
INST:I’!-a:C::.L if z : S is in 17 and C :: L is an instance of S.

I’, z: C{:: LIFe:.Di::L2
ABS:

for each Ci that is a refinement of L1

I’1-k. e : Ai(Ci + Di) :: L1 + .L2

I’t-el:Vi Ci::L1
LET:

(1’, z : (close (17, Ci :: Ll)) k e2 : Di :: L2) for each Ci

I’t-let z=eline2:Vi Di::L2

17ke:D::L
RESTRICT:

D<D’

r 1- (e: D’) : D’ :: L

FIX1:
I’1- LOOP(~, ly. e, l,L)

~1x2: I’ k LOOP(~, ~y. e, Cl, L) I’, f: C1::Lk Jy. e: C2::L

I’ 1- LOOP(f, Au. e, C2, L)

~1x3: 17 t- LOOP(f, ~Y. e, C,L) l?, f: C:: LkAy. e: C::L

I’1-fixf. Ay. e: C::L

Figure 2: Rules for type inference system

We omit the proof, which proceeds by induction

the structure of the definition of the “evaluates to”

lation.

7 Future Work

on

re-

We currently have a naive prototype implementation

of the type inference algorithm as shown above. This

prototype takes the lattice for each datatype, the types

for the constructors, and the types for the case state-

ments as inputs. The main implementation problem ap-

pears to be to deal efficiently with refinements of types

of higher-order functions, as the number of such refine-

ment types can become large very quickly. For example,

since there are five refinements of the ML type stdpos

used in the examples earlier, there are 55 functions map-

ping refinement types of stdpos to refinement types of

stdpos, A naive representation of the refinement types

of stdpos + stdpos would list all of these functions.

Compact representations of refinement types, for exam-

ple through an appropriate generalization of Binary De-

cision Diagrams [Bry86, BCM+ 90] to deal with function

types, seem promising. Since finding a type error in a

program with refinement types will require looking at

representations of refinement types, we will have to find

a reasonably concise way to print these types.

The more refinements we consider ofa given datatype,

the slower type checking will be. This problem is al-

leviated when more distinct datatype declarations are

made even if the datatypes present would be sufficient

to encode the information we need to represent. In ML,

this technique is good programming style in any case, as

it enhances program readability and allows more type

errors to be detected at compile-time. We also need

to consider embedded refinement type declarations (as

in let rectype . . . in . . . end) which naturally ex-

tends ML datatype declarations and also limits the vis-

ibility of refinements, thus cutting down on the size of

the refinement type lattice.

The refinement types proposed here address only a

subset of Standard ML [MTH90]. We need to carefully

examine the interaction of refinement types with other

features of the ML type system, such as imperative type

variables and equality types, since we would like to ex-

tend our proposal to encompass all of Standard ML.

Although Standard ML does not provide primitives for

manipulating the current continuation, some dialects

of ML do, so we would like to be able to deal with

callcc also. Despite some potential problems which

may lead to a loss of accuracy of refinement type in-

formation across modules, refinement types open the

possibility of communicating some information about
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functions between modules without violating the pri-

vacy of the modules. This appears to be much more

difficult, if not impossible, in approaches using general

set constraints as, for example, in [HJ 90], or abstract

interpretation which is not tied to the type system.

We also would like to explore the possibility of refin-

ing predefine types, such as int, which are not given

as dat at ype declarations. There are no conceptual dif-

ficulties as long as the appropriate subtype structure

forms a lattice. For example, we could distinguish the

positive integers, the negative integers, and zero by giv-

ing appropriate types to constants appearing in the pro-

gram and to the arithmetic operators. We would have to

devise some notation for doing this other than rectype

declarations because we do not have constructors for the

integers.

In some cases the refinement type information can be

used for program optimization during compilation. We

would like to explore this possibility further, though our

primary motivation remains static detection of program

errors which currently elude the ML type-checker.
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