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A LITTLE SURVEY

» Who has ever tried to prove a functional program correct?

» Who has ever tried for a program involving reference cells
or exceptions?

Who has succeeded?
Who thought it was fun?
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HOW TO INCORPORATE EFFECTS?

Effects are ...

>

>

>

global store (i.e. references),
exceptions,

1/0,

random,

nondeterminism,

Or concurrency
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AN EXAMPLE

exception Error
val r = ref 0
fun error () =

fun test () = (r := 5;

test () evaluates to?

Why not to 0?

raise Error

error () handle Error => !r)
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WOULD BE COOL:

User definable effects on top of a functional language

There is more than one solution available!
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GOAL

Compare two existing approaches in their expressiveness

A bit like “Compare expressiveness of recursion and for-loops”
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APPROACH

v

take a base language (functional, typed, no recursion)

v

add each concept to the language

v

define denotational semantics to each resulting calculus

» prove denotational semantics to be adequate

v

use this to compare expressiveness
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ADD EACH CONCEPT

» Effects and handler calculus A

» Monadic reflection calculus Amon
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ADEQUACY AND SOUNDNESS

Theorem 2.18 (adequacy). Denotational equivalence implies contextural equivalence.

Explicitly: Given a monad satisfying the mono requirement, then for all T + P,Q : X, if
[Pl =1[Q] then P ~ Q.

Corollary 2.19 (soundness). All well-typed closed ground returners reduce to a normal
form. Explicitly: for all = M : FG there exists some +V : G such that:

M —* return V
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TYPED MACRO EXPRESSABILITY

One concept can express another if there is a local translation
function _ that:

» is homomorphic on the base calculus

» replaces new syntactic constructs without rearranging the
whole program

» translates terms ) - M : X toterms @ - M : X
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FOCUS IN THIS THESIS

Produce negative results: Prove that no translation exists with
the help of denotational semantics
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Amon CAN NOT TYPED MACRO EXPRESS \eff

v

There are only finitely many terms for every type in Amon

v

Some types in Aq¢r have countably many observationally
distinguishable terms

v

Given a translation Aegf — Amon, take the type F1
F1 has k terms
F1 has more than k observationally distinguishable terms

v

v

» Derive a contradiction
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THE BIG PICTURE
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CONTRIBUTION

» Adequacy proof for the set theoretic model for calculus of
effect handlers ¢

» Adequate denotational semantics for calculus of monadic
reflection A\mon

» Definition of (typed) macro expressability
» Proof that Amon is macro expressible in Aqf

» Proof that A\ is not macro typed expressible in Amen
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FUTURE WORK

» Show that Amon is not typed macro expressible in Aqf;
» extend the type system of \.¢ to typed macro express Amon;

» do similar comparison for calculus of delimited control.
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R, = {(x, V)V ~ O}

R,, {ar, e, vifave, vavivi Ac (e, Vi e Ry V= OV} Re=0
R, .= U {(Liu,\/)‘ﬂ\/':/\i.(u,\/') € R,\‘,\/-:inji\/'}
Ry.e =@, V)EM: C.{a, M) € R, .,V ~ (M)}

Computation relations |R, . C|[C]| % Aegg,c

! Ul(return a, M)3V: A. (a,V) € R,,M = return V}
U{(hM)IV (0, V) € R, (f(a), M V) €R, .}

o =R U{(xM)IM = ()}
R (e, = R;kl“v U {{{ery Cahy MY [3M1: €1y My = CoM = (M, M) Wi (e, M) € R, ¢, }
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R o=l
(op,(Ab.c),N) | IVM.
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(Ab.c,\x.M) € R
N~ op V (Ax.M)

}
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Figure 3.8: Ag-calculus logical relations
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