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Abstract: Fine-grain non-strict data structures such as I-structure provide high level abstraction to

easily write programs with potentially high parallelism due to the eager evaluation (lenient evaluation)

of non-strict functions and non-strict structured-data such as arrays. Non-strict data structures require

frequent dynamic scheduling at fine-grain level, which offsets the gain of latency hiding. Not only the

dynamic scheduling but also asynchronous accesses to structured-data using non-strict data structures

cause heavy overhead on stock machines. Mutual exclusion of structured-data on shared memory systems

also causes overhead.

In order to reduce overhead of fine-grain non-strict structured-data, we propose a compilation tech-

nique to analyze dependencies between the structured-data and to schedule producers and consumers of

the structured-data. The performance evaluation results indicate that the technique is effective to im-

prove the performance of fine-grain non-strict programs with structured-data on shared memory systems.
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Fig.1 Computation model of creation of fine-grain non-

strict array.

WBD, AFTIIESZ BT G2 HED 5,

HHORLE non-strict # 5k 7 — ¥ DA TUE, 5H KA
R WRMAERDH 08I 5. Fig. 112 #i ks
J non-strict Bt A ZE K O FFE € TV E R T R
non-strict KCH A3, V SiE7 1 77 4 D mkarray
NTEHEINDL, ZOFHEETILTIE, HIRLE non-strict
ECHN A1 D 728 D2FEFHD A » A5 v 2 (T'mt R)
WIAET 5. & 13, mkarrayiX # 92473 S mkarray
VRAZLRATHY, b)—olF, FEFMELEKT bpf
(parallel filling function) / ¥ A% Y 2 TH %,
mkarrayf » 28 » AL, B % iEGR L 72k, WK
Lz AR Bpf 2 AR L, BOAEE LT, AT
LEH (NDORA ) BBA RS 2 RITETY, —H,
pfAf v 2% > 2%, mkarrayf v A ¥ ¥ AT L ) BWEKD
R L LTRSS, hoptf v 28 v A LT
JEMPRIC R E AR 5.

2.1 HEAEYSRATLETDF =3~y F
HAR) P RATLAICBIT &7 0ty TOMBLE
non-strict fiiE 7 — & DB A —o3 Ny F2IRT 2O,
KISIRT2DDHAITOWT, B % v T2RICITHIA,
BOfE#FIH T 57 0 77 4% Starfire [ THITL, €D
FATIRER 2 WES 5.
o HHMIEFAET (static scheduling)
AR T R AT S, 2F D, A B X
OB DAERIFIHEE LD DRICHEITS N, A B X
LIZERL Vo7 — 2 AR 2 L% & Lo,
F7o, HEfbR 2 ngE s Lo,
o HINEF)1T (dynamic scheduling)
RS - WRED A7 Y a— L EEINICIT), D F
D, AB LUBNDERES - HBEDT 7 £ 23S
AT, A BLUBIE, FEATRFHCHEE L NLDT—
S EERE 2 2 L35, 2 T, HEfbbliEH o
TS AR LT D,



HHAE) VAT L ETOMME non-strict 7— % 7 0 —E 7T — 7 DEEE - WREM A 774 VEiT

program Matrix_Multiplication;

function matmul(n:integer; a,b:array of real)
return (array of real)
= mkarray (i,j) in ([1..n],[1..n]) body
foreach k in [1..n] sum ali,k]*blk,j];

function main(n:integer) return (array of real)
= {let
A:array of real
= mkarray (i,j) in ([1..n],[1..n])
body 1.0%(i+j),
B:array of real
= mkarray (i,j) in ([1..n],[1..n])
body 1.0%(i-j)
in matmul(n,A,B)

};
Fig.2 A matrix multiplication program written in the
V language.
Table 1  Elapsed time of matrix multiplication pro-
gram (sec.).
fine-grain non-strict mutual otherwise
array processing exclusion
static
scheduling o 0.59 8.23
dynamic
scheduling 6.20 2.31 17.0

array size: 512x512
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1. Vscope =V Visearch := Vinit ; Lsearch := {(IL‘,@)|$ € Vsearch} 3 Lresuit = 0 )

2. repeat until Vicope =0
(a) Vereation—in—search ‘= {'UY * vy € Vsea’r‘ch} 3
(b) if Vcreation—in—search 75 ¢ then
forall vy € Vereation—in—search
if (vy,L) € Lgearen N vx € L then
Lyesuit = Lyesuir Y {x - Y} 5
(C) Vscope = Vscope — Vsearch ;

(d) Vsearch! = {w | w € VSCOPE A v € Viearch A (v,w) € A} i Lsearch’ = 0 H

(e) forall m € V,eqrch
forall n € Vieqren
if (m,n) € A then
if m € Vereation—in—search then
Lsearch’ = Lsearch Y {(n, Lm U{m})} ;
else
Lsearch' = Lsearcht Y {(nvLm)} >
(f) Viearch = Viearch’ i Lsearch = Lgearch’ 3
3. return Lyesyis

Fig.3 Algorithm to search dependencies between non-strict structured-data.
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Table 2 Elapsed time of Non-applied/Applied/Hand-Coded Codes on Starfire (sec.).

program name | matrix multiplication quicksort wave-front
array size 512x512 1024x1024 4096 8192 256x256 512x512
(a) Non-applied 25.5 147 172  49.6 6.15 20.0
(b) Applied 8.83 38.9 3.97  9.01 1.20 3.33
(c) Hand-Coded 1.74 8.40 1.28 2.62 0.62 2.04
(a) / (b) 2.89 3.78 433 550 513 6.01
(b) / (c) 5.07 4.63 3.10 3.44 1.94 1.63
PRI, ZOFMERD, BET—F~NDT 7 €A . & N
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