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/Our proposal N Applications h

% We propose a refinement type inference method that Precondition inference

allows users to control “the quality” of inferred types. Infer the (preferably weakest) precondition that satisfies a
given postcondition.

Unknown predicates to be inferred

sum :: (x: {x:int | P(X)}) -> {y:int | x = y}

7 \/ let rec sum n = 1f n<=0 then 0 else n + sum (n-1)

sum :: (x: {x:int | P(x)}) -> {y:int | Q(x,y)}

let rec sum n = if n = @ then 0 else n + sum (n-1) maximize(P).

maximize(P). (* find the logically weakest P *) inferred type:

minimize(Q). (* find the logically strongest QO *) (g; . {Qj - 1nt ‘ 0< < 1}) — {y . 1nt | r = y}
prioritize(P, Q)l ‘ prioritize(Q,P) Non-termination analysis

l Infer the (preferably weakest) precondition that leads to
(z:{z:int | T}) (z:{z:int |z < 0}) non-termination.
(x :{x :int | z = 0})
—{y:int |y > 0} S {y:int |y =a) —{y:int [ L} sum :: (x: {x:int | P(X)}) -> {y:int | false}
\ / let rec sum n = 1f n=0 then 0@ else n + sum (n-1)
\ maximize(P).

Overa" StrUCture (ct. [Unno and Kobayashi 2009]) inferred type: (.CE‘ : {ZE : 1nt ‘ Tr < O}) — {y : 1nt ‘ J_}

Bounds analysis

Program with < sum s (xa{x:int PO} -> {y:intlfalse}
Type template

let rec sum n =

) Infer the upper bound on the number of recursive calls.
1f n=0 then @ else n + sum (n-1)

Constraint sum :: (x: {x:1int I.x>=®}) —>.(1: 1nt).
generation -> (c : {c:int | P(x,1,0)} -> 1int
L < P@)Az=0 (* 1: 1nitial Yalue of x, c: # of recursive calls *)
Horn clause JP.Vx. P( B 1) — P( )/\ # 0 let rec sum x 1 ¢ =
constraint set L L) e 1f x = @ then 0 else x + sum (x-1) 1 (c+1)
minimize(P).
Multi-objective coﬁggg:grsa:‘or maximize(P) POX,1,0) - x =18 c =0 _
optimization optimization inferred type: (z:{z :int | x > 0}) — (7 : int)
— (c:{c:int |c+x=1Ac>0})—int
Solution ——— Plx)=x2 <0 The upper bound of cisi | -
/ \ because T > 0 At = x + ¢ 1s an invariant of sum. /

~

Our optimization algorithm | repeatedly improve an approximate solution until convergence!

maximize ™ KConstraints for finding \
We extended > 1L < Plx)ANx=0 & ATl Gy 0T a weaker solution:
(Gulwani et al. 2008] | IP.Va. unknown v SRR
Plx —1) <= P(z) Ax # 0 ,

to support: 9 g coefficients Vo. (P(x) < 1)
> IO C2BE substitute template P(x) = c1x + ¢c2 > 0 Vo ( L=Plx)rz=0

constraint sets, B N K "\ Ple—1)=Pl) Nz#0 j
‘:‘ ml%ltip.le = v Ll <=crxr+c2>20Nz=0

Ob]€Ct1V€S> and €1, 2. Vil cilrt—1)+c2>0<«<=cix+ca>0Nx#0
%* priority orders - /

Farkas’ lemm " initial solution
We implemented a arkas lemma Pz) = |

. repeat until
prototype type g SMT solver [ ¢; =0 l convergence
inference system Elcla 02-3817 SR Z4- ( .« - ) ; 1 1 [improved solution
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(demo avallable> - polynomial inequalities in ¢1, c2, %1, ...44 \ / P (Jj) =r < -1
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