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Biologically Inspired Cognitive Architectures Society, Comparative Repository of Cognitive Architectures, 
http://bicasociety.org/cogarch/architectures.htm (25 cognitive architectures)

A Survey of Cognitive and Agent Architectures, University of Michigan, http://ai.eecs.umich.edu/cogarch0/ 
(12 cognitive architectures)

W. Duch, R. J. Oentaryo, and M. Pasquier. “Cognitive Architectures: Where do we go from here?”, Proc. 
Conf. Artificial General Intelligence, 122-136, 2008. (17 cognitive architectures)

D. Vernon, G. Metta, and G. Sandini, "A Survey of Artificial Cognitive Systems: Implications for the 
Autonomous Development of Mental Capabilities in Computational Agents", IEEE Transactions on 
Evolutionary Computation, Vol. 11, No. 2, pp. 151-180, 2007. (14 cognitive architectures)

D. Vernon, C. von Hofsten, and L. Fadiga. "A Roadmap for Cognitive Development in Humanoid Robots", 
Cognitive Systems Monographs (COSMOS), Vol. 11, Springer, 2011. Chapter 5 and Appendix I 
(20 cognitive architectures)

I. Kotseruba and J. Tsotsos. 40 years of cognitive architectures: core cognitive abilities and practical 
applications. Artificial Intelligence Review, Vol. 53, No. 1, pp. 17-94, 2020. (84 cognitive architectures)

Surveys:

Example Cognitive Architectures
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Cognitive

Architectures
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Cognitive
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Cognitive 
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Kotseruba and Tsotsos refer to these as Symbolic Architectures
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Cognitivist 
Cognitive Architectures

I. Kotseruba and J. Tsotsos. 40 years of cognitive architectures: core cognitive abilities and practical applications. Artificial Intelligence Review, Vol. 53, No. 1, pp. 17-94, 2020.
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84 Cognitive Architectures

I. Kotseruba and J. Tsotsos. 40 years of 
cognitive architectures: core cognitive 
abilities and practical applications. 
Artificial Intelligence Review, Vol. 53, 
No. 1, pp. 17-94, 2020.



Cognitive Architectures 2 6 Artificial Cognitive Systems

We will briefly sample some of the most well-known cognitive architectures
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Soar
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D. Vernon, C. von Hofsten, 
and L. Fadiga. A Roadmap 
for Cognitive Development 
in Humanoid Robots, 
Cognitive Systems 
Monographs (COSMOS), 
Vol. 11, Springer, 2010.
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Soar [Laird et al. 1987] 

• Newell’s candidate for a Unified Theory of Cognition

• 1983 –

• v. 9.6

• Production system (i.e. rule-based)

• Cyclic operation

– Production firing (all)

– Decision (cf. preferences)

• Fine-grained knowledge representation

• Universal sub-goaling (dealing with impasse)

• General-purpose learning (encapsulates resolution of impasse)

Soar

https://soar.eecs.umich.edu/
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Operates in a cyclic manner

– Production cycle 

• All productions that match the contents of declarative (working) 
memory fire

– A production that fires may alter the state of declarative memory 
– and cause other productions to fire

• This continues until no more productions fire.

– Decision cycle

• a single action from several possible actions is selected

• The selection is based on stored action preferences. 

Soar
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Universal sub-goaling

– There no guarantee that the action preferences will lead to 

• a unique action or
• any action

– In this case, the decision cycle may lead to an ‘impasse’

• Soar sets up an new state in a new problem space — sub-goaling
— with the goal of resolving the impasse.

• Resolving one impasse may cause other impasses and the sub-
goaling process continues

– It is assumed that degenerate cases can be dealt with

• e.g. if all else fails, choose randomly between two actions

Soar
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Whenever an impasse is resolved

– Soar creates a new production rule which summarizes the 
processing that occurred in the sub-state in solving the sub-goal

– Resolving an impasse alters the system super-state

• This change is called a result

• It becomes the outcome of the production rule

• The condition for the production rule to fire is derived from a 
dependency analysis

– finding what declarative memory items matched in the course of determining 
the result

– This change in state is a form of learning 

• It is the only form that occurs in Soar
• i.e. Soar only learns new production rules: chunks

Soar
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Behaviour as movement through problem spaces

– Goal (circle) 
– Problem space: expanding set of possibilities that can unfold over time (triangle)

– States (rectangles)
• Vocabulary of features (bold)
• Their possible values (italics) … values can also be a set of features

– State transition (arrows) ... operators reflecting internal or external behaviour

Soar
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Tying the content to the architecture

Knowledge about 
things in the world

Knowledge about 
abstract ideas

Knowledge about 
mental actions
Knowledge about 
how to use knowledge
Knowledge about 
Physical actions

Soar
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Soar
(Laird et al. 2012)
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The following is a short excerpt
For the full talk see: https://www.youtube.com/watch?v=2pNsfBj7XSA&feature=youtu.be
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ACT-R
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I. Kotseruba and J. Tsotsos. 40 years of cognitive architectures: 
core cognitive abilities and practical applications. Artificial 
Intelligence Review, Vol. 53, No. 1, pp. 17-94, 2020.

D. Vernon, C. von Hofsten, 
and L. Fadiga. A Roadmap 
for Cognitive Development 
in Humanoid Robots, 
Cognitive Systems 
Monographs (COSMOS), 
Vol. 11, Springer, 2010.

J. R. Anderson,D.  Bothell, M. D. Byrne, S. Douglass  C. Lebiere, Y. 
Qin. An integrated theory of the mind. Psychol Rev 111(4):1036–
1060, 2004.
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J. R. Anderson,D.  Bothell, M. D. Byrne, S. Douglass  C. Lebiere, Y. 
Qin. An integrated theory of the mind. Psychol Rev 111(4):1036–
1060, 2004.

ACT-R

• J. Anderson's candidate for a Unified Theory of 
Cognition

• 1996, 2004; now version 7

• Production system with five modules: Intentional, 
Declarative, Visual, Manual, Production

• Cyclic operation: executes one production per cycle 

o Pattern of information in the buffers is recognized
o A single production is selected and fires
o The buffers are updated

• Each cycle takes approximately 50 ms.

I. Kotseruba and J. Tsotsos. 40 years of cognitive architectures: 
core cognitive abilities and practical applications. Artificial 
Intelligence Review, Vol. 53, No. 1, pp. 17-94, 2020.
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Shanahan’s Global Workspace Architecture

• Anticipation and planning achieved through internal simulation

• Action selection (internal and external) mediated by affect

• Analogical representation (small semantic gap & easier grounding)

• Global workspace model: parallelism is a fundamental component 
of the architecture, not an implementation issue

(Shanahan06,ShanahanBaars06,Shanahan05a,Shanahan05b) SC Sensory Cortex
MC Motor Cortex
BG Basal Ganglia (action selection)
AC Association Cortex
Am Amygdala (affect)

Global Workspace
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Global workspace model: sequence of states emerge from multiple competing and cooperating 

parallel processes

Global Workspace
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Global Workspace

Global workspace model: sequence of states emerge from multiple competing and cooperating 

parallel processes
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Shanahan’s Global Workspace Architecture

• Implemented using G-RAMS (generalized random access memories)

• Global workspace and cortical assemblies define an attractor 
landscape

• Perceptual categories define attactors

• Higher-order loop allows the GW to visit these attractors

Global Workspace

SC Sensory Cortex
MC Motor Cortex
BG Basal Ganglia (action selection)
AC Association Cortex
Am Amygdala (affect)
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LIDA
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I. Kotseruba and J. Tsotsos. 40 years of cognitive architectures: 
core cognitive abilities and practical applications. Artificial 
Intelligence Review, Vol. 53, No. 1, pp. 17-94, 2020.

D. Vernon, C. von Hofsten, 
and L. Fadiga. A Roadmap 
for Cognitive Development 
in Humanoid Robots, 
Cognitive Systems 
Monographs (COSMOS), 
Vol. 11, Springer, 2010.

S. Franklin, T. Madlb, S. Strainc, U. Faghihid, D. Donge, S. Kugelee, J. 
Snaidere, P. Agrawale, S. Chen, A LIDA Cognitive Model Tutorial, 
Biologically Inspired Cognitive Architectures, 2016.

S. Franklin, T. Madl, S. D’Mello, and J. Snaider, LIDA: A Systems-level 
Architecture for Cognition, Emotion, and Learning, IEEE Transactions on 
Automous Mental Development, Vol. 6, No. 1, March 2014, pp. 19-41.
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LIDA

(Franklin et al., 2014, 2016) 
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Brain-Based Devices (BBD)
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I. Kotseruba and J. Tsotsos. 40 years of cognitive architectures: 
core cognitive abilities and practical applications. Artificial 
Intelligence Review, Vol. 53, No. 1, pp. 17-94, 2020.

D. Vernon, C. von Hofsten, 
and L. Fadiga. A Roadmap 
for Cognitive Development 
in Humanoid Robots, 
Cognitive Systems 
Monographs (COSMOS), 
Vol. 11, Springer, 2010.

J. L. Krichmar and G. M. Edelman. Brain-based devices for the study of 
nervous systems and the development of intelligent machines. Artificial 
Life 11(1–2):63–77, 2005.

J.G. Fleischer and G.M. Edelman. Brain based Devices. IEEE Robotics and 
Automation Magazine, 2009.
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• Series of robot platforms focussed on developmental cognition

• Brain-based devices (BBDs) 
– Simulated nervous system

– Develop spatial and episodic memory

– Recognition capabilities

– Autonomous experiential learning

• Neuromimetic: mimic the neural structure of the brain

• Differ from connectionist approaches: focus on

– Nervous system as a whole

– Constituent parts

– Their interaction 

BBD
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• Principal neural mechanisms of a BDD

– Synaptic plasticity

– Reward (i.e. value) system

– Reentrant connectivity

– Dynamic synchronization of neuronal activity

– Neuronal units with spatiotemporal response properties

• Adaptive behaviour

– Interaction of these neural mechanisms with sensorimotor correlations (contingencies) which have been 
learned autonomously through active sensing and self-motion

BBD



Cognitive Architectures 2 32 Artificial Cognitive Systems

Darwin VIII

– Discriminates simple visual targets (coloured geometric shapes)

– By associating them with an innately preferred auditory cue

– Its simulated nervous system contains 

• 28 neural areas
• approximately 54,000 neuronal units

• approximately 1.7 million synaptic connections

BBD
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Darwin IX

– Navigates and categorizes textures using artificial whiskers

– Based on a simulated neuroanatomy of the rat somatosensory system

– Its simulated nervous system contains

• 17 areas

• 1101 neuronal units
• approximately 8400 synaptic connections

BBD
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Darwin X

– Develops spatial and episodic memory based on a model of the hippocampus and surrounding regions

– Its simulated nervous system contains
• 50 areas
• 90,000 neuronal units

• 1.4 million synaptic connections

– Systems
• Visual system (object recognition, localization)

• Head direction system

• Hippocampal formation

• Basal forebrain
• Value/reward system based on dopaminegic function

• Action selection system

BBD
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Darwin X

J.G. Fleischer and G.M. Edelman (2009): Brain based Devices. IEEE Robotics and Automation Magazine.
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Reading

D. Vernon, Artificial Cognitive Systems – A Primer, MIT Press, 2014; Chapter 3, Sections 3.4, 3.5, pp. 75-83.

D. Vernon, C. von Hofsten, and L. Fadiga,  A Roadmap for Cognitive Development in Humanoid Robots, Cognitive Systems 
Monographs (COSMOS), Springer, 2010; Appendix A:

A.1.1 (Soar)
A.1.3 (ACT-R)

A.2.2 (Global Workspace) 
A.2.4 (SASE) 

A.2.5 (DARWIN)

A.3.5 (LIDA)
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Recommended Videos

These and other short videos on cognitive architectures can be found at the 
2021 TransAIR Workshop on Cognitive Architectures for Robot Agents

https://transair-bridge.org/workshop-2021/


