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One Earth is not enough for everyone…
Inter- vs Intra-country Gaps

3



4

“Aincreasing” 
Gaps
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Return Manufacturing of Leading Nations

Source: Professor Ben Wang of Gatech (2015)

Advanced 
Manufacturing 
Partnership 
(AMP), creating 
high quality jobs 
and enhance 
USA global 
competitiveness. 

Industry 4.0

Made in China 
2025

248% ROI 
(Return on Investment)



1st: steam-powered mechanical manufacturing facilities
2nd: (start of 20th century)- electrically-powered mass production

3rd : IC and IT to achieve automation
4th : (today)- Cyber-Physical Systems 
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*Source: Federal Ministry of Education and Research 
(2013), "Securing the future of German manufacturing 
industry recommendation the strategic initiative 
INDUSTRIE 4.0 final report of the industrie 4.0 working 
group," National Academy of Science and Engineering.

Enabling Technologies (0 -> 1)
• Watt steam engine (James von 

Breda Watt)
• Transistor (1947/ Bardeen, 

Brattain, and Shockley, 1956 
Nobel Prize)

• IC (Jack Kilby, 1958/ 2000 Nobel 
Prize)

• programmable logic controller 
(PLC) Modicon (modular digital 
controller) (Dick Morley 1968)

Four Phases of
“Industrial Revolution”



Industry 2.0 (1-> 10..0? )

The Second Industrial Revolution, also known as the Technological 
Revolution,[1] was a phase of the larger Industrial Revolution corresponding 
to the latter half of the 19th century, sometime between 1840/1870 until World 
War I. It is considered to have begun around the time of the introduction 
of Bessemer steel in the 1850s and culminated in early 
factory electrification, mass production and the production line. (Wikipedia)
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Taylorism: Scientific Management (Industrial Engineering)
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Emerging countries should have 
own manufacturing strategy 

Industry 3.5
Hybrid Strategy between 

Industry 3.0 and to-be 
Industry 4.0 via AI, Big Data 

Analytics, Computing & 
Digital Decision as 

disruptive innovations to 
empower smart production 
and Taiwan manufacturing 

(Chien, 2014). 
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2G

3G

2.5G
2.75G
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Industry 3.5 in 200mm fabs



Under Armor Lighthouse is groundbreaking new design and 
manufacturing hub to push the boundaries of what’s possible via 
pioneering the best practices, efficiencies, and methods that will help 
us make products faster and better…
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Kevin Plank: “Time for disruptive innovation for 
labor-intensive shoe making that is dominated by 

Asian countries…”



UA LIGHTHOUSE
MANUFACTURING & DESIGN LEADERSHIP CENTER
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3D PRINTING &
RAPID PROTOTYPING

3D DESIGN &
BODY SCANNING



Robot for shoe making via EMS 
such as Flex (Flextronics)
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Not easy to replace human : )
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Industry 3.5 aims to empower 
human being as “Iron Man”
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Industry 3.5 “Iron Man” Industry 4.0 “I, Robot”

Human‐System Collaborations 
Decentralized DSS & disruptive 

innovations

Cyber‐Physical System
Closed platform led by big company 

with constant charge

Human empowered by AI human replaced by robots and AI

?

WPG Holdings is the world No.1 Semiconductor 
Distributor and the largest electronics distributor



Digital Transformation：
Industry 3.5 as alternantive strategy



Industry 3.5 is better for 
Emerging Countries
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IOT/Big Data

CPS/
Digital Twin

Fundamental Objectives

Means
Objectives{
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A powerful, secure, and 
reliable cloud infrastructure 
enabling Easy integration 
into the Cloud for Industry

Siemens acts as 
a data custodian 
for customers

Siemens sets standards in 
terms of connectivity to 
both Siemens and third-
party devices within and 
outside the plant

Value Chain
Restructuring

- Profit shifts to 
hidden modules 

with high barriers

source：SIEMENS

Industry 4.0 /CPS



SAP “indirect access” charge

 Indirect access is a term used to define the situation where a SAP customer is liable 
for additional license fees when third party applications access data held in SAP.

 If a customer fails to purchase licenses for users accessing a SAP system indirectly 
through a third party or custom interface, such as software-as-a-service (SaaS) 
application. For example, a third-party or custom mobile app for tracking goods and 
updating SAP records accordingly would be deemed indirect access.

 February 2017: SAP wins court case against Diageo that is ordered to pay 
£54,503,578 in licensing fees after its sales staff were running Salesforce applications 
on top of SAP data.

 SAP seeks $600 million in compensation for unlicensed use from the Belgian brewing 
giant Anheuser-Busch InBev that was also settled in June 2017

 May 2017: SAP responds to Diageo indirect licensing case with "modern pricing" 
approach/ October 2017: SAP launches Licensing Transparency Centre

 ….

Source: https://www.computerworlduk.com/it-vendors/sap-indirect-access-explained-3671760/ 
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CPS/ Big Data

Automation/ IOT

Industry 4.0
Smart 

Manufacturing

Lean/ 6σ

TQM/SOP

System
 integration

Flexible decision & Agility

?

Flexible decisions for mass-personalization 
(profitable lot size=1) is fundamental objective

Industry 3.5
Decentralized DSS

AI Big Data 
empowered

Smart 
Production
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PDCCCR Framework for integrated 
corporate digital decision

參考文獻：簡禎富，《工業3.5》
，天下雜誌出版，2019。
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TSMC Way

簡禎富
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Taiwan Industry 3.5 to empower digital 
transformation of emerging countries

tsmc way: Industry 3.5+

837,000 findings

Toyota Way: Industry 2.0+

21,300,000 findings

New paradigm of Taiwan Industry3.5!!! 

12  Harvard Case Studies
by Chen-Fu Chien 簡禎富



PDCCCR for optimizing outsourcing 
and order allocation decisions

Wu and Chien (2008)
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Superior Vendor Selection
Decision Analysis

Subordinate Order Allocation OptimizationWu, J.-Z. and Chien, C.-F. (2008)

Coordination via 
Integrated Models
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Cost Alignment Difference Cost Alignment Difference Cost Alignment Difference

v π v C 1v |π v∑C 1v  -C 1v | / ∑C 1v C 2v |π v∑C 2v  -C 2v | / ∑C 2v C 3v |π v∑C 3v  -C 3v | / ∑C 3v

A 37.60% 85,931 1.20% 87,102 1.64% 85,767 0.91%

B 33.44% 74,532 0.22% 77,293 1.38% 73,248 0.55%

C 12.99% 24,995 1.70% 22,258 2.96% 24,213 2.12%

D 10.71% 23,114 0.27% 22,378 0.63% 23,433 0.19%

E 2.84% 5,925 0.16% 6,632 0.15% 7,688 0.61%

F 1.28% 3,240 0.18% 3,590 0.34% 3,992 0.51%

G 1.14% 3,717 0.54% 2,705 0.08% 4,363 0.82%

Total 100.00% 221,454 4.28% 221,958 7.18% 222,704 5.71%

63,208 64,150 62,717

TVP Model

TVPm  = ∑π v ×C mv

Vendor
Target
Ratio

Proposed Model Heuristic in Practice

B

18.0%

Vendor A

D 7.4%

Others 

17.3%

C 

7.2%

(Wu and Chien 2008)
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營收

獲利

毛利率

Smart Production
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Everest Textile

36

Everest Textile is No. 1 R&D oriented and vertically integrated textile 
manufacturer that develops high value-added and innovative products to global 
leading brands in sports, outdoor, city, casual and industrial materials etc.
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Everest Textile: Industry 2.0 to 3.5

Industry 2.0 Industry 3.0 Industry 3.5 
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Smart Fab of Industry 3.5
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Circuit Probe (CP) test for wafer  
to identify “Known Good Dies”
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Optimizing multi-variate analytics



Intelligent Agents to Empower Engineers 

A model-based, goal-based "intelligent agents" can perceive environment 
and take actions to maximize its chance of success at some goal.
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Agent

A=0.1

A is out of spec

Alter the parameter1 as 57

A=0.01

Sensors

What the world 
is like now

What it will be like
if I do action A

What action I 
should do now

Actuators
A





Labor-intensive Visual Inspection
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Dynamic Decision for Overall 
Effectiveness (Chien & Wu, 2003)
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IEEETSM 2003. Reduce 50% cycle time with fairly low yield loss. ROC Invention Patent.
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x1

y2

x2

y1



 Overlay error model for stepper (Chien et al., 2003)

 Overlay error model for scanner (Chien and Hsu, 2011)
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Novel Overlay Error Models
(US Invention Patents)



APC/AEC 
R2R control for overlay error compensation

 Step1. Overlay process modeling for R2R control
 Step2. DAPI controller design
 Step3. Performance monitoring and evaluation
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Empirical 
Study for 
Advanced 

Equipment/
Process 
Control 

(AEC/APC)

49

‐0.07

‐0.065

‐0.06

‐0.055

‐0.05

‐0.045

‐0.04

‐0.035

‐0.03

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79 82 85 88 91 94 97 10
0

10
3

10
6

Tx+X
input

Lot sequense EWMA DAPI

‐0.03

‐0.02

‐0.01

0

0.01

0.02

0.03

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79 82 85 88 91 94 97 10
0

10
3

10
6

Tx+X
output

Lot sequence  EWMA DAPI



50

Manufacturing 
Big Data Analytics



Cycle time/
On-time 
delivery

Mean
CT

SDCT

WIP

Dispatching rule

Lot size

Yield

Throughput

Batch size

SD
Queue 
Time

SD
Hold Time

Hold

Tool PM

Utilization

SD
Run Time

Theoretical CT

Operator =
Tool MTTR

Hot lot

Influence Diagram of Cycle Time Reduction 
via Manufacturing Big Data Analytics
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WBM DSS
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ECD control enhancement
Problem 

definition

Correlation analysis for 
identifying influence factors

Data collection & integration

Data cleaning & pre-inspection

Least square estimation

Linear model for 
modeling etching bias

Dissimilarity measurement

Dispatching rule simulation

Performance tracing & 
discussion

Data preparation

Implementation

Is fitness 
good enough?

Model 
construction Significant?

Parameter 
estimation

Product & chamber effect 
extraction

Is result acceptable?

Dispatching rule 
development 

Yes

Yes

Yes

No

No

No

 Problem definition 
 Data preparation 
 Model construction 
 Parameter estimation 
 Dispatching rule development & 

offline validation 
 Implementation  



Manufacturing intelligence framework 
for DCD-ECD variation reduction

 Estimate the chamber effects via mining historical data.
 Define similarity measurement for etching chambers and 

tools, respectively, to match with DCD results of wafers. 
 Determine tool priority for each process lot to support real-

time tool assignment and production control. 
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Validation and Implementation 

 The Cpk improvement was 20% in 
average after implementation in an 
empirical study for a few months for 
a field test in Taiwan. 

 The scaling score is used to monitor 
the operational effectiveness of the 
dispatching rules to trace the 
control performance.
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Product
Before implementation After implementation

Cpk improvementNumber 
of lot RMSE Standard 

deviation Cpk
Number 

of lot RMSE Standard 
deviation Cpk

A 163 0.0075 0.0073 2.34 140 0.0063 0.0061 2.84 21.39%
B 100 0.0103 0.0068 2.56 108 0.0101 0.0062 2.82 10.12%
C 98 0.0073 0.0073 2.25 136 0.0066 0.0066 2.51 11.28%
D 239 0.0084 0.0084 1.61 493 0.0058 0.0058 2.40 48.87%
E 105 0.0108 0.0096 1.90 156 0.0080 0.0079 2.49 30.95%
F 215 0.0099 0.0083 2.19 274 0.0069 0.0072 2.72 24.30%
G 183 0.0091 0.0085 2.22 219 0.0083 0.0085 2.35 5.56%
H 224 0.0090 0.0086 2.23 370 0.0076 0.0074 2.80 25.69%

13.03%

3.73% 4.03%

7.85% 7.79% 7.37%

10.26%
11.65% 11.59%

22.69%

0%

5%

10%

15%

20%

25%

10 20 30 40 50 60 70 80 90 100

Fr
eq

ue
nc
y

Tool score interval

Average Cpk: 2.42

Average Cpk: 2.83



AIMS for Made by Taiwan
Artificial Intelligence for Intelligent Manufacturing Systems (AIMS) Research Center



Manufacturing Big Data
Domain Knowledge / Know-How 

Emerging 
Countries

AI-Powered
Ecosystem

Industry
Transformations

Resources of
Industry-Academia

Research Cooperation

Industry 
Collaborations

Universities and
Research Institutes

AIMS

AI Project
Teams

AI 
Applications

AI 
Spin-off

Cross-Domain
Integration

AI
Startup AI Talents

Open Source 
Codes/Modules

AI Spin-in
Incubation

Technology
Transfer

Industry-Academia
Research Cooperation

Interdisciplinary 
and Interuniversity

Leading Edge of
AI Technologies

International 
Cooperation and 

Exchanges
Industry-University 

Collaborations



AIMS Fellows Executive Program
(2 year MS degree)
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http://140.122.146.122/en/article/content/14?fbclid=IwAR3e7podf
X3vKQw29q7LSFNfMcZu630HJpgQvdhcjZF2YYnt3pFcqs6HioE

Q&A?
Thank you very much for 

your kind attentions!!!
cfchien@mx.nthu.edu.tw
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