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Abstract

Process synchronization is one of the most difficult subject for students learning the Operating System
courses. It is due to the fact that concurrent process environment, where many events occur at the same
time, is difficult to understand for ordinary human who thinks only one thing at a time. Classical
synchronization examples like the Bounded buffer problem or the Dining philosopher problem fail to hook
attention and interest from lower grade students who just begin to study the Operating System courses in
college because these examples are either too technical or too unrealistic. In this paper we propose
another synchronization example named the Bank account problem as an alternative to the classical ones.
Bank account problem is proved to succeed getting high interest and understanding from the student as it

1s easy and realistic, and almost every student has the experience using bank account in real life. Various

ANTAAL © FE A e ANA AL - FE A
Eud : 2014. 8. 26, HAIY : 2014. 9. 23, AMEHL : 2014. 11. 10.
* AAdetm HAFE TR (School of Computer Engineering, Kyungsung University)



360 Journal of The Korea Society of Computer and Information December 2014

synchronization subjects including controlling the execution sequence of each process, incorrect result due

to the race conditions, use of semaphores, deadlock, and monitor are considered to apply them to the Bank

account problem.

» Keywords : process synchronization,
education, operating system
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class BankAccount {
int balance:; /7 Tl
void deposit(int amount) { V=
balance = balance + amount;// Xl =7}
}
void withdraw(int amount) { /) &2
balance = balance - amount;// Xt Zi
}
int getBalance() {
return balance;

}
}

T2 1. X} olojz= Fsist 2aiEt Selia
Fig. 1. BankAccount class in Java language
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class Parent extends Thread { // B2 M=
BankAccount b;
int count;
Parent(BankAccount b, int count) {
this.b = b;
this.count = count;
}
public void run() {
for (int i=0; iKcount; i++)
// 18 count 1 &=
b.deposit(1);
}
}

class Child extends Thread { // Rid M=
BankAccount b;
int count;
Child(BankAccount b, int count) {
this.b = b;
this.count = count;
}
public void run() {
for (int i=0; i{count; i++)
// 18 count 1 &3
b.withdraw(1);

02 2. F@ot X Me=
Fig. 2. Parent and Child threads
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class Test {

static final int MAX = 100; // &2 sl
public static void main(String() args) {
// SEAEE MET
BankAccount b = new BankAccount();
// B2 M=o}
Parent p = new Parent(b, MAX);
[/ KA MeEE TlE &
Child ¢ = new Child(b, MAX):
// 22t AEAZICE
p.start();
c.start();

08 3. HAE Z2T (main Z203)
Fig. 3. Test program (main program)
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void deposit(int amount) {
/7 Q2 Al "+ &3
System, out. print(“+");
balance = balance + amount;

}

void withdraw(int amount) {
/&2 A - &

System, out. print(”-");

balance = balance - amount;

T2l 4. UEF TAP 2o|=F 3= #HA
Fig. 4. Modifying code to show deposit/withdraw actions
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void deposit(int amount) {
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System.out.print("+"):// AR+ X|od
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}
void withdraw(int amount) {
/] BT S AT Kt
int temp = balance - amount;
System.out.print(""); // Azt X|ed &
balance = temp; // Tl Hjo|E
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class Test {

static final int MAX = 100;

public static void main(String() args) throws
InterruptedException {
BankAccount b = new BankAccount();
Parent p = new Parent(b, MAX);
Child ¢ = new Child(b, MAX);
p.start():// F2 M=ot
c.start():// AAl M= 224 A =
p.join();// 2o} KAl Maj|=7t
c.join():// 24zt EZ=5P |8 7kt
System.out.printin(“Final bal ance =

+ b.getBalance());// 2I& Tl &2

T8I 5. @iEaE BRof Xiet AR 3}
Fig. 5. Adding delay in deposit/withdraw actions
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Fig. 6. Modifying code to show the final balance
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import java.util.concurrent.Semaphore;

class BankAccount {
int balance:
Semaphore sem;
BankAccount() {
sem = new Semaphore(1);// 713t = 1
}

void deposit(int amount) { /) o
try {
sem.acquire(); // T A acquire()

} catch (InterruptedException e) {}
int temp = balance + amount;
System.out.print("+");
balance = temp;
sem.release(); // L2 % release()
}
void withdraw(int amount) {
try {
sem.acquire(); // T A acquire()
} catch (InterruptedException e) {
int temp = balance - amount;
System.out.print("-");
balance = temp;
sem.release();

/&=

// U2 & release()
}
int getBalance() {
return balance;
}
}

2l 7. Akt 2FE WX[st BankAccount Sz
Fig. 7. Preventing incorrect result in BankAccount class
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class BankAccount {
int balance;
synchronized void deposit(int amount) {
int temp = balance + amount;
System.out.print("+");
balance = temp;
notify();// At Me|=5 7HIECE
}
synchronized void withdraw(int amount) {
// THeo| £E51H EZFCE
while (balance { amount)
try {
wait();
}
catch (InterruptedException e) {}
int temp = balance - amount;
System.out.print("");
balance = temp:
}
int getBalance() {
return balance;

}

}

72| 8. ZLE{E AKESt BankAccount A
Fig. 8. Using Monitor in BankAccount class
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Table 2. Result of course outcome in process management
oz 2010 2011 2012 2013
e 3.8 3.9 4.3 4.2

ez 24 A8 Aol ®1e] T8 BAlY) Hhow xa
Az 571512 £ o] Wl EB9EY), A8 Fole B
SPYFe] TeAs /1818 /1Y mhol € FAlzka Wk
itk B7e SyEel WA Q% Bl Hele] E 39 b
ERSITh £& E18 BA Aol SIS Bt olhe

& s e 20104 281
2 470 W82 Heldt Aoln, A

HE 201349 28717}
Z7kolg 2 Ho) B

¥ 3. =ollM 71 =20| E FH|
Table 3. Most helpful subjects in the class

- Z2MIA S7(5j0l| Chsl UA| =lof F

- 7 2 =i 242 MpkEofolct,
- QoM THY E T7|oo| He FEE CPUAMIEZD Z2AlA
575t F20|UH A 25t

- Process Management |7} 718 20| 20| =AUt

- Process &7|3l0l| CHSt ojopr| ct.
- ZEMA 275 24|

- CPUAMER, =244 57(51 52
Al EliE Zd ZE5HCk

EUELICE

ofatfst 2ol ChoiAl 2




YA BAE AR ZRA2 B3 &

367

H 4, ATy ol W "ololdl
Table 4. Yearly class sizes and evaluation participants

= 2010 2011 2012 2013
el 51 44 62 23
Wield 42 42 53 18
8lE(%) 82 95 85 78

AQee & 45 2
viL 2 &

SN EFAA H5-S s euM s 7
Mg SR ofYste FAl Bl ZEA A B3
o g W&ol et

AP0 FGAA A ME e Wu A4, $7]-227]

sl AEA A 55 AHgsle] 5718E Ael
3 e, o] Udveze sRIEY InE o|Tefuir]7t
3 oot AAsle At ZA7F 1 F 7P da A

A,

=l

El

g FAGA T AA AR A4 Rolrt A o}
SHEL 71318 O 2% AoE HAL ¢ IA
ofel FAIQl A o=Zut Hho} S}, sy|w 2ol 7t AR

ZAMAN = diche Bae] 71 o &
shela gt

a8y 2AF BAE AEA B8 Al gA e
o SREl= B §hgo] A depxtt Qo] 29A|
A AEelA 71 FW S FAE ZEA 2~ Bk §
ke SMIE wol AT o] FAll tig s34 A
71Z 3.9/ 4.328 37 =T

A A AMge] T wiel AR FaFHS U7
S At AR EAE gGAs0] AUAANA 7
B4 3] du e UEY ¥ ol sk wd
o3 7k %o QE 718 BAlY TaAE IRE
71A staL giet.

LPAF FAF Z2A 2 B8 w2 9 MY &
A FAR I £ §lS Holth FF o] EAE S o
Felslar rfishs Wt el ATelEm Eet oS f7b
S M2 oflA2] stel] A AFstaat et ofgE
AlZkel g o 2 s B4 5 718 ATl A e W)
£ 2PAF A AL EH F7s] wE T 24
So A7E e U Aol

ot ZA A B

fl EXL

K

g=1
3
T

=
R

r o mlo e

(1)

nz

o

A. Silberschatz, P. B. Galvin, and G. Gagne,
Operating System Concepts with Java, 8th
edition, John Wiley & Sons, Inc., 2010

W. Stallings, Operating Systems: Internals and
Design Principles, Tth edition, Prentice Hall,
2011

A. 8. Tanenbaum and H. Bos, Modern
Operating Systems, 4th edition, Prentice Hall,
2014

A. D. Fekete, "Teaching about Threading:
Where and What?’, ACM SIGACT News, vol .40,
no.1, pp.51-57, Mar 2009

C-K Shene,
Strengthen an Operating Systems Course”,
Computer Sci. Edu, vol.12, pp.275-299, 2002
H. Jarvinen, M. Tiusanen, and A. Virtanen,

"Multithreaded Programming Can

“Convit, a Tool for Learning Concurrent
Programming’, Proc of World Conférence on
FE-Learning in  Corporate, Government,
Healthcare, and Higher FEducation,
pp.2220-2223, 2003

R. Oechsle and T. Schmitt, ‘JAVAVIS:

Automatic Program Visualization with Object
and Sequence Diagrams Using the Java Debug
Interface (JDI)", Lecture Notes In Computer
sl 2269, Springer-Verlag, pp.672-675,
2002

K. Mehner, “JaVis: A UML-Based Visualization

and Debugging Environment for Concurrent Java

vol.

Programs’, Lecture Notes In Computer Science,
vol. 2269, Springer-Verlag, pp.163-175, 2002
and C.

to Dynamically

H. Leroux, A. Requile-Romanczuk,
"JACOT: A Tool
Visualise the Execution of Concurrent Java
Proc of the Znd International Conf
on Principles and Practice of Programming in
Java (PPPJ 2003), pp.201-206, 2003

S.  Carr, J. and C-K Shene,
"ThreadMentor: Tool  for

Mingins,

Programs,”

Mayo,
A Pedagogical



368 Journal of The Korea Society of Computer and Information December 2014

Multithreaded Programming’, ACM Journal on
FEducational Resources in Computing, Vol.3,
No.1, 2003

(11) G. Malnati, C. M. Cuva, and C. Barberis,
"JThreadSpy: Teaching Multithreading
Programming by Analyzing Execution Traces’,
Proc of the 2007 ACM Workshop on Parallel
and  Distributed Systems:  Testing and
Debugging, pp.3-13, 2007

(12) S. Robbins, "Experimentation with Bounded
Buffer Synchronization”, Proc of the 3lst
SIGCSE Technical Symp on Computer Science
FEducation, pp. 330-334, 2000

(13) W. Campbell and E. Bolker, “Teaching
Programming by Immersion, Reading and
Writing”, Proc of 32nd ASEE/IEEE Frontiers in
Fducation Conference, Boston, MA, Nov 2002

(14) G. Nutt, Operating Sustems - A Modern
Perspective, 2nd ed., Addison-Wesley, 2002

(15) S. Oaks and H. Wong, Java Threads, O'Reilly
& Assoc., Inc, 1997

(16) C. A. R. Hoare, "Monitors: An Operating
System Structuring Concept’, Communications
of the ACM, Vol. 17, No. 10. pp.549-557, Oct
1974

(17 E.  W. Dijkstra, “Cooperating Sequential
Processes’, Technological University, Eindhoven,
The Netherlands, Sept 1965

(18) S. J. Hartley, "Alfonse, Wait Here For My
Signal!”, ACM SIGCSE, pp.58-62, Mar 1999

(19) Accreditation Board for Engineering Education
of Korea, http://www.abeek.or.kr

(20) K. Kim, J.Song, and T. Lee, "Effect of Digital
Storytelling based Programming Education on
Motivation and Achievement of Students in
Elementary school”, J. of the Korea Society of
Computer and Information, vol.14, no. 1,
pp.47-55, Jan 2009

1985: 3tgk
AAZ} 3,

1987: @}817149 (KAIST)
AR FEA)

1991: =787 (KAIST)
AL g

1991-8A): 73/ ddigta

AREZAR 35

BRok FFETE, QMIDi=AE

Email : hjyang@ks.ac.kr



