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Automatic Data Distribution Method by First Touch Control
for Distributed Shared Memory

TAKASHI HIROOKA,* HIROSHI OHTA't and SUMIO KIKUCHI!

We propose an automatic data distribution method for distributed shared memory compil-
ers. First, We propose the first touch control method by which the compiler controls the first
touch data distribution of the operating system. This method can achieve appropriate data
distribution when there are partial array accesses in the kernel loop and when the declara-
tions of array shape differ interprocedurally. As a result, it improves the data locality and
reduces the memory hot-spot in such cases. Next, we propose an automatic data distribution
method for distributed shared memory using the first touch control method, data redistribu-
tion analysis, and interprocedural analysis. By preliminary evaluation by the benchmark FT
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of NPB2.3serial, we show performance improvement of 76% in the case of 16 processors.
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Fig.1 First touch control method.
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Fig.2 TIllustration of data distribution.
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Fig.3 Transformation when parameters are defined after

the initalization loop.
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Fig.4 Block diagram of the system.
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Fig.5 Algorithm for automatic data distribution method
for distributed shared memory.
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1: real a(nl,n2)
10: do iter = 1, 100
11: !$omp parallel do

12: do j =1, n2

13: do i =2, nl

14: a(i,j) = a(i-1,j)
15: enddo

16: enddo

17: enddo

06 ODOO0OOOO
Fig.6 Kernel loop.
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Table 1 Reference element ratios.

goooo gooooooooi12000
100% doj=1, n2x4/4
75% doj=1, n2%3/4
50% doj=1, n2%2/4
25% doj=1, n2x1/4
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21: !$omp parallel do
22: do j = 1, n2

23: do i = 2, nl

24: dummy (i,3) = a(i,j)
25: enddo

26: enddo

07 0DOooOooOoooooooo
Fig.7 First touch control loop.
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Fig.8 Speedup for the kernel loop.
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Table 2 Measurement condition.
ooo SGI/Origin2000
ooo l60000200000/0000
CPU MIPS RISC R100000 195 MHz0O
ooooo L1: 32KB, L2: 4MB
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ooooo MIPSPro Fortran77
O O Version7.2.10
gooooooooo -mp -Ofast = [P27
O -OPT: IEEE_arith = 3




1436 goooooooo

0000000000 D00000000000000
000000000000 D00D00000000000
000000000000 D0O00000000000
0000000000 00000000000000
00000000000 D000O00000000O0
000000000000000000000000
000000000D00000000D0000 1000
000000000000 0000000000000
0000000000000 00000000000
0000000000000 00000000000
0000000000000 1%000000
000000000000000000000000
0000000000 0000000000000
000000000000000000000000
0000000000000 100%00000000
000000000 000000000000000
00000000000 0000000000000
000000000000 000000000000
000020000000000000000000
000000000000 0D00000000000
00000 SGI/Origin20000 01 000 20000
00000000 400000000000000
000000000000000000000000
00000000000 D0400000000000
0000000000 D00000000D000000
50%0 20000000000000000

4.2 0000D0O0ODODOOOOOOD
0000000000000 0000000000
000000000000 000000000000
NPB2.3serial /FT 0 000 0ONPB2.3serial 0 00 O
00000000000 D0O0D00000000000
00000000000000000 FTO 300
FFTOOOOODOODOOOO0O000000 90 FT
000000000000
0000000 ft(main) - fft - cfftsl 00000 O
000000 cfftsl 000000000000000
000000 xOxoutd 300000000000
000000000000

e ft(main) 00000 ullu2

e ft0O0DOD x10x2
000000 1000000000000000
000000000000 Oo0000o0000on
000000000 (dok)DOD0O0ODOOOOOOO
0000000 xOxoutD 30000 block OO 00O
00000000000 0000000000000
0D0000000000000000000000

May 2000

1 complex*16 x(nx, ny, nz), xout(nx, ny, nz)
2 complex*16 y(nblock, nz, 2)
3 do k= 1, nz

4 do jj= 0, ny - nblock, nblock

5: do j= 1, mnblock

6 do i= 1, nx

7 vy, i, 1= x(, j+jj, k)
8 enddo

9: enddo

10: call cfftz(y)

11: do j= 1, nblock

12: do i=1, nx

13: xout (i, j+jj, K= y(j, i, 1)
14: enddo

15: enddo

16: enddo

17: enddo

0 9 NPB2.3serial/FT 00000000
Fig.9 Kernel loop of NPB2.3serial /FT.

subroutine ftc_fft(xl, x2)
complex*16 x1(256%256%128), x2(256*256%128)
call ftc_cfftsi(xl, x2)
return
end
subroutine ftc_cfftsi(x, xout)
complex*16 x(256,2566,128), xout(256,256,128)
!$omp parallel do
do k= 1, 128
do jj= 0, 240, 16
do j= 1, 16
do i= 1, 256
x(i, j+jj, k)= 0
xout(j, j+jj, k)= 0
enddo
enddo
enddo
enddo
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Fig. 10 First touch control code.
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