The Geometry and Limits of
Young Partition Flow Polytopes

By Advay Goel



What Are Flow Polytopes?

e Special shapes that exist in higher dimensions
o 2-D, 3-D, 9-D, 29-D, etc.

Stanley-Pitman polytope Baldoni-Vergne polytope
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Why Do We Study Them?

e Artificial Intelligence algorithms make smart approximations to save time
o  Combinatorial Optimization
e Oftentimes, combinatorial optimization problems can be modelled by flow polytopes

Understand flow Improve combinatorial Make Al algorithms more
polytopes optimization methods accurate and efficient



The Research Problem

How do we connect flow
polytopes to other fields of math?

How can we use any newly
formed connections to gain more

insight about flow polytopes?
Flow

Polytopes




Volumes

e 1999:Chan-Robbins-Yuen

Conjecture published
o  Catalan Numbers

e [f weunderstand how and why the
Catalan numbers appear, we can
draw connections using the Catalan
numbers as a bridge
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My Solution

e Triangles are the building blocks of 2-D shapes

e Thisideaextends to higher dimensions
o  Simplex

e What do the simplex structures of flow polytopes
look like and how does this affect the
volume/relate to Catalan numbers?
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volume =

'

(polytopeDefinition.sxzei) {
+factorial(polytopeDefinition.get(®).getTerms().get(2).size()) + + polytopeDefinition.get(0).getTerms().get(@2).size() +

totallnequalities = polytopeDefinition.size();

currentInequality = f.getInequalities().get(totalInequalities -1 );

ineq: cases) {
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Final Results

e Using my building block (simplex) analysis and code, | was able to shed light on why the Catalan
numbers appear

e Now, researchers can use this to form bridges between flow polytopes and other fields and use
that information to improve combinatorial optimization techniques



