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Recap
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Recap

public class IfElseDemo {
public static void main (String[] args) {
int testscore = 76;
char grade;

if (testscore >= 90) {

grade = 'A';
} else 1if (testscore >= 80) {
grade = 'B';
} else if (testscore >= 70) {
grade = 'C';
} else {
grade = 'F';
}
System.out.println("Grade = " + grade);
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Recap

public class LoopDemo

public static void main(String[] args)
for (int 1 = 0; 1 < 15; i++){

System.out.println("Loop " + 1i);
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Recap

Recap and Motivation

* Primitive data types (e.g. int) can only hold a single value
- E.g.int val = 17;

Array Features

* Arrays can hold multiple values (or elements)!

« Can only hold one data type, i.e. no mixture of data types (e.g. int and char)
* Length is established upon creation: int [] numbers = new int[10]

» After that it’s fixed!

* Access to elements via index: numbers[0], numbers[5]

* Index starts with 0. That is, the first array element has the index O:

Element

First index (at index 8)
@1 2 3 4 5 6 ?\a 9 — Indices

+«—  Array length is 10
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Recap

Example: Classes and Objects

pointl:Point pointl:Point
x =10 x =10
y = 40 » Yy = 10
move(X, Yy) T move(X, Yy)

Concrete call: move (0, -30)

40 -1 (_I
l move x: 0
move y: -30
10 +— o pointl
| | .
I I "
10 20
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Recap

Instances: Example

public class Shape {
public String color;

public boolean filled;

}
This Rectangle is a Shape This Triangle is a Shape
with color "red" and not filled with color "blue" and filled
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Recap

Constructors

Constructors run before the object can be assigned to a reference
It runs every time you invoke new

... Which is called the default constructor!

Example

public class Circle {
private int radius; Default
public Circle() { constructor
}

public Circle(int r) {
this.radius = r;

If you don’t write a constructor for your class the compiler writes one for you ...
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Communication and Relations between
Objects
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Communication and Relations between Objects

Point2D

-x:double
-y.double

+Point2D(x:double, y:double)
+getX().double

+getY().double

+move(delta_x:double, delta_y:double)

Every rectangle is defined by two Point2Ds:
* First point defines the lower left corner

« Second point defines the upper right corner
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Communication and Relations between Objects

Rectangle

-lowerLeft:Point2D
-upperRight:Point2D

+Rectangle(lowerLeft:Point2D, upperRight:Point2D)

+setLowerlLeft(lowerLeft:Point2D):void
+getLowerLeft():Point2D

+setUpperRight(upperRight:Point2D):void
+getUpperRight():Point2D
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Communication and Relations between Objects

public class Rectangle {

private Point2D lowerLeft;
private Point2D upperRight;

public Rectangle (Point2D lowerLeft, Point2D upperRight) {
this.lowerLeft = lowerLeft;
this.upperRight = upperRight;

lowerLeft and upperRight are names of local and instance variables!
Hence, we need a way to distinguish the variables = this
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Communication and Relations between Objects

this represents a reference (a pointer) to the current object

public class Rectangle {
private Point2D lowerLeft;

private Point2D upperRight;
public void setlLowerLeft (Point2D lowerLeft) ({

this.lowerleft = lowerLeft;

public Point2D getLowerLeft() ({
return lowerLeft;
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Communication and Relations between Objects

Rectangle

-lowerLeft:Point2D [
-upperRight:Point2D

+calculateArea():double

public class Rectangle {

public double calculateArea() ({
return (upperRight.getX () - lowerLeft.getX()) *
(upperRight.getY () - lowerLeft.getY()):

}

How can we ensure that this calculation works?
More precisely: How can we ensure that lower left and upper right represents

these points and not others?
I | e
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Communication and Relations between Objects

We have to check, if the following conditions are always satisfied:

* lowerLeft.getX() < upperRight.getX() and
» lowerLeft.getY() < upperRight.getY()

public class Rectangle {
private Point2D lowerLeft;
private Point2D upperRight;

public void setlowerLeft (Point2D lowerLeft) ({
if (lowerlLeft.getX() < upperRight.getX() &&
lowerLeft.getY () < upperRight.getY¥()) {

this.lowerleft = lowerLeft;

}
// else we do nothing (perhaps not the best solution!)
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Communication and Relations between Objects

public class Application {

public static void main (String[] args) {
Rectangle rect = new Rectangle (
new Point2D(10,10),
new Point2D (20,40)
)
System.out.println("The area of rect is: " +
rect.calculatelArea() ;

40—

10 20

v
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Communication and Relations between Objects

Rectangle

-lowerLeft:Point2D

-upperRight:Point2D Square

+Rectangle(lowerLeft:Point2D,

upperRight:Point2D) < - - :
+getLowerLeft():Point2D +Square(lowerLeft:Point2D, upperRight:Point2D)
+getUpperRight():Point2D
+setLowerLeft(lowerLeft:Point2D):void
+setUpperRight(upperRight:Point2D):void
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Communication and Relations between Objects

public class Square extends Rectangle {

public Square (Point2D lowerLeft, Point2D upperRight) {
super (lowerLeft, upperRight);

if(this.upperRight.getX () - this.lowerLeft.getX ()
'= this.upperRight.getY () - this.lowerLeft.get¥Y())

{ O

throw new IllegalStateException() ;

}

o
A Square is a special case of a rectangle, where the sides have equal length
« Square extends and specializes Rectangle

» To save the two points needed to describe a rectangle, we need to call the
constructor of Rectangle

» Use super to call the overridden method or constructor of a superclass
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Exception Handling
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Exception Handling

How to handle unforeseen events during program execution?

« Thatis during runtime: Events like server down, file not found...

* Not everything is under your control! E.g., can you control an external server?
« Such events are called Exception

« Shorthand for exceptional event

Server Down

for Mainftenance
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Exception Handling

public class Application {

public static void main(String[] args) {
Rectangle r = new Rectangle (new Point2D(50,10), new
Point2D (20,40)) ;
System.out.println("The area of r is: " +
r.calculateArea() ;

}
} “ - - - I
This would result in an illegal state!
40 —+— ‘ lowerLeft.getX () < upperRight.getX () &&
lowerLeft.getY () < upperRight.getY ()
10 o
| | | | | | >
I I I I I I g
10 20 30 40 50 60
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Exception Handling

public class Application {

public static void main(String[] args) {
try {
Rectangle r = new Rectangle (new Point2D(50,10), new
Point2D(20,40));
System.out.println ("The area of r is: " +

r.calculateAreal();
} catch (IllegalStateException e) {
System.err.println("The initialization of rectangle
failed. Reason: " + e.getMessage()

}

If the initialization fails (due to a created illegal state), an
IllegalStateException IS thrown: Now, we can react accordingly, by catching
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Exception Handling

How are exceptions handled in Java?

« |If exception occurs within a method, the method throws an exception object
» This object contains information about the error such as type and message
* The runtime tries to find something to handle it, by searching the method call

stack for an exception handler!

Mathod where arror cccurred <

Throws exception — Method where error occurred Looking for
Method call appropriate
, : , : handler
Method without an exception — Forwards exception — Method without an exception .
o
handler handler Looking for
Method call appropriate
Method with an exception Catches some | Mathod with an exception handler
handler - other exception handler
Method call
main —_— main
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Exception Handling

The Catch or Specify Requirement

« Valid code must honor the Catch or Specify Requirement
 If code might throw certain exceptions, code must be enclosed by...

» ...a try statement that catches the exception or

» ... amethod that is marked via the throws clause (telling the caller that the method
can throw such exceptions)

» Code that does not honor the requirement doesn’t compile!
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Exception Handling

Catching and Handling Exceptions

Three exception handler components: try, catch,and finally

try
{

statements that can throw exceptions
}
catch (exception-type identifier)
{

statements executed when exception is thrown

}
finally // not mandatory!

{

statements that are always executed
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Exception Handling

public class Rectangle {
private Point2D lowerleft;
private Point2D upperRight;

public void setUpperRight (Point2D upperRight)
throws IllegalStateException ({
if (lowerlLeft == null ||
(lowerLeft.getX () < upperRight.getX () &&
lowerLeft.getY () < upperRight.getY ())
) A
this.upperRight = upperRight;
} else {
throw new IllegalStateException ("Upper right condition is
not guaranteed") ;
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Exception Handling

public class Rectangle {
private Point2D lowerLeft;
private Point2D upperRight;

public void setUpperRight (Point2D upperRight)
throws IllegalStateException, IllegalArgumentException ({
if (upperRight == null) {
throw new IllegalArgumentException ("The argument cannot be

null") ;
if (lowerLeft == null ||
(lowerLeft.getX () < upperRight.getX () &&
lowerLeft.getY () < upperRight.getY())
) A
this.upperRight = upperRight;
} else {
throw new IllegalStateException ("Upper right condition is
not guaranteed") ;
}
}
}
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Communication and Relations between Objects

Now we can update our constructor using our setters (with the
extended validation check)

public class Rectangle {
private Point2D lowerLeft;
private Point2D upperRight;

// constructor
public Rectangle (Point2D lowerLeft, Point2D upperRight)
throws IllegalStateException, IllegalArgumentException

setLowerleft (lowerLeft) ;
setUpperRight (upperRight) ;
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Communication and Relations between Objects

Finally, we get our application

public class Application {

public static void main (String[] args) {
try |
Rectangle r = new Rectangle (new Point2D(50,10), new
Point2D (20,40));
System.out.println("The area of r is: " +
r.calculateArea())
} catch (IllegalStateException el) {
System.err.println("The initialization of rectangle

failed. Reason: " + el.getMessage())
} catch (IllegalArgumentException eZ) {
System.err.println (e2.getMessage());
}
}
}
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The Java API
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The Java API

Java comes with hundreds of classes

* They are bundled in the Java API

* APl is shorthand for Application Programming Interface

 What's in it and how do we use the library?

« In it: Libs for mathematical operations or data structures like array list ...
* Use it: You have to know which package the class is in!

Java Packages

A package is a grouping of related types (e.g. classes or interfaces)
Make stuff easier to find and use

... to avoid naming conflicts

... to control access.
 E.g. java.util (for utilities) or javax.swing (for creating GUISs)
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The Java API

Hundreds of packages and classes (Excerpt)

Java™ Index
Standard Ed. 7
All Classes Prev Next Frames No Frames
Packages T4l
Java™ Platform, Standard Edition 7
API Specification java java package
This document is the API specification for the Java™ Platform, Standard Edition
Package Description
java.applet Provides the classes necessary to create an applet and the classes an applet uses to communicate with its apple!
javaawt Contains all of the classes for creating user interfaces and for painting phics and images.
strac
?
Absiract Jjava.awtcalor Provides classes for color spaces.
Abstract| java_awt datatransfer Prowvi terfaces and classes fr insfermng data betw ind within apphicati
| es interface: '!I\L cha Sfﬁ for transfermng data between and wit! apphcatons. lan ut|| a Subpackage
—— Drag and Drop is  direct manipuation gesture found in many Graphical User Interface systems that provides a m -4 wt 2
entities logically associated with presentation elements in the GUI. of java
Jjava.awtevent Provides interfaces and classes for dealing with different types of events fired by AWT components. % J L
java.awtfont Provides classes and mterface relating to fonts.
Java.awt.geom Provides the Java 20 classes for defining and performing operations on objects related to two-dimensional geome
javaawtim Provides classes and interfaces for the input method framewark
javaawtim spi Provides interfaces that enable the development of input methods that can be used with any Java runtime environ!
javaawtimage Provides classes for creating and modifying images.
Java.awtimage.renderable Provides classes and mterfaces for producing rendenng-independent images.
Java.aweprint Provides classes and interfaces for a general printing API System.class String.class Arraylist.class Map.class Button.class classes
java.beans Contains classes related to developing beans -- components based on the JavaBeans™ architecture.
Jjava.beans.beancontext Provides classes and nterfaces relating to bean context
Javaio Provides for system input and output through data streams, serialization and the file system
nabieSynchranizer
AbstractPreferences java.lang Provides classes that are fundamental o the desian of the Java programming language

Thorough description: http://docs.oracle.com/javase/8/docs/api/

Inspect: System.out.printin(String s)
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http://docs.oracle.com/javase/8/docs/api/

Data Structures
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Data Structures

What are data structures?

» Informal: a container that provides storage for data items ...
« and capabilities for storing and retrieving them.
« Examples: arrays, linked lists, trees, queues ...

Data structures in Java

 There are plenty of data structures in the Java API
« We’ll have a look on array lists and maps.
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Data Structures

Recap: Arrays

Element

] First index {at inclex 8)
« Arrays can hold multiple values (or elements)! C AL -
* Length is established upon creation, after that it's fixed!| | | | | | | | 1
* Access to elements via index, which starts with O «————— Araylengih s 10
Example
public static void main(String[] args) {
int[] ar = new 1int[3];
ar[0] = 100;
ar[1l] = 200;
ar[2] = 300;
System.out.println ("Array value on pos 1:" +ar([0]);
System.out.println ("Array value on pos 2:" +ar([l]);
System.out.println ("Array value on pos 3:" +ar([2]);
}
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Data Structures

ArrayLists

 Class java.util.ArrayList
« ArrayList class extends AbstractList and implements the List interface
« Are created with an initial size

« Can hold objects (e.g. class Integer or class Point)!

 When this size is exceeded, the collection is automatically enlarged.

* When objects are removed, the array may be shrunk.

java.util. ArrayList |size: 5 Contrast
to arrays!
elementData
| 4
1 % 3 4
~ %00 C (x40 o [x3.0 ~ o x-1.0 o (%130
Pomt Pomt Pomt Pont Pomt
v:0.0 v:0.0 y:-5.0 v:3.0 v: 2.0
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Data Structures

Excursus: Wrapper Classes

* When working with numbers one can work with primitive types (e.g. int).

« There can be reasons to use objects in place of primitives

« Java provides wrapper classes for each of the primitive data types.

*  Wrapping can be done by compiler (compiler boxes primitive in its wrapper class)
* Vice versa: if number object when a primitive is expected (compiler unboxes)

- Each wrapper class comes with methods, e.g. Integer.parselInt ("9")

| MNumber

Byte | Double l Float

| Integer | Short Long
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Data Structures

ArrayList Methods (Excerpt)

* void add (Object element)
Inserts the specified element at the end of this list.

* void clear()
Removes all of the elements from the ArrayList.

* int indexOf (Object o)
Returns the index in this list of the first occurrence of the specified element, or -1
if the List does not contain this element.

* Object remove (int index)
Removes the element at the specified position in this list.

* int size()
Returns the number of elements in this list.
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Data Structures

Example

import java.util.ArrayList;
public class Application {
public static void main (String[] args) {

// create new ArrayList to store rectangles
ArraylList<Rectangle> rList = new ArrayList<>();

// add three rectangle to list
rList.add (new Rectangle(new Point2D(0,0), new Point2D(10,10)));
rList.add (new Rectangle(new Point2D(5,3), new Point2D(6,7)));
rList.add (new Rectangle(new Point2D(12,13),

new Point2D(15,18)));

// continue next slide
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Data Structures

Example (cont’d)

// get size and display.
int count = rlList.size();
System.out.println ("Number of rectangles: " + count);

// loop through elements.
for (int 1 = 0; 1 < rList.size(); 1i++) {
double x1 = rList.get (i) .getLowerlLeft () .getX();
double x2 = rList.get (i) .getUpperRight () .getX ()
System.out.println("x-Range of rectangle " + 1 + " 1is "
+ (x2 - x1));
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