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familiarity without the definite remembering=-ts-thechamge tardrives rs-from-the-present to memory of the past.

We may generatfZe this instance so as to cover the causes of many memories. Some present feature of theseqyironment is
assogrted, through past experiences, with something now absent; this absent something comes before us as an imagehagd 1s

fntrasted with present sensation. In cases of this sort, habit (or association) explains why the present feature of the environmeyt
\ings up the memory-image, but it does not explain the memory-belief. Perhaps a more complete analysis could explain the
memqry-belief also on lines of association and habit, but the causes of beliefs are obscure, and we cannot investigate thepfet.
For the preseat we must content ourselves with the fact that the memory-image can be explaimed by habit_As-fegards the
memory-belief, we must; atteast-pravisionally, accept Bergson's view that it cannot be brought usdertt€iead of habit, at any rate
when it first occurs, 1.e. when we remember something we never remembered before.

We must now consider somewhat more closely the content of a memory-belief. The memory-belief confers upon the memory-
image something which we may call "meaning:" it makes us feel that the image points to an obiect which existed in the past. In
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Because of the “all-or-none” character of nervous activity, neural

events and the relations among them can be treated by means of propo-
sitional logic. It is found that the behavior of every net can be described
in these terms, with the addition of more complicated logical means for d
nets containing circles; and that for any logical expression satisfying
certain conditions, one can find a net behaving in the fashion it describes,
It is shown that many particular choices among possible neurophysiologi-
cal assumptions are equivalent, in the sense that for every net behav-
ing under one assumption, there exists another net which behaves un-

der the other and gives the same results, although perhaps not in the
same time. Various applications of the calculus are discussed.
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chines and men included, may even- 11. McCurrocer, W. S.,, & Prirrs, W. A
tually be understood. logical calculus of the ideas immanent

in nervous activity. Bull. mathk. Bio-
Physics, 1943, 5, 115-133.
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THE PERCEPTRON:

INFORMATION STORAGIE

A PROBABILISTIC

MODEIL FOR
AND ORGANIZATION

IN THE BRAIN?

F. ROSENBLATT

Cornell Aervonauwulical Laboratory

If we are eventually to understand
the capability of higher organisms for
perceptual recognition, generalization,

recall, and thinking, we must first
have answezs = damental
questigers :

. How is information about tRg

hwvsical world sensed, or detected, by
the biological svstem ?
2. In what form is
stored, or remembered?
3. How does information contained
storage, or in memory, influengs
recggnition and behavior?

information

The h ~WQ. 0 T 1s in the
province of sensoryv physiology, and is
the only one for which appreciable
understanding has been achieved.
This article will be concerned pri-
marily with the second and third
questions, which are still subject to a
vast amount of speculation, and where
the few relevant facts currently sup-
plied by neurophywysiology have not vet
been integrated into an acceptable
theory.

With regard to the second question,
two alternative positions have been
maintained. The first suggests that
storage of sensory information is in
the form of coded representations or
images, with some sort of one-to-one
mapping between the sensory stimulus

and the stored pattern. According to
this hypothesis, if one understood the
code or '"wiring diagram’'’ of the nerv-
ous system, one should, in principle,
be able to discover exactly what an
organism remembers by reconstruct-
ing the original sensory patterns from
the ‘““‘memory traces’ which theyv have
Ieft, much as we might develop a
photographic negative, or translate
the pattern of electrical charges in the
““memory’’ of a digital computer.
This hvypothesis is appealing in its
simplicity and ready intelligibility,
and a large familyv of theoretical brain
models has been developed around the
idea of a coded, representational mem-
ory (2, 3,9, 14). The alternative ap-
proach, which stems from the tradi-
tion of British empiricism, hazards the
guess that the images of stimuli maw
never really be recorded at all, and
that the central nervous svystem
simply acts as an intricate switching
networlk, where retention takes the
form of new connections, or pathways,
between centers of activity. In manvy
of the more recent developments of
this position {(Hebb’s “‘cell assembly,”’
and Hull's ““cortical anticipatory goal

response, for example) the ‘‘re-
sponses'’™ which are associated to
stimuli mawv be entirely contained

In this case
fidea'

within the CNS itself.
the response represents an
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1 POTENTIAL NETWORKS

* Proposition 1

In the Boolean case, let suppose that A=0, P(x)=xAx+Bx, with ;=0
and each sub-matrix on any subset J of indices in {1,...n} of A is non
positive and less than the linear operatfor (-B) restrained on J. Then P
decreases on the trajectories of the potential automata defined by

X;(t+1) = H(-AP/Ax+x;(t)) for any mode of
dynamics (sequential, block sequential anc
Ou’romq’rq constfitute a Hopfield-like network

implementation of the
parallel). These Boolean
whose weights are w; = |

and w; = - Q;- Q; V| # 1, thresholds are f

ne b;’s, and stable f|xed

conﬂgurahons correspond to the minima of P.

« Cosnard, M., Goles E.: Discrete states neural networks and energies. Neural Networks

10, 327-334 (1997).
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2 HAMILTONIAN NETWORKS

* Proposition 2

Let us consider a deterministic Hopfield-like network of size n, which is a necklace circuit
sequenfially or synchronously updated with constant absolute value w for its non-zero
interaction weights. Then, its dynamics is conservative, keeping constant on the
trajectories the Hamiltonian function L defined by:

L(x(®)) = z Calt) - x‘(t — )’ z._l H (Wi<i—1)modnxi—1(2t —1) —x;(t — 1))*

where H denotes the classical Heaviside function. L(x(t)) is the total discrete kinetic
energy of the network, equal to the half of the global dynamic frustration:

F(x(t)) = 2i=1n Fi i-1)modn (x(t)),
* With F; i-1)moan 1S the local dynamic frustration defined between nodes (i—1) and i by:

Fii-n (X(F))=1, i {sign(wji—n)) = TA Xi{(T) # Xiy (-1)pvAsign(wi—y) = -TA xi(f) = X, (-1)},
=0, if not.



f Global .~ Configuration Nb ~ Attractor Nb ~ Attractor Length Frustrated

frustration ................................................................................

| ] 2 fixed pouns | positive circuit Fu
_H-] ()
2 4=0, .ol r7 \ \ /
4 ] 4 (symmetrized
_H-]
> 10=0, 4,2 < P
4 16 \ ()
y . \_/
6 4= f“ }zi -1 /2 7 g Not frustrated
8 | | positive circuit F=(0

E. Goles, F. Fogelman-Soulié, D. Pellegrin. Decreasing energy functions as a tool for studying threshold
networks. Discrete Applied Mathematics, 12, 261-277 (1985).
J. Demongeot, H. Ben Amor, P. Gillois, M. Noual & S. Sené Robustness of regulatory networks. A Generic

Approach with Applications at Different Levels: Physiologic, Metabolic and Genetic.Int. J. Molecular
Sciences, 10, 4437-4473 (2009).




2 unstable fixed points (000), (111) 3 MIXED NETWORKS

] stable cycle of order 6 (010*%, 0*11, 01*1, P

001* 0*01, 10*1, 101*, 1*00, 10*0, 110*, \

1%10, 01*0) '
X Yy

R. THOMAS ARABESQUES

Boolean equations of such a system of size n is given by:
Vi=1,...n, X = H(Wji Xi = W Xix1(modn) W X1 (modn))

C. ANTONOPOULOS, V. BAsIOS, J. DEMONGEOT, P. NARDONE, R. THOMAS Linear and nonlinear arabesques: a study of

closed chains of negative 2-element circuits. Int. J. Bifurcation and Chaos, 23, 9, 30033 (2013).



4 SOCIAL NETWORKS S

In the spirit of the games theory of the seventies [12], Eric Goles and Maurice Tchuente
considered in [13] a society of n persons {P1.....Pn} having at time t opin-ions {x1(t),..., xn(t)} with
interaction coefficient aij = qji between Pi and Pj. Let {61,...,6p} be the set of possible opinions
which may be assumed by any person, with a local hierarchy hi adopted by each person Pi (a
reordering of opinion indices without ex-cequo, that is a permutation of E ,.... P}). The dynamical
behaviour of such a society depends on local majority rules, where, if a(k) denotes the global

weight of the opinion Bk, the change of opinion is made as follows:
X|(T+]) - k, with k = SUp{i / vr=1,..., P, O(i)zj/xj(’r)=l< CHJ > O(I’)Zj/xj(”:r(]ij}

* Proposition 3

In such a society the opinion of any member Pi, after a certain number of steps, either remains
constant or oscillates between two values.

E.Goles, M. Tchuente. Iterative behaviour of generalized majority functions. Math. Social Sciences 4, 197-204 (1983).

J. Demongeot, V. Volpert. Dynamical System Model of Decision Making and Propagation. J. Biol. Systems, 23, 339-
353 (2015).

M. Banerjee, J. Demongeot & V. Volpert. Global Regulation of Individual Decision Making. Mathematical Methods
in the Applied Sciences, 39, 4428-4436 (2016).



_ONVOLUTION FOR DEEP LEARNING

* The Boolean automata z(t) resulting from the discrete convolution

between two Boolean automata x(f) and y(t) (called the kernel
filter) can be defined as follows:

Zi(t) = Zikevi) Xik(t) Yilf)

where the size of the neighbourhood V(i) equals p and the positive
kernel filter of size p, y(t), verifies: for any t, 2, , yi(f) = 1. If x(t) has ©
regular derivative (in the sense of F. Robert), that is, for any spatial
derivative and any t, T, lAx(t)/Ajl < 1, then z(t) is also regular,
bcecause we have: X, |Azj(f)/A/ < Zics pikev( |AX,°./< (1)/AK |y, (1) 1.

le Cun, Y. Learning processes in an asymmetric threshold network. In: Fogelman-Soulig, F., Bienenstock,

E., Weisbuch, G. (eds.) Disordered systems and biological organization, Les Houches, 1985, pp. 233-240,
North Holland, Amsterdam (1986).



R— 6 BLOCK PARALLEL UPDATING

* A good example of application for a new updating mode
Is the nuclear and mitochondrial genetfic expression In
which the combination of cellular repressors (MICroRNAS
and circular RNAS), mitochondrial genes (relative to the
cell respiration) and nuclear genes under the control of

the chromatin clock, present a dynamical schedule close
to a new updating mode called block-parallel, for which
the updating Is sequential inside blocks, these blocks
being updated parallelly with not necessary the same
internal clock.

J. DEMONGEOT & S. SENE About block-parallel Boolean networks: a position paper. Natural Computing, 19, 5-
13 (2020).



Coupled neural networks

 Interactions between two Boolean automata of size 2, one
with transition Fy and the other with transition G,, evolving in
time with the following rules, where symbol = denotes
Boolean complementary (negation):

« - Sequential dependence: G, (x;, Xo)=Go(Fo(X1, Xa), Xo). Fi(X1. Xo)=Fa(X1, G;(X1. X5))..... Gi(x;,
Xo) = Gy (Folxq, Xo), X2), Fi (X, Xo) = Fiy (X1, Gj{X7, Xo))....

- Parallel dependence: G (x;. Xo) = Go(Fo(X1. X2), Xa), F1(Xq. Xa) = FolX; GolX;. Xa)).....

* Gi(Xxy, Xo) = G (Folxy, Xa), Xa). Fi (X1, Xo) = Fiy (X1, Gy (X7, X2)).....

« - Sequential opposition: G (X, Xo)=Go(7Fo(X;, Xo), Xo), F1(X1, Xo)=Fo(X1, 7G1 (X5, X5))..... Gi(x;.,
Xo) = Gy (TFo(xy, Xp), Xa), Fi (Xy, Xo) = Fiy (X3, 7Gy{Xy, Xg)).....

« - Parallel opposition: G, (X;, Xo) = Gol(7Fo(X1, X2), Xa), F1(X7, Xo) = Fo(X; 7Go(X1, X2)).-...

* Gilxy, Xo) = G (7Fo(Xy, Xa). Xo), Fi (X3, X2) = Fiy (X1, 7Giy (X5, X2) ).



Eberhard-Robert scholia

Proposition 4 , _—
1) Sequential and parallel dependence (resp. opposition) rules give same fixed
points.

11) The transform by sequential (resp. parallel) opposition of (=F, =G) 1s the
complementary of the transform by sequential (resp. parallel) dependence of (F, G).

Such a result can be applied to situations in which two groups of actors (political, ethnic, social,
neural, genetic, etc.) or two age classes evolve by taking social choices with cross interactions. It
could serve namely to revisit and interpret the asymptotic properties of complex Boolean
biological network.
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F. ROBERT

» « Mon billet pour Eric », by Francois Robert

. « Eric, la scéne se passe & Grenoble quelgues années aprés ta soutenance de
these. Retour d'lsraél via Paris, et avant de rentrer a Santiago, tu déebarques
impromptu ce matin-lad dans mon bureau de la Tour IRMA au Campus. Nous
sommes conftents de nous revoir, et fu commences a m'expliguer au tableau
ce qui préoccupe ton esprit en ce moment. S'agissait-il du tas de sable qui
s'effondre sur lu-méme ¢ Je crois que oul. Ef tu me montres la relation
mathématique que tu as écrite au tableau : « Tu vois, cette expression, eh bien
elle ne me plat pas, elle n'est pas casher | » Devant mon air
d'incompréhension, tu corriges immédiatement : « Disons qu’elle n'est pas fres
catholique | », ce qui n'a pas amélioré ma compréhension pour autant, mais
j'ai alors saisi en un éclair le concept de mathéeématicien international que tu
commencais a incarner alors.



« J'ai par ailleurs été tres sensible au témoignage chaleureux que tu as rendu
recemment a Jacques Demongeot, dans lequel tu insistes beaucoup pour rendre
effectivement sensible cette part d'éternité et de globalité de vos échanges
dinatoires, mathématiques ou non, que ce soit au Bar national de Santiago ou
ailleurs : une caractéristiue importante qui vous situe bien. Et de plus, ce témoignage
m’'a redonné comme instantanément aussi la vive perception du compagnonnage
arfisanal qui animait les membres de notre groupe « Comportement d’ltérations ».

Quelle équipe, en effet, d'excellents chercheurs | Je les cite par ordre d'entrée en
scene : Michel Cosnard, Maurice Tchuente, toi Eric, Francoise Fogelman, Houcine
Snoussi, Yves Robert, les premiers couteaux en quelque sorte, tous chercheurs C.N.R.S.
(sauf Francoise, universitaire, et Houcine, boursier marocain) et une huitaine de jeunes
en troisieme cycle. Jacques Demongeot entretenait des relations suivies avec tout ce
petit monde. Nous partagions chague semaine notre conviction dans la dimension
infemporelle de nofre réalité mathématique en cours d'élaboratfion, assidiment
meditée et travaillée, et c’'était |a que résidait le ciment du groupe.
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 En ce qui fe concerne, ta facon tres spécifiqgue de « faire des maths » est maintenant
largement connue : fougueux, jovial, parfois brouillon et fache de I'étre, tu déploies au
tableau une puissante seduction mathématique, qui jaillit de ta fres forte conviction
personnelle, manipulant un maelstrom de noftions entfrelaceées... Tu convaincs, car tu
es habité, et spécifiguement toi !

* I nN'empéche : les deux théoremes de Goles-Martinez sur les cycles de longueur deux
dans les réseaux d'automates a seuils symétriques (il y a frente-cing ans ) resteront
pour moi le signal fort d'un accomplissement a venir, qui s'est grandement réalisé
depuis. J'ai méme vu recemment que tu avais contribué a faire, de la fourmi de
Langton, la brigue de base d'un calculateur universel, dans la ligne de ce que vous
élaboriez a I'épogue avec Maurice Tchuente et Yves Robert sur d'autres modeles...

« Cher FEric, bon et heureux 70 et longue vie | Avec toute mon amitie, »

Frangois Robert.



