COMPLEXITY AND COMPUTATION

http://thenewcentre.org/seminars/complexity-and-computation-an-introduction-to-measures-paradigms-and-programs/

A historical context for the advent of

What ‘complexity" is Not complexity sciences

(problematic ontic, epistemic Complex Systems and Complexity

Complexity: Traits and Concepts

Formal as computable
(effective calculability, natural deduction,
sequential algorithmic procedures)

Formal as de-semantified

Whitehead, Krédmer, Novaes -

epistemological problems

Time
(state, regularity, pattern)

Boitzmann, Eddington,
McTaggart, Price, Berg

Formal Languages

(formal systems as cognitive prostheses,
extended cognition, mitigating cognitive biases)

Axioms and their classification yul
(constructivity, systematicity and
programmaticity in axiomatic frameworks)

(computability by string machines e
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Historical Debates
surrounding
Church-Turing
Thesis

Church
(effectively calculable function of positive
integers = recursive function)

Ss

Kleene
(recusion theory and computable functions)

natural, object vs. practice, nonreferential
sign-design and higher-order abstraction)

computability by letter machines)

Godel
(general recursiveness for number-theoretic functions)

(logical vs. causal determinism, artificial vs.

Complexity Measures Thinking Complexity

of the System
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What constitutes a computation

\ Explicit Features

Case Study
(hierarchies, interaction and structure in
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n-body problem, non-linear dynamic systems) ! ’ U theoretic model of the brain and cognition)
Rosen, Ehresmann, Healy, Ramirez
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What constitutes a computation
Implicit Dynamic Features

Products

Sequential Algorithms

Computability Theory (inter-step)

(Computable Functions, Measures of

> Computgtézzzlngglnﬁlgecﬁittﬁrsscursnon, Classical Turing Machine ... critique - - - - - - > Sequgntial Inte_ractive Mach_ines, Per;istent
. Wegner; Goldin Turing Machines, Interaction Machines
Turing Church, Turing, Post, Kleene

Locality Syntax
Boundedness

/ Functions, Extensional Objects, \ ........ Critique- - - - - - > Gehaviors, Processes and Function@

(analysis of deductive and non-deductive

Small-Step Sequential Algorithms
(intra-step)

Vg

......... Critique - - - - - - Qemantics of Information Processiry

extending Godel’s critical position

focusing on what computable functions are.

o string-manipulation systems) J Japaridze. Hyland
9@’7% @2"7%_ AN What is computation?
/’@02 v What is computable? focusing on what computational

problems are in general.

o

Multi-agent Problems

(action and knowledge in agent-based modeling,

game scenarios, induction puzzles)

Concurrency Problems
(theory of processes and resources, sched

! Logical Problems

|
| (proof theory, syntax-semantics interface, analysis of |
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‘ . Generalization of the logico-computational concept of game capturin
| Interpretation of computation at the deepest level through Sequent Calculus (keeping track of formulas or the the conservation and trgnsformagon of informatiorr)l in g pruring
| the Holy Trinity of Computer Science i.e. fundamental bookkeeping format, implying proofs as programs) asynchronic-concurrent systems, interactive algorithms
| correspondences between mathematics, logic and computation : o | . . . - . ) -
| (structures, proofs and programs) . . Girard's Linear Logic / Geometry of Interaction Logic of computability and re-interpretation of A-definability
| ' Refinement of Brouwer, Heyting and resource-sensitivity, analysis of actions or abilities, De"e'ggg‘ems
| Linear Logic and its development, Logical Games, Operational Kolmogorov's Constructivist Programs nfega}tlon as the function of duality or interchange Revisions Operational semantics of programming languages, re-interpretation of
| Semantics, Game Semantics and Functional Programming, orroles decidability and confluence
| Eoglc of C_o_mputalblllg, Proof Lheqry, Judgment calculi, Suspgnsmn of structural _rgles specificaly those Ludics and study of interactive computational phenomena underlying
| onstructivism a /a Brouwer-Heyting, etc. involving resources, dualities and symmetries of proof logical behaviors (connectives and proofs)
|
|
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Implicit Features are brought
to the foreground

N

Interactive Theory of Computation
(computational games and strategies,
semantics of information processing
in asynchronous concurrent systems,
interactive logic, etc.)

uling)

Blass, Abramsky, Japaridze, Jagadeesan
I

What is interaction? Why games?
(breaking away from intuitive impressions)

Computational Hermeneutics of
Complex Systems

Languag, Thought and Computation

Brandom, Ginzburg, Lecomte, Joinet,
van Benthem

Social Mind and Artificial General Intelligence

Replies to intensional skeptics
(“Machines cannot capture
intentional mental states.”)

in the style of multiagent systems

Replies to extensional skeptics
(“Machines cannot sufficiently

model extensional behaviors of complex
physical systems such as the brain.”)



