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Abstract In many data-parallel applications massive parallelism can be easily extracted through
data distribution. But it often causes very long communication latency. This paper shows that task
parallelism, which is extracted from data-parallel programs, can be exploited to hide such
communication latency. Unlike the most previous researches over exploitation of task parallelism
which has not been considered together with data parallelism, this paper describes exploitation of task
parallelism in the context of data parallelism. PCFG(Parallel Control Flow Graph) is proposed to
represent a multithreaded program consisting of a few task threads each of which can include a few
data-parallel loops. It is also described how a PCFG is constructed from a source data-parallel
program through HDG(Hierarchical Dependence Graph) and how the multithreaded program can be
constructed from the PCFG.
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Y £A45L AgMech 4239 A$= FORK, JOIN
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w1 oj# FORK ==7} nh9 A4 ==& 23 Slo
W, o B3-S A4

FORK ti, tz, .., tw

(tie (98 2g =] g3 2= 48z

g oj® JOIN =&7} nlg H2E& Zedd, o
4L A3

JOIN v, n; (v join W)

B4 =29 F¢E b #L FAE AT

READsend {xi, x2, ..., X}

=
» READrecv {xi, x2, ..., xxh

+rix, x2, ..

WRITEsend {xi, xz, ..., x}

== X =
Tl % - 0l WRITErecv {xi. x2 ..., X}
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HEAGY=EA:

DO h =1, 20
FORK 12
IF (mod(h, 2) .eq. 0) THEN
READsend xa
READrecv xa
DOi=125
u(i) = x(a(ip)
END DO
END IF
DOm=1,25
x(a(m)) = u(m) + m
END DO
WRITEsend xa
WRITErecv xa
GOTO 1
L2 IF (mod¢h, 3) .eq. 0) THEN
READsend yb
READrecv vb
DO j =1, 25
V() = y(bG)
END DO
END IF
DOn=1.25
y(b(n) = v(n) + n
END DO
WRITEsend yb
WRITErecv yb
k) JOIN j, 2
END DO

2% 8 3¢ 29 PCFGERE gL tds2d= 3

DO 1 = 1, time
DO k =2, 99
DO j =29
ZA(.k) = F1(ZP(-1.k), ZQG-1.k), ZR(G-1.k), ...)
ZB(.k) = F2(ZP(-1,k), ZQG-1.k), ...)
DO k=299
DO j =2, 99
ZUG.k) = F3(ZZ(-1.k), ZZG+1.k), ZAG-1K), ..)
ZV(j.k) = FA(ZR(-1k), ZR(G+1.K), ZAG-1.k), ..)
DO k=2 99
DOj =299
ZR(.k) = F5(ZR(j.k), ZUGX), ..)
ZZ(3.k) = F6(ZZ(j k), ZVGk), ...)

END
(a)
1 DO1=1, time
2 DOk = 2, 99
3 DOj =29 Ll
4 ZAGK). = FI(ZP(i-1.K),. ZQi-1.K), ZR(=1K, .)
5 DOk =2, 99
6 DO j =29 L2
7 ZB(i.k) = F2(ZP(j-1,k), ZQ(j-1 k), ..)
8 DO k = 2, 99
9 DO j =2, 99 13
10 ZUGK) = F3ZZG-1K), ZZ({+1 K, ZAG-1K), ..)
1 | DOk=2 99
12 DOj =2, 99 14
13 ZV(K) = FAZR(-1K), ZR(+1K), ZAG-1K), ..)
14 | DOk=2 99
15 DO j=2 9 L5
16 ZRGK) = FS(ZRGK), ZUGK), ..)
17 i DOk=29
18 DOj =2 99 L6
19 22(.k) = F6(ZZ(i.X), ZV(.K), ...)
20 END

(b)
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(c)
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