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Compositionality

The nature of complex structures is entirely determined by that of their 
simpler parts and the way these are composed
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Our approach to build a theory

1. Build a category (a PROP) for the syntax 

2. Choose an appropriate category for the semantics 

3. Identify a set of sound and complete axioms for the theory



Hopf Algebras ( )HA
The theory of k-Matrices

Syntax Semantics
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Interacting Hopf Algebras ( )IH
The theory of k-Linear relations
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Interacting Hopf Algebras ( )IH
The theory of k-Linear relations

↦ {(x, y) ∣ ∃a . k(x + a) = y + a}



Interacting Hopf Algebras ( )IH
The theory of k-Linear relations

Axioms of     +HA



Extending Interacting Hopf Algebras ( )AIH+
The theory of k-Polyhedra

Syntax Semantics
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Extending Interacting Hopf Algebras ( )AIH+
The theory of k-Polyhedra

↦ {(x, y) ∣ x ≥ y}

↦ {(⋅,1)}



Polyhedra

P = {x ∈ 𝗄n |Ax ≥ b}

P is the set of solutions of the system Ax ≥ b



Polyhedron normal form ( )AIH+

↦ {x ∣ Ax + b ≥ 0}



Encoding Linear Programs
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What we can do with AIH+

1. Encode any linear program into a diagram


2. Rewrite/simplify the program (or parts of it) according to the axioms of the theory


3. Identify equal linear programs 



Flow networks
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Conclusions

We gave an algebraic/axiomatic perspective on linear programming
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