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public class File {
static final boolean S$SDEBUG = true;
//main method
public static void main(String[] args) {
/ /debug
if ($SDEBUG) System.out.println("debug: starting code");
//code starts here
java.io.File fname = new java.io.File("homs.txt");

System.out.println("Does file exist: " + fname.exists());
System.out.println("File size in byte: " + fname.length());
System.out.println("Can file be read: " + fname.canRead());|

} //end main method
} //end class

- =---=-JGRASP exec: java File
debug: starting code

Does file exist: true

File size in byte: 277

Can file be read: true

----JGRASP: operation complete.
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// imports
import javax.swing.*;
import java.util.*;
import java.io.*;
// **main class**
public class File {
static final boolean $DEBUG = true;
//main method
public static void main(String[] args) {
/ /debug
if (SDEBUG) System.out.println("debug: starting code");
//"is" methods
java.io.File fname = new java.io.File("homs.txt");

System.out.println("Does file exist: " + fname.exists());
System.out.println("File size in byte: " + fname.length());
System.out.println("“Can file be read: " + fname.canRead());
System.out.println("Can file be written: " + fname.canWrite());
System.out.println("Is name a dir: " + fname.isDirectory());
System.out.println("Is name a file: " + fname.isFile());
System.out.println("Is path absolute: " + fname.isAbsolute());
System.out.println("Is file hidden: " + fname.isHidden());

//"get" methods

System.out.println("Absolute path is: " + fname.getAbsolutePath());
//date methods

System.out.println("Date last modified: " + new Date(fname.lastModified

} //end main method
} //end class
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- =----JGRASP exec: java File

debug: starting code

Does file exist: true

File size in byte: 277

Can file be read: true

Can file be written: true

Is name a dir: false

Is name a file: true

Is path absolute: false

Is file hidden: false

Absolute path is: /Users/jhdphd/Documents/Classroom+ITT+CSUN/CSUN/
Date last modified: Mon Mar 27 20:40:17 PDT 2017

| ----JGRASP: operation complete.
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1mpor; Java ut11 *;
1mpor&

a fa

String w
String pron
//alt: Stri

\ done (now
fName.close();

input

public cl
public st
/ I+ac

new Scanner

Listing 12.15
pp. 478-9

String[], args) { throws Exception?

astance /

me new[java.io.}ile("myFilc.txt“);

br file
e}

input.next();
ng line = input.

nextLine();

G

) close file

ass csll@TextFile {

atic void main(String[]) args)

[throws FileNotFoundException]{
+ T/Nn
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//INput method -- text file input
33 public static void readFile(String
String[] pArr) |throws Exception {

34 //create a file 1nstance
35 fName = new| File (xName|);
/

String[] wArr,

XName

36 create Scanner for file

37 Scanner input = new Scanner (fName);

38 //read data from file

39 int 1 = 0, siz = wArr.length;

40 while kinput.hasNext())I{

41 String word = 1nput.next();

42 String pron = input.nextLine(); //clear cr/l1f
43 wWArr[i] = word;

44 pArr[1] = pron;

45 i++;

46 if DEBUG) System.out.println(word + pron);
47 if { //don't overflow array

48 1f (SDEBUG) System.out.println("array overflow");

49 break;}
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Figure 7.5.1: Input from afile.

import java.util.Scanner;

import java.io.FileInputStream; > JUSt use ”File”

import java.io.IOException;

public class FileReadNums {
public static void main (String[] args) throws IOException {
FileInputStream fileByteStream = null; // File input stream

Scanner inFS = null; // Scanner object
int fileNuml; // Data value from file
int fileNum2; // Data value from file

// Try to open file

System.out.println("Opening file myfile.txt.");
fileByteStream = new FileInputStream("myfile.txt");
inFS = new Scanner(fileByteStream);

// File is open and valid if we got this far (otherwise exception thrown)
// myfile.txt should contain two integers, else problems
System.out.println("Reading two integers.");

fileNuml = inFS.nextInt();

fileNum2 = inFS.nextInt();

// Output values read from file

System.out.println("numl: " + fileNuml);
System.out.println("num2: " + fileNum2);
System.out.println("numl+num2: " + (fileNuml + fileNum2));

// Done with file, so try to close it
System.out.println("Closing file myfile.txt.");
fileBytesSstream.close(); // close() may throw IOException if fails
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Figure 7.5.3: Reading a varylng amount of data from a file.

import java.util.Scanner; U1 _1
import java.io.FileInputStream; > Just use “File
import java.io.IOException;

public class FileReadVaryingAmount {
public static void main(String[] args) throws IOException {
FileInputStream fileByteStream = null; // File input stream
Scanner inFS = null; // Scanner object
int fileNum; // Data value from file

// Try to open file

System.out.println("Opening file myfile.txt.");
fileByteStream = new FileInputStream("myfile.txt");
inFS = new Scanner(fileByteStream);

// File is open and valid if we got this far (otherwise exception thrown)
System.out.println("Reading and printing numbers.");

while !inFS.hasNextInt()) {
fil - nt();

System.out.println("num: " + fileNum);

}

// Done with file, so try to close it
System.out.println("Closing file myfile.txt.");
fileByteStream.close(); // close() may throw IOException if fails
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7.5 File input and output

Figure 7.5.4: Sample code for writing to a file.

import java.io.PrintWriter;
import java.io.FileOutputStream;
import java.io.IOException;

public class FileWriteSample ({
public static void main(String[] args) throws IOException {
FileOutputStream fileByteStream = null; // File output stream
PrintWriter outFS = null; // Output stream

// Try to open file
fileByteStream = new FileOutputStream("myoutfile.txt");
OoutFS = new PrintWriter(fileByteStream);

// File is open and valid if we got this far (otherwise exception thrown)
// Can now write to file

outFS.println("Hello");

outFsS.println("1 2 3");

outFS.flush();

// Done with file, so try to close it
fileByteStream.close(); // close() may throw IOException if fails
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import java.io.*;

Listing 12.16
public class csl11@TextFile { 480-1
public static void main(Stringl) args)[:hrows FileNotFoundException]{ Pp.

f I+ac+ TIN

//create OUTput (method later)

= new File("Documents/OutFile.txt");
PrintWriter output|= new PrintWriter(fName2); ** PrintWriter
create array tor output data

String[] outArr = new String(160];
//write data TO file

for (int i=0: i< outArrllengtha i++)4
output.printlnfjoutArr(i]);

r

in Windows: N
(“c: \\users\\jeff\\folder\\fName”) “ backslashes
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** Exception is generic class Tables 12.2-3

¢ Exception sub-classes op. 456-7
[ ClassNot FoundException
 10Exception

** RuntimeException sub-classes
O ArithmeticException
[ NullPointerException
d IndexOutOfBoundsException
d lllegalArgumentException

» unchecked exceptions

» example: File |/O

» checked exceptions require declare throws
» or use Try-Catch block
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public class ¢sll0Try {

public static void main(String[] args) {
//*test I/0
System.out.println("Hello World\n");

//**test code here

) try {
// code here
}

m=) catch(Exception ex) {
//catch code here; "ex" is a parameter
System.out.println(ex);

}
}

} //end main & class
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Try-Catch

10
11
12
13
14

16
17
18

20
21
22
) 23
24
25

public class c¢csll0Try {

public static void main(String[] args) {
//*test I/0
System.out.println("Hello World\n");

//**test code here
try {
// code here
int x = 1/0; //create exception

}

catch(Exception ex) {

//catch code here; "ex" is a parameter
System.out.println(ex);

}
System.out.println("Past Catch block");

} //end main & class
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The code snippet below can print the exception stack using the

printStack() method in the exception class:

200
public class MainClass {

public static voud in(Strung[] args) {
// TODO Auto-generated method stub
String te = null;
try {
int length = test.

} catch (Ex
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“*Throwing exceptions
» throw <exception name>;

-

- Exception

g
or occurs) {
Exception(); <
‘atch 1 B
» throw exception

4

h P
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//**test code here
) try {
// code here
}

m) catch(Exception ex) {
//catch code here; "ex"” 1s a parameter
System.out.println(ex);

}

finally {
<statements>

}

» finally block
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finalStatements;

}
in the finally block s executed under all circumstances, regardless of whether an

ception occurs in the try block or is caught. Consider three possible cases:

g Ifno exception arises in the try block, final Statementsis executed, and the next

statement after the try statement is executed.

g If astatement causes an exception in the try block that is caught in a catch block, the
rest of the statements in the try block are skipped, the catch block is executed, and the
finally clause is executed. The next statement after the try statement is executed.

@ If one of the statements causes an exception that is not caught in any catch block,
the other statements in the try block are skipped, the final 1y clause is executed,
and the exception is passed to the caller of this method.

The finally block executes even if there is a return statement prior to reaching the

finally block.
> finally block

Note
The catch block may be omitted when the finally clause is used.

= o
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16 // code here
17 int x = 3; //create exception
18 System.out.println("past x=1");
19 if (x==1) throw new ArithmeticException();
20 else if (x==2)throw new IndexOutOfBoundsException();
21 else if (x==3)throw new Exception(); r ;;jSWﬁPeﬂm=j“308MWHy
22 //System.out.println("past throw"); ;étxﬁl
tch2: j ol .ArithmeticE ti
Si } (f:inglly ??\-ra ang.ArithmeticException
. Past Catch & Finally block
25 catch(IndexOutOfBoundsException ex) { , _ ,
26 //catch code here; "ex" is a parameter __—"~ﬂmi§;;?mauongmmkmiﬁm
. " e " 2 r ——ee exec: java Cs ry
g; ?ystem.out.prlntln( catchl: +ex); abart Hain
past x=1
29 catch(ArithmeticException ex) { ggtctﬁ: java.lang.Exception
30 //catch code here; "ex" is a parameter g R
31 System.out.println("catch2: " +ex); Past Catch & Finally block
32|} | ----jGRASP: operation complete.
33 catch(Exception ex) ; - =---JGRASP exec: java csll0Try
34 //catch code here; "ex" is a pari{| start Main
35 System.out.println(“catch3: " +e]| past x=1
36 } catchl: java.lang.IndexOutOfBoundsException
. finally .
37 finally { . DS .|| Past Try, Catch & Finally blocks
38 System.out.println(“"finally
39} _ ----JGRASP: operation complete.
40 System.out.println("Past Catch & Finally block");

41

} //end main & class
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//**test code here

try {

// code here

AhE X

S;

//create exception

System.out.println("past x=1");

if (x==1) throw new ArithmeticException();
else throw new IndexOutOfBoundsException();
//rest of code in block not executed
System.out.println("never gets here");

i1

catch(IndexOutOfBoundsException ex) {
//catch code here; "ex" is a parameter
System.out.println("catchl: " +ex);

}

catch(ArithmeticException ex) {
System.out.println("catch2: " +ex);

}

catch(Exception ex) {
System.out.println("catch2: " +ex);

}

finally {
System.out.println("finally ...");

}

DR JEFF

M SOFTWARE

INDIEAPPDEVELOPER
©2016-22
Jeff Drobman

>

es 1T INTEY Javatli s errors unreachable statement
System.out.println("never gets here");

1l error
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public void showDialog() {
/*
* "try" makes sure nothing goes wrong. If something does,
* the interpreter skips to "catch" to see what it should do.

*/
try {
/*
* The code below brings up a JOptionPane, which is a dialog box
* The String returned by the "showInputDialog()" method is converted into
* an integer, making the program treat it as a number instead of a word.
* After that, this method calls a second method, calculate() that will
* display either "Even" or "Odd."
*/
userInput = Integer.parselnt(JOptionPane.showInputDialog("Please enter a number."));
calculate();
} catch (final NumberFormatException e) {
/*

* Getting in the catch block means that there was a problem with the format of
* the number. Probably some letters were typed in instead of a number.
vy

System.err.println("ERROR: Invalid input. Please type in a numerical value.");
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s Scope of all identifiers (variables, methods)
 LOCAL within block (for, while, case, method)

for Flﬁt i=01 1< wlen; 1++) {

J GLOBAL only when explicitly declared as such

» static = declared in Class scope

lJ public/class Lab4 {
static)final boolean $DEBUG = true;

12 static|final String spc = H

13 s;atic String reason = -

14 . S b g

5 publ*c stat;c]vo;d main(String[] args) {
—

¢ Revisit for Memory Mgt
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ooP MAIN .
optional :
Structures
uctu Class ool s Crerrte ; > GLOBAL variables
—_ . . STATIC
Execution is
by call sequence MAIN
Minimum_ R i o
required
optional » LOCAL variables
method 1 7
/ DYNAMIC

optional /

method 2

optional /

method N
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multiple instances
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10.7 Introduction to memory managemegnt (3 Present  ER Note

A late access to any element at index i of ArrayList v
I St S the first element in v to arrive at the element. The
st, respectively. Now recall that inserting an item

An ArrayList stores a list of items in contiguous merr

by using the get() and set() methods — the program j r ra
methods add (objRef) and add(i, objRef) apj

at locations other than the end of the ArrayList requircs iiianiiy ruugfloy simuny rigne widexed items. Similarly, removing (via the
remove (i) method) an item requires shifting higher-indexed itegf§ to fill the gap. Each shift of an item from one element to another
element requires a few processor instructions. This issue expogls the ArrayList add/remove performance problem.

For ArrayLists with thousands of elements, a single call to adt() or remove() can require thousands of instructions, so if a program does
many insert or remove operations on large ArrayLists, the program may run very slowly. The following animation illustrates shifting during
an insertion operation.

PARTICIPATION

ACTIVITY 10.1.17: ArrayList add() performance problem. D

D 2x speed

85
86| 14 |vaisgeto) | Vals
87 22 vals.get(1)
88|31 29 vals.get(2)
89 | 32 31 vals.get(3)
90 | 44 32 vals.get(4)
91 | 66 44 vals.get(5)
92| 72 66 vals.get(6)
93|75 72 vals.get(7)
94 | 83 75 vals.get(8)
95 | 88 83 vals.get(9)
96 | 90 88 vals.get(10)
97 | 92 90 vals.get(11)

vals.add(2, new Integer(29))
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FFFFFFFF
Ire 7.2.1: Object file (COD Figure A.2.1).
A UNIX assembler produces an object file with six distinct sections.
Stack Display
Buffer
! Object file Text Data Relocation | Symbol | Debugging
header segment segment | information table information
Currently Code Static Data ﬁ
Unused
Printer
l Buffer
Heap | <¢=== Dynamic Data Local
Data ||¢=== Static Data Global
Text < Code
00000000

Typical memory layout for a program with a 32-bit address space.
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ACTIVITY

10.3.1: Use of the four memory regions. [

m D 2% speed

: : Code memory
// Program is stored in code memory
public class MemoryRegionEx | 1 |Add R1, #1, R2
public static n: myStaticField = 33; 2 | Sub R3, #1, R4
public static vo.d myMethod() | 3 | Add R1, R3, R5
int myLocal; // On stack
myLocal = 989; 4 | Jmp 40
System.out.print (" " + mylLocal); :
) o Static memory
3000 33 myStaticFleld
public static void main(String(] args) |
int myInt; // On stack 3001
Integer myInteger = null; // On stack
myInt = 555; Stack
myInteger = new Integer (222); // In heap $200 i
System.out.print (myInteger.intValue() + 3201 nu
n nw I t : oD
e S 3202 999
myInteger = null; 3203
myMethod(); // Stack grows, then shrinks Heap
} // Object deallocated automatically
} 9400 222
9401
9402
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*»*Persistence **Privacy
1 Instance (default)  Public
 Static  Private
 Protected (Ch 11)

% Static vs. Dynamic U Default
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**Create: new

** Delete:
d=null - refCount--
J Pointer reassignment: A = B;
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10.4 Basic garbage collection

In order to determine which allocated objects the program is currently using at runtime, the Java virtual machine keeps a count, known as a
reference count, of all reference variables that are currently referring to an object. If the reference count is zero, then the object is
considered an unreachable object and is eligible for garbage collection, as no variables in the program refer to the object. The Java virtual
machine marks unreachable objects, and deallocation occurs the next time the Java virtual machine invokes the garbage collector. The
following animation illustrates.

PARTICIPATION

ot 10.4.1: Marking unused objects for deallocation.

e

Stack
Integer myInt = null; S0 null myint
Integer myOtherInt = null; 3201 null myOtherint
// Create object and assign reference 5202
myInt = new Integer (10); 3203
// Assign object reference
myOtherInt = myInt; Heap

| Integer object
Ref count= 0

// Use object .

// myInt does not refer to object
myInt = null;

// myOtherInt does not refer to object
ETOTTaT S TSR 8 T _ L i Y
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The program initially allocates memory for an Integer object and assigns a reference to the object's memory location to variables myint and
myOtherint. Thus, the object's reference count is displayed as two at that point in the program’s execution. After the object is no longer
needed, the reference variables are assigned a value of null, indicating that the reference variables no longer refer to an object.

Consequently, the object’s reference count decrements to zero, and the Java virtual machine marks that object for deallocation.

PARTICIPATION

e ‘ 10.4.1: Marking unused objects for deallocation.

Start 2x speed

The program initially allocates memory for an Integer object and assigns a reference to the object's memory location to variables myint and
myOtherint. Thus, the object's reference count is displayed as two at that point in the program’s execution. After the object is no longer
needed, the reference variables are assigned a value of null, indicating that the reference variables no longer refer to an object.
Consequently, the object’s reference count decrements to zero, and the Java virtual machine marks that object for deallocation.

// Create object and assign reference Aee

myInt = new Integer (10); 3203

// Assign object reference

myOtherInt = myInt; Heap

// Use object ... 2400 _ Integer object
9401 Ref count= 0

// myInt does not refer to object

myInt = null; 9402

// myOtherInt does not refer to object
myOtherInt = null;

// Other instructions ...
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10.5 Garbage collection and variable scope

PARTICIPATION

St 10.5.1: Marking unused objects in methods.

D 2x speed

public class BitCounter |
public static nt countBits(int inNum) |
int countlInt;
String binaryStr;

binaryStr = Integer.toBinaryString (inNum) ;
countInt = binaryStr.length();

return countInt;
}

public static void main(String(] args) {
int numBits;

numBits = countBits(7); //Method call

// Other instructions ...

3200
3201
3202
3203

9400
9401
9402

Stack

Heap

By
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numBits

String object
Ref count= Q
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1.Main
1.1 Main method
1.2 2nd method
1.3 39 method
2. Class A
2.1 1st method
2.2 2"d method
3. Class B
3.1 Ist method
3.2 2"d method
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Concepts of OOPs(Object-Oriented Programming
System):

OOPs (Object-Oriented Programming System)

Abstraction

Encapsulation

Polymorphism

Inheritance

Class

Object

Java OOPs Concept
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Overview

Classes create new —— Objects

*» Large encapsulating **» Objects are abstractions

structure ** Objects are instances of
O Collecting/grouping Methods Classes

*»» Extends large programs by
adding structures
¢ Supports abstraction as
Objects
% Serve as templates for =) Scanner input = new Scanner

Objects

Name of new instance
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Overview

¢ Built-in
 Library functions (imports)
J Wrappers (Integer, String)

** Programmer defined

*»» Special components

1 Constructors
) Data Fields (global vars)
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COMPLI0 3 Pillars of OOP
DG i
¢ Encapsulatlon Class Foo “» Declare class Foo
d Objects <decl vars (init)> |%* Declare vars
<> Classes as models <constructors> ¢ Define constructors
Fn 1{ }
- Classes Fn2{ } “» Define methods

<> Properties/Data Fields

End Class
<> Constructors
< Methods Fee extends Foo . .
o . <decl vars2 (init)> ** Fee Instantiates Foo
“*Inheritance 3l ] % Fee Inherits Foo
n

/
000

U Class extends End Class Fee Adds code to Foo
. olymorphism
s Polymorphism polymorp

d Multiple Instantiations

<> Small changes to Data Fields
<> Small changes to Methods
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Java & OOP ——
OOP MAIN .
optional

Structures

Het Class Globals ::= State ﬁ
Executionis | [ T
by call sequence MAIN

Minimum_ _

required

optional
method 1

optional
method 2

optional
method N




Class Structure
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COMPLIO Java & OOP ——
(0]0]
Structures cliilc DIFIEmE| /I—]
Class Globals ::= State N

Execution is - ‘/'— Class level signatures

» with code (opt)

by call sequence .
Constructors % acts like a
“main” method

0

0

Minimum__ |\ . __|. _ *» maybe
required overloaded

optional

method 1 ‘ Called from anywhere
optional

method 2

optional

method N
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COMP110 Java & O0OP ———
Block Any method
Structures
Loose code
Execution is
sequential
Conditional block
Loose code

¢ IF-THEN-ELSE
¢ SWITCH-CASE

Loose code

Loop block
* FOR
s WHILE

Loose code
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Intro

Defining Classes for Objects
Examples: Circles, TVs
Constructors

Reference Variables

Java Class Library

Static Variables & Methods
Packages (Visibility)

Private Data Fields (Encapsulation)
10 Passing Objects to Methods (Args—>Parms)
11. Array of Objects

12.Immutable Objects/Classes

13. Scope

14. this Reference

_5

OO NOLULh WP
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** Geometric shapes

O Circles

U Rectangles » Objects have Properties
** Fruits/veggies

O Apples

 Oranges

**Houses

** Animals/breeds
O Dogs
O Cats
**Games
O Blackjack
 Poker
[ Tic-Tac-Toe
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Examples: Fruit, Shapes, Houses

s Apple ¢ Circle **House
O Color O Radius O # bedrooms
O Size O Area O # bathrooms
O Shape O Circumference O size (sqft)
J Taste *Rectangle **» Hotel

. J Variety O Length 3 #rooms

** Orange 0 Wwidth Q Price range
O Color O Area O # Parking spaces
O Size O Perimeter B Bldg
' Shape s Triangle
O Variety

s Pear
» Objects have Properties » Objects are created from Classes

» State = {Properties}
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“*Apple
QO Color ¢ 3 Apple objects created
Q Size ** From 1 template = “Class”
L Shape
O Taste
L Variety

Applel App|e3
PP Apple2
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\/
**House %+ 4 House objects created

J #bedrooms  « From 1 template = “Class”
O # bathrooms

O size (sqft)

Housel House?2 House3

House polymorphisms
polymorphism | péle'mérfizam |

noun

House4

the condition of occurring in several different forms: the complexity and polymorphism of

human cognition.
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Example: Biology Taxononmy

¢ Kingdom
**Phylum
s Class
**Order

O Mammals
L Reptiles

O Amphibians
 Birds

¢ Family (Mammals)
O Primates

d Canines
[ Felines

**Genus
*¢*Species

» Class hierarchy

O Super classes
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. . > 3 “Pillars” of OOP
**Encapsulation
N Objects Class Foo ::: Dec:are class Foo
s del <state vars> »* Declare state vars
dSS€S as modeils meth1 “* Define methods
] Classes retha < Add code
< Properties Objl = new Fee % Foo Instantiates Fee
< Constructors End Class % Foo Inherits Fee
< Methods % Fee Adds code to Foo
* Inheritance extends @ Class Fee extends Foo
*Inherit > Class F ds F
.. <state vars>
J Class Instantiations v .
. ) meth3 ¢ polymorphism
**Polymorphism End Class

O Multiple Instantiations
<> Additional Methods and/or State

d Method overloading
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DATA CODE
> Objects have Properties > Objects have Methods
» State = {Properties}
/ aka “datafields”
state ::= {properties} % Code
. O Constructors
**Data (Apple) O Methods
 Color = Getters
O Size = Setters
O Shape =  Other methods
O Taste
Q

Variety
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public class <classname> {
<class state: properties>

//constructors > Classes may (optional) include constructors
<classname> () { //no args
!
void meth1(){ * <classname>.meth1()
<code 1>
} » Classes do include methods
int meth2(parm)+ <classname>.meth2(arg)
<code 2>
} “* Main Class
//end class ¢ includes main method

} ¢ has no constructors
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» Class.property
» Class.method(args...)
class <className> { <state> ::= {<properties> }
*may be <class state> <properties> ::= <attributes> ::= <data fields>
empty <class constructors> < constructors> ::= <ClassName>( ) |
<main method>*«__ , e | <className>(<parms...>)
only in “main” class
<other methods> | <default>
}

** Constructors

*» templates (blueprints)
¢ signatures like methods
» any number of parameters (>=0)
¢ overloading
» any number of parameters (>=0)
» called with any signature (# args)
**» code (optional)
¢ default
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Main Object
*** Classes are templates for objects

** Objects are instances of Classes

class ClassName {

}

ClassName Cnhame = new ClassName;

Main Object

+* ClassName is a Class
** Cname is an Object (an Instance Objects
instance of ClassName)

Instance Objects
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I | |

Source 1 Source 2 Source n
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Class % Class Objects  *** Objects
Class name —>» Artist $picasso : Artist 4—‘
: - : : Object name
! Tereammes serimg” | [¢ firsptane: pasto .
= b'i rthDate: Date + ]?StName H : Picasso variable name)
birthCity: String . byrthDgte. October 25, 1881
: Tl + birthCity: Malaga
z + deathDate: April 8, 1973
Accessibility $dali : Artist
(+ indicates public) Property  Data type
name + firstName: Salvador
+ lastName: Dali
+ birthDate: May 11, 1904
+ birthCity: Figueres
+ deathDate: January 23, 1989

|

Data values for each
property in the object (variable)

FIGURE 10.2 Relationship between a class and its objects in UML
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public class <classname> {
<class state: properties>
//constructors

no type ™ <classname> () { //no args

;code 1>* *code (if any) gets executed upon each instantiation
<classname> (arg) { //1 arg
<code 2>*
}
<classname> (argl,arg2) { //2 args
<code 3>*
}
<methods> *»* 0 or more methods

//end class

h
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9
10
11
12
13
14
15
16
17
18
19
20
21
i
23
24

- Ch9

public class classes {

public static boolean $DEBUG = true; //global

public static void main(String[] args) {
//*test/debug
if ($SDEBUG) System.out.println("Hello World\n");
classl clx = new classl();
} //end main

} //end class

class classl {

public static boolean $DEBUG = true;

//constuctor

classl() {
if ($DEBUG) System.out.println("Hello CLASS\n");
} //end classl

}

----JGRASP exec: java classes
Hello World

Hello CLASS
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19 class classl {

20 public static boolean $DEBUG = true;
21 //constuctor

22 classl() {

23 if ($DEBUG) System.out.println("Hello CLASS\n");

24 }

25 classl(int arg) {

26 if ($SDEBUG) System.out.println("Hello CLASS No. " + arg + "\n");
27 }

28 //loose code (not in a constructor or method)
29 System.out.println("code in classl");
30 }

| classes.java:29: error: <identifier> expected
System.out.println("code in classl");

| classes.java:29: error: 1llegal start of type
System.out.println("code in classl");

A

2 errors
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12 //*test/debug

13 if ($SDEBUG) System.out.println("Hello World\n");
14 classl cll = new classl();

15 classl cl2 = new classl(5);

16 classl.test(); //test code in method

17 | } //end main
18 } //end class

19
20 class classl {
21 public static boolean $DEBUG = true;

22 //constuctor
23| classl{) «{

24 if ($DEBUG) System.out.println("Hello CLASS\n");

25 }

26 classl(int arg) {

27 if ($SDEBUG) System.out.println("Hello CLASS No. " + arg + "\n");
28 }

29 //loose code in a method

3( static x void test() {

3T sygtem.out.println("code in classl");

32 }

____J\Jl\l.lul. A s A Juvu\.‘ _3 \.,_l.uuu\.u-Juvu

»| classes.java:16: error: non-static method test() cannot be referent
classl.test(); //test code in method
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19 class classl {

20 public static boolean $DEBUG = true;

21 //loose code (not in a constructor or method)
22 System.out.println("code in classl");

23 //constuctor

24 classl() {

25 if ($SDEBUG) Sy§tem.out.println("Hello CLASS\n");

26 }

27 classl(int arg) {

28 if (SDEBUG) Systiem.out.println("Hello CLASS No. " + arg + "\n");
29 }

30 }

»| classes.java:22: error: <identifier> expected
System.out.println("code in classl");

| classes.java:22: error: 1llegal start of type
System.out.println("code in classl");
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if (SDEBUG) System.out.println("Hello World\n");

new classl();
new classl(5);

boolean $DEBUG = true;

System.out.println("Hello CLASS\n");

COMP110 _ Ch 9

13

14 classl cll
15 classl cl2
16 } //end main
17 } //end class

18

19 class classl {
20 public static
21 //constuctor

22| ctassl () A

23 if ($DEBUG)
24 }

25 classl(int arg) {
26

27

if (SDEBUG) System.out.println("Hello CLASS No.
1

did not run 'loose code in a method

;;;, volid test() {

System.out.println("code in classl");

Y
30
31

L

J e ans -

Hello CLASS

Hello CLASS No. 5

----jGRASP:

operation complete.

Toarg: F URES s



) DR JEFF
| SOFTWARE

CSUN

e OOP —Simple Example
Jeff Drobman

COMP110 _ ch 9

15 classl cl2 = new classl(5);

16 =;$>classl.test(); //test code in method

17 } //end main

18 } //end class

19

20 class classl {

21 public static boolean $DEBUG = true;

22 //constuctor
23 classl() {

24 if ($DEBUG) System.out.println("Hello CLASS\n");

25 }

26 classl(int arg) {

27 if ($DEBUG) System.out.println("Hello CLASS No. " + arg + "\n");
28 }

29 //loose code in a method

didrun static void test() {
51=>System.out.println( "code in classl");
32 }

Hello CLASS
Hello CLASS No. 5
code in classl

. =----JGRASP: operation complete.
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*Circle +¢* 3 Circle objects created ** Methods
Q Radius *%* From 1 template = “Class” d Get
=  Perimeter
= Area
J Set
= Radius
Getters and
Q Setters
Circlel Circle3

Circle2
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0O File: circles.java /Users/jhdphd/Documents/!

File Edit View Build Debug Broject|§ettings Tools Window Help
EHEE X BB aNew e

, Open
Java Files v | Sort E class
Close /
<:| E(:\-] @ m 5v Close All lass ¢
Iphd/Documents/Classroom+1| Save Stit;
3 slides Rename glcsa ;a:a
circles.java ecent Projects » |( SDEBI
ircles.i R Proi s
classes.java . Add Files cégé;
csiigrqmsda.va Remove Selected Files From Project ,(( = C]
cs rimes.java 3
csllOTictact;ejava Generate / Update UML Class Diagram @ = C.
: g cum =
(1 cs110Try.java Generate roumerytatnon B
cs110template.java Show Documentation ow suj
(] loop.java Create JAR or Zip File For/wﬁect ((:%grlzai
template.java :
g A__AP_L_:__J“ s JAR / Zip Extract‘or/ X = CI
circlel circles

[ ] Project Class

DR JEFF
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1 Source file class
class
. circles
Circlel |<---- :
{main}
[_] Project Class ------ > Other (reference, etc.)
Circlel it circles
FIELDS . | |[FIELDS |
D\ $DEBUG: public static boolean $DEBUG |\ $DEBUG: public static boolean $DEBUG
éko:lsdT-:; gg;?e double radius 'l | CONSTRUCTORS
Sliciela0: Tliclazd 1| | & circles(): public circles()
: ~ |IMETHODS

&= Circle1(): Circlel(double)
METHODS

B <clinit>(): static void <clinit>()
= getArea(): double getArea()

&= getCircum(): double getCircum()
B getRadius(): double getRadius()

H <c|init>(): static void <clinit>()

B main(): public static void main(java.lang.String[])

= printCircle(): public static void printCircle(double

+ - public

- - private
Underline = static
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3 public class circles {
4 public static boolean $DEBUG = true; //global
5 public static void main(String[] args) {
6 double radx, area, circum;
7 if ($SDEBUG) System.out.println("Hello World\n");
8 Circlel Clsl = new Circlel();
9 if DEBUG) System.out.println("print circle 1");
L0 radx = Clsl.radius;
11 area = Clsl.getArea(); Circlel: radius=1
L2 circum = Clsl.getCircum();
13 printCircle(radx, area, circum) method to print
14 //now supply a new radius=25
L5 Circlel Cls2 = new Circlel(25);
L6 if (SDEBUG) System.out.println("print circle 2");
L7 radx = Cls2.radius;
18 area = Cls2.getArea(); Circle2: radius=25
L9 circum = Cls2.getCircum();
20 printCircle(radx, area, clrcum); methodto print
21 } //end main
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37
38
39
40
41
42
43
44
45
46
47
48
49
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class Circlel {
public static boolean $DEBUG = true;
static double radius;
//constructors
Circlel() {
radius = 1;
}
Circlel (double newRadius) {
I;adlus =aneWRadaxs; Circlel: 1 arg, radius=value passed
/ /methods
double getArea() {

return radius*radius *Math.PI;
}

double getCircum() {
return (radius+radius) *Math.PI;
}

} //end Circlel

Circlel: NO arg, radius=1
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22 //method to print
23 public static void printCircle(double rr, double aa, double cc) {
24 System.out.println("area of circle with radius=" +
25 rr =7 2 " <+ @aa):
26 System.out.println("circumference of circle with radius=" +
27 LE 7% B ek )
28 System.out.println("");//blank line

29 } //end printCircle
30 } //end circles

21

print circle 1
area of circle with radius=1.0 is 3.141592653589793
circumference of circle with radius=1.0 is 6.283185307179586

print circle 2
area of circle with radius=25.0 is 1963.4954084936207
circumference of circle with radius=25.0 is 157.07963267948966
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https://docs.oracle.com/javase/9/docs/api/java/lang/Math.html

OVERVIEW MODULE PACKAGE [¢F. 8 USE TREE DEPRECATED INDEX HELP

PREV CLASS NEXT CLASS FRAMES NO FRAMES
SUMMARY: NESTED | FIELD | CONSTR | METHOD DETAIL: FIELD | CONSTR | METHOD

Field Summary

Modifier and Type Field Description

ALL CLASSES SEAR

static double The double value that is closer than any other to e, the base of the natural logarithms.
static double The double value that is closer than any other to pi, the ratio of the circumference of a circle to its diameter.
Method Summary

Modifier and Type Method
static double abs(double a)

static float abs(float a)
static int abs(int a)
static long abs(long a)

static double acos(double a)

static int addExact(int x, int y)
static long addExact(long x,
long y)

static double asin(double a)

Static Methods Concrete Methods

Description

Returns the absolute value of a double value.

Returns the absolute value of a float value.

Returns the absolute value of an int value.

Returns the absolute value of a long value.

Returns the arc cosine of a value; the returned angle is in the range 0.0 through pi.
Returns the sum of its arguments, throwing an exception if the result overflows an int.

Returns the sum of its arguments, throwing an exception if the result overflows a long.

Retnrne the are <ine of a value: the retirmed anale ic in the ranae -ni/?2 thronah ni/?
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/ /Random number generation using "random" method
int N = 10;
while(run) {

18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
3/
38
39
40
41
42
43
44
45
46

@ DR JEFF
g SOFTWARE

Random Class

Jeff Drobman

double randFlt = Math.random();

System.out.println("Float number= " + randFlt);
double randlOFlt = N * randFlt;
System.out.println("10x Float number= " + randlOFlt);
int randl0 = (int)randlOFlt;

System.out.println("10x Integer= " + randl0);

//Random number generation using "Random" Class

long seed = 3;

Random Randl = new Random();//default seed

int numl = Randl.nextInt(10);//use as seed

Random Rand2 = new Random(seed);//using seed=3
Random Rand3 = new Random(numl);//using random seed
int num2 = Rand2.nextInt(10);

int num3 Rand3.nextInt(10);

int num4 Randl.nextInt(10);//2nd random number
System.out.println("Class NO seed=" +numl);

System.out.println("Class with seed of 3=" +num2);
System.out.println("Class with random seed=" +num3);
System.out.println("Class NO seed=" +num4);

int cont = JOptionPane.showConfirmDialog(null, "continue?");
switch (cont) {

case 0: System.out.println("keep going...");
break;|

default: System.out.println("good-bye!");
run = false; //terminate loop

}//end switch
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- =----JGRASP exec: java Rand
debug: starting code
Float number= 0.7008979867065662
10x Float number= 7.008979867065662
10x Integer= 7
Class NO seed=6
Class with seed of 3=4
Class with random seed=1
Class NO seed=2
good-bye!

- =----JGRASP exec: java Rand
debug: starting code
Float number= 0.12907057803447708
10x Float number= 1.2907057803447708
10x Integer= 1
Class NO seed=5
Class with seed of 3=4
Class with random seed=7
Class NO seed=7
good-bye!
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** Persistence
[ Instance (default)
[ Static

¢ Privacy

J Public

 Private
 Protected (Ch 11)
J Default
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efutes diagram in book
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1 /*circles classes
2 Dr Jeff */

3 public 2 ircles {
4 public boolean SDEBUG = true; //global

5 public s void main(String[] args) {

6 //*test/debug

7 if (SDEBUG) System.out.println("Hello World\n");

8 circlel cll = new circlel();

9 System.out.println("area of circle with radius=" +
10 circlel.radius + "is " + circlel.getArea());

11 //now supply a new radius=25

12 circlel cl2 = new circlel(25);

13 System.out.println("area of circle with radius=" +
14 circlel.radius + "is " + circlel.getArea());

| ¥

16 } //end main

17 } //end circles
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19 class G4 sl {
20 ' boolean SDEBUG = true;
21 static\s.§a = radius;
22 ructors

23 circlel() {

24 radius = 1;

25 }

26 circlel(double newRadius) {

27 radius = newRadius;

28 }

29 //methods

30 double getArea() {

31 return radius*radius *Math.PI;
32|}

33 double getCircum() {

34 return (radius+radius) *Math.PI;
35 }

36 } //end circlel
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3 public class circles {

4 public static boolean $DEBUG = true; //global

public static void main(String[] args) {
double radx, area, circum;
if ($SDEBUG) System.out.println("Hello World\n");
Circlel Clsl = new Circlel();
if (SDE mwput.println("print circle 1");
radx =
area =

V= O WO 00~ O W

—

32 class Circlel {

33 ' tatic boolean $DEBUG = true;
34 private |double radius;
ol - K20 A

- _—m s .

| circles.java:10: error: radius has|private]access 1in Circlel
radx = Clsl.radius;

A

| circles.java:17: error: radius has|privatel|access 1in Circlel
radx = Clsz,radius;
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=4 public class circles {

- (—if ($DEBUG)

area,

» public static boolean $DEBUG = true; //global
g public static void main(String[] args) {

—e double radx,
—(O)—1f (SDEBUG) System.out.println("Hello World\n");
—e Circlel Clsl = new Circlel();

~Systemroutrprintln("print circle 1");
—— radx = Clslf.getRadius();| //changed to getter

circum;

32 class C1rcle1 {

33
34
12
43
14

e

|private

OuS

oubl
ret

print circle 1
area of circle with radius=1.0 is 3.141592653589793
circumference of circle with radius=1.0 is 6.283185307179586

print circle 2
area of circle with radius=25.0 is 1963.4954084936207
circumference of circle with radius=25.0 is 157.07963267948966

4 getRadius()
urn radius;

static boolean $DEBUG = true;
rlvate double radius;

//private,add getter

{ //added getter



CSUN : B soFrware
Best Practices

Jeff Drobman
COMP110

Classes
/*
* Optional class specific comment
*
*/

public class SomeClass {
// Static variables in order of visibility
public static final Integer PUBLIC_COUNT = 1;
static final Integer PROTECTED_COUNT = 1;
private static final Integer PRIVATE_COUNT = 1;

// Instance variables in order of visibility
public String name;

String postalCode;

private String address;

// Constructor and overloaded in sequential order
public SomeClass() {}

public SomeClass(String name) {
this.name = name;

}

// Methods
public String doSomethingUseful() {
return "Something useful";

}

// getters, setters, equals, hashCode and toString at the end



CALIFORNIA
STATE UNIVERSITY
NORTHRIDGE

COMP110

Classes

public class ImmutableObject {
private final int primitiveField;
private final Object objectField;

public ImmutableObject(int p, Object o) {
primitiveField = p;
objectField = new Object(); // Clone

objectField.setField(o.getField()); // Copy
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+* Packages ::= Groups of Classes
» Scope encapsulation
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| I |

Package 1 Package 2 Package 3

Source ILWSOU rcim

Source 2
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| | |
Source 1 Source 2 Source n

|

Package 1 Package 2 Package p

Method 1 Method 1

Method 1

Method 2 Method 2

Method 2

Method m
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11 //main

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

13 / /debug

14 —()—1if ($DEBUG) System.out.println('starting code");
15 //**test code here

16

17 |} //end main & class ¢ public classes have to be placed
18 L} into a separate file (.java)

19 //tesgk class

20 apyzic class F {

211 =‘private int i = 5; //instance

22 = private static double k = 0; //static

23

24 g public void setI(int x) {

25 —— this.i = x;

26 B

27 g public static void setK(double x) {

28 —— F.k = x;

29 )

30 L}

»| testThis.java:20: error: class F is public, should be declared in ¢
public class F {

in a file named F.java
1l error
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method1(int xxx) {
ClassName Cname = new ClassName ( );
method2(Cname);

}

void method2(ClassName parm1) {
// Chame object passed to method2 as parm1

¢ classes are objects and can be
passed as arguments

** Ref variable (class pointer)
passed “by value” is really
passed “by reference”
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method1(int xxx) {
//instantiate array of objects
ClassName [ ] Chame = new ClassName [ 5];

//initialize array of objects
for (int i=0; i< Cname.length; i++)
Cname][ i] = new ClassName( );

¢ Arrays can hold objects (as well
as primitive data types)
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*** Immutable means variables (state)
cannot be modified

**both Classes and their Objects
can be Immutable

» Immutable is a property, not a keyword (declaration)

Requirements

+» All state variables are private
** NO setters
+* NO references to functions
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- Sec9.14

¢ this refers to the calling object (instance)

. 2 CSUN class CS110
pUbllC class F { 3 file: testThis.java
. e e e ) 4 * /
private inti = 5; //instance =|  SnEoEe JavaREeE
private static double k = 0; //static | &  lmport javax.swing.*;
7 ilmport java.l1lo0.¥*;
8 //class
. . . 9 & public class testThis {
pUblIC void SEt|(Int X){ 10 = static final boolean $DEBUG = true;
. 11 //main
= X; 12 g public static void main(String[] args) {
} 13 / /debug
14 ) it REBUC)SYstem.out . println( "starting code");
li ic VoI K le x 15 gRuk 1=9;
public static void setK(double x) { i |
k = X; 17 /FInstantrate 2 classes/objects
18 F Fobil = new F();
} 19 Fobjl.setI(1l);
20 System.out.priptln("main i=" + 1i);
21 Fobjl.setI(6);
26 //test class 22 F Fobj2 = new F();
27 aclass F {L 23 FobqZ.set{((S);
28 = private int i = 5; //instance 24 L} //end main & class
29 = private static double k = 0; //static
30
31 g public void setI(int x) { Starting code
33 System.out.println("setI.i=" + i); Se‘l".I.l—l.
34 //System.out.println("this.i=" + this.i); :> prlvate 1=9
= > S setI.i=6
36 g public static void setK(double x) { =
38 System.out.println("F.k=" + k);
39 [}
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¢ this refers to the calling object (instance)
public class F { 17 //instantiate class/object
privatelinti = 5; //instance }g g g‘?}ij 1 zl?i‘; F():
: : _n. objl.se .
e SEE apyllie o= G //Statzo System.out.println("main i=" + 1i);
- . 21 System.out.println("F.i=" + F.1i);
pgbllc void setl(int x) { 22 Fobjl.setI(6);
I=X; 23 System.out.println("setI.i=" + 1i);
} 24 //instantiate another class/object
public static void setK(double x) { 25 F Fobj2 = new F();
k= x; 26 Fobj2.setK(6);
} 27 } //end main & class

26 //test c1 | testThis.java:21: error: 1 has private access in F

27 class F . " g -
<l a_ i B System.out.println("F.1 + F:l) :
29 = privat

30

2 W publi testThis.java:22: error: i has privaie.access in F
33 sysi System.out.println("Fobjl.i=" +|Fobjl.i);

:
/ 1
34 /78y o das e ey cean e,

35 L}

36 g public static void setK(double x) {
37 —— k = x;

38 System.out.println("F.k=" + k);

39 L}
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¢ this refers to the calling object (instance)
public class F { 11 //main . . . .
. . . 12 public static void main(String[] args) {
private inti =5; //instance 13 / /debug
private static double k = 0; // 14 . System.out.println("starting code");
;
16 double k=66
public void setl(int x) { 17 //1nstantiate class/object
- 18 F Fobjl = new F();
=X, 19 Fobjl.setI(4);
} 20 System.out.println(|'main i=" + 1i);
. . . 21 //System.out.printlfit Pl P
public static void setK(double » 5, Wit lebaniiterabl Sy i PRSI R L TR
k =x; 23 |Fobj1.setK(33);
} 24 ystem.out.println(| setkK.k=" + Fobjl.k);
25 System.out.println("main k=" + Kk);
26 //test class
27 lclass F {| starting code
28 = private int 1 = 5; //instance i :
29 = private static double k = 0; //static main 1=9
30 =
31 [ public void setI(int x) { :> F.k=33.0
32 i = x; setK.k=33.0
33 System.out.println("setI.i=" + 1i); : -
34 //System.out.println("this.i=" + this.i); main k=66.0
35 [} F.k=6.0
36 g public static void setK(double x) {
37 —— k = x;
38 System.out.println("F.k=" + k);
39 L}
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¢ this refers to the calling object (instance)

11 //main
public class F { 12 public static void main(String[] args) {

private inti=5; //instance 13 //debug

) _ 14 if DEBUG) System.out.println("starting code");
private static double k =0; //< 15 int i=9;
public void setl(int x) { 16 double ko600

17 //1instantiate class/object
|=X; 18 nhj1 —naul ();
} 19 Fobjl.setI(4);
. ) . 20 - - tln)( "main &¥" + 1i);
pUbIIC Statl(:VOId SEtK(dOUbleX 21 //Systeln_out_printm: TR N =
32 //test class 2 SEsshentmpliRieeillat gy obil);
33 class E{
34 int|i = 5;]|//instance: this
35 stat e k = 88; //static
36
37 public void setINint x) {
38 .prin®ln("setI.i=" + 1i); :
39 int i=66;! //local Jl | starting code
40 ystem.out.println([setI.i=" + 1); setI.1i=5
41 rintln(['this.i=" + this.i)| 1=
42 this.i = 77; ——
43 }
44 ublic static void setK(double x : :
45 P kK = x; ( ) A |F0bjl.l=77
46 System.out.println("F.k=" + k);
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"Figure 11.11.1: Using 'this' to refer to an object's members.

ShapeSquare.java:

public class ShapeSquare {
// Private fields
private double sideLength;

// Public methods

public void setSideLength(double sideLength) {
this.sideLength = sideLength;
// Field member Parameter

}

public double getArea() {
return sidelLength * sideLength; // Both refer to field

}

ShapeTest.java:

public class ShapeTest {
public static void main(String[] args) {
ShapeSquare squarel = new ShapesSquare/();

squarel.setSideLength(1.2);
System.out.println("Square's area: " + squarel.getArea());
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+* this refers to the calling object (instance)

¢ this applied to Construcotrs
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¢ this applied to Constructors

Figure 11.11.2: Calling overloaded constructor
using this keyword.

public class ElapsedTime {
private int hours;
private int minutes;

// Overloaded constructor definition

public ElapsedTime(int timeHours, int timeMins) {
hours timeHours;
minutes timeMins;

}

// Default constructor definition
public ElapsedTime() {

this(0, 0);
}

// Other methods ...

DR JEFF
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CHAPTER Wore INHERITANCE
* ND POLYMORPHISM

11 & Classes A
Intro
Super & Sub Classes
super keyword
Overriding Methods
Overriding vs. Overloading
Object Class & toString( ) Method
Polymorphism
Dynamic Binding
. Casting Objects & instanceof Operator
10 Object’s equals Method
m=) 11.Arraylist Class
12.Useful Methods for Lists
13.Case Study: Custom Stack Class
14. Protected Data & Methods
15.Preventing Extending & Overriding

O XOINSOLULKWDNPRE
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Program
| |
Superclass Superclass Superclass
3
Subclass 1 W Subclass 5
Subclass 3 < Methods
» Getters

> Setters
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" “*Super/Sub T
Program
“* Methods
> Getters

| > Setters
Fruit

, “extends.
Common Properties:
" Name JAYeJo][< % Foods=sauce, pie, turnover...
= Color

= Type
= Size (S, M, L) o . -
T range XS =

= Taste

= (Calories .

L (4 =
= Sugar % Foods=sauce, salad, cake...
|

Trees
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T «»Super/Sub ~

Program

Geometric

Circle *» Methods
> Getters
> Setters

Rectangle

Triangle

-
=
 Rectngle
| Tange




CSUN

CALIFORNIA
STATE UNIVERSITY
NORTHRIDGE

COMP110 _

Class Hierarchy

Sec 11.2

] DR JEFF
SOFTWARE

INDIE APPDEVELOPER
©2016-22
Jeff Drobman

Ted:

Color(): String

L r: String): void
1led(): boolean

(filled: boolean): void

DateCreated(): java.wti).Date
ring(): String

— %Super/Sub T

"h*d&*“"lﬂ
10t oton whether the shnect m (g oah 3 e (detone $a)se)
The dute ehen the s was crested

Crenten s CommatricObject

f:::n(cunﬁ(bjut . h e el (o g Tt
Wetormn 1he o

Sein 3 mew codor

Returns the 1111 0d properny

Sots 2 new 11110 peopunty

Returms the dateCreated

Returm o rmg repeesentation of this otyeet

d

“width: double
“height: double

sRectangle()
sfectangle(width;

v double, height: double)
tang) : : A
colo:?’s:c('?n:t.hﬂm‘:.&::m‘ o
+getidth(): douhie
ssetidth(width: double): void
tgethieight(): double

sSEtheight (hetght: double): void
sgetAreal): double
getferimeter): double

- . m—— — ~i

T, L~ —_— A m— . — .y



it O bj ect Instantiation 0201622

COMP]_]_O _ Jeff Drobman

Sec11.2 ————————————————————— 4% circle object




Jeff Drobman

R Object Instantiation

COMP110
- Sec

+» circle object




Inheritance

Jeff Drobman
COMP110 _ Sec 11.4

¢ extends

Subc lass Superclass

. -
public class Circle extends CeometricObject

** Properties
s Methods

> but NOT constructors
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Abstract

Extends

Instances

Polymorphisms
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DRGSR Scientifc classification e s
G E z . ; Homnidae Hycogtidse  Family
This box: view-talk -edit KInMOm: An|ma'la S S R : S:‘m'y
0= «Modern humans Vel
ll, = Earliest clothes Phylum: Chordata '7“"\” cmlm I 5
B L heldeibergensis . ) cooking . . g . AR
S Class: Mammalia Family tree showing the extant =
«—Eﬁﬁ f::c;’se Order: Primates hominoids: humans (genus Homo),
2 - i R chimpanzees and bonobos (genus Pan),
Suborder: Haplorhini : :
gorillas (genus Gorilla), orangutans
o Infraorder: Simiiformes (genus Pongo), and gibbons (four
« Stone tools Family: Hominidae genera of the family Hylobatidae:
- Hylobates, Hoolock, Nomascus, and
5 «Farlestbipedal  Subfamily: Homininae Symphalangus). All except gibbons are
Tribe: Hominini hominids.
- |
Genus: Homo
.—C
e b Species: H. sapiens
Binomial name
7 =l « Possibly bipedal “pbns
Linnaeus, 1758
-8 —
Subspecies
e +Homo sapiens idaltu White et al.,
e «~ Earlier apes 2004
Homo sapiens sapiens
(million vears ano) Clickable
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“*Human genome (DNA) i il THETT
[ 3B base pairs (nucleotides) = Ei e
: R R NE NN ma o
> A, C,G, T (base 4 code) =m 22 88 TR
1 23 chromosomes (2 pairs) =‘_ o - )
1 22,000 genes o :i 5;- ;; ?8 EE £ ST
»* Polymorphisms ER-RR I
O SNP’s
= 0.1% (1 /1000) A graphical representation of the 6J
' , standard human karyotype, including
= 3MSNP’s both the male (XY) and female (XX) sex

chromosomes.
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+»* super( ) constructor

S superclass constructor If acither

iCally puts super() as the first statement i the

!pubiic QlassName ) {

Equivalent ‘ super(); )
—_— Y

Statements \

Cii e

public ClassName(double d) {
Equivalent super();

some statements
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** Methods in sub-classes
» Define changed method with same name
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pubic String toString( ) {

» returns a descriptive string of object
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Here are some examples of micro-refactorings; some of these may only apply to certain languages or language types. A longer list can be found in Martin Fowler's
refactoring book[2llrage needed] anq website.®! Many development environments provide automated support for these micro-refactorings. For instance, a programmer
could click on the name of a variable and then select the "Encapsulate field" refactoring from a context menu. The IDE would then prompt for additional details,
typically with sensible defaults and a preview of the code changes. After confirmation by the programmer it would carry out the required changes throughout the code.

« Techniques that allow for more abstraction

» Encapsulate field — force code to access the field with getter and setter methods

’ .

« Generalize type — create more general types to allow for more code sharing ** Re-Encapsulation

« Replace type-checking code with state/strategy(’]

« Replace conditional with polymorphism (8! . .
. : : = *%* Factoring
« Techniques for breaking code apart into more logical pieces

« Componentization breaks code down into reusable semantic units that present clear, well-defined, simple-to-use interfaces.

» Extract class moves part of the code from an existing class into a new class.
« Extract method, to turn part of a larger method into a new method. By breaking down code in smaller pieces, it is more easily understandable. This is also

applicable to functions.
« Techniques for improving names and location of code o Move
» Move method or move field — move to a more appropriate class or source file
« Rename method or rename field — changing the name into a new one that better reveals its purpose
» Pull up - in object-oriented programming (OOP), move to a superclass
e Push down —in OOP, move to a subclass
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More
Objects
Classes

Intro

Abraction/Encapsulation

Thinking in Objects

Class Relationships

Case Study — Course

Case Study — Stacks

Primitive Data Types as Objects
Wrapper Class Types (conversion)

. Biginteger & BigDecimal classes

10 String class

11.StringBuilder & StringBuffer classes
a. Palindromes revisited (Listing 10.10)

© 0N A WD e
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+*Black Box
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The annual interest rate of the loan (default: 2.5).
The number of years for the loan (default: 1).
The loan amount (default: 1000).

The date this loan was created.

Constructs a default Loan object.

Constructs a loan with specified interest rate, years,
and loan amount.

Returns the annual interest rate of this loan.
Returns the number of the years of this loan.
Returns the amount of this loan.

Returns the date of the creation of this loan.

Sets a new annual interest rate for this loan. :

Sets a new number of years for this loan.

Sets a new amount for this loan.
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properties
(state)

constructor

methods
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+ Stack UML ‘T‘
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%+ Java: main class
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% Integer i ’
o + Double

¢ new Double(12.4).intValue( ) = returns 12

X/

¢ new Integer(12).doubleValue( ) = returns 12.0
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% Integer | RN

R/

*¢* new Double(12.4).compareTo (new Double(12.3) ) = returns 1

R/

*¢* new Double(12.3).compareTo (new Double(12.3) ) = returns 0

R/

¢ new Double(12.3).compareTo (new Double(12.51) ) = returns -1
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¢ convert PRIMITIVE to WRAPPER - boxing

¢ convert WRAPPER to PRIMITIVE = unboxing
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R/

% % max long
2
+* Using Strings to represent large numbers

.L;A- -_
s Using methods for arithmetic

+* Round mode
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* Immutable
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String methods

% stringBuilder
% isLetterOrDigit
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Why not use an abstract class?

e Although this update in Java 8 does make it seem as thoughl|interfaces

and|abstract classes|are the same... that is not the case. An abstract class

can define a constructor. They can be objects with a state associated with

them, in contrast to an[interface]which simply defines a contract.

Methods in an abstract class can modify both method arguments as well
as fields of their class, whereas default methods in an interface can only

access its arguments because interfaces do not have any state. Both are

really used for different purposes.
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Then, when you want to execute this code, you construct an instance of the Worker class. You
can then submit the instance to a thread pool, or keep it simple and start a new thread:

Worker w = new Worker|():;
new Thread(w) .start();
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Array Lists

Sec 11.11
pp. 432-438
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ArrayList Class

ArrayList<E> 1ist = new ArrayList<E>();
list.add(object);

list.add(index, object);
list.clear();

Object o = list.get(index);
boolean b = list.isEmpty();
boolean b = list.contains(object);
int 1 = list.s1ze();
list.remove(index);
list.set(index, object);

int i = list.indexOf(object);

int i = list.lastIndexOf(object);
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B_ig-6|Worst—Case Run-Time Performance

Arrays vs. Lists

Access: O(1), Search: O(1), Insertion: O(1), Deletion: O(1)

Data Structures

Data Structure Time Complexity Space Complexity
Average Worst Worst
Indexing Insertion Deletion Search Deletion

Basic Array

Dynamic Array

Singly-Linked List

Doubly-Linked List

Siip List 0(login))
Hash Table
Binary Search Tree O(2og(n)) O(m)

.....

Cartresian Tree

: ' 3
a
e
-
3
o

-
a
- 4
vl B
by
2
o
3
el B8] [&
e B E
-

B.Tree O(login)) Oflog(n))

Red-Black Tree 0(2og(n)) 0(2og(n)) ))
Splay Tree [Lﬂ)_’,
AVL Tree o(log(n)) (o)
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Collection
<Interface>
Stored in ordered way and allow' List Set | Stored in unordered way and doesn
duplicates <Interface> <Interface> oW ipiicaics
J
f = .
- - Faster and should be prefered if
Not synchronized and mmg ArraYL'st o) L Has hSet - i required. not
elements are faster as it uses mde: <Class> <Class> I mnm”izedg e
Not synchronized and insertion and ~ LinkedList LinkedHashSet . ——
deietion of elements are fastar <Class> |+ ™|  <Class> Nﬁm 'é?'f.‘l"m‘"&':ﬁ?&‘.‘,""
Same as ArrayList but synchronized Vector -
; <Class> SortedSet
1 —| <Inteface>
f
Extebds Vector class and has LIFO"  Stack l Implements SortedSet Interface,
logic < > slower, maintans object in sorted order
| Class TreeMap and doesn't allow null objects. Sorting
<Class> is either by natural order using
CompareTo or we can pass
Comparator interface to the
constructor e.g:

Set<Employee> abc = new
TreeSet<Employee>(new
MyComparator());
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Stores pairs of elements in key vakwe pair, where each key' Map
Provides methods like put(), entrySet(), keySet(), values().
Allows null, faster and should be
prefered if sorting is not required. it is HashMap -]
NOT synchronized. <Class>
Same as HashMap but synchronized HashTable -
<Class>
SortedMap
-
<Interface>
L l 2
It extends HashMap, itis similar to Hashmap but. LINkedHashMap
maintains order and uses DoublyLinkedList <Class>
Implements SonedMap, slower,
TreeMap  maintains object in sorted order and
Uses '==' operator whereas HashMap uses equals() <Class> doesn::u“ P i:l:s:sb‘ec::rbg:Ts:(;
operalor, comparalively faster, uses system  |dentityHashMap method for sorting and it will give null
IdentityHashCode() and doesn’t need to be :
bty °9n . key <Class> -— pointer exception.
1
Uses weak references for key that can be I WeakHashMap
garbase collected if not required, we can use <Class> =
primitive int as key.
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Anonymous function

From Wikipedia, the free encyclopedia
(Redirected from Lambda (programming))

In computer programming, an anonymous function (function literal, lambda abstraction, or lambda expression) is a function definition that is not bound to an
identifier. Anonymous functions are often arguments being passed to higher-order functions, or used for constructing the result of a higher-order function that
needs to return a function.['] If the function is only used once, or a limited number of times, an anonymous function may be syntactically lighter than using a
named function. Anonymous functions are ubiquitous in functional programming languages and other languages with first-class functions, where they fulfill the
same role for the function type as literals do for other data types.

Anonymous functions originate in the work of Alonzo Church in his invention of the lambda calculus, in which all functions are anonymous, in 1936, before
electronic computers.?! In several programming languages, anonymous functions are introduced using the keyword /ambda, and anonymous functions are often
referred to as lambdas or lambda abstractions. Anonymous functions have been a feature of programming languages since Lisp in 1958, and a growing number
of modern programming languages support anonymous functions.
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Lambda expressions are converted to "functional interfaces" (defined as interfaces that contain only one abstract method in addition to one or more default or
static methods),!'®! as in the following example:

public class Calculator {
interface IntegerMath {
int operation(int a, int b);

default IntegerMath swap() {
return (a, b) -> operation(b, a);
}
}

private static int apply(int a, int b, IntegerMath op) {
return op.operation(a, b);

}

public static void main(String... args) {
IntegerMath addition = (a, b) -> a + b;
IntegerMath subtraction = (a, b) -—> a - b;
System.out.println("40 + 2 = " + apply(40, 2, addition));
System.out.println("20 - 10 = " + apply(20, 10, subtraction));
System.out.println("10 - 20 = " + apply(20, 10, subtraction.swap()));
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Java |[edit)

Java supports anonymous functions, named Lambda Expressions, starting with JDK 8.1'2]

A lambda expression consists of a comma separated list of the formal parameters enclosed in parentheses, an arrow token (->), and a body. Data types of the
parameters can always be omitted, as can the parentheses if there is only one parameter. The body can consist of one statement or a statement block.!']

// with no parameter
() —> System.out.printin("Hello, world.")

// with one parameter (this example is an identity function).
a-—>a

// with one expression
(a, b) >a+b

// with explicit type information
(long id, String name) —> "id: " + id + ", name:" + name

// with a code block
(a, b) => { return a + b; }

// with multiple statements in the lambda body. It needs a code block.
// This example also includes two nested lambda expressions (the first one is also a closure).
(id, defaultPrice) —> {
Optional<Product> product = productList.stream().filter(p —> p.getId() == id).findFirst();
return product.map(p —> p.getPrice()).orElse(defaultPrice);
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The Syntax of Lambda Expressions

Consider the previous sorting example again. We pass code that checks whether one string is
shorter than another. We compute

Integer.compare(first.length(), second.length())

What are first and second? They are both strings! Java is a strongly typed language, and we
must specify that as well:

(String first, String second)
-> Integer.compare(first]length(), second.length())

You have just seen your first lambda expression! Such an expression is simply a block of code,
together with the specification of any variables that must be passed to the code.

Why the name? Many years ago, before there were any computers, the logician Alonzo Church
wanted to formalize what it means for a mathematical function to be effectively computable.
(Curiously, there are functions that are known to exist, but nobody knows how to compute their
values.) He used the Greek letter lambda (A) to mark parameters. Had he known about the Java
API, he would have written:

Afirst.Asecond.Integer.compare(first.length(), second.length())

Why the letter A? Did Church run out of other letters of the alphabet? Actually, the venerable
Principia Mathematica used the " accent to denote free variables, which inspired Church to use
an uppercase lambda (A) for parameters. But in the end, he switched to the lowercase version.
Ever since, an expression with parameter variables has been called a "lambda expression."
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“*Scope
» Local — best to use — Private
» Global — be very careful — Public

s Type casting
»  Use explicit types (avoid implicit casting & overloading)

**Procedure parameter passing

» Use “By Value” for variables
» Use “By Reference” for objects

*»*Condition codes

» Set “CC” binary var (T/F) on action completion
» Test “CC” before continuing with next action

s*Error trapping & handling

» TRY & CATCH blocks — use generously

» Catch exception descriptions

» Add as much pertinent info as possible (esp. location)

» Report via “alert boxes”

» Never allow un-trapped errors — they cause program interruption
(that is what “beta testing” is for)
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s*Memory **Performance (Speed)
1 Code (KB-MB) ] Total execution time (sec)
o Static o Small tasks (compute only)
o Lines of code VS o Bigsimulations (e.g., weather)
o Verbosity o Verbosity
] Data (MB-GB-TB) (J User response (msec)
o Small files (CSV) o Clicks
o Databases (SQL) o Text characters
o Big data (data mining) o Forms

J Embedded control (msec)
o Real-time response
o Interrupts
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Theory: Computaoility
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Are there any problems in computer

programming, that are seen as impossible?

Thomas Cormen, |'ve been teaching Computer Science at Dartmouth x,,
() CoIIege since 1992.
/ritten NO Upvoted by Timothy Johnson, PhD student in CS, UC Irvine and Jeff

Nelson, Invented Chromebook, #Xoogler

Yes, indeed. The best-known one is the Halting Problem -, shown to be uncomputable by < Halti ng
Alan Turing. Suppose you want to know whether a program, call it P, given an input, call it

X, would run to completion. Not whether P produces a correct answer, and not whether P

produces an answer at all. Just: does program P, running on input x, run to completion?

That is, does P running on x halt? Turing proved that it is impossible to write a computer

program that takes two inputs, P and x, and correctly tells you every time whether P

running on x halts.

Once you have one uncomputable problem, you can find others. For example, Post’s o Stri ngs
Correspondence Problem . Here, we are given two lists of n strings, say A, Aa, ... , A,

and By, Ba, ..., B,. The problem is to determine whether there exists a sequence of
indices i1, 2, ..., Iy such that A;,, Ai,, Ai,, ... , Aj, (thestrings A; , Ai,, A, ..., Ai,
concatenated together) gives the same string as B;,, Bi,, Bi,, ..., Bi . Using an example I
wrote in Algorithms Unlocked, suppose thatn = 5,and A} =ey, A2 =er, A3 =mo,

A4 =on,As =hand B; =ym, B2 =r, B3 =oon, By =e, Bs =hon. Then the sequence
(5.4,1,3,4,2) works, since both AsA4AA3A4A; and BsB4BB3B4B; form

honeymooner.



