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STUDENT OUTLINE

Lesson 7 — More About Methods

Programs of any significant size are broken down into logical pieces called
methods. It was recognized long ago that programming is best done in small
sections that are connected in very specific and formal ways. Java provides the
construct of a function, allowing the programmer to develop new functions not
provided in the original Javalibraries. Breaking down a program into blocks or
sections leads to another programming issue regarding identifier scope. Also,
functions need to communicate with other parts of a program that requires the
mechanics of parameter lists and a return value.

The key topics for this lesson are:

A. Writing Methodsin Java

B. Vaue Parameters and Returning Vaues

C. The Signature of a Method

D. Lifetime, Initidization, and Scope of Variables

METHOD DECLARATION SCOPE

METHOD DEFINITION GLOBAL SCOPE
PARAMETERS LOCAL SCOPE
ACTUAL PARAMETERS BLOCK

VALUE PARAMETERS FUNCTION
FORMAL PARAMETERS STATIC VARIABLE
SIGNATURE

A. Writing Methods in Java

1. A method islike a box that takes data in, solves a problem, and usualy
returns avalue. The standard math methods follow this pattern:

Mat h.sqgrt (2) --> 1.414
Math.sin (30) --> -0.988 (Note:computationisin radians!)

2. There are times when the built-in methods of Java will not get the job done.
We will often need to write customized methods that solve a problem using
the basic tools of a programming language.

3. For example, suppose we need a program that converts gallons into liters.
We could solve the problem within the main method, as shownin
Program 7-1.
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Program /-1
import chn.util.*;

class Gl lonsTolLiters

{

public static void main (String[] args)

{

Consol el O consol e = new Consol el () ;

Systemout. println("Enter an anmount of gallons -->");
doubl e gall ons = consol e. readDoubl e();

double liters = gallons * 3.785;
Systemout.printIn("Armount in liters =" + liters);

}
}

Thisworks fine, but the mathematics of the conversion is buried inside the
mai n method. The conversion tool is not available for general use. We are
not following the software engineering principle of writing code that can be
recycled in other programs.

4. Hereisthe same routine coded as a reusable method, which would allow for
conversion of galons to units other than liters:

Program7-2

import chn.util.*;

cl ass Fl ui dConverter

{

publ i c doubl e toLiters(doubl e anmount)

{
return amount * 3.785;
}
}
public class TestConverter
{
public static void main(String[] args)
{
Consol el O consol e = new Consol el () ;
Fl ui dConverter convert = new Fl ui dConverter();

Systemout.print("Enter an amount of gallons -->");

doubl e gal l ons = consol e. readDoubl e();

Systemout.println("Amount in liters =" +
convert.toLiters(gallons));

}

Sampl e run output:

Enter an amount of gallons --> 10
Amount in liters = 37.85
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5. Hereisthe sequence of eventsin Program 7-2.

a. Execution beginsin the method named mai n with the user prompt and
the input of an amount of gallons.

b. ThetolLiters method of theconvert objectis called and the number
of galonsis passed as an argument to thet oLi t er s method.

c. Program execution movesto t oLi t er s, which does the computation
and returns the answer to the calling statement.

d. The answer is displayed.

6. Thegenera syntax of amethod declaration is

nodi fiers return_type method_nane ( paraneters )

{
met hod_body

}
Example (from program 7-2):

public doubl e toLiters(double gallons)

a. Thenodifiers refersto asequence of terms designating different
kinds of methods. These will be discussed gradualy in later lessons.

b. Thereturn_type refersto the type of dataa method returns. The data
type can be one of the predefined types (integer, double, char) or a user-
defined type.

c. net hod_nane isthe name of the method. It must be avalid identifier. In
Program 7-2, the names of the methods are mai n and t oLi ters.

d. Thepar anet er s list will dlow usto send valuesto a method. The
parameter list consists of one or more type-identifier pairs (example:
doubl e amount ). The parametersin the method instantiation are called
the formal parameters.

e. Themet hod_body contains statements to accomplish the work of the
method. InthetoLit er s method thereis one linein the body.

The last line of the main method contains the following reference to a
method: convert.tolLiters(gallons). Thiscausesthevaue
represented by the variable gal | ons to be sent (passed) totoLiters,
where a computation is done, and avaueisreturned. InthetoLiters
method the value that is passed is referred to asanmount . In the next
section we will talk in detail about passing valuesin this manner.

Thisidea of amethod taking in avalue, using the value in a computation, and
returning the result of a computation is similar to the mathematical idea of a
function, which is why a method that returns a value is often referred to as a
function.
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. Vaue Parameters and Returning Values

The word parameter is used to describe variables that pass information
within aprogram. The smple processin Program 7-2 of passing a number
(of galons) to amethod that will compute something (number of liters) is
representative of a common occurrence in Java programming — passing
values with parameters. Sometimes the word “argument” is used in place of
parameter.

We mentioned above that the parameter gal | ons isaformal parameter
because it is named in the instantiation of the method. Another kind of
parameter is a value parameter, which is used in a computation. In the
computation amount  * 3. 785, anount isavalue parameter.

A value parameter has the following characteristics:

a. Thisvaue parameter isalocal variable. This meansthat it isvaid only
insde the block (method) in which it is declared.

b. It receives a copy of the argument that was passed to the method. The
value of 10 stored in gal | ons (ingdemai n) is passed to the parameter
anount (ingdetoLiters).

c. The value parameter is a variable that can be modified within the method.

In order for a method to return avalue, there must be ar et ur n statement
somewhere in the body of the method.

If amethod returns no value the term voi d should be used. For example:

public void printHello( )

{
Systemout.printin("Hello world");

}

A function (method) can have multiple parametersin its parameter list. For
example:

publ i c doubl e doMath(int a, double x)
{

. code ...
return doubl eval ;

}

When this method is called, the arguments fed to the doMat h method must be
of an appropriate type. The first argument must be an integer. The second
argument can be an integer because it will be promoted to a double.

doubl e dbl = doMath(2, 3.5); /1 this is okay
doubl e dbl = dowath(2, 3); /1 this is okay
doubl e dbl = dowath(1.05, 6.37); // this will not conpile
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7. Value parameters are often described as one-way parameters. The
information flows into a function but no information is passed back through
the value parameters. A single value can be passed back using the return
statement, but the formal parameters in the function remain unchanged.

8. Theforma parameters used to supply values for the value parameters can be
either literal values (2, 3.5) orvariables(a, x).

doubl e dbl = doMath(a, x); /| exanpl e using vari abl es

C. The Signature of a Method

1. Inorder to cal amethod legaly, you need to know its name, you need to
know how many formal parametersit has, and you need to know the type of
each parameter. This information is called the method's signature. The
signature of the method doMat h can be expressed as as.
doMat h(int, doubl e). Notethat the signature does not include the names
of the parameters; in fact, if you just wart to use the method, you don't even
need to know what the formal parameter names are, so the names are not
part of the signature.

2. Javadlowstwo different methods in the same class to have the same name,
provided that their signatures are different. We say that the name of the
method is overloaded because it has several different meanings. The
computer doesn't get the methods mixed up. It can tell which one you want to
cal by the number and types of the actual parameters that you provide in the
subroutine call statement. Y ou have aready seen overloading used in the
Syst em out class. This class includes many different methods named
print | n, for example. These methods al have different signatures, such as.

println(int) printl n(doubl e) println(String)
println(char) printl n(bool ean) println()

3. The signature does not include the method's return type. It isillegal to have
two methods in the same class that have the same signature but that have
different return types. For example, it would be a syntax error for a classto
contain two methods defined as:

doubl e dbl = doMat h(int, double);
int dbl = doMath(int, double);
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. Lifetime, Initidization, and Scope of Variables

Three categories of Java variables have been explained thus far in this
curriculum guide.

- Instance variables

- Loca variables

- Parameter variables

The lifetime of a variable defines the portion of run time during which the
variable exists.

a. When an object is constructed, al its instance variables are created. As
long as any part of the program can access the object, it stays dive.

b. A loca variableis created when the program enters the statement that
definesit. It stays dive until the block that encloses the variable definition
is exited.

c. When amethod is called, its parameter variables are created. They stay
aive until the method returns to the caler.

Theinitia state of avariable is also determined by its type.

a. Instance variables (associated with a particular object) and static
variables (associated with a particular class) are automaticaly initiaized
with adefault value (O for numbers, f al se for bool ean, nul | for
objects) unless you specify another parameter.

b. Parameter variables are initialized with copies of the formal parameters.

c. Locd variables are not initidized by default. An initia value must be
supplied. The compiler will generate an error if an attempt is made to use
alocal variable that has never been initidized.

Scope refers to the area of a program in which an identifier isvalid and has
meaning.

a. Instance variables of a class are usually declared pri vat e, and have
class scope. Class scope begins at the opening left brace, {, of the class
definition and terminates at the closing brace, } , of the class definition.
Class scope enables methods of a classto directly access al instance
variables defined in the class.

b. The scope of alocd variable extends from the point of its definition to the
end of the enclosing block

c. The scope of a parameter variable is the entire body of its method.

An example of the scope of avariableis given in Program 7-3. The class
ScopeTest iscreated with four methods:

- printLocal Test
- printlnstanceTest
- print Par anTest
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6. Thesubclassst iscreated as“akind of” ScopeTest , S0 it contains the
same methods. Each of these methods contains a variable named t est .

7. Thestatement st . pri nt Local Test () calsthe method
print Local Test , andinasmilar way each method is called.

8. Theresults show the following about the scope of the variablet est :

a.  Within the scope of nai n, the value of test is 10, the value assigned
within the mai n method.

b.  Within the scope of pri nt Local Test , the value of test is 20, the value
assigned withinthe pri nt Local Test method

c. Within the scope of pri nt I nst anceTest , the value of test is 30, the
private value assigned within ScopeTest , because there is no value
giventot est withinthepri nt1 nstanceTest method

d.  Within the scope of pri nt Par aniTest , the value of test is 40, the value
sent to the pr i nt Par aniTest method

Program 7-3

public class ScopeTest

{

private int test = 30;

public void printLocal Test ()

{
int test = 20;

Systemout. println("printLocal Test: test =" + test);

}

public void printlnstanceTest ()

{

Systemout.println("printlnstanceTest: test = " + test);

}

public void printParaniest(int test)

{

Systemout. println("printParanilest: test =" + test);

}

public static void main (String[ ] args)

{
int test = 10;

ScopeTest st = new ScopeTest ();
Systemout.printin("main: test =" + test);

st. printLocal Test();
st.printlnstanceTest();
st. print Par anTTest (40) ;
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Run output:

main: test = 10

printLocal Test: test = 20
printlnstanceTest: test = 30
print Paranfest: test = 40

© ICT 2003, www.ict.org, All Rights Reserved
Use permitted only by licensees in accordance
with license terms (http://www.ict.org/javalicense.pdf)

0.A.7.1 (Page 10)



SUMMARY/ Y our programs will grow in size and complexity. Initidly you will not use dl the

REVIEW: tools presented in this lesson and other lessons regarding methods. However, you
need to see and understand all the method-writing tools in Java since eventua ly
you will need them in your own work and to help you read another programmer's
code.

ASSIGNMENT: Lab Exercise, L.A.7.1, Fun
Lab Exercise, L.A.7.2, Polygon
Lab Exercise, L.A.7.3, RectangleMethods
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LAB EXERCISE
Fun

Assignment:

1. Thetwo temperature scales used in the United States are Celsius and Fahrenheit. The mathematical
relationship between the two scales is:

5
C=2(F-32
9( )

Write two methods, f ToC and c ToF, which convert temperatures from one scale to another. For
example, acal of f ToC will return the equivaent Celsius temperature for a given Fahrenheit
temperature.

Cel sius = fToC(100); /1 Celsius now stores 37.8

2. Write amethod which takes in the radius of a sphere and returns its volume. The formulais:

4
V==pr?
3p

Y ou are encouraged to use a constant for the value of p .

3. Write amethod which returns the hypotenuse of aright triangle given the input of the two smaller
sdes. Use the Pythagorean theorem:

a®+b?*=c?

Instructions:
1. Format al floating point values to two decima places (0.01).
2. You can use the following format of an output statement to test your program:
Systemout.printin("212 F --> " + Format.left(fToC(212), 10, 2));
the mai n method could be written using only 11 methods calls.
3. Usethefollowing vaues to test your methods:

Fahrenheit to Celsius.  212°F, 98.6°F, 10°F

Cdsusto Fahrenheit: -15°C, 0°PC, 70°C

Volume of a sphere, radius of: 1.0, 2.25, 7.50

Hypotenuse calculations. sides of 3.0 and 4.0, sides of 6.75 and 12.31
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LAB EXERCISE

Polygon

Background:

Polygons are two-dimensional shapes formed by line segments. The segments are edges that meet in pairs
at corners called vertices. A polygonisregular if al its Sdes are equal and al its angles are equal.

For an n-sided regular polygon of side s, the angle at any vertex is g, and the radii of the inscribed and
circumscribed circles arer and R respectively. A 5-sided regular polygon (pentagon) would be
represented as follows:

Assignment:

1. Create aRegul ar Pol ygon classto model any regular polygon. Use the following declarations as a
starting point for your lab work.

cl ass Regul ar Pol ygon

{
private int nyNunSi des; /1 # of sides
private doubl e nySi deLengt h; /1 length of side
private doubl e nyR; /'l radius of circunscribed circle
private doubl e nyr; // radius of inscribed circle
/'l constructors
publ i ¢ Regul ar Pol ygon()
{
}
publ i c Regul ar Pol ygon(i nt nunti des, doubl e si delLengt h)
{
}
APCS- Java, Lesson 7 © ICT 2003, www.ict.org, All Rights Reserved L.A.7.2(Pagel)

Use permitted only by licensees in accordance
with license terms (http://www.ict.org/javalicense.pdf)



/1 private nethods
private void calcr()

{
}
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private void cal cR()

{
}

/1 public nethods
publ i c doubl e vertexAngl e()

public double Perinmeter()
public double Area()

publ i c doubl e get Nunsi de()
publ i c doubl e get Si deLengt h()
public double getR()

public double getr()

}

2. Write two constructor methods. The default constructor creates a 3-sided polygon (triangle). The
other constructor takes an integer val ue representing the number of sides and a double value
representing the length of side, and constructs the corresponding regular polygon.

3. Write amethod that calculates the vertex angle, g. This angle can be determined as follows:

- 2 e
q=8"29 1800
en g

where n represents the number of sides.
4. Write amethod that calculates the perimeter. Thisvaue is determined smply as the number of sides,
n, times the length of aside, s:

perimeter = ns
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Write amethod that calculates the radius of the inscribed circle, r. Theinscribed circle is the circle
that can be drawn inside of the regular polygon such that it is tangent to every side of the polygon, for
example, the smaller circlein the diagram above. It can be calculated as:

1 s
r==s cot(i:ae’ig
2 eng

where n represents the number of sides, s represents the length of aside, and cot () isthe
trigonometric function, cotangent. We use the value p instead of 180 in the formula because the Java
math functions assume that angles are given in radians instead of degrees. Note: the built-in Java
method mat h. Pl produces the value of p. An dternative isto replace p with 180 in al the formulas
here and use following method from the Math Class to convert from degrees to radians.

Mat h. t oRadi ans(doubl e angdeg)

The cotangent function is not part of the Java Math library, however, the cotangent of an angle can be
calculated as the reciprocal of the tangent as follows:

Write a method that calculates the radius of the circumscribed circle, R. The circumscribed circleis
the circle that intersects each vertex of the polygon, for example the larger circle in the diagram
above. R can be calculated as;

1 e
R=>scsc?
2 éng

where n represents the number of sides, s represents the length of asideand csc() isthe
trigonometric function, cosecant. The cosecant function is not part of the Java Math Class, however,
the cosecant of an angle can be calculated as the reciprocal of the sine as follows:

cc(q) =

S—

sn(g
Write a method that calculates the area of the regular polygon . It can be calculated as:

area = EnR snaéz—p9

enﬂ

where n represents the number of sides and R represents the radius of the circumscribed circle.
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All trigonometric function in the Java Math Class take radians as the parameter. To convert an angle

measured in degrees to the equivalent angle measured in radians use the following method from the

Math Class;

public static doubl e toRadi ans(doubl e angdeg)

9. Write atesting classwith amai n() that constructs a Regul ar Pol ygon and calls each method. A
sample run of the program for a polygon with 4 sides of length 10 would give:

number of
| engt h of
radi us of
radi us of

sides = 4

side = 10.00

circunscribed circle = 7.07
inscribed circle = 5.00

vertex angle = 90.0

peri meter

= 40.00

area = 100. 00

I nstructions:

1. Format dl floating point vaues to two decimal places (0.01).

2. Test the default constructor by constructing a regular polygon with no parameters as follows:

Regul ar Pol ygon poly = new Regul ar Pol ygon();

3. Usethefollowing vaues to test your functions:

Square:  number of sides = 4, length of side = 10

Octagon: number of sides = 8, length of sde=5.75
Enneadecagon: number of sides = 19, length of side =2
Enneacontakaihenagon: number of sides = 91, length of side = 0.5

Answers:
n s ? (degrees) r R Perimeter| Area
Square 4 10 90.00 5.00 7.07 40.00 100.00
Octagon 8 5.75 135.00 6.94 7.51 46.00 159.64
Enneadecagon 19 2 161.05 5.99 6.08 38.00 113.86
Enneacontakaihenagon 91 0.5 176.04 7.24 7.24 45.50 164.68
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LAB EXERCISE
RectangleMethods

Background:

1. Inthislab exercise, you will continue your work on the Rect angl e class created in
L.A.6.2 - Rectangle by adding additional attributes and behaviors. These enhancements will include
the ability to construct a Rect angl e from and existing one, get and set the x coordinate, y coordinate,
width and height parameter, set the orientation in which the rectangle will be drawn, and display
textua information on the drawing surface.

2. The specifications of a class that models a rectangular shape would be;

Variables
private double nyX; /1 the x coordinate of the rectangle
private doubl e nyY,; /1 the y coordinate of the rectangle

private double nyWdth; // the width of the rectangle
private double nyHeight; // the height of the rectangle

/'l saves the direction the pen is pointing
/1 (0 = horizontal, pointing right)
private double myDirection

/1l Creates a 500 x 500 SketchPad with a Draw ngTool, pen, that is used
/1 to display Rectangle objects. The Drawi ngtool is declared static
/1 so that multiple Rectangle objects can be drawn on the Sketchpad
/1 at the same tinme.
private static Draw ngTool pen =
new Dr awi ngTool (new Sket chPad(500, 500));

Congtructors

/1l Creates a default instance of a Rectangle object with all dinensions
/1l set to zero.
Rect angl e()

/1l Creates a new instance of a Rectangle object with the left and right
/1 edges of the rectangle at x and x + width. The top and bottom edges
/1l are at y and y + height.

Rect angl e(doubl e x, double y, double w dth, double height)

/'l Creates a new instance of a Rectangle object that is a copy of an
/1 existing Rectangl e object.
Rect angl e( Rect angl e rect)

Methods

/1 Sets the x coordinate of this Rectangle
public void set XPos(doubl e x)
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/'l Sets the y coordinate of this Rectangle
public void setYPos(double Y)
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/1l Sets the width this Rectangle
public void set Wdth(doubl e wi dth)

/1 Sets the height of this Rectangle
public void setHei ght (doubl e hei ght)

/1l Sets the direction the Drawi ngTool is pointing
/1 0 = horizontal to the right
public void setDirection(double direction)

/1 Returns the x coordinate of this Rectangle
publ i c doubl e get XPos()

/1 Returns the y coordinate of this Rectangle
publ i c doubl e get YPos()

/1 Returns the width of this Rectangle
publ i ¢ doubl e get W dth()

/1 Returns the height of this Rectangle
publ i c doubl e get Hei ght ()

/1 Returns the direction the Drawi ngTool is pointing
/1 0 = horizontal to the right
publ i c double getDirection()

/1l calculates and returns the perinmeter of the rectangle
publ i c doubl e getPerineter()

/1l Calculates and returns the area of the rectangle.
publ i c doubl e getArea()

/1 Draws String str at the specified x and y coordi nates
public void drawString(String str, double x, double y)

/1 Draws a new instance of a Rectangle object with the left and right
/1 edges of the rectangle at x and x + width. The top and bottom edges
/!l are at y and y + height.

public void draw()

Assignment:
1. Implement aRect angl e class with the following properties.
a. A default Rect angl e object is specified in the constructor with the x, y, wi dt h and hei ght set
to 0.
b. A Rectangl e object is specified in the constructor with the left and right edges of the rectangle
at x and x + wi dt h. Thetop and bottom edgesareaty andy + hei ght.
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c. A Rectangl e object is specified that is acopy of an existing Rect angl e.

d. Methods get XPos, get YPos, get W dt h, and get Hei ght , returnthe x, y, hei ght and wi dt h
of the Rect angl e respectively.

e. A method, get Di r ect i on, returns the current orientation of the Dr awi ngTool .

f. Methodsset XPos, set YPos, set W dt h, and set Hei ght , setsthe x, y, hei ght and wi dt h of
the Rect angl e respectively to the vaue of each methods double parameter.

A method set Di r ect i on, setsthe current orientation of the Dr awi ngTool .
h. A method get Peri met er calculates and returns the perimeter of the Rect angl e.
i. A method get Ar ea calculates and returns the area of the Rect angl e.
J- A method dr aw displays a new instance of aRect angl e object.
k. A method dr awst ri ng displays String at the specified x and y coordinates of the drawing area.

2. Themethodsdr aw, dr awsSt ri ng, and set Di r ect i on make use of existing Dr awi ngTool
methods. Refer to handout, H.A.1.1 — DrawingTool, for details on the Dr awi ngTool methods.

3. Write atesting class with amai n method that constructs aRect angl e, r ect A, and calls
set Di rection,set W dt h, and dr awfor each Rect angl e created. It is recommended that the
changes in orientation and width of each successive rectangle in the spiral be calculated using the
get Di recti on and get W dt h methods. For example, if the increment for each turn is given by
t ur nl nc and the decrease in size of rectangleis given by wi dt hDec, then successive calls to the
following:

rect A setDirection(rectA getDirection() - turnlnc);
rect A setWdth(rect A getWdth() - w dthDec);
rect A draw();

would draw each “spoke” of the rectangular spiral:

Construct another Rect angl e, r ect B that isa copy of the origina r ect A. Draw the rectangle in the
upper left corner of drawing area. Labd the rectangle with its width, height, perimeter and area.

The resulting image would be similar to the one shown below:
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4. Turn in the source code with the run output attached. It is recommended that the Rect angl e class
and the testing class be combined in one source file (RectangleMethods.java).
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