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What is a System " a whole composed of interacting parts
"

o Discrete time dynamical system
° Markov decision process
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° Open game System
° Hamiltonian I Port - Hamiltonian graph

Theories
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° Petri Nets
o Circuits
° Networks and flow graphs

° Labelled transition systems
° Stock - flow models
° Quantum Circuits I
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Categorical Systems Theory
Main ideas :

° A system interacts with its environment through an interface .

good
"

!Complex systems are formed by component subsystems
interacting through their interfaces via a composition pattern .

° Systems may
simulate or Map onto other systems.

° System mappings may
also compose along composition patterns,

so long as they agree on the interfaces .

A compositionality theorem expresses a

way
that behaviors

,

facts
,

or properties of composite systems may
be

deduced from their components and the composition pattern .



Categorical Systems theory
o Discrete time dynamical system
° Markov ( decision ) process
o (Non) Deterministic automaton /Moore Machine
o System of ODES
° Open

games

° Hamiltonian I Port - Hamiltonian graph
°

Lagrangian
° Willems - stylesheavesof behaviors

° Petri Nets
o Circuits
° Networks and flow graphs

° Labelled transition systems
° Stock - flow models
° Quantum Circuits

Doctrines of Systems

Informal definition :

A doctrine is a suite of answers to the following questions :

① What does it mean to be a system ? (More Qs per they)

② What should the interface of a system be ?

⑦ How can interfaces be connected in composition patterns ?

④ How are systems composed through these composition
patterns?

⑤ What is a map between systems ?

⑥ When can
maps

be composed along
the composition

patterns ?



3 General Ways to Compose

Settingparameters
( Lenses )

sharingVariables
(Spans)
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Interface : exposed ports

o Discrete time dynamical system Parameters are set by
°
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variables of state

° System of ODES loses Lenses )
° Open

games
° Hamiltonian I Port - Hamiltonian graph Variables are shared
°

Lagrangian } between systems
° Willems - stylesheavesof behaviors ( uses Spa )!Pciiiiuitshhts I Exposed ports are

° Networks and flow graphs plugged into eachother

:Estaobehkefoutrnmosiojinssystems f ( uses Caspers)
° Quantum Circuits



Process Theories as Monoidal Double Categories
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horizontals as Maps

Vertical morphisms as processes

Useful idea : A composition pattern is a free
process.

3 General Ways to Compose

Settingparameters
( Lenses )

sharingVariables
(Spans)
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Wiring Diagrams are Free Processes

° Lenses make sense in any
Cartesian category .

=The free Cartesian category is Finsetol ?
Lenses in Finsebop are wiring diagrams :

° Spans make sense in
any finitely complete category .

- The free fin . complete cat is Finsetop
- Spans in Finster are bubble diagrams .
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o Cos pans make sense in
any finitely co complete category

- The free fin
.

co complete cat is Fin Set .

- Cos pans in Fin Set are bubble diagrams .

Systems Theories as Monoidal Double Copies heaves

If IP is a process theory ( monoidal double cat )
,

Then a systems theory composed via IP is

a lax monoidal tax double functor

Sys : IPT - Span ,

set!
age sets
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Doctrines

Def : A doctrine is a 2 - functor

Sys 'D: Theory (D) - Mon Dblcopsh

Three Examples :

° Parameter -

Setting :{÷?j:&!? } - Mon Dblcopsh

° Variable -

Sharing
:

Finitely Complete Cat  → Mon Dbl Cops h

° Port -

Plugging
: Finitely Cocompletecal.  →

Maori
Dbl Cops h

- or -

Structured Co
spans

)

Compositional ity Theorems as Maps of Systems Theories

Generally mapping
into the variable -

sharing
doctrine

.

Thin : Representable maps of systems theories

Given I c- IP and Se Sys III
, get

IP

Stg I
' Syst )

I
,

PII
,

- ) I
:

SysC s
,

- ) Span ( set ) i Behaviors of
I I Shape S in T

.

spiicsetstIsth
LEFT face.



Control & Design Problems
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Control Problem

Design Problem
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In some cases
,

universal solutions to control & design problems
exist by Hr ago int functor theorem

.

Draft book @DavidJaz.com

Thankyou !


