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. Edge Computing vs Cloud Computing

> hr
OAS ~ Cloud and Edge Computing - Complementary Technologies powering lloT
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https://openautomationsoftware.com/blog/iiot-edge-computing-vs-cloud-computing/
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Edge Computing vs Cloud Computing

Edge Computing

* Basic data visualization

= Basic data analytics and short-term data historian features
= Data caching, buffering and streaming

= Data pre-processing, cleansing, filtering and optimization

= Some data aggregation

= Device to Device communications (M2M)

[£X] https://openautomationsoftware.com/blog/iiot-edge-computing-vs-cloud-computing/

Cloud Computing

= Complex analytics

= Big Data mining

= Sources of business logic
= Machine learning rules

= Advanced visualizations

= Long term data storage/warehousing

<42 >



Edge Computing vs Cloud Computing
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. Edge Computing vs Cloud Computing
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ARM AMH -8 Power On Sequence

1CHA| : BMC Power On

4

2TH| : Power Regulator Power On

3CH| : A L& SoC Power On

4Tt : DDR Memory Power On

5CHA| : A CPU Power On

A Boot Up
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ARM cores

Main article: List of ARM microprocessor cores

arm

Architecture Version

|Architecture| Family
| /ARMVT  HARMT
i ARMv2 EEAHMZ, ARM3, Amber
{ ARMV3  {iARMS, ARM?7
i ARMu4 ii StrongARM, ARM7TDMI, ARMS, ARMSTDMI, FAS526
i ARMVS EEARM?EJ, ARMOE, ARM10E, X5cale, FABZ26TE, Feroceon, PJ1/Mohawk
{ |ARMVE  {IARM11
i ARMvE-M iiﬂsHM Cortex-MO, ARM Cortex-M0O+, ARM Cortex-M1
i ARMV7 iiﬂsﬁh’l Cortex-AS, ARM Cortex-A7, ARM Cortex-AS, ARM_CDHE}:-_AQ, ARM Cnrtex-f_l‘l 5.
i E:AHM Cortex-R4, ARM Cortex-R5, ARM Cortex-R7, Scorpion, Krait, PJ4/Sheeva, Swift
i ARMv7-M EEAHM Cortex-M3, ARM Cortex-M4
| |ARMV8-A {{ARM Cortex-A53, ARM Cortex-A57 1231, X-Gene, Denver

—————————————

S —————— S S - — -

Alist of vendors who implement ARM cores in their design is provided by ARM [24]

N -

Core Version

<50 >
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Table B1-1 ARM processor modes

Processor mode Encoding Privilege level Implemented Security state
User usr 10000 PLO Always Both

FIQ fiq 10001 PLI Always Both

IRQ 1rq 10010 PLI Always Both

Supervisor |  sve 10011 PL1 Always Both

Monitor mon 10110 PLI With Security Extensions Secure only
Abort abt 10111 PLI Always Both

Hyp hyp 11010 PL2 With Virtualization Extensions  Non-secure only
Undefined  und 11011 PLI Always Both

System SYS 11111 PL1 Always Both

<51>



CIA| HEY &0 R 7|& : (1) SHEYIO
AA = +¢ ot 712 - (1) otE=%
AAFE Hz2 2] Oro|3.2 T2 A|A (CPU) FH B
{
.- CODE --- STACK CPU Core Controllers
} Latch
. S — . Controller [A]
- ; ©
o : (4) » Register — @--r--------- i @--------------
BSS , Y
DATA EER N
#31@*$% © Controller [B]
TEXT /,' E
10101010 S - ° Controller [C]
_______ ';_______..r i ",'l
. —— ’ ALU Controller [C]
_____________________ .‘ ,'I
e | o /@
<b2>

® Compile, ® Load, ® Fetch, ® Decode, ©® Execute, ® H/W Control
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Up to Upto Upto
[% 3 ) 15> Neural
.//%l ° 5X X ~  Engine
Unified memory architecture faster CPU faster GPU faster machine learning
Upto v’ 2020.11.11. HE-E ARM E(M1) A
v QRS £ MEL AE(W)Y G50l 3HH 7Hd

[M]' v’ HHE{Z2| £ 1 0f|0f (11->15A|2h, T2(10->17A|2H)

battery life

Advanced camera ISP

. R
Industry-leading >
performance per watt
iPhone and Secure
Wi-Fi 6 iPad apps Enclave Universal apps
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O H=2| 2f=H|2| IO| XHEHO| M IS RAY/EXOt HFH
O 2012 3& ZA| Al TA[ZHZHOf| ORI
O OFFO|=(Arduino)?t MCU(HIO]) Aol B=

2t =H|2| ItO|(Raspberry Pi)= UHIC|E 2|54 H 2l BE
O YHIC|E 2[=A J[8F OHY BEO| X{It9t Y

O CPU : ARM11 700MHz -> ARM Cortex-A72 1.5GHz

O M|=Z2|:LPDDR1 256MB -> LPDDR4 8GB
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Raspberry Pi 1

iy

www.pololu.com

Raspberry Pi 3 B+

Raspberry Pi 2

rry P2 Model B VLA
(©) Raspberry Pi 2014
NEan

i

FEFFERRRRRRANIES

RUN - GLOBAL_EN
Pl

Respberry Pi 4 Model B

(©Raspberr

Pi 2018

FCC 10D 2ABCB-RPI4B |
20053-RP148 -
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# Coded by Sam Aaron
use_bpm 50

with_fx :1pf, cutoff: 90
with_fx :reverb, mix: 0.5 d
with_fx :compressor, pre_amp:
with_fx :distortion, distort:
live_loop :jungle de
use_random_seed 667
4.times
sample :loop_amen, beat_stretch: 1
sample :loop_amen, beat_stretch: 1
sleep 1
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N i Oracle Shows
1060 Raspberry Pi Supercomputer
at Oracle OpenWorld 2019

(£*) https://url.kr/y2ubc5
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Choice of RAM
(26B][4GB] [8GB]

More powerful
processor

GIGABIT
ETHERNET

’\ USB 3

MICRO HDMI PORTS
Supporting 2 x 4K displays

Herz des Raspberry Pi 4: Broadcom BCM2711

Das System-on-Chip (SoC) BCM2711 vereint nicht nur vier CPU-Kerne mit einer GPU,

sondern enthalt auch Controller fur viele Schnittstellen.

2ol TS 71 : (1) =IO

neue oder stark verbesserte Teile EERES T HDMI 2.0
e (1, 2, 4 GByte) ‘
| | beibehaltene Teile CSl| | DSl ”HDM[ G
|
Broadcom BCM2711 H
- VideoCore VI (VC6) ’ H
) B LPDDR4- H265 VP9 |H.264 | [JPEG||kamera| Display- -
4x ARM Cortex-A72 (VCB) CSDRAIII\A- de-/ dek. ‘de-/ de-/ Engine  :
ontroller  enk.  (exp.)  |enk enk ‘
§ ! 8 | 2 5 Composite
L1 L1 L1 L1 MMU || I l l l ] I ] Lz
L2-Cache: 1 MByte [ [ ’ DPI
MMU L2-Cache: Mailbox || VPU | DMA | ISP
128 KByte | (VCHIQ)
ARM/NC MMU 4-fach ass.
AMBA/AXI-Bus
| I [ [ | | [ [ | -
PCle 2.0 x1 Gigabit- DMA| USB| Timer 2X 5x 5x 7% AUX ‘ SDIO ||PCM/ 4x
Ethernet- 2.0 SDIO UART SPI [I’IC 2x SP| || (legacy) S  PWM
MAC (Arasan) (PLO11) —
I 1 1| T 111
’ ’ ’ : GPIO-Multiplexer i
]
USB 3.0 Ethernet PHY WLAN+
(VIAVL805) (BCM54213PE) Bluetooth
(CYWA43455)
2X 2% RJ45 USB-C uSD-Card SPI-EEPROM GPIO-Pfostenstecker Audio-
USB3.0 USB20 OTG (DDR50) (512 KByte) Klinke

CtMagazin fur Computertechnik 2019
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ATEQN 7=

Welcome to OpenStack
I 20| 25 & A% Documentation

H#lo] 3 CHfo| A E2}0|H
What is OpenStack? OpenStack is a cloud operating system that controls

Al Tg2EZ= AEH .

= == large pools of compute, storage, and networking resources throughout a

ofm

SECH MH|A 23 datacenter, all managed through a dashboard that gives administrators
control while empowering their users to provision resources through a web
SR ERE .
interface.
Cl|o[E] X2
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openstack.

Write back to storage
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Provides images
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Provides
volumes to
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Provides Ul

Saves data or job

binary in Sahara

Orchestrates

images in l clusters via

Swift

[

Backups
volumes in

Backups
databases in

ci

n

der

instances via
Registers guest
images in
Provision
Neutron Provides network
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A
Provides PXE
network for
‘\—{ Ironic
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Non-RTOS (£ 0S)

~

RTOS (Real-Time 0OS)

~

BSS

DATA

TEXT
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DATA DATA DATA
TEXT TEXT TEXT
\\¥ Process Process Process 4//
v v v
Task Task Task

Progess

v

Task

Task

Task
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"1 Device Type 01

AWSI ol

reengrass

'_-:_‘;;;}";;'] Device Type 02
QUX| Clbpo| 20| 22 ZFE, BAIE, HlOJE 22l 57 ,_
% Device Type 03
Any device using FreeRTOS |
AWS ™ MM or AWS loT Device can

be configured to interact
with AWS loT Greengrass
Core via the local network

AWS loT Greengrass= AWSE lIX| C|HIO|ATFX| §IgstH| 2Hatsta
HSo X Fst= SAl0 C|HHO|AOM MME|= HIO|EE 22 = =Y
£lof QK| etete HUE|E C|H}O|AO|A AWS Lambda &4, =H

S 2o, C|BIO|A OB E S7|3t HEH2 FXIStL, CHE CIHHO|

2, A& N SeREE AH26}0] H|O|EE 22|, 245t @
g 4 QUALICH AWS loT GreengrassE A28 QIE{4lof|
ZE|o| = & CHE A¥sty, 7|14 && 294E 7|¢
A9t OHHBHHA SAME 4 AUELICEL

AWS loT GreengrassE A5 =3t olojet T2 2l RHS ALE5I0] S22t E SZ0|M ClHlo|A AT EYOE 7Y & HA
E$t S C|HIO| A BREE 4 QU&LICE 1 8Hof| AWS loT GreengrassS T2 12{23}0§ C|HIO|A H|0|E{S ZE{ZIS} 1 C|HIO| A0 A

HEOAWSE CHA| ME&e £ JELICH AWS loT Greengrass ConnectorE AH25H0
EFAL OfE2|7|0| M, 2Z2|0|A AZEL0| 9

AWS MH|AO| ZA| HEY o JASLICE EoF AN 2HE I2EES O{HE Y 7|5
2 Solf ClHto|A 2EY S WEA| AR £ A2H, AWS Secrets Manager?to| SHORE QIEE Ztaste = JSLI|CH

olie CIO|E{el +F F7|E 2elotH Eadt

—_

)

L

AWS loT Greengrass Core

Enables the local
execution of AWS Lambda,
messaging, device shadows,

and security. AWS loT
Greengrass Core interacts
directly with the cloud and
works locally, even with
intermittent connectivity

Cloud
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N . . Metwork interface Internal network
Wi-Fi Bluetooth
ays External netwaork

Parrot Sierra
Linux, Parrot FC&050 GSM Radio

2 0S (Linux)
IC Gateway Vehicle

Linux, NVIDIA Tegra 3 FreeRTOS Controllers

Toucan Toucan

USB Ethernet USB Ethernet Service Port

Ethernet Switch

(;’C

#=X) "Hacking a Tesla Model S: What we found and what we learned” https://blog.lookout.com/hacking-a-tesla
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User Application User Application User Application

User Level

(System) Library

W

Kernel Level
System Call
Virtual File System
E General File System Device File System Network File System E
E Buffer Cache TCP/IP Protocol Stack E
E Block Device Driver Character Device Driver Network Device Driver |
e :
Device Block Device Character Device Network Device
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sensors.h )
HAL

Sensors.cpp \

SENSORS HUB

.

SENSORS )

Application Developers

Google & AOSP Contributors

Hardware Manufacturers

System Apps

Calendar Camera

Java API Framework

Managers
Content Providers
Activity Location Package Notification

View System Resource Telephony Window

Native C/C++ Libraries Android Runtime

Webkit OpenMAX AL Android Runtime (ART)

Media Framework OpenGL ES ,,_ Core Libraries

Hardware Abstraction Layer (HAL)

Bluetooth Camera Sensors

Linux Kernel
Drivers
Audio Binder (IPC) Display

Keypad Bluetooth Camera

Shared Memory SB WIFI

Power Management
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APPLICATIONS

Contacts Phone Browser

User Application

APPLICATION FRAMEWORK

Activity Manager m:s;g: égci?::s
Package Manager Tﬂ:ﬁ?&? F;’Ie:r?:grgre lﬁ%cna:gz? N&t:iﬁ;;g? ’
LIBRARIES ANDROID RUNTIME
Surface Manager Frar:weeii«::)rk SQLite Core Libraries
(System) Library OpenGL | ES

A FENkVira
FreeType WebKit Machine

SGL SSL libc

LINUX KERNEL

Display Flash Memory Binder (IPC)
Kernel Driver Camera Driver Driver Driver
T Audio Power

Keypad Driver WiFi Driver Diers Management
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COMPANIES > DELL EMC

Dell Intros New Micro-

Data Center, Server, Bt

Software for Edge
Computing

A new analytics-enabled remote-management platform
complements compact server and fridge-size enclosure.

<79>



SMART
SERVER |
FARM

1] '
NAVER NBP=: B0 SSoe A
v
i3

: (3) &3

<80 >



A2l HHY &0l HAst7is : (3) &7
T\ 5G

l Edge Compute Data Center
L1
| I I |
| I |
L1 1

I
Hm” Firewall / NAT 1 == [
] Eﬁa — \_ Cloud
. . _—
MEC A MEC Hosting

il
il

Internet
7 VSRX Secure  Server o Infrastructure
@ Gateway Apps
—d N~ Core
Mobile and Network
Fixed Line
Consumers

https://www.juniper.net/kr/kr/products-services/what-is/multi-access-edge-computing/
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Extend the Amazon Virtual AWS Region Wavelength Zone
) g Private Cloud (VPC) to include Beolov ih ) ; licsition ¢ I
X H Mol =2 a Wavelength Zone and then eploy the portions of an application that require ultra-low
wavelength Zone ” 46}7' Twitch kll ._0|| o= create Avg\’/s resources like latency in a Wavelength Zone, and then seamlessly connect
Amazon Elastic Compute back to the rest of the application and the full range of cloud

Cloud (EC2) instances in the
desired subnets

AWS Wavelengthe 2HIY SIX| ZFE! OfZ2|H|0|M0f| X| XSl AWS Q12 X ZQIL|Ct Wavelength Zone2
AWS ZFE 3 AEZ|X| MH|AZ 41 MH|A ZZXHCSP) H|0|E MIE{2| 56 HIEL{A AX|0f| ZESHe] 56 C|H}o|
Aol M2l ofE2|7|0|H E=fZ 0] S HIER S Li2| Wavelength Zoneli|A A3 E|= OfE2[A|0|H MHE HEE
7 UALE St= AWS Qlze} b I SHARQILICE O] MH[A S AFESHH OiE2||0|8 EciLio] SHX[of TEE wj7tx]|
QUE{IOM 0 Z2 A0 ot7| T 0f| 24st= X[ AlZHS SR = A28 =2 20| 2|4l 56 HESR{Z0M H|
SEl= XA Az Y Fo| O|H S H[ohst &3 = ASLICH

AWS Wavelength Zone2 0|2 F<19| 107 TA|0|A Verizon2| 56 HEY 3, Y& TR LAIFI0| M= KDDI 5G
HES3, $t= tH0f|AM = SK HeZ 2l 56 HIES 3, HEH|A = Vodafone 56 HIEYIE Sdlf A = USL

= AN
ct.

services running in the AWS Region

A
Lo
o =
—
Application traffic can reach
application servers running in

Wavelength Zones without
leaving the mobile network
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"1 Device Type 01

Q XA

AWS loT reengrass AN

] Device Type 02 C"\";-‘
iRl )_é HURI B =7 > AWS loT Greengrass Core
\ % Device Type 03

Enables the local
execution of AWS Lambda,
messaging, device shadows,
and security. AWS loT Cloud

Any device using FreeRTOS
AWS ™ MM or AWS loT Device SDK can

be configured to interact
with AWS loT Greengrass
Core via the local network

Greengrass Core interacts
directly with the cloud and
works locally, even with

intermittent connectivity

AWS IoT Greengrass= AWSE CGlIX| C|HIO|ATX| 21gstA| =tEsta
HSet MESH=

2, ALl A SR EE A0 HI0IHE 22|, 245t 2
SAl0]| Clefo| A0 M ML= HOIHE ZEZ YUY = ASLICH AWS loT GreengrassS AHEoHH QIE{ 0] &
£[0] AX| tH2te FHHE[= ClBtO] A0 AWS Lambda &4, =7 ZE|0|H L= = CHS 25k, 714 stE 222 of
S 2o, C|BIO|A OB E S7|3t HEH2 FXISHL, CHE CIHO| AL QHHSHA SHE £ /US

= 4\‘ MEL“:l'-
AWS loT GreengrassS At26} AZEOE HE R EHA

E$t S C|HIO| A0 HES A Q) . 71 4toj| AWS loT GreengrassS T2 12s}t0] C|HHO|A H|0|E{S ZE{2Ist C|HHO| A0
S CIO|E S| £H F7|E 2t2|stH Tt MEHP AWSE CHA| &g £5 Q&L|CE AWS loT Greengrass ConnectorE A5t
EtAL OfZ2[A|0| M, 2Z3|0|A AT E%Ioi U AWS MH|AO| ZA| HEY fE JASLICH EoH AN RE Z2EZ OHEH S8 7|s
= 3ol ClHio|A 2EY S 2A| A2

tet 4 1O, AWS Secrets Manager2te| SO Z Q158 7tASIE £ USLCL

o Q|33 Qlojet T2 Y RHE ALE5I0] 22t 20l ClHo[A
A =]
=

rol'
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Send workloads to

T Azure loT Edge devices
Z / loT / Azure loT Edge i

Monitor status
of devices

Azure loT Edge . el

. Configure workloads Device health
loT Of|X] C|HFO|AO|A EHE HIZE|= S22t QIEZ| A
G A
@ ’ —
; o
: HE A 2hso| p,

0O 0O 000 Q

AwreloTEdge v MEZHE  Jls B9 b AESPl MM Yool FAQ R

Azure loT edge device

Module Module Module
loT Hub
Telemetry ? Y>
Insight Action . 1
0 | t 1t —9
» , > ® 9
- . Insights and
S Azure loT Edge runtime modﬂ;e healzhk L
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Gateway Device

Application Logic

1" TensorFlow

Connection Agents

Linux OS

CPU GPU Edge TPU

Update config
& deploy ML
model or other
files/objects

Directly
connected
devices

URY B MAN 5Y 72

Data analytics & ML
Update device
config Cloud
l ) Functions
-~ Cloud
<l
T 2 'V Bigtable
n —> é Datalab
0lo — 2 Pub/Sub l
loT Core
A l =4 Q BigQuery — S Insights
: I\ R Dataflow | Training
Update device x @ Data
config
’l: = @ Studio
Serving éé Platform
Devices Application Service
partner partners partners
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EDGEXCFOUNDRY

NORTHBOUND INFRASTRUCTURE AND APPLICATIONS

—=
=]

() (t-!l) @ —=

=]
—=

PKEY o

REQUIRED INTEROPERABILITY FOUNDATION

| REPLACEABLE REFERENCE SERVICES

LOOSELY-COUPLED MICROSERVICES FRAMEWORK

= AN T 3
B
Il

SOUTHBOUND DEVICES, SENSORS AND ACTUATORS

(L)

w [ B

T | CONTAINER DEPLOYMENT | [ DEVELOPER GUI
PROTOCOL
~vensc] APPLICATION SERVICES
PROXY .
CONFIGURABLE APPLICATION SERVICES APPLICATION SERVICES ADDITIONAL SERVICES =
3
=}
£
E SUPPORTING SERVICES é
g |z
> | & RULES ENGINE ALERTS & NOTIFICATIONS SCHEDULING ADDITIONAL SERVICES 5>
E|z all b=
x| & =
o8 CORE SERVICES m
w w : @ vee. ALL MICROSERVICES INTERCOMMUNICATE VIA APIS oot es et s z
-
z | m
21z = 8|z
o CORE DATA METADATA = REGISTRY & CONFIG @ 5 -
2
=4 w
[=] i m
8
DEVICE SERVICES (ANYCOMBINATION OF STANDARD OR PROPRIETARY PROTOCOLS VIA SDK) 8
m
SECRET " =
STORE REST OPC-UA | | MODBUS | | BACNET || ZIGBEE BLE MaTT SNMP | | VIRTUAL A';g;\ﬁé‘é'su
(e2) (t22)

Edge Core
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: K8S

(CloudCore

{ Controllers

EdgeController ] E

DeviceController ] E

@

KubeEdge

Cloud Hub I
Y Cloud
(EdgeCore ) Edge
v
EdgeHub
; &
—_— .
Nodel evel > MetaManager DeviceTwin ! - e
DataStore : ServiceBus fe-1—»{ |kl
_____________________ . A APP
3
Volume lConﬁgmap Pod [ProberlEventl v v
Edged EventBus
3
»
V. A4
[ Docker ] [ containerd ] [ CRI-O ] «‘tﬁm
M scssssssssnsssssssssnsessssssqensassnsassassnssnsasenscncnnanst MQTT Broker
4

Edge Core

23t2C MH|A
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Deploy Docker Containers to Embedded Linux Devices

[l&#docker }

J) J Edge Core | 2E[E MH[A

SURVEILLANCE

10T GATEWAYS ROBDTICS
00 O]
EEB
s::vesis INTERACTIVE SMART RETAIL
KIOSKS
L]
Introduction

Embedded devices are running complex resource-intensive applications on edge. A preferred way to do so is to containerize them and then

deploy on the remote loT edge devices. This helps with better orchestration and resource planning of the applications.

Docker is an open platform for developing, shipping, and running applications. Docker containers can be beneficial for deploying applications
on loT Edge computing devices such as Raspberry Pis (RPI), Intel NUC boards, mini-computers, NXP — IMX boards, Jetson Nano, loT Gateways, or

custom boards running either Linux, Android or Windows.
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OPC UA

info Model lﬁ—

(From AAS)

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

Info Model
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Aggregation Server

OPC UA
Client

OPC UA OPC UA
Client Client

OPC UA
Info Model
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e

: Asset Administration Shell
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=AUz 7|UE KAMP

B AAS (Asset Administration Shell)

*
0.0

B AASE %

Asset®| 2 &

Operation Data — Asset 24| 230 &

Technical Data — 7| 2 At 91 AX|L|Of &

HBE

= ——cé-(gr% Jggxlar
Identification Data — AAS 3! Asset?] A8 HH
= 2
2]
45 435 A=

Document Data — =9, ALY, O} 4+

gt

< AASZ2| Operation

)
0.0

.,
°n

Cloud

- AASE &
« AASE
Edge Gateway
- AASEE
« AASE H

S&/dlole =F
Dat

= 3E2E HO|E+H 7]

— 1
gH|2] 2340l +8/24

.

[=J

e

54

<107 >



. OlIZ| HIEY ALY B4 : 2AHIZ7|HE KAMP

ol x| AIO|EflIO] HESIR 48 A S

— o I_I.

HAEIZLC 01 I-
-”__ =— : Youtu be oo 27| Cloud AlH]s

@ Amazon, NAVER, AZUR....
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Open S ;
ol lnteﬁface __; Application/Services
Ethernet

,,,,, —1{ Ex. Al Analytics,

..... -0

L2/L3 Switch

v

Industry Ethernet

s} Gateway IP S{2EM HE

inbound 31 2E X (from 27| 2L EAMH IP)

OPC-UA(4840), 5000, 5001, SSH

Outbound {782 (to 27| S2SEMH IP)
rest/http.80, OPC-UA PubSub 1883, https, AMQP(5672)
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ARM Server

V-Raptor Server
=  ARM Server for Edge Computing and Cloud Service

=  ARM Server Node x 32 per 1 Server (32 nodes)

*  64bit ARM CPU Core x 24 per 1 Server Node (24 cores)
= |PMI 2.0 (BMC) management support

= 15W Power Consumption per 1 Server Node
19-inch, 2U, 800W Redundant Power



(M) onz) ZEY Al 84 : 12| ZTY ARM At

ARM Server

ARM Server node mounted

o e T e

,

1 Gbps port per ARM Server node

Remote Management (BMP) port

XSLAB Inc.'s Original BMC
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ARM Server Up to 32 Nodes (24 cores x 32 nodes = Total 768 Cores)

Display Self-designed e-Ink Display for Status
Network 1Gbps Ethernet 1 Port per ARM Server, Management 1 Port
HW Console Micro USB Console and Web Console (Serial over LAN)
Power 800W Redundant Power (Average 650W consumption)
FAN Automatic Fan Speed Control according to Temperature
Size 19inch 2U Chassis
0S Self-designed Ubuntu 18.04 (Not Embedded Linux)
BMC - Power / Temperature / Server Mount Monitoring
Software

- IPMI 2.0 support, DMTF Redfish will be supported

Stet Mo |92 0.650 (kW) x 24 (H) x 30 (days) x 100 (&/kWh) = 46,800 (&)

19 HI |23 46,800 (&) x 12 (P1¥) = 561,600 (¥)
5 MI|Q3 561,600 (&) x 5 (F) = 2,808,000 (&)

% Ll|O[E{HIE| MH Q| Bt =8 (B AFE 2[2h) = 5
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ASIC Based

" Excellent price-performance
" Vendor development cost high
" Programmable and extensible

Easy to program but flexibility is
limited to pre-defined capabilities

SmartNIC Implementation Comparison

Price-Performance

Ease of Programing

HASIC EFPGA mSQOC: NIC+Processor

Flexibility

FPGA Based " SOC Based

" Good performance but expensive System on Chip - NIC + CPU
" Very difficult to program

" Workload specific optimization = C Programmable Processors

Good price-performance

" Highest Flexibility
Easiest programmability

NVIDIADPU

Software-defined Networking Software-defined Security
Software-defined Storage Infrastructure Management
DOCA Drivers and Runtime Libs

Linux Distro (Ubuntu, BlueQS)

Bootloaders (ATF, UEFI, PXE, Secure Boot)

ConnectX-6 Dx Firmware
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Reduce TCO with Arm Based
= SmartNICs

A BROADCOM’

[ _sowse

53 Julio Suarez November 14, 2019

HE2XQI HIo|EMIE 2P 2Tt SmartNIC 28 37t

What is a SmartNIC

A SmartNIC is a Network Interface Card that includes general-purpose CPUs. The CPUs are used to
offload processing that is done by server CPUs. Arm CPUs are being selected for SmartNIC SoCs

because of their efficiency, performance, and the well supported software ecosystem. For example,

two Arm-based SmartNIC platforms are the Broadcom Stingray and Mellanox Bluefield. These

platforms are built around Arm A-72 CPUs. SmartNICs also include DRAM and storage and boot

standard operating systems like Linux. In fact, a SmartNIC can appear as a host on the network. For !0 >




Key Technology Trends That Shape Decisions

How Has Al Processing Purpose Driven Architectures?

100%
80%
60%
40%

20%

0%

Exploration Research Mass Market
(CPUs) & Training Inference
(GPUs) (ASICs)

How Will Al Processing Impact Edge
Processor Implementations?

H Computation m Al Processing

CPU GPU FPGA ASIC
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Google’s Edge TPU Debuts in New
Development Board

By Joel Hruska on March 7, 2019 at 714 am 0 Comments

f ¥ G+ & Y P 129 SHARES

|

Edge TPU

b

We’ve written a fair bit about Google’s Cloud TPU, the Al inference and ML training
accelerator the company developed for handling specific workloads more effectively than
a GPU or CPU. These large-scale TPUs, however, are intended to power server rooms and
major data centers. Google has also developed hardware for smaller devices, use-cases,
and the network edge, appropriately dubbed the Edge TPU.

<122 >
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ANNOUNCING:
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Small. low y'/l')ﬂkr

128 CUDA Cores | 4 Core CPU

4 GB Memory
472 GFLOPs
70x45mm
5W | 10W
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Al From Edge to Cloud

Examples of Supported Al Processes

Object Visual Facial Super Image & Video
: Detection Analysis Detection Resolution  Segmentation
—‘—I :

:l ' Object Voice Facial Sty  Image & Video
: Identification Command Recognition Transfer Enhancement
Recognition
Speech & Voice Natural Language Image & Video
Authentication Processing Captioning

Lang‘uage @9aH Linguaggio ﬂ3blK
10T oo M '. \ Mdéaoa &k MMM L 5, haa)
| cagpuy NOYN Lenguaje
End POint ° fl Langage o ||i|':
S = A4 qrar &3"11 Ngon ngir )

~ Linguagem Wika @@/
) naa
e Sprache 5% (W7 Bahasa © 1

POz EES
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Lightspeeur 2803

Advanced Edge & Data Center

%7

gyrfalcon
technology

LIGHTSPEEUR
SPR2803S
SCH124A
1833 BOO
ES

High Performance Low Cost Low Power

Energy Efficient

VR [

Frameworks:

Neural Networks

4 Q\

ﬂﬂ&

et
o
‘@

Developer
Hardware

Development Support

VGG16, ResNet, ShiftNet,

MobileNet and Some
Customized

= Caffe
D
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Performance Specifications
= 16.8 TOPS @ 700mW
= Efficiency : 24 TOPS/Watt

Supported Models
= VGG
= ResNet

0000'G<

= MobileNet .7 gyrfalcon

technology

LIGHTSPEEUR
SPR2803S

Supported Frameworks

= TensorFlow
= (Caffe
=  PyTorch
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http://112.217.198.156:9000 /A M|A g /CCCR_Lecture/

$ git clone http://112.217.198.156:9000/%EC%97%91%EC%84%B8%EC%A%RALAKEB%LIEXRA9/CCCR_Lecture
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M| A
CPU NS 22| A8 2=

Ejojg # CHEF| - S AL Ctrl + Insert / 204'27]: Shift + Insert e

vraptor@vraptor:~$ kubectl get pod -o wide

NAME READY  STATUS RESTARTS  AGE Ip NODE NOMINATED NODE  READINESS GATES
nodejs-deployment-666b75776-hnvgw  1/1 Running 2m35s  10.244.155.73  vraptor  <none> <none>
nodejs-deployment -666b75776-k9ct9  1/1 Running 2m35s  10.244.155.70 vraptor  <none> <none>
nodejs-deployment-666b75776-ssmn5  1/1 Running 2m35s  10.244.155.71 vraptor  <none> <none>
nodejs-deployment-666b75776-tw74q 1/1 Running 2m35s  10.244.155.74 vraptor  <none> <none>
nodejs-deployment-666b75776-z2glk  1/1 Running 2m35s  10.244.155.72 vraptor <none> <none>
vraptor@vraptor:~$

vraptor@vraptor:~$

vraptor@vraptor:~$

vraptor@vraptor:~$ kubectl get svc -o wide

NAME TYPE CLUSTER-IP EXTERNAL-IP PORT(S) AGE SELECTOR

kubernetes  ClusterIP 10.96.0.1 <none> 443/TCP 20m <none>

nodejs LoadBalancer 10.100.92.173 192.168.11.61 80:31646/TCP  2m50s  app=nodejs

vraptor@vraptor:~$

vraptor@vraptor:~$

vraptor@vraptor:~$ kubectl get endpoints

NAME ENDPOINTS

kubernetes  192.168.11.129:6443

nodejs 10.244.155.70:8080,10.244.155.71:8080,10.244.155.72:8080 + 2 more...

vraptor@vraptor:~$

vraptor@vraptor:~$ watch -n 1 curl 192.168.11.61

vraptor@vraptor:~$ ||

<131>
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