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The Grossman Larson Hopf algebra

The graded dual of Connes-Kreimer is also a named Hopf algebra.

The Grossman Larson Hopf algebra of rooted trees is a Hopf
algebra defined on Span,(7), trees not forests.
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Product is grafting the subtrees of the left tree onto the right tree.
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s; giving each side a root.

Coproduct is deshuffle subtre
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It is graded and co/m_Lctw a Hopf algebra in the usual way.
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Duality

Grossman-Larson is dual to Connes-Kreimer, though exactly how is
a little subtle.
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First, remove the root in Grossman-Larson, then both are defined

on trees, and the operations of Grossman-Larson still make sense.
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Then the pairing is not the obvious one; there are some 2000 .
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Noncommutative Grossman-Larson

The same story works noncommutatively giving a noncommutative

version of Grossman-Larson and the graded dual to NH.
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Extending the square

Then the third squareﬁtends to a hexagon
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Extra space

So wheb o A Lreoede o G.S‘u
Ay Q5 — Q4
e T MeL cdende

Nad b deck A¢ v o Leocgle

AAM) (@e Ada + A0 L YIM)
= Z My M, ll
dezcl
=2 MOM, M ol = [eMaM) + AMHOA
ab=c

So adedely b 2R Q4w
T8, (€) = AT W)
\fw\é det o T do o Q= BB (B, (8, . () = Af(A .. (D)
T

¢ 6‘5 ; N(lu_.m)l .

E DA



