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What's the Role of Taiwan?
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Project 8 Weekly Meetings at NCTU
and Also Online with Academia Sinica

June 6, 2017
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Typical PCB defects
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Typical defects after

SMT (Surface-Mount Technology) process
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https://www.researchmfg.com/2011/02/soldering-defect-symptom/
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More SMT/DIP Defect Examples
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« Convolution Neural Networks + Transfer Learning

« Pre-trained using 14-million image dataset

« ResNet with > 8-million parameters
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Input Model training /
images inference
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Quality Index
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ERHEHE #3 - FRRAITEAE

« Especially important for equipment with high failure cost (such as

motors in machine tools)
« Also important for expensive consumables (such as blades used in

precision cutting machines)
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PROJECT © TEAM HAS
SOLVED

10+ PROBLEMS
FROM 10+ COMPANIES

WITHIN 6 MONTHS...
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AIRHSZITREENTE

PARETY Large effect Large effoct
todny in5 years
Technelogy, Media, Telecom i cd |
Consumer <4 > N
Financial Services w >
Professional Services o > B
Health Care i > 0
Industrial is] > N
Energy 8 > N
Public Soctor A ——— 0
OVERALL & > N

Source: MITSlvanBCG

2218 BN Corporation

2020 CIO BEZELEEXEE

To become smarter about driving value,

Apply artificial intelligence to drive the 2020 CIO should:

workload transformation within the IT

organization and the business > Reinvent their IT
Drive relevancy by building collaboration 509 organizational model

within and beyond traditional areas

o
= Adopt “consumable”
Construct secure infrastructure that @ tech':\ology
protects data. resources and assets 1=

Broker new ideas, anticipating future events Simplify IT through open
and acting with agility K| & / standards and external talent
— engagement
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Ownedtech Consumable tech
Investmentsin owned IT assets No fixed investments — pay peruse
Watching out for ROls Assetlight - no long termimpact on ROls
Complex decision making Simplified decision making
Technelogy updates requirements Techneology updates centralized
Complexramp up / down operations Fast scaling (up or down)
Long setup / commissiening time Practically plug and play

3¢
]
5 S21E BN Corparation -

Al — Data — Domain Expertise

(Watson Flatform)
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gu Gev Serviess
7o
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The North Face

HI! CAN | HELP YOU SHOP
FOR A JACKET TODAY?

MyxyPod
7)/4(] T
b

Camera

Hard disk drive

Lighting atmosphere
Speech recognition
Perfume diffusion

Smart sensor compatibility
GSM back up

Wireless speaker

Powered by
IBM Watson
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Introducing OnStar Go

An industry-tirst Cognitive
Mobility Platform

A dutin driven Operating systes that infects Pumen

TEM | comnnas moTous
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2218 BN Carporation

Al R BIRBAT 5E
PTECH

Prepating students
to succeed in college
and careers

e 5ot © couce @ camces

u EReak THRAEE, B FHEE TS KN 0 38
&£ T# 4, (New Collar) T M Z@ TN I KR HBAEAE

W 201154 New York Brooklyn g . ¥ | 3 -~ A{P-TECH 9-14 55
(High Schooland Collega) 2> . ¥ 4% + hIBM M Sa 89 s A F
(CUNY) - & #)7 23548 K F(City Tech) X B & 8 W M T A
AF44E

| AFHFFRUELTELHMRE  LFRFLANEBE - BT
A Y STEM4&i 1iHigh School U3 M College &) F L FR A H
B kR AL AU 9 EE

W OSAT - 8 - Community A2 X RIS AR T - AR
A RSSO EAF > BB USTEM & LA HRH#F -
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P-TECH Skills Mapping

—~7
TAIPEI
= TECH

"

{

Software Spedialist 1ol and
Robotics

Design overall nemwar kropoiogy foe So7
Applcaton

Implement loT applicarions - coliocting
data from sarscr, trigger remoe
commancsand IrTeg s with caemal
systams

Implement natural lnnguage e fa e
for apphcation

Dasign alakcg and cormie sTion for
IrzeSigent devices

Dasignand impismang the safwere
architectiursandcomponeks of
Roboris

<esesrch and developtachycues for
ovaluaing, testing, sedsgraving
outputs

Complace probikam analgsis calusdon,
recreanicn, and resoiLticn of usar
reponedpronems

EERBHERERGIE

Svaluse ha s sndcons of diffeyere

Technical Skills:

Fr sucn 235G, Cor Jave,

TP -
Familiar wkh edgecomputing cancops
and apply effectne processing & ecge
devices

Software desgrar
sapeting

Network Seounty

Machine Leaming

Cloud =ervice development ano
operIion

Trovalenocting
Evaluxsthapresandcons of diffarane
mathing lesrrng agocinim

Javasonpe, oc Python

Network furcamreassard laT Netwirking
Protocols

Familr wnlinux bassdsyzovs

Familer wthcommon 1ol cevelopment bosrd
(e.8. Rasobemry Pl, Arcuing|

Al ang Mathine Lesning

Networs Securly

Cloud bnowlecg=

Workplace Skills:

CrgiisnCommunicion

+  Goodcommurizxion skl paTine o IT relxad

iTTUss
LSo 10Cwical resources and 1ok 1o Srew sy

CUstomesr s questions 8N repong 10 Cusome:’s
reGuirevenes

L=arn naw trgs and tachnology in afast mamner
Curlousabout amy 2bnormel anc ask questons
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MIT-IBM Lab

4 Pillars
Al Algorithms
Applicationte Industries
Physics of Al
Al for Shared Prosperity
TOES i
INDUSTRY PROBLEMS SnOMISS
ENCES BIOLOGY
DATA LIFESCIENCES
CHEMISTRY
PHYSICS
RESOURCES PRYSIES
@218 BN Corporation

Al B ANER

PUAE

s | % %
: ul = - - rson
Cognitive Staffing =t

Learning

E BN Corporation

266



IBM Cognitive HR Solutions

The IBM Cognitive HR solutions portfolio aligns with the 1BV Cognlitive HR research findings and
adadresses lalent situations where cognitive solutions ocutperform tfraditional HR approeches.

Transform Talent Acquisition Enhance Talent Development Optimize HR Operations
DOnve recrutment efficiency and Engage and grow talent for Crezte an rresistble employee
effectivenass maxmumimpact expenence and arve efficiency and

elfechveressin HR service defivery

] anR TR %) TR [¥] ez T 4] Pt
) zan (] o= DR 205 ] T Gpi
b 1313 e SRR !mi 7 TERRE nas
F i HREr ¥ s HAEK =R
EXl At EXd frLid it Aadu
IBM Watson Cognitive Onboarding |BM Watson IBM Watson IBM Watson IBM Cognitive Agent
Recruitment Assistant Career Coach Talent Development Talent Insights Assist
Lculrls from Facilitates onhogeding of Recemmends Facilitetes the Pioades a:l;d)‘.ws 1mal Equlgs Tier 1 HR adnsors
intzamal and extamal new hires and Impioves 3 caraer path talored  deveopmert of new addrass cruics to quickly answer
613 SOUMCAS 10 FEC!  peaductivity of new hires. Tor individual paals. laaming contant and businass and talart employea quastans and
the best. HR end hinng managers,  desives, and sklls. persenalizes tha leaming  issues. easily proade related
axpanence dozuments and insights

o
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YOCTOL.AI Business Models #1 — SaaS model

1. Register a 2. Design scripts, teach with a 3. Publish and share
freemium few sentences, and one click the chatbot with

account to make it smart! your customers
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Seems to be straight forward in the beginning
IDE / Visualization Tools

Compatibility

Dataset Periodic update

How to share the GPU resources

DNN
How to control the access right

Frameworks/Packages

IDE/Visualization tools : Jupyter notebook, Tensorboard
Frameworks/Packages : TensorFlow, Python packages
oS Acceleration library : CUDA/cuDNN

OS : Linux

Acceleration Library

CPU/GPU/NPU

Bare Metal
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Framework CUDA 7.0

CUDA 8.0

CUDA 9.0+

cuDNN 5.0

cuDNN 6.0

cuDNN 6.1

cuDNN 7.0

cuDNN 7.2

Python 3.5 (Numba /
CUDA Python)

Python 3.6 (Numba /
CUDA Python)

Python 3.7 (Numba /
CUDA Python)

Tensorflow 1.3

Tensorflow 1.4

Tensorflow 1.5

Tensorflow 1.6

Tensorflow 1.7

Tensorflow 1.8

Tensorflow 1.9

Tensorflow 1.10

Caffe2 v0.8.1

Caffe2 v0.8.0

AlBH 2¢ = Ef B - 2. Container(Docker)

IDE / Visualization Tools
Dataset

DNN

Frameworks/Languages

Acceleration Lib
0S
CPU/GPU/NPU

Bare Metal
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CONTAINER

Host OS

CPU/GPU/NPU

Container based




Container(Docker) BY%F &

Packing related components together

No compatibility issue CONTAINER

Slim size DNN DNN DNN
Without OS(vs VM)

An industry standard MXNET Tensor Flow CNTK
Google, nVidia, Microsoft, AWS all endorse the CUDA/ CUDA/
format cuDNN CuDNN

Portable Container Interface

Easier to move to different locations
Host OS

Repository
Existing container collectionsshared to the
publicsuch as Docker Hub or on GitHub

CPU/GPU/NPU

Container based

AlF 2% = &R Bh - 3. #W{o] &FEHZ= Container Orchestrator

Job queue

Workload manager
Schedule control

GPU resource assignment
Monitoring

Access control Master Node

__Workload Manager

Worker Worker
Node 2 Node 4
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Kubernetes(K8s) — THE Container Orchestrator

Donated by Google to CNCF open source
community, 1.0 is released in July 2015

Mainly a scheduling/orchestration tool

Tremendous momentum within Open Source ]
community € Asbada Cioud aWS7 A\ Azure | | O BaiduClod
Average a new release every quarter, now 1.12, as r Q [ ) a
AEXOSCALE
Sep 2018 g DigitalOcean FUﬁ]SU Google Cloud
An open source ecosystem around Kubernetes now  [ie] > - |
© s’g BMcioud | | ©Joyent ORACLE
HUAWEI
pa‘d(zt e o CNCF September, 2018
-
Al RIS E R P
C O O O O
Setup Environment Prepare Dataset Select Models Train Models Deployment

317



Al 22 BYS{E1FZ /5 — Setup Environment

@ O O O O

Setup Environment Prepare Dataset Select Models Train Models Deployment

Tools Amazon
Tensorboard, MXBoard AWS
Azure ML Bench
Keras, Gluon, ONNX
IDE

Jupyter Notebook Google
PyCharm, Visual Studio
Framework
TensorFlow, Caffe, B keras
MXNET, CNTK, PyTorch

Python libraries

Drivers thasng
CUDA, cuDNN, OpenCL

Hardware(GPU)

PC, server, cloud Facebook

Microsoft

AlFE 285 (B2 % — Prepare Dataset

O 2 O O O
Setup Environment Prepare Dataset Select Models Train Models Deployment
Tools Existing Datasets
Tensorboard, MXBoard ImageNet, COCO
Azure ML Bench WordNet, LibriSpeech
Keras, Gluon, ONNX Commercial solution 55% of Data Scientists
IDE Labeling tools

consider training data

In-house developed

PyCharm, Visual Studio 3™ party/open source Quality and Quantity as
Framework Labeling resource being their biggest
TensorFlow, Caffe, In-house or Ldllenids

MXNET, CNTK, PyTorch outsourcing o g

Python libraries Big Data Integration

Drivers Spark, Hadoop

CUDA, cuDNN, OpenCL

Hardware(GPU)

PC, server, cloud
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Setup Environment

H

- % — Select Models

Prepare Dataset Select Models

Existing Models

Pre-Trained/Un-Trained

Model zoo
Tensor2Tensor
SageMaker models
Azure Al Gallery ®°

75

~
S

o
&

Top-1 accuracy (%)

3
s

55

50

% — Train Models

Select Models

Setup Environment

Prepare Dataset

STORAGE

L\ =

Storage Server

"] GPU SERVER

] WORKER NODE WORKER NODE
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Train Models Deployment
Inception-v4
Inception-v3 @ ResNet-152
ResNet-50 VGG-16
ResNet-101
ResNet-34
ResNet-18
o GooglLeNet
ENet
© sn-NIN
5M 35M 65M 95M 125M - 155M
BN-AlexNet
AlexNet
5 10 15 20 25 30 35 40
Operations [G-Ops]
Train Models Deployment

Training Resource
On Prem, desktop,
GPU cluster, cloud
Workload Manager
Kubernetes, Docker
Account Manager
User, group

Hybrid

On Prem to cloud
Hyperparameter
Tuning

In House, 3" party

A A4 44844

Optimized Al Rack




AlFA 28 BI51E 32 % - Deployment
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\

o

\

Setup Environment Prepare Dataset Select Models Train Models
=
‘., ()
3 Q*;
-e ’
D
| TensorFlow H ‘ ‘ MXNET ‘
Al Frameworks [Fencortow lite Caffe VM CNTK
Al Lib/Device SDK Android ‘ Windows H ios “ nVidia H Intel ‘ ARM || Qualcomm
NN ML Core ML || TensorRT || OpenVINO || NN/CL SNPE
. Android cuDNN Open CL
OS / Driver ‘ ‘ ‘ i ‘ ‘ ‘ ‘ ‘
Linux Windows CUDA Open CV
HW Accelerator ‘ CPU H GPU ‘ ‘ DSP ‘ TPU ’ ‘ NPU ‘ VPU ‘ FPGA ‘

) |

Al Development Process & Consideration

"

Deployment

Cloud

Computing, storage
Edge only

IPC, embedded
device, smartphone
Accelerator

GPU, DSP, ASIC

NN driver
Optimization
TensorFlow Lite

(
\

Setup Environment

Tools

Tensorboard, MXBoard
Azure ML Bench

Keras, Gluon, ONNX
IDE

Jupyter Notebook
PyCharm, Visual Studio
Framework
TensorFlow, Caffe,
MXNET, CNTK, PyTorch
Python libraries
Drivers

CUDA, cuDNN, OpenCL
Hardware(GPU)

PC, server, cloud

Prepare Dataset

Existing Datasets
ImageNet, COCO
WordNet, LibriSpeech
Commercial solution
Labeling tools
In-house developed
3 party/open source
Labeling resource
In-house or
outsourcing

Big Data Integration
Spark, Hadoop

o

Select Models

Existing Models

\

Train Models

Training Resource

Pre-Trained/Un-trained On Prem, desktop,

Model zoo
Tensor2Tensor
SageMaker models
Azure Al Gallery
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GPU cluster, cloud
Workload Manager
Kubernetes, Docker
Account Manager
User, group

Hybrid

On Prem to cloud
Hyperparameter
Tuning

InHouse, 3™ party

Deployment

Cloud

Computing, storage
Edge only

IPC, embedded
device, smartphone
Accelerator

GPU, DSP, ASIC

NN driver
Optimization
TensorFlow Lite
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i % AL R E 4 (F#511)
Cloud Computing, Big Data, Machine Learning, +Al

After nVidia, Jason Huang; Google, AlphaGo
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EHOOTANaHERAE

Estimated Global Installed Base Of Cars
With Self-Driving Features
All Levels

D @ 3 O

NVIDIA.

Mercedes-Benz

BaidhEE Auodi

TESLA MOTORS

Five-Year (2015-2020)
CAGR 134%
user Google /

2015E 2016E 2019E 2020E
Bl INTELLIGENCI

Cars On The Road (Millions)

Source: Bl Intelligence Estimates, 2015

AUTOMOBILE

40 %

\

—
\

&b
30-40%%

of a car's value comes from the
electronics embedded in the vehicle. 2

Source: BBC Research, 2017 GSA
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Dennard’s 0.7x4% &% 45 3 3% (1/a2=2X ifa=0.7X) % &
BRRE B RITBECOHRLEELAREZTER
#4%1.0 (S|I|con 1.0): 45 — & 26 4% ALLE0.74%, 3044k
2 8FKRELW0GHRBICEERASERE R K EHERCHE

Minimum Feature Size ] . 3
viinim eature ] ; .
(Technology Generation Moore’s

E F 2x every
2 years

Micron

Dennard’s

0.7X every
generation

Transistor Count

001 : ' : 1.E+03
1970 1980 1990 2000 2010 1970 1980 1930 2000 2010

Source: R. Dennard, IBM 1974, G. Moore, Intel 1975

The Economist explains The

The end of Moore’s law Economist Bﬁ _‘]!- _‘:F_ é‘;%ﬁi %Q] ﬁlé_z
@ﬁiﬁ@é\“‘ \\‘a-

AR S RATHES
JF 72025 42!

Faith no Moore
Selected predictions for the end of Moore’s Law

imits 1 Technical imits

1995

(But, Will The Gorden Maore. Tntat =

Driving Engine of G. Dan Hutcheson, VLSI Rescarch @ Su— — — — B 2003
Silicon Growth,
Moore’s Law, Die
as We Approach

K WV
2025?) T ona Clenn Starkman] CERN

Isaac Chuang, 1BM Research

Paolo Gargani, Inte

2
Gordon Moore, Intel @ —
201
Michio Kaku, City College of NY
Robert Colwell, DARPA; (fmr) Intel

Gordon Moora, Tntal
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1 4%,.2.0 (Silicon 2.0): 22nm to 7/5nm

£\ 7 2 & A% 45 7 R (Area Scaling)4% s B 2 B B &4
(EME,Effective Moore’s Law Economy) 4 35 & 4% & 24 35

3D Areal Density or 3D
& A “aaaA
— | 3D& X, 3520 E S A +(>0.7X ©—
&% T4 48) Continues

Moore’s 2X Law

(B 1.0 ) Tomesk e 423D @ s s A 648 e P 32
2016 F10&k & &; 7% 3k eSRAM (20175 2 HISSCCj 2%
RE:2018474 £ & &, 20204555 % & &

7y 1#4X.3.0 (Silicon 3.0): £ %7 Z 28 MR 45 7% R
(Volumetric Scaling) £ 4% i & 3 B £ 48 £ 7% (EME)

MCP, SiP, MCM, .
DR £ 3 3IDEERALERA

RS E .
(Wirebond, (CoWos,
Flipchip, SMT) InFO-PoP, ...)
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5\- ’E‘l‘i %’é\ (Heterogeneous Integration) Xk & 4% ;£ I1C£| ¥

AGRRAMEE EASEZMARSRSKE R EH R KR
MDIC (Multi-DimensionalDie Integration Chip);M= 2, 2.5, 3, 4...

Chip
Top View

Memory
+Logic

Chip
Side View

-
*After Nicky Lu, ISSCC 2004 Plenary Talk
AR TEAERHN L AR TEL AR WHEREXFAN004RRELTLAS

Pioneer/Leader:
454/ 3] B 20005

EESERRER

# % 24 (KGDM)

EAH1.8M65 0 BB
gy LR 0 [T | 3DHEAT AT RIRE

Processor
Control

Compact Flash
Smart Media

Wire —» TSV

Microbumps i
O

Thin chips |
- .

Intel's TSV (Through Silicon Via) %4, 2013 INTEL 15K 14
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: iPhone 79 2 3D4#% &4+ &4 / +InFO

chipworks  mteardown..

iPhone 7 Teardown

&TAPTIC
ENGINE

Y
L.

InFO technology, based on wafer molding and fine pitch (5/5um) metal
ocess without substrate, enables reduced thickness, optimized
ucts

Source: Chipworks.com; September, 2016

27 14X,4.0 [Silicon 4.0:8/ X357 & 8 M 2 A+3h EXIB 1A
ZBERE R + 2 R R A% A [BER AR
A& (Virtual Moore’s Law Economy, VME] 474 E A % #

3D Areal Density or
o A% i 48
3D#E X 54 B LA+

(>0.7X 4k AL 4E) K4 3Dx3D

BEEMHELSD
23K & G
HREX 18 1A

MCP, SiP, MCM, ) 'Iﬁigfﬁ‘/ﬁ
3Dé%;%i§s% IDRERASKERA
ERHES i
(Wirebond, Inl(=OciPo(:> , )
Flipchip, SMT ) v

4.0 St
RAREBA &K

347




R A8k (LyfieEye200™) :
HRBBARAEZTEZRFR MM AZHKE 360° %
B #R4.02 bR B AR &

Source: [16] A Spherical 360° Video Capture Micro-system as LyfieEye (Selfie+Life),eCapture Technologies, Inc., USA

APPr R (R MEBR+E #% 35+ 3D+ Z RIFE S
%1t ¥ % 78 JE (Merriott Taipei)
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' Hete’rogeneous Technology Integration
for More Functionality(% zh s £ ' £ 4)

“

TSMC Property

Display
Driver

Logic n
Audio g Chemical
Codec |

Blood
Pressure

Memory
(eFlash, NVM, ...)

Source: Mark Liu, TSIA Annual Convention, September 29, 2016

Open Innovation Platform®

© 2016 TSMC, Lid

<

&
IEEE Heterogeneous Integration Roadmap

Symposium
Hosted by IEEE Electronics Packaging Society Santa Clara Valley Chapter
Thursday, February 22nd, 2018
8:30 AM to 6:00 PM
at
Texas Instruments Building E Conference Center,
Silicon Valley, California

Roadmap Symposium Web Link
http://www.cpmt.org/scv/?p=513

Jointly Sponsored by

- LECTRON IEEE IEEE H
ELECTRONICS Z
Dences” €3 ERighs* *pPhotonics 2

20
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|IEEE HIR ROADMAP AFTERNOON Program Feb 22, 2018
12:40-1:40 pm  Lunch
1:40-2:25pm  Plenary Presentation Dr Nicky Lu
“Synergistic Growth of Al and Silicon Age 4.0 through
Heterogeneous Integration of Technologies”

HETEROGENEOUS

Session 3 —Chaired by Luu Nguyen (IEEE Electronics Packaging Society) INTEGRATION ROADMAP

2:25-3:45 pm Heterogeneous Integration for Special Applications
2:25-2:40 pm Aerospace & Defense Tim Lee (Boeing), Daniel Green (Darpa)
2:40 - 2:55 pm 5G in RF and Analog Mixed Signal Tim Lee (Boeing), Herbert Bennett (NIST Retired)
2:55—-3:10 pm Interconnect Subramanian lyer (UCLA)
3:10 - 3:25 pm MEMS & Sensor integration Shafi Saiyed (ADI)
3:25 - 3:40 pm Cyber Security Sohrab Aftabjahani (Intel), Scott List (SRC)
3:40 - 3:45 pm Q&A
Break
Session 4 —Chaired by Subramanian lyer (IEEE Electron Devices Society)
4:00 —5:20 pm Heterogeneous Integration Applications, Materials & Simulation
4:00 - 4:15 pm Mobile William Chen (ASE)
4:15—4:30 pm Automotive Venky Sundaram (GT), Rao Tummala (GT)
4:30 — 4:45 pm Simulation Christopher Bailey (Greenwich U), Xuejan Fan (Lamar)
4:45 - 5:00 pm Materials & Emerging Research Materials WR Bottoms(3MTS), MJ Yim ( Intel)
5:00—5:15 pm Supply Chain Tom Salmon (SEMI)
5:15-5:20 pm Q&A
5:20-5:45 pm Wrap Up William Chen, Bill Bottoms (HIR)
5:45-6:00 pm Symposium Closing  Gaurang Choksi (Intel)

SystemX loE Symposium

“Edge Intelligence” for the Hyper-Connected World of “loE”
May 2™ - 3", 2018 - Li Ka Shing Conference Center, Stanford University

Ali Keshavarzi, Ph.D. F
Prof. Amin Arbabian /4
Prof. Tom Lee . 1

Dr. Nicky Lu
ical Challenges for Systems Dr. Hideto Hidaka Slides will not be

9:00AM inthe IoE/Al Age Renesas shaced: pot
speaker'sréqoest

IoE Symposium - Berg Hall C
Program

Synergistic Growth of Al/IOT and Silicon Age 4.0 Dr. Nicky Lu PDF & Video
9:30AM through Heterogeneous Integration of Etron
Technologies

10:00AM

Break (30 mins)

Scaling to a Trillion loT Devices Dr. Dipesh Patel
10:30AM ARM/SoftBank
Stanford SystemX Alliance 11:00aM  Edge Computing and Connectivity: A Success Key Robert Schwarz PDF &Video
i for MindSphere Siemens
H P Group Discussion Led by Ali Keshavarzi
Stanford | SystemX Alliance = Stanford University
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VR/ARE A : A ZOculus Rift & Touch

Oculus
Constellation

TEARDOWN

S8 H 2 IDRE RS A

3D RARBEBZICETF £

B ARREH L ERMARE e
(% Alu ADL ¥ & &880 T H4T) S5AI3D L AT F A 5
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BA AR AT : & 83 3 BT R R 7S F 4

-

| ﬁnxmﬁlp':)z&memm)
if%*F 31 )L(DICOMBIR, FFR3DE L)
DICOME 2—7 ( MRI/CT 2R 7TiE{%)

IC&A . FRREIEE
. Riasst wEEE p DHABMER A4

Convenient and Safe Transportation
through Autonomous Vehicles

Interactive
Driver Cockpit/ IVI

Vehicle to
Infrastructure

Proactive Supervisory
Decision Support

Intelligent Body

Source : Liu, TSMC, September, 2016 - B — -
) = o e Open Innovation Platform®

© 2016 TSMC, Ltd
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2016-2021 £ 2K EF A X AERKE

Worldwide Electronic System CAGRs (US$, 2016-2021F)

] | | |
Auto * 6.8%
Ind/Med/Other * 5.3%
Comm # 5.1%
Jd
| !

Consumer ‘ f . 4.9%
Gov/Mil | { | 3.9%
Computer* | ; 3.5%
0.0% 2.6% 4.0% 6.(5% 8.6%

Source : IC Insight, June 2018

#3882 ICT 35 Ak &

IC Market Growth Rates by End-Use Application
(2017-2021F CAGR)

Automotive
Industrial
Consumer
Total ICs
Gov/Mil

Computer

Comm

0% 10% 12% 14%
Source: IC Insights

Source : IC Insight, June 2018
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2HREFARAGLEE

Global Electronic System Production

$1.54T, 2017

Gov/Mil

Auto
9.2%

6.4% Comm
Consumer 31.8%
12.0%
Ind/Med/Other
14.5%

Computer
26.2%

Source : IC Insight, June 2018

BREZPHFERLF

Average Semiconductor Content per Vehicle ($)

M Avg. IC Content Avg. OSD Content

Growth Drivers

800 «Communication & Entertainment, ADAS
Green Initiatives: Energy Savings & Reduced Emissions

@ 700 1 .Active Safety & Telematics $671
2 -Assisted and Autpmous Driving $621
£ $600 1 -In-Vehice Networking $588
g $542 $220
& 500 $482 & $204
g g 9480 $181
£ 5400 A $169
o
5 $156 S161
€ $300 4
3
2
S $200 A $398 $417
5

$100 A

$0 - T T T T
15 16 17 18F 19F 20F 21F

Source : IC Insight, June 2018
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2015-2021 4 7%, £I1CH 15

2015-2021F Automotive IC Market

$50.0 25.0%
19.4% o 43.6
18.5% 20.0%
p $40.0 -
— 15.0%
8 R i
©
5 S
2 $30.0 7 10.0% +«
8 <
= L
= 50% &
$20.0 -
0.0%
$10.0 -5.0%

15 16 17 18F 19F 20F 21F

Source : IC Insight, June 2018

2R ASAERZIC

Systems That Use Automotive ICs

(2017, $27.2B)

Instr. Cluster EV/HEV
Aftermarket 6% 1%

5% ADAS

Infotainment

Safety
14%

Source : IC Insight, June 2018
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% 2R X360 E B4R M ER+3DR B R A

360° 2 ] & 2 fifl X

Spherical 360° Video Capture

B RAEORTHEL-BEREAEER K
ABTLZLOK KRB ES - 30558 % - AMARLIRAT

uS$B Heterogeneous

3 Integration of
— cregr=ed 1 siicon+Non-Siicon
1000 - g

— | Software, (4.0)
800 ICIndustry| Circuits,

10 Chips
s00 (O I Mo0ia0) 0\
N ‘fan\

400 | i g

200 \===\r 300

200
o !

2000

After Nicky Lu, 2010
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#3% #7 1 4% Intelligenced 4] 35 #08 @ # &% &

HI x Al xI0T(5G)# 4k 51 48 2| #7 Aufi 24 (V1) 82
T B (P)He

e A ARAFEfE(Intelligence)
o AIKFARIME BREARABRBREIZIA

BT e
mfa/ta BRI MR E B R AR L

HETEROGENEOUS

* After Nicky Lu, PI: 2016; I° (I Exponential 535 $t#! &8 % 5t &): 2018 EEATIE IS

Researchers are Working on an Electronic Pill
You Can Take to See If You're Sick or Not

. USA TODAY Pill-sized

form factor Target

biomarkers

Semipermeable
membrane

Electronic
readout
circuits

% = 7114 e
pu“‘v,-u g, ’
A— .- .
il 0 15 30 45 60 75 90 105 120

Time (min)

nmm
I Mimee*, Nadeau, Chandraskasan, Lu (& 73 i%)
‘ I Science2018.
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## ¥ &Intelligenced £):% 35 #2 @ # % &

HI x Al xloT(5G)#: 4 71 47 | #7 & ¥4 (VI) 52
Lo EP)Met
B R A$a4% sE(Intelligence)
AT QBB - MBARABIBEIZA
B RE
M/ AT AN A ERERRE
k&0 ERAEZTRBE
NSRBI BT L A % 5k

* After Nicky Lu, PI: 2016; I° (I Exponential 535 $#! &% s &): 2018

From 1965 to 2015 to 2050 ...

Moore’s Law on ICs
60 years

30 —
p

2 years

T_ no. of transistors

Lu’s Guide on Hlc x Al xloT(5G)

New applications

%
SH' ™ =
vears 1 no. of HIC blocks
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CEARETREZEE B Ea AL 0 A

|

() GEREAIEFTHME P LR PR ETITH 7
i 7 POC(Proof of concept » ¥£ 4 1253 ) > & & £ » { & F
12 R BB i E L E R f’rg;ffgf;&, Blde1 ¥ B
L YL i R AL 2

BRI B R hi TR o

T

Y},«

(=) mHpd ~ T Al %E—%"f 7 & 3 {%%% e Neural Network > £ % 4
¥ ¢ Data ¥ Domain knowhow ~ x££ & | p w4 & &
6'37"5 i 5 ﬁ’;:;av i L gl KAF‘ fr«ﬂ,mﬁzs 2 A 4>k HF -
B 4L 4] (Margin) Hc Ir& CRAETFHEE Al
Ao RREFFIAPILREEYR GRS {7 RE
* oo Bt iE R TR 4o 5&1% #H O EH AL R o
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ALFEFFFEETEREL LRIl SR EERILH#
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R AN P LB ALR {5 2 ]
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T ARRAL
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J~4

TR > FlaX BA i 2E:FE N edge ¥ RN Y g | )Ik'ﬁ-
L~ E R B4R o R 4R Rt H(latency) ~ TR
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Jointly Sponsored by

<

7
IEEE Heterogeneous Integration Roadmap

Symposium
Hosted by IEEE Electronics Packaging Society Santa Clara Valley Chapter
Thursday, February 22nd, 2018
8:30 AM to 6:00 PM
at
Texas Instruments Building E Conference Center,
Silicon Valley, California

Roadmap Symposium Web Link
http://www.cpmt.org/scv/?p=513

LECTRON IEEE 1IEEE o
ELECTRONICS - -
@xﬁi_ @gsg%ﬁmc - hotoglcg§ o 4 semi

IEEE HIR ROADMAP AFTERNOON Program Feb 22, 2018

12:40-1:40 pm Lunch

1:40-2:25pm  Plenary Presentation Dr Nicky Lu :
“Synergistic Growth of Al and Silicon Age 4.0 through v

Heterogeneous Integration of Technologies”

HETEROGENEOUS

Session 3 —Chaired by Luu Nguyen (IEEE Electronics Packaging Society) INTEGRATION ROADMAP

2:25-3:45 pm Heterogeneous Integration for Special Applications
2:25 - 2:40 pm Aerospace & Defense Tim Lee (Boeing), Daniel Green (Darpa)
2:40 - 2:55 pm 5G in RF and Analog Mixed Signal Tim Lee (Boeing), Herbert Bennett (NIST Retired)
2:55—3:10 pm Interconnect Subramanian lyer (UCLA)
3:10 - 3:25 pm MEMS & Sensor integration Shafi Saiyed (ADI)
3:25 - 3:40 pm Cyber Security Sohrab Aftabjahani (Intel), Scott List (SRC)
3:40-3:45 pm Q&A
Break
Session 4 —Chaired by Subramanian lyer (IEEE Electron Devices Society)
4:00 - 5:20 pm Heterogeneous Integration Applications, Materials & Simulation
4:00 - 4:15 pm Mobile William Chen (ASE)
4:15-4:30 pm Automotive Venky Sundaram (GT), Rao Tummala (GT)
4:30 - 4:45 pm Simulation Christopher Bailey (Greenwich U), Xuejan Fan (Lamar)
4:45 - 5:00 pm Materials & Emerging Research Materials WR Bottoms(3MTS), MJ Yim ( Intel)
5:00-5:15 pm Supply Chain Tom Salmon (SEMI)
5:15-5:20 pm Q&A
5:20-5:45 pm Wrap Up William Chen, Bill Bottoms (HIR)
5:45-6:00 pm Symposium Closing  Gaurang Choksi (Intel)
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SystemX IoE Symposium

“Edge Inte /lgence for the Hyper Connected World of “loE”

May 2™ - 31, 20 Li Ka Shing Conference Center, Stanford University
Ali Keshavarzi, Ph.D. ==
Prof. Amin Arbabian §
Prof. Tom Lee 1
Dr. Nicky Lu

¥
Stanford ' SystemX Alliance

Stanford | SystemX Alliance s oo

# 3 #7145 Intelligenced ¢ & 35 #4 235 & &

HI x Al xIoT(5G)# K 3] 41 | # s & (V) 5
T E(P)MLT

o B AR AZEK%ixc(Intelligence)
ALBREMNE MBAFSALEMERZA

ME e

mpplm B s R R ERAHRITE
kKEREHAFWBLE A

AL Hirpft A F A

* After Nicky Lu, PI: 2016; I° (I Exponential 535 # A £3% 5t ¥): 2018

HETEROGENEOUS
INTEGRATION ROADMAP
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Researchers are Working on an Electronic Pill
You Can Take to See If You're Sick or Not @ USATODAY)
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/ 4 ANSEE \
| \ [ =\
/ B \/ 3 \
- \ R | “|\
\\ N N \ | Semipermeable
\ 'J/v/‘\ / membrane
Bacte;E; Electronic

biosensors readout
circuits

T
0 15 30 45 60 75 90 105 120
Time (min)

f =
I Mimee*, Nadeau, Chandraskasan, Lu (# & %)
| I Science2018. i

From 1965 to 2015 to 2050 ...

Homogeneous Integration —

Moore’s Law on ICs
60 years

2 years

T— no. of transistors

30—
2

Heterogeneous Integration + Intelligence® —
Lu’s Theory on HIC x Al x IoT(5G) x C&C

Z (HA < New applications y C&C

year ) \
GEte \ 1— Contents & Clouds
y [ rserHcHibs
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Let's talk about future
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AI&EEIE = Eagle System

Let's talk about future
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Data s

Al/ML Applications, Algorithms and Frameworks
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TensorFlow affe O Caffe2 snxnet Android NNAPI

* Model

Softwa
Products

&

Software Libraries Optimized for Arm Hardware

Arm NN
CMSIS-NN Compute Library

Object Detection Libraries

. Arm Hardware IP for Al/ML
Device
Hardw: CPU GPU ML and OD Partner IP

Products Qrm CORTEX-A QrMNEON ArmmaL Processors DSPs, FPGAs,
QArmMCORTEX-M Armv8 SVE Machine Learning Accelerators
QarmDynamiQ Object Detection

Source: arm
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TensorFlow Framework for Neural Network Model Development
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THANK YouU!

QUESTIONS AND COMMENTS?

Lrhuang@itri.org.tw
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