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A Unified Method of Computation Distribution for Nested Loops
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in Data-parallel Languages

HirosHI OHTAT and YASUNORI NISHITANIY

An important role of a compiler for distributed-memory data-parallel languages is the com-
putation distribution, which distributes computation among processors based on the data dis-
tribution. Although computation distribution has been intensively studied for a 1-dimensional
array and a single loop, it is not yet sufficiently studied for a multidimensional array and a
loop nest. In this study, we present a unified method of computation distribution for a gen-
eral loop nest, including the case where array subscripts and loop control variables do not
correspond uniquely to each other. Our method consists of representing the computation
mapping by mapping normal form, deciding computation mapping for a given loop nest, and
transforming the loop nest based on the computation mapping. We apply the method to var-
ious loop nests and illustrate the unified treatment. We have implemented the method and
carried out evaluation using loops with various array subscripts and FT of the NAS Parallel

Benchmarks. In all the cases, scalable performance is achieved.
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Table 1 Mapping normal form.
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Table 2 Description of proc_axis_type.
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Table 3 Description of proc_axis_info.
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1: for (0D0ODDOODOODODDOOOOOOOOO
000 dsO00) do

2: if (000 F*Is+DO00O0O0O0O0ODOODOOO
00000) then

/0000
Os: 00 dsO00O000OCOODOOOO
OF. 00000
O0Db: 0000000000
*/

3: is_collapsed(ds) = FALSE;

4: goooooooobO 1oo00oobooooo
00000 dsO000000OD0O0O00O0;

5: else

/*s00000000000000OO
Mooo0o00o0 FYIs+DOOOOO */
is_collapsed(ds) = TRUE;
endif
endfor
for 000O0OODO0O0ODOO dpOO0O) do
0: if (00 for000000O0D0DOODODODOODOOO
00000000) then
11: proc_axis_type(dp) = NORMAL;
12: proc_axis_info(dp) =
0Moooooooooooon;
13: elseif (00DDOOOODOODO
00000) then
/¥0000000 proc-axis_type(dp) O
OREPLICATED O SINGLE */
14: proc._axis_type(dp) =
0MO0000000 proc_axis_type (dp);
15: proc_axis_info(dp) =
00000000 proc_axis-info(dp);
16: else
/¥*000000000 deOOOODOO*/
17: proc.axis_type(dp) = SINGLE;
18: proc-axis_info(dp) = 0000 da 00000
goooooooooooooooog
19:  endif
20: endfor

01 0000000000oooodg
Fig.1 Algorithm for deciding computation mapping.
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axis_map(ds) = axis_.map(da);
align_1b(ds) = align_stride(da) *

(F*Lloop + D - L_ary) + align_lb(da);
align_stride(ds) = align_stride(da) * F * S_loop;
blocksize(ds) = blocksize(da);
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(a)
real a(0:99, 0:99, 0:99)
'HPF$ processors p(0:3, 0:3)
'HPF$ distribute a(block,*,block) onto p
do i1l = 0,98
do i2 = 0,99
do i3 = 2,50
a(il+l,i2,2%i3-1) = ...
enddo
enddo
enddo

(b)
real a(0:99, 0:99)
'HPF$ processors p(0:3, 0:3, 0:3)
'HPF$ template t(0:99, 0:3, 0:3)
'HPF$ align a(k,*) with t(k,*,3)
'HPF$ distribute t(block,block,block) onto p
do i1l = 0,98
do i2 = 0,99
a(i1,i2) = ...
enddo
enddo

(c)
real a(0:99, 0:99, 0:99)
'HPF$ processors p(0:3, 0:3)
'HPF$ distribute a(block,*,block) onto p
do i1l = 0,98
do i2 = 0,99
a(il,i2,99) = ...
enddo
enddo

@
real a(0:99, 0:99, 0:99)
'HPF$ processors p(0:3, 0:3)
'HPF$ distribute a(block,*,block) onto p
do il = 0,98
do i2 = 0,99
a(il, i2, il+1) = ...
enddo
enddo

(e)
real a(0:99, 0:99)
'HPF$ processors p(0:3, 0:3)
'HPF$ distribute a(block,block) onto p
do i1 = 1,49
do i2 = 0, 49
a(il-1, i2+i1) = ...
enddo
enddo

02 000000
Fig.2 Various loops.
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proc_rank 2 proc-rank 2
proc_size 4 4 proc_size 4 4
proc.axis_type | NORMAL | NORMAL proc_axis_type | NORMAL | NORMAL
proc_axis_info 1 3 proc_axis_info 1 2
rank 3 rank 2
size 99 100 49 size 49 50
is_collapsed FALSE TRUE | FALSE is_collapsed FALSE FALSE
axis_map 1 - 2 axis_map 1 2
align_1b 1 - 3 align_1b 0 il
align_stride 1 - 2 align_stride 1 1
blocksize 25 - 25 blocksize 25 25

03 000 (a)00D0D0D0D0DDOO0O0OO0
Fig.3 Mapping normal form for the loop (a).
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proc_size 4 4 4
proc_axis_type | NORMAL | REPLICATED | SINGLE
proc._axis_info 1 - 3
rank 2

size 99 100

is_collapsed FALSE TRUE

axis_map 1 -

align_lb 0 -

align_stride 1 -

blocksize 25 -

04 OO0 (b)OD0O0O0DOOOOOOO
Fig.4 Mapping normal form for the loop (b).

proc_rank 2

proc_size 4 4
proc.axis_type | NORMAL | SINGLE
proc._axis_info 1 3
rank 2

size 99 100
is_collapsed FALSE TRUE
axis-map 1 -
align_lb 0 -
align_stride 1 -
blocksize 25 -

05 000 (¢)0DO000O0O0OOOODOOO
Fig.5 Mapping normal form for the loop (c).
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Fig.6 Mapping normal form for the loop (e).
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1: for(00DO0D0OO0O0O0OD dsO0O0O) do
2 if (is_collapsed(ds) == TRUE) then
3: goboOooooooooo;,
4 else
5 0000 dsO0O000OO0DOOOOCODO
ooboooooooo;g
endif
endfor

for 000D0O0O0OO0O0OD dpOOD0) do
if (proc_axis_type(dp) == SINGLE) then

0: proc_axis_info(dp) 00000 O
goooooooooooooo

00 OO0O0OO0OO0OO0O0O0OoboOooo;

11: else /* NORMAL 00O REPLICATED */

12: oooog;

13:  endif

14: endfor

07 0DOO00OO0O0OOOOO

Fig.7 Algorithm for loop transformation.

(a)
real a(0:24, 0:99, 0:24)
do i1l = L1,U1,S1
do i2 = 0,99
if (my_pindex(2) == (i1+1)/25) then
a(il, i2, mod(i1+1,25)) = ...
endif
enddo
enddo

(b)
real a(0:24, 0:99, 0:24)
if (my_pindex(2) == 3) then
do i1 = L1,Ul,S1
do i2 = 0,99
a(i1l, i2, 24) = ...
enddo
enddo
endif

08 ODOOOoOoooo
Fig.8 Transformed programs.
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0ooo 1 ooo 2 ooo 3 1: complex*16 x(nx,ny,nz),xout(nx,ny,nz)
real a(N,N) real a(N,N) real a(N,N) 2: complex*16 y(nblock, nz, 2)
doi=1,N  doj=1,N/2 do i =1,N 3: dok =1, nz

a(i,i)= ... do i = 1,N/2 a(l,i) = ... 4: do jj = 0, ny - nblock, nblock
enddo a(i+j,j)= ... enddo 5: do j = 1, nblock

- 6: do i=1, nx
enddo O o
enddo 7: y(j,i,1) = x(1,j+jj,k)
8: enddo
09 0OoOoOoOoooooo 9: enddo
Fig.9 Kernel loops for evaluation. 10: call cfftz (y)
11: do j = 1, nblock
R R 12: do i=1, nx
g 13: xout (4, 345310 = y(j,1,D
DRES R REBHY) 14: enddo
15: enddo
5 16: enddo
4 17: enddo
§3 011 NPB/FTOOOOOD

8’& 9 Fig. 11 Kernel loop of NPB/FT.
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1 0o0d0d0 1000000000000 obooo
0
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=71 =72 IL—73
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Fig. 10 Speedup for the kernel loops.
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5.2 NPB/FT
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Fig.12 Speedup for NPB/FT.
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