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Trees 1n nature ...

trees everywhere
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ELECTROLYSIS DEPOSITS

VINCENT FLEURY




VISCOUS FINGERING

INJECTING OIL BETWEEN
TWO PLATES
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TREES o000
BRANCHING STRUCTURES
EVERYWHERE




THE TREE OF KNOWLEDGE
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Trees in the stars 7







The infinitely large ..

The stars, the planets, the galaxies,
the universe, its birth and history;
space, time, mater, ...

understanding the universe with mathematics



loANNTS Kepperi,

Mathematicn Colared

IR0 saginem

Galileo Galilei
1564-1642 Isaac Newton
1643-1727
ClaS SIC al Johannes Kepler
geometry iRt classical
mechanics

euclidian geometry



Relativity theory
restricted
general

gravitation

Albert Einstein
187971955
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Trees in the Particulcs of light 2




collégiale Notre-Dame Vernon






The infinity small ...

the atoms, the electrons
the particles of mater, of light,
the photons, ....







Christian Huygens
1629-1695 Isaac Newton

164371727



the light:

or particles of mater ?

vibration °?
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look at a mathematical formula
as some abstract art
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Srinivasan
Ramanujan
(1887-1920)




The langage of mathematics
is like the langage used to write musics.

But mathematics are musics !

Usually; in school you only learn how to write mathematics,
but it is difficult to hear the beauty of mathematics.






An example of mathematical object:
binary trees or mathematical trees

giving an abstraction of the trees
in the world around us



From trees in nature...

to mathematical trees
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Trees In computers
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comPuting an arithmetical expression
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From trees to rivers
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river or segment or order k
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«very thiny |

perfect binary tree binary tree




correlation between the «shape» of the river network
and
the structure of the deep underground

Prud’homme, Nadeau, Vigneaux, 1970, 1980
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comPuter gral:)hics

ramification matrix of

5 bina:y tree
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mixing 3 ramification matrices

- random
~ binary
 tree
Aatnive



mixing
3 ramification
matrices

3 «shapes»
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It there exist some beaut9 in these

sgnthetic images of trees,

s onlg the Pale reHection of the

extraordinarg oeautg of the

mathematics hic

den behind the

algorithms generating these images



au/e,va.a,a. Steah@yr  wumber

oV o imaxa_ Creen A vey "m

> ds" " B ) e

. . ullovn
Fe"z) bL &:’éé/ (1 9-\7"“ 7“)” ?en’oauc.

Numbers theory

T(w) = vwuwber o_t 475 m Eee
‘cix\ua expams Lo t% 1,8 .., (n-4)



aencvatiha fwctwh

s“/& — V\\D /0_& ((omp&h)
.\'_)(ma.,\r%. hw,@\ :)5
v Grnkpnd ve v Foees
Strabhlr wb  SE(B): %

n

S,00) = 2S¢

+* 20

formal power series



S B &

2 1-2¢

- WA s
S A-6L+\06- 4L



Tt

y v o Chebyshev

N polynomials

trigonometry

Pafnuty Chebyshev
(1887-1920)
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Binary tree
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number of binary trees
having n internal vertices @
(or nt1) leaves (external vertices)
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Catalan
number
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Catalan numbers

E. Catalan
(1814-1894)
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A letter from Leonhard Euler
to Christian Goldbach ...

Berlin, & September 1751



Leonhard

Euler
1707 - 1783
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How to prove the relation
between the distribution of Strahler numbers
and Chcbgshcv Polgnomials?
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logarithmic height
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ramitication matrices
or
matlﬁematical analgsis For tl’lé SI’IBPC

of a branching structures

ow to «measure» the shapc cnc Altee
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ramitication
matrices

In Phgsics




digitous
fingering




DLA

Diffusion

Limited
Agregation
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Academic Radiology, Vol 10, No 2, February 2003 CLASSIFICATION OF GALACTOGRAMS

Figure 4. Two examples of galactograms
that have been correctly classified by means
of R matrices. (a) Galactogram with no re-
ported findings (patient age, 45 years; right
CC view; r32 = 0.5 and r33 = 0.19). (Large
bright regions seen in this galactogram are
due to extravasation, which did not affect the
segmentation of the ductal tree.) (b) Galacto-
gram with a reported finding of cysts (patient
age, 55 years,; right CC view; r3» = 0.33 and
33 = 067)




Academic Radiology, Vol 10, No 2, February 2003 CLASSIFICATION OF GALACTOGRAMS

Figure 1. Segmentation of a ductal tree,
showing (a) part of a galactogram with a con-
trast-enhanced ductal network, (b) the manu-
ally traced network of larger ducts from the
contrast-enhanced portion of the galacto-
gram, (c) numeric labeling of branches in the
ductal network, and (d) the R matrix com-
puted from the branching pattern. The dots,
triangles, and squares denote branching
points of different levels of the tree.

st el A —

a b. c
723 T2 . . 0.43 0.57
R = |r;, r30 r33 . = 0 0.33 0.67
4,1 T42 T43 T44 0 075 0 0.25




visualization of information




Visualization of information for very large graphs

» F\WQL\—) M. Dale b
Y. Caulota, 6. Melamson, ITM. Fedow

extension of Horton-Strahler analysis for graphs
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f the 16-5 RN A from E. coli. This mode! has been fully described elsewhere [18]. The various secondary structure motifs
are included in this up-dated scheme and slight modifications have been introduced

ry structure model o,

Fig. 1. Seconda
are numbered for reference. Base-pairings 2 and

33b
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Fig. 1. Secondary structure model of the 16-S RN A from E. coli. This model has been fully described elsewhere [18]. The various secondary structure motifs

are numbered for reference. Base-pairings 2 and 23 are included in this up-dated scheme and slight modifications have been introduced into helices 18b and
33b
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F e number of forest of trees
w,k = with n vertices
and order k



F 3 = number of forest of trees
with n vertices
and order k

S again

= n,k same
Voidaoaady de cRasmewi distribution !
> LA (113%) (Vool)

D, Zellerger  (1485)
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the quantum world

Electron
« BXCile »

changeant
d'orbite

#

Quantum d'energie

$S.N JoIUnp 3IA 18 20U219G 39IN0S



quantum mechanics
very far from common intuition

particle: tendancy to exist

the famous Schrodinger cat, dead and alive at the same time

space, time, mater, energy: continuous or discrete ?
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infinite sums of infinite quantities ?!?

deleting the double infinite ...

quantum renormalization

recipe for cooking
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Euclide mathematics, many figures until Newton
after, elimination of figures

Lagrange, treatise on mechanics: not a single figure
equations, identities, pure abstraction

Joseph-Louis Lagrange
1736 - 1813




AVERTISSEMENT

DE LA DEUXIEME EDITION.

On a déja plusieurs Traités de Mécanique, mais le plan de celui-ci
est entirement neuf. Je me suis proposé de réduire la théoric de cette
Science, et I'art de résoudre les pfol)lémes qui s'y rapportent; a des
formul\es générales, dont le simple développement donne toutes les
équations nécessaires poui' la solution de chaque probleme.

Cet Ouvrage aura d’aillears une autre utilité : il réunira et présen-
tera sous un méme point de vue les différents principes trouves jus-
qu'iei pour faciliter la solution des questions de Mécanique, en mon-
trera la liaison et la dépendance mutuelle, et mettra & portée de juger

de leur justesse et de leur étendue.

Je le divise en deux Parties : la Statique ou la Théorie de I'Equi-
libre, etla Dynamiqu'e ou la Théorie du Mouvement; et, dans chacune

de ces Parties, je traite séparément des corps solides et des fluides.

On ne trouvera point de Figures dans cet Ouvrage. JLes méthodes

que j'y expose ne demandent ni constructions, ni raisonnements géo-
métriques ou mécaniques, mais seulement des opérations algébriques,
assujetties & une marche réguliere et uniforme. Ceux qui aiment I'A-
nalyse verront avec plaisir la Mécanique en devenir une nouvelle

branche, et me sauront gré d’en avoir étendu ainsi le domaine.



today, apparition of «figures», but on another level
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ProoFs with «Fi gures»

Combinatorial

PI‘OOFS




«combinatorial proof» of some identities
with bijections, correspondences
combinatorial interpretations

D[]8
BENEY

=
I
Eam b
NREERN

2.
N =443+ . +@)



«combinatorial proof» of some identities

with bijections, correspondences
combinatorial interpretations
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Srinivasan
Ramanujan
(1887-1920)
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The idea of heaps of Pieces













The iﬁ]cinitelg lar;ge

Trees in the stars ?
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classical geometry and mechanics
Galileo, Kepler, Newton,...



general relativity










strings theory

particle as a violin chord ... ?
each frequency corresponds to a particle.... ?

Catalan numbers ?






loop quantum gravity

Carlo Rovelli

May be time does not exists ?
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2D Lorentzian
quantum gravity

E.Guitter
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from D9c|< Paths
to heal:)s of dimers







From I’ICBPS of dimers

to Lorentzian triangulations
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metamorphosis:

Euler triangulations
binarg trees
Dgck Paths
heaps of dimers

| orentzian triangulations






Epilogue







“ 3

e













I

‘*M f‘-q;“""’ﬁa“fﬁ‘mﬁ

n*«\
411



Trees everlywhere
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Il'y a des arbres dans les étoiles,
des arbres dans les grains de lumiere.

There are trees in the stars
trees in the particles of lights.

Les théories mathématiques s’interpellent,
s’entrecroisent, renaissent, se fondent entre elles.

Mathematical theories call each other,
intercross, are born again, merge in themselves.

Les grands Maitres se parlent a travers les siecles
dans le jardin merveilleux des Mathématiques.

The great Masters talk each other through
centuries in the wonderful garden of mathematics.
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