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1.1 Your First Program

Programming

Iniroduction 1o P

ingin Java: Anbtendicipliary Appowh - Robot SdgvickandKoinWaye - Gopight ©200-200 -+ B/I202 B0639

Why Programming?
Why programming? Need to fell computer what fo do.

*Please simulate the motion of N
heavenly bodes, subjectto Newton
laws of motion and gravity.”

/

Prepackaged software solutions. Great, they do exactly what you want.

Programming. Enables you to make a computer do anythingyouwant.

well, almost anything
[stay tuned]

Ada Lovelce Analytic Engne

Why Program?

Why program?
A natural, satisfying and creative experience.
Enables accomplishments not otherwise possible.
Opens new world of intellectualendeavor.

First challenge. Learn a programming language.

Next question. Which one?

gl' g:ﬁ'?é'

Naive ideal. A single programming language.

Qur Choice: Java

Java features.
Widely used.
Widely available.
Embraces full set of modern abstractions.
Variety of automatic checks for mistakes in programs.

Java economy.

. Mars rover. $100 billon

. Cell phones. 5 milion developers
Blu-ray Disc.
Web servers.

. Medical devices.
Supercomputing.

James Gosling
http://javanet/ig

Why Java?

Java features.
Widely used.
Widely available.
Embraces full set of modern abstractions.
Variety of automatic checks for mistakes in programs.

Facts of life.
No perfect language.
We need to choose some language.

“ There are only two kinds of programming
languages: those people always [gripe]
about and those nobody uses.”

— Bjarne Stroustrup

Our approach. §
Minimal subset of Java.
Develop general programming skills that
are applicable fo many languages.

If's not about the language!

A Rich Subset of the Java Language
int double System.aut.println() Math.sin() Math.cos()
long String System.cut.print () Math.log() Math.exp()
char boolean System.aut.printf () Math. sqrt () Math.pow()
Math.min() Math.max()
TR oo e
if else Integer parselnt ()
for while Double.parseDouble ()
. B N
true false { } = - > <
] && ( ) <= >= —
! B i 1=
+ o afi] class static
length() compare () new public private
charat () matches () a.length £inal toString()
new main ()
B
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Programming in Java

Programming in Java.

. Create the program by typing it into a text editor, and
save it as HelloWorld. java.

* Prints "Hello, World"

* Everyone's first Java program.
kA A Ak AR * ok ok *k Ak *k k)

public class HelloWorld {
public static void main (String[] args) {
System.out.println ("Hello, World");
}

HelloWorld.java

Programming in Java

Programming in Java.

Create the program by typing it info a fext editor, and
save it as HelloWorld. java.

Compile it by typing at the command-line:

javac HelloWorld.java.

~
% javac HelloWorld.java

(or click the Campile button in DrJava)

This creates a Java bytecode file named: HelloWorld.class.

Programming in Java

Programming in Java.
. Create the program by typing it into a text editor, and
save it as HelloWorld. java.
Compile it by typing at the command-line:
javac HelloWorld.java.
Execute it by typing at the command-line:
java HelloWorld.

-l
~

% javac HelloWorld.java

% java HelloWorld
Hello, World

Dr.Java
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1.1 Extra Slides

Java Features

Java is: Java is:
. Object oriented. . Not new.
. Statically typed. - Designed for foasters.

Architecture neutral. . Not done yet.

Multi-threaded. Not as useful as C, C++, FORTRAN.
Garbage-collecting. . Slow.

Robust. Unsafe.

. Small. . Huge.

Simple. Complex.
. Fast.

Secure.
Extensible.
Well-understood.
. Fun.

Don't believe anything on this slide! Make up your own mind.

Java Bytecode

0000000 312376 272 276 \0 \0 \0 . 10 035 \n \0 006 \0 07 \t
0000020 10020 \0 021 o \0 022 \n \0 023 \0 024 007 \0 025 007

0000040 \0026 001 10006 < i n i t >001 \0003 ( )
0000060 VOO0L \0 004 C o d e0OOl \0017 L i n e N
000100 u m b e r T a b 1 e00L 0004 m a i
0000120 0001 0026 ( [ L 3 a v a / 1 a n g
0000140 / S t r i n g ; ) VOOL \0 \n S o u
0000160 r c e F i 1 €001 0O7 H e 1 1 o W
000200 o r 1 d . 3 a a \E \0 007 \0 b 007 \0O
0000220 027 \f \0 030 0 031001 W0 M H e 1 1 o ,

0000240 W o r 1 d007 \003%2 \f \0033 \0 03400 \0 \n
000020 H e 1 1 o W o r 1 dool \0020 3 a v
0000300 a / 1 a n g / O b 3 e c tO00l \0020
00320 3 a v a / 1 a n g / S y s t e m
0000340 001 \0 003 o u £ 001 \0 025 L 3 a v a / i
000030 o / P r i A t S t © e a m ;001 \0
0000400 023 3 a v a / i o / P r i n t § t
0000420 r e a mOOL 0007 p r i n € 1 nool \0
0000440 025 ( L 3 a v / a n g / 5 &t &
0000460 i n g ;) v A0 ! \0005 \0006 \0 \0 \0 \0o
0000500 \0002 \0 001 \0 007 \0 b \0 001 \0 \t \0 \0 \0 035
0000520 \0001 \0 001 \0 \0 \0005 * 267 \0 001 261 \0 \0 \0

0000540 001 \0 \n \0 \0 \0 006 \0 001 \0 0 \0 \f \0 \t \0
0000560 013 \0 \f 10001 \0 \t \0 \0 \0 & \0 002 \0 001 \0
0000600 \0 \0 \t 262 \0 002 022 003 266 \0 004 261 \0 \0 \0 001
0000620 \0 \n \0 \0 \0 \a \0002 \0 \0 \0 017 \0 \b \0 020
0000640 \0 001 \0 \r \0 \0 \0002 \0 016

0000 652

HelloWorld.class

1.2 Built-in Types of Data

Programming

Introduction to Pogrmningin Jwa: Anliexdisipliary Approah - Robat SdwvickandKoinWayre - Copright ©200-200 -+ /1202 B06:45

Built-in Data Types

Data type. A set of values and operations defined onthose values.

itera values

char characters 0 2 n compare
. sequences of "Hello World"
String i "110 is fun" concatenate
. ey 17 add, subtract,
eger: 12345 multiply, divide
e floating-point 3.1415 add, subtract,
numbers 6.022e23 multiply, divide
boolean truth values e and, or, not

false

Basic Definitions

Variable. A name that refers to a value of declared type.
Literal. Programming language representation of a value.
Assignment statement. Associates a value with a variable.

declaration statement

|
variable name._ (1Nt 3, Bi| _jiteral
“a =[1234]]
assignment __ | oo

statement
int ¢ = a + b;

combined declaration
and assignment statement
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Trace

Trace. Table of variable values af ter each statement.

Text

a b t
int a, b;  undefined undefined
a = 1234; 1234
b = 99; 99
int t = a; 1234
a=h; 929
b = t; 1234
Text Subdivisions of a Ruler

String data fype. Useful for program input and output.

Caveat. Mearing of characters dependson context.

public class Ruler {
public static void main(String[] args) {
String rulerl = "1";
String ruler2 = rulerl + " 2 " + rulerl;

values sequences of characters
w2347 4+ " 4 "+ "9H"
typical | ., wag e b
f pic Hello, *
Titerals character
operation concatenate operator  cperator
operator ¥
white white
spoce space
v1234n 4w 4w %Y nggn
expression value 7
"Hi, " "Bob" “Hi, Bob" chafuéters
e, "2 1n
N1234% 4 " 4 " 4 "B "1234 4 9"
"1234" + "99" "123499"

String
String
System.

ruler3 = ruler2 + "
rulerd = ruler3 + "
out.println(rulerd) ;

3 " + ruler2;
4 " + ruler3;

\

% java Ruler
121312141213121

nyw
w2 1v
"1213121"

string concatenation

Integers

o 5,-4,3,-2,-1,0,1,2,3,4,5, ...

Integers

int data type. Useful for expressing algorithms.

values integers between —2”' and +27'—1
typical literals 1234 99 -99 0 1000000
aperations add subtract multiply divide
aperators + - * /
expression value comment
5+1 [
5-3 H
523 15
5/1 1 nofractional part
5%3 2 remainder
1/0 run-time error
3%5-2 13+ hasprecedence
3+s /2 5/ hasprecedence
1-5-2 4 leftassociative
(3-5)-2 -4 better style
3-(5-2) 0 unambiguous

remainder

%
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Integer Operations

public class IntOps {
public static void main (String[] args) {
int a = Integer.parselnt (args[0]);
int b = Integer.parselnt (args[l]); § command-line

int sum =a + b; arguments
int prod = a * b;
int quot = a / b;
int rem =a % b;
System.out.println(a + " + " +b + " =" + sum);
System.out.println(a + " * " +b + " = " + prod) ;
System.out.println(a + " /" +b + " =" + quot) ;
System.out.println(a + " % " +b + " =" + rem);
} S~
b % javac IntOps.java
% java IntOps 1234 99
LA 5 88 = 1933
1234 * 99 = 122166 Java automatically converts
1234 / 99 = 12 a,b ,and rem fo type String
1234 % 99 = 46
1234 = 12%99 + 46

Floating-Point Numbers

REAL NUMBERS

FLOATING-POINT
NUMBERS

Floating-Point Numbers

double data type. Useful in scientific applications.

real numbers (specified by IEEE 754 standard)

typic 3.14159 6.022e23 -3.0 2.0 1.4142135623730951
operations add subtract multiply divide
operators + - * /

expression value
3.141 + .03 3.171
3.141 - .03 3.1
6.02e23 / 2.0 3.01e23
5.0 / 3.0 1.6666666666666667
10.0 % 3.141 0.577
1.0 / 0.0 Infinity
Math.sqrt(2.0) 1.4142135623730951
Math.sqrt(-1.0) NaN

Excerpts from Java's Math Library

public class Math
double abs(double a)
double max(double a, double b) maximum of a and b
double min(double a, double b) minimum of a and b

absolute value of a

Note 1: abs (), max (), and min() are defined also for int, long, and float.

double sin(double theta) sine function

double cos(double theta) cosine function

double tan(double theta) tangent function
Note 2 Angles are express Use tolegrees() and toRadians () 1o convert
Note 3: Use asin(), acos (), and atan() for in ms.

double exp(double a) exponential (e)
double Tog(double a)
double pow(double a, double b) raisea to the bth power (a*)

natural log (log, a, or In a)

long round(double a)
double random()

round to the nearest integer
randorm number in [0,1)

double sqrt(double a) square root of a
double E value of e (constant)
double PI value of w (constant)

http :// download. ora cle .com/3 ava se/ 6/docs /ap 1/ ava /lang/Mat h.h trl

Quadratic Equation

Ex. Solve quadratic equation x2+bx+c = 0.

—b +b"—
P b t+b*-4c

2

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

// parse coefficients from command-line
double b = Double.parseDouble (args[0]);
double ¢ = Double.parseDouble (args[1]);
// calculate roots

double discriminant = b*b - 4.0%*c;
double d = Math.sqrt (discriminant);
dowble rootl = (-b + d) / 2.
double root2 (-b - d) / 2.

// print them out
System.out.println (rootl) ;
System.out.println (root2) ;

Testing.

Testing

Some valid and invalid inputs.

4 java Quadratic -3.0 2.0 x2-3x+2
2.0

o0 command-ine axgunents

% java Quadratic -1.0 -1.0 x-x-1
1.618033988749895 ~ )

~0.6180339887498949  9°1den ate

% java Quadratic 1.0 1.0 Xex+l

NaN
NaN — nota number

% java Quadratic 1.0 hello
java.lang.NumberFormatException: hello

% java Quadratic 1.0
java.lang.ArrayIndexOutOfBoundsException
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Booleans

boolean dat . U | I logi |
Booleﬂns olean data type. Useful fo control logic and flow of a program.
values ‘ true or false
literals true false
operations | and or not
operators | & ||
a la a b addhb al|lb
true false false false false false
false true false true false true
true false false true
true true true true
52
Comparisons Leap Year

Comparisons. Take two operands of one fype (e.g. int) and producea
result of type boolean.

Q. Isa given yeara leap year?
A. Yes if either (i) divisible by 400 or (ii) divisible by 4 but not 100.

op meaning true false I ——
== equal 2 == 2 2 == public static void main (String[] args) {
1= not equal 31=2 2 1=2 :::1:::‘;;:;:::193‘”1“':(““3’[01)"
< less than 2<13 2<2
- ., . - - // divisible by 4 but not 100
“= less than or equal 2e=2 3e=2 isleapYear = (year % 4 == 0) & (year % 100 != 0);
> greater than 13> 2 2> 13
// or divisible by 400
>=  greater than or equal 3>=2 2>=3 isleapYear = isLeapYear || (year % 400 == 0);
System.out.println (isLeap )e
non-negative discriminant? (b*b - 4.0%a*c) >= 0.0 } % java LeapYear 2004
t
beginning of a century? (year % 100) == 0 } i v sl Leaprestiison
legal month? (month >= 1) && (month <= 12) ia;:n P PG
true
5 5
Type Conversion
H Type conversion. Convert value from one data type to another.
Type Conversion Ype canver e from one data yp
Automatic: no loss of precision; or with strings.

Explicit: cast; or method.

expresion expresion exrcion

"1234" + 99 String  "123499"
Integer.parselnt("123") int 123
(int) 2.71828 int 2
Math.round(2.71828) Tong 3
(int) Math.round(2.71828) int 3
(int) Math.round(3.14159) int 3
11 * 0.3 double 3.3
(int) 11 * 0.3 double 3.3
11 * (int) 0.3 int 0

Gint) (11 * 0.3) int 3
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Random Integer Summary
Ex. Generate a pseudo-random humber between o and N-1. A data type is a set of values and operations on those values.
. String fext processing.
. double, int mMmathematical calculation.
. boolean decision making.

public class RandomInt {

public static void main(String[] args) {
int N = Integer.parselnt(args[0])

double r = Math.random() ;

& String to int (method) In Java, you must:

int n = (int) (r * N); N\

~ N double between 0.0and 1.0 . Declare type of values. b
double fo int (asf) int fo double (autonatic) . Convert between types when necessary. -
System.out.println("random integer is " + n); -
} N >
} % java RandomInt 6 int fo String(aifomatic) Why do we need .TYPES- i

B . Type conversion must be done at some level. example of bad fype conversion
D 70 B O . Compiler can help do it correctly.
random integer is 0 N "
% java RandomInt 10000 . Ex1: in 1996, Ariane 5 rocket exploded af ter
random integer is 3164 takeoff because of bad type conversion.

. Ex2: i=0in Matlab redefines v-1.




