Chapter 19

A simple database

In this chapter, you will build a very simple database management system.  It handles simple data files in a nice way, despite the security limitations imposed by using Java in an applet environment. You will learn about Java’s URL class, and how you can use input streams to manage data. One important theme of this chapter is how a program can be designed to be as flexible as possible.  The SimpleDB database will automatically configure itself to work with different data sets.

[H1]Example – PetsDB

In the first example, imagine an animal shelter that wants to advertise animals that need homes.  Rather than changing the HTML each time, they would like to simply edit a text file, and have the applet provide an interface for the users.

[H2]Basic Layout

***PD: please insert figure jafe1901.pcx screenshot of Pets.html

[H3][a]Pet Data Has Three Fields

Each pet has a type (Cat, Dog, Iguana, or whatever), a name, and some notes.  The specific information elements are called fields in database terminology.

[H3][b]Text boxes

Presumably the user can edit the data.  Of course, this could cause problems.  You probably don’t want everyone to be able to edit the data in this example, only the managers of the animal shelter.  More on this later.

[H3][c]Data navigation buttons

The user can use next and previous buttons to step through records, and he or she will see one record at a time on the screen.  The term record is used to describe one of whatever the database is about.  In this example, one animal is one record.  The entire group of records is called a table.

[H3][d]Some other commands

The purpose of the search and add commands are reasonably easy to guess, but the copy command looks a bit mysterious.

[H2]Searching for data

***PD: please insert figure jafe1902.pcx screenshot of PetsDB with search dialog open

[H3][a]User has clicked on the search button

[H3][b]A dialog appears asking for something to search for

[H2]The results of the search

***PD: please insert figure jafe1903.pcx screenshot of PetsDB showing first result of Cat search

[H3][a]The first record that contains the word “Cat” is displayed

[H3][b]When user presses OK

Next record with “Cat” will appear.  This will keep happening until all records with the word “Cat” in them have been displayed.

[H2]The Add button

***PD: please insert figure jafe1904.pcx screenshot of PetsDB after pressing add button

[H3][a]Record number changes to a new value

The program finds the next available record number

[H3][b]A new record with empty values is shown.

[H3][c]The new record will be recorded

to memory when the next or prev button is clicked.\

[H2]The Copy Command

***PD: please insert figure jafe1905.pcx screenshot of PetsDB with CopyFrame showing

[H3][a]User clicked on “Copy”

[H3][b]New frame shows up

[H3][c]It contains a text area with all the data in it

All the data is stored in a text file.  It is stored in a simple format.  The copy command just pops up a screen with the current version of the data in exactly the format the program needs.  The owner of the database doesn’t need to type all the data by hand.  He or she can use the program to create the data, then copy it from this screen to a text editor.  The resulting text file will be used the next time somebody runs the applet.

***PD: begin sidebar

Why didn’t the applet just save the data?

Java imposes all kinds of security restrictions on applets.  In their standard form, applets are not allowed to read or write on either the client or server machine hard drive.  This prevents malicious programmers from writing viruses and storing them in Java applets.  It is possible to give applets special permission to write to the client drive, or to make a socket connection back to another program on the server, but both of those techniques are beyond the scope of a “fast and easy” book.  In the next chapter, you will see some other options for more permanently dealing with data.  The technique described in this chapter is crude, but serviceable. 

***PD: end sidebar

[H2]HTML file

***PD: please insert figure jafe1906.pcx source of PetDB.html

[H3][a]Standard HTML file

[H3][b]Param tag for DataFile

[H3][c]DataFile is listed as “pets.dat”

[H2]Data file

***PD: please insert figure jafe1907.pcx source of pets.dat

[H3][a]Standard text file

[H3][b]Field names on first row

[H3][c]Each record fits on one line

[H3][d]A tab character separates each field

***PD: begin note

This format is called tab delimited.  It is a crude way to store data, but it is reasonably universal.  Nearly any spreadsheet or database made can export data to this format, so you can use SimpleDB to display data created in other databases (within limits, of course.  It is a simple database).

***PD: end note

[H1]GradesDB

The same program can be used to deal with other kinds of information as well.  In the next example, exactly the same program might be used by a teacher.  

***PD: begin note

This example is probably not secure enough for actual use as a grade sheet without some additional features, like maybe password protection.  You have learned enough by now that you should be able to implement these features if you wish.

***PD: end note

[H2]HTML file

***PD: please insert figure jafe1908.pcx source of GradesDB.html

[H3][a]The HTML is much like PetsDB.html

[H3][b]It calls exactly the same applet.

[H3][c]The only difference is the DataFile parameter

[H2]Data File for Grades

***PD: please insert figure jafe1909.pcx source code of grades.dat

[H3][a]Data is still tab-delimited

[H3][b]This database has more fields

Each record has nine fields.  In the pets database, each record had only three fields.

[H3][c]It now deals with student grade information

This would appear to be a substantially different kind of data, but it can be manipulated in the same way.

[H2]Layout of GradesDB

***PD: please insert figure jafe1910.pcx screenshot of GradesDB

[H3][a]Now the applet is handling the grade sheet data

[H3][b]It adjusted the number of text boxes automatically

The labels and text boxes were dynamically adjusted.  The program looked at the data during the initialization step, and automatically created the right number of text fields and labels.  It also set the captions of the labels so they referred to the fields in this database.  The same database program is able to work with a totally different kind of data without changing a single line of Java code.  The only change was the parameter in the HTML tag.

[H2]Help screen

***PD: please insert figure jafe1911.pcx screenshot of SimpleDBhelp.html

[H3][a]Help file written in HTML

HTML is a terrific way to write help, because it seamlessly supports features users expect in help systems, like hyperlinks and graphics.  As a Java applet author, you probably already know HTML, too, so there’s nothing new to learn.

[H3][b]Explains to users and HTML authors how to use the program

When a program gets this complex, it is critical to provide solid documentation.  Write help files like this for the user, and have plenty of comments inside the code itself for programmers (and yourself).

[H1]URLs and I/O

Most of the SimpleDB applet is repeated material, but it does use a couple of new techniques.  The database will need to be able to look at a file on the server and load it into the program.  Java supports some interesting classes for just this kind of situation.

[H2]Reading from a URL

***PD: please insert figure jafe1912.pcx screenshot of ReadURL

[H3][a]The applet contains nothing but a text area

[H3][b]It read the contents of the “pets.dat” file

[H3][c]The contents are displayed in the text area

[H2]ReadURL Initialization

***PD: please insert figure jafe1913.pcx source of ReadURL class level to (not including) try statement

[H3][a]Import java.net

This package contains a bunch of classes used for working with various Internet protocols.  In this case, you are interested in the URL class, which encapsulates a web address.

[H3][b]Import java.io

This package contains a bunch of classes designed to assist with input and output from various places.  You will need this package because you are going to use a number of classes to get the data from the address.

[H2]Creating the URL

***PD: please insert figure jafe1914.pcx source of ReadURL from try to URL creation

[H3][a]The following code might throw exceptions

It must go in a try block.  Reading data from the Internet can cause all kinds of exceptions.  The user might no longer be connected to the Internet, the filename might be spelled wrong, or the data file might be empty.  In this situation, there are two different exceptions we have to trap for here.  They can go in the same try clause, and you’ll just put multiple catch blocks at the end.

[H3][b]Create a new URL object

[H3][c]This constructor works like the getAudioClip and getImage methods

[H3][d]This will require the data file to be in the same directory as the HTML containing the applet

There are other ways to do this, but this is a common approach.  The file will have to be on the same server as the applet, so it might as well be in the same directory.

[H2]Creating a stream

***PD: please insert figure jafe1915.pcx source of ReadURL stream creation stuff

[H3][a]The URL object has an openStream method

This returns back an inputStream object.  InputStreams are special classes designed to encapsulate data coming across some kind of connection one byte at a time.  InputStreams are usually used to generate some kind of higher level class.  

[H3][b]Make an InputStreamReader

This is an object which simplifies reading inputStreams. It takes the individual bytes that come from an inputStream and converts them into characters.  You will usually make an inputStreamReader from any inputStream that accesses a text file. The reader is easier to work with, but it still is a little tedious, because it essentially works one character at a time, and it’s easier to work with longer units, like lines of text.

[H3][c]Make a BufferedReader

The bufferedReader class takes some kind of reader (like the inputStreamReader) and allows the programmer to read a line at a time.  This is the easiest way to read text files.

***PD: begin sidebar

Readers, Streams, and Plumbing

It might help to think of streams as pipes and filters in a plumber’s toolbox. Imagine one kind of pipe used to bring water to the house.  This could then be connected to a water softener that conditions the water.  This might be then connected to a faucet, which specializes in delivering the water to the homeowner on demand.  The main water pipe might be like an inputStream.  The InputStreamReader works with the data like the water softener works with the water.  The BufferedReader works like the faucet, simplifying the user’s access to the stream.  Most of the IO classes are simply ‘pipes and filters’ that you fit together to control how you want the data to come into your program.

***PD: end sidebar

[H2]Reading from the stream

***PD: please insert figure jafe1916.pcx source of ReadURL readline, loop, setText

[H3][a]Read the first line of data

Once the BufferedReader is created, you don’t have to worry about the other I/O classes, just like you don’t have to deal with the water main or water softener every time you get a glass of water.

[H3][b]If you aren’t at the end

If there’s no data left, readLine() will return the value null.

[H3][c]Copy the current line and the newLine character

Add them to the myData string.

[H3][d]Try to get the next line

[H3][e]Copy myData to the text area

[H2]Exceptions

***PD: please insert figure jafe1917.pcx source of ReadURL try catch and catch contents

[H3][a]Most of the work happens in a try block

[H3][b]URL creation causes MalFormedURLException

[H3][c]If it’s a bad URL, say so

[H3][d]readLine causes IOException

[H3][e]Inform user if it happens

[H3][f]One try block can have multiple catches

[H1]The SimpleDB At the Class Level

[H2]Imports

***PD: please insert figure jafe1918.pcx source of SimpleDB Import statements

[H3][a]Import all the usual suspects

[H3][b]Net package for URL object

[H3][c]IO package for streams and readers

[H3][d]Util package for StringTokenizer

[H3][d]Prompt from chapter 14

There’s several places that a quick dialog will be handy, so bring along the prompt class.  You might have to copy it to the local directory before it will work.

[H2]Components

***PD: please insert figure jafe1919.pcx source of SimpleDB component list

[H3][a]Array of labels

These will contain the field names.  You don’t know how many fields there will be, or what the names will be until you read the data.  For now, make an array but don’t specify the length.  

[H3][b]Array of text fields

Again, you don’t know how many you will need until you have read the data.  You can specify it will be an array of text fields, but everything else will have to wait until you have some data.

[H3][c]Control buttons

[H3][d]Panels for layout

[H2]Data Manipulation Variables

***PD: please insert figure jafe1920.pcx source of SimpleDB class level data variables

[H3][a]Make an array of Strings to hold records

Just to keep things simple, the array size was limited to 100.  It would be easy to make this number larger, but 100 records will often be fine for the kind of use this applet will probably see.

[H3][b]numFields tells how many fields in each record

This will be used to generate the correct number of labels and textFields

[H3][c]recNum is the current Record Number

[H3][d]recordCount keeps track of the number of records in the table

[H3][e]dataFile is the name of the data file in the current directory.

[H2]Custom Classes

***PD: please insert figure jafe1921.pcx source of SimpleDB class level custom classes

[H3][a]EventHandler encapsulates most of the event work

[H3][b]Prompt for basic user I/O

[H3][c]CopyFrame is a frame to hold the entire data set for copying

[H1]Initialization

The initialization of this class is complex because a lot of things you usually know (like how many components there will be on the screen) are not evident until the data file is loaded in.

[H2]prompt creation and parameter grab

***PD: please insert figure jafe1922.pcx source of SimpleDB init prompt param stuff

[H3][a]Create an instance of Prompt

It will be handy for error messages and input

[H3][b]Note this trick

The prompt is based on Dialog, which requires a frame.  This line casts the browser itself into a Frame.  It works reasonably well, but it may not work with all browsers.

[H3][c]Try to get the parameter from the HTML file

[H3][d]If there is no param tag, go with pets.dat

[H2]Setting the basic layout

***PD: please insert figure jafe1923.pcx source of SimpleDB init basic layout

[H3][a]Applet itself gets border layout

[H3][b]Put a panel in the center for the data

It should get the most room, because databases are about data!

[H3][c]Put a panel for controls on the bottom

[H3][d]Put a panel for labels on the side

The data and label panels will always contain exactly the same number of elements, so they will line up nicely, even though they are not in the same panel.

[H3][e]Give data and label panels 1 column grid layouts

[H2]Reading in the data

***PD: please insert figure jafe1924.pcx source of SimpleDB init try to (not including) array creation

[H3][a]Get URL, streams and readers

just like ReadURL

[H3][b]Read in the current line

[H3][c]Make a StringTokenizer

Split up the current line by tab characters.

[H3][d]Get the number of fields

The countTokens() method will return how many fields are in the database

[H2]Adding the component arrays

***PD: please insert figure jafe1925.pcx source of SimpleDB init create arrays, add components

[H3][a]Create the lbl and txt Arrays

Now you know how many labels and textfields, so you can finish creating the arrays.  This does not create the components yet.  It just makes the arrays that can hold them.

[H3][b]Step through each field

[H3][c]Create a new label

[H3][d]Its text will be the token

This is the first line, which contains field names, so each token is the name of a field.

[H3][e]Make a new Text field

These will hold the actual data

[H2]Filling the records array

***PD: please insert figure jafe1926.pcx source of SimpleDB Fill record array

[H3][a]Keep on looping until the end of the file

[H3][b]Add the current line to the array of records

Leave all the tabs in place.  You’ll break it into fields when you need to.

[H3][c]Read the next line

[H3][d]Increment recNum

The zero element of the array will contain the field names as a string with embedded tabs.  Each other element will contain a record as a string, also with the tabs still embedded.

[H2]Cleaning up and Catching exceptions

***PD: please insert figure jafe1927.pcx source of SimpleDB init close streams and handle exceptions

[H3][a]close up all the streams and readers

It’s a good idea to explicitly close any of the streams or readers you open.

[H3][b]Handle the exceptions

[H2]Getting ready to start

***PD: please insert figure jafe1928.pcx source of SimpleDB AddPad, registerListeners, housekeeping

[H3][a]add components to the control pad

[H3][b]Register actionListener

[H3][c]Find out how many records there are

[H3][d]Set the recNum variable to 1

[H3][e]Display the record

This is one of those things that will happen many times in this applet, so it makes sense to have it in a method that can be called repeatedly.

[H1]The Event Handler class

Rather than reading the code beginning to end, it might make more sense to follow it through logically, as the program might progress.  The init method will happen first, but then program control will be passed to the event handler, because all the interesting stuff will be responses to the user clicking on buttons.

***PD: please insert figure jafe1929.pcx source of SimpleDB EventHandler class level

[H3][a]EventHandler is an inner class

[H3][b]It handles action events

[H3][c]It also handles window events

[H2]Responding to “Prev” and “Next” buttons

***PD: please insert figure jafe1930.pcx source of SimpleDB event handler prev and next

[H3][a]If user asked for previous record

[H3][b]Store the current record

A method will do that.  For now, just trust that it will happen.  You’ll see the details shortly

[H3][c]Decrement recNum

[H3][d]Check for bounds

In this case, if the record number gets below 1, set it to the last record in the table

[H3][e]Now that recNum has changed, display the new record

Again, you’re relying on a method to do this.  

[H2]Search, Copy, and Add

***PD: please insert figure jafe1931.pcx source of SimpleDB EventHandler Search copy add code

[H3][a]Search and Copy are simple

They just call methods.  Of course, you will have to write the methods.  Generally, event handlers shouldn’t be very long.  If the code to deal with a particular event will be involved at all, it belongs in its own method.  If the code is only a few lines long, you can put it directly in the event handler, as I did here with next, prev, and add.

[H3][b]To add, Increment the number of records

[H3][c]Set recNum to the last record

[H3][d]Set all the text fields to blank

[H3][e]Set the lblRecNum

so it shows the current record number

[H2]WindowClosing method

***PD: please insert figure jafe1932.pcx source of SimpleDB EventHandler windowClosing

[H3][a]Figure out which window is trying to close

[H3][b]close it

[H1]Storing and Displaying records

The rest of the code is the methods that were called from the event handler.  Some of these methods handle moving the data from the records array to the text fields and back.

[H2]The storeRec() method

***PD: please insert figure jafe1933.pcx source of SimpleDB storeRec

[H3][a]For each field

[H3][b]Get the value from the appropriate text field

[H3][c]Add it to a string variable

[H3][d]For all but the last field

[H3][e]Add a tab character

[H3][f]Copy the result to the appropriate spot in record array

In essence, this method reads the text fields and recreates the string that was in the original data file.

[H2]The displayRec() method

***PD: please insert figure jafe1934.pcx source of SimpleDB displayRec

[H3][a]Get the current line from the records array

[H3][b]Make a string tokenizer to split that line along tabs

[H3][c]Grab each token

[H3][d]Copy it to the appropriate text field

This is the logical opposite of the storeRec method.  It takes a line from the record array and copies it to the text fields.

[H1]Searching and Copying

Another set of utility methods work with searching and copying the data

[h2]The Search and copy methods

***PD: please insert figure jafe1935.pcx source of SimpleDB search and copy

[H3][a]Ask for a value to search for

[H3][b]Look through the record array

[H3][c]If the search string occurs in a record,

[H3][d]Display it and tell the user

The p.say() method is modal because it calls a modal dialog.  This is crude, but it works.  If you didn’t have some sort of pause here, you would only see the last record that has the value in it.  This routine could definitely be improved, but it works. 

[H3][e]copy is trivial

It merely instantiates the copyFrame class.  CopyFrame is another inner class.  Often, separate frames are created as inner classes or custom components just because it encapsulates the code a little better.  

[H2]CopyFrame class level

***PD: please insert figure jafe1936.pcx source of SimpleDB CopyFrame class level 

[H3][a]CopyFrame is an inner class

[H3][b]It is based on Frame

[H3][c]It can respond to its own action events

[H3][d]Normal component mix

[H2]CopyFrame constructor

***PD: please insert figure jafe1937.pcx source of SimpleDB CopyFrame constructor

[H3][a]Make a Frame with the Title “Copy Data”

[H3][b]Add components

[H3][c]Add each record to the text area

[H3][d]Add a carriage return after each record

[H3][e]Show the frame

[H3][f]Assign listeners

The button will be handled locally, but it is easier to send the window event back to evt.  Since evt is a class, it can (and does) extend WindowAdapter so you don’t have to write all those goofy blank window handling methods.

[H2]CopyFrame actionPerformed

***PD: please insert figure jafe1938.pcx source of SimpleDB CopyFrame actionPerformed

[H3][a]Handle the button here

The button is handled locally because the whole point of this event is to close the window, and you need an instance of the window to close.  You sent the windowListener to evt, and this was not a problem because the getSource() method of the WindowEvent will return a window.  If you wanted evt to handle the button press, you’d have to send a reference to the window to it.  It’s easier to just have a local event handler here.

[H1]Review

This is a reasonably substantial applet.  You have learned how to access a URL, how to generate input streams and buffers, and how to pull data out of these entities.  You have looked at how an applet can be made to dynamically generate its components based on the data set, and how to make a flexible applet.  

