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Chapter 1 
Introduction  to  enumerative  combinatorics,  

ordinary  generating  functions 
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number of binary trees
having n internal vertices

(or n+1) leaves  (external vertices)
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ordinary  generating  functions

formal  power  series



Catalan numbers
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a  little  exercise















formal  power  series  algebra

formalisation



Formal  power  series

Formal  power  series  algebra
in  one  variable

commutative  ring



polynomials  algebra

formal  power  series  algebra
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coefficients  in

degree
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of  the  coefficients  (numbers)



exponential

convergence   

ultrametric  topology

- formal
- real  (complex)



sum

product
(by a scalar)

product

algebra



summable family

infinite  product



other  operations



derivative



exponential

logarithm

binomial   power  series



formal  power  series 
in   several  variables

operations
algebras



rational  power  series

algebraic  power  series

P-recursive  (D-finite)  power  series



operations  on  combinatorial  objects

example:  binary  trees
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operations  on  combinatorial  objects



Operations  on  
combinatorial  objects

class  of  valued  combinatorial  objects

finite or enumerable set

let

for monomial  of
coeff  of

in is

then for  every  monomial

is  finite



weight   or   valuation   of

is  summable

generating  power  series  of  objects

weighted  by



objects  of  size  

is    the    size    of

number  of  objects

(finite)

of  size

more  generally

in  general only  one  empty  object

with  weight
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(disjoint  union)

Lemma
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sequence

Ferrers  diagrams



example:  integers  partitions

operations  on  combinatorial  objects

q-series





Ferrers diagram





generating function 
for (integer) partitions















exercise 1

exercise 2



bijective  combinatorics

example:  Catalan  numbers

















exercise 3:  
give  a  bijective  proof of  the following  identity 

(multiplicative  recurrence relation  for Catalan numbers)
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