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public double computeAverage(int how many)

{

double total points = 0.0; // &
int count = 0; // €Ot 2R/ULL? FZ FIR2E

while (count != how many)
// Of gr=s0ict Crg8 BtSEeitt, FZ =HA (loop invariant)
//  total score == exam 1 + exam 2 + ... + exam count
{
// ANEESE 98 E=C.

String input = JOptionPane.showInputDialog
("Type next exam score:");

int score = new Integer(input).intValue();

total points = total points + score; // 55

count = count + 1;
// TNHAME QU

System.out.println("count = " + count +
"; total = " + total points);
}
// BE: total points == exam 1 + exam 2 + ... + exam how many

return (total points / how many);




csexeEmauuNwes @0 0 0 oo
2 =HA] (Loop Invariant)
O

A OHE AR [HOI|M 2HSohe d&

— O

allf
I
N
1151

o
= 0] OfL|C
O 0], sumO| 1~count”7tX| Gt £=0|C}.
O FX ZHAOCZRH FHII E52 Wl OISsh= JES 4




4

o

=1
Zt.

H

=) {

~ -
o
_._._._ |._AI )
o~ I g =
O A0 N
= L 0 Ko
> K mm\t
Q O -
&) Ly O 0V o=
O Ox — o 'K
o U ._m1m_ o Mo
O : - 2 =
T8 R
OH  Kio i
M — -
~N W ~
Al T o K
UF o # NS pH
. = -
N K <
A H Wk B
E— N
_.nﬂa I < 20 Ko
o I
gk Kl OO m__._nun;mmﬁ__ﬂ:m
o0 0 HBavs -~
O




A 25HH, 2SHHEE (non-terminate) 7ts

public double computeAverage (int how many)
{
double total points = 0.0;
int count = 0;
while ( count != how many ) {
String input = JOptionPane.showInputDialog
("Type next exam score:");
int score = new Integer(input).intValue();
total points = total points + score;
count = count + 1;

System.out.println("count = + count +
"; total = " + total points);

4

}

return (total points / how many);
}
\—
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public double computeAverage (int how many)

{

double total points = 0.0;
int count = 0;
while ( count < how many ) {
String input = JOptionPane.showInputDialog
("Type next exam score:");
int score = new Integer(input).intValue();
total points = total points + score;
count = count + 1;
System.out.println("count = " + count +
"; total = " + total points);
}

return (total points / how many);

}
I II———————————
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boolean processing = true;

while (processing)
{ ggig wn

if (5552t dlj?) processing = false;
else { o7|M HN= LS SHA} }

}
\ Wy
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public double computeAverage()

{
double total points = 0.0;

int count = 0;
boolean processing = true;

while (processing) {
String input = JOptionPane.showInputDialog

("Type next exam score (or press Cancel gp qult) ")
if (input == null) processing = false; // F & CIFE FENZQR
else { // BHHe=E & ... }

}
if ( count == 0 ) // XMSEH F& HFE 52 4%

throw new RuntimeException("error: no input supplied");

return (total points / count);

]




boolean item found

H0AM A LS Feoflt.

while (!item found &&
{ =M A= Al

if (Hsk=

else {

}

\

false;

Z0|M) item found

e e
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S0l § RlL?)
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Ct.

true;

}
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public int findChar(char c, String s)

{
boolean found = false; // sOA cE F=X|2
int index = 0; // X2 sOA M= IXIE HI JqesX|?

while (!found && index<s.length()) {
// FE SH4].

// (1) found==false 8%, c’ s 0...(index-1)7IX| SiRIC}.
// (2) found==true &%, c==s.charAt(index)
if (s.charAt(index) == c)
found = true;
else
index = index + 1;
}
if (!found) index = -1; // 232 82 -1 Gt

return index;
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OIA|, 2~4=(Prime Number)L|?

O B n= EOMM 2=QIX| Eot0qie.

O 2|5
O XH(current)E n/2= =LF.
O current’| 2L ZOHA 7X| CH=2E BE=elCt,
e n%current==0 0|M HI=S "EoH:r (24=7} OfL|CH

o O ZAL currentE 1 AAA|ZICH




public int isPrime(int n)

{

invalid "

if (n<2)
throw new RuntimeException('"error:
else {
boolean found = false; // Q= QL2
int ¢ = n/2; // X AM SOl

while (!found && c>1) {
/] BE SHA:

A

+

n

// (1) found==false 4%, nO| c+1...n/22 LI50{ X|X|

// (2) found==true &2, nO| cE LIFOHZIC},

if (n%c == 0)
found = true;
else
c = c-1;
}
if (!found) return 1; // E32

return c;
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public int findChar(char c, String s)

{

boolean found = false;
int index = 0;

while (!found && index<s.length()) {
if (s.charAt(index) == c)
found = true;
else
index = index + 1;
if (!found) index = -1;

return index;

-

public int findChar(char c, String s)
{

int index;

for(index=0; index<s.length() && s.charAt(index)!=c;
if (index==s.length()) index = -1;

return index;

index++);
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public int isPrime(int n) {

return c;

boolean found = false; // 2I+E ZUL|?
int ¢ = n/2; // SN AM Fol
while (!found && c>1) {

if (n%c == 0) found = true;

else ¢ = c-1;
}
if (!found) return 1; // 232 42 12

T
i

-
public int isPrime(int n) {

int c;

return c;

for(c=n/2; c>1 && n%c!=0; c=c-1);
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int i;
for(int i=0; 1i<10; i++) for(i=0; i<l0; i++)
{ <body> } { <body> }
|
( N /;nt i;
t {
int 1=0; i=0;
while (1<10) while (1i<10)
t {
<body> <body>
i++ i++
' }
J y \}
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for (int i=1; i<10; i=i+1) {
// BE SHA: ARl i-1EWRK| SHSUCE.
for (int j=1; j<10; j=j+1) {
// B SHA . AT i-1EK] SHIUT, il jEIK|] SHIUCE.

4

System.out.print( i + “*” + j + “=" + (i*]j) + “ ");

}
System.out.println();




O FI (bottom-up: 212 RFE] 7|Lhst0 21t 50t=E|7)

o 0l=1
O 1l=1
o 21=1.2

O nl=1.2:3-...-(n-1)-n

O 7 (top-down: 0Tl 2 =ZX[Z O 22 =HIE =2 22717])
O nl-=2>n-n-1)—-=>n-(n-1)-(N-2)! > n-(n-1)-...-2-1
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public long fac (int n)

{
if(n==0)
return 1; // 0!=1
else

return (n * fac(n-1)); // n!=n*(n-1)!




comvamwiieee 080000 00000
Mol Al

n=5 result=120
public long fac (int n)
( | n=4 result=24 '

if(n==0)

return 1; l n=3 result=6 ,
else
return (n * fac(n-1));
| n=2 result=2 ,

n=1 result=1

N= result=1
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public long fac (int n) public long fac (int n)
{ {
if(n==0) answer = 1;
return 1; for(int i=1; i<=n; i++)
else answer = answer * 1ij;
return (n * fac(n-1)); return answer;
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O E7| 74H| 22| =7|1= nEiZ]
O A ZH0ll= MZ EfOt 77| oHATEH EY
O ELEFO|MEl E7|= HAl 71
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Ellle X 842
O n(n>0) Hm Eojl a Ae| E7,
n+1 X ol M= EHOJE E77] £t b 42| E77|7t RIAS™
n+2 HW EHoll= a+b A2 ENN7FAS (A7)
O 34l
O fib(1) =fib(2) = 1
O fib(n) = fib(n-1) + fib(n-2)
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public long fib (int n) {

{
if( n==1 || n==2)
return 1; // f£ib(1l)=fib(2)=1
else

return (fib(n-1) + fib(n-2)); // fib(n)=fib(n-1)+fib(n-2)
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public long fib (int n) {
// If the value of N is one or two return 1
1fCn=1 11 n==2) return 1;
// Keep track of the fibonacci values for N-1 and N-2
int n_1 = 1;
int n_2 = 1;

// From the bottom-up calculate all the fibonacci values

// until you reach the n-1 and n-2 values of the target fib(n)
for(int 1 = 3; 1 < n; 1++) {

int temp = n_1;

n_1l =n_2+ n_1;

n_2 = temp;
ks

return n_1 + n_2;
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public long fib (int n) {
// If the value of N is one or two return 1
1fCn=1 11 n==2) return 1;
// Keep track of the fibonacci values for N-1 and N-2
int n_1 = 1;
int n_2 = 1;

// From the bottom-up calculate all the fibonacci values
// until you reach the n-1 and n-2 values of the target fib(n)
for(int 1 = 3; 1 < n; 1++) {

» int temp = n_1;

n_1l=n_2+ n_1; n2 n_1

) n_2 = temp; 4 L'

return n_1 + n_2;
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public long fib (int n) {
// If the value of N is one or two return 1
1fCn=1 11 n==2) return 1;
// Keep track of the fibonacci values for N-1 and N-2
int n_1 = 1;
int n_2 = 1;

// From the bottom-up calculate all the fibonacci values
// until you reach the n-1 and n-2 values of the target fib(n)
for(int 1 = 3; 1 < n; 1++) {

int temp = n_1;

»n_1=n_2+n_1; n_2 n_1

) n_2 = temp; 4 L' i'

return n_1 + n_2;
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public long fib (int n) {
// If the value of N is one or two return 1
1fCn=1 11 n==2) return 1;
// Keep track of the fibonacci values for N-1 and N-2
int n_1 = 1;
int n_2 = 1;

// From the bottom-up calculate all the fibonacci values
// until you reach the n-1 and n-2 values of the target fib(n)
for(int 1 = 3; 1 < n; 1++) {

int temp = n_1;

n_1l=n.2+ n_1; n2 n_1

? n_2 = temp; L' L' i'

return n_1 + n_2;




e ———
=0 = F U|ELX|

-

public long fib (int n) {
// If the value of N is one or two return 1
1fCn=1 11 n==2) return 1;
// Keep track of the fibonacci values for N-1 and N-2
int n_1 = 1;
int n_2 = 1;

// From the bottom-up calculate all the fibonacci values
// until you reach the n-1 and n-2 values of the target fib(n)
for(int 1 = 3; 1 < n; 1++) {

int temp = n_1;

n_1l=n.2+ n_1; n2 n_1

n_2 = temp;
} 1'12'
return n_1 + n_2;
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public long fib (int n) {
// If the value of N is one or two return 1
1fCn=1 11 n==2) return 1;
// Keep track of the fibonacci values for N-1 and N-2
int n_1 = 1;
int n_2 = 1;

// From the bottom-up calculate all the fibonacci values
// until you reach the n-1 and n-2 values of the target fib(n)
for(int 1 = 3; 1 < n; 1++) {

int temp = n_1;

»n_1=n_2+n_1; n_2 n_1

) n_2 = temp; L' L' i' i'

return n_1 + n_2;
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public long fib (int n) {
// If the value of N is one or two return 1
1fCn=1 11 n==2) return 1;
// Keep track of the fibonacci values for N-1 and N-2
int n_1 = 1;
int n_2 = 1;

// From the bottom-up calculate all the fibonacci values
// until you reach the n-1 and n-2 values of the target fib(n)
for(int 1 = 3; 1 < n; 1++) {

int temp = n_1;

n_1l=n.2+ n_1; n2 n_1

? n_2 = temp; L' L' i' i'

return n_1 + n_2;
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Controller :
I'llIl() View
{ while (true) paintModel()
{ wait one time unit; { model.getState();
model.updateState(); repaint();
view.paintModel(); }
}
} \
Model
getState()
updateState()




BounceController AnimationWriter View
- runAnimation() : > paintComponent(Gr
¥ aphics g)
Controller . / N .
: BallWriter BoxWriter
paint(Graphics g) paint(Graphics g) | :
:..'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.':1?.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'i?.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'."...:
: MovinaBall Box :
- 3 isHorizontalContact (int
xPosition(): int X_position): boolean

: yPosition(): int isVerticalContact (int

radiusOf(): int y_position): boolean

Model move(int time_units) sizeOf(): int




HA[: class MovingBall (&
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AAMKE
opimii s it o Lyt b8 2448 2ol
=4
private int x pos 20| xZt=
private int y pos 29| yEHHE
private int radius 29o| HIX|E
private int x velocity 20| £~ O|E&£&L: OFrM QEROZ 0|
private int v velocity 2O| £Xl Q|- Of~l OfZZO 2 0|
private Box container 20| 7 St 2Z10|1 Ql= H|=2] HtA
HAC
time units: 30| OX|Fe= X2l O] SE A
move(int time units) Zh. O] 2tk oM 32| fIxl, &=0 et 32 !IXIE
Al
getState() 2o oxf fxl, 5=, 37| S

41
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HAM|: class Box (22)

class Box models a square box

Attribute

int BOX_SIZE the width of the square box

Methods

inHorizontalContact (int responds whether x_position (a horizontal coordi-

x_position): boolean nate) is in contact with one of the Box’s (leftmost
or rightmost) walls

inVerticalContact (int responds whether y_position (a vertical coordi-

y_position): boolean nate) is in contact with one of the Box’s (upper
or lower) walls
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public class MovingBall

{
private int x_pos, y_pos, radius;
private int x_velocity = 5;
private int y_velocity = 2;
private Box container;

public MovingBall(int x, int y, int r, Box box) {
X_pos=x; y_pos=y; radius=r; container=box;

hy

public int xPosition() { return x_pos; }

public int yPosition() { return y_pos; }

public int radiusOf() { return radius; }

public void move(int time_units) {
X_pos = X_pos + x_velocity * time_units;
1f(container.inHorizontalContact(x_pos))
x_velocity = -x_velocity;
y_pos = y_pos + y_velocity * time_units;
1f(container.inVerticalContact(y_pos))
y_velocity = -y_velocity;




public class Box {
private int box_size;
public Box(int size) { box_size = size; }
public boolean inHorizontalContact(int x_position) {

return x_position <=0 || x_position >= box_size;
by
public boolean inVerticalContact(int y_position) {
return y_position <=0 || y_position >= box_size;
hy

public int s1zeOf() { return box_size; }




AnimationWriter

paintComponent(Gr Java GUI 0f| Clst
e 7|2 ofsf LR

BallWriter BoxWriter
paint(Graphics g)

paint(Graphics g)

MovinaBall Box




O £f0|E82|= O|EsHAH

O javax.swing I{7|X]
O "o 2dst Zdo|L|7t, Of mhZ | X[of[A &
SHOF otC},

1|0
|
d
rr
OII
s
1|0
®
o



e
GUI: =[x} of'd

® jav?x .swing lLHH7 N[0 R
M =2 Z0x%(0|C
{ &2 JFrame |CF. TPanel
O 1 90| gpanel ZHX|IE 2
oA CHst 212 T%! 4
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g2 o HIE

O O

/|

' new JFrame()
O HIEA| E20{ Z=0{0f o,

O <IP|¥U>.setvVisible(true);

O 3A7| XA 7=
O <ZHU>.setSize (<R >, <METV[>);
O 37| ™ol &= (pixels)



e
GUI: 2] =& 2HS0A 207

- 000

import javax.swing.*;
/* 81 T EO|7|  */

public class FrameTest?2
{ public static void main(String[] args)
{ JFrame f = new JFrame(); 4
f.setSize (300, 200);
// 37]: T2, M2 H £
f.setVisible(true);
// EOF

}
}
.
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GUI: Zh'28 (JPanel)

2= 13 7 = 4|

iin

|

TTHL:
O 14

1=
O 14

rE I'IO

=
fuin

2

) new JPanel()
O g =2|of| E=I=|0{Of shrf.

O <TP@l>.getContentPane().add (<mE>);




L —
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O AL a7t ey Qict ] JPanel h
O JPanel S 0OAE paintComponent (Graphics g)
paintComponent”} {ULCt. - <
O 3sp7F=tiuf= CfA| J2IC} paintComponent Tpanel

O EHedm FH2 XP| ofEe
paintComponentE S&
Sirt

O site 18 =371 HRs6I}
O SEA| OS2I

Graphics ZHM|E ZFLF.

Graphics g
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JFrame 0 2= JPanel

» paintComponent
2, —’.‘—*IE

ebt=
ha& (A= Xﬂ )

Graphics
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GUI: LH7} &l5t= 1je S o= {0

O 2P7IEFHHEH #CH
O &, paintComponent H|AE=0t wH[SHOF ST}
O Bff: &= (inheritance)2t H|IAE XHE2| (overriding)

o
(r JPanel :) (ﬁ MyPanel :J

k\ paintComponent k‘ paintComponent

paintComponent paintComponent

JPanel
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GUI: 2% (Inheritance)

O A& ES T0HE 7HE4CHAT|
O public class A extends B {..}
O BE EMZE AS THS0{EH
O BO = E=UE (BE, HAE) &£et

IO

| (overriding)

SERUOHM HAEES FOlotH Mol ECH

O MAE xHH
o 9

O
O

o

4L, A= A(super class), &, 221 F= Z2| HAEE= A}
2&|X| &1, 52| EeliA (subclass)2| AHH2| =l HA =7} AL EICE,



O O

: O|l=l— yHLd AFA OF=
GUI: Lh7t "ot= Ig, %522 2=7|
e A
import java.awt.*;
import javax.swing.¥*;
public class MyPanel extends JPanel {
public void paintComponent(Graphics g) { 2|7 ZE }
}
\ .
§357El_¢LX{%ﬂE+|
LIHX|= 7| & Tigat CHE Al gle2 = =gl 0= Eo
M AR 7=




setColor(c)
drawLine(x1,yl,x2,y2)
drawString(s,X,Vy)

drawRect/fillRect/drawOval/
fillOval(x,y,dx,dy)

drawArc/fillArc(x,vy,dx,dy,a,da)

o O O O

O O

paintImage(i,X,y,0b)
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O 37|7}(300,200) & I (100,50) YIxl=
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O g.drawRect (105, 70, 90, 60)

000

70

105 v

90
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GUI: Ef& 12|7|

O g.filloval(105, 70, 90, 60)




/bublic class AnimationWriter extends JPanel

{ private BoxWriter box_writer; // the output-view of the box
private BallWriter ball_writer; // the output-view of the ball in the box

}

/*¥* Constructor AnimationWriter constructs the view of box and ball

* @param b - the box's writer
* @param 1 - the ball's writer
* @param size - the frame's size */

public AnimationWriter(BoxWriter b, BallWriter 1, int size)

{

}

box_writer = b;

ball_writer = 1;

JFrame my_frame = new JFrame();
my_frame.getContentPane().add(this);
my_frame.setTitle("Bounce™);
my_frame.setSize(size, size);
my_frame.setVisible(true);

/** paintComponent paints the box and ball

* @param g - the graphics pen */

public void paintComponent(Graphics g)

{
¥

box_writer.paint(g);
ball_writer.paint(g);
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public class BallWriter

{ private MovingBall ball; // the (address of the) ball object displayed
private Color balls_color; // the ball's color

/** Constructor BallWriter
* @param x - the ball to be displayed
* @param ¢ - 1its color */
public BallWriter(MovingBall x, Color c)
{ ball = x;
balls_color = c;

}

/** paint paints the ball on the view
* @param g - the graphics pen used to paint the ball */
public void paint(Graphics g)
{ g.setColor(balls_color);
int radius = ball.radiusOf();
g.f1110val(ball.xPosition() - radius,
ball.yPosition() - radius, radius * 2, radius * 2);




-

public class BoxWriter
{ private Box box; // the (address of the) box object that 1is
displayed

/** Constructor BoxWriter displays the box
* @param b - the box that 1is displayed */

public BoxWriter(Box b)

{ box = b; }

/** paint paints the box

* @param g - the graphics pen used to paint the box */
public void paint(Graphics g)
{ int size = box.s1zeOf();

g.setColor(Color.white);

g.fillRect(@, @, size, size);

g.setColor(Color.black);

g.drawRect(@, @, size, size);
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public class BounceController {
private MovingBall ball; // model object
private AnimationWriter writer; // output-view object
public BounceController(MovingBall b, AnimationWriter w)
{ ball = b; writer=w; }

public void runAnimation() {
int time_unit = 1;
int painting_delay = 20;
while (true)

{
delay(painting_delay);
ball.move(time_unit);
writer.repaint();

}

}
private void delay(int how_long) {

try { Thread.sleepChow_long); } catch (InterruptedException e) { }

}
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