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Parallel Processing of Space Propulsion System Programs by Automatic Parallelization of SX-3R System
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ABSTRACT

O An automatic parallelization function is effective for the reduction of parallel program coding problems. In a

shared-memory vector-parallel computer, Fortran program DO loops are automatically parallelized, generally,

but this does not occur in a distributed-memory vector-parallel computer.

O This report describes the comparison and the investigation of the parallel processing time of two programs

on space propulsion system by an automatic parallelization function of the SX-3R system. As a result, the follow-

ing is quantitatively obtained.

O The performance efficiency of a program parallelized relatively highly and efficiently is large.

0 The memory conflict time is the longest in the difference between an estimated time and a measured time.
And a ratio of the memory conflict time per the difference time of a highly parallelized program is higher than

for a low one.
0
Keyword: parallel vector computer, Fortran program, automatic parallelization
O
oo

gboooooboboboooooooboboooboooobobooobooooboboboooboooboon
gbobobobobobooboooooooobooboobobobobobooboooobLobOoboO
gboobooooooboobobobooooobooobooboobooboooon
gbobooooooobobobobbo200b0obobobobboooobDobDobDbDob0obDOon
gbobooooobooboboboooooboobobobooobooooboooobOoDbo
gooboboooooboobouobooboboooboooobobobobbooogoonoo
gobobopEODOOOOOOOOOODODODODOOOODODODODOOOOOOOODOO
gbobooooobobobobooboobobobobobooboooboobooboobo

Uioooooo

gboobooooooboobo2s0ogoooboono

O 00 130 40 5000 O received 5 April 20010

01 CFDOOODOODOODOCFD Technology Centerd

02 0O0O0O0O00ODOO0ODOODOKakuda Space Propul-
sion Laboratory[

gbooboboboobobotz20boobobobobo
gboboooboobooooboooobobooooboo
gooboboooogon

gboboooboobooooboooobobooooboo
goobobobooooooooooooboobobo
gboobobooon ee0 00 000D 280GFLOPSH
gobooogoobboocerLoPSOO0bDOoOooooDOO
gooboooooooboobOolTrLOPSOODOODOO
gobooooboooooboboooobboooobboo

This document is provided by JAXA.



2 oboboboboon 14300

AP AP AP AP
0 1 2 3
XMU
CcP
0 Hax. 64GB
CPM MMU
Max. 256MB Max. 8GB
CcP HIPPI
1 s
10P I0OP IOP I10P
0 1 2 3
AP Seastrana ﬁﬁjﬂ'ﬁ‘y‘ﬁ'
MMU -« FEREEE
C P ......... %ﬂ'@']’ﬂ-& ) -}j-

CPM e f@Erary v AEY
XMU ceree HIREEELE
I10P - AN EEE

0210sXg3rooooooo

gbobbobobooboobooooooboobobobo
o00bO0bO0o00FrORTRANDODODOODODO
UbOO0bO0O00FORTRANOOOOODOODOODODO
gbobobooboobooooooouobobobo
gboboooooon
gooooobobooboobooouobobooooboo
gbobobooooboobooboobobbobobo
gbobobooooboobooboboobobobo
gbobobooooooboobooboobobOono
gbobobooooooboobooboobobobo
gboboboboooooooooooobobobo
gboboboooooboooboooobobobobo
gbobobooobooobooboobobobobooooo
goboooobouooboooob sXx3rRoooooogd
gbobobobooboz2000000000000D00
goboooooooooboooi1igo2o0bo0400000
gboboboboooboooobobo
goopD000OsSX3rRO00O00D0OO0OSX3RO0OO
gboboboboooooboobBuboOo20b00b0O
gboboboooboobobobobooobod4bonbo
gobobobooooooooboooobobobo
gboooboobobooobobobobooboobooo
gogoos00o0o0oboboobobobooooooo
gbobooboo

g200sxgosruobooooooooooo

2.10sX0 3rgoono
gipooog

gsSXx3rROoooooooooooboboboboog
goooboobobooboobooouobobooooboo
gbobobobomooooooboobobob2inog
goob400000D00DODOOOOODODODO
gbob 25.6GFLOPSO OO O
gboboboobAPOOOOOOOOOOODOODOO
gbobobooooooboobobboooooboong
gboooboobobooboboboobooboobooo
gboboboocpPOobOobOobOOOOOOOoDODO
gbobooooobo
gbobomMvmMugoo240000ooooonog
gbooboobobooboobooooboboooobo
go0ooobsiz2eB/000000000DOCO0OOO0OO
goscBUUODOOOODObOOOOOoOOOOooOOO
gboboboooooooobooboobboooboono
OXMu)oooe4cBO O OO OOOOO326B/000
gobobobobooboooboobobobobobooooo

02000000000APO
goobooooooooogz22000@ooooOog
gbobobobooooooobooboboobomsog
gboboboooooboooboon
gboobobooooogsx20RrRiIscoogonogonog
osXgooooooobooooooooooooboooo
gobobobobooooooobooooooooono
goosx2000000mMODOOOODOOOO
OCRAYU O ODODUODODODOOOOOODOODG4DO
goobobboooooboboboooooobbooo

This document is provided by JAXA.



sSXO3ROOooOooOooOooOoooooooooboboboboooobooooo 3

yd
yd
/
PRI e AXFT ey H(AP)
(XMUL) LA '
G
e} £y 0,
. o) |
y % ) ||
10P1 =2IA T 2
2 2 7| ") ¢
1670 — R (| ¢
{Mmu) . . .
Atihmmim Z T > .
(10P) 7 frery
A, =)
= 5.4-7
= iy | | W]
P (cPM) T
A b
$
- 7 ‘r‘ 3§ -
Lok bk i AEAN K
e [V D
APY

gz220sX3rRO0p0gpoobooooooon

gbobooooomcecrRObOOoboooooooboOoDOo

gbooooooon

goobboooooobobboooooobobbooo
goooboobooboobooooboboooobooobo
g20000400000000000000O040000
gbooboooooooboobobo40000Db00DbO
gbooboooooboboboi1cobobobobobo
gboobooo400000D00D00O0OOOODODOO
Ole00ooO0o0ooooboooooooooooooo
gbooboooobkBOOOOOOOOODOODOO
ooooobooooooboboe4dGFLOPSOD DO DOOO
goobooooon

gooooooo
oooooooobboobooooooooobooRriscOod
gbooboooooooboobooooooobobobo
1280 0000000000000000O00O0DO0OO
e4dKBOODODOOOOOOOMmMmOoboooboooooog
gbobooooooboooboboboooooooba
gboobooooooboobobooboobobobo
gboooooobobobooobooboon

g3poooooo

0000000000000 0 UNIXOOODO SUPER -
UXOOODOSUPER-UXOOUNIX System OO O OO0
4.3BSDUO Berkley Softwear Distribution00 00000 0O
O00000oooooooooooooooooooo
gdo0o0o0oOoO0oOoOoO0OOoOOOOOOOODODOODOOO
000000000 O0O0OORASO Reliability Abailability

ServicebilityDO OO OOOOOOOODOOODOOOO
gbobobooobooboobooboboboboooo
goboboboobooboboboboobooooooobo
O000OC0OOO0OO0OO0OOCOCOOOOFRORTRANTY/SXOO
go00ooo0ooOoooce/sxobgoooooooooo
cH+i0d0000ommooobboooboooooDoOo
0000000000 O00DOD0O0O0DbOOAsSL/sxood
gbobobobooooboooooboon

goobooobooboboboooouobobobo
gboboboooobooboobooboboboobo
goobobbooooobobboooooobbbooo
gboboboooboobooooooboobobobo
gboooooboboooobooooboboooboo
gbobobooooboobooboobobobobobo
gooboboooooooobooboboobobobo
gbobobooobobobobooobooobooobobo
gboboboboobooooogoo

4000000000000
OSX-3rROO00OO0OO0DOO021(00000000O0OOO
oooobooboboooboobuoboooboobooo
gbobobooedGrLOPSU40000OO0ODODOO
256GFLOPSUO 00D 44ROD00O0O 4GBUODO DO 6GB
o000 sSX3rROOODOOOODODOOO210b00O0
oo

2200000000

gigoooooboobobobobooooooobo
gobobobobooooooooogooboobobo
gboboboooboobobobooboooooooo

This document is provided by JAXA.



oboboboboon 14300

02 1@0sSXO3ROODODODOODOOODOO

EFIL MR | €7M2R | TPAAIR | EPA34R | £7A24R | €TN22R | TPM2IR | EPMIAR | TFMIZR | EFMIIR | £PAILR
FRAD IEEERE 25,6 | 12.8 6.4 19.2] 12.8 6.4 3.2 6. 4 3.2 1.6 0.8
GFLOPS | GFLOPS | GFLOPS | GFLOPS | GFLOPS | GFLOPS | GFLOPS | GFLOPS | GFLOPS | GFLOPS | GRLOPS
HE 14 36 2f& 1&
KIMMLIRS 144KB | 72KB | 36KB | 144KB| 144KBi T72KB | 36KB | 144KB| 72KB 36KB
X 4 X 4 X 4 %3 X2 x2 X2 X1 X1 x1
v
| A2MARY 256Eyt | 128Esb | 64U} | 256E5F | 2568 | 1284 | 64E4h | 256E7h | 128F7b 6484
AW X8 X G | X B | X 8/E | < 84 | X B4 | x 8{& | X B{H | x 8{& x 8@
5 X 4 X 4 X 4 X3 X2 X2 X2 x1 X1 X1
" AbFLIAY B4tsb X128 {EHXx4 64% 649k x 128 {Ax2 64yt X 128 {Ax1
i 3
%_ {83
E T [ 32/64Ew b
:’r 1? PR 32/64/1287 b
fé it 6 4E9h
WMEBEIMTHY | 168 | 84 | 4k (16K | 16E | 8A& 4Kk |I6K | 8K |44& | 2K
x4 X4 x4 X3 X 2 X2 X2 X 1 x 1 %1 X1
7 EEM T 4t b 3t 24y b 1€y b
TR {ERYHVLEE A]
YAMT by SR a]
Fryviw] 6 4KBx 4 6§KB 6 4KBx 2 6 4KBX |
X
E k<= 1(B~ | 512MB ~ 8 (B 1GB ~ | 512MB | 512MB | 256MB ~4GD 128MB | 128MB ~2GB
?‘E‘ 86D 8GB | ~8(B | ~4GB ~40B
£
B A7 —L—2R 1024 | 512/1024KAY 1024 | 512/1024WAY 256/512/1024 | 128/256/512/1024WAY
[ WAY WAY WAY
i\ = 1~4&
N BRRET—5 1GB/#
% L)
| BEAAN 2564
B | F sy
B BEAT v F0OMB%
E I
fr | BEAF v XL 404
W | AEL
It | 58 IGB~64GB 1GB ~
§§ 32GB
i
E EREAdY 3. 2GB/¥
[
il | B8 1~2F
1
Jo
by | BRI O 6 4MB~256MB
| AEY N

* A TIEFDH

gobobobobobooooooboooouoboobobo
gobobobboooooooooobooboobobo
gobobob20b0b0obobogboobobobo
gboboboooobooboobooboboboobo
gooooobobooboobooouobobooooboo
gboboobo
gbobboboboooooooooboobobobo
gboboboooooobooboobobooboobo
ao
gbobobobooooooboobooboboboobo
gboboboooooboooboon
O002300a0010000000000C000O0COObLO
b0ad000D00DO0OOODOOOOObO3000O0d

00000000000000000snOpn0 sOpO O
0000000000000 00On000000000
0000000000 000000000n0000
ooooo
Ma00000000000000000000
TaO O
O0TaD t10 20 30 40 t5
000MbO0OODOOO0O0D0OODOO ThOO
OO0 ThO t10 max(t2, t3, t4)0 t5 0 o

0tl0#0 t50a
000 O000000000000000000000
0000#“OD©20©B000000000000 2003
0000000000000004000000000

This document is provided by JAXA.



sSXO3ROOooOooOooOooOoooooooooboboboboooobooooo 5

02 1hOoO000ooooooo

EFIL E£5)IL4 4R
A EGE 2 5. 6GFLOPS
'y 14
L[| s7hby2s 1 44KBx 4
Z | RIMRILIRY | 2 5 6Evb X BE x4
T g
H MRS 6 AEsb X1 2 8fEx 4
=
o 7| BEE A 326 4t}
+ f
v 5 | FEp DA 32/64/128* tyb
o
= | sk 6 4Eyh
AP
RIMREHEM 9y 1 64x1
3 BTy 4 tyh
TRY IR IVLER Cl)
DARRT b SR nJ
Fryva A 6 4KBx 4
Fi | AR 4 (B
= | L1 102 4%AY
MMU
m% HE 6 GB
TR
it | Rk R 3. 2 G /B
XMU

* 2B TG OH

gbooboooooobobOor0O€OwwoooooDo
goobboooooobobboooooobobobooo
gbooboooooboobobo

oooboooobboooobbogo 0o O od
gooboobbooooobobbobooooobbogoo
goooboobobooobuobobuobooobobooo
gbobobobooobooobooboonoo
goobobbooooobobboooooobbogoo
gboboboooobooobooooooobobobo
goboboooooboooobooooboboonbog
gbobobooooobooboonoo
U00000000OSX-FORTRANU O D OOOODOO
gboboooooo

2.2.10S8X0 FORTRANO DO OOOODOODO
U000Do0o0o000o0b00ODb00OSX-FORTRAND O
oooooooo®gooooooooooooooo
gooboboboooooouoooboooobobobo
goboooooboooooboboooobobooooboboo
goopolbooooooboobobobomuooDbo
gboboboooooboooboooobooboboobooooo
goboboooooboooobooooboboonbog
gbobooogooo

giooooogooobo
gboboboobobooooboooobobooobog
goboooooboooooboboooobobooooboboo
gbooobooboboooboobobobooboboo
gboboooboboooobooooboboonoo
gboboooogo
gbobobobooooooooboooboobooooo
gboobooooobobobooooboboban 4
gboboboboooooooooooobobobo

S1; P2 (P3| P4 | P
N — s | ol
ziTEM t1! otz 1t t4 t5
(a) FHEKLIE
S1 P2 I P5
1l | L Toty ¥
A ThRHE] t! t2 th
P3
—| -------------- Toty 42
t 3
P4
--------------- Totyy 3
t4
(b) EFLIE

g23000b00ooon

This document is provided by JAXA.



6 oboboboboon 14300

z220000goooooobooooo

N—F % - B4 Bge
PTFORK 2708 AT DER
PTJOIN FHIRIDETRELEDY

4 |PTPARAM FRIINT A -5 DR EL

? IPTSTAT F IR ORERE

% IPTID & 27 ESIESOEH

T IPTNAP HE7T Oty 5 EEOEH

3 PTLIST YA OREERT VX b DOIN
PSTUNE YR RS D 21— 5085 4 -5 DEE
IPSMAX BARIR Y 2 7 OEH
PLASGN Ty 7 OEY

% PLLOCK Oy 2 EET S

% PLUNLOCK oy 7 ET

T PLFREE oy 7 OERK

v IPLSTAT

oy 7 DREOFE

IPLSTATL oy JREEZFE Lo 708> TR hiEoy 7
EFHMNT S
PEASGN RO
i’i PEWAIT 4~ b DERRF
EJL PEPOST A~ OB
9.@*151‘ PECLEAR ANLEDIVT
;ﬁﬂ}{/ PEFREE 4w b DR
IPESTAT 4 Ry hOREOHRE

A PBASGN

Y TOEY

PBSYNC

FATOFELEDE Y 2T ORHME

PBFREE

I T DRI

il IPBSTAT

/Y T OREDEE

gbobobooooobooobooboobobobobobo
gobobobobobooooooboooouoboobobo
gboboboboobobobobooboooooooo
gbobobooboooooobooboobobobobo
gbobooboboobooboooooboobobobo
gobobobobobooboooooooouobobobo
gboboboobobooooooobbobobond
gbobobooboooooooooboobobobo
gboboboooooooboobooobooooooo
gboboboooooooboobooboboobobobo
omoboooooooobooboooobooboooboobo
gbobobooobobooooooobobobobo
gbobobobobooboobooooooobobobo
goooooobbooobboooboboonon220000

gboboboboooboooooboon
goooooobbooobm220000000000
gboooooboobobob240000000000
gobooogob241a000bboooooooooooo
ObOODOOOODOOODOOOODOOOOODOOOD
gboooobobobobobooboboboobo
bMcoobobobobobooooon

20000000000
gobobooooooooopoooOooooboooooo
gboooooboboobooboooobobooooboo
gboooboob
gobobobobooobobobooboooobooobo
gbobobooooboooboobooo

This document is provided by JAXA.



sSXO3ROOooOooOooOooOoooooooooboboboboooobooooo

EXTERNAL SUB

COMMON /COM/A (1000)

KA=0

DO 10 I=NI1, N2
WA=WA+A (1)

10 CONTINUE
RETURN
END

(a)
A4 w527 (TASK]D)

EXTERNAL SUB
COMMON /COM/A (1000)

H7 5 A7 (TASK2)

SUBROUTINE SUB (WA, N1, N2)
COMMON /COM/A (1000

CALL PTRORK (T1D, TPARAM, SUB, S, 1, 500) WA=0

CALL SUB(T, 501, 1000)
CALL PTJOIN(TID)

W=S4T
RETURN
END
(b)
F2A71 5 27 EE
272
|
YRIET
27

(e)

DO 10 [=NI, N2
WA=WA+A (1)
10 CONTINUE
RETURN
END
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DO 50 J=1,M
DO 40 =1, N
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40  CONTINUE
50 CONTINUE
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