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introduction to systems science
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McCulloch & Pitts

 McCulloch, W. and W. Pitts [1943], "A Logical Calculus of Ideas 
Immanent in Nervous Activity". Bulletin of Mathematical 
Biophysics 5:115-133.
 A Turing machine program could be implemented in a finite network 

of binary neuron/switches
 Neurons as basic computing unit of the brain
 Circularity is essential for memory (closed loops to sustain memory)

 Brain (mental?) function as computing 
 Others at Macy Meeting emphasized other aspects of brain 

activity
 Chemical concentrations and field effects (not digital)

 Ralph Gerard and Fredrik Bremmer

Memory can be maintained in circular networks of binary switches

dominicm73.blogspot.com/
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cybernetics

 Synthetic approach
 Engineering-inspired
 Supremacy of mechanism

 Postwar culture of problem solving
 Interdisciplinary teams
 Cross-disciplinary methodology

 All can be axiomatized and computed
 Mculloch&Pitts’ work was major influence

 “A logical calculus of the ideas immanent in nervous activity”. Bulletin of 
Mathematical Biophysics 5:115-133 (1943). 

 A Turing machine (any function) could be implemented with a network of 
simple binary switches (if circularity/feedback is present)

post-war science

Macy Conferences: 1946-53

Warren S. McCulloch

Claude Shannon
Margaret Mead

Heinz Von Foerster

Walter Pitts
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cybernetics

 the Josiah Macy Jr. Foundation  Meetings
 post-war science

 1946-1953
 Interdisciplinary

 Since a large class of ordinary phenomena exhibit circular 
causality, and mathematics is accessible, let’s look at them 
with a  war-time team culture

 Participants
 John  Von Neumann, Leonard Savage, Norbert Wiener, 

Arturo Rosenblueth, Walter Pitts, Margaret Mead, Heinz 
von Foerster, Warren McCulloch, Gregory Bateson, 
Claude Shannon, Ross Ashby, etc.

 Key concepts
 universal computation (Turing, Von Neumann), 

information (Shannon, Wiener), networks (mcCulloch), 
homeostasis, feedback, complexity, self-organization

 mind, society, life as general mechanisms

universal computers and general-purpose informatics
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Shannon’s mouse

 trial and error algorithm
 information as reduction of uncertainty in the presence of 

alternatives (combinatorics)
 lifelike behavior

 trial and error to learn path from many alternatives
 adapts to new situations

 how is learning achieved?
 Correct choices, information gained from reduced 

uncertainty, must be stored in memory
 memory of information as a design principle of 

intelligence in uncertain environments
 75 bit memory
 stored in (telephone) switching relays 

 Brain as (switching) machine

controlling information to achieve life-like behavior
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other key concepts

 Norbert Wiener and Arturo Rosenblueth
 Goal-directed behavior and negative feedback (control)
 Homeostasis and circular causality

 In machines and biology
 Automata Theory (Von Neumann)
 Communication and Information

 “The fundamental idea is the message, even though the message may not be sent by man and the fundamental element 
of the message is the decision” (Norbert Wiener)

 Shannon’s Information and  Wiener’s Communication Theory
 Natural semiotics (McCulloch and others later get into Peircean Semiotics)

 “functional equivalence” of systems (general systems)
 Bio-inspired mathematics and engineering and computing/mechanism-inspired biology and social science

at the Macy meetings
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other key concepts

 Gregory Bateson and Margaret Mead
 Homeostasis and circular causality in society

 Transvestite ceremony to diffuse aggressive action in Iatmul culture
 Learning and evolution

 Can a computer learn to learn?
 A new organizing principle for the social sciences (control and 

communication)
 As much as evolution was for Biology

 Lawrence Frank
 The new interdisciplinary concepts needed a new kind of language

 Higher generality than what is used in single topic disciplines
 A call for a science of systems

 Yehoshua Bar-Hillel
 Optimism of a new (cybernetics and information) age

 “A new synthesis […] was destined to open new vistas on everything human to 
help solve many of the disturbing open problems concerning man and 
humanity”.

at the Macy meetings
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Optional Reading:  Heims, S.G. [1991]. The Cybernetics Group. MIT Press. 
Chapters: 11 and 12.

Kline, Ronald R. The cybernetics moment: Or why we call our age the 
information age. JHU Press, 2015. Chapters 1-2.
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British Cybernetics

 The Ratio Club (starting in1949)
 British cybernetics meetings

 William Ross Ashby, W. Grey Walter, Alan Turing. etc
 “computation or the faculty of mind which calculates, plans and reasons”
 Also following Wiener’s use of “Machina ratiocinatrix” in Cybernetics 

(1948), following Leibniz’ “calculus ratiocinator”

Turing as cybernetician
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information as its own thing, functional equivalence of mechanisms, and modelling
deeper into cybernetics

Heims, S.G. [1991]. The Cybernetics Group. MIT Press. 

Gleick, J. [2011]. The Information: A History, a Theory, a Flood. Random House.

Kline, Ronald R. The cybernetics moment: 
Or why we call our age the information age. 
JHU Press, 2015.
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