capluring dynaniics
i

* THE IMPRESSIONISTS SOUGHT TO "CAPTURE
THE MOMENT' IN THEIR ART

* IMPRESSIONISTS EMPHASIZED LIGHT IN A SCENE
AND INTERPRETED OTHER ELEMENTS AS TEXTURED
COLOR

® MATHEMATICAL MODELS ARE DESIGNED TO EMPHASIZE
SPECIFIC FEATURES, WITH UNKNOWN ASPECTS
REPRESENTED BY 'NOISE' THAT PROVIDES A
BACKGROUND TEXTURE TO THE DYNAMICS

CLAUDE MOMET, MUSEE D ORSAY

CAPTURING THE MOMENT

EVERY MOMENT
HAS A
PARTICULAR
ARRANGEMENT
OF
FEATURES

TO CAPTURE A MOMENT OF THE DYNAMICS IN OUR MODELS, WE SIMPLIFY TO EMPHASIZE SPECIFIC FEATURES,
LIKE THE TIMING OF SPIKES.THE DE-EMPHASIZED DETAILS ARE REPRESENTED BY ADDING ‘NOISE’ TO THE MODEL.
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SIMPLIFY MODEL TO EMPHASIZE SPECIFIC FEATURES

|IF THE MEMBRANE POTENTIAL OF THE MODEL NEURON IS GREATER THAN THE SPIKE THRESHOLD, THEN A SPIKE
1S GENERATED AT THAT PARTICULAR MOMERNT.

EVERY ARRANGEMENT OF FEATURES HAS A PROBABILITY THAT CAN BE CALCULATED
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THE PROBABILITY TELLS US THE CHANCE THAT THE NEURON WILL GENERATE A SPIKE. USING MATHEMATICS TO
CALCULATE PROBABILITIES, WE CAN PREDICT THE CHANCE OF A PARTICULAR OUTCOME FOR OUR EXPERIMENTS
OR CLINICAL AFPLICATIONS.
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MATHEMATICAL MODELS OF THE patlerns from nature
BRAIN ADD PRECISION TO OUR
UNDERSTANDING OF THE COMPLEX
PROCESSES THAT ENABLE THE
NERVOUS SYSTEM TO FUNCTION.,

* ART NOUVEAU MOVEMENT REACTED AGAINST
MACHINE AGE DESIGN OF THE | 9TH CENTURY

* THEORETICAL NEUROSCIENCE HAS BEEN
DOMINATED BY METAPHORS FROM ENGINEERING
AND COMPUTER SCIENCE

®* DEEPER INSIGHTS ARE OBTAINED IF WE BASE
QUR MODELS ON THE NATURAL FORM

THIS SERIES OF PANELS DEMONSTRATES e e e
SIMILARITIES OF APPROACHES TO COMPLEX \
PROBLEMS IN ART AND SCIENCE.

THE INDUSTRIAL REVOLUTION GAVE THE
PHYSICAL MEANS TO EFFECT MASTERY

OVER NATURE. UNIMAGINATIVE AND REPETITIVE
DESIGN CAME FROM MACHINE PRODUCTION,
AND MASS QUANTITIES.

ARTISTS CREATE ARTWORKS TO INTERPRET
AND EXPRESS THEIR UNDERSTANDING OF THE

abstradd models

WORLD. THEY DRAW INSPIRATION FROM THEIR
OBSERVATIONS AND APPLY CONTEMPORARY

THOUSANDS

MILLIONS

AMPLIFICATION THROUGH SIMPLIFICATION™

THE LANGUAGE OF MODELS IS MATHEMATICS. ABSTRACT NEURONS CAN BE REPRESENTED IN MATHEMATICAL SYMBOLS. USING THESE
SYMBOLS WE CAN CALCULATE THE RELATIONSHIPS BETWEEN DIFFERENT PARTS OF THE SYSTEM, AND PREDICT WHAT HAPPENS

ALL

INUIT

WHEN WE CHANGE ONE PART.

EXPERIMENTAL DATA CAN BE ABSTRACTED TO CREATE A GENERAL RULE.

THE
TEMPORAL
LEARNING
RULE

C. BELL, HAN, Y. SUGAWARE

ARD K. GRANT [ 1 997 SYNAPTIC
PLASTICITY IN A CEREBELLUM-LIKE
STRUCTURE DEPENDS ON TEMPORAL
ORDER. MATURE, 387:278-281
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* UNIVERSALITY THROUGH SIMPLIFICATION

* SIMPLIFIED IMAGES CAN BECOME ICONS
AND EVEN LANGUAGE

* SIMPLE MODELS CAN BE REPRESENTED BY
MATHEMATICAL SYMBOLS

* GENERAL PRINCIPLES ARE DISCOVERED BY
USING SIMPLE MODELS

ICONS CAN
PHILLIPINES DEVELOP
INTO
LANGUAGE.

WE CAN
COMBINE
DIFFERENT
LEVELS OF
ABSTRACTION.

THEY

CAN

REFER TO
EACH OTHER

ABSTRACTIONS OFO DATA BECOME THE BUILDING BLOCKS OF A MODEL'S FORMULA AND SIMULATIONS.

MODEL OF MUTUALLY
INHIBITORY MEDIUM

e
SPECIFIC DETAILS
SCOTT MCCLOUD
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TECHNIQUES TO THEIR OWN DISCOVERY.

THEORETICAL NEUROSCIENTISTS CONSTRUCT
ABSTRACT MODELS TO PREDICT HOW THE PATTERNS FROM NATURE |
BRAIN WORKS. THESE MODELS ARE BASED ON
PATTERNS FROM NATURE AND USE
MATHEMATICS THAT DESCRIBE HOW THE

)
ACTIVITY OF THE BRAIN CHANGES IN TIME TO ORIGINALITY
CONSISTS
CAPTURE THE DYNAMICS OF BRAIN FUNCTION. oF
REACTING AGAINST THE RETURNING
MACHINE MADE PRODUCT OF
THE INDUSTRIAL REVOLUTION, TO THE
THE ART NOUVEAU MOVEMENT ORIGIN"
SOUGHT TO RETURN TO NATURE
FOR INSPIRATION IN DESIGN
AND IN ART. ANTONIO
GAUDI
(18sz-1926)
ART NOUVEAL
ARCHITECT

EMiLE GALLE | 903 MUSEE' DE LECOLE DE HANCY

ELECTRICAL CIRCUIT OF THE NEURON

SINCE THE | 9505, ENGINEERING CONCEPTS
OF ELECTRICAL CIRCUITRY AND MECHAMICS HAVE
DOMIMATED THEORETICAL NEUROSCIENCE.
MNEURONS HAVE OFTEM BEEN MODELED AS
SIMPLE CIRCUITS WITHOUT REFERENCE TO THEIR
NATURAL FORM

HESMIN PAPYRUS, LATE PEFIOD 30TH DYNASTY, THE LOUVRE

EQUIVALENT CIRCUIT

IGHIC CHANNELS OF EXCITADLE MEMDRANES B, HLLE {1 B72) INTERPRETATION
HEURCHN

IN THE
ELECTRIC FISI

MATHEMATICAL MODELS BASED ON THE NATURAL FORM OF THESE NEURONS
SHOW THAT THE TWO SPIKE TYPES ARISE FROM THE SHAFE OF THE NEURONS.
WHEN WE UNDERSTAND HOW THINGS WORK, WE CAN CORRECT THE PROBLEMS
WHEN THEY DON'T WORK.
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THE GREAT BOOK OF NATURE \
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