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What is a polynomial functor (PF)?

positions

directions

Sum of representable functors (𝑦!: 𝐒𝐞𝐭 → 𝐒𝐞𝐭, A ∈ 𝐒𝐞𝐭)
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[1] Operational Semantics for Distributed Systems. Spivak and Niu. In Progress.



PF for mode-dependent dynamical systems: 
An Intuition

Mode 1
Ø Option a
Ø Option b
Ø Option c
Ø Option d

Mode 2
Ø Option e
Ø Option c

Mode 3
Ø Option f
Ø Option g
Ø Option c
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“Add” (A) Mode
Ø Add drink
Ø Don’t add drink

”Take” (T) Mode
Ø Take drink
Ø Don’t take drink

“Add or Take” (AT) Mode
Ø Add drink, don’t take
Ø Don’t add, take drink
Ø Add drink, take drink
Ø Do nothing

0 1 n-1 n

Example: Happy Refrigerator

…

J yAT+	L yA+	J yT

J J JL

n := number of drinks
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Finite Polynomials and Coalgebras in Catlab
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Example: Happy Refrigerator
D = PolyDynam(p, # polynomial 

5, # number of states
[2, 1, 1, 1, 3], # position per state
[add, add_and_take, add_and_take, add_and_take, take], # behavior 
per state
2) # initial state index
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Next Steps 
Universal Programable Machine and User Interface
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Universal programable machine

A BN
(A,B) Moore Machine

10



Universal programable machine
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A restricted class of polynomials
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A restricted class of polynomials
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Attributed C-Sets

Combinatorial data
• Identifiers have no meaning 
• Implementation: Skeleton of FinSet
• E.g. [2]

Non-combinatorial data
• Preserved on the nose by morphisms
• Implementation: Arbitrary Julia types 
• E.g. Bool
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Example instance
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Back to middle school

Future work: mode-dependent wiring diagrams with arbitrary data flowing along wires 
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Thank you

• Evan Patterson
• David Spivak
• Sophie Libkind
• Christian Williams
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