CS312 Course Introduction

"Computers are good at following
Instructions, but not at reading
your mind."

-Donald Knuth, Tex p. 9

Mike Scott, Gates 6.304
scottm@cs.utexas.edu
WWW.CS.utexas.edu/~scottm/cs312




Who Am |

> Lecturer in CS
department since 2000

» Undergrad Stanford,
MSCS RPI

» US Navy for 8 years,
submarines

» 2 years Round Rock
High School
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My Path to CS

BMI
|
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101 Great Games to Play on Your Home Computer. ‘

[ By yourself or with others. Each complete with
programming and sample run. Edited by David H. Ahl ‘
\
\
] |

10 INPUT "What is your name: “; U§

20 PRINT "Hello "; U$§

25 REM

30 INPUT "How many stars do you want: "; N
35 S$ = rrrer

40 FOR I = 1 TO N I
50 3§ = 5§ + " .
55 NEXT I

60 PRINT $% '
65 REM

70 INPUT "Do you want more stars? "; A§
80 IF LEN{A$) = 0 THEN GOTO 70
90 A¢ = LEFT$(Ag, 1)
100 IF (A% = "Y") OR (4§ = "y") THEN GOTO 30
110 PRINT "Goodbye ";
120 FOR I = 1 TO 200
130 PRINT U§; ™
140 NEXT I
150 PRINT | e e 3




What We Will Do Today

» Introductions and administrative details
» Start Java Basics
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Intro to Programming

» Learn to design and implement computer
programs to solve problems.

course Intro

basic Java

static methods
expressions & variables
for loops

more loops, constants
parameters

2d graphics

more graphics

return values, Math methods
conditional statements
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12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

cumulative algorithms 24.
25.
26.
27.
28.
29.
30.

Strings

while loops
random numbers
Boolean logic
assertions
file input 1
file input 2
file input 3
arrays

more arrays
tallying algos

31.
32.
33.
34.

sorting, searching
more array algos
2d arrays

classes and objects
methods
constructors

creating classes,
Enums

inheritance
polymorphism
ArrayList
recursion



Programing and CS

> A tool for doing the cool stuff in CS

» You can't create a self driving vehicle
without the software to control the vehicle




The Parable of Aaron D.

> | assume no prior programming experience.
> You are limited to what you can use on

assignment to what we have covered In
the book.

» | will defer questions that are well past what
we are currently covering.

» Programming is hot a spectator sport.

— The only way to learn to program is to
program

» Aaron D. and the 500 problems.




Startup

» If you have not already done so ...
> ... complete the items on the class
start-up page

> http://www.cs.utexas.edu/~scottm/
cs312/handouts/startup.htm
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http://www.cs.utexas.edu/~scottm/cs312/handouts/startup.htm

Books and software

’ !:)ook IS required - we tollow Building Java ngrams
It qUIte Closely A BACK TO BASICS APPROACH

for exams
 Java for programming
* |IDE for programming

» Canvas for turning in assignments, grades,
UT Instapoll, section problems, exams

Stuart Reges / Marty Stepp

Course Overview 9



Clicker 1

Which of these best describes you?

A. first year at UT and first year college student

B. first year at UT, transferring from another college
or university

C. in second year at UT
D. In third year at UT
E. other

CS312 10



Graded Course Components

» UT Instapoll (In class questions)
— 42 lectures with UT Instapoll, 7 dropped, 35 points

> Discussion section problems (Go to your section.
Do not refer to the course id from Canvas, same for all.)
— 10 problems, 3 points each, 2 dropped, 24 points

» Programming projects

— 12 projects, 15t 10, rest 20 points each: 210 points total
(lowest grade of assignments 2 - 12 dropped)

» Exams: Outside of class
— Exam 1, Wednesday, 9/30, approx. 6:45 — 9:15 pm, 150 points
— Exam 2, Wednesday, 11/11, approx. 6:45 — 9:15 pm, 250 points
— Exam 3, Date and time TBD (during finals week), 340 points

35 + 24 + 210 + 150 + 250 + 340 + 5 (quiz) = 1014

> clicker, Quizzes, Programming Assignments capped at 260 pts
— 14 points of “slack” among those 3 components

— Extra Credit: Computing background survey +3 points,
practice exam + 3 points, eCIS & TA Survey +6 points



Grades and Performance
> No points added! Grades based on 1000 points,

not 1014

» Final grade determined by final point total and a
900 — 800 — 700 — 600 scale

— plusses and minuses if within 25 points of cutoff:
875 — 899: B+, 900 — 924: A-

> historically my C8312 classes (~2000 Students)

» 80% C- or higher:
38% A's,
28% B's
12% C's

» 10% D or F

> 10% Q or W (drop) |

CS312
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Assighments

» Start out easy but get much, much harder
» Individual — do your own work

» Programs checked automatically with
plagiarism detection software

» Turn in the right thing - correct name, correct
format or you will lose points / slip days

> Slip days
— 8 for term, max 2 per assignment
— don’t use frivolously

CS312 13



Succeeding in the Course
» Randy Pausch, r S
CS Professor at CMU said:

*» "When I got tenure a year

early at Virginia, other
Assistant Professors would come up to me and say "You

got tenure early!?1?! What's your secret?/?I?" and I
would tell them, 'Call me in my office at 10pm on Friday

night and I'll tell you." "

> "A lot of people want a shortcut. I find the best
shortcut is the long way, which is basically two words:

work hard.” 14




Succeeding In the Course - Meta

> “Be the first penguin”
— Ask guestions!!!
— lecture, section, Piazza, lab hours

> “It is impossible to be perfect” *~ s\‘)

— Mistakes are okay. QQQ
— That is how we learn. ‘ \ . .
— Trying to be perfect means not taking risks.

— no risks, no learning \_/

» “Find a Pack”

— Make friends.
— Study with them!

CS312




How to Get Help

> Piazza Post
» Help Hours via Zoom
» S| Sessions

» Email instructor or TAS
— Prefer Plazza

» Class examples
» Examples from book
» Discuss with other students

at a high level WEDNESDAY
ato & THURSDAY



http://www.cs.utexas.edu/~scottm/cs312/labHours.htm

Succeeding in the Course - Concrete

» Whole course is cumulative!

» Material builds on itself

— failure to understand a concept leads to bigger

problems down the road, so ...
> do the readings
> start on assignments early

> get help from the teaching staff when you get stuck on an
assignment

> attend lecture and discussion sections
> participate on the class discussion group

» do extra problems (Practice It!
http://practiceit.cs.washington.edu/)

> study for tests using the old tests
> study for tests in groups
> ask questions and get help when needed

17



Succeeding in the Course

» Cannot succeed via memorization.

» The things | expect you to do are not rote.

» Learn by doing,.

> If you are brand new to programming or
have limited experience | strongly
recommend you do
lots and lots of practice problems.

— Practice It! web site
— JavaBat

CS312 18



Programming is like Legos...










Legos and Programming

» With Legos and Programming you have a
small number of primitives. (basic tools or
pieces)

» But you build huge, elaborate structures out
of those simple pieces.

CS312 29



A Brief Look at Computer
Science

» This class, like most first classes in Computer
Science, focuses solving problems and
Implementing those solutions as computer
programs.

—you learn how to program

> ... and yet, computer science and computer

programming are not the same thing!

» So what is Computer Science?

CS312 23



What is Computer Science?

» Poorly named in the first place.

> It is not so much about the computer as it is
about Computation.

» “Computer Science is more the study of
managing and processing information than it
Is the study of computers.”

-Owen Astrachan, Duke University

> learn to program
— programming a key tool in later courses

CS312



Computer Programming and
Computer Science

» Generally the first thing that is studied in
Chemistry Is stoichiometry.

— Why? It is a skill necessary in order to study
more advanced topics in Chemistry

» The same is true of problems solving /
programming and computer science.

CS312 25



» “What is the linking thread which gathers
these disparate branches into a single
discipline? ...it is the art of programming a
computer. It is the art of designing efficient
and elegant methods of getting a
computer to solve problems, theoretical or
practical, small or large, simple or
complex.”

- C. A. R. Hoare

» Sir Tony Hoare. Turing Award Winner.
Inventor of the quicksort algorithm

CS312 26



> “Programming is unquestionably the central topic of
computing.

In addition to being important, programming is an enormously
exciting intellectual activity. In its purest form, it is the
systematic mastery of complexity. For some problems, the
complexity is akin to that associated with designing a fine
mechanical watch, I.e., discovering the best way to assemble
a relatively small number of pieces into a harmonious and
efficient mechanism. For other problems, the complexity is
more akin to that associated with putting a man on the moon,
l.e, managing a massive amount of detail.

In addition to being important and intellectually challenging,
programming is a great deal of fun. Programmers get to build
things and see them work.. What could be more satisfying? *

- John V. Guttag, Professor at MIT
research in Al, medical systems, wireless
networking

CS312




Computer Programming

» a skill and tool that are applied to all other
areas of computer science

— artificial intelligence, networks,
cpu architecture, graphics, systems
(programming languages, operating systems,
compilers), security, and on and on ...
» We will be using solving problems and
Implementing solutions in a programming

language called Java

» problem solving and computational thinking
are key

CS312 28



What do Computer Scientists do?

» Computer Scientists solve problems
— creation of algorithms

» Some examples
— you
— Kurt Dresner, Intersection Control
— Austin Villa, Robot Soccer
— Doug and Steve, the TRIPS processor

CS312 29



You!

> Encryption and Decryption

> Ever entered your credit card number to a
website? game company?

HABUQXC 3

TLQ BJJ QREQ DCY. GXTTX(Q, RALPXIXC, PZQL QLX BYYZYQBTHX LS5 AXC SZIX
OBEELQXCY, HLEJO BYN LT QALY YEGVXHQ, PBY YKSSZHZXTQ QL OCEBP SCLD AXC
AEYGETO BTW YBQZYSBHQLCW OXYHCZUQZLT L5 DC. GZTEJXW. QAXW BOOBHNXO AZD
7T IBCZLEY PEWY--PZQL GBCXSBHXO FEXYQZLTY, ZTEXTZLEY YEUULYZQZLTY, BTO
DZYQBETQ YECDZYXY: GEQ AX XJEOXO QALY YNZJJ LS QAXD BJJ, BETO QLYW PXCX BQ
JEYD LGJZEXO QL BHHEXUQ QAY YXHLTO-ABTO ZTOXJJZEXTHY L5 QAXZC TXZEAGLEC,
JEOW JEHBY. AXC CXULCQ PBEY AZEAJW SEILECBGJX. YZC PZJJZBD ABO GXXT
OXJZELQXO PZQL AZD. AX PBY FEZQX WLETE, PLTOXCSEJJIW ABTOYLDXE, XMQUCXDXJIW
BECXXBGJX, BTO, QL HCLPT QAX PALJY, AX DXBTQ QL GX BQ QAX TXMQ BYYXDGJIW
PZOL B JECEX UBCOW. TLOARZTE HLEJO GX DLCX OXJZEAQSEJ! QL GX SLTO LS
OBTHZTE PEY B HXCQBZT YQXU QLPECOY SBJJZTE ZT JLIX: BTO IXCW JZIXJW
ALUXY LS DC. GZTEJXW'Y AXBCQ PXCX XTQXCQBZTHO.



After a Little Computation:

FSABTER 3

ONT ALL TSAT URH. PEOOE MEVER, MIT HHIHTAOFE NY SER YIVE
DACGSTERH, FNCLD AHK N CPQEFT, MA YIFIEOT TN DRAM YRNU SER
SCHPAOD AOW HATIHYAFTNR FRIBTINO NY UR. PIOGLEW. TSEW ATTAFKED S5IU

IO VARINCH MAWH--MITS PAREYAFED JCEHTINOH, IOGEOINCH HCBBNHITINOH, AOD
DIHTAOT HCRUIHEH; PCT SE ELCDED TSE HKILL NY TSEU ALL, AOD TSEW MERE AT
LAHT NPLIGED TN AFFEBT TSE HEFNOD-SAOD IOTELLIGEOFE NY TSEIR OEIGSPNCR,
LADW LCFAH. SER REBNRT MAH SIGSLW YAVNCRAPLE. HIR MILLIAU SAD PEEO
DELIGSTED MITS SIU. SE MAH JCITE WNCOG, MNODERYCLLW SA NUE, EXTREUELW
AGREEAPLE, AOD, TN FRNMO TSE MSNLE, SE UEAOT TN PE A@EXT AHHEUPLW
MITS A LARGE BARTW. ONTSIOG FNCLD PE UNRE DELIGSTYCL! YNOD NY
DAOFIOG MAH A FERTAIO HTEB TNMARDH YALLIOG IO LNVE; AOD VERW LIVELW
SNBEH NY UR. PIOGLEW'H SEART MERE EOTERTATIOED.

> Apply some human smarts:

CS312 31



Kurt Dresner — Intersection
Control

» Former PhD student in

UTCS department
— working at Google now

» area of interest artificial

Intelligence

Multiagent Traffic Management: A
Reservation-Based Intersection
Control Mechanism

— how will intersections work if and when cars . _
are autonomous?

— Simulator

v

CS312
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http://www.cs.utexas.edu/~aim/
http://www.cs.utexas.edu/~aim/oldsim/simulate.cgi

Austin Villa — Robot Soccer

> Multiple Autonomous Agents
> Get a bunch of Sony Aibo robots

to play soccer "’

» Problems: t -
\{

— vision (is that the ball?) !
— localization (where am 1?) N:. T
— locomotion (I want to be there!) LN ’Q »
— coordination (I am open! pass me |

the ball!)

> http://www.cs.utexas.edu/~AustinVilla/
> Video Video?2

CS312 33



http://www.cs.utexas.edu/~AustinVilla/
http://www.youtube.com/watch?feature=player_embedded&v=XuPmqeXVKRI
http://www.youtube.com/watch?v=Vdi8FXCea9U&feature=player_embedded
austinVillaSoccerOverview.qtl
austinVillaSoccerOverview.qtl

Doug and Steve

» Doug Burger and Steve
Keckler
—and many, many others ....

» TRIPS

— what has happened to
processor speeds the past 5
years?

—what Is a super computer?

— http://www.cs.utexas.edu/users/cart/trips/

CS312



CS312

The Trips Chip Proto

ype
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Google Trends

> http://www.google.com/trends

> Try these:
— computer science
— Mumford and Sons
— computer science, Mumford and Sons

— facebook, computer science, Mumford and
Sons

— binary search tree

— recursion

— linked lists, binary search tree
— AP

— super bowl

CS312
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http://www.google.com/trends

Goolge N Grams
> http://books.google.com/ngrams

(Google books Ngram Viewer

Graph these case-sensitive comma-separated phrases: Albert Einstein.Sherlock Holmes, Frankenstein Q* share | 1.3

between 1800 and 2000  fromthe corpus English + with smoothing of 3 = o Tweet (1228

Search lots of books

B Abert Einstein [l Sherlock Holmes Frankenstein
0.0002%

0.00016%
0.00012%
0.00008%

0.00004%
_//H"“ /

0.00%
1600 1810 1820 1830 1640 1850 1860 1670 1860 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000




Topic 2 Java Basics

"To excel in Java, or any computer language, you want to build skill
In both the "large" and "small". By "large" | mean the sweeping,
strategic issues of algorithms, data structures, ... what we think

of basically as a degree in Computer Science. You also need skill
In the "small" -- 10 or 20 line methods built of loops, logic, strings,
lists etc. to solve each piece of the larger problem. Working with
students in my office hours, | see what an advantage it is for
students who are practiced and quick with their method code.

Skill with the method code allows you to concentrate on the larger
parts of the problem. Or put another way, someone who

struggles with the loops, logic, etc. does not have time for the
larger issues."

- Nick Parlante
Stanford University, Google




What We Will Do Today

» What are computer languages?

» Writing Java Programs
— text editor and command line
— Eclipse
> First programming concepts
— output with println statements
— syntax and errors
» identifiers, keywords, and comments

> Strings



Computers and Computer

Languages
» Computers are everywhere
— how many computers do you own?

» Computers are useful because they run
programs

— program is simply a set of instructions to
complete some task

— how many different programs do you use in a
day?



Definitions

» program: A set of instructions that are to be carried
out by a computer.

» program execution: The act of carrying out the
Instructions contained in a program.

— this is done by feeding the instructions to the CPU

» programming language: A systematic set of rules
used to describe computations, generally in a
format that is readable and editable by humans.

— In this class we use Java



High Level Languages

> Computers are fast

— Intel® Core™ {7-8086K Processor
on the order of 2 bhillion transistors
(a switch that is on or off)

— performs tens of billions of
operations per second

> Computers are simple

— They can only carry out a very limited set
of instructions

« on the order of 100 or so depending
on the computer's processor

* machine language instructions, aka
Instruction set architecture (ISA)

* Add, Branch, Jump, Get Data, Get
Instruction, Store, (CS429)

o
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Machine Code

» John von Neumann - co-author of paper in 1946
with Arthur W. Burks and Hermann H. Goldstine,

— "Preliminary Discussion of the Logical Design of an
Electronic Computing Instrument"

> One of the key points

— program commands and data stored as sequences of
bits in the computer's memory ; -

» Aprogram:  1110001100000000
0101011011100000
0110100001000000
0000100000001000
0001011011000100
0001001001100001
0110100001000000
0000111000000011




Say What?

» Programming with Strings of bits (1s or 0s) is not
the easiest thing to do.

» Assembly language
— mnemonics for machine language instructions

.ORIG x3001
LD R1, x3100
AND R3, R3#0
LD R4, R1
BRnN x3008
ADD R3, R3, R4
ADD R1, R1, #1
LD R4, R1

BRnzp x3003



High Level Languages

» Assembly language, still not so easy, and lots
of commands to accomplish things

» High Level Computer Languages provide the
ability to accomplish a lot with fewer commands
than machine or assembly language in a way
that Is hopefully easier to understand

int sum = 0O;

int count = 0;

while (list[count] != -1) {
sum += list[count];
count = count + 1;



Binary Numbers - Base 2

» Base 10, 10 digits
» 5127, =5*1000+1*100+2* 10+ 7 * 1
» 5127,, =5*103+1*10°+2*10* + 7 * 109

» Base 2, 2 digits
» 110101,=1*32+1*16+0*8+1*4+0*2+1*1
» 110101, =1*25+1*24+1*22+1* 20

4 1101012 — 5310 There are

10 types
of people
in the world:

Those who
understand binary,
and those

who don’t. |




Java

» There are thousands of high level computer
languages. Java, C++, C, Basic, Fortran,
Cobol, Lisp, Perl, Prolog, Eiffel, Python

» The capabilities of the languages vary
widely, but they all need a way to do

— declarative statements
— conditional statements
— iterative or repetitive statements
> A compiler is a program that converts

commands in high level languages to
machine language instructions

10



A Simple Java Program

public class Hello {

public static void main(String[] args)

System.out.println ("Hello World!");

{

This would be in a text file named Hello.java
DEMO of writing and running a program via notepad and
the command line

11




Running a program

1. Write it.
— code or source code: The set of instructions in a program.

2. Compile it.
« compile: Translate a program from one language to another.

— byte code: The Java compiler converts your code into a format
named byte code that runs on many computer types.

3. Run (execute) it.
— output: The messages printed to the user by a program.

source code byte code output
Comp/'/e _:;' run —=——=]GRASP exec: java Hello
Hello, World!
EEZ k —-——-JGRASP: operation comple

Hello,java Hello.class 12




Bigger Java program!

public class Hello {

public static void main (String[] args) {
System.out.println("Hello, world!");

System.out.println

()7
System.out.println ("T
(

'This program produces");

System.out.println("four lines of output");

}

> |ts output:
Hello, world!

This program produces
four lines of output

» console: Text box into which

the program's output is printed.

<B
Options

Hello, world!

This program produces
four lines of output

13



Structure of a Java program

| __—— | class: a program
public class <name> {

public static void main (String[] args) {
<Statement>;
<statement>;

method: a named group
<statement>; of statements

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. 14



System.out.println

> A statement that prints a line of output on the
console.

— pronounced "print-linn”

» Two ways to use System.out.println:

e System.out.println ("<text>") ;
Prints the given message as output.

e System.out.println() ;

Prints a blank line of output. 15



Syntax

» syntax: The set of legal structures and commands
that can be used in a particular language.
— Every basic Java statement ends with a semicolon ;

— The contents of a class or method occur between
{ and }

» syntax error (compiler error): A problem in the
structure of a program that causes the compiler to
falil.

— Missing semicolon
— Too many or too few { } braces, braces not matching

— Class and file names do not match "



O B w N

Syntax error example

public class Hello {
pooblic static void main(String[] args) {
System.owt.println("Hello, world!")

}
}

> Compiler output:

Hello.java:2: <identifier> expected
pooblic static void main (String[] args) {

A

Hello.java:3: ';' expected

}

A

2 errors

— The compiler shows the line number where it found the
error.

— The error messages sometimes can be tough to
understand:

« Why can’t the computer just say “You misspelled ‘public”?

17



An Important Realization

» Computers are stupid.
» Computers can’t read minds.
» Computers seldom make mistakes.

> If the computer is not doing what we want,
it's because WE made a mistake.

18



More on syntax errors

» Java is case-sensitive
— Hello and hello are not the same

1 Public class Hello {

2 public static void main (Stringl[] args) {
3 System.out.println("Hello, world!");

4 }

SIS

compiler output:

Hello.java:1l: class, 1interface, or enum expected
Public class Hello {

A

1 error

19



Names

» You must give your program a hame.

public class
SubstitutionCipherDecoder ({

— Naming convention: capitalize each word (e.g.
MyClassName)

— Your program's file must match exactly
(SubstitutionCipherDecoder. java)
* includes capitalization (remember, Java is "case-sensitive")

20



|dentifiers

» identifier: A name given to an item in your

program.
— must start with a letter, underscore, or $

— subsequent characters can be any of those or
digits O through 9

* legal: _myName TheCure
ANSWER IS 42  $bling$

* lllegal: me+u 49ers side-swipe
Ph.D's

21



Keywords

» keyword: An identifier that you cannot use because it
already has a reserved (special) meaning in Java.

abstract default 1f private this
boolean do implements protected throw
break double import public throws
byte else instanceof return transient
case extends int short try

catch final interface static void

char finally long strictfp volatile
class float native super while
const for new switch

continue goto package synchronized

« Because Java is case-sensitive, you could technically
use Class or cLaSs as identifiers, but this is very

confusing and thus strongly discouraged. 22



Clicker 1

» Which of the following is not a syntactically
correct Java identifier for the name
of a program?

A. static
B. Void
C. FirstProgram
D. My program

E. More than one of A - D Is not a syntactically
correct Java identifier.

23



Strings

» string: A sequence of text characters.

— Starts and ends with a " (quotation mark character).

* The quotes do not appear in the output.

— Examples:

"hello"
"This 1s a string. It's very long!"

> Restrictions:

— May not span multiple lines.

"This 1s not
a legal String."

— May not contain a " character.
"This 1s not a "legal" String either."”

» This begs the question...

24



Escape sequences

> escape sequence: A special sequence of
characters used to represent certain special
characters in a string.

\t tab character

\n new line character

\" guotation mark character

A\ backslash character
— Example:

System.out.println ("\\hello\nhow\tare \"you\"2\\\\");
— Output:

\hello

how are "you"?\\

25



Clicker 2

» How many visible characters does the following

println statement produce when run?
System.out.println ("\t\nn\\\t\"\tt");

A. 0
B.1
C.2
D. 3
E. 4

26



Practice Program 1

» What sequence of println statements will
generate the following output?

This program prints the first lines
of the song "slots".

"She lives 1n a trailer"

"On the outskirts 'a Reno"

"She plays quarter slots 1in the local's casino."

27



Practice Program 2

» What sequence of println statements
will generate the following output?

A "quoted" String 1is
'much' better 1f you learn
the rules of "escape sequences.”

Also, "" represents an empty String.

Don't forget to use \" instead of " !
''" 1s not the same as "

28



Practice Program 3

» What is the output of the following println

statements?
System.out.println ("\ta\tb\tc");
System.out.println ("\\\\");
System.out.println("'");
System.out.println ("\"\"\"");
System.out.println("C:\nin\the downward spiral");

29
29



Answer to Practice Program 3

Output of each println statement:

the downward spiral

30



Practice Program 4

» Write a print1ln statement to produce this
output:

/N /) NN /7 NN

31



Answer to Practice Program 4

printin statement to produce the line of output:

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

32



Topic 3
static Methods and
Structured Programming

"The cleaner and nicer the program,
the faster it's going to run.

And if it doesn't, it'll be easy
to make It fast."

-Joshua Bloch

Based on slides by Marty Stepp and Stuart Reges
from http://www.buildingjavaprograms.com/



http://www.buildingjavaprograms.com/

Clicker 1

» What is the name of the method that is
called when a Java program starts?

A. main
B. static
C. void
D. println
E. class



Comments

» comment: A note written in source code by the
programmer to describe or clarify the code.

— Comments are not executed when your program runs.

> 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. */



Using comments

» Where to place comments:
— at the top of each file (a "comment header")
— at the start of every method (seen later)

— 1o explain complex pieces of code

» Comments are useful for:
— Understanding larger, more complex programs.

— Multiple programmers working together, who
must understand each other's code.



Comments example

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

public class BaWitDaBa {

public static void main (String[] args) {
// first verse
System.out.println ("Bawitdaba") ;
System.out.println("da bang a dang diggy diggy");
System.out.println();

// second verse
System.out.println ("diggy said the boogy");
System.out.println("said up jump the boogy");



Program Hygiene - a.ka. Style

» Provide a structure to the program

» Eliminate redundant code

» Use spaces judiciously and consistently
> Indent properly

» Follow the naming conventions

» Use comments to describe code behavior
> Follow a brace style

» Good software follows a style guide
— See links on assignment page



Google C++ Style Guide
." google-styleguide

Style guides for Google-oniginated open-source projects Search projects

J Project Home | Source

Summary People

Project Information Every major open-source project has its own style guide: a set of conventions (sometimes

arbitrary) about how to write code for that project. It is much easier to understand a large
codebase when all the code in it is in a consistent style.

4 +1| +503 Recommend this on Googl

Project feeds

; i Zver use global
variables™ to “never use exceptions.” This project holds the style gmdelmes we use for Google
code. If you are modifying a project that originated at Google, you may be pointed to this
page to see the style guides that apply to that project.

Code license
Artistic License/GPL

Content license

Creative Commons 3.0 BY Our C++ Style Guide, Objective-C Style Guide, Python Style Guide, Shell Style Guide,
Labels HTML/CSS Style Guide, JavaScript Style Guide, and Commaon Lisp Style Guide are now
Google, Documentation available. We have also released cpplint, a tool to assist with style guide compliance, and

CPlusPlus, Objective-C, XML google-c-style.el, an Emacs settings file for Google style.
Python, JavaScript

If your project requires that you create a new XML document format, our XML Document
Format Style Guide may be helpful. In addition to actual style rules, it also contains advice
“% Members on designing your own vs. adapting an exasting format, on XML instance document

mmentu...@u_mail_cum, formatting, and on elements vs. attributes.
marki@chromium.orag,

http://code.google.com/p/google-styleguide/ !



Google C++ Style Guide

Local Variables

=7 | Place a function’s variables in the narrowest scope possible, and initialize variables in
the declaration.

C++ allows you to declare variables anywhere in a function. We encourage you to declare
them in as local a scope as possible, and as close to the first use as possible. This makes
it easier for the reader to find the declaration and see what type the variable i1s and what it
was Initialized to. In particular, initialization should be used instead of declaration and

assignment, e.g.

int i;
i = f£(): ff Bad —- initialization separate from declaration.
int § = g(): ff Good -- declaration has initialization.

vector<int> v;
v.push back(l): ff Prefer initializing using brace initialization.
v.push back(2):

vector<int» v = {1, 2}; J/ Good -- v starts initialized.



Why Worry About Program Hygiene ?

» Programmers build on top of other’s code all the time.

— Computer Scientists and Software developers spend as
much time maintaining code as they do creating new code

— You shouldn’t waste time deciphering what a method does.

> You shou
You shou
mIissing C

d spend time on thinking and coding.
d NOT be wasting time looking for that

osing brace.

» "Code is read more often than it is written."
- Guido Van Rossum (Creator of the Python Language)



Algorithms

» algorithm: A list of steps for solving a problem.

» Example algorithm: "Bake sugar cookies"
— Mix the dry ingredients.
— Cream the butter and sugarr.
— Beat in the eggs.
— Stir in the dry ingredients.
— Set the oven temperature.
— Set the timer.
— Place the cookies into the oven.
— Allow the cookies to bake.
— Mix ingredients for frosting.

— ... 10



Problems with algorithms

> lack of structure: Many small steps; tough to
remember.

» redundancy: Consider making a double
batch...

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.

Place the first batch of cookies into the oven.
Allow the cookies to bake.

Set the oven temperature.

Set the timer.

Place the second batch of cookies into the oven.
Allow the cookies to bake.

Mix ingredients for frosting. 11



Structured algorithms

» structured algorithm:
Split solution into coherent tasks.

1 Make the cookie 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.

— Place the cookies into the oven.
— Allow the cookies to bake.

3 Add frosting and sprinkles.
— Mix the ingredients for the frosting.
— Spread frosting and sprinkles onto the cookies.




Removing redundancy

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

1 Make the cookie batter.
— Mix the dry ingredients.

2a Bake the cookies (first batch).
— Set the oven temperature.
— Set the timer.

2b Bake the cookies (second batch).

3 Decorate the cookies.

13



A program with redundancy

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

public static void main (String[] args) {
System.out.println("Mix the dry ingredients.");

System.out.println ("Cream the butter and sugar.");
System.out.println("Beat in the eggs.");
System.out.println("Stir in the dry ingredients.");
System.out.println("Set the oven temperature.");
System.out.println("Set the timer.");

System.out.println ("Place a batch of cookies into the oven.");

System.out.println("Allow the cookies to bake.");
System.out.println("Set the oven temperature.");
System.out.println("Set the timer.");
System.out.println("Place a batch of cookies into the oven.");
System.out.println("Allow the cookies to bake.");
System.out.println("Mix ingredients for frosting.");
System.out.println("Spread frosting and sprinkles.");

14



Static methods

» static method: A named group of statements.

— denotes the structure of a program class

— eliminates redundancy by code reuse method A
statement
, 9  d tion: statement
procedural aecomposition. statement

dividing a problem into methods method B
— a way to manage complexity statement
statement

. : . method C

>
ert.lng a static method is like statement
adding a new command to Java. statement
statement
15




* Building complex systems is hard

« Some of the most complex systems are
software systems

2005 Hudson Bay Co. [Canada) | Problems with inventory system contribute to $33.3 million*® loss.

2004=05 UK Inland Revenue I Software errors contribute to $3.45 billion* tax-credit overpayment.

2004 ' Avis Europe PLC [UK] : Enterprise resource planning (ERP) system canceled after $54.5 million' is spent.
2004 | Ford Motor Co. ‘ Purchasing system abandoned after deployment costing approximately S400 million.
2004 J Sainsbury PLC [UK] Supply-chain management system abandoned after deployment costing $527 million."
2004 . Hewlett-Packard Co. Problems with ERP system contribute to SI60 million loss.

2003=04 ATET Wireless Customer relations management (CRM) upgrade problems lead to revenue loss of SI00 million

2002 ' McDonald’s Corp. 3 The Innovate information-purchasing system canceled after $170 million is spent.
2002 Sydney Water Corp. [Australia] Billing system canceled after $33.2 million' is spent.

2002 CIGNA Corp. | Problems with CRM system contribute to $445 million loss,

2001 | Nike Inc. 1 Problems with supply-chain management system contribute to SI00 million loss.
2001 . Kmart Corp. ; Supply-chain management system canceled after $130 million is spent.

- - : - . - . =y o7 - - . A

> http://spectrum.ieee.org/computing/software/why-software-fails 16



http://spectrum.ieee.org/computing/software/why-software-fails

Using static methods

. Design the algorithm.
— Look at the structure, and which commands are repeated.

— Decide what are the important overall tasks.
— Good programmers do this BEFORE writing any code

. Declare (write down) the methods.
— Arrange statements into groups and give each group a name.

. Call (run) the methods.
— The program's main method executes the other methods to

perform the overall task.
17



Design of an algorithm

// This program displays a delicious recipe for baking cookies.
public class BakeCookies2 {

public static void main (String[] args) {
// 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 in the eggs.");
System.out.println("Stir in the dry ingredients.");

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

System.out.println("Set the oven temperature.");

System.out.println("Set the timer.");

System.out.println("Place a batch of cookies 1into the oven.");
(

System.out.println("Allow the cookies to bake.");

// Step 2b: Bake cookies (second batch).
System.out.println("Set the oven temperature.");
System.out.println("Set the timer.");
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.");

} 18



Declaring a method

Gives your method a name so it can be
executed

> Syntax:

public static void <name>() {
<statement>;
<statement>;

<statement>;
}

» Example:

public static void printWarning() {
System.out.println ("This product causes cancer");

System.out.println("in lab rats and humans.");
} 19



Calling a method

Executes the method's code

> Syntax:

<name> () ;

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

» Example:

printWarning () ;

— Output:

This product causes cancer
in lab rats and humans.

20



Program with static method

public class FreshPrince {

public static void main(String[]
rap();

System.out.println();

rap() ;

}

args) |
// Calling (running) the rap method

// 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 life got

Output:

Now this 1is
My life got

Now this is
My life got

the story all about how
flipped turned upside-down

the story all about how
flipped turned upside-down

flipped turned upside-down");

21



Final cookie program

// This program displays a delicious recipe for baking cookies.
public class BakeCookies3 {

public static void main (String[] args) {
makeBatter () ;
bake () ; // lst batch
bake () ; // 2nd batch
decorate () ;

}

// Step 1l: Make the cookie batter.

public static void makeBatter () ({
System.out.println("Mix the dry ingredients.");
System.out.println ("Cream the butter and sugar.");
System.out.println("Beat in 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.");

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() {
System.out.println("Mix ingredients for frosting.")
System.out.println ("Spread frosting and sprinkles."

) ;



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 void main(String[] args) {

public static void main(String[] args) {

}

public static ..._(...) {

}
}

Note: Longer code doesn’t | |
. public static ...
necessarily mean worse code!!!




Summary: Why methods?

> Eliminate redundancy
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public static void main(String[] args)

24



Methods calling methods

public class MethodsExample ({

public static void main(String[] args) {
messagel () ;
message2 () ;

System.out.println ("Done with main.");

}

public static void messagel () |
System.out.println("This is messagel.");

}

public static voild messageZ () {
System.out.println("This i1s message2.");
messagel () ;
System.out.println ("Done with message2.");

}

}
» Output:

This is messagel.
This is message?Z.
This is messagel.
Done with message?.
Done with main.



Control flow

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

public class MethodsExample {

public static void main (St=rrall oxacl |
public static void messagel () {

messagel () ; — ] PSystem.out.println("This is messagel.");
-}

message2 () ;\ public static void message2 () {

s‘s*'System.out.println("This is message2.");
messagel () ;

System.out.println ("™RQ1 //éyétem out.println ("Done with message2.");

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

{76110 static void messagel () {

26



> Clicker 2 - How many lines of output with visible
characters does the following program produce?

public class MethodCalls {

public static void main(String[] args ) {
ail):
b():
cl(]):
cl():
}
public static void a() { System.out.println("A"]); }

public static void bi() {
System.out.println("B"):

ail):
System.out.println("B"):

}

public static wvoid c{(]) {
a();
b{):
System.out.println("C"):
b();

A3 B.4 C.8 D.12 E.20

27



Drawing complex figures with
static methods

reading: 1.5
(Ch. 1 Case Study:

DrawFigures)



Static methods question

> Write a program to print these figures.

/ \
/ \
\ /

\ /
\ /

\ /
——————————

/ \
/ \
| STOP |
\ /

\ /

/ \
/ \

——————————

29



Development strategy

\ First version (unstructured):

/ Create an empty program and main method.
/
\ / Copy the expected output into it, surrounding
———————— + each line with System.out.println syntax.
Fa— Run it to verify the output.
\
STOP |
/ Clicker 3 - Are there repeated sections of
R output for this program?
_ A. No
/ \
\ B. Yes

30



Program version 1

public class Figuresl {

public static void main(Stringl]

) ;

System.
System.
System.
System.
System.
System.
System.
System.
System.
System.
System.
System.
System.
System.
System.
System.
System.
System.
System.
System.
System.

out

N N N N m ~  ~ ~ ~ ~ ~ ~ ~ o~ o~

v

.println ("
out.
out.
out.
out.
out.
out.
out.
out.
out.
out.
out.
out.
out.
out.
out.
out.
out.
out.
out.
out.

v

args)

{

31



Development strategy 2

Second version (structured, with redundancy):

Identify the structure of the output.

Divide the main method into static methods
based on this structure.

32



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:

€gg
teaCup

stopSign
hat

33



Program version 2

public class Figures2 {

public static void main(String[] args) {
egg () ;
teaCup() ;
stopSign() ;
hat();
}

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

o~~~ o~ o~ o~

}

public static void teaCup() {
System.out.println ("\\ /!
System.out.println (" \\ /")
System.out.println ("+--——-——-—--- —+")
System.out.println();

+



Program version 2, cont'd.

public static void stopSign() {

System.
System.
System.
System.
System.
System.
System.

}

out.println
out.println
out.println
out.println
out.println
out.println
out.println

("

"

public static void hat() ({

System
System
System
System

.out.println
.out.println
.out.println
.out.println

("
("
("
("

/

/ \

- N

=~

-

Ne = Neo — W

35



Development strategy 3

/ \
\ Third version (structured, without redundancy):
/

R Identify redundancy in the output, and create
/ methods to eliminate as much as possible.

Add comments to the program.

36



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:
eggTop
eggBottom

line

37



Program version 3

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

public class Figures3 {

public static void main(String[] args) {
egg () ;
teaCup () ;
stopSign () ;
hat () ;

}

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

public static void eggTop() {
System.out.println (" "),
System.out.println (" / \\")
System.out.println ("/ V!

'5;

}

// Draws the bottom half of an egg figure.

public static void eggBottom() ({
System.out.println ("\\ '
System.out.println (" \\ /")

}

// Draws a complete egg figure.
public static void egg() {
eggTop () ;
eggBottom() ;
System.out.println();



Program version 3, cont'd.

// Draws a teacup figure.
public static void teaCup() {
eggBottom() ;
line () ;
System.out.println();

}

// Draws a stop sign figure.
public static void stopSign () {

eggTop () ; .
System.out.println("| STOP [|");

eggBottom() ;
System.out.println();

}

// Draws a figure that looks sort of like a hat.
public static void hat () {

eggTop () ;

line () ;

}

// Draws a line of dashes.

public static void line () {
System.out.println("+--—-—-——--- +");

}

39



Topic 4
Expressions and Variables

"Once a person has understood the way
variables are used in programming,
they have understood the guintessence
of programming."

-Professor Edsger W. Dijkstra

g g
A "f’;/v/’ 7
L

Based on slides bu Marty Stepp and Stuart Reges
from http://www.buildingjavaprograms.com/



http://www.buildingjavaprograms.com/

Data and expressions

reading: 2.1



The computer's view

> Internally, most computers store everything as 1's and 0’s

— Example:
h - 01101000

"hi"™ = 0110100001101001
104 = 01101000

> 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

> Binary Numbers 3



Java's primitive types

> primitive types: 8 simple types for numbers,
characters, etc.

— Java also has object types, which we'll talk about later

Name Description Examples
int integers (upto231-1) 42, -3, 0, 926394
double real numbers (upto 1030%8) 3.1, -0.25, 9.4e3

« Why does Java distinguish integers vs. real numbers?
4



Integer or real number?

> Which category is more appropriate?

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

/.
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

credit: Kate Deibel, http://www.cs.washington.edu/homes/deibel/CATs/



http://www.cs.washington.edu/homes/deibel/CATs/

Clicker 1

» What is best choice for data type?

CHOICE Number of Sum of group | Average of
days it rained | of integers group of
In year Integers
int

A int double
B int int int
C double int int
D double int double
E int double double

6



Expressions

» expression: A combination of values and /
or operations that results (via computation) In
a value.

« Examples: 1 + 4 * 5
(7 +2) *6 /3
42
"Hello, world!"

— The simplest expression is a literal value.

— A complex expression uses operators and
parentheses.



Arithmetic operators

» operator: Combines multiple values or
expressions.

_|_

o >~ > |

addition

subtraction (or negation)

multiplication

division

remainder (sometimes called modulus)

> As a program runs, its expressions are evaluated.

1 + 1 evaluatesto 2
System.out.println (3 * 4); prints 12

How would we printthetext 3 * 4 ?



Integer division with /

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

» Euclidean division a.k.a. division with remaineder.
14 / 4 1S 3,not 3.5

—3 —

4 ) 14 10 ) 4
12 4
2

52

27 ) 1425
135

75

54

21

O Ul

o

» More examples:
-32 /5 IS 6
-84 / 10 is 8
- 156 / 100 is 1

— Dividing by O causes an error when your program runs with
Integer division. Try floating point division by 0. 9



> The
14

218

> Applications of % operator:
— Obtain last digit of a number: 230857
— Obtain last 4 digits: 658236489
— See whether a number is odd:

IS 2
IS 3

43

218
20

18
15

3

Integer remainder with %

operator computes the remainder from integer division.

What is the result?
45 % 6

2
8

o\© o©

2
20
11 5 0

\O

S 101S 7
10000 1S 6489

2181, 42 % 21s 0

10



Clicker 2

» What does each expression evaluate to?

13

m O O @™ >
NN W W
&

o O U1 O O

11



Clicker 3

» What does the following expression evaluate
to?

1017 % 100 + 12 % 100
A. 10
B.17
C.12
D. 22
E. 29

12



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 13

6 + 8/ 2 * 3

6 + 4 * 3

6 + 12 IS 18

— Parentheses can force a certain order of evaluation:
(1 + 3) * 4 IS 16

— Spacing does not affect order of evaluation
1+3 * 4-2 1S 11
13



Precedence examples

1 2 + 3 * 5 % 4 1 +8 /3 * 2 -9
\ / \ /
| |
2 + 3 * 5 % 4 1 + 2 * 2 - 9
\ / N/
| |
2 + 15 s 4 1 + 4 - 9
N/ \ /
| |
2 + 3 5 - 9
\ / \ /

14



Precedence questions

» What values result from the following
expressions?

9 / 5

695 % 20

7 + * 5

7 * + 5

248 100 / 5

6 * 3 -9/ 4

(5 - 7) * 4

6 + (18 % (17 - 12))

o O

o®



Practice!!

» BlueJ includes a Code Pad
— View -> Show Code Pad

> read - eval - print loop
— Alternative is JShell

» Useful to try various expressions

.27 % 13
1 (int)
D12
2 (int)
. 30+5/2
9.0 (double)

16



Real numbers (type double)

» Examples: 6.022, -42.0, 2.143el7

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

» The operators + - * / % () all still work with
double.

— / produces an exact answer. 15.0 / 2.01S7.5

— Precedence iIs the same: () before * / % before
_|_ —_—

— 9% works with doublestoo: 1.25 % 0.75 is 0.5

\

17



Real number example

2.0 * 2.4 + 2.25 » 4.0 / 2.0
\ /

|
4.8 + 2.25 4.0 / 2.0

\ /

18



Precision In real numbers

» The computer internally represents real
numbers In an imprecise way.

> Example:
System.out.println (0.1 + 0.2);
— The output is 0.30000000000000004!

19



Mixing types

» When int and double are mixed, the result is a

double.
- 4.2 * 310s 12.6

» The conversion is per-operator, affecting only its

operands. 2.5 +10 /3 * 2.5 -6 / 4
7/ 3% 1.2 +3 /2 \_|_/
\T/ 2.5 + 3 * 2.5 -6/ 4
2 *x 1.2 + 3/ 2 \ /
\_|_/ 1
5 4 L3/ 2 2.5 + 7.5 - 6 / 4
\ / \T/
2.4 + { 2.5 + 7.5 - 1
\ ’ / \ /
|
3.4 10.0 -1

3 / 2is1above, notl.5. 9.0 (not 980



String concatenation

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

"hello"™ + 42 IS "hello42"
1 + "abc" + 21IS "labc2"
"abc" + 1 + 21S "abcl2"

1 + 2 + "abc"Is "3abc"
"abc" 4+ 9 * 31Is "abc27"
nlvv + 1 iS "11"

4 — 1 + "abc"Is "3abc"

» Use + to print a string and an expression's value
together.
System.out.println("Grade: " + (95.1 + 71.9) / 2);

* Output: Grade: 83.5 21



Clicker 4

What does the following expression
evaluate to?

1.25+7/4+"CS"+3+4

3.0CS34"

2.25CS7"

2CS7"

2.25CS34"

Something other than A - D

A.
B.
C.
D.
E.

22



Variables

reading: 2.2

23



Wh

Recelpt example

at's bad about the following code?

public class Receipt {

}

public static void main(String[] args) {

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

System.out.println ("Subtotal:");
System.out.println (38 + 40 + 30);

System.out.println("Tax:");
System.out.println((38 + 40 + 30) * .08);
"Tlp ") .

System.out.println((38 + 40 + 30) * .15);
System.out.println ("Total:");
System.out.println (38 + 40 + 30 +
(38 + 40 + 30) * .08 +
(38 + 40 + 30) * .15);

(
(
(
(
System.out.println (
(
(
(

}

— The subtotal expression (38 + 40 + 30) IS
repeated

— S0 many println statements

24



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
 Use it - print it or use it as part of an expression,c



Declaration

> variable declaration: sets aside memory for storing a value.
— Variables must be declared before they can be used.

> Syntax:
<type> <name>;

— 1nt x;

myGPA

— double myGPA;



Assignment

» assignment: Stores a value in a variable.
— The value is the result of an expression;
— the variable stores its result.

> Syntax:
<name> = <expression>;
X 3
int x;
x =3; // or int x = 3; myGPA 3.25

double myGPA;
myGPA = 1.0 + 2.25; // or double myGPA



Declaration/initialization

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

> Syntax:

<type> <name> = <expression>; x 14

int x = (11 % 3) + 12;

\

myGPA 3.95

double myGPA

3.95;

28



Using variables

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

int x = 3;

System.out.println("x 1s " + X);

System.out.println(5 * x - 1);

> You can assign a value more than once:

int x = 3;

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

x =4+ 7;

System.out.println("now x is " + x);

// x is 3
// 14

// 3 here

// now x is 11

11

29



Assignment vs. algebra

> Assighment uses =, but it is not an algebraic

equation.
= means, "store the value at right in variable at left"
x = 3; means, "xbecomes 3" or "xshould now store 3"

» ERROR: 3 = 1 + 2; isan illegal statement,
because 3 IS not a variable.

» What happens here?

int x = 3;
X =X + 2; [/ 2?2?27

30



Clicker 5

» What is the output of the following

Java code?

int x = 3;

int y = x; // y stores 3

x =5; // x now stores 5

vy =YV + X;

System.out.println( x + " " + y);
A: "5 8" B: 5 10 C: 10 10

D: 5+ 10 E: 5 8

31



Swapping the Contents of

Two Variables
’ Output of this code?

int x = 12;

int y = 32;

X =V

y = Xy

System.out.println(x + " " + v);

g Output of this code?

int x 12;

int vy 32;

int t X;

X =V

y =t 32
System.out.println(x + " " + v + " " + t);



Assignment and types

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

int x 2.5; // ERROR: incompatible types

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

myGPA 4.0
double myGPA = 4;

avg 5.0

double avg = 11 / 2;

Why does avg store 5.0 and not 5.5 ?
33



Compiler errors

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

int x;

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

> You may not declare the same variable twice (in the
same block of code. methods for now.)

int x;
int x; // ERROR: x already exists

int x = 3;
int x = 5; // ERROR: x already exists

» How can this code be fixed? 34



Printing a variable's value

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

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

int students = 11 + 17 + 4 + 19 + 14;

System.out.println ("There are " + students +
" students in the course.");

« Output:

Your grade was 83.2
There are 65 students 1n the course.

35



Example Problem - BMI

» Body Mass Index or BMI is a quick calculation based
on height and mass (weight) used by medical
professionals to broadly categorize people .

> Formula:

INasSSkg massyy

BMI = = x 703
height>  height?,

» Quick tool to get a rough estimate if someone is
underweight, normal weight, overweight, or obese
> Write a program to calculate BMI for a given height

and mass. -



Example Problem 2
- Day of Week

» For the Gregorian Calendar

» Given month, day, and year, calculate day of week

» months, 1 = January, 2 = February, ... 12 = December
y =year - (14 - month) / 12
X=y+y/4-y/100+y/400

m = month + 12 * ((14 - month) / 12) - 2
d=(day+x+(31*m)/12) % 7

0 = Sunday, 1 = Monday, 2 = Tuesday

37


http://en.wikipedia.org/wiki/Gregorian_calendar

Receilpt question
Improve the receipt program using variables.

public class Receipt {

public static void main (String[] args) {
// Calculate total owed, assuming 8% tax / 15% tip
System.out.println ("Subtotal:");
System.out.println (38 + 40 + 30);

'"Tax:") ;

System.out.println ('
(38 + 40 + 30) * .08);

System.out.println

'"Tip:");
(38 + 40 + 30) * .15);

System.out.println ("Total:");
System.out.println (38 + 40 + 30 +
(38 + 40 + 30) * .15 +
(38 + 40 + 30) * .08);

(
(
(
(
System.out.println (
System.out.println (

(

(



Recelpt answer

public class Receipt {

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

System.out.println ("Subtotal: " + subtotal);
System.out.println ("Tax: " + tax);
System.out.println("Tip: " + tip);
System.out.println("Total: " + total);

39



Topic 5
for loops and nested loops

“Always to see the general in the particular is
the very foundation of genius.”

-Arthur Schopenhauer

Based on slides by Marty Stepp and Stuart Reges
from http://www.buildingjavaprograms.com/



http://www.buildingjavaprograms.com/

Repetition with for loops

» So far, repeating a statement is redundant:

System.out.println ("Mike says:");

System.out.println ("Do Practice-It problems!")

System.out.println("Do Practice-It problems!");

System.out.println("Do Practice-It problems!");
("Do )
(D )
("

14

14

System.out.println (" Practice-It problems!"
System.out.println (" Practice-It problems!"
System.out.println makes a HUGE difference.");

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

System.out.println ("Mike says:");

for (int i =1; i <= 5; i++) { // repeat 5 times
System.out.println("Do Pratice-It problems!");
}

System.out.println ("It makes a HUGE difference.");

. 2



for loop syntax

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

<statement>;
<statement>;
- body
<statement>;
} —

— Perform <initialization> once.

— Repeat the following:
* Check if the <test> is true. If not, stop.
« Execute the <statement>s.
« Perform the <update>.



Initialization

for (int 1 = 1; 1 <= 5; 1++) {
System.out.println ("Do Practice-It!");

» Tells Java compiler what variable to use in the
loop

— Performed once as the loop begins

— The variable is called a loop counter
or loop control variable

¢ can use any name, not just i
 can start at any value, not just 1 4



Test

for (int 1 = 1; 1 <= 5; 1++) {
System.out.println ("Do Practice-It!");

> 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

== equality !=not equals 5



Body

for (int 1 = 1; 1 <= 5; 1++) {
System.out.println ("Do Practice-It!");

J

> |If the test is true, the statements in the body of the
loop execute In sequential order one time

» The body of the loop is between the curly braces

» If the body is one statement the curly braces are
not required, but by convention we still add them

> After the body of the loop completes the update

statement Is executed.
6



Update

for(int 1 = 1; 1 <= 5; i++) {
System.out.println ("Do Practice-It!");

J

» Perform update step

— Generally adding one to loop control variable

— Could be other operations such as subtracting one,
multiplying



Aside: Increment and
Decrement Operators

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

Shorthand
<variable>++;
<variable>--;

int x = 2;
X++;

double gpa = 2.5;

gpa--;

Equivalent longer version

<variable> = <variable> + 1;
<variable> = <variable> - 1;

// x =x + 1;
// x now stores 3

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



Aside: Modify-and-assign
operators

shortcuts to modify a variable's value

Shorthand Equivalent longer version
<variable> += <exp>; <variable> = <variable> + (<exp>) ;
<variable> -= <exp>; <variable> = <variable> - (<exp>) ;
<variable> *= <exp>; <variable> = <variable> * (<exp>) ;
<variable> /= <exp>; <variable> = <variable> / (<exp>);
<variable> $= <exp>; <variable> = <variable> & (<exp>);

x += 3; // x = x + 3;

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

number *= 2 4+ 1; // number = number * (2 + 1);



Clicker 1

» What is output by the following code?
int x = 2;

int y = 5;

X *= 3 + vy + X;

System.out.println(x + " " + vy);

20 5

2 5

13 5

20 10

Something other than A - D

HOQWp»

10



for loop iIs NOT a method

» The for loop is a control structure

— a syntactic structure that controls the execution
of other statements.

> Example:
— "Shampoo hair. Rinse. Repeat.”

11



Repetition over a range

System.out.println ("1l squared = " + 1 * 1);
System.out.println ("2 squared = " + 2 * 2);
System.out.println ("3 squared = " + 3 * 3);
System.out.println ("4 squared = " + 4 * 4);
System.out.println ("5 squared = " + 5 * 5);
System.out.println ("6 squared = " + 6 * 0);

— Intuition: "l want to print a line for each number from
1to 6"

» The for loop does exactly that!

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

}

— "For each integer | from 1 through 6, print ..."

12



Loop walkthrough

g 4
for (int i = 1; 1 <= 4; i++) {
3 System.out.println(i + " squared = " + (1 * i));

}
5 System.out.println ("Whoo!") '\

1 Perform initialization once

Output ncA yes
Is the test true?

1 squared =1 EH““mhxfff’#f v
_ exgcute the
2 S quared - 4 3 controlled statement(s)
3 squared = 9 7
4 squared = 16
WhOO | 4 perform the update
5
execute statement
> after for loop

13



Simple Loop Example

> Write a program to calculate and print out the
values of N! from 1 to 50 using a for loop

» 0l =1

»11=1*0'=1*1=1
»21=2*11=2*1*1=2
»31=3*21=3*2*1*1=6

P4 =4 *31=4*3*2*%1*1 =24

14



Multi-line loop body

System.out.println("+-—-———4+");

for (int 1 = 1; 1 <= 3; 1i++) {
System.out.println ("\\ /") ;
System.out.println("/ \\");

}

System.out.println("+-—-———4+");

Output:

+————

\ /

/ \

\ /

/ \

\ /

/ \

ey 15



Expressions for counter

int highTemp = 5;
for (int 1 = -3; i <= highTemp / 2; i++) {
System.out.println(x1 * 1.8 + 32);

— This computes the Fahrenhelt equivalents for -3
degrees Celsius to 2 degrees Celsius.

Output:

20.
28.
30.
32.
33.

35. 10

O O O DN P O



System.out.print

> Prints without moving to a new line
— allows you to print partial messages on the same line

int highestTemp = 5;

for (int i = -3; 1 <= highestTemp / 2; i++) {
System.out.print((1 * 1.8 + 32) + " ");

}

* Output:

206.0 28.4 30.2 32.0 33.8 35.60

« Concatenate " " to separate the numbers
17



Clicker 2

» How many asterisks are output by the
following code?

for(int i = -2; i <= 13; i++) {
System.out.print ("*");
System.out.print ("**");

A. O B. 15 C. 45
D. 48 E. 68

18



Counting down

» The <update> can use —- to make the loop
count down.
— The <test> must say > instead of < (or logic error)

System.out.print ("T-minus ") ;
for (int 1 = 10; 1 >= 1; 1--) {
System.out.print(z + ", ");

J
System.out.println ("blastoff!");

System.out.println ("The end.");
Output:

T-minus 10, 9, 8, 7, 6, 5, 4, 3, 2, 1, blastoff!
The end. 19



Practice Problem

» Newton's method for approximating square roots

adapted from the Dr. Math website
The goal is to find the square root of a number. Let's call it num
1. Choose a rough approximation of the square root of num,
call it approx.

How to choose?
2. Divide num by approx and then average the quotient with
approx,

In other words we want to evaluate the

expression ((num/approx) + approx) / 2
3. How close are we? In programming we would store the result
of the expression back into the variable approx.

4. How do you know if you have the right answer? .



Sample of Newton's Method

num approx ((num/approx)+approx)/2 approx*approx

12 6 (12/6+6)/2=4 16

12 4 (12/4+4)/2=35 12.25

12 3.5 (12/3.5+3.5)/ 2 =3.4642857... 12.0012..

12 3.4642857 = 3.46410162... 12.00000003
12 3.46410162 = 3.46410161... 11.99999999¢

3.4641016151377544 after 5 steps

3.4641016151377545870548926830117 (from calculator)

21



Nested loops

reading: 2.3

22



Nested loops

» nested loop: A loop placed inside another loop.

for (int 1 = 1; 1 <= 5; 1i++) {
for (int j = 1; j <= 10; j++) {
System.out.print ("*");

}
System.out.println() ; // to end the line

> Output:

kkkkhkkhkkhkkkk*k
kkhkkkhkkhkkhkkhkkk%k
kkkkhkkhkkhkkkk%k
kkhkkkhkkkhkkkk%k
kkhkkkhkkhkkhkkhkkk*k

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

23



Nested for loop exercise

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

for (int 1 = 1; 1 <= 5; 1++) {
for (int j = 1; j <= 1i; J++) {
System.out.print ("*");

J
System.out.println () ;

J

> Output:

*

* %

* % %

* %k k%

* %k k%% 24



Nested for loop exercise

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

for (int 1 = 1; 1 <= 5; 1++) {
for (int j = 1; j <= 1i; J++) {
System.out.print (1) ;

J
System.out.println () ;

J

> Output:

1

22
333
4444

55555 25



Clicker 3

» What is output by the following code?
int total = 0;
for(int 1 = 1; 1 <= 4; 1++) {
for(int 7 = 1; 7 <= 1i; J++) {
total += 1;
}

J
System.out.println (total);

A. 4 B. 10 C. 16 D. 24 E. 30

26



Common errors
» Both of the following sets of code produce
Infinite loops:
for (int 1 = 1; 1 <= 5; 1++) {
for (int 7 = 1; 1 <= 10; j++) {

System.out.print ("*");

J
System.out.println();

for (int i = 1; i <= 5; i++) {
for (int j = 1; j <= 10; i++) {
System.out.print ("*");

}
System.out.println(); 7



Complex output

> Write a nested for loop to produce the following output.
iInner 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

] 28
each line



Outer and inner loop

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

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

J

> Now look at the line contents. Each line has a pattern:
— some dots (O dots on the last line), then a number

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



Mapping loops to numbers

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

System.out.print ( ... );

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

4 7 10 13 16

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

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

30



Loop tables

» What statement in the body would cause the loop to
print:
2 7 12 17 22

» 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 istoo 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

31



Loop tables question

» What statement in the body would cause the loop to
print:
17 13 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

32



Another view: Slope-intercept

» The next three slides present the
mathematical basis for the loop tables.

count

(X)

number to print (y)

2

-

I \v)
2 //{(/
_10 .

12

25 q

20

15 A

10 A

5

6 T T |
2 4 6

1
2
3
4
)

17

22

33




Another view: Slope-intercept

> Caution: This is algebra, not assignment!
> 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 vy
values. Thus, the slope (m) Is the difference between vy
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. Inthiscase, y = 2.

y =m* x + Db

2 = 5 % 1 + b count (x) number to print (y)
Thenb = -3 1 2
> So the equation is " -
y =m* x + D 3 12
y =5 * x = 3
y = 5 * count - 3 4 L7
5 22 34




Another view: Slope-intercept

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

y =m * x + Db
v, =m * 1 + D
y, = m + b
b =y, — m
» In other words, to get the y-intercept, just subtract
the slope from the first yvalue (b = 2 - 5 = -3)

— This gets us the equation
y = m * x + b
y = 5 * x — 3
y = 5 * count — 3
(which is exactly the equation from the previous slides)
35



Nested for loop exercise

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

1
.. 2 line | # of dots -1 * line -1 * line + 5
.3 1 4 -1 4
-4 2 3 -2 3
> 3 2 -3 2
4 1 -4 1
5 0 -5 0

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

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

36



Nested for loop solution

> Answer:
for (int line = 1; line <= 5; line++) {
for (int 3 = 1; 7 <= (-1 * line + 5); J++) {
System.out.print (".");

J

System.out.println (line);

> Output:

5 37



Nested for loop exercise

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

for (int line = 1; line <= 5; line++) {
for (int 7 = 1; 7 <= (-1 * line + 5); J++) {
System.out.print (".");

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

}
System.out.println () ;

J

> Answer:
R |
... 22
. .333
.4444
55555 38



Nested for loop exercise

» Modify the previous code to produce this output:

R |
... 2.
..3..
4. ..
5....
for (int line = 1; line <= 5; line++) {
for (int J = 1; J <= (-1 * line + 5); J++) {
System.out.print(".");

J

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

}

System.out.println() ; a0



Topic 6
loops, figures, constants

"Complexity has and will maintain a strong fascination for
many people. It is true that we live in a complex world and
strive to solve inherently complex problems, which often do
require complex mechanisms. However, this should not
diminish our desire for elegant solutions, which convince by
their clarity and effectiveness. Simple, elegant solutions are
more effective, but they are harder to find than complex
ones, and they require more time, WhICh we too often believe

to be unaffordable."

-Niklaus Wirth

Based on slides bu Marty Stepp and Stuart Reges
from http://www.buildingjavaprograms.com/



http://www.buildingjavaprograms.com/

Clicker 1

» What is the base 10 equivalent of the base 2
number 1011001

.27

. 89

. 93

.127
.1011001

H O Q WO »



Clicker 2

» What does 5! equal?
A. 5

B. 32

C. 120

D. 3125

E. alot



Clicker 3

» Which of the following is closest to the value
that overflows the Java int data type when
calculating N!

Al

B. 15
C. 60
D. 100
E. 1000



Drawing complex figures

» Use nested for loops to produce the
following output.

» Why draw ASCII art?
— Real graphics require more finesse

— ASCII art has complex patterns T N T
— Can focus on the algorithms | >l |
| <>........ <> |
<> e e e e e <> |
<> e e e e e <> |
| <>.... ... <> |
| <> ... |
| <><> d



Development strategy

» Recommendations for managing complexity:

1. Design the program (think about steps or methods
needed).
« write an English description of steps required
* use this description to decide the methods

2. Create a table for patterns of characters
 use tables to write your for loops |



1. Pseudo-code

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

» Example: Drawing a 12 wide by 7 tall box of
Stars R i i i i i i i i i i ¢

print 12 stars.

for (each of 5 lines) {
print a star.
print 10 spaces.
print a star.

}

print 12 stars.

* *
* *
* *
* *
* *
* *

R AR U A i i i i i g



Pseudo-code algorithm

_ f================f{

1. Line | PN |
 #,16=, # | <> ...<> |
2. Top half | <>.i.iie.. <> |
. <> e e <>

. spaces (decreasing) <>, . e e <> |

. <> | <>....0.... <> |

- dots (increasing) | <>l <> |

* <> | <><> |

* spaces (same as above) fo—————— i

° |
3. Bottom half (top half upside-down)

4. Line
c 4 16 = 4



Methods from pseudocode

public class Mirror {

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

}

public static void topHalf () {
for (int line = 1; line <= 4; line++) {
// contents of each line
}
}

public static void bottomHalf () {
for (int line = 1; line <= 4; line++) {
// contents of each line
}
}

public static void line() {

//
}



2. Tables

> A table for the top half:
— Compute spaces and dots expressions from line

number
line |spaces |-2*line+8 |[dots |4 *line -4
1 6 6 0 0
2 4 4 4 4
3 2 2 8 8
4 0 0 12 12




3. Writing the code

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

11



Partial solution

// Prints the expanding pattern of <> for
// the top half of the figure.
public static void topHalf () {
for (int line = 1; line <= 4; line++) {
System.out.print ("|");

for (int space = 1; space <= (line * -2 + 8); space++) {
System.out.print (" ");
}

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

for (int dot = 1; dot <= (line * 4 - 4); dot++) {
System.out.print (".");
}

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

for (int space = 1; space <= (line * -2 + 8); space++) {
System.out.print (" ");
}

System.out.println("|");

12



Class constants
and scope

reading: 2.4

13



Scaling the mirror

» Modify the 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.

f================4§ 14



Limitations of variables

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

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

public static void main(String[] args) {
int size = 4;
topHalf () ;
printBottom() ;

}

public static void topHalf () {
for (int 1 = 1; 1 <= size; i++) { // ERROR: size not found

}
}

public static void bottomHalf () {
for (int 1 = size; 1 >= 1; i--) { // ERROR: size not found

}

15



Scope

» 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.
public static void example () { T
int x = 3;

i's scope

{ for (int 1 =1; 1 <=10; i++) { ~  's scope

System.out.println (x) ;
}

// i no longer exists here
} // x ceases to exist here

_

16



Scope implications

» Variables whose scope does NOT overlap
can have same name.

for (int 1 = 1; 1 <= 100; 1i++) {
System.out.print ("/");

}
for (int i = 1; i <= 100; 1i++) { // OK
System.out.print ("\\");

}
int i = 5; // OK: outside of loop's scope

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

for (int 1 =1; i <= 100 * line; 1i++) {
int i = 2; // ERROR: overlapping scope
System.out.print ("/");

}
i=4; // ERROR: outside scope 17



Class constants

» class constant: A fixed value visible to the whole program.

— value can be set only at declaration; cannot be
reassigned, hence the name: constant

> Syntax:
public static final <type> <name> = <exp>;

— name in ALL UPPER CASE by convention

— Examples:
public static final i1nt DAYS IN WEEK = 7;

public static final double INTEREST RATE = 0.5;
public static final int SSN = 658234569;

18



Constants and figures

> Consider the task of drawing the following
scalable figure:

+/N/NININININININ/N/ A\

| |
| |
| | Multiples of 5 occur many times
| |
| |
+/N/N/N/N/N/NIN/N/N N+

+/\N/N/N/\+

| |
| | The same figure at size 2

+/\N/\N/N/\+



Repetitive figure code

public class Sign {

public static void main(String[] args) {
drawLine () ;
drawBody () ;
drawLine () ;

}

public static void drawLine () {
System.out.print ("+");
for (int 1 = 1; 1 <= 10; i++) {
System.out.print ("/\\") ;
}

System.out.println ("+");
}

public static void drawBody () {
for (int line = 1; line <= 5; line++) {

System.out.print ("|");
for (int spaces = 1; spaces <= 20; spaces++) {
System.out.print (" ");

}
System.out.println("|");



Adding a constant

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

public static void main (String[] args) {
drawLine () ;
drawBody () ;
drawLine () ;

}

public static void drawLine () {
System.out.print ("+");
for (int 1 = 1; 1 <= HEIGHT * 2; i++) {
System.out.print ("/\\");
}

System.out.println ("+");
}

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

System.out.print ("|");

for (int spaces = 1; spaces <= HEIGHT * 4; spacest+) {
System.out.print (" ");

}

System.out.println("|");



Complex figure w/ constant

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

A mirror of size 4: A mirror of size 3:
g g o Y
| <><> | | <><> |
| <> L. .<> | | <>l <>
| <> ... <> | <> ..., <> |
<> <> <> <>|
<>t <> EERSSEE R
| <> ... <> | <><> |
| <> ..<> | f============f}
| <><> |

=== 22



Clicker 4

» Should every instance of the literal int 4 and
multiples of 4 in the program be replaced
with the class constant SIZE?

A. NO
B. Yes

23



Using a constant

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

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

}

public static void topHalf () {
for (int i = 1; 1 <= SIZE; i++) { // OK

J
J

public static void bottomHalf () {
for (int i = SIZE; i >= 1; i--) { // OK

J
24



Loop tables and constant

> Let's modify our loop table to use SIZE
— This can change the amount added in the loop

expression
SIZE | line spaces | -2*line + (2*SIZE) | dots 4*line - 4
4 1,2,3,416,4,2,0 | -2*line + 8 0,4,8,12 |4*line - 4
3 1,2,3 4,2,0 -2*line + 6 0,4,8 4*|ine - 4
f================1 f============4
| <><> | | <><> |
| <>LLL <> | | <>l <>
| <> <> <>, ..., <> |
<> e <> | <>, ..., <> |
<> e <> | | <>l <>
| <>l <> | <><> |
| <>LLLL<> | f============#
| <><> | 25



Partial solution

public static final int SIZE = 4;

// Prints the expanding pattern of <> for the top half of the figure.
public static void topHalf () {
for (int line = 1; line <= SIZE; line++) {
System.out.print ("|");

for (int space = 1; space <= (line * -2 + (2*SIZE)); space++)

System.out.print (" ");
}

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

for (int dot = 1; dot <= (line * 4 - 4); dot++) {
System.out.print (".");
}

System.out.print ("<>");
for (int space = 1; space <= (line * -2 + (2*SIZE)); space++)

System.out.print (" ");
}

System.out.println("|");



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++) {

System.out.print (" ");
}

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

for (int dot = 1; dot <= (line * 4 - 4); dot++) {

System.out.print (".");
) 27



Another Example

> Create a program to
produce the following
ASCII art rocket

» SIZE = 3 for the
rocket to the right

ST
Rl L AN
PO L AR
POl L AR
PO PL - AR AN
+ == =H=H=H=¥}
AT T AT
| L
|
| S N
| e e
| o
+ == =H=H=H=¥}
| S
| e e |
| . ..Hf..|
| - SR
| . fmfx fmfx |
|
+ ==K =H=X=H=¥}
P L
Rl L AN
TR
PO T AR
PO s L AR

28



SIZE = 4 Rocket

PE LN
P AN
POPS S AN
LRI

POP P S AR

PPt I ANNRNRN
POP P ds S ARRRR RN
+=N === =N=N=K=XK}|
| oo ™S A
| . NN o
| . AN PO |
BT AV AVaVaVavavas
RAVAVAVAVAVevars
| e
| o
| .o RV
=== =H=H=H=X=Hk}
REAVAVAVAVAVAVAvY
IR AV AV VeV avE |

| o NN
| -
| -
| -
| -
|
+

foK foK
IHEHEH IHEHEH |
FAVAVAVAVAVAVAVES
E=H=H=H=H==F=F4
P LN
Pl ok AN
Pl N
Pl o A
Pl & A S
PP o
R 5 A A

29



SIZE = 5 Rocket

P N
R
P 5 AN
P S AR
S S EEN
P 3 N
£ RN N NN
P 3
A SRR NN

=== =K== =H=H=Hf

|
- |
f\f\/\ f\f\/\ -
f\/\/\f\ X\/\/\f\ |
PAVAVAVAVAVAVAVAVAVAS
T |
|
A v AvE VAV AV
-

- |

| -

| -

| -

| -

|

|

| -

| -

| -

| -

f=X=E =K =—K=—K=—H=—N=—X=K=X+}
|\ \f\f\f\f\/\ﬁ\f\f\/|
| R T e N Y AV AV AT |
| T W
|

|

|

|

| -

| -
|
+

|
|
N e A
|
.|

A VLA A N A VAW A
/\f\f\/\ f\f\f\/\ |
RV AVAV ST AV AVAVAVAVSY
E—R=—H=—H=—K=—H=—H=—N=—K=N4
SEE
R
s & NN
P S AR
S S EEN
P 3 N
£ RN N NN
i L
A SRR NN
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Assignment 2: ASCII Art

31



Topic 7
parameters

"We're flooding people with information. We need to
feed it through a processor. A human must turn
iInformation into intelligence or knowledge. We've

tended to forget that no computer will ever ask a
new question."

Based on slides from Marty Stepp and Stuart Reges
from http://www.buildingjavaprograms.com/



http://www.buildingjavaprograms.com/

Redundant recipes

» Recipe for baking 20 cookies:

— Mix the following ingredients in a bowl:
* 4 cups flour
* 1 cup butter
* 1 cup sugar
* 2 eggs
* 40 oz. chocolate chips ...

— Place on sheet and Bake for about 10 minutes.

» Recipe for baking 40 cookies:

— Mix the following ingredients in a bowl:
8 cups flour
« 2 cups butter
e 2 Cups sugar
* 4 eqggs
» 80 oz. chocolate chips ...

— Place on sheet and Bake for about 10 minutes.



Parameterized recipe

» Recipe for baking 20 cookies:

— Mix the following ingredients in a bowl:
« 4 cups flour
* 1 cup sugar
* 2 eggs

» Recipe for baking N cookies:

— Mix the following ingredients in a bowl:

* N/5 cups flour

* N/20 cups butter

* N/20 cups sugar

« N/10 eggs

» 2N 0z. chocolate chips ...

— Place on sheet and Bake for about 10 minutes.

» parameter: A value that distinguishes similar tasks.



Redundant figures

> Consider the task of printing the following
lines/boxes:

R AR A b A b A A g i i i i ¢

R AR A O A i i ¢

R A A b b b g A g A i i i i A i A i i i i i i G i i i i G i i i i i i ¢
IR SR R A i A i i i ¢

* *
AR SR R A i i i i i ¢

* Kk ok kK
* *
* *

* Kk ok kK



A redundant solution

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

lineOfl3();

Lineeaai » This code is redundant.

box10x3 () ;

box5x4 () ; .
] * Would variables help?
PubLie St o et s, Would constants help?

System.out.print ("*");

éystem.out.println(); ® What |S a better

} ;
solution?

public static void 1ineOf7 () {
for (int 1 = 1; 1 <= 7; 1i++) {

System.out.print ("*"); .
} | e line - Amethod to
System.out.println(); .
} draw a line of any
public static void 1ineOf35() {
for (int i = 1; i <= 35; i+4) | number of stars.
System.out.print ("*");
L sten. out printin () * box - Amethod to draw
. a box of any size.



Parameterization

» parameter: A value passed to a method by
its caller.

—Instead of 11ine0Of7, 1ine0Of13, write 1ine to
draw any length.

 When declaring the method, we will state that it
requires a parameter for the number of stars.

 When calling the method, we will specify how many
stars to draw.

main

v

» 1ine

T

line

* Kk Kk Kk Kk k%K

IR IR SR A A A b g i b g g



Declaring a parameter

Stating that a method requires a parameter in order to run
public static void <name> (<type> <name>) {

<statement>(s);

» Example:

public static void sayPassword(int code) {
System.out.println ("The password is: " + code);

}

— When sayPassword IS called, the caller must specify the
iInteger code to print.



Passing a parameter

Calling a method and specifying values for its parameters

<name> (<expression>) ;

» Example:

public static void main(String[] args) {
sayPassword (42) ;
sayPassword (12345) ;

}
Output:

The password 1s 42
The password 1s 12345



Parameters and loops

> A parameter can guide the number of repetitions of a loop.

public static void main (String[] args) {
chant (3) ;

}

public static void chant (int times) {
for (int 1 = 1; 1 <= times; 1++) {
System.out.println("Just a salad...");

}

Output:

Just a salad...
Just a salad...
Just a salad...



How parameters are passed

» When the method is called:

— The value is stored into the parameter variable.
— The method's code executes using that value.

public static void main(String[] args) {
chant (3) ; ]
chant (7) ;s’. umes

} 3

public static void chant(int times) {
for (int 1 = 1; 1 <= times; 1i++) {
System.out.println ("Just a salad...");

10



Common errors

> If a method accepts a parameter, it is illegal
to call it without passing any value for that

parameter.
chant (); // ERROR: parameter value required

» The value passed to a method must be of

the correct type.
chant (3.7); // ERROR: must be of type int

» Exercise: Change the Stars program to use a
parameterized method for drawing lines of stars. ,,



Stars solution

// Prints several lines of stars.
// Uses a parameterized method to remove redundancy.
public class Stars2 {
public static void main (String[] args) {
line (13);
line(7);
line (35);
}

// Prints the given number of stars plus a line break.
public static void line(int count) ({
for (int 1 = 1; 1 <= count; i++) {
System.out.print ("*");

}
System.out.println();

12



Multiple parameters

» A method can accept multiple parameters.
(separate with , )

— When calling it, you must pass values for each parameter.

» Declaration:

public static void <name> (<type> <name>, ..., <type> <name>) {
<statement>(s);

> Call:

<name> (<exp>, <exp>, ..., <exp>);
13



Multiple parameters example

public static void main (String[] args) {
printNumber (4, 9);
printNumber (17, 6);
printNumber (8, 0);
printNumber (0, 8);
}

public static void printNumber (int number, int count) {
for (int 1 = 1; 1 <= count; i++) {
System.out.print (number) ;

}
System.out.println();

}
Output:

444444444
171717171717

00000000

» Modify the Stars program to draw boxes
with parameters. 14



Stars solution

// Prints several lines and boxes made of stars.
// Third version with multiple parameterized methods.

public class Stars3 {

public static void main (String[] args) {
line (13);
line (7);
line (35);
System.out.println () ;
box (10, 3);
box (5, 4);
box (20, 7);

}

// Prints the given number of stars plus a line break.

public static void line(int count) {
for (int 1 = 1; 1 <= count; 1i++) {
System.out.print ("*");

}
System.out.println() ;

15



Stars solution, cont'd.

// Prints a box of stars of the given size.
public static void box(int width, int height) ({
line (width) ;

for (int line = 1; line <= height - 2; line++) {

System.out.print ("*");

for (int space = 1; space <= width - 2;
System.out.print (" ");

}

System.out.println("*");

}
line (width) ;

space++)

16



Value semantics

» value semantics: When primitive variables (int,
double) are passed as parameters, their values are
copied.

— Modifying the parameter will not affect the variable passed
IN.

public static void strange (int x) {
x=x+ 1;

System.out.println("1l. x = " + x);
}
public static void main(String[] args) {
- _ o3, Output:
int x = 23;
strange (x) ; 1. x = 24
System.out.println("2. x = " + Xx); 2. X = 23

17



Clicker 1 -
Output of "Parameter Mystery"

public class ParameterMystery {

public static void main (String[] args) {
int x = 9;
int y = 2;
int z = 5;

mystery(z, y, x),

mystery(y, x, z);
}

public static void mystery(int x, int z, int y) {

System.out.print(z + " " + (y - x) + " ");
}
}
A. 5 -7 5 =7 B. 9 -3 5 7 C. 24 9 3
D. 9 -3 5 12 E. None of A through D

18



Clicker 2 - What Is output by the
following code?

int x = 2;

int y = 5;

mystery2 (x, Vy);

System.out.print(x + " " 4+ y + " ");

public static void mysteryZ(int x, 1nt v)

System.out.print(x + " " + y + " ");

X *= vy + 3;

Y==7

Xt++;

System.out.print(x + " " + y + " ");
}
A. 25174 2 5 B. 2 517 4 17 4
C. 17 4 2 5 17 4 D. 2 5 2 5 17 4

E. None of A through D

{

19



Recall: Strings

» string: A sequence of text characters.

String <name> = "<{ext>";

String <name> = <expression resulting in
String>;

— Examples:

String name = "Marla Singer";

int x = 3;
int y = 5;
String point = "(" + x + ", "+ y + ")";

20



Clicker 3

> Are Strings a primitive data type just like int
and double?

A. NO
B. Yes

21



Strings as parameters

public class StringParameters ({
public static void main (String[] args) {
sayHello ("Marty") ;

String teacher = "Bictolia";
sayHello (teacher) ;

}

public static void sayHello (String name) {
System.out.println ("Welcome, " + name);

}
}

Output:

Welcome, Marty
Welcome, Bictolia

» Modify the Stars program to use string
parameters. Use a method named repeat that
prints a string many times.



Stars solution

// Prints several lines and boxes made of stars.
// Fourth version with String parameters.

public class Stars4d {

public static void main (String[] args) {
line (13);
line (7);
line (35);
System.out.println () ;
box (10, 3);
box (5, 4);
box (20, 7);

}

// Prints the given number of stars plus a line break.

public static void line(int count) {
repeat ("*", count);
System.out.println () ;

23



Stars solution, cont'd.

// Prints a box of stars of the given size.
public static void box(int width, 1nt height) {
line (width) ;
for (int line = 1; line <= height - 2; line++) {
System.out.print ("*");
repeat (" ", width - 2);
System.out.println("*");

}

line (width) ;
}

// Prints the given String the given number of times.

public static void repeat(String s, int times) {
for (int 1 = 1; i <= times; i++) ({
System.out.print(s);
}

24



Topic 8
graphics

"What makes the situation worse is that the highest
level CS course I've ever taken is cs4, and guotes
from the graphics group startup readme like 'these
paths are abstracted as being the result of a
topological sort on the graph of ordering
dependencies for the entries' make me lose
consciousness in my chair and bleed from the
nose."

-mgrimes, Graphics problem report 134

I Andries van Dam

A Head of the Brown
Graphics Group

Based on slides bu Marty Stepp and Stuart Reges
from http://www.buildingjavaprograms.com/
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Objects (briefly)

> object: An entity that contains data and behavior.

— data: variables inside the object
— behavior: methods called on object
 You interact with the methods;: - Oﬁ?

« A class is a data type.

the data is hidden in the object. foshavior Doy e

» Constructing (creating) an object:
Type objectName = new Type (parameters) ;

» Calling an object's method:
objectName.methodName (parameters) ;




Graphical objects

We will draw graphics in Java using 3 kinds of
objects:

» DrawingPanel: A window on the screen.

— Not part of standard Java,; provided by the authors.
See class web site.

*» Graphics: A "pen” to draw shapes ST
and lines on a window. o
» Color: Colors in which to draw shapes.




DrawingPanel /4%

"Canvas" objects that represents windows/drawing
surfaces

» To create a window:
DrawingPanel name = new DrawingPanel (width, height) ;

Example:

DrawingPanel panel = new DrawingPanel (300, 200);

=1ox|

File Help

» The window has nothing on it.

— We draw shapes / lines on it with
another object of type Graphics.




Graphics i

"Pen" or "paint brush" objects to draw lines and shapes

— Access it by calling getGraphics on your
DrawingPanel.

Graphics g = panel.getGraphics () ;
* Draw shapes by calling methods
on the Graphics object.
g.fillRect (10, 30, 60, 35);

g.filloval (80, 40, 50, 70); .

=10 %]

=
()




Java class libraries, import

» Java class libraries: Classes included with Java's
JDK.
— organized into groups named packages

— To use a package, put an import declaration in your
program:
// put this at the very top of your program
import packageName.ClassName;

» Graphics belongs to a package named java.awt

import jJava.awt.Graphics;

— To use Graphics, you must place the above line at the very

top of your program, before the public class header.
11


http://docs.oracle.com/javase/7/docs/api/

Coordinate system

» Each (X, y) position is a pixel ("picture element").

> Position (0, 0) is at the window's top-left corner.
— X Increases rightward and the y increases downward.

> The rectangle from (0, 0) to (200, 100) looks like this:

(0, 0) > X+

y+ (200, 100)
12



Graphics methods

Method name Description

.drawLine (X1, y1, X2, y2); line between points (x1, y1), (x2, y2)

.drawoOval (X, Yy, width, height) ; | outline largest oval that fits in a box of
size width * height with top-left at (x, y)

.drawRect (X, Yy, width, height) ; | outline of rectangle of size
width * height with top-left at (x, y)

.drawString (text, X, y) ; text with bottom-left at (x, y)

.filloval (X, y, width, height) ; |fill largest oval that fits in a box of size
width * height with top-left at (x, y)

.fillrect (X, y, width, height) ; | fill rectangle of size width * height
with top-left at (x, y)

.setColor (Color) ; set Graphics to paint any following
shapes in the given color

13



http://docs.oracle.com/javase/7/docs/api/java/awt/Graphics.html

Color %

» Specified as predefined Color class constants.”
Color.CONSTANT_NAME

where CONSTANT_NAME is one of:

BLACK, BLUE, CYAN, DARK GRAY, GRAY,
GREEN, LIGHT GRAY, MAGENTA, ORANGE,
PINK, RED, WHITE, YELLOW

> Or create one using Red-Green-Blue (RGB) values
of 0-255

Color name = new Color (red, green, blue);

— Example:

Color brown = new Color (192, 128, 064);
Color burntOrange = new Color (191, 87, 0);

List of Colors 14



http://en.wikipedia.org/wiki/List_of_colors:_A%E2%80%93F

Clicker 1

» How many rectangles appear on the

DrawingPanel when the following code
IS run?

DrawlingPanel pl = new DrawingPanel (200, 200);
Graphics gr = new Graphics ()
for(int 1 = 0; 1 < 5; i++) {

gr.drawRect (1 * 25, 1 * 20, 20, 50);
J

A. 5 B. 6 C. 20
D. None due to syntax error
E. None due to runtime error 15



Clicker 2

» What named color is closest to the Color object

created by this code?
Color mc = new Color (255, 255, 255);

A. Black
B. Brown
C.Gray
D. Orange
E. White

16



Using colors

» Pass a Color to Graphics object's setColor method
— Subsequent shapes will be drawn in the new color.

g.setColor (Color.BLACK) ;
g.fillRect (10, 30, 100, 50);

g.drawLine (20, 0, 10, 30);

g.setColor (Color.RED) ; ~
g.f1110val (60, 40, 40, 70);

> Pass a color to DrawingPanel's setBackground method

— The overall window background color will change.

Color brown = new Color (192, 128, 64);

File Help

panel.setBackground (brown) ;




Outlined shapes

» To draw a colored shape with an outline, first fill it,
then draw the same shape in the outline color.

import java.awt.Graphics; // so I can use Graphics
import java.awt.Color;

public class OutlineExample {
public static void main(String[] args) {
DrawingPanel panel = new DrawingPanel (150, 70);
Graphics g = panel.getGraphics();

// inner red fill

g.setColor (Color.RED) ; =101 x|
g.fillRect (20, 10, 100, 50); File Help

// black outline

g.setColor (Color.BLACK) ; -

g.drawRect (20, 10, 100, 50); | "
} 18




Superimposing shapes

> When = 2 shapes occupy the same pixels, the last drawn "wins."

import java.awt.Graphics;
import java.awt.Color;

public class Car {
public static void main(String[] args) {
DrawingPanel panel = new DrawingPanel (200, 100);
panel.setBackground (Color.LIGHT GRAY) ;
Graphics g = panel.getGraphics();

g.setColor (Color.BLACK) ;

g.fillRect (10, 30, 100, 50);

g.setColor (Color.RED) ;

g.fil10val (20, 70, 20, 20); : -

g.filloval (80, 70, 20, 20);
File Help

g.setColor (Color.CYAN) ;

g.fillRect (80, 40, 30, 20);

=10l x|

19




Drawing with loops

» The X,y,w,h expressions can use the loop counter
variable:

panel.setBackground (Color.YELLOW) ;

g.setColor (Color.RED) ;

for (int i = 1; i <= 10; i++) {
// x y w h
g.fillOval (100 + 20 * 1, 5 + 20 * i, 50, 50);

=10l x|

* Nested loops can be used with graphics: &=

g.setColor (Color.BLUE) ;

for (int x = 1; x <= 4; x++) {
for (int y = 1; y <= 9; y++) {
g.drawString ("Java", x * 40, y * 25);

[ S s H
o D © o © @ o= @ @
= = = = = = = = =

T
W W W W W W @ W m
= = = = = = = = =
L
L oW L m L W W W m
= = = = = = = = =

}

I\J L S S S
O O N o o B o= o oo

= = = = = = = = =

c) L om oW o oW @ om oW oW




Graphics Example

> Write a method that draws straight lines to
create a shape with a curved appearance

» Specify the x and y location of the upper left
corner of the drawing

and the size of the square
to contain the drawing




Zero-based loops

» Beginning at 0 and using < can make
calculating coordinates easier. I

DrawingPanel panel = new DrawingPanel (150, 140); Bie Wew Hep
Graphics g = panel.getGraphics(); T

// horizontal line of 5 20x20 rectangles starting
// at (11, 18); x increases by 20 each time
for (int 1 = 0; 1 < 5; 1i++) |

g.drawRect (11 + 20 * 1, 18, 20, 20);

}

» Exercise: Write a variation of the above = moe =
program that draws the output at right. ]
— The bottom-left rectangle is at (11, 98).
for (int 1 = 0; 1 < 5; 1i++) { a
g.drawRect (11 + 20 * i, 98 - 20 * i, 20, 20); |

}



Topic 9
More Graphics

Based on slides bu Marty Stepp and Stuart Reges
from http://www.buildingjavaprograms.com/
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Clicker 1

» What happens if a graphics object is used to
draw a shape that exceeds the boundaries of

the DrawingPanel?

DrawlingPanel p3 = new DrawingPanel (100, 100);
Graphics g2 = p3.getGraphics();
g2.f111Rect (50, 50, 200, 200);

A. Only the visible portion is shown

B. The DrawingPanel expands to show whole rectangle
C. Syntax error

D. Runtime error
E. None of A - D are correct 2



Graphics exercise

> Modify the following program to draw a generalized truck.

import java.awt.Graphics;
import java.awt.Color;

public class Car {

public static void main(String/[]
DrawingPanel panel =

new DrawingPanel (200,

args) |
100) ;

panel.setBackground (Color.LIGHT GRAY) ;

Graphics g =

O Q@ Qv QY

.filloOval

.setColor Color CYAN) ;
.fillRect

.setColor Color BLACK) ;
.fillRect

30, 100,

(
(1
.setColor(Color RED) ;
.fil110val (2 70, 20,
(8
(
(8

70, 20,

40, 30,

50) ;

20) ;
20) ;

20) ;

panel.getGraphics() ;

File Help




Clicker 2

» What dimension should we use as a
parameter to draw the truck?

A. Wheel diameter (width)

B. Large rectang
C. Large rectang
D. Small rectang
E. Small rectang

e (body) width

e (body) height

e (windshield) width
e (windshield) height

|||||||




Parameterized Drawing

» drawTruckO ->

» drawTruckl ->
coded size

nard coded location and size

narameterized location, hard

» drawTruck?2 -> parameterized location and

size

» animate the truck using the sleep method
from drawing panel



> Typica
In grap

Any Mistakes?

ly easy to spot significant logic errors
nical output.

» Does' t

ne truck scale or do we have an

abstract, deconstruction of a truck?
» "Truck, by CS312"

Richard Tuttle
@ lollow

Blanton Muscum of Art



https://artsandculture.google.com/asset/light-pink-octagon/FQF69MVLmsx4XA
https://artsandculture.google.com/asset/light-pink-octagon/FQF69MVLmsx4XA

Parameterized figures

» Modify the car-drawing method so that it can
draw cars at different positions, as in the
following image.

— Top-left corners: (10, 30), (150, 10)

— Increase the drawing panel's size to 260x100 to
fit.

E Drawing Panel - |I:I |£|

File Help

| |
5




Drawing with parameters

» To draw in a method, you must pass
Graphics gtolt.
— Otherwise, g Is out of scope and cannot be used.

» syntax (declaration):

public static void <name> (Graphics g, <parameters>) {
<statement(s)> ;

}

> syntax (call):

<name> (g, <values>);



Parameterized answer

import java.awt.*;

public class Car3 {

}

public static void main(String[] args) {
DrawingPanel panel = new DrawingPanel (260, 100);
panel.setBackground (Color.LIGHT GRAY);
Graphics g = panel.getGraphics () ;
drawCar (g, 10, 30);
drawCar (g, 150, 10);
public static voild drawCar (Graphics g, int x, int y) {
.setColor (Color.BLACK) ;
.fillRect(x, y, 100, 50);
.setColor (Color.RED) ; o] x|

QO QQuVu Y\

.fillOval(x + 10, y + 40,
.fillOval(x + 70, y + 40,

.setColor (Color.CYAN) ;
.fillRect(x + 70, y + 10,

20,
20,

30,

) File Help

20
- ‘
20) 7 ‘
| |
9




Java book figure

> Write a program that draws the following figure:
— drawing panel is size 200x150

— book is at (20, 35), size 100x100 e
Programs

— cyan background 1_]31

— white "BJP" text at position (70, 55)

— stairs are (red=191, green=118, blue=73)

— each stair is 9px tall

« 1st stair is 10px wide

« 2nd stair is 20px wide ...

— stairs are 10px apart (1 blank pixel between)

[EEN
o



Java book solution

// Draws a Building Java Programs textbook with DrawingPanel.
import java.awt.*;

public class Book {
public static void main (String[] args) {
DrawingPanel panel = new DrawingPanel (200, 150);
panel.setBackground (Color .WHITE) ;
Graphics g = panel.getGraphics () ;

g.setColor (Color.CYAN) ; // cyan background

g.fillRect (20, 35, 100, 100);

g.setColor (Color.WHITE) ; // white "bjp" text
g.drawString ("BJP", 70, 55);

g.setColor (new Color (191, 118, 73));

for (int 1 = 0; 1 < 10; 1i++) { // orange "bricks"

g.fillRect (20, 35 + 10 * i, 10 + 10 * i, 9);

11



Multiple Java books

» Modify the Java book program so that it can
draw books at different positions as shown
below.

— book top/left positions: (20, 35), (150, 70),
(300, 10)

— drawing panel's new size: 450x180
=101 x|

Ele WVew Help

12




Multiple books solution

// Draws many BJP textbooks using parameters.
import java.awt.*;

public class Book2 {
public static void main (String[] args) {
DrawingPanel panel = new DrawingPanel (450, 180);
panel.setBackground (Color .WHITE) ;
Graphics g = panel.getGraphics() ;

// draw three books at different locations
drawBook (g, 20, 35);

drawBook (g, 150, 70);

drawBook (g, 300, 10);

13



Multiple books, cont'd.

// Draws a BJP textbook at the given x/y position.
public static void drawBook (Graphics g, int x, int y) {

g.setColor (Color.CYAN) ; // cyan background
g.fillRect (x, y, 100, 100);

g.setColor (Color.WHITE) ; // white "bjp" text
g.drawString ("BJP", x + 50, y + 20);

g.setColor (new Color (191, 118, 73));

for (int 1 = 0; 1 < 10; 1i++) { // orange "bricks"
g.fillRect(x, vy + 10 * 1, 10 * (2 + 1), 9);

14



Resizable Java books

» Modify the Java book program so that it can
draw books at different sizes as shown
below.

— book sizes: 100x100, 60x60, 200x200
— drawing panel's new size: 520x240

=10l %

m
Il &
= &
m
= B
=]
Iz
m
'EI_=
i

15




Resizable books solution

// Draws many sized BJP textbooks using parameters.
import java.awt.*;

public class Book3 {
public static void main (String[] args) {
DrawingPanel panel = new DrawingPanel (520, 240);
panel.setBackground (Color .WHITE) ;
Graphics g = panel.getGraphics () ;

// draw three books at different locations/sizes
drawBook (g, 20, 35, 100);
drawBook (g, 150, 70, 60);
drawBook (g, 300, 10, 200);

16



Resizable solution,

cont'd.

// Draws a book of the given size at the given position.
public static void drawBook (Graphics g, int x, int vy, int size) ({

g.setColor (Color.CYAN) ;
g.fillRect (x, y, size, size);

g.setColor (Color.WHITE) ;

// cyan background

// white "bjp" text

g.drawString ("BJP", x + size/2, y + size/5);

g.setColor (new Color (191, 118, 73));

for (int i = 0; i < 10; i++) {
g.fillRect (x,
y + size/1l0 * i,
size/10 * (i + 1),
size/10 - 1);

// orange "bricks"
// x

/]y
// width

// height

17



Polygon

Objects that represent arbitrary shapes

» Add points to a Polygon using its
addPoint (X, Yy) method.

» Example:
DrawingPanel p = new DrawingPanel (100, 100);
Graphics g = p.getGraphics();
g.setColor (Color.GREEN) ; _ O] x|

File Help

Polygon poly = new Polygon() ;
poly.addPoint (10, 90);
poly.addPoint (50, 10);
poly.addPoint (90, 90);
g.fillPolygon (poly) ;

18




DrawingPanel methods

» panel. save (filename) ;
Saves the image on the panel to the
given file (String).

» panel.sleep (MS) ;
Pauses the drawing for the given
number of milliseconds.

19



Animation with sleep

» DrawingPanel's sleep method pauses your
program for a given number of milliseconds.

» You can use sleep to create simple
animations.

DrawingPanel panel = new DrawingPanel (250, 200);
Graphics g = panel.getGraphics();

g.setColor (Color.BLUE) ;

for (int i = 1; i <= 10; i++) {
g.fillOval (15 * i, 15 * i, 30, 30);
panel.sleep(500) ;

}

— Try adding sleep commands to loops in past

exercises in this chapter and watch the panel draw
itself piece by piece. *0



Animation exercise

> Modify the previous program to
draw a "moving" animated catr.

21



Topic 10
return values, Math methods

"Thinking like a computer scientist means
more than being able to program a computer.
It requires thinking at multiple levels of

abstraction."
— Jeannette M. Wing

Based on slides by Marty Stepp and Stuart Reges
from http://www.buildingjavaprograms.com/
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static methods In other Classes

» Java includes 8 primitive data types
— byte, short, int, long, float, double, char, boolean

» The Java Standard Library includes
thousands of other data types, classes
— System, String, Graphics, Color, ...

» The Math class contains static methods for
common mathematical operations (for which
an operator does not exist in Java)

> Call those methods: Math.<MethodName>

Math.pow(2, 5);



Java's Math class

Method name

Description

Math.abs (value)

absolute value

Math.ceil (value)

moves up to ceiling

Math.floor (value)

moves down to floor

Math.loglO (value)

logarithm, base 10

Math.max (valuel, value?2)

larger of two values

Math.min (valuel, value2)

smaller of two values

Math.pow (base, exp)

base to the exp power

Math.random ()

random double between 0 and 1

Math.rint (value)

Round int, nearest whole number

Math.sqgrt (value)

square root

Math.sin (value)
Math.cos (value)

sine/cosine/tangent of
an angle in radians

Math.tan (value) Constant | Description
Math.toDegrees (value) convert degrees to Math.E 2.7182818...
Math.toRadians (value) radians and back Math.PI 3.1415926...

3




No output?

> Simply calling these methods produces no visible result.
Math.pow (3, 4); // no output

» Math method calls use a Java feature called return
values that cause them to be treated as expressions.

» The program runs the method, computes the answer,

and then "replaces" the call with its computed result
value.

Math.pow (3, 4); // no output
81.0; // no output

> To see the result, we must print it or store it in a
variable.

double result = Math.pow (3, 4);
System.out.println (result) ; // 81.0 4




Calling Math methods

Math.methodName (parameters)

» Examples:
double squareRoot = Math.sqrt(121.0);
System.out.println (squareRoot) ; // 11.0

int absoluteValue = Math.abs(-50);
System.out.println (absoluteValue) ; // 50

System.out.println (Math.min(3, 7) + 2); // 5

» The Math methods do not print to the console.

— Each method produces ("returns") a numeric result.
— The results are used as expressions (printed, stored, etc.).

5



Return

» return: To send out a value as the result of a method.

— The opposite of a parameter:
« Parameters send information in from the caller to the method.

 Return values send information out from a method to its caller.
— A call to the method can be used as part of an expression,

47 Math.abs (-42)

i

2.71

main

Math.round (2.71)




Why return and not print?

> 1t might seem more useful for the Math methods to
print their results rather than returning them. Why
don't they?

» Answer: Returning is more flexible than printing.

— We can compute several things before printing:

double powl = Math.pow (3, 4);
double pow2 = Math.pow(10, 6);
System.out.println ("Powers are " + powl + " and " + pow2);

— We can combine the results of many

computations:
double k = 13 * Math.pow(3, 4) + 5 - Math.sqrt(17.8);

v



Clicker 1

» What is output by the following code?
double a = -1.9;

double b = 2.25;

System.out.print ( Math.floor (a) +
" " + Math.ceil(b) + " " 4+ a);

A. 3.0

B. -2.0 3.0 =-2.0

cC. -1.0 3.0 -1.0

D. -1 3 -1.9

E. -2.0 3.0 -1.9



Math questions
> Evaluate the following expressions:

Math.abs (-1.23)

Math.pow (3, 2)

Math.pow (10, -2)

Math.sgrt (121.0) - Math.sgrt (256.0)
Math.round (Math.PI) + Math.round (Math.E)
Math.ceil (6.022) + Math.floor (15.9994)
Math.abs (Math.min (-3, -=-5))

» Math.max and Math.min can be used to bound numbers.
Consider an int variable named age.

What statement would replace negative ages with 07?
What statement would cap the maximum age to 40?

9



Quirks of real numbers

» Some Math methods return double or other

nonsinttypes.
int x = Math.pow (10, 3); // ERROR: incompat. types

» Some double values print poorly (too many digits).
double result = 1.0 / 3.0;
System.out.println (result) ; // 0.3333333333333

» The computer represents doubles in an imprecise
way.
System.out.println(0.1 + 0.2);

— Instead of 0.3, the outputis 0.30000000000000004 10



Type casting

> type cast: A conversion from one type to another.
— To promote an int into a double for floating point division
— To truncate a double from a real number to an integer

> Syntax:

(type) expression

Examples:
double result = (double) 19 / 5; // 3.8
int result2 = (int) result; // 3

int x = (int) Math.pow (10, 3); // 1000

11



More about type casting

» Type casting has high precedence and only
casts the item immediately next to It.

double x = (double) 1 + 1 / 2; // 1.0

double v = 1 + (double) 1 / 2; // 1.5

» You can use parentheses to force evaluation order.
double average = (double) (a + b + ¢c) / 3;

» A conversion to double can be achieved in other
ways.
double average = 1.0 * (a + b + c) / 3;,



Returning a value from a method

public static type name (parameters) {
statements;

return expression;
}

» Example:

// Returns the slope of the line between the given points.
public static double slope(int x1, int y1l, int x2, 1int y2) {
double dy = y2 - yl1;
double dx = x2 - x1;
return dy / dx;
}

slope (5, 11, 1, 3) returns 2.0 13



Clicker 2

» Have we (in CS312, before today) used a
method that returns a value In lecture?

A. No

B. Yes, a few times

C. Yes, hundreds of time
D. Lecture?? What lecture?
E. Maybe?

14



Return examples

// Converts degrees Fahrenheit to Celsius.

public static double fToC (double degreesF) {
double degreesC = 5.0 / 9.0 * (degreesF - 32);
return degreesC;

}

// Computes triangle hypotenuse length given its side lengths.
public static double hypotenuse (int a, 1int b) {
double ¢ = Math.sgqrt(a * a + b * b);
return c;

> You can shorten the examples by returning
an expression:

public static double fToC (double degreesF) {
return 5.0 / 9.0 * (degreesF - 32);
} 15



Common error: Not storing

» a return statement DOES NOT send a
variable's name back to the calling method.

public static void main(String[] args) {
slope (0, 0O, 6, 3);
System.out.println("The slope is " + result);

// ERROR: result not defined

}
public static double slope(int x1, int x2, int yl1, 1int y2) {
double dy = y2 - yl;
double dx = x2 - x1;
double result = dy / dx;
return result;

16



Fixing the common error

» Instead, returning sends the variable's value back.

— The returned value must be stored into a variable
or used in an expression to be useful to the caller.

public static void main(String[] args) {
double s = slope (0, 0, 6, 3);
System.out.println("The slope is " + s);
}

public static double slope(int x1, int x2, int yl1, 1int y2) {
double dy = y2 - yl;
double dx = x2 - x1;
double result = dy / dx;
return result;

17



Clicker 3

» What is the output of the following code?

int x = 5;
int y = 7;
System.out.print(m(x, y) + " " + x + " " + m(y, x));

public static int m(int x, 1Int vy) {
X += 2;
System.out.print(x + " ");
y —= 2;

return x * y;

7 9 35 5 27
7 7 35 7 27
75 9 27 35
35 7 5 9 27
. None of A - D are correct

H O Q 0O »p —

18



Exercise

» In physics, the displacement of a moving
body represents its change in position over
time while accelerating.

— Given Initial velocity v, In m/s, acceleration a in
m/s?, and elapsed time tin s, the displacement of
the body is:

— Displacement = vyt + % at?

» Write a method displacement that
accepts v,, a, and t and computes and
returns the change in position.

—example: displacement (3.0, 4.0, 5.0)

returns 65. 0 19



Exercise solution

public static double displacement (
double v0, double g,
double t) {

double d = v0O * £t + 0.5

* a * Math.pow(t, 2);
return d;

20



Exercises

> write a method to
— return the int average of 3 ints

— return the double average of 3 ints ”

— return the average of a given number of rolls of 2
six sided dice

— calculate and return N factorial (N!).

— return the number of seconds in a given number
of years.

— return the Nth digit of a given integer.
— return the distance between two points.

21



Exercise

> If you drop two balls, which will hit the ground first?
— Ball 1: height of 600m, initial velocity = 25 m/sec downward
— Ball 2: height of 500m, initial velocity = 15 m/sec downward
> Write a program that determines how long each
ball takes to hit the ground (and draws each ball
falling).

» Total time is based on the force of gravity on
each ball.
— Acceleration due to gravity = 9.81 m/s?, downward

— Displacement = vyt + %2 a t? 22



Ball solution

// Simulates the dropping of two balls from various heights.
import java.awt.*;

public class Balls {
public static void main(String[] args) {
DrawingPanel panel = new DrawingPanel (600, 600);
Graphics g = panel.getGraphics();

int balllx = 100, ballly = 0, v01l = 25;
int ball2x = 200, ball2y = 100, v02 = 15;

// draw the balls at each time increment

for (double t = 0; t <= 10.0; t =t + 0.1) {
g.setColor (Color.GRAY) ;
panel.fillRect (0, 0, 600, 600);
g.setColor (Color.RED) ;
double displ = displacement (v01l, t, 9.81);
g.fillOval (balllx, ballly + (int) displ, 10, 10);
double disp2 = displacement (v02, t, 9.81);
g.fillOval (ball2x, ball2y + (int) disp2, 10, 10);

panel.sleep (50) ; // pause for 50 ms



Topic 11
Scanner objects, conditional
execution

" There are only two kinds of languages:
the ones people complain about
and the ones nobody uses."

— Bjarne Stroustroup, creator of C++

| s

Copyright Pearson Education, 2010
Based on slides by Marty Stepp and Stuart Reges
from http://www.buildingjavaprograms.com/
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Input and System.in

> interactive program: Reads input from the console.

— While the program runs, it asks the user to type input.

— The input typed by the user is stored in variables in the
code.

— Can be tricky; users are unpredictable and misbehave.
— But interactive programs have more interesting behavior.

» Scanner: An object that can read input from many
sources.

— Communicates with System. in

— Can also read from files (Ch. 6), web sites, databases, ...
2



Scanner Syntax

» The Scanner class is found in the java.util
package.

import java.util.Scanner;

» Constructing a Scanner object to read console
Input:

Scanner nNname = new Scanner (System.in);

— Example:

Scanner console = new Scanner (System.in);



Scanner methods

Method Description
nextInt () reads an int from the user and returns it
nextDouble () reads a double from the user
nextLine () reads a one-/ine String from the user
next () reads a one-word String from the user
Avoid when Scanner connected to System.in

— Each method waits until the user presses Enter.
— The value typed by the user is returned.

— prompt: A message telling the user what input to type.

System.out.print ("How old are you? "); // prompt
int age = console.nextInt();
System.out.println("You typed " + age);




Scanner example

import java.util.Scanner;

public class UserInputExample {

public static void main(String[] args) {
Scanner console = new Scanner (System.in);
_ age| 29
—» System.out.print ("How old are you? ");
— 1nt age = console/nextInt() vears 36
= int years = 65 age;
System.out.println(years + " years until retirement!");

> Console (user input underlined):

How old are you?-gg llé" -
36 years until retirement! 4/'\:>



Scanner example 2

» The Scanner can read multiple values from
one line.

import java.util.Scanner;
public class ScannerMultiply {

public static void main(String[] args) {
Scanner console = new Scanner (System.in);
System.out.print ("Please type two numbers: ");
int numl = console.nextInt();
int num?2 = console.nextInt();
int product = numl * num2;

System.out.println ("The product is " + product);

}

» Output (user input underlined):

Please type two numbers: 8 6
The product 1s 48



Clicker 1 - Input tokens

» token: A unit of user input, as read by the Scanner.
— Tokens are separated by whitespace (spaces, tabs,

new lines).
— How many tokens appear on the following line of input?
23 John Smith 42.0 "Hello world"™ $2.50 "™ 19"
A. 2 B.6 C.7

D. 8 E.O



Input tokens

» When a token is the wrong type, the
program crashes. (runtime error)

System.out.print ("What 1s your age? ");
int age = console.nextInt();

Output:

What 1s your age? Timmy
jJava.util.InputMismatchException

at jJava.util.Scanner.next (Unknown Source)

at java.util.Scanner.nextInt (Unknown Source)



The 1f/else statement

reading: 4.1



The if statement

Executes a block of statements only if a test Is true

yes

exgcuUte the
controlled statement(s)

if (test) {
Statem ent : Is the test true?
statement;
} Y
execute statement
} after if statement
Example:
double gpa = console.nextDouble() ;

if (gpa >= 2.0) {

System.out.println ("Application accepted.");

}

10




The 1f/else statement

Executes one block If a test Is true, another if false

Y

execute the 'if’
controlled statement(s)

if (test) | /\
S t at e m e n t (S) ; " Is the test true? ™
} else { | Haﬂaffff
statement(s); BT e
> atter flelee statement [€——
» Example:
double gpa = console.nextDouble () ;
if (gpa >= 2.0) {
System.out.println ("Welcome to Mars University!");
} else {
System.out.println ("Application denied.");

}

11




Relational expressions

> if statements and for loops both use logical tests.

for (int 1 = 1; 1 <= 10; 1++) {
if (1 <= 10) {

— These are boolean expressions, seen in Ch. 5.

» Tests use relational operators:

Operator Meaning Example |Value
== equals 1 + 1 == true
= does not equal 3.2 !'= 2.5]| true
< less than 10 < 5 false
> greater than 10 > 5 true
<= less than or equal to 126 <= 100 | false
>= greater than orequalto| 5.0 >= 5.0 | true 12




Logical operators

» Tests can be combined using logical

operators:
Operator | Description Example Result
&& and (2 == 3) && (-1 < 5) | false
|| or (2 == 3) || (-1 < 5)]| true
! not (2 == 3) true

» "Truth tables" for each, used with logical

values p and q:

P q |Pssq|pliq
true | true | true true
true |false| false true
false | true | false true
false | false | false false

p 'p
true false
false | true

13



Nested 1 f/else

Chooses between outcomes using many tests

1f

} else 1if (test) {

} else {

}

> Example:

(test) {
statement(s);

statement(s);

statement(s);

statement3

statementl

statement?2

v

>
if (x > 0) { l

System.out.println ("Positive");

} else if (x < 0) {

System.out.println ("Negative");

} else {

}

System.out.println ("Zero");

14




Exercises

> Write a method that prints out if it is good
weather to go for a bike ride. The weather Is
good Iif the temperature is between 40
degrees and 100 degrees inclusive unless it
IS raining, in which case the temperature

must be between 70 degrees and 110
degrees inclusive

» Write a method that returns the largest of
three numbers using If statements

> Write a method that determines if one day is
before another day (given month and day) s



Exercise

» Prompt the user to enter two people's heights in
Inches.

— Each person should be classified as one of the following:
e short (under 5'3")
 medium(5'3"to 5'11")
* tall (6' or over)

— The program should end by printing which person is
taller.

Height 1n feet and inches: 5 7
You are medium.

Height in feet and inches: 6 1
You are tall.

Person #2 1s taller than person #1. 16



Exercises

» Write a method that simulates rolling 2 six
sided dice a given number of time and
returns the number of times a given value Is
the sum of the two dice when rolled.

» Write a method that determines if a number
IS a perfect number. A perfect number equals
the sum of its integer divisors, excluding itself

6 =1+ 2+ 3, perfect

8>1+2+ 4, deficient
12<1+2+3+4+ 6, excessive
17



Exercises

» Write a method that determines if we have
time to go out for lunch. Inputs are distance
to restaurant, average walking speed, time
required to finish meal, time available,
expected cost of meal, and money available

> times are expressed as whole number of
minutes

» money is expressed as a double

18



Topic 12
more If/else, cumulative algorithms,
printf

"We flew down weekly to meet with IBM,
but they thought the way to measure
software was the amount of code we
wrote, when really the better
the software, the fewer lines
of code."

-Bill Gates

Copyright Pearson Education, 2010
Based on slides by Marty Stepp and Stuart Reges
from http://www.buildingjavaprograms.com/
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Clicker 1

int a = 6;
if (a < 0)

a =a + 1;

System.out.println("a incremented.");
if (a > 6) {

System.out.println("a is too high.");
} else {

System.out.println("a is correctly set.");

What is output by the code above when it is run?
A. a incremented. B. a is too high.

C. a is correctly set. D. syntax error
E. Something other than the answers listed here



Clicker 2

int x = 4;

int y = 5;

X = mystery(x, V),
System.out.print(x + " " + vy);

y = mystery(x, Xx);
System.out.print (" " + x + " " + y);

public static int mystery(int x, int y) {
X *= 3;

y = x / y;
return x + y;

}

What is output by the code above when it is run?
A.4 5 4 5

B.14 5 14 45
C.14 5 14
D.14 5 50
E.14 5 14 50



Java's Math class

Method name Description

Math.abs (value) double absolute value

Math.ceil (value)double rounds up

Math.floor (value) double | rounds down

Math.loglO (value) logarithm, base 10

Math.max (valuel, value2) | larger of two values

Math.min (valuel, value?2) |smaller of two values

Math.pow (base, exp) base to the exp power

Math.random () random double between 0 and 1

Math.round (value) int nearest whole number

Math.sqgrt (value) square root

Math.sin (value) sine/cosine/tangent of

Math.cos (value) an angle in radians

Math.tan (value) Constant | Description
Math.toDegrees (value) convert degrees to Math.E 2.7182818...
Math.toRadians (value) radians and back Math.PI 3.1415926...

4



Clicker Question 3

» What values do the following statements
return?

Math.round(-10.2)
Math.round(-10.8)

Math.ceil(-10.2)
Math.ceil(-10.8)

Math.floor(-10.2)
Math.floor(-10.8)
10, -11, -10.0, -11.0, -11.0, -11.0
10, -11,-11.0, -11.0, -10.0, -10.0
10, -11, -10.0, -10.0, -11.0, -11.0
10, -10, -10.0, -11.0, -11.0, -11.0
Something else

A:
B:
0%
D:
E:



Misuse of i f

» What's wrong with the following code?

Scanner console = new Scanner (System.in);

System.out.print ("What percentage did you earn? ")@
int percent = console.nextInt();
if (percent >= 90) ({

System.out.println("You got an A!l"); y%

} statementl

if (percent >= 80) ({
System.out.println("You got a B!");

} o
if (percent >= 70) { @

System.out.println("You got a C!"); yes

} statement2

if (percent >= 60) ({
System.out.println("You got a D!");

} Mo
if (percent < 60) { @
System.out.println("You got an F!");

yes

statement3
o

T




Nested 1 f/else

Chooses between outcomes using many tests

if (test) {
statement(s);

} else 1f (test) {
statement(s);

} else {
statement(s);

}

statement3

> Example:
if (x > 0) {

statementl

statementz

v

System.out.println ("Positive");
} else if (x < 0) {

System.out.println ("Negative");
} else {

System.out.println ("Zero");

T

}




— If it ends with else, exactly one path must be taken. no
— If it ends with if, the code might not execute any path.

1f

} else 1if (test2) {

Nested 1f/else/if

(test 1) {
statement(s);

is testl true?

Y

statementl

Statem ent(S) ; statement2
} else if (test3) {
Statem ent(S) ’ statement3
} } 7 |
> Example: l

if (place == 1) {

System.out.println ("Gold medal!");

} else if (place == 2) {

System.out.println("Silver medal!");

} else if (place == 3) {

}

System.out.println ("Bronze medal.");




e exactly 1 path (mutually exclusive)

if

Nested i f structures

(test)
statement(s);

} else 1f (test) {

statement(s);

} else {

}

statement(s);

e 0 or 1 path (mutually exclusive)

if (test) {
statement(s);

} else 1f (test) |
statement(s);

} else 1f (test) |
statement(s);

}

[
o

if

if

if

1, or many paths

statement(s);

statement(s);

statement(s);

(independent tests,; not exclusive)



Which nested 1f/else?

» (1) if/if/if (2) nested if/else
(3) nested if/else/if

— Whether a user is lower, middle, or upper-class based on income.
*(2) nested if / else if / else

— Whether you made the dean's list (GPA = 3.8) or honor roll (3.5-3.8).
* (3) nestedif / else if

— Whether a number is divisible by 2, 3, and/or 5.
* (1) sequential if / if / if

— Computing a grade of A, B, C, D, or F based on a percentage.

*(2) nestedif / else if / else if /
else 1f / else

10



1if/else WIth return

» The following two versions of a max method
don't compile:

public static int max(int a, 1int b) {
if (a > b) {
return a;
}

// Error: not all paths return a value

J

public static int max(int a, 1int b) {
if (a > b) {
return a;
} else 1f (b >= a) {
return b;
}

}

— The compiler thinks if/else/if code might
skip all paths, even though mathematically it 1
must choose one or the other.



All paths must return
> This version of max does compile and works:

// Returns the larger of the two given integers.
public static int max(int a, 1int b) {
if (a > b) {
return a;
} else {
return b;

J
J

> Methods can return different values using i f/else

— Whichever path the code enters, it will return that value.
— Returning a value causes a method to immediately exit.

— All paths through the code must reach a return statement.
12



FORMATTING WITH PRINTF

13



Formatting text with printf

System.out.printf ("format string", parameters) ;
> A format string can contain placeholders to insert parameters:

%d iInteger
S f real number
%S string
* these placeholders are used instead of concatenation (+)
—Example:
int x = 3;
int vy = -17;

System.out.printf("x is %d and y is %d!\n", x, vy);
// x is 3 and y is -17!

-printf does not insert a newline unless you add \n'*



printf width

SWd Integer, W characters wide, right-aligned
$-Wd Integer, W characters wide, left-aligned
SWtE real number, W characters wide, right-aligned

for (int 1 = 1; 1 <= 3; 1i++) {
for (int j = 1; j <= 10; Jj++) {
System.out.printf ("%44d", (1 * 73));
}
System.out.println(); // to end the line

J

Output:

1 2 3 4 S o '/ 8 9 10
2 4 6 g 10 12 14 16 18 20
3 6 S 12 15 18 21 24 27 30 15



o® o° o©

printf precision

.Df real number, rounded to D digits after decimal
.Df real number, W chars wide, D digits after decimal
.Df real number, W wide (left-align), D after decimal

IEE

double gpa = 3.253764;
System.out.printf ("your GPA is %.1£\n", gpa);

System.out.printf ("more precisely: %$8.3f\n",
gpa) ;

Output: ,
your GPA 1is 3.3 —
more precisely:\ 3.25%

16



Cumulative algorithms

reading: 4.2

17



Adding many numbers

» How would you find the sum of all integers
from 1-10007?

// This may require a lot of typing
int sum =1 + 2 + 3 + 4 4+ ... + 999 + 1000;
System.out.println("The sum 1s " + sum);

» What if we want the sum from 1 - 1,000,0007?
Or the sum up to any maximum?

— How can we generalize the above code? "



A failed attempt

> An incorrect solution for summing 1-1000:

for (int 1 = 1; 1 <= 1000; 1i++) {
int sum = 0;
sum = sum + 1;

}

// error: sum is undefined here
System.out.println ("The sum is " + sum);

— sum's scope is in the for loop, so the code does
not compile.

» cumulative sum: A variable that keeps a
sum in progress and is updated repeatedly
until summing is finished.

— The sum above is an incorrect attempt at a

) 19
cumulative sum.



Corrected cumulative sum

int sum = 0;
for (int 1 = 1; 1 <= 1000; 1++) {
sum = sum + 1;

J

System.out.println ("The sum 1s " + sum);

— Cumulative sum variables must be declared outside
the loops that update them, so that they will still exist
after the loop.

20



Cumulative product

» This cumulative idea can be used with other

operators:
int product = 1;
for (int 1 = 1; 1 <= 20; 1++) {

product = product * 2;

}
System.out.println ("2 ~ 20 = " + product);

— How would we make the base and exponent
adjustable?

21



Cumulative sum question

» Modify the Receipt program from Ch 2
(tax 8%, tip 15%).
— Prompt for how many people, and each person's
dinner cost.

— Use static methods to structure the solution.
» Example log of execution:

How many people ate? 4

Person #1: How much did your dinner cost? 20.00
Person #2: How much did your dinner cost?
Person #3: How much did your dinner cost?
Person #4: How much did your dinner cost? 10.00

=
(8}

w
o
o

Subtotal: $ 75.00
Tax: S 6.00
Tip: S 11.25 22
Total: S 92.25



Cumulative sum answer

// This program enhances our Receipt program using a cumulative sum.
import java.util.*;

public class Receipt?2 {

public static void main(String[] args) {
Scanner console = new Scanner (System.in);
double subtotal = meals (console);

results (subtotal) ;
}

// Prompts for number of people and returns total meal subtotal.
public static double meals (Scanner console) {
System.out.print ("How many people ate? ");

int people = console.nextInt();
double subtotal = 0.0; // cumulative sum
for (int 1 = 1; 1 <= people; it++) {
System.out.print ("Person #" + i +
": How much did your dinner cost? ");
double personCost = console.nextDouble() ;

subtotal = subtotal + personCost; // add to sum
}

return subtotal;

23



printf answer (partial)

// Calculates total owed, assuming 8% tax and 15% tip
public static void results (double subtotal) {

double tax = subtotal * .08;

double tip = subtotal * .15;

double total = subtotal + tax + tip;

System.out.printf ("Subtotal: $%6.2f\n", subtotal);

System.out.printf ("Tax: $%6.2f\n", tax);
System.out.printf ("Tip: $%6.2f\n", tip);
System.out.printf ("Total: $%6.2f\n", total);



Case Study

» Write program that prompts for exam and
homework grades and prints out the letter
grade for the student.

» Each exam has a weight
» Homeworks, as a whole, have a weight.
» The sum of the weights shall equal 100.

» Calculates numeric grade and prints out
letter grade: A, B,C,D, F

» Program does not perform any error
checking oe



Sample Output

Enter grades to calculate letter grade.
Number of midterms? 2

Midterm 1:

Weight (1 - 100)7? 15

Score? 82

Scores bumped? (l=yes, 2=no)? 1
Bump amount? 5

Raw points: 87 / 100

Weighted points: 13.1 / 15

26



Midterm 2:
Weight (1 - 100)7? 20
Score? 93

Scores bumped? (l=yes, 2=no)?

Raw points: 93 / 100
Weighted points: 18.6 / 20

Final Exam:
Weight (1 - 100)7? 30
Score? 97

Scores bumped? (l=yes, 2=no)?

Bump amount? 10
Raw points: 100 / 100
Weighted points: 30.0 / 30

2

1

27



Homeworks:

Weight 1s 35

Number of homeworks? 4
Homework 1 score? 13
Homework 2 score? 19
Homework 3 score? 18
Homework 4 score? 17

Raw points: 68 / 80
Weighted points: 29.3 / 35

Total weighted points: 91.4 / 100
FFinal grade: A

28



Topic 13
procedural design and Strings

“Ugly programs are like ugly suspension bridges:
they're much more liable to collapse than pretty ones,
because the way humans (especially engineer-

humans) perceive beauty is intimately related to our
ability to process and understand complexity.”
- Eric S. Raymond,

Author of The Cathedral and the Bazaar

Copyright Pearson Education, 2010

Based on slides bu Marty Stepp and Stuart Reges
from http://www.buildingjavaprograms.com/
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Nested if/else question

Formula for body mass index (BMI):

weight
height?

BMI = x 703

> Write a program that produces output like
the following:

This program reads data for two people and computes
their body mass index (BMI) and weight status.

Enter next person's information:

height (in inches)? 73.5

weight (in pounds)? 230 BMI Weight class
BMI = 29.93 below 18.5 | underweight
overwelght

. 18.5 - 24.9 | normal
Enter next person's information: .
weight (in pounds)? 220.5 30.0 and up | obese
BMI = 30.75
obese 2

Difference = 0.82



One-person, no methods

import java.util.*;

public class BMI {
public static void main(String[] args) {
System.out.println("This program reads ... (etc.)");
Scanner console = new Scanner (System.in);

System.out.println ("Enter next person's information:");
System.out.print ("height (in inches)? ");
double height = console.nextDouble() ;

System.out.print ("weight (in pounds)? ");
double weight = console.nextDouble() ;

double bmi = weight * 703 / height / height;

System.out.printf ("BMI = %$.2f\n", bmi);
if (bmi < 18.5) {
System.out.println ("underweight") ;
} else if (bmi < 25) {
System.out.println ("normal") ;
} else if (bmi < 30) {
System.out.println ("overweight");
} else {
System.out.println ("obese");

}



"Chaining"”

» main should be a concise summary of your program.
— ItI1s bad if each method calls the next without ever

returning (we call this chaining):
fatn T~ methodA

T~ methodB —,

methodC ~ et hodD

> A better structure has main make most of the calls.
— Methods must return values to main to be passed on later.

maln‘«\\*methodA

\I hodB
\\\\Jmet °d | methodC
methodD




Bad "chain" code

public class BMI {
public static void main(String[] args) {
System.out.println("This program reads ... (etc.)");
Scanner console = new Scanner (System.in);
person (console) ;

}

public static void person (Scanner console) {
System.out.println ("Enter next person's information:");
System.out.print ("height (in inches)? ");
double height = console.nextDouble() ;
getWeight (console, height) ;

}

public static void getWeight (Scanner console, double height) {
System.out.print ("weight (in pounds)? ");
double weight = console.nextDouble() ;
computeBMI (console, height, weight) ;

}

public static void computeBMI (Scanner s, double h, double w) {

}



Procedural heuristics

. Each method should have a clear responsibility.
. No method should do too large a share of the overall task.
. Minimize coupling and dependencies between methods.

. The main method should read as a concise summary of the
overall set of tasks performed by the program.

. Variables should be declared/used at the lowest level possible.



Better solution

// This program computes two people's body mass index (BMI) and
// compares them.
// The code uses Scanner for input, and parameters/returns.

import java.util.Scanner;

public class BMI {
public static void main(String[] args) {
introduction() ;
Scanner console = new Scanner (System.in);
double bmil = person(console) ;
double bmi2 = person (console) ;

// report overall results
report(l, bmil) ;
report (2, bmi2) ;
System.out.println ("Difference ="
+ Math.abs (bmil - bmiZ2));

}

// prints a welcome message explaining the program

public static void introduction () {
System.out.println ("This program reads ...");
//



Better solution, cont'd.

// reads information for one person, computes their BMI,and returns it
public static double person (Scanner console) {

System.out.println ("Enter next person's information:");
System.out.print ("height (in inches)? ");

double height = console.nextDouble ()

System.out.print ("weight (in pounds)? ");

double weight = console.nextDouble ()

System.out.println();

return bmi (height, weight) ;
}

// Computes/returns a person's BMI based on their height and weight.
public static double bmi (double height, double weight) {
return weight * 703 / (height * height);

}

// Outputs information about a person's BMI and weight status.
public static void report (int number, double bmi) {
System.out.printf ("Subject%$5dBMI = %.2f\n", number, bmi);
if (bmi < 18.5) {
System.out.println ("underweight") ;
} else if (bmi < 25) {
System.out.println("normal") ;
} else 1if (bmi < 30) {
System.out.println ("overweight");
} else {
System.out.println ("obese");

}



Strings
» string: An object storing a sequence of text
characters.
— Unlike most other objects, a String IS not always
created with new.

String name = "text";
String name = expression;

— Examples:
String name = "Marla Singer";

int x = 3;
int y = 5;
String point = "(" +x <+ ", " +y + ")";



Indexes

» Characters of a string are numbered with O-
based indexes:

String name = "K. Scott";

index 0 1 2 3 4 5 6
character| K . S C ® t t

— First character's index : O (zero based indexing)

— Last character's index : 1 less than the string's
ength

— The individual characters are values of type
char (another primitive data type) 10




String methods

Method name Description
indexOf (str) index where the start of the given string
appears in this string (-1 if not found)
length () number of characters in this string

substring (index1l, Index2) |the characters in this string from index1

or (inclusive) to index2 (exclusive);
substring (index1) if index2 is omitted, grabs till end of string
toLowerCase () a new string with all lowercase letters
toUpperCase () a new string with all uppercase letters

» These methods are called using the dot notation:

String student = "Olivia Scott";
System.out.println (student.length()); // 12

11




String method examples

// index 012345678901
String sl = "Olivia Scott";
String s2 = "Isabelle Scott";

System.out.println(s2.length()); // 14
System.out.println(sl.indexOf("e")); // -1
System.out.println(s2.indexOf ("e")); // 4
System.out.println(sl.substring (7, 10));// "Sco"
String s3 = s2.substring(4, 10);
System.out.println (s3.toLowerCase());// "elle s"

» Given the following string:

// index 0123456789012345678901
String book = "Building Java Programs";

— How would you extract the word "Building" ?
(Write code that can extract the first word from any string.)



Clicker 1

» What is output by the following code?
String sl = "Football";

String s2 = sl.substring (4, 8);

sZ2.substring(1l);

System.out.print (s2) ;

A.

Football

B. ball
C.
D
E

all

. No output due to syntax error.
. No output due to runtime error.

13



Modifying strings

» Methods like substring and toLowerCase

build and return a new string, rather than
modifying the current string.
String s = "ut Longhorns";

s.toUpperCase () ;
System.out.println(s) ; // ut Longhorns

> To modify a variable's value, you must reassign it:

String s = "ut Longhorns";
s = s.toUpperCase();
System.out.println(s); // UT LONGHORYNS



Strings as user input

» Scanner's nextLine method reads a word
of Input as a String.

Scanner console = new Scanner (System.in);
System.out.print ("What is your first name? ");
String name = console.nextLine() ;
System.out.println(name + " has " + name.length() +

" letters and starts with " + name.substring(0, 1))

Output:

What 1s your first name? Chamillionaire

Chamillionaire has 14 letters and starts with C

» The nextLine method reads a line of input
as a String.

System.out.print ("What is your address? "); 15
String address = console.nextLine() ;



String sl = "taxicab";
String s2 = "acables";
String s3 = sl.substring(4);
String s4 = sZ2.substring(l,
1f (s3.length() == s4.length

System.out.print ("1") ;
else

System.out.print ("2");
1f (s3 == s4)

System.out.print ("1");
else

System.out.print ("2");

Clicker 2
» What is output by the following code?

11
12
21
22
No output due

to syntax error
16




Comparing Strings
» Relational operators such as < and <= are
undefined on objects In Java.

» == s defined but normally doesn’t work as
iIntended

Scanner console = new Scanner (System.in);
System.out.print ("What is your name? ");
String name = console.next();
1f (name == "Barney") {
System.out.println ("I love you, you love me,");
System.out.println ("We're a happy family!");

}
— This code will compile, but it will not print the
song.

— == compares objects by references (seen later), so it
often gives false even when two strings have the .

same letters.



The equals method

» Objects are compared using a method named

equals.
Scanner console = new Scanner (System.in);
System.out.print ("What 1s your name? ");
String name = console.next();
1f (name.equals("Barney")) ({
System.out.println("Fred's Friend.");
System.out.println ("Purple Dinasuar.");

System.out.println("In trouble.");

— The equals method returns a value of type

boolean, the type used in logical tests.
18



String test methods

Method

Description

equals (str)

whether two strings contain the same characters

equalsIgnoreCase (Str)

whether two strings contain the same characters,
ignoring upper vs. lower case

startsWith (str)

whether one contains other's characters at start

endsWith (Str)

whether one contains other's characters at end

contains (str)

whether the given string is found within this one

String name =

console.next () ;

1if (name.startsWith ("Prof")) {
System.out.println ("When are your office hours?");
} else if (name.endsWith("OBE")) {

System.out.println("Yes Sir!");

19




Strings questions

» Write a ,method to determine if a String is a
possible representation of a DNA strand

—containsonly A, C, T, and G
» Write a method to create a Watson-Crick

complement given a String that represents a
strand of DNA

—replace A with T, C with G, and vice versa
» Given a String that represents a strand of DNA

return the first substring that exists between
"ATG" and either "TAG" or "TGA"

— no overlap allowed 20



String Questions

> Write a methoo
times a given ¢

that returns the number of
naracter occurs in a String

> Write a methoo
times the punct

that returns the number of
uation marks .?2!, :";"

occur in a String

21



Topic 14
while loops and loop patterns

"Given enough eyeballs, all bugs are shallow
(e.qg., given a large enough beta-tester and
co-developer base, almost every problem will
be characterized quickly and the fix obvious

to someone)."
-Linus's Law, by Eric Raymond

Copyright Pearson Education, 2010
Based on slides bu Marty Stepp and Stuart Reges
from http://www.buildingjavaprograms.com/



http://www.buildingjavaprograms.com/

A deceptive problem...

> Write a method printNumbers that prints

each number from 1 to a given maximum,
separated by commas.

For example, the call:
printNumbers (5)

should print:
1, 2, 3, 4, 5



Flawed solutions

public static void printNumbers (int max) {
for (int i = 1; i <= max; i++) {
System.out.print (1 + ", ");

»

}
System.out.println(); // to end the line of output

}

— Qutput from printNumbers (5): 1, 2, 3, 4, 5,

» public static void printNumbers (int max) {
for (int 1 = 1, 1 <= max; 1i++) {
System.out.print (", " + 1);

}
System.out.println(); // to end the line of output

}

— OQutput from printNumbers (5): , 1, 2, 3, 4, 5



Fence post analogy

» We print n numbers but need only n - 1 commas.
» Similar to building a fence with wires separated by

posts:

— If we use a flawed algorithm that repeatedly places a
post + wire, the last post will have an extra dangling wire.

for (length of fence) {
place a post.
place some wire.

- HFE



Fencepost loop

» Add a statement outside the loop to place
the initial "post."

— Also called a fencepost loop or a "loop-and-a-
half" solution.

place a post.

for (length of fence - 1) {
place some wire.
place a post.

} H1HH




Fencepost method solution

public static void printNumbers (i1nt max) {
System.out.print (1) ;
for (int 1 = 2; 1 <= max; 1i++) {
System.out.print (", " + 1);
}
System.out.println(); // to end the line
}

> Alternate solution: Either first or last "post" can be taken out:
public static void printNumbers (i1nt max) {
for (int 1 = 1; 1 <=max - 1; 1++) {
System.out.print(x1 + ", ");
}
System.out.println (max);// to end the line

} 6



Fencepost guestion

» Modify your method printNumbers into a
new method printPrimes that prints all

prime numbers up to a max.

— Example: printPrimes (50) prints

2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37, 41, 43,
477

— If the maximum is less than 2, print no output.

» To help you, write a method countFactors

which returns the number of factors of a
given integer.

— countFactors (20) returns 6 due to factors 1, 2, 4, 5, 10, 20. 7



Fencepost answer

// Prints all prime numbers up to the given max.
public static void printPrimes (int max) {
if (max >= 2) {
System.out.print ("2");

for (int i = 3; 1 <= max; i++) {
if (countFactors (i) == 2) {
System.out.print (", " + 1i);

}

}
System.out.println();

}

// Returns how many factors the given number has.
public static int countFactors (int number) {

int count = 0;
for (int 1 = 1; 1 <= number; 1i++) {
if (number $ 1 == 0) {
count++; // 1 is a factor of number

}
}

return count;



while loops

reading: 5.1



Categories of loops

> definite loop: Executes a known number of times.
— The for loops we have seen are definite loops.

* Print "hello" 10 times.
 Find all the prime numbers up to an integer n.
* Print each odd number between 5 and 127.

> indefinite loop: One where the number of times its
body repeats is not known in advance.

« Prompt the user until they type a non-negative
number.

 Print random numbers until a prime number is printed.

« Repeat until the user has typed "g" to quit.
10



The while loop

» while loop: Repeatedly executes its
body as long as a logical test is true.

while (<test>) ({

<State m e n t (S)> ; controﬁl}fc;:iiztt;rient(s}l
}
} Exam p | e : after while loop
int num = 1; // initialization
while (num <= 200) { // test
System.out.print (num + " ");
num = num * 2; // update

}
// output: 1 2 4 8 16 32 64 128 11



Example while loop

// f£inds the first factor of 91, other than 1
int n = 91;
int factor = 2;
while (n % factor !'= 0) {
factor++;
}

System.out.println("First factor 1s " +
factor) ;

// output: First factor is 7

— while IS better than for because we don't know how
many times we will need to increment to find the factor.

12



Clicker 1

» What is output by the following code?
int x = 1;
int limit = 60;
int val = 1;
while(val < limit) {
X *= 2

J

System.out.print (x);

A1l B. 32 C. 64

D. No output due to syntax error

E. No output due to some other reason

13



Sentinel values

» sentinel: A value that signals the end of user input.
— sentinel loop: Repeats until a sentinel value is

seen.

» Example: Write a program that prompts the
user for text until the user types nothing, then
output the total number of characters typed.

— (In this case, the empty string Iis the sentinel

value.)

Type a line (or nothing
Type a line (or nothing
Type a line (or nothing
You typed a total of 19

to exit): hello

to exit): this is a line
to exit) :
characters. 14




Solution?

Scanner console = new Scanner (System.in);
int sum = 0;
String response = "dummy"; // "dummy" value, anything but ""
while (!response.equals("")) {
System.out.print ("Type a line (or nothing to exit): ");
response = console.nextLine();

sum += response.length{();

System.out.println("You typed a total of " + sum + "
characters.");

15



Changing the sentinel value

» Modify your program to use "quit" as the
sentinel value.

— Example log of execution:

Type a line (or "quit" to exit): hello|

Type a line (or "quit" to exit): this is a line
Type a line (or "quit" to exit): qui

You typed a total of 19 characters.

16



Changing the sentinel value

» Changing the sentinel's value to "quit"
does not work!

Scanner console = new Scanner (System.in);

int sum = 0;

String response = "dummy"; // "dummy" wvalue, anything but "quit"
while (!response.equals("quit")) {

System.out.print ("Type a line (or \"quit\" to exit): ");
response = console.nextLine();
sum += response.length();

}

System.out.println("You typed a total of " + sum + "
characters.");

> This solution produces the wrong output.
Why?

You typed a total of 23 characters. ¥’



The problem with the code

» The code uses a pattern like this:
sum = 0.
while (input Is not the sentinel) {
prompt for input; read input.
add input length to the sum.

}

18



problem with code

> On the last pass, the sentinel’s length
(4) Is added to the sum:

prompt for input; read input ("quit").
add input length (4) to the sum.

» This is a fencepost problem.

—Must read N lines, but only sum the
lengths of the first N-1.

19



A fencepost solution

sum = 0.
prompt for input; read input. // place a "post”

while (input is not the sentinel) {
add input length to the sum. // place a "wire"
prompt for input; read input. // place a "post”

}

» Sentinel loops often utilize a fencepost "loop-
and-a-half" style solution by pulling some

code out of the loop. .



Correct code

Scanner console = new Scanner (System.in);

int sum = 0;

// pull one prompt/read ("post") out of the loop
System.out.print ("Type a line (or \"quit\" to exit): ");
String response = console.nextLine()

while (!response.equals("quit")) {

sum += response.length() ; // moved to top of loop
System.out.print ("Type a line (or \"quit\" to exit):
")

response = console.nextLine();

System.out.println("You typed a total of " + sum + "
characters.");

21



Sentinel as a constant

public static final String SENTINEL = "quit";
Scanner console = new Scanner (System.in);
int sum = 0;

// pull one prompt/read ("post") out of the loop
System.out.print ("Type a line (or \"" + SENTINEL + "\" to exit): ");
String response = console.nextLine();

while (!response.equals (SENTINEL)) {

sum += response.length(); // moved to top of loop
System.out.print ("Type a line (or \"" + SENTINEL + "\" to exit): ");
response = console.nextLine();

}

System.out.println("You typed a total of " + sum + " characters.");

22



examples

> write a method to improve checking if a
number Is prime or not

—when can we stop?

> Write a program that flips a coin until there is
a run of 10 flips of the same side in a row
— how many flips were there before 10 in a row?

— repeat the experiment 1000 times, what is the
average number of flips

23



Topic 15
boolean methods
and random numbers

"It Is a profoundly erroneous truism, repeated by all the
copybooks, and by eminent people when they are making
speeches, that we should cultivate the habit of thinking of
what we are doing. The precise opposite is the case.
Civilization advances by extending the number of
operations which we can perform without thinking about
them. Operations of thought are like cavalry charges in a
battle:

-they are strictly limited in number,

they require fresh horses, and

must only be made at decisive moments."

-Alfred North Whitehead

Copyright Pearson Education, 2010
Based on slides by Marty Stepp and Stuart Reges
from http://www.buildingjavaprograms.com/
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Programming Terminology

» Binary digit, 1 or O

> Byte, 8 bits
— Nibble, half a byte, 4 bits

> kilobyte, 1024 bytes (210 = 1024)

» megabyte, 22° bytes, 1,048,576
— 1,000,000 bytes in some contexts

> gigabyte, 23° bytes, 1,073,741,824
— 1,000,000,000 bytes in some contexts



Programming Terminology

> compile
> syntax error, compile error, runtime error,
logic error

> high level language
> class
> object



Clicker 1

» What is the base 2 representation of 67,,7

A. 100011
B.111111

C. 1000000
D. 2111
E. None of A-D are correct

» Write a method to convert a base 10 int to a
base 2 String



The keyword list thus far:

» Complete list of Java keywords:

abstract default if private this
boolean do implements protected throw
break double import public throws
byte else instanceof return transient
case extends int short try

catch final interface static void
char finally long strictfp volatile
class float native super while
const for new switch

continue goto package synchronized

assert enum



Methods that are tests

» Some methods return logical values (true

or false).

— A call to such a method is used as a <test>1n a
loop or if.
Scanner console = new Scanner (System.in);

System.out.print ("Type your first name: ");
String name = console.next (),

if (name.startsWith("Dr.")) {
System.out.println ("Med school or PhD?");
} else 1f (name.endsWith("Esqg.")) {

System.out.println("And I am Ted 'Theodore' Logan!");
}



String test methods

Method Description

equals (<str>) whether two strings contain the same characters

equalsIgnoreCase (<str>) | whether two strings contain the same characters,
ignoring upper vs. lower case

startsWith (<str>) whether one contains other's characters at start

endsWith (<str>) whether one contains other's characters at end

contains (<str>) whether the given string is found within this one
String name = console.next ();

if (name.contains ("Prof")) {
System.out.println ("When are your office hours?");
} else 1f (name.equalsIgnoreCase('""mavEriCk")) {

System.out.println("You're grounded, young man!");
} 7




Strings question

» Prompt the user for two words and report
whether they:

— "rhyme" (end with the same last two letters)
— alliterate (begin with the same letter)

— Example output: (run #1)
Type two words: car STAR
They rhyme!

(run #2)
Type two words: bare bear
They alliterate!

(run #3)

Type two words: sell shell
They alliterate!

They rhyme!

(run #4)
Type two words: extra strawberry




Strings answer

// Determines whether two words rhyme and/or alliterate.
import java.util.*;

public class Rhyme {

public static void main (String[] args) {
Scanner console = new Scanner (System.in);
System.out.print ("Type two words: ");
String wordl = console.next () .toLowerCase();
String word2 = console.next () .toLowerCase()

// check whether they end with the same two letters
1f (word2.length () >= 2 &&
wordl.endsWith (word2.substring (word2.length() - 2))) {
System.out.println ("They rhyme!");

}

// check whether they alliterate
1f (wordl.startsWith (word2.substring (0, 1))) {
System.out.println ("They alliterate!"™);

}



Random numbers

reading: 5.1

10



The Random class

» A Random object generates pseudo-random

numbers.
— Class Random is found in the java.util package.

import java.util.Random;

Method name Description

nextInt () returns a random integer

nextInt (<mMax>) |returns a random integer in the range [0, max)
in other words, 0 to max-1 inclusive

nextDouble () returns a random real number in the range [0.0, 1.0)
— Example:
Random rand = new Random() ;

int randomNumber = rand.nextInt(10);// 0-9
11




Generating random numbers

» Common usage: to get a random number from 1 to

N
int n = rand.nextInt(20) + 1;

// 1-20 inclusive

» To get a number in arbitrary range
[min, max] inclusive:

<name>.nextInt (<size of range>) + <min>

 Where <size of range>is (Kmax> - <min> + 1)
— Example: A random integer between 4 and 10 inclusive:

int n = rand.nextInt(7) + 4; 12



Random guestions

> Given the following declaration, how would you get:

Random rand = new Random() ;

— A random number between 1 and 47 inclusive?
int randoml = rand.nextInt(47) + 1;

— A random number between 23 and 30 inclusive?
int random? = rand.nextInt(8) + 23;

— A random even number between 4 and 12 inclusive?

int random3 = rand.nextInt(5) * 2 + 4; 13



Random and other types

» nextDouble method returns a double
between [0.0 - 1.0)

— Example: Get a random GPA value between 1.5 and 4.0:
double randomGpa

= rand.nextDouble() * 2.5 + 1.5;

> Any set of possible values can be mapped to integers
— code to randomly play Rock-Paper-Scissors:
int r = rand.nextInt (3);
1f (r == 0) {
System.out.println ("Rock") ;
} else 1if (r == 1) {
System.out.println ("Paper");
} else { // r ==

System.out.println("Scissors"); y
}



Random guestion

> Write a program that simulates rolling of two
6-sided dice until their combined result
comes up as /.

2 + 4 = 0
3+ 5 =28
5 + 6 =11
1 + 1 =2
4 + 3 =7

You won after 5 tries!

15



Random answer

// Rolls two dice until a sum of 7 is reached.
import java.util.*;

public class Dice {
public static void main (String[] args) {
Random rand = new Random() ;
int tries = 0;

int sum = 0;

while (sum != 7) {
// roll the dice once
int rolll = rand.nextInt(6) + 1;
int roll2 = rand.nextInt(6) + 1;
sum = rolll + roll?2;

System.out.println(rolll + " + " + roll2 + " = " + sum);
tries++;

}

System.out.println ("You won after " + tries + " tries!");

16



Random guestion

> Write a program that plays an adding game.

— Ask user to solve random adding problems with 2-5
numbers.

— The user gets 1 point for a correct answer, O for incorrect.
— The program stops after 3 incorrect answers.

4 + 10 + 3 + 10 = 27

9 + 2 =11

8 +6+ 7+ 9 =25
Wrong! The answer was 30
5+ 9 =13

Wrong! The answer was 14
4 + 9 + 9 =22

3+ 1+ 7+ 2 =13

4 + 2 + 10 + 9 + 7 = 42

Wrong! The answer was 32
You earned 4 total points. 17



Random answer

// Asks the user to do adding problems and scores them.
import java.util.*;

public class AddingGame {
public static void main (String[] args) {
Scanner console = new Scanner (System.in);
Random rand = new Random() ;

// play until user gets 3 wrong
int points = 0;
int wrong = 0;
while (wrong < 3) {
int result = play(console, rand); // play one game
if (result == 0) {
wrong++;
} else {
points++;
}
}

System.out.println ("You earned " + points + " total points.");

18



Random answer 2

// Builds one addition problem and presents it to the user.
// Returns 1 point if you get it right, 0 if wrong.
public static int play(Scanner console, Random rand) {

// print the operands being added, and sum them

int operands = rand.nextInt(4) + 2;

int sum = rand.nextInt (10) + 1;

System.out.print (sum) ;

for (int 1 = 2; i <= operands; i++) {
int n = rand.nextInt (10) + 1;
sum += n;
System.out.print (" + " + n);

}
System.out.print (" = ");

// read user's guess and report whether it was correct

int guess = console.nextInt();
if (guess == sum) {
return 1;
} else {
System.out.println ("Wrong! The answer was " + total);

return 0;



Topic 16
boolean logic

"No matter how correct a mathematical
theorem may appear to be, one ought never
to be satisfied that there was not something
imperfect about it until it also gives the
impression of being beautiful." —

- George Boole

Copyright Pearson Education, 2010
Based on slides by Marty Stepp and Stuart Reges
from http://www.buildingjavaprograms.com/
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Type boolean

» boolean: A logical type whose values are true and
false.

— A logical <test> is actually a boolean expression.

— Like other types, It is legal to:
e Create a boolean variable
* pass a boolean value as a parameter
e return a boolean value from methods
 call a method that returns a boolean and use it as a test

boolean minor = age < 21;
boolean isProf = name.contains ("Prof");
boolean lovesCS = true;

// allow only CS-loving students over 21
if (minor || isProf || 'lovesCS) {

System.out.println("Can't enter the club!"); 2
}



Using boolean

» Why is type boolean useful?

— Can capture a complex logical test result and use it later
— Can write a method that does a complex test and returns it
— Makes code more readable

— Can pass around the result of a logical test (as param/return)

boolean goodTemp = 40 <= temp && temp <= 90;

boolean goodHumidity = 20 <= humidity && humidity <= 70;

boolean hasTime = time >= 90; // minutes

if ((goodTemp && goodHumidity) || hasTime) {
System.out.println("Let's RIDE BIKES!!!!™);

} else {

System.out.println ("Maybe tomorrow");

}



Returning boolean

public static boolean i1sPrime (int n) {

int factors = 0;
for (int 1 = 1; 1 <= n; 1i++) {
1if (n % 1 == 0) {
factors++; L OUMIN I 1.l
}
}
// NOTE: GACKY STYLE AHEAD!! GACKY == BAD!!
if (factors == 2) {
return true;
} else {

return false;

}

> Calls to methods returning boolean can be
used as tests:

if (isPrime(57)) {

} . e .



Boolean guestion

> Improve our "rhyme" / "alliterate" program to
use boolean methods to test for rhyming and
alliteration.

Type two words: Bare blare
They rhyme!
They alliterate!




Boolean answer

if (rhyme (wordl, word2)) {
System.out.println ("They rhyme!");

}
if (alliterate(wordl, word2)) {

System.out.println ("They alliterate!");

// Returns true if sl and s2 end with the same two letters.

// NOTE: GACKY STYLE AHEAD!!
public static boolean rhyme (String sl, String s2) {

if (s2.length() >= 2 && sl.endsWith(s2.substring(s2.length ()
return true;

} else {
return false;

- 2))) A

}
}

// Returns true if sl and s2 start with the same letter.

// NOTE: GACKY STYLE AHEAD!!
public static boolean alliterate(String sl,
if (sl.startsWith(s2.substring (0, 1))) {

return true;

} else {
return false;
6

String s2) {

}



"Boolean Zen", part 2

» Students new to boolean often test if a result is true:

if (isPrime (57) == true) { // inelegant
}

> But this is unnecessary and redundant. Preferred:
if (isPrime (57)) { // elegant, zen

}

> A similar pattern can be used for a false test:

if (isPrime(57) == false) { // inelegant
if ('isPrime (57)) { // elegant, zen



"Boolean Zen", part 2

» Programmers often write methods that return
boolean often have an

if/else that returns true or false:

// NOTE: GACKY STYLE AHEAD!!
public static boolean bothOdd(int nl, 1nt n2)
{ .
1if (n1 $ 2 '=0 & n2 % 2 '= 0) {
return true;
} else {
return false;

J

— But the code above is unnecessarily verbose. 8




Solution w/ boolean variable

> We could store the result of the logical test.

public static boolean bothOdd(int nl, int n2) {

boolean test = (n1 % 2 !'= 0 && n2 % 2 !'= 0);
// NOTE: BAD STYLE AHEAD!!
if (test) { // test == true
return true;
} else { // test == false

return false;

}

— Notice: Whatever test IS, we want to return that.
e If test IS true , we want to return true.
e If test IS false, we want to return false.



Solution w/ "Boolean Zen"
» Observation: The i f/else iS unnecessary.

— The variable test stores a boolean value;
its value is exactly what you want to return. So return
that!

public static boolean bothOdd(int nl, int n2) {
boolean test = (nl1 % 2 !'= 0 && n2 % 2 !'= 0);
return test;

Y
» An even shorter version:

— We don't even need the variable test.
We can just perform the test and return its result in one
step.

public static boolean bothOdd(int nl, int n2) {
return (n1 $ 2 '=0 & n2 $ 2 '= 0);
} 10



"Boolean Zen" template

» Replace

public static boolean <name> (<parameters>) {
1f (<test>) {
return true;
} else {
return false;

J
J

* With
public static boolean <name> (<parameters>) {
return <test>;

J
11



Improved isPrime method

» The following version utilizes Boolean Zen:

public static boolean i1sPrime (int n) {
int factors = 0;
for (int 1 = 1; 1 <= n; 1i++) {
if (n $ 1 == 0) {
factors++;
}
}

return factors == 2; // if n has 2 factors -> true

» Modify the Rhyme program to use Boolean Zen.

12



Boolean Zen answer

public static void main (String[] args) {
Scanner console = new Scanner (System.in);
System.out.print ("Type two words: ");
String wordl = console.next () .toLowerCase();
String word2 = console.next () .toLowerCase();

if (rhyme (wordl, word2)) {
System.out.println ("They rhyme!");

}
if (alliterate(wordl, word2)) {
System.out.println ("They alliterate!");

}

// Returns true if sl and s2 end with the same two letters.
public static boolean rhyme (String sl, String s2) {

return s2.length() >= 2 && sl.endsWith(s2.substring(s2.length() - 2));
}

// Returns true if sl and s2 start with the same letter.

public static boolean alliterate(String sl, String s2) {
return sl.startsWith(s2.substring(0, 1))

}

13



De Morgan's Law
» De Morgan's Law: Rules used to negate

boolean tests.

» I(a && b) ==la || b
» I(a || b) == la && b

— Useful when you want the opposite of an existing test.

Original Expression

Negated Expression

Alternative

a && b 'a || b '(a && b)
a || b la && !b l'(a || b)
— Example:
Original Code Negated Code
1f (x == 7 && v > 3) { 1if (x '=7 || v <= 3) {

}

}

14




» Which of the following is equivalent to the

Clicker 1

boolean expression? X, y, and z's are Ints

H(x >=vy) [ (z != x))
lx >= vy) && !'(z !'= x)
l(x >=vy) || (z I'= x)
(x == v) && (z >= X)

A
B
C.
D
E

(x < y) && (z == X)
More than one of A - D IS correct

15



Boolean practice guestions

> Write a method named isvVowel that returns
whether a Sstringis a vowel (a, e, I, 0, Or u),
case-insensitively.
— 1sVowel ("g") returns false
— isVowel ("A") returns true
— isVowel ("e") returns true
» Write a method isNonVowel that returns whether
a String IS any character except a vowel.
— 1sNonVowel ("g") returns true
— 1sNonVowel ("A") returns false
— 1sNonVowel ("e") returns false

16



Boolean practice answers

// Enlightened version. I have seen the true way (and false way)
public static boolean isVowel (String s) {

return s.equalslIgnoreCase("a") || s.equalsIgnoreCase("e")
| s.equalsIgnoreCase ("1i")
| s.equalsIgnoreCase("o")
| s.equalsIgnoreCase("u");

// Enlightened "Boolean Zen" version
public static boolean isNonVowel (String s) {
return !s.equalsIgnoreCase("a") && !s.equalsIgnoreCase("e")
&& !s.equalsIgnoreCase("i")
&& !s.equalsIgnoreCase("o")
&& !s.equalsIgnoreCase ("u");

// or, return 'isVowel (s) ;

17



When to return?

> Methods with loops and return values can be tricky.
— When and where should the method return its result?

> Write a method seven that accepts a Random

parameter and uses it to draw up to ten lotto numbers
from 1-30.

— If any of the numbers is a lucky 7, the method should stop
and return true. If none of the ten are 7 it should return

false.

— The method should print each number as it is drawn.

15 29 18 29 11 3 30 17 19 22 (first call)
29 5 29 4 7 (second call)

18



Flawed solution

// Draws 10 lotto numbers; returns true if one is 7.
public static boolean seven (Random rand) {
for (int 1 = 1; 1 <= 10; 1i++) {
int num = rand.nextInt (30) + 1;
System.out.print (num + " ");

if (num == 7) {
return true;
} else {
return false;

}

— The method always returns immediately after the
first roll.

— This i1s wrong If that draw isn't a 7; we need to

keep drawing. 9



Returning at the right time

// Draws 10 lotto numbers; returns true if one is 7.
public static boolean seven (Random rand) {
for (int 1 = 1, 1 <= 10; 1i++) {
int num = rand.nextInt (30) + 1;
System.out.print (num + " ");

if (num == 7) { // found lucky 7; can exit now
return true;

}
}

return false; // if we get here, there was no 7

}

» Returns true immediately if 7 is found.

> If 7 isn't found, the loop continues drawing lotto
numbers.

> If all ten aren't 7, the loop ends and we return false.
20



Boolean return guestions

> hasAnOddDigit :returns true if any digit of an integer is odd.

— hasAnOddDigit (4822116) returns true
— hasAnOddDigit (2448) returns false

» allDigitsOdd : returns true if every digit of an integer is odd.

—allDigitsOdd (135319) returns true
—allDigitsOdd (9174529) returns false

» isAllVowels :returns true if every charin a String is a vowel.

—1isAllVowels ("eIeIo") returns true

—1sAllVowels ("oink") returns false

* These problems are available in our Practice-It!
system under 5.x. 21



Boolean return answers

public static boolean hasAnOddDigit (int n) {
while (n !'= 0) {
if (n $ 2 !'= 0) { // check whether last digit is odd
return true;

}
n=mn/ 10;
}

return false;

}

public static boolean allDigitsOdd(int n) {
while (n != 0) {

if (n $ 2 == 0) { // check whether last digit is even
return false;

}

n=mn/ 10;

}
return true;
}
public static boolean isAllVowels (String s) {
for (int 1 = 0; 1 < s.length(); 1i++) {
String letter = s.substring(i, 1 + 1);
if (!isVowel (letter)) {
return false;
}
}

return true;



while loop question

> Write a method digitSum that accepts an
Integer parameter and returns the sum of its
digits.
— Assume that the number is non-negative.

— Example: digitSum(29107) returns
2+9+1+0+7 or 19

— Hint: Use the % operator to extract a digit from a

number.
23



while loop answer

public static int digitSum(int n) {
n = Math.abs(n); // handle negatives

int sum = 0;
while (n > 0) {
// add last digit

sum = sum + (n % 10);
// remove last digit
n =n/ 10;

}

return sum;

24



Topic 17
assertions and program logic

"As soon as we started programming, we found
out to our surprise that it wasn't as easy to get
programs right as we had thought. Debugging had
to be discovered. | can remember the exact
Instant when | realized that a large part of my
life from then on was going to be spent In
finding mistakes in my own programs.”

Maurice V Wilkes

Copyright Pearson Education, 2010
Based on slides by Marty Stepp and Stuart Reges
from http://www.buildingjavaprograms.com/



http://www.buildingjavaprograms.com/

Clicker 1

» What is output by the following method?

public static void mysteryB (boolean b)
System.out.print(b + " ");

b = (b == false);
System.out.print (b) ;

no output due to syntax error
no output due to runtime error

. not possible to predict output
. always outputs true false OR false true

always outputs true true OR false false
2

mooOm> -

{



Assertions

» Assertion: A declarative sentence that is either true
or false
» Examples:
2 + 2 equals 4
The St. Louis Cardinals played in the 2011 world series
X >45
It IS raining.
UT football beat OU last year.
UT volleyball qualified for the NCAA tourney last year.
> Not assertions
How old are you?

Take me to H.E.B.



Assertions

» Some assertions are true or false depending
on context. Which of these depend on the
context?

2+ 2equals 4

The St. Louis Cardinals played in the world series this
year

X >45
It IS raining.
UT football beat OU last year.

UT volleyball qualified for the NCAA tourney
last year.



Assertions

> Assertions that depend on context can be
evaluated if the context is provided.
when x is 13, x > 45

It was raining in Round Rock, at 8 am on, October 10,
2006.

» Many skills required to be a programmer or
computer scientists

» Just a few we have seen so far
— ability to generalize
— create structured solutions
— trace code
— manage lots of details



Assertions

» Another important skill in programming and
computer science Is the ablility "to make
assertions about your programs and to
understand the contexts in which those
assertions will be true.”

Scanner console = new Scanner (System.in);
System.out.print ("Enter Y or N: ");
String result = console.nextLine ()

// result is equal to "Y" or "N" here.



Checking Input

Scanner console = new Scanner (System.in);
System.out.print ("Enter Y or N: ");
String result = console.nextlLine();

while (!result.equals("Y") && !result.equals("N")) {

System.out.print ("That wasn't a Y or N. ");
System.out.print ("Enter Y or N: ");
result = console.nextLine();

}

// result is equal to "Y" or "N" here.



Assertions

» Provable Assertion: An assertion that can be
proven to be true at a particular point in program
execution.

» Program Verification: A field of computer science
that involves reasoning about the formal properties
of programs and hardware to prove the correctness
of the program or hardware.

— Instead of testing.

— A number of UTCS faculty are involved in verification and
formal methods research:
Emerson, Hunt, Lam, Moore, Young



Reasoning about assertions

> Suppose you have the following code:

if (x > 3) {
// Point A
X——y

} else {
// Point B
X++;
// Point C

}
// Point D

» What do you know about x's value at the three
points?
—Isx > 3?7 Always? Sometimes? Never?



Assertions In code

> We can make assertions about our code and ask whether they are true at
various points in the code.

— Valid answers are ALWAYS, NEVER, or SOMETIMES.

System.out.print ("Type a nonnegative number: ");

double number = console.nextDouble () ;
// Point A: is number < 0.0 here? (SOMETIMES)

while (number < 0.0) {
// Point B: is number < 0.0 here? (ALWAYS)
System.out.print ("Negative; try again: ");

number = console.nextDouble () ;

// Point C: is number < 0.0 here? (SOMETIMES)
}
// Point D: is number < 0.0 here? (NEVER)

10



Reasoning about programs

» Right after a variable is initialized, its value is

known:
int x = 3;
// is x > 0? ALWAYS

» In general you know nothing about
parameters' values:

public static void mystery(int a, 1nt b) {
// is a == 10? SOMETIMES

11



Reasoning about programs

» But inside an if, while, etc., you may know
something:

public static void mystery(int a, 1nt b) {
if (a < 0) {
// is a == 10? NEVER

12



Assertions and loops

> At the start of a loop's body, the loop's test must be true:
while (y < 10) {
// is y < 10? ALWAYS

}

> After a loop, the loop's test must be false:
while (y < 10) {

}
// is y < 10? NEVER

> Inside a loop's body, the loop's test may become false:
while (y < 10) {
y++;
// is y < 10? SOMETIMES

13



"Sometimes"

» Things that cause a variable's value to be
unknown
(often leads to "sometimes" answers):

—reading from a Scanner
— reading a number from a Random object

— Initial value of a parameter in a method

» If you can reach a part of the program both
with the answer being "yes" and the answer
being "no", then the correct answer Is

"sometimes”. y



Assertion example 1

public static void mystery(int x, 1nt vy) {

int z = 0;
// Point A
while (x >= vy) {
// Point B _ oL
X = x - y; For each assertion state if it is
Z++: ALWAYS, NEVER, or SOMETIMES true
ifo(x 1= y) | at the specified points in the code.
// Point C
z =z * 23 x <y X ==y e
} Point A
// Point D Point B
} Point C
// Point E Point D
System.out.println(z); Point E
}

15



Assertion example 1

public static void mystery(int x,

int z = 0;
// Point A
while (x >= vy) {
// Point B
X = X - V3
z++;
if (x !'=vy) |
// Point C
z =z * 23
}
// Point D
}
// Point E

System.out.println(z);

int y) {

For each assertion state if it is
ALWAYS, NEVER, or SOMETIMES true
at the specified points in the code.

x <y X ==y z == 0
Point A | SOMETIMES | SOMETIMES | ALWAYS
Point B | NEVER SOMETIMES | SOMETIMES
Point C | SOMETIMES | NEVER NEVER
Point D | SOMETIMES | SOMETIMES | NEVER
Point E | ALWAYS NEVER SOMETIMES

16




Assertion example 2

public static int mystery(Scanner console) {

int prev = 0;
int count = 0O;
int next = console.nextInt ()
// Point A
e e s For each assertion state if it is
£ (next o ALWAYS, NEVER, or SOMETIMES true
i next == prev o i i
// Point C at the specified points in the code.
count++;
} next == prev == next == prev
prev = next; Point A
next = console.nextInt () Point B
// Point D
| Point C
// Point E Point D
return count; Point E

17



Assertion example 2

public static int mystery (Scanner console)

int prev = 0;
int count = 0;
int next = console.nextInt ()

// Point A

while (next !'= 0) {
// Point B

{

For each assertion state if it is

ALWAYS, NEVER, or SOMETIMES true

if (next == prev) {
// Point C

count++;

}

prev =
next =

// Point D

next;
console.nextInt () ;

}
// Point E

return count;

at the specified points in the code.

next == prev == next == prev
Point A | SOMETIMES | ALWAYS SOMETIMES
Point B | NEVER SOMETIMES | SOMETIMES
Point C | NEVER NEVER ALWAYS
Point D | SOMETIMES | NEVER SOMETIMES
Point E | ALWAYS SOMETIMES | SOMETIMES

18




Assertion example 3

public static int pow(int x, 1nt y) {
int prod = 1;
if (y >= 0) {

// Point A ) e ey
while (y > 0) { For each assertion state if it is
,/é Poif}tzB__ ) ALWAYS, NEVER, or SOMETIMES true
. (§/°Poi;; C) it the specified points in the code.
X = X * xX;
v =v / 2; y > 0 y % 2 ==
// Point D Point A
} else {
// Point E Point B
prod = prod * x;
y-=i Point C
// Point F
} } Point D
// Point G Point E
}
return prod; Point F
}
Point G
19|




Assertion example 3

public static int pow(int x,
int prod = 1;
if (y >= 0) {
// Point A
while (y > 0) {
// Point B
if (v $ 2 == 0
// Point C
X = X * xX;
y =y / 2;
// Point D
} else {
// Point E
prod = prod
Y—=r
// Point F
}
}
// Point G

}

return prod;

int y) {

For each assertion state if it is
ALWAYS, NEVER, or SOMETIMES true
it the specified points in the code.

y > 0 y & 2 ==
Point A | SOMETIMES | SOMETIMES
i Point B | ALWAYS SOMETIMES
" Point C | ALWAYS ALWAYS
Point D | ALWAYS SOMETIMES
Point E | ALWAYS NEVER
Point F | SOMETIMES | ALWAYS
Point G | NEVER ALWAYS
20|




Topic 18
file Input, tokens

"We have also obtained a glimpse of another crucial idea about
languages and program design. This is the approach of stratified design,
the notion that a complex system should be structured as a sequence of
levels that are described using a sequence of languages. Each level is
constructed by combining parts that are regarded as primitive at that
level, and the parts constructed at each level are used as primitives at the
next level. The language used at each level of a stratified design has
primitives, means of combination, and means of abstraction appropriate

to that level of detail. "

- Hal Abelson
and Gerald Sussman

Copyright Pearson Education, 2010
Based on slides by Marty Stepp and Stuart Reges
from http://www.buildingjavaprograms.com/



http://www.buildingjavaprograms.com/

File Input/output (I1/0O)

import java.i1o.File;

» Create a File object to get info about a file on
your drive.

— (This doesn't actually create a new file on the hard disk.)

File £ = new File ("example.txt");
if (f.exists() && f£.length() > 1000) {
f.delete();

} Method name Description
canRead () returns whether file is able to be read
delete () removes file from disk
exists () whether this file exists on disk
getName () returns file's name
length () returns number of bytes in file




Reading files

» To read a file, pass a File object to the
Scanner Constructor (instead of System. in).

Scanner <name> = new Scanner (new File ("<filename>")) ;

— Example:
File file = new File("mydata.txt");

Scanner 1nput = new Scanner (file) ;

— or (shorter):

Scanner 1nput

= new Scanner (new File("mydata.txt"y);



File paths

» absolute path: specifies a drive or a top " /" folder
C:/Documents/smith/hw6/input/data.csv
— Windows can also use backslashes to separate folders.

> relative path: does not specify any top-level folder
names.dat
input/kinglear.txt

— Assumed to be relative to the current directory:

Scanner input = new Scanner (new File ("data/readme.txt")) ;

If our programisin H: /hwo , the Scanner will look
for H: /hw6/data/readme. txt 4



Working Directory

» New programmers are often not sure what
their current directory is.

> Easy to print out:

public static void
printWorkingDirectory () {

System.out.println ("Working Directory = " +

System.getProperty ("user.dir"));
J

Working Directory = C:\Users\scottm\Documents\312\BlueJ

http://docs.oracle.com/iavase/tutorial/essentiaI/environment/svsprop.htm,})



http://docs.oracle.com/javase/tutorial/essential/environment/sysprop.html

Compiler error w/ files

import java.io.File;
import java.util.Scanner;

public class ReadFile {
public static void main (String[] args) {
Scanner input = new Scanner (new File("data.txt"));
String text = input.next();
System.out.println (text);

» The program fails to compile with the
following error:

ReadFile.java:6: unreported exception java.io.FileNotFoundException;
must be caught or declared to be thrown
Scanner input = new Scanner (new File("data.txt"));

A



Exceptions i

> exception: An object representing a runtime error.
— dividing an integer by 0
— calling substring on a String and passing too large an index
— trying to read the wrong type of value from a Scanner
— trying to read a file that does not exist

— We say that a program with a runtime error "throws"
an exception.

— It is also possible to "catch” (handle or fix) an exception.
» checked exception: An error that must be handled
by our program (otherwise it will not compile).

— We must specify how our program will handle file 1/O
failures.



Clicker 1

» Can a programmer prevent a divide by zero
error from occurring in all cases?

A. no
B. yes
C. maybe



Clicker 2

» Can a programmer prevent a file not found
error from occurring in all cases?

A. no
B. yes
C. maybe



The throws clause

» throws clause: Keywords on a method's header
that state that it may generate an exception (and
will not handle it).

> Syntax:
public static <type> <name>(...) throws <type> {
— Example:
public class ReadFile {
public static void main(String[] args)

throws FileNotFoundException {
— Like saying, "l hereby announce that this method might

throw an exception, and | accept the consequences if this
happens. OR | am passing the buck to someone else.?0



Input tokens

» token: A unit of user input, separated by
whitespace.

— A Scanner splits a file's contents into tokens.

> If an input file contains the following:

23 3.14
"John Smith"

The Scanner can interpret the tokens as the following types:

Token Type(s)

23 int, double, String
3.14 double, String
"John String

Smith" String 1



Files and input cursor

» Consider a file weather. txt that contains this text:

16.2 23.5
19.1 7.4 22.8

18.5 -1.8 14.9

» A Scanner views all input as a stream of

characters:
16.2 23.5\nl19.1 7.4 22.8\n\nl8.5 -1.8 14.9\n

A

> input cursor: The current position of the Scanner.

12



Consuming tokens

) consuming input: Reading input and advancing the cursor.
— Calling nextInt etc. moves the cursor past the current token

l6.2 23.5\nl19.1 7.4 22.8\n\nl8.5 -1.8 14.9\n

A
double d = input.nextDouble () ; // 16.2
16.2 23.5\n19.1 7.4 22.8\n\nl8.5 -1.8 14.9\n
A
String s = input.next(); // "23.5"

l6.2 23.5\n19.1 7.4 22.8\n\nl8.5 -1.8 14.9\n
A

13



File input question

» Recall the input file weather. txt:

lo6.2 23.5
19.1 7.4 22.8

18.5 -1.8 14.9

> Write a program that prints the change in temperature
between each pair of neighboring days.

16.2 to 23.5, change = 7.3

23.5 to 19.1, change = -4.4
19.1 to 7.4, change = -11.7
7.4 to 22.8, change = 15.4
22.8 to 18.5, change = -4.3
18.5 to -1.8, change = -20.3

-1.8 to 14.9, change = 16.7

14



// Displays

import java

import java

File input answer

changes in temperature from data in an input file.

.10.File;
import java.

10.FileNotFoundException;

.util.Scanner;

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

throws FileNotFoundException ({

Scanner input = new Scanner (new File ("weather.txt")):;
double prev = input.nextDouble () ; // fencepost

for

(int 1 = 1; i <= 7; 1i++) {

double next = input.nextDouble();
System.out.println(prev + " to " + next +

, change = " + (next - prev));

prev = next;

15



Reading an entire file

» Suppose we want our program to work no matter
how many numbers are in the file.

— Currently, if the file has more numbers, they will not be
read.

— If the file has fewer numbers, what will happen?

A crash! Example output from a file with just 3 numbers:

16.2 to 23.5, change = 7.3
23.5 to 19.1, change = -4.4

Exception in thread "main"
java.util .NoSuchElementException

at java.util.Scanner. throwFor (Scanner. java:838)
at java.util.Scanner.next (Scanner.java:1347)
at Temperatures.main (Temperatures.java:12)

16



Scanner exceptions

» NoSuchElementException
— You read past the end of the input.

» InputMismatchException

— You read the wrong type of token (e.g. read "hi" as an
int).

» Finding and fixing these exceptions:

— Read the exception text for line numbers in your code
(the first line that mentions your file; often near the
bottom):

Exception in thread "main"
jJava.util.NoSuchElementException

at java.util.Scanner.throwFor (Scanner.java:838)

at java.util.Scanner.next (Scanner.java:1347)

at MyProgram.myMethodName (MyProgram. java:19) 17
at MyProgram.main (MyProgram.java:6)



Scanner tests for valid input

Method Description
hasNext () returns true if there is a next token
hasNextInt () returns true if there is a next token
and it can be read as an int
hasNextDouble () returns true if there is a next token
and it can be read as a double

» These methods of the SCanNnNer do not consume input;
they just give information about what the next token will be.

— Useful to see what input is coming, and to avoid crashes.

— These methods can be used with a console Scanner, as well.

« When called on the console, they sometimes pause waiting for input.



Using hasNext methods

> Avoiding type mismatches:

Scanner console = new Scanner (System.in);
System.out.print ("How old are you? ");
1f (console.hasNextInt()) {

int age = console.nextInt(); // will not crash!
System.out.println ("Wow, " + age + " is old!");
} else {

System.out.println("You didn't type an integer.");

» Avoiding reading past the end of a file:

Scanner input = new Scanner (new File ("example.txt"));
1f (input.hasNext()) {

String token = input.next(); // will not crash!
System.out.println ("next token is " + token);

19



File input question 2

» Modify the temperature program to process the
entire file, regardless of how many numbers it
contains.

— Example: If a ninth day's data is added, output might be:

le.2 to 23.5, change = 7.3
23.5 to 19.1, change = -4.4
19.1 to 7.4, change = -11.7
7.4 to 22.8, change = 15.4
22.8 to 18.5, change = -4.3
18.5 to -1.8, change = -20.3
-1.8 to 14.9, change = 16.7

14.9 to 16.1, change = 1.2 20



// Displays

import java

import java

File input answer 2

changes in temperature from data in an input file.

.10.File;
import java.

10.FileNotFoundException;

.util.Scanner;

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

throws FileNotFoundException {

Scanner input = new Scanner (new File ("weather.txt")):;
double prev = input.nextDouble () :; // fencepost
while (input.hasNextDouble()) {

double next = input.nextDouble();
System.out.println(prev + " to " + next +

", change = " + (next - prev));
prev = next;

21



File input question 3

» Modify the temperature program to handle files that
contain non-numeric tokens (by skipping them).

> For example, it should produce the same output as
pefore when given this input file, weather?2 . txt:

16.2 23.5
Tuesday 19.1 Wed 7.4 THURS. TEMP: 22.8

18.5 -1.8 <-- MIKE here is my data! --Chris
14.9 :-)

— You may assume that the file begins with a double.
— What if we didn't know that? 22



// Displays
import java
import java
import java

File input answer 3

changes in temperature from data in an input file.

.10.F1le;
.10.FileNotFoundException;
.util.Scanner;

public class Temperatures? {
public static void main (String[] args)

throws FileNotFoundException {

Scanner input = new Scanner (new File ("weather.txt")):;
double prev = input.nextDouble () :; // fencepost
while (input.hasNext()) ({

if (input.hasNextDouble()) {

double next = input.nextDouble() ;
System.out.println(prev + " to " + next +
", change = " 4+ (next - prev));
prev = next;
} else {
input.next(); // throw away unwanted token

}

23



"File" Input

» Reading from sources other than files is not
very different

» For example we can read data from a web
page about as easily as reading from a file

» Example, read stock information from a web

page
— often the hardest thing is finding the web page
and the format of the url

— once you have that the code Is easy

24



Read HTML from a Webpage

> https://www.cnbc.com/

» Read and print out the HTML from that
web page

» Could easily alter to read data from any web
page or via a web API

— Service that allows a developer to read data via
the web

25


https://www.cnbc.com/

Display HTML

try {

System.out.println("Raw HTML from CNBC") ;
String urlAsString = "https://www.cnbc.com/";
URL url = new URL(urlAsString) ;

Scanner sc
= new Scanner (new InputStreamReader (url.openStream())) ;

while (sc.hasNextLine()) {
System.out.println(sc.nextLine()) ;

}

sc.close () ;

}
catch (IOException e) ({

System.out.println("UH OH: " + e);
}

26



Topic 19
Line Based File Input

"Composing computer programs to solve scientific problems
IS like writing poetry. You must choose every word with care
and link it with the other words in perfect syntax. There is no
place for verbosity or carelessness. To become fluent in a
computer language demands almost the antithesis of
modern loose thinking. It requires many interactive
sessions, the hands-on use of the device. You do not learn a
foreign language from a book, rather you have to live in the
country for year to let the language become an automatic
part of you, and the same is true for computer languages. "

~James Lovelock

Copyright Pearson Education, 2010
Based on slides by Marty Stepp and Stuart Reges
from http://www.buildingjavaprograms.com/



http://www.buildingjavaprograms.com/

Hours question

» Given a file hours . txt with the following
contents:

123 Kim 12.5 8.1 7.6 3.2
4506 Eric 4.0 11.6 6.5 2.7 12
789 Stef 8.0 8.0 8.0 8.0 7.5

— Consider the task of computing hours worked by
each person:
Kim (ID#123) worked 31.4 hours (7.85 hours/day)

Eric (ID#456) worked 36.8 hours (7.36 hours/day)
Stef (ID#789) worked 39.5 hours (7.9 hours/day)



Hours answer (flawed)

// This solution does not work!

import Jjava.io.*; // for File
import java.util.Scanner;

public class HoursWorked {

public static void main(String[] args)
throws FileNotFoundException {
Scanner input = new Scanner (new File ("hours.txt"));
while (input.hasNext ()) {
// process one person
int id = input.nextInt();
String name = input.next();

double totalHours = 0.0;
int days = 0;
while (input.hasNextDouble()) {
totalHours += input.nextDouble() ;
days++;
}
System.out.println (name + " (ID#" + id +
") worked " + totalHours + " hours (" +
(totalHours / days) + " hours/day)");

123 Kim 12.5 8.1 7.6 3.2
456 Eric 4.0 11.6 6.5 2.7 12°




Clicker 1

» What happens when the solution on the

previous slide is run given a file with this data?
123 Kim 12.5 8.1 7.6 3.2

4506 Eric 4.0 11.6 6.5 2.7 12
789 Stef 8.0 8.0 8.0 8.0 7.5

A. prints out correct answer
B. no output due to syntax error

C. some output then an InputMismatchException

D. some output then a NoSuchElementException
E. More than one of A - D is correct



Flawed output

Kim (ID#123) worked 487.4 hours (97.48 hours/day)
Exception 1n thread "main"
Java.util.InputMismatchException
at java.util.Scanner.throwFor (Scanner.java:840)
at java.utilil.Scanner.next (Scanner.java:1461)
at java.utilil.Scanner.nextInt (Scanner.java:2091)
at HoursWorked.main (HoursBad.java:9)

— The inner while loop is grabbing the next person's ID.

— We want to process the tokens, but we also care about
the line breaks (they mark the end of a person's data).

> A better solution is a hybrid approach:
— First, break the overall input into lines.

— Then break each line into tokens.



Line-based Scanner methods

Method Description

nextLine () returns next entire line of input (from cursor to \n)

hasNextLine () | returns true if there are any more lines of input
to read (always true for console input)

Scanner 1input
= new Scanner (new File ("<filename>")) ;
while (input.hasNextLine()) {
String line = input.nextLine();
<process this line>;




Consuming lines of input

23 3.14 John Smith "Hello" world
45.2 19

» The Scanner reads the lines as follows:
23\t3.14 John Smith\t"Hello" world\n\t\t45.2 19\n

A

— String line = 1nput.nextlLine /()
23\t3.14 John Smith\t"Hello" world\n\t\t45.2 19\n

A

— String line2 = input.nextLine()
23\t3.14 John Smith\t"Hello" world\n\t\t45.2 19\n

— Each \n character is consumed but not returned.



Scanners on Strings

» A Scanner can tokenize the contents of a String:

Scanner <name> = new Scanner (<String>) ;

— Example:
String text = "15 3.2 hello 9 27.5";
Scanner scan = new Scanner (text);
int num = scan.nextInt();
System.out.println (num) ; // 15
double numZ = scan.nextDouble () ;
System.out.println (num?2) ; // 3.2
String word = scan.next();

System.out.println (word) ; // "hello"
8



Mixing lines and tokens

Input file input. txt: Output to console:
The quick brown fox jumps over Line has 6 words
the lazy dog. Line has 3 words
// Counts the words on each line of a file
Scanner input = new Scanner (new File("input.txt"));
while (input.hasNextLine()) {
String line = input.nextLine();

Scanner lineScan = new Scanner (line);

// process the contents of this line
int count = 0;
while (lineScan.hasNext()) {
String word = lineScan.next() ;
count++;

}

System.out.println("Line has " + count + " words");



Hours question

— Fix the Hours program to read the input file properly:

123 Kim 12.5 8.1 7.6 3.2
4506 Eric 4.0 11.6 6.5 2.7 12
789 Stef 8.0 8.0 8.0 8.0 7.5

— Recall, it should produce the following output:

Kim (ID#123) worked 31.4 hours (7.85 hours/day)
Eric (ID#456) worked 36.8 hours (7.36 hours/day)
Stef (ID#789) worked 39.5 hours (7.9 hours/day)

10



Hours answer, corrected

// Processes an employee input file and outputs each employee's hours.
import Jjava.io.*; // for File
import java.util.*; // for Scanner

public class Hours {
public static void main(String[] args) throws FileNotFoundException ({
Scanner input = new Scanner (new File ("hours.txt"));
while (input.hasNextLine()) {
String line = input.nextLine();
processEmployee (1ine) ;

}

public static void processEmployee (String line) {

Scanner lineScan = new Scanner (line);
int i1d = lineScan.nextInt(); // e.g. 456
String name = lineScan.next(); // e.g. "Eric"
double sum = 0.0;
int count = 0;
while (lineScan.hasNextDouble ()) {

sum = sum + lineScan.nextDouble();

count++;

}

double average = sum / count;
System.out.println (name + " (ID#" + id + ") worked " +
sum + " hours (" + average + " hours/day)");

11



File output

reading: 6.4 - 6.5

12



Output to files

» PrintStream: An object in the java.io
package that lets you print output to a
destination such as a file.

— Any methods you have used on System.out
(such as print, println) will work on a

PrintStreamn.
> Syntax:

PrintStream <name>
= new PrintStream(new File ("<filename>")) ;

Example:
PrintStream output

= new PrintStream(new File("out.txt"));
output.println ("Hello, file!"); 13
output.println("This i1s a second line of output.");



Detalls about PrintStream

PrintStream <name>
= new PrintStream(new File ("<filename>")) ;

— If the given file does not exist, it Iis created.

— If the given file already exists, it iIs overwritten.

— The output you print appears in a file, not on the console.
You have to open the file with an editor to see |it.

— Do not open the same file for both reading

(Scanner)
and writing (PrintStream) at the same time.

* You will overwrite your input file with an empty file (0
bytes). 14




System.out and PrintStream

» The console output object, System.out, is a

PrintStreamn.
PrintStream outl = System.out;
PrintStream out?2 = new PrintStream(new File ("data.txt"));
outl.println("Hello, console!"); // goes to console
out2.println ("Hello, file!"); // goes to file
— A reference to it can be stored ina PrintStream
variable.
 Printing to that variable causes console output to
appear.
—You can pass System.out to a method as a
PrintStream.

« Allows a method to send output to the console or a fife.



PrintStream question

» Modify our previous Hours program to use a
PrintStream to send its output to the file
hours out.txt.

> The program will produce no console output.
» the file hours out.txt will be created with the text:

Kim (ID#123) worked 31.4 hours (7.85 hours/day)
Eric (ID#456) worked 36.8 hours (7.36 hours/day)
Stef (ID#789) worked 39.5 hours (7.9 hours/day)

16



PrintStream answer

// Processes an employee input file and outputs each employee's hours.
import Jjava.io.*; // for File
import java.util.*; // for Scanner

public class Hours2 {
public static void main(String[] args) throws FileNotFoundException ({
Scanner input = new Scanner (new File ("hours.txt"));
PrintStream out = new PrintStream(new File("hours out.txt"));
while (input.hasNextLine()) {
String line = input.nextLine() ;
processEmployee (out, line);

}

public static void processEmployee (PrintStream out, String line) {
Scanner lineScan = new Scanner (line);
int i1d = lineScan.nextInt(); // e.g. 456
String name = lineScan.next(); // e.g. "Eric"
double sum = 0.0;
int count = 0;
while (lineScan.hasNextDouble ()) {
sum = sum + lineScan.nextDouble();
count++;

}

double average = sum / count;
out.println (name + " (ID#" + id + ") worked " +
sum + " hours (" + average + " hours/day)");

17



Prompting for a file name

» We can ask the user to tell us the file to read.

— The filename might have spaces; use
nextLine (), NOt next ()

// prompt for input file name

Scanner console = new Scanner (System.in);
System.out.print ("Type a file name to use: ");
String filename = console.nextLine() ;

Scanner input = new Scanner (new File (filename));

» Files have an exists method to test for file-not-found:

File file = new File("hours.txt");

if ('file.exists()) {
// try a second input file as a backup
System.out.print ("hours file not found!");
file = new File ("hours2.txt");



Topic 20
More File Processing

"We can only see a short distance ahead, but
we can see plenty there that needs
to be done."

- Alan Turing

Copyright Pearson Education, 2010
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Recall: Line-based methods

Method Description

nextLine () returns the next entire line of input

hasNextLine () | returns true if there are any more lines of input
to read (always true for console input)

» nextLine consumes from the input cursor to the
next \n .

Scanner 1input
= new Scanner (new File ("<filename>")) ;
while (input.hasNextLine()) {
String line = input.nextLine();
<process this line>;




Recall: Tokenizing lines

> A String Scanner can tokenize each line of a file.

Scanner 1input

= new Scanner (new File ("<filename>")) ;
while (input.hasNextLine()) {
String line = input.nextlLine()

Scanner lineScan = new Scanner (line);

<process the contents of this line>;



Clicker 1

» What is output by the following code if the

Input file contains  [{5 54
Christmas Eve

public static void print (Scanner sc) {

moo >~

int total = sc.nextInt();
total += sc.nextInt () :;

System.out.println(total + " " +
sc.nextLine()) ;
12 24\nChristmas Eve
36 B. 36 Christmas Eve

24 Christmas Eve

no output due to syntax error
no output due to runtime error



Hours v2 question

» Modify the Hours program to search for a
person by ID:

— Example:
Enter an ID: 456
Eric worked 36.8 hours (7.36 hours/day)

— Example:

Enter an ID: 293
ID #293 not found



Hours vZ2 answer 1

// This program searches an input file of employees' hours worked
// for a particular employee and outputs that employee's hours data.

import Jjava.io.*; // for File
import java.util.*; // for Scanner

public class HoursWorked {

public static void main(String[] args) throws FileNotFoundException {
Scanner console = new Scanner (System.in);
System.out.print ("Enter an ID: ");
int searchId = console.nextInt(); // e.g. 456
Scanner input = new Scanner (new File ("hours.txt"));
String line = findPerson (input, searchId);

if (line.length() > 0) {
processLine (line) ;
} else {

System.out.println("ID #" + searchId + " was not found");



Hours vZ2 answer 2

// Locates and returns the line of data about a particular person.
public static String findPerson (Scanner input, 1int searchId) {

while (input.hasNextLine()) {
String line = 1nput.nextlLine();
Scanner lineScan = new Scanner (line);
int id = lineScan.nextInt(); // e.g. 456
if (id == searchId) {
return line; // we found them!
}
}
return ""; // not found, so return an empty String

}

// Totals the hours worked by the person and outputs their info.
public static void processLine(String line) {

Scanner lineScan = new Scanner (line);
int id = lineScan.nextInt(); // e.g. 456
String name = lineScan.next(); // e.g. "Brad"

double hours = 0.0;
int days = 0;

while (lineScan.hasNextDouble()) {
hours += lineScan.nextDouble () ;
days++;

}

System.out.println(name + " worked " + hours + " hours ("
+ (hours / days) + " hours/day)"); !



IMDb movies problem

» Consider the following Internet Movie
Database (IMDb) data:

9.1 490,400 The Shawshank Redemption (1994)
9.1 392,937 The Godfather (1972)
9.0 232,741 The Godfather: Part II (1974)

w N =

> Write a program that displays any movies
containing a phrase:

Search word? part

Rank Votes Rating Title

3 232741 9.0 The Godfather: Part II (1974)
50 249709 8.4 The Departed (2006)

98 34736 8.3 The Apartment (1960)

241 48525 7.9 Spartacus (1960)

4 matches.



Recall "Chaining"

» main should be a concise summary of your program.

— It is generally poor style if each method calls the next without
ever returning (chaining):

main

\

methodA

\

methodB ~

methodC ~ et hodD

> A better structure has main make most of the calls.
— Methods must return values to main to be passed on later.

main

N

T~

methodA

methodR

methodD

methodC




Bad IMDb "chained" code 1

// Displays IMDB's Top 250 movies that match a search string.
import java.io.*; // for File
import Jjava.util.*; // for Scanner

public class Movies {
public static void main (String[] args)
throws FileNotFoundException {
getWord () ;

}

// Asks the user for their search word and returns it.
public static void getWord() throws FileNotFoundException {
System.out.print ("Search word: ");
Scanner console = new Scanner (System.in);
String searchWord = console.next ()
searchWord = searchWord.toLowerCase() ;
System.out.println();

Scanner 1input = new Scanner (new File("imdb.txt"));
search (input, searchWord) ;

10



Bad IMDb "chained" code 2

// Breaks apart each line, looking for lines that match the search word.
public static String search (Scanner input, String searchWord) {

int matches = 0;
while (input.hasNextLine()) {
String line = 1nput.nextlLine();
String lineLC = line.toLowerCase () ; // case-insensitive match

i1f (linelLC.indexOf (searchWord) >= 0) {
matches++;
System.out.println ("Rank\tVotes\tRating\tTitle");
display(line) ;

}

System.out.println (matches + " matches.");

}

// Displays the line in the proper format on the screen.
public static void display(String line) {

Scanner lineScan = new Scanner (line);
int rank = lineScan.nextInt();
double rating = lineScan.nextDouble ()
int votes = lineScan.nextInt();
String title = "";
while (lineScan.hasNext ()) {
title 4= lineScan.next() + " "; // the rest of the line

}
System.out.println (rank + "\t" + votes + "\t" + rating + "\t" +]H}tle)



Better IMDb answer 1

// Displays IMDB's Top 250 movies that match a search string.
import java.io.*; // for File
import Jjava.util.*; // for Scanner

public class Movies {
public static void main(String[] args)
throws FileNotFoundException ({
String searchWord = getWord() ;

Scanner input = new Scanner (new File("imdb.txt")):;
String line = search (input, searchWord) ;
int matches = 0;

1f (line.length () > 0) {
System.out.println ("Rank\tVotes\tRating\tTitle");
while (line.length() > 0) {
matches++;
display (line) ;
line = search(input, searchWord) ;

}

System.out.println (matches + " matches.");



Better IMDb answer 2

// Asks the user for their search word and returns it.
public static String getWord () {

System.out.print ("Search word: ");

Scanner console = new Scanner (System.1in);

String searchWord = console.next ()

searchWord = searchWord.toLowerCase () ;

System.out.println () ;

return searchWord;

}

// Breaks apart each line, looking
// for lines that match the search word.
public static String search(Scanner input, String searchWor

while (i1nput.hasNextLine()) {
String line = input.nextLine();
// case-insensitive match
String linelLC = line.toLowerCase()

if (linelC.indexOf (searchWord) >= 0) {
return line;
}

} 13
return ""; // not found



Better IMDb answer 3

// Displays the line in the proper format on the screen.
public static void display(String line) {
Scanner lineScan = new Scanner (line);
int rank = lineScan.nextInt (),
double rating = lineScan.nextDouble () ;
int votes = lineScan.nextInt ()
String title = "";
while (lineScan.hasNext ()) {
// the rest of the line
title += lineScan.next () + " ";

}
System.out.println (rank + "\t" + votes

+ "\t" 4+ rating + "\t" + title);

14



Mixing tokens and lines

» Using nextLine in conjunction with the token-
based methods on the same Scanner can cause
unexpected results.

23 3.14
Joe "Hello world"
45,2 19

> You'd think you could read 23 and 3.14 with nextInt and
nextDouble, then read Joe "Hello world" with
nextlLine.

System.out.println (input.nextInt ()) ; // 23
System.out.println (input.nextDouble ()) ; // 3.14
System.out.println (input.nextLine ()) ; //

— But the nextLine call produces no output! Why? 19



Mixing lines and tokens

> Avoid reading both tokens and lines from the
Same Scanner:

23 3.14
Joe "Hello world"
45.2 19
input.nextInt () // 23

23\t3.14\nJdoe\t"Hello world"\n\t\t45.2 19\n
A

input.nextDouble () // 3.14
23\t3.14\nJoe\t"Hello world"\n\t\t45.2 19\n
A

input.nextLine () // "" (empty!)
23\t3.14\nJdoe\t"Hello world"\n\t\t45.2 19\n
A

input.nextLine () // "Joe\t\"Hello world\""
23\t3.14\nJoe\t"Hello world"\n\t\t45.2 19\n
A

16



Line-and-token example

Scanner console = new Scanner (System.in);
System.out.print ("Enter your age: ");
int age = console.nextInt();

System.out.print ("Now enter your name: ");
String name = console.nextLine();
System.out.println(name + " 1s " + age + " years old.");

Log of execution (user input underlined):

Enter your age: 12
Now enter your name: Sideshow Bob
is 12 years old.

> Why?
— Overall input: 12\nSideshow Bob
— After nextInt () :12\nSideshow Bob
A

— After nextlL.ine () :12\nSideshow Bob -
A



Topic 21
arrays - part 1

"Should array indices start at 0 or 1? My compromise of 0.5
was rejected without, | thought, proper consideration. "

- Stan Kelly-Bootle

Copyright Pearson Education, 2010
Based on slides by Marty Stepp and Stuart Reges
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Can we solve this problem?

» Consider the following program (input

underlined):
How many days' temperatures? 7

Day 1's
Day 2's
Day 3's
Day 4's
Day 5's
Day 6's
Day /'s
Average

4 days were above average.

high
high
high
high
high
high
high
temp

temp:
temp:
temp:
temp:
temp:
temp:
temp:

45
44
39
48
37
46
53

— 44.6

s



Why the problem is hard

» We need each input value twice:
— to compute the average (a cumulative sum)
— to count how many were above average

» We could read each value into a variable...
but we:

— don't know how many days are needed until the
program runs

— don't know how many variables to declare

» We need a way to declare many variables

INn one step.
3



Arrays

> array: object that stores many values of the
same type.

— element: One value in an array.

—Iindex: A O-based integer to access an element
from an array.

index 0 1 2 3 4 5 6 7 8 9

value| 12149 |-21|26| 5 |17]|-6 (84|72 3

T T T

element 0 element 4 element 9




Array declaration

<type>[] <name> = new <type>[<length>];

— Example:
int[] numbers = new 1nt[10];

index 0 1 2 3 4 5 6 /7 8 9

value| 0| 0| 0| 0|0|0|]0]0]0]O0




Array declaration, cont.

» The length can be any non-negative integer
expression.
int x =2 * 3 + 1;
int[] data = new 1int[x % 5 + 2];

» Each element initially gets a "zero-equivalent"
value.

Type Default value
int 0
double 0.0
boolean false
String null
or other object | (means, "no object")




Accessing elements

<name> [<index>] // access
<name>[<index>] = <value>; // modify

— Example:
numbers[0] = 27;
numbers[3] = -6;

System.out.println (numbers[0]) ;
1f (numbers[3] < 0) {

System.out.println("Element 3 1s negative.");

}
index 0 1 2 3 4 5 6 7 8 9

value|27| 0 | 0 |-6/ 0| 0| 0|00 ]|O0




Arrays of other types

double|[] results = new double[5];
results[2] = 3.4;
results[4] = -0.5;

index O 1 2 3 4
value | 0.0/10.0/3.4|0.0|-0.5

boolean|[] tests = new boolean|[6];
tests[3] = true;

index O 1 2 3 4 5
value | false | false | false | true | false | false




ArrayIndexOutOfBoundsException.

Out-of-bounds

> Legal indexes: between 0 and the array's length - 1.
— Reading or writing any index outside this range will throw an

> Example:

int[] data = new 1int[10];

System.out.println (data[0]); // okay

System.out.println (data[9]); // okay

System.out.println(data[-1]); // exception

System.out.println(data[10]) ; // exception
index 0 1 2 3 4 5 6 /7 8 9
value| 0 | O O O] O|O0O|O0O|]O0O|O0O]O




Accessing array elements

int[] numbers = new 1nt[8];

numbers[l] = 3;

numbers[4] = 99;

numbers[6] = 2;

int X = numbers|[1l];

numbers([x] = 42;

numbers [numbers[6]] = 11; // use numbers[6] as index
X 3

index 0 1 2 3 4 5 6 7
numbers value| 0 | 3 (1142|199 0 | 2 | O

10



Clicker 1

» What is output by the following code?

String[] names = new String[5];
names (1] = "Olivia";
names|[3] = "Isabelle";

System.out.print (names[0].length())

A. no output due to null pointer exception

B. no output due to array index out of bounds
exception

C. no output due to a compile error (code can't run)
D. O
E. 6 11



Arrays and for loops

> It is common to use for loops to access array elements.

for (int 1 = 0; 1 < 8; 1++) {
System.out.print (numbers[1] + " ");

}
System.out.println(); // output: 0 3 11 42 99 0 2 0

> Sometimes we assign each element a value in a loop.

for (int 1 = 0; 1 < 8; 1i++) {
1]

numbers | = 2 * 1y

index 0 1 2 3 4 5 6 7

value| 0 | 2 | 4|6 | 8 |10(12|14

12



The 1length field

» An array's length field stores its number of elements.

<name>. length

for (int 1 = 0; 1 < numbers.length; i1++) {
System.out.print (numbersf[i1] + " ");

}
// output: 0 2 4 6 8 10 12 14

— It does not use parentheses like a String's . length ().

» What expressions refer to:
— The last element of any array?
— The middle element? 13



Weather question

» Use an array to solve the weather problem:

How many days' temperatures? 7

Day 1's high temp: 45
Day 2's high temp: 44
Day 3's high temp: 39
Day 4's high temp: 48
Day 5's high temp: 37
Day 6's high temp: 46
Day 7's high temp: 53
Average temp = 44.6

4 days were above

average.



Weather answer

// Reads temperatures from the user, computes average and # days above average.
import java.util.*;

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

Scanner console = new Scanner (System.in);

System.out.print ("How many days' temperatures? ");

int days = console.nextInt();

int[] temps = new int[days]; // array to store days' temperatures

int sum = 0;

for (int 1 = 0; 1 < days; 1i++) { // read/store each day's temperature
System.out.print("Day " + (i + 1) + "'s high temp: ");
temps[i] = console.nextInt()

sum += temps[i];
}

double average = (double) sum / days;

int count = 0; // see if each day is above average
for (int 1 = 0; i < days; 1i++) {
1if (temps[i] > average) {
count++;
}
}

// report results
System.out.printf ("Average temp = %$.1f\n", average);
System.out.println (count + " days above average");



Quick array Initialization
<type>[] <name> = {<value>, <value>, ... <value>};

— Example:

int[] numbers = {12, 49, -2, 26, 5, 17, -06};

index 0 1 2 3 4 5 6

value| 12149 |-2 26| 5 |17 -6

— Useful when you know what the array's elements
will be

— The compiler determines the length by counting the
values
16



"Array mystery" problem

> traversal: An examination of each element of an array.

> What element values are stored in the following array?

int[] a = {1, 7, 5, 6, 4, 14, 11};
for (int 1 = 0; 1 < a.length - 1; 1i++) {
if (al1] > afl1 + 1]1) A
alr + 1] = a1 + 1] * 2;

index 0 1 2 3 4 5 6
value| 1 | 7 |10|12| 8 | 14|22

17



Limitations of arrays

> You cannot resize an existing array:

int[] a = new 1ntl[4];
a.length = 10; // error

* You cannot compare arrays with == or equals:

int[] al = {42, -7, 1, 15};
int[] a2 = {42, -7, 1, 15}%};
if (al == a2) { ... } // false!
if (a1 equals(a2)) { ... } // false!

> An array does not know how to print itself:

int[] al = {42, -7, 1, 15};
System.out.println (al); // [IQR98£f8c4]
18



The Arrays class

» Class Arrays in package java.util has useful
static methods for manipulating arrays:

Method name

Description

binarySearch (<array>, <value>)

returns the index of the given value in a
sorted array (or < 0 if not found)

copyOf (<array>, <length>)

returns a new copy of an array

equals (<arrayl>, <array2>)

returns true if the two arrays contain same
elements in the same order

fill (<array>, <value>)

sets every element to the given value

sort (<array>)

arranges the elements into sorted order

toString (<array>)

returns a string representing the array, such
as "[10, 30, -25, 171"

> Syntax:

Arrays.<methodName> (<parameters>)

19




Arrays.toString

» Arrays.toString accepts an array as a
parameter and returns a String

representation of its elements.
int[] e = {0, 2, 4, 6, 8};
el[l] = e[3] + e[4];
System.out.println("e is " + Arrays.toString(e));

Output:
e 1s [0, 14, 4, o, 8]

— Must import java.util.Arrays;
20



Weather guestion 2

> Modify the weather program to print the
following output:

How many days' temperatures? 7
Day 1's high temp: 45

Day 2's high temp: 44
Day 3's high temp: 39
Day 4's high temp: 48
Day 5's high temp: 37
Day 6's high temp: 46
Day 7's high temp: 53

Average temp = 44.6
4 days were above average.

Temperatures: [45, 44, 39, 48, 37, 46, 53]
Two coldest days: 37, 39
Two hottest days: 53, 48



Weather answer 2

// Reads temperatures from the user, computes average and # days above average.
import java.util.*;

public class Weather2 {
public static void main (String[] args) {

int[] temps = new int[days]; // array to store days' temperatures
(same as Weather program)

// report results
System.out.printf ("Average temp = %.1f\n", average);
System.out.println (count + " days above average");

System.out.println ("Temperatures: " + Arrays.toString(temps))
Arrays.sort (temps) ;

System.out.println ("Two coldest days: " + temps[0] + ", " + temps[l]);
System.out.println ("Two hottest days: " + temps[temps.length - 1] +

", " + temps[temps.length - 2]);

22



Topic 22
arrays - part 2
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Swapping values

public static void main(String[] args) {
int a = 7;
int b = 35;
// swap a with b?
a =b;
b = a;
System.out.println(a + " " + b);

}
— What is wrong with this code? What is its output?

» The red code should be replaced with:
int temp = a;
a =>b;

b = temp;



Array reversal question

» Write code that reverses the elements of an
array.

— For example, if the array initially stores:
(11, 42, -5, 27, 0, 89]

— Then after your reversal code, it should store:
(89, 0, 27, -5, 42, 11]

* The code should work for an array of any size.

 Hint: think about swapping various elements...



Algorithm idea

» Swap pairs of elements from the edges;
work inwards:

index O 1 2 3 4 5
value | 89 | 0 | 27| -5142 | 11
t +t +t 1+t 1t 1



Flawed algorithm

> What's wrong with this code?

int[] numbers = [11, 42, -5, 27, 0, 89];

// reverse the array

for (int 1 = 0; 1 < numbers.length; 1++) {
int temp = numbers[i];
numbers[i] = numbers[numbers.length - 1 - 1i];
numbers [numbers.length - 1 - 1] = temp;

> The loop goes too far and un-reverses the array! Fixed version:
for (int i = 0; 1 < numbers.length / 2; i++) {
]

int temp numbers[i];
numbers[i] = numbers[numbers.length - 1 - 1i];
numbers [numbers.length - 1 - 1] = temp;



Array reverse question 2

» Turn your array reversal code into a reverse
method.
— Accept the array of integers to reverse as a parameter.

int[] numbers = {11, 42, -5, 27, 0, 89};
reverse (numbers) ;

— How do we write methods that accept arrays as
parameters?

— Will we need to return the new array contents after
reversal?



Array parameter (declare)

public static <type> <method> (<type>[] <name>) {

> Example:

// Returns the average of the given array of numbers.
public static double average (int[] numbers) ({
int sum = 0;
for (int 1 = 0; 1 < numbers.length; 1++) {
sum += numbers[i];

}

return (double) sum / numbers.length;

— You don't specify the array's length (but you can examine it).



Array parameter (call)

<methodName> (<arrayName>) ;

> Example:

public class MyProgram ({
public static void main (String[] args) {
// figure out the average TA IQ
int[] ig = {126, 84, 149, 167, 95};
double avg = average(iq)
System.out.println ("Average IQ = " + avgqg);

— Notice that you don't write the [] when passing the array.



Array return (declare)

public static <type>[] <method> (<parameters>) {

> Example:

// Returns a new array with two copies of each value.

// Example: [1, 4, O, 7] -> [1, 1, 4, 4, 0, O,
public static int[] stutter (int[] numbers) {

int[] result = new 1int[2 * numbers.length];

for (int i1 = 0; 1 < numbers.length; i++) {
result[2 * 1] = numbers[i];
result[2 * 1 + 1] = numbers[i];

}

return result;

7, 7]



Array return (call)

<type>[] <name> = <method> (<parameters>) ;

» Example:

public class MyProgram {
public static void main(String[] args) {
int[] ig = {126, 84, 149, 167, 95};
int[] stuttered = stutter(iq);

System.out.println (Arrays.toString(stuttered))

> OQutput:
(126, 126, 84, 84, 149, 149, 167, 167, 95, 95]
10



Reference semantics

reading: 7.3

11

11



Clicker 1

» What is output by the following code?

int[] data = {1, 5, 3};
foo(data) ;
System.out.print (Arrays.toString(data));

public static void foo(int[] d) {

int temp = d[0];

d[0] = d[d.length - 1];

d[d.length - 1] = temp;

System.out.print (Arrays.toString(d) + " ");
}
A.[3,5, 1] [1, 5, 3] B.[3,5, 1] [3, 5, 1]
C.[1,5, 3][1, 5, 3] D. [5, 3, 1] [1, 5, 3]
E. Something else 12



clicker 2
» What is output by the following code?

int[] data = {1, 5, 3};
bar (data) ;
System.out.print (Arrays.toString(data));

public static void bar(int[] d) {

d[0]++;

d = new int[] {4, ©6};

System.out.print (Arrays.toString(d) + " ");
}
A.[4, 6][2, 5, 3] B. [4, 6] [ 4, 6]
C.[1,5, 3] [1, 5, 3] D.[2, 5, 3] [2, 5, 3]

E. Something else 13



A swap method?

» Does the following swap method work? Why or
why not?

public static void main(String[] args) {
int a = 7;
int b = 35;

// swap a with b?
swap(a, b);

System.out.println(a + " " + b);

}

public static void swap(int a, int b) {
int temp = a;
a =b;

b = temp;
} 14



Value semantics

» value semantics: Behavior where values
are copied when assigned, passed as
parameters, or returned.

— All primitive types in Java use value semantics.

— When one variable is assigned to another, its
value is copied.

— Modifying the value of one variable does not
affect others.

int x = 5;

int y = x; // x =5, y=5

vy = 17; // x =5,y =17

X = 8; // x =8, yv =17 15



Reference semantics (objects)

» reference semantics: Behavior where variables
actually store the address of an object in memory.

— When one variable is assigned to another, the object is
not copied; both variables refer to the same object.

— Modifying the value of one variable will affect others.

int[] al = {4, 15, 8};
int[] a2 = al; // refer to same array as al
a2[0] = 7;

System.out.println (arrays.tostring@ly); // [7, 15, 8]

index 0 1 2
alQ > value| 7 | 15| 8 ) OaZ

16



References and objects

» Arrays and objects use reference semantics. Why?
— efficiency. Copying large objects slows down a program.
— sharing. It's useful to share an object's data among

methods.
DrawingPanel panell = new DrawingPanel (80, 50);
DrawingPanel panel2 = panell; // same window

panel2.setBackground (Color.CYAN) ;

panel O— (290 &
1

panel O—
2

17



Objects as parameters

> When an object is passed as a parameter, the object is not
copied. The parameter refers to the same object.
— If the parameter is modified, it will affect the original object.

public static void main (String[] args) {
DrawingPanel window = new DrawingPanel (80, 50);
window. setBackground (Color.YELLOW) ;
example (window) ;

} window

public static void example (DrawingPanel panel) {
panel.setBackground (Color.CYAN) ;

panel O ’

® 6 O CE..

18



Copy of a reference

> Array variables are references

> A parameter is a copy of the same reference the argument stores.

» Changes made in the method to the elements are also seen by the
caller.

public static void main (String[] args) {
int[] i1ig = {126, 167, 95}; i
increase (iq) ; q
System.out.println (Arrays.toString (iq))

}

public static void increase (int[] a) {
for (int 1 = 0; 1 < a.length; i++) {
ali] = al[i] * 2;
}

}
— Output:

index 0 1 2

(252, 334, 190] a()— value |252 334190

19



Array reverse question 2

> Turn your array reversal code into a reverse method.
— Accept the array of integers to reverse as a parameter.

int[] numbers = {11, 42, -5, 27, 0, 89};
reverse (numbers) ;

> Solution:
public static void reverse(int[] numbers) {
for (int 1 = 0; i < numbers.length / 2; i++) {
int temp = numbers([i];
numbers|[i1] = numbers[numbers.length - 1 - 1i];
numbers [numbers.length - 1 - 1] = temp;

20



Array parameter questions

» Write a method swap that accepts an array of

Integers and two indexes and swaps the elements at
those indexes.

int[] al = {12, 34, 56};
swap(al, 1, 2);
System.out.println (Arrays.toString(al)); // [12, 56, 34]

> Write a method swapAl1l that accepts two arrays of

Integers as parameters and swaps their entire
contents.

— Assume that the two arrays are the same length.

int[] al {12, 34, 56};

int[] aZz {20, 50, 80};

swapAll (al, a2);

System.out.println (Arrays.toString(al)); // [20, 50, 80]
System.out.println (Arrays.toString(a2)); // [12, 34, 246]



Array parameter answers

// Swaps the values at the given two indexes.
public static void swap(int[] a, int 1, 1int j) {
int temp = afl1i];
ali] = aljl;
alj] = temp;
}

// Swaps the entire contents of al with those of a2.
public static void swapAll (int[] al, int[] a2) {
for (int 1 = 0; 1 < al.length; 1++) {

int temp = alf1i];
all[i] = a2[i];
az2li] = temp;

22



Array return question

> Write a method merge that accepts two arrays of integers and
returns a new array containing all elements of the first array
followed by all elements of the second.

{12, 34, 506};
{7, 8, 9, 10},

int[] al
int[] a2

int[] a3 = merge(al, a2);
System.out.println (Arrays.toString(a3));
// [12, 34, 56, 7, 8, 9, 10]

> Write a method merge3 that merges 3 arrays

similarly.
int[] al = {12, 34, 56};
int[] a2 = {7, 8, 9, 10};
int[] a3 = {444, 222, -1};

int[] a4 = merge3(al, a2, a3);
System.out.println (Arrays.toString(ad));

// [12, 34, 56, 7, 8, 9, 10, 444, 222, -1] 23



Array return answer 1

// Returns a new array containing all elements of al
// followed by all elements of a2.

public static i1nt[] merge(int[] al, int[] a2) {

int[] result = new int[al.length + a2.length];

for (int 1 = 0; 1 < al.length; 1++) |
result[i] = alli];

}

for (int 1 = 0; 1 < a2.length; 1i++) {
result[al.length + 1] = a2[1];

}

return result;

24



Array return answer 2

// Returns a new array containing all elements of
al,a2,as3.

public static int[] merge3(int[] al, int[] a2, int[] a3) {
int[] a4 = new intlal.length + a2.length + a3.length];

for (int 1 = 0; 1 < al.length; 1++) {
ad4[i] = al[i];

}

for (int 1 = 0; 1 < aZ.length; 1++) {
adlal.length + 1] = a2[1];

}

for (int 1 = 0; 1 < a3.length; i++) {
a4lal.length + a2.length + i] = a3[i];

}

return a4;

}

// Shorter version that calls merge.
public static int[] merge3 (int[] al, int[] a2, int[] a3) {
return merge (merge (al, a2), a3);

}
25



Topic 23
arrays - part 3 (tallying, text
processing)

"42 million of anything is a lot."

-Doug Burger, circa 2003
(commenting on the number of transistors in
the Pentium IV processor)

As of 2020 processors for J‘
personal computers have, on
the order of, billions -

of transistors.




» What is output when method clicker2 is called?

public static void clicker2() {
int[] wvalues = {1, 2};
arrayManip (values) ;
System.out.print (Arrays.toString(values)) ;

public static void arrayManip (int[] wvalues) {
values[l] += 2;
values[0] -= 2;
System.out.print (Arrays.toString(values)) ;
values = new int[3];

System.out.print (Arrays.toString(values)) ;

P}x. 1, 2110, 0O, O][1, 2]

B. [1, 2][1, 2][1, 2]

c. -1, 4110, 0, 0110, O, O]

bD. [-1, 4]1[0, O, O]I[1, 2] ,
E. -1, 4170, O, O1[-1, 4]




A multi-counter problem

» Problem: Write a method mostFrequentDigit

that returns the digit that occurs most frequently in
a number.

— Example: The number 669260267 contains:
one 0, two 2s, four 6es, one 7, and one 9.

mostFrequentDigit (669260267) returns 6.

— If there is a tie, return the digit with the lower value.
mostFrequentDigit (57135203) returns 3.



A multi-counter problem

» We could declare 10 counter variables ...

int counter0, counterl, counter?2, counter3, counterd,

counter5, counter6, counter’/, counter8, counter9;

» But a better solution is to use an array of size 10.
— The element at index 1 will store the counter for digit

value I.

— Example for 669260267
index 0 1 2 3 4 5 6 7 8 9
value| 1 |0 |2|0]0|0|4|1|0]0

— How do we build such an array? And how does

it help?




Creating an array of tallies

// assume n = 669260267
int[] counts = new int[10];
while (n > 0) {
// pluck off a digit and add to proper counter
int digit = n % 10;
counts|[digit] ++;
n =n/ 10;

J
index 0 1 2 3 4 5 6 7 8 9

value| 1 | 0| 2|0, 004|100




Tally solution

// Returns the digit value that occurs most frequently in n.
// Breaks ties by choosing the smaller value.
public static int mostFrequentDigit (int n) {
int[] counts = new int[10];
while (n > 0) {
int digit = n % 10;
counts[digit]++;
n=mn/ 10;

// pluck off a digit and tally it

}
// find the most frequently occurring digit

int bestIndex = 0;
for (int 1 = 1; 1i counts.length; 1i++) {

<
1f (counts[i] > counts[bestIndex]) {
bestIndex = 1i;
}
}

return bestIndex;



Tally Problem

> Write a method to pick random numbers
from O to 99.

» A parameters specifies the number of
random numbers to pick

» The method returns the difference between
the number of times the most and least
picked number

> Clicker 2: With 1,000,000 numbers what do
you expect the difference to be?

A. 0 B.1-10 C.11-100
D.101-1000 E.> 1000 7



Array histogram question

» Given a file of integer exam scores, such as:

82
60
79
63
83

Write a program that will print a histogram of stars
iIndicating the number of students who earned each
unique exam score.

85 . * Xk Kk %k

86. LR IR A A i b i b i i i

87: **x
88: *

91: * Kk k%



Array histogram answer

// Reads a file of test scores and shows a histogram of the score distribution.
import java.io.*;
import java.util.*;

public class Histogram {

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

Scanner input = new Scanner (new File ("midterm.txt"));
int[] counts = new int[101]; // counters of test scores 0 - 100
while (input.hasNextInt()) { // read file into counts array

int score = input.nextInt();

counts[score] ++; // if score is 87, then counts[87]++
}
for (int i = 0; 1 < counts.length; i++) { // print star histogram

if (counts[i] > 0) {
System.out.print(i + ": ");
for (int j = 0; Jj < counts[i]; j++) {
System.out.print ("*");
}
System.out.println();



Text processing

reading: 4.3

10



Type char

> char : A primitive type representing single characters.

— A String is stored internally as an array of char

String s = "Alil G."; ]
J index 0 1 2 3 4

Va/ue 'A' 'l' 'i' 1 1 'G'

— Itis legal to have variables, parameters, returns of type char
» surrounded with apostrophes: 'a' or '4' or '\n' or '"\''

char letter = 'T';
System.out.println(letter); // T
System.out.println(letter + "exas!"); // Texas!



The charAt method

> The charsin a String can be accessed using the charAt method.
— accepts an int index parameter and returns the char at that index

String food = "cookie";
char firstLetter = food.charAt(0); // 'c'

System.out.println(firstLetter + " 1is for " + food);

> You can use a for loop to print or examine each character.

String major = "CS!";

for (int 1 = 0; 1 < major.length(); i++) { // output:
char ¢ = major.charAt(i); // C
System.out.println(c); // S

} /]!

12



Comparing char values

» You can compare chars with ==, ! =, and other
operators:

String word = console.next();
char last = word.charAt (word.length() - 1);
1f (last == 's') {
System.out.println (word
+ " 1s plural.");

J

// prints the alphabet
for (char c¢c = 'a'; e <= 'z'; c++) {
System.out.print (c);

13



char VvS. 1nt

» Each char is mapped to an integer value internally
— Called an ASCII value

"A' IS 65 'B' IS 66 ' ' s 32
'a' Is 97 "' IS 98 '*x ' IS 42

— Mixing char and int causes automatic conversion to
int.

'a' + 10 is 107, '"A' 4+ A
IS 130

— To convert an int into the equivalent char, type-cast it.
(char) ('a' + 2) is 'c' o



char VS. String

» "h"isa String, but 'h' isa char (they are

different)

» A String is an object; it contains methods.
String s = "h";
s = s.toUpperCase():; // "H"
int len = s.length{(); // 1

char first = s.charAt (0); // 'H'

» A char is primitive; you can't call methods on it.

char ¢ = 'h';
C c. toUpperCase () ; // ERROR
S s.charAt (0) . toUpperCase() ; // ERROR

— Whatiss + 1? Whatisc + 172
— Whatiss + s? Whatisc + ¢ ?

15



String traversals

» We can write algorithms to traverse strings
to compute information.

» What useful information might the following
string have?

"GDRGRRGDRRGDLGDGRRRGRGRGGDGDDRDDRRDGDGGD™

16



Data takes many forms

// string stores voters' votes

// (R)EPUBLICAN, (D)EMOCRAT, (G)REEN, (L)IBERTARIAN
String votes =
"GDRGRRGDRRGDLGDGRRRGRGRGGDGDDRDDRRDGDGGD",
int[] counts = new int[4]; // R -> 0, D ->1, G -> 2, L -> 3
for (int 1 = 0; 1 < votes.length(); 1++) {
char ¢ = votes.charAt (1) ;
if (¢ == 'R'") {
counts[0]++;
} else if == 'D'") {
counts[1l]++;
} else if (¢ == 'B') {
counts|[2]++;
} else { // c = "M'
counts|[3]++;

/1 N 1~

}
}

System.out.println (Arrays.toString (counts)) ;

Output:

[13, 12, 14, 1] 17



Section attendance guestion

> Read a file of section attendance (see next slide):

yynyyynayayynyyyayanyyyaynayyayyanayyyanyayna
ayyanyyyyayanaayyanayyyananayayaynyayayynynya
yyayaynyyayyanynnyyyayyanayaynannnyyayyayayny

» And produce the following output:

Section
Student
Student

Section
Student
Student

Section
Student
Student

« Students earn 3 points for each section attended up to 20.

1
points:
grades:

2
points:
grades:

3
points:

grades:

(20, 17,
[100.0,

19,
85.0,

lo, 13]

95.0, 80.0, 65.0]

(17, 20, 1leo,
[85.0, 100.0,

le, 10]

80.0, 80.0, 50.0]

(17, 18, 17,
[85.0, 90.0,

20,
85.0,

16]

100.0, 80.0]

18



student

week

section 1
section 2
section 3

Section input file

123451234512345123451234512345123451234512345
1 2 3 A 5 6 7 8 9

YOy yaya yiynylyyayanyyyaynayvyayyanayyyanyayra

ayyanyyyyayanaayyanayyyananayayaynyayayynynya
yyayaynyyayyanynnyyyayyanayaynannnyyayyayayny

— Each line represents a section.

— A line consists of 9 weeks' worth of data.
« Each week has 5 characters because there are 5 students.

— Within each week, each character represents one
student.
« a means the student was absent (+0 points)
« n means they attended but didn't do the problems (+2 points)
« v means they attended and did the problems (+3 poinﬁs(i



Section attendance answer

import java.io.*;
import java.util.*;

public class Sections {
public static void main (String[] args) throws FileNotFoundException {

Scanner input = new Scanner (new File("sections.txt")):;
int section = 1;
while (input.hasNextLine()) {
String line = input.nextLine(); // process one section
int[] points = new int[5];
for (int 1 = 0; 1 < line.length(); i++) {
int student = 1 % 5;
int earned = 0;
if (line.charAt (i) == 'y') { // ¢ == "'y' or 'n'
earned = 3;
} else if (line.charAt(i) == 'n') {
earned = 2;
}
points[student] = Math.min (20, points[student] + earned);
}
double[] grades = new double[5];
for (int 1 = 0; 1 < points.length; i++) {
grades[i] = 100.0 * points[i] / 20.0;
}
System.out.println ("Section " + section);

System.out.println ("Student grades: " + Arrays.toString(grades));
System.out.println();
section++;

(

System.out.println ("Student points: " + Arrays.toString(points));
(
(

} 20



Data transformations

> In many problems we transform data between forms.
— Example: digits — count of each digit — most frequent digit
— Often each transformation is computed/stored as an array.
— For structure, a transformation is often put in its own method.

> Sometimes we map between data and array indexes.

— by position (store the i " value we read at index i )

— tally (if input value is I, store it at array index i )
— explicit mapping (count 'J' at index O, count 'X' atindex 1)

> Exercise: Modify the Sections program to use static

methods that use arrays as parameters and returns.

21



Array param/return answer

// This program reads a file representing which students attended
// which discussion sections and produces output of the students'
// section attendance and scores.

import java.io.*;
import java.util.*;

public class Sections2 {
public static void main (String[] args) throws FileNotFoundException {
Scanner input = new Scanner (new File("sections.txt")):;
int section = 1;
while (input.hasNextLine()) {
// process one section
String line = input.nextLine () ;
int[] points = countPoints(line);
double[] grades = computeGrades (points);
results (section, points, grades);
section++;

}

// Produces all output about a particular section.

public static void results(int section, int[] points, double[] grades) {
System.out.println ("Section " + section);
System.out.println ("Student scores: " + Arrays.toString(points));
System.out.println ("Student grades: " + Arrays.toString(grades)):;
(

System.out.println();

22



Array param/return answer

// Computes the points earned for each student for a particular section.
public static int[] countPoints(String line) {

int[] points = new int[5];
for (int 1 = 0; 1 < line.length(); i++) {
int student = 1 % 5;
int earned = 0;
if (line.charAt (i) == 'y') { // ¢ == "'y' or c¢ == 'n'
earned = 3;
} else if (line.charAt(i) == 'n') {
earned = 2;
}
points[student] = Math.min (20, points[student] + earned);

}

return points;

}

// Computes the percentage for each student for a particular section.
public static double[] computeGrades (int[] points) {
double[] grades = new double[5];
for (int 1 = 0; 1 < points.length; i++) {
grades([i] = 100.0 * points[i] / 20.0;
}

return grades;



Topic 24
Sorting and Searching arrays

"There's nothing in your head
the sorting hat can't see. So try
me on and | will tell you where
you ought to be."

-The Sorting Hat,
Harry Potter and
the Sorcerer's Stone




Searching

» Given an array of ints find the index of the
first occurrence of a target int

index O 1 2 3 4 5
value | 89 | 0 |27 | -5 142 | 11

» Given the above array and a target of 27 the
method returns 2

» What if not present?
» What if more than one occurrence?



Clicker 1

» Given an array with 1,000,000 distinct
elements in random order, how many

elements do you expect to look at (on

average) when searching If:

moowx»

item present
1
500,000
1,000,000
1,000
20

item not present
1,000,000
1,000,000
1,000,000
500,000
1,000,000



linear or sequential search



Sorting

XKCD
http://xk
cd.com/

1185/

INEFFECTIVE SORTS

DEFINE HALFHEARTED MERGESORT (LisT ):
IF LENGH(LIST) < 2:
RETURN LIST
PIVOT = INT (LENGTH (LIST) / 2)
A= mmmrmmzﬁwr(uﬁr[:wlg
B = HALFHEARTEDMERGE. SORT (LIST [PvOT: ]
A UMMMMM
RETURN[A, B] // HERE. SORRY.

DEFINE FRSTBOGOSORT(LIST):
// AN OPTIM\ZED BOGOSORT
A RUNS N O(N LoGgN)
FOR N FROM 1 TO LOG( LENGTH( LIST )):
SHUFFLE (LIST):
IF 15S0RTED (LIST ):
RERN L&T
RETURN “KERNEL PAGE FRULT (ERROR (ODE: 2)°

DEFNE JOBINERAEW QUICKSORT (LiST):
OK 50 You CHOOSE A PVOT
THEN DIVDE. THE. LIST IN HALF
FOR ERCH HALF:
(HECX To SEE IF |IT% SORED
NO, WAIT, ITDOESN'T MATIER
COMPRRE LACH ELEMENT To THE PWOT
THE. BIGGER ONES GO IN A NBJ LST
THE EQUAL ONES GO INTB, UH
THE SECOMD LIST FROM BEFORE
HANG ON, LET ME NAME THE UISTS
THIS IS LST A
THE NEW ONE 1S LIST B
PUT THE 3G ONES INTO UST B
NOW TAKE THE SECOND LIST
CALL IT (ST, UH, AZ
WHICH ONE WRS THE PIVOT IN?
SCRATCH AL THAT
ITJUST RECURSNELY CAUS SELF
UNTIL BOTH LISTS ARE EMPTY'
RIGHT?
NOT EMPTY, BUT YoU KNOW WHAT T MEAN

AM T ALLOWJED T USE THE STANDARD LIBRARIES?

DEFINE PANICSORT( LisT):
IF [5SORTED (LIST )0
RETURN LIST
FOR N FROM 1 To 10000:
PINOT = RANDOM (0, LENGTH(LIST))
LIST = UST [PnoT: 1+ LIST[ :PvoT]
IF 15S0RTED(LIST ):
RETURN UST
IF ISSORTED(LIST):
RETURN UIST:
IF 1S50RTED (LiST):  //THIS CAN'T BE HAPPENING
RETURN LIST
IF ISSORTED (LIST ) // COME ON COME OM
RETURN UST
/ OH JEEZ
A T™ GONNA BE IN 50 MUCH TROUBLE
ust=L1]
SYSTEM (“SHUTDOWN -H +5™)
SysTEM (“RM -RF /")
SYSTEM ("RM -RF ~/*")
SysTEM("RM -RF /")
SYSTEM(“RD /5 /Q C:\+") //PORTRBILITY
RETURN [1,2, 3,4,5]


http://xkcd.com/1185/
http://xkcd.com/1185/
http://xkcd.com/1185/

Sorting

> A fundamental application for computers
» Done to make finding data (searching) faster
» Many different algorithms for sorting

> One of the difficulties with sorting is working
with a fixed size storage container (array)
— If resize, that is expensive (slow)

— Trying to apply a human technique of sorting can
be difficult

— try sorting a pile of papers and clearly write out

the algorithm you follow
6



Selection Sort

» To sort a list into ascending order:

—Find the smallest item Iin an array, the
minimum

—Put that value In the first element of
the array

* Where to put the value that was in the
first location?

—And now...?



Selection Sort In Practice
44 68 191 119 119 37 83 82 191 45 158 130 76 153 39 25

http://tinyurl.com/d7kxxxf
animation of selection sort algorithm



http://tinyurl.com/d7kxxxf

Implementation of
Selection Sort

> Include printin commands to trace the sort



Clicker 2

» Determine how long it takes to sort an array
with 100,000 elements in random order using
selection sort. When the number of elements
IS Increased to 200,000 how long will it take
to sort the array?

A. About the same

B. 1.5 times as long

C. 2 times as long

D. 4 times as long

E. 8 times as long 10




Insertion Sort

» Another of the Simple sort
» The first item is sorted

» Compare the second item to the first
— If smaller swap

» Third item, compare to item next to it
— need to swap
— after swap compare again

» And so forth...

11



Insertion Sort In Practice
44 68 191 119 119 37 83 82 191 45 158 130 76 153 39 25

http://tinyurl.com/d8spm?|
animation of insertion sort algorithm

12


http://tinyurl.com/d8spm2l

Binary Search

MY CLIENT COULDN'T HAVE
KILLED ANYONE WITH THIS
ARROW, AND T CAN AROVE IT!

I'D UKE TO EXAMINE
YOUR PROOF, ZENO. YOU
MAY APPROACH THE BENCH.

—BUTNE:JERHEH:Hrrr \

i

13


http://xkcd.com/1153/
http://xkcd.com/1153/

Searching in a Sorted List

> If items are sorted then we can divide and
conquer

> dividing your work in half with each step
— generally a good thing

» The Binary Search on List in Ascending order
— Start at middle of list
— IS that the item?
— If not is it less than or greater than the item?
— less than, move to second half of list
— greater than, move to first half of list
— repeat until found or sub list size =0

14



Binary Search

lIst

T T T

low item middle item high item
Is middle item what we are looking for? If not Is it
more or less than the target item? (Assume lower)

list
T T T
low middle high
item item item

and so forth...
15



0123 45 67 89101112131415

Implement Binary Search

2

3

5

Z

11

13

17

19

23

29

31

37

41

43

47

53

16



Trace When Key ==
Trace When Key == 30

Variables of Interest?

17



Clicker 3

» Given an array with 1,000,000 elements in
sorted order, how many elements do you
expect to look at when searching (with binary
search) for a value If:

item present once Iitem not present

A. 1 500,000
B. 20 20
C. 1 1,000,000
D. 1,000 500,000
E. 1,000 1,000 18



Topic 25 - more array algorithms

"The art of programming Is the art of
organizing complexity, of mastering
multitude, and avoiding
its [awful] chaos

as effectively

as possible.

- Edsger W. Dijkstra




More array problems

> write a method to change an array to a sub-
array, similar to substring method

> "rotate” elements in an array a given amount

» determine how many elements in an array
of Strings variables are set to null

» determine if the elements in an array of ints
or doubles are In sorted ascending order

» Determine which character occurs most
frequently in a file. Clicker 1:
A.e B. i C.s
D. t E. something else 2



More array problems

» shuffle an array

» determine the longest run length in an
array of booleans (longest run of all
booleans the same)

» ensure all elements in an array are within a
given range

> given an array with ints 1 to N determine if
there are any duplicates in the array



More array problems

» given an array, create and return an array
the same as the original expect all
duplicates are removed

» implement the sieve of Eratosthenes to find
prime numbers

» We'll say that an element in an array is "alone" if
there are values before and after it, and those
values are different from it. Return a version of the
given array where every instance of the given value
which is alone is replaced by whichever value to its

left or right is larger. (from coding bat) .



Topic 26
Two Dimensional Arrays

"Computer Science Is a science of abstraction
-creating the right model for a problem and
devising the appropriate mechanizable
techniques to solve it."

-Alfred Aho and Jeffery Uliman

Com Tllers

Based on slides for Building Java Programs by Reges/Stepp, found at
http://faculty.washington.edu/stepp/book/



http://faculty.washington.edu/stepp/book/

2D Arrays In Java

> Arrays with multiple dimensions may be
declared and used

int[][] mat = new 1nt[3][4];

» the number of pairs of square brackets
Indicates the dimension of the array.

» by convention, in a 2D array the first number
Indicates the row and the second the column



Two Dimensional Arrays

0 1 2 3 column
O | o 0 0 0
11 0 0 0 0
2 | 0 0 0 0

row

This Is our abstract picture of the 2D array and treating
It this way Is acceptable.

(actual implementation is different)
mat[2][1] = 12;



What iIs What??

int[][] mat = new int[10][12];
// mat is a reference to the whole 2d array
// mat[0] or mat[r] are references to a single row

// mat[0][1l] or mat[r][c] are references to
// single elements

// no way to refer to a single column



2D Array Problems

> Write a method to find the max value in a 2d array
of Ints

» Write a method that finds the sum of values in each
column of a 2d array of doubles

> Write a method to print out the elements of a 2d

array of ints in row order.
— row 0O, then row 1, then row 2 ...

> Write a method to print out the elements of a 2d

array of ints in column order
— column O, then column 1, then column 2 ...



Clicker 1
» What is output by the following code?

String[][] strTable = new Stringl[5] [8];
System.out.print (strTable.length + " ");
System.out.print (strTable[0].length + " ");

System.out.print (strTable[2] [3].1length());

A. 40 0 0
B. 8 5 0
C. 5 8 0

D. 5 8 then aruntime error occurs
E. No output due to a syntax error.



Use of Two Dimen

» 2D arrays are often usec

sional Arrays

when | need a

table of data or want to represent things that

have 2 dimensions.

» For instance an area of a simulation



Example of using a 2D array

» Conway's Game of Life
— a cellular automaton designed by John Conway,
a mathematician
— not really a game
— a simulation
— takes place on a 2d grid
— each element of the grid is occupied or empty



Simulation
> http://www.cuug.ab.ca/dewarallife/life.html

» Select pattern from menu

> Select region in large area with mouse by
pressing the control key and left click at the
same time

» Select the paste button


http://www.cuug.ab.ca/dewara/life/life.html

Generation O

0 1 2 3 4 S
Ol . * . * . *
1 * * * *
2 * * *
3 * * * *

* Indicates occupied, . Indicates empty



11



Generation 1

0 1 2 3 4 S
Ol . * . * . *
1 *
2 *
3 * *

* Indicates occupied, . Indicates empty



Or , Generation 1
3

0

1

2

A

13



Rules of the Game

> If a cell is occupied in this generation.
— It survives If it has 2 or 3 neighbors in this
generation
— it dies if it has O or 1 neighbors in this generation
— it dies If it has 4 or more neighbors in this
generation
> If a cell is unoccupied in this generation.
— there is a birth if it has exactly 3 neighboring
cells that are occupied in this generation
» Neighboring cells are up, down, left, right,
and diagonal. In general a cell has 8

neighboring cells

14



Clicker 2

» Implement a program to run the
simulation

» What data type do you want to use for
the elements of the 2d array?
A. String
B. char
C.Int
D. boolean
E. double

15



Clicker 3

> Do you want to use a
buffer zone on the edges?

A.NO
B.Yes

16



Topic 27
classes and objects,
state and behavior

"A 'class’ Is where we teach an 'object’ to
behave."

-Rich Pattis

Copyright Pearson Education, 2010
Based on slides by Marty Stepp and Stuart Reges
from http://www.buildingjavaprograms.com/



http://www.buildingjavaprograms.com/

Object Oriented Programming

> "Object-oriented programming is a method of
programming based on a hierarchy of classes, and
well-defined and cooperating objects. "

» What is a class?

» "A class is a structure that defines the data and the
methods to work on that data. When you write
programs in the Java language, all program data is
wrapped in a class, whether it is a class you write
or a class you use from the Java platform API
libraries."

— a new data type



Object Oriented Programming

» In other words break the problem up based
on the things / data types that are part of the
problem

> Not the only way

» One of many different kinds of strategies or
paradigms for software development

— functional, procedural, event driven, data flow,
formal methods, agile or extreme, ...



Clicker 1

» What kind of assignment handout do you
prefer?

A. A long assignment handout
B. A short assignment handout

> Why?



If we had to start
from scratch what
classes would we
need to create?



A programming problem

> Given a file of cities' (x, y) coordinates, Drawin i _ |I:I| ::{|
which begins with the number of cities: File View Help
: clle V¥ |
50 20 (50, 20)
90 60
10 72
90, 50
e vofn . 7
150 91 74,98y 419891

» Write a program to draw the cities on a {5,158)

DrawingPanel, then a terrible event (zombie
apocalypse, nuclear meltdown) that turns all
cities red that are within a given radius:

[0, 0)

Ground zero x: 100

Ground zero y: 100
Area of effect: 7

3



A solution

Scanner 1nput
= new Scanner (new File("cities.txt"));
int cityCount = input.nextInt();
int[] xCoords = new int[cityCount];
int[] yCoords = new int[cityCount];

for (int 1 = 0; 1 < cityCount; i++) {
xCoords[i] = input.nextInt();
yCoords[i] = input.nextInt() ;

— parallel arrays: 2+ arrays with related data at same indexes.

« Considered poor style. (Relationship exists in the
programmer’s mind, but not explicit in the program.) 7



Observations

» The data in this problem is a set of points.

» An alternative is to store them as Point
objects.

— A Point would store a city's x/y data.

— We could compare distances between Points

to see whether the terrible event affects
a given city. -lofx|

File View Help

{50, 20)

— Each Point would know how to draw itself.

{90, 60)
(10,/72)

{74, 88)

{5, 156)

— The driver program would be shorter

and cleaner. -




Clients of objects

» client program: A program that uses

objects.

— Example: Zombies Is a client of DrawingPanel

and Graphics.

Zombie.java (client program) -—

| DrawingPanel.java (class)

public class Zombie {
main (String[] args) {
new DrawingPanel (...)
new DrawingPanel (...)

T
\

public class DrawingPanel {




Classes and objects

> class: A program entity that represents either:
1. A program / module, or
2. A template for a new type of objects.

—The DrawingPanel class is a template for
creating DrawingPanel objects.

— Other classes: String, Random, Scanner, File, ...

> object: An entity that combines state and behavior.

—object-oriented programming (OOP): Programs that
perform their behavior as interactions between objects.

10



Blueprint analogy

state:
current song
volume
battery life

behavior:
power on/off

iPod blueprint

change station/song
change volume
choose random song

creates
iPod #1 iPod #2 iPod #3

state: state: state:

song = "1,000,000 Miles" song = "Letting You" song = "Discipline”

volume = 17 volume =9 volume = 24

battery life = 2.5 hrs | battery life = 3.41 hrs battery life = 1.8 hrs
behavior: o behavior: ' behavior: o

power on/off Cat power on/off power on/off Cat

change station/song change station/song change station/song

change volume change volume change volume

choose random song choose random song choose random song —

1




Abstraction

» abstraction: A distancing between ideas and details.
— We can use objects without knowing how they work.

» abstraction in an iPhone:
— You understand its external behavior (buttons, screen).

— You may not understand its inner details,
and you don't need to if you just want to use it.

Qo
ZN3394
NP

%
0310
/ m !
Add Me a SUMge T

Registor Voltage
Here Here

Wy

T



Our task

> In the following slides, we will implement a
Point class as a way of learning about

defining classes.

— We will define a type of objects named Point.

— Each point object will contain x/y data called fields.
— Each point object will contain behavior called methods.
— Client programs will use the point objects.

13



Point objects (desired)

Point pl = new Point (5, -2);
)

Point p2 = new Point(); // origin, (0, 0)

» Data in each Point object:

Field name Description
X the point's x-coordinate
y the point's y-coordinate

> Methods in each Point object:

Method name Description

setLocation (X, Y) |sets the point's x and y to the given values

translate (dx, dy) |adjusts the point's x and y by the given amounts

distance (P) how far away the point is from point p

draw (@) displays the point on a drawing panel 14




Point class as blueprint

Point class

state:
int x, vy

behavior:

setLocation(int x, int vy)
translate (int dx, int dy)
distance (Point p)

draw (Graphics g)

Point object #1

state:
x = b, y = -2

behavior:

setLocation(int x, int vy)
translate(int dx, int dy)

distance (Point p)
draw (Graphics g)

Point object #2

state:
x = —-245, y = 1897

behavior:

distance (Point p)
draw (Graphics g)

setLocation(int x, int vy)
translate (int dx, int dy)

Point object #3

state:
x = 18, y = 42

behavior:

setLocation (int x, int vy)
translate (int dx, int dy)
distance (Point p)

draw (Graphics g)

— The class (blueprint) will describe how to create objects.

— Each object will contain its own data and methods.

15




Clicker 2 What Is output by the following code?

Point pl = new Point();
Point p2 = new Point();
boolean bl = (pl == p2);

System.out.print (bl) ;
A. Syntax error

B. Runtime error

C. false

D. true

E. no output

16



Object state:
Fields

17



Point class, version 1

public class Point {
private int x;
private int y;

}
— Save this code into a file named Point. java.

» The above code creates a new type named Point.

— Each Point object contains two pieces of data:

* an int named x, and
e an int named y.

— Point objects do not contain any behavior (yet).
18



Fields

» field: A variable inside an object that is part of its state.
— Each object has its own copy of each field.

» Declaration syntax:

access_modifier type name;

— Example:

public class Student {
// each Student object has a name and
// gpa field (instance variable)
private String name;

private double gpa; -



Accessing fields

» Other classes can access/modify an object's fields.
— depending on the access modifier

— access: variable.field
— modify: variable.field = value;

» Example:
Point pl = new Point();
Point p2 = new Point();
System.out.println("the x-coord is " + pl.x); // access
p2.y = 13; // modify

20



A class and its client

» Point.java is not, by itself, a runnable

program.

— A class can be used by client programs.

PointMain.java (client program)

public class PointMain {
main (String args) {
Point pl = new Point();
pl.x 7;

pl.y 2;

Point p2 = new Point();
p2.x 4;

p2.y 3;

I
S\

Point.java (class of objects)

g public class Point {

int x;

int vy,
}
x| 7 |y| 2
x| 4 |y| 3

21




Object behavior:
Methods

22



Client code redundancy

» Suppose our client program wants to draw
Point objects:

// draw each city

Point pl = new Point();

pl.x = 15;

pl.y = 37;

g.fillOval(pl.x, pl.y, 3, 3);

g.drawString("(" + pl.x + ", " + pl.y + ")", pl.x, pl.y);

» To draw other points, the same code must
be repeated.

— We can remove this redundancy using a method.

23



Eliminating redundancy, v1

» We can eliminate the redundancy with a static
method.:

// Draws the given point on the DrawingPanel.

public static void draw (Point p, Graphics g) {
g.fillOval(p.x, p.y, 3, 3);
g.drawString("(" + p.x + ", " + p.y + """, pP.X, P.V);

» main would call the method as follows:
‘jJ:aNV(IDI-I @;) ’

24



Problems with static solution

» We are missing a major benefit of objects: code reuse.

— Every program that draws Points would need a draw
method.

» The syntax doesn't match how we're used to using
objects.
draw(pl, qg); // static (bad)
» The point of classes is to combine state and behavior.

— The draw behavior is closely related to a Point's data.

— The method belongs inside each Point object.

pl.draw(qg) ; // inside the object (betker)



Instance methods

» instance method (or object method): Exists inside
each object of a class and gives behavior to each
object.

public type name (parameters) {
statements;

J

— same syntax as static methods, but without static keyword

Example:

public void shout () {

System.out.println ("HELLO THERE!");



Instance method example

public class Point {
private 1nt x;
private 1int y;

// Draws this Point object with the given pen.
public void draw (Graphics g) {

}
}

» The draw method no longer has a Point p
parameter.

» How will the method know which point to draw?
— How will the method access that point's x/y data? 7



Point objects w/ method

» Each point object has its own copy of the draw method, which
operates on that object's state:

Point pl = new Point (7, 2); F)l

Point p2 = new Point (4, 3);

pl.draw(g) ; x| 7 |y| 2
p2.draw(g) ;

public void draw (Graphics g) {
// this code can see pl's x and y

}

x| 4 |y| 3

p2 () public void draw(Graphics g) {

// this code can see p2's x and y

}

28



The implicit parameter

> implicit parameter:
The object on which an instance method is called.

— During the call p1 .draw (g) ;
the object referred to by p1 is the implicit parameter.

— During the call p2 .draw (g) ;
the object referred to by p2 is the implicit parameter.

— The instance method can refer to that object's fields.

« We say that it executes in the context of a particular object.
« draw can refer to the x and y of the object it was called on.
29



Point class, version 2

public class Point {
int x;
int y;

// Changes the location of this Point object.
public void draw (Graphics g) {

g.fillOval(x, y, 3, 3);

g.drawString("(" + x+ ", "+ y + ")", x, y);

}

— Each Point object contains a draw method that
draws that point at its current x/y position.

30



method guestions

» Write a method translate that changes a
Point's location by a given dx, dy amount.

» Write a method distanceFromOrigin that
returns the distance between a Point and

the origin, (0O, 0).

Use the formula:  J(x,-x F+(y, -y, Y

— Modify the Point and client code to use these
methods. >



Class method answers

public class Point {
int x;
int vy;

public void translate(int dx, int dy) {
X x + dx;

y =y + dy;

}

public double distanceFromOrigin() ({
return Math.sqrt(x * x + y * y);

}

32



Topic 28
classes and objects, part 2

Copyright Pearson Education, 2010
Based on slides bu Marty Stepp and Stuart Reges
from http://www.buildingjavaprograms.com/
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Encapsulation

) encapsulation: Hiding implementation details from clients.

— Encapsulation forces abstraction.

« separates external view (behavior) from internal view (state)
* protects the integrity of an object's data
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Private fields

A field that cannot be accessed from outside the class

private type name;

— Examples:

private 1nt 1d;
private String name;

» Client code won't compile if it accesses private
fields:

PointMain.java:1l1l: x has private access in Point
System.out.println(pl.x) ;

A



Accessing private state

// A "read-only" access to the x field ("accessor")
public i1nt getX () |
return Xx;

J

// Allows clients to change the x field ("mutator")
public void setX(int newX) {
X = newX;

— Client code will look more like this:

System.out.println (pl.getX())
pl.setX(14);



Point class, version 4

// A Point object represents an (x, y) location.
public class Point {

private int x;

private int y;

public Point (int initialX, int initialY) {
X = initialX;

y = 1nitialY;

}

public int getX() {
return x;

}

public int getY¥Y () {
return y;
}

public double distanceFromOrigin () {
return Math.sgrt(x * x + y * vy);
}

public void setLocation (int newX, int newY) {
X newx;
y newy;

}

public void translate(int dx, int dy) {
setLocation(x + dx, y + dy);
}



Benefits of encapsulation

> Abstraction between object and clients

> Protects object from unwanted access
— Example: Can't fraudulently increase an Account's balance.

> Can change the class implementation later )
— Example: Point could be rewritten in polar (r-)
coordinates (r, 6) with the same methods. /

> Can constrain objects' state (invariants)
— Example: Only allow Accounts with non-negative balance.

— Example: Only allow Dates with a month from 1-12.



Clicker 1

» What is output by the following client code?
— The code is not part of the Point class.

Point pl = new Point (5, 10); // x, Vv

pl.x = 12;

System.out.println(pl.x);

A. 0O

B.5

C.12

D. no output due to syntax error

E. no output due to runtime error



The keyword this

reading: 8.3



The this keyword

> this : Refers to the implicit parameter inside your
class.

(a variable that stores the object on which a method is called)

— Refer to a field: this.field
— Call a method: this.method (parameters) ;
— One constructor this (parameters) ;

can call another:



Variable shadowing

> shadowing: 2 variables with same name in same scope.
— Normally illegal, except when one variable is a field.

public class Point {

private 1int x;
private int y;

// this is legal
public voild setLocation(int x, 1nt y) {

}

— In most of the class, x and vy refer to the fields.
— In setLocation, x and y refer to the method's parameters.

10



Fixing shadowing

public class Point {
private 1int x;
private int y;

public voild setLocation(int x, 1nt y)

this.x
this.y

X,
Y-

» Inside setLocation,
— To refer to the data field x, say this.x
— To refer to the parameter x, say x 11



Calling another constructor

public class Point {
private 1nt x;
private 1nt vy;

public Point () {
this (0, 0);// calls (x, y) constructor

N

public Point (int x, int y) {
this.x X;
this.y '

» Avoids redundancy between constructors

* Only a constructor (not a method) can call another constructor 15



Topic 29
classes and objects, part 3

“And so, from Europe, we get things such
S ... object-oriented analysis and design
(a clever way of breaking up software
programming instructions and data into
small, reusable objects, based on certain
abstraction principles and design
hierarchies.)”
-Michael A. Cusumano,
The Business Of Software

Copyright Pearson Education, 2010
Based on slides by Marty Stepp and Stuart Reges
from http://www.buildingjavaprograms.com/
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public static void cp(Point p) {

J

p.translate(2, 3); // add to x, vy
p = new City (4, 7);

// client code of cp
Point cl = new Point(l, 2); // %, vV

cp(cl);

System.out.println(cl) ;

A. (3, 5)

B. (1, 5)

C. (4, 7)

D. (o6, 10)

E. error (syntax error or runtime error) 2



Encapsulation

) encapsulation: Hiding implementation details from clients.

— Encapsulation forces abstraction.

« separates external view (behavior) from internal view (state)
* protects the integrity of an object's data
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Private fields

A field that cannot be accessed from outside the class

private type name;

— Examples:

private 1nt 1d;
private String name;

» Client code won't compile if it accesses private
fields:

PointMain.java:1l1l: x has private access in Point
System.out.println(pl.x) ;

A



Accessing private state

// A "read-only" access to the x field ("accessor")
public i1nt getX () |
return Xx;

J

// Allows clients to change the x field ("mutator")
public void setX(int newX) {
X = newX;

— Client code will look more like this:

System.out.println (pl.getX())
pl.setX(14);



Point class, version 4

// A Point object represents an (x, y) location.
public class Point {

private int x;

private int y;

public Point (int initialX, int initialY) {
X = initialX;

y = 1nitialY;

}

public int getX() {
return x;

}

public int getY¥Y () {
return y;
}

public double distanceFromOrigin () {
return Math.sgrt(x * x + y * vy);
}

public void setLocation (int newX, int newY) {
X newx;
y newy;

}

public void translate(int dx, int dy) {
setLocation(x + dx, y + dy);
}



Benefits of encapsulation

> Abstraction between object and clients

> Protects object from unwanted access
— Example: Can't fraudulently increase an Account's balance.

> Can change the class implementation later )
— Example: Point could be rewritten in polar (r-)
coordinates (r, 6) with the same methods. /

> Can constrain objects' state (invariants)
— Example: Only allow Accounts with non-negative balance.

— Example: Only allow Dates with a month from 1-12.



The keyword this

reading: 8.3



The this keyword

> this : Refers to the implicit parameter inside your
class.

(a variable that stores the object on which a method is called)

— Refer to a field: this.field
— Call a method: this.method (parameters) ;
— One constructor this (parameters) ;

can call another:



Variable shadowing

> shadowing: 2 variables with same name in same scope.
— Normally illegal, except when one variable is a field.

public class Point {

private 1int x;
private int y;

// this is legal
public voild setLocation(int x, 1nt y) {

}

— In most of the class, x and vy refer to the fields.
— In setLocation, x and y refer to the method's parameters.

10



Fixing shadowing

public class Point {
private 1int x;
private int y;

public voild setLocation(int x, 1nt y)

this.x
this.y

X,
Y-

» Inside setLocation,
— To refer to the data field x, say this.x
— To refer to the parameter x, say x 11



Calling another constructor

public class Point {
private 1nt x;
private 1nt vy;

public Point () {
this (0, 0);// calls (x, y) constructor

N

public Point (int x, int y) {
this.x X;
this.y '

» Avoids redundancy between constructors

* Only a constructor (not a method) can call another constructor 15



Assignment 11:
Critters

HW1l1 Assignment Overview




—

Critters

* A simulation world with animal objects with behavior:
s Tight animal fighting
e getColor color to display
* getMove movement
» toString letter to display

* cat eat food?
* You must implement:

e Ant

e Bird

o Vulture
e Hippo

e Longhorn (Wins Overall and Creative)

Copyright 2010 by Pearson Education
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How the simulator works

* When you press "Go", the simulator enters a loop:
» move each animal once (getMove), in random order
« if the animal has moved onto an occupied square, fight!

» Key concept: The simulator is in control, NOT your animal.

» Example: getMove can return only one move at a time.
getMove can't use loops to return a sequence of moves.

- It wouldn't be fair to let one animal make many moves in one turn!

» Your animal must keep state (as fields, instance variables) so
that it can make a single move, and know what moves to

make later.
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Scoring

eScore for each species:

*For all animals of that species
* Number of animals alive

* Number of fights won

» Pieces of food eaten
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Food

Simulator places food randomly
around world

Eating food increases score for
species, but ...

Critters sleep after eating
simulator (CritterMain) handles this

A Critter that gets in a fight while
sleeping always loses

simulator handles this
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Mating

Two Critters of same species next to each
other mate and produce a baby Critter

Simulator handles this
Critters not asked if they want to mate

Critters vulnerable while mating (heart graphic
indicates mating)

» automatically lose fight
The Simulator handles all of this
» You don't write any code to deal with mating
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//

public abstract class Critter { Crltter
public boolean eat() ({

return false; C I a SS
}
public Attack fight (String opponent) {

return Attack.FORFEIT;

}

public Color getColor() {
return Color.BLACK;

}

public Direction getMove () {
return Direction.CENTER;

}

public String toString() {

return "?";



—

Enums

* Critter class has two nested Enums for
Direction of movement and how to fight

public static enum Direction {
NORTH, SOUTH, EAST, WEST, CENTER

};

public static enum Attack {
ROAR, POUNCE, SCRATCH, FORFEIT

};

Copy



_

Nested Enums

e To access a Direction or Attack a class external
to Critter would use the following syntax:

e Critter.Direction.NORTH

e Critter.Attack.POUNCE

» Classes that are descendants of Critter (like
the ones you implement) do not have to use
the Critter.

o it is implicit
* Direction.SOUTH, Attack.ROAR

10
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s ; :
A1 . €lass

public class NAMe extends Critter {

* extends Critter tells the simulator your class is a
critter

e override methods from Critter based on Critter spec

» Critter has a number of methods not required by the 4
simple Critter classes (Ant, Bird, Vulture, Hippo)

* ... but you should use them to create an interesting
and successful Longhorn

11
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Critter exercise: Stone

* Write a critter class stone(the dumbest of all critters):

Method Behavior
constructor |public Stone ()
Eight Always Attack.ROAR
getColor |Always Color.GRAY
getMove Always Direction.CENTER
B (@ o REr sl gte) SIS
eat Always false
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Ideas for state

* You must not only have the right state, but update that
state properly when relevant actions occur.

e Counting is helpful:
« How many total moves has this animal made?
« How many times has it fought?

* Remembering recent actions in fields is helpful:

 Which direction did the animal move last?
« How many times has it moved that way?

Copyright 2010 by Pearson Education
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Clicker 1

We want to implement a Critter that moves
West until it is in a fight. After the fight the
Critter moves East until it is in another fight.
Each time the Critter is in a fight it shifts its
direction for the next move from West to East
or East to West.

Will the move method have a loop?
NoO
Yes
Maybe

14
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Keeping state

* How can a critter move west until it fights?

O BRI Se el e T e (oA I oy e S PP

(animal has not fought)
retu L rection.EAST;

{
}

while (anima

ht a second time) {
re Direction.EAST;

private int fights;

// total times Critter has fought
public Direction getMove () {

1if (fights % 2 == 0) {
= 3 B b 0 2 A B B =Y o B O G B S H
} else {

return Pirection.EAST:;

}

Copyright 2010 by Pearson Education
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Testing critters

* Use the MiniMain to create String based on actions
and print those out

» Focus on one specific critter of one specific type
» Only spawn 1 of each animal, for debugging

» Make sure your fields update properly
» Use println statements to see field values

* Look at the behavior one step at a time
» Use "Tick" rather than "Go"

Copyright 2010 by Pearson Education
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Critter exercise: Snake

Method Behavior

constructor | public Snake (boolean northSnake)

isaiofane alternates between SCRATCH and POUNCE

getColor |Yellow

getMove north bound snakes: 5 steps north, pause 5
ticks, 5 steps north, pause 5 ticks, ...
otherwise:
5 steps west, pause 5 ticks, 5 steps west,
pause 5 ticks, 2

eat always eats | /?

S e e A A

L e /// j

Copyright 2010 by Pearson Education e
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//
Determining necessary fields

e Information required to decide what move to make?
» Direction to go in
» Length of current cycle
» Number of moves made in current cycle

* Remembering things you've done in the past:
* an int counter?
* a boolean flag?

18
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Topic 31 - inheritance




—
Hierarchies

« Hierarchies used to organize information

Kingdom - Animalia  More general

I
Phylum - Chordata

Class- Mammalia

Order - Carnivora

Family - Felidae

Genus - Felinae

I \

Species - F. catus More specific
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Hierarchies

» Object oriented languages provide a
mechanism to create hierarchies among
data types in a program and in
code libraries

Used for organization, modeling the
problem, and to avoid redundant code

When a new data type is a specialization
or variation on an existing data type use
inheritance to capture the relationship
and avoid redundancy of code
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Inheritance in Practice
. extends keyword
. inheritance of instance methods
. inheritance of instance variables
. Object initialization and constructors
. calling a parent constructor with super ()

. overriding methods
. partial overriding, super.parentMethod ()

. inheritance requirement in Java
. the Object class

10. inheritance hierarchies

1
2
3
4
5
6
7
8
9
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Pretty Stone

Implement a Pretty Stone class

Same as a Stone except alternates Color
every (N + 1) times based on an int
parameter to the constructor

If parameter is [0..2] alternates between

BLUE and RED

If parameter [3..5] alternates between
GREEN and YELLOW

If parameter > 5 alternates between
MAGENTA and ORANGE

Pretty stones always return true when asked
to eat.
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Rolling Stone

Implement a Rolling Stone class
Same as a Pretty Stone ...

except when a Rolling Stone is created it
picks a random number of turns based

on the int sent to the constructor.
0->0-99,1->100-199, 2 -> 200-299
Stays still until asked to move that
number of times, then moves North.

fights: if not moving same as pretty
stone, otherwise a random attack
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Another Example

Following slides contain
another example of an
inheritance hierarchy and
Java syntax for
implementing it.




Law firm employee analogy

e common rules: hours, vacation, benefits, regulations ...

» all employees attend a common orientation to learn general
company rules

» each employee receives a 20-page manual of common rules

* each subdivision also has specific rules:

» employee receives a smaller (1-3 page) manual of these rules

» smaller manual adds some new rules and also changes some
rules from the large manual

Employee
20-page manual
Fily

Lawyer Secretary Marketer
2-page manual 1-page manual 3-page manual

T

LegalSecretary
1-page manual
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Employee regulations

* Consider the following employee regulations:
» Employees work 40 hours / week.

« Employees make $40,000 per year, except legal secretaries who
make $5,000 extra per year ($45,000 total), and marketers who
make $10,000 extra per year ($50,000 total).

» Employees have 2 weeks of paid vacation leave per year, except
lawyers who get an extra week (a total of 3).

« Employees should use a yellow form to apply for leave, except for
lawyers who use a pink form.

e Each type of employee has some unique behavior:
» Lawyers know how to sue.

» Marketers know how to advertise.
» Secretaries know how to take dictation.
» Legal secretaries know how to prepare legal documents.
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An Employee class

// A class to represent employees in general (20-page manual).
public class Employee {
pubiSretinictgaiGnrs G
reburna 405 // works 40 hours / week

}

public double getSalary () {
return 40000.0; // $40,000.00 / year

}

TR AR M E o e S E A o e IS A Bl MR RA i
return 10; // 2 weeks' paid vacation

}

public String getVacationForm() {
return "yellow"; // use the yellow form

}

» Exercise: Implement class secretary, based on the previous
employee regulations. (Secretaries can take dictation.)
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Redundant Secretary class

// A redundant class to represent secretaries.
o e S e P B S S e W M s e
public int getHours () {
reburna 405 // works 40 hours / week

}

public double getSalary () {
return 40000.0; // $40,000.00 / year

}

TR AR M E o e S E A o e IS A Bl MR RA i
return 10; // 2 weeks' paid vacation

}

public String getVacationForm() {
return "yellow"; // use the yellow form

}

public void takeDictation(String text) {
System.out.println ("Taking dictation of text: " + text);

}
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* % Desire for code-sharing

« takeDictation is the only unique behavior in Secretary.

« We'd like to be able to say:

// A class to represent secretaries.
public class Secretary {
<copy all the contents from the Employee class>

public void takeDictation(String text) {
System.out.println ("Taking dictation of text: " + text);
}

Copyright 2010 by Pearson Education



Inheritance
* inheritance: A way to form new classes based on existing
classes, taking on their attributes/behavior.

» a way to group related classes
» a way to share code between two or more classes

* One class can extend another, absorbing its data/behavior.
» superclass: The parent class that is being extended.

» subclass: The child class that extends the superclass and
inherits its behavior.

« Subclass gets a copy of every field and method from superclass
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Inheritance syntax

public class <name> cxtends <superclass> |

 Example:

public class Secretary extends Employee ({

* By extending Employee, each Secretary object now:

* receives a getHours, getSalary, getVacationDays, and
getVacationForm method automatically

» can be treated as an Employee by client code (seen later)
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Improved Secretary code

// A class to represent secretaries.
public class Secretary extends Employee ({
public void takeDictation(String text) {
Sy stemzousprintlinttTakingrdretabrion ot bexrmitapanchys

}

* Now we only write the parts unique to each type.

*» Secretary inherits getHours, getSalary, getVacationDays,
and getVacationForm methods from Employee.

*» Secretary adds the takeDictation method.
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Implementing Lawyer

* Consider the following lawyer regulations:
» Lawyers who get an extra week of paid vacation (a total of 3).
» Lawyers use a pink form when applying for vacation leave.
» Lawyers have some unique behavior: they know how to sue.

* Problem: We want lawyers to inherit most behavior from
employee, but we want to replace parts with new behavior.
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Lawyer class

// A class to represent lawyers.
public class Lawyer extends Employee {
// overrides getVacationForm from Employee class
public String getVacationForm() {
T S RaT A RV I

}

// overrides getVacationDays from Employee class
public int getVacationDays () {
return 15; // 3 weeks vacation

}

jeiBl o e e e fue s u B o ) R |
e o S Y O NP A O 1 Al Frp T A P T A5 VA O o o S S B B o

}

— Exercise: Complete the Marketer class. Marketers make
$10,000 extra ($50,000 total) and know how to advertise.
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Marketer class

// A class to represent marketers.
public class Marketer extends Employee {
public void advertise () {
System.out.println ("Act now while supplies last!");

}

public double getSalary () {
1= N B By O RSl D 0 BY s B30 // $50,000.00 / year

}
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Levels of inheritance

e Multiple levels of inheritance in a hierarchy are allowed.

« Example: A legal secretary is the same as a regular secretary
but makes more money ($5,000 more) and can file legal
briefs.

public class LegalSecretary extends Secretary {

» Exercise: Complete the L.egalSecretary class.

Copyright 2010 by Pearson Education



LegalSecretary class

// A class to represent legal secretaries.
public class LegalSecretary extends Secretary {
public void filelegalBriefs () {
Sy stemsz o sprintinttircantd sirlemall Sday T2

}

public double getSalary () {
PEt LI A S e // $45,000.00 / year

}
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Changes to common behavior

* Imagine a company-wide change affecting all employees.

Example: Everyone is given a $10,000 raise due to inflation.
» The base employee salary is now $50,000.
» Legal secretaries now make $55,000.
 Marketers now make $60,000.

* We must modify our code to reflect this policy change.
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Modifying the superclass

// A class to represent employees in general (20-page manual).
public class Employee {
RS O M B R S R b R e B S e oo
return 40; // works 40 hours / week

}

public double getSalary () {
return 50000.0; // $50,000.00 / year

}

e Are we finished?

* The Employee subclasses are still incorrect.
» They have overridden getsSalary to return other values.
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An unsatisfactory solution

public class LegalSecretary extends Secretary {
public double getSalary () {
return 55000.0;

}

public class Marketer extends Employee {
public double getSalary () {
return 60000.0;

» Problem: The subclasses' salaries are based on the Employee
salary, but the getsalary code does not reflect this.
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Calling overridden methods

« Subclasses can call overridden methods with super

super . <method> (<parameters>)

— Example:

public class LegalSecretary extends Secretary {
public double getSalary () {
double baseSalary = super.getSalary():
return baseSalary + 5000.0;

— Exercise: Modify Lawyer and Marketer to use super.
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Improved subclasses

public class Lawyer extends Employee {
public String getVacationForm() {
10 = B4 e o eted ST Y G

}

public int getVacationDays () {
return super.getVacationDays() + 5;

}

publicroldysuci |
O e e O I A s A o S S S A A A SN b e o
}
}

public class Marketer extends Employee {
publicivoid-advertisei)ud
System.out.println ("Act now while supplies last!");

}

public double getSalary () {
return super.getSalary() + 10000.0;

}
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Given the Employee class // A class to represent employees
public class Employee {

to the right what is output

: O b S e R A O s b

by the following code?

public Employee (String id) {
R e B AN e

Employee el; }

el = newimpbloVecinl A public int getHours() {

SRR s PR } return 40;

str = el.toString (),

: public double getSalary () {
AR e e ot e R e LA A ke s oo

A. #1 i

publrersrntygetVacationbDaysi)asd

Eg. "#:1." return 10;

: : }
C. Output varies each time. | | |
O S ST S S S WIANG B R BT K NG MBI AN A AR R e e
D. Syntax error .
E. Runtime error
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Topic 32 - Polymorphism




Clicker 1

* What is output by the following code?
Critter c1 = new Hippo(7);
System.out.print(cl.toString());

A. 7

B. ?

C. null

D. No output due to a syntax error
E. No output due to a runtime error



— Polymorphism

polymorphism: Ability for the same
code to be used with different types of
objects and behave differently with each.

e System.out.println can print any
type of object.

« Each one displays in its own way on the
console.

eCritterMain can interact with any
type of critter.

- Each one moves, fights, etc. in its own
way.



—

Coding with polymorphism

* A variable of type T can refer to an object
of any subclass of T.

Erittay el = w0 Loaepe e

* You can call any methods from the Critter
class on c1.

* When a method is called on c1, it behaves as a

Hippo:
System.out.println (cl.getColor) ; // GRAY
System.out.println(ecl.toString()) Ll



/457%¢¢y”f/’ﬁﬂfﬂkﬂ' .
Polymorphism and parameters

* You can pass any subtype of a
parameter's type.

publErecliass s CrriterMaydn
EUb e S ie i ncE e e eo et el B e Cp
Hippo henry = new Hippo(7):;
Bird angry = new Bird();

printInfo (henry)
printInfo (angry) ;
} \

publicEstaticivord iprinbinfoitCritterierit)y |

sSystemsountsprantintlecat 2tk serir Soatit));
A T S A B ey S e e e I e e G o Yoty P MO oMo oo Y20
System:outiprant In(" move: "+ crit ‘getMove ());

(

System.out.println () ;

}
}

OUTPUT???



7 Af;gf,gﬂ/f’fiz——
Polymorphism and arrays

e Arrays of superclass types can store any subtype as elements.
public class CritterMainZ2 {

pubEicystaricivoidimaintsbring S args)ad
Critter[] crits = { new Bird(), new Vulture(),
new Hippo(7), new Ant(true) };
FOrR S iRt sia=nliadiiaritsileng iy i B ey
Ao B N PO AT S e M B MG B G o d e Mo s o] o e 0 o= 1 R 2 Mo { i (e M Bl 3] 09 SARHE
System.out.println(" move: " + crits[i].getMove());

Syatemz ot prin Elna e

Output:



A polymorphism problem

publiciclassiFooy
public void methodl () {

System.out.println("foo 1");

}
pablicsvaord methodZ )

System.out.println ("foo 2");

}

B O AN e S e LR 6 e O R onE G e A (v
1= B N A e A AN O S
}
}

public class Bar extends Foo {
public void method2 () {

Sy stemrontiprinElntbar =2

}

public class Baz extends Foo {
public void methodl () {
S R LA M M G e [ e

}

ANl o AR e R S E e B O o e S O XN DN N 9 1 ot (9 Rt
R R e =
}
}

public class Mumble extends Baz {
public void method2 () {
O AP S I AOHD B B o A A e (AR S AN G Ao
}
}




e
A polymorphism problem

}
» What would be the output of the following client code?

OO B B 0 70 S a8 Lo A s B ) S s Ok o SN o Te i (0 S N = A ARt b a0 O T 0 s @ S e S @ TO 3 (8 Py o0
0 i o Rl e oV Yo R M SO T @ T O Ko RO W =1 010 K o 0 MR B o o B |

System.out.println (foos[i]) ;

foos[i] .methodl () ;

foos[i] .method2 () ;

System.out.println () ;



‘/25§,,f%f”fl,——
Diagramming the classes

* Add classes from top (superclass) to bottom (subclass).

e Include all inherited methods.

Foo
rrethod1 fon 1
method fon 2
toString foo

£|}.
| |

Bar Baz
frmethocf) fon 1 method1 haz
triethod har 2 (rmethoc2) fon 2
(tostring) foo toString haz
Mumble
(rmethoci) haz 1
ffoSting) haz




——

Finding output with tables

method Foo Bar Baz Mumble
methodl EE R o ez baz 1
method? N S Bl Re e mumble 2

toString | foo RO baz baz




Polymorphism answer

N A b o e e ) O A e T o oS B A e B e B o Ao e R E e AL R R S o oy e o MR ey e e Z ol e o £
S o R A D e P S OV G Y RO M DR A B e S o
SystemrontsprintintEoosiFil)s
foos[i] .methodl () ;
S A T 2 Rl LV P AU 0] o
S AASE RS I S YOR TN oh o Bak il to ] &) v

)
e Qutput:

baz
SO Zavl
BRI

foo
foo
bar

N -

baz
e B
mumble 2

EOE)
Ee @Rl
FoeE2

15



el
Another problem

* The order of the classes is jumbled up.
* The methods sometimes call other methods (tricky!).

public class Lamb extends Ham ({
publicavesddrbbyad
S O IN M S A B S A TR AR ) R
}

}

public class Ham {

oAt e e U
System.out.print ("Ham a oty
b();

}

) B R A A B A S o oay
System.out.print ("Ham b R 0

}

publicaSEring s tostring st
S A AR A B e

}

15



,,—””ﬁ/;?/i;”‘

Another problem 2

public class Spam extends Yam ({
o A r e e A e S S e el
A B o O VB A S M O R B SO SE s © AT
}

}

public class Yam extends Lamb {
oL O B e T o Bt e Mete b A ke |
System.out.print ("Yam a A
super.a() ;

}

b eSS A e S O SR F A A e R e A oot
e S e e
}

}
» What would be the output of the following client code?

Ham[] food = {new Lamb (), new Ham(), new Spam(), new Yam() };
I A S o K oA Ry el § 5 A R Sy S O T 010 sl N =D (O REH R RPe Byl o9 S |

System.out.println (food[i]) ;

food[i].a() ;

Sy stemionEaprintinstss; // to end the line of output
food[i] .b () ;
e R T b e SR e BN A AR e // to end the line of output

SyrsbemsouEprint FrtRy

13



Class diagram

Ham

al
b
toString)

Lamb

a(
b
fastring

Yam

ag
i}
toString

Spam

a()
b
tostring()

14



e
Polymorphism at work

e Lamb inherits Ham's a. a calls b. But Lamb overrides b...

publsiceasssHams s

pabliiervwoidrantay
A e e OIS T e M e s AR R ke
b();

}

publEicmvodadi el
A A T A B A O e M1 B oo o S UHE o 6 R
}

;2188 SHE R eI Chpa sh aTe SR piSIC e mn Mo o R
Db A e BT

}
}

public class Lamb extends Ham ({

public void b() {
System.out.print ("Lamb b i B0
}

}

* Lamb's output from a:
Ham a Lamb b

15



The table

method Ham Lamb Yam Spam
a Ham a Ham a Yam a Yam a
b () b () Ham a Ham a
b () b()
b Ham b Lamb b Lamb b Spam b
toString | Ham Ham Yam Yam

16



The answer

Ham[] food = {new Lamb (), new Ham(), new Spam(), new Yam() };
ol aernre e amne aeE o oo rere Ea i e e

e e A SR e VAR e i T A L e

OO | S PR A o

OO | SA T R O o ki

i e Sl e e B M
}

e Qutput:
Ham
Ham a Lamb Db
Lamb b

Ham
Ham a
Ham b

Yam
Yam a Ham a Spam b
Spam b

Ham b

Yam
Yam a Ham a Lamb b
Lamb b

157



——

Overriding Object's
equals Method

* The Object class contains this method:
public boolean equals (Object obj)
* many classes override this method

* many students mistakenly overload the
method

* many headaches when placing objects in
data structures

18



~— Overriding Object's

equals Method

eoverriding equals correctly follows a
pattern

»So, it isn't that hard, if you follow
the pattern

*Override equals for
a Standard Playing Card

*Override equals for a Snake Critter
» Demo array of Critter objects

53]
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e Write a program that reads a file and displays
the words of that file.

— First display all words.
— Then display them with all plurals (ending in "s") capitalized.
— Then display them in reverse order.

— Then create and return an array with all the words except the
plural words.

e Can we solve this problem using an array?
— Why or why not?
— What would be hard?



Naive solution

String[] allWords = new String[1000];
int wordCount = 0;

Scanner 1nput = new Scanner (new File("data.txt"));
while (input.hasNext()) {
String word = 1nput.next();
allWords[wordCount] = word;
wordCount++;

e Problem: You don't know how many words the file will have.
— Hard to create an array of the appropriate size.
— Later parts of the problem are more difficult to solve.

e Luckily, there are other ways to store data besides in an array.



o collection: an object that stores data; a.k.a. "data structure”
— the objects stored are called elements
— some collections maintain an ordering; some allow duplicates
— typical operations: add, remove, clear, contains (search), size

— examples found in the Java class libraries:
e ArraylList, LinkedList, HashMap, TreeSet, PriorityQueue

— all collections are in the java.util package

import java.util.*;



Java collections framework

ainterfaces Interfaces ainterfaces ginterfaces
Collection Map lterator
X
| I | | T
sinterfaces «interfaces «interfaces I ainterfaces sinterfaces
List Set P SortedSet | | SortedMap Listlterator
Il
¥ T T | — %
e B S T
i - N — L__.I I [—
| l | |
i' ' ' Concrete
i LinkedList HashSet TreeSet HashMap| | Treemap Classes
ArrayList #_‘,J;;— | T i R _l_
- e i —
. < AbstractSequentialList Abstractset AbstractMap -
- Abstract Classes

AbstractList f—s AbstractCollection




e list: a collection storing an ordered sequence of elements
— each element is accessible by a 0-based index
— a list has a size (number of elements currently present)

— elements can be added to the front, back, or in the middle
— Java has several classes that are Lists such as ArrayList

Adding an

| & 1

Adding an Adding an
element element




Concept of a list

e Rather than creating an array of elements, create an object
that represents a "list" of items. (initially an empty list.)

[]

e You can add items to the list.
— The default behavior is to add to the end of the list.

[hello, ABC, goodbye, okay]

e The list object keeps track of the element values that have
been added to it, their order, indexes, and its total size.

— Think of an "array list" as an automatically resizing array object.
— Internally, the list is implemented using an array and a size field.



ArrayList methods (10.1)

add (value)

appends value at end of list

add (index, value)

inserts given value just before the given index,
shifting subsequent values to the right

clear ()

removes all elements of the list

indexOf (value)

returns first index where given value is found
in list (-1 if not found)

get (index)

returns the value at given index

remove (index)

removes/returns value at given index, shifting
subsequent values to the left

set (index, value)

replaces value at given index with given value

size ()

returns the number of elements in list

toString ()

returns a string representation of the list
suchas "[3, 42, -7, 151"




ArrayList methods 2

addall (list) adds all elements from the given list to this list

addAll (index, list) | (at the end of the list, or inserts them at the given index)
contains (value) returns true if given value is found somewhere in this list
containsAll (list) returns true if this list contains every element from given list
equals (list) returns true if given other list contains the same elements
iterator () returns an object used to examine the contents of the list
listIterator () (seen later)

lastIndexOf (value) | returns last index value is found in list (-1 if not found)
remove (value) finds and removes the given value from this list
removeAll (list) removes any elements found in the given list from this list
retainAll (list) removes any elements not found in given list from this list

subList (from, to) |returns the sub-portion of the list between
indexes from (inclusive) and to (exclusive)

toArray () returns the elements in this list as an array




Type Parameters (Generics)

ArrayList<Type> name = new ArrayList<Type> () ;

e When constructing an ArrayList, you must specify the
type of elements it will contain between < and >.

— This is called a type parameter or a generic class.
— Allows the same ArrayList class to store lists of different types.

ArraylList<String> names = new ArraylList<String> () ;
names.add ("Marty Stepp"):;

names.add ("Stuart Reges");
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ArrayList of primitives?

e The type you specify when creating an ArrayList must be an
object type; it cannot be a primitive type.

// illegal -- int cannot be a type parameter
ArraylList<int> list = new ArraylList<int>();

e But we can still use ArrayList with primitive types by using
special classes called wrapper classes in their place.

// creates a list of ints
ArraylList<Integer> list = new ArraylList<Integer>();

11



Wrapper classes

Primitive Type | Wrapper Type
int Integer
double Double
char Character
boolean Boolean

e A wrapper is an object whose sole purpose is to hold a primitive value.

e Once you construct the list, use it with primitives as normal:

ArraylList<Double> grades = new ArraylList<Double> () ;
grades.add(3.2);
grades.add(2.7) ;

double myGrade = grades.get (0);

12



What is the output of the following code?

ArrayList<String> list = new ArrayList<>();
list
list
list.
list.

list
list.

.add ("D") ;

.add ("X") ;
add ("C") ;
add (1, "M");

.add (3, "P");

remove (2) ;

System.out.println(list);

A.

1 O 2 ™

D, M, P, C]
]
:[)I X, P, C]

D, M, null, P,
M, X]

13



What is the output of the following code?

ArrayList<Double> list = new ArrayList<>();

for (int 1 = 1; 1 <= 8; 1++) {
list.add((double) (1 * 5));

}
for (int 1 = 0; 1 < list.size(); 1i++) {
list.remove (1) ;

}
System.out.println(list);

A. [10.0, 20.0, 30.0, 40.0]
. [
. [5.0, 10.0, 15.0, 20.0]

. [40.0]

. No output due to syntax or runtime error.

B
C
D
E



Learning about classes

e The Java API Specification contains the documentation for
every Java class in the standard library and their methods.

— The link to the API Specs is on the course web site.

@ Arraylist (Java Platform SE 6) - Mozilla Firefox [ ] 5<'}
~ @  FEle Edit View History Bookmarks Tools Help |B http://java.sun.com/javase/6/docsfi 1 - [Gl- Gooole el

ava.sql (] |i
java.text . [
java text.spi _ | Overview Package [SEEFJUse Tree Deprecated Index Help Java™ Platform |-
iava.util S| preverass nextclass ERAMES NO FRAMES Standard Ed. 6
‘ava util concurrent SUMMARY- NESTED | FIELD | CONSTR | METHOD DETAIL: FIELD | CONSTR | METHOD
java.util.concurrent.at
java.util.concurrent.lo java.util
java.util.jar .
iava util lnaaina [L] Class Al‘l‘ayLlst<E>

[e]_m >
Classes [i] ‘avl—a:lan :ble:: t tCollecti <E>
spsiacCallton | B e
M : ::|ava.|:1til ArrayList<E>
AbstractMap

AbstractMap.SimpleE
AbstractMap.Simplel|
AbstractQueue
AbstractSequentialLis
AbstractSet
ArrayDeque
ArrayList

Arrays

BitSet

Calendar

Collections

Currency

Date

Dictionary

EnumMap

EnumSet

Evontl ictanarDrnvy ¥
&l 2]

All Implemented Interfaces:
Serializable, Cloneable, Iterable<E>, Collection<E>, List<E>, RandomAccess

Direct Known Subclasses:
Attributelist, RoleList, RoleUnresolvedList

public class ArrayList<E>
extends AbstractList<E>
implements List<E>, Randomfccess, Cloneable, Serializable

Resizable-array implementation of the nist interface. Implements all optional list operations, and
permits all elements, including nui1. In addition to implementing the nist interface, this class
provides methods to manipulate the size of the array that is used internally to store the list. (This
class is roughly equivalent to vector, except that it is unsynchronized.)

. . . w
ha mimm & ATt it e fdmami e AN TS e T m e Anaratinne min in canctant fima Tha I_I

Done

# & |5 E
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http://java.sun.com/javase/6/docs/api/

ArrayList VS. afray

e construction
String[] names = new Stringl[5];
ArrayList<String> list = new ArrayList<String>() ;

e storing a value
names[0] = "Jessica";

list.add ("Jessica") ;

e retrieving a value
String s = names[0];
String s = list.get(0);

16



ArrayList VS. array 2

e doing something to each value that starts with "B"
for (int i = 0; 1 < names.length; 1i++) {
1f (names[1].startsWith("B")) { ... }
}
for (int i = 0; i < list.size(); i++) {
if (list.get (i) .startsWith("B")) { ... }
}

e seeing whether the value "Benson" is found
for (1int 1 = 0; 1 < names.length; 1++) {
1f (names[1i].equals("Benson")) { ... }

}
if (list.contains("Benson")) { ... }

17



Exercise, revisited

e Write a program that reads a file and displays
the words of that file as a list.

— First display all words.

— Then display them in reverse order.

— Then display them with all plurals (ending in "s") capitalized.
— Then display them with all plural words removed.

18



Exercise solution (partial)

ArrayList<String> allWords = new ArrayList<String>() ;

Scanner 1nput = new Scanner (new File ("words.txt"));
while (input.hasNext()) {
String word = 1nput.next();

allWords.add (word) ;

}
System.out.println(allWords) ;

// remove all plural words
for (int 1 = 0; 1 < allWords.size(); 1i++) {
String word = allWords.get (1);
1f (word.endsWith("s")) {
allWords.remove (1) ;
i--; // Angel Tears

19



ArrayList as parameter

public static void name (ArrayList<Type> name) {

e Example:
// Removes all plural words from the given list.
public static void removePlural (ArrayList<String> list) {

for (int 1 = 0; 1 < list.size(); 1i++) {
String str = list.get (1),
if (str.endsWith("s")) {

list.remove (1) ;
1-=7

e You can also return a list:
public static ArrayList<Type> methodName (params),,



e Write a program that reads a file full of numbers and
displays all the numbers as a list, then:

— Prints the average of the numbers.
— Prints the highest and lowest number.
— Filters out all of the even numbers (ones divisible by 2).

21



Exercise solution (partial)

new ArrayList<Integer>() ;

ArraylList<Integer> numbers

Scanner input = new Scanner (new File ("numbers.txt")):;
while (input.hasNextInt()) {
int n = input.nextInt();

numbers.add (n) ;

}

System.out.println (numbers);

filterEvens (numbers) ;
System.out.println (numbers);

// Removes all elements with even values from the given list.
public static void filterEvens (ArrayList<Integer> list) {

for (int i = list.size() - 1; i >= 0; i--) {
int n = list.get (1),
if (n % 2 == 0) {

list.remove (1) ;

22



Other Exercises

e Write a method reverse that reverses the order of the
elements in an ArrayList of strings.

o Write a method capitalizePlurals that accepts an
ArrayList of strings and replaces every word ending with an

"s" with its uppercased version.

e Write a method removePlurals that accepts an ArrayList
of strings and removes every word in the list ending with an

s", case-insensitively.

23



Out-of-bounds

e Legal indexes are between 0 and the list's size() - 1.

— Reading or writing any index outside this range will cause an
ITndexOutOfBoundsException.

ArrayList<String> names = new ArrayList<String>();

names.add ("Marty") ; names.add ("Kevin") ;

names.add ("Vicki") ; names.add ("Larry") ;
System.out.println (names.get (0)); // okay
System.out.println (names.get (3)); // okay
System.out.println(names.get(-1)); // exception
names.add (9, "Aimee") ; // exception

ndex 0 1 2 3

value | Marty | Kevin | Vicki | Larry
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ArraylList "mystery"” 2

ArraylList<Integer> list = new Arraylist<Integer>();

for (int 1 = 1; 1 <= 5; 1++) {
list.add (2 * 1); // [2, 4, 6, 8, 10]

e What is the output of the following code?

int size = list.size():;

for (int i = 0; 1 < size; i++) {
list.add (i, 42); // add 42 at index i

}

System.out.println(list);

e Answer:
(42, 42, 42, 42, 42, 2, 4, 6, 8, 10]
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ArrayList as parameter

public static void name (ArrayList<Type> name) {

e Example:
// Removes all plural words from the given list.
public static void removePlural (ArrayList<String> list) {

for (int 1 = 0; 1 < list.size(); 1i++) {
String str = list.get (1),
if (str.endsWith("s")) {

list.remove (1) ;
1-=7

e You can also return a list:
public static ArrayList<Type> methodName (params),



e Write a method addstars that accepts an array list of strings
as a parameter and places a * after each element.

— Example: if an array list named 1ist initially stores:

[the, gquick, brown, fox]

— Then the call of addstars (1ist); makes it store:

[the, *, quick, *, brown, *, fox, *]

e Write a method removeStars that accepts an array list of
strings, assuming that every other element is a *, and removes
the stars (undoing what was done by addstars above).

27



Exercise solution

public static void addStars (ArrayList<String> list) {
for (int 1 = 0; 1 < list.size(); 1 += 2) /{
list.add (i, "*");

public static void removeStars (ArrayList<String> list) {
for (int 1 = 0; 1 < list.size(); i++) {
list.remove (1) ;

28



e Write a method intersect that accepts two sorted array lists

of integers as parameters and returns a new list that contains
only the elements that are found in both lists.

— Example: if lists named 1ist1 and 1ist?2 initially store:
(1., 4, 8, 9, 11, 15, 17, 28, 41, 59]
4, 7, 11, 17, 19, 20, 23, 28, 37, 59, 81]

— Then the call of intersect (1istl, 1list?2) returns the list:
(4, 11, 17, 28, 59]

29



Other Exercises

e Write a method reverse that reverses the order of the
elements in an ArrayList of strings.

o Write a method capitalizePlurals that accepts an
ArrayList of strings and replaces every word ending with an

"s" with its uppercased version.

e Write a method removePlurals that accepts an ArrayList
of strings and removes every word in the list ending with an

s", case-insensitively.

30



Objects storing collections

e An object can have an array, list, or other collection as a field.

public class Course {
private double|[] grades;
private ArrayList<String> studentNames;

public Course () {
grades = new double[4];
studentNames = new ArrayList<String> (),

e Now each object stores a collection of data inside it.
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The compareTo method (10.2)

e The standard way for a Java class to define a comparison
function for its objects is to define a compareTo method.

— Example: in the string class, there is a method:

public int compareTo (String other)

e Acall of A.compareTo (B) will return:

avalue < 0 if A comes "before" B in the ordering,
avalue > 0 if A comes "after" B in the ordering,
or 0 if A and B are considered "equal” in the ordering.
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Using compareTo

« compareTo can be used as a test in an if statement.

String a = "alice";
String b = "bob";
if (a.compareTo(b) < 0) { // true

Primitives Objects
1if (a < b) { ... 1f (a.compareTo (b) < 0) {
if (a <= b) { 1f (a.compareTo (b) <= 0) {
1f (a == b) { 1f (a.compareTo (b) == 0) {
1f (a !'= b) { 1f (a.compareTo(b) != 0) {
if (a >= b) { 1f (a.compareTo (b) >= 0) {
if (a > b) { 1f (a.compareTo (b) > 0) {
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compareTo and collections

e You can use an array or list of strings with Java's included
binary search method because it calls compareTo internally.

String[] a = {"al", "bob", "cari", "dan", "mike"};
int index = Arrays.binarySearch (a, "dan"); // 3

¢ Java's TreeSet/Map use compareTo internally for ordering.

Set<String> set = new TreeSet<String>();
for (String s : a) {

set.add(s) ;
}

System.out.println(s);
// [al, bob, cari, dan, mike]
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Ordering our own types

e We cannot binary search or make a Treeset/Map of arbitrary
types, because Java doesn't know how to order the elements.

— The program compiles but crashes when we run it.

Set<HtmlTag> tags = new TreeSet<HtmlTag> () ;
tags.add (new HtmlTag ("body", true)):;
tags.add (new HtmlTag ("b", false));

Exception in thread '"main" java.lang.ClassCastException
at java.util.TreeSet.add(TreeSet.java:238)
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Comparable (10.2)

public interface Comparable<E> {
public int compareTo (E other) ;

J

e A class can implement the Comparable interface to define a
natural ordering function for its objects.

e A call to your compareTo method should return:
a value < 0 if the other object comes "before" this one,
a value > 0 if the other object comes "after" this one,
or 0 if the other object is considered "equal” to this.

o If you want multiple orderings, use a Comparator instead (see Ch. 13.1)36



Comparable template

public class Name implements Comparable<name>

public int compareTo (nAamMe other) {

}
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Comparable example

public class Point implements Comparable<Point>
private 1nt x;
private 1int vy;

// sort by x and break ties by y
public int compareTo (Point other) {
1f (x < other.x) {
return -1;
} else 1f (x > other.x) {
return 1;
} else 1f (y < other.y) {

return -1; // same x, smaller y
} else 1f (y > other.y) {

return 1; // same x, larger y
} else {

return 0; // same x and same y

}



compareTo tricks

e subtraction trick - Subtracting related numeric values produces
the right result for what you want compareTo to return:

// sort by x and break ties by y
public int compareTo (Point other) {

1if (x !'= other.x) {
return x - other.x; // different x
} else {
return y - other.y; // same x; compare y
}
}
— The idea:

oif x > other.x, thenx - other.x > 0
oif x < other.x, thenx - other.x < 0

oif x == other.x, then x - other.x ==

—NOTE: This trick doesn't work for doubles (butsee Math.signum) 4



compareTo tricks 2

e delegation trick - If your object's fields are comparable (such
as strings), use their compareTo results to help you:

// sort by employee name, e.g. "Jim" < "Susan"
public int compareTo (Employee other) {
return name.compareTo (other.getName()) ;

}

« toString trick - If your object's toString representation is
related to the ordering, use that to help you:

// sort by date, e.g. "09/19" > "04/01"
public int compareTo (Date other) {
return toString() .compareTo (other.toString())

}
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e Make the Htm1Tag class from HTML Validator comparable.

— Compare tags by their elements, alphabetically by name.
— For the same element, opening tags come before closing tags.

// <body><b></b><i><b></b><br/></i></body>
tags = new TreeSet<HtmlTag>();
HtmlTag ("body", true));

Set<HtmlTag>
.add (new
tags.
tags.
tags.
tags.
tags.
tags.
tags.

tags

tags.

// [<b>, </b>, <body>, </body>, <br/>,

true)) ;
false));
true)) ;
true)) ;
false)

) i

HtmlTag "br"))°

HtmlTag ("b",
HtmlTag("b"
HtmlTag ("1
HtmlTag("b"
HtmlTag ("b",
(
("

HtmlTag

false));

HtmlTag("body", false));
System.out.println (tags);

//
//
//
//
//
//
//
//
//

<body>
<b>
</b>
<i>
<b>
</b>
<br/>
</i>
</body>

<i>, </i>] 41



Exercise solution

public class HtmlTag implements Comparable<HtmlTag> ({

// Compares tags by their element ("body" before "head"),
// breaking ties with opening tags before closing tags.
// Returns < 0 for less, 0 for equal, > 0 for greater.
public int compareTo (HtmlTag other) ({
int compare = element.compareTo (other.getElement())
1f (compare != 0) {
// different tags; use String's compareTo result
return compare;

} else {
// same tag
1f ((1sOpenTag == other.isOpenTag()) {
return 0; // exactly the same kind of tag
} else 1f (other.isOpenTag()) {
return 1; // he=open, I=close; I am after
} else {

return -1; // I=open, he=close; I am before

}



