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Neural Class
Networks

Tina Tsou

Workshop on “Machine Learning
for 5G and beyond”



Building IT that works like the brain

“All significant mental algorithms are learned
except for the learning and reward machinery itself”




Al, Machine Learning & Deep Learning

Perform tasks that Replace instructions with a Increase the layers and run
normally require neural network to parse data, massive amounts of data
human intelligence learn, and make predictions. through the system to train it.

Artificial Intelligence

Machine Learning

DEEP BLUE

The Historic Chess Match Between Man and Machine

~ CONNECTED




“Neural-Class” Networks

Deep Neural Network Hyperscale Environment
WHAT MAKES DEEP LEARNING DEEP?

. .a Traffic Growth

Networks

~10 layers

1B parameters
10M images
~30 Exaflops
~30 GPU days

Human brain has trillions
of parameters - only
1,000 more.

1 Billion Parameters 1 Billion Users




Year 2000 Server CPU Networking

100 Servers x 1 Core = 100 Cores

SYSTEM SPECIFICATIONS

CPUs 1x Pentium
Cores 1




Year 2018 Server CPU Networking

100 Servers x 48 Cores = 4,800 Cores

QUALCOMM

SYSTEM SPECIFICATIONS

CPUs 1x Qualcomm Centriq 2400
Cores 48




Year 2018 Server GPU Networking

100 Servers x 46,080 Cores = 4,680,000 Cores

SYSTEM SPECIFICATIONS
GPUs 8X Tesla V100 8X Tesla P100

Performance 1 petaFLOPS 170 teraFLOPS
(GPU FP16)

GPU Memory 128 GB total system

CPU Dual 20-Core Intel Xeon
E5-2698 v4 2.2 GHz

NVIDIA CUDA® Cores 40,960 28,672

NVIDIA Tensor Cores 5,120 N/A
(on V100 based
systems)




The Future of Networking

PCI-Express PCl-Express % i ] " - PCI-Express PCl-Express
Switch Switch = ] i , Switch Switch

CONNECTED




A HUGE New Class of Data Centers

Data Centers Thousands

N£Micro Data Centers
(Edge Computing)

Millions

Devices Billions

6/16/2019 9



Current: 4G

Only a few large centralized
data centers

Cloud Data Center
More than 500 miles away

>80 ms latency

The car moved over four feet by the time it
received a response due to the large distance
from the data center.

4 feet

L] l l L]
4 inches

Thousands of new micro data
centers under cell towers

Upcoming: 5G

1
b,
1
-

L ™

Micro Data Center
Less than 5 miles away

<5 ms latency

The car moved less than four inches by the
time it received a response, thanks to the
close distance to the Micro data center.



Use Cases

Complex

Wireless Mesh
Cellular 3G/LTE

Traffic
Management

Controller (TMC)

Edge Gateway 8Q O CII

Micro Data Center Rack

Road-Side Sensor @ In-Road Sensor Traffic Monitoring

6/16/2019 11 CONNECTED




Server Configured Like a Human Brain

>100 PetaFLOPS Processing Power 1.3 Billion Terabytes of Storage

3.3 Pounds — 20W Power

77 Cubic Inches
19” Wide x 1.75” (1U) High x 2.3” Deep

10,000 Network Ports 100,000 Miles of Cabling Included

12 CONNECTED
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Arm is uniquely positioned in “device-to-cloud”

Edge computing — necessary to handle the massive upstream data
|

|

—

‘loT Device Local Services Infrastructure = Edge cloud ' Public / Private
(Data Source) (Gateways) Services Cloud

ArmM o 2018 Arm Limited



Compute solutions Device-to-Cloud

cration brings faster performance and "%

astructure specific features

nm+ Poseidon
Platform
7nm Zeus Featu es
16nm Platform o2 Ne\N
Ares ange
1Al
Cosmos Platform ¢
%

te( Peinf
fa
Platformﬂ o% pef Gen

(A72, A75)

Corstone secure foundations
for Cortex processors

Neoverse platforms

ML platforms

14 © 2019 Arm Limited
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Arm’s Heterogeneous ML Platform — Hosted & Embedded

Applications O

©

.

3,

Higher level frameworks - S

(e.g. TensorFlow, Caffe, Android NNAPI)& third-party tools TFLiten g

-

Android or Linux 28]
CodeGen (LLVM) —

-

&He armnn S,
Runs on A-Class Host ACL CMSIS-NN g

oQ

arm COMPUTE LIBRARY Embedded (Offline) Compilers o
O

"

Dynamic (Hosted) Compilers & Drivers ‘ RTOS \
Embedded
Hosted NPU NPU

I Application Processors Embedded Beeply Embedded
15 © 2019 Arm Limited q rm




Akraino Release 1

L1 THELINUXFOUNDATION
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Akraino R1: Unitying the Edge

Akraino Edge Stack Issues Premier Release, Sets Framework to Enable 5G, loT Edge
Application Ecosystem

o Inaugural release unifies multiple sectors of the edge across disciplines, including 10T, Enterprise,

Telecom, and Cloud
o Delivers tested and validated deployment-ready blueprints
o Creates framework for defining and standardizing APIs across stacks, via upstream/downstream

collaboration

SAN FRANCISCO - June 6, 2019 — LF Edge, an umbrella organization within the Linux Foundation that aims to
establish an open, interoperable framework for edge computing independent of hardware, silicon, cloud, or
operating system, today announced the availability of Akraino Edge Stack Release 1 (“Akraino R1”). Created via
broad community collaboration, Akraino’s premiere release unlocks the power of intelligent edge with deployable,
self-certified blueprints for a diverse set of edge use cases.

C1ITHELINUX FOUNDATION LILFEDGE
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http://www.lfedge.org/
http://www.linuxfoundation.org/
https://www.lfedge.org/projects/akraino/

Role of Akraino Blueprints in Open Source Lifecycle

Successful Open Source Development PROJECTS
depends on the complete life cycle of
projects, products that market will adopt

and deploy ﬁ
DEVELOPER

e Akraino’s blueprint model COMMUNITY
enables rapid transition from
projects to PoC/deployment,
cutting down integration time
significantly.

e Blueprints augment Open
Source Projects to address &
accelerate Interoperability,
Packaging, and Testing under
Open and neutral governance.

N
N

PRODUCTS



Akraino R1: Tested & Validated Blueprints

Akraino Blueprints & release

e 11+ Blueprint families, 20 Blueprints under

el Reference development
0 : : Architecture
- “E,. For Edge Use cases

* Community-tested & validated on real
hardware, Akraino Labs by members and

community.
e,
£
.
E,—.' 3 Blueprints - approved & tested declarative configuration
0 based on use cases, set of hardware, POD & software
Reference Architecture - defines Akraino building blocks
Declarative Configuration - hides lower layer complexity
B to user
L e : CI/CD, Integration & Testing Tools - drive product qualit
Blueprints1 Blueprints n /C. Intee ° ProfHEt A
AKRAING 1’ . |
TSC will d t
EDGE STACK Akraino Release criterig f;:-rr-::;:egsaeccep e
CITHELINUX FOUNDATION cILFEDGE
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Tested & Validated
Deployment-Ready Blueprints Details

L1 THELINUXFOUNDATION



Akraino R1 Blueprints Details

Network Cloud (NC)

Unicycle with SR-IOV

Telco Edge use cases (Multi Server). Multiple
applications

Telco, Enterprise

Rover

Telco Edge use cases (Single Server). Multiple
applications

Telco, Enterprise

Unicycle with OVS-DPDK

Telco Edge use cases (Multi Server). Multiple
applications

Telco, Enterprise

NC blueprint family enables hardware configuration
and automated deployment of telco grade multiple
edge sites from a remote regional controller.

Telco Appliance

Radio Edge Cloud (REC)

Appliance for Radio Access Network (RAN), RAN
Intelligent Controller and Near realtime Edge
MEC Appliance

Telco 5G, Enterprise

Appliance tuned to support the O-RAN Alliance and O-
RAN Software Community's Radio Access Network
Intelligent Controller (RIC)

Integrated Edge

Type 1 (small Edge)

Telco or enterprise application deployment on
Arm servers

Telco, 10T and Enterprise

IEC enables the new functionalities and deployment
model on the network edge. It supports ARM
processors and architecture.

applications

Type 2 (Medium Edge) Telco or enterprise application deployment on Telco, 10T and Enterprise
Cloud (| EC) Arm servers
Starlin gX Far Edge Distributed Cloud Enterprise edge and Far edge. Multiple Enterprise & IOT Addresses edge and Far edge use cases at high

density locations such as malls, airports and sports
stadiums to support value added services at these
events and locations.

Kubernetes- Native
Infrastructure for
Edge

Provider Access Edge

VRAN and MEC (AR/VR, Machine learning, etc., )

Enterprise & Telco

Blueprints in the Kubernetes-Native Infrastructure for
Edge family leverage the best-practices and tools from
the Kubernetes community to declaratively and
consistently manage edge computing stacks from the
infrastructure up to the workloads.

Edge Lightweight
and IOT blueprint
(ELIOT)

IOT Gateway

10T

IOT & Enterprise

uCPE

uCPE

Enterprise & Telco

ELIOT targets on making the edge node a lightweight
software stack which can be deployed on limited
hardware capacity.

AKRAIND
EDGE STACK

21


https://www.o-ran.org/
https://o-ran-sc.org/
https://gerrit.o-ran-sc.org/r/admin/repos

Akraino R1 Blueprint: Radio Edge Cloud

AHKRHIHU
EDGE STACK

Radio Edge Cloud for 5G use cases

ONAP

RIC Dashboard

DualCo xApp ANR xApp Reporting xApp
M Mediator E2 Terminator E2 Manager Rouling Manager xApp Manager

Admission Control
.

Portal

=)

Remote Installer

Switch Manager

Server Manager

Network Manager

Blueprint LCM

Artifact Manager

Performance/Fault
Manager

HW Management

Regional »

Controller

Workflow
Vil =

HTE
\Mapage

-

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

H  Host Rest AP CaaS API

Elasticity
High Availability Symptoms Audit Trail Cert mgmt. FM collect

User mgmt. (AAA) Logs collect PM collect

-
I

Airship 1.0+ (Future)

Deployment

* Target architecture shown here and the fully installable building blocks is in R1

RIC xApps - examples

RIC Basic
functions

RIC Paa$S

i NBI APIs

Middleware

Hardware

Purpose/Features

e Telco- grade edge cloud platform for
near-real time container workloads.

e Integrated with open-source RAN
Intelligent Controller (RIC) — helps
deploy customized, tailored apps
with Zero touch

e Automated CD pipeline testing the
full software stack

Target Industry: Telco 5G, Enterprise

LI THELINUXFOUNDATION

CILFEDGE
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Akraino R1 Blueprint: 10T & Remote Edge coge STacK

Integrated Edge Cloud

Xos GUI or REST
SEBA on Arm

sesn s oo
(" Comtaner | Continer )| Contaoer

i CNI Solution pmmmmmmmmmmm . ——————
{_ Contivwpp i  OVN-KBs |
] DPOK |
L e e el
" Infra Orchestration [ Kubernetes ]
& Installer [ Containerized Compass ]

Linux distribution

(Uhiweight App ) NN | Aops | Purpose/Features
Orchestration i . Baremetal ! ! Container |
— e e
; e Addresses IOT use cases
Infra Orchestration and Networking Controller
Installer Software

Contiv/VPP

_ x.:lm e Targets telco edge applications
_ & medium edge cloud
deployments with Arm, based
on Kubernetes and Calico

SR-10V, DPDK

Real Time Linux distribution

( Edge Servers or AR Edge Node ) Acceleration . .
Networking Edge Platform [ ][ J Edge Servers or Integrated Accelerators e Automated installation,
Networking Edge Platform FPGA/GPU integrated with SDN-Enabled
§ e Broadband Access (SEBA) use
b st Network Equipment case
Type 1 Type 2 Target Industry: Telco, loT, Enterprise
C1THELINUX FOUNDATION cILFEDGE
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LF Edge

Functional View: R1 Blueprints in Akraino Edge Stack

Application ——
Interoperability

Blueprints

AKRAIND
EDGE STACK

Provider Access Edge

(PAE) O

Radio Edge Cloud  Far Edge ‘
(REC) StarlingX ‘

ELIOT IEC Network Cloud
Type 1 &2 Unicycle, Rover
Infrastructure OT GW/uCPE (Typ ) (Unicy )
Device Edge Control Edge Gateways (Thin and Thick) Industrial/ Telco MDC On-Prem DC  Telco/Cloud

Radio Edge Edge Edge Edge

i
C1 THE LINUX FOUNDATION Appliances /HC

CILFEDGE

24



Akraino R1: Key Takeaways & What's Next in 2019

1. LF Edge Projects gaining community
support with Akraino aimed at
accelerating time to deployment ->
Projects to Products & Production

1. Akraino establishes unified framework
for Edge collaboration & validation
across projects & community with
Blueprints

1. Akraino’s R1 releases 10+ Blueprints for
|OT, Enterprise and Telco Edge Cloud

LI THELINUXFOUNDATION

On the Horizon

> New blueprints (Gaming, Connected Cars...) +
enhancements to existing blueprints

> Tools for automated blueprint validations

> Edge API’s in collaboration with LF Edge projects

> New community lab hardware

CILFEDGE

25



1l ,1,00021020000%220011000000220000222312220021000022000032201
0L 10X llD%hlllDlWLUDUUElHDllUDDDlllLWMDlqlﬂllUlDDlDDllelllDWDl
¥%110211010000021033311200222%2220323031312211000L13300311011L00LL L
a;lUUDUl ,11101111100111k000000011000013011121000101110011000000L1
$11110000021112001012%1000000202200000000000000023000222300011
10 .iU,LDDLLLlelleVllDDD*lVDDlL, ,00001100001200021322%002L L L
Iﬁﬂ 4:1101,100111110000022002211110020022%22001100000002022%% %L1
L 00 Lnlwﬂull}LiDLLLLLlllUDDNDJPhLLVLLL-JDLUDDLLUDHL?DLTE»LL
W0011011110011001000 MDD 000001111100121111001112111110000L1%01
aN011100010000100100 111100011111 llLD llU 110110000000%11110.
SO000000L L DDLLLLUwiwD DLDULL 00011000000223102201000011000010
5 000100 LIDDDDLDULULIDlUanDDLDDLD ‘DLD.L ,00010110011001101%:
01 llUDlDUUUDDl 434111211111000101001120010203201300000112222121 0
%1,10000000001000L01110012100111000110000002100222121212000210¢
AIULLDDDlllllllv4LL&DMDJuDDUML;ULDUDDVMJUDDDEL;HLLUDUDDD:LUDLLZ
% 0100101100001222220000000000000222202002021020002200000001201
B011101110000001111120110001111110111100001110021111111101000I
&110010002200221002002%100021120000000222102021022000022120001
000L0000011111201 DLLUDWLLDUDDUUL\DIDUU'LLL 01110011111100001.
%10011.01% ILIJW‘DU 1100100%1011100001200002101000000100001
1UUD L00L ULLLU 0L’ DLIUDDDLLDUDL ,»11100001001111000111100031011:
¢.%\0000020210002002+2%2220002200200002200000212200022002223101
00 ULLLDWJWU;LMLIDDELLDDMLLUUUDL 00011.0000010001100002200211
931111111110121101101] 001111111111.0000001311201011111000L0111 101
$0011100211.0021100020%20210011222001200001200002200022210001110:
#1011.10021100331000210022211221100000010010000000012000022001
00010011011011000011110001110031101111100011111111000000LLL YL
- 0111001.01101200210210022100010000000222%30020000000222002122 %
& 100000012100213200%20222023111101120001210000010010200020001101
pooooco011111100000011212100001001100000000000210001100222000321
0L UD‘DLILLLD‘UDD’I 101111100000111011] lDUD 1111100010011 L11

1 11000011%100110001111000100000L1C ,00100000111100000101

. 00 llDULLULl 1100001111001100000100000 lLD 11131002%112110%101

& 10021111021121100212000112.001100020000012000011011212000000001
e 000110011000221000212012111000002012000201100002200000200001 111
&f"100000%2101021123122111220000000010000011200020211000021002101

goooo0001112111101000021101210000200000001110020002110011100001
#00110000000221112110100011101100101000311001111%1100%11010001:
i00000110000100110000010110221100000033221001011 LO00000L l O
&l 110110110100000000002200000243310000002232222202111201 Ol
001111,1012121021122100020012102211000221021221120110C D“TWDL li
$01111.0011100000000220001000113121002000221101001100001100001%1
QﬂlLlLLUWDVDDDDLDDDDDDWUllUUUllllLl?DDL!DLLLMMDﬂJLWVDDDLLLWDUL
B L 1.00000001L0000010100L011L10000L00000111110111101010111L1L1L%

Ix..l

The Race to
Neural-Class
Networks

Tina Tsou

Workshop on “Machine Learning
for 5G and beyond”



