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Stack

o
a

fgue Usedndynsena

naviau : stack

public interface Stack {
public boolean isEmpty () ;
public int size();
public void push (Object e);

public Object peek();
public Object pop();

LIFO

Last-In First-Out

ng"
nan

Stack s = new g, push ("A")
ArrayStack()
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s.push("B")

5 5
s.peek () s.pop ()
"B" ||B"
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Stack @R List

e Stack da list MisnANwazaudayaflaiaduiden

e 3519 Stack ee list wuude 9

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(); Composition
list.remove (list.size()-1); +
return e; Delegation
}
} 1ly stack gavaadiand @anaiaanuinisliy list vinea
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ArrayStack : &519 Stack @raansd

e aana ArrayCollection
o JLANALRAULRAWIZNATUNE

o ANAAUNAUDIANSE LG taLdN

ArrayStack s; size elementData
s = new ArrayStack(; [0] [ ]

s.push ("A") ; [a]

. push ("B") 2] [a]=]
s.push ("C"); ‘3 ‘ ‘ - ‘B‘ © ‘
s.pop () ; 2] [afs] | |
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public class ArrayStack implements Stack {
private Object[] elementData;
private int size;

public ArrayStack() { elementData = new Object[1l]; }
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] = elementDatali];
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;
}
}

Arat1vn1s iy Stack

e nMaaARauNsl&RY () {}[]...
e postfix :
— AsAIuadiwaldl postfix
— asudlasfiwail infix tdu postfix
* jvm
- AsBanLNian
— mMsdansiiudiayatinsizas jvm
[}
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ATATIARAUATIRILAL

egn:({L{ ()L {1 1})
e Aa : Wallalinsedu ({1)
e fig : fuflaannld ({()}

o An : ffaunld ({()}))}
e 399

| al

— ANUNNRLAI

— gufluraidudla i push av stack

%4

— tnluaaduile W pop a1n stack inesiagauiniu
< al al Q/ al al = 1
WAL aNesAusRulanwunda‘li

— fialmaenn pop 61 isEmpty uanein Hadiunl
— fiaaulgsanum stack fefitiaya usaain afiunn'lal
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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,
while (st.hasMoreTokens()) {
String token = st.nextToken();
if (open.indexOf (token) >= 0) { // W&uia ?
s.push (token) ;
} else {
int k = close.indexOf (token); // 7iduia ?
if (k >= 0) {
if (s.isEmpty()) error( "fhuduilaaunali" );

if (!s.pop() .equals (open.substring(k, k + 1))) // 4

error( "widuiatlaliasedAu" );

true);

Au ?

}
}

System.out.println("error :

} System.exit (-1);

! }

private static void error(String s) {

"+ s);

br.close();
if (!s.isEmpty()) error( "fhuduieaunld" );
System.out.println("ok");

}

© S. Prasitjutrakul 2005

22/10/48 8




UWU Infix way Postfix

e infix
—a+b*c/d-2, (@a+b)*c/(d-2)
— favAmnuaaIAuNITVINAauKadIUad operators
— liaduae
¢ postfix
—-abc*d/+2-, ab+c*d2-/
— 816 un15vinvuas operators Aaann dre’lilud

— Widndudaeiizodu
a b + c * d 2 - /
. <§>,/
O
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Evaluating Postfix Expression

©23+45-6*+ f@anvinls?
o #u5ald stack wravAIuaItinal postfix
e 331
— giAazaTu postfix anndiraldun
— é1ilu operand 19 push uav stack
— &ilu operator 1% pop operands ann stack AU

|
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ANTNANARITNWAU postfix

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
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operator Aavn1suNUTEINAKNA WA push NRANWES
— YiNL&sa A1nauazatn top of stack
| 2 3 + 4 5 - * 4
- O O OO -
3 4 -1 -6
2 5 5 5| -1
static double evalPostfix (List postfix) {
Stack s = new ArrayStack();
for (int 1 = 0; i < postfix.size(); i++) {

© S. Prasitjutrakul 2005
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 vl = ((Double)s.pop()) .doubleValue() ;
double v = 0;

if (token == OP.ADD) v = vl + v2;

else if (token == OP.SUB) v = vl - v2;
else if (token == OP.MUL) v = vl * v2;
else if (token == OP.DIV) v = vl / v2;

else assert false;
s.push (new Double (v));
}
}
if (s.size()
return ((Double)s.pop()) .doubleValue () ;
}

!= 1) throw new IllegalArgumentException();
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static enum OP {
ADD {double eval (double dl, double d2) {return dl1 + d2;} },
SUB {double eval (double dl, double d2) {return dl1 - d2;} },
MUL {double eval (double dl, double d2) {return dl1 * d2;} },
DIV {double eval (double dl, double d2) {return dl / d2;} };
abstract double eval (double dl, double d2);

) 14 enum a9 Java 5 194

< o o .
LANTA Teeifineg operations

static double evalPostfix(List postfix) ({
1dagTu enum OP

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 vl = ((Double)s.pop()).doubleValue();
s.push (new Double( ((OP) token).eval(vl,v2) ));
}

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

}
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Asudaefiwal infix tfu postfix

. List infix : <2, 4+, 3, * 4 >
+ List postfix 1 <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); 1

postfix.add(???); 14 stack 2etunisulas

return postfix;
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Aasudaefiwal infix tiu postfix

public static List infixToPostfix(List infix) {
List postfix = new ArrayList();
Stack s = new ArrayStack();
for (int i = 0; i < infix.size(); ++i) { 4—@,%73
Object token = infix.get (i); .
if (! (token instanceof OP)) {
postfix.add (token) ; 4—{ dwilu operand, \Ausialunadws ‘

} else { I
while( ?2? ) { & flu operator

postfix.add(s.pop()); *—] a1a pop operators Tu stack
} aanifunadng

ANGIEINTT push operator fTua

s.push (token); <

}
while (!s.isEmpty()) postfix.add(s.pop());
return postfix;

}

© S. Prasitjutrakul 2005 22/10/48 15

output 2 3 &
?

ansudaetinal infix 1y postfix
? A

T ﬁ
UL L

* ndayu + Mspadavvinnauuin J96ag pop * aannau push +

input

output 2 3
T t

-~ Tunnnne

+ wnau * arspadagvinnauuin I9daspush * iy 9% + ga pop nas *
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operator 7 top of stack u operator 6213

input e / ... ‘ o *3aau / (Ivaglu stack)
- o * {1 priority windu /
... ' | .. o 96 a9lvivin * Aau /
« pop * aan'lii output
input o *3nrau - (Juaglu stack)

v ]
Y o * 4§ priority 1nnnd1 -

... ' | - e Jusiavlvivia * Aau +
« pop * aan'luii output

pop ia priority( operator i top of stack) > priority( operator é21uai )

© S. Prasitjutrakul 2005 22/10/48 17

operator 7 top of stack fu operator 61w

input ’ e X c ‘ e + ynnau * (Ivaglu stack)

e + il precedence yaanin *
o + gavsalii * vinnau

o (19" pop + aan'llfi output

‘lai pop Wia priority( operator i top of stack) < priority( operator é1u )

} 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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Wi priorities uavy operator 1#fiu enum OP

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

int prioritv: Aad OP §i 4 aaiand
int prioraty; usiazaailianeify priority
OP (int p) { priority = p; } Gn9fY

} 1

static enum OP {

ADD (10) {double eval (double dl, double d2) {return dl + d2;} },
SUB (10) {double eval (double dl, double d2) {return dl - d2;} },
MUL (30) {double eval (double dl, double d2) {return dl1 * d2;} },
DIV (30) {double eval (double dl, double d2) {return dl / d2;} };

abstract double eval (double dl, double d2);
int priority;
OP (int p) { priority = p; } |OP \{lu abstract class §i 4 subclasses
} s519aatlandlei subclass ave
weag subclass snvAunsIuvian eval
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fudiaudiuilafrodulu infix

o AMaluddutiiaududinaiitas Adavvinnau
— wuvdile AaGuarsudasiinaiitas
— wuvtduila Aaaunisudasdwailtias

e AR A TAETauilu operator

4 ar
% y

2 f ( 3 + 4 )
T R —  — —-—
+ + |+
@
* * * * *

e winvduLilagavgn push Laua
o waaglu stack 2otduiiladl priority enunn gawueine operators NALUUTAMINNN
e WinILRUTla [ufiwaltae davas pop aan output Auwu LA LLTA

output 2 3
* *

input

*
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Asudav infix (finvtau'lé) ilu postfix

if (! (token instanceof OP)) {

}

postfix.add (token);
} else {

OP op =

if ( op == OP.CLOSEPAREN ) {

(OP) token;

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

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

} else {

while( op != OP.OPENPAREN && !s.isEmpty() &&
((OP) s.peek()) .priority >= op.priority ) {
postfix.add(s.pop());

} static enum OP {
s.push (token) ;
OPENPAREN (0) , CLOSEPAREN(O) ;

ADD (10), SUB(10), MUL(30), DIV (30),

© S. Prasitjutrakul 2005
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ALY AAANAY

Tu Java t@3a9nune A winu xor
22l N ununisanaiiay (Luunixn Basic)
— 372 d@vindu 9
— Taavlddndau 34243 fiawvindu 3/(243)
F 5
3* =3
— W&AIIN N AzvinwuuuINUgE

[%
Q/ Q-

AIUU

2 2
—infix: (6 A4)A2+5A342 @a (64) +5°

—postfix:6 4 A2~A53 2 AN+
95U infixToPostfix way OP 1#5dan A

[v)
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& al (=
UUKRDUANTLIELALNN 6

01: || public class Test{

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

04: }

05: void a() { b(); }

06: void b() { c(); }

07: void c() {

08: try {

09: int a = 0;

10: int b = 3 / a;

11: } catch( Exception e ) {

12: e.printStackTrace();

13: }

14: } java.lang.ArithmeticException: / by zero
15: ||} at Test.c(Test.java:10)

at Test.b(Test.java:6)
at Test.a(Test. java:5)
at Test.main (Test.java:3)
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jvm 1df stack tAuga1uzn1si3anNan

0l1l: || public class Test{

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

04: }

05: void a() {

06: b(); ///”"‘*‘\\\\

07: } N~

08: void b() {

09: c();

10: }

11: void c() {

12: }

13:]}

Test . .main:03

\\\\___i___////
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jvm 14 stack tAugatugn1sizaniuian

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

public class Test({

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

}

void a() {
b(); T

void b() {
c();

}

void c() {

}

} Test.a:06
Test.main:03

\\\\___£_~_////
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jvm 14 stack tAugaugnsizaniuian

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

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

}
void a() {

b(); o
} v
void b() {

}C();j

void c() {
} Test.b:09

} Test.a:06

Test .main:03

\\\\___£_~_////
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jvm 14 stack tAuga1uzAs3aALNan

01:
02:
03:
04:
05:
06:
07:
08:
09:
10:

11:
ll’ 12:

13:

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

}
void a() {
b(); T
} \\\\h____~_////
void b () {
c();
}
void c() {
} Test.b:09
} Test.a:06
Test.main:03

\\\\___i_~_////
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jvm 1df stack tAuga1uzn1si3anNan

0l1l: || public class Test{
02: public static void main(String[] args) {
03: new Test () .a();
04: } ——
05:|| wvoid a() { o7 K
06: b(); ’ ////-—T—“\\\\
07:|| '} N
08: void b () { I’
09: c(); 1
||’ 10: } N
4 11: void c() { /
I 12: } 1
. 13:]1} ) Test.a:06
\ ; Test.main:03
N .
S~ Test.b:09 .
v
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jvm 14 stack tAugatugn1sizaniuian

01: || public class Test{
02: public static void main(String[] args) {
03: new Test () .a();
04: } e
05:|| wvoid a() { o7 K
06: b(); ’ /—:\
‘ 07:]| ) P N
L |08 void b() { )
X 09: c(); !
I |10: } )
: 11: void c() { I’
|| 12: } ]
v (13:} J
\ 1
Y v Test.main:03
N .
S~___-- Test.a:06 .

u
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jvm 14 stack tAugaugnsizaniuian

01l: || public class Test({
02: public static void main(String[] args) {
03: new Test () .a();
‘ 04: } e
A |05:]| wvoid a() { 27 R
! 06: b(); r— T
1 / 1
1 07: } ] v
: 08: void b () { I’
1 09: c(); !
Voo |] ) /
1 11: void c() { l’
V|12 } :
\\ 13: (|} ,l
\\ v
\\ .
S---- Test.main:03 .
w
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jvm 14 stack tAudiayathnsnuadiunian

0l1l: || public class Test{

02: public static void main(String][]
03: new Test () .a(3);
04: }
‘ 05: void a(int d) {
06: int x, y;
07: e
08: b(x, 2*d);
09: }

args) {

parameters way local variables 619 9 analu
wiiaa Uldawizaaluwvian

wwllauindaus d, x, y (e Wawviaa a gn
3an wag wie'ldudia return aanann a

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

u
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jvm 14 stack tAudiayatinsiuadinnian

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

14: (|}

0l1l: || public class Test{

public static void main(String][]
new Test () .a(3);

}

void a(int d) {
int x, y;

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

y) {

args) {

N~

int x, y
int a
Test.a:08

int d = 3
int x, y

© S. Prasitjutrakul 2005

Test . .main:03

~ -
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jvm 14 stack 3mn15 recursive calls

02:
03:
04:
ll‘ 05:
06:
07:
08:
09:

10: |}

01: || public class Test{

public static void main(String[] args) {
System.out.println(new Test () .a(3));

}

int fac(int d) {
if (d == 0) return 1;
int dl1 = fac(d-1);
return d * di;

}

N

© S. Prasitjutrakul 2005

d =3
Test .main:03

-
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jvm 14 stack 2amn15 recursive calls

01l: || public class Test({

02: public static void main(String[] args) {

03: System.out.println(new Test () .a(3));

04: }

05: int fac(int d) {

06: if (d == 0) return 1; N
‘ 07: int dl = fac(d-1);

08: return d * di;

09: }

10: |}

© S. Prasitjutrakul 2005

d =3
Test .main:03
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jvm T4 stack ¥mn15 recursive calls

02:
03:
04:
ll’ 05:
06:
07:
08:
09:

10: |}

0l1l: || public class Test{

public static void main(String[] args) {
System.out .println(new Test () .a(3));

}

int fac(int d) {
if (d == 0) return 1;
int dl1 = fac(d-1);
return d * di;

}

N
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d=2
Test.fac:07

d=3
Test .main:03
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jvm 14 stack 2amn15 recursive calls

0l1l: || public class Test{

02: public static void main(String[] args) {

03: System.out .println(new Test () .a(3));

04: }

05: int fac(int d) {

06: if (d == 0) return 1; \\\\\__¥__’////

q 07: int dl = fac(d-1);

08: return d * di;

09: }

10:||}
d =2
Test.fac:07
d =3
Test.main:03

\\\\\__;__’////
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jvm 14 stack 3mn15 recursive calls

01: || public class Test{

02: public static void main(String[] args) {
03: System.out.println(new Test () .a(3));
04: }
‘ 05: int fac(int d) {
06: if (d == 0) return 1; N
07: int dl1 = fac(d-1);
08: return d * di;
09: }
10: ]} w=a
Test.fac:07
d =2
Test.fac:07
d =3
Test.main:03
~_ .
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jvm 14 stack 2amn15 recursive calls

01l: || public class Test({

02: public static void main(String[] args) {

03: System.out.println(new Test () .a(3));

04: }

05: int fac(int d) {

06: if (d == 0) return 1; N

‘ 07: int dl = fac(d-1);

08: return d * di;

09: }

10: [} 2=
Test.fac:07
d =2
Test.fac:07
d =3
Test.main:03

~_ .

© S. Prasitjutrakul 2005

22/10/48 38

jvm T4 stack ¥mn15 recursive calls

0l1l: || public class Test{
02: public static void main(String[] args) {
03: System.out .println(new Test () .a(3));
04: }
‘ 05: int fac(int d) {
06: if (d == 0) return 1; ~—
07: int dl1 = fac(d-1); d=20
08: return d * di; Test.fac:07
09: }
10: ]} e =
Test.fac:07
d =2
Test.fac:07
d=3
Test .main:03
~_ .
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jvm 14 stack 2amn15 recursive calls

0l1l: || public class Test{
02: public static void main(String[] args) {
03: System.out .println(new Test () .a(3));
04: }
05: int fac(int d) {
‘ 06: if (d == 0) return 1; ~—
07: int dl1 = fac(d-1); d=20
08: return d * di; Test.fac:07
09: }
10: ]} e =
Test.fac:07
d =2
Test.fac:07
d=3
Test . .main:03
~_ .
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jvm 14 stack 3mn15 recursive calls

02:
03:
04:
05:
06:

‘07:
08:

09:

10: |}

01: || public class Test{

public static void main(String[] args) {
System.out.println(new Test () .a(3));

}

int fac(int d) {
if (d == 0) return 1;
int dl1 = fac(d-1);
return d * di;

}

N~

d=1,d1 =1
Test.fac:07
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d =2
Test.fac:07

d =3
Test . .main:03

~_ .
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jvm 14 stack 2amn15 recursive calls

01l: || public class Test({
02: public static void main(String[] args) {
03: System.out.println(new Test () .a(3));
04: }
05: int fac(int d) {
06: if (d == 0) return 1; ~—
07: int dl1 = fac(d-1);
‘ 08: return d * di;
09: }
10: |} d=1,d1 =1

© S. Prasitjutrakul 2005

Test.fac:07

d=2
Test.fac:07

d =3
Test .main:03

~_ .
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jvm T4 stack ¥mn15 recursive calls

02:
03:
04:
05:
06:
ll‘ 07:
08:
09:

10: |}

0l1l: || public class Test{

public static void main(String[] args) {
System.out .println(new Test () .a(3));

}

int fac(int d) {
if (d == 0) return 1;
int dl1 = fac(d-1);
return d * di;

}

N~

© S. Prasitjutrakul 2005

d=2,d1l =1
Test.fac:07

d=3
Test .main:03

~ .
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jvm 14 stack 2amn15 recursive calls

0l1l: || public class Test{
02: public static void main(String[] args) {
03: System.out .println(new Test () .a(3));
04: }
05: int fac(int d) {
06: if (d == 0) return 1; ~—
07: int dl1 = fac(d-1);
‘ 08: return d * di;
09: }
10: |}
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d=2,d1 =1
Test.fac:07

d=3
Test . .main:03

~ .

22/10/48 44




jvm 14 stack 3mn15 recursive calls

02:
03:
04:
05:
06:

‘07:
08:

09:

10: |}

01: || public class Test{

public static void main(String[] args) {
System.out.println(new Test () .a(3));

}

int fac(int d) {
if (d == 0) return
int dl1 = fac(d-1);
return d * di;

}

1;

N~

© S. Prasitjutrakul 2005

d =3,d2 = 2
Test .main:03
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jvm 14 stack 2amn15 recursive calls

01:
02:
03:
04:
05:
06:
07:

‘08:
09:

10:

public class Test({

public static void main(String[] args) {
System.out.println(new Test () .a(3));

}

int fac(int d) {
if (d == 0) return 1;
int dl1 = fac(d-1);
return d * di;

N~
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d =3,d2 =2
Test .main:03
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