Building Java Programs

Chapter 2
Lecture 2-1: Expressions and Variables

reading: 2.1 - 2.2
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Data and expressions

reading: 2.1
self-check: 1-4
videos: Ch. 2 #1
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Data types

* type: A category or set of data values.
» Constrains the operations that can be performed on data
» Many languages ask the programmer to specify types

« Examples: integer, real number, string
e Internally, computers store everything as 1s and 0Os

104 201101000
ThaT e 00l 0001 LT
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Java's primitive types

 primitive types: 8 simple types for numbers, text, etc.
» Java also has object types, which we'll talk about later

Name Description Examples
Pt integers A B ODNG 30
double real numbers SO iR

Why does Java distinguish integers vs. real numbers?
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EXxpressions

o expression: A value or operation that computes a value.

« Examples: e
(Fod 2y kpayeg
42

» The simplest expression is a literal value.
» A complex expression can use operators and parentheses.
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Arithmetic operators

* operator: Combines multiple values or expressions.

+ addition

- subtraction (or negation)
multiplication

division

modulus (a.k.a. remainder)

Rt

o\©

* As a program runs, its expressions are evaluated.
e 1 + 1 evaluatesto 2

§ o o e e DS
« How would we print the text 3 * 4 ?
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Integer division with /

* When we divide integers, the quotient is also an integer.
o T4 s Re ot 3eh

3 4 52

4 yela 10 ) 45 27 JraDs

12 40 135

2 5 75

54

O

* More examples:

i b IS 6
= is 8

e 156 L @RS

» Dividing by 0 causes an error when your program runs.
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In:c/éger remainder with %

* The % operator computes the remainder from integer division.

& Ly is 2
o 18 op is 3 What is the result?
3 43 45 3 6
4y 14 5 218 e
- 28 8 % 20
2 18 o
15 e
3

* Applications of % operator:
» Obtain last digit of a number: 230857 % 10 is 7

» Obtain last 4 digits: 658236489 % 10000 is 6489
o See whether a numberisodd: 7 % 2is1, 42 % 2is 0
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Precedence

 precedence: Order in which operators are evaluated.

» Generally operators evaluate left-to-right.
1 -2 -310s (1 - 2) - 3 whichis -4

 But */% have a higher level of precedence than +-

1 + 3 * 4 Is 13
6 + 8 / 2 * 3
6 + 4 * 3
6 + J is 18

e Parentheses can force a certain order of evaluation:
M e iS 16

» Spacing does not affect order of evaluation
143 * 4-2 is 11
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Precedence examples

e e T g s
- -
| |
2 Fogaae e 1 + 2 i RS
. .
| |
7 + 15 Sl 1 + 4 - 9
X 7 X /
| |
& + 3 5 — Y
X / X i/
| |
5 -4

S 10
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 What values result from the following expressions?

e 95

o ini o i d)
G o

L e

g L

o o O

eobowmmihyad

I e a

¢ 7 +

- . 1 1
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Real numbers (type double)

e Examples: 6.022, -42.0, 2.143el7

e Placing .0 or . after an integer makes it a double.

* The operators +-*/% () all still work with double.
e / produces an exact answer: 15.0 / 2.01is 7.5
» Precedence is the same: () before */% before +-

12
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Real humber example

S e e e e

B
|
4.8 pede IRk e D )
s
|
4= + 9.0 e
\ 7
|
4.8 + 4.5
\ /
|
9.3

S 13
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Mixing types

e When int and double are mixed, the result is a double.

o Aok RS 96

* The conversion is per-operator, affecting only its operands.

e e e s

S
|
2 AT )
e
|
2.4 Bl
N
|
A + 1
X i

3.4
3 / 2is 1 above, not 1.5.
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b
L 3 e S
A
|
b 2.5 - 6 / 4
N
|
D Foiihy - 1
\ /
|
9.5 — 1
X /
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String concatenation

e string concatenation: Using + between a string and
another value to make a longer string.

"hello" + 42 IS "hellod4d2"
Y e | e
Yl Ty IS Mabol oY

e IS e
- Valanii s e IS Nabe2gy
vvlvv A ]_ iS "ll"

Al e IS e

 Use + to print a string and an expression's value together.

* Svstem.oubiprintln (REEaCIcENINEEE (05 1 (1 Oy 2y

o« Output: Grade: 83.5

15
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Variables

reading: 2.2
self-check: 1-15
exercises: 1-4
videos: Ch. 2 #2

"
e o 16
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Receipt example
What's bad about the following code?

public class Receipt {
publieistatbicivoid nain et ring il args)iiy
// Calculate total owed, assuming 8% tax / 15% tip
SystemsontyprintlntsSubtotals )
ChVASHE S PATe b m o ety A i G do R i, eaed BB, e YOl

(
(
Systenmsoutiprintln it Tax )y,
System.out.println((38 + 40 + 30) * .08);
System.out.println ("Tip:") ;
SRVAS Y =ul Ao ns Ym0 Namtra el A b 4 (G Ao o ATI D e AR e s e
SV S P e N et e i o A S i M it A o P
Sy sbemyontyprrab bt bd Qb aadt
R i e g
B e o LRy o R e e

» The subtotal expression (38 + 40 + 30) is repeated
* SO many println statements

17
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Variables

* variable: A piece of the computer's memory that is given a
name and type, and can store a value.

» Like preset stations on a car stereo, or cell phone speed dial:

» Steps for using a variable:

o Declare it - state its name and type
« Initialize it - store a value into it
« Useit - print it or use it as part of an expression

S5 18
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Declaration

* variable declaration: Sets aside memory for storing a value.
» Variables must be declared before they can be used.

e Syntax:
type name;

« The name is an identifier.

ot X

e double myGPA;
myGPA

i
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Assignment

* assignment: Stores a value into a variable.

» The value can be an expression; the variable stores its result.

e Syntax:
name = expression;

noin i o
X = 3;

e double myGPA;
myGPA = 1.0 + 2.25;
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myGPA

3

.25
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* Using variables

* Once given a value, a variable can be used in expressions:

Tt
S

SYystemvontiprintbn (Mo gt B

SviepisionE e i g i

* You can assign a value more than once:

Vs
R
Systemyvout Sprantilintaahahepatiys

x =4 + 7;

Systemroutbiprint Intinow s etk oy .
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// x is 3
Vi o e T

X 11

// 3 here

// now x is 11
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eclaration/initialization

e A variable can be declared/initialized in one statement.

e Syntax:
type name = value;

e double myGPA = 3.95; X 14

L aehw e il e R e
myGPA 395
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ssignment and algebra

* Assignment uses =, but it is not an algebraic equation.

o = means, "store the value at right in variable at left"
e x = 3; means "x becomes 3" or "x should now store 3"

e What happens here?

TR e R
X =x + 2; /] 2?27 % 5

Copyright 2008 by Pearson Education
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* A variable can only store a value of its own type.

& e e // ERROR: incompatible types

* An int value can be stored in a double variable.
» The value is converted into the equivalent real number.

e double myGPA = 4; myGPA 4.0

e double avg = 11 / 2;
avg 5.0

« Why does avg store 5.0
and not 5.5 7?

Copyright 2008 by Pearson Education
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Compiler errors

* A variable can't be used until it is assigned a value.

| Bl o u

System.out.println (x); // ERROR: x has no value

* You may not declare the same variable twice.

gy o

infsee // ERROR: x already exists
e int x = 3;

Intiki— 5 // ERROR: x already exists

- How can this code be fixed?

25
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Printing a variable's value

e Use + to print a string and a variable's value on one line.

e double grade = (95.1 + 71.9 + 82.6) / 3.0;
System.out.println ("Your grade was " + grade) ;

e S T B e B B e N e e e s
System.out.println ("There are " + students +
" students in the course.");

o Output:

Your grade was 83.2
Thorve gre 65 shtudernts dn the coursc:

26
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Receipt question

Improve the receipt program using variables.

public class Recelipt {
publbdershariervodrd marn (ST ring i rargs )iy
// Calculate total owed, assuming 8% tax / 15% tip
Syvstemontiprintin(YsSubtotal )"
Syvstem ot iprintin{38 £ 4 30

AR DA 2

System.out.println ('
(e r vl Qreen SO

System.out.println

et

SV aSrenonteprany g d e e

Syvstemiont iprintlin (O ToE gl
Syvstemsontyprintin (38 g a3ifng
(@b Qe 3RSk
B Dei b IR (R R e

(
(
(
(
System.out.println (
(
(
(
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Recelpt answer

orbis il e e bR e e e e
e e e s e S se R e
// Calculate total owed, assuming 8% tax / 15% tip
Ihit shbtetal = 98 40 o 0
double tax = subtotal * .08;
double tip = subtotal * .15;
double total = subtotal + tax + tip;

At

System.out.println ("Subtotal: " + subtotal);
Swishs =i ey b me shan e b A A D AR s i o
System.out.println("Tip: " + tip):;
Systemrountiprintin i Tora b ot rotaly
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Building Java Programs

Chapter 2
Lecture 2-2: The for Loop

reading: 2.3

self-check: 12-26
exercises: 2-14

videos: Ch. 2 #3
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Increment and decrement

shortcuts to increase or decrease a variable's value by 1

Shorthand
variable++;
variable--;

Thiisgie=rihe
X++;

double gpa = 2.5;

gpa--;

Copyright 2008 by Pearson Education

Equivalent longer version

variable = variable + 1;
variable = variable - 1;

A T i
// x now stores 3

// gpa = gpa - 1;
// gpa now stores 1.5

30



Modify-and-assign operators

shortcuts to modify a variable's value

Shorthand Equivalent longer version
variable += value; variable = variable + value:
variable -= value; variable = variable - value;
variable *= value; variable = variable * value;
variable /= value; variable = variable / value;
variable %= value; variable = variable & value;
Kok llix = % + 3

gra = 05 // gpa = gpa - 0.5;

number *= 2; // number = number * 2;

53
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Répetition over a range

System.
SR A e 1
A e 10
AR 1
S
SN eee

out
out
out
out
out
@ikl

e e e
e b b
e R e el b
e e rd b
AR e A el )
AR A e )

squared =

squared
squared
squared
squared

squared =

"

"

"

"

"

"

o Intuition: "I want to print a line for

» There's a statement, the for loop,

for (int 1
System.out.println(i + " squared = " + (1 * 1));

}

=rfeyid=

i++) |

e
e
e
todax o4y
s
e e

each number from 1 to 6"

that does just that!

» "For each integer i from 1 through 6, print ..."

Copyright 2008 by Pearson Education
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for loop syntax

for (initialization; test; update) ({ }header

statement; —
statement;
> body
statement;

) =

o Perform initialization once.

» Repeat the following:
« Check if the test is true. If not, stop.
- Execute the statements.
« Perform the update.

S
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Initialization

for (EERICEEREEINE - 5w G g by
System.out.println (i + " squared

» Tells Java what variable to use in the loop

» Called a loop counter

- Can use any variable name, not just i
« Can start at any value, not just 1

Copyright 2008 by Pearson Education
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Test

For Gint g =1 e )]
ShvaehalE e b e e b e i s B R e R e

» Tests the loop counter variable against a bound

» Uses comparison operators:

< less than
<= less than or equal to
> greater than

>=  greater than or equal to

35
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Update

o tink n e nlyc s G- e
ShvaehalE e b e e b e i s B R e R e

* Changes loop counter's value after each repetition
» Without an update, you would have an infinite loop

» Can be any expression:

forbintii s i e Oy geee
Sy stemioutiprine bnta):
}

36
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FrRiE e e e

4 System.out.println(i + " squared =

}

5 System.out.println ("Whoo!") ;

Output:

1 squared
2 sqguared
3 squared
4 squared =
Whoo!

I
O W

Copyright 2008 by Pearson Education
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Loop walkthrough

1 Perform initialization once

\/4

nA yes
Is the test true?

v

execute the
controlled statement(s)

3

v

perform the update

5

} execute statement
after for loop

55
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General repetition

System.out.println Yo
System.out.println am so smart");
System.out.println il S0 iamar vy
) 7
) 7

G A S O S
("I
("I
Sy stemyounbyprintinih T an o ismark®
("I
("S
("I

Systemioli iprantiln amsosmar iy
Systemvoutiprintin sV R i yie
Systemsoutiprintln e At s A R

» The loop's body doesn't have to use the counter variable:

for  (Intizi= 1337 = gyt // repeat 5 times
System.out.println("I am so smart");

}
S i cuou i e M RS R e
sSystemvoutiprrnt Intivmean  s=MawRaTE
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Multi-line loop body
SV e oM e e e Ty

Eetani Rsne e s R e e e

System.out.println("\\ /") ;
System.out.println("/ \\") ;

}

Syatemyontiprl nbbn e simtp g s

* Output:

+————+

= .

/ )

\ /

’ \

X /-

/ \

+————+
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Expressions for counter

b b ghPemp =o5

for (int 1 = =3; 1 <= highTemp / 2; i++) {
Shsamiiioihe Welsh ey sl el s i R e

}

» Output:
20.
28
B0
B2
33
B

ORIHE SEEED ISR x T o)

~ " Copyright 2008 by Pearson Education
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System.out . print

e Prints without moving to a new line
» allows you to print partial messages on the same line

int highestTemp = 5;

For el e e e Tlampa s
System.out.print((1 * 1.8 + 32) + " ");
}
e Output:

26 28 dn 30 ol 3 e s h e

41
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Counting down

* The update can use -- to make the loop count down.
» The test must say > instead of <

ST e G E R  E  S
Forabrnt ey R e g B
3 R RN

}
SYgtemsionbaprIneinivbba s of i

» Output:
g e e s s

Copyright 2008 by Pearson Education
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Mapping loops to numbers

forinbicount = e coumb s i hrcountt it

» What statement in the body would cause the loop to print:
By

o awnEvcount v s aount e s s s ot v

SWAS B R A D N o ua s a0 I Wi e To L 1 4 1w T B R A

e 43
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Slope-intercept

forinbicount = e coumb s i hrcountt it

}

» What statement in the body would cause the loop to print:
e

* Much like a slope-intercept problem:
« count IS X
« the printed numberis y

« The line passes through points:
(1, 2), (2, 7), (3, 12), (4, 17), (5, 22)

« What is the equation of the line?

Copyright 2008 by Pearson Education
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Loop tables

* What statement in the body would cause the loop to print:
2 oy 9

* To see patterns, make a table of count and the numbers.

» Each time count goes up by 1, the number should go up by 5.
 But count * 5 is too great by 3, so we subtract 3.

count | number to print |5 * count |5 * count - 3
1 2 5 2
2 10 %
3 12 15 12
4 17 20 ;Y
5 22 25 22

45
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Loop tables question

* What statement in the body would cause the loop to print:
g

» Let's create the loop table together.
» Each time count goes up 1, the number printed should ...

e But this multiple is off by a margin of ...

count | number to print wd R count wd R conn e il
1 17 -4 17
2 13 -8 i
3 =12
4 5 -16
5 -20

46
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Building Java Programs

Chapter 2
Lecture 2-2: The for Loop

reading: 2.3

self-check: 12-26
exercises: 2-14

videos: Ch. 2 #3
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Increment

shortcuts to increase or decrease a variable's value by 1

Shorthand
variable++;
variable--;

It X = 2;
X++:

double gpa = 2.5;
gpa- -,

Copyright 2008 by Pearson Education

and decrement

Equivalent longer version

variable = variable + 1;
variable = variable - 1;
5 s ey G S

/] X now stores 3

// gpa = gpa - 1;
/'l gpa now stores 1.5




e

g ———

Modify-and-

assign operators

shortcuts to modify a variable's value

Shorthand
variable += value;
variable -= value;

variable *= wvalue;
variable /= value;
variable %= value;

X +=3;
gpa -=0.5;

number *= 2;

JEE Copyright 2008 by Pearson Education

Equivalent longer version
variable = variable + value;

variable = variable - value;
variable = variable * value;
variable = variable / value;
variable = variable % value;

e e
// gpa = gpa - 0.5;
[/ nunber = nunber * 2;
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Repetition over a range

System.out.printin("1 squared =" + 1 * 1);
System.out.printin(*2 squared =" + 2 * 2);
System.out.printin("3 squared =" + 3 * 3);
System.out.printin("4 squared =" + 4 * 4);
System.out.printin("5 squared =" + 5 * 5);
System.out.printin("6 squared =" + 6 * 6);

o Intuition: "I want to print a line for each humber from 1 to 6"

* There's a statement, the for loop, that does just that!

for (int i =1; i <= 6; i++) {
System.out.printin(i + " squared =" + (i * 1)),

}

» "For each integer i from 1 through 6, print ..."
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for loop synt

for ( initialization; test; update){ } header
statement; =
statement;
> body
statement;

} =

o Perform initialization once.

» Repeat the following:
« Check if the test is true. If not, stop.
- Execute the statements.
« Perform the update.

T: Copyright 2008 by Pearson Education




Initialization
for( int 1 = 1/i<=6;i++){
System.out.printin(i + " squared =" + (i *i));

}

» Tells Java what variable to use in the loop

» Called a loop counter

« Can use any variable name, not just i
« Can start at any value, not just 1
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Test

for (inti=1; | <= 6;i++){
System.out.printin(i + " squared =" + (i * I));

}

» Tests the loop counter variable against a bound

» Uses comparison operators:

< less than

<= |less than or equal to

> greater than

>=  greater than or equal to

=
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Update

for (inti=1;i<=6; | ++) {
System.out.printin(i + " squared =" + (i * i));

}

 Changes loop counter's value after each repetition
» Without an update, you would have an infinite loop

» Can be any expression:

for (inti=1;i<=09; | += 2){
System.out.printin(i);
}
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Loop walkthrough

for (inti=1;i<=4: i++) {

4 System.out.printin(i + " squared =" + (i * i));

}
5 System.out.printin("Whoo!");

Output:

1 squared =1
2 squared = 4
3 squared =9
4 squared = 16
Whoo!

Copyright 2008 by Pearson Education
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1 Perform initialization once

rﬂ\ yes
Is the test true?

\/4

v

execute the
controlled statement(s)

3

v

perform the update

5

execute statement

> after for loop




General repetition

System.out.printin("l
System.out.printin("l
System.out.printin("l
System.out.printin("l
System.out.printin("l

am so smart");
am so smart");
am so smart");
am so smart");
am so smart");

System.out.printin("S-M-R-T");
System.out.printin("l mean S-M-A-R-T");

Systemout.println("l

* The loop's body doesn't have to use the counter variable:

| <= 5; 1++) {

System.out.printin("S-M-R-T");
System.out.printin("l mean S-M-A-R-T");

Copyright 2008 by Pearson Education

repeat 5 tines
am so smart");
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Multi-line loop dy

System.out.printin("+----+");

for (inti=1;i<=3;i++){
Systemout.println("\\ "),
Systemout.println("/ \\");

}

System.out.printin("+----+");

e Output:
+--——+

et

S —

| X

Copyright 2008 by Pearson Education
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Expressions for counter

int highTemp =5;
for (inti = -3;i<= highTenp / 2;i++){
System.out.printin(i * 1.8 + 32);

}

* Output:
26.6
28.4
30.2
32.0
33.8
35.6

12

| X
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System.out.print

* Prints without moving to a new line
» allows you to print partial messages on the same line

int highestTemp =5;
for (inti1=-3; i <= highestTemp / 2; i++) {

Systemout.print((i *1.8+32)+" ")

}

« Output:
26.6 28.4 30.2 32.0 33.8 35.6

Copyright 2008 by Pearson Education
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* The update can use -- to make the loop count down.

Counting dow

» The test must say > instead of <

System.out.print("T-minus ");

for (inti = 10;

i =

System.out.print(i + ", ");

}

System.out.printin("blastoff!");

* Output:

T-minus 10, 9, 8, 7, 6, 5, 4, 3, 2, 1, blastoff!

Copyright 2008 by Pearson Education
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}

}

| X

s L

Mapping loops to numbers

for (int count = 1; count <= 5; count++) {

» What statement in the body would cause the loop to print:

47101316

for (int count = 1; count <= 5; count++) {

System.out.print( S=fcount —F 1Sy

Copyright 2008 by Pearson Education
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Slope-intercept

for (int count = 1; count <= 5; count++) {

}

» What statement in the body would cause the loop to print:
271217 22

* Much like a slope-intercept problem:
count is x

the printed number is y

The line passes through points:
(11 2)/ (21 7)/ (31 12)/ (4I 17)’ (51 22)

« What is the equation of the line?

16
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Loop tables

* What statement in the body would cause the loop to print:
271217 22

e To see patterns, make a table of count and the numbers.

» Each time count goes up by 1, the number should go up by 5.
e Butcount*5 is too great by 3, so we subtract 3.

count | number to print | 5 * count 5*count- 3
1 5 2
2 10 7
3 12 15 12
4 17 20 17
5 22 25 22

17
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Loop tables question

17£135:9:5:1

» Let's create the loop table together.
» Each time count goes up 1, the number printed should ...

» But this multiple is off by a margin of ...

count | number to print| -4 *count -4 * count + 21
1 17 -4 17
2 13 -8 13
3 -12
4 5 -16 5
5 -20

JEE Copyright 2008 by Pearson Education

* What statement in the body would cause the loop to print:
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Nested loops

reading: 2.3

self-check: 22-26
exercises: 10-14

videos: Ch. 2 #4
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R

for (intj=1;j<=5; j++) {
System.out.print(j + "\t");

}
System.out.printin();

for (intj = 1; j <= 5; j++) {
System.out.print( LRGSR e alE

}

System.out.printin();

for (intj = 1;j <= 5; j++) {
System.out.print( 32N

}

System.out.printin();

for (intj = 1;j <= 5; j++) {
System.out.print( ]

}

System.out.printin();

Copyright 2008 by Pearson Education
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=
o0 O N
B N5

~ Redundancy between loops

4 5

8 10
12 15
12 16 20

© O Wer

20




Nested loops

*» nested loop: A loop placed inside another loop.
for (inti=1;i<=4; i++) {
for (int j =1; j <= 5; j++) {
Systemout.print((i * j) + "\t");

}

System.out.printin(); /Il to end the |line

e Statements in the outer loop's body are executed 4 times.
» The inner loop prints 5 numbers each time it is run.

e g
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Nested for loop exercise

* What is the output of the following nested for loops?

for (inti=1;i<=6;i++) {
for (intj=1;j <= 10; j++) {
System.out.print("*");

}
System.out.printin();

}

* Output:

kkkkkkkkkk
kkkkkkkkkk
kkkkkkkkkk
kkkkkkkkkk

kkkkkkkkkk

kkkkkkkkkk

22
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Nested for loop exercise

* What is the output of the following nested for loops?

for (inti=1;i<=6;i++) {
for (intj=1; <= I ]++) {
System.out.print("*");

}
System.out.printin();

}

* Output:

*%
*k*x
*kk*k

*kkkk

*kkkkk

23
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Nested for loop exercise

* What is the output of the following nested for loops?

for (inti=1;i<=6;i++) {
for (intj=1;j<=1i; j++) {
System.out.print( 1 );
}
System.out.printin();

}

* Output:
1
22
333
4444
95555
666666

24
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Complex lines

* What nested for loops produce the following output?

inner loop (repeated characters on each line)

/_A_\

it

=2

=3 ~— outer loop (loops 5 times because there are 5 lines)
4

5

* We must build multiple complex lines of output using:
» an outer "vertical" loop for each of the lines
» inner "horizontal” loop(s) for the patterns within each line

25

| X
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Outer and inner loop

* First write the outer loop, from 1 to the number of lines.

for (int line = 1; line <=5; line++) {

}

* Now look at the line contents. Each line has a pattern:
» some dots (0 dots on the last line)
* a number

S

S
S
4
5

26
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Nested for loop exercise

» Make a table to represent any patterns on each line.

il line | # of dots =lexeliipe =t b e kb
.3
2 3 =55, 3
- 3 2 = 2
5
4 1 -4 1
5 0 =5 0

e To print a character multiple times, use a for loop.

for (intj=1;j<=4;j++){
System.out.print("."); /] 4 dots
}

27
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R e

~ Nested for

loop solution
* Answer:
for (int line = 1; line <= 5; line++) {
for (intj=1;j <= (-1 * line + 5);j++){
System.out.print(".");
}
System.out.printin( | 1 ne);
}
e Qutput
Tl
il
-3
4
5

28
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* What is the output of the following nested for loops?
for (int line = 1; line <= 5; line++) {
for (intj=1;j <= (-1 *line + 5); j++) {
System.out.print(".");
}
for (int k =1; k <= line; k++) {
Systemout. print(line);
}
System.out.printin();
}

e Answer:
e ¢
P
..333
4444
55555

Copyright 2008 by Pearson Education

Nested for loop exercise
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- Nested for loop exercise

* Modify the previous code to produce this output:
e

o
S
4...
S

* Answer:
for (int line = 1; line <= 5; line++) {
for (intj=1; )<= (-1 *line + 5); j++) {
System.out.print(".");
}

System.out. pri nt (line);

for (int j =1;: j <= (line - 1); j++) {
Systemout.print(".");

}

Systemout.println();
}

Copyright 2008 by Pearson Education
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Common errors

» Both of the following sets of code produce infinite loops:
for (inti=1;i<=10; i++) {
for (intj = 1; I <= 5;j++){
System.out.print(j);

}
System.out.printin();

}

for (inti=1;i<=10;i++) {
for (intj=1;j<=5; | ++) {
System.out.print(j);

}
System.out.printin();

Copyright 2008 by Pearson Education
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Building Java Programs

Chapter 2
Lecture 2-3: Loop Figures and Constants

reading: 2.4 - 2.5
self-checks: 27

exercises: 16-17
videos: Ch. 2 #5
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Drawing complex figures

* Use nested for loops to produce the following output.

e Why draw ASCII art?
» Real graphics require a lot of finesse
o ASCII art has complex patterns
» Can focus on the algorithms
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Development strategy

» Recommendations for managing complexity:

1. Write an English description of steps required (pseudo-code)
« use pseudo-code to decide methods

2. Create a table of patterns of characters
« use table to write loops in each method
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1. Pseudo-code

» pseudo-code: An English description of an algorithm.

» Example: Drawing a 12 wide by 7 tall box of stars

print 12 stars.

for (each of 5 lines) {
print a star. * % Kk K * Kk Kk * Kk Kk kK
print 10 spaces. * *
- * *
print a star. . v
e * x
print 12 stars. % >
* *

R i O g i i i i i g
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Pseudo-code algorithm

1. Line
- #,16 =, #

2. Top half
.

. Spaces (decreasing)
. <>

« dots (increasing)
. <>

. Spaces (same as above)
|

3. Bottom half (top half upside-down)

4. Line
ey Lo
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Methods from pseudocode

public class Mirror {

pUblireverabievvoidimaintarringl bvargs i
line () ;
LORHAT G
bobbomBalrt)ss
line () ;

}

iR e SR e s e e e e S A R
for (int line = 1; line <= 4; line++) {
// contents of each line
}
}

e G e NS S E S e o s S s M A S
for (int line = 1; line <= 4; line++) {
// contents of each line
}
}

public static void line() {

//

" ]
} 19
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2. Tables

* A table for the top half:
» Compute spaces and dots expressions from line number

line |spaces |line*-2+8 [dots |4 *line -4
1 6 6 0 0

2 4 4 4 4

3 2 2 8 8

4 0 0 12 w2
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3. Writing the code

» Useful questions about the top half:
» What methods? (think structure and redundancy)
» Number of (nested) loops per line?
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Partial solution

// Prints the expanding pattern of <> for the top half of the figure.
publievstatieysyordieopRabi ey

for (int line = 1; line <= 4; line++) {
SAVE ARy =11 A 1 ey o hied 4t Al oo o A
for (int space = 1; space <= (line * -2 + 8); space++) {
e e S R

}

SAvASAm S oIt utto Aan Al e A 0.

tortintrdotrarlnsrdetireer (NI ENCEIRaNY - () 5 )l
S AVASH BT Al e I ) A G i R CLAATL AN
}

S e e

for (int space = 1; space <= (line * -2 + 8); space++) {
SR Ao AW Ui B o by wiA DR sAMa Y LA Y,

}

System.out.println("|");

Jep
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Class constants
and scope

reading: 2.4

self-check: 28

exercises: 11
videos: Ch. 2 #5
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Scaling the mirror

* Let's modify our Mirror program so that it can scale.
» The current mirror (left) is at size 4; the right is at size 3.

 We'd like to structure the code so we can scale the figure
by changing the code in just one place.

Copyright 2008 by Pearson Education
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Limitations of variables

» Idea: Make a variable to represent the size.
» Use the variable's value in the methods.

e Problem: A variable in one method can't be seen in others.

pUblicystatic voldimaliniStringblvargsy i
int size = 4;
Cop oy
printBotiomt)y;

}

EANE R et e S b R Cl I e e L S R O A Y e
Eorlbntdsrrr e te e an iy ot // ERROR: size not found

}
}

publiicrstaricyvoldyborrombal ety
for (int 1 = max; 1 >= 1; i--) { // ERROR: size not found

}

25
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Variable scope

e scope: The part of a program where a variable exists.
» From its declaration to the end of the { } braces
« A variable declared in a for loop exists only in that loop.
« A variable declared in a method exists only in that method.

pPubirevwetafaervondiasramp hestag
T idte e

Forratint e e e et
<{:: Sy etemiont iprirntbn ()

—
} X'S SCOpe
// i no longer exists here
} // X ceases to exist here

I's scope

— 26
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Scope implications

* Variables without overlapping scope can have same name.

o n oy oY e b n W e AR R VD
& o S

}
Bmhaiaion b o b e Bt B e R g N e // OK
e e

}
TRt A=k // OK: outside of loop's scope

* A variable can't be declared twice or used out of its scope.

e bt o b be e AR A R S e
e s b // ERROR: overlapping scope
System. out . prine (W/in)

}
i=4; // ERROR: outside scope

e
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Class constants

» class constant: A value visible to the whole program.
» value can only be set at declaration
» value can't be changed while the program is running

e Syntax:
public static final type name = value;

 name is usually in ALL_UPPER_CASE

» Examples:
pubilacsbarmaianad e DR e o N e e

PubiEicvssarierrns b adonp o RS T R e s e
Guieriel b R e e s R S o

28
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Constants and figures

» Consider the task of drawing the following scalable figure:

BN N N
| |
| |
| | Multiples of 5 occur many times
| |
| |
FANTNN NN NN N

EANANANNE

| |
| | The same figure at size 2

e N N

Copyright 2008 by Pearson Education
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Repetitive figure

pubiievsiabieiveidimainistringiiiargsivd
drawLine () ;
drawBody () ;
drawLine () ;

}

publidcvnsharenvordidrawimreiyiny
Sy SEemi o iprInti Ry
40 0 T s 14 A 6 WA R A A Mol P v 8 © Bt e o 00 e
Sh Ve oo s ye o sty Al ik i N
}

Sy shemyoubvpr i En ChEys
}

oo e Ea Y oS ats sh e Mo Wo Aol ots bvd SYols heid 4 pRoe
450 T (4 A 8 AT R B Y = TG VA A 0 T W - S e A0 B N R o e o

code

Sy stemyorErprIinE i)y
for (int spaces = 1; spaces <= 20; spaces++) {
VS LMoLy PR AT

}
Ao A WY P A6 B A A N o S S

~ Copyright 2008 by Pearson Education
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Adding a constant

public class Sign {
public static final int HEIGHT = 5;

pubiievsiabieiveidimainistringiiiargsivd
drawLine () ;
drawBody () ;
drawLine () ;

}

publidcvnsharenvordidrawimreiyiny
Sy SEemi o iprInti Ry
Eoririntyirerergersn M T GHT a2 joapaay
Sh Ve oo s ye o sty Al ik i N
}

Sy shemyoubvpr i En ChEys
}

public static void drawBody () {
for (int line = 1; line <= HEIGHT; line++) {

Sy sEemyoRapE IR )
for (int spaces = 1; spaces <= HEIGHT * 4;
VS LMoLy PR AT

}
Ao A WY P A6 B A A N o S S

~ Copyright 2008 by Pearson Education
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Complex figure w/ constant

* Modify the Mirror code to be resizable using a constant.

A mirror of size 4: A mirror of size 3:
f================{ ho—————————

| s | | cSes |

| <> <> | e e
e <> e <> |
oo <> | e <> |
[ e e <> s <
e e | s |

| <o | s e

| e |

Copyright 2008 by Pearson Education
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Using a constant

e Constant allows many methods to refer to same value:
public static final int SIZE = 4;

public static void main (String[] args) {
topHalf () ;
R

}

pukibreristatierwordirropHatilyaad
e N // OK

}
}

publrerstatierveordiabotromBal i)y
(R Hadeand (v 0 A WAty | 11 L | et 0 R g hoe e R // OK

}

Copyright 2008 by Pearson Education
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Loop tables and constant

e Let's modify our loop table to use sI7zE
e This can changethebin y=mx+ b

SIZE | line spaces |-2*line + (2*SIZE) | dots d¥line = 4
4 1,2,3,416,4,2,0 |-2*line + 8 0,4,8,12 | 4*line - 4
3 15203 i 4.2:0 -2*line + 6 0,4,8 4*line - 4

f================f

| e | e s e o2

| = | | <><> |

e o e e e o e

P e o s <> |

i <> | e e <

[ < e e

| e | | <><> |

| > | oo s

f================¢

Copyright 2008 by Pearson Education
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Partial solution

public static final int SIZE = 4;

// Prints the expanding pattern of <> for the top half of the figure.
e e e e
5 5 A (0 b 0 v em B = ey il P et i v e el < 1 | AR et m = oo o) e |
SRVASREl =111 0 1 b Rud o R amdsal U R A 140
for (int space = 1; space <= (line * -2 + (2*SIZE)); space++) {
System.out.print (" ")
}

System.out.print ("<>") ;

A e A R e A b S L M e R L e e T s !
Sy gbemiouEyprinbttaniiyy
}

Sy Stem outiprEntitiazys

for (int space = 1; space <= (line * -2 + (2*SIZE)); space++) {
S e e e
}

Sy sbemuoisprin bty

3 35
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Observations about constant

* The constant can change the "intercept" in an expression.
» Usually the "slope" is unchanged.

public static final int SIZE = 4;

for (int space = 1; space <= (line * -2 + (2 * SIZE)); space++) {
A S I b LA T BT AN AN 1

* It doesn't replace every occurrence of the original value.

Fortint rdobv=rlrdot el feenn iy v eyl e
System.out.print (".");

36
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