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[Abstract]

In this study, an simulation app was developed as one of the methods to help learners better
understand the eight process scheduling policies of multi-programming. In learning, an app in the form
of a simulation should provide a realistic environment and allow learners to practice. To do this, the
needs of the learners were investigated and analyzed, and the purpose was set, designed, and
programmed based on the learners' understanding. And it was shown that the apps as a tool to simulate
the created eight scheduling policies are performing well. In particular, it was shown that the problem
of not having a step-by-step various diagram and explanation for step-by-step various inputs, which is a

limitation of paper textbooks, can be solved using these tools.
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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
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< Process Scheduling Name Output Window> \

< Process Scheduling Properties Description Window >
Review scheduling characteristics through key descriptions of
selected scheduling characteristics.

< Scheduling Simulation Data Input Window >
The window is configured to input only the necessary data for
the selected simulation. In addition, the process ID among the
input data is automatically generated, and the system calculates
the value of the input range for the rest of the data and selects
it through the pop-up window to reduce convenience and
reduce mistakes of practitioners (including related buttons).

< Registration Process Guidance and Scheduling
Diagram Explanation Window >
Additional information is added that shows the registration
process required information and supplements the required
description of the scheduling simulation diagram below.

< Simulation Start or End Button Window >
Simulation Start Button / Simulation End Button

< Scheduling Simulation lllustrated Window >
It is a window that shows the arrival time, waiting time,
response time, execution time, and return time of registered
processes by unit time. It is composed for the user's visual
convenience with the most necessary contents from the needs
of the students.

< Statistical Data Output Window >
It is configured to view CPU utilization, throughput, average
return time, average wait time, average response time and
response time for each process, wait time, and return time of
the selected scheduling, which is one of the purposes of the
simulation.

Fig. 3. Screen Layout

Table 1. Input & Setting Value by Scheduling

. cpu
scheduling ar.rlval r.:pu priority | allocation prgemp
time time . tion
time
FCFS 0 0 X X X
SJF 0 0 X X X
SRTF 0 0 X X 0
HRN 0 0 X X X
PRI 0 0 0 X 0
RR 0 0 X 0 0
MLQ 0 0 0 X 0
MLFQ 0 0 0 X 0
* FCFS : First Come First Service, SJF : Shortest Job First,
SRTF Shortest Remain Time First, HRN Highest
Response Ratio Next, PRI : Priority, RR : Round Robin, MLQ
: Multi Level Queue, MLFQ : Multi Level Feedback Queue,
O : Enter or allow, X : Do not enter or disallow
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init_Screen

Simulator Description
and Run Simulator
Selection Guide

Select Execution Scheduling

Creating an input environment
consistent with selective
scheduling (see Table 1)

move start stage

mave start stage

L] hoose to end the simulation

Simulafion data input and process
content output according to input

Organize and initialize related
data structures urnn
completion of simui

lation
Simulation Selpction L
Choose to end fhe simulation

move start gtage

Simulation execution
based on currently
tegistered data

]

Simulation result output (illustration
and statistical data, data by process)

Fig. 6. System Flowchart

( Start Simulation )

|| Create data structures for selective scheduling ||
|| Registrater of creation process simulation data ”
L1
|| Register each process in the queue ”
L ]
| selected_Process = None |

| in_Simulation = False |

End
Simulation

| Increase simulation time |

¥

|| Select the current execution process by the input data ||

If no process is
selected

Judgment of continuation/stop of
simulation based on the
presence of unfinished process

L 2

Register in the wa.ltln{g."exect’:l]tlon data graph data structure
or each process

v

Register unit simulation execution explanatory
datalillustration explanatory data/statistical
data/process-specific data

Fig. 7. Simulation Flowchart

TaE 5ol 7|80 ¥t TRNASS BF FAstl A
SHE ZRAASS B O] T 2k it AlEd]
A ZAik= 1A= Graphic Data Systemy} Statistics
Processing System, Graphic Explain System,
Processes Information System?] AFzof 95| & 4 Q)

O, 2o Al e Tl AR 98 7t meAaE i

HH, AAE] = ZF ‘None / Waiting / Running' 02
Algd|olido] £e8E]H TRto] AASH. B Ataet HT
Ate 2|3 e AA E Abe® sl ofIEZT HAS oot
o ZW7F ARgElaL, 2F AJARLR o]F o] &Rt

IV. Implementation Result and Evaluation

(el Sadiing Siraiet

]
wenw m)
iz Re)

2233

L |wa 0 v
1 -
_____________
L jw
2
At g2
™ & (g
e
i
T WA ot e W
e ’

IR S Ae—
3 Bavuin

Fig. 8. Implemented Simulator

Fig. 82 7315 Al@2olElo] £7] sl e Sof 217}
2AEY AledolEls Soi3ts o] ghHolt. ohE

Aed2 25 At AdlZ sF JejollA AR, 7
A} oFo] Multi Level Feedback Queue Al=djjo]d 3t
25 27| sfHolot. Qhojlx] Adgst viel 2o fof|A]
B HYstH Az T2AA AAEE o2 g1
eg g 4 9, Sz L2AA ue AAEY S4
A EE = 5 UG AMle 2A1EY AlEd
o

ol A= Y FO=Z Fig. 8.94 (1)2 #IH FHo]
&

> 2

BN

4z rlo

¢}

C}. Table. 1o HET vlo} 2o AAEY o] ol
S AN A Yeiolw At Jo| e A
2 4 QES AT} A 29 Bk 18S9 ‘nR

AN
Wk, ofgd] ALEAPE AAEY Rl Da) Astol
AT 5 Qs ASS AAHo] Yol Egste] ALE

&

= ML A2 w



Development of Simulation App Tool for Understanding 8 Process Scheduling Policies 219

APt A4stA] s 3t stdoA e S EER et g
7 74, CPU &3 ARYo] 1 gtoz 23w 915
= o ok oF2d o] oAl TRAA AR, =
2N~ =& ARRE cpu A3 ARE S AU S S5l &
gofiob 2A|AR oJulS Zh=t] AREAR diE EAfO]
Qo] 9Zo] g Foulgt gro] 9lSo] Hoju], ‘Z2
AlA &R HER ARET 4 Qle AHi(disable)ds &

At} Zeu staAP EEet W 2shd AR

A
R 2AET ol AP A2 of] 55 ZEAAR
1 Algolid e 4345HA] ofoh AlERt Helot. bl '
Algdllold AR B Sr BE A9 Alefold AR
= A7E ZeAATE lo] AR 4 Qs FEiolH,

ol S8 WEL AAEA] AleoldE S5
WA AHE 7hs IR 2RO ot oA A7
Algefold =oll A2 Algdo]dE 4o85HR] b2
e} Eje) etlo] AgE efo el ohufet welck
Wi B Ale @ meAlA E Al B9 A
o]/do] Y] X] OF2 Al AT Helch
Fig. 9= Highest Response Ratio Next A& A=
Aol & dojct. 4] s me o Ut o2
moz Tusiel Juiut s 2o el shig A3
£ sjo] T4 HEo| HoEE § ojck. ARIHoR ¢
Zo] HAfoaL,
CPU Ao ARD= (0, 3), (1, 4), (2, 1), (3, 1), (4,
57N 2NAS At Aledlolde shal, ZAReh ofH
o] oo, o (5, 1) B9 ZRAAS 27t AR 3

2

ol &L ot

>
Mo pl o

=

=

7h Aydstal Algelold S o & ZAFeh efvio] 0F &
o A-1 g2 B9 ATl 9 Helleh ol A3dd s7he
Z2N|A Bt o 73] wAY Al CPU e ARt
of Helct. sitoll= Algflold Al & st Alktol
oui7t e Z2A|A0] chs Akt S BRI o]
W At $A1ee Co Esfiof tigh 7 Ao
olgHct. C g2 B9 Alg2foldd ARE 0ol P#lo] A
Y(running)stil P#2~5= OFA] EASHA] Gl ZEAA
e ok BAPZE @l =sfio] £t Aol "Tm:0 / 94d
=9} P#1(1) 2 sl ARbo]l EAHSH: PA#l T2A| AT ©
A7 (D= Akt = 28 Heoloh AIRE 1oji= P#10]
Y51 Ph2= EAISI Of7 |(waiting)stal WAL= &
SR gdot ok BAPY QlaE & 4 9tk ARE 30f=
WA 2Rt PH2= T7Istal S mARE P#3 ARiske

Fig. 9. Examples of Running a Simulation

g £71 HEe 89 Tm3 / 929 P#2(1.33333)
PA3(2) PHA(1) 2 E0] sxiol alg Atel ol
SRR AR BT 4G ) o]

A
=2
ok 72 Woe B D siAE 4 gich 950] A-2
3159 A-13h 2o} 5 sle & Algefol oA AL

=
S
22 718t0] BgE AL Hoizm 9)

o] 2o} %7 Soj L meAASIM A4 94
7h W3 ARSI} PA70] o e CPU A3 AZES
200 QIEiRke o2 AR AlFElo] 7o} A WsHA

&%= Highest Response Ratio Next AAHo] E4J8. vpxt
& 4 QA =T} o] A=te] W= Folof Qlafigh Al

AME szl dahieh Asolt.

B} F= Z1719] i=ofl Ojslj CPU 0] &-&, Z2AA A
2g, Bt Ok ARE, Bt 7] ARE B 85 AR 2
Z2AAE SHARE GZ7|ARE 7, S Bojs
AL It} ol FEE SEAPL ARrlo] olsligh W& vt
Fo2 ARt Zlo] Sh=A] 21 4 Qle A SRt
7bAAE #AIs] & 4 Qe B8 &Ytk

Fig. 102 2ojlA o]l 29l Highest Response Ratio
Nextg AJeh UHA] 774A] ZgMZ0] sy 2530} Als
goldS sl meAlA0] £ Zte 9T 0 715E
+ AUE £ 35 vfsto] Dot A8 SANIo 2 ¢

LIy

E



220

Journal of The Korea Society of Computer and Information

P#1 - L:| | 5 et 20 25
P#2
P#2 P#2
Fas P#3 P#3
bed P#4 P#4
P#5 P#5 P#5
A . e
< 9| W (EH9 412+ 18 )OIM FIFO H7}n 15 7
cpu 018 E(utilization): 88.89889 % {2/ (throughput): 5 74 < F A8 (2 412 14 JoAM Shortast Joh First 831 AN B N1 S Metie Rd e Pt By
‘SJH@AI"’:& & -EI;‘CH’IH{* T = i -%E%:MI{! il cpu 0| &{utilization): 100 % #{2|&(throughput): 5 1 cpu 0|8 E(utilization): 100 % /2| S(throughput): 5 1
[ S B CERLUCEED RN 28 waggA 2| BAUEE 58 BRGNS BASRAE
(HE\ZENP ) EETIS PECINCET
10014 cmz\w\tmg@) (HEBENCI )
2131316 1101012 11019(14
3151517 219(9/13 210114
41616(8 3101013 3j0i011
518(8(12 4121214 414147
5131316 5111113
p#l
P#2
P#3
P#4
Piis
""""" e e
<< 2| 48 (2% A7+ 31 )04 Round Robin H7h> << 2| 4 (29l 412t 13 )04 Priority Simulation E2}>> <e $1 8171 (2431 A2+ 24 )00 Multi Lavel Queus H7bs»
cpu Ol 2 (utlization): 100 5% {2/ &(throughput): 5 7 cpu O &(utilizatien): 100 % 2| &{throughput): 4 7 i " 100 %/ g 4 A
BRUEAZ 242 TR 18 mageAz | BRUUAR: TS BRCIIA: 425 LEEICEREL P i Ao s O s
< TR AEHE S DML A jﬂmgm
i h
212(14120 21919]12 ;}SH;E;
287123 HHRY 3joioins
:; nE kA 2 AT 7 —
P#3 - .
e CPU % AZH: 2 S
Bk <S5 DR AELAZEUA) >
P#6 PE1: 0/2
P#2:1/1
oo 372
Pis: 4/1
P86: 5/2
PE7: 6/3
<< 9| Al (E9 A|Z+ 25 )0]4 Mubti Level Feedback Queue B 7>>
cpu 0| 100 %/ 2 ): 6 7 Alg2|0]M A2 AlgH oM Z2
BT IHEAIZE 115 HRCN2|AIZE 7.33333 HRSYAIZE 283333
cwﬁ\;;gfa%ﬁfﬁ}
110(14(16
2101417
310913
413113122
Hai
Fig
g & 2 A Yol A1Beloldo) A4S olg  stol SRRV AT 2 S so} Ak ol ]
slof Qas e AWl AHGAIR sloig UFE Y 9 AGASY 8T AFL FAL BAST SRS
ST 4 Pl AFE Ande] SAE BY ¥ Y T ofshs FA02 BAS Aoky, AAsk z2 18y of
508 Y AR 271 ol EAE & Qs St S AN of, 871K] AAIEY ARG AB0]d T 4 Qe g
EAPE AapstA] oA she Rt ARBAPE R HYUE A9] 1S thEQil, o]7iSo] A AsiEy 9l wdl
Hoju= S ot Fash A 252 EY otk o =5] A9 wAo 9l OAIA clokst Qo] st
AR et eofiet 1ofl g 292 2Rl Xote 2A
£ oJdl =5 o]&std SIAY 4 eS HoRH
V. Conclusi obzd] Al FEEAL e UAIE B2 ©@ed] AlHS
. Lonclusions
cjxgst 3 2ol B, ol HolE Rae mEd
B AN saASo] 1 m2 Jgjujo] TRAA R CAE 2o AARIY SAAle R7] £7] A%
AAET AR S A ololld 4 =E e 5 o B WAl AlRske] AR e 28 2~ e
iz ot=Ro|t Algefold Q4g slgich sholA AN Bkl 15 Aoz woldt & $ W tjost &
Algefold el e AFIet QAR S Algdlop 7O we8 AlEdold S0l THEEo shaAkEol 2



Development of Simulation App Tool for Understanding 8 Process Scheduling Policies 221

=30 =] vletel SAlo] ORI B2 AW £49) oA
9st2 ol5E Zlo] ofd B2 Ag 7]0] HEE =
Ao} o] At Bl

REFERENCES

[1] Kyung Jin Lee, Kyung Ja Kim, "The Meaning of Curriculum and
the Teacher's Role Focusing on the Practical Process of Curriculum
Implementation", The Journal of Curriculum Studies, Vol. 23, No.
3, pp. 57-80, 2005 09.
[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] JinGu Jung, Consumer Post, http://www.consumerpost.co.kr/news
/articleView.html?idxno=207946
[7] 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
[8] Yeonjung Joe, Seongyoun Hong, “Education Culture Research”,
Inha University Education Research Institute, Vol. 20, No. 3, pp.
99-124, 2014
[9] Kyong-ho Lee, "Development of Simulation App for Understanding
Test-and-Set ~ Algorithms  that Multi Can Use
Simultaneously", Journal of The Korea Society of Computer and
Information, Vol. 25 No. 9, pp. 0-0, September 2020
[10] WIKIPEDIA, App Inventor for Android,https:/ko.wikipedia.or
g/wiki/%EC%95%B1_%EC%9D%B8%EB%B2%A4%ED%84
%B0

[11] Choi, Yun-Chul, “Multimedia Course”, SengNeungChulPan,
pp.28-29, 2014

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

Learner

[13] Gu, Hyun-He, “Operating System”,
2016.

HanBit Academy, pp.155-168,

Authors

Kyong-ho Lee received the B.S. degree in
Computer Science from Korea National Open
M.S.

Information and Communication Engineering

University and  the degree  in

from Korea Advanced Institute of Science

and T—echnology and the Ph.D. degrees in Electronic
Engineering from Dankook University, Korea, in 1991, 1994
and 2008, respectively. Dr. Lee is currently a Professor in
the School of Information & Communication, Broadcasting

Engineering, Halla University. He is interested in HCI.



