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Classification of Visualized Data Dependence
and Its Application to Parallelization

ToMOMI YAMAGUCHI, MARIKO SASAKURAft and KAZUKI JOEt

Recently, as the use of parallel computers becomes popular in the field of scientific calcula-
tion, effective converting methods from conventional sequential programs into corresponding
parallel ones are required. For effective conversions, however, vast amounts of skills and
knowledge for parallel programming are needed for programmers. In this paper, we propose
the introducion of a 3D visualization system called NaraView as a programming environment
for the effective parallelization. NaraView analyzes data dependences in a given program
code, and visualizes their relations. By the visualization of program codes, we can recognize
typical patterns in the shape of visualized data dependences, and implement corresponding
parallelizing methods easily. We show effective parallelizing methods which have such typical
patterns in loop structures of concrete program codes.
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Fig.1 Data dependence view.

000000 100000000002y 000 (1,0)
oobobooooooooobooooboobooo200
00000000y 00000000002y ODODO
(m,0) 000000000000 OO0DOOODOODO
odbodm0O 200000 00000000003
gooobobooooooooooooooooooon
o20000000000000
goooooooooobooboooooboooo
zyOO0Oooooooobooooooooob-000
oobooooboooooooboooon
gooooooooboooo3bboooonoooooo
o JOOODODO

e JOOODODO

e JOUIDDODO&O OO

U0 zydoo 00000000000000
goooobooboooooooooooogooooon
ocobOoooooOoOOoboOooooooOooOODDV OO0
gooooooooooooobooboooobobooo
oooooooooooooooboooooooo
ooboooobooooo 2000000

e 0IDDOIDODONODDOIDOOIDO®OOOOD

ooooooo
e 00DDOODOODDY0OOOOONONOOODN
O

3. 0o0ooooaoo

ooooobbvOOooooOooOoOoOooooooo
obooobobouobdobzz 000 y=0OOOQOO
ooooobooooooobooboooooooooo
ooboooboooboooooboooobooooooo
oob0Oo0obObo0o000 =2y 000 3000000
ooo0o

gooobooooooobooobooooooooo



Vol. 47 No. SIG 14(TOM 15)

XXXXKXKXK

02 00000
Fig.2 A single loop.

DO 100 i = 2, 10

S1: a(i) = a(i) + b(d)

S2: x(1) = x(1) + x(i-1) + a(di)
100 CONTINUE

03 020000000
Fig.3 Source code of Fig. 2.

04 0D0OOOO
Fig.4 A double loop.

0000000000000000000 2000
000 yO0OOODODOOO020000000000
00000000000 3000000000000
000000000000000000000000
000000 20000000002000000
000000000000000000000000
0000G#(3)0 (i—1,2(:) 000000000
0000000 +—10 400000000000
0000000D00000000000000000
oooo

00000000000000000000000
000000000 «y 000000000000
000000000000 0000000000
0050000000 DDVO0OOO400000
(2,2)(2,3)(3,2) 000000 i=204=2000
00000000000000000000 2y00
0000000000000000000 5000

goooooooobobooooooooooobooooooo 181

DO 100 i = 2, 6
DO 200 j = 2, 6
a(i,j)=a(i+1,j)+a(i,j-1)
200  CONTINUE

100 CONTINUE
05 040000000
Fig.5 Source code of Fig. 4.
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DO 100 i = 2, 10
S1: a(i) = a(i) + b(i)
100 CONTINUE
DO 200 i = 2, 10
S2: x(1) = x(1) + x(i-1) + a(d)

200 CONTINUE
06 DO0OOODOODOOOOODO
Fig.6 Source code of the loop distribution result.

07 DO00ODOODOOOOOOOO
Fig.7 Visualization of the array references with the loop

distribution.
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DO 100 i = 2, 5
DO 200 j

b(i,j)

200  CONTINUE

100 CONTINUE
08 ODO00OO0O0DOOOOOOO

Fig.8 Source code without the loop distribution.

2, 10
b(i+1,3) + a(i,j)

DO 100 j = 2, 10
DO 200 i

b(i,j)

200 CONTINUE

100 CONTINUE
09 0000000000000
Fig.9 Source code with the loop distribution.

2, 5
b(i+1,3) + a(i,j)

010 0OO00OO0OOOOOOOOOOO DDV
Fig.10 DDV with the loop interchange (left) and
without the loop interchange (right).
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DO 100 i = 2, 6
DO 200 j =2, 6
a(i,j)=a(i-1,jd)+a(i,j-1)
200 CONTINUE

100 CONTINUE
011 0000o0o0oooooooon
Fig.11 Source code without the loop skewing.

DO 100 i = 2, 6
DO 200 j = i+2, i+6
a(i,j-i)=a(i-1,j-i)+a(i,j-1-1)
200 CONTINUE

100 CONTINUE
012 0000O0000000O0000
Fig.12 Source code with the loop skewing.

013 O 110 DDV
Fig. 13 DDV of Fig. 11.
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014 0OO0OOO0OOO (1,1) 0000 DDV
Fig.14 DDV with the dependence vector (1, 1).

015 000000 (-1,1) 0000 DDV
Fig.15 DDV with independence vector (—1,1).

016 000000 (1,-1) 0000 DDV
Fig.16 DDV with independence vector (1, —1).
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DO 100 i =1, 9
a(i+2) = a(i) + 1
100 CONTINUE

017 0000000000000
Fig. 17 Source code without the strip mining.

DO 100 si =1, 8, 2
DO 200 i = si, si+l
a(i+2) = a(i) + 1
200 CONTINUE
100 CONTINUE
DO 300 i 9, 9
a(i+2) = a(i)+1
300 CONTINUE

018 OJO00OO0O0O0DO0ODO0O0OD
Fig. 18 Source code with the strip mining.

019 0O 170 DDV
Fig.19 DDV of Fig. 17.
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DO 100 i = 1, 10
a(i) = a(i) + a(D)

100 CONTINUE
020 D0000O0OD0O0ODOOODOOOD
Fig.20 Source code without the loop peeling.

a(1) = a() + a(1)
DO 100 i = 2, 10
a(i) = a(i) + a()

100 CONTINUE
021 00000O000O0ODOO0ODOO0OD
Fig.21 Source code with the loop peeling.

= READ
= READ &WRITE

022 00000000000 DDV
Fig.22 DDV with and without the loop peeling.
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