
Basic I/O
I/O Streams and File I/O



Overview of I/O Streams

To bring in information, a program opens a stream on an information source (a file, memory, a socket)

and reads the information sequentially, as shown here:

Similarly, a program can send information to an external destination by opening a stream to a

destination and writing the information out sequentially, like this:



Overview of I/O Streams

Reading

1. open a stream

2. while more information

3. read information

4. close the stream

Writing

1. open a stream

2. while more information

3. write information

4. close the stream

The java.io package contains a collection of stream classes that support these algorithms for 

reading and writing. To use these classes, a program needs to import the java.io package.

http://java.sun.com/j2se/1.4/docs/api/java/io/package-summary.html
http://java.sun.com/j2se/1.4/docs/api/java/io/package-summary.html


Character Streams and Byte Streams

Character streams Byte streams

Meant for reading or writing to character - or text-
based I/O such as text files, text documents, XML, 

and HTML files.

Meant for reading or writing to binary data I/O 
such as executable files, image files, and files in 

low-level file formats such as .zip, .class, .obj, and 
.exe.

Data dealt with is 16-bit Unicode characters. Data dealt with is bytes.

Input and output character streams are called 
readers and writers, respectively.

Input and output byte streams are simply called 
input streams and output streams, respectively.

The abstract classes of Reader and Writer and their 
derived classes in the java.io package provide 

support for character streams.

The abstract classes of InputStream and 
OutputStream and their derived classes in the 

java.io package provide support for byte streams.



Byte Streams

PipedInputStream,

PipedOutputStream

create a communication channel on

which data can be sent and received.

PipedOutputStream sends the data and

PipedInputStream receives the data

sent on the channel.

FileInputStream, 

FileOutputStream

FileInputStream receives a byte stream

from a file, FileOutputStream writes a

byte stream into a file.



Byte Streams

FilterInputStream,

FilterOutputStream

These filtered streams are used to add

functionalities to plain streams.

The output of an InputStream can be

filtered using FilterInputStream.

The output of an OutputStream can be

filtered using FilterOutputStream.

BufferedInputStream,

BufferedOutputStream

BufferedInputStream adds buffering

capabilities to an input stream.

BufferedOutputStream adds buffering

capabilities to an output stream.



Byte Streams

PushbackInputStream

A subclass of FilterInputStream, it

adds “pushback” functionality to an

input stream.

DataInputStream,

DataOutputStream

DataInputStream can be used to read

java primitive data types from an input

stream.

DataOutputStream can be used to

write Java primitive data types to an

output stream.



Byte Streams

Programs use byte streams to perform input and output of 8-bit bytes. All byte

stream classes are descended from InputStream and OutputStream.

FileInputStream in = null;

FileOutputStream out = null;

try {

in = new FileInputStream("in.txt");

out = new FileOutputStream("out.txt");

int b;

while ((b = in.read()) != -1) {

out.write(b);

}

http://docs.oracle.com/javase/8/docs/api/java/io/InputStream.html
http://docs.oracle.com/javase/8/docs/api/java/io/OutputStream.html


Byte Streams



Byte Streams

Always Close Streams!
FileInputStream in = null;

FileOutputStream out = null;

finally {

if (in != null) {

in.close();

}

if (out != null) {

out.close();

}

}



Character Streams

For most applications, I/O with character streams is no more complicated than

I/O with byte streams. Input and output done with stream classes

automatically translates to and from the local character set. A program that

uses character streams in place of byte streams automatically adapts to the

local character set and is ready for internationalization.

All character stream classes are descended from Reader and Writer. As with

byte streams, there are character stream classes that specialize in file I/O:

FileReader and FileWriter.

http://docs.oracle.com/javase/8/docs/api/java/io/Reader.html
http://docs.oracle.com/javase/8/docs/api/java/io/Writer.html
http://docs.oracle.com/javase/8/docs/api/java/io/FileReader.html
http://docs.oracle.com/javase/8/docs/api/java/io/FileWriter.html


Character Streams

StringReader A character stream that operates on strings.

InputStreamReader This class is a bridge between character streams and byte streams.

FileReader Derived class of InputStreamReader that provides support for reading character files.

PipedReader The PipedReader and PipedWriter classes form a pair for “piped” reading/writing of characters.

FilterReader Abstract base class for streams that support a filtering operation applied on data as characters are read from the stream.



Character Streams

PushbackReader Derived class of FilterReader that allows read characters to be pushed back into the stream.

BufferedReader Adds buffering to the underlying character stream so that there is no need to access the underlying file system for each

read and write operation.

LineNumberReader Derived class of BufferedReader that keeps track of line numbers as the characters are read from the underlying

character stream.



Character Streams

StringWriter A character stream that collects the output in a string buffer, which can be used for creating a string.

OutputStreamWriter This class is a bridge between character streams and byte streams.

PrintWriter Supports formatted printing of characters to the output character stream.

BufferedWriter Adds buffering to the underlying character stream so that there is no need to access the underlying file system for each

read and write operation.



Character Streams

FileReader inputStream = null;

FileWriter outputStream = null;

try {

inputStream = new FileReader("in.txt");

outputStream = new FileWriter("characteroutput.txt");

int c;

while ((c = inputStream.read()) != -1) {

outputStream.write(c);

}

} finally {

if (inputStream != null) { inputStream.close(); }

if (outputStream != null) { outputStream.close(); }

}



Line - Oriented I/O

Character I/O usually occurs in bigger units than single characters. One

common unit is the line: a string of characters with a line terminator at the end.

A line terminator can be a carriage-return/line-feed sequence ("\r\n"), a single

carriage-return ("\r"), or a single line-feed ("\n"). Supporting all possible line

terminators allows programs to read text files created on any of the widely used

operating systems.

String l;

while ((l = inputStream.readLine()) != null) {

outputStream.println(l);

}



Buffered Streams

Buffered input streams read data from a memory area known as a buffer; the

native input API is called only when the buffer is empty. Similarly, buffered

output streams write data to a buffer, and the native output API is called only

when the buffer is full.

inputStream = new BufferedReader(new FileReader("in.txt"));

outputStream = new BufferedWriter(new FileWriter("out.txt"));

There are four buffered stream classes used to wrap unbuffered streams:

BufferedInputStream and BufferedOutputStream create buffered byte streams,

while BufferedReader and BufferedWriter create buffered character streams.

http://docs.oracle.com/javase/8/docs/api/java/io/BufferedInputStream.html
http://docs.oracle.com/javase/8/docs/api/java/io/BufferedOutputStream.html
http://docs.oracle.com/javase/8/docs/api/java/io/BufferedReader.html
http://docs.oracle.com/javase/8/docs/api/java/io/BufferedWriter.html


Scanning and formatting

Programming I/O often involves translating to and from the neatly

formatted data humans like to work with. For this purpose, the Java

platform provides two APIs. The scanner API breaks input into

individual tokens associated with bits of data. The formatting API

assembles data into nicely formatted, human-readable form.

https://docs.oracle.com/javase/tutorial/essential/io/scanning.html
https://docs.oracle.com/javase/tutorial/essential/io/formatting.html


Scanning - Breaking Input Into Tokens

By default, a scanner uses whitespace to separate tokens.

s = new Scanner(new BufferedReader(new FileReader("test.txt")));

while (s.hasNext()) {

System.out.println(s.next());

}

Even though a scanner is not a stream, you need to close it to indicate that

you're done with its underlying stream.



Scanning - Translating Individual Tokens

try {

s = new Scanner(new BufferedReader(new FileReader("test.txt")));

s.useLocale(Locale.US);

while (s.hasNext()) {

if (s.hasNextDouble()) {

sum += s.nextDouble();

} else {

s.next();

}  

}

} finally {

s.close();

}



Formatting

Like all byte and character stream objects, instances of PrintStream and

PrintWriter implement a standard set of write methods for simple byte

and character output. In addition, both PrintStream and PrintWriter

implement the same set of methods for converting internal data into

formatted output. Two levels of formatting are provided:

print and println format individual values in a standard way.

format formats almost any number of values based on a format string, with

many options for precise formatting.



The format Method

The format method formats multiple arguments based on a format string.

The format string consists of static text embedded with format specifiers;

except for the format specifiers, the format string is output unchanged.

int i = 2;

double r = Math.sqrt(i);

System.out.format("The square root of %d is %f.%n", i, r);



The format Method

The format method formats multiple arguments based on a format string.

The format string consists of static text embedded with format specifiers;

except for the format specifiers, the format string is output unchanged.

int i = 2;

double r = Math.sqrt(i);

System.out.format("The square root of %d is %f.%n", i, r);

d formats an integer value as a decimal value.

f formats a floating point value as a decimal value.

n outputs a platform-specific line terminator.



Format specifier

In addition to the conversion, a format specifier can contain several additional

elements that further customize the formatted output. Here's an example,

Format, that uses every possible kind of element.

System.out.format("%f, %1$+020.10f %n", Math.PI);

https://docs.oracle.com/javase/tutorial/essential/io/examples/Format.java


Format specifier

Precision. For floating point values, this is the

mathematical precision of the formatted value.

For s and other general conversions, this is the

maximum width of the formatted value; the

value is right-truncated if necessary.

Flags specify additional formatting options. In

the Format example, the + flag specifies that the

number should always be formatted with a sign,

and the 0 flag specifies that 0 is the padding

character.

Width. The minimum width of the formatted

value; the value is padded if necessary. By

default the value is left-padded with blanks.

The Argument Index allows you to explicitly

match a designated argument. You can also

specify < to match the same argument as the

previous specifier.



Format specifier

Precision. For floating point values, this is the

mathematical precision of the formatted value.

For s and other general conversions, this is the

maximum width of the formatted value; the

value is right-truncated if necessary.

Flags specify additional formatting options. In

the Format example, the + flag specifies that the

number should always be formatted with a sign,

and the 0 flag specifies that 0 is the padding

character.

Width. The minimum width of the formatted

value; the value is padded if necessary. By

default the value is left-padded with blanks.

The Argument Index allows you to explicitly

match a designated argument. You can also

specify < to match the same argument as the

previous specifier.



Standard Stream

Standard Streams are a feature of many operating systems. By default, they

read input from the keyboard and write output to the display. They also

support I/O on files and between programs, but that feature is controlled by the

command line interpreter, not the program.

The Java platform supports three Standard Streams: Standard Input, accessed

through System.in; Standard Output, accessed through System.out; and

Standard Error, accessed through System.err. These objects are defined

automatically and do not need to be opened.

InputStreamReader cin = new InputStreamReader(System.in);



The Console

Using the Console class will considerably simplify reading the data from the

console and writing the data on the console. Note that the word “console” here

refers to the character input device (typically a keyboard), and the character

display device (typically the screen display). You can obtain a reference to the

console using the System.console() method; if the JVM is not associated with

any console, this method will return null.

Console c = System.console();
if (c == null) {

...
}



The Console Methods

Method Short description

String readLine()
Reads a line of text String (and this returned string object does not 

include any line termination characters); returns null if it fails (e.g., the 
user pressed Ctrl+Z or Ctrl+D in the console)

char[] readPassword()
Reads a password text and returns as a char array; echoing is disabled 
with this method, so nothing will be displayed in the console when the 

password is typed by the user.

Console format(String 
fmt, Object... args)

Writes the formatted string (created based on values of fmt string and 
the args passed) to the console.

void flush()
Flushes any of the data still remaining to be printed in the console 

object’s buffer.



The Console Example

String login = c.readLine("Enter your login: ");

char [] oldPassword = c.readPassword("Enter your old password: ");

if (verify(login, oldPassword)) {

boolean noMatch;

do {

char [] newPassword1 = c.readPassword("Enter your new password: ");

char [] newPassword2 = c.readPassword("Enter new password again: ");

noMatch = ! Arrays.equals(newPassword1, newPassword2);

if (noMatch) {...} else {

change(login, newPassword1);

c.format("Password for %s changed.%n", login);

}} while (noMatch);

}



Data Streams

Data streams support binary I/O of primitive data type values (boolean, char,
byte, short, int, long, float, and double) as well as String values. All data
streams implement either the DataInput interface or the DataOutput
interface.

out = new DataOutputStream(

new BufferedOutputStream(

new FileOutputStream(dataFile)));

for (int i = 0; i < len; i ++) {

out.writeDouble(prices[i]);

out.writeInt(units[i]);

out.writeUTF(descs[i]);

}

in = new DataInputStream(

new BufferedInputStream(

new FileInputStream(dataFile)));

while (true) {

price = in.readDouble();

unit = in.readInt();

desc = in.readUTF();

}

http://docs.oracle.com/javase/8/docs/api/java/io/DataInput.html
http://docs.oracle.com/javase/8/docs/api/java/io/DataOutput.html


Object Streams

The process of converting objects in memory into sequence 

of bytes is known as serialization. 

The mechanism of storing objects in memory into files is 

known as persistence. 

Often these concepts are clubbed together and referred as 

serialization only.



Object Streams

Just as data streams support I/O of primitive data types, object streams

support I/O of objects. Most, but not all, standard classes support

serialization of their objects. Those that do implement the marker

interface Serializable.

The object stream classes are: ObjectInputStream, ObjectOutputStream.

These classes implement ObjectInput and ObjectOutput, which are

subinterfaces of DataInput and DataOutput. That means that all the

primitive data I/O methods covered in Data Streams are also implemented in

object streams. So an object stream can contain a mixture of primitive and

object values.

http://docs.oracle.com/javase/8/docs/api/java/io/Serializable.html
http://docs.oracle.com/javase/8/docs/api/java/io/ObjectInputStream.html
http://docs.oracle.com/javase/8/docs/api/java/io/ObjectOutputStream.html
http://docs.oracle.com/javase/8/docs/api/java/io/ObjectInput.html
http://docs.oracle.com/javase/8/docs/api/java/io/ObjectOutput.html
https://docs.oracle.com/javase/tutorial/essential/io/datastreams.html


Output and Input of Complex Object

Object ob = new Object();

out.writeObject(ob);

out.writeObject(ob);

Object ob1 = in.readObject();

Object ob2 = in.readObject();

This results in two variables, ob1 and ob2, that are references to a single object.

However, if a single object is written to two different streams, it is effectively

duplicated — a single program reading both streams back will see two distinct

objects.



Example 1.

USPresident usPresident = new USPresident("Barack Obama", "2009 to --", 56);

try (ObjectOutputStream o = new ObjectOutputStream(new FileOutputStream("US.data"))){
o.writeObject(usPresident);
usPresident.setTerm(57);
o.writeObject(usPresident);

}

If you deserialize the object and print the field term (term is declared as int and is not a
transient), what it will print?

A. 56 B. 57 C. null D. Compiler error E. Runtime exception



Example 1.

USPresident usPresident = new USPresident("Barack Obama", "2009 to --", 56);

try (ObjectOutputStream o = new ObjectOutputStream(new FileOutputStream("US.data"))){
o.writeObject(usPresident);
usPresident.setTerm(57);
o.writeObject(usPresident);

}

If you deserialize the object and print the field term (term is declared as int and is not a
transient), what it will print?

It will print 56 even though you changed the term using its setter to 57 and serialized again. This happens

due to serialVersionUID, which is checked by the JVM at the time of serialization. If a class is already

serialized and you try to serialize it again, the JVM will not serialize it.)

ans:A



A Quick History of I/O APIs

The following shortcomings were noticed in the first version of the Java I/O

APIs:

The File class lacked the significant functionality required to implement even

commonly used functionality. For instance, it lacked a copy method to

copy a file/directory.

The File class defined many methods that returned a Boolean value. Thus, in

case of an error, false was returned, rather than throwing an exception, so

the developer had no way of knowing why that call failed.

The File class did not provide good support for handling symbolic links.

The File class handled directories and paths in an inefficient way (it did not

scale well).



New IO

To overcome these problems, Java introduced NIO (New IO) in Java 4. The key 

features of NIO were:

Channels and Selectors: NIO offered support for various types of channels.

A channel is an abstraction over lower-level file system features (such as

memory-mapped files and file locking) that lets you transfer data at a faster

speed. Channels are non-blocking, so Java provides another feature—a

selector—to select a ready channel for data transfer.



New IO

To overcome these problems, Java introduced NIO (New IO) in Java 4. The key 

features of NIO were:

Buffers: Java 4 introduced buffering for all primitive classes (except for

Boolean). It provided the Buffer class that offers operations such as clear, flip,

mark, reset, and rewind. Concrete classes (subclasses of the Buffer base class)

offers getters and setters for setting and getting data to and from a buffer.



Channel and Buffer Example

static public void main( String args[] ) throws Exception {

FileInputStream fin = new FileInputStream("in.txt");

FileOutputStream fout = new FileOutputStream("out.txt");

FileChannel inc = fin.getChannel();

FileChannel outc = fout.getChannel();

ByteBuffer buffer = ByteBuffer.allocate(1024);

while (true) {

int ret = inc.read(buffer);

if (ret==-1)           

break;

buffer.flip();     

outc.write(buffer);

buffer.clear();        

}

}



What is a Path?

A file is identified by its path through the file

system, beginning from the root node. For

example, the statusReport file is described by

the following notation in the Unix OS:

/home/user2/statusReport

In Windows, statusReport is described by the

following notation:

C:\home\user2\statusReport



Symbolic Links

A symbolic link is a special file that serves

as a reference to another file. For the most

part, symbolic links are transparent to

applications, and operations on symbolic

links are automatically redirected to the

target of the link. Exceptions are when a

symbolic link is deleted, or renamed in

which case the link itself is deleted, or

renamed and not the target of the link.



The Path Interface

The Path is a programmatic representation of a path in the file system. A Path

object contains the filename and directory list used to construct the path, and is

used to examine, locate, and manipulate files.

The file or directory corresponding to the Path might not exist. You can create a

Path instance and manipulate it in various ways: you can append to it, extract

pieces of it, compare it to another path. At the appropriate time, you can use

the methods in the Files class to check the existence of the file corresponding to

the Path, create the file, open it, delete it, change its permissions, and so on.

http://docs.oracle.com/javase/8/docs/api/java/nio/file/Files.html


Path Methods

Path normalize() - Removes redundant elements in path such as . (dot symbol that 

indicates current directory) and .. (double dot symbol that indicates parent 

directory).

Path resolve(Path other), Path resolve(String other) - Resolves a path against 

the given path. For example, this method could combine the given path with the 

other path and return the resulting path.

Boolean isAbsolute() - Returns true if the given path is an absolute path; returns 

false if not.

Path startsWith(String path), Path startsWith(Path path) - Returns true if this 

Path object starts with the given path, or else returns false.

Path toAbsolutePath() - Returns the absolute path.



Creating a Path

You can easily create a Path object by using one of the following get methods from the

Paths (note the plural) helper class:

Path p1 = Paths.get("/tmp/foo");

Path p2 = Paths.get(args[0]);

Path p3 = Paths.get(URI.create("file:///Users/joe/FileTest.java"));

The Paths.get method is shorthand for the following code:

Path p4 = FileSystems.getDefault().getPath("/users/sally");

The following example creates /u/joe/logs/foo.log assuming your home directory is 

/u/joe, or C:\joe\logs\foo.log if you are on Windows.

Path p5 = Paths.get(System.getProperty("user.home"),"logs", 

"foo.log");

http://docs.oracle.com/javase/8/docs/api/java/nio/file/Paths.html


Retrieving Information about a Path

//None of these methods requires that the file corresponding

//to the Path exists.

//Microsoft Windows syntax

Path path = Paths.get("C:\\home\\joe\\foo"); 

//Solaris syntax

Path path = Paths.get("/home/joe/foo");

System.out.format("toString: %s%n", path.toString());

System.out.format("getFileName: %s%n", path.getFileName());

System.out.format("getName(0): %s%n", path.getName(0));

System.out.format("getNameCount: %d%n", path.getNameCount());

System.out.format("subpath(0,2): %s%n", path.subpath(0,2));

System.out.format("getParent: %s%n", path.getParent());

System.out.format("getRoot: %s%n", path.getRoot());



Retrieving Information about a Path

Method 

Invoked

Returns in the 

Solaris OS

Returns in 

Microsoft Windows

Comment

toString /home/joe/foo C:\home\joe\foo Returns the string representation of the Path. If the path was

created using Filesystems.getDefault().getPath(String) or

Paths.get (the latter is a convenience method for getPath), the

method performs minor syntactic cleanup. For example, in a

UNIX operating system, it will correct the input string

//home/joe/foo to/home/joe/foo.

getFileName foo foo Returns the filename or the last element of the sequence of

name elements.

getName(0) home home Returns the path element corresponding to the specified

index. The 0th element is the path element closest to the root.



Retrieving Information about a Path

Method Invoked Returns in the 

Solaris OS

Returns in Microsoft 

Windows

Comment

getNameCount 3 3 Returns the number of elements in the path.

subpath(0,2) home/joe home\joe Returns the subsequence of the Path (not

including a root element) as specified by the

beginning and ending indexes.

getParent /home/joe \home\joe Returns the path of the parent directory.

getRoot / C:\ Returns the root of the path.



Retrieving Information about a Path

//Solaris syntax

Path path = 

Paths.get("sally/bar");

//Microsoft Windows syntax

Path path = 

Paths.get("sally\\bar");

Method Invoked Returns in the 

Solaris OS

Returns in Microsoft 

Windows

toString sally/bar sally\bar

getFileName bar bar

getName(0) sally sally

getNameCount 2 2

subpath(0,1) sally sally

getParent sally sally

getRoot null null



Removing Redundancies From a Path

Many file systems use "." notation to denote the current directory and ".." to denote the parent

directory. You might have a situation where a Path contains redundant directory information. Perhaps

a server is configured to save its log files in the "/dir/logs/." directory, and you want to delete the

trailing "/." notation from the path.

The following examples both include redundancies: 

/home/./joe/foo

/home/sally/../joe/foo

The normalize method removes any redundant elements, which includes any "." or "directory/.."

occurrences.

It is important to note that normalize doesn't check at the file system when it cleans up a path. It is a

purely syntactic operation.



Converting a Path

If you need to convert the path to a string that can be opened from a browser, 

you can use toUri. For example:

Path p1 = Paths.get("/home/logfile");

//Result is file:///home/logfile

System.out.format("%s%n", p1.toUri());

http://docs.oracle.com/javase/8/docs/api/java/nio/file/Path.html#toUri--


Converting a Path

The toAbsolutePath method converts a path to an absolute path. If the passed-in path is already

absolute, it returns the same Path object.

// Converts the input string to a Path object.

Path inputPath = Paths.get(args[0]);

// Converts the input Path to an absolute path. Generally, this means prepending 

// the current working directory. If this example were called like this:

// java FileTest foo the getRoot and getParent methods would return null on the 

// original "inputPath" instance. Invoking getRoot and getParent on the 

// "fullPath" instance returns expected values.

Path fullPath = inputPath.toAbsolutePath();

The toAbsolutePath method converts the user input and returns a Path that returns useful values

when queried. The file does not need to exist for this method to work.

http://docs.oracle.com/javase/8/docs/api/java/nio/file/Path.html#toAbsolutePath--


Converting a Path

The toRealPath method returns the real path of an existing file. This method performs several

operations in one:

If true is passed to this method and the file system supports symbolic links, this method resolves any 

symbolic links in the path.

If the Path is relative, it returns an absolute path.

If the Path contains any redundant elements, it returns a path with those elements removed.

This method throws an exception if the file does not exist or cannot be accessed.

try {

Path fp = path.toRealPath();

} catch (NoSuchFileException x) {

System.err.format("%s: no such" + " file or directory%n", path);

} catch (IOException x) {

System.err.format("%s%n", x);

}

http://docs.oracle.com/javase/8/docs/api/java/nio/file/Path.html#toRealPath-java.nio.file.LinkOption...-


Joining Two Paths

You can combine paths by using the resolve method. You pass in a partial path,
which is a path that does not include a root element, and that partial path is
appended to the original path.

//Solaris

Path p1 = Paths.get("/home/joe/foo");

//Result is /home/joe/foo/bar

System.out.format("%s%n", p1.resolve("bar"));

or

//Microsoft Windows

Path p1 = Paths.get("C:\\home\\joe\\foo");

//Result is C:\home\joe\foo\bar

System.out.format("%s%n", p1.resolve("bar"));



Creating a Path Between Two Paths

Path p1 = Paths.get("joe");

Path p2 = Paths.get("sally");

In the absence of any other information, it is assumed that joe and sally are siblings, meaning nodes

that reside at the same level in the tree structure. To navigate from joe to sally, you would expect to

first navigate one level up to the parent node and then down to sally:

//Result is ../sally

Path p1_to_p2 = p1.relativize(p2);

//Result is ../joe

Path p2_to_p1 = p2.relativize(p1);



Creating a Path Between Two Paths

Path p1 = Paths.get("home");

Path p3 = Paths.get("home/sally/bar");

// Result is sally/bar

Path p1_to_p3 = p1.relativize(p3);

// Result is ../..

Path p3_to_p1 = p3.relativize(p1);

In this example, the two paths share the same node, home. To navigate from home to bar, you first

navigate one level down to sally and then one more level down to bar. Navigating from bar to home

requires moving up two levels.

A relative path cannot be constructed if only one of the paths includes a root element. If both paths

include a root element, the capability to construct a relative path is system dependent.



Comparing Two Paths

Path path = ...;

Path otherPath = ...;

Path beginning = Paths.get("/home");

Path ending = Paths.get("foo");

if (path.equals(otherPath)) {

// equality logic here

} else if (path.startsWith(beginning)) 

{

// path begins with "/home"

} else if (path.endsWith(ending)) {

// path ends with "foo"

}



Comparing Two Paths

Path path = ...;

Path otherPath = ...;

Path beginning = Paths.get("/home");

Path ending = Paths.get("foo");

if (path.equals(otherPath)) {

// equality logic here

} else if (path.startsWith(beginning)) 

{

// path begins with "/home"

} else if (path.endsWith(ending)) {

// path ends with "foo"

}

The Path class implements the Iterable
interface. The iterator method returns an object
that enables you to iterate over the name
elements in the path. The first element returned
is that closest to the root in the directory tree.

Path path = ...;

for (Path name: path) {

System.out.println(name);

}

http://docs.oracle.com/javase/8/docs/api/java/lang/Iterable.html
http://docs.oracle.com/javase/8/docs/api/java/nio/file/Path.html#iterator--


Files Class

Boolean isRegularFile(Path path, LinkOption. . .) - Returns true if the file 

represented by path is a regular file.

Boolean isSymbolicLink(Path path) - Returns true if the file presented by path is a 

symbolic link.

Boolean isHidden(Path path) - Return true if the file represented by path is a 

hidden file.

long size(Path path) - Returns the size of the file in bytes represented by path.

UserPrincipal getOwner(Path path, LinkOption. . .), Path setOwner(Path 

path, UserPrincipal owner) - Gets/sets the owner of the file.



Catching Exceptions

All methods that access the file system can throw an IOException. It is best practice to

catch these exceptions by embedding these methods into a try-with-resources statement.

The try-with-resources statement has the advantage that the compiler automatically

generates the code to close the resource(s) when no longer required. The following code

shows how this might look:

Charset charset = Charset.forName("US-ASCII");

String s = ...;

try (BufferedWriter writer = Files.newBufferedWriter(file, charset)) {

writer.write(s, 0, s.length());

} catch (IOException x) {

System.err.format("IOException: %s%n", x);

}



Catching Exceptions

Charset charset = Charset.forName("US-ASCII");

String s = ...;

BufferedWriter writer = null;

try {

writer = Files.newBufferedWriter(file, charset);

writer.write(s, 0, s.length());

} catch (IOException x) {

System.err.format("IOException: %s%n", x);

} finally {

if (writer != null) writer.close();

}



Catching Exceptions

In addition to IOException, many specific exceptions extend FileSystemException. This

class has some useful methods that return the file involved (getFile), the detailed message

string (getMessage), the reason why the file system operation failed (getReason), and the

"other" file involved, if any (getOtherFile).

The following code snippet shows how the getFile method might be used:

try (...) {

...   

} catch (NoSuchFileException x) {

System.err.format("%s does not exist\n", x.getFile());

}

http://docs.oracle.com/javase/8/docs/api/java/nio/file/FileSystemException.html
http://docs.oracle.com/javase/8/docs/api/java/nio/file/FileSystemException.html#getFile--
http://docs.oracle.com/javase/8/docs/api/java/nio/file/FileSystemException.html#getMessage--
http://docs.oracle.com/javase/8/docs/api/java/nio/file/FileSystemException.html#getReason--
http://docs.oracle.com/javase/8/docs/api/java/nio/file/FileSystemException.html#getOtherFile--


Varargs

Path Files.move(Path, Path, CopyOption...)

When a method accepts a varargs argument, you can pass it a comma-separated list of

values or an array (CopyOption[]) of values.

In the move example, the method can be invoked as follows:

Path source = ...;

Path target = ...;

Files.move(source,

target,

REPLACE_EXISTING,

ATOMIC_MOVE);



Method Chaining

Many of the file I/O methods support the concept of method chaining.

You first invoke a method that returns an object. You then immediately invoke a method

on that object, which returns yet another object, and so on.

String value = Charset.defaultCharset().decode(buf).toString();

UserPrincipal group =

file.getFileSystem().getUserPrincipalLookupService().

lookupPrincipalByName("me");



What is a Glob?

A glob pattern is specified as a string and is matched against other strings, such 

as directory or file names. Glob syntax follows several simple rules:

An asterisk, *, matches any number of characters (including none).

Two asterisks, **, works like * but crosses directory boundaries. This syntax is 

generally used for matching complete paths.

A question mark, ?, matches exactly one character.

Braces specify a collection of subpatterns. For example:

{sun,moon,stars} matches "sun", "moon", or "stars".

{temp*,tmp*} matches all strings beginning with "temp" or "tmp".



What is a Glob?

Square brackets convey a set of single characters or, when the hyphen 

character (-) is used, a range of characters. For example:

[aeiou] matches any lowercase vowel.

[0-9] matches any digit.

[A-Z] matches any uppercase letter.

[a-z,A-Z] matches any uppercase or lowercase letter.

Within the square brackets, *, ?, and \ match themselves.

All other characters match themselves.

To match *, ?, or the other special characters, you can escape them by using 

the backslash character, \. For example: \\ matches a single backslash, and 

\? matches the question mark.



What is a Glob?

Here are some examples of glob syntax:

*.html – Matches all strings that end in .html

??? – Matches all strings with exactly three letters or digits

*[0-9]* – Matches all strings containing a numeric value

*.{htm,html,pdf} – Matches any string ending with .htm, .html or .pdf

a?*.java – Matches any string beginning with a, followed by at least one letter 

or digit, and ending with .java

{foo*,*[0-9]*} – Matches any string beginning with foo or any string 

containing a numeric value



File Operations

Releasing System Resources

Link Awareness

Atomic Operations



File Operations

Releasing System Resources
Many of the resources that are used in this API, such as streams or channels, implement or extend the

java.io.Closeable interface. A requirement of a Closeable resource is that the close method must be

invoked to release the resource when no longer required. Neglecting to close a resource can have a

negative implication on an application's performance.

Link Awareness

Atomic Operations

http://docs.oracle.com/javase/8/docs/api/java/io/Closeable.html
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File Operations

Releasing System Resources
Many of the resources that are used in this API, such as streams or channels, implement or extend the java.io.Closeable interface.

A requirement of a Closeable resource is that the close method must be invoked to release the resource when no longer required.

Neglecting to close a resource can have a negative implication on an application's performance.

Link Awareness
The Files class is "link aware." Every Files method either detects what to do when a symbolic link is encountered, or it provides an

option to configure the behavior when a symbolic link is encountered.

Atomic Operations
Several Files methods, such as move, can perform certain operations atomically in some file systems.

An atomic file operation is an operation that cannot be interrupted or "partially" performed. Either

the entire operation is performed or the operation fails. This is important when multiple processes

operate on the same area of the file system, and there is a need to guarantee that each process accesses

a complete file.

http://docs.oracle.com/javase/8/docs/api/java/io/Closeable.html


Verifying the Existence of a File or Directory

The methods in the Path class are syntactic, meaning that they operate on the Path

instance. But eventually you must access the file system to verify that a particular Path

exists, or does not exist. You can do so with the exists(Path, LinkOption...) and the

notExists(Path, LinkOption...) methods. Note that !Files.exists(path) is not

equivalent to Files.notExists(path). When you are testing a file's existence, three

results are possible:

The file is verified to exist.

The file is verified to not exist.

The file's status is unknown. This result can occur when the program does not have

access to the file.

If both exists and notExists return false, the existence of the file cannot be verified.

http://docs.oracle.com/javase/8/docs/api/java/nio/file/Files.html#exists-java.nio.file.Path-java.nio.file.LinkOption...-
http://docs.oracle.com/javase/8/docs/api/java/nio/file/Files.html#notExists-java.nio.file.Path-java.nio.file.LinkOption...-


Checking File Accessibility

To verify that the program can access a file as needed, you can use the

isReadable(Path), isWritable(Path), and isExecutable(Path) methods.

The following code snippet verifies that a particular file exists and that the

program has the ability to execute the file.

Path file = ...;

boolean isRegularExecutableFile = Files.isRegularFile(file) &

Files.isReadable(file) & Files.isExecutable(file);

http://docs.oracle.com/javase/8/docs/api/java/nio/file/Files.html#isReadable-java.nio.file.Path-
http://docs.oracle.com/javase/8/docs/api/java/nio/file/Files.html#isWritable-java.nio.file.Path-
http://docs.oracle.com/javase/8/docs/api/java/nio/file/Files.html#isExecutable-java.nio.file.Path-


Two Paths Locate the Same File

When you have a file system that uses symbolic links, it is possible to have two

different paths that locate the same file. The isSameFile(Path, Path)

method compares two paths to determine if they locate the same file on the file

system. For example:

Path p1 = ...;

Path p2 = ...;

if (Files.isSameFile(p1, p2)) {

// Logic when the paths locate the same file

}

http://docs.oracle.com/javase/8/docs/api/java/nio/file/Files.html#isSameFile-java.nio.file.Path-java.nio.file.Path-


Deleting a File or Directory

The delete(Path) method deletes the file or throws an exception if the deletion fails.

For example, if the file does not exist a NoSuchFileException is thrown.

try {

Files.delete(path);

} catch (NoSuchFileException x) {

System.err.format("%s: no such" + " file or directory%n", path);

} catch (DirectoryNotEmptyException x) { ...

} catch (IOException x) {

System.err.println(x);

}

The deleteIfExists(Path) method also deletes the file, but if the file does not exist, no

exception is thrown.

http://docs.oracle.com/javase/8/docs/api/java/nio/file/Files.html#delete-java.nio.file.Path-
http://docs.oracle.com/javase/8/docs/api/java/nio/file/Files.html#deleteIfExists-java.nio.file.Path-


Copying a File or Directory

import static java.nio.file.StandardCopyOption.*;

...

Files.copy(source, target, REPLACE_EXISTING);

This method takes a varargs argument. The following StandardCopyOption and LinkOption

enums are supported:

REPLACE_EXISTING – Performs the copy even when the target file already exists. If the target is a

symbolic link, the link itself is copied (and not the target of the link). If the target is a non-empty

directory, the copy fails with the FileAlreadyExistsException exception.

COPY_ATTRIBUTES – Copies the file attributes associated with the file to the target file. The exact

file attributes supported are file system and platform dependent, but last-modified-time is

supported across platforms and is copied to the target file.

NOFOLLOW_LINKS – Indicates that symbolic links should not be followed. If the file to be copied

is a symbolic link, the link is copied (and not the target of the link).



Moving a File or Directory

import static java.nio.file.StandardCopyOption.*;

...

Files.move(source, target, REPLACE_EXISTING);

This method takes a varargs argument – the following StandardCopyOption enums are supported:

REPLACE_EXISTING – Performs the move even when the target file already exists. If the target is a

symbolic link, the symbolic link is replaced but what it points to is not affected.

ATOMIC_MOVE – Performs the move as an atomic file operation. If the file system does not

support an atomic move, an exception is thrown. With an ATOMIC_MOVE you can move a file

into a directory and be guaranteed that any process watching the directory accesses a complete

file.



Managing Metadata

Methods Comment

size(Path) Returns the size of the specified file in bytes.

isDirectory(Path, LinkOption) Returns true if the specified Path locates a file that is a 

directory.

isRegularFile(Path, LinkOption...) Returns true if the specified Path locates a file that is a 

regular file.

isSymbolicLink(Path) Returns true if the specified Path locates a file that is a 

symbolic link.

isHidden(Path) Returns true if the specified Path locates a file that is 

considered hidden by the file system.

http://docs.oracle.com/javase/8/docs/api/java/nio/file/Files.html#size-java.nio.file.Path-
http://docs.oracle.com/javase/8/docs/api/java/nio/file/Files.html#isDirectory-java.nio.file.Path-java.nio.file.LinkOption...-
http://docs.oracle.com/javase/8/docs/api/java/nio/file/Files.html#isRegularFile-java.nio.file.Path-java.nio.file.LinkOption...-
http://docs.oracle.com/javase/8/docs/api/java/nio/file/Files.html#isSymbolicLink-java.nio.file.Path-
http://docs.oracle.com/javase/8/docs/api/java/nio/file/Files.html#isHidden-java.nio.file.Path-


Managing Metadata

Methods Comment

getOwner(Path, LinkOption...)

setOwner(Path, UserPrincipal)

Returns or sets the owner of the file.

getAttribute(Path, String, LinkOption...)

setAttribute(Path, String, Object, LinkOption...)

Returns or sets the value of a file 

attribute.

getLastModifiedTime(Path, LinkOption...)

setLastModifiedTime(Path, FileTime)

Returns or sets the specified file's last 

modified time.

http://docs.oracle.com/javase/8/docs/api/java/nio/file/Files.html#getOwner-java.nio.file.Path-java.nio.file.LinkOption...-
http://docs.oracle.com/javase/8/docs/api/java/nio/file/Files.html#setOwner-java.nio.file.Path-java.nio.file.attribute.UserPrincipal-
http://docs.oracle.com/javase/8/docs/api/java/nio/file/Files.html#getAttribute-java.nio.file.Path-java.lang.String-java.nio.file.LinkOption...-
http://docs.oracle.com/javase/8/docs/api/java/nio/file/Files.html#setAttribute-java.nio.file.Path-java.lang.String-java.lang.Object-java.nio.file.LinkOption...-
http://docs.oracle.com/javase/8/docs/api/java/nio/file/Files.html#getLastModifiedTime-java.nio.file.Path-java.nio.file.LinkOption...-
http://docs.oracle.com/javase/8/docs/api/java/nio/file/Files.html#setLastModifiedTime-java.nio.file.Path-java.nio.file.attribute.FileTime-


Managing Metadata

Method Comment

readAttributes(Path, String, LinkOption...) Reads a file's attributes as a bulk operation. The 

String parameter identifies the attributes to be read.

readAttributes(Path, Class<A>, LinkOption...) Reads a file's attributes as a bulk operation. The 

Class<A> parameter is the type of attributes 

requested and the method returns an object of that 

class.

http://docs.oracle.com/javase/8/docs/api/java/nio/file/Files.html#readAttributes-java.nio.file.Path-java.lang.String-java.nio.file.LinkOption...-
http://docs.oracle.com/javase/8/docs/api/java/nio/file/Files.html#readAttributes-java.nio.file.Path-java.lang.Class-java.nio.file.LinkOption...-


Attributes

FileOwnerAttributeView – Supported by any file system implementation that

supports the concept of a file owner.

AclFileAttributeView – Supports reading or updating a file's Access Control Lists

(ACL). The NFSv4 ACL model is supported. Any ACL model, such as the Windows

ACL model, that has a well-defined mapping to the NFSv4 model might also be

supported.

UserDefinedFileAttributeView – Enables support of metadata that is user defined.

This view can be mapped to any extension mechanisms that a system supports. In

the Solaris OS, for example, you can use this view to store the MIME type of a file.

http://docs.oracle.com/javase/8/docs/api/java/nio/file/attribute/FileOwnerAttributeView.html
http://docs.oracle.com/javase/8/docs/api/java/nio/file/attribute/AclFileAttributeView.html
http://docs.oracle.com/javase/8/docs/api/java/nio/file/attribute/UserDefinedFileAttributeView.html


Attributes

BasicFileAttributeView – Provides a view of basic attributes that are required to be

supported by all file system implementations.

DosFileAttributeView – Extends the basic attribute view with the standard four bits

supported on file systems that support the DOS attributes.

PosixFileAttributeView – Extends the basic attribute view with attributes supported

on file systems that support the POSIX family of standards, such as UNIX. These

attributes include file owner, group owner, and the nine related access permissions.

http://docs.oracle.com/javase/8/docs/api/java/nio/file/attribute/BasicFileAttributeView.html
http://docs.oracle.com/javase/8/docs/api/java/nio/file/attribute/DosFileAttributeView.html
http://docs.oracle.com/javase/8/docs/api/java/nio/file/attribute/PosixFileAttributeView.html


Basic File Attributes

The following code snippet reads and prints the basic file attributes for a given file and uses the

methods in the BasicFileAttributes class.

Path file = ...;

BasicFileAttributes attr = Files.readAttributes(file, BasicFileAttributes.class);

System.out.println("creationTime: " + attr.creationTime());

System.out.println("lastAccessTime: " + attr.lastAccessTime());

System.out.println("lastModifiedTime: " + attr.lastModifiedTime());

System.out.println("isDirectory: " + attr.isDirectory());

System.out.println("isOther: " + attr.isOther());

System.out.println("isRegularFile: " + attr.isRegularFile());

System.out.println("isSymbolicLink: " + attr.isSymbolicLink());

System.out.println("size: " + attr.size());

In addition to the accessor methods shown in this example, there is a fileKey method that returns

either an object that uniquely identifies the file or null if no file key is available.

http://docs.oracle.com/javase/8/docs/api/java/nio/file/attribute/BasicFileAttributes.html


Setting Timestamp

The following code snippet sets the last modified time in milliseconds:

Path file = ...;

BasicFileAttributes attr = Files.readAttributes(file,     

BasicFileAttributes.class);

long currentTime = System.currentTimeMillis();

FileTime ft = FileTime.fromMillis(currentTime);

Files.setLastModifiedTime(file, ft);



DOS File Attributes

DOS file attributes are also supported on file systems other than DOS. The following snippet uses the 

methods of the DosFileAttributes class.

Path file = ...;

try {

DosFileAttributes attr = Files.readAttributes(file, DosFileAttributes.class);

System.out.println("isReadOnly is " + attr.isReadOnly());

System.out.println("isHidden is " + attr.isHidden());

System.out.println("isArchive is " + attr.isArchive());

System.out.println("isSystem is " + attr.isSystem());

} catch (UnsupportedOperationException x) {

System.err.println("DOS file" + " attributes not supported:" + x);

}

http://docs.oracle.com/javase/8/docs/api/java/nio/file/attribute/DosFileAttributes.html


POSIX File Permissions

POSIX is an acronym for Portable Operating System Interface for UNIX and is a set of IEEE and ISO

standards designed to ensure interoperability among different flavors of UNIX. If a program conforms

to these POSIX standards, it should be easily ported to other POSIX-compliant operating systems.

Besides file owner and group owner, POSIX supports nine file permissions: read, write, and execute

permissions for the file owner, members of the same group, and "everyone else."

The following code snippet reads the POSIX file attributes for a given file and prints them to standard

output. The code uses the methods in the PosixFileAttributes class.

Path file = ...;

PosixFileAttributes attr =

Files.readAttributes(file, PosixFileAttributes.class);

System.out.format("%s %s %s%n", attr.owner().getName(), attr.group().getName(),

PosixFilePermissions.toString(attr.permissions()));

http://docs.oracle.com/javase/8/docs/api/java/nio/file/attribute/PosixFileAttributes.html


POSIX File Permissions

The PosixFilePermissions helper class provides several useful methods, as follows:

The toString method, used in the previous code snippet, converts the file permissions to a string

(for example, rw-r--r--).

The fromString method accepts a string representing the file permissions and constructs a Set of

file permissions.

The asFileAttribute method accepts a Set of file permissions and constructs a file attribute that

can be passed to thePath.createFile or Path.createDirectory method.

The following code snippet reads the attributes from one file and creates a new file, assigning the

attributes from the original file to the new file:

PosixFileAttributes attrs = Files.readAttributes(sourceFile,

PosixFileAttributes.class);

FileAttribute<Set<PosixFilePermission>> attr =        

PosixFilePermissions.asFileAttribute(attrs.permissions());

Files.createFile(file, attr);

http://docs.oracle.com/javase/8/docs/api/java/nio/file/attribute/PosixFilePermissions.html


Setting a File or Group Owner

To translate a name into an object you can store as a file owner or a group owner, you can use the

UserPrincipalLookupService service. This service looks up a name or group name as a string and

returns a UserPrincipal object representing that string.

Path file = ...;

UserPrincipal owner = file.GetFileSystem().getUserPrincipalLookupService()

.lookupPrincipalByName("sally");

Files.setOwner(file, owner);

There is no special-purpose method in the Files class for setting a group owner. However, a safe

way to do so directly is through the POSIX file attribute view, as follows:

GroupPrincipal group =

file.getFileSystem().getUserPrincipalLookupService()

.lookupPrincipalByGroupName("green");

Files.getFileAttributeView(file, PosixFileAttributeView.class)

.setGroup(group);

http://docs.oracle.com/javase/8/docs/api/java/nio/file/attribute/UserPrincipalLookupService.html


Find a file

Each file system implementation provides a PathMatcher. You can retrieve a file system's PathMatcher by

using the getPathMatcher(String) method in the FileSystem class. The following code snippet fetches the

path matcher for the default file system:

String pattern = ...;

PathMatcher matcher = FileSystems.getDefault().getPathMatcher("glob:" + pattern);

Once you have created your PathMatcher instance, you are ready to match files against it. The

PathMatcher interface has a single method, matches, that takes a Path argument and returns a boolean: It

either matches the pattern, or it does not. The following code snippet looks for files that end in .java or

.class and prints those files to standard output:

FileSystems.getDefault().getPathMatcher("glob:*.{java,class}"); 
Path filename = ...;
if (matcher.matches(filename)) {

System.out.println(filename);
}

http://docs.oracle.com/javase/8/docs/api/java/nio/file/PathMatcher.html
http://docs.oracle.com/javase/8/docs/api/java/nio/file/FileSystem.html#getPathMatcher-java.lang.String-
http://docs.oracle.com/javase/8/docs/api/java/nio/file/PathMatcher.html#matches-java.nio.file.Path-


Given:
import java.io.*;
class Vehicle { }
class Wheels { }
class Car extends Vehicle implements Serializable { }
class Ford extends Car { }
class Dodge extends Car {
Wheels w = new Wheels();
}
Instances of which class(es) can be serialized? (Choose all that apply.)
A. Car
B. Ford
C. Dodge
D. Wheels
E. Vehicle



Assume all the files referenced by these paths exist:
Path a = Paths.get("c:/temp/dir/a.txt");
Path b = Paths.get("c:/temp/dir/subdir/b.txt");
What is the correct string to pass to PathMatcher to match both these 
files?
A. "glob:*/*.txt"
B. "glob:**.txt"
C. "glob:*.txt"
D. "glob:/*/*.txt"
E. "glob:/**.txt"
F. "glob:/*.txt"
G. None of the above



THE END




