Building Java Programs

Chapter 2
Lecture 3: Variables and the for Loop

reading: 2.2 - 2.3
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Division

Discrete (int) Division : Continuous (double) Division

3.0 / 46.0 = 15.33...
3/46.0 = 15.33...
3.0/ 46 = 15.33...

46 / 3 =(15|] 46 % 3 =1

Nt

3 (46 | 3 146.00

151r1 15.33...
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Er 16
16 15
15 10
1 9
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Variables

reading: 2.2
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Variables

e 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:

o Steps for using a variable:
« Declare it - state its name and type
o Initialize it - store a value into it
« Use it - print it or use it as part of an expression
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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.

Sk raipe oelics zlpcode

* double myGPA;
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;

e int.vipcode; zipcode 90210
zipcode = 90210;

* double myGPA;
myGPA = 1.0 + 2.25; myGPA 3.25
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Using variables

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

Jerjeaee

=3

System . ot printin (< ie W 1 ) - s S ]

Sl e s s e taNe lntee R - Sl Jofahaa koo,
* You can assign a value more than once: . 11

S QL R

S

System.out.println(x + " here"); // 3 here

x =4 4+ 7;
System.out.println("now x is " + x); // now x is 11
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Declaration/initialization

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

e Syntax:

type name = value;

¢ double myGPA = 3.95; myGPA 395

ool o e el O Bl e SO e e L
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Assignment and algebra
e 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.

e What happens here?

IR G s
X =X + 2; /] 2?22?27
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Assignment and types

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

o Tk = D // 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; nyGPA 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

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

s o e O

System.out printilin(x): // ERROR: x has no wvalue

* You may not declare the same variable twice.

& TRk o

S e // ERROR: x already exists
o Intx = 3%

R — 5 // ERROR: x already exists

- How can this code be fixed?

i 7
Copyright 2010 by Pearson Education



Printing a variable's value

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

e coiloleEgrader =29 e A a el Ge LS P gl a9 (s
System.out.println ("Your grade was " + grade);

I8 8 VRN O B E @ 1 200 Qe Foud e e Pl sy ool Lo Ao ey S e B0 o s Coisbed I i
System.out.println ("There are " + students +
" students in the course.");

o Output:

Your grade was 83.2
There are 65 students in the course.

— - 153
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Receipt question

Improve the receipt program using variables.

pubiltesclass=Rece it =
RN G s P e e S Ret e b e T b cab= L SbAek (S rE el aRe P e p e Ao et

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

System

SVESIEeTn:;

System.
System.

oNViSEem:
SR EECT

SN SEems
System.

SOLRE
out

OUE
@G

SHERE
out

out
S

S ga k0 TEn DRl S UL R ElONE e B kerag e
sprint Ense ke £ (s
S SlGabian AR AR b GRS s
o el B R AN o o e G Ovedt A 07 S S G
S enashenEdBok B laR ot By
S O NPT AL 5 R B o o ool i 3 O itss s S (0
sprEnie g iotsaula iy

(

o S G aRATEIE O o e i ey D e 1 G v
e R R
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Receipt answer

publtenaliassERecaipt i
N B B e S M R R Ao o i A e S el e D At e P e S e Pl e
// Calculate total owed, assuming 8% tax / 15% tip
int subtotal = 38 + 40 + 30;
double tax = subtotal * .08;
double tip = subtotal * .15;
double total = subtotal + tax + tip;

SuiaEenE ot e G S me i s e b EoEale T
sy stemroutyprint Fn{ Tax o ataar)

RS R b Ares e aitn e SRl MR S AR ey e Kl o R
syisEemzoutprantln ¢ Totalsatatratotal )y
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For loops

reading: 2.3

i
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Repetition with for loops

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

makeBatter ()
bakeCookies (
bakeCookies (
bakeCookies (
bakeCookies (

(

S

14

)
e
Vi
) .
)

14

bakeCookies
frostCookie

(@7

e Java's for loop statement performs a task many times.

makeBatter () ;

for (int 1 = 1; 1 <='5; 1+4+) { // repeat 5 times
bakeCookies () ;
}

ErosEEookie s

o
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"or loop syntax

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

statement;
statement;
>~ body
statement;
} =
Example flow
 Perform initialization once. : Initia“Tzat‘O”
est
» Repeat the following: . Body
. Check if the test is true. If not, stop. + Update
- Execute the statements. Tes.t Body
- Perform the update. . Update
Test

Exit For Loop

18
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Control structures

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

» Controlled code may include one or more statements

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

— 19
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Initialization

for (EEREEENECENE- 1 <= 6; 1++)

SyisiEcmoutsprintla s ani son siarsilyss

» Tells Java what variable to use in the loop

 The variable is called a loop counter

e Can use any name, not just i
- 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

o E e e a e = T ) ]
SyisiEcmoutsprintla s ani son siarsilyss

» 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

Copyright 2010 by Pearson Education
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Increment and decrement

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

Shorthand
variable++;
variable--;

S N e AT
X++;

donbilies gpas =i 2n 5

gpa--;

Copyright 2010 by Pearson Education

Equivalent longer version
variable = variable + 1;
variable = variable - 1;

7 GO e R ) S
// x now stores 3

// gpa = gpa - 1;
// gpa now stores 1.5
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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 3= value; variable variable & value;
Xek e [lx =% 4 3

gpa 05 // gpa = gpa - 0.5;

number: =+ 2= // number = number * 2;

— 23
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Repetition over a range

g
System.out.println ("1l squared =
S VAT I HOND B R DR s B S A e e TR s |
System.out.println ("3 squared
System.out.println ("4 squared
System.out.println ("5 squared
System.out.println ("6 squared =

o Intuition: "I want to print a line for each

1A

1A

1A

LA

1A

1A

* The for loop does exactly that!

RO Heiag oY eee i R e S S i Y

{

+ + 4+ + + +

ORI C s s (SN =

e

o o

e

R e e R
e

(OB AOREE R COR RO oo
N

e

number from 1 to 6"

Y sFem el e Pl Ca PRl e et e e Bl e T

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

e taloun i e bose el el R L
FSvetemonbiprentilnGis i sauated il (e
}
5 SySkEem: otz printin (thoolat)

v

1 Performn initialization once

Output:
1 squared = no 2 yes
2 Is the test true?

i3
squared = 4 1
Ssauareds =29 xhﬂﬂmxx,ffffr ——
4 S quared —arels 6 3 controlled statement(s)
Whoo! v

4 perform the update

5

> execute statement
after for loop
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Multi-line loop body

Sy oremiout sprlntin (o et
e ahe e b PO R SRR e

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

}

SysEems ol sprlnialnEl ==ty

o Output

+————+

\ /

/- \

\ /

/ \

\ /

/ N

+————+
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Expressions for counter

EnEchichifemp = 57

for (int i = =3; 1 <= highTemp / 2; i++) {
Sy stemout sprenEln Clarail gt S0

}

* QOutput:
o
8
Sl
S
Sie
o

ORI EOH AN S Gy

-
e 27
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/4477¢/%f&/wxﬁrr :
DVistem @1k pr ot

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

int highestTemp = 5;

Hereey Gl shset e R e e e dal e ey o) R L
SVCIESINMEiEMEEaiE ( (1~ 1.3 + 32) + " ") ;
}
o Output:

2656 wae ad a3 et 3 0 e a0n 986

- Concatenate " " to separate the numbers

Copyright 2010 by Pearson Education
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Counting down

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

SYisEen s ele S prink (CRT M nas et
for (Int 2 = 107 "1 M 1> 1hake) 1
System ot Sbrin b Graadlaa ity

}
System.out println tblastofflil) .

Sy s ol p T s I e e e

» Output:

Eema e el G 8 e s D sa b e s b e 1l
The end.

Copyright 2010 by Pearson Education
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Nested loops

reading: 2.3

30
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Nested loops

*» nested loop: A loop placed inside another loop.

Forcitint as="lua <= hrn iif )
for (int j = 1; j <= 10; j++) {
System.out.print ("*");

}
SSEencotiE e println G // to end the line

e Qutput:

R AR A A i i i i i g
khkkkhkkh Kk Kk kK%K
khkkkhkkh Kk Kk kK%K
R AR A b i i i b b g
R AR A A b i i i b g

* 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?
T E e A e N R S NS A e s Al
Foralinte g — vl g =g s pa e
S VS EEMiZOR S Pt T GRS

}
System.out.println () ;

}

e QOutput:

*

* %

* X %

* kX Kk %
* kX Kk k%

—y——————_
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Nested for loop exercise

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

T E e A e N R S NS A e s Al
Foralinte g — vl g =g s pa e
SySEemsoutiprrnt )

}
System.out.println () ;

e QOutput:

1

%
353
4444
Sheneons
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Common errors

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

e A B D A B e B e S e o L
Eore sty oy Y -l
A B (ORI N ON SR et s

}
Sy.SEemr ol printelanitys

S i O B i e (it RN e o R
idehes G Mol i e | SR
A L ON S OB AR AR A

}
SHESTE e T S o S sl A

Copyright 2010 by Pearson Education
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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
» inner "horizontal” loop(s) for the patterns within each line

s Copyright 2010 by Pearson Education



Outer and inner loop

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

For: (Gantskrne e diane s~ 5 i sne e

}

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

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

— 36
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Mapping loops to nhumbers

O L e O b e O e R S e e e S O N SR e R
SVsEem ot TP an i

» What statement in the body would cause the loop to print:
A e O S e G

B Oty e iSO H PR e O S N B i e Sl e N A HEe oo o) S N D A b st s P

SyisbemseubEEprantaf3 o connt el bt

e 37
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print:

Loop tables

* What statement in the body would cause the loop to

T S B

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.

» But count * 5 is too great by 3, so we subtract 3.

coun | number to B R e e ok Oh DAL e e,
i print COURE 5
1
= /
2 1
5 12
12 1
3 5 17
4 17 2
4 22
5 22 25

Copyright 2010 by Pearson Education
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Loop tables question

* What statement in the body would cause the loop to

print:

abade St Bl

» 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 ...

coun number to B O A AN G T P R
£ print A 17
1 17 g 13
2 13 12 9
= -16 5
. -20 1
5 1

Copyright 2010 by Pearson Education
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TAROTRETIeWs—siope=—""

Intercept

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

. count (x) number to print (y)

20
2

15 A

-

10

5_

I O 1 1 I
-2 / 2 4 6

-10 -

12

17

a| | WO N| P

22

S 40
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TAROTRETIeWs—siope=—""
Intercept

e Caution: This is algebra, not assignment!
* Recall: slope-intercept form (v = mx + b)

o 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, y = 2.

Vaemam e sied o

e ClotnE ) number to print (y)
Thenb = -3 1 2
» So the equation is 2 !
VA et s BeB e S ©) 3 12
e L 4 17
e e o Y DR By s
) 22

41
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TAROTRETIeWs—siope=—""

Intercept

* Algebraically, if we always take the value of y at
x = 1, then we can solve for b as follows:
VEE i pe o)
Vioame il g
YVepe il kD
for = s

e In other words, to %et the y-intercept, just subtract
the slope from the first y value (b = 2 - 5 = -3)
e This gets us the equation
Vi i Ao
Ve B
V=0 S o ceount 3
(which is exactly the equation from the previous slides)

g 3 42
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Nested for loop exercise

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

- lin # of -1 * line -1 * line + 5
o2 = dots
-1 4
. : 0
4 -2 3
3 2 -4 1
4 1 c 0
5 0
e To print a character multiple times, use a for loop.

ForsstinE e i s
Sy ctem.out . primt ') // 4 dots
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Nested for loop solution

* Answer:
EOEtnE R e s — it et e Bt S e ek
for (int -3 =:1; 3 <= [GHNEENEIICREENOY » ] ++) |
Sy stemioutiprin e

}

System.out.println(line) ;

e QOutput:

-
‘ 44
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Nested for loop exercise

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

EOEtnE R e s — it et e Bt S e ek
iopat Siloret e I e SR e i e
Sy stemioutapEean o

}
for (int k = 1; k <= line; k++) {
System.out.print(line) ;

}
S Eomiiel etpieii e ilG: (Gl

}

e Answer:
A
g
o
.4444
55555

45
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Nested for loop exercise

* Modify the previous code to produce this output:

Sl
R L
i e
D s
e Answer:
for (int line = 1; line <= 5; line++) {
ForsiEntsgu = vl o e ] parie sib Y s oy

SV EemE Ol e e n e
}

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

}
System.out.println() ;

46
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