CS62 Class 2: More Classes

public class Cat {
String name;
public Cat(String name) {

this.name = name;

;
h
Review: if you’re here early, P4
. . ®_© Dt B

make sure you can explain this code o e e %

; ® B
| Ry
to the person next to you. N ‘ £

Cat fluffy = new Cat(“fluffy”); Cat bear = new Cat(“bear”);



Announcements

* We are no longer using Github classroom; instead, create a private repository from
the template one

§tart with a template e pomonacs622026sp/hwi ~

O pomonacse22026<sp hwi emplates pre-configure you

(> Code () Issues 71 Pullrequests () Actions 1] Projects ) Security |~/ Insights [52 Settings

Include all branches

F'H-, Y]I'Ii .J::.I‘.J 1cNCS 110

_J M Sublic template ".’} Fdit Pins : ‘j"’ Fork O r, Use this template «

“rcate a new repository General
Opeéen in a coCesgaca

B 1Branch  0Tags Q Go tofile <> Code ~ About Owner * Repasitory name *

€ radiolarian + [ hw

No description, website, or topics

anthonyjclark Created from BeginnerProblams_Assignment 83%ecB8.3hoursago v 1 Commit orovided & hwis available.

b bl - . Prot e - 1 Readme Great repository names are short and memorable. How about miniature-invention?
src/bag nnerproblems - from Bag nnerProblems_Assig... 3 hours ago . heaame
Description
c'asspath Created from BegnnerProblems_As:s

gitignore reated from BagnrerProblems_Assig... 3 hours 7 0Oslars
0 ws
README.md sreated from Beannerf’roblems

0 forks Configuration

Audit log
README Choose visibility *

Chcose whe zan s2e and cocmmit

. Public ~

(ecort repos iI!Zlf',"

] Public

ANyot

Beginner Problems in Java Releases

* You should have all been added to a Pomona(CS622026S5Sp organization if you gave me
your Github username; if not, post in Slack



Lecture 2: More Java Basics

* More constructors

* Behaviors & Methods
» getters, setters, toString
* Static keyword

* |Intro to Arrays



More constructors



public class PomonaStudent {

Last Time: Review | L

String email;
int id;
int yearEntered;

String academicStanding;
9 boolean graduated;
. 5 . 19
° The ObJeCt-OrlentEd prOgrammlng 11 // unlike python, you can have multiple constructors
12 // they just need to differ in the # of arguments

pa rad|gm Cd ptu res State (th rough — ]lz ;;ublic PomonaStudent () {
Varlables) and behGVIOrS (through 1: //you don't #need#* this.name if the parameter is a different variable
methods). Each class defines the kinds e | ety 0 Studenthsas)
. . 19 }
of state and behaviors each instance of 20
21 //but if your parameters and variables are the same, you need the keyword this
the ClaSS Should have. (ClaSS — ;; publi;i:?::;:S:u:::Z:String name, String email, int id){
PomonaStudent, instance = student, s e g
student?) —
28 public static void main(Stringl] args)
» We need to define constructors in our %
. . 31 PomonaStudent studentl = new PomonaStudent(); //uses the default constructor
class to define how we make instances, 32 studentl.name = "Ravi Kunar';

33 studentl.email = "rkjc2023@mypomona.edu";
or instantiate new objects o studentl.d = 1234,
36 PomonaStudent student2 = new PomonaStudent(rname:"Ravi Kumar", email:"rkjc2023@mypomond.

. . . _—____________—»» - edu", 10:1234?; | |
® We then aCtua”y INStantiate Ob ects 37 System.out.println(student2.name); //prints Ravi Kumar
e i i 38 student2.name = "Jingyi Li";
I I " 39 System.out.println(student2.name); //prints Jingyi Li
usually in the main() function o
a1
42
43 }

44 }



The default, no argument constructor

* |f we don't specity a constructor, Java makes implicitly one for us, the zero-argument constructor.
* All variables are initialized to their default value, i.e.,
*int->0
edouble ->0.0

eboolean -> false

you can think

about “null” as

* and any object reference (e.g., String) issetto null. Python's “None”

* The no-argument constructor is what we invoked before:

e PomonaStudent studentl = new PomonaStudent() ;

* Note: Once we specify a constructor, we HAVE to explicitly create a no-argument constructor; our
code above would stop working otherwise.



Multiple constructors: overloading

» Unlike in Python, in Java, you can have more than one constructors that specity different
ways that an object of our class can be instantiated.

» E.g., a different constructor could only initialize a student's name upon instantiation.
.e.:

public PomonaStudent(String studentName) {

name = studentName;

;

* This is known as overloading. Java knows which constructor you mean to use by matching
the number, type, and order of arguments you are passing to the equivalent parameters.



this keyword

* The keyword this refers to the current object. We can use it to differentiate
between instance variables and parameters when they have the same name.

public PomonaStudent(String name, String email, int id) {

netance | this.name = name; | |
variables this.email = email; Parameters
_ this.1id = 1d; What is printed?
} public class Main {
nt x; This example prints Value of x = 5
// Constructor with a parameter Without the this.x = xin the
public Main(int x) A constructor (if the line was just x = x)

this.x = x;

} this example would print
0O (X's default value)

Value of X
// Call the constructor

public static veoid main(String|[] args) {
Main myObj = new Main(5);
System.out.println("vValue of x = " + myObj.x):



Our code, with constructors

1 public class PomonaStudent {

2 Recall: our PomonaStudent class
3 // state variables

4 String name;

5 String email;

- - ;q;uuu

7 int yearEntered;

8 String academicStanding;

9 boolean graduated;

10

11 // unlike python, you can have multiple constructors

12 // they just need to differ in the # of arguments

13 public PomonaStudent() {

14 ¥

15

16 //you don't kneedx this.name if the parameter is a different variable
17 public PomonaStudent(String studentName){

18 name = studentName;

19 s
20
21 //but 1f your parameters and variables are the same, you need the keyword this
22 public PomonaStudent(String name, String email, int id){
23 this.name = name;
24 this.email = email;
25 this.id = id;

N
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1
2
3
4
5
b
7
8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

Our code, with object instantiation in main()

public class PomonaStudent {

// state variables
String name;
String email;

int id;

int yearEntered;

String academicStanding;

boolean graduated;

// unlike python, you can have multiple constructors
// they just need to differ in the # of arguments
public PomonaStudent() {

}

//you don't xneedx this.name if the parameter is a different variable
public PomonaStudent(String studentName) {
name = studentNama:

hy

//but if your pa

public PomonaStu
this.name =
this.email =
this.id = id

public static void main(String[] args){

PomonaStudent studentl = new PomonaStudent(); //uses the default constructor
studentl.name = "Ravi Kumar";

studentl.email = "rkjc2023@mypomona.edu";

studentl.id = 1234;

PomonaStudent student2 = new PomonaStudent("Ravi Kumar", "rkjc2023@mypomona.edu", 1234);
System.out.println(student2.name); //prints Ravi Kumar

student2.name = "Jingyli L1";

System.out.println(student2.name); //prints Jingyi Li



Dot operator

* |f instead this was our main, why won't these lines compile?
public static vbid main(Stringl] args)+

PomonaStudent studentl = new PomonaStudent();

name is an instance variable so it
System.out.println( name) needs an object (like student1.name)

v\ A\ A AAANANSNANANSAANANANANSAAANANNANANASAAANANANANANASAAANNANANAANAANAANANANANANAAANANNANANASAANNANANAANAANAANANANANAASAANANANNANAN

PomonaStudent is the name of the

tem.out.println(PomonaStudent.name); . .
System.out.println{PomonaStudent.name); class, not a specific object



Methods

Our PomonaStudent class doesn't have any behaviors yet! Let's give it some.



PomonaStudent class with a getter and setter method

public class PomonaStudent A{

Review question: Why do we need

private String name; : :
private String email; this.yearEntered in the setter, but

private int id; not the getter?
private int yearEntered;

private String academicStanding;
private boolean graduated; Answer: in Java, the “this” keyword is only
private static int studentCounter; necessary when the parameter variable name is

the same as the instance variable name. The

publlc_PomonaStudent(Strlng name, String email, int id){ getter has no arguments, so yearEntered is
this.name = name;

this.email = email: always referring to the instance variable. The
this.id = id; ' setter needs the this keyword to differentiate.

}

int getYearEntered() {
return yearEntered,;
}

. , getter and setter naming convention:
void setYearEntered(int yearEntered) {

this.yearEntered = yearEntered; getVarName (), setVarName(varName)
}



Methods vocabulary

Instance methods control the behavior of objects (e.g., getters and setters)
By convention, method names should be a verb (+ noun) in lowercase.
Method signature: method name and the number, type, and order of its parameters.

Once a method is invoked/called, the control goes back to the calling program as
soon as a return statement is reached. If it does not return anything the return value
isvoid. E.g.,

* public void printName(){ System.out.println(name); }

Can be overloaded (same name, different number, type, or order of parameters). This
IS common for constructors. Note that constructors do not have a return type.

Invoked (usually in main) using the dot operator, e.g.,

* intyear = studenti.getYearEntered();



toString()




String representation of an object

* If we want to print an object, we must override the method toString. e.g.,

public String toString() {
return "Name: " + name + "\nemail: " + email + "\nid: " + 1d;
!
public static void main(String[] args){
PomonaStudent studentl = new PomonaStudent("Ravi Kumar",
“rkjc2023@mypomona.edu", 1234);
System.out.println(studentl) ;

}

| | Note we don't call student1.toString();
« Wil prlnt: toString() is automatically invoked when we print the object

« Name: Ravi Kumar

compare to Python'’s

» email: rkjc2023@mypomona.edu SRR

* id: 1234

return “Name: “ + self.name



A note about scope

* Local variables are temporary variables created within a method or constructor.

* Once the last line of the method/constructor is reached, the local variable ceases to
exist.

* Access modifiers (e.g., pub1lic) CANNOT be used for local variables.

* There is no default value for local variables, so local variables should be declared with
a type and assigned with an initial value before the first use.

public int add(int x, i1nt y) {
int sum = x + y; // sum 1s local variable
return sum;

$
public static void main(String[] args) {

System.out.println(sum); //does not work!

¥



static keyword



Static variables

e Static variables are variables shared across all objects. E.g.,

e static 1nt studentCounter:

* This means each unigue Pomona student instance will all share the
same studentCounter.

» |f we have PomonaStudents p1 and p2, and set studentCounter = 2, then
p1.studentCounter is 2, and p2.studentCounter is 2.

* (Can be accessed in instance methods through the class name, without
needing to instantiate an object. E.g.,

e System.out.println(PomonaStudent.studentCounter) ;

Important programming note!
It is generally considered dangerous to use static variables that change value.
As your code gets more complex, they get messy to keep track of.



Static methods

Static methods: When a method only accesses static (and local) variables,
then it can be defined as static. E.g.,

static void graduateAllStudents () {
studentCounter = 0;

J

Static methods cannot access instance variables. You will get a compiler
error. That's why we had to delete “static” from the speak() method of the
Person class, since it accesses the “name” instance variable.

public class Person {

1

2 String name; gOOd bad!

3 public Person() A

4 } . _ .
5 non-static variable name cannot be referenced from a static
5 public Person(String name) { context (errors(1): 11:9-11:4

7 this.name = name; ' em (X ;

3 }

J public static void speak() {

10 public void speak() {

System.out.println("Hi, I am " + name);

11 System.out.println("Hi, I am " + name); \ o S AAA IV buiul ~Siuivs i huubol SRl AR INRvouueUURRRRReRRRey —3t.
12 }



public class PomonaStudent {

PomonaStudent class with a static

String name;

String email; o

int id: variable & method

int yearEntered;

String academicStanding; By convention, we declare in order:
boolean graduated; 1. instance variables

2. static variables

3. constructors

public PomonaStudent(String name, String email, int id)A{ 4. getters/setters (non-static methods)
this.name = name; |

this.emalil = email;

this.id = id;

studentCounter++;

static 1nt studentCounter:

5. other methods

}

public int getYearEntered(){
return yearEntered;
}

public void setYearEntered(int yearEntered){
this.yearEntered = yearEntered,
}

$public static void graduateAllStudents(){
; studentCounter = 0;
i}




public class PomonaStudent { PomonaStudent class with a static

String emaii; variable & method
int 1id; A: because main is a static class, it can
int yearEntered,; Question: Why can we jUSt write directly access static variables.

String academicStanding;
boolean graduated;

(student1.studentCounter technically works, but

stuc entCounter In maln? Why not you'll get a warning - it's better to do
styuadent ,StudentCQunte r? PomonaStudent.studentCounter)

static int studentCounter:

public PomonaStudent(String name, String email, int id){
this.name = name;

twis.e_rcrllail .3 email; Question: Why do we need to write A: because main is a static class, it can
this.1d = 1d; student1.getYearEntered() in main, directly access static methods.
studentCounter++; (student].grad |
.graduateAllStudents() technically works,
1 but not student1.graduateAllStudents()? ) youll get a warning - its better to do
WHhyvV is i ? PomonaStudent.graduateAllStudents())
Jublic int getYearEntered(){ y is just graduateAllStudents() OK
y return yearkntered; public static void main(Stringl[] args) {
PomonaStudent studentl = new
public void setYearEntered(int yearEntered){ PomonaStudent(“name”, “email@pomona.edu”, 123);
this.yearEntered = yearEntered; studentl.setYearEntered(2022);
} System.out.println(studentl.getYearEntered());
pr g
System.out.println(studentCounter);

pubgiﬁdzﬁi’égﬁn}c/gi{dzgg?duateAllStudents ()< graduateAllStudents();

, System.out.println(studentCounter);



Static vs Non-Static (Instance)

» Key differences between static and non-static (a.k.a. instance) methods:

» Static methods are invoked using the class name, e.g.
PomonaStudent.graduateAllStudents();

* Instance methods are invoked using an instance name, e.g. p1.getYearEntered();

» Static methods can't access “my” instance variables, because there is no “me”.



Why static methods?

* Some classes are never instantiated. For example, Math.
e int x = Math.round(5.6);

* Much better than

Math m = new Math() ;
int X = m.round(5.6) ;

* Another example: System.out.println() — printin()is a static method of
System.out

* Sometimes, classes may have a mix of static and non-static methods, e.g.

public static PomonaStudent olderStudent(PomonaStudent pl, PomonaStudent p2) {
if (pl.getYearEntered() < p2.getYearEntered()) {
//1if they entered an earlier year, they are an older (in class ranking) student
return pl;

}

return p2;



Constant variables (final keyword)

* If you want a variable to be constant, that is its value to remain
unchanged once it is initialized, you can use the keyword final. E.g.,

 f1nal 1nt LEVELS = 5;

* [t is conventional to capitalize the variable name to convey it is a
constant.

* [tis common for a final variable to also be static. E.g.,

e static final double PI = 3.141592653589/93;



Worksheet time!

* Do problem 1 on your worksheet. Work in a group of 2-4.

The following code has 4 errors in the lines that start with ! . Please fix all of them and
understand why they are errors. Then, what does it print?

public class Exercisel {
int X3
String message;
static int y = 83

public Exercisel(int x) {
'

}

public void setMessage(String msg) {
this.message = msg;

X = X3

1
public String yell(){

return message;

}

!'public int add(int x){
return x + y;

1

public static void main{(String[] args) {
Exercisel objl = new Exercisel(y);
systems.out.printinlobjl.x);
y = 1L
messaqge = "bark";

system.out.printlin(add(4));

objl.setMessage("meow");

System.out.println(yell());

!
.

}



3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19

20
21
22
23
24
25
26
27
28
29

public class Exercisel {

}

int X;
String message;
static int y = 0;

public Exercisel(int x) {
this.x = Xx;

}

public void setMessage(String msg) {
this.message = msg;

}

public String yell(){
return message;

}

public static int add(int x){
return x + vy,

}

Run | Debug | Run main | Debug main
public static void main(String[] args) {

Exercisel objl = new Exercisel(y);
System.out.printin(objl.x);

y =7;

objl.message = "bark";
System.out.println(add(x:4));
objl.setMessage(msg:"meow");
System.out.println(objl.yell());

Worksheet answers

* |t prints
0
11

Mmeow






Kind of like Python lists but of a

fixed length.

Arrays

» Simple data structure that can hold a fixed number of values of the
same data type.

* The length or storing capacity of an array is established when the array
IS created and after creation it is fixed. (Different than a Python list!

There's no .append()!)

* Eachitemin an array is called an element, and each element is
accessed by its numerical index (0 indexed).



Declaring and initializing arrays

» Declaring an array requires the use of square brackets next to the type of the
values it will hold. For example:

e String[] cars;

e T1nt[] numbers;

* When we declare it, we can also initialize it with certain values separated by
comma. Note that we use {} curly brackets to contain the values. For example,

e String[] cars = {"Volvo", "BMW", "Ford", "Mazda"};

e int[] numbers {10, 20, 30, 40};

https://www.w3schools.com/java/java_arrays.asp



https://www.w3schools.com/java/java_arrays.asp

Declaring arrays of objects

* To create an array of objects:

* First use the new keyword to create the array

* Then use the new keyword again for each object you want to put in the array

* (You could also create a new object, save it to a variable, and then save the

variable in the array, e.g.)
PomonaStudent studentZ = new PomonaStudent();

students[1l] = student2;

PomonaStudent[] students = new PomonaStudent[2]:

students [0]
students|[1]

new PomonaStudent("Alex", "alexemail@pomona.edu", 123);
new PomonaStudent("Ravi", "raviemail@pomona.edu", 444);



Accessing the elements of an array

» Accessing an array element is done using the square brackets. E.g.,

e String[] cars = {"Volvo", "BMW", "Ford", “Mazda"};

e System.out.println(cars[0]);

* Will print Volvo



Changing the value of an element

* We will use again square brackets to index the element we want to
change. E.g.,

e String[] cars = {"Volvo", "BMW", "Ford", "Mazda"};
e cars[0] = "Toyota";

e System.out.println(cars[0]);

* Will now print Toyota instead of Volvo.



Array length

* We can determine the storing capacity of an array using the length
property. E.g.,

e String[] cars = {"Volvo", "BMW", "Ford", "Mazda"};

e System.out.println(cars.length);

e Will print 4

* |Ifyou request an index that is either negative or larger than length-1,
then you will get an ArraylndexOutOfBoundsException.



http://download.oracle.com/javase/6/docs/api/java/lang/ArrayIndexOutOfBoundsException.html

Printing values in an array

* We've only printed individual values so far.

* To print the whole array, we need to use the Arrays.toString(x) method to
print the contents of array x in a human readable format.

import java.util.Arrays;
String[] cars = {"Volvo", "BMW", "Ford", "Mazda"};
System.out.println(cars),; //prints [I@6d06d69Cc, array’'s location 1n memory

System.out.println(Arrays.toString(cars)),; // prints ["Volvo"™, "BMW",
"Ford", “Mazda”]

https://www.w3schools.com/java/java_arrays.asp



2D arrays & for-each



Multi-dimensional arrays

* An array of arrays. Each array, will have its own set of curly braces. E.g.,
eint[][] myNumbers = { {1, 2, 3, 4}, {5, 6, 7} };

* To access the elements of a multi-dimensional array, you need first to specify the array
and then the element of the array. For example:

e System.out.println(myNumbers([1][2]); // Outputs 7

* We still count starting at O!

To change the value of an element in a multi-dimensional array, you have to index it as
above. For example:

e myNumbers[1] [2] = 9;

e System.out.println(myNumbers[1] [2]); // Outputs 9 instead of 7

https://www.w3schools.com/java/java_arrays.asp



Looping through Arrays: Using a for loop and length

* Arrays have fixed length so a for loop makes sense. E.g.,
String[] cars = {"Volvo", "BMW", "Ford", "Mazda"};
for (int i = 0; i < cars.length; i++) {

System.out.println(cars[il]);

¥

* Will print
Vo lvo
BMW
Ford

Mazda



For-each loop

* A new way of looping through arrays that doesn’'t need an iteration counter.

* Basic syntax:

for (type variableName : arrayName) A

}

* For example:

String[] cars = {"Volvo", "BMW", "Ford", "Mazda"};

for (String car : cars) {
compare to Python:

System.out.println(car); cars = [“Volvo”, “BMW”, ..

for car 1n cars:
L //works same as before print(car)




Worksheet time!

* Do problem 2 on your worksheet. Work in a group of 2-4.

a. Update the toString() method to say the cat's name and if was adopted or not.

b. Write a method called oldestCatlnRescue that takes in an array of Cats and returns the
Cat that has been in the rescue the longest.

c. Inmain, create an array of 3 cats and invoke oldestCatinRescue.



Worksheet answers!

a. Update the toString() method to say the cat's name and if was adopted or not.

public String toString(){
return "Cat name: " + this.name + " 1s adopted? " + this.adopted;

}

b. Write a method called oldestCatlnRescue that takes in an array of Cats and returns the
Cat that has been in the rescue the longest.

public static Cat oldestCatInRescue(Cat[] cats) {
Cat oldest = cats([0];
for (int i = 0; i < cats.length; i++) {
if (cats[i].getDaysInRescue() > oldest.getDaysInRescuel())
oldest = catslil];
¥
}

return oldest;



Worksheet answers!

c. In main, create an array of 3 cats and invoke oldestCatinRescue.

public static void main(String[] args){
Cat[] cats = new Cat[3];
cats[@] = new Cat("Sesame", "female", 3);
cats[0].setDaysinRescue(20);
cats[1l] = new Cat("Liko", "female", 1);
cats[1].setDaysinRescue(15);
cats[2] = new Cat("Mr. Meow", "male", 12);
cats[2].setDaysinRescue(300);

System.out.println("oldest cat is " + oldestCatInRescue(cats));



Lecture 2 wrap-up

* TODO: HW1 released, due next Tuesday 11:59p
* TODO: Review the Misc Java slides, they will help with HW1

* Mentor sessions are now being held!

Resources

» Classes textbook: https://cs61b-2.gitbook.io/cs61b-textbook/2.-defining-and-using-classes (scroll
down for exercise 1.2.2 to test your knowledge)

* Oracle’s guide: What Is an Object? What Is a Class?
https://docs.oracle.com/javase/tutorial/java/concepts/index.ntml

* Classes and Objects: https://docs.oracle.com/javase/tutorial/java/javaO0Q/index.html

* Misc Java slides have more sample exercises: https://cs.pomona.edu/classes/cs62/assets/slides/
L 2-extra.pdf



https://cs61b-2.gitbook.io/cs61b-textbook/2.-defining-and-using-classes
https://docs.oracle.com/javase/tutorial/java/concepts/index.html
https://docs.oracle.com/javase/tutorial/java/javaOO/index.html
https://cs.pomona.edu/classes/cs62/assets/slides/L2-extra.pdf
https://cs.pomona.edu/classes/cs62/assets/slides/L2-extra.pdf

