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
* Internally, computers store everything as 1s and Os

104 201101000
Tha 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 A e 63 4
double real numbers Sl S0 oh 0 e

Why does Java distinguish integers vs. real numbers?
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EXpressions

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

« Examples: 1 + 4 * 5
(a2 kpyes
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)

R

o\©

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

& o o 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 R ot 3eh

3 4 52

4 Yol 10 ) 45 27 JraDs

12 40 135

2 5 75

54

O

* More examples:

w5 IS 6
= is 8

el 56 L @RS

» Dividing by 0 causes an error when your program runs.
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IﬁEgger remainder with %

* The % operator computes the remainder from integer division.

& 1y is 2
o D15 is 3 What is the result?
3 43 45 3 6
4y 14 5. 218 s
. 28 8 % 20
2 18 .
15 e
3

* Applications of % operator:
o 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 + Jp 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 e T g s
- -
| |
2 SR 1 + 2 e e RS
. .
| |
7 + 15 Sl 1 + 4 - 9
X 7 X i/
| |
& + 3 5 =Y
X 7 X i/
| |
5 -4

S 10
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Precedence questions

» What values result from the following expressions?

e 95

G Vinie . d)
G o

o s

g R

o o e O e

eobowmmi

I I  a

¢ 7 +

B PEEESE—— 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 +-

1.2
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Real number example

e e e

e
|
4.8 e IRk e D )
N
|
4= + 9.0 o
\ 7
|
4.8 + 4.5
\ /
|
9.3

-
£ 4 13
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Mixing types

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

oo R RS 2 06

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

e e e e

S
|
2 e
S
|
2.4 )
N
|
Rl + 1
X /.

3.4
3 / 2is 1 above, not 1.5.
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L 3 R s e i |
S
|
R 7.5 - 6 / 4
N
|
Do Foihy - 1
\ /
|
9.5 — 1
\ /
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String concatenation

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

"hello" + 42 IS "hellod4d2"
JEE e [ e
Yl Ty IS Mabol oY

I s e
U Valaii s e IS Nabe2gy
vvlvv e ]_ iS "ll"

A e IS e

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

* Svstem.oubiprintln (REEaCIcENINEEE (05> 1 19y 9%

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 16
~ " Copyright 2008 by Pearson Education




AR

Receipt example
What's bad about the following code?

public class Receipt {
publicistatbicivoid nain St ring il vargs)iy
// Calculate total owed, assuming 8% tax / 15% tip
Systemsountyprintlin i sSubtotals )
ChVASHE S PATe b m i oty Al e dod i, e DB e YOl

(
(
Systemsoutiprint I n it Tax i)y,
System.out.println((38 + 40 + 30) * .08);
System.out.println("Tip:") ;
SysbemsoubvpEIn LR CE3 8 A B g R i By
VA E S A e Nt ey i o A S i R it A o B
Sy Sbemsontypreab bt b d Qb s
(38 R g B
B e e R s R e e o

» 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

Es 3 18
~ Copyright 2008 by Pearson Education



pEreh __i::::::;s;§;;4¢//%/j/Mw
Declaration

e 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

19
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Assignment

e assignment: Stores a value into a variable.

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

e Syntax:
name = expression;

nioin o
X = 3;

e double myGPA;
myGPA = 1.0 + 2.25;

Copyright 2008 by Pearson Education

myGPA

3

.25

20
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| Using variables

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

Tt
S o

SYystemvonbiprintbn (Usevm gt Bl

Systemsoutiprintinibi s P — i)

* You can assign a value more than once:

A gt b e
Wi
Systemvout sprintiiniaarhaheratys

x =4 + 7;

Systemroutiprint Intinow s atiing ey .
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// x is 3
// 5 * 3 -1

X 11

// 3 here

// now x is 11

21



eclaration/initialization

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

e Syntax:
type name = value;

e double myGPA = 3.95; X 14

el avia il R
myGPA 395
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ssignment and algebra

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

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

* What happens here?

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

Copyright 2008 by Pearson Education
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Assignment and types

* A variable can only store a value of its own type.

& e O 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 ?
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Compiler errors

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

| et u

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

* You may not declare the same variable twice.

& ke

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

IRbiki— 5 // ERROR: x already exists

- How can this code be fixed?

25
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Printing a variable's value

* 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) ;

R e i VB o B B e R R e e s
System.out.println ("There are " + students +
" students in the course.");

e Output:

Your grade was 83.2
Theve gre 65 shiudents dn the course:

26
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Recelpt question
Improve the receipt program using variables.

public class Receipt {
publbdershatioryordimarn (ST ring i iargs )iy
// Calculate total owed, assuming 8% tax / 15% tip
Syvstemontiprintin(YSubtotal )"
Syvstem ot iprintin {38 £ a0

AR DA 2

System.out.println ('
(agivaidendren e e

System.out.println

'Tip:") ;

S arenon e pranpir g U e

Syvstemiontiprintlin (N ToE gl e
Svstemiontyprintin( 38 g a3inng
(B 3Rl Sk
ER B De b IR (R

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

orbie e e iR e e e e
e s sl s R e
// Calculate total owed, assuming 8% tax / 15% tip
Ihit shEteotal = 98 40 0
double tax = subtotal * .08;
double tip = subtotal * .15;
double total = subtotal + tax + tip;

System.out.println ("Subtotal: " + subtotal);
Swishe i ey bR shw e b A A D A i o
System.out.println("Tip: " + tip);
SystemrountiprintinttTora bt 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--;

T b e ie=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;
Rk llx = % + 3

gpa == 0.5 // gpa = gpa - 0.5;

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

S b
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etition over a range

i

€p

oSy
R o 1
N A A o 1
A 1
SR
et

BasA
out
Okl
Gkl
Gkl
Gkl

R b e
e b bl b
e e
e b b b
AR e AT )
SRS aES )

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));

}

=feyid=r1f

i++) |

A T A R
e R
s
S R O
R s
e G

each number from 1 to 6"

that does just that!

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

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

statement; =
statement;
>~ body
statement;

} i

o Perform initialization once.

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

525!
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Initialization

eNeE 0D 0. — | R L
System.out.println (i1 + " 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 o =1 e )
ShvashaE e b e e e i s R e R e e 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

for tink e nlyc s G- e )
ShvashaE e b e e e i s R e R e e e

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

» Can be any expression:

forbintie e e Oy geee
Sy stemioutiprine bty
}

36
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el e Mmoo Ay

i 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
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Loop walkthrough

1 Perform initialization once

\/4

ncA yes
Is the test true?

v

execute the
controlled statement(s)

3

v

perform the update

5

} execute statement
after for loop

%3



P

 General repetition

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

G A S O ST
("I
("I
Sy stemyoubyprintini T an so ismarky
("I
("S
("I

Systemioll iprintiln A sosmar iy
Systemvoutiprintin sV R i Y
Systemsoutiprintln e At seMeAm RS

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

for  (zntiyi= 1337 <=" b agggyad // repeat 5 times
System.out.println("I am so smart");

}
S e aubht cuoni e M R RSN R SRR A
sSystemvoutiprint Inivmean s=MaiwRaTE S
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Multi-line loop body

SV el ont ah R e e e ey

Eptai st s R e e e
System.out.println("\\ /") ;
System.out.println("/ \\");

}

Syatemyontiprl ntin e smtp iy s

» Output:

+————1

= /

/ X

\ /

/ \

\ /

. b

+————1
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Expressions for counter

b by ghPemp =o5

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

}

e Output:
o
ot
SIS
S
3
Sion

OO0 D N s ey

~ " Copyright 2008 by Pearson Education
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System.oul _prin

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

int highestTemp = 5;

For tanb e e e Tlamp e
System.out.print((1 * 1.8 + 32) + " ");
}
e Output:

26 28 d 30 ol 3 e s g 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 <

SH S ame T E R R S
Forbrnt e R e e B
R Rl

}
Sy gtemapibapraneiniivblashof i

» QOutput:
e e e s s e
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Mapping loops to numbers

forinbticount = e coumb s hricountt it

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

o wiEn v count v s n ot e s v s onntE e iy

SR eaR e B Y e vatan L s Ml el o) i 1 e s w0 U B R A I

=5 . 43
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Slope-intercept

forinbticount = e coumb s hricountt 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 9y 9

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

e 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 ru”nberto|mﬁnt DI B o S N AR M AR o B Y B ok AT AT

1 2 5 2
2 10 7
3 12 15 1:2
4 17 20 17
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 ...
o But this multiple is off by a margin of ...

count | number to print wd R count Wil PoloybuamEy G0
1 17 -4 17
2 13 -8 i
3 9 -12
4 5 -16
5 1 -20
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