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a allow connections ③ Debuhr not A

⑨ What can we do with it ?
mummy

④ Motivation

Programming problems are often of the harm

"
solve this

,
under this constraint "

How can we formalize this notion of nohow ?

We will we Gallas connections to debase an
operator I'

,
it . we can write

smoke p
Kinder
condition

mmmm

② Gallois connections

¥ As : naansis aanndnagh :B
"

a :P: piano:b:"
⇐
on B and E on A

,
such that i

Sta) E b ←→ a Eg (b )

coming up next :

EXAMPC.ES#haaE



z.com#ved-g examples of Gallois connections

(a) division vs multiplication for a, b, c
> 0

a x c E b ⇐ a E b ÷ c
hrs

11£9

Cb ) addition vs subtraction

at c E b C⇒ a E b - c

w -

f 9

(c) length vs take

length Z E N A Z E X ⇐ ZE take Che , x )

bet 8 be the vet of ante - length strings and All the
net of string - lengths .

but ⇐ be ke normal order on htt
.

let ⇐ be the prefix order on 8
.

let ⇐ be the preorder on htt 's downed by
( n , X ) # cm ,y ) E. NEW and HE y .

he t f : 8→ All x § be the honchon X ↳ Hengthx,X)
but g- : AH x § H § be the Gnomon

( n ,
x) n x Eo : n - Is returning the N

- length
prefix .

Then the halloos Connection is (f , 9 , I , E )
.

Cool
, right ?-



③ Consider the following Gallois Mahon :

fex ) E Y 2--3 X E g Cy )

express E and E as relations :

( K X )
, y ) E C f ) ⇐ ( X , gCy )) E C E )

express fig as relations
( X , Y ) E fo . C E ) E C X

, y) E CE ) o 9
X , y are free variables

,
so express in point - free bras

f-
°

. C E ) ⇐ CE ) o g
split relational equality into two want statements
5-
°

. C E ) E C E ) . g and CE ) o g E f
°

. C E )
- -

CI ) CI)
Assume f and g are monotonic

. Then .

CI) ⇒ { as E is a preorder }
g E id o g

.

E ( E ) o g so g E f
°

. CE )
⇒ { by monotonicity of ° }
(E ) . g E CE j - f

°

. C E )
⇒ { by monotonicity offs
( E ) . g E fo . CE ) . ( E )

⇒ { by associativity of E, noting therebe ⇐HE LED
( E J o g E f

°

. C E )

Note also that (3) = fo . CE ) E CI ) . g

⇒ { taking convenes I both sides }
( fo . CE ) )

'

E ( CE ) og J = go . Ca )

⇒ { shunting go to the left 3

go ( foe CE ) )
'

E C 2)



Finally :

f-
°

. C E ) = Ca ) . g

⇐s

ca) g E fo . ( s )
The "

easy
"

part

and

Cb) g off? CE ) )
'

E Cz g
The

"

hard "

part
call this port An

"
S "

.

Then Ca ) means f must return a result
permitted by s .

(b) means that if s mops x to y,
then gxzy, meaning , g must
return a maximum result .

Debnlhoni Given relations

BT ALR
Delone "

s shrunk by R
" to be

SPR = SARI so
I -e

, g Eff
: CE s ) PCI )



SRR takes 6GB to a E A rich that :

This is a very topological idea
.

We are shrinking s to only perform
maps that are unmolested by R .
If R is a maximizing luncheon

, then we
are shrinking s to only accept
maximal solutions .

⑨ What can we do with it ?

TODO .

. Care scheduling



PROPMEN : let A be a vet of tasks ;

for each a EA
,
let g ca ) be the net of

tasks that must wait for a to complete
before they may begin ;
bet spans .

. A- → NT give the timespan of
each task ;

and let schedule : A → IN gene starting timer
to tasks

.

Girouard
§ : spans → schedule

that gets all the tasks done as quickly as
possible .

let lazy
g

: schedule → spans compute for each

task in the schedule its Max . execution
time .

So
,

I s
= Max time the schedule

SE lazygc schedule ,
could the to execute .

-

⇒ fg -- CC lazy g ):( 777 ME )
so what is the convene of Clay g) ?

K this is where
l 'm lost )



(c) length vs take

length Z E N A 2- EX ⇐ ZE take Che , x )

bet 4 be E X E
.

( length Z ,
z ) 4 Cn ,

X ) ⇐ Z E take Cn
,
x)

let fcz ) = Clength E, z )

f CZ) d Ch , X ) ⇒ E E take Ch , X )

rewrite using
r operator

take E ( foo Cd ) ) P ( Z )
rewrite according to def of f

take E ( length : CE ) , id
°

oE) ) N CZ )

obviously id ' = id so

take E ( length
°

. CE )
,
CE ) ) NCIS

so
,
take C W

,
X ) is some z ouch that

( easy part ) : length Cz) E n and

Z E X

chord part ) i E is longest possible .

The calculation at aspect is to synthesize length
°

.


