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At the heart of the Damas-Hindley-Milner (ML) type system
lies the ability to guess types. For instance, in Ax. e, the pa-
rameter type for x is guessed and subsequently constrained
by the body e. The elegance of the ML discipline is that such
guesses are never arbitrary: there always exists a “most gen-
eral guess®—a principal type. Every well-typed expression e
admits a principal type o from which all other valid types
for e are instances of ¢. This guarantees both predictability
and efficiency of inference: local typing decisions are always
optimal without resorting to backtracking.

Principality, however, is fragile. Many extensions of ML—
GADTs [4, 10], higher-rank polymorphism [7, 11], and static
overloading [2]—break it. Consider the following example
in OCaml using overloaded record field names:

int}
int; color :

type point = {x :
type gs_point = {x :

int; y :

int; y : int}

let getx p r.x

AAA

Error (warning 41 [ambiguous-name]):
x belongs to several types: gs_point point.

When typing getx, one could guess the type of r to be either
point or gs_point—neither of which is strictly more general
than the other, violating principality!

Principality can always be recovered through explicit type
annotations—for instance, annotating the projection r.x as
(r : point).x. Each fragile construct (e.g. an overloaded
field projection e.f) therefore admits a robust counterpart
(e.g. a qualified projection e.T.?), whose natural typing rules
preserve principality. However, robust forms are cumber-
some to use, as they always require explicit annotations. In-
ference algorithms thus rely on a minimal amount of known
type information to disambiguate fragile terms and elaborate
them into their robust counterparts [9].

In practice, specifying what counts as known type informa-
tion declaratively is difficult. Existing approaches typically
rely on one of two frameworks: bidirectional type inference
[8] and z-directional inference [3]. Both impose some static
ordering of inference using it to propagate inferred types
and user-provided annotations as known information. For
instance, in a bidirectional system, a type 7 is known when
it is: (1) part of an annotation; (2) supplied as input to a
checking conclusion (I' + e < 7); or (3) an output of a
synthesizing premise (I' - e = 7). While effective in many
settings, the rigidity of a static ordering causes even simple
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examples—whose types could easily be guessed—to be re-
jected; for instance, fun r — (r.x, r.color) is ill-typed in
OCaml.

We propose omnidirectional type inference, which relies
on a dynamic order of inference: constraints may be solved
in any order, suspending whenever progress requires known
type information. Other constraints may continue to be sol-
ved; once the missing information becomes available (typi-
cally via unification), the suspended typing constraints are
resumed.

This approach comes naturally for simply typed systems
(when inference is purely unification-based), but becomes
challenging in the presence of ML-style let-generalization.
In existing ML inference algorithms, typing a let-binding
let x = e; in e, follows a static order: first type e;, then gener-
alize its type, and finally type the body e, under the extended
environment. Consider let f r = r.x in f {color; x; y}.
Here, we cannot generalize the type of f first, since the type
of r.x is still unknown. Instead, we must typecheck the body
f {color; x; y}, thereby discovering that r has the record
type gs_point. We solve this by introducing incremental in-
stantiation i.e., the ability to instantiate type schemes that
are not yet fully determined and consequently revisit their
instances when they are being refined, incrementally.

Thus far, we have developed:

(1) The OmniML calculus, an extension of ML featuring
advanced extensions of OCaml such as static overload-
ing of record labels, together with an omnidirectional
recipe to systematically derive its typing rules.

(2) A sound, complete, and principal constraint-based
inference algorithm for OmniML, along with an ef-
ficient prototype implementation available at https:
//github.com/johnyob/omniml.

(3) A novel constraint language for omnidirectional in-
ference, equipped with a declarative semantics for
suspended constraints using a new characterization
of known type information.

Suspending unsolved constraints is not new—it appears in
dependently typed systems [1, 5, 6] and in Outsideln [10] in
the form of delayed implication constraints—but combining
this technique with ML-style local let-generalization, and giv-
ing it a declarative semantics, is novel. Our ultimate aim is to
apply this to OCaml, where local let-generalization is indis-
pensible (unlike in Haskell, which only generalizes at the top
level), yet this makes omnidirectional inference especially
challenging to specify and implement.
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