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@ supercombinator translations of functional programs
(Hughes, Peyton—Jones, 1980ies)
lambda-lifting = parameter addition + let-floating
@ optimizations of supercombinator transl. (Danvy, Schulz, 1990ies):
converse of lambda-lifting:

lambda-dropping = block-sinking + parameter dropping

@ term graph interpretations of Ajetrec-terms (ignore let-bindings)
for definition of a Ajetrec-term readback desirable:

canonical representatives of let-floating /block-sinking equiv. classes
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Needed: conversion =, induced by rule:
(exchange) let By, f; = Fi(f), fi,1 = Fi.1(f), By in E(f)
~ let By, fii1 = Fia(f), fi = Fi(f), Byin E(f)
Define:
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— is called locally confluent modulo ~ if <+ —>C = -~ «.

Lemma

(i) 1et is locally confluent modulo =.

(ii) [iet) 7 is locally confluent.
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Proof.
(i) define HRS Ryet /ex With rewrite rel. =o,—>...” [Peterson, Stickel,'81]
> rule scheme (o) of Riee.” ~—— rule scheme (0)_  of Riet/ex

(i) carry out a critical pair analysis

(iii) Critical Pair Theorem for HRS [Mayr, Nipkow,'96] implies local
confluence of = ="

(iv) jet.7-steps and =,-steps at different positions commute

(v) then it follows:
local confluence of .. modulo =, and local confluence of [let]

(Iet/l ©0)=ex / ('et/Y @1)=ex:

(let f = F(F)in Eo(f)) (let g = G(g) in E1(8)) ———> let F = F(F) in Eo(F)let g = G(g) in E1(8)

(1t ©o)
(let” @1)l (et @1)Y
let g = G(g)in (let f = F(f)in Ey(f)) E1(8) let f = F(f)inlet g = G(g) in Ey(f) E1(&)
(1t ©o) B (let-in_ e /) - e
let g = G(g)inlet f = F(f)in Eo(f) E1(&) >let g = G(g), f = F(f)in E(f) Er(8)

(Iet-in, Iet/')



Let-lifting is confluent

Lemma

let/ and [jey]/ are terminating.

Proposition

In every e/ or [i;]7-normal form, let-subterms occur only:
» at the root;
» immediately below A-abstractions.

Theorem

llet]” Is confluent, terminating, and uniquely normalizing.

Proof.

By using Newman's Lemma.
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Let-sinking

Applications may ‘block’ '**\-steps, but not abstractions:

let f =Ay.yinAx.ffx
et Ax.let f = \y.yinffx
“ Ax.(let = Ay yin £ f)x

(let-sinking over abstraction)

(let-sinking over application)
in the sense that further sinking needs duplication:
Mx.(let f=MAy.yinf)(letf=Ay.yinf)x (unfolding)

which decreases (here looses) sharing (changes graph interpretation).



Let-sinking rules

Let-sinking HRS R'*t'. with rewrite relation o «:

(et @) let f=F(f), g=G(f,g)in E(f,g) E(f)
. .

R (Ie £=G(g)inE(g)) & if f is empty
let f = F(f) in (let g = G(f,g) in Eo(f,&)) E1(F)
(et @1) letf=F(f),g=G(f,g)in E(f) E(f,8)
Eo (Ietg =G(g)in El(g)) if f is empty
7 let 7= E(F) in Eo(F) (let & = G(F. 8) in Ei(F.2))

("0 A) letf=F(f)inAx.E(f,x) — Mx.let f=F(f)in E(f,x)
(**\let.) letf=F(f)inletg=G(f,g)inE(f,8)

(let_'"*\) letf=F(f,g),g=G(f, g h), h= H(f,g, h) in E(f,g)
g b=

Il
~—~
)
&

=)
N—r
5

()
~~
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>
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Needed: garbage collection rules with rewrite relation —4

(reduce) let f = F(f),g=G(f,g)in E(f) - let f = F(f)in E(f)
(nil) letinL - L



Garbage collection

Ax.Ay.let f =Xz.zinxy
/Iet Iet\
M. Ay.(let f=Xz.zinx)y Ax.Ay.x(let f=Xz.ziny)
—)gc (—gc
Ax. Ay. (let inx)y Ax. Ay.x (let iny)
gc “ec
AX. Y. XYy

Needed: garbage collection rules with rewrite relation —4
(reduce) let f = F(f),g=G(f,g)in E(f) - let f = F(f)in E(f)
(nil) letinL - L



Let-sinking is confluent

L'\ te—= L= (v U —gc) Zex L ((let*s U —=gc) modulo =)
[L]-, (eIl 1] ie= L'\ L' (on =e-equivalence classes)
Lemma

et & s locally confluent modulo =.., and '*\.e] js Jocally confluent.

Proposition

let & and [\ [e] are terminating.

Theorem

letl\ [e] js confluent, terminating, and uniquely normalizing.



Envisaged application: lambda-lifting

Extend Rit.” with a parameter-addition rule:

Ax.let f = F(f,g,x),&=G(f,g,x)in E(f,g,x)
- Ax.letf = . F(fx' g x),8=G(fx,g x)inE(fx,g,x)

to enable further let-lifting.



Envisaged application: lambda-lifting

Extend Rit.” with a parameter-addition rule:

Ax.let f = F(f,g,x),&=G(f,g,x)in E(f,g,x)
- Ax.letf = . F(fx' g x),8=G(fx,g x)inE(fx,g,x)

to enable further let-lifting.

Aim:
» enable to let-lift (‘float out’) all let-bindings
to create a single outermost let-binding

» model a lambda-lifting translation into supercombinators
» show confluence modulo order of combinator arguments

» perhaps use normalized rewriting on let-floating equivalence classes



Summary

Q Let-lifting
> let-lifting HRS Riet.” with rewrite relation | ”
» exchange conversion =
> rewrite relation et/ = (=ex*let"* =ex) is confluent modulo =

> =ex-Class rewrite relation [i)/ is confluent and terminating

Q@ Let-sinking rewrite relation ['*t\ [&]
> let-sinking HRS R"*%. with rewrite relation o'
> rewrite relation "\ & = = - (1. U =) =ex is confluent modulo =,

» —~class rewrite relation *\,[¢] and confluent and terminating



