Basic Types b = a|lx:T>7 | CTT | TT
Types T = {v:b|r} | ClT
Abstract Refinements T Y{prym | T
Type Schemata o = Yao |7
Refinements r u= (ar,cr)
Abstract Refinements ar == || pear
Concrete Refinements er == klefz] | pr | erAer
Predicates pr = true | false | AN pr | \/ pr | —pr | pr=pr | pr&opr
| e | el[=l#>I<|zI<] e
Expressions e = c|ln|x|ce|ifprthenecelsee | e[+ |—|x]|/]|%e

Figure 1: Syntax of 1iquidHaskell

NV:& TODO :
1. Add termination checker.é

Constraint Generation (without the termination checker)

Type synthesis I'Feto;C

(z,{v:b|e}) el (x,0eT) o#{v:ble}
F'Fxt{v:blerz=v};0 F'Fzto;0

ket {v:tylc)|v=c};0
I'FetVao;C
7' =if isGeneric(a, o) then freshTy(r) else trueTy(T)
Tkelr]tolr/a];(wec T 7/, C)

e tm;Ch e ] 750
(11,Cp) = freshPreds(T,m) x:7p > 7=1
I'tepex 1 7lea/a]; (C1,C2,Cp)
'kteto;C
'k [Aaje t Va.o;C

Dx:mpbetr;C  t, = freshty(varType x)
'k (\ze)t(x:1p = 7);(WECT 7, O)

'keto;C
I'kTickteto;C

'k Cast e ¢t trueTyExpr(Cast e ¢); )



I+ Coercion ¢ 1 trueTyExpr(Coercion c); 0

o= freshTy(e) T tFletx;=e; inel o;C
'Fleta; =€, ineto;(WECT 0,C)

o= freshTy(e) Tk Caseexalt;|o;C
't Caseexalt; 1 o;(WECT o,C)

Type checking 'kelo;C

7. = userTypes(x) T hey | 7;C,
Nz tFeloC
I'Fletx=e;ine} 0;(Cy, C)

x ¢ userTypes T ke, 1 7s;Ch
Tz tFeloC
'Fletx=e;ine} 0;(Cy, C)
0% 7, Fel o C
(Ca, 7o) = varTemplate(x;) T, 75 70, €, L Ty O,

I'kletz; =e,, inet o;(Cy,, Cy,,C)
ket r;C,  (Tyz:7p);2 ) altiio; C;
'k Caseexalt; | 0;(Cy, C;)
F'kelola/d];C
'k [Aa]el Vd/ .0, C

Nae:mykelrlz/y);C
F'FXxxel(y:my—71);C

'ktelo;C
I'kTicktel o;C

o’ = trueTy(Cast c e)

't Castcel o;(C,SubCT ¢ 0)
DyprkeloC
TkelV{prT).0;C
F'keto;C  (07,Cp) = freshPreds(T',o’)
I'kelo;(C,CpsubCT 0" o)

Iz | alt:o; C

yel V= {v:Ctg roj |y ty(C) =Vapjyiity — .. ynity — t

0 = [tci/cu] [rej/p;] [i/yi)
Te, = Ot; Te = 0t AT A dataConTy(C, ;)
T oy, ity Fel o, C

Tiz ] (Cag,e)0;C



Helper Functions

isGeneric(a, o) — not constrained by class predicates

isGeneric(a, o) < o ¢ ClassConstraints(o)

classConstraints(Voa.o) = classConstraints(o)
classConstraints(Vp.o) = classConstraints(o)

classConstraints(Ca; — 1) = ay; U classConstraints(r)

freshTy(o) — type with liquid variables for all refinements

freshTy({v:a|r}) = {v:a| fref}

freshTy({v:z:7m7 = 7|1r}) = {v:x: freshTy(r,) — freshTy(r) | tref}
freshTy({v:C 77 |r}) = {v:C freshTy(r) fref | fref}
freshTy({v:m o | 1}) = {v: freshTy(m) freshTy(r) | tref}
freshTy(Cl T) = ClT

freshTy(Va.o) = Va.freshTy(o)

freshTy(¥ (p:T) .0) = Y{(p:7).freshTy(o)

where fref = ([], ki), tref = ([], true)

trueTy(o) — type with true for all refinements

trueTy({v: a|r}) = {v:a|tref}
trueTy({v:z: 1. > 7| r}) = {v:z:trueTy(r,) — trueTy(r) | tref}
trueTy({v:CT7|r}) = {v:CtrueTy(r) tref | tref}
trueTy({v:m 72| r}) = Av:trueTy(n) trueTy(rs) | tref}
trueTy(Cl T) = ClT
trueTy(Va.o) = VatrueTy(o)
trueTy(V (p:1) .0) = Y{(p1) .trueTy(o)
freshPreds(T", o) —replace predicate occurrences with liquid variables
freshPreds(I',Va.o) = (Va.o',C) where (o',C) = freshPreds(T, o)
freshPreds(T,VY (p:T).0) = (o' [ki/p],(C,WECT' k;)) where (o/,C) = freshPreds(T,o)
T1:T1 —> .« . TpTn — Prop=r
I"=T,21:T1 = ... Tpn_1:Tn—1
freshPreds(T,T) = (r,0)

trueTyExpr(e) — type of expression with true for all refinements

varTemplate(x) — type for variable x, user specified type or a fresh type

Propwv C =True
—(Propv) C = False
v =2 C=1#
v=Cux; otherwise

dataConTy(C,x;) =



