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PyHKUMOHalrIbHble BOSMOXXHOCTU
buornorn4yecku NMHCTTUPUNPOBAHHDbIX
KOTHUTUBHbBIX aPXUTEKTYP

= AHHomauus: OCHOBHbIE PYHKLMOHAmNbHbLIE aCNeKTbl MbILLUIIEHUST YenoBeka
MOXXHO ONuUcaTb Ha BbIMUCINTENIbHOM YPOBHE U BOCMPOU3BECTM B MaLLUMHE
Ha npuHUMnax He Tpebylowurx geTanbHOro MoAenMpoBaHNUsS HEMPOHOB U
CTPYKTYp MO3ra. QTO Npexae BCEro OCHOBHbIE NMPUHLMIMNbI BOCNPUATUS U
OCMbICITIEHUS MHPOPMALMKN, NPUHATUS U UCNONHEHUST PELLIEHUI,
cthopMynMpoBaHHbIE Ha SA3bIKE CMMBOSbHbBIX MOAENen TUna KOrHUTUBHbIX
apxXuTekTyp. KnoveBbiMU XKe SABNAKTCSA MPUHLNMNLI COLUanbHO-
SMOLIMOHANBbHOIO MHTENNEKTa, HapPaTUBHOIO MHTENMEKTa, METa-MbILLSIEHUS,
aBTOHOMHOIO BblbOpa Lenen, ceMaHTU4YeCcKoro KapTMpoBaHUS,
YyerioBekonogobHom obyvyaemocTn u KpeatusHocTu. CosgaHne B MalLnHe
aHarora 4efioBe4eckoro cyobekta Ha aTUX NpuHUKMnax n npusHaHme ero
NoabMU Ha YPOBHE PaBHOrO YerioBEKY NepcoHaXa npueeaeT K
TEXHONIOMMYECKOMY NPOPbLIBY, KOTOPLIN OKaXXeT BNUSHME Ha Bce cepbl
YXU3HU YyernoBeka.

= KnoYyeBkble crioBa: KOrTHUTUBHbIE dAPXUTEKTYPHI, HappaTMBHbIIZ UHTENJIEKT,
counalrsibHo-aMoUUOHalrlbHOE MblLlWJIEHNE



YeTbipe Hay4HbIX HanpaBAEHMS cBoAALMECa K
O/IHOM 3ajJaye:

| 2

BuvruucaumeavsHaa HeupoHayka KoznHumueHnoe modeauposaHue
« Goal: Parsimoniously explain in  Goal: describe computationally,
detail how the brain works, and be able to predict in detail,
Reverse-engineer the brain human behavior and
underlying cognitive
processes
HcxyccmeeHHblit uHmeiekm MawuHHoe co3HaHue
« Goal: Develop a practically « Goal: Generally “conscious”
useful artificial intelligence artifacts capable of becoming
that will replace and outperform useful members of the
humans in a broad spectrum of human society

valuable cognitive tasks



UeTblpe pa3pbiBa B BO3MOXXHOCTAX
N nogxopax

. Pa3prB B MOHNMMaHNK MPOoLUEeCCOB J1eXalnx B OCHOBE
MbllWITEHNA Ha BbICLLEM U HaA 3J1IEMEHTAPHOM YPOBHE

- Pa3prB Mexay MCKyCCTBEHHbIM N eCTECTBEHHLIM
UHTEJIJIEKTOM

= Pa3pbiB mexay xenesom u MO

- Pa3prB MeXAY POJibo YelnoBeKa N MCKYCCTBEHHOIO
UHTENJIEKTYAalIbHOIO areHTa




Pa3pbIiB B BbIYUCIMTEIbHBIX MOAX0AAX:

» Logical circuits, control systems (cybernetics)

- Nonlinear dynamical systems, self-organization
» Models of neurons and their parts

» Neuronal networks (connectionism)

 GAP

» Cognitive neuropsychological models of agency, etc.
- Symbolic modeling

- Modal logic, event calculus, etc.

- Expert systems, automated reasoners & planners

- Intelligent agents, virtual characters, social
modeling



B0O3MOXXHO MHTEpPECHbIN B3rM4Aa:

= [1ng moaennpoBaHUA KOTHUTUBHbIX OYHKLINW YerioBEYECKOro
MO3ra He TpebyeTcs HEMPOHHLIN YPOBEHb

= KOrHUTUBHbIE KapTbl — O1HaA N3 OCHOB UHTEJIJIEKTA

= bnonornyeckn MHCNHPHPOBAHHbLIE KOTHUTUBHbLIE
apxutekTypbl (BICA) BbICTYNalT Kak 06beanHaoLLas
napagurma TpebytoLlas KOMMIeKCHOro noaxoaa

= KntoyeBbIMU ABMSOTCA MPUHLMMNBI coLUanbHO-
9MOLIMOHaNbLHOIoO U HApPPAaTUBHOIO MHTENMEKTA (BKIoYas
MeTa-MblLLNEeHNE, aBTOHOMHbIN BbIOOP Lenen, ...), n
YyerioBekonogobHas oby4aemocTb






MoyeMy HeZOoCTaTOYHbl MOAENN Ha YPOBHE OTAE/NbHbIX HEMPOHOB? =

Wire diagram of the visual system |

Hierarchy of the visual areas in the brain of a =
macague monkey. From: Felleman, D.J. and
Van Essen, D.C. (1991)
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[Moyemy HeOCTaTOYHbI MOAE/IN HA YPOBHE OTAENbHbIX HEMPOHOB?

A Large-Scale Model of the Functioning Brain

Chris Eliasmith, Terrence C. Stewart, Xuan Choo, Trevor Bekolay, Travis DeWolf, Yichuan Tang, Daniel
Rasmussen. Science 30 November 2012: Vol. 338 no. 6111 pp. 1202-1205 DOI: 10.1126/science.1225266



YTO HY)KHO AAS NPEOAOAEHNA pPa3pbiBa?

. _ Corresponding elements:
Levels of paradigms in

understanding intelligence: The Self
Personality
i Values...
Psychic and social phenomena higher
cognitive
+ models
Cognitive psychological models
GAP
Computational neuroscience
Synapses

Neural




BICA

Corresponding elements:

The Self
Personality
Values...

Levels of paradigms in
understanding intelligence:

Psychic and social phenomena

A

Cognitive psychological models Mental states

+ Schemas
Brain-based cognitive modeling Frames
Rules
* Chunks
Computational neuroscience Concepts...
‘Black box’ Al Neurons
Synapses

Neural



[ Ipumep: nmpocTpaHCTBEHHAA
KOTHUTHWBHAA KapTa




[IpumMep: mpocTpaHCTBEHHAs! KOTHUTHBHAA KapTa

The concept

/o o o\

S °o/°
N

Activity packet

representation of experimental data (from
Samsonovich & McNaughton,1997)

Head-direction cells



[Tpumep: xkinetku pemérku (grid cells)

Bz

5 Hz

 From
Fyhn et al.
Nature
2007




IIpumep: xietku peméTku (grid cells)
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McNaughton, B. L., Battaglia, F. P,, Jensen, O., Moser, E. 1., & Moser,
M. B. (2006). Path integration and the neural basis of the "cognitive
map". Nature Reviews Neuroscience 7 (8): 663-678.



IIpumep: xietku pemérku (grid cells)
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I Ipumep: cemaHnTHUECKOE KapTUPOBAHUE

Semantic mapping approaches

/\

Algebraic Graph-based Continuous metrics

/\ Formal Ad Hoc

FOL,
Modal

Logics,

Etc.

Strong maps
(LSA, HAL, Weak maps

Eigenwords,
Lexical, MDS, Isomaps,

Ontologies etc.) Corpus-based  Human Rankings

Semantic
Formal Concept Nets,

Analysis, Frames o mmetric Asymmetric

Conceptual Graphs / \ (is-3, has-a)

GMU WSM

Description
Logics

Laplacian



Laplacian embedd
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little

small

tiny
insignificant
minute
teeny

wee
unimportant

large

huge
enormous
massive

big
immense
gigantic
vast
colossal
tremendous

Laplacian embedding

unusual
strange
extraordinary
peculiar

odd

weird
uncommon
bizarre

usual
familiar
ordinary
common
normal
regular
standard

everyday
customary

native

sane
sensible
wise
rational
reasonable
balanced
intelligent
lucid

insane
daft
nutty
crackers
loony
nuts
batty

dotty
cracked

loco

important
primary
crucial
fundamental
essential
significant
basic
serious

unimportant
insignificant
minor
secondary
trivial
subordinate
petty
frivolous
superficial
trifling

false

fake

unreal
counterfeit
sham
imitation
artificial
pretend

real
genuine
true
honest
natural
truthful
authentic
sincere
right
honorable

accept
see
regard
allow
recognize
consider
have
respect

refuse
reject
deny
automobile
auto

car
machine
ignore
disregard
forbid
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Figure 1: Personality Features derived from the Hexadyad Primary Emotions Model

< Plutchik

Other well-known
models include:

PAD (ANEW)
EPA

Semantic
differential
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Weak semantic map of emotional words

bravery
pride  command
triumph

hopeapproach clen
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happy
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FROM: Thomas Naselaris, Dustin E. Stansbury b, Jack L. Gallant
(2012). Cortical representation of animate and inanimate objects in complex
natural scenes. Journal of Physiology.

Prediction accuracy (object category model)

p < 0.01

0 ] 0.70
Correlation between predicted/actual response




BICA: definitions

* A cognitive architecture is a computational
framework for designing intelligent agents.

* An agent, or actor, is a cognitive system embedded
(not necessarily embodied) in a physical or virtual
environment, such that it can perceive information
and perform actions to satisfy its needs.

e A cognitive system is an information-processing
dynamical system whose elements are functionally
related to the semantics of the processed
information.



Basic cognitive cycle of a cognitive architecture

Actor

Cognition:
Reasoning, deliberation, decision making

&odel

representations in
working memory

w - (candidate) actions
| peEineeEtisy SRR

Expectea
state /
: A
Vi :
[ Perception ] [ Action ]
N\
Input Output

y
Environment, including the actor’s body and other actors



Hierarchy of cognitive architecture types

Architecture type and level

The agent is capable of

Metacognitive and self-
aware (highest)

Reflective (high)

Proactive, or deliberative
(middle)

Reactive, or adaptive (low)

Reflexive (lowest)

Modeling mental states of agents, including
own mental states, based on a self concept

Modeling internally the environment and
behavior of entities in it

Reasoning, planning, exploration and
decision making

Sub-cognitive forms of learning and
adaptation

Pre-programmed behavioral responses




Generic template for extended cognitive architectures

Emotion: Metacognition: Imagery:
Working memory Working memory Working memory
()
Knowledge: 1st order\cénition: Narrative (goals,
Semantic Working memor plans, experiences):

Episodic memory

memory /_\

L

Skills: Perception and action:

Procedural memory Sensorymotor memory
(Interface, 1/0)

l

Agent’s body, other objects and agents:
Environment

Drives, values:
Value system




Generic goal reasoning model inspired by the OODA loop

rient

Expectation
Fuser

Decide

Plan
Recognizer

Response
Selector

Response
Simulator

State Goal Goal
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Definitions and formalization

 The purpose of goal reasoning is to optimize the working narrative on the
given cognitive map, following certain rules and policies. This can be done
using a metacognitive cycle operating on the cognitive map, similarly to
the base cognitive cycle operating on the working memory representation
of the current state and the current goal.

* Goal reasoning cycle

* Operates on cognitive map
* Triggered by notable phenomena

— Detect notable phenomena that require attention

— Update states based on notable phenomena

— Update and re-evaluate narratives

— Select the working narrative and identify the current goal in it
— Return to basic cognitive cycle

Compare with: formulated - selected - expanded - committed - dispatched - evaluated - finished



Specific example: drive-driven desire-based goal activation

Desiresll
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[ Perception ]

Planner and
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Ground-Level 'T‘ :
Architecture Input Action

Environment (Simulator), Including Other Actors Human Instructions



Metacognitive Goal-Reasoning Component

Potentia
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Goal Manager

)

[ Notable Event

7 \ Detector

Previous
States

Relevant
Causes

|

urrent
Actual State

[ Perception ]

Ground-Level
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Environment (Simulator), Including Other Actors



Metacognitive Goal-Reasoning Component Value System
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HappaTuBHbIN UHTENNEKT

YpoBeHb aBTOpa

* HappaTus:
— $abyna, cloxkeT

YpoBeHb aKTépa

* HappaTuBHOe nnaHNpoOBaHMe l
* HappaTtuBHOe uenenonaraHue



A: “fabula”

Call
colleague

Friend invites Decide on the
to a birthday strategy

party
Drive to a

store

B: “sjuzet”

Friend calls —> Decide on the —> Drivetoa _ Call
strategy store colleague

no
Reschedule \ Go to the

meeting yes meeting

, Go to the
! party

yes Go home
———> Buy present
no

Reschedule

_ —> Buypresent — Go to the
meeting

party



RiepL & Young

IPOCL ({5, B,0,L,C), F,A)

The first parameter is a plan, with steps S, variable bindings B, ordering constraints (), causal links L,
and frames of commitment . F is a set of flaws (initially open conditions for each literal in the goal
situation). A is a set of action schemata. Output is a complete plan according to Definition 6 or fail.
I. Termination. If O or B are inconsistent, fail. If F is empty and ¥s € S.3c € ' | 5 is part of ¢,
return (S, B, O, L, C}. Otherwise, if F is empty, fail.

II. Plan Refinement. Non-deterministically do one of the following.

e Causal planning

1. Goal selection. Select an open condition flaw f = (5,004, p) from F. Let F' = F — {f}.

2. Operator selection. Lot s,,5 be a step that adds an effect ¢ that can be unified with
p (to create Sagd, non-deterministically choose a step sold already in S or instantiate an
action schema in A). If no such step exists, backtrack. Otherwise, let S = § U {saaa},
O = 0 U {8uaa < Sneoa}, B = BU Brew where Buew are bindings (e.g., assignments of
ground symbols to variables) needed to make ssaq add e, including the bindings of s.aa
itself, and L' = L U {{5.44. €, P, Sneea) - If S04a 7 Soia, 2dd new open condition flaws to F*
for every precondition of s 4.

3. Frame discovery. Let O = (.

a. If 5,49 # 854, non-deterministically choose an effect e of 8,54 or ¢ = nil. If e #
nil, construct a new frame of commitment ¢ with internal character goal ¢ and the
character of 8,44, let 5,44 be part of ¢, let " = C'U{c}, create a new open motivation
flaw f = {c), and let F"' = Fu {f}.

b. Let C" be the set of existing frames of commitment that can be used to explain s,44.
For all d € C", create an intent flaw f = (s,44.d) and let F* = Fu{f}.

4. Threat resolution

— Causal threat resolution. Performed as in IL3 in the POCL algorithm (Figure 1)

— Intentional threat resolution. For all e1 € " and ea € €', such that the character
of £1 18 the same as the character of £2, e1 is the goal of c1, and ea is the goal of ca, if
£y negates en, non-deterministically order ¢y before ez or vice versa and for all 54 € ¢y
andall ss o, ' =0'U{si < s} or O' = O'U {sa < s1}.

5. Recursive imvocation. Call IPOCL ((s*, B', 0", L', C"), F', A).
« Motivation planning
1. Goal selection. Select an open motivation flaw f = (¢} from F. Let p be the condition
of c. Let F'=F — {f}.
2. Operator selection. Same as causal planning above, except
Vs € ¢, = O’ U {5aaa < 5:}.
3. Frame discovery. Same as for causal planning, above.
4. Threat resolution. Same as for cansal planning, above.
5. Recursive invocation. Call IPOCL ((8', B, 0", L', C"},F',A).
s Intent planning
1. Goal selection. Select an intent flaw f = (s, from F. Let F' = F — {f}.
2. Frame selection. Let ' = 0. Non-deterministically choose to do one of the following.

— Make s part of c. Let s, be the motivating step of ¢. 0" = O U {8, < s}. For all
&y € ' such that ¢, is ordered with respect to ¢, then for all s; € &, 0" = 0" U{s, < s}
or O = ¥ U{s < s:}. For each sprog € 5 such that (spreq,p,9,5) € L and 25004 and
s have the same character, create an intent flaw f = (Sprea, ¢} and let F*' = F U {f}.

— Do not make s part of c.
3. Recursive invocation. Call IPOCL ({8, B, O, L, C), F', A).

| Fall-In-Love (K. J. castle) |
itends(K, amed . )

marmied(K, 1)
R

| Goal: mamied(K. J). -alive(G) |

married(J, K)

Jasmine intends

__| Order (R_A. castle, (has K lamp)) | . _
- - intends(K, marmied(K, 1))
\l.
| Travel (A castle, mount) | >ﬂ
at{A, mount) T T T e 2
A mows) N E
[ Stay (A D, mount) |- - - =f---- LT ]
Dot
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T - - =
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= E
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= at{A, castle) E
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I
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37
—alive(G) =
N

Figure 15: Fabula plan representation of the story used in the experimental IPOCL of the

evaluation study.



Bo3amoKHble npumeHeHuna BICA

S i

Emotionally intelligent social agents
Narrative-intelligent autonomous agents
Human-level learning agents

Fast & secure authentication system
BICA for elderly people and people with
disabilities

BICA for artificial creativity



NCcKyccTBEHHAsA KPEeaTUBHOCTbL?

Fluid intelligence test

the pattern?

Which answer fits in the missing space to complete
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Bochumer Matrizentest (BOMAT®)
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BICA model solving a test for fluid intelligence

Semantic memory

Mental state in working memaory

Alternating Progressive Progressive
direction rotation left rotation right

Interface buffer



YeTblpe Hay4YHbIX HanpaBneHusi CBOASLIMECS K OOHOW 3afade, U NOYEMY Kaxaoe
N3 HUX camo no cebe He JoCcTaTo4YHO

Pa3pbiB MeXxay UCKYCCTBEHHBIM U €CTECTBEHHbIM UHTENSIEKTOM I.
Pa3spbiB mexay xxenesom un 10
Pa3pbiB B MOHMMaHMN NPOLIECCOB NeXxawllmMx B OCHOBE MbILUMIEHUS

HoBas TeopeTuyeckas napagurma oobeamHsiiowas aAsa YpoBHS
[MoYemy He Hy>XeH YPOBEHb OTAENbHbIX HEMPOHOB?

[MprMep: NPOCTPaHCTBEHHOE MbILLIEHME

MpuMep: ceMaHTUYeckoe KapTMpoBaHue

KomnnekcHbin nogxon: OcHoBa, PaclumpeHHble BO3MOXHOCTH
Nepapxuns KOrHUTUBHbBIX apXUTEKTYP

[MpunoxeHus

= couuaribHble areHTbl
= 3MOUMOHanNbHbIN, HAPPATUBHbINA, 0By4YaeMbI UHTENNEKT

= HapéxHas ayTeHTudmkKaums
* MOMOLLb NpecTapenbiM U NoAAM C OrpaHNYEeHHbIMU BO3MOXXHOCTAMMU
" WCKYCCTBEHHOE TBOPYECTBO

HayuyHoe obwecTtBo BICA Society:
MUCCUS KOOPANHAUUKM YCUNUK, KOHEepeHUUs, XXypHan, BuaeonaHenu, Tabnuua
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HayuHoe o6uiecTBo BICA Society

— Activities :

* The conference
 The journal BICA
* Videopanels

* Online Comparative Repository of Cognitive
Architectures



BbiBOAbI:

= [1ng moaennpoBaHUA KOTHUTUBHbIX OYHKLINW YerioBEYECKOro
MO3ra He TpebyeTcs HEMPOHHLIN YPOBEHb

= KOrHUTUBHbIE KapTbl — O1HaA N3 OCHOB UHTEJIJIEKTA

= bnonornyeckn MHCNHPHPOBAHHbLIE KOTHUTUBHbLIE
apxutekTypbl (BICA) BbICTYNalT Kak 06beanHaoLLas
napagurma TpebytoLlas KOMMIeKCHOro noaxoaa

= KntoyeBbIMU ABNSOTCA MPUHLMMALI coLuanbHO-
9MOLIMOHaNbLHOIoO U HApPPAaTUBHOIO MHTENMEKTA (BKIoYas
MeTa-MblLLNEeHNE, aBTOHOMHbIN BbIOOP Lenen, ...), n
YyerioBekonogobHas oby4aemocTb




