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@ How to read from keyboard or print it to the screen?
@ How to read from a file, or write to a file:

e textual data, such as plain text, XML, or JSON;

e binary data, such as images, audio, video, or PDFs?
e How to send or receive:

o data between a client and server;
o serialized objects in a distributed application;
e data to/from a serial port?

How do threads communicate in an asynchronous manner?

How to write very large sets of data into a relational database?
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Java I/O Streams

@ Streams provide a uniform way to read data from a source
(input stream) or write data to a destination (output
stream), regardless of the underlying physical medium (file,
network socket, memory array, keyboard, screen).

@ Streams are unidirectional, having a single source and a single
destination. The output streams are also called producers,
while the input streams are called consumers.

@ Streams process data sequentially, and can be categorized as:

o Byte Streams: Used for raw binary data (8-bit byte)

InputStream in = new FileInputStream ("audio.mp3");
OQutputStream out = new FileOutputStream("image.png");
// InputStream and QutputStream are abstract superclasses

o Character Streams: Used for textual data (16-bit char).

Reader reader = new FileReader("dataset.json");
Writer writer = new FileWriter("document.html");
// Reader and Writer are abstract superclasses
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Example: File Reading and Writing

import java.io.*; //the package containing IO stream classes

public class FileCopy {
public static void main(String[] args) {
try (var reader = new FileReader("input.txt");
var writer new FileWriter("output.txt")) {

int ch;
while ((ch = reader.read()) '= -1) {
writer.write(ch);

}
} catch (IOException e) {
e.printStackTrace();
}

@ Most streams have read/write methods that operate on a
single byte/char or an array of fixed size, but there are also more
convenient methods, suchs as reading or writing line by line.

@ Always close the stream — use try-with-resources!
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Primitive Streams vs. Decorator Streams

@ Primitive streams are basic, low-level classes for
reading/writing bytes or characters. They provide direct access
to data sources or destinations. They "know" how to effectively
communicate with an external "partener” (file, memory, network
socket, thread, etc.).

e Decorator (Wrapper) streams are higher-level streams that
add functionality to primitive or other decorator streams.

// FileReader is a primitive stream
FileReader fileReader = new FileReader("input.txt");

// BufferedReader is a decorator stream
BufferedReader bufferReader = new BufferedReader(fileReader);

// Reading line by line is a method offered by the decorator
String line = bufferedReader.readlLine();
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Decorator Design Pattern

The Decorator Design Pattern is a structural pattern used to

dynamically add new behavior or responsibilities to an object without
altering its structure.

SweetMilkCoffee

MilkCoffee

-—>
=
SimpleCoffee

@) Promotes composition over inheritance, adds behavior at runtime,
more flexible than subclassing.

8) Can lead to many small classes, code may become complex with
many layers of wrapping.
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Reader - FileReader - BufferedReader

public abstract class Reader {
public abstract int read() throws IOException;
} // An abstract class defining the core behavior

public class FileReader extends Reader {
public int read() throws IOException {
// actual implementation
}

} // A primitive class to be decorated

public class BufferedReader extends Reader {
private Reader reader; //the decorated (wrapped) object
public BufferedReader(Reader reader) { this.reader = reader; }

public int read() throws IOException {
return reader.read(); //delegate to the original object

public String readlLine() throws IOException {
// adds new functionality using basic operations

} // A decorator adding new behavior
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Buffered Streams

Buffered streams are designed to enhance 1/O performance, by
using an internal buffer to temporarily store data, reducing the
number of direct interactions with the external source or destination
(operating system or physical 1/O device).

BufferedOutputStream out = new BufferedOutputStream(
new FileOutputStream("output.dat"), 1024);
//1024 is the size of the internal buffer (bytes, in this case)

for(int 1 = 0; i < 100; i++) {
out.write(i);
//data is written to the internal buffer

}
//the buffer is not full yet, the file contains nothing

//data is only written to the physical device (file)
// - when the buffer is full,

// - when the stream is explicitly flushed, or

// - when the stream is closed.

out.flush(); //data is written to the file
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Example: Testing a BufferedWriter

public class TestBufferedWriter {
private void test(Writer writer) throws IOException {
try (writer) {
long t0 = System.currentTimeMillis();
int n = 50 000 _000;
String test = "Lorem ipsum dolor sit amet";
for (int 1 =0; 1 < n; i++) {
writer.write(test);
}
long t1 = System.currentTimeMillis();
System.out.println((tl - t0) + " ms");
}
}

public static void main(String args[]) throws IOException {
String filename = "test.txt";
var app = new TestBufferedWriter();
var fileWriter = new FileWriter(filename);
var buffereWriter = new BufferedWriter(new FileWriter(filename));
app.test(fileWriter); // 10233 ms
app.test(bufferedwriter); // 2077 ms
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Example: Testing a BufferedInputStream

public class BinaryFileReader {

public static void main(String[] args) {
long t0 = System.currentTimeMillis();
File file = new File("d:/test.mp4"); // 4GB file

try (BufferedInputStream bis = new BufferedInputStream(
new FileInputStream(file))) {

byte[] buffer = new byte[8192]; // 8 KB buffer
int bytesRead;
while ((bytesRead = bis.read(buffer)) != -1) {
for (int i = 0; i < bytesRead; i++) {
//process the bytes in buffer[0..bytesRead-1]
}

}

long t1 = System.currentTimeMillis();

System.out.println((tl - t0) + " ms"); // 1890 ms
} catch (IOException e) {

e.printStackTrace();

}
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Serialization and Deserialization

e Serialization is the process of converting the state of an object
into a format that can be stored (e.g., in a file or database) or
transmitted (e.g., over a network).

@ The complement of serialization is deserialization, which
recreates back the object in its original form.
@ Common formats used for serialization:

e Binary — Used in distributed systems: Remote Method
Invocation (RMI), messaging, persistence, or caching.

e XML (Extensible Markup Language) — Object XML Mapping
(OXM): Jakarta XML Binding (JAXB)

o JSON (JavaScript Object Notation) — Jackson, Gson,
org.json, JSON-B (Jakarta EE standard), etc.
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Binary Object Serialization

e Java Serialization is a core mechanism that captures the
complete object’s current state: the structure of its class, the
values of its fields and the fields of any objects it references.

public class Game implements Serializable {
private List<Player> players;
private Board board; //...
} //objects involved in serialization must implement Serializable

var out = new ObjectOutputStream(new FileOutputStream("game.ser"))
out.writeObject(game); //game is serialized and stored in a file
out.close();

var in = new ObjectInputStream(new FileInputStream('"game.ser"));
Game game = (Game) in.readObject(); //game is deserialized
in.close();

e Limitations: Not space-efficient, changes to class structure can
break deserialization, not inherently secure.
@ An alternative technology: Google Protocol Buffers (Protobuf).
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Deep Copy via Serialization

e Deep copy creates a completely independent copy of the
original object, cloning also all objects referenced by its fields.
Shallow copy creates a new object, and then copies the field
values of the original object into the new object, without
creating new copies of the nested objects.

//Step 1. Serialize the object in memory, using an output stream
//in which the data is written into a byte array

var baos = new ByteArrayOutputStream(); //primitive stream

var out = new ObjectOutputStream(baos); //decorator stream
out.writeObject(object);

//Step 2. Deserialize from memory, in a new object

var bais = new ByteArrayInputStream(baos.toByteArray());
var in = new ObjectInputStream(bais);

Object deepCopy = in.readObject();

@ All involved classes must implement Serializable.
@ Simple to implement, but slower than manual copy; not suitable

for large/real-time data.
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Other Key Stream Classes

@ DataInputStream, DataOutputStream: Read/Write Java
primitives in binary format (primitive data serialization).

var out = new DataOutputStream(new FileOutputStream("data.bin"));
out.writeDouble(3.14);

out.writeUTF("Hello");

// Read back the data, in the same order it was written

var in = new DatalnputStream(new FileInputStream("data.bin"));
double pi = in.readDouble();

String hello = in.readUTF();

@ OutputStreamwWriter, InputStreamReader: Convert character
streams to byte streams, and byte streams to character streams,
respectively. They are also called bridge streams.

var reader = new BufferedReader(
new InputStreamReader(
new FileInputStream("file.txt")));
// BufferedReader is a character stream
// FileInputStream is a byte stream
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Standard 1/O Classes

@ System.in: Standard input stream, of type InputStream, used
for reading input from the console (keyboard).

var reader = new BufferedReader(new InputStreamReader(System.in));
String line = reader.readlLine(); //reads a line from the console

@ System.out: Standard output stream, of type PrintStream,
used for writing normal program output to the console (screen).

@ System.err: Standard error stream, of type PrintStream, for
displaying error messages or diagnostic output.

@ You can redirect System.err to a file for logging errors, while
System.out still prints to the console the normal output.

var errorStream = new PrintStream(new File("error.log"));
System.setErr(errorStream); //redirects System.err to the file
//System.seIn redirects the standard input stream
//System.seOut redirects the standard output stream
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Example: Reading from Console

import java.util.Scanner;

public class ScannerExample {
public static void main(String[] args) {

Scanner scanner = new Scanner(System.in);

System.out.print("Enter your name: ");
String name = scanner.nextlLine();

System.out.print("Enter your age: ");
int age = scanner.nextInt();

System.out.println("Hello " + name
+ ", you are " + age + " years old.");

scanner.close();

} // Scanner parses primitive types and strings from any stream
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Working with Files

User interfaces and operating systems use system-dependent
pathname strings to name files and directories. We need an
abstract, system-independent view of hierarchical pathnames.

{ (Solaris root)
or
C:\ (Windows root)

dir

| tome 1

logs

]
]

| joe sally | logfile (file) ----- > | HomeLogFile (fils)

b

bar | statusReport (file)
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File and Path

@ java.io.File is the legacy class used for working with files.
Encapsulating all required functionality to ensure consistency
across platforms within a single class is not necessarily a good
choice, as it may violate principles of modular and maintainable
software design.

@ java.nio.file.Path interface is the modern replacement of
File, for representing programmatically a path in the file
system. A Path may be relative or absolute, a symbolic (soft)
link, a file or a directory (folder), or might even not exist.

Path path = Paths.get("/home/joe/fo0");
// It may throw InvalidPathException

@ Paths.get is a factory method that hides the exact class
being instantiated. The method internally delegates to the
specific FileSystem to construct the appropriate Path

implementation.
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Example: Path, Paths and Files

import java.nio.file.*;
import java.io.IOException;
import java.util.lList;

public class PathFilesExample {
public static void main(String[] args) {

Path filePath = Paths.get("example.txt");

try {
// Write text to file
Files.write(filePath, List.of("Hello", "World"));
// Read lines from file
List<String> lines = Files.readAllLines(filePath);
lines.forEach(System.out::println);
// Delete the file
Files.delete(filePath);

} catch (IOException e) {
e.printStackTrace();

}

}
}
// Paths is a utility class containing methods that return a Path.
// Files class operates on files or directories.
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NIO Channels

@ 1/0 channels are specialized components (dedicated processors
or controllers) that facilitate efficient data transfer between CPU
and peripheral devices, by handling 1/0 tasks independently.

@ A Java Channel is an open connection to a hardware device, a
file or a network socket. They are used for high-performance
1/0 by integrating with native system API.

@ You can both read and write to a channel, while traditional
|/O streams are one-way (read or write).

@ Channels can be read and written asynchronously.
@ Channels always read from, or write to, a Buffer.

@ The most important Channel implementations are:

e FileChannel
e DatagramChannel
e SocketChannel, ServerSocketChannel
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NIO Buffers

A Java NIO buffer is a fixed-size memory container used to store
data temporarily while transferring it between channels and
applications. It holds primitive data, has a fixed capacity, tracks
where reading and writing occur, may be stored in JVM heap or
outside JVM heap (in native memory). Properties:

@ capacity: total buffer size
@ position: current read/write index
e limit: last readable/writable position

e mark: optional saved position

ByteBuffer buffer = ByteBuffer.allocate(10); // write mode
buffer.put((byte)l);

buffer.put((byte)2);

buffer.put((byte)3); // position = 3, limit = 10
buffer.flip(); // read mode: position = 0, limit = 3
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Example: FileChannel + ByteBuffer

public class FileChannelReader {
public static void main(String[] args) {
Path path = Paths.get("d:/test.mp4");
try (FileChannel channel
= FileChannel.open(path, StandardOpenOption.READ)) {
ByteBuffer buffer = ByteBuffer.allocateDirect(8192); //off-heap
while (channel.read(buffer) > 0) {
buffer.flip(); // switch to read mode
while (buffer.hasRemaining()) {
//process buffer.get() as needed
}

buffer.clear(); //prepare for next read

}
} catch (IOException e) {
e.printStackTrace();
}

}

// Ultra-fast if random access is required

// Can split file, use multiple threads

// Non-blocking or async I/0

// Parsing via ByteBuffer is faster than stream-based parsing
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