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public interface Stack {

public boolean isEmpty();

public int size();

public void push(Object e);

public Object peek();

public Object pop();

}

Stack s = new 
ArrayStack()

s.push("A")

"A"

s.push("B")

"A"

"B"

s.peek()

"A"

"B"

"B"
s.pop()

"A"

"B"

LIFO

Last-In First-Out
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public class ArrayListStack implements Stack {
private ArrayList list = new ArrayList();

public boolean isEmpty() {return list.isEmpty();}

public int size() {return list.size();}

public void push(Object e) {list.add(list.size(),e);}

public Object peek() {
if (isEmpty()) throw new NoSuchElementException();
return list.get(list.size()-1);}

public Object pop() {
Object e = peek();
list.remove(list.size()-1);
return e;

}
}
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0

elementDatasize

A1

A2 B

A3 B C

A2 B

s = new ArrayStack();

ArrayStack s;

s.push("A");

s.push("B");

s.push("C");

s.pop();
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public class ArrayStack implements Stack {
private Object[] elementData;
private int size;

public ArrayStack() { elementData = new Object[1]; }
public boolean isEmpty() { return size == 0; }
public int size() { return size; }
public void push(Object e) {

if (size == elementData.length) {
Object[] newA = new Object[2*elementData.length];
for(int i=0; i<elementData.length; i++)

newA[i] = elementData[i];
elementData = newA;

}
elementData[size++] = e;

}
public Object peek() {

if (isEmpty()) throw new NoSuchElementException ();
return elementData[size-1];

}
public Object pop() {

Object e = peek();
elementData[--size] = null;
return e;

}
} & !'�()#*+",-")#%-.���/ ��0��012 T
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public static void main(String[] args) throws IOException {
BufferedReader br = new BufferedReader( new FileReader("g.txt"));
String line;
String open = "{([", String close = "})]", openclose = open + close;
Stack s = new ArrayStack();
while ((line = br.readLine()) != null) {

StringTokenizer st = new StringTokenizer(line, openclose, true);
while (st.hasMoreTokens()) {

String token = st.nextToken();
if (open.indexOf(token) >= 0) � // =���S���c<�f

s.push(token);
} else {

int k = close.indexOf(token); // =���S��c<�f
if (k >= 0) {

if (s.isEmpty()) error� g�8=���S��c<���R�g ��
if (!s.pop().equals(open.substring(k, k + 1))) // ��>�P �f

error� g=���S���c<�c<R�>����P g ��
}

}
}

}
br.close();
if (!s.isEmpty()) error� g�8=���S���c<���R�g ��
System.out.println("ok");

}

private static void error(String s) {
System.out.println("error : " + s);
System.exit(-1);

}



& !'�()#*+",-")#%-.���/ ��0��012 h

 
:� K�iD[+\�;�	�(A*"[+\

7 +D[+\
] #�E�j�k�$�0�l�] �m����U#�E�jV�k�$�0�Ul�] �V�
] �����M�I <�M�<P�����M��>� I�P�����ACG)#"A)*
] L��=���S��>=�

7 CA*"[+\
] #�j�$�k�l�0�E���] m���#�j�E�$�k�l���n 0
] �M�<P�����M��� ����ACG)#"A)*��������3���R��=�
] R�>�M���̂ �����8=���S�

a   b   +   c   *   d    2   - /
1

2
3

4
& !'�()#*+",-")#%-.���/ ��0��012 ��

e_#.-#"+DH�(A*"[+\�e\C)G**+AD

7 ��5�E�1�/�] T�k�E���8�>���>�R��f
7 �����aL���*"#$%��>=�I��>���� 
:� K�CA*"[+\
7 =
�8�M�
] <��8�	�P=L �CA*"[+\����3���R��=�
] a����̂ �ACG)#Dl�LI��C-*d�����*"#$%
] a����̂ �ACG)#"A)�LI��CAC�ACG)#Dl*�����*"#$%�����89�
ACG)#"A)������������	�=�b��;��=�C-*d�b��P:�K
] �M����S���M�����	���>�89�"AC�A[�*"#$%

2    3    +    4    5    - 6    *    +

2 2
3

5 5
4

5
4
5

5
-1

5
-1
6

5
-6

-1

& !'�()#*+",-")#%-.���/ ��0��012 ��

���I��>���� 
:� K�CA*"[+\

public class Postfix {
static enum OP {ADD, SUB, MUL, DIV};

public static void main(String[] args) {
List postfix = new ArrayList();
postfix.add(new Double(2));
postfix.add(new Double(3));
postfix.add(OP.ADD);
postfix.add(new Double(4));
postfix.add(new Double(5));
postfix.add(OP.SUB);
postfix.add(new Double(6));
postfix.add(OP.MUL);
postfix.add(OP.DIV);
System.out.println(evalPostfix(postfix));

}
...

2    3    +    4    5    - 6    *    +
& !'�()#*+",-")#%-.���/ ��0��012 ��
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static double evalPostfix(List postfix) {
Stack s = new ArrayStack();
for (int i = 0; i < postfix.size(); i++) {
Object token = postfix.get(i);
if (!(token instanceof OP)) {
s.push(token);

} else {
if (s.isEmpty()) break;
double v2 = ((Double)s.pop()).doubleValue();
if (s.isEmpty()) break;
double v1 = ((Double)s.pop()).doubleValue();
double v = 0;
if (token == OP.ADD) v = v1 + v2;
else if (token == OP.SUB) v = v1 - v2;
else if (token == OP.MUL) v = v1 * v2;
else if (token == OP.DIV) v = v1 / v2;
else assert false;
s.push(new Double(v));

}
}
if (s.size() != 1) throw new IllegalArgumentException();
return ((Double)s.pop()).doubleValue();

}
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static enum OP {
ADD {double eval(double d1, double d2) {return d1 + d2;} },
SUB {double eval(double d1, double d2) {return d1 - d2;} },
MUL {double eval(double d1, double d2) {return d1 * d2;} },
DIV {double eval(double d1, double d2) {return d1 / d2;} };
abstract double eval(double d1, double d2);

}

static double evalPostfix(List postfix) {
Stack s = new ArrayStack();
for (int i = 0; i < postfix.size(); i++) {

Object token = postfix.get(i);
if (!(token instanceof OP)) {

s.push(token);
} else {

if (s.isEmpty()) break;
double v2 = ((Double)s.pop()).doubleValue();
if (s.isEmpty()) break;
double v1 = ((Double)s.pop()).doubleValue();
s.push(new Double( ((OP) token).eval(v1,v2) ));

}
}
if (s.size() != 1) throw new IllegalArgumentException();
return ((Double)s.pop()).doubleValue();

}

L���GD-B�����o#_#�/�LI�
��S��89��<������ACG)#"+AD*�
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• List infix : < 2, +, 3, * 4 >

• List postfix : < 2, 3, 4, * + >

public static List infixToPostfix( List infix ) {
List postfix = new ArrayList();
Stack s = new ArrayStack();
for (int i = 0; i < infix.size(); ++i) {
Object token = infix.get(i);
...
postfix.add(???);
... 

}
...
return postfix;

}

L���*"#$%��>=�L ���;���
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public static List infixToPostfix(List infix) {
List postfix = new ArrayList(); 
Stack s = new ArrayStack();

return postfix;
}

for (int i = 0; i < infix.size(); ++i) {
Object token = infix.get(i);
if (!(token instanceof OP)) { 
postfix.add(token); 

} else {
while( ??? ) {
postfix.add(s.pop());

} 
s.push(token);

}
}
while (!s.isEmpty()) postfix.add(s.pop());
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2    *    3      +      4

2 3
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output * 4 +

* * + +
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2 3
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output 4 *
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} else {
OP op = (OP) token;
while (!s.isEmpty() && 

((OP) s.peek()).priority >= op.priority) {
postfix.add(s.pop());

}
s.push(token);

}
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static enum OP {
ADD(10), SUB(10), MUL(30), DIV(30);

int priority;
OP(int p) { priority = p; }

}

�����p(��8�1��������K�
;�>�	�������K��S��C)+A)+"O�
�>���P 

static enum OP {
ADD(10) {double eval(double d1, double d2) {return d1 + d2;} },
SUB(10) {double eval(double d1, double d2) {return d1 - d2;} },
MUL(30) {double eval(double d1, double d2) {return d1 * d2;} },
DIV(30) {double eval(double d1, double d2) {return d1 / d2;} };

abstract double eval(double d1, double d2);
int priority;
OP(int p) { priority = p; }

}
p(���̂ �#j*")#$"�$.#**��8�1�*-j$.#**G*�
������������KLI��*-j$.#**��	�P=
;�>�	�*-j$.#**��>���P ����89���S�<�G_#.
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if (!(token instanceof OP)) { 
postfix.add(token); 

} else {
OP op = (OP) token;

while(                        !s.isEmpty() && 
((OP) s.peek()).priority >= op.priority ) {

postfix.add(s.pop());
}
s.push(token);

}
}

static enum OP {
ADD(10), SUB(10), MUL(30), DIV(30),
OPENPAREN(0), CLOSEPAREN(0);
...

}

if ( op == OP.CLOSEPAREN ) {
while(s.peek() != OP.OPENPAREN) {
postfix.add(s.pop());

}
s.pop(); // pop the open paren

} else {        

op != OP.OPENPAREN &&
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public class Test{
public static void main(String[] args) {
new Test().a();

}
void a() { b(); }
void b() { c(); }
void c() {
try {
int a = 0;
int b = 3 / a;

} catch( Exception e ) {
e.printStackTrace();

}
}

}
java.lang.ArithmeticException: / by zero

at Test.c(Test.java:10)
at Test.b(Test.java:6)
at Test.a(Test.java:5)
at Test.main(Test.java:3)

01:
02:
03:
04:
05:
06:
07:
08:
09:
10:
11:
12:
13:
14:
15:
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public class Test{
public static void main(String[] args) {
new Test().a();

}
void a() {
b();

}
void b() {
c();

}
void c() {
}

}

01:
02:
03:
04:
05:
06:
07:
08:
09:
10:
11:
12:
13:

.
.
.

Test.main:03
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public class Test{
public static void main(String[] args) {
new Test().a();

}
void a() {
b();

}
void b() {
c();

}
void c() {
}

}

01:
02:
03:
04:
05:
06:
07:
08:
09:
10:
11:
12:
13:

.
.
.

Test.main:03

Test.a:06
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public class Test{
public static void main(String[] args) {
new Test().a();

}
void a() {
b();

}
void b() {
c();

}
void c() {
}

}

01:
02:
03:
04:
05:
06:
07:
08:
09:
10:
11:
12:
13:

.
.
.

Test.main:03

Test.a:06

Test.b:09
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public class Test{
public static void main(String[] args) {
new Test().a();

}
void a() {
b();

}
void b() {
c();

}
void c() {
}

}

01:
02:
03:
04:
05:
06:
07:
08:
09:
10:
11:
12:
13:

.
.
.

Test.main:03

Test.a:06

Test.b:09
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public class Test{
public static void main(String[] args) {
new Test().a();

}
void a() {
b();

}
void b() {
c();

}
void c() {
}

}

01:
02:
03:
04:
05:
06:
07:
08:
09:
10:
11:
12:
13:

.
.
.

Test.main:03

Test.a:06

Test.b:09
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public class Test{
public static void main(String[] args) {
new Test().a();

}
void a() {
b();

}
void b() {
c();

}
void c() {
}

}

01:
02:
03:
04:
05:
06:
07:
08:
09:
10:
11:
12:
13:

.
.
.

Test.main:03

Test.a:06
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public class Test{
public static void main(String[] args) {
new Test().a();

}
void a() {
b();

}
void b() {
c();

}
void c() {
}

}

01:
02:
03:
04:
05:
06:
07:
08:
09:
10:
11:
12:
13:

.
.
.

Test.main:03
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public class Test{
public static void main(String[] args) {
new Test().a(3);

}
void a(int d) {
int x, y;
...
b(x, 2*d);

}
...

01:
02:
03:
04:
05:
06:
07:
08:
09:
...

,_B�L���*"#$%���S��������P9=���=������S�<
.
.
.

int d = 3
int x, y
Test.main:03
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public class Test{
public static void main(String[] args) {
new Test().a(3);

}
void a(int d) {
int x, y;
...
b(x, 2*d);

}
void b(int x, y) {
int a;
...

}
}

01:
02:
03:
04:
05:
06:
07:
08:
09:
10:
11:
12:
13:
14:

.
.
.

int d = 3
int x, y
Test.main:03

int x, y
int a
Test.a:08
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