Special Topics No. 7: Buffered I/O for
Higher Efficiency

In Chapter 11, we presented several different routines for file input and out-
put. In this document, we will discuss efficient file I/O using buffered input
and output. In addition, we will describe the differences between the charac-
ter and byte streams. Many of the classesintroduced in Chapter 11 have dealt
with byte streams, and in this document, we will present theFileReader and

FileWriter classes that deal with character streams.
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Introduction

In Chapter 11, we mentioned the concept of stream, which represents a se-
quence, or aflow, of data. A reader is associated to an input stream, and awriter
is associated to an output stream. To read from or write to afile, we attach some
kind of a stream object to afile. The most basic stream is called a byte stream
that is used for reading and writing unstructured sequences of bytes. We de-
scribed in Chapter 11 different subclasses of InputStream and OutputStream
that provide both low-level and high-level access. For the low-level access pre-
sented in Section 11.2, bytes are read from or written to byte streams. For the
high-level access presented in 11.3, primitive data values are read from or writ-
ten to byte streams after appropriate conversion between primitive data and
bytes. In this document, we will describe away to improve the performance of
access hyte streams by using a data buffer.

In Section 11.3, we also described different classes for accessing textfiles.
We defined the textfile as a file whose contents are stored in the ASCII format.
Some of the InputStream and OutputStream subclasses allow reading and writ-
ing textual data to textfiles, but they operate correctly only when dealing with
Latin-1 characters (16-hit version of ASCII where the higher-order byteis zero).
Newer classes FileReader and FileWriter allow reading and writing a sequence
of Unicode character data to streams. The stream that deals correctly with Uni-
code characters is called a character stream. We will present in this document
how to perform a buffered 1/0 on character streams. Using the FileReader and
FileWriter classes, we can redefine the textfile as a file whose contents are stored
in the some character-encoding format. (Note: There are many different types of
character encoding. Latin-1, UTF-8, and UTF-16 are some of the more common
encoding schemes. Try visiting non-English websites and select the encoding
sheme menu choice to see the different types of encoding scheme available.
With I1E5.0, for example, you will see menu choice in the popup menu.)

1 BufferedInputStream and BufferedOutputStream

The following three statements are from the TestDataOutputStream class on
page 532:

File outFile = new Fil e("sanpl e2. data");

Fi | eQut put St ream out Fi | eSt ream
= new Fil eQutput Streanm(outFile);

Dat aQut put St r eam out Dat aSt r eam
= new Dat aQut put Strean{out Fi | eStrean);
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Using the DataOutputStream, it is possible that whenever we output primitive
data values using the methods such as writelnt, writeDouble, and so forth, the un-
derlying systemis called to perform output operation to a device (for example, a
hard disk where the fileis stored). Since the physical device accessisvery cost-
ly, it is much better to save the output data in the internal buffer and let the actu-
al physical device access occur only when the buffer is full. So, for example,
instead of performing 100 physical device access to write 100 integers individu-
ally, it is much more efficient to save 100 integers in a buffer and perform one
physical device access to store 100 integers at once. We can achieve such buff-
ered output by using the BufferedOutputStream class.

To use a buffer output, we create a BufferedOutputStream object between
the FileOutputStream and DataOutputStream objects as

File outFile = new Fil e("sanpl e2. data");

Fi | eQut put St ream out Fi | eSt ream
= new Fil eQutput Strean(outFile);

Create a buffered
gﬁfouhfgﬁ?sr?rggm Buf f er edQut put St r eam out Buf St r eam
i = new Buf fer edQut put St rean{out Fi | eStrean);

Dat aQut put St r eam out Dat aSt r eam
= new Dat aQut put St r ean{ out Buf St ream ;

Create outDataStream
on outBufStream.

Figure 1 shows the difference between the original version and the new buffered
output version.

The default buffer size for a BufferedOutputStream object is 512 bytes.Y ou
can change the default to the size more suitable for your program but pass the
size as the second argument to the constructor. For example, the statement

Buf f er edQut put St r eam out Buf St r eam
= new Buf feredQutput Strean(outFil eStream 2048);

will create a 2K buffer (2048 bytes).
A buffered input works in the analogous manner. Here's what we did in the
TestDatalnputStream class on page 533:

File inFile = new Fil e("sanpl e2. data");
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FIGURE 1 The difference between the original version and the new buffered output version.
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Fil el nput StreaminFil eStream
= new Fil elnputStrean(inFile);

Dat al nput St ream i nDat aSt r eam
= new Dat al nput Strean{inFil eStrean;

We change it to a buffered input by placing a BufferedinputStream object be-
tween the FileInputStream and DatalnputStream objects as:

File inFile = new Fil e("sanpl e2. data");

Fil el nput StreaminFil eStream
= new Fil elnput Strean(inFile);
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Buf f er edl nput St r eam i nBuf St r eam

Croate a buffered in- = new Buf feredl nput Strean(inFil eStream;
put stream on Fileln-
putStream. Dat al nput St ream i nDat aSt r eam

= new Dat al nput Strean(i nBuf Strean);

Create inDataStream on
inBufStream.

Figure 2 shows the difference between the original version and the new buffered

input version.
FIGURE 2 The difference between the original version and the new buffered input version.
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Here's the key concept to remember:
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For an improved performance, use BufferedinputStream and
BufferedOutputStream to employ a data buffer with a pro-
grammer specifiable buffer size.

2 Buffered I/O for TextFiles

In Section 11.3, we gave sample programsto read from and write textual datato
files. For the TestBufferedReader program, we used the FileReader and Buffere-
dReader classes to perform a buffered input on a character stream. We will
show you how to do the same for the output routine. In the sample program
TestPrintWriter on page 536, we did not use the necessary classes to do a buff-
ered output on a character stream. We were doing unbuffered output to a byte
stream.

For character streams, we use some subclasses of Reader and Writer ab-
stract classes. For example, we can use FileReader and FileWriter to read and
write textfiles (files that contain a sequence of characters stored in some charac-
ter-encoding format). Because at the bottom level, the physical devices use
bytes, we need some classes that convert 16-bit characters to bytes correctly.
Two such classes are InputStreamReader and OutputStreamWriter. FileReader
and FileWriter are convenience subclasses of InputStreamReader and Output-
StreamWriter, respectively, where the default character encoding and the default
buffer size are used. To specify these values ourselves, we need to use an Input-
StreamReader or an OutputStreamWriter.

To use a buffered input or output on character streams, we use Buffere-
dReader and BufferedWriter. Here's how we created necessary objects for a
buffered input from a character stream in the TestBufferedReader program on
page 537 as

File inFile
Fi | eReader fil eReader
Buf f er edReader buf Reader

new Fil e("sanpl e3. data");
new Fi | eReader (i nFil e);
new Buf f er edReader

(fil eReader);

Comparable objects for a buffered ouput to a character stream are created as

File outFile = new Fi |l e("sanpl e3.data");
FileWiter fileWiter = new FileWiter(outFile);
Buf feredWiter buf Witer = new BufferedWiter
(filewiter);
PrintWiter outStream = new PrintWiter(bufWiter);
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The actual methods for reading and writing data using BufferedReader and
PrintWriter were already discussed in Chapter 11.
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