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Type inference, term synthesis, and type classes

-- type inference, term synthesis
data maybe, @ Bool — Set where
nothing : maybe, false
just : A — maybey true

fromJust : maybey true — A
fromJust (just x) = x



Type inference, term synthesis, and type classes

-- type inference, term synthesis
data maybe, @ Bool — Set where
nothing : maybe, false
just : A — maybey true

fromJust : maybey true — A
fromJust (just x) = x

fromJust =\ (m : maybey true) —
elimmaybe, %5 mM
O (w: [ 2a) - [30)

N(w: ?8) (x: A) = x)



Type inference, term synthesis, and type classes

-- type inference, term synthesis -- type class resolution
data maybey : Bool — Set where class Eq a where
nothing : maybe, false eq: a— a— Bool
just : A — maybey true
instance Eq Int where
eq xXy=...
instance (Eq a, Eq b) = Eq (a,b)
where
eq (x1, x2) (v1, y2) =
eqx1y1 Aeqx2 y2

fromJust : maybey true — A
fromJust (just x) = x

fromJust =\ (m : maybey true) —
eIimmaybeA 7% m test : Eq ( Int, Int ) = Bool
test = eq (1, 2) (1, 3)
N(w: ?24)— 7))

N(w: ?8) (x: A) = x)



Type inference, term synthesis, and type classes

-- type inference, term synthesis -- type class resolution
data maybey : Bool — Set where class Eq a where
nothing : maybe, false eq: a— a— Bool

just : A — maybey true

instance Eq Int where

fromJust : maybey true — A eq Xy=...
fromJust (just x) = x instance (Eq a, Eq b) = Eq (a,b)
where

eq (x1, x2) (y1, y2) =
eq x1 y1 A\ eq x2 y2
fromJust = X\ (m : maybea true) —

eIimmaybeA 7% m test : Eq ( Int, Int ) = Bool
test = eq (1, 2) (1, 3)
AN(w: ?24) = %)

N(w: ?8) (x: A) = x)

test : Bool
test = eq { 7eqp } (1, 2) (1, 3)
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Big-step operational semantics
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Small-step operational semantics
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Soundness

Theorem (Soundness)
IfS;PF-| G~ -|ethenS;P — e:G.

Theorem (Generalised soundness)
IfFS;PF-|G~T"|ethenS;P — e:VI'.G.
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right lifting

generalisation

S; Pl —c é: &
SPrrie®fr e L \\C
”””””””” - Stability
/! Substitutivity\‘\
Weakening of S\}
S, P;T é—1>Dc Weakening of 73/”
/

left lifting RS




Fundamental thm

right lifting
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Application to the Examples




Type inference and term synthesis!

SEP
S—mMmMmMmM > 'PS OM : 6A
PSR 0
\
. proof- !
| relevant |
/ resolution \
1
S;IME (G| A) e
fromJust—> G, A STFOM:0A

fromJust =\ (m : maybey true) —
elimmaybe, true m
(N (w: true = false) — elim= w)
(N (w: true = true) (x: A) — x)

"https://github.com/frantisekfarka/slepice


https://github.com/frantisekfarka/slepice

Type class resolution?

test = eq {eCIpair eqint qint} (1, 2) (1, 3)

data Bush a = Nil | Cons (Bush (Bush a))
instance (Eq a, Eq (Bush (Bush b))) = Eq (Bush b)

’https://github.com/frantisekfarka/cotcr
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https://github.com/frantisekfarka/cotcr

Where to Next
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Applications
e coinductive proof-search for parallel and distibuted
computation
e constrained Horn clauses for resource-aware computation

e automation for e.g. dependently type-based probabilistic
programming

Theory of proof search
different classes of sequents for efficient search space
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Type inference, term synthesis, and type classes Big-step operational semantics

o D ATy (IR oo G GV T D= A|GD[We:AD
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Appendix
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Big-step operational semantics

Example

P =k, :odd(z),
Ke VX : a.odd a = even (s x)

Ko Vx : a.evena = odd (s x)

S,c:a,P,kx:evenc — Ky : evenc

S,¢:3,P,kx: evenc — Ko kx - odd (s c)

S,c:a;P,kx: evenc — Ke (Ko kx) : even(s(sc))

S,c:a;P — Akx.Ke (Ko kx) : evenc = even (s (sc))
S; P —> Akx.ke(Kokx) : Vx : a.evenx = even (s (s x))
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Small-step operational semantics

Example

| V¥x : a.evenx = even(s(sx)) ~~ - | evenc = even(s(sc)) ~

Ke:Vx:a.odd x=-even (s x)

- | Akx.even(s(sc)) ~ - | Akx.even(s(sc)) ~

))ne:oddX:>even (s X)

X :a| Akx.even(s(sc >

X :a| Aky.even(s(s c))”e("ddx):e"e”(sx) ~

| M-k (0dd (s €)) ~ - | Mrix.ke (odd (s c))roxa-evenx=odd(sx) .,
Y : a| Mix.ke(odd (s c))oieven Y=0dd (sY) | Nky.ke (Ko (evenc)) ~»

)mxzevenc:)

| Akx.Ke (Ko (evenc ~ | ARxeKe (Ko Kx)
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Logical relation

&p 4 A
S;PiT =5cé:A S; Pl —c & :D
S;P;l —c é: A

SiPir 4.6 A

SiPiT —c &: G[M/x] SiTHM:A SiPil —cé: A SiPil —5c & :h
SiPiT —c (M, &) : 3x: A.G S;P;Féﬁl—?cDéz DAz
S;P,k:D;T —c é: G &D[M/x]
SPiT —¢cAré:D=>G SiPil —re faii2 STEM A
&xAy.D
S,c: APl —e 8lc/x]: Gle/x] S;PiT —¢c é:A

S; Pl —c é:Vx: AG

SkP _ skr ST —ed

S;Pil —c A:A

S;PiT —c & : & sFP BEDEP Stialls
SIPiT —c (08) 6 66 SiPil —cwn:D
S;PiT —c é1: & S;Pil —cé:A=D SiPil —cé& A
S;P;T —¢c (M, &1) : (M, &) S;P;iT —c éé' :D
S;PiT —c &1 1 62 S;P;T —c é:Vx: A.D Sir=EM:A
S;PiT —s¢ Ak.61 : A\k.&a S;PiT —c &: D[M/x]
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Type class resolution - Pair

Example
Ppair =
k1: eq(x), eq(y) = eq(pair(x,y))
K2 = eq(int)
. Lp-m . Lp-m
Ppair — K2 @ eq(int) Ppair — K2 : eq(int)

Lp-m
P pair — K1k2k2 : eq(pair(int, int)) P
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Type class resolution - Bush

Example

Push =
K1 : = eq(int)

K2 : eq(x), eq(bush(bush(x))) = eq(bush(x))

Poush, (o : eq(x) = eq(bush(x))),(8: = eq(x)) —
r2f(a(ap)) : eq(bush(x))
PBush — Poush, (v : ) — A\B.k2B(a(af)) : eq(x) = eq(bush(x))
k1 @ eq(int) Paush —> vorf.k2(a(af)) : eq(x) = eq(bush(x))
Poush — (vaXB.k28(ca(af)))k1 : eq(bush(int))

Lam

Nu
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