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tryCapitalize (Functor m, Monad m, Walkable Inline a, Default a, Eq

ma

(String -> m a) -> String Bool

tryCapitalizeM f varname capitalize
| capitalize = do

schena Spec - literal : Type {
res <- f (capitalizeFirst varname) inports Spectnun;
case res of E
Xxs | xs def -> f varname >>= walkM capStrFst
| otherwise -> return xs broce spec -> Process
| otherwise = f varname oy Shee L lgypvarea
where R ~ . . filterType Filter -> FilterTy,
capStrFst (Str s) = return $ Str $ capitalizeFirst s e © Fllter 7 Shorteveru ey
capStrFst x = ret profite - Spec
# Commutative squares protile - Ride
#ih it Profile -> L‘H\'Pry
Linit > profile
Uinit > Orientation
A, B, C, D, X, Y = Ob(FreeCategory, :A, :c, X, 1Y) e .
eq = Spec.process.processReq
f, g, m, n=Hom(:f, A, C), Hom(:g, B, D), Hom(:m, A, B), Hom(:n, C, D) S .
ec -> Strin
Shec - String
Spec - String
a = squareDiagram(m, n, f, g) Spec -> String

h, k, p = Hom(:h, C, X),Hom(:g, D, Y), Hom(:p, X, Y)
= Squareiagram(n, p, h, k)

@test compose(a, B) == SquaredDiagram(m, p, f-h, g-k)
@test_throws ErrorException pcompose(a, a)

@test pcompose(pid(src(a)), a) == a

@test pcompose(a, pid(tgt(a))) ==

Haskell image source
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Counter, t =0
4]

State = Int

view
42
. Html Bool




Counter, t = 1

ing, True
State = Int
Msg = Bool
update
42 43 : State
e V02 Nest Html Msg
view
43
tml Msg

Prev page V0.2 Next page

43 SWitChtl
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Counter, t = 1/

iny, False
State = Int
Msg = Bool
update
42 41 : State
Html Msg
view
41
tml Msg -
41 switchy,

Html Msg




Input, t = 0

"Hello world"‘

State = String

view
Hello
world Html String




Input, t =1

"Hello world"‘

intl IIHII
State = String
Msg = String
update
Hello v stat
: ate
rl
world Html Msg
view
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Input’, t =1

"Hello world"‘

State = StringxString

intl "Hll

Msg O String

update

Hello {"Hello world", "H"} :
WOI‘ld Html Msg :
view Hello
tml Msg world
] soomi
Hello switchy,
world

Html Msg

H| ‘Submit
Prev page V0.4 Next page

State



Input’, t = 2

"Hello world"‘

intl{}

State = StringxString

o Msg O Unit
™
: update
Hello Html Msg : p
world |
: {"Hi there",""}:State
Prev page V03 Next page SWItChtl
W view i
Hi there
Html Msg H‘whu ge VOS5 Nex i“':m
Hi there switch,

Hithere Submit Html MSg

Prev page V0.5 Next page




The lens pattern

"Hello world"‘

infz{}

State = StringxString

. Msg 2O Unit
N
: update
Hello Html Msg : p
world |
. {"Hi there",""}:State
 E— switchy,
W view i
Hi there
Html Msg HT‘H V05 Next ;u:m
Hi there switch,
Hithere sent - Html Msg

Prev page V0.5 Next page



Interface loops

An interface loop is a natural transformation

from a category to a polynomial.



Types =~ Numbers

0 = "“impossibility” + = “or”
1 = “necessity” x = "and
m+n=m+n mxn=mxn




Types =~ Numbers

0 = “impossibility” + = "or"
1 = “necessity” x = “and”
Msg = Str + 1 State = Str X Str

Str = 1+---+1 = 1+ Char x Str
—_——

String—many times



Types =~ Numbers

0 = “impossibility” + = "or"
1 = “necessity” x = “and”
Msg = Str + 1 State = Str X Str

Str = 1+---+1 = 1+ Char x Str
String—many times
A+B —=C C — A XB
A —C C— A
B—C C—+ B



Types =~ Numbers

0 = “impossibility” + = "or"
1 = “necessity” x = “and”
Msg = Str + 1 State = Str X Str

Str = 1+---+1 = 1+ Char x Str
String—many times
>iAi—C C—1TI A
Vi, A; —»C Vi, C— A



Types =~ Numbers

0 = “impossibility” + = "or"
1 = “necessity” x = “and”
Msg = Str + 1 State = Str X Str

Str = 1+..--4+41 = 14 Char x Str
—_——
String—many times

SLAXIXA [T, A=A



Types =~ Numbers

Str = 1 4 Char X Str



Types =~ Numbers

Str = 1 4 Char X Str

= 1+ Char X (1 + Char X Str)



Types =~ Numbers

Str = 1 + Char X Str
= 1+ Char X (1 + Char X Str)
=1+ (Char X 1) + (Char X Char x Str)



Types =~ Numbers

Str = 1 + Char X Str
= 1+ Char X (1 + Char X Str)
=1+ (Char X 1) + (Char X Char x Str)
= 1+ Char + Char? x (1 4 Char x Str)



Types =~ Numbers

Str = 1 + Char X Str
= 1+ Char X (1 + Char X Str)
=1+ (Char X 1) + (Char X Char x Str)
= 1+ Char + Char? x (1 4 Char x Str)

— 1 + Char + Char? + Char® + ...



Types =~ Numbers

Str = 1 + Char X Str
= 1+ Char X (1 + Char X Str)
=1+ (Char X 1) + (Char X Char x Str)
= 1+ Char + Char? x (1 4 Char x Str)

= 1 4 Char + Char? + Char® + ...
A string is empty or a character ¢;
or a pair of characters ¢; and ¢

or ...



Numbers: Types::Functions:Functors

A list of y's is empty or a singleton y;

or a pair y; and y»

List Int

/

List Char = Str

List y



Numbers: Types::Functions:Functors

An HTML msg block is a list of display properties
and a list of msg callbacks

and a list of HTML msg blocks

Html Bool
Html msg

Html (Str + 1)



Numbers: Types::Functions:Functors

Constants 2 : Int — Int Int : Type — Type

n— 2 A+— Int



Numbers: Types

Constants 2 : Int — Int

n— 2

Identities x : Int — Int

n—n

:Functions:Functors

Int : Type — Type
A+ Int

y : Type — Type
A— A



Numbers: Types::Functions:Functors

Constants 2 : Int — Int Int : Type — Type
n— 2 A+— Int
Identities  x : Int — Int y : Type — Type
nw—n A— A
Linear 2x : Int — Int 2y : Type — Type

n—2n A—A+A



Numbers: Types::Functions:Functors

Constants 2 : Int — Int Int : Type — Type
n— 2 A+— Int
Identities  x : Int — Int y : Type — Type
nw—n A— A
Linear 2x : Int — Int 2y : Type — Type
n— 2n A— A+ A
Power x?:Int — Int y? : Type — Type

n s n? A Ax A



Numbers: Types::Functions:Functors

Constants 2 : Int — Int Int : Type — Type
n— 2 A +— Int
Identities x: Int — Int y : Type — Type
n+—n A= A
Linear kx : Int — Int By : Type — Type
nw— kn A=Y A= BxA
Power x¥: Int — Int yB : Type — Type

n— n* A J[,Ax AB



3 perspectives on polynomials

Grapbhical Algebraic | Combinatorial

Constants A-many copies A
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3 perspectives on polynomials

Grapbhical Algebraic | Combinatorial
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3 perspectives on polynomials
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3 perspectives on polynomials

Grapbhical Algebraic | Combinatorial
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3 perspectives on polynomials

Grapbhical Algebraic | Combinatorial
A-man i @
Constants any copies A !
®e & --- 0o o A
) 1
Variables 1) y d
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3 perspectives on polynomials

Graphical Algebraic Combinatorial
()< (7+) (7 +) X (7 +) (1)« (3+1)
1 1 1 1




3 perspectives on polynomials

Graphical

Algebraic

Combinatorial

(e )= (e )

(TIT x T.T) + (TIT x .)

+(xm)+(x )

(P +y)x (2 +1)

= (P xy)+0>x1)

+(y xy?) +(y x 1)




3 perspectives on polynomials

Graphical

Algebraic

Combinatorial

(e )< (1)
= (o9 = )7 = )
+(xm)+(x )

Y B R A
= e + e + e + e

(P +y)x (2 +1)

= (P xy)+0>x1)

+(y xy?) +(y x 1)

=y’ +23+y

3 1 2 0
Lard ) X || &aF0
11 101



Polynomial functors

A polynomial functor is a sum of products of y.

Non-example: 2”

monomial

P=Ay+ Ay +Ay2+...+ Agy®

Notation and terminology:
“Positions”: Pg:=Ap+A1+...+Ag=P(y =1)
“Directions”: P/, := B for a € Ag C Py
P’ = ZaePo P,

ie, P = | =~ {P’}acp,



Categories as polynomials

h=gof
C _ /\
c1 *f> () T> 3

Grapbhical ‘ Algebraic ‘ Combinatorial
NANE ] | X e | A
Cll Co Cc3 ce0b(C) Ob((c)




What is a polynomial?

A position is a... | and a direction is a...
Question Answer
Problem Solution

Point (in space) Tangent
Input Output
State (of a game) Available play

From Libkind & Spivak


https://topos.site/blog/2024-08-12-poly-as-accounting-for-bayesian-update/

Polynomial transforms

P f Q

e

Qo




Polynomial transforms

P f Q
f,

P; Q;o(a)

IN IN

P’ f Q; Q

e




Transforms: constants

P=A Q=8-8
Graphical Algebraic
. A-L"sB
o §

ST
([ ]

A—— B



Transforms: linear
P = Ay Q= By
Graphical Algebraic
e s B

RRRAR

A X

Combinatorial

A_fo,

>

|

>
l>

%

lBXk

YwaY

B
|
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Transforms: power
P:yA Q:yB

Graphical Algebraic
. : XA —of’ XB

Vo el

Combinatorial

f
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=4 >
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Transforms: terminal states

Hom(1,P) = P(0) = Ao

Graphical Combinatorial
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Transforms: terminal states

Hom(1,P) = P(0) = Ao

Graphical Combinatorial
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Transforms: terminal states

Hom(1,P) = P(0) = Ao

Graphical Combinatorial

T_

R

v

RS
L

N

N <—— W

H S



Transforms: positions

Hom(y,P) = Py

Graphical Combinatorial
prr 1 P/ p’/
| \I/ l l .
® B al an
: l=——1—— P



Transforms: Yoneda

Hom(yB,P) = P(B)

Graphical Combinatorial

1—— P




Transforms: Yoneda

Hom(yB,P) = P(B)

Graphical Combinatorial

O U ey

[

1—— P




Transforms: Yoneda

Hom(yB,P) = P(B)

Graphical Combinatorial
L
f/
VoAl SRk
S O S A
229560600000 1 1 a PO




Transforms: Yoneda

Hom(yB,P) = P(B)

Graphical

\VooNZ

= > &%

aEPO

Hom(y

Combinatorial

B« P, P’

|1

1 ]. ?) P()
~ P(B)



Transforms: sections

Graphical Combinatorial

N/ R A

’ ’ ‘

Po —— 1

Po



Transforms: sections

Graphical Combinatorial

Vool 1T

X ¥

’ ’ ‘

Po —— 1

Po



Transforms: sections

Graphical Combinatorial

vy LT

e

’ ’ ‘

Po —— 1

Po



Transforms: lenses

P = Sy° (server) Q = Cy° (client)
Graphical Algebraic
R Sy xS St oy

i '"\v \v \/ Yoo ol

SxY? ———— Cx Y€
(fo,—of2)

Combinatorial
S+ _S§xC——CxC

I

SxS

|

fo=get




Transforms: lenses

P = Sy° (server) Q = Cy° (client)

Graphical Algebraic

fo,—of’
sx x5 o= oo xC

Pyy yy R

Combinatorial
S+ SxC——CxC

SL/W h
|

S S C

fo=get




Transforms: lenses

P = Sy° (server) Q = Cy° (client)

Graphical Algebraic

fo,—of’
sx x5 o= oo xC

v \[f\f/}f T -

SxY® — 5 CxY©
<f0,—ofs/)

Combinatorial
S+ SxC——CxC

SL/W h
|

S S C

fo=get




Transforms: lenses

P = Sy° (server) Q = Cy° (client)

Graphical Algebraic

fo,—of’
sx x5 o= oo xC

A TRTA I

Combinatorial
S+ SxC——CxC

SL/W h
|

S S C

fo=get




The Elm loop

update
State +——— State x Msg —— (Html Msg) X Msg

pQT e i
]

State X State P1 P1

o

State ———— State —————— Html Msg
view
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Monads

“A monad is just™ a monoid in the category of

endofunctors, what's the problem?”
- (not) Philip Wadler (cf. James Iry)


http://james-iry.blogspot.com/2009/05/brief-incomplete-and-mostly-wrong.html

Monads

“A monad is just™ a monoid in the category of

endofunctors, what's the problem?”
- (not) Philip Wadler (cf. James Iry)

return join

y—M M<aM—M


http://james-iry.blogspot.com/2009/05/brief-incomplete-and-mostly-wrong.html

Monads

“A monad is just™ a monoid in the category of

endofunctors, what's the problem?”
- (not) Philip Wadler (cf. James Iry)

return join
y—M M<aM—M
LL LL%L ...........


http://james-iry.blogspot.com/2009/05/brief-incomplete-and-mostly-wrong.html

Comonads

“A comonad is just™ a comonoid in the category of

endofunctors, what's the problem?”
- (not) Philip Wadler (not cf. James Iry)

extract dup
W—y W-wWaW

A/

Wi



http://james-iry.blogspot.com/2009/05/brief-incomplete-and-mostly-wrong.html

Comonads

“A category is just™ a polynomial comonoid in the

category of endofunctors, what’s the problem?”
- (not) Ahman & Uustalu (not cf. James Iry)

extract dup
W—y W-wWaW



http://james-iry.blogspot.com/2009/05/brief-incomplete-and-mostly-wrong.html

Comonads

“A category is just™ a polynomial comonoid in the

category of endofunctors, what’s the problem?”
- (not) Ahman & Uustalu (not cf. James Iry)

extract dup
W —y W-wWaW



http://james-iry.blogspot.com/2009/05/brief-incomplete-and-mostly-wrong.html

Comonads

“A category is just™ a polynomial comonoid in the

category of endofunctors, what’s the problem?”
- (not) Ahman & Uustalu (not cf. James Iry)

extract dup
W—y W—-waW

LN



http://james-iry.blogspot.com/2009/05/brief-incomplete-and-mostly-wrong.html

Comonads

“A category is just™ a polynomial comonoid in the

category of endofunctors, what’s the problem?”
- (not) Ahman & Uustalu (not cf. James Iry)

extract dup
W—y W-wWaW

1 BN


http://james-iry.blogspot.com/2009/05/brief-incomplete-and-mostly-wrong.html

X and ®

Monoidal products on C lift to monoidal products on Set®

C = (Set, +) C = (Set, x)
PXQ:Z Zypla-i_og P®Q:Z Zyplaxog
acPy bEQo acPg beQq
(P"x Qo) + (Po x Q') P x Q
. L

Po X Qo Py x Qo



Sys (f.g) P Q
[f.g'] P;' P’ % QO

SxS« A <
‘/ Q,g - PO X Q/

(fo,80)



X and ®

Sys <f,g> P X Q
_ Irg1 Pt P’ x Qo

5 X 5 < + +
‘/ ng | PO X Q/

S—>P0><Q0

“Independent interfaces”
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“Simultaneous interfaces”

(e.g., keyboard & mouse)



SySx TyT

X and ®

f Ay B

S+T+——SxTxB— AxB

T 4—”/’/;//

S+ T
X

SxT

|

SxT

_I

SxT

fo



X and ®

f

SyS X TyT AyB

S+T+——SxTxB— AxB

[ i :
[\f

S+ T
X

SxT

|

SxT SxT A
fo

“Interacting components (but...)"



X and ®

Sy Ty" f AyB

SXxTxB — AxB

T /,/”/ a
e
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X and ®

SxT « MM o TyB_— L AxB
T ,,/”/ a
T
(S x T)?
SxT SxT A

fo

“Interacting components”



Interacting components




Monoidal closure(s)

RO= ] Ry+Q,)  [Q.RI= [] R(yx Q)

beQo beQo



Monoidal closure(s)

PxQ—R PQ—R



Monoidal closure(s)

PxQ—R PQ—R

ZabyplaJrQZ — R Z:abyplaxqJ — R



Monoidal closure(s)

PxQ—R PQ—R

ZabyplaJrQZ — R Z:abyplaxqJ — R

Va,b yPatQ 5 R Va,b yPaxQ R



Monoidal closure(s)

PxQ—R P®Q—R
Za’byp'ﬁ% - R Za’byP;XQZ — R
Va,b yPatQ 5 R Va,b yPaxQ R

Va,b R(P,+Q)) Va,b  R(P, x Q))



Monoidal closure(s)

PxQ—R

PQ —R

Za byP/aJrQ?J — R

ZabyP’ang 5 R

Va,b yPatQ 5 R

Va,b yPaxQ R

Va,b R(P,+Q})

Va,b R(P, xQ})

Va,b yPa— R(y +Qj})

Va,b  yP» = R(y x Q)



Monoidal closure(s)

PxQ—R

PQ —R

Za byP/aJrQ?J — R

ZabyP’ang 5 R

Va,b yPatQ 5 R

Va,b yPaxQ R

Va,b R(P,+Q})

Va,b R(P, xQ})

Va,b yPa— R(y +Qj})

Va,b  yP» = R(y x Q)

S yP = TIL,R(y +Q})

S.yPe =TI, R(y x Q})

P — RQ

P — [1,[Q:R]



Monoidal closure

Something (universal) in a box with P

[P.yl= J] v x P, =r(P)y"
acPg

r(P)

a:PO [P’y]




Monoidal closure

Something (universal) in a box with Sy (reader)

Sy N=]]yx12y°
seS




Monoidal closure

Something (universal) in a box with y° (writer)

=]y xS=S
acl




Monoidal closure

Something (universal) in a box with Sy® (store)

[Sy> =]y xS=(Sy)°

SES
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Functional Reactive Programming

"Hello world"‘

infz{}

/Msg D Unit
N

State = StringxString

Hello Heml Msg update
world
switch {"Hi there",""}:State
t1
I view .
Hi there
Html Msg  reowse vos s
Hi there switchy,

: Html Msg



Functional Reactive Programming

"Hello world"‘

intl{}

/Msg D Unit
N

State = StringxString

Hello Heml Msg update
world
switch {"Hi there",""}:State
t1
[ view .
Hi there
Html Msg  reowse vos s
Hi there switchy,

: Html Msg



Bicomodules

Po P1 P2 d b ds

\J/ = Po .

.y Po



What is category
theory for?



The Baez inflection: ¥
“... [W]hen you no longer

need to mention the

math.” %, '




Bartosz’ Principle: Category theory is for humans

“Category theory is a very good description of how our minds work.”









Semagrams

(some day...)







	User interface

