (OIS
FASTER CUSTOMER SOLUTION READINES S| s S

*Other names and brands may be claimed as the property of others.




VISUAL CLOUD EDGE USE CASES: 56 & CLOUD READY PLATFORMS

MEDIA PR(]CESS!NG &I]EI.IVER

S\ mAae

DECODE
INFERENCE
RENDER
ENCODE

, Intel®
Intel® Rendering OPEN SOURCE, FLEXIBLE BUILDING BLOCKS, OpenVINO™ .
R AR AR SRSl SRS foolit Su(i:tzufaot;?/:/aetéoRnTc

BROAD PLATFORM PORTFOLIO — SCALABILITY FOR POWER, DENSITY, QUALITY
| - N i == @D RIS:

Intel® Xeon® Intel® Xeon-D Intel® Visual Intel® Ethernet Intel® FPGA Intel® Optane™ Intel® Gen Graphics 8th Gen Intel® Core™
Processor Processor Cloud Accelerator Adapter Persistent Memory Processor Radeon graphics

FOUR CORE BUILDING BLOCKS BUILD FIVE CORE SERVICES

LEVERAGE WORKLOAD & ECOSYSTEM PARTNERSHIPS




2 MULTIACCESS EDGE COMPUTE (MEC)

NFV+SDN ARE FOUNDATIONS OF MEC

Unlocks the access network to new loT Connected Vehicle
ecosystem offering services at the

network edge

Platform with standard APIs & Health

Retail  APPS & SERVICES

Caching Services Augmented Reality

interfaces for developers & content

providers

MEC value

))) ((( Py ))) Server]  Transport

| e/gNodeB | Eth/IP Mobile

Core

= Pillar for 5G
= Reuse & leverage NFV

= Extension of NFV system

Cloud (Data Center /
Central) Office
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2 TELCO CO & CABLEMSO NETWORK INFRASTRUCTURE
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Hybrid Fiber Coax (Comcast*, LGI*, Charter*, Rogers*)

LEVERAGE WORKLOAD ACCELERATION/OPTIMIZATION
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3 EDGESERVICES: ENABLING ECOSYSTEM & DEVELOPERS

EDGE SERVICES
REFERENCE SOFTWARE

Edge Services (e.g., CDN, Face Recog)

OpenVINO™ Intel® Cloud Enterprise
Toolkit Media SDK  Connectors SDKs Network
Functions

®penNESS

Application & Service Orchestration/Virtualization

Industry Standard Interfaces for
Efficient, Programmable, Scalable Data Plane (e.g., DPDK, vSwitch)

Intel® Hardware

Make it easy for developers to
create applications & services by
abstracting the complexity of the
network

MULTI LOCATION EDGE

REFERENCE ARCHITECTURE

"

!
(

7y

=EH

Enable convergence of application
workloads (media, Al/analytics,
networking)

DEVELOPERKITS

(Amazon*, Azure*, etc.)

CSP Plugins

OpenVINO™ Intel®

Enable a diverse ecosystem (CoSP,
CSP & Enterprises) on Intel®
platforms

ADDRESS NEW SERVICES & APPLICATIONS NI RIS RN
MEDIA, INDUSTRIAL, RETAIL, SMART CITY & OTHERS

*Other names and brands may be claimed as the property of others.




3 MULTILOCATION EDGE REFERENCE ARCHITECTURE

WIRELESS ACCESS
ON-PREMISE AGGREGATION CENTRAL OFFICE

NETWORK EDGE SERVICES NETWORK EDGE SERVICES NETWORK EDGE SERVICES
FUNCTIONS Storage FUNCTIONS Storage FUNCTIONS Storage

\Y , Vi ;
VRAN/VEPC (CUPS) Analytics/Al CRAN Analytics/Al vCCAP, CRAN, SecGw Analytics/Al

NETWORK PLATFORM NETWORK PLATFORM NETWORK PLATFORM

INTEL PLATFORM INTEL PLATFORM INTEL PLATFORM

SCALABLE HW + SW FRAMEWORK ACROSS EDGE LOCATIONS CRITICAL FOR DYNAMIC
PLACEMENT AND MOVEMENT OF EDGE SERVICES ACROSSIDIFRERIEIN IS GG




SUMMARY

5G USE CASES THAT REQUIRE ULTRA RELIABILITY AND LOW LATENCY, MASSIVE M2M
CONNECTIVITY AND ENHANCED BROADBAND ARE ACCELERATING EDGE COMPUTING

CLOUD SERVICES AND APPLICATIONS CRITICAL TO DRIVE ROI ON EDGE INVESTMENT TO
SERVICE PROVIDERS AND ENTERPRISES

INTEL'S STRATEGY FOR ON-PREMISE AND NETWORK EDGE IS TO OPTIMIZE THE PLATFORM,
ENABLE NETWORK FUNCTIONS AND ENABLE SERVICES
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WHAT IS EDGE COMPUTING?

=

EDGE COMPUTING IS THE F =l CLOSERTO 5

PLACEMENT OF DATA CENTER-GRADE
NETWORK, COMPUTE & STORAGE

T0 IMPROVE q OPTIMIZE @ COMPLYWITH AND REDUCE
SERVICE CAPABILITIES d TC0 DATALOCALITY [3EESmm  APPLICATIONLATENCY \..

OUTMOST LAYERS OF

BEFORE TRANSITION TO THE ENDPOINT
THEEDGEISTHE o o o o PN @ b OR ANOTHER NETWORK

PROCESSING OR NETWORK




VISUAL CLOUD USE CASES THAT REQUIRE HIGH BANDWIDTH & ULTRA-LOW LATENCY

EDGE GAMING WIRELESS VR/MR E-SPORT | ADAPTIVE STREAMING

-20-30M8 ' 15-20MS | 250MBS
20-50MB/S ~50MB/S->168/S || ks - <ISEC

Tethered to PC
aas via GW / MEC /Cloud 6K stereo video @60fps is 20x larger than full HD video
AIO (compute in HMD) with an average bit rate of 245Mbps

E-SPORT | ADAPTIVE STREAMING VR/MR TELE-PRESENCE MOBILE GAMING

i P L -
- +, 50MBS Ve W s

J
'l

X% 5OMBJS =
AT ->168]S e L jonls %

360 video 8k, 90+ fps, HDR, stereosc. 50-200Mb/s 2D streaming — 16Mb/s
Plus 6DoF video or point cloud: 200Mb/s-1Gb/s 3D streaming -> 50-200Mb/s

Orange numbers possible via 5G




2. ON-PREMISE: OPTIMIZED UCPE FOR MANAGED ENTERPRISE SERVICES

OEM/ISV ECOSYSTEM INTEL INTEL® SELECT
micheckpornt  JUNIPEN SOLUTION FOR UCPE

@l WPVERSA A siverpeak

\to
a0 3rd party VNF examples

5 [ |- | someinn ;
| [ — i S mes gl 3
VERSA | || : : | | o T
C ONETW 5 a
v NETWORKS | s pur | -
| wrares | o | |

| = o

Asiverpesk  velgcioud fuse § |
e il § l i AIRIECH: I Lannar 0

FiZRTINET CLOUDGENIX
Benchmark Report for Intel Customer Collateral
...and more

ENTERPRISES & SERVICE PROVIDERS

LEVERAGE TOP-BOTTOM SCALABILITY, ARCHITECTURAL CONSISTENCY,
& ECOSYSTEM PARINERSIGHE

*Other names and brands may be claimed as the property of others.




3 EDGE SERVICES SOFTWARE: OPENNESS OVERVIEW ®penNESS

OPEN NETWORK EDGE SERVICES SOFTWARE

Open Network Edge Services Software (OpenNESS) is an open source reference toolkit to develop,
securely on-board and manage new edge services on the On-Premise and Network Edge.

EDGE SERVICES SOFTWARE CONTROLLER SOFTWARE
Access termination, traffic steering, multi- Appliance discovery, control, policy
tenancy for services, service registry, management, exposed via standardized
service authentication, telemetry, cloud APls with a web-based GUI for easy
and application frameworks application onboarding




