
Del Loa al Sena: bitácora parcial de una travesía
DU Loa a la Seine: carnet de voyage.

Form the Loa to the Seine: journey log. 
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Topics:

1) Neural or Threshold Networks: dynamics and energy

2) Regulation Networks: dynamics and Robustness.

3) Ants models and its complexity.

4) Prediction and Complexity

5) Social Science: Schelling Segregation, Sakoda’s model 
and polarization

6)  Periodical organisms: cicadas, bamboo …..



We consider a 4x4 
lattice with periodic 
conditions,
nearest 
interactions, states 
0 or 1, and the local 
majority function:
If the number of 
ones is bigger or 
equal to the number 
of zeros then
the site takes the 
value 1.

NEURAL AND THRESHOLD NETWORKS



Neural networks

No se puede mostrar la imagen.

The weight matrix

The threshold vector

iff
0        otherwise



For arbitrary matrices W previous model may accept,
iterated in parallel or block-sequentially, long period cycles 
and long  transients … But when W is symmetric the 
network admits short periods and an energy: (E.G and J.Olivos, 

Discrete Mathematics, 1980,Discrete Applied Maths, 1981; E.G, SIAM J of Computing, 1982; E:G, F. 
Fogelman, Discrete Applied Maths(1985))

Further, if  diag (W) ≥ 0, any sequential update
admits the energy (E.G., F. Fogelman, G. Weisbuch, Disc. Applied 

Maths.  1982)



For arbitrary matrices W previous model may accept, 
Iterated in parallel or sequentially, long period cycles 
and transients …..
But when W is symmetric the network converges to
fixed point or two periodic cycles (parallel update), 

And, if diag(W)≥0 to fixed point (sequential update).

E.G, J. Olivos, Periodic behaviour of generalized threshold functions, 
Discrete mathematics, vol 30, pp 187-189, 1980
E.G., Fixed Point behavior of threshold functions on a finite set, SIAM Journal on 
Alg.  And Discrete Methods, vol 3(4), pp 2554-2558, 1982.



The most general dynamical result:

€ 

s = {I1,...,Ip}

€ 

W (Ik )

€ 

k ∈{1,..., p}

Consider the block-sequential scheme

The symmetrical threshold network    T=(W, b, s)

Let the sub-matrix associated to the k-th block

If for every is non-negative-definite

€ 

W (Ik )

The network converges to fixed points

E. G., F. Fogelman-Soulie, D. Pellegrin, Decreasing energy functions as a tool

For studying threshold networks, Discrete Applied Mathematics, vol 12, pp261-277, 1985.



We will suppose now that every matrix is the incidence matrix of  
an undirected graph G=(V,E), so their entries belong to the set {0,1} 
W=W(G)=                 eventually with loops 

€ 

(wij )

€ 

(wii =1)

€ 

α(G) = −n − k + 2m − 4 p
n = |V|, 
m =|E|,  (without loops)
K  = the number of loops,
P  = the minimum number of edges to remove 

such that the sub-graph is bipartite.

Consider the quantity:

De: Gonzalo Ruz Heredia gonzalo.ruz@uai.cl
Asunto: imágenes de trabajos
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Theorem: attractors for every block-sequential update.

€ 

s = {I1,...,Ip}

€ 

k ∈{1,..., p}

Consider the block-sequential scheme

The symmetrical threshold network    T=(W, b, s)

Let the graph associated to the k-th block

fixed points

€ 

G'⊆G(Ik )

€ 

α(G') < 0

€ 

α(G') ≥ 0

€ 

G(Ik )

€ 

k ∈{1,..., p} and

€ 

€ 

G'⊆G(Ik ) such that ⇒

⇒

€ 

∀

€ 

∀

€ 

∃ cycles
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Fission yeast
cell-cycle model 

(Yeast1)
Model proposed in Davidich, 
Bornholdt (2008) PlosONE)





The total number of updates is 545835

The equivalence classes are 15350

For                   and Ste9(t)=Rum(t)=0  there are
3984 equivalence classes with a limit cycle (unique). 

For                there are 868 classes with a limit cycle (unique) 
Such that Ste9=0 and 661 classes with Ste9 non constant.

So there exists  5513 classes with a cycle
(period between 2 and 5)





Cell cycle of the budding 
yeast

Li, Long, Lu, Tang,(2004) The yeast cell-cycle
network is robustly designed,  PNAS,101,

4781-4786

THEOREM: for any update YEAST2 has only fixed points



ANTS as Complex systems: could be intelligence 
an emergent property?

A. Gajardo, E.G., A Moreira, Complexity of Langton’s Ant, Discrete Applied Mathematics. Vol. 117, Issue 1-3, pp. 41-
50, (with A. Gajardo, A. Moreira). (2002)
A. Gajardo, E.G, E. Moreira, Generalized Langton’s Ant: Dynamical Behavior and Complexity, STACS’2001 Lectures 
Notes in Comp. Sci. 2010, pp.259-70. (2001)
A.Gajardo, E.G, A. Moreira, Dynamical Behavior and Complexity of Langton’s Ant,  in Complexity, Vol.6 , N°4, pp 46-
51  (2001)
A. Gajardo, E.G., Dynamics of a class of ants in a one dimensional lattice  in Theorical Computer Science, vol. 322, 
number 2, pp. 267-283 (2004).
M. Schimick, E.G, M. Markus, Tracks Emerging by Forcing Langton´s Ant with binary sequences, in Complexity 11,27-
32 (2006).



Planar ant model (Langton’s ant)



Some associated models and 
its dynamics



Ant’s dynamics

THEOREM: The ant is  P-Complete and Turing Universal

Logic gate



We will consider decision problems (YES or NO answer).
The class P: problems which we can be decided in a serial 
computer in polynomial time.

The class NC: problems which can be decided in a parallel 
machine (say a PRAM) in poly-logarithmic time by using a 
polynomial number of processors.

.

Dynamics of automata networks 
and computational complexity



Given a finite non 
oriented graph 
G=(V,E) and an 
initial 
configuration of 
0’s and 
1’s.Consider the 
strict majority 
function operating 
at each node.

What is the 
relationship 
between the graph 
and the
proportion of 1’s 
such that  iterated 
in parallel every 
node  will become 
1?

Bootstrap Percolation



Decision problem PRE: given an initial 
configuration and a specific node at value 0. 
does there exist T>0 such that this 
node becomes 1?

Theorem (E.G, P. Montealegre)

For graphs such that its maximun degree ≥ 5, 
PRE is P-complete.
If the maximun degree ≤ 4, PRE belongs to NC



We consider the similar decision problem PRE

Von Neumann neighborhood 
in 2D

Nearest neighborhood
In 3D

OPEN P-Complete

THEOREM: For planar graphs PRE for the majority 
vote is P-Complete

E.G,  P. Montealegre.

COMPLEXITY for the majority

conjecture (C. Moore): easy (C. Moore)



wire Duplicate a signal
diode

=

The cross-over gadget

AND

OR



Social Science Modelling: Schelling Segregation, 
Sakoda’s model and polarization



The Model of  Segregation by Shelling

Lattice one or two dimensional with 
periodic conditions

State
Neighborhood  Moore 
(green and red arrows) 
and von Neumann (red 
arrows)

Tolerance threshold

Thomas C. Schelling (1969 - 1972)



Happiness threshold
An individual is unhappy if there are
more than individuals on the other
state in its neighborhood

The update rule
At each step, one lists the unhappy
individuals of both species, and then
randomly (for instance) one
exchanges two individuals of opposite
value.



Phase diagram
for Moore’s neighborhood

Other neighborhoods



Polarization.

Recent empirical findings suggest that societies have become more polarized in various 
countries, i.e. the median voter of today represents a smaller fraction of society compared to 
two decades ago. What is driving this polarization? Activist-voter interactions play a major role 
in political opinion formation. We study a macroscopic opinion model in which activists target 
certain groups of individuals in order to inject their political ideas. Polarization emerges when 
small heterogeneities among competing activists cause them to target different groups in 
society 

Lucas B öXcher, Hans Gersbach,  (ETH)  E.G.  P. Montealegre.UAI  

Polarization model. In this example, the political spectrum consists of N = 9 
different states and is divided in three groups: group A, a neutral set of agents, 
and group B. A transition from one state to its nearest neighbors occurs with 
probability p. A political activist A+ or B+ can locally decrease the transition 
probabilities (p− < p) or increase them (p+ > p). 



E.G, M. Markus, Prime number selection of cycles in a predator-prey model, Complexity, Vol. 6, Nº4, 33-
38, (2001).
E.G, M. Markus, Cicadas showing up every prime number of years, The Math. Intelligencer, Vol.24, N°1,
pp.30-32 (2002).
E.G, M. Markus, O Schulz, Prey population cycles are stable in an evolutionary model if and only if their
periods are prime, Science Asia 28 (2002): 199 - 203

Periodic 
Organisms

New work in progress 
EG, Ivan Slapnicar, Marcos Lardies



Periodic Organisms

study in detail the convergence of the proposed model and, for bounded
mutations (every organism may mutate to a near life-cycle ±K > 0 years)
we will characterize completely the attractors.

2 Model

2.1 The general model

Consider two organisms, C1 and C2, with a year period life c1, c2 2 N, c1, c2 �
2. Consider the year interval T = c1 · c2, and the emergence functions

�i : [1, T ] ! {0, 1},

such that �i(t) = 1 if and only if the organism Ci is present in year t. Clearly,
organism C1 appears exactly c2 years in the interval [1, T ] and, respectively,
C2 appears exactly c1 times.

Let us now define the (local) fitness functions associated to C1 and C2 as:

fi : {0, 1}⇥ {0, 1} ! {�1, 0, 1}, i = 1, 2

such that f1(0, ⇤) = f2(⇤, 0) = 0, that is, if organism is not present in a year,
its fitness is zero. if the organism is present, its fitness with respect to the
other organism may be 1, 0 or �1 (good, neutral or bad).

For given periods c1 and c2, the global (cumulative) fitness functions over
the interval [1, T ] are obtained by simply adding yearly fitnesses and dividing
them by the number of years in which the organism appears in this interval:

F1(c1, c2) =
1

c2

TX

t=1

f1(�1(t),�2(t)),

F2(c1, c2) =
1

c1

TX

t=1

f2(�1(t),�2(t)).

The set of fitness functions

Given two organisms, C1 and C2, and their fitness functions, f1 and f2, re-
spectively, the only interesting situations are when the organisms are present.

3



(C2) = c1,

(C1 ^ C2) + (C1 ^ C2) = c2, (1)

(C1 ^ C2) + (C1 ^ C2) = c1. (2)

Finally, we eliminate tuples for which one of the fitness functions is always
negative.

Lemma 1 For the tuples

(0, 1,�1,�1), (0, 0,�1, 1), (0, 1,�1, 1), (0, 1,�1, 0), and (�1, 0, 1,�1)

one of the global fitness functions is always negative.

Proof: For the first four tuples we have

F1(c1, c2) =
1

c2
(�(C1 ^ C2)) 

�1

c2
< 0.

For the the last tuple we have

F2(c1, c2) =
1

c1
(�(C1 ^ C2)) 

�1

c1
< 0.

⇤
The final set to study consists of the 14 fitness tuples listed in Table 1.

The tuples are numbered for further reference and are displayed together
with their ecological graphs.

Table 1: Relevant fitness tuples and their respective ecological graphs.

v1 = (�1, 0, 1, 1) C1 C2
+

-

+

v2 = (�1, 1, 1, 1) C1 C2
+

-

+

+

6

v3 = (0, 1, 1, 1) C1 C2
+

+

+

v4 = (0, 0, 1, 1) C1 C2
+

+

v5 = (�1,�1, 1, 1) C1 C2
+

-

+

-

v6 = (1, 1,�1,�1) C1 C2
-

+

-

+

v7 = (1, 1,�1, 0) C1 C2

+

-

+

v8 = (1, 1, 1,�1) C1 C2
-

+

+

+

v9 = (�1, 1, 1,�1) C1 C2
-

-

+

+

v10 = (�1, 1, 1, 0) C1 C2

-

+

+

7

v11 = (1, 0,�1, 0) C1 C2

+

-

v12 = (0, 1, 1,�1) C1 C2
-

+

+

v13 = (0, 1, 1, 0) C1 C2
+

+

v14 = (1, 1, 1, 0) C1 C2

+

+

+

By inspecting previous graphs, we can classify tuples in four classes. The
first class V1 is the set o↵ all tuples for which the corresponding graph is not
strongly connected:

V1 = {v | (f1(1, 1) = 0) _ (f2(1, 1) = 0)} = {v7, v10, v11, v13, v14}.

The other three classes are:

V2 = {v | f1(1, 1) = f2(1, 1) = 1} = {v1, v2, v3, v4, v5},
V3 = {v | f1(1, 1) = f2(1, 1) = �1} = {v6},
V4 = {v | f1(1, 1) · f2(1, 1) = �1} = {v8, v9, v12}.

8



One of the “cicadas” model is v9 = (-1,1,1,-1).
The steady state: population 1 dissapears and population 2

converges to a prime period. 

For bamboos  one model is v2 = (-1,1,1,1).
The steady state c2 is a divisor of c1.

Bamboos with period 3, 2, 30, 60 120 years!!!!

Cicadas with period 7,13, 17
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Now with populations that dissapear:
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3 Numerical experiments

Here we illustrate the behavior of the representative 4-tuples

v7, v10, v11, v14, v1, v2, v6, v8, v9,

from Propositions 2-5. We display graphs for (c1, c2) where c1, c2 = 2, 3, 4, . . . , 40,
for two cases, [�p, p] = [�1, 1] and [�p, p] = [�4, 4].
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Les Grenoblois

Francois Robert, 
The boss
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The friend who I owe so much
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Arfficial Intelligence lab. MIT

J. L Lion
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the Polytechnicien
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The philosopher and the friend

Marcel-Paul 
Schützenberger:  
The Miracles of 
Darwinism 

 

 don Marco Schützemberger
the academician

and the artist.

•  •   
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• More...  
o  

View Image Preview  

Maurice Nivat 
 

 

Sadly, this member passed away. 

Membership Number: 349 
Membership type: ORDINARY 
Section: INFORMATICS 

Elected: 1989 
Main Country of Residence: FRANCE 
 

 

Maurice Nivat
The academician; the chief
of the submarine at Jussieu.

 

 

Dominique Perrin  
 

Dominique Perrin, 
the Chilean-French

partner; the Malraux 
chilien.



Michel Cosnard,
the partner

Maurice 
Tchuente ,
The partner
The friend
The minister.

Stuart Kauffman, ethe one with 
crazy idea. The unreserved friend
who gil me Boolean Networks

Francoise the friend 
from Paris

Henri Atlan,
The philosopher and
Biophysicist of
disorder
Entre el Cristal y el 
Humo

Yann Lecun
partner from la
Montée
sainte Genovieve
(Turing Price 
2018)









And from the Loa to the Mapocho river then Hanoi. Tomorrow
Shanghai,  Bristol, Marseille and again the Seine and Paris, and 

Antofagasta and Santiago and go ahead, again and again, 
because the journey never ends. 


