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Book Proposal on Intelligence Science

Series on Intelligence Science

Alms and Scope
Intelligence science is an interdisciplinary subject dedicated 1o joint research on the basic
theory and technologl of intelligence among the fields of brain science, cognitive science, and
artificial intelligence. Brain science explores the essence of the brain. and conducts research
on principles and models of natural intelligence at the molecular, cellular, and behavioral
levols. Cognitive science studics human mental activity, such as perception, leaming, memory.
thinking, consciousness, etc. In order to implement machine intelligence, artificial intelligence.
s concerned with the simulation, extension, and expansion of human intell igence using arificis
" from these three discip! rk together
1o explore new concepts, theonies. and methodologies in ordes to create a successful and
brilliant future in the modern 21st century.

Alms of Serles on Intelligence Sclence

Th Series on Intelligence Science will reflect the most updated progress and
© achievements in Ineligence science. It srovides & platform for scientsts to

exchange new ideas and share knowledge so as 1o promete cross-research between brain

science, cognitive science, and artificial science.

\

1

Areas of particular Interest encompass:
* Cogritive neuroscience

* Perception

* Memory

* Linguistic cognition

Learning

* Thought
« Emotion
= Nature of consciousness

« Mind modeling

 Intelligent systems

Imperial College Press
www.icpress.co.uk

red Publisher of Leading Th

ers

s 200

INSTITUTE OF COMPUTING
TECHNOLOGY




o il 14 B

TTTTTTTTTTTTTTTTTTTT
OOOOOOOOOO

SOBLHE

bORSHE
> WhRRK
6. KZ

2009/5/22 8



o il 14 B

INSTITUTE OF COMPUTING
TECHNOLOGY

Old Suzhou Copenhagen

2009/5/22 s 20095 IR 5T 9



& 4o =

INSTITUTE OF COMPUTING
TECHNOLOGY

2 HI z/n\ ﬁﬁ j; jL‘L

2009/5/22 bk 20093 AT AT 10



it a 4

INSTITUTE OF COMPUTING
TECHNOLOGY

2009/5/22 bk 20093 AT AT 11



B %o P 3]

o il 14 B

INSTITUTE OF COMPUTING
TECHNOLOGY

AN 22 5
BREI S B R ETE S e

1

_ |

i it TE= s |

—a Meta PL- =F s |

SZ ATARS earning set I:x ; # =5 = | Agregate 5

'Jl_;i\i %n 7J( —I: Eg - -~ ] ’ 1 | - GEEH Y ‘ ‘ R
- o HEFH CTE 1

I B0 7 an e A r— {

Image as a set :
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30 R 25 , i

Leaming
stops

Nicolas Bredeche, Zhongzhi Shi, Jean-Daniel Zucker, Perceptual Learningand |
Abstraction in Machine Learning: An Application to Autonomous Robotics. IEEE

Transaction on System, Man, and Cybernetics, 36(2): 172-181.
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eZhongzhi Shi, Qingyong Li, Zheng Zheng. Splecdl Qonplexcdl
Visual Perceptual Learning. Invited speech, In .

Proc. IEEE International Conference on NTE . &\\ B
Neural Network & Brain, 75-80. Beijing, China, e

2005.

e Qingyong Li Zhiping Shi Zhongzhi Shi A
Selective Sparse Coding Model with " o |
Embedded Attention Mechanism.

International Journal of Cognitive Informatics
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TR A Feature Binding SVM AdaBoost
Model

T MU A 4(10001) 83.0% 77.9% | 81.1%

AT IE T 4%(2001) 96.5% 87.5% | 93%
FIv G A IE 1 U R A< (OO 79.6% 75.5% | 78.1%

V-2 0BG I F B [B] (ms) 2 64 4.48 0.16

e IR IR
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Binding SVM AdaBoost
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Image

Event
Video Parsing

Inference

Text
Generation

Zprati. Vision Science
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Web Development P

TECHNOLOGY

Web 1.0
(1993-2003)
“Read” “Write” & Semantics
“page” Contribute
.‘ o “Post / record” Search engine
static

Web browser dynamic

Browsers, RSS

“Client Server” Readers, anything
“Web Services”
Web Coders Everyone
“mass
“geek311

amatuerization”
2009/5/22 A 2009 AT 5T 25



Web 1.0 - Web 2.0 AHEALE
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Web 1.0 Web 2.0
eStatic *Dynamic
eBrochureware eCustomisation
<Personal web site *Blog
eBritannica Online *Wikipedia
eDirectories *Tagging
(taxonomy) (folksonomy)

<Bookmarking sites «Social bookmarking

2009/5/22 s 20095 IR 5T 26
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e Web 2.0 + Al
e Semantic Web
e Web 2.0 + Enterprise Computing

2009/5/22 s 20095 IR 5T 27
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User Interface & applications

;

Unifying Logic |
ontology: Rules:
Query: OWL RIF
SPARQL

I RDF-S I

Crypto

XML

URI

& X WebE AL, 20034 & L Webhilk:, 20064
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e Typical tasks in Ontology Engineering:
e author concept descriptions

refine the ontology

manage errors

Integrate different ontologies

o (partially) reuse ontologies

e These tasks are highly challenging; need for:
e tool & infrastructure support
o design methodologies

2009/5/22 s 20095 IR 5T 29
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e Editors/environments

e Protégé, Swoop, TopBraid Composer, Construct,
Ontotrack. .
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framework rety
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m aI - -
concept = --between generic
ontology ,,,,,,,,,, Ty ] functions

............................. Abstractlons of
— hat hi
_,ff.'fff ............... e o - (f) Extended deV|c«= ontolog | “wha toac _____ 'eve __________

“Is- achléved -by” relations
among functions with ways

Alterréative / (d) Attribu-fe trees

ways g;Ways fo = of Ways
(specific to

each viewpoint)

ISa relations
-~ between generic
ways of function

Organizingz‘g

Modeling D | achievement
step \ / step based on their
: _ : principles
(a)Function (b) General function (C) The generic ways Abstractions of
decomposition  decomposition tree of function “how to achieve”

tree achievement
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| User Interface & applications

e RTHE

. SHOIN(D)

OWL Y/, sHIF(D)

2009/5/22 SGHE 20095 Al 5T 32



Description Logic icp

Fanang
Constructor DL Syntax Example FOL Syntax
intersectionOf CyM...0Cy | Humanm Male Ci(x) A...ACplx)
unionOf CyU...UuCy | DoctoruLawyer | Ci(z) V...V Cn(z)
complementOf -C -Male -C(x)
oneOf {z1pU...U{zn} | {JOhn}U{mary} |z=21V...Ve=uz,
allValuesFrom YP.C YhasChild.Doctor | Vy.P(z,y) — C(y)
someValuesFrom iP.C JhasChild.Lawyer | Jy.P(z,y) A C(y)
maxCardinality <nP <lhasChild ISy P(2,y)
minCardinality >nP >2hasChild 327y, P(z, y)

2009/5/22 s 20095 IR 5T 33
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it 86

OWL Syntax DL Syntax | Example

subClassOf Cq1C Co | Human C Animal N Biped
equivalentClass Ci1=C> | Man=Human T Male
subPropertyOf P1 C P>, | hasDaughter C hasChild

equivalentProperty | Py = P»
transitiveProperty | PTLC P

Ccost = price
ancestor™ [ ancestor

OWL Syntax | DL Syntax | Example
type a:C John : Happy-Father
property (a,b) : R | (John,Mary) : has-child

2009/5/22

R 2009%E A 5T 34
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e Frame-based system

e Semantic Network

e ODbject-oriented representation
e Semantic data models

e Ontology language

2009/5/22 s 20095 IR 5T 35
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e Concepts and Role
e Thox——Assertions
e Abox——Instance

e Reasoning mechanism in terms of Thox
and Abox

2009/5/22 s 20095 IR 5T 36



Reasoning in DL
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1) Subsumption

2) consistency

3) satisfiability

4) instance checking

2009/5/22 s 20095 IR 5T 37



TBox(Scheme)

Man = Human ™ Male
Happy-father = Human n J Has-child. Femalem ...

Abox(Data)
John: Happy-father

<John, Mary> : Has-child

2009/5/22
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7 & 4% & 12 8 Dynamic Description Logica

An action description is the form of

where

(1) A s the action name.

(2) x4, ..., X, are individual variables, which denote the
objects the action operate on.

(3) P, Is the set of preconditions, which must be
satisfied before the action Is executed.

(4) E, Is the set of results, which denote the effects of
the action.

2009/5/22 s 20095 AR 5T 39



% A % £ 12 8 Dynamic Description Logic

o I DDL
o ZAHADDL
o HFADDL

s 2009 LRl 5T
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4: returns service matches

.

R
()

Service
Registry

Service
Request
' L]
1
Service '
Requestor
2009/5/22
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Service
Advertise ment

]
2: searches L

3 matches

Matching
Engine

1 advertises

s 2009 LRl 5T

Service
Provider

Service
Instance
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TECHNOLOGY

Points to Description
--------------------* WSDL
&
g Finds *‘.’g‘ PP’E'@ 5 Describes
a €rvice WS standards: Laﬁhglsemantics! R Sehnce
5 ‘o \ 4
Service Web
Consumer Service

Communicates with
XML Messages

Web Service Architecture
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TECHNOLOGY

e programmatic interfaces for applications (i.e., business
logic), available over the WWW Iinfrastructure and
developed with XML technologies.

Web Services
Lifecycle

Advertisement

2009/5/22 s 20095 IR 5T 47
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Dynamic | YWeb Services | Semantic Web
UDDI, WSDL, SOAP Services
A
: A
Static | WWW .+++» Semantic Web
URI, HTML, HTTP RDF, RDF(S), OWL
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Semantic Web Services SEMANTIC

"WEB
SERVICES

Semantic Web Technology "7 rl‘.cr
+

Web Service Technology
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e Define exhaustive description frameworks for
describing Web Services and related aspects
(Web Service Description Ontologies)

e Support ontologies as underlying data model
to allow machine supported data
Interpretation (Semantic Web aspect)

e Define semantically driven technologies for
automation of the Web Service usage
process (Web Service aspect)

2009/5/22 s 20095 IR 5T 50



Web Ag 4 £ 3, N

TTTTTTTTTTTTTTTTTTTT
OOOOOOOOOO

e Keyword based

o UDDI — Universal Description, Discovery, and
Integration

o WSMX (WSMF)

e Semantic discovery

o Matchmaking — compares advertised and
requested service capabilities

e Subsumption of classes, properties as well as
equivalence can be considered

e The process can be domain ontology dependent
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e MINDSWAP, Univ. of Maryland
e Composer — demo only;

e Matchmaker and planner licensed to FujitsuLabs (no
sources)

e Carnegie Mellon, Atlas project
e Matchmaker, OWL-S -> UDDI
e No sources

e IBM Emerging Technologies Toolkit (Alpha)
e Demo available; no sources

e TU Berlin Matchmaker

e Open source; demo, based on transformation to
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e Direct
e Return only single services that match the request

e Indirect

o Compute service compositions (or “chains” in the simplest
case)

e Logic-based

e Description Logics and First Order Logic reasoning
e Similarity-based (IR technigues)

e Linguistic similarity, term frequency, ...
e Graph matching
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Request Profile Service Profile

Requestor Information Provider Information
Actor Function Description
Identity Inputs and Outputs

Service Expectation Preconditions and Effects
Provider Information Specify Characteristics
Inputs and Outputs Service Category
Service Category Service Quality
Service Quality
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PUBLICATION == e e e m e — D[UDDI REGISTRY} —————————————— INQUIRY
A A

< WSDL > PUBLICATION

GENERATE WS ? SEMANTIC WS
DESCRIPTION DESCRIPTION FILES
? PROVIDER] 2 REQUESTER?

SELECT SELECT
< CODE > ONTOLOGIES ONTOLOGIES < REQUEST >

? DOMAIN
ONTOLOGIES

INQUIRY C KEYWORDS >

? SEMANTIC WS GENERATE WS
DESCRIPTION FILES DESCRIPTION

> MATCHMAKER <
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Thing HEATE
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Traffic
Aviation Train
Serve Aviation Civil Aviation
North Aviation South Aviation
(Thing, | (Traffic, (Aviation, (Civil Aviation,
Traffic) | Aviatin) Civil Aviation)| South
distence | 1 13/15=0.87 |34/45=0.76 |17\ b6
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e Planning based approaches:

e construct a plan from elementary services
to obtain a required functionality.

e reasoning based only on component specifications
e plan built every time from scratch

e Knowledge based approaches:
e re-use preconfigured templates
e reasoning with specialized knowledge in a narrow domain
e sophisticated domain knowledge is needed
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Machinetta

e Reusable software proxy architecture P
o Available in the public domain ooy
e Used in several domains, including 2 DARPA projects

e Provides support required for effective teamwork

Communication : Messages Domain Specifc
to and from other proxies
Coordination : Reasons about
required communication ~ ° ¢
State : Proxies model of the world
Adjustable Autonomy: Reasons
about interactions with RAP
Adjustable Autonomy : Reasons < 4
about interactions with RAP |
RAP Interface : Communication to A

Machinetta

arrddfrom RAP RIGHL 2009 RETE Proxy Architecture “
http://teamcore.usc.edu/doc/Machinetta/

To

" robot,
agent or
person



http://teamcore.usc.edu/doc/Machinetta/

Machinetta-CMU

Proxy

User Interface

Machinetta
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Machinetta provides:

= Coordination

= Adjustable autonomy
» Information fusing

= Role allocation

» Task deconfliction

Team-oriented plans
describe plans in terms
of:

= Roles
» Constraints between roles


http://teamcore.usc.edu/doc/Machinetta/
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Intelligence Science
http://www.intsci.ac.cn/
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