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Implementation of Macro data flow pre-processor

Tetsuyuki Onof Keisuke Iwait Hideharu Amanot

tHitachi, Ltd. tKeio University

In order to make the best use of recent multiprocessors performance, researches on automatic
parallelizing compiler have been widely exerted. We developed an automatic parallelizing com-
piler “Garafrase” based on SUIF compiler developed by Stanford University. A pre-processor
for the corse grain parallel processing is attached, and the loop level parallelizing is improved.
Here, the implementation of “Garafrase” and the performance evaluation results of the NAS

142—19
85—19

Parallel Benchmark are ‘presented.

1 Ui

BE, BEOCPUAER LA VT oLy ¥
BEOSERNERLTVS., ZOLILTLTT
oty yotiErsEHTHICE, oL TEME
TATT)r—va yBPEFMLE N TS LENH
5. LdL, #FIEzER L7277 ARFEIZHE
BLEPE L, ARBOBHELKEWV, £2T, §
BLA70 7T LROEFIEOHE 2 &% HE)TIT
729 BEYEFME 3 31 T OMERRA T EbA
Twh,

BEEZRXFXFHEZTIR, BRBOTOSS
AR BAEOUNIXBRE L CT—HRBICHVLNRTWS
INVFAVY FF4751) TdhsbPOSIX Thread 7
477X AHBFIFRMICERT 5 BB v
/34 7 Garafrase[l] DREVFEH LN TS, IO

aUNAL T4k, RY V74— FRETHZE, EREY
NTWw3HBTEFULT > /84 5 ¥ R 7 4 SUIF[2[3)
A= 2 K EET LR Y ogiEr NS AT
EENMTbI TS,

AEETIE, BEWHLT > /81 J Garafrase ®
E#¥ L, NAS Parallel R F<—2 #H\WTfiko
T MEREEF R RIS OWTEHRE T 5.

2 SUIF a1 S5 XAF L
2.1 SUIF YIS SOBRE

SUIF I ¥ 34 5 A5 & (BUF SUIF 2 /34 5)
A% ¥ 74— FRETHR, BEVPEDLRLTY
5 EEHHFba L5 THY, FITV—TLAL
TOHFIEOHMEENE LTS, WRETHE
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Parallelized
C source

Parallelized
C source

C source
SUIF SUIF
arser Backend
b [Imermediate Code Compiler,

& 1: SUIF 2 > /34 S OMBoOREN

FEIZCEET i3 Fortran Th Y, THOLDANE
MEPHEREACERL, AT UERALT
WYULE NV — AT O 7T amBNTEH. BN E
NV —R 7075 heBHFDa L4512k -T
TAYNRANTHIERCLY, EHEETSTOST
LEERT S, a4 SHRETIE, FESHETDH
% SUIF(Stanford University Intermediate Format
JHUTSUIF2—F) 2E&L, ZhicdLT7—4%
KT e EORBEIT RS,

B, SUIFa YA TV AT ATDA Y8 )
D|NEIRT.

2.2 SUIF 2 /51 SDOER

SUIF 2 /34 Fi3/8—%, KER BT
2= F AU F 1N TwE, E1—51) 754,
IR BIFERATESA 7T ) BIECH+TREB R
nNTwa, SUIFa Y 4 552 BRTHL—F1Y
T4 D—EELTFIZRT.

e “snoot” /¥— (31 F7F C,Fortran)
e “porky” T— FE#LR Y

o “reduction” reduction J— 7 DL

o “pgen” HHIEMEN/-ODFTATT ) IV %
SUIF I — Fizf+im

P E 5514 AST(Abstruct syntax tree) & IEidh
LAREETERINTWS, &8, SUIFEREHLZE
DBFULD 7DD T I 54 ThFlkv. 200
H Y Annote L IIEN 2 BRI TE 215HK% b
5, ZHIZER EN/AFRICENSTELELT2 ).
F 7% Annote DFEHEZ LLTITRT.

e “Ling” SUIFDI— K&V —A7 7 A VOMHE
o “Reduction” Reduction V—7
o “Sum” &FOFE

e “Doall” DOALL V—7

Back end

e

SUIF
m»lmtermediate Code] l

2: Garafrase DFERL

3 Garafrase DI

SUIFa ¥ /84 51, V=T LNV TOHFLE
Tk BRERFULETR—PFLTWVEN, V-7
DOEFULIZF TR 7O 7T ADOEFIRFTEICE] &
Bz bixTEaR\v, #2C, SUIF2 345D L
IBRBFEO L T L) bhEN LML EER
g5 7-0, BEEFEa /31 T Garafrase D
BHIT bR TWw5. ‘

Garafrase X SUIF I /34 52 R L LT, ¥
-5 70— 4] 2Tk 7 7Ok v
¢, POSIX Thread 54 72V A i-itpa—F
EFHDT ANy s FEEBENTS LW BTE
BAFTR b T\WA. Garafrase DIERE K 21CRT.

Ty Saky FETIE, SUIF I~ FEHEARR
v sOF—F 70— 0EBriThS. vru07—-57
O—MEEE, BRMICERI N TT ST LH0
TuysLaeTOy IR ETEIRAIGE, YA
7 BOF— 5K, 7 A7 OFETTREHIT
¥R, TUSSATOy 7 BOEFIRE (»
b s HKNESTINE) £17%2 ) FETH 5.

¥ 7>, Garafrase D/Ny 7 T FERCIE, SUIF 22—
K& b POSIX Thread # £/ L CH#FIFER L/A-CE
BY—ATUSILARERL, BATA. Ny s
YFRIZEhBAENA Y —-A7a s L, SUIF O
LG ERBICEEDI YL STa L VL,
EfFa—-Fr&ERT 5.

72— B L OCE RN R R R ERFILIL SUIF o
Y SR EFDFEMATA. ZNICLY, SUIFD
D AT R IR T A L AT E S,

3.1 2RUHFH

WREBTUCET% D i, $F7079 4
FREOKEVT /O8RS 8T 5. <o 0
AT, A7 OIID HRENDRTARD 2
VBBEEAT T v 2), for L O E L % B0k
TAHRB#&VELTOy ), BLXUYTIN—Fh
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6%58B (W7 NV—Fr7ay ) ¥hbb.

BERBENHEENATEREINL U Y 7 T
5, EXMICBBETIR Y — 7 Iy VICEY
5. ¥/, ToF)TFaydTCRyETIV—F
ya— b BBOHIZED S,

RB 3 for X, do-while X ¥ DRV E LHEZED T
Oy 72 Thh, BECEREINEHOLV—-TTH 5.
DOALLZ Yo #FizHoV—-TbEEIN5S.
DOALL Gy EL %, BHITHAV vy FEIH
gLENEh T EFNIETTS.

T, YRIDEECEI A BEOFREBAT
A.MTIZ, WBT55 A 7ERIIOVWTHRNS,

o B OFIHHEHR
o TigiE
o BREER

EHOFAEHRE L, FRFhOF A7 I2BWT
A THEHASIN TV IERE, RAAARLEZAR
EVvioz7 7R AFRICEVSELY R MERICL
75D ThHE. ZOFERIE, F—FERERFTICER
ns, '

SIEIERIZ, if 30 switch L L DELDIEHRT
b3, FiEEHHTIEREFBERDI A I FEEE
TS,

BEHERIE, V—-TORBIOY RS % LB
FAVBEIIBVWTHBI A THENEDNV—TH
BEREL TV, FEiERE BEHERIE, #I#EK
EBRITICBWTSRBENS,

IhboflE K 3R,

3.2 {RTEREART

BYAIBOT— 7 IKERITE, 7O 7 5EE
DEFZAABRICEIDITER)., FAZETEI VKR
Uy s RKEBITOAEITRY, RBAKOFF A
7 BT, SUIF TidflE L 4w DOALL /2%
WEBEFNOGCD 7 A b [5lIZ & 27— ¥ IKEFEHIT &
TFThoTwh,

HIHEKEOBRATIX, 70y 7 SRRICHEB L5
IETERAP BB ERE EIC T b5, RIBMKER, if
R switch X K7 — Y EEDP R T, Y RA7D
BRTHELZITNERL2VE B ICEET 5.

Kiz, hoDEKEERL D ¥ X 7 MOETIEF
RFETYrI70—25 7 [A] RERT 5. Garafrase
TREBDA >4 YBRARTebEVD, <7
u7a—-75 7R EEBITLICERENS. Y1
70— 708 %K 4R T
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f1 o Task 1
Hi<10) "y Task 2
{ if(i<10) acari
. a=a+l;
} - Task3
else( a=a-1

a=a-1;
}

Variable List
Read(i)

Branch Information
Task(2) ati<10 |
Task(3) at i>=10 |

Hierarchy Information

Parent None

Child Task(2),Task(3)

X 3: ¥ R/ BEETEROH

BB  Basic Block
RB  Repetition Block
- Data dependency or
Controt flow
------ » Function Call

H4 BERTrtowrarsa—r570H




3.3 XHva-=-1)>y

Ny LV RPEERTAAr V- v ra—F
X, PHArVa—) v SEREEFRAF TV a—)
YIERA AL NE. FHAT Vo) v AR
Lid, 7O ANY R T OEERFR KT B IMED
EfTTRELR IR 72 BEDITAbDTHA. Thizy
L, £HAF Va2 v IR TRAY Va—Y >
THEEOAL Y Fiikld, #hlSoR Ly FidA
rIa— Vv rEfThbiv, ERARAF a1 v
THREAV Y FE—THICERTEL-0MED
BWAHFDa— )Yy I/HPTEARE, ArJa—
YURELTHEANDALY FERAELRTNIERD
v, —F, SHA S Va—VERTIR, AFYa—
VHAOREF—-7#BEL, TRXTCHAL v FHFZ
OEXEF—FIZHMT 7 XA LA T a—1) v Ik
ERTRH, AT a—-) LR ALVY FOHE
Ly 27 ORBORTHIITR) 120, Arda—
YUY ZHALY FEVoARORED S TRIER
VERALy FERETDHIERL, LWECDA
Ly FEFIETES, LAL, EALy FOREHN
HMIMLTLE) 7OFELDA LY FONT 4 —< >
AREFETT 5.

Garafrase T, SEBE*HEEL, S8R Y
2=Y AR EFRALTVA.

A Ta- Y vl F - ~NOBMBT 7 XiE
POSIX Thread O v 71 Tdh 5 mutex K%
Awna, EELIaVMMITR, AFyPa-Jv
FHF—5ELTUTOF— 7 #HAELTVA.

o AL v NEAIRIR (thread flag)
ZA Ly FOFERKR (FHS, 2

) REWT 5.
o ¥ AV IREE

wait FREATOI AT L
Tk, FCIEEFTT
& 72\ REE

ready FATE A7 5 FXTHTL,
ALy FHEIYHTHRN
T CIETERBTES
R

running BiEETHOI A

EFTFRT L, BEI A7
DEFIHEBY G2 VIR

ended

o

unnecessary FUEEMHICE Y, ETHFR
BlIlhol-¥ RS

o ATV X 7 iER

BEIATWRT R T s
BWI A EEERETS. Fa-
Ril-THY, FLUTEY R P
T, FREFAEICRLEF -
S5F—FhREINS. Fa—il7—
Il bk, KD ready T
13 5.

INLDT— 5 EETEORHD Y X 7 THHAL
b,
AFrTa—Wh—FrTiE, ALy FEYETD
HURALy FBRZEOBEROEE, 7, 42X
SIREDOBBR I A 7 REDETETE .
readyIREED # A 7%, Ay Ja2—F10LkDh R
Ly FERARREERTA FrekoTwnas ALV
v FiZElp B Th. # X713 POSIX Thread @
pthread_create B L Y, BIAL v F& LTERK
i, ¥ IS pthread_detach BAERIC X hIFUTHL
BB OHIE» L RENS.

34 Nyo7I>F

Ny 7Ty FETIE, SEBITLEDOITRbI:
SUIF 2— F# AH L, POSIX Thread {2 & U 351
HRENS CEBV-ATUFILRERTA. &£
BERTa—FiE, FRAIKREKLRAF Y a—v—
FLIIOVERENS. ERTAI-FDI LAY
Ja—VEE E 5, FAZEEE F 6 IR

A4 Ya— 5 XM createthread & B
check_status {2 & DR S 5. BI¥K check status
3, BYAIDEFTEBEOT =y 7 BiTRV, FAT
¥R EL ol dbDEIEK wait B 5 ready K
BT 5. COBBDFIETSH S schedatald Ay
T a—WIIPBLF— DA HEERTHE. £
72, ¥ AT AEDRBIIBEE createthread 12X Y
Fhbhbd, INL2DODRFr Va—V—F Vid,
B A ORBORBITIFTH END.

¥ 2 7 BB T, BAICY R 7 BRORENE
TEN, ZOB%BEHOREY ended L TAT Vo —
VYOO EI-VT S,
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/X5 AU IREED Y o R
pthread _mutex_t status_mutex;

J¥ 8 AT DET */
void create_thread(sche_data){
int pid;/* 7O AEE */
for(§TXTDF A7 ){
pthread _mutex lock(status_mutex);
if(# X 7 IREEA* ready){
pid=get_thread();/* AL v FZEER */
if(A by FHEREKEK)
R 7 FATILER D OB
switch(¥ A 7 %F5){
case 1:
[*¥8 A Y BAEDETH/
pthread_create(...,block_1);
break;
case n:
pthread _create(...,block n);
break;

}
pthread.detach();/*% A 7 &40 ) gE§*/

}
pthread mutex_unlock(status_mutex);
}
}

/¥ ¥ AT IREEDER */
void check status(sche_data){
for(T_XTDF X2 ){
pthread _mutex lock(status_mutex);
if(& R 7 H wait 3KEE) {
do{
if(%64T %% ended or unnecessary){
RIFF AT EF2—POEYEKRL;
if(F 2 —AZ8) )
¥ A 7 KRB % ready BB T 5;
}

else
break; _
}while(547 4 A 7 DFE1E);
}
pthread mutex_unlock(status_mutex);
}
}

5: Ef T —F - A7V a—

[y A7 IREED v J T/
pthread_mutex_t status_mutex;

[*¥F A 7 SEREAE*/
void* block 1(shared data){
VAR VN oL 5

pthreadJnutex.lock(étatus.mutex) ;

B OIKE% ended 12§ 5;

pthread .mutex_unlock(status_mutex);
ALy FOmBIK;

[ & A 7 IREED ERE*/
check_status(sche_data);
D & R 7 DELT/*
create_thread(sche_data);

void* block n(shared data){}

[ 6: £fa—F- ¥ A7 0HEEK

4 @

Garafrase DA ESLFILIC X 23R EHRET A7
W, ERICITO I ADI VIS, VETEV, EfT
BEEOUE*Tho7/. HHATATA N OIS T A
IZIZNAS Parallel X F2—27DISEHVWTWA,
ISREREOY - 274 7075 AT, RED
& E e BEFIDOEFELIL classS~classC O 5 FE3E
FHESN TV (K 1).

class array size
class S 216
class W 220
class A 223
class B 22%
class C 227

% 1: BFIYA X (I9)

FEATERIEIZIE, UltraSparcll 300Mhz % 4 2 #H,
L, 2AEYREEH 3GBytes ® SUN ENTERPRISE
AL, 0SiE SUNOS56 Thb.

KFZXMTE, FVIVFVOFEXRE OS54k
Garafrase IZ Lo TERIN/-BF 72 7T LB TD
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MR E TR o 7.

R 72, 79 AT LT - HFEOKRE LR
3. KNI EATHMEELTBY, FXBETus S
LOfER1ELTERELZDDTH S,

12 [
8 1 O OCriginal
i 08 sequencial
S o6 program

2 o,

5 R Gerafrase
004

2

w62

o

class class class class class
S W A B [¢]

7: EATHR (NAS Parallel: IS)

797 &1, Garafrase |2 X 5 EJTE O THEDTE
BT&B. iz, T A XFKRELEDBICoN,
WHMLDIHIROAEL Bo TV EVIBERDRAT
Ens, Zhid, BAD<270% R0 OBBEIKE
(BZERIDVRALV Y FOEREIZL B4 —IN—
~y FERBRENL D THLEEILRS,

BHIL, ¥ TNV —Fr TLOETHBOLKDS
Tho/z(H8). ISKEINAFTL—FrDHH
full verify() & rank() £V 3 ¥ TN —F ViZDONnT,
classCO7O 77 A HVWTHB L. 77756
rank() TP ABEOREOM LR TE DS, f#
HLA7u0Xy HHIZ42THEZ EHhs, Zhid
BIZEANRELE SRS,

—7 fullverify() Ti%, & LAETOMUREOEILS
Rohs, Ziud, fullverify() 1o i3 IR EATATAE
e sOdRIBERLALEL, Flv-TT7OYy
27 (RB) IZ2WTIE DOALL V— 7 H—D b Z\ 7z
DI, MKEEFIL, PHREEFLOLELLO%R
b LN holldbELD,

- N

[ Original
sequencial
program

B Garafrase

g 8
I

Execution time
2 =3
[T

o
)

ull &

rank()

(=3

full_verify()

8 HTN—F ¥ T DETRH DL (class C)

CDEICHFEOE AN —F LRV —F
HIRIEL, 2L LTidclassC TH19EDAE —
K7y 7ehoTwad, SHEOFMETIIUED LS
REREL oD, TANTOYTLOBKEIZE -
T EoHEEm EFPETE 2R TH 5.
SBEIMMONRYF2—2 TS5 MO0 TH
o T FETHS.

5 HbhYIC

ARfFeTit, BEEEFHUL T /%1 T Garafrase 128
WwWTwzu7—4 70— 0B ER S, HET
Tt E EH &7, 72, NAS Parallel X F<—
JIZ & BEE R AT VLR DT - 2 FER L 72,

SHOBELE L TiE, HEIR70NEBEBTEE
LAy T a—) I PLITY XANDYELR EH
BFoNn5b, £/, SUIF2 ~OxE b BIERSHT
»5. :

SE M

(1] *#48 BA, S B85, K& 3565 " AEIEE]
A7) 7oty 0FEE”, FE80RINA /ST 4 —
RYARIVEa—-F4 YIRS, £1205E
87— %77 F vBf%E (2000)

[2] Sutanford university: SUIF Homepage,
http://www-suif.stanford.edu

[3] Mary W.Hall, Jennifer M.Anderson, Saman
P.Amarasinghe, Brian R.Murphy, Shih-
Wei Liao, Edouard Bugnion, Monica S.Lam:
“Maximizing Multiprocessor Performance with
the SUIF Compiler”, IEEE Computer, Decem-
ber 1996

4] AEEA, BEE, AR EE, SR EE K

W #@zph: “EFARVHEHeVFTOLyH
AT A ETOFortran MK E S X 7 EFIMLED
TR, 1EHRLEESREE, Vol.37(No.3),
p.418-429 (1996)

SR 1EAE . CIFLIEEN, 2o (1991)

(6] #AF BEREL, WA HE, N85 FRI, NE TH, &
H BB, R B L FILA EFIR
BB AAL ¥ —T 0L — I v BN, EHRM
ML 56 0] (FRK 10 E87TH) £E K% (2E-4),
p.209-300 (1998)

5

—114—



