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Topics of this Talk

= Revisiting the Max Function
= The Inference Algorithm
= Demonstration

= Example 2: Abs functions + Demonstration



Revisiting the Max Function

max : a:{ v:Int|True } -> b:{ v:Int|True } -> { v:Intl|k4 }
max =
\a -=> \b —>
if
(<) ab
then
b
else

a

We want to derive the refinement label as k4.



Revisiting the Max Function

We remained with the following problem:

Find refinements k1, ko, k3 and k4 such that:

{v: Intlv = b} <i{(a{int|True}),(b,{Int| True})} {a<b} {1V : Int|K3},
{v 1 Intlv = a} <i((a {int|True}),(b,{Int| True})} {~(a<b)} 1V © Int|K3},
a:{v:intlki} — b:{v: Int|ka} — {v: Int|k3}

<iyqy @ {v:Int|True} — b: {v: Int|True} — {v : Int|rs}



The Inference Algorithm: Definitions

Subtyping Condition

We say c is a Subtyping Condition :<= c is of form 71 <o T
where 'Al'l, T, are a liquid types or templates, © is a type
variable context and A C Q.

Template

We say T is a template :< T is of form {v : Int | [k]s}
where ke L and S:V » Q
V Tisof forma:{v:int|[kls} = T
where k € IC, Tisa template and S : V - IntExp.

We define K := {k; | i € N}.



The Inference Algorithm

Infer : P(C) — (K - Q)

Infer(C) =
Let V := U {al(a_)eo}
Ti<:gnT2€C
Qo :=Init(V),
Ao :={(k, Q) | k € UCVar(c)}
A :=Solve( U Split(c), Ao)
ceC

in {(k /\Q (k, Q) € A}



The Inference Algorithm: Step 1 (Split)

Split: C - P(C7)
Split(a: {v: Intlg1} — Ta <top a: {v: Intlgs} — T4) =

{{v: Int|gs} <:on {v : Int|gi}} USPlit( T2 <:ouf(agsA 14})
Split({v : Int|q1} <o {v: Int|go}) =

{{v :Int|g1} <o n {v: Int|g2}}

:= {c | c is a subtyping condition}

C™ :={{v:Intlq1} <o {v: Int|g2}
| (g1 € QV q1 = [ki]s, for k1 € K, 51 € V - IntExp)
NGz € QV qo = [ko]s, for kp € K, 52 € V - IntExp)}.



The Inference Algorithm: Step 1 (Split)

© := {(a, {Int| True}), (b, {Int| True})}
Co := {{v : Intlv = b} <:g (acp} {V : Int|r3},
{v:Intlv = a} <:g {~(a<b)} {V : Int|K3},
a:{v:intlki} — b:{v: Int|ka} — {v: Int|k3}
<iyqy @:{v:Int[True} — b: {v: Int|True} — {v : Int|rs}
After Step 1:
C:={{v:Intlv = b} <ig (acp) {V : Int|r3},
{v i intly = a} <ig (~(a<p)} 1V : Int|K3},
{v o Int|True} <:gy 3 {v @ Int|k1},
{v o Int| True} <if(av:int|True})}, {3 1V 1 Int|k2},
{v i int|rs} <o {v: Int|Ka}}



The Inference Algorithm: Step 2 (Solve)

Init : P(V) =P(Q)
Init(V) =:={0 < v}

U{a<v]aeV}
u{v <0}
U{r<alaeV}
U{r=alaeV}
u{v =0}
U{a<vVvv=alac V}
U{r<avv=alacV}
Uu{0<vVvwv=0}
U{r<ovwv=0}
U{~(v=2)]aeV}
U {~(v = 0)}

In our example V := {a, b}



The Inference Algorithm: Step 2 (Solve)

Solve : P(C™) x (K - P(Q)) — (K - P(Q))
Solve(C, A) =
Let S:={(k, \ Q) | (k,Q) € A}.
If there exists ({v : Int | g1} <tea {v:Int | [ko]s,}) € C such that
=(Vz € ZViy € valuer({v : Int|ri})....Vi, € valuer({v : Int|r,}).
[l A Pllgw,2), (b1 (Bmniny = (2] 40,2) (1), (Bsin)})
then Solve(C, Weaken(c, A)) else A

SMT statement:

(A w)3) A A p) A=
=0

with free variables v € Z and b; € Z for i € NY.
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The Inference Algorithm: Step 3 (Weaken)

Weaken : C~ x (K - P(Q)) » (K -» P(Q))
Weaken({v : Int|x} <:ea {v: Int|[ks]s, }, A) =
Let S:={(k, A Q) | (k,Q) € A},

@:={gq
| g € Alkz)
ANVz € ZNi € valuer({v : Int|r}).... Vi, € valuer({v : Int|r,}).

[l A Pl {(,2),(b1,1)sees(Bisin)} = LGS {(02),(B1,0)s s (Bmsin)} ) }
in {(k,Q) | (k,Q) € ANk # ko} U {(k2, Q2)}

SMT statement:

“((Aliwe)) AnAp)Vr
j=0

with free variables v € Z and b; € Z for i € N and r» := [q]s,. 11



Demonstration

© :={(a,{v : Int| True}), (b, {v : Int| True})}
Co := {{v : Intlv = b} <:g (acp} {V : Int|r3},
{viintly = a} <ig (~(a<h)} 1V : Int|r3},
a:{v:intlki} = b:{v:Int|ka} — {v: Int|k3}
<iyqy @:{v:Int|True} — b: {v: Int|True} — {v : Int|rs}
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Example 2: abs

abs : {v:Int|True} -> {v:Int|k4}
abs =
let
max =
\a => \b —>
if a < b then
b
else
a
in
\z ->

max ((x) z -1) =z
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Example 2: abs

[AOAFe :(a: 1= T)
r,A7@,/\|—622?-1 eg:eé [?_2]{(3,e§)}:?_3
MAOAFe e: T3
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Example 3: abs

© := {(a, {Int| True}), (b, {Int|( True)})}
Co := {{v : Int|v = b} <ig (acpy {V : Int|k3},
{v i intlv = a} <ig (~(a<h)} {1V : Int|r3},
z:{v:Int|k1} — {v: /nt|[/i3]{(a7z . —1),(b,z)}}
<iqyqy Z:Av i Int[True} — {v : Int|ka}
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Current State

1. Formal language similar to EIm (DONE)
2. Extension of the formal language with Liquid Types
2.1 A formal syntax (DONE)
2.2 A formal type system (DONE)
2.3 Proof that the extension infers the correct types. (DONE)
2.4 Implementation of the inference algorithm. (DONE)

Started thesis in July 2019

Expected finish in February 2021
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