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What is the Impact of AlphaGo on Logistics Science?

Fei-Yue Wang, J. J. Zhang, et al. Where Does AlphaGo Go:

From Church-Turing Thesis to AlphaGo Thesis and Beyond.
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Where Does AlphaGo Go: From Church-Turing
Thesis to AlphaGo Thesis and Beyond

TFei-Yue Wang, Fellow, IEEE, Jun Jason Zhang, Senior Member. IEEL, Xinhu Zheng. Student Member, IEEE,

Xiao Wang. Yong Yuan, Xiaoxiao Dai, Student Member, IEEE, )ie Zhang, Linging Yang. fellow, IEEE

Abstract—An investigation on the impact and significance of
the AlphaGo vs. Lee Sedol Go match is conducted. and concludes
with a conjecture of the AlphaGo Thesis and its extension in
accordance with the Church-Turing Thesis in the history of
compuling. It is postulated that the architeciure and method
utilized by the AlphaGo program provide an engineering solution
for tackling issues in complexity and intelligence. Specifically.
the AlphaGo Thesis implies that any effective procedure for
hard decision problems such as NP-hard can be implemented
wilh AlphaGo-like approach. Deep rule-based networks are
proposed in attempt to cstablish an understandable structure
for deep ncural networks in deep learning. The suneccess of
AlphaGo and corresponding thesis ensure the technical soundness
of the parallel intelligence approach for intelligent control and
management of complex systems and knowledge automation.

Index Terms—ACP, Alpha(zo, AlphaGo Thesis, Church-Turing
Thesis, deep learning, deep neural networks, deep rule-hased

neiworks, knowledge automation, parallel intelligence, parallel
control, parallel management.

I. INTRODUCTION
HE match ol AlphaGo vs. Lee Sedol is o history making
event and a milestone in the guest of artificial intelligence
{Al). The computer Go program AlphaGo by DeepMind has
won 41 in a live game malch against one of the world’s besL

Manuseripr received March 30, 2016; accepted April 6. 2016, This work

players, Lee Sedol. rom Korea. The viclory has come con-
siderably sooner than anyone has expected and has astonished
many in the AL lield. Nolan Bushnell, the (vunder of Atan
and a Go Guru himsell, wis so impressed by AlphaGo's [eal:
“Go s the most important game in my life”, he said, “It is the
only game that truly balances the lefl and right sides of the
brain. The [act that it has now vielded © computer echnology
is massively important”), The defeat over humanit v by a ma-
chine has also gencrated huge public interests in Al technology
around the world, especially in China, Korea. U.S., and UK.
To many people, IT has a new meaning from this moment:
it stands not just for Information Technology or Industrial
Technology, it is Intelligent Technology now, and the age of
pow IT is coming®,

The Ganwe of Complexity

l Go: The Fssene of Unity of Contradiction

e, am Black vs. White

Kasy vs. Difficolt

| Squure vs. Round Heaven vs. Earth l

Shallow s, Decp Yin vs. Yang

I
Py
. d
_l

e

: [
Fig 1. Go: A game ol complexity and a symbol for unily ol
contradiction.

Simple vs. Complex I
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From Past I T to New I T
| T = Old “I'T” + Past “I'T” + New “IT”

Old "I1” = Industnal [echnology
Past 1I° = Information [echnoliogy

New “IT" = Intelligent Technology
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Different Interpretations, Different Ages

Industrie 4.0 |nformation  Communication Systems Industrial

Historical Automation
Interpretation

Core—ICT + CPS l

Industries 5.0 /

Today S Intelligence Connectivity Social Knowled.ge
Interpretation (CPSS) Automation

S— e ‘
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Industries 5.0

Industries

Industries Industries

Network
Information roud
° outer
. Electrical e firet PLC Cyber“Physical
Mechanical Z 'TSt L Sytems, (CPS,
The first DC Motor "2° developed by 2000)

Digital Equipment
Corporation (DEC)
(PDP-14,-1969)

was designed by
Gramme, 1869

Atmospheric engine
was the first
true
steam engine using
a piston, Thomas
Newcomen,

Commercial

1705)

1700s

1870s 1970s 2000s
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Parallel

Parallel machine?
Intel ligent Machine?
unmanned plane?

A} 1xo | dwon

Cyber—Social-—
Physical Systems
(CPSS, 2010)

S ————————— L el

The coming future
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Progress of Technology
Socilal Infrastructures

Complexity Social Grids
Grids 5.0

Society ofVO
Grids 4.0 P

Internet of Things
Grids 3.0

O
Information GV
o)

Grids 2.0
Power Grid/
Grids 1.0 0
Transportation Grid

Time

Where we were Where we are  Where we are going

Social Social Social Social Social
Transportation Energy Computing Manufacturing Intelligence
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From the Society of Mind

“What magical trick makes us intelligent? The
trick is that there is no trick. The power of
intelligence stems from our vast diversity, not
from any single, perfect principle.”

N M1 NS K

——Marvin Minsky | =~ oo
Source/Notes P iy O

=
-
==
—

The Society of Mind ( 1987 ) , p.308
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Marvin Lee Minsky
(Aug 9, 1927 - Jan 24, 2016) was
an American cognitive scientist in
the field of artificial intelligence (Al),
co-founder of the Massachusetts
Institute of Technology's Al
laboratory, and author of several
texts on Al and philosophy.
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Social Grids and Karl Popper’s Three-World Model of Reality

Grids 1.0 Grids 3.0 Grids 5.0

[ 0l Wiorld [l =
Ariiiciel World

e
2

PR S,
o - s
907 “Gintx)

N\

4 - P %, ‘ 6 &
S L - V2 i e .
2 amy  Grids 2.0 G Grids 4.0
, . WX - e o I

4

Energy Entropy Entanglement
Old IT Past IT New IT
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The Coming Third Axial Age

The First Axial Age The Second Axial Age The Third Axial Age

At Humanity Ht% Rationality &1 Intelligence
&
Ei | o
t it
5

=4 [oF

s = Y — R\ =184 A ard—
6K E W8 SHE/RERE
Spring and Autumn Renaissance Godel Theorem
( 800S — 200S BC) (1300S - 1900S) (1900s -)
= The Origin
and Goal
of History
by Karl
) Jaspers

-
-

The Axial Age: Karl Jaspers , The Origin and Goal of History, 1949
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New Frontier in the New Age

Grids 1.0 Grids 3.0 Grids 5.0

I: I[: 00
Physical World Artiiciel Weerdd

2_‘ v s
S S - vy
907 g

old IT Past IT New IT

IT=o0oldIT + pastiIT + newlT
| | |

Industrial Information Intelligent
Technology Technology Technology
&
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Complexity Challenge: The Gap between Models and Reality

— — —— — — — — — — — — — — — —————— — — — — — —— —— — — — ————— — —— ——— — — — — — ——— ——— — —— ————— — — — ———— —— — — — — — —— —— — — — —— — — — — — — e YR R

Model World C"m‘}'ex“y Real World

| Merton’s
World of Possibility | 4 N\ Law
Modelind Error ¢ : f
""" 7 BigData B &
Small Laws | Ig bata ’ |
l
l
Artificial Model I Complex system 1
_________________________________________________________________ | Cyber I
System [
World of Probability : :
l
Simulation Model I Large Scale System Physical :
___________________________________________________________________ | System :
[ |
Big Laws | Small Data |  |Newton's
World of Certainty Mathematical Model I Analytic Systems Law
|
|

Key to Smart Logistics: From Newton to Merton
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Smart Logistics Needs Smart Infrastructure: CPSS

I e e e e e e i e e i i e A <«
Physical CPSS Cyber
Space - Space
Artificial
World

Physical Mental
World IWorld
N —

Human-Machine Real-Virtual

Interaction Unification )
Tasks and Resource Disparit Information Disparit Intelligence Disparit
Motivation SR parity J parity
Technological oldIT Past IT | ~ New IT
Development Industrial Technology Information Technlogy Intelligent Technology
Goal and Human-Machine Knowledge-Action Real-Virtual
Future Integrated Converged Merged

‘ﬁ
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Smart Logistics Requires New Intelligence: Parallel Intelllgence

&
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ACP for Parallel Intelligence: A CPSS-based Approach

ACP = Artificial System + Computational Experiments + Parallel Execution

Uncertainty

Virtual Systems

Diversity Comgpglexity

Parallel Execution

Physical Systems

e —

Learning &
Training

V
Experiment & | | Management & )
Evaluation Control
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Essentials of ACP Approach

Artificial Complex
System Modeling

Computational
Experiments for
Analysis and Evaluation
of Complex Systems

Parallel Execution for
Control and
Management of Complex
Systems

Utilization of Modern
High Performance
Computing Technology
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Vision of Parallel Logistics Infrastructure

- Interconnecting Things, People and Society
Logistics Agrigyltg-r_tf::‘\. Enx/iro%'i‘trgfm “ Medicine

Supply

Application /.
& Services

-—

‘/|/_|‘ Service Middleware ‘[/_\r

Comiuting Facilities

M2M Services| it i
P ik il 5 e FER

QoS Servicegontrol Geomatics

Communicaiton
&ComputinJ

RFID Mobile

Sensor Node G 7~
Read S &

Perception
& Actuation

Town Rural Area

Ay } L %?

REID Optical FibeCé}d Reader Camera Transducer Smart Sensor Social Sensor
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Parallel Logistics: Logistics In 5G and IoT Era
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Social Environment
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Social Demands

Services

Service Middleware: Define Service Goals, Service Contents, Decompose Service Tasks

i [ S | s » R
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Computing
Supercomputing

® Centralized Supercomputing
e Distributed Supercomputing (Opportunistic and Quasi-Opportunistic)

Communication

Personal Network: Local Network:

® Wireless Wideband
(WiFi, WiMAX)

® Wireless Narrowband
(Bluetooth, Infrared,
ZigBee)

e Mobile Comm.
(4G/LTE/SG)

Near-Field
Communication (NFC)
Personal Area Network
(PAN)

Body Area Network
(BAN)

Actuation
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Sensing
Energy-to-Data

RFID

Voice

Motion

Pressure

Lights

Fluid
Temperature

RF, Microwave
Other Emerging
Sensing Modality
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A Paradigm Shift for Society-Oriented Architecture

Backbone Network:

Serial Backbone
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Parallel Backbone

Data-to-Energy
¢ Motion Actuators
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, Social
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Operation
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Motion
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Social Management
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* Social Network
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Challenges and New Opportunities In

- The New Society-Oriented Architecture -
Renewed Middleware that Sets -
Goals, Develops Strategy, Environmant Con;?w:P/mlllgl System Operation
Specify Procedure & Process, ~ to Ensure Reaching Application Goals

ncial Anplications
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Perform Tasks SR
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Social Computing and Communication (Social cORM*
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Complexity

Massive, Heterogenous

Logistics Data Analysis

Complexity in
Railway Network Data
Highway Network Data
Commodity Supply Data
Vehicle Supply Data

Logistics Park Data

Diversity
Diverse Demands in
Social Logistics and

Transportation Process

Diversity in
Commodity Supply
Spatial-Temporal
Requests and Needs
Service Goals
Diverse Organizational

Process
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Uncertainty

Uncertain Demands In
Social Logistics
Uncertain Distribution of

Transportation Resources

Uncertainty in

« Customer Needs and
Commodity Supply
« Transportation Capacity

and Distribution
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Steps towards Parallel Intelligent Logistics Systems

Parallel Intelligent

S Logistics Systems .
e (1 =
w— Informationized and Q mEeE
\ =3 Automated Loglstlcs Process = D
- \ \ 5

o
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The Overall Architecture
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Visualization

Navigation
Platform

Applications:

3.
3 O
2
. O

Customer
Analysis

Sensing
Equipment

Internet of Big Data Analysis

Things Platform )

[

de | ,
Operational Mobile
Technology Devices

[ ]

E———( | ‘

W

Top-level supply chain system design
Marketing

Consumer behavior analysis; market activity
experiments; sale prediction

Supply chain management

Supply chain visualization and early alarm,;
demand predication and pull-supply-chain
coordination

Optimization of storage and distribution’s
locating and pathing; equipment demand and
maintenance prediction

Operation and management
Personnel training

Management and control based on data
Intelligence

Real-time computation assisted decisions
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Optimization and Parallel Execution In Logistics

> S h——

Real-time
Marketing
Data
Collection
and Analysis

Parallel Execution
and

Management & Control
\ J

Demand-
driven
Material
Preparation
& Purchase

Joint Highway,
ailway, Waterway
Intelligent
Planning and
Analysis

Market Demand,
\ELEEN
Production, Sales
Big Data Analysis

Precision
Production and
Process
Coordination

End-user Oriented R
National Storage
Deployment and
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Logistics Revolution Brought by Parallel Systems

Ee—. | |

JE7 K

In the future,
logistics will
heavily depend on
the intelligence
and functionalities
of its dual
software-defined
artificial systems,
rather than only
on its physical
logistics system

Traditional
form of
organization
is no match
for parallel
system based
logistics

Enterprise supply
chain and logistics
processes will be
overturned by parallel
system technology

For enterprises in
logistics industry, this
is a matter of life or
death, not just about
performance
enhancement
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City Joint Distribution Center in Wen-Guan-Tun, Shenyang

VEALLY " N ,z ' w:l'l"k
] wilfy; } . Before Reconstruction
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Features : Railway Resource

Technology: Resource Integration &
Information Technology

Business: City Joint Distribution Center |,
& highway-railway combined transportation,
& ¥ Logistics Finance

Goals: Great Traffic, Large Logistics, Large
Radiation

After Reconstruction
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Intelligent Management Center In Wen-guan-tun

Wl X
City Dstribution

External
Services

5@3‘5%

Transport
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Purchase & Sales
Management

Electronic
Commerce
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* Focus on city joint distribution center with

u’iﬁiﬁﬁﬁ%ﬁ« ERIECEThRE A E 2K, warehouse, sorting, processing, package and
% 'ﬁ%énn'@ﬁ%\ ﬁ i 1N 7J|]I\ @ dlstrlbutlon, etc_

%&mﬁl% EHZ EETXHTE : : o
= VIRE R SEEELE” . “Ne Develop integrated platform like online-offline

BE” SLREWRRRSE. raction o
* Provide logistics solutions like rail-road transport
S— —.—
SRAFRAEESEHIERESLRE
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Wl SRS, RYEh. KM Service functions: order search,

Ay &b
ElFAR S II6E distribution, warehouse, transport, etc.
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Order Management System
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Warehouse Management System
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v Functionalities like
storage management, Warehouse
operation plan, inventory status, etc.
v Control warehouse process with
barcode technology and RFID
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City Joint Distribution Management System
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v" Orders and vehicles distribute

according to the orders
v Optimization vehicle’s transport routes
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Rallway Transportation Management System
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Management & Control System of 3D Logistics Park
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Intelligence Decision Supporting System

XEEHHREFLRZHESN 1554’ X 1;

XEHEMHREPOAREHEBLIETEE | per
16:42:07

s R
“%E%Ehﬂﬁiﬁﬂﬂ

OOO

NEEEREEFSEEXNRARNIRAL: Eﬂfﬁﬁ*ﬁ\

T

'TF? JE‘_-"TJ' %/Ju. E”:AJ'_'J,E_“_%I EM&N‘E _Iu J\ fﬂﬂ%*ﬂﬂl

v Analysis and modeling on logistics big data
v Provide custom service in personalized, differentiation distribution

v" Make a reasonable and efficient logistics distribution plan quickly
v Real-time monitor

v Rationally allocate and effectively utilize human resources
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Vehicular Safety Big Data Monitoring

Al based Infrastructure
and Monitoring
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and Parallel System Methodology

Kant's Motivation in Critique of Pure Reason:

* Copernican Revolution: Not knowledge according to
objects, but objects according to knowledge.

Motivation for Parallel System

» Parallel Revolution: Not Intelligence according to
objects, but objects according to Intelligence.
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Eventually, Smart Logistics for Smart Society
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Modem logistics will become complex
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smart society
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