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Multiple Static Barrier Management MIMD (MSBM)
Multi-processors for Fine Grain Tasks

MASAHIKO IWANE,! AKIRA MOTOISHI,! YOSHIAKI NOGUCHIt
and TOSHIO YONEZAWA'1

The high-speed interprocessor communication and synchronization are required to achieve
the efficient processing of fine grain parallelism. Two mechanisms with small amount of hard-
ware to improve them are proposed under the multiprogramming environment. One is the
hardware barrier synchronization (HBS) using the modified content addressable memory. The
other is the group shared memory organization (GSM) with the ability of multicasting. The
parallel computer for fine grain tasks, called MSBM, has been developed to evaluate these
mechanisms as a test bed. MSBM consists of 1 hostcomputer, 16 processors with GSM and
the interface unit with HBS. The processors synchronizing each other are registered into HBS
before the execution of the program and are removed from HBS after the execution. This
is called the static barrier management (SBM). The speedup ratio is 8.39 for doacross-loop
program using 16 processors. The speedup ratio is 1.03 to 2.29 for each module of Whetstone
program and 1.32 for whole Whetstone program under the single barrier registration per the
program. The speedup ratio is 2.35 for whole Whetstone program under the multiple barrier
registration. The increment of the execution time is 0.00 to 0.09 under the multiprogramming
of 2 modules.

Bo7uat v CHAEEFME S 42 2 L AvEH 2

1. U ®» I . - .

HTV24, MNETYUEYITR22LF 70ty
AN SHETTOY T LERHSSOWBEN FE D),

FIROMIBE L UR TS 2—1) ¥ 7 % B, B MRS BFI R T 04 s W07 — 5 B -
FEADHEE I ZfTbI, Pt —N—Ay FE 2.
PO LR AE L PR DA ==~y FERIRT 27:012, EL AN
Department of Electrical Engineering, Faculty of Engi- Sa—=) Tkt TOry TR O ERA & B HER
ing, Kyushu Institute of Technol . . - . .
R FHHEDRN= Ry LTI X B8 7 LY 4
Kitakyushu Works, Toshiba Corporation RESNTWEL, BEC 1E, 7N 7 EIB A O YEE &

1196



Vol. 37 No. 6

LTNT7S5=YTY, T53AF49738) 7% %
NF4 A4 RN TOpHL, TN TEBEED
HoyTakyH N)TIIV=T) OfFFERELL
T, [FRBER Y ISk BiEEY, RAZLYRSIZES
FEDS | )7 F 21— % BV SBMY B XU CAM

(Content Addressable Memory) % Fi\»7: DBM® %

Hr. T7I=N)TBIVLFTAT 42 71T T
BE oty HicaRsnzFAEHE - P 27 TH
A 5N 5. —7F SBM B L UFDBM 03 7 6l
TR 77Oy ERENS 1 DOEHOFEY
BA— Ky o7 CRPAEITOIE. ZDX) %N

)7 FSHIE — Y Ay VAT LR ERMNRELT
BY, yASBMOETEFIAETHLFETUS T
IVT VAT LDV THFRERF SR TV,

JFotyHEEEL LTHE- AL HEAEY
BEASCERAINTVWS, MNELFTIREDN L) %
st v+ EREIEEICITORARETIE, NAT
DBESHERT DO ADSE R F vy L a X
EF)IE D NATOEREERSETVED, N
Ko 7ROMARF vy yaak—L v ARENE
La. $7-&70tydhBHAE) EREAE) %
oM THBIEAT)OVEDTH LMY HEY
VF) — FAEYTIE, EAE)DFRAHNLESE
BRTEILPEFAE) 2SOy THESELLD
R ALDDT FLAEBRBEODNLETHS.

22T, MREOBTIMLH BB D Y A7 &R
R MY AH7:010, MCAM (Modified CAM) 'Y
E AN TEBEBEBITI A TEIIME L
HEATYZEEETLFF X A MBI LD EHTT
i A F ) BB R A T AR 5 E % MSBM
(Multiple Static Barrier Management MIMD) % #%
BeDIEE L R TN T XLOREDTZHDT A
Fxy FELTHRELZ.

AZ LTI, NY TN TEEROFEIIOWTER
~, DDWT MCAM 2 & %3 7 EHIE, 8557
It AT ThHhDHTN—THE AT R, BRE
E5|ZHE S MSBM O — K 27 2 A7 LK, &
512 doacross 707 7 Al & AXEAMEEOFME &
Uf Whetstone N v Fv—2 707 7 Lk HW/H—
YA EFTHOLTILSESY A EFTTOFMIZONT
BB,

2. %A B

2.1 MayN) 7RIEE
BHEMBEND 1 ODIEH7as T LA, T
OySLaRF77arILE) V20T OTT

WEE~ L F 7Ot v MSBM 1197

Processors Processors
01 2 3 01 2 3 4 5 6
dobde ddedoldo bl
s uil el il !
1K Tk Z':EHSE’;(SE‘{
I 1k sk ki
ik ok ok kT2 0"
SRt ok k xke
irF-t-1--bF -3
ik ko x| 4 "
N ik sk ki
ik X ok kicF-1-3-0
s i e o ,
il ol dookes beboul o Y N
S
(b) SmBM
M1 SBM
Fig.1 SBM.

LEZ2—LALERINTWA, 120l 7oY
5 LOREFTHABANTO T FTLE 21—V E
JOorYr kiR SOV TLIIBEHT-FAT
Sa—) D e iFo TN TREREEHEAL THL.
chonTOETyn) o ko0t Fuky
W2 HHIsE ) ST TEFL I Ny A E KT 5.
FhbbARL—F 4 YT VATLILEN AT Y a—
DY VESNTEFINLLOOICRTO Y7L %5 A
Zr IR 1ODYAYIZBHIIEYETON/TD
oS 7Oy SN —T L LA,

5 2 2 OEFFEEERIC N T EEBIEII DY XY
S AUNAC RN AR AR R/ X YA e
PN —THhREETSH. COYATDEFTHINITT
N—TEAEHICEBREL VT AIETRIINUT
FN—TEHIGT S, ZONiEE BN ) TRBER
SBM* (Static Barrier Management) & £ .4.

SBM 28 WT 2 2OR% 5/ 7EHERE
#8 SsBM (Static single Barrier Management) &
SmBM (Static multiple Barrier Management) %
Z23. SSBM T 12ODFAZ27:721 DD/
FHN—TERELT, YAZIZEDHETHRITAN
<cosaty Y CRY S, SmBM Tl 1207
ZATIHEEONN) TS V—TRFEL, MILHOHEY
CHEEO) TRE LS. 1 2O 70 Y AT
SsBM LB 70t v IlEh ¥ THRITXTO
Fat o H TN TEBE L B, BHIETIREL T
ey v iIlFNEFRL 2O TIL—TEEELT
HEENCEFTS. B1 0 (a) 2 SsBM, (b) {2 SmBM
T, M1 OFHETORY DR LIIN) TV —T
D) 7 AR OREY, x 13V TRME R

Ty T) O SBM EitRA D,



1198

T ARSI AR, BRSO v R
$. SSBM TN 770 —7312C, 70+Ty
IEXREITSNAS. SmMBM Tid 2 201\ 7 )L —
TOREDD L2700 T ], 370+ v2, 4
PEFNEITEN S,

SBM T3 A2 /@370ty vy Z8i21 Do
VTSN —T%h% %T%tbb$%%§&t&wnu
TEME Y I - LTHAL 2 UER S s,
DTN —TOBHFBLVEBEEYI RS D kbl@f
T, F2SBM TIRY A T LIEFIENEL LD
T, FHLTZWTOLyH IR0 S A2 & h Y
TTEEFETTAH. PATLASESurS 3L /B
%, o) ZEHN ) 7EAHER (Multiple SBM)
EFBILETIATLEERDANL—T v b E %It
»5.

2.2 /X1 7 EIRAHE

2.2.1 B#iG/N— K1 7NY 7EEBIE

V7 b7 TIZEBN) TEBATIION) TERIZE S
TR Y 725 TEED SO+ v H DN
TREE LD, Thx 20T FN—Foro7{LLE
BIERN-FI 27 EBNFKEL 22D TH 2 IZRT
EIBI 5 7 2 HIBR Lo/ 7 ESHE S T dH

2308 M52 DEFCIIBHTI— FRYF S 1 —
D7l EoTN) TROETMEFE S —BEISRE L

TWwa, Zo&) %22\ TEBE T, /) 7E
rEoVwTutyHwE/E L BRIV AYT B D

S -oTHED Oy BTN 7RIS L5 2
ENTEL. ZTHIZIRESOL Y (PU) I21¢E
FDTASHBLBETHE., 72 n Ko\ FRME
RKESHEINSDEFOREK (Wired AND) %
EoTETUL Y HIBHAIT S n A0/ 7 [FK
TETHRPVLETHL., $abbn o7y 977
Oy 7t 2n KOBEBRHILETH 5.
SETUST IV IBEIIBVTY A7 BMOETIE
FRIBHI—FRTrPa—) VTR ETE LW,
L7235 TN 7RIBOEITIEF I —B 12k o %
Vo ELSN) TR E B Il n BT aE
YhonN) TEERE FRFRBTICIIADO T T
Y HIMEET 27:0D nx (n—1) KOELE L,

: |Wired
~

I I [
PU, PU, [eee |PU,_,

2 N 7 s R g

Fig.2 Barrier synchronization detection mechanism.
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Table1 Characteristics of parallel modules.
module | PUR | /S) 7I¥iMM [v> ~ 705 7] | SMWR[%] | #51CE (%) | RAEM
2 4 301 7.27 60.58 1.83
3 4 307 6.30 61.18 1.85
6 5 220~371 5.58 71.43 2.33
7 4 2478~ 2589 1.52 75.51 2.31
8 2 919 4.15 24.56 1.14
9 3 198, 32, 35 5.93 99.02 2.94
11 3 1237, 1748, 140 1.33 5.77 1.04
PU: 34 56
RN
ey . i 250 4
2 Lo
. Y 4.
3 / 2.00
[6 )
1AL ) "I n 2150
[ 9 N " module n JC:
1 8 ‘ CREIIINEIEIITINR M
Elﬁ | ‘ 1 Barrier group setting : # 1.00
. b call emmmfiie wait |
Tend 050
10 SmBM TOEZa—~ VDAY S 1) 5
000

Fig.10 Modules scheduling under SmBM.
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Speedup ratios of HWB-P, SWB-P to serial
modules.
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Table2 Speedup ratios of Whetstone under SsBM,
SmBM.

SsBM | SmBM
PU ¥ 5 7
A 1.32 2.35

4.2.3 7075 L2@ICH T 5FHE

Whetstone 7075 LOEES 2 — Vi 70t Ty
(Eva—NTutdv ki) L, RS I4%E
tha ¥ A7 L+5. SsSBM B LU SmBM 12 X % 5]
{Ey AT % BRI A7 S LB LFET 5. SIZHT
% SsBM, SmBM D&M L% KD, FORKER%E
+2IIRT.

SsBM TilrEFUL XN 7O I ¥ A BRETT 5.
Thbt, 5O TatyTTuty IV —TB X
UNY T N—Th R LTEE/ 2— 170ty
2 EBKREFLTVS,. SsSBM IZBIT AFEEEDF —
SN—Avy FEBRWiz e & OBEN L ERER Bt 1.54
Tho., I T/OY T LEROETRBO 40%:I <
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Ta—)v1, 4, 10I3BRTOL Iy THAENDT/NYT
R ELZY. 1 HFBON) T/ V—FTEFTS
haEVa—NvTutIr L 2FBON)TINV-T
TEFENLEV2a— V70T ¥y BEFUIET SN
5. BEJ2—NOThwbp b FRISNLES 2 —
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Table3 Execution time ratio of multiple tasks to single

task.
Wy A2 [u]B§ 4241 ¥ A 7 (module)
{module) 7 11 8 3 2 6 9
7 1.00|1.00|1.00|1.00]1.00]1.01]1.00
11 1.00|1.00}1.00|1.00{1.01(1.01]1.01

1.00 | 1.00 | 1.00 | 1.01 | 1.01 | 1.02 | 1.01
1.01 | 1.00 | 1.02 | 1.03 | 1.02 | 1.02 | 1.02
1.01 | 1.00 | 1.00 | 1.02 | 1.02 | 1.08 | 1.02
1.01 [ 1.01 {1.04 | 1.03 | 1.05| 1.01 { 1.07
1.02]1.011.04|1.03|1.02]1.09| 1.00
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