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Java 212

Streams & File Input and Output
Yosef Mendelsohn
Streams
For now, the best way to think of a stream is probably as a pipe that connects your program to some external entity such as a file.  However streams are not limited to files; you can also use a stream to connect, for example, to a network. 

In this discussion we will learn how to use streams to connect to files. For example, suppose you had an Excel spreadsheet with 200 exam scores. You could manually input each of those scores into an array by yourself…. OR, you could create a stream connecting your Java program to the file, and then let Java do all the work of reading in the values and entering them into the array. (A third option is to find yourself a grad student, but those can be hard to come by outside of the academic setting). 
In Java, streams are created by instantiating an object. Which particular stream object you choose to instantiate depends on the type of stream you want.  The Java API includes classes for many differernt kinds of commonly used streams.  A network stream would use a special kind of stream called a Socket.  To connect to a file, you have several different streams to choose from. For example, you can create (instantiate) a stream that 

· connects to a text file to read input

· connects to a text file to write output

· connects to a non-text (binary) file to write input

· connects to a non-text (binary) file to write output

In this discussion, we will confine ourselves to streams for reading input from text files, and writing output to text files.

Here is the overview of connecting a stream to a TEXT file to READ input from that file:
1. Create (instantiate) a stream object of the appropriate class 

2. The argument to the constructor should be the name of the file you wish to open.  

Some important caveats:

1. This is one of several times in the early part of this course where I will have you include various lines of code without going into great detail as to why they are there.  For example, you will see something called a try/catch exception block.  I promise you that we will discuss exceptions and explain the need for this functionality, but now is not the best time for it. Simply be sure to include the code where indicated and wait for the lecture on exceptions (or read ahead!).  

2. To keep things simple, we will keep all of our input and output files in the same directory (folder) as our Java source code files. It is certainly possible to use paths, but that  leads to various other difficulties.
3. There are many other factors that must be taken into consideration when discussing File I/O that we will not discuss here. They are not necessarily difficult topics, just very code-heavy and not worth worrying about at this point. For example, will not discuss File objects, Chaining, Binary Files (we’ll stick with text files).  These are concepts you may encounter in your readings, and are important to know down the road, but we will manage just fine without them for now.  
Reading from a text file

Let’s begin by simply reading one line from a text file and outputting it to the screen. We will use the file:  numbers.txt which can be found on the course web page.

We first need to get ourselves an input stream object that reads text files (the stream for reading binary/byte files is different).  This stream object can be obtained by instantiating a class called ‘FileReader’.  When instantiating, the constructor takes a single argument corresponding to the file to be read from.  

FileReader fin = new FileReader("numbers.txt");
Here is a link to the FileReader API.  Note that this class is in the java.io package. What does that mean for us?
That we must include this package in our program: include java.io.*;   Don’t forget to look at which package contains a class that you are going to use so that you can include it. 
The FileReader class has a method called ‘read()’ that reads in a value from the file. Here is a segment of code (it will NOT work yet) that will read in the first two values from the file output them to the screen: 
try{ //explanation for this line to follow in Exceptions lecture

  FileReader fin = new FileReader("numbers.txt");

  double num;

  num = fin.read();

  System.out.println(num);

  num = fin.read();

  System.out.println(num);

} catch (Exception e) { }  //explanation in Exceptions lecture
Now, if you try to type in this code as it stands here, it will NOT WORK.  There are still several limitations to this code, so we will have to improve on it a little bit.  This adds to the complexity of the code, but also, in many ways, to its efficiency and robustness.
* BufferedReader

First we will begin by connecting (chaining) our input stream to something called a BufferedReader object.  Every separate time you tell Java to read from a file or write to a file, there is a relatively significant amount of time and resources overhead that is required.  In the example just above, we only read two values in from the file, yet this required two separate connections to the file.  Imagine if we were reading in hundreds or thousands of values and you had to re-open the file every single time.  
As an analogy, suppose that you are helping a friend move to a different home.  Carrying things one-by-one from house to car would be extremely inefficient.  Instead, you’d place a bunch of things into some kind of box (buffer) and then once the box (buffer) is full, you’d take it out to the car.  
Similarly, we will read in as much data as our buffer will allow, and then once all the data has been read or the buffer is full, we can do whatever we like with the data such as output it to the screen.  Unlike the FileReader stream, you can access the buffer as often as you like with very little overhead.  

So:  Instead of making one connection to our file stream, we will put all of the information we want to retrieve into a sort of short-term memory bank/reservoir that computer science types like to call a ‘Buffer’.  This particular buffer can be created by instantiating an object of type BufferedReader.  Here is the code:
FileReader fileReader = new FileReader("numbers.txt");
//just as we did above… we STILL need this stream to connect to the file

//Create a buffer for reading
BufferedReader readBuffer;

// connect that buffer to the correct input stream

readBuffer = new BufferedReader(fileReader);

//Read in one line at a time from the buffer

//Keep reading (looping) until the last line is reached

//The conditional is a fairly ugly line - you don't have

//to know everything about it for now - we'll discuss it

//a little more in class. But it IS important, so get used to it.
String line = null;

while (  (line=readBuffer.readLine()) != null  )

  System.out.println(line);

The complete file can be found as BufferInput.java on the class page. 

try/catch Exception block

Admittedly, there are several aspects of this code that are quite new to you.  The try/catch block will make sense when we cover Exceptions in a later lecture. For now, we’ll just say this:  Java  requires that certain categories of errors by ‘anticipated’ by the programmer and placed inside a try/catch block.  Any code that attempts to open or close files is one such category of errors. For this reason, all of the code that created and manipulated the file streams was placed inside such a block.  

The method  readLine()  does exactly what you think.  Here is a link to the BufferedReader API. 
· This method returns each complete line (until a \n or carriage return) as a String. 
· If the end of  file marker is reached, this method returns ‘null’.  So we first (check out the parentheses) read in a line of text into the string. We then make sure the end of file was not reached by checking for ‘null’. As long as the string variable does not hold a null, we know that the end of file was not reached and that we have a legitimate line of text to work with.  
Okay, I hear you asking, what if the file does not hold strings? Supposing it holds numeric data such as our numbers.txt file?  Our best bet is to turn to the appropriate wrapper class.  In the case of our numbers.txt file, we probably want to convert the Strings into doubles.  We can use the parseDouble of the ‘Double’ wrapper class to attempt to convert the Strings into doubles. In this case, it should work nicely since all of the values in our file are properly formatted double values.  
String line = null;

double score=0;

while (  (line=readBuffer.readLine()) != null  )

{

  score = Double.parseDouble(line);

 //etc, etc

See BufferInputWrappered.java
Writing to a text file

Very similar to reading input from a text file.  The steps are:

1. Create an object to connect to a text file for outputting. The Java API has a class to do this called FileWriter.

2. Chain this output stream to an output buffer.

3. Write the information to the output stream as needed.
4. Close the streams.

See the file OutputStream.java
A word of warning:  
Outputting information to an output file does NOT append to the end of the file.  
Instead, it ERASES the entire file and starts from scratch. 

So:
   FileWriter fileWriter = new FileWriter("PHD_DISSERTATION.txt");

   BufferedWriter writeBuffer = new BufferedWriter(fileWriter);

   writeBuffer.write("The End");
is probably not a good idea…

