





































































































Weighted Sets

Modalities

Vikraman Chowdhry

Syco 8








































































































Motivation

Programs have intentional information

Space Usage

Implicit Complexity

Effects

Linear Logic Modalities

Linear dependent type theory








































































































Lengthfaq Hofmann 03

Olg X 1 1 set ex 1 1 2 IN

Hom X Y f 1 1 ly fn.ly fine exes

Carterianchesed

HI LILA O

IX x 41 1 1 141 Lxx x y max Lex a lyly

1 y IN 141 ly f min u An E Nt

ly flu Imax
n lx n








































































































IymmetrieMonaidalllosed

I 1

IX Y 1 1 1 x 141 ly ay lx n lyly

1 041 1 1 141 lx y f min ul Yuen
ly flu I n lyin

Coproducts

1 41 1 1 141 lay i n lx a

l xxx ily ly ly








































































































This is a model of Bunched Implication BI

But it's not equivalent to IN Set 1

Why does this work








































































































FamiliesConstruction

Let I be a small category

Famle has

Obj X 1 1 Set we X Ob e

Hom X Y f N 141 Nt

Htt 141

whitey
























































































Fam e has small coproducts

Every object X is a formal coproduct

I Wxin
N X

Universal Property

Given a category D with small coproducts
and

a functor F E D there is a unique up to nat.io

coproduct foreseeing functor F
Fam e D



Fam e É D

F IE
F hang
Psh e Fauces

Y e Fam e ex

p to to p Ip

CoProd Fam e D e DI

Fam Cat CAT is a fully faithful KZ
2 monad



tramples

Fam 1 Set

Fam Set Set

Fam Seto is the category ofcontainer poly



If C has limits then so does Fam e

I f e is cartesian closed then so is Fam e

If E is symmetric monoidal
closed so is Fam e

More generally

Fam e has limits iff e has multi limits

If e has finite products
their Fam e is

Cartesian closed ifb E is cartesian
multi closed

and has multi products

How nice are free cocompletions Adamek Roricky



KeightedSd
Let h be a complete HeytingAlgebra locate

E O I N V E 1

A weighted set is X X1 set wx 1 14 h

A weight preserving map x y is

a map f 1 1 141 suchthat fr Wats I Wy fin

Lt L Set Fam h is the category of weightedsets



Bi Cartesian Closed Structure

1 2 3 1 7 1

IX x41 1 1 141 W
xxx

x y Wxin A Wyly

I Y 1 17141 Wyx f Wxin Wy full

1 41 1 1 141 Way i n We n

Wey ily Wy y

Fuzzy Sets Faz L Fam L Monshhh
Bare 86



Locally CartenanClosedstudu
Pullbacks

Mfg
I a Y G y I firs g ly

Wxxay KY Wy n A Wyly

Familiesofweightedsely

Let A be a weighted set

Xa at A Wxa Xa th

such that Wya n Wala Ant Xa at A



X H Kalata x y

Wx n Wya n r e Xa

f B A

4 HA Lt B

Kalata t Xf be B

It Lt B La IA

Y beB H E Y a A



Ilbo Z b

Tle Lt B Lala

Y bets to It att

If 4 Af 4 If

If BID
Agha I Of

It Is
A Te Ag Tu E Th Of



Medalities

Fix pet

Elp Lt ht

Cx.wxln nlwxGEp3 wx

Ex Ilp X X lex idempotent

Sx Ep X E Elp X



Grading

Ilp Ila E Epa E Ia Elp

Elp Ey E El
pas

E Elp



Application

P C is complete bi Heyting

BLA

C c 2 weighted att

X set W x x 8 e

track captured variables



f X Y Ya Wy fln E WxG

WI d

Wax a b Wala U WB b

Wpa f In Wolflal Wala

C Set Wele a

No global section Is



I X Rex I w Ca 0

TX 1 1 1 x C M

Wtx Gif Wy a U a flute

Cancellation OI IT X EX



EveningEmily Impudence

t t s



ExtendwithI

T I P n A f T n A

J T t e A I T t e A

ftp.it a1ttAteB

T t let box a e in ez B

T n A ET

RecoveringPurity using Comonads Capabilities C I Krishnaswani



IterpretinRI

1 1 1.111 1 as is trim

where p ex S T1

as to he
s if e e

e ow

I ftp elt nlt att't eat loan



Substitution

If T t O 4 A t e A then T tOle A

I T t Ole AI I T t O OI I Ate AI

Equationalfheary

If T t ee ez A then I T te AI IT tea All

commuted
A 1 II B

Anf Xz let box n z in E



If I T t e Eez A I then I tee ez

If T te A T ter A and I te EE

then T t e ez A



Condingthoughts

Other examples

Linear dependent types

Interaction of monads
cannonade


