




























































The Design Invariant

If j tf E E

then f is a monotone function

Hence

j t fix x fix E

is a well defined fixed soint
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Syntax
Types A B 1 AxBlA B A B SE I A

Egtypes E F 11 Etf I ExF I E

r T.sc A Δ Doc A

e I e e tile I a e le e l in e

I case e infe I level forate e Ise
boxfel let box a e in e

I fix x L e le le le ez empty e

Δ Fte A



Typing

a AET
p p

Dirte A Airrez Az

Dirt x A Dirtee es

AixAzDitteAixAzDiFx Ate
BDirtax.eAyB

Airtel B Dirrezia
Dirtitile Ai Dirte e B

Dirte A Airte AitAz Diba A te B Dire Aztez B
Dirtinifel A tAz Dirt casele in x e sinated B



Modal Typing
x AEΔ
Air x ̅ A

Dix Atx A

D he A Die tax.x A A

Dirt box e A it tboxfk.BY A

Ditte A D a Air tea B
Δ r t let box a e inez B



Data Structures
Δ re E E F I ETF ExF I E

Δ r t e E

Dirt E
D x E t e E

Δ Tre E D Ltez E Δ f t fix x e E

Δ r t e Ue E

Dirt ei E D x E T t e F

Δ f t for xee ez F

D te E Di tea E Di he 1
Airtel ez

fiempty
boot

1 1



a b c a b c d

a bt s a be 8C



The Design Invariant

If j tf E E

then f is a monotone function



The Design Invariant

If j tf E E

then f is a monotone function

Hence

j t fix x fix E

is a well defined fixed point

Typechecking ensures monotonicity



x E t e E

a e 85 a e



What's In the

Intuitively A represents values

which change

Hence they cannot vary over

during a fixed point computation

Details in the next session



Programming in Datafun

Map ETF E F

map box f es

for ne es 2



Programming in Datafun

Map ETF E F

map box f es

for xees 2

bad map ETF E F

badmap f es

for zees ftp.z
not in scope
here



Programming in Datafun

filter E 1 1 E E

filter f es

for xees case f z
in C x

in C



Programming in Datafun

filter E 1 1 E E

filter f es

for xees if f z then

x

elsey



Programming in Datafun

prod E F ExF

prod as ys
for x Exs

for yeys x 4



Programming in Datafun

member DE Ef boot

member box x ys

for
yeys if I L then

let b 1 844

elfin

empty b



Programming in Datafun

intersect E E E

intersect s ys
for x Exs

if member boxle ys then
824

elsey



Programming in Datafun

compose ExF F 6 ExG

compose R S

for e f E R
for f g es

if 1 1 then This is

Eng impossible
else in Datalog



Programming in Datafun

compose ExF F 6 ExG

compose R S

for e f E R
for f g es

case

in e g
in



Programming in Datafun

compose ExF F 6 ExG

compose R S

for ef ER
for fg ES

Case Iz E IT fg

in ITCef Tz fg
in



Programming in Datafun

compose ExF F 6 ExG

compose R S

for ef ER
for fg es

Case Iz E IT fg

in ITCef Tz fg
in



Programming in Datafun

trans EXE EXE

trans box E

fix R E U compose ER



Regular Expressions

Assume we have

ten string IN

ten box s the length of 5

chars Str char IN

chars box s Gi i th char of s is a



Regular Expressions

type regex string IN IN

char char regex
char box c s

for i C e chars s

if then
i 2 174

elsey



11 abc abc



Regular Expressions

type regex string IN IN

char char regex
char box c s

for i C e chars s

if then
i 2 174

elsey



Regular Expressions

type regex string IN IN

seq regex regex regex

seq
R R s compose R s R s

7,131

7 201



Regular Expressions

type regex string IN IN

nil regex
nil boxes for c i e chars box s

1,27
U
len boxe len boxes



Regular Expressions

type regex string IN IN

alt regex regex regex

alt R R S R s U Ras



Regular Expressions

type regex string IN IN

star regex regex
star box r boxes

ni box d U trans box f boxes


