Building Java Programs

Chapter 1
Static Methods, Expressions

reading: 1.4-1.5, 2.1
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Recall: structure, syntax

class: a program

plabidinewe hassvname 'y

publwae seabive weoldumann (S Erang Mg ngs

statement;
statement; method: a named group
of statements
statement:
}
J statement: a command to be executed

* Every executable Java program consists of a class,

» that contains a method named main,
- that contains the statements (commands) to be executed.
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Comments

o comment: A note written in source code by the
programmer to describe or clarify the code.
« Comments are not executed when your program runs.

e Syntax:

// comment text, on one line
or,
/* comment text; may span multiple lines */

* Examples:
// This is a one-line comment.

/* This is a very long
multi-line comment. */
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Where to place comments

* At the top of each file (a "comment header") to describe
the program.

/* Suzy Student, CS 101, Fall 2019
This program prints lyrics about Fraggle Rock. */

* At the start of every method (seen later) to describe what
the method does.

// Print the chorus

* To explain complex pieces of code

// Compute the Mercator map projection
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Comments example

/* Suzy Student, CS 101, Fall 2019
This program prints lyrics about Fraggle Rock. */

pubree g anal e R e
public static void main (String[] args) {
// first wverse
System.out.println ("Dance your cares away");
SYSEemsonppREREn i Nowrsiisss forwanoEhe s da ey
System.out.println() ;

// second verse
System.out.println("Let the music play");
systemioutiprant En (Y hownivat Fraggle ‘Rock¥ )y



J—
Why comments?

» Helpful for understanding larger, more complex
programs.

* Helps other programmers understand your code.
» The “other” programmer could be the future you.



Static methods

reading: 1.4
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e algorithm: A list of steps for solving a problem.

e Example algorithm: "Bake sugar cookies"

Algorithms

Mix the dry ingredients.

Cream the butter and sugar.
Beat in the eggs.

Stir in the dry ingredients.

Set the oven temperature.

Set the timer for 10 minutes.
Place the cookies into the oven.
Allow the cookies to bake.

Mix ingredients for frosting.
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Problems with algorithms

* |lack of structure: Many steps; tough to follow.

* redundancy: Consider making a double batch...
e Mix the dry ingredients.
e Cream the butter and sugar.
e Beat in the eggs.
e Stir in the dry ingredients.
o Set the oven temperature.
o Set the timer for 10 minutes.
e Place the first batch of cookies into the oven.
» Allow the cookies to bake.
o Set the timer for 10 minutes.
» Place the second batch of cookies into the oven.
o Allow the cookies to bake.
e Mix ingredients for frosting.

10
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Structured algorithms

e structured algorithm: Split into coherent tasks.
1 Make the batter.

Mix the dry ingredients.

Cream the butter and sugar.

Beat in the eggs.

Stir in the dry ingredients.

2 Bake the cookies.

Set the oven temperature.

Set the timer for 10 minutes.
Place the cookies into the oven.
Allow the cookies to bake.

3 Decorate the cookies.
e Mix the ingredients for the frosting.
e Spread frosting and sprinkles onto the cookies.

11
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Removing redundancy

* A well-structured algorithm can describe repeated tasks
with less redundancy.

1 Make the batter.
e Mix the dry ingredients.

2a Bake the cookies (first batch).
e Set the oven temperature.
e Set the timer for 10 minutes.

2b Bake the cookies (second batch).
e Repeat Step 2a

3 Decorate the cookies.

12
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A program with redundancy

// This program displays a delicious recipe for baking cookies.
public class BakeCookies {

USRI NGAS A E I G M O NS AN = TIM g VoA s A R Y S A = Ry G =M i
System.out.println("Mix the dry ingredients.");
RV S e YD e o) Mol M A BRI Ve N o el AV SR SR el eV s AR R M SU B e e W e

(
(
System.out.println("Beat 1in the eggs.");

A M T A B A M & M R kNS B e M AV S e o A Y & MYV MR SV A PRSI
System.out.println("Set the oven temperature.");
SySbemyonbiprintinitSaeb i the  bimer i for v Ovmimabas )
sysbemvontiyprintilin("Rlace vavbatech " of cookies antothe v oven iy
System.out.println("Allow the cookies to bake.");
System.out.println("Set the oven temperature.")
System.out.println("Set the timer for 10 minutes.");
System.out.println("Place a batch of cookies into the oven.");
System.out.println("Allow the cookies to bake.");

Sy stemvontiprant i (tMEx NG redient s For i roSEing e
System.out.println ("Spread frosting and sprinkles.");

13
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Static methods

» static method: A named group of statements.

» denotes the structure of a program

class
» eliminates redundancy by code reuse method A
» Statement
* Writing a static method is like = statement
adding a new command to Java. = statement
method B
» procedural decomposition: = statement
dividing a problem into methods = statement
method C
= Statement
» Statement

statement

14
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Using static methods

1. Design (think about) the algorithm.

» Look at the structure, and which commands are repeated.
» Decide what are the important overall tasks.

2. Declare (write down) the methods.

» Arrange statements into groups and give each group a name.

3. Call (run) the methods.

 The program's main method executes the other methods to
perform the overall task.

15
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Design of an algorithm

// This program displays a delicious recipe for baking cookies.
public class BakeCookies2 {
S A e e N P M e e M s A

// Step 1: Make the cake batter.
System.out.println("Mix the dry ingredients.");
System.out.println("Cream the butter and sugar.");
System.out.println("Beat 1in the eggs.");
System.out.println("Stir in the dry ingredients.");

// Step 2a: Bake cookies (first batch).

e R o ey A A S D e B o e v A Y Y o b T B U I

Sy sbemyontvprintin (N Sab v the  binmer for vl OV mitiabag iy

SV e N SR A e M B D R P e e i e e ed et o v M M e ety s oo s A
(

Systemiontiprantlin(TaiTow i the gookies to bake iy

// Step 2b: Bake cookies (second batch).
System.out.println("Set the oven temperature.");
System.out.println("Set the timer for 10 minutes.");
System.out.println("Place a batch of cookies into the oven.");
System.out.println("Allow the cookies to bake.");

// Step 3: Decorate the cookies.
System.out.println("Mix ingredients for frosting.");
System.out.println ("Spread frosting and sprinkles.");

16
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Declaring a method

Gives your method a name so it can be executed

e Syntax:

pubileevstat dcvvord-NaiNne ()
statement;
statement;

;s't'atement :
}

* Example:

puabliroistatrcivord printWarnyng by

systemyoutiprint it Thrsyproductvcausesicance iy

Svstomvoubsprintlbn Gt wilhabh e hetta nel s huimare:: e

17



Calling a method

Executes the method'’s code
e Syntax:

namej{ () ;

* You can call the same method many times if you like.

* Example:

prInENarnang )

o Output:

This product causes cancer
v aba et swvandehmarsy

18
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Program with static method

public class FreshPrince {

oublieisrar e voidimairiSbring i arge)ind
rap() ; // Calling (running) the rap method
System.out.println();
rap() ; // Calling the rap method again

}

// This method prints the lyrics to my favorite song.

public static void rap() {
System.out.println("Now this is the story all about how");
System.out.println("My 1life got flipped turned upside-down");

Output:

Now this is
My life got

Now this is
My life got

Bhenstaryvalidvaibhoibviiow
flipped turned upside-down

the story all about how
flipped turned upside-down

19
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Final cookie program

LI Thig Erogram displays a delicious recipe for baking cookies.
Ty e e B N e A e R
oib IS ANN st - iV e i de e g V= oM ST ol i aTe MM VR = o A= M i
makeBatter () ;
bake () ; // lst batch
bake () ; // 2nd batch
decorate () ;

}

// Step 1l: Make the cake batter.

public static void makeBatter () ({
A R A S s e B S b e e e B e e Ve R e e A
System.out.println ("Cream the butter and sugar.");

(
System.out.println("Beat 1in the eggs.");
System.out.println("Stir in the dry ingredients.");

}

// Step 2: Bake a batch of cookies.

public static void bake() {
System.out.println("Set the oven temperature.");
System.out.println("Set the timer for 10 minutes.");
System.out.println("Place a batch of cookies into the oven.");
System.out.println("Allow the cookies to bake.");

}

// Step 3: Decorate the cookies.

public static void decorate() {
syvsbemyonbyprintln e ngredren s bor v P roStan gty
System.out.println ("Spread frosting and sprinkles.'

'5;



Summary: Why methods?

» Makes code easier to read by capturing the
structure of the program

» main should be a good summary of the program

public static wvoid main(String[] args) { public static void main (String[] args) {

}

Publiigmsibatli@amnn —) {

}

}

'Note: Longer code doesn™t
necessarily mean worse code

public static .




Summary: Why methods?

e Eliminate redundancy

public static void main(String[] args) public static void main(String[] args) {

}

public static ... —) {

22
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Methods calling methods

public class MethodsExample {
publicwstatve wordvmad St ringl vargsiw
messagel () ;
message2 () ;

Sy sStemyounbiprintlntboncwi b h imaany 4

}

public static void messagel () {
iR e e s e A M e e e

}

public static void message2 () {
System.out.println("This 1s messagel.");
messagel () ;
System.out.println("Done with message2.");

}
}

e Output:
This 1s messagel.
This 1s messageZ.
This 1s messagel.
Done with messageZ2.
Done with main.
23
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Control flow

* When a method is called, the program's execution...
"jumps” into that method, executing its statements, then
"jumps"” back to the point where the method was called.

public class MethodsExample {
Y E oM R et e e T Y S M e YA OV VS e N S R WA R L G AL

me 1(); public static void messagel () {
s hs : —*>System.out.println ("This is messagel.");

‘\
"}

message2 () ;
public static void message2 () {

[ System.out.println("This is message2.");
messagel () ;

S MO PO SIS Y
y em out.println ("Done with
} \mesdage2.") ;

Py lfc static void messagel () {
System out.println("This is messagel.");

24
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When to use methods

e Place statements into a static method if:

» The statements are related structurally, and/or
» The statements are repeated.

* You should not create static methods for:

» An individual printlnstatement that appearsonce in a
program.

» Only blank lines.

» Unrelated or weakly related statements.
(Consider splitting them into two smaller methods.)

25
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A word about style

Structure your code properly

Eliminate redundant code

Use spaces judiciously and consistently
Indent properly

Follow the naming conventions

Use comments to describe behavior of your program and

each method

26
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Why style?

» Programmers build on top of other’s code all the
time.
* You shouldn’t waste time deciphering what a method does.

» Often times, that other person is you

* You should spend time on thinking or coding. You
should NOT be wasting time looking for that
missing closing brace.

27



e

Why style?

. “ ’

s H T R R

o

Taylor Swift has a song about it

28



e

Drawing complex figures
with static methods

reading: 1.5
(Ch. 1 Case Study: DrawFigures)
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Static methods question

* Write a program to print these figures using methods.

A o
/ \
5 /

\ /
A /

\ /
tom +

. \
/ \
| S |
\ /

\ /

/ \
/ Y

30
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Development strategy

/ \\ First version (unstructured):
\ /

\ / = Create an empty program and main method.
\\ // = Copy the expected output into it, surrounding
Fommm - - each line with System.out .println syntax.

o = Run it to verify the output.

/ \

B sley-aiy
\ /

\ /

/ \

/ \

31
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Program version 1

publierelass Piguresl ]
pubh e A e main(String[] argsiiy
System.out.println o

i
S R W
System.out.println ("/ R
System.out.println ("\\ T
System.out.println (" \\ )
SY SO YO TR RGN
Se e e e
System.out.println (" \\ s
Sy Shemvonbiprintilmiii e SR
VA N o M o Y AT
System.out.println (" W
System.out.println (" / i
SUetem et i print e A
System.out.println (" | STOPvveN
S ECm i e e T
System ot printlin e Ny o
S AN SV N G DA O GLUks Gy DI AN A Y
System.out.println (" ki
S S Ol Prl LT YA
System.out.println ("/ N
AV H S B I S W M MO i e e
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Development strategy 2

/ \\ Second version (structured, with redundancy):
\ /
s « Identify the structure of the output.
\ /
— = Divide the main method into static methods
based on this structure.
/ \
/ \
| STOP |
\ /
\ /
/ \
/ \

33
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/ \
/ \
\ /

\ /
\ /

\ /
to—— - +

/ \
/ \
| STOP |
\ /

\ /

/ \
/ \

Output structure

The structure of the output:
= initial "egg" figure

= Second "teacup" figure

= third "stop sign" figure

« fourth "hat" figure

This structure can be represented by methods:

m egg
“Heanaitie

m stopSign
o

34
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Program version

public class Figures2?2 {
Pubae e e e S e R SR e e
egg() ;
teaCup() ;
stopSign() ;
hat() ;
}

public static void egg() {
System.out.println

& )

System.out.println(" / e
BV S A o
Systemyoubprint EneTay VRIS
SYstenoitiprint EaEnRy /")
S YA MY YR N W 0 ioat) BBV N0 i

}

public static void teaCup() {
B A T A I M AV LA
SYStem ot pPrlnE LG e
S e R B e R T e v
System.out.println();

35
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/ % '
Program version 2, cont'd.

public static void stopSign() {
S TR I S W MGV A o

-
-
~oe

)
System.out.println(" / IAE
System.out.println ("/ N
System.out.println (" | ST OP s
System.out.println ("\\ W
System.out.println (" \\ L
()

System.out.println
}

public static wvoid hat() ({
System.out.println (" S

('
System.out.println (" / e
i e ot e I AL N
Systemvonbyprinubniihesaasaas S pEd Y.

36
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Development strategy 3

. - Third version (structured, without redundancy):
\ /
\ / = Identify redundancy in the output, and create
\ . methods to eliminate as much as possible.
\ /
- = Add comments to the program.
/ \
/ \
| NG A |
\ /
\ /
/ \
/ \

37
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Output redundancy

The redundancy in the output:

= egg top: reused on stop sign, hat
= egg bottom: reused on teacup, stop sign
=« divider line: used on teacup, hat

This redundancy can be fixed by methods:

CEdsAeYsiiane
W eggBobton

m line

38
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Program version 3

// Suzy Student, CSE 138, Spring 2094
// Prints several figures, with methods for structure and redundancy.

public class Figures3 {
SIS AR NGNS A s I G O NS AN = TIM g VoA s A Y S A = Ry G =M il

egg () ;
teaCup() ;
SEOPSEGRI
By

}

// Draws the top half of an an egg figure.

public static void eggTop () {
VA o A O A B I M R AL W )
Sy otemvoubiprint Eniny A
System.out.println ("/ \

}

// Draws the bottom half of an egg figure.
public static void eggBottom() ({
System.out.println ("\\
VA I LR MBI oty ST S O VAt

}

// Draws a complete egg figure.
pubibieveababiavrandvegeriivin
eggTop () ;
eggBottom () ;
System.out.println () ;

39
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Program version 3, cont'd.

// Draws a teacup figure.
public static void teaCup () {
eggBottom() ;
R
A R B AR o RS P E I s
}
// Draws a stop sign figure.
publiavgbabi e weld st opSign )i
eggTop () ; :
SRvASY ey e e Vb i shad Mgty o Bl A SN
eggBottom() ;
SRVAS ez W o Dlawith oh alalth ey el ol OV

}
// Draws a figure that looks sort of like a hat.

TR SN RS RE i o S M s N B S A Wl 2 WO
eggTop () ;
line (),

}

// Draws a line of dashes.

public static void 1line()
A N Rt s Do A P e G S e e e +") ;
}

40



Data and expressions

reading: 2.1

41
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The computer’s view

e Internally, computers store everything as 1’s and 0’s

104 - 0110
hi 9 0110
h =2 0110

1000
L OO0 T ]

1000

* How can the computer tell the difference between an h

and 1047?

» 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

42
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Java's primitive types

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

Name Description Examples
s integers (up to 23t - 1) Ao e SR
double real numbers  (uw to 103 S gt e

Why does Java distinguish integers vs. real numbers?

43
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Integer or real number?

* Which category is more appropriate?

1
2
3
4
5

6

integer (int)

real number (double)

. Temperature in degrees Celsius
. The population of lemmings

. Your grade point average

. A person's age in years

. A person's weight in pounds

. A person's height in meters

credit: Kate Deibel

Vi
8.
9
10.
11.
12.

Number of miles traveled

Number of dry days in the past month
Your locker number

Number of seconds left in a game

The sum of a group of integers

The average of a group of integers

44



/ m
EXpressions

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

« Examples: e e )
(la 2 b 3
42
“HedWWeoriyra e el

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

45
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Arithmetic operators

o operator: Combines multiple values or expressions.

+ addition

~ subtraction (or negation)
multiplication

division

modulus (a.k.a. remainder)

IS *

o\©

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

¢ Svystem out printliné3 A 4 - prEinks 17
« How would we printthe text 3 * 4 ?

46
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Integer division with /

* When we divide integers, the quotient is also an integer.

o 14 4 is 3 -nob 3.5

* More examples:

¢ 525
o 54 1D

s a0

52

1425
155

o
o4

Sk

» Dividing by O causes an error when your program runs.

47
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Integer remainder with %

e The % 0
o140
e 218

4

* Applications of ¥ operator:

» Obtain last digit of a number:
» Obtain last 4 digits:

perator computes the remainder from integer division.

5

)

4

D
3

14
12
2

is 2
iIs 3

o See whether a number is odd:

What is the result?
45 % ©

Fessti i O O FEesl b9

2
2

o° o©

0
s 0

230857
658236489
Vst 42 © oc g

EOVESY
10000 1is 6489

o\°

48
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Remember PEMDAS?

» precedence: Order in which operators are evaluated.

» Generally operators evaluate left-to-right.
1 -2 -31is (1 - 2) - 3 whichis -4

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

1 + 3 * 4 IS 12
6 + 8 / 2 * 3
6 + 4 * 3
6+ A0 IS 18

e Parentheses can force a certain order of evaluation:
(g Ry e is 16

» Spacing does not affect order of evaluation
143 * 4-2 is11

49
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Precedence questions

» What values result from the following expressions?

© 9 5

oA Y

¢ Lk b b

A e

248 e Ay
Sowve SR
(S

b g e e

50



Precedence examples

e s Lo g w9 = 9
\T/ \T/

2 B3 x5 o 2 1 + 2 * 2 - 9

\T/ )
. + 15 o 1 + 4 =9
N \ £
| |
2 + 3 5 - 9
\ / \ /

51



O oS

~Real numbers (type double)

s FExamples. ¢ o> 0 . o 10

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

e The operators + - * / & () all still work with double.
e / produces an exactanswer: 15.0 / 2.0is7.5

» Precedenceis the same: () before * / % before + -

52
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Precision in real numbers

» The computer internally represents real numbers in an
iImprecise way.

* Example:
Svstemount prantint e e
» The output is 0.30000000000000004!

53



Real number example

> o - - - 0 20

)
|
4.8 2 s 48 o h
.
|
T 5 9.0 L2
\ /
|
4.8 . 4.5
\ /

54
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Mixing types

e When int and double are mixed, the resultis a double.
s 2 - &

* The conversion is per-operator, affecting only its

operands. St g Ao gy
e e \_r/
\T/ Db 3 Lo s
g 2P0 \ /
\_T_/ 2.5 + 7!5 =5
2.4 + 3/ 2 \T/
\T/ oy 7.5 = 9
2.4 g \ /
\ | / 16.0 =
3.4 \ | /
9.0 (not9l)

3 / 2is1 above, not1.5. -
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String concatenation

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

S IS
1 + "abc" + 2 IS
Lidhraa ey IS
1 + 2 + "abc" IS
Wabe™ g IS
W IS
4 - 1 + "abc" IS

* Use + to print a string
together.

hyes v o
Sl aboay
Tabe 2l
"3abc"
"abc2"
"11"
"3abc"

and an expression's value

e System.out.println("Grade: " + (95.1 + 71.9) / 2);

e Output: Grade: 83.5
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