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Communication Generation for Data-parallel Languages
and Evaluation of Optimizations with the Multigrid Method

HirosHI OHTAT and YASUNORI NISHITANIY

Array remapping has been used as one of the methods for communication generation in
data-parallel language compilers such as HPF (High Performance Fortran). This study aims
at improving the applicability of the method to loops with various array subscripts, by gen-
eralization and more intensive optimization of the method. First, we formulate the algorithm
for generating remappings for general loops. Then we describe the optimization conditions
for generating faster communications such as shadow communications and one-to-one com-

munications. We also describe how we merge multiple shadow communications.

We have

implemented our method and applied it to MG (multigrid method) of the NAS Parallel
Benchmarks. The performance evaluation on SR2201 shows the quantitative effectiveness of
the communication optimizations. It is also shown that the execution time of the HPF version
is reduced to 1.18 times as much as that of the MPI version (NPB2.3 3).
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real a(0:3,0:3) b(0:3,0:3)
'HPF$ processors p(0:1,0:3)
'HPF$ distribute (block,block) onto p :: a,b
do i1 = 0,3
do i2 = 0,2
a(i1,i2) = b(i2+1,3)
enddo
enddo

01 00000
Fig.1 Code example.
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Fig.2 Example of remapping communication.
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Table 1 Mapping normal form.
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Table 2 Description of proc_axis_type.
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proc_rank 2
proc_size 2 4
proc_axis_type | NORMAL | NORMAL
proc.axis_info 1 2
rank 2
size 4 4
is_collapsed FALSE FALSE
axis_map 1 2
align_lb 0 0
align_stride 1 1
blocksize 2 1
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Fig.3 Mapping normal form for the arrays a and b.

proc_rank 2

proc_size 2 4
proc_axis_type | NORMAL | NORMAL
proc._axis_info 1 2
rank 2

size 4 3
is_collapsed FALSE FALSE
axis-map 1 2
align_1b 0 0
align_stride 1 1
blocksize 2 1
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Fig.4 Mapping normal form for the computation.
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Fig.5 Mapping normal form for the reference mapping.
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Fig.6 Mapping normal form for the target mapping.
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real*8 z(130,130,130),u(258,258,258)
'HPF$ processors p(4,4)
IHPF$ align z(i,j,k) with u(2%i-1,2%j-1,2%k-1)
'HPF$ distribute (*,block,block) onto p ::u
'HPF$ shadow(1:1,1:1,1:1) :: z, u
do i3 = 1,129
do i2 = 1,129
do il = 1,129
u(2%il-1,2%i2-1,2%i3) =
z(i1l ,i2,i3+1)+z(il1 ,i2,i3 )
+ z(i1+1,i2,i3+1)+z(i1+1,i2,i3 )
enddo
enddo
enddo

07 NPB/MGOOOOOOO
Fig.7 Code fragment of NPB/MG.
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Fig.8 Alignment of arrays in MG.
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'HPF$ processors p(4,4)
'HPF$ distribute(*,block,block) onto p ::u
do i2=1,256
do i1=1,256
u(i1,i2,1) = u(i1,i2,255)
enddo
enddo

09 NPB/MGUOOODOOODOOOOOODD
Fig.9 Code fragment for boundary condition in
NPB/MG.
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Fig.10 Execution time of MG.
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Table 4 Execution time ratio to MPI.
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1: for (00D0OO deOO0O) do
2: if (000 F*I4+DO000000I0D0O000O0O
00000000) then
/¥*000 1000000000000
OF,DOODOF#0*/
3: triplet(da) =
(F*L1p+D : F*U_lp+D : F*S_Ip);
/*0000Lp, Ulp, Slp 00000
ooooooog */
else if (00000 C) then
triplet(da) = (C:C:1);
else
triplet(da) = (L-ary:U_ary:1);
/*0000L.ary, Uary 000000
00o0ooooooooooo */
endif
endfor

011 0o0o000ooooooo
Fig.11 Procedure to decide the reference region.

for (D00OO0O deOODO) do
if (triplet(de) D 0000 00O) continue
size(da) = triplet(da) 0O 0O ;
if (0000000) continue
if (triplet(da) O (C:C:1) 0 0) then
/00000000000 */
is_collapsed(da) = TRUE;
7: dp = axis_map(da);
*dpO00O000D0DO0OOOODOO ¥/
8: proc_axis_type(dp) = SINGLE;
9: proc_axis_info(dp) =
MOocooooooooooooooon;
10: else
11: /¥*0000000000000000D0
OL_reg, S_reg O triplet(de) 0000
MO0LaryO00O0O0O0OO0OOOO*/
12: align_1b(da) +=
O(L-reg - L_ary)*align_stride(da);
13: align_stride(da) *= S_reg;
14:  endif
15: endfor

>

012 OD00O00O0O0O0COOO

Fig.12 Procedure to decide the reference mapping.

0300 O0O0OOoooboDboOooooo

[OO]

oobOi10000o0ooooooboboooooooo
oo0ooooooooO0o0o0ooooob0ooooo
ooooooooo

==

0000000000000 0ooooDOono

[0)j0000000DO0000DoUOoUOoOOn
0000000000000 procrank, proc_sizedO O
ooooooooooooooooooooogooo



N =

©

10:
11:
12:

13:
14:
15:

16:
17:
18:
19:
20:
21:

878 goooooooo Apr. 2001

for (000 OO0DDODOOODOO dsOO0O) do
if (00 dsO0000D0O00000O00O0OO
00000000) continue
if (000 F*I4+D 0000000000000
00) then
/¥*000 10000000000
OF,DO0O0OOF#0 */
Oooooooooo 10000
(000 de0OO);
o000 de0DOODOCDOO
00o00o0oooono dsO0O0ooog
gooooooo;
endif
endfor
for (0000DDDO0OD0ODOO deOODO) do
is_collapsed(da) = TRUE;
endfor
for (N0DO00DOO dpOO0) do
if (axis_map(de) == dp 00 0000000DO
de0000O0) then
proc_axis_type(dp)=NORMAL;
proc_axis_info(dp)=da;
else if (00000DOO0OOOODOO
(proc-axie_typec(dp) == SINGLE
M0 O proc_axis_info.(dp) 0 00 )) then
proc_axis_type(dp) = SINGLE;
proc.axis_info(dp) = proc_axis_info.(dp);
else
proc_axis_type(dp)=REPLICATED;
endif
endfor

013 00000 DoOoooooooo
Fig.13 Procedure to decide the target mapping.
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