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Introduction AREATE

TECHNOLOGY

e McCarthy declared

the long-term goal of Artificial
Intelligence is human level
Artificial Intelligence

e It is not surprising that
human-level Al has proved
difficult and progress has

been slow

John McCarthy. From here to

human-level Al. Artificial

Intelligence 171 (2007) 1174— F « oo
2011-829]_82 Zhongzhi Shi AGI2011 4




Artificial General Intelligence (A

“The ability to achieve complex
goals in complex environments
using limited computational
resources”

e Autonomy

 Practical understanding of self
and others

e Solving problems qualitatively
different from those anticipated by
the programmers

2011-8-29 Zhongzhi Shi AGI2011 5
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~Artificial General Intelligence (A@a
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Book Bty Ceasprnzel

LEE Pearie i

Editor» Goertzel, Ben (et al.)
Artificial General Intelligence.
Springer, 2007

This is the first book on current Artificial
research on artificial general General
intelligence (AGlI), work explicitly Intelligence
focused on engineering general
Intelligence — autonomous, self-
reflective, self-improving,
commonsensical intelligence.

2011-8-29 Zhongzhi Shi AGI2011
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Artificial General Intelligence (A@a
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 AGI-2010: Lugano,
Switzerland, March

5-8 (In Memoriam

Ray Solomonoff)
e AGI-2009: Arlington,
Virginia, March 6-9

* AGI-2008:
University of
Memyphis, March 1-3

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ


http://www.anu.edu.au/�
http://www.anu.edu.au/�
http://www.hutter1.net/private/index.htm�

~Artificial General Intelligence (A@a
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A Roadmap Toward Human Level Artificial
(zeneral Intelligence

Sam Adams, Itamar Arel, Joscha Bach, Robert Coop, Rod Furlan,
Ben Goertzel, J. Storrs Hall, Alexel Samsonovich, Matthias Scheutz,

Matt Schlesinger, Stuart Shapiro, John Sowa
June 25, 2010

Abstract

We present the broad cutlines of a readmap toward Human Level
artificial general intelligesce (AGL). The moadmap 13 not tarpeted at
any specific design or architecture, but is rather intended to encourage
the dewlopment of multiple AGT syatems along the same pathways,
toward the same end goals and pessing through the same set of mile-
stones. A number of specific “scenarios” for the development of Human
Level AGI are considered (ineleding virtwal-world, robotic and purely
rext/image-hased “school” seemarios at various levels, along with oth-
ers involving real-world robotics and video-game learning), along with
a set of competency arcas that may be explored in multiple soenacios
and that together constitute a lange action of Human Lewvel Intelli-
gent functionality, It is proposed to develop a series of concrete tasks
within each of the deseribed scenarios, implementing the described
competency areas. HSuch thsk series would then serve s A concrete,
detailed roadmap to Homan Level AGI for researchers acoepting the
given scanario as a useful one.

INSTITUTE OF COMPUTING
TECHNOLOGY
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Framework of LIDA AL

INSTITUTE OF COMPUTING
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OpenPsi AHEATS

TECHNOLOGY
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Soar Architecture HREATE
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4 Long Term Knowledge I

e.g., Doctrine, Tactics, Flying Techniques,
Missions, Coordination,

Properties of Planes, Weapons, Sensors, ...

[ — ]
] — ]
N S— /
Match  Changes

Working Memory

situational assessment, intermediate results,
actions, goals, ...

A

Allen Newell ‘ Perception / Motor Interface
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IBM Blue Brain Project FHEATS

IBM Blue Brain Project(launched in
2005)

e IBM “cat brain scale” spiking
neural net simulation

e 147,000 processors
e 144 terabytes of memory

Dharmendra Modha [T |

. Hasket cell ‘ RENP cells ‘ Pyramadal cells

® [nhihitory connections 9 Excitaiory conmections

IBM Simulationm

2011-8-29 Zhongzhi Shi AGI2011



Intelligence Science FHEALY

TECHNOLOGY

e An interdisciplinary subject that dedicates to joint
research on basic theory and technology of intelligence
by brain science, cognitive science, artificial
Intelligence and others.

INTELLIGENCE
SCIENCE
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Series on Intelligence Science

World Scientific Publishing

will publish Series on

Intelligence Science. Prof.
Zhongzhi Shi is the Editor-in-

Chief.

Special Advisors:

Marvin Minsky (USA)
Shun-ichi Amari (Japan)
Wenjun Wu (China)
Lotfi A. Zadeh (USA)

2011-8-29
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INSTITUTE OF COMPUTING
TECHNOLOGY

Series on Intelligence Science

Alms and Scope

Intelligence sci s an interdisc
heory and technology of intelligence among the fields of bra nce, cognitive scionce, and
artificial intelligence. Brain science explores the essence o ‘and conducts research
on principles and models of natural inteligence at the molecular, celiular. and behaviorl

y subject dedicated to joint research on the basic

Ievels, Cognitive science studies humas

al activity. such as perception, learning, memery.
thinking, consciousness. e, In order to mplement machine inteligence, artificial intelligence
is concemed with the simutation, extension. and expansion of human intelligence using artificis

and from these three disciph k together
1o explore new concepts, theories, and methodologies (n order to create a succossful and
brilliant future in the modern 218t century.

Alms of Serles on Intelligence Science

Th Series on Intelligence Science will reflect the most updated progress and
© cchievements.in inieligence science. It provides & piatform for scientsts o

exchango new ideas and share knowledge so as o promole cross fesearch between brain

science, cognitive science, and artificial science

Areas of particular interest sncompass:

« Cogpits newoesience
« Perception

5 ooy

« Lingints sopiton ,
Loering }

* Thought Y
 Ertion

= =

* Nature of consciousness 1 /
1

+ Mind modeling e

o Intelligont systems

Imperial College Press
www.icpress.co.uk

Preferred Publisher of Leading Thinkers

16



Basic Issues of Intelligence Science
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How Do Brain Neural Circuits Work?

What is Perceptual Representation and Theory of Perception?
How Are Memories Stored and Retrieved?

What is the Neural Basis of Language?

How Does the Brain Learn?

How to Think in Human Brain?

What is the Procedure of Intelligence Development?

What is the Nature of Emotion?

What is the Nature of Consciousness?

How to Build Mind Model?

Zhongzhi Shi. Foundations of Intelligence Science. International
Journal of Intelligence Science, PP.8-16, 2011

2011-8-29 Zhongzhi Shi AGI2011 17
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Mind Model CAM AREATE

OOOOOOOOOO

CAM-Consciousness and Memory Model is

A new mind modeling for human cognitive activities

Characteristics of CAM

® Memory based Mind Model,;
e Consciousness-centered Cognitive Activities;

e Action planning based way to arrange different cognitive
function modules to perform cognitive activities;

2011-8-29 Zhongzhi Shi AGI2011 19



CAM Architecture
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INSTITUTE OF COMPUTING
TECHNOLOGY

CAM-Consciousness and Memory Model is
A new mind modeling for human cognitive activities

High Level Cognitive Functions

Q “ -
L /3 h
"’q ‘;r >

External

Environment ,
N s s g

Consciousness
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Long-Term Memory @

TTTTTTTTTTTTTTTTTTTT
OOOOOOOOOO

Tulving, Endel (1972). Episodic and semantic memory. Organization of
memory. In E. Tulving and W. Donaldson. New York, Academic Press.

Types of memory

working long-term
(short-term) | |

explicit, declarative iImplicit

episodic semantic  procedural perceptual
(event) (fact) representational

2011-8-29 Zhongzhi Shi AGI2011 21



Semantic Memory FREALE

TECHNOLOGY

Collin and Quillian Model
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Semantic Memory FHEALY

TECHNOLOGY

Smith’s feature overlap model

Attribute or feature list Hierarchical network model
model
ANIMAL
Robin Bird F
Ehysical object Ehysical object s
Vi ivin : has
Anirﬁte Animgate Bird —» feathers
Feathered Feathered Isa
Red-breasted -

Robin s red breast

2011-8-29 Zhongzhi Shi AGI2011 23



Dynamic Description Logic*%a
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In order to represent agent better, we add dynamic action to
DL and propose Dynamic Description Logic

A(X;,..., X)) = (P, E5)

where
(1) A is the action name.

(2) X, ..., 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.

2011-8-29 Zhongzhi Shi AGI2011 24
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— e conceptname: C;,C,, ...;
e Role name: R, R,, ...;
e Individual constant: a,b,c, ...;
e Individual variable: Xx,vy,z, ...;
e Concept operation: —, M, LI, 3, V;
e AXIOom operation: —, A, o>V
e Action: A A, ...;
e Action-constraint ; (composition) , U
(alternation), * (repeat), ? (test);
e Action variable: a,p, ...;
e Axiom variable: ¢, w, ] ...;
xoug2State variable: U, v, Wenghisi acizons 25



DDL Inference Engine
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Episodic Memory FREALY

e Episodic Memory

The memory about past experience; contextualized
store of specific events.

Example: a movie seen yesterday

e Element in Episodic Memory
episode: the stored past event;

episode in CAM is in form of possible world seqguence.

2011-8-29 Zhongzhi Shi AGI2011 27



Episodic Memory

2011-8-29

Zhongzhi Shi AGI2011
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Episodic Memory FREALY

TECHNOLOGY

Froblem @

CBR Cycle v

(Aamodt & Plaza, 1994,
Al Communications)

Knowl edge

=
learning E
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Episodic Memory in CAM FREALY

e Episode Retrieval

¥ Retrieve episode by cue
Cue is also in form of possible world sequence;

Retrieve episode by matching the possible world
sequence representing cue with the possible world
sequence representing episode.

¥~ Retrieve episode likes Case-based reasoning

2011-8-29 Zhongzhi Shi AGI2011 30



Episodic Memory in CAM FREALY
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e Matching Cue with Episode

Match PossibleW orld(wy,ws) is true iff wy = wo
MathecAction(ay,as) is true iff F,, = F,,, Ko, = Fa,

episode={wy, a1, wa,...,wy,}, cue={ecy1,b1,¢0,. .., 1},
CueMatching(episode, cue) is true iff

exists sub sequence {w; 1,a;11,..., Wik} C episode satisfying

Match PosstbleW orld(w;y5,¢;) 18 true (j = 1,2,..., k)
Match Action(a;yg,b;) 1s true ({ =1,2,...,k— 1)

2011-8-29 Zhongzhi Shi AGI2011 31



Cue Matching Algorithm FRTAL

INSTITUTE OF COMPUTING
TECHNOLOGY

Algorithm 1: Cueblatching(e,c)

input : Episode e, Cue
output: whether ¢ =, ¢ hold

1 if length(e) < length(c) then

2 | return false;

3 end

4 n.:=first_node(e) ;

5 1= first_node(c) ;

6 if MatchPossibleW orld(n.,n.) then

T ¥, = Null ;

8 coi=action(n:) ;

o if —(Pre(as) — Pre(og)) unsatisfiable according DD tablean
algorithm then

10 Mmp:—Te |

11 while neri_node(ryn,) 7 Null do

12 v 1=— [:(_1-.—::_ a(:t?'.on{-nmlpj} -

13 if MatchAction(o,., ox.) then

14 Let sub. be the sub sequence by removing . from e ;

15 Let sub. be the sub sequence by removing . from c ;

16 if CueMatching(sube, sub.) then

17 return true;

18 e

19 end

20 Nemp—nert_node( Ty, )

21 exd

22 end

23 end

24 Remove n,. from e ; -
2011-8-2925 retwrn CueMatching(e, ) ;  Zhongzhi Shi AGI2011 32




Match Possible World & Action %z«

INSTITUTE OF COMPUTING
TECHNOLOGY

Function MatchPossibleWorld (w;,w;)

1
2
3
4
5
G

input : possible worlds w;, w;
output: whether w; = w; hold

Jw:=Conjg(u;) — Conj(w;) ;

if = f,, s unsatisfiable according to DDL tableau algorithm then
| return true

else

| return false

end

Function MatchAction (e, cx;)

=T R I = T O -~

[
=]

input : action oy, o
output: whether o; = a; hold

if o; == null or ao; == null then

| return false

end

fore:=Conj(Pre(o;)) — Conj(Pre(a;)) ;

ferpi=Conj(Ef f(a;)) — Conj(Eff(a;)) ;
if =fpe and —f.rr are unsatisfiable according to DDL Algorithm then

return true

else

|  return false
end

2011-8-29
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What I1s Conscliousness AREATE

Wikipedia:

Consciousness is a term that has been used to
refer to a variety of aspects of the relationship
between the mind and the world with which it
Interacts. It has been defined, at one time or
another, as: subjective experience; awareness;
the ability to experience feelings; wakefulness;
having a sense of selfhood; or as the executive
control system of the mind.

2011-8-29 Zhongzhi Shi AGI2011 34
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What 1s Consciousness HEA LA

Stanford Encyclopedia Of Philosophy

2011-8-29 Zhongzhi Shi AGI2011 35
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Framework of Cognitive FunCtiOnSm;aﬁa

A functional framework

Sensory
input
T T Vol o S e et A e S ot LY it iy 158 4 1
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voluntary

AR attention g Action
||V'S$ : Planieg
Response
Hearing outpt
D>
Touch

>

Stored memories,
knowledge and skills:

A I

Learning and
retrieval

B. Baars, N. Gage. Cognition, Brain, and Consciousness: Introduction to
2i@gntive Neuroscience. Elseviertotdh200(@2011 37



Computational Model of
consciousness AREATS

TECHNOLOGY

e Executive control system of the mind;

Farthing, G. W. (1992). The Psychology of Consciousness. Upper Saddle River, NJ:
Prentice Hall.

e Intentionality

Intentionality refers to the feature of a desire to switch from one mental state to
another mental state.

e Global Workspace Theory

GWT was developed based on robust evidence regarding conscious
processes, combined with the artificial intelligence concept of a
“blackboard architecture” that combined multiple sources of
knowledge in order to identify an acoustical signal in a complex,
noisy, and ambiguous environment

2011-8-29 Zhongzhi Shi AGI2011 38



Cognitive Cycle of CAM *%a
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Action
Composition

2011-8-29 CoghitiencArere of CAM 39
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Nobel Prize in Physiology or @
Medicine in 1963 FHEALS

OOOOOOOOOO

« Combination of experiments,
theoretical hypotheses, data fitting
and model prediction

« Empirical model to describe
generation of action potentials

e Published in the Journal of
Physiology in 1952 in a series of 5

sl el bl b articles (with Bernard Katz)

2011-8-29 Zhongzhi Shi AGI2011 41



The Hodgkin-Huxley Model FHEALY
dav. . |

e
—1 -

"dt ™ A

im =g (V—EL)+ gK;-ﬁ( V— Ex)+ gwamgfi( V — ENa)

C

T (\/)%ZZ (V)—Z <4 Gating equation
dt 7
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Feature Linking Network

- ﬁ
Wit
TTTTTTTTTTTTTTTTTTTT
OOOOOOOOOO

H i
+i
[ ¥
L T '
o S ,
() -
e td =
2 -
o P 40
wwwwwwwww
b \ Cell bady
: ety /
O\ \\-L \ e e =
Synapse on BS00In Termimal -
20 r ddddd te butbon ——___ W - . -



Pulse-Coupled Neural Network

FREARS
(2
The PCNN was originally presented by —"
Eckhorn et al. - o ;
in order to explain the synchronous ?”:fé (z/—r 1
neuronal burst phenomena in the cat
visual cortex. ) /
The model neuron consists of three ~
parts: the dendritic tree, the linking
modulation, and the pulse generator. ! —-<+>

-
W1
U
T -Cpg
Feeding / . \ F / -  Um

=  FFLI [—— NMPG

- , Y,

o/

Y
Y
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Bayesian Linking Field Model .,%a
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Principle ideas

e [t utilizes noisy neural model, where the inputs and
outputs of neurons are firing probabilities, but not
pulse

e Each neuron has two parts of inputs, namely feeding
iInputs and linking inputs.
e Weights of connections between neurons reflect the

statistical relation between them, and can be learnt
via learning.

e The outputs of neurons are determined by both their
own inputs and the outputs of their neighbors.

2011-8-29 Zhongzhi Shi AGI2011 45



Neuron Model
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e Dynamic activity

Feeding }

P(X) = > wP(f) 2w

P(X (1,15, = P(X)- | [w;P(l;)
: ﬁ

2011-8-29 Zhongzhi Shi AGI2011 46




payesian Linking Field
Model 5]
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P(X [1,1,,..)=P(X)-] [w,P(,)
1{",
‘”{j‘ll} r ™
P(l) L .
P(l) W o
P(f)) =
FE:‘:‘_: " @ k)
) + 3 [1 >

P(fa) | o

P(X):Zwip(fi)

2011-8-29 Zhongzhi Shi AGI2011 47
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Competition Among Neurons s

e Let X1 and X2 be two different neurons;
F1 and F2 be the set of their feeding pre-
synaptic neurons respectively. Then there
exists competitive relation between X1
and X2 if and only if at least one of the
two conditions below holds.

o FNF,#3
o ExistfleF1 and f2€F2, and f1 and f2 are
competitive

2011-8-29 Zhongzhi Shi AGI2011 48



Competition Among Neurons .,%a
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e To implement competitive relations, we normalize the
firing probabilities of the neurons that are competitive
each other.

e Let X1, X2, ..., Xn be n neurons that are competitive
each other; Pbefore(Xi) is the firing probability of Xi
before competition. Then the firing probability of Xi after
competition is:

P..(X,
Pafter (X I ) — n bEfore( | )
Z I:)before(x j )
j=1

2011-8-29 Zhongzhi Shi AGI2011 49



Bayesian Linking Field Model
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P.iore (X
Pafter(xi): n before( |)
Zpbefore(xj)
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Perceptual Problem Description

T4

w4 e

TTTTTTTTTTTTTTTTTTTT
OOOOOOOOOO

The picture can be
interpreted as

e a man playing a
saxophone or
« a woman face
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Simplification
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Entire picture is
partition into 16
compartments
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The architecture of Bayesian
Linking Field Model AREATS




Computational Model for
Feature Binding

Bayesian Link field Networks Model
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Contents Outline 2
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Image Understanding
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Semantic Analysis
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Cognitive
Priciples
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Traffic Surveillance
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Internet Development Roadmap

G,

vl 5.4 5 5
INSTITUTE OF COMPUTING
TECHNOLOGY
EHEWeb
WebOS
. Web Web 40
x , -~ 2018
e T Swep Webzo” ERETARE
& Web !__qv!EJ' e B SHAME
| QPARC S 7 ==
ATAX _S_Pél}.(iu h Py ~ ENEARE
2 Wo g TROF ) Rse o OO [l M
% __J__a\gacript-—“ w:pz’ 0 i mx l&%ﬁ:##i
XML ! Java . —=2-4" 5as P a1
m RiNS SOAP! IHIML - e P |
VR HTTE-"  gagp _{E?E*jj
PC ﬁ‘iﬂﬂ. BBS Gopherw '0 *ﬁﬁi &l&ﬂlﬁ]
MacOS SQL .~ A
T USGML L1889
Internet Epepy o o wme  ah
Email POV pbmR
FTP IRC /’i977
USENE],~
PC-" stk mek
HEEREL
Spivack 2008
2011-8-29 Zhongzhi Shi AGI2011 60



World Wide Brain
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World Wide Brain .,%a
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Web agent
Email ﬁltering,}

managing,
auto-reply
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Conclusions
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* Human level intelligence needs
new research paradigm.

* |Intelligence Science iIs a new
research paradigm

* The mind model CAM has obvious
features and potential applications
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Thank You
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