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1. Introduction

2. Mind Model CAM

3. Memory

4. Consciousness

5. Visual Awareness

6. Motor Control

7. Linguistic Cognition
8. Learning

9. Brain-like Computing
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e Working memory: Itincludes the central executive,

visuospatial sketch pad, phonological loop and episodic
buffer.

e Short-term memory: Stores agent’s beliefs, goals and

Intention contents

e Long-term memory: Contains semantic, episodic and

procedural knowledge.
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The Hippocampal Network: The hippocampus foerms a principally uni-directional network,
with input from the Entorhinal Cortex (EC) that forms connections with the Dentate Gyrus
(DG) and CA3 pyramidal neurons via the Perforant Path (PP - split into lateral and medial).
CAJ neurons also receive imput from the DG via the mossy fibres (MF). They send axons
to CA1 pyramidal cells via the Schaffer Collateral Pathway [SC), as well as to CA1 cells in
the contralateral hippocampus via the Associational Commissural pathway [(AC). CA1
neurons also receive input directly from the Perforant Path and send axons to the
Subiculum (5b). These neurcn in turn send the main hippocampal cutput back to the EC,
forming a loop.
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James L. McClellondF 1995 E T EXNEI RS
(complementary learning systems, CLS) Eit., %ZE
BIANAARZEIZRITENEIRANEE =Y. — =&
AEFRREIRSE, BIEZER, BN AIRSE
RHITES. B—1TEEEARFEIARS, IBIZFENEE,
HibX AR HITER, MTSHTRREIRGEX
£mo

» J. L. McClelland, et al., “Why there are complementary learning
systems in the hippocampus and neocortex: insights from the
successes and failures of connectionist models of learning and
memory”, Psychol. Rev. 102, 419-457, 1995.
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20165, A RERE4RNELER (Dharshan
Kumaran) . BEELEHT (Demis Hassabis) FiHriBESE
AENZFRRBERE GARNEESY A LRI
Z, IR ENFEIRGE L. KRFHEREIRKERS
MUCHERTRR, MAEDEES RSN HIE XS M E
WHIHETHITES .

» D. Kumaran, D. Hassabis, J. L. McClelland, “What Learning

Systems do Intelligent Agents Need? Complementary Learning

Systems Theory Updated”, Trends in Cognitive Sciences, Vol. 20, No.
7. 512-534, 2016.
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VBEIZERXR

» D. Kumaran, D. Hassabis, J. L. McClelland, “What Learning
Systems do Intelligent Agents Need? Complementary Learning
Systems Theory Updated”, Trends in Cognitive Sciences, Vol. 20, No.

7:512-534, 2016.
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e Visual module: From lateral geniculate nucleus (LGN) neuron send
their signals through V1,V2, V3 and V4 and onward to many areas of
the temporal lobe.

e Hearing module: From ear, to the brainstem, to subcortical nuclei,
and to cortex..

e Touch module: Touch is the general term of mechanical stimulation
such as contact, sliding, pressure and so on.

e Smell module: The sense of smell is a kind of feeling. It is involved in
the sensory system of the two sensory system, the olfactory nerve
system and the nasal trigeminal nerve system.

e Sensory buffers: Each of the classical senses is believed to have a
brief storage ability called a sensory buffer.
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Action selection: First
IS atomic action
selection, i.e., select
related atomic action
from action library. Then
selected atomic actions
are composed together
using a planning
strategy.

Response output: The
motor hierarchy begins
with general goals.
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= [xternal loop
<= Internal loop
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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;
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e Awareness module begins with the input of external
stimuli, and the primary features of the sensing system
are activated. The output signal is sent to the sensory
memory, where a higher level of functional detectors are
used for more abstract entities, such as objects,
categories, actions, events, etc.. The resulting perception
IS sent to the workspace, where local connections short
episodic memory and declarative memory will mark
thread.

2018/7/13 SUBHE BRERLET A 47



N T

The brain machine collaborative awareness model is
defined as 2-tuples: {Element, Relation}, where
Element of awareness is described as follows:

a) Who: describes the existence of agent and identity
the role, answer question who is participating?

b) What: shows agent’s actions and abilities, answer
guestion what are they doing? And what can they do?
Also can show intentions to answer question what are
they going to do?

c) Where: indicates the location of agents, answer
guestion where are they?

d) When: shows the time point of agent behavior,

answer question when can action execute?
48 B Z0RBRIAERT Tt R
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> Task relationships define task decomposition
and composition relationships. Task involves
activities with a clear and unique role attribute

> Role relationships describe the role relationship
of agents in the multi-agent activities.

> Operation relationships describe the operation
set of agent.

> Activity relationships describe activity of the role
at a time.

» Cooperation relationships describe the
interactions between agents.
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e Detection of new events Is an important
feature of any signal classification method.
Because we are not able to train all the data
that may be encountered in the machine
learning system, it becomes very important to
distinguish known and unknown object
iInformation in the test. Novelty detection is a
very challenging task, which can be found in
a complex, dynamic environment of the novel,
Interesting
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e The global workspace module is in the working memory
area, in which different systems can perform their
activities. Global means that the symbols in this memory
are distributed and passed through a large number of
pProcessors.

e The competition of the global working space selects the
most outstanding, the most relevant, the most important
and the most urgent affair, their content becomes the
content of consciousness. Then, the contents of the
consciousness are broadcasted to the whole space, and
the action selection phase is initiated.
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o 1. Observe Qg from Sy using the observation
function

o 2.Subtract§y -S  using the difference function
o 3. Compose Eg using the event function

e 4.Look for N(t) using introspective search

e 5.Repeat (for each N (t) € N(t))

o 6. Repeat (for each (1) € (1))

o /. Attention = max I(t)

e 8. Create a Motivation by Attention.
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e Motivation could be represented as a 3-tuples
{N, G,I}, where N means needs, G iIs goal, |
means the motivation intensity. A motivation Is
activated by motivational rules which structure
has following format:

R=(P, D, Strength(P|D))

e where, P indicates the conditions of rule
activation; D Is a set of actions for the
motivation; Strength(P|D) is a value within
interval [0,1].
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e In mind model CAM, metacognition provides
the cognition and monitoring of thinking
activity and learning activity of the agent,
which the core Is knowledge about cognition
and control of cognition. Metacognition
module has the function of metacognitive
knowledge, metacognitive self-regulation
control and metacognitive experience.
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e The introspection refers to investigating a person's own
thought or emotion, i.e. self-observation; it also refers to
observing sensation and perception experience under
the control of experiment condition.

e By checking and caring about knowledge processing and
reasoning method of intelligence system itself and
finding out problems from failure or poor efficiency, the
Introspection learning forms its own learning goal and
then improves the method solving problems.
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> On March 28, 2017,
SpaceX and Tesla CEO
Elon Musk is backing a
brain-computer interface
venture called Neuralink
Corp, acompany
devoted to developing
neural implants. Itis a
closer merger of
biological intelligence and
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> On June 1, 2018, Microsoft
CEO Satya Nadella revealed
the news at the eighth
"Ability" conference in
Microsoft, researchers are
working on whether brain
implants can enhance
human intelligence to
increase the help of people
with disabilities
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» In the joint-intention theory, a team is defined as “a
set of agents having a shared objective and a
shared mental state.”

» Agent joint intention means an agent wants to
achieve a formula, which corresponds to the
agent’s goal.

» A joint intention to perform a particular action is a
joint commitment to enter a future state wherein
the agents mutually believe the collaborative
action is imminent just before they perform it
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> 1984 Bratman, BDI
> 1990 Cohen and Levesque, intention model.
» 1990 Pollack, intention model
» 1988/1989 Werner, intention model,
Social roleRrol = <Irol, Srol, Vrol>
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> 1989 Conte, Group Mind

> 1990 Searle, collective intentions

» 1990 Grosz and Sidner, Shared Plan

> 1988 Tuomela and Miller, we-intentions
» 1990 Rao et al. Social Plans

> 1990 Singh Group Intentions
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1992 Jennings claimed the need to describe
collectives as well as individuals.
e agents must agree on a common goal.
e agents must agree they wish to collaborate to
achieve

their shared objective.
e agents must agree a common means of reaching
their

objective.

.2 action inter-dependencies exist and must be

catered for
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Nicholas Robert Jennings. Joint Intentions as a Model of Multi-Agent Cooperationin

Complex Dynamic Environments. University of London, 1992.
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Description Logic

e Concepts and Role
e Thox——Assertions
e Abox——Instance

e Reasoning mechanism in terms of Thox
and Abox
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TBox(Scheme)

Man = Human n Male
Happv-father = -CNI

Abox(Data)
John: Happy-father
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Reasoning

]

Interface
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Concept name: C,, C,, ...;

Role name: R, R,, ...;

Individual constant: a, b, c, ...;
Individual variable: Xx,v, z, ...;
Concept operation: —, M, U, 3, V;
Axiom operation: —, A, >V;
Action: A, A, ...;

Action constraction : ; (composition) , U
(alternation), * (repeat), ? (test);
e Action variable: a,p, ...;

e Axiomvariable: ¢, v, ] ...;

e State variable: u,v,w,...;
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Concepts in DDL are defined as the
following:

e (1) Primitive concept P, top T and
bottom _L are concepts.

e (2) =C, CnD, CuUD are concepts.
e (3) AR.C, VR.C are concepts.
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An action description is the form
AX -0 X)) = (P, EQ)

where

(1) Ais the action name.

(2) X4, ..., X, @re individual variables, which
denote the objects the action operate on.

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

(4) E, 1s the set of results, which denote the
effects of the action.
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Bridge rules provide an important mechanism describing
semantic mapping and propagating knowledge for
distributed dvnamic descrintion loaics(D31). The current
research fc : s which

1 ! ;
into-action + onto-action b d ] bnd erule
bridge rule f [/ bridge rule & g = ¥
1
e
HouseDog H 'ouseDo, g
A
4 1
' \
into-action‘\\ \_ onto-action iito-astion / onto-action
bridge rule \bridge rule b ridge ruI ,' bridge rule
I
(a) Distributed ontologies before modification (b) Distributed ontologies after modification

Xiaofei Zhao, Dongping Tian, Limin Chen, Zhongzhi.
Reasoning Theory for.D3L.with Compositional Bridge
Rules. IFIP IIP 2012 2012, 106-115.
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Each BR;; Is a collection of bridge rules in direction
from T, to T; which are of four forms:

i: C—=» j: E (into-concept (relation) bridge rule) ;
i: C—=—»j: E (onto- concept (relation) bridge mle) :
ir 0—=> j: B (into-action bndge rule)

i: 0—=> j: B (onto-action bridge rule) .

Xiaofei Zhao, Dongping Tian, Limin Chen, Zhongzhi. Reasoning Theory for
D3L with Compositional Bridge Rules. IFIP IIP 2012, 2012, 106-115.
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interact formally and informally through repetitive
sequences of negotiation, and commitment
development and execution. Under the support of
the National Program on Key Basic Research
Project (973) we focus on Computational Cognitive
Models for Brain—Machine Collaborations:

> Awareness-Based Collaboration
> Motivation-Based Collaboration
> Joint Intention-Based Collaboration

Zhongzhi Shi, Jianhua Zhang, Xi Yang, Gang Ma, Baoyuan Qi, Jinpeng Yue.
Computational Cognitive Models for Brain-Machine Collaborations. IEEE
Intelligent Systems 29(6): 24-.9‘3’% !201 4).
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Thank You ,,%a

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