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All compelling 5G applications are low-latency applications
— Examples: connected vehicle, AR/VR, drone, etc.

— The most effective technique is edge computing

— The most important edge computing workload is real-time video
analysis =» Al edge compuiti i

Cloud DC :
AWS - Azure + GCP
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Every surveillance camera is equipped =
with real-time video analysis capability ¢

Virtual border control and policing @ M‘ = WE

Parking lot metering and management hlj

Patrol for buildings and open space

Children/elder activity monitoring, e.g. | WASS " ;:‘ iy
. + A S ok bl S 1)) bl
fall detection NG e Tl R dddd

Police body camera ; e/l
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Benefits:
— Unmanned retail store: automated checkout

— Optimize shoppers’ offline shopping/consuming
experiences

— Capture offline shopper-merchandise interactions so as
to combine them with on-line shopping behaviors
e Capture whatever can be captured in an on-line
store in a physical retail store and integrate them
across stores

— How many shoppers?

— Each shopper’s trajectory? < Pthlca’lAStTe.
.. opping Analytics
— What merchandise is touched?
— Does she IlkG/dISllke it? Entering: Navigation Browsing & Comparing Checkout Cross-store Profile Integration

Identify each [l Use shopper’s profile to Use shopper’s profile for merchandise Simplify or aufomate the Link the per-store browsing
shopper provide navigation help recommendation and comparison checkout process behaviors into a global DB
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Shopper Re-identification and Behavior Tracking
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Fast Checkout During Peak Business Hours
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Cloud/Edge-based AOI: Decoupling of imaging HW from image analysis SW

Defect Verification and Defect Recognition, Location,

S— Repair planning and Subtractive Repair
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AOQI Defect I_S_,

Detection

Optical Defect, Location
And Repair Recipe Database

No stick Missing wires Bump defects Missing bonds

Underfill BGA /Flip Chip Contamination

[1]1]

Epoxy / paste Waffle packs Die defects Bonds on thickfilm

Inspection

DNN
Inspection

Manual
Inspection

DNN
Inspection

Laser Repair,
Machine
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AOI Throughput : 300000 images/day * 4 human inspectors=
1,200,000 images/day

False negative rate : 5%

False negative rate: <0.01%, manual inspection load: 5%

Throughput : 1.2 M images/day = 14.4 M images/day

AOI Throughput : 300000 images/day * 10 humaninspectors=
3,000,000 images/day

False negative rate : 12.9%

False negative rate: <1%, manual inspection load:10%
Throughput : 3 M images/day = 8.6 Mimages/day
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Competitive gaming form of drone racing
LATELINE

Provide one or multiple drone pilots a
digital real-time first-person-view (FPV)
control of her drone $
— Low-latency high-bandwidth video streaming & ﬁMmm 5"’" _"l 'J"
and interactive command control oo ’
Replace physical barriers with virtual
barriers: MR

— Flying through a virtual Forbidden City

— Real-time precision collision detection \
— Collision impact emulation -

— Real-time Al-based video analysis
Dogfighting among competing drones
— Physical collision among drones
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ion: Cloud Gaming

e Cloud gaming service: Google Stadia, Sony’s
PlayStation Now and Microsoft’s Project xCloud

e QOriginal motivations

— Thin gaming console

— Enable use of more powerful gaming HW in the cloud
e Specialization of Desktop/Device as a service

— Parsec
— Shadow
— LiquidSky

e Smartphone game streaming service A
PIONe & 1ine SEN #HATCH REDFINGER
— Hatch (Finland) and Redfinger (China)

e |nteractive latency or lag is a key concern
=» edge computing could come torescue
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APP Streaming

+* Vision: One APP for all (Android) APPs in the world

» Unmodified APPs run in the cloud, experience all sensors in a user’s smartphone,
and stream their outputs to the smartphone’s audio/video devices.

» Container-based and/or Serverless computing model that supports on-demand
virtual resource allocation and de-allocation

» Technical objective: Attain the same interactivity and usability as local APP execution
with unmodified APPs

BEOGM®

You

Android 1 Android 2 Androidn

App Streaming Cloud ln!raslrucfu re

Current
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** Access enterprise data via
remote app invocation

» Enterprise data stays within
enterprise: insurance

» Keep app bytecode private:
banking

+» Tracking and maintenance of
per-user app state

% Client device independence:
iOS and Android

» Works even better with 5G
edge computing

All rights reserved. No part of this confidential report may be reproduced in any form or by any means without written permission from ITRI.
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Business Models

¢ An enterprise app delivery strategy addressing BYOD security

» Gives each employee a virtual smartphone for
running enterprise apps Enterprise
» Keeps enterprise data staying inside its data center “f\‘;f;i'f APP

Remoting
» Target users: TSMC, Bank of America, Pin An Insurance, etc.

** An alternative consumer-facing app market that supports both download
and in-place execution of apps
» Reduces app development cost

» Enables effortless app trial/promotion
» Supports location-based invocation

of long-tail apps

» Target users: AT&T, Verizon, and & &5
Softbank, which could host such a o e : % &WW |
new app market " — = '
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Comparison of APP Streaming Platforms

Poor Good Perfect

SafR | T s e TN ———

: ﬁka @ &.N— C@‘g Android1 Andrm:‘Z itmd:

| Android 1 | Android n Android X86 1 — —| Android x86n
Linux Kernel ’ Linux Kernel '
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ARV Y ARM AR Y ARMY i LXC Container
oo : —
INUX Kernel (cgroup,
QEMU Emulator L (cgroup
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\——————————
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namesapce)

X86 X86 X86 X86
E < <,
X86 Server Machine X86 Server Machine Smartphone SOC Cluster
— Android/iOS Emulator — Containerization + Android X86 — Containerization + Android Framework
— Hypervisor-based virtualization — Sharing of GPU — Sharing of GPU and Audio/Video encoder

/ decoder HW
— Run smartphone APPs natively
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Comparison of APP Streaming Platforms

APPs Per Android Instance Per Android Instance
Compatibilities Cost Power Consumption
X86 + Android Virtual Machine ~ 60% < $240 NTD < 30W (average)
X86 + Android Container ~ 70% < $120 USD < 15W (average)
Smartphone SOC Cluster + > 90% < $100 USD < 5W
Android Virtual Machine
Smartphone SOC Cluster + > 90% < $30 USD < 2.5W
Android Container

Carrier Board*5,7 SOM per CB = LAN Switch
(4 on top side, 3 on back) R (1G*8 + 10G*2)

ARM node*35
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LED Indicator light*2 3 Backplane Board T TR RS
power & network (power supply, Ethernet port, & MCU) A navstriat Technalogy
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Competitive Edges

*** Running Android apps on an X86-based cloud computing
infrastructure

» Front-end app, and back-end deployment, streaming,
management, and operation support infrastructure

** Android containerization technology
» Android meets Linux container
» Next stop: container =2 function (e.g., AWS’s Lambda)

***Smartphone SOC cluster as an efficient and scalable app
streaming infrastructure

» Custom-designed server using smartphone SOCs

T ERRMTATERR
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Two Other Cool 5G Applications
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— Wireless signals, particularly channel state information (CSI),
are affected by object motion in the environment, including
chest movements due to breathing and skin vibrations due

to heart beating.

= ek
Sleep Quality Analysis Server
(Breathing, Heart rates and Roll-

— The accuracy of breathing and heartbeat rate predictions are | | ~ overfeaueny oa

95% (5 meters) and 80% (1 meter), respectively.
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Applications: Sleep Quality,
» Tiredness Detection, Home
L Security, etc.
. - - - HE AL

FFT Magnitude

T I
Fundamental
B1:15 bpm

_Resting people breathing rate
ranges from 10 to 37 bpm

Harmonics
B2:30 bpm

Harmonics GW truth
B3:45bpm  Harmonics 1 H1:91 bpm =
B4: 60 bpm Intermodulation Intermodulation
: i , Cla: 76 wﬂam 106 bpm |
| ! | i | A

Subcarrier =7, 8, 9, 14, 15, 29, 30, 31, 32, 33, 38, 39, 40, 41, 43, 44, 45, 54, 55 (Total = 19)
I I | I

Normal heart rate range of resting
people is 60bpm to 100 bpm

20 2 0 a E) ) 70

100 110 120
Number of Breath/Beat Per Minute (bpm)
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e Sleep quality measurement without wearable sensors
o Apnea (FEREMLIR P [FAF) solution (Kickstarter, Q4/2019)

— Breathing rate measurement

— Pillow adjustment mechanism
— Implementation cost < $2,000 NTD

e Drowsiness detection embedded into seatbelt (Denso)
e Sleep state tracking

— Target memory consolidation during deep sleep state

— Quality and length enhancement of certain sleep states

e Augment WiFi AP router or small cell base station wit |
indoor positioning capability: ¥60 cm accuracy

— Real-time positioning for equipment, personnel and
patients in hospitals

.\— Comprehensive retail analytics for offline shoppers




tional Dressing Room
FRARERFERT
 |Importance of high-quality dressing rooms for apparel stores

— When a customer enters the fitting room, sales conversion rate jumps from 10% to 67%.

— 97% of customers that entered the fitting room and subsequently walked out empty-
handedly did so because of wrong size/color of the tried-on items in the fitting room.

— Returned merchandise costs retailers $270B every year, and online apparel return rates due
to misfit are around 70%!

e Design objective: Provide users the world’s best & most fun “try on” experience
e Unique experiences:
— Situational try-on
e Background image, lighting, sound
— Dynamically personalizable closet
e No need to interact with clerks
— Al-based recommendation for dress collocation
— Support for collaborative shopping
g ~ P
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e QOptimizes the fitting room
experiences of apparel stores and
thus increases sales

e Encourages consumers to spend as BFAH
much time in fitting rooms as IR

possible, to collect as detailed
feedback on individual apparel

products as possible. SRR A8
|2 far e A
e Makes the best of online and offline G mﬂ%"‘@ .
world, and reduces the cost of offline “
store operation, such as check-out,

reverse logistics, and inventory check
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Thank You!

Questions and Comments?

tcc@itri.org.tw
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NetFlow

A

NetFlow

Flow Monitor
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Inventec FPGA Solution
and 5G Plan

Jonz Lee (P E)
Oct. 29th, 2019
- @ - 4=
¥ H FEo  HAT
Innova tion Quality Open Mind Execution

Inventec



Company Introduction

Inventec



Inventec Group at a Glance

Inventec

Inventec founded 1975
in Taipei, Taiwan.

» Paid-Up Capital USD1.2Bn

* Annual Revenue USD16.8Bn (2018)
* Global Employees over 45,000

» Engineers Exceed 7,000

1985 1997 2000 2010 2018
Began Telephone  IEC IPO Established E ta bl shed Chongging Et b‘ h d
ODM Business IAC uction Campus

O@OQQ

C@@@

1975 1988 1999 2008 2016
Established asa  Began Began Server 16+ million Established Taoyuan
Calculator ODM  Notebook PC Business notebooks Science and

ODM Business shipped Technology Campus

Established AlMobile



Inventec Group

Enterprise Business Group
Jack Tsai BRE%&

mSEESkE
InventeC

f/' Kou-I Yeh E[E— H\\

Founder & Group
Chairman

Tom Cho E1F%E
Maurice Wu & 5k B4

Group Companies

Personal Solution Group
Fred Chang 5R#&

AlMobile

Industrizl Mobile Systems

AIM

AlMobile
B ERERZ

K.C. Liu 7R
Timothy Chang 5REI#

IEC 55%

2B s

B E S T

b

Besta

Inventec BESTA
R

Jonathan Yang 5 A
Peter Lee Z[E|1E

IEC 37.53%

R E

Inventec Appliances
IAC
Inventec Appliances
AEEE
Jackson Chang 5855
David Ho {a{{7k

IEC 100%

Inventec

"!' Inventec

SOLAR ENERGY

ISEC

Inventec Solar Energy
Harry Hsieh #¥#8
Haw Yen {&%

IEC 47.65%

@ €-TON soLar

E-TON

E-TON Solar Tech
A HE

Frank Wen SR /558
Stan Yang 1515
IEC 34.65%



Global Scale

Headquarter Production Campus Regional Office
Taiwan Taiwan Silicon Valley
Shanghai Austin Houston
Nanjing Tokyo
Chongqing Beijing
Czech/Brno Nanchang
Mexico/Juarez Tianjin
Xian

B = = e B rrrs e
CTO&BTO CTO&BTO CTO&BTO CTO&BTO CTO&BTO CTO&BTO
Taiwan/87100m? Shanghai/ 590000m? Nanjing/ 120000m? Chongging/ 765000m? Czech/Brno/ 22900m? | Mexico/Juarez/ 22900m?
- PC — Server — Handheld - PC - Server - Server

Inventec



Innovation & Patent Portfolio

Engineers

Covered TOP
ExceEd 42% Mobile loT 1 1
32% Smart 5 OO
7 ooo Manufacturing , o
[ | Regions Organizations

26% Smart Cloud
Computing

Europe, Asia and
America

WIPO 2016
World IP Indicators

299 % 7%

Program, Quality,

Software Engineers
Industrial Engineers

QA, IT, BIOS, Firmware
PM, IE, QE

Top 10 Taiwan Invention Patent Applicants for over 18 consecutive years
Top 3 Patent proprietors among Taiwan ODM companies in China for over 12

24% consecutive years

20%

Mechanical Engineers Hardware Engineers

ST « Top 1000 US Patent Proprietors(2018)

EMI, EE, PCB

Tooling, ID, Thermal

* Top 500 in PwC 2018 Global Innovation Study(2018)

Inventec



World Class Confidence & Manufacturer

Real t|me AnaIyS|s Rapld response

Elecromanetic interference
testing(10m/3M)

e A —— - —— l
8 —

by
\[L‘s
I‘l i
;

il

a1
-
B

3D Electromagnetic Lab RoHs Lab

Wireless speaker characteristics test

RF Testing laboratory

Protocol testing laboratory

FT-IR Analysis
Energy Dispersive Spectrometer(EDS)

ICP Optical Emission Spectrometer

Xray computed tomography

World Class Manufacturing
Manufacturing Excellence

Collaborative Design
Diverse Products

Flexible Processes
Lean Production

Automated Testing
Carbon Reduction

Value-Focused Supply Chain

Vertical Integration
| Consolidated Purchasing
Global Logistics

Strategic Alliances

Inventec

O Green Management

o Intelligent Management

o Quality Management

o E Management




Enterprise Business Group (EBG)

e Intel/AMD/ARM ° Open specs ° HOt/CO'd /Warm . NVIdIa/AMD GPU
platforms * RSD Infrastructure * FPGA

- ODM/OTS models Storage

+ Rackmount /Blade e RAID card

/Pedestal =

Network Solution

* Programmable * CORD *SONIC

« Open Source/Whitebox « SDN/NFV *Telemetry From ODM/OEM/JDM/CM to
°5C-‘]*;‘w.= - -(J)rchestratvion plck up modell

complete off-the-shelf

products can be provided.

1G/10G/25G/100G/400G

Inventec



FPGA In 5G

nventec



FPGA in the coming 5G world

SDN Customized

(Virtualization) Feat;res

Edge. Computation
Computing Complexity
1] i) a

FPGA

5G today

High Flexibility
&
High Performance

Inventec



Comparison: ASIC, FPGA, & CPU

ASIC ﬁ PGA CPU
High Performance Programmable I High Flexibility
I RTL C/C++, etc.
High Power Efficienc Can be updated I Easy to Update
I Performanced and Good at
Cost Effective I Complex Logics
Paradelle computing, If...else
Pipeline

5G applications are mostly about netWOI‘kil‘l, so one of

the best solution is to integrated FPGA on asma I"tN |C

Inventec




What is a SmartNIC?

A Regular
NIC card

to become

SMART

Inventec



What is a SmartNIC?

A Regular — i S

NIC card _ offload
L= LS EESEE

> A A AV VAW
e -—
e

Customized

Bl mu.mu IIIIIIIIII'II.I.IEIIIIlIIIlliIIEI;III;II'I.II‘II.II.IIIIlIIIiiIiiiliiliIiilzlii; . Networ kina B e h aVi (0] §

Inventec
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© BROADCOM’
NIC + ARM + FPGA Stingray

Inventec SmartNIC SOIUtiOT

InventcC
X250

Exclusive !!!
No the same product in the market.

Inventec



Inventec SmartNIC solution: a close look

How smart we can be? Can be treated as

InventcC

devices.

Design for Multiple Usages
Programmable in ARM & FPGA.

Inventec



Inventec SmartNIC: a process flow example

Nilgle] )% ‘ ‘
Packet In (pre-process) Filtered info

(customized process)  Filtered info

Stingray

Packet out (post-process)

(customized process)

Stingray

 (standard process)

FPGA
(customized features)

Stingray
(standard process)

FPGA
(customized features)

Inventec Confidential

To Host

To Host

CPU (Host)
(standard driver)

(customized driver)
(customized app)

CPU (Host)
(standard driver)

(customized driver)
(customized app)

16 Inventec



Use case 1. Customized Features

for General Servers

Standard HHHL PCle form
factor, can be installed into any
standard 1U/2U servers.

(1) Customized encryption/decryption
functions.

(2) The logic inside can be updated to
grow with your business.

(3) Prototyping. FPGA validation might
still be time consuming, but you can
build it in the ARM with, says C/C++,
then migrate it into FPGA

Inventec



Use Case 1. 5G RAN/Edge Computing Application — OTII

5G OTIIl, and General Servers

In Edge, we can do customized
DPI features to sniffer the header
or even payload.

(1) To do networking offload.

(2) Possible to do Al acceleration. E85064

(extra DDRs might be required)

(3) An embedded Linux to do anything
you want (prototyping)

Inventec



Use Case 3. Storage Acceleration
General Server with All NVMe drives

NVMe over Ethernet is becoming
popular, and we can have this
SmartNIC to accomplish the
shared storage feature.

SFP28 (25G) SmartNIC
SFP28 (25G)

1@ FPGA
SmartNIC : S‘Ung ray

Storage y

Inventec



Use Case 3. Storage Acceleration

Size matters!

Share NVMe drives as part
of pool storage!!

Invel L LS



Edge in 5G



Technologies in 5G Edge
Edge
Computing

eMBB

Enhanced ENTERPRISE |MMERSWE

Mobile PRIVATENW INTELLIGENT MEDIA
Broadband EDGE

URLLC bed
Ultra-reliable & A?

Low Latency
Commun ications

Inventec

Public
Cloud

CDN

and SDNs...

Private
Cloud

Industry
Vertical
Integration

AR

and SDNs...




5G Edge with Inventec Full Product Line Support

eMBB ACCESSIEDGE VRAN i

™ sever  J] Racksolutions | Storage | C PE
U RL LC Server Rack Solutions Storage v GPU Server

* Intel/AMD/ARM * Open specs * Hot/Cold /Warm
platforms « RSD Infrastructure Storage

el i Edge Computing ., ...

Streaming /Pedestal . -v*‘:“w

Gaming | === ' Storage

Al Solution m Network Solution ; S D N

General 19"
servers

* Nvidia/AMD GPU * Programmable « CORD *SONIC.
* Open Source/Whitebox * SDN/NFV *Telemetry
s *5G *Orchestration

Al Applications

1G/10G/25G/100G/400G

AR Applications = = o ! Ed g e Co m p Uti ng

Inventec



5G Lab in Inventec

Inventec



Inventec MFG Smart Factory Plan T 1067256 theme

PCA Line with 5G Private Network @Edge Datacenter e ® 100G Ethernet

- . 5G/LTE

W, P> &
spection Feedback [} )
phera

|

%
A'Jto

MES Y

Smart W&
End !
Device) 22

InVGntGC Inventec Confidential




Inventec 5G Lab @Private Edge Datacenter

@ Device Tier @ Field Tier @ Edge Server Tier @ Ledger Tier ® Cloud Tier

CCD Q.
Check ™= Y,

KS857/
ENTEINEUZA) /A -
E) dCl
AGV “‘ !r’, Natu
Checkpoint
r————
Barcode
Scanner h

Robot '#_'A

Arms I‘ /

Inventory

Storage E

Sensor i

(Private Network)



Thank you!

Jonz Lee
Lee jonz@inventec.com

Inventec
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SUPERMICRS

SUPERMICR!

Addressing GSMA 5G Climate Impacts Disclosure with

Supermicro Resource Saving Arch

itecture ™
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‘SUPEMC;&

GSMA Annhouncement (September, 2019)
“Today’s I

announcem ent Press Releases

World’s Leading Mobile

marks the start s Operators to Disclose Climate SSMA
of acollaborative Resources i

action by the . Impacts as Part of New GSMA Global System
mobile industry RSS Feeds

Led Climate Action Roadmap for Mobile
to tackle the Communications

T ‘ o Association
C Ima e “[ A - . ,
emergency... L S

...include the o @ :

< >

development of ”
. . test News
an |nd U Stl‘y-WI de GSMA and Pakistan

Government Work Together

S U -~ &

p I an to ac h | eve to Harness the Power of
Mobile to Deliver Digital
n et_zero G H G Transformation In Pakistan
emissions by GSMA Report Highlights
H H H Mobile Broadband Networks

2050 In Ilne Wlth Now Cover 80 Per Cent of

. Pakistan, Representing a
th e PaI’IS Great Opportunity To Deliver ) - i . ;

o GSMA-Led Climate Initiative to Develop Decarbonisation Pathway for Mobile

Agreement. Read More Sector

Source: GSMA

B d
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Guiding the mobile industry towards net zero by 2050

As part of the mobile industry’s efforts to support the delivery of the SDGs, it is making a

specific commitment on SDG13: Climate Action. This commitment reflects the urgent need

to accelerate action to limit global warming to 1.5°C by 2050.

How mobile is enabling a low-carbon future

Source: GSMA
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Reducing emissions and driving energy efficiency

The latest estimate of the energy footprint of mobile networks is about 130 TWh per year, with a GHG
footprint of about 110 MtCO2e per year — this is equivalent to approximately 0.6% of global electricit
consumption and 0.2% of global GHG emissions. This is for the network emissions only; including the
emissions of mobile phones (including their manufacture and use) brings the total annual footprint to about
200 MtCO2e, or about 0.4% of global GHG emissions.

Energy use (GWh) by business area at Vodafone**

@

Our base station sites Our technology centres m Qur retail stores

207 | 65 o f 50 B
2018 | 3657 B 560 J =08 Iss
2019 [ 84 s ] 282 |45 [ 5,582

2019 % 66% 28% 5% 1% Source: GSMA




5G Technologies

\

Millimeter Small Cell Massive Beamforming  Full Duplex
MIMO

Core Technologies

&

Back-to-back
Enabling Technologies:

(2]

@ \J

DevOps Continuous Delivery Cloud

Cloud-Native

Edge nodes
Microservices Containers
|

Edge devices

Network Functions Virtualization (NFV)
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CLOUD & EDGE — Complementary Technologies Enabling 5G & IOTs
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Edge Use Casein AMe

ropolitan Area

VRAN for LTE and 5G

Source: RedHat
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5G Built on COTSand NFV

Publc CIu . Data Center Regional Edge Access Node Endpoints
Data Center Mobile Core
VNF VNF VNF VNF VNF
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Container Container Container Container Container / \
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From DU/CU, Core EDGE to CLOUD
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IT Industry Impact On The World We Live In

Power Consumption e-Waste

! T, e AR "‘j :: /
> Datacenters account for 3 percent of the global > Ewaste 2%0f Americas trash, 70%of overall toxic
electricity supply waste *
» 2 percent of total greenhouse gas emissions > It takes 530 1bs of fossil fuel, 481bs of chemicals, and 1.5

tons of water to manufacture one computer and monitor 2

> Consume More Power than the United » E-waste will Grow by another 17 percent by 2021

Kingdom or the Airline Industry
Source: https://www.independent.co.uk/environment/global-

warming-data-centres-to-consume-three-times-as-much-energy-in-
next-decade-experts-warn-a6830086.html#gallery

1. https://www.dosomething.org/us/facts/11-facts-about-e-waste
2. According to the Electronics TakeBack Coalition.



https://www.dosomething.org/us/facts/11-facts-about-e-waste
https://www.independent.co.uk/environment/global-warming-data-centres-to-consume-three-times-as-much-energy-in-next-decade-experts-warn-a6830086.html#gallery
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Resource Saving Design Reduces TCE& TCO

-a Impossible to upgrade traditional data center hardware -8 Resource-Saving Architecture minimized the refresh cycle

without generating a massive amountof e-waste hardware acquisition cost by using longevity reusable
subsystems (on average, 30 to 60%0)

.-s ///// ’/ l/// i
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Resource Savings

Avcrhitoach iraTM
Disaggregated .
Server @‘j Free Air Pooled Rack Scale
Architecture ' (ooling Resources Design

Qptimizing IT Hardware Lifecvcle

15y 15y 15Y

12yr Longevity Subsystemns
Increase CPU Refresh Rate
& Lower Hardware Cost

I
=
I H n

Initial Acquisifon ~~ #LRefiesh Cyde ~ #2RefreshCyde ~ #3Refiesh

REFRESH

Traditional Datacenter Cost /

Minimized the TCO (Total Cost of Ownership) and m— Average Sbsystem Lifecycle - s Average System Lifecycle
TCE (Total Impact to the Environment — E-waste)
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Resource Savings
Avrrhitarch ira ™™

=l Disaggregated .
:{% Server ::: Free Alr
= Architecture Cooling

o Independently Upgrade CPU,
Memory, /O and Storage 1 18

Pooled E?ﬁ Rack Scale

Design

Resotirces

[m
® I [
T

o Leavelonger Lifecycle Sub-
Systems in Place over multiple
generations

r

=

o 45%60% Savings in Hardware ———
Refresh Costs 6U SuperBlade O Shared Power Improves power supply

efficiency and serviceability

o Reduced TCOaswell as Initial

Acquisition Cost O Advanced airflow and power design

supports 40°C or 104 °F for reduced
HVAC Costs

Q0  Upto 30%PUEIMprovement
Up to 60% Savings in HVAC Costs

CPU / Mem Module &= /0Module
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Resource Savings

[ |
Avrrhitoarcrti ima ™M
Disaggregated .
Server @\_j Free Air Pooled Rack Scale
Architecture sy (o0ling Resources Design
» Free-air Cooling: Evaporative Close Coupled
A== Inside Server Room Heat Exchange Outside
{ — 1 [ 9 | [~ ﬁﬂ' Y o
* A §_T A _1 CANS b b ,,
SUPPLY II|||III|I SUPPLY |III WHMHNQWIN supPPLY
AR EXHAUST AlR EXHAUST AlR HoT-AISLE R0 &
L AIR _J ENCLOSURE i MK\Z‘} |
FREE COOLING PLATE HEAT CONDENSER COOLING
PUMP EXCHANGER PUMP TOWER
Server
Row

PUE =1.06
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cahfideftial 1

Rescahr ..\o A?c lreln Practlce

Disaggregated
Server @ Free Air Pooled Rack Scale
Architecture e (00ling Resources Des;gn

R P A

Wlth 200,000+ nodes NE ]kl EETTE 6F

X 35% = 65 /0 reduced CAPEX costs per refresh cycle
' X 1 06 P U E — one of the most energy efficient data centers in the world
o 56% space utilization improvement rate | $ \ \

+~ ‘Future pI'OOf dlsaggregated Intel Rack Scale Design (RSD)
supported . s

Applications: EDA (Electronic Design Automation), (Chip Design).—80%;
Manufacturing Automation — 15%; and General IT operation — 5%

Sources: Intel Corporation
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