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Diagram Representation of Data Distribution in HPF
and Effective Computation-partitioning Method

MAKOTO SATOHt

Computation partitioning (CP) is one of the phases of an HPF compiler which distributes
a computation such as a loop in a program onto processors based on given data-mapping
directives. Some conventional CPs have limitation in target programs or data mappings, and
the others generate ineffective codes for general targets. In this paper, we deal with more
general programs, including (1) multi-nested loops with general loop-control expressions, (2)
multi-dimensional arrays to which general regular HPF data-mapping directives are applied,
and (3) references to the arrays in the loops each of whose subscripts is a general linear ex-
pression of a loop-control variable that is different from the variables in the other dimensions.
We propose a method representing these programs using a general framework and some CP
methods applicable to the programs. As a result, we obtain three kinds of table-driven codes
and an optimized code under a certain condition. We applied our methods to a program with
a complicated block-cyclic distribution and evaluated the resulting codes on a Hitachi SR8000
supercomputer. We found that the optimized codes outperformed a conventional table-driven
code with a while loop by more than 10 times and two table-driven codes with do loops ran
faster than the conventional code.
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Fig.1 Data mapping and comp. partitioning in HPF.
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L0 ={i e L°h(i) € Ly}0 B =k *akOy = h™'Bh
D000000A, 00 « 000000 A4, 000
O0#p 00000 120000000 o080~ 0
0004,0L,0L000000000000000
oooo
00 fk=fkOfkh=fkh 00000000 20
Oooo0o0000 O
000000000000000000000000
002 #p0000030000LO00O0O00
0000000 100000000000
Al = GetMin(gf, Ay, fa, 1)
Aa = a(Al) — A
l1 = GetMin(gfk,l,m,m)
Le = {[gfk(12)/pb] — gfk(1)/bI}b/ faia +
u' =1+ [|lu—1/|m|]] *xm
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u; = GetMin(gfk,u , —m, —m)
Ue = {lgfk(ua)/pb) — |gfk(ur)/b]}b/ faia +ua
doi=Lc,U.,m
A(lal +ip — Aa) = ...
enddo
00 00300 Ly=+(L) 000000000

00 L°0000000000000000000 1
0100000000000000000000000
00000 mO10000 L=A(LY) 0 000
[]MM@D:Z@%DDDDDDDDDDDED
00000000 m0O 100000000
D00BG) =i 0 L, 000000000000
00000000 dei+4 0 a 0000 a(ied+ i)
O a(k(i)) = k(B(i)) = iai +i»— As 000D
0000000000 L. 0000000 100
00o0oooog iy = GetMin (gfk,l,m,m) 0000
00L.=4(L) 0000000 U.00000000
00000000 «/ 0000 L. 00000000
oad 0
0007600 72" 00 2"p 00002 -way
0OSMPOOOOOOOOOOOOOOOOOOOO
000000000000000000000p O
000000 cyclic(h) 00 p/2" 00ODO0OD0
cyclic(2") 000000000 2000000000
00000000 2" 0000000000 SMPO
00000000000000000

7. 0000000 O0OO0OO0OO0000

OO0OOOblock-cyclic00O0O0O0O0OOOOOO
000000000000 O0Y0000000000
O0000D00doO0OODOOOOOOODOODOOO
000000 feie#00000

71 000000000

0000030000 LOoooooooooog
ooooooouooooooooo

004

A=LCM(pb,w), k=7 (9)
00000030000 LOo0oooooooooo
ooooOoooo0ooooooooooooooog
L) 0 L(i+mk) 00000000 DO0ODOOUOO

P(ia (i + mr) +ip) = Y(iat + is). (10)
00 faiemkmodpb=Amodpb=0000000

U

O0000k:i+mk—1:m]000000000 ¢

ooooooOoo0o0oOoOoOoOoooooooooog

gooooooooooooooo 2355

0¢000000000000000000000
mxk 0000000000000

00 4000000000%0000000000
000000000 b 0000000000000
000000000000000000000000
00 pp 000000000 4000000000
0000 100000000000 m 00000
000 [i:i+ms—1:m) 0000000000
000000000000000000000000
k=LCM(pb,7)/m <pb1O0O0O0O

00000000000000 £00000000

005 1000000 [l:u:m]0l, € I0000
0ooooo L(l,) 000000 00000000
0D00000G, O Lia(lqg+mk)+ip) — L(ialg +1p)
000000000000000000 L(iy) 000
000 ¢0O00000000000 4,00000

;A 1
Gl =Gl

00 0O ((oooooooooooooo
Gl = L(ia(iq +mk) +ip)
— L(ia(lqg + mr) + 1)
+ L(ia(lg + mr) + ip) — L(tatq + 1p)
= L(tatq + i) — L(lalqg + ib)
+ L(ta(lqg + mr) 4+ ip) — L(tatq + tb)
=G, .
opooooo0«0oo00oo0 Ga0b000oo
L(ia(i +mr) + ip) = L(iat + is) + Gq.
pooobbooobbooobboooboboooo
72 0000O0O0ODODO
goobooooboooboboooo
003 030000 LODOoOoboooooo
oooo
Ne=0
doi=0L1l+mx—1m
if (Y(iat+ i) = @)ic(Ne + +) = L(iat + ip)
enddo
doi=104+mk,l+2mx—1,m [/ get Gq
if (¢(iai +ip) = q)g = L(iai + ip); exit
enddo
Gq =g —i(0);
doi=0,N,—1
doj=0,N,—1
Alin(j) +iGq) = . ..
enddo; enddo
j=0

doi=104+ Ncmk,u,m

// inspector

Ne=[(u—141)/mk]

// executor

// residue loop
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Table 2 Parameters for evaluation.
p=28, i,.=-2, =1 fo=-3, fo=1,
! = 100,000 * (—m) * p,
A =gl + iy,
Ty = faAu + fo,

u = —m,
Ay =iqu + iy,
Tuw = faAi + fob-

if (Y(iat+ i) = q)A(iz(j ++) + NGq) = ...
enddo

00 0OO000D 5000000 0
DO0ON, =N.—100000T00 AQ
(42 (4))
i+ 1) if 0<i<No
_{Mm if i=N;

A(ix (1))
Go(i 4+ 1) — is(3) if 0<i< NS
i2(0) — i (i) + G if i=Ne
000000000000000000
01 00 30 executor OO residue 0000
0000000000000 O0Oooooo®'Y oo
0o
N, =0
doj=14+ Ncmk,u,m
if (¢(iaj +1ib) = @)Nr + +
enddo

// count residues

0); 0=1,(0); 7=0

// executor
AG)=...; j++
5§ =T(9)

endwhile
8. O O
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0000000000000 20000optMO
00000000 10000thD0O 1000

OO0 whileOOOOOOOOOOOOOODOt-w

t-wOJOO0O whileOODOO doOOOOODODOOO
0o0t+dMO00o0oob 20000 20 doO0O00O0O
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Table 3 Applied optimizations.

T if-conversion, pseudo-vectorization

th (to inner loop) pseudo-vectorization

t-w if-conversion

t-d (to inner loop) 2% loop unrolling

t-2d  (to inner loop) 2X loop unrolling, pseudo-vec.
opt 4% loop unrolling
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04 SR80000000000 [ms]
Table 4 Evaluation results on SR8000 [ms].

(m,b/m) T th  t-w t-d  t-2d  opt
(-1,-1) 1,100 53.7 5.64 3.41 4.82 AT
(—1,-5) 1,103 224 5.64 343 4.55 AT
(—1,—20) 1,102 8.7 5.64 3.43 1.82 AT
(—1,-80) 1,107 4.5 565 3.43 1.25 AT
(—3,—-1) 1,103 53.8 5.64 3.43 4.86 A7
(—3,-5) | 1,108 285 564 3.43 4.64 .48
(—3,—-20) 1,106 14.3 5.64 3.42 2.16 AT
(—3,—80) 1,110 8.8 5.66 3.43 253 AT
(—25,—-1) 1,107 53.7 5.64 3.43 4.87 .52
(—25,-5) 1,110 55.0 5.64 3.42 4.65 .52
(—25,—20) | 1,107 46.1 5.65 3.44 2.14 .52
(—25,—80) | 1,118 36.5 5.69 3.46 2.53 .54
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Fig.13 Evaluation results on SR8000.
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Table 5 Evaluation results on SR8000 (equally
optimized) [ms].

(m,b/m) T th  t-w t-d  t-2d  opt
(-1,—-1) 1,119 68.6 5.63 4.04 4.05 .52
(—1,-5) 1,137 24.1 5.64 4.03 4.20 .52
(—1,—20) 1,136 85 564 4.03 1.80 .52
(—1,—80) 1,140 4.9 5.68 4.05 1.50 .52
(—3,-1) 1,159 81.5 5.62 4.03 4.06 .52
(—3,-5) 1,179 27.7 5.65 4.03 4.30 .52
(—3,—20) 1,176 13.8 5.64 4.04 2.40 .52
(—3,—80) 1,181 9.7 5.69 4.05 2.79 .52
(
(

—25,—1) 1,415 81.5 5.63 4.02 4.06 .55
—25,—5) 1,428 53.1 5.64 4.03 4.28 .55
(—25,—20) | 1,424 44.5 5.66 4.04 2.42 .54
(—25,—-80) | 1,430 42.3 5.70 4.07 2.77 .55
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Fig.14 Evaluation results on SR8000 (equally optimized).
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