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throws Exception?

input

Listing 12.15
pp. 478-9
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//INput method -- text file input
33 public static void readFile(String xName, String[] wArr, 
String[] pArr) throws Exception {
34 //create a file instance
35 File fName = new File(xName);
36 //create Scanner for file
37 Scanner input = new Scanner(fName);
38 //read data from file
39 int i = 0, siz = wArr.length;
40 while (input.hasNext()) {
41 String word = input.next();
42 String pron = input.nextLine(); //clear cr/lf
43 wArr[i] = word;
44 pArr[i] = pron;
45 i++;
46 if ($DEBUG) System.out.println(word + pron);
47 if (i >= siz) { //don't overflow array
48 if ($DEBUG) System.out.println("array overflow");
49 break;}
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v PrintWriter

Listing 12.16
pp. 480-1

in Windows:
(“c: \\users\\jeff\\folder\\fName”) v backslashes
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v UML notation
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Ø unchecked exceptions

Ch 12
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vException is generic class
vException sub-classes

q ClassNot FoundException
q IOException

vRuntimeException sub-classes
q ArithmeticException
q NullPointerException
q IndexOutOfBoundsException
q IllegalArgumentException

Ø unchecked exceptions

Ø checked exceptions require declare throws
Øor use Try-Catch block

Tables 12.2-3
pp. 456-7

Ch 12

Ø example:  File I/O
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Ch 12
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9 public class cs110Try {
10 public static void main(String[] args) {
11 //*test I/O
12 System.out.println("Hello World\n");
13 
14 //**test code here
15 try {
16 // code here
17 int x = 1/0; //create exception
18 }
19 catch(Exception ex) {
20 //catch code here; "ex" is a parameter
21 System.out.println(ex);
22 }
23 System.out.println("Past Catch block");
24 
25 } //end main & class

Ch 12
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e.printStackTrace
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Ø multiple catches

Ch 12
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vThrowing exceptions
Ø throw <exception name>;

Ø throw exception

Ch 12
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Ø chaining exception handling

Ch 12
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Ø finally block
finally {
<statements>
}

Ch 12
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Ø finally block

Ch 12
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Ch 12
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vScope of all identifiers (variables, methods)
q LOCAL within block (for, while, case, method)

q GLOBAL only when explicitly declared as such
Ø static à declared in Class scope

v Revisit for Memory Mgt
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Java ó OOP

MAIN
method

optional
method 1

optional
method 2

optional
method N

MAIN
Class

Minimum
required

OOP
Structures

Execution is
by call sequence

optional
Globals ::= State

Ø LOCAL variables

Ø GLOBAL variables

STATIC

DYNAMIC
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multiple instances
illegal re-declare
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ArrayLists
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Display
Buffer

Printer
Buffer

Code

Static Data

Dynamic Data Local

Global

Code Static Data
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Sec 9.7

vPersistence
q Instance (default)
q Static

vPrivacy
q Public
q Private
q Protected (Ch 11)
q Defaultv Static vs. Dynamic
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vCreate:  new

vDelete:
q = null
q Pointer reassignment:  A = B;

à refCount--
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1.Main
1.1 Main method
1.2 2nd method
1.3 3rd method

2. Class A
2.1 1st method
2.2 2nd method

3. Class B
3.1 1st method
3.2 2nd method
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Overview

Classes
vLarge encapsulating

structure
q Collecting/grouping Methods

vExtends large programs by 
adding structures

vSupports abstraction as 
Objects

vServe as templates for 
Objects

Objects
vObjects are abstractions
vObjects are instances of 

Classes

newcreate

Scanner input = Scannernew

Name of new instance
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Overview

vBuilt-in
q Library functions (imports)
q Wrappers (Integer, String)

vProgrammer defined

vSpecial components
q Constructors
q Data Fields (global vars)
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vEncapsulation
q Objects

² Classes as models
q Classes

² Properties/Data Fields
² Constructors
² Methods

vInheritance
q Class extends

vPolymorphism
q Multiple Instantiations

² Small changes to Data Fields
² Small changes to Methods

Class Foo
<decl vars (init)>
<constructors> 
Fn 1{   }
Fn 2{   }

End Class

Fee extends Foo
<decl vars2 (init)>
Fn 3{   }

End Class

v Fee Instantiates Foo
v Fee Inherits Foo
v Fee Adds code to Foo

polymorphism

v Declare class Foo
v Declare vars
v Define constructors

v Define methods

3 Pillars of OOP
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MAIN
method

optional
method 1

optional
method 2

optional
method N

MAIN
Class

Minimum
required

OOP
Structures

Execution is
by call sequence

optional
Globals ::= State
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Java ó OOP

Constructors

optional
method 1

optional
method 2

optional
method N

Named
Class

Minimum
required

OOP
Structures

Execution is
by call sequence

optional
Globals ::= State

Class level signatures
v with code (opt)
v acts like a 

“main” method
v may be 

overloaded

Called from anywhere
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Java ó OOP

Any method

Conditional block
v IF-THEN-ELSE
v SWITCH-CASE

Loop block
v FOR
v WHILE

Loose code

Loose code

Loose code

Loose code

Block
Structures

Execution is
sequential



COMP110
©2016-22
Jeff DrobmanLiang Chapter 9

1. Intro
2. Defining Classes for Objects
3. Examples:  Circles, TVs
4. Constructors
5. Reference Variables
6. Java Class Library
7. Static Variables & Methods
8. Packages (Visibility)
9. Private Data Fields (Encapsulation)
10. Passing Objects to Methods (ArgsàParms)
11. Array of Objects
12.Immutable Objects/Classes
13. Scope
14. this Reference
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vGeometric shapes
q Circles
q Rectangles

vFruits/veggies
q Apples
q Oranges

vHouses
vAnimals/breeds

q Dogs
q Cats

vGames
q Blackjack
q Poker
q Tic-Tac-Toe

Ø Objects have Properties

Ch 9
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Examples:  Fruit, Shapes, Houses

vApple
q Color
q Size
q Shape
q Taste
q Variety

vOrange
q Color
q Size
q Shape
q Variety

vPear
Ø Objects have Properties
Ø State = {Properties}

Ø Objects are created from Classes

instantiated

vCircle
q Radius
q Area
q Circumference

vRectangle
q Length
q Width
q Area
q Perimeter

vTriangle

vHouse
q # bedrooms
q # bathrooms
q size (sqft)

vHotel
q # rooms
q Price range
q # Parking spaces

vBldg

Ch 9
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vApple
q Color
q Size
q Shape
q Taste
q Variety

Apple1
Apple2

Apple3

v 3 Apple objects created
v From 1 template = “Class”

Ch 9
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House1 House2 House3

v 4 House objects created
v From 1 template = “Class”

vHouse
q # bedrooms
q # bathrooms
q size (sqft)

House4

House polymorphisms

Ch 9
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Example:  Biology Taxononmy

vKingdom
vPhylum
vClass
vOrder

q Mammals
q Reptiles
q Amphibians
q Birds

vFamily (Mammals)
q Primates
q Canines
q Felines

vGenus
vSpecies

Ø Class hierarchy
q Super classes

Ch 9



COMP110
©2016-22
Jeff DrobmanObject Oriented Design

vEncapsulation
q Objects

² Classes as models
q Classes

² Properties
² Constructors
² Methods

vInheritance
q Class Instantiations

vPolymorphism
q Multiple Instantiations

² Additional Methods and/or State
q Method overloading

Class Foo
<state vars> 
meth1
meth2

Obj1 = new Fee 
End Class

Class Fee extends Foo
<state vars> 
meth3

End Class

v Foo Instantiates Fee
v Foo Inherits Fee
v Fee Adds code to Foo

polymorphism

v Declare class Foo
v Declare state vars
v Define methods
v Add code

Ø3 “Pillars” of OOP
Ch 9

Ø extends
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Ch 9

state ::= {properties}
aka “data fields”

vData (Apple)
q Color
q Size
q Shape
q Taste
q Variety

Ø Objects have Methods

DATA CODE

vCode
q Constructors
q Methods

§ Getters
§ Setters
§ Other methods

Ø Objects have Properties
Ø State = {Properties}
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public class <classname> {
<class state:  properties>
//constructors
<classname> ( )  { //no args
}
void meth1( ) {
<code 1>
}
int meth2(parm) {
<code 2>
}

//end class
}

Ø Classes do include methods

<classname>.meth1()

<classname>.meth2(arg)

Ch 9

v Main Class
v includes main method
v has no constructors

Ø Classes may (optional) include constructors
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Ø Class.property
Ø Class.method(args…)

public class <className> {
<class state> 
<class constructors>
<main method>*
<other methods>
} 

<state> ::= {<properties> }
<properties> ::= <attributes> ::= <data fields>
< constructors> ::= <ClassName>( ) |

| <className>(<parms…>)
| <default> 

v Constructors

v templates (blueprints)
v signatures like methods

Ø any number of parameters (>=0)
v overloading

Ø any number of parameters (>=0)
Ø called with any signature (# args)

v code (optional)
v default

*only in “main” class

Ch 9

*may be
empty
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vClasses are templates for objects

vObjects are instances of Classes
class ClassName {
}

ClassName Cname = new ClassName; 

v ClassName is a Class
v Cname is an Object (an 

instance of ClassName)

Red

Class

Instance Objects

Main Object
Ch 9

Artist

Class

Instance Objects

Main Object

Green Golden

Picasso Dali
Van
Gogh

Apple
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Ch 9
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TVCh 9
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Ch 9
v Class v Objects
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public class <classname> {
<class state:  properties>
//constructors
<classname> ( )  { //no args
<code 1>*
}
<classname> (arg )  {  //1 arg
<code 2>*
}
<classname> (arg1,arg2)  {  //2 args
<code 3>*
}
<methods>

//end class
}

no type

Ch 9

*code (if any) gets executed upon each instantiation

v 0 or more methods
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Ch 9



COMP110
©2016-22
Jeff DrobmanOOP – Simple Example

Ch 9



COMP110
©2016-22
Jeff DrobmanOOP – Simple Example

Ch 9

static
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Ch 9

did not run
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Ch 9

did run
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vCircle
q Radius

Circle1
Circle2

Circle3

v 3 Circle objects created
v From 1 template = “Class”

vMethods
q Get

§ Perimeter
§ Area

q Set
§ Radius

Getters and
Setters

Ch 9
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CircleCh 9

v properties

v constructors

v methods

v objects
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Ch 9
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1 Source file
class

class

Ch 9

+ à public

- à private
Underline à static
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Ch 9
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main

Circle1: radius=1

Circle2: radius=25

method to print

method to print

Ch 9
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Class

Circle1: NO arg, radius=1

Circle1: 1 arg, radius=value passed

Ch 9
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method to printCh 9
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Arrays as a Class

v Garbage Collection

Sec 9.5
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Memory Management v Garbage Collection

v Stack

v Heap

Arrays as a ClassSec 9.5
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Classes

v Garbage Collection

Sec 9.5
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Sec 9.6 https://docs.oracle.com/javase/9/docs/api/java/lang/Math.html
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Sec 9.6
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Sec 9.6
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Sec 9.6
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Sec 9.7

vPersistence
q Instance (default)
q Static

vPrivacy
q Public
q Private
q Protected (Ch 11)
q Default
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Sec 9.7
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Sec 9.7

Ø Refutes diagram in book
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Sec 9.7
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Sec 9.7
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Sec 9.8-9
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Sec 9.8-9



COMP110
©2016-22
Jeff DrobmanOOP – Getters & Setters

v To access Private variables

Sec 9.9
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Sec 9.9
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Classes
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Classes
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v Packages ::= Groups of Classes
Ø Scope encapsulation

Sec 9.8
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Sec 11.14
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Program

Package 1

Class 1

Class 2

Class 3

Package 2

Class 4

Package 3 

Class 5

Class 6

Sec 9.8

Source 1

Source 2

Source 3
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Project

Source 1 Source 2

Package p Package 1 Package 2

Class 1 

Method 1

Method 2

Method m

Class 2

Method 1

Method 2

Class c

Method 1

Method 2

Method m

Source n

Sec 9.8
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v public classes have to be placed 
into a separate file (.java)
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method1(int xxx) {
ClassName Cname = new ClassName ( );
method2(Cname);
}
void method2(ClassName parm1) {
// Cname object passed to method2 as parm1

Sec 9.10

v classes are objects and can be 
passed as arguments

v Ref variable (class pointer) 
passed “by value” is really 
passed “by reference” 
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method1(int xxx) {
//instantiate array of objects

ClassName [ ] Cname = new ClassName [ 5];

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

Cname[ i] = new ClassName( );

Sec 9.11

v Arrays can hold objects (as well 
as primitive data types)
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Sec 9.12

vImmutable means variables (state) 
cannot be modified

vboth Classes and their Objects 
can be Immutable 

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

v All state variables are private
v NO setters
v NO references to functions

Requirements
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public class F {
private int i = 5; //instance
private static double k = 0; //static

public void setI(int x) {
i = x;

}
public static void setK(double x) {

k = x;
}

Sec 9.14
v this refers to the calling object (instance)
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Sec 9.14
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public class F {
private int i = 5; //instance
private static double k = 0; //static

public void setI(int x) {
i = x;

}
public static void setK(double x) {

k = x;
}

Sec 9.14
v this refers to the calling object (instance)
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public class F {
private int i = 5; //instance
private static double k = 0; //static
public void setI(int x) {

i = x;
}

public static void setK(double x) {
k = x;

}

Sec 9.14
v this refers to the calling object (instance)

CV

CV

this
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zyBook 11.11
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Sec 9.14
v this refers to the calling object (instance)

v this applied to Construcotrs
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v this applied to Constructors
zyBook 11.11



COMP110
©2016-22
Jeff DrobmanChapter 11

Ch 11

1. Intro
2. Super & Sub Classes
3. super keyword
4. Overriding Methods
5. Overriding vs. Overloading
6. Object Class & toString( ) Method
7. Polymorphism
8. Dynamic Binding
9. Casting Objects & instanceof Operator
10.Object’s equals Method
11.ArrayList Class
12.Useful Methods for Lists
13.Case Study:  Custom Stack Class
14.Protected Data & Methods
15.Preventing Extending & Overriding
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Program

Superclass 
1

Subclass 1

Subclass 2

Subclass 3

Superclass 
2

Subclass 4

Superclass 
3 

Subclass 5

Subclass 6

vSuper/SubSec 11.2

vextends

v Methods
Ø Getters
Ø Setters
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Program

Fruit

Apple

Orange

Pear

vSuper/SubSec 11.2

vextends
Common Properties:
§ Name
§ Color
§ Type
§ Size (S, M, L)
§ Shape
§ Taste
§ Calories
§ Sugar
§ Trees

v Foods=sauce, pie, turnover…

v Foods=sauce, jam, yogurt…

v Foods=sauce, salad, cake…

v Methods
Ø Getters
Ø Setters



COMP110
©2016-22
Jeff DrobmanClass Example:  Geometric 

Program

Geometric 

Circle

Rectangle

Triangle

vSuper/SubSec 11.2

vextends

v Methods
Ø Getters
Ø Setters
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vSuper/SubSec 11.2
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v circle objectSec 11.2
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v circle objectSec 11.2



COMP110
©2016-22
Jeff DrobmanInheritance

Sec 11.4
v extends

v Properties
v Methods

Ø but NOT constructors
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SUPER

SUB2SUB1

OBJ2OBJ1 OBJ3

Abstract

Instances

Extends

Polymorphisms
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vHuman genome (DNA)
q 3B base pairs (nucleotides)

Ø A, C, G, T (base 4 code)
q 23 chromosomes (2 pairs)
q 22,000 genes

vPolymorphisms
q SNP’s

§ 0.1% (1/1000)
§ 3M SNP’s
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v super( ) constructorSec 11.3
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Sec 11.4

vMethods in sub-classes
Ø Define changed method with same name
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Sec 11.6

pubic String toString( ) {

Ø returns a descriptive string of object

vobject class is implicit/default superclass 
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Sec 11.7
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Ø Wikipedia

v Re-Encapsulation

v Factoring

v Move
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Ch 10

1. Intro
2. Abraction/Encapsulation
3. Thinking in Objects
4. Class Relationships
5. Case Study – Course
6. Case Study – Stacks
7. Primitive Data Types as Objects
8. Wrapper Class Types (conversion)
9. BigInteger & BigDecimal classes
10.String class
11.StringBuilder & StringBuffer classes 

a. Palindromes revisited (Listing 10.10)
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vBlack BoxSec 10.2
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Sec 10.3
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Sec 10.4

v UML

v Java
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Sec 10.4

v UML

v Java

Ø Composition & Aggregation
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Sec 10.5
Ø Course class

v UML
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Sec 10.5
Ø Course class

v Java:  main class
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Sec 10.5
Ø Course class

v Java: Course class

properties
(state)

methods

constructor
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Sec 10.6
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Sec 10.6

v Stack UML
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Sec 10.6

v Java:  main class
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Sec 10.6

v Java:  Stack class
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Sec 10.7

v Integer v Double

v new Double(12.4).intValue( ) à returns 12
v new Integer(12).doubleValue( ) à returns 12.0
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Sec 10.7

v Integer v Double

v new Double(12.4).compareTo (new Double(12.3) ) à returns 1

v new Double(12.3).compareTo (new Double(12.3) ) à returns 0

v new Double(12.3).compareTo (new Double(12.51) ) à returns -1
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Sec 10.8

vconvert PRIMITIVE to WRAPPER à boxing

vconvert WRAPPER to PRIMITIVE à unboxing
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Sec 10.9

v max long

v Using Strings to represent large numbers

v Using methods for arithmetic

v Round mode
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Sec 10.9
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Sec 10.10

v Immutable
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Sec 10.11
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Sec 10.11

v stringBuilder
v isLetterOrDigit

String methods
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Interfaces
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Sec 11.11
pp. 432-438
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Sec 11.11
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Sec 11.11
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Sec 11.11
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Sec 11.11
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COMP182
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Arrays vs. Lists
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Like Macros for HLL
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vScope
Ø Local – best to use – Private
Ø Global – be very careful – Public

vType casting
Ø Use explicit types (avoid implicit casting & overloading)

vProcedure parameter passing
Ø Use “By Value” for variables
Ø Use “By Reference” for objects

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

vError trapping & handling
Ø TRY & CATCH blocks – use generously
Ø Catch exception descriptions
Ø Add as much pertinent info as possible (esp. location)
Ø Report via “alert boxes”
Ø Never allow un-trapped errors – they cause program interruption

(that is what “beta testing” is for)
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vMemory
q Code (KB-MB)

o Static
o Lines of code
o Verbosity

q Data (MB-GB-TB)
o Small files (CSV)
o Databases (SQL)
o Big data (data mining)

vPerformance (Speed)
q Total execution time (sec)

o Small tasks (compute only)
o Big simulations (e.g., weather)
o Verbosity

q User response (msec)
o Clicks
o Text characters
o Forms

q Embedded control (msec)
o Real-time response
o Interrupts

VS
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v Halting

v Strings


