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Introduction
 McCarthy declared 

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

 It is not surprising that 
human-level AI has proved 
difficult and progress has 
been slow

John McCarthy. From here to 
human-level AI. Artificial 
Intelligence 171 (2007) 1174–
11822011-8-29 4Zhongzhi Shi  AGI2011 
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Artificial General Intelligence (AGI)

“The ability to achieve complex 
goals in complex environments 
using limited computational 
resources”
• Autonomy
• Practical understanding of self 

and others
• Solving problems qualitatively 

different from those anticipated by 
the programmers ---Ben Goertzel

2011-8-29 5Zhongzhi Shi  AGI2011 
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Artificial General Intelligence (AGI)

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

2011-8-29 6Zhongzhi Shi  AGI2011 

This is the first book on current 
research on artificial general 
intelligence (AGI), work explicitly 
focused on engineering general 
intelligence – autonomous, self-
reflective, self-improving, 
commonsensical intelligence.

http://www.anu.edu.au/�
http://www.anu.edu.au/�
http://www.hutter1.net/private/index.htm�
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Artificial General Intelligence (AGI)
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• AGI-2010: Lugano, 

Switzerland, March 

5-8 (In Memoriam 

Ray Solomonoff)

• AGI-2009: Arlington, 

Virginia, March 6-9

• AGI-2008: 

University of 

Memphis, March 1-3

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


INSTITUTE OF COMPUTING
TECHNOLOGY

Artificial General Intelligence (AGI)
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http://www.hutter1.net/private/index.htm�


INSTITUTE OF COMPUTING
TECHNOLOGY

Framework of LIDA 

Javier Snaider, Ryan Mccall and Stan Franklin. The LIDA Framework as a 
General Tool for AGI. AGI20112011-8-29 9Zhongzhi Shi  AGI2011 
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MicroPsi Architecture

2011-8-29 10Zhongzhi Shi  AGI2011 

Dr. Joscha Bach
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OpenPsi
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Dr. Ben Goertzel et al.

OpenPsiOpenCog
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ACT-R 6.0

ENVIRONMENT

Productions 
Match
Select

Execute
aural-location

visual

visual-location

manual
aural

vocal

imaginal-action

imaginal

goal

retrieval

Vision
Motor Speech Aural

Imaginal

Goal
Declarative

J.A. Anderson
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Soar Architecture

Working Memory
situational assessment, intermediate results, 

actions, goals, …

Long Term Knowledge
e.g., Doctrine, Tactics, Flying Techniques, 

Missions, Coordination,
Properties of Planes, Weapons, Sensors, …

[      
][
[

]
]      
]

Match Changes

Perception / Motor InterfaceAllen Newell
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IBM Blue Brain Project
IBM Blue Brain Project(launched in 

2005)
 IBM “cat brain scale” spiking 

neural net simulation
 147,000 processors
 144 terabytes of memory

Dharmendra Modha

2011-8-29 14Zhongzhi Shi  AGI2011 
IBM Simulation
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Intelligence Science
 An interdisciplinary subject that dedicates to joint 

research on basic theory and technology of intelligence 
by brain science, cognitive science, artificial 
intelligence and others.      

2011-8-29 15Zhongzhi Shi  AGI2011 
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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 16Zhongzhi Shi  AGI2011 
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Basic Issues of Intelligence Science

 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?

2011-8-29 17Zhongzhi Shi  AGI2011 

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

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

Characteristics of CAM
 Memory based Mind Model;
 Consciousness-centered Cognitive Activities;
 Action planning based way to arrange different cognitive 

function modules to perform cognitive activities;

2011-8-29 19Zhongzhi Shi  AGI2011 
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CAM Architecture
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CAM-Consciousness and Memory Model is 
A new mind modeling for human cognitive activities
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Long-Term Memory

2011-8-29 21Zhongzhi Shi  AGI2011 

Types of memory

working long-term
(short-term) 

explicit, declarative implicit

episodic semantic procedural perceptual
(event) (fact) representational

Tulving, Endel (1972). Episodic and semantic memory. Organization of 
memory. In E. Tulving and W. Donaldson. New York, Academic Press.
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Semantic Memory
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Collin and Quillian Model
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Semantic Memory
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Smith’s feature overlap model
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In order to represent agent better, we add  dynamic action to 
DL and propose Dynamic Description Logic

),(),...,( 1 AAn EPxxA =

where
(1) A is the action name.
(2) x1, …, xn are individual variables, which denote the objects the action 
operate on.
(3) PA is the set of preconditions, which must be satisfied before the action is 
executed.
(4) EA is the set of results, which denote the effects of the action. 

Dynamic Description Logic
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Dynamic Description Logic
 Concept name：C1, C2, …；

 Role name：R1, R2, …；

 Individual constant：a, b, c, …；

 Individual variable：x, y, z, …；

 Concept operation：¬, ⊓, ⊔, ∃, ∀；
 Axiom operation：¬, ∧, →∀；
 Action：A1, A2, …；

 Action-constraint ： ； (composition) ， ⋃
(alternation)，* (repeat)，？(test)；

 Action variable：α,β, …；

 Axiom variable：ϕ, ψ, �, …；

 State variable：u, v, w, …；
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DDL Inference Engine

Zhongzhi Shi  AGI2011 
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Episodic Memory

 Episodic Memory
The memory about past experience; contextualized 
store of specific events.
Example: a movie seen yesterday

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

episode in CAM is in form of possible world sequence.

2011-8-29 27Zhongzhi Shi  AGI2011 
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Episodic Memory
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Episodic Memory
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Episodic Memory in CAM

 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 30Zhongzhi Shi  AGI2011 
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Episodic Memory in CAM

 Matching Cue with Episode

2011-8-29 31Zhongzhi Shi  AGI2011 
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Cue Matching Algorithm 

2011-8-29 32Zhongzhi Shi  AGI2011 
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Match Possible World & Action

2011-8-29 33Zhongzhi Shi  AGI2011 
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What is Consciousness

2011-8-29 34Zhongzhi Shi  AGI2011 

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.
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What is Consciousness

Stanford Encyclopedia Of Philosophy
 http://www.informationisbeautiful.net/play/wh

at-is-consciousness/

2011-8-29 35Zhongzhi Shi  AGI2011 

http://www.informationisbeautiful.net/play/what-is-consciousness/�
http://www.informationisbeautiful.net/play/what-is-consciousness/�
http://www.informationisbeautiful.net/play/what-is-consciousness/�
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What is Consciousness
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Framework of Cognitive Functions 

B. Baars, N. Gage. Cognition, Brain, and Consciousness:  Introduction to 
Cogntive Neuroscience. Elsevier Ltd 20072011-8-29 37Zhongzhi Shi  AGI2011 
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Computational Model of 
Consciousness
 Executive control system of the mind;

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

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

 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 38Zhongzhi Shi  AGI2011 
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Cognitive  Cycle of CAM

Cognitive cycle of CAM2011-8-29 39Zhongzhi Shi  AGI2011 
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Nobel Prize in Physiology or 
Medicine in 1963

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

• Empirical model to describe
generation of action potentials

• Published in the Journal of
Physiology in 1952 in a series of 5
articles (with Bernard Katz)
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The Hodgkin-Huxley Model

A
Ii

dt
dVc e

mm +−=

zVz
dt
dzVz −= ∞ )()(τ Gating equation
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Feature Linking Network
 1990 Eckhorn Proposed Feature Linking Network
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Pulse-Coupled Neural Network

The PCNN was originally presented by 
Eckhorn et al. 
in order to explain the synchronous 
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.
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Bayesian Linking Field Model
Principle ideas
 It utilizes noisy neural model, where the inputs and 

outputs of neurons are firing probabilities, but not 
pulse

 Each neuron has two parts of inputs, namely feeding 
inputs and linking inputs. 

 Weights of connections between neurons reflect the 
statistical relation between them, and can be learnt 
via learning.

 The outputs of neurons are determined by both their 
own inputs and the outputs of their neighbors.
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Neuron Model

 Dynamic activity

∑=
i

ii fPwXP )()(
Feeding

input

∏⋅=
j

jj lPwXPllXP )()(,...),|( '
21

Linking 
input
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Bayesian Linking Field
Model

∑=
i

ii fPwXP )()(

∏⋅=
j

jj lPwXPllXP )()(,...),|( '
21
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Competition Among Neurons

 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.
 F1∩F2≠Ø
 Exist f1∈F1 and f2∈F2, and f1 and f2 are 

competitive
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Competition Among Neurons

 To implement competitive relations, we normalize the 
firing probabilities of the neurons that are competitive 
each other.

 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:

∑
=

= n

j
jbefore

ibefore
iafter

XP

XP
XP

1
)(

)(
)(
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Bayesian Linking Field Model

∑
=

= n

j
jbefore

ibefore
iafter

XP

XP
XP

1
)(
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Perceptual Problem Description

The picture can be 
interpreted as 

• a man playing a 
saxophone or 
• a woman face 
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Simplification

Entire picture is 
partition into 16 
compartments
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The architecture of Bayesian 
Linking Field Model

... ...

... iba

M1 M14M3M2 W1 W14W3W2

f

WM

Man’s 
features

Woman’s 
features

Object Man Object 
Woman

Visual Features
Feeding inputs

Linking input
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Bayesian Link field Networks Model

Computational Model for 
Feature Binding
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Image Understanding

Suzhou Garden Suzhou Building
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Semantic Analysis

2011-8-29 57

Model 
Match

Semantic 
Analysis

Statistic 
Leaning

Cognitive 
Priciples
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Traffic Surveillance

Video Semantic
Analysis

Semantic
Understanding

Semantic
Description

Emergency
Interaction
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Internet Development Roadmap

Spivack 2008
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World Wide Brain
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World Wide Brain
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Conclusions

 Human level intelligence needs 
new research paradigm. 

 Intelligence Science is a new 
research paradigm

2011-8-29 63Zhongzhi Shi  AGI2011 

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

Intelligence Science
http://www.intsci.ac.cn/
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