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Partial Evaluation for
a Concurrent Language
based on Processes and Channels

Haruo HOSOYA  Hidehiko MASUHARA  Kenjiro TAURA  Akinori YONEZAWA

Department of Information Science, University of Tokyo

Partial evaluation is a technique to improve efficiency by specializing a program with respect to
part of its parameters whose values are known. While many partial evaluation techniques for
sequential languages have been proposed and their effectiveness has been proved, very few
techniques exist for concurrent languages. In this paper, we propose a partial evaluation for a
concurrent calculus based on processes and channels. The calculus has simple and well-defined
semantics, yet is powerful enough to encode higher-level languages such as concurrent object-
oriented languages. Moreover, we show that if any non-determinism in a program is allowed to be
resolved at partial evaluation time, the partial evaluation will be more effective.
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(define (fib n)
(if (< n 2)
1
(let ((fl1 (future (fib (- n 1}))))
(f2 (future (fib (- n 2)))))
(+ (touch f1l) (touch £2)))))
(fib 10)
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fix fib(n,r) =
let y=(x<2)
in if y

then r(l)

else $s.5t.let 1=n-1 in fib(1l,s)

| let m=n-2 in fib(m,t)

| s(x)=>t(y)=>let w=x+y

. in r(w)

in $r.fib(10,r)
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Fork <ready, pending> procs =
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Schedule <ready, pending> =
if P € ready
then pEval | P} <ready - (P}, pending>
else Post_peval pending

Post_peval [P1,..,Pn] =
let [P1',...Pn'] =
map (AQ.if O = x(y)=>P
then let P'=pEval P empty_state
in x(y)=>P'
else Q) [P1,..,Pn]
in [PI'|...|Pn}

Send <ready, pending> [x(y)]=
if x(v)=>P € pending
then Commun |x(y)=>P] [x(v)]
<ready, pending - {x(v)=>P}>
else Schedule <ready, pending U {x(y)}>

Receive <ready, pending> [x(y)=>P]=
if x(v) € pending
then Commun [x(y)=>P] [x(v)]
<ready, pending - {x(v)}>
else Schedule <ready, pending U {x(y)=>P}>

Commun [x(vl,..,vn)] [x(yl,..,yn)=>P] state
pEval [Pvl/yl, ... vn/yn]] state
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pEval proc state =
case proc of

[if v then Pl else P2]
=>

[fix f(x) = P in 9]

=>

[£ @ v] =>

[P1]..|Pn] => Fork state [P1,..,Pn]
[x(v)] => Send state proc
[x(y)=>P] => Receive state proc
[T} = [T
(-] => Schedule state
[$x.P] => let x' = newname()

in pEval |Plx/x]] state
[let x=op(vl,...,vn) in P|

if known(vl, .., vn)

then let x' = eval_prim{op, [v1,..,vn})
in pEval [P[x/x]] state

else let x' = sval_prim(op, [v1,..,vn))
in pEval [P[x/x]] state

if known(v)

then if v=true
then pEval [P1] state
else pEval [P2] state

else let PI'

in [if v

letrec f = sval_lambda(x, P[f/£])
in pEval [Q[f/£]] state
if known(f)
then if unfold?
then let sval_lambda(x,P) = £

else let f = specialize(f,v)

else let R = Schedule state
in [£ @ v|R|
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pEval [Pl] state
pEval |P2] state
then PI' else P2

P2

in pEval [P[v/x]] state

R = Schedule state
in {f @ v|R]
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in $add.$n.$l.counter @ (add,a)
|k_send (k,add,b,n)
|k_recv(k,add,n, 1)
|1()=>(add(b,n)
[n(z)=>p(z))
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