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Fram
a Tale of

Theory-Driven Development,
Effect Inference

let foo (f : Int ->[IO] Int) : [DB] Int = ...
let bar (g : {E : effect} -> _) = g (foo g)

Question: What is the type of bar?
({E} -> Int ->[E] Int) ->[DB] Int,

({E} -> Int ->[IO] Int) ->[DB,IO] Int,

something else?
Answer: ({E} -> Int ->[E??,0] Int) ->[DB,0] Int, assuming 0 <: IO

Y F U | pure | Y · Y | Y?i

tr_type(∀UE.)) =
let (%; Δ; g) = tr_type()) in
fresh %B = {?V | V ∈ Δ} in
fresh Δ′ = {WV | V ∈ Δ} in

(% ] %B; Δ′; ∀UE. {V ∈ Δ ↦→ WV · U??V}∗g)

subtype(∀UE. g; ∀UE. g′) =
let (Ω, i) = subtype(g, g′) in
({U ↦→ pure}∗Ω; i ∧ Ω[U])

(U) [U] 4
= >

(pure) [U] 4
= ⊥

(Y?i) [U] 4
= Y [U] ∧ i

(V) [U] 4
= ⊥ (U ≠ V)

(Y1 · Y2) [U]
4
= Y1[U] ∨ Y2[U]

Ω[U] 4
=

∧
(Y1<:Y2)∈Ω

(Y1[U] ⇒ Y2[U])

Collected constraints are stored
in algebraic type schemes
(extension of ML polymorphism).

∀U. [Ω] g
Inference is still decidable
for higher-rank polymorphism
without constraints in schemes!

In the presence

of higher-rank

polymorphism!

Propositional formula
representing

delayed decision

Solved later by
a SAT solver!
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Abstract. Type-and-effect systems help the programmer to organize

data and computational effects in a program. While for traditional type

systems expressive variants with sophisticated inference algorithms have

been developed and widely used in programming languages, type-and-

effect systems did not yet gain widespread adoption. One reason for this is

that type-and-effect systems are more complex and the existing inference

algorithms make compromises between expressiveness, intuitiveness, and

decidability. In this work, we present an effect inference algorithm for

a type-and-effect system with subtyping, expressive higher-rank poly-

morphism, and intuitive set-like semantics of effects. In order to deal

with scoping issues of higher-rank polymorphism, we delay solving of

effect constraints by transforming them into formulae of propositional

logic. We prove soundness and completeness of our algorithm with re-

spect to a declarative type-and-effect system. All the presented results

have been formalized in the Rocq proof assistant, and the algorithm has

been successfully used in the implementation of the Fram programming

language.

Keywords: Type-and-effect systems · Higher-rank polymorphism · Effect

reconstruction · Constraints · Algebraic type scheme.

1 Introduction

Type-and-effect systems [33,54] permit tracking information not just about the

data in a program, but also the allowed behavior of computations. This informa-

tion is especially important in languages with advanced control mechanisms, such

as those featuring algebraic effect handlers [51]. Ideally, a programmer-facing

type-and-effect system should be ergonomic, expressive, and intuitive.

In terms of ergonomics, one obstacle is that effect information tends to be

quite large. Fortunately, this can be remedied with effect reconstruction, where

the effect information omitted by the programmer can be automatically inferred.

As for expressiveness, a usable effect system almost certainly needs a form of effect

polymorphism. Finally, intuitiveness requires that the representation of effects

matches the user’s understanding of effect information. Many effect systems

described in the literature [33,54,43,67,15,39
,9] represent this information as a
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Actual Core language
from the implementation

verified in Rocq!

Stolen from
Handle with Care

Borrowed

Coherence
Fram has implicit parameters…

let foo bar =
let ~a = 13 in bar ()

let ~a = 42 in
foo (fn () => ~a)

What should the above code evaluate to?

42?

13?

…and parameter sections.

parameter ~n
parameter ~m

let baz x = ...

Which parameters should baz generalize?

~n?

~m?

Both?

Semantics is given by a translation of the typing derivation.

Γ;∼=,∼< ` 3 { 3 ⇒ Γ′

Γ;∼= ` parameter ∼< 3 { 3 ⇒ Γ′

{∼<} ⊆ {∼=}
Γ \ {∼=},∼< : g ` 4 : f { 4

Γ, G : {∼< : g} → f;∼= ` 3 { 3 ⇒ Γ′

Γ;∼= ` fun G = 4 3 { fun G < = 4 3 ⇒ Γ′

Γ(G) = {∼< : g′} → f Γ ` 4 : g { 4 Γ,∼= : g ` ∼< : g′ { ∼<
Γ ` G{∼= = 4} : f { let ∼= = 4 in G ∼<

Problem:
Γ ` 4 : g { 41
Γ ` 4 : g { 42

}
?⇒ 41 ≡ 42

Solution: Equivalent untyped semantics
which does not depend on a particular type derivation.

d;∼=,∼< ` 3 ⇓ d′

d;∼= ` parameter ∼< 3 ⇓ d′

d [G ↦→ 〈d \ {∼=}, _{∼=}. 4〉];∼= ` 3 ⇓ d′
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��
∼< ` 4′ ⇓ E′

d ` G{∼= = 4} ⇓ E′

Source of
ambiguity

Student Involvement, and

Students come with expectations
(mostly aligned with reality)

I'M GOING TO
LEARN THE MYSTICAL
ARTS OF PROGRAMMING

LANGUAGE
IMPLEMENTATION

(NOT FULLY COVERED BY TEXTBOOKS)

I WILL
SEE / INFLUENCE
THE PROCESS OF
DESIGNING A

LARGE SYSTEM

I NEED TO ENROLL
INTO SOME PROJECT

TO FINISH MY STUDIES.
THIS SOUNDS EASIER
THAN WEBDEV

(WHAT COULD GO WRONG?)

We gain users
(without a PhD in programming languages)

Explaining things

to non-experts

can refine

understanding

Long term:
bootstrapping
a compiler

I'VE FIXED
THE BUILD SYSTEM, SO
NOW THE CI IS ABLE

TO TEST LSP

People contribute

to tooling/infra

not interesting

for us academics

WHY DIDN'T I

PICK THE WEBDEV

PROJECT?

TYPE-SAFETY DOESN'T
MEAN THAT WE REALLY
NEED THIS FEATURE

Not everyone’s view
is distorted by
the theory

Different notion
of intuitiveness I DON'T

UNDERSTAND
THIS THEORY!

THIS SYNTAX IS
RIDICULOUS!I PREFER HASKELL'S

TYPE CLASSES TO TRAITS
IN RUST!

COMPARED TO PYTHON...

Users with
different

backgrounds

Theses related to Fram
(as a byproduct)

Students get
involved

in a research

Language design

Low level
implementation

Design and
implementation
of nice algorithms

(in Fram!)

Theoretical models

Formal verification

BROAD SPECTRUM OF TOPICS

Minimal, but Expressive Design
Named Parameters

Fram supports Rank-N types.

let foo (id : {X} -> X -> X) =
(id True, id {X = Int})

What else can we put
in the curly {braces}?

parameter ~say

let greeting {~say} name =
~say (”Hello ” + name + ”!”)

let farewell name =
~say (”Bye ” + name + ”!”)

let conversation {name, ?msg} () =
greeting name; msg.iter ~say; farewell name

let _ =
let ~say = printStrLn
let msg = ”Isn’t the weather nice?”
in
conversation { msg, name = ”Fram” } ()

Named

type parameters Optional
and regular

named parameters

Implicit
parameters

Packed/unpacked
modules

Method
constraints

Sections
Declared parameters

are abstracted implicitly
when used

Nice Features for Free

Records
data Vec = { x : Int, y : Int }

is a syntactic sugar for

data Vec = Vec of { x : Int, y : Int }
method x (Vec { x }) = x
method y (Vec { y }) = y

so we can write

method add (v1 : Vec) (v2 : Vec) =
Vec { x = v1.x + v2.x, y = v1.y + v2.y }

Functors
data MapS Key = Map of

{ T : type -> type
, empty : {Val} -> T Val
, method add : {Val} -> T Val -> Key -> Val ->[] T Val
...
}

make : { Key, method lt : Key -> Key ->[] Bool } -> MapS Key

let Map { module IntMap } = make { Key = Int }

Existential Types
data Stream X =
| Stream of {St}, St, (St ->[] Pair X St)

let mapi f (Stream {St=OldSt} st next) =
Stream {St=Pair Int OldSt}

(0, st)
(fn (i, st) =>
let (x, st’) = next st in
(f i x, (i+1, st’)))

Effect Handlers
data BT E =

{ flip : Unit ->[E] Bool
, fail : {X} -> Unit ->[E] Bool
}

method rec select (bt : BT _) a b =
if a >= b then bt.fail ()
else if bt.flip () then a
else bt.select (a + 1) b

let triples (bt : BT _) n =
let a = bt.select 1 n
let b = bt.select a n
let c = bt.select b n
in
if a * a + b * b == c * c then (a, b, c)
else bt.fail ()

let printTriples n =
handle bt = BT

{ effect flip () = resume True; resume False
, effect fail () = ()
}

in
printStrLn (triples bt n).show

let hAny =
handler BT

{ effect flip () = resume True >.orElse (fn () => resume False)
, effect fail () = None
}

return x => Some x
end

let anyTriple n =
handle bt with hAny in triples bt n

Using datatypes for
effect capabilities

Handler defines an effect capability

and introduces a new effect

Lexically scoped
effect handlers!

Effect system
guarantees that
effects doesn’t

escape their scope

Almost invisible
to the programmer

thanks to the
effect inference

Don’t tell anyone
that this is

the shift0 delimited
control operator

First-class effect handlersfor greater modularity

An Example: Prolog
parameter ~bt : BT _
parameter ~st : VarState _
parameter ~kb : KnowledgeBase _
parameter ~fr : Fresh _

let rec unify (t1 : Term) (t2 : Term) =
match t1.view, t2.view with
...
| Var x, t =>
t.occursCheck x;
~st.set x t

| Fun f ts1, Fun g ts2 =>
if f == g then List.iter2 {~onError = ~bt.fail} unify ts1 ts2
else ~bt.fail ()

end

let rec eval (t : Term) =
let Clause t’ ts = ~bt.choose ~kb.ask >.refresh in
unify t t’;
List.iter eval ts

https://fram-lang.org

