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TECHNOLOGY

New Society

New Education ﬁ New Sciences

muut
New Industries | |

New Humanbeing
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AEREBALER 2

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
2011-11-2_‘[82 Zhongzhi Shi AGI2011 8
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“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

2011-10-25 Zhongzhi Shi AGI2011 9
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Switzerland, March

5-8 (In Memoriam

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

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

2011-10-25 ZroTg 2T S ARG 20T T2
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A functional framework
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Sensory
input
T T Vol o S e et A e S ot LY it iy 158 4 1
Bottom up :
attentional Sbi?fe?;y :
(EEIRE Top-down
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
20i¢gmtive Neuroscience. Elseviertotdh200(@2011 13
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INSTITUTE OF COMPUTING
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MoNETA (Modular Neural
Exploring Traveling Agent)

Boston University’s
department of cognitive and
neural systems, which will run
on a brain inspired
microprocessor under
development at HP Labs in
California

Massimiliano Versace & Ben Chandler . The Brain of a New Machine.l[EEE
Spectrum) , 12, 2010. &, 11 i F Pl 7=/, No. 9, 2011

2011-10-25 Zhongzhi Shi AGI2011 15
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Synapses

Electrical
impulse

Neuron 1 Neuron 2

Main memaory

2011-10-25 Zhongzhi Shi AGI2011

it 86

INSTITUTE OF COMPUTING
TECHNOLOGY

16


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

MONETA

it 86

INSTITUTE OF COMPUTING
TECHNOLOGY

NEURONS
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e

MEMRISTOR

GPU-type processor GPU-type
[Artlficlal dendrite)

CPU-type cores CPU processors
(Artificial neurons) (Artificial neurons)

CPU processors

| PROCESSORS

2011-10-25 Zhongzhi Shi AGI2011 18
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DARPA SyNAPSE

Hardware Goals

. 10% "neurons” (neuron
cores) per square

oo _\—g
centimeter

. 10" “synapses” per MICROCHIP
square centimeter

(memristors)

» About 100 milliwatts
per square centimeter

. Total power
consumption: 1 kilowatt

S
°\°°\‘°:’Z

Cortical-Scale
Hardware System

+ 10 000 neuromorphic chips
+ 10" “neurons™

» 10" “synapses”

» Total power
consumption: 1 kilowatt

2011-10-25 Zhongzhi Shi AGI2011 19
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e EMEMRISTOR

2008

19608 ——= 1871 — 18949
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Resistor
v=Ri

Capacitor | g=Cv ®=Li| Inductor

®=Mq

Memristor

2011-10-25 Zhongzhi Shi AGI2011 21
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The Blue Gene/L Architecture .7%-
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System
(64 cabinets, 64x32x32)

Cabinet
(32 Node boards, 8x8x16)

Node Board
(32 chips, 4x4x2)
16 Compute Cards

' V“YT“‘
M
A
"

Compute Card e _
(2 chips, 2x1x1) & 180/360 TF/s
10 TB DDR
Chip

(2 processors)
. 2.9/5.7 TF/s

256 GB DDR
90/180 GF/s

8 GB DDR

4 MB

———— AL oL o NpEs v T L



IBM Blue Brain Project FHEALS
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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

2011-10-25 Zhongzhi Shi AGI2011 26



BlueGene/L System Software
Architecture FREALE

OOOOOOOOOO

e User applications execute
exclusively in the

e avoid asynchronous events
(e.g., daemons, interrupts)

e The outside world interacts only
with the I/O nodes, an offload
engine

e standard solution: Linux

e Machine monitoring and control
also offloaded to service nodes:
large SP system or Linux cluster.

2011-10-25 OB R EL 27
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Cortical
Layers

Reticular
Nucleus

Thalamus
2011-10-25

To other

—» cortical

dareas

From
other
cortical
areas

Cell types

Excitatory
D Pyramidal

O Excitatory 1

Inhibitory
@ Double-bo

© Basket/thz

G,
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|:| Mimicolumn |:| Hypercolumn
@ Basketcell § RSNPeells A Pyramidal cells

e Inhibitory connections o Excilatory connections

2011-10-25 OB R EL 29
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IDA: an Intelligent Distribution
Agent FHRALS

Read personnel data

Check job requisition list

Adhere to Navy policies Telephone
Choose jobs to offer members Detailer

Negotiate with members

Write orders Interfiet

IA

2011-10-25 SAE DRI 35




IDA’s Architecture
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Modules and Mechanisms
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INSTITUTE OF COMPUTING
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e Perception—Copycat Architecture—Hofstadter

e Action Selection—Behavior Net—Maes

e Associative Memory—Sparse Distributed Memory—Kanerva
e Episodic Memory—Case-based Memory

e Emotions—Pandemonium Theory—Jackson

e Metacognition—Fuzzy Classifier Systems—Holland, Zadeh
e Learning—Copycat Architecture, Case-based Reasoning

e Constraint Satisfaction—Linear Functional

e Language Generation—Pandemonium Theory

e Deliberation—Pandemonium Theory

e “Consciousness” —Pandemonium Theory

2011-10-25 SAE DRI 37



| evels of abstraction AREATE

OOOOOOOOOO

e High level
e behaviors
e message type nodes
e emotions
e Mmetacognitive actions
e efc.

e Low level
e codelets

2011-10-25 SRRy OV 38



Codelets AREATE

OOOOOOOOOO

e Small pieces of code each performing a
simple, specialized task
e Acts as a demon, always watching for a
chance to act
e Most subserve some high level entity, e.g.
behavior
slipnet node
metacognitive action
e Some codelets work on their own, e.g.
watching for incoming mail
checking for time and place conflicts
e Codelets do almost all the work
2g03DA IS a multi-agentgystem &



Perception via a Slipnet @

\

TECHNOLOGY

INSTITUTE OF COMPUTING
[ San Diego ] [Jacksonville]

information
request

preference acceptance

2011-10-25 SRRy OV 40
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Contexts

Self
Intentions

Expectations

Perceptual
contexts

The conscious spotlight

in Working Memory
Sensory stirmuli

Inmages, Ideas
(Input)

Conscious

Speech & experience
Action
(Outrtput)

Unconscious
Resources:

Interpreters

Memories

\4

Lan )
guasge Automatisms

2011-10-25 A DR 41
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INSTITUTE OF COMPUTING

Context operators

Director

the
prlayers ...

the spotlight

of atterntiorn
shining on the
stage

of working
mrerrnory ...

Memory systems:

Outer Senses
Seeing
Hearing
Tasting
Smelling
Submodalities
Heat :

Vibration

1

rhe 1 7% X

Lexicon

Semantic networks
Autobiographical

& declarative memory
Beliefs, knowledge

of the world, of
oneself and others.

~

Interpreting

Motivational

relationships. Social inferences.

systems:

expressions,

Is the conscious event relevant to my goals?

TECHNOLOGY
behind rthe scernes
Spotlight Local Contexts
Controller
Competing for access to consciousness:
Inner Senses Ideas
Visual Imagery Imagible Ideas
Inner Speech Verbalized Ideas
Dreams : Fringe Conscious
Imagined Intuitions.
. Feelings :
Fringe: : : ST
Conscious
experience
Worklng memory receives conscious input, controls inner speech,
uses imagery for spatial tasks, all under voluntary control.
onsciowus audienrnce...
/ I \ \ Auvutomatismms:
conscious contents: Skill memory.
Details of I .
Recognizing objects, faces, speech, aciizzbczntiglglizgsing,
events. Syntactic analysis. Spatial thinking, and
thousands more __.
Emotional responses, facial
preparing the body for action. Managing goal conflicts.
SCIME LR A 42



Framework of LIDA AL
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Internal Stimulus >
— Sensory transient | consoligation declarative
External Stimulus Memory episodic . memory
memory
1
N
3. Local
3. Cue e g 3. Cue . Local
B Episodic * Associations .
Environment Dorsal g Agsociations
A Stream Ventral Learning
Stream
] . 1. Perceptual
| 8. Action /.f Codlets
Taken
L
Y
Perceptual
Sensory-Motor Associative 2. Move L4. Form Attentional
Memory Memory Percepl | Workspace(s) Coalitions Codelets
(Slip Net)
?-fr
B
C'aq;a Attentional
5 n
& Action F"re.aﬁ‘erencu Percaptual gq,& Ln:m::;ﬂ
Selected {Priming) Learning
Action Procedural |~ gans:lau: Global
s Salaction 6&7. Inslantiate s ﬂemur; " I St Workspace
cheme Ne
ARehaviar at) Schemes ( 3T Grocenn
Learning

Javier Snaider, Ryan Mccall and Stan Franklin. The LIDA Framework as a
20i3eqteral Tool for AGL. AGI2011  Zhongzhi shi AGI2011 43



MicroPsi Architecture

Dr. Joscha Bach

2011-10-25

v 8 ¢4
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MicroPS1 Agent
/“\'—F Meta-Management
] W
'/;‘I-H'H'ﬂur Seript Space | ‘\" L Term M
Execution Space (LTM)
Internal Behaviours Ila'rrtenmﬁ
T Shart Temn
Motivation || Execution Memary!
Local Percepiual
\ / .
A\ Y
Sensorsl [ | ' J External
Modulators | UraeSensor PerceptSensor Behawiors
I\.. x Y
Body Parameters Perception Action
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OpenPsi AHEATS

TECHNOLOGY

'Protocal MEMory ]

7 ™
Long term memory -
o Protoco
)
o
Resolution
Procedural level
Mamery )
¥ i 4
' Action selection Action
Unifed »| Perception Planning ’| execution [
Knowledge =
Store r A
my j Compare
th on Currently with expectation
e | (I e
Engine motive . ,
Activation Selection l
OpenCog PnrrleJ thrashald
Motive selection —
R abulit

Nigasure y
¥ {o satisfy damands

Demand sensors

Robot Sensory and Control
APls

Certainty
Competence [«

Energy
Water
Integrity
Affiliation

—
]

Opén Psi

Dr. Ben Goertzel et al.
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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

al*/ \COGNITIVE

SCIENCE ~ \ SCIENCE

ARTIFICIA
INTELLIGH

Zhongzhi SHI

B b Series an Intelligence Scisnce - Vol. 2
INTELLIGENCE
SCIENCE

JIN3I3S

\
),
v
=z
ur]
m
=
B
g ]
m
=
(]
M

2011-10-




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)

2011-10-25

Zhongzhi Shi AGI2011

Special Advisors
Marvin Minsky (USA)
Shun-ichi Amari (Japan)
‘Wenjun Wu (China)
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Zhongzhi Shi
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Grigorios Antonlou (Greece)
Lin Chen (China)

Alke Guo (China)

Waerner Horn (Austria)
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Rugian Lu (Ching)

Yusjia Luo (China)
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www.worldscientific.com
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Book Proposal on Intelligence Science
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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

48



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

2011-10-25 Zhongzhi Shi AGI2011 49



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;

2011-10-25 Zhongzhi Shi AGI2011 50



CAM Architecture
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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

2011-10-25 Zhongzhi Shi AGI2011 51



TTTTTTTTTTTTTTTTTTTT
OOOOOOOOOO

Cognitive Cycle of CAM *%a

Perception

Action
Composition

2011-1025 CogmitiiecArers of CAM 52



Long-Term Memory @
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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 implicit

episodic semantic  procedural perceptual
(event) (fact) representational

2011-10-25 Zhongzhi Shi AGI2011 53



Semantic Memory FREALE
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Collin and Quillian Model

A Robin is activated f”’ “"“x&
{ BREATHES )
MH S __,-o-"_f::f:( ——
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Semantic Memory FHEALY
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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
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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.
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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, ] ...;
ougo2State variable: U, v, Whonghisi acizons 57



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.
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Episodic Memory AREATS

Episode ID

Episode
timestamp

Episode
Logic

Descriptic-inl

Object URI

Object Data Tree ep1sode
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Episodic Memory FREALY
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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
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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)
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Cue Matching Algorithm FRTAL
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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 ; o
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Match Possible World & Action %z«

INSTITUTE OF COMPUTING
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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

2011-10-25
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Pulse-Coupled Neural Network

FREARS
)
The PCNN was originally _'“\“f/j
presented by Eckhorn etal. AL
in order to explain the b
synchronous neuronal burst HO_/
phenomena in the cat visual
cortex. —{+)
The model neuron consists of ./
three parts: the dendritic tree, \ . J .
the linking modulation, and % = (e -
the pulse generator. @ /
—C
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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.
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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
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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)
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Computational Model for
Feature Binding

Bayesian Link field Networks Model
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