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Trees  in  Nature







Coral



Electrical     discharge



egg

lung



National Geographic



on  Mars

on  Earth
on  a  beach





Trees .... 
branching  structures  .....  

everywhere



From  trees  in  Nature  
to 

mathematical  trees

















“Trees sprout up just about everywhere in computer science,
in nearly every section of

 The Art of Computer Programming”

Trees  everywhere  !



binary  tree



















Some  sequences …





Fibonacci 

































Pascal  triangle
binomial  coefficients



Yang  Hui  triangle
(11th, 12th  century)



in  Persia
Omar  Khayyam
(1048-1131)

in  India
Chandas Shastra by  Pingala

2nd century BC



bijective  combinatorics

 Catalan  numbers

















bijections

injections

surjections

……..























permutations





















increasing  binary  trees









with  paths

binomials  coefficients















A  bijective proof 

with  binomials  coefficients









another  bijective  proof 

with  binomials  coefficients
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 Pingala  (2nd century B

relation  with  Fibonacci  numbers  ?



at  the  primary  school ….

additions

divisions

subtractions

















additions

at  the  primary  school ….











Dyck  paths

binary  trees

and











Mariette Freudentheil

Gérard  H.E.  Duchamp

Association   
Cont’Science

violins:







The  reflexion  principle

subtractions

at  the  primary  school ….



















divisions

at  the  primary  school ….
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bijective  proof  for

the  multiplicative  recurrence 
of  Catalan  numbers
























