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Graph Layout Criterion for Visualizing
Concurrent Programming Algorithms

MAKOTO SATOH!

Abstract: This paper proposes a graph layout criterion for visualizing algorithms used in concurrent
programming. Concurrent programming is a method for cooperative operation among multiple enti-
ties (processes and threads), used often in interactive graphics software. Graphs with many overlays
are generated by visualizing the algorithms, because the processes of the each algorithm step often
localize. A method for selecting graphs based on the layout criterion is considered so as to generate
such a graphs in an easy-to-understand manner. Visual representations with graphics are effective to

construct the mental models of the algorithms.
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Algorithm 1 Computing graph layout criterion.

Prepare an image buffer for current overlaid shapes: C.
Prepare an image buffer for accumulated overlaid shapes: A.
Prepare an image buffer for a visualization plot: V.

for each graphics element e in a generating visualization plot
do
step 1: Synthesize C by composing V onto e.
composition operation: V in e (ref. [10])
step 2: Synthesize A by composing A onto C.
composition operation:
dissolve(A) plus dissolve(C) (ref. [10]),
the factors of dissolve are computed
so as to limit the maximum value of pixels.
step 3: Render e onto V.
end for

Compute graph layout criterion ! using V' and A.
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Fig. 1 Each step of overlay detection (ref. algorithm 1).
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Fig. 2 Updating a shared variable with multiple processes.
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Table 1 Modules for the experiments of atomicity.

modules description

StartCP Preparing a shared variable.
Add1l Adding 1 to the shared variable.
Print Verifying the shared variable.

EndCP Removing the shared variable.

ProcessBehaviorGraph  Generating visualization.
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Listing 1: Code of the experiment of atomicity.

total_processes=$1
sleep_base=$2

semaphore=$3

StartCP -1
for (( count = 1; count <= ${total_processesl}; \
count ++ )) do
Add1 --semaphore ${semaphore} \
--base ${sleep_base} -1 $count &

done
wait
Print
EndCP -1
(0] 0] 1 2
sum
(shared variable)
1 -1 +1 +1
add1l
(semaphore)
P1
P2
0.0

elapsed time (sec)

3 7 IvT 4 DEROAHIL

Fig. 3 Visualization of the experiment of atomicity.
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Fig. 4 Detecting the overlay of Fig. 3.
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Fig. 5 Selecting parameters (without a semaphore): visualization (top) and overlay

(bottom). From left to right, the sleep base of each column is 1,10,100 and

1000 msec respectively. The alpha velues of the bottom images are adjusted for

easiness to see.
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Fig. 6 Selecting parameters (with a semaphore): visualization (top) and overlay (bot-

tom). From left to right, the sleep base of each column is 1,10,100 and 1000msec

respectively. The alpha velues of the bottom images are adjusted for easiness to

see.
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Table 2 Values of graph layout criterion: sleep bases (msec)

are shown in the parentheses.

column 1(1) 2(10) 3(100) 4 (1000)
Fig. 5 0.372 0.181 0.053 0.048
Fig. 6 0.245 0.122 0.200 0.142
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Fig. 7 Relation between sleep base and overlay (without a

semaphore).
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Fig. 8 Relation between sleep base and overlay (with a

semaphore).

F{EX, 7ot 2 P20t AP1LEORIZVT 4 A
Nk ayicAb, FRUTXD, Pl OETH—RHEIL
ENBZELWVWSEFRRE—2THS. P2BI VT 450 -
7 a v TOIEERT L ThroEY 7 2% 47U X
YhT 2 PLOEFHEHHIATHNE., 2D X5 RGE
W&, AL TD TS 7 4 v 7 ZABREDF — L A BIFAE
T3, ZDF—NLAE, TATY X LQEEDHAD I
DITHBERA =LA TH 5.

44 8ITIE, 777 LA 7Y bOFHfiE%EE VT,
F =NV A DV VAHEEB IR 72DDRTXA—ZD
BIREB IR o7, RDIEBT—200, F—N"1LAD
D nwa b E B 272 S 728 O Rl I HE D &K AE 2 E
L7, 2LTC, ZOEZEHRELX LTRY —F + R—XDfH
TYIWEBRT— X HE L. K7, 8 ISR KR
5iX, RV =7+« R—=ZH Imsec DIGFEITIEIFEAMFLUED
RAMEDEME 272 X 720 (false) =LA DZVWT S
INRZREEDE T hb. —F, AV—T+ R—=2
310,100 B X T 1000msec DHEIE, K7D 7T 75
SMF R T (true) TEDBDHB. RV —F « XN—ZADMHE
DOEEIMEN, &2 l/z327 7 70EEPENT 22k
baMB. INBITED, RV =T - R—2DfEL LTI
10,100 3B X X 1000msec WY TH B L \W\WR B, KB, K
BTHWEZayAILy - Farss3I v 700071 a
VR LADEBRFETIE, P20 vy 7 M ouEENIc
BV 2 EEEFTAI I DEREBIRS B
HETH 5. ZOHABIZ, EYVa—Ahrohahss
EBOBIFIZOVWTDOR v —2ic& b, MEEc7 LT
VZLDENERTERTE S, TDIL2EETI L, LI
WEB7 NIV XLDEEDIELDERFEKTED Z 2 d
5, AL TOA =NV A 2K 2T AV =T - R—
ZADMED 25Tl 1000msec HNEUTH B LEZHN5.



BIRUEF MRS
IPSJ SIG Technical Report

ARCIRELZF7 - LA 7Y FOFHEiREER, 71
DY XLDEHETHL Y, BLY, HERMILAL 7D b
PIREZIND 7T 7 NGB EGHERTRET & 2 MR
TH5. T—XPHERINET 3 L5 BGEICOVT,
AHRLD 77 7DERERELZDRT, /97497 R
BROLA—NVLABREDEIREFT2O0ZHET S &
SBRBEWCHL-FETHIZ VRS, —), Af{kTo
7o 7 DRBEAPEMTH 2 L5 RGEICE, X675
BB ETH S, HIzIE, 7LIVXL1TRE, 757
BT 2R T 7 4 v 7 ABEREHOVTIHEiREE LR
LTWaH, BHTZ2—H0DT77 4 v 7 ABRER
CIEREEBTEINRNEHLLTHIFL N TES.

5. DI

AVALY N TR TIIVTDEHDT AT LD
AL DD ZF 7 - L4 77 b OFHEiREHEERIER L
Jo2. V7 RMKTRI 7749 7 RBEREDOLF—NLAD
HIEIC X DM EREHE ST 2 713 ) X o kR, EE
WX DEHWEDIEREB IR o7z. =LA DREEIZIZS
74 v 7 ADL YR VI TOEBERD 0 DTFiE%
Wiz, ¥4, avhrrbt--7urss3vr7TcHOLR
2703V X LDERDIDOFIE 9] BV T7 L3y
A LDFHIICHE LA — "L A DD T 5 7 %FERLT
T 27012, FHEEEZ VT I X —20ERY B
ol RBEFHEE, BRNICELT 2T —XENRYE
LCAfbEB IR IGEEIL, 779 7DF =N ARED
XORENT 2D EMHRT 2L BEECEMNTH .

SHOBEIE, 77 7OMRE-ZEREEET S 2
LI BFFE M A — NV DORH, BXY, L4 7T M
DWW T DM D FHMENEICEI T 22 803D 5.

BE N

[1] Adams, J. C., Koning, E. R. and Hazlett, C. D.: Vi-
sualizing Classic Synchronization Problems: Dining
Philosophers, Producers-Consumers, and Readers-
Writers, SIGCSE ’19, New York, NY, USA, ACM,
pp. 934-940 (2019).

[2] Bartram, L., Cheung, B. and Stone, M.: The Effect of
Colour and Transparency on the Perception of Over-
laid Grids, IEEE Transactions on Visualization and
Computer Graphics, Vol. 17, No. 12, pp. 1942-1948
(2011).

[3] Bruce, K. B., Danyluk, A. and Murtagh, T.: In-
troducing Concurrency in CS 1, SIGCSE ’10, ACM,
pp. 224—228 (online), DOI: 10.1145/1734263.1734341
(2010).

[4]  Grissom, S., McNally, M. F. and Naps, T.: Algorithm
Visualization in CS Education: Comparing Levels of
Student Engagement, Proceedings of the 2003 ACM
Symposium on Software Visualization, SoftVis ’03,
ACM, pp. 87-94 (2003).

[6] Hansen, P. B.: Concurrent Programming Concepts,

© 2021 Information Processing Society of Japan

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

Vo0l.2021-CG-184 No.25
Vol.2021-DCC-29 No.25
Vol.2021-CVIM-227 No.25

2021/11/6
ACM Comput. Surv., Vol. 5, No. 4, pp. 223-245
(1973).
Jackson, D.: A Mini-Course on Concurrency,

SIGCSE, Vol. 23, No. 1, pp. 92-96 (1991).

Liu, S., Cui, W.;, Wu, Y. and Liu, M.: A Survey
on Information Visualization: Recent Advances and
Challenges, Vis. Comput., Vol. 30, No. 12, pp. 1373—
1393 (2014).

Luxton-Reilly et al.: Introductory Programming:
A Systematic Literature Review, ITiCSE 2018
Companion, ACM, pp. 55-106 (online), DOI:
10.1145/3293881.3295779 (2018).

fEﬁ% f2: Linux ¥ = Vv ZHWEarypLr vk - Fay
7 I v 7 AM, 2021 FEEXBEREZRITEHEERE
TR, p. 4C02 (2021).

Porter, T. and Duff, T.: Compositing Digital Im-
ages, SIGGRAPH Comput. Graph., Vol. 18, No. 3,
pp. 253-259 (1984).

Shaffer, C. A., Cooper, M. L., Alon, A. J. D., Ak-
bar, M., Stewart, M., Ponce, S. and Edwards, S. H.:
Algorithm Visualization: The State of the Field,
ACM Trans. Comput. Educ., Vol. 10, No. 3, pp. 1-22
(2010).

Stone, M. and Bartram, L.: Alpha, Contrast and
the Perception of Visual Metadata, Proceedings of
the 16th 1S€T/SID Color Imaging Conference, pp.
355-359 (2008).

Tominski, C., Fuchs, G. and Schumann, H.: Task-
Driven Color Coding, 2008 12th International
Conference Information Visualisation, pp. 373-380
(2008).

Zhou, L. and Hansen, C. D.: A Survey of Colormaps
in Visualization, IEEE Transactions on Visualiza-
tion and Computer Graphics, Vol. 22, No. 8, pp.
2051-2069 (2016).



