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Higher-order contracts

{x:Int | x=0} — {x:Int | x=0}) — {y:Int | y=0}

You give a function fon Nats, | return a Nat

If you don’t get a Nat, oops—you blame me
If fis called with a negative number, oops—you blame me

If freturns a negative, oops—I blame you

“‘even-odd rule”
— Findler and Felleisen
2002
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Checking contracts at runtime

» blame
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Function proxies

Set

min : {l:X set| not (empty) I} &
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Function proxies

Set

empty = null
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What tail calls?

let odd = .—> . (An:Int. ... even (n-1))

let even =‘_"(>\nzlnt. ... odd (n-1))

N

even (‘ 3)
®-id (@2
‘ . even (‘ ) ‘
‘ . ‘odd (. 0)
‘. ‘ . false




What tail calls?

let odd = .—> . (An:Int. ... even (n-1))

let even =‘_"(>\nzlnt. ... odd (n-1))

even (‘ 3)

Contracts @ i (@2
break ‘ . even (‘ )
tail calls! 4 KN B

o B— ‘. ‘ . false




Bad space behavior

Functional Programming - Tail Calls = Bad News

- Contracts change asymptotic space behavior

- Big barrier to adoption



Space-efficient
manifest contracts

a semantics for manifest contracts
checks consume constant space

behave just like classic contracts
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Contracts Made Manifest

Greenberg, Pierce, and Weirich POPL 2010

Are ves

contracts
types?
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Casts

< 1 =>T2>JZ e

| know e has type T+

Treat it as type I»
If I'm wrong, blame ¥



Casts

< 1 =>T2>JZ e

B ::=Bool | ...
T:={xBle}l Ti—T>



Casts between refinements

<{x:Int | true}={x:Int | x=0}>!' 7 —>"7
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Casts between functions

<l1— To=Ui & Ut

...Is a value a/k/a function proxy.



Casts between functions

(<T1 = To=2Uqs = Us>tf) vi—

<To=U>t (f (<Ui=Ti>tv))
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Pop quiz

When we execute
<(Nat—Nat)—~Nat=(Pos—Pos)—Pos>t

will we check Nat or Pos
iNn the domain’s domain?
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INsight #1: use coercions

<T1 =>T2>lz

%
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Coercions between
oredicates
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Coercions between
oredicates

<{x:Int | true}={x:Int | x=0}>!' 7 +—"7

<{x:Int | true}={x:Int | x=0}>f -1 —"blame {

Totally
ignored!
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Coercions between
oredicates
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%
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Coercions between
functions

(<{X:Intltrue}—={x:Intltrue}={x:IntIx=0}—{x:IntIx=0}>t f) v

—

<{x:Intltrue}={x:IntIx=0}>! (f (<{x:IntIx=0}={x:Intltrue}>t v))

24



Coercions between
functions

(<{X:Intltrue}—={x:Intltrue}={x:IntIx=0}—{x:IntIx=0}>t f) v

—

<{x:Intltrue}={x:IntIx=0}>! (f (<{x:IntIx=0}={x:Intltrue}>t v))

%

24



Coercions between
functions

(<{X:Intltrue}—={x:Intltrue}={x:IntIx=0}—{x:IntIx=0}>t f) v

—

<{x:Intltrue}={x:IntIx=0}>! (f (<{x:IntIx=0}={x:Intltrue}>! v))

E .

24



Coercions between
functions
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Coercions between
functions

<1 2 To=U1 & Ux>t

<UJi=T>t <[ ->=U>t
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Coercions between
functions

<1 2 To=U1 & Ux>t

<Ui=T1>t <To=Us>t
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Makeup exam

When we execute

<(Nat—Nat)—Nat=(Pos—Pos)—Pos>t

%
(—b) = Al POS

will we check Nat or Pos
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Insight #2;
W amaredundant checks

T I
=0

—% blame
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Eliminating redundant checks

et odd = [ — B (Aniinc. ... even (n-1))

let even =‘_"(}\nzlnt. ... odd (n-1))

D ®oid (B o)
‘ . false
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Redundant checks

e Same color — same check

 Formally: decidable pre-order on refinement types

* |s this enough?
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How many checks”

Sessions.hs

modu Lle

isport
import

e Finitely many

aaan !
aain = ¢
input
f<n
let 1s = Lines 1
let ys = parse 1s
putStrin § ++ show (length ys) ++

...because of simple types!

{ title :: String, authors :: [Aut
= ' { papers :: [/ 1)
{ year :: String, sessions :: |

[S 1] => [Year])
parse ls =
let ys = breaklp is in
map (\(y,s8) -> ¥ y (sessions ss)) ys
where sessions 55 = map (\(_,ps) => Ses $ papers ps) $ breaklp
papers ps = map (\(p,as) - t as)) $ breaklp

breaklp :: St ] =» [S51t 3] - [(5t 1]
breaklp _ =
breaklp bk (l:ls) =
if breakable 1
then let (lcts,rest) = break breakad
(1, filter (not . all isSpace) lcts) DreakUp ok rest
else breaklp bk 1s
where breskable Line = take (length bk) line == bk

parseArgs :i:
parseArgs = do
args <- getaArgs




How many checks”
Types: 0 B

Sessions.hs

modu Lle

isport
import

= B Finitely many

aaan !
aain = 00
input <~ parseArgs
f <= readFile input
let 1s = Lines f
let ys = parse 1s
putStrin § ++ show (length ys) ++

o e o i ...because of simple types!

{ title :: String, authors :: [Au
= ' { papers :: [/ 1)
{ year :: String, sessions :: |

[S 1] => [Year])
parse ls =
let ys = breaklp is in
map (\(y,s8) -> ¥ y (sessions ss)) ys
where sessions 55 = map (\(_,ps) => Sessi $ papers ps) $ breaklp
papers ps = map (\(p,as) - p (map Aut as)) $ breaklp

breakUp :: St ) = [St 3] =» [(String, [String])]
breaklp _ =
breaklp bk (l:ls) =
if breakable 1
then let (lcts,rest) = break breakadble s in
(1, filter (not . all isSpace) lcts) breakUp bk rest
else breaklp bk 1s
where breskable Line = take (length bk) line == bk

parseArgs :i:
parseArgs = do
args <- getaArgs
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Finitely many types
Appear once, at most

What's the worst that
can happen?
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climinating redundant checks

How do we merge lists of checks?

e

Invariant: the checks on the stack have no redundancy.

We'll merge the new checks in,
dropping redundant checks.
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Merging, In detall
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Merging, In detall

ow do we merge lists of checks?
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Merging, In detall

Go from new to old

ow do we merge lists O

Drop redundant checks
- C on the old coercion

new old

60 -08EE-B00¢




Merging function proxies
(0—>0 (. — 5 f)) V




Merging function proxies
CEXICET )L,




Merging function proxies
(0—»0 (l —»\l f)v

s (m-mf)ey)



Merging function proxies
(0—»0 (l —»\l f)v

s (momf)eV)

- ]



Merging function proxies
(0—»0 (l —»l f))v

R (( - ) o

- ]




Merging function proxies
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Merging function checks

Domain: new to old
Codomain: old to new

o —

new old
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Merging function checks

Domain: new to old
Codomain: old to new

new old
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Merging function checks

Domain: new to old
Codomain: old to new

new old

W—/) +Hl- @ =

S+ - o472
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Merging function checks

Domain: new to old
Codomain: old to new

new old
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Merging function checks

12 new to old

_ in: old to new
Go from right to left -

Drop redundant checks . —

Contravariance

- R 4LAT
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Proofs

Soundness Congruence lemma
. . €1 7E €2
Classic semantics
and v
space-efficient semantics (T1=>Tz)" e (T1=>Ts) e
behave identically \ /
& K2

41



Congruence lemma




Congruence lemma
“ e 1 ~§i~ ’ e 1 , Our step:

check
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Congruence lemma
“ e “ ~§i~ ’ e 1 , Our step:

check
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Outlook

Types: () () @ 9

e @ 2 Sessions.hs

o=

input <~ pa

f <= readFils

let s = lines 7
let ys = parse 1s

g

data { title :: , duthors ::
newtype = { pepers :: [ 1)
data { year :: . sessions 1: |

e < e { s 113  Use coercions, not casts

parse :: | ] = | ]
parse ls =
let ys = breaklp is in
map (\(y,ss) - y (sessions ss)) ys
where sessions ss = map (\(_,ps) - $ papers ps) $ breaklp

 Merge redundant checks

breaklp _ -
breakUp bk (l:ls) =
if breakable 1
then let (lcts,rest) = break n
(1, filter (not . all isSpace kUp bk rest
else breaklp bk s
¢ breakable Line = take ne == bk

parseArgs 1:
parseArgs = )
QetArgs
args of

45



Outlook

e Can we scale to dependency?

Tyres: B B
(EB+<o=

ST e Simple types—finite number

putStrin § ++ show (length ys) ++

newtype
dat
newt
data

parse :: |
parse ls = u u u
S e * Dependent types—infinite
map (\(y,ss) - y (sessions ss)) ys -
where sessions ss = map (\(_,ps) - $ papers ps) $ breaklp
papers ps = map (\(p,as) - p (map as)) $ breaklp

breaklUp :: - | ] =2 Ll | 1]
e numper
breakUp bk (l:ls) =

if breakable 1

then let (lcts,rest) = break n

(1, filter (not . all isSpace kUp bk rest

else breaklp bk s

¢ breakable Line = take ne == bk

parseArgs 1:

parseArgs = )
args <- getArgs
case args of

46



Outlook

 Can we scale to dependency and effects”

(@S =<®

keep
£
e

= <@— 0

47

e |dea: partial orders/lattices
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