
Когнитивные архитектуры:
путь к созданию модели человеческого разума?
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А знаете, как мало тех, кто знает, 
Как много нужно знать, что б знать, 
Как мало все мы знаем?

(Е.Войтова)

Do you know how little those who know
How much you need to know
that used to know how little we all know?

(E.Voytova)
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First International Conference on Biologically Inspired Cognitive Architectures
(First Annual Meeting of the BICA Society)

BICA-2010

The challenge of creating a real-life computational equivalent of the human mind 
requires that we better understand at a computational level how natural intelligent 
systems develop their cognitive and learning functions... The narrow focus of BICA 2010 
on this challenge brings together four schools of thought:
(1) computational neuroscience, that tries to understand how the brain works in terms 
of connectionist models;
(2) cognitive modeling, pursuing higher-level computational description of human 
cognition;
(3) human-level artificial intelligence, aiming at generally intelligent artifacts that can 
replace humans at work; and
(4) human-like learners: artificial minds that can be understood by humans intuitively, 
that can learn like humans, from humans and for human needs.
The mission of BICA 2010 is to provide a forum for a joined discussion of the four 
schools unified by one overarching goal. http://bicasociety.org/meetings/2010video/

sentinel



4 этапа ИИ
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Начальный этап 1950-е
The field of AI research was founded at a conference on the campus of Dartmouth College in the summer of 
1956. The attendees, including John McCarthy, Marvin Minsky, Allen Newell and Herbert Simon, became the 
leaders of AI research for many decades.
Общие решатели проблем GPS
1957 Глушков «О некотороых задачах вычислительной техники и связанных с ними 
задачах математики» УМЖ, 4,57 (доклад в АН 56) => лидер в СССР
62- Введение в теорию самосовершенствующихся систем, теория алгоритмов, 
введение в кибернетику (64).
Московская школа. Кибернетика = теория управляющих систем.

Этап специализированных алгоритмов 60-70-е
Док-во теорем, компьютерная алгебра, шахматы, распознавание образов, ... . 
Х.Ванг, Робинсон. Экспертные системы, решатели задач,... .
Интеллектуальные (автономные) агенты (роботы) 80-90
Основные принципы, инструментальные средства

Когнитивные архитектуры 2000-е
Современное развитие иструментальных средств для разработки 
интеллектуальных агентов. В поисках универсального ИИ человеческого уровня



Обзор
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http://bicasociety.org/cogarch/

Common Components:
Working memory
Semantic memory
Episodic memory
Procedural memory
Cognitive map (отображение реальности)
Reward system
Iconic memory (including Interface and Imagery)
Perceptual memory (if understood separately from iconic and working memory)
Attention and consciousness
Visual input
Auditory input
Special modalities

Support for Common  Learning Algorithms
Reinforcemenent learning (стимулированное обучение)
Bayesian Update
Hebbian Learning
Gradient Descent Methods (e.g., Backpropagation)
Learning of new representations



22/03/11 Факультет кибернетики 6

Common General Paradigms Modeled
Main general paradigms
other general paradigms
Problem Solving
Decision Making
Analogy
Language Processing
Working Memory Tasks
perceptual illusions
implicit memory tasks
metacognitive tasks
social psychology tasks
personality psychology tasks
motivational dynamics

Common Specific Paradigms Modeled
Stroop
Task Switching
Tower of Hanoi/London
PRP
Dual Task
N-Back
visual perception with comprehension
spatial exploration, learning and navigation
object/feature search in an environment
learning from instructions
pretend-play

Meta-Theoretical Questions 
Uses only local computations?
Unsupervised learning?
Supervised learning
Arbitrary mixtures of unsupervised and supervised learning
Can it learn in real time

Can it do fast stable learning; i.e., adaptive weights converge on each trial 
without forcing catastrophic forgetting?

Can it function autonomously?
Is it general-purpose in its modality; i.e., is it brittle?
Can it learn from artbitrarily large databases; i.e., not toy problems?
Can it learn about non-stationary databases; i.e., environmental rules 
change unpredictably?
Can it pay attention to valued goals?
Can it flexibly switch attention between unexpected challenges and 
valued goals?

Can reinforcement learning and motivation modulate perceptual and cognitive 
decision-making?
Can it adaptively fuse information from multiple types of sensors and 
modalities
Etc.

Абстракции
Индуктивный вывод
Построение моделей внешней среды



Integration and convergence

Static analyses

?
Model checking

Computer algebra

i
From requirements to 
reliable and efficient 

product

i

i

Software engineering
challenges

Cognitive 
architectures

iSoftware verification

iVerifying compiler

Formal methods in
Software engineering
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SAT and SMT

Theorem proving



Why cognitive architectures?
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• Most of problems are algorithmically 
unsolvable or have large complexity 
• Capturing special cases essential for practice 
need gaining experience, learning, recognizing 
facilities etc. vs. general algorithms
• Many common features are needed  for 
software engineering tools for industrial 
applications, as well  as for cognitive 
architectures (knowledge representation, 
episodic memory, cognitive map, etc.) 
• It seems that cognitive architectures are 
matured enough for one can borrow important 
technologies to solve engineering problems 
and challenges from this rapidly developing 
field.



Insertion modeling 
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• The model of interaction of agents and 
environments
• Developed in the late 90-th (A.Letichevsky
and D.Gilbert) and used for the development 
of verification tools for  industrial applications 
since 2000.
• Actually insertion modeling has a long story  
that began yet in automata theory  of 50-th 
and probably can be used for the development 
of some kind of a new cognitive architectures.
• From some point of view can be considered 
as the refinement of Minsky’s ideas of “society 
of mind”
Can be used as a basis for cognitive 
architectures (probably also for BICA).



Insertion modeling paradigm
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agent

environment

agent

agent

environment

Insertion function

• The world is a hierarchy of environments and 
agents inserted into them.
• Environments and agents are entities evolving 
in time. Minsky, Society of mind (agents and 
agencies).
• Insertion of agent into environment changes 
the behavior of environment and produces new 
environment which is ready for insertion of new 
agents (if there is a room). 
• Environments as agents can be inserted into 
higher level environment.
• Agents can be inserted from external environment 
as well as from internal agents (environments). 
• Agents and environments can model another 
agents and environments on the different levels of 
abstraction



a

Mathematical background of insertion 
modeling
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Agents and environments are labeled or attributed transition systems 
considered up to bisimilarity (bisimilar states have the same behavior
that is cannot be distinguished by an observer).
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http://apsystem.org.ua/
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Environments and insertion functions
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Insertion of several agents

Multilevel insertion

is a complete behavior algebra over action algebra 
(a kind of process algebra). 
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Insertion equivalence
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Semigroup of environment transformations
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Equivalence

Уточнение теста Тюринга:
ИИ должен быть в поведенческом 
плане инсерционно эквивалентен
разумному существу относительно 
человеческой среды
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Традиционные алгебры процессов (CCS, 
CSP, ACP, π-calculus, mobile ambients of
Luca Cardelli) могут быть получены 
путем выбора соответствующей среды и 
функции погружения

Инсерционное моделирование обобщает 
алгебры взаимодействующих процессов
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“The data are accumulating and the computers are humming, what we are lacking are the words, the 
grammar and the syntax of a new language…”  
Dennis Bray (TIBS 22(9):325-326, 1997) 

“The most advanced tools for computer process description seem to be also the best tools for the 
description of biomolecular systems.” 
Ehud Shapiro
(Biomolecular Processes as Concurrent Computation, Lecture Notes, 2001) 

“Although the road ahead is long and winding, it leads to a future where biology and medicine are 
transformed into precision engineering.” 
Hiroaki Kitano (Nature 420:206-210, 2002) 

“The problem of biology is not to stand aghast at the complexity but to conquer it.” 
Sydney Brenner (Interview, Discover Vol. 25 No. 04, April 2004) 

Luca Cardelli: Abstract Machines of Systems Biology 

Gene Machine
Protein Machine
Membrane Machine
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Система 
инсерционного моделирования

Среда разработки инсерционных машин –
интерпретаторов инсерционных моделей  



Implementation: Insertion Machine
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Agent behavior 
unfolder

Environment 
interactor

Model driver

,...],[ 21 uuE
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Input model

Unfolding recursive 
definitions  

Computing insertion 
function

External environment
Real time and
Analytical insertion 
machines



Analytical insertion Machine
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Agent behavior 
unfolder

Environment 
interactor

Model driver

,...],[ 21 uuE

,...],[ 21 uuE ¢¢¢

Input model

Goal state
Filters
Search controlUnfolding recursive 

definitions  

Computing insertion 
function



Insertion modeling language
(Action Language)

Syntax
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<AL>::= <terminal> | <action> | <action>.<AL> |
<AL> + <AL> | <functional expression> |

<env state>[<list of AL>]
<terminal>::=Delta | bot | 0

Kernel AL – without functional expression
AL has been implemented on the base of APS
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Rewriting system:

F – functional expression
F ’ – AL expression
x – variables for matching
α – continuous function

Syntax and semantics of kernel AL extension

,...),(,...),(,...)],([ 212121 xxFxxFxx ¢=®α

Functional expressions
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Rewriting rule systems:

Left hand side and F – AL expressions
special cases: F calls additional rules (productions, basic protocols etc. from
knowledge base), generates new rules, estimates and updates knowledge base,
generates new agents and inserts them to new environment state etc.

x – variables of AL expression
α – continuous function

Semantics of AL

),...)(),(),((),...](),()[()( 2121 xuxuxEFxuxuxEx =®α

Insertion function
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Performs traversal of the behavior tree of a system defined
in AL using insertion function.

Uses the functional definitions for normalization of AL
expressions

Checks the properties of a model
Visualizes the model actions for external observer or

interacts with external environment

Model Driver
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Some insertion machines developed earlier
(on a base of Algebraic Programming system APS)
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Semantics of MSC (2002, 2005)
Evidence algorithm (prover for the fist order logic)(2002, 2003)
Semantics of base protocols (2005)
Symbolic trace generator for VRS (2008)
Formalization of MPI library (2007)
Security of internet protocols (2008)
Insertion machine for the verification of annotated programs (2009)
Evolutor (2009)



t

t STGCTG SRCTools

Requirement specification

Set of basic protocols

VRS insertion machines:
an environment for the verification of requirement specification

External environment

Client

Environment 
description
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Specifications Traces


