Building Java Programs

Chapter 3
Lecture 3-1: Parameters

reading: 3.1
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Redundant recipes

» Recipe for baking 20 cookies:

» Mix the following ingredients in a bowl:
« 4 cups flour
« 1 cup butter
« 1 cup sugar
« 2 edggs
« 1 bag chocolate chips ...

e Place on sheet and Bake for about 10 minutes.

» Recipe for baking 40 cookies:

» Mix the following ingredients in a bowl:
8 cups flour

2 cups butter

2 cups sugar

4 eggs

2 bags chocolate chips ...

e Place on sheet and Bake for about 10 minutes.
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Parameterized recipe

e Recipe for baking 20 cookies:

e Mix the following ingredients in a bowl:
e 4 cups flour
e 1 cup sugar

« 2 eggs

» Recipe for baking N cookies:

» Mix the following ingredients in a bowl:
N/5 cups flour

N/20 cups butter

N/20 cups sugar

N/10 eggs

N/ 20 bags chocolate chips ...

» Place on sheet and Bake for about 10 minutes.

 parameter: A value that distinguishes similar tasks.
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Redundant figures

» Consider the task of printing the following lines/boxes:

R R g i i i b i i b b i

*kk Kk Kk k%K

R i g b i b b b i i b b i i b b b i b b i i b i i i i i i b i b b i i ¢

kkkhkkh Kk kk kKK
* *
*kkkhkkhKkkk KKk

* kKX k%
* *
* *
* kKX k%
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A redundant solution

| 518 R AT Y AR = S DSRS0 it
public static void main (String[] args) {

1ineOf13 () ; e This code is redundant.
At i o <100 Y 4 )
1ineO£f35() ; :
Boxl 0 ()  Would variables help?
OXJOX ’
) Would constants help?
public stgticlvoid 1ineOf13 () { : :
for (int i = 1; i <= 13; i+4) { * What is a better solution?
SR S Ry e A B Rt oot s Sy B PSS L
}
} System.out.println(); e line - A method to draw a
e line of any number of stars.
eva e N e e box - A method to draw a
PR N SN S G SR h A i U (R A b 2
) ox of any size.

system:outyprintln):;
}

A S R S S R G RO S e
A7 AR 12 A A By AR R AR AT NAAs ST R oA 8 20 20 S0
System.out.print ("*") ;
}

System.out.println();

Copyright 2008 by Pearson Education



/ e : .
Parameterization

 parameter: A value passed to a method by its caller.

o Instead of 1ine0f7, 1ine0£f13, write 1ine to draw any length.

- When declaring the method, we will state that it requires a
parameter for the number of stars.

« When calling the method, we will specify how many stars to draw.

7

kK Kk Kk Kk %k

v

line

\ 4

main

RaER O G g i i i i i i i i <

v
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Declaring a parameter

Stating that a method requires a parameter in order to run

public static void name ( type name ) ({
statement(s);

 Example:
publs crvstraticivoldisayvPassword (INNEEEEEE ) - |
SystemsourLprantintlThe password wer 1 CEGe ) >

}

» When sayPassword is called, the caller must specify
the integer code to print.
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Passing parameters

Calling a method and specifying values for its parameters

name (expression) ;

» Example:

public static void main (String[] args) {
sayPassword (42) ;
sayPassword (12345) ;

}
Output:

The password is 42
The password is 12345
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Parameters and loops

* A parameter can guide the number of repetitions of a loop.

publieistaticivoldimatnitStrangll: args g
chant (3) ;

public static void chant (int times) {
For ity S+ e
Shhdsteiinitiehbhpt ohea an el st Ot RER R s e eI e R

}

Output:

BEE N M e e T B
e earl e
Forst g sl



oo
How parameters are passed

* When the method is called:
» The value is stored into the parameter variable.
» The method's code executes using that value.

plib e st s ve T te b s ng ]l arge) o
chant 3y

Chant‘7"::::::ii::::::::::
7

bl el el et et el Dei e v e e b sl B A el o BT e L R

o P e I e e
System:ountiprrntlin@tdunstvavsalad ooy

10
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Common errors

e If a method accepts a parameter, it is illegal to call it
without passing any value for that parameter.
chant (1 // ERROR: parameter value required

* The value passed to a method must be of the correct type.
Sl e // ERROR: must be of type int

» Exercise: Change the stars program to use a
parameterized method for drawing lines of stars.

= 13
' Copyright 2008 by Pearson Education



Stars solution

// Prints several lines of stars.
// Uses a parameterized method to remove redundancy.
pulblicrelasg Stars2
pUub e stariic e dima i n (SErang i arag sy
line (13);
line(7) ;
line (35);
}

// Prints the given number of stars plus a line break.

public static void line (int count) {
for (int 1 = 1; i <= count; i++) {
Saichr s inie bls i ohichin e S

}
Shigs AR Sy eV o R o Wau N O &Y e
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Multiple parameters

* A method can accept multiple parameters. (separate by , )
« When calling it, you must pass values for each parameter.

e Declaration:

public static void name (type name, ..., type name) {
statement(s);

e Call:
methodName (value, value, ..., value);

i
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% ‘,;,,,4¢/f’i:4——
Multiple parameters example

public static void main(String[] args) {
printNumber (4, 9);
printNumber (17, 6);
printNumber (8, 0);
printNumber (0, 8);

}

public static void printNumber (int number, int count) {
A A A MY ST NI N M NN e M i e 5 9 iAo ) o e
System.out.print (number) ;
}
System.out.println() ;
}

Output:

444444444
T T A e

00000000

* Modify the stars program to draw boxes with parameters.
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Stars solution

// Prints several lines and boxes made of stars.
// Third version with multiple parameterized methods.

publcv el assnSt araang
2 Blotli: Weltiiotinr Sl o200 Gle Wille Lidnie S o o2 Bo e sl n Ve AANA EAE e B ol ol EA S
A 00 1 111 2= o £ 2 oo
AA0 A B o e
ieErents A
System.out.println();
box (10, 3);
box (5, 4);
box (20, 7);
}
// Prints the given number of stars plus a line break.
publie i shariic ageid il e e R ]
2T D NN (00 0 Dy e EOO O A DO O O oD Y A B 7 0 2 D
Systemyortaprintaeh sy

}
Systemsontiprintiin ity
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Stars solution, cont'd.

// Prints a box of stars of the given size.
public static void box (int width, int height) {
line (width) ;

Forwitiniwhiner—aalsviinineviasivhal gh a2l ey
e B e )
for (int space = 1; space <= width - 2; space++) {
System.out.print (" ");
}

Sy S benmroubipraniinihRes

}
line (width) ;

g - - S 16
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A "Parameter Mystery" problem

public class ParameterMystery {
e il ininer v tni s e Atay- e Mo it i Aag e i B e Y B

a0 O W B - A 1
vk gt mARAvARE el
7% 9 AR R A

mystery(z, y, x);

mystery(y, x, z);

S e e S e R R e
Shiacusi—uTolul it ouchl shwiBsa i &S00 R S T A ca e D G

3
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Strings

* string: A sequence of text characters.

String name = "text";
String name = expression;

» Examples:

String name = "Marla Singer";

e s
abg\ B e

S G DO e s s U
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Strings as parameters

jeibled el el ot tsl aph s el U0 s i = um i
bublic etabtie vold Wi notrang o rgs) |
String teacher = "Helene";
sayHello (teacher) ;
sayHello ("Marty") ;

}

public static void sayHello (String name) {
System.out.println ("Welcome, " + name) ;

}
}

Output:

Welcome, Helene
Welcome, Marty

* Modify the stars program to use string parameters. Use a
method named repeat that prints a string many times.

— 19
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Stars solution

// Prints several lines and boxes made of stars.
// Fourth version with String parameters.

pubEr e e hassnsharad oy

2 Blotli: Weltiiotinr Sl o200 Gle Wille Lidnie S o o2 Bo e sl n Ve AANA EAE e B ol ol EA S
A 00 1 111 2= o £ 2 oo
AA0 A B o e
ieErents A
System.out.println();
SN D A e A
oY p df v i
ol gn AR ER I

}

// Prints the given number of stars plus a line break.
pub e istatieiverd vl Tne Cintiaount )iy

repeat ("*", count);

Systemyont vprintin ¢y

gl—— Copyright 2008 by Pearson Education
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Stars solution, cont'd.

// Prints a box of stars of the given size.
ENDL R T e R R e e R e R e o T M e e 6 R el AT e N e A e S e T
line (width) ;

for (int line = 1; line <= height - 2; line++) {
System.out.print ("*");
repeat(" ", width - 2);
System.out.println("*");

}

VameitwrdEIy
}

// Prints the given String the given number of times.
public static void repeat(String s, int times) ({
for (int 1 = 1; i <= times; i++) {
System.out.print(s) ;
}

21
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Building Java Programs

Graphics

reading: Supplement 3G
videos: Ch. 3G #1-2
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Graphical objects
We will draw graphics in Java using 3 kinds of objects:

 Dr awi ngPanel : A window on the screen.
» Not part of Java; provided by the authors.

e G aphics: A "pen" to draw shapes/lines on a window.

e Col or: Colors in which to draw shapes. ]

File Help




~ Copyright 2008 by Pearson Education

Objects (briefly)
* object: An entity that contains data and behavior.

» data: Variables inside the object.

» behavior: Methods inside the object.
« You interact with the methods; the data is hidden in the object.

* Constructing (creating) an object:
type objectName = new type( parameters);

e Calling an object's method:
objectName. methodName( parameters) ;

O O Figld
S @D e




Dr aw ngPan

i

"Canvas" objects that represents windows/drawing surfaces

e To create a window:
Drawt ngPanel name

Example:
Dr aw ngPanel panel

new Dr awi ngPanel (width, height);

new Dr aw ngPanel (300, 200);

File Help

* The window has nothing on it.

» We can draw shapes and lines
on it using another object of

type G aphi cs.

T:: Copyright 2008 by Pearson Education
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Gr aphi cs #

"Pen" objects that can draw lines and shapes

» Access it by calling get G- aphi cs on your Dr awi ngPanel .
Graphics g = panel . get Gaphics();

* Draw shapes by calling methods
on the G aphi cs object.

| S
g.fill Rect (10, 30, 60, 35); File Help

g.fill Oval (80, 40, 50, 70): -

T: Copyright 2008 by Pearson Education
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Java class libraries, import

* Java class libraries: Classes included with Java's JDK.
» organized into groups named packages
» To use a package, put an import declaration in your program.

* Syntax:
[/ put this at the very top of your program
i nport packageName. *;

e Graphi cs is in a package named j ava. awt

| nport java.awt. *;

» In order to use Graphics, you must place the above line at the
very top of your program, before the publ i c cl ass header.

_ Copyright 2008 by Pearson Education




Coordinate system

 Each (%, y) position is a pixel ("picture element").

* (0, O) is at the window's top-left corner.
» X increases rightward and the y increases downward.

* The rectangle from (0, 0) to (200, 100) looks like this:

(0, 0) X+

»
>

(200, 100)

Y+

=
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G aphi cs methods

Method name

Description

.drawLi ne(x1, y1, x2, y2);

line between points (x1, y1), (x2, y2)

. drawOval ( x, y, width, height) ;

outline largest oval that fits in a box of
size width * height with top-left at (x, y)

. drawRect ( x, y, width, height) ;

outline of rectangle of size
width * height with top-left at (x, y)

.drawst ri ng( text, x, y) ;

text with bottom-left at (x, y)

.fill Oval (x, y, width, height) ;

fill largest oval that fits in a box of size
width * height with top-left at (x, y)

.fill Rect (x, y, width, height) ;

fill rectangle of size width * height
with top-left at (x, y)

. set Col or ( Color) ;

set Gr aphi cs to paint any following
shapes in the given color
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s Col or %

* Create one using Red-Green-Blue (RGB) values from 0-255

Col or name = new Col or (red, green, blue);

 Example:
Col or brown = new Col or (192, 128, 64),

e Or use a predefined Col or class constant (more common)

Col or. CONSTANT_NAME

where CONSTANT_NAME is one of:

- BLACK, BLUE, CYAN, DARK GRAY, GRAY,
GREEN, LI GHT GRAY, MAGENTA,  ORANGE,
PINK, RED, WHI TE, or YELLOW

~ Copyright 2008 by Pearson Education




Using Colors

e Pass a Col or to G aphi cs object's set Col or method
» Subsequent shapes will be drawn in the new color.

. set Col or ( Col or . BLACK) ;

9
g.fill Rect (10, 30, 100, 50);
g. drawLi ne(20, 0, 10, 30);
g. set Col or ( Col or. RED) ;
g.fill Oval (60, 40, 40, 70);

» Pass a color to Dr awi ngPanel 's set Backgr ound method
» The overall window background color will change.

Col or brown = new Col or (192, 128, 64);
panel . set Backgr ound( br own) ;

File Help

=
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Outlined shapes
* To draw a colored shape with an outline, first fill it,
then draw the same shape in the outline color.

| nport java.awt.*; [// so | can use G aphics

public class QutlineExanple {
public static void main(String[] args) {
Dr aw ngPanel panel = new Draw ngPanel (150, 70);
Graphics g = panel . get G aphics();

[/ 1nner red fill

g. set Col or (Col or. RED) ;
g.fill Rect (20, 10, 100, 50); o [

¢ File Help
[ Dblack outline

g. set Col or ( Col or. BLACK) ;

g. drawRect (20, 10, 100, 50); -

J 1

11
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* The x,y, w,h expression can use the loop counter variable:

Dr awi ngPanel panel = new Draw ngPanel (400, 300);
panel . set Backgr ound( Col or. YELLOW ;
Graphics g = panel . get G aphics();

g. set Col or (Col or. RED) ;
for (int 1 =1; 1 <= 10; 1++) {

o B MO Vi i i 6] D S 6 e R S S e O e P ST S e Y A D
}

» Nested loops are okay as well:

Dr awmi ngPanel panel = new Draw ngPanel (250, 250);
G aphi cs g = panel . get G aphi cs();
g. set Col or ( Col or. BLUE) ;
for=i(intx = 1 Xis= 4 ox++t) {
for (int ' y =1; vy <=19; y++) {
g.drawString("Java", x * 40, y * 25);
}

ava
} |

12

=10l

File Wiew Help

[
L W oW oW oW oW W W W
= = = = = = = = =
.
= = = = = = = = =
@ @ @ oo o @ @ @@
L .

L .
@ oW W oW W W oW om
= = = = = = = =
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Loops that begin at O

* Beginning at 0 and using < can make coordinates easier.

* Example:
 Draw ten stacked rectangles starting at (20, 20), height 10,
width starting at 100 and decreasing by 10 each time:

Dr awi ngPanel panel = new Draw ngPanel (160, 160);

Graphics g = panel . get Gaphics();

for (int i =0; i <10, i+ { D
g. drawRect (20, 20 + 10 * i, 100 - 10 * i, 10);

| =
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* Code from previous slide:

Drawing w/ loops q

uestions

Dr awi ngPanel panel = new Draw ngPanel (160, 160);

Graphics g = panel . get G aphics();

for (int i =0; i < 10; i++) {
g. drawRect (20, 20 + 10 * i,
}

» Write variations of the above
program that draw the figures

at right as output.

Copyright 2008 by Pearson Education
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{0/

Help

=

{5/

=

JRISTEY

e
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Drawing w/ loops answers

* Solution #1: =10 x]
Graphi cs g = panel . get G aphi cs(); S

for (int i =0; i < 10; i++) { |
g.drawRect (20 + 10 * i, 20 + 10 * i,
0 | e H e S i B R
}

e Solution #2: =1o]x]

Graphics ¢ panel . get G aphi cs() ;

for (int i =0; i < 10; i++) {
g.drawRect (110 - 10 * i, 20 + 10 * i,
L0+20 4k A 0):;

} [

15
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Superimposing shapes

* When = 2 shapes occupy the same pixels, the last drawn "wins."
| nport java.awt. *;

public class Car {
public static void main(String[] args) {
Dr aw ngPanel panel = new Drawi ngPanel (200, 100);
panel . set Backgr ound( Col or. LI GHT_GRAY) ;
G aphics g = panel . get G aphi cs();

g. set Col or ( Col or. BLACK) ;

g.fill Rect (10, 30, 100, 50);

g. set Col or (Col or. RED) ;

g.fillOval (20, 70, 20, 20);

g.fillOval (80, 70, 20, 20); _ {0 x|
g. set Col or ( Col or. CYAN) ; File Help

g.fill Rect (80, 40, 30, 20);

}
} -

16
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Drawing with methods

* To draw in multiple methods, you must pass G aphi cs g.

| nport java.awt. *;

public class Car2 {
public static void main(String[] args) {
Dr aw ngPanel panel = new Drawi ngPanel (200, 100);
panel . set Backgr ound( Col or. LI GHT_GRAY) ;
Graphics g = panel . get G aphics();
dr awCar ( g) ;
}

public static void drawCar (G aphics g) {
. set Col or ( Col or. BLACK) ;

.fill Rect (10, 30, 100, 50);
( : JRIEIEY
. set Col or (Col or. RED) ; File Help

.fillOval (20, 70, 20, 20);
.fill Oval (80, 70, 20, 20);
. set Col or ( Col or. CYAN) ; ‘
fill Rect (80, 40, 30, 20);
} I |
S |

Lo B
~: Copyright 2008 by Pearson Education
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Parameterized figures

* Modify the car-drawing method so that it can draw cars at
different positions, as in the following image.

» Top-left corners: (10, 30), (150, 10)

RISTEY

File Help

18
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Parameterized answer

| nport java.aw . *;

public class Car3 {
public static void main(String[] args) {
Dr aw ngPanel panel = new Drawi ngPanel (260, 100);
panel . set Backgr ound( Col or. LI GHT_GRAY) ;
Graphics g = panel . get G aphics();
drawCar (g, 10, 30);
drawCar (g, 150, 10);

public static void drawCar (G aphics g, int x, int y) {

g. set Col or ( Col or. BLACK) ;
g.fill Rect(x, y, 100, 50);
g. set Col or (Col or. RED) ;
g.fillOval (x + 10, y + 40, 20, 20); =1
g.fillOval (x + 70, y + 40, 20, 20); Hle Help
g. set Col or ( Col or. CYAN) ;
g.fillRect(x + 70, y + 10, 30, 20);
}
| |

19
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Drawing parameter question
* Modify dr awCar to allow the car to be drawn at any size.

» Existing car: size 100
» Second car: size 50, top/left at (150, 10)

* Then use a for loop to draw a line of cars.
o Start at (10, 130), each car size 40, separated by 50px.

-~ Drawing... Q@E
_|o] x| File View Help

File Help :
l ; N N N B B

e 20
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Drawing parameter answer

| nport java.awt. *;

public class Car4 {
public static void main(String[] args) {
Dr aw ngPanel panel = new Draw ngPanel (210, 100);
panel . set Backgr ound( Col or. LI GHT_GRAY) ;

Graphics g = panel . get G aphics();

drawCarEg, 10, 30, 100;;
drawCar (g, 150, 10, 50);
fors(isntd s=u0mio < B )
} dEawWCaEEg 210 e #as0 =21 307 40):;
}
public static void drawCar (G aphics g, int x, int vy,
g. set Col orECoI or . BLACK) ;
geErElERe (X oy s S Ze s ze 1 2);,
g. set Col or (Col or. RED) ;
g.fillOval (x + size [/ 10, y + 2 * size | 5,
siizesl =556l ze i °B)
e e O e e e R e (e e e e s e D
size /| 5, size |/ 5);
g. set Col or§CoI or. CYAN) ;
G Re SRt t aa  C o e ) e e I e B e Sl L)
| ks zenEnlfnasizesab)

~ Copyright 2008 by Pearson Education
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.=/Drawing... B@

File View Help
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Pol ygon

Objects that represent arbitrary shapes

e Add points to a Pol ygon using its addPoi nt (X, y) method.

* Example:
Dr awmt ngPanel p = new Draw ngPanel (100, 100);
Graphics g = p.get Gaphics();
g. set Col or ( Col or. GREEN) ;

Pol ygon poly = new Pol ygon(); Eﬁﬁi=ﬂ3ﬁj
pol y. addPoi nt (10, 90);
pol y. addPoi nt (50, 10);
pol y. addPoi nt (90, 90);
g.fill Pol ygon(poly); | |
£ 22
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Animation with sl eep

e Drawi ngPanel 's sl eep method pauses your program for a
given number of milliseconds.

* You can use sl eep to create simple animations.
Dr awi ngPanel panel = new Draw ngPanel (250, 200);
G aphi cs g = panel . get G aphi cs();

g. set Col or (Col or . BLUE) ;

for (int i =1; i <= 10; i++) {
g.fillOval (15 * i, 15 * i, 30, 30);
panel . sl eep(500);

}

» Try adding sl eep commands to loops in past exercises in this
chapter and watch the panel draw itself piece by piece.

23
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Building Java Programs

Chapter 3
Lecture 3-2: Return; double; System.out.printf

reading: 3.2, 3.5, 4.4
videos: Ch. 3 #2, 4
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Projectile problem

* Write a program that displays (as text and graphics) the
paths of projectiles thrown at various velocities and angles.

» Projectile #1: velocity = 60, angle = 50°, steps = 10
» Projectile #2: velocity = 50, angle = 80°, steps = 50

step X % time
0 0.00 0.00 0.00 - |olx|
1 36.14 38.76 0.94  Ele View Help
2 T 68.91 =
2 geaay 90.45 Do)
N T el et ek
5 Eceiwy | i 4.69
6 216.84 103.37 5.62 /\
7 252.98 90.45 6.56 i o3
& 68.91 7.50 ¢ H
9 325.26 38.76 g8.43 [& .« &
FOse 4D 000 O3y
step X % time
0 oy ol D in
1 g 9.69 020
2 349 18708 040
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Time observations

» We are given the number of "steps" of time to display.

 We must figure out how long it takes the projectile to hit the
ground, then divide this time into the # of steps requested.

step X Y time
0 0.00 0.00 0.00 B ocninge il
T selh e e 0.94 e Yoo
> e
10 361.40 0.00 9.37 ;”g- -

» Total time is based on the force of gravity on the projectile.
« Force of gravity (g) = 9.81 m/s2, downward

» The projectile has an initial upward velocity, which is fought by
gravity until the projectile reaches its peak, then it falls.

Copyright 2008 by Pearson Education



Velocity and acceleration

* The projectile has a given initial velocity v,, which
can be divided into x and y components.
* Vg = V, COS O
° Vgy = Vo SIin O
- Example: If v,=13 and ©=60°, v,,=12 and v, =5.

Vo

e The velocity v, of a moving body at time t, given initial
velocity v, and acceleration a, can be expressed as:
eVi=Vvygtat

* In our case, because of symmetry, at the end time t the
projectile is falling exactly as fast as it was first going up.

o Vt i VO

— 4
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Return Values

reading: 3.2

self-check: #7-11
exercises: #4-6
videos: Ch. 3 #2
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Java's Math class

Method name

Description

Math.abs (value) absolute value

Math.round (value) nearest whole number

Math.ceil (value) rounds up

Math.floor (value) rounds down

Math.logl0 (value) logarithm, base 10

Math.max (valuel, value2) | larger of two values

Math.min (valuel, value2) smaller of two values

Math.pow (base, exp) base to the exp power

Math.sqgrt (value) square root

Math.sin (value) sine/cosine/tangent of

Math.cos (value) an angle in radians Constant | Description
Math.tan (value) F 2.7182818...
Math.toDegrees (value) convert degrees to PT 3.1415926...
Math.toRadians (value) radians and back

Math.random () random double between 0 and 1
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Calling Math methods

Math.methodName (parameters)

» Examples:

double squareRoot = Math.sqrt(121.0);
System.out.println (squareRoot) ; // 11.0

int absoluteValue = Math.abs (-50);
System.out.println (absoluteValue) ; // 50

Secrenm e et Mabh min it 1) & 2 - 5

* The Math methods do not print to the console.

» Each method produces ("returns") a numeric result.
» The results are used as expressions (printed, stored, etc.).

il Copyright 2008 by Pearson Education
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Return

e return: To send out a value as the result of a method.

» The opposite of a parameter:
« Parameters send information in from the caller to the method.
. Return values send information out from a method to its caller.

N Math.abs (-42)

-

Aot

main

Math.round (2.71)
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Math questions

e Evaluate the following expressions:

e Math.
e Math.
e Math.
e Math.
e Math.
e Math.
§

abs (-1.23)

PoOwWS5we)

pow L0y =2

sl 20y = Mat o sagr b 25650
round iMath  PIYy S Math iround (Math - E)

ceil(6.022) + Math.floor(15.9994)
absiiMathomint=37"-5%%)

e Math.max and Math.min can be used to bound numbers.
Consider an int variable named age.

e What
e What

statement would replace negative ages with 07
statement would cap the maximum age to 407
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Returning a value

public static type name (parameters) |
statements;

return expression;

 Example:

// Returns the slope of the line between the given points.
public static double slope(int x1, int yl, int x2, int y2) {
double dy =yl
EeiiE e e
return dy / dx;

g - - S 10
s Copyright 2008 by Pearson Education



’féfggﬁ%ff’i:/——
Return examples

// Converts Fahrenheit to Celsius.

public static double fToC (double degreesF) ({

double degreesC = 5.0 / 9.0 * (degreesF - 32);

return degreesC;

}

// Computes triangle hypotenuse length given its side lengths.
[ e O e e
dotblever=rMavhyggrbta Nraytvbarab)s

return c;

* You can shorten the examples by returning an expression:

P T e Sield e o e 0 e T

return 5.0 / 9.0 * (degreesF - 32);

}
11
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Common error: Not storing

* Many students incorrectly think that a return statement
sends a variable's name back to the calling method.

public static void main(Stringl[]

slope (0,
System.out.println("The slope is " + result);

PhbiiversEatnevdonivbar s hometanrasdy

double
double
double
EEEITT)

S e

S
Gistrrarsrhvse e
G B R A e b

result;

Copyright 2008 by Pearson Education
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// ERROR:

// result not defined

athg e

el e p e

i



Fixing the common error

* Instead, returning sends the variable's value back.

e The returned value must be stored into a variable or used in
an expression to be useful to the caller.

publicvstatiborvoidimarntString il yargs)id
Sletlslls 5 — eilejeisd AU E R
sy stemoutiprintEn W The "sliope s igy

publidcistaticrdoublesiopetinbyxly vant ey vty nanEigrdiyad
doublerdy =yl mrlae
double dx = x2 - x1;
double result = dy / dx;
return result;
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Quirks of real numbers

e Some Math methods return double or other non-int types.
intaxv=nMath i pow th05: 305 // ERROR: incompat. types

* Some double values print poorly (too many digits).
cianiblse raalee . (B0 U
System.out.println (result) ; // 0.3333333333333

* The computer represents doubleS in an imprecise way.
System.out.println (0.1 + 0.2);

» Instead of 0.3, the output is 0.30000000000000004

14
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Type casting

* type cast: A conversion from one type to another.
» To promote an int into a double to get exact division from /
» To truncate a double from a real number to an integer

e Syntax:

(type) expression

Examples:
doublesresult = il{double) 19/ 5: L) 358
iRt resnl i iR ) raa g // 3

int x = (int) Math.pow (10, 3); // 1000

- 15
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More about type casting

e Type casting has high precedence and only casts the item
immediately next to it.

o  donb e’ = GG HIIISHENNE -1 ]/ 0 ok
e double vy = 1 + (double) 1 / 2; ol

* You can use parentheses to force evaluation order.
e double average = (double) (a + b + ¢c) / 3;

* A conversion to double can be achieved in other ways.
e double average = 1.0 * (a + b + ¢) / 3;

Copyright 2008 by Pearson Education
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an advanced command for printing formatted text
System.out.printf ("format string", parameters);

* A format string contains placeholders to insert parameters into it:

e 3d an integer
i a real number
® %5 a string
» Example:

9P s G AR

TnE =

System.out.printf (" (%d, %d)\n", x, y); L (32

— 17
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Syetem. ot pr nt s contd

* A placeholder can specify the parameter's width or precision:

$8d an integer, 8 characters wide, right-aligned
%$-8d an integer, 8 characters wide, left-aligned
2 i a real number, 4 characters after decimal

56.2f areal number, 6 characters wide, 2 after decimal

Examples:
int age = 45;
double gpa = 1.2345678;

System.out.printf ("%$-8d %4f\n", age, gpa):
System.out.printf ("%$8.3f %$.1f %.5f", gpa, gpa, gpa):;

Output:
45 V2
o e oY

18
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Projectile problem revisited

* Recall: Display (as text and graphics) the paths of
projectiles thrown at various velocities and angles.

» Projectile #1: velocity = 60, angle = 50°, steps = 10
» Projectile #2: velocity = 50, angle = 80°, steps = 50

step X % time
0 0.00 0.00 0.00 - |olx|
1 36.14 38.76 0.94  Ele View Help
2 T 68.91 =
2 geaay 90.45 Do)
N T el et ek
5 Eceiwy | i 4.69
6 216.84 103.37 5.62 /\
7 252.98 90.45 6.56 i o3
& 68.91 7.50 ¢ H
9 325.26 38.76 g8.43 [& .« &
FOse 4D 000 O3y
step X % time
0 oy ol D in
1 g 9.69 020
2 349 18708 040

i
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X/Y position, displacement

* Based on the previous, we can now display x and time.
* X, = v, t since there is no force in the x direction.

Sten X
0 0.00

T 9 i
5
S0 %e1 A0

» To display the y, we need to compute the projectile's
displacement in y direction at each time increment.

Vi = Vo t+ V2at?

Y
DR

=
o

e

time
0.00
0.94
AN

S

» Since this formula is complicated, let's make it into a method.

Copyright 2008 by Pearson Education
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Projectile solution

// This program computes and draws the trajectory of a projectile.

2l oo e min e Ry s kA u

public class Projectile {
// constant for Earth's gravity acceleration in meters/second”2

public static final double ACCELERATION = -9.81;
publicigtat o vord marntsStringll vargsyii
DrawingPanel panel = new DrawingPanel (420, 250);

Graphics g = panel.getGraphics();

// v0 angle steps
table(g, 60, 50, 10);

gisetvolortColorsRED )
table(g, 50, 80, 50);
}

// returns the displacement for a body under acceleration
public static double displacement (double v0, double t, double a) {
s mab o wanna S A s S R S S e e

}

—

T

¥
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Projectile solution

// prints a table showing the trajectory of an object given
// its initial velocity v and angle and number of steps
pablacvastaicivendviablelGraphcsngrdoahlhe vy
double angle, 1int steps) {

double v0Ox = v0 * Math.cos (Math.toRadians (angle))

double v0y = vO0 * Math.sin (Math.toRadians (angle))

dopblrevwboallimer = ol e e R RO

double dt = totalTime / steps;

SySrenmyontyprinene! step X % time") ;

)50 At s R R RO P - A A, ey = 6 K i o ot o) S |
double time = 1 * dt;
donblery g remrirrkarspOsgarkoneis
double y = displacement (vOy, time, ACCELERATION) ;
Systemontyprint it 8ds 8 2T s 82 E S8 e n e g R ey
R st BRI A A A e A e s b ey eed e R S A

- 22
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Building Java Programs

Chapter 3
Lecture 3-3: Interactive Programs w/ Scanner

reading: 3.3 - 3.4
self-check: #16-19
exercises: #11
videos: Ch. 3 #4
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Interactive programs

* We have written programs that print console output, but it
is also possible to read input from the console.

» The user types input into the console. We capture the input
and use it in our program.

e Such a program is called an interactive program.

» Interactive programs can be challenging.
« Computers and users think in very different ways.
» Users misbehave.

— 2
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Input and System. in

8 oVsStem. our
* An object with methods named println and print

® System.1in

» not intended to be used directly
» We use a second object, from a class Scanner, to help us.

e Constructing a scanner object to read console input:

Scanner NAMe = new Scanner (System.in);

 Example:
Scanner console = new Scanner (System.in);

Copyright 2008 by Pearson Education
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Java class libraries, import

* Java class libraries: Classes included with Java's JDK.
» organized into groups named packages
» To use a package, put an import declaration in your program.

e Syntax:
// put this at the very top of your program
import packageName. *;

* Scanner IS in a package named java.util

import jJava.util.*;

» To use Scanner, You must place the above line at the top of
your program (before the public class header).
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Scanner methods
Method Description
nextInt () reads a token of user input as an int
nextDouble () reads a token of user input as a double
next () reads a token of user input as a String
ok reads a line of user input as a String

 Each method waits until the user presses Enter.
« The value typed is returned.

Svstemsoutbiprint (PHowoldiare vouz ") // prompt
int age = console.nextInt();
SV eStemvor DpEaatl B te e ek

(d0=age)y Bl iy gra e

« prompt: A message telling the user what input to type.
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Example Scanner usage

import java.util.*; // so that I can use Scanner

R e e e e S e e e
EEEEEe s Bt el N R e Fn o e e
Scanner console = new Scanner (System.in) ;

System.out.print ("How old are you? ");
int age = console.nextInt()

S AT = B AY h eyt u s ek O s e S R el o e S D e S R

}

e QOutput (user input underlined):

How old are you? 14
A S s Y e e D A e e i
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Another Scanner example

import java.util.*; // so that I can use Scanner

e e e A e e
e e e e e e R e e e e e
Scanner console = new Scanner (System.in) ;

System.out.print ("Please type three numbers: ");

int numl = console.nextInt();
int num?2 = console.nextInt();
int num3 = console.nextInt() ;
TS = A nh g e aV Bk g0 S T g Dl g e S o N gt
System.out.println("The sum is " + sum);

}

e Output (user input underlined):
Please type three numbers: 8 6 13
The sum is 27

» The Scanner can read multiple values from one line.
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Input tokens

* token: A unit of user input, as read by the Scanner.
» Tokens are separated by whitespace (spaces, tabs, newlines).

» How many tokens appear on the following line of input?
v dahpaomat e e e S e o v o

e When a token is not the type you ask for, it crashes.

Systemsoutoprinttiwhabtisvorage 2ty
int age = console.nextInt();

Output:

What i1s your age? Timmy
java.util.InputMismatchException
at java.util.Scanner.next (Unknown Source)

at java.util.Scanner.nextInt (Unknown Source)
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Scanners as parameters

e If many methods read input, declare a Scanner in main and

pass it to the others as a parameter.

publacvrstatiarvordimarintSEring hhrargs)ig

§ e 0 0 el e e N R
int sum = readSum3 (console) ;
Systemvoutvprintln ¢ he ssum g Mabagnmys

}

// Prompts for 3 numbers and returns their sum.
public static int readSum3 (Scanner console) ({
System.out.print ("Type 3 numbers: ");

int numl = console.nextInt () ;
int num2?2 = console.nextInt () :;
TREYANN ST e onsolernex i)

A D A SR A MR MmN N A AN e
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Cumulative sum

reading: 4.1
self-check: Ch. 4 #1-3
exercises: Ch. 4 #1-6
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Adding many numbers

e How would you find the sum of all integers from 1-1000°7

rntasum = e b i e
ShvoNT sl e e e nck e M e e AR S e R S e A e e

* What if we want the sum from 1 - 1,000,0007?
Or the sum up to any maximum??

* We could write a method that accepts the max value as a
parameter and prints the sum.

» How can we generalize code like the above?

= 13
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A failed attempt

* An incorrect solution for summing 1-1000:

05 S Qe N £ 6 A SR N I A e e e O 9 DO et e 0 S e

LR e e
ST = ST A g

}

// sum is undefined here
Systemvont iprintin{ e sum 1 s N sy

» sum'S scope is in the for loop, so the code does not compile.

o cumulative sum: A variable that keeps a sum in progress
and is updated repeatedly until summing is finished.
» The sum in the above code is an attempt at a cumulative sum.

i
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Fixed cumulative sum loop

* A corrected version of the sum loop code:

int sum = 0;

@) AN (i o M i LS e

STy =rsimy i
}
Shvgshesuiiiieibariohah e bl ol B ol = WS ab i R L R D B
Key idea:

» Cumulative sum variables must be declared outside the loops
that update them, so that they will exist after the loop.
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Cumulative product

* This cumulative idea can be used with other operators:
Int - produce = |
3@ e Goa A Ty e e e e e B R I e o e |

product = product * 2;
}

SysEcnontiprintirt g =at it producE) ;

« How would we make the base and exponent adjustable?

14
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Scanner ahd cumulative sum

* We can do a cumulative sum of user input:

Scanner console = new Scanner (System.in);

int sum = 0;

A L AEAE (s 10 ) 4 Ape o AT At Lt e o e B G R G LA Y T
System.out.print ("Type a number: ");
sum = sum + console.nextInt()

}

Sy o bem oty I P S S S S )
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User-guided cumulative sum

Scanner console = new Scanner (System.in);
Seemwo b prin et HoweIan e nanb e s o iad direatiopes
int count = console.nextInt() ;

TS Tm =0
fortint drsrlyay<s comant: 1++)
System.out.print ("Type a number: ");
sum = sum + console.nextInt();
}
SHVishe Syieybaw iy ohanmat wauia T Gl Elnd =ie bR S B SR LR g R E
» Output:

How many numbers to add? 3
Type a number:
Type a number:
Type a number:
A AT YRGB AR

lWwionIN
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Cumulative sum question

* Write a program that reads two employees' hours and
displays each employee's total and the overall total hours.

» The company doesn't pay overtime; cap each day at 8 hours.

e Example log of execution:

.

w6

Hours2l2

Hours? &

Emplioyeevisrtotalihonrs s aliDpe 3 idaswy)

Employee 2y How manyvidavs 22

Hours? 1L

Hours? 6

Employee 2's total hours = 14 (7.0 / day)

Abd @ hd U A o Ve Y B GRS A N % ] Y Wl U £

= 17
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Cumulative sum answer

// Computes the total paid hours worked by two employees.
// The company does not pay for more than 8 hours per day.
// Uses a "cumulative sum" loop to compute the total hours.

a1} o f 0 o wiiin o b BA O et it

publaerrelkassHowrssg
pub e statie woldimainiSEritg il argeyiy
Scanner console = new Scanner (System.in);

int hoursl = processEmployee (console, 1);
int hours2 = processEmployee (console, 2);

8101 DR o) Yo B A 0 0 Y bt s B e, A p 0t ag e B2V
SvStemyoNtyprrrEimtr ot rhowrsrrorsbeshyresntrkrboral)sy

|
18
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Cumulative sum answer 2

// Reads hours information about an employee with the given number.

// Returns total hours worked by the employee.

public static int processEmployee (Scanner console, int number) {
System.out.print ("Employee " + number + ": How many days? ");
int days = console.nextInt();

// totalHours is a cumulative sum of all days' hours worked.
int totalHours = O0;
2 o8 Qs B a0 e e S Hg A D 0 s Y AS A A I a0 AR

SvStemrortprrni Gt ez

int hours = console.nextInt();

totalHours = totalHours + Math.min (hours, 8);

}

double hoursPerDay = (double) totalHours / days;

System.out.printf ("Employee %d's total hours = %d (%.1f / day)\n",
number, totalHours, hoursPerDay);

System.out.println () ;

rerurnwhotatdonrss

—

i

g
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Cumulative sum question

e Write a modified version of the Receipt program from Ch.2
that prompts the user for how many people ate and how
much each person's dinner cost.

» Display results in format below, with $ and 2 digits after the .

» Example log of execution:

How many people ate? 4

Person #1: How much did your dinner cost? 20.00
I e s ot bt SR A e U AR 1V S R p AR D MAD ) 0 DEVAA A0 B4 B4 R 0 Y eyl Y O A
Person #3: How much did your dinner cost? 25.0
Person #4: How much did your dinner cost? 10.00

Subtotal: $70.00
IR P A R Y

IR SA s A e
e e

4 20
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Cumulative sum answer

// This program enhances our Receipt program using a cumulative sum.
TIPOEEa a e a e rg s

public class Receipt2 {

publievstatievvotdimain et ringiivarasyiy
Scanner console = new Scanner (System.in);
System.out.print ("How many people ate? ");
int people = console.nextInt();
double subtotal = 0.0; // cumulative sum

e e e e

SySbemiouEiprintitPersom bt araaiag
A2 o N AT (VR Gl 0 WY U @ BT TR YRTA R e LA ) AN = AP B s AR EAT

double personCost = console.nextDouble();
subtotal = subtotal + personCost; // add to sum

}

results (subtotal);

}

// Calculates total owed, assuming 8% tax and 15% tip
B B A o S M R S Y A i 2 U D MY T RO WL WM ST CU B G i v b AR
double tax = subtotal * .08;
RO e S e R e
doublerbobtaly="subEobal #rtax v trp;

A L0 ) S B O LA E Y PO N L A0 8 SRS 1 A, S A et SR v D v e
Sy ems oy pr iR R TR S S 2 N tax),
System.out.printf ("Tip: $%.2f\n", o i
System.out.printf ("Total: $%. 2f\n" tot s
- }
. 21
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The if statement

Executes a block of statements only if a test is true

if (test) ({
statement;
statement; e
} cont roﬁr:c;:iitt:rient(s}
execute statement
after if statement  [€
* Example: e eteremen
double gpa = console.nextDouble()

if (gpa >= 2.0) {
SV oSy rpE et I APl ca o arcepicdiii
}

22
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The if/else statement

Executes one block if a test is true, another if false

e Iesh
statement(s); ”°
} else {
Statement(s) ; execute the 'else’ execute the 'if'
} controlled statement(s) controlled statement(s)
> aier fleloe statement [€——
 Example:
double gpa = console.nextDouble () ;

if (gpa >= 2.0) {

SvobemyenrpErrntinitiWelcome e Mar s vers e
} else {

ShYAnv e S s b Oy e et o W M BN Y e s MR M e MR e e S v Yo AN
}
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Relational expressions

* Atestinan if is the same as in a for loop.

Fortrntiai=

A SR R M ]
R e e A

» These are boolean expressions, seen in Ch. 5.

o Tests use relational operators:

Operator Meaning Example |Value
== equals AR e e
L does not equal 3.2 1= 2.5| true
= less than Tl false
> greater than 10> 5 true
== less than or equal to 126 <= 100 | false
b greater than or equal to| 5.0 >= 5.0 | true

Copyright 2008 by Pearson Education
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Logical operators: s, ||, !

e Conditions can be combined using logical operators:

Operator | Description Example Result
&& and (2 == 3) && (-1 < b)) | false
| | or t2 e el it e
! not 1 (2 == 3) true

p q Pssq |Pllgq
B0 R S S g R = e YA ps ey Erire
true | false| false true
falseltrue | false true
false | false | false false

Copyright 2008 by Pearson Education

p 'p
true false
false | true

e "Truth tables" for each, used with logical values p and g:

)
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Evaluating logic expressions

» Relational operators have lower precedence than math.
5 v )
5% 7 >= 3+ 5 * 6
35 >= 3 + 30
35 >= 33
Lrue

» Relational operators cannot be "chained" as in algebra.

DS ng (assume that x is 15)
true <= 10
Sl

» Instead, combine multiple tests with s& or | |
2 <= x && x <= 10 (assume that x is 15)
true && false
false

26
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Logical questions

» What is the result of each of the following expressions?
saate e G
sgumEa e T
A e

< X && y <= zZ

o

R R R

([ ]
XX K
o\©

S
o lilx < vSe iy
(xorai e o e bt sy e g e

e Answers: true, false, true, true, false
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