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Spectrum of Scientific Computing Technology
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Formal Scientific Diagrams



Behavioral Approach to Modeling Systems

Functional Programming Behavioral Semantics
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Three Layers of GAT Based Modeling

Theory InstanceSyntax

Wiring Diagram

Formula Notation

Embedded Domain Specific Language

u̇ = f(u, t)
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FinOrd: the Category of Natural Numbers



Categorical Algebra as a Programming Paradigm
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



Non-Functional Programming with ACT

Coequalizers

E A Bu

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

@assert dom(f) == dom(g) && codom(f) == codom(g)

m, n = dom(f).n, codom(f).n

sets = IntDisjointSets(n)

for i in 1:m

union!(sets, f(i), g(i))

end

h = [ find_root(sets, i) for i in 1:n ]

roots = unique!(sort(h))

FinOrdFunction([ searchsortedfirst(roots, r) for r in h], length(roots))

end

a b

c d

Mutation!



Application: Simulating a Petri Net as ODEs

Solve the initial value problem for u̇ = f(u, t)
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Epidemiology Modeling Framework
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Basic 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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Epidemiology Modeling

Epi Petri

FA t FB F (A tB)

F

L
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Computing Decorated Cospans

Epi Petri

FA t FB F (A tB)

F

L
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Decorator Composition

Cospan Composition
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Petri Net Decorated Cospan Composition
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Resource Sharing to Assign Kinetics

u̇1 =� r1u1u2

u̇2 =r1u1u2 � r3u2

u̇3 =r3u2
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Functorial Modeling Pipeline

Epi Petri DynamF K
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EpiModels: SIR, SEIR, SEIRD with Travel

Epi Petri

FA t FB F (A tB)

F

L
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Superposition of Regions Yield Multi-peaks
Regional Infections

Total Infections



Flattening the Curve

Assuming this mitigation strategy, 
Region 3 “flattens the curve”

Transmissibility over time

Regional Recoveries

Regional Infections



Petri.jl AlgebraicJulia Solvers exploiting 
hierarchical structure

DiffEq.jl
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Modeling Frameworks use Graphs + Math



𝒞-Sets: Categorical Data Structures

Logically extending a data structure with ACT principles

•

•
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𝒞-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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Compositional Planning

Automatic parallelization and optimization of construction plans

(Master, Patterson, Yousfi & Canedo, 2020)



Generating 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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Three Layers of GAT Based Modeling

Theory InstanceSyntax

Wiring Diagram

Formula Notation

Embedded Domain Specific Language

u̇ = f(u, t)
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Petri.jl AlgebraicJulia Solvers exploiting 
hierarchical structure

DiffEq.jl

0 10 20 30 40 50 60
0

2500
5000
7500
10000

Cities

pe
op
le

0 10 20 30 40 50 60
0

2500
5000
7500
10000

Populations

e1
e2
e3

0 10 20 30 40 50 60
0

2500
5000
7500
10000

pe
op
le

0 10 20 30 40 50 60
0

2500
5000
7500
10000

i1
i2
i3

0 10 20 30 40 50 60
0

2500
5000
7500
10000

time

pe
op
le

0 10 20 30 40 50 60
0

2500
5000
7500
10000

time

r1
r2
r3

0 10 20 30 40 50 60
0

2500
5000
7500
10000

Cities

pe
op
le

0 10 20 30 40 50 60
0

2500
5000
7500
10000

Populations

e1
e2
e3

0 10 20 30 40 50 60
0

2500
5000
7500
10000

pe
op
le

0 10 20 30 40 50 60
0

2500
5000
7500
10000

i1
i2
i3

0 10 20 30 40 50 60
0

2500
5000
7500
10000

time

pe
op
le

0 10 20 30 40 50 60
0

2500
5000
7500
10000

time

r1
r2
r3

0 10 20 30 40 50 60
0

2500
5000
7500
10000

Cities

pe
op
le

0 10 20 30 40 50 60
0

2500
5000
7500
10000

Populations

e1
e2
e3

0 10 20 30 40 50 60
0

2500
5000
7500
10000

pe
op
le

0 10 20 30 40 50 60
0

2500
5000
7500
10000

i1
i2
i3

0 10 20 30 40 50 60
0

2500
5000
7500
10000

time

pe
op
le

0 10 20 30 40 50 60
0

2500
5000
7500
10000

time

r1
r2
r3

AlgebraicJulia Ecosystem
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Model Aware Scientific Computing Vision

AlgebraicJulia

Calibration

Model Specific Tools for Scientists

VS

Comparison

Selection

Verification & 
Validation
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