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Automatic Parallelization of Scheme Programs and their

Evaluations by Steal-based Evaluation Strategy

Shin-ichi Kawamoto Takayasu Ito

Department of Computer and Mathematical Sciences,

Graduate School of Information Sciences,
Tohoku University

This paper introduces a simple and efficient method of automatic parallelization of functional programs writ-
ten in Scheme. The method firstly transforms a sequential functional Scheme program into the corresponding
parallel Scheme program with structured parallel constructs like pcall, and then the resultant parallel Scheme
program will be efficiently evaluated with the Steal-based Evaluation (SBE) strategy. In order to suppress
excessive insertions of parallel constructs that incur overheads caused by process creation the transformation
from sequential into parallel employs a method called Constraint-based Automatic Parallelization (CAP) that
uses simple syntactic information of basic Scheme expressions and their computation-cost estimates. The CAP
method based on the SBE strategy is shown to be very efficient for a set of benchmark programs. The experi-
mental evaluations were done with an extended version of PaiLisp/MT on DEC7000 with 6 Alpha processors
under OSF/1 OS.
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f = dKX-oTERRINAME (WD)
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bexps[e} :=
if basic- exp"[e] then 1
else if e =(fe; --- en) then
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bexps[enJ+ +bexps e1“]+bexps[e21]+ ~+bexpsfes ]
else if e = (if e; ez e3) then
bexps[e;] + max {bexps[ez] bexps[c;;B
else if e = (cond (ey; e12) - €n1 €a2)) then
bexps/e {11] ++ beXPs[enl

+ max exps[en], . bexpse 2]}
else if e = (case e’ (I} e;) - (In €n))
bexps[e’] + max(bexps[cl],~ -+ bexps[en]}
bfunsfe} ::=
if basic-exp?[e] then 0
elseifl e = (f ey -+ en) then
if basic-fun?[f] then
1 + bfunsfe;] + -+« + bfuns(en)

else if f = (lambda (z; --- z,) €’) then
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else

)
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(}M(‘l:\}v ;:;).s:"[e):]]] A oA low- cos'."[e
V heavy- onIy one-arg?((e; -
(and Pley] --- Plenl])

else if logical- cond [(e
(par -and Ple;] --- Plea))

8 then

en)] then

(and Ple1} Pl(and ea - -+

en)])

B, logical-cond?(e] RO IRRERFHARRILT 3 &
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REXRH] REKXe LT, (and (fi &) (fa
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32881, let ¥ plet CRE#Z 5. leti@xiCst
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Pl(let ((z1; e11) -~ (21, 81,.)) €21 vt e2,,)) n=
if n =1V (low-cost?[e;;] A:--A low- cost"[e],_])
V heavy-only- one—srg"r ey --- e1,)] then
if m=1V (low-cost?[ey 2/\ A low-cost?[es,,])
V heavy-only-one-arg?{(ez; - - e3,,)] then
. (let ((z1 Ple1n])- - (zn Plera)) Plear] - -Pleam])
eise
. (let ((z1 Plen1]): - (zn Ple1a])) Pl(begin ez ---
else
if m =1V (low- cost"[egl A---Alow-cost?[ez,.])
v henvy -only-one-arg? (e“ <-+e2,.)] then
(Plet ((z1 Plear])- - (zn Plern])) (begin Pleas] -
els

(Plet ((z1 Plerr])-- (za Plern])) Pleas]:

)]

“Pleam)))
- Pleam])

letrec lcxif 3§ 228k, DIToRAIK BT let %
letrec iC plet % pletrec KB XML b TH 3.
RHEROETIE

if, cond, case ICDOWTiX, B¢ LTco#F{Lrk
TLF5IBROAIUCD A2 EFTS .

if s (if e e 83) DBRE, X e1, ez, eaDFII = X
Ft;kgh&%. €1,€2, €3 ’Szjtﬂlcﬁﬁ"?"b z &ﬁ;%
b DR, I XOBFRNEROETFLEL 3 & and
DES 7 -2 KERFELYERT LTI EL LT
XD bDDHEIUERTDOAVI D LTS,

cond B§3Z (cond (e11 e12) -+ - (en1 enz)) PHBE, R
e11,°  ,en OFIi2 X FBEKENEE Kepp, -, en
ZHFRTT 30, R €11, "1€nl, €12, " €nz X I
FCEFTT B LiEL b 555 cond LDOERNWE
HROREYXFEL S L,and, orlCBH B X5 07— &K
FREYERTILEILELLDOT cond ILED B
DoHWFUERTb AV D LT3,

case i3 (casee (I; e1) -+ (In €,)) DBE, LR
BRLKenfHLohBD a2 X FRIERICHE vwOT,
HFErfTbArvndo et 5.

B EXD, if, cond, case Icx3 3 H{E B S
EEBERDL S KRS,

lf e1 €2 e3)] u= (if Ple;] Pg 1 Plea)

Pl(cond (e nl €n
ol (cond (?’Ic)u] r[ef:) *Plem) Plena))
‘P[(case e(lje

(case Ple] (I p[;,]) Fn Pleal)
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low-cost?(e] ::= 3 bexps[e]+ 10 bfuns[e]+ 15 syntaxes[e] < 60
Pailisp/MT i, tH A€V T—*727F +¥{RE L%
Pailisp D4 v 2 7 ) 2C, fRHEARK T 35T
F (f e1 e2) @ PaiLisp/MT Ic X 33k, ¥3 ej,ep
OFHER T, e1 DIHE e, DHICH LT, HABHK
f BBRAETN B, Pailisp/MT KK BT R EREHD
HAZ A PRRE—TTH 5. T, TOFfli= X +
B, “Crter,e; DBz 2 17 &% 5. BXOBE b
BT, FHliz X bid “C, + BIMOF@Ma X b LD,
EAROBA DM = 2 F B AROMBEIC L bF1E
IK—%EC Cezp &% 5. DECT000 @ PaiLisp/MT Ic X
KB b, C.=3[usec], Cr=10[usec], Cy=15[usec],
AT 4—AFHBEIC BT 5 Ve e XERDOa X+ C, i
#9 60[usec] £3kE o T3, FIAKE, K (cons ’a (cons

c’d)) i, BAKL IO L EAMK 200 LEREND
¥, FOFHfia X Hi29[usec] EHRB LN, low-cost?
RRZET. EXEBEERLZT BN TN DK
RELNE, BEAER 4O LEAR 6O bR R
IRECR2A PP VEHIEINS.

4 EBAEFELOH &FMER

4.1 RFI—IUTOISALAICEDHEME

7 AR >y FREFET B £ib, 5IBELLWELT
% tarai, N7 4 — vRE%#< queen, 74 vV —
b gsort, BRBROHEM X R® 5 truth, fib %Y
B fatwalk X L, 1) B EHBHFTLER, 2) A
FoHFUL, D2 o0EEXFHALCHIUEL, %
fiok. 6 20T _TOTu s 7 s BATHHWWED
WHIUEER L AFCHFE L BE B LR 5 5]
TaryIal—KL%k. BlilX, queen DFSB LN
Taroa@l4atn ofc. HFMUER, 8FFEIC pcall
HpBAI T w33, COBEHIBEK + 03I
EFREN ok?, try L5 -V EXRMEREEL T
D, low-cost? B L AB7HTHS. 17fTHD and
M, 3505 b 2005 BOFHE =2 X b A5 60[psec]
X DBP/INE Y, low-cost? DENEE A -Tilk
LU R-F 0% A

(define (queen n) (try (1-ton 1) () *0ON

(define (1-to n i)
@(if (=n0) Q)
(cons i (1-to (~n 1) (+ i DINN

(define (try x y z)
(if (null? x)
(if (null? y) 1 0)
(pcall +
(if (ok? (car x) 1 z)
10: (try (append (cdr x) y)

WE~NOO BWN e

12: o (cons (car x) z))
14: (try (cdr x) (cons (car x) y) 2))))

15: (define (ok? r d p)
16: (if (null? p) #t

17: (and (not (= (car p) (+ r d)))
18: (not (= (car p) (- r d)))
19: (ok? row (+ d 1) (ecdr p)))))

4: queen DI B BIHFTUL DRER

BonZdF 7w rsa 7 4 —AFHEELEAL
THAER & 17z Pailisp/MT® v A 7 LD FCEFT L.
Bk, DEC 7000 (Alpha 20164 x 6) O FCfF o7k
ERER LY X LIORT. SRR B IR B Bzt
i A, N E R CBE LTI R i
A AFRANEFHREB W EZLTHFIB T EAL
7Y ATHY) BRARYF<—27 0 In6%
DHIDTHD, Tut b6 BFEHALL.

LRI L, HMNEBIRERICERT ot v 9 &
B6BEDbTlnd 3E~4EPRELETEINDC
5. HHWEBETE L AFIc X 255t CH
—D7 I LB, MEOETEEMI Y
NIFAL A>T, BEETCLT > BHNER
DEE, SNEBPAFOBSON 2 oK R,
59, ¥IMIXOANBE XS v 2EROF —
N~y FEFERTH L EEBLOLND.



K1 RvFw—7707 7 AOERIER [sec]
TarJa Mt | wasal | AF | EX
(fib 20) 0.20 0.36 0.20 | 0.66
(tarai 8 4 0) 0.11 0.25 0.11 | 0.40
(queen 8) 0.48 3.78 0.48 | 2.17
(qsort 1s1000) 0.60 1.45 0.60 | 245
(truth E) 0.005 0.005 | 0.005 | 0.016
(fatwalk 20 3) 0.56 1.06 0.56 | 1.92

4.2 Scheme-in-Scheme =& %8l

&K Scheme DA ¥ ¥ 7Y # % Scheme IC X > THR
L7 Scheme-in-Scheme DO FUEFER % 1T 5% . Scheme-
in-Scheme 1%, eval & apply ¥PFFUHI L AR b AN L
LTEZL b ABEKR Scheme 70 I L% FHET 5. K
Biix, Scheme-in-Scheme tCX LT, 1) Hl#969E Bl HY
i, 2) FeFcudk, o2 ooFECHIUEL, 4.1
CHWARBRRYF<—r 70l Lk ATKELERT
L. AFCHFIESCEMA L B E1E, ZK Scheme
7ur I soBBHEBRO BT HIICTET LS
IC, pcal X% 1 ;WA L. BMINE BRI,
oo FUL L T, apply BA¥ & eval BAE D
BHOBI, T3 MM CTET 5. ERERL
K22URT. 7ok vV 6HMALX.

# 2: Scheme-in-Scheme @%&ﬁ%__[_sec]

TarIn LESEEL K
{eval (fib 20) ¢) 11.83 11,22 51.10
(eval (tarai 8 4 0) &) 6.6 561 | 20.19
(eval (queen 8) ) 61.60 | 58.07 | 268.03
(eval (gsort 1s300) e) 6.27 6.64 | 2345
(eval (truth E) e) 0.40 0.38 1.22
(eval (Tatwalk 20 3) e) 3536 | 33.60 | 153.85

CORRIO, FHNEBREROK 4 5L, BHF
HICEFTENDC LB S, WHHNWEB L AFXHE
T3¢, HRNEBSAFLIETECY, thitfR
BECHHAENZ pcal DFA—~N—~y FILX D3 b D&
EZzboh3., PDLEOERY»L, BilihkvF<—27
w77 nak, LBEBDOKE v Scheme-in-Scheme D
Ish7ursyacpentr, HANEBEIULER
& RXT7 4 — A Bk v 3 RKRLOBER, AFiIck -
THERSBIEE B E L ERBE %L1
b FEHAFETH D LWL S,

5 &bUIC

Scheme 7' v 7 J LADFEi=2 X + OEH L FIH L 7 Hl
&t A CEBESTIBXE HBMCHAL, 20
BREBONAHT T Fak X7 4 —AFHEEIC X -
TETT I HMNBEBEFEE & 5 BEALE BN
{toBEEE5L, TOEPEYERICL >TRLE.

SHBOBEE LT, if ¥ cond A X OBSCYHIER L
WHUL T 3 2D O HAICRERIC BT 5 7 — X {KFH
FET oML, BIVERR S 3 B ~DIRISHD
BECHD. FAMBEROTO ] K< k5%
HECOWTH S KOBETH 3.
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figk: X7 «—ILEEME

AT 4 —AZHERE (SBE: Steal-based Evaluation) I, #%1
Lisp E&& PaiLisp O #8751t % pcall, par, par-and,
par-or ¥ ¥ ¥R EFTE I ISR T, LTC (Lazy
Task Creation)®) DEABEETH 5 XF 4 —A (steal) E4 ¥
54 =y # (inlining) DBMALHLIE LA SDTH 5. F—4
TaeyHtMENDE 1207 vt v ¥ kT, K (peall f
e v en) REFTLALT S, v—LT a¥ y¥iX peall
XD >TH, €1, -, en RRTT DT 2 A FERLT,
BRBUCEFTEED TN, b L, fho T v v 4 HBRER
ETHhH, vx—o 7wty ¥ ebiiMe, -, en DS BXK
FHMORER >C (TOEVEX R T 4 — A EFFER) EfTT 3.
2RO T o oy HhbhiE, R (peall f e - eq) B
K (fe en) DESKEREFTENDIH, Chirfv>
Av{LEMERD. X7 4 —AFRER, ETC Bick~=T7
v ZDEREMETE L 0T, FHEDORWIEFIEFTHEIAE
LA35. k¥, future XD 27 4 —AFliEk ik LTC L[F
CX5KEfTEND. 2T 4 —AFEEOERER ¥ XK 3ic
RT. A p Dffvi b D peall K X 5T, FHIC fOffwn
b DR future XK X > CHIWEI N AT 0 /T L %R
F. CoERPL, X7 4—AJHEER ETC X P#EEA
{, ¥k, 2F 4 —AFHEEDO T T pcall ¥ 57w
77 s3 future ¥ B BE L RIEFASOHREF TS T
EB5.

i 3 XF 4 —;L?F{ﬂﬁ?ﬁ@??fﬁﬁﬁ% [sec]

VA SBE ETC
(pfib 20) 0.20(50) | 0.82(21890)
(ffib 20) 0.19(70) | 0.58(10945)

(pqueen 8) 0.49(132) | 0.73(11018)

(fqueen 8) 0.48(80) | 0.61(5508)

(ptarai 8 4 0) | 0.11(200) | 0.33(9454)
(ftarai 8 4 0) | 0.14(85) | 0.20(5059)




