
AlgebraicJulia: Applied Category Theory in Julia

Micah Halter, James Fairbanks
Georgia Tech Research Institute (GTRI)

T

I O R+

S

rate

u0

<latexit sha1_base64="qnKefP0g/BebOh2uMNCvCidbCcg="></latexit>

Evan Patterson
MIT



AlgebraicJuliaSpectrum of Scientific Computing Technology

Arbitrary 
Code

Computer 
Algebra 
Systems

Domain 
Specific 

Languages
Modeling 

Frameworks

Programs that have explicit representations of the model



AlgebraicJuliaFormal Scientific Diagrams



AlgebraicJuliaThree Layers of GAT Based Modeling

Theory InstanceSyntax

Wiring Diagram

Formula Notation

Embedded Domain Specific Language

u̇ = f(u, t)
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AlgebraicJuliaDSLs implemented in Catlab

• Algebraic Structure that defines possible expressions 
(the theory of Groups)

• GATExpr: Expr tied to a specific Theory

• A specific example of the theory: (the Group of Integers 
mod 7)

• A Julia implementation (types and functions) 
implementing the theory

• Lets you express formulas using program notation

@theory

@syntax

@presentation

@instance

@program



AlgebraicJuliaFinOrd: the Category of Natural Numbers



AlgebraicJuliaMonoidal Categories Support Programming

(f ⌦ g) · h : X ⌦ Y ! X
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AlgebraicJuliaProgramming with Pictures 
Initial Object

0 A

Coproducts

B

A A tB

i2

i1

Coequalizers

E A Bu

Pushout of f, g,
u = coequalizer(f · i1, g · i2)
A

X t Y Y

X Z

u

i1

i2

g

f

initial(::Type{FinOrd}) = FinOrd(0)

function coproduct(A::FinOrd, B::FinOrd)

m, n = A.n, B.n

i1 = FinOrdFunction(1:m, m, m+n)

i2 = FinOrdFunction(m+1:m+n, n, m+n)

Cospan(i1, i2)
end

function coequalizer(f::FinOrdFunction, g::FinOrdFunction)

...

end

function pushout(span::FinOrdSpan)

f, g = left(span), right(span)

coprod = coproduct(codom(f), codom(g))

i1, i2 = left(coprod), right(coprod)

u = coequalizer(f·i1, g·i2)
Cospan(i1·u, i2·u)

end



AlgebraicJuliaApplication: Simulating a Petri Net as ODEs

Solve the initial value problem for u̇ = f(u, t)
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AlgebraicJuliaEpidemiology Modeling Framework
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AlgebraicJuliaBasic SIR model

u̇1 =� r1u1u2

u̇2 =r1u1u2 � r3u2

u̇3 =r3u2
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f = vectorfield(sirᵈ)

sol = solve(f, u₀, r, (t₀, t₁))

sir = transmission ⋅ recovery

sirᵈ = decoration(F(sir))
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AlgebraicJuliaEpidemiology Modeling

Epi Petri

FA t FB F (A tB)

F

L
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AlgebraicJuliaComputing Decorated Cospans

Epi Petri

FA t FB F (A tB)

F

L
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AlgebraicJuliaPetri Net Decorated Cospan Composition
C

A A tB B

X Y Z

f 0
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AlgebraicJuliaResource Sharing to Assign Kinetics

u̇1 =� r1u1u2

u̇2 =r1u1u2 � r3u2

u̇3 =r3u2
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AlgebraicJuliaFunctorial Modeling Pipeline

Epi Petri DynamF K

<latexit sha1_base64="wDxZxIhU6irXjdr6rjC50bA7jvE="></latexit>

1 2

2

3

u̇1 =� r1u1u2

u̇2 =r1u1u2 � r3u2

u̇3 =r3u2

<latexit sha1_base64="WcCGwLUVXfLVZCCPVMBnFRAhOgE="></latexit>



AlgebraicJuliaEpiModels: SIR, SEIR, SEIRD with Travel

Epi Petri

FA t FB F (A tB)
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AlgebraicJuliaSuperposition of Regions Yield Multi-peaks
Regional Infections

Total Infections



AlgebraicJuliaBehavioral Approach to Modeling Systems

Functional Programming Behavioral Semantics

Programs Functions

S A

T B

F

prog

F

F (prog)

F
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AlgebraicJuliaModeling Frameworks use Graphs + Math



AlgebraicJuliaModel Aware Scientific Computing Vision

AlgebraicJulia

Calibration

Model Specific Tools for Scientists

VS

Comparison

Selection

Verification & 
Validation



AlgebraicJulia!-Sets: Categorical Data Structures
Logically extending a data structure with ACT principles

•

•

<latexit sha1_base64="9Dh1GwlBlteyqWndinlFD96k89A="></latexit>

E

V

tgtsrc

<latexit sha1_base64="yXMAIfHmRnz2D08+pHbWwu40wN0="></latexit>

"
"− $%&

$%&

"'()*

"'()* − $%&

$%&
• •

•

<latexit sha1_base64="K+BxA7PsOoy6ZdFbcUWEwO27aQY="></latexit>

E Prop

V

tgtsrc

eprop

vprop

<latexit sha1_base64="gIGK696hq8QZuMT8iLrn0OJtokc="></latexit>



AlgebraicJulia!-Sets: Categorical Data Structures

• The data structure is a directed graph
• Instances are Sets with Functions
• Provides compositional framework for 

structured data
• Mathematically Elegant
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AlgebraicJuliaAutomatic Parallelization for Construction

(Master, Patterson, Yousfi & Canedo, 2020)



AlgebraicJuliaGenerating SQL Queries from BiCatRel

SELECT t4.employee AS employee, 
t6.secretary AS secretary, t7.name AS name, 
t9.first_name AS first_name

FROM worksIn AS t4, secretary AS t6, deptName AS t7,
manager AS t8, firstName AS t9 

WHERE t4.employee=t8.employee AND
t4.department=t6.department AND
t4.department=t7.department AND
t8.employee=t9.employee; 

Dept

Empl

worksIn

firstName

secretary

deptName

manager Empl

Database Query

Employee String

Dept

firstName

lastName

manager

worksInsecretary
deptName
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AlgebraicJuliaModel Aware Scientific Computing

AlgebraicJulia

Calibration

Model Specific Tools for Scientists

VS

Comparison

Selection

Verification & 
Validation



AlgebraicJulia

Petri.jl AlgebraicJulia Solvers exploiting 
hierarchical structure

DiffEq.jl
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AlgebraicJulia Ecosystem
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