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Development of Simulation App for Understanding Test-and-Set

Algorithms that Multi Learner Can Use Simultaneously
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[Abstract]

In this study, we developed a simulation app that performs the Test-and-Set algorithm. The test-and-set
algorithm is a highly difficult algorithm, so this simulation app was created for learners who have difficulty
understanding it. Learners who want to understand the Test-and-Set algorithm gather to form a team, and
use this simulation app to discuss and practice, and these teams can practice at the same time. The
test-and-set, which is assumed to be a machine language, is not interrupted by using a queue, and it can
be seen that the configured simulation app performs well in all three conditions of 'mutual exclusion',

'progress', and 'bounded waiting' that must be solved in the critical area problem.
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II. Preliminaries
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Fig. 1. Analysis table of effects delivered to learners only
with static pictures and lectures of Test—and—Set algorithm
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Table 1. System Environment

rng|= Z2MA 4| Mu| Pr| Bo H| 1L

Dekker Algorithm 1 2 Sa | Dis | Dis | s/w method
Dekker Algorithm 2 2 Sa | Dis | Dis | s/w method
Peterson Algorithm 2 Sa | Sa | Sa |s/w method
Bakery Algorithm |1 or more| Sa | Sa | Sa | s/w method
Test-and-Set 1 or more| Sa | Sa | Sa | h/w method
Swap 1 or more| Sa| Sa | Sa | h/w method
Depends

Semaphore 1 or more| Sa| Sa|Dis| on PV
operation
* Mu : Mutual exclusion, Pr : Progress, Bo : bounded

waiting, Sa @ Satisfaction, Dis : Dissatisfaction
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waiting[i] = FALSE:
UA BE | LA YoM S orE A=
j = (i+1) % N:
while( (j != i) && ( waiting[j] == FALSE ) )
i = (+1)%N:
UE I |if (==1)
flag = FALSE:

else
waiting[j] = FALSE:

UA FHUM U2 & 2F FC

bool Test_and_Set(bool * lock)

{

bool ret;
Test-and-Set ret = *lock;
*lock = TRUE;
return ret;
}
* key, jAIY H4 PZERNA HS NZO ZRANA 4

flag:2 9414, waiting: 2§ 42N 37|17t Nol 8

Fig. 2. Test—and—-Set Algorithm Code
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IV. Experiments and Evaluation
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212l (Entry) ®f
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2% (Entry) ¥
AN Lo| = BA(Critical) 3
@(Exm) 9
code: 27 YA TEHW &
3
R l-mtd
flag true
[i] 12 3 45
watting[i] true false true false -
T
N:4 i1 key: true
<mRH A
U5 (Rest) 3
=>UQ(Entry) E%
QA A M L}27 Y A|(Critical) 24
U2 (Ext) B

code; <#p> 212 FY : while?] waiting} key 2 $17|

UINAL: BOALS0H B 24 HEE HelTH e

CEREe]

g

#

Y LRHA S 404701

(1)
eritical Section Practice Machine
Test-and-Set

W01 : G722 ZhAHS 2

O DSHA S 401 1|20 ZEMA 2= 4

BT AT
flag false
i} 1 2 3 4 5

(2)

Critical Section Practice Machine
Test-and-Set
¥ 05 G722 Z2MHA¢E 2
| TR A S
3% e >
flag false
il 1 2 3 45

waiting[] false false false false -

¢ 2

N:d 2 key: -
< ZEMA gl >

HYHHSE S0 - 242 (Rest) A
HY(Entry) FY
Q13 (Critical) 2
HE{Exit) ¥
WE

- L3-tad
flag false

1 2 3
waiting]f] false false false false -

4 5

< 1 e
N: 4 2 key: -
< HEMA Y s
AAYA2R 501717 - 2 (Rest) Bt
22 (Entry) Y%
ofofi L2z Y(Critical) §
U2 (B B9
code: #R Y IS UW S
(4)
ELETE
flag true
Il 12 3 458
waiting[i] false true true false -
< 20 e
N:4 2 key: true

<HBUA G >

1 T (Rest) B

=> Q(Entry) ¥
A7|(Critical) Ee
U {Bxit) BY
code: <#P>Test_and_Set@| : *lock = true;(1/2)

(8)

a5
flag true
M 1 2 3 45
waiting[i] true false true false -
< ma s
N:4 i:2 key: true
PRETINETIN
SO R (Rest) 2%
AY(Entry) T
Yol Liey| = UH(Critical) #
2Z(Exit) Y

code: 4| EH FEHHE S

ag 1y

& Gt

Critical Section Practice Machine
Test-and-Set
o 0] : C299 DENAHS:3
T2 A 4
JETEN
flag false
i} 12 3 4 5

Critival Section Practice Machine
Test-and-Set
0|5 : €299 LEMAHE:3
ATy TRAA
<ague>
flag false
il 1 2 3 435
ingli] false false false false -
PEFTT
N: 4 i3 key: -
<H2HA 93>
UUFH22 S071] = Mz (Rest) B
Y (Entry) B
o] Q| (Critical) ¥
HUd(Ext) 34
code: 25 Y AC ASH =
agees
flag false
il 1 2 3 45
waiting]i] false false false false -
< 2
N: 4 i3 key: true
<mRYA A >
UYYASE SOH| =5 215 (Rest) B
U U(Entry) A
| YH(Critical) 3%
UE(Exit) FY

LT
flag true

il 1 2 3 45
waiting[i] false true true false -
LT
N:4 i3 key: true

EFCIETE

Uagee A5 (Rest) 9%

=>UY(Entry) B
97| YH(Critical) 29
U (Exit) 3%
code: <#p> 2% Y : while?| waiting2} key 2t 2{7|

-anuss
flag true
[i] 1T 2 38 45

waiting]i] true false true false -

et

N: 4 (%] key: true
<BBYA 27>
25 (Rest) 29
=» UL(Entry) H
2| (Critical) ¥
AU (Eat) A

code: <#p> 219 Y : while®| waiting3} key 2t 97|

]
o A7
4
oF: A
jie
i3
i3
i3

Fig. 9. Running Screen




200 Journal of The Korea Society of Computer and Information

18 12 mo L
m}ml
e
32 %%
e
L -
N[
5

=2
o
~
9]
<
)
o)

A4 o mpoh2 ofoflA] BTt I o} ol j
8sfo] Afile] ZEAA WS %¥E1 A2 2Rlsiy
Qe A2 Foll AP| ARRIHA] @
TietA] jO] gho] T2AA §159} o] 3013}%
AAIG G AJst = Z2A| AT} QT Aot} wet
A Z2AA 32 TR AA @Yo AYS E 4 o
2 ApollA] TSt Al X7 QA 99 #A4 327 5
29 27191 X188 (progress) &£710] AE] 1 9IS
& 4 otk Fig. 9. (4= o2& JHloA 2E maAA

7t (Yo S0Pl HES 2% Heoly =
244 10] YA Qo2 Solztn, the & mRAAL
219 oA A el SoP7) 91t 282 51 9
£ 5YS HolT k. mep TRAIAIR YA e
REMEECE ,

. ®9] Wighs 3 ¥ flag o] true2 HIE o]
= 3 skl Qly, mEAA 1
WA waiting Zfo] falseo]tt
2810} 3H ZRAAE %174] ol SoP7PIE SlYst
9lof i waiting ZF=0| truez2 AAE0] 928 & 4
olct. 3HUF AlLof Froisto], 4HAY] waiting A5l o
SHA] Q42 AJEfolaL Al B9 ool SIS oY &
= falsez AAEC] ot 29 meAA0] o
o] A Test-and-Set9] ‘*lock = true;”
POl o8kl Qlal, L2AIA 32 A1) F9 WhlleJ
24 waiting?} key S 91 9122 Hol1
o ¢ Aedo] HlolEHo] Ao e el & 4 Qlot Fig.
9. (4) 89| 9Jul= A G <ol o m2A| AT} Sl
o o meA|As AIYo] AHREoJoF ghth= Afaul
M(mutual exclusion) &£710] 1AL & 4 9lct,
Fig. 2.0]| g4t Zo] 7144 Test-and-Set2 7]7Al0] H
oz FUEA] o A2 "ol 7Pgstal Qo). ol

A2Jst7] queue 2|AES FH|SIQIAL, AJAF Aof A}A1C]
Z2NA He S of7|of] Ystal, queue 2AEQ] 7|5
Elof Ql= 3t JIEHE EX] 97 31ITt. Fig. 10.004] ¢
o|Ef#jo] A9] Test-and- Setol e 7019 AHO| Bigh2
g > ol 281 mEAATY

2 9t

ol queue B -
Test-and-Set2 Aldistl 9J2S &

2778_C299: "3

2778 _G722; "2

2778 _RegisteredProcess: " [\"W345\" \"2778_G722\"
2778 _flag: "true

2778 _keyl: "true

2778_key2: "true

2778 _key3: "true

2778 _keyd: "false

2778_maxNumOfProcess: "4

\"2778_C299\" ]

2778 _waiting1:
- 2778_waiting2: “true"
2778_waiting3: “true”

false"

2778_waiting4;
- 2TTB_2ESMER "true”

-~ 3903_RegisteredProcess: " [4"D9764" ]

Fig. 10. Shared Variables and Management Variables:
Test—and—Set in Execution

Fig. 9. (5)= Fig. 9. (4)%] “JelollA] m=zA|A10] A
olollA] LEQuA] o] s Qe 2A1A29] waiting 2HS
false h50] Fo LAV YAAAOR Sofzt 4
BlS Bolmu ol LRAJALL & o AL o] ohA]
219 o] Sop7t Wl g0 SoPb] 9 4 3
olc}. ZeAA29} m2A|A30] L% Q7Y Qjelo] Soprta
A toont 48350l maA|Alo] Al mRAA O
WENE opjste meAAg
false2 BHSo0] 7)) S8z HEAA3S AAIL kg
W59l mRAA27L Q7 Folof Soizt Zolck. YnelE
o 3 maA WE 202 YA skt 2o 0w
modulo FAFCZ A Z0 7 obA T Z ZaAA ¥ &
o2 PG sne AlYe Yste TaAAE f5P 7o
%ol glo] Aol mRAIA 4 - ' HE0| 43 S0 v
A el S0l slek. el £ 3l A

=] Oj7](bounded waiting)' 7} +81E91&-S & 4 9t

wake up(waiting ZHe

V. Conclusions
2 AFofA ZiSt Aol B2 A FYAIE ol
Z2s17] Yot The Test-and-Set Ya2]Eo|o 2 A=
ol Al A FAwAI’E ch= 37HK] &R0l &
sfe]ojof sirt, 4%of|A] o] 50| A 43851 QLSS

-~

7S
=

—n




Development of Simulation App for Understanding Test-and-Set Algorithms that Multi Learner Can Use Simultaneously 201

A HaEe ¢

_QlI

RS OloH0ﬂ o] 57 vt}
ste7tEol ARgslEs apste g
fRIIEo| A g £71% Hej2o] 7]
Mol masltt. ofgl olF uigoz Algold % #
ozt tleet BRe) W% UE0| ALE] A
o 2 %gol 57 vk

REFERENCES

[1] JinGu Jung, Consumer Post, http://www.consumerpost.co.kr/new
s/article View.html?idxno=207946

[2] Hoang Youn-ju, “A Study on the 3D Augmented Reality Animation
Education Method for Elementary School Arts Using Smartphone
Application  ‘Quiver’”, Korean Elementary Art Education
Association, Vol. 60, No. 0, pp. 277-308, 2020 02.

[3] Ahn Sung-ho, “Research on Teaching Effective Smart-phone Video
Production in Film Production Classrooms”, ASIAN CINEMA
STUDIES, Vol. 10, No. 2, pp. 161-179, 2018 04.

[4] Eun Joo Yang, Min Sun Kang, “Development of Music-Science
Convergence Program(STEAM): Focusing on Popular Music
Instrument Making and Smart phone Application Composition”,
Korean Association of Arts Education, Vol. 13, No. 3, pp. 206-220,
2015 09.

[5] Kim, Seok-Hun; Woo, Hee-Sun, “Design of Children and
Adolescent's Parents for oral health convergence education App
in Mobile Environments”, Journal of The Korea Society of
Computer and Information, Vol. 22 No. 1, pp. 57-62, Janurary

2017.

[6] Su-jeong Jeong, Keol Lim, Yujung Ko, Hyunae Sim, Kyungyeon
Kim, “The Analysis of Trends in Smart Phone Applications for
Education and Suggestions for Improved Educational Use”, Journal
of Digital Contents Society, Vol. 11, No. 2, pp. 203-216, Jun.
2010

[7] Yeonjung Joe, Seongyoun Hong, “Education Culture Research”,
Inha University Education Research Institute, Vol. 20, No. 3, pp.
99-124, 2014

[8] WIKIPEDIA, App Inventor for Android,https://ko.wikipedia.org/
wiki/%EC%95%B1_%EC%9D%B8%EB%B2%A4%ED%84%B0

[9] WIKIPEDIA, Firebase, https://ko.wikipedia.org/wiki/%ED%8C%
8C%EC%9D%B4%E C%96%B4%EB%B2%A0%EC%9D%B4%
EC%8A%A4

[10] S.team, Firebase, https://s-team.tistory.com/3

[11] Choi, Yun-Chul, “Multimedia Course”, SengNeungChulPan,

pp.28-29, 2014

[12] Im, SungRag; Jung, Won-il, “Operating System”, 21SeGiSa,
pp.75-98, 2013

[13] Gu, Hyun-He,
pp.155-168, 2016

“Operating  System”, HanBit Academy,

Authors

Kyong-ho Lee received the B.S. degree in
Computer Science from Korea National Open
University and the M.S. degree in
Information and Communication Engineering

from Korea Advanced Institute of Science

in  Electronic
1994

and Technology and the Ph.D. degrees
Engineering from Dankook University, Korea, in 1991,
and 2008, respectively. Dr. Lee is currently a Professor in
the School of Information & Communication, Broadcasting

Engineering, Halla University. He is interested in HCI.



