AL A 2 e
IPSJ SIG Technical Report

Vol.2014-ARC-213 No.18
Vol.2014-HPC-147 No.18
2014/12/9

AVNRASDEEIL—TROETBRICEDHFEDRE &
i 5l b ZE

i

eyt

ARETIE, A T0, BT —ZEERROH L —T 0D, vLF a7 SIMD 7—X%7 7 F v IZh
HIWHIHeA T P =7 S &ERT 5 FiEERT. 20@&%“@%%¢bf#ﬂmw«®mmﬁ&5@%K@R¢5

ZENEMTHD. —l ict < %u LR TWABIMUIL—T A »F w7 AT

STV o =NV —7

5:&ﬁﬂ%“,w—7¢¢@£ﬁ%%

V= ERRL—TA T v 7 R

WOBRMETHY, b9 DI INETHL

ROBERMETH 2. ;ﬂ%ﬂ)ﬁ%ﬁi/v~74/7/77\ X D ATIHRMECRERL T
BEHRET DUIENRIRNTZD, AN FITRGIZEET H LR TED. 2
00){55’?4’7“'?@#% PR BN S 14“?3 BTN T A X e LT, ki

o CHFULT 2 FREATV, R ETER L7L

—WINIXBEXIZFAT S D AN T L

Detecting Method of Parallelism from Nested Loops and
Parallelizing Conversion by Loop Shearing

KYOKO IWASAWA !

Our loop parallelizing method of compiler for multi-core or SIMD architecture enables parallelized object code to be
generated from loops which include complicated data dependency. The characteristic of our method is in choosing the more
optimizing method for parallelization from two shearing conversions by inner and outer loop carried data dependences. One of
them is novel and involves shearing horizontally along the inner loop index and the other is well-established shearing vertically
along the outer loop index. These loop transformations are formalized by matrix operations. They enable the original loop
indexes to be expressed using new loop indexes so that compiler does not need to make any change in loop body. At this point,
simple templates suffice to generate optimal code. To conclude we summarize the conditions for choosing suitable shearing

method and the requirements for conversion.
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float t[NI+2][NJ+2];
for (J=1 ; J<=NJ ; Jj++) {
for (i=1 ; 1i<=NI ; i++) {
tlil[J]=Cl*t[i-1][j+2]1+C2*t[i-2]11[3J];

v
(a)

}
}
(a) inner loop carried flow dependence,

(b) outer loop carried anti dependence
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Fig.1 Example program and its loop iteration space
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for G=0 ; j<N ; j++){
for =0 ; i<M ; i++) {

} inner loop data dependency —
outer loop data dependency -

i=i'+2 (0 <=1, i’ < M), is (i,i")={(0, 2), (1, 3), ... ,(M-3, M-1)}
inner loop carried flow dependency : (distO, distl)=(0, 2)
outer loop carried anti dependency : (distO, distl)=(1, -2)
outer loop carried output dependency : (distO, distl)=(1, 0)
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for ( 3=0 ; J<NJ ; J++){
for (i=0 ; i<NI ; i++){
loop body
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Figure.7 double nested loop before shearing

41 EEMEFMEER
WEMERMEERIL, ML —T A F v 7 2D (T T
ES Vi — AR E bRy — kLT, I
BIFATRTRE /R L — T REE NN —T A VT v 7 AZHh»>
THERD., FVVPFAD_EL—TDij AT v I A%,
ROITINZE > TH LA T v 7 A L] AT L. 2
DR, AT v 7 A TICiE, F#lZe L CIFICFEITAIEEZR
N—TRKEKEZWLRDZENTED.

(ML

TOEBIZL D E, MIL—T DA T v 7 X T O ER
& FRIER, WIL—FA Ty 7 2 i ITKFLTLE
5. FZT, 1 & JIZET 2 TRIE L LR S RERD S
SMUN—T A T 7 ZAD ERRE & T RRAEZ AL — T D
AT o7 ANBMSL LA TEBETS.

)
IA

j < NJ2>0 = J-delay*I < NIJ
2> delay*l = J < delay*I +NJ
J = delay*I (1) J <delay*I + NJ ---(2)
0 =i<NI=>0=1<NI
I I < NI-—(4)

JOTHRME : (DXREB)XEY T =
1 =0

JTOERME : =L@ Lb
. J < delay*NI + NJ

IOTFRME: 3)XEQ)XLY T =20 A I =(J—NJ)/delay
I = max(0, (J—NJ)/delay)

IO ERE : @)XEMXLY T < NI AT < Jdelay
T < min(NI, J/delay)

delay*I A 1T = 0

J<delay*I + NJ A I<NI



AL A 2 e

IPSJ SIG Technical Report
FIVZFNOL—T ATy 7 A1 L jiX, HLnA

VT I AT ETERAVTRO L IICRBETED.

(e L

L7eiloT, TNEN—TRIEDOEHITHATLHZ LI
£V, VT REOETXAEET HME T 8D. K
ToOFar I ANE KM8DOLIRhRD. ZONAT AV—T
X, A7 LICERIEITTHZ N TEDL, £, X7
FUALL T SIMD L4 25 Z L HFEETH L.

for (J=0; J<NJ+delay*NI; J++) {
for (I=max (0, (J-NJ) /delay+1);
I<min (J/delay+1,NI);I++){ /*parallel*/
int i=I;
int j=J-I*delay;
loop body

}
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Figure.8 vertically sheared loop
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for (J=0;J<NJ;J++) {
for (I=Jd*delay; I<J*delay+NI; I++) {
int i=I-J*delay;
int j=J;
loop body

}
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Figure.9 horizontally sheared loop
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> delay*J = T < NI+delay*J
I = delay*J ---(3) I < NI+delay*J ---(4)
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for (I=0; I<KNI+delay*NJ); I++) {
for (J=max (0, (I-NI)/delay+l);
J<min (I/delay+1,NJ);J++) {/* parallel */
int i=I-J*delay;
int j=J;
loop body
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Figure.10 exchanged loop
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void BubbleSort (double A[], int N) {
for (int j=0; j<N-1; J++) {
for (int i=0; 1i<N-j; i++){
if (A[i]>[A[i+1])
{ double w=A[1i];
A[i1i]=A[i+1];
Ali+1]l=w ; }

(1) R"TY—rTar T n

void BubbleSort (double A[], int N) ({
for (int g=0; g<2* (N-1); g++) {
int initial=max(0,g-(N-1);
int last = min(g/2, N-1);
for (int p=initial; p<last; p++){
i=g-2*p; if (A[1i]>[A[i+1])
{ double w=A[i];
A[i1]=A[1i+1];
Ali+1l=w ; }
}
}
}

(2) AKFEFHMEEMEIZ Z D WH| ATy — T a 7T A
delay=2 (dist0=1, distl= -1)

B. 11 AKFHERMEIZ LD WU LIe Ty — h e
77 A
Figure.11parallelized bubble sort program by shearing
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Figure.12 horizontally sheared bubble sort on iteration space
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Experience of bubble sort program

elapsed time of sheared bubble sort program
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Figure.13 efficiency of parallelized bubble sort program by

shearing
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AL, THTH 2 EA—T OB TR AR L.
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I ANCK L THTANEE 21T 9 Z I Ko THERIATE 5720,
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LTI RT A X 23R L, R0 B OMERZE 08U
WrEIRLTL, ¥, VWU oMEET S L—MET A Z
LIZEY, 2L ZICRD ANTHBIMIZERT D Z &
NTED.

A%OFEL LT, SRR E 2EL—T L LR,
ORI LTE=ZEL—TR, V—TRIEKODT 1 v 7{ki
X2 WH OB ERTTTHZERHITF oD, TDD
21X, “polyhedral analysis” [13][14]Z2H D AND Z &1Z &
D, ZOFES LV EARERNAS 25EE2H25.
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