
EECS2030 (Sec. B) Fall 2025
Advanced Object-Oriented Programming

Lecture Notes

Instructor: Jackie Wang



Lecture 1 - Sep 3

Syllabus & Introduction

Professional Engineers: Code of Ethics
Software Development Process



Course Learning Outcomes (CLOs)





Software Development: Compile Time vs. Run Time





Lecture 2 - Sep 8

OOP Review

Separation of Concerns: Model vs. Tests
OO: Observe-Model-Execute Process
Java Data Types: Primitive



Announcements/Reminders

• First Class (Syllabus) recording & notes posted
• Today’s class: notes template posted
• Priorities: 

+Lab0P1 (tutorial videos + PDFs)
+ Due: This Tuesday (Sep 8)

• Lab0P2 to be released this Tuesday (Sep 8)
• Lab this Wednesday (Sep 10): Demo on helper methods?
• Lab next Wednesday (Sep 17): 

+ [≈ 40 min] Mock-up Programming Test 0
+ [≈ 40 min] Q&As (TAs, Jackie)



console_apps

model

junit_tests

use

use

Separation of Concerns

- Classes & Methods
- Methods 
  * constructors
  * accessors: return statements
  * mutators: no return statements
  * containing no print statements

- Expected vs. Actual Values
- Methods
  * calling methods from model
  * assertions
  * containing no print statements

- main method (entry point of execution)
  * reading inputs from keyboard
  * calling methods from model
  * producing outputs to console (print)
  * containing no return statements

Slide 6



Observe-Model-Execute Process

Entities:
Attributes:
Changes:
Inquiries:
Template:

Entities:
Attributes:
Changes:
Inquiries:
Template:

Slide 7











Object Oriented Programming (OOP)
- Templates (compile-time Java classes)
+ attributes (common around instances)
+ methods
* constructors
* accessors/getters
* mutators/setters

+ Eclipse: Refactoring
- Instances/Entities (runtime objects)
+ instance-specific attribute values
+ calling constructor to create objects
+ using the “dot notation”, with the right contexts, to:
* get attribute values
* call accessors or mutators 

Slide 8









Lecture 3 - Sep 10

OOP Review

Java Data Types: Reference
Parameters vs. Arguments
Variable Scopes, Tracing Object Creations



Announcements/Reminders

• First Class (Syllabus) recording & notes posted
• Today’s class: notes template posted
• Priorities: 

+Lab0P2 (tutorial videos + PDFs)
+ Due: Next Tuesday (Sep 16)

• Lab1 to be released next Tuesday (Sep 16)
• Lab today (Sep 10): Demo on helper methods
• Lab next Wednesday (Sep 17): 

+ [≈ 40 min] Mock-up Programming Test 0
+ [≈ 40 min] Q&As (TAs, Jackie)











Parameters vs. Arguments

Template Definition

Method Usages

class Point {
   Point(double x, double y) {…}

   double getDistanceFrom(Point other) {…}
   
   void move(char direction, double units) {…}
}

class PointTester {
   static void main(String[] args) {
      Point p1 = new Point(2.5, -3.6);
      Point p2 = new Point(-4.8, 5.9);
      double dist1 = p1.getDistanceFrom(p2);
      double dist2 = p2.getDistanceFrom(p1);
      p1.move(‘R’, 7.6);
   }
}



Scope of Variables in a Class

• Class-level variables may be accessed/modified between methods. 
                                                [ Assume for now: non-static ]

• Method-level parameters may be accessed within the declared method only. 
• Method-level (local) variables may be accessed/modified within the declared method.

class MyClass {
  int i;
  int j;
  void m1 (int p1) {
    int m;
  }
  void m2 (int p2) {
    int n;
  }
}



class MyClass {
  int i;
  int j;
  void m1 (int p1) {
    int m;
  }
  void m2 (int p2) {
    int n;
  }
}



Constructors not using this Keyword
model

console

memory 
(sequence of bytes)

- Default Constructor?
- Parameters vs. Arguments
- Reference Variables

JUnit







Use of Accessors vs. Mutators

class Person {
   void setWeight(double weight) { … }
   double getBMI() { … }
}

Slide 48



In-Lab Demo - Sep 10

Helper Methods

Code Smell
Refactoring
Breakpoints & Debugger





PersonCollector: without a Helper Method



PersonCollector: with a Helper Method





Lecture 4 - Sep 15

OOP Review

Tracing OOP: New Obj. & Method Calls
Variable Shadowing, Use of this
Reference Aliasing



Announcements/Reminders
• Today’s class: notes template posted
• Priorities: 

+Lab0P2 (tutorial videos + PDFs)
+ Due: This Tuesday (Sep 16)

• Lab1 to be released this Tuesday (Sep 16)
• Lab last Wednesday (Sep 10): Demo on helper methods
• ProgTest0 (next Wednesday, Sep 24), Guide released
• Lab this Wednesday (Sep 17): 

+ Please go to your enrolled session.
+ [≈ 40 min] Mock-up Programming Test 0
+ [≈ 40 min] Q&As (TAs, Jackie)



Constructors not using this Keyword

model

Question
- What if names of parameter & attribute are the same?
- implicit “this”

weight height

weight

height



Tracing OO Code: Visualizing Objects



Effects of Creating New Objects JUnit

model

- Variable Shadowing
- Visualizing Objects
- Context Object 
- this
- dot notation



Accessors/Getters vs. Mutators/Setters
w.
h.

Person

w.
h.

Person



Primitive

Copying Primitive vs. Reference Values

Reference

Slide 50



Copying Primitive Values Slide 51



Lecture 5 - Sep 17

OOP Review

Exercise: Reference Aliasing & Arrays
Manual Management of Account IDs
Use of Static vs. Non-Static Variables



Announcements/Reminders
• Today’s class: notes template posted
• Priorities: 

+ Review Lab0
+ Complete Lab1
+ Due: Next Tuesday (Sep 30)

• ProgTest0 (next Wednesday, Sep 24), Guide released
• Lab this Wednesday (Sep 17): 

+ Please go to your enrolled session.
+ [≈ 40 min] Mock-up Programming Test 0
+ [≈ 40 min] Q&As (TAs, Jackie)



Person
name

age

Copying Reference Values: Aliasing

Person
name

age

Person
name

age

Person
name

age

Slide 52





Arrays and Aliasing

Q. All alias paths to “Alan”?



Managing Account IDs: Manual Slide 75



Declaring Global Variables among Objects



Lecture 6 - Sep 22

OOP Review

Use and Misuse of Static Variables
Use of this: Marriage Example
Reference-Typed Return Values
Anonymous Objects



Announcements/Reminders
• Today’s class: notes template posted
• Priorities: 

+ Review Lab0
+ Complete Lab1; Due: Next Tuesday (Sep 30)

• ProgTest0 (this Wednesday, Sep 24): 
+ Guide & Mockup Test released
+ Required: Go to your enrolled session.
+ A physical photo ID is required.

• This Wednesday’s class: 
+ We’ll finish at about 12:30.
+ 20 minutes to be covered in Section G’s recording



Managing Account IDs: Automatic Slides 76 - 77



Misuse of Static Variables Slides 78 - 79



Use of Static Variables: Common Error Slides 80 - 82





Example: Reference to this

Person jim = new Person("Jim");
Person elsa = new Person("Elsa");
jim.marry(elsa);

Slide 59 - 61

public void marry(Person other) {

}









Reference-Typed Return Values

public class PointTester {
   public static void main(String[] args) {
      Point p1 = new Point(2.5, -3.6);
      p1.moveUp(7.8);
      Point p2 = p1.movedUpBy(6.4);
      System.out.println(p1 == p2);
   }
}

x

y
Slide 53

public class Point {
   /* A mutator modifying the context Point object */
   public void moveUp (double i) {
      this.y = this.y + i; 
   }
   
   /* An accessor returning a new Point object */
   public Point movedUpBy(double i) {
      Point np = new Point(this.x, this.y);
      np.moveUp(i);
      return np;
   }
}



Slide 56 - 58Anonymous Objects

Exercise

   public void addOrder(String n, double p, double q) {
 

   }
}



Lecture 7 - Sep 24

OOP Review

Caller vs. Callee
Tracing Chain of Method Calls via a Stack
Catch-or-Specify Requirement



Announcements/Reminders
• Today’s class: notes template posted
• Priorities: 

+ Review Lab0
+ Complete Lab1; Due: Next Tuesday (Sep 30)

• Today’s class: 
+ We’ll finish at about 12:30.
+ 20 minutes to be covered in Section G’s recording



Caller vs. Callee

- caller is the client using the service provided by another method.
- callee is the supplier providing the service to another method.

Q: Can a method be a caller and a callee simultaneously?



call stack

Visualizing a Call Chain using a Stack



What to Do When an Exception is Thrown: Call Stack



Catch-or-Specify Requirement



Example: To Handle or Not To Handle?
caller calleecontext

call
stack



Lecture 8 - Sep 29

Exceptions

To Handle or Not to Handle: Versions 2, 3
Generalizing Exception Handling



Announcements/Reminders
• Today’s class: notes template posted
• Priorities: 

+ Complete Lab1; Due: This Tuesday (Sep 30)
+ Lab2 to be released

• ProgTest1 
+ guide released
+ PracticeTest1 released
+ In-Person Review Session at 2 PM, Friday, Oct 3 (CLH C)



Version 1: B.mb Catches

Q1. In B.mb, is calling oa.ma 
subject to catch-or-specify req?

Q2. In Tester.main, is calling B.mb 
subject to catch-or-specify req?

http://oa.ma


Q1. In B.mb, is calling oa.ma 
subject to catch-or-specify req?

Q2. In Tester.main, is calling B.mb 
subject to catch-or-specify req?

Version 2: B.mb Specifies, 
              Tester.main Catches

http://oa.ma


Q1. In B.mb, is calling oa.ma 
subject to catch-or-specify req?

Q2. In Tester.main, is calling B.mb 
subject to catch-or-specify req?

Version 3: B.mb Specifies, 
              Tester.main Specifies

http://oa.ma


Catch-or-Specify Requirement: Call Stack

C1.m1
C2.m2
C3.m3

Ci.mi

Ci+1.mi+1

. . .

. . .
Cn-2.mn-2

Cn-1.mn-1

Cn.mn

Q1. Origin of Exception:

Q2. Methods subject to CoS Req: 

Q3. Methods free from CoS Req: 

Q4. Extreme Case 1 (exception handled earliest):

Q5. Extreme Case 2 (exception never handled):



Lecture 9 - Oct 1

Exceptions

Execution Flows: Normal vs. Abnormal
Examples: Circle, Bank, ParseInt



Announcements/Reminders
• Today’s class: notes template posted
• Priorities: 

+ Lab1 solution video to be released
+ Lab2 to be released

• ProgTest1 
+ guide released
+ PracticeTest1 released
+ In-Person Review Session at 2 PM, Friday, Oct 3 (CLH C)



Normal Flow of Execution

 ... /* before, ouside try-catch block */
  try {
    o.m(...); /* may throw SomeException */
    ... / * rest of try-block */
  }
  catch (SomeException se) {
    ... /* rest of catch-block */
  }
  ... /* after, ouside try-catch block */

When the exception does not occur

Abnormal Flow of Execution

 ... /* before, ouside try-catch block */
  try {
    o.m(...); /* may throw SomeException */
    ... / * rest of try-block */
  }
  catch (SomeException se) {
    ... /* rest of catch-block */
  }
  ... /* after, ouside try-catch block */

When the exception occurs

Catch-or-Specify Requirement: Execution Flows (1)
Scenario: Current caller chooses to catch/handle the exception.



Normal Flow of Execution

class C1 {
  void m1 throws SomeException {
    … /* some code */
    … /* some code */
    C2 o = new C2();
    o.m();
    … /* some code */
    … /* some code */
  }
}

When the exception does not occur

Abnormal Flow of Execution

class C1 {
  void m1 throws SomeException {
    … /* some code */
    … /* some code */
    C2 o = new C2();
    o.m();
    … /* some code */
    … /* some code */
  }
}

When the exception occurs

Catch-or-Specify Requirement: Execution Flows (2)
Scenario: Caller chooses to specify/propogage the exception.



Test Case:
User enters -5
Then user enters 10

Error Handling via Exceptions: Circles (Version 2)



Error Handling via Exceptions: Circles (Version 1)
Test Case 1:
User enters 10
Test Case 2:
User enters -5

Caller?
Callee?

call stack

caller callee



Test Case:
User enters -5000000

Account
id
bal.

23

acc1

accounts
noa

b Bank

0 1 … b.accounts.lenth - 11

0

Error Handling via Exceptions: Banks



More Example: Multiple Catch Blocks

Test Case 1:
a: -5000000
r: 23

Test Case 2:
a: 100
r: -5



More Example: Parsing Strings as Integers

Test Case:
User Enters: twenty-three
User Then Enters: 23



Review: Specify-or-Catch Principle



Review: Specify-or-Catch Principle



A Class for Bounded Counters



Coming Up with Test Cases: A Single, Bounded Variable

Boundries:
Counter.MIN_VALUE <= c.value <= Counter.MAX_VALUE

c.value == 0 c.value == 1 c.value == 2 c.value == 3

c.increment()

c.decrement()



Lecture 10 - Oct 6

TDD with JUnit

Regression Testing
Example Test 1: VTLE Not Expected
Example Test 2: VTSE Expected



Announcements/Reminders
• Today’s class: notes template posted
• Priorities: 

+ Lab1 solution video released
+ Lab2 released

• ProgTest1 
+ guide released
+ PracticeTest1 released
+ Last Friday’s Review session materials posted



JUnit Test Method vs. Method Under Test

@Test
public void test() {
  MyClsss o = new MyClass();
  assertEquals(23, o.getValue());
}



Test-Driven Development (TDD): Regression Testing





Self Studies
Creating & Running JUnit Test Cases: Slides 12 to 21
Common Assertions in JUnit: Slide 22
Examples on JUnit: Slides 23 - 25 



A Default Test Case that Fails

Q: What is the easiest way to making this test pass?





What if increment is 
implemented correctly?

What if increment is 
implemented incorrectly?
e.g., It throws VTLE when 
        c.value < Counter.MAX_VALUE

Calling c.increment() 
when c.value is 0 should not
trigger a ValueTooLargeException.

Expected Behaviour:

JUnit: An Exception Not Expected



Running JUnit Test 1 on Correct Implementation



Running JUnit Test 1 on Incorrect Implementation



What if decrement is 
implemented correctly?

What if decrement is 
implemented incorrectly?
e.g., It only throws VTSE when 
        c.value < Counter.MIN_VALUE

JUnit: An Exception Expected

Calling c.decrement() 
when c.value is 0 should
trigger a ValueTooSmallException.

Expected Behaviour:



Running JUnit Test 2 on Correct Implementation



Running JUnit Test 2 on Incorrect Implementation



JUnit: Exception Sometimes Expected, Somtimes Not

Calling c.increment() 
3 times to reach c’s max should not 
trigger any ValueTooLargeException.

Calling c.increment()
when c is already at its max should 
trigger a ValueTooLargeException

Expected Behaviour:



Lecture 11 - Oct 8

TDD with JUnit

Example Test 3: 
  Some Exceptions Expected, Some Not
Console Tester vs. JUnit Test
Using a for-Loop for



Announcements/Reminders
• Today’s class: notes template posted
• I need to invigilate Section G’s ProgTest1 at 1 PM.
+ We’ll finish at 1:30 PM
+ Please study the last 20 minutes of 

Section G’s Thursday lecture recording.



Running JUnit Test 3 on Correct Implementation



Running JUnit Test 3 on Incorrect Implementation



Running JUnit Test 3 on Incorrect Implementation



Exercise: Console Tester vs. JUnit Test

Hint: What if one of the first 3 c.increment() mistakenly throws a ValueTooLargeException?



Hint: Say Line 12 is executed, 
       is it clear if that ValueTooLargeException was thrown as expected?

Exercise: Combining catch Blocks?



Testing Many Values in a Single Test



Method Call: Callee vs. Caller 

class A {
   ...
   void m(T param) {
     /* use of param */
   }
}

class B {
   ...
   void n(...){
      A co = new A();
      co.m(arg);
   }
}



Call by Value: Primitive Argument

class Circle {
   int radius;
   void setRadius(int r) {
     this.radius = r;
   }
}

class CircleUser {
   ...
   Circle c = new Circle();
   int arg = 10;
   c.setRadius(arg);
   }
}



Call by Value: Reference Argument

class Circle {
   int radius;
   Circle() {}
   Circle(int r) { 
      this.radius = r;
   }
   void setRadius(Circle c) {
     this.radius = c.radius;
   }
}

class CircleUser {
   ...
   Circle c = new Circle();
   Circle arg = new Circle(10);
   c.setRadius(arg);
   }
}



Lecture 12 - Oct 20

Object Equality

Call by Value: Prim. vs. Ref. Types
Equality: == vs. equals
Default Version of equals in Object Class



Announcements/Reminders
• Today’s class: notes template posted
• ProgTest0, ProgTest1 grading process:
+ TAs are due to return results to me Tuesday afternoon.
+ I will take one day or two to finalize the results.

• WrittenTest1 next Wednesday (October 29) 
+ Some practice questions on eClass
+ Lecture 12 and Lecture 13 this week are covered.
+ Zoom Review Session: 4 PM on Saturday, October 25 

• Lab3 to be released (and deadline shifted accordingly)



Call by Value: Re-Assigning Primitive Parameter 



Call by Value: Re-Assigning Reference Parameter 



Call by Value: Calling Mutator on Reference Parameter 









Object Equality: First Example
class PointV1 {
  private int x;
  private int y;
  public PointV1(int x, int y) {
    this.x = x;
    this.y = y;
  }
}

class PointTester {
  … main(…) {
    PointV1 p1 = new PointV1(3, 4);
    PointV1 p2 = new PointV1(3, 4);
    System.out.println(p1.equals(p2));
  }
}

Q1: 
Does PointTester compile, given 
that equals is 
not declared in PointV1?

Q2: 
Where does equals come from?



The equals Method: To Override or Not?
public class Object {
   ...
   public boolean equals(Object obj) {
      return this == obj;
   }
}

extends

public class PointV1 {
   private double x;
   private double y;
   public PointV1 (double x, double y) {
      this.x = x;
      this.y = y;
   }
}

public class PointV2 {
  private int x; private int y;
  public PointV2 (int x, int y) { ... }
  public boolean equals(Object obj) {
    if(this == obj) { return true; }
    if(obj == null) { return false; }
    if(this.getClass() != obj.getClass()) { return false }
    PointV2 other = (PointV2) obj;
    return this.x == other.x 
          && this.y == other.y;
  }
}

extends



public class Object {
   ...
   public boolean equals(Object obj) {
      return this == obj;
   }
}

extends

The equals Method: Default Version

public class PointV1 {
   private int x;
   private int y;
   public PointV1 (int x, int y) {
      this.x = x;
      this.y = y;
   }
}

x
y

PointV1p1 x
y

PointV1p2 x
y

PointV1p3



Lecture 13 - Oct 22

Object Equality

Deciding the Version of equals Method
Short-Circuit Evaluation



Announcements/Reminders
• Today’s class: notes template posted
• WrittenTest1 next Wednesday (October 29) 
+ Some practice questions on eClass
+ Past review session materials released
+ Lecture 12 and Lecture 13 this week are covered.
+ Zoom Review Session: 4 PM on Saturday, October 25 
* We can focus on revisiting parts of the covered topics.

• Lab3 released



Method Call: When Multiple Versions are Available

Principle:
 + Trace the dynamic type of object “pointed to” by reference variable x 
   at the point of executing this line of method call.
 + Is the equals method overridden in this dynamic type? 
  * Yes -> Invoke the overridden version.
  * No -> Invoke the default version (inherited from Object).

x.equals(y)



public class Object {
   ...
   public boolean equals(Object obj) {
      return this == obj;
   }
}

extends

The equals Method: Default Version

public class PointV1 {
   private int x;
   private int y;
   public PointV1 (int x, int y) {
      this.x = x;
      this.y = y;
   }
}

x
y

PointV1p1 x
y

PointV1p2 x
y

PointV1p3





Call by Value: Invoking the Overridden equals

public class PointV2 {
  private int x; 
  private int y;
  public PointV2 (int x, int y) { ... }
  public boolean equals(Object obj) {
    if(this == obj) { return true; }
    if(obj == null) { return false; }
    if(this.getClass() != obj.getClass()) { return false }
    PointV2 other = (PointV2) obj;
    return this.x == other.x 
          && this.y == other.y;
  }
}

extends

public class Object {
   ...
   public boolean equals(Object obj) {
      return this == obj;
   }
}

x
y

PointV2p2 x
y

PointV2p3



Short-Circuit Evaluation: && Test Inputs:
x = 0, y = 10
x = 5, y = 10





Short-Circuit Evaluation: || Test Inputs:
x = 0, y = 10
x = 5, y = 10









Short-Circuit Evaluation: Common Errors Test Inputs:
x = 0, y = 10



Oct 25

Written Test 1 Q&A







Running JUnit Test 1 on Correct Implementation



Lecture 14 - Oct 27

Object Equality

Overridden equals: Phases 1, 2, 3
Static vs. Dynamic Types, Type Casting



Announcements/Reminders
• Today’s class: notes template posted
• ProgTest0 and ProgTest1 marks and feedback released
• WrittenTest1 this Wednesday (October 29) 
+ Some practice questions on eClass
+ Past review session materials released
+ Lecture 12 and Lecture 13 this week are covered.

• Lab3 released



The equals Method: Overridden Version

public class PointV2 {
  private int x; 
  private int y;
  public PointV2 (int x, int y) { ... }
  public boolean equals(Object obj) {
    if(this == obj) { return true; }
    if(obj == null) { return false; }
    if(this.getClass() != obj.getClass()) { return false }
    PointV2 other = (PointV2) obj;
    return this.x == other.x 
          && this.y == other.y;
  }
}

extends

public class Object {
   ...
   public boolean equals(Object obj) {
      return this == obj;
   }
}

x
y

PointV2

Phase 1



The equals Method: Overridden Version

public class PointV2 {
  private int x; 
  private int y;
  public PointV2 (int x, int y) { ... }
  public boolean equals(Object obj) {
    if(this == obj) { return true; }
    if(obj == null) { return false; }
    if(this.getClass() != obj.getClass()) { return false }
    PointV2 other = (PointV2) obj;
    return this.x == other.x 
          && this.y == other.y;
  }
}

extends

x
y

PointV2p1 x
y

PointV2p2 x
y

PointV2p3

Example 1: Trace L7

public class Object {
   ...
   public boolean equals(Object obj) {
      return this == obj;
   }
}



The equals Method: Overridden Version

public class PointV2 {
  private int x; 
  private int y;
  public PointV2 (int x, int y) { ... }
  public boolean equals(Object obj) {
    if(this == obj) { return true; }
    if(obj == null) { return false; }
    if(this.getClass() != obj.getClass()) { return false }
    PointV2 other = (PointV2) obj;
    return this.x == other.x 
          && this.y == other.y;
  }
}

extends

public class Object {
   ...
   public boolean equals(Object obj) {
      return this == obj;
   }
}

Phase 2

x
y

PointV2



The equals Method: Overridden Version

public class PointV2 {
  private int x; 
  private int y;
  public PointV2 (int x, int y) { ... }
  public boolean equals(Object obj) {
    if(this == obj) { return true; }
    if(obj == null) { return false; }
    if(this.getClass() != obj.getClass()) { return false }
    PointV2 other = (PointV2) obj;
    return this.x == other.x 
          && this.y == other.y;
  }
}

extends

x
y

PointV2p1 x
y

PointV2p2 x
y

PointV2p3

Example 1: Trace L8

public class Object {
   ...
   public boolean equals(Object obj) {
      return this == obj;
   }
}



Static Type, Dynamic Type, Type Casting

class C1 {
  …
  public void m1() {…}
}

class C2 {
  …
  public void m2() {…}
}

C1 o1 = new C1();
C2 o2 = new C2();
o1.m1();
o1.m2();
o2.m1();
o2.m2();
Object o3;
o3 = o1;
o3.m1;
o3.m2;
((C1) o3).m1();
((C1) o3).m2();
o3 = o2;
((C2) o3).m1();
((C2) o3).m2();

Static Type: a ref variable’s declared type
Dynamic Type: type of address currently stored in a ref variable
Type Casting: creating an expression of certain static type











The equals Method: Overridden Version

public class PointV2 {
  private int x; 
  private int y;
  public PointV2 (int x, int y) { ... }
  public boolean equals(Object obj) {
    if(this == obj) { return true; }
    if(obj == null) { return false; }
    if(this.getClass() != obj.getClass()) { return false }
    PointV2 other = (PointV2) obj;
    return this.x == other.x 
          && this.y == other.y;
  }
}

extends

public class Object {
   ...
   public boolean equals(Object obj) {
      return this == obj;
   }
}

Phase 3

x
y

PointV2



The equals Method: Overridden Version

public class PointV2 {
  private int x; 
  private int y;
  public PointV2 (int x, int y) { ... }
  public boolean equals(Object obj) {
    if(this == obj) { return true; }
    if(obj == null) { return false; }
    if(this.getClass() != obj.getClass()) { return false }
    PointV2 other = (PointV2) obj;
    return this.x == other.x 
          && this.y == other.y;
  }
}

extends

x
y

PointV2p1 x
y

PointV2p2 x
y

PointV2p3

Example 1: Trace L9

public class Object {
   ...
   public boolean equals(Object obj) {
      return this == obj;
   }
}



The equals Method: Overridden Version

public class PointV2 {
  private int x; 
  private int y;
  public PointV2 (int x, int y) { ... }
  public boolean equals(Object obj) {
    if(this == obj) { return true; }
    if(obj == null) { return false; }
    if(this.getClass() != obj.getClass()) { return false }
    PointV2 other = (PointV2) obj;
    return this.x == other.x 
          && this.y == other.y;
  }
}

extends

public class Object {
   ...
   public boolean equals(Object obj) {
      return this == obj;
   }
}

Phase 4

x
y

PointV2



Lecture 15 - Oct 29

Object Equality

Overridden equals: Phase 4
Short-Circuit, Logical Implication
JUnit: assertSame vs assertEquals



Announcements/Reminders
• Today’s class: notes template posted
• ProgTest0 and ProgTest1 marks and feedback released
• Lab3 released



The equals Method: Overridden Version

public class PointV2 {
  private int x; 
  private int y;
  public PointV2 (int x, int y) { ... }
  public boolean equals(Object obj) {
    if(this == obj) { return true; }
    if(obj == null) { return false; }
    if(this.getClass() != obj.getClass()) { return false }
    PointV2 other = (PointV2) obj;
    return this.x == other.x 
          && this.y == other.y;
  }
}

extends

public class Object {
   ...
   public boolean equals(Object obj) {
      return this == obj;
   }
}

Phase 4

x
y

PointV2



The equals Method: Overridden Version

public class PointV2 {
  private int x; 
  private int y;
  public PointV2 (int x, int y) { ... }
  public boolean equals(Object obj) {
    if(this == obj) { return true; }
    if(obj == null) { return false; }
    if(this.getClass() != obj.getClass()) { return false }
    PointV2 other = (PointV2) obj;
    return this.x == other.x 
          && this.y == other.y;
  }
}

extends

x
y

PointV2p1 x
y

PointV2p2 x
y

PointV2p3

Example 1: Trace L10

public class Object {
   ...
   public boolean equals(Object obj) {
      return this == obj;
   }
}



The equals Method: Overridden Version

public class PointV2 {
  private int x; 
  private int y;
  public PointV2 (int x, int y) { ... }
  public boolean equals(Object obj) {
    if(this == obj) { return true; }
    if(obj == null) { return false; }
    if(this.getClass() != obj.getClass()) { return false }
    PointV2 other = (PointV2) obj;
    return this.x == other.x 
          && this.y == other.y;
  }
}

extends

x
y

PointV2p1 x
y

PointV2p2 x
y

PointV2p3

Example 1: Trace L11

public class Object {
   ...
   public boolean equals(Object obj) {
      return this == obj;
   }
}



The equals Method:
To Override or Not?

public class Object {
   ...
   public boolean equals(Object obj) {
      return this == obj;
   }
}

extends

public class PointV1 {
   private int x;
   private int y;
   public PointV1 (int x, int y) {
      this.x = x;
      this.y = y;
   }
}

public class PointV2 {
  private int x; double y;
  public PointV2 (double x, double y) { ... }
  boolean equals(Object obj) {
    if(this == obj) { return true; }
    if(obj == null) { return false; }
    if(this.getClass() != obj.getClass()) { return false }
    PointV2 other = (PointV2) obj;
    return this.x == other.x 
          && this.y == other.y;
  }
}

extends

x
y

PointV1p1

x
y

PointV1p2

x
y

PointV2p1

x
y

PointV2p2



public class PointV2 {
  private int x; 
  private int y;
  public PointV2 (int x, int y) { ... }
  public boolean equals(Object obj) {
    if(this == obj) { return true; }
    if(obj == null) { return false; }
    if(this.getClass() != obj.getClass()) { return false }
    PointV2 other = (PointV2) obj;
    return this.x == other.x 
          && this.y == other.y;
  }
}



The equals Method: Overridden Version

x
y

PointV2p1 x
y

PointV2p2 x
y

PointV2p3

(A) Two objects are reference-equal.
(B) Two objects are contents-equal.

- If (A) is true, then (B) is true.
- If (B) is true, then (A) is true.

Example 2

public class PointV2 {
  private int x; 
  private int y;
  public PointV2 (int x, int y) { ... }
  public boolean equals(Object obj) {
    if(this == obj) { return true; }
    if(obj == null) { return false; }
    if(this.getClass() != obj.getClass()) { return false }
    PointV2 other = (PointV2) obj;
    return this.x == other.x 
          && this.y == other.y;
  }
}

extends

public class Object {
   ...
   public boolean equals(Object obj) {
      return this == obj;
   }
}





assertSame vs. assertEquals





assertEquals: Reference Comparison or Not



Exercise: PersonCollectors are equal if their arrays of persons are equal

Q: At Line 9 of PersonCollector’s equals method
    which version of the equals method is called?





Lecture 16 - Nov 3

Inheritance

Design Principles: Cohesion, SCP
SMS: Design Attempt 1
SMS: Design Attempt 2



Announcements/Reminders
• Today’s class: notes template posted
• WrittenTest1 marks and feedback released
• ProgTest2 this Wednesday (November 5)
+ Guide released
+ PracticeTest2 released
+ Lab3 solution released

• Tracing Exercises: assertEquals and Person, PersonCollector



Inheritance: Motivating Problem Nouns -> classes, attributes, accessors
Verbs -> mutators





public class Student {
   private Course[] courses;
   private int noc;

   private int kind;
   private double premiumRate;
   private double discountRate;

   public Student (int kind){
      this.kind = kind;
   }
   ...
}

public double getTuition(){
   double tuition = 0;
   for(int i = 0; i < this.noc; i++){
      tuition += this.courses[i].fee;
   }
   if (this.kind == 1) {
      return tuition * this. premiumRate;
   }
   else if (this.kind == 2) {
      return tuition * this.discountRate;
   }
}

public void register(Course c){
   int MAX = -1;
   if (this.kind == 1) { MAX = 6; }
   else if (this.kind == 2) { MAX = 4; }
   if (this.noc == MAX) { /* Error */ }
   else { 
      this.courses[this.noc] = c; 
      this.noc ++;
   }
}

First Design Attempt



public class Student {
   private Course[] courses;
   private int noc;

   private int kind;
   private double premiumRate;
   private double discountRate;

   public Student (int kind){
      this.kind = kind;
   }
   ...
}

public double getTuition(){
   double tuition = 0;
   for(int i = 0; i < this.noc; i++){
      tuition += this.courses[i].fee;
   }
   if (this.kind == 1) {
      return tuition * this. premiumRate;
   }
   else if (this.kind == 2) {
      return tuition * this.discountRate;
   }
}

public void register(Course c){
   int MAX = -1;
   if (this.kind == 1) { MAX = 6; }
   else if (this.kind == 2) { MAX = 4; }
   if (this.noc == MAX) { /* Error */ }
   else { 
      this.courses[this.noc] = c; 
      this.noc ++;
   }
}

First Design Attempt

Good design?
   Judge by Cohesion



public class Student {
   private Course[] courses;
   private int noc;

   private int kind;
   private double premiumRate;
   private double discountRate;

   public Student (int kind){
      this.kind = kind;
   }
   ...
}

public double getTuition(){
   double tuition = 0;
   for(int i = 0; i < this.noc; i++){
      tuition += this.courses[i].fee;
   }
   if (this.kind == 1) {
      return tuition * this. premiumRate;
   }
   else if (this.kind == 2) {
      return tuition * this.discountRate;
   }
}

public void register(Course c){
   int MAX = -1;
   if (this.kind == 1) { MAX = 6; }
   else if (this.kind == 2) { MAX = 4; }
   if (this.noc == MAX) { /* Error */ }
   else { 
      this.courses[this.noc] = c; 
      this.noc ++;
   }
}

First Design Attempt

Good design?
Judge by Single Choice Principle
- Repeated if-conditions
- A new kind is introduced?
- An existing kind is obselete?



Testing Student Classes (without inheritance)

Course
title
feec1

Course
title
feec2

Res.S.

pr
rcs

jim

0 1 9

NonRes.S.

dr
rcsjeremy 0 1 9



Student Classes (without inheritance): Maintenance (1)

Maintenance e.g., a new registration constraint:
if(numberOfCourses >= MAX_ALLOWANCE) {
   throw new TooManyCoursesException(“Too Many Courses”);
}
else { ... }



Student Classes (without inheritance): Maintenance (2)

Maintenance e.g., a new tuition formula:
/* ... can be premiumRate or discountRate */
...
return tuition * inflationRate * ...;



A Collection of Students (without inheritance)

0 1 2 99

Res.S.

pr
rcs

Res.S.

pr
rcs

Res.S.

pr
rcs

Res.S.

pr
rcs

rss

NonRes.S.

dr
rcs

NonRes.S.

dr
rcs

NonRes.S.

dr
rcs

NonRes.S.

dr
rcs

0 1 2 99

nrss



Student Classes (with inheritance)



Lecture 17 - Nov 5

Inheritance

Modifiers in Java
Static Types and Expectations



Announcements/Reminders
• Today’s class: notes template posted
• Lab4 to be released
• Tracing Exercises: assertEquals and Person, PersonCollector



Student Classes (with inheritance)







Visualizing Parent and Child Objects



Testing Student Classes (with inheritance)

Course
title
feec1

Course
title
feec2

Res.S.

pr
rcs

jim

0 1 9

NonRes.S.

dr
rcsjeremy 0 1 9

1.25

0.75

500 500
2030 3311





Visibility: Classes



Visibility: Attributes and Methods

public class Chair {
   private int w;
   int x;
   protected int y;
   public int z;
}





Student Classes (with inheritance): Expectations

s.

rs.
nrs.



Intuition: Polymorphism



Intuition: Dynamic Binding

Course
title
fee

 eecs2030

Res.S.

pr
rcs

rs

0 1 9

NonRes.S.

dr
rcsnrs 0 1 9

1.25

0.75

100
2030

s





Multi-Level Inheritance Hierarchy: Students

Reflections:
  - For Design 1, how many encodings to check for each method?
  - For Design 2, how many arrays to store for SMS?
  - For Design 3, where are common attributes/methods stored?



Multi-Level Inheritance Hierarchy: Smartphones

Reflections:
  - For Design 1, how many encodings to check for each method?
  - For Design 2, how many arrays to store for SMS?
  - For Design 3, where are common attributes/methods stored?



Lecture 18 - Nov 10

Inheritance

Ancestors, Descendants, Expectations
Rules of Substitutions
Polymorphism vs. Dynamic Binding



Announcements/Reminders
• Today’s class: notes template posted
• Lab4 released
• WrittenTest2 guide and example questions to be released



Multi-Level Inheritance Hierarchy: Smartphones

Exercise Compare the ranges of expectations of:
+ IPhone13Pro
+ HuaweiP50Pro
+ GalaxyS21Plus



A

Inheritance Forms a Type Hierarchy



ancestors expectations descendants

Inheritance Accumulates Code for Reuse



A

A oa = …;
? ob = …;
oa = ob;

Rules of Substitutions





Inheritance Accumulates Code for Reuse

SmartPhone sp1;
IPhone13Pro sp2;
Samsung sp3;

sp1 = ?;
sp2 = ?;
sp3 = ?;



Rules of Substitutions (1)

Declarations:
IOS sp1;
IPhoneSE sp2;
IPhone13Pro sp3;

Substitutions:
sp1 = sp2;
sp1 = sp3;



Rules of Substitutions (2)

Declarations:
IOS sp1;
SmartPhone sp2;

Substitutions:
sp1 = sp2;



Visualization: Static Type vs. Dynamic Type

Declaration:
Student s;
Substitution:
s = new ResidentStudent(“Rachael”);

Static Type: Expectation
Dynamic Type: Accumulation of Code



Change of Dynamic Type (1.1)

Example 1:
Student jim = new ResidentStudent(...);
jim = new NonResidentStudent(...);



Change of Dynamic Type (1.2)

Example 2:
ResidentStudent jeremy = new Student(...);



Change of Dynamic Type: Exercise (1)

Exercise 1:
Android myPhone = new HuaweiP50Pro(...);
myPhone = new GalaxyS21(...);



Change of Dynamic Type: Exercise (2)

Exercise 2:
IOS myPhone = new HuaweiP50Pro(...);
myPhone = new GalaxyS21(...);



Change of Dynamic Type (2.1)

Given:
Student jim = new Student(...);
ResidentStudent rs = new ResidentStudent(...);
NonResidentStudent nrs = new NonResidentStudent(...);

Example 1:
jim = rs;
println(jim.getTuition());
jim = nrs;
println(jim.getTuition());



Change of Dynamic Type (2.2)

Given:
Student jim = new Student(...);
ResidentStudent rs = new ResidentStudent(...);
NonResidentStudent nrs = new NonResidentStudent(...);

Example 2:
rs = jim;
println(rs.getTuition());
nrs = jim;
println(nrs.getTuition());



Polymorphism and Dynamic Binding
Polymorphism: 
An object’s static type may allow multiple possible dynamic types.
⇒ Each dynamic type has its version of method.

Dynamic Binding:
An object’s dynamic type determines the version of method being invoked.

Student jim = new ResidentStudent(...);
jim.getTuition();
jim = new NonResidentStudent(...);
jim.getTuition();

SmartPhone sp1 = new IPhone13Pro(...);
SmartPhone sp2 = new GalaxyS21(...);
sp1.surfWeb();
sp1 = sp2;
sp1.surfWeb();



Lecture 19 - Nov 12

Inheritance

Type Casts: Motivation, Syntax, Visual
Compilable Casts: Upward vs. Downward
Casts at Runtime: ClassCastException



Announcements/Reminders
• Today’s class: notes template posted
• Lab4 released
• WrittenTest2 guide and example questions released
• Notes on Type Casting



Type Cast: Motivation



MyClass.java

s last DT of s

An A+ Challenge: Inferring the DT of a Variable

Your Program

class MyClass {
   main (...)
      Student s = ...;
      ...
      s = new ResidentStudent(...);
   }
}



Anatomy of a Type Cast
Student jim = new ResidentStudent(“Jim”);

ResidentStudent

pr

Student jim



Type Cast: Named vs. Anonymous

Exercise



Compilable Casts: Upwards vs. Downwards

Android myPhone = new GalaxyS21Plus();

SmartPhone sp = (SmartPhone) myPhone;

GalaxyS21Plus ga = (GalaxyS21Plus) myPhone;

dial
surfWeb

facetime
quickTake
zoomage

skype
sideSync

sp myPhone ga
Expectations



Compilable Type Cast May Fail at Runtime (1)



Compilable Type Cast May Fail at Runtime (2)



Exercise: Compilable Type Cast? Fail at Runtime? (1)

Compilable? ClassCastException at runtime?



Exercise: Compilable Type Cast? Fail at Runtime? (2)

Compilable? ClassCastException at runtime?



Compilable Cast vs. Exception-Free Cast

Android myPhone = new Samsung();

Compilable Casts

Non-Compilable Casts

Exception-Free Casts

ClassCastException



Exercise: Compilable Cast vs. Exception-Free Cast

A

B D

C



Lecture 20 - Nov 17

Inheritance

instanceof vs. Compilable Cast
instanceof vs. ClassCastException Freedom
Call by Value and Inheritance



Announcements/Reminders
• Today’s class: notes template posted
• Lab4 due soon
• WrittenTest2 guide and example questions
+ In-person review session: 3 PM on Tuesday @ R N203
+ Notes on Type Casting

• Online Course Evaluation





The instanceof Operator

B

A

1  A obj = new B();
2  if (obj instanceof ??) {
3    ?? obj2 = (??) obj;
    }

- L1 compiles if B can 
      fulfill expectations of A.

- L3:
     - Compiles if
       Up or Down cast w.r.t. A.
     - ClassCastException if B cannot
       fulfill expectations on ??.

- L2:
     - Evaluates to true if B can
       fulfill expectations on ??.



The instanceof Operator

B

A



Checking Dynamic Types at Runtime (1) 



Checking Dynamic Types at Runtime (2)



Use of the instanceof Operator

myPhone instanceof ?? 
evaluates to true if 
Samsung can 
fulfill expectations on ??.



Safe Cast via Use of the instanceof Operator

myPhone instanceof ?? 
evaluates to true if 
Samsung can 
fulfill expectations on ??.



Static Types, Casts, Polymorphism (1)



Static Types, Casts, Polymorphism (2)



Static Types, Casts, Polymorphism (3)



Static Types, Casts, Polymorphism (4)



Static Types, Casts, Polymorphism (5)

ResidentStudent

pr

Student s





Polymorphic Parameters (1)

Q. Static type of ss[0], ss[1], ..., ss[ss.length - 1]?

Q. In method addRS, does ss[c] = rs compile?

Q. Under what circumstances can the following      
    method call be valid/compilable?
            sms.addRS(o)



Polymorphic Parameters (2)



Lecture 21 - Nov 19

Inheritance

Casting Method Arguments
Polymorphic Arrays and Return Types
Recursion: Resources



Announcements/Reminders
• Today’s class: notes template posted
• Lab4 solution released
• ProgTest3 guide and example questions released
• Online Course Evaluation



Casting Arguments

sms.addRS( (ResidentStudent) s) compiles?

sms.addRS( (ResidentStudent) nrs) compiles?

ClassCastException?

ClassCastException?

ClassCastException?

void addRS(ResidentStudent rs)



A Polymorphic Collection of Students

sms.ss[0] instanceof NonResidentStudent
sms.ss[0] instanceof ResidentStudent
sms.ss[0] instanceof Student

sms.ss[1] instanceof NonResidentStudent
sms.ss[1] instanceof ResidentStudent
sms.ss[1] instanceof Student



Polymorphic Return Types



Overridden Methods and Dynamic Binding (1)



Overridden Methods and Dynamic Binding (2)



Overridden Methods and Dynamic Binding (3)



Summary: Type Checking Rules





Lecture 22 - Nov 24

Recursion

Recursion: Base vs. Recursive Cases
Tracing Recursion: Stack vs. Tree
Examples: fac, fib, isPalindrome



Announcements/Reminders
• Today’s class: notes template posted
• ProgTest2 results and feedback released
• Lab5 released (deadline: Dec 2; grace period until Dec 9)
+ Required background study: abstract classes & interfaces



Solving a Problem Recursively

Given a small problem: Solve it directly: 

Given a big problem: 

Divide it into smaller problems: 

Assume solutions to smaller problems:

Combine solutions to smaller problems:



Runtime Stack

Tracing Recursion via a Stack



Recursive Solution: factorial



Example: factorial(3)

Recursive Solution in Java: factorial

Runtime Stack





Common Errors of Recursion (1)



Common Errors of Recursion (2)





Recursive Solution: Fibonacci Numbers

F = 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, …



Example: fib(4)

Recursive Solution in Java: Fibonacci Numbers

Runtime Stack



Use of String





Reversal
“abcd”

Recursions on Strings

Number of Occurrences

‘a’

‘b’

“abca”

Palindrome

“racecar”
“aracecars”
“raceacar”



Lecture 23 - Nov 26

Recursion

Examples: reverseOf, occurrencesOf
Recursion on Arrays: Creating Sub-Arrays
Recursion on Arrays: Call by Value



Announcements/Reminders
• Today’s class: notes template posted
• Lab5 released (deadline: Dec 2; grace period until Dec 9)
+ Required background study: abstract classes & interfaces



Reversal
“abcd”

Recursions on Strings

Number of Occurrences

‘a’

‘b’

“abca”

Palindrome

“racecar”
“aracecars”
“raceacar”



Problem: Palindrome



Problem: Reverse of a String





Problem: Number of Occurrences



Say a1 = {}, consider m(a1)

Say a2 = {A, B, C}, consider m(a2)

Recursion on an Array: Passing new Sub-Arrays



Say a1 = {}, consider m(a1, 0, a1.length - 1)

Say a2 = {A, B, C}, consider m(a2, 0, a2.length - 1)

Recursion on an Array: Passing Same Array Reference



Say a2 = {A, B, C}, consider m(a2, 0, a2.length - 1)



Lecture 24 - Dec 1

Recursion

Recursion on Arrays: allPositive, isSorted
Course Wrap-Up
Assigned Readings: Tower of Hanoi



Announcements/Reminders
• Today’s class: notes template posted
• Lab5 released (deadline: Dec 2; grace period until Dec 9)
+ Required background study: abstract classes & interfaces

• Review session survey active now!
• Exam guide, example questions to be released



Say a = {4,7,3,9}

Say a = {5,3,-2,9}

Problem: Are All Numbers Positive?

Say a = {}

Say a = {4}



Problem: Are All Numbers Positive?



Tracing Recursion: allPositive

Say a = {}

allPositive(a)

allPH(a,0,-1)



Tracing Recursion: allPositive

allPositive(a)

allPH(a,0,0)

a[0] > 0

Say a = {4}



Tracing Recursion: allPositive

Say a = {4,7,3,9}

allPositive(a)

allPH(a,0,3)

allPH(a,1,3)

allPH(a,2,3)

allPH(a,3,3)

a[0] > 0

a[1] > 0

a[2] > 0



Tracing Recursion: allPositive

allPositive(a)

allPH(a,0,3)

allPH(a,1,3)

allPH(a,2,3)

allPH(a,3,3)

a[0] > 0

a[1] > 0

a[2] > 0

Say a = {5,3,-2,9}



Sorting Orders of Arrays

non-descending

i (index)

a[i] (value)

0 1 2 3 4

a

decreasing/descending

i (index)

a[i] (value)

0 1 2 3 4

a

0 a.length - 1i j

a

i (index)

a[i] (value)

0 1 2 3 4

a

increasing/ascending

i (index)

a[i] (value)

0 1 2 3 4

a

non-ascending



Problem: Are Numbers Sorted?

Say a = {3,6,6,7}

Say a = {3,6,5,7}

Say a = {}

Say a = {4}



Problem: Are Numbers Sorted?



Tracing Recursion: isSorted

isSorted(a)

isSH(a,0,-1)

Say a = {}



Tracing Recursion: isSorted

isSorted(a)

isSH(a,0,0)

return true

Say a = {4}



Say a = {3,6,6,7}

Tracing Recursion: isSorted

Say a = {3,6,6,7}

isSorted(a)

isSH(a,0,3)

isSH(a,1,3)

isSH(a,2,3)

isSH(a,3,3)

a[0]<=a[1]

a[1]<=a[2]

a[2]<=a[3]



Say a = {3,6,6,7}

Tracing Recursion: isSorted

Say a = {3,6,5,7}

isSorted(a)

isSH(a,0,3)

isSH(a,1,3)

isSH(a,2,3)

isSH(a,3,3)

a[0]<=a[1]

a[1]<=a[2]

a[2]<=a[3]



Exam Info
- When: 9am to 12pm, Tuesday, December 16
- Where: TM Tait
- Format: Some Multiple Choice & Mostly Written
- Coverage: Everything (lecture materials & labs)
+ slides, iPad notes, code examples
+ resources on recursion

- Restrictions:
+ No data sheet
+ No sketch paper (Exam booklet includes it)

- What you should bring:
+ Valid, Physical Photo ID (strict)
+ Water/Snack




