Chapter 07

Numbers, Math, and Primitive types

Melody:  this is the dreaded Math Chapter (cue scary music)  

It’s hard to keep this stuff light, but we have to have it, or people will never be able to move on.  

Capitalization in this chapter is especially strange.  We are dealing with some cases where the capitalized and lowercase version of a word deal with entirely different entities.  Float and float, for example, are not the same.  I avoided using small-f float and its cousins at the beginning of sentences, and tried to be careful with capitalization, but this is going to be a really fun chapter for the copy editor.  Sorry.

-Andy

The fuel of any computer program is the data that it works with.  Java provides a rich set of tools describing the various types of information Java can keep track of.  In this chapter, you examine how Java deals with data.  In particular, you will look at how Java works with numbers.

Example: the calculator

***PD: please insert figure jafe0701.pcx screen shot of Calc with 4 in X, 5 in Y

[H3][1]User types numbers for X and Y

[H3][2]Program appears to be mainly in Grid Layout

[H3][3]Action happens when button is pressed

[H3][4]Button might be in a south panel

***PD: please insert figure jafe0702.pcx screenshot of Calc after pressing button

[H3][1]Applet calculates X + Y

[H3][2]Result goes in appropriate label

[H3][3]Repeat for other operations

***PD: please insert figure jafe0703.pcx screenshot of Calc with real numbers in text boxes

[H3][1]The program can handle values with a decimal point

This might not seem like a big deal, but it is to the computer.  To a computer, numbers with decimal points are very different than numbers without.  This difference goes all the way to how the hardware is built.  Java reflects this pickiness about how numbers are stored.  You will see how to deal with various kinds of numbers in Java.

***PD: please insert figure jafe0704.pcx screenshot of calc with a zero in Y

[H3][1]Division by zero is handled gracefully

If you want to see a math teacher’s head explode, try to divide by zero.  It causes some kind of computational aneurysm.  Division by zero is a mathematically troubling issue, and computer programs frequently have to deal with it.  If you’re going to let the user input numbers that could be divided, you have to deal with the fact that the computer cannot divide by zero.  In this program, if the user enters a zero for the Y value, the result of X / Y will be “Infinity”.  

[H1]Intermediate goal: AddInt

The Calc program is not hard, but it still makes sense to work on a smaller subset of the problem.  If you can make a program that will accept two numbers and add them, it shouldn’t be too hard to generalize that program so it can do the other operations as well.

***PD: please insert figure jafe0705.pcx Screenshot of AddInt 4 + 5 = 9

[H3][1]The program will read in two numbers from the user

[H3][2]When the user presses the button, calculate a resul

[H3][3]Output the result in this label

[H3][4]Don’t worry about decimal points yet.

[H2]Start with a user interface

Before you even start dealing with the addition, write up a user interface.  By now you should be able to do this with relative ease.  Don’t feel that you have to make an interface like mine, but get one working.

The point is to get the interface done now so you can test it in isolation.  You will be approximating a final answer in several stages, so it makes sense to start with a foundation and get it solid.  Don’t worry about getting input and output until the foundation is working.

***PD: please insert figure jafe0706.pcx source of AddLayout beginning stuff up including main setup in init

[H3][1]Declaring components:

You’ve been doing this for a while, so you deserve to use a fancy name for it.  Creating components so that they have names is also called declaring them.  Layout is as much art as science, so you can do it however you wish.  My solution is two named textfields, a named label, and a named buttton.  I also like panels, so I threw a couple in to make the layout cleaner.  There will be a couple of anonymous labels, but they don’t need to be declared.

[H3][2]Note how the panels are named

This makes it easier to figure out what the panel is supposed to do and where it is supposed to go

[H3][3]Look at how the code is arranged

Although it doesn’t matter to the compiler, I grouped together the declarations based on where the components will go.  This just makes life easier when trying to read the code.

***PD: please insert figure jafe0707.pcx source of AddLayout init panels through end of program

[H3][1]Make center panel a three by two layout

I actually sketched it out first on paper before writing code.  That makes it much easier to figure out how to design components.

[H3][2]Set a font for the panel

The default font is often too small.

[H3][3]Add labels and textfields

[H3][4]Generate anonymous labels 

These are great for simple instructions to the user.  Since they will not ever be referred to in code, there is no need to formally declare them.  

[H3][5]The old “button in a panel” trick

[H3][6]You must have actionPerformed() defined

If you generate a class that implements ActionListener, you must have an actionPerformed() method in it.  Right now, you’re just building a prototype, but you still need to have the method here, or you will not be able to compile the program.

[H3][7]The actionPerformed() method can be empty

Don’t worry about putting anything in the method until you are happy with the layout.

It is a great idea to separate the creation of the layout from the event handling code.  That way, you only have one problem at a time to deal with.  Once the layout is done, it might look like this:

***PD: please insert figure jafe0708.pcx screenshot of AddLayout

[H3][1]Nice design

[H3][2]It doesn’t do anything yet, but it’s sorta cute.

(Kinda reminds me of a newborn)

First Try:  The NewMath class

Look at the source code of this variation.  It seems to make plenty of sense.

***PD: please insert figure jafe0709.pcx Source of NewMath.class actionPerformed method

[H3][1]You already know the layout.  I won’t show it again.

[H3][2]Get the text from txtX

[H3][3]Add it to the text from txtY

[H3][4]Send the result to lblAnswer 

***PD: begin note

For this book I wrote a totally new class for each step of the problem.  That way, you can see the source code of each intermediate step.  Generally, you will not need to do this.  You can take the same piece of code and keep improving it incrementally.  However, it isn’t a bad idea to keep copies of your code at key intervals just in case something goes really wrong.  If you have a total blowout, you can always go back to the earlier drafts.

***PD: end note

[H2]Questionable Calculations

***PD: please insert figure jafe0710.pcx screenShot of NewMath with 4 + 5

[H3][1]The user has entered 4 for X

[H3][2]Y contains 5

[H3][3]When the button is pressed, this should be 4 + 5, or 9

***PD: please insert figure jafe0711.pcx screenshot of NewMath with 4 + 5 = 45

[H3][1] 45?

I thought computers were good at math.  

What’s going on here?

To understand what is happening here, take a look at another way to write the same code:

***PD: please insert figure jafe0712.pcx source of MathStrings actionPerformed() method

[H3][1]get the text from txtX

[H3][2]Textfields only return String values

[H3][3]Take this value and put it in the String object x

x now contains “4”, which to the computer is NOT the same as the number 4.  Since x is a String object, it can only contain text values.

[H3][4]Do the same with txtY and String y

[H3][5]Add the value of x (“4”) plus the value of y (“5”)

The computer will calculate “4” + “5”.  You might remember from earlier lessons that two strings can be joined together with the plus sign.  For example: “Andy “ + “Harris” would return “Andy Harris”.  So, if “4” and “5” are string values, “4” + “5” = “45”.

[H3][6]The String value “45” is sent to lblAnswer.

The setText() method requires a string value, but that’s not a problem, because “45” is a string.  

[H2]Strings and GUI I/O

In most GUI systems, all of the input and output to the user tends to be in strings.  Strings are great for manipulating text, but not all data is text.  Sometimes you will need to work with numbers.  Somehow, you need to be able to tell the system that you really don’t want to concatenate two strings, but you need to consider 4 and 5 as numbers that can be mathematically manipulated.

Introducing integers

The easiest kind of numbers for computers to work with is called integers.  These are the numbers you normally count with, including zero and negative numbers.  Anything with a decimal point in it is not an integer.

***PD: begin note

…and you told that eighth-grade math teacher you would never need this stuff again!  

***PD: end note

Add45

Take a look at this version of the program.  It has been modified so that the value of x is always 4 and y is always 5.  

***PD: please insert figure jafe0713.pcx source of Add45 class stuff and init

[H3][1]Force 4 and 5 into textField labels

[H3][2]Change the text on the button

[H3][2]Set x and y textfields to uneditable

***PD: please insert figure jafe0714.pcx source of Add45 actionPerformed

[H3][1]Create an int called x with a value of 4

[H3][2]Make another int called y with a value of 5

[H3][3]Add x + y

This time, since x and y are both integers, the plus sign will really cause an addition to occur.

[H3][4]Convert the result to a String object

The Label.setText() method only accepts String objects as its input (Check the online help to verify this).  9 is an int.  The String.valueOf method converts the 9 to “9”, so it can be sent to the textField.

[H3][5]Send the value of the result string to lblAnswer

Primitive types

The int class is an example of a primitive variable type.  I have said several times in this book that nearly everything in Java is some kind of object.  One of the things that is not an object is the int variable type.  You will see some other primitive types in this chapter.  The primitive types are simpler than classes.  They do not have any methods or built-in behaviors.  They cannot be extended.  They are directly analogous to traditional variable types in traditional programming languages.  

You can still create a variable of type int much like you would make any other kind of variable in Java.  To make a button, you could say Button myButton.  To make an int, you can say int x.  You can copy values to integers, and if you refer to an int in code, the value of that int will be returned.

Adding up Integers

The Add45 program worked, because you added up two values that were already ints.  Integers add up just like you would expect.  They can also do all the other math operations.  When you defined the value as an integer, it was able to add.  However, you could not send the integer value directly to the setText() method of the label, because that method expects a string value.  

Although this program does add up 4 and 5 correctly, it does not do what you really want, which is to add up any value supplied by the user in the text fields.  The problem is, text fields only supply string values, and you can’t do math on strings.  The obvious solution is to find some way to convert strings to integers.  

[H2]Using the Integer wrapper

***PD: please insert figure jafe0715.pcx source of AddInt actionPerformed

[H3][1]Make an Integer object

called xWrapper.  This is an object, not a primitive.  See below for more details

[H3][2]Initialize it 

with the string value of txtX.getText()

[H3][3]Do the same with y

[H3][4]Extract an int from xWrapper,

put it in the int variable x

[H3][5]Add x + y

[H3][6]Store answer in a string called result

[H3][7]Send the result to the label

[H2]Making an Integer from a String

This is one of the strangest parts of Java, so stay with me.  It actually makes sense after you get to know the system.  There is a class called Integer (with a capital I).  Integers are objects, and have all the normal behavior of objects.  They can be extended, they have methods, and so on.  For each of the primitive types, Java has a related wrapper.  You can’t directly make an int primitive from a String object.  What you can do instead is make an Integer class from the string.  One of the ways to build an Integer is with a String argument, as you have done in this program.  

Integer objects have a lot of interesting characteristics, but they are not ints.  They cannot be added together either.  To do math, you need to do another conversion.

[H2]Making an int from an Integer

***PD: please insert figure jafe0716.pcx help of Integer.intValue() method

[H3][1]The intValue() method of the Integer object returns an int

[H1]What about decimal values?

***PD: please insert figure jafe0717.pcx screen shot of AddInt with a 4 + 2.3 set up

[H3][1]This number contains a decimal point

[H3][2]User pressed the button

[H3][3]Nothing appeared to happen

***PD: please insert figure jafe0718.pcx screen shot of DOS prompt after exception is thrown.

[H3][1]Illegal Number Format Exception

This means something went wrong with a number

[H3][2]Whatever that means, it must be bad

This gives you more information than you wanted to know about what went wrong

[H3][3]At least the 2.3 looks familiar

This is the number that caused all the problems

[H3][4]The program didn’t crash

It just complained quietly.  Certain errors will not cause the whole system to explode, but will just refuse to do anything.  These are actually a lot harder to track down than the dramatic problems

***PD: please insert figure jafe0719.pcx Java Console on Netscape showing errors

[H3][1]The browsers have a Java console you can use to look for error messages

***PD: begin sidebar

Exceptions vs. Crashes

There is a number of ways things can go wrong.  Generally, Java will catch a lot of errors as you are trying to compile a program using javac.  The Java compiler is much fussier than many other compilers, such as C compilers.  This is actually good news, because once you get a Java program compiled, the chances are pretty good that it will run correctly.  In addition, you might get some kind of run-time error that only occurs during execution of the program.  These are bad, but if they stop the flow of the program, they usually give some pretty obvious clues to what went wrong.  The trickiest errors are those that are more subtle, and don’t cause the program to break.  They just do the wrong thing quietly.  The hard part of these bugs is finding them, and understanding the pattern behind them.

***PD: end sidebar

The Float class and float type

***PD: please insert figure jafe0720.pcx screenshot of AddFloat showing successful floating point math

[H3][1]Decimal points in input areas

[H3][2]User pressed button

[H3][3]Program handled the decimal point correctly

***PD: please insert figure jafe0721.pcx source of AddFloat actionPerformed method

[H3][1]Create a Float object

This is a wrapper object that handles floating point real numbers

[H3][2]Create it from the value of txtX

[H3][3]Make a float (small f) primitive from the wrapper

[H3][4]Add up the floats

[H3][5]Send the result to lblAnswer as a string

[H2]Number Representation in Computers

Computers are very picky about the way they represent numbers.  Numbers with decimal points must be stored in a completely different way than positive numbers.  Positive numbers are stored differently than negative numbers.  To make it even more confusing, most languages have more than one kind of integer, and more than one kind of real number.  (Real numbers are the numbers with decimal points in them)

The Java primitives are directly related to the basic ways numbers are stored.  Here is a table of the primitives allowed by Java

***PD: begin table – I’m thinking of it as a glorified screenshot in terms of layout – I’ll be referring to it in the next paragraph.  Would it be better as a screenshot?

Type
Contains
Min
Max
Literal Example

boolean
True or False
-
-
true

char
one character
-
-
‘A’

byte
tiny signed integer
-128
127
(byte)3

short
small

signed integer
-32768
32768
(short)3

int
normal

signed integer
-2147483648
2147483647
3

(int)3

long
large signed integer
approx –9 x 1018th
approx 

9 x 1018th
3L

(long)3

float
normal floating point
approx +-  1038th
approx +- 10-45th
3.0

3f

(float)3

double
large floating point
approx +- 10308th
approx +- 10-324th
3d

(double)3

***PD: end table

[H3][1]boolean is its own type

It is not the same as an int, as it is in C

[H3][2]char is different than int, too

Again, this only matters to refugees from the C world.  Note that a char is encased in single quotes.  A char is not the same as a String, and is rarely used in Java applets.  Strings are not primitive types at all.

[H3][3]The parentheses are called casting

They are used to force a primitive into another primitive type.  All primitives can be freely cast between each other, but some data might be lost.  If for example, you take a float value and cast it into an int, you will of course lose all the stuff after the decimal point, because ints can’t do anything with that data

[H3][4]A literal number with no decimal values is considered an int

[H3][5]A literal number with decimal values is considered a float

[H3][6]Postfixes can be used to specify a literal’s type

For example, 7f is 7 as a floating point number, and 7L is a long.  Note that all these postfixes are lowercase except the “L” for long, because lowercase “l” looks so much like a “1” in most typefaces.

[H1]Casting primitives

***PD: please insert figure jafe0722.pcx source of ConversionDemo.java

[H3][1]This is a pointless program.  

This program is designed to explore conversion, rather than as a useful program.  It does not have a useful user interface, and one of the lines must be commented, or the program will not work.

Still, it does illustrate some important points

[H3][2]54.8 is a float type.  

Adding it to anything will result in a float (or maybe a double).  

[H3][3]I am assigning the results of a float operation to an integer

Java will not allow that.  Some languages do allow this, and automatically convert the variable to the correct type, but Java makes you do it explicitly.  In my opinion, the automatic conversion gets it wrong just often enough that I tend to cast variables explicitly even when the language does not require it.  In this case, I put comment characters here just so you could see the output of the rest of the program.  In the ‘real world’, when you encounter this kind of problem, you will do some sort of type conversion to fix it.

[H3][4]Add 54.8 to 21.7

That will give you 76.5

[H3][5]Convert the result to an int

which is 76

[H3][6]Convert 54.8 and 21.7 to  ints 

That will give you 54 and 21, respectively

[H3][7]Add the result

You will get 75

***PD: begin tip

System.out.println is ahandy way to print stuff to the DOS or unix shell if you run your programs in appletviewer.  In more traditional browsers, the results of this function will go to the Java Console.  The results will not be visible to the typical user, so it isn’t good for primary output, but it is terrific as a debugging tool.  Anytime you are not sure about whether some variable has the correct value, for example, you can write a line sending the variable to System.out.println, and be able to see what is going on ‘under the hood’ while your program is running.  This is an excellent debugging tool.  This technique works with any primitive type, which is why I used it here.  I didn’t want to mess with converting answers back to strings so I could display them in labels.  

***PD: end tip

***PD: please insert figure jafe0723.pcx DOS screen output of ConversionDemo

[H3][1]I commented out the command that wouldn’t work

so you can see the rest of the program run

The point of this exercise is to prove a few important points.  

***PD: begin unnumbered list 

In Java, you cannot mix different kinds of numbers in the same expression.  Somehow you must make all your numbers the same type.  

There might be some loss of data when you cast a number from one type to another

Be careful how you cast numbers.  The meaning can change depending on whether you do the math and then cast, or cast each number then do manipulation

***PD: end unnumbered List

[H1]The Calc applet

You are ready to take another look at the Calc applet.  It doesn’t use everything you learned today, but it is still a nice application of the principles.

***PD: please insert figure jafe0724.pcx screenshot of Calc with real values after button press

[H3][1]The program can handle real numbers

[H3][2]Note that real number calculations can be slightly off.  

This is due to a phenomenon called roundoff error.  It is present in any digital computer, although there are algorithms to minimize its effects

***PD: please insert figure jafe0725.pcx screenshot of Calc with zero in Y after button press

[H3][1]Graceful recovery from divide by zero

[H3][2]After surviving this chapter,

you might owe your eighth grade math teacher a call.  Maybe you should ask him or her why dividing by zero returns infinity.

[H2]Creating The Components

***PD: please insert figure jafe0726.pcx source of Calc Component creation stuff

[H3][1]Note the object names for input and output

[H3][2]Look at the components

It’s important to know what is what so you understand how the code works later

[H3][3]Init method not shown

You can look at my code on the CD for that, but you already know how to do layout by now.  Besides, you might have a better idea for how this one should be laid out than I did.

[H2]Input in the actionPerformed() method

***PD: please insert figure jafe0727.pcx actionPerformed to (not including) plus

[H3][1]Create a Double called xWrap

This is a wrapper object for the double primitive type.  Double might be overkill here, but there is no way the user can type in values in the space provided that will overflow a double.

[H3][2]Initialize xWrap from txtX

Use txtX.getText() to get a String value from the text field, and use that to generate a new Double wrapper object

[H3][3]Get a double primitive from xWrap, and store it into x

[H3][4]Repeat with Y

[H3][5]Create a string called response

Initialize it to null (“”)

[H2]Generating output

***PD: please insert figure jafe0728.pcx source of Calc actionPerformed from plus to end of actionPerformed

[H3][1]Add x + y

x and y are both doubles, so the result will be a double.

[H3][2]Convert the value to a string

Use the String.valueOf() method to get a string value from the double sum

[H3][3]Store the new string to response

[H3][4]Send response to the lblPlus label

[H3][5]Repeat with the other operations

[H1]Summary

You have done a lot in this chapter.  Now you can take String input from the user and turn it into any of the primitive types.  You can also convert things between primitive types.  You know how to use the wrapper classes to perform type-specific manipulations of numbers, and how to extract a primitive value from the wrapper classes.

