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share mathematics - in the classroom

‘zero knowledge’ answer key

Step 1: teach students basic commands of Sage such 
as taking a coefficient in a taylor series or numerical integration

Step 2: If answer is function f(x) then give as answer key the coefficient 
of x^100 in the taylor expansionBRIEF ARTICLE

THE AUTHOR

What is the generating function for the number of solutions to the equation

x1 + x2 + 2x3 + 3x4 + x5 = n

with xi � 0 and where x1 + x2 + 2x3 is even and x1 + 2x3 is less than or equal to 10, and

x4 6= x5?

Answer key: the number of solutions with n = 100 is 23779

1

example:



share mathematics - in textbooks

20 CHAPTER 2. PRIMER ON K-SCHUR FUNCTIONS

We now turn our attention to the third set of objects that is in bijection with the set of
k-bounded partitions (and the set of (k+1)-cores). These come out of studying the type A
a! ne Weyl group and its realization as the a! ne symmetric groupS̃n given by generators
{ s0, s1, . . . , sn! 1} satisfying the relations

s2
i = 1,

si si +1 si = si +1 si si +1 , (1.4)

si sj = sj si for i ! j "/ 0, 1, n ! 1 (mod n)

with all indices related (mod n). Hereafter, we shall reserve parameters n and k and we
will set n = k + 1 throughout.

There is a subset of the elements in S̃n that is particularly conducive to combinatorics
in large part because it is in bijection with the set of k-bounded partitions and of (k + 1)-
cores. Note that the symmetric group Sn generated by { s1, s2, . . . , sn! 1} is a subgroup,
where the element si represents the permutation which interchanges i and i + 1. We will
refer to the left cosets of S̃n/Sn as a! ne Grassmannian elementsand they will be identified
with their minimal length coset representatives, that is, the elements of w # S̃n such that
either w = id or s0 is the only elementary transposition such that ! (ws0) < ! (w).

Remark 1.7. The definition of a! ne Grassmannian elements are the special case of a more
general definition. The l-Grassmannian elements are the minimal length coset representa-
tives of S̃n/S l

n where S l
n is the group generated by { s0, s1, s2, . . . , sn! 1}\{ sl } and the a! ne

Grassmannian elements are the 0-Grassmannian elements. Due to the cyclic symmetry of
the a! ne type A Dynkin diagram, these constructions are of course all equivalent.

Sage Example 1.8. We can create the a! ne symmetric group and its generators in Sage
as

sage: W = WeylGroup(["A",4,1])
sage: S = W.simple_reflections()
sage: [s.reduced_word() for s in S]
[[0], [1], [2], [3], [4]]

For a given element, we can ask for its reduced word or create it from a word in the
generators and ask whether it is Grassmannian:

sage: w = W.an_element(); w
[ 2 0 0 1 -2]
[ 2 0 0 0 -1]
[ 1 1 0 0 -1]
[ 1 0 1 0 -1]
[ 1 0 0 1 -1]
sage: w.reduced_word()
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[0, 1, 2, 3, 4]
sage: w = W.from_reduced_word([2,1,0])
sage: w.is_affine_grassmannian()
True

Proposition 1.9. [103] [95, Proposition 40] There is a bijection between the collection of
cosets ÷Sk+1 /S k+1 whose minimal length representative has lengthm and (k + 1) -cores of
length m.

The bijection of Proposition 1.9 is deÞned by an action of the a! ne symmetric group
on cores. It su! ces to deÞne the left action of the generatorssi of the a! ne symmetric
group on (k + 1)-cores. The diagonal index orcontent of a cell c = ( i, j ) in the diagram for
a core isj ! i . We will often instead be concerned with theresidueof c, denoted by res(c),
which is the diagonal index modk + 1. We call a cell c an addable corner of a partition
µ if dg(µ) " { c} is the diagram for a partition and a cell c is a removable corner ofµ if
dg(µ)\{ c} is diagram for a partition.

DeÞnition 1.10. [103] [95, DeÞnition 18] For ! a (k + 1)-core, let si á! be the partition
with

1. if there is at least one addable corner of residuei , then the result is ! with all addable
corners of! of residuei added,

2. if there is at least one removable corner of residuei , then the result is ! with all
removable corners of! of residuei removed,

3. otherwise, the result is ! .

Example 1.11. Consider the 5-core, (7, 3, 1). If we draw its Ferrers diagrams and label
each of the cells with the content modulo 5 we have the following diagram

3
4 0 1
0 1 2 3 4 0 1 .

This diagram has addable corners with residue 2 and 4 and removable corners with residue
1 and 3 and all cells of residue 0 are neither addable nor removable. Therefore,s2 á
(7, 3, 1) = (8 , 4, 1, 1), s4 á(7, 3, 1) = (7 , 3, 2), s1 á(7, 3, 1) = (6 , 2, 1), s3 á(7, 3, 1) = (7 , 3),
s0 á(7, 3, 1) = (7 , 3, 1).

Sage Example 1.12. In Sage we can get the a! ne symmetric group action on cores as
follows:

excerpt from k-Schur Functions and Affine Schubert Calculus by Lam, et al.



share mathematics - through worksheets



share mathematics - through collaborations



share mathematics - by contributing to Sage

Sage Days : turning first time users into  
developers
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Why one should use sage
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Sage is based on python (a very nice language) 
and has syntax close to mathematics

{ 17x|x ! { 0, 1, 2, . . . , 9} and i is odd }

sum(i^2 for i in range(1,11))

[17*x for x in range(10) if x%2==1]

10!

i =1

i 2
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TMI!









WTF?





Demonstration

1. How to get started 
!

2. How to get help 
!

3. How to do something cool
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