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The mathematical beautg o1C trees

The renaissance of combinatorics

and visual mathematics

From classical Phgsics to quantum gravitg
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ELECTROLYSIS DEPOSITS

VINCENT FLEURY




VISCOUS FINGERING

INJECTING OIL BETWEEN
TWO PLATES
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TREES ....
BRANCHING STRUCTURES
EVERYWHERE




THE TREE OF KNOWLEDGE

IIT BoMBAY, POWAI, MUMBAI
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The infinitely large ..

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

understanding the universe with mathematics
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Galileo Galilei
156471642 Isaac Newton
1043-1727
Clas SlC al Johannes Kepler
geometry e classical
mechanics

euclidian geometry



Relativity theory
restricted
general

gravitation

Albert Einstein
187971955
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Trees in the Particules of light 7




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

1643-1727



the light:

or particles of mater ?

vibration ?
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look at a mathematical formula
as some abstract art
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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.



Proof of the ASM Conjecture-Act I

Subsublemma 1.1.3: - (105) T
‘ e -y Py I s

e n1<i<jgk($j - T;)

Z sgn(m)-m [ 025... 54

(1= zi)(1 = zxzp—1) -+ (1 — T Tk—1 ~--Ix)] > [, (1 -z) [hcicjcr(l — ziz;)

mESK ‘ bt N e e | o g8 a7 P : f :
(Issai) 2@_&—#—&@@;;&#:;\%5 i "EH;E.E-FE s et e,
‘,‘ T . -

[ Type ‘S113(x) ;* in ROBBINS, for specific k.

Proof : See [PS], problem VIL47. Alternatively, (Issai) is easily seen to be equivalent to Schur’s
identity that sums all the Schur functions ([Ma], ex 1.5.4, p. 45). This takes care of subsublemma
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I1
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k! [l @R 12 2 [ i (1 - 7im5) 765,
k
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== CT.;. 5 {1r [ — e Hz-.
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k (xesk ) [T (Bt Lgn el Micicick(l = ziz5) z 2
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where in the last equality we have used Levi Ben Gerson’s celebrated result that the number of . T ‘
elements in Sy (the symmetric group on k elements,) equals k!. The extreme right of (George) is = T x z
Y gr & ! :

exactly the right side of (MagogTotal). This completes the proof of sublemma 1.1. O
W, A.M. 608.
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An example of mathematical object:
binary trees or mathematical trees

giving an abstraction of the trees
in the world around us
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From trees in nature...

to mathematical trees
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Trees In comPuters
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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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mixing 3 ramification matrices

perfect
tree

search tree
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mixing
3 ramification
matrices

3 «shapes»

n
%1

WANOYD & o

'. . : & . - :'. n.
0: 15 3] 1000 - 2000. 3000 3016
W, (¢ Y s 2t | 2t 1000 2000 3000 2008

—— e
.






























i bt i 5 i

e i i g i Nl g - e e 3l

If there exist some beautg in these
59nthetic images of trees,
it 1s onlg the Pale reflection of the
extraorclinarg beautg of the
mathematics hidden behind the

algorithms generating these images
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Chebyshev
polynomials

trigonometry

Pafnuty Chebyshev
(1887-1920)

vA'\m(m—\)G = [/)Ln9) U\n (6009)
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Binary tree/\

number of binary trees
having n internal vertices @ n=/
(or nt1) leaves (external vertices)
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number




A 4 2 S 4% &

Catalan numbers

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

Berlin, 4 Sel:)tember 1751
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Euler

1707 - 1783
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Dyck path




from binarg trees
to D9c|< Paths
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ramification matrices
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mathematical analgsis for the shape
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ARBRES Aux CORBEAUX LOUVRE MUSEUM
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Limited
Agregation
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matrices de ramification auto-similaires
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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; r3» = 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.

a b. c
721 T22 . . 0.43 0.57
R = |ry, r32 133 . = 0 0.33 0.67
4,1 T42 T43 T44 0 0.75 0 0.25
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Visualization of information for very large graphs

3. p\u.,?ae.\r) M. Dele b
Y. Caulota, 6. Melamson, IT™M. Fedow

extension of Horton-Strahler analysis for graphs



D. Auber



T -—'h-h'lﬁl—'w_h-—.q_., ;
5 r)

s B & ol i b e i i, o i e e o b v i ]

el i B i i sl

trees

T oy I K W A B e Ry,
. 'y

s i




AY_ Phev\)'la.b.n‘me

A denine
U VO.CY\;

G wanwae

tARN "M
C yfoscne



—s o

. :E:F

—y
—t

Pt

-

‘./40

~m
_\.

o o
/

b/o/-o\

.
@

:
/

[

EARN "M



t ARN e






Lo 2
-~ \((.
’Ull\\ii!lA
Mz ¥
= » m "
) S .
60000\\,“& ™ m e e ﬂ 2
R 3
ﬂ wy daon.‘lh o a®,
~
f7 X g, R
Rl FNE  ESueny, S
» [ ™ > % e
Alv -/ v o oo ] P4
llo‘lﬂrd - - -
" < fo.-\ - - 2 - @ -
o W o vWeTe - - TREM M.AUEG.
> .w.-l L s 4 ﬂ m 21 u
- [>7°, - il o | C & ]
o ﬁ [t Lo o, e i R*7o7 g
- 3 N\‘ ‘l -« AACDHJ\ 7 e (ﬁl. N < “ .IN 0
£ . - -
SII‘AIU. "..\\“.. .(“\ e W%AJ—”‘(U”‘ Aﬂl(&a
2 A n /—ptT\. @ - -
i &"\.n -3 3 v
3T» . > 1> 4
o~ d\i-“( “ u & ﬂ vta.l “ ulwm
— o a{ 6 m % - M )
S 2 o™ s DOV N S, 3 w-> 0
e < 3 St - L Do
Vasuusseu s s {1 s «®) Y aw 9
3 LI \ A S0 a-% ™
< a4 77 seSe w O3 P <
“ d P d N o, .- w o -3
- ~u s £ ﬂ Ll et @ -
" e ) CE scl.p
“ TS B o « B u W
LN C.Il(.- - Inl - 2 wed m ”.G = N
> S TN ™ “ > e v
2 e N T [ . o-u ) 2l .
.\COCAU..._IA F Bvitd .ﬂ bl W <=2 “ w
g -a = A a2 @
. CI.' o r “!( - gacty 4 ' “» lhﬂ(nttutcg...ﬂ
AII!! ~ e m & 4opvupeavaa
A'llln(.wz m “..I.GOA(A(A((..J“.(:S&«
L v ﬂ
-5
>
-
0 - . o
Sl e - >
W ] w g M. E \.\- a “hl(.u
S Vuvoa® rAGC((d..\.md Uiﬂﬁn .-ﬂlllun
- il » A
P-e ._!_!.Am.n L-I(.u o 3“//% e -
oo O L . »
" ',‘w- osde
o (R PVl T )
e f g p 3o i TR
\- [ ¥ =D . o e
g s B By o < Ya 3
g TTIVITE I N ee ol 8 %, 4
A.ﬂ 1'&5.-. % < w(ulw (lh- < ) AAA(S
- < a8 " Yo 5 Bopoa ™ & - “e
o ax t o -2 o <. 2% V%% ot
g.o52 - L a1 1 & Ve AP
& o~ onp = ﬂ2 o
.’lt‘ - a -
- vld e D : 1
e , G Sy - atn . -
=3 .nv..l s £.3 - L D S .3
- M .-HU O o @ B usaan AR
B - 2% 0 9. o n.uh'.u.tw._ S
-“ - (l.v.ﬂ7 ) “ﬁuu.-lu ~N L) i P i -.n.ﬂ
(Aﬁt Gv.o.ﬂ NHM = o, 3 \\\6..00 M .utl
bd - -
- e, Avl.rn .n.ﬁ 2 3 iuuc m(u\n\ .n(u ,w"ﬂ/‘a: S
- 3 o
AN - R TIPS R ¥ S8
- VoY e C - E) e o w R
“ n B uoe Vocus <« th N, - P ~ 0y
" -y >0 a o 2 tnﬁ\u\ P, O
et ) o\ Vet L PR I d s L7 e ¢ B¢ - (v\\\.uﬁ
B 5 o o e 2%e. ewion L T |
v=o O o ] w o' O ‘B B % 3
ves IN “o 2 S B @
<« v = o e
Bl it o o

18band

into helices
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Fig. 1. Secondary structure model of the 16-S RN A from E. coli. This mode! has been fully described elsewhere [18]. The various secondary structure motifs
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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 A = number of forest of trees
with n vertices
and order k

S again

= ",k same
Vauhmmsdads oo Chamments distribution !
X V. (123%) (eool)
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the quantum world

Quantum d'energie

Electron
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changeant
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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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interactions between parti photons



infinite sums of infinite quantities ?!?

deleting the double infinite ...

quantum renormalization

recipe for cooking
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Alain Connes




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 entierement neuf. Je me suis proposé de réduire la théoric de cette
Science, et I'art de résoudre les p;'ol)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 trouvés jus-
qu'ici 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, et la Dynamique 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. [Les méthodes

que j'y expose ne demandent ni constructions, nl raisonnements géo-
métriques ou mécaniques, mais seulement des opérations algébriques,
assujetties 2 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

av<‘?)=~;o~o~0«
07(?)=«'»Q~w@w-+wow®w+w0w©w
w(%=w@w0~+w@w{}~+w@m{)«~

(Y = @ 4 “@‘ . ”@‘ product of two binary trees
@{}@_@_@_ e o @
/ —
OO DO A



= ——— e e

TR I S R o e e

et g

it bl sl i g i B i, i

e gl g i S b o s A e

Procncs with «h guress
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«combinatorial proof» of some identities
with bijections, correspondences
combinatorial interpretations
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drawing calculus

computing drawings
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The idea of heaps of Pieces
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The infinitely large

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



general relativity







eneral relativit :




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 ?



foam of the
space-time
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causal clynamical triangulations
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P. Di Francesco

2D Lorentzian
quantum gravity

E.Guitter

C. Kristjansen
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from Dgck Patlﬂs
to heal:)s of dimers
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From heaps of dimers

to Lorentzian triangulations
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metamorplﬁosis:

Euler triangulations
binarg trees
Dgck Patlﬁs
heaps of dimers

| orentzian triangulations







Epilogue
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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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space-time text:
Marcia Pig Lagos

violins:
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realisation:
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Space-Time text
english traduction: Peter Scharf
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videos:
atelier audiovisuel
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Vldeo.te.chnlcal 2910; Photo  Gravitational Lens Galaxy cluster 0024+1654
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video: IIT Bombay, Institute colloquium, 19 Feb 2013

http://www.cdeep.iitb.ac.in/timeline/play_lecture.php?lno=x_viennot

www.xavierviennot.org

vulgarisation.xavierviennot.org

(popularization) page: étudiants université
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