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Goal: 

Use combinatorics to study 
questions from commutative 

algebra.
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Schubert 
Calculus
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Hilbert’s 15th Problem
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Intersection Theory
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Littlewood-Richardson Tableaux
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Modern Schubert Calculus



The Flag 
Variety
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Pipe Dreams
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Bumpless Pipe Dreams
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Schubert 
Determinantal 

Ideals
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Schubert Determinantal Ideals
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Matrix Schubert Varieties
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Determinantal Ideals Revisited
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Ladder Determinantal Ideals



A Recipe
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Break!
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Castelnuovo-
Mumford 
Regularity
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The Castelnuovo-Mumford Regularity
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The Castelnuovo-Mumford Regularity
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The Hilbert Series
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Grothendieck
Polynomials
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Grothendieck Polynomials
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Grothendieck Polynomials for 𝑆𝑆3
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Example: w=1432
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Problem: 

Find a simple and explicit 
formula for the degree of a 
Grothendieck polynomial.
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Symmetric 
Grothendieck
Polynomials
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The Rajchgot 
Code
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The Rajchgot Code
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The Lehmer Code
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Relation with Major Index
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Proof of Main 
Theorem
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Blob Diagrams
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Blob Diagrams
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Dominant Permutations



86



87

Layered Permutations
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Castelnuovo-
Mumford 

Polynomials
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Proof Idea
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Thanks!
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