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Implementation and Evaluation of Interprocedural Automatic

Data Distribution Method for Distributed Shared Memory

TAKASHI HIROOKAt and HIROSHI OHTAt

We implemented an interprocedural automatic data distribution method for our distributed
shared memory compiler. This method combines the “First Touch Control (FTC)” with data
distribution directives. The characteristics of FTC is that our compiler controls first touch

data distribution of the operating system and accurately determines complex data distribu

tions. By this combined method, we can achieve appropriate data distributions for program
patterns which conventional data distribution methods can’t treat properly. In addition we
implemented interprocedural analysis which improves data locality of the whole program.
We evaluated NPB2.3serial/FT, SP, CG and SPEC{p95/tomcatv on SGI/Origin2000. These
benchmarks ran faster by 35.5% (average) than those without our method in the case of 16
processors. Furthermore, we applied FTC to indirect array references of CG by hand and it

ran faster by 6.0 times than that without our method and by 1.2 times than MPI program.
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(a) BIRETRT 5L (b) HEXHE
1: program main 55 &I 1: ¢ T—H8EETX
2: real A(100) m/ 12: c$distribute A(block)
Al
21: ¢ MHLIL—T s
22; '$omp parallel do =5%0 (c) REXIK
T
2 d it %EIHE A 1o T7—ARayF
i 12: '$omp parallel do
31: ¢ A—FIIL—T 4 do i :(‘) 100
32: do iter=1, 10000 | 15 ;d !
33: 'fomp parallel do A v : enddo
34: do i=41, 100 BREAFI—
35: A= N—=7%
36: enddo
37 enddo
41: stop
42: end
01 0o0opoooooooo
Fig.1 First touch control method.
BERY—RTOY T L 1: do i =1, 100 ;L1
v ) 2: do j =1, 100 ;L2
DSM BB /15 | [/ F— 5N 3: A(i,j) =
/
‘ AT ‘ e ‘ WHHEL—T, 9 1y IR, ‘ 4: enddo
I / 5: enddo
‘ 25 AR / ‘ h— #qu—j’ﬁai ‘ 1
I 4 3 _ .
| 7—sans | ‘ 77—Zh91?ﬂmmﬁ ‘ 11: do iter =1, 10 ;L3
T N 12: do i = 2, 50 ;L4
[ a—razmm NEE PR | 13: do j = 2, 99 iL5
h 14: B(j,i) = A(j+1,i+1)
v . s
F— 8 SEEHD— K +0penlP 7055 4 15: + A(j+1,i-1)
v 16: + A(§-1,i-1)
‘ OpenMP 3 > /84 5 ‘ (MIPSpro Fortran90 a > /34 3) 17: enddo
v 18: enddo
DSMjﬁBJ?J’ji:’] [ A=R/A N 19: enddo

‘ DSM Parallel Machines ‘ (SG1/0rigin2000)
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Fig.2 Structure of DSM automatic parallelizing compiler.
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Fig.3 Example program?2.
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Fig.4 Data distribution graph.
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1 !$omp parallel do 01 0000
2 do i =2, 50 Table 1 Measurement conditions.
3 do j =2, 99
4. B(j,i) = 0 ooog SGI/Origin2000
5. A(j+1,i—1) =0 ooo l6 J000200000/0000
6 enddo CPU MIPS RISC R10000 (195 MHz)
7 enddo ooood L1: 32KB, L2: 4MB
ooo 11 GB (11264 MB)
05 0000000000 oS IRIX6.5.4
Fig.5 Data distribution code. ooooo MIPSPro Fortran90
0 (Version7.3)
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Table 2 Data distribution shape of key arrays which our automatic data

distribution function determined.

903

Program Key Arrays Data Size Data Distribution | Method
classA classB
FT U1, INDEXMAP 256x256x128 512x256x256 (* * block) FTC
U0, U2 256x256x128 512x256x256 (* block,*)
SP LHS 64x64x63x15 102x102x101x15  |(** block *) DIR
FORCING, RHS, U 64x64x63x5 102x102x101x5 (*k * block,*)
SQUARE, SPEED, RHO_I 64x64x63 102x102x101 (*k*,block)
AINV, QS, WS, VS, US
CG COLIDX 2198000 15825000 (block) DIR
ROWSTR, V, X, Z 14001 75001 (block)
tomcatv |AA, DD, X, Y, RX, RY 513x513 (*,block) DIR
D 513x513 (block *)
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Fig.6 Speedup of benchmark programs.
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Table 3 FTC overhead for FT (class A).

gpooooo 1 2 4 8 16 32
noopt-OH
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Fig.7 Execution time of FT (class A).

Execution Time(sec)

000000000000000000000000
000000000000000000000 DSM
0000 100000000000
5.4 0000000000D00D000O000O0
()00000000000
CGOO0000DD0000000000D0000
00000000000D000000000000
000000000000000000000000
000000000000000000000000
00000000000000DSMOOOO000
000000000000000000000000
000001000 blockO000000000000
00000000000000 80000
00000D000000D00000000000
Onodist 10 000000000000D00000
000000000D00000000000 dist+no
indirect 00 000 000000000000000
00 dist + indirect] DIRMOO 0000000000
00000000160000000 nodist0000
4.1 00dist +no indirect 0000 29000000
0000000000000 O0MPIOOOOOOO0
000000000000000000000000
0000000000
(2)000000000000000
00000000000000000000000
000000000000000000000000
000000000000 000000000000
000000000000000000000000
000000000000000000000
e I0000OOOOOOOODODOOOOODOO
0000000000000000000000
000000000

Apr. 2001
16
14 | ——mpi
—O— dist + indirect(FTC) /7
12 |- —O—dist + indirect(DIR)
10 ——dist + no indirect /
—>—no dist /:I

Speedup
o]

1 2 4 8 16
Number of Processors

08 CGOclass BOOOOOOD
Fig.8 Speedup of CG (class B).
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1: subroutine sparse( a, ..... )

2: ¢ FTC double precision a(1)

3: double precision a(1),a_ftc(156825000)
4: do j = 1, nrows

5: do k = 1, nzrow

6: xi = x(1)

7: if (xi .ne. 0.D0O) then

8: nza = nza + 1

9: c FTC a(nza) = xi

10: a_ftc(nza) = xi

11: endif

12: enddo

13: jajpl = rowstr(j+1)

14: rowstr(j+1) = nza + rowstr(1l)
15: enddo

16: c¢ FTC code start
17: !'$omp parallel
18: !$omp do schedule(static)

19: do j=1,75000

20: do k=rowstr(j),rowstr(j+1)-1
21: a(k)=0

22: enddo

23: enddo

24: !$omp end do nowait

25: !$omp do schedule(static)
26: do j=1,15825000

27: a(j)= a_ftc(j)

28: enddo

29: !$omp end do nowait

30: !$omp end parallel
31: ¢ FTC code end

32: return
09 CcGUO0DODODOOOOODOO
Fig.9 First touch control code for CG.
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Table 4 FTC overhead for CG (class B).
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