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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
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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;

}
}

21 1. X} Aoz ESisH 23AE} Z2ia
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. F2ot X M=
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();

O8] 3. HAE Z2T3 (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 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. @iEa BEof Xiet AR}
Fig. 5. Adding delay in deposit/withdraw actions

J2l 6. S RS S| E26lcs o8
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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