CS1020 Lecture Note #4-:
Abstract Data Type

Walls



Lecture Note #4: ADT

= Objectives:

= Able to understand the need of data abstraction

= Able to define ADT with Java Interface
(Java Interface: A group of related methods with empty bodies)

= Able to implement data structure given a Java
Interface
= References:
= Chapter 4, ADTs, pages 221 — 258

= Note that Complex number ADT / interface does not
appear in the textbook
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Lecture Note #4: ADT

= Programs used in this lecture

Complex.java
ComplexCart.java
ComplexPolar.java

TestComplex.java
o Using DecimalFormat: ComplexPolarV2.java and TestComplexV2.java

= Download programs from module website:
o http://www.comp.nus.edu.sg/~cs1020/2_resources/lectures.html

o 0O 0O O
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Lecture Overview

1. Software Engineering Issues (Motivation)
= Loose coupling
= Data abstraction

2. Abstract Data Type
= Data Structure
= Understanding ADT
= Example: Predefined Types as ADTs
= Example: Complex Number ADT

3. Java Interface
= Using Java interface to define ADT
= Complex Number Interface
= Complex ADT: Cartesian Implementation
= Complex ADT: Polar Implementation

4. DecimalFormat Class
® Formatting outputs
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1 Sottware Engineering Issues

Motivation



‘ 1. Software Engineering Issues (1/4)

J Lecture #2, Section 5.1 — 5.5 Program Design
Principles

O Abstraction

» Concentrate on what it can be done and not how it can be
done

» Use of Java Interface
O Coupling

» Restrict interdependent relationship among classes to the

minimum

O Coherent

» A class should be about a single entity only

» There should be a clear logical grouping of all functionalities
O Information Hiding

» Only expose necessary information to outside
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‘ 1. Software Engineering Issues (2/4)

- Information Hiding

» Information hiding is like
walls building around the
various classes of a
program.

» Thewall around eachclass [fr—rrrrr1 Tt
T prevents the other classes = =
from seeing how T works. == |7 o =
» Thus, if class Quses T, and ] | implemen- | [
if the approach for - fation — | Q
performing T changes, class == =
Q will not be affected. i | . *T
'II C Second "ll :
implemen- |
Makes it easy to substitute new, improved > tation i—
versions of how to do a task later =< [
1
I| T I R - - I| T T 1T T 1
L 1 [ 1 1 1 Il | N I N I | II
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‘ 1. Software Engineering Issues (3/4)

- Information Hiding is not complete isolation of
the classes

» Q does not know how T does the work, but needs to
know how to invoke T and what T produces

» What goes in and comes out is governed by the
terms of the method’s specifications

= |f you use this method in this way, this is exactly
what it will do for you.
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‘ 1. Software Engineering Issues (4/4)

- Information Hiding CAN apply to data

» Data abstraction asks that you think in terms of what
you can do to a collection of data independently of
how you do it

» Data structure is a construct that can be defined
within a programming language to store a collection
of data

» Abstract data type (ADT) is a collection of data & a
specification on the set of operations on that data

= Typical operations on data are: add, remove, and query (in
general, management of data)

= Specification indicates what ADT operations do, but not
how to implement them
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2 Abstract Data Type

Collection of data + set of operations on
the data



2. Data Structure

] Data structure is a construct that can be defined within a
programming language to store a collection of data

» Arrays, which are built into Java, are data structure

» We can create other data structures. For example, we want a
data structure (a collection of data) to store both the names and

salaries of a collection of employees

static final int MAX_NUMBER = 500; // static final means “constant”

String [] names = new String [MAX_NUMBER];
double [] salaries = new double [MAX_NUMBER];
/[ employee names[i] has a salary of salaries]i]

class Employee {
or static final int MAX_NUMBER = 500:

(better choice) private String names;
private double salaries;

Employee[ | workers = new Employee[Employee.MAX_NUMBER];
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‘ 2. Abstract Data Type (ADT) (1/4)

1 ADT is a collection of data together with a specification
of a set of operations on that data

» Specifications indicate what ADT operations do, but not how to
iImplement them

» Data structures are part of an ADT’s implementation

J When a program needs data operations that are not
directly supported by a language, you need to
create your own ADT

J You should first design the ADT by carefully specifying
the operations before implementation
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‘ 2. Abstract Data Type (ADT) (2/4)

B Example: A water dispenser as an ADT

QOut-of- |ce indicator
m Data: water

= Operations: chill, crush, cube, C”,'z:ec'
and isEmpty
= Data structure: the internal
structure of the dispenser
= Walls: made of steel
The only slits in the walls:
O Input: water
0 Output: chilled water, crushed

ice, or ice cubes. T

Crushed ice can be made in many different ways.
We don’t care how it was made

= Using an ADT is like using a
vending machine.

[CS1020 Lecture 4 AY2011/2 S2] 13



2. Abstract Data Type (ADT) (3/4)

J A WALL of ADT operations isolates a data structure
from the program that uses it

- An interface is what a program/module/class should
understand and use the ADT

Data
structure

Program
Request to perform Dperationr

Result of operation

display

Wall of ADT operations
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2. Abstract Data Type (ADT) (4/4)

d An interface is what a program/module/class should
understand and use the ADT

1 The following bypasses the interface to access the data
structure. This violates the wall of ADT operations.

remove

Data
structure

Program

display

Wall of ADT operations
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2. Example: Primitive Types as ADTs (1/2)

= Java’s predefined data types are ADTs

= Representation details are hidden which aids portability
as well

= Examples: int, boolean, String, double
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16



2. Example: Primitive Types as ADTs (2/2)

= Broadly classified as:
(here the example uses the array ADT)

o Constructors (to add, create objects)
= int[]x={2,4,6,8};

o Mutators (to update objects)
n X[3] = 10;
o Accessors (to query about state of objects)

= Inty=Xx[3]+ x[2];
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2. Example: Complex Number ADT (1/5)

= User-defined data types can also be organized
as ADTs

Complex(r,i)

dd(c)
a\‘

times(c) \r?alpart

minus(V \imagpart

Note: add(c) means to add c to itself, etc.
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2. Example: Complex Number ADT (2/5)

= A possible Complex ADT class:

class Complex {

private ... // data members
public Complex(double r, double 1) { ... }//
public void add(Complex ¢) { ... }

public void minus(Complex ¢c) { -.. }

public void times(Complex ¢c) { -.. }

public double realpart() { --- }

public double imagpart() { --- }

}

create a new object
this = this + ¢
this = this - c
this = this * c
returns this.real
returns this.imag

= Using the Complex ADT:

Complex ¢ = new Complex(1,2);
Complex d = new Complex(3,5);
c.add(d);

d.minus(new Complex(1,1));
c.times(d);

// C
// d
// C
// d
// C

(1,2)
(3,5)
c+d
d-(1,1)
c*d
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2. Example: Complex Number ADT (3/5)

= _1s'implementation: Cartesian

class Complex {
private double real;
private double imag;

// CONSTRUCTOR

// ACCESSORS
public double realpart() { return real;
public double imagpart() { return imag;

// MUTATORS

public void add (Complex c) { // this
real += c.realpart();
imag += c.imagpart();

+

public void minus(Complex ¢c) { // this
real -= c.realpart();
imag -= c.imagpart();

by

public void times(Complex ¢c) { // this

imag
by
+

public Complex(double r, double 1) { real

=r; 1mag = i1; }

this + c

this - c

this * c

real = real*c.realpart() - imag*c.imagpart();
= real*c.imagpart() + imag*c.realpart();
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2. Example: Complex Number ADT (4/5)

= 2" implementation: Polar

class Complex {
private double ang; // the angle of the vector
private double mag; // the magnitude of the vector

public times(Complex ¢c) { // this = this * c
ang += c.angle();
mag *= c.mag();

}
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2. Example: Complex Number ADT (5/5)

= “Relationship” between Cartesian and Polar

From Polar to Cartesian: real = mag * cos(ang);
imag = mag * sin(ang);

From Cartesian to Polar: ang = tan*(imag/real);
mag = real/ cos(ang);

imag
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3 Java Intertace

Related methods



‘ 3 Java Intertace

= Java interfaces provide a way to specify common
behaviour for a set of (perhaps unrelated) classes

= Java interface can be used for ADT
o It allows further abstraction / generalization
o It uses the keyword interface, rather than class

o It specifies methods to be implemented by subclasses

= A Javainterface is a group of related methods with empty
bodies

o It can have constant definition (which are implicitly
public static final)

= A class is said to implement the interface if it provides
Implementations for all of the methods in the interface

- [CS1020 Lecture 4 AY2011/2 S2]
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‘ 3 Example #1

}

/I package In java.lang;
public interface Comparable <T> {
int compareTo (T other);

class Shape implements Comparable <Shape> {
static final double Pl = 3.14;

double area() {---};
double circumference() { --. };
Int compareTo(Shape x) {
IT (this.area() == x.area())
return O;

else 1T (this.area() > x.area())
return 1;

else
return -1;
¥

}
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‘ 3 Example #2: Interface for Complex

E.g. Complex ADT interface

= anticipate both Cartesian and Polar approach

public interface Complex {
public double realpart(); //

public double imagpart(); //
public double angle(); //
public double magQ); //

public void add(Complex c);
public void minus(Complex c);
public void times(Complex c);

}

returns
returns
returns
returns
// this
// this
// this

Complex.java

this.real
this.i1mag
this.ang
this.mag
this + c
this - c
this * c

= |n interface, methods have signatures but no

Implementation
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‘ 3 Example #2: ComplexCart (1

= Cartesian Implementation (Part 1 of 2)

/2)

ComplexCart.java

class ComplexCart |implements|Complex {
private double real;
private double imag;

// CONSTRUCTOR
public ComplexCart(double r, double 1) { real = r; Imag =

// ACCESSORS
public double realpart() { return this.real; }
public double imagpart() { return this.imag; }
public double mag() { return Math.sgrt(real*real + Imag*i
public double angle() {
iIT (real 1= 0) {
iIT (real < 0) return (Math.Pl + Math.atan(imag/real))
return Math.atan(imag/real);
+
else 1T (imag == 0) return O;
else 1T (imag > 0) return Math.P1/2;
else return —Math.P1/2;
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‘ 3 Example #2: ComplexCart (2/2)

= Cartesian Implementation (Part 2 of 2)
// MUTATORS

ComplexCart.java

public void add(Complex c) {
this.real += c.realpart();
this.imag += c.imagpart();

ks

public void minus(Complex c) {
this.real -= c.realpart();
this.imag -= c.imagpart();

s

public void times(Complex c) {
double tempReal = real * c.realpart() — imag * c.imagpart();
imag = real * c.imagpart() + imag * c.realpart();
real = tempReal;

+
Why can’t we write the following?
public String toString() { ifT (imag == 0) return (real);
iT (imag == 0) return (real + '");
else 1T (imag < 0) return (real + "' + 1mag + "1");
else return (real + "+" + 1mag + "1'");
+
+
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‘ 3 Example #2 : ComplexPolar

= Polar Implementation (Part 1 of 3)

(1/3)

class ComplexPolar |implements|Complex {

ComplexPolar.java

private double mag; // magnitude
private double ang; // angle
// CONSTRUCTOR
public ComplexPolar(double m, double a) { mag = m; ang =
// ACCESSORS
public double realpart() { return mag * Math.cos(ang); }
public double imagpart() { return mag * Math.sin(ang); }
public double mag() { return mag; }
public double angle() { return ang; }
// MUTATORS
public void add(Complex ¢) { // this = this + c

double real = this.realpart() + c.realpart();

double 1mag = this.imagpart() + c.imagpart();

mag = Math.sgrt(real*real + Imag*imag);

iIT (real 1= 0) {

iIT (real < 0) ang = (Math.Pl + Math.atan(imag/real))
else ang = Math.atan(imag/real);

+

else 1f (imag == 0) ang = 0;

else 1Tt (imag > 0) ang = Math.P1/2;

else ang = -Math.P1/2;

}

a; }
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‘ 3 Example #2 : ComplexPolar (2/3)

= Polar Implementation (Part 2 of 3) ComplexPolar.java

public void minus(Complex c) { // this = this - C
double real = mag * Math.cos(ang) - c.realpart();
double 1tmag = mag * Math.sin(ang) - c.imagpart();
mag = Math.sqrt(real*real + Imag*imag);
iIT (real 1= 0) {

iIT (real < 0) ang = (Math.PlI + Math.atan(imag/real));
else ang = Math.atan(imag/real);

+

else 1f (imag == 0) ang = O;

else 1f (imag > 0) ang = Math.P1/2;
else ang = -Math.P1/2;
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'3 Example #2 : ComplexPolar (3/3)

= Polar Implementation (Part 3 of 3)

public void times(Complex ¢c) { // this = this * c

mag *= c.mag();
ang += c.angle();

}

public String toString() {
1T (imagpart() == 0)

ComplexPolar.java

return (realpart() + "");

else 1T (imagpart() < 0)

return (realpart() + ""

else
return (realpart() +
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‘ 3 Example #2 : TestComplex (1/3)

= Testing Complex class (Part 1 of 3) TestComplex java

class TestComplex {

public static void main(String[] args) {
// Testing ComplexCart

Complex a = new ComplexCart(10.0, 12.0);

Complex b = new ComplexCart(1.0, 2.0);

System.out.printIn("Testing ComplexCart:');

a.add(b);

System.out.printin(a=a+b 1s " + a);

a.minus(b);

System.out.printIn('a-b (which i1s the original a) 1s " + a);

System.out.printIn(""Angle of a 1s " + a.angle());

a.times(b);

System.out.printin('a=a*b 1s " + a);

Testing ComplexCart:

a=at+b 1s 11.0+14_0i

a-b (which i1s the original a) i1s 10.0+12.01
Angle of a i1s 0.8760580505981934

a=a*b 1s -14.0+32.0i1
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‘ 3 Example #2 : TestComplex (2/3)

= Testing Complex class (Part 2 of 3)

TestComplex.java

// Testing ComplexPolar
Complex ¢ = new ComplexPolar(10.0, Math.P1/6.0);

Complex d = new ComplexPolar(1.0, Math.P1/3.0);
System.out.printIn('"\nTesting ComplexPolar:");
System.out.printIn(’’c 1s " + C);

System.out.printIn(’'d 1s " + d);

c.add(d);

System.out.printIn(’'c=c+d 1s " + C);

c.minus(d);

System.out.printIn(’'c-d (which is the original c) 1s " + C);
c.times(d);

System.out.printin(’’'c=c*d 1s " + C);

Testing ComplexPolar:

Cc IS 8.660254037844387+4.999999999999999i

d 1s 5.000000000000001+8.6602540378443861

c=c+d 1s 13.660254037844393+13.6602540378443871

c-d (which 1s ... ¢) 1s 8.660254037844393+5.0000000000000021
c=c*d 1s 2.83276944823992E-14+100.00000000000007 &
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‘ 3 Example #2 : TestComplex (3/3)

= Testing Complex class (Part 3 of 3)

TestComplex.java

// Testing Combined
System.out.printIn('"\nTesting Combined:'");
System.out.printIn(a 1s " + a);
System.out.printiIn(’d 1s " + d);
a.minus(d);

System.out.printIn(a=a-d 1s " + a);
a.times(d);
System.out.printin(a=a*d 1
d.add(a);
System.out.printin(’'d=d+a 1s " + d);
d.times(a);
System.out.printin('d=d*a 1

)

"4 oa):

)

" d):

3} Testing Combined:

a i1s -14.0+32.01

d 1s 5.000000000000001+8.6602540378443861

a=a-d iIs -19.0+23.3397459621556141

a=a*d -297.1281292110204-47 .846096908265241
d=d+a -292.12812921102045-39.185842870420891
d=d*a 84924 .59488697552+25620.406963505891i

w onon
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‘ 3 Java Intertace

= Each interface is compiled into a separate bytecode file,
just like a regular class

o We cannot create an instance of an interface, but we can use an
Interface as a data type for a variable, or as a result of casting

public boolean equals (Object cl) {
iIT (cl instanceof Complex) {
Complex temp = (Complex) cl; // result of casting
return (Math.abs(realpart() - temp.realpart()) < EPSILON
&& Math.abs(imagpart() - temp.imagpart()) < EPSILON);
+

return false;

}

- [CS1020 Lecture 4 AY2011/2 S2]
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4 DecimalFormat Class

Formatting outputs



4 DecimalFormat class (1/3)

= Values of type double have a default output format
o Example: Output of TestComplex

Testing ComplexPolar:

Cc IS 8.660254037844387+4.999999999999999i

d 1s 5.000000000000001+8.6602540378443861

c=c+d 1s 13.660254037844393+13.6602540378443871

c-d (which 1s ... c) 1Is 8.660254037844393+5.0000000000000021
c=c*d 1s 2.83276944823992E-14+100.000000000000071

= Can we display the values in a certain format
o For example, correct to 2 decimal places?

= One way: use DecimalFormat class
o Import java.text package

- [CS1020 Lecture 4 AY2011/2 S2]
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4 DecimalFormat class (2/3)

= Modify the toString() method

public String toString() {

ComplexPolarV2.java

DecimalFormat df = new DecimalFormat(*'0.00"); // 2 dec. places

1T (imagpart() == 0)
return (df.format(realpart()) + "");
else 1T (imagpart() < 0)

return (df.format(realpart()) + """ + df.format(imagpart()) + "1'");

else

return (df.format(realpart()) + "+" + df.format(imagpart()) + "i'");

m See ComplexPolarV2.java and TestComplexV2.java

= Note that df. format(x) does not change the value in x. It
merely displays the value in x in the specified format.

= Explore and see API for more details.
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4 DecimalFormat class (3/3)

= Output of TestComplexV2

Testing ComplexPolarV2:

c 1S 8.66+5.001

d 1s 5.00+8.661

c=c+d 1s 13.66+13.661

c-d (which 1s ... c) 1s 8.66+5.001
c=c*d 1s 0.00+100.001
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‘ Summary

= We learn about the need of data abstraction
= We learn about using Java Interface to define an ADT

= With this, we will learn and define various kinds of
ADTs/data structures in subsequent lectures
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