Building Java Programs

Chapter 2
Lecture 3: Variables, For Loops, Nested Loops

reading: 2.2 - 2.3

(Slides adapted from Stuart Reges, Hélene Martin,
and Marty Stepp)
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k. [-] Shadow702792 <& 11 points 8 hours ago (14|2)

- | software is sometimes written by people that understand software.
As a programmer all the bad code I've seen would state otherwise....
Mot saying I'm perfect, but there is lot of terrble termble code out there.

permalink parent source report save reply

A [-] DanielMallory - 10 points 8 hours ago (16|6)
= E.G.
Minecraft Symantec
It's hard to explain "bad code" to someone who doesn't understand code.
but have you LOOKED at Minecraft's source code? Christ, my cat on catnip could write a better program in Java

permalink parent source report save reply

4. [-] BusinessCasualty <& 70 points 8 hours ago (81|11)
=~ He'd get too distracted by all the strings

permalink parent source report save reply
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Variables

reading: 2.2
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Receipt example

What's bad about the following code?

public class Receipt {

S R e e S N e e B EE e

args)

//

// Calculate total owed, assuming 8% tax / 15% tip

System.
System.
System.
System.
SV TEe:
SyESemy:
Syshom:
Syshom:

}

out
out
out
out
out
out
OUEE
out

N onoan v S ar Rl o Ret whves AT
.println (EEEEEREEE) ;
A o e e R b G,
.println((38 + 40 + 30)
S ousgne i o
.println((38 + 40 + 30)
st ohe Al e ar- I R
.println (SN

(38 + 40 + 30)
(38 + 40 + 30)

*

g

vl

B
AAeT i

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

« Declare it - state its name and type
- Initialize it - store a value into it
o Use it

- print it or use it as part of an expression

e

5
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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.

S anthviopoodes

e double myGPA;
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Assignment

 assighment: Stores a value into a variable.

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

e Syntax:

name = expression;

S anthviopoodes
zipcode = 90210;

e double myGPA;
myGPA = 1.0 + 2.25;

Copyright 2010 by Pearson Education

zlpcode

90210

myGPA
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//

Using variables

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

Tt
S g

systemiontiprint En (Y rsh Mt B

System.out.println(b * x - 1);

* You can assign a value more than once:

atighn h o

R

SR e S e b e b ue B bl i e P
x =4+ 7;

Systemioutiprintin Yaow i stk seye
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// x is 3
A o e R ]

X 11

// 3 here

// now x is 11



//

—_— ————————

Declaration/initialization

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

e Syntax:

type name = value;

e double myGPA = 3.95; myGPA 3095

BV O

O\

SR Bl et

— 9
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e
Assignment and algebra

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

¢ = means, "store the value at right in variable at left"

- The right side expression is evaluated first,
and then its result is stored in the variable at left.

* What happens here?

T se el
X =x + 2; // 227 ¢ 5

10
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Increment and decrement

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

Shorthand Equivalent longer version
variable++; variable = variable + 1;
variable--; variable = variable - 1;
AR Sk

x++; // x =x + 1;

// x now stores 3

double gpa = 2.5;

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

1:4:
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e
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;
X += 3; LfoXx = % 43

gra 5 // gpa = gpa - 0.5;

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

1.2
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e
Assignment and types

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

& Tnise - 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 ?

13
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//
Compiler errors

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

S 6 D

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

* You may not declare the same variable twice.

STy

int e // ERROR: x already exists
e MRS A AR

g B // ERROR: x already exists

- How can this code be fixed?

14
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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);

s U A e B B e e A S e v v e
Systemiontivpeaintlin(’There are " 4+ students +
" students in the course.");

o Output:

Your grade was 83.2
There Sre 65 gbijdents dn the colurse:

1
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Receipt question

Improve the receipt program using variables.

public class Receilipt {
pupliie s e o d i main G g e g s
// Calculate total owed, assuming 8% tax / 15% tip
Syvsbemiontiprintitsubbobalz )
SystemionbyprintEn 383Gy

SR s e e e MR B
System.out.println( (38 + 40 + 30) * .08);

System.out.print ("Tip: ");
SRV aM SR e Aes tak ANl e SR S B O e e S

Svstemyontiprint (W Totat vy
Syvstemyontyprantin (38l i3gag
(R d Pk e R Rk
R d D n R e B

16
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Receipt answer

oritail e e i e et e
EeRb e e e e e B e e SR T e A R s R
// Calculate total owed, assuming 8% tax / 15% tip
int stprotal = S8R 40 T 30
double tax = subtotal * .08;
double tip = subtotal * .15;
double total = subtotal + tax + tip;

System.out.println ("Subtotal: " + subtotal);
Sy sbent ol b rprinibn et Pasca il e o ra)
System.out.println("Tip: " + tip);
Systemrontbyprintint Totalb Mot arotaliy.

i1
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Building Java Programs

Chapter 2
Lecture 2-2: The for Loop

reading: 2.3

-
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e
Repetition with for loops

e So far, repeating an action results in redundant code:

makeBatter ()
bakeCookies (
bakeCookies (
bakeCookies (
bakeCookies (

(

S

¥
o
¥
) .
)

’

bakeCookies
ERes e e e

()7
* Java's for loop statement performs a task many times.

mixBatter () ;

for (int i = 1; i <= 5; i++) { // repeat 5 times
bakeCookies () ;

}

frostCookies () ;

1S



for loop syntax

for (initialization; test; update) ¢
statement;
statement;

statement;

 Perform initialization once.

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

Copyright 2010 by Pearson Education
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Control structures

e Control structure: a programming construct that affects
the flow of a program's execution

e Controlled code may include one or more statements

* The for loop is an example of a looping control structure

- 24
Copyright 2010 by Pearson Education



Initialization

For (ENFNCEEIEE N - 0 < e gy

SyStemsamtemrart b e e e e ma e e

e Tells Java what variable to use in the loop

 The variable is called a loop counter

« Can use any name, not just 1
« can start at any value, not just 1
- only valid in the loop

» Performed once as the loop begins

Copyright 2010 by Pearson Education
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Test

forilint 1 = T, HEES=IG: i 11
SyStemsamtemrart b e e e e ma e e

» Tests the loop counter variable against a limit

» Uses comparison operators:

< less than

<= less than or equal to

> greater than

>=  greater than or equal to

== exactly equal to
= not equal to

Copyright 2010 by Pearson Education
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Update

for (int 1 = 1; 1 <= 6; i++) {
systemiout iprinbin (! Eranso smartiye

e Updates the loop counter to a new value

» If the updates do not eventually make the loop test fail, the
loop will never end

Copyright 2010 by Pearson Education
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Repetition over a range

S e B
S s R e
S e e e G R o
L s O e e
et e e BB e AR A AR G ER Y
System.out.println ("6 squared =

1A

1A

1A

1A

1A

1A

+ + + + + +
o Ul i W DN

D PEEEE pt it pETeD LD, SEtt, o

~e

e o

~e

~e

O Ui WD
~

~e

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

* The for loop does exactly that!

For stint i drslegenaergeii )

{

Sy siEemyoutvpranla il isguareday=athaba (el gy

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

Copyright 2010 by Pearson Education
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Loop walkthrough

SR s e e o
4 Svetem o out pranEln it sagared =i Lo Ty
}
5 System.out.println ("Whoo!") ;

v

1 Perform initialization once

Output:
l = quared = © Is the t%t true? "

1:
2 squared = 4 “Hhhhhxffffff 1
3 Squared 4 4 execute the
4 S quared o b 6 controlled statement(s)

Whoo'! v

3 perform the update

5

} execute statement
after for loop

26
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Multi-line loop body

Sy sbemsontvprint lmiih o i

for int g s e e ey
System.out.println ("\\ /") ;
System.out.println("/ \\") ;

}

System.outiprintlinldaa =g

o Output

+————+

3 /

/ \

\ /

/ \

\ /

/ \

+————+

i
| 27
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// u
Expressions for counter

rnbahighPemp =757

for (int i = =3; i <= highTemp / 2; i++) {
ShsamniiioThe Mok anai ol el sl s o R

}

e Output:
20.
28
Sy
Jda
33
B

OO0 D N b ey

-
ikl 28
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//

Svstem out print

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

int highestTemp = 5;

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

26 h 28 d B0 ol 3 3 3 h e

. Concatenate " " to separate the numbers

29
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Counting down

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

SV EmYO B R e n e
For Shrnb =iy e e B
SRith e S e e e R

}
systemsoubiprant inttblastoff e

Svatemtout o prartln i P hesend e

e QOutput:

e S O D G S bl s o]
The end.

30
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Nested loops

reading: 2.3

YODAWG!I HEARDYOU LIKE
LOOPS

-
-z I
S0/ PUT LOOPS IN YOUR LOOPS SO
YOU CAN LOOP WHILEYOU LOOP _

~__ Copyright 2010 by Pearson Education
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Nested loops

*» nested loop: A loop placed inside another loop.
S h e e e L s e SRS R R S
for (int j = 1; j <= 10; j++) {
System.out.print ("*") ;

}
Svotemsoutiprintin)y; // to end the line

e Qutput:

Rt i i b b b b b g ¢
kkkkhkkkkhkkkk*k
kkhkkkhkkhkkhkkkk%k
Rl i i b b b b b g ¢
kkhkkkhkkhkkkkkk*k

* The outer loop repeats 5 times; the inner one 10 times.
» "sets and reps" exercise analogy

Copyright 2010 by Pearson Education
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Nested for loop exercise

 What is the output of the following nested for loops?

Foriifintamy —aifrsivpna b sy
Soninnvero ey i e e
S e e AT DN B G At e AL A

}
System.out.println();

}

e Qutput:

*

* %

* x %

* Kk kX
* Kk ok kK

"
o
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Nested for loop exercise

» What is the output of the following nested for loops?
A o0 i E b Weee R LA e e e B e
Soninnvero ey i e e
System.out.print (i) ;

}
System.out.println();

}

e Qutput:

£

i
Beae
4444
SR )

e 34
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Common errors

* Both of the following sets of code produce infinite loops:

B ator a0 Wi e M M o S L e
for (int j = 1; 1 <= 10; j++) {
SysSkEemiioubipranbipiiiye

}
e e S S e e

Fortrnt i =als e by
For ant g ey e e R
S e o e S A

}
Syisbemiout e DranlnieRs

35
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Complex lines

* What nested for loops produce the following output?

inner loop (repeated characters on each line)

3 > outer loop (loops 5 times because there are 5 lines)

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

36
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Outer and inner loop

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

2159 0 e o oy e At e N R e o A Dt P

}

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

 Observation: the number of dots is related to the line number.

- 37
Copyright 2010 by Pearson Education



//
Mapping loops to numbers

forinticount e coumnb s hricount il
Sy shemy outapranb G

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

o N coEnt v s S o b s s s s onne s v

System.out.print(3 * count + 1 + " ");

e a————— 38
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Loop tables

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

* 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 ru”nbertolmint 5 * count |5 * count - 3

1 2 5 2
2 10 7
3 12 15 12
4 17 20 7
5 22 25 22

39
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Loop tables question

» What statement in the body would cause the loop to print:
Tr il 95

» 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 =4 Cconnb el
1 17 -4 17
2 13 -8 125
3 ~12
4 5 -16 5
5 -20 1

40
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e

Another view: Slope-intercept

* The next three slides present the mathematical basis for
the loop tables. Feel free to skip it.

. count ix) number to print (y)

20
2

15 A

2

10 A

5_

I O T T 1
-2 /Q/ 2 4 6

-10 -

12

17

a| | W] N]| P

22

41
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e
Another view: Slope-intercept

e Caution: This is algebra, not assignment!

e Recall: slope-intercept form (y = mx + b)

» Slope is defined as “rise over run” (i.e. rise / run). Since the “run” is
always 1 (we increment along x by 1), we just need to look at the
“rise”’. The rise is the difference between the y values. Thus, the
slope (m) is the difference between y values; in this case, it is +5.

* To compute the y-intercept (b), plug in the value of y at x = 1 and
solve for b. In this case, vy = 2.

Vimm e b count (x) number to print (y)
Wpogo v Voo i e
Thenb = -3 1 2
_ _ 2 7
e So the equation is
y =m * x + b 3 12
Wi a o Gt 4 17
Wil oY o ovbighin D) 5 29

42
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e

Another view: Slope-intercept

e Algebraically, if we always take the value of y at
x = 1, then we can solve for b as follows:

e In other words, to %et the y-intercept, just subtract
the slope from the first y value (b = 2 - 5 = -3)
» This gets us the equation
Wi e h s o)
Vo= D Ao g
i et w slelbloha e
(which is exactly the equation from the previous slides)

&3 43
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Nested for loop exercise

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

2 line | # of dots -1 * line -1 * line + 5
- 1 4 ol 4
o 2 3 -2 3
5 3 2 -3 2
4 1 -4 1:
5 0) =D 0

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

for intg — o heaine s i
SyeremvonE DRI T // 4 dots

44
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Nested for loop solution

* Answer:
Foravrneyvahamen—rarlalipanievhsrr e pyack by
For tint Ji=1r Jo <= HE NIRRT = )
Shifsher-tiEelelb s i eh sk i
}

SYStemout i printlin (MeREe )

}

e QOutput:
ol
0
e
A
5

o 45
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//
Nested for loop exercise

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

TorvabrEv el e Rer e et
forvint vy e e a  pe b e e e
System.out.print("."):;

}
for (int k=1 k <= 1ine: k¥t)
System.out.print(line);

}
System.out.println() ;

}

e Answer:
e
e
5333
L4444
55555

46
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Nested for loop exercise

* Modify the previous code to produce this output:

S

S
oy
i
S

e Answer:

TOT

}

e e e e

forant g s e e
Sy stemioutipring i

}

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

}
System.out.println() ;

47
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