Chapter 06

String Manipulation

You can set up a program’s screen in many interesting ways.  You can get the program to respond to action.  Now it is time to deal with what the computer does best: manipulate information.  In this unit you will examine how Java works with text.  Most programmers refer to a piece of text data as a String (the term has to do with the notion that text is a string of characters).  In Java, nearly everything is an object, so Java deals with text by defining a very important object called the String object.  You have already seen this beast creep into your code in earlier units.  In this chapter, you get to know it better.  You will also learn about the screen components which are most useful for getting string values to and from the user, and the kinds of operations you can do on String data.

***PD: begin sidebar

Computers ultimately store all information as exceptionally simple binary impulses.  That has implications for programmers, because those simple little signals are combined in many different ways to make the computer capable of working with all the things modern computers can manage.  The computer has to be told whether it is working with some kind of numeric data, or text, or something else.  Programming languages deal with this issue in a number of ways.  Java is called a strictly typed language, which means it requires programmers to think very carefully about what kind of information they are dealing with.  It sounds like a pain, but in the long run it is a really good feature.  In Java, a String is one kind of data.  Whenever you deal with text, you are actually dealing with an instance of a String object as far as Java is concerned.

***PD: end sidebar

Goal: Pig Latin Machine

To illustrate all of these points, you will build an exceedingly serious and important application.  You will make an automatic Pig Latin generator.  If you remember from middle school, Pig Latin is a silly word game where you follow a simple algorithm to make ordinary English words and phrases sound like they are in Latin.  If a word starts with a vowel, you just add ‘way’ to the end.  If it starts with a consonant, you take that consonant and ‘ay’, and add them to the end.  So, ‘java fast and easy’ would become ‘avajay astfay andway easyway’.

Melody:  I hope I’m not insulting anyone by explaining Pig Latin here, but I did it for a couple of reasons.  First, at least in my classes I encounter a sizable number of people from other countries who have never heard of it.  Secondly (and more important), by describing the problem in English I have paved the way for figuring out how to convert it into an algorithm.  Many people know how to ‘speak’ pig latin, but might not be able to clearly state what the algorithm underneath the game is.

-Andy

***PD: please insert figure jafe0601.pcx screenShot of pigify.java

[H3][1]Instructions to the user

[2]User types in a phrase here

[3]User presses this button when ready

[4]Pig Latin version of phrase comes here 

[H2]What this example illustrates

Somehow, you must set up a way for the user to type stuff onto the screen.  Secondly, you need a place to put that information, and you need to know how to get it from the screen into your program.  Third, you will need to figure out how to manipulate the phrase so it prints out as Pig Latin.  Finally, you need to figure out how to send the results to the screen.

This sounds like a lot of work, but Java gives you a lot of great tools for exactly these problems.  Start as usual by picking a smaller version of the problem.  For now, figure out how you can get information typed into the screen.

Hello User

***PD: please insert figure jafe0602.pcx Screen shot of HelloUser Default setup

[H3][1]Instructions

[H3][2]Input area

It is not possible to see this from the screen shot, but when the user places the mouse over this rectangle, it turns into an I-beam cursor, like a word processor.  If the user clicks on this component, an editing cursor appears in the component.  These things indicate this is an editable text component.

[H3][3]Small button in center of screen

The appearance of this button is something of a mystery.  The rest of the applet seems to be in a grid layout, but this button does not take up the full width of the screen as you would expect from the grid layout

[H3][4]Output area

This portion of the screen is empty by default

***PD: please insert figure jafe0603.pcx screenShot of HelloUser after typing name and pressing ‘OK’ button

[H3][1]The user has typed in her name

[H3][2]She has pressed the ‘OK’ button

[H3][3]A personalized greeting appears

It contains her name

[H2]Creating the components for HelloUser

***PD: please insert figure jafe0604.pcx Source of HelloUser up to init

[H3][1]Normal comments

[H3][2]Normal imports

[H3][3]Normal Applet definition line

[H3][4]Create a TextField object

The TextField is a special kind of component.  It is designed to allow the user to type things in.  It has the cursor and keyboard behavior that a user would expect from such a control.  Take a look at the methods of the TextField and its parent classes in the online help to get a feel for its capabilities.  The main purpose of a TextField is to get input from the user, so I call this one ‘txtInput’.

[H3][5]Create a label for output

[H3][6]Create a button to signal input is finished

In a graphic environment such as Java applets, it becomes very important to have a signal for the user to tell the program it is time to do some kind of processing.  This is a primary reason for buttons.

[H2]The basic layout

***PD: please insert figure jafe0605.pcx source of HelloUser init method

[H3][1]Set the applet’s layout to one column grid

***PD: begin tip

The one-column grid is a very useful layout for simple applets such as this.  The user’s eye naturally flows down from top to bottom, and most of the components in Java are horizontal, so they stack well.

***PD: end tip

[H3][2]Create a panel to hold the button

[H3][3]Set the panel’s layout to flow

[H3][4]Add the button to the panel

Doing this instead of simply adding the button results in a button that is no larger than necessary.  I thought that looked a little nicer than having the button the entire width of the screen

[H3][5]Add an anonymous label to the applet

The contents of this label will never change, so there is no need to name it.

[H3][6]Add the text box for input

[H3][7]Add the panel with the button

[H3][8]Add the label for output

[H3][9]Add the actionListener for the button

Melody: Should this be broken into two distinct screenshots?  -Andy

***PD: please insert figure jafe0606.pcx screenshot of HelloUser actionPerformed method

[H3][1]Create an object of type String

[H3][2]Set its initial value to “Hi there”;

[H3][3]Add something to the output string

The += operator means to take one string and add it to another.  In programming, joining together strings is called concatenation.  Programmers love to have big words for easy concepts.  They think people will pay them more when they mumble stuff like ”string concatenation” under their breath.  Now you can mumble the same things, and have everyone around you marvel at your brilliance.

[H3][4]Get whatever was typed into the textbox

So the entire line might be read like this:  “Get the current text out of the txtInput TextField, and add that to the end of the output String object.”  If the user typed in “Elizabeth”, the output result of txtInput.getText() is “Elizabeth” and by the time this line has been run, the value of output is “Hi there, Elizabeth”.

[H3][5]Concatenate the current value of output with the “!” character.

It sounds so good to say “concatenate”, you should do it at every opportunity.   

[H3][6]Send the value of the output String object to the lblOutput Label

***PD: begin tip

It would be possible to combine all of these steps into one long line that looks like this:

***PD: the following code line should be on one physical line if possible.  -Andy

LblOutput.setText(“Hi there, “ + txtInput.getText() + “!”);

While this line is completely legal, it has a lot more going on.  That means there is more that can go wrong, and it will be more difficult to debug.  It is a good idea to break such lines into smaller lines (at least while you’re getting started) so you can make sure that each part of the job is being done.

***PD: end tip

[H2]I/O in GUI environments

If you have done some programming in a more traditional language like C or Pascal, you might expect statements or functions to handle input and output.  In a GUI environment, that is not how I/O is usually done.  Generally, the program communicates to the user by manipulating components on the screen.  In this case, you are using the getText() method of the TextField to determine what the user typed, and the setText() method of the Label to send a value back to the user.  All of this occurs in an event which is a response to a button press.  This is a very typical kind of input in the graphic interface world.

[H1]The Token Demo

Take a look at another applet to see some other interesting things you can do with Strings and text-based components.

***PD: please insert figure jafe0607.pcx screenshot of TokenDemo default screen

[H3][1]A large text area

It has room for more than one line, and it appears editable, but if you try to type in it, nothing happens

[H3][2]Instructions

[H3][3]A typical one line text field

[H3][4]A button

[H3][5]It looks like a grid layout,

 but the text field takes up more than its share vertically

***PD: please insert figure jafe0608.pcx screenshot of TokenDemo after entering sentence and pressing button

[H3][1]User typed “Hello there, how are you”

It was typed on one line, because text fields only have one line

[H3][2]User pressed button

[H3][3]Phrase appears in text field

[H3][4]It is broken into words

[H3][5]One word per line

Somehow the program took the one line of input and converted it into a multiple line output, which was then sent to the text area.

[H1]TokenDemo Init

The setup for the token demo is reasonably straightforward.  There are only a few new concepts.  The applet uses an object called a TextArea.  This is essentially a multi-line text field.  The applet also uses a special class called the StringTokenizer.  You will not need that class until you write the action event, but since it is in a special package called java.util, you will need to import the java.util package along with all the others you normally import.

***PD: please insert figure jafe0609.pcx source of TokenDemo.java init method

[H3][1]Set applet to borderLayout

[H3][2]Set Layout of South panel to one-column grid

[H3][3]Add most components to panel

The instruction label, text field for input, and button in a panel will all go on a panel

[H3][4]Set the output text area to be uneditable

This makes the text area act like a multi-line label

[H3][5]Add the output text area to the applet’s center

The text area will take up as much room as it can after the control panel is added.  Generally you will want a text area to be as large as possible, so text area components often find themselves in the center region of a border layout.

[H3][6]Add the control panel to the applet’s south region

[H1]TokenDemo action

***PD: please insert figure jafe0610.pcx source of TokenDemo action method to start of while loop

[H3][1]Make a String called “inputString”

Get whatever was typed into the input text field, and copy it into this string.

[H3][2]Create a StringTokenizer

Make an instance of a StringTokenizer.  This is a special class which is designed to separate strings into words easily. The string tokenizer splits a string into tokens. In its default context, the term “token” refers here to a word, so this object will simplify getting a word at a time from the input string.

[H3][3]Call the StringTokenizer “reader”

[H3][4]Base the tokenizer on inputString

The string tokenizer needs a string to work with, so feed it inputString, the value you got from the text field.

[H3][4]Create a new blank string called result

***PD: please insert figure jafe0611.pcx source of TokenDemo action while loop

[H3][1]check for another word in the input string

[H3][2]if there is another word

[H3][3]add that word to result

[H3][4]add the new line character to result

[H3][5]Go back to the “check for another word” line

[H3][6]Send the value of result to the output text area

[H2]The String Tokenizer

***PD: please insert figure jafe0612.pcx String Tokenizer “meat grinder”  

If any graphics type out there wants to clean this figure up, please do.  I draw like a computer programmer. -Andy

[H3][1]The Tokenizer object

[H3][2]A string is “fed” into the tokenizer

[H3][3]The first token

[H3][4]NextToken returns the next word

[H3][5]NextToken is like turning the handle

[H3][6]HasMoreTokens is like looking to see if there’s any more string to “grind up” 

The string tokenizer has two methods that aid in this process.  

The hasMoreTokens() method checks to see if there is another token in the string.  If there is another token, the method returns back the value true.  If there are no more tokens, the value false is returned.   

The tokenizer has another method called nextToken() which returns back a string containing the next word in the string.  

[H2]The while loop

***PD: please insert figure jafe0613.pcx while loop sketch

[H3][1]Initialize

Set up things so your loop can occur at least one time.  In this case, as long as your string is not empty, you are properly initialized

[H3][2]Check a condition

Evaluate some expression that returns true or false.  In this case, the hasMoreTokens() method of the string tokenizer will do that for you.

[H3][3]Do the stuff that will be repeated

It is critical that something happen in the loop that will allow the condition to eventually become false.  In this case, every time you call the nextToken() method, the number of tokens left in the string becomes smaller.  Eventually, the string will run out of words, and hasMoreTokens() will evaluate to false.

The other thing happening in the init method is repetition.  The while statement begins a looping structure.  You use a while loop when you want some kind of repetition to occur.  You have to place a condition inside the parentheses.  A condition is simply some kind of expression that will evaluate to true or false.  Since the hasMoreTokens() method returns true or false, it is a great thing to put inside a condition. 

***PD: begin note

You might remember using the String.equals() method in an if statement in chapter three.  If statements also require conditions, and the equals method also returns a true or false value.  

***PD: end note

Place a left bracket ({) after the condition.  This indicates the beginning of a structure (again, this should remind you of the if statement).  Indent any code that should repeat as long as the condition is true.  Place a right bracket (}) at the end of the code you want repeated.  When the Java interpreter reads code containing a while loop, it starts by checking the condition.  If the condition is true, it does whatever code is in the loop.  When the interpreter hits the closing bracket, it always jumps back to the condition and checks it again.  If the condition is still true, the code will occur again.  If the condition is evaluated to false, the first line of code beyond the loop will be run.

***PD: begin sidebar

Creating well-behaved loops

Loops are a very powerful programming tool, but things can go wrong if you are not careful.  A tiny error in logic can cause a loop to never occur, or to occur forever, until the browser is shut down.  (Java is a reasonably forgiving language in this regard.  In many languages, an out-of-control loop can cause the entire computer to crash).  There are a few things you can do to prevent these problems.  

1) Think carefully about your condition.  Make sure it is a statement that can be evaluated to true or false, and you know how the values will get there.

2) Make sure the loop can occur at least one time.  (unless you have some reason to have a loop that might never occur.)

3) Make sure that there is some mechanism inside the loop that will cause the condition to become false, so it is possible to end the loop.

***PD: end sidebar

[H1]Back to the Pig Latin Machine

You have enough tools under your belt to look again at the pig latin program.  Look again at the screen:

***PD: please insert figure jafe0614.pcx screenshot of Pigify after entering data and pressing button

[H3][1]The layout is much like that of HelloUser

Instructions, text field, button, and output label

[H3][2]Every word is manipulated individually

The actual manipulations are some kind of magic right now.  You’ll see the details in a moment.  It’s likely that a string tokenizer will be involved, because you will need to do something to each word.

[H3][3]The results are joined back together as a string

[H2]Pigify init

***PD: please insert figure jafe0615.pcx source of pigify through entire init

[H1][1]import java.util.* 

to get StringTokenizer class

[H3][2]Layout is much like other applets in this chapter

[H3][3]Don’t forget to add the action listener to the button.

That’s a mistake I still make once in a while.

[H2]The Pigify algorithm

When the user clicks the button, the program must convert the text from the text field into pig latin.  Before you can hope to tell Java what it should do, you have to decide how you are going to get there.  I suggest the following strategy:

Melody:  Does this belong in a screen shot, too?  It is a lot like code, except it would usually be written out in longhand.  -Andy

Grab the original value from the text field

Break it into words

For each word,

  Look at the first character

  If the character is a vowel,

    Take the rest of the word, and put “way” on the end

  Otherwise, the first character must be a consonant

    Take the rest of the word, and put the consonant and “ay” at the end

  End the if structure

  Join the current word to an output string

End the loop

Copy the output string to the output label

***PD: begin sidebar

Pseudocode

This careful description of the strategy for a problem is a form of pseudocode.  It is a really terrific idea to write pseudocode for any program that you are struggling with.  Most of the time beginning programmers get stuck, it isn’t because they don’t know how to get the computer to do what they want.  Usually the real problem is the programmer has not described clearly enough exactly what he or she wants to accomplish.  Pseudocode helps you see this.  Now that you know what you want to do, you can find the code in Java that will make that thing happen.  

***PD: end sidebar

[H2]Looking at useful methods of the String object

You’re going to have to fold, spindle, and mutilate each word.  Fortunately, words are instances of the String object, and in Java strings can do some very interesting things.  

[H3]The substring method

***PD: please insert figure jafe0616.pcx help screen of substring method

You need a way to grab the first character, and a way to grab the rest of the word.  Look up the online help for the string object, and you will encounter the subString() method.  There are several versions of the method available.  By study of the help and some experimentation, you will figure out that word.substring(0,1) will give you the first character of word, and word.substring(1) will give you the entire rest of the word.  

***PD: please insert figure jafe0617.pcx help screen of substring 2 param method

[H3]The indexOf() method

***PD: please insert figure jafe0618.pcx help screen of indexOf method

The indexof method is useful for searching for one string inside another.  It might not seem helpful for this problem, but if you look at its documentation, it has a very interesting feature.  If the string was not found, the method will return a –1 character.  The indexof method can be used to check for the existence of a string.  If you have a string named vowels which contains the value “AEIOUaeiou”, and another variable called firstChar containing the first character of a word, this statement:

Vowels.indexOf(firstChar) == -1

Will be true if firstChar is a consonant, and it will be false if firstChar is a vowel.   This gives you a nice way to test for the existence of a vowel.  Of course, you could also use a series of if – else if statements, but that could get a little bit ugly with all those vowels to check.

[H2]Setting up the actionPerformed() method

The first order of business in actionPerformed() is to generate a bunch of String values.  Many of them will start out blank.

***PD: please insert figure jafe0619.pcx Source of Pigify actionPerformed up to tokenizer creation

[H3][1]original is what the user typed in

[H3][2]word will contain one word at a time from the input

[H3][3]the first character of the current word

[H3][4]all the remaining characters of the current word

[H3][5]anything that has already been ‘pigified’

[H3][6]A special string containing all the vowels

[H3][7]Create a string tokenizer based on the input

[H2]The “grab a word” loop 

Take a moment to figure out the mechanism around the loop.  It steps through the input string one word at a time, and breaks the word into a first character and the rest of the word.  

***PD: begin tip

It can be a very good idea to concentrate on just part of your code at a time like this.  When I wrote this program, I first just wrote a version that did nothing but print out the first character of every word, so I knew that was working.  I then wrote a version that just printed the restOfWord value for each word.  I only worried about the stuff inside the if structure when I knew that the surrounding loop was working, and the words were being atomized in the way I wanted.  Such a practice can save you lots of grief.

***PD: end tip

***PD: please insert figure jafe0620.pcx source of Pigify actionPerformed Look at while loop but ignore if statements for now

[H3][1]As long as there is another word:

[H3][2]Get the next word, place it in word
[H3][3]Find the first character of word
Use the substring method of the String object to find the first character, and put it in firstChar. 

[H3][4]Find the remaining characters of word

Use another form of the substring method to extract all remaining characters and put them in restOfWord.

[H3][5]Don’t worry yet about the if structure

[H3][6]This is the end of the loop

[H3][7]Copy the value of latinText to the output label

Presumably latinText has been set up somehow in the if structure.

[H2]The if structure

***PD: please insert figure jafe0621.pcx source of Pigify action if structure

[H3][1]If the first character is a consonant

[H3][2]add restOfWord, firstChar, “ay ” to latinText 

[H3][3]otherwise 

[H3][4]add word, “way ” to latinText

[H3][5]end the if structure

