Introduction to Algorithms and
Data Structures

Lecture 8—File /O

Streams

» A streamis an object that allows for the flow
of data between a program and some 1/O
device (or afile).

— If the flow isinto a program it’ s an input stream.

— If the flow is out of a program, it’ s an output
stream.

e System i nand Syst em out are examples of
input and output streams respectively.




Text and Binary Files

Text files are sequences of characters that can be
viewed in atext editor or read by a program.
Files whose contents are binary images of
information stored in main memory are called binary
files. These include the computer’s representation of
- numbers - pictures
- sound bites - machine instructions
The advantage of text filesis that they are human-
readable and can be moved easily from computer
system to computer system.

Writing To A Text File

The preferred class for writing to text filesis
Print Wi ter,whose methodsinclude pri nt | n and
print.

A PrintWiter object can be created by writing:

output Stream = new PrintWite
(new Fil eQut put Stream("stuff.txt"));
A Fi | eCQut put St r eamis needed when calling the
congtructor. It, in turn, needs the name of the file to
which output is going to be written.

Since opening afile might lead to a _
Fi | eNot FoundExcept i on, it should bedoneinatry
block.




Every File Has 2 Names

» Every file has 2 names: the name by which it is

known the operating system of its computer
and the name of the stream connect to the file

(by which the program knowsiit).

PrintWiter Methods

» There are three constructors:
—PrintWiter objectStream= new
PrintWiter(CQutputStream streanObject);
Is the standard constructor
—PrintWiter objectStream= new
PrintWiter(new Fil eCut put Stream
(Fil eNane));
allows us to construct afile to which it will write.
—PrintWiter(new
Fi | eQut put Streanm(Fi |l eNane, true));

which we will use for appending to afile.




PrintWiter Methods (continued)

public void println(argunent)

— Prints the argument which can be a string, integer, floating-
point number, or any object for whch atoString() method
exists.

public void print(argunent)

— Works like println with the newline at the end.

public PrintWiter void printf()

— Formatted output

cl ose() —closesthe stream

flush() — flushesthe stream, forcing any other data
to be written that has been buffered but not yet
written.

Text Fi | eQut put Denp. j ava

inport java.io.PrintWiter;
i nport java.io.FileQutputStream
i nport java.io. FileNot FoundExcepti on;

public class TextFil eQutputDem {

public static void main(String[] args) {
PrintWiter outputStream= null;
try {
out put Stream = new PrintWiter
(new Fil eCut put Stream("stuff.txt"));
}
catch (Fil eNot FoundException e) {
Systemout.println
("\"Error opening the file stuff.txt\".");
System exit(0);
}




Systemout.println("Witing to file.");
output Stream println("The quick brown fox ");
outputStreamprintln

("junped over the lazy dogs.");

out put Stream cl ose();
Systemout.println("End of program");

Reading a Text File using Scanner

» The same Scanner class that we have been using to
read input from the keyboard can be used to read
from atext file.

« Although the Scanner has to be declared outside the
try block, the constructor should be called insideit.
* Example
Scanner inputStream = nul |
try {
i nput Stream = new Scanner
(new FilelnputStrean(“stuff.txt”));

}
cat ch( Fi | eNot FoundException e) { ...




Testing for the End of Line

* If you write
Scanner keyb = new Scanner (Systemi n);
int x = keyb. nextlInt()

 and there is no more text, (or a non-integer),
next I nt () will throw a NoSuchEl ement Except i on

* You can work around this by using
hasNext | nt () (whichreturn faseif thereisn'ta
proper integer there or hasNext Li ne (), which will
return false if there is no next line.

Some Scanner Constructors

There are two constructors in which we can most
interested:

e public Scanner (Il nput Stream streantbj ect)
— This can be used to create stream for afile by writing
publ i ¢ Scanner
(new Fil el nput Stream (fil eNane));

e public Scanner(File fil eObject)
— This can be used to create aFi | e object for afile by
writing
— public Scanner (new Fil e(fil eNanme)




Some Scanner input Methods

» Scanner has several methods that can be used to
obtain asingle data item:

nextlnt() - nextLong()
next Byt e() - nextShort ()
next Doubl e() - nextFloat ()

* All these methods will return a single value of the
indicated type.

* If there are no more tokens, they will throw a
NoSuchEl enent Except i on. If thedataisnot avalid
representation of the type, they will throw an
| nput M smat chExcept i on, and if the Scanner is
closed, they will throw an 11 | egal St at eExcepti on

Some Scanner Input Methods

» Scanner has several methods that can be used to
detect that there is valid data waiting as inpuit:

hasNext I nt () - hasNext Long()
hasNext Byt e() - hasNext Short ()
hasNext Doubl e() - hasNext Fl oat ()

 All these methods will return atrue if there is a well-
formed string representation of the type of the data
item ; false otherwise.

* If the Scanner is closed, they will throw an
Il egal St at eExcepti on




Some Other Scanner Methods

Scanner has two methods that can be used to detect

that there is valid data waiting as input:
next () - hasNext ()
nextLine() - nextLine()

next () andnext Li ne() return the next token and
line respectively.

hasNext () andhasNext Li ne() returntrueif there
Is another token or line respectively; otherwise false.
These methods throw the appropriate exceptions.

Text Fi | eScanner Denvo. j ava

i mport java.util.Scanner;
i nport java.io.FilelnputStream
i nport java.io.FileNot FoundExcepti on;

public class TextFil eScanner Denp {

public static void main(String[] args) {
System out. println
("I will read three nunbers and a |line");
System out. println
("of text fromthe file norestuff.txt");

Scanner inputStream = null;

try {
i nput Stream = new Scanner

(new Fil el nput Streanm("nmorestuff.txt"));




catch(Fil eNot FoundException e) {
Systemout.println
("File norestuff.txt was not found.");
Systemout.println("or could not be opened.");
System exit(0);

}

int nl = inputStreamnextlint();
int n2 = inputStreamnextint();
int n3 = inputStreamnextlint();

i nput Stream nextLine(); // Go to the next line
String line = inputStream nextLine();

Systemout.println
("The three nunmbers read fromthe file are:");
Systemout.printin(nl + ", "
+n2 +", and " + n3);

Systemout.println
("The line read fromthe file is:");
Systemout.println(line);
i nput Stream cl ose();
}
}




HasNext Li neDenp. j ava

i nport java.util.Scanner;

i mport java.io.FilelnputStream

i nport java.io.FileNot FoundExcepti on;
inport java.io.PrintWiter;

i mport java.io.FileCutputStream

public class HasNextLi neDenp {
public static void main(String[] args) {
Scanner inputStream = null;
PrintWiter outputStream= null;

try {
i nput Stream = new Scanner ( new

Fil el nput Stream("original.txt"));
out put Stream = new PrintWiter(new
Fi | eQut put St reanm( " nunbered. txt"));

catch (Fil eNot FoundException e) {
System out. println("Problemopening files.");
System exit(0);

}

String line = null;

int count = O;

whil e (inputStream hasNextLine()) {
|l i ne= i nput Stream nextLine();
count ++;
outputStreamprintln(count + " " + |ine);
}
i nput Stream cl ose();
out put Stream cl ose();
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HasNext | nt Denp. j ava

i nport java.util.Scanner;
i nport java.io.FilelnputStream
i nport java.io. Fil eNot FoundExcepti on;

public class HasNextlIntDemp {
public static void main(String[] args) {
Scanner inputStream = null;

try {
i nput Stream = new Scanner ( new

Fil el nputStream"data.txt"));

catch (Fil eNot FoundException e) {
System out. println
("File data.txt was not found");
Systemout.println("or could not be opened.");
System exit (0);
}

int next, sum= 0;

whil e (inputStream hasNextIint()) {
next = i nput Stream nextint();
sum += next;

}

i nput Stream cl ose();
Systemout. println("The sum of the nunbers is "

+ sum;
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Buf f er edReader Class

» BufferedReader isthe class that was used for
reading text data before Scanner class was
Introduced in verion 5.0 of Java.

» A BufferedReader was used to open afileas
shown below:
Buf f er edReader i nput Stream
= new Buf f er edReader
(new Fi |l eReader (“stuff.txt”));

Reading Text Using Buf f er edReader

» BufferedReader has methods that are used for inpuit:

— readLi ne() —readsaline of input that is returned as text.
If there is no more text, it returns a null reference.

— read() —readsasingle character from the input stream
that is returned as an integer.. If there is no more text, it
returns -1

— skip(int n) —skipsn characters.
— cl ose() —closes the stream’'s connection to the file.

» These methods al throw | OExcept i on.
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Text Fi | el nput Denp. j ava

i nport java.io. BufferedReader;

i nport java.io. Fil eReader;

i nport java.io. Fil eNot FoundExcepti on;
i nport java.io.lOException;

public class TextFil el nputDeno {
public static void main(String[] args) {
try {
Buf f er edReader i nput Stream
= new Buff er edReader
(new Fi |l eReader ("norestuff2.txt"));
String line = inputStreamreadLi ne();
Systemout.println
("The first line read fromthe file is:");
Systemout.println(line);

l'i ne= inputStream readLi ne();
Systemout.println
("The second line read fromthe file is:");
System out. println(line);
i nput Stream cl ose();
}
catch(Fil eNot FoundException e) {
Systemout.println
("File norestuff2.txt was not found");
Systemout.println("or could not be opened.");
}
catch (1 OCexception e) {
Systemout. println
("Error reading fromnorestuff2.txt");
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Text EOFDenp. j ava

i nport java.io. BufferedReader;

i nport java.io. Fil eReader;

inport java.io.PrintWiter;

i nport java.io.FileQutputStream

i nport java.io. Fil eNot FoundExcepti on;
i nport java.io.lOException;

public class Text EOFDenp {
public static void main(String[] args) {
try {
Buf f er edReader input Stream = new
Buf f er edReader
(new Fi |l eReader ("original.txt"));
PrintWiter outputStream
= new PrintWiter(new
Fi | eQut put Streanm("nunbered. txt"));

int count= 0;
String |ine= inputStreamreadLine();
while (line !'=null) {
count ++;
out put St ream printl n(count +
line = inputStreamreadLine();
}
i nput Stream cl ose();
out put Stream cl ose();

+ line);

}
catch (Fil eNot FoundException e) {

System out. println("Problemopening file.");
}
catch (1 OException e) {
System out. println
("Error reading fromoriginal.txt");
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Standard Streams

» All Java programs are assumed to have at least
three open streams: Syst em i n, Syst em out
and Syst em err (thelast one allowsfor error
message and output to be redirects separately).

Redi recti onDeno. j ava

i mport java.io.PrintStream
i mport java.io.FileQutputStream
i mport java.io.Fil eNot FoundExcepti on;

public class RedirectionDeno {
public static void main(String[] args) {
PrintStreamerrStream = nul |l ;
try {
errStream = new PrintStreanm new
Fi | eQut put St rean("errornessage.txt"));
}
catch (Fil eNot FoundException e) {
Systemout.println
("Error opening file with Fil eQutputSteam");
System exit(0);
}
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System setErr(errStrean);

Systemerr.printin("Hello fgom Systemerr.");
Systemerr.printin("Hello from Systemout.");

Systemerr.printin("Hello again from
Systemerr.");

errStream cl ose();

}
}

File Class

» TheFileclassisabit like awrapper classfor file
names.

* |t aso provides us with some methods that can be
used to check some basic properties of files, such as
whether it exists, does the program have permission
to read or writeit.

» Example:

File fileObject = new File(“data.txt”);

if (!'fileObject.canRead())
System out. println

("file data.txt is not readable.");
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File Class M ethods

exi st s() —returnstrueif it exigts, fase otherwise
canRead() — returnstrue if the program can read
data from the file; false otherwise.

canWite() -returnstrueif the program can write
data from the file; false otherwise.

i sFile() —returnstrueif thefileexisssand isa
regular file; false otherwise.

i sDirectory() -returnstrueif thefileexistsand is
adirectory; false otherwise.

File Class Methods (continued)

| engt h() —returns the number of bytesin the file as a long.1f
it doesn't exist or if it's adirectory, the value returned isn't
specified.

« del ete() —triesto ddete the file; returnstrueif it can, faseif

it cant.

+ setReadOnl y() —setsthefile asread only; returnstrueif it is

can; fase if it can't.

+ createNewFi | e() —creates an empty of that name; returns

trueif it can; falseif it carl't

i sFile() —returnstrueif the file exists and is aregular file;
false otherwise.

i sDirectory() - returnstrueif thefile exisssand isa
directory; false otherwise.
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File Class Methods (continued)

« get Nane() — return the simple name (the last part of the path).

- get Pat h() —returnsthe abstract (absolute or relative) path
name or an empty string if the path name is an empty string..

+ renameTo(newNane) —renames the file to a name represented

by the file object newNane; returns true if it is can; falseiif it
can't.

+ creat eNewFi | e() — creates an empty of that name; returns
true if it can; false if it cal't

« nkdir () —makesthe directory named by the abstract path

name. Will not create parent directories; returns true if the file

exists and is aregular file; false otherwise.

« nkdirs() - makesthe directory named by the abstract path
name. Will necessary but nonexistent create parent
directories; returns true if the file exists and is aregular file;
false otherwise.

Fil eCl assDenp. j ava

i nport java.util.Scanner;

i nport java.io.File;

inport java.io.PrintWiter;

i nport java.io.FileQutputStream

i nport java.io. FileNot FoundExcepti on;

public class FileC assDenp {
public static void main(String[] args) {
Scanner keyb= new Scanner (Systemin);
String line = null;
String fileName = null;

Systemout.println

("l will store a line of text for you.");
Systemout.println("Enter the line of text:");
l'ine = keyb. nextLine();
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Systemout.println

("Enter a file nane to hold the line:");
fileName = keyb. nextLine();
File fileObject = new File(fil eNane);

while (fileObject.exists()) {
Systemout.println
("There already is a file naned
+ fil eNane);
Systemout.println
("Enter a different file name:");
fileName = keyb. nextLine();
fileObject= new File(fil eNane);
}

PrintWiter outputStream= null;

try {
out put St ream

= new PrintWiter(new
Fi |l eQut put Strean(fil eNane));

}
catch (Fil eNot FoundException e) {

Systemout.printIn("Error opening the file.");

System exit (0);
}

Systemout.printin("witing \"" + line + "\"");
Systemout.printin("to the file " + fil eNane);
out put Stream println(line);

out put Stream cl ose();
Systemout.printin("Witing conpleted.");
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Binary Files

» Text files save data in the same form as they
appear on the screen or printed page. This
requires the computer to do some conversion
when reading and writing them.

* Binary files save datain their internal form.

— Strings have their unused bytes saved
— Numbers are stored in binary form.

Classes Used in Writing a Binary File

» There are two classes of objectsused in
writing binary files:

— FileOutput Stream — stream objects that write data
to afile.

— ObjectOutputStream - objects that take data of a
certain type and converting it into a stream of
bytes.

20



Thew it ePrimitive() Methods

 The ObjectOutputStream class has several methods of
wr i t ePrimitive( di ) that alows the programmer to
write the dataitem di of type Primitive into the file.

» They dl throw | OExcept i ons
e The methodsinclude:

—00s.wWritelnt(i)-writeinteger vauei into
thebinary file dos.

— 00s. wri t eDoubl e(x) - writedoubl e valuex into
the binary file dos.

— 00s. wri teChar (c) - writechar value c into the
binary file dos.

Bi nar yQut put Denp. j ava

i nport java.io.ObjectQut put Stream
i nport java.io.FileQutputStream
i nport java.io.lOException;

public class Bi naryQut put Demb {
public static void main(String[] args) {
try {
bj ect Qut put St ream out put St ream
= new Obj ect Qut put St reanm new
Fi | eQut put Stream"nunbers. dat"));

int i;
for (i =0; i <5; i++)
outputStreamwitelnt(i);
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Systemout.println("\"Nunbers witten to the"
+ " file nunbers.dat\"");
out put Stream cl ose();
}
catch(l OException e) {
System out. println
("Problemwiting with file output.");

Reading a Binary File

* Wedo this essentially the same way that we
write a binary file.

* |tisvery important that we know exactly what
the files structure is so we can read it
accurately.
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Ther eadPrimitive() Methods

» The ObjectInputStream class has several methods of
read Primitive( di ) that alows the programmer to
read the dataitem di of type Primitive from thefile.

* The methods include:

—ois.readlnt(i)-readinteger vauei fromthe
binary file dos.

— oi s. readDoubl e(x) - read doubl e vaue x from
the binary file dos.

— oi s. readChar (¢) —read char value c from the
binary file dos.

Bi naryl nput Denp. j ava

i nport java.io.ObjectlnputStream

i nport java.io.FilelnputStream

i nport java.io.lOException;

i nport java.io. FileNot FoundExcepti on;

public class Binaryl nputDenp {
public static void main(String[] args) {
try {
bj ect I nput Stream i nput Stream = new

Obj ect | nput St r eam new
Fil el nput Stream(" nunmbers. dat"));

Systemout.println

("Reading the file \"nunbers.dat\"");
int nl i nput Stream readlnt () ;
int n2 i nput Stream readlnt () ;
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Systemout.println("Nunbers read fromfile:");
System out.println(nl);
System out. println(n2);
i nput Stream cl ose();
}
cat ch(Fi | eNot FoundException e) {
Systemout. println
("Cannot find file \"nunbers.dat\"");
}
catch(l OException e) {
Systemout. println
("Problemw th input from\"nunbers.dat\".");
}
}
}

Files And Records

» Many programming languages and computer
systems treat files as a collection of records,
where you read and write one record at a time.

« Java does not have anything exactly analogous
to records; we use objects instead.

« We will create an implementation of the class
Seri al i zabl e so the properties of our objects
can be converted into a byte stream and saved
inabinary file.
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i mport java.io.

SoneCl ass. j ava

Serializabl e;

public class SoneCl ass inplenents Serializable {
private int nunber;

private char

letter;

ass() |

public SoneC
nunber = O;
letter = "A";

public SoneC

ass(int theNunmber, char thelLetter)

number = t heNunber;
letter = theletter;
}
public String toString() {
return "Nunber =" + nunber +
" Letter " + letter;

{
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Obj ect | ODenp. | ava

i nport java.io.ObjectQutputStream

i nport java.io.FileQutputStream

i nport java.io.ObjectlnputStream

i nport java.io.FilelnputStream

i nport java.io.lOException;

i nport java.io. Fil eNot FoundExcepti on;

/!l Denonstrates binaryfile I/O of serializable
/1l class objects
public class Objectl ODenp {
public static void main(String[] args) {
try {
Obj ect Qut put St ream out put St ream
= new Obj ect Qut put St reanm new
Fil eQut put Streanm("datafile"));

SoneCl ass oneObj ect = new SoneCl ass(1, 'A);
SomeCl ass anot her Obj ect
= new SoneCl ass(42, '2');

out put Stream wri t eObj ect (oneQbj ect) ;
out put Stream wri t eQbj ect (anot her Obj ect) ;

out put Stream cl ose();
Systemout.println("Data sent fo file.");
}
catch(l Oexception e) {
System out. println
("Problemwith file output.");
}
Systemout.printIn("Now |l et\'s reopen the file
+ " and display the data.");
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try {
bj ect I nput Stream i nput St ream

= new Obj ect | nput St r eam new
Fil el nputStream"datafile"));

SoneCl ass readOne

= (SoneCl ass) inputStreamreadObject();
SoneCl ass readTwo

= (SoneCl ass) inputStreamreadObject();

Systemout.println
("The following were read fromthe file:");
System out. println(readOne);
System out. println(readTwo);
}
catch (Fil eNot FoundException e) {
System out. println("Cannot find datafile.");

}

cat ch(Cl assNot FoundException e) {
Systemout.println
("Problenms with file input.");
}
catch(l OException e) {
Systemout. println
("Problenms with file input.");

}

System out.println("End of program");
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Arrayl ODenp. j ava

i nport java.
i nport java.
i nport java.
i nport java.
i nport java.
i nport java.

. Obj ect Qut put St ream
. Fil eQut put Stream

. Qbj ect | nput St ream
. Filel nput Stream

. | OExcepti on;

i
i
i
i
i
i 0. Fi | eNot FoundExcepti on;

O OO0 0o Oo0Oo

public class Arrayl ODenp {
public static void main(String[] args) {
SoneCl ass[] a = new SoneC ass|[ 2] ;

a[0] = new Sonmed ass(1, 'A);
a[1] = new SoneCl ass(2, 'B');
try {

bj ect Qut put St ream out put St ream
= new Obj ect Qut put St rean
new Fil eQutput Streanm("arrayfile"));
out put Stream wri teObj ect(a);
out put Stream cl ose();
}
catch(l OException e) {
Systemout.printin("Error witing to file.");
System exit (0);
}

Systemout.println
("Array witten to file arrayfile.");
Systemout.printin("Now |l et's re-open the "
+ "file and display the arrow. ");
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Somed ass[] b = null;

try {
Obj ect I nput Stream i nput St ream

= new Obj ect | nput St ream
new Fil el nputStream("arrayfile"));
b = (SoneC ass[])input Stream readObj ect ();
i nput Stream cl ose();
}
catch (Fil eNot FoundException e) {
System out. println
("Cannot find file arrayfile.");
System exit (0);
}
catch (Cl assNot FoundException e) {
System out.println
("Problems with file input.");
System exit (0);
}

catch(l Oexception e) {
Systemout.println
("Problenms with file input.");
}
Systemout.println("The follow ng array
+ "elenments were read fromthe file:");
int i;
for (i =0; i < b.length; i++)
Systemout.println(b[i]);
System out.println("End of program");
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Random Access Files

» We usually read files from the beginning to the end.
Files that are aways accessed in this fashion as called
sequential access files.

» Sometimes we need to read files from any particular
point to which we may need access. These are called
random access files.

e These have two methods that other files do not have:
get Fi | ePoi nter () (which takes usto the current
location from which we are reading) and seek ()
(which moves us to another location in the file).

RandomAccessDenp. j ava

i nport java.io. RandomAccessFil e;
i nport java.io.lOException;
i nport java.io. FileNot FoundExcepti on;

public class RandomAccessDenmp {
public static void main(String[] args) {
try {
RandomAccessFil e i oStream
= new RandomAccessFil e("bytedata", "rw');

Systemout.println
("Witing 3 bytes to the file bytedata.");
ioStreamwriteByte(1l);
ioStream writeByte(2);
ioStream writeByte(3);
Systemout.println
("the length of the file is now ="
+ ioStream | ength());
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Systemout. println
("The file pointer location is
+ ioStreamgetFil ePointer());

System out. println

("Mowving the file pointer to location 1.");
i oStream seek(1);
byte oneByte = i oStreamreadByte();
System out. println

("The value at location 1lis
oneByte = ioStream readByte();
System out. println

("The value at the next location is

+ oneByte);

+ oneByte);

System out. println
("Now we can nove the file pointer back to ");
System out. println

("location 1, and change the byte.");

i oStream seek(1);
ioStreamwriteByte(9);
i oStream seek(1);
oneByte = ioStream readByte();
Systemout.println
("The value at location 1 is now "
+ oneByte);

Systemout.println

("Now we can go to the end of the file");
Systemout.println

("and wite a double.");

i oStream seek(ioStream |l ength());
i oStream writeDoubl e(41.99);
Systemout.println

("the length of the fiule is now =

+ ioStream | ength());

Systemout.println
("Returning to location 3, ");
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Systemout. println
("where we wrote the double.");
i oSt ream seek(3);
doubl e oneDoubl e = i oStream readDoubl e();
System out. println
("The double version of location is "
+ oneDoubl e);

i oStream cl ose();
}
cat ch(Fi | eNot FoundException e) {

System out. println("Problemopening file.");
}
catch (1 CeException e) {

System out.println
("Problenms with file 1/0");

}

System out. println("End of program");




