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What is the algebra of composing systems ?

Category
of

Interfaces
and

Composition
patterns

-

x

so
- Eisen:

Functor

. !
- f:÷÷÷÷pattern w

- fine:÷3
This would give  us Interfaced) Set

,

but we would miss our on the Maps
between systems

Doubly Indexed Categories .

Definition : A
doubly

indexed
category

A :D -  s Cat is a unital C aka  normal ) lax

double functor into the double category of categories ,
functors

,
and bimodvks

,

Syspco) :Interfaced D) → Cat

Interrace Y
'

Q - ¥+71157
' } -

-

Syspcoky
)

× Functor which composesSYsp.ly?w??GpIffIintinwf
I -

systems according
to

Syspcbk
'D

Y
€ composition pattern w .

map at

x.
e. × .

-
Bogimosdfshfenstwm.TL

syspcoxxsorxsyspcokxd
set

Interfaces act like f or their

interfaces

×
,

Is Xz Transformation  which
t

xxx t

begin
"
Mr

* * § .
. - qq.gg?ggs8IEYpo:inwg--sdwi*.uz*)

with composition y ,
→ patterns.

patterns 82



The Vertical Slice Construction

Given  a double functor F : Do → De .
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Theorem : o gives
a product preserving

Z - functor

o
: Dbl Fun - > Dbl Ix

The Port Plugging Paradigm ( Example : the doctrine afcircoirs)
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Other Port Plugging
Doctrines

o Population flow graphs ,

aka continuous time Markov processes

- -
C = category of Markov Processes  are course gaining

,
p =  •

° Reaction Networks  or Petri Nets
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Category of petri nets

° Labelled transition Systems
: e = Graphfyn p =  •
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Variant : Multi sorted ports
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° For a doctrine C in the variable sharing paradigm ,
we define

Sys (e) = o piece,) : Spank ) - > Cat
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Doubly Indexed Functors and

Blacken Boxing
D. →

. Definition : A LIdebugindeed£or
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Definition : A double  category
D is Spanish if every

Pane representable

D → Spartak) is pseudo .
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p

is Spanish
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Takeaways &

Directions° (Monoidal ) Doubly indexed categories are a useful algebra for composing systems

and the maps
between them

.

° Paradigms of composition give
uniform & straightforward ways

to produce there

doubly
indexed categories .
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Takeaways &Directions
° (Monoidal ) Doubly indexed categories are a useful algebra for composing systems

and the maps
between them

.

°

Doubly
indexed functors include : ftp.I

° Approximations
: Euler Method

,

Runge- Kutta Method

° Behaviors : Trajectories , Steady States
,

Periodic orbits ( all representable)

° Master Equation ?Population Flow Graph
→ Differential Equation

i
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with a  restricted
double cat of interfaces
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Conjecture ⇒ Every black boxing gives
rise to atFlakyindexed functor

o For existing
black boxing

functors
,

this
* should

#

be just a rearranging af lemmas .

So Much to Explore !


