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Study on automatic generation algorithm of the collection code in
translating serial program into parallel program
GONG Xue-rong, SHENG Yong-hong, SHEN Ya-nan
( Department of Computer Science and Technology, University of Information Engineering, Zhengzhou Henan 450002, China)

Abstract: The parallelization of serial program is mainly made up of parallel identification, data and computation
decomposition, dependence relation analysis and automatic code generation. Data gathering is a very important part of
automatic code generation. This paper studied the automatic generation algorithm of data collection code, and brought forward
how to get the last write relation of the data based on the equivalence class, then created an inequality system with computation

decomposition, loop iteration and last write relation, and at last realized auto-generation of the data collection code by using

FME elimination method.
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for(i=0;1<N;i++){
for(j=0;j <N;j++){
cl[i][j] =0.0;
for(k =0; k <N; k++) {
c[i][j] =c[il[j] +alil[k] = b[k]I[]];
}

}
}

AT B TUARBER SRRBR, HAREL T2 RA e
S HBEA BER . WA 1 AR ab, HEH
H c PREBUHITTR AYE, RIKELA o L E
G eui:upiv 38

2 R

AR BRI [a) R AT A SR R 530 4 ke i AT B ik
&, ARG AR 7. BARG, B e —1 U
R MEF RGO R RGN ENAEXRSE, REA

EETE AR AA QIFAEE BT B H (0521000200)

EEB A REA (1975 - ), L, WIHBEA, BB TARIE, {6 LA, ERBETE 07 1 SRR 1T 4%, AE9R (1977 ) 5B, 1005
WL UPIW, T8RS, EBIST7 18 - X4 AT 4% TEIEA (1980 - ), 55 3 Ra 22 BN B LW oA , BT 05 1l TS HLAR A4 I

(FEL1- 3



2474

AR A

2006

FME {8 T63 % 7R 2 AT A28 | DA T 2 57 S50 Wi 4 38 43 1 332
WO B3 SR IBIR . X T LGSR, BORE A9 A0 HRRE AT LI R
BRSO a B b, (BRI o JhRHEAT I R 2l , IR
R T TUAESHEIN T B FF 8, B 08 e P i
M TRE S ER R N K, dRh N B E SRR K
BCSE o AR B TE AR B O, R SR A A B
155 L4510 L — U, 0 T R 0 T B )
B 7 , AR B Y BE — K B R R A AL

TEA SO I — B R % R B Sk Fm A T 2
RS 1A, AR BRI 5 KT B IRIE R AV 2
28 IRV RG2S 18], 76 I RE Rl ) PR3 5% 0 26 T AT 6 1
D7) A T ARG S 15 AR A L BOHE 475 £ B B i 4R
R,

1) HE L5

TES AT RIS RIS b, T IR IEAT i I A7 B i 6
RS 1R 28 IR S 7 B SE A o SEABFR AR MBI A5
AP A NIRRT — BB AT, DA P ST RO B

X1 BREE T

0 F—AMREER m IR, HAETR 0 R R IEF R
FILRME BB, 5 X — MRS 1R FR R R — A m
12 T o DB PR A 450K 3 AR 25 T ko g — U,
FARIMBERHIT = (iy,i,,0,) , BAERRE KT
BRI

X2 RS E P

— A n AER TR 5 LT n A5 6] P %S
)R — A n GERIRETE o

HHE RIS DR 1028 18] T BRI 43, HE% AN B 454
PR EARME , B U F

EX3 ks

WHRIS C = ((7,5) e IxPI (B +Ba)p < U -
£) < (B +Bw) (P + 1)}, R RASE X R M RAAL B2
3 (7,5) S, Hh UR—AY R LB 7D REH
i, B REHUER @ RS MBI + BE) > 0,40
P TR T YA ,P) e C

TEHE RIS R C o, U S8R RIS AR 25 18] i B
S T4 T KR E SRR (B + B) MRS T 534
BRI/ s TG S T IRBS IR/ o T B R S FE TRATT ) 28 2 o o
b3 BB

2) BiRHBE—KE

BT B IR E AR SRR, Rl BT A
B — KB HR T

EX4 HRGRE—-KE

ot — MBI, AR T R EFR 3 R BR A 1, Hoop
T =iy yigyoesiy) b < i < uby, 1 <j<n, B30, (87
e LF() = (") 0 <7, 3 F RECAVII RS, Bk

RT ZEAEES—AERT 57 R — IR TE.
WIS B % RRATE S I TR R . B4 351
BF B2 ) RIS VR BB B F RS S RS 5, Bt

R ENERIFRBEERR

SEMERMEMHAS HIT B,

EE1Y EMES LB MENRRERXMEAS
A ME— R — DR 43, BEX AR S BRI RE T R - 42K

Xt F U] R B F A AT R

EHE2 HAVIFREF, R2—MEMRR 2SN I

WEBAANE

a) BRI

T e LBREFG) =FG)

b) X FRHEER

7.7 e LEFG) =FG),MFG) = FGQ)

c) B YEIER

7,7k eL#FG) =FG),FG) = F(E),MF{) =

F(E)

Bk, T8 B0 B B R T RR R, R — 1%
MER,

MEBAZE R,

BEAR B ViR BB F RES T RSN RR, H I IR
BENRR PHES IR AAFRREHE TR EREE
ES B

HEH 2 TUARERBIEEXRNELE, ARBEL
L3I

A PRI EES 8] TR VTR R F

il RS KRR (WERIER gather)

HYAR:

© HEBBAEENAE , 7L ILZ AR E R IEIF R
T TR SE gather £ R FIE: BEL+1;

Q@ WIEEA B2 HE Vil KB F;

@ HRYEIEF T 0 i B2 D [e] R B S8 SO

@ FHEEEA B IR, B Vi [ R B 2 SO 43 R
ARBENE, BAREIITER MR BRI A
oA & B U IR SRR F ME (val) FIYATE RS, 5 475
- FERTHEAMER, WRERPELFE— R
val ) R BT s Bk B SE R, I ZERE R F i AT
RIFRRER)E — BRI B #R1E;

® FEHER AT SRR AR 4B H A& 0 2 (8] e
KRR, ZRRNEREERR;

© BHRIAMEERRAREFREAE A gather FEFEH

3) Rl EE

EHREETEERTERIBI/HRE —KEXR, A
JETERBEHE R C MEFERE LR REAERA RS,
R FAFEXR G FME JE o4 ROSEE e dm A A
5

BRI EASE X R RN EEMTRER:

a) BT W EBHFARRE T e LEFT = GiyLiy,r,
i,),H b <i <ub,l <j<n,i RIEHFRS;

b) T ZHERSZE SRS, B, =
6(@) = C,(i) +c, , Hr e, B—A1 x n FRFESHRIERE,C,
BAFEMEN R, FRTERT B— R



% 10

RERF RFHTNPRERERDGHERELEAR

2475

c) P, # 0 BUEERIXT S RIE 0 B AR stk H SR
d) 137,187 e LFG) =FG") 7 <7, HPFR
B VR BB BE T Z R AR T 5T Vil R —

BBt R T B BE K EBR.
HI BB — WK B 36 3R A BB A AR A R AN T -
A TBIRAR LIRS C AR FE gather
4 < A MPT 8 FE O BB e S 1D
LR,
O B ALE gather 25/ B K4 C MEFER A T

DARREI A D, # 0 URER RS G, B .
I B R R A
p. = () HERsS
P, # O HERRRRE, HATIE R AR
gather(1) BJRE %R
@ FI FME 34507 8l iR S R 4 G, A OBCHR fO 157
BIERTD  FTE R EARTBAME A if (mypid! =0) LABE{RE 3

T LA ) Ho A AR 2 3 B0 5
@ AR LR BRI RS , I 7E B A S

A if(mypid = =0) DAB{R RA FE R EUCEEE ;
@ »f HAh FEBENPHEFRIED ~ O,
3 SEPlaAT

XTRTE SRR 1 Rk, AR EAR <[] [/] R#l, %5
BRAETESE =2 IEIN B gather SERERLZA 4 51, 63\5'1%7%“#(

100
), EFERTG iyk, BHGR R F = |0 1 0“ ]wﬁ
0 00
0<sis<3
N = 4, lEHAF AT H FB‘J%)‘UEE%J{O <j <3,
0<k<3

S S, MR VIR SR AR F 4858 SRR 4 R R B 4 28 ST
—MMERME 1 PR, NEEMEPBERET(RE T
B O STRZEME R UHES k= 3 m‘%xﬂ:l £
BHRE —RERIE, B gather JEREMEN LRk = 3,
rekewrn 1070 wRwmm
3-k=0
gather 1 C i J k
-3 020 0x0 1 ,HH“gather” BREF, I8
3 0x0 0s0 -1
B J T P4 P R R SR SR R <1 AL B RS TR 2
XN S| R 1R “ C” RARIEFERIIN B & “iv.
K RIEHRE R T E A R PRI B8] T &5
gather Z JG B A BMIRERBHAERRSE, BAERE T
0<i<3,0<j<3
Eg%%ﬁ:ﬁ{o <k<3,p, =i
p. %0,k =3
5 BRI ST B0 I AR B 1 1 R R BRI
X 1 SRR A PR B RO MO s KRR T 38 (5,
RS FORE R R 1/N, M85 F 5 R RHEBERER

Xt AN 4E 2 i FME {576

—RER), REEI P2 YO BRI RN E BAE R A
AT7 ARSI EAR , WD AR B 2 > SR P YRR X R
I UREA K, EFF P 7] — RSB S RO 2 R A A
ST 7 8k M AR £ R B R R B (B

—»I'I0|0I0H0I0l1H010|2H0!0I3I ——I;JIOISI
I'I011I0H0I1IIHOIIIZHOHISI l;)lll?»l
I'I0l2IOHOI2l1H012l2H012I3I lglzlsl
I'IOI3I0H0I3|1H0!312H013I3I lofa[s]
I'I1]0I0H1I011H11012H110I3I |'110I3I
I [1fafop{afifap{afrfzp{2]1]3] [1]1]3]

L I112I0H1I211H1l212H112I3I%FmI'IIZISI

I DGO FOEEMGTEE] ® I'II‘-JI%I
I'I2l0I0H2I0I1H210I2H2I0lsl l'zIOIsl
|'|2[1|0H2|1[1H2!1[2H2[1|3| 2f1]3]
I'I212IOH2I211H21212H2I2I3I [2]2]3]
I'I2]3IOH2I3llH213]2HZI3I3I 213f3]
I'I310I0H310|1H310!2H3IOI3I I;%IOI?»I
I'I3l1I0H3I1!1H3lll2H3l1I3I [3]1]3]
I'I3l2I0H3I2I1H3I2I2H3I2I3I [3]2]3]
L [3[3loolslim{3]s]2/m3]3]3] [3]3]3]

BT 41 REMREERFR
4 4

A SO R BRI SR BE AT T I IR, R 1 E
FARI 35 M 2R Jr Bk B 5 5 5 28 AT S5 BRSO 580
WER T I AR B ., T B B AR L (H R T
TEBHENENZEURBEEERR, I REET
RARKIBRAE, 55 TIEK = B a0 5 47 EARSER 15 2
REBRRERIT.

SEH:

[1] AMARASINGHE SP, LAM MS . Communication optimization and
Code Generation for distributed memory machines[ A]. In the Pro-
ceedings of The ACM SIGPLAN93 Conference on Programming Lan-
guage Design and Implementation ( PLDI) [ C]. Albuquerque, New
Mexico, 1993.126 —-138.

[2] FERNER CS. The Paraguin compiler Message-passing code genera-
tion using SUIF[ A]. in the Proceedings of the IEEE SoutheastCon
2002[ C]. Columbia, SC, 2002.1 -6.

[3] ANDERSON JM, LAM MS . Global Optimizations for Parallelism
and Locality on Scalable Parallel Machines[ A]. In Proceedings of
the SIGPLAN’93 Conference on Program Language Design and Im-
plementation| C]. June 1993.

[4] eakT, BIFE, BUNAL & IFTHIEITRIM]. Jbat: HE T
Ab i i, 2000.

[5] TRFMBLAY JP, MANOHAR R. BiB#45# R AR EIF
RN LM . BT, 280k, WG Se, 5. b BIERL
R AL, 1982.

[6] ANCOURT C, IRIGOIN F. Scanning Polyhedral with DO Loops
[A]. In Third ACM SIGPLAN Symposium on Principles and Prac-
tice of Parallel Programming[ C]. PPOPP, 1991. 39 -50.



