CPS Transformation of Lisp-Like

Multi-Staged Languages

Ludovic Patey

8 juillet 2011

Ludovic Patey CPS Transformation 1/13



Table of contents

@ Unstaged CPS Transformation
© Multi-Staged Calculus
© Staged CPS Transformation

@ Conclusion

Ludovic Patey CPS Transformation 2/13



CPS Transformation

Continuation Passing Style : continuation as argument
@ Normal version

let plus a b=a + b;;

print_int (plus 3 2)
e CPS version

let plus a b k=k (a+b);;

plus 3 2 print_int
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CPS Transformation

Indifference

Evaly(e (Ax.x)) = Evaly(e (Ax.x)

e Evaly is a Call-By-Value evaluator

e Evaly is a Call-By-Name evaluator
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Applications

@ Uniform reasoning about continuations
e eg. Compiler optimizations

o Indifference of evaluation strategy
e eg. Program verification
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CPS Transformation

Fischer & Plotkin

(TVAR) x — k. (k x)

e—e
Ax.e = Ak. (k \x.e)

(TABS)

€ — € € = &

(TAPP) er & — Ak.ey (Am.ex (An.(m n k)))
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Multi-Staged Calculus

Expr e:=i|x | .e|eel|letx=eine
| box e | run e | unbox | lift e

run (box e) =e
unbox (box e) =e
if e~ v then lift e = box v
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Multi-Staged Calculus

let x=1in (box x) ~» box x

run (box x) ~» ERROR
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Multi-Staged Calculus

let a=box x

b = box (Ax.\y.(unbox a) + y)
in  (run b) 11

let b =box (Ax.\y.(unbox (box x))+ y)
in  (runb) 11

let b=box (Ax.A\y.x+y)
in  (runb) 11
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CPS Transformation

Definitions

Context k= (e Ah[]) | (e Ah.k)
Context stack K:= 1| K,k

Transformation

(TVAR) x — (Ak.(k x), 1)
e (e, K)

(TABS) Ax.e = (\k. (k Ax.e), K)

e (e, K1) e (e, K2)
e & — (Ak.er (Am.ex (An.((m n) k))), K1 < Kz)

(TAPP)
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CPS Transformation

e— (e, (K,k))
box e — (Mk.k [k (box €)], K)

e (e, 1)
box e — (Ak.k (box e), 1)

e (e, K)
unbox e — (unbox h, (K, e (Ah.[])))

e — (e, K)
lift e — (Ak.(e (Am.k (lift (An.n m)))), K)

e (e, K)

(TBOX)

(TUNB)

(TLIF)

(TRUN)

run e — (k. (e (Am.((run m) k))), K)




@ CPS is extendable to Multi-Staged Calculus

@ It enables direct compilation optimizations on
Multi-Staged languages.

@ Is it necessary ? (Sabry)
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