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ABSTRACT

It is important for effective visualization to summarize not only a large amount of debugging information but also
the mental models of abstract ideas. This paper presents an abstract visualization tool which provides effective
visualization of thread structure and race information for OpenMP programs with critical sections and nested
parallelism, using a partial order execution graph which captures logical concurrency among threads. This tool is
supported by an on-the-fly trace-filtering technique to reduce space complexity of visualization information, and a
graph abstraction technique to reduce visual complexity of nested parallelism and critical sections in the filtered trace.
The graph abstraction of partial-order relation and race information is effective for understanding program execution
and detecting to eliminate races, because the user can examine control flow of program and locations of races in a
structural fashion.
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: : C$OMP CRITICAL
02: C$OMP PARALLEL DO 15:

IF (1. NE. 1) THEN
03: C$OMP+SHARED(X) 16: C$OMP PARALLEL DO
04: DOI=1,2 17: DO J2=1,1
05 ... 18
06: IF (1. NE. 1) THEN 19: END DO
07: C$OMP PARALLEL DO 20: C$OMP END PARALLEL DO
08: DOJ1=1,1 21 END IF
09: ... 22
10: END DO 23: C$OMP END CRITICAL
11: C$OMP END PARALLEL DO 24 L
12: END IF 25: END DO
13 26: C$OMP END PARALLEL DO

Fig. 1 OpenMP Program
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Fig. 2 Partial Order Execution Graph(POEG)
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Fig. 3 Abstract Visualizer for Race Detection

ex|5l= 3% A3t ©]7] (Race Detector)Q}
Hi gE o] Bk AL Zolv] gEA 2z
A A3 AEYRE dEsto] A|Zk3lsh=

AlZtsl7] (Abstract Visualizer) 2 LA EITh Al
EAAS Fol7] YA = FArsHgraph
abstraction) 7]¥ Q1 Wz HA 24319} QALY =

7% 3004 AT BAYIE ZaY Sagn A
713k 227 FA7)2 =] dek B HA7IE
OpenMP 3 T2 1S Qe o izl WAy
S SUYRE 7| SYT 2P SPYHE TR
3} et

7R [ 271824 (R, W)
o] A1 (CS, CE)

L 2= (number)
Q1€ 2 (number)
4=~Z= (number)

= u Hu > oe s o [y by
)
RY

<IN S1=)

o1 SR HEAWS BA] A 23
AL e Aol 2ZATA Fold 715 Uk
HLARASTS JEAYo] glo] Mefste] /]S xofl

ok o17] 4, AEE H2AAE T 4ol weba 9]
el AT 27) 4 Aoz R ol
5 HITAAES Y=y o F7l5ke 2
el5to] Aol Rk YEHE A Aol 2 Uz
szo] 2xybsuict 2t AdEnleh 279 HER T
A== A4 (private variable)E 52|38k 7] A8l
of 2%(B+1) A} 0] HEATAES Helsts 7] (8] S
&3ttt o] 714 B= Yo A8 E7F A E5h= barrier
AAHES] 2 ojujgit. elw AT Brl5E

3 Aol 2 ~d|Eoie 25l o) v ER 4
7} Q1M (private variable)5-& §-A5ke] 7] Ao}
24(L+1) 7He] HEAAES Aeshe 7H[22S 28
BTk o714 L o] 28| =7} ks 2 wssl
T5 ouRitt. I8 4= 2RI S35 715E A
Ho| dRE Hel Aotk ol & 501, 108 E°1A F=
S| =) B ojulshaL, [1,5,<1,50>]2 A= 7
SO AEARE ofulettt Z18jal 2, 1, 18 AR

(=]

10: F, [1,5,<1,50>], 2,1, 1

11: E, SI, R, [1,5,<1,25>], 1, 1
12: F, [1,5,<26,50>], 2, 2, 2

13: E.SI, R, [1,5,<26,37>],1,2
14: CS, 1, [1,5,<26,37>], 1, 2
15 E, SI, W, [1,5,<26,37>], 1, 2
16: CE, 1,5,[1,5,<26,37>],1,2
17: J,5, [2,6,<26,50>], 2, 2, 2

Fig. 4 Program Execution Information for Visualization

553



SR B ELISHS|=FX|(J. Korea Inst, Inf, Commun, Eng)) Vol, 20, No, 3 : 549~557 Mar, 2016

<Before>

Fig. 5 The process of trace and selection

[
[

LA
e, YE5E

o

a2 Sjulert.

32. FAX AlZtEb|

A XA = FAAE), i 245,
2|aL e 7R g E o Tk R0 43
S AAA R FH8] el Y o] I
Zolek. sHAIRE AZH3HE fIsiA RO =3Fof
HHAYsHs WE APIEY] ARES 38 A2 Al

o} o] B Bty BAIE A1EA ol o

8]

Zak7] S FAAE)E AR |SE 4y
RS olgdtel oy mEawe] Wy TxES
POEGO 2 E&3t7] SJshH hmso] 1) Fmuhe
SR AT AR YESE 19 ARG
olgste] A2RT WIS Aol Hol WA
B4 growl B ABE F48E Gt oA Y=

/\i u@” O] ﬁ%i ‘%’J\O]—ﬂ% @'.E]’, JE]_U_ 1 T;]'U LHE
4 Lof e 22 S25j0] A2 oj2E Al

)5k}, <After> THA| ol A A HA) Q] Y3252 10]

EE

<Ongoing=>

<After>

2

ol
o
o
iy
)
o

O o X P
B
B
ot
o
)
o <
N
o
p
[
S~
o
o

2 0
ricd

1o

©

o
b o 4y

oM, ofN |kl
Al

(
—

K
I
o]

2

lo

Ay

12

)

~ oF
iy

B
[l

it

lo
oX

T

fo

I

~l

T
1
oX
ol
ol
rr
ok
ol
-
[
1o

oN. i
]
o
s
o
ol
ol
N -lo
o
rr
Pu
B
ol
o
A=)
£
P
i (e

4N
)
N
lo
o
o
il
o
Y
i)
ne
2
ot
r_l
3_13
K
I o

=
=
o
)
e
::l‘
oX,
rlo
=
i
o 4y
ofN ok
w
&
b U
o A <

< o
o O
O
— 1E N go

19 B oX 10

X
_\::l’
ox,
b
il
_O|l"
K
e B BN
o o), I

oy Hl

ox
3_1'4
N
o
)
)
N
jigal
o M m
o
17
i
filo
ol
o
i
=2

BN o

o oon, MU >
+ L b
0
AN E oo o

>

M ook ]
J rlo

N
—~
o

1
o

o i oo 1ol ox it tlo

Hrt o]} o] 3%
of dagt JHuhs A3 4=
| Eof|, thAk OpenMP Z & 13 0]
T BAES FA B FAAIZ

2

>
)
N

9]
12
:IOL
N

)
o
>
N
L
ox
lo

r
=

554



11,5, <1, 50=]

Initial displayis completed!!

|Waming: Applet Window

Fig. 6 Visual Abstraction regarding Parallel Loop
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