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Chapter  4 
Trees and tableaux 

Ch4b

The Loday-Ronco algebra of binary trees



3 graded Hopf algebras: 
Malvenuto-Reutenauer, 

Loday-Ronco, 
Solomon algebra





increasing binary trees

canopy

permutations

up-down sequence

See BJC I, Ch 4a, 74-94



























Hopf algebras: 
Malvenuto-Reutenauer, 

Loday-Ronco 













increasing binary trees

jeu de taquin 
for
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 Catalan  alternative tableaux

See BJC III, Ch 4a

























Bijection   
Catalan alternative tableaux 

binary trees

See BJC III, Ch 4a, 78-107

(second bijection Catalan alterntive tableaux — binary trees)



































“jeu  de  taquin”   
for an inceasing binary tree

Catalan alternative tableau
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construction of 



















expression for  
the Loday-Ronco product





















analog of the Loday-Ronco product

for Catalan alternative tableaux





























The             product































-1



-1




