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tions en diverses langues. Ses études sur'l'emploi des câbles coniques pour
les puits à grande profondeur ont rendu des services signalés; ses travaux
si estimés sur le grisou ont été le point de départ de cette grande Commis-
sion du grisou que les recherches de nos confrèresMallard, Le Chatelieret
leurs successeurs ont rendu fameuse.
Les formules analytiques de Haton, relatives à la répartition de la

richesse dans les filons métallifères, ses exposés sur les progrès de l'exploi-
tation et leurs méthodes dont il dégageait les idées fondamentales, son rare
talent d'exposition, ont assuré le succès de son œuvre la plus répanduedans
le public et la plus importante peut-être son cours d'exploitation des
mines. La clarté de ses exposés est restée proverbiale parmi les vingt-
neuf générations d'élèves qui ont suivi ce cours et fourni tant de chefs
distingués à nos compagnies minières.
C'est après cette vie si pleine de labeur incessant, avant de voir diminuer

ses puissantes facultés intellectuelles et physiques, que notre confrère se
décida à prendre quelque repos, loin des mines, loin de nous. C'est sous un
ciel plus doux qu'il vient de s'éteindre dans sa o,3e année.
Depuis des années déjà il avait cessé d'assister à nos séances et beaucoup

d'entre nous ne l'ont même pas connu. Sa pensée cependant nous restait
attachée, et l'an passé encore il redisait hautement son amour pour la
Science, et son regret que ses 92 ans l'empêchassent de se jeter dans la
mêlée pour elle, et pour sa foi, si indissolublement alliées en son âme.

Je lève la séance en signe de deuil.

ALGÈBRE ET CALCUL DES PROBABILITÉS. Sur les systèmes de formes
linéaires à déterminant symétrique gauche et la théorie générale du jeu.
Note (') de M. Emile Borel.
Dans deux Notes récentes j'ai indiqué un problème d'algèbre qui se

pose à propos des systèmes d'équations linéaires à déterminant symétrique
gauche d'ordre impair auxquels on est conduit par la théorie générale du
jeu. Diverses communicationsque j'ai reçues à propos de ces Notes,et notam-
ment une intéressante lettre de M. E. B. Schieldrop, m'ont convaincu
que j'avais eu tort de ne pas rappeler avec précision le problème de la

(') Séance du 4 janvier 1927.

Emile Borel.
La théorie des jeux et les 
équations intégrales à
noyau symétrique,  CRAS, 
173, 1921. 1304-1308



Content of Borel's note in 1921 ? 

Classical situations: games subject to the calculation of 
probabilities, like the coin toss, are based on pure chance. 
But: more interesting game situations are at a higher level of 
complexity. Consideration of the actions of players whose skill
combines with chance (such as a card deal) to achieve victory. 

One must be interested in the actions chosen by the players at 
each moment of the game.

Therefore, in real complex games, players must spread their
selection of actions over the different possibilities.



Two players A and B, each of whom can choose their actions 
from a finite set of possibilities C1, C2, ... . , Cn.    Matrix n × n of 
the game: 

αij is a number between -0.5 et 0.5.
0.5 + αij indicates the probability that A wins knowing

that A has chosen the strategy Ci and B strategy Cj .

Borel asks :   αii = 0 (same chosen strategy =>  « neutralization ») and  
αij = -αji (symmetric situation).
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But he also states, without giving further details, that if  n≥5, this
equilibrium situation holds only for particular values of the ↵ij .

<latexit sha1_base64="xa19KVy5qW96ba1FINCr+6G1eZc="></latexit>

The strategy of the players is represented by a probability
distribution over the different actions. It is assumed that player A 
chooses strategy Ci with probability pi and that player B chooses Cj
with probability qj . 
Under these conditions, the probability of A winning the game is
given by 0.5 + α where

↵ =
nX

i=1

nX

k=1

↵ikpiqk
<latexit sha1_base64="YD4QACYgS08ZMUovy2xCRzgdDCE="></latexit>

The game is fair or balanced if ↵ = 0
<latexit sha1_base64="zmVSu/aZilyHmA9usox7pnMF1j8="></latexit>



Why Borel's doubts from the beginning that the game can be balanced? 
Borel did not intend to deal with an abstract theory of games and always kept
real games in mind. In a real game, one must take into account an interaction 
between the two players; the probability distribution of the different actions 
quantifies the skill of the players in guessing the strategy of their opponent. 

What do we mean by a player's "skill"? It is his ability to make the most of the 
elements provided by chance. A more detailed study (. . .) will allow us to 
highlight two distinct factors in this skill: on the one hand, an exact 
knowledge of all the possible combinations presented by the game, and of 
their respective probabilities; on the other hand, the player's ability to deceive
his opponent about his intentions or about certain facts, such as the value of 
his own game. (1938)



Borel: a proponent of a subjective interpretation of probability, so
that the probabilities used to describe a player's strategy reflect his
understanding (or assumption) of what the other player is doing. 

In a real game, the number of available strategies is very high, 
which is an obstacle to the possibility of a truly fair game: perfect
symmetry between two players is simply impossible because one 
player is necessarily more skilled than the other.



Emile Borel
(1871-1956)

Borel’s PhD thesis (1894) : On some points of the 
theory of functions.



Revisiting the Sources of Borel’s Interest
in Probability: Continued Fractions, Social

Involvement, Volterra’s Prolusione

Antonin DurandŁ and Laurent Mazliak†

Abstract. In this paper, we revisit the origins of Emile Borel’s developing interest in probability around
1905. This resulted from new findings in his research on continued fraction, but it also cannot be
separated from the discovery of new applications for the mathematics of randomness (such as biology
or economics) and of their importance as a life-changing tool for the citizen. In particular, we underline
the role of a paper published by Vito Volterra in Borel’s Revue du Mois.
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1. Introduction1

When Emile Borel met Vito Volterra, at the International Congress of Mathematicians
in Zurich in 1897, he was 11 years younger than Volterra and already considered a
brilliant young mathematician. Borel had risen swiftly to the post of associate professor
at the university of Lille, although at this point his international reputation was still
overshadowed by elder mathematicians like Poincaré and Hermite who dominated the
French school at that time. Volterra, despite being older and already well regarded by his
peers, had not yet reached the watershed after which he devoted an increasing amount
of time to the building of the Italian scientific institutions. The subsequent friendship
of the two men, which lasted until the death of Volterra in 1940, was the basis for a
large series of letters, most of which have been conserved at the Academia dei Lincei
in Rome and at the Académie des Sciences in Paris.

The dialogue between these two personalities was often institutional in nature
(organisation of conferences, wartime cooperation). Mathematics was not always at
the center of their correspondence or, more precisely, their particular interests never
coincided.

Letters that testify to their mutual simultaneous research far from dominate in number,
and it is often difficult to deduce any reciprocity in the issues motivating their efforts.
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1) the probabilistic approach allows to bypass a Cantor-like 
approach based only on internal logic that Borel, after having 
been a resolute Cantorian, now treats with defiance.
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LES PROBABILITIES DI~NOMBRABLES ET LEURS APPLICATIONS 
ARITHMt~TIOUES. 

Par M. # m i I e B o r e I (Paris). 

m 

Adunanza dell'8 novembre x9o8. 

CHAPITRE I. 

Les probabilit6s d~nombrables. 

I. On distingue g6n6ralement, dans les probl6mes de probabilit6s, deux cat6gories 
principales, suivant que le nombre des cas possibles est fini ou infini: la premi6re cat4- 
gorie constitue ce que l'on appelle les probabilitds discontinues, ou probabilit4s dans le 
domaine du discontinu, tandis que la seconde cat6gorie comprend les probabilitds conti- 
nues ou probabilitds gdomdtriques. Une telle classification apparait comme incompl&e, 
lorsque l'on se reporte aux r6sultats acquis dans la th6orie des ensembles; entre la 
puissance des ensembles finis et la puissance du continu se place la puissance des en- 
sembles d6nombrables; je me propose de montrer bri&ement l'int6r& qui s'attache aux 
questions de probabilit6s dans l'6nonc6 desquelles interviennent de tels ensembles; je les 
appellerai, pour abr6ger, probabilitgs dgnombrables. 

2. Avant de d4finir plus pr6cis6ment les probabilit6s d6nombrables, je voudrais in- 
diquer en quelques mots les raisons pour lesquelles il m'a sembl6 que leur &ude ne 
devait pas &re plus longtemps n6glig&. La principale de ces raisons est l'importance 
de la notion d'ensemble d~nombrable; cette importance n'est contest6e par aucun math& 
maticien; mais elle me parait &re plus grande encore qu'on ne le croit g6n6ralement. 

Beaucoup d'analystes, en effet, mettent au premier rang la notion du continu; 
c'est elle qui intervient d'une mani~re plus ou moins explicite dans leurs raisonnements. 
J'ai indiqu+ r&emment ~) en quoi cette notion du continu, consider6 comme ayant une 
puissance sup&ieure ~t celle du d4nombrable, me parait &re une notion purement n6ga- 
tive~ la puissance des ensembles d6nombrables &ant la seule qui nous soit connue d'une 
mani&e positive, la seule qui intervienne effectivement dans nos raisonnements. I1 est 
clair, en effet, que l'ensemble des g:l+ments analytiques susceptibles d'&re r&llement d& 

I) BOREL, Les paradoxes de la tb~orie des ensembles [Annales scientifiques de l'l~cole Normale sup& 
rieure, 3 e sErie, tome XXV 09o8)]. 

Emile Borel. Les probabilités dénombrables et leurs
applications arithmétiques. Rendiconti del Circolo
Matematico di Palermo 27 (1909), 247–271.



2) the probabilistic approach has become essential in modern 
physics and in particular in the kinetic theory of gases. 

3) the probabilistic approach makes it possible to understand 
scientifically the question of risk which is at the heart of any 
reflection on social progress in modern, urban and industrial 
society, in accordance with the radical-socialist political line to 
which Borel was close.





Le Journal de Paris,
15 novembre 1915



Deputy of the Aveyron district (1924-1936)
Minister of the Navy (1925)
Mayor of his native town St Affrique (1929-1952)
[except between 1941 and 1944]



Chair of probability calculus and mathematical 
physics (1920)

President of the Statistical Society of Paris (1922)

Creation of the ISUP (1922)

Creation of the Institut Henri Poincaré (1928)
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Résumé

Cet article est consacré à l’étude détaillée du vaste projet éditorial de Borel
dans les années 1920 et 1930 autour des probabilités et de leurs applications.
Après avoir rappelé quelques éléments sur la biographie de Borel et décrit la mise
en place du projet, nous examinons les acteurs qui y ont participé pour mieux
cerner le réseau que Borel a mis en place pour arriver à ses fins. Enfin, dans une
troisième partie les fascicules du Traité sont aussi examinés individuellement
afin de dessiner le contour du domaine probabiliste tel que Borel le concevait,
dont nous montrons qu’il est en fait déjà obsolète au moment où la publication
s’achève.

Mots-clés : probabilités, statistiques, balistique, assurance, jeux, Émile Borel, Insti-
tut Henri Poincaré.

msc : 01A60, 01A74, 60-03, 60A05, 62-03.

Introduction

La singulière multiplication des textes concernant le calcul des probabilités,
spécialisés ou à destination d’un plus ou moins large public au début du xxe siècle
marque l’aboutissement d’un long processus né au cours du xixe siècle qui avait
hissé progressivement les mathématiques du hasard au rang d’acteurs essentiels de
la science moderne. C’est avant tout les développements en physique qui avaient
participé de ce mouvement, notamment avec les travaux de Maxwell et Boltzmann,
principaux fondateurs de la théorie cinétique des gaz, prolongés par ceux de Gibbs,

1. Laboratoire sphere-Université Paris Diderot
2. lpma-Université Pierre et Marie Curie
3. ghdso-Université Paris-Sud
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Launch of the Treaty of Probability calculus 
and its application (1924-1939)



Another consequence of the same dogma is the utilitarian character of Calvinist ethics. There is no possible 
conflict between the individual and ethics. The man convinced of his salvation attests to it by the objective 
results of his actions. It's not a question of gratuitous actions to praise God abstractly, but of achieving useful 
and positive objectives:  ”An idea exalted the Calvinist: that God, in creating the world including the social 
order, must have objectively conceived means of celebrating his glory; that he must have willed not the 
creature for its own sake, but the ordering of the created subject to his will. Therefore, liberated by the 
doctrine of predestination, the active energies of the elect were transformed into efforts to rationalize the 
world".  Liberated? Yes, because the individual no longer had to seek his salvation: if he was predestined, he 
was saved or lost from all eternity, without being able to change anything. So he could "take care of the world 
here below". And this text leads us to a final effect of the doctrine of predestination: rationalization. Calvinist 
theology is rigorously rational. So too must man's behavior and his action in the world, for anything that 
escapes this rigor is ultimately a kind of idolatry of the flesh. All human relationships must be rationalized to 
avoid sentimentalism, and so on. But this rationalization needs to be understood: it's not rationalism, it's not 
the ultimate rationalization of reason. In reality, the Christian's life is rationalized in relation to a single goal: to 
increase the glory of God on earth. It is from this end that a vigorous rationalization takes place. Instinctive 
and spontaneous enjoyment must be annihilated, individual conduct put in order, and a method of action in 
the world established (but this, together with the idea of vocation, means method in work, in economic 
behavior). The methodical regulation of personal life is the surest ethical expression of belief in 
predestination. But this regulation involves both beings subject to our authority, and the regulation of social 
and economic structures.  

Ellul, J. (1964). Max Weber, l’éthique protestante et l’esprit du capitalisme. Bulletin SEDEIS 905. )



I think it is a great service
that gambling does to men.
Much of the great progress
of mankind is due to the
taste for risk. To give the
generous gift of this
progress to all their fellow
men, men have risked their
fortunes, their peace of
mind, their health and their
lives for a magnificent
stake: the hope of realizing
their dream.



n- 1 il en résulte que

lorsque s-> 00.
La propriété (5) des polynomes Py(0 permet d'approfondir l'étude du

développement (3).

CALCUL DES probabilités. – Sur la théorie des jeux.
Note ( 1 de M. J. v. Necmann, présentée par M. Émile Borel.

I. Dans son Livre Éléments du calcul des probabilités (Hermann, Paris,
1924, 3e édition), ainsi que dans plusieurs Notes dans les Comptes rendus,
(184, io janvier 1927, p. 52-55 Sur les systèmes linéaires à déterminant
symétrique gauche et la théorie du jeu), M. E. Borel traite le problème sui-
vant « Deux joueurs, 1 et II, jouent un jeu, qui consiste du choix'd'un
nombre x exécuté par 1 et du choix d'un nombrey exécuté par II; le choix
de x devant se faire entre les nombres 1,2, M et celui de y entre les
nombres 1,2, N. Chacun est obligé de faire son choix sans connaître
celui de l'autre, et si 1 et II ont choisi respectivement x, y, II doit verser
à 1 la somme axr(aX}.^o); le déterminant

est donc caractéristique pour le jeu, c'est la règle du jeu. Quelle est la
meilleure façon de jouer pour 1 et pour II? En particulier, M, Borel
admet que le jeu soit juste, c'est-à-dire que 1 et II y aient le même rôle;
ce qui siguifie évidemmentM= N, axy = – ayx (c'est-à-dire que le déter-
minant | axr j est symétrique gauche).
M'étant occupé indépendamment avec le même problème (un peu géné-

ralisé) et ayant obtenu, entre autres, un résultat qui donne une réponse
affirmative à la question principale (et non résolue) que pose M. Borel, je
me permets de revenir sur ce problème. La déduction détaillée de mes
résultats paraîtra bientôt dans un autre Recueil Zur Théorie der
Gesellschaftsspiele.
II. Notons d'abord, que le jeu défini tout à l'heure avec l'aide d'un

déterminant j axr pourrait paraîtrebien spécial, mais qu'on peut, en intro-
(') Séance du 14 niai1928..»

\l%x2y 
(2) fL=±f 

1 n 
ergibt. 

Umgekehrt ist es falsch, aus der Tatsache, dafe eine nichtnormale 
Verteilung vorliegt, schliefen zu wollen, dafe der betreffende Versicherungs-
zweig einer mathematischen Behandlung nicht zugängig ist, wie das noch 
kürzlich1 geschehen ist. Nachdem seit Keynes2 und E. Blaschke3 bekannt 
ist, dafe sich jede beliebige Frequenzkurve aus der Normalkurve mit Hilfe 
der Abbildung durch die Mittelwertfunktion herleiten läßt und zahlreiche 
Typen der Pearson'schen Form ihre Darstellung durch das Pólya—Eggen-
berger'sche Urnenschema (mit Wahrscheinlichkeitsansteckung) erhalten haben, 
ist die Mathematik der Normalverteilung lediglich ein Sonderfall der all-
gemeinen Kollektivmathematik geworden und letztere beherrscht die anormalen 
Verteilungen genau so gut wie die normalen. Es kommt lediglich darauf 
an, für jeden Versicherungszweig die zugehörige Verteilungskurve aus der 
Statistik zu ermitteln. 

Q U E L Q U E S R E M A R Q U E S S U R L ' A P P L I C A T I O N 
DU C A L C U L D E S P R O B A B I L I T É S 
AUX J E U X D E H A S A R D 

Par EMILE BOREL, Paris. 

On sait le rôle qu'ont joué les études sur les jeux de hasard dans 
les origines du calcul des probabilités. Ces jeux ont donné aux mathé-
maticiens l'occasion de traiter des problèmes relativement simples et les 
méthodes qui ont été ainsi créées ont permis d'aborder ultérieurement des 
problèmes plus compliqués. 

C'est pour cette raison qu'il ne paraît pas inutile d'étudier certains 
problèmes concernant les jeux dans lesquels intervient à la fois le hasard 
et la psychologie des joueurs; l'étude de ces jeux permettra sans doute 
de créer des méthodes qui, pourront être utilisées avec profit dans de très 
nombreuses questions telles que les questions économiques dans lesquelles 
interviennent à la fois des circonstances fortuites et la psychologie des 
hommes. 

Vgl. W . Wunderl in , Anwendbarkei t der Wahrscheinlichkeitstheorie in der Unfall-
versicherung. Mitteilungen der Vereinigung Schweizerischer Versicherungsmathematiker, 
Heft 3 1 , 1936. 
A Treatise on Probability, 1919. 
Wirtschaft und Recht der Versicherung 1925, Heft 1. 
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Value of the game : given by 
the minmax for one player, by 
the maxmin for the other.
von Neumann's theorem : 
Equality between the two 
values for any number of 
strategies. 
The game is therefore equitable. 

Borel “warned during the 1936 congress about the existence of von Neumann's 
article”. No time to study it. Robert Leonard suggests that there was a touch of 
embarrassment ? “Even if the minmax theorem was always true in theory, in the 
case where the number of possible actions of the players is very large, its practical 
interest is null considering the complexity of the necessary calculations.”

J.Von Neumann. Sur la théorie des jeux, 
CRAS, 14 mai 1928. Presented by Borel. 



It is again important to note the essential diversity between Borel and von Neumann’s 
approaches to the idea of game. Unlike the Hungarian mathematician, Borel had no intention 
to define a game ex novo by means of a definite set of axioms but only to modify an already 
known notion. The most evident reason for this statement is given by the fact that, in Borel’s
work, there could be no game theory without the consideration of the essentially probabilistic 
concept of mixed strategy ; this concept was in fact introduced by the French mathematician 
in (Borel 1921) and was to play a central role in all his subsequent works. In other words, 
according to Borel, the extension of the concept of game intrinsically corresponded to the 
randomization of the concept of strategy, reflecting the consideration of the intervention of 
the players’ « habileté» (. . .) This was essentially the opposite of von Neumann’s work. 

Dell’Aglio, Luca. (1995). 
Divergences in the history of mathematics : Borel, von Neumann and the genesis of Game Theory.    Rivista di Storia della Scienza 2, 1–45.



Dialogue of the deaf...
von Neumann: interaction between the two players is totally
absent. 
Axiomatic presentation of the game: objective presentation of a 
reality in which psychology is excluded. 
Purely mathematical approach that allows von Neumann to 
formulate and obtain a general theorem.
Result impossible to use, no interest in the eyes of Borel in an 
applicative framework.
It is enough to reflect for a moment to realize that, even for a rela8vely simple game like
écarté́, even if one believes that one can take into account certain remarks made by the best 
players which would allow to discard certain ac8ons because they would be with certainty too
unreasonable, there remains such a large number of variables that the mere task of wri8ng
the equa8ons, let alone solving them, seems absolutely insoluble. (1938)



Georges-Théodule
Guilbaud

(1912-2008) 

Guilbaud, G.-T. (1949). La théorie des jeux. Contributions critique à la 
théorie de la valeur. Economie appliquée II, 275–319.

Ce travail n'aura qu'un seul point commun avec une véritable recension: 
favoriser la lecture directe de l'ouvrage. Mais je ne me limiterai pas à 
une revue complète des sujets traités dans ce livre ; et, inversement, je 
ne me limiterai pas non plus aux points de vue de nos deux auteurs, 
pensant bien faire en situant certains éléments de leur travail dans un 
contexte plus large, et en montrant une sorte de continuité (dialectique, 
si l'on veut parler ainsi, mais non illusoire) entre le nouvel homo 
economicus et l'ancien.



 EMILE BOREL, INITIATOR OF THE THEORY OF
 PSYCHOLOGICAL GAMES AND

 ITS APPLICATION

 BY MAURICE FRECHET

 INTRODUCTION

 IT WAS only relatively recently that I began to occupy myself with the
 theory of probability and its applications, which explains why the notes
 that Emile Borel [1-7] published between 1921 and 1927 on the theory
 of psychological games escaped my attention. It was chance to begin
 with, and then later Mr. Guilbaud brought them to my knowledge; be-
 cause, in the extensive literature devoted to this theory and its applica-
 tions in recent years, references to earlier work do not lead back, in
 general, further than to the important paper published in 1928 by Pro-
 fessor von Neumann. But, in reading these notes of Borel's I discovered
 that in this domain, as in so many others, Borel had been an initiator.'

 The notes of Borel are of course written in French. Since the majority
 of papers and other publications that have appeared later on the same
 subject have been written in English, it seemed to me that a service
 would be rendered to the authors of these publications and to their
 readers by making them acquainted with the notes of Borel in the form
 of a translation into English.

 There will be found below the translations of (1) Three notes of Borel,'
 and (2) A commentary in which I have tried to make it clear that the
 ideas adopted in current expositions of the theory of psychological
 games and its applications are already to be found in the notes of Borel.3

 I It seems to me interesting to reproduce here a definition of the word initiator
 due to E. Legouv6, a definition which on being easily transposed from the domain
 of the literary and the esthetic to the domain of science seems to apply particularly
 well here. "Nos goits, pour se produire, ont souvent besoin d'initiateurs. Je
 nomme initiateurs ces 8tres privilegies, ces creatures magn6tiques qui font vibrer
 en nous des cordes jusque-lI muettes, ces eveilleurs d'ames." This may be trans-
 lated thus: "Our tastes, in order to manifest themselves, often need initiators.
 I call initiators those privileged beings, those magnetic creatures who make
 vibrate in us cords until then mute, those wakers of souls."

 It remains no less true that it is to von Neumann and to Morgenstern that we
 owe a theory, much more complete, much better developed in all of its details, than
 that which was sketched by Borel.

 2 It did not seem worthwhile to translate three other notes (of which one is an
 erratum) published by Borel, like the others, between 1921 and 1927, for these are
 sufficiently well abstracted in the sixth note. References to all six notes are given
 in the bibliography at the end of the Notes and related commentary.

 C'est grAce a l'intelligence et au d6vouement du Dr. Leonard J. Savage que
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Maurice Fréchet. (1953). Emile Borel, initiator of the theory of 
psychological games and its application. Econometrica, 1953.

Important as the contribution of von Neumann and Morgenstern is, we
must however consider it as falling within the progressive
mathematical evolution of the theory. Their work is neither a beginning
nor an end. We must not, indeed, adopt the disdainful attitude of
these two authors for the work of the great initiators of mathematical
economics- an attitude in which an exception is made in favor of the
Austrian school, but an exception of which one senses a sentimental
origin. The objections made to the work of their predecessors are of
the same nature as those that can be presented against any theory. No
theory takes everything into account; there will always be a more
complete one; but the early one will retain its value as a less refined
approximation. That, indeed, is what will happen to the work of von
Neumann and Morgenstern itself; it will one day be obsolete, but it will
certainly remain in the history of economic science (associated with
the pioneering notes of Borel) as having contributed with clear results
and opened new horizons . (Fréchet, 1953)





Conclusions... in fishtail...

1) Borel clearly perceived the importance of taking into account a complexification of the 
model of play based solely on chance, which was generally the only one considered in 
probabilistic studies

2) it seems somewhat exaggerated to attribute to Borel the idea of the minmax that von 
Neumann succeeded in identifying, but he did consider mixed strategies and raised the 
question of equitable play 

3) It is not excluded that the reading of Borel's notes motivated von Neumann in his formal 
research. 

4) The attitudes of Borel and von Neumann reveal how complementary their approaches to 
the role and practice of applied mathematics were. 



Thank you for your a,en.on! 


